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DASR R B 2. Nylon) it v 73R B 29 H g BE 3R B4, 111 Nylon 66/ 344 (Nylon
66/PR)(5) Nylon 66/ % SA# B (Nylon 66/NR )11 3% Bt e/ #4428 ¥ 54 ¥ (PA/PMMA) (1
BBt B/ 3 B Ak 4E R RS (PA/ Epoxy) [V 45, T F $h 28 R BERE R W 4K (TPAE) 55 Nylon 6
HEEREERAFAHAFEC S FPAEHARERAEEBABELAATELEEE
REBTIR T, LLE® Nylon 6 AR vy3R % H B, £ Nylon 6 43 B3R lnPi & TPAE, i@
AHRIRSBRA S, MR (SEM) M B R4LE, 3 Nylon 6/ TPAE & &#15BUE
BT T RAAHE, B T OB TP a8 AT RvHEEAEHN
HZEHERE, S T 4 80R#8 5 Nylon 6/ TPAE & 489 h M X % ; A SEM MR
¥ BB (POM)RE T F Il E RS TH Nylon 6 fil Nylon 6/ TPAE § 2 HIBHFES,
Wi T BORHLER.

1 R4S

1.1 EH

Nylon 6 £ H #& TORE 4 4R 69 M S35 CM1017 845 stk Nylon 6, BB T BN
25000, BHE R 1. 14g/cm®, FHRBRAKEN 4.2%, B ER 1277P/225C 4B A8 225C , BB
{L$EARBE % 50°C ; TPAE £ H & DAICEL Huls R &34 8409 /85 5 E40S3 i H &
TORE 2 G55 0 2533SA, REBBRBE RS (B R-12) M T (REBEX)
BRBRTRAEEY, SHREFEREFOREHAREBHERR, B4 245020 154CH
148°C , B E{L AR E S B0 - 45CHI - 55C, EH Y 1.01g/cm’®, SH M4 R RS 5
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N 0.9GPa 1 0.2GPa, & g 18 ¥ 4 5 5 60MPa #1 12MPa. X H B ¥ 2080k, B4 2
Nylon 6/2533SA #1 Nylon 6/E40S3 ¥ % 80/20wt% .
1.2 EENHE

HEASTRE, AEASTRAETHRTN BT ERA 35mm M3 EXH AR
e R, FMmE 1 R ERS0WRAN, EARSUNEEA XBEHARER
B, = AT Charpy i Fesy R T451 2% 60 X 10 X 6 1 90 X 10 X 6mm, 7Erhd ik ke
M=E=STHEREROPRIAT A X r=2x%0.5mm & UBERO.

Tahle 1 Compounding condition by blending with a kneader-twin-screw extruder

Mixing smount 1.0kg

Compounding temperature 240

Compounding processes Raw materials are feeded at the same time

A kind of condition (a) (b) (e} (d)
Kneader mixing time, min 30 50 30 50
Kneader rotation, r.p.m 40 40 40 40
Screw rotation, r.p.m 100 100 150 150

1.3 ERERNE

SrECE AW TRER 34 SEM M TVIP-4100( 11 ) B R AL M B #1T; = M5l TR
H DSS-5000 7 By B i e YL 4T, BB & 10mm/min; Charpy Wi LB H & X B =
YA KRB, EERER 3n/s; M HEABAFRLEN AN ERXSET S
AR 2 B A B POM # SEM #E4T.

2 #R5iE

2.1 SHBERNLSHYE

B SEM R RE@ R HLER L F () (b)) (H (&G T, BiEk
PLIE &8 Nylon 6/ TPAE & &, MAEH T H YU MMM S BOES, TPAE 48K FHRHN S
iz (a) (o) ~(b)~()MIIFE, B HERE, FEREN TN THEWRFE O F &
AZ /P, Nylon 6/2533SA A& W T HBETFTHRERAN N 0.85:m. BB N
0.55¢m, Nylon 6/E40S3 § € A FE BN TFTERLBE XK A 0.80pm. B/MH K
0.60pm . X 522 B 38 X4 FE 1< 1R & B (0] S48 B U S v DLE— e B D R 2 0
RERE . A, B 1 RFET R£M4(d) TH Nylon 6/2533SA A &M AHIES.

UXERXMR M THASBETEHRNGS AN EZRANS, ME TSk
HRAMERBREARMGTEE. GEME 2 FR . (DETHSERTHEZA M, Nylon
6/2533SA 1 Nylon 6/E40S3 K ity 3R B R AH B B &, T0 55y 380480 B 00 IR 5 X Y 34
BIRK 5 (2)Nylon 6 &4 i #h i 58 B K49 840 Nylon 6 4 2 ff A4, MR T
ERMITEY, Nylon 6/2533SA & & &Y vh 37 Bl Nylon 6/E40S3 (Y B X, I 5 RER
9 E40S3 LA, 3R BEMKAY 25335A BiEARMEER K.
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Total features (%)

1.0 20
Diameter (zrm)

Fig.1 SEM photograph of {racture surface and the particle size distrbution of Nylon 6/2533SA alloy
POINT =457 Max. =1.062pm Min. =0.073pm Aver. =0.553pum  Stand. deviat. =0. 135pm

Table 2 Relation between dispersed particle diamerter with the mechanics specific of Nylon 6/ TPAE =80/20 alloys

* Nylon 6/25338A Nylon 6/EA4083 Nylon 6
Condition (a) (d) (a) (d)
D(pm) 0.85 0.55 0.80 0.60
E(GP,) 1.52 1.56 1.53 1.63 2.27
oy(MPa) 72.30 73.33 78.00 78.78 160.00
au(k)/m?) 14.71 19.06 12.58 16.49 7.39

% D(um): The number-average particle diameter; E (GP,) : Elastic modulus; oy (MFPa);: Yield strength; aq (kl/ m?):
Charpy impact strength

2.2 WRHLE

iy ph S BEPRTE 69 SEM 4 I 40, 248 Nylon 6 ity U Rk 01 W35 BHE A E R, &
R, B B R SRR R, B 2 RRBIRES U RE O Z RS
N R 25 (B g sk R shs 27 1), DUF 45 B R ) . 33 el 70 ¢ R Y @8R R B Nylon
6 S B IR YEA T 15 R, 7RG 01 8T SR 88 M 20 R K IR 9 & A A o () =l Y A (SRBE K L
), iR AT — A, KA FREEE LA R ERBY, HFERRENT M
P B K B R REC S BB R .

Nylon 6/ TPAE & &EmHEE T, 48 THRBERMEE, K URBROMNEE
AR, K2, AT . 610, B 3 %73 Nylon 6/2533SA A& U RSk OB HE
R IRBN H B ALK R, TR, &4 (a) (KT 5 B0RR) TR HERE KR RAF (D)
UG T4 B0R22) T A9/, B KRN 2= M A R e Bt 2. i U Bl 6RO I Y
BERTE A BY SEM MK 28, () (d) PR &4 F I B A K s 2 B 2 2R
LA R 23 2 (A6 Nylon 6 BB A Ay, FHS BB K [(%MF(2)], HEZH
s A BB R/ [ &4 (d) ], R RN XS 2R | 28R T B SR
FIR B X FETELE Nylon 6/E40S3 & &t AKAE, ESBRB AR [EH ()], ZH
k£ BR % E40S3 B T4 # B AT EG AR B, ZE v v B T, 25335A BLF H E40S3



Fig. 2 SEM photograph of fracture Fig.3 POM photographs of a longitudinal section beneath the
surface of Nylon 6 fracture surfaces of Nylon 6/2533SA alloys

B85 E AL MR, X & Nylon 6/2533SA #l Nylon 6/E40S3 B & W b 7 R BE AR IR
MIREZ —. Bk, £ U Bk O T3R8 K8 N 5 MM S R e, HBEHTENE & B
BAE. B0, 4 RRT Nylon 6/25335A &4 iRAE W HBEIRTT /A U B 5k O B8 MRS SEM

L
Compounding condition {a) Compounding condition (d)
Fig.4 SEM photographs of fracture surfaces of Nylon 6/2533SA alloys

A= PR Nylon 6 &L HBHRVLE, 7 1mm/min A 100mm/min % 1000mm/
min FAFERE T, X U Bk O Nylon 6 f1(d) £ 4 F W Nylon 6 §&IAHHT T =HT
HEBFERARLR, (DB THARFHROME — B # L, 7 lmm/min B FEF
T, Nylon 6 RIEMR, ZEH B HB B ERAETIK, HBERGH A 3. Smm, R H BT
Bt % e ) R BB LG ¥ R R T 49 K T Nylon 6/2533SA il Nylon 6/E40S3 & 4 Bl i 76
1000mm/min BB T, AR, 225 89 80 51T IR, 32 50 1 18 Y525 % FF 0% i 64 9 % 1,
BUEBFEH K. () EBKE T, 4 & 88 & FH BB D58, 4 518 POM #1 SEM
XU RRTSREBEAY R T T RE R, S MB— U BMEHET T W, 48
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Fig.5 SEM and POM photographs of a longitudinal section beneath the fracture surfaces of Nylon 6
specimens tested by three point bending method at 1 mm/min speed

## Nylon 6 fl Nylon 6 -8 &R XM, BF KRUETEERE, HELEN
grsERIIN, BEWRALEHE THBHES]. X Nylon 6 T F, 57 U RSk DRHEL™
ER/DMA FRE, BERERYARRAZ A FERES, KRAIRAFBAREHN
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Yo
Plastic zone "01d 200

Fig.6(z) Definition of the stress components Fig. 6 (b)  Variation of stress distribution caused by

nucleation of voids

BB, RAERIBCKAIZE T B, B L, Wi vh i 3R K, A 5 R Nylon 6 89 U Bk O AT
BeE X4 A i POM Fit SEM BB A (B o i 1 Sk 1) R 25 il I O 1), DA T & B, 7T
I, Nylon 6 MR B4R LB HEH, RN AERMER, THE 6() &R 51
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FHLE, Nylon 6 B9 & &6 U BUIHT#EE
HEAE T X I P 2 A 4 i BT B R R
C GmE 7 BR), RRHBBE T AR
B0 5, Nylon 6/2533SA 1 Nylon 6/
B E40S3 FFEG & AT R4

i —£ M SEM X B8 7 i (DA (2) K

% IR, B 8 RN 25335A BT
¢ SERTEW MK 0 AT R B 5

- SRS EERLIE 8], HE
SRR, FRZ W= EFEE 8
: = (b)]; & 9 # E4083 BB FIER

Fig.7 POM photograph of a longitudinal section beneath the EiTH SR EREEEHE[E

fracture surface of Nylon 6 alloy 9(a) ], BEJS RS, SHE 2 EE

' £ Z4E(E 9(b) ]. £ 1000mm/ min &

ERET, LRGP ERENNERESHE 8 ME 9 K4l B 10 RART Nylon 6/
25338A A&7 3mm 1 Smm BB TR BAEE, TR, 5AH 3mm A 10(a)H
b, A2 % Smm 98 10(b) 2 BRI 2 EESHEREFKR. HZLE RN T TPAE
H 2 A28 T R 1 T A AR S 1 F 1 R A A 2 e, W T 6(b) SRR

=

(a)Area @ of Fig.7 (b) Area @ of Fig.7

Fig.8 SEM photographs of a longitudinal section beneath the fracture surfaces of Nylon 6/2533SA alloy specimens tested
by three point bending method at 1lmm/min speed

&g Lif, Nylon 6/ TPAE & & E THEMERS(ZMMN) T, FEFEZE LM Nylon 6
WE R EBHERE, Fet, KRS N A b4 84, ff TPAE B0 FRBEFEEN A
£, U AEPXE—EEN, SBHEARRERR, SSHHARELHHE, LB
MR R EHE, HEE MBS, #— 2 SREAMERE, 362 # 2 iF 2 [ 8 F K
AR S EH N R AL S FE, WM REBEEH L% Nylon 6/TPAE &%
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(a)Area @ of Fig.7 (b) Area @ of Fig.7

Fig.9 SEM photographs of a longirudinal section beneath the fracture surface of Nylon 6/ E40S3 alloy specimen tested by
three point bending method at Imm/min speed

(a) The yield grawth on 3 mm displacement (b) The yield grawth on Smm displacement

Fig.10 SEM photographs of a longitudinal section beneath the fracture surface of Nylon 6/2533SA alloy specimen tested
by three point bending method at 1000mm/min speed

EEEMEME T, BHELH Nylon 6 BN IS THNTERERES BN T
REERRE, EEAFAENRARAFE EFEEBLIOFRIK, BIZEESENZER, &
e ER ; 7E MR 25 o N T, 4248 Nylon 6 N RS THA TR S ZRER
JUF- R 63647, BYU7 R IR B 3 b0, 4548 2 1 (A1 #Y Nylon 6 B BB M 4T ek, M T R
AR AR, BRA SR AT RAA SR ki 2533SA #5) Nylon 6
R H E40S3 K, BE RETE R 5 ERA RS
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MECHANICAL PROPERTIES AND FRACTURE MECHANISM
OF NYLON 6/THERMOPLASTIC POLYAMIDE
ELASTOMERS ALLOYS

ZHAN Maosheng
( Department of Materials Science and Engineering,
University of Aeronautics and Astronautics, Beijing 100083}
NARISAWA Tkuo
{ College of Engineering, Yamagata Uinversity)

Abstract Nylon 6 showed low impact strehgth values. Whereas the addition of
thermoplastic polyamide elastomers ( TPAE ) 2533SA and E40S3, Nylon 6/2533SA and
Nylon 6/E40S3 alloys showed high impact strength values. POM and SEM observations of
the fracture surfaces and deformed regions beneath the fracture surfaces revealed that the
fracture process of nylon 6 was brittle which was originated from plastic constraint at the
notch tip. The fracture of alloys was also caused by plastic constratint at the notch tip.
However, the plastic deformation zone at the notch tip was composed of many voids and
partially elongated fibrils, and this absorbed impact energy. The plastic deformation was
enhnaced by the transition of the stress state from plane strain to plane stress. The final
fracture occurred from the notch tip connecting voids in the plastic deformation zone.

Key words Nylon 6, Thermoplastie polyamide elastomers, Alloy, Impact strength, Void,

Plastic constraint



