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ABSTRACT

This paper concerns anion resins used for puriftzatn air-cooled condenser which are subject terthal-induced
degradation. To study the degradation rate of thaess, resin samples were submitted to servicdittons (50 to
80°C) in pure water. The degradation rate constamtse obtained by measuring the strong base ex@haapgacity.
It discussed the factor water-resin ratio (soakusioh and resin quality ratio) affecting the therhd@gradation rate.
It showed that the rate constants obeyed the Amdseprinciple, and the degradation reaction followesro-order
kinetics well. Strong-base exchange capacity Iage fincreases with the rising water-resin ratio.isTtstudy
indicated thermal resistance of anion resin is gigantly affected by temperature and quantity etev which may
induce the errors in comparison of experimentalilissand the actual operation condition.
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INTRODUCTION

lon exchange resins are used in many industridliGgpns involving purification and separationsnéspecific
application is the purification of condensate watemir-cooled condenser. The temperature of copatenfrom
water-cooled condensers is usually between 5 ah@.58ir-cooled condensers give higher condensatwégature
(40-80°C). The strong base exchange capacity @toasic groups) of the Tygeanion exchange resin degradation
occurs observablgbove 60°C. Thermal stability of anion exchangenrés generally the limiting factor for
operation temperature of a condenser. High temperanhances the decomposition of the strong lpsiternary
ammonium groups (active sites of anion exchangeaheotertiary amine. Operation at high temperatesailts in
decrease of the capacity of the anion exchange.resi

Published information on the Hoffmann mechanisnthef degradation of quaternary ammonium groups peTy
anion resin is reasonably enlightened, but thermegiradation reaction kinetic data are controverdimGarvey
[1-3], Baumann [4] and Simon [5] indicated thasfiorder reactions can explain the degradation, el they
calculated the half-life of Typeanion exchange resin in different temperatures.siRusscholar Tulupov [6]
indicated that the degradation of strong base viahb second-order kinetics in ethanol and first-nidaetics in
water.

Degradation figures [1, 4, 6] show a phenomenonttiexe is a sharp initial decomposition then thgredation rate
became low and stable in the long term stage. &asons were predicted and discussed [1, 6]. Soeiption of
kinetics of first-order rate reaction is unsatisfeg to the total process of degradation.

In the literature, resin degradation data is scaraer conditions similar to service: high puritater, and service

temperatures. Many experiments were conductedrgthigh temperatures, for example, 70-100°C [1R°ID[4],
77-121°C [5], 125-150°C [6].
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But dynamics analysis of high temperature rangédidnonly 2 or 3 temperature cannot be extrapolateitibeyond
the experimental temperature to other relativelydotemperatures kinetics. For example, in thedttge [1], the
values for half lives at lower temperatures (20650&xtrapolated by data collected at 70 and 90°@ beasubject
to substantial errors.

Moreover it has been found that due to differeqtezinental conditions, such as the different wétesr ratio (the
water and resin quantity ratio), for the same tygn, the half life determined by first-order Kiae (Table 1) is
largely different. The water-filter ratio are segaty 2:1, 4:3, 1:1, 10:1 by LiuWeiwei [8], GuoMug [9],

LiuYingchun [10,11], LiangYongjiang [12]. But othetudies are lack of description of the test coodg.

Table 1 Different half-life of the anion resin in theliterature

Literature
[1 (3] [6] [7] [8] [9] [10] [11] [12] [13] [14] [19]
T( C ) tl/z(d ay)
70 468 1287 954 40.5~66.6 511 990 500 360
90 43.8 144 35.7~50 72
95 20.7
100 146 298.8 158 21 90 39

The aim of this work was to study degradation edteemperatures close or representative of seoanditions and
analyze the reaction kinetic of degradation.

EXPERIMENTAL SECTION

2.1. Materials

Macroporous Typé strong base anion exchange resins consist of astyodye backbone, cross-linked with
divinylbenzene were used in these experiments.pfbaucts were Rohm & Haas Amberlite IRA-900, Bay2300
and Purolite A500TL, which were provided by the powlants of Zhao-guang, Yu-she and Gu-jiao. Foppetary
and commercial reasons, the resins will be codetizasyG and GG.

The resin preparation and conversion techniqueg Wased upon standard methods.[16-18]. After cenwerto
OH-form, the resin was rinsed with pure water uthiil effluent pH was near neutral.

2.2 Main experimental conditions

The thermal degradation experiments were conduaitfd demineralized water that the conductivity (@%°is
below uS/cm. The samples dryed external moisture were imedsand transferred in a pre-cleaned closed glass
column and attached to demineralized water. Witkréain water-resin ratio, it was heated in watghb

In order to study the thermal resistance of thénremder service conditions, the data of condensedter
temperature were collected in three air-cooled pguants including Matimba [9], China Inner Mongolil9] and
China Shanxi (Table 2).

Table 2 The accumulation time of the condensate water temper ature by a power plant in China Shanxi

Month June July August September Total
T/°C #3 #4 #3 #4 #3 #4 #3 #4 #3 #4
>75 0 0 4.5 0 0 0 0 0 4.5 0
70-75 1.5 15 60 25.5 0 15 0 15 61.5 30
60-70 t/h 111 82.5 336 157.5 129 66 190.5 90 766.5 396
50-60 2805 2745 2415 285 3135 2835 520.5 460.5356 1303.5
<50 321 363 78 249 279 369 709.5 862.5 1387.5 5843.

According to this, The experimental temperaturegea(b0-80°C) and accumulation time is set (Tablerdst time
is more than service time in 70-80°C for study.

Table 3 New resin thermal resistance experiments

T/°C 50 55 60 65 70 75 80
t/h 576 576 480 288 288 288 264

2.3 Temperature effect on heat-resistant experiment
Firstly, according to standard [17], the strongebaschange capacitfg) of resin samples before heat would be
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determined. After every 48hrs, 0.5000g resin wasoseed out, and the strong base exchange capadityat (Q,)
and residual exchange capacity r&iP=Q,Q,) would be measured and calculated.

The curve ofP-t would be plotted and the formula would be fitted the degradation rate constakj. (The
logarithmic of degradation rate constalmk] plotted against the reciprocal of the Kelvin parature (1/T) can be
analyzed for Arrhenius relationship.

2.4 Effect of water-resin ratio experiment

We set different water-resin ratios (N) respectiviel 1, 5, 20, 100, 500 and 1000 and studied tifiecebn the
heat-resistance of YG resin in 70°C for 96hrs. $tneng base exchange capact®) pefore and after heat would be
determined of drawing th@, -N curve.

RESULTSAND DISCUSSION

3.1 Effects of temperature

3.1.1 Degradation results

In Fig. 1 to Fig. 7, it can be seem the curvesha tesidual capacity ratio of resinB) (with time t at high
temperature. The dotted line represents the comgeate of the measured point. The solid line shake fitted line
for the stable degradation stage.

Heat-resistance of resins is different. Fig. 7 shthat, the heat-resistance of YG with poor stgbflompared with
GG and ZG.. From Fig. 1 to Fig. 6, the degradataia of YG was increasing with the rising tempemtat 50-80°C.
ZG and GG were relatively stable at 50-55°C, butthees temperature above 60°C, the strong base dmteas
obviously with heating time.

Fig. 1, Fig. 3 and Fig. 5 showed the thermal rasist of resins in the water-resin ratio of 200n&idl degradation
rate of YG with poor stability is rapid at low teamature (50-55°C) ; initial sharp degradation of 2@ GG are at
higher temperature (60-65°C). As temperature beyiisl stage, this phenomenon disappears. Degradedie

increased significantly due to the rising high temgpure, which can conceal the effect of large w@sin ratio on
the degradation rate.

Moreover when the water-resin ratio is decreaskd, dmall water-resin ratio of 200:6, the strongédaeceased
always with linear relationship and did not apptre first quick decreasing phenomenon. Degradativa was
quickly in the initial short period and then theosig base degraded slowly with linear relationshipe degradation
rate was represented by a constanthich was the slope of the fitting line Bfandt in the stable period. THerise
with the temperature increasing. And in static eixpent, the greater the water-resin ratio was, lénger thek
would be.
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Fig. 1 Therelationship between fraction of strong base exchange Fig. 2 Therelationship between fraction of strong base exchange

capacity of ZG and heating time at different temperature (N=200:2) capacity of ZG and heating time at different temper atur e (N=200:6)
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Fig. 3 Therelationship between fraction of strong base exchange
capacity of YG and heating time at different temper ature (N=200:2)

1.0 L
\\{ —>>
0.951 _y=-0.000295 x +0.99 )
R’= 0.9456
y =-0.000170 x + 0.96
R0.90- R’ = 0.9970 —a— 80°C
—e— 70°C |
—— 65C
0.85] y =-0.000417 x + 0.98 —o— 60
R =0.9985 —— 55C
y =-0.000857 x + 1.00 —— 50C |
R’ = 1.0000
0.80 : : . . ; .
0 200 400 600 800
t/h

Fig. 5 Therelationship between fraction of strong base exchange
capacity of GG and heating time at different temper ature (N=200:2)
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Fig. 4 Therédationship between fraction of strong base exchange
capacity of YG and heating time at different temper ature (N=200:6)
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3.1.2 Kinetics Analysis of degradation

Under stable degradation stage, residual ratidrohg basel) and the heating timehas a linear relationship. The
logarithmic of degradation rate constalmk] and the reciprocal of the Kelvin temperatutélf were plotted and
fitted by formula, as shown in Fig. 8 to Fig. 1thek and1/T meet the Arrhenius equatioksAexp(-E/RT), i.e.Ink
and 1/T should meet a linear relationship,is the activation energy. It is inferred that 8teong base degradation
reaction follows zero-order kinetics range fromt6B0°C. And as N 200:6, it is able to better follow zero order
reaction kinetics.

According to zero-order reaction kinetics equatidine half-life (unit: month) ofP can be calculated by

05
Y2 k2430 i in i
to predict the resin life.
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Fig. 10 Arrhenius plots of the loss of strong base exchange capacity of
GG

3.2 Effect of water-filter ratio
Before experiment, the strong base exchange cgp@jf was 1.23mmol/g. After heat at 70°C for 96Hgswas
determinedQ and the water-resin ratio were plotted, as showrig. 11.
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Fig. 11 Therelationship between remaining strong base exchange capacity and water-resin ratio of YG

From Fig. 11, it can be found th@tdeclined at a logarithmic relationship with theriease of water-filter ratio. The
reason of the effect may be in static experimentaiditions, when the water-resin ratio is smalk thigh
concentration degradation reaction product in tlaewrestrained the degradation reaction. On tiéraxy, large
water-filter ratio will promote the degradation céan balance forward.

Another reason may be a large number of low motcwkight polymers in new resin can be dissolvege
water, which has the solubilizing effect to theimesatrix. Large water-filter ratio promote the fdging rate of
oligomers, at the same time the solubilizing effatthigh temperatures will induce and exacerbatesteleton
degradation.

CONCLUSION

Heat-resistance is different with different resiff$ie anion resin degradation rate increases with rthing
temperature and are significantly in the range®B6°C. Degradation reaction follows zero ordectiea kinetics.
When water-resin ratio is low €200:6), the degradation rate is a fixed value astant temperature. The effect of
water-resin ratio is greatly on the anion resinrddgtion rate. The increasing water-resin ratid significantly
promote the degradation of alkaline groups of reBinstudy on degradation dynamics, the value démeesin ratio
must be fixed. Otherwise the results under diffevester-resin ratio are not comparable.

There are many factors affecting the static expeniythe errors are still large in comparison gfegkmental results
and the actual operation data. Further reseancbaded on the various factors affecting the sitaiaersion heating
experiment. Moreover improve the experiment condgito make it more close to the actual produatammditions.
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