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A I ; T p ,', {1 M l 

Â JU11 Ijib J. 
The use of d i l u t e a c i d f l u o r i d e s o l u t i o n a s 

a c y c l i c wash f o r the prevention of s i l i c a con-
tamination in anion exchange r e s i n s i s descr ibed, 
A c y c l i c wash employing 0 . 5 molar sulphuric a c i d 
and 0.05 molar ammonium b i f l u o r i d e was found t o 
be adequate in preventing the accumulation of 
more than one per cent of s i l i c a on a r e s i n over 
a period of 13 c y c l e s . 

I,,. . .IMODUCTIpN. 

Acid l each ing of.some uranium ores may y i e l d l i q u o r s 

conta in ing s i l i c a . Such s i l i c a r e a d i l y p r e c i p i t a t e s in the 

anion-exchange r e s i n bed used to adsorb the uranium. The 

s i l i c e o u s deposit accumulates in and around the r e s i n beads, and 

cannot be completely removed p h y s i c a l l y by b a c l a s h i n g the r e s i n 

bed. In time, t h e accumulated s i l i c a a f f e c t s the r e s i n 

e f f i c i e n c y , by slowing down the b e a d - d i f f u s i o n - r a t e of the 

adsorbing ions, and may even s e r i o u s l y obstruct l i q u o r flow. 

Previous s u c c e s s f u l use in t h e s e l a b o r a t o r i e s of ac id 

ammonium f l u o r i d e s o l u t i o n s to prevent the accumulation of 

p r e c i p i t a t e d t i t a n i a on a n i o n i c r e s i n s , led to the present 

analogous a p p l i c a t i o n . 

I&perimente in which s i l i c a - c o n t a m i n a t e d r e s i n s were 

batch-washed with a c i d f l u o r i d e s o l u t i o n s have shown t h a t , i f 

t ime i s allowed f o r equil ibrium condi t ions t o be achieved, d i l u t e 

s o l u t i o n s can remove the s i l i c a with almost t h e o r e t i c a l e f f i c i -

ency with r e s - e c t to the f l u o r i n e content of t h e wash. I t 

might thus be economically p o s s i b l e to prevent s i l i c a accumula-

t i o n in a r o s i n bed by washing an operat ing column each c y c l e 

with such a s o l u t i o n . 

This procedure was i n v e s t i g a t e d both in the l a b o r a t o r y 

and on small p i l o t s c a l e . 



In t h e l a b o r a t o r y , r e s i n s r e c e i v i n g v a r i o u s a c i d 

f l u o r i d e wasb.es oil c y c l e were compared with c o n t r o l r e s i n s 

r e c e i v i n g the usual a c i d i f i e d water wash. 

F o r the p i l o t s c a l e v;ork only one a c i d f l u o r i d e wash 

s o l u t i o n was employed and t h e r e s i n from t h i s t reatment was 

compared with a c o n t r o l r e s i n r e c e i v i n g t h e normal washing with 

a c i d i f i e d water , 

a.. Mijoiy-i'i'oii? . 

. Ii*kJ?ffllAljS . . m M i X f l . . 

_2,1 - Acid rf luprid_e flash 

The v a r i o u s ac id f l u o r i d e washes used wore made from 

a n a l y t i c a l reagent grade sulphuric a c i d , t e c h n i c a l grade 

ammonium b i f l u o r i d e , and ta-~>-wator, The ammonium b i f l u o r i d e 

contained 66 percent f l u o r i n e and 2 -nercent s i l i c a . 

2,2 - .^cclmn/^Q.J\esin. 

This was f r e s h " D e a c i d i t e iTi?" an ion exchange resin, , 

screened t o e l i m i n a t e minus 30 mesh m a t e r i a l , 

3 . A ^ I L I ^ Y AjfD ..SUlII'Mn^, 

- Adsorp_t ion Liquors 

Actual sulphuric a c i d leach l i q u o r s were used. . These 

v a r i e d somewhat in uranium and s i l i c a c o n t e n t . The l i q u o r s 

used in the t h r e e runs reported containod the f o l l o w i n g 

c o n c e n t r a t i o n s of uranium and s i l i c a . 

Licujor 

Paui Jfo . 
U3O8 SiO'i 

uJ 1 

1 ( 0 . 8 
( 1 . 7 . 

1 . 4 
1 . 7 

2 ( 1 . 0 
( 2 . 4 

. 3 . 0 
2 . 9 

3 0 . 9 3 . 4 

3 .2 - ITLuent 

The e luent was molar sodium c h l o r i d e s o l u t i o n , 

a c i d i f i e d with sulphuric a c i d to -nE 1 . 4 . 



3. 

2.JJ. - tf&sh, .(. o ther than a c i d - f l u o r i d e). 

'•/ash used f o r the c o n t r o l r e s i n s a f t e r adsorpt ion and 

again a f t e r o l u t i o n , and f o r t h e t e s t r e s i n s a f t e r adsorp-

t i o n , was water a c i d i f i e d with sulphur ic a c i d to pK 2. 

3,,4. - .^luipment 

The c y c l i c operat ions of the r e s i n columns were con-

t r o l l e d by a two channel r e s i n l i f e t e s t u n i t . The 

operat ion of a s i m i l a r uni t i s descr ibed by Audric, Bryant, 

and Long ( 1 ) . 

The apparatus a u t o m a t i c a l l y suppl ies four s e p a r a t e 

s o l u t i o n s in sequence t o each of two s e p a r a t e columns, the 

sequence being repeated f o r a s long as t h e r e s e r v o i r s hold 

suppl ies of t h e s o l u t i o n s . The volume of each s o l u t i o n 

supplied in one sequence i s p r e - s e t , and c o n t r o l s the 

operat ion of t h e succeeding v a l v e . The sequence f o r an 

ion exchange column, v i z ; 

(1 ) Adsorption 
(2) v/ash " 
(3) 3Lut ion 

(4 ) --'a sh 

i s thus operated a u t o m a t i c a l l y . 

Columns f o r t h i s u n i t wore made of t r a n s p a r e n t , r i g i d , 

p l a s t i c t u b i n g , 0 .5 inch interna . ! diameter and 6 inches in 

l e n g t h . The r e s i n bed was supported on a p e r f o r a t e d 

p o r c e l a i n d i s c , below' which, was a g l a s s column-base tapered 

to connect to a c a p i l l a r y tube o u t l e t . The column and 

bc.se wore connected by a s l e e v e of f l e x i b l e e l a s t i c tube 

with the p o r c e l a i n d i s c held in p o s i t i o n between them. 

iihch s e t of v a lv es was connected to t h e r e s p e c t i v e 

column through a four-way g l a s s d i s t r i b u t o r p i e c e , s c a l e d 

i n t o the column top through a rubber s topper . The l i q u o r s 

from the r e s e r v o i r s above t h e v a l v e s were siphoned through 

the a p p r o p r i a t e open va lve and through the column, the 

siphon c i r c u i t being sealed from r e s e r v o i r to column o u t l e t . 

The c a p i l l a r y o u t l e t of the column in c o n j u n c t i o n with 



a d j u s t a b l e constant<-head-devices in the r e s e r v o i r s con-

t r o l l e d the f l o w - r a t e ' o f l i q u o r . 

A... ^ f f i . a o g i i & x , rkio.c;roua.B. 

Three runs were c a r r i e d out with d i f f e r e n t a c i d 

f l u o r i d e washes. i?or each run the two columns were each 

charged with 10 ml. of f r e s h wet s e t t l e d r e s i n , g iv ing bed 

depths of 3 inches . The columns were marked A and 3, accord ing 

t o the r e s p e c t i v e channels A and of the r e s i n t o s t equipment. 

Column A was in each case t h e t o s t column, r e c e i v i n g 

t h e a c i d f l u o r i d e wash, w h i l s t Column 3 was t h e c o n t r o l r e c e i v - , 

ing an equivalent volume of wash with a c i d i f i e d water . 

The r e s e r v o i r and supply l i n e f o r the a c i d f l u o r i d e 

wash were of p l a s t i c m a t e r i a l , and the p a r t i c u l a r g l a s s v a l v e 

involved, and the g l a s s adaptor loading from v a l v e to column, 

were coated with " B o s t i k o t e ; ' . . The a c i d f l u o r i d e wash thus did 

not contac t any g l a s s u n t i l i t had passed through t h e r e s i n . 

The f l o w - r a t e f o r each column was a d j u s t e d t o a p p r o x i -

mately 1 . 6 ml, per minute f o r adsorpt ion ( 2 . 5 minutes r e t e n t i o n 

t ime)5 1 ml, per minute f o r o l u t i o n (4 minutes r e t e n t i o n t ime)? 

and 3 ml, per minute f o r a l l washes ( 1 . 3 minutes r e t e n t i o n 

t i m e ) . 

I&ch of t h e t h r e e runs was continued f o r 30 complete 

c y c l e s . D e t a i l s of t h e c y c l e s in each p a r t i c u l a r case a r e given 

in Tabic 1 . 

Msozp.t ion flash TILutiqn Wash 

Runs, Jloe^JL and J> 
Channel A 750 ml. 30 ml . 220 ml. * 50 ml. 
Channel 3 750 m l , 30 ml . 220 ml. 50 ml. 

Run Ifcu. 3 
Channel A 750 m l . 30 m l . 220 m l . * 20 ml. 
Channel B 750 m l . 30 ml . . 220 m l . 20 ml. 

Acid f l u o r i d e wash. Other washes wore with 
water a c i d i f i e d with K9SO4 to pi" 2 . 0 . 
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The time f o r a complete c y c l e was apnroximately 12 

hours. The composition of the ac id f l u o r i d e washes used in 

t h e s e runs i s shown in Table 2, 

JL̂ -iJ JuJ.'.Jl i c 

"^u^livg iq ' Xc id" *~ * l ^ p r r L u ^ 
Run JTo, "" ' M^iL^JlZ. 

1 1 0 .05 
2 ' 0 . 5 0 .025 
3 0 .5 0 .025 

At t h e completion of 30 c y c l e s , immediately a f t e r t h e 

p o s t - G l u t ion wash, the r e s i n ci .ergos were removed from the 

columns. The r e s i n was washed f r e e of such s o l i d impu r i t i e s 

a s could bo removed by s t i r r i n g in a besuror of water , 'a l lowing 

t h e r e s i n to s e t t l e , and decanting the water and suspended 

m a t t e r . The r e s i n was then f i l t e r e d , dried a t 110°C and 

analysed f o r s i l i c a . 

The s i l i c a content of t h e r o s i n samples obtained from 

t h a b o v e t reatment i s shown in Table 3. 

lgA3Li? 

Hun J f o , Test R_esin A Control, JiQrsin 5 

1 0.2% S i 0 ° 3.8% S i 0 9 
2 0 . 3 5 . 5 
3 3 . 2 7 . 2 

3 . PILOT SCAiti LIGATION. 

MT^RIALS. 

6̂ . 1_ - AciA. . f luo . r id . 0 . wash 

T e c i m i c a l grade r e a g e n t s were used to prepare a 

s o l u t i o n 0 .05 molar in ammonium b i f l u o r i d e and 0 , 5 molar 

in sulphuric a c i d . ' 

6^2 - -uxeb^ng c\ R esnin 

As in the l a b o r a t o r y i n v e s t i g a t i o n the r e s i n used 

was : ! D e a c i d i t e i^1 ' anion exchange r e s i n . 



6. 

6-tJ5 - Adsorp;bio,n _licuor_s 

Two samples of a uranium ore were leached t o provide 

two l e a c h l i q u o r samples, the compositions of which a r e 

shown in Table 4 . 

TA.KLiIj) A.. 

ompo sAt.ion 
U3O8 SiOo 304 
g / i . g / i ; g/i 1 •' 

Sample A 0 . 7 8 2 . 2 1 1 4 , 0 2 . 0 3 
" B 2.27 2.21 13.8 2.10 

Sample A was used f o r t h e f i r s t seven c y c l e s and 

Sample B f o r t h e l a s t s i x c y c l e s . 

The r e s i n columns were constructed from 3 inches 

i n t e r n a l diameter polythene t u b e s , with s t a i n l e s s s t e e l ond 

p i e c e s . . 

The a c i d f l u o r i d e s o l u t i o n was pumped to the columns 

through p l a s t i c tubing by means of a rubber l i n e d pump. 

The columns each contained 6 , 3 l i t r e s of wot s e t t l e d 

r e s i n with a bed depth of 4 . 5 f e e t . 

8... , KlpCaPuRft. 

Fol lowing backwash, one column was washed with 4 bed 

volumes of t h e a c i d f l u o r i d e s o l u t i o n a t 190 ml. per minute or 

approximately 0 . 8 5 g a l . per s q . f t . per minute. The c o n t r o l 

column rece ived 4 bed volumes of water wash. This procedure 

was operated f o r a t o t a l of 13 c y c l e s . 

Samples of t h e f l u o r i d e wash s o l u t i o n were assayed 

f o r s i l i c a a f t e r each c y c l e and t h e r e s i n in each column was 

sampled and assayed f o r s i l i c a a t t h e end of t h e run, 

At t h e end of the run, t h e r e s i n which bad r e c e i v e d 

t h e f l u o r i d e wash in each c y c l e appeared t o be very much c l e a n e r 

than t h a t in the c o n t r o l column. 



7, 
Tlio s i l i c a contents of both r e s i n s a t t h e end of t h e 

run arc- shown below. The r o s i n samples wore dried a t 110°C 

and t h e s i l i c a , content expressed as a percentage o f the dry-

r e s i n . 

Ros.in_ Sample S,iC)P per cent 

Control 9 . 3 2 
F l u o r i d e washed 0 ,99 

The s i l i c a content of the wash s o l u t i o n s a f t e r each 

c y c l e i s shown in Table 5, 

TA SLB 5 . 

F l u o r i d e Wash SiO? in f l u o r i d e 
. Ad.sorption, l iquor . , Wash 

Sample A 1 0 . 3 8 
o 

SI 
;» 
If 

II 
: t 

3 1 . 0 4 
4 0 . 7 8 
5 0 . 7 1 
6 0.86 
7 0 .87 

Sample 3 8 0 . 7 4 

it 
ii 
i t 

ti 

9 0 . 7 0 
10 0 . 5 ? 
11 0.72 
12 0 . 5 3 
13 0 . 4 1 

From the r e s u l t s in Table 5 t h e t o t a l amount of s i l i c a removed 

from t h e r o s i n by t h e f l u o r i d e wash was 226 g. - Allowing f o r 

t h e approximation in a s s i g n i n g an average a s s a y va lue to t h e 

unknown sample (number 2) and an assumed 3.G.. 0 . 344 f o r the dry 

r e s i n , t h i s t o t a l s i l i c a i s in r e a s o n a b l e agreement with t h e 

amount of 202 g . c a l c u l a t e d a s being on t h e c o n t r o l r o s i n . 

Moreover t h e 226 grams of s i l i c a obtained from t h e t o s t r e s i n 

was removed with approximately 90 per cent e f f i c i e n c y with 

r e s p e c t to the f l u o r i d e used. The t h e o r e t i c a l quant i ty of 

s i l i c a which could have been removed a s SiF5 = i s 252 grams, 

10 . , DISCUSSION. 

• The r e s u l t s of the l a b o r a t o r y i n v e s t i g a t i o n i n d i c a t e 

t h a t a c y c l i c wash with f i v e bed volumes of a s o l u t i o n 0 . 5 



8. 

molar in sulphuric a c i d and 0 . 0 5 moler in ammonium b i f l u o r i d e 

adequate ly prevented accumulation of s i l i c a on the r e s i n . 
\ 

This i s s u b s t a n t i a t e d by the p i l o t s c a l e r e s u l t s and 

t h e procedure appears more a t t r a c t i v e than r e s i n r e g e n e r a t i o n 

by sodium hydroxide f o r the reason t h a t t h e r e s i n i s maintained 

i n an a c i d c i r c u i t - , thereby e l iminat ing p o s s i b l e r e s i n contam-

i n a t i o n by i n s o l u b l e hydroxides. The uso o f t h e f l u o r i d e wash 

did not s i g n i f i c a n t l y i n c r e a s e t h e f l u o r i d e content o f the 

uranium products recovered from the e l u a t e s . 
i i w i i s c i . 

(1 ) Audric, B . N . j Bryant , J . t f . ; and Long, I .V.??. 

C.R.L./AE.I07 D . S . I . R . J&gland. 
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