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Presentation of ATC Industry Body

The Technical Committee of Petroleum Additives Manufacturers
in Europe (ATC) was established in 1974 and became affiliated
as an industry sector group of CEFIC in 1979.

Purpose of ATC :

To provide a forum for all Petroleum Additive
Companies within Europe to discuss developments of
a Technical or Regulatory nature

To develop, agree and publish industry positions
where appropriate

To ensure communication with other industry
stakeholder groups

To participate actively in industry test development
and maintenance work to assure quality and fairness
in product performance testing
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Presentation of ATC Industry Body

ATC organization :

Main Committee

Secretariat

Representatives to CEC Subcommittees/ Representational
Management Board Working Groups Steering Group

Fuel Additives Group Performance Testing Industrial (products)

Health & Safety Quality TAD
Legislation Monitoring (ATC Germany)

CEC : Coordination European Council for the Development of Performance Tests for Lubricants and Engine Fuels

ATC
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Presentation of ATC Industry Body

Fully engaged with associated industry technical bodies :
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Presentation of ATC Industry Body

ATC membership . open to all companies which operate chemical processes for
the manufacture of petroleum additives, or have comprehensive test facilities, in
Europe. Additives companies fulfilling these requirements outside Europe are eligible

to apply for associate membership if they are active in the distribution or sale of
petroleum additives in the Region
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Presentation of the Fuel Additives Group (FAG)

Membership
Typical achievements & activities

ATC



The Fuel Additive Group (ATC)

The working group of ATC
dedicated to Fuel Additives :

Membership : /
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The Fuel Additive Group (ATC)

FAG typical activities and recent achievements :

Take active
Monitoring of positions to
regulatory and ensure a
technical consistent
developments approach on Fuel
Additives

Coordination of
industry activity
with CEN,
European
Commission etc.

/

Revision of Direct input to
position paper the Terms of

on CEC fuel Reference for
engine tests new CEC fuel
(Document 116) tests (e.g. IDID)

_/

Release of
Document 113
“Fuel Additives :
use and
benefits”

AI'C
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Introduction of Document 113

“Fuel Additives : Use and Benefits”
Origin of Document 113

Definition of fuel additive, industries & markets covered
Market size (EU27)

Description of fuel additives use and benefits in various
fields

ATC



Fuel Additives : Use & Benefits

Document 113 issued in 2013 by a
specific FAG task force

Updated

Document 52 2005
First published 1994

Fuel additives and the environment

Thiss e sco aon of  ppe s o he wock o  picil sk v f e ATC (e Tachaial
Conmities of Petrolenn Addifve Mz ablishad

ifcenuaton cn the effects aud pacts pryssestebonso peoprrop iy ot ko penpecive e
benefits 0 s s dhe envmoment provided by fuel addieve feclioiogy. New informstion for the second
edition was provided by members of the Fus! Additives Group (K Bames, WD Byfieet, § King. H Mach, NJ
Tilling. T Rassell. HP Sengers)

1. Preface 1o the Second Edition
T 1993 the ATC (the Techuical Conmtiee of Peolenn Addiive Manufactures in Eteope) published a
‘paper catitled “Lubeicant Additves and the Enviromment”. The objective of that paper was (o infonia
vt regsor d ot abok o o, s il st henpact of bt sdiives
The paper was e CEC Sy fay 1993, md
ho nd shout Es

The suceess
was duty poblsbed i 1994 3 ATC Document 52, Since tht te t

axsomotive ensssicms and fel qualites which fook effect in 1996 and 2000 and which will a0 apply in 200
A direct effect o this legisl almost lead antiknock
e, AR et ot s b 0 it e ket o kuhqvlmmm«mu\ew i gasoln
20 tubricry addit i foed. The s move fo foel imjectors fi

e sk e s o e et st T b

foel addiives based o 1992 vehicle emissions legislation £ pa

" TC
ongmal publcation objectves.

N
UK. It discusses their chemistry and use. the
work is based on a wide range of published dats. e e wo
Appendix A,

The reader shonld be aware. however, of some fuel prodsscts which are not coversd:

ohots and. E v ol
aives by s ot Boweret the pefonmanci-ntwocing chmical which e 8
are they sold by nor the conoenm of ATC member companies.

(o addiives are par of dhe history of he el additives industry bus bave
ATC. Sitce 2000 there have boen essentilly 00 sakes of lead additi
o on these additives should contact the mannfacturers direstly

1y (or afex weatmaent) fust additives are sold in the retad uasrkd
ppasies. however. do ot sel these prodicts directly and these are AP

A ol AT A ol o i g
enctisnes simib 10 those wsed for diesel foel additny

Page 1047

Document 113
2013

(%
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Technical Committee of Petroleum Additive Manufacturers in Europe
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Chemistry of fuel additives

Consistent Approach

for each additive type

CHEMISTRY OF GASOLINE FUEL ADDITIVES

Deposit Contral Additives

Depesit Control Additives [[*0As) consist of 3 polar haad, the polarity of which
is derived from coygen or nitrogan molecules and a hydrocarbon tail which
anablos the additive to be fully fual solubla.

Examples of molecules that ane used include amidas, amines, polybutane
sucanimides, polyathar amines, pokyolafin amines and Mannich amins. Poly
iscbutana (PIE] is widely used 2= the hydrocarbon tail dua to its reactity during
processing, sxcellant solubility in fual and the thermal stability it imparts to the
complated molecule.

Depesit Control Additives ara oftan rfarred to by the genaric tarm detergents but their functicn i >_ What they a re

diffarant to that of comwentional detergents used forwashing and cleaning purpases. Comventional
datergants are controlled by Eurcpean Regulation (EQ) 4872004 (tha ‘Detergents Regulation’], which
providas protection of the aguatic anvironment fram pollution by detergants used for washing and
dearing. Chemically, DA are similar to disparsants used in lubricsnts and hava besn deamad by tha
Eurapean Commission to fall outside the scope of the Detergents Requlation.”

FiB Phanol Maninich Amina [PIB Aming:
e
L
[ .k T
i o, W -
mE Wl n m

mcmm Additivas ara designed to keap tha antira anging fusl system dean, from tha fual tank >_ W h at t h ey d O

to tha combustion chambar. /IR Thay nrovert the formation of deposits, particularly on intskae
wathea and fual injectors, that darfve from the breakdown of gasoling components. Thass depaosits would
otharwiss datariorata the air and fusl flow through tha angine, redudng parformanca, afficiency and
incresing emissions.

Moda of Action
Deposit Control Addithes inhibit deposit creation by forming protective films which provent depost _——
precursors accumulating to form deposits. They operata at the temparatures and pressures axparianced
within tha engine whera the desning process & a function of temperature, ainfus] flow and physical
mechanzms. Deposit control additives are intended to ba used on a continuous basis to avoid deposit
baild-up but, by changing the equilibrium batwoan the accumubxtion and remowval mechanisms, thay
can also provida a deposit removal function. They operata throughout the fusl system of the engina,

wiharowar the fusal & in liguid form but, with tha approprista chemistry and troat rate, can alss roducs >— How the work
deposits within the combustion chamber.

It is ngrmal to combing gasoline Daposit Control Additiveswith fluidisars / camiar ol molecules (sea belowd
te awoid build-up of depasits on vakea stems that can kead to vake-stick and poor engine starting.

7C
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Use of diagrams and graphics

Example of Fuldissr

Elkyl polyalkylena ghycol ather &gyl polyalicylans ghycol stheraminag
(R = Gz, X = H, CHal (A=, K= H, CHy)
X x
R | | OoH R L] MH;
1] a]
n n

Where possible chemical
structures have been included

Example of Pipasling Drag Radudng Addithe

Exampla of Damulstfior

Phanolic resin alkoaxylata
A Lod | A LoH | A o#
o o o
HD H
o a
L] L
] ] . B

&=H or H,

Examples O Asphattana Disparsant Examplas of & shphaltans Inhibttor

Alkylpyrelidona

b

Micylphancd Formaldahyds Restn [ReCo-a and

n=2-17}

H
n
R

]

Mlkcanc-malsic Ankrydrids Copolymar

n
& E a
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Technical but accessible

Friction Redution
How does a friction modifier work?

Friction Modifiers
Fricticn modifier (FM) sddithees = e weall known ar
They ara generally straight hydrocsrbon chains wit
comprisa aminas, amides and thair derivatives or o
groups are attracted to matal surfaces such 2 oyling
relativaly strong bonds, whila the long hydrocrboy
The: natura of the polar head group and tha struch
on tha contribution to friction reduction.

Frictlon Redution
How does a friction modifier work?

friction reduction between cylinder
wall and piston during motion
(instantaneous effect)

friction redud
wall and pist|
[instartaneol

potential for further fuel
' economy improvement
regeneration

friction mod|
[long term &

regeneration/accumulation of
friction modifier in the engine oil
(long term effect)

Exampla of Friction Modifior

‘Glycerel Mono-Dleata
o
- . e Py
oH
o

ATb
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Informative but easy to read

The Role of Fuel Additives in the Ve

Vahicle hardware trends

The middle docades of the 20th cantury witnassed 3 genaral stagnation in vehicle design, with tha main
emphass on reducing inttial purchase cost. Since the mid-1370s in the USA and the mid-1980s in Europe
howovar, air quality concerns lod 1o the gradual phasing out of tatra-athyl kead antknock additves in
gasoling and the reduction of sulphur lavels in diesel fusls. Consequant Lpon these genaral trands, the
demands placed on wehide manufacturers can be summarnsod as follows:

* reduced exhoust poliutant lovals

« incresad specific power output

increasad fuel officdency

increassd service interval duration

greater raliability

Some of these demands ara conflicting yet, in large measura, hove bean met. Fusl additives have played 3
walublo rola in awmisting Original Equipmaent Manufacturers (OEMs} to meet these challanging demands,
10 tha axtent that OEMs now recogrize the valua, and recommeand th usa of, fust additives in assisting
them to meat such requirements. The davelopmant of naw fusl injoction systams, such as high prassure
commen.rail dissal injocticn or gasoline direct injoction has croated furthar damand for novel products to
snsure optimal, long term oparation in servica.

The Role of Fuel Additives in the Vehicle

Ensuring “no-harm” for fuel additives

The fual additree industry has long recogniised the need o @nsure that in resoling ons Esue, the 1=

of a fusl addithve does not oeate ancthar. Products have only recaived andorsamant, or had their use
ancoursged, if refiners and OEME have been satisfied that no harmful {in sevica) effactswill result from
the usa of fuel additives. This is typically accomplished by performing axtenisive laboratory andlor angins
tasts and has resultad inthe creation of a “no-harm™ suite of tests, periormed to demanstrats tha absance
of adversa effects of fual additive usa.

Bwraraness of tha need for such tests comes from affective dislogua and collshoration betwesn ol refiners
and ratailars, tha fual additive industry and wehide and engine manufacturers. 'Whan problems 2 noted
in sarvice, tast mathods ara deweloped to simulxts the problam, enabling fusl sddities to ba tested to

an agreed parformanca level before the product is released for sls. Examples of this process below
damonstrate how fuel additives and test mathods hawva evolved to overcoma isues of umeanted advarse
side gffacts in the past.

Intaks valva sticking

Somsa gasoline deposit control additives wiene found to parmit the formation, =t the intaks vahe stem/
guids intarfacs, of a film wheoss viscosity increased vary significantly at low ambiant tamparaturas. Undar
these conditions, on cold cranking immediately prior to start-up, one or mors intske vakes could sty
cipan, with tha compresssd valea spring wnable to doss the valva in tims to allow oylinder pressurnes to

risa satisfactoaily, with enging oold starting and operation potentially severaly compromised as 3 result”
The: awddiftiva industry respanded by developing 2 spacific test procedure using an engins noted to ba
particularhy (and sevaraly) affectad by tha problam. This tost procedura is now a standard noharm test for
multifunctional gasoline additive packages.

Lubsicating oll intaraction

Soms lubsicity additives usad in bow sulphur diesal fuals wara found to resct sdearsely to comtsct with
crankcase lubricating oil. Tha potantial for contact batwean crankoasa lubricating oil and disssl fusl
cocurs in soma in-ling injector pumps used on mary haawy duty diesal angines. Whara problams ocourmed,
dieposits in the pump plunger region could sariously impair pump aperation, with resulting loss of angine
powar output or possibly complats shutdown. The fuel and sdditive industry ross to this challengs

by deweloping laboratory intaraction tests invohing bath new, and used, cankeasa lubricating il and
candidata lubnicity additre chamistries, to ersure that no deposits would cocwr in senice. Swuch tests have
o bssoomia standard nio-harmn tests for dissal fual padksges containing lubricity sdditive.

(%
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Fuel additives : use & benefits

Definition of a fuel additive :

“ A chemical substance or preparation, added to fuel, in
concentrations typically less than 1%, to impart or enhance
desirable properties or to suppress undesirable properties.”

Fuel additives address the oil / energy / transportation industries

INn many ways :
- fuel in motor vehicles, aircrafts and marine vessels
- fuel / oil in power stations and domestic heating
- refinery process streams

nical Committee of Petroleum /



Fuel additives : use & benefits

Fuel additives type and history :

- in the early stages, additives focussed on improvement of combustion
properties of poorly refined cuts (octane, cetane)

- modern additives cover a broad spectrum of uses, including improved safety,
operation and process, and end-use performance of fuels

Cetane number improvers

Lead anti-knock additives
Dyes/Markers

Antioxidants

Metal deactivators

Corrosion inhibitors

Anti-icing additives

Diesel stability improwvers
Conductivity improwvers

Jet fuel lubricity improwvers
Gasoline deposit control additives
Cold flow improvers

Demulsifiers

Diesel deposit control additives
Pipeline drag reducing additives
Anti-valwe seat recession additives
Antifoam additives

Was anti-settling additives

Diesel fuel lubricity improvers
Fuel borne catalysts

Friction modifiers

CopperfSilver corrosion inhibitors

Hydrogen Sulphide scavengers

1920 1930 1240 1950 1960 1970 1980 1990 2000

A © Copyright 2021 ATC - Technical Committee of Petroleum Additive Manufacturers in Europe AISBL
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Fuel additives : use & benefits

A comprehensive survey of market data collected from FAG
members though CEFIC’s statistical service (to ensure anonymity
of the data), has estimated that :

The EU27 market for fuel additives is over 200,000 tons per annum and has
a value of over €500 million

Over 95% of road retail fuels is treated with performance additives

All European refineries use additives in some capacity

ATC[2009-2011 figures]
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Fuel additives : use & benefits

Typlcal components and uses :

Antioxidants

Stability improvers

Deposit Control

Octane / cetane imp.

Combustion imp.

Metal deactivators

Drag reducers

Dyes

Lubricity improvers
Friction modifiers
Cold Flow improvers
Antifoam

Corrosion inhibitors
Antistatic

Dehazers

Reodorant

AI'U
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Fuel additives : use & benefits

Refining and Terminal additives

The use of additives provides safer operations, improved
processes and blending flexibility / optimisation

Technical Problem Additive / mode of action / benefit
Pipeline pressure drop due DRAG REDUCERS / reduction of transverse flow /
to turbulent flow = lower maintains throughput and pumping energy

throughput, higher pumping
energy required

Turbulent
\) D Polyacrylamide Partially Hydrated Polyacrylamide
_@ c q C 0] (9).4
. NN Y
Laminar
n
w
e e R n m
e — —T H,N o
—_— - —_— H.N 0 X=H, Na*,K*,NHs*
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Fuel additives : use & benefits

Refining and Terminal additives

The use of additives provides safer operations, improved
processes and blending flexibility / optimisation

Technical Problem Additive / mode of action / benefit
Paraffin crystallisation COLD FLOW IMPROVERS / delays crystal growth /
- diesel fuel filter clogging lowers engine cold start temperatures

- requires high amounts
of specific cuts (e.g. kerosene)
in the blending pool

EVA: Ethylene Vinyl Acetate

W A =
N \ _‘“
L 5 .,
A © Copyright 2021 ATC - Technical Committee of Petroleum Additive Manufacturers in Europe AISBL



Fuel additives : use & benefits

Refining and Terminal additives

The use of additives provides safer operations, improved
processes and blending flexibility / optimisation

Technical Problem Additive / mode of action / benefit
Desulphurisation reduces fuel polarity LUBRICITY IMPROVERS / protective film / high
- vehicle fuel pump failure lubricity ULSD fuels

Oleic Acid

OH

Linoleic Acid

OH

y Linolenic Acid

A © Copyright 2021 ATC - Technical Committee of Petroleum Additive Manufacturers in Europe AISBL



Fuel additives : use & benefits

Refining and Terminal additives

The use of additives provides safer operations, improved
processes and blending flexibility / optimisation

Technical Problem

Entrainment of H,S in hydrocarbons
—> potential personnel exposure

ATC

Additive / mode of action / benefit

H,S SCAVENGERS / chemical reaction with H,S
into low hazard stable product / no H,S release

© Copyright 2021 ATC - Technical Committee of Petroleum Additive Manufacturers in Europe AISBL



Fuel additives : use & benefits

Automotive fuel additives

The use of additives maintains original engine
cleanliness, improves efficiency and protects
engine parts

Technical Problem Additive / mode of action / benefit
Gasolineinlet valve dirty-up DEPOSIT CONTROLADDITIVES / protective

- modified air/fuel ratio film / maintains original engine performances
- lowered efficiency and emission levels

(consumption, emissions)

PIB Phenol Mannich Amine PIB Amine

N NH,
PIB NH

PIB NH H

© Copyright 2021 ATC - Technical Committee of Petroleum Additive Manufacturers in Europe AISBL



Fuel additives : use & benefits

Automotive fuel additives

The use of additives maintains original engine
cleanliness, improves efficiency and protects
engine parts

Technical Problem Additive / mode of action / benefit
Diesel Injector fouling DEPOSIT CONTROLADDITIVES / protective

- modified spray /combustion film / maintains original engine performances
- lowered efficiency and emission levels

(consumption, emissions)

PIBSI: Polyisobutylene Succinimide

0
/1 I 1

=X

PIB

ATC
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Fuel additives : use & benefits

Automotive fuel additives

The use of additives maintains original engine
cleanliness , improves efficiency and protects
engine parts

Technical Problem Additive / mode of action / benefit
Steel corrosion, rust formation CORROSION INHIBITORS / polar molecules
- reduces parts lifetime forming protective film / reliable operation,
- filters blocking long life

© Copyright 2021 ATC - Technical Committee of Petroleum Additive Manufacturers in Europe AISBL



Fuel additives : use & benefits

Automotive fuel additives

The use of additives enables safer, easier and
cleaner operation

Technical Problem Additive / mode of action / benefit
Diesel foaming ANTIFOAMS / reduce surface tension / lower
- filling overflow foam volume and faster defoaming time

- incomplete tank fill

M
= 1o Polydimethylsiloxane Modified
' ) Polydimethylsiloxane
i BT
';_w, f% — ’- CH, CF,
e - 1T i
: Si
: ) .
CH,
CH; n

ATC
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Fuel additives : use & benefits

Automotive fuel additives

The use of additives maintains original engine
cleanliness , improves efficiency and protects
engine parts

Technical Problem Additive / mode of action / benefit

Poor diesel combustion behaviour CETANE IMPROVERS / lowers ignition delay /
more efficient combustion, lower noise

[

Loww Response —i— Awerage Response —#— High Resparnse

2-Ethylhexyl Nitrate

70

&0

Cetane Number Improvment {CIN units)

Cetarse Improves Treat (magfkg)

ATC
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Fuel additives : use & benefits

Automotive fuel additives

The use of additives maintains original engine
cleanliness, improves efficiency and protects
engine parts

Technical Problem Additive / mode of action / benefit
Water ingress in hydrocarbons DEHAZERS / break fuel-water interface /
-> formation of emulsion water separation

- higher corrosion, fuel blocking,
microbial growth

A © Copyright 2021 ATC - Technical Committee of Petroleum Additive Manufacturers in Europe AISBL



Fuel additives : use & benefits

Automotive fuel additives

The use of additives maintains original engine
cleanliness, improves efficiency and protects

engine parts

Technical Problem Additive / mode of action / benefit
Friction at the piston ring-cylinder wall interface FRICTION MODIFIERS / Surface coating to form
- lowered efficiency a lubricating film / Enhanced efficiency

(consumption, emissions, acceleration)

0

O/\/\/\A/\/\/\/\/\

OH

OH Glycerol Mono-Oleate
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Fuel additives : use & benefits

Heating oil / marine / residual additives

The use of additives enhances thermal stability,
improves combustion properties, disperses impurities

and eases product handling

ATC

Technical Problem

Delivery and storing of domestic heating oil
may lead to odour nuisance
- Consumer complaints

Additive / mode of action / benefit

REODORANT / masks characteristic fuel smell /
Easier product handling

A d
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Conclusions

Conclusions:

- Fuel additives offer a wide range of technical solutions to improve operation
and performance in the oil / energy / transportation industries

- Fuel additives business (manufacture, R&D, use) represents a significant
part of the European chemical industry

- ATC plays a key role in the industry by providing forum for all Petroleum
Additives Companies within Europe to discuss developments of a technical
or regulatory issue

- ATC will continue to participate actively in industry test development and
maintenance work to assure quality and fairness in product performance
testing

- ATC’s new Document 113 outlines the benefits of fuel additives

A © Copyright 2021 ATC - Technical Committee of Petroleum Additive Manufacturers in Europe AISBL
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Permissions

ATC

Permissions

Permission is given for storage of one copy in electronic means for
reference purposes. Further reproduction of any material is prohibited
without prior written consent of ATC, Additive Technical Committee.

The information contained in this document is based upon data believed to be reliable at the time of going to press and
relates only to the matters specifically mentioned in this document. Although ATC has used reasonable skill and care in
the preparation of this information, in the absence of any overriding obligations arising under a specific contract, no
representation, warranty (express or implied), or guarantee is made as to the suitability, accuracy, reliability or
completeness of the information; nothing in this document shall reduce the user’s responsibility to satisfy itself as to the
suitability, accuracy, reliability, and completeness of such information for its particular use; there is no warranty against
intellectual property infringement; and ATC shall not be liable for any loss, damage or injury that may occur from the use
of this information other than death or personal injury caused by its negligence.

Links to third party websites from this document are provided solely for your convenience. ATC does not control and is
not responsible for the content of those third party websites. If you decide to access any of those websites, you do so
entirely at your own risk.
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