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TLCP/GF /PP 8 &M h ALY A K
S5era0/ER -
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W B Aoodnsmarey (TLCP)/ gimg4 (GF)/ X (PP) RELBHRE &FORIE S
g4, BN, HFEEEHTTHE. BHMENNREREY, TLCP MMAFESNTLRFHELLEH
wWimss. TLCP/GF/PP RMIRFEAK T GF gy FHKER GF/PP Zaibhiay 2.36 fF, X
FHERREAERE. EAWNASREHEHEENRET TLCP MA SR MMEy R
B3, TLCP/GF/PP(5/15/85) Rl KR MK EAFIL GF/PP(15/85) faiR
BT 22.6% 1 321%. PP-g-MAH #in A8 RALIR 2R &bk a0 (08 B sk — S B EIRE.
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ABSTRACT The morphology, structure, fracture behavior and mechanical properties of TLCP/GF /PP
in—situ hybrid composites were investigated. The addition of TLCP minimized the breakage of glass
fibers during melt processing. Statistical results of solvent extracted samples indicated that the average
length of GF in TLCP/GF/PP in-situ hybrid composite is 2.36 times of that in GF/PP composite,
resulting in more significant main load—bearing role. The fracture process observed by SEM with a
dynamic tensile stage showed that the dispersed phase of TLCP could delay and block the propagation
of microcracks. The tensile strength and elongation at breakage of TLCP/GF/PP5/15/85 were 22.6%
and 321%, respectively , higher than that of GF/PP15/85. The tensile strength of in—situ hybrid
composite was improved further when using PP-g—-MAH as the coupling agent and compatibilizer.
KEY WORDS thermotropic liquid crystalline polymer(TLCP), glass fiber(GF), in-situ hybrid
composite, microcrack
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FEA S 0B B 3R 5P T LA SR P VERE AR, W S IRST A B AT 4E (GF) | B4 4E (CF) .
FIE Y, AR ZIEEE. B, SaENEASE SRR Ak — K51, W
I TSR, REFERE R, EERmas] Ma i TRAL. SHXTAELr R R a5 5, Kiss %
Rl HASORRREY (TLCP) HEAEERAN S, BI7E TLCP &R R ISt Rl A 3t
IR TLCP JEALHUA M AF, 9% TLCP MEFHRAMIFMIE &40k U3l B TR E & 4H
R A I T R A FAERLIRS, T H TLCP &k B A BT YA RA I TR AR,
JFAE G RA RPN TR (R, ERMAI &4+ TLCP MEAREMZ M T A
HESTHE R PR, ERAE S8+ TLCP M MRRECRE R —ERENFW. SE8
FHEEBEP R LA E S SR, £E T HHERN KRR ERIE LT EM BN T
MoK BRI TLCP MEAHRZ R M R R IR B0 R AR ZR BB AR 149, BB M R ALR 2R
BIRAERAREAE SRMERA I TAERE, T EBA A 4E Rtk SE 4 1) S 2R, X T
1 B RS AR R P R R AR ESA T — L8857 1012 [mIeH i I BRLT (B
SEF) MIRBORRRAY (MR KR RERMBF R AL 15l AP TLCP/GF/PP
JRALIR 22 & AR £F 4R AR S AT X R S i FELIBT A .

1 = % % &

EAERSYRRENE (PP) Rk, HERIER Y 160 C, BARFEIELCY 1.5 g/10min.
BOR SR SY (TLCP) RABEEHER, 2,6- “REEFR, ME_HR, ME_B BERL
2y 52:28:10:10) B LA ILR AR, BLFLF4E (GF) LMY HHRLERA 13 um, HEHEH 1% KH-
550 FIEEL BB LR 4038, 5 FATHE B 5~8 mm KEE VA%, DRMETSH MR AE
(PP-g-MAH) BALIEH%&.

KA ERHER BRI EE AP T4 12 h LB, B TRERIHRAGTEEAS
NYER S SE, 78 CS-194 JHEFFINAL LIERILRIH . STy D 55 FRREYI Y 230
C, #FHEE K 60 r/min. A4 KR GF/PP(15/85), TLCP/GF/PP(5/15/85), GF /PP /PP—g-
MAH(15/80/5), TLCP/GF/PP/PP-g-MAH(20/15/82.5/2.5 1 5/15/80/5). R VIR HLAGHF H &
Yk, FFE CS-183 Minimax b | BAI4 R/, HBE HEE, KEHX 8 mm, BN 2
mm. VEEIER ¥ 230 C, EEERN 120 .

AR TRAFE D 20 min, RIGHEHIERE TR MY, 7EH L S-530 MR
HF B T TR, R AR (BRI Y [HTE) W IAMEI P EY 1/3 AT B
2, UAPIREES, A BIBNEIHA. A8 B A B R B TR RS i BRI AR s e,
RIGHTHE, BEAEYETEI T LAREBMENE GF K2, MRREREHNE
AR, FERAREE 6RO, FEWAE A HIL S-570 BRI A T B M T fid 2
RGN EESERER. AR ST B SRS B A PR A 4R RoT#EAT 4
A B ML 4 4 B R H 4. ] Instron1122 BUH IR CS-183 /MR AITERE, FL{FER
B4 5 mm/min.
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2.1 TLCP/GF/PP [RALEHRE SR HEIRMRER
FEE 1 Al IR BIF RS, ERY 10 um MBEEAE SRAK R mHEEE; TLCP

SEAHMERS N 0.5~1.5 um, 5 GF #l
HRER MR,

E 29, BER 10 um . REERAEE
o4, H12 0.5~1.5 um 2 TLCP 43rEUAH.
R Z, TLCP SEMHZUMARSERE;
ER, TLCP PAERIE S BRI IRTFHE.

Kl 3 58, £ GF/PP {K&"+ A TLCP
&, GF KEMMERKHFT B tF
SFYERERATRL, RARIIFEMERKERS
REBE N 1, EHRIER. KEKTIRFEY
R4 FGRERME R . SR 4RI R Ry [1419]
Lo = i Horh de WEFEER, 0fpe H
FRBERIMEEE, = NAFESEERERE
MIBTYIRE. UAEMNKE L /NF LB, 48
LT Y B R G SR AR L IR oy (1418 o =

9029 25KV 100um

B 1 PP JRALIRZE & F6Hi BE W O/
SEM B4R

Fig.1 SEM micrograph of fracture surface of
TLCP/GF/PP(5/15/85) composite

9042 25KV 50um

B 2 K2 (a) MNHE (b) ##R)/F TLCP/GF/PP(5/15/85) ik Z#] SEM B
Fig.2 SEM micrographs of TLCP/GF /PP (5/15/85) composite in which skin (a) and core (b)

were extracted

L Vi + Vinom, o Ve EFGEAEREEADRE R BT d (RFR,  Vin BRI RGBS 3R BB} A BT 5 AR,
om NEEMRRRHITIREL. MAFRRKE L KT Lo B, BESRMRRRIHREY o = Vi(1 - £)
O fonwe + VO, Tt o, WEEARRIAE AL F T L AEWT RN AR IR 3R, IO, FEAF 4R, B
BHIMAR—ZEMHHRT, F4ER LBX, BRI HRERS. TLCP/GF/PP(5/15/85)
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Fig.3 Length distribution for glass fibers in Fig.4 SEM micrograph of fracture surface of
GF/PP and TLCP/GF /PP systems af- GF/PP/PP-g-MAH(15/82.5/2.5)
ter matrix was extracted composite

JRALIR etk R Ry BT 40 ¥ K B GF/PP(15/85) £ 4E3RIK R 2.36 %, i8I TLCP 5§
AHIFAR IR A 40T, TLCP fINAK B TR S A 4 R B IR T A G R ACR,
s Rl R 2 vERE. 7E PP Bk GF SRIBEB TR (B 1), il GF 5 PP Z{kH)
RERSEEE. 7 PP R RTINS REREF #:4% PP(PP-g-MAH) FE BRI A LIE GF 5
PP WA EAL. I\ PP-g-MAH J5, GF 5 PP fyREAZEEEIM B kE (& 4).

2.2 TLCP/GF/PP R{LE#E S HHERHMMNITH

EE 55, N (a) 3 (d) BRFEGES NN H/MIRHRRLR. B ETImEt
MBS, BB LN, Bk EBE S DK e AT Bk A%,
WG FPREE. LRERGRTIA4ERT, RO R R § B AR I a1 - e B O 1
REERIE, UAERK L NS R RETR R RANRLR RS TERY, R4S
G K RA AR, 5| S REUGAERR T R 24ERIRE R, B2 T RRIKER
YEH. XtF4& PP-g-MAH f) TLCP/GF/PP/PP-g-MAH(20/15/82.5/2.5) {k &, TERSK Rt
TR A4k 4 B 84> F TLCP/GF/PP(10/15/85) fR &, £F4E7EN OBHMH BB HBES, i
Rl PP-g-MAH (#7T GF 5 PP ¥y HK4S.

B 6 RARGE 7 RKEM BHE A, HHPER 1.5 um #5572 TLCP 738U, MBSHIRT
K#9% 11.5 pm. B4 TLCP 48R iE 4 51 7E R 6a A EETE 2 F5H 3 HEREUATRT
77 (B A A K). WHRNEE, & EENRS—EENAR. 8 2 ZAHMRIEAREZL.
W 3 ALY B E TLCP 48U A SUACK, MRGETESUE T, # TLCP S HEUMEA
B, BEBENIEAE A S S—WAL (A SELA) AT R, REMREWY EZE TLCP
B RITER. FEE R AARSEINE, MRBEMN B ML R, B 6(a) 5 4 RHMRI
B RS 3 KB, —RMBLEEEB M L. XK, TLCP /r-HUH R AR XIER
ALY RAVER.
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J.63mm

5 ZeghiStfdS TLCP/GF/PP(10/15/85) fh RIEMWAEA&K) SEM B
Fig.5 SEM micrographs of TLCP/GF/PP(10/15/85)injected samples in dynamic tensile pro-

cess

*1.30 K 20.0um

B 6 7EISHfEtEd TLCP/GF/PP/PP-g-MAH (20/15/82.5/2.5) tk &k £ 4H) SEM

B
Fig.6 SEM micrographs of TLCP/GF/PP/PP-g-MAH(20/15/82.5/2.5) injected samples

in dynamic tensile process(position: right side of big crack)

2.3 TLCP/GF/PP RALERE &M EMHFERE

MR 1 A[LIE N, GF a[{Em PP A9 /12¢E6E, KA TLCP 5 GF jRZ:H5% PP i, fHfk
RS — P, TLCP WMMARK T GF BTl R, & T GF FER 377 m LAY

# 1 TLCP/GF/PP R{RZE G HHRIATTL i 12 RE
Table 1 Tensile mechanical properties of PP and composites containing GF and/or TLCP, PP-

g-MAH
Sample tensile strength tensile modulus elongation at
/MPa /MPa break/%
PP 28 210 469
GF/PP 15/85 31+3 45049 2946
TLCP/GF/PP 5/15/85 38+1 6007 122443
GF/PP/PP-g-MAH 15/80/5 4442 560+4 62423

TLCP/GF/PP/PP-g-MAH 5/15/80/5 4742 530£5 4247
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B, MRS T GF RyBRECR. M TLCP &S REE R RENME, HIMAfyREmx
R Rt TR, Nz, TLCP flet ROABRAESILRIMRA T B, & T AR MR
KR YERFINE=ZMHM PPe-MAH 5, WET BB R EMS, HEEHERNGIFIEEN
.

3 & it

XtF GF 5 TLCP HMEFHRAMERIRALIRARE G408, TLCP B GF T+
HHTHTRREAR, TLCP MAFXINEM Y RAHM KERIEMH. TLCP/GF/PP5/15/85 fi 3R
R WK FES T GF/PP15/85 £ T 15.8% 1 321%. K HRBREF AR M AR 2%
WIRMk R, WET GF 5 PP EKMREAL, H—PRE T RRMILMERE.
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