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ABSTRACT: Vinyl moiety-terminated. polycarbonate (PC) was synthesized by interfacial
polymerization of bisphenol-A using triphosgene catalyst and p-isopropenylphenol as a chain
terminator. PC-PMMA and PC-SAN copolymers with varying block lengths and ratios were
prepared by addition polymerization of PC controlled molecular weight and MMA or styrene-
acrylonitrile monomer having various weight fractions. The yield and molecular weight of
SAN polymer increased with increasing polymerization time. Thus, variation of .
polymerization time controlled the block lengths and ratios of the resulting PC-SAN copoly-
mers. The structure, block lengths and block ratios of these copolymers were investigated
from the measurements of GPC, FT-IR, elemental analysis, and 'H-NMR. PC-PMMA and
PC-SAN copolymers were extracted with acetone to remove SAN or PMMA homopolymer.
When the PC-SAN copolymers were used in compatibilizer of PC/SAN blends, the particle
size of dispersed phase was decreased to 4~7 pm.

Keywords: PC-PMMA and PC-SAN copolymers, structure, block length, block ratio,
compatibilizer.
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o olg BA=E F AFale BE, A E] 39
4 5 3oz Mg del AE: YE PC/
acrylonitrile-butadiene-styrene (ABS) & AgAo|
F2) oo} AEErt dojuin ARHoz AFE Yy
9] lamination, surface roughness, poor weldline
strength & 2] £A43¢) yehdr}.!? o)g} o] A4
ol ¥ ¥z} A9l B7l BA=ES 843l v
& o|FA RIL FEE7t Lolvke F$ o] F Azt
ARZE S AaAA 484 AT A8 vel
LA ARE T YA 2 &3} 24 EshepT

2 d79Me 28A A9l dE o|Fm iR}
Bo= Z8A4ol Qe 384 A = C, Bohs ©a
& o|FH Ash= 484c) glE 1¥R B £ D,
& A(C)-B(D) #z9 BF FZ3E Azslyg
B3z 84 7HeE AEdaA d) o)
A ¥z A2 PCs 1Ex BZ polymethyl-
methacrylate (PMMA), 3182 D& SAN 33z}
€ °|§3ld PC/SAN HHAc e ALz AL
371 918 £5 o] & w7} 289 PC-PMMAs}
PC-SAN ZZ @A & Azxslc).

gtz oz PC-PMMA EE 3&: Uuy)
9l hydroxyl7]& zt= PMMAS$} PCe] 2§23 ¢)
g3 A& 5 Ak® HAT o)FA e FEIPAM=
ABA EF 32 1 Zo| W uge] ZHo| oy
I, g8 7 vdA TEAE A= FS 2
wuict vdA] aEzte] ws)E HgA AL =
HMAZE] Aok & AT E L FX A (2
A%} ZHA))Z bisphenol-A ] Fz) 7ol )3 34
%} p-isopropenylphenol& AMg-3led tho}g Bzl
& Ze 2P uldr]e] PCE Az ¥ o)& o]&3
o MMAs} zre njdA] gasel 271 327
E FW e B o)ho muagn.’

E =R 2 uld moietyE 2t PCs}
MMA & styrene-acrylonitrile®} & ujgd4 o
BAs}e Kot FF ol o8 T BE Zo) 9 )
& 7 PC-PMMA 2} PC-SAN )9 A=,
T2 R LA 29 THeAel B =dtazt @

a4 H#

Al . Methylmethacrylate (MMA)2} acrylo-
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nitrile @ = Tokyo Kasei Co.9] 13 A okg,
styrene @&A= Junsei Chemical Co.o] 153 A]<}
& AABPlM FHRAA T FAAE AAS T A}
431 t}. Bisphenol-A D= toluene &7 & A}
&3to] AZY3IAh. Triphosgene, @] Zujz
AH&-¥  triethylamine 3 2,2’-azobisisobutyro-
nitrile (AIBN) 7§AlAl&= Aldrich Chem. Co.o] &
H A9k, benzoyl peroxide (B.P.0) JAA=
Fluka Co.o} &3 Alokg FAlgle] AHe-8ct. 2%
$ul2 AME-F dichloromethane, chloroform, 1,2-
dichloroethane, toluene %9 &3 A|o}e AM&3}7)
Mol FF3tAch

St viETR 2s J2FIRU0IE (PC)e &
B 42 "dr|E ZE PCE UwY AxA= p-
isopropenylphenol& AM-8}3L, triphosgene Zujd|
23] bisphenol-A QFAE AVFHAA AU}®
AEHA FHeA e vy 2o} A4 Sekagd)
o3l 7mLe] NaOH 4499 bisphenol-A (0.81
g)%t NaS,0,(0004g)E Y3 AT p
isopropenylphenol (0.023 g, 6 mole%)¢] %850
%+ dichloromethane €94 (4.7 mL) 3} triphosgene
(035g)& 9 &9 Hrlsld B4 F8AA
o} 2A12bEQt A7) F Abde] Zuj R triethyl-
amine (1 mole%)& H7iste] 4AZtEQG =3
A& A3t o] FREAE FFHFT2Z Y3 Q
Aoz FIAY F A7 EPAAT g 1
A &4e 3o viebgo] YA MY @
A3 22 Y F oM 2447 AZAZAA
¥4 24 Yejo] PCE dem $82 81%°l
1=
PC-SANZ} PC-PMMA EZghi|el HM=. Ug v
d71& Zt+= PC2} styrene, acrylonitrile (28§ :
0.25)& B.P.O /MAA2 B7} 22¥A]H PC-SAN
TEHANE AL, AT F}EME R 2o,
PC 1g# 1,2-dichloroethane 3.1 mLE A4 29
713}el A Schlenk flaske] @3 F¥HAHT} o] &
Yo styrene 3g, acrylonitrile 1g3 toluene
29mLE H718ta B.P.O 0.035g& A7lslq 85
CTollA FRAAT 5AEL FFA7I9 weA2)
% 3}339] isopropyl alcoholg AMg-3l TZE NS
AANZAS. A7 o AH T LA 24X 7159
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T AZF FE2EAE FE3H 2 A3l EE
& Azde Aedls FTFUA 4 Swtp TF
PC/SAN £oio] H7igt & $job e WYez A
z34ch olgA AxY & F /KA LE, F PC/
SAN 248} PC/SAN 24/PC-PMMA or PC-SAN
Fgel vjAFE W3E image analyzer2 429l
A BEE

71718, 9 ¥jdr|E ZE PCe F38A9
Jz= NMR (Varian Gemin 300 spectrometer)
238 A E M-Sl ZAIAT 'H-NMR 29
Ege TMS7t 1 vol% Eolle CDCLE &z
AHE-3le] dich mEzke #AEe GPC (JASCO
Model 2350, V)& AH-3le FaQ5L, 52 R+
B BARL EAE RAYFAE EYZ AN
slqt}l. PC-PMMA¢} PC-SAN 32%Ale] 85
Zo] ¥ H)= GPC, FT-IR (MIDAC Co.2] Model
PRS), 9484, 'H-NMR %o} &3g ZHd 9
& dd. 22 UV-Visible 332 JASCO
V-550 spectrometer & AHg-3l 3xct. PC-SAN
F2gAE PC/SAN BB 443z ARE
% BAag Aol =r) W3l image analyzer
(Nikcon Labor Photo 66)& AH&3le] ARSI T

Zot 3 IR

2l v dy]E & PCE triphosgened Fuf &
AMgEta U FAAE B dFddiN e p-
isopropenylphenol-& AF&-319 bisphenol-A2] AH
232gd o8] Aot PC 3ol sloiA dwd 3
AAZ AHE$ p-isopropenylphenocl?] ¥HFE F
7I71E 18A Ak getzld vinyl moiety7} 3
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7Ve go] AR Wi FEA) el F
A7 41, dadoz Y49 PCe #Hd #A
go] 2000~110002.2 Ao ExFo] =EHE
2g H|d7|E 7= PCE d€ F Ao ©d v
d718 Zte PCY F3 slolA daol Fuje 2
o FAA 9] EE&d wWE nEAte B3 4
Tz BF NG Aae o)dd By’
Eapgre] =¥ o8 FHe WY HdsE 7
= PC (p-isopropenyl phenole] ##3& 3, 6, 18,
30mole% AFE3 PC)9 methylmethacrylate
(MMA) =i styrene-acrylonitrile @3] &
H| & u}pd A AIBN = B.P.O A= ¥71 F
2¥A7) ZAE Table 1o Yehich. 4L
PC-PMMA ¢} PC-SAN & g9 #&<& isopro-
pyl aleohold] %3] @& AEylez Ailsigeod,
g2 60% AZY g el A4dE PC-
PMMA ZZ3AdA PCe EA13L 2000~11000
oz ZAe] 7Fstd i, PMMA B3 3000 d
5o 4A4% g vepiict ¥48 PC-PMMA &
Z3A 9 A MMA g E dx @50z
Z2HA oL 347 Fo 29 ¥d/]E Ze PC
& H7A7)A PMMAS Bajege) of 1.79) F7H8
(M,=5100) Z¥AE ¥ F AU (run No.
5). PC-PMMA 329 Z¥dA L FHA
ujzl PMMA 3tExte) 2xjige] Ao 4¥d 2
£ ¥<l v PC-SAN 89 oiM+ Fig. 19
Uehd uis} o] FgAIZtel wel SAN FA <
453 9 $&0] Frlsitrt 23Ee ZAE e
Wl ol d dale SANZ MMAg| 3z
ol 7|A¥Tkn AlRE T H FHLE, TEA
d i AR FFELA W BEE FFEA
o] Balge A v g By
PC-PMMA ¢} PC-SAN FF#A AN 4 &=t
o] BE Zolx= GPCE £ ¥A% 334 < 4
Asigc. o Bdr|E ge PCe o|u] BAjsgo]
239 YES A7) B AzxT F5EA
Bxgre 243l PMMA & SAN 2849 &
Aol AAER FHHA BF Holg AMY
g}, @& PC 18z} MMA X& styrene-
acrylonitrile @A 2] ¥7} FFFA BJA o v
PCe] wrgAo] Wolxa, X3 E22¥E, 749
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Table 1. The Synthesis of PC-PMMA and PC-SAN Block Copolymers

—
run Pe(;il ny pisprpenl  PCPMMA(PMMAP  poym time  PCPMMA-SAN PC:PMMA:SAN PC:PMMA: SAN
No. pe/gane Phenol(mole%) -SAN(SAN) yield(%)  (hours) M, block length block ratio (FT IR)
1 4.6 30 632(38.7) 21 7400 1:24 1:061

2 3:7 18 55.6 (36.6) 21 6400 1:10 1:059

3 3.7 6 56.0(37.8) 21 8800 1:06 1:054

4 3:7 3 450(21.0) 21 14000 1:027 1:056

5 2.8 3 340(17.6) 21 15600 1:05 1:10

6 2:8 18 348(18.6) 2 6000 1:23 1:0.96

7 2:8 6 38.8(20.2) 2 10800 1:10 1:096

8 2:8 3 36.0(18.9) 2 18000 1:05 1:088

9 2:8 3 54.0(42.7) 5 26000 1:12 1:156

10 4:6° 3 60.1 (33.0) 5 22000 1:08 1:059

% Yield of PMMA or SAN homo-polymer.

¢ Addition of vinyl moiety terminated PC in-situ MMA polymerization.
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Figure 1. Effects of polymerization time on the
copolymerization of vinyl moiety terminated PC and
styrene-acrylonitrile.

o e gy == AE9L isopropyl alcohold]
FAANA 22 Fe = 353107 g A" F
FiAe= dFE 85 Y9 & /Mg A4
Table 1 yvehd ujs} o] A" PC-PMMA
FTHAl 37 EXEe 6400~140000)%, PC
FuA sYF EAFRE W PMMA #gH=
S BAgo] 3000~34009 Aoz Hol 2=y
Ao BF Zol= 1:03~1:24 P9z =d=HE
Ae & 4 Ut PC-SAN 2339 ALos &
Aol 24" PCE AM-3l 1:05~1:2.39) t}
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G BE AojE /MHAE FFRAE A = YA
ot 3] SAN Z#9] 49 A4€" SAN FA9
FHE £ TP 2471w 5000 AFE
Al 5A7ke] AL 1200022 2.4 A= Z7}3)
Hgol PC-SAN FZ#He] 85 UolgE FHA2
o2k HEHoz xHo| 7HestAth

F3YA) BE ve FT-IR, 9484, 'H-
NMR 3z} e B33 24 o3 78 4+ AdAs
Fig. 29l PC-SAN 25#4¢] FT-IR A9EJL 1}
e, PCel sl2rdr| (C=0)9 A&AF,
polyacrylronitrile®] C=N 41%32%, polystyrene
(PS)9] YAgA WAz aANFd Agste 1
o]z7} Z+z} 1780, 2236, 700 cm™e] UehlE= Ao
2 Ho} PC-SAN #ZgA7l Alzd HE Fag
& 9don 53] 1780 em™'of Uelus= PCej sl2n
d7ie] A&757 PSe] dA34 wWiAzna mzan
T vjojae F£ax uE EdiZ PC-SAN 3534
A PCo} SANS] £ ¥ & AAE & At &
PC-SAN 3% #Aldl & PCs} SANe| E2 H|g
FT-IR 29EZ o 2RE APHoz A&3)y] 93
PSe] &#%& W3 I|AAM PC/PSe] EA=EL
AxZH F 2 MEY FT-IR 2¥EHo =RE Y}
vk PCel sl25d pjo)as} PSe] dxgx] WA
I 2Zp%E volae] Faz 81 T3t Fig.
3ol e ule} o] o] gES J|FoE 3l A=
¢ PC-SAN F&#A2] PC2} SAN9 EE wg
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Figure 2. FT-IR spectrum of PC-SAN copolymer
(run No. 7).
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Figure 8. Dependence of transmittance ratios of PC
carbonyl and mono-substituted benzene groups on the
PS weight fractions in the FT-IR spectra of PC/PS
blends.

% £ AR, 1 g PCo} SAN @] 3
vlo] we} 1:0.59~1:1.568 Yehiich Table 2
o= PC-SAN FZ g9 944274278 Yehid
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Table 2. Elemental Analysis of PC-PMMA (SAN)
Block Copolymers

run PC : PMMA : SAN
No. ¢ H N block ratio
1 7387 651 - 1:0.56
2 7392 655 - 1:061
3 7361 652 - 1:0.54
4 7385 6.53 - 1:0.56
5 6527 715 - 1:10
6 8124 645 327 1:1.08
7 80.13 656 3.79 1:1.0
8 7961 684 285 1:0.82
9 81.87 639 430 1:056
10 7878 635 238 1:049

H (M .
HO-(-< }-z—< >—() '()*< HH—C“;—(CH THy M —CHIH
H3 x . é ! (l:N

benzene proton
/ of PU(42.4)

benzene  proton of ertho

position of P$(16.2) proton of CN group
- \>»j
}
3

Figure 4. 'H-NMR spectrum of PC-SAN copolymer
(run No. 7).
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Fig. 44] JePd PC-SAN %9 'H-NMR
A¥EYH A PC, PS¢} polyacrylonitrile®] E414)
AR = olzrt 4 74, 7.17% 2.6 ppmof| A Y
El}= Aoz Bol PC-SAN 23§47} =8 A
& QY $ slaith. PC-PMMA 239 'H-
NMR 2@ E#d|AE= PMMA2] COOCH,o #1235
£ ¥4 yolzgl PC WAl ngd 3= e 54 1
olze] AR v2RE FZEA £E vE T
F A PC-SAN FF3Ae 29 PC9 PS
WAlelel ol REHe g AA7] 9o 'H-
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Table 8. The Extraction Results of PC-PMMA
(SAN) Block Copolymers with Acetone

PC/ p-isopropenyl  acetone-insoluble  acetone-insoluble

;‘: MMA  phenol material(%) material(%)
" (SAN)*  (mol%) (weight measurements) (EA)

2 37 18 76 )
3 3:7 6 64 86
6 2:8° 18 75 92

7 2:8 6 65 87

NMR ~¥Ejo2HE FFHA EF vE A%
Ao g A&sy] @3k kX% PC-SAN #3
WM SAN FHA #ie] Frigl uwet
PS¢} polyacrylonitrile 3jo]=2] F&glo] PC WA
agjd] AZEHE T4 Holae FHEgtrRth Ao
Z F7l8le Aes Bol SAN FI4 #4339 F
e HF oz #AY £ A%l

£ 394 Az PC-PMMAS} PC-SAN 3%
A= PC @d7]dl vinyl moiety& =Y& ¥ o]
2 G B 2FEAA LA X3 PC
Zebslof vinyl moiety’t SYEA] e mE=7}
EAsln £ ¥Hggo] Hold MMA Z& sty-
rene-acrylonitrile WAyl @Eoz  E§T o]
PMMA == SANe| gE A7) PCel Edc
ez EA4Y 5 Uiz A4Eo O FRFE FH
Hog &y A% FEEA F2HE S PF3d
t}. = PCE o]z %31 PMMA E= SAN ©
5 ZWAT 34 = AE oMMES AH3IY PC-
PMMA ¢} PC-SAN FZ8A & 23 F opd &9
S5 NS 3YH2E HEEHYUTE. Table 34
2 ZAE Jehiiglt. & a7dM A=d PC-
PMMA 9} PC-SAN FZ g4 ol el =] &
v el 70% AEXE yen, FT-IR# 'H-
NMR #33% 23 9 94284 A2 He oA &9
%2 HAE ZAME PMMA = SANe o= =
A B9 ohz}l 35% HFe AFHE FEe] PC
Expggo] e FEPA7} SAe AE I £
et §HH U F=|AQ  p-isopropenylphenol <)
g3 HA A 238 PCY MMA E&
styrene-acrylonitrile ©@%H& 33N 2 @5
FH 2 Eshe TRl 4 Frisked ol=E
A ¥ FF 8ol F1YE 5 U ¥)d moiety
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Figure 5. FT-IR spectra of PC-SAN oopolymer(run
No. 6) : (a) before extraction and (b) after extraction.

%ol ddiF ez Fr) vgeleln A€ Fig. 5
o PC-SAN #5#A4le] 3% A% FT-IR A~¥EF
€ Yehigid. 3 AFe9 FT-IR ¥ ERHA
PCe sl2rdrld #3=+= CO9 AFA%FT PS
o] AXFA WM 2AAF oz Fubg v
2HE FEEAA SA sk PS ¥/ H3E A
A3 22 F PSS9 9ol 46%A 40% 2 =A
Wy g AE ¢ & ARG o9} B FHE
274, Y2E8H, 2248 A9 A4, 49 9 Ax
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PC/SAN24=2/8

PC/SAN24=2/8 with PC-6-SAN

50pm PC/SAN24=8/2
Figure 6. Optical micrographs of PC/SAN blends.
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—O— with PC-b-SAN(run No. 8, PC/SAN=8/2)
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Figure 7. Changes in equilibrium domain size as a
function of AN content in the PC/SAN blends.
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PC/SAN24=8/2 with PC-6-SAN

o] ZANAAN EH=HE A 2LsE 2 97
A A =3 PC-PMMA<} PC-SAN2 & &5
A= S gcin Agd

B g7 Az PC-PMMA ¢t PC-SAN 2
FAle= PCY o] F7} F3o] 715322 vinyl
moietyS U F MMA =& styrene-
acrylonitrile®} 2 v'dA @A} FFPAA o
A3, FR2XEY 2L {FU8vd 55 JEUS
UFLH FAANA H2E YAES oM ELE F
2% ¥ JEsA 2 AH8E] . Fig. 6& PC/SAN
24=2/87} 8/29) Edc=d] PC-SAN 224 &
AEsAl R AR & A3 37]) WEE image
analyzer2 @33 Alzlo|t}, o|¥A A 44
o] #37F 7] SANS AN #§3 wa} PC/
SAN=2/83 PC/SAN=8/2%1 A9-& =3} A7}
Fig. 7o} viehd wle} Zo] zAld] @Aglo]l AN
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F3ol et L3R E AIBINE o B 2
717} 2A A8 dekges AN 639 ¢
3 PC/SAN Bd=9 484& =Hsde 9 AN
g mE e a7} ¥3hs 34 ol 24
mz ZAE ¢ e A=) AT PC-SAN
TFHNE LA 2 A3 E ASds 244
#Aglol 4~7 um A2 B2 =77t 3A 7
238l AN #isntoz Bd=o 4848 248
T A$EY anr) o9 Hojygrl. o)e} o] PC-
SAN ZFA A PC 882 PC Aoz AF3n
SAN EE¢& SAN Aoz HEsy| wid T
As Feld Ao Alde] A8l ARLH L Fo)
A "1 Aoz PC/SAN Bi=go AL34
2 98¢ dva 4449, PC-PMMA 3=
PC/SAN Ed=9 4434z ALLE 3¢ PCr
FAAD de ALz 5948 Ho Bl
A7I7b YA PCol A&544e o] & AL =
PC-SAN FZ@Aet 22 o1 &dpr} =% 4t
PC-PMMA ¢} PC-SAN FZgAle] BF Zo] &
Hleo| wg A43Al 2o faxfd 3 A4 A=
g Bag o Folu},

32 B

PC 22719 vinyl moiety & YA F u]dA
579 98k (MMA, styrene-acrylonitrile)$} 2
7F 32471 g ez PC-PMMAS®} PC-SAN
EE FFHAE Az 49 35PNy ¢
Z 9 g8z 340 s AEY A7 ke
2L 42g 49l

1. Bisphenol-A9] =z <3 FAF »p-
isopropenylphenol & 4g XAz AMgsld EA
o] 249 v)drl& Ze PCE Alxsgr.

2. R BAFo] 2x10°~1.1x10* ¥z =
Ae o8  F7/e PCe MMA (styrene-
acrylonitrile) ©EAle] FFu|E wlAAN 23 7
AlAIql AIBN (BP.O)ez %7l ZFHAA EBS
Zo] & H]7} Ao PC-PMMA ¢} PC-SAN B2
ZTFHAE 4& 7 Ak

3. FF¥A9 85 o] ¥ ®l&= GPC, FT-IR,
9484, NMR #33 ZA& AH-3le ZAIEY

RUY -

AR - ol B

i, 2 & PCel 213 4 a3 FHuE =
Al A 5 AT

4. PC-SAN E& F3%A9] A= oM PC-
PMMAS] 799} g F§A7e) we SAN 3t
Aol EaFo] F7ME FFHANE L& + A

5. ZFHA= oMHIE % F22Fd g F
F3H ol EA3= PMMA &= SAN @5 23
o] F& A 2T R S Yo FEUN
EA3 A& 898 5 A

6. PC-PMMA 8} PC-SAN #Z#4l= PC/SAN
EA=EAA F Ao ARAHE B A A4
& EAFAL, 53] PC-SAN 3F84= PCrt 4
48 0|8 AT 2 a7} o) FHojyul,

7. PC-SAN Z3%3& PC/SAN Badc g 4
3 E A71EE o BB =44 Auglel
BAte] 37171 4~7 um ISR A9 3, SAN
9 AN #igtos Bd=Ee] 444 -3
4R 1 &3 84 ok

A 2 B 97 19969s #2HAY &
A HA] Qv (FA A5 95-0300-187- 02-3)2) =]
ol % Aoz oo BA=FHUTh

1. C. K Kim and D. R. Paul, Polymer, 33, 4941 (1992).

. C. K Kim and D. R Paul, Macromolecules, 25, 3097
(1992).

3. M. Nishomoto, H. Koskkula, and D. R. Paul, Polymer,
32, 272 (1991).

4. Y. S. Lee and K H. Char, Macromolecules, 27, 2603
(1994).

5. L. Leibler, Makromol. Chem., Macromol. Symp., 16, 1,
(1988).

6. A. Natansohn, R. Murali, A. Eisenberg, Makromol.
Chem., Macromol. Symp., 16, 175 (1988).

7. P. Teyssie, ]. Fayt, R. Jerome, Proc. ACS Meeting (To-
ronto), 58, 622, (1988).

8. G. Z. Gardlund and A. M. Bator, Polym. Sci., Polym.
Chem., 21, 1251 (1983).

9.5 Y. Oh, S L An, L J. Kim, C. K Kim, and H. W.
Rhee, HWAHAK KONGHAK, 35, 514 (1997).

N

Polymer(Korea) Vol. 22, No. 4, July 1998



