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Synopsis

The effect o f  p re v u lc a n ia a t io n  o n  th e  p ro c e s s in g  p ro p e r t ie s  a n d  n e tw o rk  s t r u c tu r e  o f  a  se r ie s  
Ilf {fitM com pounds c o n ta in in g  c o n v e n tio n a l a n d  e ff ic ie n t v u lc a n is a t io n  (E .V . s y s te m s )  sy s te m s  
tot m anufactu re  o f  la te x  th r e a d  w as  e v a lu a te d . P re v u lc a n is a t io n  w as  e f fe c te d  a t  7 0 °C  a n d  th e  

of crosslinks fo rm ed  a n d  c o m p o u n d  v is c o s ity  a t  v a r io u s  p e r io d s  o f  h e a t in g  w e re  s tu d ie d . I t  
’x <H«tt;rved th a t  th e  v u lc a n is a t io n  s y s te m s  s tu d ie d  h a v e  a  p ro fo u n d  e ffe c t o n  th e  e x te n t  o f  c ro s s lin k  
f  <matjnn during  p re v u lc a n is a tio n . T h e  n e tw o rk  s t r u c tu r e  o f  t h e  v u lc a n is a te  w a s  a ls o  s tu d ie d  a n d  
fdSnd th a t po tysu lph id ic  c o n te n t  is  h ig h  a s  th e  e x te n t  o f  p r e v u lc a n is a t io n  o f  th e  la te x  c o m p o u n d  
WCTfases. I-atex th re a d s  w ere  a ls o  p re p a re d  fro m  ty p ic a l la te x  c o m p o u n d s  w h ich  w ere  p re v u lc a n ise d  
tTf different degrees a n d  th e i r  c h e m ic a l a n d  p h y s ic a l p ro p e r t ie s  w e re  e v a lu a te d . I t  is  o b se rv e d  t h a t  
ib« extent o f p re v u lc a n is a tio n  a f fe c ts  t h e  a g e d  a n d  u n a g e d  p h y s ic a l p ro p e r t ie s  o f  la te x  th r e a d s .

INTRODUCTION

‘ For obtaining good processing and technological properties for latex  thread  
certain extent o f  prevulcanisation  is  essen tia l for the rubber particles in  the  

latex compound.^ Prevulcanisation  involves heating? th e raw latex w ith various 
Cfjinpoundingingredients such as accelerator and sulfur at or around lO ^C  until 
ihe required degree o f crosslink ing is  obtained.^’® T h e  rate o f prevulcanisation  
varies with different vu lcan isation  system s and th e ex ten t o f prevulcanisation  
lias a profound effect on th e final vu lcan isate properties.^ It has been reported

■ that prevulcanised latex film s are inferior in properties and are less resistant
to heat and solvent.® S tu d ies conducted  in  th is  line are based on  general vu l­
canisation system s only/*®

To meet quality requirem ents for th e thread, different accelerators or their  
y combinations are used in  th e vulcan isation  system.®’̂  T h e im portant quality

. requirements for latex thread include diam eter ( c o u n t) , ten sile  strength, mod- 
ĵlus, elongation at break, and aging resistance.*'

This paper reports th e  resu lts o f  our studies on prevulcanisation  o f a aeries 
of latex compounds containing conventional and efficient vulcanisation system s  
{E.V. system) for the m anufacture o f  latex thread. In th e first part, th e  effect 
of different vulcanisation system s on th e ex ten t o f  crosslinks form ed and v is- 

• cosityof latex compounds at various periods o f  prevulcanisation and the network  
'structure o f the vulcanisates were studied . In th e second part, typical latex  
compounds were prevulcanised to  d ifferent durations and used in th e prepa-
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TABI.K I
Form ulations of Latex Compounds (Conventional Vulcanisation Systems)

Compounds A B C

60% Centrifuged latex 167 167 167
10% Potassium  hydroxide solution 1 1 I
10% Potassium  laurate solution 2 2 2
50% Sulfur dispersion 3.5 3.5 Zi
!>{)% Zinc diethyl dithio carlwmnte (ZDC) dispcrBion 4.0 3.0 3.0
50% Zinc mercapto benzothiazole (ZMBT) dispersion — 1.0 —

50% T etra  methyl thiuram  disulphide (TM TD) dispersion — — 1.0
50% Anatase titanium  dioxide dispersion 10 10 10
50% A ntioxidant SP emulsion 2 2 2
50% Zinc oxide dispersion 0 .8 0 .8 Qi

ration o f  latex threads and the effect o f prevulcanisation on the aged and unag«i 
ph ysica l properties o f la tex  threads were studied.

EXPERIM ENTAL

T h e  form ulations o f  latex com pounds used in  th is  study are given in Table*
I and II. C entrifuged natural rubber latex  (H A  typ e) w ith  60% dry rubber 
co n ten t conform ing to  B IS  : 5430-1981 w as used for preparing the compounds 
V ulcan ising  agents and p igm ents were added as fine d ispersions prepared by 
ball m illing. A n tiox id an t S P  w as added as an em ulsion . T h e  latex compounds 
w ere prepared as per th e form ulations and prevulcanised by heating under mild 
stirring in  a g lass beaker im m ersed in  a con stan t tem perature bath set at 70°C. 
S am ples o f la tex  com pounds were tak en  a t defin ite in tervals for studying its 
processing  behaviour, ex ten t o f  crosslink  form ation, and to  prepare threads for 
tech n ica l evaluation.

$

TABLE II
Form ulations of Latex Compounds (Efficient Vulcanisation Systems)

Compounds D E F

60% Centrifuged latex 167 167 167
10% Potassium hydroxide solution 1 1 1
10% Potassium laurate solution 2 2 2
50% Sulfur dispersion 0.5 0.5 0.5
50% T etra  methyl thiuram  disulphide (TM TD) dispersion 6 .0 6 .0 6,0
20% Thiourea solution 5.0 5.0 5.0
50% Zinc diethyl dithio carbam ate (ZDC) dispersion 4.0 — 3.0
50% Zinc mercapto benzothiazole (ZMBT) dispersion — 4.0 1.0
50% Antioxidant SP  emulsion 2 .0 2 .0 2.0
50% Anatase titanium  dioxide dispersion 10 10 10
50% Zinc oxide dispersion 0 .8 0 .8 U
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PRE -  v u l c a n i s a t i o n  T i M E l h r s )

Fig. 1 ( a ) .  P lo t  o f  c h e m ic a l c ro s s l in k s  (V ,)  v e rs u s  p re v u lc a n is a t io n  t im e  in  t h e  c o n v e n tio n a l 
•ystems.

EiTect of Vulcanisation System  on the E xtent o f  C rosslink Form ation

The crosslink  fo rm a tio n  a t  eac h  in te rv a l o f h e a tin g  w as m e asu re d  a f te r  p r e ­
paring latex film s a t  room  te m p e ra tu re  o n  g lass  cells. E a c h  sam p le  w eigh ing  
0.2 to 0.3 g w as allow ed to  sw ell in  a n  excess o f b en ze n e  c o n ta in in g  0.5%  N -

Fig. 1 (b ) .  P lo t  o f  c h e m ic a l c ro s s l in k s  (V r) v e rs u s  p r e v u lc a n is a t io n  t im e  in  e i l ic ie n t  s y s te m s .



phenyl-^^-napthylam ine a t 30°C  for 48 h. T h e  sw ollen  sam ple was weighed, th« 
so lven t rem oved in  vacuo, and the sam ple w eighed again. Vr» the volume fraction 
o f  rubber in th e  sw ollen  vu lcan isate, w hich  is  a m easure o f total number of 
crosslinks, w as determ ined  using  the m ethod suggested  by E llis and Welding* 
T h e  resu lts are given  graphically in  Figures 1 (a )  and (b ) .

Effect o f  P revu lcan isation  on the R heological Behaviour of Latex 
Compounds and N etw ork  Structure o f the F inal Vulcanisate

T h e  rheological behaviour o f  la tex  com pounds after defin ite intervals of pre- 
vu lcan isa tion  w as determ ined  using a B rookfield  viscom eter (spindle no. 21. 
For th is  th e v isco sity  o f  th e  la tex  com pounds were determ ined at diiFerent 
shear rates and th e  resu lts are given in T able III.

T h e  optim um  vu lcan isation  tim es for th e dried latex  film s were determined 
by vu lcan ising  them  in  an  air oven  a t 100® C for different periods and then by 
p lo ttin g  aga in st vu lcan isation  tim e as given  in  Figure 2. A lso included is a 
p lo t o f  Vr aga in st vu lcan isation  tim e for th e case o f  com pound which was not 
prevulcanised. N etw ork structure o f  th e dried film s obtained at different periods

TABLE III 
Rheological Behaviour of Latex Compounds

Compound

D uration of 
heating a t  TO^C 

(hra)

Brookfield viscosity (CPS)

6  r.p.m. 60 r.p.m.

B

D

E

F

1
i

1 |
3
0

3
0

3
0

H
3
0

l i
3
0

100
125
130
150
100
128-
135
155
100
120
145
200

100
120
135
175
100
130
140
160
100
120
140
175

55
60
65
72
55
61
67
74 
55 
60
68
75 
55 
60 
65 
75 
55 
65 
68 
78 
55 
60 
68 
75

■j



Fig. 2 (a ) . P lot of chemical crosslinks (V,) versus vulcanisation tim e in the  conventional 
systems.

of prevulcanisation w ere d eterm ined  on ly  a fter v u lca n isa tio n  a t 100“C in  an  
air oven to th e op tim u m  lev e l as d eterm ined  earlier. F or d eterm in in g  th e  p o ly-  
sulphidic co n ten t o f  th e  v u lca n isa tes , each  sam ple w eigh in g  0.2  to  0.3  g  w as 
treated w ith a so lu tio n  o f  p rop an e-2 -th io l { 0 A M )  an d  p ip erid in e (0 .4 M ) in  n> 
heptane for 2 h a t room  tem perature under n itrogen . T h e  sam p les w ere w ash ed  
with petroleum  eth er (b p  4 0 -6 0 ° C )  and  dried in  vacuo. T h e  p o lysu lfid ic  cro ss­
links were ob ta in ed  by th e  d ifference b etw een  th e  v a lu es o f  to ta l crosslin k  
concentration (m easured  as v a lu es) before and after treatment.^® T h e  resu lts  
are given in T ab le  IV.

P roduction  and T estin g  o f  L atex  T hreads

To study th e effect o f  p revu lcan isa tion  on  tech n ica l properties, la tex  threads  
were prepared from  p revu lcan ised  la tex  com p ou n ds co llec ted  a t d ifferent d u ­
rations o f heating. C om pound  B  h av in g  a co n v en tio n a l v u lca n isa tio n  sy stem  
and compound F h av in g  an effic ien t v u lcan isa tion  sy stem  ( E .V . s y s te m ) w ere  
selected for th e preparation  o f  threads. Four threads w ere tak en  from  each  
latex com pound w hich  w as prevu lcan ised  for four d ifferent t im es  ( 0 , 5 , 1 5 , and  
3 h ). A schem atic diagram  o f  th e  p rocess is g iven  in  Figure 3. T h e  la tex  co m ­
pounds were extruded  th rou gh  a g la ss  capillary o f  0 . 6  m m  d iam eter in to  an  
acid bath con ta in in g  20% form ic acid , w ashed  in  h o t w ater a t 70°C , dried in  a 
hot chamber a t 90°C  and  th e  threads were co llected  in  a lu m in ium  trays, a fter  
dusting w ith ta lc, and th en  w ound  on  w ooden  fram es. L atex  thread  obtained
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Fig. 2 ( b ) . P lo t o f chemical crosslinks ( V^) versus vulcanisalion tim e in the efficient systems.

from  each  com p ou n d  w as again  vu lcan ised  in  an  air oven  a t 100°C  till optimum 
v u lca n isa te  p rop erties w ere obtained .

T e s t in g  o f  th e  th read  w a s carried o u t according to  A S T M  D  2433-70. Five 
te s t  p ieces  w ere ta k en  from  each  sam ple an d  w ere te s te d  for ten sile  properties, 
accord in g  to  A S T M  D  412 , u sin g  a Zw ick U n iversa l T e s tin g  m achine. In order 
to  a s se ss  th e  a g in g  resista n ce , th e  th read s w ere aged a t lOO^C for 22 h in an 
air  oven . In  ca se  o f  h ea t res is ta n t th read s produced  u sin g  E V  system s, aging - 
w a s co n d u cted  a t 150®C for 2  h  in  an  air o ven  u sin g  A S T M  D  3854-79. The 
a g in g  resista n ce  o f  th e  th read  produced  from  each  form u lation  w as assessed 
accord in g  to  th e  re ten tio n  o f  its  ten s ile  p rop erties a fter  aging. T h e  results are 
g iven  in  T a b le s  V  an d  VI.

R E SU L T S A N D  D ISC U SSIO N

T h e  e x te n t  o f  crosslin k  form ation  a t d ifferen t periods o f  prevulcanisation  
a t 70°C  are g iven  in  F ig . 1 ( a )  and  ( b ) .  In  th e  com p ou n ds con ta in in g  conven­
tio n a l v u lca n isa tio n  sy ste m s, A , B , an d  C, th e  reaction  rate o f  th e  accelerator 
ZD C  is in creased  b y  th e  in corporation  o f  Z M B T  ( B )  and  T M T D  (C) .  The 
Z D C -T M T D  sy stem  (C ) h as a  higher reaction  rate th an  th e  ZD C -ZM BT system 
( B )  an d  in  th e  form er sy stem  th e  m ajority  o f  th e  crosslin k s are formed within 
o n e  an d  a h a lf  hour a t 70°C . T h is  m ay be a ttr ib u ted  to  th e  p o sitiv e  synergistic 
effec t due to  th e  co m b in a tio n  o f  tw o  u ltra  acce lerators— ZDC an d  TM TD.

In th e  effic ien t v u lca n isa tio n  sy stem s, D , E , an d  F , th e  Z D C -T M T D  system 
( D ) is  faster  com p ared  to  Z M B T -T M T D  sy stem  ( E ) in  th e  form ation  o f chem-



TA B LE IV
Effect o f Prevulcanisation on Netw ork Structure o f the Vuicanisates

Compounds

D uration of 
heating a t  TO^C 

(hrs)

V, values % polysulfidic 
crosslink.s in the 

vuicanisates*D ried films Vuicanisates*

A 0 - 0.2203 2 0
0.0881 0 .2 2 0 0 2 0  .
0 .1 H 6 0.2198 24

3 0.1649 0 .2 2 1 0 32
B 0 — 0.2186 16

0.1130 0.2180 16
0.12.50 0.2184 18

3 0.1662 0 .2 2 0 0 24
C 0 — 0.2260 18

0.1597 0.2270 2 2

l i 0.1800 0.2288 28
3 0,1957 0.2272 34

D 0 — 0.2270 10
0.1500 0.2260 12
0.1724 0.2250 1 2

3 0.2004 0.2280 15
E 0 — 0.2140 8

0.0760 0.2130 1 0

11 0.1093 0.2145 1 2
3 0.1308 0.2099 14

F 0 — 0.2207 10

{ 0.1388 0.2206 12

H 0.1455 0.2227 12
3 0.1750 0.2208 16

• Vulcanised to optimum crosslink density in an  air oven a t  100®C.

ical crosslinks. T h e  reaction  rate o f  th e  Z D C -T M T D  sy stem  ( D )  decreases  
when a portion o f  ZDC is rep laced  w ith  Z M B T  in  com pound  F.

As the prevu lcan isa tion  proceeds th e  v isco s ity  o f  th e  la tex  com pound  in ­
creases and in  all th e  com p ou n ds under stud y  th e  v isco s ity  varia tion  is  a lm ost  
the sam e (T a b le  III) .  T h e  d eterm in ation  o f  v isco s ity  a t d ifferen t periods o f  
prevulcanisation under d ifferent shear ra tes sh ow s th a t th e  flow  behaviour o f  
the latex com pounds are lit t le  a ffected  by p revu lcan isa tion .

The polysulfid ic co n te n t in  th e  v u ica n isa tes  from  la tex  com p ou n ds p revu l­
canised to d ifferent periods are g iven  in  T ab le IV. T h e  Vr va lu es w h ich  are a 
measure o f to ta l crosslin k s in  th e  dried and  v u lcan isa te  film s are a lso  g iven  in  
Table IV.

It can be seen  th a t for sam p les A, B , C, D , E , and  F , w here th ere w as no  
prevulcanisation, th e  p ercen tage o f  po lysu lfid ic  link ages w as low er. B u t in  th e  
case of the sam e sam ples w h ich  w ere prevu lcan ised  for d ifferen t p eriods a t 70°C  
and later p ost-vu lcan ised  a t 100°C  h igher p ercentage o f  p o lysu lfid ic  link ages  
was obtained. T h e p ercentage o f  polysu lfid ic link ages w as h igher as th e  ex te n t  
of prevulcanisation in creases even  th ou gh  th e  to ta l crosslin k  co n cen tra tio n  o f  
the final vu lcan isate is a lm o st sam e irrespective o f  th e  e x te n t  o f  prevu lcan i-
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Fig. 3. Schem atic diagram  of latex thread production.

sa tio n . It h a s  b een  reported  th a t in  th e  v u lca n isa tio n  o f  dry rubber as the 
v u lca n isa tio n  tem p eratu re b ecom es low er, th e  ch a n ces for th e  formation of 
p o lysu lfid ic  ty p e  lin k ages are high.*^ S o  th e  h igher po lysu lfid ic  linkages in the 
p revu lcan ised  la tex  film s m ay be a ttr ib u ted  to  th e  low  prevu lcanisation  tem* \ /  
peratu re ( 7 0 ° C ) .  >

T e s t  p rop erties o f  th e  thread  produced from  la tex  com pounds ‘B ' and 
are g iven  in  T a b les  V  an d  V I. T h e  p revu lcan ised  la tex  com pounds are found 
to  b e b e tter  in  ex tru sio n  an d  su b seq u en t p ro cessin g  w ith  respect to  more uni- : 
form ity  in  co u n t and  com p arative le ss  tack y  property. T en s ile  strength and 
m od u lu s o f  th e  th read  are im proved  o n ly  up to  a certa in  e x te n t  o f  prevulcanisa- 
t io n  ( T a b le  V ) an d  above th a t lev e l th e  prop erties decrease.® In the case of 
C om pound  B  a n d  F  th e  ideal range o f  p revu lcan isa tion  tim e  lies  betw een half 
an hour an d  o n e  and  a h a lf  hours. T h e  low  ten s ile  prop erties for the threads 
from  la tex  com p ou n d s h a v in g  h igher e x te n t  o f  p revu lcan isa tion  (3  h duration) 
m ay be a ttr ib u ted  to  low  in ter-p artic le  fu sion . T h e  te n s ile  properties are not 
m u ch  im proved  after  leach in g  and  d rying w h ich  ca n  offer b etter  inter-particle 
co h esio n . O ne p ecu liarity  w ith  la tex  th read  p rod u ction  is  th a t a lim ited level 
o f  stre tch in g  a t th e  w et gel stage occurs during th e  p rocessin g  and this, in 
co m b in a tio n  w ith  low  in ter-p artic le  co h esio n  o f  th e  w et gel m ay be a reason 
for th is  low  te n s ile  properties.

'^rhe aging res is ta n ce  o f  th e  th read s from  prevu lcan ised  la tex  compounds 
h a v in g  3 h h ea tin g  tim e is  found  to  be in ferior to  th a t for threads obtained 
from  u n v u lca n ised  la tex  com p ou n ds an d  from  la tex  com p ou n ds which were 
p revu lcan ised  for shorter tim es  (T a b le  V I ) .  T h is  can  be attributed  to  the higher 
p o ly  su lp h id ic  c o n te n t  in  th e  th read s h ea ted  for 3 h (T a b le  I V) .
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