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S™Mudies on Secondary Accelerator Systems
for Natural Rubber Retread Compounds

. INIHODUCMON

Will) tbc introdnrtion oi synthetic
ynins for the consliudion of
carcass of uiitoiivolivc tyics, the
lif; of carcass has increased consi-
flcrably and liic tyres can be
rdrci»(ir(I five «r six tinu's before
(lu; 1:1:ic looses its slrci){;th. This

ligi It to thu rapid growth of
retread compound manufacturing
iudnslry. 1'hu pi rfonnancn rc<jnirc-

ments of (he rotrcad coin))onnds has
already been <kscribcd in ditail.*
Thus, the reread compound should
have hi*h abrasion resistance,

toar resistance and crack gruwlli
resistance, low heat build up, high
flex fatigue resistance and wet skid
resistance, better ageing properties
tie. It should also have very good
tcorch safety and tackiness, reduced
lendenry for blooming and reason-
ably fast rnre rate. -To achieve
these reijnirenienls sulphcnamide
type acceleratiDrs are mainly recuyiis-

nu-nded for retread compounds.*
It is rcpiirtcd that among the
sulphcnamides, Ticus gives the

maxiuiuni scorch safe ty and storage
stability for tlie relrt®ad compounds.*
lint later works showed that IKUIS
gives only leaver level of chemical
cfosslinks iti natiual rubber com-
poumls at all cure temperatures
compaie | with other sulphenatnidcs
like CHS; 'inns and MOR.* Since
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it has already been established that
lower crosslink density gives lower
physical properties for the wvnlica-
nizatcs, use of DCBS accelerator
in retread compounds can give only
lowiT physical propfiities eventhough
ihr storage, propertios are bettor,
riuj optimum cut« lime o( Uui
e.imijvounds containing UCHS ;tc-
celerator is very loi\g compared
with that of' other sulphcnamide
aeeelcratore. In this era of enerjiy
stiortage and polymer shortage, the
need of the day is to develop pro-
ducts having maximum service
properties  expending  mininuun
(uiintity Of energy in the manu-
facturing proccss. The present
work reports the results of the study
conducted at the Rubber Research
Institute of India for developing
retread compounds having good
shelf life, shorter curing cycle and
with good service properties.

II. EXPERIMENTAL DETAILS
(f) Sclcction of cure system

The advantages «of using syner-
gi&iu in accelerators has been
established long back.* With a
view to developing synergistic ac-
celerator systems sin'table  for
natural rubber retread compounds,
sni.[\(ﬂ.dary ac tors like DPG.

and were used in
retread compounds in combination

i piimary , aeetUrator like
% a8 ' ok &t

I‘or coinpatison, control
compounds with prim.try accelerator
alone were also pnpured using
conventional tread Iffrniulation. In
compounds containing secondary
nin|(n,t«,r, lhe liN(i »i lbe
aeci«l(r;\ti->r eonibioati(jn was krpl
the same as that of Ilu; piiiuary

accelerator in the ronvrnti«>nal
connwmd, Unt thv dosage ot
sulphur was reduced taking into

consideration the fact that a higher
th'gree of crosslinking for a given
level of sulphur can he. achieved
using secondary acceUmiois.” In a
selected group of C(nnpo\inds con-
taining s(;condary accelerator, the
effect of retarder was also studied so
as to keep up the storage stability’
of the compounds N-cyclohexyl
thiopthalimide (NCTP) was the
retarder used sincc Tepfuts show th:it
this retarder has li-vs effect on
rate and state of cijrc and has higher
stability during processing and cur-
ing operations, compand with
other retardcrs,* The fornnilations
of the control conipiounds atid thuse
of the compounds c)t nning secon-
dary ace(.‘lerators are given in tables
2 (> 7- All the compounds were
prepared from the same Jnasterbatch
(table-i) so as to avoid variations
in r*ompounding.



The comjxjunds were prepared
and stored at atinospljeric tempera-
ture (approx. 30.C) for three
mmilhs 'Aiul thi-n mowUlcd to pre-
pare sainph s for vari«jus tests. The
scorch tiii.'e of the compounds were
(iptcuniiied at intervals of 30 days
(or a porVvfcl j)f three months. The
cure tiini>- of the compounds at
150‘C were detennined after one
day and ninety days of preparation
of the compounds. Properties like
nioduhis, It'nsilc strongtli, elonga-
tion at break, tear strength, abra-
sion resistance, rohonnd resiUence,
compression set. hardness, heat
build up and retrntioii of tensile
(eropcrties after ageing at 7T0®C for
0 iiours were determined. "llie
test residts arc given in tables 9 to
14. After evaluating the properties,
Dirnpound CTI” containing TBBS as
primary  accelerator, TMT as
secondary :iccelerator and retarder
NCTP, was selected for assessing
ihe service performance. Conven-
tional compound (NO. E) with
DCISS as accelerator was \ised as
Ihc control. These compounds were
cictruded at 85-90°C in a 6"
fxtnider to give 50-64-14 size tread
for jeep tyres. Two cushion gum
com))ounds suitable for the above
treads were also prepared. The
formulations of the cushion ginn
compounds are given in table 8. The
storage stability of the extruded
compounds and cushion gums are
given in table 15.

(lity Curing of the Retreads

For curing the retread compounds
after applying it on the tyre, the
oldest method of giving five to six
minutes curc for every 1/32 inch
thickness of the tread is still
followed.* Nikolov'* introduced the
formula P = 0.25C - 3.25 (where
P is the distance of the cure front
in 32nds of an inch and C is the
cre time at 298“F) for curing
tetread compounds. The above two
methods do not take into considera-
tion of the rate of cure of the com-
pouncs and assume that heating of
the compound is from one side only.
Using numerical methods Hills™

Ingredients

Natural Rubber

Zinc Oxide

Stearic Acid
Phenyl-(i-Naphthyl Amine

N-(l,3-dimethyl butyl)-N' Phenyl p-'r')'henylene diamine

HAF Black
Aromatic Process OQil

Weight (gms.)

Table 2* Conventional Retread Compounds

Afastsrbaich Accelerator

(gmf.) (gmj.)
162.5 MBTS 0.6
162.5 CBS 0.6
162.5 TBBS 0.6
162.5 V|\» MOR 0.6
1625 Mv < DCBS 0.6
has shown that for a i" thick slab

of filled stock at 70**F the time taken
for the central portion to attain
the temperature of the heating
surface (300°F) is about forty
minutes when heated from [)r>th
sides. During moulding of retread
compounds where the thickness of
the tread is only about 4" and
heating takes place from three sides
due to the presence of tread pat-
terns, it is expected that the
actual time taken for the bottom
portion of the tread to attain
the surface. temperature of the
irfould may come to about thirty
five minutes. Hence if the retread
compound is having fast rate of
cure, it may get cured within a
period of 35 to 45 minutes at 150®C.
Considering these factors, the
retread compound CTR was mould-
ed at 60 psi steam pressure and
120 psi air pressure for 45 minutes
in jeep tyre moukls. The control
compound E was moulded under
the same conditions giving 85
minutes cure, adopting the conven-
tional method. The service per-
formance of the retreadcd jeep
tyres was evalued, and the results
obtained are given in table 16.

HI. RESULTS 8 DISCUSSIONS
(i) Conventional Mixes

Table 9 gives the test results of
the conventional retread com-

................................ 100
3.5
2.0
1.0
1.0
50.0
50
Sulphur Compound
(gmi.) No.
2-5 A
2-5 B
2-5 C
2.5 n
2.5 E .

pounds. From the tabic, it is seen
that retread compounds containing
CBS, TUBS or MOR give higher
tensile strength, tear strength, hard-
ness and cure rate index comparec*
with the compound containing DCBS
accelerator. These compounds als<»
give better resistance to abrasion,
lower heat build up and lower cure
time compared with the compound
containing DCBS. 'l he s<'orch time
and slu*U life of (he eompound with
DC'.HS w<re better than those of the
compounds containing other sulplie-
namide arcelerators. Thus retread
compound with DCBS accelerator
gives conjparativcly lower physical
properties which arc most essential
for the better performance of the
retread material.

(it) Effect of Secondary Accelerators

The properties of the comprDunds
containing secondary accelerator
f)P(» are given in tai)le 10. From
the tabh\ it is seen that the t(;nsile
properties arc better with MOH-
DPG system where as T]?BS-DPG
system showed better tear strength

an<l retention of tensih! strength
after ageing. DCBS-DP(i system
showed lower tensile stvengtlu

elongation at break,
and hardness. The cure rate index
of all the compounds containing
DPG was higher compared with that
of the conventional mixes. Hut all

tear strength



, the cutnpounds with DPG showed

*I9ss (jf activity of the accelerator
system as oviilonced !>y increased
cure linic and Uxss ticcrcasc in scorch
time alter storing the compounds
(or three niontlis.

I(l the case of compounds con-
lalniii}' i'M r as secondary accele-
rator, combination of MOR with
TMT t»ave htj>lior tt nsile strength,
Itar strength, re])onn<l resilience,
hardness and cnrc rate, belter abra-
sion resistance and lower heat build
,up.  TMT in comljination with
gave the sliortc™t scorch

time. TBHS-TM r system gave better
mesistance to ageing. As in the case
of compounds with secondary ac-
‘lerator DPf», compounds contain*
.ig 'IMT also sho\\t\] lgj-s of acti-
vity of the accelerator system during
storage as cvidencnl Dby increased
‘ine® time »n<l in c<rtain cases in-
rnas«*,| scorch lime after months.

Among the compounds with
Secondary accelt rati')r ZDC, combi-
nation of MOR and ZIK” g**ve belter
tensiUt strength and abrasion resis-

tance. Better tear strength was
shown by CBS-ZPC system. The
scorch  time, tensile  strength,
elongation at break and tear

strength of the n('HS-ZI)C system
were lower compared with other
s»»Iplu'namide-ZI)C systems. During
storage, loss of activity of the acce-
lerator system was iniorc pronounc-
1 with DCBS-ZDC combination,
)Jmpared with other sulphena-
inides.

Among the three secondary ac-
ccltrators used in this study, com-
pounds containing I'MT were found
to give higher niodulns, tensile
strength, tear strength and hard-
ness, lower heat build up and faster

cure rate. F)ut the scorch time of
tlie conipoiinds containing TMT
was liower alter storing for a

period of tliree months.

(iti) Effect of Retarder

Use of retarder in conventional
system has increased the modulus
but reduced the tensile strength in
rerfait) cases.  Tear strength was

lowered only in the case of com>
pounds containing MOR accelerator.
There was only marginal increase
in cure time of all the compounds
but the increase in scorch time was
appreciable. Addit'bn of retarder
NCI'P in compounds containing
TMT as secondary accelerator in-
creased the ageing resistance, abra-
sion resistance, hardness and com-
pression set resistance, but there was
slight decrease in tensile strength
and elongation at break- Tear
strength was higher for compounds
containing MBTS and DCBS. The
change in cure time of the com-
pouds was not appreciable. The
scorch time and shelf life were in-
creased conciderably in the case of

compounds containing sulphana-
midos. The cure rate index was
higher and retention of cure rate

was also better after storage for
three months.

The scorch times of the extrudates
containing DCBS accelerator and
TBBS-TMT-NCTP combination
system were comparable. The shelf
life of the extruded oompound with
DCBS accelerator was slightly better
than that containing secondary ac-
celerator TMT. The service perfor-
mance of the compounds with
TBBS-TMT-NCTP system was bet-
ter than that of the compound with
conventional accelerator DCBS,

IV. CONCLUSIONS

1)  Among the sulphenamide
accelerators used for this study,
compounds containing DCBS gave
comparatively lower physical pro-
perties.

2) Out fof the three secondary
accelerators tried in this work, TMT

gave better physical properties to
the vulcauisates.

Table 3. Retread Compounds with Secondary Accelerator DPG

Mnsin batch Accelerator »yslem (gm) SuJWiiir
Primary Secondary (ghM ) \'o.
162.5 MBTS 0.4 DPG 0.2 2.0 AD
162.5 [ CBS 0.4 DPG 0.2 2.0 HI)
162.5 TBBS 0.4 DPG 0.2 2.0 CD
162.5 MOR 0.4 DPG 0.2 2.0 1)1)
162.5 DCBS 0.4 DPG 0.2 2.0 i)

Table 4. Retread Compounds with Secondary Accelerator TMT

Masterbalch

(gms.) Primary

162.5 MBTS 0.5
162.5 CBS 05
162.5 TBBS 0.5
162.5 MOR 0.5
162.5 DCBS 0.5

Accelerator system (gm)

Sulphur Compound
5fCOfIddI’y (gms.) No.
TMT 0.1 2.0 AT
fTMT 0.1 2.0 BT
TMT o.i 2.0 CT
TMT 0.1 2.0 DT
ri'MT 0.1 2.0 ET

Table 5. Retread Compounds with Secondary Accelerator ZDC

Mastc) hatch

(gmi.) Primary

1625 MBTS 0.55
1625 CBS 0.55
162 5 TIiBS 0.55
162-5 MOR 0.55
162 5 DCBS 0.55

A<cclcralor system (gni)

Sulfihur Ctnnpourtd
Seco7idary (gms.) No.
zDC 0.05 2.0 AZ
ZD (" 0.05 2.0 HZ
zDC 0.05 2.0 Ccz
ZDC 0.05 2.0 Dz
zZDcC 0.05 2.0 EZ



Ij listt of rolanjir NC/I'* In
coinbinulton  with  siOphcnaniitU-s
containing TMT as secondary ac-
ccWiator dcctcascd the tensile
slrcMfilh lull iniprovcfl agcinfs rrsis-
lani-r and lu-lpcd to keep up tiu;
faster cure rate and shelf life of the
coinponntU.

.) THHS-TMT-NCTP conibina-
lion giivj! coniptound having better
sor\iro performance compared with
that <r)Ht;iining DCI5S accelerator.
This new system re«piired nbont *o
minutes less time ior curing the
retread compared with the conven-
tional accelerator sS'stcin-
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VI, ABBREVIATIONS

1. MIiTS — Dibcnzothiaxyl disul-
phide.

2. ('US - N-(-ycloliexyl-2-benzo-
lhia/.yi sniphenamide.

3 Tf»ns Henzothiazyl-2'tert-
butyl snlphenamide-

MOK — Hen/.oti»ialyl-2 -snlphene
nioipholi<le.

5. DCUS — Henzothiazyl-2 dicyclo-
hexyl sulphenanude.
6. — Diplienyl guanidine.

TMT — Tetranirthyl thiurani
disulphide.

8. Z1)C — Zinc-N-diethyl dithio-.
cai'banuite.

o. Nt'1 P m N-cyckhexyi thiop-

thaUniid*".

MasUrbatch Accelerator
(gmj.)

i62-5 MBTS 0.6

i62-5 CBS 0.6

i625 TBBS 0.6

i162-5 MGR 0.6

162-5 nCBS 0.6

Relardcr Siitph mi

NC'I'P («))'.) Vo
0.125 2.5 Ak
0.125 2-5 BU
0.125 2.5 CR
0.125 25 DR
0.125 25 I-K

Table 7. Retreads with Secondary Accelerator TMT 8C Retarder NCTP

Atastci bnich

Accelerators system (nm)

(9"«) Pritnaiy Scctmdaiy
162.5 MBTS 0.5 TMT o.i
162.5 CBS 0.5 T™MT 0,1
162.5 TBBS 0.5 TMT 0.1
162.5 MOR 0.5 TMT 0.1
162.5 DCBS 0.5 TMT 0.1
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Table 8. Cushion Gtim Compounds for Retreads CTR dC E

grcdienls

atural Rubber

Zinc Oxide

Stearic Acid

CBsS

TM'r

Phenyl jj-Naphthyl amine
N-Cycloiiexyl thiopthalimide

C.

I. Resin

SRF Black
Pine Tar
Sulphur

For (ITR ~For E
100 TOO
3-5 3-5
1.5 *e5
0.7 0.7
0.1
1.0 1.0
0.4 0.15
2.0 2.0
300 30.0
7-5 7-5
2.0 2.25



Table 9. Properties

A
Vroprrlirn b.A. r.re.rt.
%
M ik liilim 80 |'~
E!(>nK:ition at bie:ik (% ) Gliii 95
mVciwnc Mrcwijtih (kR/cm®) £S2 9'1
r<riir (kK /ctii) m
tLnixianit' (I<im il cc.fhT) 1.<>2
llanincM (Shore A) Ati
Hi-at build U» at \2Z~f (A T'F) sa
C.oiuprtsMnn sol {%) 55
R clmilllml H'lillftk 4 <%) 64
Cure time at 150"C (Miiiiiict) Ixt day 12
90ili day 13
.Stcircli tiiYie nt 120*C (Miiuites) IM day 18
«>0tll .1V; 14
Cure rate itidex ; ht day 11.4
day 9.1
1). a. — Iteforc ageitig
r, d. a. retention after ageing

Table 10. Propcrtte* of

AD ;
Ptoptirlirs h.a. r.a.a.
%
Motlulns m % (kR/cin») 77 113
F.If>n];ation at break (%) r>7fl 92
‘I'fiiiilv Htrefigth (kg/<:tn>) 250 92
Tear 5irengl\» (kg/cm) 98
Abraiiion resistance (loss In cc/hr) 1.6
HardncM («hoce A) 51
Heat buitd up at I22'F (A T*F) 34
Compression set {%} 60
RelHxind resilience (%) 50
Cure time at 150*C (Minutes) 1st day 8
90ih day 19
Scorcii time at 120*0 (Minutes) 1st day 16
90th day 15
Cure rate Index : 1st day 21.1
90th day 10.0
b. a. before ageing
r. a. a retention after ageing

Table 11. Properties of

AT
Prof>ertie$ b.a.
Modulus 500% (kg/Zcm*) 91
Elongalion at break (%) 662
Tensile strength (kg/Zcm?*) 279
I'ear strength (kg/cni) 1ISO
Abrasion resistance (loss in cc/hr) 1

Retread Compoundft™ with Secondary Accelerator DPG.

Retread Compounds with Secondary Accelerator TIMT.

r.a.a.
%

no
94
88

.9S

itm
(522
275

92
091
260

rt)

%
b.a.

100
655
288

IM5
o
@
34
57
54
1
13
29
17
13

of Conventional

.OH

.8

10,s* -

BD

112
0.
56
84

45

10
14
20

18

10.
10.

150
1.

f.n.a.l'

103, ,,
H5
95

75

7
*)

-ir.J,
%

.114 ¢
92 °
92

02

Retread Compounds

7
h.n. y.n.n.
%
tin 112
5»H 92
267 94
113
0.65
61
27
40
r.'»
12
12
34
23
1.3
\l.4
4

co

h.a. r.a.a.

%

88 113
628 98
254 9

UK
0.78
58
36
42
54
10
14
34
I 22
16.7
10.3

h.%,/\ 1, raa.

%

* 99 119
620 94
266 96
i 149

0.82

h

h.fi.

102
625
2 (5«

87
668
269

119
621
293

fr.o.
le A

Wile

P
r.n.it.
%
112
91
95
ItfH
0.88
>0
32
42
56
14
13
40
28
10.H

DU
r.tt.n.
%
103
93
89
105
1.12
58
m
43
54
9
19
29
29
16.7
9.8

or
r.a.a.

%

104
91

85
194
0.74

91
602
2(2

90
625
250

97
600
245

E
r.a.n.
%
112
95
99
91
(RN
59
58
S6
S5
22
21
44
54
5.5
6.9
£0
r.rt,fl.
%
loi;
90
9S
w
1.05
51
36
98
54
20
tl
26
57
9.3
B.4
- |
ET t
%
{ 106
91
91
101

1.0t



Table 13' Properties of Conventional Retread Compounds with

Compounds with Secondary Acceleratolr TiDC.

I'ahtc Il. (Gould.)
Ilatttnc”s (shore A) 57
Wvji liiiilil nli ai 122T (A T*1) H2
CciiiprcMion scl (%) 54
Kihimm! rcsniciicc (%) 54
Ciii'c liiiit.- at Ifid'C (Minii(cs) 1st day 6
KUl tlwy 10
Scoxii time al 120*C. (Minutes) 1st day 19
<lay 1S
(.ilix"' laic itidi'x 1st day 28.6
“10ili «lay 1S.5
1). a. — before ageing i
r.a. a. — ictentlon after ageing
Table 12. Properties of Retread
AZ
PiofK-rtirs b.a r.a.a. b.a.
%
Mimlhlus (kK”.nia) »2 m 95
at iirc.ik (%) 650 98 606
Ttiisilc siri-iiRCb (I*H/«ni*) 247 90 247
I'l-.ir (k);/Mn)
Ahiiisioti I'csistatuc (loss in cr/lir) 1.61
ilni(liu-ss (shore A) 55
Heal build up at 122*1" (A T*!-) *ai
Coiu|Mi'ssi(in set (% ) 49
Kc«hfriiul resiliciur (®') 53
Ciiii- liuu; ;¢ 1W> (Mimitis) 1st <li> *>
tiuy 11
Stoiilt time at 12i)°C (Minutes) I<it day 17
‘eeIMlj day 14
Cuu lad- iiicli-N I<if day 17.1
Uolli <lyy 11.4
1), a. before ageing
t. a. a. — retention alter ageing
AR
piofurlin b.a r.a.rt h.a
/e
hf(Kl(dus 31k)% (kg/z7nh?) 95 129 no
Kloiit>alion at break (% } (il2 H7 5<i2
'IViim'le slreii];Ih (kg/Zcni"?) 97 250
‘Jlar -sirengtli (kg/iiu) 129
Abiaf-iou iciiistanre (loss in <;<;/hr) 1.57
llaidiK-ss (shore A) 59
lleav buiUl up ai rj'i'v r'v> S-i
sc1 f4J) 12
Ktlxiiind wusilieiict (";,) 55
{ltur liiiu- ai L.VI'C (MinuU-s) 1st day i
day 12
Rubber india. November iga3

57
31
53

58

12

24
12

22.2
1U.9

BZ

r.a.a.

%

56

S2
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.Scorch time at

120°C (Minutes) 1st day 17 sa 39 45
90th iiay 12 23 29 32
Chip rate index t In flay lo.o 135 13.2 114
Wtli day 10.8 13.1) 143 135
b. a. —' before ageing
r. a. a. — retention after ageing
Table 14. Propcitie# of Retread Compound# with TMT fiIC Retarder NCTP
ATR BTR CTR DTR
Properties b.a. r.a.a. b.a. r.n.a, b.a. r.a.n. b.a r.n.a.
% % fo
Modulus m % (kg/cm¥*) 94 115 100 120 . « 114 110 114 114
Elongation at break (%) 610 94 590 95 568 95 560 96
Tensile strength (kg/cra>) 253 99 245 108 263 98 259 99
Tear strength (kg/cm) 138 120 127 132
Abrasion resUtanrc (loss in cc/hr) 1.25 1.06 0.77 0.67
Hardness (shore A) co 61 61 62
Heat build up at 122*F (A T*F) 34 52 32 32
Ccmpression «ct (%) 43 38 34 30
KelvHind resilience (%) 4 56 56 5>
Cure time at [.'Mrc (Minutes) 1st day 7 9 10 9
90tl\ day 9 9 10 8
Scorch time at 120*C (Minutes) 1st day 18 33 39 35
90th day 12 22 25 21
Cure rate index : 1st day 25.S 23.3 215 24.7
90th day 14.9 16.7 16.S 22.2
b. a. — before ageing
r.a. a. — retention after ageing
Table 1S. Storage propertic* of Extruded Compounds CTR and E
Propertiss Retread Cushion for Retread
E E CTR
Scorch time at i20*G (Minutes) 1st day 24 r 48 24
60th day 23 3 20
Cure lime at 150*C (Minutes) 1st day 20 195 8
60th day 19 3 8
Cure rate index.: 1st day 6.2 i 14.9 22.2
60th day 6.9 31 22.2
%
Table 16. Service performance of Retreads CTR and E
Compound Moulding OrigtTKtl Distance Present
No. titni (Minj.) skid {1132") covered (KM ) skid (if32")
CTR 45 14.5 1205 12.6
£ 85 14.5 1205 12-25
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