CHAPTER IV

RESULTS AND DISCUSSION
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Table 4.1 The properties of natural rubber latex (High Ammonia, HA latex).

Properties Tested results
Total Solid Content, % 62.45
Dry Rubber Content, % 60.04
Non Rubber Solid, % 1.41
0.72
1.82
10.48
051
0.0205
1,040
;:3. 7 T . 0.9450
Magnesium Content ( EA0s) ] 37
Chemical Stablhty TW% {‘-., -ml
Remark: Freefrom Pentachlorop
Source: Thai Rubber  atexi )_ﬁilblic Co.,Ltd. Bangplee
Samutprakarn

AULINENTNYING

4.2 Preparatla'll of Grafted Natural Rubber .

ARIANN I u‘mwmaa

The natural rubber latex (HA latex type), which preserved with 0.7%
ammonia solution, was employed in the grafting emulsion polymerization process.
In this study, t-butyl hydroperoxide and tetraethylene pentamine were used as redox
initiation system. The t-butyl hydroperoxide was decomposed to free-radical, which
could abstract a hydrogen atom from natural rubber backbone yielded the growing
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rubber chain. Then, the growing rubber chain (or a rubber macroradical) could
interacted with methyl methacrylate monomer to form graft copolymer.
In the study of the graft copolymerization of MMA monomer onto natural

rubber latex, the appropriate conditions which yielded high percent conversion and

high grafting efficiency (or percent graft copolymer) were obtained. The parameters

investigated in this research work l OWS:
1. Effect of

2. Effectm tedper@.'-:.
f

frl\

latex of cis-1,4-polyisoprene, anﬁc h

iy
-",-I_,- {-—.‘

with monomer, which was
|
The reaction o NR latex of 30% dry rubber content (1000 g) with 0.9 g of

t-butyl hydroﬁomeﬁu? oﬁ ﬂ WW ﬁn%nme aqueous solution

as a redox inifiator was carried ogt at 30°C for 6 hr. The mﬂuence of monomer
TRV AN 1 b e 0
can be seen that the graft copolymer decreases with increasing MMA content. The
reason is that the homopolymers is formed more readily than the graft copolymer.
Figure 4.1 also shows the effect of MMA content on percentage free rubber and
percentage free PMMA. It can be seen that, the PMMA homopolymer increases and
free rubber decreases with increasing MMA monomer content. This mean that

homopolymerization was preferred to graft copolymerization. The conversion
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increases with increasing the MMA content up to 60 phr and with further increase

of the MMA content the conversion decrease.

Table 4.2 Effect of MMA content on graft copolymerization: NR of 30% dry

rubber content; temp = 30°C; time = 6 hr.

80

80.26
4.94

14.81

176

MMA content, phr

Figure 4.1 Effect of MMA content on graft characteristics of grafted natural

rubber.
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4.2.2 Effect of Reaction Temperature

The influence of temperature on graft copolymerization is showr in Table
4.3 and Figure 4.2, 4.3. With increasing temperature, decomposition of initiator
increases, it results an increased number of free radicals and the rates of

polymerization and grafting increase. But further increase in temperature increases

mobility of these free radicals e mutual termination takes place, this
results the decreased avai @ﬁ‘als for polymerization. The % graft
i g . T— : i

copolymer increases v with mﬂlﬂﬁi\ﬁmperature. The results indicate
that with increasing tempers /the percentage of graft-on increases, which might
be due to swellabi]jty : /-/ olubili : omer and its high diffusion rate.

The highest grafting efficie 5ol “ " ed the reaction temperature of 40°C.

Table 4.8 Effect of reacfion teiperature o graft copolymerization: NR of 30% dry

rubber conten

% Graft copolyri

%Fﬂnuﬂ Y EJ VNN T
’Mﬂ&@ﬁﬂ‘ﬁﬁu NN RY

% Conversion 81.0 86.0 84.1
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Figure 4.8 Effect of temperature on grafting characteristics of grafted NR:
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reaction time, 6 h; NR of dry rubber content, 30 %; MMA content,
|

40 phr.
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4.2.3 Effect of Latex Concentration

NR latex with different dilutions (from 30 to 50% dry ﬁb&r content by
weight) was grafted copolymerized with 40 phr of MMA monomer at 30°C. The
effect of latex concentration on graft copolymerization is shown in Table 4.4 and
.Figure 4.4. The percentage of graft copolymer decreases with latex concentration,

y free PMMA increases with latex

& at 30% dry rubber con‘ent. With
_J

showed w tendency to coagulate.

but the percentage of free

concentration. The %

50

% Graft copolymer {,}ﬂe‘ 371 . S 77.08
% Free ’ ' 1261
% Free PMV# = 10.31
% Conversion ¢ 72.:’1 82.5 93.5

AR TUNNINGAY
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Figure 4.4 Effect o gentfation on grafting eharecteristics of grafted
NR. |
424
The effect of reactiofi time on the of IMA onto NR are shown in

Table 4.5 and Fig V 5. the convi 7 l,:',:" g creasing reaction time.

Table 4.5 Eﬁt of iﬁﬁ}j m Ecj :ﬁ:%'zation: NR of 40% dry
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% Conversion
&
1

Figure 4.5 Effect of ) 1 percentage. version: NR conc., 30%;

4.8 Characterization of grs

Flgure 4.6, w' ow the infrared spectra in the region of 3500-
A { R-g-MMA). The structure
of NR-g-MMA was conﬁrmed by FTIR measuremen "The FTIR spectra of NR-g-

MMA exhlblﬂ ﬁ Mﬁlﬂm%mfﬂ-ﬁsmwhmg vibration in

aliphatic C-H%ond at 2950 cm and C=0 stretchmg v1brat10n at 1735 cm and
o GAEY B {IIELA TV VAR s
1735 cn’ and 1148 cm , due to carbonyl group (C=O stretching) which MMA was
grafted on natural rubber backbone. Therefore, the carbonyl group of methyl
methacrylate was introduced onto natural rubber. This confirms the occurance of
gi'afting For the spectrum of natural rubber (Figure 4.6), no such peak was
observed at 1735 cm and 1148 cm . The peak in Figure 4.6, 4.7 and 4.9 appeared

at 2300 cm , due to the noise which the FI'IR spectrum was interrupted by

unstable electric current.
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Figure 4.9 FTIR spectrum of NR-g-MMA (MMA = 60 phr)
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4.3.2 Thermal analysis
Thermal properties of NR and all NR-g-MMA were determined by

Differential Scanning Colorimetry (DSC) and Thermogravimetric (TG) analysis.
Figure 4.10, 4.11, 4.12 and 4.13 show the TGA thermograms of NR and grafted
NR. The heating rate was 10°C/min. and the temperatures of degradation in oxygen
In general, all NR and NR-g-MMA

weight loss up to temperature of
1S DSC thermogrames of NR and

_ g app. -64 and -65"C) was

8itio -\‘\J' From Figure 4.15, a very

approximately 350°C.

grafted NR, the deflecti

the glass transition of PMMA
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Figure 4.10 TGA thermogram of Natural Rubber.
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Figure 4.12 TGA thermogram of of NR-g-MMA (MMA = 40 phr).
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Figure 4.14 DSC thermogram of Natural Rubber.
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4.4 Rheometric Studies

The color of natural rubber solid was yellow. For the grafted NR, the
yellow color disappeared when the MMA monomer content increased. During
processing, the grafted NR product behaved essentially like natural rubber. The

band was easily formed in the twi

y | and the incorporation of the curatives
was easy in these produc vever, f grafted NR with higher MMA

content was also procesWe i ll (not above 60 phr). Grafted
natural rubber can be inlked byl using an standard sulfur formulation

' ' AN
Monsanto rhe -~ the grafted NR \Ghlpounds at - different MMA
content are shown ingFi {.16; The progressive formation of a crosslinked
adual rise in the torque with curing

time. Table 4.6 and Fig ; _summharize the effect of MMA content in

maximum torque ’:?'--*"::‘_-: AL rsfied NR, the degroe of
crosslinking increaseﬁn" s followl u
e r
GNR-60§.> GNR-40 > -20 > NR.

But this crosﬂ‘-%&} %r%egeﬂ ‘inwsﬁa'ﬂtﬂ When MMA content was

greater than 40 phr. The order of scorch time follows the sequence:
q 1 Gl B oildoH mlanl Vil | 61 2
The mam effect of MMA content was to increase the scorch delay and hence
enlarge the cure time.
From Figure 4.19 and 4.20 show the physical properties of the different
grafted NR. The tensile strength of grafted NR increased with increasing MMA

content up to 40 phr and with further increases of MMA content, the tensile
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strength decrease. The elongation at break decreased with increasing MMA content.

An optimum concentration of MMA to give NR-g-MMA with the highest
tensile strength was found to be around 40 phr. This can be explained that there
was poor adhesion between rubber particles, especially when MMA content was
above 40 phr. The minimum torque (ML), maximum torque (MH), 300% modulus
tear strength and hardness inc , H percentage of MMA content added into
the NR latex increased. T el o&mcnu’aﬁon may céuse the increase

S —

of the hard segment ?ﬂ | a@ homopolyrﬁer.

Table 4.6 Cure ch hysical properties of different grafted NR

Properties g 14 % R Compound

GNR-40 GNR-60

r 6.94 7.67
70,48 ‘ E 23.46 23.69
Cure rate Index 8221 | 9009 74.63 49.50

BTN B | 2

A.86 %555 3.19, 4.88

Scorch ﬁeulg "3
Cure time, min
o |3

30%,% Modulus, MPa 211 443 16.00 18.87
T.S., MPa 24.86 27.68 3137 27.68
EB., % 780 680 530 329

Hardness, IRHD 27.00 31.60 1217 95.83

Tear strength, N/mm 3351 4143 60.37 131
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Figure 4.16 Monsanto rheographs of rubber compounds at 165 C.
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Figure 4.18 Effect of MMA content on ML and MH of rubber compounds.
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Figure 4.20 Effect of MMA content on physical properties of rubber compounds.
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4.5 Properties of GNR/PVC blends

Effects of GNR/PVC blends compositions on the mechanical properties were
investigated. The values of tensile strength, elongation at break and 300% modulus,

are shown in Table 4.7 (a, b), 4.8 (a, b), 4.9 (a, b) and in Figure 4.21-4.25.

4.5.1 Tensile Properties \&‘ ,/
o ' mamzed blends increased with

From Figure 4.@@1&%&&:
W/ in | . The GNR/PVC-POO blends,

increasing level of

e other blends, due to the

different viscosity be ;- ‘. 00 grafted rubber with MMA

higher than 40 phr, the gensile 2 jue to the similar values of the
viscosity of grafted NR and reason was the GNR had sufficiently
the MMA content, which qﬁﬁﬁ’ be ith PVC phase. For GNR/PVC
blends of vulcanized rubber }Iﬁ;‘éﬁ . ntent, the tensile strength was high

Tensile strength 1ncrease with mcreasmg rubber ‘content. This can be

explained. thaloiys Eﬂ.&ﬁﬁ # ?ﬁ‘ﬂﬁ 6] i bber comporeat at

high rtubber cOntent. Because th%. PVC partlcles disperse m vulcanized rubber
o Y YETHELD BRI 4. i e
content, qthe reverse phase can occur, thus vulcanized rubber phase disperses in
PVC matrix (plastic phase). A minimum in tensile strength of the vulcanized
system appeared at GNR/PVC-P20, GNR/PVC-P40 ratio of 40/60. This is
comprehensible on the ground of change in morphology with composition. In

regions where GNR or PVC -predominated, there appeared finer dispersion and
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better adhesion between the phases; the tensile strength that was dictated by the
major component deteriorated on increasing the minor component. In region where
no one component prevailed (GNR/PVC ratio of 60/40 to 40/60), both components
existed in continuous phases, which would give rise to inferior tensile strength.

However, the tensile strength of GNR compounds increased with increasing

rubber content for all range of G} lends.
ElQ:gatﬁQn_at_bmi &\W ’//{{4

T y
From Figure 4@1% tioq of GNR/PVC (80/20 ratio)

blends decreased with i VIA ‘co NR, due to the presence

of the plastic compone es in the following order:

PVC-P2

-

decreased rapidly when PVC—g_i,M‘m;b; ' T s above 20%. From these results, It
e ;_-:_"}_: )

elongation at break ONR/PVC of 40/60 for the

i s -
blend, due to the higher thermoplastic (PVC, P A) content in the compound.

Generally, P\ﬂ ﬂ %ﬂaﬁﬁ%ﬁwmm elongation at break).

Rubber comporient in GNR, impro?sd this property of PVC component.
7 =1

NIUURIAINYIAY

P?om Figure 4.24, 4.25, for GNR/PVC compounds, the 300% modulus of

polymer blends increases with decreasing GNR/PVC ratio because PVC compounds
were characterized to be self-reinforcing in polymer blends. The 300% modulus of
GNR/PVC blends increased with increasing MMA content in GNR type. At the
same GNR/PVC ratio (all PVC content), 300% modulus increase in the following

order: GNR-60/PVC > GNR-40/PVC > GNR-20/PVC > NR/PVC.
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Table 4.7a Properties of NR/PVC-POO and GNR20/PVC-P00 Blends.

Property Blend NR:PVC Blend GNR20:PVC
90:10 80:20 60:40 40:60 90:10 80:20 60:40 40:60
Tensile strength, MPa 1095 681 NA NA 782 7.5 559 NA
EB., % 628 520 NA NA 651 635 490 NA
300% Mod., MPa 213 152 NA NA 200 228 350 NA
Tear strength, N/mm 28.84 25.26 | NA 41.12 3940 3239 NA
Hardness, IRHD 39.92 43, “I/ 47.84 5090 6748 NA

Abrasion resistance, Taber NA 0.3078 0.3169 NA

3
cm /2000 cycle.

Table 4.7b Propertie NR60/PVC-P00 Blends.

*%’*

Property Blend GNR60:PVC
90:10 80:20 60:40 40:60
Tensile strength, MPa 1 11?8_" )80 14.01 16.82 15.75 14.66
EB., % # Yos — 320 198:< 74 31

300% Mod., MPa 1342 NA NA NA

Tear strength, N/mm 52.11 56.09 47.44 47.73

Hardness, IRHD 95.14 96.02 97.58 99.54
Abrasion resistance, Tabei ¢ U.0048 0.0251 V.. j 0,276 - 0.1617 0.2105 0.2722 0.2766
cm /2000 cycle

-B:;o Blends.

| I |
£ R glend GNR20:PVC-P20

EB., % 9 820 711 589 53 618 583 304 154
300% Mod., MPa 193 803.:, 373 NA 5.61 9.9;1 16.59 NA
Tear strength, N/mm 30.00 28.84 28.21 34.15 38.69 47.10 35.05 30.49
Hardness, IRHD 37.36 44.86 65.20 97.06 44.62 49.88 67.28 83.02
Abrasion resistance, Taber type ~ NA 09356 1.4811 0.7656 NA 0.2171 0.2658 0.5136

3
cm /2000 cycle.
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Figure 4.8b Properties of GNR40/PVC-P20 and GNR60/PVC-P20 Blends.

Property Blend GNR40:PVC-P20 Blend GNR60:PVC-P20

90:10 80:20 60:40 40:60 90:10 80:20 60:40 40:60

Tensile strength, MPa 22.51 22.60 17.37 16.81 21.80 22.01 19.15 20.54
EB., % 453 322 177 80 311 323 182 109
300% Mod., MPa 1486 2073 NA NA 18.98 20.88 NA NA
Tear strength, N/mm 27.57 62.70 59.70 -36.56 62.13
Hardness, IRHD 92.60 94.68 95.42 99.52

Abrasion resistance, Taber type... ; 9& 0.2895 0.2368 0.4338 0.5370

m /2000 cyl. f i B ‘-\

0 GNR2O/BYC-P40 Blends.
Property If ﬁ P40, \ Blend GNR20:PVC-P40

l l m' '& 90:10 80:20 60:40 40:60

Tensile strength, MPa . ],MZ By )4, 20.92 20.74 18.15 13.51

i‘l\. W

I 1088
EB., % 527 Jﬂ!@ 088, 352 | 680 563 388 227
300% Mod., MPa

-Figure 4.9a Propertie§ o “['J'

6.63 7.62 13.60 NA

Tear strength, N/mm 38.12 38.97 32.44

Hardness, IRHD 49.28 62.44 74.58

Abracion resistance, Taber fy NA  0.0556 0.6117 0.7546

om 12000 cyl. ﬂ i a
Figure 4.9b ﬂoug %ﬁ&%@%&ﬁzﬂpﬁcmo Blends.

Blend GINR40:PVC-P40 o Blend GNR60:PVC-P40
0§ TR ] Y| ¢ [ e

Tensile stfength, MPa 23.79 22.17 18.66 15.73 o 25.3;7-21.36—16.95 17.69
EB., % 537 ‘313 242 168 364 324 222 210
300% Mod., MPa 17.24 2098 NA NA 20.00 20.00 NA NA
Tear strength, N/mm 42.78 45.86 41.98 38.42 63.20 49.05 45.59 51.25
Hardness, IRHD 59.20 63.28 73.52 87.26 91.72 94.70 93.60 97.30
Abrasion resistance, Taber type 0.0152 0.1278 0.3827 0.4829 0.2405 0.3755 0.5541 0.5523

3
cm /2000 cycle.
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Figure 4.21b Effect of GNR types in GNR/PVC blends (80/20 ratio) on %

elongation at break.
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Figure 4.25 Effect of GNR/PVC-P40 ratio on 300% modulus.
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4.5.2 Tear strength
The tear strength as a function of MMA content and DOP plasticizer
content is shown in Figure 4.26, 4.27 and 4.28. For the GNR/PVC blend

compounds, the tear strength considerably increases with a rising amount of MMA.

The increase of MMA content, 1 the increase of the hard segment of
MMA grafted chain and PMMA hor '

From Figure w th of GNR/PVC blends decreases
with increasing plastici , ngth of the vulcanized blend

SeslL INVINC it
§ i" okt . ﬂ ;::3:
PTRINTU A INY e

GNR type

Figure 4.26 Effect of the different GNR types in GNR/PVC blends (80/20 ratio)

on tear strength.
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Figure 4 28 Effect of GNR/PVC-P40 ratio on tear strength



93

4.5.3 Hardness measurement

Hardness of vulcanizated GNR/PVC blends are shown in Figure 4.29, 4.30,
and 4.31. From Figure 4.29 for GNR/PVC blends, the hardness values increase
with increasing MMA content in GNR, due to the increasing MMA content. It can
be explained that the PMMA grafted chain may cause the hard segment. In
addition, the hardness values of G ' PVC blends at 80/20 ratio decrease with

| |
I T

o

i

R GNR-20 GNR-40 GNR-60
GNR type

Figure 4.29 Effect of different GNR types in GNR/PVC blends (80/20 ratio) on
hardness. ‘
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Figure 4.31 Effect of GNR/PVC-P40 blends ratio on hardness.
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4.6 Solvent resistance

Swelling of the graft copolymer in toluene/iso-octane mixture was studied.
The change in mass (%) from the solvent resistance measurements for different
grafted natural rubber compounds are shown in Figure 4.32 and in Appendix D.

The solvent resistance of grafts

r was improved due to the graft

1atural jrubbe
copolymerization MMA mk. ; &solvent resistance increased (or %
A ——
swelling decreased) W Mw because PMMA was polar

1 methacrylate groups in NR

backbone), it swelled i yolar'sol on ‘kn Mlelied more in polar solvents.

For the grafted natu C N resistance can be measured
by solvent swelling ( A3 nt swell, the higher solvent
resistance. This result confi es of grafting of MMA onto
NR. In addition, the v nds also improved the solvent
resistance. The reason is thatsfd};_-"gjg;i higher the crosslink density of the

increases with i mcreasml? MMA content.

For G%ﬂl&ﬂj%ﬂ%@?ﬁl&'}ﬂ@e are shown in Figure

4.33, 4.34, an dl4.3s. At higher PVC content sthe PVC can enhance the solvent
i Y ORGP bl i bl il sk o O dvamages o he
corporatlon of PVC in GNR/PVC blends. From Figure 4.35, in the blends with the
DOP plasticizer above 20 phr, some of DOP plasticizer in blends was extracted by

solvent (toluene/iso-octane). It can be observed that the swelling rate decreased

slowly. The GNR/PVC blends with the higher DOP plasticizer content, the solvent
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resistance decreased with increasing DOP plasticizer content. It can be explained

that DOP plasticizer is organic plasticizer which is compatible with organic solvent.

2 88 8 2

% Swelling

i

\ GNR-60
Figure 4.82 Effect o ' \\o 60 phr) in grafted natural
1 UYITNENNT [~ omore-
'»f axﬂﬂimum'mm z,lm

I l I I

R GNR20 GNR40 GNR-60
GNR type

Figure 4.88 Effect of GNR types in GNR/PVC-P40 blends of varying

proportions (40/60 and 60/40) on solvent resistance.

\
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% Swelling

Figure 4.34 Effec : _jpr_bp_orﬁons of GNR40/PVC-P40) on

solv )y o R

% Swelling

Figure 4.35 Effect of the amount of DOP plasticizer in GNR40/PVC blends

(40/60) on solvent resistance.
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4.7 Abrasion resistance

The abrasion resistance expressed as the volume loss of natural rubber,
grafted natural rubber and GNR/PVC vulcanizates are shown in Figure 4.36, 4.37,
and 4.38. For natural rubber and grafted natural rubber vulcanizates, the abrasion
' e MMA content increased from 0 to 40
phr, because MMA acted fted NR vulcanizates. Additional

level, t_%resistance decreased, it can be

MMA content, abovw
: th rove hardness.

explained that PMM

resistances was approximately

For GNR/P fIchgizate t e siofl, resistance decreased  with
decreasing the GN cCause PVC, tha immiscible to NR or GNR.
For the GNR/PVC vuléhnifaiés, the absion resistafice had a trend to increase with

It can be explamedj tho 40 phr could improve the

patially miscibility of SiNR/PVC vulcam@es The GNR-60/PVC vulcanizates with

e PV coffl A e B b s v ot

‘vulcanizates c%'lltammg high MMA could not_acts as reinforgement (but acted as

s RGN B LRI N2 Ahve, v v

had hlghest abrasion resistance.
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Vol. loss, cm3/2000 cycles

ce of GNR/PVC blends

“Vol. loss, cm3/2000 cycles

¢ o o/
QRN I UEATN ¥ -
Figure 4.87 Effect of GNR/PVC-P20 ratio on abrasion resistance of GNR/PVC-
P20 blends.
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Figure 4.38 Effec

P40 b

blend the diameter dBPVC-‘ at 2-3 micron, when the PMMA content in

grafted natural rubber {GNR-60/PVC-P20) increased, the imcle diameter became

L et L iroge WEL0
ol Lo oL LRy o

important parameter.

For improvement the

The properties of the both blends (NR/PVC-P20 and GNR-60/PVC-P20)

such as tensile strength, tear strength and abrasion resistance are as follows:



NR/PVC-P20
Tensile strength, MPa 11.41
Tear strength, N/mm 28.21
Hardness, IRHD 65.20
Abrasion resistance, cm3/2000 cycles 1.4811

(Taber abraser type)
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GNR-60/PVC-P20
19.15
36.56
95.42
0.4338

For Figure 4.41 and_4.42, the SEM micrographs of GNR-60/PVC-P00 at

ratio of 60:40 and GWC—P401 at ratio of 40; 60, the GNR-40/PVC-P40 blend

has better homogenegﬁ( perslon than GNR-GO/PVC POO blend and the properties
of this blends were 2 /lyéher. ; .

L

15kU X5,.000 Spm 0408983

Figure 4.839 SEM photograph of NR/PVC-P20 = 60/40.
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F J i %‘; :
Figure 4.40 SEM pﬁotjgxa,fh,.og GNR-60/PVE-P20 = 60/40.
:"i}\ -’-i'n :‘J{"‘

Figure 4.41 SEM photograph of GNR-60/PVC-P00 = 60/40.
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