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SUMMARY 
. ---. 

I Methods and systems have been developed f o r  purification,trecovery and , : . . ;  . 
i 
1 

preparation I of cesium compounds sui table  f o r  application t o  biological -..- - -- 

zonal centrifugation separations. Sat*ated solutions of cesium chloride 

with opt ica l  dens i t ies  as  low a s  0.03 ( 1  cm. path a t  260 mp) have been 

prepared. Serum and other organic impurities are  removed by carbonization 

and f i l t e r i n g .  A l iqu id  exchange system was designed f o r  recovering high 

puri ty  cesium compounds from .impure solutions. I n  the  simple semi-continuous .. 

system the cesium is select ively extracted from metall ic impurities, 

including other alkali metals, with' 4-sec-butyl-2-(a-methylbenzyl) -phenol . . 
. . 

i n  Varsol from an alkal ine solution, and stripped with acid. 



[j . . 
. . 

. i 1  
I 
I High puri ty cesium compounds have been used i n  preparing density gradients 

. '  f o r  isolat ing viruses, subcellular fractions and nucleic acids by zonal 
8 ,  
! I 

i I 
I : centrifugation (1) . To prevent harmful effects,  the  t o t a l  divalent cation , 

.I ; 
I j 
! 

' impurit!es should be l e s s  than 100 ppm. and t o t a l .  elemental impurities ~ e e  +koufc(  

not t o  exceed 1$. Since opt ical  methods are used t o  monitor the  centrifu- 

s ,  

: j 

' 

. gat ion separations f o r  par t ic le  bands, the  opt ical  density at 260 mp of 
i i <, 

l i the  saturated solutions must be low, preferabG lesa  than 0.1 f o r  a 1 cm. 

l igh t  path. 

I 
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a& preparing organic cesi- sa l t s .  ; !  . .... 
8 . .  ---. 

I I 

1 !!: 1 ' .  
IMPROVING TEEE OPTICAL DEmSITY OF CESIUM CWRIDE 

! 1 , . 
4 ,  

I :  
. ,  The opt ical  density a t  260 mp of the-  effluent solutions from the  zonal 
i ,  

'<! : 
. I _  

.! , 
centrifuge is' monitored t o  detect and measure par t ic le  bands. For best 

j 
' I  . . :Ii sensi t iv i ty  and resolution, solutions. with. a low optical '  density are desired. 
i ! ' I 

1 1  . 
, The opt ical  density (1 cm. path at 2 6 0 . ~ )  of a saturated solution of purified ..! I i :  

I ' . . , 
. 1 

. . . .. . : cesium chloride, purchased from American ~ o t d s h  and Chemical. Corporation, ' ws 
< .  . . 

0.32. ReHated f i l t r a t i o n  of the  solution throqgh Whatman 270. 42 paper j . . .  f 

! '  , 

: 1 . - .  ' . . ! 
. !  ' 'lowered t he  opt ical  density t o  about. 0.2.' . : ' . 

. . ; , . . . . . . .  . , . . .  . . , . .  
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A simple treatment was developed for  improving the  opt ica l  (and chemical) 

quality of new cesium chloride. I n  the  procedure the  dry salt i s  heated t o  

450-470~~ .  f o r  30 minutes. The salt i s  then cooled and enough d i s t i l l e d  water 

is  added t o  make a saturated solution, which is  f i l t e red .  Trace organic 

impurities a re  destroyed and certain t race  metals including - iron, calcium, 

and aluminum are removed as  oxides or  hydrated oxides,' Saturated solutions , 

with an' opt ica l  density as  low. a s  0.03, were  prepared i n  t h i s .  manner. 
. . 

RECOVERY OF WASTE CESIUM CXUIRIDE 
.-. -. - - . -- 

Waste solutions are  iautoclaved .. - - . - - . - twice besore handl&ng,-_tp_ e-nsure-~at . - -- 

Organic and inorganic impurities are introduced i n  the  zonal centrifuga- 
- ....... .- . . . . . . . . . .  -. - ............ - .... - .. . . . . . . .  . .  . 

t i on  program. . . . .  Sucrose i s  used . . .  i n  some experheats .  ~ f r u s e s  -.. . .  are ___ added .___- t o  the  _ _ . . .  _ _  
. - .. - . . . . . . . .  -. - 

L-, gradient -SOL.& ions , i n  serum c u l b . -  -I ! A number of anionic and metallic 

impurities enter  the,.system from these additives. Others come i n  from t race  

erosion and corrosion of the  metallic machinery. Most of these impurities m u s t  
1 

be removed regularly 'from the  waste cesium chloride. Divalent metals, as  

well as organic contaminants, need t o  be removed a f t e r  each usage. 

Since a l k a l i  metals are introduced i n .  only small quantit ies by the  

serum, and since f rac t ional  percentages of. these metals are permissable, 

several use-cycles are  possible before t h e i r  removal i s  necessary. 

. . . . . . . . -  .. . 7.- - - - I- - . . . . . . . . . . .  -- - -- . -.-. 
i.@arb.onizat.f on-Jflkrat i on Removal of Serum and cer ta in  ~ e t a l s  -. 

Waste cesium chloride solutions are evaporated t o  dryness i n  5 - l i t e r  

boiling flasks,  using Glas-COP heaters. me solids, including organic con- 

taminants, are  heated at 450 t o  5 0 0 ' ~ ~  for  2 hours, This operation degrades 
C 

the  organic materials t o  carbon which f s subsequently removed by f i l t e r i n g  

through a bed of f i l t e r  pulp and decolorizing carbon on a Whatman No. 42 

f i l t e r  paper, Some of the  L ria=$ c impwit - -  i e  s are -- r&m6%d ............. , .... - d G r E  ..... 

-b~iae8'iiihd'-6F80~'5-on on the  cafl%E-diiFing the  f ~ f i i g p r O ~ G B ~ ~  . . .  
' ' 

I--.-.-----. -- ... . . ,  - . _ - . I  

\ 
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; n g a ~ r a g e  --. opt ica l  _ . .._ _ _  density . _ _ ._ _ of s a t ~ ~ a t e d ~ ' s o l & i o n s  _ _. .----- of :cesium~chlor~de re.- a 

. . .  . 
. - . - . . . . covered ,in t h i s  way.-,e . less- .than 0 . fieecc- and, s~ecf;rocbedc& -- ..----A e G E s - - a f  -- 

recovered cesium chloride are  presented i n  tab le  I. Metallic Impurities, 

except sodium and potassium, were not detected. 
n 

Removal of Metallic linpurit i e  s Including Alkali Metals 

BAMBP Extraction. An organic extract  ion method ( 2) developed at the  
-. -. - - - . . -. .- - - - -- - 

Oak Ridge Mat f onal Laboratory i I.is ._ used -f&--s-ing - met d l i c  b p u k f t  i e  s . 
-_I___ __. -.....--_I- 

I n  t h i s  method cesium is separated by l iquid  cation exchange with 4-sec- 

butyl-2-(CY-methylbenzyl) -phenol, conveniently called BAMBP . 
A Varsol solution of BAMEP, in the  hydrogen form (RoH), i s  reacted with 

the  impure cesium chloride solution, made alkaline with sodium hydroxide : 

ROH + CS' + OH- - ROCs + H20 

The phenolic BAMBP i s  a weak acid, so tha t  cesium extraction is  sensitive 

t o  pH and best a t  higher pH values. The extractant has more a f f i n i t y  for  

cesium than f o r  sodium o r  other metals of in teres t .  According t o  Arnold 

and Crouse ( 3)) a t  pH 12 t o  13 the  order of ex t rac tabi l i ty  is  C s  > Rb > 

K > Na > E i .  In: t h i s  pH region, separation fac tors  a s  high as  250 f o r  

~esium/~otassium and. several thousand f o r  cesium/sodfum are found, depending 

on the  concentrations involved. Under usual process conditions, a.maxirmrm 

solvent loading of one mole of cesium per 4 moles of the substituted phenol 

is attained. According t o  Egan .et a1. .(4), additional molecules of the  

phenol are t i e d  up fn .so lva t ing , the  salt molecule i n  the  organic phase, 
.J 
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/ . .n, . TABLE I 
. . ---- . 

ANALYSIS OF CESIUM CHLORIDE . . ........ -. .... - .. -- , -- -- . -. ! 

m R  ~ ~ o ~ ~ ~ ~ ~ ~ f f f i ~ ~ ~  RECOVERY 

Spect rochemical Chemical 
Concent rat ion "' 

-- -- , ' . . .  
of Each Element, .. ;. . .  

. . . .  Zlenent ppm. * ' . ., . . . .  . , Measurement ' Concentrat ion * 
...... . . 'I , !:,;!. {. ., ., 

AG, A l ,  Be, Ca, Cr, ' : . ;. . , . A,,  + 
, (.' . 6 ..,, 2 , : :  J . , , ,  

. . : 

Cu, Fe, N o  Mnp Mo, . . . .  . . .  . . . . . . .  ,.... .::.' 
? 

and V . .:, '.; , : . . .  
CeCP .< 1 .,.$:.: ::-< 

' ,,, .. : . ::<,*; cir:  ;:,i-.?:,;. .. . . . .  . . .*...r .:;.! ....... . .< $ .,.,'., . .. :;, . . . . . . . .  
j;: . ! 

,, . ; .: ..*;;;.;':i,'. ',.. 
Pb 'and Ti . I .  ~, .:. , !.,.; / ,,, .., < 5 . : ;:*,, ;: '7 .. . . ,  :...:,. ',.l ,I.;.: I . . .  

' . .,?." ,;,;;; :: .... , . ,. . .  
P as m4-J 

, . . ! a  
!,,.,;-.r 

..? , , . . :  ..,, . . . . .  ... , .  ..,, . ,\:;::J. ::.% . .  (colorimetric) 
. ,, ,:; ;t:. ,:,:,7,,L. :.. ,,..,: :>:.'.'-\.;,* ; + 3 . *  ., 

; ?..,,.Z, ,,:,;:,: -;::;, , .,.. . ,,.,,; . v:,'i , .. ;< , ' .... " . . 
:,%" . . .  

Bi , Cd, Coo N i ,  Si,,,:'?';:!$'.(:;!$i ?),: i ,:.'.,:J ..:b.i.:.pi 
, , ., . . . ;: ,, .'"". "' '1.i 

and Sn 
, , ..-, '. ?6;8;,,..>;'. 

... .. ::. .. ; (.!{. 'i:':.,.'.:. .$$:.!;;i . . * .  i;<<,:... ; 
Nitrogen 

. ..: , . , , ..:!'.,,' >. , .. - .;. ;>-;:.',..(::i4. . .  (Kjeldahl) . : 
. . . . a  :,;':, \ t i ; !  . . .  .. ... ; ;,:, I : . . . . .  .....I. 1 

,,;:, ;.: ; : !'.:,.;;x;.!. . .+, ,,;( ,.!:,.':.;: . . , . ...... 
P and Zn : . ,i.:.,:,, . . . . . .  !.. <SO . !: !,;;'~:;;!;::.::$\,:: ,.,, . .  

. . . . . . . . .  i .. .. v . .;;.., !.:. Density 
. . . . . . . .  :,I 8 .  . a  .<.  , ..; ' ;;"! . ;, ;:;;,-:::,<;;;,,.:,: . . " . . . . . . . .  : 

Na . . . . . . .  '. . . . 
I .. . ' . , ,,,, , 5,(, , ;.::.,;:*s,~ ;:;;!.;:;.!, 

(flame photometry) , ::.. ,.,.,, :, .:. . . .  . , ,  , ,. .. . . . . . .  .,:- .. . .  . . .  . . 
h . .  . . .  .; ? Optical Deneity . . . . .  . . .  . . .  . '. ,. . . . . .  

.I . : at 2 6 0 . ~  . , 



The cesium i s  stripped from the  organic phase with d i lu t e  hydrochloric 

acid : 

ROCs + H+ + ~ 1 -  + ROH + CS+ + ~ 1 -  

Thus, cesium is preferent idly transferred from the  alkaline feed solution, 

through the  organic phase, t o  the acid s t r i p  solution. The s t r i p  system 

regenerateathe BAMEP t o  the hydrogen form.in the  recycling organic phase. 

Other metals are  excluded from the  solubion by scrubbing the  loaded 

BAMBP with water pr ior  t o  stripping. The water, effect ively removes metals 
< .  

which are  held l e s s  firmly than f2eBiumi.  

Laboratory Tests and Results 

The experfmental laboratory scale system ( t ex t  -f igure 1) consisted of 

. t h e  feed corrtactor, two water scrubbers, the  hydrochloric acid s t r ipper  and 

a t h i r d  water scrubber. A solution of BAMBP (I molar) i n  Varsol was circulated 

through the  s t a t i c  aqueous phases with a small centrifugal pump. For each 

mole of cesium chloride being processed, one mole of .sodium hydroxide was 

added t o  the  feed contactor and one mole of hydrochloric acid was added t o  

the  s t r ipper .  A s l ight  excess of the  acid and base reagents was required f o r  

complefe cesium transfer .  Because of the  s m a l l  quantity of EAMBP available, 

at the  tlm 0% thks t e s t ,  the  scale of the  s tudies  was limited t o  600 m l .  

volume contact or8 . 

Legend f o r  Texb-Figure P.-+aboratory system f o r  recovering cesium 

chlori  d& Prom impure solutionso The cf rculat ing organi c phase t r ans fe r s  

cesium from the  caustic feed contactor t o  the  acid s t r ipper .  Purpose of the  

water scrubbers is  t o  prevent other metals from reaching the  s t r ipper .  



ORGANIC FLOW PUMP 
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Text -f igure 



Results of a cesium extraction t e s t ,  where the organic phase was 

circulated a t  100 ml./min. for  45 minutes, are presented i n  table 11. 

' Cesium removal from the feed was 99.8$; about lO$.of the,  original cesium 

remained in  the scrubbers and the organic phase, .according t o  the f i na l  

cesium concentration in . the  stripper. The cesium remaining in the system, 

of course, was recovered in subsequent runs. The product recovered i n  the 

stripper was better  than 99.9$ pure, The product solution was evaporbted 

t o  dryness, dissolved in  water, ant3 f i l tered.  The opkfcal density o f t t he  

saturated f i l t r a t e  ~ ~ 1 6  0.31. 
-. . - - .. . . . ..- '. 

The carbonization procedure, described earl ier ,  would probably 

have improved the optical density. 

PROTOTYPE MTRACTION .SYSTEM 

A prototype production-scale l iquid exchange system was designed and 

tested. The system, shown i n  figure 1, consisted of five Plexiglas contactor 

stages. In  each stage, hollow glass ' centrifugal s t i r r e r s  disperse the 
I 

organic into the aqueous phase as shown in  text-figure 2. A differential  . 

organic level  Is developed between the outer and inner compartments of 

adjacent contactors, effecting transfer of the organic phase without the 

use of external pumps. The organic-aquem interface serves as a seal  t o  

prevent back-mixing . 

0 

Legend for  Texb-Figure 2i-€Iche&ic of flow within contactor. of 

cesium recovery system, The plast ic  snd glass. construc%ion eliminates 

cont amhat i on problem. . 



TEST DATA FROM LABORATORY B A W  
EXTRACTION SYSTEM FOR REPROCESSING CESIUM CHLORIDE 

Organic Aqueoue hwomtrmtlm ( g ~ l t + r y  pon+m~i~ty 
Volume Volume 4 

(ml) (ml) 
C S C ~  Nm . st : .. CCI - MI3 Cm OH- HCI ':: 

Extractor 
~ni t ia ! '  
Final 

no. n scruebe~  
Final 

No. 2 Scrubber 
Final 

Stripper 
initial 
Final 

. . " S  

* ., . . . . No. 3 scrub be^ . . I .  ' 

... . . 
Final 330 ' 250 1.5 0.'006 . , . 0,001"~ . : : ; 0 . ~ 6  0.00015 . . ' . ' ' I .  

- I . * :  ._ . - -  , .-.A 

I----. . - 
1- -.-. . - . . - .. -- . .---- -.- - - -- -. : . - _  -- - ---.. a 

--; --. , .- - '. -- . . .  ; . . '  .... i. ::' . .. , 
. ~queous .  ..;'.':': . i . . ,  ;;':!:,,:~,:, ,;:I . . . . . . . . . 

. . . .,,,, . . > . . , 
. . 

, . ..,:,, .. ,:.'.'{.'..'~,:,..,: :..; . , . . '  , " . '  ,,.. *AS NeOH and NoCI. . 1. , 
, . I .  . .  . t ,. , . ': ,."': :r.: ,, - . r . , :- 

. . . . 

'RIOT to f l l tdtln~ when rome Mg ond 'a rr.. reiaov.~..:. . . .: . r!::.. . .  .:: . .  ,!, '! / . .  ,,. . ,: ,; , . .  .: . :.; :. " . 

. , , . .. . .. > .  ,, . , -..i' . . . , .. . . . ,;!i";,; ,;,,,. 8 -.  -;:)y,i,.'"-:!,:: - .'".. "'.. . .'. , . - . . . ,. -- . . .  . . --. _ . . 





Demonst ra t  ion Run 

A demonstration purification run was made with 4 lbs. of cesium chloride 

spiked with 500 ppm. each ( CsC1 basis) of ~1'~) ~ e ' ~ ,  C U + ~ ,  ~ i ' ~ ,  ~ n ' ~ ,  ~ d ' ~ ,  

Cr", C O + ~ ,  M~'z, ,c~'P, ~ a + ~ ,  ~ r ' ~ ,  li'', %Ii1, and F04-3. Also added 

+1 1.46  NOS-^, 0.156 so4-', 0.5$ K , . t  and a t o t a l  oZ 2.7 lbs,. of sodium a s  the 

chloride and hydroxide. Some of the sodium hydroxide was. added during the . 
. 

extract ion. 

The basic solution was f i l t e red  prior t o  extraction, removing some of 

the metal impurities. Thirty-four l i t e r s  of 1 m o l a r  BAMBP in  Varsol was 

used, and each scrubber and stripper contained an aqueous phase of 6.7 

l i t e r s .  

Production rates were limited by persistent emulsion formation i n  the 

scrub stages. Addition of cesium chloride t o  these stages, as an emulsion 

breaker, reduced (but did not e l m a t e )  the problem. Contributing to,  and 

possibly ~esponsible for, the emulsion problem was the slow emsfon of the 

Plexi glas components of the system by the organi c extract ant. Connecting 

tubing was polyethylene, which was not attacked. Current plans .include t e s t s  

with a system constructed entirely of polyethylene, similar in  design t o  the 

Plexiglas system, 

The BAMBP extraction system ms operated with organic flow rates up 

t o  aboub ,800 cc , per minube and. product ion rates as high as  2,5 lbs. of 

cesium cfloride per ']hour. The cesf um chlori de product was. very pure, Except 

fo r  170 ppm. sbdium ( cesium chloride basis) i,,. no detectable metallic im- 

' purft fes  were found ( see table 1 for Pfnnfta .of detection): . 



PREPARATION OF ORGANIC COMPOUNDS OF CF3IUM 

The prototype extraction system was conveniently applied t o  the  

preparation of urgently needed organic cesium salts. By using cesium 

chloride solution as the  feed and s&~stituting the  appropriate organic 

acid i n  the  s t r ipper ,  solut ion~i  of ,high puri ty  cesium t a r t r a t e  and c i t r a t e  

were produced. Decolorizfng carbon was. used t o  remove t r aces  of the  

extract  ant f r a n  t he  final product. The l eve ls  of impurit ie's fi these 

salt solutions were comparable t o  those shown fn t ab le  I. . 

1 



DISCUSSION 

The high cos t  of pure cesium compounds'suggests t h a t  methods f o r  

recovering t h i s  mater ia l .be  dkvised. Based on previous s tudies concerned with 

the  pur i f ica t ion  of ' rad ioact ive  cesium, a separation methods has been developed 

which allows cesium t o  be recovered a s  e i t h e r  ah inorganic or  an organic s a l t  

from solutions. contaminated with a l k a l i  o r  heavy metals, o r  organic compounds. 

The high speed, high capacity ro tors  now under development for  s tudies on DNA 

banded . in cesium chloride or  sulphate w i l l  require a s  much a s  one kilogram of 

cesium . s a l t ' p e r  experiment. It w i l l  not  be feas ib le  t o  t e s t  or  use such ro tors  . 
. . 

' . # I  

i n  the absknce .g$ simple methods . .  f o r  . . . recovering . . cesium i n  a high s t a t e  of 



I;E(fEmD POR FIGURE 

Figure 1. Production-scdk cesium Pecovery system. Containers are 

PLexiglas . 
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