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Effective Mechanisms on Curing and Properties of

Chlorosulfonated Polyethylene Rubber (CSM) and its
Blends
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Mix No / Curing Epoxy (G)) Metal oxide Peroxide Sulfur
System (G, (G, (G,
CSM 100 100 100 100
MgO 5 4 4
Stearic acid - 2

MBTS 0.5 0.5 - 0.5
DPG 0.5 0.5
TETRONE A 0.75 0.5 2 0.75
TAC 5

DCP 6

Epoxy Resin 10 -

PbO 10 -

Sulfur 1 - I
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Mix no Initial viscosity | Minimum torque | Maximum torque | Scorch time | Optimum cure Cure rate
d N-m {ML]. d N-m {M“}1 d N-m (min) time (Tw), min (min™)
G, 28 9 52 3 15 8.3
G, 30 10 48.5 275 17.5 6.77
G, 34 61 35 16 8
G, 35 12 49 2.5 15 8
1. Monsanto Rheographs 3. Cure rate

2. Scorch
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Properties Epoxy (G,) Metal oxide (G,) DCP(G,) Sulfur (G,)
Before | After | Before | After | Before | After Before After
aging | aging | aging | aging | aging | aging aging aging

Tensile strength, MPa 21.8 22.3 20.3 21.2 25 26.3 219 282

M100%, MPa 0.9 I 1 1.1 1.2 1.3 1.3 1.4

M200%, MPa 1.2 14 1.5 1.7 1.6 1.9 22 27

M300%, MPa 1.7 23 1.9 2.3 24 3 33 37

Elongation at break (%) 806 693 969 863 935 765 874 770

Tear strength (N/mm) 204 21.3 29.3 334 23.6 24.1 25.7 26.3

Hardness IRHD 38 41.5 45 48 41 H 50 51

Compression set 22 hrs at 100 °C,% 6 6 1.1 8.7 49 34 6.7 49

Crosslink density(vx 107), mol/cc 2.1 24 1.8 2 2.5 2.7 2 2.3

Agdlgug 15 (Pl s 30 803900 (lylgs ond —F Jgux
Wavenumber (¢cm™) Group Assignment
2028 CH3-, -CH2-, >CH- v(C-H)
2855 CH3-, -CH2-, >CH- v(C-H)
1457 -CH2 S(C-H)
1366 -502C1 v(SO,),.
1253 “CH2- Y(CH,)
1161 -502CI v(SO,),
1016 Unknown Unknown
723 -CH2- v,(CH,)
665 -CHCI- v(C-Cl)
1. Rigid
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i Xeo X XeC HaC X O
Krynac-221 100 50 - 100 50 —_
Hypalon-40 —_ 50 100 — 50 100
ISAF ecarbon black - - — 20 20 20
Zine oxide 3 - — 3 - —
Magnesium oxide . - 10 = — 10
Stearic acid 1.5 - —- 1.5 - -
Sulfur 0.3 — - 0.3 - -
MOR* 1 — - 1 =
Tetrone A" - - 1.6 - - 1.5
* N-oxydiethylene benzothiazole-2-sulphenamide.
b Dipentamethylene-thiuram tetrasulphide,
o
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IN] g yomms 59y 4 AU/CSM (6 3Lwo ol —F Jga

Elastomer I Ir I w V
AU 80 60 50 40 20
CSM 20 40 50 60 80

Curatives for AU (100 gm):

MBT:2; MBTS:4; ZDC:1; ZnO:1; Stearic acid: 1.5; Caytur: 0.5; 5:2.

Curatives for CSM (100 gm):

MBT:2; MBTS:2; ZDC:1; Zn(:2; Stearic acid: 1.5; §:2.

INT e S ey 9 (63 lwassinal oy o9, L AU/CSM (g 5lwe ol —V Jguir

Elastomer I II HiI
AU 80 50 20
CSM 20 50 80
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IN] o yimno 39y 43 AU/CSM sbvassinel (S b olgs —A Jgu

Properties I i v V
Tmax = Tmin _{dNM] 58 6l 65 72 48
Hardness (A) 53 51 47 45 48
200% Modulus kgf/em®*  18.64 18.14 13.11 5.82 9.63
Tensile strength kgfjem®  86.0 77.0 62.06 17.47 48.2
Elongation at break (%) 400 500 500 850 450

IN] gilwaisnl i hgy 4 AUCSM gladiza! Somd plgs -1 Jgu>

Blends Fmax — Tmin  Hardness () 200% modulus, Tensile strength Elongation at
kg flem® kg flem® break, (%)

1 66 60 21.05 82.89 300

11 52 48 12.76 127.8 650

111 60 50 15.6 118.2 600

V-cm 0 gN-H a8 gl ¥VFe Vom jo ) caowg ald
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Gl YWYA—cm 5 \VYV-cm o dascin a8 g0 i)
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29995 oo bate - Noay Ho ol sle 4y 5555 5]
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Gk o g ateel o C-Clals S o loiy ol ol

as o el VWYY YV-cm o (CSM Hypalon) oY IR
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Hardness (A) 200% modulus,

Tensile strength, Elongation at

Blends Tmax — Trmin
(AN M) kg flem? kg flem’® break, (%)
I 14 4 7.89 23.68 480
I 12 38 5.67 53.90 750
II 16 45 9.20 56.80 780
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X]m -23 0
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VOIYD s b CSM/ENR-50 assecal 5 i YO/VO
Aol b1 cpl el 1S ] o cinS alSoinl Lol ceul
S Candls Lagye 80 ENR 4 Cos CSM 5YL 48
el od ) (ol plyisay (228 Aol s lair
oS Wiz ,p e sod obul ENR-25/CSM sloaisel sl
b asesl glp (SHb abi o Jsb obojl jlade o 58

Iv] ssb oo 010 s

L¥] aiBs £+ oo 4918+ °C (slod 43 00 (6 a5 IE CSM/ENR  sbvasizinel (oS 3ud (olad (595 y didimol S 5 51-1Y Jgur

S Col Jp (Sand el S I YL sl SibkeuSs S
2o Jlail pliee adlige sl 2pe Jlail ) L
3 GRSy Gl STz o )ls (S aieel oS 5 @ 5
B+/0+ Cems b CSM/XNBR 5 CSM/ENR  gladiseesl]
Dgd o Sain abgre (Suid Ple> )0 AT s e £
s s CSM/ENR-50 azecal 5 pe sl Iz az 51

ENR-50" 75 50 25 — — -
ENR-25F —_ — —_ 75 S0 25
CSM-35P 25 50 15 25 ki1 75
100% modulus, MPa 0.6 16 1.9 0.1 0.6 0.9
(1.5) (3.0 (4.5) (1.1} {1.3) (2.5)
300% modulus. MPa 1.1 8 5.0 0.8 1.2 1.5
(6.8y (12.2) (118} (39 (4.1} (7.3)
Tensile strength, MPa 1.2 6.5 6.3 3.5 i8 15
(94  (153) {1300 (95 (12T (8T
Elongation at break. %o S04 230 510 SO0 650 660
(360) (3400 (3700 (530)  (840) (450)
Tear strength, KN/m a8 136 12.1 11.4 13.3 129
(2500 (25.7) (17.6) (24.8) (36.35) (31.3)
Abrasion loss, co'h 2.5 0.5 0.5 22 1.7 0.8
(2.2) {0.5) (0.5) (1.9) (1.1} (0.6)
Compression set at T0°C for 22 h, %
{a) constant siress 4 10 J 10 15 35
(5) {11} (17 {3) (15) (20}
{b) constant strain 15 30 o 25 L ¥ 1]
(14} {30} (65) (28) (36) (53)
Resilience at 40°C, % 46 21 i} 40 46 43
(32) (19 (17 (27 (43) (34)
Hardness, Shore A 40 67 =3 12 42 L]
(51) {67) (75) (45) {47) {62)
Volume fraction of mbber in swollen vulcanizate 011 0.15 0.05 0.07 .09 0.08
(013 (018)  (0.04) (0040 (0.1Ty (016}

@ Values in the brackets are the results for blends with 20 wt % of ISAF carbon black.

b Parts by weight.

“ Could not be determined because of low elongation at break.

4 Sample could not be molded.
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Y
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CSM-35° 25 S0 23 50
XNBR-T° 75 50 — —
XNER-1¢ 75 50
100%: modulus, MPa 0.6 0.7 0.6 0.7
(L.3) (1.4) (1.3) (1.2)
300% modulus, MPa 0.7 0.9 0.7 0.8
(2.7) (3.4) (2.8) (2.7
Tensile strength, MPa 1.9 27 1.9 2.1
(11.4) (11.9) (11.7) (10.9)
Elongation at break, % 1060 800 1070 940
(940} (660) (850) (580)
Tear strength, kN/m 3.68 10,80 8.17 923
(34.7) (41.1) (35.8) {33.6)
Abrasion loss, cc'h 0.9 0.6 0.8 0.7
{0.2) (0.2) (0.2) (0.2
Compression set at 70°C for 22 h, %
(a) constant stress 14(7) 11 (&) 19011 13(9)
(b) constant strain 39 (29 26(21) 42 (29 28(24)
Resilience at 40°C, % 45 42 47 44
(42) (41) (43) (41)
Hardness, Shore A 38 45 34 M4
(50) (56) (52) (45)
Wolume fraction of rubber in swollen vulcamzate 0,08 011 0.07 0.09
(0.17) {0.19) (D.18) {0.17)

@ The physical properties of the 75/25 CSM/XNBR blend could not be determined as crosslinking hardly

occurred.

b Values in the brackets are the results for blends with 20 wt% of ISAF carbon black

© Parts by weight.
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Mix designation

HB HOB
CSM 100 100
NIi21® 50 -
Oxidized N121° - 50
Bound rubber content 34 41
(%)
Atorque at 170 °C 29 40
(dN.m)
% extractable of molded 8 4]

samples in solvent

swelling
U N, surlie anca {(m*gh 128 for both N121 and oxidized N121; DBP adsorplion {mL/100gk: 133 for both N 121 and oxidized N121;
Oxygen (%) 1.7 for N121 and 2.6 for oxidized N121.

0 400 BOO 1200 1600
] T T
E (a) ; (b) N
= 5 .._4/
-.m' L /l’/"r*
g g /.
= 10 e
= il
z w .
" g 4
]
<
o
f=]
-
L%}

10

L ! i 1 1
25 50 75 100 O T 20 %0 400
TEMPERATURE (°C) ELONGATION (%)

baloro (——=) £(A+ °C ;0 adBo ¥ W 4 fodlid Casy) 0898 ~CSM bglowa (—) 10 s d Jguo (oo Sl (a) 1 17 S5l
A Lol Sty ) ouulh Lty 0l doS | 0090 —CSM bgloro (—+—) £(A+ °C ;0 aBo ¥ v 4y fouiid Cdty) odld dumunS | 0890 —~CSM
€YY+ °C 50 alBo Fv o dy ol ) 6890 —CSM bglso (—++—) «(YY+ °C 0 4ddd £+ Lo
00 dunS T 0090 ~CSM b gloro (——-) «(A+ °C 10 aiBo ¥ Woo 4y fouuld Sky) 0090 ~CSM b glko (-) 1 i )5 — (pisd olgs(b)
OC 50 A8 £+ o 4y fodls Cdty) o0l Sty 00 duemS 1 6898 ~CSM bgloro (—+—) ¢(A+ °C j0 aiBo ¥ Wuo 4y toudd )

LY] (V4 °C 4o a8 £v oo a3 fouss Siky) 8390 ~CSM bglseo (—+o—) «(YVo

Jate 0090 s 4 SOY 5> (o5lwslsTL ol o cligtlgms 7y jo Jlail slaj2aSTy .aas iol38l 1) Logalgug IS
Iv-1 398 50 youds 90090 phaw o (65l Mg 4 i g g5 laaign A5 Sl (pl 5 8,8 el saldoslalas V)

Yo o Ples gy iy by, g5le :‘;’d:—‘gn.‘.:




Science & Technology

2 - oole

obdl b Sy pleed glaiasly g5
Bk (F09381 b digdlgug yIs

Sk b 3ol 1 V1] o Sam 5 (5505,
Bobew 9 wiglgug S il (loond 2S00 595 2
F o o Kl : o)l bl aisls 13 ) 550
I8 ol Galel i 0,65 0 Av e €0 sles o el
A 0 S SAS ) digel g 08,5
o0 Sid 0oy w8 Ve sgam i glSolEe il
Lol Jeilsolika o8 ¥ee L s ;017 C° los o
03,5 p,5 o5 sl azy0 Voo glos jo 1) bglds .0l
S VLI N CEL VR WURIIR VETRBV SN i PR C
Llies b (celos YF) Se Vs gl sl 3,k 5l Lol

3

M 50 diges Al lax (el ¢ V1Y) 89,057 Pglgs
3 Colyd o g S Celw Y e 40 VY C° les o

Geloym) o9l 59,500 9 spate 4320 b JglSol5

100

E L (a)

- 80

x

E i T

= 60f —

= =

g uof

] 5 . =

S 20T

bt

(1) I T T T B R
0 10 20 30 L0 50 60

TIME (min)

CB)-OH+ ~CH~
|
50, CL

CB}-O-DZS-CH~ +HCI

- |

}

CB) -0-CH~+50,
|

Ayl 0395 9 CSM ys (goloaciion ;g 5Lw -\ £ ,b

0395 el 5145 5,5 oamlice aslol o [Yo] (g g0,

22Ty Gloog 5 5l jerky b 09l Jlad e ol gyl L
S (Vs Ol il 20 Gselisdlgs IS g0 b
@Y S8 aboo 2ol (st 95 B (lime a2 00iiS
CSM &S vao o (lid usren D)V IS 090 o0
Lgl.bé»a}n Ls \-\.’9.&.1 LE) MCSM Ssle ooy 4.»5.¢J9.w5)1560

Mf.\;d‘..flg 0disS y w0 Jled

_ (b)
“ 4o
x -
E - -
s -
z -
= 20p--"""
o)
=2
(=]
ac -
o
-

[i] i 1 L | L

0 10 20 30

TIME ( min)

TNl 65g3) N-110C16 6595 (—+—) 11+—N 0590 (=) YA+ °C (slod 45 6595 ~CSM slabglso ey go,Le (S (a) - VY S0

(JPlol 5 b ons
SunST 11e-N 0398 (——=) 11+-N 6090 (=) : YA+ °C  slod ;3 0598 ~CSM digdd guwg IS 60 (grbalio Cry o,Lb  Sxiwo (b)

Lyl (conl onis 6185 ,L 0090 B+ phrdylgo solod (gl y) sl




O 9 (o Llig ) (>

0 ool

b o 1) oIi%e by tlope sbois YA S

(51).3 |) I &y BET Laow.cs s> ‘(5‘{)1)9- oo};‘ 9
L oogel how S0 Bk 5l oo o oiKe oy i
Ol LT g5 g1 g5 oy 2le )5 adavls SO ¢ JglS ol 5
g 5 Sy sl ey Lawgi M3 4 jobclen was e
S yed o 55 Jls a8 el el sadoesleylis
Y sple o135/l 7 S wp el dad e g gl
ol xbos 65,00 oSl 532 ol saiSTyy LS
oS SYolee jloolaiul b lesps slacds 5loas awlws
S Lo 585 g 035 s (6 polie slyls (5l 03gal
e (655 JPlSali5e b oogel hw « puSe  aiinsd
ool LT b b aslie LB as aos oo lis |, coS b
S 90 (SN dils sre o aS Cewline Glay )

a mmoll/g

1] 0.2 0.4 0.8 a.8
P/ P,

$93 2 0l35® Jboy 0dz lp bops ods —A S
03901 (§Uudms (~0-) £ ol (s1 s (~A-) Sl Z ghans

Iy Jelsol3Xa eé,.oT slow (—0-) fg.'.)‘)"’

o] Kl sl 00 1 10 Jguzr y0 a5 jsbylen
Seios s 510 Jgdons 09,5 1+, ¥ (g5l oud 2ol
les )3 1) Koo (589 Joidow (sloog S cnl yitn ol
0330] Sk g g0 oS8 aiS o p )5 A -°C
 Joidlew adsl sloog )5 51 (oS woj0 Lo oud (35,1~
VO Tosgel ol ol U (glgiome S o Lai
5 53 5 5SSl Laug M3 o5 nm?\ OH o35
lros,S b asilg o JT o JSII a5 ond ol o Kan
S adgs oal (gl SlalSelew 5 s STy Jsdlw
e Loy S (55l ool (5l SlalSelew e ;o
223 oo Hlis ol Glidss aies mhw ;o &S ol
aisle flid STy JoilSoliXa b aS OH (slaog )5 slass oS
i 5 i sl i Colas ol M 3 Y8
Sl il e 5t cou (Lol Klew uiS ;) DBP
Sl 0050l 5 0090l SLalSilis 025 ood )18
bl s LSy Loyi [sle 5 mhw @l oad
@ TWsn T e ples (Sly 5 (A6 (S
SIS0 b oogal Sk o35 grbaws (nd (Sl ehas
Pl pl (PR ey (pl b S e St Sl |,
Bl s gl 53 Gt Wl ool LS 050 gy
IV ] s sl oass

DN s ooy = (S 5 (o195 V0 Jgor

NgSA (m?/g) 137 142 —_
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Silanol content (OH/nm®) 10.2 1.5 -
Grafting ratio (chains/nm®) — —

Moisture pickup® (%) 7.1 0.9 1.3
+¢ (mJ/m®) 02 a7 34
pH 6.9 7.2 —

@ Ultrasil VN2.

® heat treated Ultrasil VN2,

¢ hexadecanol treated Ultrasil VN2,
4 at 79% R.H. and 26°Cin 1 h.
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4. Graft
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Bound rubber
content (%)

Solvent P Pur
Toluene 12.8 11.7
Chloroform 10.0 10.2
Tetrahydrofuran 7.0 7.8

“ Heat treatment at 180°C for 1 h, re-
sulting in total loss of -S0O,Cl groups.
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Bound rubber content (%)

Solvent P Pyr PCi¢
Toluene 37.0 12.5 —
Chloroform 31.6 10.0 —
Tetrahydrofuran 22.0 11.6 -

¢ No bound rubber.
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1. Solvation

2. Bound polymer
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3. Defunctionalization
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Bound rubber content (%)

Filler Solvent Without ammonia With ammonia
P Toluene 37.0 31.0
Pur Toluene 126 38.0
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Bound rubber content (')

Filler Solvent Untreated Heat treated
P Chloroform 31.0 80.0

Pur Chloroform 10.0 12.0
PCis Chloroform 1] 0
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