3.1

3.1.1

3.1.2

3.1.3

)
1 (natural rubber, NR)
(ZnO)

(Al-cyclohexyl benzothiazole-2-
sulfenamide, Ci3H16S2 : CBS)

(accelerator, A)
(stearic acid, ST)

(sulfur, )

3.1.1
( 202 30%) (AR grade, Fisher Chemical)
(HCOOH, 90%) (AR grade, MERCK)

(deionized water)

3.1.2

(deionized water)
(C4H80, 99%) (AR grade, QREC)
(NaOH, 99%) (AR grade, QREC)

(C20H1404, 99 - 102%) (Riedel-de-Haén)
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314

321

3.2.1.1

10.

11.

12.

13.

14.

15.

16.

(CsH160 2, 98%) (AR grade, SIGMA Aldrich)

« 8 180, 99%) (GC grade, PANREAC)
Amberlyst@Ll5 (Sigma Aldrich)

3.1.2

50 500
(graduated Cylinder)
(three-neck round bottom flask)
19/22 24/29

(condenser)

(thermometer)
(spatula)
(analytical balance)
(hot plate stirrer)
(magnetic bar)
(oil bath)
(suction)
42
(vacuum drying ovens)

(auto desiccator)

250



3.2.1.2

3.2.1.3

10.

11.

12.

50
100 (erlenmeyer flask)
(dropper)
(burette)
(pipette)
(volumetric flask)

(orbital shaker)

(three-neck round bottom flask) 100
19/22 24/29
(condenser)

50

(thermometer)
(spatula)
(analytical balance)
(hot plate stirrer)
(nagnetic bar)
(oil bath)

42



3.2.2

3.22.1 (Fourier transform

infrared spectrometer: FTIR) [36]

Fourier Transform Infrared Spectrometer Perkin Elmer
Spectrum One 3.1 0.1 KBr
(wavenumber) 4000- 400 1

(FTIR)

(infrared (IR spectroscopy)

(vibration)

(dipole moment)

wavenumber IR spectrum

31 (Fourier Transform

Infrared Spectrometer: FTIR) Perkin Elmer Spectrum On
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32.2.2 (Thermogravimetric analysis,

TGA) [37]

(thermogravimetric/differential thermal analyzer, TG/DTA)

Perkin Elmer® Pyris Diamond 3.2 8-10
10
700
50

TGA

(crystallization)

(decomposition)



ge€cacelelL

3.2 Perkin EImer® Pyris Diamond

3.2.23 (Bomb calorimeter)

(internal energy)

(electron energy)
ASTM 3177
6200 Calorimeter

38

Parr
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g‘dﬁ 3.3 1ATRIUBNULAABIIWES Ju Parr 6200 Calorimeter

3.2.2A (Gas chromatograph: GC) [38]

(GO

(carrier)
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Flow Sample injection
sphitter port
; Detector

Pressure
gouge t* Bndge
Carrier
B ./
supply Pressure Recorder
regulstor
3.4 (5]
! 3.9
!
(detector)
! Agilent®
7890A
OGANOCHLORO PESTICIDES WITH ECD
&

CONMPONENT AMOUNT (pa)

1 a HCB 1ns

2 5 HCH 250

15 HCH 266

1 s 191

1 Beptachlormpode na

6 op DOE 41

T a exdbondas 280

8 »p DOE 610 0

9 ey DOO 635

10 p3"-DDO "3

e 9
4
3 7
1
LU
N7 NN | S -
— —
o 3 N 15}

3.5
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737225235



3.3
3.3.1
(EV) 3.1
(A)
(two-roll mill) 80 13
oscillating disk rheometer
(compression mold) 150
(VR-X) X
3.1
(phr)
VR-1 VR-2 VR-3 VR-4
NR 100 100 100 100
Zn0O 5 5 5 5
Stearic acid 2 2 2 2
Sulfur 3 3 3 5
CBS 7.5 21.75 36 35.25
A/S 2.5 7.25 12 7.25
A = accelerator (CBS), =sulfur
3.3.2
3321
1) 331

250

10

72.5

7.25

42



H20 2

H20 2

H20 2

H20 2

H20 2

H20 2

H20 2

2)

15

250

3)

4)

5)

3.3.2.2

VR-4

3.2

+ HCOOH

+ HCOOH

+ HCOOH

+ HCOOH

+ HCOOH

+ HCOOH

+ HCOOH

1:1

h2o2

(% .wt)

10

15

20

15

15

15

15

1:1

56.24

(pH =7)

40

OVR (10%H202)
OVR (15°/0H20 2)
OVR (20% H20 2)

OVR (0.5:1)

5.0
50
(OVR-X)"
%
3.2
3
A . .
H202 HCOOH (
1:1
1:1
1:1
0.5:1
1.51

OVR (1.5:1)
OVR (1:18.75)

OVR (1:7.03)

43

50



3.3.3

ASTM D 3177

1
2)
3)
4)
5)

6)
BaCl2 0.1

7)
A8NO3 0.025

8)

44

Sulfur Bomb calorimeter
0.8 Bomb Calorimeter
methyl orange 200
pH 55 Na2C03 2
pH 7.0 NHgOH 1
1
HCl (1:9) 1
10 15
42
( 30 )
Crucible 850
3
= (A - B) x 13,738
C
A crucible
B crucible
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3.3.4

ASTM D471
1) 0.2
5 24
2)
(Swelling degree)
= (M-MO0) x 100
Mo
M ¢ )
Mo (AN
3.35
ASTM D3616
1) 0.2
25 200
18
2) 42
100 18
(%) = ( 0- d)X 100
Wo
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3.3.6

1)

2)

2)

3

4)

5)

50

0.1

NaOH 0.02

(mmol) =

“

10

18

NaOH ( )

NaOH ( )

05, 1 3, 5

46

(THF)



3.3.8

7890A Agilent Technologies
DB-5-HT (15 X 0.320 mm)

1) 0.1 2.0
10
2) 100
- 100
30
3) 30
(internal standard)
(n-heptane) 1
4)
1_
50
2 15
170 25
260 1

100

(VIAL)

14.6

47

FID



3.1

Condition Value

Carrier (He) flow rate 3
Hydrogen flow rate (for FID) 30
Air flow rate (for FID) 20
Detector temperature (for FID) 280
Injection mode Cool on column (COC)
Injection port temperature 150
Injection volume 0.1
Initial column temperature 50
Final column temperature 260

260 °C, 1 min

25 °C / min
170 °C

- 0 .
50 C, 2 min 15:°C./ min

3.6
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