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Influence of Flexibilizers on the Properties of

Polyamide 6/Carbon Fiber Composites
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Education, School of Materials Science and Engineering, East China University of Science and
Technology., Shanghai 200237, China)

Abstract; Three kinds of flexibilizers, maleic anhydride-grafted ethylene-propylene-diene terpolymer
(EPDM-g-MAH ), maleic anhydride-grafted ethylene-octene copolymer (POE-g-MAH ) and maleic
anhydride-grafted hydrogenated styrene-butadiene-styrene (SEBS-g-MAH), were used to toughen the
polyamide 6/carbon fiber (PAG6/CF) composites by melt-extrusion. The mechanical properties,
morphology, crystalline structure, nonisothermal crystallization and subsequent melting behavior of PA6/
CF composites were investigated. It is found that incorporation of flexibilizers improves the mechanical
properties of PA6/CF composites. For PA6/CF/EPDM, the tensile strength and impact strength increase
by 7% and 16 %, respectively. The scanning electron microscopy (SEM) indicates that modification with
flexibilizers not only improves the toughness of the matrix resin but also enhances the interfacial adhesion
between the carbon fiber and PA6 matrix. It is observed from nonisothermal crystallization behaviors and
subsequent melting behaviors charactered by differential scanning calorimetry (DSC) that the onset

crystallization temperature (T,,), crystallization peak temperature (T,), crystallization enthalpy (AH.)

We#E B #1:2018-01-18

ESTE P RS B EEA BT 55 9% % T3 4 B B H (222201717001)

TEE B A 2k EE (1993 . 2, AR F N B A  WF 58 5 1) I B B & 4> F A BN T. . E-mail: wendylisz@163. com
BIEBEZRZ AN ZKK,. E-mail: xinxinli@ecust. edu. cn



2 LY/ I s S

and crystallinity (y.) of PA6 in PA6/CF composites increase after incorporation of flexibilizers and
multiple melting behaviors owing to the existence of various crystalline forms in nylon 6. Simultaneously,
a slight decrease in temperature of melting peak (T,,) of PA6/CF composites toughened by flexibilizers is
observed compared with PA6/CF. The X-ray diffraction analysis (XRD) results show that the o-form
crystalline structure is favorable in the composites when the PA6/CF composites is toughened by the
flexibilizers, which demonstrates the multiple melting behaviors of PA6/CF composites.

Key words: carbon fiber; polyamide 6; thermoplastic composite; flexibilizer; crystallization
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1.1 ERFKF

FiY) CF: H A =25 00 IR US4t 85 TROGUL, AR K i 6 mm, £F4E B AR 7 pm; PAG . FEH AL S
210; EPDM-g-MAH : £ E#: 35, i 5 Fusabond® N416, 45 EtFE%50M 2. 3 g/min (280 °C,2.16 kg) ; SEBS-g-
MAH . K2 MR KA R AL S SG60F, IR 5505 0. 3 g¢/min(190 °C,2.16 kg) ; POE-g-MAH .
=] B [, S M2265 . I RiltF8 800 0.3 g/min(190 °C,2. 16 kg)
1.2 Wik 5RE

J1 2 PRI < ok FH L U7 RE A RIS HL QBRI — B H R A BRA AL, CMT6104) i PA6/CF & & #f
AF I 7 A 1 BE AN P BE L PR BB IR GB/T 10402006 #E47 I, $7 4 3% 24 10 mm/min; F B 72 o
FAL (G RF] CEAST 24 7], CEAST 9050) 4% it GB/T 1043—2008 i &2 A& b4 kol 11 v o5 1 6 .

22N FH B (DSC) 43 Br - R 28 78 H B 3 B A (36 /D TA AL 2% 28 F]» modulated DSC2910,
1090B) , g7 4644 5 mg ZE AT RE SN 25 Cn#AE] 260 °C, filk 3 min; #8543 5 LA 5.10,15,20 °C /min [ 3%
BRI 3] 100 °C L, FF4E 100 CAEHR 3 min; f¢/F L 10 °C/min #) T4 8 R X FE #3260 °CL 3t 47 F — A
o 1O S T A R A R A [ A TR R I ) 45 o 5 0 PO L e R R AR .

W T T 25 53 A7 CSEMD 5 03X 3k 1) v o 9 5% B 1 M6 4 4b 385 A 418 /B B 9058 C H AR H 57, S-4800) Wi
ST E B

X-GH AT G 4341 (XRD) - I X S 2% 22 @ A7 S AL CH AR B 2% s (LR =X 23 41, D/MAX 2550 VB/PC) 431 B
i AR M L AR 250 C R A3 R 29 1 mm 598 333 A R 2° /min, G E 8 10°~30°,
1.3 XRISER

SCIHT B PA6 R T7E 100 °C FF4E 8 h, ¥ F 4 4r 1 PA6 .CF.EPDM-g-MAH .POE-g-MAH ,SEBS-
g-MAH #1838 1 LLBIECLT . 28 e IR A HL QEL IR DUR LA B2 7 SHR-10A BDIR G 35 )5 » 8 2 BUIR AT



ARk 55 B RIXJE T 6/ B 2T 4 52 B RHE RE 1Y 52 1 3

B AL R R SBHLAR) , STSH-30) 1 Bl BT H J5 7K ¥ 15 RL s 4 45 21 iR Rk F R 3 AL O 0 K 3R HILAR A5 B
N H)HTLO0-FoB) il b 1 2 M RE MR RE 55 . BF ALY I AR B 8 fil— DXL 08l — DXL 0 il — DX s v g
X4 BOREE 435124 210,240,250,250,250 °C, HfHHIRATH H R 120 r/min, {FEHLAMA—B . Z B =B
W5 2 4% 3 T FEE 49 1S4 230,240,260,260,240 °C L 43Ry 80 °C,
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Table 1 Experimental formulation

Sample code w(PA6)/ % w(CF) /% w(EPDM-g-MAH) /% w(POE-g-MAH) /% w(SEBS-¢g-MAH) /%
PA6/CF 90 10 — — —
PA6/CF/EPDM 85.5 10 4.5 — —
PA6/CF/POE 85.5 10 — 4.5 —
PA6/CF/SEBS 85.5 10 — — 4.5
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2.1 EFMHE PAG/CF EGHMHHI S F HRE
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Table 2 Mechanical properties of PA6/CF composites

Tensile Impact strength/
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124. 8 MPa, b A ) PA6/CF &AM BHE M T 12 %, X Fi7 15k BE (14 $2 T+ 5 0 B & ; PA6/CF/POE () op i
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KB G AR RS A 6. Liao 2 f8 SEBS 8 8] it PAG6/52 i 4 52 4 M B 0F 58 b o A7 25 LK
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a—PA6/CF;b—PA6/CF/EPDM;c—PA6/CF/POE;d—PA6/CF/SEBS
K1 OR[E #5858 PA6/CF & & 445 I8 18 72 5
Fig.1 SEM images of PA6/CF composites with different flexibilizers after impact test
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JIg ) LT 25 1A BIAR K GE . vl Wi b PAG FIHG B 50 AT BH 5 00 A 4 B L SRR B 3% S A U BH 3 5
M PA6 JEPRAHZSME R AT, X 0T AR 2 180 00 i B B A vh i BR IFRE T DL PAG 43 4 b i) s SE i AT
7B T Y . 5 Lim 28 R ST A5 SR — B BRI AR A T SR R B iR T E A
AR R 2T 4E A PAG6 (R AT 25 .
2.3 BHEMKHE PAG/CF EEMBINIEERERITATMBEITA

YEREE5 G R G W  PA6 BB My BN g 5 P BE MO T I o R vh i 45 W AT R FE S Ir LLX PA6/CF
52 A MRS SRV AT S A AIF G T BRI TS S5 A MERE A B R A R X, B’ 2 1A 3 AR
P PA6/CF &AM EHT DSC 0 Mr 25 5% . 32 3 i8¢ 7 DSC il iaad #& v i 40 S 40

# 3 PAG6/CT A bRHE SRS WA R 24

Table 3 Nonisothermal crystallization and melting parameters of PA6/CF composites

Sample @/(CC »min ") To/C T,/C AT/C AH/(J g ') ye/% Tw/C  Twe/C AHn/(Jeg ™
PA6/CF 5 195.8 193. 1 2.7 —54.1 19.2 — 219.6 41.1
10 190. 3 187.0 3.3 —49.8 18.7 215.9 221.1 40.3
15 186.9 183.1 3.8 —47.4 18.2 214.4 221.1 39.4
20 184. 4 180. 3 4.1 —46.6 17.7 213.7 221.1 38.3
PA6/CF/EPDM 5 196. 4 193.8 2.6 —50.7 20.9 216. 1 220. 1 42.8
10 191.1 187.9 3.2 —49.6 20.3 214. 1 220. 2 41.6
15 188. 2 184.9 3.3 —47.8 19.6 212.7 220. 4 40. 2
20 186. 2 182.6 3.6 —146.8 19.3 211. 8 220. 4 39.7
PA6/CF/POE 5 196. 6 194. 2 2.4 —51.7 21.7 217.2 221.3 14.6
10 192.8 189. 8 3.0 —48.6 21.2 215.6 221.9 43.4
15 190.0 186. 7 3.3 —47.7 20. 6 214.0 222.1 42.3
20 187.8 184. 2 3.6 —146.0 20.1 213.3 222. 1 41.2
PA6/CF/SEBS 5 196. 2 194. 8 1.4 —56.9 22.4 216.7 220. 1 45.9
10 192.1 189. 2 2.9 —55.9 21.7 214.5 220. 8 44.5
15 189. 4 186. 1 3.3 —54.4 21.3 213.1 220. 8 43.7
20 187. 2 183.8 3.4 —53.5 20. 8 211. 8 220. 8 12.6

K 2 & PA6/CF.PA6/CF/EPDM.PA6/CF/POE 1 PA6/CF/SEBS MIE 48R 45 4. aTLLE S, b
0 R R (@) B HG I P AR S Y 2 TR RS R 4 A IR BE (T 3 el IRy 10 B8 31, O HL 485 & iR B2 IX.
R E © NPT AR 56 . 3 3 AT LLE L, B E © MBI, T, (45 F TR EE CT,) FZs fvks (AH O BIFREAR, iX
ARk 3 5 Li e st (R ) PAG/CF & MR DFE b 25 5 0E — B, X ERIEREN @ F,
RE W FR MLV BEXG I, 431 55 04 4 Bz 20 32 B BRI  BOS % 33 R AE SRR, W PA6/CF &
A MR RS R 2 A T BE RN 45 IR v A AE A EL G @ L A AR & T PA6 1Y T R T, L BEEH E ok
TR I He A ) R By Atk 7 gl . X 2 EPDM-g-MAH ,POE-¢g-MAH ,SEBS-g-MAH 45 PA6
Gy F A BT B AHZEPE  BEHE A PAG 43 [H] o DT U800 I e 43— [ A 0588 L 08058 PAG 43[R B9 4E R g {4y +
i (1932 ) RE 7 38 0« & 1A 1) B 2 AR TEN AR B 45
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Fig. 2 Nonisothermal crystallization curves of PA6/CF composites
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Fig. 3 Melting curves of PA6/CF composites after nonisothermal crystallization
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