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RESEARCH ON THE PREPARATION OF GRAFTED PVA
SIZING AGENT FOR CARBON FIBERS AND ITS
APPLICATION

ABSTRACT

Carbon fibers as reinforcing materials have been widely used in
aerospace, textile, and other fields. However, issues such as few surface-
active groups, smoothness, brittleness, and the tendency to produce hairy
filaments and monofilament breakage during processing will result in
lower interfacial bonding between carbon fiber and resin, influencing the
usability of the composite materials. As an important component of the
interface layer between carbon fiber and resin, the sizing agent serves as a
bridge for a strong connection between the two. Therefore, developing
high-performance carbon fiber sizing agents is significant to improve
their subsequent processability, enhance composite material performance,
and expand the variety of carbon fiber sizing agents in China. For this
reason, this thesis is committed to developing a new type of sizing agent
for carbon fibers and using it to improve the performance of carbon fiber
epoxy resin composite (CFERC), thereby providing a new sizing agent
for carbon fibers. As a result, research has been conducted on the
preparation and properties of a new grafted polyvinyl alcohol (PVA)
sizing agent, the effects of the sizing agent and sizing percentage on the
CFERC performances.

Firstly, to explore the performance variability of different varieties
of grafted PVA sizing agents and the influence of the modification level

on their performances, hydroxyethyl acrylate (HEA) was used as the
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grafting monomer with a fixed amount, and the Fenton's initiation system
was utilized for the graft copolymerization of different varieties of PVA
(PVA1799, PVA1788, PVA0588, PVA0599). Four PVA-g-PHEA samples
with a similar grafting ratio were prepared. Their films' chemical
structure, paste properties, and tensile properties were evaluated, and the
influence of the grafting ratio on these performances was further
investigated. The results showed that under a similar grafting ratio, the
surface tension of PVA1799-g-PHEA paste was 44.6mN/m (50.1mN/m
for PVA1799 paste). The film's tensile strength and elongation at break of
PVA1799-g-PHEA were 43.1MPa and 149%, respectively, which was
better than that of the other PVA-g-PHEA samples, and the PVA1799-g-
PHEA film possessed excellent bending endurance. With the increase in
the grafting ratio, the film strength and elongation of PVA1799-g-PHEA
gradually increased, whereas the surface tension of its paste gradually
decreased. Based on the above indicators, the appropriate grafting ratio of
the PVA1799-g-PHEA sample should be 7.34%.

Secondly, to investigate the differences in the effects of different
varieties of PVA-g-PHEA sizing agents on the CFERC properties, and
reveal if they are consistent with the differences in the properties of PVA-
g-PHEA sizing agents. Different varieties of PVA-g-PHEA were used to
treat the surface of carbon fibers (purchased from the market and desized
before utilized) and combined with epoxy resin to produce the CFERC
samples. The effects of different varieties of PVA-g-PHEA sizing agents
on the mechanical properties of composite materials such as tension,
bending, and shear properties were compared with the CFERC (original)
prepared with the carbon fibers purchased from the market. The influence
of the grafting ratio on these mechanical properties was further explored.
The research results indicated that the tensile, bending, and shear
strengths of CFERC samples were significantly superior to those of the

v
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CFERC (original), and the property improvement was relatively highest
after using the PVA1799-g-PHEA sample, with increases of 26.6%,
25.5%, and 37.7%, respectively. This indicated that using the PVA-g-
PHEA sizing agent improved the properties of composite materials better
than the sizing agent that existed on the surface of the carbon fibers
purchased from the market, and the PVA1799-g-PHEA had the strongest
improvement. In addition, as the grafting ratio of PVA1799-g-PHEA was
increased, the tensile, bending, and shear properties of CFERC (1799)
were gradually improved. When the grafting ratio was 7.34%, the
relatively best mechanical properties were obtained, which was consistent
with the regularity presented in the research results of the previous
section.

Finally, based on the above studies, to clarify the effect of the sizing
percentage of PVA1799-g-PHEA on the properties of CFERC (1799),
carbon fiber yarns with the sizing percentages of 0.5%, 1.0%, and 1.5%
of PVA1799-g-PHEA (grafting ratio=7.34%) were prepared. Three
CFERC (1799) samples were further prepared to investigate the effect of
the sizing percentage on the properties of CFERC (1799). It was found
that the tension, bending, and shear properties of CFERC (1799) showed
a tendency to increase and then decrease with the increase in the sizing
percentage, and the best properties were achieved at a sizing percentage
of 1.0%. The carbon fiber yarns with the sizing percentage of 1.0% were
further selected as warp and weft yarns for small sample weaving and a
comparison of the weaving effect with small sample weaving of original
carbon fiber yarns after desizing treatment and original carbon fiber yarns
was conducted. It was found that carbon fiber yarns and original carbon
fiber yarns could be woven smoothly, and the surface hairs produced by

the weaving sample of the former were less than those of the weaving



S MWy e e VAT

sample of the latter. However, the desized carbon fiber yarns could not be

woven.
ZHANG Yue (Textile Science and Engineering)

Supervised by LI Wei
KEYWORDS: PVA,; graft polymerization; carbon fiber; carbon fiber

epoxy resin composites; mechanical properties
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Figure 1-1 Schematic diagram of the carbon fiber modification process
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Figure 1-2 The production process of carbon fiber
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Table 1-1 The main effects of carbon fiber sizing agents
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S AR SR SRR S 5 ik 4T 44 3 T AR e B 41 4 38 5 B A b R ST
TR LR, JFRMPTREE D, AR TR A S Tk, B
XA AR TR S B IE R, 456 “MIRUEA” JEIE, H3%5 8 RXIm
TR, 3% P AN IR TR T i R AL AT
1.2.33 /KM B EEE L 375

A BATTN B L R vERRsR S0 AL, DAFLR. BRI IZ (A
T SR N AU B S AT AR M A R A K M TR, K AR AT 4
ERARAEA, DR TR AT 4R A e B A MR MR RE, AR R EEA T E
R

RARTH o AT AR U R 56 5 A AR SR T B U)o, BN o S5 B A fe b
RTINS SR AT SO, ol 4 H B 41 4 P oM SR e BT h R
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B, 1% bR R X 5 T B 2T 4 5 0 T B A (] PR VR A 7 A AR AR R, 3 T 38 5
AR S BT U9 .

AR R AT AL TR R A IR 2 G AR T B, 77 S 1O | ) P AR e Kk
ARG LI, FXTBReTgiatsr BT, R AT R BT 4ER T O/C
EHRTFT 39.1%, RMEEEERFGENZ T 15.0%, Bier4EmmiE &=
ERDRL 22 ST Y ) 3 A2 R BT D) s B AR 2 T B R AR T

FER /K MR SR 2l IR B THIR AT 4 S Wk i 6 & MPRMERE T, Fang 4%
U3=1561) FH IR i 1 7 0 4 s 0 S A SR R AT AL B, 1) 5 A [k B [ K A 2R
M L3RR . 2 G A ATBR AT 4R R BEE 6 KA RHE SRS A 1 AR B
=, RN 0.5%M ERFAXTE S EHK I A IR IR T RCR S, DU v AL 2
T 26.4%; 75 RIEROIG AR R e 2R U I FC R A A 3 AR K
AW LR BRI, Z ERR R TR AR WG 6 AR S
FT 58 F8E AR AP 5
1.3 PVA iR A RFEMIEE SR EsE HF ERIN A

ROIEm (PVA) fEA—FEHE. MAKRLE, BARIFAEVHEENE
WUREY, 1RGSR LRFCARRN) 2R, BRI )5 ae i R K
B, TERRAAEM G E A AR M RRER Ay T AC B T EEAE M . Phong 45671
WHAL 19K IR S RE LT X B P R SR S S AR ) A VERE RO B0, SRk 1 i Pl
g7 PVA GUKLTYEEH T IR AR AEE S hR . SEg R HI S 95 2 BRI & 1
KR CIHBEA4E (nPVA) o FEX 5 nPVA ) CFIEP B &M EHIT T J122 1B
FAE. GEREW], WIN nPVA AR SR BE AT R 2 (8] W7 2 1 f 3 4R
o BUEEEMEHN A fr EAR S E R SR E K 10-30 5. HE T EIRHEA,
Tanoglu %587 1 LT PVA GUKEF4EXS B Bk 4F 4 38 S8 52 A AR RE IR 52
M, SR L 220008 PVA GURE 4 HEIBEm LS b, 555 AL,
WINT PVA GOREFYEN 2 AR SR . PURSREE () 25 B A2y i o
JEARARE T 12%. 35%-. 21%F1 16%, A 3RE T E AR J2atkfe. 1t
AN, Feng ZBUE KT T PVA FIE 2 —EF (PEG) WFENLERE S L & Yxtbr
2h A (CFC) YRR, HFnl R EE CFC KM PVAIPEG H&RE. K
PG ZEZ B 4 T PVAIPEGICFC E &KL, 55 CFC AL, SAMEHIEE
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B RBOR B SH FTFAR, B R BB E . PVAIPEG MRS
TEAMEHREEE RS, BT PR R

B BRI, BUE BT s siR 2177 26 PVA SEReF4E4 S, W T
FIFH PVA 1y SR i 1 4 AT b 2% W eheste 5 0 i s ¥ S T 465 5 D7 T
AN SR
L4 REMRENRAR
LALIREARENX

SRR B £ 4 I R A T JE ) EE B G Ay, SRR 4 S B A T
177 A S e A T MR 2 . WF 9 m PERE IR BIRET 4k 12500, TESRTHBi 27 4 B T
B, REL RS A RIFMarn TrE . WeRE ARG . SEm IR E R LT 4k -
KRR ESY KRS ARG ERAE . PVAE N —F 2R ENH LK
M B3R, BAMRSRIENS F1. T B K b RE s B RIFOKEYE, 5%
TR, 2RI AR T8 . (A PVAATTE =il 5 45 B S5 1) 8, 45 K 25 5 B
LAY R, S RS A AEER . AW AN R 2. &k
I ER R PVASS T BB REET S IR AN G Ew Re ) = AR U S5 A, 32t
B A SR EM R R IS5 G E . AT A TR0, H AT PVASKIR i £F
HER IR 2 A M RHERE OB TCIL IR D W, A R FIPVAE HAR FUR G -T2 &
MEMEBERIRTF T . ABTJE A, el it R B R AW 7451, T MERE
HEETFR, RS KA AR RS S R AR AL TR T 3R
IR RITERE. Rk, N0 R EPVAM R, MEPVA S B AR
PRI EAE R, AR SOEBER X —BARF B, R PVARAT S, Rt
ARy b SR TR0 S50 B £ 44 15 0 R 5 i 1) ) T 28 R Bk 4 4 20 S Mk e 1 52
MW, [eE] A B £ 44 FH e B R PEPVA B 2R 50006 B 21 4 21 U IR 2R 52 & i R RE 1 B2
W, 5T RO AR BRAT 4 R E, HEE AR T A A R
MIPERESR T, UGB A 4 S PR AW g Sk LI PR R SR A — P I B,
b G B A7 4 52 A AR R SR FHR U %5, I RUR R R AT 42D AT 5
GIAEAME DU AT, 17 7™ B 2T 4 230 7= i S o (1 1)

I}
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142 FEMRAR

AU B TEARYE 7 T A5 g VEREII G &, [RS8 E SRR B 41 44 3% T 1)
A RIER, ERAIBRYERE, LR RN BR AT 4L 0 T 2 & bR
BE S S5 TT & RGLATFE, W R H MR RE A0 57 10 i 2T 4t 20 sk 22 3 P i 284 e vk
PVA 25, 548K F Fenton’s 51 & 4 2 5% PVAREAT B2 8 o 1 Sk il £ PVAEE A 3
ROHEL, RIS LA (FTIR) . XIFHERATHX (XRD) *f Hidk
ITERRAE, AR EE, RARE L (TG #EATHARE M
AT, AR BRI RRET 4 22 AT RIRAER, TFJE b IRFRIN B ET 4k 5 W g
B SRR R . BREF eI IR 2 G M RHERE I RE M, DA SRR 4T 4 20 2RI /R F 55
IR T . BT R
1.4.2.1 FEMSMIER PVA L3R 5IEHI1 & S M aeM 5

| I Fenton s A0 I J 44« 56 S [ it Ak PVA S Bl BEAT A JL TR BT, il 4%
B AT AN R i P SO PVARE i, R R R S S 4. (EHFTIRM
BEAT G5 3BT, SRR O R T s A B G A SR B 0 LR AT MR B &
fit: ST HRTIK T PVASRKBE AW sREE . Wi S S8 g AT Ml 0, Rk
PR BRI S B ER R A PEPVA R B e TF R R A 0 LML RE I Se M JUAe, HEFF &0
A
1.4.2.2 K PVA LR AT HEIFEMIEE SR RERIEZ I

TE1.4.2. VR B H B O ME PVASR R R B MR It R it b, AN [R) b e A i 1k
PVA L35 73 IR BREF AEEAT B3, B 5 HEMIRLS &, Hl& — BRI
HINEM IR EARL. BT ARl FRiE T 2EE (SEMD. JE R
N E AR RS 0% gt M er A, I 55 P SE [ 7~ Bk 2F
YT £ A AR REEAT ST L, IRBA AN [ G e M PVA R X A
MEHERE SR 22 3, B S ENARSEREE I 2Z R — 8 3 PHRA
[l #2128 (R e A U M PVAK B2 6 M B BE IS I 048, A 3GE H B PVA SR R
AR,
1.4.2.3 EREINRAHEREMAEE SPRHERERI M R kA4 LUEERAR

FELA2 2B A FA RGN, WAL PVASORL I b3 30 Bk 2 4t 34 S B
N S AR RERO TN, 23 AN 1R 52 B ORE i (8] A 1 e 22 ek, DA LR

9
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SEBRET Y R UEPVA BRI R e B IR I e B 3 T O 21 4
Kb, ATGIRLRE, WERAAEL ERIFREINAIZE, WRIA IR 4E2)
LGRS REE. HRIE. Sk SE .

10
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£ 2 5 K PVA RIS R AT

215|5

PVA 7 T Z N EHEERIT, FNEFEE DA, WM. SR EH
(142 PVA RLAF IR IR PEE34 3535 PO R B AR Ak S AN BRI B, A
HAEGTH, BRI AT B AT — R I 5] /1847, B R AR, i eF 4 B
HR IR IE. PVA SRR . T BEPEGT, 5 A A2 13 b th B A e lf
(IR PELE), R —Fhid AR 2 1 95 U R

SRT, PVA TERGTSURRIMER, 1775545 B, (E3AE B3RS a2
Fl— s PRH], R T U R ERE LR, PVA R KA B Hon 4R 4k
Bl OB PVA RS SRR AN R F R 2R, BRI S 2 o
SR, Y2 R TR e e, — ez nt PVA JTJE T AR
50, H ORI AR AR o GBS, fER, AT TS R — A PVA AR
TEIE THFFEC4S, b TR E R PVA $HUE MRS TH 922 S T b I
BRIk, fEGRFF PVA JFUG WAL A P BRI ATIR T, Sl 5 kAT B R A R
Ri, WS T, BIAARR SRR PVA BRIV ZES, B8 NE

B
ZL o

Mk, AREUNGIRE OB (HEA) NER AR, JEEwHHE, L Fe?-
H.0: Nl kKRR, XTHHMEM 4 B PVA (PVA1799. PVA1788. PVA0588.
PVA0599) BEATHILHER, et 4 MHEECRARIT PVA BRCR IR TIRFE LB
(PVA-g-PHEA) H£ 8, X HALSEEE AT RAE, A H R R K )5 KB
TVZEPEREEAT AT VPAN,  DADRAE HE PR REARDGS SR AF (R H A PVA b, BETRTRF 50
1 0] IR T 5K 7 B IR M T3 5V R 55 TR R R s LR, R )5 82 7 B 4
fifi, FENGLD RS R AU A HAE b PVA JRHR S5 (k4
2.2 LIER G
221 EEFEMEL WF SR
(D FEJFEME

1

11



S MWy e e VAT

PVA1799. PVA1788. PVA0588. PVA0599, % % 47> %l AN: 5.37%.
4.27%. 1.59% % 4.13%, W5 XURIA R B E IR A 7] 2E 7=
(2) FERF 58

A F P B R LR 2-1, SIS WK 2-2.
# 2-1 FESE
Table 2-1 The main chemical reagents

LawilE2p) S CV I

HEA srifrat FlR TR IR A
UK A srifrel IR R A
B R V. Bk e orfrat KT AR B AL 22 G A R 2 7

R 2-2 FESIAUSS
Table 2-2 The main experimental instruments

NEELR S D& CI I
=18 CCD Il & st GP-300C EE LI A A A TR A 7
X S EATHAX D8 18 Bruker
e BL M AR 40 21 A 1A Nicolet iS20 2% [# Thermo Scientific
A HTAX 209 F3 f8[E Netzsch
BT R YP20002 TR A A A TR A T
Z Ijhe s 2WraR ML YG026D TR GULA
I 5K 11X AB0/A80 FEFHE T AR A A
K7 R E FEAX YG1411A TR GULA
FL LR S T R L DHG-9101.2 FilE =R R IR A A
ST Jef U YG731C W NERE G SR BR A A

2.2.2 PVA-g-PHEA BY&I &

FE[E E HEA HERTTIR T, KA Fe*—H 02 ML 5 A R4 ik 4 F PVA

PEAT R SO b ], SR % 4 B PVA-g-PHEA BEf5, RNITRELE 2-1, Bk
il 4 VR R
FRELZEAT WL 70 20 4T MR AR E— 25 78 - WS (1) PVA FERL (1209, F
HD) TR, CEEHI RN 0.5% (FRESED MIBRER 25 289
WEEH 1.0% JRESHD it S8 E/KER 30g P $i4k HEA (10g) 7

12
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BN FZ R, TERCFEIFRIET Y A BHE T PVA FER b SRR RE, B2k
¥ B3R EIRFI R 2/3 LA AES HEA [RIN Y5100, 2 J5 2k Samem a4
13 Bl RFIIFREARF R, WHTE 30-40min 5. WHLE RS, 76 40C R
FELR N 3.5h, FRARIUERR /NS = AT — kBN . R B4 RS FH K 2
EHN L, RO AMIE-TE T 3 IKG, TN 45°C MRS R, B SRR R
FEM I, 153] PVA-g-PHEA ¥ o

—[—CHZ—CH—]— + m CHQ—?H

0=(C—0—CHs—CH5s—OH

Fenton's initiator
> HZ—CH

+CHTCH—]—

O—C—O—CHrCHrOH

Kl 2-1 PVA-g-PHEA (116 R B 75 72
Figure 2-1 Reaction equation for the synthesis of PVA-g-PHEA

2.2.3 ERENE
TR RS 5 A 7 PVA-g-PHEA 1 PHEA ¥ &5k iE HEA 11
B (R, %), F1% FAIARBEATH L

R, = MMM x100% (2-1

g
X Mi—E28 7)) PVA-g-PHEA [l &, ¢
Mo—J ViR 2 HH R 4G PVA &, g

224 WEEMRIESRUFINE

FIFH KBr [& %505t PVA Al PVA-g-PHEA B AT AR . KkE
i TR ET 78 2T, )5S — E B ER A B A G AT R v b . I
i FH 2% |51 2 Bk % Nicolet iS20 {8 B AR #e LA AT /04T, B KAV
[y 400~4000cm?,

KHAEE Bruker D8 MY X HHATHAYXT PVA HI PVA-g-PHEA Ffifiidt 4T
XRD Z3#fre MR AIEE, %M EEH 10~60S fH##E 109min, JFi%H
B oy FT BRE b 1 4G i T

13



S MWy e e VAT

7 B IR Q:l: = X /[:{
AT B AR

KH GP-300C % 75iE CCD Mi&E BiBixt PVA. PVA-g-PHEA FIUHE 1) 2R W
TR BEAT SR .

225 REH (TG

K H#EE Netzsch 209 F3 BYFAH /- Mk PVAL799 & PVA1799-g-PHEA #+:
AT TG 0HT, SRIBLRE S R E M . MRS B, IREVEE
25~800°C, FHEH Ay 10°C/min.

2.2.6 FikMEreM

RIS T 152 WP, BARSeib Ran N: BREBUGEN 19 [
PVA FEfh (FHED, IMA—ERZABKEHI BT E 208 1% 5800, B2k
HITBCE AR /KA rh ) 500mL PO FTBEHi e, 7E 120r/min BB T, HidE I m#at
2% 95°C, fRiR—EmF S, BRI R E =R, [/ A60/A80 4
[H 20 2 I/ 57 T8 5K J7 A0 R T 5K AT . RERR R 3 IR, BUHE Y
fE.

2.2.7 PR REMIK
(1) Feppih #5100,

SAIFREUR A 249 (CFE) 1) PVA fil PVA-g-PHEA i, ST —2 &
ZENRK TR T ] BT B A N 6% M A O, I RS A AR AT [ E A 1 = D be
dr. B FEE N 120rmin, FREEBERETHE S 95°CHFRIE — RS, ¥ PVA S
PVA-g-PHEA ¥ # N 500mL Ketfrh. fed#1 % 75°CJa, W SETE O 45
TP BRI IR I RERHEM BRI b, S5RF AR T . FRIRI TR R I
i FH R A A LR SR D) B BRI 75 2 RARE, BT 65901 20°C R IR IH 1B H 55 Hh
VAT 24h S5, BEAT R TR

(2) J5 S R,

22 A R CRAREE I B (200mm><10mm), AR RE & I3 30

A, JEFERERIZ 0.001mm, R H B0 5 K BCT I .
(3) F1% M AER
W T4 i 2R RE (200mmx<1omm) JE T T AR A E, IERGE

14
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JefE g 100mm,  Je LB HE Sy 50mmimin, R PVA SRR AR 2L 08 A L
e, AR IR 20 ¢, THERR R A0 5 10 P 3MER. 32 5 AR
FRE W R R AT U B

Q= (2-3)

Arb: QW REE, MPa;
P—IR B 3 I 2558 77, N;
K—R T8 RE, mm;
D—IK B JE B, mm.
(4) T et it e i 3R 020
WEEOT, RSO R RIS, Rl B o e it 4ok
BEAT VR o ¥ O F i 10 4R BBE (100mm>&mm) B 58, FimiE 5.0g ik
i, 76 YG731C i et thMa 0 FRbAT I, 10 SR ML b Lt (vt et ol 4,
BEFIRE LI 15 ¢, T ERR 25 5 R S K~ ME .
(5) ZKVETEM
F MR K AT IR 0] CAVE R ZRORE A bkl IR B e 5 IR o i) T
B e 6 2 A MR R AT 4RI RS BAT — € A 28 B AR PVA FEAL K
FRIEAT KIS, MREE SR DUKIER IR () udebr. HAARERED B B
B, BRIEEE (100mm>0mm) Hi A TARICALEE, SR JE, KEiEY 1.0g
()R A R, TEEUBON 80°C/KT, (/KM ShrickE s, JKIBIIKA
I ) By FAE /K s IR W st o Bf 1], B IR SIEES 10 IR, B2 7 B s SRk
FIME, R R R
23 HBR5R
2.3.1 PVA-g-PHEA RIEH
2.3.1.1 WEEM SR
LA PVA0588 Jyfill, &l 2-2 kAT f PVA05S88 i I ZL ALk . 7T I,
55 PVA0588 £ 4N itk i ZE A L, 7F PVA0588-g-PHEA Yt itk i 2k 1730cm ™ b fitj i
SiERSE B2 IS, AL DA TR B )RR ALE IR S e 10400 55 41, 3300em ™ Ak T LI

15
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F4 LR 1E U Y 0 1820t B R I 5, MIMTIESE T PVA0588 7 T-8% E R IhEEN T
PHEA #4337 8% .

PVAO588

PVA0588-g-PHEA

3300
1730

1 1 1 1 1 " 1 1

4000 3500 3000 2500 2000 1500 1000 500
P (em™)
&]2-2 PVA0588#11PVA0588-g-PHEARH [ £ 41t 1 1
Figure 2-2 FTIR spectra of PVA0588 and PVA0588-g-PHEA granules

2.3.1.2 XRD 2#f

PR AT S 1) PVA0S88 FE AT XRD 2041, A ekt St PVA0S88
SERERIIR . B 2-3 BTG ) PVAO5S88 FF h AR XRD K. FILLE
H, PVA0588-g-PHEA ] XRD Hh£k5 PVA0588 LA E, HITERTH AN 19.4°
A1 40590 I 1 W B B RFAEAT 0, (HIB(E IR A ). 115, PVA0588 4
FE9 24.3%, PVA0588-g-PHEA ¥ it 45 fh N 22.2%, KB PHEA 13 NREA AL
/> PVA0S88 (145 fhatitl), PRI, fh

I
f’ k“‘-

/W,

/ A
L MM WWMHIMW%WWTMNM\ - PVA0588

WVUNMM%

G

' J I

f )

I u‘wﬂ‘wﬁ L “AHMM \l'F"""(

o Wby, IO L PVA03588-g-PHEA

bl
iy W\um.-%,,wm Wﬂ‘w.u
’ Ladd

1 1 1 1

10 20 30 40 50 60
it/ )
&]2-3 PVA058811PVA0588-g-PHE ATiHL A XRD K]
Figure 2-3 XRD images of PVA0588 and PVVA0588-g-PHEA granules
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2313 RSB E SR
Kl 2-4 7" T PVA K PVA-g-PHEA Biki R s B o BHIEIAT O, A i
PVA BTk £ R HDGHE, KNS RIIRMWES (B 2-42); #HJ51 PVA-g-PHEA
DI ORFERORL A FIR /N & S TSR AE (] 2-4b).
@) -

& 2-4 PVA(2)#11 PVA-g-PHEA (b) BRI i ) S5 i e
Figure 2-4 Microscope images of granular PVA(a) and PVA-g-PHEA(b) samples

A R [ R A HEA RN 109, KA Fe?*-H0, 51 kKK &, 2 ikt
PVA1799. PVA1788. PVA0588. PVA0599 4 Ff PVA HEATHAL itk kb TE, Ptk
N R ESR MK 2-5 fran. AT, 4 B PVA 45475 R R4, 4090k

6.74%. 6.67%. 8.11%71 8.00%.
16

8.11 8.00

Reke (%)
(=2}
I
(=2}
3

A\

1799 1788 0588 0599
PVA-g-PHEA j i

K 2-5 PVA-g-PHEA F fili i3 b %
Figure 2-5 Grafting ratios of PVA-g-PHEA samples

2.3.2 PVA-g-PHEA M8 7
2.3.2.1 RiBAFREK S

K 2-6 A c Xt 4 B PVA-g-PHEA X R Tk /1052 . mTLAEH, 4
it PVA-g-PHEA A RARBARMERTK 71, B &GN AR PVA

17
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(1788, 0588) #EHiHEdh, FIHIK B EAEMEE PVA (1799, 0599) HEALFE
SR JEFEAE UL, RTEK 0% B I AR R 2 T ) A R P
TR, BALRIRETR G R T B R A a0 . X5 PVA B e 13
FUNLF TR AT 4 B2 AR

60

50

43.5

40 | 7

30

TS (mN/m)

20 |

L) . 77 . 77 . 77

1799 1788 0588 0599
PVA-g-PHEA fii: i
P 2-6 BB PERT 4 Fh PVA-g-PHEA S T 7K 71 11 521

Figure 2-6 Influence of graft polymerization on the surface tension of four PVA-g-PHEA pastes
2.3.2.2 RIBHFMEEDH
&l 2-7 ABRL e 4 Fh PVA-g-PHEA JRIRIIZLRAE (B 2-7a). Bk
(K 2-7b) W . B E R, PVAL799-g-PHEA Ji5 (1 7 22 3 Ji2 ik 1
43.1MPa, X} IR A AR PVA0599-g-PHEA 27+ T 65.1%, % fif FE A I

PVA1788-g-PHEA &7} T 51.8%, X} PVA0588-g-PHEA &7} | 55.6%; Wi
R EILR] T 149%, BJa =& 7ilftm I 26.3%. 3.47%M 22.1%. FRK
W], PVA1799-g-PHEA JE i) Wr & it J 5 W 2 KRB BAL T HR 3 Fh PVA-g-
PHEA i, HATEUFFERENE.
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50 180

43.1 (a) (b)
144

ol 150 %
122 18
.

120

30 26.1

T oo b
2
= 20

15495 % (MPa)
rE e (%)

= 60

30

N 7 o i

{]
1799 1788 0588 0599 ¢ 1799 1788 0588 0599
PV A-g-PHEA §! PVA-g-PHEA i Fl

] 2-7 AT 4 i PVA-g-PHEA I Wit 22 5 2 () AT 288K 22 (b) ) S i
Figure 2-7 Influence of graft polymerization on the tensile strength(a) and breaking elongation(b)
of four PVA-g-PHEA films

PVA 77 FRHEMEE, 7T 5 46T A, TR BGRE) MR, &
I A e i R8O, R 2-3 BRI T 4 Fh PVA-g-PHEA JR 1 Je i 14 45
R HEATF, 4 B PVA-g-PHEA JEY SR S M gk, RV
k4T 20000 IR, IXEERE 4 Fi PVA-g-PHEA R BRGS0
B

% 2-3 AR ERT 4 B PVA-g-PHEA 2 Jee il 4 (1) 5
Table 2-3 Influence of graft polymerization on the bending endurance of four PVA-g-PHEA films

PVA-g-PHEA /i i R (%) i Je P (O
PVA1799-g-PHEA 6.74 >20000
PVA1788-g-PHEA 8.11 >20000
PVA0588--g-PHEA 8.00 >20000
PVA0599-g-PHEA 6.67 >20000

LA L EYEREIRARAE SR, JBHERI] PVALT99-g-PHEA JFJi& F— bRt ay
P RE LI FIE L
2.3.3 PVA1799-g-PHEA RIES
2.3.3.1 BERES

&l 2-8 v PVA1799-g-PHEA H il A 245 B . R 4k HEA I FH 253
4 5g. 10g. 15g. 20g, &t T 4 FIARFEERRK PVAL799-g-PHEA i,

19
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Bt B R BE R R Ry 20 4 0. 3.53%. 6.74%. 7.02%A1 7.34%. A W, BE#E
HEA X PVA1799 FH B (3N, ih (455 3 IR 48 K o

10

8 -
)
o«
~~ 6 B
X
3
i 4 -
2 .
¥
2 -
o o
1 1 1 1 N 1
0 5 10 15 20
HEAR & (g)

K 2-8 HEA F &%} PVAL799-g-PHEA B 3 {154
Figure 2-8 Influence of the amount of HEA on the grafting ratio of PVA1799-g-PHEA

2.3.32FTIR 3#f

2-9 NBENHT G PVAL799 FEM ) FTIR . HIEAT L, 5 PVA1799 414
Jeil i ZEAHEL, fE PVAL1799-g-PHEA ik 4 1716em™ Ak (RHAE R S I T 1
S, VARG R (R AE R SO0 0400, S A, 3427 emrt R R R AIE I A e 162700
WA aE . XEESE T PVALT99 7018 bt N 1 PHEA B3 30k

PVAI1799

PVA1799-g-PHEA

3427

4000 ‘ 3500 3000 2500 2000 1500 1000 500
HHE Cem™)
&]2-9 PVA17991PVA1799-g-PHEARHE 41 41t 1 &
Figure 2-9 FTIR spectra of PVA1799 and PVA1799-g-PHEA granules
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2.3.3.3 XRD 73#f

Kl 2-10 NFEBCHTJG PVAL799 FE 5L ) XRD K, LAV fir 43 5 ik %o
PVAL799 45t 451 IS . KT LUE Y, BBl e R S I LERT S M1 0 19.6 90
40.7 b I T I B ARFIEAT ST, PVAL799-g-PHEA ) XRD fhiZk5 PVA1799
SEARME, (HRFAEATHEEIE AN . 25, PVALT99 45 JEN 29.7%,
PVA1799-g-PHEA Ff /45 5N 28.6%, FIHBE DR PVAL799 1)) 145 i
HA—EMBIRAMER .

PVA1799

R

PVA1799-g-PHEA

1 1 1 1
10 20 30 40 50 60

gt o)
&]2-10 PVA1799F1PVA1799-g-PHEA ki () XRD &
Figure 2-10 XRD images of PVA and PVA1799-g-PHEA granules

2.33.4TG o#r

TG S MR B SRV 3Ry S B ) — o 3= B 5y, ] DATE 2 4%
BN ERE. AEMEERHREEM, G ARREED TG 24l LU
Hith k13 PVA 3K HRp L,

PV1799 A1 PVA1799-g-PHEA 1] TG 7r#r &5 SR 2-11 fros. HEIW A1, H
TEGKKIR, EVESMZE 2 RS RAETEMBESH L.
PVA1799-g-PHEA 7£ 250°C LA BT UG53, SRJa, £ 290°C I F 5k B ¥ Al ) & 5
FIEWA, FE PVA 7 FREMAFE, X— PR T PVAL799 ) HER &
(380°C), XA A D A4 SCREBELAES 1 2 Jk 2 [R] 43 PN R 43 7 ) S5 1 T
B, SEEEREAESY, MG, £ 445°C TR PHEA KA M. H bl
K, PHEA SZHER)SINFER T PVAL799 AR E M.
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—— PVA1799-g-PHEA
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e CCH
& 2-11 PVA1799 Al PVA1799-g-PHEA Fikiff) TG ¥
Figure 2-11 TG images of PVA1799 and PVA1799-g-PHEA granules

2.3.4 PVA1799-g-PHEA T4 &E
2.3.4.1 iBRHIFREK A

PR PVALT99-g-PHEA S I 5K 77 B 52 M WL 2-12. | BT %0,
PVA1799-g-PHEA it MR R 05K KT PVAL799 i, HKIEBALVEREN
A RPEE PVALT99 SRR I TR /), HRER BRI 0 HnF 7.34%, &R
Tk 77 A 51.1mN/m 32T KR 39.3mN/m. 15K 7 BUE FIv/ N B i 12 1t 35
FERDRLTH (VR AN o2, el b S SR IE I 2R, R T R T4 G 1EH .

55

4s -

FIgk 71 (mN/m)

40 b

35 1 L 1 1 " 1 i 1
0 3.53 6.74 7.02 7.34

EHE (%)
K 2-12 RN PVAL799-g-PHEA 322 1HI 7K 71 AR
Figure 2-12 Influence of grafting ratio on the surface tension of PVA1799-g-PHEA paste
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2342 REENFMRED

K 2-13 NIRRT PVAL799-g-PHEA 3 2458 (18] 2-13a) . WiZdfs#
K (] 2-13b) KIEMA. R, PVAL799-g-PHEA I f W54 i i 5
KRR T PVAL799 i, 455 EH, PVA1799-g-PHEA # /4 PVAL7799 JiE
FHSEfENE; # PHEA SCEESI ANEI PVAL799 4% ] ASRFHIEHIHIPE . Bh4bh, FE
FHRFZRM 0 BENE] 7.34%, PVAL799-g-PHEA JJEI KT 2455 5 . 46.7MPa 14
% 54.0MPa, Wi Rl 1520634 158 195%. KB ZCHENT PVAL799 ()4

A 3B G o
70
(a) 200 L (b) 195
60 |- 54.0 172 7
2 492 ) 161
sof %7 T 196 7 6o | 132 T % 7
: |\ w % n N
z wr g 120
B o0 Ein
R ® osof
| =
s
10
0 / // 0 / /
0 3.53 6.74 7.02 7.34 0 353 6.74 7.02 7.34
R (%) EHE (%)

] 2-13 FEAL AR PVAL799-g-PHEA I Wit 2 i 2 () AT 288K 22 (b) O S i
Figure 2-13 Influence of grafting ratio on the tensile strength(a) and breaking elongation(b) of
PVA1799-g-PHEA film

F2-4 LT R RN PVAL799-g-PHEA S5 it JiE il 1t (52 . 2 m]
M, BEEEBRME K, PVAL799-g-PHEA 3% 1 KT i i vk $iy# i 20000
IR, 2 WH B 0 ) 188 AN 2 6 B Py i e b 2R e IR B A 7 2

Ik,
F 2-4 PR R X PVALT99-g-PHEA 3 JIEETR Je 14k () 52
Table 2-4 Influence of grafting ratio on the bending endurance of PVA1799-g-PHEA film

PVA F i ERR (%) i J i 1 (O
PVA1799 0 >20000
3.53 >20000
6.74 >20000
PVA1799-g-PHEA
7.02 >20000
7.34 >20000
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BN PVALT99-g-PHEA JIE/KIE 52 WKl 2-14, W W, BEEHAL
I IE K, PVAL799-g-PHEA ¢ JIE 1) 7K V5 I [B] 3 W 9 /)« X EE R A
PVA1799 5|\ PHEA Bt SCHEIG, BRSCRER S MAZREAERT, Hahn 1 4 75
MIRE Ry, FRAC TS5 E, Ky TEAESHENT PVALTI9 731 218, KW
PVA1799-g-PHEA IR /K J I [A) 4 i . T BB o R AR 0 K, 2 T oz BELAE FH 34
58, i PVAL1799-g-PHEA & i5 (1) 7K 1 B (A1 3Z Wf AR 40 o 7K I B[R] 1R 46 4, )
PVA1799-g-PHEA FHFIMHE ERAEL EEBR AR

60
T \

30 F

IKIEE] (s)

20

1 ; I . 1 . L . 1
0 3.53 6.74 7.02 7.34

% (%)
[ 2-14 R PVAL799-g-PHEA 37 /K ¥ 1 ) §E i
Figure 2-14 Influence of grafting ratio on the time to break PVA1799-g-PHEA film in water

2.4 RE NG

AREFH Fe?*-H02 5 KRN G T 4 Fi PVA-g-PHEA FEfi, FFFIH
FTIR 70 #ri6iE | PHEA SCEEFE PVA 70 THE ERIEII SN, X EATHRIETK /)
LSRN RE IR (K 22 S ML BEAT 1 20 bR O, SEBL T PVA-g-PHEA AT, Jf
TE & T ekl 225 FOMERE R I 72 o 5 DL R 251

(1) A Fe?*-H0; 5l kMR %, ke HEA HEN 10g K770, 73 0%
PVA1799. PVA1788. PVA0588. PVA0599 Jt 4 it PVA B THAN St Ab 3, il
i 4 FERCRAIE K PVA-g-PHEA #Eit . FTIR 70 # g 1 PVA-g-PHEA [
Thitil %, RMBTER TG PVA FIBRIES, XRD SHife 14 &R
. PVAL799-g-PHEA KL WIZL8E )y 43.1IMPa. Wi K2 149%, ¥
T HoAl 37 PVA-g-PHEA ELATYEA 1 5 (i Je o 12 B
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(2) BURER ¥4k HEA XF PVAL799 JH &8 59 10g. 15g. 20g, fill#%
Ho4 AR 5N 3.53%. 6.74%. 7.02%. 7.34%[f] PVA1799-g-PHEA
fhs 5 PVALT99 Yl AT 0 Lok — ISt T He BB Tl . BB AR
0 #In#El 7.34%, KR K I 5LImN/m Z i (L ZE 39.3mN/m, KB
PHEA #EHCBEEM ST, BRI/ T MR T 5K 77+ 5 M8 10 W 28 5 B2 A
46.7MPa % 54.0MPa; WiZ KRl 152%M % 195%, K PHEA ZHE)
Fe AT PVALT99 R BIEA, HIMWIE FH BEE R R SN i B g s SR
IKVEIS T ARRL, Xz B NAE ESRADRL B B R ARRAE A . sb4h, R
(38 IS 2 0 BB (¥ i e o AR SRR R, B R R SR ORI . GRE A=
Tebrsh B, HEFF PVA1799-g-PHEA #£ 5id B 3R %N 7.34%.
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£ 3 EF R PVA R R AEILEHEE SR
M)

1 RERVSS

3.18|8

T RREF 4 (Rt e, A L AE i R P 5 R AE MU B 3, T P AR
22 W BRI R A5 1) L), B P Y AE 2 G Pk - B B I s fE AU, Bl 2F 4
it SEAR i 0 3 A P A 32 BB R TR AR 4R T A BRI Rk, R BRI
DA & G B AT (0 fS BN T, el BT 4 5 Bk 2 e SR P RE DS, AT 2
FHIRAYEE SR RE .

W 2 AR GEE PVA KB — R A RAE SRR I
PVA1799-g-PHEA MEREFIXT KB E . Kk, 7655 2 S 3sat b, AZA
BHIE PVA-g-PHEA ENBREF4E B3R FME HIIN 2 B A R M F R, RABAR
i PVA-g-PHEA b IR Ab T 5 IIBRET4E 5 il 6 A b 7 20, o HEk R
BEATMNR AT, #2507 PVA-g-PHEA b3 A0 J8 6} B - 4L 31 E RS S L 52 564
¥l (CFERC) PEREMISEN, FHUik i PEREIL 7 ) PVA-g-PHEA EJ ),

3.2 LG ER Sy
3.2.1 EEFEMEL W S5H
(D FEJFEHE

BRET4E T-300, LIRFN 1%, T EMERRIYERA A RA R L JIC-02A
TUPRSEM IR S JC-02B RUEAL T, AuBEFA R e A IR ) A7, AR 5
LSS 2 2 2.2.1,

(2) FEIXAHEE

AR, odral, Bl MR IR A A, HRuILe 2 B3
2-1; EEIIER IR 3-1, HARILENERS AR 2 =K 2-2.
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* 3-1 FHESLIA AR
Table 3-1 The main experimental instruments

BEEN P& Eith) G
THOLA ] L S F RS LE5105 Sk (L) BPEERH IR AR
A4 T R S-4800 HA A
B TE I N #EE AT e DK-615HTD TN A H PR A7
HEMEAE / B
oL 1) L1~ T e IS WDW-20 T e KRR IR L&A PR 2 7
3.2.2 CFERC #m A&

3.2.2.1 IR HERITAL IR

BRETHEIR 3% 70 5 Y37 VR A b P R X B 2T 4k A B R 8 AT I 5, 2
KSR E R Rk, MR ARG E . B, W CIEE M 4EmcE T
IR 29 100°C FIMEAE HEAT T4

BT 4 FIRACEE: BRELTHE D 3g 58 2 #4511 PVA-g-PHEA FERL, I
ZEVR KT Bt & B0 0.3% M7y B, FREEHE (120r/min) JRn#zE 95°C
Ja, PRIE— BRI )E, HEERT G KT E R HERE] 95°C LR 18k &
HiREE min, B IR AERIRIE IR AR AT T FRE BIAT R R4 i A5 B3R
A 1.0%, WHERRYEIERT I . ATIGRKRE e JRBRET 4 Sl PVA-g-
PHEA 3¢ AbF (IR AT 4E 5 il e % 9 CF(GR). CF(JR)F CF(20): 1 PVA1799-g-
PHEA. PVA1788-g-PHEA. PVA0588-g-PHEA. PVA0599-g-PHEA L 3¢ 4bFH )
WRET 44y ) v 4 )y CF(1799). CF(1788). CF(0588)#1 CF(0599).
3.2.2.2 HmAHIF

Hi CF(E)M CR(S)MEAaimtd, HEM e AR, DEBRAE G A
Srliil % CFERC FEgh. E26, BHIEEY 1.0mm 15U R LR AE e ia i
B, # CRUE)R CR()/ Ml E TR S, S5 AR PR IR R T & A k2T
YEPRI E IR Y, 8 (b R 5 73 31 CFERC,  BASI &2 & 3-1 Fivs.

AEHRH CFGR). CR(E)M CRE)FTHI R E &4k 4y CFERC(R).
CFERC(J5)f1 CFERC(Z%); H CF(1799). CF(1788). CF(0588)f1 CF(0599)r il
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B 2 A F R B v 4 48 CFREC(1799) . CFREC(1788) . CFREC(0588) Al
CFREC(0599).

CF(iB) CF(%)

Ger Y

B 3-1 BREFAEIA AU iR SRS A R 1 26 5k

Figure 3-1 Preparation method of carbon fiber epoxy resin composite
3.2.3 CFERC # &8Iz
3.2.3.1 RifgE

TEARZEF, R4 ASTMD638 FrifirE WDW-20 BUGaL% il 7 /7 B iR GG AL
EIA CFERC (R ERe, hrfiis ey 2mm/min, WK 5 MG BEIEREA .
R R B4 T 5 A AT T

o=— (3-L

Ref: o HHIE, MPa:

P R ATAHAT, N

A— SRR, mm?.
3.2.32 LM AL

5 R A A PR S R SR R KN SR R L2
T £ 4l 15 0 G i A T T 46 4 MR I M T, 7E R R, R
ASTMD790 FRAEH 4 & FHEIET T 3 s M. ¥ IBUE AL Immimin,
BEIELL g 32:0, WA 5 AVERHRREAR . 25 AR AL F A1 A AT T 5

3PL
MNP
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A: o, —ZMhiiREE, MPa;

P —IRE BRI IR B KA, N

L—##E, mm;

b—iAFE T, mm;

d—iFEE A, mm.
3.2.3.3 BIHJIRE

BRI A R R AE CFERC Jisfth b E B TR 9, A4

B, SRH VRS BTN Bk 4 4 5 P U IR BE AR 2 8] 1 BY DI R AT
. HHE ASTMDS5379/D5379M-05 e A4 E HIAIAL Exf & & A0 khHare
CAFERST I 3-2 Fros) B UIvE AT I . B n#E & 1mm/min,
MR 5 ANE AR A .

| 38mm |
| |

"

| 76mm

e

Kl 3-2 Z AR BT VIR R

Figure 3-2 Specimen size for composite shear testing
ST PP BT DV 9102 AT 151

_P
A

F* (3-3)

A FU—MRPRSEE, MPa;

PY MR AT, N;

A—FPRHIAIAL, mm?,
3I3HERGTL
3.3.1 BREFHENEIRMFL IR 54

Kl 3-3 435l CR(JE). CF(B) M CR(H)H SEM K. &l 3-1a S (1) J5h

Y, HARMOAAERL R RBOR R, MFHEIE PVA-g-PHEA 2 b FE TR X
SRR s, RIS RIBRAFHE 2R 5 i, SRARBRAF R R T A VAR, 0]
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3-1b fAl7R. 4 PVA-g-PHEA LIRACEL S, PRMRAF4ER I v FE ELig 2k, Rk
% T PVA-g-PHEA MK R EEE (K 3-1c) , XWAIE T PVA-g-
PHEA 1) 22/ H .

St

P 3-3 5 CF(R, a). CF(GE, b)& CF(, c)ffJ SEM
Figure 3-3 SEM images of CF(original, a), CF(desizing, b) and CF(modified, c)

3.3.2 S &MRRBIERE ST
3.3.2.1 RI{@SRE S 4h

SAMEHR I M REAEAR KR SE b SRR 2T 4 15 ef i ks S THIAH (1 5 (920
5] 3-4a &y CFERC(E)FE Ak HOF SR E 45 0L . WnIEIFT7R, CFERC(E) HH M5
BEE T HE. R iRmiEE R/ MY E CFERC(0599), Hirfiis#fE Ny 81.2MPa,
¥ CFERC(J)¥Ehn 1 18.9%; #2miMEE s Ko CFERC(1799), H i fdinffEik
86.5MPa, ¥ CFERC(JR)IET T 26.6%. FiffismfER R EMin, LT
PVA-g-PHEA [i5 I 1) & B 5 30 R R B Ak () P2 A T 456 7)o 456 J0ibit nve
P i A 1 P e B0 A i A B R 4 159, AT fek B 47 4k 5 0 g A ) L
A RIFFIFHAER, SAPRERILH SRR R

100 120
(a) 84.6 86.5 —— CFERC(JF) (b)
812 82.7 ——— CFERC(0599)
80 100 - —— CFERC(0588)
i ——— CFERC(1788)
68.3 ——— CFERC(1799)
= ~ 80 F
£ of &
= b=
~ ~
l = 60 |
B ol e
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ey _—
= = 4f
20k
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[ 0599 0588 1788 1799 0 I 2 3 4 5
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K] 3-4 CFERC ¥ i B Ao i (a) S 2 77 - 848 1 28 (b)

Figure 3-4 Tensile strength(a) and stress-strain curve(b) of CFERC samples
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&l 3-4b fir7s2y CFERC KRN /y-NAR 2. f AT %1, CFERC(JE) L
A MEPEWT 2, 1T CFERC() B AN A M v i 2, (R 82 g DL K 32 AR 20 %
CFERC(Ji) A ATt K. CFERC(1799)Fi 1 N4 CFERC(JR)HE Tt 1 46.0%, i
/] CFERC(0599) 3 i 7 15.5%. XMW ULEH, B 1 B4k 5 050 i s 4 )
[T &5 A E X CFERC MU ERE 2G Muse i oh, 3R 2 3 I 4 G 42
EE A MBI SRt R IER . PVA-g-PHEA il ZMEREH, &
BE T AR AN A 28 IR B 4T 4 5 0 S R B i e e il ok, T s S AR BB, AT 42
T EAMEN 1R
3.3.2.2 RIfHER R R E 57

FF RS R T %0, CFERC(1799)hu 4 At fc s, Ktk CFERC(1799)
TERXTEL], X CFERC K s LMW R T HAT T 0 #. B 3-5 (a-c) A2
BT CFERC Wi Mi2Ea . MER W, CFERC(GR)Hi{H M FA W w2
gL, Rl OAEESE, 2URIR (K 3-5a); CFERC(R)C&il B A, FLiH
kb CFERCGE)MEF (B 3-5b); i CFERC(1799) 4 ff I T 78 Yt 27 B il B
NEHY, Hphm o5 (B 3-5¢). B4, mTLLEH, CFERC(E) K
CFERC(J5!) Wt I AL A7 AE AR AE B IN G, A9 et HH 3505 20 Bk 2 44 5 40 I ik Ak 4 5 4L
#; T CFERC(1799)M H AL KM ok B, H AR K 2R SUAE SR
JRIE, XU PVA-g-PHEA bIEFIRIAE RS T Bt 4 5 50 00T g 18] (14 S T
EE1ER

RPN, AEBR A AERG 5 G PRk, R A by AT 2 4 A 2 4 5 e ] i
AR 2 ) TP R 7 0000 7 2 R R ) R PR BRI, BT 4E 5 R R ) S
B0 PR P D ot I A s B0, Rk, R T HE— B ERAE CFERC A i (1 Hir 45
PafhiL, X CFERC A b o Add W i (1 R WU Sk 47 1 SEM RAE, 4l 3-5 (d-
f) Fim. ALAEH, CFERC(E)M CFERC(JR)MIH: (I AT A, R 4F 4 Fn
G TE) A I B LR A7 A BLALRR K (B 3-5d. K 3-5e). BRILZ4h, BREF4Eplid
M YRR 50 B e B 5 L AN Ak o R A PR i 4 4 R T TG T G
XU CFGR) K CR(JR) 5 A M e Bt i) SR 45 & e 72000, X P RE 45 A RN 2%
S5 CFERC MUMMERE FFE. T CFERC(1799) M4 i 24 A vh,  BRET 4k 54
i e 1) A R L 2 IR FLBRAFAE . B EF 4 5 Bk 2 [ ) S 45 & 8 07 (B 3-
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5f). MAh, BRACLFHEE D, WP, WSS IR LT dER
LT 4 5 A IR RN RSE AN, i 46 & RCR TE A,

IR Y OO R - - C e

& 3-5 CFERC(i®, a). CFERC(J&, b)#ll CFERC(1799, c)frjufi L5t 25K
CFERC(E, d). CFERC(J, e)fll CFERC(1799, )ity fh#im SEM K&
Figure 3-5 Tensile fracture damage pattern images of CFERC(desizing, a), CFERC(original, b)
and CFERC(1799, c); SEM images of tensile cross-section of CFERC(desizing, d),
CFERC(original, ) and CFERC(1799, f)

3.3.3 Tl MEREST T
3.3.3.1 TR E o4

AR R RS2 S &5 A MERE R K . 18] 3-6a iy CFERC(H)F
A R LE . AL, 5 CFERC(ER)FES IS fWi4sRE 104MPa
Lt, CFERC(Z)EE M 2S5t 2458 (124MPa~131MPa) 753 1 fifom . 25 il
9 JE ST f =y iA ) 26.0%, FARIG N T 19.2%. BRET4ER I ) PVA-g-PHEA
EERMZFERER T SIHAM ST L ERER A AE 2 AER T, TR
T B A4 5 AW R A A, R R R oaR SR A, X RT AR R
CFERC(&) Lt CFERC(Ji) B A H mhn & MERe i) — AN EH ZJH A

& 3-6b FTon ity CFERC A & il 52 Jy-MAR i k. T, 5
CFERC(JF) ¥ S #H L, CFERC(&) i 25 fth 37 /7 - A B 2 38 K, 58] PVA-g-
PHEA SHRREF4ER) FIKALEE, Xk CFERC #Mk. #&5% CFERC i & REAA
R . CFERC(JE)FES 3125 2 fif L JJ B BRI, 2 Fh 725 it 2 fif 11 5% Tl 14
L S T L % . ML R, CFERC(ZR)E Bamid fE sk & A TR A8,
M3k B e K il R A BR N, B A MEvEWT R, HEH R N E
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CFERC(R)F#:K#e . FHJRKA, mlaEHT PVA-g-PHEA L7538 E M g
B E A RIFRIAANE, STRRET4E 5 W AR IR 2 (0] Fm &5 & 77 28 7 ARG ), f
1% CFERC (M) E B H AL 7 1) 25 h 4 BE .

150 180 RCT
—— CFERC(J51)
131
@ 124 125 128 —— CFERC(0599) (®)
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/ |
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K 3-6 CFERC HF it /125 iH 93 )i () S B /5 -8 il £k (b)
Figure 3-6 Bending strength(a) and stress-strain curve(b) of CFERC samples

3.33.2 Ll EREm AT

BT R4S B el &1, CFERC(1799)2 i At ds, KL CFERC(1799)
TERXFLEBI, X CFERC A i )25 il Wi 2R HIHEAT 2047, 18 3-7 (a-c) i
8~ CFERC M2 i W45 . EPH H, CFERC(IR)ZS h i - B i3
g, Bk OA S (K 3-7a); CFERC(R)H T Y& R abr, Hkr o4
CFERC(E)M 2455 (& 3-7b); 1fii CFERC(1799) )25 il i 76 % 2% B4 R
2o, HA Mk OB (B 3-7c). Iksh, "TLLEH, CFERC(1799)H1725 #hif
Yl _F A B ISR S5 ML, T CFERC(R)Y CFERC(JR) M2 il i -
HORA I B HIMEES. Brikz b, CFERC(E)S CFERC(JR)WT K Ak K ik £F
Y AR R A R AR B, ELB R H P B AR AR TR T, R R B
WERTR R, X U BT 45 IR AU i 2 RN ST 45 S PR 22 . T CFERC(1799)
FESZ BN MR G, BREF 4R S 2 A RRIBTIED AL A 9 2 (0 A g ik i o 1
SEESE T bR AR T DR B AR 4 5 I IR SR I 5 SRR, B PVA-g-
PHEA [ AL3H 5 (1 b 7 4 5 B0 S50 IR B4R (R ) T B AF I SR T 45 A AE D, TR
¥ CFERC(2) 1t CFERC(JR) 5 = i 25 il 9 JiE o
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& 3-7 CFERC(E, a)- CFERC(J%" i, b)%n CFERC(1799, c)f2s Hﬂﬂsﬁ%a& SR
CFERC(E, d). CFERC(Jf, e)fll CFERC(1799, )ity th# i SEM K&
Figure 3-8 Bending fracture damage pattern images of CFERC(desizing, a), CFERC(original, b)
and CFERC(1799, c); SEM images of bending cross-section of CFERC(desizing, a),
CFERC(original, b) and CFERC(1799, c)

FIFH SEM ARt CFERC £ i 25 il Wi 2 A 8k 1 (1 R M50 A7 3%
fE. K 3-7 (d-e) N33~ CFERC(E). CFERC(JE)f CFERC(1799)Ff i 2
T4 T SEM . ATLLE Y, CFERC(R) M CFERC(JE)HIZS fh b4 ak i o,
TR 2 4R R TR B B ALBR AR AE, HALBREOR (& 3-7a. &l 3-7h). B
BRAFYEAERERI AL BT Y, R PVAL799-g-PHEA 7 T B £F 4k AR Jig I 44 2 ],
TR T AR SRR, e 7N LSRR (KB 3-7c). £ CFERC(IR)
WAL R, BR A YERIIR AR IR 2 IR AT AR 2 (R B, AT 4 (2 TH VA Bt
M as, MG LIRS, FRiH e A SR B8, £ CFERC(1799)f 25 Hh 7
ZUBE R, BRAFHEEE IR b 25 T 7E S AL = AR IR . A, AR
W5, BRI R I AUR IR 55, A AL IR BRF 4 A IR B i B & 7E—
L, FRRAT4E SR S AT B ke,
3.3.4 B RE S HR

B AT 4L 525 14 BH 1 BE 52 £ 4E- AR FHEVRF IR 4] o BT )5 B R PR R 2T
Y 55 5B W o ST ARG B 1 B R AR
3.3.4.1 IR E 24

Kl 3-8a y CFERC MBI VIssfELs K. wElFiR, 5 CFERC(E)MHLIL, B
CFERC() By 15 B #8A i s, R AHIE 2R ALPRSG T T CFERC B i (185 1)
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VeBE. FIRE TR BRAT4ER M S M B B S5 I A IR A 45 1 22, T PVA-g-
PHEA bIRIbFE S MR AT 4 R M AATE SRR S5 & RIFIORBZ, (2T —
HIR LG ER, MM CFERC(H)FE MBI YIRS K. thsl, B
&1, 5 CFERC(J )AL, CFERC(1799) () BT ) 4 & ¥ ¥ n 7 37.7%,
CFERC(0599). CFERC(0588) L\ 2 CFERC(1788) () B 1) 5% 5 4% vy i &£ 43 il
15.1%. 17.2%F!1 32.1%.

60 60

(a) sis 53.7 —— CFERC() (b
T — CFERC(0599) N
50 1 449 1457 50 | —— CFERC(0588) yd ~
‘ —— CFERC(1788)
39.0 CFERC(1799)
ks 40 E 40
= =
=30 - 30
B B
R 20 & 20

10 10

1 1 1 1 1 I
J& 0399 0388 1788 1799 1 2 3 4 5 6
CFERCH: it BN (%)

| 3-8 CFERC #F il Fr) BY V) 58 i () b L 77- A% il £k (b)
Figure 3-8 Shear strength(a) and stress-strain curve(b) of CFERC samples
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Figure 4-2 SEM images of CF(original, ab) and CF(1799, cd)
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Figure 4-5 Shear strength(a) and stress-strain curve(b) of CFERC(1799) samples
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Figure 4-6 Contact angle images of PVA1799-g-PHEA with carbon fiber
(a-e correspond to PVA1799-g-PHEA grafting ratios of 0, 3.53%, 6.74%, 7.02% and 7.34%)
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Figure 4-7 The value of the contact angle of PVA1799-g-PHEA with carbon fiber
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Figure 4-8 Contact angle images of PVA1799-g-PHEA with epoxy resin
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Figure 5-1 Tensile strength(a) and stress-strain curve(b) of CFERC with different sizing
percentages of carbon fiber
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Figure 5-2 Bending strength(a) and stress-strain curve(b) of CFERC with different sizing
percentages of carbon fiber
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Figure 5-3 Shear strength(a) and stress-strain curve(b) of CFERC with different sizing percentages
of carbon fiber
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Figure 5-4 Weaving process of CF(desizing)
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Figure 5-5 CF(original, a, ¢) and CF(1799, b, d) plain fabrics for prototype weaving

* 5-2 BREFHELA DAL

Table 5-2 Carbon fiber fabric specification

e LMAL &I SRR SWrnE SLEEE(H/10em)  HE5E (cm)

2p i (tex) (mm) (g m?) 20 o
CF(J5) FEUH R 200 0.51 363 72 60 16
CF(1799) -Fardsd 200 0.62 386 72 87 15
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