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Abstract

A small amount of chopped carbon fiber (SCF) with excellent mechanical properties and surface
treatment with strong oxidant was introduced into the wood powder (WF)-polyvinyl chloride
(PVC) composite system, and the high-performance SCF-WF/PVC composite was prepared by
compression molding. The mechanical properties of the composites obtained showed that the
mechanical properties of the composites were the best when the mass ratio of SCF to WF was
15:85. At this time, the tensile strength, bending strength and impact strength of the composite
materials which were not added were increased by 34.60%, 28.03% and 21.82%, respectively.
SEM showed that the surface roughness of SCF increased after surface treatment, while FT-IR in-
dicated that the surface of SCF was oxidized by concentrated nitric acid to oxygen-containing
groups (C=0 and C-0). Therefore, the interface with PVC resin matrix is improved; TGA shows that
the impact of the thermal properties of SCF content on composites is significant.
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LEARB(WE)-BRZIEPVOREERFIIANDEAFEMBRR . SREAFRREE KGR 4
(SCF), % RREL DA & = RESCF-WF/PVCE &1k . MMFTIRE &+ B /17 R4 R SCF5
WFR B oN15:850, BAMEEMRERMA; WHANREMNEASHE, HauMsas. ShuEx
PR HIRE T 34.60%-. 28.03%/%21.82%. ST EAMEIETEHRIE, SEME REHSCFEERT
NHEJE, REHEMEE K, MFT-IREVSCFRMEFIRHREM R SEHER (c=05c-0), FmMHEEPVC
WA A HESBIRE; TGASHRY: SCFEENE SRR E .
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1. 5]

ARG SRR WPC)E AR JESE LT Y ik, 55— Rhel 2 F BB 2 S, R
Z[11[2] [3] [4]: ERTEA XS AN SRR, AT RS 5], [H WPC JJ22PERE M (R K, BRI
THN A e WPC I ERE, U RERR Kb 4 J FL L A5 [ 6] [ 7]

e PERE LT AE RE RO H R 5 WPC (11 7) 2% P RE » Jarukumjorn 558 4% SRS 21 A I 2 1 BREF- 4/ 58 4 s 7 &
, SEMEHRLH. B, Pisfdr. KK PERERIS RIS RIFFE ORI — € R H
ZUE LA, SEMEIN ) E0RE RS Jamal S 10]8F7E KM, WINE NaOH AL 5 11 75 26 2F
Y(Kevlar), WPC [ITERETSE] TR KR R; Shim Z5[1 1R IVLLRREF4E . TWRREF4EXT WPC REIS 58 74 Mk fg .

FEOIRETYE(SCE) 2 — M 2 PEREDL R AL RL, W SR AM B Sl i . iy T R ik
JEE i LR B 57 PR RE AR RE, FERTAS TR RE B il 46 S5 U, T AR Tz [12] [13] [14]. HAT
F SCF 35 WPC J)5VERERIB Fils /b XA SCF RIMMAIEE B RE R D, RMEMEZ, S8 SCF 5
PVC SRR, AR SMRLF I, %Xt SCF #EATRMALTE; J5ik 324 2 VR,
BAREAIE 5B TR AR AL A AIRAE[15] A SCR M 2R BB A iR T A 2 SCF ) LA
H58 WPC, #RITHYE WPC A1k fe SO A ) 5% &

2. XBRMHETFE
2.1. HRSEF

SCF: KJZ3mm, EH7~9um, LWHTESEEMEERAR: HARGHERIEWE): Fiff 250 um,
AT Z AR EAN) s BROMHEPVC): BAEN 107~118, FiBRWERGIRAT: »-RAHE=CHE
TELE(KH-550): 401 > 98%, | MUZHERAL THMRAR: R _HR_F8(DOP), Tikgk, ©ERVF
BRBFERAT, i, T, RIUKAEL THERAF.

ik
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2.2, REEHE

EUETEFENL: HS-50 B4 XUCRRFFAHL: XK160 B Bifgdl: PC-30 BY; #JEHL: Y33-50 BY; @S
iEYEAS: KM-800VDE-2; J7=#M gl ilf: HY-0230 &; SR EE Q50 TGA analyzer (TA instruments,
USAV T E A MR %R . 20464, RS IRAffini-ty-1, JHGVER: 500~4000 cm™, HA
SHIMADU 7=, H#iH81¢, M5 : Quantad50, [ FEI AFF7,

23. EGMREIE

2.3.1. EIRALE M

TR IR 7T, ARG %8 FH VR I RR R T 2t SCF, RDKF SCF B NIKR N 0% IS BRIA T , 7 80°C
TER KIS BAINE 1 h, LR BIE UL 2R B BE SCF %, PR SCF 7E 100°C R4 6
h JE#H . RIS FH Z8 087K R AT R AL () SCF #8375 il ve T4 . X FIRRRM A E S U
PR, RPN G AR A K AR R M RS ER LT RS AE T IR R [16]

2.3.2. R¥ U
F 8 wt%ik & ) NaOH IS TRAL F M R AT 4E 36 h, LFRHRE . K%, FHARBKERESD
P, £ 100°C N1 12h J5, F5HEBGT KH-550 JR &85 T & .

2.3.3. E4HHEIZ
# SCF. WF. PVC. %1k DOP. JHIE 74 (Wax). Fa5E 7(Stabilizer) 2 H U i i FEHL VR
G5, REWEE 80°C, VRANIE 10 min, HP&AHpEI %R 1, £ 2,

Table 1. The ingredients for the composites
= 1. SEAMRINES

Sample SCF WF PVC DOP Wax Stabilizer
s-0 0 100 140 40 2 10
s-5 5 95 140 40 2 10
s-10 10 90 140 40 2 10
s-15 15 85 140 40 2 10
s-20 20 80 140 40 2 10
s-25 25 75 140 40 2 10

Table 2. The ingredients for the composites

= 2. EAMRIERS

Sample Unprocessed SCF WF PVC DOP wax Stabilizer
a-15 15 85 140 40 2 10

KRG IR SR TTANL, 160°C FIEE 20 min ISR . FIAHE, HEEDR L
o R TG RN R TN, RS B S L AP AT TR R R o R 170°C, #A K 77 10 MPa,
P ] 20 mine B AR R R 5 I8 HKHEAT VA KB I .

3. ZERE5 0
3.1. WEMRESH
$ SCF 5 WF [ i Ho 1 928 B 46 ST A0, BFIL SCF R Ar B0 LA ARl 2 L RE RO .
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H3RJE 2 08 ASTM D638-03 HEATMIR, Fiffidi BN 5 mmmin s RFENFREA AR, K 165 mm,
P T B 19 mm, AR AR 4> 5 FE N 13 mm, FRFEN SO0 mm, IR N 76 mm, fFH 6 MEERE., T
i 2 | ASTM D790-03 FRifEFA TR, AR 80 mm, %/ 13 mm, SCAUESFEY 64 mm, & I#E
JEN 2 mmemin ', BR4L 8 NE AR pPF R S MR GB/T 1043.1-2008 ArEFELLA R Ie L i EAT R,
WK E 80 mm, $EJE 10 mm, BEEEN 60 mm, PhaEE N 2.9 ms™, HHEREE N 2T, F4L10 MER
Ff.
3.1.1. RREE

HHE 1 %0, RiEn SCF i, SEEMEH R RN 28.9 MPa, [i# SCF S &R0, Foiom ik
MK, 24 SCF 5 WF Jii & oA 15:85 (s-15), Ao 58 55 18 21| 5 KA 38.9 MPa, LU RIS INHI 2 1 34.60%:
4 SCF &gk, fifhomfE RIMAFLE T . JEFEFREZ: SCF A ik, mfis, {EEAME
WL FE s, SCF 2N MR BRBA 4r; b SCF SR K, EAEMEHRPUER IR, Hir
fPERE MG 58 Y SCF & & — @ =i, SCF 78 m il # SIS iR ol 72 vh 25 5 AR R, st
B2, o HIRIE— M SCF AR AR 70 0i583E, UL IR £, 4285 R 25 5 W Y, i
J LR AR5 B
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Figure.1. The tensile strength of the composites

E 1. E8MRERHEE

3.1.2. THASREF

B 2 o, S R 1 R s A A 5 B AR AR A AR AL, TR St R S U . AR IR SCF
i), 25 R A 47.8 MPa, SCF 5 WF &N 15:85 (s-15)f, 25 5@ ik B H KA 61.2 MPa, 2%
28.03%, Bt )52 Hhom B R 4h 20 FRF. JRIR T RE/S: SCF BB SEEAME T  EE], Rt
PG 78 00238 T B H ST, 452 USSR FH I, 38 ik 57 1 0 28R A A sk b A% 330 2 v o v A e 1)
SCF; 4 SCF & &Ml — &En, WHEARE/0=E SCF, FIRZARN SCF Al PVC 4 fig BT s i1 ¢
MEEREE, MZR I IERE, Njteida 5, B4 5 SCF M PVC Mgk M, WmififRE S
MRS s 8 R B

3.1.3. AERE
PR SR R R — N R, v R RO R AR MR, B 3 A, 24 SCF 5 WE
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RN 15:85 (s-15)IF, il E AR5 AMH 10.16 kI/m?, ECRBINIRE T 21.82%; BE% SCF & &
B, b IR, SCF 5 WF Jf &l 25:75 (s-25)0F, FFEZE 7.71 kl/m®. X A] g/ &) SCF
RES MR TR R A RO ST, SIS & RerE — e AR LIS RS it — b8 e, MRS &Rk it
e vERESR s Buoh s MERE T BRI IR R RIS S SCF R AEFISR, BEAS T 80% S AT
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Figure 2. The bending strength of the composites
E 2. EaMRIRSZHRE
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Figure 3. The impact strength of the composites

3. EEMRRNERE

3.14. BRAYERALENE AP HHIRAG

s-25

% 3 BIRTENNIN SCF Ji , E AMBH & T/ 24 M RE#R15 2] 7 — @ P2 A $2 s (BN N 25 &1 SCF i,
ZFRMACF ) SCF X E &M B &I 122 M RE b R A B I BOR T, 3RS T 9% 23.3%. 7.2%.

Table 3. Mechanical properties of additive treated and untreated SCF composites

= 3. RMAIBRIARLLIE SCF EAMRINF RE

Sample tensile strength bending strength impact strength
s-0 29.1 47.9 8.3
s-15 38.7 61.5 10.3
a-15 35.4 58.3 9.6
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3.2. BRAHERE SRS

3.2.1. BREAFHR) SEM

1] 4 PTRIRECHE ) SCF R TH 40 6 I8, BT M5 VAR, RS BER/ N SRR R T e Mk s
DR 28 T 20 k™ ) A, L T R ZR, RIEHREREI K. — 7T, SCF LR K, AT
500 g S A AR A T AR s 53— THT,  SCF 3 THT RIS 48 DK 3L 5 JH A sl o (¥ MR 6T 8 2 2 45 B I R ol s 3
MRS EN R RS S, W5 T E MR TR

7

10 um 4000%

Figure 4. The microscopic appearance of carbon fiber before and after modification, (a) unprocessed SCF, (b) treated SCF

4. BREFUERLIMRTERY SEM, (a) RALIE SCF, (b) ALIE/E SCF

3.2.2. EAMRARNLEH

HE 5(b)s (c)FIHI, 24 SCF & & E/bi, SCF I MSI e M e, JiEtaeitm A i,
XA REAE F T RS B A5 14 1E FI K SCF & /b R aeie = S SCF il ae M ae i/, H5H
fth2H 53 WAE HAE I 208/ ] 5(d)3R W] SCF 5EMATE R T RIF A& &, SCF RIAMRE, 2245,
W e S gE: K S(e)-(D Rkl SCF & = F3bin, & MR AR A 2 LLe 4% SCF,
SCF ##. Ay, 4 5 RUILE SCF SR & RIFMENL T, SCF BB A BN E &M BIKZ M)
(RIfE 7, 7 25 00 2RI A e i B 25 gt o A o A B 5 ) 2 MR e K KR FE 4 v s & I NS £ 1% SCF,
B R A MBI SR — e MPER, Eid &K SCF R ENMHIEATER AR, 55 1l
B, SEIRBURATR.

3.3. 5T

T AT 43R T SO R R AT i B LI 6, AbERJE 7E % 2860 cm ™' (C-H) AT 1650 cm ™' (C=0) i &b fry I
S, Ui SCF ZiRIMBR AL FL )5, R I 7 I SiEPE 22 I B Rt B B e & 4 k] C=0. T
WRAT Y SRR LSS A I S A B REFIIE 2, B DUBRET 4k S5 AR SAP R 45 & SNz [, A 45 B £1 4 384 50 2%
ST Y

P 7 i 3431 om ™! AR AR IS KSR 1 T W 2R TH 97 28 23 (—OH) U 4 iR 516 5 25 i IR 3
b SCF & &M, WF BT &7 LU/, [RI7 B FR A s>, AR PR RSO e it P AT, 9% 1650
em'\ 1035 ecm™ 23BN R FE(C=0) SRS FAEE(C-O) Wi, BE%E SCF & &k, WIMRIicis ik s .

3.4. EAMRIHIMEANMERE

P 8 Al%n, WF FI# il it R —AREM B, 2K WE T8 Hois 85K b 25 % H R Rt
KA TR, Rt WF R R A AR K R, W FI R B BERZETE 200.0°C~400.0°C, #x
AR B N 25%, 7 361.0°C I WF [ 3/ i3 R 54 1) i KAH 10.48%-min ™', LI WF 5% B %N 65.36%.
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(¢) SCF:WF=20:80

Figure 5. The microstructural morphology of the composites

5. EAMRHE SEM
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Figure 6. The FTIR spectrum of SCF, (a) unprocessed SCF, (b) treated SCF

6. FEYNRRAHER LTINS, (a) Rt SCF, (b) 2% SCF
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Figure 7. The FTIR spectrum of the composites
E 7. EAMRIBILDIMEE
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Figure 8. TG and DTG curves of WF and PVC [17]
8. RAHWF)SBE ZHPVC)R TG F1 DTG HhZk[17]

PVC [ i K AAEPIAN R E XA, 38— N i BOR 4R AE 220°C~370°C, #EIX —FirBerh PVC 43
THER B AR AEWZ, AR HCL MY B 294.5C I 20 i Rk B 5t KAl 11.01% min ', BB PVC
(RIFR B N 82.69%; £ ANV BUR ZETE 400°C~550°C, BEHEMILFEH PVC 20 THEM L 2 18] 2E
ACHE, [RIRERAE T A 2 A AR, HPRREE D & B A A I HCL SR A . 7E PVC 3R 28
TANERE S, 457°CHF PVC [0 R 0k BB K AE 3.55% min ', BN PVC BB N 30% [17].

HE 9 mTAn, HA MR IR KA A T B R &R IX 8. 76 200C~350°CHf, &Mk
PR LL BRI B, 295 °C INp 7 itk 480k 31 Bt KA 0.81% min ™', BEIN A F B B 28 61%, R B 457125 39%:
1E 350°C~550°C RASE I B AR, ISR I 2 AR 2218, X — BB s S A& MR 1) PVC 1R
RAIBEAR, B — B B AR B A R e AR R 2 R B NS B B B AR AR B A R E R, BT LR
G MRHE S B B IR i 2 2R T 40 PVC R, RN 447 8 CI S-S0 BHE 5 B Bt #4 5
R IE B A 0.35% min ', BEIE S MR R RN 25.76%. SCF BAT IR m 10 beblia 5, H=
i, AR R 5% B R K (3 4).
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Figure 9. TG and DTG curves of the composites
Bl 9. E6#EIE TG # DTG #hzk
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Table 4. The TG and DTG result of pyrolysis process of PVC and composites in two stages
4. BRCHRESMBABIETRE MR TG 1 DTG 45:3R

Stage Sample Range of temperature/'C Tnax/ C Mass/% Derivative mass/(%-min ")
PVC 220.0~370.0 294.5 82.69 11.01
First stage
composites 200.0~350.0 295.0 61.23 0.81
PVC 400.0~550.0 457.0 30.00 3.55
Second stag
composites 350.0~550.0 447.8 25.76 0.35

4. g

1) SCF £k MRt J5 , R LA, MR FEAE K, AR 1K SCF 5 PVC WIS AR ELAE 77,
VNITE DN =R v ST OpA LY

2) SCF R TH FI# 73 B fe H R i B S AL R 5 A 5 H(C=0 5 C-0), SCF IR MK 11 A 3% T R 37 44
K, s T EEMR AR TAEE .

3) SCF 5 WF Jfi & Ltk 15:85, 52 G AR A 5 5 | 25 ity 5 5 AN v o e P 0K 3 e K AHL, 43904 38.9 MPa,
61.2 MPa 1 10.16 kJ/m’.

4) SCF % WF/PVC & MBS ERem: i SCF &I, &M R MRS R4 &

£ E&WA
B X RE A 28 AT W RHIE & T4 95 300 H (201504503); [ 58 H 28R4 4:(31770606); 5155 4 Rl 4% &
KET(2017NK1010).
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