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2 9 : mxv|9) WkgAuy) 242} r,=053, r,=0.4414h8-¢] styrenes} GMA (glycidyl methacrylate)& @4 Zu)g
HhAIAA styrenest GMAS] F5EA A PGSE §AT ¥, dddl tolule whSAAAN FE2FA W ofalr]& 539]4)
Atk olvl7I7h £41% F3A9l NPGS& PGMASH BalcAlo] DSCEA Ax, g Tgd Jehing % Zajujs Are
Aol itk o] #AHelch. o] NPGS-PGMAS) =S PSPOMA Bal=Zo] YREANZ Hrhsteld oo Hhe
4429 wistE fasiirl. F, w84 PS-PGMAERIE ), A& X718} ofuly)ele] sabA ubgo oJale] ALLAS
vehls NPGS-PGMAEAES] H7ldl 0 A4A49 48 DSCEAL 58 Tgdske} SEM(Scanning electron mi-
croscopy) &3l 9§ morphologyl3-e E3ldA #2slgdct. 24 Az, PS-PGMA Zalt: NPGS-PGMA Zdx=y}
74l w2} Tedshs: Jepligla, PGMAS PSujeAe] 24he 34slgtt. wieba, NPGS-PGMA 9 Hal=t PS-
PGMAEA =] 34AS A7 434249 248 39t}

Abstract: Copolymer of Styrene and GMA(glycidyl methachylate), having reative ratios of r;=0.53, r,=0.44, was
synthesized in dioxane using AIBN as free radical initiator. Followed by the reaction of ethylene diamine with copolymer
PGS, amine groups were introduced to the PGS(NPGS). The composition of copolymer was determined by elemental an-
alyzer. Poly(glycidyl methacrylate) (PGMA) was obtained in benzene using AIBN as free radical initiator. The NPGS—-
PGMA blend of 50/50 composition was prepared by mixing these polymers in THF at 65°C. Glass transition temperature
(Tg) of NPGS-PGMA blend was measured by DSC. The blend showed a single Tg. Accordingly, it was clear that the
NPGS was compatible with PGMA. An intermolecular reaction between amine groups of NPGS and epoxy groups of
PGMA imparts compatibility in the NPGS-PGMA blend. When the NPGS-PGMA blend was added to the incompatible
PS-PGMA blend, PS-PGMA blend showed Tg change. Scanning Electron Micrograph(SEM) showed a fine morphology
in this blend. Consequently, it was apparent that the NPGS-PGMA blend acted as a compatibilizer for the PS-PGMA
blend.
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HgRog olgsold 7|1&9 FeHEY
AL B3, BAIE BHoR AR O F ¥
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Tehe FEPAE AHEsHE AolH, o A A
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g ZEAES Ed=se el #5717 B4
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2 Qleh o] Hhe-A EEHEY dhEoE QlEA 1
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GMA (glycidylmethacrylate) & o]-83 dh3-A Zg
vo] W& Atte] Fite] AP gick. GMAE ¢
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Z, styrened} GMAS| IFHAE AT F, G
MA9Y o ZA)7]8} 33t Hhg-o] 7bedt ofil7E
FEHA A 2419 Fe o] FEAY PGMAEI=S
PS¢} PGMAEH=d 44z At 4849
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2.1 At % Aloke] HA
2. 1. 1. Styrenex} Polystyrene2 A H|[9]
Styrene(Junsei Chemical Co., Ltd.)-& 10wt % ¢
NaOH 4~8-9¢]] styrene monomerZ A7}3t ¥, &
Azt 7]e] Yo 5o FAT F, okl Fo] AAe)
52 48 wrx e z2A4E dhEEa 1 o
558 st AlA, dsbdadelA 24417 WA
Az F st A AR oA 2EEREte
AHg-3tedct
%3, polystyrene ko] EFalof =9l F
A& deggd A F, AHES T AL

ARzt A3ttt

2. 1. 2. Glycidylmethacrylate(GMA) 2] HH|[10]

GMAd g5 e T8 AAs] 8 K,
COE A ¥ A7 dAAF 7} o3tstg]
t}. o3¢ GMAd| 83 hydroguinone monome-
thyl ether& AAst7] 918 AFsFad f2¢
At

2.1.3. 2, 2’ —Azo-bis-isobutyronitrile( AIBN ) 2}
HA[9]

MerckA}l¢] AIBNE ethanolZ 23] AZAAA7 o}
£ 25ColA 297 ApAzxsle] A4 2, ethanol
(absolute)& Junsei ChemicalA} A& A& AR
et

2.1.4. 7|E} AlS}

Tetrahyfuran(THF) ¢} dioxane, benzene, metha-
nol, ethylene diamine, toluene-2 Junsei ChemicalA}
AF 1FA%E 2dE AH4-3on, polystyrened
ghadstete] GP-125% AHg-shsich
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2.2. GMASEH W GMA-styrene S&H| | &H
2.2.1. GMA9| ziC|g=gt

FH gl sl sisick. GMAE 3.78mol /¢,
AIBN$ 4.92 X 107*mol/¢ 2 $-w}<Ql benzeneo] A
7t %, S¢S 298l dry ice-methanol2 4
7t ALAgE & F, 3RS Eaiod

¢ FEAE 80T FLzd A5tz 08F
¥R F, dstgel IAAANAAN JAEL Hs)
Ak oA wES 1959 AdAzstgdd. 2
2|1, dojil GMAZ S PGMA =R =g},

2.2.2.Styrenet GMA ZSEH| &M

GMAZH 2 43 vhriAz, 2344 AHest
9t} styrenest GMAES dA |2 £33 & /)
AA el AIBNS 242 A7k & wkg-goj9l diox-
aneo)] A7} ¥ Sl Eolshsdch

ALAEgE & FFHS 80CY Fexo =Ax3t
I 8AZHESE uEAIZl &, wek g AMAAA A
AES FIo doja) B 195 At Azs}
drb. 283, folAl styrened GMAZ A E PGS
2 Hysigr}.

2.2.3. Styrene-GMA Z =80 amine7] £&

#4335 Styrene-GMA 25§48 THF| dA=
43l & 3o ethylene diamine g #rlsie] 48
7t dREAAT HREES wEhe s 255 39
AAAN ABEE Aokl o FAEL 195
A4 A=s Y} amine”|7t £99 Styrenest GMA
$294% NPGSZ 973H4ch

2.3. FTHAR &M

Styrene3t GMA 33449 43 GMAZ
A ¥4 ¢ Styrenest GMAZZ3H|o] amine”] =
geoJf= FT-IRE 534 galsiqirt.

2.4. GPCEH T AN

$4E FRAEY EAlgn 2aer Bxs GPC
(Shimadzu LC-64) 2 THF& &vj2 A3l w35
CollA FAst9c}. 223, PGS 22gald)4e) 2
THEAL P2 EAE Feodx 2As g oy
M-8 717]& Carlo Erba 11089]m, combustion
tempe C, H, Nell gjsjA= 1000, ki a4
+ 1080C2 &3t 1, carrier flows 100m¢/min

k.

F-ARZ ZoA E£3sl= solution blend & A =344
o THEW| &35} g 2= PFoz s~
Bld & z7lgte BojA 50CR 19%ek AzsteA
5 93, A3l BEL oA BA4e) AL
gt

2.6. DSC&d

EAE9 444 o8-S e 9Jajx] DSCH
e SotdA A=Y Tegg ZAshact. EMe
40CA 170TH] Mol SA3Q T, $L4E:
10C/minZ &t4c}. 2837 dojx FL2A9 tran-
sition midpoint 28 Tgg AA s}

.2.7. SEM(Scanning electorn micrographs) &3

PSe} PGMAE# =9 PGS, NPGS-PGMA &l
E H7bel] wE 4449 W3S morphology WS
A F2stgdo). AH-E 7]71 Jeol model JSM-
35CF o]t}

3. Ent & g
3.1. GMAY| Bzt &8t

24EYS EANG. FUBELE oA ofn
PGMA®] A$ol= GMAZY o|EA7]d] 7]alshe
1258, 9103} 845cn~'9] F4uje] Wl glon}, of

(A)

(B)
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Wavenumbers(cm™')
Fig. 1. IR spectra of GMA and PGMA
(A) GMA monomer (B) PGMA.
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FAZS F59 1640en & AFFHG @A,
Fiole olFAte] FAUdE AL ¢ & Yok

GMA+ Hl24 A%y} 2& ¥rvz, MMART
AFHE WPt A4$BE, W44 GMAFE
o} WA 59 FgzAe] AFEHGY 1] F,
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A7t S, Aass vebd 39 GMAZIAE
F718wel A=) geld, £ APdMe #7)
4o %= PGMAE §HAdshr] sl Aass} v
etz e 2w Fxal 3.78mol/l B uke-4v)

T A7hstelA, Aadr} dehds] Aol whe-&

AA 7w,

GPCZ 49 PGMAS| #7413 U ¥A3rze
4% 2sh, 340009 5 FF EA 78,0009)
3% 37 BARE A2 ok

3.2. Styrenen} GMAZSEHH| &N

styrene?t GMA ] F5¢HAl¢] A4 Frade
FE& Fig. 2¢] depligleh. I3 A E o524
9] F5dlel 1640cm™' peakst Jeh} A ¢,
GMA 2] o Z2|7]0] sl F9)=29] 1258, 910
3} 845en~7} ehta glome E muolg oF
A7 e whg-o2 o]Fo]Al styrened} GMAo]
FE¢A s F9F £ 9l
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Fig. 2. IR spectra of Styrene-GMA copolymer(PGS)
and polystyrene : (a) polystyrene (B) PGS.

F43ks A 34 A 35, 1992

A& 27 PGSL, PGS2eleta W9sislon, 354
A Az A= 4 EAFEEE GPCE 53 & -
A% Ash, PGS} PGS2: A} #Algs #3)
FEIZE 7127 QJcH(Table 1.).

Table 1. Mn, Mw and Dispersity of PGS1, PGS2

Mole ratio v — . .
(styrene/GMA) Mn Mw | Dispersity
PGS1 18/1 38,800 | 75,600 1.95
PGS2 9/1 38,900 | 77,000 1.98

=3, PGSL, PGS2 Zzbel a4 vz, 424, 4
29§ e $5 Y AAE Table
2ol deiisic. FFAW styrenest GMA7}
PGS19| 7ol 14:12 ZA)ste PGS2¢): 8:1
o FH2 Ede AL #AF 5 Yk

Table 2. Composition of PGS1, PGS2 Determined
by Elemental Analysis

C(wt%) H(wt%) O(wt%)
PGS1 | 88.70(40.24) | 8.14(£0.10) | 3.14(+0.11)
PGS2 |86.84(+0.28) | 8.20(£0.09) | 4.94(+0.08)

3.3. Styrenelt GMAZ2| ZZgtao] olely| =yt
89 ol

FTEHAN o B GMA7} £A4)3H= PGS29)
ZAolE Hobulst WAl tolule] o smuke

~llaming

(b) \

Transmittance

4600 3800 3000 2200 1800 1400 1000 860 600
Wavenumbers(cm™)

Fig. 3. IR spectra of PGS and NPGS :
(a) PGS (b) NPGS.
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22 gujal THFe| 52 ¢iA=Y, GMAY] jtako]
Hl2A AL PGS19] 7Sl dolulg whAAE,
Solel] SaE= FEA7 ol neia B Ay
o A3 PGSEF AL styrened GMAZ} 14:18
Akedell EA3= PGS10]4it}.

PGSl Hotals ¥HA17 A& FT-IRE F52
HEYS $AT AHE Fig. 30 Jehlisih. 353
A&} o ZA712} ofrlste] ukg-22 Qigh o|xjo}ule
Fr932 3440en~'e] H37} Ytz e AL
2 oll7P} EqlEditke AL #d £ 9did
[12].

3.4. oj2l7| =Ryoll wE A=MO HE

PGMAS$} styrenezs} GMAS FZ§Ael PGS
£ =(PGMA/PGS=50/50)2} F=¥4 PGSe|
oll7]E =A% #ejad NPGSe} PGMALEE=
(PGMA/NPGS=50/50)¢] DSC&A A& Fig. 4
o Jeluiltl. PGMA-PGSEH=29 AL T 9
Te7b vdehta glovt, E35¢4 PGSel op7|&
‘=447 el NPGS-PGMAZHAE o] 734de=
94TCH-2olA shte) TgE vehigln

Styrenes} GMAS FZ3Aql PGSE polysty-
renedt A9 FAR 3y F2E Xz glemg
polystrene-PGMA E-#l = ¢} mlatz}zl2 PGS-PGMA
EA = HAEAelnE FAY Tgd velitky A
Ztgin}h. 22]3, PGS polystyrenes} §-A}3 3184
TF&5 7WXE= polystyrned} H|5:gh LE oA Tes
vebdttz Azt PGSe| ojulz]sl =9l

t

.2

£ (a)

[

<

2 —]

s

al W
I’/_—’_/__

50 70 90 110 130
Temperature(C)

Fig. 4. DSC thermograms of PGS-PGMA, NPGS-

PGMA blend (a) PGS/PGMA (50/50) (b)
NPGS/PGMA (50/50).

NPGS$) A$ole PGMASH 2dlcA), £419 ofu)
715 PGMA®] o|ZA|7e] o m el A4l
AAX PGSk PGMAS] Tgsl F7tgelel A wralat
TeE ehiickz A7,

=3, NPGSe} PGMA ¢S] Edlze] 53255 65
TS} 25CE WA AHE Fig. 5ol ehhsint.
65ColA ZAEd A%el DA Tgrk eyl
Hebd, NPGSS| o}=l7|sh PGMAS] o|%A)7)7}
Sohedole 94 HeeEsl 2T A7,
E&, 25Col BAd Aok Fig. 4o vhehd
PGS—PGMA—‘;—\’JJ.EA] velds= PGS, PGMA Z+z+
o) Tgsh Hlms}e] ¥ o, Tg& el LEA0]
AZ e AL depised, 2534 PGS
o}m71E E3]A]71 NPGS7} 25Cel|A PGMAs}H &
A=Y o, BEAC i} whgo] Yoiub 3
437} ol2olAA TeE vehhe LE9Yo] A
2 y2ddy 4zEd,

\_
—

(b)

Endothermic—

5;0 6l0 7‘0 8:0 !;O l(‘)O
Temperature(C)
Fig. 5. DSC thermograms of NPGS-PGMA blend
mixing temp. : (a) 65C (b) 25TC.

3.5. In situ Reactive Compatabilization

ol Z-A]7]¢} o}uly]ele] wbg-0 2 Qs Arg-AL 1}
el NPGS-PGMAEH=E BAHoz njalL
A<l PS-PGMAEAI=o] dA% Hristeda] A4
9] Wisls fFasle] Bghe)

dtdez AL4FAR AMSHE AL AH4-314]7)
A FUETd A AY, $9% sterzs s}
A segmentEo] £F, 1T EFHHYE sz 9=
Aotk L2y, styrened}t GMAE % Zivje] ul
SAM7F A7 r=053, r;=0.442 539 5
A7} dojx)z) k3, dubAQl o @ styrene
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3 GMAS agze FE3A §A40] ofHi{13].
aebA],  styrenest GMASY g}z 239
PGS13} PGS2%& styrenest GMA7} 22 gz o]
Folal FF¢A7t olyrmE, PS-PGMALE o
ALHAZ A7 44 gL AR g
t}. PS-PGMAE#l=9} PS-PGS-PGMAZa e
Tgs 348 £ A%E Fig. 6o Jehi e}

A7 -

(a)
(b)

Endothermic—

e

50 60 70 80 90
Temperature(C )

Fig. 6. DSC thermograms of PS-PGMA, PS-PGS-
PGMA blend (a) PS/PGMA (80/20) (b) PS
/PGS/ PGMA (75/10/15).

PS-PGMAEHES] Afoe 60THZA PG-
MA, 100CelAE PSS Tgrl Jehtz 9k of7]
o, PGSE 7kt ZA=d A$dl= 60C 32
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3 glew), PSHrh: e Lxeddoy = b2 Tg
7b bt gldk o2& PGSLe PS¢} wjg §-4}
& 3y 728 /PARR PSe AH43)ste, PSe}
PGS7} 437 4%& FoiA, PS 249 Tguc}
o3 eRdA dehdtiz 4zEd. ae,
PGS13} PGMASH= 444¢] glomg, PGMAL
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A, FFEA PGSH7e] @& PS-PGMAAF-4-A 2]
e vehta] gk,

65Col BA=A 444 dehls NPGS-
PGMAEHI=S PSe} PGMA Zal=o ojs)4
10phr H7}sh= 7$-2) DSCEA AL Fig. 74 v}
ehisdch. ¥4 s, NPGS-PGMA R =s} 37}g
ol =}, A9 Tgg vepigd PS-PGMAEHI=
7b 99% Tgd dehle Ao ¥old, NPGS-

433t A 3W A 33, 1992
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A4Ae] U A

PGMAS} whg-Ae] Q¥ obal7|E 7HAx Yz 8
8202 polystyrenest wj$- A3 T2E ApA T
¢ NPGSe PGMA ¢ Bt NPGSY o}
21719 PGMAS] olZA|7|7ke] db-g¢o2 polysty-
renee]l PGMA7} ael=e¥ e} gog, PS-
PGMAEAI=Ee] #H7HAl, 4434 9% 394
PGMAS$} polystyrene?] AH8-48 Z7pA)7]n2 o
93 Tgg vepdcy Azt€o. 723, PS-(NP-
GS-PGMA)-PGMAEH =9 Tg: polystyrene?]
Tgoll 7b7hE 4ol etz Qledl, o]AL
polystyreneo] EAE=o] Aoz F4-5907] wFo

27 Az,

Endothermic —

\\(a)
~ |
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50 60 70 8 90 100
Temperature(C)

110

Fig. 7. DSC thermograms of PS-PGMA, PS—(NP-
GS-PGMA)-PGMA blend (a) PS/PGMA
(80/20) (b) PS-(NPGS-PGMA)-PGMA
(75/10/15).

3. 6. SEM(Scanning electorn micrographs) &8 &}

PS¢} PGMA &9 =&3 NPGS, NPGS¢} PGMA
EA=F A7}l B2 morphology¥islE SEME £
koA gaste] & AFE Fig. 8o ehygich. PS
% PGMAEHE=E9 A$o PGMA7} PSs} A}
4354 %311 PGMA domaing §A4stz glee
& AL, PGSE FA=Zo| Wrbshe Aol
A849 7k JedA) gske. wbel), NGSe}
PGMAEH=E H7MAjdl= PGMA 9] domaino] wj
+ AolAw BA4o) Zrlalodn e, 444e] 27}
H9¢¢ $9T 5 Yok
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Fig. 8. Scanning electron micrographs(SEM) of PS
-PGMA, PS-PGS-PGMA, PS-(NPGS-PG-
MA)-PGMA Blend. (a) PS-PGMA (80/20)
(b) PS-PGS-PGMA(75/10/15) (c) PS-
(NPGS-PGMA)-PGMA (75/10/15).
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