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Analysis of Primary Structures of Chlorosulfonated Polyethylenes

Tadashi OKADA
Hiroyuki FUJIMOTO
Tatsushi NAKAGAWA

The microstructures of chlorosulfonated polyethylenes (CSPE) were characterized by 13C NMR. The pen-

tad sequence—(CHj);—~ was confirmed by the analysis of methylene carbon absorptions and the chlorine

distribution was found to lie between regular and random distributions.

When chlorosulfonated between 90° and 110°C, the regularity of chlorine distribution was improved ap-

preciably as the reaction temperature decreased. The reactivity of sulfuryl chloride toward polyethylenes

was strongly dependent on the solvents used and chlorine atoms were distributed more regularly in CSPE

obtained in aromatic solvents than that obtained in carbon tetrachloride.
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Table 1 CSPE Samples

_Type* | PE [RT (°O[Cl (%) | S (%) |[Tg (°0)

Hyparon 20 29 1.4

Hyparon 30 43 B!

-Hyparon 40 35 1.0

Hyparon 45 ) 25 1.0

Hyparon a8 43 1.0
165-1 | LDPE 8.6 | 0
165-2 " 29.5 1.3
165-3 " 36. 8 —
165-4 " 40.8 | 1.1

©3000-1 | HDPE 25.2 —
3000-2 " 35.0 | 0.7
3000-3 | 37.8 | 0.7 -
BS-1 " 9 | 35.7 | 0.6 |—16.5
BS-2 " 9 | 36.1 | 0.9 |—15.0
BS-3 " 9 [ 362 | 1.1 [—16.0
BS-4 " 95 | 35.9 | 0.9 |—15.5
BS-5 " 95 | 36.2 | 0.8 | —15.5
BS-6 " 100 | 35.6 | 1.1 | —15.0
BS-7 " 100 | 35.7 | 1.2 |—i5.5
BS-8 " 105 | 35.9 | 1.2 |—12.5
BS-9 " 10 | 36.2 | 1.0 | —12.5
A-1 " 10 | 33.1 | 1.0
A-2 " 100 | 35.6 | 0.4
C-1 ” 100 | 36.1 | 0.7
c-2 ” 100 | 36.2 | 0.3
C-3 " 100 | 36.4 | 0.2
C-4 " 100 | 33.9 | 1.8

* Chlorosulfonated solvent:CCl, (Hyparon, 165,
BS), CsHsCl (A), CgH (C)
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35.5(m+p) _ 25
48:5m+14n+112.5p" 100

22 =L (3)
48.5m+14n+112.5p 100
48.5m+14n+112.5p=100 (4)
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p=0.031, m=0.673, n=4.562
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PAET5L0.59% ThH Y, NMR v'— 7 BE o BlEe
et 0%EEZ DL FFERD0.59% Dl i3 EEREIIC
ADo 6> T CSPE 227 s voigE% CPE =22
FVIRBIZESWTIT > TH 227 b ABREE AT I XRIRE
ix7evv, HDPE Ho> —CH;— L2 7 ME 6=30
ppm Th b1, —CCl—, —CHCl— 0D REDILEL 7
MEIx& 4% 6=95ppm, 6=62ppm=+7ppm TH Y,

Table 2 Chemical Shifts and Assignments of
Methylene Carbon in CSPE

Sequel-l-c—é
Pentz_ld Jdealca  heptad Jealed Oobsd
1100011 23.0 o
10001 23.8 | 0100011 23.4 23.5
0100010 23.8
~1000011 26.1 25.2
00001  26.9 1009010] 26.5  26.5
0000011
0000010 26.9
~1000001 29.2 29.3
00000 30.0 | 0000001 29.6
0000000 30.0 30.0
~1100111 32.0 31.6
< 0100111
10011 32.8 1105110] 32.4 325
-0100110 32.8
~1000111
1106101] 35.1  34.5
0000111
01001 1000110
oo 2% | 1100100 35.5 35.6
0100101
0000110
—0016010] 35.9  35.9
-1000101 38.2 38.1
_ 0010001
01000  39.0 0006101] 38.6  38.6
10010010 38.9
~1110111 41.0
HBn aLg |0110111 41.4
10110110 41.8
-1010111 4.1
2 0010111
11010  44.9 1016110] 4.5  43.4
0010110 4.7
-1010101 47.2 47.2
01010  48.0 |[o0010101 47.6
-0010100 48.0 48.0

—CHy— oH2 18 Cl L E#+ 5 LERSRICH 32
ppm ¥ 7 b+ 5, - T Grant & Paul® {6
EHWT —CHy— DQRLICE-7 D7 b Loff
B &AL T,

p=a+§A2mQ (5)
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By,
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~CH,CHCICH,CH,CH.CHCH,—  6=269 ppm
N, 1-Y7ap~Fa o zBntt s — —CH,—
DY 7 MMEES
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5k,
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Fig. 2 Chain Carbon distributions VS. Cl con-
tent
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v— 7 OEEEERY Cl B L T ry LY
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©w_—2 PE BR#% 52, Cl §8KE®EIZ-HBLTW
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Keller &» CPE D#55 L ttE L T? CSPE TY
—CCl— ==y pRIEHICARL Cl GEB40%TL%
UTFthsd, 2oBhc Xy AIEiEND Cl SEICE

W Cl 1i3FaA ¥ —CHCl— mREECHEET BT LD
»Y, ~—2 PE CEREFRTHDHZ Lnbh ol
(8) —CH,— @ Pentad Sequence DHHh
PE iz Cl EASHD LESEMETLTL 5. &
5z PE o7 vz 7y ALRIGHEEK L v CSPE
» Cl H#inRiy CSPE o882 52 56
b 5, Table 2 IWRTFBICH > TrA ey, &
e Pentad Sequence % TilfHikoEE®RE A6
&, % Pentad {E% Table 3 iK/R¥,
23.1~23.9 ppm (10001)
26.5~26.9 ppm (10000)
29.6~30.2 ppm (00000)
30.2~35.3 ppm (11001)
35.3~37.0 ppm (01001+411000)
38.4~39.0 ppm (01000)
43.0~45.5 ppm (11010)
44.5~48.5 ppm (01010)
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Table 3 Pentad Sequence and Chlorinated Methylene Distributions in CSPE

Type Chlorinated methylene (mol%) Pentad Sequence (mol%)
CH, CHCI CCl, b c e f g h
Hyparon 20|  83.1 6.2 0.7 92.0 | 37.9 | 2.5 | 1.1 | 18.7 | 0.8 | 1.6
Hyparon 30| 71.2 27.9 0.9 16.1 | 15.6 8 | 19.0 | 22.4 | 86 | 7.6
Hyparon 40|  79.3 20. 1 0.6 22.5 | 32.4 6 | 13.6 | 19.9 | 1.0 | 3.6
Hyparon 45| 86.8 13.2 0 16. 2 56.8 1.9 5.3 16. 4 .0 1.9
165-1 98.0 2.0 0
165-2 | 85.0 14.6 0.4
165-3 79.2 20.2 0.6
165-4 | 75.8 23.4 0.8
3000-1 | 86.8 13.2 0 2.7 | 16.0 | 55.0 | 0.0 7.7 | 14.2 | 1.3 | 3.1
3000-2 | 80.3 19.2 0.5 4.4 | 20.8 | 34.4 | 2.2 | 125 | 189 | 3.3 | 3.5
3000-3 | 75.1 2.3 0.6 3.9 | 18.4 | 308 | 3.8 | 168 | 188 | 3.4 | 4.1
BS-1 43 | 19.9 | 30.0 | 2.6 | 13.0 | 21.6 | 1.7 | 6.9
BS-2 52 | 20.3 | 30.0 | 1.7 | 13.8 | 21.6 | 2.2 | 5.2
BS-3 45 | 19.9 | 29.9 | 2.7 | 13.6 | 21.7 | 2.3 | 5.4
BS-4 43 | 19.9 | 30.7 | 2.2 | 140 | 21.4 | 1.9 | 5.6
BS-5 4.9 | 20.3 | 30.8 | 25 | 12.9 | 21.8 | 2.5 | 4.3
BS-6 5.8 | 20.4 | 31.6 | 1.9 | 13.6 | 20.4 | 1.9 | 4.4
BS-7 “45 | 204 | 319 | 2.4 [ 131 | 204 | 2.4 | 49
~ BS-8 4.6 | 209 | 32.2 | 2.5 | 13.4 | 20.1 | 2.1 | 4.2
BS-9 52 | 206 | 334 | 2.2 | 127 | 20.2 | 1.5 | 4.5
A-1 3.8 | 22.8 | 27.5 | 1.6 | 12.7 | 26.0 | 1.6 | 4.0
A-2 53 | 22.5 | 22.0 | 2.1 | 14.2 | 26.9 | 1.4 | 5.6
c-1 57 | 23.8 | 22.9 | 1.9 | 12.9 | 26.6 | 1.0 | 5.2
C-2 55 | 22.7 | 22.7 | 1.6 | 14.1 | 27.5 | 1.2 | 4.7
C-3 o 56 | 22.1 | 22.6 | 1.9 | 15.0 | 27.2 | 0.9 | 4.7
C-4 5.7 | 24.8 | 25.7 | 1.9 | 13.3 | 23.8 | 1.0 | 3.8
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(4) RIERHE Cl OH%H
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& Cl 2 PE RIZ XK HBLTEAShTWAHZ L &
BERLTWET. ZOfSE % Table 1 0 Tg L HE

(%)
M
33} o
0]
32+
) @
Lmj 31
T /8
30+
B
Eg | l: |
90 100 110

React Temp (C)

Fig. 3 CH,-}s sequence fractions in CSPE VS.
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Fig. 4 -CH,3s sequence fractions in model com-
pounds VS. CI content
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WTE VBT eI —xF Lo Try s, S50
FAILEAK, )EARIC Cl B8 AXhi CPE » i
BLTHIY, Fig. 4 iz Cl &R+ 5 Lite 71t
R oH C-Sequence B & DBFERT. 25
DOEZmE L CSPE o> C-Sequence # &+ 2 &, #
%, Random pi#f & Regular #iff & o B+ 5,
Brame {3z o X 5 0kBE% Cl @ Hindared ©%i¢ 5
> TW3D A% Randan L W ETHAMLZ L > T3,
SC-Process 12331} 5 RKISHEHFIZ CCly, C¢Hg, CsHsCl
WG, Cl &35 C-Sequence &% Fig.
5 WRTo. ZOBRPOBALI L LI, RIGER
FEERERWS &, CSPE tho Cl 97k CCly i
FEVHRAMICR DI EERLTWET, ZOREABIS
WTETHRALCAE LK. PE 930OHE7 4 v 2745
HEBE S O (Cl, —SO0,Cl) BHEFHTH 5,
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T4 17
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Fig. 5 +CH;J sequence fractions in CSPE VS.
Cl content
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T2 5,
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4. ¥ g

CSPE » BC-NMR #igizsnT —CCl,—CHCl—
—CH,— —C(SO,Cl) 2B FERBTHZ LN TESB X,
—CH,— iz T Pentad Sequence 251
%, +CHy )5 Sequence EicEH Lica, Cl 881
—ThoTHRIGHKE (RISRE, HRBE) Fcko
T 4CH;s Sequence ERE({L+5Z LN LMN LR
2726

ZhbORRIE CSPE ORI T 4 — KAy 7

Easily chlorinated zone

Eh, Iy OELEET S ETORBELE RS L1
FEh s,
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