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Radiation vulcanization is a process to produce prevulcanized natural rub­
ber latex free of toxic residual chemica s. in this vyork an attempt is made to 
improve green strength of fresh NR latex by exposure to lovy/ doses of gamma 
radiation followed by concentration of latex to reduce the non-rubber ingredi­
ents and to use this as the raw material for production of RVNRL in the con­
ventional way

Ra d ia tio n  V u lcan ized  N a tu ra l R ubber 
L a tex  (R V N R L) possesses severa l ad- 

v a n t^ e s  o v e r th e  s u lp h u r vu lcan ized , such  
as th e  absence o f  n itro s a n iin e  com pounds, 
b e tte r  transparency, v e ry  lo w  c y to to x ic ity  
and less n ib b e r  p ro te in s  th a t  cause a lle r­
g ic  response ’ -'*. T he  m a in  d ra w b a c k  is  t lie  
lo w e r  n \o d u lu s  and  c o m p a ra tiv e ly  lo w e r 
s treng th . Som e o f  th e  fa c to rs  th a t c o n tro l 
th e  e ffic ie n c y  o f  v u lc a n iz a tio n  o f  NR la te x  
b y  ga i^ im a ir ra d ia tio n  are in it ia l m o le c u la r 
w e ig h t o f  rubbe r, green s tre n g th  o f  ru b b e r 
and  the  a m o u n t o f  non  - ru b b e r  in g re d ie n ts  
p resent". A n  increase  in  green s treng th  con ­
tr ib u te s  to  h ig h e r te n s ile  s treng th  o f  RVNRL 
f ilm s  and  fo r  th is  la te x  c o n ce n tra te  is  s to red  
fo r  a b o u t tw e n ty  days be fo re  c o n v e rtin g  the  
sam e to  R VNRL. D u rin g  sto rage  o f  am m on ia  
p rese rved  la te x  th e re  is  fo m \a t io n  o f  n \ ic ro  
ge l th a t enhances the  green s tre n g th  o f  the  
rubber.

The  m o d u lu s  and  te n s ile  s tre n g th  can be im ­

p ro ved  b y  using la te x  con ce n tra te  o f  h ighe r 
g reen s tre n g th  as the  ra w  m aterie il and by 
s u ita b le  b le n d in g  w ith  la te x  hav ing  b e tte r 
m ech an ica l p ro pe rties . T he  p resen t w o rk  is 
an a tte m p t in  th is  lin e  and re p o rts  th e  use o f  
la te x  w ith  h ig h e r ge l c o n te n t as ra w  m a te ria l 
fo r  p ro d u c tio n  o f  RVN RL and b len d in g  w ith  
su ita b le  n a tu ra l an ti sy n th e tic  la tex.

Experiment
H igh  am m o n ia  p rese rved  fie ld  la te x  (P F L) 
w as o b ta in e d  fro m  PLPC C he lhacka l. H igh 
s tyrene  c o n te n t s ty rene  bu tad iene  c o p o ly ­
m er la te x  (H S B L), P lo ilite  S BL 2058, was ob ­
ta in e d  fro . E lio k e m  P v t L td  M um ba i, Ind ia  
( to ta l s o lid s  c o n te n t =  29.32 %, pH  =11.3).

R a d ia tio n  v u lc a n iz a tio n  w as e ffec ted  by 
ganm ia  rays us ing  RVN RL P ilo t  p la n t a t 
R R II. N a tu ra l ru b b e r la te x  (N R L ) w as c o l­
lec ted  and exposed to  lo w  doses o f  ga jn jna  
rad ia tio n . T he  la te x  w as t lie n  sub jected to  
a  c o n c e n tia t io n  using b o th  cream ing  and
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c e n tr ifu g a tio n . T he  c re a m in g  p ro c e s s  w as 
done  b y  u s in g  a m m o n iu m  a lg in a te  as the  
c re a m in g  agen t. T h e  c e n tr ifu g a tio n  w as 
do ne  b y  us ing . A lfa -L a v a l 510 la te x  c e n tr i­
fu g in g  m ach in e , o p e ra tin g  a t 7000 rp m . T he  
co n c e n tra te d  la te x  w as exp ose d  to  a dose 
o f  15 k G y  in  th e  s ta n d a rd  m e th o d  t o  o b ta in  
R a d ia tio n  v u lc a n iz e d  n a tu ra l ru b b e r la te x  
(M o d if ie d  R V N R L). A  c o n v e n tio n a l R V N R L

d is tr ib u t io n  is  un changed  and  th e  a m o u n t 
o f  s m a lle r  p a rtic le s  increases a f te r  ir ra d ia ­
tio n . A f te r  c re a m in g  fo r  b o th  u n -irra d ia te d  
and  p re - ir ra d ia te d  la te x  th e  p a r t ic le  s ize  de­
crease con s id e rab ly . D u r in g  ir ra d ia t io n  i t  is  
p o ss ib le  th a t  som e c h e m ic a l changes ta ke  
p la ce  fo r  th e  p ro te in a c e o u s  m a te r ia ls  and 
th is  m ay be c o n tr ib u tin g  to  re d u c tio n  o f  s ize 
a f te r  cream ing . T he  re d u c t io n  in  p a r tic le
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Figure 1 The particle size distribution of fresh NR latex and latex 
exposed to small closes of gamma radiation before and after 
creaming
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Figure 2, Photograph of RVNRL films ^) Pure RVNRLl, 2) 90/10 
RVNR17HSBL 3) 75/25 RVNRiyHSBL 4) 60/40 RVNRI7HSBL

w ith o u t  p re - ir ra d ia tio t i p ro ce ss  w a s  a lso  
p re p a re d . S u lp h u r p re v u lc a n iz e d  la te x  
(S V N R L) w a s  p re p a re d  in  th e  c o n v e n tio n a l 
w a y  b y  h e a tin g  c e n tr ifu g e d  la te x  m ix e d  
w i th  th e  c o m p o u n d in g  in g re d ie n ts  a t 60*^0 
fo r  3 h o u rs  as p e r  the  fo rm u la t io n  g iven  
in  T a b le  1. L a te x  b len ds  w e re  p re p a re d  
b y  b le n d in g  R V N R L w ith  H S B L/S V N R L so 
as to  have d ry  ru b b e r c o n te n t in  th e  ra t io  
90/10, 80/20.

T he  p a r t ic le  s ize d is tr ib u t io n  o f  th e  la te x  
sam p les  w e re  d e te rm in e d  u s in g  M a lve rn  
Z e ta s ize r N a no  Series (N a n o  S) p a r tic le  
s ize  ana lyzer. T h e  q u a lity  o f  R V N R L w as 
eva lu a te d  b y  m ea su rin g  th e  la te x  q u a lity  
pa ra m e te rs  and s tre n g th  o f  R V N R L f ilm s  
o b ta in e d  b y  ca s tin g  tech n iq ue . S o lv e n t ab­
s o rp tio n  w a s  c o n d u c te d  u s in g  to lu e n e  as 
th e  s o lv e n t and  d u ra t io n  w as 48 h  a t ro o m  
te m p e ra tu re . T h e  p ro p e rtie s  o f  la te x  and 
d ry  ru b b e r f ilm s  w e re  c a rr ie d  o u t as pe r 
s ta n d a rd  te s t m ethods.

Results and discussion
1. P a r t ic le  s iz e  d is t r ib u t io n  o f  la te x

T he  p a r tic le  size d is tr ib u tio n  o f  fre s h  and 
p re -irra d ia te d  la te x  be fo re  and  a fte r  c ream ­
in g  is  s h o w n  in  F ig u re  1. T lie  p a r tic le  size 
va rie s  f ro m  a b o u t 100 to  2000 nm  fo r  fresh  
la te x  sam p le  and  f ro m  a b o u t 100 to  1000 
n m  fo r  p re - irra d ia te d  sam ple. T he  b im o d a l

size can be a ttr ib u te d  to  re m o v a l o f  p ro te in s  
p re sen t o n  th e  ru b b e r p a rtic le s . T he  n it ro ­
gen c o n te n t b e fo re  and  a f te r  c re a m in g  is  
s h o w n  in  'K ib le  2. A s  obse rved  th e  n itro g e n  
c o n te n t decreases a fte r  c ream ing .

2 . C o n c e n t r a t io n  c h a r a c te r is t ic s

I t  is  ob se rve d  th a t  a  h ig h e r le v e l o f  c rea m ing  
is  o bse rve d  fo r  fre s h  N R  la te x  w ith o u t  p r io r  
ir ra d ia tio n  as obse rved  b y  a  h ig h e r le v e l o f  
DRC. (D R C  o f  p re - ir ra d ia te d  and cream ed 
la te x  w as a b o u t 45% and th a t  o f  c o n v e n tio n ­
a l c ream ed  la te x  w as a b o u t 49%). W h ile  by 
c e n tr i fu ^ n g  p rocess, s in ce  th e  c o n d itio n s  
c o u ld  be ad jus ted , th e  DRC w as h igher.

The  s m a lle r s ized p a rtic le s  o f  la te x  in c r  
a f te r  ir ra d ia tio n . A d s o rp tio n  o f  m acro m o ie - 
cu les  o f  c re a m in g  agen t p ro m o te s  re ve rs ib le  
a g g lo m e ra tio n  o f  la te x  p a rtic le s  b y  re d u c in g  
th e  e ffe c tiv e  d e n s ity  o f  e le c tr ic  cha rge  a t the 
p a r tic le  in te rface^ I  T he  p a rtic le s  th u s  com e 
to g e th e r and  c o h e r loose ly. These agg lom ­
e ra te d  p a rtic le s  g ro w  and fo rm  c lu s te rs  o f 
ru b b e r p a rtic le s . These c lu s te rs  g ro w  u n til 
th e ir  b u o ya n cy  is  s u ff ic ie n t to  cause them  
b re a k  free  f ro m  th e  n e tw o rk  le ad ing  to  
c re a m in g  o f  la tex . H ow eve r, s m a lle r  th e  size 
o f  ru b b e r p a rtic le s  m o re  is  th e  res is tance  
to  cream ing . In  th e  c e n tr ifu g a l p rocess  the 
se p a ra tion  o f  la te x  in to  c e n trifu g e d  fra c tio n  
is  governed  b y  c e n tr ifu g a l fo rc e  u n lik e  in  a
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c re a in in g  p ro cess  w h e re  i t  is  governed  by 
g ra v ita tio n a l fo rce . (EJquation 1. H ence the  
DRC o b ta in e d  by c e n tr ifu g a tio n  is  h igh e r 
th a n  th a t ob ta in ed  b y  c re a m in g  process. 
(D R C  o f  p re - irra d ia te d  and c e n tr if i ig e d  la ­
te x  w as a b o u t 62 %)

T he  c o n c e n tra tio n  process  is  govern , by

V = 2 g ( D s - D r ) r  ...................(1 )

9^1

V  =  V e lo c ity  w ith  w h ic h  th e  ru b b e r
p a rtic le s  r ise  (cm /sec)

ir ra d ia te d  and u n -irra d ia te d  sam ple. The 
decrease is  h ig h e r fo r  th e  co n ce n tra te d  la­
te x  th a t w as sub jec ted  to  a  p re - ir ra d ia tio n  
p rocess. T here  is  an increase in  Po o f  ru b ­
b e r reco ve re d  fro m  la te x  su b je c te d  to  pre- 
ir ra d ia tio n . I t  is  a lso  no ted  th a t o n  exposu re  
o f  fresh  N R  la te x  to  gam m a ra d ia tio n  ge l 
c o n te n t increases.

E a r lie r  re p o rts  sho w  th a t p ro te in s  ge t de­
graded on  exp osu re  to  gam m a rad ia tions . 
Consequently, th e re  is  a  decrease in  n itro ­
gen c o n te n t a fte r  c o n c e n tra tio n  as lo w  m o­
le c u la r w e ig h t n itro ge nou s  m a te ria ls  go  in to

ik b  F o rm u la t io n  used fo r  s u lp h u r  p re v u lc a n is a tio n  o f  T a b le  2 R aw  ru b b e r p ro p e rtie s  o f  u n -irra d ia te d  and p re - ir-
la tu ra i ru b b e r la te x ra d ia te d  la te x  sam ple

ingredients WetWeight,g

Concentrated latex 167

KOH solution (10% ) 4

Sodium dodecyl sulphate solution (25% w A /) 0.8

Zinc Oxide {50 % dispersion) 0.5

Zinc diethyldithiocarbamate (50 % dispersion) 2.0

Sulphur (50 % dispersion) 2.5

I k b le  3  M e ch a n ica l p ro p e rtie s  o f  R VN R L

Parameter
control (un-irradiated) Sample (pre-irradiated)

Before
creaming

After
creaming

Before
creaming

After cream­
ing

Nitrogen con- 
tent.%

0,50 0,46 .0,49 0.24

Acetone ex- 
tractables.%

3.53 4.25 3.42 4.19

Initial Plasticity 30 - 33 -

Gel content.% 2 • 36

T k b le  4  M ech an ica l p ro p e rtie s  o f  th e  b len d

Properties Casted fflm 
Conventional 

RVNRL

Casted film 
modified 

RVNRL

Dipped film 
modified 

RVNRL

Gum strength, MPa 1.54 3.0 -

rvtodulus 300%, MPa 0.85 1.1 0.9 1

500%, MPa 1.14 1.6 1.14

Tei strength, MPa 22.0 24,02 20.02

Elongation at break,% 1380 1285 1290

Toluene Solvent swelling, % 230 170 -

Tension set after i  hour at 
300 % elongation

10 6

---------------- ------------------- 1
Parameter Sample rvnrl/ 

HSBL(based on drc)
control RVNRL/ 

HSBL(based on drc)

90/10 80/20 90/10 80/20

Modulus 300%, MPa 1.83 2.564 2.08 3.25

Modulus 500%. MPa 3,64 5.02 4,24 6,51

Modulus 700%, ,MP8 8.18 9.72 9,14 12,45

Tensile strength, iVfPa 18.18 12.89 25,51 16,62

Elongation at break, % 910 805 1055 ' 800

i

g = G ra v ita t io n a l fo rc e  (cro /sec-)

Ds = D e n s ity  o f  se rum

D r = D e n s ity  o f  ru b b e r p a rtic le s

r  = E ffe c tiv e  ra d iu s  o f  ru b b e r p a rtic le s

r\ -  V is c o s ity  o f  the  se ru m  (po ise )

3. Raw rubber properties
T he  ra w  ru b b e r p ro p e rtie s  o f  ru b b e r ob ­
ta in e d  b y  p re - ir ra d ia tio n  in  com p ariso n  
w ith  c o n tro l sam p le  a re  g iven  in  'H ib le  2. 
I t  is  obse rved  th a t th e  n itro g e n  co n te n t 
rem a ins  a lm o s t sam e a f te r  ir ra d ia tio n  b u t 
i t  decreases a fte r  c o n c e n tra tio n  fo r  bo th

serum  fra c tio n  and hence th e re  is  an  in ­
crease in  ace tone e x tra c ta b le  fra c tio n  in  
the  rubber. NR  m o lecu les  are presun \ed 
to  be lin k e d  w ith  p h o sp h o lip id s  and o th e r 
g roups  th a t associa te  w ith  p ro te in  to  fo rm  
c ro s s -lin k in g  b y  in te rm o le c u la r hyd rogen  
bond ing . I t  is  e xp ec ted  th a t b ra n c l\in g  o f  NR 
m o lecu les  o c c u r due to  the  p h o sp h o lip id s  
groups p re sen t in  the  m o lecu les . T hus these 
c ross -lin ks  m ake i t  po ss ib le  to  fo rm  th ree  
d im en s ion a l n e tw o rk  s tru c tu re s  in  NR''. 
T h is  c ro s s -lin k in g  leads to  an  increase in  ge l 
co n te n t and is expec ted  to  happen d u rin g  
ir ra d ia tio n . A n  increase in  in it ia l p la s tic ity  
(P o ) fo r  irra d ia te d  sam ples can be due to
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fo rm a tio n  o f  ge l d u r in g  ir ra d ia tio n .

4 . P r o p e r t ie s  o f  R V N R L

Pure RVNRL film s  -  M echanical 
properties

T he gum  s tre n g th  o f  N R  increases a fte r  
p re -irra d ia tio n . T h is  is  a ttr ib u te d  to  th e  in ­
crease in  ge l c o n te n t as s h o w n  in  T a b le  2. 
A n  en ha nce m e n t in  green s tre n g th  due to  
e n hancem ent o f  en tang le m e n t and ge l fo r ­
m a tio n  is  re p o rte d  e a rlie r

R VN R L f ilm s  p re pa red  a f te r  p re - ir ra d ia tio n

T a b le  5  M ech an ica l p ro p e rtie s  o f  th e  b len d

Parameters RVNRL/SVNRL

100/0 90/10 80/20 0/100

Modulus 300%, MPa 1.1 1.1 1.1 1.1 •

Modulus 500%, MPa 1.5 1.5 1.55 1.58

Tensile strength, MPa 24.02 24.12 24.80 29.6

Elongation at break, % 1280 1290 1300 1400

sho w e d  a  h ig h e r m od u lus , te n s ile  s tre n g th  
and  lo w e r  e lon ga tio n  a t b re a k  and te n s io n  
se t (P e rm a n e n t se t) {*Eftble 3 ). I t  is  e xp e c t­
ed  th a t  d u r in g  p re - ir ra d ia tio n  seve ra l chang­
es ta k e  p lace . T h is  in c lu d e s  ch a in  en tang le ­
m en ts , m ic ro  ge l fo rm a tio n  and d e g ra da tio n  
o f  p ro te in s . T he  en ha nce m e n t in  m ech an i­
ca l p ro p e rtie s  is  a ttr ib u te d  to  th is .

M o d ifie d  RVN RL f ilm s  p re pa red  b y  d ip p in g  
process  us ing  fo rm ic  a c id  as a  coa g u la n t is 
g ive n  in  T a b le  3. A  lo w e r  te n s ile  s tre n g th  
is  o b ta in e d  b y  th is  p rocess. T he re  is  v a ria ­
t io n  in  t im e  fo r  f i lm  fo m \a t io n  u s in g  the  tw o  
techn iques  and the  v a r ia t io n  in  s treng th  
o f  f ilm s  p ro d u ce d  b y  these tw o  processes 
c o u ld  be a ttr ib u te d  to  th is  th o u g h  th e  a c tu a l 
m ech an ism  is  n o t clear.

4- Blends o f  RVNRL w ith HSBL (High 
styrene content styrene butadiene  
copolymer latex)

O n b le n d in g  R VN R L w ith  H S B L -(90 /10 
based on  d ry  ru b b e r c o n te n t)  th e  m o d u lu s  
in c rea sed  s ig n if ic a n tly  (T a b le  4 ). F u r th e r  
im p ro v e m e n t in  m o d u lu s  w as o b ta in e d  a f­
te r  p re - irra d ia tio n . The  te n s ile  s tre n g th  was 
o n ly  m a rg in a lly  red uce d  b y  a d d in g  H S BL 
in  lo w  con ce n tra tio n s . W hen the  p ro p o r­
t io n  o f  H S B L w as increased  fro m  10 to  
20. th e  m o d u lu s  increased  s h a rp ly  and the  
v iilc a n iz a te  becam e ha rd  and p la s tic  na­
tu re . T he  increase  in  m o d u lu s  is  m a in ly  due 
to  th e  r ig id ity  o f  the  s ty rene  bu tad ien e

c o p o ly m e r” . W hen th e  p ro p o r t io n  o f  H S B L 
w as increased  f ro m  10 to  25 and  40 p a rts  
th e  v u lc a n iz a te  becam e v e ry  h a rd  and  m o re  
p la s tic  na tu red . (F ig .  2 )

Blending o f  Su lphur prevulcanized  
la tex  (SVNRL) with RVNRL

P ure  SV N R L s h o w e d  a  h ig h e r te n s ile  
s tre n g th  th a n  RVNRL. T he  c ro s s lin k e d  
s tru c tu re s  a re  d iffe re n t in  th e  tw o  m ethods. 
In  th e  p ro d u c tio n  o f  R V N R L a se n s itise r is 
used fo r  e n ha nc in g  ra d ia tio n  in d u c e d  v u lc a ­
n iza tio n *. A s  th e  p ro p o r t io n  o f  SV N R L in  the  
R V N R L ^ V N R L  b le n d  increased  fro m  10 to  
20 p a rts  th e  te n s ile  s tre n g th  in c rea sed  p ro ­
p o rtio n a te ly . (T a b le  5 )

Final results
T he  g reen s tre n g th  o f  N R  la te x  in c rea ses  a f­
te r  e xp o s in g  fre s h ly  p re se rve d  la te x  to  lo w  
doses o f  gam m a ra d ia tio n  and  is  a ttr ib u te d  
to  ge l fo rm a tio n . R V N R L p re p a re d  f ro m  Iji- 
te x  o f  h ig h e r ge l c o n te n t has a  h ig h e r ti e 
s tre n g th  and m o d u lu s  a lon g  w ith  b e tte r  ay- 
na m ic  p ro p e rtie s  lik e  lo w e r  p e rm an en t set. 
T he  te n s ile  s tre n g th  and  m o d u lu s  o f  R VN R L 
f ilm s  increase a f te r  s u ita b le  le a c h in g  p ro ­
cess and  b y  b le n d in g  w ith  h ig h  s ty re n e  c o n ­
te n t s ty re n e  b u ta d ie n e  c o p o ly m e r and  s u l­
p h u r  p re v u lc a n iz e d  la tex .
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