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Machines 
never reach 
their 
designed 
useful life 
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Tribofilm

Lubricant (fluid) film
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Definition of tribology

Science and technology related to surfaces in contact and in 
relative motion - including
- friction, 
- lubrication
- wear and
- erosion.
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Friction

WearLubrcation

Tribolology
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Friction is a common natural phenomenon with various forms of 
appearance:

• Friction between solid bodies
• Friction in liquids and gases
• Friction that occurs when solid bodies and liquids come into contact

Friction between solid bodies usually leads to surface damage - e.g. wear

Friction results in a transformation between types of energy: mechanical 
energy is transformed into thermal energy. The process is irreversible.

Friction also occurs between machine parts, The effect can be harmful or 
beneficial.

• Friction is harmful if it causes energy loss.
• Friction is useful when it transfers energy or power, it is essential for the operation of equipment.
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Friction
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Friction
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Friction

WearLubrication

Tribology
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Wear

Wear: irreversible loss
of material from
contacting surfaces
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Factors determining wear

conditions

Nature of 
friction

Load

temperature

properties of 
friction 

materials

Mechanical

Physical

Chemical

lubricant

Fluid

Solid

gaseous

Abrasive
particles

size

hardness
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Created as a result of a scratching and chipping effect

two-body abrasion

three-body abrasion

soft material

soft material

hard material

hard material

Embedded solid
particle

► In the case of two-body 
abrasion, the body made of 
hard material scratches and 
chips the soft surface.

► In the case of three-body 
abrasion, a hard abrasive 
particle embedded in a surface 
made of soft material chips the 
hard surface.

two-body abrasion three-body abrasion

Ferrography images

18

Abráziós kopásAbrasive wear
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Wear caused 
by particles

82%

Forrás: NORIA

Frequency of types of wear
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Friction

WearLubrication

Tribology
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LOAD
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Cooling

Lubrication

Cleaning
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Two key requirements for lubricating oils

- Oxidation and thermal stability
- Wear protection
- Cleaning capacity (detergent)
- Contaminant handling ability 

(dispersant)
- Resistance to mechanical 

shearing
- Foam reduction
- Protection against corrosion
- Eco compliance

Performance 
level

Viscosity
(rheology)

- Adequate flow properties
- Cold
- Hot
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Engine oil
formulation drivers

SURFACE 
PROTECTION

PRESSURE 
RESISTANCE

FLUID PROTECTION

Physical properties of the lubricant are
critical
Additives to retaion viscosity

Stronger surface contact due to higher load and/or lower
viscosity
If no film present, additives give protection

EP
Surface activated
EP
Antiwear

Film strength
improver
Friction modifier

Aging resistance
Contaminant control
Viscosity retention

VISCOSITY

ADDITIVES

35

Oil code 123456

Viscosity grade 10W-40

Formulation (%-wt)

Base oil Gr-I SN150 40.0%

Base oil Gr-I SN 500 9.8%

Base oil Gr-III 4 cSt 30.0%

Viscosity modifier 7.0%

Pour point depressant 0.2%

Additive package 12.0%

Performace claims

ACEA A3/B4

API SN/CF

Mercedes Benz P229.3

Volkswagen 50200/50500

Opel dexos1
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~ 80% base oil
mineral

Gr-I
Gr-II
Gr.-III

syntehtic
Gr-IV (PAO)
Gr-V (ester)

~ 20% additives
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Paraffin 1-ring naphthene Multi-ring naphthene Alkyl Aromatics NaphthenoAromatics Residue

Typical crude oil

Hydrocarbon distribution of a typical crude oil (Arab light) 
Linear boiling point temperature scale - proportional to the n-paraffin 
carbon number
The base oil molecules fall in the distillation range of 300-700 ° C 
Refining is required to separate the desired base oil molecules 

700 oC
300 oC

39

Hydrocarbon molecules in crude oil

Preferred
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Base oil processing methods

41

API - ACEA base oil categories

Category VI Sulfur Saturates Description

Group I 80-
119

>0.03% <90% Solvent Neutral (SN) conventional base oils. They
contain aromatics, sulfur and nitrogen heteroatpmic
hydrocarbons. Typical VI 95-100.

Group II 80-
119

<0.03% >90% Higher purity, aromatics, sulfur max 50 ppm, typical VI 
95-105, Group II+ max VI 119

Group III >120 <0.03% >90% Very high purity, aromatics <<1%, sulfur <10 ppm. V.I.
>120. Performance comparable to PAOs.

Group IV PAO –poly-alfa-olefin from chemical synthesis. 
Highest purity, high price. 

Group V All other, mainly esters

41

Group I Group III / IV

Conventional
solvent

extraction
type refining

Mild
hydrocracking

Hydrocracked, 
hydroisomerised
oils, (VHVI, UHVI, 

XHVI)

40
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Hydrocarbon constituents in base oils

During refining, sulfur- and nitrogen-containing compounds 
(heteroaromatics) are removed 

Molecule Structure Viscosity Index Pour point
Oxidation
stability

Solvency Toxicity

n-paraffin Excellent Poor Excellent Poor Low

Polyalphaolefin Excellent Excellent Excellent Poor Low

Iso-paraffin Good/Excellent Good Excellent Medium Low

Linear 
naphthenic

Good Good Good Good Low

substituted 
monoaromatics

Poor Good Good Good Low

naphthenic Poor Excellent Good Excellent Low

polynuclear 
aromatics

Poor Poor Very Poor Good
Very 
High

44

Chemical character of base oil categories
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Base oil properties with impact on lubricant quality
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Typical application of base oil categories

Grp IV  Grp III Grp II Grp I

Illustrative examples only

0W-20
0W-30

5W-30
5W-40

10W-40
5W-30

15W-40 SAE 40ISO 68 SAE 50ISO 32

Ind. 
Engine
s

Turbine
HD 
off Road

HD 
on Road

Pass car

High 
Performance

Marine

ISO 220

Ind. 
Gear

Hydraulic

ISO 680

Greases Circulation

ISO 46080W-90

Auto
Gear

Compressor

ISO 46Typical
Viscosity

grade

Light grades - synthetics Heavy grades - mineral

45
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~ 80% base oil
mineral

Gr-I
Gr-II
Gr.-III

syntehtic
Gr-IV (PAO)
Gr-V (ester)

~ 20% additives
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Desired lubricant properties
Viscosity and cold flow characteristics

Viscosity measured at high and low temperatures
Flow properties at low temperatures, pour point 

High lubricating film strength 

Friction characteristics 

Low corrosion tendency 

Good cleaning and dispersing ability 

Low flammability 

Low toxicity 

Additive types
Rheological - modifying viscosity-temperature characteristics, 
cold flow properties 
Functional (performance) - strengthens the properties of the 
base oil, providing additional properties (e.g. cleaning effect, 
wear protection, stability, etc.) 

47
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Rheology additives – viscosity modifiers, pour point
depressants

Viscosity modifiers
Polyisobutylene (PIB) 

Polymethacrylate
(PMA) 

Olefin Copolymer 
(OCP) 

OCP-PMA hybrid

Maleic Anhydride-
Styrene Ester (MSC)

Styrene-diene

51

Changing the viscosity = increasing the viscosity 
index

• The viscosity of base oils used 
in the production of lubricants 
usually decreases with 
increasing temperature to a 
greater extent than desirable -
it is necessary to improve the 
relationship between 
temperature and viscosity.

• Viscosity modifiers are 
polymer additives that improve 
the viscosity index (VI) of the 
base oil.

Temperature (log T)
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Base oil + viscosity-
modifier
(high VI)

Base oil
(low VI)

51
TemperatureLow High

Polimer molecule

Oil
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Engine Oil viscosity classification (SAE J300)

SAE   0W - 30

SAE: Society of Automotive Engineers

Low temperature
(engine start)

“W” winter “winter” compliance

Smaller number allows operation at a lower 
temperature - better cold start

2 different viscosity measurements 

Multigrade oil

High temperature
(engine in operation)

The thickness of the oil film at high 
temperatures 

Smaller number results in fuel savings 

Larger number gives a thicker oil film 

2 different viscosity measurements 
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Viscosity grades of motor oils

Viscosity classes (SAE J 300)

CCS
max. cP

MRV
max. cP

Kinematic
viscosity, 100°C

min. cSt

Kinematic
viscosity, 100°C

max. cSt

HTHSV, 150°C
min. cP

For example SAE 5W-30
Cold start -30 °C
Cold pumpability -35 °C
Viscosity at 100 °C 9,3-12,5 cSt

52
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Mineral oil 90%

Viscosity
modifier 5%

Additive 5%
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Differences in motor oil formulations

Synthetic base oil
70%

Visc. modifier
10%

Additive 20%

Viscous - seals

Thick film when hot

Solid in cold

Low performance

Oil for old machines which
consume engine oil

Low viscosity

Excellent fluidity in cold

Low friction

High performance

Oil for modern engines, high
performace
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Decreasing pour point of base oils

• Pour point depressant
additives

• Modifies the morphology 
of crystals (co-crystallizes 
with paraffin) 

• Sterically hinders the 
formation of large, 
needle-like, aggregating 
structures 

• Helps to form a stable 
dispersion of small 
paraffin crystals 
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Their role is to disperse contaminants and prevent their coagulation

65

DPF

SAPS
SA – sulfated ash (metallic
additives)
P – phosphorus
S – sulfur

and limitations…
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Wear protection

SURFACE 
PROTECTION

PRESSURE 
RESISTANCE

FLUID PROTECTION

Physical properties of the lubricant are
critical
Additives to retaion viscosity

Stronger surface contact due to higher load and/or lower
viscosity
If no film present, additives give protection

EP
Surface activated
EP
Antiwear

Film strength
improver
Friction modifier

Aging resistance
Contaminant control
Viscosity retain

70

Antiwear (AW) additives
Mechanism of action 
Tribochemical reaction

A polyphosphate oxide 
chemical layer is formed

The most common 
compound is zinc dialkyl
dithiophosphate
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Extreme Pressure, EP additives
Mechanism of action 
Tribochemical reaction - at higher 
pressures and temperatures 

An iron sulfide chemical layer is 
formed 

Self-sacrificing layers 

The most common compound is 
sulfurized olefins 

Other types: superbasic Ca-
sulfonate, chlorinated paraffins 

74

Solid additives for lubricants
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Types of antioxidant additives

+ O 2RH

RH

O 2 ROH / H 2O

RH

ROO

R

OH+RO

ROOH hydroperoxide
decomposers

radical 
scavengers

radical 
scavengers

Action points
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Dual Film technology Triple Antioxidant Protection technology

Normal conditions
Fluid film

Heavy conditions
Molecular protective film
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Engine oil additive pack
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~10% thickener

~ 5% additive

►

►

►

►

►
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Difference between a simple soap and a complex grease structure
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Production process of lubricating oils

85
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Oil code 123456

Viscosity grade 10W-40

Formulation (%-wt)

Base oil Gr-I SN150 40.0%

Base oil Gr-I SN 500 9.8%

Base oil Gr-III 4 cSt 30.0%

Viscosity modifier 7.0%

Pour point depressant 0.2%

Additive package 12.0%

Performace claims

ACEA A3/B4

API SN/CF

Mercedes Benz p229.3

Volkswagen 50200/50500

Opel dexos1

87

Lubricant specifications

Presenting to [name] 87

• Contains technical requirements 
describing the quality of lubricating oil

• Characteristics that ensure that the 
lubricating oil fits for purpose in the 
machine / equipment 

• Physical and chemical characteristics 
Compatibility with materials, seals 
and coatings used in the equipment

• Engine test bench, model machine 
measurements 

• Road / field application test 
specifications 
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Who issue specifications?

International, national, industry organizations: ISO, DIN, SAE, etc.

OEMs (machine manufacturers): VW, BMW, Flender, Siemens, stb.

Government bodies: EU, military

Presenting to [name] 88
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European passanger car engine oil specifications
(ACEA)

Defines the minimum requirements for service-fill oils
Used by car manufactureres as a basic standard 
A: conventional gasoline engines; 
B: conventional diesel engines; 
C: modern gasoline and diesel engines (SAPS - sulphate ash, 
phosphorus, sulfur content) 
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ACEA and OEM passanger car motor oil specs

92

Where are they on the bottle?

SAE 5W-30 viscosity

Back label: API SN, ACEA C3

91
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Engine test bench

96

Engine tests – evaluated parameters
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Engine oil development

I. original
I. Very expensive, difficult return

II. reblend
I. Full formula (base oils, additives) takeover
II. Optional adaption of local base oils
III.Own blending

III.rebrand
I. Purchase of finished lubricant and sales under own

brand name
II. Usually purchased in bulk or IBC

98

Quality assurance framework for engine oil testing
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CO2 kibocsátás csökkentésre vonatkozó EU előírások

Motorolajban rejlő lehetőségek
direkt hozzájárulás az üzemanyag fogyasztás 
csökkenéshez
a formula robosztusság és stabilitás növelésével lehetővé 
teszi a motortechnológia változások adaptálását
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Energy balance in a car

Ca. 16% friction loss

a) viscosity reduction (Gr-III base oils)

b) friction modifier additives

101Presenting to [name]
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Achievable fuel (CO2) savings

a)

b)

102Presenting to [name]
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Viszkozitási osztályok változása

A viszkozitás csökkenési tendencia általános

Szintetikus formulák, kifinomultabb adalék technológia

103Presenting to [name]
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Lubricant and other fluids demand
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Powertrain changes

2030-ban még 90% a legalább részben belsőégésű motorral 
hajtott autók részaránya

107Presenting to [name]
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Electrification -
opportunities

Impacts of growing EV manufacturing on lubes/AC 
portfolio

New lubricant applications

Higher requirements of existing applications, like ICE, 
precise machining

New requirements – conductivity, materials compatibility, 
etc.

(-) no motor oil

(-) decline in conventional metal processing fluids (e-motor 
1/10th of parts compared to ICE)

(+) antifreeze coolants for battery, electronics

(+) transmission e-fluids

(~) compressor oil (AC/heat pump)

(+) MWF
Cu wire drawing oil
machining fluid for gearbox, e-motor
forming oils, cleaners, corrosion preventives in battery production

(+) grease
bearings in e-motor
contact grease

Plus lubes independent of the powertrain
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