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• Formulation work is done with polymers, 

fillers and coupling agents (+resins)

• Oils have limited possibilities to contribute

to compound performance

• Oils are intrinsincly cheap and do thus not 

offer big saving potential

• Oils are logistically difficult in a 

tyre/polymer plant

• Oils destroy productivity in a polymer 

production

Oil in a tyre

Oil is not so important?!
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Glass transition temp

Hardness

Stiffness

Viscosity
Tensile strength

Max elongation

Ageing resistance

Curing characteristics, productivity

Traction

Processability

Oil is an excellent tool to

affect all key properties of

Tyre performance &

Tyre manufacturing!!!
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Oil is an excellent tool to affect

1) Rolling resistance

2) Traction in varying conditions

3) Durability and mechanical strength

4) Processing and manufacturing efficiency

5) Utilization of other novel raw materials



• Naphthenic rubber oils / Features, Nynas product offering and global 

sustainability requirements and trends

• Tire industry approaches: how to utilize the naphtenic potential

• Rolling resistance improvement with naphthenic oil

• Winter and all-season tire traction boost with naphthenics

• Naphthenics in mixing machine lubrication
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Naphthenic rubber oils:

Features, Nynas product offering and global sustainability

requirements and trends



11

Which oils are used in rubber goods?

MES

Heavy Naphthenics

TDAE

RAE

TRAE

SRAE

Naphthenic Black Oil

DAE

Paraffinic 

Gr I, Gr II, Gr III

Vegetable Oils
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Group I Oil Refining
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Naphthenic Oil Refining at Nynas
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Viscosity @ 40 °C: 3 - 700 cSt

Sulphur < 15 ppm – 0.9%

Aromatics: 0 – 12 %



Naphthenic or Paraffinic crude?

Paraffinic

Naphthenic

Aromatic

Based on the relative amount of paraffinic 

molecules (CP)

CP (IR)  42-50%   Naphthenic

CP (IR)  56-67%   Paraffinic

Aromatic molecules confer high solvency to the 

oil, but if in conjugated formations they are toxic 

and harmful to the environment so therefore 

removed during the refining process. Mono and 

di-aromatics are not harmful.



More realistic molecules present in oil

• Paraffinic oils

• Naphthenic oils

• Aromatic oils



GROUP II

GROUP III

GROUP IV

GROUP V

API BASE OIL 

CATEGORIES 

Viscosity index = 80-119

Saturates <90% and/or 

Sulphur >0.03% 

Viscosity index = 80-119

Saturates >90% and 

Sulphur <0.03% 

Viscosity index >120

Saturates >90% and 

Sulphur <0.03% 

Poly-Alpha-Olefin (PAO) 

All other oils: 

NAPHTHENIC OILS, 

vegetable oils, polyglycols

and other oils 

PARAFFINIC

OILS

* American Petroleum Institute

Naphthenic oil is classified 

as an API* Group V base oil

Base oils classification

GROUP I
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Produced via hydrotreatment of vacuum distilled crude oil cuts

Comply with all global health and safety regulations

PAH content even lower than that of RAE and TDAE

Sulphur content low

Very good low temperature properties (both transportation and product performance)

Ensured availability in short and long term

General features of naphthenic oils
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Solubility matches extremely well to that of tyre polymers (NR, BR, SBR, CIIR/BIIR)

Offer improvement in rolling resistance and mileage

Offer potential also in - winter tyre tread / all season tyre tread formulations

- subtread / thick undertread compounds

- compounds containing NR/BR (e.g. sidewall)

- innerliner formulations

General features of naphthenic oils
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Hydrocarbon structure and solvent power

Solvent Power usually refers to the ability of dissolving a 

substance of higher polarity

“Like dissolves like”

But mineral oil consists basically only of hydrocarbons which 

does not exhibit polarity

What do we mean with polarity when talking about 

hydrocarbons then?

Van der Waals or/and dispersive forces   

Solvent 

molecules

Dissolved molecule



Hydrocarbon structure and solvent power 

Bis(2-ethylhexyl) adipate
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“True” polarity - when an electronegative heteroatom is 

incorporated in the hydrocarbon chain 

Dispersive forces depend on electron density which in it’s 

turn depends on molecular structure and bond type 
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Oil glass transition 

Mineral oil is clearly not a polymer but does still undergo 

Glass Transition 

The glass transition are determined with DSC according 

to ASTM E 1356

When the oil and polymer system is fully compatible the 

Fox Equation should apply 

If the nature of the components being mixed are not "too different", then the  "Inverse  rule of 

mixtures" can be applied, also called the Fox equation . This equation is  commonly used to 

predict Tg of polymer blends.

1

𝑇𝑔
=

𝑤1

𝑇𝑔1
+

𝑤2

𝑇𝑔2
+

𝑤3

𝑇𝑔3



Oil Glass Transition 

Dependent on molecular structure

Hydrocarbon distribution 

Molecular weight 

Increasing Tg

alkanes cycloalkanes aromatic

Increasing molecular weight 
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Oil Glass Transition 

Increasing Tg

alkane cycloalkanes aromatic

Increasing molecular weight 

- 35- 40- 45- 50- 60 - 55- 65
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Tire Labelling

EU

Label in 2012

US 

Label on its way?

Japan 

Mandatory label in 

place

Brazil 

Draft legislation filed

Korea 

Mandatory label from 

Nov. 2012

29 2016-05-13Nynas AB, Technical Development and Market Support 

Regulation (EC) No 1222/2009



Tire industry approaches: how to utilize the naphtenic potential
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• Rolling resistance & fuel economy pursuit continues

• Sustainability pursuit becomes stronger

• Weight reduction targeted

• Use of functionalized polymers in tread compounds increases

• Increase of silica SSA and loading in tread compounds

• Expansion of silica to non-tread compounds

• Studded tyre usage will be restricted

Tire Industry Trends and Signals



Tire industry approaches: how to utilize the naphtenic potential

Rolling resistance reduction with naphthenic oils
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Rolling resistance reduction
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Rolling resistance reduction

• Competition and legislation changes as drivers

• Work not limited to eco tyres, tread compounds or 

high sales volume sizes



37

Various stages of tread compound development

Carbon black / ESBR

Carbon black / SSBR, Silica / ESBR

Silica / SSBR

Silica / fx-SSBR

Ti-BR  Ni-BR, Co-BR  Nd-BR  fx-Nd-BR

Silica surface area development

Silica coupling development

Carbon black nanostructure development

Aromatic oils  naphthenic oils (natural oils)

Rolling resistance reduction
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Two-way approach: 1) Tread compound development

2) Development of other compounds and materials

One of the first A-tyres (2012) - new tread compound

- new sidewall, carcass and apex compounds

- new textile cord

- new tread design, new tyre profile

- significant weight reduction

Most work done with polymers and fillers, yet other ingredients can support significantly

Rolling resistance reduction
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Rolling resistance (RR) pursuit

• Competition and legislation changes as drivers

• Work not limited to eco tyres, tread compounds or high sales volume sizes

• Tan d an excellent indicator: 30% drop in tan delta at 60-70 C leads

• in tread to 7-12% drop in RR 

• in thick subtread (undertread) 2-4 % drop in RR

• in steel belt compound 2-3 % drop in RR

 Oils yielding a low tan delta offer a benefit  Nytex 4700, Nytex 459
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• Slightly faster curing

• Excellent mechanical

properties (incl. abrasion)





43



44

Development of tread compounds: an example

SSBR tread compound for summer tyres 

Provides traction, contributes significantly to RR, provides wear resistance, etc. etc.

Tread A Tread B Tread C

SSBR 70 70

Fx-SSBR 75

BR 30 30

Fx-BR 25

Silica 80 80 80

Oil 35 (TDAE) 34 (napht) 34 (napht)

Tan delta at 60 C 100 88-92 72-75

Tan delta at 0 C 100 97 103-108

Rolling resistance reduction
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Naphthenic oils in butyl compounds

Butyl rubber compatible with naphthenics

Rolling resistance reduction potential low

Yet other advantages might be available

Faster oil take-up more efficient mixing

Enables higher filler loadings

Dust stop oil compatibility with butyl (innertube / bladder compounds)
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50% of RR is affected by tread compound development

To reach highest RR classes in European and Asian labelling, work with other compounds

is needed too

Even a significant weight reduction helps only a little (yet it helps in controlling raw material 

costs)

A decrease of 10-30% in tan delta at 60-70 C can be obtained by selecting an 

appropriate oil

For tread compounds, corresponding loss in wet traction is a lot smaller

Innerliner compatibility with naphthenics is excellent even if RR reduction is not significant

Rolling resistance reduction: Summary



Tire industry approaches: how to utilize the naphtenic potential

Winter tire performance boost with naphthenics
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Winter tire legislation changes as development driver

Winter tyre usage has become “more mandatory” (Germany, Italy, Czech Republic etc.)

Studded winter tires under heavy pressure in certain countries

EU tire labelling not descriptive of performance

Simultaneously a new tire segment “Cross-Climate” appeared in Europe

Strong shift from premium to economy in Russian winter tyre market

Winter tyre landscape changes
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Winter tyre performance boost: winter vs. summer tyre materials

Materials used in a winter tyre are selected to ensure an excellent performance on extremely difficult 

conditions - snow and ice – and at temperatures significantly below 0 °C

Polymers which remain elastic at low temperatures are selected 

(NR, high-cis BR, low styrene-low vinyl SSBR)

Polymers having excellent friction on icy and snowy surfaces are selected (in particular NR)

Content of reinforcing filler is adjusted to ensure sufficient mobility of polymer chains

Appropriate vulcanization system is selected to ensure sufficient softness of the tread

Plastizicers such as naphthenic oils are used to increase elasticity even further
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Winter tyre performance boost: winter vs.  

summer tyres…

Naturally tyre design and tyre construction are affected 

Typically a tread block design is used instead of a rib design 

Tread compound is designed to match all the essential features (e.g. sipes, grooves) of the 

tread design  optimizes the performance

A stiff undertread compound is used to support the soft and elastic tread

In case of studded winter tyres, the undertread provides support to stud body

Tyre construction is more flexible (e.g. reinforcing steel cord is more “elastic”, or not as stiff 

as in summer tyres)
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Oils contribute significantly to low temperature stiffness

An appropriately selected oil can improve winter performance

Dynamic stiffness at extremely cold decreases ice braking distance can be 2-5% shorter

Tan delta at 60-70 C may decrease 8-20%  rolling

resistance drop

Corresponding loss in wet traction is often negligible

Naphthenics in winter tyres
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Polymers should/could also be extended with appropriate oil

Nytex 810, Nytex 820, Nytex 840 enable decreasing the oil content

No compatibility issues between different oils (i.e. polymer extended with other oil blends well

with naphthenic ”free” oil

For rolling resistance reduction and stud retention improvement, thick undertread offers also

potential

ESBR 1753, ESBR 1763 

Naphthenics in winter tyres
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Development of tread compounds: an example

NR/BR tread compound for winter tyres 

Provides traction in different conditions, contributes significantly to RR, provides wear resistance, etc. etc.

Tread A Tread B Tread C

NR 70 70 70

BR 30 30 30

Carbon black 60 60 5

Silica 60

Oil 40 (TDAE) 40 (naphth) 40 (naphth)

E* at -25 C 100 82-87 75-80

Tan delta at 60 C 100 85-90 70-75

Tan delta at 0 C 100 92-95 85-95 *

Winter tyre performance boost



Winter tyre legislation changes set new requirements to tyre materials

An appropriately selected oil can improve winter performance and decrease rolling resistance

Corresponding loss in wet traction is often small (and increasing silica loading slightly

can compensate the loss)

For rolling resistance reduction and stud retention improvement thick undertread offers also

potential

European All Season is an interesting segment with naphthenics offering a performance jump

Higher mileage accompanied with improved traction in mild winter conditions

Naphthenics in winter tyres: Summary
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Winter tyre legislation changes set new requirements to tyre materials

An appropriately selected oil can improve winter performance and decrease rolling resistance

Corresponding loss in wet traction is often small and increasing silica loading enhances the 

effects of naphthenics

For rolling resistance reduction and stud retention improvement thick undertread offers also potential

European All Season is an interesting segment with naphthenics offering a performance jump

Higher mileage accompanied with improved traction in mild winter conditions

Winter tyre performance boost: Summary



Tire industry approaches: how to utilize the naphtenic potential

Naphthenic oils in rubber mixing machine lubrication
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Rubber mixer lubrication (”dust stop”) requires appropriate rheology, good lubrication properties AND 

compatibility with rubber compounds

Nytex 4700, Nytex 832 and Nytex 840 offer a cost-effective solution 

Recommended e.g. by Harburg-Freudenberger

Right viscosities at operating temperatures

Also compatible with butyl compounds

Rubber mixer lubrication with naphthenic oils
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Tyre compounder and polymer producer can get a performance boost with oil in a number

of ways

Rolling resistance reduction of ca. 3-7% with a only small compromise in traction

Winter tyre performance improvement

Processing benefits with novel SSBR grades

Increased compatibility with butyl and halobutyl compounds

Naphthenics as compounding tools: Summary
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Superior Grip with Naphthenic Oil

www.nynas.com


