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Graphitized carbon rods were impregnated three, seven, and tweive times with & low melting point
pitch and the samples then baked at ca. 790°C. The original rods are shown to have a significant
closed pore volume, which is appreciably opened up upon burn-off. Impregnation is found pro-
gressively to lower the specific surface area and macroporosity (porosity primarily hetween particles)
in the rods. Subsequent gasification of the rods to “ constant " burn-off st different temperatures
is seen to change the surface areas, helinm densities, apparent densities, and porosities of the rods in
ways which are qualitatively explainable. The impregnated rods are found to have higher gasification
rates than the original rods with carbon dioxide at 1000 and 1100°C, which is & result of the high reac-
tivity of the impregnant. At 900°C, the higher surface srea of the unimpregnated rods counterbalances
the higher reactivity of the impregnant and resulfs in essentislly o constant rate for all rods. Chenges
in electrical resistivity of the rods, as o function of impregnation and subsequent burn-off, are presented.

The diffusion rate of gas through the rods is seen to be mearkedly deoreased by impregnation.

I. INTRODUCTION

Normally, the raw materials going into
the manufacture of baked and graphitized
carbon products consist of ca. 70%, sized,

‘cined petroleum coke flour and 309% coal
tar piteh fller by weight. Upon baking,
ca. 50%, of the pitch is lost leaving a final
product containing ca. 809 petrolenm-
coke-carbon and 20%, ecal-tar-pitch-carbon,
These proportions remain essentially the same
after graphitization.

The resulting body has a porosity of
around 30%%, with the porosity primarily
concentrated in interconnecting macropores
greater than lp in radius®. This macro-
porosity is created by the void volume he-
tween the petrolenm coke particles.

With the possibility of using carbon shapes
0s heat exchanger tubes, abscrption towers,
pump parts, and moderators in liguid metal

*This paper presents the results of one phase of
research carried out under Contract No. AT(30-1)-
1710, sponsored by the Afomic Inergy Commission.

1P. L. Walker, Jr. and F. Rausinko, Jr. J. Phys.
Chem. 59, 241 (1955).

2 P, L. Walker, Jr., F. Rusinke, Jr. and E. Raats,
J. Phys. Chem. 59, 245 (1955).

reactors appreciated, the need for o less
porous body was immediately apparent.
Diffusion and forced flow in and through the
porous network of ordinary carbon could not
be tolerated.

At least three approaches have been used
t0 decrease this porosity: (1} Incorporate in
with the petroleum coke flour a thermatomic
carhon of small particle size to ll the voids
hetween coke particles®. {2) Increase the
eaking value of the piteh by the addition of a
nitro substituted ozganic compound*. (3)
Till the macropores of the baked or graphi-
tized sample with additional pitch by impreg-
nationd, While all of these processes have
met with some success for particular applica-
tions, impregnation has been found to be the
most satisfactory of these three technigues
for attaining an impervious material.

3 Lloyd C. Swallen and Harold W. Nelson, U.S.
Pat. 2,527,595 October 31 (1850).

1 Frederick 1. Shea, Jr. and LesHe H. Juel,
U.8. Pat. 2,521,596, October 31 {1950).

8 H, W. Abbots, Encyclopediu of Chemical Tech-
nology, Vol. 3, p. 17, Interscience Bneyclopedia Ine..
New York (1949),
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In this paper the effect of varying degrees
of impregnation followed by subsequent burn-
off on the physical properties of graphitized
carbon rods has been investigated.

II. EXPERIMENTAL

A. Carbon

The unimpregnated samples were National
Carbon Company’'s AGHT graphitized rods
8 in. long and { in. in diameter. Different
batches of these rods were impregnated three,
seven and twelve times with a low melting
point pitch.,  Affer impregnation, the rods
were baked at 790°C to coke the pitch.
Results fo be presented later also suggest that
somewhere between seven and twelve impreg-
nations the rods were unexpectedly slightly
oxidized.

B. Low TemperatureGas Adsorption Apparatus

A standard gas adsorption apparatus was
employed and has been described recenilyS.
Because of the low surface areas encountered
for the impregnated rods, krypton adsorption
at liquid nitrogen femperature was used, as
discussed by Beebe ef al.”. Nitrogen adsorp-
tion was used on the unimpregnated and
reacted samples. Surface areas were cal-
culated using the BET equation®.

C. Merewry Porosimeter

A description of the design and operation
of the mercury porosimeter used has been
given recently®. The porosimeter was used
to determine the volume-distribution of
macropores in the samples over the radius
range 410-140,000 A and also the apparent
density of the samples by mercury displace-
ment under an absolute pressure of ca.
360 mm Hg.

D. Electrical Resistivity dpparatus
Bissentially the electrical resistivity of the

¢ P. L. Welker, Jr., B. J. Foresti, Jr. and C. C.
Wright, Ind. Eng. Chem. 45, 1703 {1953).

* Relph A. Beebe, John B. Beckwith and Jurgen
M. Honig, J. dmer. Chem. Soc. 67, 1554 {1943).

8P, H. Emmett, 4573, PTech. Publ, 51, 95
(1941).

THIRD BIENNIAL CARBON CONFERENCE

eylindrical specimens was determined by
comparing the voltage drop across a known
sample length with that across a fixed resist-
ance both carrying the same total current.
Further defails of the technique are disenssed
elsewhere?®.

B. X-ray Diffraction Apparatus

A 164° (26) General Electric X-ray diffrac-
tion unit, XRD-3, with copper radiation was
nsed to determine spacings for the carbon
samples. Spacing values of high acouracy
were determined using Na(l as an internal
standard as previously discussed®®. The
interlayer spacing and carbon-carbon spacing
in the layer plane were used to caleulate the
X-ray density of the carbon in the standard
manner.

. Gas Diffusion dpparatus

The effective diffusion ecoefficients for
hydrogen-nitrogen through } in. long by ¥ in.
diameter carbon samples cut from the larger
rods were determined by techniques pre-
viously discussed?.

&, Reaction Rafe dpparatus

The reactor was the same as that used in
previous gasification studies®, Samples 2in
long by & in. in diameter were reacted with
carbon dioxide at atmospheric pressure at
temperatures ranging from 900 to 1100°C.
The samples were suspended in the reactor
by a ceramic support, as described recently!l

H. Helium Density dpparatus

The helium densities were determined by
the conventional method in which a measured
guantity of helium is expanded into 2 sample
tube of known volume containing a known
sample weight. The apparatus (thermo-
stated at 30.0 4 0.1°C) was of the constent
pressure type; thaé is, after the expansion

# P, L. Walker, Jr. and Frank Rusinko, Jr.,
Fuel, 36, 43 (1957).

e P, L. Walker, Jr., H. A. McKinstry and J. V.
Pustinger, Ind. Eng. Chem. 46, 1651 (1954},

1P, L. Walker, Jr. and Emile Raats, J. Phys.
Chem. 60, 364 (1956).
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of the helium into the sample bulb, the
pressure was returned to its initial value by
decreasing the apparatus volume using mer-
cury displacement. From the volume of
mereury required to return the helium pres-
sure to its original value, the volume of solid
sample plus “closed " pores and, hence, its
helium density could be determined. Tquili-
bration time of 1 hr was allowed after expos-
ing the sample to the helinm gas. Helium
densities could be duplicated to within
4-0.5%,.
III. RESULTS AND DISCUSSION
A, Pore Volume and Surface Area of Rods as
Affected by Impregnation and Subsequent
Burn-Off
The total pore volume within graphitized
carbon rods may be arbitrarily defined as
consisting of two types—that which is open
to helium penetration and that which is
closed. The total pore volume, expressed
in rmlfg, is caleulated from the difference of
the reciprocals of spparent and X-ray
nsities. The open pore volume, expressed
w mlfg, is calenlated from the difference of
the reciprocals of apparent and helizm
densities. The closed pore volume iz the
difference between the total and open pors
volumes. Dresel and Roberts?® investigated
an unimpregnated pgraphitized carbon and
showed that it contained some closed pore
volume and that this' volume was appreci-
ably opened up by oxidizing the sample in
air at £30-500°C to small burn-offs, Lech
and Aunstin®® showed that the magnitude of
the closed pore volume in a number of
graphitized carbon bedies, which they in-
vestigated, could be related to the carbon
crystallite size, the smaller the crystallite
size the higher the percentage of the closed
pore volume.
Table 1 presents data on the closed pore
volume in the unimpregnated rods used in

12 . M. Dresel and L. E. J. Roberts, Nafure, Lond.
171, 170 (1953).

131, D, Loch and A. E. Austin, Proc. 1st and 2nd
Carbon Conf., University of Buffalo (1956) pp. 65-73.

635
TABLE T

Effect of 119, Burn-Off at Varying Gasification
Temperatures on Decreasing Closed Pore
Volwme in Unimpregnated Rods

Clased pore vol, in

Glosed pore vol. In
total sample vol. %

Burn-off temyp., °C | "0y pare vol.

Unreacted 20.0 5.6
900 9.5 3.3
1000 8.4 29
1100 8.7 2.3

this work and its change upon 11%, burn-off
at different temperatures. These values
were calculated from helium and apparent
density data, to be discussed shortly, and
from an X-ray density of 2.263 g/m}, based on
an interlayer spacing value of 3.3592 A
{15°C) and a C-C bond distance in the layer
plane of 1.416 A. There is substantial
agreement between the percentage closed
pore volume found by Dresel and Roberts
and by the suthors, but Dresel and Roberts
did observe a much more marked decrease in
closed pore volume, at even smaller burn-
offs than did the authors. Undoubtedly
the success of opening up closed pore volume
is a function of the physical structure of the
starting material, the reactant gas (i.e. air,
carbon dioxide, steam or hydrogen), and
the reaction temperature. In the present
worlt, as observed in Table I, the closed pore
volume is opened up to the greatest extent ab
the highest reaction temperature.

Table IT presents data on the change in
physical properties of graphitized carbon
rods on impregnation®*. As would be
expected, the specific surface area of the rods
decreases with increasing impregnation.
However, since the specific, geometric surface
area for rod;, is 0.002 m*g and the BET
ares is .08 mYyg (surface roughness factor of
45), i5 is seen that even with twelve impreg-
nations considerable internal porosity is still
connected to the surface.

*In the future discussion, for simplicity, the
number of impregnations given a rod will be fre-
quently indicated by rod,, red,, red; and rod, ..
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TABLE I3
Changes in Physical Properties of Graphitized Carbon Rods on Inepregnation
' D t
: as errentage
Number of \i"n‘:l%leltndx?notf Surface area | Hellum Appareat | Totnl open macroporosity
{mpregaations thn%n le mifg densliy g/ml | density g/ml | porosity %, |in total open
p porosity®
0 0.0 0.31 2,110 1.641 22.2 41.5
3 6.6 0.18 2.030 1,746 14.0 89.2
7 4.9 0.13 1.962 1.821 7.2 98.1
13 117 0.09 2.033 1.8G5 2.3 67.8

* This includes pores greater than 420 A in radius, as determined from the mereury porosimeter data.

From Table IT, it is seen that through seven
impregnations, the helium density decreases,
as would be expected. Since the impregnant
is only heated to 790°C, it is still amorphous
and, consequently, has a lower density than
the graphitized carbon-slkeleton, Fowever,
after twelve impregnations, the helium den-
sity, in duplicate runs, surprisingly increases
above that of rod;. Since after each impreg-
nation the rods were heated to 790°C to coke
the pitch, the most reasonable explanation
seems to be that somewhere between seven
and twelve Impregnations the rods were
slightly oxidized, which resulted in the
opening up of some closed pore volume.
The opening up of some closed pore volume
need not necessarily show up as an inerease in
surface area, however, since it is possible that
at the low temperature at which krypton
adsorption was conducted (77°K) activated
diffusion prevented the adsorbate from
reaching this areald,

On impregnation, the apparent density of
the rods is seen to increase. The fotal open
pore volume (porosity) decreases up to seven
impregnations and then increases slightly with
twelve impregnations, which is again sug-
gestive of a slight oxidation.

The percentage macroporosity in the tosal
open porosity is seen to be affected by
impregnation, This macroporosity is deter-
mined from the mereury porosimeter curves

WP L. Walker, Jr. and Irwin Geller, Nafure, Lond.,
178, 1001 (19a6).
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of the rods, which are shown in Fig. 1%
With three impregnations, there is a marked
decrease in the magnitude of the macro-
porosity and only a slight decrease in micro-
porosity, but the percentage deersase in the
two porosities Is essentially the same.
Impregnation seven times again produces
a signifieant reduetion in macroperesity and
practically efiminates open microporosity.
It was suspected that the virtual elimination
of microporosity was caused primarily hy
blocking as opposed to filing with impreg-
nant. To check this hypothesis, the density
of the impregnant in redy and rod; was cal-
culated from the weight of impregnant in the
rod and the decrease in total open pore

* The mocropore distribution for fhe unimpreg-
nated sample is very similar to that found previously
by the authors? for & number of commercial carhons
and graphites. The large amount of volume in
pores between 1 end 54 is produced primarily by
voiids between particles.
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volume. The densities calculated for the
goked impregnant are 1.66 and 1.22 gfml,
respectively. The lower, calculated density
for the impregnant in rod, is qualitatively in
agreement with the possibility that the
impregnant did block off some micropore
volume. In fact, if it is assumed that the
difference in micropore volume in rod, and
rod, (0.0078 ml/g), as given in Fig. 1, is all
caused by pore blockage, the density of
impregnant in rod, is still only increased to
1.356 gfml. This suggests that with the seven
impregnations some macroporosity, in addi-
tion o most, if not all, of the microporosity
was blocked off.  With twelve impregnations,
the percentage of macroporosity is seen to
decrease sharply in line with the possibility
that slight oxidation opened up some of the
closed micropores blocked after seven im-
pregnations.

Tigure 2 presents macropore volurme-distri-
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bution plots showing the radial uniformity of
impregnation, by looking a% rods of varying
diameter. For rod, rody and red; the
macropore volume-distributions indicate a

637

high degree of uniformity of impregnation
through the rods. Again rod,, shows anom-
alous results, which can be explained by
assuming slight oxidation of the sample.
First, the pore volume diséribution below
10,000 & in the } in. diameter sample is quite
similar to that in rod; and suggests that the
oxidation did not penetrate sufficiently
deeply to open up closed pores at this depth.
Further, as the sample diameter increases,
it s seen that the amount of micropore
volume which was opened up by oxidation
increases in line with inereasing oxidation
rate toward the surface.

Table IIT presents data for the change in
physical properties of the impregnated rods
upon gosification to essentially constant
burn-off, with one exception the burn-offs
falling between 10.7 and 11.9%*. The
specific surface areas are found to be markedly
increased upon gasification, as shown pre-
viously®. The surface area developed in the
unimpregnated rods is found to increase with
increasing reaction temperature over the
range 900-1100°C, in line with previous
findings and explanations invelving the
physical structure of graphitized carbon
rodsil. This increase in area developed with
increasing reaction -temperature for rod,
parallels the increase in helium density,
suggesfing that, at least in part, the increase
is caused by opening up closed pore volume,
If nlso the increase in area with increasing
reaction temperature is interpreted as mean-
ing that o continually higher percentage of
binder (being mere aciivable) is reacted'?,
the conclusion is made that the majority of
the original closed pore area is located in the
hinder. The essentially constant apparent
density and open porosity produced in rod,
after gasification at different temperature is
in line with only a slight change in external
sample diameter occurring upon reaction.

*In some instances, the varistion in burn.off
affects the quantitative relationship of some of the
data in Table ITI, but does not affect the qualitative
trends which the data are meant to show.
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TABLILE TI1

Changes in Physical Properties of Impregnated Rods wpon Gasification to Essentially
Coustant Burn-off

i i
" ; i Specifie | Mueroporosity
Reactd or A Helf A t o :
temp., °C ; Burn-ofl % {5“”‘;“1'3;;““’ %densletyl.n:zl!ml donshiy ghmt | porosity 35 | 1 totnl opes

Unimpregnated
Unreacted | — 031 ¢ 2110 1.641 222 1.5
900 10.8 145 4 2161 1.482 314 914
1000 10.% 1.51 © 2,183 1.400 314 84.2
1100 11.3 3.59 2.195 1499 318 Ti8

3 Impregnations
Unreacted — — 0.18 | 2.030 1.746 14.0 84.2
800 ¢ 13.5 (1.e7* | 2120 1.559 26.7 82,3
1000 | 10.8 131 | 2100 1.601 94.1 91.2
1o o 118 (Lesyt | 2.009 1692 227 48.0

7 Impregnations
Unreacted ! 0.13 ;L9062 1.821 7.2 98.1
900 11.9 192 | 2112 1.624 23.2 93.7
1000 118 | 145 | 2.098 1.628 22.3 92.9
1100 11.6 i 1.28 | 2.076 1.672 19,4 94.5

12 Impregnations
Unreacted — 0.09 2.033 1.8658 8.3 67.8
900 10,8 1.17 ¢ 2103 1.683 20.0 92.8
1000 | 111 1.08 2,092 1.600 19.3 82.1
1100 i 115 0.899 2.083 1.748 16.1 95.3

* This surface area velue is undoubtedly oo high hecause of excessive burn.off,
In line with the findings for rad, reacted at 1100°C, the surface aren for ca.
10.69, burn-off can be estimated at ca. 1.0 m?/g.

+ A second snmple was reacted to 10.6% burn-off, and the surface aren was

1.36 m¥/g.

The results in Table III for the impregnated
samples can be systematically explained, if
the surface area produced upon gasification
of rod, at 900°C is disregarded, because of
excessive burn-off variation. Following the
reasoning of Walker and Raats!!, the surface
area, developed at a constant burn-off
increases with increasing gasification tem-
perature until the diffusion rate of the re-
actant gas between particles is not suffi-
ciently rapid to supply gas to all the interior
of the sample. As the degree of impregnation
is increased, the diffusion rate of reactant gas
is decreased; and the temperature at which
the developed area goes through a maximum
also decreases. It is seen in the present case

that with three impregnations the diffusion
rate is not sufficiently decreased to prevent
maximum area development at the maxi-
mum reaction temperature, even though the
amount of ares increase with increasing
reaction temperature is considerably less
than for the unimpregnated samples. On
the other hand, for seven and fwelve impreg-
nationg, the diffusion rate has been suffi-
ciently cdecreased to cause maximum area
development at the lowest reaction tempera-
ture studied.

For the impregnated samples, the helium
densities decrease and open porosities increase
upon gasification, as expected. The apparent
densities in all cases increase with increasing
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gasification temperature in line with the
greatest decrease in external sample volume
oceurring at the maximum gasification
temperature. The same reasoning can be
applied to the porosity data.

Figures 3 through 6 present data on the
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macropore distribution in the rods before and
after gasification. From these data the per-
centage macroporosity in the total open
porosity can be caleulated, as given in Table
I{I. Tor the unimpregnated samples there
is a decrease in per cent macroporosity, which
qualitatively parallels an increase in surface
aren, as would be expected. For the im-
pregnated samples, nothing of particular
interest happens to the percentage macro-
porosity, except for the unreacted rod;s,
which has been previously discussed.

The curves in Figs. 3 through 6 warrant
some additional discussion. It is observed
that the total open pore volume created after
gasification of the unimpregnated rods is
essentially reaction-temperature independent,
which is in line with the rather uniform
reaction of the binder through the rods at
each temperature. On the other hand, with
the unimpregnated samples, the total open
pore volume created decreases with increas-
ing reaction temperature. This is con-
sistent with a decreasing percentage of
binder and impregnant reacting as tempera-
ture is increased. Indeed, observation of
the cloge proximity of shape of the macropore
distribution-curves for the Impregnated
samples reacted at 900°C to that of the
original, unimpregnated sample clearly shows
the preferential reaction of the impregnant
material from the samples, leaving a carbon
skeleton similar to that in the original rod.

Again looking at the distribution curves in
Fig. 3 for the unimpregnated rods, it is
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interesting to note that as the specific micro-
pore volume of the rods increases the rod’s
helium density also increases. To account
for the helium density of rod, increasing
from 2,110 to 2.195 g/ml upon gasification
at 1100°C, it is caleulated that 0.019 ml/g
of closed pore volume was opened up. This
may be compared to the 0.0356 ml/g increase
in microporosity upon gasification at 1100°C,
asseen in Fig, 3, and indicates that this micro-
porosity increase upon gasification was caused
by enlarging the volume of previously open
micropores andfor starting new ones in
addition to unblocking previously closed
micropores.

In Fig. 6, it is seen that the reacted samples
of rod,, have lower microporesities than the
unreacted rod. This can probably be
explained in line with the non-uniformity of
mieropore distribution in rod,,, as disenssed
in conjunction with Fig. 2. As the external
diameter of the sample is decreased by
reaction, microporosity would be decreased
solely in line with the decrease in micro-
porosity with decrease in sample diameter, as
observed in Fig. 2.

B. Effect of Impregnation on Gasification Rates
of Rods with Carbon Dicxide

Rods were reacted with carbon dioxide at
900, 1000 and 1100°C up to 13.5% burn-off,
Typical curves® !? showing an increasing
reaction rate with time up to ca. 59, burn-off
and then a constant rate, when expressed as
g/hr reacting, were found. Table IV pre-
sents the rate data as a function of tem-

TABLE IV

Lffect of Impregnation on Gasification
Rates of Rods with Carbon, Dioxide

}iﬁ:}iﬁ;?r Reucti(:n rate g,ihr,fg(:fsmr{lng nm:er!nl m?t‘i"s:rxt(;rl)ln
nntians o 1000°C 11°C klf}:[:({:}'ggﬁr}]
0 0.013 0.058 0.17 43
3 0.010 0.072 .29 35
ki 0.011 0.670 .24 51
12 0.013 0.070 0.22 47
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perature and number of impregnations.

At 900°C, it is seen that the reactivity of
the rod, is essentially the same as that of the
impregnated rods. The two major differences
in properties of these rods, surface area and
presence of impregnant, have counterbalanc-
ing effects on reactivity. The amorphous
impregnant in rodsy, 4 and 15 would be expected
to react more rapidly than the original
graphitized skeleton, and there is a slight
increase in reactivity at 900°C with increas-
ing impregnation. On the other hand, the
considerably higher surface area of rod,
wotld cause it to have a higher reactivity
than the impregnated samples. If the
reaction rate results at 900°C be expressed on
the basis of starting surface area, the reacti-
vity of rody, is ca. three times as high as rod,,
giving an indication of the higher reactivity
of the impregnant.

Looking st the impregnated samples as
reaction temperature is increased, it is seen
that the reactivity increases less rapidly
(lower activation energy) the greater tvery,
degree of impregnation. This can be
explained!® as resulting from a decrease in
the rate of gas transport within the rods with
increasing impregnation and an accompany-
ing increase of control of the reaction by
internal diffusion. The resnlt, as shown!s,
is a reaction with decreasing over-all activa-
tion energy.

The fact that the unimpregnated rods show
the lowest activation energy and yet have the
highest rate of internal gas transport can
again be explained on the basis of two oppos-
ing trends. Even though the higher gas
diffusion rate through rod, should in itself
result in a higher activation energy for the
reaction, this is offset by its having the
greatest initial internal area to he utilized.
That is, a completely non-porous body
where reaction occurs entirely on the surface
would show the highest activation energy for

¥ P, L. Walker, Jr. and Emile Roats, J. Phye.
Chem, 60, 370 (1856).
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its reaction even though the rate of internal
gas fransport would be zero. On the other
hand, a body of high surface area and high
internal gas diffusion rate can show a low
activation energy because of the decrease of s
area being exposed to unit gas concentration
as teaction temperature increases. The two
effects tend to counterbalance each other,
with the dominating effect being determined
by the differences in internal gas diffusion
rate and starting surface area for various
samyples,

C. Effect of Impregnation and Subsequent
Burn-off on Electrical Resistivities of Eods
Table V presents the electrical resistivity

TABLE V

Bffect of Impregnation and Subsequent Burn-Off at
Different Temperatures on the Blectrical
Resistivity of Bods

Nuntber of Reslativity, Qem x 10?
jmpreg-
nations | unrencted £ 900°C I 1600°C [ 1100°6
. 4 0.75 1.19 1.08 1.05
thies. 3 0.78 1.08 1.05 1.02
T 7 0.81 1.02 1.02 0.96
12 072 | 087 0.87 0.84
I

data (determined at room temperaturs) on
samples before and after © constant ™ burn-
off (ca. 11.5%) at different temperatures.
The greater resistivity of unreacted rods;
and , over rod, is noted with surprise. The
resistivity values can be duplicated within
1%, and, therefore, the differences are
meaningful. Furthermore, the same trend
was found on three different sets of samples®.
On the other hand, the resistivity of rod,,

* Mr. Cory, Graphite Specialties Corporation,
always finds a slight decrease in resistivity upon
impregnating a graphitized carbon rod with amor-
phous material. Therefore, at the moment, the
authors sre reporting the above results for informa-
tion and will not discuss the possible rensons for
them until they are confirmed on sdditional samples
of impregnated rods trested in different ways.
Suffice it to zay that impregnation of a graphite
skeleton with amorphous impregnant has little
aetfect on electrical resistivity.
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is less than rod,, which is in line with what
would be ordinarily expected. The trend of
decreasing resistivity with increasing impreg-
nation after burn-off at a constant reaction
temperature 18 as expected. As impreg-
nation is increased the percentage of filler and
initial binder material reacted away at
constant burn-off is decreased. Bince this
material is primarily the condueting phase,
the higher the percentage of this material in
the final rod the lower the resistivity. Fora
given number of impregnations, the resistivity
is found to increase as reaction temperature
decreases. This is in line with a greater
uniformity of reaction through the rod
(through the impregnant, binder, and filler
material) the lower the reaction temperature.
This would result in the lowest reaction
temperature producing a reacted rod of
lowest percentage of filler and, consequently,
the highest resistivity.

D. Effect of Dnpregnation on the Effective
Diffusion.  Coefficients of Hydragen —
Nitrogen through the Rods

From Table VI, it is seen that the effective
diffusion coefficients of hydrogen-nisrogen
through the rods decrease markedly with
impregnation up to seven times. This is, of
course, due to the filling of macropore
voids between particles which exist in the
original rods. Some anisotropy of diffusion
is observed, as was discussed previouslylt,

There is some doubt as to the magnitude of
the diffusion coefficients for rods, and ;.

That is, the more impervious a sample

becomes the greater the error introduced by

leakage of gas around the sides of the sample.

Weisz!? reports that, for the apparatus used

to determine Dy, glass plugs are found to

have a value of 0.0002 em?*/sec. This is con-
siderably less than the values reported for
rods, and ;, and suggests either that there is

18P 1. Walker, Jr., Frank Businko and Emile
Raata, Naiwre 176, 1167 (1958},

17 Private communication from P. B. Weisz
(1958).
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TABLE VI

Effect of Impregnation on the Effective Diffusion Coefficients of
Hydrogen—Nitrogen Through the Rods

Number of Dy, ensfsec D,z Ratio
impregzmtionsi A, to extruston il to extrusion
0 0.0135 4 0.0006 (4)* | 0.0148 £ 0.0006 (5) 1.16
3 0.0045 o 0.0002 (4) 0.0066 -~ 0.0003 (3} 1.47
7 0.00146 4 0.00005 (5) | 0.00227 L 0.0002% {5) 1.55
12 0.00160 4 0.00017 (5) 0.00207 4 0.00010 {5} 1.30

* Number of samples run.

some connected internal porosity in these
rods through which gas diffusion oceurs or
that more leakage of gas occurs around the
sides of the carbon samples than the glass
cylinders because of greater surface rough-
ness. Indeed, even the fact that D,y parallel
to extrusion is greater than that perpendi-
cular for rods, and ,, could be caused by the
difference in channeling effect of the surface
roughness.

Iv. CONCLUSIONS

Impregnation of graphitized carbon rods
with an amorphous material which is then
only carbonized is found to markedly
decrease the rate of gas diffusion through the
rods. Little else is gained by such impregna-

tion (with the possible exception of strength,
which has not been investigated). Reactivity
to an oxidizing gas, expressed per unit sample
volume, is essentially unchanged or in-
creased, depending upon the reaction tem-
perature. Electrical resistivity is essentially
unchanged.  Probably the resistance fo
thermal shock is decreased in line with
decrease in Internal porosity,'8 even though
this fact has not been checked.

The suthors wish to thank P. B. Weir~
(Secony-Mobil Laboratories) for determining t:
diffusion data and for his continued interest in
this worlz.,

18 F. A, Hummel, Ceram. Ind. 65, 73 (1955).



