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Investigation of Mechanical Property of Polypropylene and CF/PP
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Composites with Number of Recycle

Dong-Jun Kwon*, Zuo-Jia Wang*, Tea-Ung Lee*, Joung-Man Park*’

ABSTRACT: Carbon fiber (CF) reinforced polypropylene (PP) compositeis was increased to amount consumed. In this
study, recycle of composites by recycle times. CF was containing 20%. Mechanical and interfacial propertis of CF/PP
was evaluation for number of recycle time. Mechanical assessment of CF/PP was tension, bending, fatigue tension test
and izod test method. Interfacial assessment of CF/PP was wettability test and FE-SEM of fracture surface method.
Fiber and matrix was changed to recycle time. The more recycle of CF/PP, the more interfacial bonding was decreased.
Because fiber and matrix was damaged to thermal damage. And then reinforced CF was shorter than original shape.
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Fig. 1. Tensile test of CF/PP, PP with number of recycle; (a) CF/PP,
(b) PP
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Fig. 2. FE-SEM of fracture surface of PP with number of recycle;
(@) 1™ manufacture, (b) 3" recycle (c) 4" recycle

Fig. 3. FE-SEM of fracture surface of CF/PP with number of recy-
cle; (a) 1™ manufacture, (b) 3" recycle (c) 4" recycle



306 Dong-Jun Kwon, Zuo-Jia Wang, Tea-Ung Lee, Joung-Man Park

Holl PP A 250] F|
Q?l% 2> 9Jtt. o] At
= 9AVE oA AEFE

Fig. 32 CF/PPQ] A|&-& = .
FE-SEM 27HE F) 2Helet 4 gl 4-& A Aot 4
o] Astoleh. AL o] Z7lo] wet 4ge] YA

AZ Aok B3 T8-S wo] §4E PP 7 |A = &

=0 =2 W

Q) E7ke] Sl o F7hE 7] v o] RS FotF

L glo] Zash Ht. ol EAR ol Al whph
o 67k A5 ek A a7t kel AeE 4 sl
o 4 99
Fig. 4= CF/PPQ} PPo]| tjét Bending A A& UElH
120
—— CF/PP
—&— PP
100 |-
dﬁ
—
€ 30}
)
=
£ oof
wn
Z 40
)
=
20
0 1 1 1 1 1
First 1st 2nd 3rd 4th

Manufacure  Recycle Recycle Recycle Recycle

Fig. 4. Bending test of CF/PP, PP with number of recycle

1.6

—o—:CF/PP

il + —a— PP
\

Izod strength (kJ/M)

0 1 1 1 1 1

First 1st 2nd 3rd 4t
Manufacure  Recycle Recycle Recycle Recycle

Fig. 5. Izod test of CF/PP, PP with number of recycle

U SRAUNAL
et 2 Arert oA A @
PPo] 792} A &-&S
aE sl shA e 33 A2
S AS T 4 st
470z 2R} AL A
o] CF/PP7} 714 = A 7ralAe
A 57} Afekgol uke BAAs wo
Fig. 5% Izod A¥ Aufof a4 A ﬂa?} Zlo]
ok 24 digh 23= PP A= Qf_’ 3% &S Sl
wek 24 Ak Yot ol 27 SYEE A Belssl
t}. PP A5 YA o] 73t ARG o}, 2321 A8
o] A$-HE 524 vt A7 as o] CF/PP A=}
ek 747} wGick. CE/PP 2:40] A9 olA] ZhE At
25} A2 A EEE BHASI A B G S g
ol%- XH%% Bl 71l w2t =/4do] %02 AshE it
Fig. 6& 54 "2 A2 A3t A1 vt o g Y7
o 27] 41‘41 = 9A div] 103] 2 A9 Al Hol 54
£ Blasto] 24 Aaes vlaleh Ayfolth. A¥E Bl
st & ¢ PPO| A9 Amo| B4 Ast T AL
ool whet X 41 07 BA Askrt HAYH ek, s
CF/PP A =2 7-¢- 27] TANA Hg2Ql =4 Ast 4
S Shelstsict. oF 4% el 2 Aol o3 B4el
A 5L €] QL k. ShA| Rk 38] AJ 28 AW O] AL BA A7}
A WASISLT 49] RS e of 149 84 At
ol5}itt. PP A& tju] CF/PPO] B4 A3} AL uf &
zuﬂ S71EE A T 4 ot o]2j3t BAlE CRPP
Of Wi Aok 71A17ke] Al gl ot gFeR o
FHET}. 28] A=-E7HA = CF/PPE] AJe 7} vlaa] b2

_\1
2
=2
jus)
:?L_’,
|
=2
il
rl

N

25

—e— CF/PP
—a— PP

(%]
(=}
T

—
o
)

=

Reduce rate of stress (%)

0 1 1 1 1 1

First st 2nd 3ra 4t
Mamufacure  Recycle Recycle Recycle Recycle

Fig. 6. Reduce rate of stress of CF/PP, PP with number of recycle
after Fatigue test



Investigation of Mechanical Property of Polypropylene and CF/PP Composites with Number of Recycle 307

PP7} PPo] H|3]] H]| A QFA & o] Ao

th Ao 2= Aggol e 24 daE Y o= 3
A5k, 27] BAE SAT Sk 29k

3.2 M sl

A

ol 2 PP 3 CF/PPE|
Fig. 72 DSC &9& 53l &3 A28 Slpof whE CF/
PP 8l PP A o] BA e Arkel Atolt}. o] AYE F
3 Z1st = = H2 PPAA|] AAA wglolct. Fig. 2
g Sl FAe = %ol PP axf of Mgk st
Al ZRVETE. 27] oF 30%2] Ao PP A7} oF 40%
= UEtl= 4dS Bt o 2, gyl o] FdS
AT o= 9lTt. CF/PP A o] 75 27] A28 Slsof o
g vl g Aol VA =4 At Akt &
7] AgEi= oF 50%2] A FAISHL Qick. ShATE A
€ 357t S7hECl whet of 43% P2 FdA /o] i
k. ol2fRt A& vige 2 Hiet 7|27k Aol A4
7F e T k. A mAA O] HEP 22 PP VA=
27470 S7h. shAEE A Aot AR 28 g4
et o] g Fo] CF/PPol| EAsIAL Rl CFoll ofet 9%
oln, CFe| df Ageh A4 22 @ A2 374 2%
EAL 2 CF/PP AHA| 9] &7 WekE #3817l Aol
Fig. 82 A &8 3ls=of whe} &ebA|= CF/PPe} PP A4
of tigt 1 =4 WeE a4 B7hR RISt Aol
ot o] A3E Fol Y = e A2 #wQ) W) Fig.

Ay 24

I
%
=

60
—— CF/PP
—&— PP
50
&
e
< 40F
)
N
=
% 30
Rl
12
.
U 20 =
10
0 1 1 1 1 1

First 1st 2n 3rd 4
Mamufacure  Recycle Recycle Recycle Recycle

Fig. 7. Crystallility of CF/PP, PP with number of recycle

100

—— CF/PP
—a— PP

90 -
80 -
70

60 -

S0k
1t 1t 20d 3t 40
Masufactare  Récyde Récrdle Recrdle Recvde

Contact angle (°)

oo
40
30 1 1 1 1 1
First 1st 2nd 3w 4t

Manufactre Recycle Recycle Recycle Recycle

Fig. 8. Model of CF/PP, PP with number of recycle

4% Recycle

1* manufacture

Fiber
reinforced PP -

Fig. 9. Contact angle results of CF/PP, PP with number of recycle

7ol 4 BokeE AA Aot fArskeks Aol

Fig. 9= AI2+8- ool wheh wishelis Also) Ae s bt
U= mlolct. 2.4 W7} Fute} vlmste] Hyat, CE/
PP 2:7)9] 79 A= A 9] WMk Aol AT F
of F7hell ket A43] Attt ol g2t 7|7} ol

L AW el Ageo] FastaA EWe gHel

| ox

of

4= 91 7] wj&olch 8t gk PP AR Q] A9 wjo 2 Zo
2 39 A7t HatEs AnE Sl 5 Sk 27 &4
f FaL 3l

eholl ulsh A2Hg 3150) Z710] utel PP QYRS of
L AsEe $40] B 37 F7heo] My s Auto
AEAA L) A Eot FAPE T ek AL s,

o
g

£ QLS Foto] ARG o] U Arkad B3
2ol o3t 71418 B4 WekEs Btk ARl b
¥R 0 & AR E]= PP A9} CF/PP A4S 7}A) 1 gt
& 3ol W 24 WskE St 7144 B4 97}



308

Dong-Jun Kwon, Zuo-Jia Wang, Tea-Ung Lee, Joung-Man Park

o,

A, =3, 1zod, =4 92 Ao u=
28§ 359 St E}E} 7IAA &%
. PP T &Y A Bt CFE &85}
e =744 At =7t Ak A= =
gsl7] fJs DSCE ol-&7t 244 243
A4S A=A PP A 2= o 2
g 2ol sl & 7ol oJRt 24 Aete
& 2Helsk At CF/PP2| 79 ZH
o EPE}, 4% Aol A Aol Zo) a9l &
# 2] 7hgoll oJgt &4 A PP 7] Xl
ok ek 71217 A At
Aot T=H o2 of Y S| A
o] 24 Asks TAET. wEkA 271
J] g8 oz A&d8st7] YA 7
1ol A, PP 7] 2| eke] A 2
Z7]_7(—1 o] }ﬂ_7l—;<H7]_ JJ_Q_?)‘]—%

oﬁ
Olv
ol m]o
{

W o
OF
é
iﬁ
tlo

o_u
_2“_.

i

o 2l ool i 1x
B ook o

ol
2

A

e

llo oo L
2
oZ:

SFED
> 2

it
El
rl

24 ]

o)

(o]

2 o =4
ol
ot
=

( 0_'\1_‘
o
X,

[o

e
Jo
ot
a0
r{r

il
o
P ou

1o o

I 1o ofo
T
)
i
111

2
fu
=
o]o
% X
°" 1

L
‘”lf” i Jﬂ

fr & 19 po
ol 2
2 > ooX
o

HT fob Rl o 1@
oX

=
I
I
O
o 1o
b
H

1 151
_C|>_11

10 r{r

2
AN
ot 10
e
32
ix)

{on
N

i)
ra
-+
fr

Byl 3o 9] X 9 wrol 53y
CE QA F UBES 267 BK219] X 9o

2
I o

it ©

el
>~
=

o2
Kl
Ao
ror

1. Akonda, M.H., Lawence, C.A., and Weager, B.M., “Recycled
Carbon Fibre-Reinforced Polypropylene Thermoplastic Com-
posites,” Composites: Part A, Vol. 43, 2012, pp. 79-86.

2) James, M., Sophie, C.C., Ed, C., Sam, C., Stewart, A., Jon, L.,
Stuart, R.C., Benjamin, M.W,, and Kerry, K., “Recycled Carbon
Fibre for High Performance Energy Absorption,” Composites
Sciecne and Technology, Vol. 72, 2012, pp. 688-695.

3. Jun, Y., and Katsuyoshi, I., “Sheet Forming Process of Carbon

10.

11.

12.

Fiber Reinforced Plastics for Lightweight Parts,” CIRP Annals -
Manufacturing Technology, Vol. 61, 2012, pp. 247-250.

Varga, J., and Karger-Kocsis, J., “Interfacial Morphologies in
Carbon Fibre-Reinforced Polypropylene Microcomposites,”
Polymer, Vol. 36, No. 25, 1995, pp. 4877-4881.

McDonnell, P, McGarvey, K.P,, Rochford, L., and Brdaigh,
C.M.O, “Processing and Mechanical Properties Evaluation of a
Commingled Carbon-Fibre/PA-12 Composite,”
Part A, Vol. 32, 2001, pp. 925-932.

Soraia, P, and Silvestre, T.P,, “Recycling Carbon Fibre Rein-

Composites

forced Polymers for Structural Applications: Technology
Review and Market Outlook,” Waste Management, Vol. 31,
2011, pp. 378-392.

Park, ].M., Kwon, D.J., Wang, Z.J., Gu, G.Y., and DeVires, K.L.,
“Effect of Thermal Treatment Temperatures on the Reinforcing
and Interfacial Properties of Recycled Carbon Fiber-Phenolic
Composites,” Composites: Part A, Vol. 47, 2013, pp. 156-164.
Rajkiran, R.T,, and Paul, D.R., “Polypropylene-Elastomer (TPO)
Nanocomposites: 2. Room Temperature Izod Impact Strength
and Tensile Properties,” Polymer, Vol. 52, 2011, pp. 5595-5605.
Nunes, L.C.S., Dias, EW.R., and Mattos, H.S.C., “Mechanical
Behavior of Polytetrafluoroethylene in Tensile Loading Under
Different Strain Rates,” Polymer testing, Vol. 30, 2011, pp. 791-
796.

Park, ].M., Kwon, D.J., Wang, Z.J., Gu, G.Y., and DeVires, K.L.,
“Interfacial Properties and Self-Sensing of Single Carbon Fiber
Reinforced CNT-Phenolic Nanocomposites Using Electro-
Micromechanical and Wettability Tests,” Composites: Part B,
Vol. 43, 2012, pp. 1171-1177.

Roh, J.U, Ma, S.W,, Lee, W.I,, Hahn, H.T., and Lee, D.W,, “Elec-
trical and Mechanical Properties of Graphite/Maleic Anhy-
dride Grafted Polypropylene Nanocomposites,” Composites:
Part B, Vol. 45, 2013, pp. 1548-1553.

Wang, Z.J., Kong, J., Lee, WL, Park, J.G., and Park, .M., “Inter-
facial Properties of Gradient Specimen of CNT-Epoxy Nano-
composites using Micromechanical Technique and Wettability;”
Journal of the Korean Society for Composite Materials, Vol. 22,
No. 5, 2009, pp. 8-14.



