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Abstract

An investigation was made of the thermal behaviour under non-isothermal conditions of a se-
ries of low-acidity synthetic cationites having a methacrylic-divinylbenzene (DVB) matrix, such
as Amberlite IRC 120, lonenaustauscher IV Merck, Vionit CC1, and Puralite C104, C105 and
C106. The macroporous, macroreticular and gel cationites were in acidic or sodium form, with
various granulations and degrees of cross-linking. The apparent kinetic parameters {reaction or-
der, n, activation energy, E, and pre-exponential factor A) were evaluated for two dehydration

_________________ & avinuimaamin]l anm Adid amo am thaca are melers were inyacticgatacd

[JIULt:b:t:b d.].iu I.llt: Cllcblb Ul ulc Cﬁpc[llllcliLnl CONaitions o LHCBU patd AIMCIers weic ulvcausau.-u

Keywords: cationite thermal analysis, low-acidity ion-exchangers, non-isothermal dehydration
kintics, thermal behaviour of synthetic resins

Introduction

Commercial ion-exchange resins of different types and with different charac-
teristics are frequently used as ion-cxchangers and/or catalysts [1]. Some studies {2]
have suggested carboxylic cationites as potential catalysts in the food industry, How-
ever, in most cases their use as catalysts is limited by their relatively low thermal sta-
bility. Hence, a study of the thermal behaviour of carboxylic cationites under non-
isothermal conditions has been undertaken. As a follow-up to our previous work
[3, 4], this study deals with the general thermal behaviour of carboxylic cationites
under non-isothermal conditions up to 500°C, and with the kinetics of the dehydration
processes characteristic of the first two of the four observed decomposition steps.

Experimental
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cross-linking (%DVB) and granulations, in acidic (H") and sodium (Na™) form were
investigated Purolite C104, C105 and Cl106, Amberlite IRC 120, Ionenaus-
tauscher I'V Merck and Vionit CC1. These commercial products were treated as fol-
lows: water washing, air drying, sieving according to their granulated fractions,
washing with methanol, acetone and distilled water, change to the Na* form, change
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to the H* form, deionized water washing and air drying to constant mass. The cx-
change capacities of all materials were measured by acid-base titration. The mass
loss of each cationite under controlled heating was recorded on a ¢ Derivatograph
{MOM, Budapest), using a ceramic crucible and calcined Al;0O5 as reference. All ex-
pertments were conducted in air at a heating rate of 2.5, 5 or 10 K min™" up to 500°C
(773 K). Illustrative TG/DTA curves are given in Fig. 1, for lonenaustauscher IV
Merck cationite in H" form with a granulation of 30-35 mesh.
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Fig. 1 TG/DTA curves lonenaustauscher 1V Merck cationitc. Sample mass: 44.4 mg; Tem-
perature range: 25-500°C; B=10 K min™"; DTA: 100 pV

In order to confirm the dchydration processes which occur in the temperature
range 100-240°C, IR spectroscopy was used in addition to thermal analysis. The IR
spectra in KBr pellets of several air-dried samples heated to 250°C were recorded.

Results and discussion
Main characteristics

Table 1 presents the main characteristics of the studied low-acidity cationites.

Thermal effects

The four decomposition steps up to 500°C of the low-acidily cationiles in both H*
and Na* form are detailed in Table 2.

The first step, located between 100 and 120°C (column 3), is due Lo the loss of
adsorbed water molecules. A possible explanation of the second decomposition step,
observed in the range 240-280°C is intermolecular water climination between two
neighboring carboxyl (-COOH}) groups. This assumption was supported by our IR
spectra results for air-dried samples heated up to 250°C. The characteristic —-OH IR
band of the ~COOH group diminished or disappeared after heating ol Lthe samples.

1 Therm. Anal. Cal., 56, 1999
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The third and fourth decomposition steps, Jocated between 350 and 370°C and
hetween 430 and 460°C, respectively, were presumed to be due to a CO; climination
coupled with oxidative depolymerization and polymeric matrix destruction.

Table 2 shows that the second and third steps arc missing for the macroporous-
macroreticular Amberlite IRC 120 (>20% DVB) cationite in both the H* form and
the Na* form. This behaviour might be explained by steric hindrance of the proxi-
mate carboxylic groups to the elimination of water because of the high cross-linking.

Effect of the cross-linking degree

The dchydration kinetic parameters of low-acidity cationites in H* or Na™ form,
with a granulation of 35-50 mesh, are presented in Table 3.

The apparent kinetic parameters s, K and A of the two dehydration processes
were evaluated by using a computer program. The values were selected for apparent
reaction orders » ranging from 0 to 3, in steps of 0.01, after maximization of the lin-
car correlation factor r, using the Coats-Redfern. Flynn-Wall [5] and modified
Coats-Redfern methods with the conversion function form as follows:

1-(1-o)'™

l—-n (])
n=1 F(a) =-In{1 — o)

nel Fla) =

Tables 3-5 contain only the results given by the modified Coats-Redfern method,
for this gave values intermediate between those of the Coats-Redfern method

e COATS-REDFERN—-—-sen

Ea(J) 66183.1

Lo Ea std efror 3527

E A (1/sec) 79.527.10+05

std error 40.06.10+02
rezction order 194
correlation coefficient  -0.99980521
--------- FLYNN-WALL---eemesanean
Ea()) 68528.9
Ea std error 375
A (1/sec) 22.208.10+06
A std error 44 87.10-04
reaction arder 1.92

correlation coefficient -0.99983561

— COATS-REDFERN modified-----

S S S S Ea () 67681.2
.00 n - - - . Ea std error 405
55.1 0.1 103.1 127.1 151.1 175.1 A {l/sec) 14.390.10+06
T(°C) A std error 15.408.10402
reaction order 1.93

correlation coefficient -0.99980348

Fig. 2 Apparent kinetic parameters for the first step of dehydration of Ionenaustauscher [V
Merck cationite
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(slightly lower results) and the Flynn-Wall method (slightly higher results), as can be
seen rom Fig. 2.

Table 3 shows that an increase in the cross-linking from 12% DVB to
>20% DVB leads to increases in the apparent kinetic parameters E, from ~59 to
~77 kJ mol™! (for the first step) and ~161 kY mol ™! (for the second step), and A, from
~04.10% to ~49.107 < (in the first case) and from ~S8.1072 77 10 ~56.10"% s7} (for
the second). n has values of ~2 (for the first case) and ~1.2 (for the sccond dehydra-
tion process). The Na* form of the Amberlite IRC 120 cationite exhibits lower values
for the apparent kinetic parameters than those for the H' form.

Effect of the granulation

The apparent kinetic parameters of the dchydraiton processes in function of the
granulation are shown in Table 4.

As a tule, for all the studied cationites, increasing granulation led to increasing
apparent kinetic parameter values. For example, for Vionit CCl (8% DVB), an in-
crease in the granulation from 60-70 mesh to 30-50 mesh resulted in E increasing
from ~48 to ~63 kJ mol™" (100-120°C steps} and from ~168 to ~192 kI mol™’
(240-250°C siep), and A increasin;; by ~ two orders of magnitude for the firse dehy-
dration process and from ~29.10'" to ~48.10" 57! for the second dehydration pro-
cess. We assume that this might be due to a superposition of the dilfusion physical
process over the decomposition sicps.

In addition Table 4 reveals similar effects of cross-linking on the apparent kinetic
parameters to those presented in Table 3, but fora 2.5 K min~! heating rate.

Effect of the heating rate

The dehydration kinetic parameters of the studied methacrylic cationites in func-
tion of the heating rate are presented in Table 5.

In most cases, a healing rate increase from 2.5 to 10 K min™ caused decreases in
the apparent kinctic parameters for both dehydration processes. As shown in col-
umns 68, for the Purolite C104 and C106 macroporous cationites, K decreased
from ~ 45 to ~36 kI mol ™" for the H* form, and from ~44 1o ~33 k] mol™' for the Na*
form for increasing heating rate and diminishing cross-linking. It could also be ob-
served that in most cases the values of the kinelic parameters [or the Na* form were
lower than those for the H' form. The apparent kinetic parameters of the Purolite ca-
tionites were affected by the cross-linking in a similar way as presented in Table 3.
It should be mentioned that this variation in the apparent aclivation parameters might
be due to a certain extent, to a compensaltion effect.

1

Conclusions

The apparent kinetic parameters i, E and A for these low-acidily methacrylic ca-
tionites in most cases exhibit lower values for the first dehydration process (locaed
at around 100-120°C) than far the second one (240-280°C), due to the intermolecu-
lar water elimination between the proximate —-COOH groups.

S Therm. Anal. Cal,, 56, 199¢
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These parameters demonstrate the considerable effects of the experimental con-
ditions on the thermal kinctics, due to the superposition of the physical diffusion
process on the chemical dehydration processes. All of the TG curves of the studied
carboxylic calicnites reveal that an increase in %DVB leads to an improvement in
thermal stability. Their potential use as catalysts in food technology appears possible
only up to 120°%C, where the first decomposition step begins.

In comparison with previous thermal studies [6] of the thermal behaviour of sul-
fonic polystyrene—divinylbenzene cationites, it can be concluded that carboxylic
methacrylic cationites have only weak thermal stability.
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