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Multi Media Evaluation

I. Introduction

Viscon is an additive for diesel fuel which is being proposed as a strategy for reducing
PM and NOx emissions for diesel engines. The active component of Viscon is an ultra
high molecular weight polyisobutylene (UHMWPIB) polymer. It is combined with
CARB diesel at 1 part polymer to 99 parts diesel. Viscon is used at less than 5 ppm
UHMWPIB to the end use CARB diesel. UHMWPIB is a non-toxic, colorless, tasteless,
odorless food grade hydrocarbon polymer, which is insoluble in water. Lower molecular
weight PIB is a component in PIB amine keep-clean additives for gasoline. UHMWPIB
has been used as a method for controlling releases of diesel fuel, approved for use in
California. The use of Viscon as an additive to CARB diesel creates no additional risks
to the environmental or to human health when compared to unmodified CARB diesel.
The use of Viscon as an additive to diesel fuel can result in a significant reduction in PM
and NOx emissions from diesel engines with no significant risk to the air, water and soil
environments.

Viscon should be considered by California regulatory authorities as posing no significant
risk to human health or to the environment.

II. Executive Summary

II-A. Summary of regulatory approvals.

Viscon is exempt from the US EPA’s requirement for registration of fuel additives under
49CFR Part 79 Subpart A Section 79.2 (e), since it is comprised of only hydrogen and
carbon.

No other regulatory regimes under which Viscon may be required to be approved have
been identified, either U.S. or international.

1I-B. Background information on Viscon.

Viscon is an additive for diesel fuel. It is used at a dose level in diesel fuel of about 500
ppm. Viscon is comprised of 1 part UHMWPIB and 99 parts CARB diesel. UHMWPIB
is the active component in Viscon. It has an average molecular weight of about 7 million
Daltons. Its chemical formula is C4H8. UHMWPIB is a food grade material (see
Attachment 1, Food-Contact Applications).



II-C. Manufacturing, Transportation and Storage of Fuel and Components

Viscon is manufactured in Bakersfield, California at Las Palmas Oil and Dehydration.
The active component of Viscon, UHMWPIB (Attachment 2, BASF’s Oppanol -
Polyisobutylenes) is a tough rubber solid which is delivered to the site and stored in a
clean dry enclosed room in 44 pound polyethylene bags.

The manufacturing process begins by granulating the UHMWPIB to a specific size.
Refer to Attachment 3, Viscon Production Flow for a complete schematic of the
production steps. CARB diesel fuel is used to dissolve the UHMWPIB. The CARB
diesel fuel is pre-heated to 180-185° F using a low-emissions boiler and transferred to a
specially designed insulated column holding 770 gallons of fuel. The granulated
HHMWPIB is then combined with the diese]l. The UHMWPIB is slowly added to the top
of the column, dissolved and continually mixed for 12 hours. There is no reactive
chemistry involved. The finished product is transferred via pipeline to bulk holding tanks
for eventual transfer to shipment vessel(s).  The type of shipment vessel varies
depending on customer requirements. Tanker trucks, totes, and 55-gallon drums are
typical containers that are transported to customers. All liquid production areas are diked
in accordance with EPA/California regulations.

Viscon is added to diesel fuel at the customer’s site using equipment customarily used in
their business. It is stored on the customer’s site in storage tanks customarily used for
storage of diesel fuel additives and petroleum products. Attachment 4, Customer-Site
Storage provides examples of storage containers.  All precautions normally taken for
storage of diesel fuel are followed for Viscon storage.

I1I-D. Historical Use of Viscon’s Active Component

Lower molecular weight PIB is used in a large part of gasoline consumed in the United
States. It is a component in one category of keep-clean additive, PIB amines, required by
State and Federal regulations. Also refer to Attachment 2, BASF’s Oppanol other uses of
PIB.

II-E. Information Necessary for Risk Assessment

Viscon is 1 part UHMWPIB and 99 parts CARB diesel. The diesel fuel used in Viscon
poses the same risk as diesel fuel used in other applications. UHMW PIB is a solid
rubber before it is added to its diesel fuel carrier.  UHMWPIB does not change the
chemistry of CARB diesel and does not add to its toxicity. UHMWPIB is colorless,
virtually tasteless and odor free. UHMWPIB is insoluble in water. UHMWPIB does
change the physical properties of the CARB diesel in which it is blended. The Viscon
additive is highly viscous. Refer to Attachment 5, Viscosity Measurements for Viscon
viscosity test results. Viscon also has restricted mobility in soil and in water when
compared to diesel fuel. A similar combination of UHMWPIB and hydrocarbon liquids
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was used as a method for controlling and collecting oil spills. UHMWPIB inhibits
dispersion of the base petroleum liquid in water and can be used to immobilize a spill on
land. The environmental product was called Elastol and was licensed (see Attachment 6,
Issuance of License for Oil Spill Clean-Up Agent) by the State Water Resources Control
Board for use on oil spills in California.

The amount of UHMWPIB added to the final diesel product, less than 5 ppm, has only a
minor effect on the physical properties of diesel fuel at rest. However, it does have a
significant effect on the physical properties of diesel under dynamic conditions. One well
known example is the use of this polymer at similar concentrations as a drag reduction
additive in pipelines. This phenomenon is viscoelasticity, an immediate and temporary
increase in viscosity when the fluid is put under shear stress (see Attachment 7,
Extensional Viscosity)

The anticipated use of Viscon in California is in CARB diesel. There would be no
significant change in the physical, chemical or toxic properties of CARB diesel in
handling, transport and storage caused by addition of less than 5 ppm of UHMWPIB with
the exception of changes to CARB diesel’s physical properties under conditions of shear
stress.

III. Risk Assessment

I1II-A. CARB Diesel Containing 5 ppm Viscon

A risk assessment of CARB diesel treated with Viscon at the effective dose level, about 5
ppm UHMWPIB, would be the same as for CARB diesel without the additive, with the
exception of risks associated with diesel exhaust emissions. The purpose for adding
Viscon to CARB diesel is to reduce emissions of PM, NOx, HC, and CO. The results of
tests conducted under CARB protocols to assess the potential benefit of Viscon as a
strategy for reducing harmful exhaust emissions from diesel engines is attached. This
testing includes data related to the effect of Viscon treatment on toxic emissions (see
Attachment 8, CARB-Protocol Emissions Test Results).

A risk analysis of CARB diesel treated with Viscon for potential environmental and
resource impacts that may result from likely release scenarios would be the same as a risk
analysis of untreated CARB diesel. There are no additional risks created by addition of
about 5 ppm of UHMWPIB to CARB diesel. UHMWPIB is a non toxic polymer which
is insoluble in water. It is dissolved at 1 part UHMWPIB to 99 parts CARB diesel to
produce Viscon. UHMWPIB is a pure hydrocarbon, food grade substance.

UHMWPIB does not change the chemical properties of CARB diesel nor does the
concentration of UHMWPIB used in treating CARB diesel change CARB diesel’s
physical properties at rest. It does change the physical properties of CARB diesel under
conditions of shear stress, causing an immediate and temporary increase in CARB
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diesel’s viscosity. The increase in CARB diesel’s viscosity could reduce vapor loss from
a release under certain conditions and could restrict travel of the fuel in soil and
dispersion in water. These conclusions are based upon work done with the same polymer
as an environmental technology used to reduce the risk of spills of liquid hydrocarbons.

III-B. The Viscon Additive.

The Viscon fuel additive is comprised of 1 part UHWPIB and 99 parts CARB diesel.
The risk of a potential environmental or resource impact resulting from a release of
Viscon is significantly less than from a release of CARB diesel. Viscon is highly
viscous.. The viscosity of Viscon increases further when put under conditions of shear
stress. Penetration of Viscon in soil and transport in soil are minimal when compared to
CARB diesel. Viscon does not disperse in water, and maintains its integrity on the
surface of water.

UHMWPIB has been used as a method for reducing the hazard from releases of
hydrocarbon liquids. The product was called Elastol Elastol was used as a fine powder
which dissolved in a spill to form a substance similar to Viscon. Refer to Attachments 9,
10, & 11, Oil Spill Recovery Using Elastol, Reports1-3. A laboratory investigation of the
properties of Elastol in solution was carried out at BASF (see Attachment 12, Toxicity
and Soil Penetration). UHMWPIB was also used as a 1% solution in a hydrocarbon
liquid to restrict the spread, dispersion and emulsion of heavy oil.

Toxicity tests on Elastol were carried out by U.S. Testing Labs in New Jersey (see
Attachment 13, Oil Dispersant Toxicity Test). Abalone Larval Development Short Term
Toxicity tests were carried out in California to support a request for a license to use
Elastol in California. Data from the abalone test is missing from company files, however
a memorandum explaining the results of the test is Attachment 14, Abalone Larval
Development Test - Memorandum. The State Water Resources Control Board issued the
license on May 1, 1992 (see Attachment 6, Issuance of License for Oil Spill Clean-Up
Agent). The UHMWPIB used in the Elastol product is the same as the active component
of Viscon.

HI-C. Release Scenarios

III-C.1 CARB diesel treated with Viscon

The release scenarios for Viscon treated CARB diesel are the same as for CARB diesel.
Viscon is added to CARB diesel at a fuel distributor’s site or a user’s site. Once added to
CARB diesel the Viscon treated fuel follows the same pathway as the CARB diesel
would normally follow. As noted above any release occurring during the storage,
transportation and transfer of Viscon treated CARB diesel would have the same risk



factors as for neat CARB diesel, except to the extent that added viscosity under
conditions of shear stress may help mitigate the hazard from such a release.

II-C.2 Viscon Additive

Viscon is produced at GTAT California’s facility in Bakersfield, California. The
production facility has several dissolving units each with a capacity of 770 gallons.
Dissolving units and storage tanks for Viscon are contained within diked areas in
accordance with US EPA and California regulations for facilities storing quantities of
diesel fuel. Any accident resulting in a tank rupture or valve failure would be limited to
the diked area. Vapor release to the air would be somewhat less than from a release of an
equal amount of CARB diesel. The addition of the UHMWPIB to diesel limits its ability
to penetrate the ground and the walls of the dike. Recovery is enhanced by the
viscoelastic properties of the liquid (see Attachment 12, Toxicity and Soil Penetration).

Viscon is transported to the customer via tanker trucks, totes, and 55-gallon drums. A
release resulting from an accident during transportation would have limited mobility on
the ground and could easily be controlled by standard spill containment equipment.
Runoff of a spill of Viscon into an adjacent waterway would be inhibited by product
viscosity, resulting in a significantly reduced hazard when compared to a spill of diesel
fuel.

In the event that a Viscon release found its way into a creek or river the spill would have
limited ability to spread on the surface and there would be no dispersion into the body of
water. Standard oil spill booms could contain the spill and the effectiveness of recovery
equipment would be significantly enhanced compared to its use with a diesel spill (see
Attachments 9, 10, 11, Oil Spill Recovery Using Elastol, Reports1-3, and Attachment 12,
Toxicity and Soil Penetration).

It is not anticipated that Viscon would be stored in underground storage tanks. However,
if Viscon is stored underground and there is a breach in the tank due to a catastrophic
event, or slow leakage or spillage around the fill port of the tank the spilled liquid would
have minor mobility in the soil.

Potential air releases in manufacture of Viscon occur from the handling and storage of the
CARB diesel which comprises 99% of the final product. The Viscon production facility
is operated in accordance with all appropriate regulations governing the storage and
handling of diesel fuel. The completed Viscon product has significantly less potential for
release of vapor to the air than CARB diesel.

Air releases from Viscon during transfers and accidental releases would be reduced when
compared to CARB diesel. (Attachment 9) In addition, any release in transfers or
accidents is more easily contained and removed than would be the case of a similar size
release of CARB diesel reducing the time the spill is open to the environment.



III-D. Exposure Pathways

INI-D.1 CARB diesel treated with Viscon

The exposure pathways for CARB diesel treated with Viscon are the same as for CARB
diesel, except to the extent that the addition of Viscon may reduce exposure as a result of
increased viscosity under conditions of shear stress.

The polymer molecules in the Viscon treated CARB diesel are biodegradable like the fuel
molecules. The pure hydrocarbon PIB molecules do not raise transformation issues when
combined with CARB diesel. UHMWPIB is a non-toxic substance cleared for use in
packaging exposed to food (see Attachment 1, Food-Contact Applications). Exposure to
UHMWPIB does not raise chronic or acute exposure or other issues related to human
exposure in any media (see Attachment 2, BASF’s Oppanol - Polyisobutylenes).

III-D.2 Viscon Additive

The potential exposure pathways for Viscon in relation to both human and ecological
receptors are reduced compared to those for CARB diesel. Viscon is used at a
concentration of less than 500 ppm in CARB diesel. The volume of product which may
be exposed to human or ecological receptors is 1/20"™ of 1% of CARB diesel volume, if it
is assumed that all CARB diesel is treated with Viscon. The viscosity of Viscon is 57.97
Centipoise (cP) at 1,800 reciprocal seconds (D(1/s)) at 90° F compared to 2.33 Centipoise
(cP) at 1,800 reciprocal seconds (D(1/s)) for CARB diesel. The higher viscosity of
Viscon further limits the exposure pathways for human and ecological receptors when
compared to neat CARB diesel because of reduced migration in soil, and reduced
dispersion in water. Viscoelastic properties of Viscon, an immediate and temporary
increase in viscosity under shear stress, further limit the spread of Viscon in an active
water system such as a river or creek, where the action of the water causes the spill to
consolidate and not break up and spread on the surface. The cohesiveness of Viscon also
reduces potential pathways to human and ecological receptors because of the
significantly increased capabilities of spill containment and recovery equipment to
control and recover an accidental spill when compared to a spill of CARB diesel (see
Attachment 9, Oil Spill Recovery Using Elastol, Reports1-3 and Attachment 12, Toxicity
and Soil Penetration).

III-E. Risk Determination

I11-E.1 Waste Management

A release of CARB diesel treated with Viscon would respond to standard petroleum
cleanup strategies and technologies the same as untreated CARB diesel. A release of
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CARB diesel treated with Viscon would be no harder or easier to cleanup than CARB
diesel without Viscon.

The disposal of soils contaminated with CARB diesel treated with Viscon would be
handled the same as soils contaminated with CARB diesel without Viscon.

The only potential waste associated with the production of Viscon is product which does
not meet product specification. This waste would be 99% CARB diesel and 1% PIB and
would be handled in the same manner as CARB diesel contaminated with pure
hydrocarbon substance.

Discarded Viscon or CARB diesel treated with Viscon would be subject to the same
disposal regulations as discarded CARB diesel.

I1I-E.2 Risk/Benefit Assessment

There is no significant risk to human health or to the environment caused by the
production, transportation, handling, storage or use of Viscon as an additive to CARB
diesel in addition to risk normally associated with the use of untreated CARB diesel. On
the other hand, the use of Viscon as an additive to CARB diesel could significantly
reduce the impact on human health and the environment associated with the combustion
of CARB diesel in diesel engines due to demonstrated reductions in exhaust emissions of
NOx, PM, CO and HC.
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Food-Contact Applications
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BASF Corporation

October 27, 2000

GTA Technologies, Inc..
Aftn, Jerry Trippe

7400 Gallerher Road
Gainesville, VA 20156

Fax: 703 753 9476

.RE: Oppanol Approvals for Food Contact

Dear Jerry,
As per your request, please find attached the requested information on Oppanol in contact with food,

This is for informational purposes only. In case you intend to' use a specific dppanol grade in an application

" with food contact, | will ask Product Stewardship to issue a statement covering that particular grade.

If you have any quesiions or comments, please do not hesitate to call me at 973 426 2531.

Uil Eichenauer A
Marketing Manager

Attachment

3000 Continental Drive — Narth, Mount Olive, New Jersey 07828-1234 Telephona: (873) 426-2600
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Food-Contact Applications

Oppanol fulfil the requirements of:

e @°

US FDA 21 CFR 172.615 Chewing gum base
American Food Chemical Codex of 1996 concerning
chewing gum

German legislation regarding ¢hewing gum

US FDA 21 CFR 175.105 Adhesives

US FDA 21 CFR 175.125 Pressure-sensitives adhesives

US FDA 21 CFR 175.300 Resinous and polym. Coatings

US FDA 21 CFR 176.189 Component and paperboard in
contact with dry food

US FDA 21 CFR 177.1420 Polyusobutene polymers
(Oppanol B 100 and higher molar mass products)

US FDA 21 CFR 178.3570 Lubricants W|th incidental
food contact

US FDA 21 CFR 178.3910 Surface lubricant used in the
manufacture of metallic articles

German Health authorities recommendation on
polyisobutene(Empfehlung XX, Polybuten, 167.
Mitteilung Bundesgesundheitsblatt 27, 289, 1984)
German regulation concerning use for toys or for
consumer articles that come into contact with food
(Lebensmittel-und Bedarfsgegenstéindegesetz,
Paragraph §, No.1 and No 5)
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1. Portfolio

2. Chemical Nature

Oppanol® products are classified into two groups according to molecular weight:

MM-Oppanol:
Medium molecular weight

HM-Oppanol:
High molecular weight
Products

MM-Oppanol:

B 10SFN, B 12 SFN, B 13 SFN, B 15 SFN

HM-Oppanol:

{Mv 40,000 - 85,000)

(Mv 20,0000 - 4,000,000)

B 30 SF, B 50, B 50 SF, B 80, B 100, B 150, B 200

The Oppanol types consist of polyisobutylenes with different molar masses. They are

mainly used in the production of adhesives, sealants, lubricants, coatings and chewing

gum.

3. General Information

3.1. Properties
Purity

Oppanot is pure polyisobutylene with an ash content of less than 100 ppm and a
heavy metal content of less than 3 mg/kg (except for iron < 10 mg/kg).

Food-Contact Applicétions

The Oppanadl polymers fulfil the
requirements of German iegislation
regarding chewing gum and the
regulations concerning chewing gum
contained in the American Food
Chemical Codex of 1996 and FDA
Paragraph 21 CFR 172.615 "Chewing
gum base".

In addition the use of Oppanol products
is governed by the following FDA
regulations:

21 CFR 175.105
Adhesives

21 CFR 175.125
Pressure-sensitive adhesives

21 CFR 175.300
Resinous and polymeric coatings

21 CFR 176.180
Components of paper and paperboard
in contact with dry food

21 CFR 177.1420

Polyisobutylene polymers (Oppanol B
100 and products with a higher molar
mass)

21 CFR 178.3570
Lubricants with incidental food contact

21 CFR 178.3910
Surface lubricants used in the
manufacture of metallic articles

—
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Appearance, Golor, Odo
Oppand! is virtually colorless and very
tacky. Its tack decreases substantially

with increasing molar mass. Oppandl is
virtually tasteless and odor-free.

Water Resistance

Oppanal is fully resistant to water,
including bailing water. It is completely
insoluble in water.

Permeability to Gases and
Water Vapor

Oppanol has very low permeability to
gases such as Argon, water or aqueous
sofutions. Oppand is resistant to the
following substances at room
temperature:

‘z Diluted and concentrated acids
(hydrochloric acid, sulfuric acid,
phosphoric acid, chlorosulphonic
acid, phenolsulphonic acid, formic
acid, acetic acid)

£ Diluted and concentrated ammonia

L« Diluted and concentrated solutions of
sodium hydroxide and potassium
hydroxide

& Aqueous quicklime, aqueous.
hydrogen sulffite, copper sulfate
solution, hydrogen peroxide,
potassium permanganate solution,
chromic acid, potassium dichromate
solution

Oppanol has adequate resistance to:

% Concentrated nitric acid and mixed
acid

Oppancal is not resistant to:

Chlorine and bromine in liquid,
aqueous or gaseous form

Solvent Resistance
Oppand! is insoluble in:

# Methanol, ethanol, ethylene glycol,
glycerin

¥ Methyl acetate, ethyl acetate
Oppanol is solvated by:

" Ethyl ether |

i Butyl acetate

r: Qils and fats of animal and vegetable
origin

Oppanol is soluble in:

m Paraffin, mineral oil (gasoline, diesel oil,
lubricating oil, bitumen)

= Benzene, toluene, xylene,
cyclohexane, poly-o-olefins, oil
soluble synthetic esters

" Methylene chloride, tetra
chloromsthane, chiorobenzene

& Carbon disulfide

Resistance to Low
Temperatures

Oppanol remains elastic at temperatures
down to -50°C. It gradually becomes
harder at lower temperatures and
eventually becomes brittie.

Heat Resistance

B The mechanical properties of high
molecular weight Oppanol remain
virtually unchanged up to a
temperature of about 100°C. it
gradually becomes plastic at higher
temperatures, and it starts to flow at
180 - 200°C (under nitrogen). The
polymer starts to degrade rapidly at
this temperature in the presence of air.

i£ Medium molecular weight Oppanol
starts to flow at about 100°C. It starts
to degrade at 160 - 180°C.

Resistance to Sunlight and
Oxidation
Unstabilized Oppanol undergoes hardly

any discoloration in diffuse light, and it
does not undergo any other significant

physical changes. It begins to degrade in
direct sunlfight, and especially when
iradiated with UV light, which is
indicated by a decrease in strength and
elasticity and increased tackiness. The
resistance of Oppandl to sunlight can be
improved substantially by adding
pigments and fillers such as carbon
black or by adding antioxidants and UV
stabilizers.

Affinity for Fillers

Oppanol has a high affinity for all types of
filers. There is no difficulty in preparing
sheets consisting of 1 part of Oppanol
and 10 parts of fillers such as china clay,
chalk or talc, etc.

Compatibility with Rubber,
Resins, Waxes, etc.

Oppanol can be mixed with rubber and
rubber substitutes.

Dielectric Properties

Oppanol is a nonpolar, hydrocarbon
polymer. It is an excellent insulator, and
its dielectric properties are not affected
by prolonged immersion in water.

Dimensional Stability

Oppand! displays cold fiow, and
undergoes permanent deformation
under a permanent load.

Reactivity

Oppanodl is an almost completely
saturated paraffinic polymer, and
therefore practically inert.

Cross-Linking

The methods that are usually used to
cross-link saturated ethylene polymers,
such as applying high-energy radiation
or adding peroxide and allowing it to
decompose, cause Oppanol to break
down.

Because Oppanol is saturated, it cannot

be vulcanized with sulfur. Peroxides
need to be added to Oppanol before it

can be vulcanized.
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Typical properties

Density at 20°C

Glass transition temperature, Ty (DSC)
Specific heat, ¢

Thermal conductivity, A

Refractive index, n®D

Dielectric constant, g, (50 Hz, 23°C)
Dissipation factor, tan & (50 Hz, 23°C)
Specific resistance

Coefficient of permeability to water vapor

0.92

2.0
0.19
1.51

2.2
<=510*
1,016

2.5"107

g/om®
°C
kJ*kg'K"

WK ™m™

Q*cm

g'mh"*mbar"

Note:

The details presented here on the
properties and processing of Oppanol®
and its applications are for information
purposes only. They do not constitute a
specification or a guarantee of specific
properties.

3.2. Processing

Oppanol is usually packaged in 20 kg
cardboard boxes, 20 kg bags, and 100
lbs drums.

Oppanal is a thermoplastic and can be
processed with conventional machinery
used in the rubber industry, such as
kneaders, roll mills, calendars, single-
and twin-screw extruders, and extrusion
presses. Recently, press mixers have
also been used.



3.3. Removing Packaging

Cardboard box (Fig. 1 - Fig. 4)

BASF recommends opening the
box on both sides longitudinally by
hand (Fig. 2), pulling out the flaps
{Fig. 3), and folding down the side

walls (Fig. 4).

Figure 4

Plastic bag (Fig. 6 - Fig. 8)

BASF recommends cutting open the liner at the front and the sides (Fig. 7). If the

bag sticks to the contents and is difficult to remove, then the bag can be inflated with

compressed air (Fig. 8) before it is cut open.

Figure §
Drum (Fig. 5)

Remove lid from the top of the
drum. Place drum upside down to
remove the material.
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3.4. Applications

Formulations that Contain
Fillers

Building industry:

For sealing membranes used to seal
buildings from standing water; roofing
membranes with or without standing
water, waterproofing for tunnels and

- cellars in combination with bitumen

Corrosion protection:

Linings for chemical reactors, other
vessels, and underbody sealants for
automobiles

Electrical industry:
Conductive films filled with graphite and
magnetic films filled with barium ferrite

Electrical insulation:
Extremely high flashover voltage

Inorganic fillers:
Carbon black, graphite, chalk, shale,
quartz, china clay and talc

Thermoplastic additives:
Thermoplastics such as EVA.
copolymers, PP, HDPE, LDPE and

LL DPE act as plasticizers at
temperatures above their melting point.
They reduce shear, resulting in less
mechanical degradation when Oppanol
is processed. At temperatures below
their melting point, these thermoplastics
act as fillers at low deformation, resuiting
in a higher modulus of elasticity and a
higher elongation at break.

Rubber Industry

Coating compounds:
Additive for compounds of natural and
synthetic rubber

Regeneration:
Used in the regeneration of waste
vulcanized rubber

Cable sheathing:

Good insulator with self sealing
properties to prevent short circuits if
sheathing is punctured

Ebonite compounds:
Increases the impact resistance of
ebonite

[
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Mixtures with Waxes

Mixtures of this type are mainly used to
coat, impregnate and laminate paper,
plastic film, and metal foil.

Advantages: High meit viscosity, low
permeability to water vapor, very pliable
film, better adhesion, improved
sealability

Mixtures with Bitumen

Advantages: Increased mett viscosity, a
more pliable bitumen film, improved
resistance to changes in temperature (in
bridge construction), higher weathering
resistance, better adhesion, very high
water resistance

Adhesives

Oppanol®is used on account of its
resistance to aging and to attack by
chemicals in pressure sensitive
adhesives for technical and medical
applications, such as surgical plasters,
sealing tapes, insulating tapes, masking
tapes and anticorrosion tapes.

Permanently Elastic Sealants

Permanently elastic sealants (mainly for
double-glazed windows) can be
manufactured by blending different
Oppano®types and using filers such as
chalk, zinc oxide, china clay or barites.
Bitumen may also be included in the
formulation.

Chewing Gum Base

Chewing gum base is manufactured by
mixing Oppanol with chalk, com of,
paraffin wax and other waxes and fats,
etc. The chewing gum itself is made by
adding icing sugar, dextrose, glycerin,
citric acid and flavoring to the chewing
gum base.

Mixtures with Mineral Oil and
Lubricants

Oppanol can be used to increase the
viscosity and adhesion of oils and chain
lubricants, or as a thickener for
lubricating grease, and a drag reducer in
oil pipelines.
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4. Other Possible Applications

- Oppanof®

® Disposal of solid and liquid waste

& Disposal of metal dust, asbestos dust, and toxic sludge
® Removing ol pollution from water

iz Cleaning up ofl slicks after tanker accidents

# Recycling plastic waste (in the automotive sector)

& Can be processed chemically into lubricant additives, copolymers, and sealants

with enhanced adhesion

- Blends of Oppanof®and other polymers

& Sterile tubes for medical suction equipment
= Infusion tubes

& Seals for disposable syringes

! Medical metering equipment

£z Automotive films

i.. Decorative films, including fims laminated with textile fibers
: Household films

k2 Cling film for food packaging

% Peelable film for yogurt containers, etc.

& Cosmetic packaging

& Sealants for bottle caps

& Non-slip tablemats

& Protective panels for vacuum cleaners

Note:

The details presented here on the
properties and processing of Oppanol
and its applications are for information
purposes only. They do not constitute a
specification or a guarantee of specific
properties. '

5. Specifications, Technical Literature, Safety Data Sheets, and

Product Range
Product range:
Oppanol |
B 10 SFN
B 12 SFN
B 13 SFN
The C of A lists Staudinger index (Jo) B 15 SFN
measured by a BASF method. '
Specifications, technical literature, and B 30 SF
safety data sheets are available from B 50/B 50 SF
your local BASF representatives. B 80
B 100
B150
B 200

» Molecular Weight Consistency
Mw (GPC) Mv i
36,000 40,000 Soft, resinous
51,000 55,000 Soft, resinous
60,000 65,000 Soft, resinous
75,000 85,000 Soft, resinous
200,000 200,000 - Soft, resinous
340,000 400,000 Soft, resinous
750,000 800,000 Rubbery
1,100,000 1,110,000 Rubbery
2,500,000 2,600,000 ~ Rubbery
4,100,000

4,000,000 - Rubbery

L
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6. Markings

6.1. Oppano/® B 10 SFN, B 12 SFN, B 13 SFN,
B 15 SFN, B 30 SF, B 50, B 50 SF

These products are packed in 20 kg (44 Ib) corrugated
cardboard boxes with an inner silicone release coating and
in 100 Ib paper/fiber drums lined with a silicone coated
nylon liner.

The lid is labeled as follows:

BASF  Oppanol B XX XXX 20 kg

BASF Aktiengesellschaft D-67056 Ludwigshafen
MADE IN GERMANY

The cardboard boxes are labeled on only one side of the
box.

The symbals for “this side up" and “protect from moisture”
also appear.

The pallet is covered with shrink wrap to protect it from moisture.

On one pallet there are 30 cardboard boxes or 9 drums.

A large, colored sticker is attached to one of the baxes on

each pallet in order to draw attention to the designation of
the product. Attached to the same box is a stamped label,
which gives details of the total net weight of the pallet load
and the number of the paflet. This serial number is important
for tracing back the pallet and for processing shipment
related requests.
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6.2. Oppano/®B 80, B 100 B 150, 3200

These products are supplied in 20 kg LDPE bags.
Each bag is labeled as follows:

BASF Oppanol B XX XXX 20 kg
BASF Aktiengesellschaft D-67056 Ludwigshafen Germany

The bags are also labeled with the code number of the packaging and a recycling
symbol.

The grade of product is printed on the label.

The bags are supplied on pallets in units of 30 (Oppanol B 150/ B 200) or 40
(Oppanol B 80 / B 100). A large corrugated cardboard cover is placed over the bags
on the pallet in order to ensure that the stack remains stable when the bags at the
bottom are deformed under the weight of the bags on top as the result of cold flow.

A lfarge sticker is attached to the cardboard cover of each pallet in order to draw
attention to the designation of the product. A label is also attached which gives details
of the total net weight of the pallet load and the number of the pallet. This pallet
number is important for tracing back for processing complaints.

The cardboard cover is then shrink wrapped to protect it from moisture.

7. Dispatch

&'—u - T ewwn

oppanol s
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When the product is ready to be shipped, labels are attached providing details of the internal work order number and customer

specific information.

These labels appear on the outside of the shrink wrap.

8. Traceability

The pallet is covered with shrink wrap to protect it from moisture.

OPPANOL
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Attachment 3

Viscon Production Flow
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Attachment 4

Customer-Site Storage
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Attachment 5

Viscosity Measurements
(Quality Control)



Data-report: C\RHEO28\DATA\Batch # 222 .dat 09:03 03/01/07
Customer: Quality Control
Measuring-ident: Batch # 222
Medium-ident: Tower 3
Operator: Misty
Comment:
Batch was made 10.09.06
Program filename: C\RHEO28\PROG\Viscon Sequence.seq
Prog.mode: sequence
Date: 06:58 10/10/06
Block termination: Block end
Block 2 of 2:
measuring-system: CC48 DIN
Rheometer: R/S+ Rheometer Ver.:9.00 from 15.02.05, Seriainumber: #303117
filters active
s]>=15
data-graph:
47.0 -47.0
] » o [
] & ) [
46.8- \ / -46.8
46.6 \ 46.6
5 46.4- ‘ -46.4
S 1 B4y N I :
T3] ] ‘P’*w R /' \ 7 - o / \ 1\7‘ L
4621 "\ L& S/ ¥ T EEL 4 £46.2
1 % A% y;. i "’ \’ % L
{ - % [
] [
46.0 ] Z F46.0
45.8.“"1" T B LI LI T T '-45.8
15 20 25 30 35 40 45 50
t[s]

o—0 Ete{cPl=f(t{s[xBatch # 222 dat, Biock 2
H—x Eta{cPl-t(t{s[xBatch ¥ 222 dat, Block 2

[dolei3
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Data-report: C:\RHEO28\DATA\Batch # 222 dat 09:03 03/01/07 page 2

Data-grid; Batch # 222.dat Block:2
Datafilter is active!

MP# fs] Eta[mPas) D[1/s] Tau[Pa] TI[°C] M[%.] n[rpm] Step
15 15 45.94 250 11.484 32 60.44 48.62 1
16 16 46.32 250 11.581 32 60.95 48.62 1
17 17 46.28 250 11569 32 60.89 48.62 1
18 18 46.15 250 11.538 32 60.72 48.62 1
19 19 46.18 250 11545 32 60.76 48.62 1
20 20 46.19 250 11.547 32 60.77 48.62 1
21 21 . 46.24 250 11.56 32 60.84 48.62 1
22 22 46.22 250 11.556 32 60.82 48.62 1
23 23 46.16 250 11539 32 60.73 48.62 1
24 24 46.35 250 11.587 32 60.98 48.62 1
25 25 46.19 250 11.548 32 60.78 48.62 1
26 26 46.32 250 11.581 32 60.95 4862 1
27 27 46.45 250 11613 32 61.12 48.62 1
28 28 46.33 250 11.583 32 60.97 48.62 1
29 29 46.22 250 11.554 32 60.81 48.62 1
30 30 46.25 250 11.563 32 60.86 48.62 1
31 31 46.23 250 11.857 32 60.83 48.62 1
32 32 46.22 250 11.565 32 60.82 48.62 1
33 33 46.18 250 11.546 32 60.77 48.62 1
34 34 48.49 250 11623 32 61.17 48.62 1
35 35 46.12 250 11531 32 60.69 48.62 1
36 36 46.19 250 11.547 32 60.77 48.62 1
37 37 46.52 250 11.629 32, 61.21 48.62 1
38 38 46.38 250 11.694 32 61.02 48.62 1
39 39 46.3 250 11.576 32 60.93 48.62 1
40 40 46.87 250 11.718 32 61.67 48.62 1
41 41 46.1 250 11.525 32 60.66 48.62 1
42 42 46.16 250 11.539 32 60.73 48.62 1
43 43 46.72 250 - 11679 32 61.47 48.62 1
44 44 46.9 250 11.726 32 61.72 48.62 1
45 45 46.26 250 11.564 32 60.86 4862 1
Analysis-results:

filter activated: {s]>=15
step1: average/mean of Eta[Pas]=0.046, S=0.0002
End of report



Data-report: CARHEO28\DATA\Batch # 329.dat

08:51 03/01/07

Customer: Quality Control
Measuring-ldent: Batch # 329
Medium-ldent: Tower 2
Operator: Preston
Comment:
Batch was made 12.8.06
Program filename: C:\RHEO28\PROG\WViscon Sequence.seq
Prog.mode: sequence
Date: 06:44 11/12/06
Block termination: Block end
Block 2 of 2:
measuring-system: CC48 DIN
Rheometer: R/S+ Rheometer Ver.:9.00 from 15.02.05, Serialnumber: #303117
filters active
t{s}>=15
data-graph:
45.40- -45.40
] % I
J 5
] [ %5 |8 :
45301 ¢ \ . £45.30
% 1 o B4 . :
5 45.25- | /) . -45.25
- 1\ 7 \ = [
w ) \ - ﬂ /'/ ‘\\“ l
4520 * VAR SR \ £45.20
] \l/ ‘ i
] / V@ {
45.15 &% LA 45.15
] YA .f
] % m A
4510 ————— e e e ———] 45,40
15 20 25 30 35 40 45 50
t[s]
o—-0 BEta{cPl=f(l{s]).Batch # 329 det, Block 2
e—x Eta{cPl=1(t{s]}Batch # 323.dat, Block 2
oO—C
Y—xX
o—-
H—X
o—o
H——X

[do]e13
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Data-report: C:\RHEO28\DATA\Batch # 329.dat
Data-grid: Batch # 329.dat Block:2

Datafilter is active!

MP# t[s] Eta[mPas] D[1 /s]
15 15 45.26

16 16 45.26 250
17 17 452 250
18 18 45.29 250
19 19 45.3 250
20 20 45.37 250
21 21 45.32 250
22 22 45.32 250
23 23 45.27 250
24 24 45.27 250
25 25 45.36 250
26 26 4532 250
27 27 45.24 250
28 28 45.36 250
29 29 4524 250
30 30 45.26 250
31 31 45.34 250
32 32 4523 250
33 33 4519 250
34 34 45,22 250
35 35 45,23 250
36 36 4526 250
37 37 4519 250
38 38 45.29 250
39 39 4515 250
40 40 452 250
41 41 4524 250
42 42 4521 250
43 43 . 4512 250
44 44 45.16 250
45 45 45.12 250

Analysis-results:
filter activated: t{s]>=15

Tau[Pa)
11.314
11.318
1.3
11.322
11.325
11.342
11.33
11.329
11.318
11.318
11.341
11.33
11.309
11.341
11.311
11.315
11.334
11.308
11.298
11.305
11.307
11.315
11.298
11.322
11.287
11.3
11.311
11.303
11.279
11.289
11.28

step1: average/mean of Eta[Pas]=0.045, S=0.0001

End of report

08:51 03/01/07
T°Cl M%)
31.4 59.56
314 5956
314 59.47
314 5959
31.4 59.6
314 5069
314 5963
314 5963
314 5057
314 5957
314 5969
314 5063
314 5952
314 5969
314 5953
314 5956
314 5965
31.4 59.52
314 5046
314 59.5
314 59.51
31.4 59.55
31.4 59.47
31.4 59.59
314 59.41
314 5948
31.4 59.53
314 5949
314 5936
31.4 59.42
314 5937

n[rpm]

48 62
48.62
48.62

48.62
48.62
48.62
48.62
48.62
48.62
48.62
48.62
48.62
48.62
48.62

48.62
48.62
48.62
48.62
48.62
48.62
48.62
48.62
48.62
48.62
48.62
48.62
48.62
48.62
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Data-report: C:\RHEO28\DATA\Batch # 313.dat 08:50 03/01/07

Customer:
Measuring-ident:
Medium-ldent:
Operator:
Comment:

Program filename:
Prog.mode:

Date:

Block termination:
Block 2 of 2:
measuring-system:
Rheometer:

filters active
s]>=156
data-graph:

48.0-
47.8
47.6

47.4-

Eta[cP]

47.2]
1t

47.o§ .

46.8 1

Quality Control

Batch # 313

Tower 1

Misty

Batch was made 11.07.06
C:\RHEO28\PROG\Viscon Sequence.seq
sequence

06:02 08/11/06

Block end

CC48 DIN

R/S+ Rheometer Ver.:9.00 from 15.02.05, Serialnumber: #303117

-48.0

-47.8

15

o—o0 BafcPI=f{s[xBatch # 313.dat, Block 2
»—=x BalcPf({s]xDatch # 313.dat, Block 2

page 1



Data-report: C:\RHEO28\DATA\Batch # 313.dat
Data-grid: Batch # 313.dat Block:2

Datafilter is active!

MP# is] Eta[mPas]
156 15 47.26
16 16 46.84
17 17 47.24
18 18 4711
19 19 47.47
20 20 46.99
21 21 47.07
22 22 47.42
23 23 47.56
24 24 46.91
25 25 47.87
26 26 47.02
27 27 47.28
28 28 47.27
29 29 47.83
30 30 47.08
31 31 47.03
32 32 47.64
33 33 47.47
34 34 46.91
35 35 47.76
36 36 47.19
37 37 47.05
38 38 4728
39 39 47.62
40 40 47.2
41 41 47.03
42 42 47.67
43 43 473 .
44 44 46.92
45 45 47.62
Analysis-resuits:

filter activated: {s]>=15

Dj1/s}]
250
250

Tau[Pa]
11.816
11.71
11.81
11.778
11.868
11.747
11.768
11.856
11.891
11.728
11.968
11.754
11.819
11.817
11.958
11.769
11.758
11.909
11.867
11.728
11.941
11.797
11.763
11.82
11.905
11.799
11.757
11.918
11.824
11.731
11.905

step1: average/mean of Eta[Pas}=0.047, S=0.0003

End of report

08:50 03/01/07
TCl M%)
31.9 62.19
31.9 61.63
31.9 62.16
319 61.99
31.9 62.47
31.9 61.82
319 61.94
31.9 62.4
31.9 62.59
31.9 61.73
319 62.99
31.9 61.86
31.9 62.2
31.9 62.2
31.9 62.94
31.9 61.94
31.9 61.88
31.9 62.68
319 62.46
31.9 61.73
31.9 62.85
319 62.09
31.9 61.91
31.9 62.21
31.9 62.66
31.9 62.1
31.9 61.88
31.9 62.73
31.9 62.23
31.9 61.74
31.9 62.66

2
3

[ UK NS QR I W Q. N QK (. Qi W W WP N N QI G G e e e . e X X G G N



Data-report: C:\RHEO28\DATAV7,000 Gal. 01.02.07.dat 08:49 03/01/07 page 1
Customer: Quality Control

Measuring-ident: 7,000 Gallons

Medium-ident: Tank 351

Operator: Misty

Comment:

7.000 gallons going to Texas pulled from Tank 351 01.02.07

Program filename: C:\RHEO28\PROG\Viscon Sequence.seq
Prog.mode: sequence
Date: 12:23 02/01/07
Block termination: Block end
Block 2 of 2:
measuring-system: CC48 DIN
Rheometer: R/S+ Rheometer Ver.:9.00 from 15.02.05, Serialnumber: #303117
filters active
s]>=15
data-graph:
45.3, -45.3
45.2- ) o \ 45,2
] i 5 / i
] i
45.1- 7/ " -45.1
) ¥ [
T 450 -45.0 >
i [ 9
44.9 -44.9
44.81 -44.8
| ﬁ
44.7 T T T T T L T 44-7
15 20 25 30 35 40 45 50

t[s]

o—o Eta{cPl=f(i{s]x7 000 Gal. 01 .02.07 dat, Block 2
»—x Eta{cPl=f({{$]x 7,000 Gal. 01.02 .07 dat, Block 2



Data-report: C:\RHEO28\DATA\7,000 Gal. 01.02.07.dat 08:49 03/01/07 page 2

Data-grid: 7,000 Gal. 01.02.07.dat Block:2
Datafilter is active!

MPi# {fs] Eta[mPas] D[1Is] Tau[Pa] T°C) M[%.] n[rpm]  Step
15 15 11234 322 59.13 48.62 1
16 16 44 74 250 11.186 32.2 58.88 48.62 1
17 17 4493 250 11.232 322 69.12 48.62 1
18 18 4512 250 11281 322 59.38 48.62 1
19 19 4497 250 11243 322 59.18 48.62 1
20 20 45 250 11.25 322 59.21 48.62 1
21 21 4518 250 11204 322 59.44 48.62 1
22 22 449 250 11.225 322 59.08 48.62 1
23 23 45.03 250 11.257 322 59.25 48.62 1
24 24 45.08 250 11269 322 59.31 48.62 1
25 25 45.03 250 11258 32.2 59.26 48.62 1
26 26 4494 250 11234 322 59.13 48.62 1
27 27 45.06 250 11.265 322 59.29 48.62 1
28 28 45.07 250 11267 322 59.3 48.62 1
29 29 45.03 250 11.257 322 5925 48.62 1
30 30 44,99 250 11.247 322 59.2 48.62 1
31 31 4517 250 11293 322 59.44 48.62 1
32 32 4495 250 11.237 322 59.14 48.62 1
33 33 44.99 250 11248 322 592 48.62 1
34 34 45.12 250 11279 322 59.36 48.62 1
35 35 45.07 250 11.268 322 59.3 48.62 1
36 36 451 250 11.274 32.2 59.34 48.62 1
37 37 45.08 250 -11.269 322 59.31 48.62 1
38 38 45.08 250 11.271 322 59.32 48.62 1
39 39 451 250 11.275 322 59.34 48.62 1
40 40 45.07 250 11268 32.2 59.31 48.62 1
41 41 452 250 11299 322 59.47 48.62 1
42 42 45,06 250 11.265 322 59.29 48.62 1
43 .43 4511 250 11.277° 322 59.36 48.62 1
44 44 452 250 11.301 322 59.48 48.62 1
45 45 45.09 250 11272 322 59.32 48.62 1
Analysis—results:

filter activated: t{s]>=15
step1: average/mean of Eta[Pas]=0.045, $=0.0001
End of report



08:47 03/01/07

Data-report: C\RHEO28\DATABatch # 165.dat
Customer: Quaitly Control
Measuring-ident: Batch # 165
Medium-ident: Tower # 2
Operator: Preston
Comment:
Batch made 8.31.06
Program filename: C:\RHEO28\PROG\Viscon Sequence.seq
Prog.mode: sequence
Date: 10:27 06/09/06
Block termination: Block end
Block 2 of 2:
measuring-system: CCA48 DIN
Rheometer: R/S+ Rheometer Ver.:9.00 from 15.02.05, Serialnumber: #303117
filters active
tis]>=15
data-graph:
48.75 -48.75
] o B I
J 1 5
48.70 7 \ T\\ 8 / 5*-\ ; i £48.70
) & / / X @ /’ \\ Q(), , / \ r 48 65
— 488513 N\ TP e s/ [\ e
% ] W ‘ "\. y; l[ &
= 48.601 o e m -48.60
- ] |
Wl : 11 & \ 1
48.55 y / -48.55
1 4]
1 [
48.50 1 - 48.50
48-45-" L e T T T "48-45
15 20 25 30 35 40 45 50
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Data-report C:\RHEO28\DATA\Batch # 165.dat

Data-grid: Batch # 165.dat Block:2

Datafilter is active!

MPit t[s] Eta[mPas] D[1ls]
15 15 48.48

16 16 48.65 250
17 17 48.57 250
18 18 48.63 250
19 19 48.66 250
20 20 48.62 250
21 21 48.64 250
22 22 48.7 250
23 23 48.72 250
24 24 486 250
25 25 48.72 250
26 26 4867 250
27 27 48.65 250
28 28 48.65 250
29 29 48.66 250
30 30 48.54 250
31 31 48.64 250
32 32 48.64 250
33 33 48.7 250
34 34 48.64 250
35 35 48.6 250
36 36 48.62 250
37 37 48.66 250
38 38 48.72 250
39 39 48.71 250
40 40 48.53 250
41 41 48.6 250
42 42 48.69 250
43 43 48.7 250
44 44 48.62 250
45 45 486 250
Analysis-results:

filter activated: {s]>=15

Tau[Pa]
12.12
12.163
12.142
12.158
12.166
12.155
12.161
12.174
12.181
12.15
12.179
12.168
12.163
12.162
12.166
12.134
12.159
12.161
12.175
12.159
12.149
12.154
12.166
12.18
12.178
12.132
12.15
12.172
12.174
12.154
12149

step1: average/mean of EtafPas}=0.049, $=0.0001

End of report

08:47 03/01/07
el M%]
31.8 63.79
31.8 64.01
31.8 63.91
318 63.99
31.8 64.03
31.8 63.97
31.8 64
318 64.08
31.8 64.11
31.8 63.95
31.8 64.1
31.8 64.04
31.8 64.02
31.8 64.01
318 64.03
31.8 63.86
31.8 64
31.8 64.01
31.8 64.08
31.8 63.99
31.8 63.94
31.8 63.97
31.8 64.03
31.8 64.1
31.8 64.1
31.8 63.85
31.8 63.95
31.8 64.06
31.8 64.07
31.8 63.97
31.8 63.94
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Attachment 6

Issuance of License for Qil Spill Clean-Up Agent



STATE OF CALIFORNIA -

State Water Resources Ccntrol" Board

LICENSE for Oii Spill Cleanup Agent

Issued tO:! GENERAL TECHNOLOGIES APPLICATIONS, INC.

s

PRODUGT NAME:  "ELASTOL"

'1PRODUCT
| CLASSIFICATION:

" COLLECTING AGENT - -

| DATEISSUED: - MAY1; 1992

EXPIRATION-DATE: MAY 1, 1997

- The apnlvcanfhawng followed thepro_ ! apter3, Subchaptsr 10, ="
of the California- Adminisirative Code,- and:i havrng submlttecr proper applications which was
Tov. ,ewed by rnterested agencres and is founa in order for: approvai this license.is hereby issued.

Use of the product mustbe in strict compl/ance wrth Sectlon 2332 of referanced. Admrn/strarrve
Code.

R - - ._-,:.';

The term of this Ilcense shallbe for a penod of frve (5) years unless revoked prror to: that date

- for good cause. -

- Thislicense does notdenote endorsement of the productby the State Water Resources Control
Board or any other State agency o

ef, Division of Water Quality ',

CEROOS4



Attachment 7

Extensional Viscosity



Extensional Viscogity and a Slngle
Phenomenolog1ca1 Basis for the
GTA Fuel Additive

1. Appfoach

We begin with the equations for Newtonian viscosity as a
function of concentration and molecular weight. Then we look at
the parameters influencing the extensional viscosity. Finally,
we look at the parameters governing the evaporation of a liquid
from the surface of an evaporating drop. The extensional
viscosity relationship is then overlaid on the .equation for
evaporation of a liquid drop. Calculated values will be given in

‘the next discussion paper.

2, Resting Viscosity of a Dilute Polymer Solution

The Newtonian (resting) viscosity of a very dilute polymer
golution is close to that of the Solvent This is a consequence
of the following two equations: .

(I) [] = KMY?* and
(II) Ne = [Nlc + k'[n]%c?

where [1] is the intrinsic viscosity of the polymer - solvent
system, M is molecular weight, and K is the constant of
proportionality. Note that [n] is weakly dependent on molecular
weight, thus the specific viscosity of a given solution
concentration is also little increased by M. This is espec1ally

the case when the polymer concentration, <, is also small as it

is for fuel additive at 10 ppm, or 0.0010 grams per deciliter. c
is 1x10® g/dl and ¢’ is 1x10°°g*’/dl*. Thus the treated fuel is not
very different from untreated fuel at rest. References for this
are 1) Billmeyer . and 2) Flory. (

S 3. Extensional. Viscosity

The ratio of viscosity of stretched, elongated. of extended
polymer solution to the viscosity of the unperturbed solution is
given by .

(ITI)
n/n, = 3 + écn, KM /RT

The extensional viscosity, 1, is strongly dependent on the

molecular weight. Theée term M™?** becomes M’ for the case of



worst solvent for the pdlymer, and M’ for the best possible
solvent. Polyisobutylene and fuel are ideally compatible and the
term more closely approaches M’ than M?.  Despite the strong
dependencies of 1n/1m, on the molecular weight, n/mn, approaches the
low limiting value of 3 when c approaches 0. This is why the
ratio can be "tuned" to a particular type of engine or burning
condition, (further discussions will be postponed to the next
section). The rate of strain, ¢ is a measure of elongation per
unit length per second, or AL/LAt. This parameter changes when
the solution is sheared, stretched, or deformed. Physically the
large polymer chains are deformed from a random coil conformation
to a stretched chain conformation. In the absence of the strain,
the chains thermally relax to the random coils. Often the strain
induces a stress which breaks some of the extended molecules in
the middle (mid-point break theory). However, in undergoing a
break, the fluid is also most rigid. In other words AL/LAt was

very large and 1/1, was also maximized. Regions where AL/LAt are
large include turbulent liquid flow regions (drag reduction
effect), injection from a nozzle (cohesive effect), the
interaction of a liquid stream or droplets with high velocity
air. These conditions exist in most modern engines, especially
when conditions are changing in the millisecond to microsecond
domain. K in this equation is obtained in the laboratory by
plotting the log of the intrinsic viscosity against the log of
the molecular weight and taking the slope of the line. K 'is
constant for a particular polymer solvent system. The K for
polyisobutylene in Benzene is 1.07x10™* at 297°K. T enters the

expression for 1/n, in the term 1/RT where R is the gas constant.

T has little effect on 7m/n, since there is usually little
displacement from 298 degrees (25°C). T could be 273 (0°C) or

perhaps 325 degrees, but the effect on n/n, is very small.

4, Effects on Fuel Properties

Under some conditions n/7, can approach 10,000. When this
is too large for an optimal effect on combustion or volumetric
efficiency, or delayed vaporization, or suppression of vapor-like
particles, the concentration can be decreased toward zero. This
it is always possible to tune the fuel for 2 cycle spark
ignition, 4 cycle spark ignition, compression ignition, turbine
or other combustion scenarios. ¢ can also be changed for
different carburetor or fuel injection systems. High molecular
weight is an advantage because it generates large 7/1, values at
low concentrations where "at rest" fuel properties are virtually
unaffected. There is no doubt that 5 to 10 ppm concentrations of
7.2x10° M PIB decreases energy loss in turbulently flowing fuels,
resulting in flow rate increase of more than 20%. There is also
no doubt that the formation of vapor-like particles is suppressed
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at low concentrations of high molecular weight PIB. These two

-effects are related to n/n,.

However, n/mn, is also related to transient increases in the
"solidity" and surface tension of particles produced by shear at
surfaces or in turbulent air. The following relationships have
been derived in "Physical Chemistry", by Moelwyn - Hughes p.
1213. The derivation will not be repeated here. Consider a
sphere of isolated liquid in an inert atmosphere at constant
temperature and pressure. Let the radius be larger than 10°°

The number of molecules vaporlzlng from the surface of the sphere
per second is given by :

(IV) '~ dN/dt = 4wrDn°

r is the radius of the droplet and D is the diffusion coefficient
of molecules within the droplet. n° is the saturation vapor

" pressure at the interface of the drop with the gaseous

atmosphere. r, is the molecular radius. The link between D and
N is via the Stokes relationship or

(V) D = RT/n 67nr,

accumulating the constants and the radius of a molecule equatlon
V becomes

D = k/n, or for extemsional viscosity 7
(V1) D= k/n
Substitution of VI into V we get
dN/dt = 4nrkn®/n

Thus during periods close to those where DAL/LAt is large, the
rate of vaporization, dN/dt is very depressed. Simultaneously
the droplet is very rigid and solid like, and the surface is
equally tense or hardened. When 1 subsequently approaches 371,
the rate of evaporation increases sharply. During the "hardened"
phase both the surface tension and bulk viscosity of the droplet
favor transport without coating or premature vaporization. This
leads to improved performance in gasoline and diesel engines.

Another equation incorporates D and y, or surface tension into
the expression for the lifetime of a spherical droplet. This
equation is,

(VII) t = (r’n,/2Dn°) (1-4y/n.xk.T)



where n, is-the number of molecules per cm’ in the liquid and r
is the radius of the droplet. .

again replacing D by k/n we get

(VIII) t = (r'nn,)/(2kn°) (1-4y/n,rk.T)
In equation (VIII) the surface tension approaches 0 when
saturated vapor is present above the droplet interface.and ¥
approaches 0. The droplet lifetime equatlon (VIII) then becomes

proportional to 7.

Relaxation of PIB and n

1 becomes larger as € increases. Similarly 1 decreases as §
approaches zero. When the stretching force is released the ‘
extensional or elongational viscosity decreases. The increase or

decrease in 1 depends on the product of the strain € and the
reciprocal of the time it takes for the molecule to thermally
relax to the unstretched conformation. The units of the
stretching rate or elongation rate are reciprocal seconds and the
units of polymer relaxation times are seconds. The product of

the two factors is dimensionless. The following equation links 7
to € and O. ' '

n = 3n, + (3cRT/M) X, (0,1((1-2€6,) (1+66,))

0, is the relaxation time of the p th normal mode of chain
response. Note that as €-1/20, where 0, is the longest
relaxation time, the (1-2£0,) term approaches zero. As the
denominator approaches zero, 7 approaches infinite elongational

viscosity. The relaxation time 0, is proportiomal to

[nIMn,/RT

where [n] is itself equal to KM" and ¢ is between 0.5 (0 solvent
= poor solvent) and 1.0 (perfect solvent). . Thus the relaxation

time is proportional to M'n,/RT in a good solvent. Relaxation

time increases with M’ and therefore a state of high n will exist
longer than it would for the case of a lower molecular weight.

The mist particles would retain a high 11 for a desirable period
during engine operation. Since 1 approaches « when € approaches

1/20 a high molecular weight polymer in a good solvent will
develop an extensional viscosity that approaches infinity at



|

lower extension rates than a low molecular weight polymer in a

poor solwvent.

The former is the case for the GTA fuel additive

in gasoline and diesel fuels. Concentration then provides the
final tuning for the desired m at a particular €.

Summary

The large n/1, possible using low concentrations of 7.2x10°
M PIB in gasoline and diesel fuels influences pre-combustion

1.

events and thus affects combustion.

Through c, 1/1, can be tuned to improve the operation of
several types of engines.

1n/1n, changes are linearly dependent on concentration and
AL/LAt and this provides another dimension for engine

tuning.

Through ¢, n/n, can be tuned to:

eliminate vapor-like burning

promote diffusive burning (diesel)

develop a uniform cloud wmix for improved
combustion (diesel)

improve volumetric efficiency by slightly delaying
vaporization (2-stroke and 4-stroke spark ignition
engines)

negate undesirable surface coating effects through
momentary increases in surface and bulk rigidity
promote diesel fuel jet penetration prior to:
ignition and diffusive burning .

decrease the extent of vapor explosion before TDC
in a diesel

prevent droplet agglomeration and surface wetting
after TDC in a diesel.
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Summary of Data

Baseline Data No Viscon Average .......ccccoeieciniiiininen, Grams/BHP-HR.............ccc.ceeceeee.

HP HC co Nox NO Cc02 PM Fuel
Baseline 136.362 1.379 1.695 5.79 5.144 561.255 0.265 178.507
Pre Durability with Viscon 136.332 1.504 1.827 6.036 5.084 556.206 0.202 177.106
Post Durabilitywith Viscon 131.05 1.43 1.62 5.89 543 552.58 0.197 175.80
Average of Pre & Post 133.691 1.467 1.7235 5.963 5257 554.393 0.1995 176.453

% Change -1.96% 6.38% 1.68% 2.99% 220% 1.22% -24.72%  -1.15%
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Introduction and Background

This emission testing project is a follow-on project for Viscon California, formerly GTAT
(Las Palmas Oil and Dehydration Company) using the same diesel engine that has
already completed standard controlled substance emission testing in accordance with
the CARB protocol entitled Verification Procedure, Warranty and In-Use Strategies to
Control Emissions from Diesel Engines as Described in the Final Regulation Order, Title
13, California Code of Regulations, Sections 2700 through 2710.

Original emission testing and 1000 hours of durability operation with the same test
engine was completed in 2004 with Viscon fuel treatment resulting in significant
reductions of NOx and Particulates compared to original baseline emission
measurements before fuel treatment with Viscon.

Subsequent to conclusion of the above testing project, CARB has specified that the
Viscon treated diesel fuel must additionally be tested as an aiternative fuel with detailed
exhaust emission measurements of uncontrolled substances, including toxic
hydrocarbons, PAH’s and Carbonyls. This new emission report provides all of the
CARB required data after operating the test engine and measuring emissions in exact
accordance with CARB pre-approved testing and analysis protocols as described in this
detailed report.

Since all of the previous emission and durability testing was conducted over two years
ago the then available test fuel is no longer available. Accordingly, the same engine
was operated and tested on commercially available ultra low sulfur diesel fuel that
meets California ULSD specifications. Baseline emissions were again measured after
50 hours of stabilizing operation with the new ULSD test fuel. Subsequent stabilizing
operation for 125 hours with the same fuel treated with Viscon was conducted and
emissions were again measured for comparison to the new baseline data.

Test Engine

The test engine for this project was a Model 3306 six cylinder Caterpillar diesel engine
rated at 265 HP. This is the same engine (without modification) used in the prior
emission testing to measure changes in exhaust emissions with the Viscon polymer
additive admixed to the baseline no. 2 diesel fuel. The previous engine testing is
described in an ETS (Olson Engineering, Inc.) summary report dated August 19, 2003
providing the data comparisons before durability testing and a second summary report
(Olson-Ecologic) dated November 26, 2004 covering the emission/fuel economy
measurements after 1000 hours of engine durability operation with the Viscon treated
fuel. Both reports are available upon request.

1ISO 9001:2000 Registered

1370 South Acacia Avenue, Fullerton, California 92831
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Test Fuel

Previous testing with the specified test engine was done in 2003 and 2004 using
commercially available no. 2 diesel fuel for the baseline and Viscon treated test fuel.
This fuel met California fuel specifications that existed in the earlier time frame, but such
fuel is no longer available in the California commercial market. Accordingly, all of the
test work described in this report was done with one batch of commercially available no.
2 ultra low sulfur diesel fuel. This test fuel has a sulfur content of less than 15 ppm and
other composition differences compared to the test fuel used in earlier years with this
engine. Fuel specifications are provided in the Appendix.

Test Protocol

As in all previous testing with the specified test engine the official test protocol was the
ISO 8178 8-mode steady-state test as required for certification of heavy-duty diesel
engines in off-road applications. This operating test protocol involves the collection and
analysis of emissions from a hot-start while operating the engine over 8-modes of
warmed up operation at specific loads and speeds under stabilized conditions. The
detailed testing cycle is as follows:

1 15

2 15 Rated 75
3 15 Rated 50
4 10 Rated 10
8 10 Max torque, rpm 100
6 10 Max torque 75
7 10 Max torque 50
8 15 Idle 0

The engine was operated and emissions were recorded every second of each mode for
five minutes to stabilize emissions. The last two minutes of each mode were recorded
second-by-second and averaged to provide the stabilized steady-state emission/fuel
economy results.

All engine exhaust for all modes passed through the Horiba Olson-Ecologic dilution
tunnel. The dilution tunnel was fixed to operate at a total constant flow of 70 cubic
meters per minute, providing variable exhaust dilution for each mode as a function of
actual exhaust flow rates. Primary air was measured through the initial critical flow
venturi (dilution air) and the total temperature corrected volume (Vmix) of dilutant air
plus exhaust was measured continuously at the second critical flow venturi. The
calculated dilution ratio mode-by-mode is simply the temperature corrected composite
total (Vmix) divided by the exhaust flow (Vmix — dilution air). The measured dilution
ratio is expected to be essentially a constant for the same mode for all tests, but the
ISO 9001:2000 Registered
1370 South Acacia Avenue, Fullerton, California 92831

Tel (714) 774-3385 Fax (714) 774-4036
www.ecologiclabs.com
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actual dilution ratios were used as measured for each individual test to allow for test-to-
test variance.

Gaseous emissions for each test mode were measured every tenth of a second for
each five minutes of mode operation. Only the last two minutes of each mode were
averaged to provide the stabilized diluted mode data. Dilute data from each mode was
then multiplied by the specific mode dilution ratio to obtain the raw modal data and then
multiplied by the appropriate mode weighting factor before adding all eight modes
together. Finally, the total sum of the weighted modal data was divided by the weighted
horsepower and by the test time to provide the weighted grams per bhp-hr for direct
data comparisons to the official emission standards for controllied substances.

Particulate sampling involved initial calculation of exhaust mass flow per mode from an
actual full 8-mode test. Secondary dilution ratios in the AVL Smart Sampler calculation
were programmed for each mode and time of sampling was adjusted to properly
compensate for specified modal weighting factors. Since the AVL PM Sampler draws
its sample from the exhaust dilution tunnel for each mode the dilution ratio existing for
each mode was included in the sample calculation to ultimately determine the total raw
exhaust volume for proper calculation of the generated particulates in grams/bhp-hr. All
particulate sampling resulted in the capture of measured and weighted particulates on a
single filter media for each mode of each 8-mode test (eight complete particulate
samples per test).

Exhaust sampling and subsequent gas chromatography analysis for uncontrolled toxic
hydrocarbons (C2-C12) followed the detailed Standard Operating Procedure (S.0.P.)
described in the Appendix. Modal sample collection was done for a total of 20 minutes.
Modes 1, 2, 3 and 8 were collected for three minutes of the five minute mode, while
modes 4, 5, 6 and 7 were collected for two minutes. Samples were drawn from each
bag and analyzed by gas chromatography. The overall dilution ratio for the 8-modes
(20 minutes of testing time) was used to correct and calculate the resulting G.C. data in
grams/bhp-hr. ((CONCPP*/107°)(Vmix,ft®)(Density,g/ft>)/Work,bhp-hr). Simultaneously
samples were drawn and captured for PAH and Carbonyl analysis at an off-site location
(Desert Research Institute) as described in the Appended S.O.P. for this procedure.

Tasks Descriptions

The specific tasks and order of operation were as follows:

1. Modified engine/dyno coupling and adapted engine to dynamometer.

2. Instrumented and MAP engine, verified test cycle and all calibrations — initiated
engine testing.

3. Operated engine over a representative load cycle for 50 hours on the ULSD test
fuel.

ISO 9001:2000 Registered
1370 South Acacia Avenue, Fullerton, California 92831
Tel (714) 774-3385  Fax (714) 774-4036
www.ecologiclabs.com



4. Conducted nine standard ISO 8178 8-mode baseline emission tests for PM and
gaseous emissions simultaneously capturing dilute exhaust gas samples from
three of the tests for in house measurement of toxic hydrocarbons by gas
chromatography and for off-site (Desert Research Institute) analysis of PAH'’s
and Carbonyls.

5. Added the Viscon product to the baseline ULS diesel fuel in the client specified
concentrations and operated engine over the same load schedule as used in
Task no. 3 for 125 hours to stabilize emissions.

6. Conducted several unofficial ISO 8178 8-mode tests during emission stabilizing
operation to assure effectiveness and stabilization of the Viscon product. No
samples were captured for toxic hydrocarbons, PAH's or Carbonyls during this
task.

7. Conducted nine ISO 8178 8-mode standard emission tests with the Viscon
treated fuel, again capturing triplicate samples for toxic hydrocarbons, PAH’s and
Carbonyls exactly as in Task no. 4.

8. Conducted quality audit functions for all data, calculated and reported changes in
all measured emission caused by the Viscon treated fuel compared to the
baseline fuel at a 95% confidence level. Prepared final report.

Test Facility, Equipment and Capability

All testing discussed in this report was conducted at the Olson-EcolLogic heavy—duty
engine test facility located in Fullerton, California. All initial engine operation and
emission testing was conducted in the Olson-Ecologic test cell 1. The test cell is
equipped with a 450 horsepower full electric dynamometer, air conditioning and
conventional sensors for continuous measurement of pressures, temperatures and air
mass. State-of-the-art Horiba analyzers were used for dilute gas measurement of THC,
CO, CO2, NOx and NO. An AVL Smart Particulate Sampler was used to capture
particulates and fuel consumption was measured gravimetrically. The test cell
operation is controlled by a fully integrated Labview based custom software program.

Heated sample lines were used to transport the exhaust gases to HC, NOx and NO
analyzers. Calibrations with certified gases were routed to the analysers through the
same sample lines used to sample the exhaust gases. In all cases the requirements of
CFR 40 were followed. The particulate filters were conditioned for temperature and
humidity before and after accumulation of particulates. Air mass to the engine was
measured by a temperature corrected Sierra Air mass sensor as a secondary backup
calibrated by the dilution tunnel venturi measurements of diluent air and total Vmix.
Engine intake air was controlled between 68 and 86 degrees F and fuel temperature
was controlled to 100 degrees F +/- 10 degrees F as specified in CFR 40. A schematic
of the complete exhaust gas sampling system is shown in the following figure.

1ISO 9001:2000 Registered
1370 South Acacia Avenue, Fullerton, California 92831
Tel (714) 774-3385 Fax (714) 774-4036
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The quality management system of Olson-EcolLogic is ISO 9001:2000 registered. The
Company is officially recognized by EPA and CARB as a capable emission test facility
for the protocols used in this project. All test activity was under the direction and
responsibility of Donel R. Olson. Mr. Olson is a registered professional mechanical
engineer with 50 years of experience in the measurement and analysis of engine
emissions. Over twenty engine emission test laboratories in the United States and
Germany have been under his ownership and direction during the past 35 years.
Details of the Olson-Ecologic emission test facility capability can be viewed and
obtained on the Olson-Ecologic website (www.ecologiclabs.com).
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Other

Olson-EcoLogic Engine Testing Laboratories, LLC was acting as an independent
contractor and not as agents or employees of the client in the conduct of work related to
this project.

The Company does not guarantee the results of any test protocol, however, if repeat
tests are not within acceptable variances Olson-EcolLogic on their own decision repeats
the tests at no additional cost to the client.

Test Results
All of the exhaust emission tests reported here are listed chronologically in Table 1.

After several preliminary tests to verify the engine emissions stability, “official” testing
starting with test no. 8MLP 14 using the reference fuel and finished with the ninth test,
no. 8MLP22. This set of tests and the following sets are listed in Table1.

Viscon additive at the normal concentration of 10z per 20 gallons was admixed in the
same fuel used to measure baseline emissions and several additional (unofficial) 8-
mode tests were conducted during a 125 hour period of typical engine operation. This
was intended to provide stability of exhaust emissions with the Viscon treated reference
fuel.

Beginning with Viscon treated test no. 8MLP35, nine official tests were completed to
compare to the reference fuel baseline data.

The third test series, starting with test no. 8MLP46, was a set of three heavy dosage
tests with Viscon additive admixed to the reference fuel at ten times the normal dosage
(100z. per 20 gallons).

The fourth and final set of five tests, with reference fuel only (no Viscon) started with
test no. 8MLP49, immediately after the data set with 10 times dosage of Viscon. Other
than engine warm-up and fuel flushing, there was no significant engine operation prior
to start of this data set. The purpose was to see any residual effect of the Viscon
additive.

Concurrently with the above tests, as shown in Tables 2 and 3, data were collected for
toxic compounds analysis including VOC'’s, PAH’s and Carbonyls. Triplicate sets of data
were obtained with the baseline reference fuel (test nos. 17, 18, and 19) and for
comparison, triplicate sets of data were obtained for the Viscon treated reference fuel
(test nos. 39, 40, and 41). In addition, VOC analyses (only) were conducted for test nos.
46 and 47, which were tests conducted with 10 times the normal Viscon dosage.
ISO 9001:2000 Registered
1370 South Acacia Avenue, Fullerton, California 92831
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Table 2 provides the results of all VOC, PAH and Carbonyl data for the triplicate
baseline sets compared to the triplicate sets of data obtained with the Viscon treated
reference fuel.

Table 3 only provides the VOC data for duplicates of the Viscon heavy dosage tests
(test nos. 46 and 47). No analysis of these data have been made for PAH and Carbonyl
results.

Discussion of Results

The measured effect of the Viscon additive on all controlled emissions can be seen in
Tables 1 and 1A.

The product as demonstrated for the Caterpillar Model 3306 engine under steady-state
operating conditions will reduce exhaust particulates to satisfy level 1 CARB criteria (25-
50%). This result is consistent with earlier data accumulated on the same engine.

Additional data collection required by CARB involved two major expansions of the
project.

1) Exhaust particulates were sampled for each mode of the 8-mode test protocol
instead of composite sample collection of all 8 modes on one filter media and

2) Integrated samples over the 8-modes of testing were collected and analyzed
for toxic hydrocarbons (VOC's), PAH's and Aldehydes . These specific testing
protocols are described in the appendix.

Particulate Sampling and Analysis

The PM sampling for each mode resulted in measurement of PM for eight specific
conditions for each 8-mode test. To be consistent with the ISO 8-mode test protocol, the
specific sampling for each mode was weighted by dilution ratio selection and time of
sampling capture to match the ISO specific weighting factors. Accordingly, modes 1, 2,
3 and 8 were weighted 15% each and modes 4, 5, 6 and 7 were weighted 10% each to
total 100% for all eight modes.

The analysis of the PM data was accomplished by weighing the captured PM for each
mode and dividing that weight by sampling time and the horsepower generated during
the mode to provide the weighted PM result in grams/hp-hr. For the idle mode, (mode 8)
this calculation was not possible because hp at idle is zero. Therefore, the idle PM data
is reported in grams/hour only. However, the idle PM weight does go into the calculation
of total weighted grams/bhp-hr. The PM values from all 7 of the other operating modes

ISO 9001:2000 Registered
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have been summed and tabulated in Tables 1 and 1A to show the total PM generated in
grams/bhp-hr.

The PM measurements illustrate some very interesting reductions in PM caused by the
Viscon additive. At the rated speed of 2200 RPM and the intermediate speed of 1400
RPM there is a clear relationship with load as shown below:

Engine
Load 2200 RPM | 1400 RPM
100% 15.3% 4.5%
75% 29.6% 17.3%
50% 28.0% 31.8%
10% 35.6% - -

Simultaneously idle PM (mode 8) was reduced 56% with the Viscon additive. This
discovery can have specific importance in vehicle and engine operations that involve a
significant amount of idling operation such as school busses, delivery vehicles, etc. In
addition to the PM reduction, idle NOx emissions were also reduced over 10% as can
be seen in Table 1.

_ The VOC, PAH and Carbonyl comparisons shown in Tables 2 and 3 for the same tests
are somewhat of a mixed bag. For example, 1,3-butadiene is beyond the measurable
data in the exhaust by the Viscon additive. As expected by the technical theory, the
PAH'’s also show significant reductions with the Viscon fuel treatment. However, some
increases were demonstrated for some VOC'’s and some Carbonyls, which may also be
expected.

ISO 9001:2000 Registered
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Table 1

Viscon California Data Summary Table
Caterpillar 3306 Diesel Engine

Testing Laboratories

ducted by Ol

Testing Conducted October

2006

ULSD | BMLP14 |58.2- 80.1] _135.15 33 5.80 5.26 179.42_| 564.32 0.96 0.129 0.183 0.232 3.094 0.289 20.54
ULSD__| 8MLP15 |50.8-56.1] _136.2 41 5.88 5.20 17666 | 5618 0.70 0.12 0.145 0.25 2.108 0.250 2.06
ULSD | 8MLP16 |48.1-51.0] 136.64 41 5.90 5.12 179.05 | 5629 0.72 0.10 0.127 0.25 2.209 0.240 2.08
ULSD | 8MLP17 |54.7-58.4] 138.55 34 5.28 4.82 17853 | 56142 0.48 0.122 0.143 0.263 2.221 0.284 14,39
ULSD | 8MLP18 |57.5-59.1] 138.93 1.38 5.75 5.1 178687 | _561.75 0.72 0.121 0.145 0.254 2.430 0.297 30.85
ULSD | 8MLP19 [52.7-55.3] _138.62 1.40 5.7 5,06 178.71 561.78 0.72 0.127 0.135 0.207 2.211 0.276 26.72
[ ULSD | 8MLP20 |51.4-53.3] 136.77 1.36 5. 511 178.17 | 560.36 0.71 0.11 0.153 0.241 2.32 0.277 26.70
ULSD | BMLP21 |55.8-58.4] 135.71 1.36 5. 5.27 177.44 | 557.85 0.71 0.112 0.141 0.228 2.10 0.24¢ 12.34
ULSD__| 8MLP22 |60.9-64.5| 136.68 1.42 5. 5.36 177.92 | 559.30 0.79 0.102 0.161 0.210 91 0.23 18.51
AVERAGES (BASELINE)| 136.362 | 1.379 5790 | 5.144 | 178.507 | 561.255 | 0.722 0.11 0.148 0.237 2.291 0.26 17.128

Viscon | BMLP35 [33.9-36.7] 134.86 1.52 5.79 494 17669 | 554.88 0.74 0111 0.097 0.141 1.444 0.190 6.16
Viscon | 8MLP36 |37.3-41.9] 136.04 1.53 5.87 5.00 76.64 554,67 0.73 0.087 0.087 0.141 1.404 0.170 06
Viscon | 8MLP37 |34.0- 36.6] 136.67 1.51 .05 5.14 77.54 557.48 0.74 0.090 0.107 0.188 1.478 0.200 .08
Viscon | BMLP38 |32.5- 35.3| 137.01 1.5 .27 5.19 76.43 553.96 0.77 0.100 0.100 0.178 1.625 0.197 .05
Viscon | BMLP39 |31.0-41.9] 136.03 15 6.05 5.09 17853 | 560.65 0.74 0.103 0.115 0.182 1.247 0.208 16.45
Viscon | BMLP40 |34.5-43.2| 136.77 1.4 6.20 5.09 77.76_| 558.39 0.72 0.097 0.102 0.175 1.439 0.211 10.26
Viscon | BMLP41 [46.7-50.2| 136.77 1.48 5.88 5.02 76.97 | 565.84 0.72 0,109 0.120 0.204 1.805 0.246 16.43
Viscon | BMLP42 |47.7-533] 136.92 1.47 6.17 22 7719 | 566.60 0.7 0.098 0.094 0.163 1.513 0.210 10.28
Viscon | 8MLP43 |56.2-58.9] 135.92 1.53 6.06 07 17620 | 553.38 0.78 0.108 0.117 0.166 1.330 0.188 2.06
AVERAGES (WITH VISCON)| 136.332 | 1.504 6.036_| 5.084 | 177.106 | 556.206 | 0.737 0.100 0.105 0171 1.476 0.202 7.534

10X Viscon| 8MLP46 |61.4-63.2] 136.9 1.49 6.01 5.00 176.22 553.50 0.71 0.104 0.122 0.181 1.656 0. 0.238 8.4
10X Viscon| BMLP47 |57.4-61.8] 137.0 1.46 6.09 512 175.9 552.82 0.72 0.093 0.127 0.213 1.809 0. 0.232 4.3
10X Viscon| 8MLP48 |56.2- 59.7] _136.8 1.46 6.06 5.09 175.9 552.67 0.73 0.102 0.122 0.169 1.331 0. 0.235 24.61
AVERAGES (WITH 10X VISCON)| 136.953 | 1.471 6.053 | 5.070 | 176.043 | 552.997 | 0.72 0.099 0.124 0.188 1,599 0. 0.234 19.183
ULSD | 8MLP49 [54.4-60.1] _136.99 1.44 6.06 5.09 176.99 | 556.30 0.75 0.084 0.124 0.150 1.364 0.210 22.61
[ ULSD | 8MLP50 |60.6-66.4] 136.49 1.49 8.03 5.04 176.64 | 554.95 0.6 0.124 0.183 0. 3.098 0.28 20.54
ULSD | 8MLP51 |63.1-64.6] _136.33 1.50 8.12 5.01 176.32 | 553.80 0.6 0.108 0.140 0. 2.029 0.27 30.83
ULSD | BMLP52 [63.5-64.9] 135.64 147 5.65 4.95 177.10 | 556.37 0. 0.108 0.117 0. 138 0.28: 22.61
ULSD | BMLP53 [59.3-64.5] 1368.11 1.48 6.04 5.01 177.42 | 557.28 0.68 0.11 0.137 0. 1087 0.27 30.82
AVERAGES (BL AFTER VISCON)| 136.312 | 1.476 5.980 | 5.020 | 176.894 | 555.740 | 0.686 0.107 0.140 0.207 139 0.261 25.483




Table 1A
Comparison Summary with Corrected Outliers
Caterpillar 3306 Diesel Engine
Testing C by Olson-Ecologic E Testing Lab

For Viscon Califomia

October 2006

Viscon 8MLP35 134.86 1.52 1.81 5.79 4.94 176.69 554.88 0.74 0.190
Viscon 8MLP36 136.04 1.53 1.82 5.87 5.00 176.64 554.67 0.73 0.170
Viscon 8MLP37 136.67 1.51 1.87 6.05 514 177.54 557.48 0.74 0.200
Viscon 8MLP38 137.01 1.52 1.86 6.27 519 176.43 553.96 0.77 0.197
Viscon 8MLP39 136.03 1.53 1.82 6.05 5.09 178.53 560.65 0.74 0.208
Viscon 8MLP40 136.77 1.47 1.84 6.20 5.09 177.76 558.39 0.72 0.211
Viscon 8MLP41 136.77 1.46 1.87 5.86 5.02 176.97 555.84 0.72 0.246
Viscon 8MLP42 136.92 1.47 1.81 6.17 5.22 177.19 556.60 0.71 0.210
Viscon 8MLP43 135.92 1.53 1.74 6.06 5.07 176.20 553.38 0.76 0.186
9-Test Average 136.33 1.50 1.83 6.04 5.08 177.11 656.21 0.74 0.202
Standard Deviation  0.691 0.029 0.041 0.166 0.090 0.736 2334 0.019 0.021

95% Confidence Levei 0.451 0.019 0.027 0.108 0.059 0.481 1.525 0.013 0014

Baseline compared to Viscon 0.0% 9.1% 7.8% 4.2% 1.2% -0.8% -0.9% 2.0% -23.9%




Table 2

Percent change of various emissions comparing ULSF to ULSF w/ Viscon - Caterpillar 3306 Diesel Engine (Units in g/bhp-hr)
Testing Conducted by Olson-Ecologic Engine Testing Laboratories for Viscon California October 2006

VOC's
1,3-butadiene
benzene
toluene
ethylbenzene
mé&p-xylene
o-xylene

PAH's
naphthalene
2-methylnaphthalene
acenaphthylene
acenaphthene
fluorene
phenanthrene
anthracene
fluoranthene
pyrene
benz(a)anthracene
chrysene-triphenylene
benzo(b+j)flucranthene
benzo(k)fluoranthene
BeP
BaP
perylene
indeno{123-cd]pyrene
dibenzo(ah+ac)anthracene
benzo(ghi)perylene

ULSF

8MLP17

8MLP18

8MLP19

Average

(Analyzed via Gas Chromatography by Olson-EcolLogic Engine Testing Laboratories)

0.000245
0.008692
0.004514
0.002038
0.004081
0.002292

0.000212
0.008825
0.004058
0.001774
0.003440
0.002320

0.000300
0.009560
0.004111
0.001621
0.004175
0.002320

0.000252
0.009026
0.004228
0.001811
0.003898
0.002311

(Analyzed via Gas Chromatography/Mass Spectrometry by Desert Research Institute)

0.0000125192
0.0000112961
0.0000002048
0.0000005852
0.0000005526
0.0000013504
0.0000001898
0.0000000719
0.0000002207
0.0000000074
0.0000000108
0.0000000016
0.0000000005
0.0000000013
0.0000000002
0.0000000006
0.0000000004
0.0000000002
0.0000000000

0.0000071081
0.0000084828
0.0000001814
0.0000006578
0.0000005425
0.0000013821
0.0000001834
0.0000000720
0.0000002166
0.0000000084
0.0000000105
0.0000000006
0.0000000002
0.0000000006
0.0000000000
0.0000000000
0.0000000000
0.0000000000
0.0000000000

0.0000119718
0.0000095142
0.0000001930
0.0000007354
0.0000005102
0.0000013007
0.0000001699
0.0000000579
0.0000002438
0.0000000070
0.0000000141
0.0000000006
0.0000000003
0.0000000006
0.0000000010
0.0000000002
0.0000000000
0.0000000000
0.0000000000

0.0000105330
0.0000097644
0.0000001930
0.0000006595
0.0000005351
0.0000013444
0.0000001810
0.0000000673
0.0000002270
0.0000000076
0.0000000118
0.0000000010
0.0000000003
0.0000000009
0.0000000004
0.0000000003
0.0000000001
0.0000000001
0.0000000000

ULSF w/ Viscon
8MLP39 8MLP40 8MLP41
<RL <RL <RL

0.011935 0.014013 0.012897

0.005860 0.006042 0.006219

0.002025 0.002119 0.002183

0.002775 0.002875 0.003084

0.001828 0.001766 0.001810
0.0000051731  0.0000046456  0.0000039993
0.0000024317  0.0000027416  0.0000025569
0.0000001683  0.0000001606  0.0000001573
0.0000000615  0.0000000706  0.0000000610
0.0000001376  0.0000001311  0.0000001238
0.0000004623  0.0000005479  0.0000004993
0.0000000647  0.0000000816  0.0000000780
0.0000000559  0.0000000599  0.0000000350
0.0000001584  0.0000001207  0.0000000982
0.0000000025  0.0000000015  0.0000000006
0.0000000073  0.0000000045  0.0000000042
0.0000000000  0.0000000000  0.0000000010
0.0000000002  0.0000000000  0.0000000003
0.0000000005  0.0000000005  0.0000000006
0.0000000000  0.0000000000  0.0000000000
0.0000000000  0.0000000000  0.0000000000
0.0000000002  0.0000000000  0.0000000000
0.0000000000  0.0000000000  0.0000000007
0.0000000000  0.0000000000  0.0000000004

Average

<RL
0.012948
0.006040
0.002109
0.002911
0.001801

0.0000046060
0.0000025767
0.0000001821
0.0000000644
0.0000001308
0.0000005032
0.0000000748
0.0000000503
0.0000001258
0.0000000015
0.0000000054
0.0000000003
0.0000000002
0.0000000005
0.0000000000
0.0000000000
0.0000000001
0.0000000002
0.0000000001

Change

-100%
43%
43%
16%
-25%
-22%

-56%
-74%
-16%
-90%
-76%
-63%
-59%
-25%
~45%
-80%
-55%
-67%
-50%
-37%
-100%
-100%
-50%
299%



Carbonyls
formaldehyde
acetaldehyde

acetone
acrolein
propionaldehyde
crotonaldehyde
methyl ethyl ketone
methacrolein
butyraldehyde
benzaldehyde
glyoxal
valeraldehyde
m-tolualdehyde
hexanaldehyde

ULSF

Table 2 (cont.)

8MLP17

8MLP18

8MLP19

Average

(Analyzed via High Performance Liquid Chromatography by Desert Research Institute)

0.027876
0.007410
0.002020
0.000813
0.001346
0.000904
0.000527
0.000474
0.004892
0.000631
0.000404
0.000770
0.000012
0.000350

0.026773
0.007211
0.001754
0.001405
0.001304
0.001060
0.000410
0.000491
0.004370
0.000617
0.000134
0.000515
0.000025
0.000292

0.027121
0.007535
0.001827
0.000857
0.001346
0.001027
0.000448
0.000377
0.005015
0.000652
0.000429
0.000567
0.000012
0.000305

0.027257
0.007385
0.001867
0.001025
0.001332
0.000997
0.000462
0.000447
0.004759
0.000633
0.000322
0.000617
0.000016
0.000316

Table 3

ULSF w/ Viscon
8MLP39 8MLP40 8MLP41
0.035915 0.032348 0.032137
0.009786 0.009169 0.008887
0.002895 0.002536 0.002490
0.002133 0.001474 0.001846
0.001651 0.001444 0.001443
0.001260 0.001122 0.001175
0.000484 0.000437 0.000518
0.000635 0.000500 0.000552
0.004111 0.003893 0.004090
0.001054 0.000536 0.000583
0.000644 0.000631 0.000731
0.000590 0.000424 0.000475
0.000126 0.000101 0.000101
0.000453 0.000382 0.000270

Average

0.033467
0.009281

. 0.002640

0.001817
0.001512
0.001188
0.000480
0.000562
0.004031
0.000724
0.000669
0.000497
0.000110
0.000368

Percent change of various emissions comparing ULSF to ULSF w/ 10x Viscon - Caterpillar 3306 Diesel Engine (Units in g/bhp-hr)
Testing Conducted by Olson-Ecologic Engine Testing Laboratories for Viscon California October 2006

VOC's
1,3-butadiene
benzene
toluene
ethylbenzene
mé&p-xylene
o-xylene

ULSF

8MLP17

8MLP18

8MLP19

Average

ULSF w/ 10x Viscon

8MLP46

(Analyzed via Gas Chromatography by Olson-EcolLogic Engine Testing Laboratories)

0.000245
0.008692
0.004514
0.002038
0.004081
0.002292

0.000212
0.008825
0.004058
0.001774
0.003440
0.002320

0.000300
0.009560
0.004111
0.001621
0.004175
0.002320

0.000252
0.009026
0.004228
0.001811
0.003898
0.002311

<RL
0.011786
0.005157
0.001969
0.002573
0.001691

8MLP47

<RL
0.010998
0.005194
0.001515
0.002435
0.001706

Average

<RL
0.011392
0.005176
0.001742
0.002504
0.001699

Change

-100%
26%
22%
4%

-36%
-26%

Change

23%
26%
41%
77%
14%
19%
4%
26%
-15%
14%
108%
-20%
570%
17%
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EngSpd  DynTrq  EngPwr €02
Mode RPM b Hp %
1 2200.1 581.8 2437 5.65
2 2200.0 469.9 196.8 5.44
3 2200.0 314.9 1319 491
4 2199.9 62.1 2.0 3.0
5 1399.8 7904 2107 7.53
6 1399.9 578.1 154.1 7.37
7 1400.0 3823 101.9 6.60
8 604.6 0.¢ 0.1 4.18
GRAMS/HOUR——
WT.FAC Mode
% No HC co KNOX KNO
15.00 bl 260.65 24526 1557.35 13922983
15.00 2 265.31 13277 118021 1082.5905
15.00 3 266.64 11311 731.43 664.18616
10.00 4 256.87 153.50 182.73 145.04685
10.00 S 89.57 805.45 108224 984.22309
10.00 6 106.20 428.64 802.74 741.70849
10.00 7 121.57 129.55 522.84 490.35303
15.00 8 2583 13.07 27.31 22.310359
WTD AVG BHP = 135.15 Kw=  100.78
HC co KNOX KNO
WTD AVG GMH = 18019 227.36 78350 710
AVG GM/BHPH = 133 188 580 5.26
AVG GW/KWH = 179 226 77 7.05

WT AVG NOZ/NOX RATIO = 0.116224791

8-Mode Test Result

co
ppm

158.41
102.83
11243
231.83
890.10
636.14
254,49
264.72

FUEL

43560
35010
24690
10290
34110
24840
16770

1050

FUEL
24248
179.42

240.60

NOx

636.55
§77.94
460.58
175.33
759.78
756.13
652.23
350.15

EXHAUST

1698575
1413978
1096338

709466
1008990

750301
562978
53735

EXHAUST

942568

OLSON-ECOLOGIC ENGINE TESTING LABORATORY
GTATISO-8178 8-MODE TESTING OF VISCON POLYMER

NO

572.96
531.78
417.22
136.49
694,32
699.55
609.87
27921

co2

1374848
110407.9
77580.8
31705.8
107040.8
78069.3
52799.8
32405

co2
76266
564.32

756.76

HCFID FUELRT

ppm

338.4
4130
5327
7798
199.0
316.8
480.1

1051.4

NMHC

206.3
2101
2113
2035

341

50.2
65.8
5.4

NMHC

130.32

0.96

129

8MLP14 (MULTI-FILTER)
BASELINE

AirMas EngExh ABSHUM Air In Baro P
GM/MIN scfm  deg/F GR/LB degF InHga
726 4938 880.7 59.7 47 30.00
583.5 428.1 828.9 60.1 76.2 30.00
4115 3482 7315 §9.3 76.5 30.00
1715 258.3 503.0 58.2 763 30.00
568.5 2734 1011.0 582 75.9 30.00
414 2181 844.1 586 76.4 30.00
279.5 176.8 7933 58.4 76.4 30.00
175 54.4 3416 59.4 76.6 30.00

NO2/NOX

RATIO

0.10

0.08

0.09

022

0.09

0.07

0.06

0.20
W.F.
MODE =

PARTIC. WT, MG =

Exh.Probe Mass Flow Rate (g/Sec.)=
Sample Time (Sec.)=

Dil.Exh.Sample Mass-Part.Filter (kg) =
Dil.Tunnel Tot Flow Temp.Corr. {(scmm)=
Dil. Tunnel Tot Mass Flow (kg/Hr.)=
Partic.Mass Flow Rate (g/Hr.)=

GM/BHPH=
WTD AVG GM/H =
WEIGHTED AVG GM/BHPH =

WTD AVG GM/KWH =

Ver.2 08/2007

fraCAL
FACTOR

0.027
0.028
0.023
0.015
0.035
0.035
0.031
0.020

0.15

1

1.22
1.087
180.0
0.20
65.08
5048.84
31.48

0.129
39.07
0.289

0.388

KNOx
PPM

612.27
556.37
442.54
167.99
727.98
725.17
625.18
336.52

0.15

2

1.11
0.888
180.0
0.18
85.27
5063.39
35.97

0.183

Fuelin
degF

98.9
101.9
103.2
1053

99.4

98.6

975

91.8

0.15

3

0.74
0.682
180.0
0.12
656.33
5068.55
30.55

0.232

KNO
PPM

551.1
511.9
400.9
130.8
665.3
670.9
584.6
268.4

0.10

0.84
0.441
120.0

0.05
65.34

5068.82
80.46

3.094

Methane
ppm

709

86.5
1115
165.2
1234
167.5
220.9
837.8

0.10

5

1.47
0.859
120.0
0.10
85.21
5059.23
72.15

0.342

NMHC
ppm

267.5
3285
421.2
614.7

75.6
149.3
259.1
2135

0.10

8

0.58
0.671
120.0
0.08
85,22
5059.70
36.45

0.237

Humidy

46.9
44.9
439
434
439
43.6
433
438

0.10

0.32
0.587
120.0

0.07
65.24

5081.08
23.80

0.234

oilP
psig

576
536
531
53.7
36.4
37.2
401
203

0.15

0.10
0.137
180.0

0.02
65.28

5084.61
20.54

Approved

nH/nC
RATIO

1.8
18
18
18
18
18
1.8
1.8



OLSON-ECOLOGIC ENGINE TESTING LABORATORY
GTATISO-8178 8-MODE TESTING OF VISCON POLYMER

8MLP15 (MULTI-FILTER)
BASELINE

EngSpd DynTrq  EngPwr co2 Cco NOx NO HCFID FUELRT AirMas EngExh ABSHUM Air In Baro P taCAL KNOx Fuelln KNO  Methane NMHC Humidy QitP nHINC

Mode RPM bt Hp % ppm ppm ppm ppm GM/MIN sctm  deg/F GR/LB degF inHga FACTOR PPM degF PPM ppm ppm % psig RATIO

1 22000 601.1 2518 5.86 177.70 669.80 585.77 431.77 738 498.1 9056 55.6 785 30.00 0.028 637.62 97.8 557.6 2363 195.5 386 525 1.8

2 2199.9 468.8 196.4 5.48 102.07 603.90 541.07 44017 579.5 4233 838.1 56.1 79.2 30.00 0.026 575.59 99.2 515.7 184.2 246.0 38.0 527 18

3 2199.9 3144 1317 493 118.81 477.06 42457 554.00 4125 347.0 740.7 56.1 795 30.00 0.023 45472 101.9 4047 2042 349.8 376 511 18

4 2200.0 61.9 258 3.06 23817 182.76 139.45 814.03 172 258.0 510.7 55.3 79.0 30.00 0.015 173.86 101.7 1327 303.9 510.1 37 52.9 18

5 1400.0 790.0 2105 7.55 899.37 792.09 702.06 188.32 568 2728 10285 546 79.1 30.00 0.035 752.19 97.8 866.7 184.2 42 ara 36.2 18

8 1399.9 578.2 154.1 7.36 643.55 779.49 704.54 308.17 4145 203 954.0 522 782 30.00 0.034 735.86 995 665.1 237.2 71.0 36.6 376 18

7 1400.2 382.2 101.9 6.66 258.38 682.16 626.74 440.37 281.25 178.2 801.0 51.3 77 30.00 0.031 642.49 99.0 590.3 267.4 1729 36.6 40.1 1.8

8 §92.5 -1.4 0.1 73 295.83 348.30 268.87 853.89 16.75 52.8 285.8 50.8 78.0 30.00 0.018 327.64 91.4 2529 831.5 224 35.8 215 18

—_——— GRAMS/HOUR—— —_—
WT. FAC Mode NO2NOX
% No HC co KNOX KNO FUEL EXHAUST co2 NMHC RATIO

15.00 1 325.74 269.48 1588.52 1382.0788 44280 1665625 139513.28 148.1 0.13
15.00 2 278.67 129.89 1203.34 10754394 34770 1393244  109606.15 156.3 0.10
15.00 3 276.48 119.18 749.33 668.78109 24750 1092833  77731.28 175.3 0.1
10.00 4 267.96 157.59 188.99 147.19242 10320 708739  31759.86 169.5 0.24
10.00 5 84.51 81128 111471 98313518 34080 1005486  106952.12 19 0.11
10.00 6 103.59 434,81 816.80 737,20553 24870 751621 78163.35 239 0.10
10.00 T 111.37 131.34 536.55 494.12535 16875 561913  53163.50 43.9 0.08
15.00 8 2248 15.66 28.49 22.479948 1005 57031 3103.81 06 0.23

W.F. 0.15 0.15 0.18 0.10 0.10 0.10 0.10 0.156

WTD AVG BHP = 136.25 KW= 101.60 MODE = 1 2 3 4 5 6 7 8
PARTIC. WT, MG = 1.19 0.88 0.80 0.57 1.60 0.64 0.34 0.01

Exh.Probe Mass Flow Rate (g/Sec.)= 1.087 0.868 0682 0.441 0.858  0.671 0.567 0.137

HC CO  KNOX KNO FUEL  EXHAUST co2 NMHC Sample Time (Sec. 180 180 180 120 120 120 120 180

Dil.Exh.Sample Mass-Part.Filter (kg) = 0.20 0.16 0.1228 0.05 0.10 0.08 0.07 0.02

WTD AVG GM/H = 19225 23363  801.16 708 24335 934086 76497 95.96 Dil.Tunnel Tot Flow Temp.Corr. (scmm)= 65.14 65.28 65635 65.37 6520 6523 65.21 65.33

Dil. Tunnel Tot Mass Flow (kg/Hr.)= 5053.70 5064.15 5069.57 5071.34 5057.89 5060.49 5058.80 65068.23

AVG GM/BHPH = 141 171 5.88 5.20 178.81 561.45 0.70 Partic.Mass Flow Rate (g/Hr.)=  30.74  28.52 3304 5462 7851 4022 2528 2.06
AVG GM/KWH = 1.89 230 7.89 697 23952 752.92 0.94 GM/BHPH=  0.122 0.145 0.251 2106 0373 0.261 0.248

WTD AVG GM/H = 34.02
WT AVG NOZNOX RATIO = 0.137938673 WEIGHTED AVG GM/BHPH = 0.250

AVG GM/KWH = 0.335

8-Mode Test Result Ver.2 08/2007 Approved



z
I
a
@

BN O DL WON -

WT. FAC Mode
% No

15.00
15.00
15.00
10.00
10.00

10.00

10.00
15.00

N OEWN -

WTD AVG BHP =

WTD AVG GMWH =

AVG GM/BHPH =

AVG GWKWH =

WT AVG NO2/NOX RATIO =

8-Mode Test Result

EngSpd
RPM

2200.0
2200.0
2200.0
2200.0
1399.9
1399.8
1399.9

587.4

HC

324.01
293.61
275.42
259.02

86.88

104.57
116.33
12.87

136.67

HC
192,57
1.41

1.89

0.146974817

DynTrq
Ib-ft

608.1
488.5
3148

821
788.9
578.5
382.0

-1.3

co

275.44
133.69
112.88
150.23
803.62
424.70
129.87

9.39

co
230.52
1.69

226

EngPwr Cco2
Hp %
254.7 5.72
198.3 5.39
1319 4.90
26.0 3.08
2103 7.6
154.2 7.44
101.9 8.76
0.0 68.22
GRAMS/HOUR——
KNOX KNO
1623.97 1375.5022
1211.87 10680.05
758.17 6645374
186.84 145.51735
1105.07 966.99423
819.99 729.91488
529.65 481.68002
17.11 13.68396
KW= 101.92
KNOX KNO
805.82 699
5.90 5.12
7.91 6.86

8-Mode Test Results

OLSON-ECOLOGIC ENGINE TESTING LABORATORY
GTAT I1SO-8178 8-MODE TESTING OF VISCON POLYMER

NOx
ppPm

873.44
606.15
484.04
184.87
798.32
794.90
889.37
354.49

FUEL

44730
34950
24960
10380
34080
24930
16845

975

FUEL
24466
179.01

240.08

EXHAUST

1718239
1421003
1109042
704589
1003352
746258
552294
34358

EXHAUST

943045

NO
ppm

§73.66
631.46
423.18
141.20
701.98
708.55
625.21
279.94

coz

140941.9
110128.0
784133
31990.6
106956.7
78367.2
53054.6
3048.5

co2
76916
562.78

754.71

8MLP16 (MULTI-FILTER)

HCFID FUEL RT
ppm  GM/MIN

415.46 745.5
453.87 582.5

543.09 418
791.01 173
193.85 568

313.37 4155
468.30  280.75
828.76 16.25

NMHC

161.7
169.1
175.4
162.7

1.8

229
475

GR/LB

489
487
484
481
48.4
488
49.0
51.0

BASELINE
AirMas EngExh ABSHUM
scfm  deg/F
505.1 905.4
428.6 840.2
351.6 7421
259.8 5141
271141 1028.3
219.0 959.9
1774 805.6
52.7 299.0
NO2/NOX
RATIO
0.15
£ 0.12
0.13
0.24
0.12
o1
0.09
0.21

01

NMHC
97.94
0.72

0.9

Air In
degF

75.7
76.6
78.9
7688
76.7
778
78.0
78.4

Baro P
InkHga

30.00
30.00
30.00
30.00
30.00
30.00
30.00
30.00

W.F,

MODE =

PARTIC. WT, MG =
ixh.Probe Mass Flow Rate (g/Sec.)=
Sample Time (Sec.)=
I.Exh.Sample Mass-Part.Filter (kg) =
unnel Tot Flow Temp.Corr. (scmm)=
Dil.Tunnel Tot Mass Flow (kg/Hr.)=
Partic.Mass Flow Rate (g/Hr.)=

GM/BHPH=

WTD AVG GM/H =

WEIGHTED AVG GM/BHPH =

Ver.2 08/2007

WTD AVG GM/KWH =

f/aCAL
FACTOR

0.027
0.025
0.023
0.015
0.035
0.035
0.032
0.029

0.15
1
1.07
1.087
180
0.20
65.03

5045.10

27.59
0.108
32.829
0.240

0.322

KNOX
PPM

630.57
667.30
452,73
17279
748,70
744,18
645,68
333.64

0.15
2

0.77
0.868
180
0.16
65.23
5060.48
24.94

0.127

Fuelln
degF

101.1
103.4
103.4
103.2
100.4
102.2
101.7

93.9

0.15

3

0.80
0.682
180
0.1228
65.35
5069.88
33.04

0.251

KNO  Methane
PPM ppm
537.1 221.7
4974 1934
395.8 198.6
132.0 298.7
856.6 189.9
663.3 2448
585.6 2778
283.5 819.9
0.10 0.10
4 5
0.60 1.52
0.441 0.859
120 120
0.05 0.10
65.37 85.20
5071.17 5068.19
57.50 74.59
2.209 0.355

NMHC
ppm

193.7
280.5
3445
492.3
3.9
68.5
190.5
8.9

0.10

6

0.64
0.671
120
0.08
65.24
5061.01
40.23

0.261

Humidy
%

37.2
36.0
354
355
387
349
345
35.5

0.10

0.33
0.567
120
0.07
85.23
5060.81
2455

0.241

Approved

oilp
psig

52.7
49.5
50.3
52.9
36.0
3r.2
39.1
20.3

0.15

0.01
0.137
180
0.02
65.38
5072.11
2,06



OLSON-ECOLOGIC ENGINE TESTING LABORATORY
GTAT 1S0-8178 8-MODE TESTING OF VISCON POLYMER
8MLP17 (MULTI-FILTER)

BASELINE
EngSpd DynTrq  EngPwr co2 co NOx NO HC FID FUELRT AirMas EngExh ABSHUM Airin Baro P taCAL KNOx Fuelln KNO  Methane NMHC Humidy QilP nH/InC
Mode RPM bt Hp % ppm ppm ppm ppm GM/MIN scfm  deg/F GR/LB degF InHga  FACTOR PPM degF PPM ppm ppm % psig RATIO
1 22000 6049 2534 580  183.08 610.16 55756  406.71 741 5004 9113 547 786  30.00 0027 57954 1034 52958 322.98 83.72 37.74 4966 18
2 22000 4696 196.7 549  109.75 550.34 51357 44273 5835 4260 8501 56.0 798 30,00 0026  524.46 106.0  489.41 28288  159.85 37.26 4855 1.8
3 22000 3147 1318 498 11862 424.16 389.13  537.02 4135 3469  747.7 56.7 798 30.00 0024  404.88 107.3 37142 27948  257.54 37.59 50.18 1.8
4 2200.0 61.8 25.9 316 22807 161.15 112.34 792,96 170 2582 5167 6.7 797 3000 0.015 153.85 107.7 10724 41555  377.42 37.78 52.67 1.8
5 1399.9 789.6 2104 774 91276 708,90 665.50 169.01 5685 2729 10334 56.9 795 3000 003  677.05 1048 63560 169.01 95.85 38.18 36.02 18
6 1400.0 578.6 1542 758  657.07 689.29 650.04 29177 4135 2186 9620 57.2 797 30.00 0035  658.80 1048 62129 20177 53.88 38,16 37.19 1.8
7 14000 3822 101.9 686 26226 594.44 53612 43465 2795 1772 8062 57.4 797 3000 0032  568.36 1049 51280  388.81 45.84 38.19 40.04 1.8
8 590.5 07 0.0 512 287.57 307.97 29065 70642 1625 543 3381 58.4 798  30.00 0024  295.19 988 27860 70642 53576 38.70 20.11 18
——— — GRAMS/HOUR—— R
WT.FAC  Mode NO2INOX
% No HC co KNOX KNO FUEL EXHAUST co2 NMHC RATIO
15,00 1 311.05 28145 146368 1329.9143 44460 1687536 140113.88 64.4 0.08
15.00 2 28188 14045 110266 1026.3731 35010 1401200 11034347 102.3 0.07
15.00 3 26625 11821 66283 6095737 24810 1086266  77956.07 128.4 0.08
10.00 4 24976 14439 160.02 113.71427 10200 678946  31456.06 120.4 0.30
10.00 5 7402 80357  979.25 914.64182 34110 983296 107092.87 42.0 0.06
10.00 6 9512 43057  709.23 667.78798 24810 730829  78005.74 17.6 0.06
10.00 7 10597 12853  457.60 41362956 16770 543164  52850.70 11.2 0.10
15.00 8 13,31 10.89 18.36 17.563971 975 41333 3044.77 10.1 0.06
WTD AVG BHP = 136.53 Kw= 101.81
W.F. 0.15 0.15 0.156 0.10 0.10 0.10 0.10 0.15
HC CO  KNOX KNO FUEL EXHAUST co2 NMHC MODE = 1 2 3 4 5 6 7 8
PARTIC. WT, MG = 1.20 0.87 0.84 0.60 1.83 0.78 0.40 0.07
WTD AVG GM/H = 18336 23336 717.74 658 24377 926074 76659 64.91 Exh.Probe Mass Flow Rate (¢/Sec.)=  1.087 0.868 0682 0.441 0859 0671 0.567 0.137
Sample Time (Sec.)= 180 180 180 120 120 120 120 180
AVG GM/BHPH = 134 171 526 4.82 178.54 561.47 0.48 Dil.Exh.Sample Mass-PartFiter (kg) = 0.196  0.156 0123 0.053 0103 0.081 0.068 0.025
Dil. Tunnel Tot Flow Temp.Corr. (scmm)= ~ 65.04 65.31 65.31 65.37 65.20 65.24 65.24 65.34
AVG GM/KWH = 1.80 229 7.05 647  239.43 752.94 0.64 Dil. Tunnel Tot Mass Flow (kg/Hr.)= 5045.96 5066.95 5067.04 5071.25 5058.16 5061.63 506123 5068.85
Partic.Mass Flow Rate (/Hr.)=  30.9473 28.2146 34.6718 57.4971 89.7985 49.0322 28.7544 14.3884
GM/BHPH= 0.122 0.143 0.263 2221 0.427 0.318 0.292
WTD AVG GM/H = 38.842
WT AVG NOZNOX RATIO = 64,90954311

WEIGHTED AVG GM/BHPH =  0.284

WTD AVG GM/KWH = 0.381

8-Mode Test Result Ver.2 0&/2007 Approved




8-Mode Test Resutts

OLSON-ECOLOGIC ENGINE TESTING LABORATORY
GTAT ISO-8178 8-MODE TESTING OF VISCON POLYMER

8MLP18 (MULTI-FILTER)
BASELINE

EngSpd DynTrq EngPwr co2 co NOx NO HCFID FUELRT AirMas EngExh ABSHUM Air in Baro P f/aCAL KNOx Fuelin KNO  Methane NMHC Humidy Qil P nH/INC

Mode RPM Ib-ft Hp % ppm pPpM ppm ppm GM/MIN scfm  deglF GR/LB degF InHga FACTOR PPM degF PPM ppm ppm % psig RATIO

1 219989 610.8 2559 5.72 174.36 633.06 543,52 396.6 749 505.4 801.7 58.5 77.0 30.00 0.027 606.97 101.3 5211 206.8 189.8 426 54.3 1.8

2 2200.0 469.2 196.6 5.40 103.52 580.13 519.98 439.5 581.5 428.2 8426 59.3 78.1 30.00 0.025 557.38 104.1 499.6 184.1 255.4 416 50.3 18

3 2200.0 315.2 1320 4.88 115.01 461.90 412.82 535.8 4135 350.0 7448 59.1 78.4 30.00 0.023 44361 105.2 39.5 181.8 3539 411 50.6 18

4 22000 622 26.0 3.03 230.02 170.75 135.08 767.2 1715 259.0 510.9 58.4 78.0 30.00 0.015 163.69 105.2 1295 2772 490.0 41.2 526 18

5 1400.1 789.1 2103 7.53 891.31 768.79 694.80 1932 568 2730 1028.7 58.0 77 30.00 0.035 736.33 104.7 665.5 189.8 34 41.2 3.1 18

L] 1400.0 578.5 154.2 7.35 639.39 749.96 696.71 3137 415 219.2 957.0 58.0 7.9 30.00 0.034 718.15 106.6 667.2 2439 69.8 41.0 372 18

7 1399.8 3822 101.8 6.58 250.66 639.72 616.59 4587 281 178.2 8028 57.5 77.8 30.00 0.031 611.92 104.0 589.8 268.2 190.5 40.8 40.1 18

8 581.3 08 0.1 439 284.86 345.90 284.87 874.1 17.25 53.0 385.7 58.4 78.1 30.00 0.021 331.57 99.5 2731 8429 3.2 41.0 18.7 1.8

_ GRAMS/HOUR——
WT. FAC Mode NO2NOX
% No HC co KNOX KNO FUEL EXHAUST co2 NMHC RATIO

15.00 1 311.04 27483 157180 1341.304 44540 1729985 141652.39 149.4 0.14
15.00 2 28338 13417 1186.82 1061.0038 34890 1418609 109966.59 165.3 0.10
15.00 3 270.72 116.81 740.17 663.16177 24810 1106512 77944.18 1795 0.1
10.00 4 254.48 153.36 179.30 14457814 10290 714316 3171355 184.0 0.21
10.00 5 86.93 806.11 1094.05 9839268 34080 1008398 106952.62 15 0.10
10.00 6 105.75 433.30 799.54 741.75855 24900 754388  78254.40 236 0.07
10.00 7 117.13 128.66 516.02 49868402 16860 567536  53101.75 489 0.04
15.00 8 20.25 13.27 25.37 21.298028 1035 50540 3210.11 0.7 0.18

WF. 0.15 0.15 0.15 0.10 0.10 0.10 0.10 0.15

WTD AVG BHP = 136.93 KW= 102.11 MODE = 1 2 3 4 5 6 7 8
PARTIC. WT, MG = 120 0.88 0.81 0.66 1.68 0.69 0.43 0.15

ixh.Probe Mass Flow Rate (g/Sec.)= 1.087  0.868 0682 0.441 0.858 0671 0.567 0.137

HC CO  KNOX KNO FUEL  EXHAUST co2 NMHC Sample Time (Sec.)= 180 180 180 120 120 120 120 180

.Exh.Sample Mass-Part.Filter (kg) = 0.20 0.16 0.1228 0.05 0.10 0.08 0.07 0.02

WTD AVG GMH = 189.24 23300 78751 700 24484 950311 76918 98.03 unnel Tot Flow Temp.Corr. (scmm)= 65.02 65.16 6538 65.37 65.18 65.23 85.24 65.37

Dil. Tunnel Tot Mass Flow (kg/Hr.)= 5044.29 5054.77 5072.144 5071.70 5056.48 5060.61 5061.27 5071.44

AVG GM/BHPH = 1.38 1.70 5.75 5.11 178.67 561.75 0.72 Partic Mass Flow Rate (g/Hr.)= 30.937 28470 33467 63.253 82411 43366 31.986 30.848
AVG GM/KWH = 1.85 228 7.7 685  239.60 753.32 0.96 GM/BHPH=  0.121 0.145 0254 2430 0392 0.281 0.314

WTDAVG GMH = 40.660
WT AVG NO2/NOX RATIO = 0.120413745 WEIGHTED AVG GM/BHPH = 0.297

WTD AVG GM/KWH = 0.388

8-Mode Test Resuft Ver.2 08/2007 Approved



=
I3
a
o

®NDO L BN

WT. FAC Mode
% No

15.00
15.00
15.00
10.00
10.00

10.00

10.00
15.00

BN OB WN

WTD AVG BHP =

WTD AVG GWH =
AVG GM/BHPH =

AVG GM/KWH =

WT AVG NO2/NOX RATIO =

8-Mode Test Result

EngSpd
RPM

2199.9
2200.0
2200.0
2200.0
1400.0
1400.0
1400.0

586.2

HC
321.53
294,48
272.60

256.11
87.28

103.09
108.37
19.74

136.62

HC

191.74

1.40

1.88

0.133748634

DynTrq  EngPwr co2
Ib-f Hp %

805.0 2534 5.80
469.8 196.8 5.50
3149 1319 4,99
62.1 28.0 3.19
790.7 2108 7.86
578.2 154.2 7.51
3824 101.9 6.80
08 0.1 481
GRAMS/HOUR——

co KNOX KNO
27315 1587.99 1344.751
14111 1174.46 1054.556
119.77  728.18 650.8972
151.38 178.36 141.0157
798,97 1099.18 963.5473
442,14 802,73 717.8688
127.77 516.30 468.5155
14,18 23.95 20.2007
KW = 101.87

co KNOX KNO
23425 786.84 6890
1.7 5.76 5.05
230 7.72 8.77

8-Mode Test Results

OLSON-ECOLOGIC ENGINE TESTING LABORATORY
GTAT 1SO-8178 8-Mode Testing of Viscon Polymer

co NOX
ppm ppm
178.97 658.26
110.60 590,32
120,31 489.58
238.73 180.74
897.33 794.08
670.35 783.80
261.22 679.78
338,87 367.30

FUEL  EXHAUST

44870 1694480
34980 1398737
24870 1084892
10320 679805
34140 993294

24780 734755
16590 541494
1020 45588

FUEL  EXHAUST

24414 928189

178.71

239.65

NO
ppm

560.53
§31.19
418.63
140.12
699.43
701.87
615,36
304.00

co2

140762.38
110207.19
78124.55
31807.08
107153.76

77866.88
62271.27
3162.58

C02

76748

561.78

753.38

8MLP19 (MULTI-FILTER)

BASELINE
HCFID FUELRT  AirMas EngExh ABSHUM Airln  BaroP
ppm  GM/MIN scfm  deg/F GR/LB degF InHga
418.73 744.5 503.9 906.3 55.3 758 30.00
463.90 583 430.2 8418 544 76.8 30.00
§50.41 4145 349.9 743.4 54.0 772 30.00
811.99 172 259.9 514.2 53.7 774 30.00
197.02 569 2728  1026.9 53.2 76.8 30.00
31417 413 2195 957.8 52.8 7.1 30.00
445,34 276.5 176.8 804.7 52.7 77.3 30.00
949,07 17 53.1 3834 54.4 778 30.00
NO2/NOX
NMHC RATIO
152.8 0.15
171.4 0.10
179.0 0.1
184.7 0.22
1.8 0.12
19.8 0.10
.41.0 0.09
24 0.17
W.F.
MODE =
PARTIC, WT, MG =
:xh.Probe Mass Flow Rate (g/Sec.)=
NMHC Sample Time (Sec.)=
|.Exh.Sample Mass-Part.Filter (kg) =
98.53 unnel Tot Flow Temp.Corr. (scmm)=
Dil.Tunnel Tot Mass Flow (kg/Hr.)=
0.72 Partic.Mass Flow Rate (g/Hr.)=
0.97 GM/BHPH=
WTD AVG GM/H =
WEIGHTED AVG GM/BHPH =
WTD AVG GM/KWH =
Ver.2 08/2007

fraCAL
FACTOR

0.027
0.028
0.024
0.016
0.036
0.035
0.032
0.023

0.15

1

1.25
1.087
180
0.20
65.11
5051.29
32,271

0.127
37.704

0.276

0.370

KNOx
PPM

626.26
560.31
44522
171.24
751.43
740.80
6842.48
348.67

0.15

2

0.82
0.868
180
0.18
65.28
5064.62
26.581

0.135

Fuelln
degF

103.7
108.4
108.9
108.0
101.8
1024
1023

89.3

0.15

3

0.68
0.682
180
0.12
65.34
5069.43
27.255

0.207

KNO
PPM

5333
504.2
398.9
132.8
681.9
663.4
581.6
288.8

0.10

4

0.80
0.441
120
0.05
85.37
5071.71
57.502

2211

Methane
ppm

220.7
194.9
190.3
294.4
193.0
2541
2117
835.4

0.10

5

1.76
0.859
120
0.10
65.20
5058.45
86.368

0.410

NMHC
ppm

198.00
268.02
360.07
517.59
3.99
60.04
167.60
113.65

0.10

8

0.85
0.671
120
0.08
65.23
5060.83
40.854

0.265

Humidy
%

423
39.9
39.0
38,9
39.0
383
38.1
38.6

0.10

7

0.31
0.567
120
0.07
65.268
5063.23
23.089

0.228

Approved

oip
psig

54.1
49.7
50.2
52.8
35.8
38.7
39.7
18.8

0.15

8

0.13
0.137
180
0.02
65.34
5069.15
28.723



8-Mode Test Results

OLSON-ECOLOGIC ENGINE TESTING LABORATORY
GTATISO-8178 8-MODE TESTING OF VISCON POLYMER
8MLP20 (MULTI-FILTER)

BASELINE
HCFID FUELRT

€ngSpd  DynTrq  EngPwr co2 co NOx
Mode RPM Ib-ft Hp % ppm ppm
1 2200.0 807.7 2546 5.80 170.27 674.00
2 2200.0 469.8 196.8 5.45 105.04 601.26
3 2200.1 3149 132.0 4,93 119.058 480.74
4 2200.0 62.1 260 3.17 23483 185.73
5 1400.0 789.4 2104 759  867.19 800.42
] 1399.9 578.7 154.2 7.47 599,19 798.58
7 1399.9 382.2 101.9 6.71 240.74 686.22
8 592.3 0.9 0.1 5.9 29271 343.90
GRAMS/HOUR:
WT. FAC Mode
% No HC co KNOX KNO FUEL EXHAUST
15.00 1 307.59 263.21 1615.48 1385.9814 44870 16896251
15.00 2 281.24 134.89 1196.35 1061.047 34890 1404738
15.00 3 287.70 119.82 748,90 659.5425 24810 1005767
10.00 4 248.77 150.31 184.07 143.93756 10320 685974
10.00 5 88.23 773.85 1105.90 964.32358 33900 994629
10.00 ] 100.82 397.05 819.02 725.94047 24720 7371748
10.00 7 111.39 120.00 529.43 478.28989 16680 551283
15.00 8 13.79 9.77 17.85 14.115439 1005 36735
WTD AVG BHP = 136.77 KW= 101.99
HC co KNOX KNO FUEL EXHAUST
WTD AVG GM/H = 185.47 223.27 800.63 899 24368 931987
AVG GM/BHPH = 136 163 585 5.11 178.17
AVG GM/KWH = 1.82 219 7.85 6.86 238.93
WT AVG NO2/NOX RATIO = 0.145129416

8-Mode Test Result

NO
ppm

581.66
634.63
422.35
142.53
701,27
708.81
618.37
268.33

co2z

140822.01
109972.20
77948.96
31831.90
108426.17
77753.88
52560.46
3140.52

co2
76640
560.36

751.45

ppm

399.96
440.22
§34.65
781.19
198.73
305.83
449.19

830.5

NMHC

147.7
1674
176.8
160.5
1.7
19.4
449
14

NMHC

0.71

0.95

GM/MIN

744.5
581.5
4135
172
565
412
278
16.75

AirMas EngExh ABSHUM Airln  Baro P
scfm  deg/F GRALB degF InHga
504.6 908.8 521 73.8 30.00
430.8 838.1 51.8 74.5 30.00
3520 7413 514 74.8 30.00
259.5 511.5 515 746 30.00
2739 1020.2 515 742 30.00
218.9 9538 . 514 745 30.00
175.8 799.9 51.4 748 30.00

53.8 378.8 53.3 75.2 30.00
NO2/NOX
RATIO
0.14
0.11
0.12
0.23
0.12
0.11
0.10
022
W.F.
MODE =
PARTIC.WT, MG =
Exh.Probe Mass Flow Rate (g/Sec.)=
Sample Time (Sec.)=
Dil.Exh.Sample Mass-Part.Filter (kg) =
Dil.Tunnel Tot Flow Temp.Corr. (scmm)=
Dil.Tunnel Tot Mass Flow (kg/Hr.)=
Partic.Mass Flow Rate (g/Hr.)=
GM/BHPH=
WTD AVG GM/H =
WEIGHTED AVG GM/BHPH =
WTD AVG GM/KWH =
Ver.2 08/2007

flaCAL
FACTOR

0.027
0.028
0.023
0.015
0.038
0.035
0.031
0.028

0.15

1

1.16
1.087
180
0.20
65.09
5049.5
29.937

0.118

37.339

0.273

0.366

KNOxX
PPM

636.12
§67.07
452.94
175.04
754.35
752.33
846.50
325.52

0.15

2

0.93
0.868
180
0.16
65.30
5066.3
30.156

0.153

Fuelln
degF

101.5
103.9
105.4
104.9
100.0
101.2
100.5

98.1

0.15

3

0.77
0.682
180
0.1228
65.36
5070.8
31.808

0.241

KNO
PPM

549.0
504.2
397.9
1343

667.8
582.8
254.0

0.10

0.83
0.441
120
0.05
65.36
5070.7
60.366

2.322

Methane
ppm

208.5
179.1
182.9
2814
1949
2472
288.9
749.0187

0.10

5

1.61
0.859
120
0.10
65.21
5058.7
74.103

0.352

NMHC
ppm

191.4
261.1
351.8
499.7

58.7
180.3
81.4

0.10

0.58
0.871
120
0.08
65.25
5062.4
36.466

0.238

Humidy
%

423
41.0
40.3
40.7
41.2
40.7
40.8
41.2

0.10

7

0.33
0.567
120
0.07
65.25
5062.2
24,552

0.241

Approved

oilP
psig

52.4
49.9
50.2
53.1
36.1
37.2
39.7
19.2

0.15

0.13
0.137

0.02
85.29
50685.2
26.702



Mode

BN BWN

WT. FAC Mode

15.00
15.00
15.00
10.00
10.00

10.00

10.00
15.00

PN BB WN

WTD AVG BHP =

WTD AVG GM/H =

AVG GM/BHPH =

AVG GM/IKWH =

WT AVG NOZNOX RATIO =

8-Mode Test Resuit

EngSpd
RPM

2200.0
2200.0
2200.0
22000
1400.0
1400.0
1400.0

575.7

HC
30267
252,60
272.90

268.40
81.40

103.61
120.74
2268

135.71

HC
185.04
1.36

1.83

0.129745756

DynTrq  EngPwr co2
Io-ft Hp %
614.0 257.2 585
448.6 187.9 5.43
314.8 131.9 4.85

61.9 259 2.88
789.6 2104 7.35
578.2 154.0 7.08
378.5 101.0 6.13

11 a1 N

GRAMY/HOUR——

co KNOX KNO

283.01 1609.78 1411.4876
12203 1136.60 1024.8661
115.67 745.25 666.42384
153.61 182.46 143.01999
819.73 115196 1027.3166
442.42 865.41 785.46522
132.85 562.82 514.36763
12.40 27.76 22.753645
KW= 101.20
co KNOX KNO
234.83 804.17 716
173 6.93 6.27
232 7.95 7.07

co
ppm

184.35

99.23
113.98
22434
886.26
631,99
24651
217.49

FUEL

44790
33270
24630
10080
34020
24720
16500

960

FUEL
24080
177.44

237.95

NOx
ppm

668.84
590.43
469.25
169.67
790.87
786.63
665.67
309.57

EXHAUST

1686441
1345745
1104860
732524
1029734
777313
593483
61326

EXHAUST

943061

B-Mode Test Resutts

OLSON-ECOLOGIC ENGINE TESTING LABORATORY
GTATIS0-8178 8-MODE TESTING OF VISCON POLYMER
8MLP21 (MULTI-FILTER)
BASELINE

AirMas  EngExh ABSHUM

NO
ppm

589.93
533.76
418.51
130.24
708.99
715.10
606.65
247.92

co2

141188.45
104925.58
77366.01
31000.66
106757.67
77673.79
51937.73
2965.05

coz
75704
567.85

748.09

HCFID FUELRT

ppm

396.29
412.90
540.52
787.91
176.90
297.50
450.31
799.42

NMHC

139.7
151.9
1847
1777
06
21
526
14

NMHC
96.95
0.71

0.96

GM/MIN

746.5
554.5
4105
168
567
412
275
16

scfm

499.2
406.1
3437
2%8.3
270.6
217.8
175.1

525

NO2/NOX
RATIO

0.12
0.10
0.11
023
0.10

0.09

0.09
020

deg/F

914.2
838.1
746.5
5133
1030.8
961.6
804.5
3927

GR/LB

56.6
56.0
55.8
57.3
58.4
57.5
56.9
57.8

Airin
degF

80.8
81.9
815
80.0
79.2
79.2
78.9
78.8

Baro P
InHga

29.90
29.90
29.90
29.90
29.90
29.90
29.90
29.90

W.F.
MODE =

PARTIC. WT, MG =
Exh.Probe Mass Flow Rate (g/Sec.)=
Sample Time (Sec.)=
Dil.Exh.Sample Mass-Part.Filter (kg) =
Dil. Tunnei Tot Flow Temp.Corr. (scmm)=
Dil. Tunnel Tot Mass Flow (kg/Hr.)=
Partic.Mass Flow Rate (g/Hr.)=

GM/BHPH=

WTD AVG GM/H =

WEIGHTED AVG GM/BHPH =

Ver2

WTD AVG GM/KWH =

08/2007

flaCAL
FACTOR

0.028
0.026
0.023
0.014
0.034
0.033
0.029
0.016

0.15

1.12
1.087
180
0.20
65.10
5050.1
28.908

0.112
33.634
0.248

0.332

KNOx
PPM

638.27

446.99
162.20
758.10
752.48
635.68
296.33

0.15

2

0.82
0.868
180
0.16
65.29
5064.8
26.582

0.141

Fuelln
degF

97.1
100.1
101.8
1025
103.6
103.4
100.7

94.0

0.15

0.73
0.682
180
0.1228
65.32
5067.4
30.134

0.228

KNO
PPM

563.0
508.6
398.7
1245
679.6
684.1
579.3
2373

0.10

0.57
0.441
120
0.05
65.37
5071.6
54.626

2.108

Methane
ppm

214.0
185.4
176.0
270.9
175.7
2342
254.9
7525

0.10

5

1.49
0.859
120
0.10
656.23
5060.2
73.144

0.348

NMHC

182.3
2475
3645
517.0
12
63.3
195.4
46.9

0.10

6

0.59
0.671
120
0.08
65.22
5060.1
37.078

0.241

Humidy
%

36.2
348
35.0
377
394
38.9
388
395

OitP
psig

56.2
536
51.2
534
35.9
368
400
183

0.16

0.06
0.137
180
0.02
65.35
5069.8
12.335

nH/InC
RATIO

18
1.8
18
18
18
18
1.8
18

Approved



Mode

1

2

3

4

5

8

7

8

WT. FAC Mode

% No

15.00 1

15.00 2

15.00 3

10.00 4

10.00 5

10.00 6

10.00 7

15.00 8
WTD AVG BHP =

WTD AVG GM/H =

AVG GM/BHPH =

AVG GM/KWH =

WT AVG NOZ/NOX RATIO =

8-Mode Test Result

EngSpd
RPM

2200.0
2199.9
21999
2200.0
1399.9
1399.9
1399.9

567.4

HC

316.00
283.98
278.61
267.76

88.57
106.59
12263

2375

136.68

HC
193.91

1.42

0.112176474

DynTrq
Ib-ft

613.4
462.9
3149
62.0
790.1
577.9
3822
13

co

27215
13221
116.32
155.09
805.92
41218
120.34

14.62

co
22065
1.68

225

EngPwr co2
Hp %
256.9 5.83
193.9 5.45
1319 4.88
280 298
2106 7.49
154.0 729
101.8 8.45
0.1 39
GRAMS/HOUR——
KNOX KNO
1662.88 1453.7156
1227.85 1113.2275
755.75 682.6725
178.44 141.96456
112243 1018.043
821.28 756.2068
5§36.66 50268377
26.47 23.489638
KW= 101.92
KNOX KNO
816.81 733
5.98 6.36
801 .18

GTAT1S0-8178 8-MODE TESTING OF VISCON POLYMER

co NOX
ppm ppm
175.86 671.79
103.69 606.71
114.78 469.83
233,05 168.73
892.77 783,54
609,76 766.65
232.93 655.31
303.17 344,97
FUEL  EXHAUST
44970 1792279
34650 1467868
24720 1160838
10140 750081
33840 1057411
24630 790070
16620 599557
960 54804
FUEL  EXHAUST
24318 991080
177.92
238.60

8-Mode Test Results

OLSON-ECOLOGIC ENGINE TESTING LABORATORY

NO
ppm

690.74
551.32
423,19
131.46
714.10
706.80
611.93
298.71

Co2

141736.45
109203.73
77633.47
31191.37
106183.69
77425.37
52333.40
2958.19

co2
76443
659.30

750.03

8MLP22 (MULTI-FILTER)
BASELINE
HCFID FUELRT  AirMas EngExh ABSHUM Airin Baro P
ppm  GM/MIN scfm  deg/f GRILB degF inHga
410.45 7495 5079 908.9 845 748 2990
44768 5775 4230 8426 61.6 759 29.90
552.60 412 3461 740.5 815 764 29.80
808.75 169 2603 510.7 620 759 2990
197.22 564 2724 10238 61.4 756  29.90
31695 4105 2190  956.2 60.9 760  29.90
477.10 277 1785 8008 61.0 75.9  29.90
990.20 16 519 3920 82.7 762  29.90
NO2NOX
NMHC RATIO
1607 0.12
177.3 0.09
1925 0.10
1815 0.2
8.1 0.09
289 0.08
58.7 0.07
0.8 0.13
W.F.
MODE =
PARTIC. WT, MG =
ixh.Probe Mass Flow Rate (g/Sec.)=
NMHC Sample Time (Sec.
.Exh.Sample Mass-Part.Filter (kg) =
107.41 unnel Tot Flow Temp.Corr. (scmm)=
Dil.Tunnel Tot Mass Flow (kg/Hr.)=
0.79 Partic. Mass Flow Rate (g/Hr.)=
1.05 GM/BHPH=
WTD AVG GM/H =
WEIGHTED AVG GM/BHPH =

WTD AVG GM/KWH =

Ver.2 08/2007

fraCAL
FACTOR

0.027
0.026
0.023
0.015
0.035
0.034
0.030
0.019

0.15

1

1.02
1.087
180
0.20
65.10
5050.7
26.330

0.102
31.576

0.231

0.310

KNOx
PPM

653.98
586.22
453.93
163.21
756.85
739.52
632.26
334.25

0.15

2

0.96
0.868
180
0.16
65.37
5071.2
31.159

0.161

Fuelin
degF

98.0
100.2
1011
1013
1028
1027
100.8

93.8

0.15

067
0.682
180
0.12
65.33
5068.7

27.664

0.210

KNO
PPM

575.1
5327
408.9
127.2
689.8
6€81.8
590.4
289.4

0.10

4

0.52
0.441
120
0.05
65.37
5071.4
49.832

1.917

Methane
ppm

2024
169.1
1721
265.2
179.2
2211
249.7
959.0

0.10

5

134
0.859
120
0.10
65.18
5056.8
65.737

0.312

NMHC
pPpm
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