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Chepter V
BAKING
(A) BQUIPMENT AND TRCHNOLOGY

Prossed semifinlshed products do not poseess sufficient
strength to be pub into use directly. The operstion of baking can~
glsts of awnealing conpacts ab a tempevature balow the melting
point of the basic gomponent and bas for it purpose an improvement
in the mechenical propeviles of products. Somebimes, a8 hes been
pointed out in Chapter VI, it is neceassly 4o regort to a supple=
ﬁentm processing after beking in order to obbain the desgired pro-
perbies.

Furnaces
AT RO

»

In the baking of netalloceranic products, furnaces of the
nost varied type ave used bobh with respect to design and to the
method of heating. The type of furnace depends on many factors =
the mamer of baking éh the protective atmosphere, benperature and
length of ‘exposure), the mmnar of cooling, the composition of the
product, the mumber, slzes and ghapes of products, elc. The selece
wion of the mamer of buring depends in its turn very much on the
squipnent being used at an enterprisc.

: Protoobive Gas - Probective Gas
¥ Vv
; ! I
Boat .. Garbon Tube
.. Flowing Water

Figure 85 Tamnann's Furnasce.
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Flectricsl resistance furnaces with Nichrome or "Fekhral®
colls are sulted for baking at a temperature of 1050«1100 degreets
gas and oLl wp to 1200 degrees, a electrical furnaces with Silit
resistors up to 1350 degrees, and molybdenun furnaces up to 1400
degrees. The gowcalled Taman furneces used 4n the mamfacture of
hard alloys (Figure 85), which are heated by having an eleotrical
ouwerent pass through a earbon tube, produce & tenperature up o 2000
degrees. Highmquality furnaces (Pigures 06, 87) can operate at a
amperature of 2000-3000 degrees. Finally, in erder to obbain the
highest bemperatures renging up to 3200 degrees for baklng refrac=
pory mebals, heating is done by paasing elsotrical cwrrent dirvectly
ghrough the object bedng baked in so~called welding hoods (Figure
88).

A B
Figure 86, High Frequency Turnace.
1 « fireproof basej 2 - wabeyw compressiony 3 = quarts pips}
L, = mica covers 5 - product being bakedy 6 - iron disky 7 ~

quartz pipey B - connecting pipe for introducing pro‘emtiv?

a‘bm@&pherw.
Observation Window
Current
Vacuum i e
_ Y1 ol
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Box or tunnel rurnaceé of the ordinary type may be used when
loading products te be beked in a closed-in boX. If there 1s used
as a protective medium a packing (such as a packing of petroleun
coke when baking bronze-graphlbe bearinge)s then the same compaxt-
ments may also be used for the comentabtion of products. When the
protective mediun is a gas, the conpartment 1s provided with pipes
(Figure 89) for the circulablon of the protective atmosphere.

Meballocevranic products because of their porosity are es-
pecially inclined to oxidize and, when air is being forced through,
they are apbt to oxidize not only on the oubside but throughout the
entire masse For this reason it is necessary te carry on not only
baking bubt also cooling in a protective medium. In this connection
%he more improved models of furngces ave deslgned with a view to de-
creasing loss of heat and, cubting down the axpenditure of protec~
tive gas in coollng. This is achieved in furnaces of two types =-

‘bell-type and tubular with cooling devices.

The bell=type furnsce is shown in FPurnsce is shown in Flgure
90, It has two shells =~ an imner case with a lead=in for the clre
culation of the probective atmosphere which shields the products
being baked and an outer hesting case with slectrical coils. When
baking is over, the outar case is removed and placed over another
imner case previously prepared for baking. In thls way, on the one
hand, there is achieved an economy of alectricity for preliminary
heating of the outer case and on the other hand, the cooling of pro-
ducte is speeded up, resulting in a decreased expenditure of protece

tive gas.

The most effective type of apparatus is to be found in the
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The mogt effective type of apparatus is vo be found in the
tubuler furneces provided with cooling devices (Figures $1 and 92).
The cooling device conslsbs of a chamber with double walls in be=
tueen which flowing waber ‘ciroulabes and in which products cool
repidly (in about 30 minubes) down to room temperature in & provec=
tive atmosphere. Tubuler furnaces are frequently supplied with
push rods oF eenveyers for passing the product ‘uhrough the furnace.
The protestive gas enters the furnace on the principle of a counber-
current passing from the refrigerabing chamber to the loading end.
Losses of heabt and protective gas in cooling are reduced t0 a minde
mum in tubular furnaces. Tubular fwrneces that provide for the
automatic moving of baked objects assurs the obbaining of the most

standardized production.

tfzemos K

¥ et

o ™ Hydrogen

Figure 88. Apparatus for Sinbering Bars.

A = upper clamps B - hollow copper pipe; C - basej D - lower olamp}
§ = bar being bakedy F - merewy contact; G = belljar with waber
jockets J and K - hydrogen inlet end outleb.
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Figure 89, Baking Box.

Figure 90, Hood Furnace.
a = inner casej b - base for furnace; ¢ - coily d - ouber

case} © and £ - inlet and outlet for gas,

‘ . Molybdenum
Protective
Gas } ]
) \ 77 Blectiticsl Comnestion
o 1’;}3 £y

- Molybda nue [Rollers)

Figure 91, Tulear Mo].ybdwmm Furnace.
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[ Ilustration)

Figure 92, Tubular Furnace.

Protective Medium

In baking the following diverse demands are made of a protec—

tive mediums
(1) to provide for the veduetion of oxides;

(2) +to prevent undesireble contamination of producte (by soot,

formation of carf:ides, nitrides, ete.);

(3) to mwrevent undesirable combustion during baking of indie

vidual components {such as of carbon in hard alloys);
(L) to serve as a safety factor during the baking processp
(5) ‘o be as sconomical as pessible.

In this connection, the selection of a protective medium sirong-
ly depends on t he composition of products,; the type of furnace,
economic oopsideraﬁions, eto. Thus, pure oxygen mzy be used in small
furnaces, bub its use in large furnsces is connecteqd with the possi~

bility and dmger of an explogion.

All kinds of packs are used g8 & probective medium =~ coal,
graphite, metal shavingsy reducing and protective gases == oxygen,
generator gas, products of incomplete combustion frem illuminating
or natural gas, ammonia gas, etc.} combinations of a protective atmose

phere with a protective filler, ctec.

In baking, hydrocarbons are decomposed with the formation of
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goot on products. For this reason, gases with e considersble cone
tent of hydrocarbons, such as 1llwnlnating or natural gas, methane,
propana, should be subjected to partial combustion. Figure 93
shows the relation of the composition of a partially combusbted
natural gas to the compositlon of air in the mixbure, Figures 9l
and 95 equipment for parbial uombustifn.

Figure 93. Relation of the' Compbbition of a Pertially
Burned Natural Gas to the Composition of Air in the
Mixture (iSh).

Figure 9h. Apparatus for the Incomplebe Combustion of
Illuminating or Nastural Gas. |
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Figures 95 Apparabus for the Parblal Conbustion of Illuminebing

or latarel Gase

1 - cooling chamber) 2 = indicabor for ghowing ﬁhe gpeed with which

aly is being gupplied} 3 - indicator for showing with what speed

gas ls being gupplieds b - butterfly velve for gdry § = valve for

gas 6 = gas peduction valvej 7 - motors 8 - watey geparalor} 9 -

air pump; 10 = condensing poty 1L = adr pump regulatory 12 - oil
geparatory 13 = returning gabe valves 1l « manomeber} 15 » thyotile

valve for combustion chambery 16 « opening fo¥ ignitiony 17 = dust

7ilbering of alrj 18 « preduction gir valves 19 - combusbion thanber's

20 « pyrometers

] When balci.ﬁg nebals which do aot combine with carbon and form
casily reduced oxides, such as COpPeErs in bronzes ebC., one nay
use any kind of protecblive atmosphere, « coel £iller, generator gady

partially burned nabural gass ehbCe

Wihen baking iren or ite alloys it is necesasry to bake into
¢onsideration the possibliity of the fermabion of combined carbon
ghrough reaction o the protectlve medivme It 18 necessary for this
reagon to control the GO and G0y convent of the protective gas in
such a way as to avoid both oxidation and carbonization of the irone
The curves of Figures 96 and 97 &id in the selection of the neceasaly

concentration of provective gas for the baking of iren.

When baking tungsten and vefractory mebals, which easily form
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carbldes, pure oxygen is used as & provective atmosphere. The
oxygon upon leaving the baking furnace is freed of waber wvapor &y
bhelng passed through water~cooled condensers and colums conbalning
arying agente (CaCl o laOH, Hasoh, atee), after which it is reused
in the belcing process. The dlagran showlng the circulabion of oxygen
18 given in Figure 98,

When baking hard alloys, 1t 18 necesssry on the other hand o
take special measures to prevent the combugtion of carbon (by using

carburizing pecks, especially when beking in molybdenum furnaces) s

1f the materisl being baked contains metals which form oxides
difficult to reduce (such as chromium, alumlnum, atec.), the presence
of 002 and HQO should be aveided in the protectlive gage Baking is
uswally carried on ln such cases in o very dry oxygen which is lst in
through columns conbalring water absorbing agents (caledun chloride,

caugtic sodag HZSOLL) into a furnace containing metal shavings.

Baking should be carrisd on in a vecuun of such metals as
tantalum which show a marked affinity towards all gases except inerb

gases.

In baking, it is practical to use for a protective atmosphere
in beking by-products and waste from nenufactures (guch as waste

oxygen from the electrolyeis of sodium chloride).

(B) PROCESSES WHICH TAKE PLACE IN BAKTHG

The following fundamental. processes take place when baking

pressed or unpressed powders:

“ 278 -
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(1) Incressed atomic actlvity due to ineressed temperature,

(2) Change in the size of contact surface of particles. In
bakl.ng the size of contact surface quibe frequently incresses.
Even whare the

' .. .
~ ¥ ;v;/{" 1’/& . \\g

f .
Tl g pa -.e/t;

Figure 96, Effect of CO/CO, Mixture on Iron [ioLJ.

absolute sige of conbact surface decrsases becavse of an incregse in

grain size, the proportion of contact sectors in relation %o the

tobal surface of particles inereases in a number of casas,

. T
. . = B o T e
P R \

Flgure 97. Lffect of Hz/ﬁﬁo Mixture on Iron @.91[}.

(3) Absorption of residual stresses localized places of cone

tact. J4s a result of baking, the contact sufrace ls transformed

from one with {reaidual] st.resses to ene without [resicluall stresses .

(l;) Reustmuaation. amm growth ‘oakea place through
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conbact sechors and thus ig o manifestation of the process of

change in conbact gurf ace.

(3) Change of e entive surfece of parvloles. This slso
gcours in connection with change in the size of contact surfsce
since f.he growth of conbact sectors always Lakes place as a resulb
of a transfer of atm@/Ecm other (free) surface sectors and from

within particles.

(6) Shifting of poesition of particles conmected with a
change in the volume and poroslity of powder vodles. It also de=-

pends on the size and character of contache

Figure 98. Arrangement for Intruducim, Protective Gas.

1 - furnacesy 2 - drying of gasy 3 - ges gourcey L - contact
furnace; 5 = washingy 6 - condensates 7 - pressure regulabolj

8 « punmp.

(7) Heduevion of exides and renoval of absorbed and ¢OnREC
bed liguids and gases. Thig process ls comnected with a qualita~
yive change in contact. Hon-nmeballic comtect hatween particles

through a layer of admixture becomas & metullic onee

(8) Change in physicel and mechenical properties resulting
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from a chenge in the size and cheracter of conbact between the
strusturel elements of & mebal powdel. The coheaion of compacts 18
gue principally %o the mechanical jnterlocking of powder particles.
fhe coheslon of & beked naterisl 18 due to adheslon due to the
action of clectrical force anong grain abomge The particle, ax
inaividual md lsolated body, ia che pasio structurel ikt for non=
baked powders and coupacbss I baked nebal lg no Jonger a oongloims
erave of isolabed bodies and is a conglomerate of grains (orystal~

1ites) in the seme Way &S & cast netals

Tn this way 81l npanifestations observed in baking powders
are direchbly or 1mdirectly connected with quarrbitatﬁ.ve and qualiva-
tive changes in conbact owong particles. For this reason it is

axpedient to give the term upaking® the following definitions

Baking refers o vhe quenbibative and qualitative ghange 0f

conbach anong varticles (bodies) caused Ly the mobility of stons due

£o bemperatura. (1 disbinction ghould be made between baking a8 2
Process and a8 an operabion. The definition in thse woxt refers Lo
paking ag a process. The operabion of baking would be pbest defined
as the thermal treatment below £he melting point of the baslc compo=
nent of the naterial which has for lbs purpese a change along a
desired direction of pliysical and mechanical properties of ths powder

neterial being baked)e As & resulb of the guantitative changg of

ontact durin balkdx the size aod disposgibion of conbach sectors

contact during baktlff, oo Semmmmm

as well as the relation of free o contash gurfaces Of particles 2150

qualibatidve chenge, FOPC ot e

changest a8 & reselt of the malibative ghange nop=metal lic conbach

W

becones metellic and stress ‘ nﬁac‘o changes to one wiﬁhau‘o gtress.

Atoms are not sbhationsry but pgelllate in relation bo & pogition
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of equllibrium. The amplitude of gueh osolllations inoreases with
Lemperature. Tor this reason the posibtion of ohoma In & latblce
hecones Lesd atable with an increase in tempersture 850 that the
aumber of aboms inereasos which crosses fpom ona knot of a lattlce
yo another of the seme or of a neighboring aryshal. T+ would be
more px'ac'bioaahle to gelect as 2 moasure of the mobllity of an atom
the rabe of its diaplacement from a given posibtlon of equilinrinme
The average "speed" ¥ ("mobility") with which an aton leaves &
particulsr position of gqui.Librivn (120, 121, 5) 4is expressed by

the formula

where "at is the gonstant coefficienty " o the foundabion of natural
mmmm, w@d the energy of sctivablion necessary fov Qisplacing
an abom i‘z‘omAa particuler position of equilibrivm, HRY g gasTuue

constanty snd wpn ghe absolube pemperabure.

The different atoms of a. crystal popsess varying nobilitys
Ae Table 16 shows, the aboms on the surface are gurrounded by a
emaller number of abtracting neighvoring atoms then those inslde the
erystale The smaller the qumt;‘w of nelghboring atoms the less is

the energy of activation snd the greater is the mobility of abtoms.
[ see following page for Teble 16]
For this reason ¥he 16s6 mobile atoms are those lying within

the crystal wnd within the sectors of conbact surfacs) then there are

dleposed in order of decressing mobility: pboms along the junotiens

w 279 =
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Table 16
NUMBER OF NEIGHBORING ATOMS SURROUNDING ATOMS LYING IN DIFFERENT
PARDS OF A CHYSTAL WIIH A SIMPLE CUBIC LATTICE

Humber of Nelghboring Atons
A

At a Distance At a Distance

Bqual o & Less than 2
No, in Parameter of Parameters of
Order  Positlon of Atoms Lattice Iattice

1 Within a Orystal or within

the contact surface of two

identically oriented

crystals 6 26
2 In the vertexes of interpal

angles or at the point of

contact of three identically

oriented crystals 6 25
3 On the sides of internal

angles or on the boundary

of the contact surface of

two identically criented 6 23

erystals

i On the surface of a crystal g 17

5 On the sides of external angles L 1

6 In the vertexes of external

angles 3 7
= 250 -
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of weveral contact sectors end dn the vorkexes of inbernal BgGE
atoms on ihe bomdaries of o combast BEOLOrs wnd ou the sidesod
{nternal angles, SLOmS ip surface depressionp, aLons on ewrtece pFo-
peuglons and alovetions and alowy sides of axternal angles) aboap
4y the vertexes of exctornal engles (with the condibion that he

amaller the sngle the greater tue mo ity of aboms) ¢

[see following page for Table A7)

As Table 17 shows, with an incresse in the sise of cryshaly
ghere is o decresse in gne nuiber of mebile gueface atons {approxi~
mately dn inverss proportion o ddpear dimengions). ihe numper 9F
the more mobile wioms along Uhe sides (" Lineax” aboms) and in e
verbexes of apgles (poinb! aboms) decreapes Vel wore raphdly.-
Thidy numper decreases in invexse propertion 4o the sguare sod ¢ube

of the linear dimensions of the crysiels

b Pirst glanee an © Xaninablon of Table L7 would creabe Lhe
impre%ﬂ.o-n.rmat,ﬁm umber of Uhe more pobile mGOmNSy gepecially
along the sides and in the verwexss of angles, is mosb ingigailicant
{even when the fact is Leken inbe conshderation thab Yoanks bo sure
face UMEVENRSSS their acbusl nambel is gonsiderably greaber than when
campibed for the proper geometric form) and thab whey wuﬂ.& aob
axari a pamepbiblm infivence on Ghe baking pracess. Howeyey; an
{rsignilfioant mumber of the more schive aboms i@ ln many capes wove
shag compensated BY their greay mobLlity. Lhus, ab roon Gemperature
e mokildty of popper abong on g.free suriece is wag»‘-«m‘jé‘ bimes;

b 787 degween b willion o 100 billion Gimes, end uear melbing poind

300 denvav 80 whousand e 100 million Lines gresber than for

- P01 -
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of several contact sectors and in the vertexes of internal angles,
atoms on the bounderies of two contach sectors and on the sidesof
internal engles, stoms in surface depressions, stoms on surface pro=
trugions and elevetions and elong sides of external ahglea; atoms
in the vertexes of external angles (with the condition that the

gmaller the angle the grester the mobility of atoms) »

[see following page for Table 17]

As Table 17 shows, with an increase in the size of crystals
there 18 a decrease in the mumber of moblle surface atoms (approxi~
mately in inverse proportion to linear dimensions). The number of
the more mobile stoms along the sides ("linear" atoms) and in the
vertexes of angles ("point" atoms) decreases even move rapidly..
Thixir number decreases in invarae.proportian to the square and cubs

of the linear dimensions of the crystal.

A% first glance anexanination of Table 17 would create the
impression thet the mmber of the more moblle stoms; especlally
along the sides and in the vertemes of angles, is most insignificant
(even when the fact is taken into consideration that thanks to surw
face wnevenness their actuél munber is considerably greater than when
compubed for the proper geometric form) and that they ceuld'not:
exert a perceptible inf_luence on the baking process. However, an
insignificant mumber of the more active atoms is in many cases more
than compensated by their great mobility. Thus, ab room temperature
the mobility of copper atoms on @ free surfsce is .'1.662:"--21.036 times,
ab 727 degrees L4 nillion to 100 billion times, and near melbing point
at 1077 degrees 60 thousand to 100 million times grester than for

- 261
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RELATIVE NUMBER OF DIFFESENT ATOMS IN RELATICN TO THE DIMENSIORS

OF A CFYSTAL WITH & SIMPLE CUBIC LATTICE

Percentage of Atoms

slong Sides
Number of Atoms Percentage of Surface »
for the Side Total Mumber Atons (in Helation In Terms of  In Terms of
of a Cube of Atoms to Sum Total of Atoms 411 Atoms Surface Atoms
2 8 100 160 100
10 103 4848 10,k 21.5
100 106 5.9 0.12 2
1000 109 0.6 0,12,10-2 0.2
10000 1012 0406 0.12,10a4 0,02
100000 1015 0,006 0.12,10-6 0,002
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Percentage of Atoms in

Yertexes of Angles

In Terms of

All Atoms

100
0.7
0.8,10-3
0.8,10-6
0.8,10-7
08,1012

In Terns of

Surface Atoms

100
1.6
1al,10-2
143,104
1.3,10-5

1.3,10-8
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copper aboms within a erystale

Th\‘mf one oan posib from these examples and fvam formula (h6)
that on inereass in bemperaturs tends to newtralive the difference

in the mobllity of aifferent atomss

Tnereased mobility on the part of aboms 1s dve not enly to
palcing bub also O the manlfesbabions of recovery (rest), reoryshale
1imation, cto. Ab inereased Lemperatures, & nebal after prolonged
compression by a Yoad is deformed (nflows") as a Very iscous liguide
Tuis manifestation has been glven the name of exeep ("polzuchest'"s

viscous £10W)e

1f the propervies of o mebel with respect to 1be eotire volume
tend to balke on the properbies of a liguid with inereased tempera«
ture; the sane soblon would apply even to & grester degred to the
surface layers of particles and grains with the more mobile atams.
One mey consider that during baking the sectors of free gurface of

particles ares 88 16 werey in a 1iguid state.

The Process of Paking Powders from & Single Mebal Group

In beking one group of processes helps increase the siwve of
contact surface of particles, wiile snother group of processes con=

veysely helps decrease the size of conbact geclors.

The prineipal process ﬁhic.h contributes to a growth in the
size of conbach surface during baking ig the displacenent of atoms in
ghe direction of conbact sectors created by differences in bhe moe
vility of atoms. This process is acconplished by a drawing closer of

particles or ghrinkages

- 283 -
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To the opposite group ol provessss, to those which decreass
the sime of conbact surface belong principally the absorptlon of
residual stresses, the irregular localizatlon of the strinking pro-
oess, end individuel changes in partilcles. This group of procssses
leads to » separstion of partlcles and to an lncrease in size during

bakinge

Pinally, there sre processes which in relation to the condi-
bions of their eccurrence in some cases are connacted 4o an increase
in the size of conmbact surface nd to a drawlng togebher of perbi~
cles, and in other cases to a decrease in conteet surface and drawing

apart of pertlcles.

The final results of baking an ilncresse or decrease in contact
surface, drawing together or moving gpart of particles responsible for
determining all the properties of the baked metal, depends on which

group of processey predominates.

Esch process contributing to an inerease in contact surf ace
is always comac#.ed 4o s drawing together of particles. On the other
hand, each of tlﬂ:@ progesses lesding to a decrease in conbact surface
congists in drawing apart of particles. However, included in the sum
tobal affect by different groups of provesses there may be observed
ceses of decrease of contaet surface accompanied by a drawing
together of particles. On the basls of studying the effacts of com=
pacting end baking one may estimate thet in shrinkage, which is con-
nected to the procéss of drawing together of particles, ;; L percent of
volumebric shrinksge corresponds to sn inerease of conbact swrface of
approximstely 5 pereenty with a drawing apart of particles; however,
caused by the abgorption of residual giresses of compacting, a 1 percent
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increase (growth of volume) corresponds 4o » decresse of conbact
surface in the order of 20 percent or more. ~ Let us suppose, by
way of example, that the processss of drawing together during baling
cansed & shrinkage of 3 volumebric percent, while the drawing apaxrt
1 wliumetrie percent of increase. Corresponding chenges of conbach
surface would be an inorease of 3x5 = 15 percenty Messurements of
vhe slze of conbact cross section prlor to snd efter baking showed
that as & reeult of beking there is usually a decrease in the size
of contact surface of particles even where & shrinksge of 12 petim
cent oceura, On the basis of these observations one may sgy that a
decrease and not an inerease of contact surface of particles is obe

served to have taken place after baking.

| The processes of deformation of a mebal powder oceurring
during baking may be broken down intc several groups in a way other
than by the results of thelr sctdon (drawing together or noving
apsrt of partlcles). For example, it is possible vo differentiabe
Be'bwaen doformations due to siresses distributed over a large mmber
of particles and deformations due %o the mobility of atoms lecalimed
within the limits of one orf two particles. Displacements and
changes in the volume and shape of particles caused by the movement
of ztoms may be considered as a spgclal type of daformation due 4o
atom mobility. This type of defarmation may be broken dewn in turn
intos

(1) "individual" er Yinternal" changes of partisles in which
atoms ehamg,ahtheix pogition within the Limits of individual particlas
(change in the shape of particles):
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(2) Vexternall "sollscilve changs of perticles in which atoms -
move from some parbilcles to others (change in the shepe and volome

of particlen).

(2) Increase of Contact Surface and Shrinkage as

of the Mobllity of Atons

The mechanlam for incressing the coabact surfsce and arawing
togebher of particles durlng baking 15 similor to the process of Al
placement of atoms and of changa in thedr mobility as durdng re-
erystallizabion. The only difference bebween resrystalliznabion and
balzing is thab during the first pericd of baking whick is ascompanied

- by lower btemperaturs, atoms are displaced prineipally within individual
particled and slong thele sufface, whille during recrystallization They
are ddsplaced fvom one grain to another wd sciose conbact AschOrSe
Howevery in recovery (vest), which precedss preorystallization, abtoms
also sre displaced within individual stouotural olemonta. (n the whole
theve is po fundamental difference even in the actual definitions of
the temms "baking® and fpesrystallisabion®s Recrystallisstion, Just
s baking, 48 in essence due to a change in ponbact surfsce bubween the

structural elemenba of a mebale

Atoms elong eonbech macters are less mobile Hhen In othed sude

face seclorse

Figuve 99 Drawing of Atom Surfaces Toward Placos of Contach
(19L) .
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(

Ag & vreoult of sboms drawing towerd the placss of contaol
theye takes place g shrinkege and growith of qon‘baat suwrface of
particles. One can pleture shrinkage es & transiilon of We mobile,
alnost ligquld, creeping matbter from a Lres surface to places of ooﬁ-
tact and as beilng due to a decrease in wobdlily and s hardening of
this matters This process is to a certain dogree simllar to the
drawing of irk fyom a blot into the capillariss of the blotting paper.
Figure 99 shows a dlegram of shyinkage according to w»atﬁm and
Wulff,

The process of shuinkages le 8e, the drawing ci metal to
places of contact megy be considered as being caused by a difference
i in the mobilily of the ztoms of free and comtact sectors of surface

and as being due to the actlon of surface btension.

Meny euthors (19L, 18) are inclindd to explain shrinkage of
mebal powders by suvrface bension. This point of view has had wide
credence for the longest time in explaining the reasons for shrinkege
of non-metallic powders. Thus, Tertsagi, Gersevanov, and obthers
consider thal shrinkage and lncressed durability m drying clsy are

due to the purely mechanical sction of water surface tensions.

However, it should be emphasized that surface tensions may
cause a displacement of only mobile and not stablonary atoms and
molecules. ‘i‘he: action of surface tenslon is closely connected with
the moblliby of material. Thus, clay reascts with wabter and becomes
viscous and moblle. If one were to asdd water to gold or resin powder,
neither of which react to water (i, e., the mobility of their atoms
or molecules would not lncrease as a result of this), the surface

tension of the water doss not ¢ause shrinkasge or inereass ¢f cogtach
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surfacep Frenkel in one of bis articles (120) tries to explain
gurface phencmena in balking s being due to surface tension and in
another (121) to the mobllity of atoms. Frenkel makes no final
conclusions as to which point of view should be preferred.

We conslder that both explenations do not 80 mach exclude
as supplement each othel's (It should be poimted out, however's that
in his article (120) Frenkel wrongly thinks thab gurface bension
would cause a ereep over the entire volume of the powder as in the
case of smorphous bodies. In reslity cresp in a metal powder due
4o the actlon of spurface tension is very different from the viscous
£low of amorphous bodies and deforms not so much the volume as the

surface of particles).

Tt should be remembered that certaln laws of the eguilibwrium
of forces for an absolutely solid body known 40 us in mechedcs do
not always apply to a baked mebal powds¥s For examples leb us assume
thab 2 baked metal powder ig being gubjected Lo the action of cone
tracting and expanding forces, which according to the laws of
mechanics for an absolubely solid body should be equal to zero. With
respect to metal powdexrs, howevery it is much ecasier Yo decrease than
4o increase the action of contraching forces of the same sizey 5o thab
a mebal powder would expand in banking. For thls reason sxplanations
originating with the movemenb of stoms would be connected with smaller

rigk of error than those based on the action of forces.

Together with an lncrease in the size of conbact swrface thers
proceeds a decrease in the size of free surface of particles. This
dearesse is due not only %o the growth of contact secbors of surface
but even to a greater degree Lo the flowing over of the more mobile
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atoms £rom slevations into depressions. The surface profile levels
out in such case. As a result of these processes the shspe of
particles change during heating. There was recently made publie

a most interesting work of Luldiskiy (71). Balls meds fram salt
erystals changed during heating into flategrained polyhedrals. It
might appear thet heating resulted in an inorease in the number of
mobile atoms inasmuch as the surface of a polyhedron is larger than
the surface of s ball, However, one should not forget thet the more
mobile linear and angular atoms for such a polyhedron are fewer than
in the case of a ball and thab the tobtsl kinetic energy of the supr-
faces of atoms probebly decreased during heating. (One can also cone
clude from Lukirskiy's work that the more mobile surface atoms sre to

be found not in an amorphous but in a crystalline sbabe).

The temperature at the beginning of baking is lower than the
temperature at the beginning of recrystallization (page 127 of
original text) because the stoms of mn»éontact sectors of surface
aT'e more mobile than &t places of contack. With higher temperatures
during baking the processes of shrinkage and recrystallization take
place concomitantly. The speed of shrinksge is approximately the
same as that of recrystallization. The size of linear ahrinlcage may
sometimes reach 20 percent of the initisl ize.

(b) Absorption of Residusl Stresses

The absorption of residusl stresses during the baking of a
metal powder is a manifestabion similar to recovery (rest) which
takes place during the amealing of a golid metal. It is ané of

the more important processes leading to a deci'ease in contact surfsce
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and an Anoresse in the dimensions of the metgl. powder. Lxternsl
stresaes during preseing decrease the volume of a compacts while
internsl, on the other hand, try to increase its dimennions. A

partial sbsorpbion of internal stresses tskes place even at room

tamparsture (the elastic afteveffect; Chapter IV).

The absorption of rasiciual stresses localized at places of
conbact incresses with an ineresse in temperature and in the nobile
ity of stoms. An jrreversible decrease of these stresses may Pro-

ceed basically along the following channels.

(1) Heduction of residual stresses as 8 result of a decrease

in or a total severance of conbact sactors.

(2) Reduction of residusl stresses abt places of contact as

a result of an increase in conbact sectors.

(3) Reduction as a result of a heat=indiced expension of
sectors with and without stresses unaccompenied by any particularly

gignificant change inthe size of contact surface.

Where the tensile strength of compacts and the specific sure
face of parbicles are small, sbsorption of stresses proceeds accords
ing to the first way. Bub with sufficient size of tensile strength
specific surface, the proceéa of drawing matier to places of contaet
quickly increases strength, decreases conbsct stresses, =nd makes

severance of conbact impossible.

The Yotal linear increase as indiced by the enbirve group of
progesses contribubting b0 the drawing spart of particles rarely ex-

ceeds 5-6 percents althpugh,. when cracks ogeur, it sometimes may

-0
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veach 15 percent.
(¢) Zonal Seperation of Shrinksge

If one does not include the earlisr works of the author (L),
the literature of powder meballurgy up to the present time has con-

sidered menifestations of shrinkage without reference to structurse

Morsover, cases sve generally known where the processes of
shrinkege (drawing together of particles) indiced the formabilon of
locsl rupbures and cracks, i. 6., local drawing apart of particles.
For example, in the drying of bread, chesse, clay, soll, eltey
ghrinkage is frequently accompsnied by the formation of crackse -
In practice, in order to prevent cracks occurring in clay, sand 1s
frequently added, which decreases shrinksge and thereby decreases
the tendensy for cracks to form. Figure 120 shows characteristic
cracks from shrinkage forming in asphalt, clay seil, plaster, elc.
The cracks break up the meberial into large isolated ereas (zones)
reminding one in their configuration of the grains of cast metales
The formabion of such separated areas may be explained only by the
fact that in each of them the direction of shrinkage of particlaé
(molecules for asphalt) was oriented as shown by arrows in Flgure
100 towsrd tha‘ ingide of the zone, as if towards ite geometyie

center.
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.

The boundaries of these areas of separated shrinkage ere
formed by cracks caused by the movement of merginel particles of
neighboring gsones in opposlte diractions,

Figure 100, Formation of Isolated Areas and Cracks during
Shrinkage (Bal'shin).

Figure 10l. Modification of Form.

a = original cubej b = after shrinkegej ¢ = after expansion.
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Let us conslder this question in grester detall, Ve shall
sbart with the simplest case whera an entire haked body, such a8
thet of a cube, shrinks as a single unit., If for each individual
place of shrinkage atrosses and dilsplacements are direoted towsrds
the center, then the middle part has greater pressure than along
the edges. For this reason shrirkage in the center of the cube hes
& maximun value, while grains which had been stralghteedged beconme
bent (Figure 101b).

The opposite manifestation is observed in the drawing apert
of particles. Stpedses in this case ave directed from the center
to the periphery, so that the cenber has the maximun sepavation of
particles. For'this reason the grains of a cubs tend to bulge out

(Figure 1010) .

Lot us now turn to a conglderation of verious cases where
there are observed the formablon of several or even many areas of
geparated shrinkage. Sometimes bhe reason for such a separstion is
4o be found in the int9m1a1 strepses caused by ocampacting. Lat us
assme (Figure 102) that there have been formed in a compach, which
is being subjected to the action of inbernal stresses trylng to
gtretoh the body in a vertical direction, hidden laminated micro-
geoplc and even submicrospopic transverse crackse Ipese eracks
bresk up the body into a number of transverse layers, The internal
stresses try to break the connections axigting between these layerss
These stresses in thelr turn help to set up the same orientation for
the stresses due to shrinkage in each seperate leyer (Figure 102).
As @ result the process of shrinkage divides even more the individual
layers so that the hidden laminations of the compact are transformed
during baking into clesr visible cracks.
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Tn other cases a compact way be broken up into agglublna-
tions of particles. Bach such agglutination generally becomes
through baking an individual ares of shrinksge. There is frequent-
:\,y‘ observed the fset that, in spibe of the considerable shrinkage
taking place within individual agglutinations, shrinksge for the
entire product is negligible and sometimes there is even an increase

in its dimensions.

Figure 102. Diagram Showlng the Formation of Hidden Leyerse

Figure 103, Formation of a Hollow Corg. Lre

Figure 10ke Brawing Bxplaining Increase in Size Due to Zonal

Shrinkages

Separation can bake place as a resuld of uneven heabing.
Figure 103 shows a cube whers the temparature had been lower in the
conter than at the edges. Because of considerable shrinkage in the
heated edges and small shrinksge in the cold center spoilage of the
sowcalled hollow-core type took place. Such type of domage. cannob
be corrected inasmuch ss leveling out the bemperaturs will not cause

the hardensd periphery to change but only would interfere with
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shrinkage in the hollow coree

From what has been seid above it follows that the drawing
together of particles in some places 1s accompanled by their sepa=
ration in others., UHoreover, even bthough el first glance it may
geen to be completely impossible, the process of shrinkage may lead
%o an increasse in the dimensions of ‘the overall body as a result of
the formation of separated zones. Lot us assume (Figure 10L) that
for a plece of metal there ave bthree aveas of shrinkages In the
outer areas 41 and Ao an inbensive gshrinksge takes place, while in
the middle ares B no shrinksge ocouwrs. The resolving forces of
shrinksge sre shown in Figure 104 by means of arvows. Thus, shrink=-
age in arecas Al and A‘E nay be congidered as s creep of a porous metal
indiced by, what happens to be in this case, compressive forces. Bubt
area B 1s belng subjested to forces of the same strergth as Al and Ay,
except that they are stretehing the metal. For this reason ereep
algo occurs in it. The tenglle strength of a porous metal is con-
siderably smaller during stretcehing than during compression. For

" this reason the slze of the expansion in area B may exceed the size
of compression in zones Al and z‘xz and thus thers may oocur a ¢exrtain
overall inerease in the total volwne of the metel. The wonal char-
acter of ehrinkage mgy result in cracks and in the formation of very
large pores which considerably emcesd the dimensions of the original
pores of the compact.

Lot us note that there sre to be observed cases in other
branches of bechuology whers there 1s s decresse of density through
wneven ghrinkages Thus, lxreguler drawing begether of atems during

the cooling of a molten metal results in a porous and non-dense
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(a) Individusl Separation of Farvicles

The processes of separstion during baking may bteke place not
only within areas (sonea) composed of a large quantlty of individuel
psrbicles (grains) but mey be locslized within individual particles.
Aside from the drawing of stoms toward contact sectors and zonak
separation, there also belkkes place, ns has peen menbioned earlier,

s muber of processcs related to individual changes, irregularly
loezlized within individual particless Thus, the shape of particles
changes as a result of surface tension, residusl stresses, recrystal=

ligation of subdivisions of particles, alc.

Trregulaxly localized individusl modifications of particles
are related to the appsarance of compressive fovees, & compacting
of metal powder in some places, snd the appearance atretching shresses
and decompacting of bthe powdsr body in other places. At first glance
it would sppear Uhat under such circumsbonces the magnitude of
gbretching end compressive stresses should be identical =nd the botal
volunetric @hange of the mebtal powder eiqual zerc. However, we have
elready pointed out (pege 119 of original text) that the lawe per-
saining te equilibrium of forces appliczble to the mechaniss of an
absolubely solid body camnot always be applied to mebal in & powder
state. The drawing Logether of particles in a metal powder (de=
crease of porosily) always demands greater foree bhan the drewing
apart of partlcles (inerease of poraisity). For this resson an in-
crease in poroslty caused by a definite strebehing force may be
greater than the decresse in porosity due o a compressive foree of
the seme magnitude. In this conneotion, the sum total of achivity

of irregularly locallued ind:widm modificabions of particles mzy be

- 295 =

Declassified in Part - Sanitized Copy Approved for Release 2b12/05/07 : CIA-RDP82-00039R000200080001-1



Declassified in Part - Sanitized Copy Approved for Release 2012/05/07 : CIA-RDP82-00039R000200080001-1

Teduced o an Increase of poresity -~ to lndividual scparetion.

(e) Heot Lxpansion end Contrachion

Expansion of particles cawsed by heating in o mumber of
cases leads to £illing in of the pores and Yo an ineresse of cons
tact suwrfaces A contact renswed durdng contvaction agused by coole
ing does not often lweaks There btakes place o5 & result mn irrew
vergible increase of combact swrface end a deerease in pRroshby s
Thds process :Ls»pzm‘b:l.cnlarl:f daportent in connectlon with an ine
crease in conbact swrface Low powders with medlume and lavge-gized

perbicles (of seversl tens of microns end more).

Howewsr, in certain cases thermal expansion s connected with
an ineresse of poroslty snd a deerease in the size of conbact sure

face (such as when baking compacte packed to full density)s

The gooling process may help increase poroslsy 1n metsls with

geparated gones of ghrinkage,

For temparatures of practicsal application in balting, the
lrveversible linesr shrinkage duws %o expansion csused by heating
("thennal" shrinkage) may not exceed 1-2 paveent of the ordginal
:mm'th and the wlumetric shrinkage L-6 percent of the ilanitdal volume

of the compact,

1t should be polinted out that thermal shrinkage accompanied
by a relatively smell deoresse in volume is ugually connscted to g
relatively large incresse of contach surfece. "Conbact" alrinkege,
however, which is caused by a displecement of atoms from a free Sune
Lace o wntactr sectors él’ahcugh aceompanied by a relatively large

S
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decraase in volume is usually connected to a relatively emall ine

eregse in contact surface.

(£) Influence of Admixtures

The content of primarily surface admixtures in metal powders -
sometimes reaches 5«10 volumetric percent. The principal ones ere

mebal oxides, water, and gases adsorbed end in solution (page 32 of
original text).

The majority of admixtures dissppear during beking. Evapora=
tion of water begins ab close to room temperaturss and stops abt 150
200 degrees (the temperature of boiling water which i1s confined with-
in the capillaries of surface oxides goes up to 200 degrees, while
the removal of chemical confined water demands even higher temperature).
The mein part of adsorbed gases evaporates at 100-200 degress. The
final disappearsnce of dissolved and chemically confined gases during
heating in a vacuum ocours ab considerably higher temperatures =-
higher than recrystallization temperaturs. Balking in a protective
medium (hydrogen; crarbcn packing, ebc.) may somebtlmes lsad to an
increase in the content of certain adnistures. The oxygzen of oxides
disasppears elther during reduction in a protedtive mediwa or in
vacuum baking as a result of kreaking doun of oxides into gas and
metals Depending on the type of metal and the physical characterise
tice of the powder, reduction temperature varies within wide Limits,
from 25 to more than 75 percent of the absolute boiling point of the
metal. The oxides of certain metals such as aluminum arse not generally
reduced during the ordinary conditions prevailing during baking.

However, it is more probable that gases as well as air offer
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during baking a psssive harmful influence on the properties of
baked produsts rather than sn active expanding effect. Increase
in gize in the majority of cases is observed when baking cosrse
powders, the expanding action of whose gases is eliminated by the
excellent gas permeabllity of the materiel. Liberstion of gases
may produce the effect of decreasing the shrinkage of fine powders
through the formation of closed pores during the later stages of
baking which, as Frenkel has pointed out (120), hinders their being
filled in.

The negative role of oxides in a powder may be conéidered
to0 be the following: first of all, oxides lower the tensile strength
of compacts. However, a decrease in the tensile strength of come
pacts makes it easler to break the contact during baking between
particles and decreases the density and durability of nthe baked metal.
Besldes, during the baking process the reduction of oxides préceeds
unevenly in different zones of a compact, which in turn leads to
zonal differences in shrinkage (page 120 of original text). Finally,
the gaseous products of oxide reduction (ﬁgo, C0p) may interfere
with shrinkage in the later stages of baking through the formation
of closed pores. The axidation of metal during baking slso quite

frequently produces a harmful effect on its properties.

The reduction of oxldes proceeds as a reversible reaction of
the type of MeG®Hy MetHy0. If the baking amoséhere conbaing
volatile products of reduction (’HZO, 002), then together with a re-
duction of oxides in some places of the aurféce of particles there
will ‘also take place an uninterrupted. oxidation of metal in other
places of the surface of particles. The atoms of the metal in a
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labbice of oxides are disposed differently than in s lattice of

the metal. For this reason the atoms of the metal are even more
motile and active at the moment of reduction than linesr and angle
atomss The preseme of oxldizing agents in the atmosphers may
actlvste the baeking provess creating an intensified shrinkasge and
grain growth, Aa a result. of good permesbility possessed by come
pacts made of um powderu, the oxidising products of reduction
(Hg0, C0y) are very quickly excluded from pores and cannot in conge-
Quence exert any marked effect., Bub permeability 1s small for dense
compacte m@de of fine powders so that the products of reduction rg-
main £or a long time in the pores where they can exert a marked
positive effect on shrinkege snd grain growthe In technology
oxides are sometimes especially added which are volatilized and
reduced ab high temperstures (N&a(), 5i0,, etc.) and other compounds
which initiate oxidation (NaGl, KC1) to tungsten powders in order

to obbain monocrystals and long orystalline threads of tungaten.
However, in the majority of cases the unfavorable action of oxides

overbalances their favorsble affect.

Admisxbures in the majority of cases exert an unfsworable
effect on the propértiem of a mebal powder. The greater part of aduixe
tures entering into a solid solution with the‘ basic metsl decreases
its compressiveness and by the smme token the properties of the baked
mebal, Admixtufea which do not melt at baking temperatures usually
hinder the baking process (pages L5 and W8 of the original text) .
Admixtures which do not form soliq solutions and inter-metsllic
compounds hinder the contact of particles of the basic metal. Pap
tleularly harmful is the action of admixtures of metals whieh forn
exides diffioult to reduce and in the Same way the adnixtures of
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oxides difficult to reduce as Mes'kin, Shipulin, Veynshieyn, and

Mitrenin have shown (81).

Figure 105, OChanges of Structure and Density (da) Ocourting

during the Baking of Garbonyl Iron. X 1000 [185) [Photo]

Certain admixtures with which the basic metal reacts form a
second phase by melting during baking and may considerably increase
the properties and density of baked materials (such as admixtures

of phosphorous added to brass).

(g) Recrystallizabion

As a regult of recrystallization and growth of contact during
baking a metal powder is transformed from a conglomerate of partis-

cleg into a conglomersbe of crystallites (grains) e

Basically, the rules applying to the recrystallization of
mebal powders may be reduced to the following: ({See [5] for an ex-

planation of these rules).

Figure 106, Modification of Structure Occwring during the

Baking of Electrolytie Copper (Bal'shin). ¥500. [FPhotoj

| (1) Particle growbh of metal powders (exhernal recryatalliza-—
tion) begins at much hi.ghex' temperatures than grain grawbh of solld
mebmls. Aceording to Sauerwald (18Y4), the tempersbure abt which
particle. growth for metals pov;ders begins is equal to 66~75 percent

of the absolute melbing pointe

qs()ﬂ-
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(2) Internal recrystallization of structurgl subdivisions
of particles (in particular submicroscopic) often beging at cone

siderably lower temperatures than external, In the same way internal
recrystallization of particles which do not have structural sub=
divisions (change of shape) beging at considerably lower temperatures
than the growth of particles.

(3) The temperature exlsting at the beginning of growbth
generally decreases w:l.th dispersion of particles and the presence

of inbernal subdivisions within them.

(4) For the majority of powders, the temperature st the
begiming of particle growth and the final size of the grain do not

depend, as Sauerwald pointed out (18)), on the compacting pressure,

(5) The presence of oxides in the original powders and
baking in a reducing atmosphere with an insignificant adnixture of
oxygen lower the temperature for the beginning of recrystalliza~

tion and increases grain growbhe

(6) With respect to fine powders, the temperature existing
at the beginning of external recrystallization sometimes decreases
with eompacting pressrure. There is somebimes observed in such
cases a strong dependence of the temperature of recrystaiiization

and of grain size on previous proeessing of powder prior to compacting.

(7) In the deformation of baked metals the same rules of

recrystallization as for deformed cast metals.

Modification of structure of carbonyl iron powders by baking

temperature is shown in Figure 105 and for compacts of electrolytie
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copper in Figure 106,

Recrystallization is closely comected with change in volume
and conbact surface during balking. Such changes may be considered
to be the result of creep dus bo the action of two groups of

forces ~- stretching and contracting. ‘

It is known that recrystallization is connected with a con-
slderable inerease in the speed of creep. For this reason recrys-
bellization, both external and internal, increases the acbivity
both of the processes of drawing together of particles and increas=
ing conbtact surface and of processes of drawing apart of particles
and decreasing of contact. It should be kept in mind that grain
growbh leads to the formation of intracrystallite pores which may
not be covered up in baking. Yor this reason recrysballisation
prevents obtaining bsked products ﬁllat have a 100 hundred percent

densgity.

INFLUBKCE OF CONDI‘I‘IONS ON BAKING PROCESSES AND

THE PROPERTILS OF BAKED MATERIALS

The size snd condition of conbact surface of pewder particles
changes during the course of baking. Uorresponding te this all the
other properties of the metal powder also change -- structure,
porosity, herdness, electrical conduetivity, etc. An investigation
of these propertles makes it possible to make an approximabe evalua=-
tion of the processes baking place during baking.

The electrical conductivity of a metal powder grows in pro-
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portion to & cerbaln degroe of contact surfree. The size of the
spdex for this degree 1ies betwesn 1 ond 2 for a purely meballie
contact, The transition of a contact from a nonemetallic w e

purely metallic state also increauss conduetivity.

Healsbance to rupture change spproximately in proportion to
the ¢onbach surfece of a single layex of particles (contact crosa
gection). However, thle depends nobt only on the size bub also on
the condibion of contach suface. During baking the combact
chenges gradually from & nonemebellic to a metallic one, from one
without strain to one with strain, and from gohesion te inberloclk-

ing. 411 these factors increase reslstance 10 ruplure.

Resistence b0 compression on the pard of baked metals is
usnally 2-15 times greater then resistance to rupture. Thig is ex-~
plained by the fact thet during the stretehing of a parous metal
the contect surface decresses while perosity lncreasesi during come
pression the oppoglte bakes place. During the course of balking
differences between tensile strm@h in eonnection with stretehing
and in commeetion with gompresylon 2re usually evendd out somewhat.
Resistance bo compression increases with the size of contact sux-~

face znd usually slso with a decrease in oxide conbtent.

Hardnese changes during the course of baking in a somewhab
complex mannels The removel of cold herdening and decréasing the
oxide conbent during beking decreases its size, while growth of cone

tact surface and density, on the other hand, increase.

Plagticity ingreases very mach &g & vosult of baking. Increase

in length of powder compachs during stretehing is equal Lo mewroj
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after baking there i to observed sometimes g conglderable inw

orease in length,

Changes in linear and volunetric dimensions are not reflec~
ted during the course of baking so much as changes in electrical
conductivity and tensile strength., In bakeq metals decrease in

' porosity of 1 percent usually corr_esponds to an increase in tensile
" strength and conact swrface of 3-10 percent, In spite of this,
estimation of the progress of baking on the basis of linear or volue
metrie shrinkage is widely used because of the simplicity and
aceuracy of such detaminatipn. Usually (but not alwgys) an ine
crease in density during baking is connected with an inecrease for
all mechanical properties.

The size ang condition of contact surface and the correg-
pondence of mechsnigal properties characterizes the condition
exlsting between thé structural elements of a mebal powder. Some-
times this combination of Properties is designsted by the term
"adhesion, for which it would be harder to give a more exact defi-
nition, One ggn obtain an mdérstanding of such cohesion on the
basis of such qualitative tests ag showing the absenge of erumbling
of particles when seratehing the metal, the appearance of a crosge

sectional view, ete,

() Influense of Baking Temperature on Contact,
Shrinksge, and Properties

The effect of baking temperature may be divided into several
stages,
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_ The first state is characterized by non-metallic conbvact
between particles. Incresse of contact, growth of tensile atrengih,
and én inglgnificant shrinksge durding this period may be explained
prineipally’ by evaporation of water from the swface leyer of oxides.
In the g:!:vén instance shrinksge and increase of conbact have the

gme character as when drying oub clay.

Shrinkage during this stage may take place because of thermal
axpansion of particlss. This type of shrinkage masy reach for a
tvemperature of 100 degress O.1~0.2 percent of length and up to
0¢3~0s6 percent of volume.

In all probability, shrinkage and growth of contect during
heating at this stage w;)uld have been greater if the stretching
action of residusl compacting stresses had bsen sbsent, as a result
of which there is to be observed guite freguently ab this stage a
slight increese in dimensions.

Table 18 (155) show changes in electrical resisbance of a
nickel campact varying with heating temperature. There is to be
observed that up to 60 degrees there is a considerable inerease in
resistance; at 80 degrees it decreases markedly and it drops cone
siderably at 100 degrees (boiling point of water under normal condi-
tions). A decrease in resistance continues up to 140 degrees (the
boiling point of waber in fine capillaries). The first sbage of
baking ends at approximately this tamperature. In our opinion
electrical conductivity of unbsked compscts is due to a congiderable
extant to the contact of water f£ilms surrounding powder particles.
In heating up to 60 degrees these films ms a result of evaporation
are modified very much and thus cause a growth in resistance. At 80
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degrees wabter evaporsbes even move bub resiztance on the other hend
£pllee Thie 18 expleined by the beginning of shrinkage md growih

of contact between oxidized layers of particles (similer to ghrinke
age during the drying of clay)e It is natural that such a growth of
conbact mugt reach its maximun proportlons ab 8 tenperaturs of 100=

150 degrecss

Table 18
RESISTANCE OF CARBONIL WICKEL COMPRESSED AT A PRESSURE OF 6000 KILO-
ORAMS PER SQUARE CENTIMETER WHEN HBATED AND COOLED IN HYDROGEN (155)

Regisbance Resistance
Temperabure 106 Ohms Tanpersiure 106 Ohma

in Centrigrade Heating Cooling in Centrigrade Hesbting Cooling

20 101.0 113 200 3Leb 2le6
Lo 105.5 300 46,0  33.8
60 108,0 1400 577 L0
80 9040 500 610 LS
200 . g0 1740 600 60 hBe3
120 3040 700 665 5243
U0 3340 800 67425 5640
160 _ 33.0 900 6746 59e6
180 33.2 1000 6840 6341
200 Wab b 1110 6.0  68.0

The suthor carried out experiments relating to the sbserpbion
of solutions of methylene blue with mebal powders that had been
heated in hydrogen and oxides burned in air and cooled at 20 degrees.
After hesting to: 150 degress the adsorbing ability mmm both for
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metal and nonwmetal powders. Here one can agein drew an anslogy
belwean an incresse of pexmeabilidy of dry, evacked suxth as
compered with wet clay and that of gazes and liquids.

Figure 107 prosents data of the author velating to changes in
the woluwmetric characteristic of powders after heating snd cooling to
room temperature. After being heated to 150-200 degrees powders of
both metals and nonemetals showed a decvesse in pourad weight, A do=
créaae in poured welght was due in all probabllity to an incresse of
"structural strengbh" (Chapters II and IV) caused by an increase in
the tengile strength of the ¢laygy layer of oxides during the evapo-

ration of water.

The second stage is charscterized by s reduction of oxides
during baking, Lle 8¢y by a qualitative chenge of conbect. It can
take plece during a vertain temperabure interval concomltently with
the flrst stage. Furthermore, contact is transformed from a non=
matallic o a metallic one, in which commection the resistance of
the mebal decresses considerably upon pooling. When in a heated
state resisbance locreases somewhabt inssmuch as a pure mebal hes a
Gonsilderably highor bemperature coefficient than oxides. 7This sbage,
Just as the previous one, is nob sceompenied by any considersble
shrinkagey in facb, it sometimes resulbs in a cerbain gmount of growbh.

- / .
? z o o
i
| ¥
¥ |
@
i i f
“ b
1 - - W . i
“ - Tonipatyedeve
A <ol e of e B Cgin iy g

Figure 107. Medification of Volumstric Characteristics of Powe
ders through Ghanges of Heating Tempersture (Bsllshin):

0307 -

Declassified in Part - Sanitized Copy Approved for Release 2012/05/07 : CIA-RDP82-00039R000200080001-1



Declassified in Part - Sanitized Copy Approved for Release 2012/05/07 : CIA-RDP82-00039R000200080001-1

1 - elsctrolytic copper, poured weight l.5 grams per oubio
centlneter; 2 - the same compacted; 3 ~ copper composed of f£lat
particles; L - restored iron, poured weight 0.67; 5 = electrolybic
dron, poured weight 2.11; 6 = the same compacted 7 = electrolytic

iron, poured weight 3.66; 8 ~ the same compacted.

Measurements of absorption show for this stage an occasional

increase for the following reassonst
(1) Metals have a higher adsorbing capacity than oxides.

(2) Specific surface msy actually increases It is commonly
known that subsequent oxidation and reduction at low tenperatures

greatly increases the surface of powder.

Poured weight (Figure 107) at this stage clearly drops (ine

crease in tensile strength through reduetion of oxidized layer).

The third stage is characterized by a marked quantitative
growth of metallic contact caused by the mobility of metal atoms
and a modification of particle shape (individual recrystallization).
It proceeds for almost the entire interval of tempersture concomie
tantly with the second stage (reduction of oxides), the role of
which, however, is not particulerly prominent. The third stage,
depending on the degree of dispersion of the powder, begins st a
temperature of 20-40 percent of the melting point. Fine powders at
this stage are characterised by a marked speed of shrinkage which
cannot be explained solely in terms of temperature expansion. On
’:;he' otherhand there is observed an expansion of metal as a vesult

of absorption of residual stresses for gorase and strongly
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compas bed powders. Absorplion of residual stresses and goftening

(reworaion) probsbly ends ab the beglming of the fourth stage.

. Host temperatures for the beginning of baking, a8 detexr~
nined by different authors, relabe 10 the beginning of the third
ataga; However, it is difficult to spesk of a precise determina=
tion of bemperature for the beginning -of the aetual baking of &
motal because shrinkages snd ineresse in conbact are observed even
during the firgt and second stages. For this reason, the determina-
tion of sufficlently marked shrinkage and growth of contact has to

be to a certain extent arbitrarye

There is an inerease during the third stage in the specifilc
gurfsce of particles without any growth of particles belng ob=

serveds

Thus, manifestations of rac_vystalliza'bion st this stage are
expressed In individuél recrystallizablon and reetifieation of
parbicle surface.

A% the begimning of the third stage the poured weights of
tine powders (Figure 107) st first decrease somewhat and at 4060
percent of the absvlute melbing point reach a minimun, whereupon
they begin to increase, resching towards the end of the third stage
approximately the initital valwes of the original powders. Reduce
tion pmgraaaés with ineressed temperature, and surfasce probrusions,
although beconing stronger and not bresking during brittle deforma=
tion, yield more easily to plaétic deformation. For ¥ his reason,
the poured weight at the end of the third stege is slready move min-
imal, although not yet markedly exceeding the original value. With
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time balcing of fragments md protrusions inoreases so thet the
surface layer of particle becomes lsse porous and more stronge 4n
inoresse in the strength of this layer leads t0 a decresse in
powred welght as heating is prolonged (Figure 108).

The fouwrth stage is cheracterized by a marked incresse in
the speed of processes of diffusion, I is for this reagon that oxe
ides are cmnplebal;f reduced duwring the fourth atege and growth of
particles commences. Depending on the digpersion of & powder, it
beging ab 50=75 percent of tha absolute melting point end continues
right wp to melting Yenperature. During the third sbage cresp enw
compasees a relatively narrow strip of stoms neer the surface, while
deformation (shrinkage) during oreep is limited under the influeme
of atomie forves 4o a rectifioation of the surfece of parbicles.

During the fourbh stege creep acoordlog to bhe degres of grain growth

end the shifting of their boundaries bakes in signifiomnt layers of
aboms which previcusly had rewsined within the depth of particles.
Becauss a lavge quantity of stoms is involved in the growth process,
the speed of creep sharply ineresses during the fourth stage. For
this resson there is an neresse in the achilviby of processes
relsting to beth the drawing togebher and moving apart of partipleg.
With respact to compacts thab are inclined to oxpand the beginuing
of the ﬁ‘m sbage 18 quite frequently choracterised by a marked
inereass; and for those inelined to contwact thare is a conaldersble
decreagse in volume, The differense in shrinkage for ecoarse snd fine
powders is very considersble (Figure 109)e Thare are frequently
characteristdo for this stage the very pominent role of zonal sepa~
rablon due to shrinkege (page 120 of original texb). and Mgnlam.v
Iocalized modifications of pmmaea, espmially for vevy fine
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powdergs For this resson, when the optlmm baking bemporature has
pean excoeded, tere onwuss & decresse in dengdty and tenglle strength
with further ineresse in besperatures This decveass ccntinuss to
progress, follewing which thore is nobiced a bukling snd £ineldy a
cracldng of the materlal (overhenting). Seperation through shrinke
age msy lead as well to a decraase in grain growth (uwhen the optimun
wonparsture has been exceedsd (Figure 110). This optinm baklg
vempersture is quite frequently 66«75 percent of the melbing temparas
ture for very fine pouderss while for the majority of the courger
powders it somebines lles close bo the actual melbing poindt (Figave
109}

LTTIREATE S

Figure 108, Uhangs 1n Volumebric Characteristics in Relstion
to length of Heatinge

1 - electrolytic coppers poured welght lell, hested ab 760
degreesy 2 = electvolytle eoppery poured weight le58; haated ab 600
degrees (Ball shin).

Heabing ab tempersiures m? the fourth stege inereases the
poured weighte It inereases very yuch for £ine powdsrs (Figure 109)
Tpis ds explained by the Laob tnsb there is o considersble smeothen-
ing owt of protrusions and depressions and 2 softening of the suwface

leyer of particles a8 & peplt of the #mpleta‘ dﬁsappawame of
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oxldes. The deorease in roughness ond hardness increases with
EXpOsUre, whi;a the poured welght conbimuss to inereasse without
interruption throughout the duration of the heating.

/’,.’] s Hfh‘ {

Figure 109 Dependence of Shrinkage on Temperature fo Fine
and Coarse Jyon Powders (Davill).

1« fingg 2 - c.oarfaé.

!

Figure 110,  Dependence of Grain Growth of Tungsben on Tempera~
ware (Jeffrias).

There 15 alse cheracteristic for the fourth stege the forma=
tion of cloged pores (Figures 105, 106), emplained by the foymation
of pores during grain growbh. The appesrance of closed pores is
not observed for tearse powders which do nob heve grain growth dure
ing baking. During wonal slwrinkage taking place in fine powdars
there may appesr very large poresy the sise of which ewceeds by margy
times the original pores of the compact.
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‘A relatively clear subdivislon of the action of temperature
iz observed dwring the fourth stage for relatively fine powdera.

Tensile strength, Just as density, usually increases with
an increase in baking temperature. The indexes of deformstion in-
crease with an inoresse in temperature even where there is a drop

in density end tenslle sbrengihe

Change in herdness (as well as the limit of yield during cone
traction) is distinguished from changes in the indexes of tensile
gtrength during stretehing and in the indexes of deformation. With
an increase of temperature thers is a decrease in the size of resid-
ual stresses caused by compacting (this factor lowers hardness),
while there is an ineresse in density and cohesion of the metal pow=
der (this factor, conversely, increases hardness)e For this reason
change in hardness caused by temperature veries for compacts of
different densities (Figure 111), Compacts of slight density com
pressed under lowppressure possess ingignificent residual stresses
and shrink a great deal during pressing. It is for these reasons

for such ¢empacts
ma;./haz‘dmas grows uninterruptedly with temperatire.

Howewver, very dense compacts compressed under high pressures
contimie to possess considersbls residual stresses and have only
slight shrinksge during bakinge The hardness of such compacts de=-

creases within a cerbtain temperature interval.

Rate of shrinkage is a good index of the process of baking, ine
agmuch a8 it is proportional to the number of atoms shifbing during a
unit of M.mq from free sectors to aonrb‘acfo sectors. However; this rate

depends not only on temperature but also on the moment of time dnring
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which it is being measured, because with timé the number of .the
more acbive stoms decreases quiclkly gnd so congequently the rate

of shrinkage. For thls reason rates for different baking tempera-
Lures have to be compared with equivalent intervals of time, 1. ©ey
with moments that correspond to a gimlilar total shrinkage. Instead
of comparing equivalent rates of shrinkage, it would be simpler to
compare intervals of time required to atialn identical shrinkage

ot different temperatures (the retlo of these inbervals of time is
approximately equal to the ratio for ldentical rates of shrinkage) .
Dstermination of the action of temperature on the baking process
according to the time required for atbaining identical shrinkage is
nore pfacticable than the frequent practice of estimating it on the
basis of shrinkage attained for an identical interval of time (Figure
109).

v

Figure 111, Changes of Hardneéé during Baking for Carbonyl from

Compacted ab Different Pressures (55)s

Increase in the rate of shrinkage with temperature in gcord=
ance with formula (46) is proportional to the expression —'ﬁf%
where "e" is the base for natural logaritlms, "Q" the aciiVating
energy; "R" the gaseous constant, and "I" the sbsolute temperature.
In baking iron o copper an increase of baking temperature in practi-

cal use equal up to 100 degreeé corresponds to an increase in the

rate of shrinkage of 2-10 times (this inerease grows with the cozrse= '

ness of the original powder).
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which it is being measured, because with t:l.mé ‘the numbexr of .the
more actlve atoms decreases quickly gnd so gongequently the rate
of ghrinkage. For thls reason rates for different baking tempera=
{ures have to be compared with equivalent intervals of time, 1. eey
with moments that correspond to a similar totel shrinkage. Instead
of comparing equivalent rates of shrinkage, it would be simpler to
gompare intervels of time required to attain identical shrinksge
at different tamperatﬁres {the ratlo of these intervals of time is
approximately equal to the ratio for identical rates of shrinkage).
Determination of the action of temperature on the baking process
according to the time required for atbaining identical shrinkege is
‘« nore pfacticable then the frequent practice of gstimating it on the
basis of shrinkage attained for an identical interval of time (Figure

09D o o e =
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Figure 111. Changes of Hardness during Baking for Carbonyl from

Compacted ab Different Pressures (55)e

Ingrease in the rate of shrinkage with temperature inmccord-
ence with formula (46) is proportional to the expression _ 5%
where "e% is the bﬁse for natural logaritims, "Q" the aciiva‘bing
energys "R" the gaseous constant; and PN the sbsolute temperature.
In baking iron org.;céxiper an increase of baking temperature in pz‘“ééti—
cal use equal up to 100 degrees corresponds to an increasse in the
rate of shrinkage of 2-10 times (this increase grows with the cosrse=
ness of the original powder). |
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It should be pointed oub that with an inorease of baking
temperature there is nob only an inorease in vhe speed of the
pxm‘gasé vub also & change in the relationship of abom@ with dif=-
ferent nobilities which bake psrt in the baking process. A dow
temperatures the movre auti\m ahoms along the gides and verbvexes of
angles ave the pri.mipa; participaztba i1 the baking processs i
high temperatures clogse to the nelting poinb, thers parbtieipate in
the bsking process not only stomg Ok the surfeace of particles but sl
so bhose which lie within the particles. For this resson bhe bime
and bemperalure of baking do nob complobely inberchenge end it is
not possible Lo completely conpensabe £0 & decraase in baking veme

perature by an increase in fue durabiens

For the ma;}ar:my of pure metals bakcing temperature practic-
ally coinoides with the temperature of percepbible grouwth of parti-
clos. Dbelow it adequate povosity y is difficult bo atbaine Above ib
there is obaemd on excessive greln growth (et the beginning of the
fourth atage). With respect o metals which form oxides difficuld
Lo reduge and which interfere with the growth of particles (such as
Qduninim) s the baking tenperature 18 higher and spproaches the

melting polint.

(b) Influence of Baking Time

Figure 112 shous 4uo typleal cases ghowing the relation of
vyolumetrie sm':mkage and insbanbunecus speed of wlmatric &fomau
tlon (Lo eey the relative chenge in the vlume of an infinitely small
intervel of ma) 0 baking expoaure. In the ons case the overall

ahrinkage &b first grows rapidky and then slows doWne At the expivabion
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of zome time the overall shrinkage reaches its highsst level and

no longer changes with further exposure. Uhe rate of shrinkege

in this cage drc;pa to zero and with further exposure remains at

sero level, In the second case the overall shrinkasgs reaches &
mekimum after the lspse of some time and then decreases with further
axposure. The rate of shrinkage in 'bi;za second case upon dropping
down to zero does not stay ab that level, but decresses further and
changes ibs sign. In this wey the powder metal in the second case

begins to axpand at that mement with a certain speed.

One nay think of the rate of shrinkage ss the result of creep
under the influence of two groups of forces == expending and cone

tracting.

The coutraction of a metal powder is prineipally caused by
the action of surface interatemic forces =nd likewise by the filling
in of pores during the thermal expansion of particles. Contraction
48 a result of thermsl expansion drops dbwn t0 zero very quickly, =
immadiatelv uéon beeoming thoroughly heated to the temperabure of

eXposure.

i
QLTI

35 S vy,

) . ; ¢ . d
n R g A Y = e :
are HE . WalaTion of Skl :‘ém e omsd Koty o J A(;w,‘- & g
v ALEe fl@ i d e 0w) X g P
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Figure 113, Relation of Shrinkage to Hxposure for Medium and

High Temperatures (167).
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Figure 11h. Relation of Reslsbance to Fracture to Baking Time
at 800 Degrees (150).

The rate of contraction due to the action of interatomlc for-
ces decreases wibth exposure as a result of dimimutien in the specifie
surface of particles. For this reason the rate of contraciion de-
ereases after a certaln time W practically an insignificent size.

Expansion is due to the sbsorption of residus) stresses from
compacling, to local separstion of the shrinking processes, and to
varying irregularly-localized individual changes of particles. The
rate of expangion also decreases with time because of & diuinution
in residual stresses and in bhe rate of processes of local division
of 'snrinkage (which decreases with the rate of shrinkage). Howsver

«317 -
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K

certain progesses relating to the individual modificabion of parti-
cles which cause expansion preserve their rate upon further exposure
at a certain rather consbant levels Thus, local unevenness in heat=

ing, local oxidation and reduction of particles do not radleally

change wilh exposure.

When the rate of contraction is compsred with the rate of
expansion the resulbant rate of shrinkage drops 4o zere. If with
further exposure the rates of expansion and contraction decrease
equally, the rate of shrinkage remains at zero level, However, if
contraction decreases more rapidly than expansion, theén the rate of
shrinkage during exposure becomes negative and thers ocours a growth

of porosity.

Figure 113 shows the relation of shrinkage to exposure time
gt middle and high temperatures. At high temperatures shrinkage
very quickly reaches its maximun value, while with lower temperatures,
it takes considerably more bime. This is explained by the more rapid
decrease in specific surface of particles due to increase in tempera~

ture.

The properties of a metal powder change during exposure to
approximately the same extent as shrinkage and densiiye The tensile
strength of a metal powder (Figure 114) usually reaches its highesbt
level in a relstively short period. With further exposure it conbin-
ues o remain at that level or mey even decrease somewhat. The
properties characteristic of plastieity, such as elongation, increase
for the most part over the course of o censiderably longer period of
vime (Figure 11i). This is explained by the fact that complete elim=

ination of oxygen (Figure 115), as Offerman's studies show (175),

-31&3-
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Figure 115, Effegt of Baking Time and Temperature on the Oxygen

Content of Cai‘bonyl Iron (175)

In‘practice axposure to baking varles frau 10 minubes to 24
hours (sometimes even more) according to the composition and density
of the material, the dimensions of produet, the amount of the charge,

probective medium, and design of furnace.

The rate of eooling (where it ia not accompanied by phase transe
formations) plays a certain role enly in case of shorb exposure to
meximum balcing temperature. Where this happens slow cooling may some-

times consldersble increase density and other properties.

- 319 =
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(¢) Influence of the Original Properties of Powders

\ In increasing 'l;‘ha‘v hj,ée of powder particles from 10 to 50
microns, surface tension which causes shrinkage decreases by 5

times. The rate of creep (shrinkage), moreover, decreases even
mores For this reason, when baking at the usual industrial tempere
atures (2/3 = 3/ of the absolute melting point) the rate of shrinke
age for metel compacted from fine powders with particles about 10
microns in size is about O,1l=l percent per minute, while with
particles about 50 microns in size it is practically equel to zero.
With an increase in temperature, the rate of creep increases. For
this reason, in temperatures close tc the melting point, even powders

that are rather coarse have considerable shrinkage (see Figure 109).

The tensile strength of compacts usually either decreases
with an increase in the size of particles or remains at the former
levels It is for this reason-that in the majority of cases the
activity of processes contributing to severance of contact either
remains at the former level or even increases somewhabt with a drep
in dispersion. As in such circumstances there is a simultaneous
decrease in theé activity of processes contributing to a drawing
together of particles, compacts of coarse powder often undergoe en

increase in size after bakinge

Compacts made of fine powders subject to considerable shrinkage
show a tendency to uneven localized shrinkages during high temperatures

(page 120 of original text)e

When baking dispersible powders the contact surface of parti-

cls greatly increases. In the case of coarse powders contact formed
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during pressing quite frequently even decreases somewhat during
baking, In such instances, the part played by baking resolves
principally to a qualitative change of contact (transition from

a state of stress to one of non-stress and from metallic to a none

metallic condition)s

The mechanicel properties of baked products vary directly
with density and increase, as Figure 116 shows with the dispersion

of the orlginal powderse

Kg /i Kg/mn®

Figure 116, Relation of the Mechanical Properties of Iron

to the Size of the Original Powder.

I - particle size up to 0,075 millimeters, specific gravity 6.943
II - the same 0.75-0.1 millimeters, specific gravity 6.993
III - the same 0.1=045 millimeters, specific gravity 7.10
IV = the same up to Q.5 millimeters, specific gravity 7.16
registance 40 rupture limit of yields Brinell
hardnessj elongation (150).
Percent

Relative Volume

H B for Iron of 1.55
@ ©
4 @
o g Grams per Centimeter
ol

" Poured Weight
g in Grems per

Dispersion Cubice Centimeter
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Mgure 117. Relatlon of Linear Modification of Dimensions
after baking to the Poured Weight of Iron Powders (Bal'shin).

1l » in a direction parallel to comyr ession at a temperature
of 1000 degrees; 2 = in a direction perpendicular to come
presgion at a temperature of 1000 degreesy 3 = in a directlon
parallel to compression at & temperature of 1100 degreess

L = in a direction perpendicular to compression at a tempere

ature of 1100 dagrees.

The tensile strength of compacts drops with an increase of
poured weight, which helps to break contact among particles. For
this reason an increase in poured weight of powder is accompanied

by a decrease in shrinkage (Figure 117) and mechanical properties
(Pigure 118)..

Kg/mm2

Temporary Resistance
to Bending

Dispersion
Grams per
Poured Weight

Cubic Centimeter

Figure 118, Relation of Resistance to Depending to the

Poured Weight of Copper Powders (Bal'shin),

1 - Copper, the relative density of the compact being 0.6

in the direction parallel to compressionj 2 - the same in

©
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a direction perpendicular 1o compresslon) 3 » iron, the
relative density of ‘\;ha compact being 0659 in a direction
parellel to compresgiony ly - the same in a direction

perpendicular o compressions

A1l structural factors which increase the tensile gtrength
of compaclts contribute therehy to producing & nore cdurable and dense
baked materiale Tor this reason powders with rough particles give
more satisfactory results than with smooth particles, with dendrite
and with anguler particles than with round and smooth particles.
Particularly wsatisfactory results are obtained with powders com=

posed of flat perticlese

The styucture of 2 baked metal powder (secondary stmcturé)
gtyongly depends on the structure of the compact (primary structure) s
Materials which have been compressed from coarse powders quite fre=-
quently preserve after baking their primaxy gtructure (gize and shape
of particles, presexvation of the compacbking orientation)e This is
explained by the fact that grain growth shows up meh less in coarse
powders than for fine powderss A1) factors pindering shrinkage and
contact among particles, the action of which is greater for cearse
powders, algo serve to decrease grain growthe Moreover, the absolute
size of individual pores is propor’i’.ional o the size of perivicles.
The shifting of atoms during shrinkage and grein growth (36) may
£411 up only the emall and not ‘the large poress For this reason
powders with particles of rather large original dimensions yleld
after baking, on the other hand, a smaller grain than indicated by

the work of Agarkova and Korol'kov (1)e
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The secondary structurs of fine powders, on the other hangd,
1s very different from the primary as a result of significant grain
growth, decrease in poroslty, and the formation of closed intra=
cryetallite poves (Figures 105 and 106), However in such cases
baking sometimes may not be completely sble to destroy the special

features caused by compacting (see point "d").
(d) InTluence of Compacting.

The following relation is observed of the shrinkage and

properties of baked materials to the conditions of compactinge

(1) Volumetric and linear shrinkages decrease with density of
compactse Ab low demsities there 1s usually observed a decrease and
at high an increase in porosity after bakinge At low densities lon-
gitudinal shrinkage is generally greater than transverse, at high
densities == contrariwise. For this reason the curves of longi-

tudinel and transverse shrinkages cross each other (Figures 119,

120).
g § _ Dispersion
-] o)
(’&4 n
& ¢
o &
> A
2
o
] Q
& 4 Poured Weight
b Compacting Density

Figure 119, Diagram of the course of changes in linear
dimensions following beking in relation to the dispersion
of the initial powders and the density of compactings ===
change of linear dimensions parallel to compactingy ===

the same perpendicular to comprea"sion.

»
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Relative Density

Change in

Linear Dimensions

Percent

Tigure 120, Relation of the Linear Shrinkage of Flectrolytic
Copper (Poured Weight 1450 Grams per Cubic gentimeter) to
Compacting Density (Baked for L5 Minutes at 80 Degrees) e

1 ~ in longitudinel direction; 2 - in transverse direction

(Bal'shin)e

Percend

Change in
volume

Relative Compacting Demsity

Figure 121, Relation of Volumetric Shrinkage of Electrolytic

Copper to density (Bal'shin)

Povosity before Baking

after Baking

after Baldng

" Poposity

Relative Densi

Relative Density

before Baking
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Figure 122. Relation of Porosity and Density after Baking
%o Porosity and Density before Baking of Elactrolybimcopper,v

Poured Woight Le50 Orams per Cubic Centimster (Bal'shind e

(2) The relation of shrinkage o compacting density (porosity)
ueually heg practicelly & rectilinear character (Figure 121)a

(3) With an increase of temperature there ig an incrsase in
the degree of shrinkage decresse csused by a growih of compacting
density. Tius, at 700 degrees (Plgare 121A) shrinkage havdly changes
with an increase in density, bub abt 850 degrees shrinkage drops con-

gidersbly with an increass in density (Figure 121B).

(L) For powders which are subject o considerable shrinkage,
baking evens out to a large degree differences in porogity not only
in the case of products compressed to different degrees of density
but also for spots of varying dengity in the same compact (Figure 122).
This equalizing action increases with growth of temperaturee Diffe~
rences in shrinkage cause a digtortion of the shape of compa clis {¥igure
123)e One may approximately figure that a decrease in porosilty ceused
by baking (Figure 124) and, consequently the final porosity are roughly
peoportionsl to the compacting porosity (Figure 122)s #xceptions to
this rule are observed for compacts both of very high densities and
of very low densities, and also for those subjected to very high

baking temperatureSe

Low Density

High Density
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Tigure 123« Distoriion after Baking of the Shape of Compacte
with Uneven Denslties: Left - Shape Prior to Baking) Bight =

after Baklnge

(5) Although Linal densities of baked products usually increase
somewhat with an increase in density caused by compacting, however,
the densities of pror?m.cﬁs mey decrease to a certain extent for very
high densities obtained during compactinge This decrease in density

is sometimes accompanied by crackinges

Decrease in
Porosity After Baking

Percent

Porosity of Compact
Figure 12L. Decfease of Density in Relation to Compacting

Porosity (Bal'shin).

1 - electrolytlc coppers poured welghb Le50 gramg per cubic
centimeter, 800 degrees for L5 mimtesy 2 = 90 percent,
elactrolytic iron, 10 percent electrolytic copper, 1150

degrees for one houre

Kg/rme

Kg/mm?

Temperature Centigrade
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Figure 125 Relation of Resistance to Rupture on the Part
of Carbonyl Nickel to Compacting Pressure and Baking Tempexr=

ature {2-Hour Exposure (155)

(6) With an increase of compacting pressure there is an increase
in the index of the properties of products (see Figure 125)s For
powders subject to large ghrinkage, the equelizing action of baking
leads to an equallzing of properties, an action which progresses with
temperatures as shown in Figure 125 {153)s There is to be even ob-
gerved for certain cases a drop in properties with compacting density
(especially where excessive pressures cemsed damage to the compacte
However, in the majority of cases the properties of highly compressed
products are bigher than those which have been subjected/‘co weak
compacting even though such products have a somewhat 10wér density
after baking. An increase in pressure caused a specially marked
growbh of contact surface, density and properties of powderse These

show after baking inslgnificant volumetric modificationse

Rules pertaining to the relation of shrinkage to porosity

may be evolved from the following elementary considerationss

(1) The mmber of atoms found in contact sectors and in gaps
which are closed without perceptible shrinkage ig proportional to
the relative compacting density 9 » while the mumber of atoms on

the free surface of particles is proportional to itg -porosity F N

(2) A decrease due 4o baking of the number of atoms on the
tree surface of particles (proportional to decrease in porosity 4P )
is proportional to the original amount of atoms on the free surface
of particles and, consequently, to the original compact porosity P

where
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AFEC»PJ

L7
where & is the constent coefticient of proportionalltye

(3) In a certain munber of cases formuls (47) calls for a
cerbain modification inasmuch as shrinkage due ‘to baking 1s proporw
tional not only to the number of atoms in the free sectors but slso
to the number of places of contact. Through making such adjusmsn'ts

it is possible to obtain a formula of the type:

Qﬁ_ = ¢ P-I
L8

where & is volumetric shrinkage and ¢ the constant coefficient
of proportionalitys In some cases (such as when baking involves

the creation of a liquid stage) the number of places of contact shows
1ittle relationship to initial porosity so that formula (L47) may be

used without any correctionse

(4) The drawing apart of particles and processes of growth
occuring during baking ave due to different processest Lo absorption
of reosidual stresses, to removal of gases, to zonal and individual
separation. Howsver, one may suppose it to be true of all cases that
tensions resulting in drawing apart (of par’oicles) have a constand
value regardless of original porosity when referred to a unit of

contact surfaces

For this reason deformation (growth in size) caused by such

stresses has a constant value § regardless of initiel porosity for

. . v !
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gpecific baking conditionge In sumaarizing the action of the processes
of drawing togethor and drawing apart we obbtain lincar reletions of

the types
AP -c P-5
(L7a)
and
é._@- - P - S
A
(L8a)

The linear relation according to formila (L72) is whovm in
vigure 12h and for formuls (L8a)in Figure 121.

Daviations from the linear rolation for compacts having high
denglties hr'a explained by the action of regidual stresses, for those
having low densities by the marked decrease in contact points which
serve as conters of shrinkapes We ghould try to obiain compacts
which are as denge as possille, inasmuch as the density which ig
attoined during compacting is commected with a number of benefie
cial structurel results. This propensity ls limited, on the one
hand, by the wem;ingg oub of the press mold, and on the other hand,
by unfavorable structural changes in the case of ceriain powders due
o exessive prossure (laminated cracks which may not be rectified
during baling snd en undue ordentation of flab particles)s

{e) Influence of the Kind of Metal and of Fhase Chenges

Differences in metels show themselves indirectly when they
are being subjected to their respective baking temperaturcs to the

exbent thet they create differences in the tensile strength of compacts
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(high melting point and hord metals produce compacts with veles
tively emall tensile gtrength) and in eage of reducing oxides(for
exanple; oxides of aluminum and of sinc are difficult to reduce)

and may bhe dleo vesponsible for the presence of phase chengése

Tyon undergoes ab 910 degrees an o Y gpansformation which
permits an increase in density upon hosting the golid metal and

a decrease vo ive former size upon cooling ibe

per Cubic Centimeter

Density in Grams

Centigrads

Figure 126, Effect of «KY Trensformation on the Density of
Baked Tron (168h)e

Tne density of porous iron upon baing cooled after beling
baked ab a temperature somewhat higher than polnt Agy to room temper-
ature decroases smma’wlmt as & result of tneY transformation (see
Figure 126). Thove is a lowering of the mechanlcal propevties of.
porous iron parsllel to the decrease in densiltye This decrease in
density and [mechanical] properties contimuee sometines to exlst even
at higher temperatures ranging up to 1100 degresss A dimdmation in
the properties at the actusl point of transformation may e explained
(36) by the staggered process of trmi‘émmtion in different particles,
as a vegult of which contact is broken between them, 20 that demsity
dewroasess lowever, a further decresse in dengity with stil) higher

@ temperatures, where tyansformation by 11 righte should have stepped
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may be explained only by the intensified action of the processes
of irregularly localized individual chanpes and separations of
shrinkage caused by phase recrystallization (pereln*istalliaatsiya).
This point of view of the author cen be supported by Bryukhanov's
work (27) which, hased on investigations carried ocut with respect
to grain recrystallization (recrystallizatsiya) shows that further
recrystallization (perekrista:llizatsiya) and a marked change in
grain orlentation talcus"place only with relatively prolonged heating

above poin‘b ACB.
(f£) Influence of Atmosphere on Baking

Table 19 presents the results of baking (137) of burnished
surfaces of solid metals in a vamuum and in hydrogen (the specimens
used in testing for fracture were cut into two halvesj the surfaces
that had been cub were polished; the halves were pressed together
in a special vice and baked)s

[For table see following page)

It can be seen from Table 19 that baking in a vacuum in
the majority of cases began at relatively lower temperatures and

produced a more durable contacts

I+ has been established (153) that copper compacts that
were not dense showed after baking in a vacuum relatively high

shrinkage and density than when baked in hydrogen.

Shrinkage and finsl density of dense copper compa.cts were

almost the same after baking either in a vacuwm or in hydrogen.

The process of the formation of a new contact surface and

ghrinkage may be thought of as the impregnation of metal pores by
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Table 19, INFLUENCE OF ATHOSPHERE ON THE TEMPERATOURE AT THE BEGINNING OF i

BAKING AND ON THE MAXIMOM TENSILE STRENGTH ACHIEVED (137)

Temperature at the Beginning Maximm Tensile Strength Attained
Metal of Baking in Degrees Centigrade in Kilograms per Square Millimeter
Vacoum Hydrogen Raking Temperature Vacuum Hydrogen

in degrees centigrade

M-l 310 1450 600 L0 2.0
Cu=Cu 500 600 900 1.5 10.0
Cu=Hi 5ho L10 900 8.5 10,0
Steel- 550 600 1000 15.0 12,0
Iron ;
Cu-Fe 540 410 900 17.0 19.0
NieNi 550 600 1000 2340 19.0
Steel- 550 600 1000 20.0 2540
Steel
Fe-Fe 550 600 1000 20,0 28,0
Be-Ni 550 600 1000 19.0 22.0
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the mobile, semiwliquid surface layer of particles. The presence
of air hinders this impregnation, while a vacuum helps the filling
up of capillaries which are difficult of accesss In the same way
intraparticle pores which contaln gases,y as Frenkel pointed out
(120), may not be completely filled up by metale This is the reason
that, although the removal of oxides proceeds more quickly in hydyo
gen, shrinkage and the formation of a new contact surface usually
begins in a vacuum at a lower temperature and has wider scope, In
poorly compressed copper specimens the formation of a new contact
surface plays a most important role, while vacuum produces better
results then hydrogens In greatly compressed specimens, the formas
tion of a new contact suri‘#ce during baking plays no part so that

hydrogen does not give an inferior density.

In some cases .an important role is played in beking in a
vacuum by the freeness of a metal from admixtures (by improving
density and [mechanical] propsrties) and by a slower and more difw
ficult removal of oxides in a vacuum (by decreasing density and

[mechanical] properties)e

Baking of Multi-Component Systems

In balking metal powders composed of several components, ‘the

following cases may take place.

(1) Components do not form in given baking ‘temperatures:

solid solutions or chemical compounds in sufficiently large gquantitiess

(2) Components are mutually dissolved during baking. No liquid
phase takes place during baking.
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(3) Components are mutuelly soluble during bekinge A Liquid

phage occurs during bakinge

Copper»graphite and bronze-graphlte compositions may perve
as exsmples of the first case. (In such a case bronze would he
considered as a group of components we COPPOTy tin -= which are
inert in relation to g&aphi‘be). Copper-ni.ckely iron-nickel and
other alloys serve asl examples of baldng during the solid phese
with the existence of mutugl solubility of componatse Hard alloys
(We==Co, ©%Ce)s so-called heavy alloys (W==CusNi), etce, serve as
typical examples of balking during which there occurs & 1iquid phase

under conditions of mutual solubility of componentss

Certain cases do mob £all within the framework of this
classificatione Thus, the system of iron-graphite may be lookéd
upon as & case of ‘xlnutua:;\. ingolubility of qompenenfas pecause graphite
doeg not react with iron dur:.ng ‘baking. However, cementation fre=
quently occurs during ‘the baking of iron-graphite compacts since
carbon is dissolved, such & gystem must be considered as a case of
mutual solubili'q‘{. The same thing may be said with respect ‘oq the
systen of copper~leads In some cases copper reacts with leady Far
other cases this system may be considered as a case of mutual inso=

Tubilitye
(a) Cases of Mutual Ineolubility of Components

The characteristice of @ metal powder that is completely.
mutually insoluble are determined principally by the component that
comprises the greatest part of the mixture (volumetrically)e For

this reason mechanical propertias and densgiby in accordance with

\
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expoaltion of data made earlier inorease with the dispersion of the
bagic metal. The system of copperegraphite ls a typical example of
complete mutuel insolubility. The influence of the inert component (in
this case graphite) comprising the smaller part may be reduced to the
following (Figure 127).

(1) Crephite insulates to a certain degres the particles of metal
from mutuel contact, interferes with the drawlbg together of atoms toward
the places of contact during shrinkage, and weakens the mechanical strength
of the metsl powdere For this reason, by introducing graphite shrinlage
is reduced (in fact there is frequently observed an increase in size after
balking)s In this comnection ‘?I‘_ongitudina.l shrinkages decrease considerably

more than transverse ones.

(2) The insulation of metal particles from contact increases with
the amount and dispersion of graphite. For this reason decrease in shrifie

kage progresses with the amount and dispersbn of graphites

(3) In the majority of cases graphite decreases mechanical proper-
ties and plasticity, the decrease of properties increases with the quantity

of graphites

Kg/mm®

L @

§ 2

i

é ® Millimeters
o]

e 8
)

;

%‘ fﬁ Graphite

u B

he B S percent

Figure 127, Relation of Shrinkage and Resistance to Bendirg to
Graphite Content on thePart of Copper=Graphite
Products (Bal'shin),
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1= ghrinksge parellel bo compression; 2 = perpendi.ciar
to compressioni reglstance to bending; 3 - fine coppery
poured weight 0ablj L - the same, medium poured weight
Lei B = coarse, poured welght 24li7s depth of murvatures
6 = fine copper; 7 = medium; 8 « coarse. Deking for Lg

minutes at 800 degrees

(4) In some cases the inclusion of graphite (in a small
quantivy with sufficient dispersion of the basic metal) causes
besides a lowering of shrinkape and density what seems to be on
first glance a paradoxical increass in mechanical strength and
capacity for deformation. Thig is explained by an increase in the
equability of density distribubtion in the compact caused by the
inclusion of graphite (Figure 70), thanks to which there is a
decrease in distortion of shape, buckling, and internal stresses
after beking. Sometimes graphite slso exerts a favorable deoxidiz-

ing actione

(8) With a decresse in the dispersion of the basic mebaly
there is an increase in the insulating action of graphite on the
surface of partielas and in its unfavorable influence on [mechanica],]
propertiess For this reason the metalloceramic industry in practice

svoids indluding grephite in mixtures composed of coarse powderse

(6) The relationship of mechanical properties to dispersion
of graphite is rather complexs When the basic metal is in the form
of fine powder the best results ave usually obtained by graphite that
is more dispersed even though it considerably decreases shrinkages-
Tine graphite ':,Lodgifxg in the pores existing between individual particles

does not interfere with their contacte Coarse graphite results in
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conglderable local 1golation of a number of particles. On the other
hend, with respect to the coarser powders, best resulis are obtained
from larger grephite srticles which find thelr way into interpartile
POrese. gmall~particle graphite completely :Lnsulataj/‘chc gurface of
pwtﬂ.oies, exercising & most nnfavorable sction on their propertiess
Thus Lt is necessary for a certain compatibllity to exlst between

the sizes of iron and graphite particlese

(7) Graphite does not exert any significant influence on
the temperature for the beginning of shrinkage and the begiming
of particle growkhe Tn those cases whers the inclusion of grophlte
pesulied in a strong growth of porosity during beking, there Wwag
observed a certain decrease in grain slzee. For the remaining cases

there was not obgerved any perceptible increase in grain sizes

(8) A‘ part of the graphite is burned out in beking. The
rate of such burning up increases with general porosity and the

size ‘of ihdividual poOrese

(9) Copper-graphite mixtures should be mixed in drums and

not in ball mills so as to avoid todel insulation of particles.

The conclusions reached with regpect to copper-graphite

compositions may be applied to other systems, such as iron-graphites

It is possible to apply o a certein degroe the results obtained
from the study of copper~graphite composition to the action of admixe
tuves which do nob reach with the basic metal and which are to be
found on the surface of particles or of mechanically contaminated

powderss
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Figure 128, Struoture of Copper-Lead Specimens. %500 (Bel'shin)

Insoluble components which do not meld during baking exerd
o somewhat different actione In compacts of slight denslty the
melted component may be transferred in its entirety from gontact
fMgsures to large pores i thout offering any obgtacls to the cone
tact of the particles of the metel with the high melting pointe
In certain cages there mMAY algo ocour sn increase in shrinkage beceuse
! of an increase in actusl porogity due to the volane of the liguid
component (the grester the porosilys the greater the ghrinkage) or
due to & cértain amound of surfsce tension created by the liquid
phase. With high densities for the compacht, the liquid component
ineulates contach and greatly decroases chrinkage. Thus, one of
the methods for obtaining Jron £illings with very high porosity
eonsiate in a dense compacting of a mixture of iron and soda pouders
collowed by later baking ab 10001100 degreess The melted soda hinders
thé drawing together of the iyon particlese After taking the aéda
1a waghed oub of the pOresSs The temperature forthe onpet of particle
growth does not rlses although there is 2 considerably smaller partis
cle growthe A eystem 6f copper-lead shows & gtrong increase 1ln shyinke-
agsd in comparlsen with the original copper for compacts with slight
density and, converselys, 8 marked decrease for high density. Howevers
it is mot quite clear to what extent & copper~lend systen way be
depended on in baking conditlons when 4% 1p prectically matually
insoluble. Intensified growth and characteristic shape of the grain

Wy
! b,
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observed in certain cases (Figure 128) may be explained by the

action of a certain amount of solubility of copper in the melted
leads The beking of such system is also often complicated by the
manifestation of liquidation on the part of the melted component.

(b) Bystems of Mutual Solubility of Components

In the baking of powder mixtures, a marked formation of solid
golutions or chemical compounds begins below the lowest melting temper-

ature of the original components or their compounds and solid solutions.

The rate of mutual diffusion for two non-homogensous metals
is always considerably higher than for "selfdiffusion" of the atoms
of one and the same metal. For this reason there may be created at
first glance the false impression that one may expect a considerably
greater shrinkage and growth of contact surface than fer pure metals.
However, Sauerwald (184) showed that in reality shrinkages and proper-
ties of specimens békad from a mixture of Fe-Ni, CueFe, and Qu-Ni
powders ware always lower than the computations on the basis of addi-

tiveness for shrinkages and properties of the aiginal componentse

Two basic reasons exist which are responsible for such a

decrease.

(1) If in diffusion the mobility of atoms of two nutually
soluble metals is greater than the mobility of atoms of the same
metal, then a completely reciprocal relationship is observed for the
products of this action == the hard solids and chemical compoundsa
The mobility of atoms in the more complex lattices of solid selitions

and compounds is almost always less than for pure metals,.

A decrease of mobility is reflected in an essential incresse

v
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of recrystaliiza.’oion temperature with the introduction of admixturs
into solid solutions (in splte of the lowered melting point)s This
decresse in mobility slows down the rate of creep for the majority
of solid solutions im comparison with pure metelse In this way in
the beking of powders in which solid solutions were formed even
prior to baking shrinkages and grain growbth must be less than for
pure metals because of the decresse of surface forces {surface tenglon)
and the increase in the stability of creep as compared to pure metels.
When baking, however, mixtures of metel powders in which a reaction
has not yet teken place, the speed of shrinkage decrease very rapldly
4o the level of the lesser than for pure metals because the more

/ active atoms on the surface of particles form solid solutions during

the initial stage of bakinge

(2) If not more, at least not less important is the process
of separation that takes place in the shrinikage of multi~component
systemse Let there be baked a compact composed of a mixture of copper
ard nickel powders. With insufficlently ideal mixing in dif ferent
parts of the product the following combinations may teke places (1)
copper-copper contact, (2) nickelwnickel contact, (3) copper-nickel
contact, (L) solid solution - solid solution contact, (5) solid
aolution-nickel contact, and (6) solid solution-copper contacte
We have listed only six types of different contactse Actually there
are considerably more because solid sclutions are of different con=-
centrations. ALl these types of contact give a dif ferent ghrinkage.
There should also be taken into consideration that not only does the
chemical composition influence shrinkage, but also:shrinkage influences
the composition. Let us suppose that thers begins in some spot of
‘the product an intensified shrinkage and growth of contact among the

copper and nickel particles. This leads to. a speeding up of diffusion
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in thet spot inasmuch as diffusion can take place only ‘bhr:ough COXiw
tact sectorse The formation of a solid solution in ita turn will
moddfy subsequent rate of shrinkage. Difference in shrinkage for
individusl spots leads not only to the formation of sectors of
varying density but also to a general decrease in density for the
entire volume of the metsle As can be seen from what has been des-
cribed, the process of uneven shrinkage plays in the case of powder
alloys a much more harmful role than for pure metels, in particular
when the mixing has not been suificiently goods This is why it is
n;aceasax*y in certain cases to resort to a live-day long mixing of

powders in ball mills.

! In connection with what has been said there arises the cardinal
questio;l as to whether it is practicable to homogenize by means of
preliminary heating a powder mixture composed of several metels and
to resort to compacting and baking the already homogenized particles

or whether to compact and bake a powder mixture of pure netalse

'

Each of these methods has its advantages and disadvantages

The adventages in homogenizing a mixture lie in the uniformity
of shrinkage and composition. The disadvantages of this method lie
in the difficulty of obtaining durable compacts (the hardness of a
hompgenized solid solution is greater than the hardness of the original
components) and the using up of a considerable part of atomic mobility

in obtaining a prelininary diffusions

Where it is necessary to obtain a porous sintering, it might
prove pgfractieable to use unheated powder mixtures. Where it is

necessary to obtain almost solid materials (without later-processing
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after b&kmg), it is frequently prefersble to use a homogenized
mixture. Thus, when fsbricating tungstentivanium herd alloys
preliminary heating of the mixture of tungsten carbide and titanium

carbide is resorted toe

The basic rules for baking multiecomponent systems in ‘the

sbsence of a liguid phase may be reduced to the followinge

(1) Shrinkage and change of contact gurface and of properties
of powders is generally gubject to the same rules as for single~
component systems, Le é., there are changes with dispersion of powders
for each of the components, compacting density, temperature, and
length of XpOBUTey ete, If pouwders which have been subjected to
preliminary homogenization are used, than the baking of even the

system [ sicle

{2) The speed and completeness in the formation of solid
solutions and intermetallic cembinations increases with the dispersion

of each componente

(3) The method of mixing the composition plays an importarnt
roles Mixing in ball mills helps achieve a closer contact among
particles and to a large extent sssists the process of diffusion

vhan mixing in drumse

(L) An increase in compacting density increases the contact
surface of particles and spesds up the course of diffusion processes

(Figure 129)e
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Percent

Percent

Combined

Figure 129, Relatlon of the Content of Combined Carbon in

Iron=Craphite to Compacting Porosity (Bal'shin).

(5) shrinkage and modification of contact surface during Baking
affects the course of diffusion processese. In the case of shrinksge
of large products during the course of baking, the largest stresses
of shrinkage, density and size of contact surface take plage in the
central zonee In conseqence the formation of solid solutions and
intermetallic combinations occurs there with the greatest degree

of completenesse,

Sometimes the greatest degree of activity among components is
also observed in the central zone during the expansion of products
from baking when expanding stresses achieve their greatest size in
this zone, It is possible that under such conditions diffusion is
intensified both as a result of the presence of stresses and as a

result of considersble displacement of contact points during bakinge

(6) The number of reacted components increases with témperature

and length of bakinge

(7) Some admixtures interfere with dififusion,” According to

@
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the author's findings cexrburization of iron beging only at 1000w

1100 degrees after an adequately complete reduction of oxldes conw
tained in' the original powders. Rapid reduction of residual oxides
takes plaoe; at a temperature 2/33/L of the absolute melting point
of the metals In thig wey such a temperature is not only the temperas
ture marking the onget of perceptibie grain growth but in some cases

the onset of perceptible diffusions

(8) Certain admixtures considerably speed up diffusions Thus
according to Offerman (175) slight admixtures of sulphur ahd phose
phorus help carbon to react with iron in the fabrication of carbonyl
steels, In all probability this effect may be explained by the formge
tion of eutectics which melt at beking temperature and increase conm
tact between particles and mobility of iron atoms which are on the
surface and have entered into solution, as a result of which diffusion

is intensifieds

(9) If diffugion Processes pass through a gaseous phase,
then its composition plays an importent role., TFor example irone
graphite products are carburized more if they are baked in dry hy-
drogen than in wet hydrogen. Of great importance is gas pem'rwability,
which increases with total porosity and the size of individuel pm'es.
Gas cementation of products made from coarse powders which are very
porous takes place more completely and quickly than for products made
from fine powders with glight porosity, The buring out of carbon
is also more considerable when balding compacts made from coarse=particle

powders.

The factors mentioned above may cause an unevermess in gtrucbure

I
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denadty, composition, and properties even where mixing and compacting
has been ildeally uniform and even. In actual practice, unevenness

of mixing and compacting play a signlficant role.
(e) Baking of Multi-Component Systems and the Formation ef a Liquid Phase

The baking of a hard homogenous metal powder at a temperature
below the melting point ‘may be considered as a special kind of border-
line case in the baking of a two~phase system at a temperature above

the melting point of the more fusible phase.

The obtaining of complete contact among particle and a 100 =
percent solldity for baked products in such a borderline case is hin-
dered by the inadequate quantity and wobility of atoms of the "liquid

phasge',

Such defects do not occur in baking powder mixtures of two or
more components where the smaller part melts and dssolves a part of

the less fusible metal.
Two cases may be considered.

(1) Solubility of he liquid phase in the hard phase is rela-
tively smalle For this reason the system remains heferogeneous

regardless of the time of exposure for a given temperature.

(2) The solubility of the liquid phase in the hard phase at
baking temperature is so considerable that after a certain time the

gystem becomes homogeneous.

Let us begin by considering the first possibilitys. Let us

assume that there is baked a powder mixture of two metalse -~ bagie
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component A with the higher melting point and a more readily fusible,
sowcalled cementing component B =~ at a temperature above the melting
point of dissolving. A in Be For the sske of simplicity let us propose
that the cementing component B is completely insoluble in A at baking
temperature, although, as Jones correctly points out, nothing of any
importance happens if some B dissolves in A (under conditions where
heterogenity of structure is preserved)s An inevitable consequence

of the solubility of A in B is a process of interchange of atoms bet=
ween the solid and liguid phase, even after-the formation of a satu-
rated solutions The saturated solution contains a Gynamic equilibrium
betwesn atoms which are being dissolved and those which are coming out
of solution. In this connection, the first to be dissolved are the

g more mobile atoms, while the first to separate from a solution are

the less moblle atomse
a b
Figure 130. a=~ Faceted and b « Oval Shape of Crystallites
in Powder Alloyse

as hard slloy WC-Coj X1000 (167); b = heavy
alloy WCu=Ni (178).

For this reason the atoms which are dissolved come primarily from
the sides and corners of particles, while the places of contact where
the less mobile atoms are located tend to separate A atoms from the
solutions In this way there is an uninterrupted drawing of A atoms
through the liguid phase to the places of contact of particles accom-
panied by an intense shrinkage during baking. CGrain growth tekes

place parallel to the shrinkage process ‘because the number of mobile
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ptoms 18 greater in emaller pa;"bicles then in larger onss, For
this reason the number of atoms di\slaqlvad during & unit of time

is smaller and the numben separ’aﬁiln'g from the solutdén greatar for
smeller than for larger atoms, while there continues to take place
an uninterrupted growth of large particles at the expense of small
ones. Furthermore, considerable grain growth of component A begins
to teke place at very low tLemperatures, sometimes at less than LO
percent of its absolute melting pointe The shape of erystallites
during this recrystallization, which may even be qualified as &
further recrystallization (perekristallizatsya) through liquid phase,
being identical to the one talking place during crystallization from
a fusion of thé original crystals of cast alloys. Bochvar (23)
points out the existence of two basic shapes for the original crys= .
tals of cast elloys -= faceted and ovale Bochvar explaing diffe-
rences in shepes being due to variations in the surface tension pf
hard metals, the laiter being relatively great in oval and ingignie
ficant in faceted crystalse. In powder alloys baked in the presence
of a liquid phase these two shapes are also observed for the grains
of the basic component (and probsbly for the same reasons). Figure
130a shows WC fac;ted crystallites in hard alloys (WC~Go), Figure
130b oval tungsten grains in tungsten-copper-nickel powder alloys.
Tn the final analysis, increase in contact surface of particles and
grain growth during baking in the presence of a liquid phase may be
reduced to the same growth of the number of less mobile atoms at

the expense of more mobilé ones that takes place in the baking of
pure metals. However baking during which a liguid phase occurs
enableé one to achieve greater contact among particles, density
(almost theore‘bical) and tensile atreng‘bh. This is explained by the

following reasonse

T

Declassified in Part - Sanitized Copy Approved for Release 2012/05/07 : CIA-RDP82-00039R000200080001-1




Declassified in Part - Sanitized Copy Approved for Release 2012/05/07 : CIA-RDP82-00039R000200080001-1

(1) The number of mobile atoms of the basic component is
congiderebly larger than when beking pure metals. In pure metals
the number of the more mobile surface atoms reaches one percent
at the most (Table 17) and as baking progresses it drops to an
insignificent pary of one percents In baking in which & liquid
phase occurs, the number of the more mobile atoms (surface and
dissqlvad) comprises several percent and decreases much more s1low=
ly with exposure. For this reason the speed of creep (shrinkage)

strongly increases during hakinge

(2) The flow of the liquid phase (and consequently the mo=
bility of the dissolved atoms) is considerably greater than the
flow of the surface semi-liquid layer of pure metal (consequently
the mobility of the corresponding atoms)s For this reason caplllary

pores, which ars hard to reach, are more quickly filled upe

(3) The area of initial contact among particles in the mixture
increases considerably becauvse of the spreading of the liquid phase

over the sarface (contact through the liquid phase) e

(L) shrinkage increases at the expense of an increase in
effective porositys Trus for an alloy with 30 percent pores and
20 volumetric percent of liquid phase, shrinkage should be the same
as for a pure me;tal with 50 percent pores. Furtheymore, the greater

the porosity, the greater is the shrinkage (Figures 120, 112, 12L).

(3) The filling up of larger interparticle pores is eased

beocause the liquid phase is squeezed into these pores during shrinkage.

(6) During grain growth there is no such tendency to form

intraperticle pores which are hard to £ill when baking without a
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liquid phase because recrystallization tekes place through the cemente
ing- phase and not through dlrect contacte

This factor makes it easler when baking with a liquid phase
to obtain ‘alloya with 100 percent density. Alloys without pores are
hard to obtain in tl:;ose cases where, aslde from an overcrystallization
through & liquid phase, there may also take place grain growth because
of direct contect among particles of the basic metal with the higher
melting point, which is connected with the creation of intracrystallite
pores. For example, it is difficult to fabricate non-poi'ﬁ;s iron- copper
alloys because the melting point of the cementing metal (copper) is
higher then the temperature 63? particle growbth of the basic metal (iron),

they being in direct comtacte

In investlgations of the nature of contact existing among grains
of baked hard alloys (WC=Co) the cementing phase was removed by the
dissolving of cobalt in reagent which would not act upon the basic conw
ponent, tungsten carbide (148). Strength (resistance to bending)
of the non-dissolved .carbide skeleton (Table 20) is to a certain extent

a measure of direct contact beltween grains of the baslccomponent.

[see following page for table 20}

In this way, at any rate when the content of the cementing
metal is not very high contact and‘ gtrength are determined to a cone
diderable extent directly by the basic component. A decrease in strength
when cobalt is dissolved is to be explained by the harmful effect of
porositye However, it is quite probsble that direct contact among the
grainsg of the basic component is quite coﬁsiderabla even wheh there is

a high content of the cemem:ing metals Let us assume that for each
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Table 20, STRENGTH OF A CARBIDE SKELETON IN ALLOYS WITH VARYING COBALT CONTENT

(BAKING TEMPERATURE OF 1450 DEGREES FOR ONE HOUR [1L8]

Amount of Cobalt Resistance to Bending Volumetric Percent
in Percent in Kilograms per of Cementing Phase

square millimeter

In Original After By Origi- By
Alloy Dissolving nal Alloy Skeleton
3.0 0.0k 126 S 6.1
6.0 0.0k 165 L5 12
11,0 0,03 185 0 22
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three graing of carbide two are Jolned by direct contact and the
third by the cementing phases In such & case the alloy bresks up
upon cobalt being dissolved and thus acquires zero strengbhe. Howevery
this does nol serve as & prooi of the abs.ence of direct contact among
the grains of carbide, Moreover, such experiments proved that in
increasing the baking of the alloy with 11 percent carbide to 120
hours abt 1450 degrees with the dlssolving of carbide strength grew

to 18 kilograms per sq.are millimeter, L. ey direct contact among

the grains of carbide becams quite significante

The cementing metal is added in the quantity of 5-30 volumetric
percent, usually 10-20 percente Too slight a quen tity of the cement
ing metal does not sufficiently activate baking, too large a quantity

results in liquidation which causes distortion and other defects.

In practice such alloys are usually baked ab a temperature
somewhat higher than the melting point of the cementing phase (more-
over, the higher it isy the larger can the size be for ‘the original

powders of the basilc component) s

Hard alloys (WC-Cos WC-TiC~Co), heavy alloys (WeCu=Ni), iron-
coppex alloys (Fe=0u), copper-silver alloys (Cu~bg)y a nurber of
alloys to which phosphorus has been added to a copper or iron base,
etee, may serve as examples for this type of alloys. Sometimes it is
sufficient for only a slight dissolving of the basic component in the |
cementing phase to take place'in order te obtain this type of aliey.
Thus, the author obtained in some cases (L) for copper-lead powder

alloys &’ characterigtic grain growth through the liquid phase, despite

the slight solubility of copper in 1ead 8t baking temperature (Figure 128).

54 i "
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There may serve as practical examples of the s econd varlant
of baling during which & liquid pp_@e ogeurs the systems Cuw~Sn,
Fo=Al=NisCo (slnice), and other syétems. Tor such ceses the liquid
phase diffuses after & while into the basic component and resulis
in the formation of & hompgeneous solld solution. The first stage
mey thusg be considered 83 an instancg of baking in ‘the presence
of a liquid phase and ‘the second stage‘ as baking without a llquid
stage. In such a case it is possible to fx%uen‘oly acquire congie

derable strength and almost the full theoretic densitye

The dependence of the propertles of alloys beked in the presence
of o liquid phase upon different factors (dispersion of powders, com=
pacting ‘presaure, temperature and duration of baling) is basically

the same as for pure metals.

gpoilage in Baking

Baking is one of the last operations in which there can occur
not only damage due to improper conducting of baking but also damage
resulting from the earlier operabions of compacting, mixing, end fa-

brication of powderse : \

The most important reasons for damage are the followings
(1) Hidden laminatione Compacting improperly  conducted may
result in the formation of smell laminated cracks not visible to the

unaided eye which may considerably increase during bakinge The measures

for dealing with them are the same as for visible laminatione

(2) Buckling end distortion of shape. This type of damage is

especially frequently observed for flat products, the thickness of
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which is insignificant in comparison with its length menufactured from
fine powders which are subject to conglderable ghrinkage. This type

of damage is promoted by poor mixing, uneven compacting density due to
imperfoct construetion of the press mold or poor compacting operations,
400 rapld an increase in tempersture, surface oxides or the burning

up of the protective nmedium because of improper delection, or an excessl.~
vely high baking temperature. Protective neasures include the eliminaw
tion of the defects Just mentioneds using for some cases powders which
are less prone to buckling, and baking under pregsure. Damzge may be
rectified by subsequent hot or cold pressure treatment (calibratioj/f

baking under pressure)s

(3) Overheating -- products cracking in baking temperatures
which are too high for a riven mixtures This type of spoilage is in=

duced by the same factors as bucklinge

(L) Formation of macropores due to shrinking. Observed in baking
products compacted from a powdsr mixture of Wwo or more componentse
Caused by uneven shrinkege which is .@specially favored by the uneven
mixing of componentse. I’feusures to avoid this include & more scrupulous
mixing, and a preliminary heating mixture. Such spoilage may sometimes

be rectified by subsequent cold or hot pressure treatment.

(5) Formation of a loose, poorly baked core. This is primerily
observed when baking mixtures of powders which become very dense because
of considerable shrinkage due to the presence of a liquid phase. It
takes place when the outside of products becomes heated too quickly
through oven-rapid ralsing of temperature to baking levels Furthermore,
ghrinkage in the externsl zones ceases prior to the beginning of shrinkage

in the central zone. A premature formation of & dense external zons
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interferes with the shrinkage of internsl layers and with the cirou-
lation of gases. This type of spoilage ls also alded by the formation
of differences in chemical composition between external and intewnal
zones dus to incorrect selectlon of a protective mediume The measures‘
for dealing with this include a more ’gi‘adual reheating of products

and & preper selection of the protective medium,

Declassified in Part - Sanitized Copy Approved for Release 2012/05/07 : CIA-RDP82-00039R000200080001-1



Declassified in Part - Sanitized Copy Approved for Release 2012/05/07 : CIA-RDP82-00039R000200080001-1

Chapter VI
HOT PRESEING

The operation of hot pressing combines the operations of
pressing and baking into one. One actual distinction can be made
between pressing and baking under préésure. This distinction bete
ween them consists in the fact that the term "hot preasing" should
be applyed primarily to pressing st high speeds, When pressing ab
high speeds there is only a slight manifestation of creepe Diffusion,
recrystallization, and reduction also do not occur to the fullest
extent, In this connection a sscond heating is xjequired for evew
ning out composition and structure. At the present time hot prese
sing of powders of non~ferrous and ferrous metals is not economical-

ly feasible for the following reasons.

1, Hot pressing is connect;ed with considersble wesr of the
press mold and also partly with the difficulty of selscting a ma=-
torial for the press mold which can be used at high temperatures.
For the hot pressing of the majority of powders press molds are res
quired which have a more complex design for avoiding oxidation of

products during pressing or ejections
2, Hob in contrast to cold pressing is not very productive.

3, TIn the majority of cases hot pressing does not eliminate
the necessity either for later heating (for evening out composition
and structura) or for a preliminary cold pressing (to make pressing

gasier).

However, on the qualitative side hot pressing is connected

with important advantages. Table 21 presents comparative el?ata of

o o
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of Semerwald and Gunchek (MBL) relating to resistance to rupture

on the part of iron and copper specimens,

TABIE 21

Temperature in in Kilograms per in Kilogra.'x.ns per

Degrees Centi- Square Millimeber fox Square Millimeter fox

grade for Hob Baked Specimens Hot Pressed Specimens

Pressing or

Baking Cu Fe Cu Fe

610 1b,2 - 26,3 19.7

715 13.2 6.6 2h,1 : 2943
- 810 10.3 1.5 23.5 3946

| 920 - 17 - -

As can be seen from Table 21 mechanical properties are cone
siderably higher with hot pressing, Pressure in hot pressing is
considerably lower than for cold pressing (Table 22), The advantages
mentioned dake it possible to apply hot pressing for the obtaining
of materials and products the fabrication of which by eold pressing
and baking is limited by the composition or structure of the powder

or the size and shape of product,

At the present time (127), hot pressing is used on an indus-
trial scale only for the production of metalloceramic hard alloys
and diamond-metal materials (Chapter XII)e. In connection with its
being less economical than cold pressing, hot pressing is used éﬁ;ther
in the production of hardwalloy products of very large size welghing
several tens of kilograms or of thin plates, disks, etc,, which buckle

in baking, During the war hot pressing was used in the prodﬁc,‘oion
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of substitutes for hard alloys (1l2) with vanadium cerblde, ates,
for o bame, The memufecture of such meterials so that they have
the requisite qualities by cold pregsing and baking is difficult
and sometimes impossible, Hot pressing of hard alloys is carried
on elther in graphite or carbon molds which are capabls of presw
ing only a very limited muber of details (from ons to several
pieces), In the hot pressing of rard alloys there is no need‘for
a special protective aimosphere inasmuch as one is created by a
glight combustion of the graphite of the press mold, In some o&sdy
hot pressing is carried on in a reducing atmosphere which cuts dom
the burning of the grapbite and is used for lengbhening the life of
the press mold, The design of press molds used in hot pressing is
no different in principle from the design of press molds for cold

pressing.
[Figure 13L. Press for Hot Pressing (9. ]

For purposes of ilnecreasing the length of service of graphite
press molds it is possible to use replacesble graphite lining. Parts
of press molds are fabricated from graphite rods and tubes, the ine
ner diameter of which is made exact by pulling through brushes, In
spite of all such Measures, the cost of press molds used in the hot
pressing of other non-ferrous and ferrous metals turns out to be too

highe

The poured mixture in the press mold is subjected to a preli=
minary cold compression at no very high pressures, Heating in hot
pressing is achieved by passing an electric current through the press
molde TFigure 131 shows an industrial press for hot pressing acémrdq
ing to Engle [194). ' The hot pressing of hard alloys wmey aiso be done

in apparatuses used for welding under pressure (127) or with a press
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E

according to Yaslllyevis systen (7

In hot pressing of hard alloys proasures have been used Veryw
ing Srom 80 to 300 kllograms per souare centimeter depending on the
tonpe ‘avure nnd compoaitlon (161)e At 135041000 degrees there was
uged a prepsure of 105 kilograms por square cantimetery atove L0
dopgroes a pressure of 70 Kloprams par sgRare sontimptor, In othe
ewperiments pressure verded from 30 to 180 kilomrams per HGUEE
contimater (19h), There are indicetions that, vesides heating by
passing o current whrongh the press wold, &b would be possible to
amploy & higheSrequency neating, The pressing of hard alloys
(tungsten carbide, cemented with cobalt) nsually teles plsce in a
temparature which is gomewhat lover than thet used in the beking of
¢old pressed compacts of o comparchle compoatitiong With exbrensly
jigh temperatures it s possible to squeese cub the liquid phase.
Control over temsrature ig achieved by means of an opbtical pyroe
meber, Ln which comwetion it should be keph in mind thaby Decause
of hoat losw, the bemperature of he walls of the press mold is
150.200 degross higher then thet of the compach, Compression under
preggure veried from & feaction of & wimie to ten mimbes, The
tobal duration for *:;hé entire cycle of powrding, cold wrepressiog

and the sooling off of the compact 1 conmensurably longere

4]

[Figure 132, Povosity of Herd Atoys 1

& « hot pressing b and ¢ = cold prossing snd bakingy without picklings
x00 (167)
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Yot mressing increases density, hardness, strengbh, and the
cutting properties of hard allogs (167, 194). Figure 132 shows
that in hot pressing in distinction to cold, hard alloys heve prace
tically & noneporous structure, The meximum herdness of alloys made
by cold pressing amd baking (161) is 92 and with hot pressing is
95,6 according to Rockwell., The advantage of hot pressing for proe
ducing diamond-metal alloys lies in the fact that less diamond is

burned out because of the shorter heabing period.

The processes of hot pressing and the properties of materials
obtained by this method have been studied by a number of investiga=
tors, including Vasil'yev (17), Borok and Zarubin (22), Mol'kov,
Gruzdov, Trzhysvyatovskiy (192), and others (1hl, 18L4). The hot
pressing ok different powders of copper and its alloys, iron and
its alloys, gold, hard alloys, and others were investigated. However,
the material obtained experimentally is not yet sufficient for esta-
blishing a satisfactory theory of hot pressing, The fundemental

facte as known at the mresent time may be reduced to the following.

(1) In hot pressing increase of conbact among powder partie
cles is achieved through deformation by external forces and by the
mobility of atoms activated by temperature., For this reason it
establishes the possibility of obtaining material with a density
spproaching the theoretical and with properties not lower than those

for cast metals treated by pressure.

(2) With an increase in temperature (19L), as Table 22 shows,
lowers the size both of the specific pressure necessary for attain-
ing a certain density for the powder and of the meximum specific
pressure for attaining 100-per cent density. dertain excaptions to

the relationship just glven may be ve;q»lained by phase transformations.

Declassified in Part - Sanitized Copy Approved for Release 2012/05/07 : CIA-RDP82-00039R000200080001-1



Declassified i - iti
ified in Part - Sanitized Copy Approved for Release 2012/05/07 : CIA-RDP82-00039R000200080001-1

TABIE 22

RELATION OF PRESSURE 70 TEMPERATURE FOR POROUS TRON POWLBR
WHOSE PARTICIE SIZE 18 150 MICRONS (1914)
1n Kilograms per Square Millimeter
Relative Den~ Compacting Prossure/at a Temperature of

’ sity of Bri-

quet in Perw
cent 00®  500°  600°  700° 800° 900° 1000° 1100
90 160 30 16 95 5 b 6 3
95 ' 2lo 55 30 16 8 6 9 6
100 wo 95 b 3 16 12 1k 11

(3) The consideravle inerease of tensile strength for hot
i pressings in comparison with unbaked cold pressings gannot be explaine
ed by growbh in dongity through inoreased temperature alons, An i

portant role is also played by the Pollowing factors:

(4} An increase in the coefficient of lateral pressure © 88
a result of grcﬁbh of Poisson's coefficlent due to temperature (b)
s desrease in the elastic aftereffect after ejection, inasmuch as the
' elasticiby mmlus decreases with temperature 4o a leaser degree
than hardnessy (¢) the tengile strength of hob pressings is due
not only to the interlociking bub also to the cohesion of particles.

(L) At a given pressure an increase inm temperature in prode
. sings causes the indexes of tensile strength (resistance to rupture,
E : compression, and pending) to grow and to achieve & maximun at some
mixed temperabure. Beyond this temperature elther contirmes to stay
abt ite highest level or gomabimes even decreases. Por examploe (Table 23),

. .
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the resistence of iron to rupture at different temperatures which had
been compressed at a pressure of 7 kilograms per squere centimeter
at 780 degrees in a reducing medium (duration, 150 and U50 seconds)

was somewhat lower than irven compressed at 700 degrees,

TABLE 23

MECHANIOAL STRENGTH OF IRON COMPRESSED UNDER DIFFERENT CONDITIONS AT
A PRESSURE 7 KILOGRAMS PER SQUARE MILLIMETER (1Llk)

Temperature Time in Speeific w©ll
in Degrees Seconds Welght in iness
Centigrade Kilograms

Per Sg
500 50 6431 18,4 0 50
150 6.38 22,8 0 | 51
Lso 6.71 28,0 1,0 63
600 50 6.70 25,9 0.3 &
150 6.89 28.6 1.0 77
150 .08 3L,2 2,0 80
700 50 7432 33,5 1.0 90
150 T.52 0.1 12,0 95
Lso 7.58 0.3 27,0 100
780 50 7459 3749 22,0 io:t
150 - Te71 - 3647 32.0 93
Lso 7.76 3740 3740 9%

This relationship is explained in the following way. Tensile

strength depends basically on three factors == density of material
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(The influence of the factors glven above = the coefficient of law
teral pressure and elastic aftereffect = changes with tempsrature
in one direction with density., For this reason we do not give any
dats concerning them in the given case), hardening, and contents of
admixtures and oxides. An increase in density accompanied by an
increase in temperature helps to increase tongile strength. It

is for this reason that a decrease in tensile strength induced by
the last two factors begins at soms given temperaturs, From what
has been said above it is clear that the crest temperature drops
with an increase of oxide content and compacting pressure. With alight
oxids content and compacting pressure the crest polnt (tochka perew

[ / giba) may be entirely absents

The crest point is most clearly evident for hardness at high

compacting pressures (Figure 133).

Indexes of plasticity (elongation, neck reduction, increase
of transverse cross section during compression) show an unbroken
incresse with compacting temperature (Figure 13L) because the action

of all three above~mentioned factors is in the direction of increasing

properties.
kg/mm? 98 “
80 ; 8 . ‘ Tons per
'IQ - ‘ Square
60 . - L . 1 Centimpter
50
3o§ 0.8
201
‘ 10§ e = Temperatine
6 “E6 300 100" Centigrade

[Figureﬂﬂa'. Brinell Hardness of Copper in Relation to Compacting ,Temperature (9k)1]
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Flgure 13k, Relation of Mechanicel Properties to Compacting Pressure When Compressing
‘ Gopper (194)s
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(3) A1l properties {ncrense with growth in compacting pres=
sure, but only to a cerbain point, which i3 reached when there is 100
per cent density. They remain practically the same with edditional
incroases in pressura, especially with higher compacting temperatures.
The pressure ab which properties become constant (corresponding %0
1ow critical pressure in speciman.a) varies inversely with the tempera~

ture.

(6) The duration of hot pressing is a very importent factor
as a very gignificant role is played by manlfestations of creep at
high temperaturess The slower the pressing the lower is the prese
sure required for attaining certain densities and properties, o,
the greater are properties and density for a glven compacting pres=
sure (Table 23). Aside from manifestations of creep, prolonged pres-
ging is cormected with & greater reduction of oxides, recrystallizae
tiony and breakening down of cold hardeninge All these considerations
result in an increase of plasticiby andy in the mejority of cases,
of properties (except herdness and tensible gtrengbh ab higher temperas=

tures which may deorease gomewhat for reagons given in paragraph e
[Figure 135, Furnsce for Baking Friction Disks Under Pressure )

(1) Menifestations of recrystalliszation are observed in hot
pressing. observable symptoms of recrystallization have veen noted (19L)
in the hot pressing of copper even at 500 degrees (approximately 60 dbe
grees below the melting point). ‘T4 is characteristic that recrystalliza-
tion is markedly expregsed in the case of coarse; and not fine, powders.
This is obviously connscted with a relatively smaller oxide content and

pecause of this with a more rapid reduction of coarse particles in relas

Moo IRE
S
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tively short Periods of hot pressing,

8) Amealing by hot pressing is commeoted with further rew
crystallimation, correcting strueture and changss in density, Come’
pacts of slight density show a certain shrinkage, large ones increase
in size (194), The concurrence of shrinkage and growth in their cage
shquld be explained in the say way ag for cold compacts, 1, @4,y growth
by the elimination of Bases during reduction of oxides and absorption

of residual stresses,

Baking under pressure is not done with high comression speed,
Its features are prolonged exposure to the baking tempera ture and,
what is relateq to this, a complete transaction of the processes of
dii‘;msion, recrystal]izaﬁion, and a marked occurrence of creep in rom

lation to which pressures are insignificant,

ter XI), which in the opposite cage Would have buckled and separated
from the steel lining, Baking under Pressure; as Gardin points oug »
is carried on in belletype furnaces (Figure 135), Bteel stampeq
disks and frietion Unings compressed fyom powders of copper, tin,
lead, and graphite are loaded into the furnace with o reamer, after
which the dame 1g put on and pressure applied, with baling talcing
Place in a protective atmosphere, Pressure on the shell is achieveq
wWith compressed aip through a damper, The size of the speaific presge
sure applied to the surface of tha baking disks ig 10=lp kilograms
ber square centimeter, Temperature ang eXposure ars the same as for
baking alloys of this type without pressure, being 700;-8&0 degrees

1-1
: - 82-00039R00020008000
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from 30 mimtes to several houvs, When baking under pressure, there
are obbalned considerably higher propertiss and a stronger cohesion

of the metalloceramic layer to the sbeel disk,

CHAPTER VII
DIFPERENT METHODS OF METALIOCERAMIC TECHNOLOOY, SUPPLEMENTARY

BEAT AND MECHANICAL FINISHING OF BAKED OBJECTS

The production of objects by employing the operations of mixw
ing, pressing, and baking of metal powders is basically the most

widespread method of the metalloceramic industry.

Other, quite mumerous methods (Figure 1) may be broken down

into the following groups.

(1) Methods distingwished by specific differences in cone
dueting the sbovesmentioned funderental oprations snd also by the
inclusion of supplementary intermediate processes between pressing and

baking.

(2) Exclusion of the pressing operation.
(3) Exclusion of the baking operation.
(}) Combination of the operations of pressing and baking in-

to one = so=-called hot pressing (see Chapter VI).
(5) Supplementary and/or heat finishing of baked objects.
(6) Special kinds of finishing baked objects.

The above-listed supplementary operations are used in factories
whieh contract for metalloceramic productse. Moreover,. supplementary

finishing sometimes, espscially machine finishing, is also carried
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by conswmers of meballoceramic materiald.,

SPECIFIC VARIATIONS IN MIXING, PRESSING, AND BAKING OPERATIONS

The followlng specific variations in carrying out nixing,

pressing, and baking operations my be listed.

(a) The pressing and baking of mixutres composed partially
or completely of metal oxldes or combintions which are reduced in
baking, This method of technology is uged in some cases in order to
improve and make easier the mixing of powders (such as in the pro-
duction of hard alloys), in others - in order to obtain high porous
products, and still other cases - for the purpose of lowering the

2 cost of production through combining the operations of obtaining

the powder (reduction) and bakinge

(b) The pressing and baking of mixtures with special addie
tives in order to obbain highly porous products (higher than 40 per
cont). Such additives are either burned out and volatilized during
baking (alumimum carbide) or are weshed out of the pores of products

after baking (soda).

(¢) Some baked materials, such as hard alloys {Chapter XIT)
and magnetic ma.terialé which contain alumimum, nickel and cobalt
(alnico, Chepter XVI) do not lend themselves Yo mechanical finishing,
in such cages recourse is had to the processing of semifinished pro=
ducts on polishing wheels prior teo baking or directly after pressing
or after an initial baking at a lower temperature than%}bha’c of the
final (second) baking, The processing of both hard aliéys and of
magnetde alloys (101) directly after pressing is move productive

and pickles an instrument less than processing after a preliminery
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baking, Powders of hard alloys must be compacted with adhesive a-
gents for mechanilcal processing without a preliminery baking., In
the processing of hard alloys there are usually used thin carbow-
rundum disks on a vuleanite binding which rotate with a speed of
about 2000 revolutions per mimute, According to Rakovskiy (101)
satisfactory resulbs can be achleved with carbldeetungsten wheels

on & bakellite binding,

Sometimes preliminary baking is done with a lower temperature,
even where there is no necessity for a mechanical finishing of obe
jects. Preliminary baking in such cases is recommended either for
detecting spoilage which had not been discovered in compacts (such
a semifinished product may be easily reduced to powder) or for obe
taining a homogeneous composition prior to final baking (reduction
of oxides; extraction of admixtures, burning out of additives used

for sasing pressing, etce)e.

(d) In some cases a layer of metalloceranic material is on
a superimposed metal sheet, plaé’e 5 or disk, or as an insert in a
metal socket, At other tlmes, a core or ilnsert made of a solid
metal is inserted into a metalleceramic socket, Steel is usually
used as a metal base to which the powder metal is fuseds The fusing
of the power metal is done eéither in pressing or in baking, sometimes
baking under pressure (Chapter VI), Bimetels are used in the fol
lowing instancess (1) when strength of the metalloceramic material
is inadequate and must be reinforcedy (2) for decreasing the cost
of products made from a very expenéive powder metaly (3) to make for
easier assenbly when it is elther impossible or difficult te process
metalloceramic materials d:'rectly;i (L) the combination of the above=

mentioned considerations. Examples of such bimetals may be found in
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frlotion dlske (Chapter XI), leed trenge on o steel ribbon st
triplewlayer antifriction materdal (Chapber X}, In & muwbor of veses
there sre fabricated bimstal povmanent magnetde (Chaptar YVI) and

contact materials, filters with sotal washers (Chaphber XIV), ete,

It s posuible to produce bimetals nub only from e potder
wnd a selid metel but wise from several powder mbals,

FXOTUSION OF THY. PRESSING OPERATTON

Thare have bean produced on an lndustrlal scale ingots weighlng
o to 2 tons of slivhitly shaken dowen cavbonyl iron or nlekel baked
in seeled containers, These powders have & high poured uweight (vew
labive density of a pouring is- abouts 1) per cent) and a spherdcal
shape for thedr partloless The bsked ingods are later subjeeted to

forging and rolling,

'

Filters wdch have considerabls poresity are produced by balking
in mold powders with high poured weipht (density of pouring abeut 50
por cent) composed of spherical pardicles.

r

EXCTUSION OF DAKING OPEBATION

Magnetbic cores for induebion coils (megmetoediclectries) and
also permanent press magnets ardé made by compacting a mixtuve of fere
ro-magnetic materials and plastic {(Chepler XVI), Pressing ls genseal~
1y dome ab a pressure of 815 Gon# per squere colitimeter ab room tems
peraturs or at 150 degrees for polymerisation of v‘me plastics Where
a maberiel has been compacted at room temw raturey it is later heated
to 150 degress to harden the plastic,

“7q |
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Porous iren for celking pipes (72) ls produced by compacting
bituminized iron geit (Chapter XIV),

BUPPTEMENTARY MECHANICAL AND HEAT FINTSHING

Tn many ceses supplementory mechanicsl and/or heet finishing
18 necessary for attaining precise mpasurements or lmprovemsnt den

aity md properties of a matorials

To give provise dlmsnsions to porous metelloceramic products
pecourse 18 ususlly had fo sowcalled calibration, that is, cold
comproession in press molds, Calihrating press molds differ from
compacking ones prim:}.pﬁ:i:w by thelr smaller hedght (bo reserves
are nocossary for compacting the powder) and, quite frequently, by
& less complaw design,

A ¢alibrating press mold of TeNIITMASh for sallbrating caly
the dlimeter of bushings is depioted in Flguve 136, & cslibrating
wrose mold for bushings on shich it is also possible to celibwrate
height 1¢ shown in Fguve 137 (19L).

The dimensions of calibrating press molds ave such as ‘aga
ingiade an ellowance for en elasbic affbereffect (oxpansion up bo
0.1 per cent) in the final dimensions of debeils. The retlo bete
woon She cimensions of cowpacting and calibwating press molde thab
ig chosen 4is such &8 to permit changes in balking which wuld give
them o diamster prior to being subjected to ecalilbreting Qe5e1 por

aont greater than the final onee

[Pigare 136, A TaNIITMASh Calibrating Press Mold]
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[Figure 137, A Calibrating Préss Mold]
1 = punchy 2 « gtopping device in calibrating facey 3 = dles o e

jector; 5 = press tablej 6 = product.
[Figure 138, Calibrabing Fress Hold with Recelving Container (1861

In baking residual stresses from compacting are eliminated,
while the hardness of the grains of the metal is reducsd very much,
quite frequently by geveral times, hecause of the removal of cold
hardening and the reduction of oxides. For this reason compacting
pressure (net pressure) is many times less for a baked material than
for later compacting of 2 briquet of the sams porosity. This pres~
aire is also considerably less than for processing a cast solid
metal of the same compogition. The pressure used in calibravion is
nsually 1030 per cent of compacting pressure. In order to use
less pressure it is petter to do the calibrating after a pertial
impregnation of the product with oile Calibration is best done with
crank presses, In industry calibration is done successinlly with
removable containers (Figure 138), which considerably increases
labor productivity., Thus (186), calibration speed without a cone
tainer is lmb pleces a nimte, with a container 10 pleces a minte

(up to 5,000 pieces during a shift).

Differences in density of material are evened out in calibrae
#ign (the more porous places are essier to solidify). Here is also
an increase of centact among grgins and an improvement in the quali=
4y of outside surface. For this reason even with an insignificant
increase in density of about 1 per centy the gtrength of articles

inoreases considerably (up to 20 per cent)e
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Subsequent processing by pressure, elther hot or cold, &s
well as an additional thexmal finishing is done not only to achieve
preclse measurements, but also for increasi‘ng density and properties
of the material, Thus, in obtaining dense and strong materlals
with an iron or copper base, recourse is had %o cold compresslng

in press molds, sometimes with later annealing.

Table 2L shows changes in properties and density of iron
wlth different working according to Mes'kin, Shipulin, Mitrenin, and

Vaynshteyn,

Upon increasing density to its theoretical ke vel, the proper-
ties of a powder metal approach the properties of cast iron treated

by pressure.
[See Table 2k on next page]

As has been mentioned, baked carbonyl iron ingots are sub-
jected to not forging and rolling before being allowed to cool off,
Data has been published concerning the fabrication by pressing in
a reducing atmospheré from hot, baked billets (19L) of round, recs
tangular, and irregularly shaped bars of oxygenefree copper having
s cross~section of 3 te 30 square centimeterss There has also beeh
descerived the production of thrust collars from coarsely ground
shavings of sustenitic steel (avbonetnays stalt) by being pressed
at a pressure of ebout 1500 kilograms per square centimeter. Cottis
pressed briquets are beked at a temperature of 10001100 degrees in
tubular furnace with the use of a push rod, The billets are picked
up with special tongs et the unloading end of the furnace and are

drop forged before they can cool off in a press in a special die,
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2l,, INFLUENCE OF PRECOMPRESSING AND SECUND BAKING ON THE PROPERT METAL-CERAMIC
TABLE 2L.
IRON (81)
Specimen Propertles (Average Figures)
amfacture i
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The die (shtamp) has a central mandrel which ls inserted in an openw
ing in the baked billet held fréxn the slde by eight radial clamps,
The press plunger oxerts simultaneously a vertical pressure, Prese
sure in drop forging varies from LS00 to 8000 kilograms per square
cantimeter, The productivity of this oﬁmra’bion is 500 pieces an
hour, After drop forging the detalls are cooled off in water and
then procsssed for the removal of lateral protrusions, Figure 139
ghows a drawing of a detall and its appearance following different

stages of finishing,

Agymmetrical
Protrusions

Figure 139, Drawing of a Detall Made from Steel Shavings and

its Appearance Followlng Different Stages of Finishing,

I - after baking; II - after drop forging; III « after final

:t'inish:lm.

Bars baked from metals with a high meliing point (tungsten,
molybdenum, tantalum) are subjected to drop forging in rotating fore
ging machines (Pigure 1M0). A bar this way racéives approximately
10,000 blows a mimte from forging hammers (shlaghalken) (Lp,lé?).

In forging, the original square bars have a cress section of 9%9
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millimeters, but arve transformed in several stages into round rods
with a diameter of approximately 2 millimeters, After this the rods
are subjected to a hot pulling on a straight chain machine (pyrame
olineynyy tsepny stanck) wntil they acquire a diameter of 1 ‘milli-
meter and to a further hot drawing on a draw bench (blochnyy stan «
sic) to a dismeter of 0.5 millimeters, and from a diameter of 0,5 mile
limeters to 12 microns on medium, fine, and very fine wire~drawing

machines,

[Fgure 140, Rotationsl Forging Machine ]

In brr:kar to dmprove the properties of baked products they
may be subjected.to the same heat and chemicalsheat finishing ag
golid metals, Use is made of tempering of metalloceramic gteel,
aging of copper-nickelesilicon alloys, cementation and nitration of
iron, chrome, cadmium, - and zing - plating for improving corrosion
resistance of powder metals s annealing for removing cold hardening,

etce

SPECIAL KINDS OF FINISHING

Later impregnation of the baked skeleton made of a more dife
ficultly fusible metal by an easily fusible metal is used in obe

taining an'bi@&iction materials (Chapter X) = iron-lead, lead=bronze,

Canit : : - 0001-1
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Mypiple=layer" material, contact materials (Chapter XV) == tungsiens
copper, tungstenesilver, molybdenumecopper, molybdenun=silver, etc.
Powders composed of coarse particles which assure a high penetrability
are to be preferved for such impregnation. In impregnating a thin
layer of porous metal finer powders of the difficultly fusible com-
ponents may be used., An important consideration is to have the

least possibile mutual dissolving of the basic components of the

$01id and liquid phase during impregnations

At the present time there are being produced very interesting
alloys viich have a resistance Lo rupbure of 35-85 kilograms per
square millimeter, an elongetion of 335 per cent, a peck reduction
of 3-35 per cent, impact strength (Izod specimens) up to 2 kilograme
meters (143 ,177). They ave produced by impregnating a steel ske=
leton with copper (25-l5) per cent) and admixtures of silicon, phoS=
phorus, chromium, etc, Ain important advantage of such types of al=
loys is "selfwwelding', the possibility of soldering and welding
without any solder or flux; inasmuch as the taplder! (copper penewm
tration of the steel skeleton) is to be found in the actual material.
This enables one to obtain complex structures from individual details
of simple shape, The optimum weight of details fabricated from such
alloys varies from 125 grams to 10 kilograms. When it is necessary
%o include very large quantities of the lowmmelting component (more
than 30«40 per cent), it is done by impregnating nonecompressed
powders of the highemelting metel which have been deposited in a crue
cible (167). In this way alloys of tungsten or molybdenun Hresobtained

which contain 35-60 per cent copper or silver

Imprognated alloys may be subjected to hot or cold compacting
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to improve their properbles,

A metal skeleton may be saturated 2lso with nonemetallic ma=

tarials such as plastics.

Tn order to improve hardness and resishance to corrosion of
porous iron materials, baked products are treased (19L) by super=-

meated stean (Chapter XVIII)«

Porous hearings ave saturated with oil at a tewperature of

ahout 100 degrees.

FINISHING OF METALLOCERAMIC PRODUCTS BY THEIR USERS

In the majority of cases producing plants release metallow
ceramic products in thelr final shape and size which do not require
any further: finishing by machining, The latier, howevey 1s neces—
sary for metallocerawic products of a given dimension which are 1ite
t1le used when it is not fesible to make special press molds. In
order to make holes and notches perpendicular to the axis of come
pression, holes with a dismeter varying for the length of a screw,

products with very complicated shape, ebc.

The method of cubting solid netalloceramic materials is the
same as for cast allows of similar composition, The method of mam-
cliining porous powder metals, howeversy ig somewhat different from

the finishing of solid wetals, tne difference increasing with porositye

e - 1
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{ Figure 1)1, Geometry of Cutting Tools )
1eft - for Fipiehings Right - for Rough cutbinge

[ pigure 1lp, Punch for pressing Bushingd 1o gockets )
A= External miameter of Bushings B = {amer Dismatel Minues 0413
Millimeterss ¢ - Lengid of Bushing Plus 6 Millimeterss D - Free

1enghh

. 58) pecommnends hard Lungshen=

nSh in its gava (6, 1
v use in machining Al
ful. grinding of

ipal angle in plene
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en ©O a more care

cobalt alloy porous irofe
jon should be giv cutiing tools

o commends cutters
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with a smell prine

PeNIITMASh *

rough cubtings

for
The profiles of cutters for rough cutting and finishing and
olso angles of the blades are shown 1n Figure 1lde 14 is possible
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4o have smalley angles than those showm in Figure L1 « the rear
angle of blades for porous iron elleoys to be 8 degrecs and the frond
angle for iron alloys end hronte 0 be O dopreed.

i

78|

g .
g
e 25

Diamater of Bushing
[Figure 113, Tenslons for Proseing in Bushings)

The tracing of thinewalled detalls having & high porosity
and decreased strengbh ghould be done carefully with clpektse A
rough grip by can chucks mgy cause a detadl to disintegrates When
mechining the inner dlameter, ib is necessary £o unserew the steel
gockaet and then ingert in it the dotodl, When finishing the exw
oornal dhameter, the detail s placsd on & mandrel gareved into the
chuek, Thickerewslled dotails ave findshed after the ordinery Foptens

ing in o ohuclte

ToNIITMASh recommords that £inal mechining of iron having 25
per cend povosity be doge with a speed nob oxcesding 110 maters &
mimibe, & cubtdng d@pﬁh not grealter then 0e8 millimeters snd & maxe
imum feed of no more then 08 xw.‘mwters per vevolution. For dron
with higher porosity (move then 25 per cenb) o meximmm speed of mmma
15 pocommendsd per mimte 8 meximm cutting depth of 0.5 millimeters
and o masclmam i‘aacl‘ of 0ol millimeters por povolution, A minimm

Declassified i ' - Sani iz 3 o
1 In Pal anitized Copy Approved for Release 12/05/07 : CIA- 0: 002! 0
Part - S Ci A d R 2012/05/07 : CIA-RDP82-00039R000200080001-1




D e n e -~
eclassified in Part - Sanitized Copy Approved for Release 2012/05/07 : CIA-RDP82-00039R000200080001-1

feed should be uged for maximum depth in both cased.

Cooling emulsions should not be used to avoid having them
geb into the pores of the material.

Drilling should be avolded where possible. Where it cennot
be asvolded, there should be left a slight aldowance for later turning
or reaming, With an allowance of 0,05=0,07 millimeters the smoothing
out of unevennesses with an expanding mandrel. The drill should be

sharpened to an angle of T0 degrees.

Tt is not permitted to finish the working surface of porous
details (inside surface of bearings, filtering surface of filters)
with grinding materials to prevent abrasives getting into the pores.
Tt is permitted to use a sharp scraper with 1ight pressure in order

to remove small unevennesses not exceeding 0,01=0,02 millimeter,

Tt is recommended thab final lspping in machining by cutting
should be done by broaching, The layer of materiial should rot exceed

025 millimeters.

After machining by cuttlng, shavings should be removed by
washing with oil followed by drying with pure polishing materials,
Tf through improper machining pores are closed up, the porosity of
jron and bronze materials, according to literature, may be restored
by & halfeminute picléﬁging in a 50 per cent solution of HHO3 followed
by neutralization by a soda solution, washing in hot water and satura~

tion in oll at a *’:,enq:eraturé above the boiling point of water, '
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[Pigure 1k, Relation of Ferce of Pressing in to Magnitude of Tension (Bebnev) ]

In mass use of porous detalls (bushings), their settlng into
sockebs is best of all done with a serew press with the help of a
special mandrel (Flgure 142), In the sbeence of a press and mandrel,
porous bushing may e inserted with a hammer and a woodsn lining.
When pressing in, it is necessary that thers be pevel edges both in
the socket and on the bushing. Pregsing in of porous iron bushings
into sockets of class IIT mccursey calls for a recommendation of
third class acouracy, Ghird and second press settings, and for sockets
with second c¢lass accuragy for & vecommendation of gecond class aé-
curacy, first press getting., Figure 143 shows the tensions sometimes
vosomnended depending on the dismeter of the shafl for pressing when
snserting porous bushing., Figurs 1L, according to Bebnev, shows
the relation of the pressing foree o the magnitude of tension for
aifferent thickmesses of iren pushings with 25 per cent porositye
A decrease of the inside diameter depends on the instrument being
used for setting, the thickness of the walls of the bushing, the
materials used for the socket and the bushing, ett. Shrinkage of
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the internal dlameter is somewhat less for thickewalled bushings, A
decrease of the inside diameter of bushing in setting comprises from
60 to 75 per cent of the magnitude of tension,

TABIE £5

RELATIONSHIP BETWEEN PRESSURE AND RESIDUAL DEFORMATION FOR PORQUS BRONZE

Magnitude of Pressure in Kilograms per Squarve Millimeter when Rorovsity is

Residual Dew about ‘ about about

formation in 30 20 k

Millimeters Percent Percent Percent
0,03 8 1 21
0,13 11 ’ 18 25
0.88 13 28 -

Table 25 shows the relationship existing between the magnie
tude of residual deformation in compression and the pressure needed

for bronze with 10 per .cent tin and varying porosity,

As can be seen from the table, pressure decreased considerably

with increase in porosity.

[See Figure 1LS on next page]

3 ”.'“5'5
L
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[Figure 145. Imstrument for Hachining Metalloceramic Details] 1
a - Calibrating mandrel, b - brfiideh for # 19.079.+ 0.012 of
R§_2-63 steel
c
H
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[Figure 1L6, Devices for Finishing Metalloceramic Details®
a « spiral braoch bits for § 19,079+0,012, and b,c,d, =

cylindrical

When it is necessary to slightly augment the diameter for a
porous bushing after it has been pressed in, calibrating mandrels

(FlLgure 1l5a) broaches (Figure 16 b,c, and d) mey be used.

The machining of metalloceramic hard alloys is very laborious
because of their exceptional hardness and is only done for lapping,
pointing, grinding, and polishing, ' Grinding is dome with carborume
dum wheels of the "extra' type, diamond-metal disks, and polishing

by boron carbide and diamond dust.

In all probability the elsctreerosion method recently developed

Declassified in Part - Sanitized Copy Approved for Release 2012/05/07 : CIA-RDP82-00039R000200080001-1




Declassified in Part - Sanitized Copy Approved for Release 2012/05/07 : CIA-RDP82-00039R000200080001-1

by Ne and B, lazerenka (67) would be useful for fimishing hard ele
loyse Blectro-erosion finishing mekes 1b posaible to produce in
hardeglloy blades holes with oxact dimensions and complex shape,

otce

When mounting metallocersmic detells it is possible to also
‘umm soldering and welding.
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Chapter VIIT

PROPERTIES OF METALLOCERAMIC VMATERIALS

PROPERTIES OF POROUS METALS

The properties of baked porous metals may e congidered as
being in a way intermediate to the properties of compacts and solid

metals,

Table 26 lists certain properties of porous iron, Mechanical
properties strongly depend on the way incomplete contact among grains
changes during testing - whether it decreases (stretching) or ine
creases (Icompression). Tn accordence with this there is in the case
of cast metals an absence of a normal correlation between resistance
to rupture, bendings and compression. For porous netalloceramic
materials sometimes resistance to compression is no lower than for
solid cast metals end may exceed two or even more than two times
resiés'bance to bending, while the 1atter in its turn is considersbly
greater than resistance to rupture. The yield point in stretching
for porous metals is often almost exactly even to resistance to
rupbure, while the yield point in compression is considerably smal~
isr (by several times) than resistance to compression. In the same
way there is absent for porous metals a normal relationship between

hardness and resistance to rupture,

Even more than for indexes of strength, porous metals differ
fyom cast with respect to the indexes of deformation (plasticity)
4id the relationship existing among the different indexes of de-

formation. Thus elongation for nebaidggeramic iron with 30 per
cent porosity is usually equal to zero, while contraction during

D . e
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compression hay be considerably larger than for soft solid iron,
resching up to 50«60 per cents Thus, porous metals are very brit-
le in stretching and to & lesser extent in bendings. In this cone
nection, their impact strength is very small, On the other hand,
with respect to compression, porous metals are to be distinguished
by their exclusively high deformation (and with considersbly smale
ler pressure than for cast metals, inasmch ag their yield point

ig several times smaller), Thls last consideration is' very important
in two respects, First, it is 'bhgi;s to this that pghous metals may
be reduced to necessary dimensions much more essily by the use of
pressure (calibration) then cast metals (see Table 25). Second,
porous details used in friction can be worked in much better than
cast metals, Thus, upon vorking in, porous iron had wnsvemnesses
with crests of‘ 0.5 microns, while casb bronze after a similar
working in 5-6 microns. Excep’oional‘working in is oné of the reasons
£fr the high resistance to wear for porous metals in work involving
friction, Another reason is the constant presence of lubrieation

which does awsy with dry friction.

The dependencs of mechanical properties of baked porous metbals
on pressing and baking conditions has slrveady been considered in Chapter
VY, For this reason we shall only add the following few features of
the relation of the properties of porous metals to porosity and come

position.

Strength of Compact Metal

Strength

~Tereity To0%

[Figure 1L7. Schematic Curves of the Relation of Mechanical

Properties to Porosity]
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(1) Mechanical (end other) properties of porous metals are
determined diractly not by the actual porosity but by the degree of
contact among grains of baked metals (contact cross gectlon), which

porosity reflects only indirectly.

Tndexes of strength of baked porous metals in terms of a
unit of original (prior vo the testing of mechanical properties)
contact cross sectlon are constants of the material within certain
limits independent of its porosity in the same way as compressed

metalse

However, inasmch ss the testing of mechanical properties
is usually comnected with strengthening of the metal for contact
eross section, the contact strength depends to & cerbain extent
on the porosity (or, move precisely, on the size of contact cross
section) of the baked metal (especially for wide intervals of poro=-
sity)s With marked porosity (approximately morve then 15«20 per
cent) and insignificant conbact cress section (less than 20-30
per cent of nominal cross section for a specimen) a baked mebal
in stretching may become considerably harder in places of contact
wlthout any perceptible deformation either for the entire speci=
men or the conbact sectors, For this reason the yield point in
gtretching for a baked metal of such porosity when rgferred to the
original contact cross section is significantly greater than the
corresponding yield point for o solid metal, The yield point in
stretching for porous copper whén peferred to @ unit of contact
cross gection has a value of aboub L0 kilograms per square mile
limeter; for porous iron 60%100 kilograms per square millimeter,
i €45 considerablymgher than for sobid metals With respect to

iron and copper with marked porosity there is an approximate cors
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yeapondence of valuss for the Lllmits of yield for stroching snd
comgwasalon, ‘the lindt of tenalle stronggh in strebehing, oritleal
stress O (page 67 of origlnal text), and tho microwhardness of
the material, Such a correspondence is not accldental, inommich
a9 the herdness of the metal corresponds to the gtress orenler
per wit of contect surface, and the yield polnt to the styess ab
which contact mrface begine to bresk up. Thers is prectically
no elongation of such materisls when testing for rupturey furthere
more, froctuve bakes place withoud the formation of a necl When
povomity decreases belew 15-25 m¥ cent (with an increase of coiw
taoh oross to above 20-30 per cent of nominel) speclmwns show
marked elongetion during streteling, Turthermre, the progross
of the transidion of the setel towards e compact siate ie mevked
by a graduel decrease in the valuss fur the Limits of yleld =8
referred to conbach oross section approaching the value for the
Uit of yiold of ordinary =o3id metel (1520 cilograms pex SEare
sl limebar for ivon) and an incresse in the ratip of the 1limdt of
tensile strengbh in strotehing o the Limit of yleld and index

of deformabion. Ia contradletion to the imdexes of strength as
reforred to an oviginal conbsct section, the limiss of strength
voferred tn a pomingl sechion increase with decveasing povosiky

(paragraph 2)e

e medull of elssticity of perouve belked mebsl as referred
4o & unlh of nonbact seotdon are equel bo the elesticity moduli of
the corvesponding 5olid metals This relationship is exprsssed by
he formilat

i
R

whero BL 15 the elavticlty modulus of the balted metal as yoforred
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to & nomlnal section, B the elestlelty modulus of the corresponding

solid metal, and € the relatlon of contact to nominal sections

Tormla (L9) mekes it possible to determine the size of
contact sechion of & baked metal.

The strength of baked metals in centrasts with compacts isg
determined by grain fusion resulting from lnteratowle force and not
to the mechandcsl interlocking of particles, For this reason the
limits of gtrengbh and yileld in stretching for baked metels ave
congiderably greater than for compacts (approximately 10 times snd
more)s The Limlb of yield in campression for baked metels may be
either greater or smallr than for compacts depending upon the fact
uhether the size of comtact section increases or decrsases during
baldnge Hardness and resitence to comression for baked mstals

are frequembly less than for bricuets.

(2) Analysis of phemomena related to pressing (Chepter IT)
showed that contact surface between particles grows considerably
fagter than with the first stage of density. This is also hrue
in a mmber of cases in relation to balked products. For this reassm
mschanical properties, especially eslongation end impact thoughness,
sametines increass faster then for the first stage of density,
while density (porosity) curves bulge out downwards (Figure 147a).
However, there often exists for baked metal a Llimear dependsnce of
the size of conmtact corss mection to porosity, It was proved on
page 12 (of original text) that initial contact surface of a come
pact together with conbact sectors formed during baking is often
proportional to the density of compacts as a result of heat expan-
sion and that the surface of contact asi;ablish@d during ahrinksge

g oy T
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in linear dependence to porosity. In such cases, the contact cross
gectlon and, consequently, the properties of porous metel change
with increased density change according to the stralght line shown
in Figure ll7c. this linear dependence; first established for a
mumber of mechanical properties by the investigations of the author
(L4, 20, 11), was vecently confirmed in an article by Federchenko,
Pilimonova, and Brabino (119). Sometimes a dependence exists of
properties to density (porosi’oy) according to the curve shown in
Figure Llifc, Figure 118 shows the depandeﬁce of a rumber of me=
chanical properties on density (169) and Figure 19 the same thing
according to Ba“ﬂ.‘sah‘ln and Korolenko (6). There is always observed
for metals with a considaz;able degree of pprosity an intercrystal
breakage aﬁd for those which are less porous fracture of crystal

faces,

(3) With a decrease in porosity, the degree of contact for
canpachs increases from 2 to 10 per cemb, mosh frequently 3.5 per
cent., Quite similarly, mechanical properties of baked materials
change 2-10 per cent, in the majority of cases 3u5 per cent, with

a modification of porosivy of 1 per cente

[See Figure 1B on following page]

(L) Materisls with identical porosity and baked from marss
powders usually have a smalk T de;gree of contact among grains; 2
greater number of inber-particle pores, and larger pores than those
baked from fine powders. For 4his reason the mechanical properties
of products from coarse powders (Table 26) with the same degree of
‘porosity ere usually fewer and increase more rapidly with a lowering

of porosity.
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Kllograms 5
Per Squere ' k ‘g
Wllimeter 2 3 %)
2 d
1l -
8
: -

%) 55 ) 6.5“‘ Grams per cubic cm

Dansity

[Figure 1B, Dependence of Mechanical Properties on Tene

)

sity for Metalloceramic Iron (169)) L-oy 32 =% 3 3 -

Thus, with a decrease in porosity there is an evening oub
of differences in properties for materials pabricated from fins

and coarge powders (as compered with the properties of briquez’us).

Sometines materials made from fine powders heve, contrari-
wise, lower properties. Such exceptions &re explained nost free

guently by an ineresse in the contents of oxides for such materisls.

(%) With 1dentical porosilys the degree of contact among
grains is less in the case of hard and trittle materials than for
goft and plastic ones. For this reasoly without going on to speak
of indexes of deformations vhe strength of hard porous motals coMe
prises & smaller fraction with respect to yhe strength of sulid
materials than that of soft materials wibh identical porositys In
this commection, the mechanical properties of porous metals with
different chemical compesition varies ﬁmch 1ess than for corresponding
solid metalss Theve i3 sometimes even obgerved an inverse relation-

ship of properties in comparison with compact metals, TFor axample
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with an identical degree of porosity, porcus steel mey be less strong
than perous iron, and poreus iron than porous copper (as compared
with the properties of compacts). It should also be polnted out that
the properties of hard wetals increase with a decrease in porosity

more bthan soft metals.
TABIE 26
PROPERTIGS 0F BAKED POROUS XRON WITH 25 PER CENT POROSITY
Fine Medium Coarse

Powder Powder Powder

Resistance to Fracture in kg per - 8«11 L~10 tok

Tield Point in Stretching in kg per mn% 8 ~ 10 " -
Resistance to Pending in kg per m° 1525 8~16 toB
Resistance to Compression in kg per mzx 50=70 lo- 60 30el8
Yield Point in Compression in kg parmx% to 12 - -
Flongation in Stretching in per cent 0w 1 o 0
Shrinkage Compression in per - cent about 50 aboub L0  about 30
Inmact Strengbh in kgeom per squeve om 12-00 8w-12 toB

Brinell Uardress in kg per squere mm Lo-60 30- U8 o 35

[See Figure 1L9 on following page]

(6) Porous alloys baked in the presence of a liguid cementing
phase hove a higher degree of conbach among grains, more lntercrystal-
lite pores, and relatively higher mechanical properties than obther me

tals and alloys of the same porosity.

(7) Porous allays combvaining corponents whose oxldes are dif-

fieult to reduce or components which lower waldability when baked withe
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kg/mz it el R YA RS T T kg cm/cmz 3
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" L
64 Mo ’% 8 [
L1 30 16 0,35
2 i J 0.30
® ] o
35 Lo I 50

Porosity in Per Cent

[Figure 149. Mechanical Properties of Iron-Graphite in Relation to
Porosity (Poured Weight of Iron Powder 1,6 grams per Cubic Centimeter,
98 Per Cent Iron, 2 Per cent Craphite, Baked for 1 Hour at 1100 Degrees
Centigrade, According to Bal'shin and Korolenko)s ] HB ~ Brinell Harde
ness, ¢ Resistance to Bending,a'“lmpact Toughness; ¢ Depth of Curva-

ture.

out the Formation of a liquid phase have lower mechanical properties

(such as iron-silicon cowtaining more than 1.5 per cent silicon).

(8) The properties of porous alloys usually decreass as ths
mqumber of components of which ‘they are comprised increases, especiale

1y when baking without the formation of a liquid phase.

(9) Machine finishing of porous mebals decreases their mechani=
cal properties, This decrease in properties becomes more sherply exs=
pressed with increase in porosity and bri'b'blgness of the metal. For
this reason specimen to be used in mechanical testing should notbbe

finished by machining.

(10) The properties of porous specimens depend on the design

of press molds. Thus, specimens pressed in nonw~dismountable press

- F
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molds are often stronger (sometines by 1020 percent) than those pro-

duced in dismountable press molde e

Patigue endurance of porous 1von and copper (153) is shown in
Figure 150, Fatlgue endurance and the value of its relation to the
value of resistance o fracture increase with the finenpss of ini-
tial powders end decroass in porositys Antifriction characteristics

of porous metals are considerad in Chapter Xe

The electrical conductivity of porous mebals as the funcbtlon
of the degree of porosity and emditions of fsbrication varies from
2030 o almost 100 percent of the elsctrical conductivity of =1id
mobals of the 'same composition, Heat conductivity also decreased

with increase in porositye

The coofficient of heat espansion of baked mebals is a pro=
perty which practically does not depend on porosity. & mebal with
30 percent porosity has slmost the same coefficient of expansion as

one that has been cash (somptines 1.5 percent less)e

The surface of porous mebals which is subject to the corrosive
action of a medium is greater than in the case of solid metals, For
¢his resson resigtance to corrosion devrsases with growing porosity.
However, it should be kept in mind that saturation with oil ususlly
18 sufficlent to protect popous products from corrosicon. In maxy
production experiments it has besn aﬁsewsd that although rusting of
rollorg anl other sbeel parts of machines occurred, iron bushings,
which had been saturated with oil, were not subject to corrosions
Covrosion resistance of porous metals, aside from other well-lcnown
means, may be increased By the method proposed by Michelaon ‘(82). Ac~

cording to this, porous metel wiich has been saturated with oil is
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ghbored for a consideradbls length of time in & drying cabinet at a

temperature of approximately 150 degreos.

Porosity is characterized by the proportion of volume cccupisd
by pores, by the relation between vpen pores ard total poroslty a8 (o=
termined by 55.1 permeability, and by penetrability of liquids and ggses.
The proportion of upen pores and penetrability grovs with the slze of
particles comprising the initial powders and tho size of the pores of
the baked metal.

Relative Tensity

0 90 B0 70 %

ance
mmz

in kg per

Fatigue Resist

0 10 20 30 %
Porosity

[Figure 150, Fatigue Endurance of Porous Iron and Copper (153)1

1 = gopper, 200 meshy 2 - COpPer, 325 meshy 3 - irom, 100-200

meshs 4 - ironm, 32 mesh,

PROPERTINS OF TBNSE BAKED METALS AND ALLOYS

In ths mjof:ity of cases meballoeceramic mebals and alloys
which have become completely compact through the necessary Sinlebing
after baking have the same mechanical and phya:?.cmchemicai properties
as cast compect metels of the sams dompoai.tion after baing treabted A

by compression (Tables 27 and 30, page lS_’lL of original text),

Sometimes cervein propertiss of dense metalloceramtc materials

for one reason or another are higher than for cast metals treated by
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compression. Thus metalloceramle carbonyl stesls » due to a lesser
content of silicon, mangenese, phosphorus » and sulphur, have better
weldebility than regular steels, It can be seen from Table 27 that
electrical conduotivity of solid metalloceramic copper is higher
than for ordinary electrolytic coprer, which is to be explained by
the smaller oxygen content, Metalloceranic beryllium has higher
properties than cast beryllium, which is to be explained by the

greater amount of close grain structure of baked berylligm (166),

The properties of certain solid metalloceramic materials
mey be lower than for cast metals, especially in the presence of cou-
ponents which lower weldsbilily of form oxides which are difficult

to reduce,

e ek

[Figure 151, Structure of Alloys conbaining 60 Percemt Iron,
27 Percent Nickel, 13 Percent Aluminmm, Below Cast, Above =
Metalloceramic, X150 (167)1
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[Figare 152, Relation of Specific Electrical Conductivity of Tung=

ten-Copper on Composition (167)]

Compact metalloceremic alloys obtalned by bsking in the prew

sence of a liquid cementing phase have properties without being sub-
sequently treated by compression which not only are not lower Dbut

frequently even higher than for corresponding cast alloys. Thus ree=
sistance to rupbure (167) on the part of metalloceramic herd alloys
Wo-CO (120180 kilograms per square millimeter) is 56 times higher
than for them when cast (20-30 kilograms per square nillimeter). This
is explained primerily by the fact that tungsten carbide WG in cast
alloys tresks dowm into tungsben and graphite. In exactly the same

way mechanical properties of baked magnetic alloys of the type of
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almi (Fa, AL, Ni) and almlco (Fe, AL, Wi, 0o) are 2-3 Limes higher

than for cast of the exact same composition (167) due to the close-
grained nature of metelloceranic materials (Figure 151), Resistane
to fracture of baked alloys of the type of alni is 100-110 kilogrems
per square millimeter, of cast alloys 30=50 kilograms per sqare il
limeter, (167)s:

A speclal type of compach me’ﬂalloceramic glloys is to be found
in compositlons who;se components are not soluble nor form chemical
compounds elther in 1liquid or solid form (for example ,b copper-graphite
brushes and copper=-tungsten conbacts). Such compositions are used in
electrical engineering tharks to the additiveness of their properties,
For example, copper~tungsten compositions combine the hardness,strength
and high melting polnt of tungsten with the high electrical conducti-~
vity of copper. In digtinetion to solid solutions and compounds,
electrical conductivity of compositions does not decrease but is ad-

ditive to the properties of the original components (Flgure 152),
[See Table 27 on next page |
TROHNICAL CONIROL OVER METALLOCERAMIC  PRODUCTS

The properties which are of interest to us from the point of
view of the finished product aret chemlcal composition, structure,
porosity, mecdhanical properties, correspondence between necessary

gimensions and density, and absence of external flaws.

There are no specific differences in determining the chemical
composition of metalloceranic products from that of ordinary metals,
just as there are none when determining dimensions and weight. How=

sver, special difficulties are to be met with when determining den-

e
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TABLE 27

i FION (167,  194)
PROPERTIES OF COPFER AS HELATED TO THE HETHOD OF PRODECTION (167,

<pa -
of ifie Cravity Specific
thod Brinell Bard- Resistance to Elongstion Spec: e tmgcm.eai - ;
. ness in kg/m% Rupture in kg in Percent in Grams per
s c P
Production

Per Square cR

1o 50 5 - 20 . 15 - 25 8.9 7 55 - 5
Cast 7
0 - 24 8 -
L 3 8.93 57 5
SO 2
ling, and Annealing b
Cast After Rolling for

i
a

. 55 = 57
100 110 b 10 - 12 893
80 Percent - 1

Cold Pressing in Tons
Per Square Centimeter;
Beking Temperaturs 300

32 - 36
. 1.6
w - 16 3 - 4
Degrees P
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(1} (2] (31 f4] 12} [6j

Hot Pressing in Tons

Per Square Centimeter,

300 Degrees 100 - 110 25 - 30 10 - 20
Hot Pressing 15 Tons

8.9 -

per Square Centimeter, s
10O Degrwes 120-150 30 = 35 - 8.9

Cold Pressing (3 Toms

Per Square Centimeter),

Baking Temperature 900

Degrees; 90 Percent by

=62
- Hot Finishing Ammealing 10 - 50 20 « 25 35 8.9=8.93 59

Cold Pressing After Hot
Rolling, 50 Percent Cold

Deformation 100 = 110 35 - 40 10 = 12 8.9=8.93 5557
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sity. Density is usually determined by the diffevence in the welght
of the body 4n water and in aire When determining the welght of po-
rous products in water, water gete into the pores and thus distorts

sueh determination, For this reason it ls mecossary to frst £121

the pores, as by oll impregnation.

In exectly the same way specifle diffiouibises are met within
determining the structure of porous prodﬁctaa. In geinding end polie
shing the poves draw ine In order 4o get & true pleturey it is neces-
gary for this reason to £i11 up the pores with a hard maberial which
prevents the defoimtion of the pores in grinding. With this purpess
in mindy it ds expediont to £ill them with bakelite lacquer and to fol=
10w this up with subsequent heat treatment in order to solidify the
bakelite (Chapter II, page 37 of original text). No need exisbs o
resort to such preliminary treatment in the case of hard or newporous

maberials.

For porous materials it is desireble in the majority of cases
to determine both the magnitude and the character of porosity. The
totel poroslty is determined by the difference in the specific gravie
ty of compact and porous materials according to the following formulas

P=i00 (1= -\\(’-‘A ) poreenty
x

where P is the volumstrle percentage of poredy
Y., is the specific gravity of the povous materidl, and
\fK is the specific gravity of the compact materdale

Moveover, povosity is also characterized by the division of
porves into open (or more exactly easlly-accossible) and closed {ow

Declassified in Part - Sanitized Copy Approved for Release 2012/05/07 : CIA-RDP82-00039R000200080001-1




Declassified in Part - Sanitized Copy Approved for Release 2012/05/07 : CIA-RDP82-00039R000200080001-1

more exactly accessible with dlfflenlty, and also by the sloe of ine
dividunl pores.

A qualitative, and to a certaln extent even a guantitative, ree
presentetion muy be obtalned by examining ervss cuts. Thus, introe '

particle pores are often closads

A more asccurate quantitave representation may be acquired by
speelal tosty, such an dosermining oil permeobility and sy ponebras

tiona

orily open pores are filled with oile By kmowing the speeific
! ‘ gravity of oil, it is easy to dotormine the volume of pores thabt huve
voon £11led with oile By dividing this volune by the entire volumeof

pores we obtein the percentage of open (capillary, acceasible) pores.

An idea of the sige of indlvidual pores is glven by alr perde
trabilitys The greater the muher of individusl pores, bthe greater
16 air pensirability. In ovder to determine peretrability of a metds
loceramic bushingy it is pressed from the top and bovteom by & pecial
clamp ond placed into a measuring groduated cylinder cantainiﬁg water,
Air enters inbo the bushing from one side due to & definite, small
preseure (less than atmospheric) and pasges through its pores and
foreing the water out of the oylinder, Penobrability is determined
by the volums of alr passing through the pores of the vahing during

the course of ons mimubes

Mebhods for determining machanicel properties of dense bl
Joceranic meterials do nob essentlally differ from these used in
tosbing solid metalss

When testing porous metals it should be kept in mind that mee
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chanical properties decrease with machine finishing, Far this reason
it is necessary either to have special press molds for meking specie

mens or carry out techmological tests on finished producte,

In accordance wilth the ideas expressed on page 176 (of the
original text) rupture tests give a lowered and with compression
a higher representation of the strength of the powder metal, Bending
tests glve a somewhatb sxqaller distortion of the representation of

strength,.

It is recommended that lmpact toughness tests be carried out

for porous metal without any notches in view of its small size.

In p‘iace of tests for rupture on special specimens, they may
be carried out on specimens of any shape and even on pieces of pro-
ducts by the wedge-pressure method (of Iyudvik). This method of
testing has been described by I. V. Kudryavisev., The specimen
being tested has a fec‘oangular or round cross section and is com=-
pressed between two iredges. Steel wedges having an angle of %0
degrees at their apex are placed in guides so that their edges form
one plane, The u?&timate strength is computed according to the
formulag

b = L. (1e0.0 .?@_),

where O is the ultimate tensile strength,
F  is the specimen's cross-sectlonal area, and

L is the load which shatters the specimen.
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[Figare 153, Clamp for Testing & Ring for Rupture].

Tnasmich as the strength of & beked metal is within a certain
inberval epproximately proportional to contach cross seeblon, it is
poseible in a mmber of cases to determing conbact oross sechtion in
place of testing for mechamlcal properties. Such determipation ean
bo made on the basis of formula (L9) without destroying the spocinens
by moasuring theiv plastiolty moduius,

Hardnegs teosts cxrried out on finished products depend on thely
form and dimernsions and on the technical vequivements made on theme It
18 impossible for this reason to give exhsustive inddcabions for all
cages, There s employed in the case of bushings crushing by comprege
sion in & vadial direction, for rings resistence to rupture by styetch-
ing in specisd clamps (Figure 153).
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Chapter IX

METALLOCERAMIC MATERIALS

A, SPECIAL FEATURES OF COMPOSITION PECULIAR TO METALLOCERAMIC

TECHNOLOGY

At the present time almost all the metals known %o technology
are used in powder metallurgy. Besldes, metalloceramic materials

often contain nommetallic components.

Many of these materisls, such as the refractory metals
(tungsten, molybdanum), hard alloys, diamond-metallic compositions,

etc,, camol be produced by castinge

On the other hand, the fabrication of many commonly known
metals and glloys by metalloceramic methods is so cumbersome; that
from & practical point of view it is ruled out, even ab the present
day. For example, the most ordinary cast iron containing 3% percent
silicon canmot be produced by powder metallurgical methodss It is
interesting to note that its fabricatlon is hindered by the same

silicon which is of such help in the making of cast irofs

Thus, the speciiic features of metelloceramic gechnology in
some cases expand and in others limit the composition of metallo=

ceramic materials in comparison with castinge

The composition of any material is determined by a special
compromise between the requirements of production and the technological
possibilities of its manufact.uré. A raticnal selection of the composie
tion of metalloceramic materials is impossible without & clear under=-

standing of technological factors, which elther help or hinder or even

Declassified i - itiz ‘ fo 0 )
ified In Pal anitized Copy Approved for Release 12/05/07 : CIA- 0: 0 2 0001
Part - S Ci A d R 2012/05/07 : CIA-RDP82-00039R000200080001-1




e o B

Declassified in Part - Sanitized Copy Approved for Release 2012/05/07 : CIA-RDP82-00039R000200080001-1

linit the introduction of some component. Listed below are some
basic considerations of the conmection existing between technology

and composition.

(1) The inclusion of components which form oxides difficult
to reduce (such as aluminum, silicon, chromlum, zine) is connected
with special ;neasures for preventing the formaiion of oxides, for
reducing them, or neutralizing their action. As examples of such
measures there may be cited baking in very pure hydrogen or in a
high vacuum, the introduction into the powder mixture of source
agents of atomic hydrogen (for example, titanium hydride); the
inclusion. of a component in the form of powdered alloys, which are
less inclix:xed to oxldation than the.pure component (for example,
aluninum-iron alloys), the inclusion of components in the baked
skeleton in melted form, the addition of components which assure
the formation of a liquid phase in baking (for example, phosphorus),
compact pressing, etc. For this reason the use of components which
form c;xides diffioult to reduce complicate technology and make it
more expensive especially where the latter lower weldability (silicon)

or undergo considerable evaporation in baking (zinc).

(2) The production of alloys or compositions from several
metals in cases where there is no liquid phase in baking is always
more difficult than the production of pure metal (Chapter V, page
148 of original text), These difficulties iﬁcmase with the number
of components used, Where such alloys are not subjected to finishing
by compression after baking, their density and mecl'xanicai properties
4re low in comparison with the corresponding pure metal powders,

This factor essentially limits the number of components in porous

materials., It should be emphasized that powder metallurgy in the

1
[
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given relation is in complete opposition. to casting metallurgy.

As is known, alloys are usually easler to cast than pure metals.

(3) The addition of a more easily fusible compenent, such
as copper, to iron, which assures the formation of a liquid phase
during baking by reacting with the basic metal, makes it easier
to obtain alloys with high density a.nd mechanical propertless
However, it should be kept in mind that even in such cases diffi-
culties in baking increase with the number of components:introduced
into the mixture, Thus, the obtaining of hard alloys (Chapter XII)
from several carbides (such as WC + TiC « Ce) is always more comw
plicated and difficult then with one carbide (WC + Co); in obtaine
ing hard alloys with complex carbides (WC + TiC + Co) it is necessary
to resort to an exceptionally careful mixing lasting for several days.
In spite of this, the porosity of such alloys is higher, while the
mechanical properties (excluding cutting) are lower than for WC + Co
alloys, This feature is explained primarily by the variegated
localization of shrinkage (Chapter V, page 120 of original text) and

1imits the number of components in metalloceramic materials,

(L) In the technology of casting the introduction of certain
components is due not to production but to technological considera-
tions (including casting properties). In the same way certain
components of metalleceramic materials have a purely techmnological
significance, easing baking or pressing and the obtalning of dense

and strong materials,

Phosphorus in copper alloys is such a technological component.
Phosphorus forms a chemical compound CusP which, with 8,38 percent P,

forms with copper a eutectic melting at 707 degrees (below baking
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temperature)s In this wey, a enall quantity (about 0.8 percent)
of phosphorug may assure the creation of & l10~percent low-melting

outectlce

The reaction of phosphorus with other components in copper
alloys may sometimes lncrease even more the formation of a liquid
phese during baking. It is expedient to introduce phosphorus into
the mixture in the form of powders of preliminary alloys with a
large phosphorus content which melt: during bakinge In elloys of
copper with components vhich form oxldes difficult to reduce (zinc
and silicon), phosphorus assists eduction and the removal of oxides.
Tn such cases the liquid phase acts as a flux in welding, assisting

‘ the cleaning of the surface of particles of oxides. Phosphorus, and
also sulphur, can help not only baking but also other operations of
metalloceramic technology, Thus, increasing the contents of phos=
phorus and sulphur in tgustenitic" ("avtomatnaya") steel makes 1t
easlier to obtain fine shavings which are easily pulverized in hemmer
mills (pags 26 of criginsl text). Graphite, besides increasing an’c:ii-
frietion properties, can also play a technological role by making
pressing sasler, preventing buckling, etc, Copper in antifriction
alloys with an iron base ls a technological component which assures
the formation of a liquid phese in baking and which increases density
and mechanicel propertles. The inclugsion of Mbechnologleal" components
may be compensated by a corrasponding modification of teclmnology.

For example, mechanical properties may be raised instead of by adding
copper by modifylng pressing or baking procedures, by subsequent

treatment by pressuraey etce

g, MWhen there is mutual insolubility on the part of components

with a considerable difference in melting points, it is practicable
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Yo impregnate the paked skeleton with a liquid gasily~fusible

matale

(6) The addition of guch materials as graphlte which ine

sulate contact among metal particles is possible only for relatively -

dispersable powders of ‘the basic metale

(7) The application of hot pressing, paking under pressureé,
and subsequent freatment by pressure dscreases ‘the difficulty of
cbtaining alloys and expands the composition of metalloceramlc

materials.

The factors glven shove make it easier %o understand gpecific
differences in composition between cast and metballoceramic materials.
For examplse, cast antifriction iron contains much while neballo=
caramic iron contains 1ittle silicon. In contradistinction to cast=
ing procedure, the purest iron possible 18 4o be preferred for
porous bearings. The only alloying element (except carbon) used in
the production of porous pearings with an ipon base is copper which
makes it easier to obbtain a strong material by forming & 1iquid

phase in bakinge
B, COMPONENTS or METALLOCERAMIC MATERIALS
Tron end Its Alloys

The mamufacture of products industrially from jron and i‘né
alloys by using the methods of poﬁcler netellurgy began later than
the application of metalloceramics for nonferrous and rare netalse
Powder metallurgy shoﬁed a.n especially rapid development in all
countries during the Second World War. According to Frey {1521,

the ma.nui‘ﬁcthre of metalloceramic iron products in Germeny exceeded
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towards the end of the war 30,000 tons per year, including 30,000
tons of shell collars (Chapter XVII), about 500:-tons of porous
bearings, and wp to 200 tons of different detalls, Most powders

for these products were obteined by eddy-mill pulverization,

fcliowed by granulation of molten metal and reduction of oxidized
matter, Electrolytic powders were also fabricated to some extent.
The manufacture of carbonyl powders, primarily for magnetic materials,
by the vacuum technique [LL1] reached 1000 tons a year, In the US
there were manufactured primarily besrings, details and magnetic
materials having an iron base. In 19L6 the US produced about 3000

tons of iron powder.

The principal methods for producing iron powders are reduction
(of pulverized oxldes, oxidized steel scrap, calcined ferrous sulfate),
grinding of steel sh;vings with subsequent decarburizing heating
of powder, granulation;, and electrolysis., In particular, there are
used iron and steel powders obtained by pouring into water cast iren
with slight silicon content (with L42 - L.5 percent ¢, 0.1 ~ 1,2
percent Mn, and 0.2 ~ 0,6 percent S1), then subjecting the granules
to decarburization by heating the granules in a rotating furnace
containing an atmosphers of (0-CO2. The bigger parts of relatively

large granules are remelted for obtaining cast iron and steel.

The small particles (up to 4O percent smaller than 0.5
millimeters and up to 8 percent smaller than 0,2 millimeter) may be

used succesgfully in the production of metalloceramlc products.

In the majority of metalloceramic porous and dense materials
having an iron base, iron is the only component (if one does not

include admixtures in powders), Thers are produced from iron alone
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porous bearings, shell collars, ’c-élaphona inductors, pole pleces

for small direct~current motors, and other soft magnetde materials,
materials for use in vacuum technology, many details, sealling or
packing materials, iron sheets (zhest') from carbonyl iron with

high stamplng qualities, etcC. Porous iron for calking pipes is

made of iron grit impregnated with bitumen. Iron powders and
insulating plastics are used in magnetic cores. In certa;'m materials
it is characteristic to find a higher content of phosphorus and
sulphur admixtures (vearings from “gustenitic” ("avtonatnaya") steel
shavings) which assure the production of fine, more easily pulverized
and compressed shavings. Recormendations also exist [162] for in-
creasing the content of phosphorus in jyron in order to achieve
greater strength from hot pressing and b aking. Admixtures of phos-
phorus and sulphur [175] make it easier to hold carbon when intro-
ducing it in free form into a powder mixture (graphite, gtce)e This
positive action of phosphorus is explained by the formation of
entectic melting at baking temperature and by deoxidizing action.
Products made from reduced oxidized particles (okalina) contain a
considerable quantity of ox/ides (5102 and Ma0) which camnob e reduced

in baking (to the order of 1 percent).

Carbon in free (iron—graphits) or combined (metalloceramic
gteel) form contains many powder materials with an iron bases
Graphite in the quantity of 2 perceﬁt is introduced sometimes into
‘the powder mixture in the manufacture of porous bearings, steel

geers, and other details.
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Figure 15k, Properties of Metalloceranic Carbonyl Steels in Compari-
son with the Ordinary Stecls Produced in Martin, Arc, end Induction

Turnaces [175]

Carbon metalloceramic steels may contain the usual or smaller
quantity of ordinary admixtures (Si, Mn, P, 8)s The properties of
compact metalloneramic carbon stesls do nob differ markedly from the
properties of cast steels of corresponding compositlon. Steels pra~
pared from carbonyl iron as compared with the usual stesls (Figure
15L) have the same or even s1ightly greater @longation, reduction of
area, and impact toughness and a somewhat smaller resistance to rup=
ture and yield point, With metalloceramic steels made from other
powders [186], resistance to fracture is almost the same, while
slongation and reductlon in area ar¢ smaller than ifor cast steels.
Carbon in metalloceramic steels may be introduced by adding to the

powder mixture graphite or cast iron powders or-is already contained
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in the original steel powders .

The widespread application of cagt iron powders in metallo=
ceranics is hindered by the lowering of properties caused by the
congiderable content of graphite snd gilicon which form oxides
difficult to reduce and lower weldability. According to the data
of Bal'shin and Korolenko [1ly 12], it is undesireble to use cast
iron conbaining more than 1.3 = 1.5 percent silicon, Cast iron
containing & smaller conbent of silicon may be ﬁsed to produce
bearings with somewhat lower bub gtill acceptable properties. For
this reason, cast iron is used in powder netellurgy only on a
1imited scale, Thus, steel powders are obbained from gecarburized
slightly-silicon cast-iron shot produced by atomizinge Cast iron
powder 1is used which has been treated to decarburizing heating with
iron oxides [162). Cast irom powders are added to a powder mixture
used in the manufacture of metalloceramic stesls, In producing cast
{ron powders, it 1s possible to use wasbte shavings and iron shot

from casting ("steel” sand) o

The methods of powder me’bailur'gy nmake it possible to obtain
alloyed and gpecilal steels and alloys with an iron base with a
smaller content of carbon and other admixtures, Alloys made from
carbonyl powders with 3¢ - 36 percent Ni have a lower coefficient of
heat expansion than cast netals because of bheir greater purity (1671,
Tt is easier to regnlate the composition and size of the coafficient
of expansion for metalloceramic materials of this typé. For this
reason they are used [167] in the febrication of bimetals and in
electrical control instruments (hoat regulators, instruments for
automatically turning on the current). Alloys containing aluminu

and nickel (alni) end aluminum, nickel, and coball (alnico) ave used
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in making permanent magnets (Chapter XVI) .

Algifer powders used in making magnetic cores contain 7.5
percent Al and 10 percent Si, It is also known [19L] that metallo-
coramic stainless steel containing 18 percent Cr and 8 percent Wi
is being manufactured. Iron alloys with 5 = 20 percent Mo and

1 percent Cu [194] are recommended for soldering in glass.

Materials specifically intended for metelloceramics are iron
alloys containing copper and lead. Copper (5 ~ 25 percent) used in
porous bearings and steel details is a "4,gchnologlcal” component which
ralses density and strength because it creates a liquid phase during
baking., However, this effect may be obtained without introducing
copper by the proper modification of technology. Alloys are pre=-
pared whose steel skeleton is impregnated with molten copper and
additions of silicom, chromium, ztc. They have the faculty of
fusing without the addition of flux at the melting temperature of
the copper alloy impregnated in the skeleton. Lead in small content
may be added to the powder mixture in the form of oxides in large
content through impregnation of the iron skeleton. According to
data existing in literature [167], the addition of lead improves
the ability to be treated by pressure. At one time it was recommended
that lead be added to antifriction alloys with an iron base. However,
according to more recent data, lead when in quantity above 3.5 percent
lowers antifriction and mechanical properties. Its addition in quan-
tities up to 3.5 percent is not connected with:ay particular advan-
tages [158].

Superheated steam is used in the finishing of porous iron or

gteel [19h]. The oxidized f£ilm that is thus formed in the boundaries
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between grains and pores ipcreases hardness and resistance o

corrosion on the pert of the material.

Tron is &lso used &8s an additive or admixture in metallo=
ceramic alloys with nonferrous metals as a basa. The magnetic
glloy permalloy which has & nickel base contains 17 = 21 percent
Fe, friction materials with a coppsr base contain up to 10 perocent

Fe, hard alloys up to 1.5 pereent Fe.
Copper and Tts Alloys

Copper is one of the materials most widespread in powder
metallurgy. The use of copper in powder netallurgy is favored by
its 1ow melting point in baking, its plasticity, easy reducibility

of oxides, and the ease with which its powder can be fabricated.

The most widespread method for obtaining powder ig electrolysise.
This is followed by atomizing of melted copper, raduction, and sddy=-

mill comminutions

Copper=alloy powders are usually obtained by atomizing the

1iquid metal.

. Hot pressing of paked billets (page 169 of original text)
results in metalloceramlc oxygen=free coppers The electrical.con=
ductivity of such copper [19k] is 0.3 percent higher than for the

best electrolytic copper made from the seme raw producte.

Copper 18 used as the baslc component, in the following

metalloceramic materialst

(a) copper-graphite byushes (graphite, from several to 75

peércenty with occasional addition of tin or lead, the restbeing

et
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copper)y

(b) friction materials (60 = 75 percent Cu, 5 = 10 percent
Sn, occasionally 6 - 15 percent P, % = § percent graphite, O =L

percent S10p, 0 = 10 percent Fe)s
(¢) filters (92 percent Cu, 8 percent Sn)j

(d) tin bronze for details and porous bearings (about 10
percent Sn, sometimes several percent Fb, and O = by percent graphite,

the rest being Cu)j

(e) special bronzes. They include the recently-developed
antifriction bronze with 2.ly percent Nij 0.8 percent Si and 0.3
percent P, adapted to aging -- to dispersion hardening (Chapter X),
also metalloceramic bronzes (1591, capable of aging, the properties

of which are given in Table 283

(f) brass with 10 or 30 percent zinc, Metalloceramic brass
characteristically has a content of 0.3 = 0.8 percent of the
"4gchnological? component phosphorus (page 166 of original text).

The properties of metalloceramic brasses are given in Table 29§

(g) copper~nicke#skeleton in triple-layer antifriction material
Durex-100 impregnated with lead babbit contains about 60 percent Cu
and L0 percent Ni. Copper-nickel porous materials are used in

England to prevent icing of airplanes (page 251 of original text) .

A large quantity of‘copper (10 - L0 percent) is conbained in
copper-tungsten contacts. The use of copper in alloys having an i -
iron base was mentioned above, Several percent of copper and nlckel
are contained in so=called heavy alloys having a tungsten base (3 = 20
percent Cu, 3 = 16 percent Ni)j 0.5 = 5 percent copper is contained

in dental fillings.
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PROPERTTES OF SPECIAL BRCNZES CAPABLE OF AGING [159]

Composition in Percent

Other

Elements

831

0.5TiHp
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Kilograms per
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Rockwell Hardness
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TABLE 29
PROPERTINS OF BRASSES

Composition in Percent Specific Gravity Maxcimum Elongation

in Grams Per Tensile in
Cu Zn P Cubic Centimeter Strength Percent
70 30 - 7.88 23,0 W
70 30 0.3 7.80 2,0 L8
90 10 - 8.25 22,0 18
90 10 0.7 7.6l 1645 26

! PASTLY-FUSIBLE METALS (MERCURY, LEAD, TIN, ANTIMONY,

CADMIUM, ZINC)

Tasily~fusible metals sometimes do not enter into the come
position of metalloceramic materials as a basic components Tin
and lead powders are primarily obtained by atomizing of the liquid

metal and zinc by atomizing and volatilizatlon.

'

Mercury was first used in the preparation of pastes for the
nozzle-extrusion method of pressing tungsten (page 61 of original
text). At the present time mercury is only used for producing
pastes (amalgams) for the fabrication of metalloceramical dental

fillings (Chapter XVIII).

Aside from iron and copper alloysy lead is used in the ime
pregnation of the copper<nickel skeleton of triple-layer maberial
(an alloy of lead with 3 percent antimony and L percent tin).
Patent literature speaks of impregnating tungsten with lead used in

X=ray screens,
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Cadmium 18 used in contacts in the form of an oxlde on a
gilver buse, Purthermore, it 1s used in glectrolytic cadmium sur-
face plating of metalloceranic materials for the purpose of increas=-

ing resistance to corrosion.

Zinc, besides copper alloys, is used in precipltating cobalt
and. nickel from ammonia solution on powder particles of tungsten
carbide. The properties of aluminum alloys containing 10 percant Zn
are given in Table 30, Zinc is also used as an anticorrosion coating

of metalloceramic productsa
TABLE 30

PROPTRTIES OF ALUMINUM ALIOYS [19L]

Resistance
Tressure Baking to Fracture Density
in Tons Temperature in Kilograms in Grams Porosity
Composition  per Square in Degrees - per Square per Cubic in
in Percent Centimeter  Cehtigrade Millimeter Centimeter Percent
90% Al + 3.1 1130 3.75 2,266 13.0
+ 10% Mg L7 L30 12,5 2,409 7.5
9.1 1430 17.5 2.519 3.3
90% AL + 6.3 370 T —— -
+ 10% Zn 6.3 L30 T 1046 - -
6.3 510 10,9 - _—
90% AL + 6.3 370 15.2 s -
£ T8 Zn 4 6.3 130 232 - -
+ 3% Mg 6.3 510 28,2 - o
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TIGHT METALS (ALUMINUM, MAGNESTUM, BERYLLIUM)

Alyminum is used ss the main component in porous bearings
produced on an indugtriel scale. The exact composition and proper=

tieg of these porous bearings have not been made publice
The relationship of the properties of metalloceramic aluminum

to the conditions of fabricatlon {1LL] is given in Figure 1554
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Figure 155. Properties of Metalloceramic Aluminum [1Lh]

The properties of alwainui to which 10 percent of magnesium
or zinc or both of these metals has been added [19L] have been
given in Table 30. Aluminm carbide has come to be used as a

substitute in hard alloys.

Berylliun [166] is used in the manufacture of windows for
¥~ray tubes. Metalloceramic beryllium is superior to cast for the
manufacture of thick Xeray windows because of its greater close=

grained quality. See above for the use of beryllium in bronze.

oo
S
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LOCHT MUTALS (ALUMINUM, MAGNESIUM, BERYLLIUM)

Aluminum is used as the main component in porous besrings
produced on an industrial scale. The exact composition and proper-

ties of these porous bearings have not been made public,

The relationship of the properties of metalloceramic aluminum

to the conditions of febrication [LLlh] is given in Figure 155,
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Figure 155, Propertiss of Metalloceramic Aluminum [1hhL]

The properties of aluminum to which 10 percent of magnesium
or zinc or both of these metals has been added [194] have been
given in Table 30, Aluminum carbide has come to be used as a

substitute in hard alloys.

Berylliun [166] is used in the manufacture of windows for
X~ray tubes. Metalloceramic beryllium is superior to cast for the
menufacture of thick X-ray windows because of its greater close=-

grained quality. See above for the use of beryllium in bronze,
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METALS OF THE TRON GROUP (NICKEL AND COBALT)

Nickel powders 8Ire obtained by reduction or heat digsociation

of carbonyl NL(CO)Yye

Nickel is used in 1imited quantilties 88 an only component in
vacuum technology and in the production of bir_netals and. filters.
nickel is used in the magnetlc

As a principal component,
percent Ni and 21.5

alloy Permalloy for pressing of cores (7845

cent Fo or 81 percent N,

per 17 percent Fe, and 2 percent Mo)e
Alloys of miekel with iron and copper have already been

referred to aboVee
tgl in certain hard alloys

repiercing ghells with 97 percent

Mickel is used as & cementing me

(as an alloy for the cores of armo
WG and 3 percent W, the Cerman wartime substitube containing U5
yc, LS percent 14¢, and 10 percent Ni, titanite with 8 = 15

th 8 - 13 percent Wi)e

percent
carblde alloy Ramet wi

percent Wi, tantalum

v reduction. Cobalt is used

Cobalt powders are obtained b
enting metal irigohe najorivy of nard alloys (from

principally ag a cem

3 to 20 percent €o)s
PRECLOUS METALS (SILVE‘-R, GOLD, METALS OF THE PLATINUM GROUP)
jon of salb solubions or

gilver is obtained either by reduct

atomizing of the 1iquid metale

silver in pure form is used in the faprication of filterse
in contach materials (silver-graphite )

sed as a main component
nsiderable quantity of

It is u
silvéi‘-qadmium oxide). A coO

silver-nickel,
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=

gllver (10 = 4O percent) i contained in contacts with a tungsten
or molybdenum base. Silver is the principal component in metallo-

ceramic dental fillings (sbout 50 percent),

Gold is used in so=called electrostatic eliminators for

eliminating statlc charges from telegraph ribbons [1771.

Platinum was the first industrial metal to be obtained by the
methods of metallocersmlcs 120 years ago., Metalloceramlc platinum is
softer and more plastic than cast because of smaller admixture con-
tent [167). The Brinell hardness of cast platinum is 4O - Lk, that

of metalloceramic 38 - L2,

About 1900 osmium was used in the production of incandescent
filaments for electric lamps., Osmium at the present time, as well
as palladium, rhodium, and iridium, is used in concentrations of
1.5 = 10 percent in place of cobalt in hard-alley contacts for

telegrapn relays.
REFRACTORY METALS (TUNGSTEN, MOLYBDENUM, TANTALUM, NIOBIUM)

Refractory metals in pure form and alloys in which they
are the basic components are produced at the present time almost
exclusively by the methods of powder metallurgy. (Tantalum is also

produced on an industrial scale by means of vacuum arc smelting)

The properties of refractory metals [167] are given in Table
31

Tungsten powders are obtained by reductlon.

H
{
!
|

©
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TABLE 31

PRCPERTIES CF REFRACTORY METALS

Hetal
Property Tungsten Molybdenum
1] (2] [31
Specific gravity
in grams per cubic centimeter 19.0 - 19.3 10,0 - 10.3
Helting Point
in degrees Centigrade 3400 £ 50 263C * 50
Resistance to Rupture
in kilograms per square millimeter
Cold~hardened metal 180 - 400 160 - 250
Annealed metal - 8C - 120
Monocrystal, not hardened 110 35
Elongation in percent
Cold-hardened metal 1-4 2-5
Annealed metal - 10 - 30
HMoncerystal, not hardened 20 30
Yield point
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Tantalum

[h]

290G + 100

9G - 120

35 = 50

2-3
25 - Lo

Hiobium

{51

2415

£ - 90

30 - 0

10
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{1}

in kilograms Per square willimeter

Cold—hardened
Annealed

Elasticity modulus
: in kilograms Per square millimeter
Brinell hardness

in kilograms per square millimeter
Gold—haz‘dened

Annealed

Coefficient of lirear expansion at

25 degrees

Heat conductivity at 20 degrees
in calories per centimeter/! second/

degree

specific slectrical resistance at

20 degrees in ohms square milli-

meter/meter

(21 31
150
72 - 83 1O - 60
111,500 33,600
350 - LOO 20 - 255
Lo - 2078 5.2 - 1076
Okt 0.35
.055 6.058
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18,800

150 - 2060

706 - 120

[51

200 = 250

7.2 - 1076
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i 5]
{2l {31 (]
(1]
LI 10~2
1530° = 1530 W1}
Vapor pressure ‘ ) o
s = c° - 8 ° 10
in millimeters of mercury column ~1.93 + 10 S 173

2130 = 749 ° 1079 19300 = Iy * 107
3230° - _ -
- L.68 * 1073
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Tungeten is used principally for incendescent filaments
for electric lamps, parts of cathode lamps ln vacuum technology'y
Y=ray tubes, rectlifiers and t ransformers, discharge tubes,
alectrodes, spark plugs, €tce, contacts and electrodes for atomice
arc welding, hard alloys, heavy alloys for radium shlelds, etocs
(see Chapters XII, XV, XVII, XVITI)e Molybdenum powders are

obtained by reduction.

Molybdenum is used principally in the eleciric~lamp and
electric~vacuum indusiries, for attaching tungsten conneating
f4laments to glass, for anodes in vacuum tubes, in X-ray tubes,
for heating elements in high-temperature furnaces, in contacts,
and in obsolete brands of hard alloys (for greater detall see

Chapter XV)e

Tantalum powder is obtained by the reduction of alkall
metals and by the electrolysis of melted media. Tantalum is baked

in a vaocuum,

Tantalum is used in vacuum technology (Chepter XV), in hard
alloys (Chapter XII), in military surgery (Chapter XVII), Thanks
%o its high resistance to corrosion, tantalum is widely used in
chenical machine-building, in apparabuses for the production of

hydrochloric acid, atcs

Miobium powder is obbtailned primarily by electrolysis of

melt ed media.

The 4industrial application of niobium in vacuum technology.

and for hard alloys is still small.

I
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OTHER METALS

Manganese 18 used as an admixture and sometimes &s an

additive to metalloceranic steals.

Chromium is used in alloys of iron and copper, Chromium

carbide 18 contained in certaln kinds of hard alloys.

Vanadium is used in hard alloys as a substitute, as in
Germany during the war (L5 percent Ve, L5 percent TiC, 10 percent

Ni)e

Titanium is one of the ten most widely used elements con=
tained in the earth's crust. Ttanium is used in the form of a
carbide TiC in powder metallurgy for present-day hard alloys used
in cutting steel. Additions of titanium hydride TiHp may be used
[19k] as a source for atomlc hydrogen for the reduction of diffie

cult-to-reduce oxides (such as aluminum)

Titanium in its pure form or as a bagic component in alloys
has not yet come to be used either in casting metallurgy or in
powder metallurgye Moreover, the mechanical properties of titanium
have notbeen well known. The reason for this lies in its exceptional
affinity to gases (oxygen, azote, hydrogen) and to carbon, thus making
1t difficult to obtain., Only recently has ductile titanium [1L9]
been obtained by the methods of powder metallurgy. The initial pow-
ders were prepared by the yeductlon of titenium tetrachloride with
metallic magnesium, Compacting was done at a pressure of 6000 kilo=
grams per square centimeter, baking -- in a vacuum with a rarefaction
of 2 ¢ 10"]"L millimeters of mercury column at a temperature of 950 =
1000 degrees over a period of 16 hours., The properties of titanium

are given in Table 32, ’

i
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In its resistance to corrosion titanium is close to Steel
18«8, Concentrated H250), and HCl quickly erodes titaniwm, but
5 percent HpS0), causes a loss of only 0,40 milligrams per square
decimeter in 2L hours. Diluted solutions of Na250), do not act on
titanivm, Specimens of titanium showsd no change after a 30-day
stay in a salt chamber. Titanium will not burn in air when heated

up to 800 degrees,

Titanium possesses exceptionally valuable properties., Its
melting point 1s only 190 degrees above that of iron, but it is
stronger and considerably lighter (by L3 percent) than iron and
has a ver& high fesistanca to corrosion. A phase transformation
at 880 degrees (910 degrees for iron) permits the treatment of
titanium alloys by heat and temperings In this way, powder
metallurgy opens up the prospects of industrial utilization of a

new important metal,

Zirconium is used in the vacuum technique as a getter (zas

absorbent),

r

Thorium is introduced into tungsten in the form of ThOp to

regulate recrystallization and increase emission capability,

Radium compounds are used in electrostatic eliminators [177]
for the purpose of removing electrostatic charges from the ribbons

of telegraph apparatuses (Chapter XV),

LS e e

1
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TABLE 32

PROPERTTFS OF TITANIUM

Propsrty Valuve
(1] (2]
Latticé Construction Hexagonal dense packlng

8= 2,95, ¢ = LT3

Cubical above 880 degrees

a = 3,32 A
Specific gravity in grems per
cuble centimeter lie5
Malting point in degrees
centigrade 1725
Resisztance tO’ruﬁture in
kilograms per square millimeter
Cold-hardensd : 88
Annealed 57
Yigld point
in kilograms per square millimeta?
Coldwhardened i 70
Amnealéd L3
Limit of proportlonality
in kilograms per square millimeter
Cold-hardened . 50
Annealed » . 39
Elongation in percent
Cold=hardened b
Annealed 28

\
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(1] (2]

Young's modulus

in kilograms per square millimeter

Cold-hardened 10,800
Annealed 11,300
Hardness B
Cold-hardened 65
Rockwell "A"
Annealed 75
Rockwell "E"

Electrical conductivity

in ohms per cuble centimeter 56

NONMETALLIC COMPONENTS

Carbon in the form of diamond dust is used in diamond=
metallic compositions (Chapter XIT). Mention has already been
made above of graphite and combined carbon in iron, copper, and
hard alloys, etc. Organic compounds of carbon enter as plastics

primarily into the composition of corese

Silicon ordinarily exerts a harmful influence in view of
the difficulty of reducing its oxldes and because it decreases
weldability (sintering) of metal, For this reason silicon in the
majority of cases is used in materials that are produced without
recourse to baking. Thus magnetic cores pressed with piastics
utilize the alloy alsifer with 10 percent Si. Silicon in the form of
Si0» is introduced into friction materials for raising the coefficient

of friction.

[E™
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Mentlon has alse been made above of the role of sulphur
and phosphorus in metalloceramic materials, Phosphorus plays

more Irequently a positive than a negative role in powder metals
L]

Oxygen appears in the great majority of cases 38 an
undesirsble admixture, Referance has been made above to the

special oxidation of porous iron by superheated shean

H
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Chapter X
METALLOCERAMIC ANTIFRICTION MATERIALS

A, POROUS BFARINGS

Porous besrings were introduced to industrial use relatively
recently == sbout 25 years ago. This brench of industry has developed
rapldly since then. At the present time industry in the US employs
more then 1 billion porous bearings. The output of porous antifriction
materigls in terms of gotal metalloceramic production is quite signif-

icanb.

As is known, pure casb iron having a homogeneous structure can=
not be used as an antifriction material. Figure 156 shows that popous
metalloceramic iron has an irregular structure (ferrite grains and
pores). The macrohardness of porous iron containing 25-percent pores
igs asbout 30-40, while the microhardness of ferrite grains is about T0,
with zero hardness for pores. Thus, antifriction lead bronze (where
1esd takes up about 25 wolumetric percent) has a macrohardness of 35,
with a microhardness of 56 for the copper and 8 for the lead. As can
be seen, porous iron is quite comparable to lead brohze in hardness ==
for the collective and individual structural composites. The presence
of pores, which contain a supply of oil ageinst accident and whieh
provide an excellent workinge-in quality, makes it possible to utilize
successfully materials for pearings which do not possess antifriction

quelities in the compact state, such as iron.

Figure 156, Forous Metalloceramic iron. X 500 (Bal'shin) [Photol
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Povous metalloceramic bearings have the following advantapes

over other sliding bearings:

(1) Thanks to the presence of an emergency supply of oil in
the pores and to the possibility of simplifying the introduction of
Jubricants there is a decrease in many cases of the E'ﬁafﬂ'mg;er of bearings
going out of order, in wear on bearings and shaft, and in expenditure
of 0il, eliminating the necessity of frequent Jubricatlion and conse=
quent damage to products from lubricants, and simplifying the design

of assemblies, etc.
(2) Excellent accommodation due 4o the presence of pores.

(3) Possibility of working not only with tempered but also

with plain shafts [syryyel.

(L) The possibility of obtaining finished details with desired

dimensions and requiring no machining.

(3) Simplicity of installation and operation of porous bear=

ings.

(6) Possibility of mamufacture from non=-deficit meterials
(iron).

Tn contrast to toller bearings, the advantage of pm’g';,’;fgus bear=

ings lies in their cheapness and quietness of operation.

Porous bearings have forced out from many branches of technol-
ogy cast tinbronze. In some they have replaced roller bearings and

have given better performance.

Foar.

L ™ 4
N
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However, it would be incorrect to consider porous iron as
solely a substitute for tin bronze., Porous metals are new technical

materisls and surpass bronze with respect to a number of propertiese
Composition, Styucture, and Denslty of Porous Bearings

At the present time the followlng varieties of porous antl-

friction materials are being produced on an industrial scale.

(a) Bronze and bronze-graphite with a porosity of about 20-30
percent (87-90 percent Cu, 910 percent Sn, O-l percent graphite,
somebimes with additions of Jead). Fabricated primarily from fine
and medium powders. Used in work under conditions where lubrication
4s difficult and which call for low loads and speeds (product of
specific load "p" and velocity "v" up to 20 kilograms per square
centimeter-meters per second). (Sometimes porous bearings have

several percent of lead).

(v) _ Porous ipon with 10-30 percent poress Prepared mainly
from medium and coarse powderss With a satisfactory lubricant it
may work at values of pv = 100 and, with an vnsatisfactory one, uin
to 25 kilograms per square centimeter-meters per second. When worke
ing with tempered rollers, one may use carbonization from bearings

during caking or afterwards.

(e) Porous iron=graphite with 20-30 pores (97-98 percent Fe,
up to 2 percent graphite, includiﬁg up to 1 percent combined carbon).
The structure is ferrite, ferrite-pearlite, or pearlite., When work=-
ing with tempered rollers, pearlite structure is preferable. Fabri-
cated from fine and medium powders. Intended for the same conditions

of work as porous iron.
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(d) Irone-copper and iron=copperw-graphlte with 20=30 percent
porosity (83=97 percent Fe, 3-15 percent Cu, 0-2 percent graphite,
0=l percent combined carbon). Intended for the same conditions of

work as compositions listed under paragraphs b and 0.

(e) Leadiron and ironwgraphite (167). A% first contained up
%o 18 percent Pb, &t the present time iron is used with no higher
than 3.5 percent Po content. 4An opinion exists (156) that the introe
duction of lesd does not add any adventages but even exerts an unfa~

vorable action.

(£) Porous bearings with an aluminum base. Only fragmentary
data exists concerning them (specific gravity about 23 percent that
of cast bronze, high resistance to corrosion, and approximately the

same maximum loads and speeds as for porous bronze).

The following porous antifriction materials are elso deserving

of attention although they have not yet found their way into industry.

(a) A special brenze (159)s which contains 2.l percent Ni,
0.8 percent &i, 0.3 percent P, the rest belng copper. After Leing
chilled in waber from 850 degrees, it can be improved by aging at
L0 éégreea. A mabterdsl with approximately 12 percent porosity, it
has a resistance to fracbire of about 35 kilograms per square milli-
meter, an elongation of about 1 percent, and a 35440 Rockwell B
hardness. Bearings frem thie bronze, after a prelimlnary working in
for a period of 2 hours with a load of 38 kilograms per square centi
meter and a speed of L.5 meters per second and for another period of
3 hours with 59 kilograms per square centimeter and 5.9 meters per

second, were then tested :for 50 hours at 160 kilograms per square
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centimeter and 9.l meters per second (pv = 1500). Following this no
perceptible wear or defects were goserved on the gurface of the besr~

ings or the roller.

(v) Metslloceramic cast iron with 96-97 percent Fe, UP 0
3 percent G, up %o 1 percent of which wae conbined. Fabricated
pagicelly from iyon shavings or cast iron powders with slight gllicon
contents 10-20 percent porosity. Mechenical properties and maximumn
loads are gmaller than for porous iron. However, they can do work &
with pv = about 50 kilograms per sqiare centimeter-meters per second

and even somewhat greaber.

The tendencies observed during the course of development of

powder antifriction materials may be reduced to the following.

(1) Porous £in bronze 18 peing forced out by porous iron.
Porous iron, which is not a deficit naterisl, has higher antifriction
properties and may be uwsed 4o work with more sizesble loads than

porous bronze.

(2) A transition from finer to coarser powders. Bearings
made from powders of coarser particles are cheaper, contain fewer

closed pores and are more permesable with reference to 1ubricabion.

(3) Decrease in porosity. Tnitially porous antifriction
materisls had approximately 3540 percent porosity. In recent times
the fabrication of bearings with 15=30 percent porosity has come to
e preferred. Denser bearings have higfler mechanical properties and

may be used in work with more sigeable 1oads.‘ Practice cannot yeb
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give deolsive indicatioms of the opbtlmum magnitude of porosity for
different materials and conditions of performances It may be pointed
out, however, that the coarser the original powder the smaller is the

magnitude of opbimum porosity.

(4) Refusel to introduce components which lower mechanical
properties even where they increase antifriction properties (graphite,
lead in iron). Thus the firm of Chrysler has turned down graphite
because it belleves that bearings containing graphite can give satis-
factory performance, but only as long as. nothing unforeseen happenss
Graphite in particular should not be added to coarse powders. For
guch cases colloidal graphite mey be introduced into beked bearings

with the 1ubricant.

According to Geydebrok (158) bearings of eddy-mill iron have
considerably higher antifriction properties than those made from re-

duced irone

Physicomechanical Properties of Porous Antifriction Materials

Table 33 presents the indexes (135) of physicochemical preper=
ties of porous antifriction materials manufactured by dgifferent
American firms. Favorable hardness values of po_roué metals make it
possible to use them in work with both non-tempered and tempered
shafts. A decrease in mechanical properties accompanied by an in-
cresse in the size of particles (Figme 116) caused by the inclusion
of graphite (Figure 127) and growth in perosity (Figures 18, 1L9)

was noted even earlier.

Upon being heated to 200 degrees, the properties of porous

metals having an iron base change only insignificantly.

&
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Table 33. PHYSICOMECHANICAL CHARACTERISTICS OF BEARINGS MADE BY AMERICAN FIRMS

(values of pv with slight lubricaticn)

Firm Brand Name Composition Specific Porosity Pressure for

o i e
of Gravity g S8E £ Lateral Thrust
Material in & in grams in g 35' é 3 in kgse
per cu. Cile & Suc; ;:2 2 L= g Per sq. mme
<% o4 = & HE TE
S 2R 5 5 oo s.AtG.OZS At 0,13
o8 o. = 5 g 3 per mm. per mm.
O Q2 o a 5} =
§. §¥ 3 4 g 2 o8
- 26 5. 5 3 2% 8 &
i 46 § 8 dg 8
;_ &5 &4 2 & £ &%
[1] [2] (31 L} [5] {61 (71 (8] [91 [0 [13] [32] {13}
Bound Brook Co. Compo 88.5 cu 6.3 21 7.6 L5 - 25-35 470 16 7 -
10 Sn
Powdiron 55-p gé Fe 5e5 32 7.6 88 - 25-35 950 16 10 -
Cu
20 11 -
Powdiron 61-1C Up to 10 CU 6.1 25 19.0 88 - 60-90 1250

Powdiron 51-1 100 Fe 5.9 25 7.6 82 - 35-50 1250 16 n -

Coefficient of Iinear

Expansion

17.6

13.0

13.9
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[u)
6] (71118] (1) (121 [13]
[1} {2] {31 (L) {5l [é1 (s1 (10
0ili - 12.9
eyl o 3o o 6.1 % 7.9 716 5 30 50 25 710 E
Super-Ol1ite Zﬁ gﬁ 6oy 25 19.0 125 1 k5 2000 16 19-30 - 13.9
Iron-Oilite 100 Fe 7.1 30 9.5 8 1 L0 1250 16 =25 - 10.8
o)
rare Selflube 90 Cu 6 - - _ _ 5 . _ _
Carbon Go. Bronze 10 Sn 6.1 2h .
6 F _ _
g:}.:l ube § cue 5.5 29 1.0 - - - - 6 19
Giebal Notore  urex Lo gecﬁe 55-6.0  20-30 22,0 - = 60-90 950 16 12-16 - 11.7-12.6
Darex Bronss ?.g (8;2 6.0-7.0 20-30 7.6 = = 25-40 K70 16 7 - 18.0
. 17
?}ﬁﬁtﬁ%ﬁs o g_a S‘; 646 20=25 13.0 - - - L50 16 9 11 5
81 90 Cu, 10 Sn
and slight
i ddi- .
%‘Qﬁﬁm‘e * 6.0 20-30 1.0 - - - oo 16 6 8 17.5
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[ (21 Bl
86 85 Fe, 15 Cu
and slight
graphite ad-
dition
139 100 Fe

[

[kl

5.5

(s}

15-20

20-25

161 (71 (8l
6.0 - =
6.0 - -

191 (101

00071

o001}
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The size of the coefficlent of thermal expansion for porous
and compact materlals of the same composition is approximately the
same. Heat conductivity snd electrical conductivity of porous mate-

rials is lower than for corresponding compact materials.

Resistance to corrosion of porous materials, including iron,
impregnated with oil is entirely satisfactory. Where so desired it
can be increased by finishing with Michelson's method (82), benderi-

zing, etc.
Antifriction Prog;ertiea of Porous Materlals

(a) Coefficient of Friction and Expenditure of Energy

| Comparative tests carriegl/lzy Sushkina and Korolenko for Ts
TsNIITMASh showed that with ample lubrication the coefficient of
friction for porous iron-graphite (2 percemt graphite, 25=30 percent
porosity) is somewhat smaller than for cast tinbronze. It was also
established that calibrated porous bearingé?ave a smaller coefficient
of friction than those machine finished. This should be explained by
deterioration in the quality of surface and decrease in strength and
binding of porous metal when machine finished. Figure 157 shows,
according to the data of ENIMS, the relation of the coefficient of
frictlon and the temperature to load for iron with 25 porosity and
2 percent graphite and with additional lubrication (6). With incresse
in load, the coefficient of Iriction decreasses while temperature in-
creases. Figure 158 shows the relation of the coefficient of friction
to speed for eddy-mill iron with 19 percent perosity when lubricated
by forced circulation at a pressure of 1 atmos;%éﬁr_\{:( 5%y, as can be

seen, 'with an increase in speed the coefficient of friction /(/k at
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first drops very repldly to ite minimum velue of about 0,001 and then
again grows 80 that it achieves its meximum value at & speed of gbout
2 meters per second, after which it once more drops somewhat. The
decrease in the coefficient of frictlon for speeds above 2 meters per
second is explained by Geydebrok ss due to the heating of the oils

. !
’ 7:» y._/.,_,{,vﬁ w t‘{ e AR 4 T /{ ,;' /M‘ ¢ Buind /),]y
|
{

..suu..u(r CEm Mthf(’ﬁ

l | . l T MMMW:” /‘:»jf-aq‘ IR i Hanea
= :(,':" ”{i 7
Figure 157. Relation of the Goefficlent of Expansion ( A ),
Moment of Friction (M) snd Temperature (t) to Specific Pressure (»

(Ginsburg)
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Figure 158. Relation of Coefficient of Friction to Peripheral

Speed (158).
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1f the coefficient of expanslon for cast bronze s larger even
with coplous lubrication then that for porous lron, then with scanty
1ubrication this discrepancy would increase still more. Comparative
Leste ab one plant (6) showed that with scanty lubrication porous iron
is from the point of energy 2=3 times more economlcal than cast tin

pronze. With small loads the expended energy (in watts) was 3,1k«3.39

when grease wes used, 8,65+2. Tk with grease and 50 percent oily LeG=Bel ¥id

upon removing Jubricant from neck of shafl, 2,06-2,16 with uwninter-
rupted spplication of oil (20 drops per minute), and 5.6=5.5 with lu-
brication discontinued. For ivonegraphite it was 171,57 with
periodic applications of oil, 2.92 with continued application of oll

(20 drops per minute), and 1.L47 after discontinuing 1ubrication.

Tt can also be seen from the data presented that supplying oil
from an outside source for porous materials did nobt lower expenditu}ce
of energy but, quite the opposite, increased it conelderably (twice)
as compared to lubrication with the supply of oil contained in the
pores (capillary 1ubrication). This interesting phenomenon of 2
growth in the coefficient éf friction through application of supple~
menbary lubrication has been observed more than once in the perfor=

mance of porous bearings with small loads.

The constant presence of adsorptive ( capillary) lubrication in
porous bearings lowers the actuating coefficient of friction and elim-

inates manifestations of dry friction.
(o) Wear

Wear from operation both of the porous bearings and of the
than
shaft is less/for cast antifriction materials, such as tin bronze and
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babbittv. This is explained by the absence of dry {riction, thanks 1o
the constant presence of oil in pores, the insignificant value for the
‘ coefficlent of friction, and to good accommodative abllity of porous

material.

Table 3L shows the sesults of relative tests on porous mate-
rials (2530 percent porosity) and babbitt alloys carried out by
Professor Saytsev. They show that wear of the bushing, shaft (ring),
and the coefficient of friction were considerably smeller for porous

materials than for cast bebbitt alloys 6).

[See following page for Table 34]

Numsrous performance tests on porous iron carried out by
TsNIITMASh (6) showed that .in the majority of cases wear on porous
bearings was smaller (larger only in very rare cases) than for cast
antifriction materials. Thus, in comparative tests of porous iron
and graphite on electric motors having a capacity of 15 kilowatts
lasting 300 hours, the results obtained were as follows. Slack ab
the beginning of the test was 0,05 millimeters for both b abbitt and
iron-grephite. At the end of the experimemt it was 0,10 to 0.3% for

babbitt and 0.05 to 0.07 for iron-graphite.

Such insignificant wear assures & prolonged preservation of

exacbness in dimensions end a long 1ife for porous bearings.
(e) Accommodation

The experiments of TsNIITMASh on relative accommodation showed

that iron-graphite has better accommodation than bronze, considerably

i
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: -fable 3h. HESULTS OF HRELATIVE TESTS OF POROUS MATERIALS ON AN "AE" MACHINE CARRIED OUT BY PROFESSOR ZAYTSEV

(Speed of 10 Meters per Second, Lubrication with No 3 Spindle 0il)

10-hour Test with Weare after 12 hours®
p = 50 Kilograms per operation
square centimeter in millimeters

2-hour Test with
p = 25 kilograms per
square centimeter

Increase in

Inerease in
Temperature Coefficient Temperature Coefficient . Friction
in Degrees in Degrees Bushing
Centigrade of Friction Centigrade  of Friction Ring
0,018 40.7 0.013 0.y 0.6
.5 Percent Craphite 0.026 36.2 0.01L 0.3L Ouls
Porous Iron-Graphite with
" 1.75 Percent Craphite 25.6 0.026 33.8 0,016 0.37 Oy
“porous Tron-Graphite with
9 Percent Graphite and
' 7 Percent Copper 32.3 0.016 39.8 0.010 0.30 0.0
“pabbitt B-83 26.8 0.057 33.1 0.033 9.0 2.5
" Babbitt B 28.7 0.042 35.7 0.02L 11.0 0.0
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better than its aﬁbs‘oitut.ea, and approximately the ssme as Ioxr
Babbitt B=83. For example, when t esting bushings at a peripheral
speed of 2.2 meters per second with copious lubrication and stepped
increase in load (by 3 kilograms per square centimeter) up to 16,7
kilograms per square centineter, the time of accommodation for
schieving a stable heat temperature was 6 hours and LS minutes for
Babbitt B=83, 8 hours and 20 minutes for cast tin bronze, 7 hours and
20 minutes for ironegraphite with 25 percent porosity on a none
tempered shaft and 6 hours for a tempered shaft., The good accommode=
tion of perous bearings is to be explained by plastic deformation

caused by change in the volume of pores.

It should not be thought, however, that the accommodation of
metalloceramic meterisls increases without interruption with g rowth
of porosity. Tests carried out by Sushkina aﬁd Korolenko at TsNIITMASh
showed quite the opposite, that sccommodation for iron-graphite with
30 percent porosity is worse than with 20 percent porosity. Thus
materisl with 20 percent porosity was accommodated at the end of
7 hours and Lt O minutes and with 30 percent porosity only after 9
hours and 35 minutes. 'fhis menifestation should be explained by the
drop in adhesion and strength of material with growth of porosity
leading to disintegration of the metal at the surface of friction,
crumblin: of the particles, and prolonged accommodation. Thus, there
exists an optimum porosity which probably depends on the kind of

naterial and on test conditions.

Materials from coarse powders have worse accommodation than
those from fine powders. This is to be explained by the smaller ad-
hesion and strength of such msterials and also by the fact that in

such cases deformation occurs to larger sized unevennesses.

SR

forctres
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The good accommodation of porous metal increases the quality
of surfaces Thus investigations carried out by TsNIITMASh ghowed the
gize of unevennesses On the surface of tin bronze to be 5=6 L7 7 and of

porous iron 045-1 M+

Good accommodation and apality of surface in their turn
exert a veneficial influence on other antifriction properties of
peTous naterials, guch as lowering the coefficlent of friction,

wear on bushing and shaft, and increasing permissible meximum loadse
(a) HMaximum Loads

Figure 159 shows relative curves of the relation of permis=
sible loads to the rotating &peed for cast and porous bronzeé (167).
Tt can be seen from these curves that with low speeds permissible
loads are greaber for porous Lronzes, especially those fabricabed
from fine powders with small pores, than for caste This feature
holds true for work either with suppls mentary lubrication or with
lubricants existlng in the pores. The magnitude of permissible 1dads
of porous pearings ab low speeds does not change with the addition of
supplementary lubrication. wWith increased speeds, supplementary
Jubrication increases the size of permissible loads. Moreover, at

high speeds loads for cast bronzé are higher than for porous bronzeé.

Mann explains this discrepancy from the point of view of the
hydrodynamic theory of lubrication. An urnbroken oil film cannot be
formed at low rotating speeds. For this reason porous bearings whose
1ubrication reaches the surfacs by way of numerous capillaries are

capable of working with greater loads. Especially good results in
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this connection have been obtained with bearings made from fine powders

and with a greater number of swall pores. With increased speeds en un=~
proken f£ilm forms on the surface of cast bronze. FPores in metallo~
ceramic bearings bresk up continuous surface and interfere with the
formation of a continuous f£4lm. Moreover, & porous surface from the
purely mechanical point of view can support a smaller weight than a
solid surface. It is for this reason that at high speeds the values

, for permissible loads are smaller for parous bearings than for cast.

Hydrodynamic theory without doubt can explain only & portion
of the manifestations observed in working with porous bearingse There
should also be taken into consideratlon differences in heat conduective-

ity, accommodation, and other properties of porous snd cast bearings.

Figure 159. pv Curves

a. cast bronze; b. baked bronze without supplementary lubrica~

tion; c. and d. baked bronze with supplementary lubrication (167).

Elimination of heat 4s most important at high speeds. Heat conduc-
tivity is smaller for porbus materials than for cast. This factor
mst result in a decrease in the size of maximum loads for high speeds.
Accommodation of porous bearings is greater than for cast, even at
high rotating speeds. In this connec‘oibn it should also be taken into

consideration, as pointed out abowe in point ¢, that excessive poros-

ity does not increase but decreases accommoda’dion. For this reason
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with a sufficlently adequate lubricablon carrying away the heat and a
proper degree of porosity ghould cause meximum loads of porous bear=
ings to be undoubtedly higher than for cast even at very high speeds.
Figure 160 shows functional curves of loads p and rotational speed
v for porous iron (158). These tests were carried out without sup~
plementary lubrication and with drop lubrication and a forced circu-
lation at a pressure of 1 atmosphere { Y. It can be seen from the
curves that the velues for pv were very high (up to 700 kilograms

per square centimeter«meters per second) with forced cireulation of

lubrication.
/4’/. /‘,\ 4‘ f‘ﬂ, Foy k
%
crre 9 Ry €

Figure 160. pv Curves for Porous Iron (158).

1. eddy-mill iron, medium-sized powders; specific gravity 6.h
grems per cubic cenﬁimeter, calibrated, complete lubrication after
prolonged accommodation; 2. ‘the same, after accommodation of 3 hourss
3. the same, drop Lubrication; L, the same,'ﬁithout added lubrica=
tiony 5. eddy-mill ironm, fine, specific gravity 5.8 grams per cublc
centimeter, machine-finished, without added lubrication; 6. eddy-
mill iron, coarseg, specific gravity 5.8 grams per cubic centimeter,

machine~-finished, without added lubrication; 7. reduced iron, spe-

cific gravity 5.5 grams per cubie centimeter, machine-finished, vith=-

out added lubrication.

R R
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With drop lubrication (10 drops per minute) and capillary
lubricetion (from supply contained in pores) p values were smallers
It should be pointed out that these experiments did not disclosc amy

' particularly large differences between the action of capillary or
drop lubrication. In the case of the densest specimen which had 19
percent porosity, PV velues rose up to LOO grams per square centi~
meter-meter per second (p being approximately 135 kilograms per
square centimeter and v inthe vicinity of 3.1 meters per second) .
Coarse powders gave considerably lower velue for maximum loads than
fine or medium powders. Load magnitudes were greater for calibrated
than for machine-finished bearings. Bearings from eddy-mill iron
gave better results than those from reduced iron; values for PV
decreased with increase in porosity. This behavior may be explained
by differences in accommodation and adhesion (accommodation and
adhesion are lower for bearings from coarse powders obtain by reduc=
tion and for bearings which were machine finished and had greater

porosity).

The comparative tests: carried oub at TsNITTMASh on porous
iron-grophite (sbout 25 percent porosity) made from powders of re-
stored iron and electrolytic porous bronze, on cast tin bronze
0Tg»10-2, and on Babbitt B-83 with a lubrication of 80 drops per
minute and a speed of 2,2 meters per second gave the followlng re-
sultss For Babbitt B-83 pv was 222, for bronze OTs-10-2 pv was
53, for iron graphite from electrolytic iron with 1 percent graphite
content pv was 8l and with 3 percent graphite content it was 109,
for reduced iron with 2 percent graphite content, and for porous

bronze Oilite pv was 39 kilograms per square centimeter-meters per

sk
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gecond, Thus PV yalues were larger for porous pearings with an iron

vase than for cast tin bronze.

On the basls of the agreement existing between Laborstory and
production experiments it may be said that pv 1s 20-25 kilograms
per squere ~centimeter-met‘arﬂwper second for materials with an iron base and
and 25 perpcehl porosi‘by’getting poor lubrication, while PV equaled
70-100 when there was coplous Jubrication. With further improvement
in material and decrease in porosity, PV values, &8 Geydebrok's
experiments have shown, should increase even more under conditions of

copious 1lubrication.

Maximum load abt very low speeds may exceed 1000 kilograms per
square centimeter by a significant margin (Table 36). Sppeds at which
bearings may operate under conditions of poor lubrica’cion‘ should nob

exceed 5 meters perx second (6),
Installation and Use of Porous Bearings

Porous bearings are fabricubed as details with precise measure=
ments whose tolerances for dismeter and length usually fall into third
or second class of accuracy (Chapter ¥I1I). The finishing and in-
stallation of porous bushings into sockets was described in Chapter VII
(page 17T1).

With respect to the size of tolerances cervain contradictions

exist in data.

Together with indications that tolerances for porous materials
should be smaller than for cast bronze (6) there also exist indica=

¥ions that they should be laerger (162), inasmuch as the special mech~
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anism of lubrication for porous materials demsnds a sufficiently
great thickness for the oil film making it desirable to have large
clearances, To sll appearances (6, 7), clearance norms depend also
en the size of grain and on the products of weare They should be
larger for coarse powders than for fine, Furthermore, the amount of

tolerance should probably be increased for large values of pve

The following 'b§lerexlices have been recommended: porous
bronze == lé/(,k + 0,08 percent dj porous iron =e 20/W+ C.l d; and
porous iron~copper =~ 35 )/v + 0.17 percent d, vhere d is the diame
eter of the shaft. Geydebrok recommends a tolerance of not less than
042+0.25 percent of the diameter of the shalt for porous iron. In
our opinion, the norms recommended by Geydebrok are best stuited for

the more heavily loadsd bearings.

With insignificently small pv (uwp to 6 kilograms per squave
centineter-meter per second) it is not necessary to build in within
the bodles of bearings slots and supplementary oil reservoirs.
Lubricents included in thg‘e pores of a bearing sre sufficient for
several months of operation. With heavier loads it is necessary to
have regular feeding of iubrication. Oil reservoirs may be built in

the body of the actual bearing as shown in Figure 161.
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Figure 161, Left == Ordinary Porous Bearings Rlght -- With

Lubricant Reservoirs.

Figure 162 shows model designs of frictlon joints with Lubricant
reservoirs. The Lubricant is supplied through the outer wall of the
bearing and passes through pores to the inner wall (capillary Ivbri-
cant feeding)e For values of pv above 25 kilograms per square
centimeter»méter per sscond there should be used the regular methods
of supplying supplementary lubrication. There 18 also attained for
such cases economy of 1ubrication, zlthough it ig less effectdve. In
capillary lubrication economy 18 quite considerable (Several tens of

tﬁ.mﬁﬁ)o

Figure 162. Different Types of Capillary Lubrication for Porous
Beaxrings.
A and B == with upper 04l reservoirsy C =- feeding by means of en

ciled wick; Dy, E and F == ring reéexvoirs.
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Figure 163, Testing Curves for Porous Bronze Impregnated with
Different Iubricants

1 - oil with 1650 viscosity at 38 degrees Centigrade, according
to Seybolt; 2 - 660 viscositys 3 . 102 viscosity; U - 53 viscosity

(191).

Figure 163 éhaws the results of tests on bronze with 27 poros-
ity and pv of about 18 kilograms per square centimeter-meter per
second, saturated with oils of different viscosity, without a supple-
mentary supply of lubricant. Viscosity gave the same effects as for
ordinary materials, i.e., the coefficient of friction and temperature
decreased with lowered viscosity. However, it should be kept in mind
that with lower oil viscosity there is a decresse in the maximum size
of permissible loads (in Figure 163 the bearing with the least viscous

lubricant, No L, went out of commission after 220 minutes).

i
|
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Tests carried out by TeNIITMASh showed thaet with smell and
medium values for pv it is preferable to use somewhat less viscous

lubricants then for the ordinary cast materials,

According to data existing in literature, oils used abroad in-
clude SAE 20 (viscosity abt 98.9 degrees mccording to Engle being 1.8,
at Shel degrees L.7 and at 37.8 degrees 7.5) and SAE 30 (viscosity at
98.9 degrees according to Engle being 2.0, at SL.ls degrees 7.5, at
37.8 degrees 15.8).

Application of Porous Bearings in Industry

Forous bearings with an iron base may be used with adequate
! lubrication in all joints whose values of pv do not exceed 70-100
kilograms per square centimeter-meter per second; in the absence of
acute shock loads. With inadequate lubrication pv values drop to
20-25 kilograms per square cenbimeter-meter per seconds The use of
porous bearings should be avoided under conditions where there is
direct contact with water. Porous bearings give good performance

under conditions of both increased and decreased temperature,

For example, bearings are used in the conveyer of a breade
baking eradle [lyuliko-podikevaya] oven with a load of 50 kilograms
per square centimeter and a speed of 0.01 meters per second at a
temperature of 250300 degrees and in s steem atmosphere. No bearing
made from cast antifriction material could work under such onnditians.
Bearings made from porous iron-graphite perform satisfactorily in
such ovens and have a life length exceedihg #ix monthe (6). Bearings
of textolite and bronze for roller conveyers of a large«sheet mill

would not work because of the high temperature and scales. Bearings
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of porous iron gave satlsfactory service exceeding 7 menths on the

same roller conveyers.

I% is eepecially desirable to use porous bearings in the fol-
lowing instances:

(1) Where it is difficult to provide regular lubrication;

(2) Vhere a lubricant must not get into & product (textile
and food industries);

(3) Presence of dust in surrounding atmospheres
(4) Frequent starting and stopping:

(3) Considerable loads at low speed (directing bushings,

bearings for shafts with reversible robation, ebe)s
(6) Mass production of bearings with specific dimensions.

Below 1s given a condensed listing of the application of
porous antifriction details in different branches of industry.

/

sutomobiles: sleeve pleces, spring liming, brake shoes, trans-
mission shaft, cam shaft, ventilator fan, waber pump, throttle, steer=
ing gear, pedals, coupling, universsl joint, electrical equipment,
shock sbsorbers, bumpers, windshield wipers.

Tractors: ventilator fen, water pump, oil pump, dynsmo drive

gear'e

Adreraft: control bearings of auxiliary instruments, ete. Up
o L4OOO details are used in present-day four-mnotor bombers.
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Machine buildings auxiliary bearings for lathes, shavers,

cutters, drillers, woodworking lathes, and presses,

Agricultural machine building: bearings for straw cutters,

binders, mowers, straw presses, etc.

Lift-transport machine buildings in cranes, hoists, conveyers,
lifts, etc. The operational life of porous iron bearings was eight

times longer than for ball bearings in conveyers of the coal industry.

Textile industry: in weaving looms «= bearings for crank and
blade shafts, cylinder stands for ringspinning frames, spindle foote
step bearings, feed cylinders, printing machines, wringer, ribbon

machines, etc.

Electrical industry: generators and electric motors (0,05«

15 kilowatts), fans, etc.

Transport machine buildings yard locomotives, pit locomotives,
cars for caryying slag, inserts for steel supports of cars with 116

ting platforms, etc.

Metallurgy: bearings for roller conveyers of rolling mills,
large-sheet mills, blooming mills, bearing inserts for rollers of

steel-casting cranes, cars, etc.

Other branches of industrys food industry, gas engine pumps,

motion picture apparatus, precision machine building, consumers' goods

instruments (vacuum cleaners,  washing machines), ete.
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Use of Porous Details as Elements in the Construction of Bearings

Recently porous metalloceramic separators (Figure 2) have come
to be widely used for ball and roller bearings. The use of these |
separators, which are impregnated with a lubricant, has made it pos=
sible to produce enclosed sealed-type, free-play bearings containing
& lubricant supply intended to last for their entire length of serw

vice, Such bearings are widely used in aircraft, automobiles, etc.

These separators are prepared from porous bronze and iron.
Very favorable results are being attained with porous iron with 12-20
percent poresity, 30-50 Brinell hardness, resistance to fracture up
to 20 kilograms per square millimeter, and an elongation of 2.5-L.5

percent.

The dn output (d being the diameter of a shaft in milli-
meters, n the number of revolutions per minute) for ball and roller
bearings with porous separators can reach 300,000-700,000 millimeters

revolutions per minute.

The advantages of porous separators become particlﬂarq.y
noticeable with frequent starting and stopping. The ball bearings
with ordinary separétors in the pressure mechanism of the clutch of
a passenger automobilevwere not able to exceed more than 178,000 .
clutghing operations. Ball bearings with porous separators stood up

for 2,5 million operations -- 1L times more.

At the present time there is a tendency to replace free-
rolling bearings with sliding bearings in a series of points.: There

are being used for this purpose short bushings with a 0.3-0.5 ratic
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of length to diameter and with smooth inner walls withoul lubricating
glots (351). It s precommended that lubrication be applied to such

bearings (151) by removing the outer porous-iron ring (Figure 164).

The porous materisl in such a case operates as a sort of wick
or filter, We list one more example! The surface of a complex form
for a special design was not accessible to lubrication. As a result,
porous rivets weighting 0.05 grams were used that had been impregna=

ted with olls

Figure 165. Use of Porous Tron for Introducing a Lubricant to

Slide Bearings.

1 - bushingy 2 - porous iron.

B. COMPACT ANTIFRICTION MATERIALS

The most important of compact metalloceramic antifriction
alloys consists of a steel band with copper=-nickel and babbitt
layers (170-19L), the so-called "triple-layer" material. Figure 165
shows the structure of such material. Thefe is presaed‘onto the sur-
face of the steel band a powder mixture of -copper and nickel (about

60 percent Cu, 100-200 mesh size, and L0 percent Ni, 80-100 mesh size).

g
]
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The nickel in subsequent sintering lncreases the adhesion of copper
particles to the steel base. The thickness of the metalloceramic
layer is sbout 0.5 nillimeters. After sintering the pores of the
metslloceramic subleyer sre impregnated in a vacuum with melted lead
babbitt, the surplus of which forms the third surface antifriction
layer with a thickness after machine finishing nob exceeding 75

(for certain uses even 20 /AJV).

Figure 165. Triple~layer Materials
1 - steel layer; 2 - copper-nickel layer, impregnated with lead

babbitty 3 - lead babbitt layer (194). [Photo]

The antimony and tin content of the impregnated alloy should
be considersbly smaller than for ordinary lead babbittt (in order to
decrease the reaction of antimony anci tin with the copper-nickel
skeleton). According to published naterials (170), the alloy for pur-
poses of impregnation contains 93 percent Fb, Iy percent Sn, and 3 per=-

cent Sbe
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Figure 166. Relation of Resistance to Fatigue to the Leyer of

BMN Babbitt at a Computed Stress of 7, qpy W g Kilograms per

Squere Millimeter '(Krushchov).
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Such an alloy has coneiderable advantages over regular
babbitte with a high tin content or a lead content. The principal
defect which prevents babbitts from being used in crank or connecting
rod bearings of modern engines is thet they crumble as a result of
the formation of fatigue cracks. Different measures for dealing with
fatigue in babbitts are brought together in a book of Khrushchov's

(125) entitled Fatigue in Babbitts. One of the principal measures

consists in decreasing the thickness of ‘the babbitt layer, which in
turn increases its fatigue resistance (Figure 166). However, a num-
ber of considerations go against any considerable decrease in the
thickness of the babbitt layer below 500 M when using the usual
way of lining the ‘steel or cast-iron base (125). Babbitt does not
adhere with sufficient strength to the smooth surface of the steel
base. Shafts often bend with high loads and speeds. A certain
thickness is required for the babbltt layer so that it can adjust
itself to deformetions caused by the sagging of the shaft without
laying bare the steel base of the lining. Finally, when the thin
layer of babbitt wears out it lays bare the steel base and the bear=

ing thus goes out of order.

Such defects are eliminated in triple-~layer bearings due to
the presence of the metalloceramic sublayer. In their case the adhew
sion of babbitt to the metsalloceramic skeleton is considerably
greater ihsm for a comparsble steel surface with ordinary lining.
Surface unevernnesses of a copper-nickel skeleton hinder the spreading
of fatigue cracks. The metallocarami‘c sublayer (lead bronze) is in

itself a meterial with exceptionally high antifriction properties.
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For this reason it is possible to greatly decrease the thickness of
the babbitt layer (up to 2075 /W ), inasmuch as the baring of the
metalloceramic layer through wear or as a consequence of bending of
the shaft is not connected with harmful after-effects. This factor
makes it possible to considerably decrease the thlckness of the
babbitt layer and at the same time considerably increases its fatigue

resistance,

This triple-layer materisl has been in production since 1940
and is used for crank and connecting rod bearings of automobiles and
aircraft engines and diesels, Its fitness was put to a severe tests
during the war, It has been shown that this materisl can work with
loads that are 15-20 percent higher than for the best babbitts of
high tin and lead content. The rated lozd for this material is sbout
1o kilograms p;r square centimeter under normal conditions. To give
precise limiting values for pv is very difficult for this material.
It has performed excellently in many joints at pv values exceeding
2600 kilograms per Qquare centimeter per meter per second. Triple=
layer materlal has not given satisfactory results in some Jjoints with

pv below 1000 kilograms per square centimeter-meter per second.

Several research works have been devoted to metalloceramic
lead bronze (167). It is quite probable thét powder metallurgy will
be able to decrease the difficulties of its fabrication as compared
with cast lead bronze. Certain data has already been given abové
relating to the properties of special bronze having 12 percent poros-
ity, with 2.4 percent Ni, 0.8 percent Si, 0.3 percent P, the rest
being copper. With a specific gravity of 8.4 grams per oubic cenﬁi-

meter, it has a 75-80 Rockeell B hardness, a resistance to rupture

hp
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of sbout LO kilograme per square millimeter, and gave the seme results

in antifriction tests as the bronzes with 12 percent porosity (page 202).

At the present time there are being produced guide bushings for
valves of internal combustion engines made of brass with a large
quantity of graphite. These give better than 500 hours of performance
at 430 degrees without lubrication. Guide bushings of cast materials

could not operate under the same conditions in excess of 50-75 hours.

Compact bearings of steel shavings (194) are being used in the
automobile industry in place of antifriction iron. They are less
expensive and superior in quality (show less wear). The technology
of producing these materials has been described on page 169, The
properties of comﬁact alloys on an iron base as produced by this

method (19L) are given in Table 35.

Most interesting is the wide industrial use of meballoceramic
slloys with a tungsten cerbide base as an antifriction materisl (172)
for bearings operating under very aggravated conditions. Thus, in
machines used for grinding hard glloys with diemond disks working at
a speed of 10,000 revolutions per minute ordinary ball bearings last
gbout a week (172). Bearings from hard alleys coupled to the shaft
with a hard alloy nozzle (Figure 167) operate fov more than a year

with a wear of 1.0
Figure 167. Bearings Made from Hard Alloys [Photo].

See following page for Table 35.
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Table 35. MECHANICAL PROPERTIES OF COMPACT ALLOYS WITH AN IRON BASE (19h)

Original Material specific Gravity Resistance to Yield Point Elongation Reduction in Rockwell B
in Grams per Rupture in Kilo- in Kilograms Neck Area in
Cubic Centimeter  grams per Square per Square in Percent Percent Hardness
¥illimeter #illimeter

Roughly ‘granulated
Steel Shavings 7.79 38 26 11 13 59=7h

Fine Iron Powder
from Carburized

Steel Shavings 7.78 39 2% W 13 61-68
]
o The Same, with 0.25=
£ 0.3 percent Graphite 781 52 36 23 32 Th-85

Tron Powder from Reduced
Scales (Okalina) 739 78 23 3 3 67-82

The, Samej with 0.25=
0.38 Percent Graphite  7.LO 39 31 L 5 66=Th
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A caveful polishing of the surface of such bearings with dlamond
paste or alloys 1s necessary. Kerosine with colloidal graphite is

used as a lubricant.

Copper-tungsten alloys (page 259) are used on a limited scale

in bearings through which electrical current is conducted.

C. ANTIFRICTION MATERIALS CONTAINING NON-METALLIC COMPONENTS

There is no doubt that the combination of plastics with metal
powders in sntifriction materlels presents a certain interest (7).
Such a union makes it possible to combine heat conductivity and ac-
commodation of metals with resistance to bimding on the parts of
p).as’oics. Two possible ways exist for producing such materials:
impregnation of the sintered metal skeleton with plastic and using
metal powders or shavings as a filler for the plastic. The future

should demonstrate the possibility of their industrial application.
7/

In finishing (194) porous materials with an iron base by means
of steam at 500-600 degrees, iron oxide forms on the surface of par-

ticles according to the reaction
3Fe + LHy0 = Fe30) + LH,

Steam treatment considerably increases resistance to corrosion,
hardness (up to 100 Rockwell B hardness), resistance to deformation
and rupture, and the yield point. Resistance to rupture and compres-

sion decreases somewhat du.t-ing steam treatment.
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Porous iren treated with steam is used as an antifriction
material in those cases where there is required great hardness and an
increased resistance to deformation, corrosion, and wear for work in
high temperatures, in a moist atmosphere, in sharp varlations of teme
perature, eic. (for conveyer rollers of furnaces, rollers for re-

frigerators, etc).
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Chapter XTI

FRICTION MATERTALS

The steady progress of technology in the field of aviation,
autowtractor industry, tank building, etc., 18 connected with the
speed and Cargo=~Carrying ability of machines and for this reason
makes continually heavier demands on braking materials, Ib may be
mentioned by way of i1lustration that when testing metalloceramic
friction materials for use in airplenes braking must reduce a ro=
tation of 20,000 revolutions per minubte to zero in less than 0.l
second, Fricbion disks sometimes heat up to 550 degrees and MOre,
while specific pressure reaches 70 kilograms per square cenbimeter.
For this reason purely metallic materials (such as iron) and none
metallic materials are not suitable for severe conditions of work.
High-quality friction materials must be nsces:sari.ly composed both
of metals with high heat-conductlivity and accommodation and of non-
metals which would increase resigtance to seizing during friction
(graphite, gilicic acid), Such materials, ‘sometimes including
up to 30 volumetric percent/of non-metallic components, mey be ob-
tained only by the methods of mebvalloceramics, The inclusion of
non~metallic cﬁmponents’ necessarily lowers the stgength of the ma=-
terial. Metalloceramic friction meterials for this feason are uged
in the form of a layer or lining on.a steel supporting layer (disks,
bandg, shoes, etc,). The combination of a metalloceramic layer
with & steel support is ugually done during the fabrication of the
material -- during sintering under pressure (Chapter VII, page
16l of original text). For better adhesion to the layer of metal-

loceramic bronze the steel supports (disks) are subjected to @

D . . N . N N : . ‘
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preliminary electrolytic copper plating. Sometimes there is also
used & mechanlcal joining (rivet:l.ng) of meballoceramic facing to the

gteel support.

Figure 168 shows the design of "bimetallic® friction details

foy brakes and clutches.

A rather large number of erticles have been published on the
fabrication and application of metalloceramic friction materiels,
including the works of Rybal'chenko (107), Rostarchuk (105), Kras-
nokutskiy (63), Gardin (32), and others (191). These articles;
however, hardly mentioned the quantitative characteristics of the
properties of netalloceramic friction materials. This factor is
due on the one hand, to the use of such materials in bimetallic
form (a metalloceramic layer on a ateel support), and, on the other

hand, to their military value,

Figure 168

Brake and Clutch Bimetalllc Friction Details.
The following demands are made of highequality metallocera=
wic friction materialss

.gufficilent magnitude of the coefficlent of friction and its

constancy during temperature variationss
Lovw wear azicl‘very long length of servicej
Smooth braking withoub jerking;

Adequate strength o withstand centrifugal, shearing, and

other forces in braking
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proliminary electrolytic copper platdng. Gometimes there is lso

uged 8 mochanlesl jodndng (1ri.ws't,1n;_r,) of netelloceraudc leciny 46 the

pteel supporte

Mure 168 shows Yhe deslyn of "dmetalllc? friction detells

ror brakes ard clubsched.

A rather lerpe mumber of wrticlos have been published on the
fabrication and appllostlon of metallocersmic frichlon matoriel.s,
tneluding vhe works of Ryl t chenko (2.07), foetarchuk (108), Kras-
nokutekly (63), Gardin (32), amd others (191), These articles,
however, hardly mentioned the quantitative charactorietics of the
propertles of metallocoramle frictlon natoriele, Thle factor ie
due on the one hanci, o wne uge of much nateriels in Wimetalllc
form (4 metelloceremic layer on a gtog). support), and, on the other

nand, to thelr milibary values.

Myure 166

prake snd 0lutch Huetalllec Priction Details.

The followlng demands are mede of hdgheguallty motalloceri

mhe friction meterisle:

gufidelent magnitude of the cosfficlent of friotion md Lte

wongtancy durdng Lomp erature varievlonss
Low wear sud vewy Loug length of mervicej
gmaoth breking withoub Jericings

Adsaguate Mranéth to wiltheband ventrifugel, sheering, and

other foross in brekings
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(In Rybal'cherko's article (L0O7) it is pointed out that resistance
to rupture of the metsl locermd.c layer when isolated Irom its stesl

support 18 about 3.5 kilograme per cuble [sic] millimeters, )

Temperature and vorrogion resistances

High heat conductivitys

Good accomodatinng

High resistence to "gelwing!,

Pregent~day high-quality Irictlon metalloceramic mat\azialé
include 60~75 percent Cu, 5~L0 percent Sn, 615 percent Fe, O-7 peve
cent Zn. One éomposi’oion of this kind contains 73 percent Cu, 1L

percent Pb, 7 perceit Sn, and 6 percent graphite,

The Lasic component of a composition for assuring adequate
heat conductivity is copper (60-75 percent). Tin (5«10 percent)
is an alloying component which increases the strengbh of copper ale
loys and provides for the formation of a liquid phase during baking,
Sometimes 1t is possible to paritially replace tin with zinc, Lead
{615 pezrcént) increases accommodation, resisbance to wear and seie
zing and contributes to smooth brieking witnout Jerks. When thers
is conslderable heat developed during braking, the laaﬁ melts and
serves as a kind of metallic lubwicant (191). Graphite (5«8 percent)
hinders adhesion, seising and wearing of friction surfaces and ine
creases smoothness of braking., Silicic acid, weich sometines is
included to the extent of several percent, just as graphite, lowers
adhesion and selzing of friction surfaces, but in distinction to it,
1t is an abrasive component and thus increases rather than decreases
the coefficient of friction., In this wey 5i0p neutralizes the dow
crease in the coefflcient of i'ricﬁion caused Ly the presence of graw

phite, Irom (191) raises the coefficient of friction and decreases wear,
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The thickness of the metalloceramic layer on disks used in
aircralt usual ly varies between 0,25 to 2 millimeters ard in autoe

mobiles, tractors, tanks, etc., between 2 and 10 millimevers,

The thickness of the supporting steel diek with a metalloce-
ranic layer on one sids only of up to 5 millimeters is 1,6 millie-
meters and for a metalloceramic layer of 5 to 10 millimeters it
is 3.2 millimeters, Disks which have a metalloceramic layer on
both sides have a thinner stesl support, but one which is not less
than 0,8 millimeters. In the case of large segmented disks {with
a diameter up to 900 millimeters) the distance between individual

sections should not be less tham 3 millimeters,

Friction metalloceramic materials started being manufactured
in 1932, The first branch of industry to use these materials was
that of aviation, Metalloceramic friction materials ave being used
for driving and driven disks of clutches for alrcralt engines,
disks of superchargers, airplane bralking disks, At the present
time such friction disks are installed in all American alrplaneg,

These metalloceramic friction materials have come to be uged in the

autotractor industry since 19L0. A%t the present time these materials

are being used for autobuses, trucks (from 1/l to 10 tons) » and oc=-
casionally in passenger machines; Metallocerém‘.c braking materials
have performed in automcbiles faultlessly up to 160,000 kilometers.
In the caterpillar tractor the length of service of main and side

friction disks with a metalloceramic facing has increased 3 times in

comparison with former materials, Metalloceramic materials are being

used in tanks in the brakes of rotating towers, in clutches; braking
cones, plates for automatic transmission boxes, The use of metale

loceramic friction materials is also increasing in other branches
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of industry (in machines for excavation work, in industrial gagw
engine locomotives, locomotives, ‘livi‘ting, cranes, shapers, revolvw~
ing lathes, friction presses, etcs)e Metalloceramic materials in
forging friction presses with a capacity of 1,000 tons have some~
times lasted several tens of times longer than former braking materi~-

als.

Metalloceramics cen also be used in the fabrication of fric-
tion materials on an iron base for lighter conditions of ‘work (ine
gtead of iron shoes, etc.). Thelr use in industry is connected

with a greater decrease in the price of netal. powders.
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Chapter XII

HARD ALLOYS AND DIAMONDsMEIALIC COMPOSLT IONS

A+ HARD ALLOYS

The production of metalloceramic hard alloys, begun about
20 years ago, L5 ab the present time one of the mogt important bran=
ches of powder metallurgye One may gtate without any exaggeration
that the introduction of metalloceramic hard alloys has cauged a
genuine revolution in metal workinges It is sufficient to point out
that thanks to these alloys it was possible during the Fatherland
war to finish by machining artillery shells ten times [aster than
in 191h~1918, Up to l9h;L alloy steels were milled at a speed of
18 meters per minute, The transition during the war Lo cutting
with plates made of metalloceramic titanium~-tungsten hard alloys
made it possible to r"supermil‘.k" alloy steels al a speed of 110w
300 meters per minute, l. €., 6-16 times faster than formerly (3

28, 97).

Metalloceramic hard alloys made it possible to machine iron
with a Frinell hardness of 200 at a cutting speed in excess of 100
meters per minite, medium-Hard steel at a speed of 500 meters per

minute, and light elloys in excess of 2,500 meters per minute (28),

The use of hard alloys is very effective in working metals
by pressure, in drilling rocky and in the munitions industry as
cores for armo/(/-piercing shells,

Composition and Properties of Metalloceramic Hard Alloys

The following varietles of netalloceramic hard alloys are in

existence,
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(1) pLloys containing 80-97 percent wungstben carkide WC and
e belter than

alt ('tuﬂzgs‘ben«cobal'b alloys "VKV ar

3.20 pevrcent of cob

uREM, etCe)e
(2) Aldoys contelning about 97 perecent tungsten carbide and

3 percent nickel.
plex punysien carvides WO and

(3) Alloys heving & Lase of con

rvides TiC with Bal3 P

ercent Co, 5=00 percent TiC, the

tibanium C&
rest being WO (superior to "ioskvah, "TVK!, eltCe)e

(L) Alloys with 97«92 percelt pantalum carbide TaC and B-13
) percent Ramet nickel are ab the present time already obsoletes
(5) Alloys with a base of complex carbides of pungsven, vie

ip which the prin=

tanium, Lantal i,y niobium & d vandivnm with coball,
cipal component ig tungsten caruide (German alloy H2 containing 915
ent WOy L percent Tal, 0.5 percent 76 and WoCy and 7 percent 003

containing 60,9 percent W,
Kemmanetal KM containing 55,5 percent W,

and 10.7 pereent 0o}
Iy percent Ti, and

perc
9.l percent

Kenmametal KH 9 percent 13,
71, and 10.1 percent Coj
10.2 percent Ti,

Kexmametal

13.6 percent 12,
KS containing 62.2 percent W, 1.3 percent Ta,

10,8 percent Coj atc. )e

des of molybdenus and

(6) Alloys witn a base of complex cardl
fantalum with nickel {sergonites containing 39 percent Mos 37 per-
cent Ti, 1 percent cry, 15 percent i, and 8 percent 03 Titanite,

3l percent Moy 38 perc

et Ti, 1 percent 0T, 13.l4 percent

gontaining

Ni, and 13,6 percent G)e

mplex carbides of vanadium and

(o]
n the USSR (101).

&) Allo*ys with a base of ¢
r cobalt as developed 1 ‘

"&itanium with nickel o

o
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During the war bhere were uged in Germany as substitubes for hard
alloys having for their tungeten carblde and carlides of tungsten
and, titanium (Alloy V 81l containing L5 percent TiC, L5 percent

¥C, and 3 percent Co)e

(8) Alloys having & Lage of complex carbides of chromium

Cr3Cp, and 1 tapium TiC with nickel.

(9) There was ws ed during the wax?.n Germany &s a gubstitube
a metalloceramic slloy neving for ilg base aluminun carbide, This
alloy, however, did not glve satisfactory results, Besides the
components indicated, hard alloys eometimes contain rather & congl-
derable quantity of admixtures, Among them may be included iron
(0.21,5 percent) and chromiun (0,0-0.1h percent) waich find thelr
way into the powder witture as a result of the wear of balls and

1ining of ball millse

When beking in furnaces with carbon tubes (Tammann's fur=
naces), admixtures of sulphur find thelr way into hard alloys.
Titanium alloys have considerable admixbures of mitrogen (Alloy F2

with 60 percent TiG contains 1.4 percent of Hp {¥2 21).

Refrackory carbides (WC, TiG, Tag, etc.) in metalloceranic
hard alloys create high cutbing properties, hardness, resistance
to wear, and an abil;ty to function at high temperaturesa Gobalt
and nickel are cementing metals ﬁhich melt during beking (Chapter
V), The presence of & cementing mebal makes it possible to obtain
‘a dense, non=poroud alloyy it inoreases adhesion and the méclmi.cal
strength of.s. material ahd lowers the baking tenperature. Gobalt
as a cemenbing metal gives better results for glloys whose bagic
component‘is tungsten carbide. Nickel is to ve preferred fbr :

alloys uhose basic high content of othe#carbides (Rameb, sergonite,
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Pitenite, ¥ 81L). Nickel is used in place of cobalt because it is
less deficient in &lloys with a tungsten cartide Lase uged for ar-
mor-piercing cores (Chapter XVII). Various other cementing metals
and alloys have been proposed (iron, ferrochrome, additions to co=
belt, copper, btungsten, molybdenum), bub they have not received

industrial application.

Pungeten-cobalt alloys are baked at a temperature of about
1,400 degrees, The baking temperature decreases with an increase
in the content of a cementing metal (about 1,380 degrees with 15
percent Co and 1,420 with 6 percent Co). Exposuré to baking varies

from 15 minutes for small products to 1 % hours for large oned,

&

The baking temperatuve for titanium, tungsten alloys is
bigher. It grows with an increase in the conbent of titanium car-
bide (from 1,500 degrees for Alloy 83 with 5 percent TiC and 7
percent Co up to 1,700 degrees for Alloy re with 60 percent Tic
and 5.5 percent Co). Exposure also increases with the amount of
titanium caz"bide and goes up to 3 % hours for large products ‘

containing 25-00 percent TiC.

T4 tanivm-vanadium hard alloys are baked, according to Rakov=

skiy (L0l), at relatively low temperatures (1,200-1,250 degrees).

Hob pressing gives better resulbs than cold pressing for sube
gtitute alloys having for their base vanadium and titaniwm carbides,

chromium e titenivm carbides, or alumimm carbide,

Fisg,ure 169
Sbructure of the Hard Alloy with 87 Percent WC 13 Percent Co (161),.

[Photo]
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Figure 170

Structure of a Hard Alloy Contadning 06 Percent WC » 5 Percent

Til, and 9 Percent Co (167). [Photo]

Figure 169 shows the typlcal structure of tungsten-cobalt

alloys and Figure 170 titanium-tungsten hard alloys.

The properties of certain mative hard alloys as presented by
Rekovskiy (101) are given in Pable 36, German, sccording to Kieffer
and Hotop (167), and Comstock (1L2) in Table 37, and Amorican, acw

cording to Engle and Schwarzkopf (19k4), in Table 38,

Iitaniun-vanadium alloys having aratio of TiCiVC = 50350 or

30:70 have, according to Rakovskiy (101), 4specific gravity of 5,5
5.7, a resistance to tending of G0-75 kilograms per square milli-

meter, and a Rockwell "AY hardness of 89.5-90,

Alloys having for their base carbides of molybdenum and tie
tanium possess less strength than alloys having for their bage
complex carbides of tungsten and titanium, and for this reason

they are no longer used,

The properties of metalloceramic hard alloys are remarkaible
in many respect, They are inferior in hardness only to diamonds,
boron carbide, carborundum and corundum. But they are not as byi-
ttle as these materialg, The size of their modulus of elagticity
exceeds that of all known metals and alloys and for this reason
they show the amallest degree of deformation under a load, Resige
‘tance to compression is very high for hard alloys, resistance to
rupture and bending adequate, while plasticity and impact toqgh»-

ness are most insignificant,
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Table 36

PROPERTIES OF CERTAIN NATIVE HARD ALLOYS, ACCORDING TG RAKOVSKIY (iCL)

Trademark Composition Specifie Gravity in Ry Resistance to Bending Beat Conductivity in Relation
of Alloy in Percent Grams per Cubic - Hardness in Kilograms per to Heat Conductivity of
W TiC Co Wi Centimeter Square Millimeter Fast~Cutting Steel
VK3 N == 3 = k.9 89.5 105 1.0 - 1.2
VK6 % - 6 - ws 87.5 0o 1.2 -1
VK8 92 - 8 -— 1.3 87 150 1.t = 15
VE6 b e - 6 7 89 125 1.2 - 1.3
. TLOVKLO 86 10 10 - 10.9 = 11 89 125 - 120 -
715 VET M 15T - 11.2 = 11.3 88 125 0.3 = Ol
T21VKT 72 24 1 - 10.5 89 110 0.2 - 0.25

L.
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Table 37

PROPERTIES OF GERMAN HARD ALLOYS (1h2, 167)

15
3 3 4
; g E 4 8 5
5 : e . . s %: 1 5
3 8 3 3 L A o .
@ 9 2 ] d 8
3 5 882 FEE ¥ ggs fg B2 &
= T 3 Hardness 8 o & 2 g -E BB ERR 8 2 il g
T o i s 04 z1d 833 §8 T18 %,
Composition in 3 § é ‘g}, p=} § %5 i § % % 2 $ = 5 j;% : § %
i 5 e S o o =) - 5 5 9
. E Percent g 9 Vickers Rockwell a ;:4‘ 3 W = g B O 8 5 & 5 B 3 g &
s 8§ 2 £ < g 8 © & o 3, B k)
| ‘ ‘ & & B 55 asg &382 2 283 &
<& W& TiC Co Others a S npn
[l el 031 w65 e 18] 9] [20] [11] [22] [13) (]
- 100 - = = 1560 - - 9h=h 30-45 72,200 - - - -
G2 8 - 11 - W2 1400 88.5 185 58,000 0.16 5.5 10-6 0,18 0.03
63 -8 - 15 = 1347 - 87 205 - - - - -
- 180 - 20 - 12,54 - 83-8l - 142,700 - - 0.30 _
B 9% - 6 - U7 1600 91 150 64,000 0,19 5.10-6 0.21 0.05
Rt
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s N 2 B R R 18] [9 [10] (1 112) (23] [

B2 9l.5 - 7 1€ Tac

e
B 0.5% NG
. TRV 91.5 120 - - 0.25
s3 8 & 7 - - ) . )
2 13.3 90 150 59,000 0.15 5.5+10-6 0,26 -
u 8 - 1125 - 90.5 0 - 0.08 642010-6 O
s1 .78 « ] . o )
78 16 6 1115 1600 51 115 514,000 0.09 6410-6 0.l
o - . . A3 0.06
9 25 6 9.9 - 91.5 110 52,000 0.05 0.6
F2 30560 5.5 . 6.8 - 9.5 80 - ]
- - 0.77 -

Note: Alloy HIL differs from Gl by less time of baking,
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Table 38

AMERICAN HARD ALLOYS (19k4)

e

PROPERTIES O
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Pression

aaenbg Jog
sueIHoTTY

UT sousyseey mm

Bending

SEOUPIRYH
nVau TTBMOPOY

guBIn UT

Lataean oTyTodg

Composition of
Alloy

|
|

[10]

[91

[81

[71

[é1

[5]

3] [kl

[2]

~—
()
—

95.5% WC

63,500

625

92.3 o

15.05

45% Co

- - 0.233
- 5,5.106  0.18

57,500

480
380

185

88,5-91
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e
Table 38
FROPERTIES OF AMERICAN HARD ALLOYS (194)
&
o
& E 'g @
2 4 3 A |
L g “ 4 05 |8 § & o 3
. 2 o 5 5 & 5 = b £ 4 2 2 §
B £ 2§ 2 5 g s g = =218 3 g {4
o o Q Q 133 =3 < g © L W Aim
o 2 & & H 4 A 3 LA 3 0 4 28
g = 0 3w :1 - g [ 4 ofl o @ [o]
s i3y A =Bk s 32 3dE 28°S & 2
- - 5] ) o @ o = & g @ 5] =3 =Gl
) o4 o & & & # 5 8 3 = g g g 8 5 o 3=
-1 — w0 (2] D k2l fo X o o
o g ] Q 2 = = - 3 3 ",", a g
Composition of g4 & % 5 To To Com= 5 3 33 %D :F; S § 4 2 3 9
] g 2 S g @ o & @
Alloy & 5 2 2 Bending Pression 58 8 8§ S B 2 o S B 2 .-g
1] [2] 3] L] 5] 1] [7] 8] [91 10}
‘95.5¢ WC
k5% Co 15.05 92,3 - 1O 625 - 63,500 - - -
9NE WC
9% Co .56 88.5-91 - 480 - - - - 0.233
89% wWeC
1% Co 1.0 - 185 380 - 57,500 - 5.5.106 0,18
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f1l [2] 3] L] 5] {61 71 {8} 91 [10]
87% oW .
13% Co 111,15 87-89.5 210 380-LL40 9 56,000 0.652 59410 0.196
80¢ Wt
20% Co 12,54  B85-87 250 385 15 - - - -

Alloy of WC with a Small
Quantity of TiC and 8<13

Percent Co 12,80 90-92.5 175 505 5.1 - - - -

Alloy of WC with a large
Quantity of TiC and 7

-6
0 0 - - 010 -
Percent Co 9.0 92-93 105 51 7

Kennemetal KH With 62.9
Percent W, 9 Percent Ta, L

- - 0.075 - -
Percent Ti, 10.1 Percent Co - 91 11,0-200 185
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[1] 2] [31 [u] [5] [6] 7] [e] [9] 10}

Kennametal KM with 55,5
Percent W, 13=6 Percent

Ta, 1042 Percent Tij 10.7

Percent Co - 9043 195-245 - - 41,000 0.11

Kennametal XS with 62,2
‘Percent W, 1h.3 Percenﬁ Ta
- b Percent Ti, 10.8 Percent

Co - 89.9 220-260 - - - 0.12

L.
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Metalloceramic hard alloys have an exceptionally high resis=
tance to heat. As compared with fastecutting steels, their hardness
and strength decreases relatively ingignificantly upon being heated
to redness. Figure 171 shows that an slloy containing 95 percent
WC and 5 percent Co has a greater hardness at 700 degrees than a
fagt=cutting steel at room ‘oemperatur-e (148). Resistance to bendw
ing of an alloy containing 87 percent WG and 13 percent Co changes
upon being heated in the following mammer (167): at 20 degrees ==
17% kilograms per square millimeter, at 800 degrees == 137, at 850
degrees = 127, at 900 degrees = 105 kilograms per square millie
meter, With respect to resistance to oxidation at high tempera=

tures hard alloys surpass the best heat-reslstant steels.

With respect bo wear, hard alloys surpass by many times all
other known mebals and alloys. In bests involving a jet of steel
sand, wear for metaliocermnic hard &lloys was 58 times less than

for fast=cutting steel and 110 less than for carbon steel.
These properties of hard alloys make them exceptionally adap-

tible for machine and pressure finishing of metals and other materials.

Kilograns per

Square }’Iillﬁmetér
|Fast=Cutting Steel
Centigrade

Figure 171. Relation of Vickers Hardness of Hard A‘.Lloysjpo Testing

Temperature (1L8).

A R R
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Metalloceramic hard alloys have an exceptlonally high resise
tance to heat. As compared with fastecutting steels, their hardness
and strength decreases relatively ingignlficantly upon being heated
to redness. Figure 17L shows that an &lloy containing 95 percent
WC and 5 percent Co has a greater hardness at 700 degrees than a
faptecutting steel at room temperaturé (1L48), Resistance to bend=
ing of an alloy containing 87 percent WC and 13 percent Co changes
upon being heated in the following manner (167): at 20 degrees ==
17k kilograms per square millimeter, at 800 degrees - 137, at 850
degrees == 127, at 900 degrees = 105 kilograms per square millie
meter, With respect to resistance to oxidatlon ab high temperaw

tures hard alloys surpass the best heat-resistant steels.

With respect to wear, hard alloys surpass by many times all
other known metals and alloys. In tests involving a jet of steel
sand, wear for metalloceramic hard alloys was 58 times less than

for fast-cutting steel and 110 less than for carbon steel.
These properties of hard-slloys make them exceptionally adap-

tible for machine and pressure finishing of metals and other materials.

Kilograns per 5

Square I»'Ii.ll:i.tﬁe‘oér

Hardness

P
\Fagt~Cutting Steel

Centigrade

Figure 171, Relation of Vickers Hardness of Hard Alloysjlo Testing

Temperature (1h8).
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With an increass in the quantity of cementing metal there is
a drop in ordinary md red hardness and en increase in the adheslon
and weldability of hard slloys to the cubting metal. TFor this reaw
gon there is a drop in permissible cutting speed ag shown in Flgure
172 with an increase in cobalt content, The disgrams of Mgure 172

show on & logaritimlc scale the relation

Minates

Fast-Cubtbing Steel

:
' 4,‘.'1) Shaving
é Cutting Speed V Meters per

Minute

Figure 172, Influence of Cobalt Content on Cubtting Diagram (179).

Minutes
: |
1
i
Ll
al
v% |
& | Fast-Cutting Steel
tutbing Speed Meters per
Minate

Figure 173, Influence of Titanium Comvent on cutting Diagram (179).

of durability (time it takes to dull cutter) to cutting speed when
machining steel with o) L, & 80 kilograms per squere millimeter, With

no changa in cutting edpe, the cutiing speed during 1 hour is wlmosb
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twlce as groal for an ullpy cantaining B percent Co (120 melers
per mimite) than for an alloy containing § percent Co (58 meters
per ninute) and 7,7 times as great as for fagb~cubilng eteols On
the other hand, the use of 2 comenting netal lncreases strengih
and toughneas of hard alloys. Ib ip for this reamon that with an
{ncreass in cobalit comtent there is an luorease of permissible
gpoed in feading an“/cmptn of cubting, as woll s in the abllity of
the hard alloy to susbain lotervupled culting, ebe,

Tihanium corbide decreases mechadcal sbrength snd btoughness
of hard alloys having for thelr base tungten carbide, On the other
hand, it lowers the coefficient of friction and sticking of the wie
tor to the steel (Table 39). Moreovery an addition of titarium care
bide ircreases resistonce to heat and to oxidetion. According o
Rokovekly (10L), in the case of hard alloys WG = TiC = Co, the ten-
doncy o oxldize im 1,2-2 times lese than for alloys WG - Co, Fliye
ally, o decresse in heat copductivity tarough adding T4C 2« times
1 nleo & benoiiclul Factor in machining steel (The shaving becames
nore heateds while the cutler lessy which malems for easler machining)s
for this resson an incresss in the conteut of T4 trdngs with 1% en
increase of permissible cutbing speed for stecl. Flgure 173 ghowa
that with a 60 minute durability of the cutber, the cubtiing spesd
for carvon s*béal of T w 90 kdlograms per square millimeter for
an alloy contalring 25 percent TAC {200 mebers por second) ia moxe
than & times that of an elloy of WG = GO and more than 10 tdmes
greater than for fusbecutting stesl, However, permissible feeding
and depth of catting decremse with inoreases in the quanily of 140
(decrease in strength and toughness).
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TEMPRRATURE OF ADHESION 10 aIE

Takle 39

IL OF Co, WC, TiC AND THEIR ALLOYS

(WITH STATIC CONTAGT ), ACCORDING 10 pAwTHL (1L8)

Material

Go

WG

TiC
9L% Wey 6% Co

(Aldoy (L)
78% WGy 16%

Tic, 6% Co

(Alloy S1)

Steel
Ty, = 60
Kilograms
per Square
Millimeter

500°

9250

1,125°

6506759

700-875°

steel
g, w2k
Kilograms
per Square
Millimeter

7500

1,000°

1,175°

750°

800-900°
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Tndustrisl Use of Metalloceramic Hard Alloys

About 70 percent of the entire output of metalloceramic hard
alloys i used in machining of metals Wy cubting. About 10 percent
1s uged in treating of metals by pressure, 10 percent for rock dril=
ling, @md the remaining 10 percert for measuring :‘mstrumenfg and

weap=resistent alloyss

At the present time about 50 percent of metal-working by cut-
ting with & single cutting~edge instrument is done with metallocera-

mic hard alloyse

(a) Machine Finishing

The use of metalloceramic hard alloys for machine finlshing
metals and other materials (plasiics, glass, cardboard, electrode
carbon, ceramics, elc.) is connected with the following basic advan-

tages.

(1) A considerable increase 'n the gpeed of cutting and in
the productivity of labor. According to Meyerson and Pravdyuk (78),
the speed of cutting nedium-hard steel with ametalloceramic alloy
containing 21 percent Tic and the guantity of shavings that are re-
moved are 10 times greater than in cutting fastecutting steel. How=
ever, the increase in labor productivity due to a decrease in the
magnitude of feeding md depth of cutting is usually about 10-50

percent.

(2) A higher accuracy in finishing and a betier quality of

surface, These advantages aré connected, on the one hand, with a

greater hardness for metalloceramic alloys both at room and high

Decl: i - iti
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temperature, and, on the other, finishing with sharp metalloceramlc
alloys at high speeds causes less damage to the metal and makes it
posslble to decrease the feed and depth of cutting, which, in turn,
congiderably increases accuracy of finishing. The soecalled diamond
boring and turning of non-ferrous metals, lron, axd steel with hard
alloys is done at cutting speeds of 130-L50 meters per minute, a feed
of 0,02-0,18 millimeters per revolution, and a cutting depth of 0,05
0.25 millimeters. Dianond finishing mekes it possible to obitain de-
tails with a mirror surface with unevennesses to the order of leh !
heving tolerances up to the first class ol accuracy and higher, Ac-
cording to Shakhray the precision of diamond finishing and the qua-
lity of surface is higher than in reaming, broaching, ;rinding, or

honing .

i
(3) The possibility of macft(ning materials with a very high

hardness (up to 5.0 according to Brinell).

(4) In hard alloys the effectiveness of using tungsten (i. €4y
the amount of shavings removed with each kilogram of tungsten being
used) i1s considerably greater than for fastw-cutting steels, This is
explained, on the one hand, by the excepbional wear resistance of
hard alloys, and, on the other, by the more complete use of material
(hard alloys are fabricated in the form of small plabes welded onto
the cutter, instrumental steel in the form of whole cutters)., Ace
cording to Rakovskiy (10l)y tungsten is used in hard alloys ten

‘times more eflsctively than in fastecutting steels.

Hard alloys are used for turning, milling, drilling, shaving,

cubting serew threads, etc.
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At the present time there are belng fabricated hard-slloy
f1les, hard-alloy tips for golasors used in cutting metaly etce;

and lockw=gmibh instrumenta.

According to Rakovekly (10L), tungsten=cobalt alloys col=
taining 15 percent Co can be more effectively used in finishing
iron, with 12 percent Co for rough finishing and rough grinding of
iron, with 3 percent Co ror rough grinding and seml-rough finishing
of iron, for rough finishing snd grinding and semi-rough finishing
of iron and all possible kinds of finishing of carbons, For Iimishe
ing steels, Rakovskiy recormmends the following titaniun-tungsten=
cobalt alloyss with 10 percent TiC for rough finishing and grind-
ing of carbon and alloy steels, with 15 percent TiC for semi-rough
and clean finishing, and with 21 percent TiC for clean and final

finighing.

Tungsten-cobalt alloys (L2, 167) with 6 percent Co (Gl) are
used for finishing iron with 200 Hp, iron with a hard skin, glass,
marble, hard cardboard, stones, etc.y with 11 percent Co (a2) for
machine finishing of iron, non-ferrous metals, synthetic wood with
increased depth of cutting and finishings with 15 percent Co (G3)
for a still greater depth of cutting end feeding in interrupted cub-
ting and finishing of electrode carbons. An alloy with 6 percent
Co and 1.5 percent TaG, VC, and NoC (H2) is used for casting with
hardness exceeding 100 according to Shore as well as for final
finishing of irom and non-ferrous metals., Machining of gteels is
done with alloys which comtain titanium carbide. An alloy with 60
percent TiC (F2) is recommended for diamond drilling and turning,
with 25 percent TiC (F1) for very precise drilling end burning with

a very small cross section of shaving and high cutting speed. AR tg
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alloy with 16 percent TiC (1) is used for finishing steel ab high
cutting speeds and feeds up to 1 millimeter per revolubion, an al=
1oy with b percent TiC (s2) for finishing steel with a cutting

depth 130 percent greater than for g1 with feeds up to 2 millimew
ters per revolution, for interrupted cutting and work on old machincs.
Cutting speeds for 852 alloys are aboub 3040 percent lower than for
g1, Alloys S3 with 5 percent TiC is used under even more severe
conditions of work, in roughing and rough finishing of steel at

feeds wp to 3 millimcters per revolubions and at cubting gpeeds

about 50-60 percent lower than for Sle

American elloys with rantalum and titanium c.rbides (Kenw

nametal, Teole 38) give rather high index in finishing gteel.

‘I‘itanimn-vanédium d loys with a ratio TiC: V(=50350, accor=
ding to Rékovskiy (101) and others (1L72), are good for final fi=-
nishing and clean £inishing c;i‘ ferrous and non-ferrous metals with
an insignificant cross gection of shaving. With larger cross Sec«

tions of shaving these allcys navs a tendency to chip.

These alloys have been used in Germany (1L2) under the same
conditions as Alloy Sly 1o @) for machining steel at a feed of 1
millimebter per revolution. Alloys naving for their vase aluminum
carbide are useful only for machining non-ferrous metals at an in=

significant feed and cutting depths

puring the war effective methods were developed for milling
and turning which are beiny, very ‘successfully used by us at bhe pre-
gentitime (28, 97). The method is based on the use of metalloceramic
herd=alloy cutters with a negative face angle of aboub minus 10 per=

cenb, Wegative face angles make it possible to avoid defects connected

Declassified in Part - Saniti ‘ '
classified in Part - Sanitized Copy Approved for Release 2012/05/07 : CIA-RDP82-00039R000200080601 1

K




Declassified in Part - Sanitized Copy Approved for Release 2012/05/07 : CIA-RDP82-00039R000200080001-1

R

¥

with the brittleness of metalloceramlc hard alloys, The cutting
speed for steel reaches 250 meters per minute and for noneferrous
metals it exceeds the speed of wood workinge A very graphlc exe
ample of effectlve utilization of hard alloys is given Ly Kaplan
(53)s The milling of steel gears with year cutbters with metallo=
cerandc hardealloy replaceable teeth made it possible to increase
the milling speed from 23 hours with ordinary cubtters to 2 hours

per pear, AL the same time the wear of tne instrument increased
so that instead of being in need of resharpening after 280 gears

ag with ordinary cutters it did not have to be resharpened ones

until after §,000~10,000 ;ears had been cut,

(b) Pressure Working

Metalloceramic hard alloys for pressure working metals have
the following advantages over other materials used for instruments,

(1) Considerably less wear and longer period of service
(10-1,000 times). |

(2) Higher precision of dimensions and better quality of
surface.

(3) The possibility of working materials which have a greater
thickness (sheets more than 10 millimeters in thickness).

(4) The possibility of greater deformation in one operation.

(5) Faster workinge

Becauss of the above, me'balloc_eramic hard alloys are being
widely used in pressure working of metals and other materials (plas=
tics, cardboard, etc.) for wire drawplatés, diea, punches, rollers,
etes In view of the high cost and brittleness of hard alloys they are

used in the form of caps and inserts., Figure 17h shows a hard-alloy

]
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die firly set in a bushing made of heat~registant steels

Figure 174
A Hexd-plloy Die, [Photo]

The tougher varieties of hard elloys are used in pressure
working, Rakovskly (101) recommends for stamping hard non=ferrous
metals alloys ol WG with 12 percent Co, for stamping soft non-fer-
rous metals We with 8 percemt Co, for drawing non-ferrous matals
WC with 68 percent Co. In Germany there was used for pressure
working the alloy G2 (WG with 11 percent Co), and much less fre-

quently an alloy with 5 percent TiC and § percent Co (167)e

The followlng examples show the effectiveness of hard alloys

in pressure working of netals.

According to Rakovskiy (10l), when drawing through a steel
drawplate it is possible to produce 80 kilograms of iron wire before
it wears out and through a hard alloy one up to 50 tons (600 times
wore). The period of gervice of a drawplate made from metallocera-
mic hard alloys in comparison with fast-cutiing steel in drawing
beryllium bronze increased by 75 times, Punches from hard alloys
used in stampirg steel detalls cave 50-60 million stampin s (183)
before they had to be re-sharpened, This is 550~650 times more
then by high~alloy steels When stamplng rings from steel used for
transformers having a dismeter of 100 millimeters and a thickness of
0.6 millimeter, the hard alloy punch performed more than half a bil-
lion operations before it had to be regrounds The working speed was

doubled as compared to previous punchess
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A number of examples o: the applicatlon of metal loceramic
hard alloys for pressure working of metals is cited in numerous
srticles (L83), Thus one factory used metalloceramic dies for deep
drewing in 95 percent of the instaices of pressure working., Punches
are used with an inner diameter renging up to 350 millimeters and
welghing up to 50 kilogrems, The use of metelloceramic punchesg
by this plant mede it possible to increase annual output by not less
than 30 percent, to decrease waste by 50 percent, to decrease the
number of operations (strokes) 15 perceat on the average accompanied
by an increase in the magnitude of deformation for one stroke, and
to increase the stemping speed, The length of period of service

for dies increased by rot less than 20 times,

Metalloceremic punchys for safety razors give more of metal-
loceramic hard alloys (length up to 1.meter and diamster up to 150
millimeters) for cold rolling of steel. Harde-alloy roller have a
length of service which exceeds by 50160 times those of steel,
Thelr use makes it possible to produce products of higher quality
-- with a more homogeneous thickness for the sheet and a better

quallty of surface.

There has recently been proposed the use of hard alloys with
a porous surface which are impregnated with oil for pressure wWorke

ing of metals (177).

(c) Mining

Metalloceramic hard alloys are widely used in mining for pere

Recommended for this purposes are alloys of WG with 11«15 percent Co.

@

Declassified in Part - Sanitized Copy Approved for Release 2012/05/07 : CIA-RDP82-00039R000200080001-1




Declassified in Part - Sanitized Copy Approved for Release 2012/05/07 : CIA-RDP82-00039R000200080001-1

Acoording to Rekovskly (100), steel drills in perforation drilling
penetrate about 1 meter per hour. Drille suppled with a hard alloy
with 15 percent Co penetrate under the same comditions 2.5 meters.
The cost of drilling with steel instruments is 210«218 rubles per
100 meters, with hard-slloy instruments 100-L06 rubles. The ex=
pendability of steel teeth for a cutting machine (100) per 1 square
meter of cutting is 1012 and L0-120 times less for hard-alloy ones

-~ 0,10-0,25 unitg,

(d) Other Fields of Application

In view of their high wéar-resistanca, hardness, corrosion
resistance, and large elasticity modulus, hard alloys with 9k per=
cent WC and 6 percent Co are successfully used as tips of micro=
neters and calipers, Rockwell instrument bores, & d other measuring

instromentse

The high resistance to wear and corrosion ad low deforma=-
tion of these alloys make 1t possible to resolve the most varied
technological problems. Alloys contalning ol percent WC and 6 per=
cent Co are generally used for such purposes. TFigure 175 shows
hard-alloy centers and a driving bushing, Hard alloys are also
used for roller bearings, for balls and lining of ball mills, for
polishing disks in the watch industry (167), for nozzles of sand
jets, for valves in the chemical industry, for slide bearings, etc.
(16 ”

Figare 175

Herd-Alloy Centers and a Driving Bushing (167). [Photo]

s
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Metalloceramic hard alloys ave used (53) for tips of measurw
ing instrumente and for terminal Johanson disks (the length of sers
vice is 30«40 times that of steel plates), Hard-alloy sprays for
paint spray guns perform 100 times longer than spreys made of stains
less steel, Hardealloy valves, nozzles, 8prays and other details
are being used with great success ln petroleun oil pumps, apparatuses
for dehydration of frult Juices, milk, preparation of blood plasma,

for relrigerabing machines, etc.

Metalloceramic hard alloys have achleved widespread distrie
buition in the fabrication of hand toolsy files, tips, scissors
for cutting metals and strips, details of manual viges, etc. Thus,
pieces with hard-alloy tips for steel tempered springs made two mile
lisn cuts in comparison with 20,000 with steel tips. The use of
hardwslloy linings and punches in experimental apparatuses made it
possible (25) to achieve a pressure of 100,000 kilogramg per square

centimeter,

The uge of hard alloys under high temperatures is also ine
creaging., Hard-alloy detalls cooled inside by water are used for
tempering safely ragzors under pressure, Hard alloys are used by
one American observetory which, for photographing the sun's spectrum,
uges details wiich are exposed to the rays o‘t"i’che sun after undere

golng ei'beni‘old magnification through an optical system.

B. Diamond Metsllic Compositions

Diamond metallic compositions are made from diamond borts
and splinters and metal powders. 014 pressing and baking or hot

pressing of the same mixbture are used in their menufacture, There
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are usually used in the preparation of these compositions grains
varying in slze from 50 1. bo 2,5 millinetors (weighlng atout 042
carat), (A carat equals 0,205 gram), There are cases where dia=

monds weighing more than 0.5 carat are used (167).

Diamonds usually comprise 5=20 percent of the totel weight
of & composition (167). The following composi tions are used as &

cementing metal material (167)4

(1) Tough hard alloys containing 60=-90 purcent tungsten car-

bide and 10=L0 percent cobalt or nickels
(2) Heavy alloys of tungsten, copper, and mickel (Chapter XVIII)e
; . (3) Alloys with copper or iron as a base.
(L) Hard alloys.

In the last insbance diamonds used in the composition last
longer. waevex‘, in some cases it is desirable to increase the
rate of dismond wear. Then recourse is had to least resigtant
hard alloys W = Ni - Cu and even to alloys with iron or co;per as

a base.

Figure 176

Structure of a Diamond-Metallic Compositions X6 (167)e [Photo]

Figure 176 shows the structure of a\ﬁiamond-metallic composi=-
tion with diamond grains about 0.1 millimeter in size (167). Some-
times dismonds (such as in dianond=metallic pencils) are not dis=

tributed throughout the entire product but as & chéin.

&
A
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Diamonds~metallic composibions ure uged in the following Dields.

(1) For trimming .rinding rings. Diamondenetallic pencils are
fabricated for this purpose irom diamonds 0,03<0,5 carat in size (2,
167) with a Linder from a hard or heavy slloy (.".i‘i.guré 177). The pen=
cil is welded onto the stesl stock with & brass solder, When used
the pencil is seb Phrough the center of the grinding ring ab an
angle of 1520 degrees {ros the horizontal in the direction of the
rotation of the ring (358), Diemondwmetallic rings are conslderably
cheaper than whole diamonds (1=3 carats), less brittle, and permit

8 more complete use of the dismond.

Figvre 177

A Dimmond-Metallic Pencil (167). [Photo]

(2) Yor grinding and working hard alloys, glass, and hard
ceramics. There are used for this purpose grinding rings with dig-
mouds varying rrom 50 M o 2.5 millimeters mosbly in a hard=alloy

bindeirs

(3) For drilling rock. Vor this purpose there are used drile
ling crowns (Figure 178) equipped with dtamond-metallic composiblons.
Diamond-metallic compositlons used in rock drilling possess the fol=

lowing advantages over whole dlamonds.e

{a) A longer périod of sarvice for the ¢rowns.

{(b) A more complete atiligation of the diamonds (not 1@5 than
75 percent). | »

(¢) Higher drilling productivity.

Figure 178, Diamond-Metallic Grown (15k)+ [Photo]
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Chapter XILI

VETALLOCERAMIC DETALLS

i GENERAL TNFORMATION

In ite initial period of development, the metalloceramic
industry produced only those maberials that were in pasence &
monopoly of powder metallurgy. By way of example there may e
cited hard alloys, refractory mebals, copper=graphite brushes,
porous materials, pressed cores of induction coils, etc, Later
on, as technology {mproved and productlon decreesed in costy the
methods of metalloceramics began to compete with the regular
y : methods in the manufacture of a number of details from ferrous

and non-ferrous netals.

In resolving the question of the competitivensse of powder
metallurgy with respect to the usual methods of fabricating de=
tails, it is necessary to take into consideration the following

factorse

(a) Scale of production, In the production of metello-
ceranic details with definite measurements and form, it is neces=
sary that there be fabricated two press molds == compressing and
celibrating. Expenditures for press molds may be justified only
in mass or large=series production. According to published date
(193), such justification calls for an output of not less then 500
pieces of large or complex details ranging up bo 50,000 pieces of
small ones. According to other information, & minimum figure. of
5,000 pleces 18 given for non=complex details and 50,000 for com«
plex (187).

B
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(b) Size of details, At the present time the methods of
metalloceramics can fabricate details of most varylng size from
pins weighing 0,05 grams to bearings weighing 100 kilograms, The
dlameter of friction disks often exoseds $00 millimeters. At the
present time plates are belng produced which have dimensions of
3600 ¥ 750 X 50 millimeters, However, in the majority of cases
"gconomic" dimensions of detalls with which powder metellurgy may
compete with the usual mthodé are considerably smaller. These
economlc dimensions have a wide fluctuation depending on the écale
of output, complexity of design, materlal of detail, etc. More=
over, powder metallurgy can compete successfully in the fabri-
cation of details which for the most part do not welgh more than
1l MIOgramZi, arve not longer than 75 millimeters, and do not have
a cross~sectional ares exceeding 50 squere centimeters, It may
be figured that the most satisfactory details for metalloceramic
production have a crossw-sectional area ranging up to 25 square’

centimeters,

(c) Precision of manufacture, The methods of powder
metallurgy (pressing, baking, calibration) usually allow for
fabricated details to have tolerances for the diameter within the
second class of sccuracy, For example, at the present time bea;t'-
ings are being mamufactured with the following tolerances with re=
spect to the inner and external dlameter: for rated dimensions up
to 4O millimeters plus O minus 25 « 3 from LO to 65 millimeters
plus zero minus 50 43 above 65 millimeters plus zero minus 50 .
Tolerances in industry with respect to imner and outer diameters
for the fabrication of metalloceramic details are, according to data

published by Arata (135), for rated dimensions up to 50 millimeters
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£ 13,4, from 50 to 125 millimeters % 254 . Tolerances are possible
which are even more rigid, within the first class of accuracy, bubt

they are accompanied by higher production coste
Pigure 179, Metalloceramic Detail (187) [pHOTO]

For example, Figure 179 shows a bronze detail in which the slot
width and hole diameter are kept to an accuracy up to 8,4, Toler=
ances for height correspond usually to the fourth and semetimes o
the £ifth class of aceuracy. It is possible to observe tolerance
for height (length) for dimensions up to L0 millimeters * 1254,
from LO to 75 millimeters * 1904 and above 75 millimeters £ 2504 .
The obtaining of tolerances with greater precision calls for addi=
tional expenditures, When fabricating products by using only
pressing and baking (without calibration), it is possible to pro=-
duce debails with tolerances for the diamatér of fourth class and
for height (length) of Lth#5th class of accuracy. Usually allow=-
ances for eccentricity between outer and inner diameter are where
the outer diameter ranges up to LO millimeters 754 » from LO to 75
millimeters 100, , and above 75 millimeters 125« . Morerigid
tolerances of up to 254 for a dlameter up to LO millimeters are
possible only with additional expenditures. The quality of surface
even for metalloceramic details which are not calibrated is generally

higher than for ordinary machineefinished details (Figure 180).

Cast Gear

&
£
t
1
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Metalloceramic Gear

Metalloceramic Gear after
hing

1000 microinches (microdyumy)

Figure 180, Quality of Surface for Gears

(@) Designi’ng considerations., In designing metalloceramic
deteils it is recommended that there be avoided narrow protrusions,
longer and narrow notches, sharp angles, and similar aspects of de=
sign which weaken the press mold, large and abrupt changes in the
thickness of débails, which cause the appearance of strains during
baking, notches and protrugions in directions perpendicular to
compression, and configurations which hinder even solidification
and the removal of compacts from press molds (Figure 181), For
details which have a length greater than 1820 millimeters » the
flange diasmeter should not exceed the outer diameter of the bushing
by more than l=1/2 times. In order to meke it easier to remove
details from press molds an angle of taper should be observed for
the flange allowing 0,000l millimeter for each millimster of flange
thickness (193)s The length (height) of & bushing may somstimes

exceed its diamster, sometimes by 13 times, and the thickness of the
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walls by 25 times (193)s

Figure 181, Metelloceramic Detail Designs,
2 = undesirabley b « permissible

However, it is desirable in the majority of cases to have a i-atio

of height to diameter not larger than 2-2-1/2 and height to wall
thickness not more than 15«17, 'Langhammer (J:?l) recommends a wall
thickness of not less than 1,2 millimeters snd preferably 1.6
millimeters, In certain cases the permissible thickness mnay be 0,8
millimeter, but it is uwsually connected with an increase in spoilage
norms, In linking surfaces it"is necessary to adhere to a radius

of curvature (193) of not less than 0,25 millimeters. According to
other data, the following radii of curvature are observed for bushe
ings having a flangey with a dtameter up to 12 millimeters 0,8 millie=
meter, from 12 to 25 millimeters 1,2 millimeter, from 25 to 50 milli-
meters 1.6 millimeters, from 50 to 65 millimeters 2,k millimeters,
and above 65 millimeters 3,2 millimeters. It is recommended that -
all external angles for very thin walls (thickness up to 2.4 millie

meters) be rounded off, and for those with considsérable ‘thickness to
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be supplied with bevel edges having an angle of L5 degrees (of O.h
millimeters for walls which have a thickness exceeding 2, milli=
meters and of 0,8 millimeters for very large parts). Bevel edges
may be formed without recourse to machining through pressing and
calibrations Machining should be used for obbtaining holes of
d.fferent diameters for height (length), notéhes perpendicular ﬁo
the axls of compression, screw threads and obher éonfigura’oions'
which would hinder ejection in pressing, Various metalloceramic
parts are shown in Flgures 2, 179, 181, 182, 183, 18L, 185, 186,
Powder metallurgy methods are very su:;t.able for mamufacturing
grooved parts, gears and parts with teeth, graduations on the sui'-

face, parts with a single flange, etc,

It is difficult to glve general indications applying for
all cages inasmuch as modifications are required for adaptetion to
metalloceramic manufacture. Figure 187 shows several examples of
such changes in design ( a = former design, b = new design of
metalloceramic parts)s Detail 1 was first fabricated and then
subjected to machining along three of its sides. %he metallo=
ceramlie design makes 1t completely possible bto avoid machinings
it does away with the angularity of the top surface cauged by
forging, The metalloceramic variatioﬁ of Detail 2 replaces the

radii of curvature bevel edges,

Figure 182, Metalloceramic Parts of an Aviation Conbrol
Instrument, [PHOTO]

Figure 183, Metalloceramic Parts for Measuring Instruments,
{PHoTO]
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Detail 3 ie rather of a complex design, The metalloceramic variant
requires a small subsequent machine finlehing (drilling of a trange
verse hole and a screw thread for the longitudinal hole), The
groove in Detail l with the flange is used for fixing it in place,
The same end is achieved by a notch in the metalloceramic design,
The metalloceramic variant of Detail © (magnetic pole plece) made
1t possible to decrease expenditure of material and improve oper=
ating properties., Detail 6 shows the former and the metalloceramic
variant of a level mechanism, The former design of Detail 7 may be
attained metalloceramically

Figure 18Li, 185, 186, Different metalloceramic Partg,
[ PHOTO]

However, it would be better to replace the protruding cams by ine
dentations in the metalloceramic design, transferring the cams to
the design of the adjolning detail. An investigation of the cone
ditions of operation of the link shown as Detail 8 showed that the
rounded surfaces were necessary only for one side, This made
possible a simplification in the design of the metailoceramic
varlent of the detail, with allowance for later drilling of the
holes., At first glance the variants of Detail 9 seem to be of
completely different design, yet both variants fulfill ldentical
functions, Details 10, 11, 12, 13 show how much & design may be

simplified when metalloceramic technology is applied.
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Figure 187, Examples of Changes in Detail Design (187)3

17, a = ordinary detail; b « metalloceramic

i detail, ’

i
i
i
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\

Figure 187, 8-13. & - former details b = metalloceramic

detatl (187)s
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The metalloceramic variant of Detail 10 replaces three details by
one, The detail eliminates the meking of the connectingepiece
slots and the connecting pieces. The metalloceramle varisnt of
Detail 12 replaces three details by one. The former variant of
Detail 13 provided for its attachment to an adjacent plastic de=
teil by means of two screws.‘ The metalloceramic variant nakes
it possible for it to be pressed directiy into the plastic dee
“tadl,

(e) Materiels, At the present time varlous metelloceramic
details are made for the most part from iron, stesl (primarily
carbon), tin bronze, special bronzes, bragses, iron-copper alloys,
There are also used special steels for magnetic details and alloy
ateels to a small degree, Stainless steels and alloys with an

aluminum base are in the development stage,

(f) Properties, It is possible to obtain completely
dense details from metalloceramic materials with the same mechanie
cal properties as corresponding cast alloys which have been prese
sure worked. However, at the present time it is economically more
feasible to produce details from iron, steel, and copper alloys
with a certain amount of porosity ranging from 5 to 20 percent,

The mechanical properties of such details are usually 20=40 pere
cent lower by comparison with detalls produced by pressure working
of cast materials, but they are often no lower thén for cast details
from alloys of correspending composition, Metalloceramic details
from certain special alloys (such as the magnetic alloys alni and
alnico, Ch_aptef XVI) have considerably higher properties.than cast,
Porosity in qrdinary details is in the majority of cases not
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connected with any considerable advanteges. Nevertheless, the
presence of a cerbtain percentage of pores impregnated with oll ie
often useful, such as in sealing linings and gears, because it

cuts down friction and wear, improves accommodation, and decreases
noise during operation, The tensile strength of metalloceramic de=
talls with slight porosity decreases much less, than impact strength,
elongation, and decrease in neck area, In addition to the proper=
tles of metalloceramic materials given in Tables 2k, 26, 27, 28,
29, we present certain additional data for steel materials and
copper alloys usually applying to details. According to Frdy
(152), German steel details with 0,7-0.9 C have a resistance to
rupture of L5=-65 kilograms per square millimeter and an impact
toughness of 200-300 kilogram centimeters per square centimeter,

;, Metalloceramic steel made from powders containing 0.4-0.8 per=-

: cent C has a resistance to rupture of 55-85 kilograms per square
millimeter, The impact toughness of metalloceramic brasses fluc-
tuates in the bracket of 2L-56 kilogram centimeters per square
centimeter. The properties of metalloceramic details with e

porosity in the order of 10 percent are given in Table L0 (187),

[Sg@ next page for Table L0]
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Properties Of Certain American Materials Used In Deteils

(With Approximately 10 Percent Porosity)

[1} . (2] [3] (4]
Composition and State Specific Gravity Resistance to Rupture Yield Point in

of Alley in Grams per Cubic 'in Kilograms per Square Kilograms per

Centimeter Millimeter Square Millimeter

Table LO

sl
Elongation

in

Percent

Carbon Steel with 0.2-

0.3 Percent C

 Annealed 7

Cold Hardened
Tempered /

Coéper-ﬁraphite 95 Per-
cent CU, 5 Percent C
Annealed

Cold Hardened
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[1]

Bronze, 90 Percent Cu,
10 Percent Sn
Annealed b
Cold Hardened %

Bronze, 90 Percent Cu,

10 Percent Sn
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(2] 131 [ul
25 16

T+9 27 23

8.0 28 -
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12.0
3.5

20

L6}

62
12




Declassified in Part - Sanitized Copy Approved for Release 2012/05/07 : CIA-RDP82-00039R000200080001-1

Metalloceramic steel has & 60-65 Rpckwell ngn hardness

after heat treatment,

The properties of the majority of metalloceramic steels

is in any case higher than for cast iron.

Details made from iron-copper alloys (steel skeleton
impregnated with a copper alloy) can be welded without the use

of flux (page 17T1).

Gorrosion resistance of many metalloceramic materials,

especially those with a copper base, is entirely satisfachtdrye

" GOMPARISON OF METALLOCERAMIC TECHNOLOGY WITH ORDINARY METHODS OF

FABRICATING DELAILS

The advantages of metalloceramic methods for producing
details as compared with the usual methods consist in economy of
metal, high productivity, absence of expenditures connected with
gubsequent machine finishing, high dimensional precision, good
quality of surface, high accommodation in a number of cases,
wear resistance, and’quiet operation of details, Losses of
metal in metalloceramic technology for the fabrication of de=~
tails are usually considerably less than 1 percent (shaking down
of powder in mixing, weighing, and pressing). Losses of netal
with the usual methods of fabricabing details range in the majority
of cases from 20 to 80 percent, Moreover, metalloceramic debails
because of their porosity are frequently 1020 percent lighter
than ordinary ones, Thus, in the fabrication of gears for an oil

pump from cast iron billets (194) losses of metal through the
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removal of shavings constituted 6L percent., Metalloceramic gears
had 25 percent porosity and were fabricated almost without any
metal loss, Thus, in thls case there was an economy of metal
amounting to almost 80 percent., Moreover, the porous metallow
ceramlc gears had a better quality of surface (Figure 180) and
shape of teeth, deviated less from a true evolvent (evol'venta),
had better accommodation, showed better wear, and were quiet in
operation, In fabricating a valve disk for the gasoline fuel
system of airplaneg by means of metalloceramics it was_possible
to decrease expenditure of time by three times in the fabricae=
tion of the part, considerably decrease costs, and increase pro=-
duction output. Table Ul presents according to Chikhachev (130)
a comparison of the degree of accuracy for different methods of

obtaining details,’

Thus, metalloceramic technology surpasses in the degree
of accuracy all other methods for fabricating details (extept
machining), The methods of powder meballurgy are alse more
precise in the rapidly developing precision casting. Tolerances
in precision casting of amall parts may only be obtained in the

neighborhood of * 80 mlicrons,
[See next page for Table k1]

The drawbacks of metalloceramic technology are to be found
in the high cost of original powders,'the necessity for large-series
or mass production of deﬁails to Justify expenditures on press molds,
the specific limitations on férm and size of details mentioned above,

and lower mechanical properties in some cases, -Problems of cost of

5 Décléssﬁied in Paft - Sanitized Cépy Apprbvéd for Release 2012/05/07 : CIA-RDP82-00039R000200080001-1



eclassified in Part - Sanitized Copy Approved for Release 2012/05/07 : CIA-RDP82-00039R000200080001-1

Table Ll
A Comparison According To The Degree 0f Accuracy Of The Production Of Details By
pifferent Methods (According To Chikhachev)
Number According Class of Number According Class of
to Porosity Method Accuracy to Porosity Hethod Accuracy
1 Casting according to 6 Stamping in Closed
Metallic Models with Dies T )
Machine Mclding i
2 Chill Casting b 7 Cold Stamping
3 Centrifugal Casting N 8 Cold Forging 'b,
L Die Casting 3 9 Coining with a
5 Free Forging 9 Punching Machine 3
10 Hetalloceramic
Technology 2

Declassifi -
ssified in Part - Sanitized Copy Approved for Release 2012/05/07 : CIA-RDP82-00039R000200080001-1




Declassified in Part - Sanitized Copy Approved for Release 2012/05/07 : CIA-RDP82-00039R000200080001-1

metalloceramic details are considered in Chapter XIZ. It should be
pointed out that the competitive value of metalloceramic technology
ag compared with other methods of fabricabing details has been de=
creasing to some extent wlth the spread of metalloceramic hard

;l alloys which make machine finishing easlier and lower its cost.

The comparative competitiveness of metalloceramic technology
with other methods for fabricating details may be shown to be as
follows, Ordinary methods of casting are relatively inadequate for
obtaining precise details because of the necessity of designing
heads for shrinkage blisters and for lowered mechanical properties
of the material, In centrifugal casting end die casting it is
possible to obtaln less precise tolerances but a considerably
greater variety in the shape of details than by the methods of
powder metallurgy. Die casting is most economical in the pro=-
duction of details from sinc alloys, but its difficulties grow
with an inerease in the melting temperature. The production of
steel details by die casting is very difficult in practice, Pre=
cision casting can produce details with small dimensional accuracy
but with considerably more complex form than by means of metallo=
ceramlcs, Precision.casting is good for the obtaining of alloys
of very varied composition and with high mechanical properties,

The defects of precision casting which limit the possibility of
1t8 competing with porous metallurgy are to be found in the very

high cost of details,

The weight of precision casts ranges from 1 gram to two
kilograms, their size for the longer measurement up to 200 milli- f

meters. Powder metallurgy can compete in a number of instances with
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mechine finishing of sheped bars and pipes, The advantages of
powder metellurgy e in the possibility of obtaining internal
holes with more complex contours and details with a dissimilar
cross section as to height (details with a flange, conical prode
ucts, etc.)s At the present time Lt is relatively difficult for
powder metallurgy to compete with stemping and coining. Although
the cost of dies is relatively high, the cost of initial materials
and work and loss of metal is low, The advantages of powder
metallurgy over stamping lies in higher dimensional precision
(Pigure 179), the possibility of fabricating details with greater
thickness of walls and frequently with considerably more variation
in form. Hot forging of details by stamplng machines gives higher
mechanlcal properties but yields to powder metallurgy in permissible
tolerances, productivity, and ls connected with greater wear for the
dies, Powder metallurgy in & number of cases maekes it possible to
obtain cetails, especially from non-ferrous metels (Chapter XIX),
which are cheaper than those produced by other methods, This
compebitlveness increases with the complexity of details, dew

crease in their dimensions, and increase in the scale of oubput.

DETAILS PRODUCED BY THE METHODS OF POWDER METALLURGY

At the present time there are being produced a large

nmumber of metalloceramic details with precise memsurements,

A very large quantity of metalloceremic details, about
100, are being wused in present-day passenger eutomobiles: and
truckss Aside from bearings, friction disks, and filters for

automobiles, there are being produced cams, waghers, lining
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door hinges, gears for the oil pump, etc. There have also been dew

veloped porous metalloceramic plston rings,

Considerable development has been achieved in the production
of metalloceramlic sealing rings and lining, porous and non=porous,

rivets, etc,

Powder metallurgy is being applied with success to the
production of details for measuring instruments (Figure 183) -
clamps for micrometers, measuring blocks, plates and calibers,

details for sliding calipers,

At the present time & numter of magnetic details for
electric motors, telephones, etc., which originally were being
produced from cast materials are now being made by metallow

ceramics,

Metalloceramics details are being used to a considerable
extent in the defense industry (Chapter XVII). In the production
of armaments there are a large number of details which are not
called upon to possess great durability but which mus® possess
exceptional precision of form and dimensions, Taking into con~
sideration the mass production of such details, powder metallurgy,
because it is capable of achieving high tempos of production, be-

comes one of the most feasible methods for thelr manufacture,
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Chapter XIV
DIFFERENT FOROUS MATERTALS AND DETAILS

M—_—
FILTERS

At the present time filters together with bearings (Chap~
ter X) are one of the most important repreeentativéé of the class

of porous metalloceramic materials.

Porous metalloceramic filters are fabricated primarily from
powders made from corrosion resistant naterials, usually bronze
(92 percent Cu, 8 percent Sn), but also nickel, silver, brass, and
sometimms iron, steel, elc. The original powders have spherical
particles of more or less the same size, which nakes for betiter
permesbility on the part of filters by filtering liquids and gaseS.
Such powders are produced by shotting of melbed metal and, less
frequently, by decomposition of carbonyls (nickels). Filters are
produced in the majority of cases by the baking of non=compressed
powders poured in gpecial forms. Certain characteristics of bronze

£i1ters (180) are presented in Table h2.
[ See Table h2 on following pagel

An increase in wall thiclmess above the dimensions given in
the teble is not recommended beoause 1t increases resistance to
filtering. A decrease in thickness is permitted where 1t is not

required that complete vemoval of the smallest particles be effected.

Bronze filters with L7.5 percent porosity have a resistance
to rupture of 3.5 kilograms per square millimeters, and an elonga-

tion of 3 percent.
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TABLE 42
CHARACTZRISTICS COF FILTERS (180)

Brand Size :i:i}:eﬁng zelxmetzie ghezzﬁ.eal Permissitle Temperature in Degrees Hesistance to Hinimum Wall Thiek
Parti b3 ercentage omposi ti C < ture ness i ]Jineters-
Hillimeters of Pores in szn ertigrade ?E.Ograz;a per in

Ca Sm With Protection  Without Protec- A
against Oxidation ticn zgainst hetew
Oxidation
b 3 TS - 0,13 50 92 8 500 180 3-4 3
2 Ce03 « 0,05 50 92 8 500 180 3=4 2.3
3 0.01 - 0,03 50 92 8 500 180 3-4 1.5
L 0,002 = 0,01 50 92 8 500 180 3.k 1.5
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Figure 188 shows the relatlon between rate of filtering
(penetrabllity) of a liquid (water) and pressure loss for Brand 2
filters having van wall thicknesa. Iigure 189 shows the re=-
latlon in the case of air. Resistance to filtering increases with
the wall thickness of a filter (approximately in proportion to the
thickness) and decreases with the size and mmber of pores (pene-
trabllity inereases when pores are homogeneous in size approximately

in direct proportion to the square of their diameter).

p BTG s g
Fifiss JOCT SeRre

: #
Figure 188, Los‘é’”"@‘i' "Bidsdure in Relation to Wall
Thickness when Filtering Water (180).

1 - wall thickness 1,5 millimeters; 2 = 2425 millie

metersy 3 - 3 millimetersy b ~ 3.75 millimeters.,
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Figure 189, Drop in Pressure with the Passage of
Air through Filters with Varying Wall Thickness,
1 - wall thickness 1.5 millimeters; 2 = 2,25 milli

.meters; 3 = 3 millimetersy L4 - 3.75 millimeters (180). !
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Povous filters axe febricated es Cupe, eylinders, bushinge,
cones, candles, dloks, plates, otce The size varles from disks
1§ millimeters in diameter and cups mmeller than a thimble to
hollow cylinders with a diameter of 300 millineters and plates
L50 by 1200 millimeters. Toleysnces are wauslly sbout 1.5 percent
of the dimensions of a filter. Move rigid tolerances, should
they be required, mey be shtained by calibrations

When instelling porous fllters, in view of the good deforw
mation natuye of porous metal, to e pressure Pitbing Le expoe
dientes In a number of oﬁses £11bere ave soldered on 1o & coppers
plated stesd plate (in such en instance overheating of the porous
metal should be avoided)s The attaching of & Filter to a stesl
plate may also be done ‘during bakings A screw thread way also be
eub in the porous mebal or it may be jeined by means of lining or
rings of solid metal. MHachine finishing of filters (turning, drille
ing, threading) is permissible. However, it is not recommendsd
that the surface of filters be machineds Removal of edges may be

done with & send whoel.
Flgurss 190 and 191 show ways of instelling porous filters.

The tleaning of poyous filters fyum sediments 1s done by
vlewing & Jet of sir or stean (in & direction opposite to that of
£1lbering) y wvashing with a liquid, burning out (of vrganic sedis
ments); ebce Howaver, in view of the chespness of filters, it is
often mogh feasible to simply replace then.
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Figure 190. Tnstallation of Porous Filters.

A - povous filters in a drying wit of a refrigerating
ingtalldions 1 = porous filters, 2 » silica gely B -

fuel filter for a diesel engines 1 < porous filter, 2 =
steel lining plated with copper (connected to the porous
P11ter during manufacture) C = porous f£ilter combining
purification of alr of moisture and dusting and regulating
pressure in a device for spraying painti 1 + porous file
ter, 2 = screenj D« ﬁJytering and centrifugal device for

purifying liquids and gasest 1 - porous filter.
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Hetallocevemie £ilters hold back amall hard particles better
than tlssve filters because of the windlng snd multielayesred dlgw
position of pores and becsuse of the rigldly fized, unmovable dlse
position of metal partlcles. In distinction to cloth, paper; ets,
f1lters, in meballoceramic filter the f1ltered Liquid or gas is nob
cbn‘baminaterl with material from the £ilter. Metalloceremic fllters
have a greater durabilliy than other £ilters and can operate under
high temperatures (Table h3)e

[See Table 43 in Chapter XVl

Metalloceranio £ilters eve mogt feasible for use as &
nprocision” filter for removing very slight quantities of hard
particles which contaminete a large quantity of licuids and gases.

‘ Metalloceyemic filters simultaneously unive high penetrability for
flvering Jiquids end gases with exoellent retention of small hapd

particles.

Porous metalloceramic £ilters are used in filtering liquid
fugl. and lubricating materials fow digsel and gasoline enginesy «
stationary, ship, automobile and sircraflt (Pigures 1908 and 191B).
Such filbers make posgible the efflicient operation of guch engines,
a factor which is perticulerly important say in bomber alrcraft.
Prosentedsy heavy bombers ave supplisd with such filters. Mebole
Yoceramic filters may be very small for precision filtering (in a
number of cases no larger than a thimble = 8 to 15 millimeters )
(Figure 1908) .

For filtering solutlons with a higher content of sediment in
$he chemlcal industry, the size of filters is congiderebly largere.
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Figure 191, Tnstallation of Porous Filberse

A = e}cplosion—pmof instrument for clreulating alr in
explosion-proof motors: 1 - poroug filber, 2 » gteel
bushing; B - £ilter for £iltering liquid fuel for Lago=
mobile diesels. The ingtellation makes 18 possible for
filtering to bake place with the dlesel in operation
hanks %0 the presence of two filters (L and 2); C =
filber for drying alw: 1 = large-pore Zilter vegula ting
the flow and pressure of air, 2 - gmallwpore filter
purifying the alr of silice gely 3 = stainless~steel
bushing, U = insert retaining the porous filter with

pent edges, 5 - observation glass, 6 .= silica gel,
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Metalloceramic filters are also used for purifying air and
gases (Figures 190C and 191.C) of dust in appllances for condensing

air, pneumatic hammers, etc.

Besides performing essentially filtering jobs, metalloceramic

f1lters are zleo used for the following purposes.

(1) Separation of a mixture of liquid materials with dife
ferent viscoslty and sosking qualities, ebec, through the use of
f£ilters with varying penetrability. Thus, metalloceramic filters
are used for separating water from oil in emulsions, etc. IV is

also possible to effect similar separation of gases.

(2) Regulating tho quantity of a flowing liquid or gas in
measuring and distributing spparatuses; and also for softening

shocks in releasing compressed gas.

(3) For stopping sparks, as in explosion-free motors.
Figure 1914 shows an instrument for circulating air used in ex-
plosion-fres motors., The porous filter through which the alr
circulates serves in such & case as a barrier against the igniting

action of sparks.
OTHER POROUS MATERTALS AND DETATLS

Porous metals possess a number of properties which make it
possible to use thexﬁ a8 sealing materials and in sealing details,
In the hermetic sealing of stationary s:pparatuses (such as joints
of watermaing) it is impbrtant to have exceptionaliy good plasticity
and softness in porous materialss Iron with a consliderable percens
tage of pores 1s closer to lead than 0 cbmpg,ct iron-in sofmess

and deformation (Figure 192),
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Figure 192, Seeling Ability of Porous Iron (Vogt)e

The sealing ability of porous iron ig shown in Figure 192.
The external appearance of this naterial (strips composed of indie
vidual segments fastened together by iron wire passing through

them) end the calking of pipe joints are ghown in Figure 193,

Pigure 193¢ IExternsl View of Iron Used in Calking

(Above) and Calking of Steel Pipes (Below). { photol

Aecording te Vogb, the callking of porous iron iz capable
of withetending & pressure of 50 atmospheres. Fipes, which heve
been thus calked, can withstend dislodgement when bent as when

calked with lead, while resistance to vibration and corxusion for

such iron is even greabers

Tt is imporbant that details intended to serve as sealing
agents bub located between noveble snd stationary perts in mechsne
1ams have good antifrietion properties, glight wear, and accomos
dation of porous materialss Penetraoility of metals with fine
pores, impregaated with oil, 35 insignificant and does not inter
fere in a number of cases with thelr use for sealing detalls.
Popous lining and rings are rether widely uged as gealing deballs.

,  Mention has been made of piston rings in Chapter XIII.

B

Declassified in Part - Sanitized Copy Apbroved for Release 2012/05/07 : CIA-RDP82-00039R00d200080001-1




Declassified in Part - Saniti A R 7 RDP: R
in Part - Sanitized Copy Approved for Release 2012/05/07 : CIA-RDP82-00039R000200080
- 001-1

Jones describes an interesting device for preventing leing
of airplanes. The edges of wings which are subject to dangerous
40ing are covered with a copper~ni.ckel porous gtrips & 1iquid cir=
oulates through the pores hindering ileing (an'bi-freeze). Such a
device increases the offectiveness of anti-freeze by five times.
The entire weight of the installation, inoluding the pump and sup-
ply of anti-freeze, is 0.6 percent of the weiéht of ‘the sirplane

and of this 50 percent belongs 4o the anti-freezs.

As has‘already been pointed out in Chapter XIII, porosity
wi’oﬁ respect to many metalloceramic details, such as gears and
other movable parts of mechanisms, 1s an jmportant feature (de-
crease in wear and friction, increase in accomodation). Porous
iron seals with 60 percent porosity have been proposed by Bal'shin,
Borok, and O1'khov (15)s Prior to compression these seals have &
Brinell hardness of 3.5 %o L, i.60y the same as lead ones. After
compression in a fplombir!y the hardness goes up to 60 ag for or=
dinary lead. This factor interferss with the forging of sedls as

compared with those made from lead.

Moreover, there have been proposed many other interesting
applications for porous materials. Among their number may be ine-
cluded circuit breakers, electrodes for accumulators and secondary

elements; metalloceramic wicks and lighters, and lightning arresterss
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Chapter XV
ELECTRICAL MATERTALS AND DETATLS
et ot AND DETATLS

The manufacture of electric incandescent lamﬁ:s with metal
filaments was one of the Teasons for the rebirth of metéllooaramics
at the beginning of the twentieth century. Since then the cone
tinued progress of electrotechnology 1s s0 closely connscted with
powder metallurgy that present-day electrotachnology is unthinkable
without metalloceramic materials.,

Aslde from eleectric bulbs (see Figure 194), details from
powder metals are sssential to fluorescent and Z=ray tubes, eathode
lamps, rectifiers and amplifiers, electric motors end dynamos, elege
tric-welding apparatuses, telegraph apparatuses, all ménner of elege
trical instruments, radio location installations, etc, Without the
use of metalloceramic méteriale it would not have been possible to

reach the high level of presen'b-dézy radio technology.

The important role of powder metallurgy in eleetrotechnology
ie due to the possibility of producing such materials which are
difficult or even impossible to obtain by other methods, The
methods of metalloceramic technology make it possible to produce
refractory metals (tungsten, molyﬁdenum, tentalum, niobium), very
pure metdls and alloys, compositions of mataia that will not alloy
with each other (tungsten~copper, tungsten-silver, etc) s composi-
tions of metals and non-metals (copper-graphite, sllver<eadmium

oxide, iron-plastics, etc),
THE APPLICATION OF POWDER METALLURGY TO THE ELECTRIC BULB INIJ&STRY

Metalloceramic materials and deteils are exceptionally widely

w ‘ y case 2 - CIA-RDP82- 080001-1
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ueed in incandescent lamps and various dlectrovacuum lamps and
tubes == fluorescent lamps, X-ray tubes, cathode lamps, rectifiers

and amplifiers, generator lamps, kenotrones, etc.

Incandescent lempfilaments are fabricated out of the most

refractory metal « tungsten.

The high melting point (3400 degrees), low evaporation sud
significant durability at high temperatures (Table 31) make tung=-
sten an irreplacesble materisl in electrovacuun tachnology (167).
Tungsten is used in incandescent cathodes of Xeray tubes, radlo
tubes, generator tubes, rectifiers and amplifying tubes. Tungsten
can withstand a temperature of 2000 %o 2500 degress, and for short

periods up to 3000 degrees.

The cathodes of industrial lamps are frequently manufactured

from tungsten to which thorium oxide has been added,

The addition of 1 to 2 percent ThO, inereased by several

times electronic emission.

Tungsten is slso used for making anticathodes for Xeray
tubes, regulating and screening grids for X-ray tubes and cathode
lamps, ignition tips of highevoltage rectifiers for ignition by

inmersion or sparking.

Tantalun (Table 31) is used for details in the vacuum tech-
nique, oPerating at temperatures which do not require as high re-
fractoriness as in tiw case of tungsten., Tantalum is used in the
manufacture of anticathodes, ancdes, and grids of X~ray tubes, radio
tubes, rectifiers, generator tubes, etc. Tantalum is considerably

lighter and more plastic than tungsten, ‘thus meking it easier to
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produce from it sheets, wlre, form (fasonnyye) detalls.

Figure 194. Use of Molybdenum and Tungsten in
Incandescent Bulbs and Radlo Tubes. & = incan=

descent bulby b - radio tubes.

Molybdenum (Table 31) is used in the electric lamp industry
prineipally as filaments, hooke and loops for retaining tungsten
filaments in incandescent lamps (Figure 194) end for joining glass
or quartz to metal in incandescent lampg, mercury rectifiers,
quarts and mercuxy lamps, etce Other metals besides molybdenum
are also used for fusing in glass. Depending on the variety of
glass and ite coefficient of expansion these include tungsten for
refractory glass of shozvb[mave transmission radio tubes, an alloy
with 54 percent Fe, 27 percent Ni, 18 percent Co, and iron-molyb-

denum alloys (5 to 20 percent Mo, 1 percent Cu, remainder Fe) (19h).

There are also made from molybdenum grids of transmitting
radio tubes, spirel grids for tubes of radio recelivers, anodes,
springs for supporting cathodes in resonator tubes, anode screens

and cups in X-ray tubes,

In the vacuum technique there is also used a certain amount

of especially pure lron, nickel, and their alloys, obtained from
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caxbonyl powders (L67)e Metalloceramic iron end nickel contain
aonsldersbly less gas than cast, which fact la very important for

the vacuum technlques

Tn order to absorb the small quantlty of gases which are
given by metel details during the operation of vacuum apparatus,
powder metals «- go-gelled "getters® -- are employed. Tantelum
and zirconium are used for this purpose because they have an eX=
ceptional affinity for all gases - OXygen, hydrogen, nitrogen, C0,

GQ s 8hc.

Surfaces coated with zirconium have o dark-grey color and
radiate heat much better tha:d non-coated metals, For this reason
sirconium coating mekes it possible to decrease the dimensions of
anodes uged in the vacu@ technique and in some cases aven replace
the anode material. For anodes of certain power tubes zlrconiume
coated molybderum has come to be used instead of tentalum and zire
coniumecoated nickel instead of molybdenum. Zirconium coating in=

creases diffusion by 30 percent.

ﬂiobium has been used so far in the electric lemp industry
experimentally, Nioblum is more ductile than tantelum and rather
close to it in other properties (Table 31). For this reason the
application of tantalum and niobium in this field should overlap

rather closelye

Windows of X-ray tubes made from metalloceramic beryllium
surpass windovs from cast in closeness of ;grain and mechanical

properties (166).
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METALLOCERAMIC MATERTALS IN BLECTRICAL RESISTANCE FURNACES

At the present time refractory metals, especially molybdenum,
are widely used as heating elements in high=temperature (up to 1700
degrees) electrical resistance furnaces (167)« The increasing use
of molybdemum in this field is due to its strong durability at
high temperatures (Figure 205), good electrical conductivity, and
exceptionally high specific loads per unit of conductor surface.
For nichrome, permissible loads range up %o 5 watts per square
centimeter, for semiconductors (silit) 23 watbs per square centi-
netery and for molybdenum more than B0 watts per square centimeter.
In connection with the character of ter}\perature relation to the
electrical resistence of molybdenum, casual fluctuations of tension
zin the grid cause smaller variations in temperature, than, for

example, nickel.
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Tigure 195, Strength of Tungsten and Molybdenum in

Relation to Temperature (167)s

The use of molybdenum for heating elements in resistance

furnaces is conme oted with the following features (167)s

(1) Because of the fact that molybdenum is highly oxidiaing

at high temperatures, the operation of hesting elements must. take
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place in & protective atmosphere (hydrogen, dissociated ammonia gam,

g

generator gas, partlally burned illuminating gas, etc).

(2) For the same reason it is desirable to use molybdenun
not as wire or ribbon but as heating elements with 2 large transe
verse cross section. In this connection there are molybdenum fur-

naces of a new design which operate at low tension,

(3) Wherever possible, direct contact betweenmolybdenum and
the ceramle lining of furnaces should be avolded (alundum, sillime
anite, etc)s It is therefore recommended that molybdenum elemenia
should either be suspended or have as few a number of contach

points as possible.

(1) It is necessary to provide cooling (by water or air) and
a hermetle dense-gas (gazoplotncye) connection of the terminsls

conducting the current to the furnace,

Tungsten, having a somewhat lower electrical conductivity
than molybderum,; is used in heating elements in refractory fur-

naces with very high temperatures up to 3000 degrees (167).
COPPER=-GRAPHITE BRUSHES

Coppersgraphite bruskes for dynamos and electric motors
possess both gooda‘con‘oac‘e and antifriction properties. Graphite
prevents the adhering and welding of metellic particles to the
rotor through sliding contact, decreases the coefficient of frice
tion and wear, and prevehts the copper from md.dié%ing.. The copper

, ‘ contributes high strength, electrieal ooriduotiﬁty; permissible
: : current density, and a low value for transitional voltage, Cope

per«graphite bivshes _cohtain from 8 to 75 percent graphite and core

°
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TABLE 43

CHARACTERISTICS OF SOVIET COPPER-GRAPHITE AND GRAPHITE-COPPER BRUSHES

Characteristic of Brush Trademark

MG HMG-1 MG=2 MG-3 H-1 M2
Graphite Content in
“Percent Slight 10-15 15-20 2025 About 50 About 75
Brinell Hardness 6-12 5=7 L=6 35 -— —
Shore Hardness - - -— -— 30-42 28-38

Specific Electrical Re-
3] sistance in Oms Square
L2 . Millimeters per Meter 0.05=0.1 0.1~0.25 0.2=0.14 0.3=0.45 L=-10 6-16

Pransitional Drop in
Voltage Tow Low Low Low Hedium Medium

Permissible Current
Density in Amperes per
Square Centimeter 25-30 22-25 22-25 20-22 111 12

Coefficient of Friction Hedium Low Low Low -— -—

Permissible Iinear Speed
in Meters per Second 20 20 25 25 i 20

Normal Pressure in Grams .
per Square Centimeter 120-150 120-150 120-350 120-150 160-200 160-200
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TABLE Ll
COMPOSITION OF GERMAN BRUSHES IN PERCENT (167)

Cu c Sn Pb

8 5 - 10

80 10 -— 10

8o 10 10 -

70 20 - 10

70 30 — -—

. . 68 12 8 12

- 30 70 ‘_‘ _
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TABLE Ll
CQMPOSITION OF GERMAN BRUSHES IN PERCENT (167)

Cu [+ Sn Pb
8 5 - 10
80 10 - 10
8 10 10 -
70 20 - 10
70 30 — —
68 12 8 12
k 30 70 -— —
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TABLE LS

CHARACTERISTICS OF GEIMAN BRUSHES (67)

Characteristic Bronze with With Large

Slight Gra- Craphite
phite Content Content

Specific Gravity 5.0 3.5

Brinnell Hardness : 38 32

Shore Hardness 10 20

Coefficient of Linear Expansion in

Longitudinal Direction 12 L

The Seme, Transverse 3

Specific Blectrical Besistance in Ohms
Square Millimeters per Meter 0.1 0.5

Resistance to Rupture in Kilograms
per Square Millimeter 3.0 3.5

: : o
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With Very
Large Gra-
phite Content
2.5
15

15

2.9
59

1.0
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TABLE L6

ORITICAL VALUES FOR ARGING CURRENT BETWEER CONTACTS, IN AMPERES (19k)

Material Voltage
25 Volts 50 Volts 110 Volts 220 Volts

Graphite - 5 0.7 0.1
Copper - 1.3 0.9 0.5
Holybdenum 18 3 2 1.0
Nickel - ) 1.2 1 0.7

iy © lead Te5 3 0.85 0.7

- Silver A i 1.7 1 0.6 0.25
Tungsten 12.5 L 1.8 1.k
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TABLE L7

WEIGHT LOSSES OF CONTACTS IN SPARKING (154)

Haterial Characteristic Sparking Current Weight Loss in Milligrams per Coulomb
Carbon B - 0.0013
Kluminum i 0.0
Nickel ‘ 1 0.02
Copper 12.3 0,045
Molybdenum 17 0.01
Silver 11.5 ' 0.17
. Tungsten 10 0.07
Platinun 16 | 0.13

0
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CONTACT MATERIALS

Very high demands are made of preaen’c.-day contact. They
must have a considerable hardness and strength and slight deforme-~
tion at high temperatures, an ingignificant tendency for fusing
and. achering, low vapor pressure, high resistance to oxidation and
glectrical erosion, and a combination of good heat conductivity,
electrical conductivity, and low transitional resistance. It im
very difficult to find all these properties in pure metals, Simile
arly the usual alloys are little suited for this purpose because
‘there is a decreass in electricsalconductivity with the formation

of solid solutlons and intermetallic combinations,

Metalloceramic compositions, being mechanical mixtures of
metals certain metals of which provide, for example, hardness, lack
of fuslon, or resistence to e¢rosion, and, on the other hand, elec-
trical conductivity and heat conductivi'oy most suitable for cone

tact materials,

At the present time the following metalloceramic contacth

materials are in use.

(a) Pure tungsten contact. Tungsten remains very hard and
strong at high temperatures and has only a slight tendency to
sparking end a high resistance to electrical vereaion. Table L6
gives the critical values for the strength of current for estabe
lishiﬁ@; an glectric ar;b causing contact erosion for different
metals. It can be seen from Table L6 that éritical values are
greater for tungsten than for other materials. Table L7 shows
that erosion of ﬁungsisan is not very great., At the same time re- ‘

sistance to oxldation at high temperatures is small, Similarly, x

pases
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heat and electrical conductivity are slight in comperison with cop=
pers In accordence with the properties thus given, pure tungsten
1g suiteble for contacts used in very rapld switching with & very
considerable density of current, such &8s in bresking contacts of

ignition instruments and alternating=current rectifiers.

(b) Compositions with a tungsten base. Tungsten provides
hardness, strengih, aﬁd pesistance to erosion. Silver (10 to ko
percent) or copper (10 to L0 percent) serves as the component for
providing eleotrical and heat conductivity. Such contacts have &
specific gravity of 1l to 17, a hardness of 110 to 250 , a specific
glectrical conductivity 30 to 50 percent of the electricalconduc-
tivity of pure coppere Combining electrical conductivity with

‘ gtrength, non-welding and resistance to erosion, theys depending
upon the composition, may be used either as main contacts, working
at high current densities, oxr as protective contacts which are
meant to protect the main contact from erosion when twrning the
eurrent on or off, These contacts are being very successfully
used in high-voltage switches -~ oll (primarily W-Cu) and aerial
(preferably W-Ag) end also in low=Toltage ones. The following
example shows under what severs conditions such contacts can oper=
ate., In one aerial high-voltage switch the silver-tungsten cone
tacts are obliged to operate with continuous switching on and off
of the current at a current density of 15,000 amperes per square
cantimeter and a voltage of 600 volts. The period of service of
W-Ag and W-Cu contacts is considerably greater than for pure gil~
yer or copper under similar conditions (Pigure 196). Such contacts
can operate briefly at temperatures sbove the melting point of cop-
per or silver because thé capillary forces’ p;'event the sxtension

of the melted copper and lower the pressure of 1ts vapor.

BN
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A certaln amount of use ls made of copper-nickel~tungaten
contacts (80 to 95 pexcent W, 2 to 10 percent Cu, and 2 to 10 per~
cent Ni), which have a lower degree of glectrical conduetivity than
copper~tungsten (about 20 to 25 percent that of the electrical con-
duetivity of copper) bub s greater nhardness (250 to 300 according

4o Brinell).

(¢c) Compositions with a molybdenum bese to which additions
of silver (10 to L0 percent) or copper (10 to LO percent) have been
added are similar to compositions with a tungsten base, but they

are less widespreads

(d) Contacts with a tungsten carbide base. They are es=

¥ pecially resistant to the action of erosion during arcing. Be-
gides tungsten carbide they contain as a cementing metal 1.5 to

10 percent cobalt, osmium, or S0me other noble metel (platinum,

rhodium, iridivm).

The use of tungsten carbide contacts in telegraph relays
made it possible to increase transmission speed from 1Lo to 700

letters per minute.

(e) Contacts with a silver base -~ silver=-graphite (L to
30 percent C), silver-cadmlum oxide (2.5 to 10 percent Cd0), silver-
nickel (10 to 60 percent Ni) (191). These conbacts are employed
in lighter conditions of work with respect to voltage and frequency
of switching than compositions with a tungsten base, as in alre
eraft relays with direct currents The use of silver-oxide cone
tacts is most interesting. Cadmium oxides break down at high tem=
peratures and wlatil:).ze, as a resulb ofrwhich guch contacts pos-
sess arc-extinguishing prop‘er"oies. The electrical co‘nduc‘oivity

of silver-oxide contacts is 69 to 95 percent that of pure copper (1¢1).
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Figure 196s Length of Service of Contacts.

A - coppery B = compositions with 60 percent W and

L0 percent Cu (1b0).
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Figuf'e 197. Flectrostatic Eliminatore
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OTHER ELECTRICAL MATERIALS

The use of metalloceramic materials for arc and contact

glectric welding is described in Chepter XVIII.
Ele ebrodes for spark plugs are made from tungsten.

Reéently there has appeared & description' of an instrument
for elmineting charges of electrostatlc electricity =~ the so-called
electrostatic eliminator. In manufacturing the eliminator (Figure
197) powders ars used which include radioactive compounds and gold,
A thin sheet of up to 2.5 millimeters of a compressed and baked
material is welded on to a non=radicactive layer of silver. The
apparatus is mounted in a case which provides screening. The use
of gold powder makes it possible to obtain a durable radiocactive
layer without interfering with the radium emanations. The concen=
tration of radium in this layer may be up to 240 micrograms per
square centimetery the (3, radiation comprises 60 to 75 percent
of the theoretical. There is an ionization current of 1.l micro-
amperes per 1 milligram of radium. The eliminator ionigzes the
air and mekes it possible to eliminate electrostatic electricity
for a distance up to 75 millimeters from the radioactive surface.
It is used for removing electrostatic charges from rapid-opera-

tion telegraph apparatuses.

o)
o
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Chaptoxr XV : %
MAGNETIO MATERIALS "

The methods of powder metallurgy are used in the mamulace
ture of the following magnetic materiale.

(1) Magnetowdielectyion -= pressed fervomognetic powders
insulabed by dlelectrics (plastica).

{2) Production of very pure magnetic materials fvom carbonyl

iron and nickel powders.

(3) Production of finished details from soft and hard mage

netlc materlals,
MAGNETOw DL ELECTHICS

In the serly steges of the development of vadio technology;
when Long weves wers used, induetion colls used W be fabricated
with a core congisting of a hwdle of fine insvlated ivon wire.
The later progress of radio technology was conmgcbed with an ine
wrepse in radio frequency. An incresse in radic frequency caused
an inevease in Foucault ourrent losses. This made it necessary
for the core wires of induetion coils of shortewave sets to heve &
dhameter of seversl micrens, bub this wes impossible in view of the
current development of wadio technologys DBecause of this there

were voed for a tme coilas withoul any dorens

The use of ¢oils made from insulated dielectrics of pressed
feorvomagnetlie matorisls shayply decveased the clerances of induce
tion coils (Figure 198)s Metalloceramic coils made it possible to
design compact redios for tenks, alrplenes, stes The use of cores

in aiyplane dirvestion~logation antennas made it possgible o deercsse
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Figure 198, Comparison of the ensions of Several
Induction Goils, Left = without g core, rightwwlth

powder cores. [photo]

the dimensions of a set from 230 4o 65 millimeters (145),
Moreover, sets that have metallooceramic cores are mors sensitive
and have much sharper tuning, Cémpressed cores are being wldely
used in high'-frequency technology for tuning coilg » filters, input

and output transfomers » ete.

Pressed cores are also used in Pupin coils which are employed

Loy compensating capacitance of telephone cable,

For Llow frequency there are used primarily iron powders re=
duced with hydrogen (size of particles, 1 to L0 microns), elecw
trolytic irbn, and Permallby (78.5 percent Ni and 2 percent Mo).

The effective permeatility of Permalloy cores is 125 gauss per
oersted and of iron reduced with hydrogen only 50 (1L5). For fre-
quencies of 300 to 40,000 kilocycles the best reswits are obtained
with carbonyl ipon powders. At the low end the powder particles
should have a size of b 40 10 microns, in the middle 2 to 7 mierons,

and at the hig/h;/nd 1to5 miorons,

We use for pressing cores Alsifer alloy powders with 7+5 per-
cent Al, 10 percent 8i, 82,5 percent Fe (38). Magneto-dielectrics
for tonal frequencies are made from Al8ifer T . 60 with particles
about the size of 50 microns and having an effsctive magnetic pers
meability of 60 and g coefficient of Foucault-current loss Looe1o-1,
The properties of A sifer cores for radiofrequency Ee=9 with pare
ticles having a diameter of 15 to 20 microns are given s according

Yo Saymovskiy (35), in Table 48,

: - R000200080001-1
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In the majorlty of cases there are used as insulating dielecw
trics plastios (bakslite, aminoplast, polyetirol), less frequently
cardboard (ferrokart [88]) or ceramic compositions. Iron powders
with phenol plastics are pressed at room temperature with a force
of 5 to 12 tons per square centimeter and then heated to 100 to 150
degrees for polymerization and hardening of theplastic. In the
case of other plastics preésing is often done at & temperature of
120 to 150 degrees.

TABLE L8
PROPERTIES OF ALSIFER Rf.-9 s ACCORDING TO SAYMOVSKIY (38)

Property Value
Specific Grawity in CGrams per Cubic Centimeter L,6-l,8
Shore Hardness - . | 50m55
Specific Electrical Resistance in Meters

Ohms Centimeter 12-15L0
Dielectric Constant | 1215
Coercive Force H, in Gauss/Oersteds 8- 9
Residual Induction B, in Gauss 75
Induction when H = LOO Oersteds B)ny Gauss 3600

Initial Permeability M - in Gauss/Oersteds 9#0,05

Ratio of Maximum to Initial Permeability 1.03
Promag f pro.
Coefficient of Foueault Current Loss 3; l=5,10"7

(A e M
Aging fr-Fo » where Ja is the

[N,

e
Initiel Permesbility and }U't the Pere

meability after One Year's Operation 5e10-3
PURE MACGNETIC METALLOCERAMIC MATERIALS

Iron baked from carbonyl powders possesses an exceptionally

high purity. Carbonyl iron aftér annealing in hydrogen conteins
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040018 percent C, 0,002 percent 51, 0,0005 percent S, 0,003 perw
cent Ny, 04002 peroent Ops 0.0005 percent Hgs The magnetic pro=
perties of pure cerbonyl ilyon are given in Table LS.

TAHLE b9
Cosrelve Force in Gauss 0,08
Initial Megnetic Permeability [*o-
in Dauss/Oersteds 3000
Meseiiman Magnetle Pevmeabllity o e 20000
Hesidnal Magnetism Dr  4n Gause 6000
Magnetic Saturation in Geuss 22000

Hetalloceramic alloys from carbonyl iron and nickel potr
ders are slso uwsed a8 soft magnetic materials becm:ae they possess
greater mgnéﬁie permeability and magnebic saturation than ordinary
ones. For this rvesson they are used in loudspeskers, vadio trenge
formers, measuring instrumentsy otoe The characteristics of carw

bonyl ironenickel alloys sro shown in Plgure 199.

@ by e y}‘r/

Figure 199 Curves of Permesbllity for Industrial Irone
Niekel Alloyss 1 - transformer irvony 2 - lronenickel cast
slloy with U8 percent Nij 3 - metalloceramic iron<nickel
alloy with L7 percent Nij L « ditto, with LS percent Nij

5 « Pemalloy (187).
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MAGNETTO METALLOCERAMIC DETAILS

Pernanent magnetic materials of the type of alnd (5 to llt \
percent AL, 12 to 33 percent Ni, the rest iron) and alnico (ixon,
aluminum, nickel, cobalt, somebimes with additions of copper and
titanium) are very brittle and herd. For this reagon such cast
magnetdc elloys cannot bepressure worked or machine finished. The
only method by which the magnetic alloys alni and alnico can be
finished is by grinding them down to required dimensionse

In this comnection therehas become rather widespread the
fabrieation of small ‘pema.nen‘c. magnets of the type of alni and
alniteo by the methods of powder metallurgy. With a somewhat lesser
density (approximately 2 percent) metelloceramic alloys ave finer

/ grained, less brittle and stronger than cast. Resistance % rup-
ture of cast alleys of the type of &lni is 30 to 50 kilograms per
square millimeter and for metalloceramic 100 to 10 kilograms per
square millimeter (167). |

Figure 200. Detalls Suidtable (a) and (b) Unsuitable
for Being Menufactured from Alnico Alloys by Means

of Metallooeramicse  [photel

i Figure 20la. Ordinary Direct-Current Motor Pole
Pleces. [ photo]

Reslstance to rupture of metalloceramic glnico alloys is 50
kilograms per square millimeter (3 to 5 times more than for cast),
Rockiwell hardness is L5 to 50 (191), The magnetie properties of
netalloceramic alni and alnico alloys are 5 to 10 percent lower
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than for cast (167). At present only elnico IT is belng produced
by metalloceramlcs (10 percent Al, 17 percent Niy 12,5 ﬁercent. Coa
6 percent Ou, the rest ¥e) (182)e The properties of netallogseraml.c
dlnico IT are the following (the figures in paventheses ghow the
characteristics of cast alnico II for purposes of comparison): spe~
cific gravity 6,77 (7.0h) grams per cubic centimeter, residual mage-
netiem B, 6900 (7200) gauss, coercive force 520 (5L0) gauss, meg=
netic energy BHp .. 1,430,000 Q. ,600,000) gaues/oersteds. The naXe
sy welght of detalls ab which it is practiceble proéuce alnico
glloys by means of metalloceramics is usually about &0 grems (167,
191), althouth detalls welghing almost a5 much as two kilograms are
sometimes produced metalloceramically. Dimensions for slnlco de-
tails which are eaongnmically feasible stay within the following
1imites helght 2 to 30 millimelers; Lrangverse cross-sectional srea
0.6 o 13 square centimebers; welight 0.02 to 60 grams, occagionally
up bo 20 kilegrams (191). Slﬁapea of details which are sultable
and unsuitabile for mapnufacture by the methods of powder metallurgy
aye Bhown in Figure 200. Magnetic alnico detalls are not suited
for calibration after bakinge For this reason thelr tolerances are
greater than for other metulloceramic products {(dimensions up to 3
mi1limeters plus or minus 0.13 millimeters, from 3 to 16 millimeters
plue or minus 0,25 millimeters, from 16 to 32 millimeters plus o¥
minus 0.4 millimeters, from 32 to 75 millimeteys plus or minus 0.0

millimeters, and above 78 millimeters plus or minus 1.5 millimeters).

Figure 20lb. Metalloceramic Direct=Current Motor Pule

Piecess  Lphotol
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Pigure 2028 Hetalloceranda Magnetd.o Detail for &
Field Telephones  [phota] ¥

Tigure £02be Metalloceramic Magnetic Detall of &
Field Telephonee  Lphotol

Producticn by means of powder netallurglesl methods is &=
raady quito widespread of variouse detalls from soft magnetic mae
4eriels, principally ordinary lyon (primarily from alectrwlytle,
shotted, and pulverized powders)e Thus (6Ly 190.), there are belng
produced netalloceranic pole pieces for anall directwdurvent rnobors
{Figure 201), pole shoedy industor colls for 424 telephonss

3 (Figure 202), ebe. Buch deballs nave & density of aboub 95 percent
of theovetical and somewhat lowey ma@neti.e properties then ordie
nary megnetle moterials of the sane coﬁq:oaaition. A% the same time
4% i mich chesper to produce, for exemple, metelloceramic pole
places for apgll divegtecurrent motors than by febricating hen
from riveted plates of sheeb dlootro steel (Figures 201a and 20M0).
Mopeover 1t is possible te produce for metellocerenic details
vounded, pole tores, which simplifies and makes less expensive
winding and completely compensatas for the Lower pewmability of
powder detailee Meballoceyumic pole ploces may e used only for
amsll rotors using divect durvents Hobors using g1 teenate currenty
a6 well ap lavge GArect-ouprent ones, otnnot afford hysteresis sod
oldiy=cuyrent losses. For this vesson pole shoes for sudh mobors

ghould be mede from snslabed stesl plates.
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Chapter XVII

YILITARY APPLICATIONS OF METALLOCERAMIC MATERTALS

Examples of metalloceramic materials used in armaments are:
armor-piercing shells, alrplane and tank friction disks, porous
fllters in Flying Fortresses, etc.

CORES OF ARMOR=-PIERCING SHELLS AND BULLETS

Metalloceramic armorpiercing cores for bullets and shells
played an extraordinarily important role during the Fatherland War
and were included in the armaments of all belligerent nations (13,
139, 142)s Armor-piercing cores are made from tungsten carbide
powders cemented with a small quantity of nickel or cobalt. Gere
man armor«plercing shells contained 0.75 to 2.5 percent Ni and

0.5 to 1.25 percent Fe,

The advantages of metalloceramic armor-piercing cores ine
clude a combination of great hardness (about 90 Rockwell "A") and
a considereble specific gravity (1L.7 te 15 grems per cubic cen-
timeter), The uss of metslloceramic cores not only raises the
ammor-plercing ability of shallé but also improves their ballistib
properties, makes it possible to decrease the caliber of shells
and thereby use less expensive rapid-firing and accurate guns of
smaller caliber. Tigure 203 deplcts Germen armor-piercing cores

and shells,

Figure 203 German Armor«Plercing Cores and Shells (139),
[phote]
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During the Fatherland War shells and bullets with AYTO Y
plercing were widely used for fighting with tanks (13).

METALLOCERAMTC SHELL COLLARS

During the war there was widely used by Germany iron shell
collars (snaryadnyye poyaski) (152) in place of brasa}:r copper
ones (Figure 20L)s Copper was replaced by metallocefamic iron in o
all German ehells whose caliber wes betwsen 20 and 210 millimkers
(152)« Collars for shells larger than 2.0 millimeters were not pPro=-
duced by means of the methods of powder metallurgy because of the
lack of sufficiently powerful presses. The porosity of ivon for
shell collars was about 20 percent, Brinellhardness about 60y ro-
sistance to rupture for small calibers 7 to 9 kilograms pef square
millimeters, for large 12 to 15 kllograms per square millimeter.
Pores were impregnated with paraffin to decrease friction and
corrosion. At first irop metalloceramic collars gave inferior
results to brass ones, The length of service of guns which used
the first output of iron collars was. only 60 to 70 percent of those
which used brass. But the quality of the eollars got better as a
result of improvements in technology. The latest batches of metalw

loceramic ¢ollars were superior to brags,

The use of iron collars is connected with a very considerable

saving in non-fei'mua netals,
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Chepter XVIII
OTHER TYPES OF METALLOGERAMIC PRODUCTS

USE OF POWDER METALLURGY IN WELDING

The progress of present-day electrlc welding ls closely

connected with the use of metalloceramic materials.

The development of atomic hydrogen arc welding is due to
the use of vefractory tungsten electrodes fabricabed by the methode
of powder metallurty (126). A drawing of an atomic-hydrogen weldw
ing apparatus is shown in Figure 205. Vhen the current reaches
the tungsten electrodes (1), an arc (2) is formed between them.
The hydrogen is fed through side inlets (3), which, upon issulng
through a ri@ﬁed slot between each nozzle (4) and electrode (1),
reaches the heated zone of the arc where ‘the temperature can be
a8 much as seveﬂ£ thousend degrees. Then the hydrogen molecules
break down into atoms. The process of bresking down the hydrogen
molecules is endothermle and is connected with a decrease in tem=
perature at the ends of the electrodes. Upon leaving the arc (the
middle section), the hydrogen atoms recombine into molecules,
thereby causing a considerable increase in vemperature (up to
L1000 degrees) at the periphery of the flame. Atomic~hydrogen
welding (126) is a most economical way of making pipes from high-
alloy, stainless, acid-resistant, and heat-resistant steels. It

is also widely used in the building of aireraft and automobiles.

The use of metalloceramic copper<tungsten electrodes in place
of copper for contact welding (19k4) increased the life of electrodes

by 10 to 80 times.
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Fignre 205, Drawing of a Toreh for Atomie~Hydrogen

Weldinge

It is v@y practical to make wire with & mstelloceranic
coating for welding stainless steel (147)s Steel wire containing
043 porcent G 1s covered with a layer of powder mixtore of nickel,
ferrochromey lerromanganesey ferrosilicon and flnx. Wire produged
by this nethod is 2% to 33 percent chesper than the ususl wire

nade from steinless shedl (LW7).

3 dész{arﬁ.p‘einn was glven on page 62 [of originel tent) of
nosglesartrusion pressing of weld rods and wive from gtainless
sheel, Metalloceramic weld ruds made from stainless stecl which
has & certein amount of poresliy (wp to 2% pereent) and an ine
creased conbent of carbon (because starch is included in the paste
for nondle-extrusion pressing) give welding seans highey quality
and demand less current (150 amperes instead of 175 awperes) &8
compared with vods from the usual stainless steel (166).
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COBROSION-RESISTANT MATERTALS \

Tantelum (167) 4n to be included among those materisls
which are more rosistant to the actlion of dAlfferent chamlanl Yew
agents ab xoom ox alighter higher tamperature {(up to 100 to 150

degroes).

Tantalum 1s actually resletent to the astion of dilubed op
coneentrated, cold or heated, sulpburit or hydrochlorle acid, orw
ganle aclds, sulphuv-chrome mixbture, HI10y, chlorine or brome wa-
ter, cold mixture of HCL and HEODy (agua regla). Heated aqua yegis
induces & formation on tantalum of & proteciive £1lnm which pre-
vente further cem'ossionv. Tantolum is not resistant to the action

of hydrofluoric acld, causile and carbonic 2lkali, and smmonla gas.

Because of this tentalum iz used in the manufacturs of labo
ratory ware, in chemical machine bullding, such as apparatus for
producing hydrochloris aeld, spinnerets for spinning synthetdic
woul, for &1l kinds of covering, noszles for steam turbines (146),
life-long pens, etce The length of service of tentalum spirmerets,
nitrogenized for increasing hamdness, is peverel times longer than
of thoss made from golde

Metalloesrandle hard slloys ave to be dstinguiched by a
relatdvely satisfantory shemicel stebility and high resisbtance to
oxidatlon under nomnel and highetemperature condiitiomo.

Iron treated with superheated sbeam (page 163) [of eriginel
text] possesses consldersble resistance to oxidation under ordie
nary @nd high-temperaiure conditions end 1s very huyd. ;ﬂ 48 cone
sequently used for rollers and bearings of furnaces and in chamical

gpparatuses (relrigerators).

s
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OTHER METALLOCERAMIC MATERTALS

Important metalloceramlc materials congist of so-called
heavy alloys with a tungsten base and additions of copper and
nickel (80 to 90 percent W, 2.5 percent Cu, and 75 percent Ni)
(L78)s These alloys have a specific gravity of 16,3 to 17 grams
per cublc centimeter, a resistance to rupture of 63 kilograms per
square milllmeter, a limlt of proportionality of 58 kilograms per
square millimeter, & modulus of elasticity of 23,000 kilograms per
square millimeter, an elongation of Ui percent, a Brimnell hardness
of approximately 250 kilograms per square millimeter, a coefficient
of linear expansion of 5.6 by 10“'6, a head conductivity of 0,25
calor:!}i; per centimeter second degree, a specific e¢lectrical con-
ductivity of about 17 percent of the electricaleonductivity of
copper. Heavy alloys are msed to manufacture containers for store
ing radium,; screens for protecting personnel from radioactive rge
diations, ete. Moreover, heavy alloys arve used in gyroscepes, bal-

ance mechanisme, contacts, diamond-metallic compositions, etc.

Because of the refractory quality and considersble strength
of certain metalloceramic material s, they may be used as heatere-
sistant metals. Unfortunately, there have not yet been developed
alloys, having for their base refractory metals » which combine
strength and resistance to oxidation at high temperatures (except
for brittle hard-glloy carbides). For this reascn metalloceramic
heat-resistant alloys with réfractory metals as a base are only
being used on a limited scale to serve as p‘ro‘f.ec'bion against oxida-
tion. The use of molybdenum as a heating element comes under this
classification (Chepter XV), Metalloceranic alloys of cobalt with

20 to 35 percent W are used for forge sides (dlya kovochnykh bakenov)
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4n machines which forging tungsten sb 14001700 degrees. Card
(Haxdy) vecommends netalloceremic solders pressed £rom powders of
@leatrolytic aopper, phosphor Coppelsy and borax, The wods are
vaked for strengih ab low vemperature.

Powder metallurgy 1s used to some gxtont i Jowelyy mamte

factare (articles from tantalum niobium, porous ailver, and gold)e

(uite widespread is the prepavation of dental £41)ings Lrom
powders of silver, coppoly tin, windy semented with mereury ab room
tamperature (157 Dental fillings ave composed of 677 peveent &y
26,3 percent Sny LeT percent Cu, and 1.2 peroent Zny also b o 50
peroent Agy b5 to LY percent Sn, 0.52 percent Cu, and Oed 0 o085
percent n, There 18 added o the powder mixtures 85 %o 120 per-
cont of mercury. After mizlng the paste is inserted into the dens
Lol covity, suy excess belng vemoveds The £i11ling echieves its
naximun herdness epproximately after 8 hourse The process of
making dental £illings may be described as hot pressing and baking
at voon temperatures. The yosistance of fillings o compression is
115 to 27 kllograms per SQUATe mmima‘%w. Brinell bardness 26 to
She Theve are evpended in (fms nalelng of fillings ( on 2 worlde
wide seele) about BO tons of gilver and tin powders amnuslly (167)e
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Chepter XIX
ECONOMICS AND PROSPEQIS OF THE DEVILOPMENT OF. POWDER METALLURGY

A. ECONOMICS

The limited literature containing information on the size
of production and capital investment, manufacturing cost of pow=
ders and products does not give a sufficiently complete pleture of
the economics of powder metallurgy. The entire output of metallo=-
ceramic manufacture comprises less than O.1 percent of the world
production of metels. However, this relatively modest figure does
not by any means chara.qéberize the totalrole of powder metallurgy
in the national economye Its economic significance is composed of

the following factors.

(1) Economy from the use of materials which can be produced

only by the methods of powder metallurgy.

(2) The sconomy of metal and substitubtion for deficit none

ferrous metals.

(3) Lower cost of manufacturing products as compared with

the usual methods,

Economy from the Use of Metalloceramic Materials

Savings resulting from the use of materials which may be
produced only by the methods of powder metallurgy exceed by many
times the cost of these materials and the total sum of capital ine
vestment for the entire metalloceramic industry. It is precisely
these savings which determine to a large degree the importance of

powder metallurgy for the national economy.
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For example, according to Ballza the replacement of & vexbon
flement dn electrdc laups by wire made fwom sintered tungsten rew
swlbs in an economy in the US o&‘,ﬂ? billion dellars & year. Ona 100
watt electric bulb with a tungsten incandescent filament during the
perlod of its 1ifs uses energy to the amount of Lo Ilowatt hours
less than & carbon lamp of the seme byightness. A atillgreater acon-
any is obtained by the use of metalloceranie hard elloys. They maks
it possible. to increase produetivity of lsbor when machine £inishlng

mebels by 30 to 60 pewcent and frequently even more.

Decrease in expenditures connected with sexrvicing and Lubzie
catlon when changlng over to porcus bearings is maxy times greatey

than thelr totalcoabe

In the majority of ceses it is diffioult tc express in spes
cific figures th:e sconomy resuliing from the use of metalloceraml.c
materisls, These materlels have nade it pasaible\?gmﬁm@ 4 nume
par of produets of present~day electrical technology, such as radlo
tubes; mognetowdialectrics, elc.

Economy and Replacement: of Metal

The escopony of ﬁstal vesltdng from the manufacture of
netalloceranic products may be broken down into gquantitetive (abe
gence of Joss from shavings,profits; ebo, use of lighter porous
mebdls) sndqualitetive (substitution for deficlt non<ferrous metals)e

Guantitative econcmy of metal arising fyom the fabrication
of details by the methods of powder metallurgy is 20 to 80 percent
as compared with ordinary methodse

Porous ivon replaces copper alloys (bearings, shell collavs,
eto)s lead (sealing materisls, bearings), tin, end other metels.
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"Offe ‘ton 'of porous iron, ’uaki.hg in’oo coneideration “ohe mnallar spe-

CefLe gravity and absenca of logb 68" metal, is equivalemt ’oo 1.5 )

TEOY
st

" 4675 bons" of copper alloy‘e or '3 %o 6" tons of load. "

VgL e,
v v J¥ I g
2. k)

» In 193414, thax'e were, produoed :Ln Germany, (139) about 30,000
'tans of shell gollars from porous iron, thereby rasulting in a re~
placement ‘&nd & ‘savity ‘of 1i5,000" tons of brass, and one to o

Phbusbnid tona of ‘other materials used in place of i 4o’ 5 t.housand
‘bon‘a"br‘non-'-‘ferroua netile. The total outpu‘o of primary c;Opper -
fromore  comprised in Germany before ‘twbiwad not more than 30,000
£oi5. This example shows Now sffective oan be the substitution of

‘Horistérfous mebals by porous iren.

Deorease in the Cost of Marmi‘actu.rigg Details

The development mxd scale of powder metallurgy ig dster-

mineci no'b only by the gains enmnerated above but in many cases by
lower production cost o1 finished products. This factor pemmits
netalidceranics to compete with the usuel methods for producing

details (Chapter XITI). . |

A decreass in the cost of manufacturing details is due to

the following factors.

(a),_Economy of metal (see 8bOVe)s .. iy f gt
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One ton of porous iron, taking into consideration the smaller spe-
elfic gravity and sbsence of loss of metal, is equivalent Lo Le5
to § tons of copper alloys or 2 to 6 tons of leads

In 15Ul there were produced in Gexmany (139) about 30,000
tons of shell ¢ollars fxom porous iron, thersby resulting in a re=-
placement and a saving of 45,000 tons of brass, and one to two
thousand tons of other materials used in place of L to § thousand

! tona of non-ferrous metals. The total output of primary copper
from ore comprised in Germeny before the:war not more than 30,000
tons. This example shows how effective con be the substitution of

non-ferrous metals by porous ircn.

Deorease in the Cost of Manufacturing Detalls

The development and scale of powder metallurgy is deter-
mined not only by the gains enumerated sbove but in many cases by
lower production cost of finished produets. This factor permits
metalloceramics to compete with the usual methods for producing

details (Chapter XIII).

A decrease in the cost of menufacturing detalls is due to

the following factors.
(a) Economy of metal (see above).

(h) Higher labor productivity in connection with the elimina-

tion of machine finishing.

(0) In a number of cases lower expenditures for getting ready
for production, shorter periods for going into full preduction, etce

Sometimes there is required only one twentleth of production ares
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used in the fabrication of detalls by other methods, In order to
put into production one splined detall with an inside slot 9 months
were needed for preparing broaches and snother instrument. In pro=
ducing this detall from powder it was possible to shorten the period

of getting ready for production dowrr to 6 weeks.

Factors which make the cost of metalloceramic details more
expengive are a relatively high cost of powders (wsually one-half
to two<thirds of the total cost of products is composed of the cosb
of powder) and large expenses for press molds. For thls reason
powdsr metallurgy 4g feasible only for the mass production of guch
details whose production by ordinary methods is labor-consuming or

connected with large losses of metal.

The nomenclature of details which are profitable to make by

the methods of metelloceramics depends on the cost of powdaere

Table 50 gives the prices of metal powders in the US dure

ing 19464
[See Table 50 on following pagel
e can make the following conclugions from Table 50.

(1) With respect to the non-ferrous metals -~ coppery tin,
aluminum, end nickel, the price of powder is 10 to 90 percent higher
then the price of crdinary golid metals and spproximately the same
as for the price of metélloceram.e smifinisheé products (gheets,
wire, rods), In this way by taking into consideration the above=
described éoonomi.e advantages of the methods of powder metallurgys
finished produéts made from nohvferrbus me’oai powders are in & num- |

ber of cases less expensive than details menufactured by ordinary
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TABLE 50

PEICES OF METAL POWDERS AND ORDINARY METALS IN CENTS PER POUND {5 DECEMBER 19L6)

Name of .. Powder Ordinary Metal

Metal Type Price Type Price

Iron Crushed, 200 Mesh, 90 Percent L Sheet Iron L.5
Spenge Iron 7.4-8  Wire i koS

al, 100-200 Mesh, 96 Percent 11-16

Electrolytic, Annezled, Plus 100
Mesh, 99 Percent 17

Carbonyl, Mimus 300 Mesh, 9899 Percent 90

Copper Electrolytic, 150200 Hesh 23.5-27.5 Electrolytic 19.5
Reduced, 150-400 HMesh 22 2/3 Sheet 29.21
, Aluminum Atomized, 100 and 200 Mesh 25 Primery Aluminum in Ingots, 99 Percent 15.00
Sheet 23.7-32.1
Nickel Reduced, 150 HMesh 51.5 Electrolytic 35.00
Tin Atomized, 100 Mesh 58.75 Ingot 52,00

Remarks. 1. The method used in producing industrial iron is not given.

2, The percentage given refers to the content of the element in a metal state, not to its total percentage.
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means. Tn one case, the cost of metalloceramic bronze gealing de=
tells comprised only 10 percent of the cost of cast. During the
second half of 1946 the prices of non-ferrous metal powders

(slso of cast metals) increassd somewhat ap compared with 1945, but
less than those of cast metals, The prices of certain iron pow=
ders, on the other hand, decreased, There ap;lve.ared lees expenslve
powders ﬁade from electrolytic ivon (more than two times cheaper)

and cheap Swedish sponge iron.,

(2) Iron powders in the US at present are considerably more
expensive than semifinished products of solid iron (wirs, sheets),
being approximately L times as expensive for industrial iron. Pule
verized iron shavings sell for somewhat less than semifiinished pro-
dogts of solid irom. ‘However, in spite of the relavively high cost
of powder, finished iron products are in a number of cases less
expensive. According to Pemfri, gears made of stecl powder are 33

percent cheaper than those made from cast iron.
B. PROSFECTS FOR THE DEVELOPMENT OF POWDER MATALLURGY

One should expect to see in the near future further and con-
siderable development of powder metallurgy. A considersble devel=

opment of this kind would be due to the following two factors.

(1) A decrease in the cost of products made from powder
because of mastery and further ﬁnprovement of technologys. This
fagtor would make 1t possible to expand considerably the nomencla-
ture of metalloceramic details manufactured from ferrous and non-

ferrous metals.

(2) Expansion of the application of aiready&imown materials,

which are produced solely by the methods of powder metallurgy, and
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the inbroduction of new metellocerano matexialse

T4 geems cortain that there will be & considerable surge in
the production of metellocerante products from ferrous metalse 'ﬁm
author belleves ihal with further lmprovement of teshnology amd
utilization of wasbe products (shavings, @to); metelloceranic pro-
dusts should cost only “sqmwhwu highey then ceramic (orick, pottery,

‘ ebo)s We can expect theb in the velatively near future metallow
coramles will produce up te l‘ percent of total ferrous metal proe

duction and up to 2 to 3 peveent of gopper and ite &lloyse

We should also expect & further growth in the use of metale
1ooeramic antlfriction materials, both porous @d compacte Fowous
bearings with an iren base will be used In considerably largex vol-
wme than wp to now for Ppvh yalues up to 100 to 150 kilogyrams per
sopare centineter neter per sesond. The field of bigher “pv"
valves w-i.i:. alsy be using on & widaey scope bearings grom porous and
compact alloys from specldl brohses, triple-layer materizl, harde
slloy materigls (Chapter %L)a elce

The uge of poyous filbers wil@;’considerably increage bolh in
machine building and in the chemlcal industrye One ghould expect
the appearance of new piglds for the spplication of porous metals

- in Sautomatics® (Mavtomatika®), elce

Tt is slso possible thet there may appear chedapew frictien

materiels with an iron base, metaleplastic products, etce

We should expect further qualitative and quantltetive devele
opment of the hard alloys by industry. It sewmms possible that up
1o 90 percent mackine finlshing will be done with metalloceramic
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glloys. There is a lavye increase in the use of hard elloye for

ProuEre finishing and in wear-yesistant parts for machines,

Turther progress 1n slectrical engineering would be tded
both o & development in the production of exieoting and in the ap=

pearance of new netelloceranic materisls.

One can await the development of greepwresistant netallo=
ceramle refractory alloys, standing up agalnst oxidation, and of
ways for protecting dlloys agalnst corropions which tend to oxte

dige ab high temperatures, of cermicometallic materisls, otoe

It is possible that a very amall pert of metalloceranic
materials will be veplaced by nc:.‘{;ffwwwllic {such as pure graphite
bearings for light Losds). Hewever, this will not effect the gen=

eral development of netalloceranic produetion.

An especially glgnificant development of petalloceraml.c
produchion should be expected in our own counbry. The Soviet
Union can come e occupy and ghell come to ogcupy the 1gading

place in powder metallurgy.
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