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PA5S12 4% éﬁzfi%%éﬁima& PASG6/ST/PAS12 A a-#A4t, ZAAFR T PASI2 695 AT A 4 H%n#%kiﬁa\#n TWBE .
B RN L AR v, R A A PASI2 4203, B A A B o b B3R JE B E RS HOK R e R
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(7.8 KI/mH)FF T 51.28%; Bl i, BAK F B £ 1.35%, BAK T 8.78%; & T MR E I £ 230 °C, BAK T 4.96%, %
PASI2 JR & 23 6% biF , A AT I A 0 42 A0 4k, B 1 ob K 38 35 31 10.6 kI/m?, i# B35 AR A R KT 10 kJ/m?
89 %R YR JE K $) 239 °C, i R AGARA AR T 235 °CHI-E K ; 35Ab 3% JF 1A 51 178 MPa . % wh 5% % % 3 276 MPa, #%
B ZART BKE A 1.41%; KRG FAb 3% F ik 5] 99 MPa, i & 35 ARA R K T 80 MPa #)-& K, PASI2 R & 44 A
6% 49 S A-H A 25 A M AR T LA A R B ALR AR B R R R B K
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Influence and optimization of PAS12 on properties of glass fiber reinforced PA56/5T composites
TIAN Guofeng, GAO Yongzhi, LIU Jianwei, SHAN Qian, TIAN Panpan, CHANG Xiantao, DING Jinna
(Shandong Dongchen Ruisen New Materials Technology Co.,Ltd.,Jinan 250220, China)

Abstract : Polyamide (PA) 56/5T copolymer was prepared by a method of salt formation followed by polycondensation. The
effects of PAST salt content on the properties of the copolymer were studied. Finally , using PA56/5T copolymer with a melting point
0f 271.2 °C as the main raw material , PA512 as the modifier, and glass fiber as the reinforcing agent, the glass fiber reinforced PA56/
5T/PAS512 composites with different PA512 contents were prepared by melt blending. The effects of PA512 introduction on the
impact performance, heat deformation temperature, water absorption and comprehensive performances of the composites were
systematically studied. The results show that with the increase of PA512 content, the notched impact strength of the composites
significantly increases, while the water absorption and heat deformation temperature gradually decrease. When the PA512 content is
10 wt% , the notched impact strength of the composite reaches 11.8 kJ/m’, which is 51.28% higher than that (7.8 kJ/m’) of the
composite without PA512; meanwhile, the water absorption drops to 1.35%,with a decrease of 8.78%; the heat deformation tempera-
ture drops to 230 °C, with a decrease of 4.96%. When the PA512 content is 6 wt% , the composite shows the best comprehensive
performances, the notched impact strength reaches 10.6 kJ/m*, meeting the requirement that the index value is no less than 10 kJ/
m’; the heat deformation temperature reaches 239 °C , meeting the requirement that the index value is no less than 235 °C; the tensile
strength reaches 178 MPa and the flexural strength reaches 276 MPa, maintaining a high level; the water absorption rate reaches
1.41%; the tensile strength after hydrolysis reaches 99 MPa, meeting the requirement that the index value is no less than 80 MPa.
The comprehensive performances of the composite with 6 wt% PAS512 can meet the application requirements of numerous compo-
nents around the automotive engine.

Keywords : PA512 ; PAS6/5T ; glass fiber reinforced composite ; impact strength ; water absorption ; heat deformation

temperature ; automotive engine
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XA R BRI B PERE , — BSR4
BV IE R B2 (HDT) MK T 235 °C (B H i i
JEAAR T 10 KI/m? B A 58 AN IK T 150 MPa, 7
125 °C/Kfi# 1 000 h J5 7 fit 5 J&E AN IK T 80 MPa, H
HZZE R AR 22 5% 3 08 SR e (PA)66 A1 K},
{H PA66 J& T A 1B L, LA AT A, PAS6
S R AT B A DU RS 2 T
RIS RN IO AEH K 8y 5 S A I K i
22, BRI T HAE R TR R 4R

ORI R FE PA 201 85 5 AT BRI LA
s H KPR RS RE P22 G BIE", B AT RIAFSE
F FAE P AE DL PAST S E A1 5 PAS6 IL A 5 1)
R REAR AR Sy v s T i U PAL (M U
KT300 °C), 5 PA66 144 1. (263 °C)FEFERE K 2%
BRI T ) L e R ANME . ik, B4
il £ T LA PAS6 415 PAST LR ) PAS6/ST L3
WIERHCE FRies S5 PAG6), (BRFSE & PR, B 55 21
Y (P LT B 5 1 PAS6/ST Bk o B i . &
SRR o PR I A BRI S 3P AR (POE-G-MAH) |
IR R I 452 4% — 0T £ N AR I (EPDM-G-MAH) 45 14
)50 AT $E T+ PAS6/ST Bk, 0 & 2 HDT W3 T
B, sl LAG 2 & ShAIL R o o) i B i 2K
I, iR 7 I & — PP AR A RO 1), BE R R PR B IR
FFHDT A8t PA B EL

PAS12 J&—Fli A P 3L K Ak PA AL, Sl 1
JHe 5 -1 ik TR 4E R wIASY , BAT AT B DA
KAARAI WK, A AR R 3E5E PAS6/ST H3E I
PER A B AR B KR SE TR 1Y
[, R AR X A i HDT., H T, 56 T PAS12 1
SR Ltie BhR TR FHHE5E PAS6/ST 2 A M RMERER)
ST SCHREL . I, 2835 LA PAS6/ST R A AR IA
DL PAS12 SRy A5 % 9 27 1455 PAS6/ST/PAS12 B &
MENIEAT TS, RGEMEFE T PAS12 &% 2 A4
B EYERE (s i S R RE(HDT) LK
R KR 7K ff PR RE A2 ], DU SRAS 1 2 Y54 & shll
JEl 10 Ak 22 25 vy SR B B AR B T
1 IERS
1.1 E=ZRM#

I Tk g, INARELFE A AR A FRA F 5

C R Tl g, INARAEEE L TR A R
Nl

MR TR : Tolk g%, st iE L TABRA A

PAS12 : IR S 4 20 ¢/10 min, 3K 5%
230 °C, 2.16 kg, LI 7R 7R i< B A% 9 A4 BHRH A7 BR
N

P47 . ECS10-3.0-T435TM, %% L1 % 385 21 4 45 R
IS
1.2 FZREAME

BERZE - KWYF-50L, LIRSS AT FRA A 5

BE NS CT (K)-27L, @i gocie THI A
FRATE]

AL BL11OFE, TR AU T AT BRAF 5

SUZFFES ML : HK-36MT, 5 5 BRI AL T
LA PR AT

EHIR AP L-50, SR R L A PR 7 5

HL25 T4 . DZG-90L, A B A B 28 ik & A
FRZAF]

JT eI HL - E43.504, 05T Tl R 48 ()
AR

TR : ME104E , M4 1 -FE R 22485 (i)
HBRA ]

2R L DSC3, M4 - FE R 2 A%
(LA PRA ]

AR TE YR AL R HL : ZWK1302-A , 45
Wk RGP ENAFRA ]

IR ML XBZ1010D, i T RHE A7
FRAAH]

1.3 XAEH &
1.3.1 PAS56 3 \PAST h i #l %

W — B IR U R K B AR L
AL I I A SR R A L R, 7E 50~70 °C
IRV RN 0.5 h, 7551 50% He 5 119 P T8 VA WL, 1A
5 pHAH % 7.0~7.5, [ iR 2 20 °C, {# PAS6 £h 4% Fh i
BB 1S CCR K PRI 2 IR, BLAS TS 2]
PAS56 £k . PAST £k i il #5 Vi B A S 21 5 PAS6 £hAH
], K 2 R i 2 — FE R BT
1.3.2  PAS6/ST # fls t il %

¥ PAS6 £ (PAST £\ KB TK I BEIRHE 35 1
BCLL AR 27 LSRR N 2N . EARTLERSE
WA =W TR & 210~235 °C, ¢ H5: 15 )
(1.5~2.3 MPa) [z ¥ 2~3 h (FRE &) T fic £, At
SRS AT IF R L 78 1~3 h N I S 5 23 TR
(e A5 v TR 2 270~285 °C) 3 {5435 3 T KL 10~
30 min (JG 4 5R), AR THIEIRE L, K%
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£1 PASG/STHIGE T
Tab.1 Preparation formula of PAS6/5T

g
. Sample number
Constltuent 0// l # 2// 3// 4/i 5!‘!‘
PAS56 salt 100 95 85 75 65 55
PAST salt 0 5 15 25 35 45

Deionized water 100 100 100 100 100 100
Phosphorous acid 0.2 0.2 0.2 0.2 0.2 0.2

N UIRALYIRL , B TR A5 2] PAS6/ST WA . LA
5T & 2878 PAST $h7E PAS6 $h F1 PAST £k v iy Jii
A9 H 5%, 15%,25%,35% ,45%
1.3.3 38 PAS6/ST/PAS12 & &+ R0y 4] %

4 PAS6/ST I (120 °C E. 25 144 8 h). PA512
P (100 °CELZS T8 8 h)# R 2 2 SL IR e 5 88 A
BURG AL SR G IR G Y BUEATBF Hh L
YR [R) A S O R 1 I A B £, 2K UDkE
15 BIANA] PAS12 BTt 438 52 G A RREL, RURAT
LT S50 . — X R R 200 °C, X FEJL
DXk Y B R 280~290 °C, HIL3K T 290 °C 5 BT
A 260~280 r/min; PIRL AL 4 285~300 r/min;
PELF I A AR 2 (B 5050 35%)

T2 IHLFIEIE PASG/ST/PASI2 EAMBHHIFE F(RENE)
Tab.2 Preparation formula of glass fiber reinforced PAS6/5T/

PA512 composites (Mass fraction)
%

Sample number
Co* crt c2* c3 c4* cs’

Constituent

PA56/5T 65 63 61 59 57 55
PA512 0 2 4 6 8 10
Glass fiber 35 35 35 35 35 35

P15 PAS6/ST/PAS12 &2 A WHRPRLRHE 120 °C
B2 THRAE THET 8 hs (o 1 B ML 28 s o 0
RS, T ASHOBHAE IR B 270~290 °C K
FLIRE 80~100 °C . JES) % J1 60~80 MPa 3 4+ &
Af1A] 32 s A EIFA] 30 s
1.4 Mgeml

W /K Z4% GB/T 1034—2008 #EA TR, , ifkAE A 1
50 mm JEERE 3 mm B8 5, AR R £ 23 °C7E
TRk Hi2 624 h,

it PEfigH GB/T 1043.1-2008 #E1 7, % FH
VYR R, 78 23 °C BHERE SN 5.5 TR SRE T
T R 5 ) B e 1 b DR

25 M RE S GB/T 9341-2008 AT, M
JE A 23 °C, #%°8 2 mm/min,

R PSR EF GB/T 1040.1-2018 FEATI I, 112t
RE A 23 °C, Hi #4458 20 mm/min.

¥4 5 F% GB/T 19466.3—2004 #1711, 76 A<
ZMET L PA 20 °C/min Fhil ORI BE B 30 °CHH &
300 °C, fH i 3 min, 485 L4 20 °C/min [ % 2
30 °C, 5 - DAAR [A] 3 5 i 22 300 °C, BUER ik
T I A Rl R A s a5

RS IR B 4 GB/T 1634.1-2019 #4713
A A1 80 mm |, %E 10 mm JE 4 mm B9 5 F, 1 oy
1.8 MPa,

AW 4 3 GB/T 17037.4-2003 #4713,
R AL 50 mm  JRFE 3 mm AY[E F o

KA FE P i BE I h AR SR e 2RI T
BRI, FE 125 °CR B F/K AL 1000 h, B
FESC BT RMK Sy, EIACE 2 h 5, 4% Lk fifh
5o P DU P A T
2 HER5iFE
2.1 STAEATPAS6/ST HAEHF ok

A[E ST & &8 F PAS6/ST U PERE & 1 =& 5
FiRe

290
285
280
275
270
265 -
260
255

Melting point/°C

250

0 5 1‘0 1‘5 2‘0 2‘5 3‘0 3‘5 4‘0 4‘5
5T content/%
A1 WSS ST RICRINLE

Fig. 1 Relationship curve between melting point and 5T content
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Water absorption/%
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5T content/%
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Fig. 2 Relationship curve between water absorption and ST content
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87r

Tensile strength/MPa

80

0 5 10 15 20 25 30 35 40 45
5T content/%

3 R S ST &t oC R LR
Fig. 3 Relationship curve between tensile strength and 5T content
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Flexural strength/MPa
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5T content/%
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Fig. 4 Relationship curve between flexural strength and 5T content
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Fig. 5 Relationship curve between notched impact strength and

5T content

J25 5 508 - DAL 1 AT DL, PAS6/ST B M S ST &
G I ERRIRE FHE G ST &N
5% ], 65 5 I A (250.4 °C), BlE ST & &8z
15% F125%, &5 1.5 3 T+ 2 254.8 °CH1262.3 °C, 5
4l PAS6 J45 55.(255.6 °C)fH . X4 5T & i 0 35% I,
5 0535 271.2 °C, 7 T PA66 J4 15.(263.3 °C). 5T &
TN 45% I 5 Sl — 20 T %2 286.5 °C. XK ST
FAIG(E MIPEXT R R A5 H) 5 | A B it iy 74t
R A

W 7K 24347« &1 2 57w , PAS6/ST fME 7K 2K bifi 5T
S ARG T . E RS SRR IR E . ST & i
IKF 35% F45% I, WK 32535114 1.97% F11.86%,
B2l PAS6 (2.6%) 53 IREAR T 24.23% Fi1 28.46%, B
BT PAG6 7K R (1.8%). X FEIEH FI5EF I
5 T AR Tk e 35 A 114 25 13 R K 1

Fir A 554 ity 5 B oA AL 3 K 4 T LR
PAS6/5T Ry i B 15 25 i 3 B Y Bl ST % s 385 m
EHETRE LB, 5T & k5 35%
B, A BE 15 5] 85.2 MPa, 25 i ## F 34 121 MPa,
Y1 3 4l PAG6 1) AH 1 P BB (PA66 B TR AF Ay v fifi i
J& 80 MPa . Z5 i3 £ 110 MPa),

i 11 s 5 B 43 A - AIEL S W LU Y, PAS6/ST
(AR T wp o 5 B B ST 25 38 e T S ik . 24
ST 710 35% I, Sl 11 s 5 B IR 21 6.1 kI/m?, i
KT PAG66 (7 kI/m?).,

CEATHAL B BRI DUR B, ST & i
k1 35% B, PAS6/5T B g #5 1.(271.2 °C)#E PAG66,
LR B RIS 55 A T PAGG , R SR Bl 11 wh i i
(6.1 kJ/m?) f§ ik T PA66., W 7K & (1.97%) W& &= T
PAG66 , {H ] 3 1o J5 2 AR B B (A A PAS12) it 47
tefb. BHIL, ZEFH P 4R (ST & & 35%)1F Mk
EA LS Ry P S EOE - N
2.2 PA512 4 2 2t 3 47 3 3% PAS6/ST/PAS12 5.4

AR O R AR

AN PAS12 5 5 T 32413458 PAS6/ST/PAS12 &
AAPRHG B bR AN E 6 BT . B 6 i LR
Bl PASI2 Erim e N, &2 A ARk R O phitiom
JEB AT o 2 PAS12 B 43500 3R 2%, 4%,
6%, 8%, 10% i}, & A A RHA R 11 s 5 B 0 531 o0
8.5,9.4,10.6,11.1,11.8 kJ/m*, 5 A il PA512 A B £F

12+

Notched impact strength/(kJ-m)

o 2 4 6 8 10
PAS512 mass fraction/%
Elo ZAMRHRIITETRE S PASI2 ik i e Rk
Fig. 6 Relationship curve between notched impact strength of compos-
ite and PA512 content



68 AR

2025 4F, 45 53 45,45 10 11

H5R PAS6/ST i F opfi 3 B2 (7.8 kJ/m?) A Lt 43 1) 4
5T 8.97%,20.51%, 35.90%, 42.31%, 51.28%, i%
FEIE W DU =05 A9 R R B R : —JE PAS12 Y
PAS6/5T H- A7 AH AL A 19 Jie Bkt 245 449, AH 25 1% R 47,
PAS512 fiE 445 4> BUAE PAS6/ST JEAR rp I8 f s 5 if
S50 AR Z B i, REE AL ST, D B
TR 265 O R 2 80 — 0 PAS12 2 K ik PA
H 355 R UM 328 5 T 3 W 5 75 8 09 PAS6/ST,
PASI12 I A IS5 T PAS6/ST RatA v J5A ity it S
DR 266 85 3, B ARG T AR B B L K IR &% 1 51 A I
EROIN T IIRY o TEER R FZ Shfe Ty, iR
AR 27 3] iy 2 Aar B, B ) 3 e 0 T ) A
& WA R AR MR AR R R s vp AR A
7 b 2 4 I ke B BT 2 = PAS 128438 T
P SR FAR R AL S, A B T bl e R A%
16 FAERY, 204 Tt T opai ki ae .
2.3 PAS5I12 & & 3t 3 ¢F 38 3% PAS6/ST/PASI2 5.4
AR F 0 F o

AIH PAS12 & B F B 47 455 PAS6/ST/PAS12 &2
G AR AR E 7 B . HE 7 RTRLE W Rl
& PAS12 SR AN, &6 MRHEY 24 h AR AT K
BAREAK. M PAS12 i 3500 5 R 2%, 4%, 6%,
8%, 10% M}, &2 & B Ak 1 W 7K 4333l K 1.46%,
1.43%,1.41%, 1.38%, 1.35%, 5 ANl PAS12 (1) 3% £F
B PAS6/ST & A MBI 7K 3 (1.48%) A Eb 43 1l k%
KT 1.35%,3.38%, 4.73%, 6.76%, 8.78%., iX T &
2 R DA P 1T A I PR ) - — 2 PAS 12 HAT AR
R 5 AP ST R 5 B (—CH,—), H: Tk g B 3
(A 2 i —NH—CO—%E A1 807 i ik T PAS6/
ST (U H R & 0 & e BLY PAS6 3#643), A
PAS12 Ji , FLIR AR (AR Pl 2 T P i AT 2% 85 1%, Dk

1.48

—_ —_ —_— —_

> » » >

(=} NS} N N
T T T T

Water absorption/%
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Fig. 7 Relationship curve between water absorption of composite and
PA512 content

55 7 MRS K FIE LSS RE 11, T B0R K K
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2.4 PAS12 4 & *F 3 4F 3 3% PAS6/ST/PAS12 A4
#AHDT #97% @

AR PAS12 & 1 B £F 3 58 PAS6/ST/PAS12 &
AR HDT W& 8 i . th I 8 i LUE Y, B
PAS12 SRS, 2 A PR HDT B 8B . 4
PAS12 JFT it /35045 91 2%, 4% , 6% I, 52 A AHEHEY
HDT %3914 241,240,239 °C, KI5 4 44 BHG HDT
B AR I B . 5 24 PAS12 i 5 43 043 51l 8% Fll
10% I, 52 444 BHK HDT 43 51 &y 234 °C 1230 °C,
5 RN PAS12 (3458 PAS6/ST i HDT (242 °C)Af
Oy IR T 3.31% F14.96%, ¥R PASI2 J5 53054
A HDT BEARA EE R EA LT =48 — 2
PAS12 [ I (210 °C) 25 IR EE AR , A B it 41
55 PAS6/ST M HL 2% , VTR AL 43, FLRe AR Ay #Au
WA T 2B A HDT; — 2 PAS12 J5 K
RE Wi BERE IR T PAS6/ST 4T85 (AR AL HES ], BEAR T
TR R B2, S, 45 5 X Ak S 30 A AR R
R T AP A Y MY B8 S 0SS, HDT T ;= 2
PAS12 N AGER] T — BN E R P T
SrFHEBE il T IS ShRE T, A AR IR
JEF B A AR IR AR AR, S8 HD T PG
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Fig. 8 Relationship curve between HDT of composite and PA512
content
2.5 PA512 4 2 335 ¢ 35 3% PAS6/ST/PAS12 & 4
A L2 A AR 09 R
ANIF] PAS12 7 & T 2T 1G5 PAS6/5T/PAS12 &

GBI GTERE N R 3. IWRIFATLIEN, Y
PAS512 i 3 BUK T4 T 8%(C4*, C5M) I, & # kL
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£3 AEPA512 & E TR PAS6/ST/PASI2 E &M HIHI & 1AL
Tab.3 Comprehensive properties of reinforced PA56/5T/PA512 composites with different PA512 contents

Tensile strength/

Flexural strength/ Notched impact Tensile strength after

Sample number HDT/C Water absorption/% MPa MPa strength/(kJ +m?) hydrolysis test/MPa
Co’ 242 1.48 186 301 7.8 100
cr’ 241 1.46 184 296 8.5 100
2! 240 1.43 181 285 9.4 99
c3’ 239 1.41 178 276 10.6 99
c4 234 1.38 173 264 11.1 96
cs’ 230 1.35 170 258 11.8 95

HDT EAK TR 4 & shHLJE A B EE 3K 14 235 °CTT]
AR, 5] ISF, 37 58 B8 (173, 170 MPa) Fl125 iy 5 JiF
(264,258 MPa)th 2 AT B B T Rt 255 itk
REA T T B 5 24 PAS12 JIi i 43 B0/ 45 F 4%(C17,
C2%)m, 5k 11 w5 3 (8.5, 9.4 kI/m?) BT Firde It (H
AR T4 AR T BR(10 KI/m?), whii B Mg @A 2
HDT (241,240 °C)Fl5i AR FFACET . 24 PAS12 [l it
SR 6% (C3HT, BLEL 7 T &2 A M kR 3L e
P25 P RE P - ke 11 i 9 B 3K 5] 10.6 kI/m?, 358
LB 7 (CONYR T 35.90%, HLi 2 8 bR AT
10 kI/m? (R, s 0k S B T 5 TR PR 4 R
If ,HDT 24 239 °C, ¥ L FERHTL T (242 °C)R#AIK 3 °C
(—1.24%), f= FHREARAE T RR(235 °C), W A 5 O
FREE K, PR BE R 178 MPa . 25 [ 55 % 4 276
MPa, B BSAKT CO*(43 51 F B 4.3% F1 8.3%) , (HAh3E
15 T 150 MPa 5 A5 22K 5 K 0% 2 1.41%, 3¢
CO*(1.48%) i —H: [AAK 4.73% , K IR 50 I AR B
5 B A 21 99 MPa, = THE 4~ {H T FR(80 MPa), £5
TR, C3 E A MEHPAS12 T3 BUN 6%) 46
PERBIAL , 0T LA 2 754 & SR 3 A 2 223
PESUE A R BhLE 35 TR AR SRS XA R O
HPEREER
3 Zhig

(DB ST & F 38 i, PAS6/ST SR M 045 55 A
i B RN AS i B 48 5 A R R JE TR A, oK
R T pp R RS TS R, 4 ST
B R 35% I, PAS6/ST 3L R Wl BLAE R B 41 1 i
AR IR FE 04

(2)PAS12 A Sy 358 4] 57 E W 3% 42 TH 3% &7 3 o
PAS56/5T B -G AHRHG B I whili s B . 24 PASI2 Jfi
3R 10% B, Sl 11 o 5 B 88 1R 3k 51.28%,
% 11.8 kI/m’,

(3)PAS12 [ 5| N S BEAIRE A A BHR I 7K S
HDT, 4 PAS12 J5i i 53 B0 10% B, W 7K 5 AR

8.78%(ZE 1.35%), HDT [4 1% 4.96%( % 230 °C).,

(4)4 PAS12 ST 43 KCh 6% B, ' A M RHH A
AL PERE . B E Pl 3 B IR 10.6 k)/mP (e
KUK N PAS12 (T 35.90%) , il JE 45 b (E K T
10 kJ/m® B9 EEK s HDT 3551 239 °C, i 5 PR A
T 235 CCIZR ;s PSR I F] 178 MPa 25 i 5 &
K B 276 MPa, {1 8 7K °F 5 WK 5 R IR =
1.41% , 7K fiff J5 i BE IR 5] 99 MPa, 1§ i FE AR EAS
fIK T 80 MPa K . #IZ A G AP RL Al LUl IR VA%
KSR AR Z FROF N FHEER

£ % 3k
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