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Improving the Adhesion of Polyethylene by UV Grafting

Huiliang Wang
College of Chemistry, Beijing Normal University, Beijing, China

This article briefly reviews the progress in ultraviolet (UV) or photoinitiated graft-
ing for improving the adhesion property of polyethylene (PE). The first part
involves the progress in the fundamental study of UV grafting, including the graft-
ing methods, the photoinitiators, and the self-initiated grafting; the second part
focuses on the progress in adhesion improvements of PE by UV grafting, including
the auto-adhesion or adhesive free adhesion, the photolamination, and the graft-
ing of reactive functional monomers. The factors affecting the adhesion of grafted
PE are also discussed.

Keywords: Adhesion; Grafting; Polyethylene (PE)

INTRODUCTION

Polyethylene (PE) is a high-tonnage commercial polymer that is pro-
duced in a vast range of grades. It has been widely used in many appli-
cation fields because it has many good properties such as high chemical
resistance, high impact strength, and flexibility, with low cost.

Because PE consists of just carbon and hydrogen atoms, it can only
interact with other materials by van der Waals bonds; there is no
possibility of hydrogen bonding or acid–base interactions. There are
no solvents that can dissolve PE at room temperature. It follows also
that the surface energy is low, and, without chemical modification of
the surface, there is no chance of the strength of interaction with a
second material that is required to give good adhesion. In addition,
the smooth surface of PE and the presence of a weak boundary layer
also prevent the strong adhesion of PE.
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To obtain a strong and durable adhesion, the surfaces of PE are
often treated before bonding. In general, these treatments alter the
surface region in one or more of the following ways: removal of a weak
boundary layer, change in surface topography, change in chemical
nature of the surface, or modification of the physical structure of the
surface.

The surface modification methods are commonly categorized as two
main groups [1]: 1) surface oxidation such as corona discharge, acid
etching, and flame treatment, and 2) surface grafting, including
chemical grafting, glow or corona discharge–induced grafting [2],
plasma-induced grafting, photoinduced grafting [3], and high-energy
radiation-induced grafting [4].

Photoinduced grafting is a useful technique for the modification and
functionalization of polymeric materials because of its significant
advantages: low cost of operation, mild reaction conditions, easy and
controllable introduction of graft chains without affecting the bulk
polymer, and long-term stability of the grafted chains. It has been
reviewed by many authors [5–7].

This article focuses on the progress in the ultraviolet (UV) grafting
modification of PE for adhesion improvement, mainly on the work
done by Brown and Wang.

FUNDAMENTAL STUDY OF UV GRAFTING

Grafting Methods

Photografting methods can be divided into two main categories.

One-Step or Simultaneous Method
Vapor process [8,9], liquid process [10], and continuous process [11–

13] are the main traditional one-step processes.
Although the grafting efficiency (GE) (i.e., the amount of grafted

polymer of total polymer formed) in the vapor process is high, its graft-
ing rate is slow because of the vapor-phase transfer. It requires min-
utes or longer times of UV irradiation for complete coverage of the
substrate with grafted chains. The grafting rate in the liquid process
is also slow, and the grafting efficiency is low as a result of the high
homopolymerization conversion ratio. In the continuous process, the
grafting reaction is fast because of the efficient liquid transfer of
initiator and monomer in the surface layer on the substrate. Complete
coverage with grafted chains requires only 5–10 s of UV irradiation.
The grafting efficiency is high, normally about 70–80%. The continu-
ous process can be applied to the surface modification of polymeric
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films. These grafting methods are not convenient in industrial applica-
tions, because they can only be applied in inert gas (usually in N2)
atmosphere because of the strong inhibition effect of oxygen.

Yang and Ranby [14–18] have developed a bulk (no solvent) surface
photografting process, in which a thin layer of an acrylic monomer
containing dissolved photoinitiator was sandwiched between the two
thin films and then photografted and photopolymerized (Figure 1).
Photolamination occurred simultaneously during the photografting
process, resulting in good adhesion of the two films. This method
can also be used to study the photoinitiation efficiencies of photoinitia-
tors and the grafting and polymerization reactivities of monomers.

Brown and Wang [19] have developed a new one-step UV grafting
process. A thin layer of monomer solution containing dissolved photo-
initiator was directly coated on polymer substrate and then photopoly-
merized and photografted. This grafting method is similar to the UV
curing of coatings, but the crucial difference between them is that
the main reaction in our method is photografting but in curing is
photopolymerization.

These two new grafting methods can be applied in air because of the
quick consumption of oxygen dissolved in the monomer solution;
therefore, the methods may be more industrially applicable.

Two-Step Method
The two-step grafting method usually involves coating or applying

photoinitiator onto polymer surface, and then monomer solution is
applied and UV irradiated.

The grafting density and graft polymer chain length are the impor-
tant microstructure factors affecting the final properties of the graft
polymer; however, they are difficult to control in conventional grafting
methods. Ma et al. developed a novel two-step UV-induced living graft
polymerization method [20,21]. In the first step, a surface initiator
is formed on a substrate under UV irradiation in the presence of

FIGURE 1 Cross section of bulk surface photografting device.
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benzophenone (BP) solutions; in the second step, the monomers are
grafted to the substrate by a living polymerization initiated by the sur-
face photoinitiator. Grafting density and graft polymer chain length
can be controlled by choosing the reaction conditions in the first step
and in the subsequent step(s) independently. This method may have
some potential industrial applications.

Aliphatic Ketones as Photoinitiators for UV Grafting

Benzophenone and its derivatives are the most commonly used photo-
initiators for surface photografting [10,14,22,23]. When benzophenone
(BP) absorbs a UV photon, it is excited to the short-lifetime singlet
state and relaxes to a more stable triplet state. Benzophenone in
the triplet state can abstract a hydrogen atom from a polymer sub-
strate with C�H bond(s) and create an active site for surface graft
polymerization.

Benzophenone and most of its derivatives are not water soluble;
therefore they can only be used in organic solvents, which increases
costs and induces environmental problems. This limits the industrial
applications of UV grafting. The usage of water-soluble photoinitiators
possibly can solve the problems. In recent years, some water-soluble
photoinitiators such as (4-benzoyl benzyl) tri-methylammonium chlor-
ide, a water-soluble derivative of benzophenone, and anthraquinone-
2-sulfonate sodium salt have been developed and used by Geuskens
et al. to initiate the photografting of acrylamide (AAm) onto the sur-
face of various hydrocarbon polymers or copolymers [24,25]. However,
the development of water-soluble photoinitiators seems to be difficult
and slow.

The simplest aliphatic ketone (acetone) is one of the most common
solvents. It is very cheap in comparison with aromatic ketones and,
more important, it is miscible with water. If it can be used as a photo-
initiator for UV grafting, it would become the most desirable one for
water-borne grafting systems. However, aliphatic ketones, including
acetone, are not used as photoinitiators because of their low photoini-
tiation efficiencies. Yang and Rånby [26] studied the photoinitiation
efficiencies of many aromatic and aliphatic ketones and found that
the photoinitiation efficiencies of aliphatic ketones were much lower
than those of aromatic ketones. Allmer et al. [8] reported that acetone
could act as both solvent and photoinitiator in the photografting
of acrylic acid (AA) onto polyethylene film in a vapor process. Recently,
Zhao et al. [27] reported the acetone-initiated photografting of
methacrylic acid (MAA) onto low-density polyethylene (LDPE) film
in a mainly water solvent. Wang and Brown [28,29] reported the
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acetone-initiated photografting of MAA and AA onto high-density
polyethylene (HDPE) and the significant difference in the wettabilities
between HDPE samples grafted in organic solvents and in acetone=
water mixed solvents where acetone acts as solvent and photoinitiator.

Other aliphatic ketones, such as butanone, heptanone, and penta-
none, have very similar chemical structures to that of acetone. How-
ever, they become less soluble in water with the increasing length of
alkyl chain and, hence, cannot be used to initiate photografting carried
out in water. These ketones cannot initiate photografting when they
are used alone or with organic solvents, either. However, Wang and
Brown [30] found that the aliphatic ketones (butanone, pentanone,
and heptanone) were able to initiate the photografting of MAA onto
HDPE when they were in suitable ketone=water=alcohol mixed sol-
vents. When the volume ratio of ketone was fixed, the grafting of
MAA onto HDPE became easier and faster with the increase of the vol-
ume ratio of water. The aliphatic ketones have similar, or even higher,
photoinitiation efficiencies than aromatic ketones when they are in
proper mixed solvents. For example, the extent of grafting of HDPE
could reach 4000 mg=cm2 after 5 min of UV irradiation in a 1-mol=L
MAA solution when 5% butanone=92% H2O=3% ethanol (volume
ratio) was used as the mixed solvent. In fact, when there was only
1% butanone in the mixed solvent, it still had very high photoinitia-
tion efficiency. We also found that aliphatic ketone=water=alcohol
mixed system could initiate the grafting of AA and AAm onto HDPE
and LDPE.

We discussed the photoinitiation mechanism of aliphatic ketones in
the mixed solvents. Very possibly, the hydrogen bond formed between
aliphatic ketone and water makes the energy of the excited state of
ketone higher and the lifetime of the excited state longer; therefore,
self-initiation of aliphatic ketone can take place.

This finding is important because 1) it has broadened the range of
photoinitiators for UV grafting from traditional aromatic ketones
(mostly benzophenone and its derivatives) to aliphatic ketones; 2) it
may have many potential industrial applications, for the significant
advantages of aliphatic ketones are their applicability in water-borne
systems, their low cost, and their easy recovery; and 3) it may also
have some theoretical values for research.

Self-Initiated Grafting

Most acrylic monomers and some other monomers can be polymerized
by self-initiation. In recent years, some work has been done on self-
initiated grafting. Deng and Yang found that maleic anhydride
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(MAH) [31] and styrene [32] could be photografted onto LDPE films in
the absence of a photoinitiator.

Wang and Brown [33] found that AA, glycidyl acrylate (GA), and
several other acrylic monomers could be photopolymerized and photo-
grafted onto HDPE and polypropylene (PP) by self-initiation during
photolamination. The self-initiated grafting is different from that
initiated by a photoinitiator. Most of the grafting, for two sheets being
grafted, takes place on the upper HDPE surface. The adhesion of the
sample photolaminated by acrylic monomer without photoinitiator is
much weaker than that with photoinitiator. The self-initiation mech-
anism of these acrylic monomers is possibly by an excitation of the
monomer to a triplet state (T3) with enough energy to abstract hydro-
gen from the polymer substrate and initiate the grafting.

Yang [34] recently found that methyl methacrylate (MMA) could be
photografted readily on an LDPE film surface under UV irradiation
when N,N-dimethylformamide (DMF) was used as the solvent without
additional photoinitiator. The possible reaction mechanism was based
on the photosensitivity of DMF, which induced this photografting
polymerization.

These findings may be useful in developing a photoinitiator-free
grafting or photopolymerization system.

ADHESION STUDY

Autoadhesion or Adhesive-Free Adhesion

In most of the reported techniques for improving the adhesion of PE
by photografting, an adhesive is needed to bond the grafted samples.
However, in recent years, some adhesive-free or auto-adhesion
methods have been developed.

Uyama, Ikada, et al. [35,36] grafted nonionic and ionic water-
soluble monomers onto HDPE films by the combination of plasma
pretreatment and photoirradiation. The grafted chains in the water-
swollen grafted layers can become entangled with each other through
their self-diffusion when the two grafted polymer plates are forced into
contact, leading to bond formation by hot-pressing without any adhe-
sives. The adhesion strength depends on the graft density and the
ionic nature of the grafted chains. The surface with larger graft den-
sity generally exhibited stronger adhesion when the water present
at the interface was dried up. Substantial interaction occurred almost
instantaneously upon contact when one surface was grafted with an
anionic polymer and the other grafted with a cationic polymer. A lap
shear adhesion strength of 90 N=cm2 was achieved. The interaction
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between similarly charged surfaces was weak in the presence of water,
probably because of the electrostatic repulsion operating between the
charged groups. Kang et al. [37,38] modified the surfaces of LDPE,
polytetrafluoroethylene (PTFE), etc., by graft copolymerization with
N,N-dimethylacrylamide (DMAA), the Na salt of styrenesulfonic acid
(NaSS), 3-dimethyl (methacryloylethyl)ammonium propanesulfonate
(DMAPS), and AA. Two grafted surfaces exhibited adhesive-free
adhesion or auto-adhesion when brought into contact in the presence
of water and subsequently dried. Lap shear adhesion strengths in
excess of 90 N=cm2 were readily achieved between films grafted with
the amphoteric DMAPS. Yamada et al. [39,40] grafted hydrophilic
monomers, such as MAA, AA, 2-dimethylaminoethylmethacrylate
(DMAEMA), and methacrylamide (MAAm) onto LDPE and HDPE.
The auto-adhesion strength increased with an increase in the wett-
ability and water absorptivity of the grafted plates as well as the tem-
perature and load on heat pressing. For all grafted plates, substrate
breaking at auto-adhesion strength measurements was observed for
grafted amounts two to three times as much as those at adhesive
strength measurements. The substrate breakings for the HDPE and
PP plates photografted with AA and DMAEMA, when adhesive
strengths were measured, were observed at lower grafted amounts
compared with those photografted with MAA.

Previous works on auto-adhesion of PE were done with water-
soluble monomers, and water was required as a pasticizer in forming
adhesion. Hence, the limitations of this method are that it can only be
applied to water-soluble monomers and the bonded polymeric items
cannot be used in water or humid environments. To overcome the lim-
itations, Wang and Brown [41] tried to graft some hydrophobic mono-
mers, such as methyl methacrylate (MMA), ethyl methacrylate (EMA),
butyl methacrylate (BMA), methyl acrylate (MA), and ethyl acrylate
(EA), onto an HDPE surface. The grafted polymers are amorphous,
and when two grafted surfaces are hot-pressed at a temperature above
the glass transition temperature (Tg) of the grafted polymer but below
the melting temperature (Tm) of HDPE, good auto-adhesion can be
achieved because of the interdiffusion and entanglement of grafted
chains. The joining mechanism of the grafted materials under hot-
pressing is shown in Figure 2.

The UV-induced grafting of the monomers onto HDPE has been per-
formed at low and high temperature. The grafting temperature is a
crucial factor affecting the grafting and the adhesion of grafted PE
samples. The grafting reaction was faster at higher temperature,
methacrylates grafted more easily than acrylates, and the grafted
amount increased with increasing length of the pendant alkyl chain.
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For the samples grafted at lower temperature, the adhesion was very
low (less than 50 N=m), even for very thick grafted layers. For the sam-
ples grafted at higher temperature, much higher adhesion could be
achieved. The presence of homopolymer in the grafted layer decreased
the adhesion of PE samples. Higher adhesion could be obtained for the
samples washed with organic solvents to remove homopolymers. The
adhesion strength also increased with hot-pressing temperature.
The highest peel strength (180� T-peel test) of more than 1000 N=m
has been obtained.

To achieve strong auto-adhesion of grafted materials, high grafting
density is essential. In addition, the grafted chains must be long,
because only long grafted chains can interdiffuse and become
entangled easily in hot-pressing. Possibly, the grafting density is
higher and the grafted chains are longer when the grafting is carried
out at high temperature; thus, strong auto-adhesion can be obtained.
The low adhesion of the samples grafted at low temperature is attrib-
uted to the low grafting density and the short, highly branched grafted
chains.

Photolamination

The bulk surface photografting process developed by Yang and Rånby
[14–18] can be used to photolaminate polymer films, and good
adhesion can be obtained. This technique can be applied to a wide var-
iety of plastic films, and it gives laminates of high mechanical strength
and high and selective barrier properties to different gases and vapors.
T-peel tests showed most of the laminates broke inside the substrates
rather than the interface failing. The reported apparent peel strength
at break for a laminate where both films were 0.188-mm-thick LDPE
films was 1050 N=m [42], and for a laminate of two HDPE films
0.04 mm thick was only 290 N=m [16].

Wang, Kang, et al. [43,44] reported the photolamination of ozone-
pretreated LDPE films via UV-induced graft copolymerization with
AAm, NaSS, DMAPS, AA, DMAA, and DMAEMA under atmospheric

FIGURE 2 Joining mechanism of the grafted materials under hot pressing.
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conditions and in the complete absence of an added initiator or oxygen
scavenger. The photolamination strengths depend on UV illumination
time, monomer concentration, and the chemical nature of the mono-
mer being graft copolymerized. Lap shear photolamination strength
of about 90 N=cm2 could be readily achieved in the LDPE=DMAPS
(aq)=LDPE assembly after UV illumination. The failure mode of the
photolaminated surfaces was either cohesive or adhesional in nature,
depending on the type of monomer used in the photolamination
assembly.

In the previous work on photolamination of polymeric films, LDPE
rather than HDPE was the commonly used PE grade. HDPE has a
surface that is more difficult to graft than the LDPE because of the
linear chain structure of HDPE and its higher crystallinity. Wang
and Brown [45] found that HDPE could be photolaminated very easily
by bulk photografting AA, with very strong adhesion obtained after a
short time of UV irradiation and with the adhesion failure mode being
PE breakage. In our experiments, much higher apparent peel
strengths at break have been obtained because the strips were much
thicker. For 0.5-mm HDPE sheets, the peel strength at break was
about 5000 N=m; for 1-mm HDPE sheets, it was 9000 N=m; and for
2-mm HDPE sheets, it was about 15000 N=m. Thicker HDPE sheets
need longer irradiation time to give strong adhesion. Very good
adhesion could be obtained for the HDPE samples photolaminated
by AA even when the polymerization conversion and grafting conver-
sion were very low. There was no adhesion at all for the samples
photolaminated by MAA or hydroxyethyl methacrylate (HEMA), even
when the polymerization conversion and grafting conversion were
rather high.

The monomers previously used were usually water-soluble, and
acrylic acid was the most effective one. It is likely that the adhesion
of polymeric films photolaminated by a water-soluble monomer will
become weaker when soaked in water for some time or even when held
in a humid atmosphere for a long time. Therefore, we [45] studied the
use of a mixture of water-soluble and water-insoluble monomers to
form less water-soluble grafted copolymers and, hence to improve
the water resistance of photolaminated films. When glycidyl acrylate
(GA) was employed alone between the HDPE sheets, the peel strength
of the photolaminated HDPE was only about 320 N=m, but when GA or
HEMA were cografted together with AA, very good adhesion could be
obtained and the water resistance of photolaminated samples was
improved.

Yang and Rånby [16] suggested that the lamination method
involved the formation of hyperbranched graft macromolecules and a
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cross-linked macromolecular network obtained by adding multifunc-
tional monomers. We [45] have done some work to understand the true
adhesion mechanism of photolamination by bulk photografting. The
PE sheets joined by acrylic acid could be separated in water and then
rejoined to give good adhesion, showing that the main adhesion mech-
anism is the entanglement of grafted chains, rather than covalent
bonds formed by the cross-linking between the grafted chains attached
to the two sides (forming a continuous network). We propose that the
stronger adhesion is given by a less branched grafted chain structure
that permits much more chain entanglement.

The photolamination method has an unavoidable drawback; i.e., it
can only be applied to thin and UV transparent films. High-energy
irradiation such as gamma irradiation can penetrate thick polymeric
materials, no matter whether they are transparent or not. Therefore,
if we use high-energy irradiation as the radiation source, then the
shortcoming of photolamination can be overcome. Li and Wang [46]
developed a new lamination method called radiation lamination to
laminate polymeric materials by high-energy irradiation-induced bulk
grafting. In contrast to the photolamination method, no adhesion
could be obtained when AA was used as the monomer to laminate
HDPE under c-irradiation. However, when glycidyl methacrylate
(GMA) or the mixture of GMA and AA was used as the monomer(s),
very strong adhesion of HDPE could be obtained by c-radiation
lamination.

Grafting Reactive Functional Monomers

Except for the auto-adhesion and photolamination methods, an
adhesive is always necessary for bonding the grafted items. The adhe-
sives can be divided into two categories: reactive and nonreactive. The
non-reactive ones can only interact with the grafted polymer chains by
van der Waals forces. The reactive ones, can also form chemical bonds
with the grafted polymer with a reactive functional group in addition
to the van der Waals forces (Figure 3). Chemical bonds are usually
much stronger than van der Waals forces; hence, theoretically, the
adhesion of samples grafted with reactive monomers and then bonded
with a reactive adhesive should be much better than that of samples
grafted with nonreactive monomers. Epoxies are among the most
widely used two-part reactive adhesives. To graft a monomer, which
can react with either of the two parts, onto polymeric materials is poss-
ible to obtain good adhesion. The studies based on this idea have been
previously carried out by many researchers [43,47,48], but the adhesion
of grafted PE was not good enough. When Yamada et al. [49,50]
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grafted MAA, AA, methacrylamide (MAAm), and AAm onto PE and
then bonded the grafted PE with an epoxy adhesive, the tensile shear
adhesive strength increased from 70 psi (0.48 MPa) (pristine PE) to
240 psi (1.65 MPa) (grafted PE). Although the adhesion strength
increased more than three times, it was still not satisfactory because
the adhesion of untreated PE is too low. In addition, the grafting pro-
cesses were usually quite complicated, which impedes their industrial
applications.

Wang and Brown [19] improved the previous grafting methods and
developed a new grafting process. We grafted monomers with an epox-
ide functional group onto HDPE, and very strong adhesion was
obtained. As shown in Figure 4, the adhesion strength of the HDPE
samples grafted for 30 s and then bonded with epoxy resin Araldite
K106 (Ciba Speciality Chemicals Pty. Ltd., Melbourne, Australia)

FIGURE 3 Graft reactive multifunctional monomers on PE and then bonded
with adhesive.

FIGURE 4 Peel strength of grafted PE samples bonded with epoxy resin
Araldite K106 as a function of UV irradiation time.
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was larger than the mechanical strength of HDPE itself. The HDPE
sample (2 mm thick and 2 cm wide) broke in 180� T-peel test and the
apparent peel strength at break was more than 14000 N=m.

The bonded HDPE samples had very good long-term stability in
NaOH solution (pH 14), outdoor weathering, temperature cycling, etc.

This technology has many advantages, such as easy and fast pro-
cessing, low monomer consumption and low cost, and high practi-
cality, over other methods. This technique can also be used for
the surface modification of other polymeric materials and for other
purposes.

Factors Affecting the Adhesion of Grafted PE

The surface properties of grafted polymer have no direct relation with
the amount of grafts, but do with the grafting density, the microstruc-
ture, and the morphology of grafted chains. No good adhesion could be
obtained in the former work even when the same monomers as we [19]
used were grafted onto PE. In our work, we also found that when the
same amount of the same monomer was grafted onto PE at different
conditions, the adhesion of the grafted PE samples was quite different.
Some had very strong adhesion, but some had very weak or even no
adhesion. This implies that the microstructure of grafted chains has
a decisive effect on the final property of the grafted surface.

For the surface-grafting modification intended to improve the
adhesion of polymeric materials, the crucial factors affecting the
adhesion property of grafted polymers are possibly the grafting den-
sity and the length and branching of the grafted chain. The adhesion
is proportional to the grafting density. By one calculation, one grafted
chain on per 1-nm2 area is necessary for obtaining strong adhesion.
Long, less-branched grafted chains are easier to diffuse into and to
become entangled with an adhesive, and they more easily react with
adhesive if they both are chemically reactive.

However, unfortunately, there is still not a direct method to charac-
terize the microstructure of grafted polymers. Wang and Brown [51]
studied the initial stage of the grafting of GMA, carried out in different
solvents, with atomic force microscopy (AFM). A highly branched (or
superbranched) microstructure (Figure 5a) was believed to be the
main structure of the grafted polymer chains obtained in the grafting
carried out in the solvents. This is, very possibly, the true reason for
the poor adhesion of the grafted samples. On the contrary, to obtain
good adhesion, the grafted polymer should have a microstructure, as
shown in Figure 5b, of high grafting density and long, less branched
grafted chains.
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CONCLUSIONS

UV or photoinitiated grafting has become a powerful technique for the
modification and functionalization of polymeric materials because of
its significant advantages. The fundamental study of UV grafting
and its applications in many fields has drawn a lot of attention. This
article reviews some of the recent progresses in both areas.

In recent years, some new and more industrially applicable UV
grafting methods have been developed. Some water-soluble photoini-
tiators or photo initiating systems (e.g., a aliphatic ketone=water=
alcohol mixed system) were developed or discovered and used in UV
grafting. Therefore, it is possible to develop more environmentally
friendly UV grafting methods. Some monomers such as maleic anhy-
dride, styrene, and some (meth)acrylates were found to be photograft-
able onto polymer substrates by self-initiation.

Improvement of the adhesion properties of polyolefins, especially
polyethylene (PE), is one of UV grafting’s most important applications.
An adhesive is usually necessary for bonding the grafted samples in
most of the previously reported techniques. However, in recent years,
some adhesive-free or auto-adhesion methods with hydrophilic and
hydrophobic monomers have been developed. The auto-adhesion
comes from the entanglement and=or the electrostatic attraction
(when ionic monomers are used) of the grafted chains through their
self-diffusion, when the two grafted polymer plates are forced into con-
tact and hot-pressed without an adhesive. Photolamination of PE and
other polymer substrates by bulk surface photografting is a convenient
way to obtain strong adhesion for thin films and thicker sheets. We
grafted monomers with an epoxide functional group onto HDPE and
obtained very strong adhesion with a new grafting process.

FIGURE 5 Proposed microstructures of the grafted chains.

Adhesion of Polyethylene 743

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
4
1
 
2
1
 
J
a
n
u
a
r
y
 
2
0
1
1



The grafting density, the microstructure, and the morphology, inter
alia, of grafted chains affect the final adhesion properties of the
grafted polymer substrate. Very possibly, to obtain good adhesion,
the grafted polymer should have a microstructure of high grafting den-
sity and long, less-branched grafted chains.
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