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Abstract - The engine oil is used for lubrication of various internal combustion engines. Recently, the vehicle
and engine oil manufacture usually guarantee for oil change over 15000~20000 km mileage, but the most of
driver usually change engine oil every 5000 km driving in korea. It can cause to raise environmental
contamination by used engine oil and increase the cost of driving by frequently oil change.

In this study, we investigate the various physical properties such as flash point, pour point, kinematic viscosity,
cold cranking simulator characteristics, total acid number, four-ball test and concentration of metal component
for fresh engine oil and used engine oil after real vehicle driving (5000 km, 10000 km). The result showed
that the total acid number, wear scar diameter by four-ball test, Fe and Cu had increased than fresh engine
oil, but 2 kind of used oil (5000 km and 10000km) had similar physical values and concentration of metal
component .
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Table 1. Specification of Vehicle Engine Oil in Korea
Grade It Grade Grade Grade Grade Grade Grade Grade20 Grade30 Grade40 Grade50 Grade60
rade Item
SAEOW SAE5W SAE10W SAEISW SAE20W SAE25W SAE20 (SAE30) (SAE40) (SAE50) (SAE60)
Flash Point(‘C) over 170 | over 170 over 170 over 175 over 180 over 185 over 180 over 190 over 195 over 200 over 205
. below below below below below below
Cold Cranking
Simulator(Pass) 6.20 6.60 7.00 7.00 9.50 13.00
(-350) (-30C) (-250) (-20C) (-15C) (-10C)
Kinematic Viscosity 5.6~ 9.3~ 12.5~ 16.3~ 219~
o over 3.8 over 3.8 over 4.1 over 5.6 over 5.6 over 9.3 p
(100°C,mmi/s) 9.3 12.5 163 21.9 26.1
Viscosity Index over 85 over 85 over 85 over 85 over 85 over 85 over 85 over 85 over 85 over 85 over 85
. below below below below below below below below below below below
Pour Point(C)
-35.0 -30.0 -25.0 -22.5 -22.5 -17.5 -12.5 -10.0 -7.5 -5.5 2.5
ratio of
Viscosity belowl.5 belowl.5 belowl.5 belowl.5 belowl.5 belowl.5 belowl.5 belowl.5 belowl.5 belowl.5 belowl.5
Oxidatio
n Increase
ili f TAN
Stability © belowl.6 | belowl.6 below1.6 below1.6 below1.6 belowl.6 below1.6 below1.6 belowl.6 below1.6 below1.6
(165.5°C | (mgKOH/
,24h) )
Lacquer light light light light light light light light light light light
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Table 2. Instrumental parameters and measurement

conditions
Parameter Condition
40.68 MHz,

R.F.- generator 2.0 kW Maximum
R.F. power 1.4 kW
Nebulizer Concentric Type

Plasma argon : 15 L/min

Gas flow rates Auxiliary argon : 0.8 L/min

Nebulizer argon : 46 psi
Solution uptake rate 0.9 mL/min
Number of replicates 3
Sample uptake time 30 sec
Post-wash time 100 sec
Wave length 165 - 1100 nm
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Table 3. Determination of Cold cranking Simulator and Kinematic Viscosity

Vehicle Production Mileage Cold cranking Kine{natic Viscosity (mm2°/s) Viscosity

Year (km) Simulator(Pa-S) 40 C 100 C Index

New oil - 0 4489 69.24 10.88 147
2010 10000 8481 64.01 9.764 135

5000 5939 45.75 7.976 147

SONATA 10000 7196 59.15 9.816 151
2007 5000 8345 4423 7.761 146

2010 10000 6658 58.42 9.931 157

5000 9254 63.21 9.827 139

GRANDEUR 2008 10000 8124 64.32 9.004 115
5000 5735 43.68 7.709 146

2010 10000 12040 63.87 9.764 136

5000 5982 57.33 9.793 157

AVANTE 2009 10000 9193 64.08 10.11 144
5000 9193 64.08 10.11 144

10000 8510 63.91 9.885 139

2010 5000 8510 44.20 7.740 145

LOTZE 10000 8422 63.78 10.17 146
2009 5000 8433 52.20 8.811 148

2011 10000 9146 61.12 10.13 153

5000 9230 61.72 9.631 139

KsS 2010 10000 9176 52.87 9.812 174
5000 9193 61.79 9.629 138

2011 10000 8226 63.75 10.12 145

S 5000 12033 70.53 10.42 134
M5 2010 10000 8481 63.77 10.13 145
5000 12490 70.44 10.42 134

Table 4. Analysis of engine oil characteristics

Vehicle Pmi‘;z“’n M(‘li‘:l’fe Flash Point(‘C) o g?lN (mg KOH/g) - Pou(rocp)omt
SONATA 2010 10000 226 3.9631 425 0.569
14 4.0098 400 0.446
2007 10000 222 3.9585 ~40.0
5000 216 42931 ~40.0 0.679
5000 GRANDEUR 2010 10000 202 5.4975
53787 400 0512
192 2008 10000 206 3.8848 5
5000 000 2 33672 ~40.0 0.395
AVANTE 2010 10000 206 42032
o 3.8024 400 0.548
000 2009 10000 212 43736 400
> 000 216 42356 400 0361
> LOTZE 2010 10000 220 2.4604
o6 4.099 400 0471
2009 10000 216 2.5826 400
5000 204 3.7281 ~40.0 0477
5000 K5 2011 10000 3 32690
21182 400 0.586
206 2010 10000 220 30173 40.0
5000 5000 214 41640 400 0.639
SMS5 2011 10000 216 3.1390
s 2.6200 400 0.501
5000 2010 10000 5% 2.4749 25
5000 234 47589 400 0518

Journal of Energy Engineering, Vol. 22, No. 2 (2013)
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Table 5. Determination of P and Zn atom in lubricant and extreme pressure additive using ICP-OES

Vehicle Production Year Mileage (km) P (ppm) Zn (ppm)
New oil - 0 851 744
5000 22 708
2010
10000 115 338
SONATA 2007 5000 643 661
10000 706 661
5000 27 34
2010
10000 35 49
GRANDEUR 2008 5000 31 42
10000 24 31
5000 764 699
2010
10000 491 563
AVANTE 2009 5000 28 36
10000 56 70
5000 35 43
2010
10000 34 43
LOTZE 2009 5000 775 687
10000 631 581
5000 16 4
K5 2011 10000 540 549
2010 5000 507 504
10000 737 743
5000 33 1
SM5 2011 10000 33 42
2010 5000 676 753
10000 735 826
At AlRte] AQdEe] Al Akeg F B = Ca, Na, 12]al H3poA AXIdEe] vtz
PAH9E Aow FZAT AL AEHA & 948 MmARoRA Fesl Ccul BAs%T
T er feie 2lfre 425 CTE Blom, A Table 5= &-JFIAL A= AHEH Zine
B 375 ~ 425 CE A9 WP} fle 2= dialkyldithio phosphateE 33kl Q= A& %, P
4= Atk o} ZnE BAS AE HolFal givh ARgeHA]
Urteds Al@43% A= 0.249 mmo] nlEE 2 A= P SA9 178.283914 851 ppm, Zn
S B3lem, 5000 km} 10000 kmellA] 3528 AR = 213.856004 744 ppmE How, ARSfel A
AR QAL o|mrt 2~3uff 719 nfREo] HEEH ¥, ALl A Pol Zno vh] Hi= W] IYHOR
ok ol e d W 2 &ALt 22 A7 A AR S EEE BT SFAINE 5000 kmeh
waloh FEET 22 ol Al e &2 10000 kmel| ]} P2} Zn o] F51%F Wsh= ol
Astel wiE Sk g s vinkRAd s AT
Al 5000 km&F 10000 kmellA] 355 ARg-171 Q. ARAAE E21A, 7, sy e de] o
Qo] vhro] A thed g2 o 5k $7h AsEle] MAS: SelAE Aol BAIA
ARe] W7ol G v HA R} vins
30 FEE BA[1] AAlet= A5 she H7Holth duHo=w A
B oA ARRE 12E9] oA 3l5H 9l A= Ca 5‘3{? Nag X%38hk= Phenatelt
Wedst Af ol FHE FEIRS 1P ol Sulfonates] TSI FHAPE el ARSI, Table 6
o] BAE) galeds gJRe gaxslAs) & o5 A Hel Nast Cas 43 Ads
= ] = 0rO. <) A
ZobAlo] AMEE= P} Zn, AAEAA R ALEER= HojFal vk ARSSHAl &2 Al Cas
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Table 6. Determination of Ca and Na atom in detergent-dispersant using ICP-OES

Vehicle Production Year Mileage (km) Ca (ppm) Na (ppm)
New oil - 0 1692 426
5000 1539 22
2010
10000 1307 87
SONATA 2007 5000 1611 143
10000 1509 237
5000 71 12
2010
10000 64 48
GRANDEUR 2008 5000 73 237
10000 63 11
5000 1521 359
2010
AVANTE 10000 1344 215
2009 5000 73 13
10000 29 264
5000 79 179
2010
10000 72 14
LOTZE 2009 5000 1440 91
10000 1259 243
5000 0 362
K5 2011 10000 1557 231
2010 5000 1453 208
10000 1696 25
5000 76 21
SM5 2011 10000 68 13
2010 5000 1463 320
10000 2265 284

Table 7. Determination of Fe and Cu atom in engine oil using ICP-OES

Vehicle Production Year Mileage (km) Fe (ppm) Cu (ppm)

New oil - 0 4 7
2010 o000 - T
SONATA 2007 5000 24 52
10000 14 7
5000 10 19

2010
GRANDEUR 10000 12 27
2008 5000 29 24
10000 23 17
5000 8 8

2010
AVANTE 10000 27 17
2009 5000 14 38
10000 10 24
5000 29 13

2010
LOTZE 10000 26 20
2009 5000 27 15
10000 13 7
5000 9 12
K5 2011 10000 14 17
2010 5000 8 27
10000 14 75
5000 6 16
2011 10000 18 21

SM5

2010 5000 7 8
10000 33 63

Journal of Energy Engineering, Vol. 22, No. 2 (2013)
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