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Prepiirad’on of UTiO

Th« recipo wi cewiil, Hir making HTiO n;

250 ml HX w/v IKSO^ .solution

/30 ml molar NaOH + al.5 L wotor

The HTiO .olu.ion. ir.addcd nyidly ,o dx »xlium hydnwide solution. which i.«wdl «im.d during oddi.ion.

Th. raiting procipil.tc is c<a.rifuE«d and ctien w^M h»ic« wiu, <fei<x,i»d w^cr. �n» pH or U,i. riur^
(.-de ,o 0,.41i,^, i, slowly«l,u.^|, ov<, U» cou^ ,f. d.y. fon. pit 9.3,u 7.0by Ihe dropw^ .ddiUon

ofdiluie HNO,. Th,.< .<.,^,ion ,. ihcn c^,iri(ugcd, w^hod .grin and (hen diluted to toste. Good nF-< h«v,

heen ix-Mewd with ihic prupiration.

EluU’un of tfTiO

Th^ ,s some in^, ^ to m,^h-r l»d can b, both «,n.c,ed by HTiO «nd consequently .Im<d from ;,.
Pr«vio>,, ..udic. (c^ «...<hal cepo,, by Hddi) have only been concern^ with A« .lu.ionofnuliu« «,d

.horium ten, HTiO. Due (o lh< r.l.uively «,y ^epdhil.Q, of HTiO to .Hack by »cid,, ,1» .umofrtie
clul,^, ..udies w,s ,o eluce the n»<in,,,n, qu^.i^ ofnmiun, o, .horiua, w.ih ^ minimum dilution of

the HTiO. The r^,,l,< ob,,,n.d ,hnw ,h«t clu.ion ,fficic...i,, for »«K, CM 00 >90»wt,il<t,, ,h. «n» ,;�»
h»ving < $% J;^lu,ion of .ho IlTiO by using 0.03M nitric «id and . <-on,«ct tim. of > 20min. The clu.ion
°f»«TT, i, n»tc difrKulthui byu5ini;U.05M.<ulphi,rir ,cid OOl ^^ �� i» ^,.^ ^^ ^,o

di^lu.i.,n. In order ,o determine ^r ^^ h*^ t^ HTIO ^le b«,ch expenmenc, have

been pertornMtl using nitric, sulphuric and acclic ncids.

Eluimn a/lead u,,n,{ acalcadd ^ <i^j
A. HTiO cwn.,, bi removed whni,. from ul.r>fil,r,,ion mon,br«n« in. .^lid form, I, �, desirable lh», th.

chnsen acid c,n el,,,o .h< HTiO �. ,�.< yc, he c«,,,|,,tible wl,h .he membrane m,,.,rul. Ac.,ic >cid wo,

.nv«,i^,d ^ ^ eluont bcc^ ,,f ,� c.,mp,,lbil,,y w,,h pol^lfon,, n,^b^e.. .^,ic ucid »lu,io,. �!
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25 «nd 50% wc,c ,,,.c.,iK,ied u.<ing HT.O loaded wi.h "’Th.nd ^Ro which^ ,,K»,,iurcd by -r-countini;

(lur method ^ below). It w,, fo,,n<f ,h,t <»ly 3% of "»Th »d ^,,e »f ,he ’"pb wa, oluted u.sjng .�.i.h.,

concentration oficiiic «ci(I.

ftofew «f1^t wins /WO, aarf /MO,
/;
^ �^�?^ -

�_..,, , �, Cdn^^^^^.^r.
imO lo«lcd wl* -"ll, ^ eluted with bo.h IINa, »d H,SO< to ermine |f^"pb is duted. 60 ml

allquois of, aock .<nl,,,ion conteining 1000 pp« 1 ITiO ^ 7 Bq/ml »’Th ^re .shaken for 10 min wi.h an

equ-1 volume of«,<l oftwie. fc inteadcd flnal concentration. Th* a,<p<.u,,»» »,� fii,^ ^ o.2^,,,
Mrii<jMp fiKcr ^d me "^Pb content OfiO ml aliquot, oflh. filtn,.« won, de<cnnincd by counting. �n,<
fil(»to wen, thtn me«M.red by ,-co.inlin, ,wo u,e<k I.M, t, <l«..,nA» il»rium content Untortun*tely

ihe wroiK sulphuric ^i.l conc.ntn.ion wo, u^ (O.IMi,»lc«<l of 0.05M) so the qinntity offhoriun, elu.^l

»nd c<»s^u<ntly A. ^nount oflITiO di^oivod m inalysi, no( perfnnn^ ya) � both g»,.c,. 1, .^.,u

lik-lyth.. the .mourn oftad -eluted-by the sulphuric «.id i,di»cily »l,,<d »<;u«,my ^HT,O dissolved.

"’Th .’itock (»ft>v x2 dilute)

0.03MHNO, (a)

0.03MI1NO, (b)

0.1MH,S(^(«)
0.1MH,SO« (b)

’"Pb
c/s

2.34

0.35

0.42

0.81

0.82

X212^
eluted

15

18

35

35

^ni
c/s

0.67

0

0

0.63

x^m
clutcd

0

00

95

How<svor. since th,^ elmion exp-rimenf, wcn> pcifun,^, .. chance has occurred in f^ low-level

counting terAn.que propo^i for the �nalys.s ufclu^ts. Ori?inaily. (he eitonts wen. to bo conc^.ratcd to

< 10ml and thon � »mp|c cuuld be evaporated onto a pran^.tte ^hich codd be placed in . a-.^trometer.

Howc.cr, b, u^ Norrn-s liquid scintin^r ^cnincid^ .cchniquo (sco .^ched rep«m). 1U ml .li.uor,

ufaqueou. solute c^ h. a^yed. m.k-in£ the .^y^ .,,ncwh« o^ier and removing . conc.ntc^ion

Stase. For^^ el«<ion.. I foot mc,ub^,c. fur example, an ahquot of»h< add el^n. n*ay he counted

<*irec(ly providing *hc .cid i. compa(iMe with (he scintHlatnr. Di^olved HTiO will h.vc no c^i on ^3

f^^L �>^jL^�^^m�’ -�-. �^, /�.^-L
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united. Thus for small scale elutKW. ^ort nc<d only b, made to u.^ (he ^tic^ volume ofacid. The liquid
sdniillator used at pre^i � comp.tibl. with both 0.1M H,SO, .nd ^ and may be ennoble with

higher strength,.. A> good dution figure have been obtained for both ^Th ^1 »<*Ra whh lower acid

Length. it ^ from the ^uh. above that 3lmos( comply dution of ^ radionucHd^ .nny he
achieved. Lead may only be monitored ifthft HTiO K completaly dissolved.

Por lar^r scale exp.mn^^ it willbe nocc^y to pc.fc»rm « number ofelution.precip.-tarinn .tep<

to concenter the r^dionuclid*.. Whibt this «u.y bo achieved for ^1-h and^ a method ho. yc< to bo

rievi<ed for lead. How in.c^xl «n, we tn lead assay-/ At p^nt it sc«n< ^ simple ^d elutiou will not
worfc for loid. Elu(i<m of lead (and ^ITO might hH o««ble with a hot EDTA solutio.i t pH 2-3.

^Qrr^t^^ ^^ ^
Batch Kxiractinn F,xperimonte WKh MgCI, Sofutiotd

»’ wu d.^bl. .0 know whctho rmo c^i cxiract ^H«nd ^R. from ct^g MgCl, solute. Tu ^
thi.,.. number of 100 ml M^solutions wer. p^p«n.^. e«A concinin, 500 pp«. rITiO and a mixiure of

^and ^Ra (neutralised In pH 7). TT*, ma^ium chloride u^ fur this experiment was Merck An,lftr

MaCl2.6H,0, -nie .<oh.tion. wen. <hakm for 15 mm^ .hen ni(e^d Uang 0.2/.m nir.r. Tl, ^t;vifyof 50
ml ,liquot< oflhe^ aolulioo, wu inured by �r-counl.ny. -n*e r^,|t, »re wmmarisod below.

Sample

0% MgC^

5» -
10 -
7n "

25 -

^Ra
C/fl

3.66

0.08

<0.01

<0.0(o

0.02

0.04

errof

t»

2.92

7.60

*

w

23.14

50.88

DF

46

>366

>w

183

91.5

^
2.56

<O.U07

<0.006

<0.009

<0.00fi

cirur

2.6

*

«

*

*

DF

>366

>427

>284

>427

�A)^^^
� /^ ^^^-/
/.^rA^.

0’^ �^t’i^

. ^^ ->

DF =DccoiiU,mina(lon Facior �= 9.S» Conndenca limit I ,
^ j,-T> I-’), PF -- <��^ ^

, , �?� /4, ^-w <?.s’^1. - b, ^cn ,h.. ,0^1 Dr-s(> l00)& ohtainol w,,h ,11 of.h. ^pi.», ^^ ,h, ^^ ^p,,^ ^»n» r.<liu,., ,ppea,|n< in ,h, til.m.e offc solu.ion c.,,,,«,n,ng �� MgCI,, However, K se.ms q.ite cl..r

.ha. sorp,,.,n ot "’R, .nd "TT, by HTiO �, ,o ,h. n^urcmen. limits ot ,h,s e,pe.rin.a,. .n,tfec,ea by

^s^
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.hcp^nc. "fpu.-MgC4.TI,i»,i>eriment ^rcp«,,e<l wi,h.25«.olu,,.,n ofMcrck �Technical-grade
>^ou, M,C1;. n,« ,-i|,ra,i obtained from thi.< <,ngk. toch con,.,c, con.,,,,c<l �� me,,ur»ble »sn, ,nd

only 0.02 c/s "’Ra.

Benchtap Ultrunilrutinn Experimeiib

A «ri« of bcnchtop ^ed (JF experimont, h,v« ^ ^fo^ �,�, . , , ^^^y^,^,

w.,h 50 �� .f HTIO. The pu^ of^ n.. � .. o^, ,�� ^^ ^,,^ ^^^,, ^^qxion property .,f HT.O ,^ c.n b,.ol,^.ncd .;.� te,ch experunont^n »<-h «porin,en, .0 SOli.^
of reed w<n, p^ ^..^ ^ ^o.,^ ^^^ ^^,,^ ^,p���^ ^ ^ ^^^ ^ml^quo^of.hcpcrmcKte w^m^red usin, fe ^ coinci.1^ «io.ill..,oa ,i^,^ TO, tcchn,<m«.
which ,0.0^ ,h. "-po -< ^Ph ,«n,i,,on, h^ , counting efficiency of30» Miowing (h, ,h. bn.nclung
ratio). AS .he "^rhp^K win b, no. be ,� ^,,i^^^ bci^ p^,^^^ ^^^ ^^obsen/ri fon, ,h«, ^le, will, of«,^, ^^^. ^,,,,,y ^ ^ ^^ ^ ^^_^ ^^«c,ivi.y p^.. .,� ^ . ,���

� ,� ^^,,,p,

^ ^ ^ ^^ ^ ^ ,,^^ ^^^ ^^^.crivitywillbo « . r^l, ot (h. 3.66d.y "4R. ^ ,;^,y ^ ,^^ ^^^^ ^^^^^^been established.

HTiO h].nt

40 L of 2 MR K.U. water w>< (WMd through the me,i,l,r«no.

Samples ofpeniteate below liout of scinlillmof daaciion.

Eluted HTiO ^ ,00,,,1 ufO.lMHNO,. Active ,,f^, ^ ^_ ^,/,, ,

^^ ^�^ Tcclinii(ucs!

Kiln 1

12 KBq of^Th in 40 L uf R.O. waier (03 B<i/ml). pH = 4.5.

Performed to gain experience.

Permeate after 10 I-.
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counted Mnw day = O.I c/s s n OZBq/ml ^"Pb. OF - |5.

after 12 days -- SOc/h = 3 mDq/ml ^Th. DF =. 100.

gun 2

Repeat of Run 1.

Po"n I, after 5 L.

Count&l afttfr 20 h - 124 c/h a 7 in&i/nU ^pb. DP = 43.

After 18 days - 4( c/h e 2 mBq/mJ ^ITi Dp = ISO

^
PMIII 2. after 15 L.

Chunf*<1 .ft.r 21 h - I28c/h s 7 niBq/nd ^^Pb. D^ ^42.

After l wuck -« l30^1i » 7 mSq/ml ^Ri. DP - 42.

After 18 daysi =. 95 crti s 3 mBq/ml "^Th. OF - 56 (?)
’ repeat « 115c/h.

Perm 3. after 40 L.

Counted oftcr l h » 650 cfli s 0.036bq/ml ’"Ph. DF » 8.

Aftci 16 h = 341 c/h B 0.018R<|/ml 2"pb. DF - 17.

After 18 days » 64r./h a 3.5mB<i/ml. DF - 86.

M , ch^. 50 n, of^ fc^ ^.ion wa, n^u^ by^^ing dunns Run 2 by looking . me ^Tl i.e
(583 KcV).

A^vny^ed . 0.42c/. As^^^ GcU of^y eluding branching n.rio) . 14 Bu/50 .1 ,

0.28^1. -n,,, .3^. ..,h .ho exposed ^vi.y.llowever. ^en.ly o/,2/P3). .h. o^tyof.hi, ...,pl,
offo-lwa^-^curcd. The <cUvity ^co^ . o.07c/. --2.26h,/50ml - 0.045^/.,,|.

^ .no. ^ 80^ uf rhe "-Th n^ hav. p,^ ou. «n ^ ,dc .f^ feed cank, whilst the le.d -^
P^,ly ^ radiu. were unaff^. Th^fo.. .he cruc DF-. for rhe^ cnunr.I .f^ t8 d.y. �
Perm 1 - 22.5, P^u 2 = 9. Perm 3 - 12.8
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Run 3

12 KBq of ^-hh in 45 L of 10% MyF^ (Murcfc Technical grndc Anhydrous u.’<cd). pH of MgCl, solution ^

8.68. before the addition of^Thio the food. ran 2 Lot feed through membrane to load (be HTiO with My.

Tha pll of (he fwd solution After addition uf30 ml of0.1 HNU, "^"h solution a: 6.7.

Pcnn 1. after 5 L.

Counted after 5 days ^ 370 c/h - 0.021 B^/ml. OF - 13

After 10 days - 336 c/h -� 0-019B<i/inI. DF ° 14.

After 17 days -. 32 c/h =3 mBq/ml of^Ui. DF = M

Perm 2. lifter 20 L.

After 6 h ^ 370/h s= 0.021 Bq/ml. DP - 15.

AftAf 17 days = 460 c/h - l2.8Dq/ml 2^xn^. DP « 20

�Ho wlivity iewnled firom ho(h :>u ml fc»xi sample ofter 3 weeks waa 0. l8c/a. Auuam^ « 3» countinff

efficiency (as before). Activity « 6 Bq/50 ml - 0.12Bq/ml

ITus implifts that 60% of ^^Th is missing. Tb«cfure ibe croe DF*s for ^ITi are:

P*nn I - -10, Perm 2-11

As can be seen. the tinal DK ohtaincd duriflfi Run 3 implies that ^i was no longer being extracted after

20 L of MgCl; solution. Batch Mpcrimcnte Iwve .sliown thai. with a relatively large amount of HTiO, good

DF*s can bo obtained with frum Wga, .solutions prepared frnm both anhydrous MgC^ and ��Analar-

MgCl^.fiH,?.A cursory inspection ofMgC^ siihitiom prepfwd from Mc<ck -TechiiivnI-arrfdo Mgd^ reveais

an appreciable quantity ofundi.<snlvAl crwi. Kffortc won; made during (he run (0 prevent paniculate matter

entering tha I IF nicmhoino hyensurina (hat the feed pipe was 13 cm above the bottom of the tank and alfio

by installing a coarse MItc* in (tic feed pipe. (( may be that thrt Technical grade anhydrous MgC^ is

chemically luu impure, in terms of soluble »m\ insoluble sp^ciw, and the UTiO i. .iiitply loaded with

chemical impurities rather thnn (hu radioiwtopM of int&iwt. Effurls are beins made lo procure a "(’l^n"

source of anhyjrnus MyCL.
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CnnrJmioitt

.More uwrk needed (.�surprise).

-dc^bl6 10 obtain <, chemically c^n <ou^ of MgCI, which i, ,(Tonlablc.

-Need morB U-a coincidenca cAnmhere.

-Better -accounf.ncy-ofradioictxopcs In filiurc experiments needed.
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APPENDIX

NaCI v, MgCl,

MgCl, is prafrrwl to NaCI becnu:*o the l<«cr. outaidc iho Acrylic Vessel, will acquire a .ignificant 15 hour

^Na activity from neutron capture, and the ^Na decay n^wt a 2.75 MeV y ray v.hich c«n

photodi:untcii;ratc deuterium and give rise to a rw.tral current b^ound. It alw happens that the M^
sample which has been checkfal has lower thorium content than NaCI sumples,

Thrtro are however wmo potential diffiuiKici with MKQ^ which do not wair for NaCI:

<1) ri 19 noccsMijr (ti use (he 2 tow ofM^ in the jinhydrouii form «nc» the lowest hydraio. M^.Z^
wvuld degrade the IUOO tons of n^O by 7S8 ppm.

(2J �nie quality nfrommercinl anhydrous MgCl^ .6 p<x*r. as it can on)y bo obtaimxl at a purity level of 98ft.

Solution, of &5< M<C^ prcpired from (he anhydrous reafent have a pH > 8.Spruh«bly bc^uso it

co<i(ain< MgO. examination ofMeCIa soludons rnv^k (he pwawce of insoluble -din-.Prcliminary evidence

frum ionexchango experimcnK (s^ attached ruport) uug<<»(» *h*t solul>lc cuntamjnants present in (he MgCI,
loads up and imp.,n the efficienoy nf IlTiO. T(*u.s it may bo necessary to refine th« MgCl^ .before
purificaiion can occur. A<ldition«llj. (ho use of appropriate quanting of d«..u(eratcd hydrochloric ^id to

obfum tha optimum pH m|<th( be retiuired. NaCI is ^jhble u « high purity chemical.

(3) The heat of solution is ahout 140 KJ mol-* of MgCI;. aufficiciil lu make a 20% solution boil. Thrt

dissolution of7.tnns of^hy^us MfiCI^ willrcquiic the removal of3 gi»a Joules nfh^t. By contrast NaCI

has a heat offtolution of-2-410 ii*ol’1.

(4) For the wmc cu.KxniratIon ofchjoridc an MgC^ solution has � «ibcutnti*lly highc, vuwsiiylhan H

NaCI. about 63% higher for a 5M ^blowfe solution and conacquenUy riliiulion rates are lower

(5) Ihe U^O oin he recovered from « MgCI; soluiiin, by evaporation, hut only dou^ to >he level of

MgC^2C^O. Recovery of the la..t 0.8 ions of D^O may be difficult. N.CI cxn, of courc*. be completely

dohydmteJ.
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Summary

For Acainsi

NftCl -Cheap
-Dchythalcd easily
-Purification may be
_fower chemical impuritiw

oisicr

-N<* Ncutrou .icdvudon problem
-P(*r:w.’sium present

MgQ; -No aciivaiiun problem
�I-e<& majcs no»<l*4

^» />rtw-

-C-annot bu complrit»*ly JohydratCil,
.’.extra chemical processing fnr
rricovery
-Large heal afxnjuifnn

-May ncod "ci»arec*
piinriicaiion
-Relatively expensive
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