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Micron-sized Coylon natural graphite (having an ash content of 2,190) was molded inta evlindoers
one ineh long by § in, o diuneter 1o apparent densitios mngiog from 1,61 to 199 gfem?, Subsequently,
melded samples wore hent treatod at tenperatures between 16 and 3017°C, The spocific surface nren
of the powdered graphite deerensed from 118 to 8.5 m*fg upon geing from he origing] (o the 2800°C
heat treatod naterinl. Molding, even to n density of L9% gfem?®, resulied in o negligible docrense in the
spetifie surface are, as mensured by low-temperalare gns adsorption. Heat lrentment ot a1 series of
femperatures up do 30E7°C rosulted in a gradunl decrease i Hie subseguent resetivity of the molded
graphite to enrhon dioxide. At n renction tempernture of TON0CL the renctivity decrensed from 1.32 gl
for the original graphite to 0448 g/ for the madferind heat dreated to 3017°C. For the arginn] and
HOC heat freated samples, reactivity to enbon dioxide was determined from 990 to F1O07C.
Henotivitios (g of carbon veactingfhour 3 atin, €0y < m?of earban surface) wore 1.5 » 103 o080/ R
andd 1.7 w0 MM o d2000 BT pespectively. Additional properties of the molded samples which were
deternsined  inelude radial and longitudinal density  distributions, hardness, erushing strengtly,

maeropore volume distribuation, and electrices] resistivity,

I INTRODUCTION

Some interest has been shown regarding the
use of high density graphite as o moderating
material in atomie reactors. In conventional
earhon hodies composed of & filler and binder
phase, high densities are frequently obtained
by tmpregnating the body with a low melting
point piteh, adding some small partiele sized
arbon black or lampblack to fill the voids
between the larger petrolenm coke partieles,
andfor baking under pressure to inerease the
coke yield of the binder phase. Another
possibility of ebiaining high density graphite
hodies—that of compacting
under high pressures—has

natural graphite
recently created
interest. This process has some advantages
over the more conventional methods used to
afbain high density. There is no mixing of the
filler and binder phase and no refatively slow
baking cyele. Further, a body of desired

* Based on a PhD) thesis submitied by Frank
Rusinko, Jro to the CGraduste School of The
Pennsylvania State University, January, 1958,

1 Fhis paper presents the results of one phase of
resenreh earvied out under Clontract No. AT(30.1)
1710, sponsored by the US. Atomic Bnergy
Commission.

density s obtained rather casily by varying
the molding pressure andfor particle size
distribution of the graphite. This paper
summarizes some properties of hodies pro-
duced by the compaction of Ceylon natural
graphite at pressures hetween 11,500 and
125,000 psi.

TI. BEXPERIMENTAL

Lo Malding  apprratus, Ceylon  natural
graphite (Dixon’s! type 200-1) was molded
into rods ) in. in diameter and slightly over
1in. in length. A sketeh of the mold used is
shown in Fig. 1. The top 17 in. of the mold
was east iron; the bottom 4 in. was hardened
steel. Two plungers were available, a longer
one of cast fron used in the initial compaction
atlow pressures and a shorter one of hardened
steel used in the final compaction at high
pressures. It was found that east iron could
not be used for molding at pregsures much
above 25,000 psi without the plunger seizing
in the mold.

U The graphite was kindly supplied by 8. B, Seeley
of the Juseph Dixon Crucible Company, Jersoy City,
New Jersey.
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Briefty, the procedure for making the
gamples was as follows: Between G and 8 g of
graphite were poured into the mold (depending
upon the final density desired) and com-
pressed until all the graphite was in the

BRASS
CAST IRON
HARDENED
STEEL

STEEL

Yo, 1, Sketeh of mold for
compressing graphibe,

hottom & in. section. About 1000 psi was
vequuived for this step, which could be aceom-
plished easily by pushing the planger in by
hand, The top east iron seetion was removed
and the hardened steel plunger inserted in the
bottom section. This assembly was put
between the platens of a Baldwin Seuthwark
Universal Testing Machine and  pressure
slowly applied until the finad desired pressure
was reached, The pressure was then released
and the saniple pushed from the mold. The
samples were machined to exactly 1in. in
length using a fathe.
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2. Heat treating apparatus. Heat treating
of the moelded samples was done in either a
resistance or an induction furnsee with a
heliun atinosphere maintained throughout
the heating and eooling eycle,

3. Reaction rate apparatus. The apparatus
and procedure used to determine the reae-
tivity of the molded graphite speeimens to
carbon dioxide, flowing past the sample at one
atmosphere pressure, have been described®®,

£, (fas adsorption wppurates. A standard
apparatus? was employed to determine ad-
sorption isotherms for nitrogen at 77°I on
the powdered and molded graphite samples.
From the isotherms, speeific surface arcas
were caleulnted using the BET equation?,

5. Mercury porosimeler apprratus. A mer-
cury porosimeter was used to obtain macro-
pore volume distributions in the molded
graphite samples. A description of the design
aned operation of the porosimeter has been
givend,

G, Electrical resistivity apperatus, Appara-
tus used for determining  the  electrical
resistivity of the molded samples has heen
previously described®,

7. X-oray diffraction apparatus. A 164°(20)
General Electrie Noray  diffraction  unit,
XBED-3, with copper radiation, was used to
determine interlayer spacings of the original
and heat treated graphites. Also an indi-
cation of the extent of particle orientation in
the molded samples was obtained from
relabive intensities of the (002) and (100)
diffraction peaks. Graphite “slugs” §in. in
digmeter and § in. in thickness were cut from
molded rods and mounted in an aluminum
sample holder for she orientation work

2P Walker, Jr., BT, Forvesti, Jr, md €204,
Wreight, Tndustr. fingng. Chem. 85, 1708 (1453}

P L. Walker, Jr. und Binile Raats, S, Phys.
Chem, 60, 36+ (105G).

1P H, Ennvett, ASUPAM. Tech, Publ, 81, 93
(19:41),

5P, L, Walker, Jr., 17, Rusinko, Jve and 18, Roats.
S Phiys. Chem. 59, 245 (1953).

S P, L, Wallker, Jr, and T, Rusinko, Jr., Fuel, 36,
43 (1U5T).



PROPERTIES OF MOLDED CBYLON NATURAL GRAPHITE

Standard N-ray procedures wore employed,
as previously discussed in detail®.

8. Crushing strength apparatus.  Crushing
strengths were determined on the molded
samples using a Baldwin Southwark Uni-
versal Testing machine.  Tor all samples
tested, the st noticeable sign of fracture was
a spalling-ofl of some graphite near the ends
of the sample (next {o the platens of the
machine). In some eases, eracks next began
to develop through the sample. Finally, the
sample  would  fracture  completely;  this
pressure was taken as the fracture pressure.

1. RESULTS AND DISCUSSEON

AL Selected Properties of the Original and Heal
Preated (raphite Flowrs

L. Spectrochemical analyses. Table 1 pre-

sents data on the ash analyses of the original

graphite and a sample soaked at 2600°C for

PTABLE 1
Spectrochemicud Ash Analyses of Graphites
[ Per Cent)

Elentents Betectod Originel Head Pronted
51 i L0
Te 0.2 0.00:0
Al ; (L0044 (3.001
Mg ; .00 0000
T © ARy ND
n (Lot 0,00
Aln 0.00+4 ND
(i 3.491F O
b =IO ND
Nan f.0004 0.000.
I (.05 (.00

NI = Not Detectod
Elemerntts sought but not detected: Ag. As, Au, B.

Ba, Be, Bi, Od, (e, Co, O, Go, Ge, Hg, La, Li, Mo,
Nb, Ni, P. Bb, 8b, 8n. 8¢, V. Zn. and Zr.

30 min. As expected, there was o substantial
decrease in impurity content in the graphite
following heat treatment at this elevated
temperature.

2. Crystallographic siructire. The interlayer
spacing of the original graphite and a sample

TP L, Walker, dr., H AL Mellnstey and J. V.
Pustivger, Indusir. Engng. Chem. 46, 1651 (1954},

soaked at 2600°C for 30 min was 3.3543 -
(L0001 A at 15°C. This value
agreement with that reported by Nelson and
Riley® for Ceylon natural graphite—3.4538 A
ab 15°C. The erystallite sizes of the original
and heat treated samples, as esthnated from
Neray  diffraction line Dbroadening (using
sociem ehloride as an internal standard), were
above 1000 &,

3. Nurfuce aren. The surface area of the
origingl graphite was 11.80m>/g. Upon hent
treatment to 2400 and 2800°C, the aren
decreased to 9.2 and 8.5 mg, respectively.

is in close

The deercase in area upon heat treatment ean
he attributed to a deevease in particle porosity
and surface roughness paratleling an inerease
in erystallite orientation. The relatively
small deerease In area is indicafive of & high
degrec of erystallite orientation in the original
material.

B. Selecled  Properties of Molded, Original
(raphite

Lo Appurent density. Samples were molded
using initind sample weights of 6, 7, and 8 g to
final molding pressures of 11,600, 31,500, and
125,000 psi, respectively. Under these con-
ditions, samyples having apparent densities of
L6L, L83, and 1.9% g/em® were produced. The
apparent densities could he duplicated within
£0.27%.

VYariation in the radinl density of the
molded samples was investigated briefly, by
comparing densities before and affer a L in.
hole was drilled down the axis of the rods.
Bxcellent uniformity was found, with the
densitios in no instance varying by more than

%

Variation in the longitudinal density was
investigated by cutting successive segments
from the sample.
density of sample was observed with inerease
in distance [rom the plunger. Over a 1in.
sample length, the ineremental density varied
by ea. 10%,. This density variation doubless

A gradnal decrease in

8.1 B, Nelson and D, P, Riley, Proe. Phys. Soc.
5%, 477 {1045).
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could have been improved somewhat by using
a double-acting phinger.

Within reasonable limits, a negligible effect
of rate of pressure appliention and holding-
time at the final pressure on the apparent
density was found,

2, Hardness.  Scleroscope  hardness
determined on the wwolded samples in a

wias

direction perpendicular to the axis of the rods.

FOURTH CARBON CONTERENCE

4. Orientation of purticles, 1t is known that
Cevlon natural graphite particles are flake-
like, with the carbon basal planes in the
erystallites highly oriented parallel to the
long side of the particles™. 1t was expected,
therefore, that on molding, the particles would
be oriented strongly with their long side
(basal planes) perpendicular to the molding
dircetion. An attempt was made to follow

ado

the variation in orientation with molding
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T, 2. Crushing strengths of graphites molded at various
densities,
Negligible vaviation could be found with
chamgre in molding pressure, the values

ranging from 8.5 to 8.3, These valaes oan he
compared with those for typieal baled and
graphitized carbon bodies of 80 and 36,
respectively.

3. Crushing strength. Figure 2 shows the
variation of crushing strength with apparent
density of the molded swmples. A marked
effect is noted.
graphitized earbon bodies have crushing
strengbhs inereasing from ca 3,000 to 5,000 psi
as their apparent densities” inerease from L5
to 1.7 glem®,

WH, W, Abboth,  Eneyelopedic of  Chemical
Technology, Vol, 3, The Interscience Bucyelopedia,
ne,, New York, N.Y.,, Hiig, p, 24,

For eomparison, typical

pressure by determining the ratio of intensities
of the {002) to (200} X-ray diffraction peaks,
as diseussed in the experimental section. The
attempt was unsuceessiul, however, sinee even
at the lowest molding pressure no (100)
diffraction peak could be distinguished above
Ou the other hand, the (002)
diffraction peak was extromely strong, at all
maolding pressures, producing a ratio of peak
intensitics i excess of 1500, Sinee the
theoretical ratio of Intensities for the (002)
and (100) diffraction peaks {absence of orien-

the background.

tation) is about 4010, a high degree of orien-
tation in the molded rods is clearly evident.

18 Privato communicabion fromn . A, MeKinstry,
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B. Surface wrea. The surface arca of the
sample molded to a density of 199 g/em® was
11.3 m®fg, o negligible decrease from the area
of the graphite flour. This is taken as evi-
denee that the molding operation had not
blocked ofl an appreciable area accessible to
nifrogen at 77°K.

It should he noted that up fo four days was
required to outgas the molded samples at
225°C to o pressure of less than 0.1 i The
time required for outgassing inereased with
inerease in density of the sainple. From these
results, it is coneluded that the rate of trans-
port of gas through the pore system of the
maodded samples was slow. On the other hand,
for the adsorption rans at 77°K, equilibration
of each isotherm point was reached in several
minutes, Apparently rapid, two-dimensional
surface migration of condensed nitrogen was
talking place!t 12,

6. Effect of heat treatinent on dbpensional
changes of molded rods. Heat treatment pro-
dueed some noticeable changes in the molded
samples. From weight determinations on 25
samples before and after heat treating to
2600°C, an average weight loss of 3.44% was
found, This value is compared fo the ash

content of the original Ceylon graphite of

2.06Y

Ve The difference in these figures
probably ean he secounted for primarily by
sublimation of carbon, since the volatile
matter confent of the original graphite was
quite low.

Ap expansion of the samiples occurved
during the heat treatment, probably caused
by the eseape of impurities. Table 11
summarizes the results for three molding
pressures. I is of interest to note that the
pereentage inerease in dinmeter was greater
the higher the molding pressure; whereas,
the percentage inerease in length was smaller
the higher the molding pressure.  As & resalt,
the pereentage deerease in density of the

1R, M. Tomlinson and B, A, Wood, Canad. J,
fees., B2G, 38 (19:48).

¥ Aldborn Wheeler, ddwmices in Catalysis, Vol.
TH, Aeademie Press, Now York, N Y., 191, P 273,

NATURAL GRAPITE T35

TABLE IT

Changes in Physical Dimensions of Mohied  Rods
Iniduced by Heat Preatmeni af 260080

¥

Molding Dinmetor | Length Bensity

Prossieen, Tnervase, © Tnevonse, | Doeroase.

st per font | per cenk per cend
F.500 1.25 ! 4.8 i2.28
31.500 L4s 1 a50 IENE
125,000 ESG 426 11.66

samples upon heat treatment was relatively
independent of molding pressare.  Samples
heated at temperatares below 2600°C were
found to undergo intermediate amounts of
expursion,

C. Reactivity of 3Molded Graphite to Carbon,
Dioxide

L. Effect of heat treatment lemperature and
soak time. Reaction rate curves were typical
in shape to those previously found in studies
of the carbon-carbon dioxide reaction® 3,
That is, there was an initial, gradual inerease
in reaction rate up to en. 2 per cent hurn-off,
followed by an extended burn-off region at
constant reaction rate, The reactivity results
were taken from the eonstant-rate portion of
cach run.

Samples compacted at 31,500 psi were heat
treated at a series of tempoeratures hebween
1556 and 3017°C for varying soak times.
Their  subsequent  reactivities to  carbon
dioxide at 1000°C are veported in Table TTI,
Also listed in Table TIT are the average and
maximum temperatures over the sonk period.
Sample 2600R, on which more detailed reac-
tivity results will be presented, was treated in
a resistance furnace; the remainder of the
samples were heated in an induction furnace.
It is scen from Table TET that heat treatment
produced 2 marked decrease in the reactivity
of compacted Ceylon nabural graphite, Tn the
most extreme ecase, heat Sreatment at an
average temperabure of 3017°C for 20 min
resufted in a 27-fold deercase in reactivity.

1P, L. Walker, Jr, und F. Rusinko, Jr., J. Phys.
Chem. 53, 241 (1953).
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TABLE Iif
Effect of Hewt-treatment Temperature and Soak Time
on Renctivity of Compressed Ceglon Nelural Graphife
to Clarbon Diveide al 1000°C

Heud-treabment Reuetion

Fempersture, °C Sonk Rate

Thne Grams

o Hours per

Average Maximum Hour
Original o — 1316
15484 15400 1 0.382
1615 1650 4 0,314
2002 2608 1 .334
2425 S0:L0 4 4.157
2H001% — 1 0,103
3599 2610 t [EXEHH]
REL 24515 4 0,052
017 3030 1 [ENER LS

The results [urther suggest that an increase
in sonk time at a particular temperature can
also deerease veactivity, even though diffi-
culties in mamtaining the maximum tempera-
ture a constant for different sonk times makes
this ellect somewhat difficult to evaluate.
Nevertheless, results showing that & soak
time of 4hr at 1615°C produced a lower
reactivity than a soal time of 1 hr at 2002°C
strongly support the importance of soak time,

Probably the decrease in reactivity of
compacted Ceylon natural graphite with an
inerease in severity of heat treatment (higher
temperatures and  longer soak  times) s
related to a decrease in eoncentration of
imprities, which entalyze the gasification
veaction.  Spectrochemical analyses  were
determined on all the heat treated samples.
In general, the purity of the sample inereased
with increasing heat treatment temperature
and increasing soak time at o particular
temperature. However, no correlation could
e found between the change in coneentration
of particular elements and the subsequent
reactivity of the earbon, The vonelusion that
the removal of impurities from the graphite
was responsible for the reactivity-decrease is
further substantinted by the effect of heat
treatment on other properties ol the molded
samples,  Heat treatment was found to
decrease the appavent density of the melded

TOUTTIE CARBON CORTLRENCE

samples, which in turn should have inercased
the rate of gas diffusion through the samples.
An increase in rate of gas diffusion could only
increase reactivities. Heab treatment was
found to decrease the surface area of the
graphite only slightly and to produce no
detectable changes in erystallite size or
orientation.

2. Effect aof reaction lemperabure and ap-
pavent  density of molded graphite. Molded
samples of the original graphite and material
heated to 2600°C were reacted to 109 burn-
off at 800, 1000, and 1100°C. in addition,
molded samples of the original graphite were
reacted at S00°C. Results are presented in
Table IV,

TABLE 1V

Reuction Rutes of Graphiles
at Various Temperatures

Molding | Apparent | Hesetion Temperature, °C
Pressure, | Density,
psi glem? s00 l GO0 | 100 [ 1100
Renchion Rate of Original
Graphite, gihe
EE.GUO 1.41 G037 | 187 | 1407 | L1406
31,500 1.83 G033 | 00190 | 1,316 | 3.200
125,000 1.489 0802 1 0.240 1 1,280 | 3,360
Renetion Rate of Heat-
treated Graplite, gfhr
500 1.41 Lo O.GEN | LOUT | 0487
31,500 [ KIR] e O | 163 | LETD
125,000 1.76 b 0,015 | (LOWY | D442

Surface area and apparent density deter-
minations were made on all the sumples
gasified to 10% Dwmn-off at the wvarious
temperntures, The data are presented in
Talles V and VI, It is seen from the data
that the surface area of the Ceylon graphite
was not greatly inereased upon reaction with
earhon dioxide. The arven which was de-
veloped, however, is a function of both the
starting apparent density of the molded
sample and the reaction temperabure,  As
expected, apparent densities of the molded
samples deereased upon reaction. For sam-
ples of the origmal graphite molded to the
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TABLE V

Swurfuce Area, Density, and Porosity of Orviginal
Graphite Gasified at Varions Temperatures

Reaction | Tofal | Specific | Apparent |  Pore
Fempern. | Ares, Area, | Density, | Volume,
tuve, °C m? n#fg glem® emdfp

Molding Pressure,

11,500 psi

Unrencted] 56,8 11.6 1.596 0.1882
800 63.8 IE4 1372 0.2882
(HHY R A 13.7 1.36¢ 4.2430
1000 83.1 1.8 1.375 112866
1161 0.3 221 1.368 (2003

Molding Pressure,

31,500 psi

Unreacted] 663 11.8 1.815 0. LE04
800 68.3 13.7 1.56% 01075
00 721 R 1.578 0.3
1000 6.1 JRI RS 1.4 03,2070
1100 0.3 18.% 1.540 3.2086

E Molding Pressure,

125,000 psi

Unrencied! 70.6 116§ 1.0 G.07H3
B0 6.0 13.9 1,705 1.1458
GO 91.2 1.7 L721 0.1403
1000 1.3 17T 101 0.1472
a0 90.7 16.8 1605 0.1493

TABLE VI
Surfuce Arca, Density, and Porosity af Heat Treated
Graphite Gaaified at Variews Temperatures

Reaction | Total |Specific | Apparent] Toro
Tempera-;  Aren, Aren, | Density, | Volume,
e, °C m? mifg glem? em?fz
Molding Pressure,
L1500 psi
Unreacled] 38.3 8.7 1356 2708
H Bk 139 1.341 (.3050
1004 a8.h 148 1.31% 0.3174
11040 2 23.7 1.300 0.3232
Molding Pressure,
31,500 psi
Unreneted]  +H6 8.7 1.614 0.178%
G0 i 12.3 1.4872 (L1054
1000 T0.9 15.t 1.530 0.2124
1100 101.5 231 1.488 0.2313
Molding Pressure,
125,000 psi
Unreacted] L0 8.7 1.756 0.130:4
900 GG.9 13.2 1,685 0. 14493
1044 820 16.2 1.648 (LG E
1100 112.9 22 1.611 (1880

T8

same apparent density, reaction at various
temperatures produced a decrease in apparent
density which was essentinlly independent of
reaction temperature. In contrast to this,
apparent densities of the heat treated samples
decreased progressively as reaction fempera-
ture was inereased.

From knowledge of the total surface area of
the meolded samyples at 10% burn.off, it is
possible to caleulate the specific reactivity of
the samples. These data are presented in
Talde VIE. The pressure of earbon dioxide

TABLE VIL
Speeific Reactivities of (raphites

Ronetion i Apparent | Specific Renctivity
Temperature, Density, g/hr per atmosphere
°C gloem?® CO,fin®
Original Cienphite
500 1.61 (L.O0G58
s00 1.83 G.00048
800 1.99 0.00042
D00 1.61 000314
100 1.8: 0.00265
300 L% 0.00264
1000 1.6 0.0158%
1000 1.83 0.01400
1000 LO0 0.01368
1100 161 0.03484
1160 1.83 0.03728
1100 HR L] 0.03805
Heut-treated Graphite
9040 1.t 000033
Y] 1.63 0.00025
100 1.76 0.00022
1000 | 31 QL.00166
JO13H 1.063 .00145
1000 1.76 0.00110
11006 1.1 0.00520
HLO0 1.43 Q004606
1106 1.76 0.003H

40

was talken as the average pressure af the
outside of the rod and was calenlated from the
amount of earbon dioxide entering the reactor
and the amount of earbon reacting per unit

time. Tigwre 3 summarizes the speeific



reactivity data using an Arrhenius plot. Toa
cloge approximation, the resctivities for the
original and heat treated samples were
1.5 108 o 12,000/ BT 00 1.7 v 101 12,000/ BT
respectively.  Thus, heat treatment (and
puritieation) of the Ceylon natural graphite at

FOURTH CARDBON
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Zone TIYW, Zone T is the intermediate
temperatire zoue in 4 helerogeneous reaction

wlhere the eoneenteation of the reaetant
species goes to zero {or its equilibeium value)
at a distance from the exterior surfnce less

than the radias of the rod, The reaction rate

1100 1000 300 BOCC.
lo-l T T — T 1T T I ) L]
1 T 11 b1 L | i i i -
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Fia, 3. Arrhenius plots of speeific reaetivity of graphite
with curbon dioxide.

2600°C is seen to have deercased by a factor
of about 1) the fraction of the total surface
area participating in the reaction but not to
huve affected the activation energy of the
reaetion.

1t is noted that the activation encrgy for
the carbon—-earbon dioxide reaction found in
this worle (42 4 2 kealfmole) is very close to
one-hall of 86 kealjmoele, which is recom-
mended as the true nctivation energy {or this
reaction by Wieke! and Rossboerg!®. A value
of one-half the troe netivation encrey would
he expeeted if the reaction was proceeding in

UL Wieke, fUfth Sypmposinm on Combustion.
Reinhold Publishing Corp.. New York, FH55, p, 344,
15 AL Rossherg, 2, f, folect, 60, 952 (1056).

is controlled jointly by the rate of mass
transport of the reactant through the interior
of the sample and the inherent chemical
reactivity of the carbon.

Other experimental resulis substantinte the
heliel that the present reactivity runs were
condueted in Zone 1L As previously reported.
the time required to degas the molded samples
preparatory to adsorption runs was exees-
sively long. This indieates that the mass
transport rate of gas through the rods was low
and would be expected to be one factor
controlling the reaction rates.  Further, in

B L, Waller, dr,, Frank Rusinko, Je, aad L., (G,
Austin, Cas Heactions of Carbon,  Adranees in
Clatulysis, Vol, X1, Aendomie Press, New York, 1984,
p- B33

4]
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Zone IT, for a earbon having a fixed inherent
chemieal rveactivity, ifs specific veactivity
shonld increase as the diffusion rate of the
reacting gas into the sample inereases. Since
the diffusion rate of & gas into o porous carbon
is known to increase as the apparent density

750

samples. Little pore volume is scen to exist
at pore radii above 10004 in any of the
samples. For the lower density samples, large
amounts of pore velmmne appear in the radins
range 400 to 800 A, Thus, the macropore size
at which there was a large accumulation of

I R E | |- 3T
0.2
) | NIEEEEENE 1 i .ﬂ' :i il
& 046} B 1.6l g/cc.{ I
i 1
a 182 g.ree.
z o A e
MR ill'ﬂ .
ul |
2 L Lssel AT
¥ 004 N | .99 g/ce.
m ORIGINAL GRAPHITE
8 o {HNR |
3oz P11 |
E Led 1 I'i. .' II | ! | : ﬁ"‘“‘""
g L4Z giec,
o 024
z
§ 020 |.62| 9,/ee. =0T
i -
i L L .
; by bl
E 0.5 i E |
& 78] gleg, |
3 oz -‘- & & Ak A
g
3 |
00 |
004 HEAT TREATED}{2600°C.) GRAPHITE
\ 1T ]
1p00 10,000 100,000
PORE RADIUS, A.

TFre. 4. Mneropove volume distribution in original snd heat treatod
(2600°C) malded graphite rods.

of the carbon decreases!®, i is in turn
expected that the specific reactivity in Zone IT
will inerease with a decrease in apparent
density of the sample. This is clearly seen to
be the ease for all of the reactivity data for the
heat treated graphite. Tor the original
graphite, the apparent density is seen to have
& similar effect on reaction yates up to 1300°C.
The reactivity data at 1100°C are not expected
to show the same relation befween rate and
apparent density, since the reaction appears
to be in the transition region between Zones 11
and 1111,

3. Volwme distribution of macropores
molded rods. Figure 4 presents macropore
volume distribution curves for the original
and 2600°C heat treated molded graphite

pore volume was not only a function of the
particle size distribution of the material
making up the body, as previously discussed?,
but also was a function of the extent of
compaction of the particles, Unfortunately,
the meveury porosimeter was not capable of
going to pressures sufficiently high to locate
the position of any large accumulation of pore
volume in the higher density samples.
Insight into how the samples were reacting
with carbon dioxide is obtained from maero-
pere volume distribution curves on rods
gasified to 109 hwn-off. Figure § presents
data for the molded, original graphite having
an initial density of 1.61 gfem®. Itis seen that
the new porosity developed on gasification
is primarily in the pore size range above
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Fia, 5, Change in meeropore volume of original graphite {npparent density
= 1,61 gfem®) at various reaction temperatures,

750 A——the pore size at which a large nuero-
porosity appears in the original rod. This fact
suggests that reaction was primarily ovenrring
by reduction in particle size of the graphite
with an attendant inerease in pore volume and
pore size hetween particles. This conclusion is
consistent with the surface arca resuits whiel
showed relatively minor inereases in area with
buen-off. As Smith and Polley!™ have shown,
when oxidation of carbon primarily oceurs at
the surface of the particle, surface area
increase is smatl. On the other hand, oxi-
dation through the particle, with a negligible
deerease in particle size, results in large
inereases in area®?, The fuct that the reaction
of the natural graphite particles oceurred
primarily at their surface is consistent with
the homogencous nature of the surface! ™18,

Macropore volume distributions of the
other samples after gasification lead to
similar eonelusions,

4. Eleetrical resistivities of wmolded graphile
samples before and after gasification. Electvieal
resistivity measurements were made  on
samples of the original and heat treated
molded graphites. As seen in Fig, 6, the

1T W, R Smith and AL H, Polley, S, Plys, Chen,
80, 684 (1h3h).

1 PBasinko, Froound P, Lo Walker, dv., 7 Anon-
Ious Results for the Sorption of Argon on Powdered
Natural Grapbite’, submitted for publication.

electrical resistivity of both the orviginal and
hent treated samples decrensed essentially
fincarly with inerease in apparent density.
However, the heat treated material is seen to
have an appreciably lower resistivity than
the original graphite at comparable densities.
Possibly this is related to the amouné of
oxygen which the graphite has on its surface,
That is, from water vapor adsorption!?, it was
estimated that 13.2%, of the original graphite
surface  contained  oxygen, only
0.60°% of the 2600°C heat-trented material
contained an oxyvgen complex. The greater
chanyge in electrical resistivity with change in
apparent density (molding pressure) for the
molded original geaphite is also consistent
with its surface containing more oxygen

wherens

conplex.*

Typieal carbon bodies containing a binder
phase lhave considerahly lower clectrieal
resistiviby values than those presented in
Fig. 6, whether the samples are molded or
extruded®t. In particnlar, a sample of AGOT
graphite (with a conventional petroleum coke
hase and piteh binder and density of 1.70

wE ML Mealey, Yung-Fang Yuw, aud JoJo
Chossiclk, . Phys, Chene, 59, 308 {1H35).

=g, Mrozowski, FProe. Third  Carbon Conf,
Porgaen Press (1430), p. 405,

=W W, Tyl sl AL O Wilson, Jeo, Phys, flee.

89, 870 {14a3).



PROPERTIES OF MOLDED CEYLON NATURAL GRAPHITE
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Fra. 6. Electries] resistivity of graphites at various apparent, densitics.

g/em®) has a room-temperature resistivity of
1.} % 1073 Q em in the direction perpen-
dicular to preferential basal plane orientation.

IV. COXCLUSIONS

Ceylon natural graphitc can be easily
maolded at room temperature into bodies of
varying apparent densities depending upon
the molding pressure. These molded samples
have erushing strengths and clectrical con-
ductivities considerably lower than conven-

tional graphite bodies (containing a filer and
binder phase) of comparable apparent den-
sities, Reactivity of the original molded
graphite to carbon dioxide ean be reduced
greatly Dby heat treating to temperatures
where rvemoval of metallic impurities is
effected. The decrease in reactivity is brought
about by deercasing the fraction of carben
surface active to carbon dioxide and not by
lowering the activation energy of the reaction.






