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Objectives 
Compare performance of tires available in the replacement 
market produced by manufacturers in

Asia Pacific (AP)
Europe (EU)
Latin America (LA)
United States (US)

Relate Tire Inflation Pressure Retention results to the innerliner 
composition and tire design parameters

Compare results of tires manufactured for Original Equipment 
versus Replacement market use
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Background

During the last 25 years, ExxonMobil Chemical has made a series
of Tyre Surveys to evaluate the influence of Halobutyl Rubber on
Tire Inflation Pressure Retention (Tire IPR)

Maintaining the correct tire air pressure ensures that the tire
performs under the original design conditions by providing the
optimum road holding, traction and fuel economy, while 
minimizing excessive tread wear at lower inflation pressures

Achieving a low Tire IPR loss rate requires an impermeable liner

Use of Halobutyl Rubber Provides a Cost Efficient Method
to Obtain Excellent Innerliner Barrier Performance
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Historical Use of Halobutyl Rubber
Data from manufacturers in Europe (Tyre Surveys 3 - 9) show an 
increase in Halobutyl Rubber content from ~55 phr to ~ 90 phr, 
while the cured innerliner gauge has decreased to 0.8 mm

Bridgestone, Continental, Goodyear, Michelin, and Pirelli
Halobutyl & Liner Gauge
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• Higher Halobutyl Rubber levels (increased phr) have led to 
lower (improved) Tire Inflation Pressure Retention loss values

Intracarcass pressure has remained constant

Historical Use of Halobutyl Rubber

Inflation Pressure Retention and Intracarcass 
Pressure
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Agenda

Scope
Tires Studied
Tire Constructions

Physical Parameters Analyzed
Weight
Innerliner Gauge Analysis

Innerliner Composition Analysis
Polymers
Fillers

Tire IPR Performance
Innerliner Cost Estimates
Summary
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Scope 

• 58 sets of tires purchased worldwide and evaluated
– 31 sets tested in the 9th Tyre Survey completed in 2000

• Imports from Asia Pacific were purchased in Europe and USA 
for comparison to AP produced tires purchased in AP market
– All but one tire brand could have been purchased in the USA

• Tire size requested: 205/60 HR15
– Received: 205/60 HR 15 - 51 sets

205/60 TR 15 - 1 set (AP)
205/60 VR 15 - 5 sets (2 AP, 3 LA)
205/65 HR 15 – 1 set (AP)

ExxonMobil Chemical Company Data     
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Tire Identification

58 Tire sets 
evaluated

Tire size: 
P205/60 HR15
- 7 in other sizes

COMPANY NAMES Manufactured       Purchased              
AP E LA US AP E LA US

BRIDGESTONE Bridgestone, Firestone 1 2 2 2 1 2 2 2
MICHELIN Michelin, Goodrich, Uniroyal 1 1 3 1 1 3

GOODYEAR Goodyear, Dunlop 1 2 1 2 1 2 1 2
CONTINENTAL Continental, General 1 1 2 1 1 2

PIRELLI 1 2 1 1 1
SUMITOMO Sumitomo, Dunlop, Falken 3 1 1 1

YOKOHAMA 2 1 1 1 1
HANKOOK 3 1 1 1
COOPER Cooper, Avon 2 1 3
KUMHO 3 1 1 1
TOYO 2 1 1

CHENG SHIN Maxxis 2 1 1
MRF 1 1

NOKIAN 1 1
APOLLO 1 1

SHANGHAI Warrior 1 1
VREDESTEIN 1 1
GOODRIDE 1 1

NEXEN Nexen, Roadstone 2 1 1
GAJAH TUNGGAL GT Radial 3 2 1

MATADOR 1 1
NANKANG 1 1

MARANGONI 1 1
28 13 6 11 14 23 5 16

ExxonMobil Chemical Company Data     
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Tire Construction
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58 tires from 23 manufacturers have 26 different constructions

All tires have 2 steel belts

All tires have polyester carcass, except for 4 tires with rayon
38 have single reinforcement ply

13 tires have 2 cap plies, 35 have 1 ply, and 10 have no cap plies

17 tires have 2 cap strips, 28 have 1, and 13 have no cap strip

30 tires have innerliner cushion; 16 have liner shoulder strips
12 tires have neither an innerliner cushion nor shoulder strips

Tire Construction

ExxonMobil Chemical Company Data     
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Tire Construction
• 16 Tires purchased in the United States

– 10 Tire manufactured in the USA, 1 in LA, and 5 in AP

Tire Constructions Vary
ExxonMobil Chemical Company Data     
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Tire Construction
• 16 Tires purchased in the United States

– 10 Tire manufactured in the USA, 1 in LA, and 5 in AP
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ExxonMobil Chemical Company Data     
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Tire Construction
• 16 Tires purchased in the United States

– 10 Tire manufactured in the USA, 1 in LA, and 5 in AP

Tire Constructions Vary
ExxonMobil Chemical Company Data     
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Agenda

Scope
Tires Studied
Tire Constructions

Physical Parameters Analyzed
Weight
Innerliner Gauge Analysis

Innerliner Composition Analysis
Polymers
Fillers

Tire IPR Performance
Innerliner Cost Estimates
Summary
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58 tires having 26 constructions have different Physical Parameters

Average weight of all tires is 9.56 kg, ranging from 8.5 – 11.25 kg
>30% weight variation worldwide for same size tire

Average cured innerliner gauge is 0.80 mm
Varies between four manufacturing regions, ranging from 0.43 – 1.55 mm 

30 tires have an innerliner cushion, and 16 have liner shoulder strips 
Thickness of cushion varies from 0.27 – 1.02 mm

Physical Parameters

ExxonMobil Chemical Company Data     
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1 Cap ply
1 Cap strip
2 Steel belts
2 Polyester plies

Wt = 11.13 kg

2 Cap strips
2 Steel belts
1 Polyester ply

Wt = 8.76 kg

Tire Construction

ExxonMobil Chemical Company Data     
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ExxonMobil Chemical Company Data     
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Tire Construction

2 Cap strips
2 Steel belts
1 Polyester ply

Wt = 8.76 kg

1 Cap ply
1 Cap strip
2 Steel belts
2 Polyester plies

Wt = 11.13 kg

ExxonMobil Chemical Company Data     
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Tire Weight

Tire Weight Varies from 8.5 to 11.25 kg
ExxonMobil Chemical Company Data     
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Tire Weight Independent of Original Equipment vs Replacement Market

Statistical Analysis: Tire Weight by Market
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This test method describes the determination of the innerliner thickness

Innerliner Gauge Analysis (IGA)

Average Gauge to cords (mm) =
g
n
∑

Average cord penetration % =
∑ -(lmax g) * 100

d
n

Average innerliner flow % =

∑ -(lmax lmin) * 100
lmin

n
Average innerliner gauge (mm) = (AVG min + AVG max)/2

Average maximum innerliner gauge (mm) = 
lmax

n
AVG min

∑
=

Average minimum innerliner gauge (mm) = 
∑

=
lmin

n
AVG min

ExxonMobil Chemical Company Data     
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Innerliner Average Gauge
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Innerliner & Cushion Average Gauge
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Agenda

Scope
Tires Studied
Tire Constructions

Physical Parameters Analyzed
Weight
Innerliner Gauge Analysis

Innerliner Composition Analysis
Polymers
Fillers

Tire IPR Performance
Innerliner Cost Estimates
Summary
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Innerliner Composition Analysis
Four Tests Run to Determine Polymer and Filler Compositions

phr of Halobutyl rubber varies from 48 - 100 phr
Six tires have 100-phr and one tire had zero phr Halobutyl rubber
Natural rubber is secondary polymer of choice
SBR added in 11 liner formulas; present in small amounts in many tires

Carbon black is particulate filler of choice, varying from 27 – 81 phr
Calcium carbonate (Ca) used in significant amounts in 18 tires
Silicates also used: Clay (Al) and Talc (Mg)

Volatile lower molecular weight ingredients vary from 17 – 31 phr 

Halobutyl weight-% varies from 21 – 53%

Halobutyl rubber weight per tire depends upon both liner gauge
and composition, including minimum gauge Effective Halobutyl

ExxonMobil Chemical Company Data     
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Measured Innerliner Composition (phr)

ExxonMobil Chemical Company Data     
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Projected Innerliner Composition (phr)

ExxonMobil Chemical Company Data     
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Projected Innerliner Composition (wt %)

ExxonMobil Chemical Company Data     
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Tire Innerliner Materials

Tire Innerliner Formulations Vary

• 16 Tires purchased in the United States
– 10 Tire manufactured in the USA, 1 in LA, and 5 in AP

ExxonMobil Chemical Company Data     

HIIR HIIR NR SBR / BR Low MW Carbon Black CaCO3 White Filler

 ( wt% )  ( phr )  ( phr )  ( phr )  ( phr )  ( phr )  ( phr )  ( phr )

53 100 0 18 55 0 15

43 89 11 27 77 0 5

35 74 19 7 30 77 0 7

42 90 10 29 78 0 5

49 95 2 3 25 63 0 4

50 95 3 2 17 66 0 6

39 78 22 24 54 4 18

41 87 13 27 73 0 13

33 70 25 5 27 71 0 12

39 82 13 5 25 78 0 5

27 66 34 31 68 27 19

29 58 22 20 23 71 0 8

39 83 17 23 76 0 16

34 81 19 24 73 16 22

51 100 0 19 72 0 4

29 55 45 26 52 0 14
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Tire Innerliner Materials

Tire Innerliner Formulations Vary
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Statistically Higher Halobutyl in Tires for Original Equipment Market

Statistical Analysis: Halobutyl Content by Market
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Tire Innerliner Materials
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Carbon Black Use Independent of Market Use

Statistical Analysis: Carbon Black by Market
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Use of Calcium Carbonate Lower for Original Equipment Tires

Statistical Analysis: CaCO3 by Market
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Use of White Fillers Statistically Lower for Original Equipment Tires

Statistical Analysis: White Fillers by Market
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Total Filler Use Statistically Lower for Original Equipment Tires 

Statistical Analysis: Total Filler by Market
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Use of Low Molecular Weight Ingredients 
Not Statistically Different for Tires 

Statistical Analysis: Volatiles by Market
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Higher %-Halobutyl Content in Liners for Original Equipment Market

Statistical Analysis: %-Halobutyl Content by Market
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Agenda

Scope
Tires Studied
Tire Constructions

Physical Parameters Analyzed
Weight
Innerliner Gauge Analysis

Innerliner Composition Analysis
Polymers
Fillers

Tire IPR Performance
Innerliner Cost Estimates
Summary
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Inflation Pressure Retention Test

00001.965

00002.150
Digital
Monitor

Computer

Atmospheric 
pressure

Modified ASTM F-1112
• Two weeks equilibration at 
 21oC before starting the test
• Tire start pressure = 2.2 bar

(220 kPa or 32 psi)
• Automatic measurement every
 minute averaged over 24 hours
• Testing duration is 28+ days
• Results reported in %-loss/month

P

Time

Time

% Loss

ExxonMobil Chemical Company Data     
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Inflation Pressure Retention

Tire IPR Varies from 1.43 to 3.41 %-Loss/Month
ExxonMobil Chemical Company Data     
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Statistical Analysis: Tire IPR

RSquare
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Statistical Analysis: Tire IPR
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Highest IPR Tires Manufactured in Asia/Pacific Region
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Analysis of 10th Tire Survey: IPR
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Statistical Analysis: Tire IPR by Market

Tire IPR Loss Rates Statistically Lower for Original Equipment Tires
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Agenda

Scope
Tires Studied
Tire Constructions

Physical Parameters Analyzed
Weight
Innerliner Gauge Analysis

Innerliner Composition Analysis
Polymers
Fillers

Tire IPR Performance
Innerliner Cost Estimates
Summary
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Model Bromobutyl Liner Formulations

Innerliner Formulations Can Vary Considerably Affecting Polymer Ratio
• Polymer Type / Ratio

– BIIR, CIIR / NR, SBR
• Type / Amount of Total Fillers

– Carbon Black, Clay, Talc, Calcium Carbonate, Ground Rubber
• Type / Amount of Processing Aids

– Oil Type / Amount, Resin Types / Amounts

1.251.251.25Accelerator, MBTS

0.50.50.5Sulfur

111Zinc Oxide

111Stearic Acid

888Processing Oil, TDAE

444Processing Aid, SP1068

606060Carbon Black, N660

777Processing Aid, 40MS

4020Natural Rubber, SMR 20

6080100ExxonTM Bromobutyl 2222

321Ingredient

1.251.251.25Accelerator, MBTS

0.50.50.5Sulfur

111Zinc Oxide

111Stearic Acid

888Processing Oil, TDAE

444Processing Aid, SP1068

606060Carbon Black, N660

777Processing Aid, 40MS

4020Natural Rubber, SMR 20

6080100ExxonTM Bromobutyl 2222

321Ingredient
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Tire IPR Estimates: Halobutyl Content
IPR data measured for tires made with 1.0-mm cured 100/0, 80/20 
and 60/40 phr Bromobutyl Rubber / Natural Rubber innerliners

BIIR 0 50 60 70 75 80 90 100
IPR @ 21C 4.5 3.3 2.8 2.5 2.3 2.1 1.8 1.5
IPR @ 60C 36.0 26.0 22.4 20.0 18.0 16.8 14.0 12.0

Tire IPR
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BIIR, phr

Ti
re
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Example Tire Innerliner Database

Tire Type Tires Tire Sizes
Number 
of Sizes Liner Weight, lbs % Liner of Tire, by Weight

Low Average High Low Average High
Passenger 8 R13 2 0.94 1.20 1.53 6.80 8.81 11.20
Passenger 5 R14 2 0.92 1.17 1.42 5.54 6.42 7.29
Passenger 21 R15 5 1.36 1.91 2.56 4.16 5.93 7.83
Passenger 46 R16 6 0.78 1.76 3.71 3.62 6.26 9.50
Light Truck 5 R16 - R19 5 2.70 3.51 4.47 5.21 7.75 10.38

Medium Truck 10 R22.5 3 4.98 6.36 9.23 3.55 5.37 8.53
Medium Truck 13 R22.5 2 6.96 10.97 13.21 4.13 6.36 7.97
Medium Truck 4 R24.5 1 8.14 9.94 11.33 5.33 6.94 7.84

Tire Constructions Can Vary Considerably Affecting Liner Weight
• Innerliner Thickness
• Use of NR Cushion / Thickness
• Use of NR Shoulder Strips / Thickness / Width
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Tire Cost Estimates

Using Only a BIIR/NR Change in 55 Wt-% Polymer Innerliner

Tire IPR Value
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Tire Cost Estimates

Using Only a BIIR/NR Change in 55 Wt-% Polymer Innerliner

Tire IPR Value
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Tire Cost Estimates

Using Only a BIIR/NR Change in 55 Wt-% Polymer Innerliner

Tire IPR Value
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Model Liner Cost Estimates: BIIR / NR

Using Only a BIIR/NR Change to Effect ~30% Improvement in IPR:
$0.183 / Passenger Tire to Reduce IPR by 1.0% / Month
$0.347 / Light Truck Tire to Reduce IPR by 1.0% / Month

1 2 3
Compound Ingredients List Price Pricing Source ExxonMobil ExxonMobil ExxonMobil

 $ / lb (6/2008) phr $ phr $ phr $
HALOBUTYL RUBBER, BB 2222 2.02 ExxonMobil Chemical 100 1.105 80 0.884 60 0.663
NATURAL RUBBER, SMR 20 1.432 Smithers Report 0.000 20 0.157 40 0.313
CARBON BLACK, N-660 0.7825 Columbian Chemicals Co 60 0.257 60 0.257 60 0.257
NAPHTHENIC OIL 0.65 R. E. Carroll, Inc 8 0.028 8 0.028 8 0.028
ADHESIVE RESIN, 40MS 1.04 Struktol Company of America 7 0.040 7 0.040 7 0.040
TACKIFYING RESIN, SP1068 1.62 SI Group, Inc 4 0.035 4 0.035 4 0.035
STEARIC ACID 1.01 R. E. Carroll, Inc 1 0.006 1 0.006 1 0.006
SULFUR 0.46 Western Reserve Chemical 0.5 0.001 0.5 0.001 0.5 0.001
ZINC OXIDE 0.99 American Chemet Corporation 1 0.005 1 0.005 1 0.005
ACCELERATORS, MBTS 2.05 Western Reserve Chemical 1.25 0.014 1.25 0.014 1.25 0.014
Total Ingredients 182.75 1.492 182.75 1.428 182.75 1.364

Tire IPR, %-loss/month 1.5 2.1 2.8
Weight  R15-R16 Passenger Tire Liner = 1.85 lbs $2.761 $2.642 $2.523
Weight R16-R19 Light Truck Tire Liner = 3.5 lbs $5.223 $4.998 $4.772

ExxonMobil Chemical Company Data     
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Tire IPR Varies with Innerliner Gauge
ExxonMobil Tire IPR data measured for 100-phr BIIR innerliners
with varying cured tire liner gauges

Decreasing Liner Gauge Increases Tire IPR %-Loss/Month Rates

ExxonMobil Chemical Company Data     
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Tire IPR Varies with Innerliner Gauge
ExxonMobil Tire IPR data measured for 80/20 BIIR / NR innerliners
with varying cured tire liner gauges

Decreasing Liner Gauge Increases Tire IPR %-Loss Rates/Month

ExxonMobil Chemical Company Data     

Tire IPR: 80/20 BIIR / NR
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Tire IPR Varies with Innerliner Gauge
ExxonMobil Tire IPR data measured for 60/40 BIIR / NR innerliners
with varying cured tire liner gauges

Decreasing Liner Gauge Increases Tire IPR %-Loss Rates/Month

ExxonMobil Chemical Company Data     

Tire IPR: 60/40 BIIR / NR
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Model Liner Cost Estimates: Gauge

Using Only a Liner Gauge Change to Effect ~30% Improvement in IPR:
$0.353 / Passenger Tire to Reduce IPR by 1.0 % / Month

2
Compound Ingredients List Price Pricing Source ExxonMobil

 $ / lb (6/2008) phr $
HALOBUTYL RUBBER, BB 2222 2.02 ExxonMobil Chemical 80 0.884
NATURAL RUBBER, SMR 20 1.432 Smithers Report 20 0.157
CARBON BLACK, N-660 0.7825 Columbian Chemicals Co 60 0.257
NAPHTHENIC OIL 0.65 R. E. Carroll, Inc 8 0.028
ADHESIVE RESIN, 40MS 1.04 Struktol Company of America 7 0.040
TACKIFYING RESIN, SP1068 1.62 SI Group, Inc 4 0.035
STEARIC ACID 1.01 R. E. Carroll, Inc 1 0.006
SULFUR 0.46 Western Reserve Chemical 0.5 0.001
ZINC OXIDE 0.99 American Chemet Corporation 1 0.005
ACCELERATORS, MBTS 2.05 Western Reserve Chemical 1.25 0.014
Total Ingredients 182.75 1.428

Tire IPR, %-loss/month 1.88 2.82 3.85
Tire Weight, lb 17.39 17.08 16.65
Cured Liner Gauge, mm 0.90 0.73 0.65
Estimated Passenger Tire Liner Weight, lbs 1.75 1.42 1.26
Estimated Passenger Tire Liner Cost $2.499 $2.028 $1.805

ExxonMobil Chemical Company Data     
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Summary: IPR vs Liner Content / Gauge

Adjusting Halobutyl Rubber Content has Greater Effectiveness 
than Increasing Liner Gauge in Reducing Tire IPR %-Loss Rates 
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Summary

• 58 sets of HR15 tires purchased worldwide and evaluated
– Imports from Asia Pacific were purchased in Europe and USA for 

comparison to AP produced tires purchased in AP market
– All but one tire brand could have been purchased in the USA

• Tire constructions and weights vary significantly

• Tire innerliner formulations vary

• Tires manufactured in the USA have lower IPR values than tires 
produced in AP
– Tire IPR varies from 1.43 to 3.41 %-loss/month
– Top Ten Manufacturers produce lower IPR tires
– Original equipment tires have lower IPR monthly loss rates

ExxonMobil Chemical Company Data     
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DISCLAIMER

©2008 ExxonMobil. To the extent the user is entitled to disclose and distribute this document, the user may forward, 
distribute, and/or photocopy this copyrighted document only if unaltered and complete, including all of its headers, 
footers, disclaimers, and other information.  You may not copy this document to a web site.  The information in this 
document relates only to the named product or materials when not in combination with any other product or materials.  
We based the information on data believed to be reliable on the date compiled, but we do not represent, warrant, or 
otherwise guarantee, expressly or impliedly, the merchantability, fitness for a particular purpose, suitability, accuracy, 
reliability, or completeness of this information or the products, materials, or processes described.  The user is solely 
responsible for all determinations regarding any use of material or product and any process in its territories of interest.  
We expressly disclaim liability for any loss, damage, or injury directly or indirectly suffered or incurred as a result of or 
related to anyone using or relying on any of the information in this document.  There is no endorsement of any product or 
process, and we expressly disclaim any contrary implication.  The terms, “we”, “our”, “ExxonMobil Chemical", or 
“ExxonMobil" are used for convenience, and may include any one or more of ExxonMobil Chemical Company, Exxon 
Mobil Corporation, or any affiliates they directly or indirectly steward.

10th Worldwide Tire Survey: Replacement Tires


