JOURNAL OF CHROMATOGRWERLY

EF FECT OF THE DRYING TEMPERATURIE ON THE
ION-EXCHANGE PROPERTIES OF ZIRCONIUM PHOSPHNTIE

G. ALBERTI asxp A GCONTE

Istituio di- Chimica Geunerale «d Hnorgmuice,
Laboratorio Chimice della Divisione Geowineraria. deiiC WA N ., Bowue ({168vy)

(Received Angust nst, ngbo)

A considerable amount of study has been carried .out recently on the donexdhange
properties of synthetic inorganic materials such as zZirconium phosphate, titaniom
phosphate, zirconium oxide, thorium oxide, -etc®-. The chief interest of sudh e=
changers lies in the fact that they are morehighlyresistant tostrong dosesof fonizmge
radiations and to high temperatures than orgamnic wesins, wilidh makes them pramtic-
ularly suitable for tackling problems of ion separation :arising iin weactor qperation.

In two earlier papers we reported on certain preliminany experiments regardimng
the possibility of improving the separation of ‘Sre+:.and (Cs* «on Zirconium phogpiuatie
dried at various temperatures. The separation can !be «wonsiderably improved «ithear
by first applying ion adsorption at room temperature and afterwards dzing tibe
exchanger at 180°,12 or by drying the exchanger first at temperatures ranging fwom
180° to 260° and adsorbing and eluting the ions afterwards®.

In this paper the effect of the drying temperatures on theion-exdhange propemies
of zirconium phosphate (ZP) are studied.

EXPERIMENTAL

The ZP was prepared as indicated by Gar aND Gar. zoeo mil 44 N Ol contamingg
30g ZrOCl,- 8H 0 were poured slowlyintoSoomil of a 4. NV H(lsolutioncentaming®ye
H;PO,. The high PO,/Zr ratio (7:1) in the reagentsis mecessary iin wrder tto have an
exchanger with many acid phosphate groups. The product thus «hbtained is dinied
at 50° for 24 h and finely ground and sieved. In the experiments described hexe, tihe
fraction corresponding to a particle size of 0.7—0.2 mnm was wsed. To heat tihe sammpile
a furnace thermoregulated within 4- ° was used.

The ions Na+*, K+ and Li+ were determined iby flame photometny:. The fions
Cs+, Rb+, Tl+, Ba2?+, Sr2+ were determined radiometricdlly, wsing the radioacdtive
isotopes 137Cs, 8Rb, 29T, 49Ba and #Sr as tracers. . ;

Effect of drying temperature
(@) Weight loss. When the ZP prepared as described :dbove is theated, it wan e
observed that as the drying temperature iincreases the weight decreases wapidiy @
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firstt (ap to temperatures: of about 250°) and more slowly from 250° to 800°. From
S0 to 1,000™ there: is: no further appreciable dehydration. Fig. r shows the weight
lbsss off ZP), measured! om a. Stanton: thermobalance, as a function of the temperature.

Forr dnying: temperatures: above 150° the dehydration was also observed to be partly
inmexensible:.
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Fig;. n. Weiglitrloss-ofi ZP'as-a function of drying temperature. Heating rate: 4°/min.

1 | . ! ! i

(&) Exvdliange capacity. For drying temperatures in the 50-110° range, the specific
exclhiange capacity ofi the: ZP’ (mequiv./g ZP) increases, at a given pH, in proportion
to tthe Toss: i weightt off the exchanger. For drying temperatures in the rro-300°
nange;,, ass AMPHIEDT Has: pointed’ out®, there are changes in properties as compared
wiihh the: undned ZP’, which depend on the pH value at which the determinations
ame: cammied! out.. The: values are- now no longer the same, even with the exchange
capacitty walue: corrécted! for- weight loss of the exchanger.

Fig:. 2 shows: the- exchange capacity of the ZP dried at 50° for 24 h and at 260°
for & th 15 mim as: a» function: of the pH. As the drying temperature increases, the
exchange capacity off the: ZP' decreases for pH values between 8 and 11, while for pH
walites: beloa 7 the: exchange capacity remains the same, or increases slightly.

so*c 2zh
~<--%*260°c 115

Fig:. 2. Catiom exchange capacity for-K¥* ion of ZP dried at 50° for 24 h and at 260° for 1 h 15 min,
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‘Table I.shows the exchamge capacity walues obtaimed for certaim toms im a selutiom
at pH z on ZP dried at 50° for 24 h and at 260 for r I 15 min. It cam be: seen that the:
exchange capadity walues also depemd om the iom umder comsideratiom, amd that

TABILE I
EXCHANGE (CAPACTIIY AT pH 2 oF ZIP DRIED AT DIFFEREXT TENPERATURES
(maquiv./ig Z[P mefermed to oniigimall wedigpihtt)

Dryingilemperatre ILi+ K™ T+ S
350° (24 h) ) ©.0:84 o.75 ©.9) .6

260° (1 b 13 mnim) ©@.003 @Q2 o.g);6 o533

500° (8 ) _— @03 —_ —

the ZP does mot lose its exchamge capacity, evem after prolomged drwvimg at high
temperatures (500° for & ).

At this point we must mention that the exdhamge capacity of the ZIP also depends:
on the PO,/Zr ratio in the meagemts®.

(¢) Tatration curves. The ZP titration curves alro depend om the drving tem-~
perature. Fig. 3 gives curves for ZP dried at 50 for 24 h amd at 260 for r Iv 15 mimn.

(@) Mass distribution cogfficients. Table T gives the mass distribution coefficients:
(mequiwv./g exchanger per mequiw./ml solution) at equuilibrium for allkali metal ioms:
and T1+, Sr2+, Ba2+, Thi+ amd UQ2 ions as obtained at differemt pH wvalwes om ZF
dried at 50° for 24 h and at z60° fior T h 15 min. The valves were determuimed by
equilibrating weight :amounts of exchamger (0.5 g) with known volumes off suitable:
solutions (30 ml ©.008 N solution of the iom mnder imvestigation)..

‘When equilibrium is reached the ZIP is separated by cemtrifogatiom. The pH of
the solution and the concentration of the kom in question are them measured. As: cam
be seen from the walues givien im Table IT, the termperature at whidh the ZP is: diried
has a considerable influemce om the mass distribution coefficients.. This imfluemce: is:
due only in smalll part to the less im weight of the exchamger (14 %%).
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Fig. 3. Titration curve for ZP dhied at 50° fior 24 h and ot 260 for 1 b 135 mim. Moele ratior of
phosphate tho Ziroomimmm jm mengemtts: O, /21 = 7:1.
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It 1% InTeresHIng? to note: that the increase in the mass distribution coeffictents
ittt By Hemtingr the ZB°is-nott constant: for all the ions studied. Thus, while there
are consittaatilde differemoes: Between) the mass- distribution cvefficients for K+, Rb+
ad]l(Gs+ofitahedlomZB ditedlat 507 fon24:H.and at 260° for r h 15 min, the differences
ciittaireet] witth Ilir- and] S37* are-negligible..

Htor thre momosalémitt and] bivalent: ions-studied, the effect of the temperature on
tthemmssdsrintiomanefficents-decrease inithe following order- TI+ > K+ > Rb+ >
Ge > Nar+ > [l amndl Bat™ > S The separation coefficients between any two
o cdittanest] o ZB° ditedl an High) ternperature will therefore be different from these
cdittnet] on Z8° ditedlatr aitemperature -of 507. This may be of considerable practical
inireerest iin wWiiaw off the pessabilitat off improving: a. number of separations on ZP dried

St thenprerinress aboe: I . .
THre meessireenents that were: made - forther demonstrated that between 100°

aant] 6" thee wadhee off the: masss distrzbution. coefficient increases with the rise in the
ddinyiingg teenpramanree. Homr dinungr temperatures- above 300° this value decreases

mpregesssivedic (i T, .
TABLE IIT

M ASES IISTRUTEIITITION COEFFIENTT ON ZP2 DRIED AT DIFFERENT mm&am&z—:s
( EExcdEngzeriin indingesn foom equilibrated iwith .o_25 mequiv. Cs™ im 30 ml = N HCT

Dirvimsg: K n« megwiz. |3 ZP »
2emperatame: \ meguiz. jmi sobn.
507 (244 H) - ra
1Saf (11 hh 30 mdn) I
265 (11 Hh 1 55mmdng 45
26a¥ (r3h 45
FoeT (85H): I
e Ssaf (81, <1

(€)) Bidtascqfeoocdiange: Dxterminations-ofithie exchange rate on ZP dried ar different
teenpreraurEess HeeesSiovm thart the rate-décreases-as the drving temperature increases,
a ffaat witlindh i weany notiosabie im thie-case -ofiions-with larger radii, such as complex
itons. Hiig. ¢ Shows thiee vartatiom i the- mass- distribution  coefficient as a function of
tiiee ffor tihe Zhrammonia compléexs (0.5 mequiv.. Zn*+ in 30 ml r N NH,;OH) on
Z0P ditietl att Fp~° thor 2y handlart 2607 forr o h: z55min..

(6F) Widiremn cébatiomss andl segiarmitons:. Horr elntion experiments small glass columns
(Hiam. @b am) Alkd] with o & 22’ diied] at a: given temperature were used!> 3.
oy meeiiit. aff s givemiom wassthemadsorbed lon. each column. Elution was carried
contt wwitth BHQI off difféermtt conoentrations:. Forreach . ion . a. serles of elution curves is
ththus cdirtaneet] (feovermd] exampléscare-givemim Figs: . 5, 6, 7) from which it can be seen
it B, B aand] (- 1oms Haxe: 2 greaterr resistance to elution the higher the tem-
Reruree att wiiith tiee 28”15 diied]. Iim thie- case -of other ions, 2.g. Na+ and Ba®+, the
linorease Iin necaitnee 15 weamrsEnall] wiiilé- the: process-i15- negligible and even reversed
Siditfiy ffor IEi+ zamd] S, Thie masss distribution. coefficient wvalues are thes
ccorffimneed]. Tht wass eespeated] thiatt ayunumbern ofiseparations  would be easier if ZP dried
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Fig. 4. Initial variations in the mass distribution coefficient (A)  of :Zinc~ammornia «comgplex @n
ZP dried at 50° for 24 h and at 260° for 1 h 15 min_'Conditions: 05 mequiv. Zi?** iin go mil
1 N NH,;OH on 0.5 g-ZP.

~50°C 28 sorc 2k
sk-. N
‘pscc L+ ‘Na~
5 :.\ HO QoSN “HOL [08SN
B4
el
Pty |
Ly
o by PPN
sl ~ 260°C st
I Re (IR Y
L : 8
ukph " “
11\15; M Y
52‘7‘ : A
R R PN
Z 7h il N
4 HE! H N
el (1 / ! ~
— i ~
€
~
g . RD™
€5t -
HO OTN -HOU TN
sgc. 2t
A\ 200°C- o
2607C 1B
- I’J ;L-?‘- r

‘8 ™ X 32

Fig. 5. Elution curves for Lit, Nat, K+, Rb* ions, with wvarious concentrations «f [HQ(l, con ZZP
dried at different temperatures. Conditions: o.0125:mequiv.:of eachiion:are:adsortbedlonw 53 ZIP.
Flow rate: 0.8 cm{min.
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Fig:. 6. Elution.curves for Sr2t and Ba?* ions, with various concentrations of HCI, on ZP dried at

different temperatures. Conditions: o0.01 mequiv. of each ion are adsorbed on o.5 g ZP. Flow rate:
0.8 cm/min.
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Fig. 7. Elution curves with 2 N HCI of 0.025 mequiv. Cs* adsorbed on 0.5 g ZP dried at 200° (A)
and at 260° (B) for varying drying times. Flow rate: 0.8 cm/min.
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-

DISCUSSION

These experiments show that as the drying temperature of ZP, precipitated in excess
phosphoric acid, is raised, a considerable alteration in its ion-exchange properties
occurs in addition to an irreversible dehydration.

The most important variations are those found for the mass distributien coeffi-
cients of the various ions. From Table 11 it can be seen that for monovalent ions the
ratios of the mass distribution coefficients obtained on ZP dried at 260° and 50°,

decrease in the following order:
- Tl+ > K+ > Rb* > Cs*t > Na+ > Li+

This order is the same as that obtained by ARGERSINGER, DaviDsoN AND BoxxERM#
for organic resins with high and low degrees of cross-linking. In our case it was funther
observed that on ZP dried at high temperature the exchange rate decreases, especially
in the case of ions with larger radii, e.g. complex ammonia ions. As is known3.16,
-»the same decrease takes place with resins with high degrees of cross-linking. Anallegies
between the ion-exchange properties of ZP dried at high temperature and suadh
properties of organic resins with high degrees of cross-linking could then be easilv
explained by the assumption that an increase in the drying temperature camses a
greater condensation in the structure of the ZP. This is corroborated by the irreversible
loss of water, a fact which led AMPHLETT ¢ al.¢ to propose the hypothesis that at high
temperature ‘“‘the process taking place may involve condensation of :acid phosphate
groups to form condensed P-O-P structures and further cross-linking’’. The phenom-
ena observed with ZP dried at different temperatures would then be :analogous to
those studied by several authors with resins of varying degrees of cross-linking?" 1%,
The structure and chemical composition of ZP precipitated in excess phospharic
acid and dried at both high and low temperatures are being investigated in «arder
to obtain further confirmation of the above hypothesis.
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SUMMARY

The ion-exchange properties of zirconium phosphate, dried at temperatures ranging
from 150° to 850°, are compared with those of zirconium phosphate dried at 50°.
In addition to partially irreversible dehydration, permanent changes in «certain
properties of zirconium phosphate dried at temperatures above 15¢0° could be bserved.
Variations in selectivity for certain ions of ZP dried at high temperature can be
employed to improve the separation of these ions from each other. -All phenomena
observed can be explained by the assumption that an increase in drying temperature
causes a greater condensation in the structure of the exchanger.
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