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Abstract

HNBR is produced by the hydrogenation of nitrile rubber (NBR) using either a homogeneous or
heterogeneous technique. NBR is a copolymer of butadiene and acrylonitrile monomers. The
hydrogenation process involves adding hydrogen to the nitrile butadiene copolymer, which results in
improved resistance to heat, oxidation, and chemicals compared to NBR. This process alters the
molecular structure of the rubber, providing it with superior properties compared to its unmodified
counterpart, NBR. Due to hydrogenation, the number of double bonds in NBR is reduced, and the
polymer backbone becomes more stable, exhibiting enhanced performance properties in HNBR. HNBR
possesses good resistance to heat and oil products. Because of these superior properties,
Hydrogenated Nitrile Butadiene Rubber (HNBR) has found extensive applications across various
industries such as automotive (engine seals, hoses), oil & gas (seals), aerospace (seals), medical
(medical devices), and food processing (seals). Its exceptional properties include high thermal
stability, chemical resistance, and mechanical strength. This article presents a comprehensive
overview of HNBR, discussing its synthesis, properties, applications, and future prospects. It also
explores the unique and superior characteristics that distinguish HNBR from other rubbers, making it
more versatile and suitable for high-end engineering applications. The chemistry of manufacturing,
along with a brief description of HNBR production via emulsion NBR and solution NBR techniques,
is also presented. Due to its unique and superior properties, HNBR is projected to witness massive
growth in the future, with increased usage in various high-performance applications, including the
automotive, oil & gas, and industrial sectors.
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INTRODUCTION
Synthetic rubbers are integral materials in the production of industrial products that require
flexibility, resilience, and durability under extreme conditions. Among the several types of synthetic
rubbers available today, Hydrogenated Nitrile
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engineered to perform reliably under extreme conditions such as high temperatures, exposure to harsh
reactive chemicals, and demanding mechanical stresses.

This article aims to explore the chemistry, manufacturing processes, and diverse applications of
HNBR, along with the factors contributing to its growing prominence.

CHEMISTRY AND SYNTHESIS OF HNBR
Nitrile Butadiene Rubber

Before diving into HNBR chemistry, it is essential to understand chemistry of the base material,
NBR, from which HNBR is derived. Using a well-known emulsion polymerization technique, butadiene
and acrylonitrile are typically polymerized to create nitrile butadiene rubber, a copolymer. NBR is the
only synthetic rubber which possess unique property, that is, oil resistance in addition to excellent
chemical and thermal resistance properties.

However, NBR possess very poor ozone resistance. The ratio of butadiene to acrylonitrile affects the
material’s properties. In fact, bound acrylonitrile content (BACN) alters the properties significantly.
Higher acrylonitrile content provides better oil and fuel resistance but can decrease the rubber’s
flexibility exhibits decent mechanical properties, low compression set, and resistance to oil, fuels, and
solvents, making it a popular choice in automotive and industrial applications. However, its
performance at higher temperatures and exposure to oxidation is limited, so overcoming these
performance limitations led to the development of HNBR.

Hydrogenation Process

The hydrogenation of NBR involves treating the copolymer with hydrogen in the presence of a
catalyst (usually a nickel or platinum catalyst). The butadiene units' double bonds are broken down into
single bonds by the hydrogen atoms.

This process saturates the polymer, which reduces its susceptibility to oxidation and enhances its
thermal stability (Figure 1). The extent (%) of hydrogenation of NBR can vary, resulting in different
grades of HNBR with different characteristics. The degree of hydrogenation influences the material’s
performance in different environments. Typically, a higher degree of hydrogenation improves the
polymer's resistance to heat, ozone, and chemical degradation (Figure 2).

H,C=—CH—CH=CH>»
1,3-butadiene
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Figure 1. Chemical reaction to produce nitrile butadiene rubber (NBR).
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Figure 2. Chemical reaction to produce hydrogenated nitrile butadiene rubber (HNBR) from NBR by
hydrogenation [1].
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Methods for Production of HNBR
There are three ways to prepare HNBR, and the specifics of each are listed below:

Ethylene Acrylonitrile Copolymerization Method [2]

This process copolymerizes acrylonitrile and ethylene to create HNBR. But each monomer's reaction
rate in the copolymerization reaction varies a lot (rAN = 0.04, rE = 0.8), making it very hard to control.
The polymer's performance is also poor; thus the approach is still in the development stage as a tiny
pilot research.

NBR Emulsion Hydrogenation /3]

Diimide, an efficient hydrogenation agent, is produced by the thermal breakdown of p-methyl
sulfonyl hydrazide in the emulsion hydrogenation process of NBR. Wideman first described this process
for creating an HNBR emulsion with diimide in 1984 [2, 3]. They discovered that NBR latex could
produce HNBR directly when exposed to oxidants like hydrazine hydrate, oxygen, or hydrogen
peroxide, as well as metal ion initiators like copper and iron. Additionally, the emulsion hydrogenation
process for producing HNBR latex was reported by Parker and colleagues at Good Year Rubber & Tire
Company in the United States. However, this approach is still in the development stage because of the
sluggish hydrogenation reaction and high cost of the hydrogenated masterbatch (p-toluene sulfonyl
hydrazide).

NBR Solution Hydrogenation [4]

NBR solution comprising hydrogen gas and the precious metals palladium, calcium, and rhodium
as catalysts is used to hydrogenate NBR. The oil resistance of NBR is determined by the amount of
bound acrylonitrile in its molecular chain. The side chain eyeball group -C=N of the acrylonitrile unit
is not hydrogenated during the hydrogenation of NBR; only the diene unit's double bond is selectively
hydrogenated and transformed into saturated bonds. The two primary catalyst types used in this
hydrogenation process are homogeneous coordination catalysts and non-homogeneous carrier
catalysts. The Pd/C catalyst with carbon carrier is the first non-homogeneous carrier catalyst. It has a
high selectivity and a hydrogenation rate of up to 95.6%. However, during the hydrogenation reaction,
diene rubber's affinity for carbon black may be readily adsorbed on the carbon black's surface, and the
carbon black can readily coagulate into lumps when stirred. This will negatively impact the
vulcanization properties of HNBR. Pd/SiO, catalysts that use SiO; as the carrier have since been made
available for purchase.

CATALYTIC HYDROGENATION OF NBR: CHEMICAL AND THERMAL RESISTANCE
IMPROVEMENT

Acrylonitrile-butadiene rubber, a copolymer of acrylonitrile (ACN) and 1,3-butadiene in various
ratios, is used to make hydrogenated NBR elastomer on a commercial basis. The double bonds of the
butadiene monomer remain in the NBR main chain even after polymerization, and due to double bond,
this polymer chain is susceptible to chemical attack, thermal degradation and oxidation. By using
catalytic hydrogenation to change double bonds into stable single bonds and NBR into HNBR, this
drawback can be removed.

HYDROGENATION OF NBR

The catalyst used in the quantitative hydrogenation of NBR must be highly active and selective in
order to hydrogenate just the olefinic double bonds and not the nitrile groups. The optimum catalysts
for the NBR hydrogenation process are heterogeneous palladium or homogeneous rhodium (1) catalysts.

Heterogeneously Catalyzed Hydrogenation of NBR [5]

On industrial scale, the heterogeneous hydrogenation of NBR is carried out using palladium (Pd) as
the active metal as catalyst. Palladium ranging from 0.01 to 1.0 weight percent is used to achieve
complete hydrogenation. In order to accomplish full hydrogenation with a lesser quantity of palladium,
Group 1 to 6 metals, such as calcium, titanium, zirconium, or vanadium, are also utilized as promotors
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with Pd. In polymer solutions containing 10 weight percent NBR rubber, the reaction between NBR
and HNBR typically occurs at 50°C and 50 bar of hydrogen pressure. After the reaction is finished, the
catalyst is removed by centrifugation or filtration. After removing the catalyst and assessing its activity,
it can be utilized again [6].

Homogeneously Catalyzed Hydrogenation [7]

Only Wilkinson's catalyst (chloridoids(triphenylphosphine)-rhodium(l)) and
hydridotetrakis(triphenylphosphine)rhodium(l){HRh[P(Ce¢Hs)3]s} are wused for homogeneously
catalyzed NBR hydrogenation. Without reducing the nitrile groups, both catalysts are successful in
guantitatively hydrogenating the C=C double bonds.

The temperature range for this reaction is 100°C to 150°C, while the pressure range is 30 to 85 bars.
Complete hydrogenation was found to take over 10 hours at reduced pressure. As the pressure increases,
the reaction time decreases by a few hours. Homogeneous catalysts are inert after recovery and cannot
be utilized again without undergoing chemical regeneration treatment (Figures 3 and 4).

Heterogeneous Hydrogenation of NBR [8]
Reaction of Hydrogenation of NBR for HNBR Production

It is produced through a two-step process: emulsion polymerization followed by selective

hydrogenation.

1. Emulsion Polymerization of NBR: The process begins with the emulsion polymerization of
acrylonitrile (ACN) and butadiene to form nitrile butadiene rubber (NBR). This occurs in an
aqueous medium with the help of surfactants and initiators (typically peroxides or redox
systems). The acrylonitrile content can be varied depending on the desired properties like oil
resistance and flexibility.

2. Hydrogenation: The unsaturated double bonds in the butadiene segments of NBR are then
selectively hydrogenated using a catalytic hydrogenation process (usually with homogeneous
catalysts like Wilkinson’s catalyst or heterogeneous ones like palladium on carbon). This step
saturates the double bonds, significantly improving the rubber’s resistance to thermal and
oxidative degradation.
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Figure 3. Industrial process for production of hydrogenated nitrile butadiene rubber (HNBR) [9].
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Figure 4. Overview of hydrogenated nitrile butadiene rubber (HNBR) production plant [10].
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Figure 5. Chemical structure of hydrogenated nitrile butadiene rubber (HNBR).

Structure of HNBR

The molecular structure of HNBR consists of alternating butadiene and acrylonitrile units, with the
butadiene component is fully hydrogenated. The hydrogenation of NBR results in a modified polymer
with saturated carbon-carbon bonds, which is more stable and resistant to oxidative and thermal
degradation than the unmodified unsaturated NBR (Figure 5).

This modification makes HNBR a more versatile material, capable of withstanding harsher
environmental conditions and maintaining its mechanical properties even under such harsh conditions
during applications.

PROPERTIES OF HNBR

The properties of HNBR are largely determined by its molecular structure, which has been optimized
for high performance. These properties enable HNBR to outperform many other rubbers, especially in
extreme conditions.

Thermal Stability [11-13]

One of the key advantages of HNBR over NBR and other types of rubber is its exceptional thermal
stability. HNBR can withstand temperatures ranging from —40°C to 170°C (-40°F to 338°F), and in
some formulations, it can endure even higher temperatures without significant degradation. This makes
it ideal for use in automotive engines, oil refineries, and other applications where high temperatures
are prevalent.

Chemical Resistance [14]

Oils, fuels, acids, alkalis, and solvents are just a few of the many substances to which HNBR has
exceptional resistance. This resistance is particularly useful in industries such as oil and gas, where
materials must be exposed to harsh chemicals over extended periods. HNBR’s chemical resistance is
significantly better than that of NBR, which makes it a superior choice for sealing and gasketing
applications where exposure to aggressive chemicals is common.
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Mechanical Properties [15, 16]

HNBR possesses high tensile strength, excellent elongation at break, and superior resilience. These
mechanical properties make it suitable for demanding sealing applications, where the rubber must
maintain its integrity under pressure, while also providing flexibility and elasticity.

Aging and Ozone Resistance [17]

The hydrogenation process reduces the presence of double bonds in the polymer structure, which in
turn minimizes the susceptibility of the material to ozone and oxidative aging. As a result, HNBR has
improved resistance to degradation from environmental factors like sunlight, oxygen, and ozone. This
gives HNBR a much longer service life compared to non-hydrogenated rubbers.

Swelling and Compression Set Resistance [18]

HNBR shows excellent resistance to swelling in contact with oils and fuels. It also exhibits a low
compression set, meaning that it can maintain its original shape and performance even after being
subjected to long-term compression. These features make HNBR a reliable choice for sealing and gasket
applications where dimensional stability is critical.

APPLICATIONS OF HNBR [19]
Its qualities make it essential for a wide range of high-performance applications in many different
industries. Here are a few of the industries that use HNBR most frequently.

Automotive Industry [20]
In the automotive sector, HNBR is used in a variety of applications due to its high resistance to heat,
oil, and fuel. These include:
e O-rings and seals [21]: HNBR’s resistance to high temperatures and chemical exposure makes
it ideal for seals in engine compartments, including gaskets, O-rings, and fluid seals.
¢ Timing belts and hoses [22]: HNBR is often used in the manufacture of belts and hoses that need
to resist high temperatures and exposure to automotive fluids.
e Fuel systems: Its superior fuel resistance makes it a perfect material for sealing components in
fuel systems and ensuring the longevity and safety of automotive parts.

Oil and Gas Industry [23]

Materials that can tolerate high temperatures, high pressures, and exposure to harsh chemicals are
required by the oil and gas sector. HNBR’s chemical resistance and ability to function in harsh
environments make it the go-to material for the following applications:

e Seals and gaskets: HNBR is used extensively in seals for drilling, exploration, and production
equipment. It is the perfect option for subsea and offshore applications because to its resilience
to high temperatures and oil.

o Downhole tools [24]: HNBR is often used in downhole drilling tools, including packers and
sealing elements, which are exposed to oil, gas, and extreme temperatures.

Aerospace and Aviation [25]

In the aerospace industry, materials are required to perform reliably in extreme conditions, including
fluctuations in temperature, exposure to oils, and high-pressure environments. HNBR’s high thermal
stability and resistance to oils make it suitable for applications such as:

o Sealsfor hydraulic systems: HNBR is used in hydraulic systems of aircraft where it can withstand

high temperatures and pressures.

o O-rings and gaskets: Its reliability in sealing systems that operate under high mechanical stresses

makes HNBR a preferred choice.
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Industrial Applications [26]
HNBR’s mechanical strength, chemical resistance, and durability make it an excellent choice for
industrial seals, gaskets, and hoses used in a variety of manufacturing processes. This includes:
o Gasket material [27]: HNBR gaskets are used in applications where exposure to extreme
chemicals and temperatures occurs, such as in the chemical and power generation industries.
e Pumps and compressors [28]: HNBR’s ability to resist degradation in aggressive environments
makes it ideal for use in pumps, compressors, and other machinery that handle harsh fluids.

Medical and Food Processing [29]

HNBR’s resistance to oils and chemicals also extends to medical applications, where it is used in
seals, gaskets, and diaphragms. Its non-toxic properties and ability to withstand sterilization processes
make it a viable material for medical devices and food processing equipment.

FUTURE TRENDS AND INNOVATIONS
As industries evolve and demand for higher-performance materials increases, HNBR is likely to
remain a central material for high-stress applications. Some trends and innovations in HNBR include:

Enhanced Hydrogenation Techniques [30]

Ongoing research is focused on improving the hydrogenation process to achieve even higher degrees
of saturation. This could improve the rubber's tolerance to high temperatures and increase its use in
more specialized applications, among other benefits.

Sustainability and Recycling [30]

As industries look for more sustainable solutions, there is an increasing emphasis on recycling and
reusing materials. HNBR’s resistance to chemical degradation might offer new pathways for recycling
and reusing scrap material in applications where high-performance rubber is needed.

Smart HNBR

Emerging technologies such as the integration of smart sensors into elastomers could create “smart”
HNBR materials. These rubbers could have self-monitoring capabilities that can signal when they are
reaching the end of their service life, improving safety and reliability in high-risk applications.

CONCLUSION

HNBR represents a significant advancement in the field of synthetic elastomers, offering a unique
combination of properties that make it a critical material for numerous high-performance applications.
Its superior thermal stability, chemical resistance, and mechanical strength set it apart from other
rubbers, making it indispensable in industries such as automotive, oil and gas, aerospace, and
manufacturing. As technological advancements continue and new manufacturing techniques emerge,
the role of HNBR in critical applications is set to expand. Whether through further improvements in its
hydrogenation process, developments in sustainability, or the potential integration of smart technology,
HNBR’s future remains promising. In industries that require materials to withstand extreme conditions,
HNBR will likely continue to be the material of choice for decades to come.
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