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EFFECT OF PROCESS VARIABLES ON GRAPHITE PURITY

W. C. Riley
A. M. Corners

Pile Technology Sub-Section
ENGINEERING DEPARTMENT

July 20, 1954

Work performed under Contract No. W-31-109-Eng-52.

INTRODUCTION

Four experimental graphite heats were run at the end of the G-5 contract
in the National Carbon Company Clarksburg production furnaces. The pri-

mary objectives were to determine:

1. If higher purity graphite for future piles could be obtained
by increasing the maximum temperature of graphiti zation and/or
increasing the flow rate of purification gas.

2. If an initial AGOT process*, followed by purification, would

yield Texas** graphite of satisfactory purity.

* An AGOT process involves baking the graphite to a maximum tempera-

ture of about 2800 C in the absence of purification gas. The
firing is characterized by slow heating and cooling rates.

** By Texas graphite is meant a graphite made from coke produced
at the Lockport, Illinois refinery of the Texas Oil Company
and Standard Pitch from the Barrett Company.
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The significance of the second objective was that if an AGOT process followed
by purification produced a satisfactory graphite from Texas coke stock, then
a strong reason would exist for producing future purified graphites with
this type of process. One of the primary advantages of the process is that
it would eliminate serious cracking problems.

Secondary objectives included determining the variation of machinability
and density with graphitization temperature. Also, data on the variation
of physical property changes after irradiation with the maximum tempera-
ture of grapnhitization will be obtained. None of the work listed immediate-
ly above is reported in this paper.

SUMMARY AND CONCLUSIONS

Special experimental heats were run at the end of the G-5 production con-
tract. The effects of the following process variables on graphite purity
were explored: maximum temperature of graphitization, flow rate of purifi-
cation gas, and type of stock charged.

The following conclusions are apparent from the data:

1. For the GBF process*, higher purity is obtained by higher tempera-
ture of graphitization; therefore, advances in purity for Texas
material may be obtained by increasing the temperature of graphi-
tization above the conventional production temperature. It is
to be realized that with present production furnace design, large
temperature differences exist in the furnace. Therefore, to pro-
duce graphite of uniform purity by the GBF process such as might
be required for future piles, production scale problems would have
to be solved.

2. Graphite with satisfactory high purity can be produced by an AGOT
process followed by "F" process purification. Therefore, with
Texas material, this sequence of processes will produce satis-
factory pile grade graphite.

3. In contrast to GBF material, the purity of AGOT material is
relatively insensitive to maximum temperature of purification.
Use of the AGOT process will provide a simple means of obtaining
uniform purity within a graphite heat, Extrapolation of the
results on temperature dependence of AGOT stock suggests that
satisfactory purity could be obtained with significantly lower
maximum temperatures of purification than 33ave been ,ed in the
past. This would reduce production time and cost.

# The GBF process differs from the AGOT process in that the bars are
rebaked after impregnation, then routed to the purification furnace.
Graphitization and purification are carried out simultaneously. The
maximum temperature attained by the bars is 2450 C. The firing is
characterized by rapid heating and cooling rates



4. An increase in freon flow rate has no appreciable effect upon graphite
purity.

I.SCUSSI0N

ExperimentsLCondition

The three experimental heats reported on here were purified in Clerksburg
production furnaces as a part of the G-5 contract. In a production
furnace at Clarksburg, 134 bars positioned as indicated in Figure 1, are
heated electrically. The path of the current is through graphite
electrodes at the ends of the charge. A gas manifold f1) is installed
in the furnaces so that purification gas can be passed into the charge.
The gas enters below the bars and is allowed to filter up through resistor
carbon used as packing between the bars. Special experimental conditions
are presented in Table I (2).

Heat No. 946 was a control heat. The individual lots are GBF stock and
were loaded in the same furnace positions'in Heats 946, 959, and 961.
By this method, variation of raw material-impurity patterns was eliminated
from run to run. Heat 946 had the normal graphitization temperature and
freon gas flow rate. All AGOT material in 946, 959, and 961 was from the
same lot.

The objective of Heat 961 was to obtain the same temperature of graphiti-
zation as in the control heat, but to double the flow rate. Reference
to Table I (2) and the discussion following will indicate the extent to
which these objectives were attained. Table I summarizes in detail the
operational conditions used for each heat.

For Heat No. 959, the maximum temperature of graphitization obtainable
was used and a doubled flow rate of purification gas was attained. The
conditions of this run were imposed in an attempt to determine the
maximum gains in purity that could be obtained with the stock and furnaces
used.

Temperatures were measured above bars 16-T, 32-T, and 48-T in Heats 946,
959, and 961 The results of these temperature measurements are given
in Table II (3).

R ati onBetween Temperature of Grahitization and Purity.

The results from the experimental heats indicate a strong dependence of
purity on the temperature of graphitization in the range 2300 to 3000 C.
For reasons discussed in a later section9 it is not concluded that signi-
ficant increases in purity were obtained by doubling the flow rate of
the purification gas. This conclusion is supported and the strong
dependence upon temperature is indicated by examination of Figure 2. Data
plotted in Figure 2 is taken from Table III, In this graph, the purity
of single bars was plotted against the temperature of graphitization as
obtained from the index rods. In each case, the bar of GBF material was
on the top layer and was adjacent to the AGOT bar which supported the
index rod, The following conclusions are evident from examination of Fig. 2.
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Power time, hours

Power Input, KWH

Chlorine Time, hours

Chlorine Rate, lbs/hr.

Chlorine Input, lbs.

Freon gas period, hours

Freon gas rate, lbs/hr.

Freon gas input, lbs.

Helium rate, cu.ft./hr.

Helium Flush Time, hours

Furnece charge

AGOT pieces Lot 70

TS-205

TS-199

TS-201

TS-204

TS-209

TS-222
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TAB~J
SU1MARY OF HEAT OPERATIONS

Heat Heat

7.75 7075

13500 13500

2 2

50 50

100 100

4 4

72.5 130-145

290 540

150 150

16 32

32

20

20

20

20

20

32

20

20

20

20

20

TALkE_II

TEMPERATURES ATTAI NED IN G- EXPERIMENTAL HEATS

Temperatures for Temperatures for T
Heat No. 946 Heat.No. 959 H

2430 2840

2390 3000

2460 > 3000

temperatures for
sat No.961

2540

2520

2550

HW-32497

Heat

11.25

20000

2

50

100

7.5

130-145

1000

150

32

32

20

20

20

20

20

Furnace
Posi ti 2P

16

32

48

l I



1. A strong dependence of purity upon temperature of graphitization
exists.

2. This purity dependence is demonstrated by three GBF lots. Al-
though, it is to be noted that the curve differs from lot to lot,
a variation among lots is expected in view of the fact that the
lot is the smallest segment of graphite manufacture from which
some uniformity of original -materials can be expected.

It is to be noted from Figure 2 that the slopes of the lines demonstrating
temperature dependence do not vary greatly from lot to lot. A band has
been drawn encompassing these lines-, to indicate that no particular- line
should be considered representative of what can be obtained as a tempera-
turecoefficient of purity. The point for Heat 961, Lot 201 cannot be
explained, but is not believed to be characteristic of a general trend.

The conclusion that a sensitive temperature dependence upon purity exists
within the temperature range 2300 to 3000 C is supported by the type of
purity gradients which occur in a normal production furnace. See Figure
3 (4). This purity gradient is attributable to temperature rather than
a variation in quantity of purification gas along the bed of the furnace
for the following reasons:

1. The present method of packing (5) assures an even flow of gas
over the entire furnace bed.

2. The present method of furnace packing assures that an even, tree
chimney is available for exiting gases (5).

The distribution of temperature across a furnace was o btained by experi-
mental work performed at the Morganton plant in 1949 6). Conclusions
from that work indicated a temperature gradient across the purification
furnace such that the ends were hotter than the center. Other experi-
ments at Morganton indicated that graphite purity is also temperature
sensitive below 2600 C.

The following limitations are recognized concerning the conclusions that
a temperature effect existed on these experimental heats.

1. Heat 959 also acquired a longer time at purification temperatures
than did Heats 946 and 961. However, work carried out on the
G-3 contract indicated that no improvement could be made in puri-
fication by increasing the time that the charge was held at
2450 C (7,8).

2. The purity difference between Heat 961 and 946 could possibly be
attributed to the difference in freon flow rate. However, there
is little doubt of the temperature difference between the end of
the furnace and the center.
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PURITY OF SINGLE BARS FROM EXPERIMENTAL G-5 HEATS

Hgat Number

946

961

Lot Number

201

204

222

201

204

222

201

204

222

Posggition Number

15 T

31 T

47 T

15 T

31 T

47 T

15 T

31 T

47 T

* By DIH I s meant an arbitrary measure of nuclear purity

with testing in the 305 test pile.

DII*

.79

.42

.67

.57

.74

.75

1.07

1.06

1.00

associated

959
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PurityComariLon of AGOTMaterial and GBF Stock.

Previously, it had never been clarified whether the CBF process or the
AGOT process followed by purification step would yield the higher purity
graphite. One of the significant advantages in the later process would
be that even with high sulfur cokes, no cracking problem would be expected.
However, the definite possibility existed that in the AGOT process, heat-
ing of the graphite to 2800 C without purification chemicals present
would cause a reaction between transition elements in the carbon to pro-
duce carbides. Carbides are relatively unreactive and thus the initial
use of the AGOT process could result in a product with an overall lower
purity level.

In the normal GBF process, it is assumed that the removal of the transition
elements, of which boron is the most important for our considerations,
during the F process may be represented by the following reaction: B203 -t-
3C- 43F2 ---. 2 BF3 -1- 3 CC, and BF3 is volatile. Boron carbide, CB4 , on
the other hand, is relatively unreactive. The question then arises, is
the order of graphitization and purification important? That is, if
carbonacious material containing some boron is graphitized at a high
temperature (say 2800 C) may it not form boron carbide which incorpor-
ates itself into the graphite lattice in duch a way that the purifying
gases do not react with it?

Also, it should be noted that the role of carbide formation for non-transi-
tion elements is not clear. The normal GBF process would form halides of
most non-transition elements and these halides are not particularly vola-
tile. Therefore, it is not clear whether the F process helps or hinders
the removal of these ionic halide forming elements. Some of these ele-
ments form non-volatile carbides and it is conceivable that flourine
from the freon gas might decompose these carbides, combine with the metal,
and thus effect some purification which would not be possible under purely
thermal conditions. It is, therefore, within the realm of possibility
that an initial AGOT process may improve purification of non-transition
elements. In order to resolve some of these questions on an experimental
basis, AGOT material and GBF stock were charged into purification furnaces.
In Figure 4, the band variation of GBF purity is plotted versus tempera-
ture. Also plotted are the DIH values which were obtained from the AGOT
graphite loaded in the furnaces. From the examination of Figure 4, the
following conclusions are evident:

1. AGOT material can be purified as well or better then GBF stock
in the temperature range studied.

2. In the temperature range studied, AGOT material is relatively
unsensitive to the temperature of purification.

It is to be recalled that all AGOT material was from one lot, i.e. Lot 70.
This fact probably accounts for the relatively smooth data obtained.
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It should be noted that because the AGOT material can be purified as
well or better than the Texas GBF graphite, a strong reason exists for
producing future pile graphites with this type of process. It is not ex-
pected thst significant cost differences exist between the two processes
being compared, and one of the primary advantages of the AGOT process
followed by purification is that it will eliminate serious cracking problems.

As has been discussed previously, with regard to Figure ? , large purity
gradients exist in the GBF process across a production furnace. This
gradient has been attributed to variation in temperature of graphitization.
Because AGOT stock is less sensitive to temperature variation, it is ex-
pected that heats of uniform purity would be obtained by using AGOT stock.
This would not only increase the average purity obtained in the production
effort, but would produce graphite of uniform purity and should simplify
purity zoning.

The extrapolation of the AGOT data in Figure 4 to lower temperatures
suggest that it would be feasible to purify AGOT stock at significantly
lower temperatures than has been used in a production effort. This
could result in a decrease of graphite production time and cost. Machin-
ing properties superior to GBF would be obtained because of the AGOT
graphitization temperature of 28O C.

The Effect Urn Prit byDoubling the eon Flow Rate

It is reasonable to.assume that the increased freon gas flow rate would
increase the concentration gradient between the compounds diffusing from
the graphite and the gas immediately between the graphite bars and the
packing coke. This would result in increased purity of the graphite.
Reference to Table III clarified these matters. I should be noted that
Heat 961 which had double the gas flow rate is only slightly better in
purity than control Heat 946. The differences existing may be attributed
to the slightly higher temperatures in 961. See Table II. The fact that
doubling the freon gas flow rate did not result in a significant purity
increase indicates that the gradient in the normal process is so large
that it cannot be increased substantially by this method.

Acknowledgment is made to the Experimental Physics Sub-Unit for purity
testing.

GPO 822633 - 2
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FIGURE

G-5 EXPERIMENTAL HEATS
TYPICAL FURNACE PACKING FOR

HEAT NOS. 940, 959 961
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VARIATION OF PURITY WITH MAXIMUM
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