CHAPTER IV

RESULTS

4.1 The stabilizing effect of Triton X-100
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Table 4.1 The stabilizing effect of Triton X-100 at various
concentrations. Deproteinization of 1latex (25 %DRC) was
conducted in a 41 cm diameter reactor at 0.3 p.h.r. papain
concentration, pH 7.6 and at agitation speed 37 rpm,

50 °C for 1 hour.

Triton X-100 \i\\ V/ Clotting % Nitrogen

(p.h.r.) ..____: pa - ft.er stean reduction

reatment

0.0 69.13
0.4 74.28
0.9 76.27
1.0 78.30
1.1 80.80

Note : ND*, % N remlction was not deteminedﬂwecause the latex was

~FmImenineng

qu varying temperature of enzyme treafment in the range of 30-
50 OC, Figure 4.1 shows that papain is most effective at 50 ©C as
evident by the reduction of per cent nitrogen content with time and
temperature. At 55 ©Cc, the latex is not stable and coagulation
occurred resulting in a decrease in per cent nitrogen reduction lower

than at 50 ©cC. This suitable temperature of 50 °C is therefore chosen
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for papain treatment in the next experiments because nitrogen content
is reduced to 0.11 % (about 81 % nitrogen reduction) within only one

hour.

4.3 Effect of agitation speed on deproteinization

To study the effect of agitation on deproteinization, two

reactors of different size ‘ The first reactor was a stir-
tank of 11 cm inside d > i nt speed 8.9 cm impeller at
57 rpm. The second ‘ 1 cm inside diameter with
a 28 cm impelle; f this impeller can be
adjusted in the r

Maximum diameter reactor at 57
rpm fixed-speed d after 1 hour or longer
digestion at 50 ©°c, itrogen reduction (Figure

4.2). The remaining nltr-ﬁ‘ .:"as 0.16 %, which is still higher

diameter reactor at
agitation speed xlglng from 37-100 rpm (77(D< Re < 2100) resulted in

various nnﬁqn g&wzﬂw.%’wgm 1 hour of papain

treatment at))50 OC as shown 1n Figure 4.3. The hlghest reduction of
oy ) ) T M AR e e
mlnutes and the final nitrogen content of 0.096-0.104 % which are
lower than DPNR specification can also be obtained under this
condition.

At agitation speed of 37 rpm and 50 rpm, the per cent nitrogen
reduction fluctuated between 75-80 % (0.12-0.14 % nitrogen content)

and 80-83 % (0.10-0.12 % nitrogen content) respectively. At agitation



42

% Nitrogen reduction

80
70L — -=1]
m"
m_
40_
30..
20L
101
0 ] ]
3 4
Latex 4'.—_ :'g_l RC, pH 7.6 and treated
with Triton X-100 l 1 p. 5 i s 1 0.3 ). .r. at temperature 50 °C

at ag1tat1oxﬁpeed

T TnanIngng
Flgurn W/-]Fa qﬁﬁlm}!pm mp?:ﬂlﬂ Tﬁ E]reactor of 11

cm diameter at 5 er speed



43

% Nitrogen reduction

90
85
—%
80 s
751
70+
65 | |
0 70 80

4 !}j » : S
£, 71 Jime G

: pm X ~\\\ —5-80 rpm % 100 rpm
,.fu “

Latex (RR (USEEETLOT2ORW ORC, PH 7.6 and treated
Ve i)

with Triton X- '[ ‘r p.h.r. in a reactor at
| I
at varing agltatlon speed 37, 50, 60, 80 and 100

e ﬂuﬂqwﬂw5WUﬁnﬁ
ine 4 VATV B AN S

using a reactor of 41 cm diameter

temperature 50 °C



44

speed over 60 rpm, the latex was unstable and coagulation occurred
resulting in the decrease of per cent nitrogen reduction lower than

80 %.

4.4 Effect of papain concentration on deproteinization

To be assured that the concentration of papain is suitable for
added with various papain
to .r.. Figure 4.4. shows that
. ﬂ . _.
the per cent nltr? | is
At the suitable Cg |

be reduced to 0.1

deproteinization, fresh

concentration ranging -

on papain concentration.
r., nitrogen content can
ncentration of 0.2 and
0.25 p.h.r., th i i : ere higher than DPNR

specification (0.12

weight distributi MWD) mg, : important criteria of

rubber quality, D is necessary to makeasure that there is no

degradation ﬁuﬂ qﬂﬁrgﬁfw mﬁijcondltlons used for

deproteinizatdon. Figure . a-e shows the comparatlve study of MWD
AR SO TE AV LTV e e
from 4 ‘rubber clones ; RRIM 600, PB 28/59, PB 5/51 and GT 1 and
commercial rubber grades ; TTR 5L, white crepe rubber and RSS 1.

The MWD of solid dry rubber obtained from Hevea latex shows a
bimodal ditribution of 2 peaks. All rubber clones show the high
molecular weight peak ranges from about 1.3-1.8 x 10% with shoulder of

the low molecular weight ranging from about 104—105, vhere the



45

% Nitrogen reduction

100

801
60
40} [

20

60 70 80

=02 phfs, W 026phr. —2-0.3 phr.

Y
Latex (RRIM 6 . 'J DRC, pH 7.6 and treated
| . . i

with Triton X-100 1. } p.h.r. in a reactor (41 cm diameter) at agitation

speed of scﬂpuﬂfr}w B’W?’W“&" '}ﬂ‘j 0.20, 0.25 and 0.3

’QW%NT]?CU AN Y

Figure 4 4 Effect of papain concentration on deproteinization



o

% MOLE FRACTION

SMOLEFRACTON @

Figure

%MOLE FRACTION 2 %MOLE FRACTION o

%MOLE FRACTION Q.

Y

= NWALULD~NDDOD
T

RRIM 600

O =« N W a OO N @ 0
gy ¥ T

46

O =N WL ~N®®
T T

OdMQAmONQOS
i o T T

ﬂﬂﬂﬂ‘ﬂﬂm@ﬂﬁ

4.5

O-AMQAUIJO
T

LOG MOLECULAR WEIGHT
o TIRSL —+— White crepe <>RSS1

The comparative study of MWD between the CV-DPNR with
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total molecular weight or MWD covers the range of 104 and 107. The
weight average ﬁolecular weight (Mw) of 1.1-1.7 x 10% and the number
average molecular weight (Mn) of 1.5-5.7 x10° were observed depending
on the clonal characteristics (Table 4.2). PB 5/51 showed the
highest Mw and Mn followed by GT 1, PB 28/59 and RRIM 600 respectively.

The molecular weight distribution characteristics of rubber can be

distinguished lowe ydi ] ‘ Y ar : +3.and unimodal distribution.

DeproteiniZati "‘;.' C ef on the molecular weight
distribution of ompar.ed to their non-
deproteinized c¢ specimens of commercial

grades rubber ; te erepe. It is noted that RSS 1 shows

Table 4.2 ight (Mw) , number average

cular veight distribution

or polyisbersity of " -DPNR, its control and

ﬁu"mwmwmm

9 "ajz?a? o] ’%;.mﬁ % [

Y |CV-NR|DPNR [CV-NR|DPNR |CV-NR | DPNR |CV—NR DPNR

Mnx 1073 1.52 | 206 2.76 292 5.65 5.55| 3.70 234 2.46 3.78 2.29
(from GPC)
Mw x107¢ 1.36 | 1.37 1.47 1.48 1.69 1.65| 1.53 1.44 151 1.50 145
(from GPC)
Mw x 1076 1.78 | 1.39 1.58 1.56 1.42 1.46| 1.67 1.42 1.67 1.67 1.33
at peak maximun

Polydispersity 9.06 | 680 6.22 6.11 3.15 3.16| 5.28 6.28 6.15 3.88 5.02
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4.6 Properties of CV-DPNR

4.6.1 Physical properties of raw rubber

The physical properties that determine the quality of raw
'rubber are compared between CV-DPNR and its control CV-NR of the same
clone and the commercial rubber grades; TTR 5L, white crepe and ribbed
smoked sheet 1 (RSS 1). Figure 4.6a shows the significant reduction

in nitrogen content from 0.3¢ #} to 0.036-0.094 or 81.53-90.60 %

depending on the =& ;nq,__‘lone. DPNR produced from clones :
Teree——————

RRIM 600, PB 28/5 Witrogen content reduced by

90 %, but GT 1 ha ction of 81 %. However the
CV-DPNR of all 4 en content lower than DPNR
specification (%

Apart from t rease il ni ‘content, the dirt content
,xde eased lower than the RRIM
specification of O.OISJLA _L% respectively. Only the ash

(Figure 4.6b-d).

of all CV-DPNR is 'ower than 4, The deprotelnlzed rubber obtained from

clone RRIM ﬁduaﬂ !a %ﬁdﬁ %ww 2}&1 ﬁlﬁ than PB 28/59 and

GT 1 (Figure Ua., 6e) and llghg?r color (Flgure 827}

QYR BTN ST e e,
of the physical properties namely nitrogen content, dirt content,
volatile matter and color index are much better than commercial grades
rubber, except for the color index of GT 1 which contains high
nitrogen content after enzyme treatment, that the color is not
‘different from the light color grade commercial rubber such as TTR 5L

and white crepe rubber, but still significantly better than RSS 1.
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Figure 4.6 Comparison of raw rubber properties between CV-DPNR with
its control prepared from 4 rubber clones and commercial
rubber grades. a. % nitrogen content, b. ash content,

c. dirt content, d. volatile matter and e. color index



Figure 4.7 Comparison of raw rubber color between CV-DPNR with

its control prepared from 4 rubber clones and commercial
rubber grades.

asBRIN.6D0: - b PB:-28/59 ; c. BB5/51 ;i dy GT-1 and

e. TTR 51, white crepe and ribbed smoked sheet 1 (RSS 1)

1 Control, 2 CV-DPNR
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As for the Mooney viscosity and other resilient properties
namely the initial plasticity (P,), plasticity retention index (PRI)
and storage hardening, Figure 4.8 shows a slight decrease of P, and
Mooney viscosity in CV-DPNR comparing to its control sample about 3-5
unit and 1-3 unit respectively. The PRI of CV-DPNR is lower than its
control CV-NR about 10-16 unit, but still higher than the acceptable

be ‘V%were kept over P505 at 60 °C for

en1ng (AP) AP lower than 9 can be

value of 60. When the r
24 hours for stor
acheived in all [ ease of AP of control CV-

samples is high . or about 3-6 unit, which

’ a e ‘ Y 'k‘

indicates that fofi1d vithstand %ge hardening better than
CV-NR. |

Comparing -resilient jpro ties between CV—-DPNR and
commercial rubber gra has outstanding quality regarding
the aP. The Mooney visc ity PNR of all clones is lower than

el (r -

commercial rubb,&‘ grades except ﬁ 1 as the PRI, although

s

the PRI of RRIM 600 is
To confirm that the Mooney viscosit of rubber samples can be

stabilized ﬂl%ﬂ%%ﬂ ﬂ‘%:ﬁﬁ G}nﬂéﬁ were kept at room

temperature qLJEor 7-10 monthsa, Figure 4 9 shows thabﬂooney viscosity

o 8 T BT ] B o i

1ncrease of RSS 1 at 10 units.

4.6.2 Cure characteristics

CV-DPNR rubber samples, control CV-NR and commercial grade
rubbers were compounded with compound additives on a two-roll mill at
room temperature, left for 24 hours, and then their cure

characteristics were studied using a Rheometer. Cure characteristics
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such as scorch time, cure time, cure rate and torque rise are compared,
as shown in Figure 4.10. All the deproteinized rubber has increased
scorch time (tg) significantly in all 4 clones from 1.48-1.87 minutes
to 1.64-2.14 minutes. The cure time (tgy) and cure rate (tggp-tg) of
deproteinized rubber decreased in RRIM 600, PB 28/59 and GT 1 but

increased in PB 5/51. The torque rise (My-Mp) of CV-DPNR decreased

racteristics of CV-DPNR and
he

except for RRIM 600.

Comparison bet

commercial grades longer scorch time, but

he cure rate of CV-DPNR

similar cure time
are lower than ., white crepe and RSS 1.
The torque rise out the same of TTR 5L,
but PB 5/51 and GT se comparing to the high

protein rubbers.

ﬁii ?
The color of comﬁ%uﬁif abbers were different depending on the
—--":r-‘" g .a‘ A 7S
source of rubQéﬁ and the added in compound

bér clones have slightly

formulation. The/compound

lighter color tﬂn
especially Ff u(mngtﬂ i w EJ ’] ﬂ ‘j

3 Properties of vulcanlzates

0 W’?ﬂ#ﬁ'ﬁﬂ”@}%f}g} V4463 . cvamm

commeréial grade rubber samples are shown in Figure 4.12. After

its control and highgrotein commercial grades

papain treatment an increase in tensile strength, % elongation at break
and tear strength can be observed, but hardﬁess and 300 % modulus were
decreased. The specific gravity of papain treated and non-treated
vulcanizates are similar. RRIM 600 has the highest tensile strength

and elongation at break, but the tear strength of PB 28/59, PB 5/51 and
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4.10 Comparison of cure characteristics between CV-DPNR with

Figure

its control prepared from 4 rubber clones and commercial

cure rate

C.

scorch time, b. cure time,

a

rubber grades.

and d. torque rise
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Figure Comparison of compound rubber color between CV-DPNR with
its control prepared from 4 rubber clones and commercial
rubber grades.

a. BRIM 600 ; b. PD 28/59 ; c. PB 5/51 ; 4. 6T 1 ;

e. TTR 51, white crepe and ribbed smoked sheet 1 (RSS 1)

1 Control, 2 CV-DPNR
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GT 1 are higher than RRIM 600.

Comparison between CV-DPNR vulcanizates and commercial grades
vulcanizates shows that the tensile strength and elongation at break
are not significantly different whereas tear strength of CV-DPNR is
significantly higher than commercial grade rubbers. Hardness and

300 % modulus of CV-DPNR are lower than commercial grades.

The color of CV-DPNR vules [zates are lighter than its control
and commercial grades ; TTE ; crepe and RSS 1 as shown in

Figure 4.13. 2lones, CV-DPNR vulcanizate

\

from clone RRIM v \ ., lighter color than GT 1.

ﬂUEl’JVIEWIﬁWEJ']ﬂ‘i
Qﬁqﬂﬁﬂimﬂmﬂmﬂﬁﬂ
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Figure 4.13 “Comparison of vulcanized rubber color between CV-DPNR with
its "control [ prepared|from.'4 rubber clones| and commercial
rubber grades.

a; RRIM600 :. b PB 28/59 ; c¢. PB 5/5); 4. 611 :
e. TTR 51, white crepe and ribbed smoked sheet 1 (RSS 1)

1 Control, 2 CV-DPNR
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