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This invention relates to a treatment for partial removal
Of radioactive components from concentrates of zircen.

in a particular embodiment the presant invention provides a
process jor the removal of all or part of the radicnuclides
containec 1r zircon concantrates. In a general aspect the
process ¢f the invaprtion comprises three basic steps,

namely: -

1. A thermzl treatnent step which at leas® in part
deconptses the zireon:

, A sequence cf chiemical trsatments fcr lixiviation
of radionuclides contained in the thermally
treated zircon: and

3. Phagse separation for effectiva remcval of the
‘radionuclides from the zircon.

Additional steps may ne emploved as wilil be Hsscriped

oDeiow.

All Sonmerxcially avalilable zircons contain radiocactivity,

in he foym of uranium~239 and thorium=232 racdionuclides in

the zircon lattice, and their respective radicactiva
' progeny elements. The significance of the progeny elenents

formed by radicactive dacay of the parent raidicornuclides iz
that for each radiocactive decomposition of a parent there

will ultimately follow a chain of decomposition until
stable 2lements, subject to no further deccmposition, are
"forpad;  in the case of thorium-232 2rrectively nine

further decompositions £ollow the initial decomposition

‘while tairteen further decompositions foliow the initiai

decomposition of uraniunm«~238. Commercially available
zirconsltypically are of sufficient age from formation 1in
originél hést rooks t0o allow estaklishment of “secular
équilibrium“, at which all radioactive progeny slements
axpress thz same rate of decomposition as the garant
radicnuciides. Under such circumstances the rate of
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radionuclide decomposition, i.e. the radioactivity of the
zircon, is the sum of: the rate of decompositions of @ach
parent multipliad by the number of effecrive deconpositions
in the decomposition chain of- -the parent. That is, the
dacay chain acts as a nultiplier for the radioactivity of
the parsnts.

A large proportion c¢f commarcially »roduced zircon
concentrates enters ceramics products in the form cof 3lazas.
ard opacifliars., Ag a vricr treatment for the producticn 3°
frits o for direct use in glazes and porcelain, zirzon is
milled .n order to :mprvove its lacorperation into the
varicous ceramlics applications. Suech milling, to produce ac
ierzat & proportion of ultra fine (sub-micron) material in
the size distribution, rasults in dust arising either in
the 4dry milling of the =zZircen or in crying of the wet
milled zircon and in subsequent handling of the milled
product.

The use ¢of zircon havirg the typical leow lavel cf
radicactivity assoclated with commercially availapla
ZLISONS CAN Te Snows Te Posa pstential healhth risks.
nhaiation of fine zircon dusts results in retention of
particlas within the lungs of those exposed te dust laden
air. Parctial dissolution of radioruclides from these
particles in body fluids can result in distribution of
alpha railation To aresae within tha body whaers radiological

damnage can occur.

Table 1 »rovides an analysis of the rate of radicactive
decempos ition (1 decomposition per second i1s known as a
decquere., Bg) associated with radiocactive a2lements present
withir a range of commercially available zircons. Alsc
inciluded in Tabls 1 is an assessment of tha level of 0.1
micron c¢ust in the breathing environment which would result
in exposuré to alpha radiation at greatar than the limits
for expcsure recommended by the International Council Ior
Radisloyical Protection (ICRP) of 1mSv (milli Sieverts; per

annum for mambers of the public and 5mSV per annum for
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genaeral workers. In mogt workplaces handling of milleaq
products will result in areas of plant having dust levelsgs

in axcess of 1.0 mg m™>.

T+ is zlear from Table 1 that milling of zircon and
handline of nilled and mimrcnised zircon represents a

significant potential health risk t¢ workers for viritually
all cemwarcially available zirecons, |
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Further, soma cocmmarcial zircens exceed the International
Atomic Energy Agency recommended limit of 70Bg per gram for
radicactiva labelling for transportation purposes, while
many otler zircons approach this linmit.

{n

Prior art attempts at the renoval of radisagtivas fron
zircon have met with very limited sugccess. All attampts
have invoived thae direct use of uineral and organlic acids

in acueous solution for leaghing of radioruclides. In ona

}J

attemet reported in the Zrior art, lzaching with acetlic,

19 hydrech.oric and nitric acid was found to ke affectivs in
reducing immediate bata roldlicactiviny by up Lo 36%.
Howavay, it is net clear ta shat extan= suvch reducticn was
sustalined cover timge, as removal ¢ only short lived bera
enitting progeny elements would result in fast re-

15 agstablishmant of the original levels, as such progeny ara

reganereted by decay 9of the parent elements.

In cother prior art some removal of uranium and thorium has

heen achieved when traating sircos for removal of surface

coanwlings containing irorn and organic matter in srder o
20 achilava zrime grades., Hence 1t L3 Xnown that LT2atil=2nt
with concentrated sulphuris acid (eg. at 150°C: has
regulted in 28% removal cf uraniul and 47% removal oOf
thoriun. The effect on the residual level of radicactivity
is unknovn, however, as progeny deportment has not been

ggssned., Since tha main concribution <o radicactivity

comes from progeny elements of uranium rather than thorium,
significantly higher removal than observed of the entire
uranium progeny chain would be required for effective
recuctich in the level of radioactivity.

$2
91

30 It is we.l Xnown that uranium and thorlium can be
accomrocatad structurally within the 2ircon crystal
lattice, and that zircon acts as a2 receptor for uranium

during migmatic crystallisation to form zircon bearing
rocks. Zircons are also cften compositionally panded due
38 to exsolition of thorium rich material after primary

crystallisation. Thorium rich bands then suffer radiation
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danage over gaological time, Causing local decompOSition of
the zireon lattice in a Drocess knswn ag netamictisation,
Voluma changes occurrzing Qurlng metamictisation result in

Dropagatien of cracks acrozs 2iroon crystals These cracks

®{)

allew esuidic reagents to gain access to wetanmict zones,
resu.ting in lecal removal of €4orine and some uranium.
However, =ha nign stabliily of the bolk siraon lattice
limirs removal of radioactivas {a this manner, particularly

0L uranium ard 1ts rrogery rafienuciites

1

16 Thermal treatmencts havs pravicusly hesn successiully
agpiled In the. decompesitiog af 2irzon, with tne aim of
CeZIVRIY Or tircania afier subsaguant Uraatzent for
separartlon of ircoma from silicsy containad in the zir-on.
Such thermal treatments have nciuded roasting with

15 suiphuric acid, roasting wish lire, limastere or oioumite,
plasna d.ssociation, roasting with fluorozilicates, ang
chlorination roasting. Thase treatments liave never been
commercislly applied with tha ihtent,cu Zf recovery of

criginal silica in “he zissom wita tna sireonia sroduct

o
Q2

nowever.

1

The abllity to thermally cecomposs zircen and recover
wirtuwally all associatad zivecnia ard = gisica in a single
product nas never been reportad. Indeed there would be
limited motivation for tre dcveLOpment of such an ability

o 1n the ebzence of an incertive sused on the removal G
deleterious impurities, such as rzdiocactives.

<he deposiment of radinactives in the reported zixrcon
traatnent vrocassas for the recovery i zirconia has never

been irdicated, .f i* has keen measured at all,

40 Zirconia &nd zircomium chemicals production rapresent iess
tidan 103 ¢f the world’'s demerd for zircon. The valus
addition aggociated with these us2s easily justifies the
expendntu“es on plant and equipment, chamicals and other
consumables requirsd rfor zircon uecomposition and silica

35 removal. However, the largast demand £or z2ircon is for
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applications which use the nineral directly, although
possibly in milled form. 1In the context of the need to
establish: a nethod for removal of ragioactives Ifron zircon
and the apparent need to deccmpose the zirzon lattice in
order to achieve such removal, there 1s an iacentive o
davaelen techniguaes for-daccmpcsition wiiich do not remcve
silica, wspa2cially since in many ceramics applicatlons

silica i a desirable constituent.

The lazy of value addibien asscciared wWiTh si.123 YemEoval
in large markets woulé reccmmend %hat silica remcval, with
its asscciated high chemical eypense, should not oe

sarsuad.
There is thus a need for a process which:-

1 Decomposes the zircon lattice with ninimal

reagent consumption.
Allows for removal cf radioaczivas rom the

tJ

daconpcesd zirson iattlica.

LR

Ness not consume reagents or otilerwise incur

sxsense Ln CLhe unnecessasry reoova. OF gilice.

roccordincly the present invention provides a process i1or

raducing the content cf radioactive components in a zircon

concentrate which process comprises the steps ol:

{1 neating tha zircon cencantrate 1n the presanca =
an additive and under conditions that are capable

of causing the zircen concentrate to at least

4

par«ially decompose;

(11) co0ling The product of step (1)

(111) subjecting the proaduct of step (1) %o a chemical
treatment for removing at least 2 portion of the
radioactive components prasaont in the product of
step (ii) but without necessarilv significant
removal of silica oxr zirgenia; and _

(iv) | recovering zirconia and silica from the product

of btep (1i1). ' |

The above steps may ¢optiopally be followed by one or more

SUBSTITUTE SHEET
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of the following steps:-
(V) washing the product of step (iv);
(vi) drying and calecining the product of step (v) for
| removal of retained moisture and production of a
5 dry powdered preduct having a significant
reduction in the lavel of radicactivity;
(vii) regeneration of acid and/or stabilisation of

separated radionuclides in a splid waste form.

in thae rroceas, additives whlch have <he cffect of
10 encocuraging the thermal decomposition of zircon to
alternative phases may be added to the zircon.

Sucn adlitives may inciude but not be limited to any mectal
oXide waich exhibits a chemical preference for the
foeraation of cempounds or liguids with silica over

15 zireonia, or any compéund which decomposes to a metal oxide
or any other additive having the same effaect. 1In
particuisr, oxides Of elements which are classified as
being in Groups I and II of tha Pericdic Table (i.=. alkali
and alka.l earth elements) have been founi <2 be affective,

£}

¢ altheough many cther silicate forming oxicdes willi have a
similar effectiveness. A range of other 2dditives may also
be benaf:.cial. For exanple, silica itself and a3 range of
fiuxes nay he usefu) additives. Additivee may be used in
combination. compounds Of additives may be used in place

RE: 0f aixtures of addirtives. Mineral spaclas nay ke used &5

- the source of one or more desired additive.

The temperature of the thermal treatment may be from 800°
Jdp to 1800°C depending on the additives used and the method
| of additive'incorporation. Tharaal treatrant may produce a

30 product which consists in part of a2 Liquid phase at the
Lenperature of thermal procassing or may be entirely solid
phase. Tnhe presence of a small amount of ligquid phase has
been found to be benaeficial in reducing the time reguired
for complation of reactions in thermal processing. Thermal

a8 treatmaent may be under any gaseous atnosphere conditions,
including fully oxidised or strongly reducing.

SUBSTITUTE SHEET
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Feed preparation for thermal treatment may range from
direct nixing with additives prior to charging to thermal
traatment, through the formation of agglomeratas or ncdules
of mixed products, Te briguette production from zircon and
additives. The methed chosen will depend en the physical
roperties of the 2zircon and the additives chosen. Solid
fuel =ush as coal and ceoke may also be charged inte the
thermal treatment step.

Thermal treataent may De ¢arried out in any suitable
devize, including rfluidised beds, statignary grata and
rotary kilns and plasma flames and furnacas. The presently
nraferrel apparatus is a rorary Xiln due to lts abilizy to
easily ascommodate liguid prases ard cperate wver wide

ranges of maxampum temperature.

The degree of conversion of zircen to other phases 1in
thermal :reatment may be dependent on the lavel of additive
addition. whish in #urn will depend on the desired degree
of recuctica in the level of radiocactivity znd the desired
chemiatry cf tre finai product. Typically less than 206% DY
welignt oY the additive (3 regquired for paxiaun remova..

For scme additives cnly 10% by welght will rzsult Iin
maximumr removal. Fcor nost purposes additive levels cf
metween & and 15wt% as oxides will be suitable. The actual
level of additive will be determined by econonic
considerztisne and rroduct chemistry 2s well as the desireqd
degree cif removal of radioactives. Under some

circumstances the weight of additives may be several times
the zircen weight.

Thermal treatment residence time at temperature will cepend
on the nature ¢f the additive and the operating
temperature. Residence times from 30 minutes to five hours

have bsen found to pe effective.

Cooling of the thermally treated zircon may be conducted in
any suitable cooling device, including fluidised bed
cooling or cooling in a water cooled rotary cooler.

SUBSTITUTE SHEET



WO 92/18985 BEIN ) ) JPCT/ALS2/00168

X

15

M)
L

- 10 =

Cooling may alsc be conducted by direct quenching with

watar sgprays.

Following cooling to a suitabple temperature (eg. less than
100°C) the traated zircon is submittad to a series of
chemical treatmenss for removal of radioactives and
nOSsinly zalest=ive remeval of additives, The most suitabdle
chemical treatment ie leaching with a mineral or organic
acidé. Prior to leaching the roasted product may be crushed
or groundﬂ depending on roasting preireatment, in order to
srovide a size consist sustap:i2 for The LaaChlnq staga.
Leaching may be cornducted in any suitable bateh or

cenRbCilidg 28 leszgn veszel.

Fer exanslz, heated, agitatec vessels or fluidised bed
7egsels tav ba used. Typiecally the leaching temperature
will be :0-15C°C, degending on the additive and the
leachant. Pressure leachiing may also be employed.

Leaching time may be from 10 minutes ta 10 hours, deperding
on the nagucre 9 The add:wive, the Tenperature and TlZe of
thermal creatrans and ks coogen leéeachant and 1Ty

&
" > -, a, -
Ccn"- "al--io w.‘.- ‘J..nb t’g

’f:
l
[
’
i

Any acid may pe uased i zcid leaching, asthough
ayadrechloric acid, nitric acid and strong osrganic acids are
preferrec. Sulphuric acid will not ba expacted to ranova
radinm rualides effectivaly put may still ke used for
ramovai. of czher radicnucaidzs. ACld ieaching may oe
conducted batchwise or coatinucusly and may consist of
savaral etagss, oparated zither separately, or with |
countercurrant £low of sclids and ligquids between stages.
Effectively complete remsval of additives withous
significant removal of ~im==nia 0~ s8ilica can ke achieved,
aithough complete removal <f additives is not necessary f{or

affective raeductisn in radicactivity.

At the conclusicn cf isaching the leach liquor may ke
saeparated from the aineral by any suitable means, including

SUBSTITUTE SHEET
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thickaning, filtration and washing. The mlineral product

may then be dried and calcined for removal of moisture and
chamically combined water by any surtanhle means.

Calcination at temperatures in the range 300°C-900°C has
been fourd to be eoffective for complete removal cf wvolatile
mattar rrom the l2ached product.

Cther chenmical treatments for solubilisation of additives
and radicactivase in reasted priducts prior ¢ leachlng nay
on cr

hydrochlcrination prior to leaching have peen Iound o be

P-

also ba applied. Feor 2xampie chlorinan
effacrive in this regarc.

Ir a particular embedimant ¢f the present disclosure it has
been discovered that tne addition of additives to zircen
wiich result in partial bpreakdown of the ziccon lattice uin
thermal processing without the formation cf a zirconia
phase assists in the removal of uranium and therium during
lesaching. The deportment o7 uraniun and thorium oxides
into zirsonia phases, as presently disclosed, and the
asistancsa of these chagas 75 1sacning, ~iBits removal
updar cirsumstances where rtigsncnia phases are formad.
lirconia csan be aveided as a separatz phase by careful
salectinn of additives, especially under circumstances
where the final product cf the disclosed process does not
need to have a composition close to that of the original
zircon (S3r axample, whneres the prodiuct is destined TOY

caramics applications).

Additive -egimes where aignificant proportiasns of zirconia

phases can be avoided include addition of sufficient silica

bearing additive to consume zirconia which woull ctherwise
form, by :-he formation of secondary zircen. Whiie silica
addition iLs most beneficial, as silica 1s a common
component of ceramics which use zirconia praducts, and 1s
readily available and inexpensive, mcst additives wnich

pravant tha formation of zirconia will have similar

beneficial inmpact.
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Irn a further empodiment of the presenc disclosure it has

heen discovered that calcium oxide bearing additives (ed.

1ime, hydrated lime and wollastronite) provide the benefit
nf a Lign degrze of zilIon Aeconnesiticn in thermal
processiag per unit ol adgaltive. This is because a caleium

jyemeilicate prasse of composliticn 2Cad. 2rh,. 4510, can ba

3

sened unger “he cOD diticnag of the disclosead *harmal

£
prucessing sLep. Trisd phase consumes &, 2 units by welight

M€ i ima fam Ry Seremyaiing piveeen) par o oma Wil R
1

» n\,- ot
-'ébd.} oir 4 t;a

ae tne added advantage of Seiny reld

2 He

mmpeained in whe final produet is not dalatarious and may
Y

bz advancageclus ©o LEf propertiesn. . Leach corditions zay be

é
gtaliissed under which sailcium iLg now reaosved from the

W

product. In this ranner r=agent CONsUDpTLiOn in leaching
may be significant.y reduces witk no detriment to the
repeval of radionuclides in leaching.

Waila Laash Lisuers Srom ToE present.y Apgoribed pracess
may e Togated Jr Glisponzd sZ dmyoany ascegtabl: and

suitankls manner snme metiod of
as panny marcicularly suitacle and hay rimg speclal merivt 0T

stabilisation of raziogokive elensnhtTs,

According te this method, which i3 pa*tiﬁularly applicable

se Loaers dsrivac TIOW cnimeida lancning  of Shermally

treated zircon, although not limiced in scope to chloride
liguors, the ligquers ar= thermally trested, eg. by 8pray
roascing, to bring about +mermal dissociatien
(pyronhydrolysis) of salts PURsSn~ therein for the
reganeration of acid sermimy vapour and formatlon ci a

radisactive pearing oxide.

Prisr t=o thermal treatment oI 1gacn ligquors addition oL
further =netal salts, either by direct addition or BY

dissoiution of metal or metal conpounds 1n the acid liquor,

may be made. In particular the acid liquors from leaching
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may continue on to subsequent use, such as metal pickling
or leaching of metal cempounds from other minerals, for
exampls ze in upgrading of ilmenite minarals tc synthetic
rutile.

Pyrochydrolysis of leach liquors nay e enhanced by addition
of sulphate salts or sulphurac azid in small quantities %O

rhe leaclh liquors pricr tc thermal decomposition. The
radionuc!ides may also be concentrated in the le=ach liguor
rafora thermal treatment by any sultablie matnod #g. bY
avaporation, ion exXzsnange, soivent aTraction, mskbrane

extractisn Cr ravarsa oIaNCSLI.

th

1n anorther auitable and effectiva rethcd for treatmant °
ieach liguors the leach liquors may be necvtral.sed, &3, Ly
~dditior of basic metal oxides or nydroxides es solids, 1in
suspension or in sclution. Metal saits and barium and/ox
sulphate salts or sulphuric acid may alsc be added pricr to
or after nautralisatisn. In this manner a suspension of
radisnuc.ide bzaring solids ir a salt soluticn is formed.
Separaticn of the solids Irom tTne liguids can tien oa

o “ .r-u
\vr t-w \c'

t1:

achieved by any sultabie neans, eq. whickenar
and wash.ng. The radionuclide searing zolids oan then e
sitnar <.ractly disposed of or roasted IT further
stapilisation prior to disposal. The racionuclides may
also La concentrated in thée leach liguor befcre such
treatrent by any suitable method, as indicatad above.

The fellowing examples and comparative examples further
{llustrave the invention:-

"™ .

> 4 e

Zircor having the composition and size distribution
provided in Table 2, with *a=al radioactivity measured at
130Bq/g ‘i.e. at secular equilibrium), was gsubjected O

Jeaching with refluxing 20% hydrochloric acid under vioc.ient
agitation for six hours (Test A) .
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Table 2: ompogition of Zircon lsed in Examolgs 1 -
wt §

ZL0n e4.30

HEO, 1.40

$i0, 32.50

PaOs 0.30

Y,0, 0.31

La,0, ~ 0.006

CeC, 0.012

Ti0, 0.11

F6,0, 0,14

Al,0, | 0.13

V.0, .11

Ca0 | 0.022

MgoO | . 0.033

0,04 0.07:

TNO, 0.066

Size pistriRution

size (um) cum % Passing
50 | 90

40 37

30 | 4

20 1

AT the era or this trial the leached-zircon was separated
from the leach liquors by filtration and washing. The
zircon was then dried and analysed for uranium ana thorium
ahd by gamma.(ohly) spectroscopy. Gamma spectrosScopy was
repeatéd at week1y'interva1s for several weeks. The
~esults of the analyses are provided irn Table 3.
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The zircon of Table 2 was ground to the particle size
distrikut:.on provided in Table 3, and the above treatment

was repeated on the ground material (Test B).

Table 3: Size Distribution of GCround Zircon of = 1la

Siza {um,; Cum % Passing
30 38
20 72
10 | 49
5 34
1 11

rne results of this test are alsy provided in Tad.a 4,

Zircon {as per Table 2) was also subjected U0 a pressure
leach Wwith 20% hydrochloric acid at 150°C, followed Dby

filtratior, washing and drving (Test C). The results ol
Test C are provided in Table 3 for comparison with other

t2g8¢s.
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Table 4:

¢ o $ o
dhsmdl . 2 _SAadionmet . ALld 25 _Q xchied

O a e

Grogs Camma

Activity Bq/g U,04 T™ho, Zro,
5 As recejved 72 0.071 0.066 64.3
Test A
- 24 hours G6 0.068 0.044 63.3
- 1 week 64 ' '
-. 2 weeks 65
10 - 2 waagks 3

{(after leach)

Test B {(ground)

- 24 hours €5 . 0.065 0.037 €3.1
-~ 1 week 65

.5 ~ 2 Weeaks 64
- 3 weeks £8

(after laach)

Test C (pressurs)

- 24 hours 59 0.068 0.045 6C.12
20 - 1 waek &0

- 2 Weeks £3

- 3 WaaKkse 5d

(after leach)

"he result: in Table . confirm that acid lzaching of zircon

25 & NOt an ¢ffective means for significant removal of
iradiocactivity, although some ramoval of therium has been
Ldentified.
ixample 2

Eriguettes of the zircen of Takle 2 of two Types were
10 produced by admixing the 2zircon with 13% by weignt and 25%
' by weighz (on a post-mixed basis) of lime respectively and
¢t by waight cf maistura, forming the mixtures into 25mm
¢iameter, 10mm high cylinders and allowing the cylinders to

Farden.
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gach type of briquette Was fired at 1400°C for one hour,
and then allowed tO cool slowly tOo TCon temperature. The

briquattes where then crushed to passing 1.5mn and leached
with refluxing excess 20 Wtk nydrochloric acid rfor & hours.
S The leached residue was thaen dried and analysed for uraniun
and thorium and by gamma spectroscopy. The results of

analyses an roasted and leacned nroduets for cach typa of

wriguefizta are summarisad in Table 5.
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treatment has been extremely effective for the removal of
radioactives, yet without significant remcval of zirconia
ar silica. The gross gamma radiation levels after roasting
are ccnsistent with coemplete release of trapped radon gas
from the zircon during thermal decomposition. Such reaoval
is not expected to result in sustained reduction in
activity levels, 2s much of the radon is quickly re-
establiched (over 5 - 10 days) by further radioactive
decay. MHowever, the rmdustion in levels of activity after
1pachinc is consistent with conplete remcval of virtually
all radionuclides, with the exception o residual levels of

uranivm=-238 and Lhorium-~212.

Puarther decey to produce radioactiva progany ig not
expected <o result in final total (alpia pius beta)
activivy Of greater than apout 30 Byg/g, eskabllshed cover
about 70 days.

Phis final activity lavael is about 15% of the original
activity

t0

~f fupther intereszt in the MY~Ray Diffracticon resulis on

¢

roasted products (Table I) L5 the soservation

it

mat in the
casa of “ne test with 253% Ca0 additien, the composition oOf°
the phas:s detected cannot ascount cor the proportions of
the original components. Photomicragraphs of 2ach roasted
product Lnd;cated tne prasence of a glassy nhase (liquid
under th: conditiens of roasting) which accouncted far the

departures of the X-Ray detected phases from the range of
compositions defined by inputs. The glassy phase was

axtinguisnad substantially upon leaching, all other pnases
remalning.

Example 3

The leach residue of the test in exampple 2 for which 13%
Ca0 was added to 21rcon was milied to 100% passing 20um,
and then subjected t> & repeated sdentical leach to that of

exampie 2. While no further significant removal of
uranium, thorium Or total gamma activity was achieved the
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calcium oxide level in the final leach resique was 0.20%,
indicating that additive removal can be achieved if desired

by simple fine milling prioy to leaching.

Exampple 4
This example illustrates the effect of the formation cof a
small amount of liquid phase during thermal procsssing cn

the thermally processed product and the effectiveness of

the duisclosed process.

The first test c¢f Example 2 (13% CaQ addition; was

repeated. with the exception that rocasting was conductad atv
a slighzly lower temperature (1350°C). No giassy phase was

detectad in the produc® of rcasting in this ocaase.

N-ray diffracticn analysis of zne thermally treated
material irndicated the presence of CaSio;, zirconia and
zircon, L.e. the cdetected phase assamblage was consistent
with the original composition.

Table & >revides othexr rasults of the test.

?agle 6 . chemical zng Rad;ometgic Apalysasg cif Roagted ana
lsached Zircon of Bxampla 4

Cross Ganma UJQ, 'rhOZ oy 02 8 .i.Oz Cao
activity BgQ/¢

As_rece-zad 737 0.071 0.066 64.3 32.5 0.022
lL.eachad-'. week 30 ' 0.063 0.041 64.0 30.7 0.27

after leach

Clearly residuval gamma activity is higher than f¢r the
similar west conducted with thermal processing at 1400°C
with partial liquid phase formation. Uranium and thorium
removal has also been less effective.
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For the level of CaC additicn exployed zircon dreakdown
will be qgreater, and gampme velductlion mora effective 1ir
2Cad.2r0,.45810, 13 formed rathay *“haa C38i0;. Further. long

erm equ-libration tests indicata that 20aT. 2r0,.4810, is

¥
it

tha nost stahbls pradu both a4 13850°C ana 140CG°0. The

formatiarn of a small zmeount of liguid phace apparenciy

)
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1 a < - .o . : .
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. G =
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The nixture was formed into pellets as per Previous work.
The pallets ware fired at 149C°C for 6 houre and then

quenched. Elzctron micrcprobe analysis for uranium and
thorium was performed op the various phases identified in

= the rcasted product (viz zircon, zircenia, 2Ca0.2r0,.4 810;
and a glassy phase).

The larse zirconia phase was found tc contalin approximately
12% 30y, i.e. was acting as a =ink for uranium (at 0.05%
in feedl. The presence of the zirconia phase was aence
10 identifiecd as the main reascn for 200T uranium removal in
the praviously repsartsd iaach Tests. The glassy phase was
similarly identified as a sink for therium, tThus acccur eing
<sr the crater =zase of thorium removal in leaching.

A sipilar preparaticn was =enducted £or a mixture To

1% proauca the ratio of input mararials {welight baSis} zircon,
Ca0 and :ids ©f 0.5:9.2:0.5. Chemiczl grage sillca was
usad., After thermal procassing, as abovae tha major phasges
of zirecen, 20a0.2r0,.48iC, and a glassy phase vere
1tenti?icd, i.e. Tnz zirconiu phase nad been sxtinguishad

20 by the 2ndifion of silica.

Elestron Bicronprobe anaivsis indicated that in the abaence

r

of the zirccnia pnase approximately 503 of Soth wuranium and
thorium in feed zircon had ¢rensferred to the glassy phase.

which exhibited 0.2-0.2% o8 cach element 2as oxides (U,Qq

25 anc¢ Thd,j.

3ince the glassy phase s leachable, and uranium and
thorium .n the glassy phase have ~een removed upcn lsaching

(sea exarple 2) the extinctiocn of zireonia as a phase
enhances radionuclide remova. by deportment tc the glassy

30 phasa.

The zircon whose anaiysis 18 orovided in Table 3 (*as

recexvmd‘) was carefully adnmixed with chemizally pure line

or magnesia (or both) in the proportions given in Table 8,
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and formed into briguettes (25mm diameter) with addition of
8% water. The briquettes were dried and then heated tou

1400°C for four hours, after which they were water
guenched.

5 Table ¢:  Adc ves for Testwork of Txample 6

Tast Moles CaO/mola 2roa Moles MgO/mecle ZrOa
A 0.9 0
8 0.375 0.125
C 0.25 0.25%
10 S O 1.0

s quesched briguettes were crusaews Lo PAsSsS 4 200 4
sereen ard tinan leached 2%t 2% w;v in 8M HCL 20T ¢ LQurs.

The reguitse of the treatmants are summarizes .n Table 3.
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A number of observations may be made from the results of
these tests. The diract substitution of magnesium for

calciup as additive into thermal processing results in less
effective raduction in radicactivity, although providing
anhanged thoriun removal. ¥-ray diffraction results
indicated that a glassy phase is encouraged 1in preference
to Ca,2r8i,0y;y for initial replacement of calcium by
magnesiumn. Where magnhesia is added alone forsterite
(Mg,s10,: is formed. sSilica removal In leaching 1s
sgpceratad with tha formation of these phasas (glass and
forsterite). Thorium removal is correlatsd with silica
removal where a glassy phase is formed in thermal
orocesging, as would be expacted Irom the previously
identified (Exawple %) deportment of thorium to the g.assy
paasa ard the susceptib

oY
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~y
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LY
4
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4
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i
Leaching. Tne amcunt 01 gl
~onditions of this work is a strong function of
tamperature, with even 5°C Taepparature differenca resulting
in & ncticeable effeCt On the‘amounﬁ cf the glaasy phase.

The dizcouragement Of the Ca,2r$ic0), phase by addition of
magnesis inmto thermal processing has had the bereficial
{apact of allowiny effectively complete remcval of calclua
and magriesiun Irom the final leached procuct, which ther
has a composition which is close to that of the original

zircon.

Exanple 7

‘Mhiz example illustrates tha use of pyrohydrolysis of leach

ligquors for the preoduction of a solid radicactive waste
which is stable to groundwater leaching.

Leach and wash ligucrs were produced oY hvdrochloric acid
leachirg of a thermally treated mixture oI industrial lime
(10%) and 2ircon. The composition of the combined ligquors

ig given in Table 10.
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Takhle 310: _LOACT minr analvgis of axamnla ?
g L*
ar 2.01
HE 0.062
31 0.058
Ti 0.064
Fe | 2.23
ta | &.50
J 0.038
'Th 0.070
Al ~0.43
{ . 0.17
g 0.17
B@ /L
J~238 Q.56
Ra=226 | - 0.84
b-214 0.83
Ai=214 ' 0,80
Pb=~210 | 1.02
AC=T28 . 0.29
?béZl? | 0.13
T1=208 _ 0,24

™o 0.5 litres of the liguor cf Table 10 8.5y cf
soncenctrated sulphuric acid was added to precipitate gypsum
and Treganarate hydrochloric acid. The resulting solution
vag evaporated to dryness. The solid residue was then

roastad in a flow ¢f steam for 2 hours at 200°C followed by
recasting in stean for 2 hours at 800°C. The solids product

wveighed 12.29.

After cmoling to room temperature 1n air the roastad solids

K

were leached at 65¢ L for 24 hours in simulated

- groundwater (5¢ /INacl, C.59 L! FaSQ,j , With DPH maintained
- at about 3. Radiomarric analysis (T~spactroscopy) of the 3

waek old leach liguors is provided in Table 11. Clearly,
within the accuracy of the analysis negligible extraction

+¢ radionuclides into. the simulated groundwater has

SUBSTITUTE SHEET



WO 92/14985 ! ) |
' 27 - 910827
oceurred.
AD 4L ¢ : SUNAVE T4
Example ¢
. Bg/mlL
5 U~238 0.0U4
Ra=226 0.015
Pb=214 0.007
Bi-314 0.022
Ph=210 3.003
"o TAe-z28 0.001
Pb-212 0.002
T1-208 0.022
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CLAIMS
1. A process for reducing the content of radiocactive
compenents in a zircon concentrate which prccess comprises
the steps of: D//‘
3 (1) heating the zircon concentrata in the
~resence of an additive and under
cenditions that are capable of causing
zircon to at least partially decompose:
(13 cooling the product ¢f step (i);
10 (iii)  subjecting the preoduct of step (ii) to
chemical treatment for removing at least
g portion of the radiocactive components
present in the praduct of step (ii) but
without nepasgariliy significant removal
L5 | of zirconia or silica; and
(iv) rocovaring sirconia and silica from the
procact of step (iii).
2. A process aceording to rlaim 1 wiierein the zircon
deconposes at least in part to zirconia and another gilica

20 bearing plase,

3. A process axcosding o sither claim 1 or clain 2
wherein conditionsg seiected fer steps (i) and (1l1i) wesult
in at laagt partial removal of the additive during step
(111).

25 4. A process acsording to claim )1 wherein the
additive is a compound capable of forming a silicate with
silica when heatad To eilavated temperatures.

5. A procass aczording to claim 3 wherein tha
additive is siliza or a flux.

0 6. A process according to claim.4 wherein the
additive is one or more oxides of group I or group II of
the Pericodic Table.

7. A process according tec clain 4 wherein the
adagitive comprises calcium oxide.
35 8. A process according to claim 7 wharein reaction

conditions are selected for step (1) which promocte the
formation of a phase ecomprising Ca.2rSi0,,.
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9. A process according to claim 7 wherein reaction
conditicns are selected for step (1) that promote the
formation of a glassy phasa as well ag a phasge comprising
Ca,2x81,0,.
5 10. A process according to claim 4 wherein the
additive comprises naghnesium oxide.
131, A process accerding to claim 10 whereln the
additive comprises calcium oxide and magnesium oxide 1in
proportions that promote the formation of a glassy phase 1in
16 presference to a Ca,2rSi 0;, phase.

12, A pracess according to clain ) wherein step (!

of the ~rocess is performed at a temperature in the range

from 3009C to 18300°C.

13. A process according to claim 1 wherein step (i)
15 is performad under conditions selectad to aveid the

formaticn ¢f a zirconia phase.

i4. A process according to claim 13 wherein

sufficient silica is added %o the zircon %o rastrict the

formation of a zirconia phase during step (i) .

20 15X, A process according to claim 1 wherein no more
than 20% by weight of the additive is incorporated into the
zireon.

16. A process according to claim 15 wherein 3 to 15%
by weignt of the additive is incorporated i{nto the zircon.

25 17, A process according te claim 1 wherein more than
20% of the additive is incorporated into the zlrcen.

18. A procass according to claim 1 wherein step (ii1i)
comprises leacning with a mineral or organic acid.
1%, A process according to claim 13 wharain staep

30 (iii) is performed at a leaching temperature in the range
frecn 20 to 150°C.
20. A process accerding to claim 18 wherein the acid
is selected from the group ccnsisting of hydrochloric,

nitric and strong organic acids.

35 2%, A processing according to claim 1 inciuding the
additional staeps of: |
(V) washing the product of step (iv);
(Vi) drying and caleining tha product of stap

(v} for removal of retained moisture and
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production of a dry powdered product having a similar
composition to the original zircon concentrate, but with
significant reduction in the level of radioactivity; and

(vii) atleast one of regenerating acid and stabilising separated
radionuclides in a solid waste form.

22. A process according to claim 1 including the step of spray roasting
leach liquors from step (iii) to cause thermal dissociation of salts present
therein to form oxides of radioactive bearing elements.

23. A process according to claim 22 including the step of adding small
quantities of sulphate salts or sulphuric acid prior to spray roasting.

24. A process according to claim 1 including the step of neutralizing acidic
leach liquors derived from step (iii) by addition of basic metal oxides and
recovering radionuclide solids therefrom

25. A process according to claim 24 including the step of adding metal
salts and at least one of barium salts, sulphate salts and sulphuric acid prior

to or after neutralization.

26. A process according to claim 24 including the step of roasting the
recovered radionuclide solids.

27. A product produced by the process of any one of claims 1 to 26.
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