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g levels of accelerator and-sulfur'in CV,"

EV and EV systems are shown in Table 1

Table 1 CV, SEV and EV vulcanisation systems

Tvpe Sultur Accelerator A/S
= | P (S, phr) (A, phr) ratio
— |cv 2.0-3.5 1.2-0.4 0.1-0.6

1.0-1.7
0.4-0.8

2.4-1.2
5.0-2.0

0.7-2.5
2.5-12
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Measuring Cure

Time to 90% cure
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Table 2 Vulcanisate structures and properties

Systems

Features

CV SEV EV
Poly- and disulfidic crosslinks (%) 93 0 20
Monosulfidic crosslinks (%) d 0 80
Cyclic sulfide (conc.) High Medium Low
Non-sulfidic (conc.) High Medium Low
Reversion resistance Low Medium High
Heal ageing resistance Low Medium High
Fatigue resistance High Medium Low
Heat build up High Medium Low
Tear resistance High Medium Low
Compression set (%) High Medium Low

CuuDuongThanCong.com https://fb.com/tailieudientucntt



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

q.‘-

e exhlbltgs:.umber o

Al TO COMNA

-
—

atures

*um torque MH
, or T: : there is a delay or

Ion t|me before the torque or
_tance value begins to rise.

‘9'0 . IS the time for the torque to

i

— - —

fi"*mcrease to:
90/100(My, — M)+ M,


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

i

—

A rise in the value of torque
the slope of the curve, gives
sure of cure rate. Sometimes cure
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;~' d up and permanent set after dynamic

were determined using a Goodrich

meter (Load 11 kg or 22 kg; stroke 0.445

M, f equency 30 Hz, start temperature 100 C)

1‘”rdmg to ISO 4666/3-1982.

,:-» = D?namlc mechanical analysis was carried out
~~ using a RDA-700 (prestrain 0.75%, frequency 15

- Hz and temperature 60 C) according to ASTM D

2231,
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nisate network structure was

nined by equilibrium swelling in

ene using the method reported by Ellis
= an Weldlng The volume fraction

> ) obtained was converted into the

'-

s

—

= Mooney Rivlin elastic constant (C1) and
~ finally into the concentration of chemical
crosslinks.
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systems can be classified into four
- categories.
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ir Curing Sye!llfs' —
erators '
i_,ors may be classified in several

.
-

organlc or organic
'aCIdIC or basic
-(@ by chemical type or

(d) by speed of the cure, giving rise to the
terms slow, medium, semi-ultra and ultra.
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Thiuram (1920) Sulfenamide (1937) Sulfenamide + PVI (1968)
) MBT (1925) /6:(;5) Aniline (1906)
5 / DPG (1919
a [
[—.
Sullur (1884)
___'—f___
) j R
0 () 20 30 40 50 60 70 80

Time (min)
Crosslinking activities of dfferent accelerators 1n NR at 140°C. The approximate year of commercia
~ Introduction s gven In parentheses (403)
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processing safety to the rubber

. cunds exhibiting a broad vulcanisation
= pla eau with relatively low crosslink density.
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Ibber compounds use only one
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t1 phr and a secondary (or booster) at
to > 0.5 phr.
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-These combinations cause faster vulcanisation

~_than each product separately and a
considerable activation of cure which is positive
for the general property spectrum of the
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Table 3 Acce

erators for sulfur vulcanisation

Compound Abbreviation Structure
Benzothiazole
N
J-mercaptobenzothiazole MBT \>75H
S
N
2.2 dithiobenzothiazole MBTS

CuuDuongThanCong.com
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Benzothiazolesulfenamide

\
D

N-cyclohexylbenzothiazole-2-sulfenamide CBS { )

i /
N-butylbenzothiazole-2-sulfenamide TBBS \> S—NH \

S

N f \.
2-morpholinothiobenzothiazole MBS \>75—N

’ \_/
N-dicyclohexylbenzothiazole-2-sulfenamide DCBS @i >75—N
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Thiuram

S S
letramethylthiuram monosulfide TMTM J_L )k
(CH3),—N S N—(CHz);
— )L —_
tetramethylthiuram disulfide TMTD (CHy),—N g——
_ 12
— JL —_
tetraethylthiuram disulfide TETD Et,—N S
;
/\ 5
tetrabenzylthiuram disulfide TBzTD CH,—N /
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Dithiocarbamate
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zinc dimethyldithiocarbamate IC ,
zinc dimethyldithiocarbamate ZDMC (CHyy—N |7
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zinc diethyldithiocarbamate ZDEC By—N Gl 7o
§
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(Classtfication of accelerators by chemical slructure

Class - Sulfenamides Class4 Thiurams Class 7 Aldehyde-amine
Class 2 Thiazoles Class 3 Dithiocarbamates (10 longer in use)
Class 3 Guanidines Class 6 Dithiophosphaes Class 8 Sulfenimide (new)
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Table 4 Comparison of different classes of

accelerators (a.11)

Class Vulcanisation rate

' Aldehyde-amine Slow

“Guanidines Medium

“Thiazoles Semi-fast

“Sulfenamides Fast-delayed action

Sulfenimides Fast-delayed action

' Dithiophosphates Fast

“Thiurams Very fast

Dithio L::1|‘h;1|1]wi1m[£n§m Very Iul
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Figure 4 Comparison of accelerators/sulfur (0.5/2.5 phr) in NR (a.11)
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Figure 5

Comparison of primary accelerators/sultur (0.5/2.5 phr) in NR at 144 °C (a.11)
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Figure 6

Comparison ol primary accelerators/sulfur (1.2/1.5 phr) in SBR (a.11)
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Table 5 Comparison of secondary accelerators in NR (a.11)

Ingredients/stocks 1 2 R 4 5 6 7 8
Sulfur 2.5 2.5 2.5 2.5 2.5 2.5 2.5 25
MBTS .2 0 0 0 0 0 0 0
DPG 0.4 0 0 0 0 0 0 0
TBBS 0 0.6 0.6 0.6 0.6 0.6 0.6 0.6
TMTD 0 0.4 0 0 0 0 0 0
T™MTM 0 0 0.4 0 0 0 0 0
TETD 0 0 0 0.4 0 0 0 0
ZDMC 0 0 0 0 0.4 0 0 0
ZDEC 0 0 0 0 0 0.4 0 0
/DBC 0 0 0 0 0 0 0.4 0
DOTG 0 0 0 0 0 0 0 04
Mooney scorch at 120 °C, TS (minutes) 7.2 16.8 | 21.5 | 235 13.7 6.7 | 202 | 21.7
Rheometer at 145 °C

T90 (minutes) 9.2 7.5 9.5 9.8 7.0 7.8 9.3 16.5
Modulus at 100% elongation (MPa) 2.6 3.4 3.5 3.0 3.1 29 2.8 2.8
Elongation at break (%) 550 | 450 | 430 480 | 470 500 510 510
Formulation: NR 100; FEF Black 40; aromatic oil 10.0: zinc oxide 5.0: stearic acid 1.5: 6PPD 2.0
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Table 6 Comparison of secondary accelerators in SBR (a.11)

Ingredients/stocks | 2 3 4 S 6 7
Sulfur 1.8 .8 1.8 1.8 1.8 1.8 1.8
MBTS .2 0 0 0 0 0 0
DPG 0.4 0 0 0 0 0 0
TBBS 0 0.5 0.5 0.5 0.5 0.5 0.5
TMTD 0 0.3 () 0 0 0 0
TMTM 0 0 0.3 () 0 0 0
TETD 0 0 0 0.3 0 0 0
ZDMC 0 0 0 0 0.3 0 0
ZDBC 0 0 0 () 0 0.3 0
ZBPD 0 0 0 () 0 0 0.3
Mooney scorch at 135 °C. TS (minutes) 104 12.3 220 4.5 13.2 18.7 244
Rheometer at 160 °C

T90 (minutes) 9.2 14 9.3 8.6 8.7 12.0 21.3
Modulus at 100% elongation (MPa) 2.0 2.1 2.1 2.0 1.9 1.9 1.6
Elongation at break (%) 450 430 420 430 470 470 500

Formulation: SBR-1500 IH[] N 330 50; aromatic oil 10; zinc oxide 4; stearic acid 2; 6PPD 2

ongThanCong.com
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Table 7 Sulfur donors

Aactive .
Miaterial Structure sulfur [\E'l‘j'
P ()
e ¥
jj\
THhTD (CHz)a N 5 13.3 124
et
.4 -dithiodimorpholine Vg h 4 Y
S 3. 5
(DTDMN) O, ™~ = s ™ O 13.6 12
N\\ ey Y
Z-morpholino-dithio-benzothiazole .
= =
(MBSS) P4 \ S N, ° 284 1=
s
O O
caprolactam disulfide
285 131
(CLID) N s S I~
5 5
Dipentamethylenethiuram tetrasulfide )'k )’J\
(DPTT) O S5 O 16.6 120
5
MN-oxydiethylene thiocarbamoy l-TN "- A.I\ r ™,
oxydiethy lenesulfenamide ™ S—MN [@] 129 136
(OTOS)y ™, /
O
TRBATID>*® 5.8 124

2

FT BT acrs as sulfiur donocwowdrncsiyore ry frigh concentrarion
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or Speciality Elastomers

—

uring systems used to vulcanise
ty elastomers such as EPDM, CR,

ar d NBR are different than those used
_,_ure NR, SBR, BR and its blends

,—-'

= "Fhe former elastomers are less
- unsaturated and therefore need a high
ratio of accelerator to sulfur
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Cure S ystems for EPDM

Table 13 Cure systems in EPDM

Systems (phr)

Merits

Drawbacks

System 1
S1.5
TMTD 1.5
MBT 0.5

Low cost

Bloom

System 2

(Triple 8)

S 2.0

MBT 1.5

Tellurium diethyl dithiocarbamate (TDEC) (1.8
Dipentamethyl thiuram tetrasulfide (DPTT) 0.8
TMTD 0.8

Excellent physical properties
and fast cure

Scorchy and expensive

~ System 3
S05
ZDBC 3.0
ZDMC 3.0
DTDM 2.0
TMTD 3.0

Excellent compression set and
good heal ageing resistance

Bloom and very high cost

System 4
S 2.0
MBTS 1.5
ZDBC 2.5
TMTD 0.8

Non-blooming

Cure relatively slow and
worse compression set

System 5
(2121 system)
ZBPD 2.0
TMTD 1.0
TBBS 2.0
S1.0

CuuDuongThanCong.com

Fast cure and good phyvsical
properties

Bloom
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e Zstems for Niti

ﬂ#ber —

' stems for nitrile rubber are

hat analogous to those of NR, SBR
except that magnesium carbonate
= (I *; ) treated sulfur is usually used to aid
hur dispersion into the polymer.

et
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Table 18 High sulfur cure systems for nitrile rubber

I Curatives/stocks l ) ]
MC reatd i 3 3 E
™IV 04 n )
MBTS ) 3 )
TS ) ) :
™D ) n I
Processing and curing properties

Mooney scorch at 121 °C, T (minutes) 6.5 0] )]
Rheometer at 160 °C, T (min ules) - 8.1 132 4]
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Physical properties (Cure: 160 °C/90 minutes)

Hardness (Shore A) 13 1 1

Modulus at 100% elongation (MPa) 4. 3.0 3)
Tensile strength (MPa) 16.3 6.2 173
Elongation at break (%) 380 473 33
Heat ageing at 100 °C/72 h

Hardness (Shore A) 30 18 32

Tensile strength retention (%) 8 68 51

Compression set

100 °C/22 h (%) 3 )0 5

Recipe: Medium acrylonitrile NBR 100; N-350 40; N-770 40; plasticiser di(2-ethylhexyl)phthalate (DOP) 15:

zinc oxide 5; stearic acid [; TMQ 1; 6PPD 2

https://fb.com/tailieudientucntt
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ure Systems for_ ..
~ Pol yc‘H#eropren‘e

—

in be vulcanised in the presence of

lde alone, but magnesium oxide is
sary to confer scorch resistance.

= A _ng with the metal oxides, TMTD, DOTG

*:’__4—

= and sulfur are used. This is a good
" method to obtain high resilience and
dimensional stability.
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Table 21 Vulcanisation systems for CR (phr)

' Curatives/Stock 1 2 3
Zinc oxide 5 5 J
Magnesium oxide 4 () 4

' Calcium stearate 0 3.5 ()

Stearic acid 0 0 |

TMTM 0 0 |

DOTG 0 0 |

ETU 0.5 0.5 0

Sulfur 0 0 |
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ystems for Butyland ..

a Halabﬂtyl Rubber

v degree of unsaturation

| s the use of ultra accelerators,
as thiuram or dithiocarbamate.
oI|c resins, bisazoformates , and

-

- i - —
-

4-/‘

== q’umone derivatives can also be employed

—
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Table 22 Model formulation of butyl rubber
(inner tubes)

Ingredients/stock 01
[IR Polysar 301 1 00
N-660 70
Zinc oxide 3

Stearic acid I

Parattinic Oi1l Sunpar 2280 28
Perkacit MBTS (.5
Perkacit TMTD 1.0)

'] "
Sultur 2.0
ko I ]
CuuDuongThanCong.com https://fb.com/tailieudientucntt
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rosslinks have limited stablllty at
“temperatures and can rearrange
.g 1 new crosslinks.

= -:;-;« cure systems provide C-C crosslinks
_m,,. 1d heat stability.
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7100 RUDDE
Table 29 Model formulations for halobutyl rubber (inner liners)
Ingredients/stocks 06 07 08 09
CIIR Polysar 1240 100 100 100 100
N-330 5 5 53 63
Zinc oxide ) ) ) )
Stearic acid l l ] l
Paraffinic oil 10 10 10 10
HVA-2 0 ] 0 0
Pkalik 00 |0 ) IR
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mo- N + ZnOHX
A
X=Cl, Br
0 0
Perkalink 900
:
N N
0 0
Figure 9

Reaction of Perkalink 900 with XIIR in the presence of zinc oxide

uuDuongThanCong.com https://fb.com/tailieudientucntt
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Aliphatic
0 0
Peroxides with
carboxyl groups
H;C 0—0 CH,
Diacy! peroxide

CH; CH,
Peroxides without
carboxyl groups H;C 0—0 CH;

CHs CH;

Di-t-butyl peroxide

uDuongThanCong.com

- Peroxide Cure Systems

Aromatic

Dibenzoyl peroxide

Dicumyl peroxide

https://fb.com/tailieudientucntt
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CH,

H;C 0—0 CH,—CH, 0—0 CHa

CH, CH; CH; CH,

2,5-Bis(lert-butylperoxy)-2,5 dimethyl hexane

\_/

| 4-Bis(tert-butylperoxy isopropyl) benzene

CH; CH,
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CH; CHa

CH; CH;

loxy radical Alkyloxy radical Acyloxy ra

' CHy e

Phenyl radical Methyl radical


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

—
—

arC XI ‘ e Vulcanlsa tl

‘fPBM

ide vulcanisation of EPDM is growing
ularity because of enhanced ageing
tance.

— .,,b_;a mparison of sulfur and peroxide cure
,f«f"iystems for EPDM is shown in Table 32 .
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M1t MM m e e e a e
T (403)

able 32 Comparison of properties of sulfur and peroxide cured EPDM

jents Sulfur cure Di-Cup cure Vul-Cup cure
el 1040 100 100 100
F black 30 30 30
f oxide ) ) )
i actd | | 0
ur .3 (0 0
™ 15 0 {}
T 03 ) )
Cup 40KE* (0 6.6 0
.Cup 40KE* ) ) 4)
Rite Resin D 0.5 0y 0.5
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Cure temperature (°C) 160 171 177

Cure time (minutes) 20 20 20)
Physical properties
Modulus at 100% elongation (MPa) 2.2 1.8 1.9
Modulus at 200% elongation (MPa) 6.1 4.9 3.3
Tensile strength (MPa) 17.9 17.2 16.7
Elongation at break (%) 400 375 375
Hardness (Shore A) 068 62 60
Aged properties (70 h/130 °C)
Modulus at 100% elongation (MPa) 54 1.7 2.1
Modulus at 200% elongation (MPa) [2.8 4.7 3.2
Tensile strength (MPa) [5.0 174 16.7
Elongation at break (%) 220) 400 350
Hardness (Shore A) 78 38 60
Compression set (%)
(70 h/150 =C) 77 21 19

* Di-Cup 40KE = dicumyl peroxide, Vul-Cup 40KE = (phenylene diisopropylidene) bis (tert-butyl peroxide)

uuDuongThanCong.com https://fb.com/tailieudientucntt
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‘peroxide t g

?* mcorporated in compounds,
ficiency of crosslinking depends on
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C mmerciaﬂ;ﬁbortant ones are:
ir /, V' -phenyl maleimide
type triallyl cyanurate (TAC)
L triallyl isocyanurate (TAIC)
_thacrylate type: zinc dimethacrylate
ZYcryIate type: ethylene glycol diacrylate
e zinc diacrylate

- Polymeric coagents: liquid 1,2-
polybutadiene resin

UC LYPC.

,—— ——

'f_',... "-
ﬂ"—‘ -
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—e

vecial vulcanising agents can cure
bers such as NR, SBR and BR.

" e
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-

enolic Curatives,
Ben;q_qum
and Bismaleimides

-
= S

2ne rubbers can be vulcanised by the

-ac :e | of phenolic compounds like phenol-

‘ ¢ maldehyde resin (5-10 phr). Resin
cured NR offers good set properties

and low hysteresis.
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“uring of SBR and BR impart
t cut growth and abrasion
;.nce

- "’—v

"- —

,.,.. esin cured nitrile rubber shows high
~ fatigue life and high relaxation.

e U

— Resm cured butyl rubber shows
outstanding ozone and age resistance.
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- —

iene rubber can also be vulcanlsed
on of a dinitrosobenzene, made /n
e oxidation of a quinonedioxime
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OH

N

\DH

Benzoquinonedioxime

[O]

TN,

Rubber

Vulcanisation by benzoquinonedioxime

CuuDuongThanCong.com

NO
+ HEO
NO
Dinitrosobenzene
NO
Ene reaction
NO

Figure 13

https://fb.com/tailieudientucntt
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ol

-
- nlsatlon by Triazine .

A ccHeratars

zlne accelerators are more

ie than the thiazole accelerators
Oduce highly reversion resistant
anlsates

—
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-
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—
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hang&ros G

e

— —

rubber can be crossllnked by a bIocked
) l methane diisocyanate to produce
ane crosslinks.

| rossllnklng agent dissociates into two

e “quinonedioxime molecules and one diphenyl
— "r“ﬁethane diisocyanate.

o The quinone reacts with the rubber via a nitroso
group and forms crosslinks via a diisocyanate

group.
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Crog[inkingq!g‘gﬁ ts

a con5|derable number of
nds containing labile chlorine
brlng about sulfurless vulcanisation
of approximately 3 phr.

l
-
‘
T i

e

"Basm chemicals such as lead oxides and
- amines are needed.

i
! v’v h ‘

i
—
f'
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»ngl;pmﬂt?' -

aining properties and performance

g Out a rubber product’s service life
irectly related to maintaining the

int grlty of the vulcanisate structure under
= b fh thermal and thermal oxidative

' C{)ndItIOnS

—
—
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. e

c tives have allowed compounders
t this compromise, namely
thylene 1,6-bisthiosulfate (HTS), a

'--i- ‘vulcanlsatlon stabiliser and 1,3-
== s(utracommldomethyl) benzene (BCI-
MX Perkalink 900)

‘\.\"
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BCI-MX

S \/\/\/\ SG} + Nﬂ
Na*0; s s

2 H,0

HTS

Figure 14
Structures of HTS and BCI-MX

lieudientucntt
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Ne Practical Examples with
..; arymg Cure Systems
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e
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N

Steel belts

Inner liner

al

—
-

Ty

a
b
C
d k . A

1 i
EENLL S

.,ﬁ k Black sidewall

“ d\eneer coverstrip

e

/, RS N SR NGY
7 (77 4 M White sidewall

h

S
—_

| ri)})u-vu&' e

Rim cushion

Figure 11.1 Typical radial passenger tyre construction with a) tread, b) steel belts, ¢)
carcass plies, d) inner liner, €) apex, f) bead, g) chafer, h) rim cushion, i) white
sidewall, j) veneer coverstrip and k) black sidewall

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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- Tread —)“"

.~:“ j palance the three main
antly conflicting needs of wear, wet
cI rolling resistance

‘ ~*cure system should be CV/SEV.
~: Eelerators used are sulfenamide class
=— QTBBS CBS, MBS).

“® For improving heat resistance, the use of
Perkalink 900 is recommended
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Table 35 Radial truck tread formulation

Ingredients phr
'NR 100
N-234 55

Zinc oxide 3

Stearic acid 2

Aromatic oil b
6PPD 2
TMQ 1.5
TBBS 1.5
PVI 0.1
I Sulfur
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‘ p—

RABIALS we«qggg O

gredients: —phr
MR '.'qs, 100
SLECHC :Jf“1f 8 2
IBBS 0 1.5
. __v«.gL'U_fl ’ 1.5
— L 55
= "A‘mmatlc oil 8
6 PPD 2
T™MQ 1.5

PVI 0.1

=
-
=
S
=
——

—— -

’Il

\'v
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" Perkalink 9@@1-}‘ -

<900 is an antlrever5|on agent
rowdes long term heat stability in
vulcanlzed compounds by

— tltutlng stable, flexible carbon-carbon
ﬂ,,esslinks for the sulfur crosslinks that are

- destroyed by reversion in the mold or
~ during product service life.
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Table 36 Bias truck tread (Lug) formulation

Ingredients phr
NE. R55 100
Renocit 11 0.1
MN-330 50
Aromatic oil =
Zinc oxide 3
Stearic acid 2
T 1
oPPD 2
MBS 0.6
PV 0.2
Sulfur 2.3
Perkalink ';'CFD o ?mf’
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Table 37 Conventional passenger tread

formulation

Ingredients phr
SBR 1712 82.5
BR CB 29 35
MN-220) 70
Zinc oxide 3
Stearic acid 2
ePPD |
TMOQ 2
Microcrystalline wax 3
TEBS |
Sulfur

: [
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-

«-"’
125 2 remfof!!ngﬁller is b ng used

e |mproved tear resistance and
ed rolling resistance.

Or rder to maximise these benefits the

,;;.,J,V_.,v:ﬁ lane coupling agent bis-(3-

f"ﬁrlethoxysnylpropyl) tetrasulfide (TESPT) is
~ often employed.
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tread containing silica needs a
based on sulfenamide/sulfur

V system) and guanidine activators
i’- |

- —
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Table 38 Green tyvre formulation —
passenger tread

Ingredients phr
SBER Cariflex S1215 TS
BR Buna CE 10 25
Silica. Perkacil KS 408 S0
Zinc oxide 3
Stearic acid 2
Aromatic oil 34
Coupling agent, TESPT o.4
Santoflex PPL) 2
Wax PEG 4000 3
Perkacit TEBS 1
Perkacit DPG 2
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-~ "—

ead requires a high Mﬁ’v
ion re5|stanc€§!af.LJow hea generatlon

yove requirements could be satisfied by using
1 cure system with DCBS as accelerator
Iuble sulfur (IS) as crosslinker.

-
e Loy
—

'_..-

E

= For ‘achlevmg high modulus, HMT and a resorcinol

a—
,o— e

(

f"§ystem is used.

et
S—

In order to reduce the heat generation, the use of
Perkalink 900 has been suggested.
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Table 40 Aircraft tyvre tread formulation

Ingredients phr
NR 100
MN-330 S0
Zince oxide .
Stearic acid 2
oPPD 1.1
T 1.0}
Resorcinol 1.5
MC Wax 1.0}
Aromatic oil 3.0
Hexamethylene tetramine 0.8
(HMT ) Cohedur H 30

DCBS 1.1
PW1 (.2


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

3C Bagg;__q;' Sub Tread ™

ural rubber rich undertread layer can
e the adhesion between belt or
p- y and tread.

,__f-..-,-_e_ e cure system needs better flexibility

e
- ‘-/‘

, and low heat generation. Typically the
'_' ‘cure system will be based on CV/SEV.
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Table 41 Tyre tread base formulation

Ingredients phr
N 100
MN-55(0) 45
Zinc oxide 3
Stearic acid 2
Aromatic oil 10}
oPPD 2.5
Microcrvstalline wax 2
CBS (.9
PWV1 0.1
Sulfur 1.5
Perkalink t)(}{} H D



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

~£fi‘s e

| vres, sets of belts or breakers made
ss coated steel cords are layed at
ate bias angles.

—% owde a trellising effect, to stiffen the area
;,;;_a- der the tread and also to prevent growth
_= j“-izmder inflation or high speed rotation.

e " These belts provide a rigid support to the tread
offering a more controlled contact with the road.
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a—

de |gn of th@‘belt package S ould

ut with sufficient stlffness to

=l t undue movement within the

area causing irregular or rapid tyre

,::-% E_G

- —~
.r—'dr"" -—-——

-

"The cure package is composed of a slow
- accelerator (DCBS, or TBSI) with a high
level of sulfur for improving the bond
strength between the rubber and brass
layer.
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" Duralink HTS (hexamethylene-
hlosulfate), disodium salt dihydrate)
| s adhesion characteristics under

- ._,.
=3

el »‘fenwronments
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Table 42 Typical foromulation for tyvre belts

Ingcredients phr
M 1 0D
MN-326 45
Silica 15
Zanc oxide b
Stearic acid 1.2
Tackilhier SP 1S 2
Cobalt salt (INAPCCO 105) .75
Resorcinol 2
Hexamethoxymethylmelamine (HNIN N 3
T MWD 1
oPPID 1
DCBS 1
PN (O
OT 20 S
Duralink HTS 1.5

CuuDuongThanCong.com https://fb.com/tailieudientucntt}
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- —
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-~ Sidewall

compounds cover the thlnnest
he tyre where most flexing occurs
tyre deflects.

.:; therefore need to have a high

——
—

= ———
-

J—
-t
-

—‘.'
f

_ egree of flex resistance and good

(:Iynamlc properties, as well as excellent
age resistance.

e —
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em ontain : éldltlonal

OXldatlive or ozone

ce th|s part of the tyre will be

Az
e

ularly exposed to the sun and the
ﬁ'ts.

St |

. ol -
p—

. —’ﬂ: v e

=

— % The cure system should be CV or between

= ‘_"_J/SEV.

N

e

|
\l

—

1
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Table 43 Sidewall

Ingredients phr
NR 50
BRR 50
MN-550 50
Naphthenic o1l G
Zinc oxide 4

Steanc acid

TV 1.5
6PPD 2.5
Microcrystalline wax 2.0
CES 1.0
Suliur 1.2

CuuDuongThanCong.com

https://fb.com/tailieudientucntt
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o system of choice for a carcass
g,«. IS based on a scorch resistant
wgckage

aIIy stable, insoluble sulfur and
~' =" Uom resistant adhesion additives are

‘-.

\I

—-:_P—P

'reqwred

—
-...’-
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‘_;m tem suitable for this
tion is based on a slow accelerator
w DCBS with a high amount of
ub e sulfur (generally 4-5 phr).
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Table 44 Truck radial carcass fornmmulation

Ingredients phr
NRER SMR L 1 O
MN-339 35
Aromatic ol 3.0}
inc oxide =.0
Stearic acid 0.5
T 1.0}
oPPD 2.0
Wingstay L 1.0}
NAPCO1I0S (109 C o) .63
D-H'T'S 1.5
DCBS 1.1
Insoluble sultur COT 20 5.0)

CuuDuongThanCong.com

https://fb.com/tailieudientucntt
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Table 45 Passenger tyre carcass formulation

Incredients phr
NI &)
B I 20)
SBIR 27.5
M -G60) <40}
Zanc oxiude 3

Stearic acid 2.0
Processing o1l 1 3
T MW .5
Ocitviated diphenylamine ]

Resin 1.0)
MBTS 1
TBDBS o7
[S O 20 2.8

| S | (L

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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- Bead

e high modulus and good adhesion
el wires.

_ modulus is achieved by using
rcmoI/HMMM or phenol formaldehyde

-—,-,;-—-

:ms

-L —

-T he cure system is based on sulfenamide
with a high amount of insoluble sulfur.
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Table 46 Tyre bead formulation

Ingredients phr
N 1 OO
MN-330) 65
Zinc oxide 10
Stearnic acid 2
Aromatic oil 8
TMOQ I
Resorcinol 3.5
HMMDM (().65%9) 3
PV1 0.1
CBS 1.0)
6. 3

[S OT 20
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Pa—

components prowde the gradual
nd stiffness reduction from the
--~= coil to the flexible mid-sidewall
=L “”5 e tyre.

..._—.‘.
."

-

- _~

,——
‘-/'

— ?These components need to be very hard
- to provide good vehicle handling and to
~reduce the risk of flexural fatigue at
component endings.
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Table 47 Twyvre apex formulation

Incredients phr
MNE 1 O}
MN-351 55
Zinc oxide 10
Stearic acid 2
SP 6700 Resin 2
Phenol formaldehvde resin 10}
Bonding agent 2
oPPD 2
TN 1
TBBS 0.6
TBZTID 0.2
| S | 0.2
IS OT 20 5.0

CuuDuongThanCong.com

https://fb.com/tailieudientucntt
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@-Plﬁ-) —_

‘barrier Iayer between the tread and the
to restrict migration of chemicals from
.;: d into the belt.

juires high modulus and good adhesion
= behaviour.

,_,-_—' ’- -
4 —————
—

«, The cure system used to achieve the target

propertles IS based on a combination of CBS and
DCBS with a high amount of insoluble sulfur.

® A resorcinol/HMMM system is used to obtain the
required high modulus.

e
R
—

‘-f
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Table 48 Passenger tvre cap-ply foromulation

Ingcredients phr
NI =0
B 20
MMineral o1l 7
N-326 S5
Si1lica 7.5
Mixiture of WN. N "-diarvl-p- 1
phenvienediamines (IDTPLY)

T NI 1
Resorcinol 1.25
HMNINIMN 1.5
CBS O <
DCBS 1.C)
ZnC) b
Zinc stearate 1.0
[S O 20 S

CuuDuongThanCong.com

https://fb.com/tailieudientucntt
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-~

de with MBTS and a small amount

ur is used to crosslink halobutyl

-
- . — e
——— —
== ~ e —
— —
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Table 49 Inner liner formulation

Ingredients phr
Chlorobutyl 1065 | ()
N-66(0) 60
Naphthenic oil e
Stearic acid 2
Phenolic resin tackitier 4
Homogenisers 7
Magnesium oxide 0.15
Zinc oxide 3
Suliur 0.5

MBTS 1.5

CuuDuongThanCong.com https://fb.com/tailieudientucntt



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

"""—.

idustrial Rubber Products

—

Table 50 Examples of industrial rubber
product applications

Application

Polymer

|

.4-

——

Cﬂmemr belt cover

NR

T ———
— —_— -
o ——
-

Engine mount

NR

Tank pad

NR/SBR/BR blend

O1l seal

NBR
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yeyor Belt Cover- NR~

Slstance abrasion resistance and low
build up.

rder to achieve better flex resistance, a
entlonal cure package is recommended

ﬁowever such a system suffers from the
= ~adverse effects of heat generation).

® In a recent study, the addition of Perkalink
900 was recommended

!
’\\!'

l
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Table 51 Conveyor belt cover formulations

Perkalink 900

Ingredients Control + Perkalink Y{N)
NR 100 1000
'N330 45 45
Aromatic o1l 4 4
I Zn0) 5 35
Stearic acid 2 2
6PPD | |
CBS (0.5 (1.5
I Sultur 2.5 2.5
- I
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Torque (Nm)

2.0
- —= 1.00 phr Perkalink 900
--- Control
0.0
0 15 30 45 60

Time (minutes)

Figure 15

Cure characteristics of conveyor belt cover formulations at 150 °C

CuuDuongThanCong.com

https://fb.com/tailieudientucntt
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- -

ntireversion agent has no effect on

C

Nt \ \J LJ L |

mpound containing the antireversion
maintains a torque level close to the
X mum

~'-f‘ e antireversion effect is also evident in the
-~ stability of vulcanisate properties following
overcure or air ageing at 100 C.
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‘lensile strength (MPa)

30 -

1 Control
20+ Pk900
20 -

15 -
10 - k

Cure Cure Aged
(90/150 °C ~ 307150°C  3d/100 °C
Figure 16

Tensile strength of conveyor belt cover formulations

ian ://fb.com/tailieudientucntt
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80 - =~ (Control
- - Perkalink 900

3 60 -

&

{_-“';‘- -

© 40 -
20 -

2 4 8 12
Cut length (mm)

Figure 17

De Mattia flex/cut growth of conveyor belt cover formulation (cure 30°/150 “C)

ongThanCong.com https://fb.com/tailieudientucntt
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Volume loss (mm?)

140 -

SRS SN

60 -
40 -
20 -
0-
Cure
T90/150 °C

Cure
307150 °C

Figure 18

[ 1 Control

Pk900

Abrasion loss (DIN) of conveyor belt cover formulations

ongThanCong.com

https://fb.com/tailieudientucntt
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gineglg_lgun t-NR

—

entlal performance propertles for an
mount are low heat build up and low
compressmn set

"' c-uv

.,,,;.,-u erate loading, 1.2-1.7 phr) with sulfur (2-
-«:‘2’5 phr) is recommended.

& A small amount of ultra accelerator might be
necessary to generate a crosslink network
capable of improving dynamic compression set
as well as heat build up.
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;--_"0 this modified cure system
TD/S), the properties are still not

, particularly with regard to heat

_ UP

== =% S addltlon of an antireversion agent

== n_"n_lght provide advantage and with this in

.

~ mind the effect of Perkalink 900 has been
studied.
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Table 52 Engine mount formulations

Incredients Control Perkalink MM
MNE 100 100
M -6&60) L2 42

(A
h

Zinc oxide

Stearic acid 2 2
il = =
MC wax 2 2
oPPD 2 2
TN 2 2
Resin 2 2

Santocure CBS

I

|
o
J

Perkacit ThNTDD

Sulfur 225 225

Perkalink 900 — 0. 75

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Tensile strength (MPa)

] Control Perkalink 900

257
201 )
151 i
10" i
5.
(<= % N k
Cure Aged Cure Aged
200150 °C 3d/100 “C 57150 %C 3d/100 °C
Figure 20

Tensile strength tests on engine mount compounds

m/taili eudientucntt
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10-
60 -

LI Control
07 — Perkalink 900

5 401
=y
201
10 %N

Cure Cure
20/150°C S/170°C
Figure 21

Goodrich Flexometer heat build up at 100 °C after 30 minutes - tests on engine mount compounds
.ALoad 108 N, Stroke 4.45 mm, Frequency 30 Hz), ...
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20

(] Control
o Perkalink 900

16

Cure (Cure
207150 °C S170°C

Figure 22

Goodrich Flexometer Dynamic Permanent Set at 100 °C after 30 minutes - tests on engine mount compounds
(Load T08 N, Stroke 4.45 mm, Frequency 30 Hz)

CuuDuongThanCong.com .com/tailieudientucntt
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* ad NE/SBM nﬁ"’

U|red propertles for a tank pad are heat
/, low heat generation, improved flex and
mpressmn set.

can be achieved by selecting a cure
pe ickage between SEV and towards an EV cure.A
—combmatlon of a sulfenamide with a thiazole is
-~ suitable.

® Generally the sulfenamide level should be low
and the thiazole accelerator should be high.

—
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ulfur loading is generally high to
ess the improved flex requirements.
zause of high sulfur loadings, the

Fsystem suffers from the adverse effects of
’:.:s; e at and reversion resistance.

‘Perkalmk 900 is active in compounds
based on blends of NR with the synthetic
elastomers SBR and BR.
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Table 54 Tank pad formulations

Incredients 1 2 3
MNE a0 o0 s10
SBE 1500 20 20 20
BEERE Buna CEB10 20 20} 20
MN-220) 70 70 70
Zinc oxide 4 4 4
Stearic acid 2 2 2
il 40 ) 40
Santoflex 6PPD 1 1 1
MC wax 3 3 3
Santocure TBEBS 1 1 1
Perkacit MBTS 2 2 2
Santogard PV 015 015 0.15
Sulfur 2 > >
Perkalink 900 - 0.5 0.75

uuDuongThanCong.com

https://fb.com/tailieudientucntt
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Table 55 Cure characteristics of tank pad
formulations at l 'C

(.18 .18
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Table 56 Vulcanisate properties of tank— pad formulations (cure 30'/155 °C)

I Properties l 2 J
Modulus at 300% elongation (MPa) 99 99 99
Tensile strength (MPa) 174 |78 [8.0

I Elongation at break (%) 475 470 470
Tear strength (kN/m) 67 15 12

Abtasion loss ) 8 7 7
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[
(7 Control
£ 0.50 phr Perkalink 900 }—
69 g 0.75 phr Perkalink 900
_ 951
P
=
45 -
35 —_—
—
251

Figure 23

Goodrich Flexometer heat build up at 100 °C after 60 minutes - tests on tank pad formulations
(Load 108 N, Stroke 4.45 mm, Frequency 30 Hz)

ongThanCong.com https://fb.com/tailieudientucntt
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I
O Control
00.50 phr Perkalink 900
= 0.75 phr Perkalink 900

Minutes

Figure 24

Goodrich Flexometer blow-out at 1(X) "C — tests on tank pad formulations
(Load 216 N, Stroke 4.45 mm, Frequency 30 Hz, test time 6())

://fb.com/tailieudientucn
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Oil Seal - NBR=

e"r’a‘l' requirement for oil seal applications is
stance, low compression set, high elongation
)od heat stability.

] —ﬂé der to achieve this, a cure system comprising
“of MBTS/TMTD and sulfur is preferred.

TMTD IS used in a small amount so that
elongation is not negatively affected.

i ‘\\'h

_—


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

to keep high elongation, the amount
should not be too low.

| 13 essmn can be negatively affected if
= the ;sulfur loading is too high.

:"' 3I'he heat stability can be improved by

e U

— ~ incorporating antireversion agent
Perkalink 900.
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Y. e mTETREE L 3 W & W4 ]
Table 57 NBR based oil seal formulations

o
I Ingredients Control +Perkalink "N
'NBR 100 100
N-550 60 60
ZnO 5 5
I Stearic acid ] 1
DOP 15 15
TMQ > >
MBTS 1 I
TMTD 0.1 0.1
Sulfur 1.5 1.5
Perkalink 900 - 075
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Table 58 Cure characteristics at 170 °C of
NBR oil seal formulations
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Table 9 Physical properties of NBR oil seal formulations - cure $7170 °C (and 120170 °C)
I Properties Control + Perkalink 900
I Modulus at 300% elongation (MPa) 29(136) 13.3(14.0)
Tnsil strength (MPa) 00(182) 2042L1)
I Elongation at break (%) 330 (470) 3600 (470)
Ta strength (kN/m) 61 (3)) b3 (60)
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£ 0 Control
10 / [ 0.75 phr Perkalink 900
% 20-
10-
0_
Cure 57170 °C Cure 1207170 °C
Figure 25

Goodrich Flexometer Dynamic Permanent Set at 100 °C after 120 minutes - tests on NBR o1l seal formulations
(Load 108 N, Stroke 4.45 mm, Frequency 30 Hz)

CuuDuongThanCong.com com/tailieudientucntt
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20-

7 Control

@ 0.75 phr Perkalink 900 |

19-
%

10

Figure 26

Swelling in ASTM oil #3, 168 hours at 150 °C (cure 5'/170 °C) - tests on NBR oil seal formulations

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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stems pIay an |mportant role in
ing the performance requirements
L ~'s articles.

= " AN ireversion chemicals constitute a class
;. ﬁ‘l’“such materials, and can improve service

-~ performance.
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et

systems, howeve ever, paint only part of

- - - — N & - - @

'-“%. articles.

rs and fillers are equally important
- eetlng performance requirements.

~'-:;z'7= - addition, compound mixing and

- — - -

processmg play a critical role in
achieving the final vulcanisate properties.
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