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The ion exchange sorption of ‘Cand Sf* on clinoptilolite (CL) from deposit of Armenia iinitial,
modified by e- angkirradiation, decationated with a hydrochloric agidnd cation-contained forms was
studied On the basis of received datiae exchange capacity for S#* and C$, distribution factorKj,
sorption factorKs were determinedt was shown that untreated CL(Ar), decationatedAT)H and Ca-
containing forms are characterized by a big iontextge activity on strontium and cesium to compare
with irradiated samples and the most perspectiveagchange sorbents for these ions are CL samples
modified by a chemical way

chemical ways, in ion exchange sorption of stron-

INTRODUCTION tium and cesium stable nuclides. So were studied:

Zeolite materials (porous hydrated crystalline « the ion exchange sorption of Cand St
alumosilicates) are gaining increasing importance i from aqueous solutions of their salts on ca-
ion exchange, molecule sieviagd catalysisTheir tion-modified samples;
ion exchange capacity is one of the main parame- .« the ion exchange sorption of?&md C$on
ters which characterizes sorption and technological e- andy-irradiated zeolite materials;
properties of high-silicon natural zeolites. They . the influence of concentration and volumes
have the attraction of low cost in addition to high of model solutions on cesium and strontium
thermal and chemical stability, good resistancg, to ion exchange sorption;

B andy radiation and high capacity and selectivity . the influence of heat treatment and granula-
for certain monovalent and divalent cations [1]. tion degree;

Zeolite-containing rocks are used in wastewater
purification to remove heavy metals [2, 3], toxic
and radioactive elements [4], especially radionu- modified samples.

clides of cesium and strontium of nuclear fission The exchange capaci/for SP* and C, distri-
produc_ts [5].Considerab|e_ interest in the zeolites bution factorK, sorption factoKs were calculated.
as cation exchange media has been generated in g glinoptilolite-type zeolite was collected
the atomic energy industry. As far back as 1960 grom Armenia (Nor Kokhb deposit in Noyembe-
Mercer [6] studied the use of natural zeolite, Cli- 151 vegion) and enriched with CL (content of CL-
noptilolite, fo_r _decontamlnatlon of cond_ensate phase increased from 70% up to 80-85%). It has
wastes containing trace amounts of cesium andpeen characterized as typical heulandite type Ili
strontium radioisotopes. zeolite and contains minor amounts of quartz, pla-
gioclase, montmorillonite, opal-CT, calcite, and
MATERIALS AND METHODS other rock materials. Some zeolite samples were
The aim of the work was to study Armenian exposed in air to doses of gamma-ray irradiation,
natural zeolite clinoptilolite (ArCL), modified wit ~ namely 200, 700 kGy at 293 K usin§’@o y-shell,
irradiation (for the first time), the thermal and and to different doses of e-irradiation, namely

« the ion exchange sorption of Tand St
from mixture of their salts on cation-
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10'*-10" e/cnt with a ELU-8 linear electron ac- lon exchange sorption was carrying out in
celerator at 293 K. flowing (in glass column) and static regimes.

The analysis of alkali and alkali-earth cations
and impurity transition metals were carried out by RESULTS AND DISCUSSION

atomic adsorption spectrophotometric method with
a "Perkin-Elmer" AAnalyst 800 apparatus and
capillary electrophoresis method with a CIA sys-
tem (Milford, MA, USA). The mineralogical
transformations of the acid and thermally treated
materials were monitored by X-ray diffraction
(XRD) using a DRON-2 operating with a graphite
monochromator, using Cukradiation.

The materials were dried at 393 K, ground in
ball mill and subsequently Wlth'pestle and mortar reatment of zeolites with the subsequent exchange
SO as to pass from 0.25mm sieves and stored a f hydrogen on cations of alkaline and alkali-earth
room temperature. The zeolites were subsequentlymetals [7, 8]
treated with 0.25% KOH or 0.5% NBH solu- T
tions at 323 K for 90 minutes using a 1:10 solid to Study of ion exchange sorption of strontium
liquid ratio. The suspensions were filtered and the and cesum on CL(Ar) modified samples. The
solids were washed until pH 7. Acid treatment was research of exchange sorption of strontium and
carried out with 1N HCI at368 K using the same cesium ions in static conditions was carried out on
1:10 solid to liquid ratio. The samples were trdate initial CL, modified with HCI, KOH and NEDH
twice for 40 min. After second treatment the zeo- solutions, calcium and sodium chlorides and for
lites were filtered under vacuum, washed until the first time on e- ang-irradiated samples of
pH 7, dried at 333 K and ground gently with pestle CI(Ar) (Table 2).
and mortar so as to pass through a 0.25 mm sieves.

Ca- and Na-forms were prepared from decation- Table 2. The irradiated, thermal and chemical treated

Policationity of CL, the presence of iron ox-
ides (1.5-4%) in their structure reduce exchange
properties with respect to cations'@sd St*, and
so the preliminary chemical modifying is neces-
sary for extension of ion exchange ability. The
analysis on ways of modifying of zeolites with the
purpose to remove iron ions and partially to enrich
them at the expense of removal of some accompa-
nying minerals shows that optimum is the acid

ated CL(A)H by treating with corresponding S??glesésrﬂegirii in TSU (1-6), Y-Phyl
salts. Finally thermal treatment involved heating (7-10), (11-14)
of the treated zeolites at 773 K for 8 hours. Chem- No Sample type _ Treatment
ical composition of modified zeolite samples is _1  CL(Ar) initial, thermal treated at 773K
presented in Table 1. 2 CL(Ar)H acid treated, thermal treated at 773K
acid, CaCltreated, thermal
Table 1 Chemical composition (mass %) of initialand 3 ~ CL(Ar)CaH tregjted at 773K
chemically treated CL 4 CLADK KOH treated, thermal treated
1 2 3 4 5 6 (An) at 773K
~ NH,OH treated, thermal treated
[} © !
Sample E fi % = %\ ,]Zi 5 CL(ANNH, at 773K
= < S_f,: <T § < CL(Ar)NaH acid, NaCltreated, thermal treated
© © o o o g at 773K

CL(Ar) Ir12 e-irradiated with dose 1be/cnt
CL(Ar) Ir13 e-irradiated with dose 1be/cnt
CL(Ar) Ir14 e-irradiated with dose 1De/cnt
0 CL(Ar) Ir15 e-irradiated with dose 10e/cnt
* acid treatedy-irradiated
11 CL(ANH with dose 200 kGy
acid and CaGltreatedy-irradiated

SiO, 68.16 78.88 78.3 76.4 69.50 78.00
Al,O; 1229 8.88 8.86 9.4511.89 8.40
Fe,O; 148 0.12 0.10 0.271.90 2.40
TiO, 043 0.21 - - — -
SO; 012 0.04 - - — -
MgO 030 0.22 0.24 0.180.28 0.36

PO (N| O

CaO 6.33 2.38 12.041.87 5.60 3.69 12 CL(An)Ca* with dose 200 kGy

K,0O 346 236 1.00 1.219.04 0.64 . acid treatedy-irradiated

Na,O 0.76 0.06 0.30 8.160.72 1.09 13 CL(ANH with dose 700 kGy

|\|;||2cc)) é;g 711 - 344 - 523 14 CL(Ar)Ca* acid and CaGltreatedy-irradiated
n . — — — — —

with dose 700 kGy
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The obtained values of strontium exchange potassium. The sorption process for this sample is
sorption for various samples, which are schemati- differed by equivalence as against initial and deca
cally represented in a Fig. 1, show that calcium- tionated.Ks for initial sample is equal to 49% but
containing CL differs with greatest ion exchange only 26% of the sum of calcium, magnesium, so-
activity in relation with strontium whose (SF) dium and potassium cations are replaced by stron-
is equal 1.66 meg/g that more than twice exceedstium, rest — either simply physical adsorption or
the found value for initial zeolite (0.618 meg/g) replacement ofi* that is less probable.
andK; is equal to 98%. The sample calcium ions The ion exchange sorption of Sr**and Cs'
were completely exchanged with passed strontium.from their solutions on e- and ysirradiated sam-

The decationated form CL(Ar)H was also charac- ples. Exchange capacity of strontium on the
terized with rather large ion exchange activity e-irradiated samples with doses from'?10p to
E (SF*) = 0.916 meq/g anks = 96%. 10" e/cm? decreases in comparison with in@dia-

ted and for a sample with a dose of an irradiation
10" e/lcm? grows a little (Fig. 3).

E, meq'g

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Samples
Fig. 1. The sorption activity of samples regarding'Sr

A few other results are received for ion ex- Fig. 3The dependence of E (Srand E (s’) on the

change capacity on cesium: neither e-irradiatian no dose of e-irradiation at£0.1N, size of granul-
chemical modifying does not influence on ion ex- es is 0.20-0.25 mm
change sorption of cesium (Fig. 2). A possible ex- The exchange capacitf (Cs’) practically

planation — the large size of ions (ionic radiu€ef  goes not depend on the dose of an irradiation with
is equal to 0.169 nm) allows them to penetrate only electrons and is within 0.23-0.30 meg/g. These
into the large channels of CL. As the radius of the \5|yes are 25% lower as compared with the mag-
dehydrated Csion is similar to that of the ditrigonal  pitude of adsorption E (Csfor the raw zeolite but
siloxane cavity of layer silicates, adsorption &ftS  confirm our assumption that the determining factor
negatively charged siloxane sites can result iBrinn s the size of the cation.

sphere complexation [9]. The reactivity of the inne So, the e-irradiation reduces the sorption char-
sphere complexation sites may differ widely. How- acteristics of samples but at the same time the
ever, other relatively strong complexes may beeak dependence on the dose is observed. It is
formed at other surface sites at higher conceofi®ti  possible to state that e-irradiation excites alumo-

silicon-oxygen skeleton increasing the electron

> density on it and promoting the formation of per-
T oxide ion Q. As a result of originated metastabili-
035 ty of equilibrium, the regrouping of cations in zeo
ois lite takes place that, probably, is the reasonifef d
005 ficulty of access for strontium ions.
L s e s e s s The values of E (3f) and E (s") for
, . . Samples . v-irradiated sample are also less then 0.348 and
Fig. 2The sorption activity of samples regarditig’ 0.158 meg/g, accordingly, than for parent sample

The samples modified by a chemical way — (0.618 and 0.38 meq/g). So, gamma rays (200 and
decationated and calcium-containing CL are most700 kGy) reduce the ion exchange capacity of zeo-
perspective ion exchange sorbents for strontium.|jjte more.

The complete sorption on CL(Ar)CaH sample con-  The information about radiation effects in zeo-
firms the existing data [10] that strontium enters  lites, especially in natural ones, are very poer al
sorbent mainly on a place of calcium and magne-though radiation modifications of these materials c
sium (about 84% of sorbed strontium), less (15%) play a significant role in changing of the sorptiom
on a place of sodium and almost does not replacepther physical-chemical properties [4, 11-18vas
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reported that the irradiation of US-HY zeolite by sorption. It was determined the dependence of ex-
ionizing y-rays induces contrasting effects [14, change capacity E, factors of sorption Ks and dis-
15]. At small doses (5.50 kGy) an ordering of tribution Ky on conditions of sorption.

S'Fructur(? takes place Whereqs at highe_r doses th%ableél. The dependence of E; and Ky from volume of
disordering of the crys_tal lattice. S.A. I_le_anov et SP*- and Cé-containing solutions atg@ 0.1 N

al. supposed that this is due to the variatiorhef t

charge states of zeolite atoms with e-irradiation EX?Qﬁnge Vso,ml  E, meg/g Ky %  Kg miig
but not due to structural changes. S 50 0.733 97.50 4025
The influence of thermal treatment, concen- a 100 1.660 95.06 386.0
tration, size of granules and volumes of model St 150 1.501 93.20 417.0
solutions at ion exchange sorption of Cs" and Cs 30 0.363 76.66 162.8
Sr?* on CL(Ar). The values of exchange capacity _ Cs’ 50 0.419 88.57 385.0
and factor of sorption for Sr appreciably have Cs’ 100 0.630 66.98 208.8

been diminished with increase of treatment tem- At a ratio zeolite: solution equal 1:10 the value

perature and size of granules (from 0.20 to of exchange capacity E for all samples practically
0.50 mm) of initial zeolite. The optimal size of as the same with sorption coefficient of 98—100%.
granules  0.2+0.25 mm excluded the outer- The similar results were obtained and in the experi
diffusion process. The thermal treatment above ences which had been carried out in dynamic condi-
673 K worsens its ion exchange sorption proper- tions — value E for all samples both in static and
ties and than the higher is temperature of treatmen dynamic conditions changed in limits ~0.07 meg/g
this process makes more deep is (Table 3). It isregard to C5and ~0.11-0.12 meqg/g on®SrThe
obvious that thermal dehydration of zeolite with dispersion of values of exchange Capacity E rises
loss of zeolite’s water initiates the migration of and grows with increase of ratio. It is possible to
some alkaline and alkaline-earth cations in inac- conclude that at a ratio 1:10 all ions of cesiurd an
cessible position of B and C channels of CL and strontium were exchanged on cations of zeolite but
their strong fastening on the walls of channels. the equilibrium saturation was not reached else. Th
These positions become inaccessible for large,decationated and Ca-forms of CL have shown the
surrounded by hydrated sheath strontium ions|east value of E concerning both ions but untreated
therefore the degree of ion exchange sorption isnatural CL has appeared most active at a ratio 1:50
lowered. The increase of initial concentration on gnd 1:100 on Csand in the attitude of strontium —
the order raises the value of exchange capacity aica-contained CL. I.e., the ion exchange sorption of
strontium in flowing regime and does not affect each of ions decreases at their simultaneous pres-
the cesium sorption. Especially it is necessary toence in a solution. The sorption of cesium reaches
note that the constant interfusion of zeolite- gn equilibrium for modified samples at a ratio 1:50
solution mixes has allowed obtaining the highest for parent CL this level has not been reached-at ra
values of exchange capacity, sorption and distribu-tio 1:100. But the sorption value for strontium
tion factors in respect of strontium but for cesium grows constantly with increase of a ratio zeolite:

these parameters have remained constant. solution. We compared the obtained experimental
Table 3.The influence of treatment temperature on ion exresults and those of ion exchange sorption from
change sorption of Sron CL(Ar) individual solutions of Cs and Sr whence follows

TK E, meg/g K % CICq, % that the values of E for sorption from these solu-
293 0.32625 89.6 175 tions are much higher (Fig. 4 and 5) than those for
473 0.2700 88.5 20.2 sorption from an intermixture of solutions of ce-
673 0.2442 80.2 22.4 sium and strontium for all investigated samples of
873 0.2218 69.7 32.28

CL. So, the Csand Sf" ions influence against each

lon exchange sorption of Sr** and Cs' from other, competing and interfering to each other in
mixture of their salts. At the last stage of this exchange sorptiorProbably, cesium ion, close by
work we had prepared and examined the samplesthe nature and size to potassium ion, interferes to
which showed the highest ion exchange activity: ion exchange sorption of strontium. The diminution
CL(ArH, CL(AnHNa, and CL(Ar)HCa, to study of values of exchange capacity for strontium is les
the mutual influence of Csand St ions from than for cesium, i.e., strontium to a lesser degree
their mixture of solutions on joint ion exchange interferes to adsorption of cesium avide versa

284 X®T12010. T.1. Ne 3



lon Exchange Properties of Irradiated and Chemically Modified

The total exchange capacity E{$Cs) for all sam-
ples, except Ca-containing is equal to EjSor ion
exchange sorption out of individual solution (devia
tion 10-20%) and twice exceed E{Qsut of CSNQ.
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Fig. 4.The diagram of comparative values of ex-
change capacity E(5} for ion exchange sorp-
tion out of:a — individual solution of Sr(Ng),
andb — mixture of Sr(NQ), and CsNQ@
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Fig. 5. The diagram of comparative values of ex-
change capacity E(Gsfor ion exchange sorp-
tion out of:a —individual solution of CsN@
andb — mixture of Sr(N@), and CsNQ@

CONCLUSION

The influence of temperature of preliminary

treatment of zeolites, concentration and volume of
model solutions, and degree of granulation on the
strontium exchange were investigated; it was cal-
culated the sorption capacity, sorption and distri-

bution factors. It was established that the e-ierad

Tenfold and more excess of the solution over
zeolite is insufficient for saturation and complete
replacement of cations of zeolite with*Gsns and
in a greater degree with %5r The size of an ion
plays a determining role in ion exchange sorption.

The untreated natural CL(Ar) is more active in
the sorption from an intermixture of these metals’
salts solutions. So, parent CL from deposit of Ar-
menia may be recommended to purify nuclear
waste water from cesium and strontium nuclides.
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IoH000OMiHHI BJIacTHBOCTI OIPOMIHEHOT0 Ta XiMiYHO MOAN(PiKOBAHOI0 KIMHONTHJIOIITY
no Bignomennio 1o Cs' i Sr*

JI. Axanbenamsiii, I'. Tonpanse, H. Kekeuainse, E. Kexesn, I'. €Eputusn, P. 'eBopksan

Kasxasvruti Incmumym minepanvroi cuposunu im. A. Teanupeniose, eyn. [laniawsini 85, Toinici 0162,1 pysis
Toinicoxutl depocagnuil yrnigepcumem im. 1. icasaxiweini, syn. Yasuasaose 1, Toinici 380028 [ pysis
Pumcokuil ynisepcumem "La Sapienza'ni. Arboo Mopo 5, Pum 00185 Jmanisn
Epesancoruil incmumym gizuxu, eyn. bpamie Anixonsn 2, Epeean 0036,Bipmenis
Epesancoruti depacasguutl yuigepcumem, eyi. Anexa Manykana 1, Epesan 0025Bipmenia

Busuena ionoobminna copbyis CS i SFP* 3 ixnix coneii na KnuHonmunOIMI 3 pooosuwy Bipmenii' y euxiouitl, mo-
oudixosanii e- i YFONPOMIHEHHAM, A MAKONC Y OeKAMIOHOBOHIU | KamioHuHill ¢popmax. Becmanoeneno enaug muny
XimMiunoi 06poOKU, cmynens 3epHinHa i memnepamypu oeciopamayii 3pasKie nPupooHo020 KIUHONmMuIoximy Bipmenii,
KOHYenmpayii ma 00'emy NPOMUBHUX PO3YUHIE HA NOSTUHAHHA YUX IOHI8. 34 OMpUMAHUMU OAHUMU BUSHAYEHO 00-
minny emuicme E, koegiyienmu posnooiny Ky i copoyii’ Ks. Iokazano, wo neobpobnenuii CL (Ar), 0examionosanuii i
Ca-emicnuil BUPI3HAIOMbCA OLILULOIO [IOHOOOMIHHOIO EMHICIMIO V NOPIGHAHHI 3 ONPOMIHEHUMU, | HAUOITbUL NepcneK-
muenumu copbenmamu no gionouwentio 00 S ma Cs' e ximiuno moouixosani spasku.

Honoo0MeHHEBIe CBOICTBA 06,Ty4EHHOT0 H XHMHYECKH MOAH(UIIMPOBAHHOI0 KINHONTHIOINTA
1o orHomexnuio xk Cs' u Sr*¥

JI. AxanbenamBuin, I'.'Togpansze, H. Kexenunze, E.Kexesn, I Eputusan, P.I'eBopksn

Kaskascruti Hnemumym munepanvhoz2o coipbsi um. A. Teanupenuose, yu. [amwaweunru 85, Tourucu 01621 pysus
Tounucckuii eocydapcmeenuvitl yrusepcumem um. U. /casaxuweunu, yn. Yasuasaose 1, Tounucu 380028 [ pysus
Pumckuil ynueepcumem"La Sapienza’pi. Anwoo Mopo 5, Pum 00185 Hmanus
Epesancxuii uncmumym ¢usuxu, yi. bBpamves Anuxonan 2, Epeean 0036,4Apmenus
Epesanckuii cocydapcmeennviii ynusepcumem, yi. Anexa Manyksana 1, Epesan 0025A4Apmenus

Hsyuena uonooomennas copoyus CS u SP* uz ux coneii na knunonmunonume uz mecmopoxcoenuti Apmenuu 6
UCXOOHOU, MOOUDUYUPOBAHHOU e- U YobNyUeHuem, a makaice 8 OeKaAMUOHUPOSAHHOU U KAMUOHHLIX (hopmax. Yema-
HOBIEHO GIUSIHUE MUNA XUMUYECKOU 00pabomKu, CMeneHu 3epHeHus u memnepamypbl 0ecudpamayuu oopasyos
NPUPOOH020 KIUHONMULOAUMA ApMeHul, KOHYeHmpayuu u o0vema NPOMbIEHbIX PACMEOPO8 HA NO2NOUJeHUE IMUX
uono6. Ha ocrnosanuu nonyuenHvix 0anuvix onpeoeienvl oomennas emxocms E, koaghguyuenmor pacnpedenenus Ky
u copbyuu Ks. Ioxazano, umo neobpabomannwiii CL (Ar), dexamuonuposannviii u Ca-cooepaicawuti Omauyaomes
bonee 8bICOKOU UOHOOOMEHHOU eMKOCHbIO NO CPABHEHUIO C 0ONYUEeHHbIMU, U HAUbOIee NEPCReKMUBHbLIMU COpOeH-
mamu no omuowenuio k SP* u CS" aensomes xumuuecku moouduyuposannvie 06pasyb.
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