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The miniaturization of elec-
tronics over the decades has un-
questionably been good for soci-
ety. From the smartphones in 
our pockets that outpower the 
computers that once filled entire 
rooms, to pill-sized cameras and 
medical implants the size of a 
grain of rice that can improve 
our health outcomes, the idea 
has remained the same: the 
smaller, the better.

Electronics miniaturization on 
industrial control products also 
has been beneficial for tire and 
rubber producers. Miniaturization 
has allowed them to create more 
connected, data-driven and high-
er-performing operations with a 
minimal footprint on the plant 
floor. This evolution in industrial 
electronics also has created unex-
pected challenges. 

As the industrial control prod-
ucts used in tire and rubber 
plants have gotten smaller and 
become more densely packaged, 
they also have become more prone 
to corrosion-related failures. In 
some cases, products have had is-
sues after just months of use. 

The corrosion problem has 
shown no bias. Corrosion issues 
have not been limited to automa-
tion products or any one vendor. 
Corrosion also has been found in 
every part of the tire plant and in 
plants around the world, causing 
unplanned downtime and im-
pacting key production perfor-
mance indicators like overall 
equipment effectiveness. 

Automation vendors and their 
suppliers have created industrial 
control products that can survive 
in corrosive environments. But 
the products have proven to be 
inconsistent and unreliable when 
mitigating corrosion problems in 
tire and rubber plants. 

The reason? A lack of under-
standing of the unique nature of 

corrosion in tire and rubber pro-
duction environments.

To help create a more consis-
tent approach to mitigating cor-
rosion problems, Rockwell Auto-
mation invested in personnel, 
equipment and research for 
years with the goal to develop a 
comprehensive understanding of 
corrosion-related failures in tire 
plants and the unique factors in 
the tire-making process that 
contribute to them. 

This research has generated a 
better understanding of corrosion 
in tire and rubber production en-
vironments, and has resulted in 
the development of a new test 
protocol that is more representa-
tive of tire production environ-
ments than industry-standard 
accelerated corrosion tests. This 
new test protocol enables Rock-
well Automation to better evalu-
ate the effectiveness of its indus-
trial control products against 
corrosion that is unique to tire 
and rubber manufacturing.

Getting to the core of the 
corrosion problem

Atmospheric reactive com-
pounds generated in the tire-mak-
ing process combine with tempera-
ture and humidity to cause 
corrosion on the electronic compo-
nents of industrial control prod-
ucts. These reactive compounds 
always have been present in tire 
plants; however, they are having a 
greater impact in today’s tire 
plants for two key reasons.

First, as industrial control prod-
ucts have gotten smaller, the 
spacing between the electronic 
components on circuit boards has 
become tighter. The components 
themselves also have gotten 
smaller. This has made it easier 
for corrosion to short-circuit com-
ponents by either spreading across 
traces and pins on the circuit 
boards, or by degrading critical 
metallic portions of components.  

Second, the power density of 
modern industrial control prod-
ucts requires a higher rate of air 
flow than older products. This re-
sults in a greater exposure of 
their sensitive electronics to the 
corrosive atmospheric reactive 
compounds found in tire plants. 
An example can be seen in Fig. 1.

To evaluate the effectiveness 
of their products against corro-
sion, automation suppliers com-
monly use mixed-f lowing-gas 
(MFG) tests to perform acceler-
ated corrosion testing based on 
industry standards like ASTM 
B845, IEC 60068-2-60 and 
ANSI/EIA-364-65B. 

However, these industry-stan-
dard tests are derived from reac-
tive compounds found across 
many industries and don’t accel-
erate certain corrosion mecha-
nisms found in specific applica-
tion environments, like tire 
plants. Also, in many accelerated 
tests, coupon corrosion rates may 
not reflect the corrosion rates of 
other mechanisms that can occur 
on the components and surfaces 

of printed circuit board assem-
blies (Fig. 2).

The flaws of applying indus-
try-standard MFG tests to indus-
trial control products used in tire 
plants were proven out when we 
reviewed corrosion coupons from 
tire-producing environments. The 
coupons showed corrosion rates 
that were significantly inconsis-
tent with standard MFG testing.  

Working within the parameters 
of a standard MFG test environ-
ment, we defined a design of ex-
periment (DOE) to attempt to de-
termine relationships between 
gas concentrations, humidity, 
temperature and chamber volume 
exchange rates, and how they af-
fect corrosion (Fig. 3).  After 
hundreds of experiments, no 
combination of parameters was 
found that yielded the specific 
corrosion mechanisms generated 
in the tire plant studies. It was 
clear that the environment chem-
istry had to be modified to gener-
ate the intended corrosion rates. 

Put simply, we needed to devel-
op a new type of test.

Understanding corrosion 
in tire production

We worked with global tire 
makers, including three of the 10 
largest tire companies in the 
world, to investigate the severity 
and widespread nature of corro-
sion in their plants. This re-
search included:
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Given the wide variety of industrial environments that control electronics are exposed to, preven-
tion of all environmental degradation mechanisms during use can be a challenge. Mixed Flowing Gas 
(MFG) environments have been used for years to understand how a specific electronic component or 
assembly may perform in harsh industrial environments. The problem is that standardized MFG 
tests do not accelerate certain corrosion mechanisms found in specific application environments, es-
pecially some diffusion rate-controlled mechanisms. 

To help create a more consistent approach to mitigate corrosion problems, Rockwell Automation 
invested in personnel, equipment and research for years with the goal to develop a comprehensive 
understanding of corrosion-related failures in tire plants and the unique factors in the tire-making 
process that contribute to them. This research, with three of the 10 largest tire companies in the 
world, consisted of: 

• Corrosion coupons placed throughout dozens of tire plants to characterize the corrosion product; 
• Air sample techniques used to determine the atmospheric reactive compounds present in tire 

plants; and 
• Air filters collected from tire plants to identify particular contamination that might contribute to 

corrosion.
This paper provides a closer look at the complexities of corrosion and conformal coating in the tire 

industry and the first-of-its-kind accelerated test protocol developed to address the challenge. 

The authors

Executive summary 

Fig. 3: Corrosion rates produced by the DOE.
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Fig. 2: Existing standards are inconsistent and are not good standards for 
tire production environments.

Fig. 1: Corrosion of a terminated 
surface mount LED exposed in a 
sulfur bearing application envi-
ronment.
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See Corrosion, page 16

P015_P017_RPN_20210614.indd   15P015_P017_RPN_20210614.indd   15 6/9/21   5:55 PM6/9/21   5:55 PM



www.rubbernews.com16  Rubber & Plastics News  •  June 14, 2021 www.rubbernews.com

corrosion coupons throughout doz-
ens of tire plants to characterize 
the corrosion product and classify 
the severity of corrosion based on 
ANSI/ISA-71.04-2013. 

Although we used film growth 
rate on coupons to classify the 
potential corrosiveness of appli-
cation environments, we also had 
to incorporate other analytical 
techniques to gain a more thor-
ough understanding of local en-
vironments. This helped us iden-
tify other compounds that either 
aided or inhibited the corrosion 
process. For example, some com-
pounds were found to promote 
depassivation on metallic surfac-
es, while others acted as an inhib-
itor. There were other compounds 
that contributed ionic constitu-
ents that aided ionic conductivity.

Air samples: We used multiple 
air sampling techniques to deter-
mine the atmospheric reactive 
compounds present in tire plants. 
Initially, we used the National 
Institute for Occupational Safety 
and Health (NIOSH) air sam-
pling methods to investigate the 
presence of standard MFG gases. 

Corrosive contaminant levels 
that are significantly lower than 
employee exposure limits, as de-

fined by organizations like the 
Occupational Safety and Health 
Administration, can cause corro-
sion issues on electronic compo-
nents. Because of this, we knew 
our testing had to be more thor-
ough than typical EHS testing 
used for employee safety. Thus, 
we significantly extended the 
collection time to detect reactive 
compounds at parts-per-billion 
(PPB) levels compared to parts-
per-million (PPM) levels defined 
by employee exposure limits. 

The testing found only appre-
ciable levels of one of the stan-
dard MFG gases that we were 
investigating. That meant other 
sources of sulfur were responsi-
ble for the sulfur component in 
the identified corrosion products. 

To find the source, we devel-
oped novel techniques for air 
sampling to collect as many 
compounds as possible. This ad-
ditional air sampling used gas 
chromatography with mass 
spectroscopy detection (GCMS) 
methods to capture and identify 
a range of unique chemical con-
taminants, including sulfur-con-
taining organic compounds.

Air filters: In addition to air 
sampling, we collected cabinet air 
filters from tire plants to identify 
particulate contamination that 
might contribute to the corrosion. 
We analyzed debris on the filter 
samples using a variety of meth-

ods that allowed us to fully char-
acterize the particulate. 

Through this analysis, we dis-
covered ionically conductive com-
pounds that are known to acceler-
ate corrosion mechanisms and 
contribute to electrical issues on 
unprotected circuit boards.

Determining the drivers  
of corrosion

After identifying the reactive 
compounds discovered at tire-pro-
ducing sites around the world, we 
needed to determine whether or 
not they likely caused the corrosion. 

Although extensive literature 
reviews helped with this process, 
we discovered that the corrosive 
properties of many of the contami-
nants were not documented or well 
understood. Because of this, we 
performed coupon testing to identi-
fy the contaminant components 
that played a role in the corrosion 
observed in the tire plants. 

Initial testing was conducted 
in small vials, with coupons sus-
pended over the chemicals that 
were being tested. Each com-
pound was tested by itself and 
then in combination with other 
compounds at varying tempera-
tures and humidity levels. This 
testing revealed several combi-
nations of contaminants that 
replicated the corrosion found on 
coupons from the tire plants we 
studied (Figs. 4 and 5).

These combinations were then 
tested on a larger scale to see if 
the results would hold up with 
increased volume and air flow. In 
this testing, the compounds were 
added to a sealed glass desicca-
tor, and the coupons were sus-
pended inside with varying tem-
perature and humidity levels. 

The series of tests identified 
the combination of compounds 
that needed to be used in a new 
test protocol. More than that, the 
tests provided insights into the 
limits of concentrations that 
electronic assemblies could toler-
ate (Fig. 6).

Developing a new test  
environment

The first step in modifying the 
MFG tests was to use the com-
pounds identified in the problem-
atic plant environments. 

We evaluated the compounds 

to confirm they would not cause 
damage to an MFG exposure test 
chamber. After many iterations, 
we designed an effective and ro-
bust delivery system. By adjust-
ing certain test parameters, we 
were able to accelerate different 

corrosion rates and affect corro-
sion composition on different 
metals (Figs. 7 and 8).

The major advancement in the 
test environment development 
was the development of a new 

Fig. 9: The two MFG-style chambers used for the investigation at Rock-
well Automation.

Fig. 8: Corrosion rates produced by iterations of the development of the 
enhanced MFG environment. Over 200 individual chamber tests were run 
over several years.

Fig. 7: Image of coupon testing during environment development in the 
MFG chamber. Markings on the tie wrap indicate pretreatment.

Fig. 6: Developing the new test protocol required testing and reiterating 
to achieve the right level of acceleration.

Fig. 5: Results of initial testing with metal coupons exposed to various compounds at varying temperature and 
humidity. Due to the number of combinations (compounds, temperatures and humidity), a subset of the testing 
is shown here.
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MFG exposure chamber. 
This new chamber incorporated 

an extended temperature range 
significantly above and below am-
bient temperatures. The reaction 
area of the chamber was designed 
to not degrade with high contami-
nant concentration, while allowing 
for control of up to 10 gas deliveries 
into the chamber. The reaction 
chamber also was significantly 
larger than the initial chamber 
used for testing, allowing us to 
test larger Rockwell Automation 
products (Fig. 9).

In the process of designing this 
new test protocol, we were chal-
lenged with finding a balance be-
tween producing the required re-
sults and being able to conduct 
tests within a reasonable time pe-
riod. In the end, we duplicated the 
required corrosion mechanisms 
and created a viable accelerated 
test protocol for industrial control 
products used in tire plants.

What’s next?
Tire and rubber producers can 

take steps today to reduce corro-
sion-related failures and improve 
uptime in their plants.  

First, they can select a control 
architecture of corrosion-resistant 
products that leverage conformal 
coating and other design features. 
They also can specify that control 
panel and installation incorporate 
a non-ventilated IP54 design. This 
can help reduce the exposure of 
sensitive components to corrosive 
reactive compounds.

With the creation of this new 
test environment and one-of-a-
kind test chamber, we can better 
evaluate the effectiveness of in-
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Fig. 4: Testing to determine which contaminants were the main drivers of 
corrosion mechanisms.

See Corrosion, page 17

WUXI, China—Jiangsu General 
Science Technology Co. Ltd. has 
revived plans to build a tire plant 
in Cambodia, three years after 
suspending a project there in fa-
vor of investing in Thailand. 

The Wuxi-based tire maker—
represented in North America by 
Statewide Tires Inc. of West Covi-
na, Calif.—has budgeted $202 
million for the project, which will 
be located in the Sihanoukville 
Special Economic Zone (SSEZ), in 
southwest Cambodia.

By Jane Ho
European Rubber Journal

China’s JGST to build car tire plant in Cambodia

RAYONG, Thailand—China’s Zhongce 
Rubber Group (ZC Rubber) has broken 
ground on an additional expansion of ca-
pacity at its manufacturing complex in 
Rayong as part of an ongoing investment 
program at the site.

The new project will complete the third 
phase of the firm’s expansion project at 
the Thai site, which started in December 
2019, as well as the manufacturer’s $800 
million overall investment in Thailand, 
ZC Rubber said. 

The expansion—comprising a separate 
factory structure spanning more than 
609,000 square feet of floor area—will 
complete the tire makers’ Phase III initia-

ZC Rubber again boosting Thai tire plant’s capacity
By Jane Ho

European Rubber Journal
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corrosion rates and affect corro-
sion composition on different 
metals (Figs. 7 and 8).

The major advancement in the 
test environment development 
was the development of a new 

Fig. 9: The two MFG-style chambers used for the investigation at Rock-
well Automation.

Fig. 8: Corrosion rates produced by iterations of the development of the 
enhanced MFG environment. Over 200 individual chamber tests were run 
over several years.

Fig. 7: Image of coupon testing during environment development in the 
MFG chamber. Markings on the tie wrap indicate pretreatment.

Fig. 6: Developing the new test protocol required testing and reiterating 
to achieve the right level of acceleration.
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MFG exposure chamber. 
This new chamber incorporated 

an extended temperature range 
significantly above and below am-
bient temperatures. The reaction 
area of the chamber was designed 
to not degrade with high contami-
nant concentration, while allowing 
for control of up to 10 gas deliveries 
into the chamber. The reaction 
chamber also was significantly 
larger than the initial chamber 
used for testing, allowing us to 
test larger Rockwell Automation 
products (Fig. 9).

In the process of designing this 
new test protocol, we were chal-
lenged with finding a balance be-
tween producing the required re-
sults and being able to conduct 
tests within a reasonable time pe-
riod. In the end, we duplicated the 
required corrosion mechanisms 
and created a viable accelerated 
test protocol for industrial control 
products used in tire plants.

What’s next?
Tire and rubber producers can 

take steps today to reduce corro-
sion-related failures and improve 
uptime in their plants.  

First, they can select a control 
architecture of corrosion-resistant 
products that leverage conformal 
coating and other design features. 
They also can specify that control 
panel and installation incorporate 
a non-ventilated IP54 design. This 
can help reduce the exposure of 
sensitive components to corrosive 
reactive compounds.

With the creation of this new 
test environment and one-of-a-
kind test chamber, we can better 
evaluate the effectiveness of in-

Corrosion
Continued from page 16

dustrial control products against 
corrosion using a first-of-its-kind 
test protocol for tire plant appli-
cations. Through a combination 
of this new test protocol with one 
of the most severe industry-stan-

dard tests, ASTM B845 Method 
K, we can gain an unprecedented 
understanding of the impact that 
corrosion has on industrial con-
trol systems in tire plants. This 
capability and understanding al-

lows companies to identify risks 
where design changes or corro-
sion mitigation strategies are 
needed in our products, and veri-
fy that our products meet the ex-
pectations of our customers. 

Ultimately, this will help make 
sure that tire producers have the 
hardened products they need to 
improve the reliability of their 
production systems and maxi-
mize uptime. 

See Corrosion, page 17
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WUXI, China—Jiangsu General 
Science Technology Co. Ltd. has 
revived plans to build a tire plant 
in Cambodia, three years after 
suspending a project there in fa-
vor of investing in Thailand. 

The Wuxi-based tire maker—
represented in North America by 
Statewide Tires Inc. of West Covi-
na, Calif.—has budgeted $202 
million for the project, which will 
be located in the Sihanoukville 
Special Economic Zone (SSEZ), in 
southwest Cambodia.

The plant, which is expected to 
be operational by September 
2022, will be rated at 6 million 
passenger tires a year, JGST 
said June 3. A new company, 
General Rubber (Cambodia) Co. 
Ltd., is being set up to oversee 
the project. 

The SSEZ is a jointly developed 
and constructed project involv-
ing private companies from both 
Cambodia and China, “commit-
ted to building a multinational 
investment platform for compa-
nies around the world.” It is lo-
cated just a few miles from the 

Sihanoukville International Air-
port east of Cambodia’s capital of 
Sihanouk.

Once fully operational, the 
plant is expected to create nearly 
800 jobs and generate more than 
$210 million in annual sales, 
JGST said. 

The decision to build a plant in 
Cambodia follows moves by the 
government there to support the 
growth of the natural rubber in-
dustry in the country, the compa-
ny noted. It also said the country 
is  setting up a rubber industry 
association to ensure stable pro-

duction and exports.
The new factory is the latest in 

a series of intentional expansion 
moves by JGST, considered the 
world’s No. 47 tire maker, with 
fiscal 2019 sales of $509 million. 
Domestically, it goes to market 
under the Chituma and Qianli-
ma brands. In North America it 
uses the TBB brand name. 

Last year, the company opened 
its first overseas tire plant, in 
Thailand, which is expected to 
produce 1 million truck and bus 
tires and 6 million passenger car 
tires by the fourth quarter of 2021.

Originally, JGST  said in early 
2018 that it planned to build the 
plant in Cambodia, but changed 
those plans to Thailand later in 
the year. 

JGST is the second Chinese 
tire maker to disclose plans for a 
factory in Cambodia. Earlier this 
year, Sailun Tire Group disclosed 
plans for a passenger/light truck 
tire plant, rated at 5 million 
units a year and valued at $181 
million. 

Bruce Davis, Tire Business 
staff, contributed to this report.

By Jane Ho
European Rubber Journal

China’s JGST to build car tire plant in Cambodia

RAYONG, Thailand—China’s Zhongce 
Rubber Group (ZC Rubber) has broken 
ground on an additional expansion of ca-
pacity at its manufacturing complex in 
Rayong as part of an ongoing investment 
program at the site.

The new project will complete the third 
phase of the firm’s expansion project at 
the Thai site, which started in December 
2019, as well as the manufacturer’s $800 
million overall investment in Thailand, 
ZC Rubber said. 

The expansion—comprising a separate 
factory structure spanning more than 
609,000 square feet of floor area—will 
complete the tire makers’ Phase III initia-

tive to add annual capacity of 5 million 
passenger car tires and 1.2 million truck/
bus tires, ZC Rubber said. 

The company hopes to finish the con-
struction of the plant in 100 days, accord-
ing to Zhongce Rubber (Thailand)’s gener-
al manager Chen Hua.

At the same time, ZC Rubber said it 
held a groundbreaking ceremony on Feb. 
12 on a Phase III expansion of its car, 
truck and industrial tire plant in Rayong, 
Thailand. The company did not disclose 
specifics of the expansion, other than to 
say the groundbreaking took place at the 
plant’s “all-steel tire workshop.”

The project will expand the company’s 
total annual tire capacity in Thailand to 
20 million radial passenger car, radial 

truck/bus and bias industrial, motorcycle 
and “engineering” truck tires. 

Production at the Rayong site began in 
June 2015 and capacity for bias motorcycle 
and industrial tires was added in 2017. 
The site produced its first all-terrain vehi-
cle tire in October 2020.

ZC Rubber is represented in the U.S. by 
ZC Rubber Americas Inc. in Norwalk, 
Calif. That company, which concentrates 
on the firm’s Arisun premium truck radial 
brand, has assigned rights to West-
lake-brand car and light truck tires to Ti-
reco Inc. and Westlake-brand truck tires 
to Tyres International Inc. 

ZC Rubber Chairman Shen Jinrong told 
a Chinese dealers conference earlier that 
year that the company is evaluating its 

option for a second overseas plant, and 
that North America is among the areas 
under consideration for that expansion. 

ZC Rubber again boosting Thai tire plant’s capacity
By Jane Ho

European Rubber Journal

ZC Rubber has broken ground on a Phase III 
expansion at its tire plant in Rayong, Thailand.
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