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THE VITRO MANUFACTURING COMPANY 

PROBLEl*^ OF LEACHING AND DIGESTION OF URAMFEROOS SLAOB AND ALLOYS 

Pe r lod: 

Ctmtr&ctt 

U S«#p« «f 

May 19S 

AT-(30« 

« 

Fro|prat3Q 

>a 

Ih • 1241 

As df M&y i . If SI the re iea reh pfagraisi coasieted of tb« £@ll<r«riag 
projects; 

Digestion ami. E«liiiimg ol C»Sl&g« »ad Other Essidnee 

lave stlfate the appllc«J»4lity and rtliaezsieat ©f variems 
proce«&ares for the treatment and dlg««ti@n el C*3l&gii and other 
uranifer@us reeidttes for recovery of urftniitm vftluee, placing 
emphasis on methods •4aptable to the Gsmmshurg Flant with 
sntnimnm of change of e t ^ p m e n t . 

aefinlag of @FC>6 
iiiiiiiti iiiiDitiiilr • i l r II mil iiu iiri , iir,,, 

Investigate the recovery of nrimluna from BFC*4, placing 
empha-sis on procedures which wlU not cheEctieally alter ^ e copper* 
tixk media. 

Refining and Processing of f odlwm Carhonate JteiiibMis 
iii»iii«iiini]iil)niiiiii|- TTiii in II ii mi nini i i .1 j j in i i i nrjiiiJWi iiininiii i n i 1 ••mi inn -i 1 • buiui i i in i . iiiuii nin iiimiiimiiii] jli 

Investigate methods of recovery of nraninm frosG various 
r e s i d e s , rc««lting from so^nm carh«Mitte dlgestlcm of miseeU'^ 
aneotts vtranimm hearing znaterials, to recuse the fl399 content 
of the residues below 0.05%. 

I . Wmrlmia Reyort 

Progress Report - April 1952 

S. Freject gtat^e 

Digestion and &efialag of C~Oidde and Oteer JLe8i*«es 

Data aecuznttlated from a ser ies of em^erisnents eon^e ted to estahEsh 
^ t lnaam eMdency of the conttnttons preclpita^on teehniq^^es by adjusting 
certain variables such as agitator blade sis&e, blade pitch and speed of agitation. 

yKGLJ'S^-=/^fe"E05^;^ _^ iifz 



were completed. The results indicate an Increment in efficiency by in­
creasing speed of agitation and the siae of the propeller blade, resulting 
in a imore superior prodbct as regards both uranium and fluorine content 
of the precipitate. 

Tentative results establish that a product conforming to purity 
specifications may be precipitated^using ordinary batch techniques) from 
the acid digest filtrates of C-oxide with pyridine. 

Continuous filtration of continuously precipitated axnznoniuzn diuranate 
froxn the acid digest filtrates of C-oxide has not given desirable results to 
date. The failure of amixjos^a salts to filter on a continuous basis may in all 
probability be attributed to the use of the plate and frame press t It nsay be 
that filtration could be accomplished through the use of up to date equipment 
such as the pre-eoated druxn filter or ^pecialiaed equlj^naent such as the leaf-
type filter designed for slime forming precipitates. The lack of such equip-
nn^nt has proven detrimental in definitely establishing the complete process 
in its most desirable forna. 

IMgeation and Refining of Sodium Carbonate Residues 

Prelinninary ei^er iments conducted on additional samples of the 
carbonate residues resulting from Vitro's current product indicate that 
ordi.nary n^eans of ^urlEcati^a will not effect satisfactory recovery. Heither 
the direct sodium cai^lonafe leach or acid digestion have proven satisfactory 
when used on the raw material without additional refinements. 

Process JData on the Refining of &FC-6 

£valuation of the data collected on the pilot le i^ l concers^g the 
recovery of contained uraMum values from BFC-6 indicates thit |he effi­
ciency oCtt^s process could be considerably improved if ^ e equipn^ent were 
available to establish a carefully controlled calcination cycle with the hunsan 
elenaent eliminated through the use of a modern rotary furnace and electronic 
control of calcining temperatures. 

Continuous Precipitation of Ammonia Salts From tibe Acid Digest 
l iquors of C^eatide 

Consideration of tibe theory of continuous precipiti4i«» demonstrates 
that a spontaneous mixing of the digest filtrates of C-oxide and ammonia at 
a specific pH below neutrality^ (usually pH 4.0)f should obtain an anamonia 
salt wfadch when converted to black oxide will contain in excess of 90% tlSOt 
(plus whatever i/«a or aluminum should be presenl)8ince on a theoretieaUl basis 
calcium and magnesium do not precipitate below pK 7.0. As may be noted 



from data previously reported, amnaonia salts obtained in the laboratory 
and on the pilot level contain various amounts of alkaline earths usually 
correlated with fluoride content which we may aesume precipitated due to 
monaentary formation of loealiaed areas of high alkalinity during the mixing 
proces s . Under optimum conditions of mixing we would presume that this 
would not occur. 

Although, in general, the uranium levels were below 80% a sa t i s ­
factory product in exces s of purity specifications has been obtained on a 
pilot level when experiments were conducted by skilled, professional 
emiployees. When the operation, on a production bas is , i s placed in the 
hands of non-technical personnel it i s felt that some margin of safety should 
be established, if econonnically feasible, due to the possibility of error . 

A ser ies of experiments were completed which were designed to indi­
cate the influence of propeller s iae, blade pitch and the speed of agitation on 
the quality of the precipitate. It i s presumed that should optlnaum conditions 
be established by the Influence of one or several of these factors ctmversion 
could be made on the production scale at minimum.eiqpense, Experinaents 
were csmducted on samples from the same digests with fixed speed of pro­
peller agitation to 4000 r . p . m . and with variation of propeller sixe and blade 
pitch. It was found that by using these techniques the product was improved 
as a result of more intense mixing of the acid filtrste and the precipitant. 
Although the precipitate seldom contained more than 3 to 5% alkaline earths 
we were unable to obtain a product absolutely free of calciuro and magnesium. 
As atresult of the reductiim of alkaline earth conttnt fluori<^ leve ls were 
reduced to l e s s than .05%. Presumably, various factors ei mixing could be 
incorporated on a production level which would be beneficial to both fluoride 
and uranium l eve l s . Consideration will be given to incorporation of superior 
features of agitation into the pilot phase. Data as obtained in the laboratory i s 
presented below: 

Experiment 
pH of prec i -
pitatien 
Discard Efflu­
ent (%tl308} 

Speed of agita-
t ion(r.p. m. ) 
Radius of blade 
Pitch of blade 
Calcination 
temperaturef<9 

%tJ3©8 
%F 
% CaO, MgO 

l_ 

5 .7 

.0005 

5000 
1/2" 
450 

600 
85 .2 
.017 

4 . 2 

2 

6.05 

.0001 

5000 
1/2" 
450 

800 
85 .5 
.011 

5 .4 

3 

6 .3 

.0001 

5000 
1/2" 
450 

800 
64 .5 

.02 
6.2 

4 

6 .6 

.0001 

5000 
3/4" 

450 

800 
85.12 
.0004 

5.2 

5 

5 .9 

.0001 

5000 
S/4" 

45*» 

sno 
86.24 

.01 
2 .9 

6 

6 .0 

.0005 

5000 
3 /4" 

4SO 

900 
85 .5 

.01 
4 .8 

7 

7 .2 

.0004 

5000 
1" 

45» 

800 
76 .19 

.066 
15.9 

8 

5.8 

.0006 

5000 
1" 

45° 

800 
84«5 
,00? 

3 .4 

9 

6.45 

.0003 

5000 
I" 

45° 

600 
82 .8 

. 0 3 
2 ,9 

3f2 4 



Prec ip i ta t ion of l?ranium F r o m the Acid ^ g e s t F i l t r a t e s of C-0:dde 
With P y r l ^ n e 

Emphas i s being placed upon obtaining a sa t i s fac tory product from the 
acid digest f i l t r a t e s of C-ojdde without further purif icat ion has led to a s e a r c h 
for prec ip i ta t ing agents , other than amznonla, which may be effective. Since 
pyridine fo rms soluble complexes with calcium and magnes ium i t was decided 
tibat i t may be of some value in the precipi ta t ion of uraualum from the acid 
d iges t £Utrates of C-oxIde, for , in gene ra l , fluoride leve ls and uran ium leve ls 
may be d i rec t ly co r r e l a t ed with alkaline e a r l ^ content of the p rec ip i t a t e . 
Since pyr idine i s of a bas ic na ture i t may be successful ly u s e d a s a uran ium 
prec lp l^&t a t pH 5. 5 to 6 . 0 . In th is range uran ium i s quantitatively p r e c i ­
p i ta ted . Pyr id ine may not be used above th i s range due to the buffering 
c h a r a c t e r i s t i c s of the compound in excess td pH 6 . 0 . Sanaples of l abora to ry 
hydrochlor ic ac id d iges ts of C-oxide were pa r t i a l ly neu t ra l i sed with dilute 
amn»eida to pfi 2 . 0 , adjusted to pM 5 .5 to 6 .0 with pyr id ine , filtered and 
washed unti l calcl«um and magnes ium f ree , and calc ined a t 800^C. The 
resu l t an t data es tab l i shed this as a sa t is factory means of obtais^ng an accep ­
table p roduc t . The economics of precipi ta t ion on this b a s i s a r e a s yet un ­
developed. Mo additional e s ^ e r i m e n t s a r e cons idered . Complete data i s 
p r e sen t ed in Table II . It may be noted that i t i s poss ib le that th is may be ? 
sa t i s fac tory form of recover ing uranium from C- l i ne r . No ea^erinaents a r c 
contemplated to prove the validity of th is hypothes is . 

Es^erimient 1 

pK of preeipi taUon 5 .5 plus 
Pyr id ine used {% w/u) 10 
IMseard effient^naoS) . 0001 
Calelnai ien t e m p e r ­

a t u r e (OC) 800 
% 11308 86 .24 
% F . .004 
% CaO, MgO t r a c e s 

5.5 plus 
1 

traces 

800 
80.64 
.093 
5.04 

S. 5 p lus 
I 
. 0003 

800 
85.96 
.038 
traces 

1 
5. 5 plus 
1 
.0005 

800 
86.24 
.019 
t r a c e s 

Digestion and Refining of Carbonate Res idues Result ing F r o m C u r r e n t 
Product ion 

Additional s amples were p r e p a r e d from the Vitro stockpile of c a r ­
bonate r e s idues and were found to ave rage . 295% II308. These saneiples were 
p r e p a r e d f rom an extensive sampling of the en t i r e Vi t ro s toc l^ i l e and may be 
said to be«!presen ta t lve of a l l r e s i dues resul t ing from the purif ication p r o c e s s 
a s es tab l i shed and contimjed over a la rge per iod of y e a r s . Methods employing 
the d i rec t sodium carbonate leach w e r e applied to these saxnples and w e r e found 
to be ineffective a s compared to the s ame t r e a t m e n t applied to the or ig inal 
s amp le . Recovery did not exceed 60%. The same samples were pulver ized 
to 100, 200 and 325 mesh *o see if this would facil i tate r e c o v e r y . Mo furtiacr 
improveznent, except of a minor na tu re , was noted. 

1^2 



Samples were then digested In sulphuric acid at pH 0 .0 and oxidized 
with sodium n i t r a t e . Investigation of the acid insoluble res idue revea led i t 
to be 63% of the or ig inal weight containing an average . 2 1 % 0308 . In th is 
ins tance a lso r ecove ry did not exceed approximately 60%. We conclude that 
u ran ium wjust be p r e s e n t in Insoluble form, possibly in conjunction with 
s i l i ca t e s . The p r e sence of some vanadium was observed in the s a m p l e s . 

Ea|>erlments a r e planned using e i ther the sodium carbonate leach or 
acid digest in which the r e s idues will be calcined at var ious t en tpe ra tu re s 
to determtlne if this faci l i ta tes r ecove ry . Exper imen t s have been ini t iated 
to deternaine if the elevation of digest t e m p e r a t u r e s through the use of low 
p r e s s u r e s will aid In eirtracting the contained uran ium va lues . Represen ta t ive 
data i s a s follows: 

TABLE I 
Experimex^ 

III 'HIT III 1 Ill •lilKim I 

I 

Weight (d sample (gm) 
Mesh of sample 
Weight of HgO(gm) 
Weight of Na^COgijpM) 
Time of digest(hr} 
T e m p e r a t u r e of 

digest (®C) 
Residue (%U308) 
% Recovery 

Weight of 8ample(gm) 
Mesh of sample 
Weight of H2S04(gm) 
pH of digesti£m 
T ime of dlgest ioa(hr) 
Teaapera ture of 

digestion (®C) 
Weight of resldueCgm) 
Residue (%II308) 
% Ex t rac ted 

100 
60 
500 
30 
4 

io 
.22 
25 

i 
100 
loo 
110 
0.0 
2 

90 
63.0 
.23 
53 

100 
100 
500 
30 
4 

80 
.12 
60 

TABLE H 

2 

100 
100 
11© 
0.1 
4 

90 
64.5 
.18 
62 

3 

100 
200 
110 
0.0 
2 

90 
63.0 
.21 
57 

1 
106 
200 
500 
30 
4 

80 
.11 
63 

Ea^eriment 

4 

100 
200 
110 
0.15 

4 

90 
64.0 
.23 
53 

4 

100 
325 
500 
30 
4 

80 
.14 
53 

5 

100 
325 
110 
0.1 
2 

90 
62.0 
.24 
53 

ip 



MLOT OPERATIONS 

Pilot scale production atnd recovery of uranium values from BFC-6 
was ct^Ltinued thrtmgh the month of May on an active basis and data collected 
and evaluated. 

Caleinati^a of the Water Leached Material 
mm\li.Mmi\ WW*l«>i...li..ll>.iMl*ililli<»iillill • [•lll>—iH»#»iWr»l^l>il'li*i*M«H»IIMlll»l»lllWIIIII mi WIV iruPUl KlIWl 11 • 

Calcination of the raw material was continued as previously reported, 
and the efficiency of the maj»)ial type operatbn as previously established ^mrns 
accepted as maximwm. Recovery during this period was normal as compared 
to recovery during previous months. Since this type of a manual calcination 
phase is obviously not as efficient as desired, it i s planned during the following 
period to establish an automatic calcination operation using a rotary hearth 
furnace and automatic temperature control and st i rr ing. This should give 
recovery values as desired. Portions of Lot #52 were also carr ied l^brough 
the calcination operation amd subsequent digestion In order to establish w i t h e r 
or not additional lots were amenable to the same treatment, tn addllieni, sising 
experiments were conducted &a the raw material prior to calcl̂ uMtiton to establish 
whether or not further reduction of mesh siae would benefit oxidatlMi^. All 
oxidation was carr ied out at 800®F for six hours. 

On the laboratory level, additional experiments a re planned concerning 
the oxidatilon of the raw material . A laboratory nsedel of a rotary kiln is being 
constructed mnA when finished will be placed in (qieration to determine whether 
or not this would be a more efficient means of calcination than tiui methods of 
calcinati«ui now in use or planned. 

Autoclave Ingestion 

The efficiency of the operation as correlated with the calciaatiLon 
operafiott was normal as compared with previous figures of total recovery. 
Recovery varied slightly from charge to charge. This is presweoed to be 4um 
to variatlimB in the calcination phase brought about by the human factor as a 
result of manual s t i rr ing. During the next period build-up will be||h to 
estabUsh the maximum capacity of the equipment now available for the p ro ­
duction phase. Representative processing data for the entire period Is as 
follows: 

1^2 7 



t 
Charge Mumber 

* I T F ' ^ &-I 26** 27 

B F C - 6 (lb. )* 
Mesh of B F C - 6 
Lot Mo. 
H2O (lb.) 
Ka2C03 ( lb.) 
Digest T ime (hrj 
Mges t P r e s s u r e 

(p. s . i . g .) 
Insoluble Residue 

<%II308) 
Recovery 

189 
-60 

20 
3000 

300 
6 

45 

7.91 
67 .3 

184 
-60 

52 
3000 

300 
6 

45 

2.75 
91 .5 

193 
-60 

20 
3000 

300 
6 

45 

6. 8 
71.7 

194 
-60 

52 
3000 

300 
6 

45 

2.85 
91.0 

196 
-60 

20 
3000 

300 

45 

3,00 
87.7 

29_ 

198 
-60 

52 
3000 

300 
6 

45 

2, 66 
92.8 

30. 

197 
-60 
20 

3000 
300 

6 

45 

2 .50 
89 .7 

!1 
189 
—o0 

20 
3000 

300 

45 

2 .50 
89 .7 

32. 

196 
*60 
20 

3000 
300 

6 

45 

89.6 

11 
189 
-60 
20 

3000 
300 

6 

45 

2.42 
90 .1 

3r% 

205 
-60 

20 
3000 

iO0 
6 

45 

2 .60 
89.3 

35_ 

205 
-60 
20 

3000 
300 

6 

45 

2.58 
89.3 

All cha rges with the exception of 24 and 26 were recycled through the digestion p r o c e s s to es tab l i sh optiinum 
recove ry . 

3£ 
198 

-100 
20 

3000 
300 

6 

45 

2.46 
90.0^ 

< 

BFC-6 ( lb.) 
n^Q ( lb. \ 
Ma^COj 
Digest T ime ( h r . ) 
Digest P ressu re 

(p. s . i . g . ) 
Insoluble Reslchie 

(% ¥308} 
Total Recovery 

(% ^308} 

25 

140 
1000 

100 
4 

45 

2 .21 

94 .2 

27 

150 
1000 

100 
4 

45 

2.18 

94 .1 

28 

151 
1000 

100 
4 

29 

153 
1000 

100 
4 

30 

152 
1000 

100 
4 

31 

144 
1000 

100 
4 

32 

152 
1000 

100 
4 

Charge Ko. 

33 34 

145 
1000 

100 
4 

158 
1000 

100 
4 

35 

159 
1000 

100 
4 

45 45 45 45 45 45 45 45 

2 .31 2.10 2.10 2.16 2.06 2.00 2.20 2 .21 

91 .7 94 .4 91.6 91 .4 91.8 91 .8 91 .4 91 .1 

36 

151 
1000 

100 
4 

45 

2 .04 

\ 

•Weights r e p r e s e n t the concentra ted res idue resul t ing fron; the water leach treatxnent assaying 18.66% 17308 
for Lot Ho. 20 and 24.4% P308 for Lot f<o. 52. 

• • F a i l u r e to r ecove r the expectod values from these charges may be at tr ibuted to faulty calcinat ion resu l t ing 
frona m a t e r i a l handling e r r o r . A recalc inat ion Is planned. 
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Continuous Precipitation of Ammonia Salts Front the Acid Digest 
Fi l t rates of C-Oxide 

Amznonla salts were precipitated from the acid digest filtrate of 
C-oiddc on a pilot level over a twenty-four hour period with direct filtration 
td the resultant residue imnsediately following precipitation, in order to 
establish the feasibility of the use of these techniques on a continuous p ro -
ducfion bas is . Precipitation was considered normal in every respect but 
filtration of the precipitate was exceptionally slow. A 24 inch iron plate 
and frame press was used with cotton filter cloths. The prolonged periods 
of time necessary for filtration have resulted In a change In the thinking as 
regards filtration of ammonia sal ts . It Is now presumed that the precipi­
tate i^dll be allowed to settle and the supernate decanted prior to filtration. 
This i s possible since we have established that under proper conditions 
prolonged periods of hold-up in the collection tank do not influence uranium 
or fiuoride content of the product. The use of settling agents was considered 
as a xneans of eapediting settling and subsequent filtration but no satisfactory 
agent could be found. The jsiost efficient agent found was Qnxn Tragacanth 
but it left miuch to be dei i red. Filtration aids were also considered but 
although several satisfactory aids are available unfortunately the eeononsics 
will not pernsit their use . 

The study of continuous precipitate techniques as regards the p rec i ­
pitation of ammonium diuranate from the acid digest filtrates of C-oxide is 
expected to enter an intensive stage of investigation on the pilot level during 
the next period which should satisfactorily resolve any problems brought 
about by build up to the production phase. A comprehensive report concerning 
the development of the process will be complied and included in tiie monthly 
progress report . 

i'^GLilSSiFir 
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