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MODIFICATION OF PHYSICO=CHEMIC PROPERTIES OF
CABRN PRODUCTS IN THE PROCESS OF ELECTRICAL
GRAPHITIZATION.

ty B. V. Mints,
Mintsvetmetzoloto (Moscow Institute

of Non=Ferrous Metals and Gold).

As shown by Dupr‘ (1), sny carbonaceous material is transformed into
graphite on being exposed to & high temperature for a long time, However,
as has been shown by Ruff (2)Jn high temperature alone is not sufficient
for the graphitization of carbon black (soot)s the presence of certain
admixtures such as horen, aluminum, and elemental silicon is also necessarye.

M. Barthelot (3) pointed out that there are three different types of
graphite: natural graphite, the graphite of cast iron, and electrical
graphite, LeChateller and Vologdin (L) showed that these graphites differ
from each other by the presence of & different amount of admixtures.

According to Molssan (5), the oxidation of artificial graphite pro=-
duced in an electric furnace is proportionsl to the temperature to which
the graphite had been heated, The size of grephite flakes obtained by sep-
aration from metalg solutions diminishes with the increased melting temp=
erature of the metals. Graphites produced in an electric furnace do not
swell if the temperature has been merely raised in processing them; while
those obtained from molten metel at @ high temperature swell easily.

Acheson (6) states that when carbon contains a considersble quantity

of inorganic matter, or has been modified by adding to it 2«5% of metal
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oxides, the yield of graphite is considerably inoreaded, and its quality is

improved: ‘the graphite exhibits an incressed greasiness, lower hardness,

- —

and stronger luster. However, Arsem (13) haswshown that ocoke and anthracite
are graphitized more reedily when their ash content has been reduced by
chemical means,
Arndt (7) and Debye (8) demonstrated that in the course of the heating
of carbon,graphite orystals are increased in size by a factor of approximately
1000, and that the growth of graphite orystals depends on the properties of
the starting materisl. The increase of electrical oconductivity begins
together with the evolution of gas, and the point of the greatest increase
in conductivity coincldes with the maximum evolution of gas. Petroleum and
foundry coke are easily graphitized; gas coke with greater difficulty;
retort carbon is easily graphitized and gwells considerably during the process ;
of graphitization. The anthracite which &s geologically oldest, graphitiges
best. The process of graphitization has been likened by Rishkevich (9) and
Arndt to that of the recrystallization of metals.
As shown in the work by Debye and Scherrer (8), Kohlschuetter (10),
and others, amorphous carbon and graphite do not sssentially differ from |
each other: the only difference consists in the different size of crystals
which are identicsl as far as their lattice is concerned, The so=-called
amorphous carbon is composed of graphite crystals which are so fine that
; they cannot be obtained from ordinary graphite by using any mechanicsl method
! of treatment.
However, the finely crystallized graphites (amorphous carbons) differ
from the coarsely crystallized modifications as far &s chemical behavior is
concerned, For that reascn, Ruff suggested that the name amorphous carbons

be retained for the first (1l).
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Balfour and Riley (12) established that many organic substances which
are usually referred to a8 amorphous are actually conglomerates having a E
erystelline lattice that is similar to the space lattice of graphite,
These substances contain firmly found hydrogen botwaen the carbon liexagons.
The hydrocarbons in question exhibit a considerable stability and begin to
decompose only at 600-=700°, An additional proof for the existence of a
hydrocarbon having this degree of stability is in the authors' opinion the
faot that anthracite rather than graphite is the end product of the process
of coal formation.

The brief historical account given above illustrates the main trends in
the field which is of interest to us. The question of the effect of inorganic
admixtures on the process of graphitization can by no means be regarded as

solved., This fact induced our present investigation.

1, Physico=Chemical Properties of Carbon Products Graphitized at the
Temperatures 1800, 2000, 2200, and 2500°.

We submitted to investigation products prepared according to 8 dif-
ferent prescriptions. The crude material for the first product consisted g
of petroleum coke, that for the second of mixtures of petroleum coke with
anthracites Then came two grades of anthracite, foundry coke, and & mixture
of foundry coke with petroleum coke. The mixtures were prepared on the
principle of gradually raising the ash content of the mixture,

A1l materials had the same particle size composition and the sige of
the particles was in all cases lower than 0,15 mm. The physico=chemical
properties of these materials are listed in Table 1. The temperature of the
preliminary heating was the same in &ll cases and amounted to 1300°. As a
binder 25% of soft pitch with a softening temperature of L1-47° were used.

- Mixtures were made up using equal quantities of the ingredients in the dry
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part, i.0, 50% of anthracite were combined with 50% of petroleun ooke, and
go forth. After the golid ingredients had been mixed thoroughly with each \
other and with the molten pitch, the mixture was pressed in an enclosed

mold whioh had been preheated to 60-65°, A momontary rather than sustained
pressure of 1,00 ks/cm"" was applied., For each temperature studied, 3 samples
having the dimensions L0X40%40 mm were prepared, After being pressed the
samples were heat-treated in ordinary Ritthammer ring furnaces and submitted
to examination. ‘

Graphitization of the heat-treated naterial was carried out in special
carbon equipment which was inserted into the production furnace and removed
from it as soon as the predetermined temperature had been reached, The
tempe'rature waa measured through & carbon tube by means of a platinum-

» platinum, rhodium thermocouple or an optical pyrometer. Although we attempted
to keep the periocd of heating at & definite temperature and the condéitione
under whieh cooling took place constant, 1t was nevertheless necessary for
technical reasons to carry out heating at higher temperaturegfor @ longer
time.

As can be seen from Table 2, a considerable reduction of mechanical

strength occurs in graphitization pelow the temperature of 1800°. This

raduction of strength is grestest in the eamples made from anthracite having
a low ash content. After this, in the order of mechanical strength reduc=-
tion, follow anthracite = petroleum coke mixtures, anthracite with a high
ash content, foundry coke, foundry coke == petroleum coke mixtures, and

finally petroleum coke., The factor by which the mechanical strength is

reduced comprises 3,0 in the case of anthracite having & low ash content
N \ and amounts %o 1.5 in the case of petroleum cokes The absolute figures
measuring mechanical gtrength differ to & considereble extent, It is note«

|
.
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worthy that even when grephiticatlon ls carried out below 1800°, there is a
fairly active reoryetallisation, as can be seen from the resistivity of
samples and powders. Oraphitization proceeds most actively in materials
which have the lowest natural ash content. When graphitiszation is carried
out up to the temperature of 2000° (of. Table 3), there is further reduction
of mechanical strength in all samples with the exception of that made from
foundry coke, It is true that thie reduction is not as great as in the
former series of experiments. The strongest reduction is observed in the
case of anthracite having a high ash content (an effect which is 1.l times
greater than that in the grephitization at 1800°), while the strength of
products made from foundry coke is even increased by a factor of l.l.

The mechanical strength of samples made from petroleum coke remains
unchanged. There is further reduction of the specific electrical resistance
and of the total ash content. In graphitization up to the temperature of
2200°, an interesting phenomenon is observeds the mechanical strength of
producte increases (cf, Table L). As distinguished from all other samples,
the one made from foundry coke shows a slight reduction of strength here.
This may be due to the fact that in the case of foundry coke the changs of
curvature in the curve expressing mechanical strength begins somewhat earlier.

In graphitization up to 2200° intensive recrystallization takes place
in products prepared from foundry coke, anthracites, and mixtures, Further=-
more, there is additional reduction of the volume weight and of the ash
content, as can be seen from Table b

In the graphitization temperature range 2200-2500° (of. Tebles L and 5)
there is & second sbrupt drop of the mechanical strength occurring after the
first reduction which takes place below 1800°., The volume weight and the
ash content of the material drop sharply. Its specific electrical resistance
is glso reduced, as can be seen especially clearly from the specific elec~-

trical resistance of powders.
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' During the whole graphlitization peried gtarting with the temperature

: of "burning" [ preliminary heat trectmcnt] which was 1300° and ending with
2500°, the mechanical strength of the product prepared from petroleum coke
dropped by & factor of 1.7, that of the product from mixtures of anthracite
and petroleun ooke on the average by a factor of 3.7, that of the product
from mixtures of foundry coke and petroleum coke by a factor of 48, in the
product resulting from anthracite with a high ash content by a factor of
7.6, and in the product from foundry coke by & factor of 3.8 (of. Figure l).

Changes of the specifioc electrical resistance in the process of graphiti-
zation can be best determined on powders, because the data obtained in this
manner are the mest reliable. The resistance of samples usually depends on
a number of fortuitous circumstances such as the presence of oracks, the
degree of burning oi‘ the surface, etc., while in powders interference due
to these causes naturally does not arise.
Tt is evident from what has been said above that at11800° the specific

electrical resistance drops sharply. Further on, at 2000°, it increases
to some extent, but not on the samples made from petroleum coke, This is
probably due to the formation of crystalline metal carbides as distinguished
from emorphous metal carbides. The latter may form even at temperatures
Jower than 1400°, When the temperature is raised to 2200°, the resistance

| of the material begins to drop again and continues to drop until 2500°,

The specific weight of the material does not increase during the whole
process of graphitization. After the material has been heated to & certain
temperature, the specific weight has & tendency to drop. As can be seen
from Tables 2, 3, 4, and 5, the highest specific weight is shown by samples
which have been graphitized at 2200°. The ash content drops to an insigni-
" ficant extent up to 2000°, The reduction of the ash content becomes strongly
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pronounced at 2200° and higher temperatures (cf. Figure ?). If a comparison

of the physico=chemical characteristics is carried cut, one may arrive at

the following conclusions.

A certain increase in the specific electrical registance of the powdered
meterials takes place at 2000°, when apparently intensive dissociation and
sublimation of ocarbides have not yet occurred. The latter can be seen from

the ash content of the material. This indicates that there is a connection

between the specific electrical resistance and the quantity of ash which %
is present in the material. i
The increase of mechanical strength in the range 2000-2200* is accom=

panied by an increase of the specific weight and followed by & reduction of
) the latter on subsequent heating. This leads to the conclusion that the :

mechanical strength is increased due to the formation in the materiel of a ;

carbide lattice., Then the mechanical strength of the product depends only i

on the strength of the carbide lattice independently of the absolute quantity

of carbide contained in the products The carbide forming this lattice rep-

resents a special modification of the oxdinary carbide,

Thus at a definite temperature in the neighborhood of 2200° in the gas

phase and at apprecable vapor pressures carbides may form which contribute

i R

to an increase of the mechanical strength and of the specific weight of the
material.

2, Effect of Added Substances on the Physico=Chemicel Properties of
Products Graphitized at the Temperatures 1800°, 2200°, and 2500°.

EYPrUTIETN

We have shown above that the esh contained in the material hes a con-
siderable influence on the physical properties of carbon products, particularly
in the 2000-2200° temperature range of graphitization. For that reason it

."."f'/? ™
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is of importance % gstablish in just what manner individual oxides which
compose the ash of carbonaceous materiale affect the most important prop- |
erties of the products, In order to investigate the influence of ash com=
ponents, it was necessary to select a carbonaceous material having a low

ash content and showing only & small reduction nf mechanical strength in
graphitization. Thie mede it possible to eliminate extraneous factors such

a8 the effects of settling, swelling, formation of layers, etc., which might
comp'licnu the matter of drawing & correct conclusion from the experimental
results. The most suitable material from this point of view seemad to be
petroleum coke, In order to permit a comparison of the new method with the
old, as far as the properties of the resulting product are conserned, the
process of preparation and preliminary heat treatment of the samples was

left unchanged, with the sole exception that 10% of ferric oxide, magnesium
oxide, calcium oxide, or ailicond'éxide were added to the starting material.

It can be seen from Table 6 that with the exception of products prepared
with the addition of ferric oxide, all samples showed an increase in electrical
resistance after heating., Upon graphitization at 1800° there was no alter-
ation of physical properties, except that the specific resistance of products
to which ferric oxide had been added dropped sharply.

As cen be seen from Table 7, heating at a temperature which was higher
by LOO® resulted in & considerable decrease of the mechanical strength of
the producte. As compared with products processed at 1800°, the results on
samples made from & mixture of petroleum coke and ferric oxide showed a
f reduction of mechanical strength by a factor of 4.7, on samples with calcium

oxide by & factor of 3.9, with magnesium oxide by & factor of 3.5, and with

silicon dioxide by & factor of 3.7.
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The electrical conductivity of all samples inoreansed 2,6 times on the ‘

average. The volume welght dropped onansiderably and the ash distilled off £ 'M&Awﬂ}
almost completely.
1f these results ere compared with those obtained eerlier (experiment
No. 1), one notices that the physicel properties in this instance differ
considerably from those observed earlier.
Notewithetsnding the facts the pamples were graphitizod in the furnace
gimultenecusly in & 1imited space, snd that the products 1isted in Tables 7
end L respectively were intentionally distributed in different places of
this space 80 &8 to achieve the same temperature for all samples, the physico=
chemical properties of the respective preducte were entirely different.
Thus, the mechanicel strength of samples made from petroleum coke
without any addition and heated &t 2200° was 228 kg/cmz, while the average i
strength of samples nude from petroleum coke with the addition of 10% oxide
and heoted at the same temperature amounts to only 8o kg/emz, i.e, is lower
by a fractor of 2,8, It is characteristic thet in the second instance
there is a greater reduction of the volume weight. If the volume weight
of samples from petroleum coke prepared &t 2200° and lacking metal oxide
1 1.4, the volume welght of samples prepared from the same material and
under the same conditions, but with the addition of metel oxide, is on the
average only 1.36.
The epecific electricel resistance of the samples 14isted in Table 1
48 much higher than that of the samples 14sted in Table 4. When the |
temperature was reised still higher (to 2500°), there were further lowéring
i of the mechanical atrength of the materiel, peduction of the ash content,
and increase of the electricel conductivity. Notewithstanding the almost

complete absence of ash in the material (cf. Table 8), the electrical con=
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ductivity of the samples to which oxides had been added does not in &

single case reach the comparatively high value obteined in the case of pure

petroleun coke, The mechanical strength is on the average 3.2 times lower.
Tt con be seen from the above that with temperatures higher than 1600°
the mechanicel strength of products from pure petroleun coke is higher then
that of products obteined after admixing oxide to the same crude naterial.
Z‘“' The same situation obtaine with regard to the electrical conductivity. -
inﬁs In order to determine the effect of the quantity of oxide which had -

been added to the crude materiel on the mechanical strength of the graphitized
products, we heve carried out the following investigation. To petroleum .
coke which had a slightly higher ash content (0.80%) than before, metal
oxides were added alternately in sufficient quantity to bring the concen-
trations up to 1, 2, 5, and 10% respectively.

The technological process of preparing the samples remained the same
as before. The temperature of graphitization was 2500°, It turned out ]

that the physical properties of the product made from petroleum coke changed

considerably even if only 5% of oxide were added.

The sharpest reduction of mechanicel strength (by a factor of 1.8)
occurs upon addition of ferric oxide. The reduction is somewhat less

pronounced in the cese of magnesium oxide (by a factor of 1.3), and is still

less with aluminum oxide (by a factor of 1.2), Taking the average reduc-
tion of mechanical strength resulting from the addition of 5% of these

metel oxides, we get a reduction by a factor of 2.2, and with 10% of metal
oxide added, by a factor of L.6., On the other hand, the mechanical strength l
of the product from pure petroleum coke is reduced by a factor of only 1.7
upon graphitization at 2500°.
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Even when only 14 of the oxides in queotion 18 added, there is some
reduction of the mochenical gtrength of the product, When the content of !
forric oxide 4p increased to 2%, there ig some increase in mechaniocal '
strength, whioh is apparontly due to an :merovement of the mechanicsl Prop-
erties of the initied material. As cen ve seen from Table §, the specifioc
electricsl resistance increases in dlmost &1l of the sampled roughly in
proportion 1o the quantity of oxide which had been added. This relation=
ship holdse independently of the nature of the added oxide and its sbsdlute
content in the materdal. The same relationship is observed a8 far as the
resistivity of the powdered samples 18 concerned, but some deviations ocour
there.

The observed increase of specific weight as related to the quantity
of oxide added in experimenta with ferric oxide and aluminum oxide mey be
due to the effect of residual dsh, although this 418 not quite probables \

As can be seen from Table 10, the specific electrical resistance of powders

\
3
1

e ol L i T

generally increases upon addition of ferric oxide, aluminum oxlide, OT
magnesium oxide.

Thus a higher ash content then 2% in petroleun coke brings gbout 8
sherp reduction in the mechanical strength of the products together with en

4ncrease of the specific clectrical resistance, if the temperature of grephit-

i

1zation is 2200° or 2500°. Consequently one must prevent contamination of

petroleum coke with ash in the process of menufacture of graphitized produc'os.
We have shown that oxides of iron, gluminum, magnesium, calcium, and \
gilicon )aven though & small quentity of them may nave been addedJ sharply
reduce the mechanicel gtrength of carbon produc‘ou when the yenperature of
graphitization is higher than 2500° or in the neighborhood of 2500°. 1
It appeers that the peginning of the sharp drop of mechanical strength

depends on the location of the oxides in ‘the meterisal. 1f they are loceated

-ll -
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inside the orystals or are combined chemically with the carbon of the mater=
ial, then, as shown in the firet section of this paper, the beginning of the
secondary drop in mechanical strength (taking place above 1300°) will ocour
ot a higher temperature than that which corresponds to the reduction of
mechanical strength in the case when the oxldes are ai&uated in the pores

of the material., The explanation for this is that in the second case the
ash may reddily sublimes [Tor distill 7 through the channels of the pores,
while in the first case it is prevented {rom doing 8o by the thickness of
the material,

3. Graphitization of Products in the Vapors of Some Substances.

Under practical conditions graphitization of pressed products is car-
ried out by placing them into a furnace of the Acheson type and interspersing
between them finely grained carbonaceous material., This procedure insures
s better distribution of the current throughout the cross-section of the
furnace and prevents arc discharges which may result in the sublimation of
_carbon and defective production. Generally very little attention is paid
to the presence in the interspersed carbonaceous material of any particular
ash constituent.

However, one must assume on the besis of the discussed results that
the ash content of the interspersed material may have an effect of the
physical properties of the manufactured product, particularly when there is
close contact at the temperatures of graphitization. In order to clarify
the effect of the composition of thﬁmaterial in the intermediate layers on
the physical properties of ‘the product, 9 carbon plates having the dimensions
50 X 180 X 1000 mm were placed into a grephitization furnace used for
regular production. The physical properties of the inttiddimateriel and
of the resulting products are 1isted in Table 11, Five plates were

-ll =
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graphitized under ordinery conditions with anthracite having & low ash
oontent being used as the interspersed medium, while L were graphitized in
silicon dioxide vapor. Two packages of plates were prepared for thie pur-
pose, ‘

The first package consisted of five plates placed directly on each
other without amy interspersed material between them., The other package
consisting of L plates was prepared in a somewhat more complicated manner.
Between the plates were placed carbon frames made of the same material and
sevn out in such a manner that vacant spaces having the volume of 140 X 50
X 900 mm3 were formed between the plates. The vacant spaces formed by the
frames wore filled completely with quartz sand. Both sets of plates were
graphitized under the same electrothermal conditions, The maximum temper=
ature of graphitization was 2500 and the furnace was heated by the current
for 3l hours.

As shown in Table 11, the plates graphitized in silicon dioxide vapors
have a lowered mechanical strength, On the aversge the plates graphitized
in silicon dioxide vapor have a strength which is 1.7 times lower then that
of products graphitized under ordinary conditions. I% i

Tt is noteworthy that the plates graphitized in silicon dioxide vepor
had over their whole outer surface a layer of exceptionally soft, easily
crumbling graphite penetrating into the depth to the extent of approximately
5-8 mm., The specific electrical resistance of these plates is cited in
Table 11, where the lower values represent the resistance of the whole
plate, while the higher values represent the resistance of the plate with
the layer of soft graphite removed. Naturally, the mechanical strength of

the samples was determined with the soft layer removed. The gpecific

olectrical resistance of plates graphitized in silicon vapor was found to

“13 =

GNEIDENTIAL

3
‘

Declassified in Part - Sanitized Copy Approved for Release 2012/05/25 : CIA-RDP82-00039R000100100056-9

et 3 S o




Declassified in Part - Sanitized Copy Approved for Release 2012/05/25 : CIA-RDP82-00039R000100100056

. CONFIDENTIAL

[

be 1.3 times lower than that of plates graphitized under ordinary conditions
(this result appliez to plates from which the soft outer layer had been 3
removed), Thus the presence of silicon dioxide in the interspersed material

must weaken the products from the point of view of mechanical strength when .
the graphitization temperature is 2500°, and must alao lower their specific
electrical resistance. It may ocour that the quantity of eilicon oxide
contained in the interspersed carbonaceous material is just right for tha’
formation of silicon carbide. In this case the situation msy change, becruse
sublimation of silicon dioxide below 2100-2200° can hardly be aqgﬂ;;d, |
while at a higher temperature silicon carbide may deposit rrem’thg vapor in
the pores of the product, or formation of new carbide may takq vlace as a
result of the reaction of the carbon of the product with silicon vapor formed
by the decomposition of eilicon carbide. This may even result in an ine :
creased strength of the product. In order to cheok this possibility, we :
took 1 similar plates having the dimensions 50 X 180 X 1000 nm and com= 1
bined them into three packages. The first, or control package consisted

of 5 plates and was graphitized under ordinary conditions with the use of

anthracite having a low ash content.as the interspersion medium. The other
two packages were prepared similarly to the one used in the first experiment,
except that the frames were filled with a carborundum charge in one case

and with siloxicon in the second case. The carborundum charge consisted

of 75% 510, and 25% by weight of heat-treated anthracite. An analysis of
the carborundum charge showed that the latter conaisted of 2.6% C,

70.1% 3102, 2.5% Fe203, and 1.0% A1203. An analysis of the siloxicon

yielded the following values: 12.2% C, 8143% 8102, 1.6% of Fezos, and 1.4%
0..

of Algy 3

Just as in the first experiment, the three packages were placed into

the regular production furnace and were exposed to an identical electrothermic
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treatment with a maximum temperature of ~2200°. The results of the latter
expériment, which are listed in Table 12, show that on the averagesall
plates graphitized in silicon cerbide vapor have a mechanicel strength 1.6
times higher than that of the control samples. Somewhat unexpected was the
reduction of the specific electrical resistance of the material graphitigzed
under the same conditions, which corresponded to a factor of 1.2 on all
plates and to 1.4 on samples sawn out of them.

There is also on the average an increase in the specific weight of
these products from 2,13 to 2,22, i.e, by a factor of 1,04, which confirms
the correctness of our measurements of the specific electrical resistance
of the plates, These experiments have also fully confirmed our prior re=-
sults cited in Table L, because they show an increase in mechanicel strength
at the graphitization temperature of 2200°.

We also conducted a third experiment in order to £ind out how the
physical properties of the products change when the temperature of graphiti=- X
sation is raised to 2500°. As could be expected on the basis of previous 3
experiments (ef. sections 1 and 2), the mechanical strength of plates ' f
graphitized in the silicon carbide vapor emitted by the carborundum charge j
dropped sharply. In order to keep this paper as brief as possible, we are 5
only giving a selection of the data of the third experiment in Table 13.

Tt can be seen from Teble 13 that the mechanical strength of plates graphitized
at 2500° in the vapor emitted by the carborundum charge has dropped on the
average from 164.0 kg/em2 to 97.0 kg/cm2 as compared with plates graphitized
under the same conditions at 2200° (i.e., by a factor of 1,7) and has been
reduced in comparison with the product of graphitization under ordinary
conditions by a factor of 1.2 (cf. Table 13).
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The investigation has shown a considerable effeot of the ash and of the

orude materisl on the physico=-chemical properties of the products of graphiti-
gation, Metal oxides and silicon dioxide sharply lower the mechanical strength
of graphitized products, particularly at the moment of decomposition and
sublimation of carbides above the temperature of 2200°. At lower temperaturee
the presence of oxides may even bring about an increased mechaniocal strength.
Furthermore the results of our work have shown that considerable reduc-
tion of mechanical strength is brought about already at 1800° in all pro=-
ducts submitted to investigation, This is particularly proncunced in the
case of products prepared from a mixture of anthracite and an equal quantity
of petroleum coke. While in the range 1400-1800° the mechanical strength
of samples from petroleum coke dropped 1.5 times, it was reduced on the
average 2.9 times in the samples Nos, 2, 3, 4, 5, and 7. The reduction in
mechanical strength at 1800° cannot be ascribed exclusively to the presence i
of ash, because some combustion of the material with formation of carbon ?
monoxide cannot have such a strong effect on the mechanical strength. The i
phenomenon occurring here must also be due to changes which the material ;
undergoes in the process of graphitization. As our investigation has shown !
(and this is an observation which is confirmed by practical experience), the
principal varieties of anthracite increase-:considerably in volume during
the process of graphitization. This is probably due to their structure as
well as to the presence of ash (see Table 1),
It can be seen from Table 14 that on the average 21% of the anthracite

grains increase in size by a factor greater than 2 and 70% by a factor some=-

. -~ what smaller than 2,

-16-
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Tt 1o quite natnral thaet under these conditione a considerable reduce
tion in the mechanical strength of the material takes place, and that con=
sequently the product has & lowered strength. As distinguished from |
anthracites,cokea usually do not inoreasq in volume during graphitization)
therefore the reduction of mechanical strength in samples made of petroleum
or foundry coke and heated at 1800° is not so great as in the case of
anthracite, and is apparently due only to orystal g.rowth occurring in the
process of graphitization.

It is noteworthy that when the samples are processed at 1800° under
conditions of slow heating, crusts of carbidic nature form on the surface,
as can be seen from the fact that the resistivity of the material is increased
(cf. Table 15). The products are then of very good quality and have &
smooth surface which resembles that of metals. 1

At temperatures around 2200° decomposition of the carbides on the
surface begins and the crust is converted into very soft graphite. This
4s what is usually observed in production: ;ihe surface of the productg
very often is of better quality and exhibits & highe;ezg\;;aphitiiation ;

than the total product.

i
; In view of the increase of mechanical strength in the vicinity of ?

2200° and the following sharp drop, it is important to know how near to this :
temperature the materiale'under investigation have been heated. While the 1
temperatures to which samples @, b, and ¢ in Table 16 had been exposed did
not differ by more than * 30°, the mechanicel strength of the resulting
products showed considerable differences.

As far as the mechanism of the phenomenon leading to increased mech=

v anical strength in graphitization within the range 2000=2200° is concerned,

- it can be explalned onlyyby formation of a carbide lattice in the material.

17 - !
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We will show thia in greater detail in a subsequent paper. Formation of
the carbide lattice evidently takes place in the pores of the material, |
because otherwise lowering of the electrical conductivity of the products |
would ocour. The formation of carbides is indicated by the faots that the {
soximun strength of the produocts corresponds to the maximum opecific weight
of the material, and that reduction of the mechanical etrength follows &
drop in the specific weight.

Our investigation has established the following relationships:

1, In the process of graphitization the modificetion of physical prop=

erties of carbon products depends in a complex manner on the temperature.

2, Up to the temperature of 2000° the mechanical strength and the
specific electrical resistance of the material drop sharply, while the ash
content is reduced somewhat and the specific weight is raised. The greatest

drop of mechanical strength ocours in the range 14,00-1800°, and there is

some increase in the specific resistarce of powder made from products which
had been processed in the range 1800-~2000°,
3. In the temperature range 2000-2200° considerable increases of the

mechanical strength, specific weight, and electrical corductivity take

place. There is &lso a sharp reduction in the ash content. The increase
of the mechanical strength in the range 2000-2200° may be ascribed to the
formation of a carbide lattice within the material.

L. Upon further heating of the materisl to 2500°, the second sharp
drop of the mechanical strength above 1,00° takes place. There are also
further reductions in the resistivity and the ash content accompanied by
some lowering of the specific weight due to decomposition and sublimation
of the carbide lattice /[ carbide skeleton_/.

i
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% 5S¢ It was found that slroady at 1800° products made from pure

anthracite as well &8 from a mixture of anthracite and an equal quantity

of petroleum coke pecome unouitable for subsequent use because of their low
mechanioal strength. For that reason anthracite can be used as a orude
material for the production of electrodes only if it has been previously
de-ashed and heat=treated &t 1700-1800°.

6. The least reduction of mechanical strength is observed in producte
| prepared from petroleun coke by heating the 1stter through temperatures in
the whole range of 1),00=2500°. The greatest loss of strength ccours in
products prepared from anthracite having & high ash content,

7. Among &ll the materials investigated, the most suitable for graph-
jtization is petroleum coke. After this comes foundry coke followed by
anthracites.

i 8, One showld nob add any oxides to material destined for graphiti-
zation at a temperature higher than 2200-2300°, because oxides strongly
reduce the mechanical strength of the product &8 well as its electrical
conductivity.

9. One must beware of graphitizing carbon products under such con= i

ditions that they are exposed to gilicon dicxide vapor, because a reduction
of mechanical strength results. é
10, In graphitization at a temperature which does not exceed 2200°, é
one must take precautions to insure that a uniform temperature 1is applied
to 811 individual objects being graphitized with deviations that are no

greater than +£20-30°
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Flgure 1. Change in the Compression Strength of Pressed Carbon Products
as Affected by the Temperature of Graphitization

1. Petroleum coke.

2. Foundry coke + petroleum coke.

3 Foundry coke.

L. Anthracite having & high ash content.
5. Anthracite having & low ash content,

6. Petroleum coke + anthracites.
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Figure 2. Reduction of the Ash Content of Pressed Carbon Products as Influenced by

the Temperature of Graphitizatlion . 1 - foundry cokej 2= anthracite with a high ash
contenty 3 = foundry coke + petroleum cokejl-anthracite with a low ash content §

§ = anthracite * petroleum cokej 6 = petroleum coke
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+ Figare 3. Effect of Ash Constituents on the Mechanical Strength of Graphitized ‘
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Table No. 1. Properties of Crude Materi

ntent of Specific Specific
Composition of ash in 4 Sgh pecl: :
it substances 0! thr
i cording
Ash content a0 g of
¥o. Kind of Material. g 3102 F3203 u203 e :
[} .
A .
t ! - 1.86 300
L setrotem e ' ' 0.02 0.28
1 ke 0.36 L0.17 0.1k 0.02 - - ot
1. Petroleum col “ o o .
2. Anthracite with low ash content 2.8 . 0.55 1.35 . - - - "
. 0. o .
3. Anthracite with high ash content 53k 0.k5 h.56 o - -~
- ke 8.13  2.80 1.75 3.02 . K0
- ). Foundry col

—
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starting material Properties of graphitized samples
after liminary heat treatment of sample ) )
Tﬁﬁt{?ﬁﬁw‘—g—‘sﬁmc -Specific’ Volume Limdting Specific ash i Spo < Vo
* electrical weight weight stress = electrical migdﬂht v  Loxoe
smmpremss;sion resistance compression resistance % weight
om0 Safet :i:nlu-c:nm"!'ot powded ' 1
e ' kg/cn® dmm-cm 10°' ' kg/ca’ - £ »
o 0! o
1. Petroleum coke 0335 315.0 75/80 1.96 Llh 215.0 11/2 35.0 =3 1.kky
| i - - 1.3%
2. 5% ;itrm;tlgzci?keA *5kof 3 200 6B L85 136 85.0 20/2% 1.2 '
3. 5 oﬁt:gtlemhradcz;f + 5O of 1.52  190.0 71/80 1.86 1.37 80,0 21/26 -— .36 1.96 1.3
- i 1.32
‘ b 5 ;zmﬁ;ec *IRO % 1960 .89 L3 860 iws6 208

ow ash content 0 » ‘
5. Anthracite with 1 2,39 232, IB/BI 1.83 1.36 70.0 29m 52 0 2.17 2.01 1.3
i
‘ o 50 / 18! 0” ..
petroleum coke i o 290,0 i]/83 2.03 1.39 175.0 26/21 8.0 3 2 n m’
7. Anthracite with high ash content 50“ 322.0 6!!/81 1.8!! 1"13 91.0 30/ 35 61.0 5065 - 1.55

8. Foundry coke i 7.20 2143.0 69/T 2.05 1.36 140.0 32/37 63.0 6.82 2.13 1.35
- O

2

‘ to each other.
3 The specii]c electrical resista.u‘ ce was measured in two different directions petpelﬂicm
.
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Pable 3. Results of Graphitization ab 2000°. P, ey

o piroteeisi [ Propertiss of starting aaterial after propertics of graphitized samples
| preliminary heat treatment of samples

Specific Specific Volume Limiting Specific electrical

Ash in % Limitingglectrical weight weight stress = resistance m‘tn Ash in Specific Volume
stress = resistance compression olm-ca 2 weight weight
compression in o stre: jin of samples

— . - strength in olm-cm 10 kg/ca of powder
g/cm
1. Petroleum coke 0.35 315.0 68/70 1.96 117 210.0 125 30.0 0.26 2.5 -
5 2. S50% of anthracite A +
= S0% of petroleum coke 1,32 230.0 80/88  1.85 -— 68.0 20/25 32.0 0.62 1.98 -
3. 50% of anthracite B+
S0% of petroleum coke ' 1.52 190.0 7/8h  1.86 1.36 70.0 20/2h 35.0 1.16 2.08 135
L. S0% of anthracite C+
50% of petroleum coke . 1,96 196.0 70/,  1.89 139 5.0 21/33 - 1.98 2.11 138
5. Antbracite with a low ash
2.39 212.0 69/12 1.83 1.38 61,0 21/23 -_ 2.2 2.7 1.3k

conteny.
6. S0% of foundry coks + .
S0% of petroleum coke 105 290.0 70/ 2.03 1.38 127.0 25/ 52,0 3.63 2.32 1.3%

= 7. Anthracite with a high ash
content 5.66 322.0 70/76  1.8h 113 65.0 32/42 790 5.62 -_— 1.k
8. Foundry ccke 7.20 2,3.0 68/69  2.05 137 158.0 30/38 72,0 6.12 2.7 134
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Table b, Results of Graphitization at 2200°.

" Properties of starting material after Properties of graphitized samples.

i heat treatment of samples
No. FKind of material prelininary heal treatment of samp . Specific elsckioal
Ash in stress = electrical Specific Volume stress = resistance il_xh Ash in Specific Volwe
2 compression resistance weight weight compression ola-cm 10 4 weight weight
strength in in stre in
. kg, lnlE ohm-cm 10-!‘ - kg?%-bg - .
— . o : of samples of powder
1. Petrolemm coke 0.35 = 315.0 51/58 1.96 1Lk7  226.0 - 26,0 0.23 2,35 LkO
ite A of H
. 2. SOfofmumeite A +SEoL L g Gomo  es LM — W@ ko ow 2 L0 4
e = 5 f H
> Sozp:irﬁagx B 5Fo 152 190.0  55/& 183 136 8.0 116 8.0 035 2.20 1LB%
L. Anthracite with a low ash content2.39 L n12.0 " 127100 1.83 w37 85.0 _ §0.0 traces 2.21 132
5. hothracite with a high ash contemt, . 5., 0 gop  — Lk 160 /20 kO 0I5 220 137
6. Foundry coke 720 23.0 - BAS 2.0 138 100 1/ BL0 téfes 233 133
. | |
' ! ‘L t - ) : = i il 2
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Pable 5. Results of Graphitization at 2500°.

(Curledi Tk
- » - - - . - . 3
T T T properties of starting naterial after Properties of graphitized samples
preliminary heat treatment of samples
ey No. Kind of material — Limiting Specific Specific Volume Limiting Specific electrical
T Ash in stress = electrical weight weight stress = reslstance i’.’)_, Ash in Specific Volu®
4 compression resistance compression ohm-ca 10 4 weight
strength in in ) st.rengtg in —————— - —
B — kg/cm®  ohm-cm 10 e of saxples of pouder
1. Petroleum coke 0.80  270.0 53/73 - - 187.0 12/16 23.0 0.01 2.10 -
4 2. 50% of anthracite A + 50% of :
O petrolevm coke sog 1.32 230.0 68/16 1.85 1.35 53.0 z28.0 0.05 219 1.23
SR 3. 50% of anthracite B + of ;
petroleum coke %0 % 1.52 190.0 70/71 1.85 1.36 58.0 5 -_ 0.10 2.19 1.30
h. 50% of anthracite G + 50 % of . ;
petroleun coke o 1.96  196.0 82/91 - 1.39 55.0 § 28.0 0.06 2.8 | 127
. of foundry coke + 50% of e ;
5 sozpetroleum coke " 05 2900  T0/Ty 203 138  60.0 £ 30 o012 -~ L.27
6. Anmthracite with a high ash ® |
content. 5.66 . 322.0 69/ - L.k:3 42.0 8 25.0 013 211 L25
R 7. Foundry coke 7.20 2)3.0 70/76 2.05 1.37 ;.0 e 2.0 kw,. © . 2.18 l.25
~ 1
H
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'Propertiés of stari;ing material after

Table 6. Properties of Products Graphitized at 1800° as Affected by the Addition of Various Ash Constituvents.

Kind terial 15 minary- treatment of sample:
Yo. of ma Ash in mmbﬁ:; Specific of ® Limiting Specific electrical
2 stress = electrical Specific Voluse stress = resistance ip
compression resistance weight weight coq)ressxg ohn-c= 10 z
in strengt,!
Sttk;’}gg n olm-c= 10": kg/cn” of sarples of powters
acc. to
o T B Arndt
);. Petroleum coke + Iagﬁl-‘e203 10,55 1,60.0 5)/55 2.09 1.65 160.0 37/m5 -— 9.98
x 5 " " + 10540, 10,55 — 69/13 2.03 - 23.0 &1 2690.0 1k-0L
- ‘ 2’ -— 11.00
’ 6. n n 4+ 30% Ca0 ° 10,55 = 61,/69 - 1.k5 25,.0 /81
7. n n o+ 103 M0 10.55 864107 864107 -— - 290.0 70/76 1620.0 = 10.83
8. n = + 5%Si0, 5.50 — /96 - -_ 285.0 69/716 1205.0  S.88
" ithout any _ _ _
% 7 aaaitions —  270,0 5313 - - -

- ) — -
2 = e Ioace 2011210525 | CIAROP o2 00030R0001 001000560

(C:

Ash in Specific Volum®

weight weight
2,03 1.60
2.0 153
-— Lkl
2.09 157
2.01 1L.kb




3s. Pet.riﬂ.ﬂﬂlﬁﬁobieﬂsi 10,

: k. " » 4 10% Fe,03

) ) 5. n n o+ 107 A1,04
6. " w4+ 10% Ca0
1. " n 4+ 107 ¥g0
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Table T P!‘Operhles of Products Graptd.bized at 2200° as Affected by the Addition of Various Ash (hnst-lbuent.s

- A\l " . - o N A A
: les of starting materisl after ' Properties of grapf::.ﬂ.nmd sawples
;e Sl _heat -treatment -of samples R Specific electri  1ns recifis .
T b pd iﬁ&ﬁcgl Volume stress = res*_sta.wio Vom
Ash in % mssizn resistance weight compression ohm-cm. wedght
stren in in ) Spgd_ﬁe i_: oo of of
kg/cm® oim-cm 10 weight mplesm' oo
) ' Arndt.
- Lkl
100/130 -— -— 1.0 30/31 3)5.¢ _— hg
- . 2.15 1.3
10,55 h60.0 w3/m9 2,09 1.6 91.0 20/33 246.0 0.23 o _
o.ss 8n/12) 2.03 1.40 - 25/29 362.0 traces 2.15 - 5
10. - .
0.55 72/17 - Ll 65.0 20/35 267.0 0.25 -
i 69/T - 1.5 82.0 28/32 324.0 0.03 2.3
10.55 . —
!
Ii
b 1 Lo ——
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° ddition of Various Ash Constitvents
8. Properties of Products Graphitized at 2500° as Affected by the A
Table O. o
i les
jes of graphitized samp.
o —-- - Properties of starting material after Properti .m]]
T m]:mmm_heat tl‘eah_lﬂ_ﬂ’- of samples Cens Spe sc ele | o
Kind of material Ash in % Limiting Splzm_flzal Vo bmhssx'gg o cifi ;z-incm ASh oy g :
- o ss—:.aneresistanee weight compression ohm-cn ‘ weight Volum
:(;gres ijn in N Specific % B o ; weigh
tafox ¢ 1 ’ - pf samples,acc- to N .
v * 4 A\
S A Al

| -
| R— 0.01L 2.10
. i , - 187.0 12/16 | - -
1a. Petwolews coke WhUL HW oo 00 5313 — Lk hLo 1718 1260 0.03 235
2a Peﬁﬁiﬂ“fm + 10% Fe,03 10.8 1,85.0 97/112 . 80,0 2/ “ Who | 0.06 2.8 —
' ‘ W, w % +WEM05 08 B0 | H/WE 13 -

! Traces 2.13 —
— . 110.0
0 .
b " »  +10% Mg0 | 10,8 = 330.0 a/  — .18 56
a. o i .

1

30

| J—
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Table 9. Effect of the Content of Metal Oxide on the Physical Properties of the Product. ’: o .' [AEREI ?-
G Liniting stress Specific ]
No. Oxide added §§;":d‘;§d pilon staringy ?i:m:a;nlg ; Ashin ¥  Specific weight
‘ kg/cn in obm-cn 10
L] ' [} L 1 . -
N T. - . 0.0 187.0 12/16 0.0l 2.10
2 41,0, 1.0 159.0 15/19 Traces 2.7
3 " . 2.0 170.0 12/18 0.01 2.18 _
5. b " . 5.0 143.0 wAs - - ~
’ . 5 " 10.0 80.0 21/29 0.06 2,18
6 Fe, 0, 1.0 182.0 nny Traces 2.3
7 " : 2.0 2,0.0 12/16 . 2.8
8 " 5.0 107.0 16/19 - -
. 9 " ¢ 10.0 h1.0 17/28 0,032 2.6
10 Hg0 1.0 180.0 1318 Traces 2.k
1 " 2.0 175.0 15/18 Traces 2.1k
12 " 5.0 128.0 21/29 0.10 2.1k
.13 n 10.0 56.0 Lo/ Traces 2.3
- | |

NN o c|assified in Part - Sanitized Copy Approved for Release 2012/05/25 : CIA-RDP82-00039R000100100056-9



assified in Part - Sanitized Copy Approved for Release 2012/05/25 : CIA-RDP82-00039R000100100056-9

e T AT

R T —— - T S —

Changes in and
Table 10. Medifieatien-ef the Mechanical Strength and Resistivity of Producte Made From Petroleum Coke/Graphitized at 2500°
the
Whick Take Place as a Result of the-Additien-of Varring/Quantities of Metal Oxideg That Had Been Added.
{ /" (R SN v §

2 Specific resistance of powder in olm-cm 10
No. Oxide added. Compression strength in kg/cm” wxich results wnich results after addition of the quantity
| after addition of the tity of oxide given below. of oxide given below.

1% 22 5% 103 12 2z L3 0k
B - ; ] ) 1 * 1 N
1 :
L 1. Ferric oxide i 182.0  240.0 107.0 1.0 115.0 - 113.0 126. 0
2. Aluminum oxide f 159.0 170.0 1h3.0 80.0 142.0 1.0 — 1040 ‘g
3. Magnesium oxide }} 180.0 175.0 128.0 56.0 135.0 - - 1,0.0 =

the product from puf 2
Note: The compression strength of, pe?n:olemn coke which had been graphitized without any additions is 187 kg/cn

|
I
!
|
i
|
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Table 11. Graphitization in Silicon Dioxide Vapor and Graphitization Under Ordinary Conditions at 2500°.

E Prope.rb.es of starta_ng matxanal ! Properties of granhl.t:.zed wroducth.
e e
Lu:itmg Speca.fle Spem.fic Volum Limiting Specx.!‘:.c electrical Specific Volnﬂl
No. Kind of material and Ash in % stress = resistance weight weight stress * resistance }-E Ash in § weight weight
conditions of graphi- compression of plates compressicn ohm-ca 10
tization. streng&h in in strength in
xg/cm' olm—cm 107" kg/cn2 of ‘samples of complete
I Come . : ; plates
1. 180 X 50 X 1000 mm carben i
- gig;e:a;lz:p Fitized in 3.98 250.0 . 5h.0 1.96 1.6 9.0 /22 1517 ° 0.23 2.3 1.k9
T » 2. Bitto 3.80 228.0  55.0 7.9 1.60 68.0 ; 1013  13/ih 0.3 222 149
3. u i hol  3W7.0 52.0 1.97 1.65 65.0 16/22 15.0 0.30 215 :1.52
. ® L1 283.0 53.0 1.92  1.62 40.0 12/16 - 0.29 2.16 1.5
18, 180 X 50 X 1000 mm carbon !
- {mgﬂ:ﬁs [— -— - - - 78.0 1/13 17.0 0.17 2,12 1.57
11. Ditto - - - - 9.0 20/25  18.0 0.75 235 1.5
i On the average. ——————— - :
: 2. b05  216.0 530 | 195 ' 162 1060 1/23 180 01y 23k 155
13. =® S - - 91.0  18/2k © 16.0 0.78 216 1.56
) = _ " — -_— — — 85.0 1 /22 —_ 0.k 211 {158

=== e D - AR DP B2 00030000100 1000560
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Table 12. Graphitization at 2200° in Vapor Rmitted by a Silicon Carbide Charge and Under Qrdinary Conditions.
— ' Limiting Specific I_'Esist.ance in Specific Volume Perosity Temperat a s
stress = ohm-cm 107" weight weight at which
No. Kind of material and conditions Ash in % compression oxidation
of graphitizaiion. strength in begins.
kg/cm'
° of samples of complete
sawn from plates .
— | i ! the plates’ ' .

1. 180 X 50 X 1000 mm carben plates _

araphitized in SiC vaper 1.37 138.0 - 2.23 1.55 30.1 L55.0
2. Ditto 0.60 2h);.0 1019 ma 2.20 1.66 2h.5 L93.0
3. " 1.22 U0 1819 13.3 2.22 1.59 28.5 h93.0
L. " | 2.86 150.0 - 1.0 2.2, 1.55 30.6 519.0
5 " . 0.8 106.0 18/19 1.6 - - — 515.0
6 " - 205.0 15/18 15.3 - — - -
1g. 180 X 50 X 1000 mm carbon plates

ix}iﬂtgﬁdﬁth in:rerspersed iy 109.0 17/2 15.k 2.12 1.62 28.5 190.0

anthracite :
11. Ditto . 0.78 -_ /21 16.h 2.08 1.69 28.2 521.0
2. * | 1.03 102.0 20/25 . 16.8 2.2 1.4 23.7 L86.0
13 " L—- ' 102.0 22/23 17.6 2.2 1.54 30.3 515.0

i

., ¢ L 0.9k i 97.0 22/29 17.5 214 1.60 25.2 518.0
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Fable 13. Graphitization at 2500° #f in Vapor Emitted by a Silicon Carbide Charge and Under Ordinary Conditioms.

Properties of starting material Properties of graphitized products
No. Kind of material and conditions of e L . L
graphitization. Limiting stress = Limiting stress = S]}em_ﬁ.c ¥
compmzssion strength in Ash in & co!!pl‘egssign strength resistance of
xg/cm in xg/on plates in
ohn-cn 10
e . ] t 1 - )
1. 50 X 180 X 1000 rm plates graphitized in 250.0 1.1 96.0 16.0
SiC vapor
2. Ditto 197.0 1.6 90.0 1640
N 3. ¢ 1h19.0 hol 106.0 18.0
B . 50 X 180 X 1000 mn plates graphitized 203.0 ©dl 10,0 o W0
wnder ordinary conditions -
S. Ditto 237.0 : - 102.0 © 1he0
6. © 3.0 . 2.5 150.0 16.0

B
A A 3 R s i

e i e
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jtization T 21C0°.
Table 1h Growth of Anthracite Grains at the Graphitization Temperature of
ai -

i i ions given
Percertage of gains of ite dimens:
below in the zraphite orepared fron the

rime! veight of Percent of 7»3!3?_.!3‘»31:17@
No. of experiment e ot P e of e L .
in kgs. the size
& 2-5 ma in
the anthra- . . \
: ' cite.
0.72 100.0 1.0 T1.0 7.0 5.0
*; S TP eeneens . .
i , ‘ 0.73 100.0 2h.0 65.0 4.0 7.0
R ecesmeraeeennon
0.82 100.0 28.0 .0 5.0 3.0
i S Lt feeeeeneenn .o o

i o R R S
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Table 15. Formation of Carbide Crusts on the Surface of the Material.
. . < 3
¥o. Kind of material. Specific resistance of samples in ohm-cm 10
With carbide crust removed With carbide crust intact
1. Petroleum coke 19/21 16/21 3B/40
Y. 50% of anthracite & + 50% of petrolemm 23/26 16/25 32738
coke
3. 50% of anthracite B + 50% of petroleum 20/25 22/27 18/
coke
"W&I
¥
’ .
/
/7
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