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Abstract : Nylon 6-Polyethersulfone(PES)-Nylon 6 block copolymers were synthesized and
their structure and properties were examined. PES oligomers of various molecular weights
with chlorine end group were prepared by the solution polycondensation reaction of 4,4 -
sulfonyldiphenol and excess amount of bis-(p-chloropheny)sulfone to guarantee terminal
chlorine. These polymeric activators, i.e., PES oligomers with terminal chlorine, were used as
activators to prepare Nylon 6-PES-Nylon 6 block copolymers by anionic ring opening
polymerization of e-caprolactam. The structure and properties of these block copolymers
were examined by IR, NMR, transmission electron microscopy, and thermogravimetric anal
ysis. Miscibility between PES block and Nylon 6 block was analyzed from the thermal prop
erties measured by differential scanning calorimetry.
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Table 1. Recipe for the Synthesis of Chlorine-Terminated Polyethersulfone Oligomer
Feed Monomer YVield
_—_— —_— le
Designation Bisphenol S DCDPS K,CO; Sulfolane Toluene .
Feed Ratio” (%)
(g) (g) (g) (mL) (mL)

PES 2 10.49 14.51 6.95 100 50 0.824 85.9

PES 5 11.06 13.93 7.28 100 50 0.917 91.6

PES 7 11.28 13.72 7.48 100 50 0.937 84.8

a) monomer feed mole ratio . bisphenol S/DCDPS
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Table 2. Recipe for the Synthesis of Nylon 6-PES-Nylon 6 Block Copolymers

Designation PES Oligomer CL ~ NaH Yield

Name g mol( X 10%) g mol g mol( X 10%) (%)

SN-2-85 PES 2 6.0 2.22 34.0 0.30 0.50 2.08 30

SN-5-75 PES 5 10.0 1.97 30.0 0.27 0.24 1.00 63

SN-7-95 PES 7 2.0 0.28 38.0 0.34 0.04 0.17 93

SN-7-75 PES 7 10.0 1.40 30.0 0.24 0.27 1.12 43
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Fig. 1. Mechanistic Scheme of polyethersulfone
synthesis.

Table 3. Characterization of Chlorine-Terminated
PES Oligomer

Nu@er W/\veﬁrrarge Molecular Weight T,

Designation  — e
NMR IR XRF Calculated” (C)
" PES2 2700 2000 2300 2400 189
< PESS 5100 3700 3900 5300 205
PES 7 7100 7300 6600 7200 219

a) calcu]a’ted by degree of polymerization=(1+r)/(1-r), r=
monomer feed ratio
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Fig. 3. IR spectrum of block copolymer (SN-5-75).
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Table 4. Characterization of Nylon 6-PES-Nylon 6 Block Copolymers

CL wt%

Nylon 6 Content(wt% ) in Block Copolymer

Nylon 6 Block

Designation in feed R NMR Elemental [n]" Vin T(C)
Analysis®
SN-2-85 85 88.5 84.9 87.9 ~ 9800 60
SN-5-75 75 84.9 81.3 83.0 0.846 12800 58
SN-7-75 75 79.6 84.8 73.3 0.717 9700 54
SN-7-95 95 95.7 - 95.7 2.293 79000 52
a) determined by C. H. N analysis
b) measured at 25°C in m-cresol
T, of PES block was not detected by DSC
9] interaction parametergte] 248 =t}.2 Fe- f= 20— (Xaber
dorsel] wpE Nylon 6-PES-Nylon 6 &2 3%
A9 AL PES BZo BaleF oF 5000 o4}, 714 Ze A wifg, NBE 358y 2
Nylon 6 2&2] EX}EJ ot 30000)4re] W 9jof A 2 4, Ve A HA R, V.2 °9] Zzle £
A8z "= Ao ofAarn 3, V,. &V, = a9 b E5Y FIEE, me
Krausex= &% Ate) 2 2] ARaE uo] g EE FSEAY £5 £ YEH, Krauses
T9} dE T3] WEE pHalE o o] ZRE c} E59 gletrxet BAglol Sy /Re 1, ZE 89)
2 A3} 22 critical interaction parameterg #| o} 71481}, Solubility parameter= FE] A4t

AR 4= Q. B2 22349 interaction pa-
rameter Zto| critical interaction parameter %}t
Bop F(7h gold) A 27 doldtiar o
2g & op. B

Z X V
(Z - 2) X \/

><Vb

<\GZ

(Xab)cr

c

X [_Va,c In va,c_ Vb.c In Vb.c

S .
+2(m—1)A—R‘4-5—1n(m—1>]

3} Interaction parameter Zt¥ critical interac-
tion parameter® A4kl A} 23+ 3 EE Table

5ol ERHA

2 AgdAM FPS £ FERHY 4 2 o
BE Yol w7] 943t TEMOZE morphology &
BEEAG. AlgE 2807ColA 1083t & Aest
o A4S & °*|7‘ 3 gt ke BEE UE
L FEAIA o] 243 E Hjg A8t
Fowm, olE OsO4/formalme FgloFZ car-

bamide”] & X oz FA4ste], Nylon 6 £5

Table 5. Parameters for Thermodynamic Equation for Phase Separation

Volume of Volume of

N./V
Designation A block B block Vi e Ve (12—5) (Xavler f
(ecm®/mol) (ecm®/mol)
SN-2-85 1989.4 7975.8 0.1109 0.8891 5.574 0.2537 -0.1477
SN-5-75 3773.0 10177.1 0.1564 0.8436 4.145 0.1443 -0.0383
SN-7-75 5247.9 7893.0 0.2995 0.7505 4.754 0.1009 0.0051
SN-7-95 5247.9 64297.0 0.0392 0.9608 0.747 0.0846 0.0214

A=PES, B=Nylon

7=8, ASdis/R:l‘ m=3
Xap =0.1060(from solubility parameter of PES and Nylon 6)
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Table 6. Thermal Properties of Block Copolymers
(T
Desig-

. T, T« Ta
nation

SN-2-85 60 99 217 171 39 46
SN-5-75 57 93 223 185 36 38
SN-7-75 55 86 225 191 31 34
SN-7-95 54 80 225 188 26 37
Nvlon6 52 76 228 189

(b)

0.2 um

(c)

(d)

Fig. 5. Transmission electron micrographs of block copolymers ; (a) SN-2-85, (b) SN-5-75, (C) SN-7-95,

(d) SN-7-75.
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Nylon 6-polyethersulfone-Nylon 6 & 3%
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