E-value
Bulk density
% volatile maj
Polymerization ﬁf,
3.1.2 fAer __;,"g,«_:

(Japan Synthetic rut

ﬂummmwmn's Nazos

Bound acwlmitnlu{:) ¢

mmammumwmaa

im.mn temperature

Stabilizer st W .
Specific gravity 1.00 i




3.1.3 Chemigum P83
(Goodyear Chemical Co.,Ltd.)

Typical properties
Acrylonitrile: 33 %

Mooney viscosity:
Crosslinked:
Polymerization temp.
Volatiles,wt-% /

Base polymer: Nets 1 trilebutadiene copolymer
Physical form:
Particle size:
Partitioning agent

(Thai Plﬂ.ﬂgn. & Cham:m.al v litd )

ﬂﬂﬂ?ﬂﬂﬂﬁﬂﬂﬂﬂ?

31smnﬂm:a_md_m==;.ahmm0a1nimstmta and stearic

“ﬂ@ﬁﬁﬁﬂﬁﬁ%ﬂﬁﬁ?ﬂﬂﬂaﬂ

3.1.8 Vuleanizing agent Sulfur

3.1.9 Accelerators Three types of accelerators were used
(Monsanto Industrial Chemicals Co.)

- Thiuram sulphides: TMTM(Tetramethyl Thiuram Monosulphide)
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- Thiazoles: MBTS(Dibenzthiazyl disulphide)
- Sulphenamides: CBS(N-Cyclohexylbenzthiazylsulphenamide)

3.1.10 Zinc active (Seido Chemical Industry Co., Ltd.)

3.1.11 BHT (3,5-Di-tert- roxy-toluene)
3.1.12 Cal0q (
i Ltd.)

LVD1CE

CaC05 50 %

and others(MgCls, & ] \ 1.50 %
Physical ”

Specific gmgvi s |

Moisture dgigEent 45 % nax

Bulk density 20 g/cc.

mﬂﬂMﬁﬂﬁW El"lﬂ'i

Hean E'ﬂrticls size mic

m&mmumamww

mth::d}




T 7T 77778
/Lfffffr‘ Y
; A~
J'fa"fff
- ffffﬁ:.!f!ff.

:ffffffr;’fff o A I e Sy e §

— axMiii err;fff—f

W B I A
F Sl O SO T ST I |
pyr !
0 S i Y G |
' P
i - ]
0
' ; |
7
- S —§
'_' ?*
—.-i‘I 'I"' - -g--_._
al 1 2
_ | N |
U ; \
qurla S o

L . 0 Vol Vil . L R
; T T O O IS, TRV T

o - o o] - i o r~ @
MINUTEN -

Figure 3.4 Torque curve of PVC/nitrile rubber blends mixed in
Brabender Plasticorder.



3.1.13 Carbon black(N220, ISAF)
(Thai Carbon Black Co.,Ltd.)

Specific surface area 115 mé/g

Range of particle size 20-25 nanometer([8]

3.2.1 Prodex-Henschel high-intensity mixer model LMX 10 DC of
Lab Tech Engineering Co.,Ltd (as shown in Figure 2.4).

3.2.2 Two-rolls mill model-LRM110 of Lab Tech Engineering
Co. ,Ltd.

3.2.3 Brabender Plasticorder having the Cam Measuring Head from
Duisburg in Germany (as shown in Figure 2.5(a),(b)).




3.2.4 Two-rolls mill diameter 12 inches of Stewart Bolling Co:

3.2.5 Hot compression model LP20 of Lab Tech Engineering
Co.,Ltd.(as illl.lsfratad in Figure 3.1 )

3.2.6 Micrometer

3.2.7 Tensile testing machine model S-100-C of Shimadzu Co., Ltd.

3.2.11 Abrasion tegpé .. : ; k Co.(as illustrated
in Figure

Lo

.2.12 Transmissigh

Co.

]

-2.13 Scanning #leftn i oD JSM-35 CF of Jeol Co.

.2.14 Polarized ficgost " f Nikkon Co.,Ltd.

.2.15 Differential®sc; eteér model DSC 92 of Setaram
Co.

L2 R

3‘3 Hon e -.lq::p‘-zl‘;l_#%'}l
J

™ BRI RS

schel

e raw materials were
PYC resin, Calcium stearate, Stearic acid, Ba-Zn stabilizer,
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 increased to 809C (the temperature .slightly increased ).




Figuref3s] Hot compgession model

ﬂ‘LIEl’J'VIEIﬂ?W f
Qﬁﬂﬁ\iﬂ‘iﬁu g_:__".- *_ ;

//

(o mm.rff--u JC:::

Figure 3.2 Abrasion tester.
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Then, DOP plasticizer was mixed into the materials by the mixer.
The temperature of mixer must be controlled in the range of 80-84°C
(above the glass temperature but below the fusion temperature),

the mixing time was 3-5 minutes because plasticizer was absorbed by

FVC resin (all of compounded materials were not wet). After mixing

PVC compound ra o gupound was decreased to room

Caleium stefirafe

Stearie secid

DOP plasticizer s -+

T oy
3.3.2) Tso-rol :E"‘-n Tt mwumd from dry

I¥

blending (the first s}ep) was melt mixed on two-rolls mill st

< f*“ﬁﬂm E‘i‘i’l%“ﬁ H“”il*ﬁ? g a6

the thickness &F PVC sheet was cmt:rulled at 1 mm. sheet was

mi“ﬁmﬂ?ﬁmﬂ"ﬁﬂﬁﬂﬁ 97 s

the two-rolls




3.3:3) The steps of

mixing are as follows:

A Niteile subl %

with ingredients of
C processing temperature.
Thus, the temperaturesfe : .. was at 100°C (If the
temperature was too
the rubber was charg

d be too high). First,

chamber. Then, the
antioxidant(BHT) were
zing agent (sulphur)
» THTH for recipe 2)
Figure 3.3

activators (zinc aé
added at the same )
and accelerators (
were added. The torgus

amimumawaﬁm

Sulfur 1.5 phr




Becipe 2

Nitrile rubber(grade N220S) 100.0 phr
Zinc active 5.0 phr
Stearic acid 1.0 phr
BHT phr
CBS phr
MBTS phr
THTH phr
Sulfur phr

Note: Four steps of mpr
at 0 minute J* :" , the ‘rubbes to Brabender chamber.

shand antioxidants.
at 6th minute - ‘, pizing agent and accelerators.
at 8th minute - Remoyes the unded rubber and transfer
ot = a 1 mm thickness
v

o-rolls mill)

First, thacl'mﬂ:ar eated O%b 160°C and
1 VR L GTH U ar v i
mllprocﬁss were cut into small sheets (the size was about 1 x 2
inch). The nitrile rubber was masticated or compounded by Brabender
Plasticorder, and formed sheets by the two-rolls mill. The nitrile
rubber sheets were cut into small sheets as well. Then, the PVC
sheets and the nitrile rubber sheets were weighed (depending on the
PVC and nitrile rubber blends composition). Then, the PVC sheets




were fed to the Brabender with a rotor speed of 20 rpm for 2
mimutes. Finally, the nitrile rubber sheets were added and
blended at a rotor speed of 680 rom for 4 minutes. The torgue curve
is illustrated in Figure 3.4.

at 3%9 mi #Ller(fon,45 parts of fillers)
at Bth- ni ; "R e 7 " ‘. ymer b e from the mixer
two-rolls mill for

55 sheet(run 1 round

Zi/polymer blends were

based on PVC resirapd n: faBositions of polymer
blends (no filler) W |

w GUEANENTNYINL
PERTh s a3 g B2

PVC:NBR(Recipel) 80:20, 60:40, 40:80, 20:80
PVC:NBR(RecipeZ2) 80:20, 60:40, 40:60, 20:80

¥

= as follows:

For compositions of filler polymer blends, the filler was added 45
parts per hundred parts of polymer blends. Nitrile rubber used in
this case was N2205 type of compounded rubber(Recipe2).

-




PVC and NBR(N220S, RecipeZ) ratios varied from 80:20, 80:40,
40:80 to 20:80. Polymer blend-to-filler ratio was constant at 100:45
and filler types were CaC03, carbon black, silica and mixed fillers
(mixed fillers wers carbon black filler:silica filler = 30:15).

3.3.4) Hot compression: The mdl@led specimens were prepared in
the compression molding. The temperal 'y pressure and time were

important. In this stusy the snpers * was 160°C and pressure
T i

at 0

at 2nd

at gth _ n by cooling water
at 12th minute J- Remévicd (he' Sanples from the mould

The hardness P . of t 1."'# measured by type A

Shore durometer( or soft samples). T‘thicim:m of specimen
was B mm mini &.&The indentof’ of ter was pressed on
SN 1L oL ummmn;:m

m&mmnimumfmmaﬂ

3.5.1) Tensile test (ASTH D412)

Specimen was Die C as illustrated in Figure 3.5. The
crosshead speed of universal testing machine at 100 mm/min was used.
The test condition was at 27+2 °C. An average of five specimens
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Figure 3.3 Torgue curve of nitrile rubber compounding mixed in

Brabender Plasticorder.
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was considered as representative value. The gage length was 2.50 cm

and the thickness of specimen was 2 mm.

Tensile stress

FrA

F = Tensile foree (N)

A = ares {mz}
Tensile stress =N N/mA(Pasefafebe HPa(1 HPa = 108 Pascal)
Tensile at which the specimen

ruptures.
Modulus at 100 %
Modulus at 300 %

\ ongation (N)
elongation (M)

- mmﬁmw’ﬁm Ty

Calculation of tear resistance is as follows:

Tg = Frd
Tg = tear resistance(kN/m or N/mm)
F = force(N)

d = specimen thickness(mm)



40 mn

Figure 3.8 Tear specimen Die C.



3.6 0il resistance test (ASTM D471)

This test method measured the c-:mpﬁ.rntiva ability of rubber
and rubber-like compositions to withstand the effect of liguids.

The liguid type of Jthis Ehhfly Reference Fuel C({Isococtane

50 % by volume and Tolusfe=&0 % : and the immersion period
—

was 7 days (168 hours) aferotn fempefatuse (27+2°C).

Test specimen

size was 2.0x1.5x0 o’ frdl Bnaverage™af five specimens was

is standard provides a
measuring method for assesSing th iStance of elastomers to wear
by rubbing. The dete o |
test emery of def w#._—'“‘ ive | .,f";}’ is snitable for

comparative tast].rg, :mamnlty of specified

products and for

SPecHigER s Tons
FI‘IJEI’J‘VIWI?WEI’]T]‘?

abrasion resistapce test _is volume lgss ( V in mmd)
o G A A FRLI Y B
specmm drawn across a test emery paper of defined abrasive power
and with a defined force of application and through a defined
distance. The abrasive power S of a sheet of emery paper is the
loss of mass in mg of a standardized test specimen of a comparative
elastomer drawn across it under the test conditions.

The test specimens are cylindrical shape of 18 + 0.2 mm
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diameter and at least 8 mm thickness. A cylindrical test specimen
is drawn across a test emery paper with corundum (diameter

150+0.2 mm) of grade at a constant application force of 10 N
and at a constant speed of 0.33 m/sec and a rotational speed of
40+1 rpm (Figure 3.2), the abrasion distance being 40 m or in a

special case 20 m. the range from 170 mg to

220 mg is allowable. The he test specimen in mg by

The abrasi _ 3 }_ abrasive power of the

test emery paper of#200fng ¢ : S10m diStance and ecalculated

as a loss of volume §

: mmmmineng
i qm‘ﬁ“\fmﬁﬂﬂma )

The apparatus of this measurement is pycnometer(100 ml). The
specific gravity can be measured by the following equation:

Specific gravity of specimen = M x D/[W1-(W2-M)]




H =  mass of specimen (&)

W1

1]

mass of pycnometer plus pure water
{(volume of water=100 ml)
W2

il

mass of pycnometer plus pure water plus mass of

3.9 QOsci
The ODR # 4nJ ASFSifine, thé, Seorch time, cure time
(or vulcanization tisie) @ CLWE - D8 b% plotting the torgue curve
_1. i [«
versus time. The scogeh, peasired when the torgue curve
increased from the mfhifGm- fome fwo units(such as 2 1b-in).

The cure time was meas 'e curve increased from

the minimum torque-i between maximum

torque and minim ”’"

: imens were

. section.
The thickness of thin layers was 100 nm. The thin layers were
immersed into OsO4 for one night and placed on the grid. The
samples were viewed by TEM at x30,000 and x10,350 magnifications.

B) TEM for fillers: CaCOs filler, carbon black filler and silica
filler were suspended in 295 ¥ ethanol by ultrasoniec machine for



10 minutes. Then, the samples were dropped on the grid and dried.
They were viewed by TEM from x9,000 to x150,000 magnifications.

3.11 Scanning electron microscopv (SEM)

The specimens g giipresSstd Bo\thin layer (about 0.01 mm.)
by hot compression ofe, lace S1iHe Slasses and vwviewed by .

polarized miero

3.13 Differenti

— .' by liquid nitrogen
and heated up 642 Tage was 10 °C/min. The

temperature, heat flow and darmtinl heat H‘ Wwere measured.

AULINENINGINT
ARIAINTANNINGAY
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