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Gamma pay
ippaillation can peduce
proteins in NR
Exposure of NR latex to y radiation is a simple and less 
time-consuming technique to produce deprotelnised natural 
rubber with good raw rubber characteristics, and radiation 
vulcanised natural rubber latex that can be used to produce 
latex products with very low leachable proteins.
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A b s t r a c t :  A n  a tte m p t is  m a d e  to reduce  
p ro te in  con ten t o f  n a tu ra l ru b b e r by  expo­
su re  to  d if fe re n t doses o f  g a m m a  ra d ia t io n .  
E xp o su re  o f  n a tu ra l ru b b e r (N R ) la te x  to  
lo w  doses o f  Y r a d ia t io n  re s u lts  i n  p a r t ia l  
d e g ra d a tio n  o f  p ro te in s . B y  t re a t in g  the y 
r a y  ir r a d ia te d  la te x  w i th  p ro te in  h y d ro ly s ­
in g  enzym e, i t  is  p o ss ib le  to fu r th e r -  reduce  
the  p ro te in  con ten t o f  N R  e q u iv a le n t to  th a t 
o f  d e p w te in is e d  n a tu ra l J iib b e r (D P N R ), 
a lon g  w ith  im v  ru b b e r c h a ra c te n s tic s  ac­
ceptable as p e r  g ix ided  n a tu r a l m bber. 
G eneinUy, D P N R  p ro du ced  b y  e t iz y m a tic  
h y d w ly s is  o f  p tv te in s  have a lo w e r in i t i a l  
p la s t ic i t y  (Po) a n d  to w e r p la s t ic i t y  re ten ­
t io n  in d e x  (P R I)  w h ile  a c o m b in a t io n  o f  
g a m m a  ra y  exposure  a n d  en zym e  tre a t­
m en t resu lts  in  D P N R  o f  h ig h  Po a n d  PRI.

E xp o su re  o f  cream ed la te x  w h ic h  is  ob­
ta in e d  f r o m  la te x  th a t is  ir r a d ia te d  by  
lo w  doses o j y ra d ia t io ) i a n d  com pounded  
w ith  s u ita b le  s e n s itise r, to  h ig h e r  doses 
o f  g a m m a  ra d ia t io n  resu lts  in  i 'a d ia t io n

v u lc a n is e d  n a tu ra l ru b b e r la te x  (R V N R L). 
S uch R V N R L has a n  a d van ta ge  th a t  i t  is  
s u ita b le  to p ro d u ce  la te x  based p ro d u c ts  
w ith  v e ry  lo w  leachable p ro te in s  a f te r  s u i t ­
ab le le a c h in g  op e ra tions , as Type 2 a lle rg y  
has been repo rted  w i th  la te x  p ro d u c ts  th a t 
have h ig h  a m o u n t o f  leachable p ro te in s .

O n exposu re  o f  la te x  to v a ry in g  doses o f  y 
r a d ia t io n  the foUcm dng c h e m ic a i changes 
a re  expected to  take p lace  (1 )  d e g ra d a tio n  
o f  p r o te im  (2 )  fo r m a t io n  o f  m ic ro  ge l th a t 
enhances green s ti'eng th  a n d  i n i t i a l  p la s ­
t i c i t y  o f  ru b b e r (3 )  n v s s  l in k in g  o f  m b b e r  
m olecides in s id e  the ru b b e r p a r tic le s . M ost 
o f  the degraded p ro te in s  can  be rem oved  
e a s ily  d u n n g  fu r t h e r  p ro c e s s in g  o f  la te r .

E .rposu re  o f  N R  la te x  to  y r a d ia t io n  is  a 
s im p le  a n d  less t im e  c o n s u m in g  techn ique  
to p ro d u c e  d e p ro te in ise d  n a tu ra l m b b e r  
w ith  good ra w  ru b b e r c h a ra c te r is tic s  a n d  
r a d ia t io n  vu lca n ise d  n a tu ra l m b b e r la te .r 
th a t can be used to  p ro d u ce  la te x  p ro d u c ts



i r i t l i  r e iy  lo tr  leacltable proteins.

K e y  w o rd s :  Deporle in isa t io i i ,  n a tu ra l  
rubber late.r, gam m a ray  i r ra d ia t io n ,  gel 
content, i n i t ia l  p las t ic ity .

N a tu ra l n ib b e r  la te x  is a  c o llo id a l d isp e rs io n  
o f  m b b e r p a rtic le s  in  an  aqueous se rum . In  
a d d itio n  to  ru b b e r h yd roca rbon , n a tu ra l 
ru b b e r la te x  con ta in s  n o n -ru b b e r in g re d i­
en ts. The  a m o u n t o f  n o n -ru b b e r in g re d ie n ts  
is  as fo llo w s : Resins 1-2%, p ro te in s  2-2.5%, 
sugar 1-1.596 and ash 0.7-0.9%.

Latex allergy
The n o n -ru b b e r in g red ien ts , s p e c if ic a lly  
p ro te in s , a ffe c t th e  p ro p e rtie s  o f  b o th  la te x  
and d ry  ru b b e r. In  la te x  i t  is  w e ll-k n o w n  
th a t th e  c o llo id a l s ta b il ity  is  a t t r ib u te d  to  
th e  p re sen ce  o f  p ro te in s  th a t  a d so rb  on  
ru b b e r  p a r tic le s  m a k in g  th e m  n e g a tiv e ly  
cha rged . In  d ry  rub be r, p ro te in s  a re  k n o w n  
to  have a n t io x id a n t p ro p e r ty  as th e y  can 
im p ro v e  p la s t ic ity  re d u c tio n  in d e x  (P R I)  
o f  ru b b e r. In  d ry  rub be r-base d  p ro d u c ts  d y ­
n a m ic  p ro p e rtie s  such  as re s ilie n c e , s tress  
re la x a tio n  and he a t b u ild -u p  a re  a ffe c te d  
a d ve rse ly  b y  p ro te in s . F u r th e r  p ro te in s  
p re s e n t in  d ry  rubbe r, a b so rb  m o is tu re  
le a d in g  to  a re d u c tio n  in  m o d u lu s  and  e lec ­
t r ic a l re s is t iv ity  w h ic h  are re q u ire d  to  be 
s ta b le  in  ru b b e r p ro d u c ts  used in  e le c tr ic a l 
and e n g in e e rin g  a p p lic a tio n s . D ue to  th is , 
d e p ro te in is e d  n a tu ra l ru b b e r (D P N R ) fin d s  
a p p lic a t io n  in  p ro d u c ts  th a t re q u ire  p re c i­
s io n  in  m o d u lu s  and dyn a m ic  p ro p e r tie s  
as in  v ib ra t io n  iso la to rs , en g ine  m ou n ts , 
b r id g e  b e a rin g  pads e tc  and  in  p ro d u c ts  
th a t re q u ire  e le c tr ic a i re s is t iv ity  l ik e  ru b ­
b e r  p a rts  in  sub m arin es  and in  u n d e r­
g ro u n d  tub es , d u c t e tc  ‘ -
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^ ie r  reports !Show 
that extrac^le proteins 
of iat«c could be reduced 
by proteolytic enzymes 
in the presence of 
surfactants to iessttian 
their detecUon Bmit®-* 
ami other methods tike 
doubte centrifugation, 
chlorination etc

In  th e  case o f  la te x  p ro d u c ts  th e  m a in  c o n ­
ce rn  is  th a t c e rta in  *>tex p ro te in s  a re  ad­
so rbed  by hum an  bo d y  and cause a lle rg y  
p ro b le m s  in  c e rta in  su sce p tib le  in d iv id u a ls . 
The  im m u n e  system  o f  su c h  in d iv id u a ls  p ro ­
duces a n tib o d ie s  th a t rea c t im m u n o lo g ic a l- 
ly  w ith  these an tige n ic  p ro te in s . T he  m o s t 
se riou s  and  ra re  fo rm  o f  la te x  a lle rgy. Type 
1 h y p e rs e n s it iv ity  can cause an inm xediate 
and p o te n t ia lly  life -th re a te n in g  rea c tion . 
.In  1991, the  F D A  s tip u la te d  th a t ru b b e r 
p ro d u c ts  m ade fro m  NR  la te x  (e.g., gloves 
and con do m s) sho u ld  be tre a te d  to  rem ove  
e x tra c ta b le  p ro te in s . E a r lie r  re p o rts  sho w  
th a t e x tra c ta b le  p ro te in s  o f  la te x  c o u ld  be 
reduced  by p ro te o ly tic  enzym es in  th e  p re s ­
ence o f  su rfac ta n ts  to  less than  th e ir  de tec ­
t io n  lim it '’’ " and o th e r m e tho ds  lik e  do ub le  
c e n trifu g a tio n , c h lo r in a tio n  etc. P apa in  is 
a p ro te o ly tic  enzym e p re p a ra tio n  de rived  
fro m  papaya p la n ts  (C a tica  papaya )  and 
had been  used e a r lie r  succe ss fu lly  fo r  p ro ­
d u c tio n  o f  d e p ro te in ised  m b b e r and de p ro ­
te in ise d  latex.*'^ These m e thods  have been 
sub je c te d  to  m o d ific a tio n . H ow eve r, i t  is  
expec ted  th a t the  enzym e res idues re ta ine d  
in  ru b b e r c o u ld  resu lt in  a lle rg ic  responses 
and the  m e thods  rep o rted  fo r  p ro te in  re d u c ­
t io n  are genera lly  tiiu e -co nsum iug .

Easier and less time consuming 
method
U w i l l  be use fu l i t 't lw ro  is  an easie r and less 
tim e  con s iu n in g  n\etho<i ava ilab le  to  reduce 
the p ro te in  c on ten t o f  la te x  and m b b e r fo r  
use in  dry m b lie r  and la tex-based p roduc ts .
There a je  ,se\erdl rep on s  o f  s im u ltaneous 
p ro te in  degradation  and cross lin k in g  o f  la tex
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b y  exposu re  o f  la te x  to  gam m a ra d ia tio n ’'

I t  is  expec ted  th a t s u ita b ly  p rocessed y  ra ­
d ia t io n  exposed la te x  co u ld  be an id ea l ra w  
m a te r ia l fo r  p ro d u c tio n  o f  g loves, m e d ica l 
tubes, ba llo o n s  etc. G enerally, p ro d u c ts  
m ade f ro m  ra d ia tio n  vu lcan ized  n a tu ra l ru b ­
b e r la te x  (R V N R L) have a  lo w e r  m od u lus . I f  
R VN R L is  used as such, the n  leachab le  p ro ­
te in s  p re se n t in  la te x  c o u ld  be h igh . H ence 
p rocess ing  c o n d itio n s  need to  be  s tan da rd ­
ized  to  m e e t these requ irem en ts . NatursU 
ru b b e r la te x  th a t has ru b b e r o f  h ig h  green 
s tre n g th  w i l l  be a  s u ita b le  m a te ria l to  o b ta in

Table 1. Raw Rubber Propoerties of nr  recovered after 
creaming from iatex before and after exposure of to y 
radiation (LP rubber)
Parameter Before exposure After exposure 

(LP rubt)er)

Nitrogen content,% 0.33 0.23

PC 29 33

Gel content,% 2 36

Acetone extractable,% 3.87 5.95

Table 2. Raw Rubber propoerties of dpnr  in comparison 
with ISNR 5

Parameter DPNR ISNR 5

Y radiation exposed Control

Dirt% 0.02 0,02 0.02

Volatile matter.% 0.47 0.49 0.48

Asli,% 0.09 0.09 0.1

Nitrogen.% 0.09 0.09 5.95

PC 39 31 39

PRi 54 19 75

b o th  ru b b e r o f  lo w  p ro te in  c o n te n t and ra ­
d ia t io n  vu lcan ized  la te x  th a t g ives f ilm s  o f  
s u p e r io r  m ech an ica l p ro p e rtie s . The  leach­
ab le  p ro te in s  re ta ine d  on  la te x  f ilm s  co u ld  
be red uce d  by  su ita b le  leach ing  op e ra tions . 
I f  fre s h  N R  la te x  is  exposed to  sm a ll doses 
o f  gam m a ra d ia tio n  in  the  absence o f  sen­
s it iz e rs  the  green s tre n g th  o f  ru b b e r can  be 
im p roved . T he  w o rk  presen ted here is an  a t­
te m p t in  th is  line.

Materials and method
F ie ld  la te x  c o lle c te d  fro m  the  R R Il E x p e r i­
m e n t S ta tio n  w as used as the  s ta rtin g  m ate ­
r ia l. S tab ilized  L iq u id  Papain (UP) sup p lied  
b y  M /s. S en th il Papain and Food p ro d u c ts  
(? )  L td ; C o im ba to re , Ind ia , was used fo r  
d e p ro te in isa tio n . Its  a c t iv ity  w as 208.15 T U /

mg, m in e ra l c o n te n t 2.16 % and pH  o f  aque­
ous s o lu t io n  F ive  p e r  cen t s o lu tio n  o f  the  
enzym e in  w a te r  trea te d  w ith  po tass ium  o le- 
ate w as used fo r  th e  study. A ll o th e r c h e m i­
cals used w e re  o f  la b o ra to ry  reagent grade.

F resh NR  la tex , s tab ilise d  w ith  am m o n ia  at 
a  c o n c e n tra tio n  o f  1% (w /w ), was exposed 
to  Y ra d ia tio n  (5  kG y ) i^ in g  G am m a C ham ­
b e r - 5000 f ro m  Co60 source, to  ge t la te x  
w ith  ru b b e r o f  h ig h  green s trength. T he  ir ra ­
d ia ted  la te x  w as sub je c te d  to  the  fo llo w in g  
p rocess ing  o p e ra tions

1. T he  ir ra d ia te d  la te x  w as d ilu te d  to  20% 
DRC and th e n  su b je c te d  to  cream ing  w ith  
am m o n iu m  a lg ina te  (0.25% w /v  on la te x  
as 3% s o lu tio n ) and  po tass ium  o lea te (1% 
w A ' as 10% s o lu tio n ). F resh NR la te x  s ta b i­
lise d  w ith  am m o n ia  was also sub jected to  
c ream ing  process. (C o n tro l) . The cream ed 
la te x  w as co m p o u n d e d  w ith  0.3 p h r  po ­
tass ium  h y d ro x id e  as s tab ilise r and 5 p h r  
n -b u ty l ac ry la te  (n -B A ) as sensitiser . The 
com p ou nde d  la te x  w as then exposed to  
gam m a ra d ia tio n  to  a  dose o f  15 kG y to  get 
ra d ia tio n  vu lcan ised  na tu ra l ru b b e r la te x  
(m o d ifie d  RVN R L) A  c o n tro l RVNRL was 
p re p a re d  f ro m  fre s h  cream ed la te x  in  the  
sam e m an ne r w ith o u t any pre ir ra d ia tio n  
(c o n v e n tio n a l RVNRL)

2. The irra d ia te d  la te x  sub jected to  cream ­
in g  as c ite d  in  (1 ) w as coagulated us ing  2% 
ace tic  ac id  , w ashed  and d ried  a t 70“C. The  
ru b b e r so o b ta in e d  w as expected to  have 
lo w  leve ls  o f  p ro te in  (T h is  was designated 
as LP  rub be r).

3. T he  ir ra d ia te d  la te x  as c ited  in  (1 ) was 
m ixe d  w ith  l iq u id  p a p ^ ,  a p ro te in  h y ­
d ro ly s in g  enzym e as 5 % so lu tio n  so as to  
have a  dose o f  0.25 p h r  and kep t a t ro o m  
te m p e ra tu re  fo r  48 h  and then sub jected to  
creaitAing. T he  cream ed la te x  was coagu la t­
ed us ing  2% a ce tic  ac id , washed and d rie d  at 
70"C to  get de p ro te in ise d  na tu ra l ru b b e r (y 
ra d ia tio n  exposed D P N R ) A  con tro l D PN R  
w as p re pa red  b y  m ix in g  fresh  NR la te x  s ta­
b ilise d  w ith  am m o n ia  w ith  liqu id  papa in  en­
zym e as 5 % s o lu t io n  so as to  have a dose o f
0.25 p h r  and fu r th e r  processing  in  the  same 
m e tho d  as used fo r  p ro du c ing  y ra d ia tio n  
exposed DPNR.

The p a rtic le  s ize d is tr ib u tio n  o f  la tex sam ­
p les was d e te rm in ed  us ing  a p a rtic le  sie 
ana lyser (M a lve rn  Zetasizer, Nano 2, U K ). 
The  d ry  ru b b e r w as tes ted  fo r  raw  ru b b e r
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ch a ra c te r is tic s  as p e r A S T M  m e tho d . The 
p ro p e rtie s  o f  RVN RL w e re  eva lua ted  by 
m ea surin g  qu a lity  pa ram e te rs  and s tre n g th  
o f  f ilm s  b y  cas tin g  and d ip p in g  techniques. 
The  d rie d  f ilm s  ob ta in ed  b y  cas ting  w e re  
leached in  d is ti l le d  w a te r a t ro o m  tem pe r­
a tu re  fo r  24 ho u rs  and the n  fu r th e r  d r ie d  
a t in  an a ir  overu T he  te n s ile  s tre n g th  
m o d u lu s  and e lon ga tio n  a t b re a k  w e re  de­

Table 3. Properties of Modified RVNRL In comparison with 
conventional RVNRL (^samples leached In distilled water for 
24 hours)** immersed In calcium nitrate solution (2.S%) fol­
lowed by leaching in distilled water for 24 hours
Parameter Conventional

RVNRL*
Modified
RVNRL*

Modified
RVNRL*

Modulus 500%, MPa 1.14 1.6 1.65

Tensile strength, Mpa 22,0 24.05 25.5

elongation at break, % 1380 1285 1280

te rm in e d  b y  us ing  a  U n ive rsa l T esting  M a­
c h in e  (H o un s  fie ld  HSK-S). T he  presence o f  
n itro g e n  (N ) and e x tra c ta b le  p ro te in s  (E P ) 
c o n te n t o f  th e  f ilm s  w e re  d e te rm in e d  by  
A S T M  D  3533 and A S TM  D  5712 re sp e c tive ­
ly. T h e  g loves w e re  p re pa red  us ing  R VN R L 
in  a  c o m m e rc ia l u n it  u s ing  c o m m e rc ia l p ro ­
cessing  o p e ra tio n s  lik e  le ach ing  and c h lo r i­
na tion .

RESULTS AND DISCUSSIO N
1. Particle size distribution of latex

The p a r tic le  size d is tr ib u tio n  o f  fre s h  and 
la te x  exposed  to  y ra d ia tio n  to  a  dose o f  5 
kG y  is  sh o w n  in  F igu re  1. L a te x  cream ed a f­

Table 4 Leachable proteins

Leachable protein pS/S

RVNRL films 312

RVNRL films leached in distilled water 
for 24 h

40

te r  ir ra d ia t io n  re co rd e d  a re d u c tio n  in  size 
o f  ru b b e r p a rtic le s  com pared  to  fre s h  NR 
la te x  th a t  is  c ream ed w ith o u t  ir ra d ia t io n  as 
re p o rte d  e a r lie r

I t  is  observed  th a t fre sh  la te x  a fte r  c rea m ing  
has a b o u t 87.8 % p a rtic le s  w ith  average d i­
a m e te r o f  496 nm  and a b o u t 12.2 % p a rtic le s  
w ith  average d ia m e te r o f  121 nm . Ir ra d ia te d  
and  cream ed la te x  has 90,2 % p a rtic le s  w ith  
ave rag e  d ia m e te r  o f  446 n n i and  a b o u t 
9.8% p a r t ic le s  w i th  ave rage  d ia m e te r  o f

86.8 n m . D u r in g  ir r a d ia t io n  i t  is  p o s s ib le  
th a t  so m e  c h e m ic a l cha ng es ta k e  p la c e  
fo r  th e  p ro te in a c e o u s  m a te r ia ls  a n d  th is  
m a y  be c o n t r ib u t in g  to  re d u c t io n  in  s ize  
o f  ru b b e r  p a r t ic le s  a f te r  c re a m in g . T h is  
a lso  re v e a l th a t  th e re  is  n o  a g g lo m e ra tio n  
o f  ru b b e r  p a r t ic le s  even  a f te r  p a r t ia l  deg ­
ra d a t io n  o f  p ro te in s  as p ro te in s  a re  th e  
m a in  n o n  ru b b e r  in g re d ie n t th a t  p ro v id e  
c o l lo id a l s ta b i l i ty  to  la te x .

2. Properties of rubber recovered 
from irradiated and creamed latex (L P 
rubber)
T he p ro p e rtie s  o f  ru b b e r re co ve re d  f ro m  
la te x  be fo re  and a fte r  exp osu re  to  y  ra d ia ­
t io n  fo llo w e d  b y  c rea m ing  (LP  ru b b e r)  are 
s h o w n  in  Table 1. I t  is  observed  th a t  the  
n itro g e n  c o n te n t reduces b y  a s m a ll e x te n t 
w h ile  th e  gel c o n te n t and the  in it ia l p la s tic ­
i t y  (Po) increase a fte r  y  ra y  ir ra d ia tio n . The 
ace tone  e x tra c ta b le  c o n te n t a lso  chsmge 
c o n s id e ra b ly .

O n exp osu re  to  y  ra d ia tio n  i t  is  e xp ec ted  
th a t  tw o  c h e m ic a l changes ta ke  p lace ; (1 ) 
the  p ro te in s  p re se n t in  la te x  can un de rgo  
de g ra da tio n  to  lo w e r  m o le c u la r w e ig h t f ra c ­
tio n s  ® “  and  (2 ) the  ru b b e r cha ins can  un ­
de rgo cross lin k in g . T he  la tte r  is  expec ted  
to  re s u lt in  an increase o f  ge l c o n te n t and 
in it ia l p la s tic ity . The gel c o n te n t is  a lso 
re la te d  to  o th e r type s  o f  c ross  lin k in g  o f  
N R  m o lecu les  as th e y  are p re sum e d  to  be 
lin k e d  to  p h o s p h o lip id s  th a t  associa te  w i th  
p ro te in s  to  fo rm  cross s lin k in g

The degraded lo w  m o le c u la r w e ig h t p ro ­
te in s  are w ashed  aw ay d u r in g  th e  p rocess 
o f  d i lu t io n  and w ashing. In  am m o n ia  p re s ­
e rv a tio n  process  th e  p h o s p h o lip id s  h y d ro ­
lyses to  fo rm  lo n g  ch a in  fa t ty  ac ids  th a t 
c o m b in e  w ith  a m m o n ia  to  fo rm  fa t ty  ac id  
s o ^ s ‘‘‘ . T he  change in  c o n te n t o f  ace tone 
e x tra c ta b le  c o u ld  be a ttr ib u te d  to  th e  che m ­
ic a l changes th a t ta k e  p lace  in  la te x  d u r in g  y 
ray  ir ra d ia tio n  and a lso  d u r in g  p re se rva tio n  
o f  la te x

3. Properties of rubber recovered from
Y ray irradiated, protein hydrolyzing en­
zyme treated and creamed latex ( y ray 
irradiated DPNR)
T l\e  ra w  ru b b e r p ro pe rties  o f  ru b b e r p repa­
red  by Y ray  exposure, enzym e trea tm en t 
and cream ing in  com parison  w ith  conven­
t io n a l d ry  ru b b e r ( Ind ian  Standards N a tu ­
ra l Rubber (ISNR.5) is  sho w n  in  Table 2.
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A s a  genera l o b s e rv a tio n  th is  ru b b e r has 
c o m p a ra tiv e ly  v e ry  lo w  p ro te in  c o n te n t (as 
m easured  b y  n itro g e n  c o n te n t)  in  re la t io n  
to  IS N R  5 a lo n g  w ith  co m p a ra b le  lo w  in i­
t ia l  p la s t ic ity  (Po) and p la s t ic ity  re te n tio n  
in d e x  (P R I). D e p ro te in is e d  n a tu ra l ru b ­
b e r  p re p a re d  b y  enzym e h y d ro ly s is  a lone  
(c o n tro l D P N R ) show s lo w  Po and  PRI. 
T h e  p ro te in  h y d ro ly z in g  enzym e pa pa in  
h y d ro ly s e s  th e  p ro te in s  to  lo w  m o le c u ­
la r  w e ig h t fra c tio n s   ̂ . D ue  to  re m o va l
o f  p ro te in s  D PN R  p ro d u c e d  b y  e n zym a tic  
h y d ro ly s is  a lon e  has a lo w  in it ia l  p la s t ic ­
i t y  and  p la s t ic ity  re te n tio n  in d e x . T hese  
tw o  pa ra m e te rs  can  c rea te  p ro b le m s  du r­
in g  th e  d ry in g  o p e ra tio n s  o f  th e  fre s h  de­
p ro te in is e d  w e t coa gu lum  a n d  o th e r  p ro ­
cess ing  o p e ra tio n s  lik e  c o m p o u n d in g  and 
fu r th e r  p ro cess ing  H o w e v e r e xp o su re  o f  
la te x  to  lo w  dose o f  gam m a ra d ia tio n  fo l­
lo w e d  b y  enzym e h y d ro ly s is  o f  p ro te in s  
im p ro v e s  the  Po and  P R I o f  th e  reco ve re d  
rub be r. T h is  is  a ttr ib u te d  th e  ge l c o n te n t 
in tro d u c e d  d u r in g  y  ra y  ir ra d ia tio n .

Table 5. Mechanical properties of gloves made in a commer­
cial glove *untt using RVNRL courtesy: M/s Primus Gk>ves 
Pvt. Ltd., Emakulam, Kerala, India. All gloves made with T»02 
and Wingstay L anitoxidant, I minute leaching is the maximum leach­
ing time available during glove production

Parameter Chlorinated gloves Washed gloves*

Modulus 500%, MPa 2.51 2.32

Tensile strength, Mpa . 19.78 18.66

Elongation at break. % 654 816

Protein content pg/g 47 100

O M  Si Al
'or t)w

4. Mechanical properties of Radiation Vul­
canised Natural Rubber Films (RVNRL )
T he m ech an ica l p ro p e rtie s  o f  R VN R L film s  
p re pa red  f ro m  p re -irra d ia te d  cream ed  la ­
te x  in  co m p a riso n  w ith  p u re  cream ed  la te x  
is  s h o w n  in  Table 3. RVN RL f ilm s  p re pa red  
a f te r  p re - ir ra d ia tio n  s ho w e d  a h ig h e r m od u ­
lu s  te n s ile  s treng th  and e lon ga tio n  at break. 
These p ro p e rtie s  are fu r th e r  im p ro v e d  a fte r  
im m e rs io n  o f  d r ie d  f ilm s  in  c a lc iu m  n itra te  
s o lu t io n  (2.5% fo r  4 ho u rs )

D u rin g  p re - ir ra d ia tio n  as sh o w n  e a r lie r  sev­
e ra l changes take  p lace  T h is  in c lud es  cha in  
en tang lem ents , m ic ro g e l fo rm a tio n  and par­
t ia l rem o va l o f  p ro te in s  These fa c to rs  are 
e xp ec ted  to  c o n tr ib u te  to  an enhancem ent 
in  ph ys ica l p ro p e rtie s  E a r lie r  re p o rts  show  
th a t d u r in g  im m e rs io n  in  c a lc iu m  n itra te

s o lu t io n  th e re  is  fo rm a tio n  o f  cross l in k s  be­
tw e e n  ru b b e r m o lecu les  in v o lv in g  c a lc iu m  
io ns  I t  is  expec ted  th a t in te r  p a rtic le  cross 
l in k in g  w i l l  im p ro ve  ten s ile  s tre n g th  in  p res­
ence o f  c a lc iu m  io ns  due to  io n ic  b o nd ing  
in v o lv in g  c a lc iu m  ions.

5 Leachable proteins In RVNRL
T he le a c h ^ le  p ro te in s  a fte r le ach ing  o f 
d r ie d  f ilm s  in  w a te r  fo r  24 hours  is  below- 
spe c ifie d  le v e l fo r  co m m e rc ia l su rg ica l 
g loves (T ab le  4). D u rin g  ir ra d ia tio n  the  
p ro te in  c o n te n t o f  la te x  is  d is in te g ra ted  re ­
s u ltin g  in  an increase in  w a te r e x tra c ta b le  
p ro te in s  c o n te n t  C onsequently, a fte r  leach­
in g  th e  re s id u a l w a te r e x tra c tib le  p ro te in  
co n te n t in  th e  f ilm s  decrease. E a r lie r  re ­
p o rts  sh o w  th a t p ro te in s  are m o re  re a d ily  
e x tra c te d  f ro m  pre -vu lcan ised  f ilm s  than  
po s t-vu lcan ised  ones

6. Leachable proteins in gloves pre­
pared f^om a commercial glove manu­
facturing unit
T he leachab le  p ro te in s  and m echan ica l 
p ro p e rtie s  o f  la te x  gloves m ade in  a  ty p ic a l 
c o m m e rc ia l g love  m a n u fa c tu rin g  u n it  is  g ive 
in  Tab le  5. I t  is  observed  th a t leachab le  p ro ­
te in s  a re  in  a  le ve l as p e r the  sp e c ifica tions  
o f  g loves as p e r  in te rn a tio n a l standards. 
H ere  th e  le a ch in g  tim e  w as low . In  sp ite  o f  
th is  a fte r  c h lo r in a t io n  the  leachab le  p ro te in  
co n te n t is  low .

Conclusions
E xpo su re  o f  la te x  to  lo w  dose o f  5 kG y gam ­
m a ra d ia tio n  fo llo w e d  by  enzym atic  h y d ro ­
lys is  o f  p ro te in s  fo llo w e d  b y  cream ing  and 
coa gu la tio n  resu lts  in  de p ro te in ised  na tu ra l 
ru b b e r w ith  g ood  ra w  ru b b e r p ro p e rtie s  lik e  
in it ia l p la s t ic ity  and p la s tic ity  re te n tio n  in ­
dex. E xp o su re  o f  p re -irra d ia te d  ( to  a  dose 
o f  5 kG y ) and cream ed la te x  to  y  ra d ia tio n  
to  a  dose o f  15 kO y  resu lts  in  ra d ia tio n  
vu lcan ized  n a tu ra l ru b b e r la tex, th a t has 
f iln \s  o f  good  m od u lus  and ten s ile  s treng th . 
Leach ing  o f  th e  casted f i ln ^  in  d is t i l le d  w a­
te r  fo r  24 h o u rs  resu lts  in  leachable p ro te in s  
re ta ine d  on  ru b b e r f i lm  to  a ne g lig ib le  e x ­
ten t. E xp o su re  o f  NR la te x  to  y ra d ia tio n  is 
a s im p le  and  less tim e  consum ing  techn ique  
to  p ro d u c e  dep ro te in ised  n a tu ra l ru b b e r 
w ith  good  ra w  ru b b e r cha rac te ris tics , and 
ra d ia tio n  vu lcan ised  na tu ra l ru b b e r la te x  
th a t can be used to  p ro du ce  la te x  p ro d u c ts  
w ith  ve ry  lo w  leachab le  p ro te ins . ■
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