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FALLR T800 T4 & & M F E AT
FRA, EAU, R, BHE, FRE, 2

(1. JEEHZS MR K BORRLE 5 TR, d6a 1001915 2. BEPGRHE K2 AORRLE 5 TR, Pi%e 710016;
3. dEEBI A R KA BITERRF R AR RIEGE, dbat 100191)

] E: BEAdmERsAE (CF) R HB1ER BT E 6408 R w b a0 #1F
AEXREE, UREHENFMAT00 AL NTEME, M EENETERTHEN. LF
A Al RS AF AR AL, R HE AR O R T AT R . R X ST &R
WA (XPS) . XA EHE (DSC) . HEA R#HasbiE (FTIR) £XRAEF &, o4k
HFV 6y R R G A e (EP) . WE KRBT HAE (BMI) W FRMATH., HREN: &
MAEREMRELAGHT EXASHAERTEARENFRN, FEAELXARBRER T ELTENS
BRILEASERK, HFEEXAEEP. BMITYZEARGHNMFR M, 2HFHEAEE CFREH
EHXAKE, CREPWRABHMEE X £ — %, CPBMIWREHEE TR 13%, %7
M. BAMFFEENTELELEATHERE CFEHEENE, #TAEAH N RAAMET £ Y
W, HA R G R R o RS X R R .

x # i
hE S ES: TB332
XHAFRERE: A

15 5 TRY 2R N 4 i L AR T 4 (carbon fiber, CF) 2
FH A1 25 5 2 Y 22 i 22 AR R R, SR T 22 9 o ]
BTN 3= o (S e e o R T S A A L o R
Shy felE B TV B AT B B0, 3 3 Y A0 2l a CF &
T A R v AT A 2 1 A Tk R R Y SR AR B
HAT TR R 8y 25 2 X CF 3R 47 Ha fig
AL EE R P KA H BB A R R
r A b ML 48 7 A 0T 2 4 3t B RS B W 22 S5 4
P, B v A 4k 5 AT A& v, DR R A 4EAAE /Y
o AR, 5 — v, LHRFIATLLS CF %
AT 42T Ak 339 3 Tk B g AT AR AR T, R B OR3P 41 4
FMTEVE . 32 T3 e, 4y 3R E RE 3 &
LR YRR ML, B CF 5 AR K R AR RUAH 25 45
P, PRUE T 203 R o g o 27 4 1) 75 43

3R B B CF TR 1 0.5%~ 1.5%",

B A R FEAE; £eR
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SB— Pl LA g o A B DA — s & FLAR R, A
R0 & S 5111 I D W E R (1)) B T L O e 4
B ER F A . IR E WG (epoxyresin, EP) | iy 5
REAG  BEBR S oG g . DI ER AN A . SR MR . SRt
Jie . SR L e A 24 CF SRR &R A R Y it
o, EIRGRE A, T 4300 5 2F 4R RO S AR B4R
AL AT R i HL G A MR R R . Gu STl
FHA Y A BUS A 35 ekoPE CF, & 38 E 3550 AT LA
P& 5 4 4 5 W s 5 59 U0 58 B (interfacial shear
strength, IFSS), [F] s feff 5 1] J2 455 5 38 | BT 24 00 1k
FEA% . Ren %! fili F ES1 Al E20 B EP X CF 47
3, R IR AT LR B A AR, A
1% G W) B £ [ Ak I BE AR 1 30 °C, 3 i i B 5t 1
Ab B B A AN ) R Bk B, )2 18] BT U 5 B (inter-
laminar shear strength, ILSS)#27%5 1" 13%. Yang %Y
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7T & B, R UCMEER A 250 SO, Btk i 3R 4 L
R AE CFI A Z A MR ILSS 2 il #2 & T
9% F1 14%, AN FR4E/ Si0, IR & FRFIRE TE S
FRHE ILSS Fivp a5 " Zhang 45" 5% & B,
I IR AT LR i i CF 1 3R i M, et
27 4 5 R AR e AR G A Y £ 3R 2
PE 350, AT AR ILSS $215 8.6%. Yuan 27
65 FH A HIL T V5 790 5 W0k i g 4 K FLVBORE CF 147
K, FIS A 4E R T 5K ) RE A 42.91 mN/m 34 i 5
54.55 mN/m, CF/% BN & 5 #1 Kl IFSS M 33.6 MPa
B %) 49.7 MPa, Chen %" fifi F ESUBR LR T
TURA R IR CF BEAT 3, 1R T A4
T, BRAR T 2 2 3 HALRE B RN b, {0 CF 35
S AR ILSS 42 55 T 16.9%. Li %" R
I R b 3% R0 AT LARR AR CF A 2 10 A6 A1 2T 48 /1) i 12
fld L 2RI L TE) R e TR IR 3 Rl R R AT L
75 CF B & A MRHY ILSS. Liu 252 % 91
2% it ¥ B (poly ether-ether-ketone, PEEK) |3 J5 CF
PR MR R T RE S B L AT A S W R R T
CF/PEEK Y IFSS #& & . LR KR,
ST AT $iE i 2 MORE R PR AR, T 1 SRR AR B
(R 25 TR 2 e B2 A b R S T M R B e
R,

EH T & B, KER A B A0l oy
FRAILTHERY, F B & —E R
HREHS P, A A MBI E A R, A
R T Ak RN, AE T R B
T3 A0, FE AR R o, WA A A [ AR s SR S5 T
B 2 30~ 100 nm JE () 13512, §EcE] B
FZ By EARR S 3 A B A 0 R A
ByaT 550 S b ) B B8 A kA O, HE RO R
IR 2R A A R P AR

XF TR AE B LT e/ BRI &, BB 3R RIAE
A {1 B 7 s v EL v B AT A RN SR, AR
Sk, SR FH A K SR T8 40 DK 8 o 70 el b 500 a4
R AL 2R RE L R E MRS A B e, Hi
40K 4 (carbon nanotube, CNT) L) A8 & ¢ 58 i |
Bk, Ik A S A R IR T A A7 R
Liu %04 CNT 43 HU7E 7K 1 38 5k B2 15 A0 7K 1 3R 4
fig 35, $2 0 T CF 5 RBRIRTR 10 AL 245 5 77
Wu %P0 34k ONT A B 1285 v, Be3% CF
Bl AN 10 IR T 2 A MR MR AR, JL ILSS iy
Py E R T 32.3% M 55.2% . B & XS i
3 1 Pk e CF, T 1) 32 45 # 1 FH 4 HAY
SREE | B 2 oK, AR e R AL B LN
02 A R SR i AR A B4 i I Ay R

A SCEF X 9 22 T800 2% CF, 43 Mr 1 %t 3
T TIOUL I B0 R Ak 27 20 A IR 4R o A e BE Ak
b, WS TR TE B AR ZR T T800 4% CF 5 EP FIAL
I Sl ik SV e A4 S (bismale-imiedresin, BMI) f 22 100
S PERE R 22 ek . AT T ORE AR TR CF 3%
I SO R B o SR X O F g
% (X-ray photoelectron spectroscopy, XPS) . f# H -
AR 2T HP 1% (Fourier transform infra-red, FTIR) . 22
7~ 1 fi & 4 35 (differential scanning calorimetry,
DSC), RAESHT 1 F 35 5 2F 4 31w 09 1k~ 5
DL Ke B3R W B AE [ 1k ik A% v A S g SRR B e
V1S Ak, #ETT X CF 544 g S5O0 5 T Y 52 e . BIF 5
EE 0 o L DS S S N i D UM 7 e
JeftaE e S

1 SLEMRREE
1.1 KR

ARSCHEF T 4 Fp B AT AN [R) 2% 10 Ak RS R0
H Y [ P A S T800 2% CF, 43 %lic y F1~F4,
BERh DR A A R DRI RR 2 27 2 5 Z 0B, 43
{2 & F1-US. F2-US. F3-US Hl F4-US, H & F2-
US fifi i T & 34k 2 1 kb #E, F1-US. F3-US F1 F4-
US 119 35 [0 Ab 3 T 20K (] H2F 4 3% 10 40 7% 2 T 0
F2 5 F4 fifi ] [6) 26 AL 00 22 H RE B R4 B0, F1AD
F3 JU R SUE BEJE PR 4 3500, (0 F3 350 3 R
BURT F1, Hoor 75 5K, 25 Fhef 4e 34 il i 4 i
LA R A R AL

AT A 2 BB BRI FR, — i v I A 1
ZEREE EP KRR, HEL T ZH &K 180 C. 3 h;
F—FEE B BMIAR R, FE T 25k 180 <C.
2h F1200 °C. 6 h, 2 MR AR A HHIMAR . H TF
SAEE A MORHE AL T 20 B b b 3R500 2k 36 X At 1
52 M A, SR LA L 2 Rt i i o £ T o 3 4
BIXF CF tE 47 #Ab B, X 1 bR 12 > EP T2 Al BMI
TZ.
1.2 MEERMAE

fifi I H A B F k28 25 41 49 JEOL-JSM 7500F 3%
& S F1 4 B F B 5B (scanning electron microscope,
SEM ) I £ [ 77 €8 52 /A W] [Y) Multimode8 J&L-T- 7 . fif
% (atomic force microscope , AFM) & fiF CF fit) 3 i
JES, AFM WX 38 3 pmx3 pum, 2 1 MRS B2 i
NanoScope Analysis 4% 4 4t ¥ 15 2] . fif H 3¢ &
Thermo Scientific 2 7] ) ESCALAB 250XI % XPS
FAE CF RMICER & it M 45 A se ek, M g ok H]
Yoz Al Ko TR TR, H25 %8 HLA5 B 290 8x10 " Pa,
DLRE I 284.6 eV ALY UE S 2 25 W, X Bk Cls 15 i
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TTESBIMEMEEEmuTRE RN, 1
FHSE [ JE B J1 A 3% 28 71 ) Nicolet Nexus470 f FTIR
FAE FHR S g B & B R IS O, T Ry
400~4000 cm ', 2K JH Mettler Toledo 2\ ] i) DSC-1
XIS . BRI L 1 LIRS P kAT [ Ak
JL I A3 Ar, FH G 2R R 5 °C/min, 47135 I BE 5 R
25~350 Co RHHJFEALLLAMNY I 35531 E BE A1 75 &
T2 B AR oL, bR s 5 3G B

FB o 101, F4HE B 400~4 000 cm ', 43 RNy
4em’, FHICECH 32, CF 2 A& 5518 GB/

T 26752-20208 BEATI
i H A A 2 kUS4 i) HM410 B & A1
TR 42 AR A 7 R 5 5, XS AN ] CF 1 2 Ay
JE 1A & 1Y IFSS #47RAE, IFSS T 41T
F

TIFss = —; (1)

ndl
P 1 AP BT VIS8R B, MPa; F o RIEEE T,
mN; d Rk T 4E 50 22 AR, wm; [ Rk 2T 4E 72 I B
AL K, mme ALK 15 A AU
TR . AREZE AR 7 R B (coefficient of variation,
CV)fH.

2 HRSE

21 ERFINS MRS ERTAEIRER

B4 T F4 4048 3R e R 5, Horp,
SR T ¥ 95 22 45 AR i 45 1Y T800 2% CF 2% i FL A B
SR A R A R b R R AT A 3 T YA A R
3%, IR CF i M 5 M gt i 7. @
it AFM Xt £F 4t 3 10 T2 S A8 fb b A7 5 i R AR, 15 51
S 21 Y 3 T R R BE A AN Bl 2 fif s o F1~F4 13X
4 Ff CF 16 I 3K Ay Jo i 26 T MLRS B YA 8 A4 T
30~40 nm Z 8] o DL B L R0 AR A X6 41 2 2 T kL
o FEE 5 M AS R, IR T A A 2 o B T AR AR FE P A HIL
PGS A B R FLh FLOAT F3 X 2 Fl 4 4k
b 3R MR B A N, F2 A F4 X 2 FRAR 4 13K
J ) THDRURE B AT T B, X nT B S5 R 4
HR/NA K, KT8 ERRAE S H BN
W, TR R R IRZ o 25 DT, ARSCIEAR
AT LA 220 3% T AR RS 25 S5 A48 A0 o S T 2 B 1 52 il
AT B4 s A 1 25500 5 CF 32 1l R i A4 A2 1
7 AR o B T R A R IR O

Wk XPS 43 Hr 7LD CF R KA. 4
WA R, & CFRINFEEA C. O N, SiTt
K, oy DR R &AM ST Na o &K, 1
1R . X bR R 2R Ak 2 0 43 Y AR Ak AT
AL, KA YRR TR C S A BT, Si &y
H M, O HFEMN &R AR —, DIF

ZERET, % TR T800 Bk F 2 52 A b bk LT 42 2013

1 um
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B 1 F4 £74E BT R IATE S
Fig. 1 Surface morphologies and roughness of F4 fiber before

and after sizing
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Fig. 2 Surface roughness of F1~F4 fibers before

and after sizing
#F1 7T[E T800 & CF LRATEHRE TR
Table 1 Surface element content of different T800 grade CF

before and after sizing

YRl C/%  O/% N/% Sil% S/% Nal%  O/C

F1 7412 1683 2.2 6.01 084 0 0.23
F1-US 78.72 1624 243 262 O 0 0.21
F2 7435 194 1.73 452 0 0 0.26
F2-US 79.74 1405 299 322 0 0 0.18
F3 7632 1639 298 339 0.73 0.2 0.21
F3-US 78.16 17.12 228 244 0 0 0.22
F4 76.1 16.99 228 371 0091 0 0.22
F4-US 7758 1685 236 321 0 0 0.22

IF 2T 24 2 18 1% M 2 5 19 0Bk LG (O/C) SR 9], 4 Fh T
4k rp ) F2 24 3R O/C el R+ 3%, Hifh
3FhEF YRR SR O/C L e B3R AT R AR R /N, IF
H, F2-US B3RTH N LR a1 O LR F iR
1%, 1% H A 3 Ah 3 i Ak PR R R 3 DDA O, 3
J5i F2 P 4E R O I K N B3,

XF i B ) Cls AT 20 LG LA BT AN TR 45



2014 b3 M2 it KR %% % ik

2023 4F

R M BRICER & i, G5 R WNR 2 fR, Hi, Peakl ~
Peak6 i AN 7] g f 73 WE 4% 0, 47 I Peak3~ Peak6 '
IR TG 2 N TEPERROC R o bR F2-US 4b, HoAok 1K
ARG PER TR & BN T 20%. 1 3G
4 TP 4ETG PE B G R & A BT T, A 4R Ak
SETHPEAS RS G, Hoh F2 N F4 BIEEOC R S

BF 50% DL b 25 AR NS PR OT R & B AR T
TP T 5 ik /KR (Peak3 T ) 7 i Il BA 4 Ak ]
(Peakd T ) 3% & YN, H 4% 21 4k 09 2R A L A X
— L BRI B3R R £ 4 A KA
ST UN a2k | B IR SR A, A B TR R 2 1
LRLEIR R P LA R

%2 7T CFXPS B Cls SFIEHIE&LER

Table 2 XPS Cl1s peak fitting results of different CF %
. —C—C— —C-OH-C-0—; C-0—-C=0; -C=0— —0—-C=0OHO—
s BROASR oy g —oNmgR SRROBASER coNal COFR o
(Peakl, (Peak2, (Peak3, (Peak4, (Peaks, (Peak®6,
fiEhi284.8ev)  fight285.0eV) fiEit286.1eV)  fiBiE286.6eV)  fiEHE287.7eV)  fiEh289.4eV)
Fl1 38.54 26.05 10.92 16.35 6.45 1.69 35.41
F1-US 70.22 11.65 0.00 6.02 7.15 4.96 18.13
F2 36.67 12.59 20.59 17.49 3.31 9.35 50.74
F2-US 37.09 18.02 24.05 0.00 11.35 9.49 44.89
F3 44.20 13.92 16.36 12.29 6.40 6.85 41.90
F3-US 59.81 20.80 1.53 3.75 6.79 7.31 19.38
F4 24.61 13.73 27.97 22.03 4.90 6.77 61.67
F4-US 73.21 7.38 2.84 443 6.66 5.49 19.42

i 3 FTIR Xif JLAHEF 4k 1= 2% 500 1 B fi P 20 itk
FE53AT, 5 A8 3 s . 4 Fhardend 1250 41
Oy ¥R B IR EP, FE A BRI AL R
IR R KA K R E L o R LR
U, F2 FI F4 27 4k b5 500 20 S0 61 S A ], 16 Il 2
o7 829.7 em ' Ab (1 B AR I 3 A IR R AT A AR O
FAXT T 7 F3 5 4 13500 i 3R SR G 0 A AR, X
F3 %4k 1Y 2R 48014 F1 55 2 o F3 2F 4 43 i 15 10
Peakd X [ 1) I SR G PE IR 0 3 7 1 R 45 £F e P i
TRAHEDIE . 3k #2814 R BN [A] L3570 % CF 221
B RB A 4L IR R
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Fig.3 FTIR of F1-F4 fibers surface sizing agents
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W] Ak 20 %k A 9 21 4 pE 47 FAAL B, b BES Y
F4 21 2 32 10 2550 36 0o P i [ il i, e 4 B

Kl 4 Frs. 4 180 C AL 1 h e, SR 4R MRy
RN R A O, AR T AN TN ER Y AR,
R Y P R R R, RS 180 °C FRAh 3
] % < 0.909% 4k 22 98 /0 2 0.41%., 5 180 °C
EP T Z A0 I, (180 °C, 2 h)+(205 °C, 6 h) iy BMI T
ZACFRAE CF R0 FHG A A: T 58 4 i [ Ak
N7, H B HGA R IGEAUN 0.26%, IR o] % i 14 322
Sz b ISR e B R 8

1.4

12+ F
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08}
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Fig. 4 Content of sizing agent extracted from F4 fibers that

treated by different heat processes
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ZERET, % TR T800 Bk F 2 52 A b bk LT 42 2015

F4-US £ 4 . X Ut B b3t #82 vh F4 2F AR 3% 1
1) T6) 4 25 ) B R B 55, e R B, ) R
(PR 48 F2 4 53 O R A b2 0T, I [ 45 7E CF 2,
A AR D 43 A [ AL 2 43 F0 /N 437 Bl 7500 0T 9 775 571
Vs 1t

50

38

40 + 31

30 F

20 +

FIHBE L /nm

RS @ b L
A N -
A 3 M@Y . M%N\\
5 Fa4 LPYETEN ) T 20 B PR AL B 47 A THDHE R B
Fig. 5 Surface roughness of F4 fibers that treated by different

heat processes

XF T2 B SR A AL BT B FA LT 4k, 28R B
e, i XPS i — o HAR T C &R & i A A
MAEfk . N3 3 fios, 2 EP LA AL S, &4F
HEF I Si, S ILFIH R, n] AE -5 XN A Ak 27 L ¥
THBA K, O N &R T, O/C LB —ET

e, BN T2 F ERFI e e 59 % k4 —2
FREE (AL 5 RN o T BMI [ 4k S5 A 31, 2T 4
T C - LRE, O F I — LK, O/C
Fb R R B AR 22 0,11, 150 I 76 B w8 1) AR Ak 3R B2 2% A
T AR YR R Ak A N R B R . X Cls i
1540 W 05 A5 B AS [R) 41 4 2 10 16 M Ak oG 2 F 2,
FAPR. EP BRI AE B, IR TR &
WA T 33.4%, 325 R B & L/ I (Peak3) b
i il D FN A S HE T (Peakd) BY TR R 2, DA B 3k 3/
Vi 3 (Peaks ) FIFR 3L (Peak6) 171 2%, WA EP [E1L
AR NI A S 7 = W U B3 57 N VA (R 28 U
BMI [Elfb S5 H AL ORI IS, £F e 3R TH I
PEBR TR & i i — D B AR 2 14.47%, 2 /7% 5L
(Peak3) Fl1 31 4 & ] (Peak4) 7 12 o 34 F — 25 BEAIG,
R A T L A 5 4 A 3 T T N AE A

£33 TRILZHIELIER F4 FERETE
Table 3 Surface element content of F4 fiber after different

heat treatment processes

2] YA Cl% 0/% N/% Sil% SI%  0/C
F4 76.1 1699 228 371 091 022
F4+EP TS 8203 1593 204 0 0 0.19
F4+BMI LZ 8998  10.02 0 0 0 0.11

F4 FRILENIEE F4 4 XPS B9 Cls DI EER

Table 4 XPS Cls peak fitting results of F4 fiber after different heat treatment processes %
-C—C—; -C-OH-C-0—;  C-0-C=0; -C=0- ~0-C=0HO-
S i - o - o
. e S 3 -C-NH, & it HEEA S C=N% C=0% it L2
s (Peakl, (Peak2, (Peak3, (Peak4, (Peaks, (Peaké, " -
AEit284.8eV)  fEf285.0eV)  fEIE286.1eV)  fEIE286.6eV)  {EHI287.7¢V)  fEA289.4 V)
F4 24.61 13.73 27.97 22.03 4.90 6.77 61.67
F4+EPT. 2 45.05 26.66 20.52 7.76 0 0 28.28
F4+BMIT.Z 37.24 48.29 11.38 3.09 0 0 14.47

X F4 274k 2 Rl S AL B 1 F4 2R 43 T
WRNFEHEATLLAMEIE IR, a5 R 6 fiw . X

100 &
80}
S 60t
ol
= -
w  40r y
00 papggm
-- F4+EPT. .
OF - - Fa+BMITZ ‘
3500 3000 1000 500

HEem™!

K6 ARITZAMGM F4 AR RTINS
Fig. 6 IR of sizing agents extracted from F4 fibers that treated

by different processes

Fb & B, 2140 6 rp 32 B R AR A AR R R
3373.9 cm ' AR SEIR S I S ECR 915.1 em!
Jib 1) IR SRR AR D, 283 B R Ak SR R b B S,
WHN G Fm LA & A T HRE AN, F&
BE AR W 7 E AT AR RS 1 I B0 1 e B, AE
EP [ 4k 4% {1 $AAh B3 5 06 1 FLURE /N, 1 BMI [ 4k 4%
AR AR P S 0 TR E — 25Uy o B SRR A i 1 AR
AT B G, 0 AR A AR BE 1Y) EP [ Ak SR A Ab
S A —E FREE R B, 7R8I EE 1Y BMI 4645
AR B S WA TS 2%, Xt 5 3% 4 vh XPS (it
25 SRR HE OV o

AT ST LS R F W, FERRE AR ZR 0 b v Ak )
FEAMETR, FA SRR 120 S e de R A R
U A2 N . PR, 76 2 A AR AR R e R
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I A Y SR T A A RN, TR R A R 2R A
RS A R, A R T CER B A i s AR G
TR Al . X LY 2 FhpA A B 2R A, AR 22 D T i
B BMI AL T 2o B, B & i 9 LR S 4F
YER0E KA T R AR B A AR RN, TR AR E Ak
ER IR B A AR LR R o H AT, A e Y
T P A 1 [ Ak ) ) BB R F CF AR R 5 -
ST IS A A ke A A 2E O, A R TR
JEHAR Y CF iy F w4 & E R fE.
23 ERFIX CF &AM R A & A 20

22 SR, BRI 25 i 2 A CF R
PR RELRE B2, BIX CE/R i S 10 ) ML AR5 4 5% il
RN BT B2 5505 i T CF 26 T Ak 24 41 a1 A8
&, T BE 230 21 4 /44 g 1 S TV e A AR
Wi, oA e R AE R RE A AR 1L, SER I T R[]
AR £ Yk 5 EP. BMI X 2 Fp T2 B9 S 10 59 P15 2,
GERGE T R, 4 FhEF4E S BMI Y IFSS ¥ T
EP, 60 BMI 5 4% Ff 21 4k (1) 55 18 45 4 /E 58, X
ATRE S HE SN REEA C . NFEL4EZ R b,
F2. F4 £F4E 5 2 R i (%) 5L 1o 59 D) o 188 24 4y,
W55 3% 2 7R 2 B EF 4 e TH B TR PEk T R
WA K. FLFIF3 R4 RIS T 2 & AR A
—3, Pi# 5 EP. BMI f4 IFSS 1 3EA AH 2, 15 A
TFR2MFAGgE LG ARR ., XAV -
ST |6 Ve oo 2 7T LU I CF 580 g 1y 5t
45 GAVE R, AN BRI SRR R 7B T A E R
U RN . MBS T EP, BMI 2 3 i 5 T800 4% CF
T i 1) ST B VD, T R R 4T A i S T
T G F TRIATR 92, YR A BH A H: 5 2T 2 36 i AR I 1)
A AR EEL

140 L ZA EPT.Z

ol BMIT. 2 119.7 116.6

97.7
100+ 1
80
60
40 -
20 +

LB YI5E /M Pa

P 7 ORIRIZFE/ARI AR 5 D5 BEXS
Fig. 7 Comparison of interface shear strength of

different fibers/resins

24 L&75EP. BMIBIR N1

23 I HTAE FRAE I AR S A e R T A )
W Ak I R A, AR Sk 28 4 /0 g 5 T A o 8] B4
ARG R e B G . O RAF F4 £
At RGNS 2 RS 0 BN PR, XA R . B3

K Fa 13500/ IR TR A 02k T DSC ik, 75 )3
Ak A i R B 8 TR o 4 T v i S W iR
KO SRS e, angk 5 s . i DSC h 4]
ML RHIRS F4 ERGIIRG R, 85 1 S CRE A i
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Fig. 8 DSC curves of resins, F4sizing agents and their mixtures
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Table S DSC peak temperature and heat of different

resins/sizing agents

SR 2R HE3IE(E

R/ 2% 3 UG SEUEC SEUEC WY T-g™
EP 2292 264.7 4215
F4 282.7 246.8
EPFIF4 2242 2827 360.4
BMI 156.3 258.1 176.6 4828
F4 282.7 246.8
BMIHIF4 126.6 2717 316.1
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Interface adjustment of aerospace-grade T800
carbon fiber composite material
LI Tianshu', WANG Shaokai', WU Qingz, GU Yizhuo®, LI Qinghui1 , LIMin""~

(1. School of Materials Science and Engineering, Beihang University, Beijing 100191, China;
2. School of Materials Science and Engineering, Shaanxi University of Science & Technology, Xi’an 710016, China;
3. Research Institute for Frontier Science, Beihang University, Beijing 100191, China)

Abstract: The effect of the sizing agent on the surface modification of high-performance carbon fiber (CF) and
the modulation effect on the interface performance of its composite is very important. In this paper, the aerospace-
grade T800 carbon fibers prepared by the wet method are used, and the changes in the surface microstructure,
chemical composition, and chemical reaction characteristics of the fiber before and after sizing are analyzed, and the
macro and micro interface properties of the composites are characterized. In addition, the reactivity of the sizing agent
and its chemical reaction behavior with epoxy resin (EP) and bismaleimide resin (BMI) were examined using X-ray
photoelectron spectroscopy (XPS), differential scanning calorimetry (DSC), Fourier transform infrared spectroscopy
(FTIR), and other characterization techniques. The results show that the sizing agent reacts chemically with the groups
on the fiber surface under the curing temperature of the resin so that the extraction amount of the sizing agent and the
content of active carbon atoms on the fiber surface is reduced. The sizing agent has good chemical reaction
characteristics with EP and BMI. The surface of CF sizing agent is rendered inactive after the high-temperature
treatment, which also results in a little change in the interface shear strength between CF and EP but a 13% reduction
between CF and BMI. In conclusion, the epoxy sizing agent with chemical activity can significantly improve the
surface properties of carbon fiber, and then affect the interface properties of composites, in which the reactivity
between the sizing agent and resin also affects the interface performance.

Keywords: sizing agent; carbon fiber; chemical reaction; interface adjustment; composite material
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