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Graphite Developments Under
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Dear Dr. Woods:

The provisions of Special Agreement G-3 called for & final report
dsscribing the work carried out by us at the Niagera facility. Four copies
of this report, Document number HWCo-13 under the title "Graphite Develop-
ments under Special Agreement G-3" are being sent with this letter.

We want to express our appreciation for the fine cooperation of the
Henford technical personnel while carrying out this develeopment. It inapired
us to the best we knew how.
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the general level of quality and uniformity of graphite produced under G-=5
and G=-12,
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May 1, 1953

Graphite Developments Under Special Agreement G-3

V. C. Hamister
H. A. Downey
E. Micinski

Introduction

This report describee work carried out in fulfillment of a
development contract designated as Special Agreement G-3, dated
November 15, 1951, between National Carbon Company, a division of Union
Carbide and Carbon Corporation, and the General Electric Company,
Nucleonics Division. The prime objective of this agreement was to
establish the feasibility of producing pile-grade graphite from petroleum
cokes not hitherto used for this purpose. Cleves coke, the principal raw
material previously used for pile graphi£e was no longer produced by the
Gulf Oil Company. A secondary objective of this agreement was improving

the F process.

To fulfill the commitments of this contract and also comply with
the security provisions, a special facility was installed in an isolated
building located in National Carbon Company's plant N, Niagara Falls, New
York. With this facility it was possible to carry out the simultaneous
graphitization and purification of 4" x 4" x 18" carbon bars under condi-

tions closely simulating large scale operations.
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Under the terms of the contract, National Carbon agreed to
produce 16,667 pounds of graphite in this experimental facility at a unit
cost of six dollars per pound. Actually thirty-six heats were made pro-
ducing & total amounting to 19,640 pounds. The excess over the contractual
quantity was produced and shipped no charge until the funds in the experi-

mental account were exhausted.

Conclusions
The following conclusions cen be drawn from DIH measurements

maede on graphite bars produced in the small scale facility:

1. Graphite bars made of petroleum coke from the Lockport refinery
of the Texas 0il Compeny can be brought to the seme purity level
ag bars made from petrocleum coke from the Cleves refinery of the Gulf 0Oil

Company.

2, Chlorine cen be substituted for carbon tetrachloride in the F

process.

3. Perﬁeability control of the carbon maeterials surrounding the
bars during purification is an important factor in process

control and simplification.
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4, A visual flame test, pessing s combustible gass through the
furnace charge while it is being assembled, measures uniformity

of gas distribution.

5. Higher demsity graphite bars obtained without pitch impregnation

cen be made through addition of furnece blacks.

6. Increased graphite density obtained in this way results in

lowering of stock permeability and DIH.

7. Graphite bars made from Texas coke may be susceptible to
cracking in normal F processing. This cracking results from
sudden volume increase at temperatures ranging from 1400° to 2500°C.
This swelling can be prevented by the addition of small quentities of
sodium carbonate (approximately 1 per cent) either as an Impregnant or

80lid addition to the initial coke-pitch mixture.

Equipment

The production of graphite bars for moderator use in nuclear
reactors is mainly carried out by conventional procedures, namely
extrusion of a plastic mixture of petroleum coke flour and coal tar pitch
to form rectangular bars, firing the shapes in an inert atmosphere, pitch

impregnation; followed by a second firing. The final stage, however, is
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unconventional in that the graphitization of the bars is carried out in an
atmosphere of halogen gases. In this step, halogen gases permeate the bars
at temperstures ranging from 1200° to 2500°; and combine with undesirable
elements to form chlorides and fluorides which volatilize, leaving & mases
of substantially pure carbon. Also, by virtue of the refining temperatures,
carbon is transformed into graphite which is amenable to machining with
metal tools. Security restrictions on this final operation, called the F
process, necessitated the installation of equipment in an isolated space.
The first section of this report deals with a description of the equipment

which had to be installed to carry out the contract commitments.

Transformeyr

In order to evaluste graphite bars made from new masterials, a
size requirement had to be met which to a large degree determined the
acale of the project. No chemical methods had the requisite sensitivity
for defining purity levels of graphite. The only certain method was to
determine DIH of test bars in the Hanford test pile., To do this, experi-~
mental bars had to be approximetely four inches square and in sufficient
quantity to make forty-eight inch lengths. This meant building & small-
scale Acheson type furpace with volt-ampere characteristics which would

match available transformers.

DECLASSIFIED
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The volt-ampere characteristics of an Acheson graphitizing furnace
are notoriously bad. The initial furnace resistance is high, dropping off
rapidly with increasing temperature and ending up at anywhere from one-ten£h
to one-~eighth of the starting resistence. Transformers of special design
are therefore required to meet the power requirements. After a survey of all
available slectrical equipment, two 300 KVA twenty-five cycle transformers
were located,; with secondary voltages ranging from 30 to 70 volts. By inter-
connecting the primeries of these transformers with open disconnect knife
switches, they could be operated in parallel, thereby obtaining a low
voltage power source up to 600 KVA. To meet underwriters' requirements, a
concrete block vault was built; and a 12,000 volt cable ingtalled in conduit
for a distence of 450 feet. The transformer vault was bullt adjacent to the
furnace building, serving as an office with two security safes. The door
leading into the transformer room wes mede of heavy steel plate, with

locks which could not be opened with mester keys.

Furnace
An Acheson graphitizing furnace consists essentially of a fire-~
brick hearth mounted on concrete pilers with U-shaped concrete structures at
the ends of the hearth holdihg graphite conductors called head electrodes.

.Spacings between the bed piers serve &s air ducts for cooling the firebrick

DECLASSIFIED
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hearth. The small-scale Acheson furnace used for this project is shown in
Figure 1. It had an overall length of 18-1/2 feet, and width 9 feet with

4" x 16" head electrodes.

Knowing the wvolt-ampere characteristics of the power source it was
possible to calculate what the furnace dimensions might be to hold a charge
of bars which could be hested to the required temperatures. By cut-and-try
methods, it was found that bar length should be eighteen inches, and twenty-
five bars constitute a furnace charge weighing five hundred pounds. Spacing
betﬁeen the bars would be one inch,; thereby fixing the distance between
head slectrodes at twelve feet. A furnece of these dimensions comnscted to
the aforesaid power supply would be large enough to simulate conditions in
production wnits, and furnish bars of the required cross-section without

requiring a large tonnage for experimental work.

Control of the experimental conditions for this small F process
was centered largely in the control board shown in Figure 2. On this board
wer= mounted voltmeters ghowing the primary and secondary voltage, an
integrating wattmeter, asn smmeter for current in the primary coils and an
indicating wattmeter. With these meters it wes possible to control rates
of power input and therefore rates of temperature rise in the chargse.

Metering of the reagent gases was accomplished by three twelve-inch Meriam
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manometers which measured differential pressures across three disc orifices
mounted in flange-type couplings. A fourth menometer indicated back
presgsure in the furnace menifold. No pressure reducing velves were used.
Gas flows were throttled with Meriam micrometering valves directly from

cylinder pressure.

From the control board; reagents were piped to a:msnifold mede §f
two=-1nch extra hesvy steel pipe which paralleled the furnace hearth. Risers
from this manifold were made of 1/h inch standard pipe welded in place,
spaced on 5-1/2 inch centers., Each riser had a 1/4 inch gasket type.pipe
uion serving as a holder for a steel orifice plate. Gas from the riser
was carried into the furnmace by a carbon tube 3/4 inch 0.D., 1/4 inch I.D.,
19 inches long. Each of the twenty-five tubes was connected to a 1/2 inch
gtreet eibow at the top of the riser by a flexible rubber sleeve. This
simple system could be used with chlorine and Freon 12. It could not be
uged with carbon tetrachloride which regquired cemented connections and
flexible stainless steel tubing. Small holes, .021 inch in dismeter; in
orifice discs held in the pipe unions in each of the risers gave uniform
gas digtribution along the furnace length. The uhiformity of gas distri-
bution can he seen in Figure 1 which was taken with propane gas being fed
into the manifold. The white spots in this figure are incandescent

propane flames,
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Scrubber

Because of the noxious nature of gases produced by high tempsera-
ture reactions in the furmace charge, & scrubber had to be installed to
neutralize these before they were vented into the atmosphere. This scrubber
was a cylinder fifteen feet in height and three feet in diameter, filled
with l-inch carbon Raschig rings. A two per cent caustic soda soclution was
fed counter-current to gas flow at a rate of six gallons per minute. Raw
gases from the charge were withdrawn from the furnace hood consisting of
corrugated iron laid acrbse the side walls, by & Sturtevant exhaust fan
laving & discharge of one thousend cubic feet per minute against a nine-
inch water head. This exhaust fan was connected to the top of the scrubber

as shown in Figure 4. Hot gases from the furnace entered at the bottom.

To prevent harmful gases leaking out through cracks in the furmace
side walls, 3/ﬁ inch plywood bosrds were mounted at an angle against the
side wall, and held in place by furnace piers as shown in Figure 3. This
¢ombination formed a convenient duct through which eir was drawn by the
exhaust fan. Transfer from this duct to the furnace hood was by means of

U-shaped steel pipe.

Screening

Recovery of bulk carbon materials which surround the burden

during heating and cooling is an Iimportant part of the operation. These
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bulk materials, warying in particle size, act as heat insulation, while
power i going through the burden, prevent oxidation during the cooling
cycle; and serve as Impermeable barriers, forcing the reactive gases
through the burden. The weight of this carbon blenket or envelope amounts
to four or five times the weignt of the burden. By Judicious selection
of particle size; the components of the envelope can be separated by
screening on multiple deck screen and thus become available for re-use.
The Rotex screen used in this facility can be seen in the right hand side

of Figure 4.

These bulk materials were moved about in a ten cubic foot hopper

by means of a hand operated crane which travelled the length of the building.

In essence then, this facility was & miniature graphitizing
plant in which all of the operatlons could be carried out in a self-contained

unit., It was 1ldeally adapted to study the F process,

Operations
In this section of the report we will describe how this facility

wag operated, the problems encountered and how they were solved. The
general practice was to carry out one heat per week. This was usually done
on Thursday, and thereby heve Friday, Saturday and Sunday for cooling. Om

Mondsy, the furnace was unpacked, the individual bars measured for resistance
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and density, marked as to furmace location and heat number, individuslly
wrapped with manila paper and boxed for shipment by railway express to
‘Hanfordo On Tuesday and Wednesday, the bulk materials were recovered by
screening, and the furmace was packed for the next heat. A set of curves
was prepered for each heat showing the time relatiocnship for furnece resist-
ance, tempersture and cumulative kilowatt-hour input. These curves and
also a sheet of individual bar properties were sent to Mr. L. P. Bupp soon

after the heat was made with a letter stating the objective of each trial.

Packing the Furnace

Figure 5 shows a cutaway isometric view of the furnace and also
the space relations of the charge in the furnace. The wall on the left
hand side is a single concrete casting resting permanently on the firebrick
hearth and extending the full length of the hearth. On the left hand side,
the side wall was formed of concrete blocks resting on & permanent wall 13
inches in height. The side blocks were removed after each heat by means of
the travelling crane. A refractory bed was formed on the firebrick hearth
by tamping & mixture of granulated petroleum coke, through 14 on 100 mesh,
with finely divided coke powla obtained from the plant dust collectors. An
80/20 mixture of these two compoments could be tamped in place as if it were

moist earth. Its resistance to gas flow wes high, thereby preventing gsas

DECLASSIFIED
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leakage through the firebrick hearth. The top of this bed was at the same
level as the top of the 13-inch permanent wall. This carbon bed was never
changed. Occasionally it was spaded and re-tamped to minimize the risk of
forming & low electrical resistance path which would divert current from

the bvars,

Graphite distributor tubes are laid directly on the tamped bed.
These sre 20 inches long, 2-3/4 inches 0.D. by 2 inches I.D. with two 3/8
inch slots 8 inches in length cut out on one side. Initially one of these
tubes was laid directly below each bar with the slot at the eight o'clock
position. After positioning each of these tubes opposite a riser from the
gas manifold; the space between is filled with granulated graphite screened
through three on eight mesh. This material is levelled off from 1/4 inch

to 1 inch above the distributor tubes.

Connection between the individual graphite distributor tubes to
the external gas manifold is made by a carbon sleeve 9 inches long, 1-1/2
inches 0.D. by 1 inch I.D. and a carbon tube 19 inches, 7/8 inch 0.D. by
1/4 inch I.D. If the 1/b inch I.D. tube were carried directly into the
graphite distributor, the resulting high temperature would bring about
carbon deposition in the tube, stopping it completely. By heaving the small
diameter tube far enough away from the hot zone, carbon deposits form in the

one-Iinch sleeve, but do not plug it completely.

DECLASSIFIED
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After the carbon tubing is in place, side boards with dowels are
put in place as shown in Figure 6. These hold tubes in alignment, and also
make it possible to tamp in side insulation made of the same 80/20 dust
mixture used in the furnace bed. This material effectively seals junctions
in the carbon tubing. Now the carbon bars which are to be purified and

graphitized are placed in position as shown in Figure T.

The carbon cover over the bars is made up of two components, a
cone~-shaped section running the full length of the furnace consisting of
through three on six mesh coke or graphite particles, and side cover
composed of 8/20 particle-dust mixture which covers the cone leaving the
tip exposed. Corrugated steel sheets are then lald between the side walls,
and the furnace is ready to be fired. This arrangement can be clearly seen

in Figure 5,

Piring Operation

The carbon bars constituting the furnace burden are purified and
graphitized by a heat treatment, called the F process. Heat is developed
in the charge when a potential is applied to graphite electrodes located at
the ends of the furnace. Less than one-tenth of the total heat developed by
pessage of current through the charge is within the bars. Heating takes

place almost entirely in the graphite granules which fill the one-inch
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spacing between adjacent bers. In this manner bars can be heated to 25C0°C.
in a gas atmosphere containing chlorine and fluorine. Given sufficient time,
these gases penetrate into the bars forming compounde with bar impurities
having a higher vapor pressure than the impurities by themselves. Because
the reaction proiucts must diffuse outward, while reagents are diffusing
inward, the four important factors in the process are temperature, time,

gas conceptration around the bars, snd bar permesability., The first three
are controlled by the menner in which the furnace is packed; and the time

sequence and flow rates of reagents during the firing operation.

In practice,; the firing operation can be divided into four distinct
brackets whose boundariea are defined by the kind of gas metered to the
furnace at different temperatures. These brackets for standard procedure

were as followss

Bracket No. 1

Power turned op with nitrogen flowing at 25 cubic feet per hour
until charge temperature reached 1000°. Power input kept below 250 KVA to

prevent cracking of the bars. Bracket time wasg 2.5-3.0 hours.
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Bracket No, ¢

Chlorine feed started at a rate of four pounds per hour for two
hours. Power input increased to bring chearge to a temperature of 1700 to

1800° at the end of this bracket.

Bracket No. 3

Freon 12 feed started at a rate of twelve pounds per hour for
four hours. Power conditions adjusted so as to reach a temperature of
2450-2500° in three hours after starting Freon feed. Freon flow continued
for one hour after power was off and the furnace was cooling down to 2200-

2500°,

Bracket No, 4
Nitrogen gas fed at 25 cubic feet per hour for 16 to 18 hours

when the charge temperature had dropped to 1000-1200°,

For the most part, temperatures were sighted with an optical
pyrometer pointed into & graphite distributor tube usually in the number
thirteen bar position., There were &8 number of heats made without an

optical pyrometer. Then the bracket endings were based on K.W.H. input.

Figure 8 displays three curves showing how furnace temperature,

furnace resistance and total energy Input changed with time of operation,
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while FPigure O shows the apparent densities snd resistances of individual
bars in the heat, and discharge rates of the manifold orifices before end
after the heat was made. These two sets of data were sent to Mr. L. P.

Bupp for every heat.

For the main part, this firing method was adhered to in the
majority of the heats. A few variations from this standard procedure were
tried, for exsmple longer Freon time, longer chlorine time, and lower gas
rates. None of these gave any indication of quality improvement or lowered
costs. Summing up, the stendard F process conditions were three hours in a
nitrogen atmosphere to 1000°, two hours in chlorine to 1750°, four hours in
Freon 12 to 2450° including one hour during cooling, ending up with sixteen

hours flushing in nitrogen.

Unpack Marking and Shi
On the Monday following the firing operation, the concrete sids
blocks were removed from the furmace and the envelope materials shovelled
into hoppers for subsequent recovery by screening. Bars were marked at
the ends with rubber stamps and an aluminum ink with the designation XGBF,
heat number and furnace position. Densities of individual bars were
cbtained from measurements of weight and volume, and resistances by potential

drop using ten emperes from a storage battery. Individual bars were then
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wrapped in menile paper and sealed with tape. These were packed in wooden

boxes and shipped by prepaid railway express.

Carbon Bar Composition

This phase of the report deals with the different kinds of bar
materials which were put through the experimental F process. In‘a sense,
this evaluation of base materiels hitherto not used in the manufacture of
pile-grade graphite appeared to be the most importaent aspect of Special
Agreement G-3. Previous trials of other meterials during the Morganton
operations such as bars made of Whiting or pitch cokes, always gave bars of
lower DIE than those made of Cleves coke. Hence, there was & considerable
element of risk in going to other base materisls without knowing how they

would respond to F-processing.

Then, too, there was the gquestion of evaluating an experimental
fecility for carrying out the F process in comparison with the Morganton
experience., One might be built for evaluation purposes and not do as good
a refining job as the larger installation. Fortunately, & small quantity of
L" x 12" x 60" carbon bars made from Cleves coke in 194k for another phase
of the Manhattan Project were still available at Clarksburg. This material

made = good starting point for evaluating any new facility.

DECLASSFED



e DECLASSIFED

23 BWCo-13

After a general review of the properties and availabilities
of petroleum cokes from different oil refineries, a coke made by the Texas
01l Company at their Lockport, Illinois, refinery was chosen for the
initial trial. Thiz choice was based on sulfur and vanedium content in the
coke., On both of these counts it was known that this coke was inferior to
Cleves., Later on it was established that the sulfur level in Texas coke
could cause cracking of bars during the F process. Cleves coke bars
processed by the same temperature cycle would not crack. This gave a

valuable clue in locating the source of the difficulty.

Because of the cross sectional size of experimental bars required
by the test pile at Hanford and also in the F process, experimental batches
had to be extruded in factory equipment. No pilot plant equipment was large
enough to extrude cross sections this large. The system of bins, elevators
and mixers used with plant equipment is so large that the minimum weight of

s trial batch would have to be five tons.

Soon after signing of Special Agreement G-3, about 500 bars were
extruded at Niagara Falls under laborstory supervision made from Texas coke
and stapdard pitch. In addition, 400 - 4 x 4 bars were obtained from the
4 x 12 x 60 Cleves coke bars found in the Clarksburg stock pile. These
two items made up the major stock pile for carrying out the experimental

work .
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Whiting coke hars large enough for these trials were availaeble
as standard product. Each trial with this bar composition supported the
earlier Morganton experience that this kind of coke produces bars more
difficult to purify than other cokes. These early trials led to the finding
that with normal purifying conditions, & central impurity core persists in
the bar, in which vanadium was the principal element. ILater on with
improvement in furnace packing conditions, Whiting coke bars were brought

to DIB levels above 0.90.

Then there were three bar compositions made in a 3-3/4" x L"
cross section in which one of the raw material components was furnace black
such ag is used by the tire industry. It had long been known that additions
of this materisl to petroleum coke mixture raises density levels. One of
these called T-12, was made from a mixture of 88 parts Texas petroleum coke
with 12 parts furnace black. A second; called T-25 contained T5 parts coke
and 25 parts black. A third called T-30-5 contained 70 parts coke and 350
parte black together with powdered sulfur for increasing coking value of
pitch binder. All of these gave high density levels without pitch impregna-
tion and rebaking. T-12 hed a density level of 1.70, T-25 - 1.77 and T-30-8 -
1,83, These bars were poor structurally, sawed sections exhibiting many
laminations. Moreover, they did not respond to the purifying treatment,

probably because of low permeability resulting from addition of furnace black.
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Another set of bars made from a petroleum coke from the East
St. Louis refinery of Socony-Vacuum coke was obtained by extruding bars
from a8 mizxture used for eighteen Inch electrode coke electrodes. This
material contained about 50 per cent coarse petroleum coke particles, had
an apparent density of only 1.45. With this low density, it was expected
that the bars would have extremely high permeabilities which could be
refined to high DIH values. This eassumption, however, was incorrect. Gas
permeability of this low density stock was no higher than finer grailned

material of higher density.

Then there was another set of experimental bars made up containing
additives in the form of iron oxide and sodium carbonate. The function of

these additives was to suppress rapid swelling at high temperatures resulting

from the presence of carbon-sulfur complexes in Texas coke. As will be shown
later on in this report, cracking of bars mads from Texas coke during F
processing was due entirely to this high temperature swelling phenomenon.
Fortunately, it was later established that this high degree of swelling was
confined to this initial Texas coke lot, and did not appear in as high a
degree in bars made for Special Agreement G-5. For several months, however,
the high incidence of cracked bars in the experimental furnace was & big
cause of worry about meeting cracking specificetions. This phase absorbed

most of the developmental energies during the last three months of the contract.
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Following is & summary of ell the carbon bar compositions which

were evaluated in the Niagara facility.

Wherever the designation NP appears

after the grade designated, the bars were not pitch impregnated and rebaked.

_Grade
s (NP}
5

T~12 (NP}
T-25 (NP)
T-30-58 (NP)
cs

Ccs (wpj
TA (NP)
WS

TS-B (NP)
T5-C (NP)
TS=D (NP)

TSX (NP)

_Boage Material

Additive

Texas Coke

Texas Coke

Coke-furnece black

" n

Cleves Coke
Cleves Coke
Socony Coke
Whiting
Texas

Texas

Texas

Texas

”n

1% FeO
2% Fel

l% Na 2003

o% Na-COq

DIH
1.02 - 1.04
7 - 1.01
.83 - .84
.85 - .93
.56
.80 - .96
97
1.03
62 - .97

- .54

-1.72
.86
1.05

The finel column in the foregoing table lists a range of DIH

values obtained at Eanford on bars made of these compositions refined
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under standerd conditions. The DIH renges for TS and CS bars are wider
than they should be, because for a period of 8 weeks, Heats 21 to 28
inclusive, the process was out of control. On the other hand, DIH values
on bars containing furnace blacks, and also the iron oxide additives reflect
purity levels attainable with these compositions under standard F process
conditions., More drasstic refining conditioms would have to be developed to

bring these compositions to DIH levels attainable with TS bars.

In every instance where TS and CS bars were purified under the
same conditions, the DIH level for TS was slightly higher than for CS.
At no time was there any indication that TS bars were more difficult to
purify than C5. This was indeed fortunate, because any increase in
refining time would decrease graphite production by a percentage equal to

the per cent incresse in the power time.

Ges Test
Up until Heat 11, coperations were plammed to duplicate the
Morgenton conditions as described in Document GEH-15043 as closely as
possible. The resulting DIH values proved that the small experimental
facility produced purity levels mastching the large scale Morganton operations.
The two operations had another factor in common, nemely a wide spread in DIH

values among individual bars or groups of bars within a given heat. Previous
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work at Morganton had furnished stirong proof that this non-uniformity factor
was not due to tempersture variations. Specific resistance of the bars gave
an index which would tell the temperature a bar had reached in the process.
No correlation could ever be found between DIH and bar resistance. It was
therefore concluded that non-uniform treatment was due to variation in
reagent concentration around the bars, or stating it in another way, reagents
were not flowing wuniformly through the charge. Now it could be easily
established by simple flow measurements that orifices in the manifold risers
were dividing the total gas flow uniformly to the burden. Non-uniformity in

gas distribution must be due to some factor within the charge.

The solution of the problem of how to evaluate gas distribution
through the charge turned out to he & very eassy one. Simply pass a
combus®ible gas through the manifold system and the charge which had been
szsembled to & point where the tops of the bers were still visible, but
the spacling between the bars had been filled with the conventional through
% mesh on 8 mesh granular graphite, then ignite the gas. Figure 10
illustrates the extent to which the charge had been assembled while Figure 11
shows the flames of burning gas as after passing through the burden. It was

quite spparent to the eye that gases were not flowing uwniformly around the

bars., A number of attempts were made to improve the distribution uniformity
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Figure 10

Figure 11
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through tamping or knifing the material between the bars; also by closer
screening of the granular graphite resistor. None of these resulted in any
appreciable improvement. These observations, however, led to the concept that
gas distribution might be improved if the permeadbility of the graphite
resistor between the bars were lowered to a point where the spacings might
behave like orifices in pipes.

Permeability of Graphite
Granules and Solids

The foregoing considerations led to a study of gas flow through
granular and solid grephite messes. This was carried out at the National

Carbon Research Laboratories by Mr. Erwin L. Piper.

No attempt will be made in this report to go through the theory
of flow through porous media. According to Darcy’s law, the rate of gas
flow through a porous medium is directly proportional to the cross-section
and pressure drop through the medium, inversely proportional to the length and

viscosity of the gas or

Q = KAap
AL

where Q is in cm.>/sec., A in cm.2, 4 p in atmospheres/cm. and 4 in

centipoises, K is the permeability in terms of a unit called a darcy.
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This unit is analagous to the electrical conductivity of a conductor.
These relationa, however, only hold true below limiting flow rates, in
what is called the wviscous region. For a gas like nitrogen or air, the

superficial velocity should be less than 3 cmo/second°

A series of closely sized graphite granules was obtained by
crughing and screening using Tyler standard screens in which each successive
screen opening increased by a factor equal to the'\/-'-° The permeasbility of
these screened fractions was then obtained by measuring the pressure drop
when nitrogen was passed through a bed whose dimensions could be measured.
The permeability of these screen fractions together with thelr average parti-
cle diameter as defined by the average of the screen openings which passed

end held the particles, is shown in the following table:

Average
Particle Diameter Permeability

Screen Series Inches in Darcys
Through 4 on 6 .158 16,000
’ " 6" 8 112 9,160
" 8 " 10 079 4,890
" 10 " 1k .056 2,640
" 1 " 20 .039 1,500
" 20 " 28 .028 752
" 28 " 35 .020 461
" 35 " L8 0Lk 2hh
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When these permeability numbers were plotted against average
particle dismeter in inches on logarithmic paper, the points fell closely
on a straight line yielding the relation

K = 389,000 al-72
where K is permeability in darcys,

d 1s average particle diameter in inches.

It would hardly be feasible to obtain the required tonnage of
screen fractions sized as closely as the ones in the foregoing table. As
a compromise, particles were ocbtained between acreens in which the larger

opening was double the smaller.

These commercially sized particles which would be available in
sufficlent quantities for large scale operations have properties shown in

the following table:

Average
Particle Diameter Permeability
Screen Series Inches in Darcya
Through 3 on 6 0.197 10,000
w 8 " 10 0.078 h,500
" 10" 20 0.048 1,100
” 20 " 35 0.025 500

DECLASSFED sy



o ECLASSFED

~33- HWCo-13

The first use of these permeability numbers was made in Heat No.
11 in which 10/20 mesh graphite granules were substituted for the 3/8 mesh
previously used as resistor. As can be seen from the féregoing table,
these had sbout one-ninth the permeability of 3/6 mesh particles around

the graphite distributor tubes under the burden.

The effect of this seemingly trivial change upon gas distribution
when propane was passed through the cherge wes startling. Instead of
incapdescent flame jets at isolated points above the charge as shown in
FPigure 11, the burning gas appeared as minute blue flame spread uniformly

over each of the resistor spacinge between the bars.

The improvement iun gas distribution resulting from the decreasse
in particle size of the graphite resistor gave rise to the question of
what would happen if the number of branch lines from the manifold were
decreased. First altermate risere were blocked with no visible effect om
flame uniformity, then alternate groups of two and still no change in
flame appearance. At this point, gas was being fed into the charge from

only nine branches instead of the usual twenty-five.

It was decided to stop at this point; and find out what effect
the reduced particle size would have upon the furnace resistance during

the firing operation. No appreciable effect could be found.
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DIH results of the individual groups of bars from Heat No. 1l
are of particular interest, because they showed the smallest variation
within any heat mede thus far and also the highest average value. These

values taken from HW-25147 are listed in the following table:

Bar Nos. DIH

1,2,3 1.038
L,5,6 1.020
7,859 1,02k
10,11,12 1,01k
13,1415 1.038
16,17,18 1.026
19,20,21 1.020
22,23 ,24 1.028
23,24 ,25 1.024

Average 1.026

These results validated the concept that uniformity of gas
distribution around the bars would be improved by increasing resistance
to gas flow in the space between the bars, and &% the same time hawve & Yow resis-
tance bed below the bars. The low resistance bed would serve as a plenum

chamber for equalizing ges flow in the bar spacings.

Three other implications came about through this line of
approach. First, the gas test offered s means of control for large scale

operations to show that the furnace had been properly assembled. This is

DECLASSIFIED




o FCLASSIFIED

=35+ HWCo-13

extremely important for round-the-clock, seven-day-a-week operations.
Second, particle sizing of material used within and below the hurden
would have to be more exacting than had hitherto been realized. Third,
the number of feeders from the manifold could be reduced, thereby
s8implifying manufacturing operetions. All of these should result in a

higher and more uniform level of bar quality than had hitherto been possible.

Two other particle sizes were used as resistor material, 8/10
mesh and 20/35., The incentive to use the larger size particle resulted
from difficulties in obtaining clean seperation of the 10/20 particles from
the other envelope constituents. The 8/10 mesh had a permeability about
one-half of the 3/6 mesh. With 8/10 mesh resistor; gas distribution as
shown by the flame test was not quite as good as with the 10/20 mesh
resistor, On the other hand, it was found that coke particles which had
not been graphitized would conteminate the 10/20 mesh graphite resistor.
This contsmination increased resistance of the burden, thereby diverting
power to the carbon bed below the burden. DIH results with 8/10 mesh
material were not as good as the 10/20 mesh. Since the volume of
reaistor material required to fill spaces between the bars is small;, it was
decided to abandon the recovery and start with fresh resistor. The 20/35

mesh material showed no adventage over the 10/20 mesh.
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Another illustration of the importance of permeability in the
F process came about unintentionally during subsequent heats which were
intended to be checks on Heat No. 11, ¥or guite 8 time pericd, DIH levels
dropped below the level attained in Heat No. 11. This was puzzling, because
the gas test showed uniform gas distribution. After & close inspection of
all the opersting conditions, it was found that the permeability of the
80-20 mixture of coke particles and dust used as packing material along the
sides of the charge had risen to 35 darcys. A freshly mede mixture hed a
permeability of only 1 darcy. Apperently, a portion of the dust from the
low permeability side insulation had been lost during screening operations,
so that gases could vent more readily through the sides. This situation
would be aggraveted by the higher resistance to gas flow between the bars,
Another process variable crept into the picture during this same period.
Graphite particles were substituted for coke particles in the cone, because
the latter would not be available in large enough quantities for large-scale
operations. Because of the higher heat conductivity the kilowatt-hour input
curve derived from optical pyrometer temperature measurements gave lower end
temperatures. Beginning at Heat 29, permeability of the side insulation was
measured and kept below the one darcy level., After this the process

appeered to be on even keel.
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Variations in Gas Conditions

A few heats were made in which flow rates of the reagents were
altered from the standard conditions. For exsmple, in Heats 17 and 19,
the chlorine input was increased and Freon decreased. Both of the heats
gave lower DIH values indicating Freon to be a more active or penetrating
reagent than chlorine. Also in two other Heats, 10 and 14, the Freon time
was double without increaesing the standard fifty-pound input. This longer
treating time at one-half the gas rate gave no indications of quality

improvement.

Freon 114 was tried as a substitute for Freon 12, It was
reasoned that the greater fluorine content might help to increase the DIH
level. When this waes tried in Heat No. 28 under standard conditions, the

resulting product had a DIH of .92. This did not encourage further trials.

In enother Heat, No. 9, no chlorine was used, and the Freon rate
lowered so the fifty pounds would last for six hours. Again the resulting

DIH wvalues gave no encouragement for further work elong this line.

One fact was learned from this work with variable gas rates,
namely, an increase in plugging of the tubes with carbon deposite. At

the lower ges velocities in the carbon branch tubes; Freon would decompose
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inside the tube and build dense deposits. When the twenty-five branch
lines were reduced to nine, no carbon deposits ever formed within the
tube. The same weight of gas was used per hour, so the gas velocity muat
have increased almost threefold. This plugging of carbon tubes in the

Morganton operations was one of the major operating headaches.

Cracking of Bare in F Process

When two-thirds of the heats under Special Agreement G-3 had
been completed, we awoke one day to the fact that bars made from Texsas
coke were showing e high incidence of visible cracks. This was a sporadic
phenomenon, hard to define. Some cracks were of a hair line variety,
others were wider with appreciable depth. The prcblem of doing something
about this bar cracking suddeuly assumed a very high priority when Special
Agreement G-5; a production contract wes signed. Among the requirements
in this contract was & terse; smingle sentence specification that bars
shiould contain no visible cracks. After comsultation with the technical
people at Hanford regarding cracks in the bars made from Texas coke in the
Niagars facility it developed that the cracks were too visible and there
were too many of them. That was a sad moment because production plans on
-5 were going ahead full steam, snd we had no way of telling what production

yields of acceptable stock might be, or how much heating rates would have to
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be decreased to prevent cracking., If the heating rate were slowed up,

monthly production of the plenned facility would fall off proportionally.

Fortunately, Cleves coke bars which had presented no cracking

problem in the Morganton operation wers still availsble. When these

were processed in Heet 25 wunder the standard temperature conditions, not

@8 single visible crack could be found in any one of the bars. This finding
offered a quick clue to the nature of the problem. Cracking was due to a
factor inherent in the petroleum coke from which the bars were made, and
that was & sulfur complex in the coke. The presence of this complex causes
rapid swelling at temperatures ranging from 1400° to 2400°C. This effect

can be inhibited by metal oxide additives.

Texas coke bars were impregneted in an autoclave with a solution
containing 50 grams anhydrous sodium carbonate per liter, they retained
0.7 per cent weight of this campound. When these impregnated bars were put
through the F process in Heat 27, not a single bar showed & visible crack

and the apparent density had risen four points, from 1.64 to 1.68.

Although this experience revesl where the seat of the trouble lay,
this apparently simple solution was not smenable to the production scale

called for in G-5. It was one thing to impregnate and dry twenty-five bars
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and quite another to do this to ten thousand bars per month. The sensible
thing to do would be to add inhibitor to the mix before the bars were
formed. One could not do this, however, on a large scale before trying

it out on 2 small scale.

Small lots of bars were made at the Fostoria plant with an
improvised die giving & 3-3/4 inch by 4 inch cross section in which iron
oxide and sodium carbonate were added to the mixing operetion. These were
labelled TS-B; TS-C and TS~-D, containing 1 per cent, 2 per cent iron oxide
and 0.8 per cent sodium carbonate, respectively. Another lot wes extruded
at Clarksburg with .8 per cent sodium carbonate. These were marked TSX-1
and TSX-2. These two differed in the way the compound was introduced into
the mixing machine. In TSX-1, the cerbonate was first blended with a small
quantity of Texas coke flour in the ratio of one to four. In TSX-2,

carbonate was added directly into the mixer.

The Fostoria made bars TS-B; TS-C end TS-D were processed in
Heat 35 and TSX bars in Heat 36. None of the bars showed visible cracking.

However, this trial proved that heavy metal oxides could never be used as

swelling inhibitors. The bars with 1 per cent iron oxide had an average
DIH level of .54 and those with 2 per cent had a DIH of -358.. The bars

with sodium carbonate, T8-D, processed in the same heat had e DIE of .86.
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The two lots made at Clarksburg processed in Heat 36 had DIH levels of

1,05 and 1.0k, respectively.

While this was going on, about gix hundred tons of bars had been
extruded at Clerksburg for G-5, and these were in transit or storage at
Columbia, Tennessee., Fortunately, a lot system was in effect. Approxi-
mately every thousand bars were stamped with a distinctive number at the
time of extrusion. This made it possible to obtain semples from every lot
for evaluating the swelling characteristic due to the coke. Not a single
sample was found having a swelling factor large enough to cause cracking
during F processing. In addition, controls were set up to evaluate incoming
cars of Texas coke before it was processed. Again no shipment has been
found where the swelling factor is large enough to justify carbonate addi-

tion to the mix.,

It seems odd that the one lot of Texas coke bars made for the
G~> opsrations should have a larger degree of swelling than subsequent
production bars for G-5. It was indeed fortunate it happened this way and
not the opposite. With the small facility, aud a few bars made from Cleves
coke, it was possible to get at the bottom of the difficulty in a short time,
and then find a solution for the problem. Had it occurred in large scale

operations, production schedules would have been disrupted and costs gone
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sky high before bar cracking would have been brought under control. In all
likelihood this difficulty will appear again because of variation in crudes
going to the refinery when the coke is made. When the control tests on
incoming coke shipments show thet swelling has gone beyond tolerable
limits, sodium carbonate will have to be added to the initial mix. The
alternatives to this would be widening the cracking specifications, or

lowering product yields which would mean higher costs.

Length of Diffusion Peth

In a previous paragraph, it wes pointed out that the removal of
Impurities from the graphite bars was brought about by high temperature
diffusion of halogen gases throughout the bar cross section, forming
volatile chlorides and fluorides. The completion of this refining must be

dependent upon the length of the diffusion path.

One of the objectives in the experimental program was to find
out how high the DIH level might be gotten even under conditions which
might not be practical for large scale operation. One way to do this would
be to shorten the diffusion path. This could be done by having the bar
material in the shape of strips instead of a 4" x 4" cross section, and

placing these strips at the bottom of the charge where gas concentration
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would be at a maximum. The strips could then be assembled as test bars

for the test pile evaluation.

This scheme was tried in three Heats, 10, 11 and 21. In No. 10
and No. 11, the strips were 1/2" x 4" x 18" made from Whiting Coke. In
both instences, DIH values were just below 1.00. Heat No. 21 contained
1" x 4" x 18" Texas coke strips. Again DIH values were below 1.00. There
was no indication thet purity levels under standard refining conditions

were being limited by the length of the diffusion path.

On the other hand, we do have evidence that impurity levels
inherent in the petroleum may mean that & larger amount of gas must
diffuse into the bar to complete the refining. This is illustrated by
results on bars made from Whiting coke refined in Heat No. 1l6. DIH of
these bars average .62. We were interested in finding out samething about
the residual impurities in this stock and particularly the location within

the bvar.

Slices cut from one of these bars were ashed slowly at T00°C. on
a white plate. Figure 12 shows the appearance of these residues. The chief
constituent of the dark central core was vanadium. The outer framework was

fiuffy silica. Apperently, at the gas concentration available under the
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Figure 12

Full size photograph of ash remaining after a 1/2"
transverse slice from Whiting coke bar No. 4,

Heat No. 16 was heated 48 hours at 700°C. in the
presence of air. The dark central portion is
vanedium oxide end the outer frame work 1s stained
fluffy silica.
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refining conditions when this heat was made, an inadequate quantity of
reagent diffused to the center removed all of the impurity. With slices

only half-inch in thickness, however, refining was complete.

This ashing of a slice cut from a bar offered some promise as
e control test for large scale operatioms. There was some difficulty,
however, in finding a surface which would be a suitable background for
the impurity residue. An ordinary china dessert plate such as can be
seen in Figure 12 gave the desired background. This would not be very
practical for use in a control test, because the ashing furnace had to be
cooled down to room temperature before the plate could be moved. Silver
dishes were tried, also silica and pyrex plates. None of these was as
good as a dessert plate. Ashing trials were made on slices from all of
the heats, but the results were not encouraging enough to install this as

a process control.

Summary of Operations

The final section of this report consists of two tables, one giving
the opersting conditions for every heat in detail, and the other showing the
details of the packing materials used in every heat. Heats 1 and 2 are not

inciuded, because water leakage around heed electrodes diverted the power
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path from the bars., These tables together with the description material
maeking up the body of this report give & complzte pleture of operations

carried out under Specisl Agreement G-3.
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