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K. W. Chung"', J. S. Hong', Y. W. Kim', J. S. Han’, B. H. Jeong’, T. S. Kwon’, D. O. Suh’,
M. J. Sung’ and Y. I. Kwon*

'Dept. of Environmental & Resources Research Center, Korea Research Institute of Chemical Technology
‘Agency for Defense Development
*Poongsan R&D Institute
‘Dept. of Industrial Engineering, Cheongju University
(Received June 20, 2018; Revised September 15, 2018; Accepted September 20, 2018)

Abstract — Thermal deterioration of fuel due to long-term storage influences engine performance and causes
malfunctions. Fuel stability is usually evaluated via heat resistance and thermal stability during a brief heat shock
at high temperature; storage stability in this scenario means that there is very little change in the quality of the
fuel during long-term storage. In addition, rubber-based products such as oil seals, O-rings, and rubber hoses can
influence the quality of the fuel. When these rubber products are in contact with fuel, they can swell, mechan-
ically weaken, and occasionally crack, thus leaking low molar weight rubber and additives including plasticizer
and antioxidant into the fuel to degrade its properties and shorten its useful lifetime. This study determines the
thermal stabilities of three kinds of synthetic fuels by evaluating their low temperature kinematic viscosities,
chemical composition changes via GC analyses, gross heat of combustion, and color changes. We evaluate the
compression set of O-rings by immersing one NBR and two FKM rubber O-rings in the three synthetic fuel sam-
ples in airtight containers at variable storage temperatures for six months; from this, we estimate the lifetimes
of the O-rings using the Power law model. There were very little changes in the chemical compositions and gross
heat of combustion after six months of the experiment. The lifetimes are thus dependent on the materials of the
rubber products, and in particular, the FKM O-ring was calculated to have a theoretical lifetime of 200 to 5,700
years. These results indicate that the synthetic fuels maintain their physical properties even after long-term stor-
age at high temperatures, and the FKM O-ring is suitable for long-term sealing of these fuels.
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Fig. 1. Diagram of compression set.
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Table 1. Determination of gross heat of combustions
and kinematic viscosity for SF

Storage Storage Gross heat ~ Kinematic viscosity

time  temp. combustions (cSt)
() (‘0 (cal/g) -18°C 20°C
Before test 10,686 7.30 12.0
70 10,701 7.41 11.1
6 100 10,688 7.42 11.2
130 10,697 741 12.8
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Table 2. Determination of gross heat of combustions
and kinematic viscosity for TSF-1 & 2

Gross heat Kinematic viscosity
Storage Storage o mpystions (cSt)
time temp. (cal/ " .
. 2 -18°C 20°C
™ (O

TSF-1 TSF-2 TSF-1 TSF-2 TSF-1

Before test 10,647 10,609 57.0 13.0 12.0
25 10,692 10,695 - 132 111

70 10,654 10,688 56.1 13.3 11.2

2 85 10,661 10,691 562 146 128
100 10,652 10,695 558 132 115

115 10,660 10,676 56.0  13.5 11.2

25 - 10,673 - 13.3 -

70 - 10,672 - 13.4 -
4 85 10,649 10,685 559 12.7 118
100 10,641 - 574 - 11.9
115 10,673 10,661 56.6  13.5 11.7

25 10,677 10,686 508 133 128
70 10,648 10,679 513 134 126
10,654 10,681 51.3 127 119
100 10,646 10,694 51.1 133 122
115 10,663 10,683 57.0 13.8 122
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Table 3. Determination of Saybolt color for TSF-1 & 2

Saybolt color

Storage time ~ Storage temp.

M) 0 TSF-1 TSF-2
25 +30.0 +30.0
70 +30.0 +30.0
2 85 +29.4 +30.0
100 +16.9 +30.0
115 +13.7 3.7
25 +30.0 +30.0
70 +30.0 +30.0
4 85 +30.0 +30.0
100 +13.8 +30.0
115 +18.2 -16.0
25 +30.0 +30.0
70 +29.0 +30.0
6 85 +22.1 +30.0
100 +5.0 +16.8
115 96 -16.0
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Table 4. Determination of compression set for NBR
and FKM rubber O-ring immersed at SF fuel

Storage temp. Storage time ~ Compression set (%)

{©) ™M) NBR FKM-1 FKM-2
2 -109 72 17.9
25 4 -13.2 6.4 14.6
6 -154 175 153
2 1.9 147 153
70 4 24 16.1 15.6
6 6.5 193 212
2 404 173 220
100 4 595 217 217
6 796 253 245
2 765 254 300
130 4 705 314 381
6 730 357 396
(%I‘lr:;; 50 60
359 7 99 o A4S ANSAUT TR Table
4l SAAAE FEIISL
TH: Table 49] Z2#4=2FE 7 2xde ZGAE
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Fig. 10. Power Law model plot of FKM O-ring-1.

Table 5. Results of regression analysis for FKM O-
ring-1

Predictor Coef.  Stand error T p-value
Constant 6.468 0.318 20.349  9.16E-07
Int 0.296 0.045 6.544 0.001
/T -1,395.950  115.846  -12.050  0.000

Table 6. Values of b and acceleration factor AF for
selected temperatures

Celsius temp. Absolute temp.

() K) b AF
25 298.16 5.969 1

50 323.16 8.574 3.4
70 343.16 11.029 7.9
100 373.16 15.296 24.0
130 403.16 20.206 61.3

n=0.2962, Ea (activation energy) = 0.4061

Table 7. Predicted service life for FKM O-ring-1

Celsius temp. Absolute temp. Service Life

b

(O ) (year)
25 298.16 5.969 201.6
30 303.16 6.448 1553
35 308.16 6.948 120.7
40 313.16 7.470 94.5

219] 60%(B2HF 40%) =E8ls A1HS 2oz A
olak3itt.

olgst o] 359 3T 2o ThEISF ARl B4
AA BEGFESES 25 AR
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Fig. 11. Power Law model plot of FKM-O-ring-2.

Table 8. Results of regression analysis for FKM O-
ring-2

Predictor Coef.  Stand error T p-value

Constant 7.409 0.555 13.342  1.1E-05
Int 0.205 0.079 2.596 0.041
T -1,669.885 202381  -8.251 0.000

Table 9. Values of b and acceleration factor AF for
selected temperatures

Celsius temp. Absolute temp.

) K) b AF
25 298.16 6.101 1
50 323.16 9.410 83
70 343.16 12.716 35.8
100 373.16 18.805 240.7
130 403.16 26.235 1218.8

n=0.2053, Ea (activation energy) = 0.7010

Table 10. Predicted service life for FKM O-ring-2

Celsius temp. Absolute temp. Service life

b

(O ) (year)
25 298.16 6.101 5713.2
30 303.16 6.691 3643.0
35 308.16 7317 2357.1
40 313.16 7.978 1546.4
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