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Abstract —Engine oil is a substance used for the lubrication of internal combustion systems. However, in some
case, defects in engine systems may contaminate engine oil with fuel. Contaminated engine oil can cause prob-
lems in the normal functioning of a vehicle. In this study, we investigate the functional properties of engine oil
contaminated with diesel fuel. The test results indicate that the engine oil contaminated with diesel fuel has low
flash point, pour point, density, kinematic viscosity and cold cranking simulator value. The contaminated engine
oil which has low plash point can cause fire and explosion accident. Furthermore, a four ball test indicates that
the contaminated engine oil increases wear scar to poor lubricity. Moreover, we investigate the GC pattern using
SIMDIST (simulated distillation) for determination of diesel in engine oil. The SIMDIST analytic result, diesel
was detected at earlier retention time than engine oil in chromatogram. Thus the SIMDIST method can define
whether engine oil is contaminated by diesel fuel or not. We can use the SIMDIST method for the diagnosis of
oil condition instead of analyzing other physical properties that require many analytic instruments, large volume

of oil sample and long analysis time.
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Fig. 1. Diesel engine structure.
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Table 1. Specification of vehicle engine (SW30) oil in
Korea[10]

SAE 5W  SAE 30
Flash point (°C) Over 170  Over 190
Cold Cranking Simulator (Pa‘s) Below 6.60 -

Kinematic viscosity
(100 °C,mm?/s)

Viscosity Index

Over 3.8 5.6~9.3

Over 75  Over 85
Below -30 Below -9
Ratio of viscosity Below 1.5 Below 1.5
Increase of TAN Below 1.6 Below 1.6
Lacquer Light Light

Pour point (°C)

Oxidation
stability
(165 °C, 24h)

S BN HBARN FBAGWR okt A

NN
(|
o
u

AsHd, AARINHE, FHE, A=A
AR T 9o, ol FHV|ES
uit} =24 7452 Ul Table 1&
SAE 5W¢} SAE 30 gt F27|58 RAFA 9o
H, = SW30HF2 SAE 5Weo| EZ+43

£ -

2 4y
4 jﬂ
Y
ﬂﬁ ¥ e

2]
St Tiokel B ISk, SR B, B
=, 454, U387 5),
sk 0.5 2E] o3| B2
7] Wlitel ol& gAY 4 = FAHOE SIMDIST
(simulated distillation, Z-2A1 & o1H FFAEH)E &
43 AdFEEY AR5 AGS = = EAUHA o
gk HEE A=SHAT

N B )
> 0 e :
N
S8
L
l“g[uZi

=
N



73 Edel o7 AR e d &4 W)

Premium DPF 73-t]dallzl @ A (5W30)yS ARE-31SItt.
AvE FFEEFA AR ZEERE FAL W F
i AIR)ENE Pt AsAHE ARFE ol8st
Atk e AFEYS BARBK] f8l diRled
o AHE 5%, 10%, 15%, 20%, 25%, 30% 4|
Hl&2 E98le], A5 i

22 Nz 84 &4 ¥ BEY 24

9-0-1. SEE B ARV FE 24[11.19]

%A Z(kinematic viscosity)= Cannon Instrument
CompanyAF2] CAV 2000 series®] Cannon 1257 &
A BAl 2] FEE o]83e] 40 °CSF 100 °CellA
ASTM D 445 Wil me} S48t ZAldY
Holl= 370¢] MH (bulb)7} 1o, HHAolo] 254

=

l

A7E el AR oF 15 mLE §9 5AIR1 F, AR
7k S0l o8 shdshe AlRke 2RAlME AR

24 FAE7E S EY =A< (kinematic  viscosity

index, K= 40 °C, 100 °C &8 ¥, 5H% =737

o] Z2ag o] 83| A oE Ak s AT

Ao HEeAe thast 22 2o o) A=dr
VI = [(L-U)(L-H)] x 100

o714,
L :100 "ColM #MMEs} 598 H=g 2k
Zdl(naphthene)dl E=72] 40 °Colld =43
&A% (mm’/s)

U : 40 °Cold S48 BAAEL] FHZ(mm’s)
L

T

o

H : 100 “Cod EAA e} Y3k =5 2= vt
H(paraffin)A] FEF-2] 40 °ColM AT =

(mm’/s)

A 241 7] F Z(cold cranking simulator, CCS)E
Cannon Instrument Company AFe] CCS-2000 series
€ ol&sle] 50 mLe] AIEE FHal -30 “ColM A
Ao Lol Moo eAAE olgat] ARIA

222, Y, QIskY A RSH EA[13~15]
Aso] dukd EAS wA8] flsl W= (density)y=

ASTM D 4052 W] €3 Anton ParrAl2] DMA
5000MS o] 83Tt WAL AEE 15 °ColA
AE2A U S o3l AlBe dFgt T+ =
ol ZEF71e] Wats SA3o R Urg 3t A

dsie WS B AR UWES s

47

Qlskd(flash pointy> &7]°l A& 70 mLE A&
%, TANAKAALS] ACO-T60273H] S o]-&3le] ST]H
W= 7" (Cleveland open cup), KS M ISO 2592
ol FEale] BEAEI AR 2EE FoluA,
7tgE A712del] of8] dstE= HAAREE sk
o7 st

5 (Pour point)E ASTM 2500 HFol <)
TANAKAAF] MPC-602Z ©]-&3lo] 43I0t} 4mL
o] NEE &7 A& H, 45 CE 7MeF T, By
1°Ce] £=2 W7hslHA AlE7)F aAdo R gk
FeEA de REE fFeHoE A3 °C 99=E
Z4)3l3ith.

9-9-3. AISICHAIE FA[16]

AF3}obd It (oxidation stability)= YoshidaA}e] ISOT-
D8< o]&5192m, KS M 20217%9el| oJall Algslsict.

AlERe] 48 =719 A R SuE 2,
250 mLe] A|BE ¥e H, 1655108 CE 523l
AN 1300415 pmOE B AAA 244]7F B3 A
FE AR F, 40 oM THEE A5l Aks)
A-Zo) et THE WP =9} 3 ArE =43
Akt Aol gk it U ARE SAEATh

9-9-4. LHOFR A S (Four ball tester) =A9[17]

Wrl2 A5 Falex 2] Friction & wear test machine
= o83t ASTM D 4172380l &8l Al sl
o] FETE 40 kg 3k, 75 °ColA] 1200 rpm
2 3T F, sl fIRIg 7S] wEel B4
@ rlmge) 278 Anew S4asl.

2-3. SIMDIST £4
dutr oz JFHFAEL IH|HELAR o]Fo|H 3

Table 2. SIMDIST analytic instrument and test conditions

Manufacture Thermo
Model Trace GC Ultra
Test Method ASTM D 2887

Column 10 m x 0.53 mm ID x 0.88 um

Initial; 40 °C, 1 min hold
Oven Temp. Increase; 15 "C/min to 360 °C, 10 min
hold

FID (370 °C)

Detector
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7] wjiol] Yuk 7RIz nkE 729 (gas chromatography) Table 4. Test result of physical properties of engine oil
U ZEAAARIS o]LstledBalo] o]y mEo| and mixing engine oil by diesel fuel
THd B0 U3 Bed BEE BAY 5 9E 1 Epeey KVE0 O RV C) gy
SABH) ZRAYSIMDISTE Beste] £34, (o) mm )
A7t THE 2% 2 AHABN 9 FFAY Pz o8 1D T8
2o slolon] BaAu] D AlFWHS Table 29} E:D=95:5 212 57.22 10.35 171.8
7}, E:D=90:10 176 46.13 8.981 179.6
E:D=85:15 148 38.7 7.956 185.2
3. Zdn} 2 & E:D=80:20 137 31.12 6.898 191.6
E:D=75:25 124 26.8 6.233 195.1
31. dreEy ATl 2 EY E:D=70:30 116 20.91 5256 2014
AHEY dxede] E4E A7) Q8] 94 & D 68 2245 1.039  10404.9
T dxled, A R I WE BRE WY g engine oil, D; diesel
A el st E4EAS 3Tt FP; flash point, KV; kinematic viscosity, VI; viscosity index
Table 3& =73 Ae28 7ol 3k 245 &

Agt Aol QlshS A8k W= 2153 =
2o we} open cup HAF closed cup WO E G AT 68 C2 SAHHA, TY A5 g

3}
TEEY, diHow Aqud HAAFCIEY, S A S ol §5710 w50 2Rk <
A 5)2 A= closed cup WA oE BAME s, 31do] 20 °C Aol Hole AL & 4 ULk A
S AKAFGERE 5 open cup WHOE B 21ede] dAsiglo] Wobd 4%, sl 2 Fuela
A & e E Pskal itk o] 71 & vk EF ARe] HErh w] w2l
Table 4= Aol BFE ISR 3 5, ALY W AfHlE&e] EoldE $HE7) gobA
Ashla =S 4T Z23E HoFa o, ¢ o, AEASTE 2o AL £ F ok =Tt
Tk ARl A9, Asho] 226 "CQl W, vk S, A e o] FolAA Al dXIEFe] A
AsHE A= Aol 540l miet Afmlgol wob o] dadE Sod 5 dle B W, &84
5% Askgel Yot AL Bl £33 3 FYS M = dok AuAFe) A, dRede
o] l3bde DolEl 2 PM(pensky martens)-2 EX4 FAA (VI improver)S ©]-&3lo] =3l
ol AL AF 48 'CE HIoH, AEF0| & 8% Wspt A2 v, Afolle A=A &
Table 3. The analytic result of diesel fuel characteristic
Unit Test result Test method
Sulfur mg/kg 4 KS M 2027
Residue carbon content in 10% distillate (m/m)% 0.01 KS M ISO 10370
Water and sediment VIV)% Below 0.005 KS M 2115
Flash point (PM) °C 48.0 KS M ISO 2719
Ash content (m/m)% 0.001 KS M ISO 6245
Density (15 °C) kg/m’ 826.9 KS M ISO 12185
Kinematic viscosity (40 °C) mm?/s 2.365 KS M ISO 3104
Distillation (90%) °C 333.6 ASTM D86
Pour point (Air/P) °C -51 ASTM D6749
Copper corruption (100 °C, 3hr) - 1 KS M ISO 2160
Cetane index - 55.8 KS M ISO 4264

J. Korean Soc. Tribol. Lubr. Eng., 33(2) 2017
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Table S. Test result of physical properties of engine
oil and mixing engine oil by diesel fuel
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Table 6. Test result of oxidation stability of mixing
engine oil by diesel fuel

Density PP CCS WS
(mg/mL) §9) (mPas)  (mm)

Oxidation Stability (165 °C, 24h)

R.atio .of Increase of Lacquer

E 0.85024 -42 6197 0.494 viscosity TAN
E:D= 95:5  0.85084 -45 4466 0.500 E 0.94 0.28 NA
E:D=90:10  0.84957 -45 3011 0.502 E:D=95:5 1.10 -0.26 NA
E:D=85:15  0.84845 -48 2134 0.502 E:D=90:10 1.21 0.45 NA
E:D=80:20  0.84700 -48 1512 0.507 E:D=85:15 1.23 -0.54 NA
E:D=75:25  0.84596 -48 1237 0.508 E:D=80:20 1.32 0.36 NA
E:D=70:30  0.84420 -51 821 0.511 E:D=75:25 1.56 0.11 NA

D 0.82690 -51 93 0.674 E:D=70:30 1.64 0.64 NA

PP; pour point, CCS; cold cranking simulator, WS; wear scar D 1.84 0.81 Attachment

PAI7E §lo] 2=dsle] mE FHE ¥st F Ao
AIEIGAIRE, A BAA3 HHHEo] 2oHSE A
TAG7F QAL ol ARE EFEEIT Eo)
ALE 40 °CM Z2AHE AT F43] Yol
100 °Colr] Z8% A=} Aol7t Holxir 23]H
AEA 7t 24 248 A= wdF.

Table 50M= 2=, 538, Ad2/ds ¢ A}
T4 vk AAIES 53 824 st 2
w9} FEHe AREHEe] EoESE volxe
A& BB e ALARIHE A FHH1E

AAE A BRlsiT. ole dilede] a8/l W
o= A& ofmlahr] wiell JL’: o] FEeT 4
A

of Asle] SVgSIT. S el A3 Az
wsjel) ik, 2
AROR s FEIR Sukaddol A s
X171 A, A% 2

cfaig 2k 71 Aol vl A 2 2K} sl

=y
2 As & F Utk 58] &5 AsAkE AR A
-, A3 EQ A (lacqueryt A HE AL gl
e A

TAN; total acid number, NA; no attachment

E:D =90:10 ED=85:15

E:D=70:30

Fig. 2. Test result of SIMDIST of mixing engine oil by
diesel fuel.

3-2. ZREY Azl SIMDIST 24
AFEY dRedel SR M3 3 GoelES
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Table 7. The test result of distillation pattern using
SIMDIST

IBP  10% 50%  90%  FBP
(0 (© (o © (O

E 4122 446.1 481.0 5240 5425

E:D=95:5 2924 431.6 478.6 5242 5425

E:D=90:10 254.0 412.0 4772 524.0 5425
E:D=85:15 241.5 365.1 472.1 5212 5425
E:D=80:20 237.6 333.7 469.7 520.0 5425
E:D=75:25 237.6 339.1 467.6 5192 5425
E:D=70:30 226.7 323.0 4646 5179 5425
D 121.5 2659 3402 4204 5299
10%; 10%(Vol.) distillated boil-

IBP; initial boiling point
ing point
FBP; final boiling point

7] 913l SIMDISTE ©l8-3te] A3kt Fig. 20
Al B npe} o] qlxlede] 74 SIMDIST ol
HEE 7o) 1725804 7 wo Z=d
BXE AYE A7 9
7t AEEE S ' 5 Ak

SIMDISTZ o]&3] GCHdE #4431 5, #=3
BEE BT dxede] A%, v
4122~542.5 °CZ EA % 6t |
A5 SIMDISTOA wF-FA7ke] SFAAA, 74
30%7F SYE dxlede] A, vHdHLITE 226.7~
5425 °CE ¥slE S & F 2
H|3)] AujHEZoe]7] mite] %
A9k, TR 739 aHHERR
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T3k SIMDISTS ©]&3) Axede A ¢ 4,
BrEY A8 A5, AHA ZH7F SIMDIST el
A BAEL, o)& ), 2/A, 10% THFE 5ol
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