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Development of Cure Bonding between Chlorosulphonated Polyethylene (CSM)
and Fluoroplastics

Nobuyuki ITO

Tsuneo HIRONAKA
Hideyoshi NAKAMURA
Tamotsu SATO

Chlorosulphonated polyethylene (CSM) is utilized for automotive fuel hoses, where the CSM resin constitutes

an outer layer covering, protecting an inner nitrile rubber layer from deterioration by heat,weather or ozone.

Recently, the Lowl Emission Vehicle (LEV) Program came into force in California because of increasing

environmental problems. An amount of volatile hydrocarbons emitted from motor vehicles is under strict control

by law. Thus, car manufacturers intend to use the fluoroplastics in fuel hoses to reduce evolution of volatiles.

The fluoroplastics are expensive and lack plasticity enough for use in hoses, so the multillayered hoses have

been proposed, in which the inner fluoroplastic layer is covered with the outer synthetic rubber layers. However,

there is still no satisfactory cure bonding available between the fluoroplastics and synthetic rubbers.

We have studied the cure bonding between CSM and a fluoroplastic (terpolymer of tetrafluoroethylene,

hexafluoropropylene and vinylidene fluoride) to apply CSM as a covering material for the inner fluoroplastic

layer. In this article, we report development of a new cure bonding system based on CSM of low sulfur content,

which has realized good cure bonding with the fluoroplastics enough for practical use.
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Table O Properties of CSM

Chlorine  Sulfur Mooney viscosit
wt)  (wtd) ML(lé 4)1000] / Remark
CSMi1 40 0 60 TOSOICSMINS CNI5020
CsSMi2 35 0 105 Laboldscaled sample
CSMI3 35 1.0 55 TOSOICSM TSI530
CSMmi4 36 1.0 105 TOSOICSM TS0930
CSMI5 35 0.3 85 Labolscaled sample
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Table [ List of additives

Magnesium oxide (MgO)

Polyethylene wax

Polyethylene glycol (PEG)

Specialty processing aids (40MSIF)

Carbon black SRF (SRF)

Carboon black MT (MT)

Hydrous silica

Di(20ethylhexyl) sebacate (DOS)

Alkyl naphthalene resin

Sodium acetate trihydrate (CH;COONal 3H,0)
Calcium acetate monohydrate ((CH,COO),Call H,0)
Calcium sulfate dihydrate (CaSO,0 2H,0)

Sodium acetate (CH;COONa)

Trithiocyanuric acid (TCA)

Tetral nlbutylphosphonium benzotriazolate (PB)

1,80 Diazobicyclal 5.4.0Cundecl70ene formate (DBU formate)

KYOWA MgO150 (Kyowa Chemical Industry Co.,Ltd)
ACPEG617A (Allied Signal, Inc)

Polyethylene glycol 4000 (Wako Pure Chemical Industries, Ltd.)
Structol 400MSF (S&S JAPAN Co., Ltd.)

Seast S (TOKAI CARBON CO.,LTD.)

Thermax MT(Lehmann&Voss&Co.)

Nipsil VN3 white carbon (TOSOH SILICA CORPORATION)
SANSOCIZER DOS(New Japan Chemical Co.,Ltd.)

RESITAX Al2(Mitsui Mining Chemicals Co.,Ltd.)

Sodium acetate trihydrate (Wako Pure Chemical Industries,Ltd.)
Calcum acetate monohydrate (Wako Pure Chemical Industries,Ltd.)
Calcium sulfate dihydrate (Wako Pure Chemical Industries,Ltd.)
Sodium acetate (Wako Pure Chemical Industries,Ltd.)
NOCCELER TCA (OUCHI SHINKO CHEMICAL INDUSTRIAL)
ZeonetPB (Nippon Chemical Industrial CO.,LTD.)

UICAT SA603 (SANIAPRO LTD.)

1,80 Diazobicycl@l 5.4.0CundeclI 70ene phenolate (DBU phenolate) UICAT SA1 (SANIAPRO LTD.)

1,80 Diazobicyclal 5.4.0Cundecl70ene octylate (DBU octylate)

1,80 Diazobicyclal 5.4.0Cundecl7ene pOtoluenesulfonate
(DBU pltoluenesulfonate)

1,80 Diazobicycl@l 5.4.0Cundecl 7Iene phenol novolac resin salt

(DBU phenol novolac resin salt)

UICAT SA 102 (SANIAPRO LTD.)
ULOCAT SA 506 (SANIAPRO LTD.)

UICAT SA 841 (SANIAPRO LTD.)
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TableO O The effect of various vulcanization accelerators on cure bonding with fluorinated resin®

Vulcanization accelerator PB DBY DBY DBU DBU DBU
phenolate octylate p-oluensulfonate formate phenol novolac resin salt
cure time (min) 30 40 40 40 40 60
Press cure peel strength  (N/mm) 0 14 11 09 29 09
failure mode interfacial interfacial interfacial interfacial interfacial interfacial
Steam cure peel strength  (N/mm) 24 46 23 34 47 29
failure_mode interfacial partially rubber partially rubber interfacial partially rubber interfacial

3 Cure bonding with fluorinated resin (THV500G) at 16000 .
Rubber compound ratio (parts)

csmrl 100
MgO 20
Polyethylene wax 3
SRF 30
Hydrous silica 10
DOS 20
Alkyl naphthalene resin 5
TCA 2
Vulcanization accelerator 2

TableO O The effect of amount of PB on cure bonding with fluorinated resin®

PB (parts) 1 2 4

Press cure peel strength  (N/mm) 0 0 1.9
failure mode interfacial interfacial partially rubber

Steam cure  peel strength  (N/mm) 2.8 2.0 2.1
failure mode interfacial interfacial partially rubber

@ Cure bonding with fluorinated resin (THV500G) at 1600 for 40min.
Rubber compound ratio (parts)

CSMI1 100
MgO 20
Polyethylene wax 3
SRF 30
Hydrous silica 10
DOS 20
Alkyl naphthalene resin 5
TCA 2
PB variable

TableO O The effect of various salt hydrates on cure bonding with fluorinated resin®

Additive additive-free  CH;,COON&3H,0  (CH,COO0),CdH,0 CaSO12H,0 CH,COONa
Disapperance temperature of hydrate @) O 1204 100% 1009 0
Amount (mol/CSM 100g) O 0.02 0.02 0.06 0.06 0.02
Peel strength (N/mm) 0 25 0.1 05 0.8 04
Failure mode interfacial partially rubber interfacial interfacial interfacial interfacial

9 Press cure bonding with fluorinated resin (THV500G) at 1600 for 40min.
Rubber compound ratio (parts)

CSMI1 100
MgO 20
Polyethylene wax 3
SRF 30
Hydrous silica 10
DOS 20
Alkyl naphthalene resin 5
TCA 2
PB 2
Additive variable

0 30
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Tablel O The effect of amount of sodium acetate trihydrate on peel strength®

Amount of sodium acetate trihydrate (parts)

0 1 2 4

Peel strength
Failure mode

(N/mm)

2.2 34 3.6 33
interfacial partially rubber rubber rubber

¥ Press cure bonding with fluorinated resin (THV500G) at 1600J for 40min.

Rubber compound ratio (parts)

CsMmi1 100
MgO 20
Polyethylene wax 3
SRF 30
Hydrous silica 10
DOS 20
Alkyl naphthalene resin 5
Sodium acetate trihydrate  variable
TCA 2
DBU formate 2
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Table[ O The effect of various accelerators on the properties of uncured compound, vulcanization, and cure bonding®

Vulcanization accelerator DBU DBU DBU DBU
formate benzoate trimellitate pyromellitate

Melting point (@) 040 100 140 200

Mooney viscosity (ML(2)12500) 0200 158 52 47

Vulcanization properties (16000 )

[ Torque of vulcanizate ~ (dNJm)

0 O After 10 min 0200 99 40 17

[0 O After 25 min 1200 0200 40 17

Peel strength (N/mm) oo 0o 0 0

Failure mode interfacial interfacial

¥ Rubber compound ratio (parts)

CSMI3 100
MgO 20
Polyethylene wax 2
PEG 2
40MSOF 3
Alkyl naphthalene resin 5
SRF 100
DOS 40
Sodium acetate trihydrate 2
Vulcanization accelerator 3.2
TCA 2

® Steam cure bonding with fluorinated resin (THV500G) at 1600 for 10min.
9 Uncured rubber could not be molded due to high viscosity.

TableO O The property of new CSM compounds as material for automotive fuel hose cover®

CSMI5 Target

Chlorine (wtd) 35

Sulfur (wt) 0.3

Mooney viscosity ML(10 4)1000 85
Property of unvulcanized rubber
O0Mooney viscosity 41
0Scorch time 14.9
Cure bonding with THV500G (steam cured)
0 Peel strength (N/mm) 7.0 o2
0 Failure mode rubber rubber
After dipping in fuel C oil at 230 for 48 h
0Peel strength (N/mm) 3.9 02
0 Failure mode rubber rubber
Property of vulcanizate (press cured at 1600 for 40 min)
OTensile properties
00Hardness QISIA) 56 600 70
00Tensile strength (MPa) 135 o7
O0Elongation at break (@) 570 0200
001000 Tensile stress (MPa) 1.84
OHeat aging at 1200 for 72h
00Change in Hs (point) a7 0010
O00Change in TB (@) 01
00Change in EB (@) 035 04000
Fuel C oil resistance at 2300 for 48h
00Change rate in volume (@) 57
Compression set (@) 56 00 50
Ozone resistance property (steam cure)
Oafter 360 h no crack no crack

¥ Rubber compound ratio (parts)

CSM
CSMI5 100
MgO 20
Polyethylene wax 2
PEG 2
40MSIF 3
MT 80
DOS 40
Alkyl naphthalene resin 5
Sodium acetate trihydrate 2
TCA 2
DBU phenolate 2.5
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Rubber compounding ratio (parts)

CSM-4 (Sulfur content 1.0wtJ ) 30 40 50 60
CSM-2 (Sulfur content Owt(] ) 70 60 50 40
MgO 20 20 20 20
SRF 100 100 100 100
DOS 40 40 40 40
Sodium acetate trihydrate 2 2 2 2
DBU salts indicated on the caption
TCA 2 2 2 2
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