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high density polyethylene(HDPE) ol acrylamide(AAm)E inverse emulsion graft3 3-8 dto] A5
= HDPE-g-PAAME toluened] 7}£¢ Az B2 Aoz EFHele, 1 AU E 2 PE conver-
sionell UlX & FHZEAY JIFL HESI, MHAHE graft polymer(GP) F&F v|Ae JF¥=
AE3Y. A4 H GPx grat ¥ PAAm(g-PAAm) 9] 3ako] A& v 4= 841 (toluenedl] 718-<1 7D
7 o] B& FEA A (toluened] B4 Aoz FElEAen, F FHY GPY FHu &L A
23 AAme] F8H9 Fxo] AA L weton, PE conversion ¥ GPEA 4L wyt& w7}
o A (R HB S 160rpm)o) el FA3] Fa#S & F A”DT

Abstract : Two types of coupling agents were used for the surface modification in high density polye-
thylene(HDPE)/carbon fiber composite. Toluene-soluble and water-dispersible HDPE-g-polyacryla-
mide(PAAm) graft polymers(GP) were simultaneously synthesized by the inverse emulsion graft po-
lymerization method and the mutual seperation of the respective components was made in the pre-
sent study. Here, the influences of various polymerization conditions on the production ratio of two
types of GP’s, the PE conversion, and the total amount of the graft polymers obtained has been inves-
tigated. From this study it was revealed that the production ratio of the GP’s was greatly affected
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by the concentration of AAm aqueous solution used, and that both the PE conversion and the total

amount of GP's produced decreased abruptly beyond 160 rpm of the stirring speed in the present

case.
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Inverse emulsion polymerizationo] #3lad= o
% 7] Vanderhoff5'o]l 93l d7sd o}, ks
£ PEd) th3 AAm9] inverse emulsion graft§}ol]
#alo] ojn] Bug v ek, ARZNANE graftF
Z70] acrylamide(AAm) conversion, % grafting
92 grafting efficiencydl] ©]|x|= J¥FS FHEZOR
A, o] 8 Hg7IFE TEskE | thah =80
=3t

gy oA gtegE FEX X317 stem poly-
mer<l high density polymer(GP)% grafted PAAm
(g-PAAm) 9] g}eko] A& toluene-soluble graft pol-
ymer(TSGP) (water-indispersible) 2! g-PAAm¢]
3}ako] grafted polyethylene(g-PE) &3yt &
water-dispersible graft polymer(WDGP) (toluene-
insoluble) 9] AQH&& vl HEFORA K
ol AA WEIFE lEE & Jo, FF GP
9 AAEH g FHZUY ™o] 75t
2 Zlojth,

o] ¥ GPv= % ©AHR(CF) 9 1st4o] Slo
M A% ZHd FF3te A¥ PAAm 9 matrix
polymerg! HDPE AES 3If3tez CF73
HDPE E&a) A=A CF #30)] thgt 9 /W2
7t Hn, o)E9) AWEA mE G B
A 1&g np gl

welr] B dF A o]lE EANEA ] dH
Bgl& 2# o g HDPEY AAmE inverse emulsion
graftZ§-& 4A1sled AYAsle HDEP-g-PAAmE
tolueneol] 7}8-Q1 R toluened)] 82 Aoz &
23}, 1 AAu]-§& 2 PE conversionol "X+ &
Txe) 9d& AES D, AHE GP FFdl v
A= = ok FHESIFh
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HDPE= #x3(M,) 2921 di3rR-a () AE
€, AAm¥ Junsei®] 15 A)2}S methanol 8 <80l A
benzene &= AAGAA ALEetHon, ojuf Ak
¢l methanol ¥ benzene& Junseid] &3 AlekS
a2 ARSI, £ toluene Junseid] 15
Alek-E N, gas HQY3tollAM FH3tA A4 E A%
& Ala-stgen, BPOS} Tween®80(polyoxyethy-
lene sorbitan monooleate)-& Hayasi®} 19 A%
e AMESIE T, pigments 4318 TH(F)
2] Cyanine Blue B-8000sZ Al&-3}%.om, 7€t A]
FEL AT 1FFS IE AT

Inverse Emulsion Graft 3¢ 2 Z A9

e

HDPEZ condenser’} X3&¥ 500ml 4-neck
flask& AME-sle] &2x Folr] {340 Tween
#8037} 37 toluened] ¥+ &34A)71 T}, 90T
AAm $£8&HE Y31 587 400rpm o 2 wRksle] &
35S inverse emulsion .2 Y= 3, 88T A to-
lueneo| &3ld BPOE Y3t TS AIAZ
t}, F3eo] ¢ 3= Fig. 1o Yehd vle} 22
dFgoz Z2FAE Belddch & Tl 8¢
Fetelol thake] methanolg 7}eke] HAA)F|aL of
7, E23 3 A AE-S methanol soxhlet extrac-
tiont] .2 48417+ M]3t v]yh-g- AAm E Tween
*80% 93 AALR E3RAPFo2 A3}
o GP, homoPAAm ¥ v|uk-3 HDPEZ TA¥E &
HEE A1, o|2HH ul¥hE AAmE &S
ggoe o] EFES 100~150mle] o st
55~60% (vol) 2] methanol & &-/3t= 30% CaCl,
Fgdoz Aulstd homoPAAmMS A A3t om,
A&Eske CaClye 4~5319] 3 methanolx 2ol
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Inverse Emulsion

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

Unreacted HDPE + HomoPAAm+ HDPE-g-PAAm |

% methanol)
Unreacted HDPE + HDPE-g-PAAm J

(Removal of homo PAAm with aq. 30% CaCl, solution containing 55~ 60 vol.

(Treatment with 95C toluene)

11 [

Toluene Solution ]

(Precipitation

by cooling)

[ Unreacted HDPE+ TSGP [
T

Residue : WDGP |

(Treatment with 81~85C decalin)

L Decalin Solution l
(Precipitation

by cooling)

| Unreacted HDPE |

L Precipitate : TSGP ]

Fig. 1. Experimental procedure.

93t CaCl,E ¢+43] A A3t v]gr-g- HDPE %
GPe] B3ES di1, o] ¢o gHE grafted PAAm
(g-PAAm) & &3 th. L thg water-disper-
sible graft polymer(WDGP)E 7] 913 GP ¥ ¢
¥-3 HDPEZ TAH ZFES 95T toluene .2 X
sl o] & 100Ce] o] 32+ jacket funnels
o] 8-5te] Ji}sle] WDGPE A1l o7 x)E 343
toluene &8 -2- W7t XA A A toluene-soluble graft
polymer(TSGP) ¢} vput3- HDPEZ 748 &
S derth a2 98 35E o] EFRES decalind
015 81~84T Alo]ol| A TSGPE H&A|A 82~84
9] Bo] &+ jacket funnel & o] &38lo] 73
oA g E#4g decaling-H- Wzt AHA|A vt
2 HDPEEZ HEZHog F&s) dch old#d Z&
A3 AL Fig, 19 JeRlATt

HDPE % TSGPe] H &&= =4}

HDPE$} TSGP-& 74z} decalinoll 1% 2 %A%
hot plate 9ol MA3] L& Hojrmd o {0l
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B#HA7] AR 25§ 7749 HEerz IF
on], olu] HDPES} TSGPS] M2 5t 717} 80T
9} 84CH 1 2w7} toluene® 7ol ZHzt 83T 9}
85C ot

o] [ =70 7AlE &ole] Fele ot Eoh

AAm Conversion( %)=

Total Amount of PAAm(Homo and Grafted) %100
Initial Amount of AAm

PE Conversion( %)=

Total Amount of Grafted HDPE
Initial Amount of HDPE

% Grafting(% )=

Amount of Grafted PAAm
Initial Amount of HDPE

X 100
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Grafting Efficiency(% )=

Amount of Grafting PAAm
Total Amount of PAAm(Homo and Grafted)

X100

Production Ratio of TSGP( %)=

Amount of TSGP
Total Amount of HDPE-g-PAAm

A3 9

X100

WS- A Zbe) W E o 3%

uF2-A] 7} 1080} A} PE conversion gt 54~55%
& VeRfo] &7)elE Azt W& g-PERE &) A
Ak A|7ke] Aol whel Alzhe] @hE 4HEe H
sh0, 40% o] FoE 3] ), A TSGP| A
HH| &L 1050 ME 46% = HaF For), 208
e 36% 2 408 M= 33% 2 523 a3kt
7} 1208-9] 53 U)o A= 808 A9 32.43% K
t}31.7% 2 0.7% A% 3438t J2S Fig. 200A
B 2= 9lth, o] AL AAmFEHo] F3HE F-3HA
3)zte] | EApgko] 29te 2 vlw A 2 PEL
27t &350 tolueneZoll FAbslo] glom, Fg

b
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Fig. 2. Effect of reaction time on the graft copolymeri-
zation. Reaction condition : HDPE 7g, AAm 1/8mole,
BPO 0.1g, Tween*80 0.3ml, toluene 200ml, H.O 60ml,
80rpm.
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o] & GP(TSGP) 7} o2k A A xo] PE conver-
sioin Z TSGPe] 4 AH]|go] A vebtth. 22y
yh3-o] Mg upe} @t oz A|Zke] e
utel PE #4149 radicalz o] AAme} &4} ol
7t o2 WDGPe] 4Adgol Friste wido|
TSGPe| Adu]go] @A =1, PEY A|Z& graf-
ting® t} growing radical2¢] AAme| FHo] $-4|
8la] PE conversion®] Z7}go] olzitl, @it
Z% drldle BE AAmPFo] Hon, AAm 89
9 ¥57} 7+AEe] PE 22149 radical£2] AAm
o] Fgo] F-1stA wo] g-PAAm o] H2 GP,
% TSGP2] Aol LA3HA Hof thi AAdu] &9
gl hasta vk, e graft FEA FFS
gPE % gPAAme] §o g o]Fojxm, A7t 7
gol w2t g-PE 2 gPAAmFe] 2% Friger
F3A7H) waEk & GP#e Ald F718kL e
Fig. 2014 & & ith

MAA e oS ¥

Oil-soluble 2 oil-insoluble initiator&} & 7§ 4]
A2l £F 9 =27} inverse emulsionE gl vl &=
Qe AET A7 K9 ol o)F ANAA A
A E radicalo] stem polymerg! PEAFol digh
radical®] 4% % % oligo-radicale] 4452 2ol
7} A& FHolth

gy B dFode Baleer oA &l
BPOE 7HAlA|& stad, BPOS Fxo g d3S
ZArsld ek 7NA1AIQl BPORI Fx7t F71tel whet
PE Ex}43o) 9] radical 4ol F718te] graftingo]
Z 35 o] g-PEFo] F71gtez A A Txe F7}
o) w2} PE conversion &7Fstil ot

3 BPOZS) Zvtol whel g-PAAm¥Fe] F71sh
U g-PEZE 94 Zrgte 2 TSGP AW &L 2
Wshe glov g-PAAm#Fe] F7Hgol gPES F7}
S5} ¢Asle] BPOFe| F7te} tigo] TSGP

tlo
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Fig. 3. Effect of BPC amount on the graft copolymeri-
zation. Reaction condition : HDPE 7g, AAm 1/8mole,
Tween*80 0.3ml, toluene 200ml, H,O 60ml, 40min, 88
€, 80rpm.

A A8 &ol tha 7HAE-S Fig. 39 Yehia gl

w8 GP £3& gPEF 2 gPAAm ¥o] 2F
ANA T2} Z7tel we} S7Hetn A2 AN
A Fxe Fvld wet F7hech

sfzgobul= 4Re ¥ BE 93

AAm 4899 F2E A sl HitEHe
ool BulE WA 7)E A9l oA, K37t
Z7hke A9E RAUAEY BHFHO] AAY =
B8 34 Bxie] Wy} pAastn F25e PE
Bz} 2o A7 HolxE2 AAme] #it Fol
2]} WDGP7} o] AA TSGPAdul&o] &
93] 7443}, §9 toluene &0 Hdle= PE ¥4
7} =715t grafting ¥ PERA}57L Boldoz
PE conversion®] Z7}8l11, g-PE% 2 g-PAAm#o]
2% Zgge s GP %o §743] F71eE Fig.
40l 2 & Qlk, W Ryt How {34 Ea
9] 57}t & micelleE ¥ Bo] A3 YAEY
% FAHo] Ao PERAY FHF FA
Z7}sle, YRpolA 2] AAme] FFo] F313HA Hol
20mle] Hrlo e TSGPel A &) 53% <] &
e veRia Ao
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Fig. 4. Effect of volume of ag. AAm solution on the

graft copolymerization. Reaction condition : HDPE 7g,

BPO 0.1g, Tween*80 0.3ml, toluene 200ml, aq. solu-

tion of AAm(1/8mole in 60ml H,0), 80rpm.

oladoln|e 4] sxo wlg JY

EQ18he e RuE dAIA 3 AAm
Fgde) g ZVIANASFE TSGPe] AAdu] &0l
#2738 7+481, PE conversiong ¥E7 @& ¥
AolMe T F7tel wet o 34, a2y F
=7F #& HeloAMe AX3F] Sk drh

AAm $899 5%7} A9 tolueneZ ol =33
AAmY) FE 2 {3RIAEe] AAme] Tl FU
o] GP%oll g-PAAm &S 711 WDGP9 4
Mol ZA=E ubH TSGPe AAo] #HAaxH=zZ
TSGPe] Ajul&o] HAaES Fig. 59 vehlaL )
t}. Fig. 4 2 Fig. 5 Y% AAmo 2 F3jo
U)X gae ZAME Ao Fig. 4v 758 4%
aHA &t R E F7MA FEA AAmFS ST
A ZAed Fig. 55 #H& dAsH &1 s=8 2
Astd AAm#FL Z7HZS d o) ¥sE vehdh

Aol M= TSGPe| AAd-&0] 52.8¢00A4 16.4%
2 AAm#e| Z7lol wel ZAasAT, FAeME
77.3% 4 13.6% 2 Hr} FH3] TaEeZ,
AAm FgH9] B3 o) g F3E PEFY F
7 Zol 2% AAme] it FFY ARG R,
AAm9| ¥ % 7Hhol mE A& vt Hg &
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Fig. 5. Effect of AAm amount on the graft copolymeri-
zation. Reaction condition : HDPE 7g, BPO 0.1g,
Tween*80 0.3ml, toluene 200ml, H,O 60ml, 40min, 88
C, 80rpm.

#1498 & F Aok

31 PE conversiont F719] AAm#e] F7}ol
e} F A9 2% FvpeAg dzte] A Fy
Zojo) 2 &2 PEZ9] Z712 3ste F7HE0l
AA vepta Qleh

GPZ2re gPEZ 2 g-PAAmZHe] Folo F2-¢]
A7) WA ) AAme] Z7ksh tio] B} F7
3 Z7lskn, o] AL Fake gPEFS] 7t FH
t} g-PAAme] Z7}Eo] Axiol Hlste] YT A
7] Qo et @4oith
autEx el %
wl£ %71 PE conversion, & GP% % TSGP ¢}
] g0 nX|&= 42 Fig. 6o JehHAch
uke 831912} o F2HE PE £219] &3]
37 g3ke Fo graft® PE Bl 30l 71E
8l PES}e) 23l4¢] g-PAAmS] ¥Fo2 3H3}
o Fardol 7tastea, nukg PEE §3o] 7
= Aejol A graft® PETHS awt&mo] weh Ax
Hoz @3l F Yok

TSGP2 A4 &S wutEErE 3S de AAm
Fge §313 Ao A tolueneF .22 AAme]

K
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Fig. 6. Effect of agitation speed on the graft copoly-
merization. Reaction condition : HDPE 7g, AAm 1/8
mole, BPO 0.1g, Tween*80 0.3ml, toluene 200ml, H,O
60m], 40min, 88T.

gako] oA E|n 2, PEAY radicalZ22] AAme] ¥
Fo] 223HA 53, toluene ZoA YA F AAme)
oligo-radical®] delEFoz W&ol A Y
efubA] gk rpm Fholl wheh graft® PES] &3o] &
7%} PE F#%&0] Al ¥ol AAmo] &hito]
o] %0z WDGPY A4Ajo] &3, TSGPo| 44
8] go] rpme] o] H& WM F 4] 2FAs)
rpme] gkol Z713lA PEAQ] radical2e]
AAme] FFo] RAsAH g-PAAmFEFS il
o]ste] WDGPS] A4, 3lo] £35=o] dazo=s
TSGPe] A Au &9 HAaFo] Hojrh,

33 PE conversion< rpm 160742 rpm 37}
o) w2 g-PE2] &&& 7o & conversion §t°] &4
3 Z7bE) A9, o] gk ol rpmofAMe mRkS
PE<] g2 o PEAF) radicale] 4453 R
dical2 9] AAme] EFo] BsA ez 7Aasin
pi=

% GP#3} g-PAAm#EE A& A rpm kel S7}
9} vj¥o] ZAaskA|gt g-PEgEe] rpm 16014 51
e Uehlo] ol F @te) &, el A=A 160
oA Zdiel GPag vehfal 22 o< rpmell M=

Ak,

O] ra-
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g-PAAm 2 ¢-PE2] ¥ gho] 5 Zastnz 48]
Fashn oo,

fr3Al Fxe] 9%

L 3lAe] 25 9 =417} inverse emulsion3 goll
A EFgET D 2w 2 AL mHE A0
2 M1, 38 438452 blendA# emulsion
o) b4 Sol #g APMIE o]FoA giot, B
inverse emulsion graftZ§o A= AAm+84 8
313l ¢Jx}H ol stem polymer?]l HDPEZ} &F2har
HE o] graftzgo] =), oluf A&t F3hAl
o] 5% 2 27t f3AAAY 271, AP, FFE
HDPEZ o] 7 2 &34 5o A 9%E &
ol g, 22y KA FR7E ¢ THE
2R Ao, §5H4 24 Tween*80-2 ALg-51
434 %7} PE conversion, & GP% @ TSGP<]
AAQH)Eol M)A TS FAIE I {37}
Q= Aol A 9] dispersion graft S gl H3tdx A
E3l9c}h. &3kAH7F glE aqueous AAm solution-
toluene Ao A= AAmo] “co-surfactant” 9] &2
to @ F3H4 glole tha HAF g e
o, tolueneZo] Zx|3}= HDPEo) thsle] AAme)
gito] Hl7 & F7)E shi}, Tween 802] F3H4
=0 B4yt 18/0E Bl d Exp7F 7 oleate2
] AAm@] toluene=© 2 ] gito] F ¥ -5l
u3le, AAme] i} Fo] ¥37Ele] g-AAmEol
Zon TSGP] AAgol HXPo 2 {3} graft &
glo] B)&te] o zbe UERE, PE conversion gk
2 PE7} $31jlxF BHoge] &3, wigko] 71381
o 53 graft FEE} ki e gg Boln, GP
Zar 94| g-PAAm 2 g-PEgo] 5% A Yebd
o2 1 3ol H3& Fig. 7o vehhil 1ok

£38) graft FHNME FaAFe Skl mel,
monomer droplets 7443h= ¥HH micelles 7t Z
7bsted QatEe] & ¥wFo] F7iska, PE 3%
o] =7} 7Aadte] AAme] Eib& e ZFUlAA %
micelle A4dol g Y=} FHAA ] FAUA &
sz o3 gt &5 A aRt FHEo] &
AW oo Al TSGP AAdu|&e] 79 22 &&

0

EZ2|] A15¢d A6z 19913 12¢Y

718 2 %8 HDPE-g-PAAme| A A 8o nxe 28279 9

100 114
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80 e {13
% 602 {12
& g . il
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(D PE Conversion |,
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Fig. 7. Effect of emulsifier amount on the graft copol-
ymerization. Reaction condition | HDPE 7g, AAm1/8
mole, BPO 0.1g, toluene 200ml, H,O 60ml, 40min, 88
C, 80rpm.

Holi glen, PE conversion F< §3H4 Fx9
Z7}oll we} toluene 3 F&Fsh= PE FX39 &
FHHo] F7tsle] grafting® 27 € PE 247
2a F3, 130] &y o] g-PEFo] S8 U

yH = GPFe F3A %9 Ftol wE g
PAAm ¥ gPE gtSo] 2% V1o vxo 5
7ve} o] F7hska dch

7z &

High density polyethylene(HDPE) (M,= 20,
000) 2] toluene £-<Boj] acrylamide(AAm) +E&H&
& 33t HDPE®| thdled AAm<] inverse emulsion
graft 2¢¢ AAse g9 2 AH4E AU

1. A4 5] graft polymer(GP) & graft® PAAm
(g-PAAm) 2] &eFo] 2L tolueneoh 7141 Z(H
FEA) 3} o] B& Z toluened] E-E<Q A

FEAA) 02 Basn, dzxte] Zee GPFY g-
PPAme] HzAez 251 AAme FHET
20m) ko] Zlo2 uEhtA], tolueneFol A AFGH
AAmS2) oligo-radicale} PEd) dAgjo)F oz F
2 8§ GP7Y AAEs 2R Atgddh

2. ¥ 5 GP9 A0 &L AMR-3 AAm+89
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