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PREPARATION OF HEVEACRUMB FROM FIRST 
FRACTION COAGULUM 

B Y 

S . W . KARUNARATNE 

SUMMARY 

Production of Heveacrumb in a pilot plant installed at Peenkande Estate is 
discussed with special reference to conversion of first fraction coagulum to Heveacrumb. 
The information presented in this paper is intended to assist in the evaluation of Hevea­
crumb rubber from first fraction coagulum. Production records, from the time the 
pilot plant has been commissioned for regular production, are set out with analytical 
data on raw rubber properties of each consignment lot. Data illustrating the behaviour 
of first fraction coagula in two representative compounds, both in the form of crumbled 
rubber and pale crepe, are also given. 

INTRODUCTION 

A p i lo t p lan t to upgrade l o w qual i ty rubber b y the H e v e a c r u m b process was 
set u p at Peenkande E s t a t e , U d a K a r a w i t a , b y the R u b b e r Research Inst i tute. T h e 
r a w mater ia l f o r the p lant was ma in l y der ived f r o m first f ract ion c o a g u l u m wh i ch is 
a by -p roduc t in sole screpe a n d l ight-coloured pale crepe manufac tu re . I t m a y be 
wo r thwh i l e t o m e n t i o n at this stage that the to ta l p roduc t i on o f latex crepe ( o f qua l i ty 
rang ing f r o m I X to 2) and sole crepe in C e y l o n , f o r the year 1969, was approx imate ly 
40,000 tons. I t is est imated that a b o u t 2,250 tons o f f ract ion coagu lum w o u l d 
have been concurrent ly processed as a by -p roduc t o f lower qual i ty . 

T h e p i lo t p lan t has served to evaluate the economics o f convers ion o f f ract ion 
coagu lum in to b lock rubber sold to a technical specification ( K a r u n a r a t n e & T h o m p ­
son , 1969). T h e cost o f manu fac tu re was w o r k e d ou t o n the basis o f recorded 
hours o f w o r k a t each po in t a n d it was suggested in the analysis that reduct ion o f 
costs wi l l accrue w i t h m o r e mechanisat ion, result ing i n less labour f o r hand l ing . 
T h e cost o f p roduc t i on was w o r k e d ou t at 3-49 cts per lb o f d r y rubber . T h i s is 
inclusive o f the cost o f castor oi l a n d the cost o f po ly thene f o r w rapp ing , b u t nei ther 
the cost o f crat ing n o r the t ransport costs have been taken in to considerat ion. Since 
late the price o f castor oi l has increased due to a scarcity o f this c o m m o d i t y in the 
w o r l d m a r k e t a n d this has added a fur ther one cent to the cost o f manu fac tu re . 
T h i s analysis has s h o w n that, basically, b lock rubber p roduc t ion f r o m l o w grades, 
be it f ract ion coagu lum o r a n y o ther field coagula , b y the new process o f manu fac tu re 
w i l l result in the reduct ion o f processing costs a n d cou ld a d d to the fore ign exchange 
earnings f r o m the marke t ing o f natura l rubber ( N R ) . A redeeming feature as 
fa r as the Peenkande factory is concerned, where the p i lo t p lan t is operated, is the 
ease o f congest ion in the factory specially dur ing the h igh c ropp ing m o n t h s . T h e 
exper iment has clearly s h o w n that estates can p o o l their resources to manufac tu re 
n e w process rubbers f r o m their o w n r a w mater ia l a n d at the same t ime he lp t h e m 
ou t o f congest ion due to increase in c rop due t o tapping o f high-yielding clones 
a n d due t o m o r e replanted areas com ing in to tapp ing. 

T h e H e v e a c r u m b pi lot p lan t has been in operat ion since J a n u a r y 1968 a n d 
it was no t unt i l the beginning o f 1969 that a tr ial five-ton consignment o f H e v e a c r u m b 
prepared f r o m first f ract ion coagu lum cou ld be despatched t o a marke t ing organisa­
t i on in F r a n c e , f o r m a r k e t eva lua t ion . Subsequent ly this first f rac t ion c r u m b 
rubbe r has been sampled t o var ious customers, w h o have successfully incorporated 
t h e m in to the same type o f appl icat ions where they have developed a marke t f o r 
equiva lent grades o f M a l a y s i a n or ig in . 



PREPARATION OF HEVEACRUMB FROM FIRST FRACTION COAGULUM 25$ 

T h e m a i n equ ipment o f the p i lo t p lan t consists o f a set o f t w o creping rollers, 
adop ted f o r c rumb l ing , a single stage c r u m b rubber dryer , constructed b y the Gene ra l 
E lect r ic C o m p a n y in M a l a y s i a based o n a design m a d e b y the R u b b e r Research 
Inst i tute o f M a l a y a ( R R 1 M / G E C type o f dryer ) and a 30-ton ba l ing press. T h e 
single stage dryer has a n ou tpu t o f approx imate ly 100 lb o f d r y rubber per h o u r 
a n d o n a n average e ight-hour shift the estate is in a posi t ion to w o r k ou t a c r u m b 
rubber ou tpu t o f approx imate ly 7 0 0 lb . Batch-wise the p roduc t i on o f c rumb rubber 
has been restricted to lot sizes o f 7 0 0 lb o r less ; rubber w i t h consistent propert ies 
has been p roduced a n d the estate was in a posi t ion to marke t 50 tons o f H e v e a c r u m b 
f r o m first f ract ion coagu lum b y the end o f 1969. 

Processing procedure 

F i e l d latex, stabi l ized w i th sod ium sulphite at the rate o f 0 - 1 5 lb per 100 lb o f 
d r y rubber , is collected f r o m three separate divisions, a n d a 1 5 % first f ract ion is 
removed f r o m the bu lked a n d undi lu ted latex, f r o m each div is ion, p r io r to coagulat ion. 
F o r the manufac ture o f extremely l ight-coloured sole crepe it has been the estate's 
practice t o a d d u p t o 0-5 lb o f sod imn bisulphite per 100 lb o f d ry rubber p r io r 
t o tak ing a f ract ion. R e d u c t i o n o f the dosage o f bisulphite to 0 - 0 5 % , based on 
d ry rubber , as recommended f o r H e v e a c r u m b manufac ture ( G r a h a m & M o r r i s , 1966) 
d id n o t have a significant effect o n the rate o f d ry ing o f c rumb rubber bu t resulted, 
as expected, in a not iceable darken ing o f the sole crepe p roduced f r o m the f ract ionated 
latex. R e m o v a l o f this enzym ic d iscolourat ion, once it sets in, is a difficult j o b 
even w h e n the reduct ion o f bisulphite dosage is made g o o d o r better at a later stage 
pr io r t o complete coagulat ion. Caro teno ids a n d o ther non - rubbe r consti tuents 
concentrated i n the first f ract ion caused a significant b r o w n i n g o f the end-product 
irrespective o f the adjustment o f other addit ives viz. sod ium sulphite and bisulphite. 

Blending process 

T h e f ract ion coagu lum f r o m the three divisions is b lended by f o u r passes th rough 
the mascerator (doub l ing after each pass) in to a m a t approx imate ly £ in. thick a n d 
passed t h rough a castor oil appl icator wh ich w o r k s o n a lick rol l principle. T h i s 
introduces a smear o f castor oil o n the surface o f the m a t . T h e m a i n disadvantage 
i n the castor oi l appl icator is that accurate meter ing o f castor oil is difficult a n d as 
such there is a tendency for uneven a n d sometimes excessive smearing o f castor 
oi l o n the surface o f the m a t . 

Crumbling process 

C r u m b l i n g is achieved b y passing the m a t o f rubber , after castor oil appl icat ion, 
twice t h rough the first rol ler and once th rough the second rol ler. These rollers, 
incidental ly, are a set o f creping rollers wh ich have been regrooved to facilitate 
c rumbl ing . Somet imes, t w o passes, once th rough the first rol ler a n d once th rough 
the second rol ler are sufficient to crumble the rubber satisfactori ly. C r u m b l e d 
rubber is soaked in water pr ior to load ing in to the dryer . 

Drying process 

T h e wet particles o f rubber are then loaded in to trays a n d each ful l t ray o f 
crumbled wet rubber is conveyed b y hand to the c r u m b rubber dryer . T h e one-
stage dryer is heated b y a W o o d s heat exchanger fed w i th diesel fuel . T h e trol ley 
in to wh ich the rubber is loaded holds 20 trays, and the 12- in . bed o f granules in each 
t ray takes abou t six hours to dry . O p e r a t i n g o n crumbled rubber the dryer capacity 
is approx imate ly 600 lb , equivalent t o a d ry ing rate o f 100 lb per hou r . D r y i n g 
is carried ou t b y th rough circulat ion convect ion d ry ing at atmospheric pressure, 
where heat is conveyed b y air wh ich at the- same t ime removes the moisture. A n y 
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obstacle t o t h rough circulat ion wi l l result in over -d ry ing in some areas a n d under-
d ry ing in o ther areas. Excessive sof tn ing o f the rubber can lead to consol idat ion 
o f the rubber in the b o t t o m o f the t ray a n d this has frequent ly resulted in a stewing 
effect causing the rubber t o be tacky and such rubber has to be remil led into b lanket 

*.,crepe. H e v e a c r u m b particles are discrete when wet , bu t their natura l tack is returned 
; '%dilnqng d ry i ng . W h e n dry ing is complete the entire bed becomes a semi-coherent 

mass^which cou ld be l i f ted a n d hand led as a b lock . I n addi t ion to humid i t y , air 
veloc i ty , bed dep th and pressure d r o p , d ry ing characteristics are affected by tempera­
ture a n d ou r . experience w i th f ract ion rubber is that d ry ing temperature should 
n o t exceed 1 0 5 ° C . 

Baling ,< 

.The 1 3 " X 2 6 " blocks o f d ry c rumbled rubber , each weighing approx imate ly 
• 35 lb, are removed f r o m the d ry ing trays and lots o f 75 lb are weighed out , tak ing 

one b lock each f r o m t w o dry ing trays plus a m a k e u p balance f r o m a th i rd tray. 
E a c h lo t o f weighed rubber is transferred to a 30-ton hydraul ic press a n d pressed 
together to give a compac t bale. T h e press b o x has been adjusted f r o m t ime to t ime 
to tu rn o u t t w o standard bale sizes viz. the standard synthetic bale size o f 
28" . x 1 4 " x 7 " o r the bale size o f 2 2 $ " x 1 5 " X 7 " wh ich fits into a standard 
pallet measur ing 4 8 " X 40 " X 4 6 " . T h e bale is wrapped b y h a n d in 150 gauge 
po ly thene a n d heat-sealed. A 800 gauge po ly thene f i lm has been used subsequent ly. 

T h e bales wrapped in 150 gauge poly thene are later shipped in kraf t paper 
bags to give fur ther protect ion a n d stencilled o n the outside w i th the appropr ia te 
ident i f icat ion m a r k s . Since the in t roduct ion o f the 800 guage po ly thene film shipping 
in paper bags has been d iscont inued. 

Gross contamination 

C o n t a m i n a t i o n b y paper , metal l ic particles, inclusion o f v i rg in rubber and 
undr ied areas in the centre o f certain bales have been reported. 

M o s t o f these defects can be checked and prevented by p roper care and at tent ion 
dur ing manufac tu re . A p rob lem o f great concern is the undr ied areas in the midd le 
o f certain bales. T h e estate has been advised to check each b lock o f c rumbled 
rubber fo r wet patches immediate ly after remova l f r o m the d ry ing trays. 

Data on batch-wise production 

Six bales f r o m each batch o f no t m o r e than ten bales were sampled and separately 
tested as indicated be low. T h e sample compr ised t w o corner samples o f app rox i ­
mate ly one p o u n d total weight , and this was homogenised before testing at the 
R u b b e r Research Inst i tute. 

Sample homogenisation 

T h e sample is passed ten times th rough the rolls o f a labora tory mi l l , heated 
to 7 0 + 5 0 ° C , and runn ing at fr ict ion speeds at a n ip setting o f 1-25 m m rol l ing 
and upend ing between passes. 

RESULTS AND DISCUSSION 

T e s t da ta o n twelve 5-ton consignment lots o f H e v e a c r u m b f r o m fract ion 
rubber are g iven in T a b l e 1 . Samp l ing , in the case o f the first few batches have been 
extensive. Samples were tested f r o m each compar tmen t o f the dryer pr ior to pressing. 
O n c e the produc t ion was stabi l ized sampl ing intensity was reduced to six samples 
f r o m each ba tch , wh ich never exceeded 7 0 0 1 b . 
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T h e ni t rogen values o f f ract ion rubber fluctuated between 0 - 4 and 0 -6 due 
par t ly to p o o r contro l o f the f ract ionat ion and par t ly to batch to batch var iat ion 
in the non- rubber consti tuents. I t is impor tan t to no te that all n i t rogen values 
recorded fell be low 0-65 a n d wi th in the specification limits fo r ni t rogen as laid 
d o w n in the S tandard C e y l o n R u b b e r ( S C R ) specifications ( A n o n , 1969). ^ ^ 

f 9 / 
T A B L E 1 Hi V»>. V 11972 

T E S T D A T A O N F I V E - T O N C O N S I G N M E N T L O T S C F 

H E V E A C R U M B F R O M F R A C T I O N C O A G U L U M 

Lot 
No. 

No. of 
samples 
tested 

SCR tests (mean values) ^ 

Lot 
No. 

No. of 
samples 
tested Dirt 

%wt 
V.M. 

%wt 
PRI N 3 

%wt 
Ash 

%wt 
Cu 

(ppm) 
Mn 

(ppm) 

2 143 0 0 1 9 0-5018 81-8 0-435 0-216 <8 00 < I 0 0 0 

3 111 0 022 0-4747 84-6 0-489 0-296 <8 00 < 1 0 0 0 

4 107 0 020 0-4706 84-2 <0-600 <0-500 <8 00 < I 0 0 0 

5 108 0 020 0-4205 82-8 <0-600 <0-500 <8 00 < 1 0 0 0 

6 81 0 0 1 8 0-4388 83-9 <0-600 <0-500 < 8 0 0 < 1 0 0 0 

8 21 0 0 1 8 0-4352 85-3 <0 600 <0-500 <8O0 < 1 0 0 0 

9 16 0 0 1 6 0-4280 88-2 0-470 0-230 1-70 1 0 0 

10 IS 0 0 1 9 0-4485 87-4 <0-600 <0-500 <8 00 < 1 0 0 0 

11 18 0 022 0-4200 80-9 0-450 0-210 0 1 3 0-96 

12 18 0 021 0-4000 83-5 0-430 0 1 5 0 2 0 0 2 0 0 

13 20 0 028 0-2900 83-4 0-470 0-230 2 0 0 2 0 0 

14 13 0 022 0 2800 73-1 0 470 0-230 2-00 I 2-00 
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F o r most batches a n accurate determinat ion o f copper a n d manganese was 
n o t a t tempted a n d it was sufficient to ascertain on ly copper a n d manganese l imits 
specially because the P R I values were in the region o f 80. T h e exact values o f 
copper a n d manganese content in fract ion rubber are calculated f o r lot N o . 9 a n d 
the figures quo ted fo r this lot cou ld be considered as average fo r this type o f rubber . 
I n the case o f dir t , a 3 x standard dev ia t ion factor has been added to the final d i r t 
va lue . 

T a b l e 2 gives the vulcanisate propert ies o f a pure g u m c o m p o u n d based o n 
the A C S 1 f o rmu la and a compar i son is m a d e w i th f ract ion rubber o f M a l a y s i a n 
or ig in. L o w e r scorch rate in the case o f f ract ion rubber f r o m Peenkande is suggestive 
o f a d i lu t ion o f the effective non - rubbe r constituents wh ich w o u l d p lay a par t in the 
modi f i ca t ion o f the cure rate o f the A C S 1 m i x . T h i s is also reflected in lower 
tensile strength a n d modu lus values. 

TABLE 2 

VULCANISATE PROPERTIES ON THE ACS 1 COMPOUND 

(For comparison, results on typical fraction crumb of Malaysian origin are given; 

Property Peenkande yellow Typical fraction crumb Property 
fraction crumb of Malaysian origin 

Tensile strength, kg/cm1 208 0 225-0 

Elongation at break, % 770-0 700 0 

Modulus at 100% elongation, kg/cm1 8-4 8-4 

Modulus at 300% elongation, kg/cm2 19-7 14-2 

Modulus at 600% elongation, kg/cm* 75-6 93-2 

Lupkc resilience, % at 30"C 7 1 0 7 4 0 

Hardness, IRHD 41-0 4 5 0 

Mooney scorch at 120°C, min 9-5 5 0 

Behaviour offraction rubber in tread and carcass formulations 

T h e tread and carcass formulat ions employed were based o n a convent iona l 
su lphur /su lphenamide accelerator system and were chosen as being typical o f present 
d a y practice. C o m p o u n d i n g comprised base stock m ix ing in a labora tory m ix ing 
mil l wi th subsequent addi t ion o f sulphur and accelerator in mastcrbatch f o r m . 
Deta i ls o f c o m p o u n d i n g are set ou t in the append ix . 

T a b l e 3 gives the vulcanisate properties o f typical tyre tread and tyre carcass c o m ­
pounds based o n fract ion c rumb rubber and fract ion pale crepe. Tensi le propert ies 
o f the t w o rubbers are very close, fract ion c r u m b hav ing a slightly higher tensile 
strength and modu lus . L a b o r a t o r y abrasion tests ( D u p o n t ) show that f ract ion 
pale crepe has inferior abrasion resistance compared w i th f ract ion c r u m b . Wh i l s t 
recognising the l imitat ions o f such tests it is suggested that , under service condi t ions, 
tyre treads based o n fract ion pale crepe m a y wear faster than tyre treads based o n 
f ract ion c rumb . Resilience vaiues are very close in the t w o rubbers, but the qual i ty 
o f black dispersion control led by m ix ing arrangements is certain to domina te the 
si tuat ion and s w a m p a n y small differences. 
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T A B L E 3 

V U L C A N 1 S A T E P R O P E R T I E S O F T R E A D A N D C A R C A S S C O M P O U N D S 
(Cured at 140°C/40 min) 

<• 

Vulcanisate property 
Fraction crumb rubber Fraction pale crepe 

<•• 

before ageing 
Tread 

compound 
Carcass 

compound 
Tread 

compound 
Carcass 

compound 

•4-
Tensile strength, 
kg/cm! 252 0 258 0 248-0 250-0 

Elongation at 
break, % 560-0 608-0 540 0 610-0 

Modulus M 100, 
kg/cm* 27-2 20-6 24-5 21 -5 

Modulus M 300, 
kg/cm' 111-9 71-7 108-5 85-2 

Modulus M 600, 
kg/cm8 — 251-8 — 248-1 

* Hardness, IRHD 65-0 65 0 65-5 66-5 

Lupke resilience, % 59-5 70-5 59-5 7 1 0 

De Matti flex life, 
K/C 8 0 0 5 5 0 9 7 0 6 8 0 

Dupont abrasion index 1 0 6 0 — 92-0 — 

Valcanisate property 
after ageing for 14 days 
at 70°C 

'% 

Tensile strength, 
kg/cm* 220-5 240 0 2 1 6 0 237-1 

% retention of T.S. 87-7 9 3 0 87-1 94-8 

Elongation at break, % 420 0 546 0 400-0 555 0 

~*\ 
Modulus M 300, kg/cm9 155-8 105-6 159-9 104-0 
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CONCLUSIONS 

E v e n t h o u g h a sufficiently large quant i ty o f H e v e a c r u m b f r o m fract ion coagu lum 
has n o t been p roduced and. consumed, the results so far obta ined have p roved that 
H e v e a c r u m b f r o m f ract ion c o a g u l u m . c a n be satisfactorily used in appl icat ions 
where g o o d static propert ies and ageing resistance are o f pa ramoun t importance. 
T h e results even indicate that this rubber has g o o d dynamic propert ies. Th i s opens 
u p the possibi l i ty o f suitably m i x i n g g o o d qual i ty field coagula, predominate ly 
o f the cup l u m p grade, w i t h f ract ion coagu lum and this advantage m a y be exploi ted 
w h e n it comes to a quest ion o f large estates hav ing to poo l their stocks o f field coagula 
to bu i ld up sufficient mater ia l to run a b lock rubber p lant . A pol icy to upgrade 
of f -qual i ty rubber in this m a n n e r wil l also help the larger estates to reduce the burden 
o f f ind ing ext ra d ry ing accommoda t i on wh ich wou ld necessarily invo lve addi t ional 
capital commi tmen ts . 

T h e au tho r is grateful to the staff o f the R u b b e r Chemis t ry D e p a r t m e n t fo r 
analysis a n d labora to ry testing o f the technological properties o f c r u m b rubber . 
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APPENDIX 

DETAILS OF COMPOUNDING 
(all quantit ies in parts by weight) 

( A ) Tread coinpound ( B ) Carcass compound 

(Base stock) (Base stock) 

Tes t rubber 95 
H A F b lack 45 
D u t r e x R 5 
Z i n c ox ide 4 

95 Tes t rubber 
45 F E F b lack 

5 Z i n c ox ide 
4 Stearic acid 

95 
3 0 

5 
2 

Stearic acid 1 • 5 
NonoxHFN 1-5 Santof lex D P A 2 
Standard vulcanizing masterbatch 
Tes t rubber 5 
Su lphu r 2 - 5 
C B S 0 - 5 

Standard vulcanizing masterbatch 
Test rubber 5 
Su lphu r 2-
C B S 0-

2 - 5 
0 - 5 

Mixing 

Basic m ix ing condi t ions were the same fo r b o t h tread and carcass c o m p o u n d s , 
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Q U E S T I O N S A N D A N S W E R S 

Question : Isn't it advisable for future factories to adopt the mechanical process due to the following 
reasons ? 

(a) Increase in.price of castor oil has increased the cost of production by one cent per lb ; 

(6) It is a problem to control the addition of castor oil as a smear on the crepe mat; 

(c) There will be saving of foreign exchange if castor oil is not used ; 

{d) Mechanical process has been a success. Addition of a creper will improve quality 
further. (Anon). 

Answer : (a) The latest development in the Heveacrumb manufacture as reported by the Rubber 
Research Institute of Malaya is the use of a creper-hammermill instead of a set of 
crumbling rollers for size reduction. With this arrangement castor oil is used 
not as a crumbling agent but as an agent to disperse aggregates of particulate rubber, 
and it has been worked out that the castor oil requirement can be stepped down 
to about 0 -1 % on the basis of dry rubber. Thus the amount of castor oil is reduced 
to l/7th the recommended quality if it were used as a crumbling agent using a set 
of rollers for crumbling. This will counter very favourably with the increase in 
price of castor oil. 

(b) The methods available for the application of castor oil have their shortcomings, 
but the castor oil content if reduced to about l/7th the usual amount as indicated 
in the answer to question (a), there is a greater margin of safety and accurate control 
becomes less important. 

(c) There will be a saving of foreign exchange when the amount of castor oil used is 
reduced to l/7th the amount used previously. 

(d) Choice of the process is dependent on the type of material one handles. There are 
a number of processes, both mechanical and mechano-chemical, for block rubber 
manufacture and all these processes have proved to perform satisfactorily. 

Question : Can a cheaper oil readily available be used in place of castor oil — say coconut oil in 
crumb rubber ? (Mr. H. G. S. Mendis). 

Answer : The oil should be incompatible with the rubber. 

A wide range of such oils have been tried out as a crumbling agent for natural rubber. 
Castor oil has proved to be the most efficient. Undesirable qualities of coconut oil 
will be necessary if it were to act as a crumbling agent for rubber, and therefore the use of 
coconut oil for this application has been discouraged. 

Question : What is the heat build-up properties of the first fraction rubber Heveacrumb in com­
parison with Heveacrumb from ordinary rubber latex ? (Anon). 

Answer : Heat build-up as assessed by the resilience test on a standard tyre tread and carcass 
compound is comparable for the two types of rubbers, namely fraction crumb rubber 
and whole latex crumb rubber. 


