5 44 3 50 8 ) T & 3 B N A Vol.44, No.8 93
2016 4F 8 J1 ENGINEERING PLASTICS APPLICATION Aug. 2016

d0i:10.3969/j.issn.1001-3539.2016.08.020

PRI 4F1858 PALOT E S M EIRIIE B 1ERE

(EFREEUMIEREY R TR ARVTE L, 5 550014)

R B A IR BAR S 3 A K = W Bh R e (PA10T) 47 ZOPE , FF38 3 05 dk 300 o 45 & FLMK A 3k 38 2F 4t (GF)
¥ 3% PALOT LM, R AL mik HAEAT B, AR T RALA L S F R Hwm, St R 288 -F 2845
(SEM) x F_&-AtAHay ok 5 i @ T St AT LES . 45 R A, R R ALY 1] 38 , A AT 69 A5 A 3% 5 W 3R JE Ae
DA RBRETRRR, TR RIS ; 210 dJE, LM w3 AE BNk F I ik AR AL 2 1% 3
KA, R A AR ENATH PAIOT & F4E 2 A K & T MR IR 2 R E AL A 48 8: 3% o WG 43 T I59A 2, SEM 4
R &R GF 54 Mg AR Z 18 R B 4 A 64 52 35 & % A R R E A A AL wy £ B R &,

KRR BT W BRIR e BB AF 4 LA AL MRk

FES%ES:TQ323.6  XHEFRIRAEE: A XE4HS: 1001-3539(2016)08-0093-04

Thermal-oxidative Aging Properties of Flame-retardant Glass Fiber Reinforced PA10T Composites
Song Jiling, Qu Jin, Guo Jianbing
(National Engineering Research Center for Compounding and Modification of Polymer Materials, Guiyang 550014, China)

Abstract : The poly(decamethylene terephthalamide) (PA10T) was modified by brominated epoxy resin, and the flame-retar-

dant glass fiber reinforced PA10T composites were prepared by melt-blending method, the effects of thermal-oxidative aging on the

mechanical properties were studied by artificial accelerated thermal-oxidative aging method, and the morphology of impact fracture

surface was observed by scanning electron microscope (SEM). The results show that with thermal-oxidative aging time increasing,

the tensile strength, flexural strength and notched impact strength of the composites are decreased clearly, and the relaxation of mo-

lecular chain is weakened. When thermal-oxidative aging time is 10 days, the flexural modulus is only decreased slightly and the

storage modulus reaches maximum, which implies the PA10T molecular chain is slightly crosslinked in the early stage of thermal

oxidative aging, but when the aging time continues to increase, the both all decrease obviously. SEM results show that the adhesion

strength between glass fiber and matrix is the main factor that affects thermal-oxidative aging property of the composites.

Keywords : poly(decamethylene terephthalamide) ; glass fiber ; composite ; thermal-oxidative aging ; property

HXF IR T F R SE e (PALOT) J& — Ff s 72 i
[N )y = = N P A s = R W PV Y3
S AR, AR AR el bR A
T HA B m TR R, SR RIS A A X R =
(TR TR ), B ST 4 (GF) VRN —Fhi
FHBRA 9 TCHLIECRE, 1T DL 3 2 T IR 2 A
FARTEIR B 0 5 LRI, T GF /Y szl
52 G AR ) R , PR 1) 525 R S I BEL KA
FE—F A RTAT I TB 0 0 RIS 2R B
HLA KT =R B ME RE T R G i A Ra e M S Ry
P, i 2 PATOT 57 i fin T8 B 1 R A X RH
BATEREIYELR .

TRk o T4 b A et SR, AR AR 4R
MVERTT , Je Je 28 TR IR 3 by & Ak, AT 20
BHPERE T B, 7 SEBR IS H A 8 8 Ak ] FE 527

FFm T H s e e I A MR E AL
PERE, $e = Hyt 2 fbe 2 — P E IR,

AR BT N AR e S T AR SR #AR
LB C A B 25T (BT OC Tt i i e e A
AL R HGE O B BRI A B
PALOT (HBEIAT (FR), 1] FH % il i v i A B AR 78
GF 5% PA10T(PA10T /FR / GF) E-& MK, F2i#
L BEFHUE AT (DMA), F-45 5 538 1A PEREI
i, VR E Ak R PATOT /FR / GE & #FEHY
PEREAS LA AT TSR -

* M4 2 BB A B R (R A A [201514039
2, B R AA BRI R LIRS (BRA AT
[2015]26 %5 ), St AR HARFEGIH (BFHS LH T [2015]7096 5 )

BEZ N SRR FSE 5, B B A A S PRI 5T

Wk H 3 - 2016-05-10



杨超


94 TR

2016 4F 55 44 45,55 8 1

1 KERs
1.1 FEM#

K GF : HA£ 17 pwm, EKEFRE SRR A

PA10T : Vienyl 600T, %% 1.12 g/cm’, & % F
H A R AT

TRAC IR SR : AH XS4 5T 5 20 000, 57 i
53.2%, ILARARET Geilg EEAABR A A
1.2 ZRE&

SUBEAT 45 ML : TSE—40A B, 1 50 5 W 5 SR Yy
LR ABR ]

HESHHL: CISOMZ2-NC 1 Y, & 8 3 R WL A
PR T

fHLEE il f 77 BB ER ML WDW-10C #Y, I
MR R ES A R AT

B AL ZBC—4B Y, RN =
THEE A R A

DMA {¥: Q800 %!, 3 [ TA /A +;

Yk S 5t (SEM) : Quanta FEG250
1, 32E FEI /AT,
1.3 ZRIE

Jet4 PA10T FIVEAL IR E MR T 60 CHEAH T 4)
AT 12,8 h, SR 5 A ER S IS AL PALOT (1
Jo i b A 30 1 A BRI B H s A FR B
ki 23 91 GF 5 PA10T ¥ 4653E & F XU AT 85 H
PLEF ik, GF 9l GE Ikl A, #2461 GF 5
PATOT B i i &2 LE Ay 101, 2R )5 05 15 3 48 o B
T 60°C T T 12 ho K4 TH5 B9 Wi FR Bk 1 28
PLE YA B AP RE X I /5 (Ao ke, Horp GF,
FR Fl PA10T = 2 (%) i £ L Oy 401 15: 45, S 15 i
&R 320°C, — Bt & U BLREE 43 51 300,310,315,
320°C. RSB BT il & P bm RS T T A U
AR TR IR R E R 240°C, BERR 10 d
BURE— I, FEHRURE 5 IR
1.4 X5 &4

Rk REH ASTM D638-2010 izt , Fir ok 2%
4 50 mm/min ;

25 G ASTM D790-2010 izt 25 it 2%
A2 mm/min ;

B 1 bR EEF: ASTM D256-2010 it 5

DMA 3 e K 34 e BE R RO 8 XU
B e BB, LL5°C /min BY 3R A 25 °Chn# E
300°C, MM #A 10 Hz 5

SEM KA : 43l BE HUA & 10 Fl 3R 4R % fb A 3

50 dJF By apiakRe X T 4 Ab 3 {5 B SEM,

TR R E 5 kV, WERREZad vp i tERE IS

I WTTADE BT 08

2 GFBR5ITE

2.1 RBERE RG-S S FRRESHT
14 PA10T /FR/GF & & # BHE 240°CF

2 ARl AR AR s B) IS P e 2 il e Al 1

b S e N AT

180

) 160} 1108

£ 1400 .

5 120 18 =2

o 100 ¥ D

X il

£ 60 {4 1

&40l =

20} 12 o

ol ‘ ‘ ‘ ‘ Ly ¥

0 10 20 30 40 50
Efknta / d
(a)

250 ¢ 4 - 14000
<
oo | 12000 £
s 10000 >
150+ i i)
i 18000 &
= 100 F =
=2 16000 E
® s 14000 ‘?'E’
:‘\: 2000 \

07010 20 30 a0 50
ZAkILE / d

a— R ST ‘{FPﬁﬁ%g; o5 3 25 A

PRI F AR A fth 2

i &1 0] LUE Y Bl 3R A ] 3
PA10T /FR/ GF & & B BB Hr At i B2 | 25 iy o 32
AR 1 oo o B 1 S R R B, BB AR R A
30 d, PR ASLGE, M2t E A E] 50 d B, iR
BB $7 A G B 25 A R N Bl 1 ok i E 40 ) R
14.98 MPa,13.86 MPa #1 1.05 kJ/m’, 5k & ki
FEM =& PR FRRAUN 8.8%,5.6% I 9.8%. —
AN R GF S5 AN 52 A MR T 24 M AR I T
L1 A AR R SR 2 (] (0 A 25 A VR L R mT LAGA
JEAE B AR R 2R PR RE R R EE RN & GF
5 PA10T #4 g 2 I8] () S TRDRS 42 E FHU85S 5 o — 7 T
PAEANE FH A28 PATOT LKL i FA E 1Y H
P 3, IR 4> FREWTZY, 4 T BE B EE M R B, 45
[ Rl i = K 1 R M A 7 = S
T BRI E— e B T RERE AN &2 5 A R fb itk
T, 0t = F L RE A A2 G A Rk R se 2R
K. MIE 1b FRAT LA H PA10T /FR / GF B G4k
(4SS ph P A e B P AR A (R AR AL ka3, 2k


杨超


KW 55 PHMATIBL LT M50 PALOT & 4 b RHAg IS AL MERE 95

BFIRIA 10 d B, 25 s Ass B (UM 1 B, T 24
Rt it 10 d f&, HAE R B SR TR, R
B AR R A2 3 K 1 55
2.2 HREAZARFE BT R G A DMA 547
¥ 2 & PA10T /FR / GF & & # B2 AN RIHVE
ZALI )5 HARFEIN T (tand) Bl IR A5 fbth £k, —
R HRFE PR T E (tand,,) T I B2 7 SRR G
W) B B AL AR IR T (T,), A R AW 5% T4 0
X IAL A iz 8, 1 L R B A0 R de K il Je B S i
S T IR SRR AT PALOT BRI T,
ZREK, IR AR tand 2835 H B0 P44
AEUE, o AR SBUAEXT IV 1Y I BE A PATOT 1 T,, B #4
sty UEE X6F 10 11 90 32 R RAL R SR R 1) T 2422 4RI
]2 0~30 dif, o F1 B A5 IE X N ) W (L I 2
AN, R B BsF 1] Y PGB 1 T, 52
FEABE . Bl ZACB R HE— 2B, o FATHIGE
IR T 0 T 8, X A& A R PATOT (1)
T, 8/, Hooo A1 B A6 ot i 4R ks 730, iz ik
Pl B Sl 3 U R, R A B B T il
T FEURES , [ At 50 B AR s ] Al SR ARV E R, A
A e W T BELAR R A TR S i R &
Az i B RE JEAAR N e A, 23 GF 5 5
A [ 1) SR VR R 0 B AT, DIR853 07 1 g 5 10 A
Z I G B4 . TT DL R R A 2 R
o FABHIEXT N Y tand,,, [A W FEAL, X A 2

AEXT PATOT 4345 O A S B 5
0.1
— o
2 0.05 T N
= vy emant’ :F?

0 50 100 150 200 250 300
WA/ C

PR EAERE] . ~—0d; ~—10d; =—20d;
+—30d; ~—40d; »~—50d

2 RAE A T2 A BRI tand LI

1E DMA 3 Hrat # v AL LA tand,,,,, % b7 I B2 R
s i oA A AR IV AR AT — 2 R R
PEo Y tand 4 b il SR (E I, 2 G A kO 2
AR BB ST A Ay e S, X g ) B RE AR R (E) 1HL
FEAEAR TR FH B T 5 10 S B fEL, PR LR A
BHASEZACTTG E' 0728 A7 0 A 1 L 2 v g
WHEHAES%EX", K3 NPAIOT/FR/GF B4
MBHE 240°CN 2R [RIEEE AL ] Zb #1517 Fifi

MR ER . AL Y PEECE AL T [ 2 i, X
FERY E" B GR RE A B T /1 5 24
200°C, REAIFER) E' AR T2 2 AialRe, I A
AR IR R IR & T T, R AR AR
(4 PA10T 73 THEBiG s 2R T2 b5 ik, &
HOLNIPE R,

8000
7000&-1"'*
< Phpa .,
£ 6000 “Iet,
P - %0000,
5000 %, T Tl .
~ KA ks S, 20000,
gﬂ 40004,.,,, L,
PAAND Ao A R LB rAd A A aaaaasaa, 20
E 3000F “fcsssssssnna V3 XAAA.A.AAAAAAAAAA‘AAA‘AXAB
ki .,
3E 2000 EET
1000 - )
0750 100 150 200 250 300

RE /C
P A =—0d; «~—10d; =—20d;
+—30d; ~—40d; »~—50d
[ 3 AREIFGEER T 2 SRR B AR 2k

&l 4 0 25°C ZAaM B E' BEE AR R )22
fRIE Ol L 4 0] IR B 25 PR A T[] 7 ZE
K, B EMELE B e KI5 08N, S R AE AL [A]
J10-d B RFER E R B, 5 R A
FEIG AN T 5.88%. X R WATE A E W I —Jrm
PALOT s FZ I A T — BB TR, 53—
AT TR A0 A 80 i A B 4 35 1T R 3R e 7 5
Y JE TR SE A, A A AR 58 PATOT B4 T
iz Blfe 1 R, 20 L A TR R S A R
KIYE, 5 A4 E] PA1OT /FR/ GF A5 # R 2 il
SR R A S AT S AT B3k — 235 SR TR B %
IF , AELBi & AR B E— 25 2K BARLY B TG [
X R AL A A E T B, PATOT fF%
fif L B oG 32 A (RIS RE A — LSS
B, X ERBEREE TR 7, A 2 bt R b 2 B
PLREAS I WEAT B A AT SR 774, A2 Rl 1 P O
E%éa‘%%@j:ﬁﬂﬁﬁ%ﬁﬁ AlREFEA

3‘50

1‘0 2‘0 3‘0 40 5‘0
HAkmtE / d
€l 4 PAI10T/FR/GF EAHMEHY £ FidE i ] B9 AR L 5L
2.3 MW@ ST
25 whs 5 I JS 2 A A RHEURE T T ) SEM


杨超


926 TR R

2016 4F 55 44 45,55 8 1

MR s firs. i85 AT LA Y, AR89
Wi%dim I GF RZ WM IRSLA P w5, GF SR
[RGB, R 22 R 2 A 50 d e, GF 1R
THT L S JIR R ARG T B, SO0 2T Ak R R AR R A S
i, X UL AL IR GF 5 PATOT Y IR 4
YEZZ 55, fE 52 2SN AR RIS, GE & 5 it KRR
Fef S S etny s vine . Wb en] IR 3], 5K
EAGKFER L 24K 50 d IR ialhe i 22 1 & Bl AR
A/ IR AIURE , 33 2 ISR 5 1 B0 23T BE AR AR
SENEHTT R AR, 1 ORISR W i A 1, 2R W]
PA10T R Rt P e AL B rh S A kL RE
R — A EE A

&

a—AREM; b—E1k 50 d
&5 ZALHTE Ry ol B SEML R A
3 Hig

(1) B P2 AL RIS 0, PATOT / ER/ GF
PP 127 P RE B R R, 249 8 T e A]
i 30 dJE, TREBHES ., SR, &
it e R R WP ST AT e AR T R T e

(2) PA10T /FR / GF & 4 #1 %} 1 PA10T £ 7,
BE A S A IS TR] 18 S T /N | 537 B B AR P ot
A RIS s AR 25°CTF IR B SeH RE BN, 7R
ZALHTTEY 10 d Bk BB (E .

(3) SEM 453 i, H5ARZAIAFEAH L, 26805
AR IR i T AT Y GF B AR
AMI, B AR FE T GF 5 PATOT B L Ta RS 24
FAESS , ez IS FIE RIS, GF B3k o

& % X ok

(1] 5 PR, Zeop R, Wifd, 55 . JCpa BELR PALOT J32A kg M AFRE
PEWFSE (1], TAREEHRLIT, 2012, 40(1):28-31.
Yi Qingfeng, Jiang Sujun, Chen Jian, et al. Study on mechani-
cal property and thermal stability of non-halogen flame retardant
PA10T[J]. Engineering Plastics Application,2012,40(1):28-31.

2] ESCaEk, TR, THEIZAS . SR e AR
SEPEBTSE [1]. & WA EEE L S 11T, 2009, 38(2):14-17.
Wang Wenzhi, Zhang Yonghua, Yin Guojie. Preparation and ther-
mal stability of poly(decamethyl-eneterephthalamide)[J]. Synthetic
Materials Aging & Application,2009,38(2):14-17.

[31 S IREE, sk 03, Wifi, 45 . i e it SR L eI 2 08 i (D). RSk

(4]

[5]

(6]

(7]

(8]

[10]

(1]

[12]

[13]

J11,2009,37(11):80-82.
Yi Qingfeng, Zhang Yong, Chen Jian, et al. Advance on heat-
resisting polyamide[J]. Engineering Plastics Application, 2009,
37(11):80-82.
ZEAVE BV SRE LS 4F . DBDPE-Sb,0, & {5 LGFPP f9#4
SFENITE ], TRRMRL T, 2014,42(10):84-88.
Ci Shuting, Wei Tao, Guo Jianbing, et al. Effect of thermal-oxida-
tive aging on properties of LGFPP / DBDPE-Sb,0; flame retardant
system[J]. Engineering Plastics Application,2014,42(10):84-88.
S, B BT R LA SR DY AT (9] AR SRR,
2015,43(8):35-38.
Wu Chao, Qian Jing. Development of glass fiber reinforced flame
retardant PP[J]. Engineering Plastics Application,2015,43(8):35—
38.
FeERs  BRAETE, 2%, A KT S S AR AL ot e
B ZARBESE [9]. 3R Tolk, 2013 ,41(1):18-21.
Zuo Xiaoling, Zhang Daohai, Luo Xing, et al. Advances in
the study of aging and anti-aging of long glass fiber reinforced
composites[J]. China Plastics Industry,2013,41(1):18-21.
55 F by DR MR B AR e e EALHLIIT S0 (0] & bR
5, 2013 ,42(4):42-47.
Cai Cheng, Yi Guobin, Chen Xudong. The development of study on
nylon ageing mechanism[J]. Synthetic Materials Aging & Applica-
tion,2013,42(4):42-47.
Mazan T, Berggren R, Jorgensen J K, et al. Aging of polyamide
11.Part 1:Evaluating degradation by thermal, mechanical, and
viscometric analysis[J]. Journal of Applied Polymer Science,2015,
132(20):6 2496 260.
Okamba-Diogo O, Richaud E, Verdu J, et al. Molecular and
macro-molecular structure changes in polyamide 11 during thermal
oxidation[J]. Polymer Degradation & Stability,2014,108(10):123—
132.
Duemichen E, Braun U, Kraemer R, et al. Thermal extraction
combined with thermal desorption, a powerful tool to investigate
the thermo-oxidative degradation of polyamide 66 materials[J].
Journal of Analytical & Applied Pyrolysis,2015,115(5):288-298.
EH], WR, RE,5 RE R TE 6 4R AT N S TERE
FRISEI [J]. 00 T APRIRR 5 TR, 2013,29(8):88-92.
Wang Haili, Huang Renjun, Wu Dun, et al. Effect of thermal
oxidative aging on the crystallization behavior and properties of
nylon-6[J]. Polymer Materials Science & Engineering,2013,
29(8):88-92.
Sawpan M A, Holdsworth P G, Renshaw P. Glass transitions of
hygrothermal aged pultruded glass fibre reinforced polymer rebar
by dynamic mechanical thermal analysis[J]. Materials & Design,
2012,42(42):272-278.
FRAEIT, R, TR, 45 . A3 A LR S BTk it o ik £F
A G A M RREEAL [7]. BR TR, 2006(21):355-359.
Chen Weiming, Wang Chengzhong, Zhou Tongyue, et al. Study
on hydrothermal properties of carbon fiber composites with
multi-frequency dynamic mechanical thermal analysis[J]. Journal

of Materials Engineering,2006(z1):355-359.


杨超




