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Development and Application of Simulator for Engine Oil Sludge Formation

Hiroshi Moritani, Masuhiko Kawamura
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Abstract

A sludge simulator has been developed to clarify the
formation mechanism of the engine oil sludge and to repro-
duce it. The simulator was designed so that synthetic gases
consisting of thermally decomposed products of gasoline
(TDPG), NO, SO, and air were introduced into the sample
oil in a reaction vessel.

The sludge was found to be almost caused by the chemical
reaction among TDPG, NO and air. The sludge formation
was also clarified to be largely dependent on the carbon

numbers and the molecular structures of hydrocarbons in

gasoline.

The dispersant additives are blended into an engine oil to
prevent the deposition of sludge onto the engine inner wall.
The performance of the dispersant has usually been evaluated
by the standard engine test which is expensive and time-
consuming. The new convenient method for the dispersancy
evaluation was realized by using the sludge simulator. The
result obtained from the new method has a good correlation

with that obtained from the engine test.
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Fig.1 IR spectram of n—Hexane insolubles.
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Fig.2 Configuration of sludge simulator.
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Fig.3 Effects of NO concentration and reaction temperature.

cooooboooooooooooooboOoooooo
obobooboooooobooooboooooaon
gobogooogNooso,0obooooooogon
goooooobogoo
oooooooooooooooooooooon
cooooooboooboobcOooooNodnn,ooon
3.,000ppmO 00 0000OOs001500000000
000000000FRg30000
goooobooobooNoooobooobooooo
oooobooooooboooRrOooOooooOogoD
ooNoOOOs3,oo0ppmdO00000O0C0OO0COOO
ocoooooooooooooooboobooooo
ooooooooooooooooooobooooon
oobooboooboooobobooonNoaso,00an
0000000010 0000000 (Table1) OO

Table 1 Composition of synthetic blow-by gas.

Condition Components supplied
A TDP of gasoline + NO + SO, + Air
B NO + SO, + Air
C TDP of gasoline + SO, + Air
D TDP of gasoline + NO + Air
E TDP of gasoline + NO + SO,

TDP : Thermally Decomposed Products

Condition

A
B ~— | Without TDP of gasoline ]
D

B | < [Without Air ]

1 !
0 300 600
Amount of sludge formed, mg

Fig.4 Effect of each component in synthetic blow-by gas.
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Fig.5 IR spectra of simulator sludge and engine sludge.
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Fig.6  Molecular-weight distributions of simulator sludge

and engine sludge.

Table 2  Test conditions of sludge simulator.

Gasoline flow rate 0.3 mL/min
Decomposition temp. 600 g

Ne flow rate 50 mL/min
y — Al20s catalyst 30 cm?
NO concentration 1,000 ppm
SO:2 concentration 50 ppm
Air flow rate 40  mL/min
Sample oil 20 g
Reaction temp. 120 O
( Oil bath temp. )
Reaction time 30 hour
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Fig.7 Flow chart of dispersancy test.
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Fig.8 Relationship between simulation test and engine test.
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Table 3 Commercial gasoline (vol%).

Gasoline | Olefin | Aromatic
A 9.4 44.7
B 12.7 432
C 16.0 26.4
D 19.8 24.0

Gasoline

C W20
D V7% 2272277

0 300 600
Amount of sludge formed, mg

Fig.9 Amount of sludge formed with commercial gasoline.
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Table 4 Reagent—grade hydrocarbons.

Groups*' | C.N.*? Hydrocarbons
P 5 n—Pentane
P 6 n—-Hexane
P 8 n—Octane
(o] 5 2-Methyl-2-butene
0] 6 1-Hexene
(0] 8 1-Octene
A 7 Toluene
A 8 - m-Xylene
A 9 1, 2, 4-Trimethylbenzene
A 9 n—Propylbenzene

*1 P: Paraffin, O : Olefin, A : Aromatic
%2 C.N. : Carbon Number

C.N.
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Fig.10 Effect of molecular structure of hydrocarbons.

Table 5 Conditions of GC analysis.

Column Methyl silicon
0.25mm I. D. x 30m

Temperature Column -50°C ——> 300°C
(2min) (15°C/min) (2min)
Inj. 350°C
Carrier gas He 40cm/sec

Split ratio 100 to 1

Sample volume 0.5mL

Detectot FID
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Fig.11 Thermally decomposed products of hydrocarbons (Gas chromatogram).
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