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A B S T R A C T
A continuous process for the reduction of uranium hexafluoride to uranium 
tetrafluoride has been developed and proved on a pilot-plant scale. Com­
plete conversion to uranium tetrafluoride was realized by contacting gaseous 
viranium hexafluoride with hydrogen in a heated, vertical, open-tube reactor. 
The purity and density of the solid product met metal gr^e uranium tetra­
fluoride specifications. Some difficulty with the accumulation of fused 
uranium fluorides in the tower was encountered, however, and it was necessary 
to stop and deslag the unit about every 8 to 2k hours.
The reaction of uranivua hexafluoride with gaseous trichloroethylene was 
studied before the tests with hydrogen were made. Although the reduction 
to uranium tetrafluoride was complete, the solid product was hi^ly con­
taminated with the organic by-products of the reaction and was quite low 
in density. Tests of this method were discontinued when promising results 
were obtained with hydrogen as the reductant.

• • • •
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DE7EL0PMMT OF lEHE CONTIHUOUS MEEHOD FOR THE 
REDUCTION OF UR&NIUM HEXAFLUORIDE WITH HYDROGEN - 

PROCESS DEVELOPMENT. HOT WALL REACTOR

The need for a large-scale facility for the reduction of normal and near 
normal assay uranium hexafluoride to uranium tetrafluoride was recognized 
in early 1951- A development program was initiated^ thereforê , to deter­
mine if the previously studied method of reducing very dilute uranium 
hexafluoride with gaseous trichloroethylene(^) could be adapted to process 
large quantities of material. It v&s soon shown, however, that although 
the reduction to uranium tetrafluoride was conplete, the powder was hi^Iy 
contaminated with the organic by-products of the reaction, in particular, 
hexachlorobenzene. In addition, h i ^  temperature sintering of the low 
density product (packed density of 0 .5 to I.7 g./cc.) would be necessary 
to meet the specifications for metal grade uranium tetrafluoride.
Studies were then made in the pilot-plant equipment with hydrogen as the 
reductant, since use of this gas would eliminate the serious purity problem 
encountered with the trichloroethylene. Although laboratory-seale tests of 
this thermodynamically feasible reaction had been msuccessful(2>5), it 
seemed possible that the reduction would be self-sustaining if relatively 
large q\iantities of hot uranium hexafluoride and hydrogen were introduced 
throu^ nozzles at the top of the tower. It was soon shown that complete 
reduction to uranium tetrafluoride is possible with gas and reactor wall 
temperatures in the range of 50O to 6OO F. and hydrogen excesses as low as 
5056. The packed density of the uranium tetrafluoride was dependent on the 
operating conditions and could be held at about 5 .5 g./cc. The product con­
tained less than 50 ppm. metallic iB^urities and approximately l-l/2^ uranyl 
fluoride.
During operation, the 6-inch diameter pilot-plant reactor plugged gradually 
with fused uranium fluorides, probably UFc, UoFg, and UiĵFĵ Ŷ 
necessary to scrape the walls of the tower perxodically. Diluting the 
uranium hexafluoride with nitrogen, increasing the hydrogen excess, and 
grading the ten^erature down the reactor decreased but did not eliminate 
the fouling. In general, it was necessary to clean the reactor every 8 to 
24 hours.
The experimental program was teminated at this point, and at the request 
of the Atomic Energy Commission, approximately 45,000 pounds of \iranium 
tetrafluoride was prepared in the pilot plant. This process was then 
studied further by the National Lead Congjany of Ohio, and a production 
facility was built and operated successfully.
Descriptions of the processes, the pilot-plant facilities, and the results 
of the experimental tests with both trichloroethylene and hydrogen follow.
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REDUCTION WIOB TRICHIOH}ETHyLENE

Process Technology

Uranium hexafluoride reacts with trichloroethylene to form 'araoiuro, tetra­
fluoride according to the foUo-wing eq.uations

UFg + GHCl ~ ^  UFĵ  + Chlorofluoroearbons + HF

A mixture of chlorofluorocarbon compounds is formed by halogen addition 
and substitution^ as ■well as by splitting of the trichloroethylene and 
fluorinatlon of the methane fragments.

Process Description

The pilot plant was designed to reduce I50 pounds of uranium hexafluoride 
per hour to uranium tetrafluoride. Tie facility consisted essentially of
(1 ) uranium hexafluoride and trichloroethylene vaporizersp (2 ) a vertical 
pipe reactor^ (3 )  ^  dust settling and product collection system^ and (4) 
an outlet gas san5>ling and disposal system. In operation, the uranium 
hexafluoride and trichloroethylene were vaporized separately from weighed 
containers, metered, preheated to the desired tei25)erature, and introduced 
into -the top of the reactor. Most of the solid urani'ijm tetrafluoride pro­
duct was separated from the by-product gases in the reactor settling chamber, 
and the remainder -was collected by an electrostatic precipitator and a 
sintered metal filter.

A flow and instrumentation diagram of the pilot plant is shown as figure 1.
A detailed description of the equipment follows.

Uranium Hexafluoride Feed System. The uran,ium hexafluoride feed was supplied 
in steel acetylene cylinders which eontained about 330 pounds of material.
The cylinders were placed in JO'̂ gallon drjims and were heated with hot water 
to vaporize the uranium hexafluoride. The gaseous uranium hexafluoride then 
passed throu^ a metering station which included, in sequence, a pressure 
control valve, a surge drum, an orifice, and a flow control valve. With 
this system, both the density and the volume flow of the gas were controlled. 
All lines containing uranium hexafluoride were traced with copper tubing 
and heated with steam.

Trichloroethylene Feed System. Gaseous trichloroethylene was supplied by 
either of two electricall.y-heated vaporizers, which were mounted on scales, 
ffetering of the gas was accomplished with a control valve system similar to 
that used for the uranium, hexafluoride.

Preheaters. Electrical3y~hea.ted, two-pass tube bundles were used as gas 
preheaters. The heat input was control,led by the gas temperatures, and for 
safety, theimocouples tacksd to the tube wall actuated an ala;rai if excessive 
temperatures were reached,.

vwlVr IU E N iYm  L• ••• ••• • •• • • •



%
K-1579
Page 5

Reactor Section. The reactor, figure 2, consisted essentially of a vertical, 
^-inch diameter, 10-foot long pipe and a 12-inch diameter solids settling 
section mounted concentrically around the lower U-l/2 feet of the tower.
The entire unit was wrapped with beaded Nichrome wire, and independent tem­
perature controls were provided for three heating zones along the length of 
the reactor. Two air hammers were attached to the reactor to furnish the 
vibration necessary to prevent the acciurnirlation of solids on the tower walls.

The uranium hexafluoride and trichloroethylene feed gases were charged to 
the top of the tower through the assembly shown in figure 2. The uranium 
hexafluoride entered through a vertical pipe centered in the top flange, 
and the trichloroethylene was introduced through four pipe nozzles angled 
to provide a swirling action around the uranium hexafluoride.

Hie uranium tetrafluoride product was collected in a hopper at the bottom 
of the settling section and was discharged by a screw conveyor into a re­
ceiver. A Gemco valve was installed after the screw to prevent gas leakage 
when the receiver was removed.

Electrostatic Precipitator.^^Hie precipitator, constructed of nickel, con- 
sisted of a 4-foot vertical section of 1-inch pipe with a 1.5-inch diameter 
electrode suspended from the cover. The electrode ira,s insulated from the 

■ shell by a Fluorothene gasket. The unit was equipped with a nitrogen bleed 
to keep the uranium tetrafluoride dust from gathering on the insulator. A 
nickel receiver was mounted on the bottom flange of the precipitator for 
ease of removal of product. Tne precipitator was designed to operate with 
a maximum potential of 15 kv.

Filter. A vertical, 6-inch diameter pipe containing several sintered nickel 
filters was erg)loyed for final stripping of entrained solids from the outlet 
gases.

Outlet Gas Sampling System. Dry ice and liquid nitrogen condensers were 
provided to collect samples of the exit gas. A portion of the gas was 
passed throu^ (l) a metering orifice, (2 ) the condensers which were 
arranged in series, and (5 ) a second orifice.

Gas Disposal System. The outlet gases were passed through a water-cooled 
condenser and a dry ice-trichloroethylene cooled condenser before being 
discharged throiigh a 60-foot high stack to the atmosphere.

Data and Discussion

The results of the studies with trichloroethylene and analyses of outlet 
gases from some of the runs are presented in tables I and II. Complete 
conversion of the uranium hexafluoride to uranium tetrafluoride was obtained 
in eiU of the tests, but the packed density of the product iras low, less than 
1»7 6*/cc., and the carbon content of the uranium tetrafluoride vras high. 
Attempts were made to increase the purity of the product by diluting the
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inlet gases with hydrogenhydrogen fluoride^ and nitrogen^ hut no signifi­
cant iriprovements were noted.

In addition to the diffictilty with carbon contamination of the uranium tetra­
fluoride^ condensation of some of the organic reaction products, primarily 
hexachlorobenzene, presented a serious problem. Large deposits of these 
materials were found in the product collection system and the outlet lines.

Experimental studies with the trichloroethylene-uranium hexafluoride system 
were discontinued after favorable results were obtained with hydrogen as 
the reductant.

In connection with the above program, methods of removing the carbon from 
uianixmi tetrafluoride were investigated. Small-scale tests were made in 
which the product from the pilot-plant runs was charged into pans and heated 
under atmospheres of nitrogen, hydrogen fluoride, hydrogen, oxygen, and a 
mixture of hydrogen fluoride and oxygen. Ihe results of these studies, 
table III, showed that only the treatment with oxygen reduced the carbon 
content significantly and that the addition of hydrogen fluoride was neces­
sary to prevent the formation of uranyl fluoride.

REDUCTION WITH HYDROGEN

Process Technology

The reaction of uranium hexafluoride with hydrogen can be represented by 
the following equations

UFg (g) + (g) --- ^  UFĵ  (s) + 2 HF + 124,000 Btu./lb. mol
The thermodynamic equilibrium, even at room temperature, is considerably 
toward the formation of uranium tetrafluoride, but a hi^ activation 
energy is required to initiate the reduction reaction.

Equipment Description

The equipment used in the original runs was that described above for the 
trichloroethylene reduction. For clarity, changes made in the equipment 
during the course of the study are presented along with the results of the 
experimental tests.

Data and Discussion

The results of the ejqierimental tests are presented in table IV. The 
initial studies, runs 12 through 26, were made in the pilot plant which 
had been employed for the trichloroethylene-uranium hexafluoride experi­
ments. The first two runs, 12 and 13, were very short, about 10 minutes 
each, and were made only to determine if the reduction reaction could be 
initiated. In these tests, a rapid increase indie reactor wall tempera­
tures and the absence of uranium hexafluoride in the outlet gases indicated 
that coirplete reduction was taking place. The small amount of solid product
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vas green In color and appeared to be good uranim tetrafluoride.

A series of runsj, l4 through 26, was then made to determine the effect of 
operating variables on the performance of the reactor and the quality of 
the product. It was shown that (l) the reduction can be initiated with 
inlet gas and reactor wall ten^peratures as low as 550 and 420 F., respec­
tively; (2 ) no reaction occurs with gas and wall temperatures of 250 F.;
(5 ) complete reduction is possible in the pilot-plant reactor with feed 
rates as high as 286 pounds of uranium hexafluoride per hour; (4) con̂ jlete 
reduction is possible with the uranium hexafluoride feed diluted with an 
equal molar quantity of nitrogen; (5 ) uranium hexafluoride packed densities 
as h i ^  as g./cc» can be obtained; and (6) decreasing the hydrogen 
excess increases the density of the product.

In the above tests, the temperature of the reactor increased rapidly after 
the gas flows were started, and it was necessary to stop several runs to 
prevent overheating of the tower. Bb.e upper 6-inch reactor section was 
wrapped with copper tubing and cooled with water after run 22, but adequate 
tej^erature control was still lacking.

In most of the runs, solid reaction products fused on the walls of the 
6-inch diameter reaction section. Although none of the tests were stopped 
by complete plugging of the tower, it appeared that this would have occurred 
had the runs been longer.

In an attempt to eliminate the fouling, the reactor was altered to remove 
the portion of the 6-inch pipe that extended into the settling section and 
to lengthen this 12-inch diameter section, figure 3* was hoped that 
the heat required to initiate the reaction could be supplied by the walls 
of the ijpper 6-inch pipe and that most of the reduction would occur in the 
larger portion of the reactor.

As can be seen from the results of runs 27 through 4l, no fouling was en­
countered with this reactor unless the reduction occurred in the 6-inch 
pipe section. Ihe density of the product was not so high as desired in 
most cases, however, and some uranium hexafluoride was noted in the outlet 
gas during four of the runs. Higher densities were obtained without reactor 
fouling in runs 40 and 4l, in which inlet gas tenperatures of at least 750 F. 
were employed. Operation in this manner was satisfactory for the short 
experimental tests, but periodic cleaning of crystalline solids from the 
uranium hexafluoride inlet line was necessary. These deposits were later 
found to be due to the reaction of uranium hexafluoride with the heated 
Monel line.

The reactor was then replaced with a longer column made entirely of 6-inch 
diameter pipe, figure 4, and the number of heating zones was increased to 
four. Bie lengths of these zones, starting from the top of the reactor, 
were 30, 3^, 60, and 24 inches. Cooling coils similar to those described 
above were furnished for each zone. After run 55̂ 1 the temperature control 
was improved further by increasing the number of zones to five, which had 
lengths of 24, 21, 21, 60, and 24 inches, starting from the top of the reac­
tor. Automatic on-off control was provided for the heaters after run 59*
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With the Increased length of reactor and nimber of heating (or cooling) 
zones, it was possible to effect a acre gradual increase in teciperature 
down the tower. Some improvement in reactor performanee was noted under 
these conditionsj however, success was sporadic. Results were sometimes 
contradictory, and it was, net ah,rays possible to repeat good runs. Fre- 
q.uencly, the point at which most of the reaction was occurring would drop 
gradualhr, and in some cases, terapenature measurements inilc,atei that most 
of the reaction was taking place in the electrostatic precipitator and 
outlet lines. When the tower temperatures were increased to prevent this, 
the reactor often fouled. Thus, it appeared that a longer reactor would 
be required to effect complete conversion of the uranitun hexafluoride to 
uranium tetrafluoride with little or no build-up of solids in the reactor.

It is of interest that the density of the product from the studies in the 
6-inch diameter reactor was usually higher than that obtained in previous 
runs under nearly conparable conditions. Density specifications for metal 
grade uranium tetrafluoride were met in many of the tests.

During the experimental studies, operation of all of the auxiliary equipment 
but the electrostatic precipitator vas satisfactory. The electrical insu­
lator in the head of this unit burned out, and most of the tests were made 
with only the filter. The solids entrained in the outlet gases were removed 
completely by the metal filter elements, however, and it appeared
that the rou^ stripping by the precipitator ^̂ as not necessary.

Frequent vibration of the reactor Vf3,s required to minimize fouling and to 
dislodge the powder collected in the electrostatic precipitator. This was 
accomplished with air hammers mounted at three points along the reactor.

The tests were discontinued after run 73^ and. at the request of the Atomic 
Energy Commission, approximately i-5.>0C)0 pounds of uranium tetrafluoride wsis 
prepared in the pilot-plant reactor. Hit^ wall temperatures, graded from 
800 to 1000°F., a uraniium hexafluoride feed rate of 100 pounds per hour, and 
a hydrogen excess of lOOfo were employed for this production. The average 
packed density of the product xra,s 3*6 gV^c. and ranged from 3-^ to k.O 
g./cc. The total metallic impurities ranged from 2 to I50 ppm. and averaged 
about 40 ppm. Continuous operation for extended periods of time was pre­
vented by the expected reactor fouling, and it was necessary to shut down 
periodically, usually after about 8 hours of operation, to remove the solids 
from the reactor walls. No difficiulties other than this were encountered, and 
ccanplete reduction to uranium tetrafluoride was realized during the entire 
period.

Although the experimental program was not entirely successful in developing 
a reduction reactor which could be operated continuously, sufficient tests 
were made to indicate that the reduction of uranium hexafluoride with hydro­
gen was feasible for production use. It was indicated that increasing either 
the length or the diameter of the reactor would decrease the amoijnt of 
fouling. With respect to product quality, both the density and purity 
specifications for metal grade uranium tetrafluoride could be met easily.
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Ihe study of the hydrogen reduction system was continued by the National 
Lead Coû jany of Ohio^ and a production facility was built and operated 
successfully. At a later date^ a plant of similar design was installed 
at the Union Carbide Nuclear Con5)any PMucah facility. Slagging has not 
been eliminated in the equipment, but reactor clean-out is performed on 
a daily basis by cooling the walls slightly and vibrating the reactor.
In view of the very high processing rates possible in this system, the 
time lost for deslagging, about 2 hours, can be tolerated.
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TABLE I

URANIUM HEXAFLUORIDE REDUCTION WITH TRICHLOROETHYLENE

Run
Number

UF6
Rate^
Ib./hr.

TCE 
Rate, 
lb./hr.

UF6
TCE/UFr, Teng)., 

Molar Ratio °F.
TCE 
Temp., 
°F.

Reactor
Tg^.,

UF6
Cone
i>

•}
TCE 
Cone.,
i

Product Analyses
Density 

U, ^ Q, i g./cc.
1 125 152 5.26 555 580 900 100 100 22.0 68.0 5.19 0.92
2 32 1.15 560 360 620 100

(1)
100 22.6 70.9 0.95 1.13

3 83 39 1.25 330 325 470 20 100 24.4 75-3 0.28 0..60
k 86 2k 0.75 265 265 310 43(4.) 100 23»6 74.1 0.44 0.76
5 56 kl 1.95 250 250 225 10(1) 100 24.0 75.4 0.36 1.00
6 126 33 0.70 200 185 300 25(i) 100 23.9 75.2 0.16 0.97
7 30 9 0.80 205 180 165 100 100 22.4 73-9 0.12 1.66
8 93 31 0.89 335 335 300 100 32(1) 23-9 74.7 0.33 0.90
9(2) 78 32 1.10 4io 415 360 100 100 24.1 75.4 0.32 0.98
10(5) 76 36 1.27 290 300 375 100 100 22.4 70.2 5.20 1.20

86 •26 0.81 325 510 285 100 100 24.0 75.7 0.63 0.90

(1) Diluted with nitrogen.
(2 ) Two potinds of hydrogen fluoride per hour added to reactor.
(5 ) Eighty cubic feet of hydrogen per hour added to reactor.
(4) Pour pounds of hydrogen fluoride per hour added to reactor.

W H 
(D V>4 

—-J 
H  VO O
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TABLE II

URANIUM HEXAFLUORIDE REDUCTION WITH TRICHLOROETHYLENE 
COMPOSITION OF OUTLET GAS IN WEIGHT PERCENT

Run Number 2_ 3 4 6 9 10 11

Nitrogen 18.5 34 .7 35 .9 29 .7 41.2
Freon-12 (CCl^F^) 6 23 4.8 5-7 5 .1 22 .2 1 .8 10 .8

Freon-13 (CCIF^) 59 if3 0 .2 15.4 6 .3 17.4 12.0 43 .6

Freon-102 (CCIF = CCIF) _ _ - - 1.6 _ _ — — _ _ _ _

Freon-113 (CClgFCClFg) — _ _ 10.1 2 .9 11.1 2.6 _ _ —

Freon-Ul (CCIF^CCIF^) _ _ 4.1 6 .3 9-4 20.0 0 .9 4.4
Freon-115 (CCIF^CF^) — — — 2 .7 2 .7 4.2 — —

Freon-222(CHCIFCCI^F) - - — 8.6 2.1 _ _ 1-9 — —

Trichloroethylene 5 - - 20.1 7 .4 13-6 3 .5 13.9 —

Tetrachloroethylene - - - - 18.9 4 .9 _ _ — 2.4 _ _

Hydrochloric Acid 1 5 _ _ 4 .9 1.1 2 .3 _ _ - -

Hyirofluoric Acid 5 3 - - — 5-1 17.4 8.1 - -

Pentachloroethene 1 - - — - - - - — _ _ —
Residue (Water^ HCl^ HF, Salts) ^5 24 _ _ 3-5 _ _ 24 .7 —

High Boilers 13 .1 9 .5 9 .7 8 .5 6 .5

WI
- . H  (B VM
H MD H
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lABLE III

URANIUM HEXAFLUORIDE REDUCTION WITH TRICHLOROETHYLENE 
REMDVAL OF CARBON

Run
Number

Reactor 
Temp., 
F.

Wei^t
Loss^

i

FluorineJ ^ 
Before After

Uraniiom, ^ 
Before After

Carbon
Before iJ k ________After _ i _

Length 
Of Run^ 
hours

Oxygen Purification Treatment
S-8-1 810 1-3 24.4 24.0 75.3 75*8 0 .28 0.04 4 .2 3-0
S-8-2 750 5*8 23.6 23 .8 70 .9 75-9 0.95 0 .06 4 .2 3 .0
s-9-1 1000 2 .3 24.4 23*7 75-3 75 .9 0 ,28 -- 4 .1 3 .0
s-9-2 900 5 .8 23.6 22 .7 70.9 75 .7 0.95 0 .16 10.5 3 .0
S-U-1 950 2.6 24.1 23.3 75.4 76 .0 0 .52 0.07 5 .8 3 .0
S-11-2 700 8.4 22.0 19 .1 68.0 77*5 5.19 0.04 23*9 3 .0
S-15-1 850 14.8 23.9 22.3 75o2 75.5 0.16 — 9 .7 2.8
S-13-2 550 20.3 22.0 22.1 68.0 75-6 5.19 0 ,03 12.4 2.8
S-14-1 850 1.4 24.4 24.2 75.3 75 .8 0.28 0.03 1.1 5 .0
S-14-2 500 1.1 23-1 22.4 70.2 71 .8 5.20 4 .19 _ _ 5 ,0
S-15-1 700 -- 23-9 23-7 75.2 75-8 0 .16 0.02 5 .0
S-15-2 450 _ _ 23 .1 25.3 70.2 66.4 5»20 4.97 - - 5 .0
S-19-1 1200 7 .6 23*9 23.6 75 .2 75 .3 0.16 0.02 1 .7 6.0
S-19-2 900 8.8 24.1 23-9 75.4 75-4 0 .32 0.01 1.8 6.0
S-20-1 800 0 .7 23-9 23.6 75-2 75 .6 0 .16 0.02 3 .4 6.0
S-20-2 670 0 24.1 23*9 75.4 75-5 0.32 0.27 0 6.0

Oxygen-Hydrofluoric Acid Purification Treatment
S-17-1 1050 2.5 24.1 24.0 75.7 75 .8 0 .63 0.05 0 .7 4.0
S-17-2 800 2.0 23*9 23-9 75.2 75-5 0.16 _ _ 0.4 4.0
S-18-1 775 2 .7 24.1 24.0 75.7 75-8 0.63 _ _ 0 4,0
S-18-2 650 1.4 23*9 23-9 75.2 75 .3 0 .16 0.11 0 .9 4.0
S-21-1 1050 _ _ 23.9 23.8 75 .2 75 .6 0 .16 0.02 1 .2 6.0
S-21-2 800 0 24.1 22.2 75.4 75 .4 0.32 0.23 _ _ 6.0

OQ H (D VX
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TABLE IV
URANIUM HEXAFLUORIDE REDUCTION VaiH HIDROGEM

Run
No.

Peed 
Rate, 
Pounds 
UP (-/hr.

=2ExcesS;
i

UP6Tgmp.,
F.

Temp., 
F.

Reactor
Temp.*,
Zone Zone 
1 2

Length
Of
Run,
Hours

UFg In 
Outlet 
Gas

Product
Color

Product Analyses
K k•j, F i, u u

Packed
Density,
R./cc. Remarks

lU 106 130 830 700 730 0.50 None Green 2l*.0 75.5 75.2 2.0 UFg inlet line plugged. Wall ten?), increased to lOOO^F. and 
vas still rising.

15 132 260 380 300 660 0.50 None Grey Green 23.6 75.7 75-3 2.2 Caked powder on walls, 6 inches from top of reactor; 25 lbs. 
of material removed from tower.

16 76 260 670 660 690 0.25 None Green 23.8 75-6 7U.9 1.5 UFg inlet line plugged.
17 75 260 710 760 81+0 1.00 None Green 2l*.l 75-6 71*.7 1.9 UFg inlet line plugged. Wall temp, increased to 1040 F.
18 286 20 780 81*0 920 0.50 None Green 23.9 75.8 7U.5 3.5 Reactor plugged near bottom. Wall temp, increased to II50 F.
19 106 190 260 250 2I+0 0.22 Heavy Green wq Solid Product No reaction; no temp. rise.
20 91* 180 600 600 580 1.00 None Light Green 23-7 75-7 2.1 Tower not examined. Wall temp, increased to 910°F.
21 92 30 510 550 680 1.00 None Green 2l*.0 75-7 71*.9 3.3 23 lbs. caked material on walls. Wall temp, increased to 8 /5 '̂.
22 9k ** 130 630 61*0 560 1.00 None Light Green 21* .0 75.7 73-8 2 .4 Reactor clean. Wall temp, increased to 800°F.
23 92 190 530 560 750 1.00 None Light Green 2U.O 75.6 73-8 2 .4 30 lbs. caked material in tower. Wall temp, increased to 8cxfV.
2k 11*7 120 550 550 1+20 0.67 None Green 2l*.0 75.1* 71*.1 2.9 Reactor clean.
25 11*1* 100 700 650 770 0-67 None Dark Green 23.9 75.8 73-9 3.0 60 lbs. caked material in tower. Wall temp, increased to 1000°F.
26 ll*7 100 700 650 2I+O 0.67 None Dark Green 2l*.l 75.9 71*.8 2.9 9 lbs. caked material in reactor.
27 150 ll*0 520 500 290 21+0 0.08 Heavy No Solid Product No reaction.
28 150 ll*0 600 610 1+10 1+10 0.17 Heavy Ho Solid Product No reaction.
29 150 ll*0 71*0 770 720 720 0.67 None Green 21*.5 75.5 73-2 3.3 19 lbs. caked material in 6-inch section; 12-inch section 

clean. Reaction in both sections.
30 161 100 660 670 U60 5I+O 0.58 None Green 2l*.l 75.5 73.8 3.0 30 lbs. caked material in 6-inch section; 12-inch section 

clean. Reaction in both sections.
31 132 100 51*0 51*0 200 61+0 0.67 Trace Green 23.1 75-2 72.9 2 .9 All reaction in 12-inch section. Wall temp, increased to 

750°F. Reactor clean.
32 166 120 630 620 2I+O 700 0.67 Trace D-rk Green 2l*.l 76.1 73.5 2 .9 All reaction in 12-inch section. Wall temp, increased to 

800°F. Reactor clean.
33 11*7 60 660 750 250 850 0.52 None Light Green 23-7 75-7 71* .6 2 .7 All reaction in 12-inch section. Wall ten?, increased to 

950°F. Reactor clean.
3“* 151 1*5 630 650 1+00 81+0 1.00 None Green 23-9 75-9 74.3 2.5 All reaction in 12-inch section. Reactor clean.
35 158 10 620 61*0 200 930 1.00 Trace Light Green 21*.3 75.8 75-1 2 .8 All reaction .in 12-inch section. Wall ten?, increased to 

1075 F- Reactor clean.
36 91* 10 61*0 650 220 920 2.00 Trace Dark Green 23-9 75.6 72.8 2 .3 All reaction in 12-inch section. Wall ten?, increased to 

1050°F. Reactor clean.
37 83 80 560 550 170 860 2.00 None Green 21* .2 75.8 7 3-1* 2 .6 All reaction in 12-inch section. Reactor clean.
38 130 180 560 550 270 860 0 .67 None Light Green 2U .0 75-5 74.7 2.7 All reaction in 12-inch section. Wall temp, increased to 

1035°F. Reactor clean.
39 189 100 570 580 3I+O 860 0.58 None Light Green 2l*.0 75.1* 74.5 2 .6 All reaction in 12-inch section. Reactor clean.
1*0 ll*l 150 81*0 850 3I+O 910 0.75 None Light Green 23-9 75-7 74.6 3.3 All reaction in 12-inch section. Reactor clean.
1*1 ll*2 80 750 750 1+50 790 1.00 None Green 2l*.l 75.6 75.5 3.2 All reaction in 12-inch section. Reactor clean.

P> Ioq H®  VjO 
(-J vO
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TABLE IV (Cont'd.)

URANIOM HEXAFLUORIDE REDUCTION WITH HYDRCGEE
Feed
Rate, Hg uFe ®2 Eeactor Temp. °F.

Length
Of UFg In Product Analyses Packed

Run
No.

Pounds
UF^Air.

76

Excess, Temp.,
F.

Tgmp.,
F.

Zone
1

Zone
2

Zone Zone
u

Zone Run,
Hours

Outlet
Gas

Product
Color i  F i u _ \ u Density,

g./cc. Remarks
k?. 330 150 150 320 390 600 730 0.25 Heavy Black 7U.7 67.U 2 .0 Only k lbs. product.
it3 U3 670 7U0 7U0 Uoo 560 810 81*0 o.Uo Trace Green UFg inlet plugged.
LA 152 6U 700 665 320 605 710 970 0.75 None Light Green 2U.2 75.9 7U.8 3.5 29 lbs. caked material in reactor.
Us 132 71 6U0 650 310 570 725 900 0.85 None Some Black 23.9 75.3 7U.1* 3.3 50 lbs. caked material in reactor.
k6 111 106 555 550 185 235 690 995 0.65 None Green 2U.2 75.5 7U.5 3.3 Temps, out of control. Reactor clean.
U7 83 90 595 595 205 3U0 U85 975 1.25 None Green 2U.1 75-6 7U.2 2.8 Reaction moved to precipitator section. 

7 lbs. caked material in reactor.
U8 79 lU l 690 705 305 365 665 910 1.50 None Green 21*.1 75.7 76.0 2.6 9 lbs. caked material in reactor.
1*9 78 1U8 605 605 220 310 650 1070 1-33 None Green 2U.0 75.6 7U.8 3-5 Lower reactor section cheiry red. Reactor 

clean.
50 8U 8U 615 615 360 U05 720 905 I .U 2 None Black 2U.1 75-7 7U.U 2 .7 23 lbs. caked material in reactor.
51 80 230 1*75 U80 250 1*60 905 1000 0.70 None Green 2U.1 75.6 7U.5 3.7 Run shut down when lower section reached 

1100 F. Reactor clean.
52 7U 1U5 510 505 325 530 875 925 2.00 None Some Bl^ck 23-9 75.3 73-1 3.2 Slight inlet pressure build-up. Reactor 

clean.
53 1*1* 207 600 600 325 535 600 900 1.10 None Green 23.7 75.2 73-1 2.8 Poor temp, control in zones 1 and if. Reactor 

clean.
5U 120 85 760 760 260 285 275 755 8U5 0.85 Trace Green 23.9 75.0 71.1 3-5 Reactor clean.
55 127 82 1*35 515 UU5 520 525 735 7U5 0.88 Trace Black 23.U 7U.U 59.u 3.8 Reactor clean.
56 79 256 285 355 910 890 865 950 920 0.78 Trace Dark Green 23.7 75-2 72.8 2.6 Unable to control temp, in zone 1. Reactor 

clean.
57 89 70 325 350 735 900 91*5 1060 930 2 .00 Trace Green 23-9 75.5 7U.3 3-3 Reactor clean.
58 8U 1*68 760 780 31*0 1*25 1*50 695 900 0.55 None Green 23.9 75-7 7U.6 2.6 9 lbs. caked material in reactor.

59 83 101* 865 795 290 U15 U50 1025 760 1.50 Trace Green 23.8 75-6 7U .2 2.9 7 lbs. caked material in reactor.
60 75 236 875 870 380 530 680 1030 880 0.75 None Green 23.7 75.3 72.0 3.2 Lost reaction to precipitator section. 

Reactor clean.
6l 83 138 U85 515 U80 5U0 565 935 71*0 1.00 None Light Green 23.9 75.6 73.0 2 .U Reactor clean.
62 80 200 675 630 Ul*5 UUO U35 825 5U0 0 .22 Heavy No Solid Product No reaction.
63** 73 0 720 725 720 820 815 885 775 0.55 Heavy Black No San?)le Taken Little reaction.
Sk** 80 256 660 660 570 560 815 1000 865 0.75 Heavy Black 23.8 75.0 72.U 2.9 Reaction in precipitator.
65 33 250 710 6U0 895 91*5 960 1000 215' 1 .00 None Black 23.6 7U.6 69.7 3-1 Reactor clean.
66 113 70 620 580 500 580 660 7U0 735 0.28 Heavy Black No Sample Taken Little reaction.
67 95 100 630 620 700 800 795 9U5 820 1.00 None Light Green 2U.I 75.7 75.8 2 .8 12 lbs. caked material In reactor.
68 92 269 625 620 730 870 810 910 885 1.75 None Light Green 2U.2 75.8 75.5 2 .9 Reaction dropped to zone Reactor clean.
69 91 113 635 625 780 855 830 1110 700 3-50 Trace Dark Green 2l* . l 75.7 71*.0 3.7 Inlet pressure build-up.
70 91 118 670 6U5 7U0 885 850 9U0 685 3.72 None Dark Green 2U.I 75.7 73.3 3-2 150 lbs. caked material in reactor.
71 96 99 61*0 630 760 895 735 10U5 7U0 5.00 None Dark Green 2l*.0 76.0 71*.5 3.2 68 lbs. caked material in reactor.
72 100 U3 730 675 830 935 800 950 705 5.00 None Light Green 21*.1 75.8 7U.7 3.2 Reactor clean.
73 96 92 615 605 865 875 560 1000 780 1.75 Heavy Light Green 2l*.0 75.8 7U.3 2.9 UFg appeared in outlet after I.5 hrs. (D I OP t-> (B U)

^vO* Average temperature at start of each run.
* *  Sufficient nitrogen, to lower the UF^ concentration to 50^, was added "before the reactor.
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