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FELL 8 8 JE 18 ( Nylon) BEIR ¥4 5 B A5 S BF 5t oD 41, 40 Nylon 66/ #1K (Nylon
66/PR)1ST Nylon 66/FSRH B (Nylon 66/NR)US 5 B i /41 8 ¥ g (PA/PMMA) T
BB e/ R BRI (40 PA/Epoxy) V) B 166/ PR BB ¥ Bh A% 2 B ¥E 46 ( Nylon 6/ TPAE)
A400% WAL A AEREE. A T WO SRR 6% R R, 45N
B REPIMFHEEE(SEM) RER 4T (DO ERATREGHANEES
B AR 2 B Mg BT, FERFAT [ R R T R A 0 B 2N R e, BT SRR R A RIS B8 Nylon
6 # Nylon 6/ TPAE/ I EH S SR RERNER.

1 TRES

1.1 #8

Nylon 6 2 H#& TORE 4 SHEHLA B 0 CMI1017 94 ¥k Nylon 6, LB TR R
25000, BAE Y 1. 14g/em®, TRBAKE R 4.2%, MR 1277P/225C 44 K 225C , &R
BB R 176C, BB TEREN S0C, THEE X 107MPa, Tl BIE N 2.4GPa.
TPAE REEZS5AFEHERTEARALHFRIFROBEFHBIY, @K HEMK
RHAR, R A SRR SIS MR R EAS, 2T MRS R AR R
BLEHEBEERT AAHERRER HATFTRENREES TPAEE RN
161.5C, BEEL RN - S0C, BEF MRS BBE Y 334 -424C, EK VW24
B W 265—423C, BB RBHE N 11, 5MPa, H IR % 5S0MPa, X TPAE 5
ER L RETLREAHRRNZHERS FO& HENROKMBARNLE-2&
AARE-TAKDERAHRDERTENER Y REENLEY(AR00) XK1Y
KReAR, B4t Nylon 6/ TPAE/A8200 = 75/15/5wt% .
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1.2 AENHE
WH N FRE, HHA SR TH R HEHFER N 35mm MISERE B PR
: . RAMBHER, R SR, EARS
B DABFAUAL B0 R B R, MR
20 mm 4 230C, A1 8] 10min, S5 H 4CHE
120 mm ' | ¥ BCESHHSHFEEHERE
B, REERTmE 1 BiR, £E&RXEPEY
Fi8: 1 Double-edge-norched tensiion (DENT) speciment x5 py 43811 2 A 1.2, 3mm () T2 S ; 52 1 5

geometry (tckness tmm) SR A S R4, B R+ (100
X 10 X 1mm) R # Nylon 6 1 TPAE ZEf8 RS T, K515 6.
1.3 EeNE

WA RCSHFEX EWY L MEE R, MY K R4 10pm; B4 4 H
DSC #47, FHRZEFE X 10°C /min; B HBR LR M A HRRE B DSS-5000 B 7 gEf E
AT, BB B 4 510 1.10.100, 1000mm/min, 724418 7 Br 43 %% 2 A1
100mm/ min; 7+ BB S M MEH SEM #17.

2 ZE5itie
2.1 REEY

S O BT R SR A AR ) B, B AT KSR, RETE R
Ja, EARRKK, BT, B4l Nylon 6 1 Nylon 6/ TPAE/A8200 & & RyER & 88/ H R K
3,75 B, Nylon 6 i{EE IR B0 T K /MR AH ] 69 85 R 43 A6 55 4, B 2 () R (b) i s
SHMK, £ 23CESKRIEANT, RN SREFS, 488K, BRYRE K Y
%], B.4E Nylon 6 5 Nylon 6/ TPAE/A8200 S&H ., &2 MR T8/, ME 2(c) A
()R .DSCHIZ(E3)EXT LR FRHRGREFFEAMRREHNLER, B

Air<conling

Fig.2 PLMplwmgnphso{crystsﬂincsmmumofNylonﬁandNybnﬁalby
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Nylon 6 EKSHEHT, RRAIETHF
AR e, B S 4 1R BE 45 R 210C
R2WCES; EERBHREFT, KRR
b 72 o AR TE AR PR TR R, BT X L IR
7R {H 210C R IS T IS 1, 220°C #Y
R AR (L, ATy R A B
{£. 584 Nylon 6 FHH, Nylon 6/ TPAE/
AB200 A& KEHESHT, W HERIT RN
%, Y RE S5 24 Nylon 6 i, H
EESHIAFGT, AHE 1 MRRE, Fr
MV ERE R 216.4C, i F 210C #
220T Z 8. LY |1, T B B4 Nylon 6 I8 E Nylon 6/ TPAE/AB200 &, KB HE
@&TF, BIEER A WReE, & BARG G EER G EESNRARGT, RE—1THEY
W, £ EMRGRTHEESRD. P ihieEXpiRe 254 F I8 RIK Nylon 6 Al
Nylon 6/ TPAE/ A8200 & B A i £ A9 B IAPEEE .
2.2 LifEREIAERE

B R EESR R 1E 22°C A1 RH63 % M4HIR 2 FEFTRY, S5 R &M, R RERN 1.10,100,
1000mm/ min BEEE T, SKSHE Nylon 6 M, 2% HIfY Nylon 6 BEIRIE 8
PRATE /DI 4(a) R FFR) R B K (NE SRR, REREZ
S HBRRE T Nylon 6 BRI, Hl TERAEER| T, BRAER/LFRE,
HERMT . SERS EE Nylon 6 RSB WHTEEREERE . SHHEE, AEE
S ¥ Nylon 6/ TPAE/A82200 £ & /BRE R THKA H® K, BHREES BEER
TR (A 4R FR) BRI GE SR FIR), BRI ks m
T . BT Y T BU% o, X Rh 2 B e B . 7 A, L e 1,10, 100mm/
min, & 1000mm/ min, BH FEHAHTHES . ML KR %M Nylon 6/ TPAE/AB200
aE& 5 RERSEME Nylon 6 B9BEIRYE 64 76 Itk 5L 2208 7
2.3 Nylon 6 &R

2.3.1 BEENSREHSWE FFI/MUESREN, I 4C KM 23T E
SHHBBEG T, B ARBANENER L, 88 TPAE 2 8#5 Nylon 6 EZH
R IR Y, SR BHA R A R 4B 6 TR 1 6 T4, 7 2 A0 100mm/min 4 2455 BE
T, A% MR A0 R B W RRE 2 A0 8 252N/ m il 475N/ m, B HIN0 R i B
B 0 3 R BE A B0 0N 350N/ m M1 780N/ m; BEE M LL, EHA R W HIRBE LT H A
#EW T 98N/m # 30SN/m. LIEGE R GA R E 2 WA, BRESBE S IR
A Nylon 6/ TPAE/A8200 &4 Nylon ¢ BN RER T, OFEEMERS T 444
A ROREEERE X EREB Nylon 6 BFBEHE L.

2.3.2 APEYEGEFIRASM  HE 7 WA, Nylon 6/PTAE/AB200 S &ARH L
B A B FRAUN 0.5um Y TPAE HDRF, LEEREER 1 20pm /DR % . — N, XM /D
PR FETRENARZE. UFETRAASHFHZRE ). BT EAHER

Endothermic

Fig.3 DSC curves of melting endothermic of Nylon 6 and
Nylon 6 alloy
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Fig.4 Load-deflection curves of Nylong 6 and Nylon 6 alloy with different width sizes ( [ = 4,6, 8%mm)
400 400 -
. f Nylon6: ¢ Water-cooling
Nyloné: : xmmg ¢ Air-cooling
. : | Alloy: = Water-cooling
o~ 300 Alloy: : Wlater-coplmg o 300 & Air-cooling e
E Air-cooling . E .
< 2
= 2004 = 2004
> x>
100 100 -
[ad
- (&)l mm/min
o i 1 { I | 0 1 I | { |
3 4 5 6 7 [] 9 3 4 5 6 7 8 9
Width / (mm) Width [ (mm)

Fig.5 Polt of spesific total fracture work {W,) against width sizes () for Nylon 6 and Nylon 6 alloy

SH(E8), BE T & REBH, SRR TIATHEAE M, R, BB TRBE MR
RITUBARRES . A — T, Nylon 6 & & FHASMAMR T A EF0EEE, 4 ER
T, KT RELEH Nylon 6 HEER AT, F6T, BP9 3869 B A1 i 81658, it TPAE
SRR TR EN RS, P RBHER S 5% f 8 b P — F AR, SR T M
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REAHBRE FERLHEHE —FBEN
SRk, EA SR T BRaE R, EEAR
WHP B, R T 22 8 A S h N
AR A T H R SRS, BB A REH
Rl g 54, MFBECE PR =4, mE 9(a) M
(b) fif 7%, B4 Nylon 6 76 HEA T, B8
BB RRRER S -REDL,LE
R EZL# B #1T; ™ Nylon 6/ TPAE/A8200
SE&ENAERT, RAERREEYSEAD TR
BTe, Bac iR MR EEL, MARM
AR &N RO RN ER, TR
L, BB RGN 5uFEe, 37 V1E R
BENES K&, #4082 ] F FISE] Nylon

1.0

Speed: 2mmymin:
D Water-cooling
_E Air-cooling
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Fig-6 Interfacial strength of Nylong 6 with TPAE

6 HIH BB AL B AL, M T RE R EAERE, BA R MR

Fig.7 SEM photograph of fracture
surface of Nylon 6 alloy

Fig.9 PLM photographs of longitudinal section beneath the fracture surfaces of (a)
Nylon 6 and (b) Nylon 6 alloy speciments tested by three point bending method
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Lr LR, TEMRI &, 845 Nylon 6 Al Nylon 6 8 M8 G R 2L, B
PR AR AR X RENRR S NRAF FRARRKAIER, WHFF
% TPAE /815 Nylon 6 LA R K R WL & HE; T H/b TPAE R ¥4 8 &
Nylon 6 3Rdh ) 7 B R H A HR, 358 T BB HIAE L B A1, 650088 B 00 B PR3 BE A0 B3R TE
ARBAERIGBEIRE . X LK R B4 Nylon 6 FARFREHE. BLL REXNER
TR Nylon 6 BAAPERER N K 2 —, HIR & 4 TETER S R @A b & 22 @) 69 3F & 3B
S S AN BU/ R T 89 2 AL DA B S A R R 25 5 B R %W Nylon 6 BN 6E
MR EEER.
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THE EFFECT OF SPHERULIE CRYSTAL ON PROPERTIES OF
TENSILE FRACTURE OF NYLON 6 AND NYLON 6 ALLOY

ZHAN Maosheng
{ Department of Materials Science and Engineering, University of Aeroinautics and Astronautics, Beijing  100083)

NARISAWA Ikuo
( College of Engincering, Yamagata University, Japan)

Abstract The work disscussed the effect of structure of spherulite on properties of pure
nylon 6 and Nylon 6/ TPAE/Compatibilizer alloy by the experiment of changing the cooling
velocity when shaping. First, melts of pure nylon 6 and Nylon 6/ TPAE/Compatibilizer alloy
were cooled rapidly and slowly on the condition of 4C water and 23'C air respectively.
Second, they were made into specimens. Then, specimens were carried on observation of
structure of spherulite and dispersioin morphology and analyses of absorbing heat, meanwhile

by PLM, SEM and DSC, carried on the experiment of tensile fracture and interface tearing.
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The results show: (1) Dispersion particles are well-distributed between interface and interior
of spherulite or between lameller crystals. (2) The size of spherulit is greatly different when
pure nylong 6 is cooled rapidly in 4C water. But that of spherulite is well-distributed when it
is cooled slowly in 23T air. The comparison of them shows the latter speciment’s size of
spherulite is large and fracture strength is high, with decreasing of deformation and energy of
tensile fracture. {3) The size of spherulite is small but differs greatly when Nylon 6/ TPAE/
A8200 alloy was cooled rapidly in 4C water, but that of spherulite is large and well-
distributed in 23T air. The comparison of them shows the latter specimen’s size of spherulite
is large and fracture strength is high, with increasing the deformation and energy of tensile
fracture. (4) On the same cooling condition, the change trend of size of spherulite of pure
nylen 6 and nylon 6/ TPAE/Compatibilizer alloy is same, but that of properties of tensile
freacture is oppsite. This a because slow cooling contributes to not only the formation of large
spherulite but also the enhancement of adhesion strength of interface between the dispersed
phase TPAE and successive phase nylon 6. On the other hand, the dispersion of tiny TPAE
particle in the interface and interior of nylon 6 spherulite strengthens the deformation ability
of spherulite, and enhances the strength deformation and energy of tensile fracture. Pure
nylon 6 has not these specific properties. Therefore, though the size of spherulite is one of
factors which influence fracture properties of nylon 6, the interface of spherulite, non-crystal
stucture between lamellar crystals, voiding of tiny elastic and adhesion strength of phase
interface are main factors which influence fracture properties of nylon 6.

Key words Cooling velocity, Nylon 6 alloy, Size of spherulite, Adhesion strength, fracture
property



