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Typical Properties

Physical State Brown Liquid
Density at 25°C, mg/m3 1.01
Viscosity at 100°C, mm?/s. 10.5
Molybdenum Content, % 1.5
Phosphorus Content, % 0.6
Sulfur Content, % 3.9

TBN 9.5
Sulfated Ash, % 5.8
Recommended Treat Rate 4.75%

MOLYVAN FEI Plus is a partial additive package designed for enhanced fuel economy
and maximum catalyst compatibility. This unique combination of addifives contains a
high level of molybdenum and organic friction modifiers for improved fuel economy,
a low phosphorus antiwear system for improved catalyst compatibility and a strong
antioxidant system to promote fuel economy retention while maintaining oil robustness.

MOLYVAN FEl Plus can be blended with a commercial dispersant, a overbased calcium
sulfonate detergent, an appropriate VlIimprover and base oil to make a fully formulated
engine oil with 250 ppm phosphorus and 700 ppm molybdenum. The finished oil exceeds
the ILSAC GF-5 limits for fuel economy and catalyst compatibility while maintaining oil
robustness.

Disclaimer:

Before using, read, understand and comply with the information and precautions in the Material Safety Data Sheefs,
label and other product literature. The information presented herein, while not guaranteed, was prepared by technical
personnel and, to the best of our knowledge and belief, is true and accurate as of the date hereof. No warranty,
representation or guarantee, express or implied, is made regarding accuracy, performance, stability, reliability or
use. This information is not intfended to be all-inclusive, because the manner and conditions of use, handling, storage
and other factors may involve other or additional safety or performance considerations. The user is responsible for
determining the suitability of any material for a specific purpose and for adopting such safety precautions as may be
required Vanderbilt Chemicals, LLC does not warrant the results fo be obtained in using any material, and disclaims
all liability with respect to the use, handling or further processing of any such material. No suggestion for use is
infended as, and nothing herein shall be construed as, a recommendation to infringe any existing patent, trademark
or copyright or to violate any federal, state or local law or regulation.
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Figure 1
Sequence VID Engine Test Data

An experimental 5W-20 engine oil containing MOLYVAN™ FEI Plus Lubricant Additive
and a GF-4 dispersant/detergent system was submitted for a Sequence VID engine
test. The Sequence VID engine test measures fuel economy for gasoline powered
passenger cars. Even with a GF-4 dispersant/detergent system, the experimental
oil passed the FEI 2 and FEI Sum requirements for next generation GF-5 engine oils.
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Fuel Economy Improvement (%)

FEI'1 FEI 2 FEI Sum

1 0W20 Oil X GF-5 Prototype 1 5W20 Oil with MOLYVAN™ FEI Plus
*Qil X'is an ASTM Sequence VID engine test precision matrix oil.

Table 1
Taxi Fuel Economy Test Data
An SAE 5W-20 engine oil formulated with MOLYVAN FEl Plus delivered a 6% mpg

increase in fuel economy versus the commercial GF-5 comparator oil in the
Las Vegas, Nevada desert field test after a combined 100,000 miles of testing.

Idle Avg. Speed . Fuels
(%) (MPH) Hles (Gal.)

Taxi MPG

28.6 19.3 32,675 2450.4 13.33




Table 2
Sequence llIG Test Data

An experimental SW-30 engine oil containing MOLYVAN™ FEl Plus Lubricant Additive
and a GF-4 dispersant/detergent system was submitted for a Sequence llIG engine test
at an independent test lab. The Sequence llIG engine test measures wear, oil thicken-
ing and piston deposits under severe high temperature test conditions. The experimen-
tal oil passed all key test parameters including oil thickening, cam and lifter wear, and
piston deposits required for GF-5 engine oils.

Results GF-5 Limit

PVis, % 54.8 150% max
WPD, merits 418 4.0 min
ACLW, u 22.6 60 max

Las Vegas, Nevada Field Test Results

A field test was run in the Las Vegas, Nevada desert over a 2 year period to compare
the performance of a SW-20 fully formulated engine oil containing MOLYVAN FEI Plus
to a commercial 5W-20 GF-5 engine oil for 100,000 miles of taxi service. Both engine oils
were formulated with Group Il base oils. The field test consisted of six 2007 Ford Taurus
cabs with 3 cars per test oil. Two engines were disassembled and inspected at end
of test. The end of test engine inspection showed equivalent or better wear, sludge
and varnish performance for the engine oil with MOLYVAN FEI Plus. Piston deposits were
substantially lower with the MOLYVAN FEI Plus engine oil. The catalytic converters were
inspected by an outside test lab at the end of test. Cam lobe wear was visually lower
with the MOLYVAN FEl Plus engine oil.

Table 3
Engine Tear Down Rating Summary After 100,000 miles of Service

Two engines were disassembled, inspected and rated. The ratings for various engine
parts are shown below.

GF-5 Commercial Oil with
- MOLYVAN Improvement | No Harm
Oil
FEI Plus
Avg. Eng. Sludge, merits 9.73 9.71 v
Avg. Varnish, merits 9.31 9.32 v
Oil Screen Clogging, % 0 0 v
Piston Ring Sticking 0 0 v
Piston Crown Land, merits 2.36 3.83 v
Avg. Piston Undercrown
Varnish, merits 5.93 6.31 v
Avg. Intake Va!ve Deposits, 990 985 v
merits
Avg. Exhaust V'alve 8.93 8.87 v
Deposits, merits




Figure 2
Elemental Analysis After 100,000 Miles of Service

Catalysts from a taxi running on commercial GF-5 engine oil and an engine oil containing
MOLYVAN™ FEI Plus Lubricant Additive were submitted to an independent outside test
lab for elemental analysis using Proton Induced X-ray Emission (PIXE). The phosphorus
loading on the exhaust catalyst for the MOLYVAN FEI Plus oil was 4 times lower than
for the commercial GF-5 oil. Lower phosphorus loading has been shown to result in less
catalyst poisoning and improved exhaust catalyst compatibility.
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Figure 3
Piston Inspection After 100,000 Miles of Service

Pistons from the engine oil containing MOLYVAN FEI Plus show lower crown land deposits
and lower piston skirt wear compared to the commercial GF-5 engine oil.

Commercial GF-5 Oil MOLYVAN ™ FE| Plus Oil
Lubricant Addifive




Figure 4
Cam Shaft Lobe Inspection After 100,000 Miles of Service

Visual inspection show the cam lobes from the MOLYVAN™ FEI Plus Lubricant Additive
engine oil have less wear compared to the commercial GF-5 engine oil.

Commercial GF-5 Oil MOLYVAN ™ FEl Plus Oil
Lubricant Additive

Registered and pending frademarks appearing in these materials are those of Vanderbilt Chemicals, LLC.
For a complete Trademark listing, please visit the About section at www.vanderbiltchemicals.com .
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