1

FID-TT-  ¢3-330

H

e o
g TRANSLATION
ﬂ FIBROUS CARBON

3

By

V. Yu. MNikolayev and V. I. Kasalochkin

FOREIGN TECHNOLOGY
DIVISION

AIR FORCE SYSTEMS COMMAND

WERIGHT - PATTERSORN A riv (L BASE
OHIO



FID-TT- 63-330/10044

UNEDITED ROUGH DRAFT TRANSLATION

FIBROUS CARBON '

BY: V. Yu. Nikolayev and V. I. Kasatochkin

English Pages: 22 )

SOURCE: Russian Perlodical; Goryuchlye Gazy,
Trudy Instituta Goryuchikh Iskopayemykh,

Izdatel'stvo Akademii Nauk SSSR.,
Vol. XVIII, 1962, pp. 135-148.

T-81
S/846-62-18-0-2/2

THIS TRANSLATION IS A RENDITION OF THE ORIGE
NAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR

EDITORIAL COMMENT. STATEMENTS OR THEORIES PREPARED BY;
ADYOCATEDOR IMPLIED ARE THOSE OF THE SOURCE

AND DO NOT NECESSARILY REFLECT THE POSITION TRANSLATION DIVISION
OR OPINION OF THE FOREIGN TECHNOLOGY DI

FOREIGN TECHNOLOGY DIVISION

VISION. WP-AFB, OHIO,

FTD-TT- 63-330/1+2+4 Date 10 May 1963

P



FIBROUS CARBON
V. Yu. Nikolayev and V. I. Kasatochkin

During the slow pyrolysis of carbon-contalning gases, elastic
fibrous forms of carbon and graphitic fibers form on the walls of the
reactlon spaces. Fibrous carbon 1s very promising as a heat-insu-
lating and flltering material in corrosive medla. In an inert and
reduction atmosphere 1t can be used up to a temperature of 2760° [1].

One of the ways of using carbon flber-is as a filler for a large
number of plastic materials and elastomers, for example rubber. Mats
made out of carbon fiber possess great heat-resistance and small bulk
welght and consequently can serve as convenient insulating materilals
which protect against the effect of high temperatures. Rlgid carbon
fiber, apparently, can also be used 1n varlous areas of electrical
engineering.

The method of obtalning fibrous material 1s by passing a gas-
forming hydrocarbon, preferably diluted, through the cracking zone
at a temperature of 1150-1450° for not less than 0.4 seconds and then
precipitating the carbon fibers on one or several inert surfaceé
iocatéd in the ~»~king zone. By adding to the hydrccarbon smail
amounts (0.3 - ¥ f hydrogen sulfide and by diluting the initial -
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hydrocarbons with hydrogen, the yield of carbon fiber rapidly in-

creases and reaches 30% with respect to the carbon contained in the
initial gas. For example, when using a hydrogen and methane mixture, i
the best results are obtalned at those hydrocarbon concentrations at
which the carbon content in a liter of dlluted gas at 300° equals
0.05-0.02 g. The use of hydrogen sulfide or substances which form
it is recommended in such a concentration that the welght of the HpS ; s
present or being formed constitutes more than 2% of the weight of the
carbon contained in the hydrocarbon.

The carbon fiber 1is produced in various forms depending on the
temperature, the configuration of the gas flow, 1its veloclity while
flowing past the collecting surface, the number of catalysts, and other
factors. It 1s possible to obtaln long single threads from the carbon,
and also powder-llke particles composed of very small threads. Carbon
is also precipitated in the form of "whiskers" from parallel fibers,
in the form of a flexible felt-like material (so called mats) from
interwoven threads, and in the form of a felt-like materlal, whose
flexlibility can gradually be decreased until finally rigid solid parti-
cles of carbon of different bulk weight are obtained. The diameter
of the threads varies from a fraction of a micron to 1004, and the
length varles in relation to the size, exceeding the dlameter several
times over and amounting to as much as several centimeters.

X-ray photographs of the carbon materlal confirm that the threads
conslst of carbon oriented to a certaln degree and partially graphitiT

zed [2].

<
~

The formation of a fibrous form of carbon was observed a rela- """

, - : 3 - .
tively long time ago. As early as 1890 [3] it was reported that when

cyanogen 18 passed ‘ncough a porceiain pipe containing powdered ,.._.__

‘cryolite heated to cherry redness,'thin fibers wepq}gppained as‘a - — !
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jresﬁl@ of'the décomposition. The fibers had a certain elasticity and
ééhtéﬁinatéa the paper.

In 1903 [4] 1t was learned that carbon wool consisted mainiy
of thin c¢ylindrical threads with random interweaving. The thread
length reached 5 cm and the dlameter varied within 0.03-0.15 mm,
the thinnest thread being 0.002 mm.

Intensive study of thls process began comparatively recently.
Fibrous forms of carbon were obtained by cracking methane diluted
with nitrogren and by cracking carbon monoxide with hydrogen on an iron
surface at 1000° [5]. The carbon precipitated in the form of fibers
more or less parallel to each other. An X-ray analysis of the
structure showed that the carbon 1s present in the form of the common
amorphous variety (the space between the carbon lattices is approxi-
mately 3.5 Z, the carbon axis being perpendicular to the fiber axis,
1.e., the hexagonal base planes are more or less parallel to a fiber
axls with a maximum declination of approximately 30°). As far as
we know, this 1s the first example of fibrous instruction from
lamellar units.

In the pyrolysis of propane for the purpose of investigating
lustrous carbon produced on fused guartz glass at 930° [6], at the
point where the propane enters the hot zone of the reaction tube,
gray-lustrous needles 8 mm in length and wifh a dlameter of 0.1 mm
precipitated on the lustrous carbon flakes. An X-ray diffraction
study revealed that the needle crystals were lidentical in size with
the flakes of lustrous carbon. The base planes of the “crystallites“
of lustrous carbon lie parallel to the film surface, while the base -
'planeé of the needles lie parallel to the needle axis. :

iater [7] three types of pyrglytic carbon, including fibrous”,:

'carboh, obtained_qtqtemperatures of 800-1300° on fupgq“quartz were- --
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investigated. All of these types are similar in "crystallite"
dimensions to carbon obtained by charring (carbonization). The size
of the "erystallites" increases with an increase in the precipitation
temperature. It was noted that these types of carbon resemble
graphite with respect to their capabllity of reacting with gaseous
oxygen.

The structure of carbon formed by the decomposition of carbon
monoxide on an iron catalyst was reported 1n 1952 by L. V. Radushkevich
and V. M. Luk'yanovich [8]. They reported that carbon particles formed
at a temperature of 600° had an elongated thread-like form. It was
postulated that the thread-like nuclel, obviously consisting of iron
carbides, were formed originally and that they grew transversely by
means of carbon precipitation. The presence of intertwlsted threads
was noted. It was reported that similar fibers also grew on particles
of thermal carbon black at a temperature of 1050° and in an atmosphere:
of CHg, CeHe, or cyclohexane [9]. Also published were electron micro-
photographs of fibrous carbon formed by the ilnteraction of carbon
monoxide and iron oxide in brick work [10]. The fibers were produced

at a temperature of 450° on various forms of iron oxides. An x-ray
diffraction study revealed the presence of "amorphous" carbon. It was
postulated that the catalyst of the reactlion is either iron or an iron
carbide formed on the oxlde surface as a nucleus which produced

the growth of fibrous carbon. The threads from the conglom-

erations of nuclel become twisted and, very likely, grow together
into the form of the characteristic flber. It was assumed that after
precipitation began particles of the catalyst remained on the growing
ends of the threads. ; A

. : 3 o
An investigation of the process of catalytic decomposition of

carbon monoxide on crystals of copber,rﬁckel,cobalt,silver,1ron,chranhnn,

N . . r) ‘
molybdenum, and on electrolytic precipltants of palladlum and rhodium

.



‘[11J rgvea;gd that one of the products of the reaction on iron,
ﬁickel, and cobalt at 500° was carbon. The other metals did not
possess sufficlent catalytic activity.

The structure of carbon precipitated from carbon monoxide on
iron, cobalt and nickel at 390° was investigated with the aid qf an
electron microscope [12]. These precipltations were fibers with a
diameter of 0.01-0.2u. The carbon fibers on nickel apparently consist
almost entirely of little tubes or, less likely, of nonmeshed fibers.
The preclpitations on cobalt were solid fibers, little tubes, and twin
fibers. Most of these fibers contaln a dense nucleus of approximately
the same dlameter as the fiber in which they are located. The nuclel
are located over approximately half the length of the corresponding
fibers. The nuclel in precipitations formed on lron are discs,
whlle those on cobalt are octahedrons. The nucleus in the precipi-
tations on nickel apparently has a crystalline surface, but 1t was
not possible to identify it. X-ray diffraction analyses of the powder
shows that these nuclel consist of nickel with a face-centered cubic
crystalline lattice and (or) nickel carbide with a tightly packed
hexagonal crystalline lattice.

Ye. Ya. Rabinovich and A. V. Rodionov [13] investigated the
decomposition of hydrocarbons in the temperature range 800-1250° on
various surfaces. In thls case the authors give the following
concluslons:

"1. Dispersed fibrous carbon formed by the pyrolysis of hydro-
carbons 18 dlstinct from carbon black and lustrous carbon and is a

varlety of carbon which forms only on surfaces having specific catalytic

propéfties. >
.. . 2. The best catalytilc action1for the forming of filbrous carbon _

from hydrocarbons 1s possessed by metals of the iron subgroup. ‘Quartz
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.%s a patg}z§t- énly at temperatureé higher than 1000°, if 1its surface
layer is broken down by prolonged heating. Platinum has an insignifi-
cant catalytic action, while copper, porcelaln, and impurity-free
carbon do not catalyze this process at all.

3. Carbon threads contain in thelr structure dense lnclusions
analogous to the metal and metal-carblde nuclel present in carbon
threads from carbon monoxide. The structure of the carbon threads
from hydrocarbons and also the shape and number of dense inclusions
in them depend on the nature of the metais which cause them to begin
to form. |

4, The intensive growth of dispersed fibrous carbon on the sur-
face of metals of the iron subgroup 1s observed during the decompo-
sltion of mixtures of benzene vapor and nitrogen in the temperature
range 830-930° and during the decomposition of methane in the tempera-
ture range 925-1000°. ‘

5. The forming of carbon threads on an active surface is observed
only when the reaction zone contalns a high concentration of unstable
intermediate products of decomposition of the hydrocarbons. In this
respect the mechanics of the formation of dispersed fibrous carbon
differ fundamentally from the mechanics of the formation of a carbon
surface during thermal decomposition of hydrocarbons."

The structure of fibrous carbon obtalned by various methods in
recent years has been studied in the greatest detail [14-16]. The
first article [14] dealt with the graphitic "whiskers" produced on
the surface of a carbon fiber heated by an electrical current to a.
temperature of 2000-2500° in a methane atmosphere diluted by hydrogen
to prevent carbon black from forming. In the very pure fibrous- o
structured graphite obtained,the gpaphitic Planes are parallel to-the{

o - !
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Fig. 1. Precipitation of graphite on a
carbon fiber heated to 2000°C 1in acetylene.

Flg. 2. Fibrous growth of graphite on a
carbon fiber heated to 2000°C +1in acetylene.

r

e by
precipitation of hydrocarbons the authors also used ethane and 3

‘acetylene. Graphite formed from acetylene with the latter undef a
-~ -]

_ For the study of the mechanlcs of the formation of graphit

T
pressure of 1.3 mm Hg and the fiber temperature being 2090°C, 0
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prebipitated in the form shown 1in fié. 1.

lA sigﬁificant number of crystals grew more or less perpendicular
to the axis of the original fiber. Figu}e 2 shows a particularly
well-developed "whisker" (length 1.3 mm, thickness 0.1 mm) grown on
a basic fiber with a dlameter of 0.29 mm in 1 minute. X-ray disper-
sion photos of the basic fiber and of the "whisker" reveal that the
"whisker" has the same fibrous structure as the basic fiber, the graph-
itic base planes being parallel to the fiber axis. Therefore the base
planes in the "whisker" are orientédAperbéhdicﬁlarly to the base
planes of the baslc fiber.

In Filg. 3 are curves showing the intensity of an X-ray reflected
from the planes (002) and (100) as a function of the angle between

the fiber axls and the normal to the surface formed by the original
and the reflected rays.
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Fig. 3. The dependence of the intensity
of X-rays reflected by planes 002 and 100 ...
on the angle between the flber axis and the
R normal to the surface formed by the S
- original and the reflected rays.
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A fiber and a "whisiter" wore mounted 1. lucite znd ground to the
éenter of theilr thickness. In Figs. 4 and i, are photos of micro-
sectlons of the base and the top of a "whisker" in polarized light.
The significant difference between the intensities of the 1light
reflected from the "whisker" and the bacic fiber confirm the results
of X-ray diffraction dispersion that the orlentation of the planes
in the "whisker" 1s perpendicular to the orientation in the fiber.
From the base to the top, the "whisker" is generally hollow and has
the same cavity diameter; this indicates that 1t must grow either
from the base or from the top. If a significant amount of carbon
preclplitates along its sides during the growing process, then a
conicél form 1s produced, particularly in those cases where the base
1s heated, and a temperature gradlent related to radiational losses
appears along the "whisker". The well-rounded smooth external appear-
ance of the tip, the continulty of the cavity and of the parallel
surface, and the continuous change 1n the orientation at the end of
the "whisker", which can be seen by turning it with respect to the
plane of polarization of the light, permits us to assume that the
"whisker" grows from its base.

Graphite formed from precipltaticn of hydrocarbons has a very
smooth surface. The producis of the original deccmposition of hydro-
carbons move rather freely over the smooth graphitic planes forming
these 8surfaces . This freedom of movement 1is very likely due to the
fact that the forces perpendicular toc the graphitic planes are com-
paratively weak van der Waals forces. Atoms build up into a lattice
when they reach the edges of the planes, where they can be held by
stroné chemical bonds. Graphitic crystals obtained by the decomposi-
tion 6f hydrocarbons will therefore be more likely to grow by tﬁe

expansion of the planes in a transverse dlrectlon than by the formation
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Ao'f nuclei of new planes, which is éonfirméd by i:he fibrous structure.

< ‘

Fig. 4. Section of the base of a
"whisker" (X300, polarized light).
L .;,.';::‘;'- P
- 'i '.#,":-7 PRrA 5
o «f}'}’ Y i "; it 5
) ' _),"-.’4"“!‘.5.';‘,.;',. v £ )
- Fig. 5. Sectlon of the top of a :
. - "whisker" (X300, polarized light). Lo
- ' —— _4.
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Meyer assumed that "whiskers" occur as a result of the forming
of a boundary with a large angle between the "disruption" (i.e., a
particle of carbon black precipitated out of the gaseous phase) and
the graphite layer lying below. Carbon atoms obtainéd by the dissocla-
tlon of the gas, since they possess great surface mobillity can be
captured on a line where the border emerges onto the surface and dif-
fuse 1into points where they can be combined into a lattice.

The high-energy boundary, which 1s the cause of the growth of a
"whisker" according to this model, was very likely created by the
growth of' a disruption propagating approximately perpendicular to the
fiber surface, s shown in Fig. 6 a. This disruption, was covered
by the graphite planes, as shown in the figure. The rival covering
of the undisturbed layer parallel to the fiber axis causes the
formation of a 45° boundary line between the normal and the "disrupted"

growth.

N7 '

G e e

—
A IZ e

Fig. 6. Scheme of the formation of
"breakage" nuclei. a)"whisker" nucleus
with a high-energy boundary; b)defect
with a low-energy boundary.

The disruption of the growth of a covering, the basic development
of which occurs parallel to the fiber surface, leads to a parabolic
boundary between the normal and the "disrupted" growth of a carbon

P

o . STCP HERE

-11-



surface, as_showh by the scheme in Fig. 6b. The angle between the
graphite planes of the basic covering and the site of the "disruption",
decreases with an increase in the "Disruption" thus excluding the growth

mechanism suggested for a "whisker". "Disruptions" of this type were
actually observed during the growth of a fiber in a methane atmosphere.
Figure 7 shows the cross-section of such a region with defects photo-

graphed in polarized light and magnified by one hundred. The figure
clearly shows several defects corresponding to Fig. 6b, and one large
defect corresponding to Fig._6a. A simllar picture is observed in polar-
ized light with réspecf to the change in the orlentation of the crys-
tallites at the site of a defect.

Later, fibers of 100 to 0.2 mm in thickness [15] were investigated.
The investigation was conducted in polarized light on an ordinary
microscope, on an electron microscope, and by diffraction of X-rays
and electrons. Graphite fibers were obtained 1n a nitrogen atmosphere
saturated with N-heptane at room temperature. The gas was passed
through a quartz tube contalning small pieces of iron and equipped
with a thermocouple. The temperature in the tube mid section was
maintained at 1000° with the aid of an electric furnace.

The investigation under a microscope in reflected polarized
light in the hottest zone of the furnace disclosed not only (50 mm),
thick (up to 0.2 mm), and straight threads, which had already been
observed by other authors, but also spiral threads, some of which
were significantly larger than the threads reported previously (Pigs.
8a and b).

Tﬁe pressure change did not noticeably influence the formatioﬂ
ogvéﬁ;;ads in this case; therefore it can be assumed that theirwgrowth

18 a result of several defects in the catalyst particle. In this - - --

R : | -
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process the falrly characteristic threads shown in Figs. 8b, 4 and
éwere obtained; no satisfactory explanation for thler formation has
been found. The investigation samples were prepared by mounting
them in polystyrene and then grinding them down with a diamond paste.
In agreement with previous X-ray studies [3-5], it was discovered
that axls C of the graphlte lattice 1s approximately perpendicular
to the fiber axis (deviating by only 10°). At the same time, in
other cases the threads contain spherical segments with axis C

directed radially from the center (Figs. 9a; b)

Fig. 7. Cross section of "damaged" region
of a fiber covered with graphite during the
decomposi: n of methane (X100, polarized
light) .
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Fig. 8. Graphite fibers.
a} X120; b,c, and d) X16; e) X8;

o

Fig. 9. ILongitudinal cross sectlon of

a fiber, X960 (a); and a cross section 2o -
at a small angle to the longitudinal di- 5 -
rectlion of the fiber, on which the de-

velopment of a spherical segment is clearly seen;
X480 (b); the fiber axes are horizontal;
the arrows point out the directlon of
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oo In addition, the end of each thread is of spherical shape (Figs.
‘8fwand 10a) f

It was established from the observations that thick threads form
as a result of a two-stage process. It was assumed that at first
a longitudlnal growth of very thin fibers with a constant cross
section occurs; later thin, growth 1s replaced by radial growth. The
internal structure of thick and straight threads shows that in certain
cases they : ve formed during radlal growth of thin, splral threads,
while 1n other cases the 6figina1 #hread was apparently completely
stralght. The hypothesis of a two-stage growth is supported by the
results of the observatlion of the polnts of intersection between two
straight threads and their center axes, which pass through an immed-
lately adjacent space. Thus 1t can be assumcd that the two threads,
being very thin, touched each other, and a subsequent radial growth
bound them together. In the second growth stage (in the thickening
process) sometimes new centers of growth are formed on the thread
surface, ylelding spherlcal segments perpendicular to the fiber axis.

These new centers are usually more developed on one side of the
thread (Fig. 10a), which 1ndicate§ that they are generated from
certaln substances moving in the gés flow (for example, particles
of carbon black). Thus sometimes the structures shown in Fig. 10b
are obtalned. In observing under a microscope in polarized light a
éross section of a very stralght thread made at a sharp angle (Fig. 9
b) , we did not succeed in examining the thin original thread in the
center. Thils gave us reason to assume that the original thread is-
very thin and cannot be seed with an ordinary microscope, which 13

conrirmed by microphotographs made with an electron microscope (Fig.“_
|
11) , where the broken end of a thre.ad can be seen. The thin rod —

N « R o U N ¢ A

STCP HERE STCP SERE

-15-



§tick1ng.up along the center axis may be the original fiber. We
recail that previously [12] it was assumed that graphite fibers were
formed merely by a longitudinal growth from the base, the final cross-
section belng establlished during the formation of the nucleus.
However, in order to explain the microphotograph of Fig. 11, apparently
we must still acknowledge a two-stage mechanism of the growth of the
fibers. Thick threads were discovered only in the hottest zone.
Investigation under an electron microscope revealed that the entire
fiber is a hollow tube with the diameter of the cavity varylng
appreciably. It is entirely obvlious that they do not consist of the
two parallel fibers, which were assumed as a possible explanation of

the previous less clear photos taken on the electron microscope [10].

ittt

g
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R Filg. 10. Longitudinal cross section of t— e
the top of a fiber, X320 (a) and a fern-

like growth of threads from a graphite E

fiber (b); the arrow indicates the direc-~ ¢ = n

‘ tion of the gas flow, X16. NI
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Fiﬁ' 11. The end of a broken flber
(x8500) . . S

Filg. 12. Complete fibers.
a)without a catalyst; b and ¢) with
catalyst particles (a,b - X75,000;
c) X110,000).



Fig. 13. Filbers, with crosspleces
in the central cavity. (a - X40,000;
b,c,d, -X75,000).

Flgures 12b and ¢ show flbers with particles of a dense materilal \

on the end (catalyst), as was assumed by a number of authors [8, 10, 11].!
The lower half of the dense particle in Figs. 12b and ¢ 1s conlcal, |
and apparently the dlameter of the fiber cavity 1s determined by the
shape of thls cone. On the other hand, the conical shape itself may
be a result of the growth of a graphite fiber from a catalytic particle.
The assumptlon is made that the catalyst particle is moving in the growlng
fiber. In certaln cases a conslderable length of the cavity was
filleg with a thick material.

rrfigure 12 reveals an infrequent case where the tube 1is opeﬁ., ..
and changes at the top into a very thin strip. Colled bands were —
also observed. The existance of the bands was discovered only by

graphite precipitation under high pressure in an electric arc [16]. =

NIRRT TP MERE
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It can be seen from Fig. 13 thaf the cavities in the threads
éan‘éontain crosspleces at various intervals. From the shape of the
crossvlece we can assume that they are thin layers covering a
catalytic particle. The thickness of the crosspleces 1s approximately
20 ;. The fiber cavity 1s of conical shape at the top (Figs. 13b
and d), indicating that at this place there was contact with the
conlcal particles which were separated auring the preparation of
the threads. It can be seen from Fig. 13¢ that the ends of the two
branches have the same shape as thé lowef-énd 1h Flg. 134, which
apparently was not attached to any dense particle. This observation
1s 1rreconcilable with the hypothesis of longitudinal growth of a
fiber from the dense particles shown in Figs. 12b and c.

Fig. 14. Threads of fibers (X40,000)

a) individual spiral fiber; b)combina-

tion of three fibers, parallel and

twisted; c)triangular fiber. e
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Figure 14 shows an individual thread in the shape of a spiral
and a combination of three threads which are sometimes colled and
sometimes completely parallel. The lower part of the picture shows
the probable cross sectlon of these threads, the shape of which de-
pends on differences in the catalytic activity of the surface of the
catalyst.

The significant intensity of the ring (002) in the electron-
diffraction photo shows that the thin graphite threads are also formed
from lamellar units laid in cylinders. Thus 1t 1s natural that they
should contain a central cavity. It 1s characterlstic that axis C
has the same direction both in the thin fibers formed by longitudinal
growth and in the thick threads, which are the result of subsequent
radlal growth. A measurement of the strength of the threads, made
on a thread 124 thick gave a tensile-strength value of 155 kg/mm®.

The extremely strong and elastic graphite "whiskers" obtained
in a direct-current electric arc in an argon atmosphere under a
pressure of 92 atm and at a temperature of 3700° K is reported in .
Bacon's article [16]. These "whiskers" are obtained as inclusions in
a plece of graphite formed by diffuslon of carbon vapor from the posi-
tive to the negative electrode. The dlameter of this new form of
graphite "whiskers", a form which has the properties of a single
crystal along the axis, is from 1 to 5p with a length of up to 3 cm.
They conslst of one or more tubes, and we assume that each tube 1s in
the form of a colled sheet of graphite layers extending corntinuously
along the fiber axls with axlis C exactly perpendicular to the fiber»-i
axis (Fig. 15). ‘ 3‘

These "whiskers" have a high degree of flexibility and a tensile

strength amounting to as much as 2000 kg/mm2. Their Young's modulus--
[l . . - 9]
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equals 7:1932 dyne/cm®, while their electrical resistivity is
approximately 65uQ - cm, which is approximately equal to the value
characteristic of a single crystal.

The structure of a "whisker" in the form of a coiled sheet of
graphite layers (apparently consisting of several monolayers) 1is
attractive from the standpoint that it explains simultaneously the
thickening and elongation of a "whisker". 1In support of this struc-
ture is the fact that during the destruction of a "whisker" by a
strong electric current, large sheets, parallel to each other, peel
off around the périphery.

The great mechanical strength and elasticity and the corrosion
and temperature stabllity of fibrous carbon material permits us to
hope that wide use of 1t will be made in the national economy. For
this reason 1t 1s necessary to devote special attention to the study
of the structure, propertles, and synthesis of various types of

fibrous carbon. 53
1\
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Fig. 15. Model of a graphite "whisker"
with a convolute structure.
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