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APPENDIX 1
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APPENDIX 2

THE CALCULATION AND RAW DATA

1. Calculation of specific activity of immobilized papain
by physical adsorption and covalent-binding

1.1 Immobilized papain by phys 1 adsorption

1) The result as shown in Tablés are that :

fimmobili ‘@ 65-70 CDU/g wet chitin
protein bon( : \—H mg protein/g wet chitin

the specific 1A% 70/ 0.2
DU/mg protein
2) Total acti ee (pal a 1 'ad about 65,000 unit per

one gram of dr it i : s eq to 12,300 unit per gram

3) The specific activity of free papain (the concentration used

is 7 mg/m ‘
ivity of unbound a.ﬁ 8,100 unit

ot
LTV
Fi

4) Total ac

5) Calculatiomof % yield follow e mﬂxod of Kusano (1989) :

‘A Q/

% yielda
Y

q

1}

% Bound = Specific activity of immobilized papain x 100

Specific activity of free papain

340 x 100 / 2100 = 16.19 Z

]
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1.2 Immobilized papain by covalent-binding method

1) The result as shown in Table 3.1 are that :

the activity of immobilized papain = 450-470 CDU/g wet chitin

protein bound on chitin 0.39 mg protein/g wet chitin

470 / 0.39

1]

the specific activity

1]

1200 CDU/mg protein

apain added is about 62,000 unit per

one gram of dr il S equal to 12,800 unit per gram
free papain (the concentration uaed

.

is 7 mg/ml) i€ 2
: v Ny
V4 / kS \\\\\. 10,700 unit

4) Total activity 0 ibound’papa

5) Calculatic ; eld f ws the method of Kusano (1989) :

% yield = i mmo Dilized papain x 100
(activity ~{ de : 1in - activity of unbound papain)
=4 »23.50 %
% Bound = §;@Ejic ac 0 mn. papain x 100

peeific activi®y of free papain

ﬂuﬂ’m &W]?W hlik
’QW'WéNﬂ‘iflJ UNIINYAY
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2. Calculation of Ky and Vg, of immobilized papain on chitin and

free papain.

Regression equations were calculated from Lineweaver—Burk

plots as shown in Figure 3.7 when casein, ovalbumin and rubber latex

were used as substrate.

2.1 Physically-a ' Jachitin(PIP) and free papain(FP)

1) When casei A& sﬁof PIP, K, and Vg,. were

=

; \ 074) + (8.88 x 1074) X

J

obtained from the regre®
Regression equais .-u/

Y-interc = \§ 0 = 1/ Vo
X-intercep —-1.07° ‘ = =1 /K
K 1932 g/ %081 max = 1,049.32 CDU/mg protein

&P, K, and V.. were

QuiYEIENgIN ol
AN IAIRANEIAY... o ...

obtained from the regression equation below :

Y = (1.88 x 1073) + (3.12 x 1073) x

Ky = 1.656 g/100 m1 and V.. = 530.78 CDU/mg protein
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When ovalbumin was used as substrate of FP, Ky and Vnax were

obtained from the regression equation below :

Y = (1.74 x 1073) + (1.80 x 1073) x

Ky = 1.035 g/100 m1 and Vmax = 576.04 CDU/mg protein

2.2 Covalently immobilized papain on chitin (CIP) and

free papain (FP)

1) When casein was, te of CIP, K, and V., were
+ (3.35 x 107%) X

,164.50 CDU/mg protein

When case FP, Ky, and Vp.. were

obtained from the
%) + (3.48 x 1074) X

K, = 0. 1001~ and Wy, = 2,026.75 CDU/mg protein

‘CIP, Ky and Vg, were

~3

x 1073) + (1.22 x 1073) x

ﬁ u E}@/ﬁoﬂlm WBEJJ ’] ﬂ‘io CDU/mg protein
il b m&m AN Y ARt 1 v

obtalned from the regre581on equation below :

2) When ovalbg

obtained from the iﬁgre

Y = (9.96 x 1074) + (9.12 x 107%4) X

Ky = 0.912 g/100 m1 and Vg, = 1,000.40 CDU/mg protein
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3) When protein in rubber latex was used as substrate of CIP, Kj
and Vp, were obtained from the regression equation below :
Y = (1.62 x 1073) + (0.0451) X

By & 27.85 % protein and Vg, = 616.90 %retention protein

When protein in rubber latex was used as substrate of FP, K,

and Vg, were obtained from th

ssion equation below :
} -3) + (0.0449) X

6 19 Zretention protein

% \ inization by

immoblized papai NEv, \

PRTaey ¥
Vit
2.1 Effect of pH ‘on datexsdeprobednizs

#* = )
Time pH 8-9
(ho) %N
reduction
0 88 6]
2 36.01
4 4876
6 55.92
2.2 Ef fect: o) t ture orvlaﬂc deggrotemlzat ion
Time ql 3 CA0C T 50C
(hr) %N

=

54.11
58.41




2.3 Effect of immobilized papain concentration on

latex deproteinization

122

Time 10 p.h.r. 20 p.h.r. 30 p.h.r. 40 p.h.r.
(hr) %N %N %N %N %N %N %N %N
reduction reduction reduction reduction

0 0.563 0 0.563 0 0.563 0 0.563 4]

2 0.415 26.33 0.226 59.90 0.242 57.98

4 0.311 4477 0.22 60.89

6 0.303 46.19 0217 61.45

Note : —,%N was

Time 200 rpm
(hr) %N %N
reduction reduction

4] 0.594 0.594 0

2 0.345 46.82 0.300 49.44
4 0.308 56.63 0.275 56.76
6 0.276 5867 | 0234 | 60.56

3. Effect of v1scos1ty—stgt‘;£hly

%‘:’!&) because the latex coagulated.

Time

(h)

n.r. control
%N %N %N %N
uctuon o reduction reduction
| 1 [ ‘ ; 0
Bk o .49 1 0.221 58.19
0 198 58 59 ¢| 0.191 0.21 59.45

2 1&'3 AN mw

Time 0.05 p.h.r. control
(hr) %N %N %N %N
reduction reduction
0 0.543 0 0.579 0
2 0.225 58.59 0.241 58.47
4 0.210 61.68 0.238 58.92
6 0.201 63.07 0.234 59.60
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3.3 Effect of Triton X-100 (nonionic detergent)

Time 1.0 p.h.r. 1.1 phit 1.2 p.h.r. control
(hr) %N %N %N %N %N %N %N %N
reduction reduction reduction reduction
0 0.429 0 0.429 0 0.429 0 0.579 0
2 0.208 51.38 0.211 50.87 0.220 48.65 0.241 58.47
4 0.209 513 0.194 54.71 0.213 50.29 0.238 58.92
6 0.205 5217 0.205 52.30 0.209 51.27 0.234 59.60

4. Effect of activa(

Note : when 1.3 p.h.r. |

| Writom X-
was not ec ; , /
— -

m\t of papain

100 was used, the latex

e

4.1 Effect of t ctiv. latex deproteinization
Time . Y control
(ho) — = % %N %N
idh || 4 r on reduction
4] 0. HrAn. \ 0.524 0
2 %gr 0,131 : 0233 | 5563
4 0.1 7061 - 73.73 | 0.211 59.54
6 0.1 7385 | 54 | 0211 59.58
A h PR
4.2 Effect of cysteine— i val on latex deproteinization

e TR
ks (‘ -
_ATime 0.001p trol
%N
M. = ] reduction
‘ -0. , 0 0
0.217 58.74 0.2 55.63
2— 0.214 ﬁg 0.211 59.54
AU IEN TN N
4
4ﬁ ect of me %;ag%gﬁltir EDTA) o ]Ea‘:ex ﬁﬁﬁoreinization
q Time 0.015 p.h.r. control
(hr) %N %N %N %N
reduction reduction
0 0.508 8] 0.524 4]
2 0.235 53.99 0.233 5563
4 0.220 57.04 0.211 59.54
6 0.210 58.75 0.211 59.58




5. Effect of latex dilution on latex deproteinization

5.1 Effect of latex dilution before enzyme treatment
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Time 10 %drc 20 %drc control
(hr) %N %N %N %N %N %N
reduction reduction reduction
0 0.469 0 0.511 [4)
2 0.129 72.56 0.24 53.12
4 0.106 77.33 0.232 54.52
6 0.107 76.92 0.232 54.55
Note : -, ZN was ) % because the latex was not
coog T g
5.2 Effect of 1 it er ehzyme treatment
Time u { 1 control
(hr) . %N %N
ion reduction
0 T 06 \ 0.685 0
2 A 72457 0321 | 5321
4 0. 47805 0312 | 5452
6 0441 7= 0.291 57.53
Note : —, %N wa ed because the latex was not

..-.l' .-*":’Lj"'"’

v
oV |
ot (T

3y
o

Time
Latex diluted to 20% DRE dile h ra Control
before CIP ftreatment fter CIP treaiment (25 % drc)

%Nitrogen _| % N reduction | % Nitrogen %Nreducion | %NMNitrogen |%N reduction
- LE3 ﬂﬁ :
1 0.178 £0.0 63 + .055] 58.08 + 12.51
2 0.106 +0/021 | 74.13 +5.13 0.148 £0.039| 67.69 +4.81 0.153 +0.013| 6548 +2.97
3 0.093 £+0.012| 77.35 +292 0.099 £0.045{ 71.71 £2.12 0.132 £0.021] 70.23 +4.72

Note :

n=6




7. Batch reusability of immobilized papain on chitin for

latex deproteinization

125

Used %g Nitrogen % N reduction wt. of dry rubber [% drc lost
time () :
1 0.165 + 0.007 78.85 £ 1.02 4014 £0.319 13.34
2 0.217 £0.013 68.38 +1.98 3.078 + 0.257 33.30
3 0.55 + 0.058 19.66 + 8.51 2.304 + 0.161 50.70
Note : n=6

8. Raw rubber prope ‘ \

8.1 Raw r

I,

nd free papain (FP) and

ubbeasPr ope: rm' of DPNR produeed from
covalent %&!}m

the contrg

Raw rubber DPNR Proposed
properties cip of RRIM specification
Specification
Nitrogen content 0.12 no sample > 0.12
(a%), (n=4)
Dirt content 0.005 no test value > 0.015
(g%)(n=3)
Ash content 0.13
{g%).(n=3) -
Volatile matter 156 + 01005 0.25 no value > 0.5
(9%).(n=3) F. "j'
Initial Plasticity 944.00 +1.73 82
{P0),(n=3) : /s
' |

Plasticity Ra\tw f}@ﬁﬂ i : 1& Ej 60 (minimum)
Index (PRI),(n&3) ' -

P (PH-P0o)(n=3)| 233+095 500+ 1.65 13.33+1.05 7 no value > 9
Mooney viscosity 69.37+1.00 | 6637+097 | 7523+184 51 45-55
(ML1+4),100C 55-65
{n=3) ‘

Color index, (n=3) 25 3.0 6.0




8.2 Mooney viscosity before and after storage
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Time (month) DPNR DPNR Control
CIP FP
0 70.7 62.3 T2
1
2 71.0 65.2 52
3 70.2 65.2 75.0
4
5 70.0 65.3 752
9. Cure characteristics ] ’ ,
\ ‘
Cure Vu ber (n=3)
Characteristi , Control
Scorch tirde 104 + 1
(sec)
Cure time (t90) : 1¢ AL 157+ 5
(sec) \
Cure rate (t90- P ;é*g« 54+ 4
( Sec) J‘J =ad
AZ
Torque rise . 3. 0] 18.78+1.33
(MH-ML),(kg-cm) e
J' ,g ‘:"_‘_'. - .l""
LTI
10. The physical-pr vulcanized rubber
Physical properties ) Control
of vulcanizates ) CiP FP Q
Unaged rubber | Aged rubber Unaged rubber | Aged rubber | Unaged rubber | Aged rubber
™
Specific gravity 1110 1 4 W i : 1.13+0.00 1.14 £0.00
Hardness 60 56 9+ 532+ 1 585108 634+03
{shore A) , (n=3)
Tensile str Odwt 127 o 1 7ﬁ ; 0.67 26.31 £+ 042
ra). 0] ] 161 ﬂ’”'fm U9 ﬂm &
%Elongation aq 7086 +£17.3 6594 +7.5 7315+ 38.8 665.7 £5.9 684.7+41.9 | 6249+10.2
break . (n=6)
300% modulus 2452 +0.064 | 5.653+0.220 | 2.434 +0.184 16.032 £0.331] 2449 +0.259 |8.403 +0.294
{MPa) , (n=6)
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APPENDIX 3

Testing of the properties of DPNR

1 Raw rubber testing (RRIM,1970)

10 g was accun‘ate 1, €u strips and placed in a
500 ml conical f1 " , \\ eral turpentine and 1 ml
of peptizing agen A NG £ Ay \‘k\\ (36%)). The flask with
its contents wa¢ ‘ ’ \ frared lamps with occasional
agitation until dissglugio wplete (3 hr). The hot rubber

solution was filtered weighed, cleaned and dried

sieve. The flask with 30 - 50 ml of hot mineral

turpentine each time "filtered- he sieve. The dirt on the
sieve was, then ># jrubber solution by hot

mineral turpentin@ dried 5 O—IE)OC for one hour, cooled

in a desiccator andﬂﬁghed to thegnearest 0.1 mg. The percentage of

it contenf Yobded %If:l%??ﬂ gIN3
AT IAMNANYAAE

weight of rubber specimen (g)

1.2 Determination of ash content

The ash from natural rubber contains oxides in varying
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proportions, carbonates and phosphates of potassium,magnesium,calcium
,sodium and other trace elements. Additionally it can contain silica
and silicates arising either from the rubber or from extraneous
foreign matter to an extent depending on the history of the material.
The ash represents as minimal figure for the amount of mineral matter

present in the rubber. Weigh accurately 5-10 g test portion of the

hless filter paper and place ih a

homoginized rubber. Wrap

crucible which was previ and weighed. Introduce the

' a temperature of 550 *20°c
—
until free from car was complete, allow the

crucible into muffle

crucible to cool in a

mg. The ash conten

o
950, ¥
N

1.3 Determi
)7

=

The voldagile  matter % ’E intended for the

of iany other material which

determination of méﬂsture a

is volatile at 100 dC:hln raw rubbep The homogenized rubber was

weighed apprﬂluﬂ % m‘ &Lw‘g u%‘ q ﬂ“g) aud then passed

through the cold mill rolls, with nip seting at 0.3, mm. The test

portiod bl b bla bk L) ARG 1003

for & hr. After heating, each test portion was kept in a polythene
bag and hung on the rack to cool down for half an hour in an air
conditioned room, then weighed to the nearest 0.1 mg. The volatile

matter was calculated as follows :
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Volatile matter (%) = (A-B) x 100

A
where A : weight of test portion before drying (g)

B : weight of test portion after drying (g)

1.4 Determination of nitrogen content

Nitrogen occured v bber chiefly as protein and it can
be used to provide an i dicat }yprotein content, by protein =
6.25 x % nitrogen conténte. g  —

—
0.3 g into

Rubber spec Sove i rately about 0.2 -

a semi micro - Kjeldal \\ atalyst mixture ( K950,

CuS0y . 5H90 1 icentrated sulfuric acid

were added. The mi e digestion unit until

the solution become balf . gr8¢ .,i. ,' \ with no yellow tint and
cooled. The cool d : ':"i.' to the distillation flask

followed by three distilled water. Add 10 ml of

boric acid solution. ing filask and 2-3 drops of

indicator solutidmEWhich is the etlivl red and bromcresol

green. Place the Eceiv 3 end omthe condenser below the

surface of the H3BO3e, solutlon gAdd 40 % NaOH solution to the

dlsmlatmnﬂiuﬂ ANLINTNE AT 10tion aoparates

until the volume of distillaté in the reeeiving flasKkutreaches 150 ml.
Lower %ﬂgﬁ%& nn§ mtutié ’elglmrﬂc’c]ua)ﬂ with water.
Immediat?ely titrate the distillate with standardized 0.01 M H9SO,.
Blank can be prepared by adding all reagents but omitting the sample.

Total nitrogen was calculated as follows :
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% Total nitrogen = 2.8 % (vg;yb) X M
W
where Vg = ml of HySO, required for titration of the content
of receiving flask
Vp = ml of H9SO, required for titration of the blank
M = Molarity of H9SO,

W = The weight of ample used (g)

W

1.5 Determination=of initial=pd

ity
and plas , Lent ion dad X RI)
The plastic test has been developed

as a simple and Trapi thad ‘F-. asur ing he resistance of raw
rubber to oxidative fbye. fl, ; hea ting The test involved
measurement of the rapid j 2 ‘;f}; ’ > rubber test pieces before
apd after a short #pe od an air oven. The rapid
plasticity is measured plastimeter. A high value
of PRI denotes high resistance ';w; e _breakdown. A test portion

Eg’e through a two-roll

of 20* 5 g of .,;
mill ( doubling theﬂhee hetween passe dith nip setting adjusted
such that the final Q)ﬁt thicknessws 1.6-1.8 mm, then immediately

doublled and ﬂsui&tgtm B WL TH cest pettets vere

cut from the doubled sheet with theglallace punchsas illustrated

. Y WTANAIUNRTINETRE
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determination

Figure 37 hing from rubber sheet

The test piece wePe—divide o two sets each for plasticity

determination befgre For. ageing,the testpieces

were heated in o¥éf fien| they were removed and

allowed to cool toBoom cmpera ‘he =:L et piece was sandwiched

between §1eces ‘ﬁ cigarette paper and pressed between the two

parallel p u EJ }mﬂmaﬁﬂrllni compressive force
of 10 for 15 seconds fof Wallacesrapid plastimeter. The median
of theﬁlﬁﬁlﬁﬁl ﬂi‘itglJ umfl:’l ueﬂﬂflﬁsgl to calculate
the PRI as follow :

PRI = Aged median plasticity value x 100

Unaged median plasticity value
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1.6 Characterization of Viscosity-stabilized rubber

The accelerated — storage hardening test (ASHT) provides an
indication of the propensity of solid natural rubber to increase its
viscosity during storage as a result of the formation of cross—links
between the rubber molecules. These cross-link formations are

contributed largely from some condensation reactions involving

t in the rubber molecules. ASHT

aldehyde groups naturally

ace rapid plasticity of test

éf storage under condition

ion. The test piece was

involved the measureme
pieces before and a

- which accelerated th

prepared by the same and devided into two

sets. One set o ¢ platform in a weighing

bottle containing 6-8/g 01 {#) \storag ~hardened in an oven at

60 * 10C for 24 hr #hile égtfﬂjjf ormal atmosphere at room

Aftef 24 hr r::f_‘~tisk " of all testpieces were

# 1
determined by Wallace plaf%g ‘

temperature.

11 as PRI test. The median

value of each setywa clerated storage—hardening

( s P) should belsKpresses

J
e - BUBARUNS WU IAT i,

median plasticity‘value of 3astorage-handened testpieces

3 WA LR IN I Bhn

testpieces.
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1.7 Determination of color index

The color of the raw rubber was compared and matched as
closely as possible with that of standard colored glasses. The
numerically higher index values have deeper color. The testpiece of'
homogenized rubber was prepared by the same procedure as PRI test.
Two disc—shaped pellets were put together and pressed in the mold

between two sheets of polyme ellulose film using mold covers at

not less than 3.5 MN/m? . 0o e cavity areas of the mold for
5 min at 150 * 3°C. Thé“eelor o t@was determined as Lovibond

index by match in{

standard lighting bo

to the approximate color

s as index number of color

glass.
1.8 Determfnagfiod of ‘the Moones isCosity (ASTH D1646, 1988)
The i 91 LY £y ray 7' ubb T | was determined in a Mooney

l
e rubber, die cavity and roter

should be heatedyp isoliligitEctie 2. 100°C. About 25 g of the

\_‘l portion was placed

L

homogenized .:y
in the lower die (E/ity and roter was p@ced followed by another
portion placed ox‘gﬁpp of the@uroter and the die was closed

mesiorcrs Fhe e T ULELIN BN ER VAL ctartins e mter

and set the running t1me‘w1th the fietor on for %4 nminutes. The

viscortbo ke | NN Ll 3 Wbl W) d TG ﬁc&l oo i

size, L for large,the number of minutes for warming up in the machine

(1 min), the number of minutes of actual test (4 min) and temperature

(100°C).
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1.9 Molecular weight averages and molecular weight

distribution by gel permeation chromatography (GPC)
(ASTM D3536,1980) |
Weigh 0.01 g of rubber sample into a 20 ml vial with screw
cap containing 10 ml of THF. The sample was dissolved at room
temperature and aided by stirring until the dissolution was complete.

The solution was filtered 1gh a membrane filter with pore size

5 um primarily to remove mh-‘, 1fofher materials likely to obstruct
the GPC column. ut 100 , : ‘'fate was filled in a syringe,
expeled air from t ' ~anc injectee nto the sample injection

position. The s - series of four columns

packed with styra ion limits of  10% ©A,

105 oa 3 100 0a and 1j e ‘:_'; - _uiﬁ\£-'>107) by THF solvent at

the flow rate 1 ml énd MWD of the sample

was determined by s1Mg v.ge standard calibration graph

(Mw standard range 8.5 x

Vo - 2d

U

 AuEINENINeINg
AU INYAE
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g LOG MOLECULAR WEIGHT

Figure 38 Thé" mo

standard.

&
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2 Test of the rubber valcanization (ASTM D412 ,1989)

2.1 Preparation of rubber compounding

Preparation of rubber compound using sulfur as a vulcanizing
agent is presently the most popular system. The compounding

formulation in Table 2.1 to prepare compounds for comparison of the

cure characteristics and physical ;properties of DPNR from immobilized

papain and DPNR from free. a'i, rol rubber.
’f
— —
o —

Table10 The comp 108"4d ! tien C 1 for assessing the cure

Natural 4 oL 100.0

Hisil 233 1 / 45.0
" 4,
e 3.0

gl o

Zinc oxide

22 5 i¥] 0.3

vax [ il 1.0
W

i¥

Stearic acid

ﬁsﬁﬂ’lﬂﬁlﬂiﬂﬁl’lﬂ%s

awﬁéfﬁhmumwmaa

TMTM 0.12
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where

— Hisil 233S (precipitated silica) is reinforcing filler.
— Zn0O active and stearic acid are the activators of vulcanization.
- MBTS(2-2 di-benzothiazyl disulfide),MBT(2-mercaptobenzothiazole)

and TMTM (tetramethyl thiuram monosulfide) are accelerators of

vulcanization.

-methyl-6-p-butyl phenol) and wax

- 22 CP 46 (2,2 methylene

are antioxidants. ;"'
- DEG (diethylene glyec i é of surface active

~ absorption.

— Shellflex is

5 vus th two-roll mill at room
temperature by addi e ek [ Tows :
1. Homogenized rubber

2. Add Hisil 233S "*"'ﬂmthﬁ tearic acid and mix for

Tin, (e

3. Add wax +2%E&P 6 +Znl and mi f;or 3 min and then leave

until the compoupd cool dowmy o room temperature.

i @ummmm’m

. Flnally add sulfur andfmix for 2mi

il LT | bl VADYAAY  a st

determlnatlon of its cure characteristics.

I~

W

2.2 Cure characteristics

The cure characteristics of the compound rubber was run on a
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Rheometer model EK-100H (EEKORNER ,Taiwan) for 7 min at 155 ©C. From

the cure curve recorded (Figure A 3.3), all the necessary reading was

determined and reported.

The important cure parameters were scorch time, cure rate,

time to optimum cure, and maximum modulus. Scorch time was the

minimum safe time for processing the compounded rubber before the
vulcanized state where further

rubber converted from a plasti

N
o

-

Q) o

-

e ~—k —e
Ny

€D

-

@)

n

22

5

=

—k

N b o o o

’-Hﬁﬂfﬁﬂﬂﬁﬂﬂﬂni

llt‘ili’lllll'l" llll’lll‘ll!

maﬁmmumwmaa ’

Time (min)

- 2P

Figure 39 Rheometer curing curve
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where
1 = minimum viscosity or minimum modulus, M
2 = scorch point (1 torque unit rise above minimum viscosity), Tg
3 = maximum modulus, My
= 50 % crosslinks, Tgg-time to 50 % crosslink

4
5 = optimum cure (90% crosslinks), Tgp-time to optimum cure
6

= cure rate, TggTg 'I :

2.3 Testpiec ti 1ng physical properties

The compou!!I--i | \§l _ ed in a compression mold

optimum cure indicated by:

rheometer graph a tting into testpiece.

The physi ‘s- red are :Hardness (Shore

A type), Specific , % Elongation at break

and 300 % Modulus.

2.4 Test, égﬂ ysical prop vulcanizates

-

2.4.1-flardness (Shore STEDI#T5, 1988)

The jﬂerna ONa

of the penetration of g4 rigid ballysinto the rubber specimen under

cpetliE cﬁ ot) VL ELK Y W) AT ) rdiarcd as a £1at and

smooth sheet having thickress suffugient to fit #he gap of type A

e RABND FLLH I DINA B e e

on to the specimen, the scale was pointed and read as the hardness in

5SS tesaﬂis based on measurement

International Rubber Hardness Degrees (IRHD) at room temperature. The

median value of 5 different points distributed over the specimen was

recorded.
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2.4.2 Specific gravity (ASTM D3184, 1989)

This method was based on water replacement concept. The
weight of rubber vulcanized testpiece was weighed in the air and
recorded as W,, and then weighed again in the water recorded as Ww.

The specifoc gravity of rubber vulcanized was determineed by equation

as below :
04 modulus and Elongation at
The e A 3.4) were cut out
from the vulcanized baer jb; ] b using a single stroke
of a press A was marked and then
thickness of the testipie ad g the reference lengfh by a

micrometer dial guage.

The two were clamped into the two
grips of the tes y— achine { LIC ' }',"Ja LR5K). The test
piece was stretche%t a constant rate o mo%g grip of 500 * 50 mm.

The force per cross—seghion area of gtestpiece required to stretch the

sals ﬁouﬂ 0L I W o breatase vere

automatically recorded as 300 % Modulusgand tensile &tfrength (stress

ot orea) Wb BRSLT] 3 B bl breelh BV Ehosunis ane

% elongdtlon at break were recorded by a graph recorder.
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