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Properties oflatex and rubber from 12 exotic Hevea brasiliensis clones along with RRII 105 have been studied for 
different seasons. Clonal difference, seasonal variation and clone to season interaction have been examined. Possible 
influence of various latex components and other factors on some o f the properties are discussed. Most o f the clones 
studied yielded latex with average to high rubber content and the highest D RC was obtained for RRII 105. Majority 
of the clones yielded rubber with medium to high viscosity and RRII 105 had a relatively higher viscosity. Good 
correlation was observed between Mooney viscosity and initial Wallace plasticity of rubbers from these clones. 
Correlation between initial Wallace plasticity and accelerated storage hardening was also significant. A SH T and gel 
content showed significant indirect relationship. The molecular weight distribution was extremely wide for these 
rubbers. The molecular weight and the related characteristics showed less variation. Infrared spectroscopic and 
thermogravimetric analyses of rubber showed only minor variations between the different clones studied.
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IN T R O D U C T IO N  which may vary. The colour and composi-
The breeding programme for Hevea don oflatex and the plasticity o f rubber tend

brasiliensis aims mostly at improvements in to be uniform within a clone but differ
biological characterization such as latex yield, among clones (Martin, 1961). Environmen-
girth increment and resistance to biotic and tal and soil factors may also influence both
abiotic stress. However, a high yielding the quantity and composition oflatex  (Ebi
clone with vigorous growth need not always and Kolawole, 1992).
produce latex (rubber) o f desirable proper- Besides rubber particles, latex consists
ties. Hence, latex qualities also require at- o f non-rubber substances such as lipids, pro-
tention in breeding. A major source o f vari- teins, carbohydrates, acids, amines and some
ability within and among natural rubber inorganic substances. Some o f these non-
(NR) grades probably is the clone from which rubber constituents affect the properties of
the latex is derived (Fuller, 1988). Proper- latex concentrates and the solid rubber de­
ties o f latices from different clones have been rived from field latex. Clonal variations may
studied previously (Subramaniam, 1975; influence the non-rubber constituents, which
Saraswathyamma et a l ,  1990). However, in turn affect the properties oflatex and bulk
there are very few reports on the physical rubber.
properties o f rubbers from different clones, RRII 105 is the most popular H evea
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brasiliensis clone developed by the Rubber 
Research Institute o f India (R R II) and is 
widely cultivated in Kerala. The present 
study is to evaluate the variation in proper­
ties o f latex and rubber from RRII 105 and 
12 other exotic clones over different seasons.

MATERIALS AND M ETH O D S
T h e clones selected for the study, 

namely, R R II 105, PB 21 7 , PB 23 5 , PB 
255, PB 260, PB 280, PB 310, PB 311, PB 
312,PB  314, KRS 25, KRS 128 and KRS 
16 3 , were planted in the R R II Farm , 
Kottayam, Kerala, during 1989 in random­
ized block design with five replications and 
with seven trees per plot. All the trees were 
opened for tapping during 1996 and tapped 
Vi S d/3 without stimulation. Latex samples 
were collected from three replications of each 
clone at specific intervals to represent three 
seasons, namely, January to April (SI), May 
to August (S2) and September to December 
(S3). For analysis, the samples were bulked 
to form one composite for each clone in a 
season. Latex from each clone was then pro­
cessed into sheet rubber.

Properties o f field latex such as pH, 
dry rubber content (DRC) and non-rubber 
solids (NRS) were analysed as per Bureau of 
Indian Standards (BIS) specifications. Dry 
rubber properties for raw N R  as per BIS 
specification were also tested. In order to 
understand the influence o f Wallace plastic­
ity (Pjj) on Mooney viscosity (Vj )̂ and accel­
erated storage hardening test (ASH T), re­
gression analyses were carried out. Regres­
sion analysis between A SH T and gel con­
tent was also undertaken.

Acetone extract and gel content o f the 
rubber samples were measured as per IS 3660 
and A ST M  D -2 7 6 5 -8 4  respectively.

Thermogravimetric analysis (TGA) and de­
rivative thermogravimetric analysis (DTGA) 
were carried out to study the thermal stabil­
ity and degradation o f  N R . A therm al 
analyser (TA 2100) thermal analyzer (TA 
2100) with 951 T G  Module was used for 
thermal characterization o f the samples in 
nitrogen atmosphere (flow rate 60 ml/min). 
A sample mass o f 10 ± 1 mg was scanned 
from 30 to 550°C  at a heating rate o f 10°C 
per minute and the initial decomposition 
temperature (ID T), the temperature o f maxi­
mum rate of mass loss (T^^J, final tempera­
ture o f decomposition (T .̂) and weight loss 
were determined from TG  traces. The mo­
lecular weight ^ w ) and molecular weight 
distribution (M W D ) were determined us­
ing gel permeation chromatograph (G PC- 
Waters 510) attached to a 410  diffraction 
refractometer. HPLC grade toluene was used 
as solvent at a flow rate o f 1 ml/min. The 
GPC columns were calibrated with polysty­
rene standards. Masticated N R  was dis­
solved in chloroform (spectroscopy grade) 
and a thin film was cast on NaCl disc. The 
infrared spectra o f the samples were recorded 
using Shimadzu Fourier Transform Infrared 
Spearophotometer (FTIR-8101M) in the elec­
tromagnetic spectrum (4600/cm to 400/cm).

RESULTS AND D ISC U SSIO N
The pH measured in fresh latex is that 

o f the cytosol part in which most o f the rub­
ber regeneration process takes place (Lynen, 
1969). The cytosol pH is therefore a meta­
bolic regulation factor o f major importance 
and highly significant positive correlation has 
been shown between pH and rubber pro­
duction under certain conditions (Eschbach 
et a i ,  1984). The clonal and seasonal varia­
tions for pH were significant but clone to
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season interaction was not (Table I). The 
latex pH of RRII 105 was nearly neutral and 
KRS 163, the highest.

Table 1. Clonal variation in pH

Table 2. Clonal variation in DRC

Clone SI S2 S3 Mean

RRII 105 
PB 217 
PB 235 
PB 255 
PB 260 
PB 280 
PB 310 
PB 311 
PB 312 
PB 314 
KRS 25 
KRS 128 
KRS 163

7.04
7.00
7.07
7.10 
7.19
7.21
7.11 
7.16 
6.99 
7.18 
7.15 
7.14
7.21

7.04
7.12
7.37
7.41
7.41
7.40 
7.28 
7.34 
6.99
7.41 
7,11 
7,22
7.42

7.01
7.13
7.14 
6.99
7.13 
7.10 
6.97 
7.08
7.13 
7.16 
7,06

7,1
7.15

7.03 
7,08
7.19 
7.17
7.24
7.24 
7,12
7.20
7.04
7.25 
7,11 
7,15
7.26

Mean(Season) 7,12 7,27 7,09

F 4 .01**#  21,38**##1,35'"^###
CD (P < 0,01) 0 ,12 0,06_________

# Clone ## Season ###Clonex Season

Dry rubber content (DRC) was ob­
served to vary depending on various factors. 
When tree is opened for tapping it produces 
unstable latex with a high DRC. With the 
progress o f tapping, in a regular tapping sys­
tem, the latex stabihty increases and the D RC 
falls to a steady level between 25 and 45 per 
cent depending on the planting material. 
Clonal characteristics, age of the tree, length 
o f tapping cut, frequency of tapping, stimu­
lant application, time o f tapping and envi­
ronmental conditions are some o f the fac­
tors that affect D R C  o f latex (Kang and 
Hashim, 1982; Esah, 1990). Clonal and 
seasonal variations and clone to season in­
teraction were observed to be significant 
(Table 2). High D RC was observed for KRS 
128 and RRII 105 followed by PB 255 and 
PB 280. PB 310 and PB 312 showed low 
values and most o f the other clones medium 
(34 to 41% ).

Clone S I S2 S3 Mean

RRII 105 42,52 40.20 38.80 40.50
PB 217 34,70 34.27 33.14 34.04
PB 235 40,75 38,27 35,49 38.17
PB 255 42,57 39,73 37,02 39.77
PB 260 38.36 35.74 35.39 36.50
PB 280 41.67 39.10 37.92 39,56
PB 310 35,00 32.73 31.08 32.93
PB 311 34.66 36.65 31.61 34.30
PB 312 30.92 34,34 31,87 32.37
PB 314 36,13 34,64 32.24 34.34
KRS 25 37,23 35.59 32.88 35.23
KRS 128 43,38 40.88 38.29 40.85
KRS 163 40,99 39.53 35.77 38.76
Mean(Season) 38,37 37.05 34.73

F 24.26* *# 18.45* *## 3.72* *###
CD (P < 0,01) 1,79 0.48 1.74

# Clone ## Season ### Clone x Season

The non-rubber constituents (NRC) 
values for the latex from different clones are 
presented in Table 3. There was no direct 
correlation between the D RC and NRC be­
cause the non-rubber constituents may have 
originated in the latex serum. Organic non­
rubber constituents may vary both in com-

Table 3, Clonal variation in non-rubber 
constituents (%)

Clone SI S2 S3 Mean

RRII 105 3,19 3.02 2.65 2.95
PB 217 3,31 3.12 3.20 3.21
PB 235 3.06 2.84 2.34 2.75
PB 255 3.54 3.29 3,62 3,48
PB 260 3,13 3.10 2,99 3,08
PB 280 3,51 3.26 3,17 3,31
PB 310 3,31 3.14 3.26 3,24
PB 311 3,47 3.15 3.26 3.29
PB 312 2,95 2.80 2.67 2.81
PB 314 3,22 3.11 3.19 3.17
KRS 25 3,64 3,33 3.61 3,53
KRS 128 3.20 3,29 3,37 ... 3,29
KRS 163 2.83 2.99 2.57 2.80

Mean(Season) 3.26 3.11 3.07

F 8.15**# 15.91* *## 3 .11* *###
CD (P < 0.01) 0.26 0.07 0.25

# Clone ## Season ### Clone x Season
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position and concentration, depending on 
various physiological and physical param­
eters (Gelling and Porter, 1988; Pakianathan 
et a i ,  1992). Clonal and seasonal variations 
and clone to season interaction were signifi­
cant. KRS 25 and PB 235 had the highest 
and the lowest NRC, though D RC was in 
the reverse order.

Ash content in dry rubber represents 
the quantity o f mineral matter present in 
rubber, such as carbonates and phosphates 
o f potassium, magnesium, calcium, sodium 
and other trace elements. A high ash con­
tent in rubber could also result from con­
tamination during latex collection or pro­
cessing. Table 4 shows that rubber derived 
from all the 13 clones had ash contents vary­
ing from 0.15 to 0.25 per cent and signifi­
cant differences were not observed among 
clones, seasons and their inter-relationships.

Nitrogen content o f dry rubber is con­
tributed by the proteinaceous material ei­
ther tenaciously held or chemically bonded 
to the rubber (Burfield et a i ,  1976). Cer-

Table 4. Clonal variation in ash content (%)

Clone SI S2 S3 Mean

RRIl 105 0.19 0.26 0.14 0.20
PB 217 0.15 0.14 0.26 0.18
PB 235 0.13 0.16 0.20 0.16
PB 255 0.20 0.16 0.19 0.18
PB 260 0.10 0.14 0.22 0.15
PB 280 0.25 0.09 0.23 0.19
PB 310 0.23 0.11 0.24 0.19
PB 311 0.24 0.17 0.25 0.22
PB 312 0.14 0.35 0.27 0.25
PB 314 0.13 0.16 0.30 0.20
KRS 25 0.11 0.24 0.28 0.21
KRS 128 0.21 0.18 0.23 0.21
KRS 163 0.12 0.10 0.21 0.17

Mean(Season) 0.16 0.17 0.23

F 1.32'"^# 1.26’̂ ^## 1.31^'=###

tain proteinaceous materials had been shown 
to influence the technological properties of 
rubber (Alias and Hasma, 1988). Although 
the proportion of nitrogen varies in differ­
ent types of proteins, the formula protein = 
6.25 X nitrogen content, though not a pre­
cise indication o f protein content, is gener­
ally accepted (Bengtson  and Stenberg,
1996). Nitrogen content ranged from 0.38 
to 0.49 per cent (Table 5). Clonal and sea­
sonal variations and clone to season interac­
tion were significant.

Table 5. Clonal variation in nitrogen content (%)

Clone SI S2 S3 Mean

RRII 105 0.43 0.38 0.45 0.42
PB 217 0.41 0.40 0.43 0.41
PB 235 0.39 0.37 0.39 0.38
PB 255 0.46 0.34 0.39 0.40
PB 260 0.41 0.42 0,40 0.41
PB 280 0.38 0.39 0.48 0.46
PB 310 0.48 0.41 0.48 0,46
PB 311 0.52 0.41 0.50 0.48
PB 312 0.49 0.48 0.50 0.49
PB 314 0.50 0.48 0.46 0.48
KRS 25 0.48 0.42 0.43 0.44
KRS 128 0.40 0.38 0.41 0.40
KRS 163 0.42 0.34 0.39 0.38

Mean(Season) 0.44 0.40 0.44

F 7.13**# 33.60* *# # 3 .9 6 *'*•###
CD (P < 0.01) 0.04 0.01 0.04

# Clone ## Season ### Clone x Season

# Clone ## Season ### Clone x Season

Mooney viscosity gives an indication 
of the molecular weight, degree o f branch­
ing, entanglement and crosslinking and also 
suggests the quantum o f mechanical work 
required on the raw rubber to give mixes with 
consistent theological properties after mas­
tication, compounding and mixing. A rub­
ber with a high Mooney viscosity may re­
quire longer premastication time or need 
expensive peptisers to obtain a product o f a 
workable and consistent viscosity. T he
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present study (Table 6) indicated that rub­
ber obtained from three clones {viz., KRS 
163, PB 260  and PB 312) has a viscosity 
range (V^) o f 60 to 70 units, almost close to 
the processable range o f viscosity. Six clones 
produced medium to hard rubbers with Vĵ  
between 70 to 80 units. The remaining four 
clones including R R II 105 produced hard 
rubbers with >80. The rubber from 
PB 255 had the highest Mooney viscosity. 
Significant differences were observed among 
clones, seasons and their interaction. This 
difference in Mooney viscosity is attributed 
to the variation in gel content as will be dis­
cussed later.

Table 7. Clonal variation in initial Wallace 
plasticity (P )̂

Clone S I S2 S3 Mean

RRII 105 60.33 49.33 54.33 54.67
PB 217 67.00 48.50 58.83 58.11
PB 235 53.17 46.00 58.33 52.50
PB 255 65.00 53.83 63.17 60.67
PB 260 42.83 43.33 45.33 43.83
PB 280 48.00 44.00 52.83 48 .27
PB 310 46.67 49.17 47.17 47.67
PB 311 42.00 51.50 45.17 46.22
PB 312 50.17 39.33 43.17 44.22
PB 314 48.33 48.17 43.83 46.78
KRS 25 53.33 44.17 50.17 49.22
KRS 128 62.33 52.33 57.50 57.39
KRS 163 42.83 38.83 46.83 42.83

Mean(Season) 52.46 46.81 51.28

F 2 1 .4 P * # 53.32**# # 8.48»»■###
CD (P < 0,.01) 3.72 1.16 4.19

T a b l e  6 . Clonal variation in Mooney viscosity # C lo n e  # # Sea so n  ###C lo n e x S e a s o n

Clone S I S2 S3 Mean

RRII 105 85.22 78.52 81.32 81.68
PB 217 87.67 74.83 87,08 83.19
PB 235 75.75 72.00 81.67 76.47
PB 255 91.53 83.28 89.92 88.24
PB 260 60.68 65.47 67.07 64.41
PB 280 70.52 69.15 76,88 72.18
PB 310 71.53 74,80 68.03 71.46
PB 311 68.08 72.77 69.04 70.08
PB 312 67.85 64.23 66.25 66.11
PB 314 69.38 75,27 66.32 70.32
KRS 25 75.37 70.42 74,08 73.29
KRS 128 87.52 78.32 82.07 82.63
KRS 163 62.38 60.68 67.33 63.47

Mean(Season) 74.88 72.29 75.19

F 36.30**# 15,50’*’"## 7 .16 ’ *###
CD (P < 0.01) 3.78 1.15 4.15

# C lo n e  # # Seaso n  # # # C lo n e x S e a so n

Bulk viscosity of rubber measured by 
the Wallace plasticity (P )̂ is also an impor­
tant property. The plasticity values deter­
mined for the clones showed a range varying 
from 43 to 61 units (Table 7). Like Mooney 
viscosity, the clones KRS 163 and PB 255 
had the lowest and the highest values o f P 
respectively. Clonal and seasonal variations

and clone to season interactions were signifi­
cant. As in the case o f Mooney viscosity, 
plasticity was also affected by gel content.

Plasticity retention index (PRI) is a 
measure o f the resistance o f rubber to mo­
lecular breakdown by heat. It is assessed by 
the percentage change o f the original plas­
ticity when the rubber is heated at 140°C 
for 30 min. High values correspond to good 
resistance to heat and oxidative degradation. 
The rubbers from the different clones showed 
PRI values ranging from 80 to 88 per cent 
(Table 8). Significant differences were not 
noticed among the clones and clone to sea­
son interaction was not significant. Seasonal 
variations were highly significant.

Mooney viscosity o f N R  changes dur­
ing storage as it undergoes hardening, re­
sulting in higher bulk viscosity, when stored 
at ambient temperature and humidity over 
a period o f time. This hardening process is 
accelerated at elevated temperature and dry 
conditions. The hardening is due to the
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Table 8. Clonal variation in plasticity retention 
index (PRI)

Table 9. Clonal variation in ASHT

Clone S I S2 S3 Mean

RRII 105 
PB 217 
PB 235 
PB 255 
PB 260 
PB 280 
PB 310 
PB 311 
PB 312 
PB 314 
KRS 25 
KRS 128 
KRS 163

84.00
85.50
88.50
88.33
91.50
94.67
95.67
89.67
90.50 
88.17
90.00
87.50
90.33

88.33
82.50
80.17
80.50 
86.00
86.67
82.33
76.50
82.17 
79.83
89.67 
86.30
87.67

73.33
71.83 
72.50
76.83
81.83
81.17
77.67
80.33
73.83
82.33
77.17 
73.00
82.67

81.89 
79.94 
80.39
81.89
83.44 
87.50 
85.22
82.17
82.17
83.44 
85.61 
82.28
86.89

Mean(Season) 89.56 83.74 77.27

F 2.09^5# 85.34**## 2.05*###
CD (P < 0.01) - 1.89 6.82

#Clone ##Season ###ClonexSeason

crosslinking among the rubber molecules 
involving the aldehyde or carbonyl groups 
(Subramaniam, 1975) and certain aldehyde 
condensing groups in the non-rubber phase 
including some amino acids (Gregory and 
Tan, 1976). The hardening phenomenon 
o f N R  is usually assessed by the accelerated 
storage hardening test (ASHT) in which the 
rubber is stored at 60°C  over phosphorus 
pentoxide for 24 h, and the extent of storage 
hardening is expressed in terms o f the re­
sulting increase in Wallace plasticity num­
ber, AP. Table 9 shows the results obtained 
for rubber from different clones. Significant 
differences existed among the clones and the 
seasons but clone to season interaction was 
not significant. The concentration of alde­
hyde groups and aldehyde condensing 
groups varies w ith rubber clones 
(Subramaniam, 1975). The concentration 
of aldehyde condensing groups in rubber is 
ten to twenty times that of aldehyde groups 
and the extent o f accelerated storage hard­

Clone S I S2 S3 Mean

RRII 105 10.00 30.00 28.33 22.78
PB 217 9.67 32.00 14.30 18.65
PB 235 16.00 34.67 18.21 22.96
PB 255 7.00 27.33 15.67 16.67
PB 260 17.67 37.00 24.33 26.33
PB 280 27.67 35.67 21.33 28.22
PB 310 23.00 32.00 20.00 25.00
PB 311 15.67 28.33 17.00 20.33
PB 312 14.67 41.67 15.33 23.89
PB 314 19.33 29.33 22.67 23.78
KRS 25 15.33 34.33 17.00 22.22
KRS 128 10.67 36.33 21.33 22.78
KRS 163 21.67 40.33 27.00 29.67

Mean(Season) 15.26 33.77 20.19

F 3.94*’‘# 61.93*-^##1.26^5###
CD (P < 0.01) 5.91 3.44 -

# Clone ## Season ### Clone x Season

ening of the rubbers would depend only on 
the aldehyde group concentration. T he 
clones PB 235 and KRS 163 showed the 
lowest value and the highest values respec­
tively. Significant differences were observed 
among the clones and seasons but clone to 
season interaction was not significant.

A regression line was fitted by taking 
Vĵ  as dependent variable and P̂  as indepen­
dent variable, following the regression equa­
tion:

=1.052 P„ + 21 .2874  
where the coefficient o f correla­
tion R̂  = 0.66 

The regression between and P̂  was 
highly significant and around 66 per cent o f 
variation in could be explained by P̂ . 
Another regression line was fitted 1^ taking 
ASH T as dependent variable and P̂  as inde­
pendent variable. The regression equation is 

ASH T = -0 .7020 P„ + 57.922
where the coefficient o f cor­
relation R̂  = 0 .27



CHARACTERIZATION OF RUBBER FROM HEVEA CLONES 29

The regression between and ASHT 
was also significant but only 27 per cent of 
the variation in A SH T could be explained 
by Pjj. Rubbers with low undergo higher 
extent o f storage hardening and vice versa. 
This is in agreement with the higher alde­
hyde group concentration generally found 
in the softer rubbers, compared to the harder 
rubbers.

Table 10 gives mean values of acetone 
extract for the latex from different clones. 
Clonal variation, seasonal variation and clone 
to season interaction were significant. The 
acetone extract o f N R contains naturally oc­
curring non-rubber constituents such as lip­
ids, fatty acids, quebrachitol, sterols and es­
ters. In addition, acetone will extract the 
degraded rubber, if the rubber has been ex­
posed to oxidative influences such as strong 
sun light (Bengtson and Stenberg, 1996). 
Lipids are responsible for the stability o f the 
rubber particles (Ho et al., 1976). The ste­
rols and esters are believed to contain the 
antioxidant, which is effective in preserving

Table 10. Clonal variation in acetone extract

the raw rubber against oxidation and soft­
ening during storage (B engtson  and 
Stenberg, 1 9 96). Fatty acids influence 
strongly the rate o f vulcanization with cer­
tain accelerator system (Ebi and Kolawole, 
1992). Generally acetone extract varies be­
tween 2 to 5 per cent in dry rubber (Esah, 
1990) and for all the clones, the values were 
within this limit. KRS 128 yielded the mini­
mum and PB 260  the maximum acetone 
extract values.

Gel is the insoluble fraction when the 
rubber is dissolved in a solvent. Two types 
of gels exist in NR; micro gel and macro gel. 
Micro gel consists of particles of submicron 
size, which are crosslinked latex particles. 
Macro gel appears to be a secondary bonded 
network incorporating micro gel and most 
o f the proteinaceous materials. The gel con­
tent o f the rubber from the different clones 
is represented in Table 11. Rubber from PB 
255 showed the highest gel content followed 
by that from RRII 105 and KRS 163, the 
least. Clonal and seasonal variations and

Table IL  Clonal variation in gel content

Clone SI S2 S3 Mean Clone S I S2 S3 Mean

RRII 105 2.81 2.74 3.01 2.80 RRII 105 14.96 18.99 16.05 16.67
PB 217 3.83 4.26 4.06 4.08 PB 217 12.43 13.57 14.16 13.39
PB 235 3.49 4.24 4.35 3.96 PB 235 1.91 5.84 10.65 6.13
PB 255 2.23 3.42 3.00 2.93 PB 255 21.21 20.48 27.00 22.90
PB 260 3.55 4.61 4.4 4.17 PB 260 2.69 5.13 6.53 4.78
PB 280 3.03 3.18 3.76 3.50 PB 280 4.62 8.12 10.74 7.83
PB 310 2.91 3.59 3.60 3.29 PB 310 9.47 14.99 12.56 12.34
PB 311 2.58 2.81 3.28 3.03 PB 311 11.22 12.74 18.41 14.12
PB 312 2.86 2.68 2.92 2.93 PB 312 6.45 12.03 12.42 10.34
PB 314 2.55 3.09 3.10 2.93 PB 314 8.95 13.85 13.01 11.94
KRS 25 2.81 3.52 3.07 3.14 KRS 25 9.28 6.04 16.23 10.52
KRS 128 2.67 2.52 2.75 2.60 KRS 128 6.48 11.08 13.71 10.42
KRS 163 3.78 4.25 4.23 4.07 KRS 163 1.74 5.18 6.37 4.43

Mean(Season) 3.14 3.33 3.54 Mean(Season) 8.57 11.39 13.69

F 35.06**# 40.25**# #2.42*»■### F 24.92*" #̂ 78.89* *## 3.95**###
CD (P < 0.01) 0.29 0.09 0.32 CD (P < 0.01) 2.96 0.82 2.96

# Clone ## Season ### Clone x Season # Clone ## Season ### Clone x Season
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clone to season interaction were significant. 
Significant indirect relationship was observed 
between A SH T and gel content.

Thermogravimetric plot o f N R firom 
the clone RRII 105 is represented in Fig. 1. 
Three regions of temperatures (up to 250°C, 
250 to 450°C  and higher than 450°C) are 
considered in discussing the thermal stabil­
ity o f N R. Below 250°C , sohd rubber is 
quite stable. In the absence o f oxygen, crude 
rubber may be kept for long periods with 
no loss o f low molecular weight products 
from thermal reaction. Degradation of N R 
occurs in two steps. The first step degrada­
tion starts at about 300°C  and completes at 
431°C . During this stage, 79 .98 per cent 
weight loss was observed due to rapid vola­
tilization and substantially complete distil­
lation. The weight loss observed at 300°C 
was 1.51 per cent. The second step of deg­
radation starts at 431°C  and completes at 
490°C . During this stage, the weight loss 
observed was 16.03 per cent. The first step 
degradation occurred at a sharp rate com­
pared to the second step. In the D TG A  
curve, the major peak was observed at 398°C. 
This corresponds to the temperature at which

2.0

c

E

gi
a)

- 1.0

maximum rate o f degradation o f N R  takes 
place. Above 300°C , volatilization becomes 
rapid. Complete degradation occurred in 
30 min at temperature near 400°C . Results 
obtained for the clones are given in Table 
12. The degradation behaviour does not 
show variation among samples indicating low 
influence o f non-rubber constituents.

Table 12. Clonal variation in therm ogravimetric 
param eters

Clone IDT“C T max"C Peak
area

weight 
loss (%)

RRII 105 315 398 6.79 96.16
PB 217 315 398 7.03 95.27
PB 235 315 398 6.95 94.93
PB 255 315 398 6.81 96.47
PB 260 315 398 6.76 95.02
PB 280 315 398 6.99 96.19
PB 310 315 398 6.59 94.98
PB 311 315 398 7.09 94.75
PB 312 315 398 6.80 96.56
PB 314 315 398 7.26 96.36
KRS 25 315 398 7.04 96.23
KRS 128 315 398 6.62 94.86
KRS 163 315 398 7.22 96.02

Temperature (°C)

Fig. 1. Thermogram of the rubber from the clone 
RRII 105

The molecular weight distribution of 
rubber for all the clones studied was ex­
tremely wide and the molecular weight was 
in the range of 10"̂  to about 10 .̂ The mo­
lecular weight distribution curve obtained 
by G PC for the clone R R II 105 is repre­
sented in Fig. 2. (number average mo­
lecular weight), (weight average molecu­
lar weight) and polydispersity IM J  M^) o f 
the 13 clones for the three seasons are given 
in Table 13. The molecular weight charac­
teristics did not show wide variations either 
within the different clones studied qa: with 
change in seasons as observed from the low 
CV  values.

The infrared (IR) spectra of the films 
from all the clones were recorded. IR  spec­
trum o f the film from the clone RRII 105
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S I
Table 13. Clonal variation in molecular weight

Clone
S2

(Daltons) (Daltons)
RRII 105 
PB 217 
PB 235 
PB 255 
PB 260 
PB 280 
PB 310 
PB 311 
PB 312 
PB 314 
KRS 25 
KRS 128 
KRS 163

Polydis-
perslty (Daltons)

S3

2.11 X 10’
2.05 X 10' 
1.95 X 10̂
2.19 X 105 
2.40 X 105
2.04 X 10' 
2.39 X 105
2.20 X 105 
2.07 X 105 
2.25 X 105 
1.99 X 105
2.05 X 105 
2.01 X 105

Hv
(Daltons)

10.30 X 105 
9.73 X 105 
9.90 X 105

10.80 X 105 
10.70 X 105
10.30 X 105 
11.60 X 105
10.30 X 105 
9.27 X 105

10.50 X 105 
9.25 X 105 

10.20 X 105 
10.10 X 105

4.87
4.75
5.07
4.93
4.21
5.05
4.84
4.69
4.47
4.66
4.64
4.99
5.03

Polydis-
perslty (Daltons)

CV

2.15 X 105 
2.28 X 105 
2.20 X 105 
1.84 X 105
1.95 X 105 
1.98 X 105 
2.22 X 105 
1.86 X 105
1.95 X 105
1.95 X 105 
2.26 X 105 
2.37 X 105 
2.11 X 105

6.81

11.52 X 105 
11.56 X 105 
10.85 X 105 
9.63 X 105 
9.86 X 105

10.76 X 105 
10.47 X 105
9.48 X 105 

10.13 X 105 
9.95 X 105 

11.35 X 105 
11.54 X 105
10.76 X 105

5.33
5.07
4.94
5.23
5.06
5.42
4.72
5.11
5.19
5.10 
5.03 
4.87
5.11

Poly-
(Daltons) dispersity

6.10

2.06 X 105 
1.94 X 105 
2.09 X 105 
1.84 X 105 
1.83 X 105 
1.99 X 105 
1.75 X 10= 
1.70 X 105
1.88 X 105
1.82 X 105
1.83 X 105 
1.86 X 105
1.89 X 105

5.25 8.28

9.84
10.34 
10.89
8.67
9.56

10.78
9.44
8.34
9.36 
9.80
9.36 

10.23 
10.19

X 105 
X 105 
X 105 
X 105 
X 105 
X 105
X 105 
X 105 
X 105 
X 105 
X 105 
X 105 
X 1Q5

7.06

4.77
5.34
5 .20 
4.71
5.21
5.41
5.41 
4.93 
4 .98
5.38 
5.11 
5.49
5.38

3.63 6.07 7.70 4.99

Fig. 2. Molecular weight distribution curve of the 
rubber from the clone RRII 105

for the range 3600/cm to 400/cm is repre­
sented m Fig, 3. It exhibited characteristic 
absorption peaks due to the C-H deforma­
tion o f cis C=C-H at 835/cm, C=C oscilla­
tion at 1665/cm, -C H , mode at 1375/cm, 
-C H , mode at 1449/cm  (George et a i ,  
1992). N -C = 0  vibration at 1540/cm (Aik- 
Hwee a l .,  1 9 9 2 ) and absorption at 
890/cm  corresponding to isopropenyl 
-C (CH p=CH , group (Ivan et a i ,  1993).

C O N CLU SIO N

Important properties, which are re­
lated to the qualities o f latex and rubber were 
studied in 13 clones oiH ev ea  bmsiliensis. The 
impact o f clonal and seasonal variations on 
these parameters were observed to be signifi­
cant. The interactive influence o f clone to 
season was also sound.

DRC was medium to high for all the 
clones studied except PB 310 and PB 312. 
The highest DRC was observed for the clones 
KRS 128 and RRII 105. In terms o f plas­
ticity, most o f the clones gave medium to 
hard rubbers. Clone R R II 105 could be 
graded to the higher viscosity range. KRS 
163 had the lowest P̂ , Mooney viscosity and 
gel content, whereas the highest values were 
observed for clone PB 255. The clone PB 
255 showed the lowest value for A SH T while 
KRS 163, the highest. Ash content and PRI 
were not affected by clonal and seasonal fac­
tors. Good correlation was obtained between 
Mooney viscosity and P̂  for all the clones. 
Correlation between P̂  and A SH T was also



Wave number (cm ')

Fig. 3. IR spectrum of the rubber film from the clone RRII 105

different soil and environmental conditions.significant. A S H T  and gel content showed 
sign ifican t in d irect relation sh ip . R ubber  
from all the clones showed similar degrada­
tio n  p a tte rn  d u rin g  th e rm o g ra v im e tr ic  

analysis. C haracteristics including m olecu­
lar weight distribution for all the clones were 

alm ost uniform . Little difference could be 
traced in the IR  spectrum  o f all the clones. 
T he data generated could provide a com para­
tive assessment ot the latex o f  different clones, 
though som e variations are expected under
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