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ZE  PHIAAE o] 4F UV ZAPPE R AES PET4-GMA =4 o|& i3t ARE sl o=
TZE " F& 548 EQs3th PET-g-GMAS] 12T ESL UV XA, A7 9 vk 57} 5
71l wlel Zrbslgon, HA TR AL UV 2AE A)7h 8h2e 57} 247 450 W, 60 min, 40 Co)
Rt Ao dEZEF o] 23§52 77 8.12 mmol/g, 3.25 meq/gd] S YR =3 A
#£3} PET-g-GMA =4 ©]2 23 AF9] AFA=+E= ¥4 PET 7]|AlY JAF=re} 2= e uks
&o] F7Hel wel ozt YolA|l & 7§ Fe 23k *“%i} PET-g-GMA =A] ©]& %3 Af2 2 o
<, w2l o]2el W FE A8 AF wiadlE ole] ZE olxuh Fa mhat Azke] Zgle
’“ o], vtadle £33 @‘1°“°ﬂ*1 havge] FA sk A o% °1%1 A 23tk

ABSTRACT : The sulfonated PET-g-GMA ion-exchange fine fibers were synthesized by UV radiation-induced
graft copolymerization using a photoinitiator, and their chemical structure and adsorption properties were
investigated. The optimum values for synthetic conditions - UV intensity, reaction time, and reaction temperature
were 450 W, 60 min, and 40 C, respectively. Maximum values of the degree of sulfonation and ion exchange
capacity were 8.12 mmol/g and 3.25 meq/g, respectively. Tensile strength of sulfonated PET-g-GMA fine ion
exchange fibers was lower than that of PET trunk polymer as the grafting reaction rates increased. It was shown
that as for the adsorption rate of Ca® and Mg™ by the sulfonated PET-g-GMA fine ion exchange fibers,
magnesium ion is slower than calcium ion in the solution. However, in the mixture of the calcium and
magnesium ions, the adsorption rate of calcium ion was much slower than that of magnesium ion.

Keywords : UV irradiated polymerization, fine ion exchange fiber, photoinitiator;, adsorption.
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Table 1. Synthetic Conditions of PET-g-GMA Graft Co-
polymer by UV Radiation-induced Graft Copolymerization

PET GMA time  temperature
(g)  (mol) (min) (©)

20 005 60 40 0.150

benzophenone radiation Intensity
(mmole) (W)

200, 300,

450,500

200, 300,
430,500

200,300,
450,500

200, 300,
450,500

200, 300,
450,500

40 0.150 450

30,50, 60 0.150 450

0.025,0.050
0.100,0.200

20 010 60 40 0.150

20015 60 40 0.150

20 020 60 40 0.150

20 025 60 40 0.150

20, 40,
80, 100

20 005 60

20 0.15

20 015 60 40 450

M E3} S, $AT PET-g-GMA T35 &4
7N1E =938 FA4 ol nd AE FA4sr] S5t
25HA] WSS A 194 AES g2 1 Ly
5710 AR FFHAE ¥, DelRgyolelazeE
UZfsodium sulfite EFuI7F FARIE 75151090 E3F
Solle]] W51 Ao A 2047 Fek vk-& skl 2
A AEZ} B2 HTE oME de8el W &
HAFE F8k] 0.5 M HS0,8H& AA38] 7Het &,
80 TollA mylkshHA 2417F 5+ BEEAIZH 13-
nlRbeES A st BoleaR ol AlHs)
I o3t 60 C Al Lol 2447k 21x23}e] SPET-
g-GMA A o] 23 AFE I3t 4 2l =i
A ol& 23 Ao AEES SAAG

Degree of grafting (%) = W
-
142
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Aol k.

BET #4. $§43% 122 353 3385 &
Asl7] 95t BET ¥-417] (TriStar 300, Micromeritics, No-
reross, USAYS o] 83l 77 Kol A4 F2} upfef o4

E2|H, A28¢E #|5%, 20044

Synthesis of Sulfonated PET-g-GMA 399

|

FT IR 2955 £4. §43% 28tz E 35 ¢
AE3} A o] 23 AR T2 4314 ATR FI-
R 2"HEYH B8 sigic)h 2=EFH 42 MattsonAt
2] ATR FT-IR spectrometers ARE3}e] =} ¢ 4000~
400 cm™of| A ¥4} 3}d o}

WA= A, 1z E vhgo] wE A o] nE
A2 71418 &4 H3E A1Esh] $31e] Instron A2
Model 4201 UTM. 2% Load cell 500 g, Full scale 25 g2 =
ste] 72 9 a2l=E ukg, AESL ARSE AR IH
Ze 9 ARE 5L 2764 403 o)Af wHE A8
BEEE F39ch

38 U o) 2 £ AP HE3) PET.-GMA
FA| o] w3 AR ol w3 £ o] WHE
o] &3l SABIYTE A8 02 g& AF3IS 100 mLE
o] AFZtEeAF e Y& th 50 mL9] 0.1 N NaOH 4
298 du, R F< WX 2 F 10 mLE
F#31e] 0N HC 202 A3} o] w3k &5
< o A (DF o83t A3t

(VNaOH XN NaOH) —5X (VHCI X HHCI)

FEEER

Capacity (meg/g)= 3)

714 Vieor®t Viig NaOHS} HCIS| A F-2]5 mL
2 Ueld Aol Nyou I Nugs =2 Fxojth

w3 A% AZH olg 3F <A G 25
FRo) 2442 B2 ok A B =R, o
59 U] HEE AAD T AR A% 85
82 T A ©F olaslel AusteT

— WW g
Water uptake (%) = TxlOO% “4)

g

714, Wt W 4 A8 A F9 A5 A
£ bt
A E3} PET-2-GMA®] F34)%. SPET-g¢-GMA A
J& 23 AR Ca* Y Mg*oll gt TS Al
171 913k W7 19 mm, %°) 1006 mm&] ZHl| 5
== 030 gml FA) A o} 23 AHE FA3F
H=5~9 H]o4 300 ppm Zw ¥ vk2vls 29
45,7, 9 mU/minZ W3 A 7PN F2AAY
, 102 7HH o2 §2]9f 50 mL¥ #F 35t
galslgict

O

S 5 o
o

i tlo oo Joi > o
o
o
38
ki

2_}-

oX,
ofr
o

399

AU
2
o
rlo
R
=)
2
Jo
AC
112‘.'4
o
we,
nl
Ap
o
rlo
o
L
J
oX,



400 Kwaketal

3. 23 9 3%

UV ask=E 353 & d7xde uv 2Ape
2 34 ol 23t ARE T sk UV 2R,
ZAAZE, BAAA D A et W= E WSt
A# PET-¢-GMA FFHAE st exAel we
=z EgRe] FAE =A8IE 2 29} Fgures |
~39 Yeht it

Figure 1-& UV 2A13] w2 1efrEg9] Wals Y
Bl 202 Figure 1014 B whe} o] UV EANO|
S5 E 2T ESL GMA A X A%l
2% AgHo g ZIlgen GMA 57 SRS
Jz eSS U155 GMA DAY F=7) 015
29 uf, 2T ELL 70%7F Hem 1 o] =
M Zadhs A Bych o ol UV 24}
gro] Z713kel we) 7)A) Bl ZEF] g AN
Al BP7} BAsI=|e] 7jAe) S0} G s BT
BAFE S7MA wheAe] S| dEe® Asd
E]‘.ll

&8 Figure 2% UV FAMAZM 28t ES 2 F4)
Ae B 22520 H3lE A8 ZIo|c} Fgure 2
oA ¥z ule} o] 1BREESL AL AZte] Kl
w2} Frlstg e o S/ 90R7HA] 43 St
sic} 1 o] ol k] FURke A4S Hglth ©
A 27 90E7HA] 1B ZEgo] FH3] S8l
ol-fr= GMA wEFA|e] Fbge] o3k TDUFgAe] A
Aol A= 1 o] FoA gk SHEE Hele A
& 2= E 35EAS APEY GMA 24 FEAe
AR F718h] wEos Atsdt

&8, Figure 29] 3=-82] W3} BANA R vieh 2
o] FAA TFYPA AS 2= E FFH el A

80
—@- 0.05M GMA
-O- 0.10M GMA
—¥— 0.15M GMA
| =7 020mGmA
60 —- 0.25M GMA

e
'//.»—0

204

Degree of Grafting (%)

0 . . . -
100 200 300 400 500

UV Intensity (W)

Figure 1. Plot of degree of grafting and UV intensity (reaction
time : 60 min, 40 C, BP : 0.15 mol).
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Figure 2. Effect of reaction time on the degree of grafting and
void fraction (UV intensity : 450 W, temperature : 40 C, BP:
0.15 mol, GMA: 0.15 mol).
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Figure 3. Effect of benzophenone on the degree of grafting of
PET-g-GMA (UV intensity : 450 W, 60 min, 40 T, GMA:
0.15 mol).
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Figure 4. Plot of the degree of sulfonation and degree of grafting.
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Figure 5. ATR-FTIR spectra of PET based fine fiberous ion-
exchanger : (a) PET, (b) PET-g-GMA, and (c) SPET-g- GMA.
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Fl° F

A o] n3k Afo] o] wF S JejTEgo] &
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T B0 o} ¥ A7t A o] nF &5 g
vetdiglet ol& 2 BF ol w3 L8] Ao
35 2.0~4.0 meg/g?l e T W, o] A3 AHFE
A7 Vs stk ks glok

71AE &4 AIE. Table 3904 B npe} o] 253}
w3 AdEs] ukgo] APl we) 3 =] PET
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Table 2. Swelling Ratios of SPET-g-GMA Fine Ion-
exchange Fiber at 25 T

solvents swelling ratio (g/g)
methanol 3.78
ethanol 3.98
propanol 3.99
D.I. water 4,11
H,0, 4.34

Table 3. Mechanical Properties of the Fine Ion Ex-
change Fibers

fibers yielding pzoint breaking 1)2oint elongation
(kglem’) (kgfem") (%)

PET 0.33 0.79 33
PET-g-GMA 0.29 0.65 28
SPET-g-GMA 0.27 0.63 27

SA ol& a® 4 ¥4 2 2% ol FH 54 401



402 Kwaketal

o3 B2} ot 93t hard segment”’} $-71317] W&o
2 AREcE 28y ikl wE o]F B4 S Hile=
27 9o Aol 24 Bl 2 Aol glel Algel
£ BA7L g Ao Ams g,

% ol F 5. Figwe 62 pH 704 28] o)
X% 300 ppme] Ca™$} Mg* o]0l gk SPET-g-GMA
A o] Z& AT F2 EA4S Azt diE vebd
Relt}. C/Coe & 2o £ Fxuo|tt Figure
6914 2 wlo} o] 27] W3} A7k 27 11085 130
22 ysldiglem ca olo] BIE 33} (breakihrough)
2 Yefuigie). )24 a7} Mg aeh s Azke] e
olfE Ca9] o3} Ade) A7] WEoR AZHLY

22y} Figure 70014 2= ule} Zo] 150 ppme] Ca’
Mg} E3 g0 2%, B o] F2t ASHE of
2A A whgell o3, Mg™e] ) Mg* T gl
A Brh 40~50% %A vepton A 5} A7ke)
Tl gl R} A vehus A 2yl ol&

1.0}
- mMg*
L -O- ca*
0.8
S 0.6f
~
Q
0.4}t
0.2}
00 L I 1 1 1 1
100 120 140 160 180 200

Time (min)

Figure 6. Breakthrough curves of calcium and magnesium ions
by SPET-g-GMA fine ion exchange fibers.
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Figure 7. Breakthrough curves for calcium and magnesium ions
by SPET-g-GMA fine ion exchange fibers in the mixed solution
of calcium and magnesium ions.
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Figure 8. Effect of pH on the adsorption of calcium and
magnesium ions by SPET-g-GMA fine ion exchange fibers.
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