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Abstract: The ionic resins, amphoteric type, having both cationic and anionic group

were prepared by introducing sulfonyl chloride group into a poly (styrene-co-divinylben-

zene), letting it reacted with ethylamine, diethylamine,

the presence of aqueons alkali,

suspension polymerization,

aniline, and diphenylamine in

respectively. The polymer matrix was obtained by using
and modified with chlorosulfonic acid. The

reactivity of

chlorosulfonated resin toward amine and Arrhenius alkali was studied by cationic cap-
acity and elemental analysis data. And physicochemical properties of prepared amphoteric

resins were also studied. It was observed that cationic and anionic exchangs capacity of

prepared resins were 1,84—3,20 meq./g and 1.1—1,5 meq./g,

respectively. But these

capacities could be regulated by treating the final product with strong acid, and more

presumably by controlling amine alkali ratio while preparing the resins.

1. INTRODUCTION

Organic ion-exchangers have been receiving
considerable attention since Adams et al. first
reported the synthesis of ion exchange resinl.
Much effort has since been invested in deve-
loping the resins of similar and different ty-
pesZ. As a consequence, resins commercially
available are; strong acid, weak acid, strong
ba, v:1 k b1 se, and miscellaneous chelating

typesd. These resins are useful for transfor-
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mation, fractionation, concentration, and re-
moval of ionic substances. The usages of these
resin have been described in many papers and
summerized4.

In 1951, Stach reported synthesis of a resin
containing both acid and base group, namely
amphoteric ion exchange resin®. But the pro-
perties of this interesting resin have so far
not been studied. During the last three deca-
des, there are nearly 100 papers about the

synthesis of amphoteric resins and fiberss.
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Most of these resins can either be prepared
by copolymerization employing an appropria-
tely functionalized comonomer or by chemical
modification of non-functionalized polymer ma-
trix.

Recently, Kapadia et al.” reported synthesis
and properties of amphoteric resin by conden-
sing organic acids with epichlorohydrin em-
ploying ethylenediamine as a crosslinking ag-
ent.

In this paper, we aimed to prepare the am-
photeric resin both having suifonic acid and
sulfonamide group by introducing sulfonyl
chloride residue into a poly(styrene-co-divinyl-
benzene) chain, and making to react with
ethylamine, diethylamine, aniline, and diphenyl
amine in the pressence of aqueous alkali,
respectively. And here we would like to re-
port synthesis and some of the physico-che-

mical properties of these resins.

2. EXPERIMENTAL

2-1, Preparation of Polymer Madtrix.

All the chemicals used for the preparation
of resins were GR grade. Styrene (Wako, Ja-
pan) was freed from the inhibitor by shaking
with 20% aqueous NaOH, washing and drying,
followed by distillation under reduced pressu-~
re. Divinylbenzene (55% in ethylbenzene, Wa-
ko) was treated with similar manner. The
polymer matrix was obtained by standard sus-
pension polymerization®. The polymerization
was carried out for 12 hours at 90+0. 05°C in
700ml water jacketed reactor equipped with
mechanical stirrer with two blades at different
level. (cf. Fig. 1)

After polymerization the polymer matrix
was washed several times with water and
then leached using methanol. Finally they
were dried at room temperature under vacuum
to produce a virtually quantitative yield of dry
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Fig. 1. Reactor system for preparing polymer
matrix.

beads in the particle size range about 50 to
400pm. In this procedure, benzoyl peroxide
was used as the initiator and the supension
was stabilized by poly (vinyl alcohol).

2-2, Procedures for Chemical Modifica-

tion

2-2-1, Chlorosulfonation

A mixture of 0.1g of silver sulfate (Wako)
and 450ml of chlorosulfonic acid (Wako) was
heated to about 80°C in 1 liter three necked
flask equipped with stirrer, reflux condenser
and thermometer. To this mixture, 100g of
copolymer was added little by little. The re-
action mixture was maintained at 90°C for
5 hours, and cooled under room temperature
leaving for a few hours. The mixture was
then poured into 2 liters of about 50 vol. ¢
sulfuric acid soluticn. After the mixture co-
oled off again, it was diluted with water, and
washed with plenty of water and the light
chocolate colored beads were filtered by suction.
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Chlorosulfonated resin (CSR) was dried in
vacuum oven for over 24 hours at 30°C. The
chlorine content of CSR prepared
these condition was about 85%.

2-2-2, Preparation of Amphoteric Resin

40g of CSR (about 0. 2 mole) was stirred with
100ml of acetone at 30°C under nitrogen at-
mosphere in a 250ml flask and 0.2 mole of
aliphatic or aromatic amine was added 30
minutes later.

under

Those amines were ethylamine (70% in wa-
ter, Tokyokasei, Japan), diethylamine (Shima-
kyu, Japan), aniline (Wako), and diphenyl-
amine (Kanto, Japan).

To the reaction mixture 0.02 mole of aque-
ous NaOH was added and stirred again in ul-
trasonic bath at 30°C for 48 hours. The reac-
tion mixture was then poured into 500ml ace-
tone and after an hour filtered off. The resin
was washed on the filter with sufficient ace-
tone to remove unreacted amine. The product
was dried in a vacuum oven for 24 hours at
room temperature.

2-3. Determination of Physicochemical
Properties

The resins were conditioned by appropriate
treatment with IN HC1 or IN NaOH. This
treatment was conducted by the method des-
cribed in ASTM D-2187%. After several alter-
nate treatment, the resin was washed free
of regenerant and finally with doubly distilled
water until the pH value of effluent became
constant.

A pH titration curves and ion exchange
capacity of resins were determined by the
modified Helfferich method!®. Water retention
capacity and density were calculated by ASTM
and Kunin's methodil. Particle size distribu-
tion curves for resin were calculated from the
sieve analysis datat2.

A Fisher pH meter (model 620, with com-
bination electrode), Shimadzu 30BT thermal
analyzer, Beckmann 4250 infrared spectropho-
tometer were employed for determination of
related properties.

~ CH-CH2—-CH-CH2~

HzSO/;; "%;H'CHZ" SOsH w HCY/reflux

~CH-CH2-CH-CH2~

~CH-CH2~
CISO}A

-« -

dionr| :C1s0aH

He
~ CH_CHz,.. {802 NRS]
/clmine/ow SO20H

~CH-CH2-CH-CHz~

ii) H

~CH-CH2-CH-CH2~

" ~CH-CH2~S02Cl

Overall
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here amine: EtNHz2, Eta2NH
PhNHz, PhaNH

Scheme
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Table 1, Reaction Conditions for Preparing Polymer Matrix

i {
monomer (ml) PVA BPO water 1 temperature time stirring speed
ml °C hr rpm
ST ’ DVB (8) €))] (ml) i %) (hr) (rpm)
so0 | 5 | o5 05 | a0 | sox00s | 12 200210
! N — 250 rpm
g } H K e 20O rpm
g / A\ "‘.. == 150 rgm
g .‘ | ///):“—.:\\\\ —— (COrpm g
VAR N :
e ! VN //: - \\:-\\ S g
SR e T =
¢t 02 63 04 05 C& 0O7 &
3257015 g0 BEAD DIAMETER (mm) I
20075C 100 60 40 30! mesh) »
i &
Fig. 2. Effect of stirring speed on the particle ! s RN s B

size distribution.
* reaction conditions: same as shown
in table 1 except stirring speed

3. RESULTS AND DISCUSSION

3-1. Preparation of Polymer Matrix

Because particle size of ionic resin affects
to bulk density, pressure drop and exchange
rate, it should be controlled by conditions of
polymerization. The major factors controlling
particle size are surface tension, densities and
viscosity of aqueous phase, diameters of reac-
tor and stirrer, and stirring speed in suspen-
sion reaction?s,

The most importanat experimental parame-
ter we have examined to regulate particle
size was stirring speed and relative amount
of suspension stabilizer. In Figure 2 the re-
sults are given of the variation of the particle
size distribution of polymer matrix as a func-
tion of stirring speed. However, as shown in
Figure 3, amount of surfactant had any mark-
ed effect on particle size so far as same re-
action system been used. This result is consis-
tent with recent study of Balakrishnab?3.

Ea A9 A 13 198549 2¢
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Fig. 3. Particle size distribution curves of po-
lymer matrix in various suspension
stabilizer concentration. Numbers in
figure indicate gram of PVA
* reaction conditions: same as shown
in table 1 except PVA amounts

Typical preparing conditions for copolymer
are listed in Table 1, and large amount of
polymer matrix was prepared under this con-
dition. Figure 4 shows the optical microscopic
picture of polymer matrix.

3-2. Chlorosulfonation of Polymer Matrix

It was considered that chlorosulfenation pro-
gresses from the outer shells toward the
center of the particle and is accompanied by
considerable swelling and evoluticn of heat.
The matrix was strained rather severely, and
beads might be cracked. This strain could be
minimize by adding swelling reagent, but inthis
procedure, swelling media was not introduced,
because the most of swelling reagent was labile
to chlorosulfonic acid, and difficulties of se-

paration. However, the chlorosulfonated resin
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Fig. 4. Microscopic pictures of resins.

©

A : Polymer matrix prepared by suspension reaction (optical, x100).
B : CSR separated by water (SEM, x200).
C : CSR separated by aqueous H,SO, and stepwise dilution (SEM, X 350),

CSR) was separated successively in aqueous
sulfuric acid and stepwise dilution by water
(cf. Fig. 4B,C).

Degree of chlorosulfonation was determined
by using cationic capacity data of resin pre-
pared by reaction of CSR with excess NaOH
solution. It was found that effective chlorosul
fonation occurred at 90°C for 48 hours in the
presence of silver sulfate.

3-3. Preparation of Amphoteric Resin

Chlorine atom in sulfonyl chloride group can
be replaced easily by various nucleophiles.
Reaction of sulfonyl chloride compound with
primary and secondary amines gives the corr-
esponding sulfonamide, and with Arrhenius
alkali gives sulfonic acid derivatives. The
resin both having sulfonamide and sulfonic
acid residue could be prepared by the reaction
of CSR with amine in the presence of Arrhe-
nius alkali.

Figure 5 shows cationic capacity of ANR
resin produced by the reaction of CSR with
aniline in various molar ratio, in the absence
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nd presence of aqueous NaOH. The higher
cationic capacity value means the more sulfo-
nic acid group presence than sulfonamide gro-
up in ANR resin. It is evident in Figure 5 that
the OH~ ion not only competes with amine
but acts as a catalyst.

An interesting feature of the cation ic capacity
shows in Figure 6 is that, in spite of sufficient
amount of amine used, the cationic capacity
increases with increasing of relative alkali
concentration to CSR. It was considered that
sulfonyl chloride group reacts predominantly
with OH~ and gives more sulfonic acid group.

We prepared four kinds of resins by the
reaction of CSR with equimolar amounts of
various amines using one tenth mole of aque-
ous NaOH with swelling media in acetone.
The expected structures and appearance of
resins are listed in Table 2.

3-4 IR Characteristies

Infrared spectra were taken in KBr pellet
method. Evidence!® for the incorporation of

sulfony! chloride group in the CSR is provided

Polymer(Korea) Vol. 9, No. 1, February 1985
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Table 2. Structure and Color of Prepared Resin®

used amine I structure? color { abbreviation
|(Py— (so, NHEW, |
Ethylamine e i brown EAR
© (SO;H)y

CP?&—» (SO,NEt,),

Diethylamine (SO,H)y golden brown DEAR
@—-— (SO,NHPh),

Aniline N (S0,H), reddish brown ANR
@)__ (SO,NPh,),

Diphenylamine | AN (SOH)y dark green DANR

a) Reaction condition:40g CSR--0.2mole amine+-0.02mole NaOH 30°C, 48hrs, diluent;100ml acetone
b) Each x and y are not same, and (® means polymer matrix

5t
)
£l °
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=
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o
g
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0 02 04 06 08 10

mole ratio ( [OH]/ faniline] )

Fig. 5, Cationic capacity of ANR as a func-
tion of alkali/aniline mole ratio; {CS-
R]/(aniline]=1, temperature=30°C,
time=48 hours.

by the spectrum (cf. Fig. 7b) which posse-
sses bands typical ofS=0 stretching 1135 and
1175cm™! and SO,—Cl stretching at 1370cm™.

The spectrum of sulfonic acid resin (cf.

Fig. 7¢) produced from CSR by treating with
IN NaOH solution for several hours, does
not reveal stretching band due to SO,—Cl
group at same position. This spectrum is iden-
tical with that of poly (p-styrene sulfonic
acid) studied by Hart1s,
band near 3400cm™! in Figure 7b was inter-

The broad strong

preted as by water molecule captured in CSR.

2l A 94 A 15 19854 24

cationic capacity (Med/q)

o o4 08 12 16 20
mole ratio  ( {eniinel/{csR] )

Fig. 6, Changes of cationic capacity of ANR
as a function of aniline/CSR concen-
tration after alkali washing; (Q)
ANR prepared in the absence of Na-
OH, (1) ANR prepared in the pre-
sence of NaOH, (anilinel/70H-]=10.

As shown in Figure 7d to 7g, the medium
band near 1300 to 1350 cm™! appears to be con-

with the SO,—N=stretching vibra-
tion, which is formed in resins obviously due

sistent

to formation of sulfonamide.
3-5. Elmental Analysis
Chemical modification techniques have a
little disadvantantages; for instance, it is im-
possible to predict the degree of functionaliza-
tion of product exactly. However, it is possible

to evaluate the average chemical formula of

73



3L 0lR7] 0l FE

each resin, from the elemental analysis data.
The average degree of crosslinking (%) of
polymer matrix prepared in this experiment
was assumed 9.2% which was recalculated
using Park's datal” (cf. Table 3). And che-
mical formula should be Cg,Hg., by the follo-
wing relationship,

TRANSMITTANCE

i TP

sl i ay ~
- 4000 3000 2000 1600 1200 800 400 (CM "

110 Lo g

Fig. 7. Infrared spectra of resins; a) ST-DVB
b) CSR ¢) CSR treated with excess
alkali d) EAR e) DEAR f) ANR g)

(CsHg)o.00s+ (C10H10)0.002=Cs.5Hs.

When every benzene ring has chlorosulfonyl
group, its chemical formula should be Cg ,H;,,
SO,Cl, but in reality the observed value is
Cy.7H;13S04Cly. g5 It reveals that not only the
chlorosulfonyl group is attached about 85% of
benzene ring but each chlorosulfonyl group
holds at least one molecule of water. It was
supported by cationic capacity data (intercept
of Fig. 5) and mentioned in discussion of
IR spectrum already.

For EAR prepared from perfectly chlorosul-
fonated resin, contained 40% sulfonamide and
609 sulfonic acid group, should give rise to
formula CyH,,,,50, ¢N,,,, from

(Co.2Hr.580,NHC, Hy)o. o+ (Cs.oHy ;50:H) .o

Table 4 shows calculated formula by using
similar trial-and-error method and observed
formular of resin estimated by analysis data.
We believed that small difference in two values
is caused by experimental error mainly inho-

Table 3. Relation between Monomer Feed Ratio
and Degree of Crosslinking

cited data* ‘ feed ratio| deviation
ST (ml)[’ I()n\:l? f lafn ﬁr(zzs)— (b) (a/b)

80 1 | 12 I 1.23 1.0163
75 3 3.90 3.85 1.0130
75 6 7.50 7.41 1.0121
70 8.4 10.8 ‘ 10.71 1. 0084
70 | 12 14.8 | 14.63 1.0116
24 | 6 20.2%% | 20.00 1.0100

*See ref. 17; BPO 0.5g, 90+2°C, 9 hrs

DANR. **BPO 0.5g, 87°C, 16hrs
Table 4. Elemental Analysis Data of Resins

resin observed l calculated reacted amine 2
CSR Cy.rH;380,Cl 00 | ChHu.e SO0 -
EAR CC.SHIH.ASOI.BNO.l CU-!NIZ.ABSD.BZOH.BINO.I 37- 5
DEAR CIIHIG-QSOE-DN0-21 CIIN14.2803.95N0.27 22

‘A‘NR CIG.BHIS-ISOS. ZNO.SH CIS.BHISSI- 104. oaNo.se 42
DANR C'.9H11.SSOON0- 11 CD.OHII-ESO.GI.OB' 5‘N0.11 10- 5
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mogeneity of chlorosulfonation degree and
hydration of resins.

A tendency that primary amine reacts more
easily than secondary amine with sulfonyl
chloride was considered as influence of steric
hindrance on amine molecule. The elemental
analysis data and reactivity of amine to the
CSR resin are shown in Table 4,

3-6. Ton Exchange Capacity

The weight capacity of an ion exchanger is
defined as the number of counter ion equival-
ents in a specified amount of the materiallo.
And the specific amount is defined as the
amount which weighs one gram when the
material is completely converted to the H* or
Cl~ form and is devoid of sorbed solutes and
solvents. Cationic capacity of prepared ampho-
teric resins was determined by converting the
resin to H+ form and back titrating H* con-
centration of aqueous Na,SO, eluent. Anionic
exchange capacity was evaluated by titrating
the exchanged Cl~ ion by SO,2

nitrate aqueous solution.

with silver

The capacities of resins measured by above
method and theoretical capacity calculated
using chemical formula are listed in Table 5.

3-7. Stabilities and Other Properties

Differences between moisture content(=wa-
and OH- type
resin may indicate either loss of functionalty

ter retention capacity) of H*
or fouling of the ionic materials®.

In Table 6, it is observed that the more

Table 5. Ion Exchange Capacity of Resins
(unit : meq./g)

| cationic ‘ anionic | total
resin | ——— P
obser a1ed, OPSer o eq. ‘obsvecrdi caled.

| ved| i ved| *
EAR 238 } 2.47 | 1.41
DEAR | 2.68 2.63 | 1.16

1

ANR | L84 |1.44
DEAR |[3.20 | 3.42

1.65 | 3.79 | 4.12
o.97§3.84{3.60
153 | 1.84 | 3.37 | 3.28
L14|0.42 | 4.34 | 3.8

g2 A 94 A 1% 19854 29

CSR aminated,
ture contents are observed. The Cl~ type resin

the more differences of mois-

seemed to decompose during conversion to
OH~ type. Therefore,
tion curve of resins.

we examined pH titra-

Prior to determining the pH curve, the
ionic resin was converted to the H* form ac-
cording to ASTM method. The pH curves of
cationic region for resins measured by Helff-
erich method are given in Figure 8. But pH
curves of anionic region for OH~ form resins
were difficult to be measured. Figure 8 is ty-
pical pH curves of strong acid type resin, and

Table 6. Moisture Content and Density of Resin

moisture content(%) {

resins - density*
H+ form l OH- form ’

EAR 25.32 } 32.91 1.08

DEAR 20.93 |  23.63 1.15

ANR 30. 38 38.51 1.19

DANR 38. 85 39.22 1.26

*H form resin

o)
."I\) ;:\\\Q

pr 8 g
¥
6 !
i
4t
L o
ob—

Fig. 8, pH titration curves of resins;, (O)
E%R (n) DEAR (O) ANR (@) DA-
NR.
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remained wt. (%)

100 200 300 (°C)

Fig. 9. TGA thermograms of resins at a hea-

ting rate of 10°C/min in air;

() CSR (—-) EAR (——) DEAR

(—-—) ANR (----) DANR.
capacity calcuated from the curve was differ-
ent from capacity determined already and sh-
own in Table 5. We believe that these differ-
ences are caused by weak-base-NH*R, lose a
proton and forming uncharged-NR;, consequen-
tly increases cationic capacity when the pH is
high. Those were the reason why we could
not measure the pH titration curves of anionic
region, and why we used aqueous Na,SO, so-
lution instead of alkali solution while determi-
ning cationic capacity.

All the prepared amphoteric resins were
stable in all common solvents, except in con-
centrated HCl, and withstanded temperature
near to 110°C. But anionic capacity began to
detriorated above 60°C. Overberger indicated
that sulfonamide group may decompose?® and
vield sulfonic acid group when it is treated in
vigorous condition. Actually it is observed
that cationic capacity of ANR was increased a-
bout 2. 5 meq./g by refluxing with 6N HCI, 48
hours. As the results, we believe that each ca-
pacity could be regulated by treating the final
product with strong acid, and more presuma-
bly by controlling amine/alkali ratio while pre-
paring the amphoteric resins. The TGA ther-

mogram of resins are shown in Figure 9.
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