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GASOLINE & OTHER FUEL ADDITIVES

additive whose demand is expected at least to double by the
mid-1990s in response to 1990 Clean Air Act standards.

TABLE IV-7

GASOLINE AND OTHER FUEL DETERGENTS
(million dollars)
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Ttem 1980 1985 ,1991. 1996 2000
Gasoline Production (bil gal) 100.5 98.8 106.7 107 106
$/000 gal ’ 0.29 0.64 1.11 1.50 1.93
Detergents Demand 29 63 118 160 205
% detergents 0.02 0.04 0.03 0.02 0.02
Total Petroleum Additives 1765 1780 3555. 9990 13590

Gasoline and Other Fuel Deposit Modifiers

Demand for deposit modifiers in gasoline and other fuels is
expected to grow nearly nine percent through 1996 . to $35
million. Growth expectations for these additives.are based on
current trends in engine design, crude production and growing
consumer awareness of proper engine maintenance and functioning.
A major impetus for growth in this category will come from
recent Clean Air Act legislation. Beginning in January 1995,
deposit control additives will be required in all gasolines sold
in the US in order to meet emission standards.

Deposit modifiers, also called dispersants, remove carbon

deposits from port fuel injectors or carburetors. . These
additives also can inhibit the formation of deposits on
manifolds, intake valves and other fuel 1line equipment.

Uncontrolled ignition and spark plug fouling are inhibited by
eliminating or dispersing the deposits. Most deposit modifiers

Copyright by The Freedonia Group, Inc. Page 37



o i e " —

Fadd

L

R S B A o [re—

GASOLINE & OTEER FUEL ADDITIVES

are based on either polybutene or polyether amines. Chevron'’s
oronite Additives Division is a leading producer of deposit
modifiers. Other manufacturers include Lubrizol and Citgo.

Additives are also being developed to control combustion chamber
deposits to reduce octane requirement incréégé;'(ORI). ORI
develops as an- engine ages and deposits bd?id' up in the
combustion chambers. These deposits cause’ the octane
requirement of the engine to increase by several” octane numbers
during the first thousand miles of its lifetime. Nearly
one-third of US passenger cars may have engine; with higher

octane requirements than they were designed for.

Polar Molecular Corporation has developed an additive, which it
sells under the DURALT tradename, to solve the problem of ORI.
In 1992, Polar Molecular announced an agreement with Dow
Chemical under which Dow has the option to license this fuel
additive technology. During the option period, Dow will assess
the opportunities for the technology in the US and overseas.
Texaco Additive Company has also developed a produbt that it

says will provide octane requirement decrease (ORD) .

TABLE IV-8

DEPOSIT MODIFIERS FOR GASOLINE AND OTHER FUELS
(million dollars) )

Item 1980 1985 1991 1996 2000
Gasoline Production (bil gal) 100.5 98.8 106.7 107 106
$/000 gal 0.10 0.14 0.22 0.33 0.39
Deposit Modifiers Demand 10 14 23 35 41
% deposit modifiers .006 .008 .006 .004 .003
Total Petroleum Additives 1765 1780 3555 9990 13590
Copyright by The Freedonia Group, Inc, Page 38



 E— - —

L mm— o g —

B

Ig— -

INDUSTRY STRUCTURE

SECTION V1

INDUSTRY STRUCTURE & COMPETITIVE: STRATEGIES

General

The $3.6 billion petroleum additive industry is highly
competitive in terms of price, product performance and customer
services. The industry is dominated by major petroleum
companies and large chemical manufacturers. However, there are
a variety of smaller manufacturing and blendlng companies that
compete strongly within specialized nlches of the: industry.
Manufacturers include: major multinational petroleum refining
and chemical conpanies, such as Exxon, Chevron{ Amoco and
Texaco; leading specialty chemical manufacturers, such as
Lubrizol, Ethyl, and Du Pont; and other small . producers,
distributors, and formulators of specialty chemical products,
including Vanderbilt, STP, Hastings and Polar- Molecular.
Approximately 80 companies are involved in petroleum .additive
production in the United States, with substantial industry
concentration due to the involvement of large refining and
chemical operations in the additives business. Roughly 25
percent of gasoline and other fuel additives. are consumed
captively, while this figure drops to less thaﬁ ten ‘percent. for

lubricant additives.

The overlap of producers of additives for fuels (excluding -MTBE)
and lubricants is getting wider as automotive and truck-market
engine oil and fuel additive chemistries converge. As
manufacturers are faced with more stringent environmental

standards and changing product performance demands, an intimate
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knowledge of both chemistries is increasing.:in importance.
Extensive product lines in both fuel and lubricant additives are
becoming more important as a certain volume of activity is
necessary to support the increasingly expensive research,
development and registration activities necessary to stay
competitive in petroleum additives. This is-evidenced by the
fact that most of the leading producers, for -example Lubrizol
and Texaco, are expanding there operations to include both

categories of additives.

Gasoline & Other Fuel Additives Industry

Gasoline and other fuel additive manufacturers are somewhat more
fragmented than suppliers of lubricant additives, especially due
to the continued diffusion of MTBE production in the US. With
the explosive demand for MTBE in recent years, the scope .of
gasoline and other fuel additives manufacturers has broadened
from its ‘"specialties" exclusivity to a more wide ranging
commodity basis. Major suppliers of MTBE only partially overlap
the ranks of overall gasoline and other 'fuel “additive
manufacturers, making a case for considering .these groups

separately.

MTBE —-- A total of 22 companies competed in the US.MTBE industry

in 1991, a number which will expand with the incredible growth
prospects facing MTBE and other ether-based Anti—knockw agents
through the year 2000. MTBE production concentration .is. high,
with three companies --  Atlantic Richfield (ARCO), Texas
Petrochemicals (Total), and Enron -- controlling nearly
two—thirds of total capacity. Remaining production is highly
fragmented, with each company having less than six percent of

total capacity.

Copyright by The Freedonia Group, Inc. Page 62
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Manufacturing
Manufacturing requirements in the US petroleun additives

industry can represent a deterrent to entry. Capital
requirements are large, giving existing commodity and specialty
chemical producers an advantage. spending for a start-up
operation may require up to $100 million to .support the
necessary personnel, fund R&D and marketing, ..and. purchase
equipment and construct facilities. Howeyer, - capital
requirements are moderate for existing chemical ..manufacturers.
Vertical integration (lubricant and fuel formulators moving
upstream, purchasing additive chemical operations) is a viable
option for large oil recovery and refining concerns able to
outlay the necessary funding, and has been popular in the

lubricant and fuel additives industry.

Many additives, such as BHT and MTBE, are commodity chemicals
manufactured in continuous processing plants.  While they
require very little labor, continuous processing:operations are
highly capital intensive. Labor is most intense in-formulating

plants which produce specialty chemicals in small batches.

Marketing

The marketing of petroleum additives is generally. achieved
through company sales personnel and sales engineers to..the
purchasing agent or buyer employed with the petroleum product
manufacture. Additive manufacturers supplying chemicals to the
approximately 100 motor gasoline producers face different
marketing challenges than those faced by additive suppliers: to
the over 200 lubricant manufacturers. However, both end-use
segments are dominated by a number of large, well capitalized
firms, followed by smaller, less formidable producers.

Copyright by The Frcedonia Group, Inc. Page 69



INDUSTRY STRUCTURE

Purchasing policies vary by company, but in many cases supply
relationships are negotiated at the headquarter’s purchasing
departments for chemicals destined for more than‘one formulating
facility.

Due to the high level of competition in the automotive fluids
and fuel industries, marketing additives to the automotive
products segments (including fuels and lubricants): requires a
greater effort than marketing to other end use-markets, such as
industrial fluids. Additives manufacturers, as with most
chemical manufécturers, must command a thorough understanding of
end-use industry dynamics and customer needs. Additive
suppliers can augment product offerings with strong technical
servicing departments, effective and reliable distribution  and
price competitiveness.

A majority of additives are now marketed in packages. These
have become more common throughout the industry, as the
sophistication of additives increases and raises the potential
for incompatible chemical combinations. Mobil, for example,
offers a cost-effective, high performance gear oil additive
package labeled MOBALID G221. Utilizing the same proprietary
technology, Mobil is now developing other automotive and
industrial gear oil additive packages with improved thermal
stability. Marketing is further enhanced by product endorsement
from high-end European automobile manufacturers, such as BMW,
who allow petroleum product formulators to use their name and
insignia to signal product quality. Attainment of - these
endorsements requires meeting the highest standards set by these
car manufacturers, who test products on their sites.

Advertising in trade journals such as CPI Purchasing,

Hydrocarbon Processing, and 0il and Gas Journal is important to

Copyright by The Freedonia Group, Inc. - Page 70
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INDUSTRY STRUCTURE

new product development for additive chemicals. A chemical
company’s marketing service department can aid. in generating
customer inquiries through advertising, trade. shows, trade
releases and customer releases. These departments also produce
product literature, films, and supporting documentation for both

marketing and end-user training.

National and international auto racing networks (NASCAR, SCCA,
IROC, 1IMSA, Indy, Formula One, etc.) often provide high
visibility advertising and product promotion: .for petroleum
companies and formulators of gasoline and lubricants. Through
team sponsorship, race sponsorship, merchandizing and other
avenues, petroleum formulators can create brand awareness and
tap into the extensive motorsport following at home.and abroad,
estimated at 50 million enthusiasts. Companies that market
their products this way include STP, Texaco (HAVOLINE), and
Ashland (VALVOLINE).

Distribution

The chemicals that are added to petroleum to make specialized,
high performance products reach end users through a:number of
channels. These include established distribution channels for
the commodity chemicals market, and channels adapted for the
smaller order sizes and greater servicing needs associated with
specialty chemicals. ZLubricant additives are sold directly to
refiners producing lubricants and to compounder blenders. They
are qualified through extensive proof-of-performance testing by

suppliers for both customers and equipment manufacturers.
Intra-company transfers are significant for additives

manufacturers that operate as part of a large petroleum refining
entity. Most large purchasers that do not formulate chemicals
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in-house prefer to buy additives directly from the manufacturer,
especially if the quantities involved are purchased in bulk on
an annual contract basis. As with many commodity and most
specialty chemical producers, the makers of addigive chemicals
maintain technical servicing centers and warehoqéing facilities,
often close (within 200 miles) to major end users in the
petroleum processing industry.

Additives are. transported by trucks and trains in drums
(55-gallon non-returnable steel) or bulk tank containers. Often
toxic 1liquids mandate the use of stainless steel construction
and additional precautions. Transportation costs average less
than ten percent of sales for lubricant additives and some
specialty fuel additives. However, this figure drops' to a small
fraction of total sales for additives considered commodity
chemicals such as MTBE and BHT.

Direct sales account for most petroleum additive sales. The
technical nature of some additives precludes the use of
manufacturers’ agents and distributors. Distributors are
utilized in some cases, however, mainly in the caée‘of lubricant
additives. Distributors stock chemicals close the the point of
demand, assume all of the risks involved in managing inventory,

and provide rapid turnarounds in delivery.

Acquisitions and Divestititures

In response to the increasingly competitive petroleum additives
market, widespread industry consolidation has occured in recent
years. Due to the prohibitive research and develoﬁment costs
associated with the business, it is necessary to have a large
operation in order to distribute these costs over volume. Many
companies with smaller petroleum additives operations have,
therefore, sold off these operations.
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TABLE VI-2

SELECTED ACQUISITIONS & DIVESTITURES

Company Acquiring From Whom Date
Berkshire USA-1 Products - © 1991
Hathaway (packaged petrol-
(K&W Products) eum additives)
Chevron Orogil SAa Rhone-Poulenc 4/90
Corporation (France-petrol- SA (France)

eun additives)
ENRON MTBE business Tenneco 1991
Corporation Incorporated
Ethyl Amoco Petroleum Amoco 1992
Corporation Additives Corporation (pending)
Great Lakes Additional 36.7 Shell UK 1991
Chemical percent of Octel

Associates (UK-

gas additives)
Petroleos de Citgo Petroleum Southland . 2/90
Venezuela (deposit control Corporation

additives/MTBE)
Rhone-Poulenc SA surfactants GAF 2/90
(France) business Corporation
Total Texas - 11/91
(France) Petrochemicals )

(MTBE)

Copyright by The Frecdonia Group, Inc.
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Dow Chemical Company

2300 Willard H. Dow Center
Midland, MI 48640

(517) 636-1000

Dow operates 1in five lines of Dbusiness: ‘Chemicals and
Performance Products (chemicals used as processing.aids and raw
materials " in .the manufacture of other products); Plastic
Products (thermoplastics, thermosets and plastic:iiproducts);
Consumer Specialties (agricultural chemicals, ‘pharmaceuticals,
and consumer products); Hydrocarbons & Energy (fuels, olefins,
aromatics, styrene and cogeneration) ; and:  Unallocated
(insurance) . Dow recorded 1991 sales of $18.8 billion. The
Company employs 62,200. ‘

The Chemicals & Performance Products segment produces a variety
of chemicals including alkanolamines, ethanolamines,
ethyleneamines, glycerine, hydrogen chloride, phenol, propylene
glycols, propylene oxide, surfactants, antimicrobials, .glycol
ethers, cellulosic products, chelating agents, spolyglycols,
de-icing fluids, lubricants, and other products.::The:.Company’s
basic chemicals are used in the manufacture of lubricating oils
and fuel additives to help protect engines from:.corrosion and
the build-up of deposits.

Although Dow does not produce any finished petroleum ..additive
products, the Company is a significant supplier of-raw materials
for these products. In 1991, Dow began construction:of a:new 60
million pound ethyleneamines plant in Freeport, Texas— which is
expected to be operational in 1992. Ethyleneamines:are  used in
lube o0il and gasoline additives. The Company predicts- growing
demand for its ethyleneamines through the early:1990’s,. despite
slowdown in world economies. Demand for triethylenetetramine
(TETA), tetraethylenepentamine (TEPA) and pentaethylenehexamine
(PEHA) will 1rise because of stricter regulations for cleaner
burning fuels, especially diesel fuels. Dow has 100': million
pounds of annual capacity, second in the US to Union Carbide.

In addition, Dow has signed an option to license fuel additive
technology developed by Polar Molecular Corporation. This: -may
signal Dow’s entry into the finished petroleum additives:'market.
Dow will assess opportunities for the technology in-the US..:and
certain overseas markets. The option includes the- :acquisition
of know how, and licensing rights to the technology. :;.The
technology controls combustion chamber deposits and reduced
octane requirement increase in older vehicles.

Copyright by The Freedonia Group, Inc. Page 90
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Phillips Petroleum Corporation
Phillips Building
Bartlesville, OK 74004

(918) 661-6600

Phillips Petroleum operates in three 1lines. of business:
Petroleum (exploration and production, gas and:igas liquids, and
petroleum products); Chemicals (resins, engineering. "plastics,
olefins, aromatics, chemicals, hydrocarbons, catalysts, fibers
and pipe); and Other (minerals). Revenues .in:"1991 totaled
$13.3 billion. The Company employs 22,700. Petroleum:additives
offered by Phillips include PHILJET anti-icing, anti-microbial
additive for jet fuel.

Phillips produces MTBE at a unit at Sweeny, Texas at . an annual
capacity of 280 million pounds per year. A unit :at. Borger,
Texas 1is planned for 1993 start up, with an annual ‘capacity of
680 million pounds per year. The Borger unit, :whichiwill. also
be able to produce ethyl tert-butyl ether, willruse: the STAR
dehydrogenation process to produce MTBE.

Polar Molecular Corporation
4901 Towne Centre Road
Saginaw, MI 48604

(517) 790-4764

Polar Molecular has developed a unigque line of petroleum
additive products which are sold under the DURALT and . DUROIL
tradenames. These products, which are manufactured for ‘PMC by
Pfizer Incorporated, are used in gasoline and diesel r~fuels.
Sales for the Company in 1991 totaled $2 million. ' Polar
Molecular employs 10.

The Company offers the DURALT line of fuel conditioners. These

additives are patented combustion modifiers. Enhanced
combustion prior to opening the exhaust valves yield cooler
exhaust gas temperatures and better fuel economy. Cooler

exhaust temperatures, coupled with DURALT’s inhibition of peroxy
free radicals, reduces valve seat wear. These effects result in
more complete combustion, reduced octane requirement, and
improved driveability. DURALT additives are designed to allow
most vehicles to use lower octane gasoline without loss of
performance.

DURALT fuel conditioners are designed to increase power, improve
fuel mileage, reduce valve seat wear, reduce octane requirement
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increase in gasoline engines, cleans the combustion chamber,
reduces the formation of gums and sediments, increases diesel
cetane, inhibits algae and bacteria, reduces diesel injector
fouling and reduces hydrocarbon emission in both gasoline and
diesel engines.

DURALT fuel conditioners . are nmulti-purpose fuel additives
composed of carbon, hydrogen and oxygen, designed for wuse in
both gasoline and diesel engines. The additive acts as a
combustion modifier which positively affects ainumber of engine
functions. DURALT additives contain no metalliciingredients, no

methanol or ethanol and no nitrogen or phosphorus::compounds.

DURALT additives have been declared "substantially similar"
under the Clear Air Act by the Environmental Protection agency.
This allows DURALT additives to be bulk blended~ini:gasoline sold
as unleaded. Polar Molecular bases its c¢laims:. that DURALT
products are excellent substitutes for leaded tgasoline on two
characteristics of +the DURALT additives. First, ‘'they reduce
valve seat wear and, second, they reduce octane requirement
increase in gasoline engines.

Polar Molecular has announced an agreement with: .Dow Chemical
under which Dow has the option to 1license fuel :additive
technology developed by PMC. During the option .period,.Dow will
assess the opportunities for the technology :in @ the US and
overseas. The option concerns PMC technology -which has
demonstrated the ability to control combution chamber deposits
and to reduce octane requirement increase (ORI) which occurs in
autos as they get older.

PMC has also sold Amway Corporation expanded marketing rights
and certain technology rights as part of a broadened:supply and
marketing contract. Amway has marketed PMC’s ‘DURALT fuel
additives under the brand name FREEDOM fuel additive under a
1988 agreement with PMC. The agreement gives Amway ‘exclusive
worldwide rights to the four products within Amway’s: direct
seller field use. :

Copyright by The Freedonia Group, Inc. Page 118
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Dear Mark,

1

85/12/95 15:47  Pg:

POLAR MOLECULAR CORPORATION
Mark L. NELSON

7261 Terry Road

Saginaw, Michigan 48609

U.S.A,

Solaive, le § décembie 1995

1 am plcased to send you thie two copies of the mutual confidentiality agreement signed by Mr Gérard

BAUDOUIN, Director of the Rescarch Centre,

Would you please have thum signed and send me back one copy.

i

We will need a sumple of DURALT FC to run the tests we plan to start at the beginning of next year.

1 will inform you oh the exact quantity we need when 1 define the program.

Best regards.

L. GERMANAUD

NB: The two copies of the ugreement have been mailed today, but you could receive them later than expected
due W the fact that I'rench Administration and Postmen are on strike.
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MUTUAL CONFIDENTIALITY AGRE
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Agreement made this f&, day’o£:DEﬁ?¢MF, 1995 by and between
polar Moleculax Coxporation, a Coxporation having &
principal,office at 231 W. Lake tansing Road, Suite 200, East
Lansing, Michigan 48823, United states of America ("Folar") and
glf France, S.A. &8 French Corporation with an office at Place de
la Coupole -2, La pefense 6, 95 400 Courbevoise, France ("BLE") .

_ 1. Background. ELf and Polar intend to engage in
discussions and negotiations concerning the eatablishment of a
business relationship between them. In the course of such
discussions and negotiations, it is anticipated that either party
may digscloge or deliver to the othexr party certain of itse trade
secrets or confidential or proprietary information fox the purpose
of enabling the other party to evaluate the feasibility of such
pusiness relationship. The parties have entered into this
Agreement in order to assure the confidentiality of such trade
aecrets and confidential oF proprietary information in accordance
with the terms of this Agreement. As used in this Agreement, the
party disclosing proprietary Information (as defined below) is
referred to as the "Disclosing party"; the party receiving such
Proprietary Information is referred to as the "Recipient”.

2. gggpggg;g;g_;ggg;mggign. As used in this Agreement, the
term "Proprietary Information® ahall mean all trade secyets OI
confidential oY proprietary information designated as such in
writing by the pisclosing Party. whether by letter oXx by the use
of an appropriate proprietary stamp or legend, prior to orx at the
time any such trxade secret oI confidential ox proprietary
information is disclosed by the Disclosing Party to the Recipient.
Notwithatanding the foregoing, information which ig orally or
visually disclosed to the Recipient by the Disclosing Party, or i
disclosed in writing without an appropriate letter, proprietary
stamp or legend, shall constitute Proprietaxy Information if the :
Disclosing Party, within thirty (30) days after guch disclosure,
delivers to the Recipient a written document ox documents '

describing such Proprietaxy Information and referencing the place
\ and date of such oral, visual or written disclosure and the names
% of the employees or officers of the Recipient to whom such

disclosure was made.

3, pisclosure of Pro rieta f t . The Recipient
ghall hold in confidence, and shall not disclose to any person

\ outside its organization, any Proprietary Infoxrmation. The

1 Recipient shall use such Proprietary Information only for the

l' purpose for which it was disclosed and shall not uge or exploit

| such Proprietary Information for its own benefit or the benefit of
i another without the prior written congent of the Disclosing Party.
i The Recipient shall disclose Proprietary Information received by

éﬁfﬁ>
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it under this Agreement only to persons within its orqanization
who have a need to know auch Proprietary Tnformation in the course
of the performance of their duties and who are bound to protect

the confidentiality of such pProprietary Information.

4. Limitation on Obligations. The obligations of the
Recipient specified in Section 3 above shall not applyY. and the
Recipient shall have no further obligations, with respect to any
pProprietary Infornmation to the extent that such Proprietary
Information: '

(a) is generally known to the public at the time of
disclosure OF becomes generally known through no wrongful act on
vhe part of the Recipient:

(p} is in the Recipient’s possesgion at the time of
disclosure otherwise than as a result of Recipient’s breach of any
legal obligation; .

(¢) becocmes known to the Recipient through disclosure
by asources other than the pisclosing Party having the legal right
to disclose such Proprietary Information;

~

(@) is jndependently geveloped by the Recipient without

Il

reference to oOr reliance upon the Proprietary Information; or

{e) is required to pe disclosed by the Recipient to
comply with applicable laws oY governmental regulations,
that the Reciplient provides prior written notice of such
disclosure O the Disclosing Party and takes reasonable and lawful

actions to avoid and/or minimize the extent of such disclosure.

b

ﬂ 5. ownership of Pro rieta Inf . The Recipient

1k agrees that the Disclosing pParty i8 and shall remain the exclusive

Tk owner of Proprietary Information and all patent, copyright, trads
i secret, trademark and other intellectual property rights thexein.
No license ©f conveyance of any such rights to che Recipient is
granted oY implied under this Agreement.

6. Return of pocuments.. The Recipient shall, upon the
request of the Disclosing Party, return to the pisclosing Party
all drawings$, documents and other tangible manifestations of
proprietary Information received by the Recipient pursuant to thia
Agreement (and all copies and reproductions thereof) .

7. Migscellaneous.

o (a) All prior confidentiality agreements between the
parties remain in full force in effect and are incorporated herein
by reference. This Agreement supersedes all such prior
agreements, written or oral, between the pigclosing Party and the
Recipient relating to the subject mattexr of this Agreement. This

- ) o
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Agreement may not be modified; changed ©r discharged, in whole oxr
in part, except by an agreement in writing signed by the
Disclosing Parcy and the Recipient. :

{p) This Agreement will be binding upon and inure tO,
rhe benefit of the parties hereto and their respective heirs,
successors and assigns. :

{¢) This Agreement shall be construed and interpreted
in accordance with the laws of the State of Michigan.

{d) The provisions of this Agreement are necessary for
. the protection of the bhusiness and goodwill of the parties and are
i considered by the parties to be reasonable for such purpose. The
Recipient agrees that any breach of this Agreement will cause the
Disclosing Party substantial and irreparable damages and, -
eherefore, in the event of any such breach, in addition to other
remedies which may pe available, the pisclosing Party ghall have
tne right to seek specific performance and othex injunctive and
equitable relief.

EXECUTED as a gealed instrument as of the day and year first
set forth above.

polar Molecular Corporation E1f France, S.A.

By :

\ By: G. BAUDOUIN ,M{}D_
Title: (_*_hm‘rmm 9 (Egd pitle: Director of the Ré&F€arch Centre

Thig agreement «hall continue for a period of 10 years from the execution date

WS.pﬂmNHMUN,)ﬂ/MLum.. /1098, 0301 pm
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EVALUATION OF DURALT FC ADDITIVE

ELF - PMC Meeting

SOLAIZE, May 23 1996

PMCO059



EVALUATION OF DURALT FC ADDITIVE

* Previous Tests (1993) :

— ORI contol and combustion chamber cleanliness
The effect of the additive packages regarding the ORI control and
the cleanliness of the combustion chamber have been evaluated
by running the CEC PF28 procedure known as Renault 22700
procedure :
— Renault F3N engine,
~ keep-clean / 400 hrs test,
— visual rating of the deposits formed on the cylinder heads and
— piston heads according to a demerit scale :

» 0=clean 3 =heavy deposits
— measurements of Knock Limit Spark Advance in cranckshaft
degrees and determination of the A KLSA° during the test and
through an engine speed of 1500 to 4500 rpm.

PMCO059¢
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4. ORI control - (technical reperts = appendix I1I) {“\\\/
7’ &S

N .
The effect of the additives package DE1248 regarding the @Q"ﬁ}w Requirement Increase
Control as well as the cleanliness of combustion chambers and. ton heads has been evaluated

by running the CEC PF28 procedure known as Renault 22'5Ir /pcedure

/’Q/

- Renault F3N engine, , \ /

- keep clean / 400 hrs test,

- measurements of Knock Limit Spark Advan 4{}\ rankshaﬁ degrees and determination of
the variations in KLSA (A KLSA®) thro f:ét/the test duration and through an engine
speed range of 1500 rpm to 4500 rpm,

- visual ratings ot the deposits formed v(‘thﬁﬁ the cylinder heads and piston heads according
to a demerit scale : 0 = clean /

3 = heavy depdsit’
S
lESLA° at end of test (400 hrs)
(2 consacl@ve determinations as required : # 1 & # 2)

(?J
A
/' R £
/S b /Base fuel SP 98000 (08/92) Base + DE1248
/\\@ / #1 #2 #1 #2 S
)LQ-' / _;' 0 y
. }T/ %
&3 8 7 5 5
_ 00 11 10 8 7 /
0,/ 2500 13 1l 9 8 @,
& 3000 12 10 8 1 /¥
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EVALUATION OF DURALT FC ADDITIVE

* Previous Tests (1993) :

— ORI contol and combustion chamber cleanliness
The effect of the additive packages regarding the ORI control and
the cleanliness of the combustion chamber have been evaluated
by running the CEC PF28 procedure known as Renault 22700
procedure :
— Renault F3N engine,
~ keep-clean / 400 hrs test,
— visual rating of the deposits formed on the cylinder heads and
— piston heads according to a demerit scale :

» 0=clean 3 =heavy deposits
— measurements of Knock Limit Spark Advance in cranckshaft
degrees and determination of the A KLSA° during the test and
through an engine speed of 1500 to 4500 rpm.
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4. ORI control - (technical reperts = appendix I1I) {“\\\/
7’ &S

N .
The effect of the additives package DE1248 regarding the @Q"ﬁ}w Requirement Increase
Control as well as the cleanliness of combustion chambers and. ton heads has been evaluated

by running the CEC PF28 procedure known as Renault 22'5Ir /pcedure

/’Q/

- Renault F3N engine, , \ /

- keep clean / 400 hrs test,

- measurements of Knock Limit Spark Advan 4{}\ rankshaﬁ degrees and determination of
the variations in KLSA (A KLSA®) thro f:ét/the test duration and through an engine
speed range of 1500 rpm to 4500 rpm,

- visual ratings ot the deposits formed v(‘thﬁﬁ the cylinder heads and piston heads according
to a demerit scale : 0 = clean /

3 = heavy depdsit’
S
lESLA° at end of test (400 hrs)
(2 consacl@ve determinations as required : # 1 & # 2)
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ABSTRACT

Data shows that a new generation of gasoline additive developed by Polar Molecular
Corporation, known as DurAlt Fuel Conditioner (DurAlt FC), controls octane requirement
increase (ORI) by inhibiting and reversing the build up of combustion chamber deposits
(CCD). The additive can effectively eliminate the use of tetraethyl lead (TEL) which is
universally recognized for its harmful health effects, but is still being used in many parts of
the world as a gasoline octane enhancer.

ORI is the tendency of a motor vehicle engine to require additional octane ranging from
about 5 to 10 octane numbers as the vehicles accumulates 10,000 to 20,000 kilometers.
The data shows that DurAlt FC limits the ORI to about 2 octane numbers as compared to
the normal increase of 5 to 10 numbers. Thus, the use of this additive can result in
reducing the octane demand by 3 or more octane numbers. Typically the use of TEL at
0.15 gram of lead per liter of gasoline increases the octane of fuel by about 3 numbers.
Thus in a simple scenario, a country using 0.15 gm/liter of lead could completely eliminate
the use of TEL in its gasoline by introducing DurAlt FC additive. The result will be a
reduction in the octane value of fuel by about 3 numbers which will be offset by the
reduction in octane requirement of the engine by 3 or more numbers.

The use of the additive will not only eliminate or reduce extremely hazardous TEL in
gasoline, but also will avoid the need for major and costly refinery modifications to
produce high octane components such as benzene and other aromatics which contribute to
carcinogenic emissions.

Many countries which use TEL or other harmful octane enhancers, clearly recognize the
adverse health implications, but believe they must continue along this path because of the
high economic cost of importing unleaded fuel components or building new refinery
capability in order to produce high octane unleaded fuel. Economic data is presented that
shows the use of DurAlt FC additive is more cost effective than refinery modification and
other options.




Introduction

Octane Requirement Increase (ORI) is a phenomenon that occurs in gasoline powered
vehicles in which engines experience an increase in the octane requirement as.new vehicles
accumulate 10,000 or 20,000 kilometers. Typically, the ORI ranges between 5 to 10
octane numbers. The ORI is dependent upon several factors including the vehicle
operation mode, fuel composition and engine design. The anticipated ORI and the octane
quality of gasoline available in the marketplace are principal elements included in the design
of the engine,

Deposits resulting from incomplete combustion inside the combustion chambers of the
engine are responsible for the increased octane requirement of the engine. Thus, removing
combustion chamber deposits (CCD), or preventing CCD from forming reduces the
octane demand of the engine and allows the use of lower octane fuel without adversely
affecting the engine performance or incurring engine damage.

A new generation of fuel additive technology is currently available in the marketplace
which controls the buildup of CCD and the resultant ORI. Thus the historical assumption
that a ORI of up to 10 numbers is unavoidable and must be accommodated by higher
octane fuel, is no longer valid. The reduction in octane demand of the engine due to the
new fuel additive technology allows the use of lower octane fuel with possible elimination
of tetraethyl lead needed to accommodate the historical ORI.

Additives that control ORI are important for future operations that will optimize the new
engine octane demand to the octane of the fuel. However, during the transition period
while phasing lead out of gasoline, it is desirable that the fuel additives also reduce the
octane requirement of the current population of vehicles by reducing the deposits. This is
clearly a more difficult performance requirement. Data obtained from large scale fleet
operations confirm the ability of the additive to reduce not only the octane requirement
increase of new vehicles, but also reduces the octane requirement of used vehicles.

Application of CCD additives - a new way to reduce or eliminate tetraethyl lead

A review of test data generated at a US Department of Energy test facility (National
Institute for Petroleum Energy Research) confirm the ORI from normal operations without
the DurAlt FC average about 7 octane numbers and the ORI with the additive was only
about 2 octane numbers (Ref, 2). Further, the test data show that after the first data point at
2,500 miles, the ORI remained essentially unchanged throughout the rest of the mileage
accumulation.

The test procedure involved procuring vehicles with approximately 30,000 miles of normal
use and disassembling the engines and removing all deposits before initiating the tests.
Mileage accumulation was highly controlled to insure all vehicles received the same
operational parameters and included the use of professional drivers and instrumented
vehicles. Other test operations including monitoring octane rating of the vehicles were
conducted using industry approved test protocols.
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Figure 2 presents data from a fleet of Ford vehicles with 2.3 liter engines showing an ORI
of 5 numbers without the additive compared to an ORI of only 2 with the additive. Itis
also important to note that after the first 2,500 miles the octane requirement remained
constant with the DurAlt FC additive, but continued to increase without the additive (Ref.

2).

Figure 3 presents similar data from a fleet of GM vehicles with 3.0 liter engines showing a
ORI of 8 numbers without the additive and an ORI of only 2 numbers with the DurAlt FC

FIG. 2 ORI With and Without DurAlt FC Technology
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FIG. 3 ORI With and Without DurAit FC Technology
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Technology confirmed in large scale fleet tests

Two public utility companies in the US participated in a large scale fleet test to determine
the feasibility of phasing lead from their gasoline and substituting DurAlt FC technology.
The vehicles used by both fleets consisted of large trucks with large displacement engines
designed for heavy duty operations (Ref. 6).

One of the fleets changed the fuel for their fleet of 34 heavy duty vehicles from the regular
leaded fuel 89 octane) to regular unleaded fuel (87 octane). This utility company reported
significant engine knocking and related problems. The fleet eventually began using
premium unleaded fuel which still did not resolve all of the problems, and finally elected to
change back to leaded fuels for satisfactory operation.

The other utility company changed the fuel for their fleet of 139 heavy duty vehicles from
the regular leaded fuel to unleaded regular fuel with the DurAlt FC. This fleet reported no
problems with knocking and was successful in making the transition from regular octane
leaded fuel (89) to the regular grade unleaded fuel (87 octane) with the DurAlt FC, with no
related engine problems or driver complaints.

This experience mirrors results from several experiences which document the ORI
reduction observed in highly controlled laboratory studies are consistent with the ORI
reduction observed in real world fleet tests.

Opportunity in 2 cycle engines

The use of small motorcycles employing 2 cycle engines represents the major mode of
motorized transportation in many countries. For example, it is reported that 60 % of the
gasoline consumed in India, is used for this transportation sector. The engine technology
for these engines typically requires the addition of lubricating oil to the gasoline. In all
engines one of the major sources of CCD formation is due to lubricating oil which makes
its way by various means into the combustion chamber. Therefore adding lubricating oil
directly to the fuel, makes these engines particularly susceptible to the build up of excessive
CCD adversely affecting engine life, efficiency and emissions.

Test data published in Mercury Marine advertisements (Ref. 7) confirm the use of the
DurAlt FC results in improved cleanliness of the engine combustion chamber using
standard industry test methodology and several test engines (Figure 7). Reduction of the
CCD in the 2 cycle engine application is particularly significant and confirms the
performance of the additive in all engine applications.




Figure 7 Engine Cleanliness Rating (2 cycle engines
(10 = Clean, 0 = Dirty)

Excellent Rating
10+

B-.v‘

Poor Rating ; ; '. m
Treated with Untreated
DurAlt FC

National Marine Manufacturers Association (NMMA) Test Protocol
(Tests conducted by Mercury Marine)

Significance of CCD/ORI fuel additive technology

The use of fuel additive technology to control CCD is strongly supported by the
automotive manufacturers worldwide. The basic reason is that currently, the engine
combustion chamber is not designed to be optimum for a fuel when the engine is new or
clean of deposits, but is expected to become “more or less optimized” as the deposits are
formed. The deposit formation is influenced by many factors including the engine design,
fuel composition, and driving patters, making the task of the engine designer difficult. It
would be preferable in the engine designers were allowed to design a specific combustion
chamber geometry for a specific fuel when new or clean, and be assured the design would
not be perturbed by deposits. The buildup of deposits in a combustion chamber is not a
small change, but affects octane requirement by up to 10 octane numbers. When the
engine manufacturers are assured that effective technology is in place to control CCD, the
engines will be designed for optimum emissions, performance, and economy for a specific
fuel throughout the useful life of the vehicle.

Summary and Conclusions

* Technical data generated at several laboratories throughout the world have
demonstrated that the DurAlt FC is effective in reducing the normal ORI of engines by
about 70% in a wide range of engines, fuels and applications.

* Application of this additive would reduce or eliminate the need for tetraethyl lead in
many countries which are currently using about 0.3 gm/liter lead or less.

* The DurAlt FC is demonstrated by independent studies to be the least costly option to
reduce or eliminate lead compared to using other high octane blending components or
modifying refineries.

* The DurAlt FC has no associated environmental liabilities such as TEL and high
aromatic blending components such as benzene. DurAlt FC has received approval by
the US EPA for bulk treatment of motor fuels.

The availability of the DurAlt FC technology presents governmental and oil company

officials a cost effective option that can eliminate or reduce the lead poisoning of its

citizens. Its use is simple and can be implemented immediately.
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DURALT® FUEL CONDITIONER

BROAD-SPECTRUM, NON-METALLIC ADDITIVE FOR DIESEL
FUELS

ABSTRACT

‘This report describes the performance of a single,
multifunctional fuel additive, DurAlt® Fuel Conditioner, that
alleviates many of the common Diesel fuel problems. '

Test data obtained from several independent laboratories are
presented. The results show that the Additive increased cetane
number by an average of 2.5 in a variety of Diesel fuels and reduced
hydrocarbon emissions by the order of 20% or more in Diesel
Compression-lgnition (Cl) engines. Data also show a reduction in
particulate and smoke emissions in Cl-engines.

The additive improved fuel economy by at least 2-3% - and
often much more - in a variety of Cl-engines. Further, it reduced
both Diesel injector deposits and combustion noise. The Additive
also enhances storage stability of Diesel fuels.

Finally, the report suggests that the Additive achieves its
multifunctional behavior by modifying the hydrocarbon oxidation
(combustion) process in Cl-engines.

DurAlt® Fuel Conditioner (FC) is a registered trademark of Polar Molecular Corporation and is
patented under U.S. Patent Number 4,753,661. Additional patents pending. Copyright Polar
Molecular Corporation, 1990. All rights reserved.

POLAR MOLECULAR CORPORATION




INTRODUCTION

Compliance with environmentally based mandates requires Diesel engine manufacturers 1o
‘produce engines that operate efficiently while reducing exhaust emissions. These engine
performance constraints are being me! by using increasingly sophisticated fuel injection
systems, piston/combustion chamber designs, and exhaust system traps. Proper performance
of the engine and its control systems requires continual maintenance of these systems. This has
placed demands on Diesel fuel quality which are being met by bulk treatment with special
purpose detergent, dispersant and cetane improving additives.

Refiners, as a consequence of the gasoline lead phasedown and greater octane requirement of
unleaded gasoline, have been experiencing growing difficulty in meeting the demand for
increased octane level. This demand has led to: (1) increasingly severe catalytic cracking,
which produces more aromatic and olefinic gas oil for Diesel fuel and heating oils, and (2), the
expanded use of octane enhancing oxygenates (methyltertiary butyl ether and alcohols) in
gasoline. ;

The quality of both Diesel fuel and heating oil have gradually deteriorated. The use of heavier,
higher sulfur crude oils along with more severe catalytic cracking has raised aromatic, olefinic
and sulfur contents. The aromatics and olefins have lowered cetane number, while the aromatics
and sulfur have increased exhaust particulates and smoke from Diesel (Cl) engines, gas
turbines and furnaces.

Multiple special-purpose additives are used in Diesel fuel to raise the cetane number, reduce
the cloud and pour points, prevent oxidative and bacterial deterioration in storage, and reduce
exhaust smoke.

In contrast, DurAlt FC is a patented single, multifunctional concentrate, that can be used in
Diesel fuels (including gas turbine fuels and heating oil) to reduce many of the problems
mentioned above.

This report presents the results of evaluations by several, independent laboratories. These
laboratories are identified and listed in Appendix A. A summary of extensive fleet tests is also
included for reference purposes. A mechanism is suggested to explain the multifunctional
performance of DurAlt FC in both gasoline and Diesel engines.

DurAlt FC was initially developed because of concern for energy conservation and the control of
exhaust emissions. Its main function was intended to improve fuel economy of internal
combustion engines without degradation of exhaust emission control. However, it was
subsequently observed that it had a cetane improvement effect in Cl-engines. This behavior
suggested that it might have an important effect in modifying the combustion process and in
controlling combustion chamber deposits.

This patented Additive is a several-component mixture of materials containing only carbon,
hydrogen and oxygen (*); Patent No. 4,753,661, June 28, 1988. It is a blend of oxygenated
aliphatic hydrocarbon liquids, Glycol Ethers, and mixed aromatic and paraffinic fuel
solubilizers. The active components are a polar material, compatibilizers for the polar
material and hydrocarbons, and a compound for enhancing water tolerance.




Typical physical properties of DurAlt FC are:

ADPEATANCE ..oveerirrererieseesieesi sttt Clear Amber Liquid
[0 (o) U SO USSP Sweetish, Distinctive
Specific Gravily al.....cooencinicniininn 0.875 @ 60° F
DENSHY cvveeeeerirricrrr ittt 7.33 @ 60°F
Flashpoint (1.C.C) i 110° F

Boiling Range....coovvveviimnninneineeniennnecennenns 220° - 600° F
Water Content....ooceiviiciiiiiiicicnnnee < 0.5%

COMPRESSION IGNITION ENGINE LABORATORY AND ROAD TESTS

INJECTOR DEPOSITS _
Injector coke deposits (nozzle coking) were assessed at Laboratory L-4 by flow testing before

and after a 50-hour full-load/maximum speed durability test in a 1.6 liter 4-stroke cycle
IDI, Cl-engine. Nozzle coking is where deposits accumulate in the tip of the pintle nozzle in an
IDI engine. These can cause increased hydrocarbon emissions and increased engine noise,
particularly a noticeable "crackle" or irregularity in the combustion. In order to insure
consistency of the results, a new set of injector nozzles was used for each test.

Table 1 shows the substantial flow improvement at low injector lifts with 500 ppm and 1000
ppm of DurAlt FC. Low injector lifts correspond to the light loads and relatively low speeds
typical of passenger car operation.

TABLE 1

DIESEL INJECTOR FLOW PERFORMANCE

Percent Flow Loss

Additive Additive Flow Improvement Factor
LFT.mm_  Untreated 500 ppm(m) 1000 ppm(m) 500 ppm({m) 1000 ppm(m)
0.05 90.79 72.42 65.25 2.99 3.77
0.1 90.52 70.46 61.48 3.12 4.06
0.2 86.10 66.64 54.08 2.40 3.30
0.3 75.40 56.94 49.55 1.75 2.05
0.4 59.60 44.09 47.49 1.38 1.30
0.5 38.64 23.16 35.96 1.25 1.04
0.6 20.86 20.79 24.58 1.00 0.95
0.7 14.21 14.71 18.53 0.99 0.95
0.8 5.82 5.89 8.67 1.00 0.97




ENGINE EMISSIONS

Cl-engine emissions were determined for two engines on test stands. The first engine was a
4-cylinder, 1.6 liter four-stroke cycle IDI engine in Laboratory L-4. It was tested using a
simulated ECE-15 procedure. The fuel was a European, consumer-type, low sulfur fuel. For
both the untreated and treated fuel, emission tests were run after a 1-hour break-in following
a combustion chamber cleaning and replacement of injectors and valve seats.

The second engine was a four-cylinder, 4.7 liter (281 in3) 2-stroke cycle DI engine in
Laboratory L-3. It was tested using the SAE J1003, 13-mode test cycle. D-2 Reference Fuel
was used untreated for the initial testing after installation of new injectors. Twenty hours of
running then was accumulated using DurAlt FC treated D-2 Reference Fuel. The 20-hour
accumulation cycle consisted of 5 minutes of idle, 40 minutes of 50% load at 26.7Hz (1,600
rpm), 40 minutes of 90% load at 35Hz (2,100 rpm), and 35 minutes of 25% load atl 35Hz
(2,100 rpm).

Results from both laboratories are described in Appendix C, Table C-1 and C-2. Table 3 shows
that the Additive substantially reduced hydrocarbon emissions and either particulate matter or
smoke. The absence of particulate reduction in the 4.7L 2-stroke engine probably reflects 1)
the fact that a majority of the 2-stroke particulate malter emissions come from oil
consumptlion and 2) the test procedure. The procedure at Laboratory L-3 did not test the
untreated fuel after accumulation of injector deposits.

TABLE 3
PERCENT REDUCTION IN COMPRESSION IGNITION EXHAUST EMISSIONS

Lab L-4 Lab L-3
1.6 L, 4-Stroke IDI 4.7 L, 2-Stroke Dl
TEST PROCEDURE ECE-15 SIMULATION 13-MODE

OVERALL MAXTORQUE MAXLOAD
N— —_ SPEED  RATED SPEED

Treatment, ppm 500(m) 1000(m) 667(v) 667 (v) 667(v)
NOy " -6 " -7 -5* -9
Particulates 22 39 -3 11" -14°
Smoke -- - - - 61 25
HC 13 43 22 23 17
CO 6 22 17 10 27
BSFC 2.6 2.8 0 0 0
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FUEL ECONOMY

Fuel economy improvements using DurAlt FC in Cl-engines are shown in Figure 1. Results for
identifications 1 through 5 are from dynamometer tests using engines reconditioned prior to
testing. Test identifications 6 through 12 are from road or field tests.

The data for test identification 1 was obtained with the simulated ECE-15 cycle, the official
European legislative procedure used for emission evaluations. This engine was the only indirect
injection type in the group. All of the identifications are listed in Appendix B. The majority of
the additive concentrations for these 11 tests were about 1000 ppm(v).

Results, as with Sl-engine fuel economy, vary over a considerable range. However, for the Cl-
engines there does not appear to be any correlation of the magnitude of the improvement with
the engine's previous condition.

CETANE NUMBER
The additive improves the ASTM D-613 cetane number of Cl fuels. The test uses a CFR engine.
Table 4 shows cetane number increases ranging to a maximum of about 5 CN at a 1000 ppm
treatment level.

TABLE 4
CETANE NUMBER IMPROVEMENT
ASTM D-613

(average change)

Untreated Treated Fuel
Fuel Fuel 500 ppm 1000 ppm 2000 ppm Lab

LC 37.0 37.0 37.3 37.5(0.4) 39.0 38.7 (1.9) 39.0 38.7 (1.9) L2

D2-1 42.2 42.3 45.1 45.4(3.0) 46.3 46.4 (4.1) -- .- - - L2
D2-2 44.9 -- - - -- - 46.8 (1.9) -- - - L2
PRE 45.0 45.0 - - -- 49.6 50.3 (5.0) 50.1 47.2 (8.7) L2
2D 46.1 48.2 - - -- .- 46.6 46.6 (-0.7) 47.1 47.6 (0.2) L2
LS 52.7 55.2 (2.5) L4*
Mean

Increase (1.7) (2.5) (1.9)
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SUMMARY OF FLEET EXPERIENCES

Fuel economy data obtained in the earlier period of Additive development convinced two fleet
operators to run their own extensive tests. These tests, now extending over several years,
confirmed the economic value of DurAlt FC. The experience gained from these fleet tests,
although qualitative and not subject to statistical analysis, did provide information on other
aspects of the performance of the Additive. These have subsequently been confirmed by
controlled laboratory and road tests. Many of these tests are continuing.

UTILITY AND INDUSTRIAL PLANT FLEETS

This is a very brief summary of the experiences of a specific electric ulility gathered over
several years while operating some 654 vehicles ranging from passenger cars to large Diesel
trucks. The voluminous records, obtained by the operating department, are on file and
available. As of late 1990, the utility fleet has treated over 3,000,000 gallons of gasoline.

Generally, the utility vehicle fleet spends a major fraction of the time idling. This is
interspersed, with runs of about one hour at interstate highway speeds. Such operation is
conducive to the development of combustion chamber deposits with consequent knocking and
burning of exhaust valves. Introduction of DurAlt FC eliminated valve burning problems within
a year and also essentially eliminated reports of knocking and pinging.

MANUFACTURING FLEET

This fleet consists of approximately 1200 vehicles, including about 1000 gasoline-powered
cars and light trucks. The remainder consists of Diesel-powered heavy trucks and construction
equipment. The fleet operators primarily within the confines of a large industrial plant, hence

almost all operation is at low speed.

About five years ago, by using DurAlt FC, this company was able to change their gasoline fuel
from 89 (R+M)/2 leaded gasoline to 87 (R+M)/2 unleaded gasoline. A fuel economy
improvement was recorded and no problems with knocking/surface ignition or exhaust valve
recession were observed.

STATIONARY GAS TURBINES

Evaluations were conducted on two utility-owned gas turbines 1o assess improvements in fuel
economy between the normal, untreated base fuel, the fuel treated with an iron-based addilive,
and fuel treated with DurAlt FC. Fuel consumption data in gallons per Megawatt hour were
obtained using a standard OEM monitoring procedure.
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Use of DurAlt FC yielded a 1.1% reduction in fuel consumption compared with untreated fuel and
a 3.6% reduction compared with fuel treated with the iron-based additive. Additional fuel
stabilization benefits were reporied.

ADDITIVE CONCENTRATION

The DurAlt FC concentrations in the fuel used in these many tests has not been a fixed quantity.
The range of additive concentrations used has ranged from 500 to 2000 ppm. The wider range
of concentrations are more typical of recent tests exploring the possibility of optimum
performance. Earlier testing was usually performed using only one concentration. For
example, the Electric Utility fleet used 556 ppm while the stationary gas turbine testing was
conducted at 667 ppm.

Laboratory L-2 evaluated cetane number improvement for Diesel fuel. An optimum
concentration was indicated at about 1000 ppm. This concentration also provided appreciable
Diesel fuel storage stability improvement. .

CONCLUSIONS
The results reported show that our new Additive technology successfully treats a broad
spectrum of important middle distillate fuel-related problems.

In Diesel fuel DurAlt Fuel Conditioner:

. Reduces injector coking.

. Reduces engine noise.

Reduces exhaust hydrocarbons, carbon monoxide, and particulates/smoke emissions.
Reduces fuel consumption.

Increases cetane number.

D AW N -

Improves fuel stability in storage.

A hypothesis that DurAlt FC primarily functions by affecting hydrocarbon oxidation processes
appears consistent with actual performance.

14
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ABSTRACT

This paper describes the performance of a single, muitifunctional
additive that alleviates many of the common gasoline and Diesel
fuel problems. The additive has been deemed ‘‘substantiaily
similar” by the EPA and thus may be used for bulk treatment of
unleaded gasoline.

Test data obtained from several independent laboratories are
presented. The results show that the additive limits octane require-
ment increase (ORI) to an average of about 30% of that experienc-
ed when using untreated gasolines; reduces hydrocarbon emis-
sions by the order of 10% or more; improves fuel economy ap-
proximately 1.5% - and often much more - in a variety of engines;
and also reduces exhaust valve recession and combustion
chamber deposits.

The additive effects on Diesel engine performance and on com-
bustion modification in both gasoline and Diesel engines will be
reported later.

RECENT DEMANDS ON ENGINE PERFORMANCE AND FUELS

Compliance with environmentally based mandates has forced
automobile manufacturers to produce spark-ignition (Sl) engines
that operate reliably with curtailed evaporative and exhaust emis-
sions and improved fuel economy while using unieaded gasoline.

These engine performance constraints have been met by using
increasingly sophisticated induction, piston/combustion-chamber,
exhaust, and control systems. Maintenance and performance of
these systems has placed demands on gasoline quality which are
being met by buik treatment with special purpose, detergent and
dispersant additives, and by using higher octane gasoline.

Detergent and dispersant additives quite effectively deal with in-
duction system deposits, but have not been very effective in
preventing Octane Requirement Increase (ORI), presumably from
 combustion chamber deposits associated with extended use.

Refiners, as a consequence of lead phasedown and greater oc-
tane requirement of unieaded gasoline, have been experiencing
growing difficulty in meeting the demand for increased octane
levels. This demand has led to: (1) increasingly severe catalytic
cracking, and (2), the expanded use of octane enhancing ox-
ygenates (methyl t-butyl ether and alcohols) in gasoline.
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Heavier, higher sulfur crude oils along with the more severe
catalytic cracking have raised aromatic, olefinic and sulfur con-
tents. Consequently, the quality of both Diesel fuel and heating
oil has gradually deteriorated. The aromatics and olefins have
lowered cetane number and the aromatics and sulfur have increas-
ed exhaust particulates and smoke from Diesel (Cl) engines, gas
turbines and furnaces.

Several single-purpose additives have been used in Diesel fuel
to raise the cetane number, reduce the cloud and pour points, pre-
vent oxidative and bacterial deterioration in storage, and reduce
exhaust smoke.

In contrast, the additive described in this paper is a single, multi-
functional concentrate, for use in both gasoline and Diesel fuels
(including gas turbine fuels and heating oil) to reduce many of the
problems mentioned above.

The paper presents the results of Sl-engine evaluations by several,
independent laboratories, identified in Appendix A.

Topics addressed are ORI, passenger car exhaust emissions, fuel
economy, octane number and octane related engine performance,
and valve seat recession. Resuits showing that the additive af-
tects Cl-engine injector deposits, engine combustion noise, ex-
haust emissions, fuel economy, cetane number, cold fuel flow,
and fuel storage stability will be published subsequently.

A summary of several fleet tests is also included at the end of the
paper as evidence of acceptable field performance.

ADDITIVE HISTORY — The additive discussed in this paper was
initially developed to improve fuel economy of internal combus-
tion engines without degradation of exhaust emission control
systems. It was subsequently observed that the additive had a
knock-reduction effect in Sl-engines and a cetane improvement
effect in Cl-engines, and reduced hydrocarbon and smoke emis-
sions. This behavior suggested that the additive might have an
important effect in modifying the combustion process and in
controlling combustion chamber deposits.

ADDITIVE DESCRIPTION — The additive is a several-component
mixture of materials containing only carbon, hydrogen and oxygen;
U.S. Patent No. 4,753,661, June 28, 1988. it is a blend of ox-
ygenated aliphatic hydrocarbon liquids, glycol ethers, and
hydrocarbon fuel solubilizers. The active components are a polar
material, compatibilizers for the polar material and hydrocarbons,
and a compound for enhancing the water tolerance of the additive.




SPARK-IGNITION ENGINE LABORATORY AND ROAD TESTS

OCTANE REQUIREMENT INCREASE — Octane requirement in-
crease is observed with extended operation of gasoline engines.
In order to maintain normal engine performance, under these con-
ditions, a higher octane fuel is often required. Aithough a number
of factors may be involved in the phenomenon of ORI, combus-
tion chamber deposits are recognized as being a major contributor
to the problem. The effect of the additive on ORI was determined
by Laboratories L-3, L-4, and L-6 using three different test pro-
cedures and five engine/base fuel combinations.

10 Car Road Test — Laboratory L-3 tested six 1985 cars
manufactured by Company A and four 1984 cars manufactured
by Company B. The Group A cars were equipped with 3.0 liter
V-6 port-injected engines and automatic transmissions; the Group
B cars were equipped with 2.3 liter 4-cylinder carburetted engines
and automatic transmissions. Cars within Group A consisted of
three each of two body styles of the same size. All cars in Group
B had the same body style.

In preparation for testing, the cylinder heads of each of the cars
were removed and the combustion chambers cleaned. The valve
train assembly (especially the valve guide clearances) were in-
spected to insure that undue amounts of lubricating oil would not
enter the combustion area and thus affect the test results.
Crankcase oil was changed and oil, air and fuel filters were replac-
ed, together with spark plugs, EGR and PCV valves. Each of the
engines was then tuned to manufacturer’s specifications.

The gas tanks were drained and filled with a commercially
available unleaded regular fuel obtained from a single batch. The
cars were then driven for approximately 100 miles, under iden-
tical conditions in an attempt to equalize combustion chamber
deposits. At this point, octane requirement evaluations were made
with a chassis dynamometer, using the CRC designated E-15-87
test procedure. The initial octane requirements for each of the ten
cars was thus established.

Fuel for half of each of the Group A and B cars was treated with
the additive at a concentration teve! of 667 ppm. A closed route
representing both city and country driving conditions was follow-
ed with all of the vehicles traveling in line. The 100-mile route was
traversed at an average speed of about 64 km/hr (40 mph), with
the maximum speed limited to 97 km/hr (60 mph). Vehicle order
in the line and vehicle-driver combinations were rotated.

Octane requirement levels were determined for each of the cars
after 2,500 and 5,000 miles. Based on the trends of the resuits,
the Group A cars were subsequently run to 8,000 miles. The Group
A car tests were then terminated, since the laboratory judged that
the octane requirements had essentially stabilized.

The octane requirements among the Group B vehicles were
smaller than the Group A vehicles. Therefore, Group B test dura-
tion was extended to 10,000 miles to assure that equilibrium had
been attained. The octane requirement resuits are shown in Table
1 and the ORI’s are summarized in Figure 1. Mean ORI with the
additive treated fuel was 6.0 octane numbers lower than with un-
treated fuel for Group A cars and 3.3. lower with Group B cars.

Figure 1
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1.6 L. Engine Test — An additional ORI evaluation was made by
Laboratory L-4, with a European 1.6 L, 4-cylinder, crossfiow
4-stroke engine with a compression ratio of 9:1. The twin choke
carburetor was modified to permit air/fuel ratio adjustment by con-
trol of float chamber pressure.

The engine was initially run-in for 20 hours over a range of speeds
and loads. The test schedule in this case took the form of a 200
hour mixed-cycle run, with octane requirement, part-load exhaust
emissions and fuel consumption being determined at 50 hour in-
tervals. Octane requirement was determined from the spark ad-
vance producing borderline knock. The cycle used in this test pro-
gram is listed in Table 2. it is representative of a typical European
engine duty cycle.

The 200 hour test was completed twice, first with the baseline fuel
and then with 424 ppm of the additive. Prior to each test the engine
was stripped, cleaned and measured.

The initial octane requirement of the engine at the start of the
baseline fuel test was 93.5 RON. After the 200 hour run, this in-
creased by 2.8 to 96.3, as shown in Figure 2.

After rebuilding the engine, the initial octane requirement was 94
instead of 93.5. After the 200 hour run, the octane requirement
with the additive, had increased by 1.2 to 95.2. Thus, ORI with
the additive was reduced 1.6 RON from that for the baseline
gasoline, or a 57% reduction in ORI requirement.




Group A
Concn.

Car No. ppm
1 0
2 0
4 0
3 667
5 667
6 667
Group B

8 0
10 0
7 667
9 667

TABLE 1
OCTANE REQUIREMENT

(R+M)2
MILES ACCUMULATED

FINAL
0 2500 5000 8000 10,000 ORI
80.8 87 87 88.3 - 7.5
80.8 84.2 90.8 92.4 - 11.6
82.5 88.3 88.3 88.3 - 5.8
82.5 84.2 84.2 84.2 - 1.7
82.5 84.2 87* 84.2 - 1.7
80.8 84.2 87+ 84.2 - 3.4
77.5 82.5 82.5 - 825 5.0
77.5 80.8 825 . 82.5 5.0
77.5 77.5 775 - 775 0
77.5 80.8 80.8 - 80.8 3.3

* Erroneous data because of procedural problems discovered after testing

TABLE 2
TEST SCHEDULE
1.6 L, 4-Cylinder Engine

Condition Engine Speed Engine Load Time
rev/min BMEP Minutes
1 2400 2.5 bar 20
2 3600 4 bar 20
3 3000 Full Load 5
4 2400 5.5 bar 20
5 1200 5.5 bar 20
6 1200 1.5 bar 20
7 850 idle 15
Figure 2
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10,000 km Road Tests — Laboratory L-6, a major European
petroleum company, also ran some extended road tests on a car
equipped with a 4-cylinder gasoline engine. These were four,
10,000 km tests run in series with a different fuel in each test. The
combustion chamber was cleaned between tests. Octane require-
ment for each cylinder was determined from the spark advance
producing borderline knock. The knock and octane requirement
characteristics of this engine were very well known to this
laboratory. Based on this experience, the ORI reductions by the
additive that are shown in Table 3 were “considered to be very
significant”.

TABLE 3
OCTANE REQUIREMENT INCREASE™*
ORI Percent
Untreated Treated Reduction  Reduction
Leaded Gas 4.6 0.8 3.8 82%
Unleaded Gas 1.5 0.3 1.2 80%

* Average Values of the 4-cylinders

GASOLINE ENGINE EMISSIONS — FTP Tests — Laboratory
L-1 tested two pairs of 1986 cars using the 1975 Federal Test Pro-
cedure. Appendix B describes the work, summarizes the results
and the statistical analyses. Table 4 presents the hydrocarbon and
fuel economy results analyzed in terms of percent improvement
when using the additive. Results are shown for the full three-bag
FTP tests and for the hot transient (HT) third bag portion of the test.

Table 4 shows that additive use consistently reduces hydrocar-
bon emissions and increases fuel economy by the order of 5-15%
and 1.5-2.5% , respectively. Results in Appendix B Table B-2 show
that carbon monoxide and NOx emissions are not consistently nor,
in most cases, significantly affected by additive use.




TABLE 4
EFFECT OF ADDITIVE ON
HYDROCARBON EMISSIONS AND FUEL ECONOMY
Two Car Pairs, 3 Replicates, 333 ppm™**

HYDROCARBON EMISSIONS

Percent Reduction from Untreated

Additive Use 0 mi 500 mi 1000 mi
FTP
Car Pair C 13.7 #
Car Pair D 52 & 3.2 4.6
HT
Car Pair C 16.1 #
Car Pair D 100 @ 114 # 14.3 &
FUEL ECONOMY
Carbon Balance
Percent Increase from Untreated
Additive Use Oomi 500 mi 1000 mi
FTP
Car Pair C 2.0 #
Car Pair D -0.1 1.5 # 1.4 #
HT
Car Pair C 24 #
Car Pair D 0.1 1.5 # 1.7

# p < .01 by two tail t-test
* p < .05 by two tail t-test
@ p < .1 by two tail t-test
& p < .2 by two tail t-test

**500 ppm used in one Pair D car after 500 miles FTP testing

Inspection-Type Emission Tests — in addition to the FTP testing,
service-station, emission-control, inspection-type test data on
hydrocarbon and carbon monoxide emissions were obtained on
twenty-one cars. Additive concentrations were nominally 500 ppm
and 1000 ppm. Data are tabulated in Appendix C and Tabie C-1.
Duration of additive treatment varied from a flush through the fuel
system by driving the car “‘around the block,” to a more usual
consumption of a full tank of treated fuel.

Table 5, summarizes the hydrocarbon emission results which
show that the additive consistently reduced hydrocarbon
emissions.

TABLE 5
EMISSION INSPECTION TEST SUMMARY
Number
Concentration of HYDROCARBONS, % REDUCTION
ppm Cars Minimum  Average  Maximum
500 16 10 62 100**
1000 5 2 70 100**

** 100% indicates additive reduced emissions below instrument
detection limit.
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1.6 L, 4-Cylinder Carburetted Engine — The emissions and fuel
efficiency of the 1.6 L, 4-cylinder engine used in the ORI testing
(Laboratory L-4) were also evaluated when the octane requirement
was determined at 50 hour intervals. The data at equivalence ratios
of 1.1, 1.0, 0.9 and 0.8 (13 to 18 A/F) with untreated and 424 ppm
treated fuels are shown in Appendix D, Table D-1. ignition timing
was set at the minimum advance which gave best (highest) tor-
que (MBT) at 40 Hz (2400 rpm) and 2.5 bar BMEP. Despite the
fact that the engine was previously run-in for 20 hours over a range
of speeds and oads, emissions and fuel efficiency evidenced an
appreciable further break-in in the first 50 hours of the ORI test.
Consequently, the Appendix Table D-1 and the following Table
6 summarize only the 50-200 hour steady state data.

TABLE 6
AVERAGE PERCENT DECREASE IN
FUEL CONSUMPTION AND EMISSIONS
424 ppm .
1.6 L, 4-Cylinder Carburetted Engine
40 Hz, 2.5 Bar BMEP
MBT Timing, 50-200 Hour Average

Equivalence Fuel
Ratio” Consumption HC NOx CcO
1.1 0.3 -2.3*" 15.9 -3.3
1.0 4.3 04 6.1 3.9
0.9 3.7 5.0 6.0 -3.3
08 1.2 -2.9 10.3 -1.5

* Equivalence ratio = (A/F)stoich / (A/F)
** Negative decreases indicate increases

Table 6 shows that fuel consumption and NOx were both con-
sistently reduced over the entire range of equivalence ratios.
Hydrocarbon and carbon monoxide emissions both tend to be
decreased near stoichiometric, but increased at the mixture
extremes.

0.496 L Single-Cylinder Engine — Laboratory L-4 obtained ad-
ditional emissions and fuel efficiency data in a 0.496 liter, single-
cylinder engine, with a “‘bathtub’’ combustion chamber represen-
tative of many modern engine designs. The laboratory finds that
the engine gives levels of performance representative of current
gasoline engines. Data are given in Appendix D, Tables D-2 and
D-3. Table 7 data cover a range of speeds and loads and treat-
ment levels with MBT ignition-timing. Table 8 data are for five ig-
nition settings with untreated fuel and fuel treated with 424 ppm.
The 40 Hz and 2.5 bar BMEP condition for these tests was found
to give the largest difference between treated and untreated fue!
in spark advance for maximum torque.

TABLE 7
EFFECT OF OPERATING CONDITIONS ON PERCENT
DECREASE FROM UNTREATED FUEL
MBT Timing
0.496 L Single-Cylinder Engine
424 ppm, Stoichiometric A/F

Speed, BMEP, Fuel
Hz Bar Consumption HC NOx CcO
40 2.5 -1.5 118 9.1 -1.7
40 55 0.1 2.0 -3.2 -0.1
20 55 0.4 1.9 56 -12.7
20 1.5 -0.3 79 -148 -0.5
15 0 -0.2 9.0 0.0 0.0

S




TABLE 8
TIMING EFFECT ON PERCENT DECREASE
IN FUEL CONSUMPTION AND EMISSIONS
0.496 L. Single-Cylinder Engine
40 Hz, 2.5 bar BMEP
424 ppm, Stoichiometric A/F (14.5)

Timing, Fuel

°BTDC Consumption HC NOx cOo
25 2.4 47 70 3.0
30 1.6 140 5.1 13.2
35 0.1 1.1 03 0.3
40 1.3 60 -1.3 267
45 2.7 110 -88  -14.4

Table 7, with best torque ignition timing, indicates that 424 ppm
treatment consistently decreases hydrocarbon emissions.
Nitrogen oxide emissions may be either increased or decreased,
depending on operating conditions. Carbon monoxide emissions
are unaffected except at the high load of 5.5 bar at 20 Hz (1200
rpm). Data in the Appendix D, Table D-2 indicate that treatment
with 848 ppm provides smaller and less consistent effects.

Increasing ignition advance is shown in Table 8 to have no
systematic effect on percent decrease in hydrocarbon emissions.
Fuel consumption, nitrogen oxide and carbon monoxide emissions
increase when timing is advanced beyond the optimum for highest
torque {about 35° BTDC for untreated fuel and 32° BTDC for
treated fuel). Most engines have timing retarded from MBT to allow
for manufacturing variztions and to reduce exhaust emissions.
With ignition retarded to 30° BTDC, Table 8 indicates that additive
treatment would reduce fuel consumption by 1.6%, hydrocarbon
emissions by 14%, NOx emissions by 5% and CO emissions by
13%.

FUEL ECONOMY — Significant improvements in fuel economy
are realized with use of the additive in a variety of Sl-engines with
the engines tuned normally (i.e., not with gross variations in mix-
ture ratio or spark-timing from manufacturer’s recommendations).
This is illustrated by the data shown in Figure 3. Tests are describ-
ed in Appendix E, Table E-1.

In Figure 3 the economy improvements for dynamometer evalua-
tions 1 through 5 were obtained using engines which were relative-
ly clean and/or had little accumulated mileage since manufacture
or rebuilding. Conversely, the engines in 8, 7, and 8 were in over-
the-road vehicles with considerable mileage. These would be ex-
pected to have deteriorated appreciably from a well-tuned state.
The additive improved the fuel economy of the latter vehicles by
significantly greater amounts than for the *‘nearly new” engines.
Presumably, none of these engines had deteriorated sufficiently
from normal mixture ratios or spark-timing to show the inconsis-
tent effects illustrated in Table 5, 6, 7, and 8.

OCTANE NUMBER AND OCTANE RELATED ENGINE PERFOR-
MANCE — The additive when incorporated in primary reference
fuels and commercial gasoline has shown no significant effect on
Research or Motor Octane Number, in limited testing by
Laboratory L-2.

Laboratory L-4 measured octane number in the 0.496 L, single-
cylinder engine used to obtain emissions and fuel economy data.
Octane number at 1800 RPM and fuil-load was determined from
the spark advance required to produce borderline knock. Additive
concentrations of 424, 848 and 1700 ppm all produced borderline
knock at 1 degree greater spark advance than for the untreated
91.5 RON gasoliine. This corresponds to a 0.5 higher RON for the
additive treated fuels.

Figure 3
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User reports suggest that in-service increases in effective octane
number are greater than this slight increase.

VALVE SEAT RECESSION — Two exhaust valve seat recession
tests were run by Laboratory L-4. The first was on a 1.2 L, Euro-
pean type, four cylinder, gasoline engine. The engine was run at
wide-open throttle at a speed of 4500 rpm, for 55 hours. Every
5 hours the valve recession was measured. The cool-down time
was kept constant to minimize temperature effects on these
measurements.

Runs were made with untreated unleaded gasoline and with the
gasoline trated with 848 and 424 ppm of the additive. The data
are tabulated in Appendix Table F-1 and summarized in terms of
average wear rates in Table 9. Untreated leaded gasoline data
are also shown for comparison.

Data on the unleaded gasolines were analyzed by computation
of the average recession rate for each valve for each five hour
period. Paired untreated and treated recession rates for correspon-
ding 5-hour time periods for each vaive were examined statistically
at both concentrations. Both the two-tailed binomial signs tests
and the t-test indicate statistical significance at both concentra-
tions (p < 0.002 and < 0.001, respectively at 424 ppm and p <
0.008 and < 0.01 at 848 ppm).

Table 9 averages indicate that additive treatment produces a 1.6
to 1.7-fold increase in average vaive life and a 1.2-fold increase
in worst valve life. It also indicates that leaded gasoline virtually
eliminates wear.

TABLE 9
VALVE SEAT RECESSION RATES
1.2 L, 4-Cylinder

NUMBER AVERAGE WORST
OF VALVE VALVE
FUEL TESTS um/h umih
UNTREATED? 2 37.6 42.9
TREATED
424 ppm(v)! 1 23.1 35.6
848 ppm(v)? 1 21.8 35.9
LEADED
(150 mg/L) 1 0.0 1.3
1 20-hr. test 2 35-hr. test




An extensive series of valve recession tests, using unleaded
gasoline, was also conducted by an engine manufacturer. These
tests extended over a period of two years, The accumulated total
running time on the engines reported here was 7108 hours, of
which 4829 were run using the additive in the gasoline, and 2280
hours were run without.

The following engines were run both with and without the additive.

Engine Number Configuration Rated Power(kW)
1 4 ¢yl in-line 104
2 4 cyl in-line 142
3 V-8 194
4 V-8 205
5 V-6 153

All engines had induction-hardened valve seats.

The manufacturer used his standard durability test procedure, con-
sisting of 55-minutes at full throttle and maximum load, followed
by a 5-minutes idle period. The cycle was then repeated.

The tests were not formulated with paired tests of untreated and
treated fuel or with frequent reference runs. Consequently, it is
not possible to discount fluctuating variables of air/fuel ratio, fuel
volatility, ambient test conditions, ana the length of individual tests
over the protracted period of testing. However, the data on 31 total
tests in Appendix F, Table F-2 imply that the results were not in-
fluenced by such fluctuating variables. For comparative purposes,
the manufacturer's raw data fromthe tests of different duration were
analyzed by the authors and the author's conclusions were ex-
pressed as average wear rates over the test duration, even though
it is known that rates vary with time during a test.

Nevertheless, the rather formidable collection of data, gathered
over a prolonged period of time, through thousands of hours of
testing, and with all of the variables present, does provide a
consistent conclusion. The authors’ conclusion from their analysis
of the manufacturer's raw data is that valve seat wear rate reduction
is significant when using the additive.

The data for each run are summarized in Appendix F, Table F-2
and average data for each engine model are in Table 10 and
Figure 4. Data on any one engine model is too limited for statistical
significance. However, combining the data from ali five engines
is adequate. The two-tailed t-test indicates that the mean reces-
sion rates are not the same with p v 0.05 and p v 0.01 for the
worst valve and the average valve data, respectively. Thus, reces-
sion rates with treated fuel are significantly different from those
with untreated fuel, provided that the usual assumptions for use
of the t-test are satisfied.

Additional tests were run on six other engines using the additive.
However, the engine manufacturer did not run comparative tests
using untreated fuel. Therefore, although the data are available,
they are not presented in this paper.

Figure 4
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SUMMARY OF FLEET EXPERIENCES

Most of the foregoing text is based upon test results that
characterize the behavior of the additive over short periods of time,
under carefully controlled conditions.

The additive has also been evaluated for extended test periods,
usually several years in duration, with a number of motor fieets.
The nature of these data, although judged credible by the fleet
manager, generally would not survive critical review and so are
not tabulated in this paper. Highlights of these resuits from
representative fleets, however, are included to demonstrate
satisfactory field performance:

The types of fleets in which the additive was tested were 1) a large
electric utility fleet of 654 vehicles, comprised of gasoline
passenger cars and trucks, Diesel trucks, and miscellaneous
machines; 2) a manufacturing plant fleet of approximately 1000
gasoline powered vehicles and 200 large Diesel trucks and con-
struction vehicles; 3) a fleet of six police motorcycles; and 4), a
utility which tested the additive in two aircraft-type, stationary gas

TABLE 10

AVERAGE VALVE SEAT RECESSION RATES
FOR EACH ENGINE MODEL
556 & 1000 ppm Treatment

Engine Worst Valve, um/h Average Valve, um/h Total Test Hours
Number Untreated Treated Untreated Treated Untreated Treated
1 10.2 7.1 4.4 3.1 923 1173
2 12.2 57 6.9 4.8 455 279
3 9.6 9.5 3.7 4.1 724 2002
4 40.6 59 8.1 1.4 50 300
5 4.8 2.8 3.2 1.3 127 1075
Mean* 12.61 7.19 5.07 3.18

* Mean calculated from average rate before rounding.
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turbines. About five years of experience with the additive has been
accumulated by the utility and plant fleets, and three years by the
motorcycle fleet and gas turbines without observation of any
adverse treatment effects.

The utility fleet reported that a troublesome vaive burning problem
had been eliminated by use of the additive, and that knocking and
pinging problems also had been eliminated. They have treated
in excess of 9,100 m3 (2,400,000 gallons) of fuel with the additive.

Both fleets 1 and 2 noted improvements in fuel economy.
Moreover, they together with fleet 3 were able to switch from 89
octane leaded gasoline to 87 octane unleaded without adverse
effects.

A six-month comparative test was run with the motorcycle fieet.
Three motorcycies used a base fuel; three used the same fuel but
treated with the additive. Qualitative evaluations indicated both
better throttle response and reductions in knock and pinging. The
knock/pinging reduction is supported by Figure 5 which shows
much smaller amounts of piston top deposits associated with use
of the additive.

Lastly, in the gas turbine group 4, a 1% reduction in fuel consump-
tion was noted.

ADDITIVE CONCENTRATION

At present, additive concentration has not been systematically in-
vestigated. However, consideration of the several concentrations
tested for the various types of performance suggests an approx-
imate optimum for gasoline to be in the vicinity of 500 ppm (i.e.,
between 300-700 ppm),

DISCUSSION

The additive performance suggests that it acts as a combustion
modifier in engines. Further support for combustion modification
is suggested by Sl-engine work at Laboratory L-4. The single-
cylinder 0.496 L engine and the 4-cylinder 1.6 L engine emission
data were both obtained with ignition timing set to the minimum
value giving the highest torque. Generally, the timing for the ad-
ditive treated fuels was 1 to 3 or 4° BTDC less advanced than
the untreated fuel (usually 1 to 2°). This is consistent with expec-
tations if the additive treated fuels ignite and/for burn faster than
untreated fuel.

More direct confirmation of combustion effects has been obtain-
ed by Laboratory L-4. Pressure signature data were obtained on
the 0.496 L, single-cylinder Sl-engine for which data are shown
in Table 7 and on a 1.6 L IDI Cl-engine. The pressure signature
data were analyzed in terms of energy release. Results on the Si-
engine show that the delay from ignition to 10% energy release
and the time for 10% to 50% energy release are reduced, while
peak pressure generally is not changed. Results in the IDI Ci-
engine similarly show that the ignition delay and the time to release
10-t0-90% of the heat are both reduced. These Sl- and Cl-engine
results will be detailed in a separate paper.
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CONCLUSIONS

The results reported above show that the additive treats a broad
spectrum of important gasoline related problems. The additive at
333-848 ppm:

1. Reduces the need for higher (R +M)/2 octane fuel by reducing
octane requirement increase by about 70%.

2. Reduces exhaust hydrocarbon emissions by the order of 10%
or more.

3. Reduces fuel consumption, by about 1.5% and often much
more.

4. Reduces valve seat recession.

These additive effects appear to be the result of combustion
modification.
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Octane Requirement Increase Control - A New
Way of Saving

MarkL Nelson James E. Larson and Mark S. Carruthers
Polar Molecular Corp.

ABSTRACT

Due to the accumulation of deposits in the com-
bustion chamber, the “appetite” of an engine for
octane increases with mileage. Depending on the
type of engine, driving conditions, and gasoline,
this octane requirement increase (ORI) ranges
from 3 to 10 octane numbers.

Because of ORI, national specifications for oc-
tane number of gasoline must be based on en-
gines’ octane requirement at equilibrium. Applying
the incremental analysis technique to refining
economics, F. Bernasconi calculated that the in-
cremental cost of producing each extra octane
number by refining ranges from $2 to $6 per ton.
It is generally well accepted that an increase of
one octane number will lead to a loss in refinery
yleld of 4 1o 6%.

Octane requirement increase can be controlled
with a new type of ashless, non-metallic additive.
An ORI reduction of 50 to 80% has been observed,
opening the route to decreasing national gasoline
octane specifications. Savings of millions of dollars
and up to 20% of crude are possible. Emissions

are reduced.

DISCUSSION

In terms of combustion, a fuel for spark ignited
engines is commonly characterized by its resis-
tance to knock. ‘

Toward the end of the 1920’s, an experimental

engine was designed in the USA to determine
resistance to knock. It was called the CFR engine.

The first method for classifying knock resistance

295

was developed in 1931; it was very similar to the
current method for research octane number
(RON). A little later in the 1930's, a second proce-
dure was developed which gave rise to the motor
octane number (MON). Both methods are still used
worldwide; all specifications of gasolines in every

- country include one or both of these numbers.

A spark ignited engine is well characterized by
its octane requirement, which'is the lowest octane
of a fuel necessary for the engine to avoid any
knock. At the minimum, the octane of a gasoline
must satisfy the octane requirement of the engine,
over the range of the running conditions of the
vehicle.

The octane requirement increase of an engine
over time was investigated as early as the mid
1920’s (1)* and has been studied extensively over
the years (2) (3). In an excellent recent literature

- review on deposits in gasoline engines 4),

Kalghatgi reported variation of octane requirement
with distance or engine operating time.

Basically, this increase can be very sharp right
from the beginning (Figure 1, curve A), more con-

tinuous (curve B), or in a Z shape (curve C). An

equilibrium is generally reached even if a plateau
is not obvious. Depending upon the type of engine
(compression ratio, shape of the combustion
chamber, etc. . .), the driving conditions, weather,
and the type of gasoline used (leaded, unleaded), -
the equilibrium octane requirement increase can
range from 3 to 15 numbers. (5) (6) (7) (8).

*Numbers in parentheses designate references at end of paper.
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The main contributors to ORI are the com-
bustion chamber deposits, even if, in the same
engines, intake system deposits also contribute
to ORI (4). In the combustion chamber, the de-
posits involved in ORI are those on the piston
top, on the intake and exhaust valve surface,
and in the end gas region. These deposits are
related to both fuel and lubricating oil.

The nature of the fuel has a direct effect on

the physical properties of the deposits: high boil-

ing point components, for instance, are detrimen-
tal (9). Another large contribution to ORI is re-
lated to the type of gasoline detergents and car-

rier oils associated with the detergent to improve -

inlet valve cleanliness (11). These either add to
the ORI problem or, in the best case, have no
effect at all on ORI.

Lubricating oil also contributes to combustion
chamber deposit levels. Large percentages of

high molecular weight ingredients (bright stock,

for instance) or high levels of sulphated ash in-
crease deposit accumulation (4).

"Three possible mechanisms through which
combustion chamber deposits could effect ‘oc-
tane requirement have been considered (2):

e Volume effect - the space occupied by the
deposits increases- compression ratio. This
effect would be small (about 10%)

e Chemical/catalytic effect - deposits may
change the combustion chemistry during
flame propagation. There is some evidence
against this mechanism (2).
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duce spark-ignition (Sl) engines that operate re-
liably with reduced evaporative and exhaust.
emissions and improved fuel economy while
using low lead or unleaded gasoline. These
needs have been met by using increasingly
sophisticated intake, piston/combustion chamber
exhaust," and control systems.

Performance of these systems has placed
demands on gasoline quality which are being
met by bulk treatment with special purpose deter-
gent and dispersant additives and by using
higher octane gasoline.

Detergent and dispersant additives quite ef-
fectively deal with intake system deposits, but

“have not been effective in preventing octane re--

quirement increase. In fact, the reverse is fre-
quently true - these additives often are con-
tributors to ORI through increased combustion
chamber deposits. .

Refiners are experiencing growing difficulty
in meeting octane demand. The rapid elimination
of tetraethyl lead, changes in crude supply and
availability, and environmental demands for re-
duction in aromatic components are forcing sub-
stantial reformulations of gasoline. To meet the
demand for increasing octane levels, refiners
have resorted to (a) increasingly severe catalytic
cracking and (b) expanded use of octane en-
hancing oxygenates. Both approaches are ex-.
pensive, and the use of oxygenates reduces the
energy potential of the fuel, thus increasing over-
all fuel consumption.

The additive described in this paper is a mul-
tifunctional concentrate for use in gasoline. It has
been shown to reduce ORI from 50% to 80%,
which allows use of lower octane gasoline (8).
Extensive testing shows improved fuel mileage
(4.5% average increase) and substantially re-




duced exhaust emissions (10% average hydro-
carbon emission reduction). This testing includes
both laboratory and fleet use, with over
70,000,000 gallons (262,500,000 litres) of fuel
treated since introduction of the additive. No de-
leterious effects have been noted with recom-
mended use levels.

ADDITIVE HISTORY The additive discussed
herein was initially developed to improve fuel

economy of internal combustion engines without -
degradation of exhaust emission control sys--

tems. It was subsequently observed that the ad-

ditive-had-a-knock-reduction-effect-in-Sl-engines-

Hydrocarbon emissions were reduced. This be-
havior suggested the additive might have an im-
portant effect in modifying the combustion pro-
cess and in controlling combustion chamber de-
posits.

ADDITIVE DESCRIPTION The additive is a
patented multi-component mixture of materials
containing only carbon, hydrogen, and oxygen.
It is a blend of oxygenated aliphatic hydrocarbon
liquids, glycol ethers, and hydrocarbon fuel
stabilizers, with specific gravity and fuel value

~ similar to gasoline.. The active materials include

a polar material, compatibilizers for the polar
material and hydrocarbon fuels, and a compound
for enhancing the water tolerance of the additive.
The additive has been designated “substantially
similar” by the US Environmental Protection
Agency, and may. therefore be used for bulk

.treatment of unleaded gasoline.

Table 1

Typical Properties of the Additive

Appearance Clear Liquid

Color Amber
Speclfic Gravity 0.875 15/15° C (GOIG?J" F)
Vapor Pressure 0.86 kPa (6.5torr) @ 22° C (72°F)
Flashpolnt (TCC) 43.3° C (110°F)
Bolling Rahge- 104-316° C (220-600° F)
Water Content < 0.5% ‘by wt.
Viscosity 4.1 ¢St @ 15.6° C (60° F)

Heat of Combustion 45.00 MJ/kg (19,350 BTU/Ib)

The additive has been tested in the laboratory
and through fleet use in commercial fuels with
most currently commerically available detergents

297

and carrier oils. Representative classes of such
detergents include polybutene succinimides,
polybutene amines, polyether amines, and
polyisobutylene amines. There is no degradation
in the effectiveness of these detergents in con-
trolling intake system cleanliness.

- SPARK:IGNITION ENGINE LABORATORY

AND ROAD TESTS

OCTANE REQUIREMENT INCREASE - Oc-
tane requirement increase is observed with ex-
tended-operation-of-gasoline-engines—In-order
to maintain normal engine performance under
these conditions, a higher octane fuel is often
required. Although a number of factors may be
involved in ORI, combustion chamber deposits
are recognized as a major contributor to the
problem. The effect of the addtive on ORI was
determined by Laboratories L-3, L-4, and L-6

~using three different test procedures and five en-

gine/base fuel combinations.

10 Car Road Test - Laboratory L-3 tested six
(6) 1985 cars manufactured by Company A and
four (4) 1984 cars manufactured by Company
B. The Group A cars were equipped with 3.0
litre V-6 port injected engines and automatic
transmissions. The Group B cars were equipped
with 2.3 litre 4-cylinder carbureted engines and
automatic transmissions. Cars within Group A
consisted of three each of two body styles of
the same size. All cars in Group B had the same
body style. _

In preparation for testing, the cylinder heads
of each of the cars were removed and the com-
bustion chambers cleaned. The valve train as-
semblies (especially the valve guide clearances)
were inspected to insure that undue amounts of
lubricating oil would not enter the combustion
area and thus effect the test results. Crankcase

- oil was changed and oil, air, and fuel filters were

replaced, together with- spark plugs, EGR and
PCV valves. Each of the engines was then tuned -
to the manufacturer’s specifications.

The gas tanks were drained and filled with
a commercially available unleaded regular fuel
obtained from a single batch. The cars were dri-
ven for approximately 100 miles, under identical
conditions, in an attempt to equalize combustion
chamber deposits. At this point, octane require-




____maximum speed._limited to 97 kph (60.mph)._Veh-

ment evaluations were made with a chassis
dynamometer, using the CRC designated E-15-
87 test procedure. The initial octane require-
ments for each of the ten cars was thus estab-

lished.
Fuel for half of each of the Group A and B

- cars was treated with the additive at a concen-

tration level of 667 ppm. A closed route repre-
senting - both city and-country driving conditions
was followed with all of the vehicles traveling in
line. The 100 mile route was traversed at an
average speed of about 64 kph (40 mph), with

19 Figure 2’
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icle order in the line and vehicle-driver combina-
tions were rotated. :

Octane requirement levels were determined
for each of the cars after 2,500 and 5,000 miles.
Based on the trends for the results, the Group
A cars were subsequently run to 8,000 miles.
The Group A tests were then terminated, since
the laboratory judged that the octane require-
ments had essentially stabilized.

The octane requirement increases among the
Group B vehicles were smaller than the Group
A vehicles. Therefore, Group B test duration was
extended to 10,000 miles to assure that equilib-
rium had been reached.

The octane requirement results are shown in
Table 2 and the OR!'s are summarized in Figure
2. Mean ORI with the additive treated fuel was
6.0 octane numbers lower than with untreated
fuel for Group A cars and 3.3 octane numbers
lower with Group B cars. The photographs are
from Group B.

TABLE 2
OCTANE REQUIREMENT
(R+M)2

Miles Accumuiated

CarNo. Concn. Final
GroupA ppm O 2,500 5,000 8,000 10,000 ORI
1 0 .81 . 87 87 88 —_ 7
2 .0 81 ‘84 91 92 —_ 11
3 667 83 84 84 84 C— 1
4 0 83 . 88 88 88 — 5
5 667 83 84 — 84 —_ 1
6 667 81 84 — 84 — 3

Group B
7 667 78 78 78 —_ 78 o}
8 0 78 83 83 — 83 5
9 667 78 81 81 — 81 3
10 0 78 81 83 — 83 5

<--Group "B"-->

<-mm-- Group "A"----- >

1.6 Litre Engine Test — An additional ORI
evaluation was made by Laboratory L-4, using
a Europeon 1.6 litre, 4-cylinder, crossflow 4-
stroke engine with a compression ratio of 9:1.
The twin choke carburetor was modified to permit

‘air/fuel ratio adjustment by control of float

chamber pressure.

The engine was initially run in for 20 hours
over a range of speeds and loads. The test
schedule in this case took the form of a 200
hour mixed-cycle run, with octane requirement,
part-load exhaust emissions, and fuel consump-
tion determined at 50 hour intervals. Octane re-
quirement was determined from the spark ad-
vance producing borderline knock. The cycle
used in this test program is listed in Table 3. It
is representative of a typical European duty
cycle.

TABLE 3

" TEST SCHEDULE
1.6 L 4-Cylinder Engine

Engine Speed Engine Load Time -
Condition ‘ rev/min BMEP Minutes
1 © 2400 2.5 bar 20
2 3600 4.0 bar 20
3 3000 Full Load 5
4 2400 5.5 bar © 20
5 1200 5.5 bar 20
6 1200 1.5 bar 20
7 850 ldle 15

"The 200 hour test was completed twice, first
with the baseline fuel and then with 424 ppm of
the additive. Prior to each test the engine was
stripped, cleaned, and measured.

The initial octane requirement of the engine
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at the start of the baseline fuel test was 93.5
RON. After the 200 hour run, this increased by
2.8 to 96.3, as shown in Figure 3.

After rebuilding the engine, the initial octane
requirement was 94 instead of 93.5. After the
200 hour run with the additive, the octane re-
quirement had increased by 1.2 to 95.2. Thus,
" ORI with the addtive was reduced 1.6 RON from
 that for the baseline gasoline, or a 57% reduction
in ORI. : ‘

ECONOMY AND SAVINGS

With the lead phase down in the United
States and Japan, production of gasoline has
become more and more sophisticated. It will do
so in Western Europe and other areas in the
very near future.

To produce gasoline, a refiner can mix differ-
ent types of major blending stocks, representing
more and more complete types of refining: =

e Light napthas — these have a rather low

octane. This octane can be increased sig-

Figure 3
Additive Tests
Octane Requirement Increase
F‘ Test 1 O~ Test 2J
97
96.5 ' /.
96 °
95.5 /
Cazne fo)
Requirement g5 /. /
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94.5 ; 2
94 0l '
93.5@
l Time {hours)
93 +—= - T r y
0 50 100 150 200

Test 1: Baseline 96 RON Unleaded gasoline
Test 2: + 500 ppPM Additive

10,000 km Road Tests — Laboratory L-6, &
major European petroleum company, also ran
some extended road tests on a car equipped
with a 4-cylinder gasoline engine. These were
four 10,000 km tests run in series with a different
fuel in each test. The combustion chamber was
cleaned between tests. Octane requirement for
each cylinder was determined from the spark
advance producing borderline knock.. The knock
and octane requirement characteristics of this
engine were very well known to this laboratory.
Based on this experience, the ORI reductions
due to the additive as shown in Table 4 were
“sonsidered very significant.”

TABLE 4

OCTANE REQUIREMENT INCREASE +
1.6L 4-CYLINDER ENGINE

ORI Percent
Untreated Treated Reduction Reduction
Leaded gas 4.6 0.8 3.8 82%
Unleaded gas 1.5 0.3 1.2 80%

+ Average values of the 4 cylinders
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nificantly- by isomerization

e Reformates — while reformate octanes
can be high, they are very dependent on
the severity of refinery operation. The
highest practical clear RON level (no ad-
ditive) is around 100.

o Alkylates - good blending stocks, with a
reasonably high clear RON level and very
low sensitivity. Alkylates show a very
small difference between RON and MON.

e Fluid Catalytic Cracked (FCC) gasoline
— again, a relatively low octane product.
FCC gasolines exhibit high sensitivity,
with a big difference between RON and
MON. o

o Oxygenates — provide flexibility through
their high RON, but are available only in
limited quantities. MTBE and ETBE can
contribute to front end octane number
(FEON) while benefiting volatile organic
compound emissions control.

COST OF PRODUCING EXTRA OCTANE —
The challenge is to produce extra octane num-
bers at the lowest cost. By applying the incre- .
mental analysis technique to refining economics,
F. Bernasconi has been able to calculate the
incremental cost of producing gasoline with one
extra octane number. (12). The gasoline produc-
tion cost is assessed by incremental analysis as
a function of the refinery feedstock (crude oil)
and the main byproduct associated with gasoline
production (residual fuel oil) for different refinery
configurations. He identifies two general classifi-
cations for this analysis:




o “Leader” — a refinery equipped with re-.
sidue upgrading facilities, such as hydro-
cracking, fluid catalytic cracking and ther-
mal cracking or visbreaking.

e “Laggard” — a simple hydroskimming re-
finery

A typical schematlc for these types of re-
fineries is shown in Figure 4 (13).

Figure 4: Upgrading Stages
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Depending on the type of refinery and the
type of gasoline produced (leaded or unleaded),
and using a crude oil price of $20 per barrel and
a residual fuel oil price of $11 per barrel, the
cost of a single extra octane number can range
anywhere from $2 to $6 per metric ton (Figure 5).

Figure. 5

I Leader
Cost for One (1) O.N. '

B Laggand

o $2 to $6 per metric ton of gasoline pro-
duced, and '

e 20% of his crude oil consumption.

SAVINGS THROUGH ORI CONTROL — As
we have seen previously, it is now possible to
control the octane requirement increase of en-
gines with* ashless non-metallic additives com-
prised solely of carbon, hydrogen, and oxygen..
A dramatic reduction of 50% to-80% of ORI has
been observed (8), in current mass-produced en-
gines. This opens the route to a decrease in

- Cruds -320
- Resid $70

(0.4 g Pt}

(0.15¢ Pb) {0.cg Pb)

Gasoline

This is very consistent with the numbers pub-
lished by Turner, Mason, and Company in their
report US Gasoline Outlook 1989-96 sum-
marized in reference (14), where numbers of
$.30 to $.60 per incremental octane number per
barrel (ION.B) are reported. This equates to $2.5
to $5 per incremental octane number per metric
ton ($2.5 to $5 per ION.T).

Generating this single extra octane number
will also reduce vyield. This results in increased
consumption of crude for a given amount of
gasoline production.

It is generally well accepted that in-a semi-

complex type refinery, if everything remains con-
stant (type of crude feedstock, general process

settings, etc. . .) an increase of one octane
number over normally attainable octane will lead

to a reduction in yield of gasoline per barrel of -

crude oil of about 5%. For example, if thé basic
yield is 30%, increasing refining severity to get
one more octane number will reduce the yield

to 25%. In order to provide the same total quan-

tity of gasoline, you will consume 20% more
crude oil. ‘
‘ On the other hand, if someone can satisfy
the octane requirement of engines while de-
creasing the octane level of the gasoline by one
octane number, he can potentially save:
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national - gasoliné octane specifications, with no
degradation in engine performance. Additional.
benefits also accrue, as reported in the refer-
enced paper (Table 5). :

TABLE 5
ADDITIONAL BENEFITS

* Intake system cleanliness - neutral (CEC procedures)

*+  Corrosion protection
fuel systems - improved

*  Spark plug cleanliness - improved

*  Gasoline consumption - reduced 4.5% (average)

*  Emissions reduced
hydrocarbons

carbon monoxide
nitrogen oxides

10% (average)
neutral
neutral

*  Valve recession reduced 40% to 60%




Treated

Untreated

ton Tops
Group B

IS

P
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if one applies a national octane decrease
specifications policy, huge savings can be
achieved. For example, reducing the national
gasoline octane specification by one octane
numbers in various countries could produce the
following savings (Table 6):

TABLE 6

POTENTIAL SAVINGS
Reduction of ONE Octane Number

Annual Production Annual Saving
Metric Tons/Year Potential @
(000,000) $(000,000)
Argentina 3 12
Brazil 7 28
Mexico 15 60
Venezuela 7 28

@ Based on $4 per metric ton average saving

CONCLUSION

The octane requirement of an engine is
known to increase with mileage by 3 to 15 octane
numbers, averaging 6 to 7. For that reason the
national specifications in octane number -of
gasolines have to be based not on the original
octane requirement of the engine, but on its oc-
tane requirement when, after mileage is accumu-
lated, an equilibrium octane requirement is es-
tablished.

By using a new generation of ashless addi-
tive, it is possible to reduce that octane require-
ment increase by 50% to 80%, opening a new
route to control waste of octane with- no perfor-
mance penalty. The savings in both money and
crude oil are substantial:

e Decreasing the octane number by ONE
units saves $2 to $6 per metric ton of
gasoline produced.

® Decreasing the octane number by ONE
units saves up to 20% of the crude oil
feedstock requirement.
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UNITED STATES BANKRUPTCY COURT
FOR TBE DISTRICT OF MASSACHUSETTS
(EASTERN DIVISION)

In re:
Chapter 11

POLAR MOLECULAR CORPORATION, Case No. 93-10960-JNF

Debtor

T Nt e el st ol

STEPEEN S. GRAY, AS CHAPTER 1l
TRUSTEE OF THE ESTATE OF
POLAR MOLECULAR CORPORATION,

Plaintiff Adversary Proceeding

N°o 93-

vl

CHARLES C. JOENSTON,

ELLIOT FEINER,

K. KEITH MOON,

RUDOLPH J. THOMAS,

ROBINS, KAPLAN, MILLER & CIRESI,
PoCoo

JeC RESOURCES, INC.,

REGAN & ASSOCIATES, INC.,

BRIAN W. TAYLOR,

NEW AGE FUEL ADDITIVES CORPORATION,

ROBERT T. MONTAGUE,

RICHARD J. OGDEN, JR..,

JOEN A. BARRY,

MARK J. McKINLEY,

and GEORGE HEKRY,

vuvvvvvwvvvwvvuvvuvvvvvvvwv

=iy
B
g
25

Defendants
COMPLATNT

Stephen S. Gray (the "Trustee"), duly appointed Chapter 11 i
trustee of the estate of Polar Molecular Corporation (the :fl
“Debtor"), hereby commences this action against Charles C. %?-
TR

Johnston {“Johnston®™), Elliot Feiner ("Feiner"), K. Keith Moon %ﬁ
E
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("Moon"), Rudolph J. Thomas ("Thomas"), the law firm of Robins,
Kaplan, Miller & Ciresi, P.C. ("Robins Kaplan"), JsC Resources,
Inc. ("J&C Resources"), Regan & Associates, Inc. ("Regan"), Brian
W. Taylor ("Taylor"), New Age Fuel Additives Corporation
("NAFA"), Robert T. Montague {"Montague"i, Richard J. Ogden, Jr.
("Ogden®), John A. Barry ("Barry"), Mark J. McKinley (“"McKinley")
and George Henry ("Eenry"). The Trustee seeks to avoid
preferential payments, to recover damages for usurpation cf
corporate opportunity, waste of corporate assets, breach of
fiduciary duty, to equitably subordinate debt allegedly owed to
Johnston or, in the alternative, to have that debt reclassified
as a capital investment.

In support of this Complaint, the Trustee states as follows:

PARTIES

l. The Debtor is a corporation organized under the laws
of the State of Utah. It commenced this case by £iling a
voluntary petition under Chapter 11 of the United States
Bankruptcy Code (the "Code") on or about February 2, 1993.

2. The Trustee was duly appointed Chapter 11 trustee of
the estate of the Debtor by crder of this Court entered on or
abouyt May 14, 1993, and has continued to serve in tha- capacity
since that date.

3. Defendant Johnston is an individual residing at 706
Ocean Drive, Juno, Florida. At all relevant times hereto,

Johnston has been a director of the Debtor and, for the period
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after June 30, 1992, has been its president and chief executive
officer.

4. Defendant Peiner is an individual residing at 10
‘ Rogers Street, Unit #1102, Cambridge, Massachusetts. At all
relevant times hereto, Feiner has been a member of the Polar
Molecular Dissident Shareholder Committee, as that term is
defined below.

S. Defendant Moon 1s an individeal residing at 4901 Towne
Centre Road, Saginaw, Michigan. At all relevant times hereto,
Moon has been a memﬁer of the Polar Molecular Dissident
Shareholder Committee, as that term is defined below. MHoon was
also, at all times from June 30, 1992 through and including May
14, 1993, a director and the vice president of the Debtor.

6. sefendant Thomas is an individual residing at 12,366
windsor Beach Drive, Fenton, Michigan. At all relevant times
nheretc, Thomas has been a member of the Polar Molecular Dissident
Shareholder Committee, as that term is defined below.

7. Defendant Robins Kaplan is a Minnesota professional
corporation having its principal place of business at 2800
LaSalle Plaza, 800 Lasalle Avenue, Minneapolis, Minnesota. Prior
to June 30, 1992, Robins Kaplan was a law firm retained by the
Polar Molecular Dissident Shareholder Committee, as that term is
defined below. From June 30, 1992, through and including
Pebruary 2, 19$3, Robins Kaplan served as general counsel to the

Debtor.
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8. Defendant J&C Resources is a New Hampshire corporation
having its principal place of business at 96 Walden Pond Drive,
Nashua, New Hampshire. At all relevant times hereto, J&C
Resources was a consulting firm, of which the defendant Johnston
was the principal, and which was employed by the Debtor.

9. pefendant Regan & Associates, Inc. ("Regan") is, upon
information and belief, a Delaware corporation with a principal
place of business at 1013 Centre Road, Wilmington, Delaware.

10. Defendant Taylor is an individual who, upom
information and belief, resides in Stanardsville, Virginia. At
all relevant times hereto, Taylor served as chief technical
officer of the Debtor. Since some time in the spring of 1993,
Taylor has also served as chief techaical officer of NAFA.

11. pefendant NAFA is a Florida corporation having its
principal place of business at Suite 1940, S.E. 3zrd Avenue,
Miami, Florida.

12, Defendant Montague is an individual residing at 180
Lakeview Lane, Mayzata, Minnesota. From June 30, 1992 through
and including February 2, 1993, Montague served as secretary of
the Debtor. At all relevant times hereto, Montague also was a
partner at Robins Kaplan.

13. Defendant Cgden is an individual residing at 14 Allen
Park Drive, Wilmington, Massachusetts. Prom June 30, 1992
through and inc¢luding May 17, 1993, Ogden served as treasurer of

the Debtor.
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14. Defendant Barry is an individual with a business
address at c/o NAFA, Suite 194¢, S.E. 3rd Avenue, Miami, Florida.
From June 30, 1992 through and including May 17, 1993, Barrcy
served as a director of the Debter.

15. Defendant McKinley is an individual residing at 110¢
Brissette Beach Road, Kawkawlin, Michigan. From June 30, 19592
through and including May 14, 1593, McKinley served as a director
of the Debtor.

16, Defendant Henry is an individual with a business
address at c¢/o NAFA, Suite 194C, S.E. 3rd Avenue, Miami, Florida.
From June 30, 1992 through and including May 17, 1993, Henry
served as a director of the Debtor.

JURISDICTIOR

17. This matter is a core proceeding brought under, among
other things, Sections 547 and 550 of the Code, over which this
Court has subject-matter jurisdiction under the provisions of 28
U.S.C. §1334(a) and §8§157(b){2)(A), 1LS7(b)(2)(E), 157(b}(2)(F),
157(b)(2){G), 157(b){(2)(E), and 157(b)(2)(0).

18. Venue of this proceeding lies in this District under
the provisions of 28 U.S.C. §1409(a).

FACTS RELEVANT TO ALL COUNTS

19. At all relevant times hereto, The Debtor has been
engaged in the business of manufacturing and selling various fuel
additives to both consumer and industrial end-users., At all
relevant times, the most valuable assets of the Debtor's estate

have been varicus patents. both fcreign and domestic, protecting
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the technologies necessary £or the design and manufactuce of
these additive products.

20. Prior to June 30, 1992, the pDebtor was managed by a
team headed by Mark L. Nelson ("Nelson"), who gserved in the
capacities of president and a director of the Debtor. (Nelson
and the other members of his management team will hereinafter be
referred to as the "Nelson Group").

21. Before and during the -oring of 1992, Johaston was a
minority shareholder of the Debtor. puring the spring cf 1992, a
committee comprised of Johnston, Feiner, Moon, and Thomas (the
“pMC Digsident Shareholder Committee"), waged a proxy contest
(the "Proxy Fight") against the Nelson Group for control of the
Debtor. '

22. The BMC Dissident Shareholder Committee's Proxy Fight
was successful, in that such committee obtained control of the
Debtor's board of directors in June, 1992. On or about June 30,
1992, Johnston was named chief executive officer of the Debtor
and became a director of the Debtor.

23. On or about Pebruary 2, 1993 {the "Petition Date").,
the Debtor filed for protection under Chapter 11 of the Cede.

24. Existing management, including Johnston, continued to
operate the Debtor as a debtor-in-possessicn through May 14,
1993, on which date the Trustee was appointed as Chapter 11
trustee.

25. At all relevant times hereto, the Debtcr was

insolvent.
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COONT I
(Avoidable Preferential Transfers -- Charles Johnston
and the Members of the PMC Dissident Shareholder Committee)

26. The Trustee restates, realleges and reavers the

contents of paragraphs 1l through 25 above as though restated here
in full. _

27. During the one-year period preceding the Petition
Date, the Debtor made the following payments, on the following

dates, to the following individuals and entities:

PAYMENT NO. TRANSFEREE DATE OF TRANSFER AMOUNT
bl Charles C. Johnston September 30, 1992 45,000.00
2 Poler Molecular
Shareholders Committee August 28, 1992 100,000.00
3 Robing, Kaplan October 21, 1932 157,042.48
4 Regan & Associates, Inc. September 25, 1992 5,568.18

28. The Debtor derived no benefit from the payments listed
in paragraph 27 above. Rather, each of those payments was made
either to Johnston himself, to the PMC Dissident Shareholder

Committee, or to an individual or entity retained by and for the

Dissident Shareholder Committee for services rendered during the
course of, and in connection with, the Proxy Fight.

29. The $157,042.48 payment to Robins Kaplan made on
October 21, 1992 (the “October 21, 1992 Robins Kaplan Payment"”)
and the $100,000.00 payment to Polar Molecular Shareholders
Committee were for legal fees incurred with rgspoct to the proxy

battle for control of the Debtor and related litigation. Both
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the PMC Dissident Shareholder Committee and Johnston, in his
individual capacity, were liable for payment of the underlying

debt to Robins, Kaplan. On or about March 20, 1992, Johnston, as

representative of the PMC Dissident Shareholder Committee,
entered intc a letter agreement (the "Engagement Agreement") with
Robins Kaplan, whereby the PMC Dissident Shareholder Committee
agreed to pay Robins Kaplan for legal services to be rendered |
connection with the Proxy Fight. The Engagement Agreement
further stated that Johnston, in his individual capacity, agreed
to accept "initial financial responsibility" for “reasonable
legal fees incurred by the [PMC Dissidert Shareholde:r !
Committee." A true and accurate copy of the Engagement Agreament
is attached to this Complaint as Exhibit A.

30. The Debtor's check which constituted payment of the
October 21, 1992 Robins Kaplan Payment was accompanied by a
letter from Ogden, in his capacity as acting chief financial
officer of the Debtor, to Montague, in his capacity as a partner
at Robins Kaplan (the “Ogden Letter"). The Ogden Letter states,
in effect, that the enclosed check constitutes payment in full of
the Debtor's outstanding obligation to Robins Kaplan of
$233,153.16, as reflected on the attached inveice (the "July 9,
1992 Invoice"), reduced by an arithmetic error in the amount of

1,110.68. The Ogden Letter further states that the total on the
July 9, 1392 Invoice had been further reduced by $75,000.00, to
reflect a payment in that amount made to Robins Kaplan by Js&C

Resources on or about August 7, 1992. Thus, the October 21, 19%2
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Robins Kaplan Payment, according to the Ogden Letter, was to
retire the remaining balance of $157,042.48 still outstanding on
the July 9, 1992 Invoice. True and accurate copies of the Ogden
Letter and the July 9, 1992 Invoice are attached to this
Complaint as Exhibits B and C, respectively.

. Of the $233,153.16 due under the July 9, 1992 Invoice,
$57,949.54 was incurred in connectien with Robins Kaplan file
number 026546-0000, titled “The Proxy and Related Materials."
The remaining balance of $175,203.62 was incurred in connection
with Robins Kaplan file number 030407-0000, titled "Litigation
and Related Matters.”

32. According to Robins Kaplan's records, this balance of
$175,203.62 -- which was retired by the Debtor's October 21, 1992
Robins Kaplan Faymeant -~ was comprised of four separate invoices.

These invoices are detailed as follows:

INVOICE NUMBER INVOICE AMOUNT INVOICE DATE

162264 $46,934.92 April 29, 1992

163392 $39,861.52 May 19, 1992

165336 $21,541.12 June 26, 1992

165728 $66,866.06 July 8, 1992
TOTAL §175,203.62

33. As described in paragraph 32 above, each of the
invoices paid by the October 21, 1992 Robins kaplan Payment

covers periods prior to June 30, 1992 -- a period whea, upon
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information and belief, the law firm of Berry, Moorman, King &
‘Hudsen, P:C. ("Berry Moorman"), and not Robins Kaplan, served as
the Debtor's counsel. As a result, the obligations paid by the
October 21, 1992 Robing Kaplan Payment could only have been
obligations of Johasteon and/cr the PMC Dissident Shareholder
Committee, not of the Debtor. upen information and belief, the
obligations Paid by the October ¢l, 1992 Robins Kaplan Payment
derived from Robins Kaplan's répresentation of Johnston in
connection with civil litigation between Johnston and Nelson.
Therefore, the Debtor derived no value on account of the October
2l, 1992 Robing Kaplan Payment.

34. On or about September 25, 1992, the Debtor paiad
$5,568.18 to Regan. upen information. and belief, Regan was
engaged by the PMC Dissident Shareholder Committee for proxy
solicitation services. Upon information and belief, Johnstcn and
the PMC Dissident Shareholder Committee were each contingently
liable for the Payment of Regan's fees in connection with the
Proxy Pight.

35. On or abeut August 28, 1992, the Debter paid
$100,000.00 to the PMC Dissident Shareholder Committee. This
payment was made as a reimbursement of eéxpenses incurred by the
PMC Disgident Sharehclder Committee during the Proxy Fight.

36. At all relevant times hereto, Johnston and each member
of the PMC Dissident Shareholder Committee were insider creditors

of the Debtor.
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37, Each payment listed in paragraph 27 above was made on
account of an antecedent debt owesd by the Debtor to.the
transferee before each payment was made.

38. Each payment listed in paragraph 27 above enabled
Johnston and each member of che PMC Dissident Sharerolder

Committee each to receive more than each such person would have

received if:

A. the case were 2 case under Chapter 7;

B. the transfer had not been made; and

C. each such transferee received payment of such debt
to the extent provided by the Code.

39. With respect to the payment listed in paragraph 27
atove to Johnston, Johnston benefitted from the payments by
virtue of his status as initial transferee. With respect to the
pPayment listed in paragraph 27 above made to the PMC Dissident
Shareholder Committee, each member of the PMC Dissident
Shareholder Committee benefitted from the payments by virtue of
the PMC Dissident Sharehslder Committee's status as ipnitial
transferee. With respect to the payments listed in paragraph 27
above made to Robins Kaplan and tc Regan, Johnston and each of
the other members of the PMC Dissident Shareholder Committee

benefitted from such payments because Johnston and each member of
the PMC Dissident Shareholder Committee were each liable for the
underlying debts to Robins Kaplan and Regan satisfied by such

transfers.

- 1] -
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40, Based on the foregoing, the Trustee may avecid each of
the payments listed in paragraph 27 above under Section 547(b) of
the Code.

41. Pursuant to Section 550(a) of the Code, the Trustee
may recover the total amouni of the payments listed in paragraph
27 above, plus interest from the dates such payments were made,
from Johnston and each of the cther members of the PMC Dissident
Shareholder Committee.

WHEREFORE, the Trustee requests relief against Johnston,

Feiner, Moon and Thomas as more fully set forth below.

COUNT IIX
(Avoidable Preferential Transfers -- Robins Raplan)

42. The Trustee restates, realleges and reavers the
contents of paragraphs 1 through 41 as though restated here in
full.

43. As more fully described above, on or about October 21,
1992, the Debtor made the October 21, 1992 Robins Kapian Payment,
in the amount of $157,042.48, to Robins Kaplan.

44. As more fully described above, the Debtor derived no
benefit from the October 21, 1992 Robins Kaplan Payment. Rather,
the October 21, 1992 Robins Kaplan Payment constituted payment
for legal services rendered prior to the time when Robins Kaplan
vas retained by the Debtor, and for which Johnston and each

member of the PMC Dissident Shareholder Committee were personally
liable.

- 12 -
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4S. The October 21, 1992 robins Kaplan payment was made on
account of an antecedent debt owed bY Johnston and each member of
the PMC pissident shareholder committee O Recbins Kaplan before
each payment was made.

46. The October 21, 1992 Robins Kaplan payment enabled
Robins Kaplan to receive more than it would have received i€

A. the case were a case under Chapter 7:

B. the transfer had not been made; and

c. Robins Kaplan received payment of such debt to
the extent provided by the Cocde.

47. At all relevant rimes hecretO Robins Kaplan was an
insider creditor of the Debtol. Robins Kaplan was an insiderl
poth bacause it served as general counsel to the co:poration from
June 30, 1992 through and including the Petition pate, and
pecause Montague -- the partnel at Robins kaplan in charge of
billing the Debtor's account =~ gerved as secretary of the Debtor
at all celevant times nereto. IR addition, the October 21. 1992
Robins Kaplan payment penefitted other insiders of the Debtor.

48. pased on the soregoing, the Trustee may avoid che
october 21, 1992 Robins Kapial paynent under Section 547(b) OF
the Cocge. |

49, Pursuant o Section gs0{a) of the code, the prustee
may recover the total amount of the October 2%, 1992 Robins
Kaplan payment ., plus interest from the dates such payments were
made, from Robins Kaplan because Robins Kaplan is the initial

yransfezee of such payments.

- 13 -
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WHEREFORE, the Trustee requests relief against Robins Kaplan

as more fully set forth below.

COUONT II1
(Avoidable Preferential Transfers —-— J&C Resources)

S0. The Trustee restates, realleges, and reavers the
contents of paragraphs 1 through 49 as though restated here in
full.

51l. The Debtor's October 21, 1592 Robins Kaplan Paymenct,
in the amount of sis7,042.48. was made during the one-year period
preceding the Petition Date.

$2. As set forth more fully above, the Debtor derived no
benefit from the October 21, 1392 Robins Kaplan Payment.

53. The Defendant, J&C Resources, was contingently liable
for the cost of legal services performed by Robins Kaplan in
connection with the Proxy Fight. Upon information and belief,
J&C Rescurces guaranteed the PMC Dissident Shareholder
Committee’'s obligations to Robins Kaplan in connection with such
legal services. Irn the October 21, 1592 Ogden Letter, Cgden
informed Montague that ". . . based on my conversatioan with
[Jonnston} this week, it is my understanding that J&C Resources
has guaranteed the 'proxy' portion of the invoice but not the
‘related litigation' portion of the bill."

54. Notwithstanding the assertion of the Ogden Letter, the
course of dealing among the Debtor, Robins Kaplan and JiC

Resources shows that Robins Xaplan customarily lcoked to J&C

- 14 -~
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Rescurces for payment of all of Robins Kaplan's legal bills,
whether the underlying legal services pertained to the Proxy
Fight or not. By way of example only, on or about September 8,
1992, Robins Kaplan sent a statement of account (the "September
8, 1992 Bill"”) directly to J&C Resources, at the latter's Nashua,
New Bampshire address, seeking payment in the amount of
$175,2C3.62 for legal services rendered through August 31, 1992.
The September 8, 1992 Bill covered Robins Kaplan invoice numbers
162244, 163392, 165336 and 165728. According to Robins Kaplan's
records, each of these invoices concerned legal work performed in
ecnnection with Robins Kaplan file number 030407-0000, titled
"Polar Molecular -- Litigation."™ Thus, while the Ogden Letter
asserted that J¢C Resources had guaranteed payment only for
charges arising from the Proxy Fight, the September 8, 1992 Bill
for general litigation was also sent to J&C Resources for
payment.

§S. The September 8, 1992 Bill was paid by the Debtor, by
check number 1173, as the October 21, 1992 Robins Kaplan Payment.

S6. As a result of its apparent guaranty of all payments

to Robins Kaplan, J&C Resources benefitted from the Debtor's
payment of the October 21, 1992 Robins Kaplan Payment.

57. At all relevant times hereto, J&C Resources was an
insider creditor of the Debtor. J&C Resources was an insider
because its principal and sole stockholder was Johnston, who was
also the chief executive officer, director and controlling

shareholder of the Debtor.

- 185 -
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25, 1992 (the "Regan Payment”). The Debtor derived no benefit
from the Regan Payment. Rather, upon information and belief, the
Regan Payment was made in consideration of services previded by
Regan to Johnston and the PMC Cissident Sharehclder Committee in
connection with the Proxy Fight.

64. Upon information and belief, Johnston and each member
of the PMC Dissident Shareholder Committee were each contingently
liable for the pPayment of Regan's fees in connection with the
Proxy Fight. |

65. The Regan Payment was made on account of an antecedent
debt owed by Johnston and each member cf the PMC Dissident
Shareholder Committee, iointly and Severally, to Regan before the
date of the Regan Payment.

66. The Regan Payment enabled Regan to receive more than
it would have retained if;

A. the case were 8 case under Chapter 7;

B. the transfer had not been nade; ang

C. Regan received payment of such dabt to the extent
provided by the Code.

§7. The Regan Payment benefitted Johnston and each member
of the PMC Dissident Shareholder Committee whe, in turn, were
ingiders of the Debtor at all relevant times hereto.

§8. Based on the foregoing, the Trustee may avoid the
Regan Payment under Section 547(b) cof the Code.

69. Pursuant toc Section SS0(a) of ¢he Code, tﬁe Trustee

nay recoever the Regan Payment, Plus interest frem the date such
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payment was made, from Regan because Regan is the initial
trangferee of the Regan Payment.
WHEREFORE, the Trustee requests relief against Regan as more
fully set forth below.
COUNY V )
(Usurpation of Corporate ggggrtunztx -
Johnston, Taylor an A)

20. The Trustee restates, realleges, and reavers the

contents of paragraphs 1 through 69 as though restated here in
full.

71. On or about April 5, 1993, Johnston formed NAFA. At
all relevant times hereto, Johnston has been the sole shareholder
and director of NAFA.

72. Upon forming NAFA, Johnsten transferred at least six
employees of the Debtor, including Taylor, into NAFA's enmploy.
These employees had access to all significant proprietary
information and documents of the Debtor including, but not
limited to, manufacturing specifications, client lists and
marketing contacts.

73. During his tenure, and in his capacity, as chief
executive officer of the Debtor, Johnston became aware of
lucrative marketing opportunities for the Debtor's product in,
among other places, Central America and South America.

4. During the pendency of'this bankruptcy case, NAFA, at
Johnston's Qdirection and for his benefit, engaged in a systematic
business marketing campaign which exploited the proprietary

knowledge of the Debtor, including its existing customer lists

- 18 -
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and advantageous businesa\relgtionships. NAPA carried out this
campaign without any oral or written consent from the Debtor, and
at nc time obtained the authorization of this Court. |
75. More specifically, NAFA, at Johnston's direction and
for his benefit, actively entered into negotiations with
‘Tepresentatives of the.governments of Ecuador, Paraguay, and
Costa Rica, among others, in an efforﬁ to divert long-standing
business opportunities from the Debtor to NAFA, for the benefit
cf Johnston, as NAFA's scle shareholder.
76. By way of example only, NAFA, by Taylor -- the former
chief technical officer of the Debtor who, at this time, occcupied
. the same position with NAFA -- sent a letter on April 29, 1993 to
an individual by the name of Dr. Franklin Chinchilla (the
'Chinchill? Letter”). Upon information and belief} Dr.
Chinchilla was, at ail relevant times hereto, an official of an
organization by the name of RECOPE which, in turn,.is the
naticnal oil company operated by the government of the Central
American nation of Costa Rica. RECOPE was, at all relevant times
hereto, an important customer of the Debtor. NAPA's letter —--
Sent on NAPA's letterhead, which listed the Debtor's address --
stated that NAFA was *in. the process of acquiring the patents and
all of the assets of [the Debtor], in order tc be the future
manufacturer and marketer of [the Debtor's] products." <The
Chinchilla Letter alsc states that [NAFA] is “positicned teo
marufacture any of the [Debtor's) products you have evaluated,"

and "degires to serve and support [the Costa Rican government] as

- 19 -
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a valued customer." In the Chinchilla Letter, NAFA further seeks
to arrange a meeting among Chinchilla, Taylor, and Johnston to
discuss business opportunities. A true and accurate copy of the
Chinchilla Letter is attached to this Complaint as Exhibit D.

77. Also by way of example only, Taylcr sent a memo on May
4, 1993 to Mike Tarafa (“"Tarafa"), with carbon copies of the memo
going to Johnston and Ogden, among others (thre "Tarafa Memo").
Upon information and belief, Tarafa was also, at all relevant
times hereto, a Costa Rican citizen who served as a liaison
between the Debtor and RECOPE. The Tarafa Memo, also sent on
NAFA letterhead, advised the Debtor's Costa Rican customers that
NAFA "has acquired an exclusive license to make, have made, use
and sell, all of {the Debtor's) products, existing product names
etc.” 1In the Tarafa Memo, too, Tayler attempts to arrange z
meeting between NAFA and various Costa Riean officials to discuss
the manufacture and sale of the Debtor's products. A true and
accurate copy of the Tarafa Memoc is attached to' this Complaint as
Exhibit E.

78.  NAFA has never been authorized to manufacture, market,
sell, or take any other actions with respect tc the Debtor's
Products, either at the time of the Chinchilla Letter or the
Tarafa Memo or otherwise. Rather, the Deptor's manufacturing

- Processes and marketing distribution networks were, at all
relevant times hereto, extremely valuzble and integral property
of the Debtor's estate. Thus, the communications described above

between NAPA and the Costa Rican officials were

- 20 -
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misrepresentations, the primary purpose of which was to induce
the Debtor's Costa Rican customers tC cease doing business with
the Debtor and commence doing business with NAFA.

79. Johnston, as the scle stockholder and director of
NAFA, stocd to benefit personally from NAFA's usurpation of this
business opportunity of the pebtor's. Johnston knew, or should
have known, of the existence of NAFA's marketing overtures to the
Debtor's Central American and South American customers.
Furthermore, Johnston knew, OrT should have known, that NAFA was
not authorized to make such overtures, and that such overtures
were, in fact, misrepresentations and blatant violations of,
among other things, the automatic stay.

80. As a recult of these actions by NAFA, Johnston and
Taylor, the Debtor's business has gustained substantial damages,
to the detriment of the Debtor's estate and its creditors. NAFA,
Johnston and Taylor are all jointly and severally liable for

their joint conduct.

WHEREFORE, the Trustee requests relief against NAFA,
Johnston and Taylor, jointly and severally, as set more fully set
forth below.

COUNT VI
(Waste of Corporate Assets —— Johnston and NAFA)

81. The Trustee restates, realleges, and reavers the

contents of paragraphs 1 through 80 as thecugh restated here in

full.

- 21 -
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82. At all relevant times hereto, Johnston served both as
chief executive officer of the Debtor and as chief executivg
officer of NAFA.

83. In April, 1993, the Debtor and NAFA jointly propounded

a plan of reorganization in this case. This plan (the "NAFA
Plan") called not for the reorganization of the Debtor, but
rather for the sale of all assets of the Debtor -- ircluding all
patents, trademarks, and other intellectual property =-- to NAFA.

843. The NAFA Plan was withdrawn by the Debtor and NAFA,
and is no lcnger before this Court.

85, The purchase price contemplated by the NAFA Plan did
not represent a fair-market value for all the assets of the
Debtor at the time the NAPA Plan was filed. Rather, the
“"purchase"” price contemplated by the NAFA Plan consisted of the
foliovwing elements: (a) NAFA's assumption of all prepetition and
postpetition locan obligations to Johnston; (b) the payment cf a
twenty (20%) percent distribution toc all of the Debtor's
creditors holding a claim valued at $500.00 or less, in the
aggregate amount of approximately $4,000.00 to $5,000.00; (c) a
$375,000.00 distribution to the Debtor's creditors; and (d) the
issuance of 2,400 shares of convertible preferred stock, having
an aggregate “call" value of $240,000.00. Assuming that
Johnston's purported loans are properly recharacterized as equity
infusions (see Count XII of this Complaint, below), the NAFA Plan
therefore contemp’ates the purchase of all assets of the Debtor

for approximatel; 380,000.00 in cash, plus shares of stock in

- 22 -
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NAFA.  Upon information and belief, this did not represent fair-
market value for all assets of the Debtor.

86. Based on the foregcing, the NAFA Plan constituted a
knowing and willful attempt by Johnston and NAFA to use the
vehicle of a reorganization plan to transfer the assets of the
Debtcr to NAFA for significantly less than their market price, to
the deiriment of the Debtor ané its c:éditors.

87. As a result -of Johnston's and NAFA's p:oposal of the
NAFA Plan, efforts. to find a third-party purchaser of the
Debtor's assets and/or to propose a gocod-faith recrganization
pPlan have been significantly and unnecessarily delayed -and
impeded. As a result, the value of the Debtor's estate has
greatly diminished, thereby materially harming the Debtor's
estate and its creditors.

WHEREFORE, the Trustee requests relief against Johnston and
NAFA, jointly and severally, as set forth more fully below.

COUNT VII
(Breach of riduczagy Duty Johnston, Moon, Montague, Ogden)

88. The Trustee restates, realleges and reavers the
contents of paragraphs 1 through 87 as though restated here in
full. |

89. As chief executive officor and director of the Débtor.
Johnston owed a fiduciary duty of care and loyalty to the ﬂobto:.
In their capacities as vice president (Moon), secretary

(Montague) and treasurer (Ogden] of the Debter, respectively,

- 23 -
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these officers of the Debtor each owed a fiduciary duty of care

and loyalty to the Debtor.

90. Johnston and each of the other officers (collectively,

the "Officers") jointly and severally breached their fiduciary
duty of care and loyalty when, in their respective capacities as
officers of the Debtor, they authorized the payments listed at
paragraph 27 above. The Debtor derived no benefit from any of
the payments listed in paragraph 27 above.

91. The Officers also jointly and severally breached their

fiduciary duty of care and loyalty to the Debtor by their direct
and indirect participaticn in the creation cf NAFA, and in
authorizing, permitting or encouraging NAFA to engage in unfair
business practices and usurpation of corporate oppertunities of
the Debtor.

92. At the time this case was commenced, the Debtor owned
and vas insured under a $1,000,000.00 Directors and Officers
Insurance and Company Reimbursement Policy (Policy No. 436-98-
45), iasued by National Unien Fire Insurance Company of
Pittsburgh, Pennsylvania (the "DsO Policy"). Under the D&0
Policy, the Debtor was insured against, among other things,
claims or potential claims asserted against Johnston and the
Debtor's other directors and officers for "any breach of duty,
neglect, error” and the like committed by them in such capacity.
As is customary, however, the DgO Policy was a "claims made”
policy, and failure of the Debtor to make such claims known to

the insurer by the policy expiration date rendered such claims

- 24 -
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uninsured. However, the Officers permitted the DsO Policy to
~lapse on February 13, 1993, and failed to purchase a so-called

"discovery period” available under the Dso_ﬁblicy which would

have lengthened the period during which insurable claiams may have
been brought under the D&O Pclicy. Both in allowing the DgO
Policy to lapse, and .in his failure'to purchase the cuystomary
“discovery period” under the DO Polzcy, the Officers effectxvely
wasted a valuable asset of the Debtor's estate. In so doing, the
Cfficers jointly and severally breached their £iduciary duty of

- care and loyalty to the Debtor.

93. As a direct and proximate result of the soint and
several breach by each of the Officers of their fiduéiatf'&uty of
care and loyalty, the estate of the Debtor was significantly and
materially diminished.

WHEREFORE, the Trustee ‘requests reliaf against Johnston,
Mocn, Montague and Ogden, jointly and severally, as se: forth
more fully below. -

(ﬁreach ofrridncigqu'giﬁilg- Johnston, Moon,
T Barry, We¥inler. Beary)

94. The Ttustd& restates, realleges and reavers the

contents of paragraphs 1 through 93 as though restated here in

full, '
95. - As directors of the Debtor, Johrston, Moon, Barry,

MCKinley and Benry (collectively, the “Directors"”) owed a

fiduciary duty of care and loyalty to the Debdtor.

- 25 -
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96. Each of the Directors breached his fiduciary duty of
loyalty when, in their respective Capacities, the Directors
authorized the payments listed in Paragraph 27 above.

97. As described above, the Debtor derived no benefit from
any of the payments listed in Paragrapn 27 above. Rather, as set
forth more fully above, Johnston, each member of the PMC
Dissident Shareholder Committee, and JgC Resources -- ajll
inaide " of the Debtor -- benefitted, »ither directly or
indiren;ly, from the Payments ligted _ Paragraph 27 above.

98. The Directors: da2cisions to authorize these pPayments
did not exhibit the arm's-length fairness required of
transactions of this type, as ali payments were made to or for
the benefit of insiders of the Debtor, and the bDebtar and its
shareholders derived no benefit from the payments.

8s, The Directors alseo breached their duty of loyalty to
the Debtor when they approved the NAFA Plan plan Propounded
jointiy by the Debtor and by NAFA, The NAFA Plan ca. 24 for all
assets of the Debtor to De transferred to NAFa for m..n less than
fair-market valye.

100. The NAFA Plan Called for the Debter tc sell its asgets
to NAFA. At all relevant times after April 5, 1993, Johnsten,
Barry and Henry were all directors of NAFA.

101. The Proposed sale of the Debtor's assets to NAPA was
therefore an insider transaction, requiring arm's-length
fairness. The Nara Plan, as put forth by NAFA ang the Debtor,

did not exhibie this arm’s-length fairness, as it dig not

- 26 =
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contemplate payment of fair market valye by NAFA. Therefore, the
Directors breached their duty.of loyality in supporting the NAPA
Plan,

102. Purthermore,-the Directors breached their fiduciary
duty of care and loyalty to the Debtor by their direct and
indirect participation in the creation of NAFA and in
authorizing, germitting or encouraging'NAPA to engage in unfair
business practices and usﬁrpation of corporate opportunities of
the Debtor, as set forth more fully above.

103. As a direct and proximate result of the Directors’
breach of their fidugiaxy duty of loyalty, the Debtor's estate
was significantly and materially diminished.

WHEREFORE, the Trhstee requests relief against J;hnston.
Moon, Barry, McKinley and _Benry, jointly and severally, as set
forth wore fully bclow.,

COURT IX
(Fraudulent Transfers Under Bankr Code Section 548(a)(2
Jaﬁﬁifon the Members of the PNC %Esslaent Shareholder éﬁ%ﬁi%tee.
Robins xagian and ﬁgganj _

104. The Trustee Ffestates, realleges and reavers the

contents of pacragraphs 1 through 103 as though restated here in
full. ¥ "

105. Each §£ Joﬁﬁiﬁ%é. each mehber.of the PMC Dissident
Shareholder Canmittee, Robins Kaplan, and Regan (collectively,
the “Transferees") received a payment from the Debtor during the

one-year period preceding the Petition Date. The payments
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received during this period by the Transferees are described in
paragraph 27 above.

106. As set forth more fully above, the Debtor received
less than a reasonably equivalent value for each of the payments
listed in paragraph 27 above.

107. Each payment listed in paragraph 27 above was made at
a time when the Debtor was insolvent; or, in the alternative,
rendered the Debtor insolvent.

108. Each payment listed in paragraph 27 above therefore
constitutes a fraudulent transfer as to the Debtor's creditors
pursuant to Bankruptcy Code Sections 548(a)(2)(A) and
548(a)(2)(B)(i).

109. Pursuant to Section 550(a) of the Code, the Trustee
may therefore recover each payment listed in paragraph 27 above,
or the value of each such transfer, from its designated
transferee, for the benefit of the estate,

WEEREFORE, the Trustee reguests relief against Johnston,
each member of the PMC Dissident Shareholder Committee, Robins
Kaplan and Regan Associates, as more fully set forth below.

COUNT X
(Praudulent Conveyances Under M.G.L. c. 109A ——
Johnston, the Members of the PMC Dissident Shareholder Committee,

Robins iaglan and Regan)

110. The Trustee restates, realleges, and reavers the

contents of paragraphs 1 through 109 as though restated here in
£ull.

- 28 -
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111. Each of the Transferees received 3. payment from the
Debtor during the one-year period preceding the Petition Date,
The payments received during this per1od by the Transferees are

described in paragraph 27 above.

-112. As set forth more fully above, the Debtor received

less than equivalent value; for each of the payments listed in
paragraph 27 above.

113. Each of the payments listed in patagraph 27 above was
made at a time when the Debtor was insolvent; or, in the
alternative, rgnde;edf;he.babtor insolvent.

114. Each paymen%ﬁlis;ed in paragraph 27 above therefore
constitutes a fraudulent conveyance as to the Debtor's creditors
pursuant te H.G.L.-c,i?si. §84 and 6.

WHEREFORE, the Trustee:requests relief against each of the
Transferees as set forth more fully below.

, . «, "+ EOORT XI :
(EggitabIb‘Subo dination — Johnston )
115, The Trustee xestates. realleges and reavers the

contents of paragraphs i through 114 as though :estated here in

" full,

116. On or about Apkii'zs, 1993, Johnston filed a proof of
claim agairnst the Debtor s estate in the amount of §i, 043 098. 00

Johaston's claim was allegedly based on a ptepetxtxon laan in the

oziginal przncipal améunt of $1,100,000.00 which he made to the
Debter on or before September 22, 1992 (the °Prepetition Loan“).
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In his proof of c¢laim, Johnston ciassified his claim as a secured
claim.

117. At all relevant times hereto, Johnston was an insider

of the Debtor. At the time he allegedly loaned money to the
Debtor, Johnston served as the Debtor's chief executive officer
and was a director and controiling shareholder of the Debtor.
118. From the onset of the Proxy Fight, through the
stition Daze, and conti- 117G throughout the pendency cf this
-ankruptcy case, Johnston r:s engaged in a series of irequitable

acts which, individually and collectively, have served to enhance

Johnston's claim, to the detriment of other creditors of the
estate.

119. During the spring of 1992, Johnston and the PMC
Dissident Shareholder Committee initiated the Proxy Fight against
the then-existing management of the Debtor. 1In connection with
the Proxy Pight, Johnston and the PMC Dissident Shareholder
Committee £:led numercus proxy stater :3s and related materials
with the Sc :irities Exchange Commiss. : (the "SEC"). Thése proxy
materials Furportedly disclosed, among other things, Johnston'‘'s
and the PMC Dissident Shareholder Committee's holdings with
respect to the Debtor's stock and their respective intentions in
connection with the incipient Proxy Fight.

120. Upon information and belief, numerocus statements made
by Johnston and the PMC Dissident Shareholder Committee in their
PTOxy materials were false and/er intentionally misleading,

intended only tc induce the Debtor's shareholders to vote for the
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slate of directors proposed by the PMC Dissident Sharehclder
Committee. Mcre specifically, those proxy materials, among other
things: misrepresented the amount of Johnston's equity interest
in the Debtor and the means Dy which he acquired such interest;
misrepresented the source and amount of the funds expended and to
be expended by the PMC Dissiden: Shareholder Commictee in
connection with the Proxy Fight; failed to disclose and/or
misgrepresented Johnston's motivation for initiating the Proxy
Pight: and falsely stated that Johnston and others intended to
infuse new equity into the Debtor, when in fact Johnston's
irtention throughout the Proxy Fight was to make one or more
secured loans to the Debtor, as a means of obtaining a security
interest in, and ultimately §ossession of, the Debtor's patents,
trademarks, and other intellectual property.

121. Aafter the PMC Dissident Sharenolder Committee's
successful prosecuticn of the Proxy Fight, Johnston, in his
capacity as chief executive officer and director of the Debtor,
either ordered or approved various payments to himself, the PMC
Dissident Sharehoclder Committee, Robias Xaplan, and Regan. These
pPayments are described in paragraph 27 of this Complaint. The
Debtor derived nc material benefit from any of the payments
listed above, while Johnston, either directly or by virtue of his
eontingent liability for each underlying debt, benefitted from
each of these payments. Thus, Johnston's approval of each of

these payments represented an attempt by Johnston to improve his

position, to the detriment of all creditors of the Debtor.
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122. On September 22, 1982, while serving as chief
executive officer and director cf the Debtor, Johnston purported
to loan approximately $1,100,000.00 to the Debtor, at a time when
the Debtor was severely undercapitalized and no disinterested
third party would have agreed to lend funds to the Debtor. As
gsecurity for his purported loan, Johnston négotiated a secuyrity
agreement, pursuant to which Jonnston obtained a first-priority
security interest in all of the Debtor's assets. including all of
the Debtor's patents, trademarks, and other inteilectual
property. Notwithstanding his stated intention of infusing new
equity into the pDebtor, as represented in his proxy materials.,
Johnston actually proceeded with a course of action whereby he
attempted to position himself as a secured creditor of the
Debtor, having a priority superior to that sf all other creditors
and equity interest holders of the,éebto:.

123. Similarly, on or about February 12, 1993, Johanston
purportedly made a postpetition, superpriority loan to the Debtor
in the original amount of $155,000.00 {the vpostpetition Loan").
On or about Mazch 4, 1993, the nebtor borrowed an additional
$30,000.00 from Johnston. The Postpetition Loan, like the
Prepetition Loan, was allegedly secured by a security interest in
21l assets of the Debtor, includirg its intellectual property.

124. Thereafter, on or about April 14, 1993, without
Bankruptey Court apprcval or authorization, Johnston caused the

Debtor to “repay" $75,000.00 of the funds acdvanced the Debtor.
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125. On or about July 29, 1993, Johnston made demand, by
letter, for the immediate repayment of the balance of the
Pogtpetition Loan. On or abeut August 13, 1993, Johnston filed a
motion seeking an order compelliing the Trustee to repay to
Johnsten $110,000.00, the amount allegedly outstarding on account
of the Postpetition Loan. Both demands were made at a time when
Johnston knew, or should have known, that there was insufficient
cash in the Debtor's estate to repay the Postpetiticn Loan.
Indeed, Johnston made demand for the express purpose of
foreclosing ypon his alleged first-priority interest in the
Debtor's intellectual property, thereby obtaining title to the
Debtor's most valuable assets -- its patents and trademarks --
for far less than their market value.

126. 1In addition to these attempts to secure ownership of
the Debtor's assets in his personal capacity, Johnsten also
formed NAFA, for the express purpose of using NAFA as an
alternate vehicle for obtaining ownership of the Debtor's patents
and trademarks. As further described in paragraphs 54 through 63
above, NAFA was incorporated in Florida after the Petition Date
and, throughout the pendency of this case, NAFA officials -- who,
in almost all cases, were former employees of the Debtoer -- have
engaged in a concerted effort to divert the Debtor's business and
customers to NAFA. Furthermore, NAFA and the Debtor (during the
period when Johnston was chief executive of the Debtor) jointly
propocunded the NAFA Plan, pursuant to which all assets of the

Debtor would be transferred to NAFA, free and clear of all liens
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and encumbrances, for much less than their market valye. In this
way, Johnston attempted to obtain this Court's imprimatur for his
scheme to transfer the assets cf the Debtor, for minimal
consideration, to NAFA, an eatity of which he was the sole
director and the only stockholder.

127. Both before and during the pendency of this bankruptcy
case, Johnston has exploited his insider status, and has thereby
unfai:iy advantaged his own claims against the estate, to the
detriment of all disinterested claimholders.

128. sSubordination of Johnston's claim, pursuant teo Section
$10(¢c) of the Bankruptey Code, is consistent with the Bankruptcy

Code and the policies underlying it.
. 129. Therefore, Johnston's claim should be equitably
subordinated to those of all other creditors.

WHEREFORE, the Trustee tequests relief against Johnston as
set forth more fully below.

COUNT XIT
(Recharacterization of Loan as Capital Investment -- Johnston)

130. The Trustee restates, realleges and reavers the
contents of paragraphs 1 through 128 as though restated here in
full,

131. At the time of Johnston's Prepetition Loan, no
disinterested third party was willing to lend money to the Debtor
on usual commercial terms. Johnston was personally aware that
disinterested third-party lenders would not extend funds to the

Debtoer at this time, as Johnston Perscnally and unsuccessfully
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solicited at least five such potential lenders in an effort to
attract investment. Indeed, in an August 31, 1992 letter to the
Debteor's stockholders (the "august 31, 1992 Johnston Letter"),
Johnston acknowledged that "(m]y agreement to lend perscnal funds
came after we determined that no commercial lender contacted was
willing to lend any money to [the Debtor] on any terms without my
personal guaranty.” A true and accurate copy of the August 31,
1992 Johnston Letter is attached to this Complaint as Exhibit F.

132. As a principal shareholder of the Debtor, Johnston had
an incentive to'protect his existing investment in the Debtor by
making additional funding available to the Debtor, even at such
times and under such conditions as a disinterested, third-party
jender would have been unwilling to advance funds.

133. The Debtor was severely undercapitalized at the time
of Johnston's Prepetition Loan to the Debtor. In the August 31,
1992 Johnston Letter, Johnston further stated that "[i]f [the
Debtor] is to survive, and it is not by any means clear at this
point whether that is possible, it will need additional funds and
there can be no assurance we can find funding sources on any
pasis tc asaist [the Debtor] with its capital needs.” A balance
sheet attached to the August 31, 19982 Johnston Letter showed
that, as of June 30, 1992, the Debtor had total assets of
$409,745.00, as against total liakilities of $4,491,023.00.
Furthermore, a written action of the Debtor's board of directors;,
adopted without a meeting on August 1, 1982, stated that it was

“in the best interests of the [Debtor )" to approve the
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Prepetition Loan offered by Johnston. Each of these facts
evidences-severe undercapitalization of the Debtor at the time of
the Prepetition Loan.

134. Both because no disinterested lender would have
extended credit at the time of the Prepetition Loan, and because
the Debtor was severely undercapitalized at all relevant times
hereto, this Court should, for equitable reasons, recharacterize
Johnston's Prepetition Loan as a capital investment in the
Debtor. For all purposes, johnston's Prepetition Loan should be
treated as an infusion of equity, not of debt, entitled to the
same priority as that accorded to equity interests, rot to
secured clainms.

WHEREFORE, the Trustee respectfully requests and demands
judgment as follows:

1. On Count I, that this Court enter judgment in favor of
the Trustee and against each of Johnston, Feiner, Moon and
Thomas, jointly and severally, in the amount of $307,610.66.

2. On Count II, that this Court enter judgment in faver
of the Trustee and against Robins Kaplan in the amount of
$157,042.48, plus all allowable interest.

3. On Count III, that this Court enter judgment in favor
of the Trustee and against J&C Resources in the amount of

$157,042.48, plus all allowable interest.

4. On Count IV, that this Court enter judgment in favor
of the Trustee and against Regan in the amount of $5,568.18, plus

all allowable interest.
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5. oa Count V. that this court enter judgrent in favor of
the Trustee and against each‘of Johnston, Taylor and NAFA,
jointly and severally: in the amcunt of the Trustee's damages as
proved.

| 6. on Count VI, that this Court enter judgment in faver
of the Trustee and against johnston and NAFA. jointly and
severally, in the amount of the Trustee’'s damages as proved.

L2 on Count VII, that this Couct enter judgment in favor
of the Trustee and against each of Johnston. Moon, Montague and
Ogden, jointly and severally. in the amcunt of the Trustee's
damages as proved.

8. on Count VIIL, that this Court enter judgment in favor
of the Trustee and against each of Johnston, Moon, Barry.
MeKinley and HenIY. jeointly and severally: ir. the amount of the
frustee's damages as proved. .

S. on Count IX, that ¢his Court set aside the payments to
each of Johastch. vhe PMC Digsident shareholder Committee, Robins
Kaplan and Regan ligted in paragraph 27 above as fraudulent
transfers within the neaning of Bankruptcy Code Section
s48(aj(l).

10. on Count X, that this Court set agide the payments to
Jonnston, the PMC pissident Shareholder Cemmittee, Rebins Kaplan
and Regan listed in paragraph 27 above as graudulent tzansfers

within the meaning of M.G.L. c.100A, §§4 and 6.
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ll. On Count XI, that this Court equitably subordinate
Johnston's prepetition and postpetition claims against the
Debtor's estate, pursuant to Section 510(c) of the Bankruptcy
Code.

12. On Count XII, that this Court recharacterize
Johnston's Prepetition Loan to the Debtor as a capital infusion,
entitled to the same distribution priority as all equity
interests in the Debtor.

13. That this Court graat to the Trustee such other and
further relief as may ke appropriate and just under all of the
circumstances.

Dated: October 12, 1993 Respectfully submitted,
STEPHEN S. GRAY, AS CHAPTER 11
TRUSTEE OF THE ESTATE OF
POLAR MOLECULAR CORP.

By his attorneys,

gﬂiﬁ_jﬁue (bma §03790)

William R. Baldiga (bma 001534]
Daniel J. Hammond (bma $08520)
BROWN, RUDNICK, FREED & GESMER, P.C.
One Financial Center

Bogton, Massachusetts 02111

{617) 330-9000

hasmongo/pelar/eed

- 38 -



	FTC # 11 Freedonia Group-PMC-Duralt-Dow-Amway
	FTC # 13  ELF confid. DEC 95
	FTC # 14  ELF PMC 1996 Partial (1)
	FTC # 14  ELF PMC 1996 Partial
	FTC # 15  Smith Barney Book
	FTC # 16 Duralt FC select test data 1
	FTC # 17 SAE ORI
	FTC- Fote #2 Trust Law



