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EFFECT OF STORAGE HARDENING ON THE PRI OF 
CHEMICALLY TREATED RUBBER 

BY 

P. A . J . YAPA AND S . W . KARUNARATNE 

N a t u r a l ' rubber hardens o n storage result ing in an increase in viscosity, which 
is caused b y cross U n k i n g th rough aldehydic groups present in the rubber molecule 
(Sekhar , 1953). H o w e v e r , t reatment w i th chemicals which wil l condense w i th the 
a ldehyde groups, such as hyd roxy lam ine hydroch lor ide ( N H a O H . H C 1 ) , suppresses 
the cross l ink ing react ion to produce rubber wi th a constant viscosity ( C h i n , 1968). 
T h e r e is a definite consumer preference fo r such types o f rubber . 

V a r i o u s other chemicals such as phosphor ic acid, oxal ic acid, pyroga l lo l a n d 
sod ium bisulphite have been tested fo r the imp rovemen t o f the storage stabil i ty o f 
raw rubber . H o w e v e r , ve ry little at tent ion has been pa id to the s tudy o f the effect 
o f storage hardening o n the raw rubber oxidisabi l i ty (expressed as P R I ) o f natura l 
rubber treated wi th chemicals. T h e observat ions m a d e du r ing the s tudy o f the 
product ion o f viscosity stabil ized rubber f r o m low grades, are reported in this paper. 

MATERIALS AND METHODS . 

Chemica l t reatments, viscosity determinat ions and accelerated storage harden ing 
tests were all carried ou t as described b y K a r u n a r a t n e & Y a p a (1969) , using field 
coagula (cup lumps) f r o m a n u m b e r o f selected clones in Da r ton f i e l d G r o u p . 

RESULTS 

P R I o f natura l rubber is k n o w n to d imin ish o n storage under no rma l condi t ions 
and this was f o u n d to be true in all the clones examined in this s tudy ( T a b l e 1 ) . A 
significant decrease in P R I after storage harden ing was observed in certain instances. 
O f the clones investigated P B 86 a n d R R I M 513 showed a d r o p in P R I o f m o r e 
than 20 units whi lst in R R I C 7 and A V R O S 4 2 7 the reduct ion was on ly a few units. 

T A B L E l 

E F F E C T O F S T O R A G E H A R D E N I N G O F S C A R P R U B B E R O N PRI 

Clone . 
PRI 

Clone . Initial After storage hardening 
test 

RRIC 7 66.6 63.4 
RRIC 52 72.7 66.6 
PB 86 80.0 55.5 
AVROS 427 61.1 57.1 
RRIM 513 94.7 58.3 

Hydroxylamine hydrochloride 

W h e n cup lumps, in granulated f o r m , were soaked in h y d r o x y l a m i n e h y d r o ­
ch lor ide ( 0 . 4 % ) a significant increase, rather t han a decrease in P R I after storage 
harden ing was observed. T h i s improvemen t was recorded in all 12 clones examined 
in this investigat ion (Tab le 2 ) . 
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TABLE 2 

EFFECT OF SOAKING CUP LUMP IN NHjOH. HCl (0.4%) ON PRI BEFORE AND AFTER STORAGE HARDENING 

PRI 
Clone Clone 

Before After 

RRIC 5 50.0 66.6 
RRIC 13 50.0 64.8 
RRIC 36 57.1 63.8 
RRIC 37 50.0 65.0 
RRIC 40 50.0 61.9 
RRIC 41 51.7 62.0 
RRIC 48 19.0 36.3 
RRIC 55 50.0 54.1 
RRIM 501 58.3 61.5 
Wagga 6278 65.5 74.1 
Tjir- 1 53.8 66.6 
MK 3/2 18.1 25.0 

Oxalic acid 

I t has been observed that oxal ic acid improves P R I w h e n it is used as a coagulant 
f o r latex o r as a soak ing m e d i u m fo r held coagula ( N a d a r a j a h et al, 1967 ) . Several 
aspects o f oxal ic acid t reatment were examined and the results are s h o w n in T a b l e 3. 
I t is seen that P R I o f storage hardened rubber decreases after oxal ic acid t reatment 
(see also T a b l e 4 ) . Ini t ia l viscosity also shows a n increase. S o a k i n g o f c u p l u m p 
in oxal ic acid a lone yields a p roduc t w i th a high viscosity even p r io r t o storage 
ha rden ing b u t w h e n a m ix tu re o f h y d r o x y l a m i n e hydroch lo r ide and oxal ic acid is 
used as the soak ing m e d i u m , on ly a slight increase in viscosity was evident , before 
as wel l as after storage harden ing. P R I , after storage harden ing shows a n imp rove ­
m e n t w i t h increasing levels o f h y d r o x y l a m i n e hydroch lor ide in the mix tu re . 

. TABLE 3 

EFFECT OF ADDING OXAUC ACID (1%) TO SOAKING MEDIUM (NHo OH.HCl) 

Treatment 

PRI 

Initial 
After 
storage 

hardening 

Increase in 
plasticity after 

storage 

Control 
Soaked in NH 2 OH.HCl 

(0.4%) 
Soaked in H a C 2 0 4 ( l % ) 
Soaked in NH a OH. HCl 

+ H a C a 0 4 (2:1) 
Soaked in NH a OH. HCl 

+ H 2 C 2 0 4 ( l : l ) 
Soaked in NH 2 OH.HCl 

+ H 2 C 2 0 4 (1:2) 

65.5 
72.7 

90.0 
78.9 

80.9 

88.2 

45.8 
75.0 

65.7 
65.2 

75.0 

75.0 

19 
2 

16 
4 

6 

7 
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Sample No. 
PRI 

Sample No. 

Initial After storage hardening 

1 81.4 71.0 

2 87.8 68.7 

3 84.6 72.9 

4 86.3 75.0 

5 77.2 70.0 

Sodium bisulphite 

S o d i u m bisulphite also has been repor ted t o i m p r o v e the P R I when added to 
latex (S ivaba lasundaram & N a d a r a j a h , 1966). A l t h o u g h P R I was i m p r o v e d con ­
siderably w h e n cup lumps were soaked in sod ium bisulphite solut ion ( T a b l e 5) , it 
d r o p p e d sharply after storage harden ing. F r o m the results it is seen that the P R I 
o f bisulphite treated rubber is even worse than that o f untreated rubber after storage 
hardening. 

T A B L E 5 

E F F E C T O F S O A K I N G C U P L U M P I N S O D I U M B I S U L P H I T E (2%) O N PRI 

Sample No. 
> 

PRI 
Sample No. 

> 

Initial After storage hardening 

i 93.3 67.3 

2 100.0 63.6 

3 92.8 64.7 

4 96.5 62.9 

5 107.4 66.0 

Control 87.0 72.7 

Phosphoric acid 

F i e l d coagula treated w i th l o w concentrat ions o f phosphor i c acid resulted in a 
slight i m p r o v e m e n t in P R I whi lst h igher concentrat ions have rather adverse effects. 
H o w e v e r , un l ike sod ium bisulphite i t was interesting to note that near ly all the 
samples tested showed an relative imp rovemen t in P R I after storage harden ing 
even t h o u g h the imp rovemen t was no t ve ry significant ( T a b l e 6). 

T A B L E 4 

E F F E C T O F S O A K I N G O F C U P L U M P I N O X A L I C A C I D (1%) O N PRI B E F O R E A N D A F T E R S T O R A G E H A R D E N I N G 
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T A B L E 6 

E F F E C T O F S O A K I N G O F C U P L U M P I N P H O S P H O R I C A C I D (1%) O N PRI B E F O R E A N D A F T E R 

S T O R A G E H A R D E N I N G 

Sample No. -
PRI 

Initial After storage hardening 

1 60.0 73.9 

2 66.6 71.4 

3 81.8 65.5 

4 68.4 72.0 

5 57.8 68.9 

Control 80.0 72.0 

Urea 

Ef fec t o f increasing concentrat ions o f urea o n P R I was examined a n d a reduct ion 
i n P R I b o t h before a n d after storage harden ing was observed ( T a b l e 7 ) . T h i s adverse 
effect is p r o b a b l y due t o the remova l o f natura l ly occurr ing ant iox idants b y urea, 
w h i c h is wel l k n o w n t o increase solubi l i ty o f proteins. 

T A B L E 7 

E F F E C T O F S O A K I N G C U P L U M P I N U R E A S O L U T I O N O F D I F F E R E N T C O N C E N T R A T I O N S O N PRI 

% Urea 

.1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Control 

PRI 

Initial 

79.4 

79.4 

79.4 

77.8 

75.0 

75.7 

62.5 

60.6 

60.6 

51.6 

82.1 

After storage hardening 

63.4 

66.0 

64.4 

63.4 

59.6 

60.0 

59.6 

58.9 

54.9 

49.0 

67.5 
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Addition of serum water to soaking medium 

S o a k i n g o f c u p l u m p in serum water p roduced rubbers w i th significantly h igher 
viscosities wh ich a lmost doub led after storage harden ing ( T a b l e 8). T h e effectiveness 
o f hyd roxy l am ine hydroch lor ide appeared t o be complete ly inhib i ted when serum 
water was used in comb ina t i on w i th it in the soak ing m e d i u m . Substant ia l i m p r o v e ­
m e n t in P R I after serum water t reatment ( T a b l e 8) was not iced. H o w e v e r it d r o p p e d 
marked l y after storage hardening. I n add i t ion serum water t reatment inhib i ted the 
abi l i ty o f N H 2 O H . H C l to produce a rubber w i th an i m p r o v e d P R I after storage 
hardening. 

TABLE 8, 

EFFECT OF MIXING SERUM WATER AND NH 2 OH.HCl DURING SOAKING ON PRI 

Plasticity PRI 

Treatment 

Initial 
After storage 

hardening Initial After storage 
hardening 

1 Control 21 25 68.1 72.0 

2 Cuplumps soaked in 
serum water 

32 53 89.2 60.3 

3 Cuplumps soaked in 
NH 2 OH.HCl 0.4% 

23 24 68.1 75.0 

4 Cuplumps soaked in 
serum water + 
NH 2 OH.HCl 

33 65 78.9 53.8 

DISCUSSION 

T h i s invest igat ion deals on ly w i t h the effect o f chemical t reatment o n the storage 
harden ing o f l o w grades o f rubber . I t gives useful i n fo rma t ion o n the storage sta­
bi l i ty o f such rubbers. S o d i u m bisulphite, oxal ic a n d phosphor i c acids are all 
k n o w n to i m p r o v e P R I o f natura l rubber . O n storage, howeve r , the harden ing o f 
the rubber seems t o be accompanied b y a weaken ing o f the induced ox idat ive re­
sistance. S o d i u m bisulphite t reatment was the worst in this respect, y ie ld ing a p r o ­
duct the P R I o f wh ich becomes even lower than in the case o f untreated rubber . T h e 
chemical reactions leading to these changes are no t k n o w n . B o t h cross-l inking 
and cha in scission reactions are k n o w n t o occur in ox ida t ion o f rubber . T h i s is 
part icular ly well described in synthet ic substances l ike S B R bu t it is less l ikely in 
the case o f N R . H o w e v e r , it is supposed that the loss in P R I in storage hardened 
rubber is due ma in l y to the fo rma t i on o f weak crosslinks, sufficient t o cause an 
increase in the init ial plasticity w h e n the rubber is aged at 1 4 0 ° C fo r 30 m i n i t is 
believed that these crosslinks disappear, thereby result ing in a l ow P R I . 

CONCLUSION 

Whi le bisulphite a n d oxal ic acid t reatment reduces the P R I o f rubber h y d r o x y ­
lamine hydroch lo r ide a n d , to a lesser extent, phosphor ic acid br ing a b o u t a n increase 
in P R I after accelerated storage hardening. T h i s finding m a y be o f some impor tance 
to the p roducer whose a im is a lways to produce a rubber w i th a h igh P R I wh ich is 
no t reduced dur ing storage. 
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