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RECURITY 10 DniRTIOY

TNVESTIGATION OF THE INTERACTION OF NITROGEN

AND TITANIUM CARBIDE

By A. N. Zelikman and

N. N. Gorovits
Introduction

Titanium carbide (TiC) and titanium nitride (TiN) are possibly
the only stable phéses in the respective titanium - carbon and
titanium - nitrogen systems., lach system conbains a varying but
sizable quantity of the. monophase. According to Umanskiy /_— 1__7,
in the bitanium - carbon system the range of the monophase lattice
710 is from 25-30 to 50 atomic %, and the lattice constant increases
from L.25 /%\ to L.32 R as carbon content increases.

The most complete investigation of the structure of tit_anium
nitride has teen conducted by }n:'eger ['2_7 who determined that the
1attice constant of ‘this compound is L.23L B . e showed thab nit—
rogen can be dissolved in titanium nitride, this phenomencn being
accompanied by a decrease in the 1 ttice constant. A temperature

increase was found to bring the structure of the nitride close to

the formula Till. Howsver, there are No data aveilable on the s0l-

ubility of nitrogen in titanim nitride.

The carbide and nitride of titanium form & succension of solid
solutions, and data have recently been oublished on the tharmal
capacities and heat contents of there solutions at low [3, l.,,_] and

high [ SJtemperatu:r'es .
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Titanium carbide is prepared industrially by the calcination
(at 1900-2200°) of a mixture of Ti0, and carbon black in & carbon-tube
resistance furnace in a hydrogen :tmosphere. Such carbides contain
17.5 to 19% (and rarely as high as 20% of bound carbon which corresponds
to the formula TiC. The miscing atoms ~f carbon in the titanium carbide
crystal lattlce are replaced by stoms of oxgyen and nitrogen.
Therefore, tre carbonization product is actually the s01id solubtion
T4(C, 0, M).

Sueh a hypothesis concerning the real nature of titanium carbide
carbide, as developed in tre works of Meyerson 177_7 and Unanskiy
1—8_7, is entirely supported by the monotypic crystal Jlattice

structure (that is, the ¥aCl type) of titanium carbide (TiC), titanium

nitride (Til), and titanium oxide (Ti0), whose connbants are A.BE/X\ y

523 ;& , and 415 ﬁi 5 respectively.

The nresence of nitrogen in fitanium carbide is due to fhe gmall
guantity of air drawn into the furnace from underneath; this leads
to nitration #nd decerbonizstion of the cerbide. An earlier report
by Zelilmen ~nd collaborators [“9~7 on the decarbonization of titanium
carbide in a carbon-tube furnace in atmospheres by hydrogen, hydrogen
with an admixture of nitrogen, and pure nitrogen a2t 1200-1800° ghowed
thet, at temneratures of 1800° and higher, nitrogen rather than OX~
idation is tre predominant ceaction occurring when the air is dravm in.
At 12000 the reverse 1s true; and at 14000, oxidation and nitration occur
simultaneously, put part of the oxygen 1s displaced by nitrogen when
the seasoning time is increased. During the experiments, the quantity
of nitrogen in the carbide was found to be higher abt 1800° than at 14000,
s fact attributed to the wigher rate of nitration abt tre higher tem-

perature. This difference, however, does not correspond to the ratio
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at the two temperature
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i of the amounts of nitrogen mresent in equilibrium

i Jevels, sincs the neat of formation of the aitride is higher than that ?

1 for the formation of the carbide: %

3 Qi = Bo,B00 Qe = 50,039 \
ction of titenium chloride !

£ equilibrium in the rea

i
Tnvestigation o
production of nitrogen-free

with nitrogen is of importance both in the

titanium carbide and also in establishing conditions for the production

e by the action of nitrogen on titanium carbide .

of titanium nitrid

’;g
]
H

titanium carbide with nitrogen, allowing for

The interaction of

solid solutions of Ti(C, W), crn be expressed,by the

the formation of

equation: ~ B
KThe + 5 Ny = T Lex-y) € VGNJ +y C

In this case, the equilibrium constant of the reaction is deter—

mined not only by the partial pressures of the components of the gas

the_ solid phase:
\,/\ — %} N _;L-,—:I__;_E—-:—g——..w
Tb N [;“Tllv:l

ar concentrations

phase, bub also by the composition of

where / TiC_/ end /7N _J are the molecul of TiC and

T4N in the solid solution 74(C,N) .

The aquilibrium constant of the resction at a given nitrogen

e velocity of diffusion of nitrogen in the

pressure will depend on th
lattice TiC to the point where eruilibrium is reached in the solid sol-

ution.

| At o constant temperature, egch value of the nitrogen pressure
should correspond to & specific composition of 71(C,N). The method
of correlation vas as follows: At a given pemrerature and pressure,
the composition of the solid solution (controllad by chemical analysis)

o was veried wntil equilibrivm was attained.
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Brief Conclusions

1. Investipation of the nitration of titanium carbide in the

temperature range of 1300—18009 showed thet the reaction equilibrium

in the formation of 60lid solutions of 14 (C,N) was determinéd both

by the nitrogen pressure snd by the composition of the solid solution.
The slow diffusion of the nitrogen into the solid solution accounted
for the prolonged period necessary for the establishment of equilibrium.

o, Values for the equilibrivm constants at 0.12 atmospheres ond
temperatu-es of 1300, 1500, @=nd 18000 were found to be 0.14, 0.22,
and 0.36, respectively. Trom these values, 1% can be deduced that
the equilibrium concentration of nitrogen in the s0lid solution
TiC - TiN decreased as the temperature increases.

3, The values for thie equilibrium constant K lie on & straight
line vhen the coordinates are lg K and 1/t.

L. Computation of rquilibrium concentrations of nitrogen in
a solid solution &t Jifferent temperatures snd pressures showed that,
for low nitrogen pressures (below 0,01 atmospbere), the emount of
nitropen in titanium carbide at 1800-2000° should not exceed several
tenths of a percent. However, the actual amounts of nitrogen in
the carbide were found to Aiffer from the amounts computed, being
higher at pressures below 0.01 atmosphere, and lower at pressures above
0.01 atmosphere.

5, The authors 2180 egtabliched that the degree of nitration of
titenium carbide at a given pressure is decreased with an increase
in temperatuve. At 15009, nitrogen pressure greater than 1 atmosp-

here "ias required to accomplish full nitration.
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Experimental Section

1. Original Materials

In all experiments titanium corbide was prepared by the
interaction of 99.5% pure TiOz‘with iampblack. An analysis of
the carbide showed that the percentages by weight of bound

carbon, free carbon, nitrogen mdmmMMwwemﬁéoﬁo
) b 2 b K )

0.83, aad 79.30, respectively. Atomic parcentages of these
elements with respect to 'he titanium phase were found to be 48.04,
0.00, 1.9, and 50.15, respectively. Apparently, there is practially
no oyygen present in titanium carbide.

Pure nitrogen was orepafed by the interaction of saturated

solutions of chemically pure‘(NH/p)ZSOZ and NaNo,, according to the
‘ S b 2

reaction 1_10_7:
(R S 0y +2 Na N Oy = Nav, 304 +2N, T 1,

2, [Oxperimental Procedure

‘ The experimental apparatus is shown schematically in Figure 1.
The reaction‘was conducted in a vacuum furnace, in which the
heater was a graphite tube inserted betwesn the current-feeding,

water—cooled electrodes. A graphite and a molybdenum screenswere
placed concentricall around the heater.,  These screens had apertures
which parmitted the temperature to be gauged by meansiof optical

pyrometer.

Into the heating element was inserted a little graphite raclk,

an the shelves of which titanium carbide was piled.
~ The furnace was evacuated to 0.5 of a micron by means of

vacuum pumps.
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The nitrogen from the gas meter was collected through & drying
and purification (From oxygen) system into an alfeady evacuated
gas pipette was fed into the evacuated furnace space up to a de-
finite pressnre measured with o menometer. Prior to thig, degasifica-

tion of the heating graphite element and the 1little rack was carriad

out in the evacuated furnace (at a temperature somewhat higher than
that of the experiment itself). Following this, degasification of
the bitaniun carbide on the shelves of the rack (about 10 g) was
also accomplished.

The experiment was begun by scrubbing the furnace (evacuated

to the maximum 1imit) twice with nitrogen, after which nitrogen was

introduced at a determined pressure into the cold furnace, which
had been disconnected from the pump. After the current was turned
on and the temperature rose to oper@ting value, the pressure was
brought up exactly to the predetermined value and kevt at that
point fer the entire experiment, The temperature of the heater
was regulated with a rheostat, and temperature‘measurements were
msde with an optical pyromater (temperaturs fluctuations not e-
ceeding =+ 20°).

Tnitial experiments showed that the reaction proceeds very
slowiy, even at 1800°, due to the slow diffusion into the solid
state. Tor this reason the following method was employed in con-

ducting the experiments: After the experiment hed proceaded con—

tinuously for 8-12 héurs, the current was switched off and the

furnace quickly cooled in 2-3 minutes (such rapid cooling prac-

tically eliminating any reverse reaction). The material was then taken

B
\
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out of the furnace, carefully ground in an agate mdrtar, sifted
through a 250-mesh sereen, nd then loaded back into the furnace
to continue the heating. In a determined number of hours,; an
avarage sample of the material was selected for rurposes of
chemical analysis, and the remaining part of the material was
6néé again put back into the furnace to continué the heating.
The great length of time required to establish equilibrium pre-
vented the authors from conducting experiments over a wide range
of temperatuvres and pressures.

Experiments were conducted at 1800°, 1500° and 1300° at
nitrogen pressures of 90 mm., There were also experiments at
1500° with pressures of 200 and 45 mm. The pressure increase at
18009 caused the rétort of the vacuum furnace to be heated
excessively., '

Muantitative analysis of the so0lid phase was performed to
determine the amount of carbon (in total: - that is, free and
bound) and nitrogen (both of these elements by the Kjeldahl

method) and of titanium (by the comhustion method) .

Discussion of Results
Both the results of the chemical snalysis of the products of
nitration of titanium carbide snd the valuss for the constant of
equilibrium are given in Tables 1-3 in the Appendix.
In the calculation of atomic percentages, the "titanium phase'
(that is, the titanium carbide without any free carbon) is considered
as the basis for comparison. In all cases the sulicof the individual

atomic. percentages of Ti, N, and C was found to be rather close to
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100%, The sum of the atomic percentages of N and bound C is
49-50%, as a rule, when the temperature of the experiment is

1800°; this sum is progressively lower at 1500 and 1300°, This

decrease at the lower temperatures is probably due to-the presence

of minute cavities in the mtitanium phase" - cavities which are

not filled with carbon and nitrogen as they are at the higher

temperature.
There is a noteworthy discrepancy between the amount of

nitrogen and free carbon which is replaced by oxgyen from the

carbide lattice. hi

Tt is possible that the free carbon, liberated in the active state,

is partially volatilized and condenses on the walls of the graphite

heater and the graphite rack, clinging to the graphi'e crystal

lattice.

Tt can be seen in Table 1 that the reaction approaches equil-

ibrium in 10 hours.

Comparison of the average values for X at the three tempersture

levels shows that K increases with temperature ~ traot is, at the low-

er temperatures, eauilibrium is achieved in solid solutions of Ti(C,N)

which are more enriched with nitrogen than they are at higher temperatures.

Figure 2 shows the dependence of the equilibrium constant on

the temperature for a pressure of 0.12 atm. The ccordinates are lg K

and ‘1/t.
The following equation expressing the relationship of X to

the temperature at a pressure of 0.12 atmosrhere was derived

: gravhically: : )
‘ : C}‘; K o=—2700/% + 0.35
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Table 4 shows that the experimental values for K approximate
the computed v~lues.

The. equation was used to compute the values for K at temper-
atures lying sbove 1800 and below 1300°.

Using the law of mass action for a given system in the first
approximation, the amount of nitrogen in a solid solution at dif-

ferent pressures was caleulsted according to the following equations:

28 I N S P

L[7i¢d % g [Meld~LTind=

N
<

nesults of these calculations are shown graphically in Figure 3.

The additional exveriments at 1500° at vressures of 200 and 45 mm
were conducted to de’ermine the validity of applying the law of mass
action (if only to a rough approximntion) to the reaction under con-
eideration. As indicated by data from Tables 3, vhen there is a
sizable chanse in the vressure, the values computed by applying the
law of mass action were found to deviate from those obtained exverimental.
At 90 mm, the values for K were greater then at 45 mm, and less than
at 200 mm, Therefore, at lower pressures the degree of nitration as
etermined exrerimentally i actually higher that the degree of nitra-
tion as found by application of the rule; the higher pressures, the
degree of nitration was actually less than that calculated. A&t 200 mm,
the experimentsl value is 10.8% N and the calculated value, 12% N; at
45 mm, the experimental value is 7.3% snd the’calculated value, 5% N.

However, in the pressure range used in these experiments (0.1-0.2

atmospheres), results obtained from calculations based on the law

' Declassified in Part - Sanitized Copy Approved for Release 2012/05/15 : CIA-RDP82-00039R006260020677-4
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of mags actlon approxi ated the actual values, For a greater range of

oressures, the results were only rough approximations, but they could

atill be employed to give & eseneral picture of the change vhi.ch occurs
in the composition of the solid.solution along with pressure and tem-
i perature chances.

Caleulations showed that at low pressures (0.00L atmosyhere) and

high temperatures (1800—25000), the amount of nitrogen in titanium car-

bide is not more than sev ral mindredths of a percent. Actually the

amount of nitrosen was shown experimentallj'to be more than this. %

lowever, it is true that in the temperature range of 1800-2000°0 and %
|

at nitrogen pressure of 0.5-1 mm, the amount of nitrogen is not more

than tenths of & percent. Tharefore, in the preparation of titenium c

carbide in vacuum furnsces it is allowable to have a residusl pressure

of the order of 0.5-1 mm., At atmospheric nitrogen pressure and lower

g temneratures (1OO°~13000), the amount of nitrogen is somevwhat lower
fhan that amount which is theorstically possible in titenium carbide.
Above 15000, for complete nitration of the carbide, apparently, it is “f

a

necessary to use & pressure above 1 atmesphere.

[;The suthors, who are affiliated with the Chair of Metellurgy of !
Rare Metols, Moscow Tnstitute of Non-ferrous Metals and Gold imeni

. ¥alinin, presented this paper 8 Jul 49?}
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THE FOSTTION OF LIMNOLOGY TN RELATION TO HYDROLOGICAL PROBLEMS
Master of Engineering T,eonard Slkibniewski
Limnology (Greek 14mé ~=- lake) is the science which deals

with the investigation of lakes on a proad scale. Therefore, wi-

der limnology we list investigations connecbed with:
(1) origin or lakesj
(2) morphology of lake channels and their spatial dis-
tribution,
(3) hydrological provblems concerned with lakes)
(4) physical, chenical and biological conditions baking

place in lake waters.

-
1pn order to grasp the whole picture ol the specific pe-

culisrities of lakes, limnology velies on many auxiliary sciences,
such as geology, geograpiy geodesy, hydrology, hydrogeology, phy=-

sics, chemistry, zoology, botany, and bacberiologye.

Using a specific group of sciences for its own PULPOSES
1imnology is enriching them with new achievements and broadening

the scope of thelr interests.

The object of the present work will be to show what new

importance 1limnology is giving to hyurological problems.

Let us call atbention to the fact that lakes play an out-

stending role in the circulation of both curface and ground walers.

The lakes contain many springs which ulbimately feed the

1=
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rivers around them., The flowing lakes play the part of balanc-
|

ing reservoirs for the influxes to the rivers. By knowing waber

conditions in vhese lakes we have a basis for solving many of

1 the hydrological problems ol the rivers comected with these lakes.
On the other hand, the results of observations of fluc-

are valuable contributions

tuating conditiocns in the lake waters

of the ground waters.

[0}

to our understanding of the peculiarit
Tn order to explain the causes we must keep in mind the

fact that variations in the 1evels of lake waters are of rather

different types: secular (a century), periodic (several centuries),

annual , daily.
Secular changes in the level of lake waters are caused by

o~
techtonic phenomena, which, as numerous observations show, still

have not disappeared from the lake area. IFor example, the shore

zone of Lake Mamra is subject to continuous epeirogenic movements

whicli has been going on for a very long timeo. These movements
&) 1=} o (=3

are caused by forces within the eartﬂs crust chiefly in a vertical
direction, which do not evoke any particular disturbances in the

rock formation). This movement influences changes in the hydro-

ions of the lake and the Wegorapa Kiver, which flows

logical coui

from it. The lack of long-term water-gauging observations hinders

our meking a really accurate explanation of the action of techtonic

phenomena or hydrological conditions.

The causes of periodic variations in lake waters, an inter=

esting subject for limmological research, have been investigated
] ‘i'\

lakes, probably because\separate instances different

in only a few
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influxes operate here.

The following graph shows Lhe fluctuating in the levels
of the water in the Dolina riazurska Lakes, which, from & hydro-
logical point ol view, form a uniform reservoir with an area
of about 300 square Kkilomebers, whose relation to the confluent
area amounts TO about 1/"(. his graph permits us Lo observe
clearly the rhytine of the periodic fluctuations oF these lakes.
The periodic fluctuations in the water levels of Lake Neusj;gner B
sourth of Wiednie, are even cleaver. The gifference in the
average annual levels amounts o 1.3 meters heree The Austrian
1imnologist, G. Roth-Fuchs, published the fact that according
to his investigations the periodic chenges in the 1levels of this
lake are connected with an intensification of sun spots. Lake
Neusidler, with an area of 337 square kilometers, has a minimal
ebb and flow. The anmmal evaporation from Leke Neusidler aver—
ages oL3 million cubic mebers, while the influx amounts to only
297 million cubic meters. Roth-Fuchs offers the conclusion that
during the sun spot period the evaporation decreases and as a

SR
result the level of the water in the 1ake riverk (Roth-Tuchs ,
Die Wasserstinde det I\Seusj:ﬂler Sees. ! &E@_@_J}lngon der geo=
graphischen Gesellachaft, No 10, Vienna, 1941.) certain dis-
yurbances in the rhythm of ‘these fluctuatbions can be caused by
annually varying decreases which supplemen® the filling of the

1 ake when the evaporation increasese

In analyzing the periodic {1uctuations of the water levels
in the Dolina Mazurska Lakes, We cannot make conclusions as to

the correlation petween these fluctuations and. the intensification

i
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1866, In these periods

was

ohserved in

A minimum of

the lakes.

the average maxd.mum

WAy B yo
sun epots wewrd observed in 1855 and

N
annual. water Level

and to cite another instance, in

sun spots

there was

a periodic

190L when there was & minimum of
min:i_mulm in the waber 1evel of the lakes., This is true ob the
years 1923 and 1933. Therefore, we Con conclude fhat there 18
e water 1evels of 1akes {rom intensi-~

a definite influence OnN oy
rication of sun spots, bub the direction of tuis influence changes
in time. probably another factor influences the periodic fluc=
s of the water levele. This factor, as we can conclude

tuation
iod from

from the graph; is not the decrsase, hecause in the per
1925-—193u when ‘the 1evel of the lakes of Dolina 1‘%3%\11"(—31(.& fell
sreatly, the amount of decrease surpassed the normal Level.

&

AVERAGHE ANNUAL WATER 15 VELS TN THE DULINA MAZURSKA

& \
= LAKBES FOR THE PERTOD FROM 18L9-72 AND 1896-19L0
o
o
[0}
0}
[
&
118,10 §
°

50
15,50 ! J\Q\ /\v :
! cauge of the appearance oy sunepots _/' N
\ h /\ \,\\ /v n /w\‘/“\\ y R L *\ / N
500
L0®
Egee‘ thermopry nt
v
p.p.llS.OO C)F“X" \v\(/.,i 5’\\?1\,;‘."91 '
yeal legend a,m enA 1% .]
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Tn the lakes having a large ratio ol confluent area tw
water-collecting area (over 10), the secular and periodic fluc-
tuations of the wabter level are not caused'chiefly by hydrologi~-
cal influences; nevertheless these fluctuations exist and the
explanation of their causes will throw much light on the course of

hyvdrological processes and perhaps even on climateological processes.
Y 28 I g .

The causes of the annual and daily fluctuations of lake
water levels are generally knowng Annual fluctuations depend on
such hydrological factors as decreases, confluences, and evapor-
stion ol surface waters. Atmospneric factors influence the daily
fluctuations: @)wmsUWMJhcmmecmm@msﬂlmelwem
and (2) differences in atmospheric pressure, arising on two
shores of the lake remote from each other. This difference in
pressures is the cause of the rhythmic, periodic fluctuations of
1ake waters which arise and. disappear after & brief time, known

as seismse

To certein astonishing phenomena in our climate, in which de-

creases through evaporation predominate, belong lakes with no out-

lete.

Because of the steady influx of surface waters into these
lakes, they should overflow their shores. 1f we do not observe
this and the waters of the lake have a balanced level, then we
can suppose that they have a hidden outlet underground and that

these lskes only seem 1o be without outlets.

There are usually several levels of ground water depending

on the arrangement ol the non-permeable layers. These wabers flow
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fogeiher vwell when the waber-supplying lLayers glope and undoub t-

ace waber reservolrs =-

edly are closely connected wibh the sur

which lakes actually are -= ghe more su since lake hollows inter—

sect water-supplying layers. Therefore, bhere 1s undoub tedly a
continuous exchange of waterss the lake water runs through to

the water-supplying layers along slopes, giving back the excess of

»
=]

the water (hidden cutlet), or the reverse happens -- ‘the ground

water £ills the lake reservoirs, penetrating to them in the loim of

numerous springs, such as we see on slopes, flowing ddrectly into

Lhe potbomn of the Jake. In certain ingtances botl factors alter-

nate depending on the season of the year or on other lactors;

the quantity of decreases, the intensity ol evaporabion, and

the conditions oceurring in the dynamics ol the ground walbers. R

Therelore, investigatior ol the hydrological conditions of lakes,

which belongs under Limnological provlemns, will broaden our com=

prehension of the cycle of growd wabere.

Houwver, biclopical rescarch as well a8 hydrological

investi

sation can give us a cerbain general indication as to

the course oif hydrological phenomena. Certain phenomena ob-
served at the Tatra Lakes can corroborate this. In 1946 the GLevel
of the waters in these lakes ell to a degree wiiich had, wntil
Lhen, never been observed. (Skibniewskl. "Phe Low Waber Level

at the Tabra Lakes," (Marine wmeonomy), No 2,

! 16516).  Stow Dwolsty (bouble Leke) at Hela Gasienicowa (Caber-
pitlar Hall) actually dried up. ‘hen bthe wabers ab other ponds
narkedly @ receded. The invesbigalbions conducbed in the fall

by Dr. I. Olszmewski confirmed the fact thal the Branchinecta
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organism, which normally abounded at this time, had perished,

According to Doctor Olszewski, in the Tatras Branchinecta

¢ irom the Ludovican era. If, therefore, they have

is a 1
perished, one can suppose that it is the lirst time. we have en-
countered such excepticnal hydrological conditions since the
Ludovican era. This would throw completely new light on the

evolution of marine conditions in the Tatras.

Botanical research, throwing light on the process by which
the water reservoir formed, also contributes to the explanation
of hydrological conditions in lakes and lake rivers.

In its growth the lake passes through a certain suc-

cession of plant species. By confirming the presence ol cer-
tain plants me can draw conclusions as to the intensity of the
reservoir's growth and its suitability for later projects in

marine construction.
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