21 . . (Natural Rubber, NR) [8,12,23]

Hen l1esliess

90 %

30 -40 %

(concentrated latex)
RSS) (air-dried sheet, ADS)
rubber)

(tear strength)

(tapping)

(emulsion)

(ribbed smoked sheet,
(crepes) (block

(tensile strength)
(resilience)



M » O

2.1.1
(polyisoprene, (C5H3)n)
(head to tail) cis- configuration

H\C:éfm'i o

aaaa-CH? G‘Q'CHZ CH2-aaaa

2.1 cis - configuration [6]

(hevea rubber) cis 14
polyisoprene (qutta-percha) (batata)
trans 1,4 polyisoprene

2.1.2 (Natural Rubber Latex) [d]
0.975 - 0.980 pH6.5- 7.0
(disperse medium)
5
(colloid)
(hydrosol) (hydraophilic)

(hydrophobic)



2.1.3 [9]
1) (Ribbed Smoked Sheet, RSS)
80 %

(Unsmoked  Sheet)

5 %

10 %

20 %

30 %



2) (Air- Dried Sheet, ADS)

(International Standards of Quality and Packing for Natural Grade The Green Book)

1 ”
(sodium
bisulphite) (paranitrophenol, PNP)

3) (Crepes) 2

20 %
4) (Block Rubber)

1
(STR, Standard Thai Rubber)

21

5) (Skim Rubber)
3-7 %

6) (Viscosity Stabilized Rubber)

(mastication)

- cv (Constant Viscosity Rubber)

- LV (Low Viscosity Rubber)



21

»

(35 )

214

100 ppm

0.02

0.40

0.50

0.80
60
35

4.0

0.04

0.40

0.60

0.80
60
35

6.0

(reinforcing filler)

0.04

0.60

0.60

0.80
60
30

0.04

0.60

0.60

0.80
60

10
0.08

0.60

0.60

0.80
50
30

(softening point)

(5]

0.08

0.60

0.60

0.80
50

20
0.16

0.50
0.60
0.80
40
30

(resilience)

20
0.16

0.80

0.60

0.80
40

(carbon black)

120



2.2 (Polybutadiene Rubber, BR) [6,8,28]
221
(butadiene)
(linear) 14 ( cis- 14 tran - 1,4 confirmation
) 12
I
— ch2ch=ch-ch2| ch2-ch=ch-ch-2chZch-
clh
ch2
14 Butadiene 1,2 Butadiene Unit
22 [6]
2.2.2
(solution polymerization) (initiator)
(coordination catalyst)
(neodyn) (alkyl lithium compounds)
cis - 14 1,2 structure

(free radical polymerization of
butadiene in emulsion)
RhCI2 catalyst in emulsion polymerization

trans - 1,4 configuration

(stabilizer)
(chain modifiers),

oil extended rubber



10

223 6]

2.3
.. . cis-1,4-polybutadiene

(Tg - glass transition temperature)

-120 °c Tg
(high resilience)
trans-1,4-polybutadiene
cis-1,4 Tg -107 -83 C (94 % trans-)
isotactic 1,2-polybutadiene
syndiotactic 1,2-polybutadiene Tg -15 C
(branching)
] (cold flow)
(high green strength)
(die) (high die swell)
(less bagging)
250,000 -
300,000 Mooney ML 1+4 100 C 35- 55
224
( cis-1,4 )
¢ SBR SBR

(groove cracking)
90 % (tyres)

(tread compound)



o i HH
|'||/ C=c¢c HIH >< > S~ H
T \ 1
-C CIC CIS -1-C
| Ty )
H HJH ¢=¢ HyH H
H H %
cis-1,4 - polybutadiene
trans }|ﬂ
H C-r H I 21
LTI T R
/ = ><--g=cNHHllc=CH
cI H 5 H éyC |'][
H 1 HiH 1
trans -1,4 - polybutadiene
Pli H
I
N C H C H
| | |
rie———
| HCH HCH HéH
isotactic 1,2 - polybutadiene
: H ! gH I "H |
N C (@ C
R W N P
I H (|: H (lf H
CHIH H CH
I
| HCH HCH o

syndiotactic 1,2 - polybutadiene

23 6]



2.3

uncured compound)
(vulcanization rubber)

(Additive for Rubber) [8,11,18,19]

phr (part per hundred of rubber)

(thermoplastic)

30,000 - 300,000
(van der waal)

12

(green compound

100



4,
(fller)
2.3.1 (Vulcanizing agent)
(crosslink)
(vulcanization ~ cure)
(vulcanizing agent)
3
(sulphur donor)
1) 3
2)
3)

13



90 %

2.4
X
2 (cyclic)
X 8
, (coefficient of vulcanization)
100
Sx
1 Na
2.4 [6]
X
Sy
1-3 phr 2.5 phr
2.5 phr
2.5
(elongation at break)
0-5 phr 5- 15 phr
(leather like) 15 phr
ebonite 2.6
2.6

5 phr

14
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g |
~ 80041\
g \
o \
% 7004 1 Sof leather-like Hard
.E \.rubber (unusable) rubber
Z 600 tetp >
e \ ! I
° \ |
& 500 \ | |

\ i

\ ! \
G 490 x| ! Teosile strength
g \ 1 ]
> A\ )
& 300 \ !
% N
E 200 N H
: W !
%' : \\ :
a 100 ~ ' Slte—} Elongation at break
I~ ; s

0 R T T T T
Y 5 10 15 20 25
Bound sulphur (%)

25 [6]

Tear Strength
Fatigue Life
Toughness

/ IEwsiIe ;ﬁongﬁl
N

Vulcanizate 4
Property

—=

Hysteresis
/ Permanent Set

Friction

/

Elastic Recovery i

Stiffness

Crosslink Density

26 ' ' [25]
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22 [12]

»»

3
. (X- sulfur rhombic sulfur
. (3-sulfur — monoclinic sulfur . 96 a - sulfur

(3- sulfur
. y-suifur - plastic sulfur :

rhombic 2.7

112 444

2.1 rhombic [8]



10 %

(scorch)

(selenium)

0.8

(blooming)

(tellurium)

99.5%

100

17

0.5%

10-20



2.3.2

—
o

18

(Accelerator) [8,11]

(primary accelerator)

(primary accelerator)
(secondary accelerator)
(delayed action accelerator)
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1 (slow accelerators) aniline
J -90-120

2. (moderately fast accelerators)
diphenylquanidien, hexamethylene tetramene 60

3. (fast accelerators) ercaptobentothiazole,
benzothiazyl disulfice 30

4, (ultra accelerators) thiurams, dithiocarbamates,
xanthates 30

1

1 (quanidines)

2, (aldehyde-amine)

3, (sulphenamide)

4, (thiazole)

) (thiurams)

6. (dithiocarhamates)

1 (xanthates)

1>2>3>4>5>6>7

synergism
MBTS DPG  TMID
MBT ( )
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2.3.3 (Activator) [8,11]

(Zinc oxide, ZnQ)
(Cadmium oxide,CdO)
' (Calcium oxide, Ca0)
(Magnesium oxide, Mg0)

Zn0 > CdO > Ca0 > MgO
35 phr
Lphr
il UNI 2 white seal red
seal  white seal red seal
active zinc oxide
2 (stearic acid)

(lauric acid) (palmitic acid)



WBHUIifion flmuuiwtjlit ow
nbM

234 (Filler) [4,18,19]

>
?

? ? 5

L
(amorphous silica)
2
3,
4,
B, (surface modified products)
? 3

1 (particulated filler)
2, (fibrous filler)

3 (resinous filler)
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(reinforcing  filler)

180 -
600 A°
(semi-reinforcing filler)

(diluent filler)
10000 A°

1
(asbestos)

(wood flour)
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2341 1 (Silica) [4]
(silicon dioxide, Si02)
(non black filler)

3
1 (ground mineral silica)
" 200 (75000 A°)

2. (precipitated silica)

100-400 A°

Hi-sil - 255,
Hi-sil 233, Ultrasil VN-3
3, (furnace  combustion  fumesillica)
SICl4( SIHCI3
1400
DEG  PEG triethanolamie

2% [19]
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1
2 pH
(deactivator)
PEG 2 %
[19]
3
4,
25 %
(HAF)

(HAF)
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235 (Plasticizer) [8,11]

1. Processing acid L 1 5phr
2. Softener 5-15 phr

3. Extender 15 phr

(chemical plasticizer)

2 phr
(physical plasticizer)
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2.3.6 (Protective agent) [8,11]

(aging)
6
1 (self aging)
2. (metallic poisoning)
3, (heat aging)
4, (light aging)
B (flex cracking)
6. (atmospheric cracking)
(antioxidant) (antiozonant)
1
2
(staining  antioxidant)
(amine)
para-phenylene diamine (PPD)
. (non-staining  antioxidant)
(phenol)
phenollic sulfide
2, 1-10
(pphm) 2

para-phenylene diamine (PPD)
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(paraffin - wax)

24 (Rubber Manufacturing Process) [7,8,11,35]
(mixing) (forming) (vulcanizing)
24.1
24.11 [35]

2.8 Banbury mixer [§]
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Banbury mixer

2.8
Banbury mixer 3 (feeding module)
(mixer module) (driving module)
(feed hopper)
(ram) (mixing
chamber)
(rotor) 2
, * (rotor blades)

(discharge door)



2412

(roll knife)

242

2.10
press)
daylight

2.9

8,11]

[B11]

(two-roll mill)

Ni

[11]

29

(up-strocking



30

/7.

1 '
. 1
Crosshead /ﬁ/

—
Lo > platen
210 3]
(daylight)
25 8
25.1 (Mooney viscosity) [1,8]
(torque)
200 £ 0.02
(21

55
1 1 25 100



UPPER DIE
Vv A
0
N >
RUBBER LOWER DIE
ROTOR
2.11 Mooney viscosity [11]

100 £ 05
MV (Maoney viscosity) 830 t
0.02 - 100 W

1 W

4

250 ML 1+ 4 (100 °C)
5 W 100 1
4 L
25.2 [8,11]

Mooney viscometer (scorch time)

3l



171
Mooney viscometer

121
Mooney scorch Mooney viscometer 2.12
(Mooney unit) 5
& (Mooney scorch time)
35 ® th-5= @
(cure index) (cure rate)
( ) '
) 1 1 1 1
100
90 -
80 -
70—
gso-
- so}- |
z |
840} I
= !
30 L |
20 - -1|— — —MIN. VISCOSITY
|
o & ~Tazo—
LT R .
o0 10 20 30 40 50
TIME, MINUTES
2.12 Mooney Viscometer [8]
curemeter 1 “Monsanto Oscillating Disk Rheometer” (ODR)

32
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253 Monsanto Oscillating Disk Rheometer
(ODR)
/Cavny
z|
Disc
Strain Gauge
Rotating Eccentric
2.13 Oscillating disk rheometer [25]
ODR
(oscillating disk) (1°3° 59
140 - 160 (torque)
Mooney viscometer
(minimum torque, ML)
(maximum torque, MH) (scorch time, t9)
90% (t 00)

60

TORQUE o}
M

LB.~IN.

20

214 ODR[L]



3 2.15
torque

( Mhf) ;  torque
(reversion)
torque (marching)

15
torque 25 150 30
60r o9t
tc(90) —
t ¢ (90) ———_

a0t aof

Torque in Ib
THE Tur
0L 52 20t “/lz
TL \T’L l
l . . J i . 2'0 3’0 1 |b ZIO 30
10Minme520 30 10 Mintied Minutes
(1) 0 )
215 ]

(1) 2) (3)

34

15
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26",

B. Jurkowska, Y A. Olkhov, . Jurkowsi, O. M Olkhova. [14]

(Topology) (molecular structure) 'l
triblock structure
amorphous blocks 2 pseudocrystalline
morphology structure transformation
shear force
(topological structure)
amorphous block crystalline structure

G. M Bristow [20]

(NRIBR)  75/25 (1)
BR
(2) pre-blending (3)
( pre-blending)
(4) 2
cure behavior resilience heat build up
preblend
M L Kralevich  J. L koenig [29]
: | cis-1,4

polyisoprene Fourier transform Infrared (FTIR)-Attenuated Total Reflectance (ATR)
spectroscopy
physical chemical adsorption
free radical reaction

(agglomeration)

2\ 1\ (@
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. M Hess, P.c. Vegvari, R A Swor [40]

N299 60 phr (NR / BR)
100/0, 80/20, 65/35, 50/50, 35/65, 20/80, 0/100
resilience, heat build up, fatigue life, ~tear strength

NR phase
bound rubber BR phase  bound rubber
BR phase
[11]
? ?
Hisil 255 Hi-sil 255
? I
Hi-sil 255
? Hi-sil 255
?
Hi-sil 255
?
2]
C0-polymer ?
styrene - isoprene
"7 5 styrene-isoprene
20 7 1
tensile,

(tear strength), (resilience), (compression



set),

modulus,

(abrasion loss),

(compression set)

(resilience)
(tear strength),

37

(cure time)

(hardness),
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