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Development of ILSAC GF-4 OW-20 Gasoline Engine Oil

e B = z* nAwa wE
Takayuki SATO Syouji KAWAUCHI
ODo0oO ABSTRACT

20047 A 31 A SN E NS ILSAC =Y
VA A IEIRG GF-41c3tit LTz OW-20n > Y > A4 A V7B
L.

GF-4HI8 TlI A A IVIHEBNC K B HER T/ 3 A A D a5 Hi]
DDA A IVRANDY » « A A OFshng ERREA
ENTWB. FBROI VA VL, ERE AR DINERE
PRER A LT B 7l A A IVRMELTORELEZIB T
HoTW5. iz, XDEWEBEMEREERICHINT 57285
IZ, BikiEE HTHS MiEOTZ Y VE—RZY T TV
2 g UYNDFGEEMGEEL, MR EROn TRz R
kU7,

HREABZ BBV, AFAIVH GF-4 ISl T3
T & RGIE LTz,

This paper describes the development of an OW-20
engine oil meeting the ILSAC GF-4 engine oil standard
which will go into effect from July 31%, 2004.

The GF-4 engine oil standard stipulates upper limits
for phosphorus and sulfur content in oil to prevent
poisoning the exhaust system components, but the new
standard has generated concerns about the acceleration
of wear of engine parts. Each additive in the newly
developed has been selected to improve anti-wear
performance. In addition, the contribution of kinematic
viscosity and HTHS viscosity to engine motoring friction
has been verified, and the molecular weight of the
viscosity index improver has been optimized to achieve
the higher fuel economy requirement in GF-4.

The newly developed engine oil was evaluated in GF-
4 standard tests and was confirmed to meet GF-4
performance.
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1994 5K EHE)EH A —7 (GM, Ford, Daimler-
Chrysler) E HAHBH T3 2 (Japan Automobile
ManufacturersAssociation: JAMA) i iz BT 5 4 1 )V
B OMER: - BB MM L2 HE LT International
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Model Year |94 95]96]97[98]99]0001]02]03]04]05 |06 |07
c Federal Maskie Tier1 LEV y Tier2
Act ( 100k mil 120k mil
-% Emission Ev1 mre LEVn;i)
S California \ 700k mile )| 720k mile )
5 LDV 27.5m
S |care P
LDT 20.7mpg 21.0[21 6222
ILSAC GF-1 GF-2 GF-3 GF-4
API SH SJ SL SM
> .
.. =| Phospho- o 5 0.06%min
_g:é Tus 0.12%max 0.10%max 0.08%max
g8
T|® O *1
s IS f 0.5%max
g ) g Sulfur Not required 0.7%max"2
% Test Sequence Sequence |Sequence
3lec HI-E -F -G
2|55 weope Not required 4.0P 3.5P
S|g 2| Min. limit q : :
WIE ©| viscosity | 375%max | 64hrs max 275%max | 150%max
increase | at 64hrs to 375% at 80hrs at 120hrs
3 Sequence | Sequence Sequence
sg| et VI-A VI-B
)
(<) 1.4%5 2.0%° 2.3%'5
= 4 A7 . O% S0
| Min. limit 27% | Not required™® 1.7%'¢ 2.0%
“1; OW-20, 5W-20, 0W-30, 5W-30 “4; OW-20, 5W-20
2, 10W-30 ’S; after 16hrs aging

“3; Weighted Piston Deposit (Merit rating) ~ 6; after 96hrs aging

Fig. 1 US emissions/FE regulations and engine oil
standards
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HHKG GF-4 RIST VY VA A IVBHFICEE U TLLRD 2
mMzFHEERbNE L.
(D) imrpcRBEOBIRES
Uy (0.06%LLE, 0.0%LLT)
A48 (0.5%LLT)
(2) BB EMERED M 1
VUBXUAATET Y YV F AR E NS
KEENZILHETH O, HKIC K S E RIRER A
DU (ZA T, B ZHIRTS. T2V vAA)bhn) v
XA AT BRICDOWT GF-3, GF-48iHilfEE GF-3 i
BrEE OB 2 Fig. 2 179

_ GF-3 xxW-20
Market average
0.6 in North America
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Phosphorus content in engine oil (%)

Fig. 2 Standard limits and xxW-20 market average for
phosphorus and sulfur content in engine oil
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IV UFAINDIEARI R EERITERRIE, P - 1A -
B - BEG < T B 52 R 79 & 5 B (Base Oil: B/
0), #hn#l(Detergent Inhibitors: DI) & Kk fE%_F#
(Viscosity Index Improvers: VID Z38¢ LELAENTHD, T
NSz E Lz,

3.1.00

American Petroleum Institute(APD) T3 FM O Z 7D
DH7 3V —(Table DIZHIFTWVSS, Grl 5 IIHIFE
i SRR E N TH 5N S HM Mineral oil), GrlV, V
5 R (Synthetic oiDICEERI E N, & SICHME EFENS
AA U, ff1) (Saturate) DE|E & REFEE (Viscosity
index) THl/? EMNTCW5. Honda TIEHERD S Grlll #H#
MLTEYABERICBOTCEGrII ZFHT2C L L L.

Table 1 API base oil interchange guidelines
E;zgoc’r‘}', Sulfur [%] Saturate [%]  Viscosity index
Gr.l 0.03< and/or <90 80 to 120
Gr.ll <0.03 and 90 < 80 to 120

Gr.lll <0.03 and 90 < 120 <

Gr.lvV All polyalphaolefins (PAOs)

Gr.V All others not included in Gr.LIL11I or IV
3.2.000

LYV VI AIITKRD 5N B EANREZ 1 e dIc %
BRIIFIAME SN TV 5. SFEEAIIFIOKEE, REH
BRUY Y eAA VDR Table 2 IC/RY. TYI VA
AIVTIE, VU EA A DI RS &l E N2 EhnF ofE
FHMREENTEBD, WTH|(Extreme pressureagents) & i
{EBF 7] (Oxidation inhibitors) ICFFES 5. BIFEISMEHID
1) > % (Phosphorustype) X L A EMHAENTEST,
&8 =D ZnDTP (Zinc dithiophosphate)h i £ 41 & L T
fE - ARMDSIZETARNTOI YV VA AIVICHHENT
W%, 7z, ZnDTPIERLI;Ib#REL B L TH O IFRICHE
NIl LTRIBNTWA. S0 GF-4 BIkgsIc
TY vHnaEz{fkd 5 Z &1 ZnDTP OFINEZHRS T
T EiENx5d, ZnDTP OREZ Hised 2 Fika R T
WEIND % .

%9, ZnDTP O FHEHETDH % BERERHIETEREIC DWW T
ZnDTP IR OB 2R Uiz, BlT GF-3MA&ICE S
LI oI A Aoy v aENEirR i L/ — X
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Table 2 Typical engine oil additives

Additive Function Typical chemicals irrl%c;us Sulfur
Organometallic
compound type v v
Extreme Anti-wear (Zinc dithiophoshate)
pressure N Sulfur type
agents Anti-seizure
Phosphorus type v
Chlorine type
Chain Phenol type
reaction stop | Amine type
Oxidation Organometallic
inhibitors Peroxide compound type v v
decomposition (Zinc dithiophoshate)
Sulfur type v
Sulfonate type v
Det Salicylate t
Detergent etergency alicylate type
-dispersant Phenate type
additives -
Sludge Amin type
dispersancy Imide type
Friction Friction Organometaliic type v
modifiers reduction Ester type
Viscosity Viscosity Polymethacrylate
index adjustment :
improvers ) Olefine copolymer
IS Solvent of ) )
Carrier oils additives Mineral oil v
Others

FERICH 2 B2 8 DOV T B (Friction modifiers:

FM) T % MoDTC (Molybdenum dithiocarbamate)D 45
2R e UCHM U el R E Fig. 8, ala(t%
Table 3 IZ/RY.

ZnDTP & Z Do) & RIg i MEFA OIS & O V) VR
[T % T & TEERE-BERt 219 % ). MoDTC A
mE NG, ZnDTP L HEORIC K D Ly S BIfiC
MoS, DA & VR 73 BE B Fs & O EERE - BB IR 1
BEZFHTH5EDEEZISNTNE . MoDTC & DOfif
FIC XD ZnDTP DAKIC K 2 BEFEZ & 2 F2REHIHI9 % C
LIZTE L OO R AT S HAM RSN L
MUZEN D, MoDTC MRINE NI THIUSEREICD
W& MoDTC DR ZHRIEHICED GF-4 D) &
HIFEFNIC W BT L RSN Z ML EDOMEREZ IR T &

BeTMUI. —J5, 1EHHG] (Detergent-dispersant

20

-
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Cam wear (um)
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Fig. 3 Cam wear level in Honda valve train wear test

Table 3 Valve train wear test conditions

Engine L4, 2.2L, MPI
Valve train SOHC, 4valve, Slide-type
Engine speed [rpm] 2000 / O

Oil temperature [°C] 90-95/20-30
Water temperature [°C] 80-90/15-25
Test duration [cycle] 300

Table 4 SRV test conditions

Pin Diameter [mm] 15
Length [mm] 22
Material DIN 100Cr6
Disk Diameter [mm] 24
Thickness [mm] 6.9
Material DIN 100Cr6
Temperature [°C] 80
Load [N] 200
Frequency [Hz] 50
Sliding distance [mm] 1.0
Test duration [min] 20

additives), RHCHEPRTHGE (Ashless dispersant i,
ZnDTP & DRICHENER D % 728 MoS, DAERKIC &%
ZRIET. T T, ABFETIER T EEIORELER T R
5T & TLW SBHAD MoS, DERZIINE 1, BEEFE
1k - EEBMEZ X > 72, BT GF-3 fihkDA 1 )L (Current
GF-3)& T DI B2 22 8 U 7e it A )L (Study oiD I
T Schwingung Reibung VerschleR(SRV) il§iZz 35 C 75> 7z
©. 00 G{ERS(F % Table 4 1C/59. Disk i #imi Lo
Y 7T UEEYOR G T3V F—72 X HOCE T2
(X-rayPhotoelectronSpectrometer: XPS)IC THIlE UL L
TeAEHR 7% Fig. 4 1Rd a0,

MoS, D& T3 )V F— (229 VI 1 B 2 Fro {3
% LT GF-3{LRDA ALK bk T L DR E h &
FITAERENS MoS, 7 FiEZ<E>TWV2EDETHlE
ns.

Study oil SRV test
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Fig. 4 XPS analysis in SRV test
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TYYYTVTYaELe S EIRIC I B EEHRST,
TREKHEHT - BIHEHUCKAIE N, w3 HTHS K5 (High
Temperature High Shear viscosity), %#& GBI
(Kinematic viscosity) DMK E VW EEZBNS. TV
YHA AT KB EBRENEZ AT 21cH 72D, HTHS B
CHREDTL YV TV Ty a Y N\DFEEZBGEEL Tz,
T, T2V T7UrvavideE—2 ) IRDEDE L,
A O EVETIREO T > Y VAl #E Lz, xi5e
Lic Y P Vi Table5 1IC/RY.

BRIEDT YT ) 7y a UADFEE Fig. 5138
T KSIC 8OCLANTIIE KA, 80°CLLLTIEFHTHS KhifE
DBNRKEL EoTz. TOTENLHMRNELY VT

1500rpm
/ 2000rpm
/ 2500rpm
100

X i
> 80 —
k%)
o)
&)
R 60
N —
5 Kinematic HTHS
o) viscosity viscosity
"é’ — —
c 40 —
K]
5
2
S 20 —
(@)
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60 80 100
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Fig. 5 Contribution of viscosity to engine motoring

friction
° Kinematic viscosity
S ﬁoic == = = HTHS viscosity
~

Kinematic viscosity (mm?2/S)
HTHS viscosity (mPa-s)

VIl average molecular weight

Fig. 6 Viscosity characteristic by VII molecular weight

Table 5 Test engine specifications

Engine L4, 2.0L, MPI
Bore x Stroke [mm] 86.0 x 86.0
Valve train DOHC, 4valve
Roller-type rocker-arm
Chain-driven
Compression ratio 9.7

) 7y g AR TE & LTI HTHS KGR & Bkh e s 7
ING U ADETH BT Ehbhd. 150°CICHBIF ZHTHS
K% —E (2.6mPas) D [T, MR LHlOn FEzZ
Z 1220 60, 80, 10WICHF% HTHS KL & Hikl s % 3
~7z. Fig. 6 IZ7R9 & 51 HTHS #6E & BkEEEIIHHR T 5
BRZRD T Lh SRR MERENME S NS 77 TE 72 %
ELT.
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DL ORGSR 538 & N7z F A )L (PrototypeGF-4oil)
DMREZEFE LTz, A A )UEE7Z Table 6 ICRY. Adw
T, V VRINRIC K 2EETH SR EN, FEFEE B
FAPEREIC DUV THERR L 7oA 21BN S

41.00000

EIC T B A ANV O L2 E %2 Indiana Stirring
Oxidation TestISOT) IC CaHili L7z. BifT GF3 A1l
(Current GF-3 oil Yz Ltifgim & U723l 7 Fig. 7 1, &

Table 6 Properties of test engine oil

Current GF-3 oil |Prototype GF-4 oil
Formulation (DI) A B
Base oil Gr.lll Gr.lll
Viscosity grade 0W-20 0W-20
Kinematic viscosity 40[°C] 34.8 33.4
[mm?/s] 100 [°C] 7.85 8.02
HTHS viscosity [mPa-s] 150 [°C] 2.6 2.6
Phosphorus [%] 0.10 0.08
Sulfur [%] 0.30 0.25
Viscosity index improver PMA-A PMA-B
Friction modifier MoDTC-A MoDTC-B

0Q

O——O Prototype GF-4 oil
O——C0O Current GF-3 oil

@100°C

Kinematic viscosity change (%)

10 | | |
0 20 40 60 80

Duration (hr)

Fig. 7 Kinematic viscosity change in ISOT
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Table 7 ISOT test conditions
Method Based on JIS K 2514
Qil volume [ml] 250
Oil temperature [°C] 175
Catalyst Copper and Iron
Test duration [hr] 24 | 48 | 72

EiZ&A7z Table 7127”9, Prototype GF-44 1)U Bi1T GF-
3 A AV E L CHEIRIELIC X 25 ERZHHIL Twv
5T Ehbhb.

42.0000

M EEFEPEIC DUV T RTIE U 7z Honda T > ¥ 12 & 3 B)77
REFEER L GF-4 B THIEENTWS Sequence IV-A
B R EEREAER (ASTM D 6891XC X O FHii L 7z. Honda T
VYU KB HFRIERE ARG R 2 Fig. 8 1IRd . alRge
fFix Table3 LRI TH%. Sequence IV-A BIFFREERER
B R Fig. 910, BgkF% Table 8 IT/RT. WIho
FERIC BT Prototype GF-44 1 VIEBIfT GF-34 1)L
O U BEF RS R 21 7.

43. 00000
Honda TREMZTY Y U AEEHLULHEEICKS 10.15
E— RRE R R % Fig. 10 12, Hl##T% Table 9 I

20

Cam wear (um)
= o
I I

[
I

Prototype
GF-4 oil

Current
GF-3 ail

Fig. 8 Comparison of cam wear level in Honda valve
train wear test

150
GRS,
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3
3]
=
&
8 50 —
0
Current Prototype
GF-3 oil GF-4 oil

Fig. 9 Comparison of cam wear in Sequence IV-A

Table 8 Sequence IV-A test conditions

Engine Nissan KA24E, L4, 2.4L
Stage | Il
Stage duration [min] 50 10
Engine speed [rpm] 800 1500
Engine torque [N-m] 25 25
Oil temperature [°C] 50 60
Water temperature [°C] 50 55
Test duration [cycle] 100

Table 9 Japanese 10.15

mode test conditions

Engine L4, 2.0L, MPI

Valve train DOHC, 4valve, Roller-type
Vehicle Domestic production model
Test mode Japanese 10.15

Table 10 Sequence VI-B test conditions

Engine Ford modular, V8, 4.6L
Aging stage | Il
Stage duration [hr] 16 80
Engine speed [rpm] 1500 2250
Engine power [kW] 15.39 23.10
QOil temperature [°C] 125 135
Water temperature [°C] 105 105

Test stage 1 2 3 4 5
Engine speed [rpm] 1500 | 800 | 800 | 1500 | 1500
Engine power [kW] 15.39 | 2.18 | 2.18 | 15.39 | 15.39
Oil temperature [°C] 125 | 105 70 70 45

Water temperature [°C] 105

95 60 60 45

Fuel economy in actual vehicle
under 10.15 mode (km/l)

I+1 .0%

Current
GF-3 oil

Prototype
GF-4 oil

Fig. 10 Fuel economy improvement in Japanese

10.15 mode test
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RY. Tz, GF-4BETHIE TN TV % Sequence VI-BIE
2B (ASTM D 68371 & % #4353 (Fuel Economy
Improvement: FED 7% Fig. 11 1C, FBRZ&!f% Table 10 I
R WITNORBRICBWTE BT GF-3 41 )licxf L
Prototype GF-4 1 )V DB UERIRDNRD BN, £z,
GF-4 ® OW-20/7 d VI B B s R AR LT
BT EMNTER.
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