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A Study on Processing-Structure-Property Relationships of Extruded
Carbon Nanomaterial-Polypropylene Composite Films

Byeong-Joo Kim*, Biplab K. Deka**, Gu-Hyuk Kang*, Sang-Ha Hwang*, Young-Bin Park**",
In-Chan Jeong***, Dong-Hyuk Choi***, Dong-Il Son***

ABSTRACT: Polypropylene films reinforced with multi-walled carbon nanotubes and exfoliated graphite nanoplatelets
were fabricated by extrusion, and the effects of filler type and take-up speed on the mechanical properties and
microstructure of composite films were investigated. Differential scanning calorimetry revealed that the addition of
carbon nanomaterials resulted in increased degree of crystallinity. However, increasing the take-up speed reduced the
degree of crystallinity, which indicates that tension-induced orientations of polymer chains and carbon nanomaterials
and the loss of degree of crystallinity due to rapid cooling at high take-up speeds act as competing mechanisms.
These observations were in good agreement with tensile properties, which are governed by the degree of crystallinity,
where the C-grade exfoliated graphite nanoplatelet with a surface area of 750 m*/g showed the greatest reinforcing
effect among all types of carbon nanomaterials used. Scanning electron microscopy was employed to observe the
carbon nanomaterial dispersion and orientation, respectively.
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Fig. 1. Vertical-type single screw extruder for continuous nano-
composite film processing (left) and extruded films

(right).
Table 1. Sample specifications
Take- d
Sample No. Filler type wt.% ake (uof))spee
()

1 CM-100

2 CM-250 ] 10, 20, 30,

3 M-5 40, 90

4 C750
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Fig. 3. DSC thermograms of PP reinforced with 1 wt.% M-5, C-
750, CM-100 and CM-250 in regular sequence at (a) 10%,
(b) 40%, and (c) 90% take up speed. Endothermic peaks
of melting are observed.

Table 2. Degree of crystallinity determined from DSC

Degree of crystallinity

PP/ PP/ PP/
CM-100 | CM-250 PP/M-5 C-750

10% 24.54 27.53 26.01 26.65 28.82
40% 21.13 24.23 25.40 24.64 25.95
90% 19.32 21.76 22.21 20.35 21.42
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Tensile Modulus (GPa)

Pure PP PP/CM-250 PP/CM-100 PPIC-T50 PP/M-5

Take-up speed (%)
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20 +

Ultimate Strength (MPa)

Pure PP PP/CM-250 PP/CM-100 PPIC-750 PPIM-5
Take-up speed (%)

Fig. 4. Tensile moduli (top) and strengths (bottom) of neat PP
and PP/carbon nanomaterial films (1 wt.%) at different
take-up speeds (measured in the extruded direction).
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Fig. 5. Tensile moduli (top) and strengths (bottom) of neat PP
and PP/carbon nanomaterial films (1 wt.%) at different
take-up speeds (measured in the transverse direction).

A E-L2 PP/C-7500] 10% FHEEE A RE A
= 9 8o, neat PP tjH] 60%2] 1T E 3F
S o19Jt}. PP/CM-100, PP/CM-250, PP/M-5%= Z}7} 36, 4
32%0] O1AFEFAE FEAFS W QIT).

AL E0) 12w ug o) ARFEE 1%
Qg o7 2 B4 Eol Wil ahs A ol

2= 9] o1 (Fig. 4 315H), PP/CM-1002} PP/CM-2500]14] H3
Lok 20%) o, Shtlo] AOTE % 4 Sk 7] <)
ZHE @) A] PP/C-7500] 10% PHEER A 25 9S
4= Qlom, 47%2] QA= SFANS. H YTt oA ERA]
ARAE % a2 AR 45 S 0 5719
gelg = e, o= ShA Atz Y=Yt
nucleation site &S 3O 2R AAJ 5 =of 7| A A &
S FIAZ7] "ol

71AA Ee F7HA7IE U
7= A Qo ot HAA H7F, g Ak 9 v
Fa% AAtE 2Hg5h, B A S FA s Ao H

&

o2 flo

mlmnsaoﬁﬂmﬂrﬂ \&

flo & o

ANzt A E e w3k Fa st whehA o]3h thapdt ¢
Ase Al Lstd < adel=d AyE o

GGl S22 PFOE 23 neat PP L L

A BE AFBHL Fig 50 e gick. TRolA B
L ule} o] rago R 243 Aot nhiAE
420 bl ubet Qg Bol Al 2 dadhs 4
@2 5o|u], PPICM-1009] 7 - ¥bo] dof LAt 5 E
W] FARE AFS ML & 4 ek Neat PPY] 2]
3 QB E O g ] Aot fatstH, of
o 4] W24 =] Zpolof np A4 BhE xfolof 7] QgHet.
o) QUAEAE 9 TS 4] PPICT500] 10%9] U

HA&ER ARG 1) DL 5 YO0, 212t neat PP o
o) 57 7068 4 2k ol C7508 Sl A =2
3 §71—Q1q.

/Ho] 01— l—zs]:oﬂ /\xlo

oF 2= 9t} o] okxof 23 El-_._b}lr:/‘XHﬂ Hﬂﬁoﬁn
A U e 5 9R A 71 H] 5 (Anisotropy) & ZH7| H&
o ofUA|ut 7 A o2 Zst= Aot

3.5 OJMT= H7}

gaye A2 7F5tE PP U E olohd o] SEM AR 2
Fig. 60| UEFfi it vl $72) WYl EokA] 27 A= §-
3 e AR BARS BRIt 53] C-7500] 7H =3t
TARE Hol=t|, o]= PP/C-7509] =3 7| A4 =/l
IR HrE Ao 2 Holth, MWCNT B349] Z$- of
Zof 2aA] k7te] Hakg o] Qlo] HolA|ut IL3te]| B3]



258 25 -

Biplab K. Deka - Z+& -

(a) PP/CM-100

(c) PP/M-5

(d) PP/C-750

Fig. 6. SEM images of fracture surfaces of extruded carbon nano-
material-PP composites.
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