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ABSTRACT The anion ring-open polymerization was employed to prepare the poly(ether sul-
phone)(PES)/nylon6 in-situ composites and the interactions among the ε-caprolactam(CL), PES and
nylon6 were also studied. It indicated that the PES could be uniformly dispersed in melt ε-caprolactam
with small domains depending on the strong interaction between the components. The hydrogen bonding
was formed between the hydrogen atom on acid amide groups and the sulphone on PES resulting in the
process of the dissolution of PES in melt ε-caprolactam being greatly accelerated. The process of its
thermal decomposition was also heavily inhibited and the thermo stability was greatly increased because of
the strong interaction between the nylon6 and PES. Only adding 2% PES into the composite, the thermal
decomposition temperature was increased 79 � compared with the pure nylon6. As the PES content was
more than 4% in the composite, the mechanical strength was slightly decreased, but the toughness of the
material was hugely increased.
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$ (PES).

$;<94&��0.� PES/PA6 +���:

, NaOH 70#5, ,2/3"./5 (TDI) 76

#5, C7,0/*94&��.8�16997:
:D���$ (PES) �2� � ε– ,0/* (CL)

+#0, ��$)$+)+,0/*;E�2Æ?
#7, 27:4B3344�5$,6;F78*8
150 �, �290#5 2, 4– 2/3"./5 (2, 4–

TDI) C7��, + 150��� 1 h ;8 PES/PA6+

���G;95. :2��$�6, #<;678�

G;0 PES�=6$97 0�0.5�1.0�2.0�4.0�6.0(:
6$<, %, H=).

$ NEXUSTM I>>??J:6G;�>>

??, :@A@: $;< 2 cm−1, B= 64 <; $

ESCALAB–II I X ??�&�? (XPS) J:6G

;�?�&�?, Mg Æ, A<7 400 W, �9�7

50 eV; G;9K=>?;+?>@?@A, $ S–

3500N IB=�&LCB (SEM) BA??�MC;

DC TA DD SDT2960 I�;$@ (TG) J, +

=E6EH, 10 �/min �7<8G;�*�)F

*88 700 �, :6�G;HN; $ CMT6000 O

EF�I�&I���@=�B GB/T1040–92 :

@G;�GJ �; $<�C10:1-:+)�
D< δ, PQ N, N– 32"2/* (DMF) 7 PES

�+5, R��57�F+5, +)�D<$97

24.2(J·cm−3)1/2�15.1(J·cm−3)1/2�47.7(J·cm−3)1/2[3];

$9$R��5C1 PES/DMF � �+K, 0�

 �HS;9G:1K?<, GIC1�EF5$

6T�U#�K?<, K?<74JL=>!�E
F5$67<G. δPES=1/2(δupperlimit+δlowerlimit)=

1/2[(δH2O×ΦH2O+δDMF×ΦDMF)+(δaether×Φaether+

δDMF × ΦDMF)]. $=G�/0:1,0/*�+)
�D<, 8 PES+)T,0/*0, F+5$975

�?,L [9−11].

2 @A
BC
2.1 PES 
 ε– DE�FGHIJK�L

PES )$+)+,0/*�#0, M4VMK

J�#. NaOH �2;, +4B9�0�#�@B
W�JLHH, 7$�H;<��.�+���I
1K"J. $<�C10:7��$�,0/*�
+)�D<$97 δPES = 23.33(J·cm−3)1/2, δCL =

23.28(J·cm−3)1/2. 3M�K9"X, @J,0/*T
PESÆIL>"J�UN .+O 1 0, 1152 cm−1�

N 1 PESLPES/KMOML PES/KMOMNPYNMQRS
Fig.1 FT–IR spectra of PESLcaprolactam–PES and caprolactam–NaOH–PES (I: whole range of spec-

tra; II: localization of spectra at 1152 cm−1 O=S=O; III: localization of spectra at 557 cm−1

O=S=O)
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1323 cm−1 � 1300 cm−1 $97$"0 O=S=O

�!Q�#!QJ,RR, 557 cm−1 7�UHR
R, 1242 cm−1 7Æ]� C—O—C �#!QJ,

RR, 1107 cm−1 7$"0 S—C �J,RR, -

1072 cm−1�1012 cm−1 � 837 cm−1 7/.� C—

H �?0UHRR [12]. S PES +)%,0/*;,

S^RRT<74#=���T#, H_UV</_

`RK 1–3 QV<. WVS NaOH �2;, S^�
T"W�<`R7UV. �;83��, PES $&W
��$"L>"X�a�& , -V ε– ,0/*0
/*S0�Æ;&@b5"X�?� ,3MÆI"
X�UTU$0��$)$+)+,0/*�#0.

NaOH ��20�&c$�HX`, PES $&WT
,0/*RN/M4ÆU, "'RXUTU$�7K
PES +,0/*0�+)9�. 8,, ε– ,0/*0
/*S�Æ;&N/T PES 0$"�?;&Y4Æ
SU$, "' PES HS$Y+ ε– ,0/*�#0.

94&��V#Y4�XW.Y"' PES T,

0/*+#�UTVd$�HeX, 0 PES �XJ

�$Y+,0/*�#0. S94&��V#74
;,ZY PEST12$&W�UTU$HH, PESZ

W[@5, Z,��V#7�"[, @BW�F78

�. PES �S%$YXZ"-�[6\+;<+�
��0. %�, +"U�*� (150 �) H-bK PES

,"X�U\$Y+12 6 "#0.

2.2 PES 
YZ 6 [H�\IJK�L
#$ X [N?�&�? (XPS) \:K;<+�

��G;]f\�]��. O 2 @J, PES �2;

C1s � N1s �]��"-�6]#T, - O1s �]

��]74KL]T#. ^S?"W� O1s ^<%

531–532 eV, -+S?"W� O1s ^g<% 533 eV

Vd [13]. PES 0� O ^%^%.Y, ^Q^$9

!# O=S T O—C, �&]��$97 531.6 eV�

533.6 eV; - MC 12 6 0� O ^>�%#�.
Y (O=C—N), ^+ 531.20 eV ^5b+^. !%

PES/MC 12 6 +���, ^S?_�]��/_

`R, <% 531.40 eV, _%. MC 12 6 T PES ^

S?]��ÆI. S@J, + PES/MC 12 6 ;<

��+���0, PES T MC 12 6 ÆI_+XU
TU$, "'^S?_^�#�.YY4T#, 0�

]��74<`. S`J PES 0�$"N/T12
6 Y4ÆSU$, � PES T,0/*ÆI�UTU

N 2 h`_ CLNLO iaN X bj_``SRLOPP_ O iaN`aaPS

Fig.2 XPS spectrum of samples (a) C1s, (b) N1s, (c) O1s and the curve fitting of O1s of PES (d)
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+O 3 0, +���0 PES �>>??�T^
@T 1323 cm−1 � 1153 cm−1 ^7 O=S=O �#!

Q�!QJ,RR, 1107 cm−1 7$"��b;&T
cdc;& S—C S�J,RR. T. PES Ua, +

�����T^H_�V</_`RK 2QV<,@

JS^�T"W�#�.Y74KT#, Sk`J+
���0 PES T MC 12 6 ÆI_+XUTU$,

T XPS �]b��'�.

2.3 PES/MC YZ 6 �abcdeIfg
O 4 c5K;<+���9 N, N– 32"2/

* (DMF)de 48 h;�B=�Bhf. PES+)%

DMF, - DMF �12 6 �F+5, 8,hf0de
�gb� PES �U\. PES =6X% 2.0% !, ??

H"7?d, clhfX, PES +"# MC 12 6 0
$Y"J, de� PES i&e, gb"X, -V PES

�U\de"X, X% 500 nm. fi PES =6�e

�, ??T7"7fg, [ DMF ed� PES i&e
eVgbTX, gjde+ 0.5–1.0 μm ÆI. S PES

=6"U!, PES�$&WT,0/*)$kh�U
$, 0 PES ,"X�U\HSi$Y+,0/* 

#0. ;<��M4+���;, m66]lJ�$

YXZ, U\"X. fi PES =6�e�, PES $&
W�W�eX, UgTX, 8-gb�<6e�jj
X. Z��U\�deJLa� � G;�X (�

mHU\de7 2 μm Vd), 7 PES )$7fU$
I1K"J [14,15].

N 3 j MC QR 6LPES � PES/MC QR 6 Z[

OPOP��NMQ_RS

Fig.3 FT–IR spectra of pure MC nylon 6LPES and

PES/MC nylon 6 in–situ composite

N 4 OPP/MC QR 6 Z[OP��Nhn`okp
Fig.4 SEM photographs of PES/MC nylon 6 in-situ composites with different PES mass fractions

(a) 0%, (b) 2.0%, (c) 4.0% and (d) 6.0%
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2.4 PES/MC YZ 6 �abcdeIlmnop
qprst

PES��2�L]i�12 6$(��n1 .

+U=�:6jGA@H,+����$)*�JL

�%. MC 12 6 �$)*� (O 5a), @J PES �

C2>9%i�+����� �. fi PES =6

�e�, S PES =6X% 4.0% !, ��$)*��

N 5 OPP/MC QR 6 Z[OPOP��o 10 k/

minNkplqlmNmnuojLgqNp`
oj

Fig.5 TGA (a) and DTG (b) curves of PES/MC ny-

lon 6 in-situ composites with various ratios as

marked at 10 k/min

N 6 OPP/MC QR 6 Z[OP��qrqnoj

Fig.6 Curves of stress vs strain of PES/MC nylon 6

in-situ composites

e�#JL.

+��-�� -0, q�v$T"#ÆI"X
�UTU$swoK"#X$&�'R, p-i�"

#X$&��n1 [16,17]. )% PES T MC 12

6 "#ÆI_+"X�ÆSUTU$, fi PES =

6�e�, Re� PES $&W3,=12 6 �$&
WY4UTU$, >ri�K12 6 ��n1 ; Z

�, PES $&W�W�eX"' PES UgTX, $

Y��HU, stK PES T12 6 $&WÆI>r
�UTU$. S#O0 PES �=67 4.0%, +��

���n1 "-n1, #Ef PES =6�e�-

e�. . MC 12 6 ��$)$^Qtq (O 5b),

PES �C2u.Kr�tq��$)9�, PES =

67 2.0% !�^T4�Qh^, =6ive�gw

G.fi PES=6�e�,r3tq�$)*�i�.

),3j, PES �C2>ri�K PES/MC 12 6

;<+�����n1 .

)O 6 3j, S PES =6X% 2.0% !, +�

���#s#THNkl;s, W@b5JL�rm

G; -S PES =6X% 4.0% !, �#s#THN

@b5TVrmG�s ���GJHN. S@J,

"X=6� PES t60�n HH, Z�s ]i

�K, T>�n i&�esU$��'� [18−20].

PES T12 6 ÆI"J�UTU$, 6xK PES n

 i&T12 6"#ÆI"J�u?W�.S"#1

2 6u#s!, u?t#suv8 PES n i&, +

wvGx9�0 PES i&MTwoKX6�6, 8,

��@b5"��s .

3 @ C

��$ (PES) T,0/*�#ÆIY4"X
�ÆSU$, "'�+,0/*�#0L>"J�
UN �$Y , 8,+0$94&��-pv.
� PES/12 6 ;<+����9�0, PES �,

"X�U\HS$Y+12 6 "#0, 3,+U*

(150 �) H.� PES/12 6 +���. PES T1

2 6 ÆI�ÆSU$>riu.K12 6 �r�t

q��$)9�, i�K+�����n1 . PES

n i&T12 6 "#ÆI"J�u?W�i�K
PES/MC 12 6 +����s .
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