Eﬁ#ﬁ*ﬂ'i*ﬁ ®36HE oM 9 H 2019 4
Acta Materiae Compositae Sinica Vol.36  No.9  Sep 2019

DOI: 10. 13801/j. enki. fhelxb. 20181121. 003

JEE PR IR SRR, B J’%‘ﬁ@ﬁifzﬁ

75 R TR S 5 7 R £ 44 ) R AR B
1% 8¢ P B

#Fme, A, FEh, BHBAE"

Aestfe TR APLEHLE & Hk HSEE S, bRt 100029)

SN BB T R S5 AN o TR B B 4 B BRI

bk&ﬁﬁé?éﬁiéfﬁ%ﬁﬂ%’ﬁ e Bk 2T 2/ o T 2 B SR IR S b Rk Y R T DA7) 3 A 5 8 106. 8 MPa,

FW S 2F R S, IS i.'-;s RE N2 8] BY b 5 FE KRR @9
KR RS\ G BUREILEL; JiMERe; AmtEae @o
FESES: XEtREL: A XEHS: 1000-38 éo, )09-2076-10

|

@

o

o
N ocompatibility and performance match@tween high-rigidity epoxy resin

and high-mod bon fiber

XU Peng, LI Gang, 4nhua, YANG Xiaoping”
(State Key Laboratory of Organic and Inorgani osite Materials, Beijing University of Chemical Tec Vs

and more cross-linked poin : the glass transition temperature is 228°C , and ten:

¢ 100029, China) ©

odulus reaches 4 375 MPa.

High-modulus carbon fiber (Domestic BHM3 and Toray M40]) reinforced zé)ldity 5182 resin composites were

prepared, the interface properties, microstructure and the mechanical p
rigidity epoxy resin composites were evaluated. Due to increasin
age from carbon fiber surface to the resin area, high modulus @atho
highest interfacial shear strength (106. 8 MPa) and exce %e

and interlaminar shear strength.

Keywords: high-modulus carbon fiber; epoxy r

!165 of high-modulus carbon fiber/high-

s7of resin and transferring of interface dam-

iber/high-rigidity epoxy composites shows the
|

chanical performance. especially flexible properties

en®
()

dulus matching; mechanical properties; interfacial proper-

ties

PR AT A A R B R PRI L BV SROTE © RO I DR A A O AT e f) G B
Bk RBUN . ROF R MU SF AR R 3, B iz B AR ARk, [ R Ak 2T 4 R K e R
TR KR R ER L RL ., [ A SR A ™ 507 58 5 2888 1 [ )™ M40,

Wr B8

2018-09-20; KA BHI: 2018-11-02; ML HAEATE]: 2018-11-26 14:21

W 4% AR 4k : https://doi. org/10. 13801/]. cnki. Thelxb, 20181121, 003

E&WA:
BIRIEE .

I AKX

[ % AR BE 4 (U1362205) 5 H SR MO SR A BTl 55 3% 4 9T ¢ 42 (XK1802-2)

/N, W, 2R, AR S, DRSO I Dy R RE AT AR SR IR B S B E-mail: yangxp@mail. buct. edu. cn

VRS, 2R, Tas e, S5, W PR S IR S e A Ak 2T 4 ) R AR A FPEREDCFCLT . s kAR 2019, 36(9) ¢ 2076-2085.
XU Peng, LI Gang, YU Yunhua, et al. Interface compatibility and performance matching between high-rigidity epoxy resin and
high-modulus carbon fiber[]J]. Acta Materiae Compositae Sinica, 2019, 36(9): 2076-2085 (in Chinese).



VEMG . A - T RRE PR AU A R A Bk T 4k 1 A T AT 0 i DC

. 2077 -

M40] F1 M55] 45 i A5 ik £F 2k it &
P15 2 DE B Y R A 3 1R 1)) 2 iR 1

ELﬁD: 6]

il g AR, B
F i e 1 H R HE
o 1R P9 R R B 2T A RS IR B ik £ A 5228 K
F CGAIRER I 35 90 3R AR )7 L 4211 IR R
Wi (648 iy I T S0 = 600 B0 o & g 1k 20 0 K
BS-4 R BRIk & CFRER Fis A3 A IR 38 IR K
FOME AR SR i AT B R AR, 5 e A AT A B
THAE AN . RSB 21 4 R i 1R =2 ) R 47 ) 3¢

T A1 251 D LS 9768 T 220 19 T B0
SRR TR A L T R BT A
5

EE%,%EWN%ﬁ,ENW%%%~§§

%%ﬁ%mik,ﬁﬁﬁﬂ%mﬁﬁ§§#,%ﬁ
5743 bR L I 3 286 1T 2k fos ML 4 4
O JE 0 2 47 L Sy TR e R T Ak 1 SR IR
B BB ST A R ) 2R T o R AR
%WMﬁE%ﬁﬂgﬁ%‘mﬁmm&ﬁﬁ%%ﬁ
(520 e g [ J7 v 3 AT 2 1 0 G

a5 K B4 B B WERGE HL R 4 7 B8 W) &5 Jy geY, H
»es@

-#%ﬁMMﬁ% %%h?ﬁ@mmz

EIET;E@WHEE'EEO

ﬂiﬁﬁ%iﬁﬂﬁ%ﬂﬂ@ﬁﬁﬁﬂiﬁiﬁiM%E‘J@%
Tl W BRI, R R il .
X N B TR AP BB R g A 4 E BHM3
FIZR T M40 i B B 21 4 ] 4 s WOpic 2T 4 1 5 o W1
JERREM RS S ARE T IRAMI R A X A2 5
kA F T 28 45 41 18 AR 5 T 2 SR 5 R & 5 R Y
J15 PERE A I

1 SLIHMBREGE
1.1 E#H#

775 M40 BREFYE, H AR A ",

O LRk AT A a2

%)Oma@‘%@&ﬁmgmmﬁo

e A TR e 2 G p kbt B AT .
1.2 AR H &

R ZS B E MG (Control H8) & TGDDM
5 DDS DI & Il 100 = 30 19 LR & H %5 2K
PER B (5182 W B ) /2 I i B2 e v 9 DDS/ TGDDM
FRg . IR B B 4k T2k 150°C/1 h+180°C/
3

SEEMREHE &

ST N ER R Vi SN
2B R I TROUR R TE R BB AT 4 R I
E—E 5K 7 4 150°C /1 h+180°C /3 h [E{k, BYHL
T YK R Y R R AT A PR 22 3G R IR A IR B R A
Ak 7 R AR A 0 P g LA DU PR SR AR 5 flk £
A 2 ] 1y 5 T 55 V) 9

B 1) filk 2F 4E 3 SR E R IR 2 S M R . R
JHAH 1 R I L 4 7 A 2T 4 5 PR 4R
4 i L) o) TR R, R B Bl RO S
@ﬁm+mmwahm%,ﬁﬁgﬁﬁ2nm
i A 2 1 SR N E R B2 G AR, B A
AR FLUE B R 60% 3% . i ) #) kg v

1.4 D5 R @9®

(o]
% F DSC-204F1 # DSC X%t Ak 2 N AT
ML, R 20 mL/min A, S

lﬁﬂ?%%‘%NBOOC, il e min ! T iEL 5 R
exus 870 M S {41 4 5t i
1%%%%%&*@ HJE Y 10Ce min ',
A %%5mmﬁﬁﬂﬁ‘@ﬁ
4 000~4 ~1; % Philips APD-10 X % ¥ 1F H
xkxmmm%mm%Mﬁmwww i 1t

TR AT 4 . BHMS3 B 4T 4 jlﬁﬁﬂsTﬁﬁ‘éggoo 7 DMA %} 55 % 4 S Fil m*%ﬁ;}%g$zﬁgiig§ﬂﬂ
i

®1 SEBRFHENNFMERE

Table 1 Mechanical properties of high-modulus carbon fibers

Tensile Tensile
Fi t Elongati y
iber type strength/MPa modulus/GPa ongation/ %
BHM3 3 200 400 0.8
M40] 4410 377 1.2
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Table 2 Positron annihilation test results and free volume size V; and free volume fraction F, of

Control resin and 5182 resin

Sample 71/ns Li/% 72/ns I,/ % 73/ns I;/% Vi/nm? F,/vol%
Control 0.1982 44. 00 0. 484 39. 14 1. 635 20.76 0.065 0.1342
5182 0.1685 40. 90 0. 465 37.08 1.591 18. 90 0. 060 0.1203

Notes: 71, 72, 35— Positron annihilation lifetime; I, I, I;—Relative strength.
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Table 3 Mechanical properties of different resin casts
Resin Tensile Tensile El tion/ % Flexural Flexural Impact strength/
system modulus/MPa strength/MPa ongation/ 7o modulus/MPa strength/MPa (102 Jem %)
Control 3449456 57.6411.35 2.5840.6 37644162 102+18 12.08+£3.1
5182 4 375467 70.1+7.67 2.0840.2 4 248+270 124420 20.2342.5
52287 3 500 86. 0
421101] 3 040 34. 3 — 3 600 61.5 —

BS-4113] 3 340 70.0 2.02 3 440 111 —
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Table 4 Mechanical pro (\ ferent unidirectional high-modulus carbon fiber reinforced epoxy resin composites

Q\

Composite system  Tensile modul\ué/GPa

Tensile strength/MPa

Flexural modulus/GPa N @}xural strength/MPa 1LSS/MPa

BHM3/Control 186+9. 6 13864121 165-+-10.7 \@01 134+41 54.043. 00
M40J/Control 194+7. 8 1 6804106 1766.4 140176 70.443.79
BHM3/5182 201+5. 4 1 5404140 183+ 151030 75.343.52
M40J/5182 228414 1974+114 208 1939441 81.4+4.15
M40/42110117 206 1144 1016 33.5
M40/522808] 225 1300 q 1 060 76. 8
M40]/5228L9] 201 1 860 @ 1160 69. 8
M40]/BS-40147 214 2475 AR 171 1153 65.5
Note: ILSS—Interlaminar shear strength. N

M 5182 B g5 BHMS3 1l M40] & A5 B 2T 4 #4511
LR Eh S . A MRMIEIR T . ik 2F 4 2% B R B
B, B 21 4t 5 0 e 0 25 G 4 o R % . ) R RS 1 A
il U 1T U B 2 B AR BT — B mT LA o e 4
PORE YR RE . )2 [ B D)8 B RN 2 W T 2 am B e v . R
JEE A SR i R A 5 v S Btk 2T 4 1 T 2 DT
AR

el
A ) T 52 B e MR £ 4 /e I JEE B SR i
r iRy BT R R 2 ) 2 P RE R B

3 &

MGrF AR BTl A5 T — R IR 5182 FR AR
B B He A, PP T AR Ay e A £ 4 /v W A A
W 2 A AR S A 1 35 FH

(1) 38 2o ) 1 P I e i B 552 30 A0 4B i 1 Ak it
PR IR 4 FRERIL, N T E AR B AR,
PR T 5182 B HE A i) 2 16 2% B FNASE ik

(2) RWIEE 5182 W AR TR BE & T i Rt 4F 4/



VEMG . A« T RRE PR S A 3 R A Bk T 4k 1% A T AT 1 i DC

e——

P10 B 1o B £F 4 36 98 R RS IR &2 6 BB T TE 19 SEM B &
Fig. 10  Fractured surface SEM images of unidirectional carbon fiber reinforced epoxy resin composites
((a), (b) BHM3 carbon fiber/Control resin; (¢), (d)BHM3 carbon fiber/5182 resinj;

(e), () M40] carbon fiber/Control resin; (g), (h) M40] carbon fiber/5182 resin)

i W E PR S IR S MR R IR R, B Tz ST A RBR R,
PR 2T 2/ 1o W B8 3 SR Jig 52 45 e 9 T A 5 (3) R R 5182 B i 3K F 4L

NN
(=]

P




+ 2084 -

47 REIR

LT i 1 5 PR SR IR 52 5 A ORE R R Iy s PR RE . W
TR SRS . 7 sl & B%, S8 T AR IR AL A
55 R B 4T M RE DL

[10]
S E
D1 VR R, BAA, T % BRI BLIR B % & (D

(V). e R LT e 5 R T, 2010, 35(3): 5-7.

SHEN Z M, CHI W D, ZHANG X ], et al. The current sta-

tus and development trend of high modulus carbon fibers car—@@
bon fibers(1)[J]. Hi-Tech Fiber & Application, 2010,

(3): 5-7 (in Chinese).

[2] Bt SCR. RERBREF AN 4B L), @)ﬁﬂﬁé
. 2017, 34(3): 668-674.
ZHONG Y J. BIAN W F. Microm& r12]
modulus carbon fibers[J]. Act
2017, 34(3): 668-674 (in
[3] ZFrfhie, Wz, kg
Ao AR T
2449-2457.
QIAO W ) [13]
datio treatment of domestic polyacrylonitrile-based
h@ength and high modulus carbon fiber[J]. Acta Mate- @@
riae Compositae Sinica, 2018, 35(9): 2449-2457 (in Cli Io)
o S
4] ZEMS. )™ Ak 2T 2k A VT IS 3502 9 B R BF 52
YRR Tl R, 2010.
LI S. Study on cyanate ester resin suitabl&f%the homemade [14]
high modulus carbon fiber[ D]. Hagh S arbin Institute of
Technology, 2010 (in Chinese) @
(5] #oKk#H, g, D4, 4 T 77 e A 0k 2T 4 A vk
B Hr[I]. ZAaMEER. 2016, 33(9): 1905-1914.
XU Y X, GUYZ, MAQS, et al. Experimental analysis of
properties of several domestic high-modulus carbon fibers[J].
Acta Materiae Compositae Sinica, 2016, 33(9): 1905-1914 [15 &‘ Y
(in Chinese). %%
[6] REN P, LIANG G, ZHANG Z. Epoxy-modified cyanate es- o
ter resin and its high-modulus carbon-fiber composites %6
Polymer Composites, 2010, 27(4): 402-409. v
[7] WU Q. ZHAO R. MA Q. ct al. Effects of degree of chemi-
cal interaction between carbon fibers and surface sizing on in- [16]
terfacial properties of epoxy composites[ J]. Composites Sci-
ence and Technology, 2018, 163: 34-40
[8] Z=dH, %M, W, 5. M40/5228 HH MR S 6
WEHELI]. BB TR, 1999, 11(3) . 10-13.
LIZJ, LIXC, BAOJ W, et al. Study on mechanical prop-
erties of the M40/5228 composites[ J]. Journal of Materials
Engineering, 1999, 11(3): 10-13 (in Chinese). [17]
L9 A, hinfe, 220, 55, B E -k M40]/EBY9-E & #1

EHERERFIELT ], AR TR, 2003, 5(3): 19-22.

BAO ] W, XUSH, LIY. et al. Properties of M40J/EB99-1
composites cured by electron beam[ ]J]. Journal of Materials
Engineering. 2003, 5(3): 19-22 (in Chinese).

RVEE. & M40/ IR 648 Hilis JC i A T. 25t 78 rp 5% i I
A FEEREL] FHAMETZ, 1999, 30(4): 41-45.

WO X Y. Processing influence of several key factors on quali-
ty of M40/648 prepreg[]]. Aerospace Materials and Tech-
nology, 1999, 30(4); 41-45 (in Chinese).

. B, AR X B4R 648 W S 18] B B fiE B i 1Y
IHFELT]. KR I 538 &, 2003, 24(3): 51-57.
CHEN P, SHENG L. Experimental research on nano-materi-
al affecting space environment property of epoxide 648 resin
[J]. Spacecraft Recovery & Remote Sensing, 2003, 24(3):
51-57 (in Chinese).

RV, B3, B, B M40/ 4 648 B & M EHZR
R BER R AT L) ], Ak iR 5 3E 8%, 2003, 24(1): 57-60.
WO X Y. XIA Y Wz G HJ. The breakage mode analy-

AR R PR [T ]. A EAER, 2018, 35(3):
528-536.
QIN Y J, HAN ] P, CHEN S H. Evaluation of anate es-
ter-epoxy resin as the matrix of composites us @ructural
components of satellites[J]. Acta Ma

@Qmipositae Sini-
ca, 2018, 35(3): 528-536 (in Chine

W B A %, B

ik £ 4l % HG IR T

MRERELID. FMA R T2, 2014, 44(5); 46-49.
HANJ P, QIN Y J, GAO W, et al. Properties of M40]J/

BA204 epoxy matrix composite applied to satellite compo-
nents[ J]. Aerospace Materials & Technology, 2014, 44(5);
46-49 (in Chinese).

AR, ska s, XUWI, S5, [ T800 B 27 4k / X T > 1k I
JHE S5 B RO ST B ) 2t ReL) ] A MR AR, 2016, 33
(7): 1484-1491.

LI W D, ZHANG ] D, LIU G, et al. Interfacial and mechan-
ical properties of domestic T800 carbon fiber/bismaleimide
composites[J]. Acta Materiae Compositae Sinica, 2016, 33
(7): 1484-1491 (in Chinese).

BOR K B/NER KoL AR RHE B (M. Y. PR
Tolb e AL, 2016.

CHENG L F, YIN X W, ZHANG L T. Principle of compos-



Ve, . mNE

B PR U IR L5 e ATk 2T 2 1% A T AR 72 A il DG i

+ 2085 -

(18]

[19]

[20]

[21]

[22]

(23]

[24]

ite material[M]. Xi’an: Northwestern Polytechnical Univer-
sity Press, 2016 (in Chinese).
XU P, YU Y, LIU D, et al. Enhanced interfacial and me-
chanical properties of high-modulus carbon fiber composites:
Establishing modulus intermediate layer between fiber and
matrix based on tailored-modulus epoxy[ J]. Composites Sci-
ence and Technology, 2018, 163. 26-33.

MIWA M, YOKOI T, TAKENO A. Relation between shear
yield strength at the fiber matrix interphase and Young’s
modulus of epoxy resin[ J]. Composites Interface, 2001, 7 @
6): 487-495. é
ZHANG Q, LIANG S, SUI G, et al. Influence of 0 1X

b Carbon

modulus on the mechanical and interfacial prope

fiber filament wound composites[ ] ]. RSC
(32): 25208-25214, @

A IV F %*ﬁ%mﬂﬁ‘%fl‘ﬁﬂﬂ%é AR AT SE D] T
%y AL TR R, 2001,

ZHENG Y P. Rey@@\ modulus polymer matrix and

ression composites [ D]. Xi’ an:

high resistance t
Northwesterno% chnical University, 2001 (in Chinese).
o)

DAL Z HANG B, et al.
fike roperties and fibers/epoxy interfacial adhesion
[J pplied Surface Science, 2011, 257(20): 6980-6985.

FILIPECKI J. GOLIS E, REBENA M, et al. Positron i@o

Effect of sizing on carbon

time spectroscopy as a method to study of the defect

materials with disordered structure[]J]. Opto and
Advanced Materials, 2013, 7(11); 1029 o%
o R b o AL A 2 DL 4 WEE‘Z%% 8 BB 30 3 vk

GB/T 2567—2008[S]. Jb5t:

Standardization Administra
China. Test methods for propgriies of resin casting body:
GB/T 2567—2008[S]. Beijing: China Standards Press, 2009
(in Chinese).

[25] wHEEZRMELEMER 2. EMLEEREGWEE M
BB RE RIS ik . GB/T 3354—2014[S]. db5t. E 45
i AL, 2015,
Standardization Administration of the People’s Republic of
China. Test method for tensile properties of orientation fiber
reinforced polymer matrix composite materials: GB/T 3354—
2014[S]. Beijing: China Standards Press, 2015 (in Chi-
nese).
@qﬂ‘_ﬂ b A 2 B 2
. GB/T 1446—2005[S]. dbxt:

21 4 35 i R RE IR U7 1 B

R bR R . 2006.
Standardization Administration of the People’s Republic of
China. Fiber-reinforced plastics composites:
determination of properties: GB/T 1446—2005[S]. Beijing:
China Standards Press, 2006 (in Chinese).

[27]  wAR CRILFNE Tk A5 B A 3. 2F 4 3 o 2R S 3 ik )
SR BY ISR . JC/B273—201008]. dbst. s EEH Tl
Hi AL, 2011, @

@1@ and Information Technology of the Peo-
China. Fibre-reinforced plastics composites:

The generals for

ilding Materials Press, 2011 (in Chinese).

o R R AR AL 2 B . WIS B TS R o i U ik
GB/T 2571—1995[S]. dbat. rh EAR AL, 19Q6.
Standardization Administration of the People&ublic of
China. i
body:

Press, 1996 (in Chinese).
[29] TAMRAKAR S. AN Q

&P resin casting

China Standards

coating thlckness glass fibers using electrophoretic deposi-

tion[ J]. @@hed Materials & Interfaces, 2016, 8(2) .

1501~



