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golgdll (PE)of gt2Ad&(CF)Y 24719 sauﬂﬂl 3ty ZEjotadolu|=(PAAM) & 43
agptEe 3o g PES] Ba18F(20,000 ¥ 200,000), AAme] ¥%, 784 2 MAAHY 588
HEA7IEA F8AA 4F 2ZE FRN(GP)E skt YdHe GPe 1#=E o
pE,] ZA4o] & B4l 718 GP(TSGP), 711 ol&hg 4 GP(MDGP) € 4] 71 A2

th GP(WDGP) & 2213ttt ol g GPRA CFEHEE 7/M¥ste] SEY FA7E v
1_ kS olm@oln| o] Exol wel AYEE GPZo az5tZE B PAAmS gy o4g,
2314 AF23 8814 2 AAY s 5ol ulel A= GPW 93, stem polymer?] 2zjEkol)
w2 TSGP 2 WDGP#Ee a1, 593 PERA) 4R TSGP 2 WDGPo 933 TSGP
CFitdol th3t Falgol wa aieg vin FESHT, v gy fol s AsleE ¢
coagent59] THEXE L EANE EAM 29 7t B AR vixs &L ofR
7 zAEIgGo wE BAA R filament towdl PEE E2Qlo] AMzsidao]s F2A)H,
prepreg%A CF 2 #3239 2¥7} q@s}u} A8 (volume %)& 94 23T ¥ Us
“suspension adsorption method” & 2€)8}53

Abstract: With a view to surface-modification for better adhesion between fiber and matrix
in carbon fiber ( CF)/high density polyethylene ( HDPE) composites, acrylamide ( AAm) pos-
sessing functional groups available for chemical bonding with CF was graft-polymerized
onto the same (stem) polymer as the matrix PE to give HDPE-g-PAAm by the inverse
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emulsion graft polymerization technique. Graft polymers ( GP) synthesized at different condi-
tions of stem polymer molecular weight, concentration of AAm aqueous solution, and con-
tents of emulsifier and initiator were classified and separated into 3 types according to the
PAAm content in a GP, i.e., toluene-soluble ( TSGP), methanol-dispersible (MDGP), and
water-dispersible { WDGP) in the increasing order of PAAm content. In HDPE composites
reinforced with CF surface-treated using the GP thus obtained, the effects of such factors as

the concentrations of emulsifier and initiator, M,

of the stem polymer, and the type and

adsorption amount of GP on the impact strength of laminated composites were investigated
for different types of coupling agents. In addition, the influence of the cross-linking of matrix
polymer on impact strength of CF/HDPE composite was studied by means of either separate
use of peroxide and coagent or their combination. Finally, the “suspension adsorption meth-

od” for preparing thermoplastic prepregs based on toluene suspension of PE with filament
tows of CF dipped into it was developed, which turned out to give the uniform dispersion of
fibers within the matrix resin as well as the relatively easy control of fiber content in a conr

posite.

Keywords . CF/HDPE composite, graft copolymer, surface modification, suspension-adsorpiion,

crosslinking, impact strength.
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fig. 1. Reaction mechanism of functional groups of
.arbon fiber(CF) with amide group of PE-PAAmM
wraft polymers.
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Fig. 2. Scheme of preperation of flat-formed carbon
fiber strand adsorbing the PE particle as matrix
polymer.

QI M CFEHARC F2A 1R

A7H4Q) coagent ¥ AIIEL o] HA o] F
of ollebgo H7HELS FAAA Zgjzy 2ol A
sty FdstA -\riﬁh_ﬁ SR

CF strand A=, PE z7} &4 CF tow
£ pH 29 “ﬂ%%%"“ ol A Atdzlet &, 110CE

Zz|d #18¥ A63 19944 114

goll )AL 9 2

Fig. 3. Sketch showing the preperation method of 2
-ply cross-laminated composite using flat-formed
CF strand adsorbing the PE particles (PE adsorpted
CF strand).
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Table 1. Amount of GP Adsorbed on Carbon Fiber
for Initial Concentration of Aqueous Solution of
WDGP at 60°C for 30min

. i Amount of Adsorption
Initial Concentration( %) P

(mg/g CF)

0.025 0.88

0.05 1.27

0.1 1.58

0.15 2.98

0.2 3.49

0.6 5.97
Mw of PE as a stem polymer :200,000.
GP:PE-g-PAAm.

Table 2. Amount of GP Adsorbed on Carbon Fiber
for Intial Concentration of Aqueous Solution of
WDGP at 60°C for 30min

. . Amount Adsorption
Initial Concentration( % ) P

{(mg/g CF)
0.05 11
0.1 1.55
0.15 2.12
0.2 2.73
0.25 3.01
0.3 3.30

Mw of PE as a stem polymer:20,000
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Fig. 4. Effects of treating temperature and time on
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Fig. 6. Metallurgical microphotographs( x 100) of 2
-ply cross-laminated composite; (a) longitudinal di-
rection and (b) transverse direction.
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Table 3. The Effects of Species and Adsorption A-
mounts of Graft Polymer on the 4-Ply Cross-Lami-
nated CF/PE Composites(v; 20.8+0.2%)

) Impact strength  Improved

Glroup Sample index (kg - em Jm®) %(%)
2-W-1/8-03-01-30 290 (43) 103

1 2-W-1/16-03-01-30 413 (64) 570
2-W-1/32:03-01-30 419 (5.5) 593
20-T-1/8-03:01-03 299 (23) 137

11 20-T-1/8-03-01-10 341 (49) 297
20-T-1/8-03:01:30 27.3 (4.2) 3.8

1 20-T-1/8-003-01:03 313 (4.7) 19.0
20-T-1/8-03-01-03 299 (23) 137

v 20-T-1/8:03-01-03 299 (23) 137
20-T-1/8-03-01:03 382 (4.1) 452
20-W-1/8:03-01-30 314 (41) 194

v 20-T-1/8-03-01:03 299 (23) 137
2-W-1/8:03:01-30 290 (43) 103
2-T-1/8-03:01:03 277 (3.8) 5.3

* () standard deviation.
*a-TorW)-b-c-d-e

T: toluene soluble GP.

W water dispersible GP.

a: PE Mw.

b: AAm mole.

¢ emulsifier volume(m?¢ ).

d: BPO amount (g).

e: GP adsorption amount(mg/gCF).
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Table 4. The Effects of Peroxide and Coagent
of the 4-Ply Cross-Laminated CF/PF Composites
(v; 20.8+0.2%)

_ Impact strength Improved
Sample index (ke; - em/em®) %(%)
Untreated 26.3 (4.4)
Co[0.3] 31.6 (5.6) 20.2
Po[0.03] 311 (4.2) 18.3
Co[0.3]+Po[0.03] 28.7 (3.5) 9.1
Co:coagent, Po:peroxide.
( ):standard deviation.
[ ):wt% per matrix polymer.
HDPEd] AAm®] &8 1/8, 1/16 ¥ 1/32mole
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JZi o 1Ir

F ey

sof Hej= i AYsHA so] FAYEE FAAI
= Fib thAl 7EaA]7]is AFRo] oo A et
Aash, o] thiEah FEARES FEFO Tkl
uph F7ksked Ftagdvh AAnE HA A
o] Folli: Holt el o3 FEAstatES Al
7l dedsaEvt 348 gashe Ao A
s ¥t}

991



%

R

(=]

B7] 9ste] 20Wke] Bzl PEo] AAm 1/
8mole, AJA] 0.1gex 3l F3AHE 0.03 2
0.3ml Al23}e] ¢ojzl TSGPE CF 1gol thsto]
2} 0.3mg F& ZRAAE do Z29E ‘M7l
UERHSICE.

AR xiel go] faiAgel B W AAm
TEHE [I3 FRol= Uzt Bow, PEd
FA% FRole jiAA PEAS A H 69
AAm FHo] & Hof, B2Zol7} 71 BXE ¢}
B stz WDGP AJ4dle 71oi8lxqt &l
oo AAm®| FFol & o|FoX|2] ¢7] uj
QLA Ae] AAm9 oligo-radical AAJe] H2
slod, AA oligo-radical®] E2}(stem polymer)
e} g2t 874 E9| oligo-radical ] AE
ol dojutr] ogd7] wjFoll /3kA 0.3ml AMHE-
A AdE TSGPel BA|47F Hu B9 o)

3RS Ao, ol TSGP=A 39 /A%

L} =
& B BAGTE Az BEXolvt #Y] w o
G

T

=
s
=]

Po] CFolo] &%, 140 okal g-PAAm %
oAl FHelUx §471 A7) wjiol 0.03ml A}
851902 Aol vlste] Tha Be e e A
© 2 AlZEC}.

Y #E agZE FRA ARG 7RAA
(BPO) o] ol wet ¥4" GP7F 2AZ %0 n
A= 95 Table 39 “IVF7o YeRAAS.

Bzjgr 209te] PES) AAmE 1/8mole, 8314
0.3ml& 3to] 7HAIAE 0.1 2L 1.0g2 W3 A)1H
drkslel AAE GPE 1g9 CFdl thsled 0.3ml
A EFE, ARSR S W FATEE MAAZ F
7tol whet aA P ¢ ¢ Aok AR n)
o} o] MAAGESY F7kel wel a8t2E Fto|
%19} PE conversion gto] tha 2ol@e 7)Alg
o] F7tell whet PEAYO| ] 2hejzhe] A)4do] gts)
A, AAm FEAL {Figt FRol= Yzh=

%
BAY B ok 595

PERe] g50] 2

oA FHSHA B Aol AAmel Fae ol
= gjxbe) ele] U= et B Fzol= gl
e ERFel B Zoln Bl Bo w2
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%ol - B -

T oled - 4AS

i3

oA AERE ozl disteds AAmel FFel
AZ By EFA30A4 AAHHE AAmY
oligo-radical®] FH< w3 3|A4dty, W&
At 5o 95ty oligo-radical o] # &

FX8tn A9 dAdolzol &% s HA

ol

A ol 2oiA] gholA] BAsel BB PEEAI)
Uo RaelA o)X, 29 Zolr}t ge

PE7} dd®o] Bl o1, o] Bzl Zo|7}
A1 F2o|= YAt 7] Wl 1tz E F§
2 uby) ojy A xHo] Heke] PE conversion?
ol 71qHAIE Aoz AlgEL), o]} Zo] 3}
o PERA = Holx| 1, Expdole) we eyt
AT AAF Skl whe AgAolA] B
2-& AAmY oligo-radical®] AJAjol 23te] AZ
ol 2% H& EX|7} TSGP olAe Hr} gol
WA =], Fe 2419 5 B, stem poly-
mer®| E22j9] Zol7t A& TSGP & BAYUm
7} & TSGPY A& ZustA =o] g-PAAm
9] 7} 37) W&o CF Buzle] 2, Ago]
2 o] Folx, GP9 CF Z¥re] 3, 14o] &
o] £20{ZJ A transcrystallinity®] 3FArS oz m
e, SAAUA F7t B2 244 (g-PAAmM)
of TAME B R oUA] F471 & dojuba YEhG
Z2AE APzt
“VE X BAE 208t PEE AAm 1/
8mole, F3HA4] 0.3ml ¥ 7§A]A] 0.1g& AME3H 1
g2 EZRA @2z g-PAAme] 4de] 90
%AHEE Ay 7|MZL 0 F transcrystallinity &
FA17)= g-PES] g2 10% Jw9l WDGP
! o2 g-PEQ] &2 90% H=ol™ g-PAAm
gekol 10% A=) TSGPeA Mz 2A4o] Ao
= WDGPY TSGP7F z+7d &3t 4% g-PE
FFE A9 FYsHAl 2F7] $fsted TSGPY
2 0.3mg/g CFE, WDGP9 &ateke 10
| 3mg/g CF2 F&AAA F28 GP9 g-PE
g TUMA g Aol FEGE A
3= WDGP % TSGP ¥&g v|asdgor
PES] abgF 2vte] ool 207ke) 99 Y

° Z omy P o ¥ o
~0
2y
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Aol BAAe 2 A nEAY stush ads B8 Arbad 2gAEe

3 WA afZE FES AAEtY YHE
WDGPE &3S 3mg/g CF, TSGP= 0.3mg/
g CFE sl FAR T mAe EHE AR
o}, =3t PE 209te g & WDGP ¥ 2%t
WDGPE £9% &2 (3mg/g CF)olAe] GP
2] stem polymer®] Ex}go] AT mX=
a9 ExgF 207ke] TSGP ¢ 2¢te] TSGPE
0.3mg/g CF2 F9% F2A1A, QA stem poly-
mer® Exjgko]| wWE oS ZABIELE. =H
A & 4 Ae vke o] PEY &A1 BARlo)
WDGP7} TSGP 2t} 3273 E9] A5l A 4
P 2SS ¢ & ok
o] Al4S g-PAAme Fgo] = WDGPE=
CF 39| &3 HejztFell g-PAAmM7} =24
o] A nExtete] A A Bol=g BYAA F
AT E FaAFe £9EY, GPFY g-PAAm
of o3k CFoll thgt 43t A%, 14 9 F3 oy
A9l F5FY FHEWHE B =A dEhA
TSGP9] Ay 2 L@ztete] AlHe| Hol=
E BAEA o, GPe CFej st QZ}, ke
gl At 2 FF AUA FFFo el @
AR FF ZAEH7L ii}ﬂ‘ﬂ % BE P
o] WDGPOHH A vehd Aoz ozt
3HH PE9} Exjgo] 20“1-.4 WDGP ¢ 2%k9)

WDGP"“H 20Tk A7t FEAsol aA vE
Ui e, ol EAkge] 20uke] Ae= 27k
#A%Eg Agl 10 wel g PE % g PAAmE
Hystel 3F Balo|A]l FAlol §&FHoRE HAed
a7t e, 29k Y GP #£2 H=
GojAA veElle gdEt A Jepd Ao
7R}, gEln 28 209ke] TSGP7E 27k
TSGPEDH AxAFol A veuta 2o, 9
Al 20%ke] TSGP: 2ure] TSGP2 <F 10uj9
azjw, Agd vielgo] A&, 1YaH ¢ 54
A FF &7t 27 27) Wil A& B3
7b B4rE AEelA Jeille gF3E0 A YE
v Aoz AgHn.

2a)¢ 7}nks}: Table 4ol v|XE] AR &

#F2io A18A A6z 19943 11¥

S vl A= A% 2

AEAQ)  PE(Mw.200,000) 241 CF/HDPE
composited A= ¢, YHE ZFAe PEZ
o] 7hiE do7|7] 3t coagente! divinyl
benzene(DVB) % 3}4rslE<Q1 1,3-bis(t-butyl-
peroxy isopropyl)benzene& 7}7} PE&ol| tsle]
0.3 % 0.03% A71sled O e F 4o 3&
3 Aejoll M B 5 FHG T vIA= =3
UERA T

Z9 A (PO)E 23F ¢E7] Y whg7]
ol A }4ksl8 3 coagentE THE H= FAll
H7bsle] 888 AeidlA AAuATE FYAYAIA
PO9] Aol tidt M7k B FAH7b WE &
g ans zae A7 ¥ gou}, CF/PO
S5 S °§?“ 32| otk =AM ¢

A= Bre} o) o] F AFE 3+ ERhlol 270w
7}z DVBE ‘E}%Qi 0.3wt% A7t =,
olaEH|E °o|F E2pel 370 71
trimethylolpropane triacrylate(0.3wt% ) &A1
&710A Yeille 347 S 4sEa(eF 10%)
9 F ule Aeg Uel don, 22 FFY
BABES 0.03% B7IIES u, ¥Hg7)olA=
5% FEY AsaAE HioY, BAAEY B¢
= 18.3% 2 <F 3569 &4E& Uehla Ut ol
dAe AR7st B3y Ae &8 LEAY
#5 9 e50) A FoIAE Taug
&o] A FAE UEhd ZRE AR ET
39 DVB ¥ #sEE o= wet 2
Foz FAll Pristed Tha
9.1% 2 T H7HAe] ¥ o]}
Stk olsh 2o AL % 1
Eoll A= #atstEe] o4l A
°] PE A #ftt)Z& AAHAIA
9]&ley 7lwnigo] Hr} &Aoo
A71AE FAZE AEE AT Al 2
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AL o RS gEa -

2 &

S RE 1nE ZoldEd S} 2 (CF/
HDPE composite)l] o] 4] ﬁ%g zHE 2
s nRajel bt BeAel 24 Ao $4
of A aHE AR AFZRE ozl Hx
= el 2o,

1. B2 2vke] PEo| tiste) A AME3h=
AAm) o] Hol ol weh PR $EA4 GP
(WDGP)ell 93t 53t49) A3 =0 vz &
Hxjz] a7t A T4, o G oldlelAie
F7hEo] 7483
2. Bxigf 20%ke] PEd| thsled
soAgol He 5, WA
H EZAVLE GP(TSGP)9 #
7Vt |RE ZHAA 9] 97 dRjeint.

3. BEA 209re] TSGPo| Fage] 3718 +

AH7E A vERd T, o= M= F o]
5] Gaoh A4 dehigc
2E GP %9 PEZS 24 3h7] Yslo
DGP¥= 3mg/g CF, TSGPE 0.3mg/g CF=2 &
AR wW T BAFe| PEAA] @oizl GP
PEQ] ExeFe| TAIQle] 12tZEH PAAm

ZAo)l & WDGP7} 282 E% PAAmMY %
do] A2 TSGP ®Ert &yt A uepgton,
¥xjgo] 20802 = PEjA @ojzl WDGP 9
TSGP&= 2%tollA] dofzl 2 Bt 2% Asay
7b A JEbstth

5. CF/PE E@A g0l 418l o
G502 st ZATEAE 7HuAE A &
Fo] WM E Eitaje %“ Azo st 2
FeENE UehiH, 2oz FAlY Mshe
A9t AU Aa *;‘ Bz uAsl 440 olst
of g7} st

6. PES aToﬂA Hsmaed Qe 38
7ol 4] A A7l “suspension adsorption meth-
od”Z CF strande| F2ZA RS wl= ZolZy
el Af 2 X0l RE7L 2Uekl, 27t0) 2

oN ox flr

>~_1Hu

1=
4

rﬂol' o

=

A=Y

19 f

coagentE
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