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Abstract — Gasoline generates organic acid and polymer (gum) by hydrocarbon oxidation depending on the storage
environment such as temperature and exposure to sunlight, which can cause metal corrosion, rubber and resin degrada-
tion and vehicle malfunction caused by accumulation in fuel supply system. The gasoline which has not been used for a
long time in bi-fuel (LPG-Gasoline) vehicle causes problems, and low octane number gasoline have evaporated into the field,
but the exact cause has not been studied yet. In this study, we suggest a plan of quality management by investigating the
gasoline oxidation behavior. In order to investigate the oxidation behavior of gasoline, changes of gasoline properties
were analyzed at various storage conditions such as storage time, storage vessel type (vehicle fuel tank, PE vessel and Fe
vessel) and storage circumstances (sunlight exposure and open system, etc.). Currently distributing gasoline and bioet-
hanol blended fuel (blended 10%) were stored for 18 weeks in summer season. The sample stored in PE vessel was out
of quality standard (octane number, vapor pressure, etc.) due to the evaporation of the high octane number and low boil-
ing point components through the vessel cap and surface. Especially, the sunlight exposure sample stored in PE vessel
showed rapid decrease of vapor pressure and increase of gum. Bioethanol blended fuel showed similar results as gasoline.

Key words: Oxidative Degradation, Evaporation Degradation, Quality Specification, Storage Vessel, Bioethanol Blended Fuel

LA E

AF AL EFE A FAE dAan Y 8.7%= LHZEL
(44.3%), 73 (16.7%)°1 olo] Al A= Wo] ALLE = A2 A}

"To whom correspondence should be addressed.
E-mail: nabk@chungbuk.ac.kr

250

B T S FAOITH 1. SN FT LPG A8 ARl
7] mARE 310 dstel] oJst FAEA Ash W ARGl wh
& wAAs AR 245 wddo] WAL glon, ol2fRt @l
el Ut Faytrgo] o] FolA|H] efok Fdweel ojgwe A
I Q= Aol

o] Gk vl oFeclow yid 5

X

o W

32



ABAGTER) AT T AT 251

I, b, Al A 59 AR
o

[2-7]. 2¥8ke] 713 ZhZS W WA dolut Wlel o8l vkl
0] Qi) z}%}ﬂoﬁ Atz R )] AP 53] 015

JA717F efoizh PAol sk A8E ARet
R *P*!%} J%ﬁ}O% ROOZ ¥]11, o] v ©3lras 37
3lo] A28 RS WHE 1 APAE 32F51E (hydroperoxide, ROOH)
T 9tk A5 1Kol 3o A vhes Fal Ak 1A AnlEd
A &l AP ksl R A3k 3 o] BkslEe- el = o
2 A S FAAAIZIA "k BEg, ol gk kelEe wlg-
EPgste] A FaliEo] e JHANES I HEE- L7t whE )
dolu} THAIRESell T35 TS st 2U9] Alshe o)9)f 2
WS AA 12 AP E R RS Adstkar, 23 AtsbEd

21 W@l%fﬂ el 4@ AT, AE, QU= 55 A

sHA Hk. o5 Atslr} o] HaE o] Ao Fl= R T 74
ot} SAMHoxy acid), AIAHIE, At F5EE TOE Ho| F
A¥TH2-7].

9F-212 3hf AR 9] FTIste] ol Z1dlskA] ok Au)E

‘g Sel] osk dshrt dizpAolct. o]l U-o]F- 22le] €]
S A =T AR AR S 3] BAWEE &
sk, At S-F3tEel &8 A(gumyde] T7kekaL, Sl
AbslE Qe S o ”\, ABI g el 9§t T
A g AR 24

upeba B ATl dA| f-5E A
Hipo] 7hssth vlo] oeks &3 d»(ﬂ}omﬂlﬂ% 10%, ©]&}
E100.% gtth)g Alzste] AgE7aHE Asea, Zejod:l
(PE) AE L HFe €7)) W, AgSE (@FeE: 2, 43 v

AEH (6

= 0L, ti715h) HE AR dofupr] 418 ARl

Table 1. Quality test results of anhydrous bioethanol
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Properties Anhydrous bioethanol spec. (Suggested by K-Petro) Results Test method
Sulfur content (mg/kg) 10 max 0.84 KS M ISO 20846
Washed gum (mg/100 mL) 5.0 max |\ ASTM D381
Appearance Clear and Bright Clear and Bright Visual
Methanol content (% v/v) 0.1 max N.D ASTM D 5501
Phosphorous content (mg/L) 0.50 max N.D ASTM D3231
Water content (% v/v) 0.30 wt% max 0.059 KS MISO 10336
Density@]15 °C (g/em?) - 0.795 ASTM D 4052
Inorganic chloride (mg/L) 10 max |\ ASTM D7319
pHe 6.5-9.0 7.44 ASTM D6423
Acidity(as acetic acid)(% m/m) 0.0070 max 0.0018 KS M ISO 1388
Ethanol+C3-C5 sat. alcohol (% m/m) 99.6 min 99.91 JIS K 2536-2
C3-C5 sat. alcohol (% m/m) 2 max 0 JIS K 2536-2
Sulfate content (mg/kg) 4 max |\ ASTM D7318
Copper content (mg/kg) 0.1 max N.D KSTISO 8288
Electrical conductivity (uS/m) 500 max 124 KSTISO 7888
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Table 2. Quality test results of gasoline and bioethanol blend fuel

Results

Properties Gasoline spec. Suboctanc Gasoline 10 Test method
Octane number (RON) 91-94 89.7 91.6 94.9 ASTM D 2699
T10 (°C) 70 max 53.2 55.0 50.9
T50 (°C) 125 max 90.9 83.2 68.3
Distillation T90 (°C) 170 max 155.7 162.4 150.7 KS M ISO 3405
EP (°C) 225 max 193.2 192.5 190.1
Residue (% v/v) 2.0 max 1.0 1.0 1.0
Water and sediment (% v/v) 0.01 max 0.0054 0.0054 0.0054 ASTM D 5452
Copper corrosion (50 °C, 3 h) 1 max la la la ASTM D 130
Vapor pressure (37.8 °C, kPa) 44-82 {Summer:44-60, Winter:44-96} 62.2 59.6 67.6 KS M ISO 3007
Oxidation stability (minutes) 480 min 4807 4807 4807 ASTM D 525
Washed gums (mg/100 mL) 5 max 0.0078 0.0124 0.0087 ASTM D 381
Sulfur content (mg/kg) 10 max 6.99 5.24 6.85 KS M ISO 8754
Color Yellow Yellow Yellow Yellow -
Lead content (g/L) 0.013 max 0.0014 0.0014 0.0014 ASTM D 3237
Phosphorous content (g/L) 0.0013 max 0.00014 0.00014 0.00014 ASTM D 3231
Aromatics content (% v/v) 24(21) max 20.79 16.12 13.61 JIS K 2536-2
Benzene content (% v/v) 0.7 max 0.44 0.53 0.61 JIS K 2536-2
Olefins content (% v/v) 16(19) max 12.94 12.34 12.83 JIS K 2536-2
Oxygen content (% m/m) 2.3 max 0.00 2.09 3.87 JIS K 2536-2
Methanol content (% m/m) 0.1 max 0.00 0.00 0.00 JIS K 2536-2
Water content (mg/kg) - 42 68 118 KSMISO 10336
Density @ 15 °C (kg/m®) - 716.0 723.2 723.6 ASTM D 4052
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Fig. 1. Test results of (a) octane number, (b) vapor pressure, and (c)
gum content as the storage containers during 18 weeks stor-
age time.
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Table 3. Constituent and property change by oxidation and evaporation degradation

BP Oxidation Degradation Evaporation degradation
Components RON (O'C) (Outside-PE container) (Inside-open-PE container)
0 week 18 week Change 18 week Change
n-Butane 94 -0.5 1.04 0.34 -0.70 0.01 -1.03
2,2-Dimethylpropane 86 9.5 0.01 0.01 —-0.01 0.00 —-0.01
iso-pentane 92 27.8 10.04 7.32 -2.71 1.44 -8.60
1-Pentene 91 30 0.21 0.14 —-0.07 0.04 -0.17
High RON 2-Methyl-1-butene 103 31.2 0.93 0.62 -0.31 0.19 -0.74
(C6l) n-Pentane 62 36.1 4.68 3.50 -1.18 122 -3.45
trans-2-Pentene 105 36.3 1.50 0.93 —-0.57 0.42 —-1.08
cis-2-Pentene 108 36.9 0.59 0.37 -0.22 0.17 -0.42
2-Methyl-2-butene 97 38.6 2.56 1.43 -1.13 0.86 -1.70
Total - - 21.55 14.65 -6.90 4.34 -17.21
Aromatic content (% v/v) - - 16.12 18.17 2.05 26.67 10.47
Oxygen content (% m/m) - - 2.09 2.04 -0.05 133 —-0.76
Octane number (RON) - - 91.6 55.8 -35.8 86.9 -4.7
Gum content (mg/100 mL) - - 0.012 0.123 0.110 0.017 0.004
Olefin content (%v/v) - - 12.34 8.38 -3.96 8.31 -4.03
FT-IR Absorbance (1,715 cm_l) - - 0.020 0.062 0.042 0.020 0
94 0.1
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Fig. 3. Test results of (a) octane number, (b) vapor pressure, and (c) gum content of cap opened PE container during 18 weeks storage time.
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