
Trends in NR 
processing

When NR seemed on the verge of being ousted from  
the market by SR, Malaysia came up with the 

idea of TSR. Not long ago India too joined the 
TSR club. In this article the authors descr­

ibe some of the latest trends in NR 
processing.
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MO D H R N IS A T IO N  in  rubber 
mduscry is the need  o f  th e day. 

NR processed in to  co n v en tio n a l 
mar>;clable form s like sh eet and  
crepe rubber and grad ed  v isu ally  
was the only rubber ava ilab le  to  the 
manufacturing in du stry  d uring  
ihe pre-World W ar p eriod . N eed  
b a^d  R & D w orks in d ifrercnt parts 
of the world, esp ecia lly  in E urope  
and U SA , paved the w ay for the  
development o f  syn th etic  rubbers. 
Working in c lose  p rox im ity  w ith  
(he rubber m anufacturing ii\du stry, 
the synthetic rubber p rod u cin g  units  
came up with p olym ers w h ich  m et 
ihe requirements o f  th e form er. 
The effect was trem endous a n d  sy n ­
thetic rubber m ade in road s in to  the  
realm o f  NR ap plications.

Intensified research activ ities in  
different N R  p rod ucing cou n tr ies  
paid dividends and in  1964, M alaysia  
came forward with T ech n ica lly  S peci- 
licd Natural Rubber (T S R ) an d  
NR was m ade availab le to  the 
consum ing sector in  a  form  co g n a te  
with that o f  synthetic rubbers. T S R  
presented in block form , so o n  receiv- 
edconsum er acceptance, A  b rie f d es­
cription o f  the processing techn iqu es  
followed lit the production  o f  T S R  
and Ihe advantages o f  u sin g  T S R  
fi>r rubber goods m anufacture is 
given l>elow.

Modcniisulioii o f NR procc*».sin{;
M alaysia Kiunched the Standard  

Malay^iau Rubber (S M R ) in to  the 
svurld market with the m ain ob -  
jcilivc o f  enhancing con su m er pre­
ference for N R . The m ajor ad van ­
tages claim ed for block  rubber

w ere th e fo llo w in g :

□  P resented  in  w ell d efined  grades  
w ith  lev e ls  o f  co n ta m in a n ts sp ec i­
fied for each  grade.

□  P ack ag in g  in  m od ern  form  ak in  
to  that o f  sy n th etic  rubbers.

□  N u m b er o f  grades kept to  
m inim um .

□  Im p lem en ta tion  o f  a rigid  sam p ­
lin g /te st in g  p rogram m e a n d  in s­
p ection s to  he th e basis for grad ­
in g  T S R .

T h e p ro d u ctio n  w as d o n e  in  bulk  
q u a n tities  en su rin g  p rop er h o m o g e­
n isa tio n  o f  th e raw  m ateria l d uring  
th e d ifferen t sta g es o f  p rocessin g .

T h e u n it o p era tio n s  in v o lv ed  in  
th e m o d ern  p rocessin g  o f  N R  are 
(a ) R ecep tio n  an d  storage (b) Pre­

c lea n in g  (for  field co a g u lu m  grades) 
(c> B len d in g  (d )  Jnitiai s iz e  red u ction  
(e) F in a l size red u ction  ( f )  D ry in g  
(g ) S am p lin g , grad in g  and  p ack ing

T h e p rocessin g  in d u stry  w hich  
u sed  th e  ex istin g  m ach in ery  fo r  T S R  
p ro d u ctio n  d u rin g  the in itia l p eriod , 
so o n  sw itch ed  o v er  to  n ew  sp ecific  
item s o f  m ach inery  for a c c o m m o ­
d a tin g  bulk  p rocessin g  an d  for im ­
p ro v in g  h o m o g e n e ity  o f  th e p ro­
cessed  rubber. T h e  m ach in ery  c o m ­
m o n ly  u sed  fo r  T S R  p rod u ction  
are the fo llo w in g :

(1 ) F or in itia l s ize  redu ction

(a) C rep er-M acerator (b ) Pre­
b reaker

(2) F o r  p re-c lean in g

(a) C rep er-M acerator (b) 
G ra n u la to r  (c ) H am m er M ill

TABLE 1 P rodu ction  o f  T S R {in  '000 M T )

Y ear M alaysia In d on esia T h ailan d Sri L anka India

1981 613.9 563 .5 75 .8 14.6 2.1

1982 5 79 .4 579.8 79.9 10.8 2.1

1983 708.8 7 09 .6 73.8 5 .4 2 .4

1984 767.1 783 .9 76.5 8.1 4 .6

1985 754.4 774.3 9 5 .0 14.0 6 .7

1986 810.9 761.8 105.6 12.3 7.8



(3) For final size reduction
(a) C reper/H am m cr mill
(b) Extruder

('i) Dryer

(5) B ailing press

T he long-felt need for m urkeling  
N R  with technical specifications was 
given a warm w elcom e by the con ­
sum ing sectors. Table 1 show s the 
production  o f  T SR  in the major N R  
p rcJu cing  countries o f  the world.

C lose  adherence o f  the T S R  to  
the specifications laid d ow n  in the 
rel^jvant standards was m ade p ossi­
ble by the efficient functioning o f  
control laboratories. O nce the T SR  
processing industry had overcom e  
its teething problem s, the con su m ­
ing industry began dem anding  
T S R  with m ore stringent specifical- 
jo n s and a lso  for speciality  rubbers.

V iscosity controlled forms o f ISR

T he developm ent o f  I S R  met 
the m ain objective o f  im proving the 
processing technology o f  NR for 
n-'aking it m ore attractive and accept­
able to the rubber products manii- 
f'-»cturing sector. Subsequently, spe- 
ciul grades o f  T SR  which conferred  
cvrtain distinct techno-cconom ic  
advantages in specific fields o f  appli­
cation  were introduced. I hese sp e­
cial grades u ere processed by d i­
fferent techniques such as blending  
o f  latex and liefd coagu lum  grades 
o f  rubbers, chctnical m odification  
o f  N R , incorporation o f  rubber 
com p ou n d in g  ingredients at the latex 
stage C onstant V iscosity (CV) 
rubber. G eneral Purpose (G P)rubber, 
Superior Processing (SP) rubber and
Oil Extended natural rubber 
(O E N ) are the typical exam ples.

C'onslunt V iscosity Rubber

D uring product m anufacture, 
rubber con su m es substantial quanti­
ties o f  energy. In the present situa­
tion  o f  ram pant power shortage  
energy conservation  becom es all the 
m ore relevant. Table 2 gives the 
in form ation  on  energy consum ption  
at different stages o f  rubber pro­
ducts m anufacture.

Tahle 2  Energy requirem ent in
processing rubber

E nergy f o r  a  eom po-
P rocess und o f  specific g ra ­

v ity  si 1.0 in GJIM ^

O ne pass Banbury mix 3-4

M ill m ix from  bale 15-35
* \

W arm -up operation ' 2

H ot feed extrusion 1-2

C old  feed extrusion 2-3

M ixing (Banbury) 2.8
Plasticising 0.5
Injection 0.3
Curing 0 .2

Rubber products m anufacturing  
industry use both natural and syn ­
thetic rubbers. T he product energy 
w hich is the energy required to 
m ake a product is high in the case  
o f  synthetic rubbers. N R , which  
is a tree crop , utilises renewable 
solnr energy for its production in 
the trees, and has low  product 
energy since non-renewable fuel is 
required only at the stage o f  its 
conversion  into m arketable form s. 
A lthough  the product energy is high  
in the case o f  synthetic rubbers, 
the energy required for conversion  
o f  m ost o f  them into products is 
low  when com pared to that re­
quired by m ost form s o f  N R . 
Polym ers are produced by on e sector 
o f  the industry and consum ed gene­
rally by another sector foi rubber 
good s m anufacture. Rubber pro­
ducts m anufacturing industiy will 
have preference for a polym er 
w'hich utilises less energy in their 
plants, other param eters being co m ­
parable. C onsidering the above  
views, R«&D works were carried 
ou t in N R  producing countries and 
M alaysia cam e up with the CV  
rubber.

it is a fact that N R  undergoes 
hardening during storage. This re­
su lts in  increase in v iscosity  o f  N R  
and M oon ey  V iscosity (M L  ( l-f -4 )  
IUO°C) in the range o f  l(K)-!2t) is

not uncom m on as ngninst the M oo­
ney V iscosity o f  synthetic rubbers 
in the range o f  50-60. Treatment 
o f  N R  w ith  chem icals like Hydroxy- 
lam ine or Sem icarba7)(lc is fonfii! 
to Ik* cIVcctive in preventing the 
undesirable increase in viscosity 
o f  rubber. T hough the viscosity of 
N R  can be stabilised  at dilTerent 
levels, consum ers prefer CV rubber 
o f  M oon ey V iscosity 0 0 ± 5 .  Some 
o f  the tyre factories in India use 
sheet and crepe rubber on ly  after 
m asticating them to  a low  viscosity. 
For quality con trol, the viscosity 
o f  the m asticated rubber was being 
tested at the Rubber Research Insti- 

Uute o f  India (R R II). V alues obta­
ined over a period o f  one year 
show ed that the M oon ey Viscosity  
(M L  ( 1 + 4 )  l(K)®C) o f  masticated  
rubber was in the range o f  60-70.

A study was conducted  at t' 
RRII to  ascertain the stabilis 
M ooney V iscosities o f  N R  derived 
from  the popular clones (difVerent 
varieties o f  rubber trees) available 
in the country. T he results arc 
given ill table 3.

TAIU.I-: 3 StahiUscd M ooncv  
^y.vra\77v,(3) 4 / ^ ( 1 + 4 )  KMPC q/ 
luiiural n fh lnr fro m  popular i loiu s

Clone

R R II-105

R R (M -6(W

G I - I

G L-I

R R IM -6 0 5

T iir - l

58

56

57

70

50

80

M l. (1 + 4 )1 0 0 °C

T he results Indicate that by the 
judicious blending and viscosity  sta­
bilisation o f  difVerent clonnl lattices. 
N R  having the viscosity o f  pre- 
ma:^ticated rubber can  be easily 
processed. This technique enables 
the consum ing industry to sjive the 
enorm ous energy being expcniled  for 
pre-m astication.

1;'. India, bulk trials were under- 
lak tn  on the processing o f  CV 60 
rubber using i iydroxylam ine Sulp-



hate ab the viscosity stabiliser. The 
chem ical was procured I'rom Gujarat 
S ia ie Fertili.scrs Co. Baroda.
When la ic \ hi5m sclcctcil c lo iics was 
coagiifaied  in prcsenc.i o f  H ydroxy- 
lamine Sulphate at a d osage o f
0.15*'^ by w eight on  the dry rubber 
contcnt u f  hiwx and (ho coaguhnn  
processed into block rubber, the 
resulting rubber was having M ooney  
Visco.sily stabilised at 6 0 ± 5  units. 
Latex from  eight co llection  centres 
under llic  Palai Rubber M arketing  
C o-operative Society were exam ined  
for their su iiability in producing CV  
rubber. All the centres yielded  
riibher o f  C'V 6 0 ± 5  range. The  
raw rubber spccilicalions o f  CV 
rubber an»i lypical vu lcan i^ te  pro­
perties. in a tread mix are given  
below.

Raw Ruhhcr Spccifuaiioii.s

D in (m axim um  J wt. 0.03
Ash (m axim um ) w l. 0.50
Nitrogen “..(m axim um ) wt. 0.60
Volatile m ailer ®;', (m axi.)w t. 0 .80
PRI "u (m inim um ) 60.(K)

M oonev V iscosity 60  ± 5 *
(ML 1 +  4 100 °C )
P, Accelerated storage 8**
hardening (m axim um )

Now: * M ooney V isco sity  is  a lso  
s ta b ilise d  a t  o th er  viscO’ 
s i i y  ranges.

*• For production control 
purpose only.

T y p ia d  VnU wusate P roperties: 

Trfud .\ / ix  recipe

Compound for/m dation  P arts b y  wt.

ISNR CV  
Zinc oxide 
Stearic acid 
KAF black
Saiuollcx 11̂  (antioxidanO  
Aromatic oil

100.00
5.00
2.00 

45.00
1.50
5.00

Santocurc C BS (C yclohexyl 
ben2thia/>l Sulphenam ide) 0 .50  

Sulphur 2.50

Procvssin‘4 puram eiers

57Compound M ooney V iscosity  
(ML 1+ 4 . lOO^C)
Mooney Scorch Tim e (m in. to
unit ribC above minimum
I20°C) 25

M onsanto Rheom eter a t  I40°C

Optim um  cure, t90 (m ins) 25  
Cure rate t90-t2 (m ins) 19
Scorch tim e t2 (m ins) 6

Physical vulcanisate properties

Cure C ond itions: 25 m in. at 
140°C
Tensile strength (kgs/cm  2)
Unaged 240
A ged (14 days at 70°C ) 235
Elongation  at break (% ) 
l/n aged  440
A ged (14 days at 70° C) 415
M odulus at 300%  (kgs/cm  2)
Unaged 165
A g ed (]4  days at 70“C) 172
Hardness (Shore A )
U naged 59
A ged  (14 days at 70°C ) 62
D IN  abrasion loss (m m  3)
L oad ION 64
D un lop  R esilience (%> 55
Tear Strength (K g/cm ) 130
C om pression  set (% ) 38
D em atia cut grow th life 
Initiation; K cycle 58
I'ullure ; K Cycic 258
G oodrich  heat build up 
D ynam ic com pression  set % 6.0
Tem perature (®C) at 25 m in. 28

(ileneral Purpose (G P ) Rubber

M ore than 55%  o f  N R  produced  
in the world are consum ed by the 
tyre industry for the production  o f  
au tom obile tyres. A nalysis o f  the 
pattern o f  con su m p tion  o f  N R  by 
the tyre sector sh ow ed  that the ind­
ustry m ainly consum ed  low er grades 
o f  RSS and EBC. W hen T SR  was 
m ade available to  the con su m ing in ­
dustry, the tyre sector preferred the 
lower grades like S M R  10 and 20. 
T he above con su m p tion  pattern in ­
dicated that the lyre .scclor J ic e d c d  
a large volum e supply potential 
raw m aterial w ith reasonable techno­
logical perform ance and relatively  
low er price.

T he requirem ent o f  the tyre sector 
w as m et by in troducing ‘Tyre R ub­
ber’ w hich w as produced from  latex  
rubber (30% ), sheet rubber (30% ), 
tield coagulum  (30% ) and rubber 
process o il (10% ) by m odern pro­
cessing technicjues. This viscosity

stabilised rubber had reasonably  
go o d  technological properties. The 
relatively high o il content m ay be 
one o f  the reasons why this rubber 
has not received the expected accep­
tance from  the con su m ing sector.

M alaysia cam e forward with a  
new jiencral purpose N R , tailor 
n)ade to meet the precise rccfuirc- 
m ents o f  the tyre industry. This 
rubber was produced from  a blend  
o f  latex and field coagu lu m  rubbers. 
In general, the process in v loves the 
fo llow ing operations.
1. Field coagulum  is pre-cleaned and  

creped in to  blankets.
2. Bulked lalex is coaguUocd and  

creped into blankets.

3. The wet b lankets are blended  
and crum bled

4. C nm ib s arc soaked  in a so lu tion  
o f  H ydroxylam ine for im parling  
viscosity stabilisation .

5. T he crum bs arc dried, prcNsed, 
tested and packed.

A t the Pilot Crum b Rubber 
Factory o f  the Indian Rubber Board, 
a slightly m odified technique a lso  
was standardised for the production  
o f  O P  rubber. OJ)'sheet was m asti­
cated  in  presence o f  R enacit VII 
(A b o u t 0.02 -  0 .03  phr) and brought 
to a M oon ey V iscosity o f  about 60. 
C om m ercially available dry scrap  
was soaked  in w ater for ab out 24  
hours and creped in to  blankets. 
M asticated rubber w as also pro­
cessed  in to  blankets. T h e blankets  
were thoroughly blended in crepers 
in the ratio o f  o ff  sheet to  scrap as 
4 0 :6 0 (o n d rc  basis) and then crum b­
ed using a creper ham m er m ill. 
The crum bs were given 5>I0 m inutes 
soak ing  in a  tank contain ing 0.3%  
hydroxylam ine su lphate so lu tion , 
dried and pressed in to  b locks o f  
25 kg. T able 4 g ives the raw 
rubber spccitlcations and tech n o lo ­
gical properties in a standard tread  
form ulation o f  the G P  rubber.

I'Aiii I. 4 Tytncal raw  ruhhcr speci­
fication o f  (IP ruhhcr 
P roperties

D irt content % (m axim um )w t 0.10  
N itrogen  (m axim um ) w l. 0 .60  
A sh  % (m axim um ) wt. 0.75
P R i % (m inim um  - Plasticity



R etention  Index) 50
VolaliJe m atter %
(m axim um ) wt. • 0 .80
M oon ey  V iscosity 6 5 ± 7 *
(M L  5 |-4 @  100«C)
P, A ccelerated storage  
hardening (m axim um ) 8**

Mole: * Mooney viscosity is also
stabilised at other viscosity 
ranges.

** For production control 
purpose only

T ypical V ulcanisate Properties:

'I'radc* Kecipc

Compound Formulation Paris by wt.

NH G P  
Zinc oxide  
Steari:^ acid  
H A F  Mack
Sanlottex IP (A ntioxidaiU ) 
A rom atic oil
Santocure C B S (C ycloliexyl 
bcnzlhiazyl Sulphenum ide) 
Sulphur

)(K)
5
2

45
1.50 
5.0

0 .50
2.50

Processing parameters

C om p oun d  M oon ey  viscosity  
(M L  1 + 4 ,  IOO®C) 56
M oon ey  Scorch T im e (m in. 
to  5 unit rise ab ove m inim um  
@ 120°C ) 21
M on san to  R heom eter at 140®C 
O ptim um  cure, t90  (m ins) 23
Cure rate, t90-t2 (m ins) J7.5
Scorch tim e, t2 (m ins) 5.75

I’hyslcal Vulcanisate Properties

Cure C ond itions: 23 m in. at 
140°C  T ensile strength (K gs/cm ^) 
U naged  259
A ged (14 days at 70°C ) 237
E longation  at break (% )
U naged  453
Aged (14 days at 70® C ) 427
M odulus at 300%  (K gs/cm *)  
U iiagcd  168
A ged ( 1 4 d u y s a t 7 0 ° C )  168
H ardness (Shore A )
U nugcd ‘ 60
A ged (14 days at 70°C ) 65
D IN  A brasion loss (mm^)
Load IO N  68
D unlop  R esilience (% ) 54
Tear strength (K g /c m ) 107

C om pression set (% ), 22 hrs
at 70°C  32

D em attia cu t grow th life:
Initiation K. C ycles 60
Failure K . C ycles 245
G ood rich  H eat Built up:
D ynam ic com pression  set % 5
T em perjture rise (°C ) at 28
25 m ins

T he Rubber Board has already 
taken m easures for ensuring bulk 
production o f  the ab ove speciality 
rubbers viz. G P  and CV  Rubber 
through the rubber processing co­
operative societies.
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