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A detailed study was undertaken Lo compare ISR 20 with the conventional forms of rnatural
tubber. Samplos from different sources were collectsd periodically over a poried of one yoar anc
the caw rublr, processing and vufcanizale properties wore evaluated. #was found that the sheet
grades shuw hetter raw rubber properties excepbvolatile matter and initiot Wallace plasticity than
ISM 20 and ERC IX. It has also been fund o have comparable heeel of congistency in these
properties with that of TSNE 20, The vulamizate properties inclod g apeing chacacterisilics hayve
also heen found to e belter for sheets, Significant differences were net observed armang TSM 14
20 made mut of raw materials collectud From estate and non eslate sectar
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INTRODUCTICN

A major share of natural rubber is
being consumed by the tyre sector. The
consumption patiern varies for different
forms of rubber. The conventional grades
of natural rubber which find extensive use
n the above sector are sheet (RSS 4 and 5)
and crepe (EBC IX and 2X). During the last
decade, many processing units have been
established in Tndia for the production of

technically specified rubber (TSR) and the .

total production of the same during 1443-94
was 31240 moetric tonnes,

In India TSR is generally markeled in
canformity with the specifications laid down
by the Burcau of Indian Standards wnder
the general mame Indian Standard Watural
Rubber {1SNR).  The major sdvantages of
ISR are claimed to be its improved con-
sistency in properties and the availability of
different grades to suit individual tequire-
menis of the end user. The market trends

indicate that amony the ISNE grades,
ISNR 20 iy the preferred grade for the tyre
sector considering its cost and quality,
Studies have been mude comparing sheet
and black grades of rubber processed from
latex [Lon, Sin and Chin, 19%78; Bristow and
Bears, 1986). Kuriakose et of {1975} studied
the processability and vuleanizate propor
bes of block rubbers wilh the convention]
grades of natural rubher.

The present study has been evisaged
lo compare raw mubber, processing and
lechnological properties of ISNR 20 with
those of the convimbional forms of natural
rubber, with special reference to the level of
consistency in these properties. -»

EXPERTMEN AL

Samples of RSS 4, RSS 5, EBC IX and
1SMR 20 were collected fram different rve-
glons in the traditivnal rubber growing
arcas four Hmes with an interval of three
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Table | Sources of samples

Type of rublber Sonrce

RS54, RES 5 Palai, Venjsramend, Konni, Nilantbur

EBC Mundakayam, MNagereail,
Enlasekharam, hanimala

LB, Chfferenl procossing vnits i1 and
arrrund Kot pam,

15R 20 Punalue, Mundakayam, Nilambur.

I5NR 2], Palai, Thodupuzha, Puovarani and

Kottavain,

1 - Fresh ficld cnagu.laum 2 - Diry field coagulum

months each. As ISNK 20 and EBC arc
processed from fresh and semi-dried forms
of field coagulum, both the types were
included in the study. The details of the
sume-are given in Table 1.

The raw rubber properties specilied
for TSNR and acctone extractables were
determined for the above samples accord-
ing to the respective BIS procedures. The
processing propertics of the ACS 1 mix and
the technological properlies of the T1AF
(IN330) black filled mixes (formulation given
in Table 2} wer evaluated as per the
relevant ASTW test procedures.

Table 2. Formualtion of TAF filled mix

Cuomponents Part of wcigﬁL )
Matural rubber ILEH
Stearic acid 2

Zine oxide 5
Maphihenic il b

HAF blark {MN330) i
M-cyelnhiexy -2 benzothiazole

sulpbenamide 0.7
Sulphur X5

The data were statistically analysed
and the mean, coefficient of variation and
the dusirability measure were worked out.
The mean value explains the average per-
formance of the grade with regard to the
properties and the coefficient of vairation
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cstimates the consisteney. A more consist-
¢nt distribution has a lower coefficient of
variaion and vice-versa. In arder to deter-
mine the desirability of different forms of
NK with regard to properiies, a desirability
mdoasure (DM) has been worked ont, Desir-
ability measure is the swm of the squares of
deviations of the ubscrved values from the
desired value expressed as relative to the
desired value.

Cocfficient of variation {CV) --_g x 100
. X

wherc

F = standard deviation
¥ = mean

and

Desirability measure (DM}

= Xly-y|
N

Where Y = observed value

¥
™ = Mo of samples

desired value

Since the performance stabilily and
nearness to the desired value are equally
importani, mean, coefficient of varialion
and DM should be observed simullane-
ously for a rellable comparative analysis.

RESULTS AND DISCLSSION

Raw rubber properties

Table 3 shows the statistically ana-
lysed data for raw ruber properties. Aswas
expected, dirt content is minimum for sheet
grades, Compared to estate brown crepe
{EBC} from non-estate sector, ahsolule val-
ues are beller for [SNR 20. The value of DV
is higher lor EBC, grades while it is morc or
less the same for EBCI, and ISNR 20 gradcs.
Supcriority of sheet grades is very evident
from the significantly lower absolute
values,
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Tabhle * Haw rubber propertics

Parametors K55 4 RS5 5 EBC, EBC, ISNE 20, ISEM 20,
Titt, %

Mean 007 i .32 (13 0.13 0.13

cv 5740 47.83 5228 54 48 42.59 608

CM 0.06 (.08 .31 012 12 (.12
Volatile matter, %

Mean 1.03 1005 1.43 0.90 (L.58 0.41

Cv 31.41 31.43 34.43 30,36 3126 41.99

DM 0.5 0.0 1.28 0.75 (.43 0.26
Ash, %

Mean 0.44 045 (.79 .53 0.43 150

cy 27.10 26.30 22,25 42 35.56 440

M 0.9 0.30 064 0. 0,47 0.45
Mitropen, %

Mean 0.48 047 DA4AD 0.37 0.46 n.45

v 14.62 17.54 16.68 2728 23.44 7138

DM 0301 0.2% 0.22 0.14 0,23 0.27
P

hean LE 46 | g3 aft a4

v 1230 1455 R4 10.39 1812 19.38

DM 49 7 111 116 49 0.4
PRI

Miean B2 B0 4f hill (il a8

v 12.43 uds 34.24 p . 1.8 10,09

DM 12.44 14.1 4594 3500 3244 36,56
Aretome extract, %

Mean 3.0 2.9 185 225 2352 2.3

v 1350 12.21 1867 22.3] 1043 17.50

DM 1.94 1.84 0.75 115 142 1.26

The more efficient drying methads of
I5NR 20 grades impart lower volatile matter
as is evident from DM walues. But CV is
comparable inn all the forms. 1If field coa-
gulum (FC) is processed fresh into crepe,
lower volatile matter could b achieved, as
s observed for EBC. Processing of fresh
ficld coagulum leads to lower volatile mat-
ter in ISNR also. Wrapping of ISNR with
polycthylene sheet might alse contribute to
the lower velatile matter.  In the casc of
sheets, the higher volatile matter may be
attributed to the lower temperature range in
the smoke house and due to the removal of
sheets from the smoke house before com-

plete drying prompted by a visually dry
appearance. Storage of bare sheets in hu-
tnid places also causes moisture absorptiorn.

The field coagulum grades of rubber,
viz. EBC and ISNR 20, contain higher ash
than sheet rubber. The processing of field
coagulum in the fresh stage causes reduced
ash content. EBC_is close to TSNE 20 gfdes
wilh respect to ash. EBC, contains rnaxi-
mum ash. The trend is consistent as the CV
value is found to be lawer. However, DM
is found fo be the highest for EBC,. Sheet
rubbers have the lowest ash content, Even
the CV is lower compared to ISNR 20. DM
alse is found to be markedly lower for sheet.
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Absolute values indicate that . the -

lowest nitrogen coritent is for the crope
samples and the highest for the sheet. Thore
is reasonably good consistency in all the
samples except for ISNR 20, DM value is
feund to be minimum for ¢crepe.

TDhuring the formation of field
coagulum through sponfaneous coagula-
tion and during its storage, considerable
bacterial activity takes place leading to
decomposition of proteins into soluble prod-
ncts, resulting in lower nitrogen content in
crepe as well as ISNR grades.

Wallace plasticily {Po} is indicative of
the processability of the rubber und the
energy requircd for mastication. Theugh
the crepe samples show consistency, as is
evident frem CV values, the mean values
for Po are higher for the same. This may be
attributed {o the lower level of thermo-
oxidative chain scission taking place in the
rubber probably owing to the lower tom-
perature ol drying, compared to that of
ISNK 20 and sheet. Mean values for ISNR
20 yrades indicate that they are in the
processable range of plasticity consistenc
with shect grades are comparable for the
above. DM values are minimum for RSS 4
and ISNR 20, '

Plasticity retention index (PRI is a
measure of the resistunce to oxidation of
raw rubber. As the raw material used in the
production of sheet rubboer i fresh latex.
PRI of the same 15 higher, as was expected.
PRI of crepe rubber processed from dry
lield coagulum is comparatively lower
indicating the inferior quality of the
raw material used. There is not much
difference between PRI of the two types of
ISNR 20. The CV valucs are also compara-
ble for the sheet and ISNR 20 grades
whercas the same is higher for the
EBC grades. DM is minimum lor the sheet
gra-des followed by ISNR 20 and EBC,
grades,
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As expected, acetome exractables are
higher for the sheet grades, since the chances
of degradation and leaching by water are
less. The effect of storage of field coagulum
on the acetone extractables is manifested by
the lower value of the same for EBC, grades.
The CV values are comparabie for sheet and
ISNE 20 zrades.

Processing properties

Table 4 enlists scorch and cure char-
acteristics of mixes prepared as per ACS 1
formulation from the above samples. Tt is
seen that for the sheet grades, optimum
cure Hime and scorch time are higher prob-
ably due to acid retentiom on the same. But
evidently ISNR 20 grades show better con-
sistency in both the properties, as is evident
from the CV values. This is definitely an
advantage of ISNR 20}, as it is showing
consistent cure characteristics, But DM is
minimum for the sheet grades. The above
difierence in scorch and cure characleristics
arc net so predeminant for the TLAE-fitled
vulcanizates. This could be attributed tothe
neutralisation of residual acidity by HAF
black, CV values are comparatively lower
for sheet grades, but the differences arc less
significant, DM being maximum for EBC,
grades. i
Technological properties

The tensile properties of the HAP-
filled compounds are givem in Table 5.
Meodulus at 100 percent and 300 percent
elongation and tensile strength are higher
for sheet rubber. The CV values arc com-
parable for all the three forms. Howoever,
I5NR 20 processed frovn fresh field coagylum
evidently shows better consistency than the
same from dry field coaguham, as 1s evident
from the lower CV values. DM is minjmum
for sheet grades followed by EBC, and ISNR
20, grades. TV is generally comparable and
DM is maximum for EBC,. Elungatinn at
break is comparable for all the three forms,
DM and CV showing similar trequds,

B Y IR '_'-'j'-" -
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Table 4. Pracessing properkics
Parameter BS54 REs 5 LB, EGL,
ACS 1 mrx

ISNR20,  TSNR 20,

Soorch lime at 12070, saconds

Mean 70 R0 T S 1 S B 48

v 39.41 3230 4212 . 37.84 LA 2147

M (59323 667.13 ) 95369 9720 R4
OpHmum cure Hme 130°C, seconds - .,

Mean ' 521 958, 704 734 662 Ga0

v 23.25 19.11 18.35 1877 6,17 12.61

DM 511,44 4R1.92 735,38 U231 77764 7349.62

HAF-filled mix
Seorch time at 120°C, sconnds

bean 1027 1022 G258 354 bl 933
[y 2427 1445 4. 17.10 1210 la.0%
Y| 4440 45367 54042 59247 606.67 125
Optitnn cure bioe al 150°C, scoonds .
Miun A 572 201 k) 57 SFd
cv o .70 946 5.76 1437 6 40} 707
D - 1300 148.0) 218.0 107.0 1425 147.11
Tahle 5. Physical properlies »
Froperly RES 4 RS5 5 B, FBC, SNR 20,  ISNR 201
13 modulus, N mm? '
Maan ixn 3.0 .02 207 242 295
Cy 12,85 .0 10.83 73 1532 5560
.5 R [.15H 0.81 (1.83 0.53 .98 b5
A modulus, & /mm?
Mean | 143 11.23 1053 | [VR=) 1032 [ XA
v EAL 323 f.41] 314 15.44 £.35
Ok 1.6 1.58 219 223 17K 245
Tensile strongth, M7 amt
Mean . 24.58 nw 2280 2301 2351
Y v Lt v.13 1a 82 543 a9
[ ] 257 242 4.2 223 356 344
Elongation at break, (%)
Mean o7 S e hall4 &1% Bz
CV 9.66 H.95 §.8% £.01 12.01 B0
| 3k L18.5% 120.5 111.43 109,33 17 .38 11433
Retenlion alter ageing at 70°C, 14 days, % ' -
Wuan © 59,0 e ] 5.7 G350 6230 52.a0
v 9.74 Lanz 214 17.04 146 209
D 230 247 15.10 23 25 223
Hotertion after ageing, at WACC, 4 days, % '
Mean - bt 24.82 22.64 210 20,73 1700
OV L - dBE J2a 37e 91 A8 269

Dind ' 2552 75,18 2.0 ;76 3027 139

B R . . . [ T . L T e A N T Ml
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Ageinp behaviour

Ageing of the vulcanizates at 100°C
shows better retention in strength proper-
ties for the sheet grades, but bettern consist-
ency is observed for the ISNR 20 grades.
The CV values are marginally lower for the
above, DM is minimum for the sheet
grades. At 70°C, the differences in ageing
properties are observed to be less signifi-
cant. DM is minimum for the EBC, grades.
The concentration of naturally occurring
antioxidants is likely to be more in sheet
rubber as it has been prepared by coagula-
tion of latex under controlled conditions.
The creosotic deposits formed due to smok-
ing ernhances the same. Concentration of
natural antioxidants is lower in the ficld

THOMAS e al.

coagulum grades as a result of bacterial
coagulation.  Moreover field coagulum
undergoes degradation to varying levels
during storage. This explains the poorer
ageing characteristics of EBC and ISNR
grades compared to sheet.

Table & summarises the vulcanizate
properties of the above compounds. Sheet
grades show better wear, set and crack
iniation characteristics. This could be
explained on the basis of the higher molecu-
lar chain lengths in sheet as these arc
subjected to minimum mechanical work:
during processing. The lower clirt content
contributes to the better crack initiation
characteristics compared to scrap grades.
CV values are almost comparable for all the

Table 6. Technalogical properties

Froperty REE 4 BRS 5 LEC, EBC, ISMR A, [5E 20,
DIM abrasion loss, mm? ,

hiean 84,73 £3.44 TdnL22 95.54 8544 93,70

O 15.95 14.55 1213 15.0% 1122 .05

(I, | 2134 19432 2587 3.1 31,14 2943
Compression set at 70°C, %

Mean 28.87 28.82 2606 3as 34014 .43

Ty 1443 11.59 12 86 7 G 15493 185

il 4% 4,89 1213 o8 111 10501
Heat build up ot SFC, AT, °C

Kean 2803 28,07 7.3 2737 i X 2645

v 10.35 %05 11.04 1L.36 1614 614

M 1133 10.27 10,69 1057 .41 975
Hesilioncoe, %

Mean 5504 5.6d 55,35 Ba51 53.33 R

v 4.50 R4 590 Rab 534 1.72

I 672 713 608 ¥l 6.34 6,90

Crack iniHation, ¥.cecles

Mean 1454 13.23 11.44 10,82 1047 LRV (N

cv 3200 24,94 2352 47 37 32401 .53

Dt .51 %73 11.54 1323 13.58 13.15
Crack failure, K opdes

Mean a7 555 b 484 56.5 517 .

Cy 250 29y 3.5 45.5 254 241

DM 2002 Ak if KC-R1r 31 65 521 3397
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grades with respect to abrasion and com-
pression set properties. The gbsclute values
of the above indicate the superiority of sheet
grades over the field coagulum grades, DM
is minimum for sheet grades. TSNR 20, and
EBC, grades show higher values for CV
with respect to flex cracking rharacteristics.

Heat build-up values are marginally
lower for [SNR 20 grades and this could be
attributed to the fact that the 100 percent
and 300 percent moeduli values are lower for
the above. DM is also sipgnificantly lower
for the same, Flowover, the CV values are
distributed over a narrow range.

CONCLUSIONS

Sheet rubber grades show better raw
rubber propertics than crepe and ISNR 20
excepl for valatile matter and plasticity.
Sheet grades are observed to have almost
compartable Jevel of consistency in raw
rubber properties compared o that of
ISNR 20. ISNR 20 grades show better
consistency in processing prapertics such as
scorch and eure characteristics. Vulcanizale
properties such as tensile strength and
elongation at break are better for shect
grades compared te all other grades, Sig-
nificant differcnces were not observed
among ISNR 2 processed from dry or fresh
coagula. EBC from fresh field coagulum is
superior o EBC from dry field coagulum in
raw rubber and vulcanizate properties. All
the raw rubber properties arc supetior for

ISNER 20 from dry field coagulhum compared
tc EBC from dry field coagulum. The
technological properties are also belter for
TSNR 20 from dry field coaguhun. Volativle
matter and Po are higher for EBC from fresh
field coagulum compared to ISNR 20 from
the sarne bype of quaterial. Scorch and cure
limes are slightly higher for the former but
better consistency is shown for the latter.
‘The technological properties are compara-
ble far both the grades. Although ISNE 20
was cxpecled to be more consistent, at least
with respect to raw rubber properties, the
level of raw material blending used for
making these grades do nol bring about
this.
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