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8 oF: A4 LR QA isotactic polypropylene(IPP)& matrix2 § @AM {2 3} E7tad4A &
FgAge) MeEH EFE HES 7 8t XA Z L coupling agent 2 4] [PP-g-PAAm(Polyacryla-
mide) & inverse emulsion graft Z3§2] “EA| #4387 % “AF3y" o2 43l AAm conversion,
grafting efficiency(GE), % graftingS A8t on, olm WA S & graft polymer(GP)& PAAmE
o] We $EAAG GP ¢ FTo] He uFEA GPE §uigo = £e3tx, vwrg IPPE &
wfell 4 A& A7 §e2]3le] PP conversion, Bl5¥44 GP9] FA4 A GPoll Wi $39] 2 I

F8 7Zbzt zAbEg T BAREY A A= IPPe o] FA Mg Eite] RIFAZE ¢ F
AR, TLHWEZE 2GS gHo] A [PPo) tfslo] AAmF§H S #3835 colloid 4 =7F F 25
o] ukgo] A FH, A7 102 M E 90% o] 4] PP conversion YEMH I 1o, 11 o] &
A EFEANS B3t dRY G Holm Ark, EF K4S FAHIME fUIEHE GS &A%
o] AAm conversion®] Z7}& Z# {rh. Toluene>Ethylbenzene> Tetraline>p-Xylene>Decalin

= emulsion Aol AL E G3 A= HAZ AFB BN M stiffnesse] Z7] &9 2 AAm conve-
rsiong o2 go] 712171 Atk T-80>T-20>TX-100>E913>E420>E108
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Abstract : For the purpose of investigating the effect of surface modification of fiber on physical pro-
perties of carbon fiber reinforced isotactic polypropylene(IPP) composites, IPP-g-Polyacrylamide
(PAAm) copolymers have been synthesized as coupling agents by the “simultaneous emulsion” and

“pre-emulsion” methods based on the “inverse emulsion graft polymerization” technique, whereupon

the effects of various polymerization conditions on the AAm conversion, grafting efficiency(GE), and

% grafting have been investigated. The graft polymers(GP’s) prepared from the reaction were then
separated into water-dispersible(PAAm-rich) and water-indispersible(PAAm-poor) ones according to

the “solvent method”, and the PP conversion, the production ratio of water-dispersible GP to the total

GP, and the total amount of the graft polymer were also investigated by separating out unreacted

IPP from the solvent.

In case of the simultaneous emulsion method, good results have not been obtained because of poor

dispersion of IPP in the reaction system. However, in case of the pre-emulsion method, it has been

confirmed that the graft polymerization proceed via adsorption of colloid particles comprising emulsi-

fied AAm aqueous solution onto the IPP molecules dispersed in the solution, and hence high(over

90% ) PP conversion has been attained only at about 10 minutes of the reaction time, and then main-

tained at nearly the constant value over the whole polymerization time.

On the other hand, organic solvents constituting the continuous phase bring about the reduction
of AAm conversion in the order of Toluene>Ethylbenzene> Tetraline>p-Xylene> Decalin.

In addition, emulifiers used give decreasing values of AAm conversion in the order of T-80>T-20
>TX-100>E913>E420>E108 according to the size of stiffness in hydrophobic regions.
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[PP= Exe(Mw) 209HQ) th3H3HF) A EFS
f#3lA1e) £/ Table 1] Yeld A %&UL

decalin, p-xylene, ethyl benzene %<& £ Jun-

seid] EFAIS A&t T, 18t Aleke 184
ok-g A3t th
Graft 353 w18 2 T5EA &2

HA 8.4g9] IPPE EFYA7I7F #34 U 47

ZopaaE Al 88T fAE ez FollA
£3H42) Tween®80 0, 2ml<} 7 toluene 240mloll
wuk g3 A7l & 90TY ZFSF 50mle) 1/8

moled] AAm7} &3ld AAm+&AE P31 1087

400rpmo. & 738 HkAlA emulsionS Y=+ FA]
393, toluene 100mlol] Tween®80 0.2mlg} Z
9 50mlo) 1/8mole2] AAm7} &3f€ AAmF&H
S 718L% 400rpm 2.2 587} pre-emulsificationA] 71
3 o] g8 8.4g2] IPPE toluene 140mloy] &3}
Azl 8d7 E§ste] JA] 400rpm o2 1HH}o
emulsiong = H{-3PHe] 23] inverse emul-
siong THE ¥, 88Tl A 10mle] toluened] -&3H%
BPOE Fsisty 38 A HG, Sl B
¥= Fig. 19 Yebd vio} e #3goz A&
stk & Fdol ¢ FEA O] me-
thanol & 718}l HHA7| 3L o] A E o F st 348

Table 1. Species of Emulsifier

Name Maker Chemical Composition
Tween *80 Hayashi Polyoxyethylene
(T-80) Japan sorbitan monooleate
Tween *20 Hayashi Polyoxyethylene
(T-20) Japan sorbitan monoolaurate
Emulgen #108 Kao-Atlas Polyoxyethylene
(E108) Japan lauryl ether
Emulgen #420 Kao-Atlas Polyoxyethylene
(E420) Japan oleyl ether
Emulgen #913 Kao-Atlas Polyoxyethylene
(E913) Japan nonyl phenyl ether
TX-100 Wako Polyoxyethylene

Japan p-isooctylphenyl ether
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% methanol soxhlet extraction®] 22 48A|3F X g
ko] wukg- AAm % Tween® 80 ¢+313] A A sl
GP, homoPAAm 12]3 vjy+$ IPP2 AR &3}
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gl o] EFES 60% & methanolS 73k
40% CaCl, - 2H,0 #8&doz 2|3ty homo-
PAAmS A Astgon, A3 CaCly - 2H,0+
5~63]¢] 23} methanole] Hzlo] &t A3
AR Bs IPPY GPe) EGES AL, of &
o 232 grafted PAAm (g-PAAm) &S 4H&E319
o}, 2 ok water-dispersible graft polymer

Inverse Emulsion

Graft Copolymerization
(Precipitation of polymers with me-
thanol and then removal of Tween*80
and acrylamide by methanol soxhlet)

Unreacted IPP+
HomoPAAm+ IPP-g-PAAm
(Removal of homoPAAm with aq. 40
% CaCl, - 2H,0 solution containing 60
vol, % methanol)

Unreacted IPP+
IPP-g-PAAm
(Treatment with 100T p-xylene)

[ pXylene Solution | [ Residue : WDGP_|
(Precipitation

by cooling)

[ Unreacted IPP+TSGP |
(Treatment with 80~83C p-xylene)

rp-Xylene Solutioﬂ

(Precipitation

[ Residue : TSGP_|

by cooling)

[ Unreacted IPP J

Fig. 1. Experimental procedure.
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H bendingg, Z12Ja 28503} 3000cm™A}o]o)A]
[PP¢] C-H9) thd 2 v]thA stretching? 53} 1375
9} 1450cm™A}o]o A CH,2) 270¢] bending S o3
3 4 derg PP} PAAm>} grafting =L&
A = Sl

Graft 35% A9 A3

inverse emulsion graft Z3o] dojulr] Ao &
A delE FgEn|F oz #E3th. Fig. 3
2 F&o] dojr}7] A Cyanine Blue B-8000s ¢F

Transmittance

Wavenumber(cm™)
Fig. 2. I. R. Spectra: (a) homo isotactic PP(xylene

film) ; (b) homo PAAm(water film) ; (c) PP-g-
PAAm(water film).
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Table 2¢} 2t}

&0l =& 71AE ol BYe g} 2
1=
AAm Conversion( %)=

Total Amount of PAAm(Homo and Grafted)><1
Initial Amount of AAm

PP Conversion(% ) =
Total Amount of Grafted IPP

— X100
Initial Amount of IPP
% Grafting( %)=
Amount of Grafted PAAm
X100

Initial Amount of IPP

Grafting Efficiency(%) =
Amount of Grafted PAAm %100
Total Amount of PAAm(Homo and Grafted)

Production Ratio of TSGP( %)=
Amount of TSGP
Total Amount of IPP-g-PAAm

X100

Fig. 3. Microphotograph(X11000) of several colloid
particles of emulsified aqueous AAm solution adsor-
bed by isotactic PP molecules colour-treated with Cy-
anine Blue B-8000s.
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Table 2. Flocculation Temperature of TSGP in Va-
rious Solvents

Solvent Flocculation
Temperature
Tetralin 870
Ethyl Benzene 85
Toluene 84 5T
p-Xylene 84
Decalin 74
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Fig. 4. Effect of reaction time on the graft copolymeri-
zation through one-step simultaneous emulsification :
AAm Conversion(()), Grafting Efficiency((1), %
Grafting(A), Amount of GP(@), PP conversion(A),
Production Ratio of TSGP(M), Reaction conditions -
AAm 1/8mole in H,O 50ml, IPP 8.4g and Tween®80
0.2ml in toluene 200ml, BPO 0.1g, 88C 160rpm.
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Fig. 5. Effect of reaction time on the graft copolymeri-
zation through two-step reaction after pre-emulsifica-
tion T AAm Conversion(()), Grafting Efficiency([]),
% Grafting(A), Amount of GP(@), PP conversion

(A), Production Ratio of TSGP(H), The same reac-
tion conditions as in Fig. 4.
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Fig. 6. Effect of agitation speed on the grait copoly-
merization : AAm Conversion(()), Grafting Efficiency
(), % Grafting(A), Amount of GP(@), PP conver-
sion(A ), Production Ratio of TSGP(M), The same
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Fig. 7. Effect of emulsifier concentration on the graft
copolymerization : AAm Conversion((), Grafting Ef-
ficiency((]), % Grafting(A), Amount of GP(@), PP
conversion( A ), Production Ratio of TSGP(I). Reac-
tion conditions : AAm 1/8mole in H,O 50ml, IPP 84¢g
and Tween®80 0.01~0.8ml in toluene 200m!, BPO 0.1
g, 88°C 80min, 160rpm.
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(), grafting efficiency(W), and % grafting(g), The
same notations as in Table 1 except for TSGP : To-
luene soluble IPP-g-PAAm, The same reaction condi-
tions as in Fig. 7 except for each emulsifier 0.2m! and
TSGP 0.5g in toluene 250ml.
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Fig. 9. Effect of solvent species with (A) and without
(B) emulsifier on the graft copolymerization. TL,to-

T

luene ; EB, ethyl benzene : PX, p-xylene ; TT, tetra-
lin s DC, decalin ; AAm Conversion([) ; Grafting ef-
ficiency(B) ; % Grafting(g), Reaction conditions ;
(A) the same as in Fig. 7 except for Tween*80 0.2ml
in each solven 250ml ; (B), the same condition as in
(A) except for the absence of emulsifier.
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