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Effects of Matrix Hybridization of Polypropylene and Polyamide
on the Bending Properties of

Continuous Glass Fiber Reinforced Plastic Laminates
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Polypropylene (PP) has excellent water resistance and low-cost access to use, while polyamide (PA) has excellent
interfacial adhesion with glass fibers. In order to develop matrix hybrid composites consisting of all advantages of PP and PA,
three-point bending properties of the composites made of various layers of PP and PA were evaluated. When PA, which has

excellent interfacial adhesion with fibers, is used as the matrix of the outer layers, the matrix hybrid composites has a high

bending modulus. When it is used for the inner layers, it has a high bending strength.

Key words : GFRTP, Matrix hybrid Composites, Polypropylene, Polyamide 6, Bending strength

F—TI—F:GFRTP, ¥ FU v 27 ZANA TV v FEEHE, R 7oLy, RITI 6, HiFmE

Hfge A T A SRRV IR R A A D Bl I R I R T
RY T L ERITIRO Y v 72,7V v R{EDORE

g

SN

=
JTL

”

1. ®E

T, BHEEERICBVLCY, BEm LR AL
LT, HEAHEEOBRE/LARDOHNLTND V. ZD
R ED—D & LT, WEEM ~ ikt b
TBIIEHE 544t (Fiber Reinforced Plastics: FRP) D7
W HiD. FRPOPTY, wEHEH A~
DBRND, RFTEICEND T T A VA
TP AL D BN AT BRI 2 O T2 a1 7 A ke
s BT VERT IR # 5 #4 B (Glass Fiber Reinforced
Thermoplastics: GFRTP) OFI| 2357 5 41T 25 23,
GFRTP OEFIMMERIE L LTiX, RY Fme L

Jr, fRE AR, HEo fA

(PP) AR U 7 X F (PA) BWHEIZHEH S TEY 9,
i W 7 AfgMETRIEA Y 7' ¥ L (Glass Fiber
Reinforced Polypropylene : GFRPP) |, &4 7= 1E ks
PESCMR WL A REME, T3k, FLEAY 2l YFED A Y >

F3d 0, T T AEMEIRIEAR Y 7 X R (Glass
Fiber Reinforced Polyamide : GFRPA) [Z 5|5k &
o T BRI R VE OCTIEME ISR TV D 2. — 75,
GFRPP T, PP & ' 7 AREHER] OHAFHREL T 70%7°
FREIEINT LD b DTG DFEITD 72, T
T AMRME & OBEEMEDRFINZ LD, BRI &
o TR REPE MR OK S AH T 5. GFRPA T

* Department of Biomedical Engineering, Faculty of Life and Medical Sciences, Doshisha University, Kyoto
Telephone & Fax: +81-774-65-6408, E-mail: ktanaka@mail.doshisha.ac.jp

**Performance Polymers Technology Center, Asahi Kasei Corp., Kawasaki-ku, Kawasaki, Kanagawa

(29)



fk

226 iy

-
c!

T

IR KEFEC 2 A ol NICHERH . 20 X
INCH—= MY v 7 REEMETIE, B Rt %
BT LH5—HT, FEbAETLZ N KUTHS.
FRP OH1C, 2 fEELL Lo ¥ 72 2 i biikiEC~ K
U w7 AEE WM BN, ki1 7Y v R
BB~ N v 7 Ang T NEAMEE FRE
NTEY, H-OffifEe~ MY v 7 ZAREZ Az
BAEMEIOTE R M, WHEOE &M LTZ3RE
MATREL 72 5. Wi ~NA 7V v NEAHEL DD f
ELTIE, REMMEOEBMEEL T T I Nil#EO R
WO 2R 2 L2 AME LT, KE
fik HE R AL 8 A 2 A #1 BF (Carbon Fiber Reinforced
Plastics: CFRP) OJ& &7 7 X Nk A4
£} (Aramid Fiber Reinforced Plastics: AFRP) DJ& DA
FE b3 K O NERE 23 572 2 MR B 3R AN S
SNTWD., ZZ T, CFRPEIZAELZY T v 7D
fafE% AFRP BB X 25 2 & T, KhkiEa HIkT
AW TG AT TR OEIBTIS 7138 L OB Od 2
BEFOLND ZERREINTND ). H—~ K v
7 ZABEEMBIO R A O T DI S o~ b
Uy 7 ZANAT Yy REGMEOF & LTiE, 2l
{EMERIIE CTH D R AR Y T AT )V E = LT AT
N O BINEHAE STV g 2B, Rl Y =
AT NOEBER L OERIMEE E =L 2T L DE
EIMEZ DR R 5 2 E 2 B E LT, JLAHMERIR
& HRMERIIR OFE I A TR 2 2 & C, Pk
BEORENIH END EMESNTND . F£7z,
TARF MG L =T A b~ —RtIE & VBT,
TARF UHIEOERE L =T A b~ —HE OB R
PEIERTEEDZEEZHNELT, v~ U7 R
ThHHTIA MY —EHOREERLT LT, mUE
BRI TR VX —ZRT EINTND., =T AR
~—J@xatr~ h v 7 2nAg T Y v FEAMEHT,
H—< M v 7 ZEEMETH D B FHETRIL =R
FAEEGMEL L i U C, IR GUBR R O R (A
N E L, % O R TR O L - R B AR
FEIRIZEOEEZ T EOREL STV D,
AHFFETIX, GFRTP OEFTAVERIIE & L TZH S
ALHPPLEPAZ~RY v 7 AL LTHWT, WED
KREMIZEDTEDLY N I ANAT Y v R

(30)

T - R HEMF - HP A
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2.1 GFRTP &l

GFRTP O5fAGARHERA 121X 7 At (A REX
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AW, ¥~ U w7 ZBABIZIZ PP 7 ¢ L A (HAF 95
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(C) [PP2PA64]S

(d) [PA612]

Fig. 1. Stacking sequence of resin for GFRTP.
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PA6 L L7=tH D ([PA6,PPs]s) & [PA6]DHcAME %
PP L L72b®D ([PPPA64]s) ZHERLTZ. 7L A4
gt 70w REkJERE (STIPOS-05, VEfkek TAT) 12
BB L7 AT 2 VT, BRIBIREE 260 °C, BN
JEC 300 BoORFF L7, AUBET) 5.0 MPa, {RF5HF
{300 POSEHETT LA L, ES 2.0 mm, ki
KFEE AR (Volume fraction of fiber: Vi) 49% & 72 %
X 912 GFRTP Z/E#L L 7=,

2.2 HHAESAERE
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P L7z, Fig. 2 (ZahiF 55 A de L OSURIRF OB X 2~
. d TSR A1 2.1 SRR L 72 GFRTP 7026, FiffiE
ORRER AR (100mm x 10mm x 2.1 mm) 2809 H L7=.
TTHERS AR (556678, A A hu ) RV, ZE(f
HEEE 1.0 mm/min, SCRHIEREE 34 mm T 3 sl RER A
1To7z. R 2 OGEIEch TR % DR A
MEBLIITT V2L~ A 7 1 23— (VHX-5000,
F—x U RA) OV

Load
Laminate
Fixture s 10
f
34
) 100 .| [Unitmm]

Fig. 2. Schematic drawing of three points bending test.
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GFRTP THIEDOMMEAEE AEL LEHFERE -
7= T VARHIEERMRIEOBIIE RN -2 & T, &
WIS AR A2 R LT 2B DD,

3.2 3 mphIFEERER
3 E TR D 545724 GFRTP D) J1-OvF AR
D% Fig. 4 (7T, [PA6ITOTHOEMNE & &

100

@ Design value

80

60

* H
*H
(Y]
¢ 1

40

20

Volume fraction of fiber [ % ]

[PABPP,]; [PAG1,]
[PP,,] [PP,PAB,]

Fig. 3. Fiber volume content of laminates.
(N=5,mean=S.D.)

600
— [PA6,,]
—-— [PP,PA6,],
500} ———[PAG,PP,].
E """" [PP12]
/l
= 400 v
& /'/ (o2
(0] s =
: B I/ \s
= 300 y .
g // \\
= N,
S 200k [ N
] ! .,
om ,/ ‘\
100 ,’:: ____________ L )
‘\
1 1 1 1 1 1 1 1
2 4 6 8 10

Bending strain [ % ]

Fig. 4. Stress - strain curves of three points
bending test.
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Fig. 5. Bending strength of GFRTP.
(N=5,mean+8S.D.)
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Fig. 6. Bending modulus of GFRTP.
(N=5mean+8S.D.)
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UNTHRTL U 7o R & Bl T TEESE S Fig. 5, 6 IR
LT3 19,

57.4
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57.4
Ecq = V_fE )

H—< VU v 7 ZEEMETH 5 [PA612] & [PP2]
LT 5 b, #TIREE & gl TSR II[PA61) D T
DEWFER L o2~ N w7 ANA T U v FES
FEFCIE, [PA6:PPy]s, [PPPA6s]s D3~ R Y w7
AREEFBID[PP], [PAG61] D H IR 72 Hi i F IR EE & iih
FHMERZ A LTz, P mE IS W T,
[PP,PAG4]s 23 [PAG,PP4]s & V) iV M Z 7% L, [PP,PA6]
SIZ[PPL]D 1.5 5 Td 5 DIk LT, [PA6PP4]s 13 6.2
FOMEZ R Uiz, BT HPESRIZISVTIE, [PA6,PPL]s
D[PPPAGs] s LV EWMEAZ L, f&HMNEIZ PA6 L
& L7= GFRTP (3&AMEIZ PP Z W= H D X v @mn
TP E R A R T R B 7.

3.3 GFRTP DiEEH)

il (735 % O GFRTP i OBLESRE R % Fig. 7 1R~
T Fig. 4 (28 LT2I J)-OF Bfi X & SR BRIRFI iR L
HTRB A OflE O OBBE/KRE D LI,
GFRTP OREEENZ STtk 9~ 5. [PP] TlE, O
T 0.6% I UTIZHV T Fig. 7 (a) EEBIC/ R 3G
DEBICE YT A7 1 BHE 2 BHOKTE
FIE < BEAAE U7z 2 & CHIMEDME T L, I i E
M < BENSHER L T o 72, [PAGPP]s Tik, OF
2 0.8%FITIZ33 T Fig. 7 (b) (2”3 X 512, PP A
e~ hU w7 RELTCWAEHTTAIuA3EH L4
JE B O cREMEIZBERA T, mN G AN e < B
DHERE LT o 72, [PPaPAG4] s TIEONT A3 0.6%fF
ITIZHWT Fig. 7 (¢) @ EEIZRd PP @ CHEMi<
BEDEL, 4.6% T2V TEIER DRI E T2
DEL, PA6 NERLTWAHT T AR 4 JHE
TEANER L TV o 72, [PA6] TIXOT A 3.6%fF
ITIZHWT Fig. 7 (d) 1ITRT X 9 I2hEMAIESMNE T &
ZAINAE U T
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Fig. 7. Side view of specimens after three points
bending test.
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B L7 FRP ICRBWTH, Mk & R & o5
[f] 02 &0 SR < BEDS I S 4, 5 15RN T OffkiER
WrsA U5 & DML 5 19, KFEERO T RBRIC R
WTh, ke & BE & OBEETREE D5\ [PPL]Id)E
< B, RS TREE DR [PA6L]ILE TR T OMRIE S
FMA~DOEHPECTWDFERERoT. v R w7 R
ATV REEEREFD[PA6,PP]s & [PPaPA6L]sIZES
W, REBRO WM T PP JE TlERIR< B E T
TeTe®, [PA6] & VARV GRS Z IR L, #liT 58 X
WEZRLIZEEZ DD, JBRENE L BEO AR
(2259 5B AW /11X GFRTP O FR Sl Che K IZ 72
L7260 7, WEHERIE S O E TREL 355\ PP JE 23R
SLHEIZ & D [PA6,PP4]s I, [PP.PAG]sIZEE, JEMIE
EEOEBZBRZT, ROTRELZ R LIZEE X
bivd.

PRI ER T, BB IC PA6 ZBLE L7~ GFRTP I
BAMEIZ PP Wb 0 XV EME A R T
bolo. TR, RERBRE S OEFIC L VK
HTWBT=0, BRI OEIRIIZEKT L E2 bR
L. SEATHFZETIE, H T AMEMESRALAS IR &4 Bt

(Glass Fiber Reinforced Plastics: GFRP) & GFRP O 3 %
BEOY 73R %E2AT CFRP & A7z 1 7
U v REAMEHZIB W T, GFRP OFE Mm% 10%721F
CFRP CEXH#ix % &, #hiFMIM:IX GFRP B D4
D LS EEIZe b LS TRy 17, EickMED
5 [ BRARSO LA DB =R S Sk X 3L % . SR AHE & At
fig & DEEEMENMEL 22D LR D DiHE~D T DI
BEAME N L, JIEREME N3 5720, REFFED
[PP12], [PPoPA64]s DHEr, FHMEIHIHERTAE S i D
BEAETREEANGIV N PP MFIET D728, TRAGHRHEIZ NS T)
MEFETE T, ROERZ R LB OND. —
77, [PA6:PPs]s, [PAG])DEGE, PP & L ke S
[ DHEFFTRIE DIV PA6 DERIMVBIZHFEL TV DT
D, WIS MEETE, @O EEE R R LT
EEZLND.

PlbEXY, =V w7 2,71 v REEMEHZE N
T, BRI TR NBI 8T DRHER S S OB
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AMFGETIE, T AMHMEL OBEETREDIR PP L8
EIREEDEV PA T4 R CiEE L7~ R Y v
7 ZNA T Y v K GFRTP Z/FRE L, 3 shiF 51T o
Z & T, BRI TR T TR A SN L
7o LRI b mida sy
. PP BXOPA ZHWE=~ b v T ANAT
Uy MEGFEIOMNITIREIZIE, N OMHE
LRIE & DHEEMENRE L, SMEIZPA, NE
{2 PP % iV 7= GFRTP (%, PP O 4% fui-
GFRTP @ 1.5 £%, 4MEIZ PP, WJEIZ PA & ]
U= GFRTP 13 6.2 (o il 20k
2. PP BXOPA ZHWE=~ U v T ANAT
Uy MEAGFEIOMNITMERIZBNT, SE
DIFAE & B & OEEMEN L, FMEIZPA,
WJE\Z PP % M\ 7= GFRTP I%, #M&lZ PP, N
J&1Z PA %\ 7= GFRTP X v @&\ il st R
BT
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