5 47 %50 2 ) T & % B N A Vol.47, No.2

46 2019 F2 H ENGINEERING PLASTICS APPLICATION Feb. 2019

doi:10.3969/j.issn.1001-3539.2019.02.009

LR ERAFEE / RTHEE SRR R

(P E =g S L =0F9 T, UF 250031)

HE: 54T 3 FFREAM S B R FFrB 7% (BZ) A A5 Bl ALK & 69 262 45 M BRG] LR 45 1R ) AL A
ik th—APE B TRk 58 B LA AR e AR IS4k &, 20 b 100 4 BZ A AR TR AR, 10 &R Mg |5 055 &
B KB ALLR . AZAIE R R AR A AR EL T E 44 T NOL 3R, 48K T 485K A 47 NOL 2R ) M4k 68
oy EEMELIR A T, B & T 4R 150 mm AREE A RS, AT T AL AE M X, SRE, KRR IEK A
AR A R, E RN AT 8 h, RERLA BT N F I (Lot iR E A 2] 78 MPa, 45/ 31453 54 3]
4,56 GPa), i b7 5L I iF 30 % ; A ZE LK A 6938 K, NOL 3Rag3afb & & 1) 3] 30 5% 2038 KUg mi)y, B 4248
3k A1 10 N B, difh 3% Z 35 %] 2680 MPa, & 7] 3] 30%% ik %] 66 MPa, B &8 44+ T (160°C ), a5 & 1) 3 b 3%
AR R IR 85% ; EEMYELEIK A (10 N) T, B B B4 48 240 41.3 km, 4F 435% #5405 55 3] 89.1%, A&
KEAET R Yol h SRR

KRR AL R OPeRR BT AR Ak

FESHES . TQ327.3  XHFIRAS: A XE4HS: 1001-3539(2019)02-0046-06

Study on Properties of Wet Winding Benzoxazine / Carbon Fiber Composites
Xiao Yachao, Chen Yan, Zheng Zhicai, Meng Xiangwu, Wang-Ming, Wang Shang, Wang Qiang
(Institute 53, China North Industries Group Corporation, Jinan 250031, China)

Abstract : The viscosity temperature characteristics, gel time, casting mechanical properties of three epoxy resin modified
benzoxazine resin curing systems were analyzed, and a resin system suitable for wet winding and excellent performances was se-
lected, which consists of 100 phr benzoxazine resin prepolymer,10 phr mixed epoxy resin and 5 phr aromatic amine curing agent.
NOL rings were prepared with the selected resin system as the matrix by wet winding process, the effects of winding tension on the
mechanical properties of NOL rings were investigated. Under optimum winding tension, standard pressure vessel with 150 mm of
internal diameter was prepared and its mechanical properties were tested. The results show that the selected resin system has excel-
lent viscous-temperature properties, its application life is over 8 hours, the mechanical properties of the casting are good (such as the
tensile strength is 78 MPa, the tensile modulus is 4.56 GPa), and some dimples appear on the tensile fracture surface. With the in-
crease of winding tension, the tensile /interlaminar shear strength of NOL ring first increases and then decreases, when the winding
tension is 10 N, the tensile strength reaches 2680 MPa and the interlaminar shear strength reaches 66 MPa, and the retention rates
of tensile / interlaminar shear strength all exceed 85% at high temperature (160°C ). Under the optimum winding tension (10 N), the
characteristic coefficient of the pressure vessel is 41.3 km, and the conversion rate of fiber strength reaches 89.1%, which indicated
the mechanical properties of carbon fibers are basically developed.

Keywords : wet winding ; benzoxazine ; carbon fiber ; composite ; mechanical property

HIFNEGE (BZ) MIEE— I ORI MBER R, (SR IR i mebe i, il Hw iR 1 A2 e B e v i
BLF 20 {20 40 4FAQ, {HAE 90 4FAUA TF IR d K AR IR I & T2 M 8, 1 B,
Ji& B B AR AR A SRR T A B R e N BT R H

BWEE  PEA W+ PR T E-mail : 15966606615@163.com

Yr#s B # : 2018-11-10

SIRAMER: 1 WM, PRt R, 45 R SRIFIEIR / BRET AR SR EERE [J]. TR2MRHV T, 2019,47(2) : 46-51.
Xiao Yachao, Chen Yan, Zheng Zhicai, et al. Study on properties of wet winding benzoxazine / carbon fiber composites[J]. Engineering
Plastics Application,2019,47(2) : 46-51.


杨超


O, 55 - SRR SERTTER / BT S 5 MR E RE 47

TEHTIMA B AT, —FomHTF 2R [ EA A =,
BZ W AE- S BES L 4k LU S 47 4 (CF) A R4,
A NTHEREE R, TZ2MZRIS AW IR Tk,
M BZ WG & MR i 30, B e i as
PR AT AT T )32 I T2,

H T, BZ g 322 H T4 B 15 R A5 08 8L T
M TFRRE SR T 2 MRE LA . — 7T,
KZ BZ WHNRATIR AR 23T 65 K, AN R ik
WLE T 42K 7 — T, BZ W I N iR
OB W IR RIPEZE . BT, AW IR IR R 2Rk
WEE T 2 AR IR R H A R
2EVERE. N T RRAK BZ MR 7E IR T AL Hitm
[ A6 ) SRR B, 28 4 3l o X BZ R TSR AR 5
WEM AR DL R R G R Tl A Tk g
LU0 3R B Ak i R L, #R5E T 3X 3 Ak
FIRE B R DL KORE OG22 g 5 S et Mk i T
2 H1# T BZ/CF AR XS R  2 A 44
AHAEE 0 1 2E R R AT T, S BZ MR N T
PRI SR R T SR — 2 AR HE -

1 SLIES
1.1 EZRMH

WENEE BZ Wi : ¥ m B AL TRHEARRA
GF

AR : TDE-85, RIITTICAF L TARR A 5

PRSI E AR : F-44, EB K L THBR A A ;

AR - 669, 5 BRI TC MR

WA TF T e A

CF : T800, 12K, [#™=,

1.2 FBEEBME

By aisetl. FWA L/ 5/ 18, % BSD /37 ;

ELAS LR . DZF-6021 &Y, i ERFABRA R

e B B SNB=3 B!, [ e i fe Rl
PR F]

TTREIR I HL - Instro—1185 Y, 3 [ B 3 4 B 2
Al

H B 7 %S (SEM) - S-4800 B, H 7k
Hitachi 23 ) .

1.3 RHEHE

KRBT 5E BZ IR AE = il T HAT B AR
&, FFIRE LRI A% i i SUsE ST I, BT Al [ Ak 4 B
R P A8 B R O v A i A, L A an el 1
TRo BTN 3 FREREM AR R E BZ B AR 1k M4 R e
Ji W 1.

N—CH,—CH=CH,

Pl 10T 5 BZ MR 4
®1 3WREERLIERFEEASHE 1y
% T BZ Wi AN Ekisl
Bz-01 100 5 2
BZ-02 100 10 4
BZz-03 100 15 6

T 1) IR A I ARt TDE-85, F-44 IR R IR & 1M A,
SHFhH Y 3:1:1 ; 2) LA AR SR L 5

W De B3 PR I il 4« 422 4% 1 BT IR A AW R G
WK P A AT B B il L, T 120°C
T EZS B, % 160°C /2 h+180°C /2 h+200°C /2 h
PP THEREIfL, ARV H), BB, 01, 15 2brifE R

LTRSS IRLIE AR (NOL B ) Byl 48 : K prf
NE R WS IR A AR 5 25 CF 5 W g5 54U,
T 3o B DL L 12 T T Ak Fi MR PR ) 9 28 7 4%
S E A2 150 mm [ B RO -, e B —E 14 [ £k
R AR E L s L G (A A A 7 5 00 A L, AR A
GB/T-1458-2008 1[5l fa ) #hikdil 45 NOL ¥4,

W42 150 mm A5 HE R T 25 45 10 1 25 B 56 I
T2« SOV (1) 1 A — S ABE A B — gt A5 — Bl 7
YRGS A AR AR 2 e [ A — AR A P
— 7K B
1.4 WX E4E

FRURFRE AR : DU — & TR E0R, T4
I E e 1 A ETSI 3 AR AR AR 2R 14 28k A i ek A
b (%R 150°C ) Ay,

U8 Je sF (B0 2 = FH P Al /N J0 925, 43 0 3
BB R AEASR) IR BE T B BRI 1] (CRAAR iR 14 2R A
TINAAERT 22 RZS 5 SO BRI TE] ).

Ve IR A PERE I : 4% i GB / T 2567-2008
X M e 5 AR 43 S R A T A 25t R 4 M g
Do 0 2 P Ao 25 i PR BE RS, gk %k 2 mm
/min ; J5E FE4E5R EER, Nz #% 4 5 mm / min,

SEM 3H7 « B R g0 75 21 14 1XURF W 1T 3261 7%
SAbHE SRR SEM AT FE ST o

NOL M fgil ik : #% 1 GB /T 1458-2008, F|
FHUT BB IGATLI 2 AH G T 7 2 M AR L i 4 00 3 s
B2 8 Sl 2~3 mm / min, 2 18] 5 4705 3 0 3t e
A IN#R N 1~2 mm/ min,

N2 150 mm brifE R A A EREHE R GB /
T 6058-2005 izt


杨超


48 TR

2019 4F 55 47 4,55 2 1)

2 #ER5ITE
2.1 IS EACIR R FEE M7
3R i A R B 2 B — IR RE 2 an 18] 2 .
M & 2 B i SRR R AR R 3L, Bl A T
JEFHE, BT B, HAE 60°CA 4 L 48 T [ )
ARAIG; il BEAR ST i, AR S i TP 22, X0
FH T2 AR il R AR, Bt il B2 ) s, R 0
TR TGV R, 4 FRIVEH] s, (57 )42 T8
A B U I, ARG RE R T R s AR i T
IRB R B, 4 A s E A BRI KR
THUG 2 HEAR R B A2 B, B s T, (HH S
PR B2 w8 43— T VR T D55 5 | R R 6 2 T [ B
T MBI I TR 0.
5000 |-
* 4000
E 3000
Q 2000 |-
= 1000 |

Pa - s)

0 I I L |
20 40 60 80 100 120 140 160
s /¢
—BZ-01; —BZ-02; «—BZ-03

P2 3 TG R R TR

N 2 38 0T LA Y TR B AR, e fn]— i
T, 3 FR iR A 2R I B 22 AR K AR R 1 28l B B
TRAS A4 NE AN 46550 P 2 A B T RIS FH
b, BZ WRARFEEEAR A, M M1 48 g S R AR [ £k
I B ARAS, W3 s 38 20 3 R AR 1A &=
(R — TR P R A AR B A T AR K 2251,
F G 2 I B 1 T 8, — A 2R I 2 B 12 )N
BZ-02 5 BZ-03 fUZhE 05T,

PEHY 90,160,180,200°C , & 3 Tl fig 14 & 1E
ERIEE R BRI A], 25 R L3 2,

R 2 3B RARIRE T AR E s
IR/ C
é =
w5 90 160 180 200
BZ-01 - 1200 180 70
BZ-02 - 951 125 45
BZ-03 . 650 55 32

Vs - (RS T 1 h
H13% 2 R, 3 Mo S 1A 28 1 A IR A 11 T 5t
JE IR TRIAR, I TLE B4 T ves , ARSI 42 A= 0 20 5Bk
AR BEEAL , L g , BEAZ I () i . 3 Rl g 1A
FAEANRNR T ABERC N [a) A I 2. 22 57 . BZ-03 ¢
et e freJ , BZ-01 BN (] e b . PROATER R4
AR AL A AR v, SRR e AR A PR T T

T, KA ACHR R R T BEE R R
TS BT =5, BZ W A A F BRI, A i 1) 1 Y ik
St —S 5 ARE TR, e8I R 2%
f) = AT 2 25 B DRI, A D AOSRLEE 25 1F T
il 25 TR B A SR i LA % [T £ 750 A £ P 3, A gk
FR AR I S TR 40

BRUILZ A0, W0k g G & — B Rl RELE LA K i
AR, R I I R AR RS 7R T A B R B ST 4
IR B A TE T . 7 6 YTk 2R A R
(200~800 mPa - s) [ &L T, i 2 4 SR I A 1)
PR P R AIGBR G, v] DA E FH I FL T B TR . A
K 2 af LLE H,60°CHT, BZ-01 5 BZ-02 ) Zh Y
R IRE SR 1 220K, Horp BZ-01 (A R R i
ik, #9245 500 mPa-s. #(FE 60 C YA, il iE X
PRI i 4 22 A3 FHIN , R 30 R A 1k 25 174 3 ) 401
BBt 8 h, il SRR 1k 4158 T2 ) A% R ALER
TR .
2:2 ARG RN TR AT

& 3 .3 Fh B AR e B 1A 1 ) 2 1 g
3 A, BZ-02 e 5 1A 1 07 24 14 B B o A
Foft A 28 1 S, HE 7 e e 5 R e P A o
78 MPa,4.56 GPa, 25 iy 5 B2 1A iy i A5E 1 43 i)
4 108 MPa,4.81 GPa, 4 5% & F e 45 54 M AR
43 512k 124 MPa,3.89 GPa, BZ il B {4 % 1k JF 31
REW, ST o e U, IR IR R i R
BBE, MR G LA K [ 4k 57) 25 B R — 4 &
BRI, FE— B R P = SR B, P R R
PRI 2R e Re . (A Y IR s F i S ), SR
ik BZ Wi lig B S BN , SEI06 % B i R, P .

ALK, 33X 3 FR) A e 75 14 i) Iy R4 A< 32 4%
A, R IR IR R R AR, S5 BRI LA S B AE
PR o XJE T BZ 7RG kit R g AT
e R A I P2 3 DA K A e | A B S8 B 1Y)
TEIR I 241 — Y S MR 45 | [R50 T4 N 25
TE R St 1) SV, 5 B0 AR e 95 1A 7 7K 32 8 m7 1 1k
R o FRETICEHE 8, R A METEWT L

F3 3 MRIERBEN NS

M
EM
VD)
67\

moH BZ-01 BZ-02 BZ-03
Fr SR g / MPa 65 78 72
fr i / GPa 413 4.56 3.89
B %/ % 2.1 2.7 2.3
L / MPa 106 108 110
AR/ GPa 456 481 4.65
JE4R5RE / MPa 115 124 118
JEA A / GPa 3.72 3.89 3.74



杨超


O, 55 - ARSI TG / BRET AR S AR AR 49

[l 3k 3 FIR AR GE AR A H AW IR SEM AR A,
ML 3 T LA H, 3 FARS iR 1% 42 4K 110 e Dl 284 1 347
AR, A B0 T /Dt () 58 LA SR, S T
WAL ERIR . o LU, BZ-02 MR e 2
BN i R 2L AR — e B N F1 8L
BN F7 0% A KR, — 2 R B R B Bk T 2L Y
HEH X5 3 v, B TR A W2 SR A
—3

a—BZ-01 ; b—BZ-02 ; c—BZ-03
P33R I A (7T SEM B

I LR 3 A A AL R R T2 s
PR GEFE IR 1 2R PR BE , AT BZ-02 1 R A wiAh
TR Z LS, Br AR BZ-02 14 24 vk g 4%
TR TR ABESY , i ] & =2 A AR,
5T Iz AR 1A 2R 5 E ™ T800 CF Ay VEHCM: .
2.3 NOL #3R&4 /) AR 7

N ELE CF A M el M EE T 22
B ds CF Ay HE T AL T | CF 12 B Il | 48 28
JE gEgEak ) RS . XS R Z MAEE A AL
BX AR (HH o B ZE RS R R R g Zesk T .
I, FEHRGE T 4i5E5K J1%F NOL FRPERERZ . AR
PRI L b, Hil 285 2 A PRI, R R R
60°C.,

NOL Bz —F B[] 4 28 1T B 1 B 1) 52 5 4 )
T PERR LS T LA A i 5 £ 4R 1T RG 45
PE R WG 2R 2 RV EC I, [ AT LR AER
B 532 2 far IR RE 7, X5 T A 36 45 LA K 9 8 i 7Y
JE N e B EEE S M,

4 RTRZE5E5K J1 T NOL PR filism 1 LU

FIZA YN . fhIE 4 v, NOL FRAHr i i
LK Z 18] 5 U o 2 AR Ak a3 [a] , Y B35 48 5k
AR RS RGN — 5T, PSR 5K Fad /s, 3L
gL R b R R SO SRR N ) HERR 5 TR 72
LRk S VE RIS 47 A 2 T BV T A A )
(B e R g ), A R ok Jyad /I, ) 25 S 3
fih AL 3 2sk /0N T R PRI, A BRI OR, )
PYERERNIR. J—T5iH, B PSR K IR, AR
CZLEHI SR RIS R AT n sk IPERL, &
FEAE ARG AdE GRS 1) 21 AE TN R R
NS ABETEVE I SRR TN, ) o 1 45 1
TESRGRI A2, T BT ARG Z AN IR
I SNTRS , BN R BRI 5 [F) I 258 K 116Kk
SV INET R B, 5200 25 FORHIY ) A e
DL 45 R R Mg 5E5K T 0 25 R RLAR R B2 DL K
JZ 1B BT )58 B A AR Wi, 458 5K T30 6~10 N I,
E AR EATELF Y 15 PERE
2800 -
2700

2600 |-

2 4 6 8 10 12 14
gigink )y /N
(@)

66 —

o 64r \
S 62r

~ 60,

gl

2 4 6 8 10 12 14
LEsK S / N
(b)
a— R EE ; b—J2 I 0 IR

Kl 4 AFIZEZEK T NOL MRy J24kpe
T AN YLK TR 10 N B NOL PA7E=
W& UL iR B 2 Re . i T T800 CF Re%kk
K, Y R, g FE b S AR B IS X
£F Y B, 1 % NOL FMPEREREAIR, NOL 24
JZ IR B L5 B — i RFAE 55 MPa Zify. M 4 7]
HLEIREMET, NOL S hi g ik 2680 MPa,
JZ B Y5l 66 MPa, 2% BB IR i 44 o £F 4k (1%
B PR, BT ORG 45 1 AL 7E 160°C (fR IR



杨超


50 TAESR

2019 4F 45 47 ¥ 5 2 W

5 min) Z&0F T, BHEE B LA JZ (8] 5T Y58 B AR R
=ik 85% LA I, A B BZ-02 K & 41 CF &4
POREEA B4 A #AE

4 ERKBET NOL HAFiEE MPa
7 i ffia JE T By D588
it 2680 66
160°C 2330 57

[ 5 2 NOL P4l A o At B 1] SEM BE o A
K15 W LU A M 2], 52 A M R IR I £ 2 2% 1
AR A SRR RG , SRR NS B 2 B AR AT 4t I
W TET T 550 T3, BT Ak W 5445 k8 5, A /0 i
PAGFAE, WoR TR R 5 CF H A B 1 SR
ahibk,

HORAR# - a—5000 ; b—10000
€5  NOL ¥ fiibrii SEM M
2.4 FRAEE N BB AR X
Jeitt AR K SR T RERE 257 v IR DA K il
T VRS i) 3o 8, o 2 4 14 5 P R R R AR vy 15,
PRI, 2 14 BZ-02 1A Z 0 FH TR IA g 58 KRS &
LT, LI HLEN AR 150 mm [ bRifE R )
twe PG JIIRE N 10 N, HEgZE T 251
NOL .
% 5 N NAR 150 mm A5 ifE s ) 75 a6
SHR 6 g BRI e 0 HE A
£5 ME 150 mmiEENBFREHAKLER

moH ¥fH BIRE
SR 1 HE / MPa 27.6
FEIE I ) SEBR{ / MPa 30 5.8
FRIEREL / km 41.3 6.7
L YESR BE SIS / % 89.1 71

fon LA A

@

a—JRBNHT ; b—IR s
Bl 6 ARl I A AR RIS A

H15% 5 Al 1, BZ-02 {4 £ 3 1% 98 48 19 N 42
150 mm ZEAHAER SR B HUE N YERERSE , MR
R LR R B AL R F) 89.1%, [E ) A AR R
DI R A AR TR T 25 A R AR 21 G- A i) A2 [ [] i)
WL, £ Yo AT BB A A 4% . AEE SR T L)
I3 AT R JIE S T 24 IR I PRI, £ AE R g SR
R S T A R
3 i

(1) @i xh 3 MEREA R BZ RIARIEIfLiA SR
AR T2 1A R RET T, DU et — bk
REDL AR 1A (100 £ BZ, 10 13 IR & FRE R,
4 AT ), IR ESE T 2 i # 1Lk BZ
WNE N FIRE) CF 254K

(2) 60°CHF, fJL 1 B A A 14 A 2 15 500 mPa -
s 2y, AL 8 h, Wil IR ZHLE T 2R oK s
LR I 58 5 R E A A e 1 i B IS, DT 2 i
KH T 2.7%;

(3)'NOL i REMIAS R 2 W, DLk i) A I 14
A5 [ 1800 CEEAT K R RS 4G VERE , 4T 4R g8
Zeak 109 20 N I, JZ= 6] 95 U5 2 1A 5] 66 MPa, H.
TERRRARNE T (160°C ) 5 45415 85% LA I, 7T
DAL Tk i S8 R v el A 52 5 R

(4) NAE 150 mm bRifi ) 25 a g il e 2
R ILE IR iR 2R T 2RI B, ) AR E
ZHN 41.3 km, S YERJE LR IAT] 89.1%, FEA
S ¥ T [ T800 CF 1912 kA

S % 3 ok

[11 B8, BR800, 5 RIS AR 73 BT M A it
FEHERE [J]. 1h24H5E , 2018, 29(2):213-220.

Wang Junliang, Lu Zhehong, Li Hao, et al. Research progress of
polybenzoxazines:Design and synthesis[J]. Chemical Research,
2018,29(2):213-220.

[2] i, B X0, A RIFRERR SRR AR DR LR [3]. @03
TR Rl 5 T, 2018, 34(1):184-190.

Feng Zijian, Zeng Ming, Liu Cheng, et al. Preparation and
applications of functionalized benzoxazine-based materials[J].
Polymer Materials Science & Engineering, 2018, 34(1):184-190.

[8] Ak, k%, 0, 45 WAL B0 S0 T B R O N K H:
L5 B SR N [ A A 3 AR E M B ELAE [J). D RE A ORE, 2016,
47(10):10213-10217.
Yuan Wei, Shi Tiejun, Li Ming, et al. Preparation of benzoxazine
based on methylcyclopentyl diamine and comparison of thermal
stability of its curing system with epoxy[J]. Journal of Functional
Materials,2016,47(10):10213-10 217.

[4] Pl fE AR ARTT, 55 . ORI (1 ) 4 B 5 R U i


杨超


O, 55 - SRR SERTTER / BT S 5 MR E RE 51

[5]

(6]

(7]

(8]

(9]

MRIK A PMEREWIFT [3]. IR fkT-,2016,33(3):19-22.

Sun Huiling, Jiao Yuchun, Xu Li, et al. Preparation of bicyclic
benzoxazine and properties research of its blends with epoxy
resin[J]. Henan Chemical Industry,2016,33(3):19-22.

Ml B RIR REAT, AF  RTREE IR A IR TR R ERE R Y
SN AR FIRLER [3]. B TR R, 2016, 39(2):242-246.

Wu Wei, Jiang Chenchen, Zhu Songwei, et al. Effect of
benzoxazine on the epoxy resin systems’ thermal stability and
its mechanism[J]. Journal of Solid Rocket Technology, 2016,
39(2):242-246.

W, Y, U, S MA RIZORIENE / R
RIS [J]. YIS / KA FEL, 2016(3):18-22.
Gu Wu, Yang Po, Meng Fansheng, et al. Study on the MA—
benzoxazine / phenolic-cyanate resin blends[J]. Fiber Reinforced
Plastics / Composites, 2016(3):18-22.

SRR . AR F RSV AR S HAE TR S R R (9], Ak
FeLF 4k 5%, 2016, 41(1):10-23.

Zhang Fengfan. Benzoxazine resins and its application in the

TERARL R IR

aerospace composites[J]. Hi-Tech Fiber and Application,2016,
41(1):10-23.

A, ), Tk, 5 BT BRI FIENR /SR / IR
PRI KT PR ST (9], STRE#TEL, 2017 ,48(3):3 154-3 158.
Mou Haiyan, Xie Guangchao, Zhou Kelai, et al. Novel benzoxazine /
epoxy / phenolic molding compound and its thermal stability[J]. Journal
of Functional Materials, 2017 ,48(3):3 154-3158.
TRBURL, SRl AR 48 Wi gu R A DR A 22 2 B 2 o e sl o
SFUESE [3]. AL BT RL, 2016, 44(3):199-201.

Xu Shuquan, Cai Jian, Hu Bingfei, et al..Study-on"viscosity and
curing Kinetics of resin system for wet windihng[J]. New Chemical

(EEFE24T)

[0

[10]

[11]

[12]

ST EPEIERO GRS e 12 Z A AR 4 K hidk [D]. 2
BRI TR, 2016.
Zheng Li. Synthesis of nylon 12 composite powder for selective
laser sintering and pilot scale production[D]. Wuhan:Wuhan Institute
of Technology, 2016.
WA TEHE . e 12 / OMMT 4K A 45 A (1 il 4 B ek i [9].
TRESRL T, 2017, 45(3):50-53.
Peng Mengfei, Wang Yan. Preparation and performance of PA12 /
OMMT nanocomposites[J]. Engineering Plastics Application,
2017,45(3):50-53.
FARE RN RE, W I, A T e TR I A 1 1 e K 3]
rfE SERE, 2009, 23(10):6-9.
Yuan Shaoyan, Liu Qixiang, Ye Nanbiao, et al. Properties and
application of high-temperature resistant polyamides[J]. China
Plastics, 2009, 23(10):6-9 .
R, AT IS SRONEE 55 . B Bl 5 e e A T s
st B PR PE OGR4 MERE [9]. BB Tk, 2018, 46(7):26-31.
Tang Jiaojia, Xi Shuting, Zhang Peiyao, et al. Improvement of
fluidity and selective laser sintering of nylon powder prepared by
cryogenic crushing[J]. China Plastics Industry,2018,46(7):26-31.

[10]

[11]

[12]

[13]

[14]

[13]

[14]

[18]

[16]

[17]

Materials, 2016, 44(3):199-201.
A IR AR . R AR G e A i 1A 22 86 2 Ak
BhAIAESE D). A% T2, 2015, 36(17):139-143.
Bao Rui, Qiu Zhenan, Xu Shuquan. Viscosity and curing kinetics
of resin system for wet winding of launch box[J]. Packaging
Engineering, 2015,36(17):139-143.
BB, 0, 200 R T IR AR / XUl A BIORFIEGE R i
IPN R ZR 1 J3 AR K Ak 23 012 # 05T [3]. B / APk,
2018(11):31-36.
Lyu Junwei, Wang Bin, Li Hui. Study of mechanical properties
and curing kinetics of IPN system based on epoxy resin /
bisphenol a-based benzoxazine resin[J]. Fiber Reinforced Plastics /
Composites,2018(11):31-36.
A AR, HUNS, 4 LT NOL BRI P B LT 4 5 2R 4 M il
IYVEECPERTSY [J]. BEHEN / S G418}, 2018(3):45-51.
Lan Zongjin, Zu Lei, Hui Peng, et al. Study on interface
compatibility of high—performance fiber and epoxy resin based
on test of NOL rings[J]. Fiber Reinforced Plastics / Composites,
2018(3):45-51.
WRZINT-, 2k T800 WL 4E7E S A APRHE 25 # L 1 NEHHIAIF
5% [, B R4 5 R, 2017, 42(3):45-49.
Chen Xiaoping’, Wang Xizhan. T800 carbon fiber in the application
of compaosite pressure vessel research[J]. Hi-Tech Fiber and
Application,2017,42(3):45-49.
B, ) SCAE gk G, 45 L T 160 °C R i B g i 2T 1k
I AR TIARNFSE [3]. AR il H A , 2014(5):22-25.
Wei Hong, Liu Yihua, Zhang Zhibin, et al. Resistant 160°C. epoxy
resin and its application on filament winding shell[J]. Aerospace
Manufacturing Technology,2014(5):22-25.

B TS BRI . SRR OGRS e e 6 Bk iy PEREDF
7% [9]. ¥ Tl 2018, 46(3):135-138.

Yang Xusheng, Wang Yan, Chen Yawu. Study on properties of
nylon 6 powder for selective laser sintering[J]. China Plastics
Industry, 2018, 46(3):135-138.

MR, TEHE . ORI IO b 4s PAG B AR AR E 5%
Wi [J]. TRESRE 2018, 46(6):126-130.

Chen Zhen, Wang Yan. Effect of antioxidants on thermal oxygen
stability of pa6 powder for selective laser sintering[J]. Engineering
Plastics Application,2018,46(6):126-130.

Drummer D, Drexler M, Wudy K. Impact of heating rate during
exposure of laser molten parts on the processing window of PA12
powder[J]. Physics Procedia, 2014 ,56:184-192.

SR, oy DR, RIUAR . e e B AL ST #E R [9]. & bR E
1L 51,2013, 42(4):42-47.

Cai Zheng, Yi Guobin, Chen Xudong. The development of study
on nylon ageing mechanism[J]. Synthetic Materials Aging and
Application,2013,42(4):42-47.

Wudy K, Drummer D. Aging effects of polyamide 12 in selective
laser sintering:Molecular weight distribution and thermal
properties[J]. Additive Manufacturing, 2019, 25:1-9.


杨超




