CHAPTER III

EXPERIMENTAL

3.1 Chemicals

1 er latex corporation

Z

3

4.

5.

6.
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8.

9. Poly(viny! gk MR & Chemical Co.Ltd.

10. Ba-Zn heat %abmzer 7 Tha1 Plastic & Chemical Co.,Ltd.
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12; Epoﬂdlzed soybean oil . Plastlc & Che cal Co.,Ltd.
QWA NI B

l’l. Zinc oxide, Stearic acid : Petch Thai Che_rmcal Industry Co., Ltd

15. TMTD, MBT, MBTS : Monsanto Chemical Industry Co., Ltd

16. Antioxidant : Kawaguchi Chemical Industry Co., Ltd

17. Light petroleum ether : Merck

18. Acetone : Merck

19. Acetic acid : J.T. Baker
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Roles of raw materials
Natural Rubber Latex
Latex concentration is differentiated by the method of concentration and
type of preservation used. Three methods of concentration are employed,
centrifugation, evaporation and creaming; centrifugation is preferred method. The

concentration was the HA bber content, 0.7% ammonia as

predominant latices are the H ; TZ types. In this research, the latex

preservative system.

Viethyl methacrv!a ‘4"'11'1'/!51 ) \

Methyl methac e Was purified

LY

from MMA was remoyed § \in‘dlum hydroxide solution and

. J
then with distilled wates to/re a\'q; ra .{ and was dried over anhydrous
4 dhiaaa i L
sodium sulphate (Na,SO,) and distilled u o 1der reduced pressure ( 40°C/20 mm Hg)
I
' ert-Butyl hydropegoxide/ fetracthylene pentamine e
B
This system is redox ini at u _ compnse two or more substances

_-.r,,#____, f{f

whose mutual i &cuons produce

ich are 'able to initiate

. of decomposing tert-butyl

hydroperoxide v1gorous{'y

oo 86044 81 9] Y £)17) 5

These miaterials are necessary for vulcamzatlon since w1thout the chemical
s Gy U3, A 1 St e o
propertl& of the rubber mixes can occur.

i) Sulfur. Although NR can also be crosslinked with peroxides, or high
energy radiation, in practice, sulfur and accelerators are predominantly used. NR
requires generally higher sulfur concentrations (2-3 phr), and lesser amounts of
accelerator (0.2-1.0 phr). For lower sulfur concentrations, larger amounts of

accelerator are required, in order to keep up the level of crosslink density. This
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will, at the same time, reduce the sulfur rank of the crosslinks, which results in an
improvement in the heat resistance and reversion resistance, and in comprassion set,
but also worsens the notched tear and dynamic properties of the vulcanizate.

ii) Activator. Activators are substances which increase the the effect of

accelerators. The two most widely used are zinc oxide and long-chain saturated

fatty acid, e,g., stearic. ' _
a) % @} liquuired in a compound to develop

the full potential of aoew The' maa-.td-omde is zinc oxide which has

different grades such as Whi - \nkral purpose rubber compound)

and ZnO active (for erefore, only the ZnO active

used in this research.

activators, like fatty acidsf of salts of fatty'abid ely stearic acid, zinc soaps, or

amine stearates. Therefore, /6 the stearic aci in this research.

clerators were used.

Tetramethylthluram monosulfide.

ﬂﬂﬂ?‘ﬂﬁ"ﬂ@’ﬁ‘ﬂ’]ﬂﬁ

‘MBTS Benzotlu%;yl d1sulfide
W

PVC gained wide c?mme;ElJ a}:l:t]n?; Ea%lse’l @au%l] be mixed with
organic liquids (plasticizers) to give a tough flexible material not unlike rubber in
its properties and the way in which it could be processed. PVC when processed is
always mixed with other materials to improve its heat stability or its processibility
or to modify its properties. A suspension polymerized homopolymer PVC (TPC
typel02) having a K value of 58 was used in this study.
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‘3.2 Glassware

2.1) 4-Necked bottom reactor 1000 cm3
2.2) Liebig condenser

2.3) Nitrogen gas tube
2.4) Other general labo

3.1) Two rol // 7% .. 'Lib Tech Engineering.
3.2) Infrared Splct ‘ FT »2.\. Elmer model 1600.

3.5) Differential Sean j"T"if ' : Rheometric Scientific.

(DSC)

3.6) Curing machiies --Monsanto model ODR2000.

AW

3.7) Abrasioh T Eledyne Taber

model 5130 Abraser
38) Tﬂﬂ%ﬂnﬂl&l NI NG s
3.9) Hot press, : Lab Tech Engin

ammnim NWTJVJ&L’I@EI

3 10) Prodex-Henschel high-intensity mixer, : Lab Tech Engineering
model LMX 10 DC
3.11) Scanning Electron Microscope, : JSM-5410LV
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3.4 Preparation of Grafted Natural Rubber

The graft copolymer of methyl methacrylate onto natural rubber was
prepared by graft emulsion polymerization.

The NR latex (60% DRC, 500 g) was charged to a reaction kettle

equipped with stirrer, dropping fi iW condenser and nitrogen inlet tube. The

‘equipment setup is shown i

2% NH,OH solution w

through the diluted lat

x was diluted to 30% by adding

Xy natmhng nitrogen for at least 0.5 h

9'¢ ~still _stable. The temperature was

maintained at 30°C

over 60 min, of the

a 10% w/v solution) was e reactiony, 28 then allowed to proceed for 6 hr.

under continuous stirring tq_. 1) ‘. the polymerization. To form a sheet, the latex

ca. 1.5 mm. After dx"U'l

vacuum oven (40 C) t% remove any last tlaces of monomer that' may be present.

The dried shﬂ ‘Hd E} ’}%ﬁﬁq @cﬁ&‘i E}f} f3| n"\}.ove any water-soluble

impurities. Theq!heet was then throughly dry in ge vacuum oven,

ARIANN I w’nwmaa



50

Figure 8.1 Apparaé emulsion on of MMA

monomg onto

(a) Reaction-kettle bottom ¢ (b) Reaction kettle top

ANIINEN TN
awfm\mm NI AS

(i) Sampling () Water bath

(k) Variable transformer
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In order to find an appropriate condition for graft copolymerization, a series
of experiments were performed by varying the ratio of MMA monomer to dry
rubber content, NR latex concentration (or % dry rubber content), reaction
temperature and reaction time as shown in Table 3.1. The procedure of preparation

of graft natural rubber and the characterization are summarized in Figure 3.2.

MMA monomeagi(g/ e : ‘ 0, 60, 80

Dry rubber con 0, 50
Reaction temperafurg' (€) . 30, 40, 50
Reaction time (hr L =~ g ,4,6,8

ﬂ‘NEJ’J“fIEWl‘ﬁWEJ’]ﬂ‘i
QW']aﬁﬂ‘iﬂJ UA1AINYAY



60% NR latex- .. e SEE (150 rpm)
MMA monomer Synthesis of Graft

Initiator e -l Natural ‘Rubber

Emulsifier St Th T i ey

Study parameter

- Effect of reaction temperature

- Effect of MMA monomer content

- Effect of latex concentratioin

T

hip Graft NR
'\

degree of MMA monomer conversion (%)

Plasticized PVC

study parameter
- Effect of PMMA Content

- Effect of the plasticizer

content

o=
- Effect of graft NR/ t
plasticized PVC ratio E

N3HYINT
1INYRY

- 300% Modulus - Elongation at break

- Tear strength

Figure 8.2 Summary of the research work plan
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3.5 Characterization of the Grafted natural rubber

3.5.1)_% conversion and % grafted natural rubber

% conversion
The grafted natural rubber latex was cast in a glass tray, dried at room
temperature, leached i i " ?r ed again subsequently at room
temperature and at 50°C and, . % vacuum at room temperature and

by the percentage increase of

rubber weight. The detz aléulatic in the Appendix A.

The free (mé _ e lal natural rubber and graft
copolymer in the reactigh fués.  be rined by the soxhlet extraction
solvent extraction, using light-
petroleum ether as solvent _fg‘b@l}; ree poly(methyl methacrylate) was
extracted by acetoné-for 24 h [36]. The oraft copolym o ‘¢ontent was determined by
' : ; elﬂThe degree of grafting was
determined by the assupg‘on that the u nex tracted PMMA is the grafted polymer.

e i 2 8 H 5 A 3 e i

details of all c&ulatlons are shown in the Appendix A.

ARIANN 3T IRINYAY
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The Monsanto Oscillating Disc Rheometer 2000 (ODR 2000) was used
to measure the curing characteristics of compounded rubber samples in 2ccordance
with international testing standards. A sample was sealed in a temperature

controlled die cavity (vulcanization chamber) and surrounded a rotor. This rotor
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oscillated through a small arc at 1.66 Hz (100 cpm) and exerted a shear strain on a
sample as that sample cured. The resulting output data were correlated to the degree
of vulcanization as a function of cure time. In the ODR test determined the scorch
time, cure time (vulcanization time), and cure rate index (CRI) were determined
from the plot of the torque curve versus time. The scorch time was measured when

the torque curve increased from U'RW m torque at one unit ( such as 1 Ib-in).

The cure time was measur /urve increased from the minimum

: \ﬁ-..rl !
torque at 90 percent ﬁ ﬁmaximum torque and minimum

T’\
torque. The tempera ! pical ODR2000 was shown in Figure

3.3. The cure charactegistic Joung > shown in Appendix B.

FRIAN

Figure 3.8 Typical ODR2000. [37]

3.5.3 Thermal Gravimetric Analyzer (TGA)

Thermogravimetry is a technique for measuring the changes in the mass
of the sample during heating. The thermal stability of the grafted natural rubber

samples was investigated by using a Shimadzu Thermogravimetric Analyzer model
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TGA-50. The measurements were carried out over a temperature range of room
‘temperature to 500°C with the heating rate of 10°C/min. and the oxygen flow rate
of 10 ml/min.

3.5.4 Differential Scanning Calorimeter (DSC)

The thermal stability! of! the grafted natural rubber samples was also

investigated by using a Rheom Scient C. The measurements were carried
out over a temperat

and the nitrogen flow ratg«

Elmer Infrared Spectrophio m«:ﬁm

T

made by dissolving the polymer f:;;! m and casting on NaCl cell.
A rordesid

. coiy

Prodex%enschel hlgh-mte‘lsny mixer vas used for@lendmg The raw
mater@ W}M M‘%a@ m &MMer epoxidized
soybean oil and DOP plasticizer.

First, PVC resin and other materials except DOP plasticizer were mixed
together at motor speed of 2,000 rpm until the temperature of the mixer reached
80°C (the temperature slightly increased) for 5 min. Then, DOP plasticizer was

mixed into the materials by the mixer. The temperature of mixer was coutrolled in
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the range of 80-84'C, the mixing time was 3-5 minutes because the plasticizer was
absorbed by PVC. After mixing of PVC compound, the temperature of PVC

compound was decreased to room temperature by cooling water circulated around

the mixer.
Recipe of PVC compounds
PVC resin

i1) Grafted NR

The tempera vith ingredients of vulcanization
system was lower than the erature. Thus, the temperature for
rubber compounding was at . _ A 7_:? i _ . rubber was charged into the two-roll
mill. Then, the Zn' dhivater: Antige 88 -- and steariciagid were added at the same
time. Finally, the a .:‘ 7 ék ere added.

» -
NCA 'IID'AU‘C

ﬂ’?ﬁ’%ﬂ‘ﬁﬂﬂ?ﬂ@
q W'#ﬁﬁﬂﬁ‘iﬁu llVi']@VlEl’}fﬂ d

Antage SP-P 1.0 phr
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Note: The steps of rubber compounding are as follows:
at 0 minute - Transfer the rubber to two roll mill.
at 3“i minute .- Add the ZnO activator.
at 5th minute - Add the antioxidants (Antage sp-p).
at6 minute - Add stearic acid.

at 7th minute - Add the aceelerators (TMTM, MBT and MBTS).

th _ N :
at 8 minute - Remove the com from two roll mill.

iii) PVC and Modified NR Blehd
First, the tem )i

! \\ d grafted NR sheets were
fred lend composition). Then, the
plasticized PVC was fed' tol th x minutes and the grafted NR
sheets were added and blegded fe _ until the surface of blend was smooth.
Finally, the sulfur was added: d

ﬂ"—aj'

thickness sheet was formed. The ositions of PV and grafted NR blends are

100°C for 2 minutes and a 2-mm

shown in Table 32 D
|

3.6.2 Preparaty EV —
The sﬁ ﬁiﬂxﬁﬁ ‘ﬁ’ﬁdﬁ 63': wﬂs'&]o ing. The milled sheets

were cut into ps in the the nulkduectlon and placed into a heated mold. The

s QU R W R 2V o 10

for 5 min . After pressing, the mold was transferred to a water cooled press under

pressure 80 kg/cm for 5 min.
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Table 8.2 PVC and grafted NR blend composition.

Code % MMA | Plasticizer, phr Composition
GNR:PVC
NR/PVC-P00 0 0 90:10, 80:20, 60:40, 40:60
GNR20/PVC-P00 20 \‘ ,/ | 90:10, 80:20, 60:40, 40:60
GNR40/PVC-P00 \ /& 90:10, 80:20, 60:40, 40:60
GNR60/PVC-P00 - ' ~ 1" 90:10, 80:20, 60:40, 40:60
GNR:PVC-P20
NR/PVC-P20 90:10, 80:20, 60:40, 40:60

GNR20/PVC-P20 /] — | 190:10, 80:20, 60:40, 40:60
V= \

GNR40/PVC-P20 PR £190:10, 80:20, 60:40, 40:60

GNR60/PVC-P20 60/ “[ 20 |} 90:10, 80:20, 60:40, 40:60

GNR:PVC-P40

NR/PVC-P40
GNR20/PVC-P40 | =

0:10, 80:20, 60:40, 40:60

10, 80:20, 60:40, 40:60

GNR40/PVC-P40 ﬁ):lo, 80:20, 60:40, 40:60

GNR60/PVC-P40 90:10, 80:20, 60:40, 40:60

ﬂuaqwawqwaﬁﬂﬁ
é“"‘é‘%m YRIINYIA Y

The mechanical properties of the blends were determined according to the
ASTM, ISO and B.S. test methods.
3.7.1 Hardness (ISO48)
The hardness property of the specimen was measured by using IRHD
hardness tester (used for medium hard samples). The minimum thickness of
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specimen was 6 mm. The indentor of durometer was pressed onto the flat specimen

surface for 15 seconds and the hardness value was recorded.

3.7.2 Tensile properties (ASTM D412)

For determination of the tensile properties, the dumbell specimen was

1 auge length 25 mm, and gauge width 6
e 3.4. ﬂem were cut from a 2.0 mm thick
sheet. The testing was : ting machine with a crosshead

speed of 500 mm/my o : ,7:t2°C. An average of four

Tensile “F/A, Njmni:, ot (12)

10.4 mm.) as illustrated i

where F

Modulus at Jo 7 ¢ A, N/mm2 or MPa (13)
where F, = Tensile force at 300! elongation (N)
, el : j#d*:?i_

333 an%;h (ASTM D624)
Wﬂ ﬁadﬂﬁ Y] wm ﬁ%shape cut followed to

Figure 3.5. A Gfosshead speed of Jhe universal testmg machmijt 500150 mm/min

s F i (T —

considered as a representative value. The thickness of specimen was 2 mm.

Calculation of tear resistance is as follows:

T, = FMd ' (14)
where T, = tear resistance (kN/m or N/mm)

F = force (N)

d = specimen thickness (mm)



Figure 8.5 Tear strength specimen, Die C.
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3.7.4 Qil resistance (ASTM D471)
This test method measured the comparative ability of rubber and rubber-
like composites to withstand the effect of liquids.
The liquid type of this study was Reference Fuel C (isooctane 50% by
volume and toluen.e 50% by volume) and the immersion period was 7 days (168

hours) at room temperature (272"

t specimen size was 2.0X1.5%0.2 cm and

/ representative value.
_’

an average of five specime

materials. It can be usef 1G brasion various kinds of material by

simply changing the welghts And abragive wheels, The H-18 abrasive wheel with

1000 gf load was used € arranged on the turntable. This
test procedure according t@ this a measuring method for assessing
the resistance of elastomers ;ojm : ng. The determination of the volume

power by this method is

suitable for comp rmity of specified products

and for spec1ﬁcat10ns '

aﬁsﬂ Ej ?’Wﬁ‘ﬂwﬂ] ﬂcﬁj ) determined under the

conditions for this method of a cy]‘.;ndncal test

B 15 i 0 N R e nd e
6 mm ‘thickness. The abrasion resistance refered to Taber wear index was
determined by calculating the milligram loss in weight per 2000 cycles of abrasion
under test conditions selected by means of a precision balance before and after the

test. The smaller the wear index of a material, the larger the resistance to wear.
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3.7.6 Specific gravity Measurements (B.S.903, Part 14)
The specific gravimetric balance was used. The specific gravity can be
calculated by the following equation.

Specific gravity = W, (15)

where

The sc =gtron/ microscopic study of the GNR/PVC blends was
done with a JSM-541§ sope operated at 15 kV. The

samples were mounted le-sided tape. The samples were

then coated with gold coati r-\ then scanned at magnification of

5000 times.
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