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ABSTRACT

It bas been experimentally verified that 0% tributyl phosphate will
not extract acld deficlent specles of vrenyl nitrate. Flooding throughputs
for the Mark I stacked clone contactor ranged from £00 ce/min organie at
zero aqueous to 60 co/min orgenic at 1950 cc agueous. A large electronic
vibrator of 50001b thrust was found somewhat inferior to pneumstic vibration
for compacting oxlde fuels into stainless steel tubes, Tests were started
on the use of fixed bed Cul oxidizers for removing hydrogen contamination
from helium gas streamg. None of the variables studied within thie pericd
affected an increage in particle size in the denitration of thorium nitrate
to produce ThCa. The rate of uranyl sulfate loadlng on nitrate eguilibrated
Iowex 21K sppears to be eszentially independent of the lpading sclution sulfate
concentration, The nitrie acid concentrations corresponding to maximum U0z-
Thez pellet dissolution rate were 15.5 M for Thorex solution and 15 M for
the adjusted Iarex solution. Two additional seml-continmous Sulfex declad
and Thorex core dissgplutions of prototype Conscolidated Edison fuel aesemblies
were made to complete the series of rune. The effective ares of cylimdrical
UDz pellets dissolving in nitrie aecid was estimated from experimentzl rate
megsurements as & function of the fraction diseclved. A prototype SRE fuel
rod was hydreulically expanded about 45 mils at 1300 psig pressure. Flooding
cepacities have heen determined for the compound extraction scrub columns with
the acid Thorex flowsheet. A controlled cold bath has been Installed for the
condenaation pressure analyzer to be used for UFg stream analysis. Tracer
studies with the 8-in. dia x 84-in. high weete caleination vessel showed the
s0lid depoaition pattern to be partly a radial growth from the side wall and
rartly & vertical growth from the bottom.
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SUMMARY
1.0 CHEMICAL ENGINEERING RESEARCH

Distributicn coefficients have been mesgursd for acid deficient uranyl
nitrate between weter and 30% TBP in Amsco. Measurements of pH of the agueous
Flases before and alfter extraction and stripplng showed that only neutral
{etoichiometric) uranyl nitrate was extracted. Feed solutions of from 550 g
U/liter to 30 g per llter from O to 0.3 mols acid deficlent/mol U were used.

2.0 FISSION PRODNCT RECOVERY BY SOLVENT EXTRACTION

Holdup, flooding, and crganic entrainment deta for Mk I stacked clone
contactor with the system Amsce - 0.08 M HNOs show total boldupe of 50 to
27k ce for five clone steges end de-entrainer over mgueous rates of 52 to
1950 ec. Flooding throughputs with Amsco range from 600 cc/min organic at
zero esguecus to 60 ce/min organic at 1950 cc agusous.

3.0 FUEL CYCLE DEVELOPMENT

Eleven runs made with en impact, ailr driven piston type vibrater gave
ThOz-35.4 wt % U0z densities of 8.5 to 8.9 g/ce in 2 ft length of 3/8-in. o.d.
stainless steel tubes. Use of nsrrovw size fracticons or careful premixing of
the fractions prior to lcoading the tubes does not appear to be as important
to obteining high compacted dansities as originally Indiceted. Use of a large
electronic vibrator of S000 b thrust gave densities of 8.23 to 8.5)1 gfec or
8.38 g/cc aversge while additional pneumetic vibration of the seme tubes give
densities of 8.50 to 8.7% gfce or 8.63 gfec average.

4.0 GCR COULANT CLEAN-UP STUDIES
Test of the fixed bed Cul oxidizer was started, using e hydrogen
- contaminated helium gas stream for the irnitiel test ges. The oxidation of
the hydrogen by the Cu® was 95.0 to 99.5% complete at & bed temperature of
approximately 440°C and bed depth of 1/% to 1/2 inch.

5.0 HR THORIUM ELANKET STUDIES

Exeminetion of veriables which might effect an increasze in the flame
denitration product particle size from the previously cobtained 1 to 2p to
the desired 5 to 10p dim bas continued. None of the variebles within the
rapges studjed shows promise of yielding this increesa. (se of Ha( in place
of CHaOH as the feed solvent or of Hz in place of (z-Calls as the atomizing
gas shows no effect. The aversge die incrsases from within 1.0 to 1.6u at
1500°C to within 1.4 to 2.0 at S00°C.

- 6.0 ION EXCHANGE
The rete of uranyl sulfate losding on nitrate equilibrated Dowex 21K
appears to bhe essentially independent of the loading soluticon sulfate concentra-

ticn end corresponds to an apparent urenium diffusion coefficlent of 1.6 x
10-7 8g cmfsec. Thie lack of dependence on sulfate concentretlion i1s probebly
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due to the relgtively high mobility of the sulfete ion. Nitrete elution of
1200u Dowex P1K gave an appsrent urenium diffusion coefficient of approximately
2 x 1077 gq om/sec, snd chloride elution gave an apparent coefficient of
approximately 4 x 1077 &q om/sec.

T.0 POWER RRACTUR FUEL PROCESSING

Darsx-Thorex

Using a dilssoluticon tachnique for Uz-ThOz pellete vhereln a batch of
diseolvent 1= continucuely recirculsted hetween & refluxing dizsclver snd a
well-mixed external reservolr, dissclvents coataining 13-15 M HNOj,

0.04 M F and 55 g S8/liter gave average diseclution rates from 8-b5% higher
than the Thorex counterparte containing 0.1 M Al in place of the dissclved
stzinless steel. With the 535 diseolvent 15 M HiOa produced the higher ratie
while in the Thorex enlution the higher HNOg [15 5 M) produced the higher
rate.

Snlfex

Two additicnal eemi-continuoue Sulfex declsd snd Thorex core dissolution
of prototype Consolidated Edison fuel assenblies were made which completes
the serles of rung that were mede for the purpose of determining reaction rates,
dissolution rates, declad time, product loading, cross contaminations of the
elad and core dissolvents and its effect on passivation, snd thorium and uranium
logsees to the declad golution. Additional dets resulting from these yuns show
that:

a. thorium loeses to the declad solution in the precence of a heel was
0.2% as compared to 0.08% in the sbsence of a heel,

b. neither boron or sdﬁium.are lost by wolaetilization or precipitste
during core dissolution,

2. besad on the resulte of one run, dissolution of the cled started
jmmedigtely when the decled dissolvent was "spiked” with 0.1 M HCOOH,

4. the semi-continuvous core dlesolutions plus a 23 hr batech dissolution
of the heel (3.6%4 of UDp-ThOz charged to dissolver) resulted in 99.98%
dissclution of U0z-ThOz pellete charped.

Mechaniecal Processing - Leaching

The effective area of cylindrical U0z peliets disselving in nitric scid
wag estimated for experimentsl rate measurements as o funetion of the fractiom
dlzsolved. The results can be approximated by the equation:

A
ER =1 4 WTx® - g2x® 4 Byt
o

by T
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where A = area of initial cylinder {B/L ~ 1)
ﬁp = effective ares of porous, partislly disszclyved pellet
X = Traction diseolved, by welight.

SHEE Dejacketing Studies

Initial operebility teste were succeseful on the equipment for dejacket-
ing the SFE, NaK tonded, stainlese steel clad uranivm fuel rods. A prototype
fuel rod wae hydraulicmlly expanded ~45 mils et 1300 psig preesure.

8.0 SOLVENT EXTRACTION STUDIES

Work wes started to evaluste the flow capacity amd stage efficlency of
pulise columns es a functicn of opergting variebiles and certridge design for
the acid Thorex flowsheet. Maximom capecity for a compound extracticon scrub
column with sieve plete cartridges (0.125-in.-diam holes, 23% free area} vas
1030 GSFH for aguecus=-continuous cperation apd 1690 GSFH for organhic-
coptinuons operation. Maximum cepscity in the compound extraction scrub
column with a nozzle plate cartridge (0.125-in.-dis holes, 10% free area)
was 14800 GSFH. Meximum capacity for stripping columns opereted orgenic
continuous was 1290 GSFH for sieve plate cartridges and 2280 GSFH for
nozzle plate cartridges (0.188-1in.-dia holes, 23% free area). For egueous-
continuous operation, 1t was 1290 GSFH for sisve plate cartridge and 2080
GSFH for the nozzls plate cartridege.

9.0 VOLATILITY

UFg Stream Analysis

A CPA (condensation pressure analyzer) has been installed for test.
Aceurste analysis requires that the capillery in which condensetion oceurs
e held st 2 constant temparature. A cold beth controllsd by the volums
chsnge due to freezing a liguid maintained s tempersture of 0°C + 0.001°C
with Hz0 and «22.8°C + 0.2°C with CClg as the.liquids.

Moving Bed Absorber Test

The effect of loeding the HaF bed with HF wee Investigated. Discherge
pressure increased from LO to 140 psig. The sorption pattern in the bed
vas determined by a thermocouple array.

10.0 WASTE FPROCESSING

In an 8-in. dia by S4-in. high vessel, synthetic Purex waste to which
caleiom hydroxide had been sdded was evaporsted snd celceined at an averege
feed rate of 16 liters/hr. Injectlons of Cr-51 and Nb-$5 tracers in the
feed stream showed the solid deposition pattern to be pertly & radial growth
from the side wall and partly a wverticAal growth from the boitom.

254 0B




8-

Equipment development was begun relative to the remte compection,
dizconnection and removal of caleiner wveseels in a pilot plant for high
lavel wastes. A tool consieting of a long-handled socket wrench which
rotates to the bolt positlons wae developsd for attaching and removing
flang=s remotely.

An air stream bearing Cr{lDa)as aercsole contalning Cr-51 tracer vas
complately decontaminated by passage through a 3-in. dia packed distillstion
tower 10 £t high over a range of vapor compositions of 0.30 o 0.95 mol fraction
gteam. In the absence of the steam in the vapor phase decontamination factors
below 10 were measured.

: 4%y l:ﬁ- {}9
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1.0 CHEMICAL EWGINEERING RESBARCH
A. I Mn

1.1 Extraction of Acid Defieient Uranyl Nitrate hy 3% TEP in Amsco - C. V. Chester

Information on the nature of the extrecting spacies in Acid daficient
uranyl nitrate eclutione wns desired and, in particulnr, if an ecid deficlent
species could be extracted.

pH Measurement. Sinece uranyl lon hydrolyzes, a convenient method of
Tfoliowing the acid deficiency of 8 solution is by pH measurement. Acid
deficient solutions of uranyl nitrate were prepared by dissolving U0z in
elther neutral uranyl nitrete solution (series 0, 1, end 2) or in nitric
acld (series U-0, U-1, U-2, end U-3}. The peutral urenyl nitrate was pre-
pared by careful recryetallizetion from water. The pH of solutiobs so medse
up 1g plotted apgeinst concentration in Figure 1.1, 4cid deficlency is
reported per wol of uwranium, rether then per liter of solution, as the
solutione of g series were prepared simply by diluting & concentrated stock
soluticn. A cross plot of pH nomipal acld deficiency 1e zhown in
Figure 1.2. The solutione 0.156 and 0,200 mol acid ﬁeﬁcientfml U do mot
have pH's consistent with the other soluticns. In the case of the 0.156
golution, it is probably an error in malking up the solution. In the case
of 0.200, there may have been enough Ualp In the Q5 to account for the
difference. These curves will be checked using & smperior neutral uranyl
nitrate prepared by vacoum desiecation.

Extraction Studies. The aquecus solutions so preparsd were extracted
by an equal volume of 30% THP in Amsco. The feed, raffinate, and extract
were analyzed for uraniuvm potentiometrically. The pH of the feed and rarffinate
were meazured oh & Beckman pH meter. The dats are prepented in Table 1.1 fer
series O, 1, and 2. The pH reletions of the feed and raffinate pre shown
graphically in Figures 1.3, 1.4, and 1.5. The raffinate i& usuvally more
acid deficient than the feed, indicsting that the scid deficient specles is
lass extractable. The exception ie series 0, where the raffinate iz more
acid than the extract. It iz felt that thie 18 5 spuriocus result, poselibly
cauged by solution decompoeition.

1.2 Extragtion and Stripping Studies

In gsaries U, esolutions were made up by diseolving U0a in nitric acid
solutions preparsd from 15.75 N reagent grade HNOs. The stock solutions
vere used to prepar= a series of diluticne used for the feed splutions. The
feed was extracted with an equal volume of 30% TEP, and then the organic wes
stripped with an equal volume of distilled water. All phecee vere sampled
for potentiomstric urenium analyeis, end pH of the mqueous pheee ves measured
at each ptep. The dets are presented in Table 1.2. The pH relations of the
fead, raffinate, and strip solutions ave shown In Figures 1.6, 1.7, 1.5, end
1.9. Series U-0, showm in Fligure 1.6, wae intended to be neutral. It turned
out to be slightly scid, indiecating e slight error in weighing, or more
likely, in pipetting. The relation of the feed, raffinste, and etrip,

EA i 284 10
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Table 1.1. l=-stage Extrsetion of Acid Deflelent

Uranyl Nitrate by 30% in Amsco

Hun Feed . Raffinate Extract,
g/liter FH g/1iter PH g/liter ~
Series 0. HNominally nesutral. .
0-10 612.15 0.15 hoo.1 0.45 122.3
0-8 4o6.1 0.48 7.5 0.88 118.3 .
0-7 Yoo, 58 0.70 308.3 1.09 116.3
0-6 262,78 0.90 253.3 1.32 116.5
0-5 20459 1.12 156.2 i1.52 109.6
O-4 250,24 1.38 143.2 1.7 8,37
0-3 179.20 1.64 97. 76 1.91 82.57
0-2 120,32 1.92 £1,.06 2.04 58.03
0-1 58.80 2.29 32.25 a.26 26,14
0-0.5 30.33 2.58 20.26 a.4o 775
Series 1. Nominally 0-325 mols acid deficient/mol U.
1-10 356 2.10 a52.2 2.50 169.3
1-8 284.8 2.0k 187.4 2,72 98,98
1-7 248.6 2.36 155.3 2.80 96,89
1-6 210.8 247 137.7 a.89 80.43
i-5 175.8 2.57 108.6 2.99 65,43
1-L k3.4 2.66 85.71 3.10 $7.15
1-3 107.1 2.79 65. 1k 3.18 41,13
1-8 70.83 2.95 45.66 3.25 25,65
1-1 35-27 3.18 25.97 330 9.34
1-0.5 18.57 3.31 15.37 3.3 2.75
Series 2, HFominally 0.156 mols scid deficisot/mol U.
210 336 1.84 227.9 2 7
2-8 Q68,5 2,05 169,32 2
2-T 235.6 2,19 141.5 2
2-6 201.6 2.28 124.2 2
2.5 169.2 2,40 94,98 2
2-4 133.6 2.53 T9+33
2-3 100.1 2,66 57.03
2-2 67.56 2.80 b0.h1
2-1 33.06 .01 23.32
2-0.5 16.7h 3.15 13.65
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Table 1.2. U=-Series - l-stage Extraction snd Stripping of

Acid Deficient Uranyl Nitrate by 30% TBP in Amgco

Stripping -
Extraction Lean
Fun Feed, Raffinate, Extract, Strip Solution, Orgenie,
g/t pi g/ £ pH &/ & g/ pH gl -
Seriee U-0 - Nominally ©.01 M excess HNOa/mol uranium
U-0-10 553.2 0 Ki.3 o 121,1 62.63 2,08 57.86
U-0-8 LT 0.08  331.0 0.33 118.3 60.% 2.08 57.10
U-0-T 30.8 0.22 277.2 0.50 115.7 £9.21 2.09 56,49
U=0-6 336.5 0.4 222.6 Q.71 113.5 57.81 2.10 54.T6
U-0-5 284.2 0.63 1704 0.90 108.0 54.30 2,12 51.04
U-0-k gz2.h 0.87 127.11  1.10 9644k 49,19 2,17 46,37
U-0-3 166.4 1.10 &r.20 1.32 T8.36 y1.38  2.22 36,37
Ua0-2 110.5 1.38 55.60 1.58 5h.18  31.61 2.30 23.T1
U-0-1 55,21  1.83% 30.45 1.91 24 bl 16.95 2.50 6,497
U-0-0.5 27.kg  2.17 18.49 2.20 6.50 7.631 2.75 1.180
Series U-1 - Hominally O.0667 mols acid deficient/mol urenium
U-1-10  557.4  ©0.%9 b47.5 0.98 118.3 62.2¢ 2.05 57.54
U-1-8 7.0 0.88 351.8 1.32 115.7 62.00  1.77T 54.03
U-1-7 390.8 1.08 280.3  1.5h 11k.4 60.7% 1.75 53.38
U-1-6 A%3.2 1.27 224.2 1.75 1ns.2 57.31 1.85 53.17
U-1-5 279.6 1.7 177 1.93 105.0 54.30  1.84h  so 44
U-1-k az2.1 1.66 129.9 2.12 92.57 4.96 1.8k 44,50
U-1-3 166.5 1.88 90.03 2.35 TA. 41 L0.80 1.8k 34,53
U-1-2 112.2 2.11 57.36 2.51 5h.13 29.04  1.97 20.23% -
U-1-1 55.02 2.46 31.63 2.68 21.60 16.50  2.25 b.550
U-1.0.% 27.91 2.70 19.31 2.7k 3.0l 6.7T1% 2.27 1.062 .
Series U-1 - Checke of decomposed solutions
U-1C-10 550.8  0.s8 k32,2  0.96 119.7 81.70 2.25 5842 .
U-10-6  326.6 1.28 21b.2 1.75 110.6 §E.TT 2.27 5%,63
U-10-5 270.4 1.46 161.6 1.9% 100.5 g2, 66 2.28 49.63
U-10- 224,22 1.68 126.9 2,12 93,59 47.16 2.32 k42,52
Serfes -2 - Nominelly 0.133 mols acid deficient/mol uranium
U-2-10 556.% 1.06 b2k 1.39 119.6 62.24 2.26 S57.33
u-2-8 e g 1.31 331.5 .73 118.1 £0.38 2.27 57.36
u-2-7 3ge.1 1.h5 2.0 1.91 115.7 55.33 2.28 55.h9
U-2-6 33,9 .64  207.8 2.00 111.6 58.97 2.2¢ 5L 62
U-2-5 280.9 1.80  176.5 2,28 101.1 gh.32  2.31 hW7.24
U-2-4 227.3 1.97  132.h 247 g92.56 4816 2.37 W72
U-2-3 167.8 2.19 86.26 2.6l Th.Th 39.97 2.42 33.25
U-2-2 111.6 2.0 c6.068 2.8) 50, TT 26,50 2.53 21.40
U-2-1 ce.43  2.66 32,12 2.9h 23,75 15.82 2.71 c.307
U-2-0.5 27.21 2.8 13.09 3. 02 10.3%6 7.155 2,91  0.759
centinued
o4 1Y
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Teble 1.2 {Comtinued)

Extraction Stripping

Lean
Fur Foad Faffinate, Extract, Strip Solution, Organie,

™ ot e o gl 4 gl 4 pH g/t

- Series U-3 - Hnminaliﬂho.EUO mole acld defieient/mol uranium
U-3-10 552.6 1.33 A 1.65 118.5 61.82 2,12 56.83
- U-5-8 W71, 1.62  326.h 1.98 115.4 £9.23 2,12 56.28
U-3-7 388.6 1.78 219.9 2.13 L s8.h2 2,12 52.00

g

U-3-6  =27.6  1.92 228.2 2,31 | 108.6 55.28 2,14 52,81
- U-3-5 260.6  2.07 176.1 2,51 99 .60 c1.27 2.19 A7.3
Un3-I 220.5 2.26  133.5 2.68 &7.36  ks.h6 2,20 hW0.BY
U-3-3 166.4 242 93.70 2.81 66.35 37.07 2.28 =#1.80
DuBa2 109.9 2.63 é2.95 2,98 LE,30 27.84 2.33 19.89
U-3-1 oh.43  2.88 .17 3.1 20.10 14,86 2.62 .58
U-3-0.56 26.88 3.10 20.11 3.17 T.58 6. 2.86

h 264 18
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indicetee that uranium is more extractable than sacid, and that a little scid
extracts, vhich we already ¥new. Series U-1, U2, aml U-3 are more interest-
ing; these seriss were definitely acld deficient. The raffinates were even
more meid defielient. However the strip solutione, when prepared guickly,
were guite nsuiral, indicating thet the extracted species iz the neutral
uranyl nitrate.

Upcn standing, the orgamic solutions were cobeerved to slowly darken,
turning more orange after a day or so, end precipitating e black solid,
presumably UsOg, after 1 to 4 days, depending on solution strength and acid
deficiency. Berles U-] organie was peymitted to etend for twe days before
stripping, and darkening was observed. This and the scattered pH's indicated
decomposition, s8¢ U of the solutions were rye-run, with prompt stripping.

The results in Flgure 1.7 shovw clearly the effect of the decomposition of
the solutions permitted to stand. The precise neutrality of the checks is
aleo apparent.

Series U-2 was also run quickly, snd the strip sclutions are guite
neutrel, In seriee U-3, the strip solutions are very slightly acid, although
the orgenic was allewed to stamd only & few hours. This guite zcid deficient
gselution is very unstakle, producing precipitates after only one day.
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2,0 FISSI0N FRODUCT RECOVERY BY SOLVENT EXTRACTION
A« I Byon

2.1 Stacked Clone Contactor - W. M. Hoods, G. Jones, Jr.

Frocessing of radicactive fuels by eclvent extraction subjects the
solvent to radiation damage. Minimizing the contact time of the solvent
per theoretical stege would reduce the damege to the solvent. This requires
a contactor of high efficiency end low heoldup tine. The stacked clone
contactor hag promise of meeting these requirements. The physicel dezign
and principle of cparation of the stecked c¢lone contactor have been previcusly
reported* together with preliminary eveluertione of gtage efficiency. The
present report presente data on flooding, crganic eolvent entrainment with
the agquecus underflow, and on orgenic seclvent holdup under a wide range of
conditiona of gpexations.

2.2 Flooding and Holdup Dats

Flopding runs were medas using five clone stegee and top de-entralner
gection. The organic solvent wae Ameco. The mquecus feed wae 0,00 M HNOs.
Urganic feed in most of the runs wee to the inlet port of the lowermost
clone, i.e., feed was introduced along with the gtage recycle gtream. A
few check runs were mede in which the organic feed was, introduced into the
inlet port of the next stege sbove the botiom, leaving the Wwotton stage in
place with recycle pump running. The flocding curves ignoring entrainment
were identical in these cases.

Flooding pointe were determined by setting and meinteining an agueous
feed rate with a seguence of ilneressing organic retes. At each organic rate
note vas made as to the condition of the contactor, i.e., fleoded or not
flooded. The organic flow rate at the flooding point wes brecketed within
5% of lees in this way. Because of the relatively low organic inventory in
the stacked olone contactor an incipient flooding confiticon is guite apparent
wvithin s minute or two. Howsver, rates were held constent for st least five
mnrtes, or until a ¢lear-cut flooding condition was seen.

The onset of flooding in the stacked elone coptactor took two forms.
At aguecus rates balow about 1200 co/mn fleoding started with en eccumlation
of polvent in the clone second from the top. The distinet organic vortex
gsurrounded by a much clearer aquecns region obeerved at operating through-
pute was lost, the whole clone being filled with an opaque dispersion.. This
sondition progressed down cascade stage by stage, and finaily resulted in
gross entrainment of solvent with the agueous outflow.

At aguecus rates avove about 1200 ce/min, flooding began at the organle
foed stage (bottom or next to bottom clone) with immediete entrainment of
eclvent out the undsrflov port of the feed etage.

¥ Unit Operations Section momthly report, September 1553, CF 59-9-69.

264 24



~2h - .

Total solvent holdup of five stagee plus top de-entrainer wae measured
at varicus agueous and solvent rate comblnations by fixing the ergenic inlet
and agquecsus outlet rates end band-contrelling the interface in the top de-
entrainer by regulating aguoeue input. When the system had stabjlized mll
inlet and cutlet etreames were shut off, end the total selvent holdup wee
measured by bringing the Interface 1o its original level, by introducing
aquecus feed, the sclvent overflowing et the Jack-leg being caught and
meagured.

Maure 2.1 shows the flecding curve and total holdup contours for fiwve
steges plus top de-entrainer over the entire range of cperable Amsco and
0.08 M HNOn flows. As compered to similer data previously reported for the
same contactor with Bupersol in plece of Amseo, flooding cocurs at lover
throughputs apd sclvenmt holdup is somevhst higher &t compsreble flow rates.

Dats are not yet available for separating the individuel stage solvent
holdups from tbat of the de-entrainer for the Ameco—Q.,08 M HNOs system.
Howaever, detms on Supersgl and observation of the cperating equipment suggests
that the holdup 15 roughly equally divided between the five clone stages
with pumps and the top de-entrainer.

Figure 2.2 is a plot of the raw flooding datz before correction of the
erganlc flow to account for entralmment of ocrganic with the agqueous. At
extreme A/Q a5 well a5 at high eguecus rates the entrsloment of organic
with the agueous represented a elgnificant proportion of the crgenic input,
and correction must be made. Pigure 2.1 has been corrected to a throughput
hasia.

The flooding data for the Supersel—0.08 M HHOs system 1s alsc plotted
on Flgure 2.1 and Flgure 2.2. Entrainment data on Superacl are oot evailable
to sllow correction, but it 15 apparept that the behavior of the twe solvents
ie quite different.

Figure 2.3 is a plot of total organic holdup in five clone etages plus
de-eptrainer as a function of organic and aguecus throughput. The fact that
the lines converge and cress indicates that the holdup is relatively insen-
titive to aguecus throughput at low organic throughputz. PFor example, In
the region around 75 cc/min organic throughput the holdup varies froem €0 co
te 120 cc total over an sgueous throughput renge of O to 1720 cc/min., Thie
same informeticn has been croesplotted to Plgure 2.1 as holddup contoure cn
the flocding data plot.

2.3 Organic Entrainment with Aguecus

The organic entrained with $the agueous wae meapured Yy taking 250-ml
agqueous samples in volumetrie flesks during the course of the holdup runs,
allowing thess to stand overnight and comlesce, and then "titrating" these
with water to bring, first, the organic inierface, snd then the organic-
water 1nterface to the llne.
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Table 2.1 and Figure 2.4 present thesge data. It will be noted that volums
per cent of organic in the samples of aqueous is less then 1% except at the
highest agueous throughput. However, st very low O/A a small per cent of
entrainment on the hasis of thes squecus flow repreeente a considerasble portion
of the organic fed. This effect becomes apperent toward the bottom of the
lagt column of Table 2.1 which shows the entrainment ae a p=r c¢ent of organic
fed. It should be noted, however, that no stiempt was made in any of thess -
teste to return 'the entrained crganic to the contactor and make 1t go up
cascads. The agueous outlel arrsngement 1s essentlally a pipe of clone wnder-
flow diameter. Even at the very highest entraiomente showm in Tshle 2.1 -
the flow rates thers shown are steady state conditione with finite through-
puts which could be run indefinitely. Arvangements will e trizd to ksen
the now entrained organiec in the column by employing one or two clone
clarifiers below the organic feed point.

The entrainment of agueous with organic weas very émall under &ll
conditions tested.
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Table 2.1. Tobtal Amaco Holdup and Amseco Entrainment with

the Aquecus (0.08 M HNOs)

Five Stapes and De-Entrainer—Organic Fad to Bottom Clone

) ' Entrainment _
Aguecus Organic Total ¢c AMEcO per Amaeo Vol % Amsea Entrained
Input, Input, Holdup, 250 cc Agqueous of Aguecus Yol % of
ce/min  ece/min oo Outlet Stream Outlet Stream Organic Fed
8z 305 19k 0.30 0.12 0.03
8L 480 280 0.10 0.0l 0.07
2k 78 11& 1.00 0.40 1.25
24t 214 157 Q.60 0.2l .18
ah3 365 235, 0.58 0.2% 0.16 .
2lk AT 256 0.90 0.36 0.22
SO0 115 120 0.61 0.25 1.07
500 200 17h L.00 0.4o 1.00
SO0 535 2ho 1.56 0. 83 0.93
840 5k 48 1.00 040 6. 21
850 T84 55 1.28 0.51 5. 60
830 176 157 1.36 0. 54 2.56
840 230 191 1.35 0. 5h 1.97
840 315 o2 1.27 0.51 1.36
1160 ST T6 1.30 0.52 10. 60
1160 109 129 1.45 0.58 6.18
1170 133 139 1.32 0.53 h.66
1160 272 269 1.80 0.72 3.10
1320 80 g6 1.50 0.72 9,90
1320 136 143 1.55 0. T4 .00
1300 240 27k 1.65 0.9% h.22
1580 100 157 2.40 1.b43 15.80
1580 133 160 1.90 0.95 16.00
1720 53 59 1.6¢ Q.76 20. 70
1760 138 170 1.75 3.07 33,95
1720 207 225 1k.20 6. 75 WT.10
1950 £ 155 2.50 1L.00 28,50
1950 115 150 6.97 2.80 47,20
1950 1T 168 11.95 L.78 &, 05
1960 52 152 2.15 0.86 32,50
1960 65 - 2.10 0. 8k 25,40
1960 160 17O 3.40 1.76 21.50
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3.0 FUEL CYCLE TEVELOPMENT
P. A. Hess

In order to develop recyocle procedures for the fuel and fertile materlals
used in power reactors, studies are being conducted on fuel element fabrica-
tion procsdures economieally sdaptable to remote operation. The initial
emphesis is on vibhratory compaction af ThOp or ThOa-Udz for applieation with
the UP3%.thorium eyele. Mixed, sized fractions of high density ThOa or
ThOz-z powders are loaded in single stajnless steel tubes and vibrated
using standard compercial equipment in order to correlate the conditione
and results.

5.1 Pneumatic Vibrator Compacticon Studies - 3. D. Clinton, W. 5. Ernet, Jr.,
J. W. Enider, R. D. Arthor

Eleven runz were made with a "BH - 1-1/4 inch impmct type" NAVCO
vibrator in an affort to ineorease the compacted density of fused thoria-
urania powders in stainlese steel tubes (Table 3.1). The vibreted bulk
density of the oxide powdars in 3/8-in. dim tubes (2 ft long) varied between
8.5 and 8.9 gfec. The variation in the vibrated densities can partially
be attritmted to such factors ae the degree of premixing of the different
particle gize fractions and the uneertainty of lpading the tubeg uniformly.
However, 1t appears from the results in Table 3.1 and in the Unit Operations
March monthly report, a high impact, low frequency vibrating mode is apparently
an effective meang for compacting powders in long tubes.

The particle gize distribution of the fused oxide hee been a variable
0f major interest, bowever, from the resultaz of Table 3.1 the uge of narrow
gize fractions may not be a2 necsssary ac wae previcusly thought. Run 2ha
is an exemple of a size distribution including material lees than T4 and up
to 3580 mlerons; and, although the eize distribution shows four peaks over
this range, thiz run may indicate that high vibrated densities can be obtained
with broader particle size ranges. The fine fraction in run 294 was ball-milled
for 24 hours vhich should have given a smaller mean particle size. This
particular run vibrated to a density of 8.8k gfee as compared to = wibreted
density of 8.56 gfee in run 30A in which the fine fractich was not ball-milled.

Run 20E wag made to study the effect of particle shape on the vibrmted
density. The fused oxide particles for the coarse fraction (-10 +1ﬁ BUTEET
giza} were "hand-picked” in order tc¢ eliminate any irregular shaped particles
wvhich might cauge unneceggary bridging. The vibreted density of this run,
howvever, did mot show a significant increase.

The tubhes were Tilled by pouring the fused powders through a funnel with
the vibrator minning. FRun 214 was made vith no premixing of the coarse,
medium, and fine size fractions, apd apparently sufficient mixing took place
in the 3/6-in. tube to glive a reasonably high bulk density (8.52 gfee). FRun
255 was unique in that the fused oxide powder for losding was msde into five
identical batehes of b0 g esch. Eaeh bateh was mixed and loaded saparately
into the eame tube such that the net result was 200 g of cxide vibrated to
8 bulk density of 8.86 gfce. A vibrated density for eash loading gave a
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Table 3.1. Bulk Densities of Oxlde Fowders Compacted in

Tubas by Mesps of Ppsumatic Vibrstion Equipment

Condittons: The oxide powders were vibrated in 3/8-in. stainless steel
tubes (2 £t long snd 35 mil wall thicknesses). The tubes
werg clamped at the base by mesns of a Svagelok o pipe
connector. All of the runs were mede with & BH - 1-1/U4 inch
NAVCD vibrator at a frequency of 77 oveles per sec. Runs 18.8
and 19-A were made with fused ThOz while the rest of the rums
were made with fused ThOp-3.4% wt % UOz.

Vibra-

Run Wt % of U,5. Sieve Fractione tion Vibrated

Ho. Coarse Madium Fine Time Deneity Comments

wt % Fraction wt % Fraction wt % Fraction min giee

18 60.1 1016  15.2 TOf100  £5.0 =270 10 8.52

198 58.0 10f16  15.2 707100 26.8 -200 10 8.bo

208 S8.0 10/16 15.2 T0/100 26.8 -200 10 8.5  The coaree particles
were heand pleoked.

21 58.0  10/16 15.2 70/100 26.8 ~200 10 8.52  added comrse, medium,
and fine fractions
vith no premixing

oha 24,5 612 27.2  8/16 0.8 .200% 10 8.86 1 ft length wae seal
welded and given to
D. E. Ferguson

254 65.0 10/16 20.0 To/LO0  15.0  -200 10 8.53  Static load applied
to powder during this
i and all suceesd-
ing rmme.

25 58.0 10/16 15.2  f0fi00  26.8 -£00 8 9.05 Five 40 g lots of feed
were mede up and added

58.0 15.2 26.5 8 8.8 individuslly to the

58.0 15.2 26.8 8 8.81 eame tube. A etatic

load wae applied afte

58.0 15.2 26.8 8 8.8 each powder additinn.g

£8.0 15.2 26.8 10 8.86

26A 59.5 10/16 15.9 35/10 248 200 3 7.0  hdded 90 g out of &
200 g powder batch to
the tuba.

10 8.90  Added the remsining
pawdﬂr-b

28A 6L.2 1016 1.3 16/70 3K 200 13 8.93 b

agh 58.0 10/16 15.2  f0f100 26.8  -200 10 8.6  -200 fraction wese
ball-milled for 2L hrs.

13 8.8y b

300 58.0 10/16 15.2 70/100  26.8 -200 16 8.33

) 13 8.6 b
a. Remaioder was Li.9 wt % of 40/70 fraction.

b. Statle loads were EppliFﬂth ineertion of a 1/4%-1n. dia rod tapped by weights.
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variation of + 1 to 2 per cent at the varlous powder depths in the tube.

Fun 264 was made by adding 50 g of = premixed 200 g loadilng to & vibrating
tube, measuring the bulk deneity, and then adding the rematinder of the fused
oxlde to the tube. The vibrated density afier adding 90 g to the tube was
only T.60 gfcc, however, the butk density increased to 8.90 gfcc after pourlng
the entire 200 g hateh into the tube. The variation in the two measured
densities indicates a high degres of segregation while pouring the powder.

A static load was applied to the surface of the fused powder by means
of a lfh-in. rod tapped by & weight during run 25A and all the sueceeding
runs shown In Table 3.1. Huns 294 and 304 hest I1Ylustrate the effect of
the static loading. For these two runs a static load was applied to the powder
only during the last three minutes of vitration. The bulk denelities with no
load applied were 8.89 and 8.33 g/ce, while the final vibrated densitiee of
runs 294 and 304 were respectively 8.84% and 8.56 g/ce. Although any applied
load ahould be transmitted only a few inches into the powder depth, the
increase in dAensity of approximately 2 per cent Iin runs 294 and QA appears
directly attributable to the statlic loading sn the powder.

32 Electronie ¥Vibration Compaction Studieas

The Army permitted the use of an electronic vibrator st Redstone Arsenal,
Huntsville, Alabama, on Mareh 31 and April 1. This gave an opportunity to
compare an electronice sha¥%er with pneumatic devices now belng used at ORWL.
The electronic sheker system used was composed of the following units:

Shaker - MB Model C25HB rated at 5000 pound thruet with a 75 pound
armature.

Amplifier - Ling Model PP 40/40 rated at 40 kw.

For this study the mixed fused ThOo-3.4% wt % U0z grain was used. The
particle size distribution of the grain used waa the ssme &5 that employed
in prior experiments at ORNL which was S8 wt %, 10/16; 15.2 wt %, 70/100; |
and 26.8 vt %, -200 mesh. Twelve separate batches were made up each conslst=
ing of the above particle slze distribution. The batches weighing 200 g each
were loeded into 2 It long tubes and two welghing 500 g e=ach were loaded into
5 ft long tubes. The loading wes by slowly pouring the material inte s tube
vhile it was beling vibrated. This loading operation took one minute for the
2 £t tubes and two minutes for the 5 £t tubes. The denaity of the material
after loading is shown in Table 3.2. Rods were inserted into the tubes until
the rod rested on the material apd were locked in place with a Swagelok
Fitting. This technique was employed 20 that spillage would be minimized
and the inltlal density maintained during the trip to Huntsville by auto.

Various vibrating conditions wsed at Redstone and the densities obiained
are glven in Table 5.2, It was found that the maximum density, 8.5 gfcc, wes
obtained for both m 2 £t tube and 5 £+ tube when a dietorted aine wave input
waz used. Figure 3.1 shows the acceleratlion versus time for the armature on
which the fube was mounted. The §.5 g/ce compares with 8.9 g/ce obtained
In eimilar tubes by using pneulmtic devices.

r




3k

Table 3.2, Electronic Vibrator Conditions and Resylte

Eleciron-
- icallyh Poeumat -
Tube Accelera- Displece- _ loaded® Vibrated ically®
FPun Lenogth tion ment; Frequency Wave Density Density Yibrated
Mo. £t gees mils cycles/sec Form gfce g/ ce Density
2 2 60 0.2 2000 Sine 8.33 8.29 8.62
3 2 b6 . ' 1.0 943 Sine 8.32 8.26 -
4 2 50 160 : 17 Sine B.37 7.9k 8.26
5 2 50 & 370 Saw-tooth 8.3k 8.37 8. 50
& 2 L8 10 290 Saw-tooth .40 RN 8.69
T e 19 150 Lo Saw-tooth  8.38 - 8.40 - 8.75
8 2 29 - (50-1000)° Randon - 8 -
: noise T
g 2 10 - {50-1000) Random B.30 8.34 8.62
: _ ' noise
10 2 20 - 90 Mstorted  8.4b 8.51 8,56
eins .
11 2 20 - 66 Iietorted &,3h 8.23 8.70
_ Eine '
12 5 . 20 - 195 Ietorted 8.21 §.s52 8,62
: gine
15 5 10 - 195 Distorted 8.23 B.43 8.60
gine
a. One minute vibration for 2 rt tubes and 2 minute vibration for S ft tubes while
grain wag poured into the tubes. '
b. Vibrated for 10 minutes. _
c. Ten minute vibretion after returning to ORKNL with BH - 1-1/b-in. vinrator.
&. The natural freguency of a 3 £t section of tube; this was believed close to

the natural frequency for p 2 £1 tube.

All freguencies outeide of thie range were removed by filters.
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Fig. 3.1. Oscilloscope trace of acceleration vs time of a distorted sine wave input signal.

trace is from velocity pickup mounted internally to armature.
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A pure eine vave input had a terdensy to decrease the loaded density
{Table 3.2) and the eav-tooth, Figure 3.2, end random noise wave forme had
little or no effsct on density. There were no grose affects attributable
to differences in meceleration or frEquency, except at low frEquEncieE where
the dieplacement was largs. :

The seme tubes were returned to CRFL and vibrated for 10 winutes with
the BH - 1-1/4-1n. HAVCO vibrater. bensity ineresees of from 0.1 to 0.5
g/ee oceurred over that schieved with the slectronic vibretor. The gveruge
~ density of nine tubes, excludiog run 4 which sppesrs to be an unususl one,
after electronic vibration wes B.39 g/cc and the same tubes efter pnenmatic
vibration had a density of 8.63 g/cc or an average increase of 0.2h g/ec.

A2 ft tube, run 7, and a 5 £ tube, run 12, wvere cut open for measure-
ments of densitiee end perticle degredstion (Teble 3.3). The density
difference between the top half and bottom helf was 0.2 g/fec for the 2 £t
tube and 0.09 g/fec for the 5 £t tube:

The density gradient for the twoe tubes wes reversed with the bhottom
half of the 2 £t tube denser than the top half, and the top half of the 5 %
tube denser than the bottom half.

Screen anelysis reveels that the 70/100 fraction wae degradated to .
produce 1.5 wt % 100/200 in both tubes and the 10/16 fraction degraded to
produce about 1 and 2 wt % 16/70. It 1s interesting to note that this
degradation did not result in o significant incremee in the emounte of -200
material.

If the initial loeding resulted in a uniform distribution throughout,
the screen analysis indicates that particle migration cccurred. The 10/16
fraction migrated downward in the tube and the -200 fraction migreted upward.
The .fact that all of the initisl loadings were distributed over e 1.4 per
cent spread in density indicetes e uniform initial distribution.




Fig. 3.2.
accelerometer mounted at the base of the tube. Bottom trace is from velocity pickup mounted internally

to the armoture,

PHOTO 50045

Oscilloscope trace of acceleration vs time of a sow tooth wave form. Top trace is from

Basic frequency is 370 cps with a fast rise time and slow decay.
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Table 3.32. Particle Size Anelysie and Density Measurements for Segmented Tubes

Yibration time: One minute vbile loeding 2 £t tube, 2 minutes
while leoading 5 f4 tube, 10 minutes electronically
and 10 minutes poneumaticslly For 21 or 22 minutes
total.

Materiel: Fused ThOz - 3.4 wt % U2

8. Screen 8ize Analyses for Whole Tubes

Screen Size

U.8. Standard Initiel Fun Wo. 7*  PBun To. 12¢
10/16 58.0 wi % 55,7 wt & 57,0 wt %
16/70 - 1.7 wt % 0.9 wt b
T0/100 15.2 vt % 13.9 wt % 13.7 wt %

100/200 “ 1.h wt % 1.5 wt ¥
-200 26.8 wt % 2.4 wt % 26.9 vt %

b. Sereen Size Anslyses for Tube Segments

Screen Size Run Mo. T2 Run Wo. 12"

J.5. Standard Top Botton Top Bottom
10/16 S2.% wt % 8.6 wt % 52.3 wt % 61.9 wt %
16/170 2.0 wt % 1.4 wt % 0.6 wt % 1.1 wt %
T0/100 4.3 vt % 1%3.k vt- % 15.4% vt % 12.0 wt %

100/ 200 1.5 wt % 1.3 wt % 1.k vt % 1.5 wt %
-200 20.6 wt % 25.3 wi % 30.3 wt % 23.6 vt %

Density 8.62 gfee  8.82 g/ec 6.66 gfce 8.59 gfce

[:Esé;:ﬁgzigig B.76 gfec 8.63 gfee

8. 2 't tube length.

b. 5 Tt tube length.
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4,0 GCR COOLANT CLEAN.-UP STUDIES
J. €. Suddath

Contemination of co0lant gases by chemlesl impurities and relesse of
fission productes from fuel elements is & major problem in gas cooled reactors
and inpile experimentel loocps. Investigations are heingqmuﬂe to determine
the best methods to reduce the impurities, both radioactiug and mon-radics
active, vith emphsasis on chemical impurities in the EGCR. @lant and
radinactive impurities in EGCR experimental loops.

4.1 EBGCR Experimental loops

Design assistance is being furnished the RPD in the selaction of a
filter system for particulate removal and a charcoal bed for rare gas holdup
for the experimental loops to be insfalled in the EGCR.

4.2 Helium Purification Test Facllity - C. D. Sopott

The helivm purification test facility which ie derigned to simulate
e purification eystem for helium conteminatéd with Hz, CO, CHy, €Oz, and
HaO tas been commleted. The initisal axperimental program in this facility
will be an evalugtion of a fixed-bed Cud oxidizer for oxidation of small
gmounts of Hp, €O, and CHg in helium.

The Cul oxidizer will be evalusted by determining efficiency of oxidation
of the oxidizable contaminates in a flowing stream of helium. A1l teste
will be made on s fixed-bed of Cuod and parametera will be investigated to
allow establishment of & flow reactor design equation. Anslytical 'grade,
0.017-1i0, =dia Cud wire will ‘be uvséd.in the oyxidizers.

The test Faclility comteins two Cul oxidizers in parallel. These oxidizers
ere fabricated from 2-in. sch. 80 55 pipe with high pressure (600 psi) flanges
at elther end {Figure Lk.1). Any bed depth from 1/4-in. to 12-in. can be
maintained and there are thermoeouple probes every £ in. within the vessel.

The oxidizer is internally insulsted at top and bottom and it 1z externally
heated and insuwlsated by s tube furnace. The operating ranges for the oxidizer
are 30-340 psie, 370-570°C amd heliuvm flowv rates of 1.0 to 100 slpm. -

Exparimente]l Results. A total of eix experimental rune have been made
on the 2-in. dis oxidizer for oxidetion of Ha in heliwm and results from
four of thess runs sre usable. Thege rune wvere made at 45 psia and 300 psia
and at bed temperstures of 430 to Wh6°C. Ha contamination of 1.0 to 1.3%
{(by vol.) was used with total gae flow rates of 4.5 to 5.% slpm {Table b.1).
Tha main reeson for these tests ware i check out eguipment snd operating
procedures; however, the last four rms {OH-3 - OH-H) resulted in some
usable datn. Three of these rune vere made at 45 psia and temperatures of
h30-446°C with Cud bed depths of 1/h o 1/2-in. and total gas flow rates of
.5 to 4.8 slpm of heliun with 1.02 to 1.30% hydrogen. An increase in hed
depth decresged the minimm Hz concentration in the off-gaz. The one run
made at 300 peie and 438°C in 2 1/4-in. bed at a flow rate of 5.37 silpm of
1.13% Hz in heljum reeultsd in a minimum hydrogen concentretion in the off.

gas of 240 ppm (by vol.).
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Fig. 4.1. 2-in. oxidizer in helium purificotion test facility without
external heater.
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Tgble 4.1. Experimental Results from Four Runs for Evadution of the Cul

Oxi@izer for Hellum Contaminated with Hp

Run Time
Hydrogen at
Avergge Concen~- Maximum  Meocinmm
Bed tration Gaeeous Conver=-  Conver-
Tenper- Syraten in Feed Yolums sion of slon
Fun ature Freasure, Feed Ges, Rate, of Cud He, % of of Ha,
No. G peia vol % elpm Bed, cc initial min
OH-3 432 hs 1.30 h.72 2.1 38.5 3L
OH-4 L& 45 1.13 4. k& 2.1 95.5 19
OH-5 L5 45 1.02 k.74 12.1 96,0 15

OR-6 L38 300 1.13% 5. 3T 12.1 a7.9 15

In each run there wat an initial period of decreasing hydrogen concentra-
tion in the off-gas followed by a peried of more gradual Increase in hydrogen
concentration (Figure 4.2). This first period, a so-called "inductlon”
pericd, has been noted by other workersl-% and it hag been postulated that
during this period, the active centers of the reaction are growing rapidly.
The second period of gradusl jncreasing hydrogen in the off-gas ehows the
effect of bed depletion.

Rafersnces

1. W. D. Bond, W. E. Clark, "Reductlon of Curplc Oxide by Hydrogen., I,
Fundsmentsl Kinetics," ORAL-2815, March 16, 1960.

2. W. D. Bond, ¥. E. Clark, "Reduction of Cupric Oxide by Hydrogen. IL.

Conversion of Hydrogen to Water Over Fixed Beds," ORNL-2016, January 29, 1960.

3. A, T. Larson end F. E. Smith, "The Synthesis of Water Over Nickel and
Copper Catalysts,” J. Am. Chem. Soc., 47: 346 (1925).

4. J. S. Lewis, "The Reduction of Copper Oxide by Hydrogen," J. Chem. Soc.,
1932, p. 820. - T
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5.0 HE THORIUM ELANKET STUDIES
F. A. Hnans

Studies wers continued on the preparation of spherical thoria particles
for agueous slurry blanitets and onh thoria pellets for pebble bed type
blanketa. The emphasis for slurry preperation by use of flame denitration
is on preparation of 5 to 10 spherical particles with other properties
comparable to those obtained for 1 to 2p diagmetar material.

5.1 Flame Denitration - C. C. Haws, Jr., K. 0. Johnsson, V. L. Fowler

Significant improvement in the properties of the flame prepared thoria
‘product could be realized by increasing the averege particle size from the
present 1-2u dia to the 5-0 micron range. An accompanying bhenefit of inecreased
process yield might alsc be obtained from such a particle size Incresss.

. HNo variable, within the range investigated to date, has shown promise
of yielding the desired incremse in particle gize. Evidence mounts that
the liquid feed droplet and/or the large solid particle, explodes and yields
hundreds of smaller droplets (or particles) during the Aecomposition-drying-
caleination operation (Table S.1).. This effect 1s believed to ocour as a
regult of the extreamely rapid temperature rise of the feed droplet and the
rapid transfer of both heat and vapor through the drisd, or drying, particle.

Within the liquid dAroplet size range (50-150 micron} and the reflector
temperature range ?900-1500'3) investipgated, there is no worthwhile variation
in particle size. The use of nitrogen to drive the atomizer, thus avoiding

»intimate contact of the combustion gases wilith the atomized feed, had no
effect on particle size. The use of water instead of CHsOH as a solvent
for the feed similarly had ne effect.

Table 5.1. Particle Size of Flame Caleined ThO=

Fead: 300 gfliter of Th(NOa}y UHzC in solvent listed.

Fasd Used Atomizing Gas Liguid Drop Dia Mzan Farticle Dia.
From Prom
-Reflector Hozzle Cale. Oha.
Tempera- _ Mate- Veloe- Caleu-  Ob- Ligquid Liquid Measured-
Run _ ture Solvent Flow riml Flow ity  lated served dia  dis ed
“TC ec/min 8CFM m/sec N n W n m
96 1500 Ha0 7T Nz 219 130 39 50 9 12 1.2
9TA 200 Hz0 & N2 2.19 130 38 50 4 12 1.6
7R 200 Ha0 30 Nz 2.1 130 Wy 150 1o 3B . 2.0
o8 900 CHaOH 10 i 2.1 1% 26 - B - - 1.7
994 1500 CHaOH N Wa 2,19 130 37 - 8 - 1.6
S59B 1500 Hz0 0 He 2.1 130 - 48 - 13 - 1.2
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6.0 ION EXCHANGE
J. C. Suddath
To meke raticnal predictions of the operating characteristics of wranjum
anion exchange contactors, an understanding of the mechanism and kinetics
of the exchange is necessary. Toward this objective the equilibrium sorption -
isotherms and rates of =orpticn of uraniom on Dowex 21K are being determined.

6.1 Uranium Anion Exchange Kinetice Studies - J. S. Watson .

Recent experimental sftudies have been on the effects of sulfate concentra-
tion on the rate of uranyl sulfate loading on nitrate eguilibrated resin.
Frevious work has shown that the rate of loading on sulfate equilibrated
regin is essentislly independent on the total sulfate concentration in the
loading solution. It was not obvious that thies should alao be the cage
using nitrate equilibrated reein eince these may be conditions under which
the sulfate concentration in the resin 12 not euffierient to comvert all of
the wranium to anion ecomplexes. Loading rune were made using 1200p Dowex 21K
and two golutiens both 0.005 M in uranyl evifate and 0.020 M in sulfurie acid
but with different total sulfate concentrations, 0.050 M and Q.10 M. The
different total sulfate concentrations were obtained by adding sodium sulfate.
The results of these rune are shown in Pigures 6.1 and 6.2. Note that both
runs ve apparent uranium diffusion coefficients of approximately 1.6 x 1077
BgQ on These dats combined with a run reported in the February Unit
Dperatians Segtion monthly progress report for losding from a sclution
0.025 M in total sulfate, in which the appareat ursnium diffusion coefficient
was approximately 1.5 x 1077 sq emfsec, indicate that there is 1ittle dependence
betwesn the loading rate on nitrate equilibrated resin and the leading solu-
tion sulfate concentration, This Indicates that the sulfate lon which is
much more mobile than the uranium complexesé {the zulfgte self-diffusion
coefflcient in 1200n Dowvex 21K is 1.2 x 10™% sq cmfzec while the uranium
self-diffusion coefficient in the resin is spproximately 3 x 102 sq etifzeq)
diffusee into the resin so much feater than the vranium that the uranium -
appears to be essentially always in sulfate equilibrated resirn. The apparent
uranium diffusion coefficient is higher when measured during loading oo
nitrate equilibrated resin than during leading on sulfate eguilibratsd resin
probably because of the greater electrical forces rather than different
diatritution of the complexes.

Elution runs were made using resin equilibrated with both of the above
leading sclutions, 1200p Dowex 21K equilibrated with the 0.00% M wranyl
sulfate solution 0.05 M in total sulfate was eluted with a 1 M Nal0a-0.1 M
HNO» solution. As in most elution runs using the single bead technigue, the
dats was beadly scattered, but an appareat uranium diffusion coefficient of
approximately 2 x 10-7 gg cm/eec was meesured. This is slightly greater than
the value of 1.7 x 10~7 sq cm/sec observed using resin equilibrmted with a
leading solution 0.025 M in total sulfate. However, because of the bed data
scatter observed in elution runs, this should not be consldered sufficient
to show a dependence of elution rete with loading sclution concentrations
unless more accurate runs using a new contacting device give the same results.
Such a dependence appears unlikely.
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Resin eguilibrated with the 0.005% M urany]l sulfate eclution 0.10 M in
total sulfate was eluted witha 1 M NaClaD.1 M HCL Eﬂlutinn. The apparent
urantuom diffusion coefficient wae approximately b4 x 10°7 sq cmfsec. There
wag considerable data scatter, but this result is accurate enocugh to indicate
that elution ratez are higher with chloride saiutions than with nitrate
golutions under the conditicns studled.

ther efforts heve been directed toward developing a numerical calcula-
tion method for describing the ion exchange rates and toward construeting
8 device to contact small quantities of resin with the Yoeding solution under
knovm flow econditicns. This deviee will allow meagurements of the effecke
of stagnant Tibers around the resin on the loading rate, and it will allow
enough beads to he contacted with the =olution to reduce the effects of'
nonuniformity of the resin besde. Thie is particularly Important in elutiocn
runs and uranium 2elf-4iffusion measurements.
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T-0 FPOWER REACTOR FUEL FROCESSIMNG
2. D Wgtaon

7.1 Darex-Thorex - F. G. Kitts

Darex is an aguecus head end treatment for the conversion of stainless
steel alloyved or jacketed fuels Into chloride-free nitrete solutions suitable
fer processing 1o existing equipment. Chloride is necessary to diesolve
stainless steel but it smuet e removed o aveldd corrosion of subseguent
proceasing equipment. Presently, Darex is being evaluated for the process-
ing of stalnless steel clad UWa-ThQz ceramic pelleis such as (onsclidated
Edison. Decladding might be accomplished using © M HMOs - 2 M HC1 followed
by core dissalutian in & stendard Thorex sclution (13 M ENOa, 0.0k M fluoride,
0.1 M A1Y™Y, or the Darex decladding solution with chloride removed, HNOs
adjusted and fluorlde added might be used to dlsesolye the U=-ThOz.

The effect of HNOa concentration on the dissolutlon rate of Uls-This
in both Thorex and stalnless steel-containing dissolvente waz determined.

Four U0=-Thiz dissolution runs weres made fn a l-in. dissolver using a
technique wherein a bateh of dissolvent 1s continuously recirculeied between
a refluxing flooded dlssolver and a well-mixed external reservoir. Two types
of dissolvents were evaluated at two nitric acid concentrations. Dets for
the four runs are shown in Table 7.1 and Figure 7.1. Bune 5%-3 and 4 vere
made with a diesolvent containing 53 g S55/liter, 0.04 M fluoride and 13.2 and
15.1 M HNGs; runs Th-12 and 1} were made uveing Thorex solutions containing
0.04% M fluoride, 0.1 M ALY+ and 13.2 and 15.5 M HHOs., A standard & hr
dissolution time was used with the dissolvent reclrculated at the rate of
3- le - 4% ec/min; only ~50% dissolution was accompiished in all runs result-
ing in lower than antlcipated product loadings. A decreage in the dissolvent
volume wae noted in all cases with larger discrepancies cbeerved for the
stainless steel dissolvent and for the highesr AN0s concentraticns. These
probably signify greater losses due to decomposition, especielly since 90%
HiGa was used to prepare the 35 disaclvent.

The average dissolution rates (item 9, Table 7.1) were calculated from
the exprozsion:

R = ;Eg 1= E— lfj
o =)
where

E = digsolution rate {(mg/sq om-min)
¥ = initial velght of pellets (g)
A, = initial area of pellets (=g cm)

T = refluxing time (min}

W=

weight of pellets after time T (g)
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Table 7.1. Data for Recycle Dissolution of UOp-ThOp

Fellets in the l-in. Dissolver

8 hour dissolution time

. 883 . ss-4 Thl2  Tho13
1. Weipght of mg-ﬁoe* charged (g) - 85.80 Bs5.02 8648 86.Lo
2. w;-.ight of UDa2-ThOz diseolved (%) 55.80 trr‘hﬁ ki.52 h_h;5h-
3. Weight of UDa-ThOa undissolved (g) 37.92 . k5.17 - 50.57 47.96
4. Initial HMOs in diesolvent (M} 13,2 15.1 132 15.5
S, IMssolvent volume (em®) . _ 393 . 393 393 | 393
6. Final product volume (em®} 389  3/O 3R 365
7. Final product loading (g Th/liter) 105 99.4  78.6 842
8.. Inttisl Area (16 'pgnets-)(émai-j £5.15 6-5.20 ' 65.50  65.57
9. Average @iesolution rate = malﬁir:m ) 19T CL.E0 TL.36 L.48

‘% 16 cylindrieal pellete, 4.4% U0z, Den = 2.51 '+ 0,04 gfem®, 0/U =.2.00,

. supplied by Universal Mateh Co.

2%
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This i& the integrated form of the rate equation R = W/AT assuming that R
is constant over the time T and utilizing the proportionality A = Rwefs-
(ThiB assumes pellet length = pellet dlametar which is permigeible since
only ~50% dissolution was accomplished. Actual L/D = 2.4).

In Figure 7.1 the densities of the dissolver products end reservoir
contents are plotted as a funetion of refluxing time (recireulstion was also
begun when refluxing began). Since the density 1s proporiionsl to loading,
material balances at any time may be caleuniated from the wolumes involwved
and the density-loading relationzhip. This work wae of an exploratory
nature since neither the Universal Match Company pellets nor stainless steel
dissolvents with =10 M HHOz had been investigated previously. The uppsr
ecurve in each pair (Figure 7.1) showe the density of the contente of the
flooded dissolver (hold-up TO-T5 cc) and the lower line reprecentg the denelty
of the solution in the reserveir (280-320 cc). The vertical distance between
a pair of lines denotes the amount of disselution being accomplished at any
time and is a function of the instantaneous dissclution rate and the recir-
culstion rete. Since the recirculation rate is constant throughout any run
{and reasonably reproducible between runs) this distance as well as the slope
of the line may b considered proportional to the product FA; Sver short
periods the area mey be assumed conetant so the slope depends only on the
reaction rate. In the case of the 58 diesolvent the lines are essentially
gtraight indicating & constant RA; from this it might be inferred that
higher dissolutions (%) might be accompliched by Increasing the reflux
time proporticnelly. However, with the 1% M Thorex diseolvent the RA i=
observed to be consistently decremasing indicating that higher % dissolutions
will be increasingly harder to aschieve. The deta for the twe Thorex solu-
tions indicate that the optimum dissolvent (ratevise) should have >13 M HROa.

Since interest at this time Is concentrated primarily on the Thorex
route, no further immediate work is contemplated with the stainlees steel
dissclventz. Instead, a study of the instentaneous dissclution rates of
UDz-Thlz (M pellets) has been initieted in an effort 4o obtain fundamentsl
data which will permit the. reaction rate to be expreaged as a functicn of
the Th mnd HNDa acid concentrations in the Thorex digsolvent. HNitrie acid
concentratd onz from 8-18 M with Th loadings up t0 1.0 M will be investigated
with fluoride and Al*** held conetant at levels of 0.0k and 0.1 M, respectively.
Uranfum will be present in the ratic of Th/U = 20.

T-2 Bulfex - B. €. Flaney, T. D. Hapier

Stainless steel ¢lad W0e-Thiz and 0= power reactor fuszls may be processged
by the Sulfex process. The clad metal is dissolved in boiling -6 M HzB804;
the core in bolling nitric scid {for Wse) or flucride catalyzed nitric acid
(for U0z-Th0z mlxtures). The applicetion of the Sulfex procees te the NMSR
and Coneolidated Edison fuele is being investigated.

Two miditiconal semi-continuous cyclic Sulfex declad (5X-34 and 36} and
Thorex core digsolutiouns (SX-35 and 37) of prototype Consclidated Edison fuel
aseemblies were mede. These runs were a continuation of the series of runs
reported in Unit Operations Section monthly vrogress report, Marcy 1360
(CF 60-3-€1). The run data ere summarized in Table T.Z.
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The dissolver charge consisted of two prototype Consolidsted Edison
fuel assemblies plus the heel remaining from the previous run. The eclad
dissolvent was boiling U M H=804 and the core diseolvent was fluoride
catalyzed HNOs. Average stainless steel reaction rates during decladding
varied from 1.7 - 2.0 mg/sq cm-min at a diesolvent flow rate/initial outside
surface area (F/S) of approximately 0.06. One of the fuel mssemblies in
run SX-34 had been autoclaved for 7T days at 300°C and 2000 psig (steam + Oz)
t0 oxidize the surface. This particular fuel assembly behaved no differently
than the unoxidized assemblies. Although these fuel assemblies were initielly
passive to the boiling 4 M Ho804 dissolution began immediately after the
dissolver was drained (~10 liters) and fresh dissolvent was introduced.
Apparently the passivation was induced by an excessive nitrate jion concentra-
tion (0.06 NO3 in the discharged dissolvent). Passivation of this same
nature had been esncountered in run SX-32. The dissolvent in run 3X-36 was
"spiked" with 0.1 M HCOOH and dissolution started as soon as the boiling
disgolvent contacted the fuel assemblies. The washing procedure had not been
changed, consequently it is assumed that a pessive condition existed prior
+t0 declad run SX-36 as it did prior to runs SX-32 and 34. Based on the
regults of this run it appears that HCCOH warrants consideration as a depassiva-
tion reagent to destroy small gquantities of NOS.

The thorium loss to the declad solution was approximately C.2% and the
uranium loss varied from 0.02 - 0.04%. There was approximately a 10 fold
inerease in the thorium loss when decladding in the presence of a U0=-ThOz
heel as compared to & no heel (0.02 versus 0.2%) whereas the uranium loss
was relatively constant (0.02 - 0.04%) with the exception of run SX-32 in
which the loss was 0.1%.

Core dissclution runs SX-35 and 37 were made recycling the dissclvent
through the dissolver. It has been proposed to control criticality in the
PRFPPP by using either boron and/or cadium as nuclear poisons. The dissolvent
was "splked" with boron in run 5X-35 and with both boron and cadium in run
8X-37. The data indicate that neither boron nor cadium are lost through
volatilization or precipitation during the core dissolution.

Each run was made using approximately 65 liters of dissslvent at an
average external recirculation rate of 1.43 liters/min and a run duration
of approximately 10 hours. An analysis of the core solution at the conclusion
of each run indicated that approximately 85% of the dissolver charge (UOz-
ThO> pellets + heel) was dissolved in run SX-35 and 80% for run SX-37 which
is approximately 10% less than for runs SX-31 and 33. This, of course,
indicates an appreciable buildup in heel from one run to the next (2260 g
for run SX-35 as compared to 2971 g for run SK-37).

At the conclusion of run 8X-3T the resldue was removed from the dissoclver
and segregated into 3 fractions: -20 mesh fines, UOz-ThOz pellet fragments,
and stainless steel and braze metal fragments (see Figure 7.2). The total
weight of residue was 2058 g consisting of 329 g fines, 1686 g U02-ThO=
Pragments (3.6% of total weight of pellets charged), and 43 g of stainleass
steel and braze metal fragments (0.26% of total weight of stainless and
braze). The fines coneilsted primarily of particles of stainless steel and
braze metal and the carbonaceous material generated during the dissclution
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Fig. 7.2. Dissolver residue at the conclusion of run SX-37.
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of stainless steel in Hz504. It should be noted that the actuwal welght of
Waz-ThOz heel was 1686 g as compared to the 2971 g egtimated from analyses
of core solutions. There was no visual evidence of an appreciable heel
bullt up from one run to the next.

The total welght of residue was batch dissolved usilng a 300% excess of
dissolvent (13 M HNOa, O. 0% M fluoride, 0.1 M Al*++).,  After approximately
23 hrs of refluxing, 1789 g of residue consisting of 62 ¢ fines, 10C¢ 2 W2-This
fragnments, and 16 g of stainless stesl and braze metal fragment remained.

The 100 g of W0a-ThOz fragmenta represent approximately 0.02% of the total
welght (46456 g} of UQe-ThOz pellets charged to the diasolver.

T.3 Mechenical Processing - G. K. Ellls, J. B, Adams, G. A. West, G. B.
Dinsmore

Shearing. The production prototype shear for use in the mechanical
processing of spent irradiated fuel assembllies must produce sssentially
discrete single sheared pieces to provide a sultably sized feed for the
continwous leachere. In teats, discrete pleces have been produced shearing
the Mark I prototype, poreelain-filled fuel assembly except inm the last G-in.
remaining end of the bundle (Unit Operations Section monthly report,
September 1959). Shear blades shaped to rearrange the bundle cross-section
generate forces during shearing that stress and fracture the bhrazed joint
betwveen tubeg and Terrules end produce digerete gingle cylinders suitable
gr feed to a continuous leacher. It is wncertsin, however, whether discrete
pleces of sheared feed can be meintained when shearing sssemblies fabkicated
by & nev technigque of hrazing now being wsed to azsemble Yankee and Nuclear
Shiy Savannah fuelg.

Westinghouge Electrie Corpoeration, after an extsnsive program,* has

developed & brazing technigue for fabricating the Yankee sub-assembly which
it is reported, will more frequently tear at the ferrule walls than [racture

- the brezed jointe when a wedge i1s driven between the tube layers. "By .
carefully controlling the amount of brazing alloy, Jjoint clearances, brazing
temperature and time &t temperature, 1t 15 possible to produce 'diffusion

- bonded ' jointe which ere as strong or stronger than the stainltess steel base
metal."%% This 1s A& stronger brazed Joint than has been observed before
and it results primerily from closer tolerances hetween fuel assembly tubes
and ferrules. CGood fit-up (Joint clesrsnce less than 0.002-i{n.) is maintained
oy A special jig design which compresses the tundle during the brazing in a
vertical furnace. There ie better fit-up of the essembly and placement of
traze material using Kenigen niekel-phosphorus {7-10 per cent P) plated
ferrules than using Hicrobraez 50 becsuse of advantages inherent in-the téchnigue of
braze application by Kenigen electrolees plating. The electroless ¢.00l-in.
thick plating cn ferrules may be exactly eontrolled to +0.0001-in. by varying
the deposition time. Advantage may be taken, of a 3- hr time at brezing
temperature {50 to 100°F above the dbrazing alla:,r melting temperature) to

¥ "Joining Puel Fods Into Subasgemblies for YARC Fuel Elements,” Westinghouse

Electric Corporstion, December 4, 1958,
** IBID, p. 30.
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diffuse phosphorus out of the weld joint and alloy the baze metal with braze
metal with braze materlal in the Jeint, only if there ie good fit-up between
tubes and ferrules, Depletion of embrittling phoepherus from the jolint
during thiz long time at temperature ie said to glve the braze joint strength
and ductility comparable to the bage metal.

The effect on the mechanical processing program of ductile weld joints
from this brazing technigue must be evaluated in teats wlth Kanlgen brazed
fuel assembly secticns. Surplus samples of representatlively brazed Yankee
sub-assembly secticnz have besn requested for testing from Westinghouse.

The eslgnificant question introduced by thia new brazing procedure ie
whether eesentially diserste eingle sheared pieces will still be produced
shearing vith a stepped "M" shaped punch, the shape choeen for initial uee
in the production prototype shear belng deslzped by Birdsboro Machine and
Foundry Company. Failure to meet this requirement will require some redesign
of the productien prototype shear by Birdsboro. Tests must be made with the
impact wedge (Uit Operations Section monthly report, March 155%) to re-
evaluste the use of this device with more ductile braze Joints. In earlisr
tests (Unit Operations Section monthly progress report, June 1959} it was
not possible 4o disassemble a Conzelldated Edlison prototype fuel assembled
with the ductile Coast Metals NP 50 braze by fracturing the braze joints
using the same impact wedge vhich successfully dissassembled the Consclidated
Bdison assembled with Nicrobraz 0. However, it should be ohserved that
these Nicrobraz 50 Jointes might have been equally ductile and dAifficult to
disassenble 1f there had been closer fit-up of assembly elements and longer
tinmes at brazing temperature.

leaching. Effective surface area measurements of partially dissclved
U0z pellets in conjunction with existing dissclutlon rate data of whole
pellets in nitric acid will allow calculation of operating characteristics
of various types of dissolvers and leachers. A comparieon of the relatlive
effectliveness of varicus types of large equipment could be made wlithout
tuilding and operating cachk type.

The effectlve area of unirradiated W= pellets dissclving in nitric
acid was determined as a function of the Tractlon dissclved. The effective
aree vas estinated relative o the superficial surface area ¢of a fresh pellet
{right cylinder, Ly ¥ D, = 0.427-1in.). The relative area was calculated
using the rate of WEighg lpes of partially dissolved psllets and the rate
of dissclution of fresh pellets taken over a short period. After a short
diseplution pericd fresh pellets became porous, the effectlve area beconing
3 40 5 times the initisl area. The results were quite variable {Figure T.3).
The date was fltted spproximately by the relation:

A W e Wy e Wyt
gulﬁ'h?(-ﬁ) '92(".“—°> +hh<-?—{;-) *

*  See nomenclature
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Conditions: UDQ Pellers

Dy = 0.417 in.
Lo = 0.417 in.

Wo = 9.65 g. A, = 5.29 em?
7 M HNOg, Boiling

A,.-"'An, effective surfoce area os o fraction of initial pellet crea

0 I .\

0 0.5 1.0
1~ W/, fraction of pellet dissolved

Curves: (A) A/A, = 1 +47 (1~ WAW)? - 921 - w,fwo}ﬂ v 44 (1 - ww )?
® A, = )2

Fig. 7.3. Effective surface aree of UQ, pellets dissolving in nitric acid.
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The present data scatter by more than a factor of two in many lnstances

which hardly Justifies the effort to attempt a betbter fit.* Similar data

mey be derived from gtudy of batech diseclution to completion of pellete

in & large excess of dissolvent {sc that its composition changes only slightly
over the complete dissolution). Such data should be 1ln a more useful form
and more directly applicable to reactor design when used in conjunction with
existing rate deta** on initial pellets.

An estimate of the area per unit weight-vs-weight can be gbtained for
pellets with a well developed porous structure which occurred In the present
set of data, after more than ~35% of a pellet was dissolved. This L8 plotted
in Figure 7.4 and is applicable in general for fragments of UDz pellets small
enough (< 6 g) that they could be presumed to have come from a pellet of the
slze used. An extrapoletion to heavier pellet fragments should be valild at
least over a short range. This data does not apply in general to larger
pellets, and probably not to odd shapes--long rods or flat disce--whers a
high degree of porcoslty may develop more rapidly.

Data weeg taken by exposing batches of partially dissclved pellets to
boiling T M nitric acid for 2 min pericds then quenching the reaction by
dipping the pellets first in cold water then in acetone. Psliets were weighsd
individually before and after each run and were supported Individuslly cn a
coarse mesh wire basket dwring dissolution. The rate of dissolution of fresh
pellets was estimated as 30 mg-em™=-min~' from previcus data** and from checks
in the present series of dmta. EHRepresentatlive Fresh pelletes from the batch
used had the following properties:

Length 0.417-in. {+ 0.013-in.}
Diameter ©.417-in. {+ ©.002-in.)
Weight 9.65 g (+ 0.14 g)
Burface Area 5.29 gg em (+ 0.1% sq cm)
vith approximete variability as indicated.
There are several limitations on the application of the results. The

method ueed assumes uniform density throughout the pellet strueture which is
not true. The resulte apply gtrictly to the type of pellete tested. It

appenars, however, that it may be a useful representation for pellets of the
same density (10.1 - 10.k gfec), nearly the same size and with only & moderate

*  Although the application of refinements in curve fitting to data of such
inherent variability is doubtful, use of eguation fitted represents the
actual situation more realistically than assuning the effective area to
be the guperficial surface exposed &2 a pellet diesclves at an egqual rate
into mll surfaces. This approach ignors development of increased porosity
and resulte in the equation AfA, = (1 - W/W,)2/3 which is far out of line
with experimental results as expected,

*¥  TID-7583
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dissolving in nitric ocid.
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veriation in diameter snd diameter-to-length ratio. In addition, only one
dissolvent strength--T M nitric acid--was used (to obtain a small enough
dissclution rate that pellets would change in size and welght only moderately).
It is possible somevwhst Jifferent results would be cobtained using stronger
dissolvents which could produce dissolution retes up to 8 times as rapid.*+

Homenclature {consistent units)
A = affective area of pellet during dissclution

Ao = syperficial surfece area of & fresh pellet

x
n

welght of a partially dissclved pellet

Ho = welght of a fresh pallet
SRE Dejacketing Studies. The mechanical equipment installed (n the
High ILavel Segmenting Facility to demonstrate the dejacketing of stainless
steel Jaoketed-Wak bonded-urenium fue} rods of the SRKE, Core I, has continued
to operate satisfsctorily during repeated mechanical operability testa. A
few alignment and tolerance corrections were necessary for optimum operation
of the hydraunlic delacketing machine, especially the alignment and cl=arance
of the gulde nut and pressure screw within the collet mechaniam.

& single performance test of hydraulically expanding 10 mil thick wall,
SHE prototype, stainless steel tubling indiceted that the tubing would start
expanding at 800 psig and expend about 45 mils in 30 seconds at 1300 psig.
Toe hydraulic pressure is supplied by m 0il Dyne pump which pumps Ho. O
white mineral oil from the dejacketer tank and into the tubing. The samz
unit 1g used to flush the slugs out of the tubing after the expanslon procedure
and the end plug removal. Cambered steel slugs were flushed ocut of the tub-
ing at approximately 100 psig pressure. A pressure of only Z00 psig supplied
t0 the collet mechanism ig sufficient clamping and holding force on the tube
to restrain it while it is beling expanded.

The long (~¢ ft) pressure serew in the dejacketing machine is driven
by & 2 speed, revergible electric motor with a mechanical clutch. The clutch
required adjusting so that no more than TOU pounds force could be applied on
the serew threads. . & special deviee with a vressurs indicating gavge was
used in the tests for accurately setting the cluteb tension.

The auxiliary dejacketing die did not satisfactorily slit the 6a1in.
lengths of eladding in repeated tests. Alterations to the die did not improve
its performance sufficiently to warrant additicnal tests on the unit. A new
unit incorporating a different design concept ie being fabricated .which
employs rellers precesding the cutting tools to score the tube wall thus
alleviating the work load on the sutters.

The hydraulic multipurpose saw was operated in the effeort to locele
and correct excessive vibration and nolise created by the Vickers hydraulic

%% TID-7583
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system. The Vickers Company supplied additional flow and check valves which
are being instailled to help reduce the noise ievel. The saw movements, both
vertical and horizontal and its rotation on the spindle, heve operated
reaeonably well but battey rontrel of vertical travel 1z needed. Additicnal
tegts are to be made on the method of changing bladez and securing the

blade on the spindle befeore final approval is made.
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8.0 BSOLVENT EXTRACTION STUDIES
A, D m’ﬂn
Flooding values reported this month wers obiained using the acid Thorex
flowsheet. The experimental techniques and a description of the colunna
may be found in the Dotober monthly report (CPF $9-10-77).

8,1 Pulse Column Performance Studies - R. 3. lLowrie, F. L. Daley

Work was started thls month o evaluate the flow capaclty and stage
efficlency of pulse columps as & Tunchtlion of operating variables and cartridge
design for the acid Thorex flowsheet developed by Chemleal Develomment Section
B.% This flowsheetl, intended for the Consclidated Edison fuels, utilized a
feed ¥ Q.1 M acid difficient, a dual scrub and the addition of salting scid
near the bottom of the extrection section. The stripping agent was = (.01 M
aluninum nitrete splution. The experimental conditions for this flowsheet
are shown in Table 8.1. Figure &.1 i5 a schematic diagram showing where
the various streams were introduced into or taken from the compound extraction
ggrub columns.

The filgoding rates obtained this month are shown in Table 8.2, The
sleve plate extraction column flooded at 1030 GSFH when operated agueous
continuous and at 1680 GSFH when operated orgenic contimous {pulse fregquency
= 50 epm). The flow capacity of the nozzle plate extracticon column increased
from 500 to 1400 GSFH as the pulse frequency decreased from 70 to 30 cpm.
Flooding cccurred in the 12-ft sieve plate stripping columns at 1290 GSPH,
for both agueouns and organie continucus operation at 39-cpm pulse freguency.
Flooding capacity in the 12-ft nozzle plate striopping column (0.188-in.-dia
hole, 25% free arem) was increased from 2080 GSFH to 2280 by changing from
aguepus~continuous to organics-continucus operaticn at 35 cpn pulee freguency.
Asguming that the pllot plant would procsss 120«kg thorivm per day, the flow
rate wvould be 375 GSFH for the sxtraction column and 70O GSFY for the stripping
columns which are well below the Flocding rates reported. However, the ultlmate
capecity would be limited by the capacity of the strip column.

* Chemical Technology Division Chemicanl Development Section B Monthly
Frogress Report December 195%, pp 19-21, ORNL CF £9-12-Th.
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Table 8.1, Experimental Conditions - Acid Thorex Flowsheet

Reletive
Strean Flow Urenium, Thoriuem, HNOs,
g/liter gfliter M Other
Feed © 100 20,0 250 0.0 AD F = 1.0 g/liter 504 = 0.8 g/liter
A = 1.0% gfliter
AS; scrub 0 - - - Water scrub
ASs scrub 20 - - 8.0 ---
1% MA scrub 50 - - 1.0 Technical grade conc. HNOa
AX solvent 700 - - - 30% TBP in Ameco 125-82 diluent
CX strip 1050 - - - 0.0L M AL{N03)a sol'n
Table 8.2. TFlooding Rates - Acid Thorex Flovsheet
FPulse Fhese Flooding Rete at Bottom
Fraguency, Cont. Cartridgs of Columm - GSFH
Ccpm
Extrection Column
50 aguUeDus gieve plate 1030
50 organie sleve plate 1690
30 organie 0.125-1n. nozzle plate 1400
] organic 0.125=1in. nezzle plate 1250
0 organic 0,125-1in., mozzle plste 500
Stripping Columm -
g aquepus sleve plate 1200
35 organic gleve plate 1290
35 BQUECLE 0,188-in. nozzle plate 2080
35 orgenic 0,188.in. nozzle plate 2280

Fulse amplitude = 1 inch
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A Column A-Ill Cobumn
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(0.125=in,=dia holas) {0,125 in. dio holes)

Fig. 8.1. Compound extraction-icrub columns for the acid Thorex flowsheet,
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R. W. Horton

3.1 UFs Stream Analysie - L. E. McEeese

A Condensaticon Preesure Analyscer has been installed for conitiruous
analysis for UFs in inert streams {Nz, A, Fz, or mixtures) from experimental
systems. . The principle of operation 18 that of measurement of the total
pressure required for condensation equilibrium between the sample gas and 8
condensed component in a constant temperature capillary (equilibrium condensa~
tion preesure). The work reported here deals with the design of a constant
temperaturs bath and tts testing at 0°C and -22.8°C,

Lesign of Cold Baich. A cometant temperature batch exploiting the sharp
rolume change of a freezing 11quid was deslgned as suggested by W. S. Fappas
and ¢. W. Weber (Flgure $.1). The cold bath was designed tc be completely
filled with a liquid having e freezing polnt equal the desired bath tempera-
.ture. OCooling colls at the top were provided for circulsation of chilled
trichleraethylene at ~ -kQ°C. The volumetric change of the system upon
partial freezing was detected by a microswiich actusted by a 1-in. dia bellowa.
‘The signal from the microswitch controlled a solenpid velve in the coolant
line =m0 that ice would he present at all times. A megnetic stirrer in the
cold bath maintained equilibrium between the ligquid apd splid phases. Two
caplllaries, (1/8-in. and 3/16-in. dia) were inserted in the lower part of
the bath.

Survey of Poesible Bath Liguids. The UFs concentration in & gas sample
1z related to the aquilibrium partisl pressure ag

D
P=g

where P = equilibrium condensation pressure, p = UFg vapor pressuwe, ¥ =
UFe mol fraction so that Bt a given temperature the squilibrium condensation
pressure may range from the vapor pressure of UFg to «. It is desirable to
maintain the equillbrium condensation pressure in the range 0-825 nm Hg
abeclute so as to not restrict the sample pressure unduly.

As shown in Figure 9.2, using H=0 as the bath liquid, the minimum
detectable UFg concentraticn 13 2.1 mol %. Using CCls however, G.3 mol %
UFas can be detected. It ehould be noted, however, that when CCls 15 used
the average signal in the UFa concentration range L0-100 mol ¥ is only
0.06 mn Ag/mol percent which is much toc small for accurate anslysig. In
the concentration range 0.3%-20 mol %, a satisfactory average signal of 4.2
mm/mol percent 1s obtained. Thus, the signal may be improved in range of
‘interest by selecticn of proper bath temperature. As well as having the
proper freezing point, the bath meterial ehould also have a large chsnge in
rolume on fusion in order to facllitete temperature control. Froperties of
several pogsible bath materials are shown in Table 9.1. Shown glso 18 the
econcentration range of practical interest over which the minimm signal 1e
0.5 mn Hg/mol percemt UFs.
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Table %.1. Characteristics of Possible Bath Materials

Concentration Range

Freezing Chenge in YVolume UFe Vapor mol % UFg -
Point Bath unafusion : Pressure = =
;‘ Meterial ch _f 100 kg mn Hg Mind i Prgctiua.l
16.68 | CaHy02 -156 &7.2 8.0 8.0 « 100
7.78 CHBra - 39,1 32,6 3.95 b - 90
5.4 Cglg -13.7 27.4 3.5 55 -85
0 Ha0 90,0 17457 213 2l -70
« 6.h CeHy - B5.4 10755 | 1.3 1.3 - 60
- 22 6 COly -25.8 2.48 0.3 0.% - 30
- 31,1 CaHsBr ~ .55 1.03% 0.125 .13 - 20

* fased on maximum equilibrium condensation pressure = 825 mm Hg.

+ Based on minimum- response of 0.5 mn Hgflml pareant UFs.
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It should e noted that ss the UFg concentraticn is decreased, the
reeponge time for the ingtrument will be incremsed so that the mere exlstence
of the proper temperature for detection of 0.1 mol ¢ UFg does not guarantee
proper operation of the anslyzer at thie concentration.

Experimental Eesults. The experimentally cbhserved temperature variations
in bath temperature using Hz{! end CCly were < + 0,01°C and + 0.2°C, respectively.
Tt i= provable that air in the system during the test with OClg contributed
to poor control, 8= did the relatively small volume change on Tusion. It 18
believed that either system will yleld an geceptably constant temperature.

9.2 Moving Bed Absorber - R. J. McNamee, V. R. Young, Z. R. MeRutt

Preliminary testing of e sodium fluoride pellet movable bed unit which
would serve as both an pbsorber end CRP trap in the Voletility Filot Flant
ig heing emrrisd out. Following the mechanical operability tests (reported
laet month), four rung were made in which hydrogen fluoride gus was passed
through the bed to similate porptlon conditions in process operation (Teble 9.2).
The purpose of these tests was to determine the sorption locatlon pattern in
the bed g8 & function of time and ges flow rate. Since eaking in the vertical
Bection of the bed resulis in fellure of the pellets o fall by gravity, the
CRP sorption should all teke place in the borizontal section of the bed. FRun 1
indicated that even s small amount of HF in the vertical bed can cause trouble.
Sorption data are necessary in crder to estimate the length of horizontal
bed required for & given length run (before discharge} or conversely the
required frequency of discherge for & given length bed, in order to prevent
bresk-through into the verticel section. S

The horizontel section of the bed wes loaded to 858% of calenlated capacity
with HF rumning for 6 hr, et rates up to 0.9 1b/br. The hydrsuliec pressure
on the piston drive to discharge the loaded bed increased from 40 to 1kO
peig: solidly caked pellets were diecharged. Under these loading conditions
only 60% of the HF mdded sorbed on the borizontal bed. The pattern of bed
losding wae clearly defined by sharp tempermture increases (indicated by =
thermocouple array) which resulted from sorption of concentrated HF on the
pellets. Further teste with dilute HF atreams will be required to determine
the loading et and time for bresk-through into the vertical gection: for a
range of flow rutes.

In an sttempt to determine the amount of HF sorbed 1n various sections
. of the bed, pellet samples were taken and leached vith water, which was then
titrated. However, the method was unsuccessful due to the extremely slow

leaching rate.

Prior to run 3, five thermocouples were inserted inte the horizontal
ted &5 showvn in Figure 9.3. Their purpose wae to indicate the sorpticn
pattern in. the hordizomtal bed by mesns of the temperature rise (due to heat
of sorption) sequence of the five points. This gorption sequence 1s glven
on Figure 9.3 by the consecutive numbers. The results are given
in Table 9.3.
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Table §.2.

Conditions:

-70-

Summary - HF Scrpiion Runs

Room temperature

HF concentration ~100%

Wi % HF Which Maximum Bed

Sorbed in Diacharﬁ
Fur HF Fed Duration T}’p? 31‘ Hnr:l.z?n Fressure Renarks
Ko . 1v hr Beatf Bedle palg

1 1.9 1/2  Partial ~100 140 Pellets stuck
In vertical
section upon
digcbRiEe.

2 0.8 1/6  Partial - ho No vertical
section stick-
ing.

% 1.1 2 Filled

h(cj 3.6 (N Filled &0 1hﬂfd} Fellets stuck

in vertical
section upen
diacharge. All
pellets dlacharged.
All batches ahowed
some caking.

{(r) Partial bed formed by eingle retraction of piston, as contrasted to
"Filled" bed, as discussed in last month's report.
(b) Wormel pressure ~LO psig.

{¢) HNo pellet diecharge after run 3.

both runs.

{d) Severe caking in borizontal section.
(s} Caleculated from bed weight gain.

264

Data represents HF accumulation during

One £o0lid chunk weighed L-3/4 1bv.
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Fig. 9.3. Thermocouple locations, indicating the HF sorption sequence
in the horlzontal bed.
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Table 9.3, [ndication of HF Sorption logation as & Function of Time

Conditions: Data taken on runs % and 4, using same bed {thermocouples
located as showvn in Pigure %.3).
Baed cooled overnight between rums.
HF Fate: run 3 - 0.5 lb/hr
_ run % - 0.9 1u/nr
Bed IMa. - S-in.

Temperature
(a) on External
Temperature and Rate of Change of Temperature Surface of
Time : *c and °C/min : Vertical FPipe,
hr-min T.C. 1 T.C. 2 e, 3 T.C. 4 T.C. 5 10-in. Up Bed
g:é Eg 5. 010 gg 1.43 20 20 o
0-15 98 614 5 2.14%
025 1T 737
0-31 140 DlDT 60 1.00
0-45 1k1 95 g.27 20 47 25.0.67 22 .33
1-0 158 97 9.35 2 212 25 1.00 2T 0.7
1-17 135 105075 Boe R2leg  Powm
1-70 130 112 0.33 122 3 53 Th i.l} Lz 0. 67
1-k5 125 N7 4053 I L 52 .87
20 120 122 vt 194 =° w00 " gs "
Start runm %
O =0 27
o2 Bra
0-20 69 0. 40 22 o 8o
=350 &9 b3
0.0 0.80
0-35 . 9 0.3%0 i .50 °
0-L5 T2 5.20 22 0,67 20 140 2T 2,53
10 75 &2 51 3 00 65 . 3 0 o 6 20
1-8 530 600 15 99 152 35 )
11 0.0 0.57 8. 14 % L1.00 o 0. 7L o1
15 15 0.0 T0 d.50 152 7.30 10 0. 20 L.00 .
1-25 ™ 5. 205 108 30
8 0.60 2 :I.ll-ﬂ 8 4 5 I &8 1.80 ol
1-25 1 0.93 9 0.13 1% g.27 5T 2
1-50 95 0.50 250 0ia 112 120 -t T
2.7 5.10 105 0. 55 252 o' 110 1642 1.7
230 13 5 7 252 100 201 37
2-45 120 0'55 252 194
3.0 125 ﬂ'13 252 179 52
3.1% 86 5.0 127 D'ED 251 T5 173 55 .
3-30 86 130 Jag 251 70 170 o2
345 8l 133 250 65 165 63
L0

f2 133 90 s &0 161 5

() Assumed proportional to sorptien rate.
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In run 3, the initial sorption rate was by far the highest at location
1, btut also moticeable at location 2. However, these dropped off rapidly.
Sorption did not hecome evident at sites 3, 4, and 5 until after 45 min,
with site 3 predominating.

In ran &, initial sorption agalnr took place at site 1, but it rapidly
decreased to essentiaslly none after 30 min. Sorption then principally tock
place at sites 4, 3, and 5 {1in that order). For the last 1-1/2 hr of the
run, lit¥le further zorption could be Jetected.

Sixty percent of the HF introduced during runs 3 and 4 wae sorbed in
the horizontal bed; the bed was 554 saturated, based on the formatlon of
the HaF-HF complex {(in gepernl, the resulting bed tempersture was tooc high
to allow higher HF content complexes). The temperature rise data reflect
the decremsing sorption rate (mols HF sorbed/(mol NaF)(min)) =s the bed
loading increases. Since the HF inpet rate was constant, the amount passing
{not sorbed) any site increased with time. There was an indication of
gorption 10-in. up the vertica) bed after only 1-1/2 hr of run . This
temperature rise became much greater after the herizonotal bed sorpiion
essentially ceassd {38°C over the remaining )-1/2 hr of run b, 17°C in the
2-1/2 hr prior to this), showing that the principal sorpticn was then in
the vertical reglon.

The sorption (tempersture rise} data indicate that the least sorption

took place at sites & and 5, probably due to the fact that this portion of
the bed would bhave the greatest reglegtance to gas flow.
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10.0 WASTE PROCESSING

J. C. Suddath

The shjective of the waste proceseing program is to obtaln the engineering
data required for the design of a plant for reducing high-activity liquid
vaste to solids for permanent disposal. During this peried, work progressed
on (1) pot caleination of simulated waste, {2) aercscol sttenuation in a packed
digtillation tower and (3) remote handling of caleination veseels,

10.1 Pot Caleination - C. W. Hancher

Test R-20 (Purex pot calecination} has been completed. All of the
equipnent operated without malfunction. The pot was filled with beiling
water before the test wvas started. The results will be presentad in
detell pext month. The preliminary results are as followa:

Overall feed volume - 435 liters |

Average feed rate - 9.2 liters/hr

Total solids in pot - 89 kg

Average density of solids - 1.37 gfew em

1G.2 Particulate Attenuatiﬁn in a Packed Metillation Tower - J. J. Perona

The effectivencss of a distillation towver as an aerosol attenuator is
being studizd as & functlion of tower operating varisbles and serczol properties.
A zeries of runz wae made in vhich an air stream bearing an esrosol of
Cr(W03)a ' OH=0 containing Cr-51 tracer was fed into the bottom of a packed
digtillation tover operating with water at total reflux. The astivity in the
exit alr etream wae reduced to eizentially background over the range of vapor
compositions studied of 0.30 to 0.95 mol fractien steam. The volumetric
average dismeter of the asreecl, Ehﬂ;fzn, wvag in the range of 10 to 154.
Experipents withowut steam in the tower showed that particle growkh wae
necessary for good Cecontamination of the alr stream.

Four runs were made in vhich water (at sbout 60°C) was fed into the top
of the fower and the alr stream was passed up through the tower, with no steam
generated Ly the reboiler. In three of the runsg, decentamination factors
below 10 were obtalned, chowing that particle growth 1s necessary for good
decontamination of the alr stream (see Table 10.1). The fourth run| which
wes at the lovest air rate of the series, gave a decontamination factor of
1.8 x 103, The repults of this run might be explained by the higher residence
time of the aerosole in the tower, which would have permitied more particle
growth. The armiment that the higher water rate in this run may have resulted
in better gas-liguild contacting does not asppear 4o be tenable, since liguid
rates as low as T4 lb/hr-sq It vere wsed in the gerlea of runs with ateam in
the vapor phase.
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Table 10.1. PFarticulate Attenuation in a Facked Ecruhhing Towar

Alr Btream Activities

Air Water Activity of Air Stream
Fun Rate, Rate, counts/min-ft? Decontaminetion
No.  Pt¥min 1b/hr-re® In out, Factor
16 Q.22 233, 1.1 x 0% 6.2 1.8 x 10°
18 0.92 195 2.3 x 10* 4.3 x 10® 5.4
17 1.59 157 1.3 x 10* 1,7 x 10® 7.8
19 1.59 157 2.4 x 10* 3.2 x 107 TS

Liguid Stream Activities

Average Activity, counts/min-ce Lengtn
Run Top of Top Bottom Bottom Acld of
No., Tawer Third Third (Effluent)} Wash Fua, hr
16 0 ] ] 3 1,131 &
18 22 B4 53230 531 12,950 6
17 2 925 61 114 S, 70 6
19 39 TOk T45 1229 3,810 L]
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Bamples of the liguid phese flowing down the tower were collected each
hour at four points: {1) Just below the top of the tower, {2}-a third of
the way down from the top, {3} two-thirds. of the vey @owm, and (k) at the i
bottom of the tower {Table 10.1). In runs 17 and 18 higher liquid phase '
activitles cecurred in the tower than in the liguld stream leaving the
bottom of the tower, Thie peculiar effect was caused by higher particulate
attenvation in the upper part of the tower, dus to the bhigher temperature -
there which promoted particle growth, followed by pleting cut of ecme of
the activity in the liguid thase onto the tower pecking in the lower parte
of the tower. By refluxing nitric acid in the Yower st the end of each run -
and counting acld samples, it was found that the amounts of activity absorbed
on the pscking was of the same order as that cerried out Ly the effluent.

1C.3 Bemote Compectilon and Ddsconnection of Ualeciner Pot in Celeiner Cell -
C. W. Hancher

Cne of the important handling probleme 1o be solved om waste pot caleins-
tion 15 the remote comnection, disconnecticon, and remioval of the filled pot
- from the caleining cell. A waeté pllot plant might bhave four celle: feed
evapocration end make-up, calcination, off-gas treatment, aﬁﬁ pot semling,
inspection and ehipment. -

- This discussicn will only cover the development of the opéfhiian of the
celcination cell. &5 concelved, the caleination ¢ell would be equipped with
the following items:

1. Two remote flange bolting tools.

2. One palr menipulators {slaves) per tool area.
3. Top leading access port.
L

. ﬂverheuﬂ crane in suitable enclosure with a 1ifting capecity large
' encugh to hardle caleiner pot shipping carrieres.

5. Equipped for underwater maintenance.

The calciner pot will be comnected, disconnected, removed, efc. by
direct remote toole. However, malor maintenance like furnace replacement
will be done undsrwaeter if the cell can not be remctely decontamineted for
direct maintensnce. '

The conceptu=sl laynut of the calcinaticn cell hns the fﬂllowing festures
tc allow for the insertlon and removel of the calciner pot (Figure G, 1}

‘1. An entry plug to acconmodate the calciner pot. : . ' .3;

2, A tool to remove the blank flenge (blank flsnge used to lower clean
pot and to seal filled pot).

3. A tool to nonnect.pot to feed flange.
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The tocls for the blank flange removel and the feed flange {Figure 10.2)
are the same, a0 that they cen be interchanged. They conaist of long-handled
socket wrench (Figure 10.3)} whick rotates to the position of the four bolts
of the 3-in. (Wo. 150) stainless steel flanges used for both.

A systematlc study of the seallng variables has been started, the
folloving varlables will be studled:

1. Flange faces
: £. 0Glaskets (steinlees eteel)
3. Dolte
b, HNuts
5. OGaskst lubricant
6. Bolts Jubricant

The new cgleiner pot will be equipped with new gaskets, a blank flange,
and nuts, so these Jtems will only be used twice ineluding final! storage.
The feed flsnge and bolts will be reused. The bolts can be easily removed
by lsaving a bolt attached to the coliect gocket wrench and removing the
toci.

A metal hood with sepsrate off-gas line will be installed around the
feed flange when the filled pot is to be open so that sny contaminated dust
Involved will not contaminate the helance of the cell.

After the filled pot hims been sealed with a blank flange 1t is moved to
the final sealing and inspection cell where & senl bonnet (Figure 10.4%) ie
placed on the flange and welded to pot, making welded segl. Then the exterior
of the pot ig decontamineted for shipping. The pot can be loaded Into a
bhottom loading ecarrier from the inspeaction cell.
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