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ABSTRACT: Polyethylene-based ionomers (PE ionomers) are polymers featuring poly-
ethylene as the main chain structure with a small fraction of ionic functional groups pendant to
the polyethylene backbone. Due to this combination of nonpolar covalent skeletons and polar
ionic groups, PE ionomers can exhibit various properties, depending on their specific
composition and structure, such as clarity, adhesivity, abrasiveness, enhanced mechanical
strength, shape memory, and healable capabilities. These extraordinary properties have led to
the broad applications of PE ionomers in the past decades for cosmetics packaging, coatings,
blends, ion-exchange membranes, high voltage insulation materials, and adhesives and even
hold great potential in the emerging fields of shape memory and healable smart materials. This
review provides an in-depth overview of the latest progress in the field of PE ionomers, with a
particular focus on diverse synthetic methods and structural models, as well as important
related applications. The structure−property relationship is also discussed interstitially,
providing ideas for the subsequent development of PE ionomers with novel structures and
fresh applications.
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1. INTRODUCTION
Ionomers typically refer to polymeric materials consisting of
hydrocarbon backbone chains and a small amount (<15 mol
%) of pendant ionic or ionizable groups or both. The
hydrocarbon chain within ionomers is often composed of
polyolefins, and the most studied pendant ionic or ionizable
groups are ammonium groups or acid groups (such as
carboxylic, sulfonic, or phosphoric acid groups), which can
exist in either their unneutralized form (with ionizable
property) or partially to fully neutralized form.1−3 As a special
class of high-value polymers, ionomer materials are emerging
as rising stars of supramolecular materials and have gained
increasing attention and expanding applications.4 Three types
of commercialized ionomers stand out as the most extensively
utilized worldwide: (1) Surlyn ionomer, a class of copolymers
of ethylene and (meth)acrylic acid (EAA or EMAA) partially
neutralized with metals ions (e.g., zinc, sodium, and lithium), is
renowned for optical transparency, toughness, excellent
puncture strength, and superior adhesive properties. These
distinguished attributes make it highly suitable for a wide range
of applications in food packaging, electronics, and medical
industries. (2) Nafion ionomer, a sort of branched fluorinated
polymer with sulfonic acid groups, enjoys widespread
applications in membrane technology to selectively transport
protons, notably within the domain of fuel cell technology.5

(3) Hypalon ionomer, a kind of thermoplastic elastomer

derived from chloro-sulfonated polyethylene rubber, exhibits
superb resistance to ultraviolet radiation and chemical agents.
These qualities render them versatile for various applications in
the construction industry, encompassing roofing materials and
consumer products, such as inflatable rafts.
Among the three most widely used commercial ionomers,

polyethylene-based ionomers (PE ionomers) with poly-
ethylene as the hydrocarbon backbones are the main category
of ionomers, containing the Surlyn and Hypalon ionomers.6

Owing to the mismatch between the nonpolar polyethylene
backbone and the polar pendant ionic groups in the PE
ionomers, the ionic groups (or those associated with metal
ions) tend to form ion-rich domains within the hydrophobic
polyethylene matrix, which exert a significant influence on the
mechanical properties and melt-flow characteristics of the
resultant materials. As a result, PE ionomers possess various
excellent properties, including superb abrasion resistance, high
clarity, scratch and scuff resistance, impact resistance, chemical
resistance, and adhesive performance. Moreover, the incorpo-
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ration of ionic cross-linking within PE ionomer facilitates the
dynamic rearrangement in response to damage and shape
change via ions migration and redistribution. This property
enables their utilization as healable and shape memory smart
material.7,8 More recently, a novel fluorescent eutectogel with
high transparency, adhesion, and healable performance is
fabricated via interfacial hydrogen bonding networks of EAA,
expanding the multifunctional applications of ionomers in
conformal information encryption and anticounterfeiting.9

Although the ionic groups endow PE ionomers with distinctive
properties and performance by comparing with the commonly
utilized polyethylene, the synthesis of PE ionomers is
significantly impeded by the limitations of high-pressure
radical polymerization owing to the presence of a polar
comonomer that inhibits the catalytic process. After more than
20 years of extensive research, several fine-designed catalysts
that are more resistant to polar groups for ethylene
copolymerization with polar comonomers have emerged, and
thus the direct synthesis of PE ionomers has made great
progress. In this case, many novel PE ionomers with
multifunctional properties have been developed. Summarizing
the recent progress on the synthesis, structure, and properties
of PE ionomers is imperative, which could not only facilitate
the design of advanced materials but also explore the
application of PE ionomers.
Herein, we try to provide an in-depth overview that

summarizes the recent progress in PE ionomers, with a
particular focus on the existing diverse synthetic methods,
structural theories, and important applications. A discussion of
the corresponding relationship between the structure and
performance will also be given. With this Review, we hope to
spark new ideas and motivate new efforts for the subsequent
development of the synthesis of new types of PE ionomers and
the expansion of applications. It should be noted that this
review covers only PE ionomers. Readers interested in
ionomers based on other polymer matrix are referred to
other excellent reviews.4,7,10,11

2. SYNTHESIS OF PE IONOMERS
As discussed, the PE ionomers are composed of a polyethylene
backbone and pendant polar ionic groups. Traditionally, the
synthesis of PE ionomers is restricted to high-pressure free
radical copolymerization, but now the synthetic methods of PE
ionomers have been explored to interconversion of reactive
intermediate, direct catalytic copolymerization, olefin meta-
thesis polymerization, and post ionic functionalization of inert
polyethylene.6

2.1. High-pressure Free Radical Polymerization.
Normally, the free radical copolymerization of ethylene and a
certain polar comonomer (e.g., acrylic acid, AA, or methacrylic
acid, MAA) can produce an acidic-form PE ionomer. The
copolymerization procedure is normally conducted under
extremely high pressure (120−320 MPa) and high temper-
atures (160−320 °C) that are akin to the synthesis of low-
density polyethylene (LDPE).12 The detailed free radical
polymerization mechanism of PE ionomer is illustrated in
Figure 1a.13 Primary radicals are produced from initiators, such
as oxygen or organic peroxides, by thermally induced
decomposition with the rate coefficient kd. These active
radicals could then react with monomers with rate coefficient
kp or may undergo mutual termination, by combination, or by
disproportionation, i.e., by a hydrogen-transfer reaction, which
produces saturated products and unsaturated products

simultaneously. Therefore, the overall termination rate
coefficient is composed of two terms: kt = kt,comb + kt,disp.
Besides that, additional reactions, especially the chain-transfer
reactions, widely exist during free radical polymerizations.
Therefore, PE ionomers produced by free radical polymer-
ization show highly branched topology structures together with
wide molecular weight distribution, and high content of long-
chain branches and short-chain branches (Figure 1b).
Analogous to high-pressure ethylene homopolymerization,
the chain structure and branch distribution of PE ionomers
can also be modified by regulating polymerization parame-
ters.14,15 The relatively low reaction temperature and high
pressure will obtain PE ionomers with relatively higher
molecular weight and narrower molecular weight distribution.
Different from the LDPE production, the content of the feed
polar comonomer should be carefully controlled due to the
significantly higher reactivity ratio of polar monomers. It is
reported that the reactivity ratios of AA and MAA at 240 °C
and 200 MPa are rMAA= 11 ± 3 and rAA= 8 ± 2.12 It is also
worth noting that the detailed relationships between operating
conditions and the final material structure and properties of the
polymer required further investigation.16

In the 1960s, DuPont commercialized PE ionomer under
the trade name “Surlyn”, which is synthesized through the free
radical copolymerization of ethylene and (meth)acrylic acid,
and followed by partial or full neutralization of the carboxylic
acids with metals (especially alkali metals) (Figure 2a).18,19

These materials are currently sold by Dow for high-end
packaging and medical and sports applications. Besides the
polymerization process, the neutralization process, which
primarily encompasses the slurry method, solution method,
or melting method, can also influence the structure or property
of the final product. Sun et al.20 synthesized healable and
recyclable Surlyn materials by partially neutralizing poly-
(ethylene-co-methacrylic acid) (PEMA) with zinc ions,
achieving a tensile strength of approximately 37 MPa, a

Figure 1. a) Schematic illustration showing the essential reaction
steps of the free radical polymerization. Reproduced with
permission.13 Copyright 2021, Taylor & Francis. b) Branched PE
ionomers produced using high-pressure polymerization with acid
groups randomly spaced. Reproduced with permission.17 Copyright
2010, American Chemical Society.
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Young’s modulus of around 343 MPa. In these cases, Surlyn
has attracted extensive research interest in industry and
academia, but the ionic groups in Surlyn are currently still
limited to carboxylate. More recently, a new type of ionomer
has been obtained via high-pressure free radical copolymeriza-
tion of ethylene in the presence of small amounts of ion-pair
comonomers comprising amine-terminated methacrylate and
methacrylic acid (Figure 2b).21 Different from the commer-
cially available Surlyn, the cationic and anionic groups are
covalently bound to the backbone of the novel PE ionomer.
Although high-pressure free radical polymerization is the

most widely used approach for producing PE ionomers, it still
encounters several challenges. For example, harsh operating
conditions (high temperature and high pressure) demand
substantial energy consumption and maintenance costs.
Importantly, the currently practiced free radical polymerization
processes provide limited control over the polymer micro-
structure, which could produce ionomers with highly branched
structures and wide molecular weight distributions. This limits
the ionomer performance to some extent to LDPE type
materials. Furthermore, the polar monomer of free radical
polymerization processes is normally restricted. The polymer-
ization of allyl monomers in free radical polymerization
processes yields predominantly oligomers or polymers with
low molecular weights due to the facile “degradative chain
transfer” to the allyl monomers at the α-position of the polar
groups, where the bond dissociation energy of the C−H bond
adjacent to the polar group is relatively low, thereby
diminishing the reactivity of the resultant allyl radical species
(Figure 2c).22 This significantly limits the diversity of the PE
ionomers.

2.2. Transition-metal-catalyzed Copolymerization. To
overcome the limitations of free radical copolymerization,
several transition-metal-catalyzed copolymerization methods
have been reported to access PE ionomers with potentially
better control over material microstructures and properties.23

2.2.1. Interconversion of Reactive Polyethylene Inter-
mediate. The copolymerization of ethylene with polar

monomers is highly challenging owing to the formation of
stable complexes between catalysts and polar groups, which
may poison the catalyst and then inhibit polymerization to
high polymers or cause undesirable side reactions, especially
for early transition metal catalysts. The interconversion of the
reactive polyethylene intermediate can be a feasible approach
to the synthesis of PE ionomers by early transition metal
catalysts. In this approach, the polar comonomer should be
protected by the introduction of stabilizing groups, such as
silane groups, to enhance compatibility with the catalysts. To
achieve the final form of the PE ionomers, subsequent
deprotection or ionization processes following the polymer-
ization process are necessary. Based on this, Zhang et al.24

demonstrated that silane protected amino-α-olefin comono-
mers could be copolymerized with ethylene via direct
metallocene-mediated copolymerization because the sterically
encumbered silyl-protecting groups can highly minimize the
poisoning of the zirconium metallocene catalyst. After
polymerization, the deprotection of the silyl-protecting groups
under mild conditions yields primary amine-containing
copolymers, which could be further protonated to yield
ammonium PE ionomers (Figure 3a).24 Compared with free

radical polymerization, the interconversion of reactive poly-
ethylene intermediate approach facilitates the incorporation of
functional groups that can be ionized postpolymerization,
expanding the range of ionic modifications beyond mere
carboxylates, but it requires the synthesis of specialty
monomers and/or ligands to avoid the diminishment of
catalyst activity.6

2.2.2. Direct Catalytic Copolymerization. The direct
catalytic copolymerization of ethylene with polar monomer
to synthesize PE ionomers is always an appealing prospect due
to its straightforward process. Compared with early transition
metal catalysts, late-transition metal catalysts, such as Pd and
Ni complexes with α-diimine ligands and Pd phosphine-
sulfonate catalysts, are less oxophilic and occasionally tolerant
enough for the coordination polymerization of polar
monomers. The synthesis of PE ionomers by late transition
metal catalysts has already been extensively investigated. Rünzi

Figure 2. a) Synthesis route for commercially available Surlyn.
Reproduced with permission.6 Copyright 2023, American Chemical
Society. b) Free radical polymerization reaction of novel PE ionomers
that covalently bonded with cationic and anionic groups. Reproduced
with permission.21 Copyright 2023, Wiley-VCH. c) Degradative chain
transfer reaction during the free radical polymerization. Reproduced
with permission.22 Copyright 2011, American Chemical Society.

Figure 3. Synthesis of PE ionomers through transition-metal-
catalyzed copolymerization. a) Interconversion of reactive poly-
ethylene intermediate. Reproduced with permission.24 Copyright
2011, American Chemical Society. b) Direct catalytic copolymeriza-
tion by late-transition metal catalysts. Reproduced with permission.26

Copyright 2011, American Chemical Society. c) Olefin metathesis
polymerization of ADMET and ROMP. Reproduced with permis-
sion.30 Copyright 2007, American Chemical Society.
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et al.,25 Daigle et al.,26 and Zhang et al.27 have demonstrated
successful examples of transition-metal-catalyzed copolymer-
ization using phosphine sulfonate palladium catalysts (Figure
3b).26 In these studies, a satisfactory AA incorporation rate of
3.0−9.6% was achieved, but with a relatively low molecular
weight (Mn = 6100−8000 g/mol). Dai et al.28 observed that
sterically bulky α-diamine-based palladium catalysts could
efficiently mediate the copolymerization of ethylene with AA,
allyl acetic acid, and 10-undecenoic acid, producing branched,
carboxylic acid-functionalized polyolefin materials. Further-
more, Xiang et al.29 reported the synthesis of PE ionomer
containing positively charged tetraalkylammonium ions and
various counteranions (tetrafluoroborate BF4

−, hexafluoro-
phosphate PF6

−, bis(trifluoro methane) sulfonamide Tf2N−,
and hexafluoro antimonate SbF6

−) through Pd-catalyzed
copolymerization of ethylene with acrylic tetraalkylammo-
nium-containing acrylate-type ionic liquid comonomers. The
key to direct copolymerization indeed lies in the resistance of
catalysts toward highly polar ionic groups, but the presence of
polar ionic comonomers still significantly reduced the
polymerization activity of catalysts, resulting in PE ionomers
with relatively low molecular weight or highly branched
microstructure of materials. Therefore, the meticulous design
of catalysts can be a challenging task.
2.2.3. Olefin Metathesis Polymerization. PE ionomers with

a controllable structure hold great appeal for specific
applications. Two modes of olefin metathesis polymerization,
acyclic diene metathesis (ADMET) and ring-opening meta-
thesis polymerization (ROMP) have been proven to
successfully synthesize a variety of strictly linear polyolefin
ionomers. ADMET yields linear ionomers with precisely
spaced functional groups along the polymer backbone, whereas
ROMP yields linear ionomers with function groups irregularly
spaced along the hydrocarbon chain (Figure 3c).30 However,
both ADMET and ROMP demand specialized polar
monomers, such as alpha-omega dienes for ADMET and
cyclic olefins with polar groups for ROMP (Figure 3c).
Additionally, the olefin metathesis polymerization generates
unsaturated products, typically requiring an additional hydro-
genation process to yield the final PE ionomers. Using
ADMET polymerization followed by catalytic hydrogenation,
Wagner and colleagues synthesized carboxylate-containing PE
ionomers with a range of AA contents (9−22 mol %) and
molecular weights (Mn = 25−38 kDa) using Grubb’s
ruthenium catalysts.30,31 The precise spacing of the carboxylate
groups along the polymer chain was controlled by varying the
number of methylene spacers in the initial diene monomer.
Furthermore, ADMET polymerization is employed to yield PE
ionomers containing imidazolium and sulfonate groups, with
each ionic group precisely spaced along the polymer chain.5,32

Additionally, they demonstrated that the ROMP of an
appropriately functionalized cyclooctadiene, subsequently
followed by the hydrogenation of the corresponding
polyakenamer, to produce carboxylate-containing PE ionomers
with tunable compositions (2−22 mol % AA; 12−93 kDa).30

Similarly, Trigg et al.5 synthesized PE ionomers through
ADMET polymerization, featuring a sulfonic acid group
precisely pendant to every twenty-first carbon atom along
the chain with a number-average molecular weight (Mn) of
19.8 kg/mol and a dispersity index of 2.4. Besides, by using
ADMET polymerization and subsequent deprotections and
hydrogenation, the PE ionomers bearing precisely spaced
carboxylic,30 sulfonic,33 phosphonic,34 and boronic acid35

functionalities were synthesized utilizing labile protecting
groups or directly an ionic liquid that is compatible with
ADMET polymerization conditions (for boronic acid).

2.3. Postionic Functionalization of Inert Polyethy-
lene. Another strategy for synthesizing PE ionomers involves
the ionic functionalization of inert polyethylene, which allows
for the introduction of functionality to an existing polyethylene
backbone, providing considerable flexibility in tuning the
properties of the material. This approach has the potential to
expand the variety of commercial polyethylene materials and
facilitate the recycling and reuse of discarded polymer
materials. Recently, the production of functional polyethylene
via C−H functionalization has been extensively investi-
gated.36,37 Lee et al.38 employed peroxides as hydrogen atom
transfer (HAT) reagents for C−H functionalization of
polyethylene to produce anhydride-functionalized polyethy-
lene, which could undergo subsequent reactions with
nucleophiles to produce PE ionomers. However, the C−H
functionalization of polyethylene using peroxides often leads to
relatively low selectivity, resulting in significant β-scission that
adversely affects the molecular weight distribution and
properties of the resultant product. Fazekas et al.39 utilized
an O-alkenylhydroxamate reagent that, under thermolysis,
enables regioselective hydrogen atom transfer (HAT),
subsequently facilitating functional group transfer to diverse
linear and branched polyolefin substrates. To showcase the
distinctive benefits of this approach, a primary alkyl halide was
introduced onto linear low-density polyethylene (LLDPE),
leading to the formation of an imidazolium polyolefin ionomer
by displacement of the halide with methyl imidazole. The
resultant imidazolium ionomers exhibited tensile properties
akin to Surlyn, illustrating the capability of the postpolymeriza-
tion modification approach to yield polymer materials
comparable to high-value commercial ionomers. To provide
a more versatile and efficient approach to access a broader
range of PE ionomers via postpolymerization modification,
Tran et al.6 synthesized a series of PE ionomers via chemo-
selective C−H functionalization. The approach harnesses
thiosulfates to facilitate group transfer onto polyethylene
substrates, enabling the incorporation of pyridyl, benzo
thiazolyl, and benz oxazolyl heteroarenes using an O-
alkenylhydroxamate reagent (Figure 4). Note that pyridyl-
functionalized polyethylene could be quantitatively trans-
formed into pyridinium PE ionomers.

To date, besides the high-pressure free radical polymer-
ization, the interconversion of reaction intermediate, direct
catalytic copolymerization, olefin metathesis polymerization,
and postionic functionalization of inert polyethylene have been
employed to synthesize PE ionomers for various uses. Indeed,
each of these methods exhibits its advantages and challenges,

Figure 4. Synthesis of PE ionomer via postionic functionalization of
inert polyethylene. Reproduced with permission.6 Copyright 2023,
American Chemical Society.
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therefore, needs to be chosen based on the specific
requirements and constraints of the intended application.

3. STRUCTURE AND PROPERTIES OF PE IONOMERS
The molecular structures play an essential role in influencing
the overall performance and functionality of the polymer
materials. It is essential to recognize the distinct differences
between polyethylene and PE ionomers that stem from their
individual structural compositions. As the structure of novel PE
ionomers is rarely studied in current references, this part
mainly discusses the structure of a commercial PE ionomer
(especially Surlyn ionomer).
In PE ionomers, ion pairs undergo microphase separation

from the lower dielectric monomeric units of the polyethylene
backbone. These ion pairs aggregate to form quadruplets,
sextuplets, and higher aggregates, collectively termed multiplets
wherein both unneutralized acid groups and ions reside. In the
Eisenberg−Hird−Moore (EHM) model, the regions abundant
in ions, referred to as ionic clusters, could also exist at
sufficiently high ion concentrations, which has been proved
through various techniques including small-angle X-ray
scattering (SAXS).40,41 As illustrated by the EHM model, the
random ionomers typically exhibit tripartite microstructures,
including a polyethylene crystalline phase, an amorphous
polyethylene phase without the salt groups, and an ionic
clusters phase.42,43 The schematic of the tripartite micro-
structure of Surlyn 9520 is shown in Figure 5a.44 Additionally,
another morphological model parallels the tripartite micro-
structure and proposes that the carboxylic aggregates are
uniformly dispersed within the amorphous phase (Yarusso and
Cooper’s liquid-like model).42,45 Even though both models
acknowledge that the ionic aggregates or clusters act as
separate nanophases, resulting in the observation of two glass
transition temperatures (Tg) within the nonpolar matrix. One
Tg corresponds to the relevant homopolymer, while the other

Tg signifies the constrained mobility in the vicinity of the acid
or ionic aggregates.42 In the case of commercial PE ionomer
(Surlyn ionomer), the existence of ionic clusters significantly
reduces PE chain mobility, resulting in a lower degree of
crystallization compared to pure PE. Furthermore, the
interaction between the PE chain and ionic clusters gives rise
to two distinct crystalline polyethylene phases. It is widely
acknowledged that the larger primary lamellae form initially,
while the surrounding amorphous polymer can generate
smaller secondary crystallites over time. Consequently, the
PE ionomers exhibit two melting endothermic behavior in the
DSC heating thermogram, attributed to the melting of the
secondary (lower Tm) and primary crystallization (higher Tm)
(Figure 5b).43 While the existence of ionic aggregates or
clusters is widely acknowledged, the basic questions of their
size, internal structure, and distribution within the ionomers
remain significantly uncertain. To illustrate the morphology of
ionic clusters, a modified hard-sphere scattering (MHS)
model, which approximates clusters with enhanced electron
density as monodisperse spheres of radius, has been
introduced.46 Research demonstrated that the diameter of
the ionic core in partial-neutralized EMAA is approximately 5
Å.45 However, as for ionomers with higher acid and ionic
contents, describing the ionic clusters as spherical appears to
be an oversimplification.46 Numerous studies show that the
ionic clusters exhibit a nonspherical structure.47 And ionomers
prepared via solution neutralization and precipitation typically
exhibit high spatial heterogeneity, which limits the applicability
of the MHS model.48 In fact, the structure of ionic clusters is
influenced by several factors, including the size of ion pairs, the
dielectric constant of the polymer, the distance between an
ionic group and the polymer backbone, and the ion content
(Figure 5c).49,50 For example, Lueth et al.51 demonstrated that
in the melt state, ionomers with sulfonic acid groups could
form larger and more elongated clusters compared to ionomers
with carboxylic acid groups.

Figure 5. a) Schematic of the molecular structure of Surlyn 9520. Reproduced with permission.44 Copyright 2017, American Chemical Society. b)
DSC cooling and heating thermogram of Surlyn 9520. Reproduced with permission.43 Copyright 2013, American Chemical Society. c) Visual
representations of ionic aggregates. Selected examples of morphology were from atomistic molecular dynamics simulations. Different colors
represent distinct aggregates. Reproduced with permission.50 Copyright 2012, American Chemical Society.
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4. APPLICATION OF PE IONOMERS
PE ionomers are the copolymer marriage of ethylene,
unsaturated carboxylic acid, and metal salts. The excellent
properties of PE ionomers depend on the interaction between
the polyethylene matrix and the physical cross-links of ionic
aggregates. The synergistic integration of their properties
denotes those numerous functionalities and intriguing
applications of typical polyethylene materials with high gloss
and transparency properties and excellent mechanical proper-
ties that are also commonly applicable to PE ionomers,
including food, medical vacuum packaging, cosmetic contain-
ers, golf ball shells and other sports equipment coatings.52

Furthermore, the intrinsic features of the nonpolar covalent
skeleton and polar ions cluster structure of PE ionomer endow
it with superb compatibility with polar and nonpolar materials
and excellent adhesion and have recently enabled fresh smart
applications (e.g., shape-memory materials, healable materi-
als).1,2,53,54 The applications of PE ionomers are introduced
and discussed in this section.

4.1. Packaging and Coatings. For packaging applica-
tions, three essential functions are generally included: contain-
erization, protection, and merchandising.4 It is well-known that
LDPE has been widely used in packaging applications.
Compared to LDPE where crystalline and amorphous phases
are present, PE ionomers include additional ionic clusters. This
intricate interaction between the hydrocarbon chains and ionic
clusters endows PE ionomers with distinctive properties, such
as low melt elasticity and high segmental viscosity (friction
factor). Consequently, PE ionomers exhibit excellent proper-
ties in packaging applications, including grease resistance,
puncture resistance, melt strength, thermal viscosity, high
gloss, broad sealing range, capability for sealing over
contaminated surfaces, remarkable transparency, excellent
thermoformability, and inherent flexibility devoid of the
necessity for plasticizers. Hog et al.55 have demonstrated that
Surlyn ionomers (Surlyn 1601 with Na and Surlyn 1652 with
Zn) could maintain physical properties after irradiation at
sterilizing doses (25−50 kGy). This indicates that Surlyn
ionomers exhibit resilience even under sterilization conditions,
thereby ensuring the safety and integrity of the packaged
products. This finding suggests promising prospects for their
application in the field of food packaging. Furthermore, PE
ionomers are suitable for a diverse array of packaging
techniques, such as thermoforming, skin packaging, blister
packaging, and so on. Notably, applications such as golf ball

covers, ski boots, and various other molding applications
represent some of the most eye-catching uses of PE ionomers.
Typically, to satisfy the requirements of packaging, different
ionomers can be blended. For instance, golf balls are generally
manufactured by a mixture of the two PE ionomers partly
neutralized with either Zn or Na to ensure the best spin,
bounce, speed, and durability. This approach effectively solves
the cold cracking problems of Na-neutralized PE ionomers and
the low rebound problems of Zn-neutralized PE ionomers.
Dow has collaborated with Callaway Golf Company to develop
the ERC Soft and Supersoft golf balls, featuring a hybrid cover
made with a PARALOID impact modifier and SURLYN
ionomers. This multimaterial design enhances performance,
providing benefits like greater distance, softer feel, improved
spin, and better control.56 Besides that, in recent years, flexible
packaging applications of PE ionomers have predominantly
been directed toward food, medical vacuum fit packaging,
high-end cosmetics containers, glass curtain walls, etc. Sessini
et al. developed sandwich-type composites of Surlyn reinforced
with woven nonwoven electrospun PLA fibers, demonstrating
enhanced mechanical properties, hardness and wear resistance,
making them suitable for active packaging applications.57

Recently, organic devices like light-emitting diodes and
organic photovoltaic (OPV) devices are experiencing rapid
development.58−64 While these devices could be easily
fabricated, the long-term stability of organic thin films is
impeded by the extremely high sensitivity to moisture and
oxygen, thus hampering their commercialization. The presence
of moisture affects the active layer causing the change of
morphology and/or delamination at the active layer/electrode
interface and increasing the extent of oxidation, leading to the
decreased current density.65 Therefore, an encapsulant with
high moisture and oxygen barrier properties while preserving
high light transmittance is essential. Ideally, flexible moisture
barrier materials should exhibit a water vapor transmission rate
(WVTR) and oxygen transmission rate below 10−6 g m−2

day−1 and 10−5 cm3 m−2 day−1, respectively.65 PE ionomer
with inherently transparent, excellent adhesion, and ultralow
permeable properties could be a promising candidate to meet
the requirements (Figure 6). Kopanati et al.62 demonstrated
the feasibility of Surlyn/magnesium oxide nanocomposite films
for the encapsulation of organic electronic devices. By
optimizing the appropriate type and concentration of MgO,
Surlyn/MgO composite films could achieve a low WVTR value
of 0.008 g·m−2·d−1 while maintaining a visible light trans-

Figure 6. (a) Schematic for an organic photovoltaic device. (b) Water vapor barrier measurements from CRDS-based setup. Note that neat Surlyn
is designed as S0, Surlyn/PEI/PAA is designed as S1, Surlyn/PEI/PAA/PEI/Surlyn is designed as S2, Surlyn/PEI/PAA/Nafin/PEI/Surlyn is
designed as S2N. Reproduced with permission.65 Copyright 2014, American Chemical Society.
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mittance of 50−82%. Accelerated weathering tests exhibit
significant prolongation of the lifetime of encapsulated OPV
cells. Additionally, the blends of ionomers with poly(vinyl
alcohol-co-ethylene),60 TiO2,

64 or cellulose nanofibers61 have
also been investigated as encapsulants, offering further avenues
for enhancing stability and increasing the lifetime of the
organic device.
Actually, the gas permeation mechanism through polymers

involves the solution-diffusion mechanism.60 In the case of PE
ionomers, the predominant mode of penetrating (moisture or
oxygen) transport is diffusion. The penetrant molecules first
adhere to the polymer surface, dissolving into the matrix
followed by diffusion through the matrix driven by
concentration or pressure gradients. To decrease the diffusivity
of penetrants like moisture or oxygen through ionomers, it is
imperative to design a robust interactive matrix-permeant
system. It is generally accepted that Zn-neutralized PE
ionomers exhibit a lower water absorption rate owing to the
dual effects of higher electric charge and larger ionic radius of
Zn2+ ions in comparison to Na-neutralized PE ionomers.
Typically, augmenting the ion content of ionomers also
enhances their interaction with moisture.

4.2. Adhesives. PE ionomers exhibit exceptional adhesive
properties with both organic and inorganic substrates, such as
metals, glass, and polymers, primarily due to their ability to
form strong interfacial bonds through multiple interactions,
including ionic interactions of ionic clusters and hydrogen
bonds of acid groups. This unique combination of bonding
mechanisms makes them highly suitable as versatile
adhesives.66−70 Su et al.70 used commercial Surlyn resin
(Surlyn PC2200) as an ionic interlayer for laminated glass
(Figure 7). The results reveal that the light-transmittance of

the ionic interlayers is higher than polyvinyl butyral (PVB)
interlayers and the bending strength was more than twice that
of the laminated glass with the PVB interlayer (76.1 MPa vs.
30.3 MPa). The enhanced light-transmittance can be ascribed
to the existence of ionic clusters in the ionic interlayer, and the
improved bending strength can be ascribed to the much
stronger ionic bonds between the PE ionomer interlayer and
glass compared to the hydrogen bond in the PVB interlayer.
Luo et al.69 developed an EAA/Surlyn-Zn2+/zinc stearate (St)
blend system as an interlayer membrane for safety glass
through blending and extrusion. The safety glass, prepared by
the PE ionomer interlayer, exhibits 80.58% light transparency
and an excellent yield strength of 73.1 MPa, coupled with
superior glass adhesion properties with the absence of
degumming in the broken glass during the bond strength
test, suggesting the effectiveness of the PE ionomer interlayer
in enhancing the mechanical and optical properties of safety
glass (Figure 8). Significantly, unlike conventional glass,
laminated glass features an ionomer film layer sandwiched
between two sheets of glass, which imparts a considerable
residual bearing capacity upon experiencing impact. This
unique configuration effectively prevents the glass from
fracturing and splashing, regulates the way crack propagation,
maintains the glass’s integrity upon impact, and ultimately
enhances safety. D’Auria et al. developed an LDPE ionomer
based on ion pair comonomers (IPC) recently. This newly
developed ionomers significantly improved adhesion properties
on aluminum substrates compared to conventional LDPE.
Notably, the adhesives also exhibited thermal reversibility,
making them ideal for applications that require easy
disassembly.71 Nowadays, PE ionomer resin represents key
materials in the adhesives industry; the use of these materials
as hot melt adhesives extends beyond mere bonding; they also
enhance the structural integrity and performance of the end
products, offering versatile and reliable solutions that meet
rigorous performance demands.

4.3. Ionomer Blends. Polymer blends could overcome the
limitations inherent in a single material, thereby achieving the
desired physicochemical properties of the final products. PE
ionomers exhibit competitive strength, toughness, abrasion
resistance, and optical performance, rendering them widely
employed both as a matrix material for blending and as an
additive to facilitate the process of blending modification.72−79

However, diverse polymers typically exhibit incompatibility
because the entropy of mixing is very small for polymers and
the enthalpy is generally positive for incompatible components.
One of the most effective methodologies to compatibilize two
immiscible polymers lies in specific interactions, such as
electrostatic, ionic, and hydrogen bonding. As discussed, PE
ionomers are ion-containing polymers, with hydrocarbon
backbones containing a relatively small number of acid groups
(e.g., carboxylic, sulfonic, or phosphoric acids). Therefore, the
ionomer contains both acid groups and ionic clusters, which
can provide hydrogen bonding and ionic interactions,
respectively. In this case, PE ionomers could be blended
with other polymers via hydrogen bonding from the acid
groups. Lee et al. have demonstrated the profound influence of
the robust intermolecular hydrogen bonds between carboxylic
acid and pyridine groups, facilitating a strong association
between poly(2-vinylpyridine) and EMAA.72 It is reported that
EMAA containing at least 6−8 wt % MAA can be integrated
with polyether through the formation of intermolecular
dimers.76 More importantly, the presence of ionic groups in

Figure 7. (a) Schematic illustration of the ionic interlayer membrane
(Surlyn 1720) and (b) light transmittance of the ionic interlayer safety
glass and PVB interlayer laminated glass. Reproduced with
permission.70 Copyright 2021, Springer Nature.
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PE ionomers could provide specific interaction with other ionic
groups or polar groups through relatively strong ion−ion
interactions (via proton-transfer or acid−base interactions),
ion coordination, ion pair−ion pair interactions, ion−dipole
interactions, ion-dipole interactions.80 These interactions are
typically highly exothermic and thus could lower the heat of
mixing within polymer blends. Consequently, PE ionomers are
a kind of promising material that could be blended with
various polymers to enhance compatibility and mechanical
performance.

4.4. High Voltage Insulation Materials. High voltage
direct-current (HVDC) power cables are essential components
of modern electrical power grids. The most sophisticated
HVDC cables feature an extruded insulation layer sandwiched
between the inner conductor and the outer shielding.21,81 The
predominant insulation material used in these cables is cross-
linked low-density polyethylene (XLPE).82 XLPE exhibits a
low electrical conductivity (σDC ≈ 3 × 10−14 S/m) at an
electric field strength of 30 kV/mm and 70 °C, ensuring
efficient performance under high-voltage conditions. Since the

Figure 8. (a) Before tension, (b) after stretching, and (c) physical diagram of the EAA-10Zn-0.6ZnSt interlayer film and EAA interlayer film safety
glass. Reproduced with permission.69 Copyright 2022, Springer Nature.

Figure 9. (a) Schematic of the setup used for leakage current measurements and (b) electrical conductivity of different samples at 70 °C and 30
kV/mm. Reproduced with permission.21 Copyright 2023, Wiley-VCH.

Figure 10. Sulfonated PE ionomers for ion-exchange membrane. (a) DC conductivity comparison of the sulfonated PE ionomer and Nafion 117 as
a function of RH at 40 °C. (b) Chemical structure and schematic rendering of the secondary structure of hydrated sulfonated polyethylene
ionomers, showing the crystalline backbones and acid-lined water layers. At the bottom right, the yellow atom is sulfur and the red atoms are
oxygen. (c) Water uptake comparison of sulfonated polyethylene ionomers and Nafion 117 as a function of RH at 40 °C. λ is defined as the number
of water molecules per sulfonic group and is measured with a sorption balance. Reproduced with permission.5 Copyright 2018, Springer Nature.

Chem & Bio Engineering pubs.acs.org/ChemBioEng Review

https://doi.org/10.1021/cbe.4c00138
Chem Bio Eng. 2025, 2, 156−170

163

https://pubs.acs.org/doi/10.1021/cbe.4c00138?fig=fig8&ref=pdf
https://pubs.acs.org/doi/10.1021/cbe.4c00138?fig=fig8&ref=pdf
https://pubs.acs.org/doi/10.1021/cbe.4c00138?fig=fig8&ref=pdf
https://pubs.acs.org/doi/10.1021/cbe.4c00138?fig=fig8&ref=pdf
https://pubs.acs.org/doi/10.1021/cbe.4c00138?fig=fig9&ref=pdf
https://pubs.acs.org/doi/10.1021/cbe.4c00138?fig=fig9&ref=pdf
https://pubs.acs.org/doi/10.1021/cbe.4c00138?fig=fig9&ref=pdf
https://pubs.acs.org/doi/10.1021/cbe.4c00138?fig=fig9&ref=pdf
https://pubs.acs.org/doi/10.1021/cbe.4c00138?fig=fig10&ref=pdf
https://pubs.acs.org/doi/10.1021/cbe.4c00138?fig=fig10&ref=pdf
https://pubs.acs.org/doi/10.1021/cbe.4c00138?fig=fig10&ref=pdf
https://pubs.acs.org/doi/10.1021/cbe.4c00138?fig=fig10&ref=pdf
pubs.acs.org/ChemBioEng?ref=pdf
https://doi.org/10.1021/cbe.4c00138?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


ionic clusters in ionomers could effectively trap electrons
injected from the electrodes owing to the strong electron
affinity. Additionally, the carbonyls in the carboxyl groups
could serve as hopping sites for charge transport, allowing for
the uniform distribution of negative charge postdischarge.
Actually, PE ionomer blends have been designed for insulation
in direct current cables.80 Recently, D’Auria et al.21 synthesized
a novel PE ionomer from ethylene and ion pair comonomers
(amine-terminated methacrylate and methacrylic acid) via
high-pressure free radical polymerization. The resulting
materials maintain characteristics like XLPE in terms of
crystallinity, melting temperature, rubber plateau modulus,
and thermal conductivity but are still melt-processable.

Furthermore, the preparation process of the ionomers
generates no byproducts such as water, methane, and cumyl
alcohol that result from peroxide cross-linking during the
production of XLPE, which will cause premature aging of the
dielectrics under severe conditions. Consequently, the
ionomers exhibit promising insulating properties with an
electrical conductivity of 6 × 10−14 S/m at 30 kV/mm and 70
°C and have the potential to be an alternative to XLPE for
high-voltage insulation (Figure 9).

4.5. Ion-exchange Membrane. As is well-known, Nafion
(perfluoro-sulfonate ionomers) membrane exhibits excellent
proton-transport performance, as the sulfonic acid functional
groups in perfluoro-sulfonate ionomers tend to form ionic

Figure 11. a) Schematic showing the possible mechanism of the healing behavior. Reproduced with permission.1 Copyright 2023, Elsevier. b)
Digital images of the PEMA/Zn0.5 composite being (i) cut into two pieces and (ii) being healing upon healing at 100 °C for 6 h. c) SEM image of
the healed PEMA/Zn0.5 composite. d) Stress−strain curves of the intact, 0.5, 1, 3, and 6 h-healed PEMA/Zn0.5 composites. e) DMA curves of the
PEMA/Zn0.5 composite. Reproduced with permission.20 Copyright 2020, Wiley-VCH. f) Self-healing “phase diagram” showing ballistic puncture-
reversal of sodium-based PE ionomer as a function of temperature and ionic content. Note that the central healing region means successful
puncture-reversal, while the fringe areas prove unsuccessful. Reproduced with permission.88 Copyright 2013, Royal Society of Chemistry.
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domains containing water (i.e., forming inverted micelle
cylinders) and the hydrophobic, semicrystalline polytetra-
fluoroethylene-like matrix percolates into the sulfonate-lined
water channels, giving high conductivity.5,24,83−85 However,
few researchers have explored the application of the PE

ionomer as an ion-exchange membrane. Recently, Trigg et al.5

synthesized sulfonated polyethylene ionomers with precisely
positioned sulfonic acid groups pendant to every twenty-first
carbon atom via acyclic diene metathesis polymerization. The
controlled chain folding results in highly uniform hydrated acid

Figure 12. (a) 3D diagram of the shape memory cycle of EMAA-Zn (9945). (b) Shape memory properties of ionomers obtained in torsion mode.
(c) Shape memory properties of ionomers obtained in fold-deploy, at a switching temperature of 80 °C. (d) Representative shape memory cycle on
polymers, and (e) recovery processes of EMAA-Zn (9945) with various temporary shapes in the water bath (80 °C). Reproduced with permission.1

Copyright 2023, Elsevier.
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layers of subnanometer thickness, contributing to remarkable
proton conductivity (Figure 10). Surprisingly, the proton
conductivity of sulfonated polyethylene matches that of the
benchmark fuel cell membrane, Nafion 117. It is noteworthy
that the polyethylene with periodic pendant carboxyl groups
could be also synthesized,84 while the PE ionomers with
sulfonic acid groups, which are highly hygroscopic moieties,
produce higher proton conductivity than PE ionomers with
carboxyl acid groups.

4.6. Healable Smart Materials. Healable materials have
emerged as a prominent domain of investigation, encompass-
ing a diverse range of novel materials.20,86 These materials
exhibit the extraordinary ability to repair external damages by
harnessing their inherent structural properties, when subjected
to specific external stimuli such as light, heat, stress, etc. The
ionic clusters within PE ionomers provide special physical
cross-linking, order-to-disorder transition, and ion hopping at
elevated temperatures, exhibiting unique viscoelastic proper-
ties. Consequently, PE ionomers demonstrate superior healing
property and could be used as healable smart materi-
als.11,20,86−95 For a detailed healing process, the ionomers
may undergo three stages.1 When the PE ionomer is cut off,
the dynamic ionic cross-linking network is initially disrupted.
Subsequently, upon contact with the incisions, they are heated
to a specific temperature, typically Tg or a semicrystalline area,
to maintain them in a molten state. In this particular state, the
fractured ionic clusters will undergo unique interaction, leading
to the diffusion and entanglement of the polymer chains,
ultimately fostering the reconstitution of the cross-linked
network. Consequently, with the formation of new ionic
clusters, the two fractured segments shall be reconnected on a
macroscopic scale and the mechanical properties of the
affected area are continuously restored (Figure 11a−e).1,20

However, the self-healing mechanism differs depending on the
type of neutralizing metal ions.1,88 Zinc-based PE ionomers
have revealed superior healing properties due to the dynamic
coordination interactions between carboxylate groups and zinc
ions, leading to the efficient reformation of ionic clusters
postdamage, while the healable performance of sodium-based
PE ionomer relies on the migration of Na+ ions within the
polymer matrix to promote reversible ionic interactions.
Different healing mechanisms will influence the overall
efficiency and performance of healable ionomers. It is generally
accepted that the EMAA neutralized with zinc exhibits superior
healable properties compared to sodium-ion-neutralized
ionomer.1,53

Moreover, the neutralization degree also plays a crucial role
in self-healing properties.1 Kalista et al.91 have demonstrated
that several EMAA (neutralization degree of 0%) exhibits
unique ability of self-healing after being punctured by a
projectile, with the punctured areas subsequently withstanding
pressures excess of 3 MPa. Then, they88 further explored how
the degree of neutralization influences the temperature range
for activation of the healing process, revealing that 30% of acid
groups neutralized with sodium ions exhibited the broadest
temperature range for self-healing (Figure 11f).

4.7. Shape Memory Smart Materials. Shape memory
polymers (SMPs) are a category of intelligent materials
endowed with the remarkable capability to maintain a
temporary configuration and subsequently revert to its original
shape when exposed to an external stimulus (such as heat,
light, electric or magnetic fields) via the dynamic cross-linking
points.7,96 The ionic clusters within PE ionomers generally

serve as the permanent cross-linked network that could persist
to relatively high temperatures (>150 °C), while the
polyethylene crystalline domains offer the temporary network
(see Figure 5a).44 This inherent feature of PE ionomers could
autonomously adjust shape in response to external temperature
or other stimuli and holds significant potential for widespread
application prospects in diverse fields, such as medical
equipment, smart textiles, microelectronic devices, and home
automation.1,87,96−101 For example, Dolog et al.43 investigated
the shape memory behavior of zinc-neutralized PE ionomer
(Surlyn 9520), revealing the shape memory recovery efficiency
(R) of approximately 89% because the cross-linking can
significantly strengthen the permanent network, and the
multiple-shape memory performance was achieved by choosing
two or more switching temperatures within the broad melting
transition range of 60−100 °C. Moreover, Lu et al.99

demonstrated that EMAA partially neutralized with sodium
(Surlyn 8940) exhibits both one-way multishape memory
effect and tunable two-way shape-memory effect. The
mechanism of the 2W-SME is a crystallization-melting-driven
process featuring reversible elongation by cooling and
contraction by heating without repeated programming.
Importantly, the shape memory property of ionomers can be
enhanced through the modification of the structure of ionic
clusters or polyethylene crystalline domains. The ionomers
prepared with multivalent cations exhibit superior shape
memory properties compared to those with monovalent
cations, owing to the robust dipole−dipole interactions.101

For example, the sodium-based PE ionomer exhibited relatively
poor shape memory behavior, with fixity (F) and recovery (R)
values of about 80% and 45%, respectively, while ionomers
neutralized by utilizing multivalent cations showcased fixity
and recovery values surpassing 90% that were reproducible
across multiple shape memory cycles. For instance, zinc, with a
valence of +2, can establish more robust bonds with
carboxylate groups compared to sodium with a valence of
+1, resulting in a stronger shape memory effect in zinc-based
ionomers (Figure 12).1 In addition, 3D or 4D printing
technologies have emerged as a transformative approach for
fabricating materials with specialized functionalities in the field
of shape-memory materials. These advanced printing techni-
ques allow for precise control over the architecture of the
material, enabling the design of complex, customized structures
that can respond dynamically to external stimuli such as
temperature, light, or magnetic fields. Zhao et al.44

demonstrate the shape memory behavior of 3D printed objects
with fused deposition modeling (FDM) using Surlyn 9520. Li
et al.102,102 illustrate the potential of 4D printed shape memory
polymers (Surlyn 9910) in the design and manufacturing of
intelligent devices for elastic-wave control and vibration
isolation. With the progress of research, the possibilities for
innovation in the design and application of shape-memory
materials appear boundless, promising a new era of materials
engineered to meet the precise needs of future challenges.

5. CONCLUSION
In this review, we have systemically summarized the recent
progress in the synthesis, structure, diverse properties, and
broad applications of PE ionomers. Generally, PE ionomers
could be synthesized by free radical copolymerization,
transition-metal-catalyzed copolymerization, and postionic
functionalization of inert polyethylene. The use of such
preparation methods has facilitated the exploration of
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numerous robust PE ionomers with diverse chemical
structures. These PE ionomers have been proven to be
endowed with many extraordinary properties, including
remarkable transparency, excellent thermoformability, punc-
ture resistance, melt strength, thermal viscosity, high gloss,
grease resistance, a broad sealing range, and inherent flexibility.
Notably, these advantageous properties make PE ionomers
unique from classical and widely used polyolefin materials. PE
ionomers thus represent a quite promising class of ion-
containing polymer materials that exhibit great potential in
many practical and frontier applications such as packaging,
coatings, blends, ion-exchange membranes, high voltage
insulation materials, adhesives, shape memory polymer,
healable polymer materials, and so forth.
Despite significant advancements over recent years, research

on PE ionomers remains in its infancy, with myriad unexplored
possibilities. First of all, the development of novel synthesis
methods must be a continual priority. While numerous
unsaturated acids have been employed to synthesize PE
ionomers, achieving precise and directional synthesis remains a
formidable challenge due to the inherent complexities of
controlled polymerization. The recent innovations in con-
trolled polymerization techniques and computational model-
ing, although promising, still fall short of fully enabling the
precise assembly of supramolecular structures. These methods
often struggle with accurately predicting molecular interactions
under varying polymerization conditions, thereby limiting their
efficacy in guiding the targeted synthesis of PE ionomers.
Future research must therefore focus on advancing polymer-
ization techniques and computational models that not only
enhance structural control but also integrate cross-disciplinary
insights from chemistry, materials science, and computational
science.
Moreover, the analysis of the microstructure of ionic clusters

faces several challenges including technical limitations, data
complexity, and the difficulty of controlling experimental
conditions. The microstructural analysis of ionic clusters is
particularly challenging due to their nanoscale dimensions,
intricate architecture, and susceptibility to environmental
influences. Although high-resolution techniques, such as
atomic force microscopy (AFM) and transmission electron
microscopy (TEM) offer direct observation and character-
ization, they are often constrained by difficulties in data
interpretation and the need for stringent experimental controls.
Developing advanced in situ techniques capable of analyzing
the dynamic behavior of ionic clusters in real-time, combined
with sophisticated computational simulations, will be crucial to
overcoming these challenges. Additionally, it is imperative to
address the effects of varying experimental conditions on the
structure of ionic clusters and refine data processing methods
to enhance reliability and reproducibility. By comprehensively
integrating these innovative approaches, we could more
effectively tackle the challenges associated with the micro-
structural analysis of ionic clusters, thereby promoting the
development of this field.
In conclusion, PE ionomers represent a new class of

promising ion-containing polymer materials with numerous
possibilities. While numerous commercially relevant acid- and
ion-containing polymer ionomers exist, exploring their
structures and properties, and delving deeper into their tunable
attributes could unveil novel or enhanced desirable properties,
which can pave the way for next-generation applications. These
proposed opportunities and challenges facing the field of PE

ionomers require the collaborative and sustained contributions
of individuals from diverse backgrounds. We hope this review
will appeal to researchers, potentially sparking new interests
and creating fresh opportunities that will lead to a boom in this
field in the near future.
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