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The Effect of Gasoline Engine Oil Degradation and Piston
Temperature on Carbon Deposit Formation;
Part I-Characteristics of deposit formation on gasoline engine

Jong-Soo Kim, Byung-Soon Min, Doo-Soon Lee, Dae-Yoon Oh and Jae-Kwon Choi

Hyundai Motor Co., Central Research Center

Abstract—In order to establish a new temperature criterion to prevent the pistons from ring sticking
due to deposit formation, bench test and engine test were performed. The effects of oil degradation
and temperature on deposit formation was studied by a modified panel coking test. Oil degradation
was analyzed by FTIR. Oil oxidation and nitration were selected as a factors to evaluate oil de-
gradation. Bench test results show that oil oxidation is more effective to the deposit formation than
oil nitration. And the temperature increase accelerates deposit formation and deposit formation in-
crease rapidly above 260°C. Especially, in case of degraded oil, the deposit formation increases so ra-
pidly that ring sticking can occur. The effect of piston temperature on the deposit formation was con-
firmed by engine test.

Key words—deposit formation, oil degradation, top ring groove temperature, panel coking tester, ox-
idation, nitration.
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Fig. 1. Schematic diagrams of bench tester.
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Table 1. Conditions of bench test

Oil leakage rate 1 ghr
Atmospheric temperature 200°C
Inclined angle (8) 4°
Panel Temperature 220~300°C
Elapsed time 20 hrs
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Table 2. Specification of test engine

Engine type Spark ignition

Displacement (cc) 2351
Compression ratio 8.6
Bore X Stroke (mm) 86.5 > 100
Lubricant SH 7.5W30
Fuel LPG

Temperature Measuring Point

Fig. 2. Crosssection of tested pistons.
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Fig. 3. Schematics of piston temperature measurement
system.

Gohste] Fe) 2Fuel B4 o xHe
A stol Aaks) A 7ch.

AL

T4
Sy

2-3. AE 2glo] ¥F B4

2499 d3lcE Aohslr| 93ted FT-IR (Fourier
Transform Infrared Spectroscopy)®} ON-SITE Analyz-
ers o]-gabod Al 2ale] ARG FA sk,

3. A" dnt A T

3-1. 22 Aol HE

3-1-1. 29l Y3 B4

ARl @2 A F A} Akl 21k 4k, oA
ke zba, aelal BES- who] shxef 23 A3t
ol 2sto] Adstxict o]2gh eale] A5}t 24 @
da = 9l A AR ] sk ARgfroll A’k
AE AL s, 2 IS Fig 4ol vehl it
Table 32 A3 9-%1%9] W7 o] Holut 2ale] AR

242 FTIR 7|88 A-shgich

Flg 4ol 4] o = gl5ol AA <zl Y xpefe
£33k 29 B, C, D= 4kshel Asbrt FA]o
a9l 2.8le] st AR Absts B
7F F7hslke A 3E Haloh

B ol Fol A= FTIRS] A& C”‘VF FdsaR 4t
3% g AT E vhy) o] Alfoll tiZ A EY 2
oJ¢] R F<=$&-(Infrared absorbance)vl zlo]l DIR
(Differential InfraRed)Z 5+ #J 2] 3} i)

A

3

o
oo
b

0.20 . . e

0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

Absorbance

Fresh oli N
1800 1700 1600
Wavenumber (cm')
Fig. 4. IR Spectrum of degraded oils.

Table 3. Test mode and DIR of tested oils

Test mode DIR Joxi DIR)nit
A Fresh oil
B catalyst aging 100hrs. 0.080 0.066
C catalyst aging 150hrs. 0.097 0.087
D 15000km car running 0.123 0.168

DIR yituion = Max(absorbance )mpie
- Max(absorbance ) o

1700 < wavenumber < 1730

DIR 00 = Max(absorbance), e
- Max(absorbance ). i

1625 < wavenumber < 1635

Fig. 5+= <1zl 24 3710 w}& 29le] 3} A3
ofeh. At & v Ay 24 JEAT 24
& AR 3 A

A e, sk el A%
20l & AuiH e Uskesl FA vhepdek o] Az}
2] Hst A T 2N A ool )8 418

7], 29 d3te] 7 lafe|u, zpek A|HojM= B
$ vbol shzol slat sk 2l skl T8 <Akl
& o 4 gl a3l 2ele] W Sl el
A ool upeh chAn A" e 4shEs} 0.
ah, Askesk 0.1 ol sl Hgolet.
olelah 4 ¥4 Woe nhor ool Ashe
sh 4sheg 2ol AshE PHT iz an
ahn, o) 5e) M7k vl 2 WA vl A
shof edshadeh.

3-1-2. 29/ M| JE

tEA FA el 3k 2ode] Azt 2 nF Abshie]

ﬁr{om

Vol. 13, No. 4, 1997



0.1
Field test

0.08
[
o
E 0.06 }
c Engine test
c o004 } ¢ .
o 4 o 9

002 r

0 N . . .
0 0.02 0.04 0.06 0.08 0.1

DIR oxidation
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Table 4. Test mode and DIR of bulk oxidation oils

Test mode DIR)oxi DIR)nit
A Fresh oil
E 280°C 5 hrs. 0.011 0.005
F 240°C 20 hrs. 0.051 0.013
G 280"C 20 hrs. 0.079 0.020
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Fig. 6. IR Spectrum of bulk oxidation oils.
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Fig. 7. Effect of oxidation on deposit formation.
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Table 5. DIR of nitrated oils

Heating condition DIR)oxi. DIR)nit.
H 0.123 0.168
1 120°C 20 min 0.124 0110
J 150°C 20 min 0.127 0.095
K 280°C 20 min 0.123 0.053
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Fig. 10. Effect of panel temperature on deposit forma-
tion.
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Table 6. Comparison of oil components

Conventional oil Improved oil

Base oil AP 1 API 111
TBN (mgKOH/g) 6.21 7.33
Volitility (NOACK) 18% 8%
additive Ca. phenate mil?or m?j(wr
Dispersant major minor
Ca 470 1720
Metal Mg 380 220
concentration P 1120 910
(ppm) Zn 1260 890
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Table 7. Conditions of engine test

Piston Test condition clapsed time  Tested oil
I 4000~5000 rpm 50 hrs conventional
i 4000~5000 rpm 100 hrs conventional
I 4000~5000 rpm 100 hrs. improved
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Fig. 12. Effect of piston temperature on deposit for-
mation in engine test.
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