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ABSTRACT : To develop an automotive fuel hose suitable to the international environmental regulation,
FKM rubber materials as an inner material of fuel hose were prepared with different chemical compositions.
Measurement of the properties of thermal resistance, il resistance, fuel resistance, gas permeability including
fundamental properties were performed to investigate compatibility for a fuel hose material. Fundamental
properties, thermal resistance, oil resistance, fuel resistance and permeability of FKM rubber materials
were improved with fluorine content. When the carbon content was 20 phr, FKM compounds with fluorine
contents of 66%, 69% and 71% were shown to satisfy the specification of fuel hose. The gas permeability
of NBR and FKM compounds was measured on the mixed fuel oils prepared with isooctane-toluene and
gasoline-methanol. FKM rubber materials showed a small difference in penetrated amount of fuel and
showed a permeability superior to NBR material. The permeability of FKM rubber materials was not
influenced by the contents of fuel oil. Thermal properties of 69% FKM rubber experienced by permeability
testing were not variated.
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Table 1. Physical Properties of Fuel Tube and Cover
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properties tube cover
o tensile strength(MPa) 8.27 min 6.89 min
original elongation(%) 200 min
dry heat tensile strength(%o) 220 >
resistance” elongation(%) -50 >
tensile strength(%) -30 > not required
resif::rllcez) elongation(%) -30 > not required
volume change(%) -5~25 not required
. tensile strength(%%) -40 > not required
resis:ilce3) elongation(%) -40 > not required
volume change(%) -5~25 0~100

1) 70h at 100°C,
3) 70h at 100C in ASTM oil No. 3.
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2) 48h at room temperature in ASTM reference fuel B,
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Table 2. Recipe of 66%, 69%, 71% FKM Compounds

1) 66% FKM(G763)

71%= DAIKIN INDUSTRIES, LTDO|X #|&&
Qajol AbgErgon, FRude Feo} TP A
3% Semi Reinforcement Furnace(SRF; N774)E 5 phr
T} 10 pheE] 40 phr7bx] 10 phe¥) FaFato] 7t
3t A7MA|Z ARS8 Magnesium oxide (Maglite
D)= MerckAl A|&4, Calcium hydroxide (Ca(OH))
= Rhein chemicalAl #A|FE& 12 AREEIGoM,
Canaba wax¥ U HEAAL AES TSt A
3t
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8 AR 9z HbA
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13 28, 23 ¥ 7}
Z~AZEe FKM  Zg#yks Banbury Mixer
(KOBE, Japan)old 100~110 Tl £&& X3}

o

FAEA T-1 T2 | 13 | T4 T-5
FKM (66%) 00 | 00| 100 100 | 100
MT 5 0| 20 30 40
MgO 3 3 3 3
Ca(OH), 6 | 6 6 T 6
Canaba wax 2 2 ‘ 2 2 2

2) 69% FKM(G551)

1
7

FHEA -6 -7 s 1 T-10
FKM (69%) 100 100 00 | 100 100
MT 5 10 ) 20 30 40
MgO 30| 3| 3 3 3
Ca(OH), | 6 6 6 | 6 6
Canaba wax | 2 2 x| 2 2

3) 71% FKM(G621)

7483 T-11 T2 | T3 [ TuH T-15
FKM (71%) 100 100 100 100 100
MT 5 10 20 30 40
MgO 3 3 3 3 3
Ca(OH); 6 6 6 6
Canaba wax 2 2 2 2
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1) 66% FKM(G763)

Table 3. Cure Characteristics for 66%, 69%,

Agzre s

71% FKM Compounds
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JSR CURELASTOMETER TYPE 5, 170C

S
T-1 T-2 T-3 T-4 T-5
HAAEAkef - cm) 125 139 1.78 2.11 255
An A Kkef - om) 10.49 11.52 14.20 16.63 19.52
TIO(E) 3.14 3.09 3.17 3.17 3.32
T50(F) 429 434 4.65 481 5.20
TOO(E) 4.96 5.09 5.54 5.82 6.34
2) 69% FKM(G551)
5 . JSR CURELASTOMETER TYPE 5, 170C
T-6 T-7 T-8 T-9 T-10
HAAEA(kef - cm) 2.06 220 2.64 3.11 3.63
AnE=kel - cm) 15.00 16.14 18.70 2228 25.96
TI0(®) 428 4.17 3.39 3.15 3.07
T50(3) 4.96 4.89 4.06 3.90 3.96
w1 543 542 446 434 437
3) 71% FKM(G621)
- o JSR CURELASTOMETER TYPE 5, 170C
T-11 T-12 T-13 T-14 T-15
HAEAkef - cm) 2.03 225 2.77 3.16 3.49
F I E A kel - cm) 10.50 10.89 13.58 15.56 18.49
T10(E) 3.70 3.40 343 3.15 3.01
T50(%) 4.25 3.92 4.09 3.90 3.85
G R S 525 5.50 5.40 J 5.35
2. 718 &4 7299}, 66% FKME 7HE2] oFo] 30 phrel T4
B9 de wPuse Ax, A4E, Q% S}, 71% FKM 7h2e} <o) 10 phrel T12 $itt:
AEE AT 25 77 Figures 1~39] e 3 Y EM
St} Figures 1~3¢] et A7 Zo], Ax & wagao] 6% 6%, 71%2] FKM TEAIRS)
Lol Mgl Wk A} FAEE wele e e T
o Wkl ARES 6% FKM3} T1% FKMolq sp e oE AR AE A Higwes 4-6of 1
BMDe] oFo] 20~40 phrd = o SALSE ZhS gt E4dEe] wE J|EEGA e
_ g FHglew, Ax wzhs +1 ARRy, A%
Bol3l gtk ®d oA EAM 69% FKMI} oo 1h 1o o RPEE 15~
71% FKMolA] 7H2(MT)e] <Fo] 20 phre} 40 phr Ehﬁﬁ W eH == -15~49 Mpa

ol wj <=l el T dekFo g dg AR
2roli= FKMe] F7(Table 1 #3)e wEdhe 4
S= T3, T8, T13 ©o&A FRRMTI)e] ko] 20 phr
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Hardness(pts)

MT(phr)

Figure 1. Hardness of 66%, 69%, 71% FKM compounds
cured in oven for 3 hours at 150C.

Elongation(%)

MTiphr)

Figure 2. Elongation of 66%, 69%, 71% FKM com-
pounds cured in oven for 3 hours at 150°C.
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Figure 3. Tensile strength of 66%, 69%, 71% FKM
compounds cured in oven for 3 hours at 150C.
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Figure 4. Hardness change of 66%, 69%, 71% FKM
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Figure 5. Elongation change of 66%, 69%, 71% FKM
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Figure 6. Tensile strength change of 66%, 69%, 71%
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Figure 7. Hardness change of 66%, 69%, 71% FKM
compounds for 70 hours at 175°C in oil.
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Figure 8. Elongation change of 66%, 69%, 71% FKM
compounds for 70 hours at 1757 in oil
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Figure 9. Tensile strength change of 66%, 69%, 71%
FKM compounds for 70 hours at 1757 in oil.
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Figure 10. Hardness change of 66%, 69%, 71% FKM
compounds for 70 hours at 40°C in Fuel C.
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Figure 11. Elongation change of 66%, 69%, 71% FKM
compounds for 70 hours at 40°C in Fuel C.

Elastomer Vol. 40, No. 2, 2005



90 A=y - A

= T175 N
104 &-- T6-T10
& —e— TI1TI5 P
g -
£ o —
2 -~
o el
£ 10 /
G P
=
% L /‘M
£ . a
] / :
L}
R VAR
-40 /
50 :

MT(phr)

Figure 12. Tensile strength change of 66%, 69%, 71%
FKM compounds for 70 hours at 40°C in Fuel C.
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Figure 13. Permeation of 69% FKM and NBR rubber
for 8 days at room temperature.
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Figure 14. Comparison of weight loss in different
fluoro-content FKM for 7 days at room temperature.
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Figure 15. Increasing weight of 69% FKM compounds
and NBR compounds for 7 days at room temperature.
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Figure 16. Thickness of 69% FKM compounds and
NBR compounds for 4 days at room temperature.
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Figure 17. Thermal decomposition curves of 69% FKM
compounds after permeation.
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Figure 18. DSC curves of 69% FKM compounds after
permeation.
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