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Preparation and mechanical property of modified CFs-VTPS composite
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Abstract Carbon fibers are the most promising reinforcement for high performance composites. To improve the
interfacial properties of carbon fibers (CFs) reinforced composites,an innovative and simple functionalized strategy was
proposed by using vinyl-tri-(peracetic-ter-butyi)-silane(VTPS) coated carbon fiber surface. The surface topography of
modified carbon fibers by VTPS was detected by scanning electron microscopy (SEM).The compositions of the CFs
surface were characterized by fourier transform infrared spectroscopy (FT-IR).The effects of carbon fiber addition on
the mechanical properties of composites were investigated. The mechanical properties of the silicone rubber were tested
by tensile testing machine. FT-IR of CFs confirmed that the surface of carbon nanofibers were introduced the Si-—CH=—=
CH, groups which can participate in the crosslinking process,carboxyl and the hydroxyl groups. After modification, the
surface of CFs-VTPS had no obvious damage by SEM. Moreover the mechanical property of the composites was
enhanced greatly. At the same time, with the increase of carbon fiber, the mechanical properties of composites were
improved as well.

Key words carbon fiber, VTPS.modification, mechanical property

547 BN 12 W
2019 4 12 A

B £F 4 (CFs) J& — Bl B4 (4 JC AL £F 4 41 KL, B
A e LU g L R L R M o T e i 4 S M RE
S ] 5 i TR RE W i 2 25 AR e A 38 5 AR 2
— U R AT AR SR R B A S MR AR ZS K
T AR A A TR AT AR B T B L R
M CFs R ME R P E RE W A, S B 2k
0 TR 45 PR 22 AR KRR B S e T A A MR

EZ R EF1(1988-) , & W L WFFE A SERRPA A Bt B R 5 T4
B R OACENIZE961-) L BIBFS B, S A HURE B R & AR

2EPERE T B T N e ki CFs
) 2 TAT 1k T DT 2 v JHE 5 BRI TRl i 45 & PR g, — B
JE A OB A 5 I S PR —

AL AR RE R b B BE SO By RE
(422. 5k]/moD) i K T Al o0+ C—C H#H
HERE (344. 4k]/mol) , A A HLAE AR I 2 A B & 1Y
FeE M, EHE D 77 TS5 A By O, BA A i



%12 EOFIRE AT A /A LI S S R ] B T 2 P RE BT S © 51 -

TR (2 A )Tz T R RN T
B T 5 e A e i L R 3% 4 T AN R R M 45
HEB L 3L Si—O B v 5 Bk A B M 9 — CH, S
oy T Z IR AR F s L R S 5 A B o
FH L B A bE LA PR B 3K 25 . CFs 5 HLRE M
B B, 38 5 A A P RR TE IO S b R
¥ B SRRy CFs 3 m 2 kA e b, ] il £
T 0 I ) A Tl A ) R R R R AR
CFs 574 HLEE R B35 0 1 AR 58 19 b1 kL, il 2 2 &
WAL 2 Fh 3 o3 #0122 45 A 0 55 1 1] 0K B i

Xt CFs R ATARFE, R 3E CFs 534k 1R
HEAER $Em CFs 14 HLR G Wb 43 Bt 94 3%
Jiik . ARG R T I o o Ak s R A A
ST A T A7 SR 3 I =W A7 RN W I = W
TN R o N D& B I e S 3£ W
Jr kA B R BAE CFs 22 MY B L A 20 1ok 74 4
oH R AR 5 AR AL R I AER RME E RE A
X B T RE A A O Ak A R TR AR T
CFs 3%, 3 EZ A M RHERE TBE .

A5 R FH BT 2 3o ST 4 1 16 ) VYR
AT i AR BE (VTIPS XF CFs 2 i 17 etk LU
M3 CFs W R MIENE, FRHE CFs R FIA T 254
5. LRI S 56 PR MR R O SR A
(PDMS) fii £k i} 119 58 B¢ J o A1 30F At b 2k 72 . i 7
BT AT . G S AL BT REAR T IR J5 AR CFs
A PRGER B SE I . AN, 1% 07 B RRHR = CFs 5 A L
T A A 5 A AR U RE AR AR L 2 v A R
LA MR L SRR AR R Y L

1 SLIEEHS

1.1 KFI 5L

CFs, IR EEHERHEARAR; LKL
Pt o3 A 2, 24 4 A Ak 27 R A RS w5 RS R L 40
Brat, DHE AR A 22 1 A | W B iR , 43 A 4k, iR
HE AR AL 22 A v s O B = W S B ke, Tk 41,
W0 2T LA B+ BB A A7 BR 22 w] s VTIPS, Tl
G WA KA HLEE B A BB A PR S | s B BT
K, Al

B R (JH202 B, FgRS R R SE R 5 £ R
O8] HL G KT AR (101-0AB 80, KT 2% 3 4
AXHSA R 2 W) 5 A B X HE R FA R D i B 2% (DEF-
101S £ , o] e 45 AN 85 i 3 A7 R 23 7] 5 1 PRk X 2
FHE S 5 (SHB-IL A , AR M 3 B T 5 A FRA 7

18 L AR P 2T AP % 3% A (FT-IR, NEXUS 670 &),
2 E Nicolet Instrument Corporation; # & I 1§ ¥t
BLAPOLOT B , TR T i BRI ve i & A PR A | s 4
M5 ML (CMT6503 1) L YN T 35 = J8 B4 L A4S Tl
FIRAHE

1.2 LI’

1 100g CFs R IEAETC/K L BEG W B8 75 0 Uk
30min, & Bk CFs 300 M BT, T 4% 05 . B & idE
1-CFs,

Mk CFs (14 85 1-CFs B 5 0 9135 0 1 i
HOBORE R VTPS B (VTPS Ji & 43 8053
K 20% .50% 100 %) , 8 75 43 0 — € B [H], B FE
sl A — 2 T B 8 LR B N — I T) 6 T S
PR i I TE K 2 T V5 R 75 5 Ok 2 ok 2R 1D AR Ay
B VTIPS, 5 22 CFs # i . M5 VTPS (% T ik
SYHC BE R A BHEAE 20% VTPS-CFs.50% VTPS-
CFs.100% VTPS-CFs,

CFs/PDMS & & # B il % - #% — % &t PDMS
5tk Crs #— @l b (1%.2%.3% .4 % .5%)
TERSR IR 5 350, R J5 He e J7 Lo 481 43 30 i A4
AR A BRI (B SRE Y, o PDMS i i 426) » F
Z3d 1h W45 AR5 B ATE 1 2mm JERELE o,
R B4 58 4 [ 1L )5 15 8 CFs/PDMS & & # kL.
K452 A AFRERE S AE vp R BIL b S AR R R AT ) 2
PEREMNIA
1.3 MK 5RE

BEECPERT S CFs #8280 H KBr & A 5K I # L
AR 21 A0 S 15 A A3 A R B SO0 45 R L 351 3
400~4000cm ™!,

XTOCHERT IS CFs A S 47 W5 4 40 31, SR FHH #f
HL - BB 20 i SR TR 33, MK L s 30k V7,

KPR I HL, #% 18 GB/T 528—1998 ik
FEh 2 Ve RE . DU 2% 1. TR BE 25°C L AT X W R
60 % Fr % 100mm/min, AL & 2 A 3 K,

2 HR5iE

2.1 SEM & #f

1 AT fE CEs FEf iy SEM B, MK 1
(DT LLE R PR Y) CFs R A — 248 Uik
IR, FBIE CFs il £ o B A7 76 1 B B 2 iy . &
L(b)— B 1(d) 2y HI BT 4 43 O [/ 1) VTPS 4b B i
Mt CFs #E 5 19 SEM B, M IE AT LA 1, F &
SPEORTE VTIPS 4h ¥ 2 J5 . CFs 1 %A 1 & 1
A5 AY. 6 B I AR O T i TR R, CFs TE S A 52 2]



.« 52 . o T BB ow AT &

ETAE i
@

V

\

Bl 1 eeMEaT A CEs B 5 i SEM A
[(a)1-CFs;(b)20% VTPS-CFs;(c)50% VTPS-CFs;
(d)100% VTPS-CFs]

2.2 FT-IR & #f

B2 MEMERT S CFs BEah 1 FT-IR % &l .
EIRT VR, K Sl 2 J5 CFs RMIF A
o BRI A 0 L AR CFs Rt vE K. s
SPEORTE VTPS sebE 5 et CFs B & R w3
T B A R AR US04 . 1701em L 1635em LAk Y
TR I W 0 SR R BR H C—O (01 45 9% 3 5 3422cm !
Ib R —OH B 45 B 2l W IS i 5 1067em ' 2 Si—O
B F 45 B B AR E W A0 5929 em Akl Si—O—C )
i 4 I 2 FRAE W W e . SR W] VTPS BEXF CFs 34T
AR, W B B VTPS BT &8 40 500y 86 hn . CFs
I WAL e 34 B

20%VTPS-CFs

50%VTPS-CFs

100%VTPS-CFs

B 1%

1-CFs

3500 3000 2500 2%3[00 1500 1000 500

/em™

# 2 ekPERTJE CEFs & 5L FT-IR i &

2.3 S4B AFEERESTLE

CFs I A 3% (wt, i w4350, TROBE &
RS2 RE R L WL IR 3, R AT LA L 20%
VTPS-CFs 5 PDMS #il % ) CFs/PDMS & & #f %}
14 77 2 M 1l B 3 B s L R AR BE A 0. 45 MPa 1 K F]
0. 83MPa, #1458 & 1 0. 73kN/m $2 25 5] 2. 15kN/m,
JRH EE R UM G CFs R O3S 5 LB R
NP HE T m A RE . BLAh, CFs Rl M B3 R 3%

AR PSP A 20 3% T K 1 L (73 CFs 55 PDMS
2 I 45 4 1 L DT 0075 B CFs 4 0 B4 3
AP 1 R

6F & 1-CFs/PDMS
N 0 20%VTPS-CFs/PDMS

TRLAE B /MPa @iﬁyﬁgkm-m—l)
Kl 3 CFs NN 3% 254 f2aaext

BATIN

2.4 CFs AMEXEEMBNFEMENI N

& 4 & CFs B X%} CFs/PDMS & & 41k 11
PERERE I . BB AT LLE WA CFs B i
B4, CFs/PDMS & & b4 A (4 17 A i 22 1405 224 58 7
0 5 s CFs It 4 4 % if . CFs/PDMS & &
AR 7 e 5ik B A0 40 2 5 R 2 3k B R KL 4 B
1. 13MPa Fil 2. 89kN/m; CFs #R &k 5 %, CFs/
PDMS 52 & B4 BH i F A ik B2 R0 47 2458 J32 T 45 T R
X FH CFs X PDMS 4 B & A4 b 2508 L 0 2
PEJG CFs M 80 &M BT DL & 6K 5 CFs
HIARZS M, [F B CFs 5 38K 2 (W) 58 24 04 A5 5AF FH A
LR 2%, fHi1% CFs REE [ € 78 R & W 454 b ik 3|
#WerfER . (HRREE CFs IRINE A3 n. 2 4 4k
Wi CFs 55 LR LT 10 RG 25 0 AR 2%, S 3R A Mk
P A BRI AR R, X R EECEMANLZE
CFs J5,CFs Afg 5 PDMS JE B A 200 52 - 10k
%5 — 7, AL Z 1 CFs i 15 H 75 3L 1A

R.OETHRBEM.
2.0
o S 1as
—— HRGRE =
& 30 E
= 15t — £
= / 25 =
10 * = o=
& *//e/
— lis&
ost <~ ‘ .
1 2 3 4 5 1.0
CFsiN g /%
Bl 4 CFs BANEX CFs/PDMS & & bk 1 2%
P B8 ) 52 1)
2.5 CFsFME3 CFs/PDMS £ & # #H 4 B |&
T 357 B9 22 i

& 5 & CFs it A6 ) CFs/PDMS & & #
BT E ) SEM B, MWE AT RLFE L Y CFs IR
I i A i, CFs K BEFE PDMS 14 b JE 1 i 2k
AL B R B 3R PDMS, CFs K BEAZ 414011



Y

5512 1] EOFIRE AT A /A LI S S R ] B T 2 P RE BT S + 53 .

PRI I B2 5 sk %) e 5 3 R 0 2R i 5 A 43 1) B I 4
. M4 CFs N R3] 4% mf, CFs 18 3k b 20 1
B ¥ A) U S A R RE B4 r 5 R R 24 58 B R
A, M CFs IR L E 5% 0F, & A Mok
Wr 1 A OB AR £ 52 B CFs, Ui B ik BF CFs 5
PDMS 3 {4 7 17 (00K 485 M 22 A5 R A B0 52 % A L (8
RHAEE S PDMS JE A 840 JE R -SEOR}E 0 45 , T DA
52 A PR BHRL AR, 3 RN 407 458 B T 4R R . BRI, CFs
TRy 4% 0F, CFs/PDMS & & M B PE B A8

& OFSeaR” | ol

Bl 5 CFs Wi AR CFs/PDMS & 4 b1k
P Al W 1T (9 SEM [H
[Ca)CFs BN 1% 5 (b)CFs BN 2% 5 () CFs H
42l 3565 (d)CFs BNl 4% ;5 () CFs ANHEh 5% ]

3 i

(DA VTPS X CFs 2 gk 17 st fie e 1
A Jr 4 CFs 2% 17 e M i) 8] s B A CFs 5 8 1Y)
[7] R

(2)SEM 43 #r &l VTIPS &b ¥ 2 J5 .CFs %
T WA B AR Ak A 4 SR HF R A, FT-IR %
fEIEH] , VTPS G X} CFs #E47 4 &k e v, stk 5 1
CFs BB A S i 4 & MR 124 M RE .

(3)CFs It CFs/PDMS & 4 4 kLY 1 27
PEREFI R HIE B A W, CFs Wity 4% 0,
CFs/PDMS & & 1 4 57 11 55 55 405 24 58 13 e K
43514 1. 13MPa #1 2. 89kN/m,CFs/PDMS & 4 #f
B M RE AR .

(DO iF SEM W 2£ 3 CFs 7 & ik 5] 4 % i),
CFs fERAR ot 3 34 5 i 4518 5 CFs iR it
A% EE, CFs/PDMS & & 4 BH B fif 5 B 4 24
58 B fe KARW) 45

S % ik

L1] ERT R R A& ML B B b1 kL 1989(4) :5-11.

C2] 2R, SRR Bk £F 4i S bR AE St K &8s i Bz [ ], o 10
%£,2011,4(3) :201-212.

[ 3] Brantigan ] W,Steffee A D.A carbon fiber implant to aid in-
terbody lumbar fusion:two-year clinical results in the first 26
patients[ ] ].Spine,1993,18(14) :2106-2107.

[ 4] Elazari R,Salitra G,Garsuch A, et al.Sulfur-impregnated acti-
vated carbon fiber cloth as a binder-free cathode for recharge-
able Li-S batteries [ ] ]. Advanced Materials, 2011, 23 (47)
5641.

[ 5] Zielke U, Hiittinger K J, Hoffman W P.Surface-oxidized car-
bon fibers: [ . Surfacestructure and chemistry [ J]. Carbon,
1996,34(8):983-998.

[ 6] LiuY,Kumar S.Recent progress in fabrication, structure, and
properties of carbon fibers [ ]J]. Polymer Reviews, 2012, 52
(34):234-58.

[ 7] Hartmut R F,Christopher Semprimoschnig, Cathal Mooney,
et al.Degradation mechanism of silicone glues under UV irra-
diation and options for designing materials with increased sta-
bility[ J ]. Polymer Degradation and Stability, 2013, 98 (3):
720-726.

[ 8] Wang Luheng, Cheng Lihua. Piezoresistive effect of a carbon
nanotube silicone-matrix composite[ ] ].Carbon,2014,71:319-
331.

[ 9] Verdejoa R, Carretero-Gonzalez ], Barroso-Bujans F, et al.
Physical properties of silicone foams filled with carbon nano-
tubes and functionalized graphene sheets[ ] ]. European Poly-
mer Journal,2008,44(9) :2790-2797.

[10] BRI A3 A2 ot PAN B i 2 2 % i e HopL
HGHTLT ] HLB #2009, 24(4) : 853-858,

[11] Dai Z,Zhang B,Shi F,et al.Chemical interaction be carbon fi-
bers and surface sizing[ ] ]. Applied Polymer,2012,124(3):
2127-2132.

[12] Lee W H,Lee J G, Reucroft P J.XPS study of carbon fiber
surfaces treated by therma 2 loxidation in a gas mixture of
02/(02+ N2) [J]. Applied Surface Science, 2001, 171 (1)
136-142.

[13] Kaczorowski W,Szymanski W, Batory D, et al. Effect of plas-
ma treatment on the surface properties of polydimethylsilox-
ane[ J].Journal of Applied Polymer Science,2015,132(11):
409-413.

[14] Xu Z,Huang Y,Zhang C.et al.Effect of c-ray irradiagrafting
on the carbon fibers and interfacial adhesion of epoxy compos-
ities[ ] ]. Composites Science and Technology, 2007, 67 (15)
3261-3270.

[15] Pukanszky B.Interfaces and interphases in multicomponent
materials: past, present, future[ ] ]. European Polymer, 2005,
41(4) :645-662.

Wrfs B #:2018-05-30
&R EH:2019-08-19





