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.‘ H1i0: Sorption and Elution
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Prepuration of HTiO
The recips used receatly fur making HTiO is;

250 ml 15% wiy ‘l'i(SO.,)I solntion

730 ml molar NaQH + 21.5 L water
The HTIO solutions in added rapidly to the sodium hydruzide solution. which is well stirred during addition.
The rovulting precipitate is centrifuged and then washed twice with deioniced watcr. The pH of this sluery
(ade 0 Ca.4litres) is slowly adjuste, aver the courve of a day, from plf 9.3t 7.0by the dropwise addition
of dilute HNO,. This uuspension is then conuiﬁ.lgcd.. washed aguin and thea diluted 1o tasts. Good NF's have

heen achieved with this prepacation.

Elution of HTIOQ

There is some interest 2s to whether lcad can be boz.h eatracted by HTIO and consequently elutad from i1,
Previous studies (coo uttached cepore by Heidi) have only been concemned with the elunon of radium and
thorium from I1ITiO. Duc 0 the relallvcly easy susceptibility of HTiO to uuack by acids, tle aim of the

clution studies was 1o elute the maximem quantity of radium or thorium with the minimum dissolution of

the HT10. The rexults obtzined shaw that clution efficicmcics for 28Ry can bo >90% whilstar the same tine
having < S % dissolution of the [IT;O by using 0.03M nitric acid and a contact time of > 20min. The clution

of 78Th is moce dificult but by using U.05M sulphuric acid 90% ulution can bo achieved with 25% HTiO

dissolution. In order to determine whether lead cun be oluted from HTIO simple bawch experiments have

been pertormed using nitric, sulphuric and acctic acids,

Eluation of lead using aceric acld ., ?«n-]
Ax HTIO cannot be removed whole from ultaafiltrstion membranes in a wolid form, It is desirable that the
chosen acid can elute the HTIO in site yet be compitible with the membrane matorial. Acetic acid was

investigated as an efuant because of it compaibility with polysulfone membranes, Acetic ucid solutions of
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25 and S0% were investigated using HT1O loaded with 225Th and 28R4 which was imouttored by y-counting
(for method see beiow), It was fouad that only 3% of 28Th and puue of the M2t way ofuted using cither
» concefitration of gectic acid.
—_

Cat Photty Aok bt T T
HTiO lowded with **'Th was elited with both HINO, and H,;50, to deternine if 2'2py is eluted. 60 mi

Elusion of lead using HNO, and H,50,

sliquots of a stock salution containing 1000 ppm HTIO wxl 7 Bq/ml P*Th were shaken for 10 min with an
equal volume of acid of twice the imcuded final concentration. Tha sispensions ware filteced by 0.2 ym
Mediakap filter and tie *'TPb content of 50 ml aliquats of the filtrates wero determined Uy y<counting. The
filtrates wero then measured by y-counfing two weeks later to determine thurium content. Untartunately
the wrong sulphuric sacid concentration was used (O.IM. imvicad of 0,05M) so the quantity of thorium eluted
and consequently the amount of IITiO dissoived (Tl analysis not performed yat) are both gronter, [t scoma

likely that the amount of lead “efuted” by the sulphuric acid is directly relatod to quantity of HTIO dissolved,

'F l 2[2pb % 1!2_155 ”"ﬂl % mm
c/s ¢luted cle cluted
2% stock (after x2 dilista) 2.34 0.67
0.03M HNO; (a) 0.35 15 0 0
_0.03MIINO, (t) . 0.42 I8 o 00
0.IM H,S0, (a) 0.81 35 0.63 95
O.IMHSQ, ) 0.82 35 0.63 95

However, since thesa elution experiments werw peifurmed, a change has occurred in the low-level
éounting technique proposed for the analysis uf cluants. Originally, the eluants were to bo concentrated to
< 10md and then a sampic cuuld be evaporated onto a planchette which could be placed in & u-speciromerer,
Howcver, by using Norm's tiquid scintillater 8-« coincidence tochniquo (s attyched report), 10 ml aliquors
of aqueous solutions can ha assuyed, making the analysis somowhat casier and reMmoving s concenteation
stage. For small.scale elutions, | foot membsanes for example, an aliquot of the acad eluant may be counted

directly providing the acid s compatible with the scintiflator. Dissolved HTIO will have ne effet on this

j o fL o dhof wd s, L2y dtsndle o
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metlexd. Thus for small scale elution, affort aced only be mado to u~o the sumllest volume of acid. | he liquid
sclatillator used at present is compatible with both 0. 1M H;50, and HNO, and may be compatible with
highet' steengths. As yood elution figurcs have been whialned for both *Th and 229Ra with lower acid
strengthe it esems from the reyults above that almost complete. elution of thess radionuclides iy he
achicved. Lead iy onty be monitored if the HTIO is completely dissofved.

For larger scale exparimeats, it willbe hoccssary to perform a number of elution-precipitation steps
lo concentrate the radionuclides. Whilst this wuay bu achleved for 2*1h and 2%Ra, 4 method has yet to bo
devised for lead. How interestud aro we in fead assay? At present it soems that simplo acid clution will not
work for lcad. Elution of lead (and T8 1h) might be posyible with a hot EDTA solution at pH 2-3.

LACTH 2y € 9f Hiny A
Batch Extractian Fxperimonts With MgCl, Solutiows
It was desirable 10 know whether HTIO can extract *2(h and T5Ra from strong MgCly solutions. To test
this, & sumber ol 100 ml MgCl, solutions were prepared, each coataining 500 ppint HTIO and a mixture of
Tt and *Ra (neutralised 10 pH 7). The magnecium chloride used for this experiment was Merck Analas
MgCly.6H,0. The salutions werw shakon for 1S miz aid (hen flltered using 0.2 um filtar, The activity of 50

ml aliquots of thess aolutions was measured by y-counting. The rasults are summarisod below.

e _'\ 7
2y, crror DF ’5‘1 2 g
cls % " R, oy
2.92 2.56 26 o o,
0% MgCl, 0.08 7.60 6 <0.007 * 2366 | 110
5% - <0.01 * >366 <0.006 ) >427 'lt)*“‘J '
10 - <0.013 v >03 <0.009 . >284 A A A
_ S th
n - 0.02 23.14 183 <0.006 * >427 o >
25 - 0.04 50.88 915 <0.01 ) >256
DF = Decontsminatjon Factor * = 95% Conlfidence limit a4

It can b vocn that gowl DF's (> 100)are obtaincd with all of the sumplos, with the nutable exception of
some cadiuwu appearing i the filtrate of the solution containing no MgCl,. However, {t seoms quite clear

that sorption of ***Ra and 228Th by HTIO is, to the messurcment limis of this experiment, unatfected by

k
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the presence of “purs™M 8Cly- This experiment was repeatad with 2 25% solution of Merck “Tochnical™ geade
anhydcrous MyCly. The filiate ohtained from this single batch contact contained no measurable *2¥f ynd

only 0.02ufs 1¥Rq,

Benchtop Ultrafiltrution Experimenty

A sories of bonchtop seeded UF experimonts have been porformed using a ‘! t Amicon H1P30-20 loaded
with 50 wrg of HTIO. The purpose of these cune war to obtain finer and more realishe moasurements of the
sorption properties of HTIO than can be obtained with buich experimonts. '{n each exporiment 40 50 litres
of fecd wera passed theough the 1LTiO-loaded mombrane, with samples o;-pdrmmo takon at inervads. 10
mi aliquots of thc_: pernicute were measurod using the M coincidence scintillation appuratas. This technique,
which rocurds the 12po + 2%ph trangition, has 2 counting cfficicncy of 30% (allowing for the branching
ratlo). As the 23 Th pecmuate will bs not be in equilibrium after being passed nver the HTIO, the count rate

observed from these eampley will, of courso, vary with ime, [nitially, for the firct day, the majusity of the

aetivity presont will be a result of the decay of 22Ph (ty = 0.6h). As the 212Pp Icud decays, the ensuing

sctivity will bo as & result of the 3.66day 22*Rs and finally, aftes 2 weeks, equilibrium with 228Th will have

- been established.

HT{O blank

40 L of 2 M R.Q. water was passed through the nicibrne.
Samples of permeate below limit of scintillutoe detection,
- Eluted HTIiO with 100wl of 0.IM HNUO;. Activity of eltant (same day)= 40c/h = 2.2 mBq/mi. Activity

= Techniques!

Kun ]
12 KBq of 228Th in 40 1. of R.O. water (0.3 By/ml). pH = 4.5,

Performed 1o gain experience.

Permeate atter 101..
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. counted same day = Q.1 c/s 5 0.02Bq/ml #1lpp. DF _ 5.

after 12 days = SQe/h = 3 mBg/ml 2¥Th DF = 00,

Run 2
Repeat of Run |,
Porm |, aftor 5 L.

Counted after 20h ~ 124 ¢/h 3 7 mBy/mt M'2pp, pF = 43,

After 18 days — 41 o/l £ 2 mB/ml- 2*im. pF = 150,

W

Peswn 2, after [SL.

Counted after 24 h = 128c/h = 7 mBy/mt 2'¥pp, DF <42,
After 1 wock = 130 ¢/l = 7 mBy/ml Ry, DF = 42,
After 18 days = 95 ¢ = 3 mBg/ml **Th. OF -- 56 (07}
T repeat = 1S c/h.
Perm 3, after 40 L. 7
q " - Counted aftcr | h = 650 c/y 5 0.036hq/ml 2'2pp, DF = 8.
' After 16h = 34(¢/h = 0.018Rq/ml 2/%pp. DF — 17,

Alter 18 days = 64 c/h = 3.8 mBq/ml. DF — 86,

As a check, 50 ml of the fucd solution was measured by y-counting during Run 2 by looking at the 27} jine
(583 KcV).
Activity recorded = 0.42¢/s. Assuming 3% GelLi officiency (including branching mtin) = 14 By/SO m[ =

0.28Yq/ml. This agrees with the capocted activity. [lowever, recently (3/12/93), the activity of this sanple

of feesl was re-meacurod. The activity reconded = 0.07c/s = 2.26 bq/ SO0ml - 0.045 By/ml.
Thus moro than 80% of rthe 3% must have plated out on the side of the feed tank, whilst the lead and
prabably the radium were unaffected. Therufore, the true OF's foe the samples counted after I8 days arc:

Perm 1 = ZZ.S,Pe(m 2=90Perm 3 — 2.8
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Run 3
12 KB of 2*Thn 45 L of 10% Mucl, (Merck Technical gende anhydrous used). pH of MgCl, solution =
8.68.before the addition of Z5Th to the foud, ran 2 L of faud through membrane (o load the HTIO) with My.

Tha pHl of the foud colution after additivn of 30 ml of 0.1 HNQ, *?*Th solution = 6.7.

Pean |, after 5L,
Counted after S days = 370c/h - 0.021 Bq/ml. DF - 13
After 10days — 336 c/h ~ 0.019Bq/ul. DF = t4,
Afce 17 days =2 32¢/h = 3 mBq/ml of 22¥[h. DF = 89
Perm 2, wller 20 L.
After 6 h = 370/h = 0.021 Bq/ml. DF — 1S.

After 17 duys = 460 c/h — (2.8 By/ml 22*17,. DY = 20

The activity iccorded from both U ml feed samples after 3 wecks was 0. (8¢fs. Assuming u 3% counting

efficleacy (as before), Activity = 6 B4/50 ml - 0.12 Bq/ml
This implies that 60% of 22°Th is missing. Thercfore the true DF’s fof 2%1h are:

* Perm 1 ~ 40, Porm 2 — 11

As can be seeq, the final DK obtained during Run 3 implics that 22Tl was no longer being extracted after
20 L of MgCll, solution. Batch exporiments have shiown that, with a telatively large amonnt of HTiO, good
DF's can be obtained with from MgCl, sc-lﬁlions prepared from both snhydrous MgCly and *Analuc®
' MgCl,.6H,0. A cursory inspoction of MgCl, solutions prepared from Mesck "Technical“grade MgCl, reveals
1n appreciable quantity of usdissnlved crud. Bffods wors made during the run (0 prevent particulate matter
entering tha [IF membeano by ensuring that the foud pipe was 13 cm above the bottam of the tank and also
by installing a coarso filter in the feed pipe. It may be that tha Technical grade anhydeous MgCl, is
chemically too impure, in terms of soluble and insoluble species, and the HTIO ix ~ieuply loaded with
chemical impuaitics rather than the cadioisotopes of interest. Eforts are belng made fo procure a "elen®

source of anhydrous MyCl,.

6
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Ny Conclusions
. -Mocre work needadl (surprise).

~desicable o obtaig a chemically clean source of MgClz which is  affordable.

-Need more 15-a coincidence chambers.

-Better “accountancy” of radioicotopcs in future experiments needed.
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APPENDIX
NaCl v. MgCl
MgCl; is praferced to NaCl becruso the latter, outside the Acrylic Vessel. will acquire a significant 1§ hour
2Nz activity from ncutron caplure, and the *'Na decay releases 2 2.75 MoV y rmy which can
photodisintergrate deuterium and give rise to a nenteal cuerent background. It also happeny thart the MygCl,
semple which has heen checked has lower thonium contcat than NaCl sumples,

Thern are however somo potcatial difficuliies with MyCl,, which do not acene for NaCl:

(1) It is nocessmy (o use the 2 tons of MgCl, in the Mhy-drous form since the Iowe.-u.hydmu. MgCl,.2H,0,
would degrade the 1000 tons of N0 by 758 ppm.

(2) The quality of commercial anhydrous MgCl, is pour, us it can only be obtained at a puirity level of 98%.
Soluticas of 25% MgCL  proparad from the anhydrous reagent have a pH > 8.5 probebly becauss it
containg MgO. Cxamination of MgCl, solutions reveals the presence of insoluble "ditt”.Preliminacy evidence

from ion exchangs experiments (see attached ruport) suggests that soluble contaminants present in the Mg,

losds up and impairs the efficiancy of [[TiO. Thus it may bo necessary to refine tha MgCl, befure
purification 'mn occur. Additionxlly, (he use of appropnate quantities of deuterated hydmchlori;: zcid to
obuin the optimuim pH might be required. NaCl is available s 2 high purity chemical,

(3) The heat of solution is about 140 KJ mol’! of MgCl,, sumcigat W make & 20% solulmn boil. Tha
dissolution of 2 tans of anhydross MgCLy will requite the removat of 3 giga Joules of heat. By coatrast NaCl
has & heat of solution of 2.4 KJ mol™,

(1) For the same cuncentration of chloride an MgCl, solution has = cubctantially higher viscosity than »

~ NaCl. ubour 63% higher tor a 5M chlocide solation and conscquently filiution rates are lower.

(5) The D,0 ean ha recovered from o MgCl, solutivn by evaporation. but only down to the level of
MgCl,.2D,0. Recovery of the last 0.8 wns of D,0 may be difficult. NaCl cxn, of couree, o completely

dehydrated.
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Summuacy

~Tess mass noeded

forr prln

For Against
NiCl -Cheap -Na Neutrou activetion  problem
- | -Dehydiated casily -Potassiom present
-Purification may be casier
-fower chemical impurities
MgCl, -No activation problem ~Cannot bu complotely  dohydrated,

J.extra chemical processing for
recovery

-Large heat of solution

-May noad “coursc®

puification

-Relatlvely expensive
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