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1.0 Abstract 

This report covers the Purex Process laboratory studies carried out 
during the paat quarter: 
work concerned with main l ine process refinements, plutonium recovery 
from metallurgical wastes, and problems evolving from the Purex Pilot  
Plant operation are discussed. 

February through April, 1952. The results of 
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2 .O Introduction 

During the past quarter Purex 

- 8 -  

laboratory s tudies  have been concerned 
prfmarily w i t h  process modifications which w i l l  permit a l l  product speci- 
f ica t ions  t o  be met with continuous two-cycle solvent extraction of Hanford 
production metal. 
ment of processing techniques which are: 
expensive and (b) adaptable t o  continuous operation. Aside from the problems 
associated w i t h  the main l i n e  process ( i r rad ia ted  metal t o  purif ied,  con- 
centrated plutonium and uranyl n i t r a t e  solut ions)  the laboratory program a l s o  
includes the development and small scale  demonstration of plutonium recovery 
from metallurgical wastes, assis tance t o  the Purex P i lo t  Plant group, and 
special  s tudies  not related t o  the ORNL-Purex mode of operation. 

Emphasis has been placed on the development and ref ine-  
(a) simple and r e l a t ive ly  in-  

Although the first cycle and second plutonium cycle ( O m  Flowsheet #3) 
have been successfully pilot-planted, second uranium cycle decontamination 
is  not qui te  adequate t o  consis tent ly  yield specif icat ion uranyl n i t r a t e .  
I n i t i a l l y ,  the product was found t o  be too high i n  gamma ac t iv i ty ,  due almost 
en t i r e ly  t o  the presence of excessive amounts of zirconium and niobium. 
present, adequate removal of these contaminants from the concentrated uranium 
product is  accomplished by adsorption on a fixed bed packed w i t h  s i l i c a  gel.  

A t  

More recently,  excessive ruthenium has appeared i n  the uranium product 
from the first series of continuous p i l o t  p lan t  runs. 
prompted a search f o r  methods of improving ruthenium decontamination which 
do not e n t a i l  mador process changes. 

This s i tua t ion  has 

Other problems which have received a t ten t ion  t h i s  quarter include: 
fumeless dissolving, chemical s t a b i l i t y  of Purex di luent ,  solvent extract ion 
of ni t rous acid,  and the ORNL "Mini" mixer-sett ler operation e 

3.0 summary 

Laboratory investigation of methods designed t c  enhance the second cycle 
uranium-ffssfon product separation has yielded promising results which, i f  
reproducible i n  large scale equipment, should enable uranium t r iox ide  speci- 
f ica t ions  t o  be m e t  without a head-end treatment o r  a th i rd  solvent extract ion 
cycle. A process f o r  plutonium recovery from metallurgical wastes, which in-  
cludes dissolution, f i l t r a t i o n ,  one-cycle solvent extraction, and ion exchange 
coupling, has been successfully demonstrated i n  batch, semiworks scale  equip- 
ment w i t h  Los Alamos waste. 
problems associated w i t h  fumeless dissolving, chemical s t a b i l i t y  of Purex 
diluent,  solvent extract ion of ni t rous acid,  and the ORNL "Mini" mixer-sett ler.  

In addition, e f f o r t  has been devoted t o  diverse 

3.1 Fumeless Dissolving 
1 A method of M 04 analysis  of dissolver  off-gases has been proposed 

which involves absorpt io% of nitrogen te t roxide i n  sodium hydroxide according 
t o  the equation: 

N20L + 2NaOH 4 WHO2 + N d O  7 2  + H 0 
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and colorimetric n i t r i t e  determination w f t h  Greiss reagent. 
reported t h a t  under cer ta in  conditions 5,O 
with alkali t o  give equimolar qwntities'o8 n i t r i t e  and nitrate. The 
method has been tested with accurately known concentrations of N 0 
was found t o  be completely absorbed by 158 sodium hydroxide, 

It had been 
may not reac t  quant i ta t ively 

which 2 4' 

In cooperation with the  Unit Operations Section, gas samples taken 
before and after scrubbing i n  a tower with 20s KOH were analyzed f o r  n i t r i t e .  
The r e su l t s  indicated 99$ removal of N204 f o r  two of the three runs made. 

3.2 Chemical S t a b i l i t y  of Purex Diluent 

Upon request of the du Pont Company,:! the chemical s t a b i l i t y  of 
Amsco 123-15 under the  ORNL Pupex Flowsheet #3 conditions is being examined. 
It is generally known that t r i b u t y l  phosphate cut  with a kerosene type 
diluent asames  a permanent yellow coloration when contacted with Purex 
aqueous streams. Controlled t e s t s  have established t h a t  the  color is  i m -  
parted t o  the di luent  alone - and is associated with the HHO 
The yellow color probably r e s u l t s  from l imi t ed  n i t r a t ion  (an 
oxidation) of unsaturates contained i n  the di luent .  Ea r l i e r  
that continuous room temperature contact of 308 TBP i n  Amsco w i t h  6 5 HN4 
f o r  17 days resul ted i n  0.02$ fixed nitrogen i n  the  organic phase. 

3.3 TBP Extraction of Nitrous Acid 

Purex solvent mixture was found t o  possess a high a f f i n i t y  f o r  
ni t rous acid,  due almost e n t i r e l y  t o  TBP. 
305 TBP i n  Amsco and 0,Ol M - HMO2 i n  0, 1, and 6 M HNO was found t o  be 15, 
20, and 3, respect ivelyo 
1 M RmO3 was extremely d i f f i c u l t ;  27 washes were required t o  e f f ec t  905 re- 
moval o 

Nitrous acid d is t r ibu t ion  between 

Stripping of the ni t ro& ac2d from the  organic with 

3.4 The ORNI, "mini" Mixer-Settler 

Repeated d i f f i c u l t i e s  have been encountered during construction and 
t e s t i n g  of the laboratory mixer-sett ler,  the majority of which have been cor- 
rected except f o r  occasional leakage out the bottom of the  fluorothene block. 
Three inactive L9 runs, per Purex ORNL Flowsheet #1, have been completed i n  
the  20 stage uni t  w i t h  generally sa t i s fac tory  r e su l t s .  
data from an 18 how run indicated tha t  steady state was reached a f t e r  15 
hours operation ( f ive  aqueous throughputs) . 
averaged 90$, omitting the last stage whose eff ic iency was unaccountably low 
(7.9$)* 

End stream and etage 

Uranium extraction stage eff ic iency 

Uranium loss through six stages was 0.002$, 

3*5 Modified Second Uranium Cycle 

Coincident wfth the introduction of continuous two-cycle operation 

Since the  s i l i c a  ge l  t a i l  end treatment does not remove ruthenium, other 
a t  the P i l o t  Plant,  excessive ruthenium has appeared i n  the Purex uranium pro- 
duct. 
means were sought t o  improve ruthenium decontamination v ia  the second solvent 
extract ion cycle,  
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Batch countercurrent studies have shown tha t  ORNL Flowsheet #I is 
superior t o  Flowsheet #3 w i t h  respect t o  ruthenium decontamination. 

The addition of 0.05 M sodium n i t r i t e  t o  the lDF, followed by heat- 
ing, increases the ruthenium separation by a factor  of four t o  ten.  
treatment w i t h  urea was nearly as effect ive as n i t r i t e .  

Similar  

Operation with a near-saturation flowsheet, subst i tut ion of sodium 
n i t r a t e  f o r  n i t r i c  acid i n  the scrub (i.e., high pH scrub), and the addition 
of a two-stage solvent scrub section t o  the s t r ipping bank were tested. 
improvement i n  ruthenium decontamination was observed. 

No 

3.6 Uranium Product Tail End Treatment 

Study of the variables thought t o  influence zirconium-niobium ad- 
sorption on s i l i c a  gel  has continued using U U  concentrate from recent p i lo t  
plant continuous runs as feed. 
depth and flowrates; however, other variables such as temperature, acidi ty ,  
type of s i l i c a  gel,  and feed composition received at tent ion.  

Major emphasis was placed on the ef fec t  of bed 

It was noted that s i l i c a  gel  functions as a f i l t e r  f o r  suspended 
matter which car r ies  roughly two-thirds of the gamma a c t i v i t y  present. 
sequently, f i l t e r e d  feeds were used t o  obtain data which could be interpreted 
on the basis of decontamination by adsorption alone. 

Con- 

A t  superf ic ia l  l i nea r  veloci t ies  of 1 cm/min or  l e s s  through a 20 cm 
by 1 sq. cm bed, o r  a t  a 3 cm/min r a t e  with bed depths of 40 cm o r  more, a 
capacity of 200 - 250 ml of uranium product per m l  of bed was realized with 
decontamination factors  of 15 f o r  niobium and 4 for  zirconium. If less de- 
contamination i s  required, the bed capacity w i l l  be s ignif icant ly  larger .  

0 Adsorption at  70 C instead of room temperature appears t o  increase 
the zirconium-niobium decontamination or bed capacity two fold.  

In t h i s  applfcatfon, Davison refr igerat ion grade s i l i c a  gel  was found 
t o  be equal o r  superior t o  a sample supplied by Davison on request f o r  "activated" 
s i l i c a  gel, 

Small variations i n  feed composition (acidity,  f i s s ion  product con- 
centration and dis t r ibut ion,  e t c  .) have not shown any conclusive effect  on 
zirconium-niobium adsorption e 

3.7 Uranium Product Denitration 

It had been previously observed t h a t  denitration of P i lo t  Plant 
uranium product was accompanied by excessive foaming, due t o  dibutyl acid phos- 
phate formed from entrained solvent. 
Plant runs employing an a f t e r  separator, showed l i t t l e  or  no foaming during 
laboratory denitration experiments. 

Products, obtained from recent P i lo t  
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Ruthenium d i s t i l l a t i o n  
9046 completion i n  both all-glass 
ment. Ruthenium decontamination 

occurred when denitrations were carried t o  
and part-stainless s t e e l  laboratory equip- 
factors  varied from 4 t o  13 i n  glass; whereas, 

i n  two experiments i n  glass-stainless steel, the decontamination factor  was 
three.  A l l  of the ruthenium d i s t i l l e d  appeared in the  acid scrubber. 

3.8 Plutonium Recovery from Metallurgical Wastes 

A dissolution procedure f o r  s lag  and crucible wastes has been 
developed on a p i l o t  scale which permits 994 plutonium recovery i n  a form 
(after f i l t r a t i o n )  sui table  fo r  d i rec t  solvent extraction with TBP o 

Separation of plutonium from gross impurities ( A l ,  Ca,  M g )  is accom- 
plished by one-cycle solvent extraction with 304 TBP - 70% Amsco solvent under 
conditions similar t o  the  Purex second plutonium cycle (ORKL Flowsheet #3) e 

The aqueous product is fur ther  decontaminated and concentrated by ion exchange 
coupling, pr ior  t o  peroxide precipi ta t ion.  

Approximately 115 l i ters of s lag  and crucible solution have been pro- 

Spectroscopic analyses 
The product purity,  

cessed through batch countercurrent equipment. Plutonium extraction and 
stripping losses averaged 0.06 and 0 .O3$, respectively. 
show tha t  calcium is the principal product contaminant. 
however, is comparable t o  tha t  of 2BP from the ORHL P i lo t  Plant Purex Run 
HP-13. 
exchange and shipped t o  Los Alamos f o r  evaluation. 

Approximately 10 grams of recovered plutonium w i l l  be isolated by ion 

Studies a re  underway t o  determine the most sui table  construction 
material fo r  t he  metallurgical waste dissolution equipment from the stand- 
point of ava i lab i l i ty ,  ease of fabrication, and resfstance t o  a t tack  by the 
corroding medium ( n i t r i c  acid,  hydrofluoric acid, and iodine) . 
corrosion tests of several s ta in less  s t ee l s  and Pfaulder glass,  s ta in less  
s t e e l  type 309 Cb was chosen f o r  fur ther  investigation. 

Based on survey 

Durability tests of unwelded, welded, and welded-pickled 309 C b  
samples are  50% completed ( f ive  24 hour corrosion cycles) 
samples exhibited least corrosion: 
vapor, l iqufd,  and interface,  respectively, 

The welded-pickled 
0.027, 0.018, and 0.014 inches per year i n  
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5 -0 Second Uranium Cycle Studies (V. Jo Reilly,  L. A. Byrd)  

5.1 Ruthenium Decontamination with Flowsheet Nos. 1 and 3 

In the  two-cycle Purex Process w i t h  uranium ta i l  end treatment, 
the  uranium decontamination appears t o  be l imited by ruthenium. 
parison of P i lo t  Plant r e s u l t s  (Runs HP 8 ,  9,  and 13) indicates that better 
ruthenium decontamination was obtained i n  the Purex No. 1 flowsheet than 
i n  the No- 3 flowsheet, These flowsheets were compared i n  the laboratory 
using feed prepared from P i l o t  Plant first cycle product. The ruthenium 
DF was 82 f o r  Flowsheet No. 1 and about 40 f o r  Flowsheet 3 at  85$ uranium 
saturat ion.  Although ruthenium decontamination was r e l a t ive ly  low i n  a l l  
the runs it appeared that flowsheet Noo 1 was more sa t i s fac tory .  

A com- 

5.2 Effect of Feed Pretreatment on Decontamination 

In view of the poor ruthenium decontamination experienced during 

The 
the flowsheet comparison s tudies ,  other methods were sought t o  increaee the 
uranium-ruthenium separation v ia  the second solvent extract ion cycle. 
following feed pretreatments have been found of some value: 
sodium n i t r i t e ,  re f lux  w i t h  n i t r i c  acid,  reflux w i t h  urea, and simmer a t  85 
w i t h  either n i t r i t e  o r  urea. 
cycle product concentrate (1CU boildown) and second cycle feed (1DF) from 
recent P i l o t  Plant runs, a t  a c i d i t i e s  ranging from 0.5 t o  2 M i n  n i t r i c  acid.  
The treatments were evaluated by processing the treated feed-through batch 
countercurrent extraction, scrub and s t r i p  simulating 1D and 1E column operation. 
Purex No., 1 flowsheet, modified t o  provide 908 uranium saturat ion at  the feed 

ref lux  w i t h  
C 

These treatments have been applied t o  both first 

plate ,  was wed, The r e su l t s  are given i n  Table 5.1. j r  

A comparison of the g~oss gamma and ruthenium decontamination data 

Resulzs from runs made w i t h  HCP 4 

from runs carr ied out on a single  batch of 1CU concentrate indicates the 
beneficial  e f f e c t  of re f lux  o r  simer w i t h  0.05 M sodium n i t r i t e , * a n d  t o  some- 
what lesser extent,  of heating w i t h  urea. 
feed are obscured by the r e l a t ive ly  high ruthenium decontamination when no 
treatment was employed. On the  basis of these experiments, the  maximum 
ruthenium separation is obtained when the feed is made 0.05 M i n  sodium 
n i t r i t e  and either refluxed f o r  one hour o r  simmered a t  ~ ~ O C - ~ O P  three hours. 

There is a disadvantage i n  the use of NaNO i n  feed pretreatment 
since,  if appreciable n i t r i t e  remains after digestiog, it w i l l  be incompat- 
i b l e  w i t h  ferrous sulfamate i n  a pulse column. This incompatibility is due 
t o  the reaction between the two w i t h  the generation of gaseow nitrogen. 
(The ferrous sulfamate is added t o  the 1 D  column scrub solut ion t o  reduce 
t race  plutonium t o  the t r iva l en t  state i n  order t o  obtain f i n a l  separation 
from the uranium product), 
presence of air (see sect ion lO,ll), residual n i t r i t e  may be destroyed by 
air-sparging the treated feed p r io r  t o  solvent extraction. 
be tested i n  the laboratory. 

Since ni t rous acid is r e l a t ive ly  unstable i n  the 

This scheme w i l l  
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The differences from batch t o  batch are apparent from the data 
in  Table 501. 
contaminate from ruthenium than those from HCP 3 o r  5. Performance w i t h  
HCP 3 and 5 products was quite  comparable t o  t h a t  experienced w i t h  HCP 2 
product (flowsheet comparison rune> and is believed at present t o  be more 
typical  of what t o  expect from the OR?& p i l o t  plant as regards b e k v i o r  in  
the second uranium cycle, 

It is seen tha t  the product from HCP 4 is much easier t o  de- 

Determination of the gross gamma and specif ic  f i ss ion  product de- 
contamination factors  is subject t o  appreciable e r ror  because of the low 
leve l  of a c i t i v i t y  i n  the second cycle uranium product. For example, t he  
gross gamma a c t i v i t y  is only twice the ion-chamber background w i t h  a 50 m l  
sample Likewise, 100-140 c/m/ml of 
ruthenium beta is equivalent t o  the t o t a l  f i s s ion  product gamma a c t i v i t y  
tolerable i n  recovered uranium, which approaches the liuiit of detection of 
t h i s  contaminant by beta counting. 
niobium and zirconium, these constituents were measured i n  the gamma 
sc in t i l l a t i on  counter. 
t h i s  method, the count was below the instruments background when good de- 
contamination was experienced. 

when a DF of about 400 is obtainedo 

In  order t o  provide DF values fo r  

Even w i t h  the high counting efficiency gained by 

In the last four puns w i t h  HCP 5 product 0005 M su l fur ic  acid was 
substi tuted f o r  ferrous sulfamate i n  the scrub solution in an attempt t o  
obtain f i n a l  removal of residual plutonium by sulfate complexing. 
plutonium DF varied from 6 t o  80; whereas a DF of 30 t o  50 is needed across 
the second uranium cycle t o  meet the ten  par t s  per b i l l i o n  plutonium speci- 
f ica t ion  which applies t o  recovered uranium. 

The 

5.3 Miscellaneous Decontamination Studies 

The ef fec t  of a high pH solution on ruthenium decontamination i n  
the scrub section was examined i n  one run (Flowsheet #I conditions) where 3 M 
sodium n i t r a t e  was substi tuted f o r  3 M n i t r i c  acid as scrubbing agent. 
ruthenium decontamination factor  across the second cycle was only 30 as com- 
pared t o  76 obtained w i t h  the n i t r i c  acid scrub, 
addi t ional  f i s s ion  product-uranium separation might be achieved i n  the  uranium 
s t r ip  eontactor by addition of a solvent scrub section which would back ex- 
tract residual ac t fv i ty  *om the aqueous product stream. 
w i t h  a two stage solvent scrub section coupled t o  the seven stage s t r ipping 
bank, No improvement i n  gross gamma decontamination was detected. Further 
work w i t h  th i s  arrangement is planned t o  study the behavior of individual 
f i s s ion  products. 

- 
The 

It was thought that 

One run was made 

5.4 Near-Saturation Flowsheet 

Further Work on 8 near-saturation flowsheet was suspended when its 
ins t ab i l i t y  t o  flow and composition variations developed, Previous work had 
indicated that m a x i m u m  separation of uranium from f i ss ion  products fshould be 
achieved with solvent extraction conditions addusted such that nearly loo$ 
uranium saturation of the solvent (TBP) is maintained. 
would leave v i r tua l ly  BO t r i bu ty l  phosphate for complexing of f i s s ion  products 

Such an arrangement 
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which should permit more e f f i c i en t  separation. 

Batch countercurrent s tudies  of the most promising flowsheet, em- 
uranium - 2 M n i t r i c  acid feed, a 30$ TBP extractant, and a ploying a 1,68 

0.5 M n i t r i c  acid scrub a t  a ?eed/extractant/scrub flow r a t i o  of 20 f78 /lo, 
has ghown this  system t o  be unsteady over long periods of operation. This 
was not immediately apparent since the change toward increased uranium i n  
the extraction section was very slow. An analysis of the problem has led t o  
the conclusion tha t  a system based on sa l t i ng  by n i t r i c  acid whose concen- 
t r a t ion  is  obtained t o  a s ignif icant  extent by ref lux w i l l  not be stable t o  
upset 

Any departure from flowsheet specifications which would put 
additional uranium into the extraction section w i l l  decrease the n i t r i c  
acid sa l t i ng  strength by decreasing the acid reflux.. 
be self-perpetuating. Considering the conditions i n  the scrub section when 
a temporary increase i n  uranium feed (or decrease i n  solvent) occurs, i n  
order f o r  the system t o  remain s tab le  a higher concentration of uranium i n  
the organic product m u s t  be obtained, However, t h i s  means a closer approach 
t o  saturation i n  the scrub stages, and the  uranium dis t r ibut ion coeff ic ient  
decreases as saturat ion is approached. Therefore the system would be self- 
healing only i f  the degree of saturation is  far enough removed from 100s t o  
permit these fluctuations without reaching such a low uranium dis t r ibut ion 
coefficient t h a t  t he  excess uranium is not quickly removed i n  the organic 
product. 

Thus the upset would 

This discussion has assumed no control instrument on t he  contactor 
other than t o  maintain the feeds a t  the design level .  However, i f  an instru-  
ment were available t o  regulate e i ther  feed rate o r  solvent rate t o  control 
uranium concentration (or  specif ic  gravity) midway i n  the extraction section, 
it appears perfect ly  feasible t o  operate the 1D contactor very close t o  
saturat ion at  the feed p la te .  
t i c u l a r l y  d i f f i c u l t  t o  design into a mixer-settler, the advantage of a near- 
saturat ion flowsheet w i l l  be kept i n  mind for  future  Work. 

Since such a control does not appear gar- 
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Table 5.1 

Effect of Feed Pretreatment on Second 
Uranium Cycle Decontamination 

Conditions: Flowsheet #1, 90s uranium saturat ion a t  the feed p la te .  

Jktraction: Feed: 1.47 M U - 2 M HNO prepared from p i l o t  plant  
f irst-cycle pFoduc2 

Extractant: 305 TBP in Ammo 123-15 

Scrub: 3 g HN03 

F/X/S r a t i o  of 30/100/20 ml 

5 Extraction and 4 scrub stages 

Str ip:  Extractant s t r ipped with double volumes of demineralized 
water 

7 stages 

Feed 
Stock 

HCP -3 
HCP-3 
HCP -3 

HCP-3 

HCP-4 
HCP -4 

HCP-4 

HCP-5 
BCP -5 

KCP-5 

HCP-5 
HCP -5 
KCP-5 

Feed Treatment 

None 
Adjusted feed refluxed 3 hours 
Made 0605 - M i n  NaN02, l e t  stand 1 hour 
at 25 6 

Made 0.05 M - in HaNO2, refluxed 30 mine 

None 
Made 0.05 - M in NaEJ02, l e t  stand 8 hrs.  

Made 0.05 - M in NaH02, refluxed 30 mfn. 
a t  25OC 

None 
Made 0.1 i n  urea, simmered 3 hrs. a t  

Made 0.05 - M i n  urea, simmered 3 hrs. a t  

Made Q .A M i n  mea e refluxed 1 hour 
Made 0.0.5-M i n  MaN02, refluxed 30 mine 
Made 0,05 - i n  NaNOg, aimmered 3 hrs. 

8 5 O c  

8 5 O c  

at  8 5 ' ~  

Decontaminat 
Gross y 

44 
106 
184 

260 

190 
460 

430 

160 
430 

400 

43 5 
560 
450 

m Factors 
Ru 
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6.0 Uranium Product T a i l  End Treatment ( V .  J. Reilly,  L. A .  Byrd)  

Laboratory study of zirconium and niobium adsorption from the second 
uranium cycle product (IEU boildown) by s i l i c a  ge l  was resumed t h i s  quarter 
when a fresh supply of feed from Purex P i lo t  Plant continuous runs became 
available 
ing uranium from residual zirconium and niobium, which have consistently 
l imited the f i ss ion  product gamma decontamination obtained by two solvent 
extraction cycles. 

"his treatment has been proposed4 as a feasible  means of separat- 

A t o t a l  of twelve adsorption runs have been made i n  laboratory (glass)  
columns with conditions varied such tha t  the e f f ec t  of flowrate, bed depth, 
type of s i l i c a  gel,  feed composition, and temperature on decontamination and 
bed capacity could be studied, 
the sections which follow. 

The results of t h i s  work are discussed i n  

6 1 Adsorption Studies with Unf iltered Solutions 

6.11 Activity Removal by F i l t r a t ion  through S i l i c a  G e l  

The first series of runs i n  t h i s  program (6 through 10) was 
carried out on unfi l tered IEU boildown. 
matter i n  the feed was being f i l t e r e d  out on the bed, and that t h i s  matter 
carried a substant ia l  proportion of the a c t i v i t y  present. 
was made fo r  t h i s  e f fec t  during t h i s  period by obtaining radiochemical analyses 
fo r  zirconium and niobium (see Appendix A) on f i l t e r e d  samples of feed and cal-  
eulating the decontamination on t h i s  basis. 
factor  fo r  adsorption only (not including that due t o  f i l t r a t i o n ) ,  i f  the 
s i l i c a  gel  bed removes a l l  of the suspended matter and i f  exchange does not 
occur with a c t i v i t y  adsorbed on the par t ic les .  
obvious t h a t  removal of suspended matter was necessary p r io r  t o  passage through 
the bed i f  e r r a t i c  results were t o  be avoided. 
10, given in Table 6.1, should not be given as much significance as later 
runs which were made with fi tered feed, 
compared t o  previow results'  with 3 cm/min flow through a 20 cm by 1 sq cm 
bed, decontamination fs less and capacity is  considerably higher before a def in i te  
breakthrough occurs. 

It was soon apparent that par t icu la te  

Partial correction 

This provides the decontamination 

However, after run 10 it was 

"he re su l t s  of runs 6 through 

The former indicate, however, that 

6.12 The Effect of Feed Composition and Type of S i l i ca  Gel on 
Zirconium-Niobium Adsorpt ion 

Comparison of run 7 w i t h  run 9 indicates (Table 6.1) the super- 
i o r i t y  of Davison refrigeration-grade ge l  over t ha t  used i n  run 7, which was 
supplied by Davison on request fo r  "Activated" s i l i c a  gel. 
with "activated" gel ,  the  zirconium and niobium removal is 25 and 50$, respect- 
ively, of t ha t  obtained with the  refr igerat ion grade gel.  

It is seen that 
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Decontamination 
zr 

ORNL-13 43 

Factors - 
Table 6.1 

Zirconium and Niobium Adsorption 

from Unfiltered Uranyl Nitrate Solutions by S i l i ca  Gel 

Conditions: Varied except fo r  flow rate (3 cm/min) and temperature 
(250C 1 

--l---- 
Run ___--._- 
No. Source 

6 ~ o E o m  

Feed 
__--I - 
Uo 

1.68 

1.68 

1.76 

1.68 

1.68 

- 

Bed Size 
cm x sq. cm) 

20 x 1 

20 x 1 

24 x 0.25 

20 x 1 

20 x 1 

Throughput 
[ml/ml of bed) 

60 
170 
340 

200 

J: 
' 50 
200 

100 
300 
460 

12 

20 
-- 

1 

1.2 

6 
4 

2 

2 
e- 

Inclusion of f i l t r a t i o n  DF would increase theee (1) DF by adsorption only. 
values roughly three-fold. 

(2) 

(3) 

Davison "activated" s i l i c a  gel e 

Si l i ca  gel  is  -40 +60 mesh. 
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The zirconium behavior i n  Run 8, wherein ICU concentrate was 
used, may be due t o  the  presence of more than one kind of zirconium i n  the 
system. A small diameter bed (0.25 sq cm cross section) packed with 
mesh s i l i c a  gel  was used i n  t h i s  run i n  order t o  operate with a minimum volume 
of first cycle product and cut down the  radiat ion background. 

-40 +60 

There is evidence of a trend toward decreased zirconium re- 
moval with increase i n  feed ac id i ty  (runs 6, 9, and 10).  Nevertheless, it is 
f e l t  t ha t  the influence of feed ac id i ty  on overal l  decontamination is  s l igh t ,  
par t icular ly  i n  the range of 0.3 t o  0,9 M n i t r i c  acid covered i n  t h i s  work. - 

6 -2 Adsorption Studies using Fi l tered I E U  Concentrate 

6.21 The Effect of Flow Rate and Bed Depth on Decontamination 
and Capacity 

Feed f o r  succeeding runs (12 through 17) was prepared by com- 
binfng IEU concentrate from two (high level)  Pi lot  Plant i'ms and passing t h i s  
through a plug of Pyrex glass  wool one inch i n  diameter by two inches thick.  
The f i l t ra te  appeared t o  be perfect ly  c lear ,  and contained 35 mv yactivity/ml 
as compared with 109 mv/ml f o r  the unfi l tered solution (Bldg. 3550 ion chamber). 
As successive samples of the f i l t ra te  showed no trend toward increased a c t i v i t y  
with increased volume throughput, t h i s  reduction i n  a c t i v i t y  is not l i k e l y  t o  
be due, t o  any extent, t o  adsorption on the glass f ibers .  

Four runs (12, 13, 14, and 17) have been made with t h i s  feed t o  
determine the e f f ec t  of flow r a t e  and bed depth on decontamination and capacity. 
Tho r e su l t s  of these runs (decontamination by adsorption only) are plot ted i n  
Figures 6.1, 6.2, and 6.3. Figure 6.1 i l l u s t r a t e s  the e f f ec t  of decreased flow- 
rate through a 40 em bed on zirconium-niobium decontamination. It is  noted tha t  
a t  3 cm/min flowpate (Run 13)' the instantaneous DF for  niobium averages 11.6 
across the plateau region of the curve. 
17) ra i ses  the DF t o  15. 

Decrease i n  flowrats t o  1 cm/min (Run 
Similarly, the zirconium DF is increased from 3.5 t o  5. 

The same behavior is  apparent i n  Figures 6.2 and 6.3, which 
show a gain i n  zirconfum-niobium decontamination when the bed depth is doubled 
and the flow ra t e s  maintained constant. It is  seen tha t  the niobium decontami- 
nation factor  ranges from 3 (Run 12, 3 cm/min flow through a 20 cm bed) t o  15 
(Run 17, 1 cm/min flow through a k, cm bed). 
zirconium are 2 and 5 fo r  runs 12 and 17, respectively. 

The corresponding values f o r  

Run 12 was conducted a t  the same feed rate and bed depth as runs 

It is immediately obvious that the conditions fo r  Run 12 (3 cm/min 
6 through 10, and the r e su l t s  are roughly equivalent (except f o r  Z r  behavior i n  
Runs 6 and 8) ., 
flow through a 20 cm bed) are inadequate t o  derive the most good from the s i l i c a  
ge l  bed. Increasing the sojourn time by doubling the bed depth o r  by decreasing 
t o  a t h i r d  the flow rate markedly increases the DF. 



F i g u r e  6 . 1  - 
Page 19 The I n f l u e n c e  of F lowrate  on 

Zirconium and Niobium Absorpt ion  from Uranyl  N i t r a t e  S o l u t i o n s  by S i l i c a  Gel 

- \ 

- Run 13 
- 
- 
- 
- 

I I I I I I I I I I I 1 I I I I I 

10 

8 

6 

Condi t ions :  Feed - F i l t e r e d  IEU Bo i ldorn  ( 1 . 6 8  M U - 0 . 9 4  Y HNoJ) 
S i l i c a  g e l  - Davison ( r e f r i g e r a t i o n  g r a d e ) ,  - 2 O +  40 mesh 
Bed s i z e  - 1 s q  cm by 40 c m  
F l o r r a t e  - 1 cm/min (Run 17)  

3 cm/min (Run 13)  

I 

ZIRCONIUM 

L 
h 
E; 0 1  I I I I I I I I I I I 1 1 I I I I 
$ 1  2 3 4 5 6 7 a 9 10 !?z LITERS OF EFFLUENT 8 2 4  , 
z 
g 22 

5 
5 
2 20 

18 

16 

14 

12 

10 

a 

6 

NIOBIUM 
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F i g u r e  6 . 2  

The I n f l u e n c e  o f  Bed Depth on 
Zirconium and Niobium Adsorpt ion  from Uranyl  N i t r a t e  S o l u t i o n s  by S i l i c a  Gel 

3 cm/min F lowrate  

Page 20 

I d  I \  I 

I \ I 

NIOBIUM 

I - - - - - -- - - - - - I 

I I" t 

I 4 b  Run 
n 12 0 

0 

I I I I I I I 1 I I I I I I I I I I I 1 2 3 4 5 6 7 8 9 10 
LITERS OF EFFLUENT 



F i g u r e  6 . 3  

The I n f l u e n c e  o f  Bed Depth on 
Zirconium and Niobium Adsorpt ion  From Uranyl N i t r a t e  S o l u t i o n s  by S i l i c a  Gel 

1 cm/min F lowrate  

Page 21 

Condi t ions :  Feed - F i l t e r e d  IEU B o i l d o w n  ( 1 . 6 8  M U - 0 . 9 4  M HN03) 
S i l i c a  Gel - Davison ( r e f r i g e r a t i o n  grade) ,  - 20 + 40 mesh 
Flow r a t e  - 1 cm/min 
Bed s i z e  - 1 sq cm by 20 cm (Run 14)  

1 sq c m  by 40 cm (Run 17)  
10 

Run 

Run 

17 

14 

NIOBIUM 

Run 17 

Run 14 

I I I I I I I I I 1 I I I I I I I 

8 9 10 4 5 6 7 1 2 3 

LITERS OF EFFLUENT 
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In order t o  apply these resu l t s  t o  the prac t ica l  problem of 
decontaminating uranium product t o  a sa t i s fac tory  level,  they have been re- 
plotted i n  Figures 6.4 and 6.5 where now the DF is the integrated value f o r  
the cmposite eff luent  (see Appendix B f o r  integration method used) . 
these plots ,  one first decides what overal l  niobium or  zirconium decontami- 
nation factor is needed. Then, off the p lo t  is read the volume of solution 
which may be treated under the specified conditions of bed depth and super- 
f i c i a l  flow ra t e  before t h i s  overal l  DF is reached. This is the capacity of 
the bed under these conditions. As an example, i f  the feed ac t iv i ty  is such 
as t o  require a niobium DF of 15 and zirconium DF of 4 by adsorption, the cap- 
ac i ty  would be, f o r  the various cases: 

Flow Rate Bed Depth, Capacity - Nb Capacity - Z r  

To use 

(cm/min) (cm) ( m l  of effluent/ml of bed) ( m l  of effluent/ml of bed) 

3 20 0 50 

3 40 190 225 

1 20 215 200 

1 40 240 320 

The s imi la r i ty  of the curves f o r  runs 13, 14, and 17 (Figures 
6,4 and 6.5) indicates that l imit ing capacity is being approached under these 
conditions. 
if the flow rate were dropped below 1 cm/min o r  the bed length were increased 
beyond 40 cm with a f l a w  r a t e  of 3 cm/min. 
probably be desirable f o r  a plant-scale adsorber because of the channelling 
which occurs i n  large diameter equipment, 

Thus, a marked increase i n  unit capacitv would not be expected 

(An increase i n  bed length would 

6.22 Effect of Temperature, Acidity, Feed Composition, and 
Type of S i l i c a  G e l  on Adsorption Efficiency 

The e f f e c t  of temperature was i n v e s t i p t e d  b r i e f l y  i n  Runs 12 
and 15. 
made at 70°C. 
rate ( 3  cm/min) and bed depth (20 cm) used, operation a t  7OoC increased decon- 
tamination by about a fac$or of two. Repetition of t h i s  study with longer so- 
journ time is planned. 

Run 12 was made at  room temperature (about 30 C ) ,  whereas Run 15 was 
The re su l t s  of these runs are compared i n  Figure 6.6. A t  the 

A brief comparison of two runs at d i f fe ren t  ac id i t i e s  has been 
made (Runs 16 and 12). 
which w a s  0.45 I’l i n  Run 16, and 0.9 N i n  Run 12. Feed f o r  Run 16 was adjusted 
t o  the lower acydity by mixing the fFltered feed solution with an equal volume 
of filtered, neutral  solution of the same uranium concentration. 
chemical r e su l t s  were uncertain i n  R u n  16, so the gross 7 DF, corrected f o r  
ruthenium and UX, w a s  calculated and was  found t o  be roughly half that f o r  Run 
12. This resu l t ,  however, does not check with the earlier work, shown i n  Table 
6.1, where roughly the same results were obtained a t  ac id i t i e s  ranging from O,3 
t o  0,g N HNO . Further investigation of the e f f e c t  of ac id i ty  may be indicated 

Here a l l  conditions were the sarhe except f o r  the acidi ty ,  

The radio- 

if  the Fesul 2 s a t  the normal ac id i ty  (0.9 - I?) are not completely satisfactory.  
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he E f f e c t  o f  Temperature on Zirconium and Niobium Adsorptioi 
from Uranyl N i t r a t e  S o l u t i o n s  by S i l i c a  G e l  

Conditions: Feed - F i l t e r e d  IEU Boildonn 
( 1 . 6 8  Y U - 0.94  Y €IN3) 
S i l i c a  Gel - Davison ( r e f r i g e r a t i o n  
grade) - 20 + 40 mesh 
Bed S i z e  - 1 sq e m  by 20 em 
Flow r a t e  - 3 cm/min 

h 
ZIRCONIUM 

0 1 2 3 4 5 

LITERS OF EFELUEh'T 



Since it is qui te  possible t h a t  more than one form of niobium 
and/or zirconium are present i n  the feed, each with its own behavior with 
s i l i c a  gel,  it w i l l  be necessary t o  repeat some of these experfments with other  
batches of IEU boildown as they become avai lable  t o  investigate t h i s  poss ib i l i ty .  
Some of the var ia t ions i n  the remlts reported here may be due t o  the presence 
of several  f o m  of niobium and zirconium i n  d i f fe r ing  proportions ( c f .  runs 
6, 8, 10, and 12 with regard t o  2 2 )  as w e l l  as t o  the e f f ec t  of par t icu la te  
m t t e r  which was present i n  the earlier runs, 
apply, t o  a lesser extent,  t o  some of the  result8 reported here, although 
there  is  no c lear  indication t h a t  behavior has changed with age. 
and 17 were made a f t e r  the  feed had aged f o r  from three t o  f ive  weeks. 

The question of aging may a l so  

Runs 15, 16, 

6.3 S i l i c a  Gel. Bed Regeneration 

When capacity i s  reached, the s i l i c a  ge l  bed is  reconditioned i n  the  
following manner. 
three volume changes of 0-5 M no3,  which i n  plant  operation would be returned 
t o  recycle. Then the  zirconyum-niobium a c t i v i t y  is  eluted from the  ge l  w i t h  
0.4 M oxalic ac id  at  70°C, and Jet ted t o  waste. Finally,  the t races  of oxal ic  
acid-are flushed out of the bed with water. 

F i r s t ,  occluded uranium is washed from the bed with two t o  

Continued study of the elut ion s t ep  has shown t h a t  0.4 M oxal ic  acid 
at 7OoC consis tent ly  removes 85-90$0f the  a c t i v i t y  i n  the first two t o  three 
volume changes. The e lu t ion  tails  o f f ,  however, and after 10 volume changes 
the bed a c t i v i t y  is not dropping rapidly.  
as radiochemical analyses indicate  the  behavior of niobium and zirconium are 
roughly the  same on elut ion,  so that it should be suf f ic ien t  t o  regenerate by 
removing 85-90$ of the  a c t i v i t y ,  leaving the  remainder as a heel .  

This should be of l i t t l e  consequence, 

A t o t a l  of e ight  runs have been made on one bed of s i l i c a  gel, which 
was regenerated t o  roughly 9546 completion after each run w i t h  0.4 M oxal ic  
ac id  a t  70- 80°C This bed was used in Runs 6, 10, 12, and 15 r e p o s e d  here, 
and no e f f ec t s  noted i n  these runs are ascribed t o  the  previous h i s to ry  of the  
bed. Runs 11, 13, and 17 w e r e  a lso made w i t h  one bed, reconditioned between 
runs as described above. Here also, there fs no indfcatfon of detrimental 
e f f ec t s  due t o  previous use of the bed, 

7.0 Plutonium Recovery from Metallukgfcal Wastes (R. L. Folger, E. B.  Sheldon, 
S. V. Castner, and E .  R e  Johns) 

In the metallurgical processing of plutonium, wastes are formed which 
contain s ign i f icant  amounts of plutoniumo 
mixed with r e l a t ive ly  large amounts of non-active contaminants, it has a high 
degree of radiochemical purity. 
r e l a t ive ly  large inventory of plutonium i n  a non-useful form. 
duction of plutonium t o  produce a metal button, wastes i n  the  form of reduction 
crucible fragments, packing sand, and the slag are obtained. 
containing two t o  three gram of plutonium per reduction batch, provide a 
large portion of the t o t a l  bulk of the  metal1wgical wastes., 

Although t h i s  plutonium may be 

Accumulation of these wastes provides a 
From each r e -  

These materials, 
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The plutonium recovery area at Savm& River is being des'gned by 

information available from Los Alamos, Banford and KAPL. Process develop- 
ment a t  ORKL has progressed t o  the p i l o t  scale?,8,9,10,11. 

du Pont on the  basis of a tentat ive flowsheet developed at ORNL k , and on 

The crucible material and sand consist  chief ly  of magnesium oxide with 
The s lag  consists of calcium fluoride,  calcium two t o  four percent sfliea. 

iodide, and metallic calcium, 
fran s lag  %nd crucible material involves dissolution of the material i n  n i t r i c  
acid containing a measured amount of aluminum n i t r a t e  t o  control the an unt 

This fluoride is l a t e r  conplexed with excess aluminum n i t r a t e  and the plu- 
tonium removed from the bulk of the salts by solvent extract ionl l -  
tonium product Tram solvent extraction is concentrated by ion exchange 
methods and f ina l ly  obtained i n  a form sui table  f o r  peroxide precipi ta t ion 
and return t o  metallurgical processing, 

The ORNL process f o r  recovery of plutonium 

of free fluoride obtained from %he calcium fluoride present i n  the s lag  8 
The plu- 

7.1 Slag and Crucible Dissolution 

The work reported has consisted of a study i n  p i l o t  scale  equipment 
(Figure Toll) of the dissolution procedure and preparation of a feed sui table  
f o r  solvent extraction, In the development of the dissolution procedure, 
emphasis has been placed upon minimizing the loss of plutonium t o  the in- 
soluble residue which consists of SfOg and corrosion products. The v o l a t i l i -  
zation of various cmponents of the dissolver solution has been observed. 
f i l t r a t i o n  of the dissolver solution t o  remove the insoluble residue and pro- 
vide a c lear  feed f o r  solvent extrac&ion has a l so  received study. 

The 

In order t o  obtain the maximum recovery of plutonium from the s lag  
and crucible wastes, it w a s  desired t o  completely dissolve these materials 
including the plutonium. Nitr ic  acid dissolves %he magnesium oxide of the 
crucible and sand and a l so  "the components of the slag, The fluoride present 
i n  the slag diseolves t h e - s i l i c a  and aids  i n  the dissolution of plutonium. 
The excess fluoride (a2proximately Qol t o  002 M is complexed as hexa- 
fluoalumfna-be %o permit solvent extraction of f;lutonium and reduce equipment 
corrosion, 

In the dissolution procedure, n i t r i c  acid and a measured mount of 
aluminum n i t r a t e  are added t o  %he dry charge pre-packaged i n  t h i n  e t e e l  cans 
t o  reduce the hazard from radioactive dust while charging the  dissolver. 
solution is heated t o  about 12Q°C. During %his period, some of the vola t f le  
components are removed by $pag ing  (see Sections 7-11, "1.12, and 7.13). 
After the dissolution period, excess aluminum n i t r a t e  is added and the solu- 
t i o n  refluxed. 
of the residues are transferred from the dissolver t o  the f i l t e r ,  The com- 
bfned residues are exhawtively leached wi%h 659 n i t r i c  acid (or u n t i l  the  
plutonium eoncentration i n  the Peachinga drop8 t o  105 counts/min/ml), asd t h i s  
acid is recycled f o r  mibsepent iilasolving. The residues were assayed f o r  
plutonium according t o  the metbod descrslbed in Appendix C, 

The 

The dissolver solution is f i l t e r e d  (see Section 7014) and d 1  
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. 

To date, six "hot" dissolution runs have been made in p i l o t  scale 
equipment; one Los Alamos reduction crucible with associated sand and s lag  
( t o t a l  charge weight between 1.0 and 1.3 kilograms) was processed per run. 
Data pertaining t o  these rum are shown i n  Table 7.11. 

The plutonium loss  t o  the residue varied from 0.72% t o  14.74. It 
is noted (Table 7-11 and Figures 7-12, 7-13, and 7.14) that the high plutonium 
losses correspond t o  low dissolving timee i n  the presence of free fluoride.  
When the fluoride is i n i t i a l l y  complexed by excess aluminum n i t r a t e  (Los 
Alamos procedure 
residue are 
994 plutonium recovery 

the plutonium i s  not completely dissolved and losses t o  the 
A dissolution time of 90 minutes a t  115' t o  12OoC gives 

7.11 Iodine Removal 

In the course of the dissolution reaction, several components 
of the system are subject t o  vola t i l i za t ion .  
lessen the amounts of cer ta in  undesirable substances i n  the solution o r  re- 
duce the bulk of the insoluble residue formed i n  the  process. 
these vola t i le  components i n  the off-gas stream requires provision fo r  their  
sui table  entrapment and removal. A caustic scrubber packed with s ta in less  
steel Raschig rings has been used t o  remove iodine, n i t r i c  acid, and vola t i le  
f luorides from the off-gas stream. 

Removal of these materials may 

The presence of 

Iodine from the reaction of n i t r i c  acid with the calcium 
iodide of the s lag  may be volati l ized; or ,  upon prolonged contact with the 
n i t r i c  acid a t  elevated temperature may be oxidized t o  iodate. 
of large quant i t ies  of iodate i n  the dissolver solution is undesirable be- 
cause of the low so lub i l i t y  of plutonium (IV) iodate and attendant loss t o  
the insoluble residue. 
later may be reduced t o  iodine, causing corrosion problems. 

The presence 

Iodate present i n  the feed f o r  solvent extraction 

Iodate may be removed by reduction with sodium n i t r i t e  followed 
by sparging of t he  resul tant  iodine. The i n i t i a l  formation of iodate may be 
minimized by s t a r t i ng  the dissolution w i t h  d f lu te  (6 t o  8 molar) n i t r i c  acid 
and continuously csparging during the heating cycle. 
from 0.1 t o  1.0 cubic feet of a i r  per minute a t  4 psig. 
was approximately 13 inches in  diameter and the off-gas l i n e  was one inch in 
diameter. 
i n i t i a l  sparge and again after the sodium n i t r i t e  reduction are being obtained. 

Sparge r a t e s  ranged 
The l iqu id  surface 

Quantitative data on the residual iodine concentration after the 

7.12 S i l i c a  Removal 

During dissolution the s i l i c a  present i n  the crucible material 
and sand reacts  with the fluoride from the s lag  t o  form f luos i l i c i c  acid.  
This compound is readi ly  volat i l ized by steam d i s t i l l a t i o n  a t  13y0C13. Although 
the  temperature of the dissolver solution only reacheq 125OC, a signif icant  
amount of f luos i l i c i c  acid may be swept out during the sparging operation. -This 
ef fec t  helps t o  reduce the fluoride concentration i n  the solution. Elimination 
of fluoride is essent ia l  because of i t s  adverse e f fec t  on the ex t rac tab i l i ty  of 



I I 
. 

- 
Page 30 
DWG. 1 1 6 9 ;  

Figure 7 .  12 

Temperature V a r i a t i o n  and F l u o r i d e  React ion Time 
During t h e  D i s s o l u t i o n  Cycle:  Run DG 2 

RUN DURATION (minutes  

A I n i t i a l  temperature r i s e  due t o  exothermic  r e a c t i o n .  
B Coo l ing  and reagent  a d d i t i o n  (ba lance  o f  moa). 
C E f f e c t i v e  d i s s o l u t i o n  per iod  represented  by area  under curve  above 8OoC. ( I n c l u d e s  i o d i n e  

D Coo l ing  and r’eagent a d d i t i o n  (ANN and NaN02). 
E 

and f l u o s i l i c i c  a c i d  d i s t i i l a t l o n  time).  

Second i o d i n e  d i s t i l l a t i o n  and SiO, d i p s t i o n  reflux. 
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Figure 7 . 1 3  

Temperature V a r i a t i o n  and F l u o r i d e  React ion Time 
During t h e  D i s s o l u t i o n  Cycle:  Run DG 3 

II I FREE FLUORIDE I I 
II 

1 I I 1 

40 

20 

0 50 150 200 250 300 
10 0 

RUN DURATION (minutes )  
A 
B Addi t ion  o f  HNO,. 

I n i t i a l  temperature r i se  from exothermic  r e a c t i o n .  

C E f f e c t i v e  d i s s o l u t i o n  J per iod ,  represented  by area  under curve  above 8OoC.  ( I n c l u d e s  i o d i n e  and f l u o s i l i c i c  ac id  d i s t i l l a t i o n  t i m e ) .  
n u ~ o o i l n g  and reagent  a d d i t i o n .  I 

Second i o d i n e  d i s t i l l a t i o n  and SiO, d i g e s t i o n  r e f l u x .  
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F i g u r e  7 .  14 

Temperature V a r i a t i o n  and F l u o r i d e  R e a c t i o n  Time 
During t h e  D i s s o l u t i o n  C y c l e :  Run DG 4 

A I n i t i a l  R e a c t i o n .  D i s t i l l a t i o n  of i o d i n e  from d i l u t e  HNO,. P a r t i a l  D i s s o l u t i o n .  

B Complet ion o f  d i s s o l u t i o n .  F u r t h e r  d i s t i l l a t i o n  o f  i o d i n e  and f l u o s i l i c i c  a c i d .  F u l l  a c i d  c h a r g e .  

C C o o l i n g .  A d d i t i o n  o f  ANN and NaNO,. Mixing .  

D F i n a l  i o d i n e  d i s t i l l a t i o n  and S i O s  d i g e s t i o n  r e f l u x .  
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Table 7.11 

Slag and Crucible Dissolution Procedure Variables 

Bun No. DG; 1 2 3 4 5 6 

Charge W g t .  (Kg) 1.062 1.081 1.248 1.029 1.230 1.049 

Input mo 3 (Conc 67% 66% 6474 604 6274 62% 

Input HNO3 (Kg/Kg Chg . 10.9 10 .g 8.9 9 *a 10.4 10~6 

Dissolving Time (Min) 73 81 50 72 83 103 

Total  Pu Recovered (gm) 1.35 1.96 2.01 3 -30 2.20 2-19 

Pu Loss t o  Residue ($) 2.8 0.72 14.7 1.47 C 0.87 

(a) 

(b) As 100% €1803. 

(e )  

Final Concentration in weight percent HNO The other consti tuent was % Q a  3'  

The residue from DG-5 was  carried over t o  DG-6 as a heel. 

t o  residue was measlured on the basis of the to t a l  amount of plutonium re- 

covered i n  both E - 5  and DG-6. 

The percent loss 

. 
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11 plutonium . It was hoped that removal of s i l i c a  by vo la t i l i za t ion  would 
al low recycle of the dis8olution residues without a rapid build-up of in- 
soluble material .  The results of one such recycle experiment (see Table 
7.12) show no decrease i n  the t o t a l  residues. 
t o  be gained by increased removal of s i l i c a  do not j u s t i f y  the  increased 
e f f o r t s  required (longer vo la t i l i za t ion  t i m e  at higher temperature) . 

It is f e l t  that  the benefiter 

Table 7.12 

Dissolution Residues 

R u n  No. E.' 1 2 3 5 6 

Charge Wgt . (g) 1,062 1,081 1,248 1,230 5049 

Residue Dry Wgt. (g)  16.5 20 18.5 b 42.7 
Percent Heel 68 81 65 b 82 

(8) 

(a) Based on the amount of Si02 which would be expected from the given 
charge. 

(b) The residue from Run DG-5 was recycled t o  Run E - 6 .  

7-13 Lose of Ni t r i c  Acid 

During the  sparging operation some of the dissolver ac id  i s  
d i s t i l l e d  over t o  the caust ic  scrubber. In an attempt t o  estimate the amount 
of n i t r i c  acid l o s t  t o  the  off gas stream, the following reactions were post-  
ulated t o  occur i n  the dissolver: * 

(2) C a  + 4 EN0 ___) Ca(N0 ) 

( 3 )  

+ 2 NO2 + 2 H 0 3 3 2  2 
Car2 + 4 HN03.-k Ca(NO3I2 + 2 NO2 + I2 + 2 H20 

(4) CdF2 + 2 HIY03---+ Ca(HO3I2 + 2 HF 

This l is t  of reactions is not intended t o  be a coappleb description of the 
processes occurring i n  the dissolver.  It is useful, however, f o r  calculat ion 
of the amount of n i t r i c  acid consumed. 
crucible weight was constant from run t o  run and that the var ia t ion i n  charge 

It w a s  assumed that the  slag and 
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weight was due t o  var ia t ion i n  the amount of packing sand used i n  the reduction 
bomb. 
and 7.14 below. 
about ten  percent.  

Data from which the calculations were made are presented i n  Tables 7.13 
The n i t r i c  ac id  loss  by vo la t i l i za t ion  var ies ,  averaging 

Table 7.13 

Theoretical N i t r i c  Acid Requirements f o r  Dissolution 

Moles HNO3 
Constituent W g t  (g)a Moles Factor b Required 

Slag 366 11 .og 

Ca 42 1.05 4 4.20 

207 2.65 2 5 *30 cG2 
Ca12 117 0 *398 4 1.59 

Crucible -MgO 460 11.4 2 22.8 

Reduction Bomb 5 0.185 6 1.11 
Gasket d l  

Charging Can-Fe 20 0 0358 6 2.15 

Total 37.15 

(a )  

(b) 

Based on s l ag  composition reported i n  Reference 12. 

Baaed on equations presented i n  Section 7.13. 
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Table 7.14 

Ni t r ic  Acid Material Balance for  Dissolution 

Run No. DG: 3 4 

Charge wt3t (65) 1,248 1,029 

Estimated Wgt Sand (g)a 409 190 

HIVO required fo r  sand (m)  19.4 9 *o b 

,. 3 
Total m03 required (ml)L 56.6 46.2 

176 160 
d 

Total HN03 added (m)  

HMO i n  solvent extraction 
fe$d (m)" 

93 95 99 -0 

26 15 f 
HN? volat i l ized (m)  

HNO, volat i l ized ( 8 )  15 9 *4 

5 6 

1,230 1,049 

391 210 

18.6 10 .o 

55.8 47 

204 176 

113 129 

35 0 

17 0 

The combined s lag  and crucible weight including Si02 and other minor 
consti tuents is  taken t o  be 839 grams. 

Assuming the sand t o  be 96$ MgO requiring 2 moles HN03 per mole of 
MgO f o r  dissolution. 

Includes 37-15 moles shown i n  Table 7.13. 

Taken from Table 7.11. 

Taken from Table 7 $15. 

Obtained by difference. 
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7 14 Feed AdQuotment 

The dissolver solution as such would not be su i tab le  f o r  solvent 
extraction, since (1) 
a t  room temperatwe, (2) 
plutonium (IV) dis t r ibu t ion  coeff ic ient  when extracted by TBP, and ( 3 )  the high 
ac id i ty  might cawe  excessive deter iorat ion of the solvent. 
and ( 3 )  are eliminated by d i lu t ion  of the solut ion w i t h  water. 
i s  remedied by the addition of excess aluminum n f t r a t e  t o  complex the f luoride.  
The addition of 1.2 moles of  aluminum n i t r a t e  per mole of f luoride i n i t i a l l y  
present i n  the s lag  has been found t o  give plutonium dis t r ibu t ion  coeff ic ients  
(O/A) of about 50. However, t h i s  method of complexing the  f luoride introduces 
a new problem because the s i l i c a  formerly held i n  the solutrlon as f luos i l i ca t e  
ion now s e t t l e 8  out as f i n e l y  divided, hydrated SiO,. This s i l iceous  material 
may cause severe emulsion problems i n  the contactoss used f o r  taolvent ex- 
t r ac t ion  * 

the solution is super-saturated w i t h  salts and s o l i d i f i e s  
the free f luoride concentration severely represses the 

Conditions (1) 
Condition (2) 

In the  s i x  dissolution runs performed t o  date, sodium n i t r i t e  solut ion 
has been added t o  seduce iodate (section 7.11) (I 

di lu t ion  water needed t o  reduce the ac id i ty  and a l so  t o  prevent so l id i f i ca t ion  
of the solut ion,  
from the addition of 1 ,6  M Al.(M+)3, 
Table 7.15 
insuf f ic ien t  t o  give a sa t i s fac tory  plutonium dis t r ibu t ion  coeff ic ient  in to  
the organic phase. 
d i lu t ion  and aluminum n i t r a t e  addition I 

This provides some of the 

The t o t a l  amomt of d i lu t ion  water, including that obtained 
and the resultant a c i d i t i e s  are l is ted i n  

The amount of  aluminum n i t r a t e  added i n  Run DG-1 was apparently 

In  the other runs sa t i s fac tory  feeds were obtained by 

7.15 Feed c l a r i f i ca t ion  

F i l t r a t ion  has been studied as a means of removing the  s i l i ceous  
material fkom the feed, 
p r e f i l t e r ,  porosity "E" sintered s t a in l e s s  steel, and porosity "E" s intered 
e ta in less  steel w i t h  a glass cloth p r e f i l t e r  were used as f i l t e r  media. Bo 
f i l t e r  a i d  was wed. 
the f i l t r a t i o n  kime t o  24 hours, In the other  two runs, f i l t r a t i o n  times of 
one how o r  l e o s  were obtained using a 4 inch diameter f i l t e r .  
were obtained w i t h  the s intered s t a i n l a s  steel f f l t e r  backed w i t h  the glass 
c lo th  p r e f i l t e r e  
of the reprecipi ta ted s i l i c a  (by refluxing a t  120 C) materially affected the 
f i l t r a t i o n .  Reoidues from runs involving 2.5 hours digestion t i m e  were slimy i n  
appearance and showed a tendency t o  plug %he f f l t e r .  In the PLXI fo r  which 9 
how8 digestion t i m e  was used, the  resfdue was granular and f i l t r a t i o n  was ravid.  
Complete c l a r i f i ca t ion  of tEe solutions ha8 not yet been obtained; some eol ids  
have s e t t l e d  out of %he fi l trates upon standing. 
were processed through batch countercurrent equipment s a t i s f ac to r i ly .  

Coarse f r i t t e d  Pyrex w i t h  a Fiberglas 183 glass cloth 

Plugging occurred i n  f o w  of' the s i x  runs, which increased 

The best results 

It was fomd tha t  the time alloged f o r  digestion and dehydration 

A l l  of the filtrates, however, 
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Further study of the f i l t r a t i o n  s tep i s  planned. Various f i l t e r  
media with and without f i l t e r  aids and precoats w i l l  be tested in an e f fo r t  t o  
develop a more sa t i s fac tory  procedure. 

Table 7.15 

Solvent Extraction Feed Preparation 

Run No. DG: 1 2 3 4 5 6 

Diluent H 0 ( K g )  9 467 10.14 9.54 6.54 7.79 9.64 
2 

A1(N03I3 (Kg) 0 e955 1.36 1.36 1.36 1.36 1.36 

Final volume (1) 20 20 -5  18.7 17.1 19 .o 21.6 

Feed Acidity &) 6 07 6 .o 5 00 5.8 5 995 5 -94 
o a  D e  C .  (Pu E 1 A 30 53 40 82 52 

(a) Analytical r e su l t s  doubtful. Value appears high. 

7.2 Solvent Extraction 

The primary object of the work was the isolat ion of several  grams of 
from s lag  and crucible solution mder  the proposed flowsheet con- ~ ~ ~ ~ ~ ~ f ?  It was desired Lo test the flowsheet i n  continuous solvent extraction 

equipment, but neither continuous equipment nor the space t o  set it up w a s  
available.  
i n  batch countercurrent equipment (see Figure 7.21). Nine 1 liter contactors, 
equipped with interface stirrers, were connected so  that a l l  solution t ransfers  
could be made by vacuum. waa proces8ed under conditione analogous t o  
the Purex Second Plutonium Cycle''; these conditions a r e  shown i n  Figures 7.22 
and 7.23. 

Therefore, it was neceasary t o  process the slag and crucible solution 

Solutio 

7 2 1  Feed Preparation 

The slag and crucible diesolution procedure i s  designed t o  give 
a feed solution that fs ready fo r  solvent extraction. 
of feed was  equilibrated with 30$ TBP i n  Amsco, and the plutonium dis t r ibu t ion  
coefficient was determined before the countercurrent extraction was begun. Bo 
adjustment of the feed was required fo r  p i l o t  scale solutions DG-2 through DG-6 
(see Section 7.14). 
7.21. These compositions correspond closely t o  that specified in  the ten ta t ive  

A sample of each batch 

The composition of the feed solutions is l i s t e d  i n  Table 
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Extractant 150 ml 

30% TBP in Amsco 

DWG. 15701 

Page 40 

Scrub 75 ml Feed 450 ml 

Slag and Crucible Nitric Acid 
Solution 0.1 M Runs 6-10 

0.5 M Runs 11-13 

Figure 7.22 

EXTRACTION CONDITIONS - SLAG AND CRUCIBLE SOLUTION 

0 - - 4 )  

Aqueous Raffinate 525 ml 

Figure 7.23 

STRIPPING CONDITIONS - SLAG AND CRUCIBLE SOLUTION 

Organic Product 

Organic Product 

0.05 M NH20H * 1/2 H2S04 

( 4 . 2  M H N 3  in Runs 6-10) 

I Aqueous Product 75 mi I 
Pu (Ill) ca 0.5 g/liter 

HN03 0.2 - 0.3 hi 

1 NHzOH : 1/2 HZSO, 0.05 M J 
25 equilibrations (minimum) 
2 to 3 minute contact tima 

Valves 

Organic Waste 

150 ml 
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6 flowsheet 
a solution containing about 1.2 M e++; Los Alamoa residues which contain a 
smaller amount of MgO "sand", giye between 0.8 and 1.1 M - Mg 

w i t h  the  exception of Mg++ concentration. SRP residues w i l l  give 

.c+ 

Table 7.21 

Composition of Feed Solutions f o r  Batch Countercurrent Extraction 

BCE No.. 

DG-1 0.32 0.19 0 079 5.95 0 0059 

DG -2 0 033 0.21 0.86 5 05 o .081 
DG-3 o .36 0.22 1.14 5 -0 o .078 

0.170 DG-4 0 -39 0.24 0.94 5 97 

m-5 0 035 0.22 1.10 5.8 0.113 

DC -6 0 933 0 -21 0.82 6.4 0 .loo 
(Clean-up) - D  -- -- 6 .o 0 -010 

Calculated from amount of ANN used i n  diseolution. 
cf Appendix D. 

Calculated from weight and reported composition of s l ag  and 
crucible residues.  cf Appendix Do 

By analysis  

HN03 - t i t r a t i o n  

Pu - groee alpha counting 
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7.22 Extraction and Stripping 

The data obtained i n  the batch countercurrent extraction runs 
are summarized i n  Table 7.22. 
pared by small-scale dissolutions i n  a 2 - l i t e r  Pyrex dirasolver. 
runs, the solution from each p i l o t  scale diesolution (ea 20 l i t e r s )  was pro- 
cessed individually. 
(O/A) fo r  the feed solutions normally gave values of about 50. 
and DG-6 showed unusually high values fo r  the D O C  , but these were probably 
caused by inaccurate analysis of the aqueous phase. 
7 was abnormally high (0.16qB); t h i s  was a t t r ibu ted  t o  inef f ic ien t  s t i r r i n g  of 
the  solutions, and the condition was corrected. 
time was increased from two minutes t o  three. 
i n  run 6 is  i n  agreement with that found i n  previous countercurrent runel l .  
7 through 12 showed increasingly large loss of plutonium t o  the organic waste. 
These losses a re  believed t o  be caused by excesasively long storage (From 2 t o  30 
days) of the organic product, necessitated by the f a c t  that the same contactors 
were used fo r  extraction and f o r  stripping. 
solvent extraction equipment would eliminate t h i s  s i tua t ion  so tha t  low a t r ip -  
ping loscaes are t o  be expected i n  plant operation. 

Feed fo r  run 6 was a composite of solutions pre- 
In the other 

Determination of the plutonium N dist r ibut ion coefficient 
Solutione DG-4 

The extraction 1086 i n  run 

In addition, the contacting 
The low str ipping loss of 0.0004$ 

Rune 

Normal operation in  continuous 

7.23 Set t l ing  Time 

Phase separation i n  the extraction of slag and crucible 
solution i s  generally slower than it is fo r  Purex feeds; coarse emulsions 
occasionally are found in  the organic phase, and s e t t l i n g  t i m e  6s LDng as 120 
seconds may be required f o r  complete phase separation. S i l i ca  i e  believed t o  
be responsible f o r  the long s e t t l i n g  times, but it is d i f f i c u l t  t o  f i x  a 
lidt fo r  the amount of s i l i c a  tha t  can be tolerated i n  the f i l t ra te  from the  
alag and crucible dissolution.: This d i f f i cu l ty  is caused by the f ac t  t ha t  
col loidal  s i l i c a  i s  probably responsible for  emulsif i ca t ion l l ,  whereas analysis 
of the solution indicates only the amount of dissolved s i l i c a  present. 
done a t  Hanford15 showed l i t t l e  o r  no correlation between s e t t l i n g  and the 
concentration of s i l i c a  found by analysis.  

Work 

Se t t l ing  times have been measured i n  the batch countercurrent 
The maximum s e t t l i n g  time 

Because s e t t l i n g  times are of great importance i n  the design of mixer 

equipment; typ ica l  values are l i s t e d  in  Table 7.23. 
encountered w&8 110 seconds i n  the first extraction stage (feed p la te )  of BCE 
Run 12. 
s e t t l e r s  fo r  the SRP recovery area,  KAPL has evaluated "Cold" s lag  and crucible 
solution in  the Midi unit ,  and "hot" solution i n  Mini. 
mixer s e t t l e r  rum, which showed a maximum s e t t l i n g  time of 120 seconds with 
fresh solvent and 150 seconds with recovered solvent 
KAPL as the  basis f o r  design of the s e t t l i n g  sectioni6. 

On the basis  of the 

180 seconds was taken by 
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Table 7.23 

Time Required f o r  Complete Phase Separation i n  
Batch Countercurrent Extraction of Slag and Crucible Solution 

I Run 5E 4E 3 E  2E 1E 1s 2s 3s 4s 

BCE 7 65 60 55 55 55 60 55 70 55 
(E 1) 

BCE 8 60 65 55 55 45 45 45 40 30 
(E 2) 

BCE 10 80 70 70 90 100 35 45 45 50 
(E 4) 

BCE 12 100 90 90 95 110 45 45 45 50 

7.24 Product Puri ty  

The product solutions were analyzed epectroocopically, after 
removal of plutonium by extraction with TTA. 
l i s t e d  i n  Table 7.24 show that calcium is the principal contaminant. Tbe pro- 
duct puri ty  18 comparable t o  tha t  obtained i n  the  ORKL Pi lo t  Plant Purex run 
HP 13, although it i s  much poorer than t h a t  obtained i n  more recent Purex runs 
HCP 1, 2, and 4, (Table 7.25). Pending evaluation of the  plutonium product at 
Loa Alamos, it is assumed that the pur i ty  is adequate. 

Complete r e su l t s  of the analyses, 



I 
Cat ion 

Pu 

A 1  

B 

Ca 

Cr 

cu 

Fe 

4 3  

Na 

Ni 

P 

Pb 
I 

Table 7.24 

Analysis of Product Solutions 

! Batch 
6 

- 

1090 ppm 

3 -2 

trace 

82 

3 

trace 

3 -4 

21.3 

c_ 100 

(1 

trace 

(20 

I 

414 ppm 

2 * 5  

trace 

44 

5 

trace 

3 -2 

16.9 

00 

(1 

trace 

< 10 
I 

!ountercurrent Jh 
7 

273 PPm 

4.8 

trace 

50 

3 

trace 

4.8 

25.2 

< 100 
dl 

trace 

< 20 

:action Run = 
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HP-13 

0.4 

30 

8 

HCP-1 HCP-2 
4 

0.07 0.07 

1.23 1.17 

0.01 0 .OB 
I 

BCP-3 
IC 

0.12 

23.1 

0.86 

Table 7.25 

Comparison of Plutonium Product Purity with Purex IIBP 

HCP-4 

o .32 

1.93 

0.25 

Percent by weight based on Pu 

A1 

Ca 

M g  

3CE Runs 

0.29 

7 95 

19.5 

7 

1.75 

18.3 

9 02 

8 

0 .Bo 

10.6 

4.1 

I 

7.3 Product Concentration by Ion Exchange 

The plutonium product from BCE runs 5-13 has been .absarbe8on a 
60 ml bed of Dowex-5OW res in  i n  batches of about 4 gram each. 
duct i n  the  first two batches was eluted with 6 M n i t r i c  acid, 0.3 M sulfamic 
acid; the bed was reconditioned after elut ion then used fo r  absorption of 
the next batch. 

The pro- 

Elution of the th i rd  batch is  now i n  progress. 

7.4 Corrosion Studies 

The choice of a sat isfactory material for  fabrication of the metal- 
lurgical  waste dissolution equipment is par t icular ly  important since the material 
must withstand a corroding medium containing n i t r i c  acid, hydrofluoric acid, and 
iodine i n  concentrations which vary widely as the  dissolution proceeds. I n i t i a l -  
ly ,  a series of survey corrosion tests were conducted with a group of materials 
considered desirable f o r  t h i s  application. A8 a r e s u l t  of t h i s  work, s ta inleso 
s t e e l  type 309 Cb w a ~ i  chosen for  fur ther  t e s t ing  t o  determine its l i f e  expectancy 
under the  conditions m e t  i n  the dissolver and auxi l iary equipment. 

7.41 

Several types of s ta in less  s t e e l  and one type of glass (Table 
7.41) were prepared f o r  exposure according t o  the  following procedure. The sam- 
plee (dimensions: 50 grams) were cleaned 
by (a) boiling i n  carbon tetrachloride followed by a water rinae, (b) boiling in  
concentrated ni t r ic :  acid followed by a second water rfncae, and ( c )  a second boiling 
in  carbon tetrachloride.  

2 x 1 x 1/4 inch; approximate weight: 

After drying and cooling, the samples were weighed t o  
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+ 0.1 mg and measured t o  + 0,001 inch, from which the volume, surface area, 
and density were calculatgd. 
cased i n  fluorothene tubing ( fo r  e l ec t r i ca l  insulation),  which were suspended 
from hooks i n  the top of a type 347 s ta in less  steel dissolver.  
possible, one coupon was suspended in  the vapor zone, one a t  the interface,  and 
one completely submerged, 

- 
The samples were suspended on platinum wires en- 

Wherever 

The corrodent mipure w a ~  that obtained by following the metal- 

The solution was then refluxed for  the remainder of a 24- 
lurg ica l  waste recovery flowsheet 
ing was completed. 
hour period (approximately 16-18 hours) 
area, the penetration i n  inches/year was calculated assuming 365 - 24 hour 
periods of the same corrosion as described. 

at 1/100 scale u n t i l  the f i n a l  iodine sparg- 

From the weight 10138, density, and 

In Table 7.41 are l i s t e d  the r e su l t s  obtained by the survey 
tests. 
cycles as described above. 

The penetration is the average penetration from two such corrosion 

It is Been tha t ,  under the conditions imposed by the metal- 
lu rg ica l  wastes dissolution procedure, the corrosrion resis tance of type 309 Cb 
s ta in less  s t e e l  is generally superior t o  that of other materials tesrted. 
resistance of s ta in less  steels type 329 and i t a  a l loys is, comparable t o  t h a t  of 
309 Cb; the former, however, were eliminated because of fabrication d i f f i cu l t i e s  
and nonavailability. 

The 

7.42 Durability Tests 

For the durabi l i ty  tes t ing  of type 309 Cb the samples were pre- 
Six of the nine samples (#4-9) were cut i n  ha l f ,  

The 
pared i n  the  followfng manner. 
welded together, heated t o  2100°F f o r  t h i r t y  minutes and quenched in  water. 
surface@ of the samples were ground srmooth. 
previouely, weighed, and measured. 
were pickled at  the 8ame t i m e  (263 the t e s t ing  dissolver, which was constructed of 
type 309 Cb and heat t rea ted ,  
sample #7 although before pickling, none of the welds could be observed visually. 
The nine sample@ were photo-micrographed a f t e r  cleaning and weighing. 
samples which had been pickled were rephotomicrographed after pickling, 
welded samples were also X-rayed. 

The samples were cleaned as described 
Thee of the welded samples (Nos. 7, 8 ,  and 9) 

A crack was now readily apparent in the weld of 

The three 
The 

It is planned t o  expose all the samples fo r  ten 24 hour corrosion 
cycles; the result8 of f ive  cycles of exposure a re  shown i n  Table 7.42. 
seen t h a t  the performance of welded and welded-pickled srpecimens is equal t o  that 
of the  unwelded samples. 
(0.028, 0.022, and 0.015 inches per year i n  the WLPOP, l iquid,  and at  the in te r -  
face) are oomexhat lower than the corroofon measured for 309 Cb i n  the survey 
tests 

It is  

The average penetration rates of the unwelded sample@ 



I Sample Type 

Vapor 
.028 

Pfaudler glaes 

SS #304 EU: 

SS #309 Cb 

SS 8309 Cb 

SS a316 ELC 

ss #347 

SS #329 

SS #329 V 

SS a329 T i  

SS #329 AI. 

Carpenter #2O 

Liquid 
0 022 

Sample No. Interface 
.015 1, 2, 3 

Remarks 
Unwelded eamplesr. No p i t t i ng  

4, 5 ,  6 .016 

7, 8, 9 

Welded samples. Some p i t t i ng  
on NO. 4. 
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Table 7.41 

Survey Corrosion Tests of Variouo Materials 

Pene 
Vapor 
.065 

a 046 

,028 

0 120 

e 047 

.030 

.027 

.032 

,045 

Z G q T i i  
Liquid 

080 

.030 

.030 

-023 

.062 

-035 

018 

.018 

.020 

028 

ies/year 1 
Interface 
?chipped 

,030 

.025 

.Ob0 

.028 

019 

Remarks 

No p i t t i ng  observed. 

No p i t t ing .  

No p i t t i ng  welded sample. 

Badly p i t ted .  

Sample i n  l iquid was of 
low density. 

SS 329 alloyed with 
vanadiumo 

SS 329 alloyed with 
titanium. 

SS 329 alloyed with 
aluminum. 

Table 7.42 

Duration Teste of SS Type 309 Cb 

Penetration ( i n  

.031 I -024 

.018 

hesr/year) I 

014 Welded-pickled samples. Ho 
pi t t ing .  Sample No. 7 had a 
crack in  the weld presumed 
due t o  poor welding. 
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8 .o Denitration of the Uranium Product (V. J. Reilly) 

During September of 1951, 4530 pounds of uranyl n i t r a t e  collected from 
i n i t i a l  Purex P i l o t  Plant demonstration runs was proceseed t o  the orange 
oxide (UO ) a t  the Mallincegdt Chemical Works i n  S t  Louis. 
sonnel, wao obeerved the operation, reported t h a t  when the first charge was 
calcined, excessive foaming occurred within f ive  minutes of s ta r tup  causing 
loss of about 504 of the charge. 

Subsequent laboratory,investigation dircloeed that t races  of dibutyl 
acid phosphate (DBP) , formed by hydrolysis of entrained solvent present i n  
the Purex uranium product during evaporation, was responsible f o r  the foaming. 
Consequently it was recommended that after-separators be ins ta l led  on the  
uranium s t r i p  contactors t o  minimize the  carry over of solvent w i t h  the  aqueous 
uranium stream. 

Du Pont per- 

8.1 Foaming Studies 

Samples of second cycle uranium product (EU boildown) from recent 
P i lo t  Plant runs msde following the in s t a l l a t ion  of after-separators on the 
uranium s t r i p  columns, were evaporated beyond the i n i t i a t i o n  of denitration 
with no tendency t o  foam. 
t o  this  same extent, one of which exhibited s l igh t  foaming. 
show promise that,  w i t h  the present care i n  eliminating entrainment of so l -  
vent from the IEU stream, no trouble w i l l  be encountered due t o  foaming during 
denitration. 

Two samples of drummed product were a l so  denitrated 
These results 

8.2 Ruthenium Behavior 

Conditions during denitration (high temperature w i t h  an atmosphere 
of n i t r i c  acid,  n i t r i c  oxide and oxygen) appear t o  be more favorable f o r  
ruthenium oxidation t o  Ru04 than are present i n  boi l ing coincentrated n i t r i c  
acid, which has been demonstrated i n  connection w i t h  acid recovery t o  be 
favorable f o r  this  oxidation, In the deni t ra t ion tes t  at  Mallinckrodt in 
September, 1951, about 90s of the ruthenium was l o s t  in the conversion of 
uranyl n i t r a t e  t o  UO . 
a8 well as the u l t i d t e  res t ing  place f o r  t h i s  ruthenium, denitration of EU 
and CU concentrate were carr ied out i n  the equipment ret Up t o  investigate 
foaming. The agi ta t ion  was powerful enough t o  c a r r y  the reaction t o  about 
90s of completion (gauged by the quantity of n i t r i c  acid and NO 
the scrubber), but not powerful enough t o  c a m  the product t o  8 powder which 
could be removed from the  f lask .  
the flask by dissolution i n  n i t r i c  acid,  so tha t  adherence of ruthenium t o  
the surfaces i n  the f l a sk  was not inveatigated. 

To determine roughly the extent of this  d i r t i l l a t i o n ,  

absorbed i n  

The uranium tr ioxide was recovered from 
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Three samples of uranyl n i t r a t e  solutions from the Purex p i l o t  plant 
were denitrated i n  t h i s  equipment. Second cycle product from runs HCP 2 and 
HCP 2A gave ruthenium decontamination factoro of 5 and 3.9, respectively. A 
sample of 1CU concentrate (HCP 3)  on denitration yielded a ruthenium DF of 13. 
In a l l  these runs the g ~ o g s  gama and ruthenium balance wasl better than 955, 
with the a c t i v i t y  removed from the uranium found i n  the acid absorber. 
Essent ia l ly  no ruthenium d i s t i l l e d  before denitration began. 

In  order t o  determine if appreciable ruthenium would be held up on 
the surface of metal equipment, a 347 s t a in l e s s  steel delivery tube was 
fabricated t o  conduct the vapors from the f l a s k  t o  the receiver.  
as condenser i n  the latter half of i t s  length by v i r tue  of a water jacket. 
addition t o  th i s  metal vapor tube, the glasrs f l a s k  stirker was replaced w i t h  
one made from s ta in less  a t ee l .  
ment using al iquots  of the uranyl n i t r a t e  solution obtained for  the foaming 
s tudies .  
balance (pot t o  scrubber) was essent ia l ly  loo$ indicating no hold-up i n  the 
vapor l i n e .  

It served 
In 

Two runs were made i n  t h i s  par t -s ta inless  equip- 

The ruthenium DF averaged 3.0, and the ruthenium beta and gross gamma 

These re su l t s  a r e  believed t o  indicate roughly the lower l i m i t  t o  ex- 
pect fo r  ruthenium decontamination during denitration. 
l i m i t  since more ruthenium would be expected t o  d i s t i l  i f  the denitration were 
carr ied t o  completion. 
faces i n  the pot, t h i s  w i l l  contribute t o  the DF i n  a plant-size denitrator,  
as only the loose product is withdrawn ( i n  contrast  t o  the laboratory method of 
dissolving a l l  the U03 t o  obtain a sample) 

It should be a lower 

Likewiee, if there i r  hold-up on s ta in less  steel sur- 

Chemical S t a b i l i t y  of Solvent Diluent (L. E, Line, Jr.) 

In the ORNL Pi lo t  Plant it has been observed tha t  the solvent becomes 
yellow w i t h  continued recycling, and t h i o  has been a t t r ibu ted  t o  the  n i t r a t ion  
of 8ome of the aromatic components. 
was carr ied out t o  determine what might be rersponeible f o r  the discoloration. 
The conditions were intendec? t o  simulate those i n  the IIA column. 

Some exploratory work, deracribed below, 

(a) Forty ml of 6 M HNO 
123-15 f o r  10 minutas gave no yellow discoloration i n  the 
organic phaoe 

Forty ml of 0.1 M HI?($ ( f reshly prepared) shaken w i t h  the 
solvent mixture %der the same conditions showed no color.  

shaken w i t h  10 m l  of 30$ TBP i n  Amaco 

(b) 

(c) Twenty ml of 12 M HN4 + 20 ml of 002 M NaN02 ohaken w i t h  
10 m l  of the oolTent mixture imparted a pale yellow color 
t o  the organic phase within f ive  minutes. Thia color was 
l a rge ly  unaffected by washing w i t h  water or saturated Ma#O 
solution 3 
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(d )  Ten m l  of TBP shaken with 20 m l  of 0.2 M NaMO 
12 M HMO3 gave a pale yellow color t o  tEe orggnic phase 
tha; was readi ly  washed out with water. 

Similar r e su l t s  were obtained with TBP and di luent  using 
N204 gas. In the  case of Amsco much of the  discoloration 
w a s  removed by washing, but a permanent pale yellow color 
remained + 

+ 20 m l  

(e) 

These f ac t s  suggest t h a t  t he  observed discoloration is associated nei ther  
with the HNO nor with HN02 alone but with the HNO - HNO system. Further- 
more, the  p e L n e n t  discoloration appears t o  be asJociate8 with the di luent  
and not with the TBP. 

Nitrogen oxides, which would be present as a result of the react ion be- 
tween HMO2 and HN03, are knownl7 t o  n i t r a t e  aromatics and o le f ins  and a l so  t o  
oxidize carbon s ide chains of aromatic nuclei  t o  carboxylic acids  a t  room 
temperature, although the  reactions are slow and the  yields  are s l i g h t .  
the less ,  s ignif icant  damage t o  the  solvent i s  a poss ib i l i t y  where the solvent 
is  recycled many times. 

Some experiments are t o  be carr ied out t o  determine nitrogen f ixa t ion  by the  
solvent over prolonged contact with ni t r l .c  acid containing ni t rous ac id  correspond- 
ing t o  the IIAF stream. 

Never- 

Apart from the oxides, t he  system HNO -&wOz is an ox- 
idizing one and t h i s  may contr ibute  t o  chemical degradation o 3 the  solvent.  

10.0 Nitrous Acid Behavior during Solvent Extraction (L. E. Line, Jr.) 

10.1 Extraction of Nitrous Acid 

Since HN02 appears t o  be e s sen t i a l  t o  the  discoloration of the  solvent,  
it seemed important t o  determine whether the reactions occur only on contact be- 
tween aqueous and organic phases or  whether they take place i n  the organic phase. 
After preliminary results showed a la rge  tendency f o r  ni t rous acid t o  be adsorbed, 
indicating t h a t  the react ion probably occurs i n  the  organic phise, an attempt was 
made t o  obtain reliable values of the d i s t r ibu t ion  coeff ic ient  dder various con- 
d i t ions ,  since knowledge of the  behavior of ni t rous ac id  seemed fundamentally i m -  
portant i n  the Purex Process. 

An experiment was carr ied out  t o  determine-whether sodium n i t r i t e  i s  
extracted by Purex solvent from a neu t r a l  solut ion.  
before and a f t e r  extract ion showed a loss of 59 of the  n i t r i t e  and indicates  
that the n i t r i t e  is extracted as HNO 

Analysis of aqueous phases 

r a the r  than as HaN02. 
2 

10.11 Ins t ab f l i t y  of Nitrours Acid 

I n i t i a l  experiments to determine the d i s t r ibu t ion  of HN02 be- 
tween organic and aqueous phases under conditions specif ied f o r  the ORNL Flow- 
sheet #3 IIA column extract ion (IIAF: lW02) were unsuccessful 
because of the  rapid decomposition and ox.id&ion of the n i  rous acid.  

0 .I M HEJ02, 6 
Analyses 
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I n  
be 
be 
it 

showed 575 HN02 decomposition when 90 m l  of 6 M EN03 - 0.1 M HAlO was shaken 
f o r  20 minutes (160 ml of a i r ) .  
experiment omitting n i t r i c  acid.  
appearance of €IN02 was diminished somewhat but not altogether.  

Comparable r e su l t s  were obTaine8 i n  a s i m i l a r  
When air  was excluded the rate of dis-  

Nitrous acid probably decomposes according t o  the equation 

the presence of a h i  
completely unstable,@ but f o r  low concentritions of HNO 

was decided t o  extract  and measure the d is t r ibu t ion  coeff ic ients  under the 

concentration of BmO , nit rous acid appears t o  
the lat ter may 

expected t o  s t ab i l i ze  the  HN02 through the common-ion ef a’ ec t .  Accordingly, 

following conditions (a) 
nitrogen) t o  reduce the formation of NO, (b) 
(c )  1 M instead of 6 M HN03. The method and ca l cda t ions  used t o  d&rm?ne 
n i t r o u s a c i d  distributyon are described i n  Appendix E. 
t o  reduce the decomposition t o  a f e w  percent, a0 may be 8een from Table 10.1. 

a minimum of 10 - 15 m l  free space ( f i l l ed  with 
0.01 M instead of 0.1 M HNO and 

Such condit tone served 

Table 10.1 

Decomposition of 0.01 W Nitrous Acid under Various Conditions 

Exp t  . 
1 
2 

3 
4 

5 
6 

Free Space HNOa Decomposed 
(ml> 

Shaking Time 
(min) ($1 
30 
25 

10 
10 

60 
75 

1 180 
1 45 

0 
6 

3 
1 

45 
45 

15  
15 

17 
3 

13 0 5  

10 

2 
0 
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10.12 Determination of Distribution Coefficient 

Table 10.2 shows'that the  extraction of EN0 is due almost 

The dis t r ibut ion coe f f iden t  of around 21 is rather 
en t i re ly  t o  the t r ibu ty l  phosphate, there being only a s l igh t  Zendency for  ex- 
t rac t ion  by Amsco alone. 
high; it is approximately 100 times tha t  of n i t r i c  acid. 

However, the  dis t r ibut ion coefficient varies markedly with the 
concentration of n i t r i c  acid,  as may be seen from Table 10.3 and the accompany- 

ing p lo t  (figure 10.1). 
increased from 0 t o  6, the dis t r ibut ion coefficient goes through a maximum of 
around 21 i n  the neighborhood of 1 M and drops t o  a ~ & l u e  of 3 at 6 M. 
reason fo r  t h i s  behavior, especially the i n i t i a l  rise i n  distributio;; coefficctent 
is not c lear .  The decrease may be related t o  the predominance of HNO over HR02 
i n  the competition for  complex formation w i t h  TBP, or  simply the predaminance 
of RNO over TBP i n  the competition fo r  HN02 as a result of increasing ionic 
s t r e n d h  of the aqueous phase. 

It appears that as the molarity of the n i t r i c  acid is  

The 

Table 10.2 

Nitrous Acid Extraction by AMSCO, TBP, and 30% -33P in  AEaFjCO 

Aqueous : 

Organic : 

Solvent 

AMSCO -123-15 

90 m l  of 0.01 - M HN02 i n  1 M - HN03 

35 ml,  as indicated 

Dl D2 
Shaking Time 

(min) 

5 
10 
15 
25 

0.352 0 312 
0 0356 o .283 
0 9335 o .270 
0 9350 0 -295 

5 0 0367 0 .Ob2 

5 0 *378 0.038 
10 0 0367 0 .Ob3 
20 0.368 0.042 

= opt ica l  density of aqueous phase before extraction. Dl 
D2 = optical  density of aqueous phase after extraction. 

k (O/A) 

0 033 
0.66 
0.62 
0.48 

20 .o 

23 .O 
19.4 
20 .o 

c 

Va - = volume r a t i o  aqueous:solvent . 
VO 



HNO3 c W - 
0 
0 

1 
1 
1 

3 

6 

Table 10.3 

Nitrous Acid Extraction by 308 TBP i n  AMSCO 

Aqueous: 90 ml of 0.01 M HN02 i'n BwO3 of various 
concentrat ions- 

35 ml of 30% TBP in AMSCO 1234.5 Organic: 

Dl D, Shaking Time (Min) 

10 
10 

0 9394 0.062 
0.405 0.056 

5 
10 
20 

0 *378 o .038 
0 0367 .Ob3 
0.368 .Ob2 

10 0 *375 0.087 ' 

0.385 0.177 10 

D1 = opt ica l  density of aqueous phase before extraction. 

D2 = opt ica l  d e m i t y  of aqueous phaee after extraction. 

DC (O/A) = D1 - % x -  Qa 
Dz VO 

13.8 
16.0 

19.4 

23 .O 

20 .o 
19.4 

8 95 

3 *O 

- Qa = volume r a t i o  aqueous: solvent. 
v8 
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10.2 Stripping of Nitrous Acid f r o m  the Solvent 

Data presented i n  Table 10.4 show the progress of extracting HN02 

The extractions were slow and d i f f i c u l t  

Additional s t r ipping would probably have removed several 

from TBP w i t h  1 M ER?03. 
of the distributyon coefficients obtained by showing the amount of nitrous acid 
that actual ly  went in to  the organic. 
as might be expected from the unfavorable dis t r ibut ion coefficdent w i t h  re- 
spect t o  stripping. 
more percent from the organic. 
was shaken w i t h  a solution of sulfamic aCid, indicating the presence of re- 
s idual  nitrous acid.  

The purpose here ma t o  strengthen the r e l i a b i l i t y  

I 

Gas evolution was observed when the washed TBP 

. 

the 
908 

Table 10.4 

Nitrous Acid Stripping from TBP w i t h  1 M Nit r ic  Acid 

Solvent: 35 ml of TBP containing C a .  50 mg of 
RH02 

Str ip :  100 m l  portions Of 1 M RNO - 3  

Sample No. of Washes $I of HNO, Stripped 

1 3 16.2 

2 5 22.2 

3 4 16.7 

4 4 14.3 

5 4 6 9 9  

Total 24 78 03 

6 4 4 .O 

Exhaustive s t r ipping of nitrous acid from 3O$ TBP i n  Amsco under 
same conditions gave s i m i l a r  results; 27 washes were required t o  e f fec t  
removal of HN02. 
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11.0 Fumeless Dissolving (L. E, Line, Jr,) 

A method 1 of N20 analysis of dissolver off-gases has been proposed 
which involves adsorpt 4 on of nitrogen tetroxide i n  caustic and colorimetric 
nitrite determination w i t h  Greiss reagent. 
continued t o  establish the analytical accuracy of the method and t o  deter- 
mine whether other nitrogen oxides might be produced in  the reaction, 

Other work was concerned w i t h  the feasibi l i ty  of means proposed” fo r  

Study of the adsorption step w a s  

removing last traces of NO and M 0 fram the off-gas stream. 2 4  
11.1 Material Balance of the Reaction Between M,O, and NaOH 

Since under same conditions, N204 may not react according t o  the 
L .  

e quat ion : 

N204 + 2 NaOH 4 NaN03 + NaN02 + E20 

without side reactions, 2oy21 accurately known quantities of the gas were ab- 
sorbed in  4 PI NaOH and the results carpared with those expected. 
was generatex by careful decomposition of reagent grade Pb(H0 ) 
of 0 
no c&ge in  n i t r i t e  concentration of a 150 ppn sodium n i t r i t e  solu&on. 
Table 11.1 shows that the amount of n i t r i t e  found was equal t o  that expected 
within 2 t o  4q6. 

The H O4 
in a seream 

( t o  oxidize any NO that may have formed), A blank run ai& 0 showed 

Table 11,l 
N&, Generated by Decmposition of Pb(N0 1 - 3 2  

Nrn02,  Q I\laNo2, g 
Sample Pb (NO3 1 * (expected) (9 ound) $ Difference 

1 0,3985, 0.0833 0.0812 2.4 

2 0.2002 0.0417 0,0435 4,1 

The following experiment indicates that very little NO, if any, is 
forasled when N20 

fng 4 M NaOH and the effluent passed into a f i f t h  scrubber containing 100 ml 
of a szturated solution of FeS04 acidified e t h  H@O . 
solved i n  the alkali, 
sensitive t o  1 past i n  10,000, did not appear. 

is absorbed in  NaOH. Approximately 4 g of tank N204 was 
passad slowly ( 4 00-200 cc/min) through 4 scrubbers ( f r i t t ed  disk type) contain- 

Thereafter the system 
w&s purged w i t h  N2 in  order t o  drive over any NO tha !i might hasre! becme dis- 

The characteristic dirty-green color due t o  FeS04. NO, 
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11.2 Scrubbing of N204 w i t h  KOH 

In cpnnection with studies of the thermal decomposition of N 0 
conducted by the Unit Operations Section, a s l igh t  amount of N 04 was ob- 2 
served i n  the eff luent  from the decomposltion tube. 
fore  and a f t e r  scrubbing i n  a caustic tower were made available f o r  co lor i r  
metric n i t r i t e  analysis (see Table 11.2) 
bing towek, about 1-1/4 in .  i n  diameter and 30 in. long, was f i l l e d  with a 
packing of short  pieces of s ta in less  steel tubing. 
mal decomposition uni t  was passed through the tower a t  a velocity of about 
1000 cc/min. countercurrent t o  a slow moving stream of approximately 204 KOH. 

Samples o? t h i s  gas be- 
' 

The s ta in less  steel caustic scrub- 

Effluent gas from the ther- 

Sample 

Table 11.2 

Scrubbing of N 04 by 205 KOH 

Vol. $ N ~ O ~  i n  a s  
Before Scrubbing After Scrubbing 

1 1.0 0.01 

2 0 037 0.0037 

3 0.11 0 .Ob2 

The effluent gas (after scrubbing) was i n  each case colorless.  Color in the  
influent of sample #3 containing only O . l $ w a s  vis ib le  againet a white back- 
ground i n  a 300 ml sample tube. 

Samples #1 and #2 show a high scrubbing efficiency but tha t  of #3 
is low. No explanation is offered t o  account fo r  this .  

11.3 Scrubbing of NO w i t h  R N O 3  

Only preliminary work has been done t o  determine the efficiency of 
removal of NO by 708 HNO 
1-24 NO was slowly l ed  t&ough f ive  gas washer6 containing 70$ &O 

It ww found that when a stream of I containing 
copious 

brown fumes were released, presumably according t o  the equation: 3' 

2 m03 + 180, 3 NO2 + H20 
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The conversion of MO t o  NO2, if complete, would be 
alkal ine scrub would eas i ly  remove the BO2. Under 
above reaction was not complete, However, fur ther  
out i n  a packed column i n  countercurrent fashion. 

sat isfactory since the 
the conditions used, the 
studies are t o  be carried 

12 .o The ORNL t'mini" Mixer-Settler ( V .  A .  

The purpose of the ORWL mixer-settler is t o  f a c i l i t a t e  the performance 
of countercurrent extractions which cannot be safe ly  done i n  a hood using 
batch techniques. This  uni t  is designed t o  operate i n  a hot c e l l ,  behind 
lead shielding. 
t r o l  devices will make w e i r  adjustments and obtain end stream and stage 
sampies . 

Mirrors w i l l  be used fo r  observation, and simple remote con- 

Details of the uni t  a r e  given i n  previous reports.  Briefly,  it is a 
eo-stage, gear driven uni t  having mixing sections 1/2" wide x 1/2" long x 
1-1/2" high and s e t t l i n g  sections 1/2" wide x 1-1/4" long x 1-1/2" high (Pig. 
12.1). 
gear driven- hypodermic syringes using mineral oil as displacement f lu id .  The 
solvent is fed d i rec t ly  w i t h  a Milton Roy "Mini" pump. 

Figure 12.2 shows the feed and scrub delivery system consisting of 

Using the mixer-settler under the Purex Flowsheet #1 operating conditions 
f o r  IA extraction, three runs have been completed. 
lD, and 16. 
full.  

These are numbered l'ja, 
amber 15b was most nearly sat isfactory and is discussed here i n  

The data obtained i n  Runs l5a and 16 w i l l  be found in Appendix F. 

After 12 hours operation ( R u n  lga), stage samples were taken and the 
machine shut off fo r  12 hours. 
15b). Stage samples were withdrawn which were analyzed and the data plot ted t o  
yield an equilibrium (x, y) diagram (Figure 12.3). 
l y  a s ix  hour run but a resumed rug of 18 hours t o t a l  duration. The withdrawal 
of stage samples at  the end of run l5a and the subsequent shutdown both dis turb 
the steady state conditions obtained during run l5a. 

Then, operation w a s  resumed f o r  s i x  hour6 (Run 

Thus the run was not actual-  

In Figure 12.3, the  squared points show sample data after an  uninterrupted 
run of s i x  hours. If the last stage is ignored as probably of low efficiency 
because of pers ia tent  flooding, about four and one-fourth theoret ical  stages 
were obtained i n  five actual  stages, o r  854 overal l  efficiency22. 
e f f ic ienc ies  are calculated as the actual enrichment divided by the theore t ica l  
enrichment, the results fo r  eeveral stages are as follows: 

If stage 

Stage Efficiency ($) 

14 
15 
16 
17 
18 
19 

98 
77 

100 
52 

120 
7.9 

Average 76 

Average omitting stage 19, 90% 
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FIG. 12.3 
STAGE DATA FOR URANIUM EXTRACTION - Page 62 
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Qualitatively, the best-f i t t i n g  curve (solid) l ies  within experimental 
e r ror  of the accepted (dotted) curve , except at the 19th stage. This ean 
be taken t o  mean that the eff ic iency is  within experimental e r ror  of 1005. 

Uranium losses were about 0 .OW$. 

The problem remains t o  secure operation tha t  is trouble f ree  and safe. 
Almost a l l  of the mechanical d i f f i c u l t i e s  i n i t i a l l y  encountered have been 
corrected. The fluorothene block continues t o  leak i n  s p i t e  of a l l  e f f o r t s  
t o  prevent it from doing so. 
by refabricating some of the  par t s  according t o  a method described i n  KAPL- 
602. 
stock. 
clamps and screws. 

It is hoped that a t i g h t  block can be obtained 

The new parts  will be routed from 1" stock rather  than sawed from 1/2" 
In t h i s  way it is possible t o  eliminate the s ide sheets and t h e i r  

Further t e s t  runs w i l l  be made with the machine operated as a 16-stage 
uni t  by closing the aqueous port  between stage four and f ive .  The organic 
end stream w i l l  be withdrawn from stage four using a bellows pump, and the 
scrub w i l l  be admitted t o  stage f ive .  
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14  .O Appendix 

. 

A .  Analytical Details 

A l l  of the specif ic  DF's were calculated from niobium and zirconium 
a c t i v i t i e s  measured by s c i n t i l l a t i o n  counting, 
accurate than beta  counting f o r  niobium where the beta  energy is so low that 
the counting efficiency at  108 geometry is only about 0.34. 
efficiency fo r  niobium gamma i n  the 3550 building s c i n t i l l a t i o n  counter is 308, 
so that a counting rate roughly 100 times higher i s  obtained by the latter 
method. Also, s l igh t  changes i n  the charcter of the precipi ta te  or  mounting 
condit ion8 w i l l  have negligible e f fec t  i n  s c i n t i l l a t i o n  counting, i n  contraat 
w i t h  their  large e f f ec t  i n  beta counting. Zirconiumwas a l so  counted by th i s  
method t o  keep the  results on the same basis .  

This is believed t o  be much more 

The counting 

The s c i n t i l l a t i o n  counter was compared d i r ec t ly  with the building 

The r a t i o  found fo r  niobium is 5000 s c i n t i l l a t i o n  c/min/mv on 
3550 ion chamber by counting aliquot8 of a solution of niobium t r ace r  i n  both 
instruments. 
the 10" scale.  
zirconium as f o r  niobium, th i s  factor  w i l l  a l so  apply f a i r l y  w e l l  f o r  zirconium. 

Since the gamma energy and percentage is nearly the same f o r  

The relationship between the ruthenium gamma reading i n  the ion chamber 
and i ts  radiation i n  beta c/min was required t o  check the balance of a c t i v i t y '  
obtained by radiochemical analysis against  the gross 7 reading. A sample of 
ruthenium t r ace r  was obtained by denitration of the run 13 eff luent ,  wherein 
much of the ruthenium d i s t i l l e d  and was collected i n  water. This solution ~ 8 8  
measured on the ion chamber and beta counted. The r a t i o  was found f o r  the 
f resh  solution t o  be 1340 beta c/min/mv on the 10" scale,  building 3550 ionization 
chamber. A portion of t h i s  ruthenium t r ace r  was retained and measured periodical- 
l y  on the ion chamber t o  keep the ruthenium correction up-to-date. Generally, 
agreement between the gross gamma calculated from radiochemical analyses and 
that actual ly  found, was rather good; - 0.6 t o  + 0.4 mv/ml was unaccounted f o r  
w i t h  t o t a l  a c t i v i t i e s  between 5 and 35 mv/ml. 

Niobium decay had t o  be taken into account as some of the runs 
necessarily extended over rather long periods (up t o  LO days). 
was  minimized i n  Runs SG-15, 16, and 17 by analyzing a l l  the samples (-including 
feeds) at  the end of the run, ra ther  than as they were collected. 
and 14, and'in cases where recheck analyses were required, correction was made 
by assuming niobium would decay according t o  i t s  half l i f e .  This is  a fair 
aesumption because of the small amount of zirconium i n  ithe samples i n  re la t ion  
t o  the niobium. 

This ef fec t  

In Runs 12, 13, 
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B .  Calculation of the Integral  Decontamination Factor 

A stepwise method was used f o r  integrating Figurea 5.61, 5.62, and 
5.63 t o  obtain Figures 5.64 and 5.65 as the accuracy of the data did not warrant 
the w e  of the d i f f e ren t i a l  equation. 
eqwt ions . The method depends on the following 

Composite a c t i v i t y  of eff luent  AAL1 - + A - A L 2 . . .  1 
(1) per uni t  volume = D1 D2 L\L1 + aL, . * -  

Where A = a c t i v i t y  i n  feed, per unit  volume, a constant, and 

AL1, P L 2  ... = incremental.volumes of eff luent  whose decontamination 
factors  from feed are D1, Dz, ..* 
Equation (1) may be rewrit ten as 

(4) 

A 

The integral  DF = 

the composite uni t  a c t i v i t y  of the eff luent  = 

(4%) 

c * D 

The values of D, the instantaneous DF, were taken as the average over the increment. 
For example, the DF f o r  niobium i n  Run 13 a t  3 l i t e r s  m a  1 5 .  
suceeding values are a t  1 l i te r  and 6 l i t e r s .  
that solution collected between 2 and 4.5 l i ters.  

The previous and 
The value of 15 m e  taken f o r  all 
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Dissolver Residue (g) Plutonium Assay (mg) - 
I n i t i a l  After A f t e r  HC1 HI? Final* 
Weight HC1 Wash HF Wash Wash Wash Wash Total 

23.8 14.2 
16.5 37.4 

18.3 4 03 0.1 274 22 0.05 296 

43.8 7.4 0 .I 35 3.1 0.07 , 38.1 
20 5 0.1 47.2 40.2 0.05 87.4 

8 True integration of equation (1) would lead t o  

1 integral  DF = 

The integral  could be determined by plot t ing 1 
under the curve. D 

L, and measuring the area 

C .  Treatment of Residues from Slag and 'Crucible Recovery Dissolver 

The residues from runs E-1, DG-2, DG-3, and DG-4 have been dissolved 
s ingly by various means and the t o t a l  weight of plutonium in  each residue has 
been obtained. 
analyzed. 

The combined residues from runs DG-5 and DG-6 have a l so  been 
The resu l t s  a re  given i n  Table C-1 .  

The best method for t rea t ing  the residues found thus far is as follows: 
The residues are boiled i n  6 M HC1 fo r  approximately f ive  minutes and the s lu r ry  
is  fi l tered.  This removes be-ween 95s and 99+$ of the  plutonium. The remainder 
of the residue, which is  mostly s i l i c a ,  is then dissolved i n  concentrated hydro- 
f luo r i c  acid.  There is s t i l l  a small mount of a black powdery residue which 
is d i f f i c u l t l y  soluble i n  boi l ing 6 M HC1. 
oxide, contains less than one-tenth percent of the  i n i t i a l  plutonium. 

This material, thought t o  be ChrOmOUs 

Table C - 1  

Plutonium Losses t o  Dissolver Residues 

R u n  No. 

D G 1  
2 
3 
4 
5 9 6  

a 

* The reagents were varied from run t o  run (HF, HC1, %SO 
i n  attempts t o  obtain complete dissolution. 

e tc . )  3' 
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D. Calculation of Feed Cornposition (Ref. le) 

Solution 

DG-1 

DG-2 

Do-3 

, Do-4 

-5 
DG -6 

Volume 
( l i t e r s )  

19(1) 

20 

18.5 

16.9 

18.8 

20 .o 

Moles 

3 -67 

4.10 

4.10 

4 .lo 

4.10 

4.10 

-M - 
0.19 

0.21 

0.22 

0.24 

0.22 

0.21 

M 
Moles 

15 .o 

17.2 

21.1 

15.9 

20.7 

16.4 

:3 1 
-7r- - 
0 *79 

o .86 

1.14 

0 -94 

1.10 

0.82 

(4) A 1  

(1) 

(2) Aseuming C a  (metal) 1-05 moles 

17 l i ters E-1 diluted w i t h  1.9 liters 1 M AmEJ solution - 

c@2 2.65 

0.40 '' 2 CaI 

MgO i n  crucible 11.4 moles (3)  

Moles 

6 .io 

6.59 

6.59 

6.59 

6.59 

6.59 

MgO "sand" DG-1 Do-2 m-3 De -4 DG-5 DG-6 
Moles Mg 5 *3 5 -8 9 -7 4 -5 9 -3 5 -0 

(4) AI. gasket 0.19 moles 

ANIB added DG.-1 4.5 m i n  dissolution + 1.9 m adjustment 

DG-2 t o  6 6.4 moles 

M -- - 
0.32 

0 033 

0.36 

0 *39 

0.35 

0 -33 

E. Determination of Nitrow Acid Distribution Coefficients - Method and 
Calculations 

The dist r ibutfon coefficient of nitrous acid between organic and aqueo& 
phases was determined i n  the following manner. F i f t y  milliliters of aqueous BN03 
of the requis i te  strength waa added slowly at  O°C t o  50 ml of 0.02 M N d O  . 
mixing, a 10-ml aliquot was withdrawn for  analysis. The remaining % ml &e 
tranarferrsd t o  a l25-ml eeparatory funnel together with 35 m l  of organic solvent. 

After 
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The free space (10 ml) was swept with N t o  remove 0 and the mixture stgppered 
and shaken vigorously. After shaking, %e aqueous p se was cooled t o  0 C and 
a 10-nit al iquot withdrawn f o r  analyeis.  AneLlyees were made colorimetrically1 
of solutions tha t  had been di luted 1000-fold; they contained 104 by volume of 
the colorimetric reagent. 

1 Since the colored solutions conform essent ia l ly  t o  Beer's Law , it follows 
that the concentration of n i t r i t e  is d i rec t ly  proportional t o  the opt ica l  density 
D = - log 1/10, wherein 1/10 i s  the fract ion of the l i gh t  transmitted. 
dis t r ibut ion coefficient may be calculated from the expreseion: 

The 

wherein D1 and D a r e  the opt ica l  densi t ies  of samples of the aqueous phase be- 
fore and a f t e r  extraction, respectively. 2 

The s t r ipping experiments were carried out immediately after extraction. 
One-hundred mill i l i ter  portions were added t o  the organic i n  the l25-d. separatory 
funnel and the contents shaken vigorously, analyses being performed on the cumula- 
t i v e  extracts  after each t h i r d  o r  fourth extraction. 

* The factor  90/35 must-be included because the concentration i n  the organic 
phase is 90/35 times the decrease i n  the concentration of the aqueous 
phase, D1 - Dz* 
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F. Mixer-Settler R u n  Data-Pwex IA Operation 

Conditions : 

AF: 

AX: 30% TBP In Amsco 

1.35 M uranium - 2 M H N O  - 3  

AS: 3 HR03 

Flow Ratio: AF/AX/AS = 1.42/4.75/.92 mi/min 

Product and waste samples were taken a t  one hour in te rva ls .  
End Stream samples. 

Hours from 
Star tup 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Solvent Product 

m03 
( g/l)  (E) 
Uranium , 

98.8 
100.2 
97 *o 
98.8 

100.2 
97 00 
99 *6 

io0 ;2 
97.0 

100.2 
100.2 
97 00 

0.17 
0.17 
0.17 
0.16 
0.15 
o .15 

0.15 
0.15 

0.15 
0.15 

0.14 
0.14 

Aqueous Wastes 

HN03 U r a n i u m  
( g/l) (E) 

0.032 
0.011 
0.008 
0 . o n  
0 .oog 
o .013 
o ,009 
o .009 
0.017 
0.012 
0.010 
0.004 

2.45 
1.95 
2 .ss 
2 .42 
2 035 
2 -37 
2.40 
2.30 
2.40 
2.28 
2.28 
2.28 

Extraction stage samples taken after 12 hours operation 

14 (feed p la te )  121.2 0.06 229.2 2.29 

16 88.4 0.23 44.2 3.40 

18 3.80 0 959 0.13 3 .bo 

20 0 789 0 -37 0.01 2.25 

1 5  113.4 0 .ll 176.8 2.66 

17 366 05 0.02 5 029 3.60 

19 o .886 0.56 0.02 2 *93 



a Run 15b 

. End cdtream samples 

t 

- 71 - 

Solvent Product 

Hours from Uranium HNO 
S t a r t  up k/1) (MI3 

96.4 0.16 
98.4 0.14 

100 .o 0.15 
98.4 0.15 

98.4 0.15 
98.4 0.14 

ORNL-1343 

0,oog 2 .oo 
0.020 2 *20 
0.003 2.40 
o .005 2 .40 
0.004 2.40 
0.004 2.40 

Extraction Stage Samples - taken af'ter 18 hours operation 

14 (feed plate) 115 ,O o .07 202.5 2.43 

16 82.4 0.28 19.4 3 *67 
17 24.5 0.61 4 -98 3 *75 
18 2 .loo 0.71 0 e095 3.60 
19 0.042 0.62 0.015 3 . io 

15 106 .o 0.14 143 *75 2.70 

20 o .023 0.48 0.002 2.25 

Run 16 

End Stream Samples 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

105 
84.8 
88.5 
87 .o 

85 05 
87.5 
84.8 
81.5 
83 *3 

91 *3 

0.11 
0.19 
0.15 
0.14 
0 -14 
0.15 
0.14 
0.14 
0.14 
0.14 

1 .oo 
0.38 
2.30 
o .296 
o ,008~ 
0.03 
0.531 
0 .ooe 
o .026 
o .017 

Extraction Stage Samples - taken a f t e r  10 hours operation 

1.34 
1.33 
1 .TO 
2.01 
2.47 
2.56 
2.44 
2.62 
2.68 
2.43 

14  (feed plate) 95 *o 0.12 258 .o 2.30 

16 102.5 0.09 186 .o 2 *75 
17 47 *3 0.19 52 -3 3.36 

15 103 .o 0.06 207 .o 2.45 

18 49 03 0.44 0 -177 o .26 
19 
20 

0049 3 970 3 -29 
o .025 2.07 

39 -5 
c- 




