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Presentation of ATC Industry Body

* The Technical Committee of Petroleum Additives Manufacturers in

Eug%p%(ATC) was established in 1974 and became an AISBL in Belgium
in 201

* 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




Presentation of ATC Industry Body
ATC organisation

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



Presentation of ATC Industry Body

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

* Open to all companies that operate chemical processes in Europe for
the manufacture of petroleum additives or manufacture outside of
Europe but operate CEC tests within Europe

* Associate membership available for companies active in the distribution
or sale of petroleum additives in the Region

Full Members
n Afto A) L o AARQE Chevron .
e AkzoNobel 4=4 t
Fassion for Solutions® B e)/ —— = Oronite
CRODA @ evonix ”;jgg innospec

LANXESS Lubrizol

Energizing Chemistry

Associate Members
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* Presentation of the Fuel Additives Group (FAG)

* Membership
* Typical achievements & activities




The Fuel Additives Group (FAG)

The working group of ATC
dedicated to Fuel Additives

Representatives to CEC
Management Board ing u|
Fuel Additives Grou 'erformance Testil
.
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The Fuel Additives Group (FAG)

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”




Agenda

* Introduction of Document 113 “Fuel Additives : Use
and Benefits”
* Origin of Document 113
* Definition of fuel additive, industries & markets covered
e Market size (EU27)

* Description of fuel additives use and benefits in various
fields




Fuel Additives : Use and Benefits

Document 113 issued in 2013 by
a specific FAG task force

Updated

Document 52 2005
First published 1994

Fuel additives and the environment
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Chemistry of Fuel Additives

Consistent Approach
ST for each additive type

CHEMISTRY OF GASOLINE FUEL ADDITIVES

Depaosit Control Additives

Depoesit Cantrel Additives [CAs) consist of 3 palar hasd, the polarity of which
i darived from coygan or nitrogan molecules and a hydrocarbon tail which
anables the addithve to be fully fusl solubla.

Examplss af moleades that an used includs amides, amines, polybutans
succinimides, polysther amins, polyokafin aminas and Mannich amines. Foly
ischutans {PIB) is widsly 1med 2s tha hydrocarbon tail due to its resctvity during
processing, excellent salubility in fual and the thermal stability it imparts to the:
completed malacuie.

= WHhat they are

Deposit Control Additives ane oftan refarmed to by the genaric term detergants but their function &
diffnrant to that of comanticnal detorpants usad forwashing and cloaning purpasos. Comvanticnal
datargants are controlled by Eurcpaan Regulation (EC) S4872004 (the *Datargents Regulation'], which
provides protaction of tha aguatic anviranment from pollution by datargants sad far washing and
clearning. Chamically, DCA arc similar to disparzants usad in hubricants and hava bean deamad by tha
European Commission 1o fall outside tha scopa of the Detorgants Regulation.”

—

. T —  What they do

Depesit Control Additives are designed to keap the entine engine fusl system dean, from the fual tank
to tha combustion chambar ™A™ ™WW128% They provert the farmation of daposits, particularly on intska
vaheo and fual injoctors, that darive from the braskdown of gasaling componants. Thase dapasits waulkd

othanwisa datariorata the air and fucl flow through tha anging, reduding parfarmanca, afficiancy and 7
incrasing cmissions.
Moda of Action ——

Deposit Control Additives inkibit doposit creation by farming protective films which pravant dapasit
pracursars sccumuiating to form deposits. They operata at tha temparatures and prassures axparianced
within tha sngine whara the deaning process & 3 fundtion of temparature, airfusd flow and physical
meschansms. Depasit control additives are intended to be wsed on a continuous basis to awoid deposit
build-up but, by changing the squilibrium batweman tha acumulztion 2nd removal mecharizms, thay
can ko provida a deposit ramoval function. They operata throughout tha fusl system of the engina, >—

wiharawsr the fusl i in liguid form but, with tha approprists chemistry and trast rate, c2n alss reducs

daposits within the combustion chamber.

It is normal to combine gasoling Daposit Control Additiveswith Fuidisers / carriar oil melecules {sea below)
to avoid build-up of depasits on vakva stems that can kead to vahva.stick 2nd poor engine starting.




Use of Diagrams and Graphics

Example of Fuldissr
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Where possible chemical
structures have been included

Example of Pipaling Drag Rududng Addithe
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Technical but understandable

Chemistry of Gascline Fuel Additives

Friction Modifiers

Friction modifier (FM) additives ana weall known and wil
They ara gensrally straight hydrocarbon chains with a

comprisa amanas, amides and thair derivaties cr carbol
groups ara attracted to matsl surfaces such 25 oylindar
relativaly strong bonis, whils the long hydrocarban ta
The natura of the polar hesd group and tha structure

on tha contribution to friction reduction.

Friction Redutlon
Howr dees a friction modifier work?

Friction reductio
wall and piston
[instartaneous 4

regeneration/ g
friction modifie
[long term effed

Examplla of Friction Medifiar

Glycorol Mone-Oloats

Friction Redution
How does a friction modifier work?

friction reduction between cylinder

wall and piston during motion
(instantaneous effect)

m—

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

potential for further fuel
economy improvement

o




Informative but easy to read

The Role of Fuel Additives in the Vehicle

icle hardw: EM trends

The middle decades of the 20th cntury witnessed a general stagniation in vehicle design, with tha main
emphass on reducing initial purchase cost. Since the mid-1970s in the USA and the mid-1980s in Europe
howovar, air quality concerns lad 1o tha gradual phasing out of tatra-athyl kead antknock additves in
gasoling 2nd the reduction of sulphur lovels in diesel fusks. Consequant upon thase genaral trands, the
demands placed on wehide manufacturers can ba summarnsod as follows:

* roduced exhaust poliutant lovals

* increasd specific power output

incraased fuel officiency

increased service interval duration

greater raliability

Soma of these domands are conflicting yet, in large mazsura, hava boan mat. Fusl additives have played a
valuabla role in asisting Original Equipmant Manufacturers (OEMs) to meet these challanging demands,
to the extent that OEMs now recognise the value, and recommend the usa of, fuel additives in assisting
them to meat such requirements. The davalopmant of naw fuel injoction systams, such as high prassure
commen-rail sl injaction or gasoline direct injection has created further damand for novel products o
cnsure optimal, long term oparation in servica,

Ensuring "no-harm” for fuel additives

Tha fual additive industry has long recognised the noad to ansurs that in resohing ona imus, tha e

of a fual additve doas not crexte ancthar. Products hawe only recaived endorsamant, or had their use
ancouraged, if rafiners and OEME hava been satsfied that no harmiful {in service) effacts will result from
tha usa of fuel addithves. This & typically accomplished by parforming axtenswve laboratory andior engine
tasts and has resulted in the creation of a “no-harm” suite of tests, performed to damonstrate the absence
of advera effects of fual additive usa.

Awsaroness of tha need for such tests comes from offective disloguo and collsboration batwesn ol refinars
and rataikars, tha fual additive industry and vehice and ongine manufacturces. Whan probloms ara notod
i sarvica, tust mathods are deweloped to smulats the problam, enabling fusl sdditives to be tested to

an agreed parformance level befors the product is released for sale. Examples of this process below
damonstrate how fusl sdditives and test mathods have svolved to ovarcoms izues of umeanted adarss
sida affacts in tha past.

Intako valva stcking

Soma gascling deposit contral additveswens found to parmit the fcrmatian, at tha intaks vahe stem!
guide imtarfacs, of a film whosa viscosity increasad wary signifiantly at low ambiant tamparaturas. Undar
thasa conditions, on oold cranking immediataly prior to start-up, one or mone intaks wahkes culd stay
cpan, with tha compressed wvaka spring unabka to dess the vakea in tima to allow oylindar pressures o

risa satisfactoaly, with enging cold starting and cperation potentially severaly compromisad == a result®
The additive indusiry respandad by daveloping 2 spacific fest procaduns using an angina noted to ba
particularly (and savaraly) affoctad by the problam. This test procodura is now 2 standard no-harm test for
maltifunctional gascline sddite packages.

Lubsicating ol intaraction

Soms lubsicity additives ussd in bow sulphur diesal fualswars found to rasct advarssly to contact with
crankzasa lubricating oil# Tha patantial for contact batwean crankcasa lubrcating oil and disscl fus
s in soma inina injoctor pumps wsad on many heavy duty diesal anginas. Whara problams occumad,
dapcsits in tha pump plunger region coukd seriously impair pump aperation, with resulting loss of angine
powsr cutpust or pomibly complete shutdown, The fusl and additive industry ross to this challangs

by dawaloping laboratary intaraction tests inwodving both new, and used, oankease lubricating oil and
cardidata lubricity addithve chamistries, to ersurs that no depasits would ooowr in sonice. Such tests heve
nwr bacoma standard no-ham tests for diesel fual packages containing lubricity additia.




Fuel Additives : Use and Benefits

e Definition of a fuel additive

* “Achemical 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 in many ways
* fuel in motor vehicles, aircrafts and marine vessels
» fuel / oil in power stations and domestic heating
* refinery process streams




Fuel Additives : Use and 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 ot fuels

Cetane number improvers

Lead anti-knock additives
Dyes/Markers

Antioxidants

Metal deactivators

Corrosion inhibitors

Anti-icing additives

Diesel stability improvers
Conductivity improwvers

Jet fuel lubricity improwvers
Gasoline deposit control additives
Cold flow improvers

Demulsifiers

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

Was anti-settling additives

Diesel fuel lubricity improvers
Fuel borne catalysts

Friction modifiers

CopperfSilver corrosion inhibitors

Hydrogen Sulphide scavengers

I
1920

1930

1240

1950

T
1960 1970 1980 1990 2000
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Fuel Additives : Use and 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

[2009-2011 figures]



Fuel Additives : Use and Benefits

Typical components and uses Q

_ Refining / terminal Transportatlon Heating / Power gen.

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



Fuel Additives : Use and Beneflts

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 D Polyacrylamide Partially Hydrated Polyacrylamide
= oh) B C °\/°x
' Jd ]
Laminar
n
w
R o . n m
- R S H,N 0
S R o S— HN 0 X=H, Na*,K*,NH*



Fuel Additives : Use and 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 biending pool

EVA: Ethylene Vinyl Acetate




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

OH




Fuel Additives : Use and Beneflts

Refining and Terminal additives

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

Technical Problem Additive / mode of action / benefit

Entrainment of H,S in hydrocarbons H,S SCAVENGERS / chemical reaction with H,S
-> potential personnel exposure into low hazard stable product / no H,S release

IT R
N N
r w * 2HS ——» r w *  2RNH;
R/N\/ \R S\/S

Image courtesy of Baker Hughes Incorporated. All rights reserved.



Fuel Additives : Use and 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




Fuel Additives : Use and Ben~ofitc

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 CONTROL ADDITIVES / protective

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

(consumption, emissions)

PIBSI: Polyisobutylene Succinimide

(o]

=X

PIB




Fuel Additives : Use and 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

Oleic acid dimers

H.C
HO H
H




Fuel Additives : Use and Benefits

Automotive fuel additives

The use of additives enables safer, easier and

cleaner operation

Technical Problem

Diesel foaming
- filling overflow
-> incomplete tank fill

0
00
e
.0

Additive / mode of action / benefit

ANTIFOAMS / reduce surface tension / lower
foam volume and faster defoaming time

1o Polydimethylsiloxane Modified
‘50 Polydimethylsiloxane
=0 S CF,
o o

Si

n )
CH,
CH; n



Fuel Additives : Use and Benr~efitc

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

2-Ethylhexyl Nitrate

Catane Number Improsment (CIN units)

Li] 500 100 1500

Cetare |mproses Treat (mgig)



Fuel Additives : Use and 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,
microbiai growth




Fuel Additives : Use and 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)

OH

OH Glycerol Mono-Oleate




Fuel Additives : Use and Benefits

Heating oil / marine / residual additives

The use of additives enhances thermal stability,
improves combustion properties, disperses impurities
and eases product handling

Technical Problem Additive / mode of action / benefit
Delivery and storing of domestic heating oil REODORANT / masks characteristic fuel smell /
may lead to odour nuisance Easier product handling

- Consumer complaints

Sy




Fuel Additives : Use and Benefits

 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

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