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No detergent formulation, 11-31110, Stribeck curve (50% SRR, 1GPa, 140°C)
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Baseline formulation, 10-115372, Stribeck curve (50% SRR, 1GPa, 140°C)
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All Mid-TBN, 11-31111, Stribeck curve (50% SRR, 1GPa, 140°C)
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All Low TBN, 11-62083, Stribeck curve (50% SRR, 1GPa, 140°C)
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High/Low TBN, 11-70505, Stribeck curve (50% SRR, 1GPa, 140°C)
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Low TBN Ca Sulfonate/High TBN Ca Salicylate, 11-162199, Stribeck curve
(1GPa, 50% SRR, 140C)

0.14
0.12
. 0.1
|2 ——Run 1
3 0.08 -= Run 2
c —-a—Run 3
g 0061 \ \Q& —Run 4
F 0.04 \
0 T T T T T T T
0 05 1 15 2 25 3 35 4

Log (Speed (mm/sec))

FIG. 7

SUBSTITUTE SHEET (RULE 26)



WO 2014/099286 PCT/US2013/071683

8/15

All Low TBN Ca Phenate, 11-119600, Stribeck curve (1GPa, 50% SRR 140°C)
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0W-20 Balanced Low
O0W-20 Baseline TBN/High TBN
Sample # 10-114804 11-70505
Seq llIG, Viscosity Increase, % 49 88
Seq llIIG, Avg Weighted Piston Deposits,
merits 4.5 6.4
Seq IlIG, Avg Cam and Lifter Wear, pm 30 48
Seq IlIGA, MRV@-35C, cP 19700 11600
Seq IIIGA, MRV@-35C, Yield Stress, Pa <35 <35
Seq 11IGB, Phosphorous Retention, % 825 87.4
VW TDI 2 Piston Deposits, merits, pass
against RL206-4 63* 66
Seq VIDFEI 1, % 1.31** 1.65
Seq VID FEI 2, % 0.99* 1.28
Seq VID FEI Sum, % 2.3% 293
Seq VIlI, Bearing Loss, mg 14 9
Seq VI, Stripped Viscosity, mm2/s 7.6 7.7
Seq IVA, Avg Cam Wear, microns 21 31
OM 646LA*, microns
Camshaft wear
Inlet 71 30
Qutlet 90 32
Tappet wear
Inlet 9 4
Outlet 10 8
Cylinder wear 3 2
Bearing wear
Main bearing 0.2 0.5
Conrod bearing 0.2 0.2
Piston rings axial
Ist ring 8.6 74
2nd ring 0.8 0.5
3rd ring 1.2 0.8
Piston rings radial
1st ring 6.8 5.1
2nd ring 7.9 8.5
3rd ring 6.7 5.7
Timing chain wear 0.2 0.4
Ratings
Piston cleanliness 10 16
Ring sticking 0 0
Bore polish max, % 1.3 0
Bore polish avg, % 04 0
Sludge 0.2 0.2
Oil consumption, g/test 6185 4146
KV@100C increase, % 31 21
Soot content, % 5.1 4.2
* comparable formulation, different
viscosity modifier
** Avg of 2 tests
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