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ABSTRACT

A set of ten runs simulating process cog&%&ion& to be used in recovering the
urenium from the Hanford irradiated Al/ alloy have been completed. Total
uranium losses over an entire run, initially unsatisfactorily high, were re-
duced to essentially the equilibrium value of 0.01% after modification of the
extraction column start-up and shut-down operating procedures. The decontami-
mation factors reproduced prev1ous data sultably although not as satisfactory
as in previous processings because of lower gross and specific activity, and
residual ‘activity from Redox processings. Elimination of ferrous sulfamate
in the first cycle extraction column reduced uranium decontamination through
the first cycle due to reduced columbium decontamination but did not affect
the overall two .cycle uranium decontammnatlon if ferrous sulfamate was in-
cluded in the second cycle.

Equipment decontamination, a necessary prerequisite for plant overhaul prior
to Al/?S processing, has started,

The report summarizing the pilot plant Redox development program is in pre-=
paration and is expected to be issued in October, 19,9,

A shake down and testing of the modifications to the water demineralization
building has been made,

The next periodic report to be issued by the pilot plant section will cover
the period of August and September, 1949,
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ol Pm' ‘PLAM *morm

Non»frecbnical Beeler, Benaong .Burnett 5- Giffcrag Grizzell P Grooverg

Jennings, Lend, Ledbetter; Lockmiller, McLellan, Purkey,
Sexton, Shields,’ Shipwashg Spangler, S\mmwrs s Thomas,
Thompson, Wiggins .

INTRODUCTION AND SUMMARY

In Auguat 2 .191&8 s the m Pil@‘t Plant phasa of the 25 process development
was interm;pted in favor.of the. Redox investigation, Upon completion of -
Redox commitment at the end of Junse, 191#9,9 ‘the 25 process development pro-
gram wasg resmeﬁy and a series of ten ‘%mweycle 25 flowsheet runs uging
Hanford ;l,rradi&ted patural uranium were eomple‘&;edo The general objectives
of these runs were to test the 25 process for mechaniecal opersbility in
eqnipment which had been modified for the Redox. investiga‘tion, to check
uranivm balances at the low uranium concentmtions (1 g/1 and below) of
the 25 system, to test minor process modifications sugeested by the Redox
investigation, and to meke minor flowsheet changes suggested by recent
process developments in the ORNL Laboratory and Semi-Works Sectiom.

The two cycle beta decontamination factors obtained for the 25 runs were
consistently sbout 3 x 105, The gamma activity after two cycles was below
the 1imit of measurement. The gross beta activity in the second cycle
uranium product s‘tzream was less than 30 counts/min/ml, one~fourth of ﬁhe
beta activity of natural uraniim. Total column losses for wranium
averaged about Ool%, Anitial filtration losses vere 0.5 -~ 2, 0%, but these
losses dropped to 0.15% after uranium remaining from the Redox runs had

been thoroughly cleemsed from the filter system. No problems of mechanical
operability were encountered.

In the next phase of the pilot plant program all equipment will ‘bé‘aec@nt;
aminated, inspected, repaired, and cleansed of all matural uraniwm. The
25 proeess "investigation will then be terminated with a series of fimal

verification runs, during which 2200 grams of enriched (95%) U237 will be
processed, ,

E |
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'II. OBJECTIVES OF RUNS

Gertain general ‘objectives of “the runs made during the ‘past month were
noted in the preceeding se@tiono Specific objectives of the runs were
as follmrsv '

First Cyele =

1-27D - To verify the 25 flowsheet in effect prior 'to Redox testing.
3-4¥D - Sa.me ag aibove 9 P;xcep'b at twice the uranium concen’t;ra‘bion a:o.d
at ome-half flow rates s and including a revised start-up and
shut-down procedure to lower uranium losses during these
L phases of operation, . . . . . . .
5-6YD - To investigate ‘the effect of reducing the aluminum nitrate
I concentration of the sm‘b from 1.0 M to 0.75 M.
79859-10YD - To test ‘the flowsheet as sho%m in Fig. 15 vhich is 1dentica.‘l
to the flowsheet of August, 1948, excépt for the inclusion of
METCUric ‘nitrate and the elimination of ferrous sulfamate.
{(Bercuric ion, required for dismalving, forms a precipitate
with gulfemate). . '
Second Cycle o
1YD - To check optimum f’lo’wsheet conditions in effect August, 19!&8
2 - Same aé above, 'e:icept wi.th irevilsfea shut-down procedure to lower
: uranitm losses during this. -period. -
3-4yD - Sa.me as ZXDg exc;ept ‘tha'&; twice the ura.nium concentration and
one-half the mass through-put was used.
5w619 - Same as 2YD,
7 ,8,9«»1021) - Same as 2YD, and to determine if W@wc;yele decontaminstion would

be satisfactory on elimination of ferrous sulfamate in the first
eycle.
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III. FEED PREPARATION

’I‘he first step in feed preparation consisted of transferring Hanford irrad-
isted uranium in the form of a UNH solution to the first cycle mix tanks,
2 M AL(NO_) was added, and the acidity adjusted. This solution was fil=

bered ang hen given a final adjustment for Al(N03)3 concentration and
acldityo '

Feed for the second cycle was prepared by concentrating the first cycle
uranium product stresm, adding Al(NO )5 solution, and adjusting acidity.
The addition of all of the A1(NO,) the second cycle column via the

socrub stream was deemed impractléa.é because of the small feed volume as
compared to the size of the pilot plant process vessels,

The formation of precipitates during preparation of 0.75 M A1(NO,) , 0.2 N
acid deficient scrub solutions was traced to the use of NaCH foraaéid a,djtsta
ment . Por this reason N’H&OH was used for acid adjustment of scrub solutions
after Run 6YD,

B *
. an- —
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IV. COLUMN OPERATIOK

Ao

B

Firs*t l -

The 25 process flowsheet is given iu Fige I. Stresm compesition, loss,
and decontamimation dats for the first cycle runs ars given in Tables

T and II. For theose runs in which ferrous sulfamste was used, gross

bete and gemms decontamination factors averaged about 2 x 107 and b x 10
mgpectivelyo - These resulbs.compare favora’bly with 25 process data Ob-
tained. m“ior to the comversiom to Redog. On the lasgt four rums, im
which mer &c nitrate wag used, 'bhe ’beta decom;amination was reduced to
gbout 1 x 107 for beta and 8 x 10° for gamma. The poor gamma decontami-
nation in the latter rims was caused by low columbium decontemination
factors, which averaged sbout 200. There has been no previous £5 proress
experienca using mercuric nitrate ir the feed strsam. The decontemination
factors obtained for plutonium averaged about 1000, even after ferrous
mlfmte Wa.8 elimi:na‘bed from the feed.

Data o‘btained at equilibrium gave uranium losses of about O. 05% Com-
posite losses of 1% and 5% were obtaimed on the first two runs; but these
losses dropped to values ie@mpam“ble to the equilibriim losses when & re-
fined shutdown procedure wes used, The refined shutdown procedurs, given
in detail in Teble I, consisted essentially of increasing the solvent

rate and scrub concentration after expiration of the fesd. The apparent
filtration losses on the first half of the series of runs averaged about
1%, but these high losses are attributed to uranium remaining in the filter
asgenbly from the Redox runs. The' average filtration 14ss for the last
half of the series of runs was 0.15%; or sbout 0.1 gram. per run. Ma‘terial
balances for uranium were reasonable except for the first two runs, where
balances of 400 amd 200% were cbiained. These high balances sre a measure
of the uranium remsining in the pilot plant system after the Redox program,
in spite of '&‘he fairly rigerous cleanout procedure used at the end of that

‘ program

Second Cycle

In the Becon& c;yc;le » all fission products except ruthenium were decontemi-
nated to approxima,tely ‘background. Values obtained for ruthenium in the
product stream were 10-20 c@unts/ml/mn, corresponding to ruthenium decon-
tamination factors averaging roughly 20, These low residual activity
values do not permit accurate conclusions’ to be drawn on the second cycle
decontamination giyen by the 25 flowsheet. However, a beta decontamination
of at least 3 x 10° was demonstrated for two cycles. Second cycle uranium
losses averaged 0.10%.

PR
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SCRUB _STRIP_ SCRUB _STRIP
1.0 M A1 (NO3 )3 0.04 N HNOg 1.0 M A1 (W03 )3 0.04 N HNO3
0.2 N acid deficient 1.0 gal./hr., 0.2 N acid deficient 1.0 gal./hr.
0.75 gal./hr. 40 gal. 0.05 M Fe (NH2503 )2 40 gal.
30 gal, - 0,75 gal.
30 gal,
E _HEXONE _ E | _HEXONE
X 0.6 gm U/l | X 0.6 gm U/%, | §
T —-Used HEXONE T - Used HEXONE
R S to recovery R 8 to recovery
A T| A T '
c R c |r
T 1 T 1l
1 P A1{NOg )3 1 P
0 P 0 P
N 1 N 1
FE N ED N
0.8 gn U/1. o G oagmn% et G
1.6 M A1(NOz )z 0 | 1.6 MA1I(NOz)}s . | [0 :
0.2. N scid deficient @il C 0.2 N acid deficient ML ¢
0,002 M Hg (N03)2 U zmomﬁ 110 | 0-95 ¥ Fe (uHzs03)2 U HEXONE | f |0
3.0 gale. M| |3.76 gl./hrdf | [L]2 ] 3.0 gal./hr. M| |3:75 gal./hrd {1 L]
120 gal. N| |150 gal. 1 1ol | 120 gal. IN| [150 gal, Lij
, M )
N Boil it
down '
P : 1 —_PRODUCT . | PRODUCT
-Raffinate 2.4 gni UA, Raffinate - 73 gmUU/L,
to waste 71 40 gal, to waste 5 liters .| 3
150 gal" ‘ ‘ 150 gal. l - 8
; - I . Boil E
. down 4

"25" PROCESS P‘%‘mm PLANT FLOWSHEET _
,15._49\



© TABLE I

(RNL Technical Division - 25 Pilot Plant

First Cycle Operatiomal Dsta Summary

1YD-1

hYD=I

“Run Fumber 2YD-1 | 3¥D-I 5YD=-I| 6YD-I| T¥D-I| S¥D-I| 9¥D-I | 10¥D-I
Feedll) , o i
U Cone, g/l 1016 293 [LoBL 1,77 | 1,00 | 1,02 | o093 | 8% | .81 082
Acid Defs N +09 A2 | 12 | L0811 21 ) .19 | o2k | .17 | o2k | e21
FS(EEZSB) ,‘05: ’005 i s) 4‘@05 05 0 1o 10~ o o -
Bg(N03), M 0o - o - O o 0 - |0 - | s002] ,002] s002] - ,002
Flow gateg M 30&0 2o2 9 1053, ___2;052 2:.99 2:99 2099 2,99 12,98 3.01
~Ai{Nog), M 1.0 1.0 [1.0 |1.0 »75 o75 11,0 | 1.0 1.0 1.0
Fe(NH, 8 ) m -05 05 205 <05 205 05 10 o o - 0
Fldw Rs.t;e,, gal/hr o5 15 039 238 oT5 075 °T6 76 | -T6 oTT
Solvent = T ERR AN SR DU R g
Flow Rate, gal/hx 3.77 3073 {190 ! 1.91 | 3.7k 3 76 3076 | 3071 {375 3072
Strgg LN L. Y L R B . L o
_Flow Rate, gal/hr | 1.00 | 1,00 10,50 | .73 | 1.01 | 1,00 | 1.00 .99 | ,98 1,01
Shut down
Procedure® ) i : A

Revised--- . . -~ -|'No. -] No- - |Yes - [ Yes | :Yes--] Yes - | Yes- | Yes-- [Yes . |-Yes - --

(1) S';ieéii‘ié ‘5 activity for all runs was 6.1 x 100 @ts/min/mg of' U‘g counted at 10% geqme‘tmg

® Ixiitial sm:t; down pmcemms

1.
2.

hours aﬁ:er MCH off.

3o
MCH off.

Strip pump shut dowm eight hours after

MCH pump ‘shutdowm vhen U feed exhausteds
Solvent and scrub’ p'anps shut down four

%"
Lo

- &b
& et

' AB composite sample takeno

Optimm revised. shut dovn proae&xree
MCH shut off when feed exhaustedo o
Solvent increased to 5 gal/br and strip to
2 gal/hr at time MCH pump off.
1.5 M scrud started at 1 gal/hr for 15 hrs.
1.0 M serub pumped at 2 gal/ for 2 hrs.
AR conmosite sample taken.
Solvent shut off 1 hour after 1.0 M
scrub finishedo
Strip off 1 hour after golvent,



: TARIE IT
ORNL Technicsl Division =, 25 Pilot Plant

First Cycle Decontaminstion and Loss Summary

Run Gross B |Gross p mll Ru B |z B.icbB, |ceB | Pug Extraction Loss, 4 | Filter | Strip | Mat.Bal.
AU 1y 10 x 103 | % 103] x 103 | x 10? |x 10%| x,103 [ gquin. | Coup. Loss,% | Toss, 4| %
1w | 6 %1 5 | 76:0 p50:0 | 88 [ 2 | 035 111 2.17 |03 i3
oyp | 2.0 5.8 | 1.8 | 1.8 [19.0 [106:0 | 3.2 0:1. 5:20 —att |20 192
3w | 1:0 3i1 240 3,0 |53.0 [40,0 | 6 | 0,002 G+03 52 | 4006 105
Yyp | 3i6 740 3.0 5i0 |32:0 [83:0 | 245 0:07 0:15 :18 | .003 105
s5tp | 149 2.2 |30 | €3 | 94 {8713 |odx | 0.8 | 17 .02 98
6xp | .1 2 150 i3 | 13 | haG | .07 | 0s05 1745 s34 13007 88
70 | «8 1.1 2.0 1.9 | 2:4 ) 3.7 | 1.3 040k 0,06 218 | 00k 101
8o | .06 ‘07 o7 | osr ] s ess] son | oso2 | oson 06 | oo 103
9 | 1.0 8 2:9 | 3ih | 28 | ki3 | 1.9 0:05 0.01 s1h | s005 109
1000 | .9 5 120 | 1.7 | 20 |[3.8]1.1 | 0.03 0,01 13 | .00k 97

‘% TFilter not cleaned
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Column Ogera.tioin {contimzad)

Co

De

The qmlity “of the radio@he:mi@al data obtained for the runs covered
in this report was genera‘lly poor.. This fact is attributed partiauy
to the low level of gross activity, especially in *bhe ‘second cycle, -
and pmm to the presemge “of smll amounts of sus’pended m-berial
which’ aarried arxt:!:vitye " The source of the solid ma.terie.l is nm;
defimt;ely ‘Known. Filmtion ratios for all of the runs were very
high, however, and it “is posgible that insoluble materisl from the

coating removal step could have paseed through the filter with the
feedo

Columm Operebiiity

v301m apera'bility wes good, except for aifficulty in comtrolling the”

colum interface when using 0.75 M AL(NO_) scrub., The difficulty was’
caused’ by the high elevation of the jaek@aé pressure po‘ba s vhich were
dasi@ed on the basis of & 1.3 M aluminum nitrate scrub.  The imtro- =
duction of the lower density scrub into’ ‘the extraction colmmzs reduced
the average. density in the columms to such an ‘extent that aqueous
raffinates ba.rely flove& vhen ‘the interfaces were at normel height,
Thig-difficulty wes eliminated in the secomd cycle by lowering the
jac;kwleg pressure pot 3 1/2 feet..

kY
i

Vo ANAL’ITICAL DAEEA

Bﬁgiming with the exiriched’ 25 s the eolorimetiic method of urenium
am:!gaia will bé’ replaced by polarigrephic analyeis &s & routine xne‘t:hod.
In view of the strict accountability that will be required for the' 25

material, volumetric and gravimetric analyses will also be made for pro-
duct streams in which the activity is not excessive.
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Bo

Shutdown and Conversion

Upmmle‘tion@fthe series of 25 runs covered in this report, the
somtamination of all cells and equipment was started. All equipmemt
will 'be impe@ted, repaired and modified as necessary, end cleansed of
all natural waniun prior to processing of the emriched 25 materisl.
Tt is estimsted that the emtire dacontamination and conversion program
will teks 6~8 weeks, being completed September 15-October 1, 1949,

Decontaminstion of first cycle equipment in Celis #1 and #1A wes started
as rapialy as they could be released from service from the 25" test
runs. Decontaminaticn of the dissolver was started on July 21, 1918-9o
During decontamn ~;_»= & record will be kept of the various types of
treatment given each piecs of equipment together with amalytical data -
showing the eff@@mvamss of each treatment. At @mmle‘bim of the @~
contanination pfmm a report will be issusd mvex’ing the procedires,
repults, md @o.n@lusim pertinent to the desomtamimation of pilot plaat
Redox equipment vhi@h hag beenm @pem@eﬁ at 100% Wmﬂ activity levels,

Dur:mg “the’ @m@r&i«m phase certain eguipment modifications will be mads
to aliow for additicnal flexibility in opem"%i@n and to insure against

a possims l@m @f “25” mterial dus to equipment failure or opemtional
emcrao These egquipment modifications in@lude plugging of all Zloor
arains, prwming adﬁitioml m.zrzplmg and other @quixmenb for mmtim&
fiexibility, ﬁmloping pmeedm*ee for locking all transfer jets, and’
providing equipment for evaporation of the secomd cycle wranium product.

or process a@lmiam during the course of each rum. -A tentative list of
Procedures to. reduc@ the possibility of losses is given belows

1. Valves Por all trensfer lines for product avd raffimate solu‘&sim wiil

be locked out, reguiring a;ppmval ‘before tramf@wa ‘_

2, Proguct and raffinate golution for each cycie of éach run will be
-colléoted over the enmtire Tun, sampied, and held for analysis, loss
evaluation and material balance check prior to any transfer or dis-

3, A cmmperi@di@ chisck will be made on rates of‘builaim in all

catch tenks 45 compared to volumes of solution charged inmto the system

in order to ést@@tamaismamywhichmi@t oggur due to equipmmz
or @pmtim difficulties.
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Since no work has been done in the pilot plant using mercuric nitrate

as & cabtalyst for the dissolving of aluminum-uranium alloy with nitric
acid, it is planned to start test work on this phase of the process as
soon as the dissolver is reburned to service, The CRNL Semi-Works group
has shown that by using 2% Hg(NO ) per weight of slugs, and by control=
ling temperature and acid addltlén rat69 better than 997 dissolution is
obtained.. Final dissolutions are 1.6 £ 1.7 M Al(NO , approximately
0.5 N HNO, and contain 0,002 M Hg(NO.) 100 dummy a%loy slugs are being
acquired éy the pilot plant to make ?ugl scale dissolving runs in the
pilot plant dissolver before making the runs with enriched uranium,

VII, REDCX DEVELOPMENT - H, K, Jackson, Go. S, Sadowski

Ao (Supplemsntary Data = Spectrographic Analysis of IEU Stream

i

The results of spectrographic analyses on the IEU streams for Runs
Li/7R=53R are given in Table III,

Bo Summary Report

A summary report covering the ORNL Redox Pilot Plant program is being
prepared for issuance in Octcber,. 1949, A condensed table of contents
for the report is given belows

Condensed Table of Contents for Summary
Report on the ORNL Redox Pilct Plant Development

Abstract
Table of Contents
1.0 Summary

2,0 Introductionv

3.0 General Description of Pilot Plant Equipment
L0 General Operational Procedure |

5.0 ANL First Cycle Flowsheet Runs

600 (RNL First Cycle Flowsheet Runs

7 0 Second Cycle Runs

8.0 Overall Decontamination for Two Cycles
9.0 Hexone Pretreatment

10,0 Summary of Equipment Performance

11,0 Summary of Major Conclusions

12.0 Redommendations
e @, i

-
(S :
c A,
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Decontamination Procedures

Sampling Schedule and Analytical Procedures

Safety Procedures

Process Raw Materials

Typi;al Run Sheets:

Figures '

Tables

Bibliography

VIII. CHEMICAL WASTE DISPOSAL - E. L. Nicholson

1949 Report

The chemical waste evaporator is being operated abowe designed capaoity

to permit attaining adequate active waste storage capacity,

No experi-

mental work on this evaporator is planned until adequate storage cap-
acity is available about December, 19&9

The report covering design and initial operatlon of the evaporator,
ORNLm3939 has been issued.




Spectrographic Anal&ses on IEU Streams

TABIE TTI °

For Redox Runs L7-53R

. Values are in PPM

Sample 41 As Aw B Ba - Be Bi Ca G Co Cr Cu Fo Ga G Hg In
LR 50 <20 <2 1.0 7 €02 L1 30 22 L1 2 L ~180 <2 <. <L L.y
L8R 30 <20 <2 1.8 L £.02 41 20 .2 «1 1 3 ~200 <2 ok <L <41+A
Lor .30 <20 <2 9. b k02 L1 30 L2 21 2 2 ~180 <2 L b b
SIR 30 <20 <2 -9 L &02 41 50 <.2 <1 1 3 150 <2 goh L Lok
52R 20 420 3 . .9 7 &02 L1 Lo &2 L1 4 L ~80 <2 b <h o<l
53R 30 <20 42 9 3 .02 Ll 50 4.2 L1 L1 6 300 <2 Ll b gok
Sample p; Mg M¥n Mo Na Ni P Pb Pd S Si Sn S Ti TL V- Zn
Ngmber : _

LR 1 <10 2 i ~2500 41 £100 L4 &1 k2 20 42 L10 20 <L <&.5410
LBR 1.5 <10 .3 LL ~2500 2 <100 L L1 42 30 <42 £10 20 <4 <5410
Li9R 1 Q10 3 4L ~2500 2 <2100 3 21 L2 20 42 £10 15 <L &5 @0
IR . 1 200 3% <L ~-2500 2 «100 2 (1 <2 80 L2 410 30 <L &5 <10 |
52R 1. 200 2 4L 2500 2 2100 ‘7 <&l <2 60 <2 <10 15 LL L5410
53R "8 Lo 3 £l 2500 2 @ <l00 3 L1 L2 LR= Z210 “15° KL 45«10

B ]
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IX. PATROL ~ Fairchild, Caldwell, Davis, ngg Strader

ﬂze c;pmtim of the 807 Blago am’i mis@em,amoua patml m has beed

ot M

wvithout incident the past periodo Some additional patrcl vork has been
aamﬁ for the Physics. Diﬂﬂimo

A shake»-&m 'ses'tz of the 807 Blago to ‘test capa.@ity and aisc I 1Anecu
modifications. mﬂe to the’ deminralized water m‘cem 4n the past B
months” h&s 'bm cmle‘teda _These tests show the capacity of the huild;mg
to be 65 gpm as cmmatotheratea mpaeityofh@m, and show that
adaitioml m@h&nmal “and m&if’ications ‘of the imtmexxts
are neeeasarya . Dur:tng ‘tzh:!.a tegt:ing apprcxim'bely 12 g of. ‘water were
gent-to the 105316393 5mtothe 205 Bldgo, andSO gpmtothepm
mock-up. ‘The pilé mock-ip water containsd 5 ppm of Acdium dichromate
and sufficient sodium hydroxide to adjust the pH to 6.0-6.5.

Opera’c:.ng Summa.ry ‘7/1 - 7/31/49 |
f;;‘l;ggggd 320 to Blag. o ‘ | _ : 1178,200! gallons
Bemimralizeﬂ mteir, tog )
Blgg: 105 - 560,000 gallcns
Bldgo 205 89,500 gallons

Bldg. ”“-’“‘»“‘3" | 272,500 gallons

Opersting Efficiency = %

e :*ﬂj__{:, SO
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Zo GMAI»ADBMIS@ZATIVE

aﬁoomlsm@leofth@ICUatmamﬁmnMSlms%mtomg lliter
each of IEU comcentrate &nd ICU were semt to HEW from Redox Run 5%R.
100m1e£mm523wemammmlw

Dro Fo We mmdefthexmaﬁpimhaameeatomtum?ﬁpmdaorm A

concentrate previcusly ‘Berit him from Redox Run §9,  Tiis will increese
the “amount of wa.nim as metal awvailsble for reprocsseing at Mallinkrodt
to 465 poumds. ,

The repm giving aolvm plezm ﬂes;t@ “&nd operating memwnﬁa’eim is

mmfmm@mmmmemmbemmammmm
peri@aa .

e expanded and recmﬂed : k ¢
giving a far more sat ' bailding arrang

been summted %o and accepted by 1a'boratory mna@afmmtg ARG, and Augtin
Compaity. The Becessary design infomt:im his been submitted to Austin
Compaty and design on the new arrangemext has been started. A Tealistic
schedule for the mm of cqns‘mctim is estﬁmted to be November 1, 1949,

Thus rancrt e L obe o ‘ :;"‘-1‘?,”‘:-“' AT T LAV
fu (B ag G ’

G
=18=
e NP
e e
.. '





