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V d It K i''3 ^ 

. Adventit icraa build-sip o f t i t a a i a l a anion ©xefc&nge 

ree la co-luiaae, dur ing .t i is o a r l y pe r iod o f p i l o t p l a n t operat ion, 

has r e c i t e d l a reduced column load ings f o r .Uranium. pr®suaiably. 

the - res in ibecofae-. chdkeA'.wiih t i t a n i a hydrolyeed • 'f*oai the 

• ..while saturat ion• ' loadings aref' ne t 1 s i g n i f i c a n t l y 

a f fec ted , , a ; c^ee^ i iea t : .reduction' .-is d i f f u s i o n / r a t e ' prevents • • s a t i s -

f a c t o r y loadings frear. being obtained • except.' fcy slow 

l i quor ' - f l ow ra tes o r three or, ^cpiui^e i n 

•adsoi^tion.* ; - •'---- - v.- • ;';.;-.• ''.'•'. . •• • • ; ' • ' 

^V..: ; for. - th is v&iMk&.'-Jtt;*** des i r ab le ea^lote'roothods f o r . 

'-'.•• . • .,inve©tignitions deecrift&d ••are;,part of'#o?lc: : 'ear-fled .. 

ou t ' i n . fin .a'1i©opt to rdmcnre''titanium.. ;. 's^phitrle, - ac id , leach 

l i q u o r © • o b t a i a ^ ^ f r o f f i - . l s a ^ i i ^ '-Sadiua, l l i i l . or®, « I n i t i a l ' e f f o r t © • 

:w@re- - aised- M -varying;;-> the cond i t ions '•<&£.. d i l u t i o n and. • n e u t r a l i &a~ 

- t i on .o f .d igester Heaults- Qhrned -t imt w i & l e t h e t i i m i i m [ 

'-'content /:efVli..qu6r®. cmsidsrahly ' j . " t h e r e s t i l l . 

- remained.: s u f f i c i e n t t o ; cause ^ t e r f e r e n t e ^ ' a i la ter . . &tMge of t he 

process, I t ' concluded', t h a t ' f ^ l t & e y i f e / hydroiysre t i t a n i u o cosj-

p l e t e l y was'due. te -the -^ferric- i r o n present: whlcftFrosumably formed 

a atabl© coa^lex w i t h the t i t a n i u m , ' .Attempts;.\to- • 'reserve-ferr ic i r o n 

and t l t a a i u s by ad^ lasting the p l i o f the d i l u ted 3 igaste r pu lp t o 

.5oQ. - 3oj5 were- -not, mcee©0£ul9 'dwi»'g;. .to. VsiJsultaneoti.s' i b f s o f much • 

o f t he uranius*,, .--' . < • ' ••• ' ;'-'.: ' ' -.;. .-•-.• • ;'V. ;; • 

.-,.'• decided''-to reduce- t h e v f o ^ i c , i r o n ^ i n ^ I t r f e ^ e 

-from . the .d i l u ted • p u l p - f o r e ;a&j&si ing "the.: p i With;oaleiura carbonate, 

'Reduction of - the. f s r r t c i r im-con ten t ..to than .1; . 

• success fu l l y aecomplishsd' by ; :the 'use. o f ; &>th 'me ta l l i c i r o n and -

e l e c t r o l y s i s feut the l a t ^ r |>roc© pre fep:©d on account -'of the-

greater , degree o f con t ro l i t a f f o rded , fhe reisovai.' pf- t i t an i« ia f r o a 

reduced l i q u o r s was .a f fected .by aajv ist ing the pH to vaMas f r o a • 

1>4- t o : 2*5. depending, o n . , temperature. . ' a " pk va lue -of 

'2,5'.was-;nec©ssary••for:.corapXetev^hydrolyei-e-. but' at",'100°G the' 

t i t an i i an couid a n b© rosoved a t a pH o f 1040 the hydro lys is a t 



J v F f l t l 

i r o n 

'•rclth-'.st©®®. m& a 

t o ;©how t h e inf luence' o f ' troth f e r r i c 

m m'steMli^ of .tha..t£taniu»o.;.•':'.,: ; • 

O ' 

Mt£®ct; o f - temperature oh' M i x t i o n * : ' ' V ' • 

•from/'th© F l l o t -Plaat @© r e used 

.were cisrri©S' out'..i4S sear as \p©sal'bi€s to ' .tfcs 

So' fee are-

pulp' Vae -heateil t o about 00° 

pe r iod o f mbm<m.®iit - t ^ a i s M a t <>••' aadmt , o f ' f o r : 

d i l u t i n g 367 g."- pu lp m a 73© m.l0 .;ia accor^-me©' ssith M l o t P lan t 

. sad"•• the ' e & l c i u s s . f o r . . n e u t r a l i s a t i o n was. added: 

v i a - : • ' - V . . . S I ' ' , 

.pulps 

l o d i l u t e d 

f 6 l l©» i«g the • 

•©tated' t i f h e : ' f i n a l ^olysoe' o f ttiguor obtsdned a f t e r 

f i B l l ' 

Iri'apV ' o^ ' ' . ." ' U S e " ^ 
d i l u t i o n -' • reheated. 
••water.' '..•. . a f t # r • 

- d i l u t i o n 

f o t a i " 
lea t in j 
t i iae , ; v. > radded-. 

. • * t • •, - - • 

f iOg i a l i q u o r 
g/200 ga coaoe 

"flT 

d oom teap", 

90°C 

9 # C 
' . • g o : 

• ~ .•"•90 :C: ' :• 

" ' M i l 

. • M l ; 

15 •Mrn^'. 

80 maoo ^-:-

' M - , • 7o5 go 

> o St®;- - 5*5 

: V 4o57 

' 4o l? •;• 
. - ^ . 

eant ^dMLCtion- i n ' t i tan ium: ofeta&ae&.'bjr t h i o 

sesaa trnXogs th®. t i tae heat ing a f t e r seu i r& l ia&t i©* ! i s increased 

eomsider&'&lgv - t acmzm i » the ' pH o f - the^uipi- 'say: lead to loaa o f 



-

uranism by adsorpt ion • o r "co 

; sad©" t o ififepoas© the 

. tin*© o f c l i l i a t i o n o f ho t pu lp by, adding' i t a t , ' a' con t ro l l ed rate' • . 

. ' to . ; 'A^ :Quiekfit«>©iie- l i t r © wa&h ' Was 

:used/ as container.- and t h e ^ u l p . : « a t , • ! ; • " t ip • 

tsy ! o f . a l i g h t : pre©sure0' ' I t waa;"teoasi.<l©y©'S .: 

rat© o f ' a d d i t i o n ' o f .to ' the water-; aiight'' r e s u l t in" raorc 

titsraius}-..by- .reason' of. 'tfe©-.16wer : a c i d i t y 

o f the, operat ion,, . I n actual, "fact a© great ' . 

' -F igu res \ i h f ab le I X a h ^ the^ e f f e e t o f slot? 

- d i l u t i o n tfith^ q^ ;as ' ind icated 0 I n a l l t©st8 367 go 

ho t "pulp mvQ ;-to- ,or®0. >'":-6alcia® Carbonate 

FO' OX" 
d i l u t i o n 
:W&t©XV 

D i l u t i o n 
time-:* ~P 

/. v^i iae'V, • 
;reheated 
. a f t e r •'"' 
d i l u t i o n 

. -VsjiQg i n l i q u o r 
. added - f. -PH., g9 cone,, 

90°C , :.:15";- :mins0:..." ^ 30 mine, 
'••7'. Q r..,.^ . .. .-v..-, • •.•..-.•.•.-'.• 

90 - C,.". .-••; • :. 15 £aine0 3G&ina 
- - 8 0® C • 18 ains'< 

'•'iibl.';;; 

i ; 7 5 

l c 9 

3o9 

'•2-0-1J: 

4o4. 

& 

U': 

Otfier; t©at6 inc luded (1) Fur ther 

p (2) AdcHtibn o f e&leium carbon- • increased d i l u t i o n tim®;.. 

mt® t o ho t im l?v fe fo r8 d i l u t i o n ^ (3) Add i t ion o f hot p u l p t o d i l u t i o n 

• ©r-- cqntadaing: ,ical;<4upi^carbonate;ra's-: 'a-'.velu^ry.;; • A l l -:ef-..thede: "were .". 

©ithrnat s i g n i f i c ^ a t © f fbc t da ••the." t i t ^ i u m c o n t e r i t o f the l iquors , , 1 

••':•/*, 0 r e s u l t : d ' f ; : t h e h y d r o l y e © th© 

t i t a n i u a 0 i t n a Q concluded • that . • t he,' p re sen m p f f e r r i c i r o n might, . 

.4 a"-'B-ffQCt o f f e r r i c i r o n on hyd ro l ys i s 0 f , Tl tani\ iBo • &, : o f ' 

. ©aspies prspared- from 'a/ bulk saElpl©' :of ;ii4^^02,. in. whi ch the. -

. fQrr ic : : i ror i . cont<snt ' ^ d : pH sfere "'varied f o r 'coaipiarison o f .the .hydro-. 



O ' 

l y s i s e f f e c t . ' Hydro lys is was e s p i e d out by b r ing ing the l i # u » r • 

-..'.' to'-.the' b o i l ' over ;i»tupaex;''''a«d- ^ i a t ^ ' i n i a g ' v a t ' ^ e p ^ i X - h y ' . _ 

-'•' passing steam w i t h .a . l i t t l e ' ex te rna l 'heat t o -keep 'the voluae -" 

constant <> Stei ia-vW^' i^TO ' a f t e r which 'the j w f r r ' 

" - c ip i t a tod t i t a & i a $?ao- eeparatedand weighed. ; ; A h y - f e i x i c r i r o n -V-';', 

.. which p r e c i p i t a t e d ' w i t h , ^e'.t i tania.waiB-'-sxtracteS.'hy; d i l a t i o n 

--wKh' d i l u t e hydrocl iLoric ac ide Shere/ ^ a s no -a l te ra t ion i n t h e • 

•" fe r rous .iron'-eontent o f the l i q u o r s .$or:that.- the-;differeaee-;in..th®-- : 

f e r r i c , i r o n f i g a r e e 'sefor© aad a f t e r hyd ro l ys i s represent© the 

amountremovedfrom;sdittt ioa«,, •;;':. "/•. '*' ' -'.-••'-". •. 

. .,;.";' -;' - ^ e ; v ; o f ' . itj&e --tefits" .oat:;lOa*.- these l i q u o r s -

r;are- g iven i n Table I I I . XQG'ialy o f a . - l i q u o r , 'conta in ing Qo 0, g. 

-'-. t i t g a i a / 1 . . -war©-. u&ed f&'r- each . test,./ * p l L o f • each- sample .was 

7 adjusted-by-• a a a i t i o r i o f 'e^ 'c i i ia i .carbonateand :th.ev ca l c i us sulphate -

- reaoved by f i l t r a t i o n „ • ; " • ' ' < " . / ' • • :/' ' 

..'"*' .' '"'•••':•' ' - ^ . V m B m ' - i i i ^ ' . . '•'.•• • '••' ... 

BSFOHB .HYDROLYSIS ' . ikFSEH HfDHOLISIS 

f e 
go/l00:;mL ' /. J . 7 l 0 0 ml. 

pH 2?© 
7 g o / 1 0 0 m!:.':, - g o 7 l 0 0 ml 

f iO* 
Recovered 

.55 

o : 

.045 
o21 
®39-'... 
o 60 

• 045 
. 27 
o41 
.65 

.045 
o 25 
.47 
b 67 

' .03 . 
.124 
o39 
o58--' 

• o l 9 
a s 
.19 
#19 

.19 

.19 

.19 
ol9 

.19 

.19 
' o l 9 . 
.19 
o!9 
.19 
•'•19-
.19 

1*3 
1.3 

1 .3 

X.5 
1<>5 
1.5. 
1.5 

1.6 
1.6 1.6 
1.6 

loB 

loB 
"1.8' 

.045 
*160 
.310 
.474 

.033 

.10 

.13 

••-9 03 
: .os 

.14 : 

.32 

a 036 
.053 ; 

.095 
ol6 

.19 

.19 

.19 

.19 

. . 1 9 . 
a19 
„19 

->19' 

.19 

.19 
a 9 
.19 

- .19 ' 
«19 

•ol9 
• o!9 

1.1 
1V1 
i . i " . 
i . i 

i . 2 
1.2 
1.15 

"l.3- . 
1 .3 
1.2 
1.2 
1 . 5 
1 .3 
1.25 
1 . 2 

96 
82 
56 

.. 32 

98 
• 87 

71 
22 

100 
85 
79 
28 

100 
100 
86 
81 

She-.re s u i t s of-: f o« r ;s0rie® ::.of t e s t s , are..sho©n-graphical ly 

i n t i go . 1.- ©irve ©-'- indicates!that t i t a n i u m can b© hydrolyoed 

'"cospietely. a t 1.8 ih-the-.preEeace-'of .as'.'auch:a©;205 T0***/1. 

Sdrdrol^eis • ef•••'titaaa-iiffli: .'lis r iacosipiete . iti more acid l i q u o r s except a t 

lo® e o a ^ n t m t i o n s o f f e r r i c i r o n , f l u o r i s s t r i e assays o f th© 
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O " 

'l iquors-' f o r u r a n i u m before aad 

appreciable l oss 4u© to 

a f t e r hydro lys is d i d apt show 

or co-prec ip i ta t ion* . 

Removal o f F e r r i c I ron and gitaniam a t h igh pHir. . I t was t hou^ i t 

, t h a t i t M g h t be possible ' to r emovebo th t i t an ium smd-fer t le- i ron. 

by a d j u s t i n g t h e pulp t o a f a i r l y h igh P ^ s a y 3 o 0 - 3o50' w i t h 

. subsequent f i l t r a t i o n o t -Biis was fourid t o b© the case but r e s u l t s 

showed tha t a considerable amount o f uranium was l o s t i n the 

residues and could not be recovered by cashing,, I n connection 

w i th these test6$. i t visas' a lso espect^d tha t aera t ion o f the 'd i lu ted 

pulp a t pH 3 0 Q - 3o5 w caald r e s u l t i n ox idat ion o f ferx^us i r o n t o 

f e r r i c i r o n thus removing a l l t h e i r o n from so lu t ion* I n ac tua l 

fae t 0 p rac t i ca l l y : -no... fe r rous ' i r o n • ox id ised .during:. period's o f 

ae ra t ion u p t o " 1 $ hoursi a t near b o i l i r ^ temperature and a t p?l 3o5o 

, Beeults of theee tee ts are shown i n Sable IV , • 3?he ' -

•v quan t i t i es taken. wei*;''tfte/9ame;:-a8;-'pr«^.ipttsiy»' namely 367 .g; pulp 

d i l u t e d w i t h 730 ml0 .water*-- Sie values f o r urst^usi oxide, t i t a n i a 

: and fe r rous i r o n i n an u n n e u t r a l i s e d l i q u o r are shown f o r coaiparieono 

feapo, o f . f e t a l v..;.-. . -
d i l u t i o n - ' time-v^ 

•and. o f .Aerated added 
heat ing heat ing • ' - ' ••..' 

CaCOj ' F i n a l 
i n ..' T±? 2 i n 

l i quo r . l i q u o r 
g« g/200 g„ 

Cone. GonC. 

;;•'••'" v v 

t ) •: o -
' 90 C 

45 mins5
::>i?il-]•••• .V": m i ^ i i 1; 

• 20 m i n e v ^ ' ; 2 0 ; . i a l n s g V 290 

' " ; - j; 40 .g*., \ 2o5' 

90 mine, 90 ains<> 47 /g; - , ^0o25 

Fe i n 
l i q u o r 

g/200 go 
GonCo 

80S go 

804 

844 

805 

60 Reduction o f F e r r i c I ron i n l i au0 rs o geduction o f l i quo rs ©as 

ca r r i ed out w i t h mets^li© iron i n the f o ra o f s tee l wool as suppl ied 

f o r household cleaningb^ fh is ' was found t o be e f f e c t i v e when used i n 

a g lass column w i th l i quo r f lowing through o r when attached to a 

glass rod and sk i r l ed i n the l iqaoro EeSuction o f the ac id l i q u o r , 

(pE approsiaate ly loO) was rap id and. almost 100 per cent e f f i c i e n t 

However, i t was d i f f i c u l t t o Control th^ ra te of reduct ion and 



y . .. .^fre^meatly.the l i q u o r . became . oyer-r©<!u ced.; w i th ^'.production; o f \ 

: ' - > ' y urinous.,-Ion •whlch ;;ims',l03t' dur ing : the'neUtraliaihg\proc®dure<>•/';• 

.y••.'...;:::;'• v' • ' • '_• '... -:yXt 'was'"eensider©cl. ^ t a l ' thatvajmore ^ h t r o l i a b l e '' • V y •"' 

:©cal©' .operation,, - and . ' w o t © ' xarr ied- 'O^t ;w$tng • • 

• an e l © c t r o l y t l c redujctAr/;'.. ®his;;work- i - 8 t h e s u b j a c t o f a;. ' 

. '.separate repor t 0 - 3?e'sMt8 'acMwed' :so;-,far. ind ica te t h a t there. •' 

should' % no d i f f i c u l t y i n obta in ing a -reduced . l i ^ u d f o f 'the-

' i dea l ' l i q u o r :<1C one in-;e?hich soise- -

y - f e r r i c i r o n remains in- order.:to. .ensure • t h a t • no,-uranous 'ion- i s : 

• p resen t 0 ' >ut: ^ ' f ^ ic i ies i i ^a t io ra '^ho i r id notexceed ,>' 'say3 go/ * 

'• ?n SQutra i isat lon- .of -'roauded; l l 'maor,/ '- Meuors aer©-adjusted' to 

, /y the ' r requi red ' .pK add i t ion o f p r e c i p i t a t e d -calcic. ;<»*bbaate 

" . ' " y y ; a © ' : a s lu r ry 1 sTith «a t©r 0 ' ; " . In i t i a l . a M i t i o n s were;\made to . - l iquor y. 

. a t rooa teaperature -'but, t h i s was found to ' rbs. 'uhsat is factory^ ' 

•'•'•''= * theyfc&bluitt c^bbnaW.and^su lphur ic 'ac id-^as y, 

-delayed,at rod©- temperature: .pre'samably becauseJbf •the, 'formation . 

-yy y / ^ . ' b f bs*'. 

A p p r e c i a b l y s b i ^ l © ^ ' . ' f ; V- • 

•;'•* ', V ' •, V 'fh®n: 70^ C '•.. 

; -v/before a d d i t i o n © f t h e c & l c i u s a earbohatep,'.ths. react ion sms':auch . 

••.::'mo..^;/irigorou© .'and-caldlub'.sulphate 'appeared audi more rap id l y 0 y 

,•;'• •" ;'7 P rec i p i t a t i on ^ i t a n i a : ^ M r ^ i y - ' - C o ^ and ' 

' ..^eabee^usnt ^s^erienc©' showed -'that p r a c t i c a l l y a l l could .- be 'hydro-: 

_ V ::. y--lyQ©dr'^p^^^ I t - ; c ? a s : . ' . ' • ' -. 

. > ; . urim-ium tended- to /bey-eerieus' '..if'.' &e'/'f>k-'roeb' above? 2.05' -and t h i s <'"; 

f i g u r e i s ; considered to b a t h e upper' l i m i t '..for- product ion -of ' 

= ' - Gom'position'.aild -gropwrties 'of I?©utralise'<aB ieduced' Liquor0 , 

'̂ -;.'-:;idqu'or. which has reducod' neu t ra l i sed as described i s . •' 

•;•'•/ ; '-' no . t i ceab ly .d i f fe renf in;^p'pts'arance, to' unjpedueed;• li'{3Uor& She •: _ 

- . f . . ' ; v. reduced ::iiquorr:-aft'Gr -neutral isat ion; ' ie :" a '•bri^t;::blu©-green colour^ 

\ . W h e r e a s the ; unreduced l l^.©r"- is_mach darker l n appearance; h 
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O ' 

this 7£#rie' ' la?oji :.smfenft* i i ^ & o r i s s o r e ; ' • ••; 7 

owS^y to. the .yemoy:ml.'.of t i t a n i u s during- the n e u t r a l i s a t i o n and • 

•loading© on resin-'columns are-' improved due,-to; .maabsr o f .... •; ' 

eoaditioaSo 7 f h o s e . - i n c l u d e . 7 7 - ' •'" • * -''':77''';7 -' '7" '. 

o f : l i q j s o r o . ; ' ( O p to; 2 o 5 3 

.. V ^bseae©7©f f e r r i c , .iroa.: • -77 , * 7777:-7 

• -'7: '•" (3) .itoaeif-'.Sulphate, content. ( f he sulphate set f ree, by ' 
•'. ;•'. -hydrolysis tltaisite©; i s • pre c i p i t a t t d -a©: calcium 

(4) Absence o f t i tanium,,: 

. • . . • £h« composition o f . - t ^ i c a l , a c i d M e a e h l i q u o r s before 7 

reduc t ion and c n e u t r a l i s a t i o n i s .ehoWln . fab le Va ,- flier • cons t i tuen ts 

axet - s t r e s s e d . la - g/200 ;gi7^bnc£ntrate i n ©rder; to enable "feoiaparison 

: w i t h ; ' f i n a l : w h i e l t ; - a t / v a r ^ ^ 

TABLE ¥ &> 

t i iquor 1, i 7 - i i^t tbr 2« 

m: go coac t 

8b5 12e'GL-7:;/7 V7 7 12 oO 

go conco 

/•ioB5; 

, 12o'0 

O -
' • • ' .In ./fable V I . t he 7figuana; :s to l i q u o r s 

producedby -reduction o f . I r o n n e u t r a l i s a t i o n a t 70°0 

to--.the.;:pH s ta ted <> ; • Saturat ion loading:' f i gu res - f o r aoa© l i q u o r s on 

Xo Bo Ao 400 ioa- exchange 7Basia are a lso g iven* She load ing 

''figure- f « ' ; a © o l u t i o a o f •'•lutilttSed f o r 

coiaparisono'. ^he' urernyl" sulphate so lu t ion .conta ined .50 g , -

(a© aagaeslum sulphate) and the sulphate ©ontost o f the l i q u o r s 

• should-W-•^isp^alAe-'.-aX'litouglfe. 'deters&nedo . 

Coat, 



^ 0 

a 
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