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Abstract

Chemical surface characterization of C + H hybrid ion implanted UHMWPE samples were carried out using DSC (differential scan-
ning calorimeter) and TGA (thermal gravimetric analysis) techniques. Samples were implanted with a fluence of 1017 ion/cm2 and an
extraction voltage of 30 kV. The study of TGA and DSC curves showed that: (1) Polymeric decomposition temperature increased,
(2) Tm, DCp and DHm values changed while DCp and DHm increased. Tg value could not be measured, because of some experimental
limitations. However, the increase in DHm values showed that Tg values increased, (3) the branch density which indicated the increase
in number of cross-link (Mc) decreased in ion implanted samples and (4) increase in DHm values indicated increase in crystallinity of
implanted surface of UHMWPE samples.
Published by Elsevier B.V.
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1. Introduction

UHMWPE (–CH2– ln monomer) is a very important
polymer in different fields such as medicine, engineering
and biology. A special application of this polymer in bio-
medical concerns the interface of hip joints prostheses,
where the friction can be a significantly reduced using inter-
meddled sheet of UHMWPE [1]. The acetabular cup part
of the hip joint is generally covered or produced by
UHMWPE, because of its wear resistance. Covering some-
thing by polymer is possible only with thermoplastics
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which are melt – able polymers. UHMWPE is a semi-crys-
talline polymer so it has lots of thermal behaviors. Gener-
ally, the percentage of the crystallinity of the polymer
changes with the molecular mass of the polymer, tip of
monomers of atoms, an irradiation, ion implantation,
number of cross-links and additives. Thermal behavior
changes of polymers could be seen with the changes in
the number of cross-links and the changes in the density
of side of the branches of the polymer. If the number of
cross-links of a polymer is known, an assumption can be
made about the percentage of crystallinity of the semi-crys-
talline polymer. In the chemistry of the polymer, the
crystallinity of polymer measurements with some chemi-
cal–thermal analysis’s could be used for the characteriza-
tion and the qualification of the polymers. UHMWPE
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and all the other thermoplastic polymers have typically dis-
plays of the endotherms of the broad melting and glass
transitions (Tg) as a major analytic features associated with
their properties. If those properties of the polymer are
changing by the same chemical or physical applications,
the all thermal behaviors of the polymer will change. The
MEVVA (metal vapor vacuum arc) ion implantation tech-
nique could be used to change the properties of the poly-
mers by an accelerated metal and gas ions. For example,
the glass transition temperature, Tg, is defined as the tem-
perature where the polymer changes its phase. After the
ion implantation is introduced, the amorphous phase of
the all of the polymers turns to the phase of the crystallin-
ity. The melting point, Tm, is the another important point
for the polymers. At the melting point, the phase of the
crystallinity of the all of the polymers reduces to the amor-
phous phase. The melting enthalpy of a polymer value
could be calculated from the data of the thermal analysis.
The last important parameter for a polymer is the heat
capacity (DCp) at a constant pressure. Since all of the poly-
mers have different heat capacity constants at constant
pressures, the heat capacity is very important for the char-
acterization and the identification of a polymer.

The glass transition and melting point are strongly
dependent on the processing conditions of the polymers
and the dispersion in the structural and chemical properties
of plastics. If the heat capacity of a polymer changes, it
might be caused by MEVVA. Characterization of polymers
requires a detailed analysis of these characteristic thermal
transitions using either the differential scanning calorimeter
(DSC) technique or the differential thermal analysis (DTA)
technique. Moreover, the weight loss with heating is a com-
mon phenomenon for polymers due to the degradation and
the loss of the residual solvents and monomers [2]. Weight
loss on heating is studied using the thermal gravimetric
analysis (TGA) technique. Complete thermal analysis of
a plastic sample results in the inferential information con-
cerning the chemical composition and the structure of the
material.

In this study, we investigated the thermo-chemical
changes on the C + H and C + H + Ar implanted
UHMWPE and unimplanted UHMWPE samples. The
MEVVA ion implantation technique changes the surface
crystallinity and the number of the cross-links of the poly-
mer. We tried to see and observe those thermal–chemical
changes using the chemical–thermal analysis equipments.

2. Experimental

2.1. Material

Medical Grade GUR 1020-Type 1 – ultra high molecu-
lar weight polyethylene (UHMWPE –CH2–jn monomer)
with a density of 945 kg/m3 was used. The disk-like speci-
mens having 30 mm of a diameter and 6 mm of a thickness
were chosen. Surface roughness was nearly the same at the
all of the disk-like samples before the ion implantation.
Ultra high molecular weight polyethylene (UHMWPE)
samples were implanted using MEVVA ion implantation
technique with C + H and C + H + Ar hybrid ions at the
fluence of 1017 ion/cm2 and the extraction voltage of
30 kV to improve its chemical and thermal properties.

2.1.1. Characterization techniques
We used two different kinds of equipments. One of them

is DSC (differential scanning calorimeter) SHIMADZU
DT-50 and the other one is TGA (thermo gravimetric ana-
lyzer) SHIMADZU DT-51. DSC and TGA were used in
N2 atmosphere. N2 flow rate was 50.00 ml/min. Aluminum
cells were used for analysis of the polymers. The tempera-
tures of the sample cells were increased by 10 K/min. The
weights of the all of the samples were nearly 5.00 ±
1.00 mg.

3. Results and discussions

This work showed the change of the surface thermal
behaviors of UHMWPE before and after the ion implanta-
tion. DSC (differential scanning calorimeter) was used to
measure the energy change of the polymer by increasing
the temperature in inert N2 gas atmosphere. The reason
for choosing the N2 atmosphere is that the polymers never
give any reactions by increasing the temperature in the N2

atmosphere. Generally, many of the polymers give oxida-
tion reactions in the air atmosphere. Thus, the oxidation
of the polymer would change the chemical characteristics
of the polymer. Thus, the measurements could not give
the correct data about the thermal properties of the poly-
mer. DSC focused on the thermal properties of the polymer
like Tg, Tm, DHfus and DCp. Tg is the temperature where the
polymer changes its state through glass. This temperature
is called glassy transition temperature [3]. Up to this
temperature, the all polymers are crystalline. After Tg is
reached the crystalline structure of the polymer starts to
be semi-crystalline. Semi-crystalline polymers have an
amorphous phase. The melting temperature of polymer,
Tm, is important for polymer industry due to the extrusion
process of thermoplastics. Thermoplastic materials are
melt-able polymers and all kind of thermoplastic polymers
have different melting points and glassy transition temper-
atures. Glassy transition temperatures might be identified
by DSC. DSC instrument gives some important data from
its thermographs about DHfus and DCp values. DHfus is
defined as the melting enthalpy of the polymers or the
fusion enthalpy of the polymers. The measurement can
be done by taking an integration of Tm over the area of
the peak. In the integration, the lower limit is nearly start-
ing of melting temperature and final limit is the finishing
temperature of melting. DCp value is seen as a small half
peak in Fig. 1 and it can come before or after Tm value
in the DSC thermograph. The height of this peak gives
DCp. If the polymeric structure changes, the new structure
should have a different DCp value. Table 1 shows the
thermal data of UHMWPE before and after the ion



Fig. 1. DSC thermograph of the samples of UHMWPE before and after
the ion implantation with C + H, C + H + Ar ions.

Table 1
Thermal data of UHMWPE before and after the ion implantation with
C + H, and C + H + Ar ions

SAMPLE Weight
(mg)

DHf

(J/g)
DCp

(mw)
Tm

(C0)
Crystallinity
(%)

Un implanted
UHMWPE

5.4 115.07 0.51 135.6 38.1

C + H + Ar
implanted
UHMWPE

5.0 117.57 0.43 131.8 40.5

C + H implanted
UHMWPE

5.2 115.82 0.31 135.2 39.9

Fig. 2. TGA thermograph of the samples of UHMWPE before and after
the ion implantation with C + H, C + H + Ar ions.
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implantation with C + H, and C + H + Ar ions. We could
discuss the crystallinity of the polymer percentage from
Table 1. The detailed calculation of the crystallinity of
the polymer percentage could be found in [4]. The crystal-
linity of the polymer is an important manufacturing gradi-
ent for the production process and for the improvement of
physical properties of polymeric materials. Increase in the
crystallinity of the polymer changes the surface quality of
the polymers. We could give the wet ability and surface
energy as examples of the surface quality of the polymers.

The purpose of the MEVVA ion implantation is to
change the thermal, the chemical and the physical surface
properties of UHMWPE samples [5–7]. C + H and
C + H + Ar ion implantation changed the melting temper-
ature of the polymer. As seen from Fig. 1, Tm value
decreased after the ion implantation of C + H + Ar of
UHMWPE sample. The decrease in Tm shows the increase
in the numbers of the surface cross-link of UHMWPE sam-
ples. The same behavior was seen also in C + H ion
implantation. But, this time the increase in the numbers
of the surface cross-link was not as much as the case in
C + H + Ar implantation. The difference in two cases is
coming from Ar ion sputtering. There are locally cross-link
parts on the polymer surface. These regions are stable as
much as the crystalline parts. When Ar atoms crash to
the these locally cross-link parts, they sputter some
polymer cross-links and remove from the polymer surface.
This event changes the topography of the surface of the
polymer. As well as the topography change, one could
see the breaking change in main chains. If PE main chains
are broken, this will produce radicals. These radicals will
make cross-links inside of the crystalline parts of the poly-
mer. Thus, the matrix of the cross-link size will decrease
and cross-link density will increase. The change in DHfus

value is significant for the crystallinity of the polymer. If
the surface crystallinity and molecular order increase,
DHfus value increases. Implantation of C + H and C +
H + Ar increased the crystallinity of the polymer. Due to
the effect of Ar ion in the implantation, C + H + Ar ion
implantation caused more crystallinity effect than C + H
ion implantation. We saw different changes in DCp value
for both C + H and C + H + Ar implantations.

We thought that the ion implantation changed the main
chains and regular bonds of the polymer. Although when
we looked at Tg value, we could not see the exact value
from Fig. 1. Because the derivatives of Tg values of
UHMWPE and PE are nearly at 180–190 K. But, one
could could understand or estimate Tg value from Tm value
change. While Tm is decreasing, Tg is increasing for the
UHMWPE samples, because the ion implantation caused
increase in the polymer crystallinity. It can be seen easily
from Table 1.

Another special technique of the thermal analysis is
TGA (thermo gravimetric analysis). TGA is usually used
to see the additives and the thermal degradation tempera-
ture of the polymers. When the UHMWPE was implanted
with C + H and C + H + Ar ions, the thermal properties
changed. The implantations of C + H and C + H + Ar
ions through the UHMWPE increased the thermal resis-
tant of UHMWPE. If you look at the Fig. 2 and Table
2, you can see branches removing temperature, decomposi-
tion temperature and graphitization temperature of
UHMWPE before and after the ion implantation with
C + H, and C + H + Ar ions. C + H ion implantation gave
us very important information about the thermal proper-
ties. Its branches number decreased and these branches
could make new bonds or could remove from the surface.



Table 2
Some significant temperatures for UHMWPE before and after the ion
implantation with C + H, and C + H + Ar ions

SAMPLE Branches
removing
T(C0)

Chains
decompositions
T(C0)

Graphitazion
T(C0)

Un implanted
UHMWPE

252 429 445

C + H + Ar
Implanted
UHMWPE

260 (1) 406 463
(2) 443

C + H implanted
UHMWPE

305 450 492
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When the new bonds are formed, the new cross-links
are formed. Thus, this causes the increase in the thermal
stability of the UHMWPE samples. If we look at the
C + H + Ar ion implanted sample, it is seen that it has
two branches removing points. This means that Ar ions
could damage the main chain of polymers and shorten
the chain length. When the temperature increases, the small
parts of these polymer chains remove from the polymer.
We could see the parallelism between the numbers of the
cross-link and the decomposition temperature. The last
point is graphitization point of polymer. At this tempera-
ture, the polymer returns to graphite and it’s chemical
bonds become more stable. Thus, the rigid polymer struc-
ture is formed.

4. Conclussion

The thermal characteristics of the UHMWPE samples
were improved by C + H and C + H + Ar ions implanta-
tions. The C + H and C + H + Ar ions implantations
changed the fundamentals of the polymer morphology
and the chemistry of the UHMWPE samples. The implan-
tation increased the numbers of the cross-link of the
UHMWPE samples. The numbers of the cross-link in the
case of the implantation of UHMWPE samples with
C + H + Ar ions was higher than the numbers of the
cross-link in the case of the implantation of UHMWPE
samples with C + H. Ar ions caused damages in the main
chains of the polymers and decreased the sizes of the
cross-link matrix of the surface of the UHMWPE samples.
The increase in the numbers of the cross-link number gives
us the improvement in the physical properties of the
polymer.
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