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Preparation and Properties of CF and GF Hybrid Reinforced Bio-based PAS6 Composites
Chong Yunsheng'?, Wang Liyan', Wang Meng’, Chen Yanming', Wang Hongyu', Wang Hongjun®, Guo Longyi'
(1. School of Petrochemical Engineering, Shenyang University of Technology, Liaoyang 111003, China; 2. Liaoyang Kangda Plastic Resin Co., Ltd.,
Liaoyang 111003,China; 3. Tianjin Rubber Industry Research Institute, Tianjin 300392, China)

Abstract : Carbon fiber (CF) and glass fiber (GF) hybrid reinforced biobased, polyamide 56 (PA56) composites (biobased
PA56/CF/GF) were prepared by continuous feeding of fibers through a twin-screw extruder, and the effects of different mixing
ratios of CF and GF on the structure and properties of the composites were studied and analyzed. The results show that the density of
the prepared composites is lower than 1.5 g/cm’, and the CF and GF fibers are fully bonded with the bio-based PA56 in the compos-
ite system; the mechanical properties of the composites are significantly improved by the addition of fibers with different mixing
ratios compared with the pure PA56, and the mechanical properties of the composites are optimal. When the volume fraction of CF
and GF is 2: 1 mixed, the mechanical properties of the composite material are the best, a tensile strength of the composite material is

182.2 MPa, which is 1.48 times that of pure biological PA56. The bending strength is 252.2 MPa, and the bending modulus reaches
13 052 MPa, which is 1.78 times and 3.58 times that of pure biological PA56. The notch impact strength can reach 9.3 kJ/m’, which
is 2.1 times that of pure biological PA56. And the thermal decomposition temperature of the composites slightly increases. The
thermal decomposition temperature of the composite material is slightly elevated. The composite material has low density, excellent
mechanical properties and stable thermal properties, which is in full compliance with the green concept of replacing steel with
plastic. Comprehensive analysis, the composite material has a high added value, can be used in wind power blades and other fields.

Keywords : bio-based polyamide 56 ;carbon fiber ; glass fiber ; property
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Rk (PA) & 55 L&A VF L2 HE L,
FAVESERIES R IE e, )32 H v AR VR 4 Tl
HLACTE LA DTS 3 2% S AL A 7 1w
H AT, R FR B O & O — RO AT s ) & Je
P YRR RS SR R 38 i R AR AE Y, R
WA BRI AR, PAS6 EFRE A
T R I —EOE A W L R T, Hodh PAS6
{14 13 R B SR FH AT AR DRV A /INEZ L ORI
by SOk 2 A ik B T R, — T R LA i
AT BRI 9™, 55— T AT R IR gk A 4k 42
Yy, I8 B AR B 0, RF 5717 BEURHE AN AR A 5
PRAG AR EL RO, PAS6 % B — BN 1.14~1.16 g/
cm’®, 1 1R 254~269 °C™, PAS6 & T AT (R R T
HEZ 43 FBE AR O SRR, PAS6 1R 7K R 5
T PA6 FI PA66, W 7K 1 A1 % 1] 15 ik 14%", [A] B
PAS6 44 hAE S itk E . NI, PAS6 1R M4
YA R R WL — R R A, T B A MR R L
HAPR AL, PAS6 1 — Bk B i EA B A i)
AAr T,

LR AR AR 2 A A BHI T ST R 20 2 70
SRR BREFHE(CF)TE 20 22 60 AR WS , B 2
FER A B 5 S T RIS AR [R] s R
CF LS , AT I & CR/BEBS AT 4 (GP)TR
Ze B 47 A M BN CGHERCs)!'™, H Jy 24 Ve BE AL 45 9%
55 PR RE SR T CF 3458 & 4 44 KL (CFRCs) s B
£ B 42 5 F BHGFRCs) ™, CF/GF IR 22 & & 41k
R4l GF, CF 2 & A BHRVEAE R E R, vl 1
I R AR SR A, R T AR R, B N AR
JEi™, HAR CF & A AR hr A A e (A
HLBT ORI, v PERE AT 24 e 48 25 . GF
3 5 A4 IR B 52 5 B4 BL(GFRP) M CF 1 5 52 5 b1 L
(CFRP)JE R H UL A BB, GFRP 58 FEAIR A& AIG
JikE , CERP LA 45 e WA AR B - () TRy 57 FE 420 oy
T A WA E G A B DL, CF/GF IR 407 2 i
1A . Manders ""ilF 57 T IR %00 1) 52 W R 2%
% GF M CFIRZ: 2 )5 , WF5E T ZE iz far T, AR
f) CF & & LA K2 0 GE/CF 1R 2% 5 4kt b
S AR B, 25 B BE A B T B s LA K
SRR 3L =R 2% 52 A M R I 24N AR B . i
AR A 3 PAS6 1 e M 9E R B4R rp AL R K
P, SRS A A b

2 3mSR FH CF # GF IR 35 PAS6 & 441

L, FIH CF 5 GF IR 4 4E AR 2l CF 358 2 &
OB, Hi45 0 e S G MRHE T R R ) 1k
AE LT PR B, i A S R B SE A b, RORRRAIR T 44
B AE 77 ARSI BT LR T CFRP FEMLAS V30
PRV I N R A B B e N T e S
T H A 2= K H CF, GF S5 HAZF 441 BHE PAS6 J7
AT RSO, 360 ) B i B 8 S8V T, X PAS6 1Y
;AT — 2 148 58
|
1.1 JRA#H

PAS56:2260, 5 filt I B2 (T,) 4 269 °C , WL AW
MR BR S 5

CF: ZF A% 12 K, L2474 4% 13.5 mm,
SRR A A 5

GF:T735B, #2474 F A% 13.5 mm, 2 1L 2F
LA AT BR A 7 5

B 259« I Sk TR I A 35 PN I R 4 7K HE Tl X
PR BRI RE T PH Tl K2

PG JETE R
1.2 &&EFALE

HETHE : GT-SN-7005 &Y, v [ 15 745 w3y R A4S A
A BRA

Br bl SHI-42 R, K AR 35: 1, /g mURH IV AG 98
IR NP

HEIRAL - HST-1300 &Y, 77 ik Vi FH S RHHLAR il i
A BRI

BRI JE T T A AR AT BR A w5

AT R JA1003 N &L 75 5 R AR AT BR 2
Al

i AU A S A XP-201 7Y, | g S LR
WA A BRA AL 5

FH o 7 3385 (SEM) : Sigma 300 AU, 7 [# <
IRELR] N

T3 e THRIEHL : AI-7000MI B, H [ 4 745 w5 4k
ORIIENE T Z R RN

P K MIAY . GT-7045-MDL %I | rf1 [ 5 125 25 2k
oRIIENE T ZENRNEIF

YA 8 R (MFR) X : GT-7100-MI %,
B BRI A FRA A 5

W (TG) /L - HCT-1 Y, Jb 501 A I
e
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1.3 PAS6/CF/GF & 41464 4] &

T 1) PAS6 U Fr 5538 4550 S A B 7] 72
IR AE TR, CF, GF fEZEET TN, R
5 Rl AR B 77 245 1 PAS6/CF/GE B &M kL, #%
AL IX (1~5 1X) ALk I B2 43 5113 2 R 240,
265,270,260,270,270 °C, SUEFF5% 3 4 300 r/min.
TENNEF AR5 S CF 5 GF AR e M 1:131R
J=HHE A PAS6/CF/GF-1" il A CF 5 GF R4 %
bk 1:2 3R 2 i id 5% 4 PAS6/CF/GF-2* il A CF 5
GF (R 8 e oA 2 1 1R 4% i i >~ PAS6/CF/GF-3",
KA CF 5 GF it & PAS6/CF/GF-0", 2 K ¥% I
YR B
1.4 XAEH &

K P LA 12 T2 105 °C 44 T #+ PA56/CF/GF
FAPRFT 8 4 b J BRI T 5 A 4%, IR
SMCE RS H6 2 #1824 5 A T AR S PEREIIN
1.5 X5 ke

R 2 SR FH PR I 3SR AR o 4 R A T ARG
AT GB/T-1033.1-2008 Fnife

25 S O 3« 2R FH A Y0 a0 2 {SORE A i 45
i AOUIE S 24 7RI, 46 FH Nano Measurer 3X 1, %
CF/GF 7R it th B9 BE R DLt A 7537 -

Wi JE 55 < >R FH SEM LSR5 4 25 Wi A9 o0
SER  HREARIR AR, R SRR BT (24 30
min) A5 A TG . A T I R MRS S B
S5, 48 SEMNZ 1T, X T 2 EA TBE 4 b 28

R B - 352 I8 GB/T 1040—2018 I3t , 3 &
50 mm/min,

25 M 55 BE . $i I GB/T 9341-2008 M4z, 14 J&
2 mm/min,

T 11 o 5 3 . 4% 08 GB/T 1043.1-2008 13,
BRTZEA VAR,

MEFR : % 8 GB/T 3682-2000 iz, , Jii. & 285 °C,
i 2.16 kg

TG : ZE AR T L IR DA 25 °CH i 3]
700 °C, JIFAH 2 20 °C/min, 15 2] 52 G BT
FiE SRR
2 GR5ITE
2.1 PAS56/CF/GF &M #+5 B

PAS56 F1PAS6/CF/GF & &M BHWH B WL 1.

HE1ATLE N, Y2 5B A CF 5 GF
ANFNE AR LLIR AL e, 55 MR % 2 55 21 PAS6

£1 PA56F1PA56/CF/GF £ & # IR E

FE R/ (gecm )
PA56/CF/GF—0* 1.160
PA56/CF/GF—1* 1.360
PAS56/CF/GF—2* 1.459
PA56/CF/GF-3" 1.391

LRI RS, B A bR 5 B A TR AR 4T
Y CF IR R BRI 2 PR RS . K
/NI A PAS6/CF/GF-2"%2 4 #1 %} > PA56/CF/
GF-3" & & ¥ ¥} >PAS56/CF/GF-1" & & # ¥ K F
PAS56. PAS6/CF/GF-2"% i f: K, P ok CF 1 %5 & 7
1.79 g/em’ 7o 47 , GF W% B 7 2.4~2.76 g/em’ Z [H] .
H T 35 B 7E 7.8 glem’ 245 o 152G MR35
FEBMET 1.5 glem’ LA 358 TR AL ZR A )
T RERR R AR R SR AR A LI AR Tl

aiioe
2.2 PAS56/CF/GF 5 &-##H1m b B4A4% T AL 5%
R

et FE g ' S s a5 i A SCHEAE T A 295 °CHlLEE
ZAE T R AR 2 195 °C, R 30 min 5,
IESRORTE S, 1 s 9 I R an &l 1 e, [l 1)
Nano Measure 3% /4K il CF/GF i 2% £F 4k 76 #£ i vh
R S5 1 T3k 2,

a—PA56/CF/GF-1";b—PA56/CF/GF-2";c—PA56/CF/GF-3"
&1 PAS6/CF/GF & AR oW 25

2 PAS6/CF/GF E&##H CF/GF K E mm
FE i GF CF
PA56/CF/GF—1* 0.60 0.57
PA56/CF/GF—2"* 0.50 0.46
PA56/CF/GF—3 0.39 0.36

ME AT LAE HY , CF 7R 2 1 45 R 50 2
Bk R, FLEFAERCAN 0T GF 7EAR 2R R 245 i
TS 52 B0 (0, HLASOHL, CF/GF 25 #4341 7F PAS6 4
M. IFE 2 BB AT AT, GF E B S AP EMA R P K
J& 4 0.39~0.60 mm, CF £ J% 4 0.36~0.57 mm. & &
R B E AN [FR 2L £F 4 FL RS | - 4 -2
JFEREAG, 32 PR by Bl 25 TR 2 41 4 i 1o, il YR A= 2
HEAEIE BT LR v 2 B SR 5T Y] ), e T DA
P OSUBR AT B LR 2L 25 5 =T DLl
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2 IR AT A B 21 3558 PAS6 A M kL.
2.3 PAS6/CF/GF A4&-#1#H SEM Wi &1 7% 55,4 7

] 2 R IR 2 21 4E AN [R) 1R 2% L 1Y) PAS6/CF/GF %
B ERLAA JE T (4 T TETTEZ 55 SEM R
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2145 5 PAS6 HEIAZ W] HAT RAFRY S A5 &, il
1% PAS6/CF/GF &2 &t BHELAT B4 S5 10 J) 2= Pk dg .
X B T A R0 2 R TR A A B AR
FE 55 PAS6 3 ri 10 g v 55 AR PR 56 o 6 A O il TR
il gt fE i R AR AR 2E R N, R B T ARAE RS,
TR IR I £ 4 A5 A Wk PAS6/CF/GF &5 # R p ik
T 1 y O 3 £ e € 22| A NN I N =R % = el )
CF, GF =% 21| 7P R U i 28w ™), i Fh 7 24 i
PEWTZL
2.4 PAS56/CF/GF 71 F PR 547

(1) CF/GF B[Rl 4% Lb X+ PAS6/CF/GF &2 & 44
B HERE I RZ 0

CF/GF A [RlYR 2% 1% PA56/CF/GE & &+ R
AR ERE WA 3 s .

1 3 \] 0L, Bt N A CF/GF A [alTR 2% LU £F
4k, PAS6/CF/GF & & # BB A B2 bh 4l A= 4 3
PAS6 &N . 4 CF 5 GFRBI AL o 2: 1R
Z=i5} , PAS6/CF/GF-3"52 & b Bk A Fir Al i 182.2

200

160 494 3

120

80+ 73.4

FL A58 [ /MPa

40

oL L1 ]
PAS56/CF/PAS56/CF/ PA56/CF/PA56/CF/
GF-0* GF-1* GF-2* GE-3*

WREGS
&3  CF/GF AR Z% LY PAS6/CF/GF 5 A M RHahr ik g
MPa, jZ4fi PAS6 1] 1.48 fi5 . iX J& [H 4 CF, GF A £
BA B ERRE, 5 PAS6 FAE &5, ol LLFIH
GF, CF 1 fy ik B AR AZ FON o A, el 1 2 7T LA
F W, CF/GF IR Z 41 4k 55 PAS6 Kl BA BT FLif
FhBHE . A2 BB T, PAS6 SEAAT LA £4F
HeIFARGF HAL L N )20 JEF DL B, Z AR

OE DRI NN =
(2) CF/GF Al 2% HL X} PAS6/CF/GF & A 1K}
P R A
CF/GF A [R)JE 2% [t 1 PAS6/CF/GE & 4 Mk
i RE NI 4 TR .
15000 - EEIES

O &5l st 13052
12000 11624
- 10745
[= W
S 9000
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;ﬁlj
= 6000
=
o 3000 2850
0 190. 24171 2466 |252.2

PA56/CF/ PA56/CF/PA56/CF/PAS6/CF/
GF-0"  GF-1* GF-2"  GF-3*

G
814  CF/GF ARl Z% LY PAS6/CF/GE &GRS i P fE

M 47T LLE Y i % CF/GF Al 2% b 45 4k
AN, PAS6/CF/GF &5 14 BH 25 i B2 s i 54
PERT I LI 4l PAS6 RIR EE 4 & . 2 CF 5 GF K
U R 20 VIR Z= 0, 52 6 M RH 25 il o B2 oy
252.2 MPa, 25 iy i 4450 35 3] % Ko {1 13 052 MPa,
SRR Y HE PAS6 19 1.78 £ 1 3.58 4% . X S M Bl
% CF/GF AN AR 4% LLEF 4R A, CF/GF 1R 4% 47 4
H5R PAS6 WAT— Ui A 250 IR AR 2F 4K
P S BETR 2R T Ak (0 dh S Bl KR, R0 R
omr, R T2 AR R S PR

(3) CF/GF AN[liE 4% L Xt PAS6/CF/GF &2 A #1
s RE R S
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CF/GF A [al1R 2% I 19 PAS6/CF/GF 24 kL

i 1 ppb ol BE AN S R o
10.6
10 8.9 9.3

3.0

B whl R /(KD - m2)
i

0
PAS6/CF/ pa56/CF/PAS6/CE/ pAS6/CF/
GF-0"  Gp.1»  GF-2"  Gp-3

R REL
5 CF/GF ARl Z% LY PAS6/CF/GF 54l 11 bl o s

MK 5 AT LI H, B8 CF/GF 21 4 A ]I 2% H£F
efn A, 540 PAS6 K 1L, PAS6/CF/GF &4 R Bt
1 ok B 3 AT — R R o, a0 1 s R B e
iKE]10.6 kI/m*, XS R E G REZ 2150,
PAS56 5 CF/GF {22 4T 4 I8 151 19 A 3 1f A2 2 3R
B, TR 44T 4 D\ PAS6 LAk Y, T ZLIEAE R =Y
e, (2 A MR b M RESE . PAS6/CF/GF-17
524 MORE Sl 01 w5 BE 2L L PAS6/CF/GF-27 Fil
PAS56/CF/GF-3" 55 M i, XS 2 5 Ak
B £F 4 B il i — E (E I, 2 A MR Y PAS6 5
LUREAG, AR TR R ) 23 it — 20 TR 2 4R e BRI, DA
MR T2 A PR rp s BRI RE T -
2.5 CF/GF & F) % % tb 2+ PAS6/CF/GF &4 #+ 4+

MFR % v

CF/GF " AN[RTR 2% Lb () PAS6/CF/GF & &} L

Y MFR 4N 6 I 7 o

70

63.7
_ 60
g
g 50
S 40
55 30
2 20
= 122
10 ’_‘ 7.4 6.0
0 B &=

PAS6/CF/ pa56/CcF/PAS6/CF/ pA56/CF/
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RFE S
[#16  CF/GF HA[RiR 2% LY PAS6/CF/GF & 44 R MFR
MIE 6 7T LAFE Y, B CF/GF A [RlIR 4% L 4T 4k 1Y
M A, 5 4l PAS6 # Lt , PAS6/CF/GF & & #1 i
MER AW N[, HIEAE CF/GF /00 U BEY , 4%
Je T2, 3% 2 1 T PAS6 B TN A CF/GE =,
—J2& CF/GF H & ; — & CF/GF 5 PAS6 7 [& () 45 4

I, XA R B T4 F R B S, AR TR Bh
P BRIt/ ) o
2.6 PA56/CF/GF %1 TG 547

PA56 1 PA56/CF/GF & & ¥ FHI TG it £ 4 5]
THIR o 23BN T T, I T B 10 B ff 1
T, R IS P B AL ISR %R

100

0
(=}
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M
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ﬂIlHj 40 - = o

= PA56/GCF-1"
20
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(=}

0 100 200 300 400 500 600 700
R/ C
[%17 PAS56F1PAS6/CF/GF A FEHEE S Y TG ith£k
3 PA56F1PA56/CF/GF i TG S Hi iR

B R 700 °CHR e

ﬁr"_'l" T]O%/OC T‘SO%/OC %iﬁ}‘g/oc %/%
PA56/CF/GF—0" 405.6  446.99 454.09 3.66
PAS6/CF/GF-1" 41798 473.11 459.47 36.89
PAS6/CF/GF-2"  420.16 479.16 456.53 44.41
PAS6/CF/GF-3" 41555 463.18 455.16 40.81

M3 AT LA, kiR bl % CF/GF £- 4 GF
IR E G R BR A B8R, A CF AR R 3 B0k
K, S0 GFAHLE , 5%k 25/, F 8= Kl CF L
GF % . bl CF/GF ARlIRZ% Lber ey mA , 54k
PAS56 # Lt , PAS6/CF/GF & 45 M B B #4311 3 W
I+, Uil m PA 56 HH A CF/GF A F| T2 i H
Mt #AE . &7 s AT LUA Y, PAS6 S5 BB fif it
T R — A, HIUE(E RS, 6] CF/GF R4+ 4F
YESER 5 1) 2 A PRI B0 A5 2032 ok 5
3 it

(1) PAS6/CF/GF & &5 #H R I 3 FE YR T 1.50 g/
em’, iK B TR EOR AR T RERE A SR
R SEATA SR Tl LB &

(2)if i SEM 1] LI Hi CF/GF £F 4 2 i HURE A
VL EE T —EREREYMAE, i — LU0 CF/GF
TRAET Y5 PAS6 SLR 2 (A1 A RAFI AL &

(3) PAS6/CF/GF & & M BHY J1 25 Re A K
(HE R, 2 CF 5 GFARFI B 2 LR A=, 2 A
MRy 2R A, B i R 182.2 MPa, J2& PAS6
() 1.48 435 ; 25 H 58 BF ol 252.2 MPa, 25 il SRS R A
F] 13052 MPa, f& 4L PAS6 1) 1.78 £5 F11 3.58 £ ; ik I
s EE AT LAGA S 9.3 kI/m?, 24l PAS6 114 2.1 1% .
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