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EVALUATION OF CH1.ORIDF:-loN-SPEC1k”lC”ELECTRODES,$sINS]’l”u~H~MI~AL
SENS(JR$ FOR i?loNITORIN(;” TOTAL CHLONII)II: CON(:F;N’I”R.A’I”ION” IN A(JUF:OUS

SOLUTIONS (; KNfI:RATED DURING THk: RE(’OVERY OF”I’LU’!”ONICM *“NOM MOLTEN

SALTS USED IN PLIJTONIUM f:l,K:l”’rR4)REF”lNlN(; OPF:RA’l”lONS”

by

Wayne H. Smith

A i i S T l t A C T

Tw.u tiomrnercially available chloride.it~n-specific A w t r w k1 ” 1 . l S ta

solid-state type and ii membrane type, were evaluated ;l~ i)t)tl’ntitil in situ

chemwid sensors for determining total chluridr ion roncvntraf ion i mixed

sodium chloride/potassium chlf~ridelh}”drot”hlt)ric acid .,(]lutit~ns generated

during the recovery of plutonium from molttm s t i l t %u win plutonium

electrnrefining operations. Becausethe responseof the wdid-s!titc (: LISP: was

closer than was the responseOKtkc mcmhrune-type ( “lJSk; to the theoretical

responsepredicted by the % v r n s ~equation. the srdid-state(’LISF; was selected

for further cvahsation. A detailed investigation of the characteristics of the

chloride system and the corresponding (-”1.lSfI: response to concentration

changessuggestedfour methodsby which the C“LISE couid he used either as a

direc:, LI situ sensoror as an indirect sensor through which an analysis could

be performed on-line with a sample extracted from the processsolution

I. INTI?ODUCTION

I kf i n d~ [ e pi nI h cr c c u v c r yd p u r i f k u i u nd p h m m i u mm c m li a e l w r o r c f m i n[[:Rj operation

thatiscarriedout in irhigh-temperature.molten-salts o l v e n ts y s t e m .T h es d v c nc u r r e n ti u sa L O

Alamosisancquimolarsudiumchloride/potmiumchlorideeutecticmixture.After theER operationthe

saltstillcontainsenoughuncoalcscedplutoniummetaland/urunrcducedplutoniumtrichloridcthatit cannot



k d w d c v d o pi t q w wr c w c r yo p m l i o nw o u lr c m or c s i

p l u t o n i u mf r o mt h eA w .

T h eQ t p si nt h i so p m r r i o ni t r cm f o l l o w ’ s :( I ) t h eS ; I I Ii sm u t e dw i ti i p ~ ( > ~ i m t i t6 M h y d r o c

a c i dt od i s s o l v eI h cp l u t o n i u m :( 2 )I h cI o I i t l~ . h h w i d cc o r w c n t r t i l i r mi ; I d j u s t eI 7 M w iu o n c c n t

H C ! ;f 3 )s o d i u mc h l o r i l ci su d d c dt oo x i d i z eP u ( l l l )1 0P u ( I V ) :i m d( 4t hP u (V I l c x u c h l o r o p l u t

d c o m p l e x .P u C l f j 2 - .i sa h s o r b c do na ni m i o ne x c h a n g er e s i n .T hd e g r e1 w h it hc o m p

a d s o r t r so nI h cr e s i ni sv e r ys t r o n g l yd c p c n d c n to nI I I Ct o t i r lc h l o r i d ei ot w n u c n t r i r t i oT t w r c fw

~c~uritler n e w m m w n tandi t d j u s t m e n to t ”c h l o r i d ei n nw t c c n l r i t t i o r tm u sk midctoo p t i mt ha m oo

f c c o v c r c dp l u t o n i u m .

“ ; h ccu r r c n tp r o c w l u r eu s e dt o rc h l o r i d e; I n u l y s i sc o m s i s l ~o fc x l r d c t i na s a m pf r ot hp r m

s o l u t i o na n dt h e ns u b j e c t i n gi tt n; It m d i t i o n i r la r g c n t i o r n c t l“t i [ r u t i o n .E v ew h ei a u t o m at i m

s y s r c mi su s e d .I h l sm e t h o di s\ t i l lv e r yI i m cc o n s u m i n g .I IL I I S Os u f t i rf r oi ri n h c r vI t io i i c ~ u

e s t i m t i w ia tW l .m !r e q u i r e st h ed i r e c th a n d l i n go fw d u l i o n s .p u s w h l yc x p w . i nt ho p e r t it i n c r

r a d i t i t i o n .

A m o r ed c s i r i h l c~ p p ~ ) i l c htop e r f o r m i n gt h i si r m d y s i si n v o l v e st hu so a i s ic h c ms t m

t h a tc o n t i n u o u s l yr m m i t o r st h ec h l o r i d ei o nc o n c e n t r a t i o ni nt h ep r ~ K . c ws o l u t i oS u ca a p p r o

e l i m i n i u e st h en e e dM e x t r a c ts a m p l mf o ra n a l y s i sa n ds i g n i f i c a n t l yr c d u c ct ht i mr e q u it c ao

thea n a l y s i sa n da d j u s tI h c. m l u t i o nc o n c e n t r a t i o nl e v e l s ,

T w ot y p e so f~ ! d o r i d c - i r m - s p e c i f i ce l e c t r o d e s( C L I S E S )t h a tm i g h& u . wf ot h ia p p l i c aa

c o m m e r c i a l l ya v i i i l a b l e .B o t ht y p e su s cs i l v e rc h l o r i d ea st h es e n s i n gc k n x n t( lu s ea s i nc r yo

t h es a l t .w h e r e a st h eo t h e rm c st h es i d td i s p e r s e di na p o r o u sp n ! y m e rm e m b r a n eT hs t a td y n a

o p e r a t i n gr a t t g cf o rt l w s cc l c c t m d e si sa c h l o r i d ec o n c c n t r i u i o nf r o m5 1 0 _t I 3 i ma s o l up

r a n g ef r o mf )t o1 4 .T h ew d u t i o n ~u s e df o rt ha q u e o u sp ] u m n i u mr e c o v e rp r o c el iO Ui db ro the.sc

I i m l ! s ,h a v i n gc h l o r i d ec o n c c n t r a t l o n ~f r o ma p p r o x i m i i t c l y4 t o1 0M a nu c i d i t if r oI t 1 M w h

t r m s l a r e st oa n o m i n a lp Hr i r n g eo f( )t o- 1 .I ft h es t a t e dd y n a m i cr i m g ef ot hC L I Sa ra c c u rt

s a m p l es o h n i o r r sw o u l dh a v et ob ed i l u t e dw i t hi rb u f f e rb e f o r eb e i n ga n a l y z et b r it hw i tt

o p e r a t i n gr a n g e so ft h es e n s o r s .

T h i : .r e p o r ts u m m w i z c st h er e s u l t so ft h ee v i d u a t i o no ft h ec o m m e r c i a l l ya v a i l a bC L I Sa

c h c m i ( . i l lw n w r ,f o r( I e t e n n i n i n gc h l o r i d ec o n c c m r a t i o n si nb o t hi d i r e ci s i tmeasurementmodeandart

i n d i r e c tm c a s u r c m c mm o d ea f t e rs a m p l ep r e t r e a t m e n t .

11. E:XPII:RIMENTAI. METHODS

s e v e r a ld i f f c ; w t tc h h w i d cs a l t sa n dh y d r o c h l o r i ca c i ds o l u t i o n sw e ru s et m a kc a l i b r aC U If

t h eC L I S RT h es a l tw v t d a r ds o l u t i o n sw e r ep r e p a r e db yd i s s o l v i n ga c c u r a t e lw e i g hq u a n t io

r e a g e n t - g r a d es a l t si n ! oi rf i x e dV O I U C I Co fw a t e r .t h e nd i l u t i n g! h i ss m cs o l u t i ou n ts t a n ds o l uo

7



111. THEORY

I Y r cr e s p o n s en fa C L I S Et oc h l o r i d ei o ni r a i v i t yi sg i v e nb yI h cN c r n se q u a t i o

(

w h e r eE n l e a %= m e a s u r e dp o ! e n t i a l :k = c e l lc w n s t n n t .w h i c hi r r c ! u d c st h es t a n d a rr c d op o t c mi rt

r e f c r c n c cc l c c l r n d cp o t e n l i u l :R = k i dg mc ( m m r u ;T = a b s o h l t eI c m p c r a t u r e ;I = n u m ho e l e c t r

F = F a r a d a yv i r l u c :w r ( iU C I= t h eC l -i o na c t i v i t y .

T h ei i c [ i v i [ yu ft h ei o nw h cm c i m u r c di st h ep r o d u c to ft h ea c t i v i t yc c ~ f f i c i t mm u l t i p lb t hi

c o n c e n t r a t i o n .I ft h ei r mm b cm e a s u r e di si nr c k n i v c l yl o wc o n c c m r a t i o r t .i ta c t i v i tc o e f f i c ic ab

h e l dc o n s t a n tb yu d j u s t m gt h ei a n i ss ! r c n g t ho ft h es o l u t i o nw i t ht h ea d d i t i o no a m u ch i g h

c o n c e n w a r i o no fa ni n c ne l e c t r o l y t eM T h i sp r o c c d u r cr e s u l t si na m o W i c dv e r s i oof theNcrnsIequation:



~ ,,,C;,, = 1“ ().()59log,[)1(”1-1 [3)

IV. RESULTSA N DD 1 S U S S 1 O N

i : i g u r cI s h o w sf ; l n c ~ sv c r s m! o gc h l o r i d ei o nc o n c u r l r a t i o np t mf oJ w g r i wof s w u kh y d r o c

a c i da n ds o d i u mc h l o r i d es o l u [ i n r mu ~ i n gh o t ht h em c m h r u n cu n dt h ew l i d - w i t c - t y pC L I S EB o

c l c c t : o d e sg a v eJ f t i i r l yI i n c wr c q w m c1 0w d i u mc h l o r i d eo t c ra t h r e et f o uo r d eo l w ~ g n i t

c o n c e n t r a t i o nr ~ n g cu p1 0t h es a l ts o l u h i l i r yl i m i to fa p p r o x i m a t e l y5 M F ol hr n c m t w -e l e c tthe

.dopcw a s- ( ) . 0 4 4\ I o h sp c rd w d c .w h c r c mf o rt h es o l i d + t a l ce l c c l r o d ct hd o pw i u4 ) . 0 5s o r n c

c l o s e rt ot h ee x p e c t e d! $ k m w i w rr e s p o r w co f- ( ) . ( ) 5 9 .

T h er e s p o n s eo fb o i hc l e c t r o d a1 0h y d r o c h l o r i cx i du ) l u t i i m s. a m i r r k c d id i f f c rt hl hs ei

s o d i u mc h l u r i d c ,T h e r ew e r eI w od i s r i n c lr e g i o n s .F r o ml o wc o n r c n t r u t m r r su t a p p r o x i m aI M t

e l e c t r o d e sg u v cl i n e a rr c s p n n w ” sw i t hs l o p e so f- 0 . 0 5 0w d- 0 . 0 6 2 .r c , p c c [ i v c l yA c o n c e n t r a tg r e

t h a n! M ,u d r a m t i t i cm c r c m cw a $s e e ni nI h cr c s p n n s co fI h cc l c c m d c st c o n c c n t r - t i oc h a n gF t

m c m k m ce l g c t r o d c .t h ei n c r c ; ~ w ” ds c m i t i ~ i t yW A %n o ta s m o n t hf u n c t i o n .w i tt hc l c c t ri n c r e ai

. x c n s i l i v i l yw i t hi n c r c ~ s i n gc o n c c m r a l i o n .F o rt ha o l i d + l i r kc l c c m x f c .t h e rw aa secondIincarportionof

t h ep l o tf r o m1 1 0 1 0M w i l ha t h y xo f- 0 . 1 7 9V O I I Sp c rd c c a d c .a p p r o x i m a l c l ~t h r et i m[ h! h c o r c

N c m s t i w rr e s p o n . s c .B e u r w . s cI kr t ! s p o n . s e so ft h e. s o l i d - s I a I cC I J S Em a t c h em o rc l o s e[ ht h e o r e



n p c [F~. ( I )] m

I i m i h x la l lI u n h c rs t u d y[ ot h es o l i d - s t a t eC L I S E .

C a l i h r i l t i o nc u r v e sf o rs o l u ! i o n sc o n t a i n i n go n l yl i t h i u mc h l o r i d eo c u l c i uc h l o r iw ea l

p r e p ;w e dR C S U I I So b t t i i n c df u r~iicho ft h ec a l i b r a t i o np l o I si r r cs u m m i m z e di ‘ I ” a b l1 S i m iI c s p o

w e r eo b t a i n e df o ra l lo ft h ew l Iw l u l i o n si n & p c n d e n tof c o u n t e rc a t i o n .S I ov e rn e at ht h c o r t x

N e r n s t i a nr e s p o n s eo f0 . 0 5 9v o l t sp e rl o gc h l o r i d ei o nc o r w c n t r , ~ t i o nw e r eo h w v c co v et he n t ir a n

s t u d i e d ,i n c l u d l n gt h eh i g hc o n c c n m r l i o nr e g i o n .O n l yt h eh y d r ( w h l c . r r i cu c is o l u t i o ne x h i b ia d c b ’

r c s p o u w . .

I“able L Slope/CnterceptDittu from Chloride Calibration Plots obtained from the Solid-State
(:1.ISE

C o m p o u n dC o n c e n t r a t i o nRange slope Intereepf

N ; I C iI d- 5M -4).05X -0.092

LiCl K@ -10 M 4.(W 4).095

HCi id - I .M -0.063 4). I 24

H C iI - I ( IM - 0 . 1 7 6- oi 2

S o l u t i o n sc o n t a i n i n gb o t hh y d r o c h l o r i cacidimda chloridesaltm i g h tb e x p e c t et p r o d ua C L

r e s p o n s er c p m w m t i n gs o m ec o m b i n a t i o nof thercspcn.sesof theindividualcomponents.Because!hc

d i s s o l v e dE Rs a l t sm ea m i x t u r eo fs o d i u mc h l o r i d e .p o t a s s i u mchloride,andhydrochhic acidsolutions,we

felt thata closerlookat Ihecharacte[islicsof thissystemwouldgiveu sa betterunderstandingof Ihe

CLISE r e s p o n s e .

S o I u b i l i t i e so fi n d i v i d u a lc h l o r i d es a l t so fa l k a l im e t a l si nh y d r o c h l o r i cacidsolulionshavebeen

studiedb yN o b l ee ta l .i T h ec o m p o s i t i o nof iI s o l u t i o np r e p a r e db yd i s s o l v i n ga I I s o d i

c h l o r i d c i p o ; a . s i u mchloridemixlurein hydrochloricacidcanbeestimatedbytakingintoaccountthe

commonioneffecton the.solubilityof theindividualsalts.The resuhsof thesecalculationsareshownin

F i g .2 ,I na s o l u l i o ns a t u r a t e donly withthes a l L s ,t b ztotalchlorideconcentrationWMcslimatedto be

6.6 M. withapproximatelytwo-thirdssodiumandone-thirdpotassiumsalt.Ashydrochloricacidisaddedto

thesclution,it replaeesthesaltsonessentiallya one-to-onebasissuchIhatthetotalchloride<.mcernration

staysbetween6 a n d7 M u n l i tthehydrochloricacidcementexceeds6 M. B e y o nt h ip o it hs a

c o n c e n t r a t i o n s& c o m ev a n i s h i n g l ys m a l la n dt h et o t a lc h l o r i d ec o n c e n t r a t i o ni o n ls l i g h tg r e at h

5



[ h eh y d r o c h l o r i c; ] c i dc o n u m l r i l ! i n n ,Wc c

s t r c n g [ hh y d r o c h l o r i cu c i ds o l u t i o n sw l l ha I :I w d i u mc h l o r i d e / p o t i r s s i u mc h l o r i ds a lm i x ta nt h

m c w r r i n gt h eI dw d u t i n nc h l o r i d ec o n c w n t r u t i o n .T h ec x p e r i m c r r u t lr c s u hi t ra l ss h oi F I2 t i

d c m o n s t r u t cq u i t eC I O . Wu g r c c m c n lw i t ht h eA c u l u l i o n s .i n c l u d i n gt hs u r p r i s i n g ls l i gd c c rm t o

c h l o r i d ec o , l c c n t r m i o na tt h ei n t w m e d i i t l eh y d m c h l o r ki t c i dl e v e l s .

) I 1 I I —
I
t

1
t

-

-
I
t

0 0 0 0 1 1

C i c (

F 2. Calibritiortcurvcsforsodiumchlorideandhydrochloricacidwith Ihesolid-stateandmtmbranc-

IypcCLISE... Solid-stateCLISE: ( o )sodittrnchloride.(. )hydrocttloricacid.WtnbtattcCLISE:(V)
sodiumchloride.(V) hydrochloricacid.
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Fig. 2. S o d i u mc h ; o r i d ca n dp o t a s s i u mc h l o r i d ew d u h i l i t ya sa f u n c l i o r to h y d r o c ! d o r ia c ic o n c e n t r a

S o l i dI i n c sc a l c u l a t e df r o md a t af o u n di nN o b l eC Ii d . .1 9 9 1 ; ( O )d mc o l l e c t e di it h is t u d

W ec i t l i b r a t c dt h em i x e ds a l t / a c i ds y s t e mb ya d d i n gv a r i o u sr n e ~ w m e dq u a n l i l io h y d r o c h la c

s a t u r a t e dw x l i u mc h l o r i d e l p o m . . s i u mc h l o r i d es o l u t i o n .t h e nm e a s u r i n gt hi oa c t i v iw i tt hC L I

T h e s er e s u l t sa r cs h o w ni nF i g .3 .I n i l i a l l yI h cs o l u t i o nc o n t a h t e do n l ys a lc h l o r i d ea nI hm e a s u

r e s p o n s ew a st h a tw h i c hw o u l db ee x p e c t e df r o mt h es o d i u mc h l o r i d ei u r d k wp o t a s s i uc h l c r ic a l i b r

c u r v e .B e c a u . ut h eC L I S Er e s p r d sdifferentlytoacidchloridethantosaltchloride.themeasuredpotential

b e c o m e sm o r en e g a t i v ea %t ha c i dc h l o r i d ei n c n m s e sa t h ee x p e n s eo ft hs a lc h l o r i de v et h o ut h

t o t a lc h l o r i d er e m a i n se s s e n t i a l l yc o r t . . t a n t .T h i sr e s p o n s ei sr e p r e s e n t e db t hv e r t i c ap o r t io t hc u r

A ta p p r o x i m a t e l y8 M a c i d .t h es a l t sh a v eb e e nl a r g e l yp r e c i p i t a t e dfromthesolutionandartyfutther

additionof acidmerelyincreasesthea c i dc o n c e n t r a t i o n .A It h i spointtheC L I Sr e s p o nfollowsIhcacid

c h l o r i d em s p o n s c c a l i b m t i o nc u r v ea n di sr e p r e s e n t e db yt h es l o p i n gp o r t i o no I hg m p h

7
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T o t a lc h l o r i di oc o n c e n t r a t( ! 4‘ os c

k “ i g .. 3 .% d i t f - s t i r ! cC L I S Er e s p o n s e! Ow r u r u l e ds o d i u mc h l o r i d e / p o l a s s i u mc h l o r is o l u ta f ta d d i

o fc o n c e n m i t c dh y d r o c h l o r i ca c i d .

T h em c m u r c dr m p w m eo ft h em i ~ c d~ y . . t c ms u g g e s t st h a tt hC L I Sn oo n ld i s t i n g u

b c l w c c ns a l fc h l o r i d ea n da c i dc h l n r i d c .h u tI h wt h er e s p o n s e sa r ca d d i t i v et h ai sE m e= E S a+ ~ ~

o r .i fw cs u b s t i t u t ei nv a l u e sf o rt h es l o p em li n w r u c p tf r o mt h ec a l i b r a t i o no m e sw f it h

E m t i ~= - ( ) . W S 6- .( ) . ( ) 5 3. I o g l s a l t ]- 0 . 1 2 2 9 - 0 . 1 7 9 .I o g [ a c i d(

h i i n t e r e s t i n ga tt h i sp o i n tt or e v i e w[ h cp l u t o n i u ma b s o r p t i o nb e h a v i oo a a n ie x c hr e

a su f u n c t i o ni)t s o l u t i o nc h f o r i d cc o m p o s i t i o n .T h i sb e h a v i o ri sd e p e n d e n to t hc h l o r ii oa c t io

d ws o l u t i o n .h o t hw i t hr e g a r dt of o r m a t i o no fI h ch e x a c h l o r n p l u [ o n a t cc o m p l ea nt t he x c h ao t h

c o m p l t ~f o rc h k w i d ci o na b s o r h c do nt h er e s i n .W h e nw ep r e p a r e du l od i s t r i b u t ic a f f i c iv e r

h y d r o c h l o r i cu c i dp l o tf o rt h i ss y s t c mw co b t a i n e da p a r a k d i cr r x p o n . s ew i ta m a x i mK a

a p p r o x i m a [ c l y7 M h y d r o d r l o r i ca c i d .I ft h eC L I S Ei st r u l ym c a w i n gc h l o r i di o ra c t i v it ht

o p t i m u ma b s o r p t i o ne f f i c i e n c yc a nb eo b t a i n e do n l yi nh y d r o c h l o r i ca c is o l u t i o nForcxarnplc.a solution

s a t u r a t e di ns o d i u ma n dp n t a s s i u mc h l o r i d e si sz p p r o x i m a t c l y6 . MM i t o t ac h l o r ic o n c e n t r aT



c h l o r i d ei o na c l i % ! l } ’o ft h i ss o l u t i o nM m e a s u r e dw i i ht h eU . l S Ew o u l dt t hs a ma t h ac x h i h ib a

s o l u l h nh d c c s

g c n c r m ” !c h l o r i t t cc ( m c c n t r a t i o n sg r e m wt h a n1 0M ,t h ec h l n r i d ci o na c t i v i to t h e sw l u t ii s t

l e s sthanl}latof it?Mh y d r o c h l o r i ca c i ds o l u l i o n .I Ii s; d s oi n [ c r c s [ i n gm n o [I h i tt i7 M hydrochloric

a c i d .w h e r em n m w mi o ft h ec o m p l e xo c c u r s .t h et o t i ds a l tc w n c e n m i t i o na p p r o a ci m i n i

W

Total ( _ ’ h l ~ ~ r i d t1 ‘~wmementAlternatives Using the Solid-Sta!e CLWE

~ k h u n [If t h es ~ s l c ! mu n d e ri n v c s l i g i r l i t mu n d[ h er q o n sc h a r a c t e r i s to l h

CLISE. t h e r ea r cf o u rt v i t y ~i nw h i c ht h eC L I S Ec a nb eu s e dm n w a s u r ec h l o r i di oc o n c e n t r a t

Me!hti I — Sample Extraction And Preconditioning. Sincek C L [ Sr e s p o nd i f f e ~

1 0n u i dv c r w ~w hc h l o r i d e .t h et o t a lc h l o r i d em u s tb ec o n v e r t e di n t oa n o t h t tf o r mk b d e t e r m ib h

n o r m a lc i d i h r i i [ i o nc u r l cp n n c d u r e .T h i sc o n v c r s m rc a ne a s i l yh ei t c c o r n p l i s h e db e x t r a c t ia s a m

f r o mt h ed , J d i l u t i n gh w i t hi ts o d i u mb i c a r b o n a t eb u f f e r. x o l u i b r rT hr e a c tM w e

I h eb i c w h o n w cu n dw - - i dh l w i d ci s

HCI + NitHC03 -+ Na+ + Cl- + C02 + H,O,
. fs)

TABLE11.Resultsof (“..1SE Analysesof SodIttm Chloride - Hydrdtlor% Acid Mixttmts

Sample IHCI] INaCll ICI-l Total CL[SE A n a l y s& o—

1 0 . 9 74 . 0 04 . 9 75 . Q+0.05
‘!

3 2 . 9 42 . 0 04 . 9 4as -O.(I9

4 ~ . y ~1 . 0 04,92 4,87 -0.0s

5 4.93 O.fx) 4.93 5.06 +0.13
Note: Sampleswetediluted20: I with I M sodiumbicarbonate.andthesodiumchloridecalibrationcurve
wasused.The mmragcrelativeerroris I .4%.

9



“ f l wm i dc h l o r i d ei sc w n v c r w dt os a l tc h l o r i d e .“ f l wI o t t i lc h l o r i d er w nt h eh & W ’ r n i nf ru p r e v i

p w p i t r c dc i d i h r ~ t i o nt f s c k d t w f w m i c

SilM@~\:ircg i n‘l”ilhlCII,
I s h o r t c o m i n go ft h i sm c l h o dI i c si nI h cn c c c s s h yf o re x t r i r c t i n g; s u m p lf r ot hp r os t r

H n w c v c rr h i sc x t r J c l i o nC U U Mc t i ~ i l yh eu u t u m m x fv i uu f l o wi n j e c t i o nt y pp r o d u ri t mw o un or e q

d i r e c to p c r m o rh i i n d l i n g .A l s o ,t h tf i n i s h e dp r o c e s ss t i m p l ew i t ht h eh u f ka d d eC M Ib p l a cb ai n

l h cp r o c e s sw d u t i o n( w As oI h u [n ; uw s i g

.Methud2 — Direct ,Measurcmwttwith (htlcttlation of Acid Chloride and Salt Chloride. in

t h es p c t i i ; dC - U S Cp r c s m m x th e r e .w h e r ek s ( d u t i o ni su l w a y ss a u m t m tw i ts a la nt hs ac o n c e n ti

i if u n c t i o no fu c i dc o n u c n m l f i o n .h o l ht h e; I c i did d c o n u m m t t w n sc ~t h c o r c t i c u lh*dcwrninedf ra

~ r e q u i r e~ m l n l l nf o u r t h - os i n g l ei m w w r t m w n t .A t x t r v cl i tt } ft h ed u h ru w x fI I )g c n e r i t t cF i g ..

c q u ; t t i o nm t . ~ p r c s st h er c l n t i o n s h i phvwccn Id willa n da c i dc o n c c n t r m i o n sw i to r w r . u m i t( h ! go

ii~~uril~}.‘ I ” h i sr e n d e r st h t :c o n c c n t r u l i o nc d c u l t i i o n ss o t n c w h u tt e d i o u s .h ut h ec o u le a s ik h i m dby

up:L’prOgr~nl:ll~dm i c r ( l p r m ” c w o rit[l~~hdIOIhcs~s[cm.

“ r h i ~p r { r u m h r r c& x sn o tr c q u i r ur c m o v u lo fu f r o mI h ep r o c c ws t r c t ih ud o er e q u

p r c c ; d i h r ; u i ( mi m dp o w i h l )P c r i ( m t i ur m - : d i h r t i l i ( mo ft h eC ’ L I S E .

Method .3— Direct Measurement with No (.oneentration Calculation. A simpleritndless

costl) idtcrnwi~cm mclhod2 isthtitof simpl) plircingtheprecalilwtitcdCLISE i n tt hp r o cu d u

; m d; r d d i n gu o m ” c n l r ; i l c dh y d r o c h l o r i ca c d1 0t h es o l u t i o nu n t i la p r c d c l c r m i n c ds ep o i nc o r r e s p rtoa

g i w ni i c i dc o n u c n r r u l i o n .i sr c u c h c d .T h i sp r u m x h mr c q u i r t sn oA Ma w l y s im i v e ra ~ n ~1

; t u m m o t i o n .h J l s oi %c h a r w x c r i m db yi is i m p t c rc - i di h r i l t i o np r n c c d u r c .T ho n ls t a n d ns o l u tn e c e

i som.h mi n gI h cdesiredfiredcompinou of I h cp r o c e s sw d u t i o n .A d j u s t m e n tc at h ek m at t

p r o c e s ss o l u t i o nu n t i li l sm e a s u r e dp o t e n t i a li %t h e~ u m cm I h a lo ft hs m d i r rs o l u t i o

Method 4 — Determination of Sohttion Acidity. Oncec g i t i ne x a m i n i nI hb e h a vo t E

. s a l t / h y d r o c h k ~ r i ca c i ds y s t e m[ F i g .2 ) .w e~ c h i c v e d[ h cf i n a ls o l u t i o nc o n d i t i oo 7 M c h l o rw hm o

o ft h ew l tc h l u r i d eh a db e e nd i s p l a c e db yacidchlorideandthes o l u l i o nw a ,e s s e n t i a la la cc h f o r

T h u s .i ft h ex - i dc h l o r i t ! ci n[ h cp r o c e s ss o l u t i o ni sm e a s u r e d .h ea m o u n tt h am u sb a d dt a r ra t

f i n dc o n c c n t r u t i o nc a ne m i l yb ecalculated.

S h o w ni nF i g .4 i sa p l o to fh eC L I S E ” Sm e ; m t r c dr u s p o n s cv e r s u sh y d r o c h l o ra c ic o n c e n t rf

t h ef i Rs a l ts y s l e m :t h ep l o ti spresentedona linearratkr thanlogscale.his surprisinglylinearfor acid

conccnm~tionsg r e i i t e rt h a nI M .T h es e r e n d i p i t o u sr e s u l ti sa c o m b i n a t i o no t hc o m p lc o r r e l a

b e t w e e ns a l tsohtbililyandacidconcentrationandthedifferentrcspon.scof theCLISEIO*id versussalt

c h l u r i d c .T h i sr c w d tw o u l db ce x p e c t e dtobequitedifferentforothers a ls y s t e ms i nt hs a

! ( )



c o n c c n r r w i o nh c h ; t v i i w? i wo l h c rc h l n r i d c% o l t si nh y d r o c h l o r i cu c i di %q u i l cd i t f c r c n l} I o w c v( ht c c h n

d o c sprovidea veryconvcnicnlimdsimplt waytomcmurcI I Xmt;dsolulion;tcidityt I E s t is y s
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F i g .4 .M e a s u r e dP o t e n t i a lv c r x u sI i n c a r a c i dc o n c e m r a i i o np l o tf o r t tsodiumchloriddpotassium

c h l o r i d e / h y d r o c h l o r i ca c i ds y s t e m .

V. SUMMARY

\
\ Of t h et w oc o m m e r c i a l l ya v a i l a b l eC L I S E s .t h esolid-stateclccmdeexhibitedbcucrbehavedresponse

tochlorideinncrmcenwationchangesthandidthecorrcspmdingmcmbmc-typeckcmdc. The xolid-state

&vice 61s0exhibiteda linearlogchlorideconcentrationvcrsu.mcawcd potentialmspnsc in thehigh

(>1 M) concentrationr e g i o n ,w h i c ha l t o w c du .t omakedirectin silumeasurementsin E s aprocess

“olufions.Also.a smdyof thedynamicsof thesodiumchloride/poms..iumchloriddhydrochloricacid

remindicawsthatasirrgkmeasurementcan~ usedtodctcrrnincnotnnlytotalchhwkkconcentration

I- 1~ di..tri~ti~ bctwccna c i dV C ~ US Wc h ~ t i d c .
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