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Impact of cured liner gauges on tires
By R. Christopher Napier,
Walter H. Waddell
ExxonMobil Chemical Co.
and

Dirk F. Rouckhout
ExxonMobil Chemical Europe

The innerliner is formulated to provide flex fatigue resistance, aging resistance and adhesion to the ply coat compound for radial tires1-2.
Butyl rubber3-5 (IIR) is the copolymer
of isobutylene and about 2 percent of
isoprene, and it has about an order of
magnitude lower vapor transmission to
small-molecule diffusants than other
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Edited by Harold Herzlich
elastomers including natural rubber,
styrene-butadiene rubber, nitrile rubber
and chloroprene rubber6.
The development of halogenated butyl
rubbers greatly extended the usefulness
of butyl rubbers by providing faster curing rates, which enabled co-vulcanization with general-purpose tire rubbers
used in carcass coat stocks such as natural rubber, SBR and butadiene rubber,
without affecting the desirable imper-

Executive summary
The inflation pressure of the tire generally impacts the rolling resistance, treadwear, handling and durability of the tire. Halobutyl rubber is the polymer of
choice in the tire innerliner compound due to its excellent air and moisture impermeability and resistance to flex-fatigue and oxidative aging.
The inflation pressure loss rate (IPLR) values measured following ASTM F1112-06 procedures have been shown to have an excellent correlation to the oxidative aging of the natural rubber wire coat compound and to the durability of passenger tires when tested on a 1.7-m laboratory roadwheel. Experimental
passenger tires previously were made with innerliner compounds having varying
amounts of bromobutyl rubber (BIIR) and natural rubber and, are now made with
varying innerliner thicknesses. Tire performance is related to bromobutyl rubber
level and to cured liner gauge.
meability and fatigue properties. This
permitted development of tubeless tires
in which the innerliner compound is
chemically bonded to the carcass ply.
The impermeability of polyisobutylene, the backbone of butyl rubber, is
thought the result of close packing of the
geminal-dimethyl side groups along the
polymer backbone resulting in slow
movement of the chains7.
As an example, three repeat units of
cis-polyisoprene, backbone in natural
rubber, totaling 15 carbon atoms occupy
greater three-dimensional space than do

four repeat units of polyisobutylene,
which contains a total of 16 carbon
atoms.
This is thought to be a result of the sp3
hybridization of each carbon atom in
polyisobutylene affording a tetrahedral
arrangement of the backbone, compared
to the planar arrangement of the sp2 hy-

bridized carbon atoms in the C=C double bond of each repeat unit in the natural rubber backbone.
Previously, we8-15 presented results of
the effect bromobutyl rubber (BIIR) content (phr) in the innerliner compound
formulation has upon tire performance
properties. Experimental 205/60 SR15
tires (no cap ply) made with a change
only in the innerliner BIIR / NR polymer
ratio showed direct relationships to tire
performance, see Table I. Quantitative
correlations (R2 > 0.99) were obtained
for the BIIR level to the inflation pressure loss rate (IPLR) values measured
at 21°C (for example, see Fig. 1) and at
60°C (see Fig. 2) to approximate tire operating temperatures.
Intracarcass pressure (ICP) values
were measured (see Fig. 3) and also
showed a linear correlation to bromobutyl rubber levels.
Durability, measured in hours to failure on a 1.7-meter laboratory road-

Fig. 1. Tire inflation pressure loss rates measured at 21°C as a function of the bromobutyl rubber/natural rubber ratio used in the innerliner compound11.
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wheel, tested according to the National
Highway Traffic Safety Administration’s Federal Motor Vehicle Safety
Standards (FMVSS) No. 10916 at 50 mph
showed a quantitative (R2=0.95) correlation to tire IPLR when run until failure (see Fig. 4) but did not show any
statistical correlation11 when run at 75
mph, according to FMVSS No. 13917, until failure (see Fig. 5).
Statistically, quantitative relationships were also established to show that
increased BIIR in the innerliner retarded oxidative aging of the natural rubber
used in the tire belt area skim coat and
shoulder wedge compounds by affording
a cured tire liner with a low IPLR value10-14. Laser shearography was used as a
non-destructive test in order to quantify
the internal cracking that formed in the
belt-edge areas of oven-aged tires being
exercised on a laboratory roadwheel and
also showed statistically significant correlations to tire IPLR values11-12.

We now extend these results by showing what the effect is of varying both the
amount of bromobutyl rubber used in
the innerliner compound formulation
and also the gauge of the liner within
the cured tire has upon IPLR values.
Varying the cured liner gauge for tires
made with the same 100-phr BIIR innerliner compound show statistically
significant differences in tire performance properties.

Experimental
The bromobutyl rubber used is BIIR
2222 (ExxonMobil Chemical Co.) and
the natural rubber grade is SMR 20. All
other ingredients were commercial tire
factory materials. Model innerliner formulations affording different IPLR values were used. (see Table I)
Compounds were mixed in the factory
using a two-step sequence in internal
mixers having tangential rotors. First
stage masterbatch mixing was complet-

Fig. 2. Tire inflation pressure loss rates measured at 60oC as a function of the bromobutyl rubber/natural rubber ratio used in the innerliner compound7.

Fig. 3. Tire intracarcass pressure as a function of the bromobutyl rubber/natural
rubber ratio used in the innerliner compound11.

Fig. 4. Roadwheel durability at 80 km/h by FMVSS 109 endurance (to failure) as a
function of tire inflation pressure loss rate values.

ed using a GK400 mixer followed by
sheeting out on an extruder with roller
die. Second step finalization was completed in a GK160 mixer, and stocks
were sheeted out on a two-roll mill.
A cold-feed pin extruder was used to
profile each innerliner compound.
205/60 SR15 tires were built with the
three model innerliner compounds using
an automatic building machine, and
tires were bladder cured as is usual.
205/60 SR15 tires were also built with
each of the three model liner compounds
by using three uncured innerliner compound gauges (0.85 mm, 1.1 mm, and
1.35 mm) on the same automatic build-

ing machine, and sets of these nine tires
were cured as is usual.
Optical analysis was used to measure
the cured tire innerliner thickness by
examining 15 positions in the sectioned
tire starting at the shoulder of the serial
side of the cured tire and continuing
every 2 cm until reaching within 1 or 2
cm above the bead rim ending, measuring at the crown (or center), and again
on the non-serial side. All positions are
recorded independently but are numerically averaged to obtain a single cured
innerliner gauge value.
Inflation pressure loss rate (IPLR)
See Liner, page 16
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Continued from page 15
values were measured in duplicate following ASTM F-1112-06 procedures18,
but was modified by using electronic
transducers to continuously monitor tire
pressures and directly record all data
electronically.
Use of this procedure effectively
shortens the total test period to 42 days,
which included a 14-day stabilization
period primarily needed due to the tire
intracarcass pressure effect. IPLR data
for the first 14 days of testing was
recorded and analyzed but was not used
in calculating IPLR values to afford a
28-day actual test time period. The initial pressure was 240 kPa.
Tire IPLR values are reported as the
percentage of pressure loss per month
(percentage-loss/month).
Measurements also were made at
60°C by re-inflating to 240 kPa these
same tires that completed the ASTM F1112 testing, equipping with pressure

gauges and moving them into a walk-in
oven whose temperature was present
and equilibrated to 60°C. Tires were
tested for 60 days by manually reading
and recording pressure readings from
the gauges.
Intracarcass pressure was measured in
duplicate for tires on standard commercial rims inflated to 240 kPa. Typically,
five calibrated gauges with hypodermic
needles were inserted with the needle tip
set upon the carcass cords.
Readings were taken several times per
week until the pressure equilibrated,
normally up to three months, and are reported as the average of at least four
gauge measurements each for at least
two tires.
The FMVSS 139 test procedures 17
were performed in duplicate using a
1.707-meter diameter laboratory roadwheel of an All Well Tire Testing Machine Model AW-TT-2A-M4 running at
38°C in the ExxonMobil Chemical laboratory in Bangalore, India.
Briefly, the FMVSS 139 Endurance
test procedure is to run the air-inflated
(cold inflation pressure = 180 kPa; 26

psi) tire at 120 km/h (75 mph) for four
hours at 85 percent of maximum rated
load, followed by running for six hours
at 90 percent of load, which is followed
by running for 24 hours at 100 percent
of load. Tires are inspected visually for
any flaws.
This procedure was modified by continuing to run each tire on the roadwheel until tire failure; tires are not reinflated during the test.
New tires were aged in an oven after
inflating with dry air to 240 kPa cold inflation pressure, equipping with pressure gauges, checking for leaks, placing
vertically on a mobile tire rack and
rolling the rack into a walk-in air-circu-

lating temperature-controlled room that
had been pre-equilibrated at 60°C.
Tires were aged for eight weeks. Air
pressure was checked without re-inflating two to four times per week and after
removal from the oven. The initial and
final oxygen contents in each of the
oven-aged tires were measured using a
Pro O2 Analyzer (Nuvair, Oxnard,
Calif.).
Tire rolling resistance was measured
at Smithers Rapra in Ravenna, Ohio,
following the SAE J1269 multipoint procedure.
Data was measured for two tires each
of the three sets. Statistical Discovery
JMP 8.0 software from SAS was used to

Table I. Innerliner compound formulations.

Fig. 5. Roadwheel durability at 120 km/h by FMVSS 139 endurance (to failure) as a
function of tire inflation pressure loss rate values.

Fig. 6. Fifteen data points showing the minimum (blue), average (green) and maximum (pink) thickness values measured radially around the sectioned cured tire.

Fig. 7. Three-dimensional plot of IPLR (percent loss/month) as a function of cured
liner gauge (mm) and of BIIR/NR Levels (phr) used in the innerliner compound.

Many rubber, plastic and silicone based products can
be dramatically improved with ﬁbers. Adding treated
or untreated cotton, polyester, pan carbon, aramids
and/or nylon boosts performance in a multitude of
ways. Characteristics such as coefﬁcient of friction,
abrasion resistance, compression set, tensile modulus,
temperature control, green strength, cut and tear
resistance, noise reduction and many others can be
positively altered.
Contact the ﬁber professionals at Finite Fiber. We will
provide feasibility studies and work with you through
implementation to completion.
330-773-6654
www.ﬁniteﬁber.com
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analyze all data.

Results and discussion:
Innerliner gauge analysis
The cured tire innerliner thickness
was measured after sectioning a new
tire and using an optical microscope to
obtain more accurate measurements.
This is a multistep procedure because
(1) during the tire building process the
uncured tire is deformed upon stretching, especially in the shoulder areas, in
order to form it into the shape of a
toroid, and (2) during the tire curing
process the high-tensile carcass cord
further deforms the calendered liner
sheet creating maximum and minimum
thicknesses8.
The cured liner gauge is measured, in
this case, at 15 total positions starting
at the shoulder of the serial side of the
tire and continuing every 2 cm until
reaching within one to two centimeters
above the bead rim ending, measuring
at the crown (or center), and again on

the non-serial side. All positions are
recorded independently, but are numerically averaged to obtain a single cured
innerliner gauge value. For the 100-phr
bromobutyl rubber innerliner compound
calendered to the thickness of 1.35 mm
the minimum, average and maximum
thicknesses measured at each position is
shown in Fig. 6.

Inflation pressure loss rates
Inflation pressure loss rates were
measured in at least duplicate for all
nine tire sets according to ASTM F1112-06 protocol. The nine tire sets are
three levels of BIIR/NR (100/0, 80/20
and 60/40 phr) at three cured liner
gauges (approximately 0.6, 0.8 and 1.0
mm). Values range from 1.2 to 4.6 percent loss/month. For the independent
variables of BIIR/NR content and of liner gauge, R2~0.99 were obtained (see
Fig. 7).
Statistical analysis of all room temperature IPLR data shows that an R2 =

Fig. 8. Statistical analysis of the IPLR response (percent loss/month) to varying
cured liner gauge (mm) and BIIR level (phr).

0.934 is obtained (see Fig. 8). In addition, we learn that:
● Prob>ItI values obtained in the
analysis show that bromobutyl rubber

level is more readily controlled (0.0006)
than is the cured liner gauge (0.0168);
(due to the null hypothesis used, a value
See Liner, page 18

Fig. 9. Statistical analysis of the IPLR @60oC response (percent loss/month) to
varying cured liner gauge (mm) and BIIR level (phr).
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Continued from page 17
of <0.1 is required to be statistically relevant, with a lower value being better);
● Impact of increasing bromobutyl
rubber is twice as great as is increasing
the cured liner gauge because the scaled
estimate to reduce IPLR is -1.27 for
BIIR, which is twice that of increasing
Avg Cured Liner Gauge(-0.66); and
● There is no interaction between the
bromobutyl rubber level used in the innerliner compound and the cured liner
gauge since Prob>ItI =0.48 for [(BIIR)*
(Avg Cured Liner Gauge)], a value
>0.10, hence not a statistically significant variable.
This analysis shows that changing the
polymer mixture going in to the internal
mixer is a better option than is changing
the innerliner compound thickness being sheeted out of a calender.
Inflation pressure loss rates were also
measured at 60°C for the same nine tire
sets just tested by the ASTM F-1112
protocol. Values obtained ranged from
12.8 to 25.1 percent-loss/month, a factor
of approximately 5.5X to 14.4X higher at
this elevated temperature nearer that of
an operating tire on a vehicle; still no
load is applied to the tire during measurements.

For the independent variables of
BIIR/NR content and of liner gauge, R2
> ~0.94 were obtained by reading pressure gauges (see Fig. 9).
Statistical analysis of elevated temperature IPLR data shows that an R2 =
0.907 is obtained (see Fig. 10). In addition, we also learn that:
● Prob>ItI values obtained in the
analysis show that bromobutyl rubber
level is more readily controlled (0.0022)
than is the cured liner gauge (0.0095);
● Impact of increasing bromobutyl
rubber is only 1.25 times as great as is
increasing the cured liner gauge because the Scaled Estimate to reduce
IPLR is -3.48 for BIIR, which is twice
that of increasing Avg Cured Liner
Gauge (-2.82); and
● The interaction term between the
bromobutyl rubber level used in the innerliner compound and the cured liner
gauge is more relevant since Prob>ItI
=0.12 for [(BIIR)*(Avg Cured Liner
Gauge)].

● inflation pressure loss rates (see
Figs. 7 and 11) decreased linearly
(R2=0.99) by 37 percent from 1.9 percent to 1.2 percent loss/month;
● Intracarcass pressure values (ICP;
see Fig. 12) decreased linearly
(R2>0.97) by 16 percent from 79 to 68
kPa;
● Roadwheel durability of new tires
(see Fig. 13) increased linearly
(R2=0.93) by 25 percent from 67 hours
to 84 hours until failure;
● Roadwheel durability of oven-aged
(240 kPa dry air, eight weeks at 60°C)
tires (see Fig. 14) increased linearly
(R2=0.99) by 125 percent from 22 hours
to 49 hours until failure; and
● Rolling resistance coefficient (see

Fig. 15) was essentially unaffected with
a 1 percent increase (R2=0.99) from
11.23 kg/ton to 11.37 kg/ton.

Summary
The performance of experimental tires
is improved significantly by using 100phr of bromobutyl rubber in the innerliner formulation, because it minimizes
tire inflation pressure loss rate (IPLR)
values (percent loss/month) at both
room temperature and at 60°C (a temperature near tire operating temperatures), and minimizes the development
of tire intracarcass pressure (ICP) values, while maximizing durability (hours
to failure) on a laboratory roadwheel.
See Liner, page 21

Fig. 12. Plot of ICP as a function of cured liner gauge (mm) for the 100-phr bromobutyl rubber innerliner compound.

Tire performance
The tires prepared using a 100-phr
bromobutyl rubber innerliner compound
and the three varying liner gauges were
tested further. As the cured innerliner
gauge was increased from 0.64 mm to
1.0 mm, changes to the tire included:
● Weight increased linearly (R2=0.93)
by 4 percent from 7.58 kg to 7.89 kg;

Fig. 10. Statistical analysis of the IPLR @60°C response (percent loss/month) to
varying cured liner gauge (mm) and BIIR level (phr).

Fig. 13. Plot of roadwheel durability of new tires as a function of cured liner gauge
(mm) for the 100-phr bromobutyl rubber innerliner compound.

Fig. 11. Plot of IPLR as a function of cured liner gauge (mm) for the 100-phr bromobutyl rubber innerliner compound.
Fig. 14. Plot of roadwheel durability of oven-aged tires as a function of cured liner
gauge (mm) for the 100-phr bromobutyl rubber innerliner compound.
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Continued from page 1
● More recently, Swiger said the company will move to new headquarters at
the Helix Center in St. Louis from its
present facility in Carlsbad in June.
● Beachy will set up an analytical laboratory with a small staff of scientists
and technicians at the St. Louis site.
The company plans to hire 35 to 45 engineers, scientists, office and field management personnel, and others within
the next two years, Swiger said.
● The firm is in the midst of raising
about $5 million from individual investors “and will be fully subscribed by
May,” he said. It plans another fundraising drive in the future.
“Kultevat is working with other potential partners in all aspects of our business,” Swiger said. “We are under strict
confidentiality agreements and are not at
liberty to discuss them at this time.”

Feasible business
Swiger, president and CEO of the
firm, began setting up Carlsbad-based
Kultevat in 2008. It became a California
corporation in 2010.
It is not a project, he stressed. “We are
not academia consulting with all the
names in the tire industry or a research
center.
“We are a business” in the rubber industry. “We are not here to explore and
validate TKS. We are beyond that point.
It is an economically feasible business
with a tremendous value proposition.”
Swiger said Kultevat has a management team in place that includes Beachy
and Tony Nocera, a former vice president
of manufacturing for Yulex Corp., who
holds the same position at Kultevat. The
company has raised some funds and has
three patents with more to come.
In addition, he said, the firm has
“seed production, rubber production,
field trials, collaborations, strategic
partners, and now we are ready for scale
up and customers.”
Under its pact with KeyGene, the two
firms will invest in the development and
commercial introduction of new dandelion varieties enriched for latex in their

Rubber & Plastics News
roots that are suitable
Wolf Prize in Agriculfor large scale producture, Beachy also served
tion of natural rubber.
as chief scientist at the
Wageningen, NetherU.S. Department of
lands-based KeyGene
Agriculture from Januwill be responsible for
ary through October in
developing new vari2010.
eties of dandelions by
He is a member of the
using state-of-the-art
U.S. National Academy
molecular breeding techof Sciences and a fellow
niques, while Kultevat Russian dandelions grow in field. of the American Associawill focus on approprition for the Advancement of Science, the
ate production practices and large scale
American Academy of Microbiology and
latex extraction and rubber production
the Academy of Science of St. Louis. In
in North America.
1986, he and colleagues developed the
KeyGene will use newly developed vafirst genetically modified food crop, a
rieties and its rubber production techtomato modified for resistance to disnologies for production of rubber in othease.
er locations across the globe.
Beachy is planning to hire a small
“Kultevat will apply its knowledge of
team of scientists and technicians inicommercializing alternative rubber crops,
tially to launch Kultevat’s research and
biotechnology, rapid variety improvement
development activities at the company’s
process economics and feedstock to maxinew headquarters, which will be located
mally valorizing co-products,” according
in the Helix Center Incubator, an operato Swiger, founder and former chief opertion that has close ties with the Danating officer of Yulex, a Phoenix-based
forth center.
company involved with the production of
latex from the desert plant guayule. He
left Yulex in 2005.
“We have been working (on the) Russian dandelion since 2008,” he said. “With
our extensive network in agriculture,
Continued from page 1
greenhouse, seed propagation and comFletcher offers a wide variety of servmercial rubber sales, KeyGene is an ideal
ices, including resurfacing rubber covglobal partner for Kultevat because they
ered rollers, repairing journals and cusare the leaders in plant breeding, retom fabrication of new wheels and
search, partnerships and molecular gerollers, Gantt said. “We can manufacnetics. This will improve on our ability to
ture rollers up to 26.5 inches in diamerapidly scale and commercialize.”
ter and up to 205 inches long, and we
make spiral groove rollers with grooves
Strong credentials
from 1/8- to 3/8-inch spiral.
Adding Beachy, who has a doctorate
“We also do crowns or tapers, and we
in plant pathology from Michigan State
custom-make molds for urethane prodUniversity, as Kultevat’s chief scientific
ucts.”
officer is another major plus for the
The firm custom manufactures nufirm, Swiger said. Initially, he joined the
merous machines and parts for a variety
company as a member of its scientific
of industries, including printing, woodadvisory board.
working, food processing and offHe is the former president of the Donroad/construction at its factory in Lexald Danforth Plant Science Center in St.
ington, where it has a crew of about 52.
Louis, and in 2009 he was appointed by
The company makes a line of rubber
President Obama as the first director of
and urethane products that includes
the National Institute of Food and Agrifeed chain pads, feed wheels for moldculture, a position he held until 2011
ers, hold down wheels, rollers and pulwhen he stepped down to continue plant
leys, Gantt said. It uses a variety of elasresearch in St. Louis.
tomers in its products, including
A 2001 recipient of the prestigious
neoprene, nitrile, synthetic butadiene
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A non-profit research institute, the
Danforth center is engaged in research
that strives to enhance the nutritional
content of plants, increase agricultural
production to create a sustainable food
supply, cut the use of pesticides and fertilizer, develop new and sustainable biofuels and generate scientific ideas and
technologies.
The center will help Kultevat reach its
cost goals and rapidly help build its agriculture program to meet the needs of
manufacturers in the tire, consumer and
health care sectors, according to Swiger.
He said the Russian dandelion, which
was cultivated in 42 states in the U.S.
and in the Soviet Union during World
War II as an emergency rubber source,
“can be grown faster, over a broader
range, and be improved more quickly
than any other tuber-bearing crop. Moreover, it can be processed more efficiently,
with less capital and with higher-value
co-producers than any other crop.”
The dandelion projects were discontinued after the war.
rubber, silicone and polyurethane.
“Although we are best known for our
machinery business, our machine shop
capabilities have allowed us to expand
our market reach” with the production
of components, Joel said.
Until a few years ago “we focused primarily on our machines and parts for
different industries at our plant,” according to Gantt. “Then our component
lines—including wheels, rollers and pulleys—took off in the open market, and
that end of the business grew.”
Butler Rubber, which makes products
such as gaskets, fits well with Fletcher,
he said, because its high temperature
silicone rubber is a product that’s ideal
for the firm’s line of offerings.
He said that Butler Rubber’s products, including its Blue blend, along
with wheels, rollers, pads and other
goods from Fletcher will be offered to
the combined customer base.
The merged operation’s customers
and the entire industry also will be better served by the merged operation, according to Joel. He said that delivery
will be faster and capacity will be increased.
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Fig. 15. Plot of rolling resistance coefficient as a function of cured liner gauge (mm)
for the 100-phr bromobutyl rubber innerliner compound.

Continued from page 18
Statistically significant correlations
(R2 > ~0.95) are obtained for new S-rated radial passenger tires.
The performance of experimental tires
prepared using a 100-phr bromobutyl
rubber innerliner compound and three
different cured innerliner gauges (0.64
mm, 0.75 mm, and 1.0 mm) shows that
as the cured liner gauge increases tire
weight is increased by 4 percent; however, IPLR at room temperature is decreased by 37 percent, IPLR at 60°C is
decreased by 18 percent, and ICP is decreased by 16 percent, while maximizing
the durability of new and oven-aged
tires as measured by time to failure on a
laboratory roadwheel. Rolling resistance
coefficient of tires is essentially unaffected, showing only a 1 percent change.
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This is the second of three papers that
discusses tire inflation issues. RPN
Technical Notebook Editor Harold Herzlich will conclude the series with a piece
in the May 6 issue.

