Polym. Korea, Vol. 48, No. 1, pp. 35-40 (2024)
https://doi.org/10.7317/pk.2024.48.1.35

ISSN 0379-153X(Print)
ISSN 2234-8077(Online)

HDPEAIL=Z M7/adEde Seidel S4ol nixls Feeldt
J2t=E 89| Hst
olZe - YA

FF st AT EATIAF

(20239 84 21 A4, 2023 12

(<}
!

Q)
=

2 44, 2023 12¢ 129 A=)

Effect of Maleic Anhydride Graft Ratio on Physical Properties of HDPE/Kenaf
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EE: o]E%E7](twin screw extruder)E |85ty ITZE go] t}E FEY 0Nt gtz e Zg|o g H(PE-g-
MAH)# 2% Zg 993 (high density polyethylene, HDPE)/AIWE (kenaf, KF)/E=4 vlo]a=Z < (thermal
expendable microcapsule, EMC) E31 & A 3515t 459 PE-g-MAHZ} AE-EloH | 15L& AdstsE AE, 3
T M UES Bl A2 AlFol ARS-HATE. HDPE/KF/EMC B3A9] X EA, E814, FegA 2 937
T2 Hr71e A3 MAH39] wigto 2 Wk 1= % PE-g-MAH-c(ZZZE £=1.962%)7} 7F¢ 53+ & & 2
3R] BF e AsA WAAY] AEstel fE AoE dAdE

Abstract: Maleic anhydride grafted polyethylene (PE-g-MAH) with different graft ratios and high density polyethylene
(HDPE)/kenaf (KF)/heat-expandable microcapsules (EMC) using a twin screw extruder (thermal expendable microcap-
sule, EMC) composites were prepared. 4 Types of PE-g-MAH were used, 1 type was a commercialized product, and 3
types were a product manufactured through reaction extrusion. As a result of evaluating the foaming properties, misci-
bility, thermal stability and tensile strength of the HDPE/KF/EMC composite, it was found that the reaction-extruded PE-
2-MAH-c (graft ratio = 1.962%) with MAH3 was the best. It is judged that the decrease in the specific gravity of the foam

will be advantageous for reducing the weight of automobile interior materials.

Keywords: thermal expendable microcapsule, maleic anhydride grafted polyethylene, reaction extrusion, kenaf.
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W= Zg]o 9 (high density polyethylene, HDPE)2] 7
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o Felat] uhiel] WE AES] AJH $go] B K1Y
Fol gk 2ok, AEAE WY BELAe] S we ¥
ol Al E(sheet) FERO] AlFo] ARSEAL AL, A E A
= 4SAYHT AEPTY 5= ol 8t Alxrt 7
AZF] YA 58 TEE] JEAYH S BT A
Azt AEE 3 e, el golsh 73
= A Mz ol B2 Hge] A8E= “’Zﬂﬂ ek +
US4 EHo Bol AREEE stk Bxe] A 4=
g A EE O] A E & Ao oﬁg—/ A2 WA %
|28 (migration) ¢l &g+ AETF T2 A7} A|7]=
T}, 71&2] HDPE ¥e] @S Hetelr] flate] G
njo] 22 74< (thermal expandable micro capsule, EMC)
U AFsA FEFAAE AR AESHL k. 814
1S7F] A= PPet -2 T aAjol] Feiidy wlol=a
2ol A8H A9 7h 2olg 244 HA s}, 2%
detat Fu7dA mlola2 e o] HAol thafA vt d5- A
e x]z‘sgg]o]@?? A2 YAAS B3l 2 Aesl7] 9
3ll4= HDPE! thall F7F<Q1 A7 Z e st} Ix3/dnt
A %Bé:r& m]2agk §712] Wtel slEdoletal ule o
A, A S22 7AE W] 811 As ok o wA . H
A Xi%Oﬂ*i AR 7ro) s, Z7do] 45w, A F o]
5000091 = ¥3Fst= Ht 473 1000 pme- 7HA= =2 ot}
g3l 7EAEE] A R718AIEAAANE ol adRUE
do|u}, ethylene vinyl acetate(EVA) 52 3-53AZ & &
Thad FAR BE PR, A A8 oPdo R 7
¥ 7 A7} AskE AAs Al WAlEle] gl
el S71%e] Fsstal b 71] HAA Aol s QL
o]t} Figure 191 EMCY] €2]& HepiTh 71 =%,
I, Ak Bl et o] WEA B SE L,
z7o] FHstA =W S o] FEHHAU, FA, &
o] BT = Slo] FAEE HH 9 TS AAshke
o] Fasity
HDPE AEA; FELAGo R AN Sl ST
Aol 7 7;%}“* A7 AR A EE-o] golsith=
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7%= 73% 74«] PR HalHR] Fom, 47t #)7]
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Figure 1. Expansion mechanism of EMC.

Zan, A)484 A15, 20243

i
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(natural fiber, NF)2} Z2]2d¥ 42]& £ =(blend)
slod HWXH& AEAR AEshe A7Ee] FaAE A,
F2 A7y E FA8FEE DvHkenaf, KF), S7kjute), &
A& (sisal), tHF-(bamboo)s el AU=Hl ol & ot 84
5o e S AR dF WAE Eedd
/NF B EE 28 Tl Atk Z2]283/NF 539
739 NFe] H|5o] Jrfz| o= o} s} 2= 283
eiFE SE/NF 2544 ¢ t“—‘iiﬂ A Z7} Jé?x—iolfﬂ
Aslel a9l e ARES 2oV flsiMe
AL AEor o al—ak(Ok 15 wt% o]l A 2] Oﬂ
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HDPE®] KF7} E3tsle w) v]=4d <] HDPES} 449l t}
Fo 7 i e FAI(-OH) 23 F4S Uel=
KFele] Esde] wA7F vehd 5 Aot dubd oz 34

AR H|FA) aitAte] EsPde SUE HAoE HSA
A BEST|(Be F97)E ol 8she WS ARSe

ol& W F T el4K(maleic anhydride, MAH)S- H|=
73 Aol =88k WiHol 7 wol A=A £ A
THoX = MAH Z22k2E o] 4 E 159 PE-g-MAH7t
HDPE/KF E3H2] &3ddl nR= FaS 2adsin. 20
g, o] A-Ael ok MAH LeHZE &2 3}
doll JES F= Ao Hastal itk wEbA, MAH 2

o= 1 =
gl Ego] WE HDPEKF 5349 Eado] that w23}

%ﬁﬂioﬂ u];(]‘— Oﬂzﬂ:._ —/zlal— _JJ_9_7]_ oh;}

wEbA] E =FolAE ZEEZE §9o] thE PE-gMAH}
23K HDPE/KF/EMC E3HAIE o|594E7 € ©l83l, KF
TS 1520 wit el AR ¥ HIT, 71258 R =
A& Bt dHEAE et Stk MAH 12k
E o] thE PE-gMAHE MAHS} HSAlol= 3-8 W3}
A M- PEE Alxsto] ARE-EHITE

Al =1

MEZ. HDPE= 34 f3t8te] J-2200(MI=5 g/10 min)S-
ARESIA T, EMC= vR~E]B)X] e 2 Expencel*H(Sweden)
o] EVA o] 65£1%¢%1 980 MB 120& ARS8t} -4
3l¥ PE-gMAH= HX 1700-4500 cPE Z'= Sigma-
Aldrich AHUSA)®] A& AR5, 352] PE-g- MAH Els
5 = HDPE(J-2200)9} Junsei(Japan)e] F-<=2]¢1
(99%, maleic anhydride, MAH) Z12] 2 /A A2+ Slgma—
Aldrich*HUSA)2] dicumyl peroxide (DCP, 98%)E A&-3}31



HDPEAIVEE dR-/E858370&

th. 1] RE&- MAHE AAs7] flste] A8 Addls 22
REEL ] 99.5%F Aok ARSIt

PP-g-MAH Ht2 ¢t& % HDPE/KF/EMC M Z=. PP-g-
MAH®] ¥ 4&2 ol5UZE7|(FF-EIZ BA-11L,L/D = 40
cm/11 mm, Korea)s ©]-8-3F41 200/200/195/190/185/180 C,
2357 &% 200 rppme] 27914 MAHS} DCPE Table 1]
ZA o7 A|Z3I\TH HDPEKF B3 B Ao 713
AT Ao A HH o= HgE 2720 180/170/160/150/
140/140 C, 23% &% 80 rpmo2 A %3193, HDPE/KF/
EMC E3H = 40 rpm, 160/170/160/150/140/140 T2 %A
oA AzxsIATE 83 FFE GG aE 3 wi%E
alal ThE AHgskAle] 79 12 E &5 543t MAH
o] FtEE AHstlon, Avkz Ao dol=
Kinematica*H(Korea)2] D712 0.3 mm=Z Asle] 2183}
ATt GG vlo| A2 /=] 739 5 wi%=E 28 sIT

£H. 73839 PE-g¢MAHS] 3stt-25 SR151] 9151
Fourier transform infrared spectroscopy(FTIR, Perkin Elmer,
Spectrum 1000, USA)S AF8-3153th. Resolution 2 ecm™oll A
243] 2703} 4000-400 cm™ Fol|A AHEHS ATt
JEfzEe| FosA| 2 MAHE A|AsH] $13l 190 Cell
A PE-g-MAH(2g)E A& 200 mLell 2~|7F 8313+ %, 200
mL FEZ2XFA 247 Bt HHAA st =S
HEF oA Y3 Soxhlet 5712 o|&3l] 52 =
230 FEZXE 200 mLE B3 ARl & d3 7
WZ71E AAsE F 24417F 52t At 42 PE-¢-MAH
= EEo= o] FTIRS S4sIlr:. 123 Alxd 48
A 2B ZE RS IRIsh] 9t g8t AU E o]
falo] akzE 85 eIk 1) PE-¢MAHE 150 mL
°] 2t @7} NaOH F-&def HolFE 5 1M7Hs<t 37 Al
AFA}. BFAIZ] 2Nl Thymol blueE 3-548 HolF
5 vlE F2 HCl §98 33l AATo=HN 22tz ER
MAH &8 S35l olfle] 2] (1pl 2Jsl 28kZ2E &(GD)
S AARIYIL Table 19 A28k

(Vo—V,x107° xCx M)
X

GD(%) = T

100 (1)

Vo: pure HDPEE A8 o A-&¥ HCI® 9, V;:
samples 2788 wj AR&-E HCI®| 7-9], C : HCI®| B5%

Table 1. MAH and DCP Formulations of PE-g-MAH

Sample MAH DCP Grafting Degree
P (WH%) (Wi%) (%)
a R - 0.981
b (MAHI) 1 0.2 1.720
¢ (MAH3) 3 0.6 1.962
d (MAHS) 5 1 2.500

Al 4l riAE gt

=

aere g9 9% 37

(0.1 M), M : MAH®| #2F(98.1 g/mol), W : A5 FA

g3 EA =4l AF&H differencial scanning calorimetry
(DSC):= TA instrument DSC Q20(USA)E =4 &= H 9]
50-250 C oA heat/cool/heat modeS ©|&3}F T, £ 2
10 C/minS.2 7 3s}ed N, #$91718klA #4819t TGA
£ TA instrument TGA QS0(USA)E ©]-&3}e] 800 T7}1A|
2 % 10 C/mino 2 A3t N, #9715k 43}
At A== YA E 7] (Hounsfield, HI0KS, England)
£ o8&k 1 mm 779 AHE £ 5 mm/ming 5745}
St @A o] v SA4317] $15Fe] water displacement
methodE'® ©|-8-8}th. HE71e S4s17] #1ste] HDPE/KF
E3A & 25%25x1 mm HOZ THE F SEO ALY phoenix
HEZ S4871(USA)E o83l =8 Hojemdl H 3% F9)
s FA Ak FA A W] 7 (Tescan Mira3, scanning
electron microscope, SEM-EDS, Czech Republicy> A] &2] Att
WS F4}slod(gold sputter coating) 25 kVe] 7HEZHGo =
kAT

Zy o =2

Figure 2= WH-4E&2 53 #A|23 PE-g-MAH 4%l Uj
3l A Fol AAIRE o =E v W8 MAHE A|AT £
sheh 73 g agprE &8 18] flste S4 % FTIR
Aot} 2A3 4520 A|F BT 1700 cm™ F2oA H=
7F e 2E 8918 4= =t ol MHAS X3 7}
BY7)(C=0)l 23 Ao Z HDPEYl MAH7]7} 3}shik3-&
3l 2ekzEst | 21 on|sit). Figure 2914 & 4 A%
o] £ MAH &3] & PE-¢MAHYS= C=0 Y=
o] A77F SRS & JoH, Table 19] S &
&l =43 PE-g-MAHS| 22} ZE &3} 7+S S HolF

A

Absorbance

PE-g-MAH-b

4000 3000 2000 1000

Wave number {cm'1]
Figure 2. FTIR spectra of PE-g-MAH as a function of MAH content.
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Figure 3. DSC heating (a) and cooling (b) curves of PE-g-MAH at
10 C/min.

Figure 3:& 12} E &o| wE PE-gMAH®| €4 54&

ARFFANE 7R 7] AR LR Zlo|t). PE-g-MAHI>
PE-g-MAH-bZ 9|1]&}H, MAH3S ¢Z, MAHSE dE 247}
oJujsit}, Figure 3(a)9] 4§ =9 7% PE-g¢MAHS| 1
;q_EE Ooﬂ ;}74]040] H]—/:‘E]— 7:16‘1:2 ]’]‘E]'LH“: 742. §]-o]€ﬂ—
T S13L, Figure 3(b)e] 243} 2= Y 7k A
AFA|RE F7HEo] mnjgt 2102 g0 MAH:LEHE
7b A EAd mAe 9T A4 ¥ Aoz wekE.

Figure 4= 9H89}& 2 A %% PE-¢MAH 3 wt%7]' 2§
¥ HDPE/KF20/EMC5 589 &2 & H5S vepd A
olt}. KF &2 20 wi%, EMCE 5 wit% = A}%%}ﬁit‘r.
MAH 122 E £o| t}2 PE-g- E 85k B3hA9] v
% W3} AFolA, MAH Z12H2E &o] F7HE H|Fo]
Aasitrt vl Frkehe FEE HoFH, 222 E o
1.962¢1 PE-g-MAH-c A|5.9] H]ZFo] 7P W& 3k veh)
ATk ol I ko] KFE $Hr3k= HDPE/0KF E-3H)o)
A PE-g¢-MAHS] MAH Z2}ZE §o] %542 HDPES} KF

Zav, Al489 A1, 20243
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Figure 4. Specific gravity of HDPE/KF/EMC as a function of MAH
grafting ratio.

1 mm

Figure 5. SEM results for fractured surface of HDPE/KF20/EMC5
with (right) or without (left) PP-g-MAH-c.

Alole] E8Ho] F7HSIRN §-874%e] AAAHI 854
of MO EMCS] W F4o] A|LslA7] HEo A%
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Figure 5= PE-g-MAH®] #-& A% HDPE/KF20/EMC5 &
FAe] W oS SEMOE #HS Alzlelt). PE-g¢-MAH-
c7} 74-8-3H4| (coupling agent, CA)Z 3 wi% H-&H(LEE)
Ao A7 & HES & 5 JoH, o= B9
HS A7}t Aok Zolth

Figure 6= WH3-t& =2 A= &3HA 9] T/ o
HDPE/KF20/EMC5 &-&A) 9] HE2Hs vERd o|m|x]o]th.
=4 A3 A vF A3 FABM PE-g¢-MAH-c7t 4
2% 73 PE-g-MAH-b(77.5°), PE-g-MAH-d(80.9°)2} H|w 3t
o 7P 2 HE7H82.3%)S HERAAAL o]= Skellx] Argh
3o Sl gk A AR AT 5 Utk vl
Ea/\o] HDPEQ], ol ]@z A0 /\}o]oﬂ :o:ﬂjﬂo]
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Figure 6. Contact angle images of HDPE/KF with different PP-g-
MAH types.

mHDPE/KF = HDPE/KF/EMCS

15 17 2

KF content (wt%)

Figure 7. Tensile strength of HDPE/KF/EMC as a function of KF
content.
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Figure 72 38342 PE-¢MAH/} A8=4] 22> HDPE/
KFe} HDPE/KF/EMC5S] Q17 =5 KFe $afol ujet o
Rl Zlolth. KFe| &go] S7HrS EMCe| 4§ o5
BAIQle] A=} Tadts AFE HoF03 EMC7F
2gE BeAe] A= v AR EAe] AT
Ho}p ve AE Bt Avrd o= QIAFET} 18
MPa ©]3} 3t& U ARsaE WA= 28-S feixe
g3 o] #go] a3t Aoz AT, PE-g-MAH %
& HdA9 AFAEE S48 Figure 8o YERAAT
EMC Z& A% REoH MAH 222 E §o| Z71ad4=
HDPE/KF/EMC E3A9] 17 =7t S7Fbt PP-g-MAH-
g 7|0 R AL Thde AHE BT T
PP-g-MAH-doA 147 =7} 7hashe A3 Uil 31
MAH H]&°] A4S Hol 1] vk MAHVE A o=
A 2o e @402 458 4 Aok EMC7L
A8E EgA Y] QAT e AAE HAFIH

Figure 9= 73834 &Rl wa} #|%3 HDPE/KF/EMC
Bakg o] oA & wlkHo] tg SEM o]u]x|o|t}. PE-
gMAH-b7} 285 7$ mEE 22 HDPEWoI AVEE A+
7t 23] AT mjER] 2] AT e UERA] ghett vt
H, PP-g-MAH-c9} &7} 28 A|He| 79 mjEg o] #3)
Hogo] WS 9lom, o] = HDPES} F4S Yeh= A

2 A Abolell &3l AAS Slside U e ol
I ZE o] Q3 o7 AgEt MAH J8k2E 4

e Bl =4 viAle FrgEda

=

THZE &9 IF 39
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Figure 8. Tensile strength of HDPE/KF/EMC as a function of MAH
grafting ratio.
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Figure 9. SEM results for fractured surface of HDPE/KF with dif-
ferent PP-g-MAH types.
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Figure 10 PE-g- 5| ©2 HDPE/KF/EMCS5 &
Aol degA e 918 TGA 2125 Jepd Zlojt).
PE-g¢MAH7} =98 E3HA1e] dbgAo] i os 94
3 e JeER L, B v, AAEA 53 e RR
MAH3%] PE-g-MAH-c9] deHdAdo] 7 gasil yeld

7 A

H]=,
3k
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=
5
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Figure 10. TGA thermograms of HDPE/KF/EMC with different
PP-g-MAH.
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