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Abstract

At present, there is an advocation to use gasohol as a renewable energy instead of benzene. However,
using gasohol results in the damage of an engine by deterioration the seal, oil hose and the corrosion and
swelling of the gasket. Therefore, in this study, the suitable amount of additive for fluoroelastomer (FKM)
blended with natural rubber (NR) in order to produce the polymer material which shows the gasohol resistance
was investigated. The vital variables were studied such as the ratios of FKM to NR and the type of additive
(Silica and Carbon black). From the experimental results, the most suitable ratio of FKM to NR in this study
was 98:2. The good mechanical properties (tensile strength and hardness) at this ratio were obtained. The
swelling of this specimen in gasohol at room temperature was founded that it closes to the FKM. Besides, the
swelling of the specimen in ethanol at room temperature was founded that it hardly changed. Subsequently, the
structures of the polymer blends were analyzed by using Scanning Electron Microscopy (SEM). The result of
SEM showed that the polymer blends material had well assimilated at this ratio (98:2). After that, each of the
additives was mixed with the polymer blends materials in many quantities (5, 10, 15 and 20 phr). The results
showed that the mechanical properties increased with the increase of additive amount. Accordingly, the
materials were aged (for 22 h at 100 °C). The results showed that the mechanical properties of materials tend to
increase after aging. Moreover, the swelling of the materials after adding additives in gasohol were increased.
At 50 °C, the swelling of materials after adding additives was increased compared to these specimens at room
temperature. The swelling of composite polymer filled with carbon black in ethanol was less than the composite
polymer filled with silica. The SEM study was founded that when the amount of filler increased, the surface

roughness of composite polymer between FKM and NR increased.

Keywords: natural rubber, fluoroelastomer, gasohol
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2.1 ﬂ]&?\lgﬂﬂii (Fluoroelastomer)
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NoANDT (FKM polymer) ma%aiumqmiﬂmg'ﬂﬂﬂuﬂ"lummm Viton fluoroelastomer Iﬂfmﬁﬂ]@ﬂaﬁ

= o o £ L4 ]

f® DuPont Dow elastomers Tuilagiiuenageslsgminnlylse Tewivarnnars wulugaavnssueu
o . a a 2 g Y Qy 1 A a .:? 1 ]

oUd (Automotive) MN31U (Aerospace) Hazgaa1Hinsuil Il fludu wmuwwamumuimy%mﬂu

2 a1 o { o {
wanilszinu Fa Mo uaz O-rings Awanalugl 1 uazdedalnseaiwvosenageslsuanalugli 2

Fuel hose lined with FKM  FKM O-rings and seals for fuel injectors

'
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v v
30 2.1 Fudruiwanainergen s

-(CF2-CF)-(CH2-CFy)- -(CF2-CF)-(CH2-CF3)-(CF2-CF3)

| |

CF3 CFs
Copolymer fluoroelastomer Terpolymer fluoroelastomer
-(CF2-CF)-(CH2-CF2 )-(CF2-CF2) -(CF3-CF)-(CH2-CH3 )-(CF2-CF2)
|
O-CF; O-CFs
Hexafluoropropylene (HFP) replaced with fluoro-ether Vinylidene fluoride (VF,) replaced with ethylene
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Apostolo et al. [9] ﬁﬂymnﬁﬁmmmiwamzwin fluoroelastomer I1ae semicrystalline
perfluoropolymer (PTFE) o fluoroelastomer ﬁﬁl%iuﬂﬁﬁ anlaun vinylidenefluoride /hexafluoropropylene
/tetrafluoroethylene Tudasraau 5012525 1lesidudTua nay tetrafluoroethylene/perfluoromethylvinyl ether
Tusasiaan 7030 nlosiGudTua Fanauniald 4 35 i msnaumminy (Nano-blending) A931¥aaN0
a3 s (Core shell polymerization) mﬁWﬁiﬂul%ﬂN (Latex blending) HATMINENTINEA (Mechanical
blending) numskauuuu Tufiassududfaser  Tulasdifadunedimes 5w (Microemulsion
polymerization) Tumsduasizd fluoroelastomer uag perfluoropolymer IMINTz19A U049
perfluoropolymer Tuana fluoroelastomer A LAZYUIAVO perfluoropolymer ﬁﬁQLﬂiixﬁqﬁﬂéjuigﬁUHW

TUNAT (40-50 nm) Y1 Tuwuane3 onldlautiasuiusEn31e fluoroelastomer 118¢ perfluoropolymer 1A



HaniimFanandienaany fluoroelastomer L6 IuUaIZNANUAIUNIUANUT OULALATIAY (Thermal  and
1 U a QJ =
chemical resistance) MIFUHIU (Permeability) wazdulszanianudeaniu (Friction coefficient) Fooaq
muTuIAUDY semicrystalline perfluoropolymer
Flitney [10] #N¥IAMANITANINGAINVDY Viton fluoroelastomer Iagnisiasuuiaailsmmves
fluorine 713114 TAT98319U94 Viton fluoroelastomer 8 ¥ 1@LA GLT-600S, A-601C, GBLT-600S, B-601C,
~ o W J 2 4 = ;I @ 9
GFLT-600S, VTR-9209, F-605C 1taz GF-600S (iSeadwuainulosidudvlglosulamivninoindeslim
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110) %1814 Viton fluoroelastomer 114 8 1A 11/ualud91aza18 Fuel C-butanol (80/20) uay gasoline-
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Fuel C-butanol ﬂ'TWL.!!!i\‘]ﬁ\mﬁ$§$ﬂ$ﬁﬂﬁﬂ1@ﬂﬂ’ﬂﬁ. Viton fluoroelastomer 11111 gasoline-butanol %30 100%
butanol UONINTNU fluoroelastomer ATioF UG ToTugs nazgnLL (Cure) Tasszuunlesoonlad
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11A28 bisphenol Y84 VTR-9209, FMK
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Trakarnpruk et al. [12] ﬁﬂmﬁuuwmdmﬂmwmmEmmmﬂzwwmmﬂmf“luumuvluiaﬁmaﬂwaﬂm
Y ]
nmhduthay Taseadunsizyiniundnu 1@ nitrile rubber (NBR), hydrogenated nitrile butadiene
rubber (HNBR), NBR/PVC, acrylic rubber, co-polymer FKM and terpolymer FKM WU1AIMTUINAD A
o ' ! a o X
AWV (Hardness), ﬂTV]u@l'l’]!!ﬁ\‘]ﬁ\‘l !!azﬂhliﬂﬂﬁf)ﬂlslf@wa'lﬁcluﬂmi NBR, NBR/PVC i8¢ acrylic rubber
TnamsnaaeuniimdesnindiaieuiUcopolymer Y94 FKM Lag terpolymer Y89 FKM
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o o 79 Y= e
Duin 4a¢ Dikland [13] ﬁﬂHWﬂ?iﬂiUﬂEQﬂmﬂ?Wﬂl@ifJNfNLﬂi'Ig“H1ﬁﬂﬂ?1hﬂuﬂ1uﬂ®u1hu Tagms
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wunyiiidnTuae Isveaneawesi lulld wunsnsldersion1ladu (Butadiene rubber, BR) @10
) ) o ' ' s S 3

maleic anhydride (MA) 158 MA-grafted BR tazinmstuedadleszuunlesesn lad uded1alsiaiunms

a ] o a

iAumyieiiu (Amines) 1az10AN080A (Alcohols) TuTANDANOI VDI MA-grafted EPM (ethylene propylene
IR 1 @ 1 e" o 1 U 3 = % Y 9 o

copolymer) lidawagomsdsuilgeanumumuasiniuuaedila luiiweudersusunmsldlaenud

(coagents) 1MFY m-phenylenedimaleimide (PDMI), m-phenylenedi(maleamic acid) (PDMA), 1,6-

hexamethylenedi(maleamic acid) (HMDMA) 142 trimethylolpropane trimethacrylate (TMPTMA) 581219013
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UV ethylene, propylene, non-conjugated dienes copolymer (EPDM) feszuunlesenn led uazmsnili
1< I3 [ 1 1% 1
Wunag (Neutralization) Y94 EPM-grafted MA @91}38 zinc acetate ﬂhlllﬁ\maﬂE]ﬂ‘li‘l.]i‘lJ‘lJﬁ;Qﬂ’ﬂll‘Vlu‘VﬂuﬂE]
2 X Y
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ﬂluL‘ﬂEJiJWﬂﬂUfJNﬂﬁﬂIiWiu (Chroloprene, CR) mmuﬂizmumimm'lum%u ﬁluﬂlm%ﬂﬂﬁﬂiWNGlWﬂmﬂ
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(Thermoplastic elastomer, TPE) gazmaNunumMuaeihtusieumIfuenas 13Wsu
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Oscillating disk theometer (ODR) oW Iatiizaulumsnagileors nasmminiheorsnemhain a1y
d?l £ A . A @ a ~ I A o ]
Ju31lTaoldinT09 Compression NAIWAY 150 kPa gavgil 170 asrusaiFoa Wurnat 9 wiil s
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snnIuglisouiesudi lunadeuaiaminanas dugmuineide 11

d' 4 ] 1
@319 3.1 g3 Tumskeaueneni g (luniieved phr)

Sample code FN1 FN2 FN3 FN4
#19vlgoe s (Viton: GF 600S) 100 99 98 95
NR (STR5L) - 1 2 5
PO’ 2 2 2 2
TAIC’ 1 1 1 1

" Part by weight per hundred part of rubber : 2,5-Dimethyl-2,5-di(t-butyl-peroxy)hexane ’ Triallyl isocyanulate (Activator)
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M3190 3.2 uaasgas Tumanauenentndswdumsduay hernennanmien1a linadey
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A181304 Oscillating disk rheometer (ODR) tiomIaimanzanlumsnasglens snentnainla lign

° 2 9 A ~ o a ~ ~
u'lll‘]JélluiﬂIﬂfJﬂl‘]ﬂﬂifN Compression  N1ANUAU 150 kPa QuUuu 170 o3IAULDIKYH ﬁjunm 15U
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m3ai 3.2 q@iiuﬂ'ﬁNﬁllElNﬂf)ilﬂnﬂi’JMﬂUﬁﬁﬁ’Jmm (11!141!’35%@3 phrl)

Sample code FN3 CB5 CBI0O CBI5 CB20 Si5  Silo  Sil5 Si20
Viton 98 98 98 98 98 98 98 98 98
NR 2 2 2 2 2 2 2 2 2
PO’ 2 2 2 2 2 2 2 2 2
TAIC’ 1 1 1 1 1 1 1 1 1
cB’ - 5 10 15 20 - - - -
sio,’ - - - - - 5 10 15 20

' Part by weight per hundred part of rubber” 2,5-Dimethyl-2,5-di(t-butyl-peroxy)hexane ’ Triallyl isocyanulate * Carbon black
(N550)° Silica (Hisil-255)
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3.3.5 MINATOUANUNUMUABNIRANUIA (Tear strength)
ad Y A Aa a o <
ABNATDUAWLIATTIU ISO 34-1 : 1994 (E) Tagld1aT04 Lloyd N load cell 500 128U A5
4 1 o o A a . o &
Tumsindeuiveaiadu (Grip) 500 Hadwasaeui Aasunagoiiuuuy angle (ASTM DIE C) lag
. 4
AAUUUAATEY FunaaeuiinNuruIlszinm 2 Tadmas
3.3.6 MINATOUANUMUNMUABIBIBHU (Testing of Resistance to Ozone)
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Sample code Scorch Time (t) too Torque Torque Maximum
(min) (min) Minimum (dNm)
(dNm)
FNI1 1.25 5.13 16.61 64.86
FN2 1.00 7.97 15.79 63.87
FN3 1.17 8.50 17.05 72.01
FN4 1.31 5.61 11.22 42.58
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Mechanical properties
Sample code

T, (MPa) E, (%) M’,, (MPa) M|, (MPa) M, (MPa)
FN1 4.92 361 0.75 1.0 2.93
FN2 2.59 285 0.73 1.02 -
FN3 3.44 251 0.85 127 -
FN4 5.82 390 0.73 1.05 2.89

' AIAMUNUNIUABNS IRGIgA (Tensile strength)* 52828A ™ 3Av1A (Elongation at break)* M, M, 188 M, : ATuegan

(Modulus) 11 50% 100% Ltaz 300% elongation ANAIAL
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3199 4.3 ﬂ1ﬂ’l']mlfllQ*UfNEJNﬁQLﬂiWﬁﬂQE)ﬂIii?llﬂ“]JfJN‘ﬁiiiJ‘]ﬂ@]ﬁaQWWHﬂimJ’Juﬂ153aﬂ1|lul,“]f‘lfu

Hardness (Shore A)
Sample Code
position 1 position 2 position 3 position 4 position 5 average
FN1 52 51 52 52 52 51.8
FN2 50 50 49 52 50 50.2
FN3 49 50 50 49 50 49.6
FN4 49 49 49 49 49 49.0
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[J E20 at room temperature, 168 hr

25
M Ethanol at room temperature, 168 hr

% Volume change

10 7

FN1 FN2 FN3
Sample code
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30
[ Before ageing Il After ageing
25 |
20 |
15

10

Tensile strength (MPa)
|

FN3 CB5 CB10 CB15 CB20 Si5 Si10 Sil5 Si20
Sample code

' ' ' o ¢ a
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931891 98:2 IINAVANIAUANADUUATHAIN TV IAIIANNT DU

450
400 |
350 |

[ Before ageing Il After ageing

300 |
250 |
200 |
150 |

Elongation at break (%)

100 |
50 |

FN3 CB5 CB10 CB15 CB20 Si5 Si10 Sil5 Si20
Sample code
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[ Before ageing Il After ageing

jﬂﬂ““

FN3 CB5 CB10 CB15 CB20 Si5 Si10 Sils Si20
Sample code

M,,, (MPa)

@

a o ~ : o - I A : o ¢
51]7] 4.7 ﬂji!ﬂﬁﬂﬂleUﬂWN'ﬂﬂaﬁ 3l !ﬂail%u@ﬂWiUﬂ!ﬂqﬂU 100 EUENEHQWﬁl]ig1’f]1\‘]ﬂ1\iﬁ\uﬂﬁ13‘ﬂwga@Iﬁ

HAZEITITUIA TUSATIAIU 98:2 TINAVANTAUAUADULASHAINMT LT 13I8 NNT U

16
14 [] Before ageing Il After ageing
12 |

10 |

i HHM

0 T

M,,, (MPa)

FN3 CB5 CB10 CB15 CB20 Si5 Si10 Sil5 Si20
Sample code

a = = J Y I J A Vv 1 o L4
51.]7] 4.8 ﬂ?i!ﬂiﬂﬂmﬂﬂﬂﬂJﬂﬂﬁﬁ a 1osIFUAMSIAMIAL 200 GIJ@\‘IEJNWﬁﬂigﬁ'JNﬂNﬁx‘uﬂi1$ﬁ‘V\|QﬂGI‘J
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FN3 CB5 CB10 CB15 CB20 Si5 Si10 Sil5 Si20
Sample code

a a ~ : o - I A : o ¢
51]7] 4.9 ﬂji!ﬂﬁﬂﬂleUﬂWN'ﬂﬂaﬁ 3l !ﬂail%u@ﬂWiUﬂ!ﬂqﬂU 300 EUENEHQWﬁll§31’f]1\‘]ﬂ1\iﬁ\uﬂﬁ13‘ﬂwga@Iﬁ
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Tear Strength (N/mm)

FN3 CB5 CB10 CBI15 CB20 Si5 Si10 Sil5 Si20

Sample code
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90
80 | [ Before aging Il After aging
70
60 |
50 |
40 |
30 |
20 |
10 |

Hardness (Shore A)

FN3 CB5 CB10 CBI5 CB20 Sis Sil0 Sil5 Si20
Sample code
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16
14 I E20 at room temperature, 168 hr
° M E20 at 50°C, 24 hr
o0 12 1
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4
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FN3 CB5 CB10 CB15 CB20 Sis Si10 Sil5 Si20
Sample code
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16

14 CI Ethanol at room temperature, 168 hr
M Ethanol at 50°C, 24 hr

% YVolume change

FN3 CB5 CB10 CB15 CB20 Si5 Si10 Sil5 Si20
Sample code

y o ' o ¢ aq o |
E‘llﬁ 4.13 %}E]ﬂaz‘U'E]\'iﬂTTU'HJ@I']"’UENEH\TNﬁilﬁ&“ﬁ'ﬂ\iﬂWQﬁQLﬂﬁ1$WWQ@@I§LLaZﬂTQﬁﬁﬁN%W@liu@@iTﬁ'«]u 98:2

a

' o o a a A a & { o &
iauﬂ’ummamﬂmamuaansqmﬁqmﬁﬂuﬁ’m Wuaan 168 wu. wazNeunl 50 o 1Wuran 24 sy,

U ) g1

25
O Before swelling
E3 After swelling in E20 at room temperature, 168 hr
20 W After swelling in E20 at 50 °C, 24 hf ] .

—

wn
I

|

Tensile strength (MPa)
s

FN3 CB5 CB10 CB15 CB20 Sis Si10 Sil5 Si20
Sample code

y ' ' 9 ¢ aq o '
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600
O Before swelling

E3 After swelling in E20 at room temperature, 168 hr
500 m After swelling in E20 at 50 °C, 24 hr

400 |
300 |

200 |

Elongation at break (%)

100 |

FN3 CB5 CB10 CB15 CB20 Si5 Si10 Sil5 Si20
Sample code
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g‘l]ﬁ 4.15 MANNYY WU fl!ﬂ"lJ'IWUENEJ'NﬁQLﬂERW“V\IQEJE)IﬁLm3513155311‘]11@]11&@@3']?{’11! 98:2 IIUNVUAITA

v
a

a o o s ay & = o &
W]MGLNUWNULLﬂﬁI“ﬁE’I@aT]Qﬂﬁ’iﬂﬂﬁﬂﬂ Lﬂunm 168 ¥u. UasNgUnu 50 o Lﬂunm 24 FY.

g1

6
O Before swelling
O After swelling in E20 at room temperature, 168 hr
5] W After swelling in E20 at 50 "C, 24 hr
€4 ]
g _
=3
2
| II II
0

FN3 CB5 CB10 CB15 CB20 Sis Si10 Sil5 Si20
Sample code
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16

O Before swelling

14 7 E3 After swelling in E20 at room temperature, 168 hr
m After swelling in E20 at 50 uC, 24 hr

12

M,,, (MPa)

FN3 CB5 CB10 CB15 CB20 Sis

Si10 Sil5 Si20
Sample code

-d' ' o s 3 o ) v w (2 o an v @
3‘1]7] 4.17 muo9ad U wosiFuamssaIny 200 ﬂlﬂﬂﬂ?ﬂﬁﬂlﬂimﬂﬂgﬂﬂiiLm%EJN‘ﬁiiiJG]ﬂﬁi’HJﬂ‘Uﬁﬁﬂ’J

a HE s A Ay & dl A o o
wuluiniuuialyeed Ngaumgiive ifluna 168 su.uaziguugil 50 o funai 24 .

25

O Before swelling

E3 After swelling in E20 at room temperature, 168 hr
20 M After swelling in E20 at 50 °C, 24hr [

M,,, (MPa)
]

FN3 CB5 CB10 CB15 CB20 Si5
Sample code

Si10 Sil5 Si20
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21]7] 4.18 Nﬂ@]aﬁ U Lﬂﬂ FEUANITYANINY 300 "U'ﬂQﬂ'NfNLﬂiTgﬂwg'ﬂﬂiﬂlagﬂ'm'ﬁﬁiilé]ﬂﬂ FAINNUAITA
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24 hr 48 hr

0 hr 6 hr
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5.2.2 MINATOUANINUUY (Hardness)
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Sample Code Scorch Time too Torque Torque
(min) (min) Minimum Maximum
(dNm) (dNm)
FN3 1.17 8.50 17.05 8.50
CB5 1.29 6.83 15.79 77.32
CB10 1.17 11.25 16.77 91.61
CB15 1.17 8.04 17.65 86.19
CB20 1.21 11.33 19.72 106.48
Si5 1.04 12.92 19.72 82.99
Sil0 1.17 9.63 25.60 86.50
Sil5 1.08 12.00 31.17 100.70

Si20 1.17 3.92 40.36 106.79
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Mechanical properties

Sample code Before ageing After ageing
T, (MPa) E, (%) M (MPa) M, (MPa) M’ (MPa) T, (MPa) E, (%) M (MPa) M, (MPa) M, (MPa)

FN3 11.43 416. 0.99 1.65 3.14 10.92 385.8 1.08 1.93 422
CBS5 16.34 359.9 1.54 3.95 9.6 15.97 387.7 1.54 3.65 8.1
CB10 19.57 353.5 241 7.12 13.99 19.89 361 2.5 7.32 14.17
CBI5 20.8 362.4 3.28 9.31 16.01 21.2 374.5 3.27 9.4 15.84
CB20 21.28 323 4.76 12.77 19.87 22.24 332.7 5.12 13.5 20.39

Si5 14.62 382 1.58 3.1 6.01 15.88 389.9 1.63 3.54 6.98
Si10 18.57 364.7 241 4.88 9.89 20.72 381.4 245 5.68 11.19
Si15 19.29 341.5 3.5 7.13 14.11 24.16 364.6 3.87 8.98 16.61
$i20 20.72 3712 4.18 8.1 13.77 23.12 339.8 527 11.29 18.43

' AINUNUMUABNTIANGIEA (Tensile strength) * 52828 W 9A01A (Elongation at break) * M,, M, 148 M,,, : A0QAT (Modulus) 11 50% 100% Liaz 300% elongation AN
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Mechanical properties
Sample After swelling at room temperature, 168 h After swelling at 50 ‘c ,24h
code T, (MPa) E, (%) M’,,,(MPa) M’,,(MPa) M’ (MPa) T, (MPa) E, (%) M’,,,(MPa) M, (MPa) M’ (MPa)
E20 EtOH E20 EtOH E20 EtOH E20 EtOH E20 EtOH E20 EtOH E20 EtOH E20 EtOH E20 EtOH E20 EtOH
FN3 7 8 376 455 1 0.9 1.7 1.5 3.2 2.5 5 6 388 401 1 0.9 1.4 1.5 2.5 2.6
CB5 11 11 342 378 1.4 1.4 3.4 2.8 7.5 6.2 7 10 306 301 1.3 1.6 3 42 6.2 10.4
CBI10 12 14 282 350 22 2 6.5 5.4 13.3 11.1 12 14 308 321 2 23 5.5 6.1 10.8 12.4
CBI5 14 15 270 281 3 3.1 9 9.1 0 0 14 18 267 379 3 29 9 8.5 0 14
CB20 14 16 242 277 3.9 3.9 11.4 11.2 0 0 16 19 264 324 3.9 4.2 11.7 11.9 0 17.4
Si5 11 11 367 395 1.4 1.4 2.6 2.6 5.1 4.6 8 11 386 374 1.3 1.6 22 3 3.8 5.5
Sil0 12 14 373 412 1.9 1.9 3.4 3.5 6 6 9 16 401 382 1.7 2.1 2.9 3.8 4.9 6.9
Sil5 13 14 372 371 2.4 2.3 4.4 43 7.7 7.8 12 17 361 383 23 2.7 4.1 4.8 7.2 8.6
Si20 14 14 369 359 29 2.8 5.1 49 8.6 8.7 16 20 376 380 2.8 3.7 5 6.7 8.9 12
FN3 7 8 376 455 1 0.9 1.7 1.5 3.2 2.5 5 6 388 401 1 0.9 1.4 1.5 2.5 2.6
CB5 11 11 342 378 1.4 1.4 3.4 2.8 7.5 6.2 7 10 306 301 1.3 1.6 3 42 6.2 10.4

' AAIUNUMUABISIAIGIEA (Tensile strength) * 52828A 11 9991 (Elongation at break) * M, M, ,, 18 M, : AW0gad (Modulus) 11 50% 100% 1@z 300% clongation AR
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Crack
Sample code
6 hr 24 hr 48 hr

FN3 X X X
CB5 X X X
CB10 X X X
CB15 X X X
CB20 X X X

Si5 X X X
Sil0 X X X
Sil5 X X X
Si20 X X X

X: No crack
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