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TRIP REPORT - CONTINUQUSLY PRODUCED 003
AFRIL 23-29, 1995

I. K-25 PLANT, OAK RIDGE, TYNNESSEE

IRTRODUCT ION

The vriter visited the K-25 Plant at Oak Ridge, Tennessee on April 25-27, 1955
in order to observe the pilot-plant reduction and hydrofluorination of Hanford
003 produced continuocusly in the 16-inch-diameter by 8-ft.-long semi-plant-scele
denitrator. Discussions were held principally with Messrs. S. H. Smiley,

C. C. Littlefielda, and J. E. Pashley. Other K-25 personnel contacted on the
problem of UNH denitration included Messrs. B. H. Thompson, A. H. Marshall,

H. BE. Bapp, J. 8. Fox, N. C. Orrick, E. J. Barnes, J. A. Bernhard, D. M. Lang,
and P. Venstrum.

SUMMART .

The results of the vibrating tray pilot plant runs completed on the test lot

of U0, produced during Run B-18A (descrived in Tabdble I§, showed that cnly about

ot o; the ag-produced material reduced to U0, atl standard operating conditioms.

Increased retention time on the redvetion tray increased the amount of material

reduced but lowered the reactivity of the U0, to subsequent hydrofluorination.

The conversion of U0, from the as-produce’ U 3 was gemerally poor; i.e., 5 to
as coumpared to a normal conversion of 0. n-95%.

After grinding, about 95% of the JO; from Run B-18A reduced to U0, under
standard conditions. Conversions U0, to UF, up to 80% were achieved during
the writer's stay. It was the opinjon of the %-25 personnsl that further ad-

Justment of the hydrofluorination conditiones would produce the degired 90-t0~95%
conversion.

DESCRIPTION OF PILOT FLANT

The pilet plant at K-25 conslsts of two vlbmting trays, one for reduction of
U03 tc U0, and one for the hydrofluorination of U0, to UF).

Reduction Tray. Reduction ?i carried out on a tray 10-rt.-long by 6-in.-wide
vhich vibrates between 500 and 850 cycles/min. at an amplitude of 0.25 in./cycla.
The heating elements are divided into three sections of equal length and heat
input. Pure hydrogen at a rate sufficient to produce a 1000 to 1500% excess
flows countercurrent to the powder. Retention time which is controlled by the
amount of tray vibrastion can be varied bvetween 3/4 and 3 hr. Standard reten-
tiou time is 1-1/2 hr. Maximum feed rate obtainable is 100 1b. UO./hr. A feed
rate of 50 1lb. U03/hr. is squivalent to a Feed Plant tray rate ot"@ tons U/dey.

Hydrofluorination Tray. Hydrofluorination is carried out on a tray 16-ft.-long

by 6-in..wide having the same vibrating characteristics as the reduction tray.
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The heating slements are divided into four sections of egual lengih and heat
input. Tray temperatures for pot-produced UO3 increase from 600°F ., at the UO,
inlet end in apprroximately equal intervals to 1000°F. at the discharge emd.
A retention tims of I hr. is normally used during hydrofluorinmaticn. A feed
rete of 15 1b. UCy/hr. 1s approximately equivalent to a rate of 3 tons U/day
in the feed plant trays. A fead rate of 15 1b./hr. and & retention time of &

hr. vas achieved for the U0y continucusly produced during Run B-18A by vitrat-
ing the tray 6 sec. &t 700 cycles/min. every 15 min.

DISCIBSION

Reactivity an Continuously Produced uo. The reactivity data detorminsd at
K-25 on the test lots of are given in Table II1. By requesting a U*
sualysis, the per cent of U03 reduced can be calculated. The data show
that the reductiocn of the produced continuously during Run B-18\ did not
reduce well during the reactlvity test. After grindirg, however, reduction
appeared satisfactory. The continucusly produced U0q from Run B<19 appeared
to reduce satistactorily even unground. The results of the reactivity ratioc
deteranination carried out at L10°C. for 1/2 hr. (H.A.P.0. conditions) are in
gocd agreoemsnt with those cbtained at H.A.P.O. for both test lots.

Thersal Balance lata. The thermal balance test at X-25 uses 560°C. for re-
duction and 410°C. for hydrofluorimation. Both reduction and hydrofluorination
data on the *wo test lots as well as on siz sasples from other continuous
denitration rans, are in the vciter's possession. The results on reduction
are in agresment with those obttained at E.A.P.0. in that the reduction time

is slower than tha of Mallinckrodt standard but there are wide differunces
in reduction rata between the product produced different runs. The hydro-
fiworinaiica 7aies are essaniialliy what wouid bAve been predicted from the
Teactivity walues and a therml talance rua on standard U0,

A thermal Wwiance incorporating improved tesperu.ure control has besn con-

strusted. It is expected that the nev unit will give more reproducible
resulis.

Pllot Plant Buns. H.A.P.0. amalytical data on the two test lots of comtinu-
ously produced 503 sent to X-25 for pilot plant swluation are given in Tadble I,
Initial LISt PlADL runs vwere made ou the UO3 produced during Rum B-ila whicha
coatained & nominel 1200 ppm. 904 . Polliowing thess runs & portion of the Run
B-187 was ground in a micropulverizer (screen analysis not determined) and
pilot plant runs ware made oo the ground miiterial. A summary of the pilot
plant run 4nta is given in Tadle IIl. Since pilot plant opsration, under the
conditions listed Above as standard, with Ranford pot-produced U0, gives a
98+t0-100% reduction to 00, snd a 90-to-95% couversiom to Wry, 1t sppears from
Teble IT that aeither the Feduction nor the conversion characteristics of the
unground , coztinuously produced are equivalent to those of pot-produced
czide. An attempt to force reduction by douvling the retention time 4id in-

crease the nmount of material reduced but also decreased the smount subsequently
converted.

After grinding, however, the reduction improved to atove 99% and the conversicn
tmd isproved to above 80%. The ovinion of the K-0% perscanel was that the re-

duction o the ground was satisfactury and that lemperature ad justaent
would izprove the conversion sufficiently Lo meke it also satisfactory.

431
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Despite the free-flowing and dust-free properties of continuocusly produced

» the K-25 persoonel could see no listinct advantages to its use. In fact,
it was their opinion that the relatively large particle size might cause an
excessive amount of ash in the UF) -to-UFg step. Since grinding facilities for
the continuously produced U003 have been included in the scope for the Hanford

UO3 expansion program, no changes in scope will be required to ship 003 of
satisfactory reduction characteristics.

Further pilot plant runs were scheduled on the ground 003 from Run B-18A, and

2 similar series of runs will be undertaken on the 003 from Run B-19 to evaluats
its reduction and conversion characteristics.

Cost to Feed Plant of a Poor Reducing tl)3. The problem of the cost to a feed
plent of maintaining a fixed production Fate with existing equimment in the
face of a U0y difficult to reduce was discussed. If blending the material
with of satisfactory reduction characteristics is not possible, a mixture
of and produced by stardard reduction conditions can be fed to the
hydrolivorinetion step. The product from the hydrofluorination step would com-

sist of a mixture of UF, and 002!2. As the fsed to the UF)-to-UFg step, a
UPy + OF, mixture would:

1. Use more fluorine,

2. Produce more ash {unreacted material requiring reprocessing),
3. Slow down the ur6 converaion.

Itens 1 and 2 are cost items, bt Item 3 might result ir the plant's inability
to maintain the desired production rate.

A seconud approach which would not be femaible in the X-25 or Paducah tray lines
without revision since they are limited to 1200°F. in the reduction step, but
would be feesible in the asrew lines being installed at Paducah, woul’: be to
force the reduction by increasing the temperature. Pastv experience hzs indicated
that this method of foreing reduction is deleterious to conversiom to ¥, so
that product from the hydrofluorination atep would be a mixture of

U0, and UFy.
The use of such a mixture as feed to the ur6 egtep would:
1. Requive movre fluorins,
2.

Produce more than thes norsal amount of ash,

3. Protably decresse capacity because of the high heat release.

As in the first alternative, Items 1 and 2 are cost items a1d Item 3 is a
capacity item.

In comnection with the effect of reactivity on conversion, the vriter cbtained
& plot of "W, and UO.F, analysis of the Paducah product during the time that
seven drums of contmu%us].y produced U0, (reactivity ratio s ca. 0.6) which
had been inadvertently shipped from Hanford were introduced into the process.

In genersl, abruvt decreases in UF, content and increases in UG F, content of
the product resulted following each introduction.

B JECLL
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Surface Aree. Surface airea measurements on the test lots of as-produced U0
sent to K-25 indicated that the U0, had a surface area of 0.5 sq. meters/gm:,

whish is about 20% of the surface grea of 8 ground, pot-produced powder. The
UO0p produced from the U03 had a surface area of 3 to 4 sq. meters/gm., which

is about equal to the sufface area of U0, produced from pot-produced 003.
Since only gross correlations exist between surface area and reduction or
hydrofluorination characteristics and since surface area determinations are

laborious (liquid-nitrogen absorption), it does not seem necessary that H.4A.P.0,
become involved with such dsterminations mt the present time,

Surface area meesuremsnts can be used to calculate particle sizc¢, but this
had not been done on the test lots of U03. It waus the opiaion of K-25 person-
nel that the particle size estimations obtained from surface area measurement

would not check very well with particle size estimations obtained from electron
microscope determinations.

Reactivity Improvement. Discussions involving means of increasing the reactivity
of U0y by means other than additives slicited the information that laboratory
resulfs indicated that either the high temperature (450 to 500°C.) calecination
of 100% UNH or the calcination of uranium nitrate concentrated to about the
point where the trihydrate changes to the dihydrate produces highly reactive
003 (reactivity>1.2). The concentration of feed to the continuous calciner
would probably involve operatiomal difficulties since if the dihydrate crystal-
1izes it can not be reliquified without the introduction of water. The high
temperature calcination resulte check similar data obteinel at H.A.P.0., and

it wvas tentatively agreed that a continuous calcinstion run would be made at

at feedpoint temperature of 450°C., and samples of the UOE aent to K.28 for
evaluation.

Hydrated UO3. The pilot piant personnel at K-25 still think highly of the

possibilities of hydrated UO%. Their tests show that a 93% conversion from

U0, to UFy can be achievad at 500°F., 1 hr. retention time, and U0, feed

rates of 30 1b./hr., all of which are much less stringent conditions than

used for pot-produced U0,. Discussions with Operations personnel indicated
that the low bulk density of hydrate caused problems in the Im‘h-to~11?6 reactor.

IT1. X-10 PLANT, OAK RIDGE, TENNESSEE

The writer visited the X-10 Plant at Oak Ridge, Tennessee on April 28, 1955,
to discuss problems of mutual interest to H.A.P.0O, Separations Technology
Section and O0.R.N.L. Chemical Technology Division personnael. X-10 personnsel
contacted included Messrs. F. L. Culler, J. E. Moors, D, Foster, W, K. Eister,
R. Wischow, and D. Ferguson. Subjects discussed included:

Moving Bed Denitration. No work has been done on woving bed denitretionm
beyond that reported in CF-54-6-60, CF-54.10-137, and CF-5k-12-97. X-10
rersonnel feel that the work to dats has demonst.ated the feasibility of
denitrating pellets of UNH and U0y by a stream of hot air. In view of the
success of trough-type continuocus calciration at H.A.P.C., further moving bed

Jan{tratior studies have been cancelled.

-
_ o DECLASSIFIED
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Moving Bed Hydrofluorination. The writer witnessed a demonstration of e
moving bed hydrofluorinatiom process being demonstrated for Fermald and

Mallinckrodt personnel. The process consists of mixing 1 part by weight of
starch with 12 parts of UOé; slurrying in water, and pelletizing. The pellets

are fed into a L-in,-diamefer by 5-ft,-long tower, JFf is introduced near the
top and the bottam of the tower, and off-gases leave at about the middle of
the tower. The pellets lsaving the bottom of the tower assay 9%+% UP,. Both

sugar and activated carbon were used to supply the carbon for reduction in
vlace of starch: angar gave pelletieins problems and ths

sarten 413 mot pro-
duce as pure UFy. More “ban moderate interest in the procrss was exhibited
by the Mallinckrodt and FPernald representatives.

Continuous Jraniwm Dissolution. X-10 personnel are convinced that a pot-
type unit is superior to a tower-type unit for continuous metal dissolution,
particularly for those cases in which Jacketed slugs are used, Their feelings
are tased on experience with thorium slugs in a tower-type unit 4in which pro-
duct campositica was extremely inconsistent. A 60 1. pot-type unit has been

® built and tssted. It was found that a consistent product suitable for Purex
EW No. 3 Flowsheet (320 g./1. U and 2.0 M HENO3) could be obtained during con-
tinuous aluminum jacketed uraninm siug dissolution by using a feed containing
8.3 M HNO, and 0.005 M Hg(¥03)». Hydrogen accounted for from 7 to 15% of the
gases lea¥ing the dissolver pot. No gsolution other than dilution by air in-
leakage has been suggested for the hydrogen problem.

Mechanicel Slug Dejacleting. A unit embodying the latest X-10 thinking om
the mechanical dejacketing of slugs is being constructed. It is expected
tkat it will be ready for oberation sarly in July. Detaile of the uni+t cen

be found in O.R.¥.L. Drawings D-18997, D-18998, and D-18999.

Slug Loading. A model of sn automatic slug loader was cbserved. The unit
consists of a double ram mechanism located balow & slug reservolr, which picks
up & slug and pushes i! into a split pipe. The slugs are held in the split
pipe by the temsion of exterval springs. Repeated slug injJection to the split

pipe results in slug discharge from the top. It is planned to construct a unit
of this type for use in the X-10 Pilot Plant.

horex. The flowsheet supplied by O.R.N.L. for thorium extraction at Mound

leboratory has been carefully scrutinized and remmins essentially unchanged.

Pilot plant thorium procussing has progressed smoothly end no problems due
to high radiation levels have arisen. It has been shown that If a feed batch
after FAT treatment is aged for tvo weeks before processing the A Columm

rathenium dF decreases from 1000 to less than 100. A second FAT step before
processing restores the iF to its original value.

Homogernsous Reactor Fuel Processing. RXxperiments have shown that simulated
rare earth fissicn products will plate out on a zirconium heater immersed in
a stainlese steel vesgsl containing WO Oh at temperstures approximating those
expected in the hcomogeneous reactor. e affect of fission-product plating
can not be exnctly determined but is expected to be detrimental. Therefore,
it is rlanned to vperate the Dorrcloms system for fisslon-product separation
about 20°C. r%ove the temperature of the reactor core. It is hoped that tue
cors solution can bs kapt below saturmtion with respect to Tission products

t‘n Ab o

wWiis Bhnner.
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If concentration factor ies defined as concentration of particles in the
Dorrclone concentrate divided by the concentration of rarticles in the Dorr-
clone effluent, the following results have buwen obtained during operation at
2000 1b./sq.ir. and 350°C. with a 35 1b./sq.in. pressure drop across the

Dorrclone:
Particle Concentration
Material Size, Microms Factor
ThO, L 35
Fe Sub 1000

The particle aize of ThO, calculated from surface areameasurements checked
well vith particle size calculated from X-ray diffractTon. Electron micro-
score data are not believed to be too reliable to determine particle size.

Homogeneous reactor construction is about six months behind schedule.
]

Discussion with Fernald Personnel. Brief discussions were held with Messrs.
Mulhauser, Sisson, and Loudin on UO; and its conversion. Fernald is convinced
L sulfur activation of UO3 (increased reactivity) has a very beneficial
affect c¢n conversion plant capacity. They have been using 700 ppw. sou on a
UO; basis. Corrosion difficulties which affect reduction screw agitators at

& point 6 £t. from the UO; inlet are believed to be due to high temperatures
rather than to the presente of sulfur in the U03.

II1. MALLINCEKRODT CHEMICAL WORKS, ST. LOULS, MISSOURZ - APRIL 29, 1955

The writer visited Mallinckrodt Chemical Works, St. Louis, Migsouri on April 2y,
1955, to present to them the H.A.P.0. experience on continuous denitration of

UNH. Discussions were held with Messra. W, M. Leaders, J. H, Yager, R. M, Edwerds,
%. K. Teeter, A, E. Rushle, C. W. Kuhlman, R. E. Ferris, and J. C. Graham.

Mallinckrodt has embarked nn a program using X-ray diffrecticn Lo study U0 %n
an atisapl Lo better correlate crystal structure to reactivity. Discussiofis

betveen their persomnel and H.A.P.0. personnel who have been comnected with
this problem might prove fruitful. ®

During & trial period of sulfur activation (700 ppm. SO4) of UO,, the reduction
serew agitator was rendered unusuable by corrosion after 30 days of operationm.
Pictures of the agitator ars in the writer's possession. hd
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TABLE I

TEST I0TS OF COWFINUOUSLY PRODUCED
@ SENT TO K -25 FOR PILOT PLANT EVALUATION

Calcination Conditions: Feed point temp. = 290°C,

Discharge temp. = 300°C.
Agitator apeed = 80 rev,/min.

Run B - 184: Nominal 1200 ppm SO

Run B - 10: Nominal 3000 ppe 803

Drum No, 62 63 6h 65 T 80 81 82
Pounds U0O3  903.5 886.5 £23.5 931.5 8615 673.5 8855 839.5
8 ppm Skl 480 ko8

3&;’ 1088 1168 1080 1331

3. k.00 3.09 3 3h 3.83
Packed Denmsjty 4.26 .43  L,38 4,33 %36 bk K00 4,0k
Reactivity ‘1) 1,14 1,11 1.1% 1,12 1.29 1.31  1.29 1.2
Particle Site . L )
Thru 8 mesh 100 120 100 100 100 100 100 100
16 9.8 9.8 9.5 99.8 W9 99.9 9.7 9.8
40 99.3 99.3 99.8 99,2 9.k 9.1 9%., 99.0
60 85.7 93.2 93.0 93,7 83.7 6k.% 57.9 32.h
& 29.8 L3.h 87.9 27.6 25.9 8.6 Lt OL,2
100 16.7 37.1 43.2 12.2 17.3 b1 1.6 2.2
200 6.1 13.1 B.0 3.0 .1 2.1 .5 0.6
225 £.5 5.2 1.1 G G v a u
N ¢ 0.23% (2 0.39% (2
B. 0.47% ® 0.h6%
v 82. 82.62%
Al 5 e 3 pp
Ca 5 3
cr 2 5
Fe «50 <50
Nn 20 25
51 10 ® 10
st 10 50
Mo KD .11]
P o <100 <100
@
®
@) Reactivity determineu on zilled sample. o
(2) Chemicel and spectrographic date on composite susples.
°
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®
TABLE II

REACTIVITY OF TEST LOTS (F CONTINUOUSLY PRODUCED UO3

Reduction Conditions: 5%0°C. for 2 hr.

- ® Run B - 1841 Nominal 1200 ppm 80y

:- Hydroflourination Reactiyity

| Wt. Sample, Gm. Temp., °C.  <Tdime, Hr. % Reductiop &tto('l) ®

'\ 3 %10 05 @ 62.7 0.98

\ 3 ® 410 0.5 65.9 0.93

. 3 410 0.5 93.7 1,21

‘ 5 410 0.5 59.2 0.89

!i ® 5 k10 @05 82.9 1.06

! 3(2) 410 0.5 99.4 1.18

| 3(2) 410 0.5 98.8 1.19

‘l 3 t90 0.5 h?.z 1.29
3 % 015 970 lu&
3(2) ® % 0.5 99.4 0.89
3 228 0.5 gg.t o.3§(g)

0.5 . 0.1

2(2) 260 0.5 99.5 0.5853}

{

| RBun B - 39: Wominal 3000 ppm SO

| 3 110 0.5 100 1,34

. @ 3 10 0.5 99.2 1.29
3 410 0.5 974 1.32
5 410 0.5 99.4 1.29
@ 410 0.5 9.2 1.24
3(2) ¥10 0.5 1008 1.29

l ° 3(2) ¥10 0.5 99.1 128

| 3(2) 410 0.5 9.6 1.38

! 3 1490 0.5 86.0 1.16

| e 3o 490 0.5 78.5 1.13

. - 3(2) 490 0.9 100 1,25

\ P 222?) 0.5 93.1» o.gsig)
5 0.5 98.9 0.61

| 3(2) 260 0.5 99.9 0.66 3

, ®

1) Compared to Mallinck®odt Standard.
Y} Ground

€3) Compered to Hydrate Standard.
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