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Study on the Physical Properties of PP/CNF Slurry Composites with
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o, 3eRASHA] 2 CNFE ARSRE 4% PP/CNF E3H419] 7|43 270 Aste= 542 Hehisdch Lubse
& H]5/49 prol 549 CNF E3akd o 484 AR 71AA 274l Ast 2 & Ut AgAd 9 4E3d
PP-g-MAH® Y55 vpAEHIA]7} 288 PP/CNF B9 B¢ $A4=7 94 45 fAHEA IFT=et 2=
A7t 371t 23E Ao, AEAE RFEeAR A8 F e Y 24 RV 7 AR wddH.

Abstract CNF is an eco-friendly material having a high mechanical strength. Although the use of
composite materials is increasing, its application remains limited due to the high manufacturing cost for
fine powder. In this study, a PP/CNF composite was prepared using a twin-screw extruder after chemical
modification of 1% CNF slurry with a silane-based agent and oven drying-ball mill process. The size of
the pulverized CNF particles was several tens of micrometers. We observed that when the chemically
unmodified CNF was used, the mechanical properties of the PP/CNF composite were reduced. This could
be because the polar CNF in combination with the non-polar PP may have reduced mechanical
properties due to compatibility problems. Contrarily, the PP/CNF composite to which the compatibilizer
and highly concentrated masterbatch were applied had increased tensile strength and flexural strength,
while the impact strength was maintained at a certain level. We believe that it is possible to secure a

level of physical properties that can be applied to composite resins for automobiles.
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2 =79 &ufjoll Ak &2l (slurry) BEE 7HAH, 2
L oF 1.6 g/em’2 719 20%0] EFSIANE o
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Hgo] LA F P w2 EZ=g(eR
Polypropylene)°| Bo] AM850l8, PP= CNFe} &
HIS/ J2Ael7] ggo] & Amrt & 4olA] ge Hl
S AlARE 7HA]= Aolth

EQm2 gy 22 v54 TR} S4 TEAY
873 ML fIste] FEIHAIE ARgsh=tl, dEQl4t
245 22 E PP (PP-g-MAH: Maleic Anhydride
Grafted polypropylene)E AREsh= Hi#Ho] 4 o]
H  Leesl4,512PP-g-MAHE 7215t A AH-F-2F
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2.1 H¥

211 MMz ¥ S HME

PPE digkslsd(39 CB5290(MI=100 g/10min,
Tm=166C)7 SK&gs}ste] BX3800(MI=30g/10min,
Tm=166C)< 1:1 H&E EFsto] AHE5HAL, CNFe
CNNTAF 1 wit% <28 Fej9] NS-L01(Z°] : 4-6 p
m, YH| @ 5-70 nm}E F7F A §lo] ARESIYITh
CNF &329 sk MAE el Alavk-g=egx9
3-Aminopropyltriethoxy silane (APS)E ©]-&5}%.2.
o, 4852 £disiste] PP-g-MAH(CM1120H)E
ARgSFRITh B3 AR A CNF &8 EE 80T 9]
G QEFIRDONA 12417F o)A AR oH, B3
9] A xoll= o1& ¥&7IHH-H=, BA-11, L/D=36)7}
ARREROH A% &% 100 rpm, EELE A
210/210/210/210/205/200C oA Azt £
A= PP/CNF(a) ¥+ PP/CNF(a)/MBE HEat3lom,
()= CNF9] skF, 11%= utAE HjX](master batch,
MB)E X873t 7% MBe}F #715131ct, vhAE HiA|9] &
2. PP 60 wt%, 10% APS X2 CNF (CNF_APS10)
30 wt%, PP-g-MAH 10 wt%& 1335}o] X835kt
e AE HE 242 Table 10 UERQITH

Table 1. Composition of PP/CNF composites.

PP (g) CNF (2 PP-g-MAH (phr)
PP 100
PP/CNF3 92 3
PP/CNF5 90 5 -
PP/CNF7 88 7
PP/CNF10 85 10
PP/CNF3/MB 92 3
PP/CNF5/MB 90 5
PP/CNF7/MB 88 7 °
PP/CNF10/MB 85 10

2.1.2 CNFQ| Azt x2| & Ex2

3, 5, 7, 10g9] APSE o&HE 80 wt% 354 20
wt%2] TIHEH 1 LofA 1 Al7F Bt wulksh Agt A
ZZAY 7eEslE AP, gk 89o] CNF
slurry 1kg(CNF 10g)& &3}5to] 2417k B3t wwtsto]
sist AE stk olF, Az AE CNF slurry?]
LS AASH] Y8l et o3} F 120 TolA 2 A)zE
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Bt AR EOA 71 Astit. A AE] CNF A
F+ CNF_APS(@)= WYy, E8o= Si-CNF&
HABIYLE (2= CNF tjv] A3te] ke Yehfie= Aotk

2.1.3 AZE x| CNFO| 44

=
=

Az 34 = 38" CNF A E4st7] {18k
Micro mill (Poly MIX)2 53t 13} 233t & 200¢m
Aol A2 & Planetary ball mill (Fritsch)= ©o]-&3 2
2} E45l}. Planetary ball mill2 steal ballS
CNF FA dfH] 15812 sfo] 600 rpmellA] 0-3 AlZE
Pt

B3, AR FEjehy B4 flote] FARAAERA

et

214 &3

3tek A2jE CNFY| 31 2= XA FRAEGEA
71(XPS, MultiLab, ESCA 2000)2} 2214 £3371(FT-IR,
Perkin Elmer, Spectrum 1000)E ©]-85to] &2l
i, 7148 B4 EHcle WsAR7I(UTM, Qmesys,
QMI100T)7F AR&=Ilom, At A2jo] 95t A4=3}
7tolls &

=

S5 A x(water absorption index, WAI)

ol-gst%oH, CNF ¥ 2 g& 574 30 mil 30
ZHEEHo R 39 B4 & 10 31 9F 3000 rpm
A AAE7)(ELAS), FLETA-5)E o838 &5t
I of9] $=4l(a)oll wheh WAL A&rsH.

2 e o

Hydrated semple weight (7)— Dried semple weight(g)
Dried somple weight(7)

WA= ()

IR EE FAZE 1 mme AlES 5 mm/ming] &
L2 ASTM D638 w4l wel, 23 Z=9] 3¢ 54
7F 2 mmSQl AL 1 mm/min® £E& ASTM D790
TA0& TEsAIFZI(UTM, Qmesys, QM100T)Z ©]&
sto] 2ottt 4 A=) 49 ASTM D256 HHol
w2t £A7F 2 mm? AlHo] =25 ofo|RE F
AANE71(Qmesys)E o185t SH5tit. 7144 4
S 7 AW 7 53] SA% ot EEEAE A
&ttt A 2715 S5 skl FAR0qA
A= BA7](PSA, Shimadzu, SALD -2300)E& ©]&3
act EF, FEHEH BEAS 9ot FARARERA
(SEM, Tescan Mira3)& °l-&st3al, AJHS] AddS
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Fig. 1. FT-IR spectra of CNF and silane treated CNF.

MAG: 9996 HV: 10kV WD: 14.9mm

Fig. 2. SEM-EDS image of silane treated CNF.
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Fig. 3. FT-IR spectra of vacuum filtrate.

At A4 g CNFY 458 =g F9ls]
A3l sESFFT WAIS 273te] Table 20 YeRy
it} APS glego] Z71sE WAI Fho] Wolrle A
gelst 4= 9lom, o] Ao wxo] Zrlo] maka A
EZA ¥ X7t A AZAof QJsto] A
454 o] Z7beHE Ao AT 4= Qi
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Table 2. WAI values with silane coupling agent content.

WAL

CNF 2.509
CNF_APS3 2.354
CNF_APS5 2.307
CNF_APS7 2.307
CNF_APS10 2.221

222 42t 32| CNF &4

03 A7ke] Z7bo] W ONF 8AI9) vldst aw
Sistol Y=EA7|E ol gl 24T W
H%E Fig, 40] Uehiglet. vloa2Ye
% CNFQ B4t YA 271 82.176 p
a1 22 ball mill 1A17F £ & Hd 4=
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e 2-3 AR S7KIE BF A 7] 2xd
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Fig. 4. Particle sizes according to milling time.
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Fig. 5. Mechanical properties of PP/CNF composites.
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Fig. 6. Mechanical properties of PP/CNF composites
with PP-g-MAH.
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Fig. 7. SEM images of PP/CNF composites; (a) PP, (b)
PP/CNF, (c) PP/Si-CNF/PP-g-MAH, and (d)
PP/Si-CNF/PP-g-MAH with master batch.
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