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Advantages of radiation in latex 
vulcanisation

M. Sunny Sebastian*

Radiation vulcanised natural rubber latex (RVNRL) has definite technical advantages over 
;on itlonal su lphur cured latex in m aking value added m edical and pharm aceutical
jroi ts. Extractab le proteins in NR latex are degraded to a very  low level of 21.9 ug/g
during irradiation. R VN R L Is less cyto toxic  and nitrosam ine problem s are totally  absent. 
Though It costs a little m ore, its technical advantages outw eigh the cost addition.

Introduction

* D ept, o f  P ro c ess in g  and 
P ro d u c t D eve lopm en t 

R ubber B oard ,
■ K ottayam  - 686  0 0 9 , 

Ind ia .

A new  m aterial is now available 
to  la t e x  t e c h n o lo g i s t s ,  
R ad ia tion  vulcanized natural 

ru b b e r  la tex  (R V N R L ). T h e  usual 
p rocess in  la tex  industry , especially  
in  the d ipped  goods sector, is to  shape 
the artic le  by d ipp ing , follow ed by 
v u lc a n iz a t io n .  S c h id r o w iz  (1 )  
d isco v ered  in  the early  years o f  20 th  
c e n tu ry  th a t la te x  its e lf  c o u ld  be 
v u lc a n iz e d  w ith o u t any c o l lo id a l  
destab ilisa tion . Such vulcanized latex 
is know n  as prevu lcan ized  la tex , as 
vu lcan iza tion  is ca rried  out p rio r  to 
shap ing . It is very  advantageous to 
vu lcan ize  a  sm all volum e o f  la tex , 
ra th e r than  vu lcan iz ing  the th in  film s 
d ep o s ite d  o n  in n u m erab le  fo rm e rs  
(2 ). L a tex  goods m an u fac tu red  by 
dipping process include different types 
o f  g loves, condom s, catheters and  toy 
balloons.

D uring  the p rev io u s century  la tex  
p r e v u l c a n i z a t i o n  p r o c e s s  h a s  
u n d e rg o n e  c o n s id e ra b le  d e v e lo p ­
m en ts. E v en  though  the p rocess o f  
rad ia tio n  vu lcan ization  was rep o rted  
a b o u t 4 0  y e a rs  b ac k , (3 , 4 ) ,  th is  
techn ique w as no t o f  any in terest to 
the industry  due to  the high co s t o f  
irrad ia tion  and the low  quality o f  the 
p ro d u cts  ob ta ined  ou t o f  it (5 ). T he 
driv ing  force behind the revival o f  the 
t e c h n iq u e  w a s  s u p p o r t  o f  th e  
In ternational A tom ic E nergy A gency 
a n d  th e  R e g io n a l  C o - o p e r a t iv e

A g reem en t (R C A ) o f  the U N  in  the 
A s ia  and  P ac ific  R eg ion  (6).

R a d i a t i o n  v u lc a n iz a t io n  o f  
n a t u r a l  r u b b e r  la tex

C r o s s l i n k in g  o f  th e  r u b b e r  
m olecules in  latex particles is b rought 
ab o u t by  gam m a rad ia tio n s from  a 
C o b a l t  6 0  s o u r c e  in  r a d ia t io n  
v u lc a n i s e d  n a tu r a l  r u b b e r  la te x  
(R V N R L ). T h e  dose  req u irem en t o f  
rad ia tio n  vu lcan ization  is very  h igh , 
a b o u t  2 5 0 - 3 5 0  k G y . I f  la te x  is 
irra d ia ted  d irec tly  th is  is reduced  to 
an  accep tab le  level o f  15 kG y, by 
u s in g  norm al bu ty l ac ry la te  (nB A ) as 
se n s itiz e r. It is g en e ra lly  added  as 
50%  em ulsion  (7). H o w ev er, w hen 
nB A  is ad d ed , la tex  exh ib its  som e 
tendency  to  destab ilise . T h is  can  be 
o v e r c o m e  b y  p r i o r  a d d i t io n  o f  
p o ta s s iu m  h y d ro x id e  (8 ). D u rin g  
irra d ia tio n  the  so lid  co n ten t o f  the 
la tex  is kep t a t 5 7 - 5 8 ^ .

I t is believed  tha t nBA  m igra tes to 
th e  ru b b e r  p a r tic le s . T h e  aq u a te d  
e lec tro n s  g enera ted  by  the rad io lysis 
o f  w ate r m o lecu les w ith in  the la tex  
p roduce negatively charged  polym eric 
n B A  ra d ic a ls .  T h e se  ra d ic a ls  g e t 
g ra fted  onto  the ru b b e r h yd rocarbon  
m o le c u le s . S im u lta n e o u s ly , p o ly ­
m erisation  and c r o s s l i^ in g  take place 
v ia  the  ca rb o n -c a rb o n  linkage  (9). 
H om opo lym erisa tion  occurs on nBA  
to  a  ce rta in  ex ten t and th e  polym eric 
chains entangle the crosslinked rubber 
partic les  to prov ide additional strength

d o h r)



to  th e  v u lc a n is a te  ( 1 0 ) .  T y p ic a l  
f o r m u la t io n  c u r r e n t l y  u s e d  fo r  
R V N R L  p r o c e s s in g  is  g iv e n  in  
T ab le  1.

Table I .  i
L a tex  c o m p o u n d  fo r  

r a d ia t io n  v u lcan iza tio n
Ingredients Parts by dry weight

60 % N atu ra l la te x  100

50%  nBA emulsions

1 0 % K O H  so lu tio n  0 .3

1 % A m m onia w a te r  T o  58%  total 
so lids.

F o r  R V N R L  p ro c e ss in g  o n ly  h igh 
q u a l i ty  h ig h  a m m o n ia  p r e s e rv e d  
cen trifuged  la tex  is used. T h e  speci­
fication  o f  cen trifu g ed  la tex  cu rren tly  
u sed  in  Ind ia  fo r R V N R L  p rocessing  
is g iven in  table 2 . U se o f  high-quality  
cen trifuged  la tex  en su res  good  proce- 
ssab ility  and  she lf-life  fo r R V N R L . 
Low  am m onia  la te x  con ta in in g  zinc 
ox ide an d  T M T D  is n o t g en e ra lly  
u sed  as T M T D  in te rfe re s  w ith  the 
crossU nking reac tio n  by  functioning 
as a  rad ical sc av e n g er (11).

R V N R L  film s g en e ra lly  exh ib it 
p o o r hea t resis tan ce . F o r  im parting  
good ageing resistance to  d ry  R V N R L  
film , an tiox idan ts a re  added .

T ris-n o n y la ted  p h en y l p h osph ite  
(T N P P ) is gen era lly  ad d ed  a t 2 phr 
le v e l  a n d  r e t e n t io n  o f  p h y s ic a l  
p ro p ertie s  is a lm ost 100%  afte r heat 
age ing  (12).________________________

Table 2:

P ro p c rtic so f ccntrlfngcd lalc.v used 
for processing RV N RL in India.

Dry rubber coniem (min.) 60.0%
Non nibber solids (max.) 1.5%
Alkalinity as ammonia (min.) 0.8%
Mechanical stability lime (min.) 1000 sec. 
VFA no. (max.) 0.02
KOH no. (max.) 0.5
Coagulum content (max.) 0.01%
Sludge content (max.) 0.01%
Copper content (max.) 4 ppm.
Manganese content (max.) trace
Magnesium content (max.) 10 ppm.
Colour and odour Not obje-

ciionablc.

P ro p e r t ie s  of R V N R L
In itia lly  R V N R L  w as p rep a re d  a t 

a b o u t  5 0 %  d ry  r u b b e r  c o n te n t .  
H o w e v e r , p ro ce ss  co n d itio n s  h av e  
been  standard ised  to  m ake ava ilab le  
R V N R L  o f  57-58%  D R C . T yp ica l 
p ro p e rtie s  o f  R V N R L  a re  g iven  in  
tab le  3.

Table 3:

Physical Properties of RVNRL

Dry rubber content 57.10%

Total solids conlenl 58.82%

Non rubber solids content 1.72%

Alkalinity as ammonia 0.70%

Volatile fauy acid no. 0.02%

Potassium hydroxide no. 1.40%

Mechanical stability time 
(at 55% TS) 1140 sec

Coagulum 0.005%

Viscosity (at 58% TS) 62 cps

pH 10.10

K O H  num ber is a  m e asu re  o f  the 
to ta l  a c id ic  m a te r i a l s  in  l a t e x .  
G e n e r a l ly ,  h ig h  K O H  n u m b e r  
ind icates low  stab ility . K O H  num ber 
o fR V N R L  is generally  h igh , possibly 
due to  the  hydro lysis o ccu rrin g  to  a 
p o r tio n  o f  n B A , lib e ra tin g  ac ry lic  
ac id . E ven  w ith  h igh  K O H  num ber, 
the  stab ility  o f  R V N R L  is found  to  
be h igh due to  the p resence  o f  fixed 
alkali added  befo re  irrad ia tion . L ow  
v isc o s ity  o f  R V N R L  a t low  so lid  
co n ten t enab les the fo rm a tio n  o f  th in  
d e p o s i t s  o n  th e  f o r m e r s  d u r in g  
d ipp ing . T h is m akes R V N R L  suitable 
fo r the p roduction  o f  condom s and 
g loves.

R e s id u a l  n B A  im p a r t s  a 
ch a rac te ris tic  o d our to  R V N R L  after 
irrad ia tion . H o w ev er, nBA is h igh ly  
vo la tile , h  escapes from  R V N R L  on  
k e e p in g .  I f  R V N R L  is  u s e d  
im m edia te ly  a fte r irrad ia tion , nBA is 
partly  rem oved  by  the leach ing  o f  the 
d ip p e d  a r t ic le .  T h e  re s id u a l n B A  
e s c a p e s  d u r in g  the  d ry in g  o f  th e  
d ip p ed  film  and  the final p ro d u c t is 
absolutely  free o f  odour. R  &  D  w ork  
is, h o w ev er, in  p ro g ress  to  avo id  the 
sm ell o f  residua l nBA in R V N R L .

C oagulan t clipping o fR V N R L
D u rin g  R V N R L  p rocessing  5 p h r 

o f  nB A , an  o rg an ic  liqu id , is added

as 5 0 %  e m u ls io n  to  fu n c tio n  
s e n s i t i z e r .  I t  is  l ik e ly  th a t  the 
rheo log ical b eh av io u r o f  RVNRl \ 
dipp ing  m ay b e  d iffe ren t from  th ^  
o f  conventional su lphur prevulcanized 
na tu ra l la tex  o f  s im ila r so lid  content 
H o w ev er, the  d ipp ing  characteristics 
o fR V N R L  is found  to  b e  very  sim ilar 
to  that o f  conven tional la tex  (13). Xhe 
f i lm  f o r m a t io n  is  v e r y  g o o d  in 
u n ifo rm  th ic k n e s s  o n  c e ra m ic  and 
g lass m oulds in  s tra ig h t, as w ell as 
co a g u la n t d ip p in g . T h e  coagulan ts 
ex am ined  a re  aq u eo u s  so lu tio n s of 
fo rm ic  and  ace tic  ac ids and  calcium  
n itra te  and  ch lo rid e . T ab le  4  g ives the 
th ic k n e s s  o f  R V N R L  f ilm s  using  
d iffe ren t coagu lan ts a t a  dw ell time 
o f  1 m in . w hen  d ip p in g  is c a rrie d  out 
a t 50%  so lids con ten t (13).

Table 4:

ElTect of tlie type o f coagulant on 
th ic k n e s so fd ry  R V N R L film s

Coagulant Thickness of 
film (mm)

Straight dipping 0.02

10% Calcium chloride 0.18 

10% Calcium nitrate 0.14 

10% Formic acid 0.14

10%Aceticacid 0.12_____________ j______________
,A

H ea t  sens itive  clipping 
F o r p ro d u c in g  th ick  artic le s  like 

la tex  tub ings o r  te a ts , a hea t sensitive 
dipping system  has b een  developed for 
R V N R L  (14). A rtic le s  o f  2 -3  m m  
th ickness can  b e  p ro d u ce d  in  a  singl 
d ip . T h e  film s h av e  to  b e  p ro p erl, 
l e a c h e d  to  a t t a i n  g o o d  t e n s i l e  
p ro p erties . C o n s id erin g  the th ickness 
o f  the film s, it is p re fe rab le  to  give 
w et gel leach ing .

T ensile  p ro p e r t ie s  of 
R V N R L  film s

D ip p e d  R V N R L  f i lm s  s h o w  
e x c e lle n t p h y s ic a l p ro p e r t ie s  a f te r  
p r o p e r  le a c h in g .  R V N R L  f i lm s  
c o n ta in in g  2 p h r  T N P P  as  a n t i-  
o x id a n t  s h o w  v e r y  g o o d  a g e in g  
beh av io u r. T ab le  5 show s the tensile 
p ro p e rtie s  o f  R V N R L  film s befo re  
an d  afte r ag e in g  a t 70" C  fo r 168 h rs. 
It can  b e  seen that ten sile  p ro p ertie s  
o f  R V N R L  film s a re  very  com parab le  
to  that o f  su lp h u r p rev u lcan ized  la tex  
film s. F ilm s p rep a re d  by heat-
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sensitive d ipp ing  have lesser icnsilc 
p ro p e r tie s  c o m p a re d  to  co ag u lan t 
d ip p e d  f i lm s .  H o w e v e r ,  f i lm s  
p rep a re d  by h e a i- s e n s iii\e  d ipp ing  
m eet the spec ifica tions for com m on 
d ipped  p roducts.

Table 5:

Tensile prcipei lics of UN NRl. I1lin>>
Property B e fo re  .■\iter

a g e in g  :; |e in g

M odulus ai-

100?r (.MPa) 

300*7  ̂ (M Pa) 
500'7< (M Pa) 

Tensile strength (M Pa) 
E longation ai break (% )

I.OS 0.97

1.5^ 1.42

2.50 2.0S

30.2S 29.12

965 S90

P rocessing  fac to rs such  as svei gel 
leaching o r dry  fihn  w ashing and post­
d ry in g  a lso  in f lu e n c e  the  te n s ile  
p roperties o f  d ry  R V N R L  films (15). 
T ensile  streng th  inc reases sharply on 
dry ing , due to be tte r fusion  of rubber 
p a r t i c l e s  a n d  in c r e a s e d  c h a in  
e n t a n g le m e n ts  o f  th e  r u b b e r  
m o le c u le s . T e n s i le  s tre n g th  a lso  
increases on  leach ing  the la :e \ film . 
T h is  is d u e  to  r e m o v a l o f  w a te r  
soluble no n -ru b b e r substances from  
the ru b b er p an ic le s . (16)

C om parison  o f R V X R L and 
s iilphur p rcvulcaniscd  latex

Several au thors h av e  reported  the 
results o f  com para tive  evaluation  o f 
the physical p ro p e rtie s  o f  R \ 'N R L  
with sulphur vulcanised natural rubber 
latex (S V N R L ). T ab le  6 g i\ es such a 
com parison  (17).

It c a n  b e  s e e n  th a t  p h y s ic a l  
propenies o f R V N R L  film s are readily 
c o m p a ra b le  to  th e  p r o p e r t ie s  o f  
Si-'.phur p revu lcan ised  la tex  films.

Table 6:

Pliysical propcrtii.'S (»f g lovo  ;;rc 
from R% NRL a n d S \ Niv5.

P ro p e rty RVNRL S\'NRL
M odulus (M p a) 

M 100 

M 300 

M 500 

ensile S t r e n g th ' 

B efore ag e in g  

A fter age in g *

Permanent set (9r)

’ Aged at 70“ C for 168 hours

1.08 1.14

1.54 1,68

2 .50
\

2.74

)
29.42 31.20

32.00

(% )965 345

Cvtoloxic hcUaviovir of 
R V N K L  filiii

T h e re  is no d ith io ca rb o m a te  in 
R V N R L  film . This is a d istinct advan ­
tage o v e r  conven tional su lp h u r vul- 
c a n iz a te s  b e c a u s e  z in c  d i th io c a r ­
bom ate  residues cause cell dam age . 
Q u an tita tiv e  cell cy to to x ic ity  e v a l­
uation  b y  a co lony  supp ress ion  assay 
m e th o d  (18 , 19) ind icated  th a t the 
cy to tox ic ity  o f  R V N R L  film s is m uch 
lo w e r  th a n  th o se  o f  c o n v e n tio n a l 
s u lp h u r  v u lc a n iz e d  f i lm s .  T h e  
cy to to x ic  po ten tia l o f  a m ateria l is 
exp ressed  as the ex tract concen tra tion  
w hich suppresses colony fo rm ation  to 
50%  o f the  contro l (1C50). T ab le  7 
g ives the IC 50  values fo r com m ercial 
su rg ica l g loves and u rinary  ca the ters  
m ade fro m  natu ra l latex and R V N R L  
film s (18).

T a b le  7:

R esults i»f e>t(itn\icity testing  (U' 
eoininereiai snr;jieal "loves, u rin a ry  

eatU eters and RV'M iL Hlms.

M a t e r i a l IC 5 0

S u rg ic a l g lo v e s

S I 4 .7

S 2 3.1

S 3 1.5

S 4 2 6 .7

U rin a ry  c a th e te rs

C l 14.8

C 2 12 .9

C 3 8 5 .0

C 4 4 5 .2

R V N R L  film-^

R O ■ 74

R  0 .5 84

R 1 95

R 4 > 1 0 0

R 2 4 > 1 0 0

•Sample RO is not leached. Others are leached
for 0.5. 1. 4 and 24 hours respectively in 1%
sodium hydro.xide solution at room temperature.

A rtic les  m ade from  su lp h u r v u l­
can ised  na tu ra l latex have low  IC  50  
values i.e .  h ig h e r cy to tox ic ity  than  
R V N R L  film . C yto tox ic ity  o f  R V N ­
R L  film s decreases  w ith  increasing  
leach ing  perio d . T hus R V N R L  film s 
are  sa fe r than  su lphur p rev u lcan ized  
latex.

E strac tab le  p ro te in  content 
in N RL film

E x tr a c ta b le  p r o te in s  in  la te x  
products cause  a lle rg ic  reactions in 
sensitized people. Healtli care w orkers 
are  identified as a h igh risk  g roup . 
A n un'.eached film  o f R V N R L  show s 
a high level o f  ex trac tab le  p ro te in . 
T h is is because  irrad ia tio n  facilita tes 
the dissolution o f  proteins on  N R  latex 
particles by  b rea k in g  the po lypep tide  
c h a in s  (2 0 ) . T h e  e f f e c t  o f  la te x  
irrad ia tion  on  a lle rgen ic  reactions o f  
soluble p ro te in s w as investigated  by 
passive cu taneous anaphylaxis (PC A ) 
test (21 >. T he P C A  test dem onstra ted  
w e a k e r  a l le rg e n ic ity  fo r  R V N R L  
film s than su lphu r-cu red  la tex  film s. 
It has been rep o rted  tha t m o re  than  
90%  o f  the to tal ex trac tab le  pro teins 
in  R V N R L  p ro d u c ts  can  b e  reduced  
by p ro lo n g in g  the  leach in g  p erio d  
an d /o r  increasing  the tem pera tu re  o f 
the leaching bath. T he results reported  
by  Z in  and O thm an  (22) on the effect 
o f  leaching tim e are  g iven  in table 8 
an d  the  e f f e c t  o f  te m p e ra tu re  o f  
leaching bath in  tab le  9.

Table 8:____________________
MfVcttol Icath ingon cxtnictal)le
j)ro;cin cf)n tcn torR \'N U L nin is 

irradiated  atlZkCJv.

Leaching 
lime (min)

Extractable 
protein (ug/g)

D
ID

15

30

53

47

35

25

Table 9:
oCleivcliin}' lim e and 

IcmiHrruturc on  cxtractublc pnitein 
eontcntorRVNRLlihus

Leachirz Leaching Extractable
time (min) temperature protein

10

•g-C) (ug/g)

30 61

60 48

^90 28

30 51

60 37

90 21



T he daia p resen ted  suggests  that 
on line leaching o f R V N R L  film s in 
h o t w a te r  can  re d u c e  e x tra c ta b le  
p r o t e i n  c o n ie n t  t o ' l o w  l e v e l s ,  
co m p a ra b le  to  th a t o f  c h lo r in a te d  
g loves.

Recently. , it has been  found  that 
th e  e x tra c ta b le  p ro te in  c o n te n t in 
e x a m in a tio n  g lo v es  (p o w d e r  fre e )  
processed  out o f  R V N R L  has b een  
reduced  to  a v e r \ low  value o f  2 1 .9  
u g /g  (23).

Advantages of R V N R L
T h e  fo llo w in g  a re  th e  m a jo r  

a d \ a n t a g e s  o f  R V N R L  o v e r  
conventional su lphur p rev u lcan ized  
latex,

1. A b sen ce  o f n itro sa m in e s
R V N R L  d o es  n o t c o n ta in  an y  

vu lcan ization  acce le ra to rs  b ased  on  
dith iocarbom ates o r th iu ram s tha t can  
liberate  volatile n itrosam ines. M any 
o f  the volatile n itrosam ines a re  p roved  
to  be carcinogenic.

2 . V e ry  low  cy to tox ic ity

Leached RN'NRL film s are  alm ost 
pu re  crosslini:ed ru b b er, con ta in ing  
on ly  sm all am ounts o f  an tiox idan ts. 
H ence R V N R L films exhibit very  low 
cy io io x ic ity .

3. Lo^\ emission of su lphu r dioxide aiid  
less fo rm ation  of ashes on b u rn in g .

In  c o n \e n tio n a l  v u lc a n iz a t io n .
0 . 5 - 3 . 0  p h r  s u lp h u r  is a d d e d  
(d ep e n d in g  on  the  c u re  sy s te m s) . 
S u lp h u r  \ u l c a n i z a t e s  l i b e r a t e  
s u b s ta n tia l  q u a n t i t ie s  o f  s u lp h u r  
d iox ide and lease  ashes on  b u rn in g . 
R V N R L  film s contain  no su lp h u r or 
ch em ica ls  and hence p ro d u c e  v ery  
little  su lphu r d iox ide and  ashes on  
burn ing .
4 . T ra n s p a re n c y  a n d  so ftn e ss  (low  
m o d u lu s )

R V N R L  films are  g en e ra lly  soft 
d u e  to  their low er m odu lus and  h igh 
transparency.
5 . B io d eg rad a b ility  o n  w e a th e r in g

S u lp h u r  \ u l c a n i s a t e s  c o n ta in  
residues o f  acce lera to rs w hich  have 
som e bactericidal activ ity  and  hence 
o ffe r som e resis tance  to  b io log ica l 
degradation . Since R V N R L  is fre e  o f 
an y  re s id u a l  c h e m ic a l ,  it e a s i ly  
undergoes b iodegradation .
6 . Less extractable protein contcnt

D uring  irrad ia tion , p ro te in s  a re  
d eg ra d ed  and b eco m e m o re  w a te r  
so lub le . T hey  are  rem o v ed  d u rin g  
leach in g . L each ing  R V N R L  lilm s  
con tain  less ex tractab le p ro te in s  and  
cause  less allersiic reaction .

7 .  N o  p r o b le m  v . j th  c h e m ic a l  
s ta b ili ty  o r  zinc ovide th ic k e n in g .

Z inc  ox ide is g ir.era lly  added as 
ac tiva to r to vu]car^::ation in sulphur 
system s. It d isso lv ti in  the aqueous 
p hase  to cause thioj;tning o f  la tex . In  
R V N R L  no z in i is used and it
is free from  probltrr.i.
8 .  N o  p r o b le m  w i th  z in c  
c o n ta m in a tio n  in  the  e ff lu en t.

D isso lved  zinc :• ::onsidered to  be 
a  po llu tan t in v .astt '^-ater. In a latex 
p ro d u c t m a n u fa c u r in g  un it u sing  
R V N R L . the w ater is free o f
d isso lved  zinc.

Storage  stabilirv of R V N R L
A reasonab ly  ; 

essen tial fo r any p r t  
O n  m o n ito r in g  th: 
R V N R L  fo r a peri 
g radual thickening ;• 
p e r io d  o f  5 -6  me 
p ro p ertie s  o f  films z
6 m onths old

E conom ic  aspcc
F ix e d  c a p ita l  : 

e re c tin g  the  radia:: 
h igh , R V N R L  will •: 
than  conventional li: 
R V N R L  p ro cess ir .. 
abou t R s. 12/- per  ̂
bu t there is saving: il'. 
no t add  any vulcari 
T h is  sa v in g  a lo n : 
advan tages ou tw eir 
co s t. R V N R L  can 
a d v a n ta g e  in  p rod  
added  articles in the

r.g sh e lf  life  is 
■ u lcanized latex. 
: p ro p e r t ie s  o f  
:d  o f  one y ea r, 
observed  afte r a 

n ih s .  P h y s ic a l  
repared from  3- 
L are  good.

IS
" v e s tm e n t  fo r  
jn  p la n t b e in g  

■r a little  costlie r 
;ix . T his cost o f  
: m ay  co m e to 
;2 . dry rubber, 
:  p rocessor need 
sing chem icals, 
w ith  te c h n ic a l 

r. the additional 
t e  u tilized  w ith 
. i t i o n  o f  v a lu e  
m edical field.

A p p lic a tio n  o f  R V N R L
I. Exam ination Gloves

U se o f  R V N R L  :'or exam ination  
g lo v es w as reported  in 1989 from  
Ind o n esia  (24). Studies on  its use for 
exam ination  glove rr.anufacture has 
been  undertaken  in India also  (25). 
T h e  physical p ropen les o f  the gloves 
p rep a re d  from  RV N RL are g iven  in 
tab le  10. F o r com parison the cu rren t 
A ST M  specifications for exam ination  
g loves a re  also  giver..

It is seen that gloves m ade from  
R V N R L  conform  to ’jie  specifications 
fo r exam ination  g lc .e s . T h e  co lo u r 
is w hite  and appearar.ce is good . T he 
w idespread  use o f ex^jnination gloves 
is l ik e ly  to  p o se  e n v i ro n m e n ta l  
p rob lem s in disposal o f  used g loves. 
R elease o f  sulphur dioxide and carbon 
m onoxide on burning R V N R L  gloves 
is m uch  less compi..-ed to  convcti- 
tio n a l su lp h u r  v u lcan ized  g lo v e s . 
R V N R L  g lo v e s  are e a s ily  b io d e ­
g r a d a b le  d u e  to  a b s c n c e  o f

d ith iocarbo ir.ites  o r  o th e r accelera tor 
residues. The:- have low  m odulus, and 
w ill not cause d isc o m fo rt to  the user 
d u rin g  p ro lo n g ed  use . T h e  level o f 
ex tractab le  p ro te in  is less and type IV 
a l le r g ic  p r o b le m s  a re  a b s e n t  in 
R V N R L  g lo v e s .  T h e y  a r e  m o s t 
env ironm ent friend ly .

Table 10:___________________
Physical prfp^-rties of RNTnR L  gloves 

and speciJlcations fo r exam ination 
glove!^ .\S T M D  3578-99)

Property R^'^'RL Rcquircmenis 
ilove aspcrA S T M

_____________ D 3578-99
Tensile sirengL''.
(M Pa)m in

Before ageir.g 28.5 14

A fierageinr* 26.9 14

Elongation at 
break f*]? )̂min.

Before ageir.g 930 700

After ageing* 800 500

* Aged at 70 dc:. C for 168 hours.

II. Condoms
Both labo ra to ry  scale and  factory  

level p ro d u c ’.ion  o f  con d o m s using 
R V N R L  b a s e  b een  re p o rte d  from  
I n d o n e s ia  '24)..- T h e  p h y s ic a l  
p ropertie s  o f  the condom s p roduced  
from  R V N R L  and the cu rre n t Indian 
standard  specifications a rc  g iven  in 
table 11. T he condom s are  w hite  in 
co lo u r and  have g ood  ap p earan ce . 
C o lou red  condom s can  also  be m ade 
by appropria te  m ix ing  o f  co lou r. T he 
advantages o f condom s prepared  from 
R V N R L  a re  lo w  m o d u lu s ,  h ig h  
elo n g atio n  a i b re a k  a n d  h ig h  b u rs t 
vo lum e.

Table 11:______________________
Physical properties of condoms m:uk“ 
from R \’NRL and the Indian standard 

specifics lions for condoni.s'

Property Condom
I'rom

RVNRL

IS 3701-19S5

Thickncss
(mm)

0.066 0,07 (max)

Tensile
slrcnglh (MPai

22,06 20 (min)

Elongation al 
break (Cf)

970 650 (min)

Burst
voliiiiic (Hire)

42 Noi specified



III . C atheters
C aih e te r has very  c lo se  con tac t 

w ith  so ft body  tissu es w hen  used . 
C athe ters m ade from  R V N R L  have 
very  sm ooth  su rface , lov.s' ex trac tab le  
p ro te ins and very  low  cy to tox ic iiy . 
O th e r  p h y s ic a l  p r o p e r t i e s  a re  
co m p a ra b le  lo  su lp h u r  v u lc a n iz e d  
ca the ters. T hus ca the ters  m ade from  
R V N R L  are very safe and im part least 
d iscom fort to  use rs .

IV. O th er m edical and  
pharm aceutical products

P roducts m ade from  R V N R L  can 
L ' used w ith advan tage in  the m edical 

e ld  b e c a u s e  o f  i ts  v e r y  lo w  
/ to to x ic i iy .  T h e  u s e  o f  o p t ic a l  

e n d o s c o p ic  b a l lo o n  m a d e  f ro m  
R V N R L  w as rep o rted  in 1989 (26). 
R V N R L  ballo o n  tran sm its  98%  o f 
laser, com pared  to  65%  fo r su lphur 
v u lc a n is e d  f i lm s .  T h e  h ig h  
t r a n s p a r e n c y  a n d  lo w  th ic k n e s s  
f a c i l i t a t e  a c c u r a t e  e n d o s c o p ic  
exam inations. T h e  accu racy  o f  the 
e x a m in a tio n  is im p ro v e d  b y  th e  
b a llo o n  m e th o d  in  b lo o d  v e s s e l ,  
urinary b ladder and  d igestive  track  
such as stom ach  and  b ile duct.

A  drainage bag (26) used to  collect 
d ischarged  flu id s in  p o st-o p era tiv e  
m e asu re  re s tr ic ts  m o b ility  o f  the  
p a tie n t d u e  to  its  b u lk in e s s . T h e  
d ra in ag e  b ag  m ade  o f  R V N R L  is 
com pact and causes less irrita tio n  to 
'h e  attached  sk in  because o f  its low 
oxicity . T he h igh transparency  o f  the 

bag fac ilita tes  ea sy  o b se rv a tio n  o f  
discharged flu ids w ithou t detach ing  
th>i bag from  the tube.

O th e r  p o t e n t i a l  a r e a s  o f  
ap p lica tio n , ag a in  b ec au se  o f  low  
cy to to x ic ity , a re  m e d ica l tu b in g s , 
f e e d in g  b o t t l e  n ip p le s  e t c .  B y 
a d o p t in g  h e a t - s e n s i t i v e  d ip p in g  
process, feed ing  b o ttle  n ipp les and 
m edical tub ings o f  req u ired  th ickness 
can be p rep a red  in  a  sing le d ip .
^  ' T o v  b a i lo o n s

Low m odulus, h igh  transparency , 
low  c y t o to x ic i i y .  a b s e n c e  o f  
carcinogenic n itro sam ines and  easy 
D iodeg radab ility  m ake  R V N R L  a 
su itab le  m a te r ia l  fo r  to y  b a l lo o n  
^ a n u fa c tu re . B a llo o n s m ade from

NRL can be inflated easily because 
0 low m odulus. T he ap pearance  is 
“•'‘Celltrnc.

Conchisioii
R V N R L  h as  d e f in ite  tech n ica l 

advantages over conventional sulphur- 
cu rc d  latex in n u k in g  value-added  
p r o d u c t s  u s e d  in  m e d ic a l  a n d  
p h a rm a c e u tic a l fields. P ro te in s  in 
natu ra l latex are  degraded  to a g reat 
ex ten t during  irradiation and rem oved 
d u r in g  le a c h in g . R V N R L  is le ss  
c y to to x ic ;  ty p e  IV  a l le r g ic  a n d  
n i tro s a m in e  p ro b le m s  a re  to ta lly  
absent. H ence it can be safely  used in  [ 
m a k in g  p ro d u c ts  th a t c o m e  in to  ; 
con tac t w ith  bod> and food. R V N R L  i 
film s are very  transparen t and hence : 
h igh quality  balloons can  be m ade. i 
L ow  m odulus and absencc o f  a llerg ic I 

re a c tio n s  m ake  it su itab le  fo r the  | 
p ro d u c tio n  o f  ex am in a tio n  g lo v e s , i 
catheters, condom s etc. Since R V N R L | 
is slightly  costly  its use in  the m ore 
v a lu e  a d d e d  m e d ic a l  a n d  p h a r -  i 
m a c e u tic a l p ro d u c ts  w ill be m o re  l 
advantageous.
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