
CHAPTER 17 

PRIMARY PROCESSING 

BABY KL'RIAKOSE

R u b b e r R e sea rch  In s t i tu te  o f I n d ia ,  K ottayan i-666009 , K e ra la , In d ia .

T h e  m ain c ro p  from  r u b b e r  p la n ta t io n  c o n s is ts  o f la te x  and f i e ld  

coagulum . T he p ro p o r tio n  o f th e s e  m a te r ia ls  v a r ie s  d ep en d in g  upon th e

ta p p in g  sy s te m  fo llo w e d , c l im a tic  c o n d i t io n s , s t a b i l i t y  o f l a t e x ,  s tim u la n t 

a p p l ic a t io n ,  age o f  th e  t r e e  e t c .  On an  a v e r a g e ,  i t  i s  o b s e rv e d  th a t  th e  

p ro p o r t io n  o f la te x  and  f i e ld  coagulum  i s  in  th e  ran g e  of 80 to  85% and 

15 to  2 0 | .  r e s p e c t iv e ly .  W hile l a t e x  c a n  b e  p ro c e sse d  and m a rk e te d  in

any one of th e  fo rm s su c h  a s  l a te x  c o n c e n tr a te , r ib b e d  sm oked  s h e e t ,  

te c h n ic a l ly  s p e c i f ie d  r u b b e r ,  c r e p e  r u b b e r  o r  c h e m ic a lly  m o d ifie d  r u b b e r ,  

f ie ld  coagulum  I s  p ro c e s s e d  and  m a rk e te d  a s  e i t h e r  te c h n ic a l ly  s p e c i f ie d

r u b b e r  o r  c r e p e  r u b b e r .  W h ich ev e r b e  th e  m eth o d  a d o p te d  fo r  p ro c e ss in g  

th e  l a t e x ,  i t  i s  to b e  p r e s e r v e d  a d e q u a te ly  so  a s  to  p re v e n t p re c o a g u la tio n  

in  t h e  f ie ld  and a ls o  d u r in g  v a r io u s  p ro c e s s in g  o p e ra t io n s .

PRESERVATION OF LATEX
F o r e f fe c t iv e  p r e s e r v a t io n  o f la te x  a g a in s t  p re c o a g u la tlo n , f a c to r s  

a f fe c tin g  th e  s t a b i l i t y  of l a te x  a r e  to  b e  u n d e rs to o d  anti ta k e n  c a r e  o f .  

T h e re  a r e  s e v e ra l  th e o r ie s  p o s tu la te d  fo r  th e  au to -c o a g u la tio n  o f l a t e x ,  

out o f w h ich  th e  fo llo w in g  assu m e im p o rta n c e .

N atu ra l r u b b e r  la te x  c o n ta in s  ab o u t 4 to  5% n o n -ru b b e r  c o n s titu e n ts  

c o n s is tin g  m ain ly  of c a r b o h y d r a te s ,  p r o te in s  and l i p i d s .  B a c te r ia l  p r o l i ­

f e ra t io n  o ccu rs  a t  th e  e x p e n s e  o f th e s e  n o n - ru b b e r  su b s ta n c e s , r e s u l t in g

in th e  fo rm atio n  of a c id s ,  p a r t i c u l a r ly  v o la t i l e  f a t ty  a c id s  (V FA ). .As th e  

VFA con ten t In c re a se s  co ag u la tio n  o f l a te x  o c c u rs  (Jo h n . 1974). A seco n d  

th e o ry  p o s tu la te s  th a t  h y d r o ly s i s  o f v a r io u s  l i p i d s  p r e s e n t  in  l a te x  l i b e r a t e s  

h ig h e r  f a t ty  a c id  an io n s w h ich  g e t a d s o rb e d  on to  th e  su r fa c e  o f th e  la te x  

p a r t i c l e s ,  p o s s ib ly  b y  re p la c in g  th e  a d s o rb e d  p ro te in s .  T h e  f re e  f a t ty  

a c id  an ions in te r a c t  w ith  m e ta ll ic  io n s  su c h  a s  ca lc ium  and m agnesium , w h ic h  

a r e  e i t h e r  p r e s e n t  in  la te x  i n i t i a l l y  o r  a r e  g r a d u a l ly  r e le a s e d  b y  th e  a c tio n  

o f en zy m es . T h e  fo rm a tio n  of in s o lu b le  h ig h e r  f a t ty  a c id  so a p s  o f c a lc iu m / 

m agnesium  d ra w s  th e  la te x  p a r t i c l e s  to g e th e r  r e s u l t in g  in  co ag u la tio n  (M adge



e t  a l .  195 0 ). Yet a n o th e r  th e o ry  su g g e s ts  th a t  a p r o te o ly tic  enzym e, 

co a ftu la se . h y d r o ly s e s  th e  p r o te c t iv e  l a y e r  o f  p ro te in s  su rro u n d in g  la te x  

p a r t i c l e s ,  th e r e b y  e x p o s in g  th e  s u r f a c e  o f  th e  p a r t i c le s  w h ic h  le a d s  to 

co ag u la tio n  (Woo. 19 7 3 ).^ P o s s ib ly  a l l  th e  f a c to r s  d e s c r ib e d  In th e s e  th e o r ie s  

may b e  h a v in g  a  com bined  r o lo  in th e  a u tc c o a g u la tio n  o f f r e s h  n a tu ra l  ru b b e r  

l a te x ,  a s  In d ic a te d  b y  an  in c r e a s e  in  VFA. ch an g e  in  pH and  fo rm ation  

of in s o lu b le  s a l t s  o f ca lc iu m  and  m agnesium  d u rin g  th e  p ro c e s s  o f auto­

co ag u la tio n  o f n a tu ra l  r u b b e r  l a te x .

Any ch e m ic a l o r  c o m b in a tio n  o f c h e m ic a ls  to  w ork  a s  an e f fe c tiv e  

p r e s e r v a t iv e  fo r  NR la te x  sh o u ld  h a v e  th e  fo llo w in g  b a s ic  f e a tu re s :

a c t  a s  a b a c te r ic id e  -  i e .  i t  sh o u ld  t)e a b le  to d e s t ro y  m icro­

o rg an ism s o r  s u p r e s s  t h e i r  a c t i v i t y .

p r e f e r a b ly  h a v e  an a lk a l in e  n a tu re  so  th a t  I t  w il l  in c r e a s e  the 

c o l lo id a l  s t a b i l i t y  o f  th e  r u b b e r  p a r t i c l e s  b y  In c re a s in g  th e  n eg a tiv e  
e l e c t r i c  c h a rg e .

h a v e  som e c h e la t in g  o r  p r e c ip l t t in g  e f fe c t  on th e  d iv a le n t  m e ta llic  

io n s  p r e s e n t  in  l a te x .

b e  e f f e c t iv e  a s  an  enzym e p o iso n  so  t h a t  th e  e f fe c t  o f enzy m es such
a s  co ag u lase  can  b e  m in im ise d .

h a v e  som e s u b s tra te -c o ra p le x in g  a c t i v i t y  so  th a t  n o n - ru b b e r  m a te r ia ls  

su c h  a s  c a r b o h y d r a te s  m ay no t be  deco m p o sed  by  b a c te r ia .

When I t  i s  r e q u i r e d  to  p r e s e r v e  la te x  fo r  a  few h o u r s , ch em ica ls  

su c h  a s  fo rm a lin , sod ium  s u l p h i t e  and  am m onia a t  v e r y  low  d o sa g e s  o f 0 .0 2 .

O.OS and 0.01% r e s p e c t iv e ly  on l a te x  a r e  e m p lo y e d . T h ese  a r e  te rm ed  a n t i -
I

co ag u lan ts  and  a r e  u se d  to  p r e v e n t  p re c o a g u la t io n  in  th e  f i e ld .  D ilu te 

so lu tio n s  o f th e s e  c h e m ic a ls  a re  a d d e d  in la te x  c o lle c tio n  cu p s  and  b u c k e ts . 

A d e ta i le d  acco u n t on th e  u se s  o f a n tic o a g u la n ts  h a s  t>een g iv en  by  Cook 

(19 6 0 ).

S in ce  1653. am m onia h a s  been  re c o g n ise d  a s  th e  m ost e f f e c t iv e  and 

p o p u la r  p r e s e r v a t iv e  fo r  NR la te x  a s  i t  f u l f i l s  m ost o f  th e  re q u ire m e n ts  

fo r  an id e a l  p r e s e r v a t iv e .  H ow ever, th is  c h e m ic a l h a s  c e r ta in  d ra w b a c k s  

a s  w e ll. To b e  e f f e c t iv e  fo r  lo n g e r  p e r io d s ,  a h ig h e r  d o sag e  Is  to  b e  u se d . 

T h is  n e c e s s i ta te s  a  h ig h e r  q u a n t i ty  o f co ag u lan t fo r  su b se q u e n t p ro c e ss in g  

o p e ra t io n s .  H ig h e r  l e v e l s  o f  am m onia in  l a te x  a ls o  le a d s  to a tm o sp h e ric  

p o llu tio n . B ecause  o f  th e s e  p ro b le m s , p r e s e r v a t io n  sy s te m s  c o m p ris in g  of 

low l e v e l s  o f am m onia. In  co m b in a tio n  w ith  o th e r  c h e m ic a ls  w ere  in tro d u c ed  

(Cheong and Ong, 1974; J o h n  e t  a l .  1984). A r e v ie w  o f  th e  v a r io u s  ty p es 

o f c h e m ic a ls  u se d  a s  p r e s e r v a t iv e s  fo r  NR la te x  h a s  been p re s e n te d  by 

Ng and  Lau (1 9 7 8 ). M athew  e t  a t l .  (1976) r e p o r te d  th e  u se  o f m onom ethyl 

am ine a s  an  e f f e c t iv e  a l t e r n a t iv e  fo r  am m onia In  p re s e rv in g  c o n cen tra ted



la t e x .  T he c o m m e rc ia lly  a v a i l a b le  low am m onia s y s te m s  a r e  th o se  co n ta in in g  

sod ium  p e n ta c h lo ro p h e n a te  (S P P ) , z in c  d ie th y ld i th io c a rb a m a te  (ZDC) o r  b o r ic  

a c id  a lo n g  w ith  0 .2 ^  b y  w e ig h t o f am m onia. T h e  m ain d ra w b a c k s  o f th e s e  

sv’s te m s  a r e  h ig h  to x i c i t y ,  lo w e r  m ech a n ica l and  s to r a g e  s t a b i l i t y ,  p o o r  

c h e m ic a l s t a b i l i t y  and  slo w  r a t e  o f c u re  r e s p e c t iv e ly  fo r  th e  SPP. ZDC

and b o r ic  a c id  p r e s e r v e d  l a t e x .  A c o m p o s ite  p r e s e r v a t io n  sy s te m  c o n s is tin g  

of te t r a m e th y l  th iu ra ra  d i s u lp h id e ,  z in c  o x id e  and  am m onia, p o p u la r ly  known 

a s  th e  LA-T2 sy s te m  w as in tro d u c e d  d u r in g  1975 ( Jo h n  e t  a l .  1975) and 

s u b s e q u e n tly  c o m m e rc ia l is e d . But t h i s  sy s te m  h a s  th e  d ra w b a c k  th a t  th e

c h e m ic a ls  TMTD and  z in c  o x id e ,  a r e  to  b e  p r e p a r e d  a s  d is p e r s io n s  and

in  many c a s e s  th e y  se d im e n t d u r in g  long te rm  s to r a g e .  T h is  sy s te m  i s  un ­

s u i ta b le  a s  a  p r e s e r v a t iv e  fo r  l a te x  to  be  p ro c e s s e d  a s  b lo c k  r u b b e r  and 

s h e e t  r u b b e r  a s  I t  a f f e c ts  p l a s t i c i t y  r e te n t io n  in d e x  (P R l) .  A n o th er 

p r e s e r v a t io n  sy s te m , c o n s is t in g  of 0 . 3 |  am m onia, and  0.05% o f  a b lo c id e

co n ta in in g  t r ia z in e /b e n z o t r la z o le  d e r iv a t iv e ,  ivas r e p o r te d  to  b e  c a p a b le

of p r e s e r v in g  f i e ld  la te x  fo r  a t  l e a s t  one w eek and th e  la te x  th u s  p r e s e r v e d  

cou ld  b e  p ro c e s s e d  in to  c o n c e n tra te , s o l id  b lo c k  o r  s h e e t  r u b b e r  w ith o u t 

any d i f f i c u l ty  {John e t  a l .  19 8 6 ). A n o n - to x ic  sy s te m  o f  p r e s e r v a t iv e  

c o m p ris in g  of 0.4% am m onia and  0.05% D ow icll [ c i s - l - ( 3 - c h l o r o a l l y ) - 3 , 5 .7 -  

tr la z a - l - a z o n ia - a d a m a n ta n e  c h lo r id e ]  w as found to  b e  a s  good a s  th e  LA-TZ 

sy s tem  fo r  f i e ld  la te x  a s  w ell a s  f o r  la te x  c o n c e n tra te  (Jo h n  e t  a l .  19 8 5 ).

T he s e a r c h  fo r  s t i l l  b e t t e r  p r e s e r v a t iv e s  fo r  la te x  i s  con tinu ing  and

id e n t i f ic a t io n  o f  an am m on ia-lo v in g  b a c te r ia  b y  Shum and  IVren in  1977 h a s  

i n te n s i f ie d  t h i s  s e a rc h  fo r  a p r e s e r v a t iv e  sy s te m  d e v o id  o f am m onia.

CONCENTRATED NATURAL RUBBER LATEX

T h e d r y  r u b b e r  c o n te n t (DRC) of NR la te x ,  a s  o b ta in e d  from  th e  t r e e ,  

v a r ie s  from  30 to 40% b y  w e ig h t. C lonal c h a r a c t e r i s t i c s ,  ag e  o f th e  t r e e ,

le n g th  o f ta p p in g  c u t .  f re q u e n c y  of ta p p in g , s tim u la n t a p p l ic a t io n ,  tim e

of ta p p in g , e n v iro n m e n ta l c o n d it io n s  e tc .  a r e  som e o f  th e  f a c to r s  th a t  a f fe c t  

DRC o f  la te x  (Kang and  H ash im , 1982). On th e  a v e r a g e ,  th e  DRC of f ie ld  

la te x  i s  ta k e n  a s  33%. F o r  econom ic t r a n s p o r ta t io n  o f la te x  and  fo r  p ro d u c t 

m an u fac tu re , su c h  a low DRC i s  u n d e s i ra b le  and i t  h a s  to  b e  r a i s e d  to

abo u t 60%. In c re a s in g  th e  DRC h a s  th e  a d d i t io n a l  b e n e f i t  th a t  th e  la te x  

becom es p u r e r ,  s in c e  som e of th e  n o n ru b b e r  m a te r ia ls  w il l  be  rem oved  

d u r in g  th e  p ro c e s s  o f c o n c e n tra t io n , e x c e p t In th e  c a se  o f  e v a p o ra tio n . 

E ven th o u g h  s e v e r a l  p ro c e s s e s  h a v e  b een  d e v e lo p e d  fo r  c o n c e n tra tio n  o f 

l a te x ,  o n ly  two of thnm  n am ely , c ream in g  and  c e n tr ifu g in g , a r e  w id e ly

p r a c t i s e d .



C ream ing
L atex  i s  a tw o -p h a se  c o l lo id a l  sy s te m  c o n s is t in g  o f r u b b e r  p a r t ic le s  

a s  th e  d i s p e r s e d  p h a s e  and  th e  aq u eo u s p h a s e  a s  th e  d i s p e r s io n  m edium . 

S in ce  th e  d i s p e r s e d  p a r t i c l e s  c a r r y  a n e g a tiv e  c h a r g e ,  th e y  a r e  in  co n stan t 

B row nian  m ovem ent w h ic h  m a in ta in s  th e  c o l lo id a l  n a tu re . D isp e rs e d  p a r t ic le s  

cream  o r  se d im e n t d e p e n d in g  upon th e  d i f fe r e n c e  b e tw een  th e  d e n s i t i e s  of 

th e  d i s p e r s e d  p a r t i c l e s  and  th e  d i s p e r s io n  m edium . A p p ly in g  S to k e s ’s  law , 

th e  v e lo c i ty  o f c re a m in g , v ,  i s  g iv en  b y  th e  r e la t io n s h ip .

V - 2gr2 (d̂ -d̂ )
----- FT-----

w h e re  r  = a v e ra g e  r a d iu s  o f th e  r u b b e r  p a r t i c l e  

g s  a c c e le ra t io n  d u e  to  g r a v i ty

n  = c o e f f ic ie n t  o f v i s c o s i ty  o f la te x  se rum

dg « d e n s i ty  o f l a t e x  serum

d ^  s  d e n s i ty  o f r u b b e r  p a r t i c l e s .

As i s  e v id e n t  from  th e  ab o v e  r e l a t i o n s h ip ,  l a r g e r  p a r t i c l e  s i z e ,  h ig h e r  

d if fe r e n c e  b e tw e e n  th e  d e n s i t i e s  o f th e  se ru m  a n d  th e  d i s p e r s e d  ru b b e r  

p a r t i c le s  a n d  lo w e r  v i s c o s i ty  o f th e  se rum  fa v o u r  h ig h e r  v e lo c i ty  of 

c ream in g . S e v e ra l  m a te r ia ls  h a v e  been  r e p o r te d  to  fu n c tio n  a s  cream ing 

ag en ts  w h ic h  f a c i l i t a t e  f a s t e r  c ream in g  of NR la te x .  E dgar and  S ek ar 

(1 9 3 8 a ,b )  r e p o r te d  th e  u se  o f sod ium  s a l t  o f  su lp h o n a te d  la u r y l  a lco h o l 

and  ta m a rin d  s e e d  p o w d e r  a s  c ream in g  a g e n ts .  O avey and  S e k a r  (1947) 

e v a lu a te d  m e th y l c e l lu lo s e  f o r  th i s  p u rp o se  an d  found th a t  3 g o f  m ethy l 

c e l lu lo s e  p e r  l i t r e  o f f i e ld  la te x  w as s u f f ic ie n t  to  e f fe c t  th e  p r o c e s s .  B aker 

(1937) id e n t i f ie d  a  l a r g e  num ber o f n a tu r a l ly  o c c u rr in g  m a te r ia ls  su c h  as 

gum a r a b l e ,  p e c t in ,  gum tr a g a c a n th ,  gum k a r a y a ,  tra g o n  se e d  gum , a lg ln ic  

a c id ,  a lg in a te s  e t c .  a n d  s y n th e t ic  m a te r ia ls  l i k e  p o ly a c ry 'l ic  a c id s  and 

t h e i r  s a l t s ,  p o ly v in y l  a lc o h o l and t h e i r  e t h e r s ,  and d e r iv a t iv e s  o f p o ly ­

e th y le n e  o x id e , w h ic h  can  b e  u se d  fo r  c ream in g  of NR la te x .  M icroscop ic  

o b s e rv a t io n s  m ade b y  B a k e r  r e v e a le d  th a t ,  in  th e  p re s e n c e  o f cream ing  

a g e n ts , r u b b e r  p a r t i c l e s  In la te x  fo rm ed  la rg e  a g g lo m e ra te s  and th e  Brow nian 

m ovem ent o f th e  p a r t i c l e s  w as a r r e s t e d  w ith in  a  few m in u tes  o f a d d it io n  

o f th e  c ream in g  a g e n t. T h e se  c lu s te r s  w ere  r e d i s p e r s i b l e  on d ilu t in g  th e  

c ream . T h is  o b s e rv a t io n  le d  to  s e v e ra l  th e o r e t i c a l  e x p la n a t io n s  fo r  th e  

cream ing  p r o c e s s .

C ream ing a g e n ts ,  in  g e n e ra l ,  a r e  h y d r o p h i l i c  c o U o id s , sw e llin g  

w a te r  and  fo rm ing  h ig h ly  v isc o u s  so lu tio n s  a t  v e r y  low c o n c e n tra tio n s . It 

h a s  been  su g g e s te d  th a t  th e  c ream in g  agen t g e ts  a d s o rb e d  on to  th e  su r fa c e



of th e  r u b b e r  p a r t i c l e s  th u s  fa v o u rin g  th e  a g g lo m e ra tio n  o f th e  p a r t i c l e s  

in to  r e l a t i v e ly  la rg e  g ro u p s  of 10 to  20 m ic ro n s  d ia m e te r  h a v in g  re d u c e d  

m ovem ent. R educed B row nian  m ovem ent and l a r g e r  s i z e  o f th e  ag g lo m e ra te s  

fa v o u r  h ig h e r  r a t e  o f c re a m in g  s in c e  th e r e  I s  a  f a i r l y  s ig n if ic a n t  d if fe re n c e  

betw een  th e  d e n s i ty  o f  th e  r u b b e r  p a r t i c l e s  (0 ,9 2  g c c ” ^) and th a t  o f th e  

se rum  (1 .0 2  g cc~ ^} . A n o th e r  th e o ry  p o s tu la te d  b y  D uckw ork (1964) su g g e s ts  

th a t  a  d e f in i te  s t r u c tu r e  I s  fo rm ed  b y  th e  gum In  s o lu t io n  ^ id  th a t  a d s o rb e d  

on th e  p a r t i c l e s ,  w h ic h  d e v e lo p s  In to  a  k in d  of m o le c u la r  n e t r e s t r i c t in g  

th e  movement o f th e  r u b b e r  p a r t i c l e s .  T he c lu s te r s  th u s  fo rm ed , grow  by  

co n tin u ed  e n tra p m e n t o f  th e  p a r t i c l e s .  T h is  s t r u c tu r e  g ra d u a l ly  s h r in k s  

and r i s e s  to  th e  s u r f a c e ,  sq u e e z in g  ou t th e  se ru m . T h is  th e o ry  i s  s u p p o r te d  

b y  th e  f a c t  th a t  th e  l in e  o f s e p a ra tio n  b e tw een  th e  se ru m  and th e  c ream  

s t a r t s  a t  th e  bo ttom  of t h e  cream ing  v e s s e l  and  m oves u p w a rd s .  H ow ever, 

th e r e  a r e  s e v e ra l  o b s e rv a t io n s  w h ic h  rem a in  u n e x p la in e d  d ue  to  th e  lack  

of p r o p e r  th e o r e t ic a l  s u p p o r t .  I t  i s  o b s e rv e d  th a t  a d d i t io n  o f a sm a ll 

p o r tio n  of se ru m  to  l a te x  h e lp s  in  in c re a s in g  th e  r a t e  o f  c ream in g . A no ther 

o b s e rv a tio n  i s  th a t  w ith  c e r ta in  ty p e s  o f c ream in g  a g e n ts ,  re p e a te d  cream ing  

o p e ra tio n  i s  no t p o s s ib le  fo r  m ore th a n  th r e e  o r  fo u r  t im e s , w h e re a s  th e  

som e o th e r  ty p e s  u n lim ite d  r e p e a te d  cream ing  i s  p o s s ib le .  I t  i s  a ls o  n o tic e d  

th a t  a  sm a ll p e rc e n ta g e  o f r u b b e r  p r e s e n t  in  th e  se ru m  d o es no t undergo  

f u r th e r  cream ing  ev en th o u g h  th e  serum  c o n ta in s  p a r t  o f th e  c ream in g  a g e n t, 

w h e re a s  th e  c ream  a lw a y s  u n d e rg o e s  f u r th e r  c ream in g  on s to ra g e .

In p r a c t ic e  cream ing  o p e ra tio n  i s  done in  th e  fo llo w in g  w ay . F ie ld  

la te x  a f t e r  s ie v in g  and b u lk in g  i s  ammcKiiated to  ab o u t 1 .0  to 1.2% b y  w eigh t 

of la te x  and d e s lu d g e d  b y  a d d in g  c a lc u la te d  q u a n t i ty  of diam m onium  h y d ro g e n  

p h o s p h a te . T h e  d o sa g e  o f th e  c ream in g  ag e n t d e p e n d s  on th e  ty p e ,  age 

and DRC of l a t e x .  N o rm a lly , d e p e n d in g  on c o s t  and  a v a i l a b i l i t y ,  e i t h e r  

ammonium a lg in a te  o r  ta m a rin d  s e e d  p o w d e r i s  u sed  fo r  th i s  p u rp o se  and 

th e  d o sa g e  v a r ie s  from  0 .2  to  0.3% of th e  d r y  m a te r ia l  c a lc u la te d  on th e  

aqueous p h a se  o f  th e  l a t e x .  About 3% so lu tio n  o f ta m a rin d  s e e d  p o w d er 

i s  p r e p a re d  b y  cooking  th e  d r y  m a te r ia l  w ith  w a te r  f o r  ab o u t one h o u r . 

I t  i s  f i l t e r e d  to  rem ove th e  uncooked m a te r ia l .  A d d itio n  o f a sm a ll q u a n tity  

of h ig h e r  f a t ty  a c id  so a p  su ch  a s  p o ta ss iu m  o le a te ,  a t  th e  le v e l  o f about

0.15% by  w eig h t o f l a t e x ,  in c r e a s e s  th e  e f f ic ie n c y  of th e  c ream in g  a g en t. 

If th e  la te x  i s  s u f f ic ie n t ly  a g e d , th e  ab o v e  d o sa g e  co u ld  b e  re d u c e d  f u r th e r .  

M ainta in ing  a te m p e ra tu re  o f 40*^0 in  th e  c ream in g  tan k  h e lp s  in  re d u c in g  

th e  in d u c tio n  tim e . The am m oniated  and d e s lu d g e d  la ie x  i s  th o ro u g h ly  s t i r r e d  

w ith  th e  so lu tio n s  o f c ream in g  ag en t and so a p  fo r  a b o u t one h o u r  and th en  

k e p t u n d is tu r b e d .  I n i t i a l l y  th e r e  i s  an  in d u c tio n  p e r io d  o f s e v e ra l  h o u rs  

d u r in g  w h ich  no v i s ib l e  c ream in g  ta k e s  p la c e .  B etw een 24 and 48 h ,  th e



r a te  o f  c ream in g  i s  maximum and th e r e a f te r  th e  p ro c e s s  i s  r a t h e r  slo w . 

N orm ally  i t  ta k e s  ab o u t 72 to 96 h  to  c o m p le te  th e  p r o c e s s .  A f te r  th is  

p e r io d ,  th e  se ru m  la y e r  i s  d r a in e d  ou t and th e  c ream  c o l le c te d .  I t  I s  then  

te s te d  fo r  am m onia c o n ten t and th e  sam e m ade u p  to th e  r e q u i r e d  le v e l .  

T he ORC of th e  cream  d-3pends on s e v e r a l  f a c to r s  su c h  a s  c o n c e n tra tio n s  

o f c ream in g  ag en t and s o a p , cream ing  p e r io d  an d  th e  q u a l i ty  o f th e  f ie ld  

la te x  u s e d . T h e  DRC of th e  serum  a ls o  v a r ie s  from  1 to 3fi d e p e n d in g  upon 

th e  c o n d itio n s  o f th e  c ream in g  p ro c e s s .

T he c ream in g  p ro c e s s  h a s  s e v e r a l  a d v a n ta g e s  o v e r  o th e r  m e th o d s  of 

c o n c e n tra t io n  o f  l a t e x .  I t  r e q u i r e s  o n ly  s im p le  e q u ip m e n ts  to  o p e ra te ,  

in v o lv e s  v e ry  low po w er consum ption  and la b o u r  and h a s  th e  f l e x ib i l i t y  

to a d ju s t  th e  p ro d u c tio n  c a p a c ity  from  v e r y  low to  v e r y  h ig h  l e v e l s .  The 

d is a d v a n ta g e s  In c lu d e  s lo w n e ss  o f th e  p r o c e s s ,  i t s  d ep en d en c e  on th e  q u a lity  

o f f i e ld  l a te x  and  ty p e  o f c ream in g  agen t and  th e  a f t e r  c ream in g  th a t 

I n v a r ia b ly  o c c u rs  d u rin g  s to r a g e  o f th e  c ream .

C en trifu g in g

T he c e n tr i fu g a l  m ethod  Is  th e  m ost im p o rta n t  one among th e  v a r io u s

co m m erc ia l m e th o d s  o f c o n c e n tra t io n  of NR l a t e x .  T h e o ry  o f c e n tr ifu g a l

c o n c e n tra tio n  o f la te x  I s  b a s ic a l ly  th e  sam e a s  th a t  o f c re a m in g . In  th is

m e th o d , s e p a ra tio n  in to  la te x  c o n c e n tra te  and  siclm  i s  e f fe c te d  b y  means

of c e n tr ifu g a l  f o rc e  r a t h e r  th a n  b y  g r a v l t a t ia v .  T h e  p r o c e s s  c o n s is ts  of

su b je c tin g  th e  l a te x  to  a  c e n tr i fu g a l  fo rc e  m any tim e s  g r e a te r  th a n  g r a v i ty .

In a c e n tr ifu g in g  m ach ine w h ich  r o t a t e s  a t  h ig h  s p e e d .  T he c e n tr ifu g a l

a c c e le ra t io n  ' f  on a  p a r t i c l e  r o ta t in g  w ith  an an g u la r  v e lo c i ty  'u)'- and
2

h a v in g  r a d iu s  o f r o ta t io n  'R ' i s  e q u a l  to  Rw . I f  'n '  i s  th e  sp e e d  of 

ro ta t io n  in  rp m . th e n :

f = (2 itn)^R

T h e  c e n tr ifu g a l  a c c e le ra t io n  can  b e  e x p r e s s e d  a s  a m u lt ip le  of 

g r a v i ta t io n a l  a c c e le ra t io n  'g '  and th e  s e p a ra tin g  po w er ' c '  o f th e  m achine 

Is o ften  d e s c r ib e d  as

f ^ (2nn)^R
‘ I  ‘ 8

At a p o in t ab o u t 15 cm aw ay  from  th e  a x i s  o f th e  m ach ine  ro ta t in g  

a t  6000 rp m , th e  s e p a ra tin g  po w er w il l  b e  ab o u t 6160. T hus th e  v e lo c ity  

of s e p a ra tio n  o f th e  p a r t i c l e s ,  u n d e r  th e  ab o v e  c o n d it io n s , w i l l  b e  o v e r  

6000 tim es  g r e a te r  th a n  th a t  u n d e r  th e  a c tio n  o f g r a v i ty  a lo n e . S in ce  th e



su sp e n d e d  r u b b e r  p a r t i c l e s  a re  l i g h t e r  th a n  th e  se ru m , th e  c o n c e n tra te  

a ccu m u la te s  a t  th e  c e n tr e  o f  th e  bow l and th e  se rum  a t  th e  r im . T he 

s e p a ra tin g  fo rc e  on th e  p a r t i c l e  I n c re a s e s  w ith  in c re a s in g  d is ta n c e  from  

th e  c e n tr e  of ro ta t io n  o f th e  b o w l. As th e  se rum  flo w s o u tw a rd s  from  th e  

c e n t r e ,  th e  r u b b e r  p a r t i c l e s  ten d  to  b e  rem o v ed  in  th e  o r d e r  o f  t h e i r  s iz e  

and a t  th e  sam e tim e , th e  p a r t i c l e s  in  th e  serum  a r e  s u b je c te d  to  an 

in c re a s in g  fo rc e .  T he v i s c o s i ty  o f th e  c ream  in c re a s e s  v e ry  r a p i d l y  a s  

th e  d r y  r u b b e r  co n ten t in c r e a s e s ,  u n t i l  I t  r e a c h e s  a  p o in t a t  w h ic h  th e  

l a t e x  w il l  not f lo w . T h u s in  th e  c o n c e n tra te  th e  p a r t i c l e  v e lo c i ty  f a l l s  

r a p i d l y  and th e  ten d e n c y  fo r  f u r t h e r  c o n c e n tra tio n  I s  re d u c e d  b y  th e  

in c r e a s e  in  v i s c o s i ty  and d im in ish in g  s e p a ra t in g  fo rc e , a s  th e  c o n c e n tra te  

flo w s to w a rd s  th e  c e n tre  o f th e  b o w l.

D iffe re n t ty p e s  o f c e n tr i fu g e s  h a v e  b een  c o m m e rc ia lly  a v a i l a b l e .  T he 

b a s ic  d e s ig n  o f  th e s e  m ach in es  i s  s im i la r  and  I t  c o n s is ts  o f  a  ro ta t in g  

bow l in  w h ich  a  s e t  o f  c o n c e n tr ic  c o n ic a l m e ta ll ic  s e p a r a to r  d i s c s  a r e  

e n c lo s e d . L atex  e n te r s  th e  bow l th ro u g h  a  c e n t r a l  feed  tu b e  and  p a s s e s  

to  th e  bottom  of th e  bow l th ro u g h  a d i s t r i b u t o r .  A s e r i e s  o f  sm a ll h o le s  

on th e  s e p a ra to r  d i s c s ,  p o s it io n e d  a t  d e f in i te  d is ta n c e  from  th e  c e n t r e ,  

a llo w  th e  la te x  to  g e t d i s t r i b u t e d  and  b ro k e n  up  In to  a n um ber o f th in

co n ica l s h e l l s  w ith in  th e  bow l w h ic h  r o ta te s  a t h ig h  s p e e d .  At s te a d y  

s ta te  runn ing  of th e  m ach in e , th e  DRC of th e  la te x  a t  th e  p e r ip h e r y  of 

th e  bow l w ill b e  much lo w e r th a n  th a t  o f th e  la te x  a t  th e  c e n t r e .  T he 

la te x  c o n c e n tra te  w h ich  h a s  ab o v e  60% DRC flo w s to w a rd s  th e  a x i s  o f 

ro ta t io n  and Is  c o lle c te d  th ro u g h  a g a l le y  a t  th e  to p . T h e  sk im  la te x  w h ich  

co n ta in s  abo u t 6 to  10% r u b b e r  i s  c o l le c te d  th ro u g h  a  s e p a ra te  g a l le y .  T he

DRC of th e  la te x  c o n c e n tra te  and  th a t  o f th e  sk im  d e p e n d s  on s e v e ra l  f a c to r s  

su ch  a s  sp e e d  o f ro ta t io n  o f th e  b o w l, p r e s s u r e  head  in  th e  fe e d  c u p . 

d ia m e te r  of feed  tu b e , le n g th  and  d ia m e te r  o f  th e  sk im  sc re w  and DRC

of th e  feed  l a te x .  S h o r te r  sk im  s c re w , low fe e d  r a t e  o f la te x  and  h ig h e r  

DRC of f ie ld  la te x  fa v o u rs  a h ig h e r  DRC fo r  th e  c o n c e n tra te . F a c to r s  

a f fe c tin g  e f f ic ie n c y  of d i f f e r e n t  ty p e s  o f m ach in es  h a v e  been  s tu d ie d  in 

d e ta i l  and o p e ra t in g  c o n d it io n s  to  g e t th e  maximum bow l e f f ic ie n c y  h av e  

been w ork ed  out ( P id d le s d e n .  1940 and  Sum e t  a l .  19 8 2 ). When th e  DRC

of th e  la te x  i s  ab o v e  66%. i t  i s  know n a s  h ig h  DRC la te x ,  w h ic h  can  be 

p ro d u c e d  b y  p r o p e r  a d ju s tm e n t o f th e  sk im  sc re w  and fe e d  r a le  

[Z a c h a r la s se n  e t  a l .  1972).

L atex  fo r  ce n tr ifu g in g  i s  to  b e  a d e q u a te ly  p r e s e r v e d  a g a in s t  b a c te r ia l  

g ro w th  and d ev e lo p m en t o f v o la t i l e  f a t ty  a c id s .  T he dosuge of ammonia 

r e q u i re d  fo r  p re s e rv in g  th e  f ie ld  la te x  d e p e n d s  on th e  p e r io d  o f  s to ra g e  

b e fo re  c e n tr ifu g in g  o p e ra t io n  and  v a r ie s  from  0.3% to  1.0%. O nly th e  minimum



e s s e n t ia l  q u a n t i ty  o f am m onia Is  to  b e  u se d  f o r  p re s e rv in g  th e  la te x  s in c e  

a  s u b s ta n t ia l  q u a n t i ty  w il l  b e  lo s t  in  th e  sk im  d u r in g  c e n tr ifu g in g . T he 

p r e s e r v e d  la te x  i s  t r e a te d  w ith  c a lc u la te d  q u a n t i ty  o f diammonium h y d ro g e n  

p h o s p h a te  to rem o v e  m agnesium  io n s  a s  m agnesium  ammonium p h o s p h a te . 

On s to r a g e ,  th i s  m a te r ia l  s e t t l e s  dow n a t  th e  bo ttom  of th e  tan k  a s  s lu d g e . 

D esludged  la te x  i s  fe d  in to  th e  c e n tr ifu g in g  m achine a t  a c o n s ta n t r a t e .  

T h e  m ach in e  can  be ru n  a t  s t a n d a r d i s e d  c o n d it io n s  o f s p e e d  of r o ta t io n ,  

r a t e  o f feed  and  sk im  sc re w  s e t t i n g s ,  co n tin u o u s ly  fo r  ab o u t 3 to  4 h .  

By t h i s  t im e , sm a ll c lo ts  o f r u b b e r  and  s lu d g e  g e t accu m u la ted  tje tw een  

th e  s e p a r a to r  d i s c s  and th e  e f f ic ie n c y  d r o p s .  A t th i s  s ta g e ,  th e  m ach ine  

i s  s to p p e d  and th e  bow l c le a n e d . I t  i s  p o s s ib le  to  ru n  th e  m ach in e  

co n tin u o u s ly  fo r  m ore th a n  4 h  I f  t h e  fe e d  l a te x  Is  p ro p e r ly  d e s lu d g e d  

and p a s s e d  th ro u g h  a  c l a r i f i e r  i n i t i a l l y .  B y p r o p e r  s e t tin g  o f  th e  sk im  

sc re w  and  b y  a d ju s tin g  th e  r a t e  o f f e e d .  DRC an d  th e  to ta l  r u b b e r  r e c o v e re d  

In th e  conCOTtrate can  b e  c o n t r o l le d .  N o rm a lly  i t  i s  o b se rv e d  th a t  a t te m p ts  

to  in c r e a s e  DRC of th e  c o n c e n tra te  b e y o n d  a  c e r ta in  le v e l  c a u se s  m ore lo s s  

o f r u b b e r  in  th e  sk im . T h e  DRC of th e  c o n c e n tra te  i s  u su a lly  k e p t  s l i g h t ly  

a b o v e  60% and f in a l ly  a d ju s te d  to  60% b y  d i lu t io n .

S in ce  m ost o f th e  p r e s e r v a t iv e s  u se d  In th e  feed  la te x  w ould b e  lo s t  

in  t h e  aqueous p h a s e  o f s k im . It I s  n e c e s s a ry  to  su p p lem en t th e  c o n c e n tra te  

w ith  th e  r e q u i re d  q u a n t i ty  o f p r e s e r v a t iv e  d ep e n d in g  upon th e  ty p e  of 

p r e s e r v a t io n  sy s te m  a d o p te d . T he c o n c e n tra te  m ay b e  p r e s e r v e d  w ith  ammonia 

a lo n e  o r  w ith  a  co m b in a tio n  of am m onia w ith  c h e m ic a ls  su c h  a s  b o r ic  a c id ,  

sod ium  p e n ta c h lo ro p h e n a te , z in c  d i e t h y l  d l th lo c a rb a m a te .  t r la d ln e  10 , z in c  

o x id e ,  te t r a m e th y l  th lu ra m d ls u lp h ld e  e t c .  A sm a ll q u a n ti ty  o f a  h ig h e r  

f a t t y  a c id  so a p  su c h  a s  ammonium la u r a te  i s  a ls o  n o rm a lly  u sed  to  b o o st 

th e  m ech an ica l s t a b i l i t y  o f th e  l a t e x .  E ach of th e  abo v e  m entioned p r e s e r ­

v a t iv e  sy s te m s  h a s  been  s tu d ie d  in  d e t a i l  and  th e .  cw id itio n s  fo r  e f f e c t iv e  

p r e s e r v a t io n  of th e  c o n c e n tra te  s t a n d a r d i s e d  (B lo o m fie ld  and  M um ford, 1970: 

Angove and  P l l l a l ,  1965; P o h , 1983: Jo h n  e t  a l .  1986). Recent l e g is la t io n s  

In som e of th e  d e v e lo p e d  c o u n tr ie s  r e s u l t e d  In o b je c tio n s  to th e  u se  o f 

h ig h  ammonia ty p e  l a te x .  Among th e  low am m onia p r e s e r v a t iv e  s y s te m s ,  

th e  one c o n s is tin g  o f 0.2% am m onia, 0.013% e a c h  o f te t r a m e th y l  th iu ra m -  

d i s u lp id e  and  z in c  o x id e  {LA-TZ sy s te m )  I s  th e  m ost p o p u la r .  T a b le  1 

g iv e s  a  l i s t  o f v a r io u s  ty p e s  o f c o m m e rc ia lly  a v a i l a b le  p r e s e r v a t iv e  sy s te m s  

fo r  la te x  and  t h e i r  c o m p o s itio n s . D e ta i ls  o f som e of th e  s p e c i a l i ty  n a tu r a l  

r u b b e r  la te x  c o n c e n tra te s  a r e  g iv e n  in  T a b le  2 (W ahab, 1983).

T h e re  a r e  ab o u t th i r te e n  ' ; i ) a r a c t e r l s t l c s  .'f n a tu ra l r u b b e r  la te x  

c o n c e n tra te  b a s e d  on w h ic h  th e  q u a l i t y  i s  a s s e s s e d  a s  p e r  ISO s p e c i f ic a t io n  

2004. T h e  re q u ire m e n ts  o f ISO 2004 and  th e  t e s t  m e th o d s  a r e  l i s t e d  In  T a b le  3 .



T y p e  of sy s te m s C om position

1. H igh am m onia (HA)

2. Low ammonia -  sod ium  p e n ta c h lo ro -  
p h e n a te  (LA -SPP)

3 . Low am m onia -  B o ric  a c id  (LA-BA)

4 . Low am m onia -  Zinc d i e t h y l -  
d i th io c a rb a m a te  (LA-ZDC)

5. Low am m onia -  te t r a m e th y i th iu ra m  
d i s u lp h id e  z in c  o x id e  (LA -TZ).

0.6% am m onia minimum.

0.2% am m onia * 0 . 2 |  sodium  
p e n ta c h lo ro p h e n a te .

0.2% am m onia *■ 0.24% b o r ic  
a c id  * 0.05% la u r lc  a c id .

0.2% am m onia * 0.10% ZDC *
0.05% la u r ic  a c id .

0.2% am m onia ♦ 0.013% TMTD ♦
0.013% 2 ^0  * 0.05% la u r ic  a c id .

TABLE 2

S p e c ia l i ty  n a tu r a l  r u b b e r  la te x  c o n c e n tra te s

T y p es D e sc r ip tio n

1. H igh DRC la te x

2 . P u r if ie d  o r  m u ltip le  
c e n tr ifu g e d  la te x

3. P re v u lc a n iz e d  la te x  
c o n c e n tra te .

4 . M ethy l m e th a c ry la te  
g r a f te d  (MG) la te x .

5 . Low co n s ta n t v is c o s i ty  
(LCV) la te x .

C e n tr ifu g ed  la te x  h a v in g  DRC In th e  ran g e  of 
64% to  67%.

P re p a re d  b y  d i lu t in g  c e n tr ifu g e d  la te x  to 30%
DRC w ith  w a te r  co n ta in in g  ammonia and th en  
re c e n tr lfu g ln g  to  60% DRC. I t  h a s  a  low 
n o n -ru b t)e r  c o n te n t.

P re p a re d  b y  h e a tin g  a s ta b i l i s e d  la te x  ccm cen tra te  
w ith  d is p e r s io n s  o f s u lp h u r ,  z in c  o x id e  and an 
u l t r a f a s t  a c c e le r a to r  a t  te m p e ra tu re s  o f  abo u t 
70«'C fo r  2 h .

P re p a re d  b y  g ra f t in g  m e th y l m e th a c ry la te  on to  NR 
in  la te x  fo rm . MG la te x  h a v in g  30% and  49% 
b y  w e ig h t o f p o ly m e th y l-m e th a c ry la te  a r e  a v a i l ­
a b le .  T h is  ty p e  o f la te x  h a s  a  s e l f  re in fo rc in g  
e f fe c t  and  p r o v id e s  a m eans o f s u b s ta n t ia l ly  
Im p ro v in g  th e  t e a r  and p u n c tu re  r e s is ta n c e  o f 
d ip p e d  g o o d s.

P re p a re d  from  s p e c i a l l y  s e le c te d  c lo n a l l a t lc e s  
b y  tre a tm e n t w ith  0.15% o f  h y d ro x y la m in e  s a l t s  
Im m e d ia te ly  a f t e r  c e n tr ifu g in g . T h is  ty p e  o f low 
v i s c o s i ty  l a te x  I s  a d s ’a n tag eo u s  in  low p r e s s u r e  
ta c k  a d h e s iv e  fo rm u la tio n s .



P a ra m e te r HA LA ISO te s t  
m ethod  No.

T o ta l s o l id s  c o n te n t, m in; % 61 .5 6 1 .5 124

D ry r u b b e r  c o n te n t ,  m in: % 60 .0 6 0 .0 126

N cm -rubber s o l i d s ,  m ax; % 2 .0 2 .0 -

A lk a l in i ty ,  a s  am m onia, on la te x  w e ig h t .  % 0 .6
(m in)

0 .2 9
(m ax)

125

M echan ica l s t a b i l i t y  tim e , m in; s 650 .0 650.0 35

Coagulum c o n te n t, m ax; % 0.05 0 .0 5 706

V o la tile  f a t ty  a c id  n u m b er, m ax. 0 .2 0 0 .20 506

P o tass iu m  h y d r o x id e  n u m b r, max. 1 .0 1 .0 127

C o p p e r c o n te n t, m ax; m g /k g  s o l id s 8 .0 8 .0 1654

M anganese c o n te n t, m ax ; m g /k g  s o l id s 8 .0 8 .0 1655

S ludge c o n te n t, m ax; % 0 .1 0 .1 2005

C olour No b lu e  o r  g re y

Odour No p u t r e fa c tiv e  o d o u r 
a f t e r  n e u tra l iz a t io n  
w ith  b o r ic  a c id .

W hile  m ost o f th e  p a ra m e te r s  a r e  s t a b le  and d o  not ch an g e  d u r in g  

s to r a g e ,  th r e e  im p o rta n t  c h a r a c t e r i s t i c s  n am ely  v o la t i l e  f a t ty  a c id  (VFA) 

ra jm b er, p o ta s s iu m  h y d r o x id e  (KOH) num ber and m ech an ica l s t a b i l i t y  tim e 

(MST) In c re a s e  w ith  tim e  o f  s to r a g e  o f l a t e x .  T h e se  p a ra m e te r s  a r e  a ls o  

a f fe c te d  b y  h a n d lin g  o f l a t e x ,  se a so n a l e f f e c t s ,  p um ping , e x p o s u re  to  a i r  

e tc .  T h e  ch an g es  in  VFA, KOH n u m b er and MST of l a te x  a r e  th e  r e s u l t  of 

tw o e f f e c t s  -  ch an g es  a s s o c ia te d  w ith  b a c te r i a l  a c tio n  in  la te x  and  th o se  

a s s o c ia te d  w ith  h y d r o ly t i c  a c tio n . P ro p e r  p r e s e r v a t io n  can  c o n tro l  th e  f i r s t  

e f fe c t  i f h e re a s  no  c o n tro l o v e r  th e  se co n d  can  b e  e x e r c i s e d .

T h e  v o la t i l e  f a t ty  a c id s  in  l a te x  c o n s is t  p r im a r i ly  o f a c e t ic  and  fo rm ic  

a c id s .  T h e y  a r e  p ro d u c e d  b y  b a c te r i a l  a c t i v i t y  In la te x  u t i l i s in g  a  g lu c o se -  

am ino a c id  co m p lex  a s  s u b s t r a t e  (L ow e, 19 6 0 ). T h e  b re a k d o w n  of t h i s  

co m p lex  o c c u rs  v i a  t r io s e  co m pounds. 3 p h o s p h o g ly c e ra ld e h y d e  and  d ih y d r o x y  

a ce to n e  p h o s p h a te ,  to  p y r u v ic  a c id .  T h e  v o la t i l e  a c id s  can b e  p ro d u c e d  

from  p y r u v ic  a c id  and  a la n in e  th ro u g h  m any m e ta b o lic  p a th w a y s . VFA o f  

l a te x  c o n c e n tra te  i s  found to  b e  betw een  one t h i r d  an d  one h a l f  o f th e  

VFA n u m b er o f th e  f i e ld  l a te x  from  w h ich  i t  i s  p r e p a r e d  (Cook and  S e k h a r .



1 9 5 5 ). Hence f i e ld  l a te x  h a v in g  a  VFA n u m b er g r e a te r  th a n  0 .3  i s  c o n s id e re d  

to  b e  u n su ita b le  fo r  l a te x  c o n c e n tra te  p ro d u c t io n . In th e  e v e n t o f  s e r io u s  

b a c te r i a l  co n ta m in a tio n , th e  w ho le  p la n t  i s  to  be d is in f e c te d  b y  u sin g  a 

so lu ticm  of any  one o f  th e  c h e m ic a ls  s u c h  a s  3 , 5 'd i c h l o r o - 2 .2 'd ih y d r o x y  

d ip h e n y l  m e th an e , a lk y l-d im e th y l- t> e n z y l ammonium c h lo r id e  o r  sod ium  h y p o ­

c h lo r i t e ,  to  c o n tro l  VFA fo rm a tio n . Work c o n d u c te d  b y  Lowe (1959) re v e a le d  

th a t  fo rm a tio n  o f  VFA i s  a l im ite d  en zy m ic  p r o c e s s  w h ic h  I s  in flu e n ced  

b y  th e  fo llow ing  f a c to r s :

* th e  q u a l i ty  o f f i e ld  l a te x ,  le v e l  o f b a c te r i a l  p o p u la tio n  in  la te x  and

le n g th  o f  tim e  th e y  h a v e  b een  a llo w e d  to  rem ain  v ia b le  in  th e  la te x

•  te m p e ra tu re  v a r ia t io n s  o f l a te x  b e fo re  and  a f t e r  p ro c e ss in g

» amount o f  se rum  s u b s t r a t e  a v a i la b le  fo r  th e  e n zy m ic  p ro c e s s

•  d e g re e  o f in h ib i t io n  e x e r te d  b y  th e  le v e l  o f am m oniation

* th e  re d o x  p o te n t ia l  o f  la te x

W ell p r e s e r v e d  la te x  c o n c e n tra te  m ay h a v e  a VF.^ le v e l  o f 0 .0 1  to  0 .0 2  

a t th e  p r o d u c e r s ' end and  m ay r e a c h  0 .0 8  to  0 .1 0  a t  th e  c o n s u m e rs’ e n d . 

At VFA le v e ls  o f  0 .2 5  to  0 .3 5 , p u t r e f a c t iv e  sm e ll i s  e v id e n t and  th e  la te x  

c o n c e n tra te  i s  d i f f i c u l t / im p o s s ib le  to  p r o c e s s .

P o tassium  h y d r o x id e  num ber i s  a m easu re  o f  th e  io n ic  s t r e n g th  of

th e  se rum  in  th e  p re s e n c e  o f  am m onia. T h is  r e p r e s e n t s  m ost o f th e  io n s  

p r e s e n t  in th e  la te x  b u t not a l l ,  s in c e  a s ig n if ic a n t  am ount o f p o ta ssiu m  

ions i s  a ls o  p r e s e n t .  KOH num ber o f l a te x  c o n c e n tra te  r i s e s  s lo w ly  d u rin g  

s to r a g e .  E x p o su re  to a i r  te n d s  to  en h an ce  th e  n a tu r a l  in c r e a s e ,  p re su m a b ly  

b y  a b s o rp t io n  o f c a rb o n  d io x id e  and  th e  fo rm a tio n  of c a rb o n a te /b ic a rb o n a te

io n s . T he in c rem en t in  KOH num ber d u r in g  s to r a g e  a r i s e s  p r im a r i ly  from

in c re a s e  in  th e  ions a d s o b re d  a t  th e  p a r t i c l e  su r f a c e  a s  th e  serum  ion 

c o n c e n tra tio n  i s  found to  be  unchanged  d u r in g  s to r a g e .  A p o o r ly  p r e s e r v e d  

l a te x  w ill  h a v e  a  h ig h  KOH n u m b er, bu t a  h ig h  KOH num ber need  not be

an in d ic a tio n  o f p o o r  p r e s e r v a t io n  c o n d it io n s  s in c e  th e  p re se n c e  of ions 

su ch  a s  p h o s p h a te s ,  am ino a c id s  and  many o th e r s  I n c re a s e s  th e  KOH num ber, 

y e t  th e  p r e s e r v a t io n  le v e l  m ay be  q u i te  s a t i s f a c to r y .  C om m ercial la te x  

c o n c e n tra te s  on p ro d u c tio n  may h a v e  a v a lu e  of 0 .5  w h ich  r i s e s  to  0 .6  

o r  m ore d u rin g  s to r a g e .

T h e  m e ch an ica l s t a b i l i t y  tim e  of c o n c e n tra te d  la te x  on th e  d a y  of

p ro d u c tio n  w ill  b e  low . in  th e  ran g e  of 80 to  100 s e c o n d s , b u t w il l  r i s e

s te a d i ly  w iih in  th e  f i r s t  fo u r  to  s i x  w eek s  to  ^ iv e  a  v a lu e  o f 600-15P0

se c o n d s . E x te rn a l  a d d i t io n  o f so a p s  su c h  a s  ammonium la u r a te  w il l  in s ta n t ly  

in c r e a s e  MST. T h e  sp o n ta n eo u s  in c r e a s e  In  MST d u r in g  s to r a g e  o f la te x  I s



a t t r ib u t e d  to  ammoniacal h y d r o ly s i s  o f l i p i d s  w h ic h  p ro d u c e  f a t ty  ac id  

s o a p s  w h ich  g e t a d s o rb e d  on th e  p a r t i c l e  s u r f a c e .  I n c re a s e  In te m p e ra tu re  

o f la te x  i s  found to  h a v e  th e  sam e e f fe c t  on in c re a s in g  th e  MST o f  f r e s h  

la te x  c o n c e n tra te .  T h e  e x a c t  reaso n  f o r  th e  te m p e ra tu re  e f fe c t  i s  not u n d e r ­

s to o d  bu t m ay in v o lv e  th e  te m p e r a tu r e / s o lu b i l i ty  d e p e n d e n c e  o f  th e  n a tu ra l ly  

o c c u rr in g  s o a p s .  R ecen t w o rk  on MST oT la te x  r e v e a le d  th a t  in c r e a s e  in  MST 

i s  no t r e la te d  to  e l e c t r i c a l  p o te n t ia l  a t  th e  p a r t i c l e  s u r f a c e ,  in d ic a tin g  th a t 

th e  a p p l ic a t io n  o f  th e  e l e c t r o s t a t i c  s t a b i l i z a t i o n  th e o ry  and th e  r e la t io n  of 

p a r t i c l e  c h a rg e  to  MST o f  n a tu r a l  rub t> e r l a te x  i s  q u e s tio n a b le  (P e n d le . 1990).

E ven th o u g h  th e  p ro d u c tio n  o f  c o n c e n tra te d  NR la t e x  b y  th e  c e n tr ifu g a l 

m eth o d  i s  w e ll e s t a b l i s h e d  and  a  l i o n 's  s h a re  of th e  c o n c e n tra te  i s  p ro d u ced  

b y  t h i s  m e th o d , f u r t h e r  w ork  on th e  fo llo w in g  l in e s  w il l  b e  o f g re a t

i n t e r e s t .

1. To d e v e lo p  a  p r o c e s s  b y  w h ic h  th e  d e s lu d g in g  p ro c e s s  co u ld  be

a c c e le r a te d .  At p r e s e n t  i t  ta k e s  ab o u t 48 h  f a r  s e t t l in g  o f th e  s lu d g e ,

n e c e s s i ta t in g  la rg e  s to r a g e  c a p a c i t i e s  to  b e  b u i l t  u p .

2 . To d e v e lo p  a  m o re  e f f e c t iv e  and  w a te r  s o lu b le  p r e s e r v a t io n  sy s te m ,

a s  am m onia a t  h ig h e r  l e v e l s  i s  o b je c t io n a b le  and  none of th e  low

am m onia s y s te m s  i s  f u l ly  s a t i s f a c t o r y .  T h e  LA-TZ sy s te m  h a s  th e  

d is a d v a n ta g e  o f  g iv in g  low PR l f o r  sk im  r u b b e r ,  in c o n s is te n c y  in 

q u a l i ty  o f d i s p e r s io n  and s e t t l in g  o f th e  a d d e d  c h e m ic a ls .

3 . To d e v e lo p  a  c e n tr ifu g in g  m ach ine  h a v in g  b e t t e r  e f f ic ie n c y  and

c a p a b i l i ty  o f  s e l f  c le a n in g . T h e  a v e ra g e  e f f ic ie n c y  w ith  r e s p e c t  to 

c o n c e n tra te  r e c o v e r y  o f th e  c u r r e n t ly  a v a i l a b le  m ach in es  v a r ie s  from  

86% to  90V  T h e re  i s  a  need  to  r e -e x a m in e  th e  d e s ig n  of th e  m achine 

so  a s  to  p ro v id e  a  h ig h e r  fe e d  r a t e  w ith  an  accom pany ing  h ig h  r a te  

o f c o n c e n tra te  r e c o v e r y .  A n o th e r  p o in t w h ic h  r e q u i r e s  a t te n tio n  is

th e  f a c i l i ty  to  ru n  th e  m achine c o n tin u o u s ly . S in ce  a l l  th e  co m m erc ia lly  

a v a i l a b le  c e n tr ifu g e s  a re  to  b e  s to p p e d  fo r  c le a n in g  a f t e r  ab o u t 3-4 h 

ru n n in g , c o n s id e ra b le  tim e  i s  lo s t  e v e n  i f  a  s p a r e  bow l i s  k e p t  r e a d y . 

A s e l f  c le a n in g  m ach ine  w ill be  a d v a n ta g e o u s  in  t h i s  r e s p e c t .

Use o f a  l a t e x  c l a r i f i e r  i s  r e p o r te d  to  h a v e  s o lv e d  som e o f  th e s e  

p ro b le m s  to  a c e r ta in  e x te n t  (K um aran . 19903. P ass in g  p r e s e r v e d  f ie ld  la te x  

th ro u g h  th e  c l a r i f i e r  re m o v e s  m ost o f  th e  s lu d g e  p r e s e n t  in  i t .  w h ic h  e n a b le s  

th e  c e n tr ifu g e  to  b e  ru n  co n tin u o u s ly  fo r  ab o u t 6 -9  h .

T rea tm en t o f sk im  la te x

Skim  la te x  m ay c o n ta in  ab o u t 6 - 1 0 | r u b b e r  d e p e n d in g  upon th e  e f f ic ie n c y  

o f s e p a ra t io n .  T h e  r u b b e r  p a r t i c l e s  in  sk im  a r e  r e l a t i v e l y  s m a lle r  in  s iz e  

and h a v e  m ost o f  th e  p r o te in s  a d s o rb e d  o n to  th em . T h e  se ru m  co n ta in s



d is s o lv e d  n o n ru b b e r  s o l i d s  and a m ajo r p o r t io n  o f th e  p r e s e r v a t iv e  u se d  

in f ie ld  la te x .  A ll th e s e  f a c to r s  m ake sk im  la te x  a  h ig h ly  s t a b le  one and 

r e n d e r  s e p a ra tio n  o f r u b b e r  from  i t  a  d i f f i c u l t  t a s k .  H ow ever, d i f f e r e n t  

m ethods h a v e  b een  d e v e lo p e d  fo r  r e c o v e r in g  th e  r u b b e r .  N orm ally  th e  la te x  

i s  f i r s t  deam m oniated  b y  a e r a t io n  and  th en  c o a g u la te d  w ith  d i lu te  s u lp h u r ic  

a c id .  T h e  coagulum  I s  th o ro u g h ly  w ash ed  and  p ro c e s s e d  In to  c r e p e  r u b b e r .  

Enzym ic d e p r o te in is a t io n  o f sk im  la te x  u sin g  t r y p s in ,  fo llo w ed  b y  co ag u la tio n  

was r e p o r te d  to  im p ro v e  th e  q u a l i ty  o f  sk im  r u b b e r  (M o r r is ,  1954). 

Cream ing of sk im  la te x  u s in g  ta m a rin d  s e e d  p o w d e r fo llo w ed  b y  co ag u la tio n  

a ls o  im p ro v e s  th e  q u a l i ty  o f  sk im  r u b b e r  (T hom as and J a c o b . 19 6 7 ). Skim  

ru b tre r  o b ta in e d  b y  m ic ro b ia l  fe rm e n ta tio n  i s  h a v in g  b e t t e r  p r o p e r t i e s  

com pared  to  th o se  o f r u b b e r  r e c o v e re d  b y  ca lc ium  c h lo r id e  tre a tm e n t 

(R es in g . 19S0). Q u a te rn a ry  ammonium s u r f a c ta n t  a s  an  a l t e r n a t iv e  coagu lan t 

was r e p o r te d  (Sum , 1 9 8 3 ) . R u b b e r  h a v in g  p r o p e r t i e s  e q u iv a le n t  to  th o se  

o f SMR SL co u ld  be p ro d u c e d  from  sk im  la te x  b y  fo llow ing  th e  p ro c e s s  

d e s c r ib e d  b y  Ong (1 9 7 4 ). In  t h i s  p ro c e s s  th e  sk im  la te x  i s  t r e a te d  w ith  

sodium  m e ta b is u lp h i te  (0.04%  on DRC) b e fo re  a c id  c o a g u la tio n . T h e  coagulum  

is  so a k e d  in  3% sod ium  h y d r o x id e  s o lu tio n , w ash ed  and  th en  s o a k e d  in

0 .1 5 .  s u lp h u r ic  a c id  s o lu t io n .  I t  i s  th e n  w ash ed  and t r e a te d  w ith  a 

co m p o s ite  so lu tio n  c o n s is t in g  o f th io u re a  and  o x a l ic  a c id  (1% w /w ) . The 

ru b tje r  th u s r e c o v e re d  I s  r e p o r te d  to  h a v e  v e r y  h ig h  PRI and  c o n s ta n t 

v is c o s i ty  c h a r a c t e r i s t i c s .

RIBBED SMOKED SHEETS

C onverting  n a tu r a l  r u b b e r  la te x  in to  r ib b e d  sm o k ed  s h e e ts  (RSS) i s  

th e  o ld e s t  m ethod  of p ro c e s s in g . T h is  m ethod  i s  w id e ly  a d o p te d  b y  sm a ll 

and medium s c a le  r u b b e r  g ro w e rs  b e c a u se  o f th e  fo llo w in g  re a so n s .

1. T h is  i s  th e  m ost c o n v en ien t m ethod w hen th e  q u a n t i ty  o f  l a te x  i s  

sm a ll.

2. I t  r e q u i re s  o n ly  s im p le  e q u ip m e n ts .

3. I t  d o es not r e q u i r e  g r e a t  te c h n ic a l  e x p e r t i s e  to a d o p t th e  p r o c e s s .

4 . O v e ra ll c o s t o f p ro c e s s in g  i s  l e s s  co m p ared  w ith  o th e r  m e th o d s .

L atex  in te n d e d  f o r  p ro c e s s in g  in to  RSS i s  t r e a te d  w ith  an y  one o f 

th e  s h o r t - te rm  p r e s e r v a t iv e s  su c h  a s  sod ium  s u lp h i t e ,  fo rm a lin  o r  am m onia, 

i f  i t  shoivs a ten d e n c y  fo r  p re c o a g u la t io n . A com b in a tio n  o f fo rm a lin  and 

sod iura m t 'ia s il ic a te  i s  r e p o r te d  to  b e  an id e a l  an tico ag u lan t sy s te m  fo r 

la te x  to  b e  p ro c e s s e d  in to  RSS (C o o k , 1960). L a tex  in  r e c e p t io n  a t  th e  

c o lle c tio n  c e n t r e /p ro c e s s in g  f a c to ry  i s  s ie v e d  using  40 and 50 m esh s ie v e s



to  rem o v e  su s p e n d e d  im p u r i t i e s .  S in ce  th e  q u a n t i ty  JDf c h e m ic a ls  r e q u ire d  

fo r  p ro c e ss in g  l a te x  in to  RSS i s  b a s e d  on i t s  DRC, a q u ic k  e s t im a te  of 

th e  sam e i s  m ad e , u s u a l ly  b y  th e  h y d ro m e tr ic  m e th o d . A d e ta i l e d  account

of e s tim a tio n  o f DRC w as g iv e n  b y  C h in  and S ingh  (1980) and  C hin

(1 9 8 1 a .b ) .  L a te x  from  d i f f e r e n t  f i e l d s / e s t a t e s  i s  p o o le d  to  m ake ru b b e r  

of un ifo rm  q u a l i t y .  T h e  b u lk e d  la t e x  i s  d i lu te d  to  a s ta n d a rd  DRC of 12.5%, 

b y  ad d in g  w a te r ,  to im p ro v e  th e  q u a l i ty  o f th e  s h e e t s  p ro d u c e d . S h ee ts

from  d ilu te d  l a t e x  h a v e  b e t t e r  c o lo u r , t r a n s p a re n c y  and show  le s s  tendency  

f o r  mould g ro w th . I t  a ls o  m akes th e  s h e e tin g  o p e ra tio n  e a s y  and  h e lp s

f a s te r  d ry in g  of th e  s h e e t .  On. a llo w in g  th e  d i lu te d  la te x  to  rem a in  un­

d is tu r b e d  fo r  ab o u t 10-15  m ln . th e  d e n s e r  im p u r i t ie s  s e t t l e  f a s t  and th e  

la te x  i s  t r a n s f e r r e d  to  a n o th e r  ta n k ,  w ith o u t d is tu rb in g  th e  se d im e n ts . 

C h e m ica ls  su c h  a s  so d iu m  b i s u lp h i te  and p a ra n i t ro p h e n o l  a r e  a d d e d  to  th e  

la te x  a t t h i s  s ta g e ,  i f  found  n e c e s s a ry .

Sodium b i s u lp h i t e  i s  a d d e d  to  p re v e n t  d is c o lo u ra tio n  o f th e  coagulum , 

cau se d  by  enzy m es o f th e  p o ly p h e n o l o x id a s e  ty p e .  P h e n o ls  and  am inopheno ls 

p r e s e n t  in l a te x  com bine  w ith  o x y g en  from  th e  a i r  to  form  o r th o q u in o n e s . 

w h ich  r e a c t  w ith  n a tu r a l ly  o c c u r r in g  am ino a c id s  and p r o te in s  in  la te x , 

to  g iv e  co lo u re d  p r o d u c ts  r e se m b lin g  m e lan in . R educed m elan in  i s  tan  

c o lo u re d  and th e  o x id is e d  one i s  b la c k .  T h e  enzym es a r e  t> elieved  to 

c a ta ly s e  th e  ab o v e  r e a c t io n s  and  sod ium  b is u lp h i te  p r e v e n ts  th e  d i s ­

c o lo u ra tio n  b y  p r e f e r e n t i a l l y  g e tt in g  r e a c te d  v flth  a tm o sp h e r ic  o x y g e n . The 

d o sa g e  of sod ium  b i s u lp h i t e  d e p e n d s  on th e  e x te n t  o f enzym ic  a c t iv i t y  and 

c o n c e n tra tio n s  o f am ino p h e n o ls ,  am ino a c id s ,  p r o te in s  e t c .  in  l a t e x .  About 

1 .2  g o f sod ium  b i s u lp h i t e  i s  n o rm a lly  found to  g iv e  s a t i s f a c to r y  p ro te c tio n  

fo r  la te x  co n ta in in g  1 kg  d r y  r u b b e r .  I t  i s  a d d e d  a s  2% s o lu t io n . Use of 

e x c e s s  q u a n ti ty  o f  t h i s  c h e m ic a l m ay le a d  to  slow  d ry in g  o f th e  s h e e ts .  

To p re v e n t  m ould g ro w th  on th e  s u r f a c e  o f th e  s h e e t s ,  th e  w et s h e e t s  a re  

d ip p e d  in  1% so lu tio n  o f  p a r a n i t ro p h e n o l  o r  a  1% so lu tio n  o f th e  chem ica l 

I s  a d d e d  to  th e  l a t e x  b e fo re  c o a g u la tio n , a t  t h e  r a t e  o f 1 g p e r  kg  DRC. 

T he second  p ro c e d u re  i s  r e p o r te d  to  b e  m ore e f f e c t iv e  (H a s tin g s  and 

P ld d le s d e n , 1938).

D ilu ted  la te x  o f a b o u t 12.5% DRC i s  co a g u la te d  in  p a n s , tro u g h s  o r  

ta n k s . C oagula ting  p an s a r e  u s u a l ly  m ade o f  alum inium  w h e re a s  th e  tan k s  

m ay be o f alum inium  o r  m aso n ry  w h ic h  i s  l in e d  in s id e  w ith  alum inium  s h e e ts  

o r  g la z e d  t i l e s .  When th e  num t)er o f  s h e e t s  to  tie p r e p a r e d  i s  s m a ll ,  pan 

o r  tro u g h  co ag u la tio n  i s  d o n e . F o r  l a r g e r  s c a le  o p e ra t io n  co ag u la tio n  ta n k s  

p ro v id e d  w ith  p a r t i t i o n  p la te s  a r e  u s e d .  S o lu tio n s  o f  v o la t i l e  a c id s  such  

a s  a c e t ic  and fo rm ic  a c id s  a t  low c o n c e n tra t io n s  a r e  u se d  fo r  co ag u la tin g  

l a t e x .  Such w eak a c id s  p r o v id e  un ifo rm  c o a g u la tio n  and  e x c e s s  a c id  i f  any .



g e ts  v o la ta l iz e d  o ff  d u r in g  d ry in g  o f th e  s h e e t s .  T h e  pH o f  c o a g u la tio n  

is  k e p t  a t  ab o u t 4 .6  to  g e t c o m p le te  r e c o v e ry  o f r u b b e r ,  a v o id  fe rm e n ta tio n

of l a t e x  and to  g e t a so f t  coagulum . A ttem p ts  to  u se  s tro n g  a c id s  su ch

a s  s u lp h u r ic  a c id  fo r  co ag u la tin g  NR la te x  w ere  m ade a s  e a r ly  a s  in  1932 

(W il ts h i r e .  1932; M artin  and D av ey , 19 3 4 ). I t  w as r e p o r te d  t h a t  p r o p e r ly

d i lu te d  s u lp h u r ic  a c id ,  w hen u se d  in  c o r r e c t  p ro p o r t io n s  d id  no t cau se  

any  d e te r io r a t io n  In p r o p e r t i e s  o f th e  r u b b e r .  C o rro s io n  to  m a c h in e ry  and

u te n s i l s  a ls o  d id  no t o c c u r  i f  th e y  w ere  p r o p e r ly  w a sh e d  a f t e r  th e  u se . 

L a te r  w o rk  b y  B aker and P h i lp o t t  (19501 and th a t  b y  B e s t and M o rre l (1955) 

a ls o  c o n firm ed  th e  e a r l i e r  r e p o r t s .  H ow ever Neef (1950) r e p o r te d  th a t  r u b b e r  

c o a g u la te d  w ith  e x c e s s  o f s u lp h u r ic  a c id  sh o w ed  c o n s id e ra b le  so f te n in g  

w hen i t  was h e a te d  a t  140*C fo r  3 h .  Renew ed i n t e r e s t  in  th e  u se  of

s u lp h u r ic  a c id  s t a r t e d  d u r in g  e a r ly  1 9 8 0 's  s in c e  th e  p r ic e  d i f fe r e n c e  betw een  

th e  v o l a t i l e  a c id s  and  s u lp h u r ic  a c id  becam e a t t r a c t i v e .  O thm an and  Lye 

(1980) r e p o r te d  th a t  pH of co ag u la tio n  i s  v e r y  im p o rta n t  w hen s u lp h u r ic  

a c id  i s  u se d  a s  co ag u lan t f o r  NR la te x  and  recom m ended  a  pH a ro u n d  5 .0  

a s  m ore s u i t a b le  fo r  s h e e t  r u b b e r  p ro d u c tio n . More re c e n t  s tu d ie s  In d ic a te d  

th a t  s u lp h u r ic  a c id  can  b e  u se d  a s  co ag u lan t f o r  NR la te x  in  s h e e t  r u b b e r  

p ro d u c tio n , i f  a l l  f a c to r s  su c h  a s  d o sa g e , d i lu t io n  and  w ash ing  of s h e e ts  

and m a c h in e ry  a r e  ta k e n  c a r e  o f (G eorge e t  a l .  199 0 ). A n o th e r n o n v o la t i le  

a c id  th a t  i s  recom m ended  fo r  l a t e x  co ag u la tio n  i s  su lp h a m ic  a c i d .  Use of

optim um  d o sag e  and  p r o p e r  w ash ing  of th e  coagulum  d u r in g  s h e e t in g  to 

rem o v e  r e s id u a l  a c id  w ere  r e p o r te d  to  y ie ld  good q u a l i ty  s h e e t s  w hen th i s  

c h e m ic a l i s  u se d  (S e b a s tia n  e t  a l .  1982).

L a tex  coagulum  i s  s h e e te d  a f t e r  m a tu ra tio n . S h ee tin g  o p e ra t io n  sq u e e z e s  

out se rum  p re s e n t  in  th e  coagulum  and  r e d u c e s  i t s  th ic k n e s s  to  abo u t 

3 .0  mm. T h is  i s  done b y  p a s s in g  th e  coagulum  th ro u g h  a  s e t  o f h and

o p e r a te d  p la n e  r o l l s ,  s e v e ra l  t im e s , fo llo w ed  by- one p a s s  th ro u g h  a n o th e r

s e t  o f  g ro o v e d  r o l l s  on w h ic h  th e  g ro o v e s  a r e  s p i r a l l y  cu t a t  an  an g le  

o f 45° and  a t 3 to  5 mm w id th  and d e p th .  T he r i b b e d  d e s ig n  h e lp s  to 

In c re a s e  th e  su r fa c e  a r e a  o f  th e  coagulum  fo r  f a s t e r  d ry in g  and a ls o  p re v e n ts  

s t ic k in g  o f  th e  d r ie d  s h e e t s  w hen th e s e  a r e  s ta c k e d  In  b u n d le s . A sh e e tin g  

b a t t e r y  c o n s is ts  o f fo u r  o r  f iv e  s e t s  of p la n e  r o l l s  and  one s e t  o f g ro o v ed  

r o l l s  a r ra n g e d  in  a  row  w ith  t h e i r  n ip  g ap  p r o g r e s s iv e ly  r e d u c e d .  I t  i s  

u se d  fo r  sh e e tin g  th e  coagulum  p re p a r e d  in  la rg e  ta n k s .  U n ifo rm ity  and 

s o f tn e s s  o f th e  coagulum  a r e  th e  two im p o rta n t p a ra m e te r s  th a t  a f fe c t  th e  

e f f ic ie n c y  of th e  sh e e tin g  b a t t e r y  (B ish o p  and  W il ts h ir e ,  1932). T h^^coagulum  

i s  w a sh e d  th o ro u g h ly  d u r in g  s h e e tin g  to  rem o v e  th e  se ru m  cind re s id u a l  

a c id .  S h e e te d  coagulum  i s  so a k e d  in  1<̂  so lu tio n  o f p a ra n i t ro p h e n o l  i f  i t  

h a s  no t been  a d d e d  to  la te x  b e fo re  c o a g u la tio n .



D ry in g  of s h e e ts  can  b e  d one in  a  sm o k e  h o u se  o r  h o t a i r  ch am b er 

and  th e  d r i e d  s h e e ts  th u s  o b ta in e d  a r e  te rm e d  r ib b e d  sm oked  s h e e t s  (RSS) 

o r  a i r  d r i e d  s h e e ts  (ADS), r e s p e c t iv e ly .  P a r t i a l  d ry in g  in  s u n l ig h t  fo llow ed  

b y  sm oke d ry in g  i s  a ls o  w id e ly  p r a c t i c e d .  A su rv e y  of th e  f a c to r s  in v o lv ed  

in  th e  d ry in g  of s h e e t  r u b b e r  (G a le . 1959) r e v e a le d  th a t  u p to  a  m o is tu re  

l e v e l  o r 10%, s y n e r e s i s  i s  th e  m ain  p ro c e s s  o f w a te r  rem o v al and  d ry in g  

below  t h i s  l e v e l  i s  d if fu s io n  c o n t r o l le d .  M ethod  of p r e p a r a t io n  o f th e  wet 

s h e e t  (pH  of c o a g u la tio n , s o f tn e s s  o f coagulum , e x te n t  o f m ach in in g  e tc )  

and  d r y in g  c o n d itio n s  su c h  a s  te m p e ra tu re ,  r e l a t i v e  h u m id ity  and  sp e ed  

o f a i r  c i r c u la t io n  in  th e  c h a m b e r  e t c .  h a v e  p ro fo u n d  in flu e n ce  on th e  r a te  

o f d r y in g .  T h e  sh e e te d  coagulum  i s  a llo w e d  to  d r i p  o ff  w a te r  em erg ing  

d ue  to  s y n e r e s i s ,  b e fo re  i t  i s  fe d  in to  th e  sm oke h o u se  o r  d ry in g  c h a m b e r . 

S e v e ra l  ty p e s  o f sm oke h o u se s  s u c h  a s  th o se  w ith  fu rn a c e  in s id e  o r  o u ts id e  

th e  d ry in g  c h a m b e r , b a tc h  ty p e  o r  co n tin u o u s t y p e  a r e  In  o p e ra tio n  ( p e r ie s .  

1 9 7 0 a). T h e  RRIM tu n n e l ty p e  sm o k e  h o u se s  d e s c r ib e d  b y  G raham  (1964) 

m eet a lm o st a l l  th e  r e q u ire m e n ts  o f  an id e a l  sm oke h o u se . In  t h i s  ty p e  

o f sm o k e  h o u se , th e  fu n ia c e  i s  o u ts id e  th e  d ry in g  c h a m b e r  and  sm oke and 

h o t a i r  a r e  le d  in to  th e  c h a m b e r  th ro u g h  u n d e rg ro u n d  f lu e  in l e t s .  By 

c o n tro l lin g  th e  r a te  o f b u rn in g  of f ire w o o d  an d  re g u la tin g  th e  o p e n in g s  fo r 

f lu e  i n l e t ,  v e n t i l a to r  and  e x h a u s t ,  th e  te m p e ra tu re  in s id e  th e  c h a m b e r  at 

d i f f e r e n t  re g io n s  can  be c o n tro lle d  and m a in ta in e d  in  th e  ra n g e  of about 

45'>C to  60°C . T h e  s h e e ts  a r e  p u t on r e a p e r s  p la c e d  on t r o l l e y s  w h ic h  moved 

on a  c e n t r a l  r a i l  t r a c k  in s id e  th e  c h a m b e r . T h e  c a p a c it ie s  of th e  t r o lle y  

and  th e  c h a m b e r  a r e  d e s ig n e d  in  su c h  a  w ay th a t  e a c h  t r o l l e y  can  

accom m odate one d a y 's  c ro p  and th e  c h a m b e r , fo u r  d a y s ' c ro p .  T h e  s h e e ts  

ta k e  ab o u t fo u r d a y s  to  g e t d r i e d .
S in ce  f ire w o o d  h a s  becom e s c a r c e  an d  i t s  p r ic e  in c re a s e d  s e v e ra l  

f o ld , e f fo r t s  to  re d u c e  i t s  con su m p tio n  h a v e  been  m ade. Use o f s o l a r  en e rg y  

to d r y  s h e e t  r u b b e r  h a s  b een  a t te m p te d  In  many w a y s . D ire c t e x p o s u re  

of wet s h e e t s  to  sun  l i g h t  d id  n o t a f fe c t  th e  dynam ic  p r o p e r t i e s  o f  th e  

s h e e t s .  H ow ever, e x p o s u re  o f d r i e d  s h e e t s  e v e n  fo r  a  few h o u r s ,  a d v e r s e ly  

a f fe c te d  th e s e  p r o p e r t i e s  (T an  e t  a l .  197 7 ). E x p e rim e n ts  u sin g  s o la r  p o w e r-  

b o o s te d  sm oke h o u se s  (Rama Rao e t  a l .  1986; N air e t  a l .  1988) show  th a t 

t h e r e  co u ld  be a  sa v in g  o f  ab o u t 50 to  60% fire w o o d  b y  u sin g  s o l a r  en erg y  

fo r  d r y in g .  In su c h  sm oke h o u se s , th e  m ain  d ry in g  p ro c e s s  o c c u rs  w ith  

th e  h e lp  o f  h o t a i r  g e n e ra te d  b y  s o la r  p a n e ls  and  firew o o d  i s  u se d  on ly  

a s  a  s u b s id ia r y  h e a t  s o u rc e  to  m ain ta in  th e  te m p e ra tu re  o f  th e  d ry in g  

ch a t.ib e r '^ fro m  d u sk  to daw n. W hile th e  i n i t i a l  e x p e n s e s  of th e  s o l a r  b o o ste d  

sm oke h o u se  i s  h ig h e r  th a n  th a t  o f  a  c o n v e n tio n a l sm oke h o u se , i t s  r e c u r r in g  

e x p e n s e  I s  lo w e r .



T h e  d r i e d  s h e e ts  a r e  v i s u a l ly  e x a m in e d  and g ra d e d , a d o p tin g  th e  

n o rm s p r e s c r ib e d  b y  th e  In te rn a tio n a l  R u b b e r  Q u a lity  and  P ack ing  Com m iltee 

u n d e r  th e  S e c r e ta r ia t  o f th e  R u b b e r M a n u fa c tu re rs  A sso c ia tio n  In c o rp o ra te d . 

USA and  w h ich  a r e  d e s c r ib e d  in th e  'G re e n  B o o k '.  T he Im p o rtan t p a ra m e te rs  

c o n s id e re d  In g ra d in g  th e  s h e e ts  in to  RSS IX to  RSS 5 a r e  d e g re e  of 

d r y n e s s ,  p re s e n c e  of fo re ig n  m a tte r ,  v i r g in  r u b b e r ,  o x id is e d  s p o t ,  b l i s t e r s ,  

b u b b le s ,  re s in o u s  m a tte r ,  t r a n s p a r e n c y ,  c o lo u r ,  t a c k in e s s ,  o v e r  sm oking , 

mould g ro w th , d a r k  o r  c o lo u re d  s p o t s  e tc .

TECHNICALLY SPECIFIED NATURAL RUBBER

V isu a l g ra d in g  fo llow ed  fo r  q u a l i ty  a s se s sm e n t o f sh e e t  and c r e p e  

r u b b e r s ,  h a s  many d ra w b a c k s . H ence a t te m p ts  w ere  m ade a s  e a r ly  a s  th e  

1950s to  s tu d y  th e  v a r i a b i l i t y  in  s h e e t  r u b b e r  and  to  e v o lv e  a b e t t e r  

m ethod  of g ra d in g , b a se d  on te c h n ic a l  p a r a m e te r s  ( F le tc h e r .  1950; Newton 

e t  a l .  1951: B a k e r . 1954). By e a r l y  1960s. p a r a m e te r s  th a t  co u ld  p ro v id e  

a s a t i s f a c to r y  in d ic a tio n  o f th e  q u a l i ty  o f NR w ere  id e n t i f ie d  (B a k e r e t  a l .  

1967). NR in  te c h n ic a l ly  s p e c i f ie d  form  w as f i r s t  in tro d u c e d  in  1962 b y  

th e  SOCFIN g ro u p  of com p an ies in  Iv o ry  C o a s t. H o w ev er, on ly  w ith  th e  

lau n ch in g  o f th e  S ta n d a rd  M a lay sian  R u b b e r  (SMR) Schem e In 1965. th is  

new form  got w id e r  consum er a c c e p ta n c e . Now. a l io n ’s  s h a re  of NR 

p ro c e s s e d  in m a jo r  NR p ro d u c in g  c o u n tr ie s  i s  in  te c h n ic a l ly  s p e c if ie d  fo rm .

A d v an tag es o f te c h n ic a l ly  s p e c i f i e d  r u b b e r  (TSR) in c lu d e  a s su ra n c e  

o f q u a l i ty  w ith  r e s p e c t  to  im p o rta n t te c h n ic a l  p a r a m e te r s ,  c o n s is te n c y  in  

q u a l i t y ,  minimum sp a c e  fo r  s to r a g e  and  c le a n  and e a s y  to  h a n d le  pack in g  

(B ekem a, 1969; P ik e  and R am age, 196 9 ). T h is  new m ethod  e n a b le d  NR 

p ro d u c e rs  to  p ro c e s s  b o th  la te x  and  f ie ld  coagulum , u s in g  alm ost th e  sam e 

s e t  o f m a c h in e ry  and to  re d u c e  th e  p ro c e s s in g  tim e  to  le s s  th a n  24 h . 

T h e  c o m p e ti t iv e  p o s it io n  of t h e i r  p ro d u c e  w ith  r e s p e c t  to c le a n lin e s s , 

p r e s e n ta t io n  and  a p p e a ra n c e  a ls o  Im p ro v e d . E ven  th o u g h  d if fe r e n t  m ethods 

w ere  d e v e lo p e d  to  p ro d u c e  TSR, a l l  th e s e  p ro c e s s e s  in v o lv e  c e r ta in  common 

s te p s  su ch  a s  co ag u la tio n  of l a te x /p r e c le a n ln g  of f i e ld  coagulum , s iz e  

r e d u c t io n , d r y in g ,  b a lin g , te s t in g ,  g ra d in g  and p a c k in g . D iffe ren ces  among 

co m m ercia l p ro c e s s e s  l i e  In th e  m ethod  of c o a g u la tio n  o r  in  th e  m ach in e ry  

u sed  fo r  c ru m b lin g  th e  coagulum . C rum bs of coagulum  may be  p re p a re d  

b y  p u re ly  m ech an ica l m eans (S m ith , 1969) o r  b y  a  m echan o -ch em ica l p ro c e s s  
(M u th u k u d a . 1967),

T h e  D ynat m ethod of p ro c e ss in g  in v o lv e s  fo u r  b a s ic  m ach ines -  a 

r o ta r y  c u t t e r ,  p e l l e t i s e r .  d r i e r  and  b a lin g  p r e s s . '  C oagula tion  o f la te x  

l8 done a t  f ie ld  DRC. A s s is te d  b io lo g ic a l c o a g u la tio n  p ro d u c e s  a coagulum 

w h ich  I s  p o ro u s  In n a tu re  and h en ce  e a s y  to  p ro c e s s  and  d r y  (Thom pson



and H o w orth , 19B4). A s l i t t i n g  m ach in e  s p l i t s  th e  s la b  in to  s t r i p s  w hich

a r e  th e n  fed  to  th e  p e l le t l s in g  m ach in e . When f i e ld  coagulum  Is  p ro c e s s e d ,

a r o ta r y  c u t t e r  w ith  a p e r fo r a te d  s c re e n  i s  em p lo y ed  (Thom pson e t  a l .

1966) fo r  in i t i a l  s iz e  r e d u c t io n . T h e  p e l l e t i s e r  o p e ra te s  by  a  p ro c e s s  of 

e x tru s io n  and  c u tt in g . E x tru s io n  ta k e s  p la c e  w ith  minimum m echanical 

w o rk irg  o f th e  coagulum , and c u ttin g  k n iv e s  p la c e d  b o th  in s id e  and o u ts id e  

th e  r ile  p l a t e ,  c u t th e  coagulum  in to  sm a ll  p ie c e s  o f  abo u t 3 to 4 m s 

d ia m e te r .  T h e  f a c e  of th e  e x t r u d e r  I s  s p r a y e d  w ith  w a te r  to lu b r ic a te  

th e  k n iv e s  and  fo r  e f f e c t iv e  w ash in g  (H o w o rth , 1966). T h ese  m ach ines

a r e  r e p o r te d  to  h a v e  lo w e r  po w er r e q u ire m e n ts  (H e y n e k e r , 1967). The 

w ash ed  c ru m b s a r e  d r ie d  In a v e r t i c a l  se m lc o n tin u o u s d r i e r .  D ry ing  in 

th e  s ta c k  e m p lo y s  a  r e l a t i v e ly  low te m p e ra tu re  (60-65*^C) w ith  h igh  

h u m id ity  a t  th e  to p  o r  feed in g  p o in t  and  a  h ig h  te m p e ra tu re  {90-93“C)

and low h u m id ity  a l  th e  bottom  o r  d is c h a rg e  p o in t .  T he d r ie d  crum bs

a r e  w e ig h ed  and  b a le d  u sin g  a  60 tonne s e l f  co n ta in e d  h y d r a u l ic  u n it g iv ing  

3 to 4 min d w e ll tim e u n d e r  p r e s s u re  (S haw . 1968).
T he Decan re m ill  p r o c e s s ,  d e s c r ib e d  b y  G yss and  F le u ro t (1969) fo r 

p r e p a r in g  N a t - ru b b e r .  c o n s is ts  o f c o a g u la tin g  la te x  in  c y l in d r ic a l  tu b e s ,

v e n e e r in g , c a le n d e r in g  and  g ra n u la tin g  th e  coagulum  to p ro d u c e  fin e  c ru m b s. 

C oagula tion  i s  done b y  a s s i s t e d  b io lo g ic a l  m e th o d . M ace ra to rs  and sc ra p  

w a s h e rs  a re  r e p la c e d  b y  g ra n u la to rs  and  h am m erm llls  fo r  p re p a r in g  crum bs 

from  e s ta te  s c r a p  and s m a l lh o ld e r s ' coagulum . R a p id  d ry in g  i s  a c h ie v e d  

b y  a d ju s tin g  flow  r a t e ,  h u m id ity  and  te m p e ra tu re  o f th e  a i r  p a s se d  th rough  

a  b ed  of c ru m b s . Use o f z in c  p e n ta c h lo ro th io p h e n a te  fo r  p r e p a r in g  TSR 

( P e p to ru b )  from  f ie ld  coagulum  g ra d e  r u b b e r  was; d e s c r ib e d  by  H astings 

(1 9 6 4 ). S c ra p  w ash ed  coagulum  w as p u t in to  a  ro ta t in g  cem ent m ix e r  into 

w h ic h  a  m easu red  q u a l i ty  o f th e  p e p t ls in g  ag en t i s  s p r a y e d  a s  d is p e r s io n .  

I t  i s  f u r th e r  p ro c e s s e d  u s in g  a  c r e p e r  and a g ra n u la tin g  m ach in e . The 

g ra n u le s  a re  k e p t  in  open  steam  fo r  20 min and th e n  d r ie d  in  an  a i r

c i r c u la te d  o ven  m a in ta in ed  a t  ab o u t 63*C. I t  ta k e s  ab o u t th r e e  d a y s  for 

d ry in g  o f th e  c ru m b s .
T he H eveacrum b  p ro c e s s  In tro d u c e d  b y  th e  RRIM m akes u se  o f c a s to r  

o il  a s  th e  c ru m b lin g  a g e n t. A fu ll  acco u n t o f th e  p ro c e s s  h a s  been 

d e s c r ib e d  by  i t s  o r ig in a to r s  (S e k h a r  e t  a l .  1965) and  a lso  b y  se v e ra l 

o th e r s  (B atem an e t  a l .  1965: G raham  and M o rr is .  19 6 6 ). A d d itio n  o f a

sm a ll q u a n t i ty  o f c a s to r  o i l  e i t h e r  in  th e  l a te x  s ta g e  o r  d u rin g  p ro c e ss in g  

of th e  coagulum  p re v e n ts  rea g g lo m e ra tio n  o f th e  c ru m b s . T h e  ad v an tag e  

of t h i s  m ech an o -ch em lca l p ro c e s s  o v e r  th e  p u re ly  m ech an ica l p ro c e s s  is  

th a t  ev en  co n v e n tio n a l m ach in e ry  su c h  a s  c r e p e r s  can b e  u sed  fo r  p roducing  

c r u m b s . ' F o r p ro c e s s in g  sm a ll h o ld e r s  la te x  coagulum  and  f i e ld  c o a g u lm



s e v e ra l  co m b in a tio n s  o f m ach in e ry  su c h  a s  c r e p e r s  w ith  h am m erm lll, 

s h r e d d e r  o r  g ra n u la to r  m ay b e  e m p lo y e d . U se o l p r e b re a k e r  e n a b le s

p ro c e ss in g  of e v e n  d r ie d  f ie ld  coagulum  in to  f in e  c ru m b s w h ich  can b e

b le n d e d  m ore e f f e c t iv e ly  and  p ro c e s s e d  f j r t h e r .  P o ly p ro p y le n e  g ly c o l of

a v e ra g e  m o lecu la r  w eig h t 2000. w as r e p o r te d  to  b e  an e f fe c t iv e  a l t e r n a t iv e  

to  c a s to r  o i l  (C h in . 1 9 7 4 ). Use o f t h i s  c h e m ic a l a long w ith  z in c  s t e a r a te  

can  re d u c e  th e  d o sa g e  o f th e  fo rm e r  from  0.7% to  ab o u t 0.35% on DRC of 

l a te x .  M ethods a d o p te d  fo r  p ro c e s s in g  l a t e x / f i e l d  coagulum  h a v e  a  p rofound  

In flu en ce  on th e  q u a l i ty  o f TSR p ro d u c e d . DRC and  m ethod of c o a g u la tio n , 

ty p e  o f  c o a g u la n t, m a tu ra tio n  o f coagulum  e t c .  a r e  r e p o r te d  to  in flu e n c e  

th e  q u a l i ty  to  a  g re a t  e x te n t  (G rah a m , 1969; M o r r is ,  1969; S e k h a r , 1971). 

C oagu la tion  a t  o r ig in a l  DRC u sin g  fo rm ic  a c id  g iv e s  a h ig h e r  p l a s t i c i t y  

r e te n t io n  in d e x  (P R I) . A s s is te d  b io lo g ic a l  c o a g u la tio n  Is  b e t t e r  th a n  th e  

n a tu ra l  one to g e t a  h ig h e r  PRI.

F u r th e r  e f fo r t s  w ere  m ade to  m o d ify  th e  p ro c e s s  and m a c h in e ry  to 

a c h ie v e  b e t t e r  p r o p e r t i e s  and h ig h e r  o u tp u ts  in  TSR p ro d u c tio n . C ontinuous 

co ag u la tio n  o f la te x  w as a t te m p te d  b y  H a r r i s  e t  a l  (1974) b a se d  on th e  

p r in c ip le  of m a tch ed  g r a v i ta t io n a l  flow  of d i lu te d  a c id  and l a t e x .  More 

c o s t e f f e c t iv e  m eth o d s fo r  co n tin u o u s c o a g u la tio n  o f  la te x  u s in g  d i lu te  

s u lp h u r ic  a c id  (M cin tosh  and W ilk in so n . 1975) and by  h e a t  g e la t io n  

te c h n iq u e  (F a h  and  Peng, 1975) w e re  r e p o r te d  to  p ro d u c e  m ore uniform  

coagulum  w ith in  a v e r y  s h o r t  t im e . F a c to r s  a f fe c tin g  pow er consum ption  

and o u tp u t o f m a c h in e ry  u se d  fo r  SMR p ro d u c tio n  w ere  id e n t i f ie d  fo r  

Im p ro v in g  th e  e f f ic ie n c y .  S peed  o f  ro ta t io n  In  h am m erm ills and th a t  o f

th e  f a s t e r  r o l l  in  c r e p e r s  a r e  r e p o r te d  to  b e  th e  d e c id in g  f a c to r s  fo r  

peak  lo ad  on e le c t r i c  m o to r, r a t h e r  th a n  f r i c t io n  r a t i o  and n ip  g ap  of 

th e  r o l l s  (Lim and  S e th u , 1974). H ig h e r  s p e e d s  and  d e e p e r  g ro o v e s  on 

c r e p e r  r o l l s  In c re a se  th e  o u tp u t, b u t r e q u i r e  m ore po w er (S u b b ia h  e t  a l .  

1976). D ry ing  of th e  c ru m b s  a ls o  consum es much e n e rg y . T h re e  s ta g e s  

in v o lv e d  in  d ry in g  of w et c ru m b s a r e  th e  co n s ta n t r a t e  p e r io d  and  th e  

f i r s t  and  second  f a l l in g  r a l e  p e r io d s .  In flu en ce  o f p a ra m e te rs  su c h  a s  

h u m id ity  g r a d ie n t ,  a i r  v e lo c i ty  and te m p e ra tu re  d u r in g  e a c h  s ta g e  o f  d ry in g  

h a s  b een  id e n t i f ie d  (S e th u . 1967). L a te r  w o rk  b y  Y ushan e t  a l .  (1985) 

re v e a le d  th a t  th e  maximum te m p e ra tu re  fo r  d ry in g  la te x  g ra d e  c ru m b s i s  

125®C and  th e  id e a l  b ed  th ic k n e s s  i s  25-28  cm . w h e re a s  fo r  f ie ld  coagulum  

g ra d e  c ru m b s , th e s e  w il l  b e  IIS^C  and  17-20cm  r e s p e c t iv e ly .  T h e  d ry in g  

tim e  in  b o th  c a s e s  w il l  be  2 .5  h .  H ow ever, R oudeix  (1965) r e p o r te d  th a t

la te x  c ru m b s co u ld  b e  d r i e d  a t 120°C w ith in  2 h ,  i f  th e  coagulum  i s  m ade

p o ro u s b y  a d d in g  y e a s t  (0 .5  g k g "^  DRC) and  su g a r  (6 -«  g kg"^  DRC)

b e fo re  co ag u la tin g  th e  l a t e x .  S in ce  h ig h e r  b a lin g  te m p e ra tu re  In flu e n c e s



th e  r a te  o f s to r a g e  h a rd e n in g  of NR. te m p e ra tu re  below  60'^C is  recom m ended 

fo r  b a lin g  th e  c ru m b s  ( F a h .  1977),

T e c h n ic a lly  s p e c i f ie d  form  of NR is  p ro d u c e d  in  co n s tan t v i s c o s i ty

(C V ). o il  e x te n d e d  (OENR), s u p e r io r  p ro c e s s in g  (SP) and  d e p ro te in is e d  

(DPNR) v a r i e t i e s  a l s o .  A d d itio n  o f  0 .0 2 ^  on DRC of x y ly l  m ercap tan  to

la te x  a long  w ith  0.15% on DRC o f  la te x  o f h y d ro x y la m ln e  h y d r o c h lo r id e

is  r e p o r te d  to y i e ld  SMR 5 CV from  h ig h  v i s c o s i ty  r u b tw rs  {Ong and  Lim. 

19 7 8 ). CV r u b b e r  h a v in g  Mooney v i s c o s i ty  in  th e  ra n g e  o f 5 0 t5  can  a lso  

be p ro d u c e d  b y  u s in g  0.15% b y  w e ig h t on DRC of la te x  o f h y d ro x y la m ln e  

n e u tra l  s u lp h a te  and  0 .0 0 3 7  to  0.014% b y  w e ig h t on ORC of la te x  o f R enacit 

VII (T i l la k a r e tn e  e t  a l .  19 8 1 ). M e th o d s fo r  p ro d u c in g  OENR, CV rub t>er 

and  SP r u b b e r  b y  H eveacrum b  p r o c e s s  w as r e p o r te d  b y  Sung (1 9 6 6 ). T he 

p r e p a r a t io n  and  p r o p e r t i e s  o f OENR h a v e  been  d e s c r ib e d  b y  Sung and 

O 'C o n n e ll (1969) a l s o .  C h in  e t  a l .  (1974) and  C heang e t  a l .  (1987) h a v e  

g iv en  a  d e ta i l e d  accoun t o f th e  p ro d u c tio n  o f d e p r o te in is e d  form  of NR.

S ince i t s  in t ro d u c tio n  in  1965, th e  SMR sc h em e  h a s  been  u n d e r  c o n s ta n t 

m on ito rin g  and r e v i s io n .  T h e re  w e re  cufily th r e e  g ra d e s  (SMR 5 . SMR 20 

and SMR SO) i n i t i a l l y ,  and s i x  p a r a m e te r s  ( d i r t ,  a s h ,  n i tro g e n , v o la t i l e  

m a tte r ,  c o p p e r  an d  m anganese) b a s e d  on w h ic h  th e  g ra d in g  w as done 

(R u b b e r  R e se a rc h  I n s t i tu te  o f M a la y s ia , 1965). M ethods to  im p ro v e  

p a ra m e te r s  su c h  a s  PRI o f th e  raw  m a te r ia l  (W atson, 1969) and  th e  

s ig n if ic a n c e  o f th e  s p e c if ic a t io n  p a ra m e te r s  on th e  te c h n o lo g ic a l p r o p e r t i e s  

h av e  been  e s t a b l i s h e d  (B atem an an d  S e k h a r ,  1966: B r is to w , 199 0 ). T he 

f i r s t  m ajo r r e v i s io n  o f th e  SMR sc h e m e  w as m ade d u r in g  1970. C o p p er 

and M anganese w e re  r e p la c e d  b y  PR I. W allace p l a s t i c i t y  (P o ) was in tro d u c e d  

a s  one o f th e  s p e c i f ic a t io n  p a ra m e te r s .  N itro g en  and a s h  l im i ts  o f SMR 5

w ere  ch an g ed  an d  two new g ra d e s .  SMR 10 a n d  SMR EQ, w ere  in tro d u c e d . 

T he seco n d  r e v i s io n  o f th e  sch em e w as m ade in  1979. T he m ajo r ch anges 

In v o lv e d  in  th e s e  r e v i s io n s  a r e  d e s c r ib e d  b y  Tong and K am aruddin  (1 9 8 4 ). 

Work co n d u c ted  b y  Ong e t  a l .  (1987) p o in te d  ou t th e  need  fo r  in tro d u c in g  

p a ra m e te r s  o th e r  th a n  PRI in  p r e d ic t in g  th e  m a s tic a tio n  and m ix ing  

b e h a v io u r  o f CV r u b b e r .  T h e  m ain c o m p la in ts  a g a in s t  TSR a r e  th e  p re se n c e  

o f wet r u b b e r  an d  co n tam in a tio n  b y  p l a s t i c  m a te r ia ls  (Rao and  Tong. 1984). 

T he sch em e is  b e in g  c o n tin u o u sly  u p d a te d  to  m eet consum er dem ands w ith in  

th e  fram ew o rk  o f  p ro d u c e r  c a p a b i l i t i e s .  T he la t e s t  SMR g ra d e s  and  t h e i r  

s p e c i f ic a t io n  a r e  g iv e n  in  T a b le  4 .  O th e r  TSR p ro d u c in g  c o u n tr ie s  a ls o  

u p d a te  th e  s p e c i f ic a t io n s  o f t h e i r  p ro d u c e  from  tim e to  tim e .

In tro d u c tio n  o f th e  te c h n ic a l  s p e c i f ic a t io n  shcem e w as an im p o rta n t 

s te p  in  th e  d ev e lo p m e n t o f  NR p ro c e s s in g  in d u s t r y .  I t  e n a b le d  th e  consu m ers 

to h a v e  a  b e t t e r  id e a  o f th e  q u a l i ty  o f t h e i r  raw  m a te r ia l .  H ow ever,
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ad v an ce m e n t in  th e  r u b b e r  p ro d u c t m anufac tu rin g  in d u s t r y  n e c e s s i ta te d  a 

r e -e x a m in a tio n  o f th e  s p e c i f ic a t io n  p a ra m e te r s  and th e  p o s s ib i l i ty  of 

in tro d u c in g  new p a r a m e te r s  w h ich  m ay t r u e ly  r e f le c t  th e  p r o c e s s a b i l i ty  

and  te c h n o lo g ic a l p r o p e r t i e s  o f NR. To h a v e  au tom ated  p ro c e s s in g  and 

co m p u te r  c o n tro lle d  m a c h in e ry  in  p ro d u c t  m an u fac tu re , s t r i c t  b a tc h  to  b a tc h  

c o n s is te n c y  in  raw  r u b b e r  h a s  becom e v e r y  e s s e n t ia l .  Even th o u g h  TSR 

m eets  m ost o f th e  re q u ire m e n ts  o f th e  co n su m er, th e  q u a l i ty  s p e c if ie d  

i s  to b e  c o n s is te n t  a l s o .  In a d d i t io n  to  t h i s ,  fo r  b e t t e r  c o n tro l o f maiui- 

f a c tu r in g  p ro c e s s e s  su c h  a s  e x t r u s io n ,  c a le n d e r in g , in je c tio n  m oulding e tc .  

m ore in fo rm a tio n  on v i s c o s i ty ,  p h y s ic o -c h e m ic a l  and rh e o lo g ic a l p r o p e r t i e s  

of th e  raw  m a te r ia l i s  n e c e s s a ry .  B a k e r  and  B ris to w  (1991) h a v e  id e n t i f ie d  

th e  im p o rta n t p a r a m e te r s  and  t h e i r  l im i ts ,  w h ich  a r e  to  be c o n tro lle d  

fo r  p ro d u c in g  TSR h a v in g  th e  q u a l i ty  and c o n s is te n c y  a c c e p ta b le  to  th e  

co n su m e rs . H ow ever, th e  in h e re n t  v a r i a b i l i t y  and  th a t  in tro d u c e d  d u e  to 

d i f fe r e n c e  in p ro c e ss in g  te c h n iq u e s  m ake I t  a  c h a lle n g e  to  p ro d u c e  TSR 

of r e a l l y  c o n s is te n t  q u a l i t y  (L lv o n n ie re . 1991). Q u a lity  h a s  to  b e  d es ig n ed  

and  b u i l t  in to  th e  r u b b e r  from  th e  v e r y  (beginning so  th a t  th e  e n t i r e  

p ro d u c e  con fo rm s to  th e  r e q u ire m e n ts .  F o r  m eeting  th e  ISO 9000 s e r ie s  

of q u a l i ty  s y s te m s ,  s t r i c t  c o n tro l  on  b a s ic  s o u rc e  m a te r ia l  and  ttie 

p ro d u c tio n  p ro c e s s  i s  to  b e  e f fe c te d .  T h e  sy s te m  in tro d u c e d  s h o u ld  be 

su c h  th a t  i t  i s  e c o n o m ic a lly  v ia b le  to  th e  p ro d u c e r  and  th e  q u a l i ty  a c c e p t­

a b le  to  th e  consum er a t  a n  a f fo rd a b le  p r ic e .

CREPE RUBBERS

T h e re  a re  29 g r a d e s  o f c r e p e  r u b b e r ,  c o n ta in e d  in  s ix  d i f f e r e n t  ty p e s  

w h ic h  a r e  d e s c r ib e d  in  th e  G reen  B ook. H ow ever, b a se d  on th e  raw  

m a te r ia l  u se d , c r e p e  r u b b e r s  can  b e  g ro u p ed  in to  tw o , nam ely  l a te x  c re p e s  

and  th o s e  p ro d u c e d  from  f ie ld  coagu lum . F o r  low q u a l i ty  c r e p e s  f ie ld  

co ag u la  su c h  a s  cup  lu m p , t r e e  la c e , s h e l l  s c r a p ,  e a r th  s c r a p ,  b a rk  s c ra p  

e t c .  and  c u tt in g s  and  r e je c t io n s  o f p a le  l a te x  c r e p e  and  sm oked  an d  un­

sm oked  s h e e t s  a r e  m ade u se  o f . T h e  m anufac tu rin g  p ro c e d u re  d e p e n d s  on 

th e  ty p e  o f raw  m a te r ia l  u se d  and  th e  g r a d e  o f th e  c r e p e  to b e  p ro d u c e d . 

H ow ever, f o r  a l l  th e  g r a d e s ,  s t e p s  su c h  a s ,  s o r t in g  o f  th e  c o a g u la , p r e -  

c lo a n in g /p o w e r-w a s h in g , m a c e ra tio n , rem illin g T  re f in in g  e tc .  a r e  in v o lv e d . 

T he q u a l i ty  o f th e  f in a l  p ro d u c t d e p e n d s , to  -a la rg e  e x te n t ,  on th e  num ber 

o f p a s s e s  th ro u g h  e a c h  m ach ine  and  on th e  e x te n t  o f w ash ing  g iv e n  at 

e a c h  s ta g e .  T h e  lo w e r  g r a d e  c r e p e s  a r e  d r i e d  in  s h e d s  a t  a tm o s p h e r ic  

te m p e ra tu re .  C re p e  r u b b e r  p ro d u c e d  from  t r e e  la c e  I s  of in f e r io r  q u a li ty  

c o m p ared  w ith  th a t  from  cup  lum p s in c e  t r e e  la c e  u n d e rg o es  s e v e re  

d e g ra d a t io n  on s to r a g e  (Arumugam a n d .  M o r r is ,  196 4 ). W ith th e  a d v e n t of



te c h n ic a l ly  s p e c i f ie d  r u b b e r ,  p ro d u c tio n  o f lo w e r  g r a d e  c r e p e s  h a s  come 

dow n d r a s t i c a l l y .  B u t. th e  la te x  g ra d e  c r e p e s ,  n am ely  p a le  la te x  c ro p e  

(PL C ) and  s o le  c r e p e  a r e  p r e f e r r e d  to  ev en  th e  b e s t  q u a l i ty  TSR. in  som e 

a p p l ic a t io n s  su c h  a s  p h a rm a c e u tic a l  and  food  c o n tac t p ro d u c ts ,  e le c t r i c a l  

I n s u la t io n , r u b b e r  so lu tio n  and c e m e n ts , w h ite  and b r ig h t  c o lo u re d  p ro d u c ts  

e tc .  b ec a u se  o f t h e i r  h ig h  p u r i ty  and  l ig h t  c o lo u r  {K aru n a ra in e . 197 7 ).

PALE L-ATEX CREPE AND SOLE CREPE

T h e se  a r e  m an u fac tu re d  from  la t e x .  u n d e r  s t r i c t l y  c o n tro lle d  

c o n d i t io n s . E te ta iled  p r o c e d u re s  fo r  t h e i r  m an u fac tu re  a re  d e s c r ib e d  by  

M o rris  (1964) and P e r ie s  (1 9 7 0 b ). L atex  w h ic h  co n ta in s  a  lo w e r  con ­

c e n tr a t io n  of y e llo w  c o lo u r in g  p ig m e n t, w h ic h  i s  l e s s  s u s c e p t ib le  to  enzym ic  

d a rk e n in g  and w h ic h  y i e ld s  r u b b e r  h a v in g  a  h ig h e r  Mooney v i s c o s i ty  i s

found to  b e  th e  id e a l  one fo r  PLC and  s o le  c r e p e .  C o n s id e r in g  th e  ab o v e

f a c to r s ,  la te x  frora PB 86 i s  th e  m ost s u i te d  o ne . e v e n  th o u g h  th a t  from

o th e r  c lo n es  can  a ls o  b e  u s e d , e i t h e r  a lo n e  o r  In  b le n d s  w ith  PB 86 l a te x .  

T he b e s t  a n tic o a g u la n t f o r  th e  la te x  to  be p ro c e s s e d  in to  PLC i s  sod ium

s u lp h i t e .  To p re v e n t e n zy m ic  d a rk e n in g  sod ium  b i s u lp h i te  i s  recom m ended .

F o r  rem ov ing  th e  y e llo w  c o lo u rin g  m a te r ia ls ,  f r a c t io n a l  co ag u la tio n  

o r  b le a c h in g  m ethod  o r  a  c o m b in a tim  of th e s e  tw o . I s  u s u a l ly  fo llo w e d . 

F o r f ra c tio n a l  co ag u la tio n  d i lu te d  la te x  i s  t r e a te d  w ith  a sm a ll q u a n ti ty

of 2% a c e t ic  o r  o x a l ic  a c id  s o lu tio n  and s t i r r e d  w e ll u n ti l  sm a ll  c lo ts  of 

r u b b e r  con ta in in g  th e  y e llo w  p igm en t a r e  fo rm e d . T h e  c lo t te d  f ra c tio n  i s  

rem o v ed  b y  f i l t r a t i o n  and th e  f i l t e r e d  l a te x  c o a g u la te d  u sin g  1% fo rm ic

o r  2% o x a lic  a c id  s o lu t io n s .  T h e  b le a c h in g  p ro c e s s  c o n s is ts  o f t r e a t in g  

th e  la te x  w ith  th io ls  su c h  a s  x y ly l  m e rc a p ta n  w h ich  p r e f e r e n t i a l ly  r e a c ts

w ith  th e  co lo u rin g  m a t te r .  Due to  h ig h  to x ic i ty ,  .x y ly l m e rc a p ta n  i s  b e in g  

re p la c e d  b y  o th e r  c h e m ic a ls  su c h  a s  so d iu m /p o ta s s iu m  s a l t  of to ly l

m e rc a p ta n  and th a t  o f p a r a - t e r t i a r y  b u ty l  th io p h e n o l (K a ru n a ra tn e . 1 9 8 3 ). 

Q u an tity  o f th e  b le a c h in g  ag en t to  be  u se d  d e p e n d s  on  th e  e x te n t  of

c o lo u rin g  m a tte r  p r e s e n t  and  i s  d e te rm in e d  b y  t r i a l s .  T h e  b le a c h in g  ac tio n  

o f th e  ab ove c h e m ic a ls  i s  r e p o r te d  to  b e  e f fe c te d  th ro u g h  o x id is e d  c a ro te n e  

o f x a n th o p h y ll  and o th e r  o x y g e n a te d  fo rm s o f  c a ro te n e  a n d  n o t th ro u g h

c a ro te n e  I t s e l f  ( T i lJ a k a re n te  e t  a J .  1984). T he b le a c h e d  late .x  i s  co ag u la ted  

u sin g  e i t h e r  1% so lu tio n  o f fo rm ic  a c id  o r  2^ so lu tio n  o f o x a l ic  a c id .  Use

of o x a lic  a c id  g iv e s  b e t t e r  c o lo u r  and  r e te n t io n  of c o lo u r  d u r in g  s to ra g e

of th e  c r e p e .  T h e  coagulum  i s  p a s s e d  th ro u g h  a  s e t  o f m a c h in e ry  c o n s is tin g  

of m a c e ra to r s .  c r e p e r s  and sm o o th  r o l l s .  T horo u g h  w ash ing  d u r in g  m achin ing  

i s  g iv en  to  rem o v e  se ru m  and  e x c e s s  co ag u lan t b u t th e  f in a l p a s s  th ro u g h  

th e  p la n e  r o l l s  i s  done  w ith o u t s p r a y in g  w a te r  to f a c i l i t a t e  q u ic k  rem o v a l



of s u r f a c e  m o is tu re . T h e  th ic k n e s s  o f  th e  c r e p e  com ing from  th e  p lan e  

r o l l s  i s  a d ju s te d  b e tw e e n  0 .8  to  1 .0  mm. D ry ing  of th e  c r e p e  i s  done 

in s h e d s  m a in ta in ed  a t  a  te m p e ra tu re  o f  32-35®C. S e v e ra l  m o d ific a tio n s  

to th e  co n v en tio n a l b o i l e r - r a d i a t o r  s y s te m  fo r  h ea tin g  th e  a i r  in  th e  s h e d s  

h a v e  been  done from  tim e  to  t im e . U se o f  f in n e d  a i r  h e a te r - fo r c e d  d r a f t  

b lo w e r  a rra n g e m e n t, i s  r e p o r te d  to  b e  m ore eccn o m ica l th a n  th e  co n v en tio n a l 

sy s te m  (T harm alingam  e t  a l .  1 9 7 7 ). A s im p le  a i r  h e a te r  a rra n g em en t w h ich  

e x t r a c t s  h e a t  from  th e  f lu e  g a s e s  p r i o r  to  d is c h a rg e  up  th e  ch im n ey  h as

been  r e p o r te d  to  im p ro v e  th e  e f f ic ie n c y  (W alp lta  e t  a l .  1 9 8 4 a). Use of 

s o la r  e n e rg y  and  a p p l ic a t io n  o f p a r t i a l  vacuum  a r e  found to  r e d u c e  th e

d ry in g  tim e of l a te x  c r e p e s  c o n s id e ra b ly  (W a lp ita  e t  a l .  1 9 8 4 b ). D ried

la te x  c re p e s  a r e  ex am in ed  fo r  d e f e c t s  and  th e  s e le c te d  g ra d e s  a r e  lam in a ted  

to  p ro d u c e  s o le  c r e p e  o f th e  r e q u i r e d  d im e n s io n s .

D isc o lo u ra tio n  o f th e  la te x  c r e p e  d u r in g  m anufactu re  and  on s to ra g e  

i s  a ' s e r io u s  p ro b le m  in  m any m an u fac tu rin g  u n i t s .  N a d a ra ja h  and  M uthukuda

(1974) su g g e sted  th e  u se  o f o x a l ic  a c id  a s  coagu lan t and  to  a v o id  a d d it io n

of sod ium  b is u lp h i te  f o r  e l im in a tin g  d is c o lo u ra t io n .  N a d a ra ja h  and  De S ilv a  

(1983) h a v e  show n  th a t  u se  o f b o r ic  a c id  in  th e  ran g e  of 0 .0 5  to 1.0% 

on DRC of la te x  in  p la c e  o f so d iu m  b i s u lp h i t e  can  c o n tro l  d isc o lo u ra tio n  

to som e e x te n t .  V ario u s f a c to r s  c a u s in g  d is c o lo u ra tio n  o f la te x  c r e p e  and

i t s  re m e d ia l  m e a su re s  h a v e  b e e n  d e s c r ib e d  b y  N a d a ra ja h  (1 9 8 3 ). N ad a ra jah  

and  P e r e ra  (1983) h a v e  show n  th a t  p ro c e s s in g  co n d itio n s  and  v o la t i l e  m a tte r  

p r e s e n t  In la te x  c r e p e  a ls o  a f fe c t  m ould g ro w th  and d is c o lo u ra tio n .

EFFLUENT FROM PROCESSING FACTORIES

A la rg e  q u a n t i ty  o f  e f f lu e n t e m e rg e s  from  a l l  ty p e s  o f r u b b e r  

p ro c e ss in g  f a c to r ie s .  I t  i s  to  b e  t r e a te d  p r o p e r ly  b e fo re  b e in g  d is c h a rg e d  

in to  th e  norm al w a te r  w a y s . D if fe re n t ty p e s  o f tre a tm e n ts  f o r  th e  e fflu en t 

a r e  d e s c r ib e d  in  l i t e r a tu r e  (A h m ed , 1978, 1980; Ahmed e t  a l .  1979; N ordin

end M oham ed, 1989; Z aid  and  S in g , 1980).
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