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Preparation of Metal Ion Exchange Resin

by Radiation-Induced Graft Copolymerization

Yoshiaki NAKASE and Nobuhiro AKASAKA"
Osaka Laboratory for Radiation Chemistry, JAERI

(Received May 17, 1982)

Radiation-induced graft copolymerization of 2-acrylamide-
2-methyl propane sulfonic acid (AMPS) onto polyvinylchloride
(PVC) and polyvinylidene chloride resin (PVD) was investigated
in the water/acetone system and their adsorptive activities to
metal ion were also examined;

In the case of PVC, the degree of grafting increased with
the increase of acetone content, but the adsorptive activity
to metal ions (mainly lithic ion) became maximum in the system
with water/acetone of 2/3. Grafted PVC prepared at about 35°C
and at a higher concentration of AMPS showed higher adsorption
activity than the other cases.

In the case of PVD, a similar result was obtained with the
case of PVC except the temperature dependence and effect of
swelling agent. Polymerizations at temperatures of 35 and 50°C
showed no effect on the degree of grafting, and the wusage of
a swelling agent was quite effective to the adsorptive activity.

Glass transition temperature of the grafted copolymer
was the same as that of original polymer, and their thermal
stability was confirmed up to the temperature at which homo-

polymer of AMPS decomposed, about 180°C.

Keywords; Radiation-Induced Graft Copolymerization,
Ion Exchange Resin, Polyvinylchloride, Polyvinylidene
Chloride, Water/Acetone System, Thermal Analysis,

Adsorptive Activities, Metal Ions
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BE)w LT, H B EAK(RB-410), B ERIE(PVC) (DL ESERLE GRS,
SEE by =) Ty REASE(PYVD-Fs —12028) (BPMb2TE2GROED) o 3L AW,
i, 100~200 2 5 »a (AETS~100)OR T THDESEIS00~600BEDHDT
HBo

T/w—E L THOGIIE=Z B, 2- T2 UNLT I K- 2 - AFT oy ki
(AMPS- HE b ®ER)ED, B 185°CORRER TS 2,

L sDbFEHE % Fig. 110 d

Materials
PVC ic ¢
i
H oG, M
PVD : AC~Ch+ c~c¥

Aod/n A dlm nim=4i1

H 8 H G H
AMPS: g* =N- ‘Q'SO_;H
C CH
Hp H3
Figure 1. Materials used and thier chemical composition.
PVC: Polyvinylchloride,

PVD: Vinylchloride and vinylidene chloride copolymer,

AMPS:2-acrylamide 2-methyl propane sulfonic acid.
2.2 BERERUIT ST PROME

BRR -2 g 2FAHECFEL, £/ =—-DK/ T b VYEGHEEZI0ml ML, EXRS
2EH 2B LRGSR TOBEEER Lok, KAHEFTERLL, K- 7~ Y OELD
B&wkics s =—(AMPSYAFRER, T/ AMPSOBMBESAMA 2/ DICHEEN % 0. | mg
(10ml {BEH) BN L. PVDOELSOIES, vra~t+ /s YALBIEN LA, Chid bl

DRICSSITHEMLI, EEAN AT Vv IVERHBEEETI®RKEL, XY ~v-&E/ v
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95°C Y43 60°C THEE L73ns & FrE Rl ic @AW H L (1 ml), 20055 ¢H TEDhic
BETAE8EA A VARTFREDEEHAY v — ATy Ya (OB AA-B KD ERL
Tro BRTFA A vED DI/~ To b &£ 100 BOBHE &L, MERBERDI

SBA AV AER20ml thizid, Cu® oA, 0031 mmol BEET S, THICHLIF T b
) = —thD 2 vk VEOEA 2 (0,063 mmol ) LB LS KA ) - BEMAI, —4, Li'
OIEEE, FertiisiHikKE) = — %A 72(0.0286 m mol ) o

CHSOBEIETE, Cu’l, LiTEhFIK D0 TS 4 Vil EBOLEORBEERLI.

2.4 FOMHOHEE

AR E FUAMSE (SEBVETT B ASM-ST)ic kD # ) v —hFORMEBRE L7
REEAT, BERAIE (ETE TR TGD-3000)ickd, £ v —DEBEEEZMRE L,
LitomasEEic o0 Tid, (RAORIGICE DFRO pHME ¥4 2 2 LiiEH L T, pHRlESS
URBEFRR R F-T) i L D #gst L7,
LiCl + P- SOsH —P-SOsLi +H' CI~
T, P-SO3HIEZ 77 FEGERERT,



JAERI- M 82-059

3. EEBRERLUEE
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- RB-~410/AMPS /i O/Acetane=2g/3q/3ml/7ml
o 2
£ 50 5
4 4ot "
w 307 -
o -
§ 201 {Dose rate 5x102Gy/h
o AMPS Conc. 0.3g/ml
g 10} _
. . - ; . — L—
0 1 2 3 4 5 6 7 8 16

Irradiation time (hr}

Figure 2-1.Grafting of AMPS onto RB-410 powder.

50
graft (%)
_ o : 30.2
R 40t e . 32.7
z
=
3
T 30+
=9
=
g )
o
<
20}
Cu2+; 100ppm
101 Ad-temp.; 25°C

0 1 2 345678 9
Adscorption time(min )

Figure 2-2. Adsorptive activity of grafted RB-410 powder to cupric

ion.
50
graft (%)
e . 32.7

40| e - 46.4
P~
=
S30f
H
o,
"
c
m
=2 20t

1o Lil+ ; 1l0ppm

Ad-temp.; 25°C

LI | 2 3 4 5 6 7 8 9
Adsorption time{min.)
FPigure 2-3. Adsorption activity of grafted RB-410 powder to
Iithic ion.
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Table 2-1 The degree of grafting of AMPS onto PVC,
and the adsorptive activity of the graf-
ted samples prepared at 25°C and the
dose rate of 5.2X102Gy/h.

Sample No. 110 111 112
Irradn.time (h} 4
AMPS conc. (g/ml) 0.4 0.5 0.55
Water/Acetone (ml/ml) 4 /6
Graft (%) 2.5 7.0 9.0
Adsorption(%)
metall ¢ ima\Temp. (°C) 25
(min)}
1 4.0 18.0 28.0
2 6.0 18.0 26.0
Lit |3 8.0 20.0 26.0
6 14.0 18.0 28.0
g9 10.0 21.0 30.0

Table 2-2 The degree of grafting of AMPS onto PVC powder, and
the adsorptive activities of the grafted samples
prepared at 35°C,AMPS concentration of 0.3g/ml, and
the dose rate of 5.2 x lOsz/h.

Sample NG. 15 19 26 21 23 30 28 31
Irradn. time (h)} 4 5.5 4 5.5 16 5.5 18
Water/Acetone (ml/ml) 9/1 7/ 3 5/ 5
Graft (%) 1.0 0.5 | 8.8 1.5 | 2.0 14.4] 12.8 | 10.4
Adsorption (%)

Temp. (°C) 25
Metal
ion time(min
1 - - . - - - am -
2 - - 5.6 - - - - -
3 - - - 5.7 - 5.8 24.0 | 15.8
Lit 4 - - 4.5 ~ - - - -
& - - 6.4 . 1.2} 12.4| 30.0 ] 18.8
- - - .5 . 6.4 29.8 | 1l6.9
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Figure 3-3. Relationship between maximun adsorption and degree
of grafting of AMPS onto PVC powder.
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ADSORPTION TIME {min)

Figure 3-4. Adsorptive activities of grafted PVC powder prepared

with wvarious AMPS concentrations.
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Figure 4-1. Grafting of AMPS onto PVD powder.
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Figure 4-2. Adsorptive activity of grafted PVD powder to

lithic ions.
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Table 4 Effect of cyclohexanone on the degree of grafting of AMPS onto PVD
powder,and the adsorptive activitles of grafted samples prepare at
the conditions;AMPS concentration:0.4g/ml,water/acetone(ml/ml)=3/7
,irradiation:5.2X102Gy/h X 6h,at 50°C.

Sample No, 80 120 121 122 123 Fiber
Cyclchexanone (mol/ml) 0 0.1 0.3 0.5 1.0 3‘0*
Graft(s) 14.8 9.5 8.0 7.0 6.5 5.0

Adsorption (%)

metal Wp leC) 25 50
ion, time imin

1 14.6 | 22.0 9.0 19.0 | 14.6 —

2 23,0 32.0 | 34.0 28.0 | 23.0 —

Lit 3 29.2| 38.0 | 37.0 40.0 | 29.2 —

6 31.3 | 38.0 | 38.0 42.0 | 31.3 9.0

9 29.2 | 37.0 | 42.0 42,0 | 29.2 —

*Acetone 4 ml.

1s¢
PVD/AMPS/H70/Acetone

- 2q/ 4g /3ml/ Tml
o
= Polymn.at 50°C
5 1ot
3
“
]
-
[}
Yl
¢ 51
a
5
& )
g (A

0

(o]
40}
o

=
=
% 307 o}
& Adsorpn. at 25°C
Q
m
o
]
% 20}
z A (8

(;‘[ a2 L i L 2 I 1 .

0 0.2 0-4 0.6 0.8 1.0
Cyclohexanone contents (mol/1)
Figure 5. Effect of cyclohexanone as a swelling reagent on

the degree of grafting of AMPS onto PVC powder,and
on the adsorptive activity of grafted PVD.
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Figure 6. surface observation of grafted pelymers by scanning

electron microscopy.
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Figure 7. Thermogravimetric and differential thermal analytical
curves of PVC and PVD, and thier grafted samples.
Base polymer: ; Grafted polymer: —m- —
(PVC: 13.5%, and PVD: 15.0%)
Table § Adsorptive activities of the various commercial resins,Amberlite
and Diaion. _
Commercial resin IR-118 cG-120 IR-120B|IR-120H AHPK-165 | EK-125 |5K-116
Adsorption (%)
metal emp (*C) 25 50 25 50 25
ion time(min) _
3 23.2 49.3 - 15.0 - - - - -
cu?t | 6 36.1 | 78.2 - 3.0 - - - - -
9 43.2 92,9 - 30.8 - - - - -
1l - 10.0 14.0 - - 16.0 24.0 - -
2 - | 16,0 | 2400 | - - 24.0 | 32.0 - -
it 3 - 32.6 | 22.0 w4 9.9 | 31.4 | 40.0 ) 19,7 | 25.0
6 - 42.4 42.8 6.6 9.9 39.3 50.0 3.4 36.6
9 - 41.3 48.0 8.7 9.9 43.2 50..0 35.3 42.4
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Figure 8. :

(a) :
to lithic ion,

resins.

Amberlite to lithic ion,

{b):

Adsorptive activities of commercial ion exchange

Diaion

and (¢): Ambherlite to cupric i1on.
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10 O: PVC(roLymn, 35°C,AMPS 0.556/ML, aceTaneRDZ)
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0 a N . . .
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Figure 9. Comparisson of adsorptive activities between grafted

polymers and commercial resin.

O 40— PVC/M/W/AC:Zgﬂp?/LmL/GmL
i G
. ©
’r_'i 30"' © 135 °fo
:J L S_Ool'o
E 20r
a 15 %
S — .
% 10+ Li 010 PpPpm
< Polymer : 50mg

OO 2 4 6 8 10

Adsorption time (t/min)

Figure 10. Adsorptive activities of grafted PVC with various
degree of grafting. Sample used are the constant
weight of 50 mg in 20 ml aqueous lithic sulfate.
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Figure 11. Relationship between degree of grafting and adsorption
rate, ion exchange capacity. Theo. means the theoretical
value calculated from the number of sulfonic group in
the sample.
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Figure 12. PH changes by the adsorption of lithic ion.
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