
Room Temperature Prevulcanization of Natural Rubber 
Latex Using Xanthate

K. K. Sasidharan/ Shiny Palaty,^ K. S. Gopalakrishnan,^ K. E. George,^ Rani Joseph^

’'Department of Training ami Technical Consultancy, Rubber Board, Koltnymn. Kerala, India 
Department of Chemistry, Biuirata Mata College, Thrikkakara, Kochi, India

' Department o f Poli/mer Science and Rubber Technohgy, Cochin Universiti/ o f Science and Technology, Kochi, Imiia

Received 9 Tebruary 2004; accepted 28 May 2004 
DOI 10.1002/app.2]025
Published online in Wiley InterSdence (w ww .interscience.wiley.com).

ABSTRACT; Room tem pew ture prevuJc«inization of ritit- 
ural rubber latex using a combination of xanthate and a 
dithiocarbam ate accelerator system  w as investigated. The 
mechanical properties of the room tem perature prevulca­
nized latex com pound w as compared w ith that of^a dithib- 
carbam ate system  and a commercial prevulcanized latex. 
Films were prepared from the room tem perature prevolca- 
n ized lafex, commercial prevulcanijied latex, and prevulca­
nized latex prepared by heating latex com pound at SS^C. 
Tlie mechanical properlies w ere com pared. TTie results show

that xanthate In com bination with dithiocarbam ate can bring 
about prevulcanization a t room  tem perature. The latex film 
prepared from the room tem perature prevulcanized latex 
com pound gives better clarity and tensile properties than 
conventional and commercial samples. © 2004 Wiley Periodi- 
cais. Inc. J Appl Polym Sci 94; J164-1174, 2004

Key w ords:com pounding; crosslinking; dispersions; viscos­
ity; vulcanization

IN T R O D U C T IO N

T he term  prevulcan ization  is u sed  by the in d u stry  to 
describe the process o f vu lcan ization  in the latex 
stage.’ The term s prevulcanized  la tex  and  vulcanized 
latex are in terchangeable. W hen latex is vu lcan ized , it 
reta ins its original fluidity and  general appearance.^  
V ulcanization takes place in the in d iv id u a l latex p a r­
ticles w ithou t altering  their sta te  o f d ispersion .^  Such a 
latex has obvious advan tages as it e lim inates the need 
for com pound ing  and  requires less energy  for d rying. 
The overhead  and o ther associated  costs invo lved  in 
the use of room  tem peratu re  p revu lcan ized  latex are 
consequently  lower. The latex is w id e ly  u sed  in  m any 
applications, such as d ip p ed  g oods, adhesives^ etc. It is 
especially su itab le for the p ro d u c ts  m a d e  b y  d ipp ing  
because of the  convenience of vu lcan iz ing  latex in 
bu lk  in rela tion  to the trouble an d  expense  of curing  
the equ ivalen t am oun t o f rubber in  tlie fo rm  of a  thin 
deposit over innum erable formers."*

This article p resents the deta ils o f the s tu d ie s  con­
ducted  on

• Sulfur prevulcan ization  of n a tu ra l ru b b e r (NR) 
latex u n d e r room  tem pera tu re  cond itions by us­
ing  xan thate  and  d ith iocarbam ate  an d  by  u.sing
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d ith iocarbam ate alone by hea ting  the latex com ­
p o und  a t 55'C.
The crosslink efficiency, tensile properties, and 

colloidal stability  of xan thate-cured  system  and 
d ith iocarbam ate-cured  system .
P repared  casted  film s from  xan thate  room  tem ­

p era tu re  p revu lcan ized  system , dith iocarbam ate 
heating  system , an d  com m ercially  available pre- 
v u lc a n iz ^  latex from  M alaysia.

T he casted film  of p revu lcan ized  latex under 
hea ting  system , room  tem pera tu re  cu ring  system  
and  com m ercially  av a ilab le sam p le , characterized 
by  IR spectroscopy.

EXPERIM ENTAL

M ateria ls  used

H igh am m onia cen trifuged  N R  latex conform ing to 
the BIS 5430-1981 specification g iven  in  Table I was 
collected from  the P ilo t Latex P rocessing C entre  (Rub­
ber board , K ottayam , India) a n d  used  for the p rep a­
ration  of p revu lcan ized  latex. P revulcan ized  latex 
from  a com m ercial sa m p le  (M alaysia) an d  zinc diethyl 
d ith iocarbam ate, su lfu r, zinc oxide, etc., com m ercial 
g rade, w ere  used.

The eq u ip m en t u sed  in this s tu d y  w ere a prevulca- 
n izer, a liquid b a th  know n  as Inserf u ltra  cryostat 
circulator, su p p lied  b y  M /s  Inlab Instrum ents (Co­
chin, India), Brookfield viscom eter LVT m odel sup ­
plied  by  M /s  Brookfield E ngineering Laboratories Inc. 
(Strongton, MA, USA), U niversal tensile tester UTM
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TABLE I
P roperties o f C en trifuged  N atu ra l R ubber Latex U sed for the P roduction  o f P revu lcan ized  Latex

Properties Value
Requirements 

(BIS 5430-1981)
Test methods (IS 

9316, 1987)

Dry rubber content (% by mass) 60 60" IS 3708 (Part 1) 1985
Nonrubber solids by ni.is.s) 1.5 2'* IS 9316 (Part 4) 1988
Sludge content (% by mmss) 0.5 0 .l‘’ IS 37U8 (Part 2) 1985
Ammonia contcnt {% by mass) 0,8 0.6-’ IS 3708 (Part 4) 1985
Potassium hydroxide numl^or 0.3 1‘’ IS 3708 (Part 5) 1985
Mcchaiiical stability time (s) 1000 475- IS 3708 (Part 6) 1985
Volatile fatty acid num ber 0.02 O.IS** IS 3708 (Part 7) 1986
Coagulnm content (% by mass) 0.03 O.OS*̂ IS 9316 (Part 3) 1987
Copper content (ppm) 1 8»’ IS 9316 (Part 8) 1987
Manganese content (ppm) Traces 6^ IS 9316 (Part 9) 1987

" Miitimum. 
 ̂Maximum.

M odel 4411 (M /s  fnstron , B uckingham shire, UK), m e­
chanical stab ility  a p p a ra tu s  ( M /s  K laxon S ignals, Bir­
m ingham , UK), d ig ita l p H  m e te r (M /s  Systrcn ics, 
M um bai), an d  in fra red  sp e c tro p h o to m e te r  (S him adzu , 
8101M, japan ).

E xperim en ta l p ro ce d u re

The p ro p ertie s  of cen trifu g ed  latex, g iven  in Table I, 
w ere  d e term ined  a s  p e r  IS 3708-3985 n)ui 9316-1987. 
Poli^ssiutn xantUalo w.is p rcjn iivd  in Ihc l.ibDr.Uory ns 
p e r  the p ro ce d u re  rep o rted  earlier.''

C hlo ro fo rm  n u m b e r test for d e te rm in in g  crosslink- 
ing  in latex co m p o u n d  w as d o n e  as follow s. A sam p le  
of the latex w as coagu la ted  by  m ix ing  w ith  an  equal 
vo lum e of chloroform . A fte r 2 -3  m in , the  coagu lum  
w as exam ined  a n d  g ra d e d  d e p e n d in g  u p o n  the  form  
o f coagu lum  an d  ch lo ro fo rm  n u m b e r g iven  a s  (1) un - 
vu lcan ized  state , (2) ligh t v u lcan ized , (3) m odera te ly  
vu lcan ized , an d  (4) fully vu lcan ized . E quilib rium  
sw elling  values w e re  d e te rm in e d  by  im m ersin g  a  thin 
film  o f the ru b b e r in  to luene  fo r 36 h  a t room  tem per­
a tu re  an d  m easu rin g  the  increase in  w eigh t. T he eq u i­
librium  sw elling  ra tio  w as ca lcu lated  as

S w e ll In d e x (Q )  =
W ,-  W,

tv.

w h ere  is the in itial w e ig h t a n d  1^2 ‘s sw ollen  
w eight. T he v a ria tio n  of sw elling  ra tio  w ith  crosslink  
density  for conven tiona lly  v u lcan ized  N R  in to luene 
m ay be b road ly  described  a s  follow s: U nvu lcan ized  
rubber, >15; ligh t vu lcan ized , 7-15; m o d e ra te ly  v u l­
can ized , 5 -7 ; an d  fu lly  v u lcan ized , <5 .

T he fo rm ulations for p rev u lcan iza tio n  a re  g iven  in 
Table II. A fter ad d in g  the  in g red ien ts , co m p o u n d s  B, 
C, an d  D w ere  s tirred  for 1 h. A fter s tirring , the 
com pound.s w ere  tran sfe rred  to  b o ttles  an d  allow ed  to 
stand  a t room  te m p e ra tu re  (28 ±  2®C). A t various

periods, the latex c o m p o u n d s  w e re  s tirred  a n d  sam ­
ples w e re  d ra w n  for testing . T he film s w ere  p rep a red  
by  d ry in g  latex c o m p o u n d s  a t room  tem p era tu re  on 
g lass p la tes. A fter d ry in g , the  film s w ere  rem oved , 
d u s te d  w ith  talc, a n d  leached  in  w a te r  fo r 24 h. A fter 
leaching, the  film s w ere  d r ie d  a t room  te m p era tu re  a t 
least for a iio th e r 48 h.

lU spectra  o f the  th in  latex film  sam ples w ere  re­
co rded  by  u sing  a S h im ad z u  M odel 8101M  Fourier 
transfo rm  in fra red  spectrophotom eter.* ’

Uroiikfifld v iscosity  d c lernunn lii)n s  w ere  carried 
o u t a t 25°C by  u sing  a B rookfield v iscom eter (ASTM D 
2526-229) a n d  the  resu lts  w ere  exp ressed  in m Pa s 
(Brookfield). T he tensile  properties o f  p revuJcan ized  
N R  latex v u lcan iza te  w ere  m e asu red  from  the cast 
film. Film  test p ieces w ere  taken  from  each  sa m p le  and  
tested  for tensile p ro p e rtie s , as p e r  ASTM  D 3138.

P roperties o f room  te m p e ra tu re  p rev u lcan ized  latex 
co m p o u n d s  (13, C, an d  D) su ch  a s  total so lids, m echan­
ical stab ility  tim e, B rookfield viscosity , ch loroform  
n u m b er, sw ell index , p H , a n d  tensile p ro p ertie s  are 
g iven  in T ables III, IV, a n d  V.

C o m p o u n d  A w as  p re p a re d  as p e r  fo rm u lations 
g iven  in  Table U. F ine ball-m illed  d isp e rs io n s of the 
vu lcan iza tion  in g red ien ts  w ere  a d d e d  in to  cen trifuged  
latex.

X TABLE II
Fonnu la tion  o f P revu lcan ized  N R  Latex C om pound

Parts by wet weight

higredionts A 13 C D

60% Natural rubber latex 167 167 167 167
10% Potassium hydroxide solution 2.5 2.5 2,5 2.0
10% Potassium olcate solution 0.75 0.75 2.0 —
50% Sulphur dispersion 2.4 2.4 4 2
50% ZDC dispersion 1.6 1.6 2 1
50% Potassium xanthate dispersion — 1.6 2 1
50% ZnO ctispersion 0.5 0.5 0.5 0.5
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TABLE III
P roperties of Prcvulcanized Latex C om pound A

Properties
Vulcanization time (h)

2 4 6 8 10

Total solids content 59 59 59 59 59
pH at 28”C 10.2 10.2 10.2 10.2 10,2
MST at 55% TSC (s) 565 586 604 751 912
Viscosity (mPa s) 50 50 50 45 40
Chloroform number 2 2 3 • 3 4
SweJIing ratio 5.58 5.38 5,21 5.01 4.22

Tensile properties before aging (film casted at 70*C 1 h. air oven)

Tensile strength (MPa) 26.17 27.75 28.15 29.15 29.70
Modulus 100% (MPa) 0.65 0.68 0.70 0.81 0.S5
Modulus 300% (MPa) 1.05 1.07 1.10 1.26 1J6
Modulus 500% (MPa) 2.59 2.73 3.17 4.71 4.08
Modulus 700% (MPa) 6.45 8.26 8.38 8.95 1133
Elongation at break (%) 1030 990 950 920 920

Tensile properties after aging at 70“C 10 days (air oven)

Tensile strength (MPa) 25.5 26.4 26.8 27.4 28.0
Modulus 100% (MPa) 0.89 0.99 1.24 1.77 1.95
Modulus 300% (MPa) 2,91 3.14 3.24 3.54 3.71
Modulus 500% (MPa) 3.45 3.75 3.85 4,01 4.74
Modulus 700% (MPa) 5.47 5.8 5.9 7.1 8.99
Elongation at break 970 1000 930 920 910

Its  p re v u lc a n iz a tio n w a s  a ffec ted  b y  h e a tin g  the c o u rse  o f  p re v u lc a n iz a tio n . R a p id  co o lin g  o f  p re \o il-
c o m p o u n d  a t  55’C  in  th e  p re v u lc a n iz e r . C o n s ta n t s t ir ­ c an iz ed  la tex  s a m p le s  w a s  c a rr ie d  o u t to  a r re s t fu r th e r
r in g  o f  th e  la tex  w a s m a in ta in e d  th r o u g h o u t the p re v u lc a n iz a tio n .

TABLE IV
Properties o f Prevulcanized Latex C om pound B

Vulcarrizabon time (days)

Properties 1 2 3 4 5

Total solids content 58.50 58.50 58.50 58.54 58.50
pH at 28‘’C 10.8 10.8 10.8 10.8 10.8
MST at 55% TSC (sec) 900 900 850 850 820
Viscosity (mPa s) 85 80 95 90 95
Chloroform number 2 2 2 3 3
Swelling ratio 6.42 6.05 5.57 5.00 456

Tensile properties before aging (film casted at room temperature (28 i  2“Q  48 h]

Tensile strength (MPa) 20.00 22.15 23.56 24.80 2520
Modulus 100% (MPa) 0.56 0.71 0.78 1.47 1.78
Modulus 300% (MPa) 0.76 1.21 1.71 2.80 175
Modulus 500% (MPa) 1.52 1.95 2.00 3.15 3.00
Modulus 700% (MPa) 4.25 5.80 6.24 6.01 5.41
Elongation at break (%} 1060 1020 990 970 900

Tensile properties after aging at 70®C 10 days (air oven)

Tensile strength (MPa) 24.35 27.84 26.84 27.14 26.50
Modulus 100% (MPa) 0.76 0.94 0.90 1.24 1.05
Modulus 300“/i, (MPa) 0.95 2.10 2.27 2.54 1.99
Modulus 500% (MPa) 2.66 2.78 2.56 2.95 3.75
Modulus 700^« (MPa) 8.16 8.51 8.50 7.88 7.91
Elongation at break (%) 935 950 975 940 930



TABLE V
Properties o f P revuicanized Latex C o inpotind  C

Properties
Vulcanization time (days)

1 2 3 4 5

Total solids content 58 58 58 58 58
pH at 28 -C 10.5 10.5 10.5 10.5 10.5
MST ® 55% TSC (sec) 540 540 540 550 550
Viscosity (inPn.s) 90 95 1(K) 100 100
Chloroform Niiinbor 2 2 2 2 3
Swelling r.ftio 6.54 6.14 5.20 5.01 4.75

Tensile properties before aj;ing jfjltn cnsted at riM im  tem perature (28 ± 2®C) 48 h]

Tensile strength (MPa) 21.25 25.74 25.84 28,51 30.85
Modulus 100% (MPa) 0.53 0.59 0.48 0.57 0.71
MtKlulus 300% (MPa) 0.78 0.92 0.75 0.91 0.98
M.utiiUis rm'/., (MP.i) 0.91 1.67 1.60 2.07 2,57
MtKlvilus 700% (MPa) 5.67 4.47 4.30 5.71 6.10
Elongation nt break (%) 1020 990 1030 990 970

Tensile properties after aging at 70®C 10 days (air oven)

Tensile stronglh (MPa) 26.48 27.81 27.46 27,05 28,50
Moilukis UH)7o (Ml'a) O.fvl (1.59 0.74 0.7H 0,81
Modulus 300% (MJ’a) 0.9) 1.91 0.99 0.95 1,1)5
Modulus 500'X. (MPa) 1.92 2.34 2.27 2.11 2.77
Modulus 7(K)% (MPa) 6.48 9.13 7.47 6.04 6.85
Elongation at break (%) 970 900 980 970 960

T o s tiu iy  Ihc  c ffcc l i)f p rc v u lc n iu / i i t io n  lim e  i>ii J i - C o llo id a l s la h il ily  n n d  p h y s ic a l p ro p e r lio s  o f  p rc v u l-
Ih iocarbam ak*  h e a lin g  s y s te m s , s a m p le s  w e re  c o l­ c a n iz e d  la ttices  w e re  d e te r m in e d  a n d  tlie  re s u lts  a re
lec ted  a t d if fe re n t p e r io d s  o f  2 , 4, 6 , 8, a n d  10 h. g iv e n  in  T ab le  VI. •

TABLE VI
Properties of p revu lcan ized  latex com pound D

Vulcanization time (days)

Properties 1 2 3 4 5

Total solids content 55 55 55 55 55
pH at 28‘’C 10.9 10.9 10.9 10.9 10.9
MST nt 55% TSC (s) 560 540 500 500 440
Viscosity (mPa s) 50 50 60 SO 100
Chloroform number 2 2 2 2 3
Swelling ratio 6.90 6.53 5.34 5.14 4.95

Tensile properties before aging (film casted at room tem perature (28 ±  2'*C) 48 hi

Tensile strength (MPa) 16.34 18.36 22.42 23.68 25,41
Modulus (MPa) 0,48 0,49 0.67 0.69 0.85
Modulus (MPa) 0.95 0.98 LIO 1.12 L15
Modulus 500% (MPa) 1.35 1.94 3.94 3.99 4,41
Modulus 700% (MPa) 4.46 4.85 7.17 , 7.74 8.86
Elongation at break (7o) 1210 1190 970 950 920

Tensile properties after aging at 70°C 10 days (air oven)

Tensile strength (MPa) 20.22 22.15 24.85 25.10 26.57
Modulus 100% (MPa) 0.99 0.67 0.71 * 0.78 0.95
Modulus 300% (MPa) 1,83 1.71 1.95 1.99 2.11
Modulus 500% (MPa) 3.40 3.56 •4.10 4.20 4.77
Modulus 700% (MPa) 7.50 5.84 8.50 8.04 8.96
Elongation at break (%) 1080 1050 920 940 950
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Figure 1 Variation of vulcanization of MST with time of prevulcanization.

RESULTS A N D  D IS C U S SIO N

Figure 1 show s the change in m echanical stability  time 
(MST) w ith  tim e of p revu lcan ized  sam p le  A. Prevul* 
canization is done a t d iffe ren t perio d s (viz., 2 ,4 , 6, 8, 
and  10 h). It is seen tha t, as p revu lcan ization  time 
increases, the MST increases considerab ly  u p  to 10 h. 
The colloidal stability  o f p rev u lcan ized  latex depends 
on m any factors (viz., the  p ro p ertie s  o f NR latex, 
am ount of po tassium  h y d ro x id e  a n d  carboxylate soap, 
dosage of vulcanizing ingred ien ts, an d  prevulcaniza- 
tion conditions such as tim e and  tem perature).^  The 
increase in MST as vu lcan iza tion  tim e increases may 
b e  d u e  to the fact that, d u r in g  hea ting , the presence of

alkali m ay  accelerate the  hydro lysis of proteins and  
phosp h o lip id s  ad so rb ed  on  the surface of the rubber 
particles, thereby p ro d u c in g  h ig h e r fatty acid soap.** 

In  F igure 2, the effect o f vu lcan ization  time on ten­
sile p ropertie s  a n d  sw elling  ratio  o f sam ple A is 
show n. As p revu lcan ization  tim e increases, tensile 
s tren g th  and  m o d u lu s  increases and  elongation at 
b reak  decreases. W hen  p re \^ lc an iz a lio n  tim e in ­
creases, crosslink ing  increases, w h ich  leads to an  in­
crease in m o d u lu s  a n d  tha t w ill resu lt in  a decrease in 
elongation.** The sw elling  ratio  o f p revulcanized latex 
film s also decreases w ith  increasing prevulcanization  
tim e. A ccording to  Blackley e t al., change in  tensile
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F igure 3 V arialion of MST w ith lime of prevulc«inization.

S tre n g th , e lo n g a t io n  a t  b r e a k , m o d u lu s ,  a n d  s w e l l in g  
r a t io  a r e  d u e  to  th e  c r o s s l in k in g  o f  r u b b e r  p a r t ic le s .* "

F igure  3 sh o w s the  v a r ia tio n  o f  m st o f 
p rcv u lca iiizcd  sa m p le s  b, c, an d  d.

T he collo idaJ s ta b ili ty  o f p revu ican ized  la tex  is d e ­
te rm in ed  by  tw o  o p p o s in g  fac to rs . T h e  p re se n c e  of 
re s id u a l v u lc a n iz in g  in g re d ie n ts  su c h  a s  z in c  o x id e  
m a y  re d u c e  th e  s ta b ili ty  o f  la tex  b ec au se  o f z inc  
o x id e  th ick cn in g . In th e  ca se  o f  sa m p le s  B a n d  D, a

s lig h t d ro p  in  M ST m a y  b e  d u e  to  th e  lo w  d o sa g e  o f 
a lk a lis  a n d  ca rb o x y la te  so a p s . A d d itio n  o f a lka lis  
a n d  c a rb o x y la te  so a p s  c a n  in c re ase  th e  s ta b ili ty  of 
la tex  b y  in c re a s in g  th e  n e g a tiv e  c h a rg e  o n  the  s u r ­
face o f the  p a r tic le s  a n d  b y  su rfa c e  a d s o rp tio n , re- 
spfo tiv i-ly .'*  In th e  ea se  o f snm pk* C , n Blij'ht in ­
cre ase  in  M ST m a y  be d u e  to  the  fac t Ihnl d u r in g  
p re v u lc a n iz a tio n  th e  p re se n c e  o f a lk a li acce le ra tes 
th e  h y d ro ly s is  o f p ro te in s  a n d  p h o sp h o lip id s  a d ­
so rb e d  o n  th e  s u r fa c e  o f  th e  ru b b e r  p a r t ic le s ,  
th e re b y  p ro d u c in g  h ig h e r  fa tty  ac id  so ap s . T h e  d os-
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Figure 5 Variation of modulus 700% with time of prevulcanization.

age o f a lkali an d  ca rb o x y la te  so ap  in  th e  case of 
sa m p le  C  is  g re a te r  th a n  in  B an d  D.

F igure 4 show s the tensile streng th  v a lu es of sam ­
ples B, C, an d  D  d u rin g  prevu ican ization . T he increase 
in tensile s tren g th  m ay  be d u e  to  tlie increase in 
crosslinking d u rin g  p revu ican ization . Blackley and 
M erril repo rted  tha t th e  tensile s tren g th  of the film 
from  prevu lcan ized  N R  latex co m p o u n d s d ep e n d s  on 
the ability  o f the partic les to coalesce a n d  integrate, 
w hen  the film  dries, as w ell as on  the  concen tra tion  of 
the crosslink  in  the ru b b er.’^

Figure 5 show s the effect o f p revu ican ization  time

on  700% m od u lu s o f com pounds B, C, and D. It is seen 
th a t 700% m odulus increases w’ith  prevTilcanization time 
from 1 to 5 days. Blacklev’ reported that, on prevuicani­
zation of NR latex, the m ^ u lu s  increases w ith crosslink­
ing. The change in m odulus du ring  prevuicanization 
m ay be due to aosslink ing  o f rubber particles.*^

F igure 6 show s th a t the elongation  a t break d e ­
creases w ith  an  increase in  p revuican ization  tim e for 
all sam ples B, C, a n d  D. This m ay be d u e  to  the 
crosslinking occurring  d u rin g  prevuican ization . Elon­
gation  a t break  decreases by increasing p revuicaniza­
tion tim e.'^

• 1250

1150

1050

oi
c
o
uj

95 0

850
3 4

Prevuicanization time {days}



110  ^ ----------------------------

1 2  3 4

Prevulcanization tim e (days)

Figure 7 V ariation o f viscosity w ith tim e o f prevuJcanization.

F igure 7 sh o w s the  v aria tion  in  v iscosity  o f  p rev u l­
can ized  latex d u r in g  p rev u lc an iz a lio n  from  1 to  5 
days. In sam p les  B a n d  C , it  is seen  th a t the  viscosity 
is a lm o st constan t, a n d  fo r sa m p le  D, it  increases 
slightly  u p  to  100 from  50 m P a s. T h e  v aria tion  In 
viscosity  m ay be d u e  to  th e  absence o f po tassiu m  
oleate  in  c o m p o u n d  D.

F igure 8 sh o w s the  effect o f p rev u lc an iz a tio n  tim e 
on  the sw elling  ra tio  o f la tex  film s. A s p rev u lcan iza ­
tion tim e increases, sw elling  ra tio  decreases in  com ­
p o u n d s  B, C, a n d  D. It sh o w s th a t c ro sslink ing  take 
place d u r in g  p rev u lcan iza tio n .

F igures 9, W, and  11 sh o w  th e  in fra red  sp ec tra  o f 
film s p rep a re d  from  co n v en tio n a l su lfu r  p rev u lca­
n iz ed  N R  la tex  u n d e r  h ea tin g  system s, x a n th a te /d i-  
th iocarbam ate  room  te m p e ra tu re  p rev u lcan ized  sy s­
tem , an d  a  com m ercial p rev u lcan ized  latex com ­
p o u n d , respectively . All the  sp ec tra  show  a  p eak  a t 
ab o u t 1376 cm  w h ich  co rre sp o n d s  to  C = ^  s tre tch ­
ing. A n o th er p eak  a t a b o u t 797 c m “ * co rresp o n d s to 
C — S s tre tc h in g . T h ese  p e a k s  re p re se n t the  v u lc a ­
n iz ed  s ta te  o f  N R  ch a in s . T ria l p ro d u c ts  (v iz ., b a l­
loons, in d u s tr ia l  g lo v e s , a n d  ru b b e r  b a n d s )  w ere  
m a d e  fro m  th e  a b o v e  c o m p o u n d s  a n d  th e  re su lts

Prevulcanization time (da/s)

F igure 8 V ariation of sw elling ratio w ilh  tim e of prevulcanization.



sh o w  th a t the  p ro d u c ts  from  the  x a n th a te /d ith io -  
ca rb am a te  acce le ra to r sy stem  g iv e  th e  b es t co lo r an d  
c la rity  an d  b e tte r  physica l p ro p e rtie s .

T ab les III-V II sh o w  th e  p ro p e r t ie s  o f p re v u l­
can ized  la tex  c o m p o u n d s  A, B, C , a n d  D  an d  com ­
m ercial p rev u lc an iz ed  co m p o u n d s . T h e  m echanical 
p ro p e r tie s  o f c o m p o u n d s  B, C, a n d  D are  fo und

to  b e  co m p arab le  to  th a t o f the  com m ercia l p re ­
v u lc an iz ed  co m p o u n d . T he ag in g  res is tan ce  values 
o f sa m p le s  A , B, C, a n d  D a re  g iv en  in  Tables 
III-VI. T he a g in g  res is tan ce  is fo und  to be b e tte r  for 
th e  x a n th a te /d ith io c a rb a m a te  p rev u lc an iz ed  latex 
th a n  the o th e r  tw o  sy stem s. The to ta l so lid s  co n ten t 
an d  v isco sity  a re  fo u n d  to  be h ig h e r  for th e  p re ­

Figure 10 IR Spectrum of prevulcanized lalex film under room temperature curing system.
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Figure 11 IR Spectrum  of comm ercial prevulcanized iatex film.

v u lc a n iz e d  c o m p o u n d s  D, C , a n d  D  th a n  fo r 
tiK  com m erc ia l sa n \p le  from  M alay sia , p i I a n d  clilu* 
r e f o r m  n u m b e r  a r e  f o u n d  to  b e  a lm o s t  th e

sa m e . T h e  M ST is fo u n d  to  b e  b e t te r  fo r th e  
x i in t h a to / d i th io c a r b a m a te  p  re  v u lc a n iz e d  c o m ­
p o u n d .

TABLE VII 
P roperties of C om m ercial P rcvulcanizcd 

Latex from  M alaysia

Properties

Total solids content 42
pH at 28“C 9.8
MST at 42% TSC (s) 48U
Viscosity (mPa s) 15
Chloroform numlx'r 3
Swelling ratio 5.29

Tensile properties before aging
(film casted at 70°C 1 h, air oven)

Tensile .strength (MP.i) 2J.52
M oJulus (MI’.t) OTi?
M odulus 300ro (MPa) o.yH
Modulus 500% (MPa) 1.65
Modulus 700% (MPa) 4.4U
Elongation at break (%) 1090

Tensile properties after aging at 70®C 10 days (air oven)

Tensile strength (MPa) 22,48
Modulus 100% (MPa) 0.66
Modulus 300% (MPa) 1.27
Modulus 500% (MPa) 2.46
Modulus 700% (MPa) 7.15
Elongation at break (%) 980

C O N C L U S IO N

Room  tem p era tu re  p rev u lc an iz a tio n  of cen trifuged  la­
tex w as d o n e  by u s in g  a  x a n th a te /d ith io ca rb a m a te  
accelerator com b in atio n  a n d  a lso  w ith  a  conven tional 
su lfu r p rev u lcan iza tio n  u n d e r  hea tin g  system  com ­
p a re d  to th e  co llo idal a n d  tensile p ro p e rtie s  o f the 
above p rev u lcan ized  la ttices w ith  a com m ercial pre- 
vu lcnnizcd  latex. T he resu lts  sh o w ed  th a t x an tha te  In 
com bination  w ith  d ith io ca rb a m ate  can  b ring  ab o u t 
p revu lcan iza tion  a t room  te m p era tu re . T he latex film 
p rep a re d  from  the room  te m p e ra tu re  p revu lcan ized  
latex com povm d g ives b e tte r c larity  co m p ared  to  the 
conventlonaf a n d  com m ercial sam p les. T he tensiie 
l>ro|>LMlioN of (ho x an lh a le  provukMni/.oU filniN are 
com parab le  to  tha t of the conven tiona l film s and  
h ig h e r than  th a t o f com m ercial film. T he colloidal 
stab ility  of the room  te m p e ra tu re  p rev u lcan ized  latex 
is com parab le  to th a t o f conven tiona l an d  com m ercial 
sam ples.

P roduc ts (viz., balloons, in d u stria l g loves, rubber 
bands, etc.) w ere  p ro d u ce d  from  all th ree  types of 
co m p o u n d s  a t Ja n a lh a  R ubbers L td. (C ochin, India). 
T he x a n th a te /d ith io c a rb a m a te  room  te m p era tu re  p re ­
vu lcan ized  latex p ro d u c ts  sh o w ed  b e tte r clarity , color, 
a n d  technological p ro p ertie s .
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