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Abstract.

Commercially pure (cp) titanium has a relative dofirdness property. In particular usage such as
sliding, the improvement of the hardness value bdlrequired. To improve the hardness of the
surface while maintaining the original propertigsn implantation process is conducted. Nitrogen
ions are used to implant this material. The effeftthe nitrogen ion doses to the surface hardaess
then studied. In this study, lon Implantation preses are conducted at room temperature and process
durations are varied as 140 minutes, 280 minutas%60 minutes. The doses of nitrogen ions which is
required in these process durations are 8.4%1@ns/cnd, 16.8x16* ions/cr, and 33.6x1 ions/cnd
respectively. Hardness tests are then performeéamh specimen by using Micro Vickers Hardness
Tester. The processes of ion implantation prodheshardness surface values of 88.97 HV, 125.51
HV, and 130.2 HV, for the doses of 8.4%16ns/cm, 16.8x16" ions/cm, and 33.6x1H ions/cm. The

ion implantation of cp titanium can significantiycrease the hardness on the surface. Compared to
the hardness of the raw material, these procesaes Increased the hardness values by 64.8 %, 132.5
%, and 141.2 % for the doses of 8.4%¥1ns/cm, 16.8x16* ions/cnd, and 33.6x1t ions/cmi
respectively. The hardness can be improved as a&ggd1.07 % when the dose is increased from
8.4x10" ions/cni to 16.8x168 ions/cmi. However there is no a significant increasing iardness
value when the dose is increased from 16.8%bBs/cni to 33.6x1&* ions/cr.
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Introduction

lon implantation is a special case of particle atidn. The process involves the bombardment oflia so
material with medium to high energy ionized atom® ithe near surface region of any substrate. fidéés surface
alloying can be performed irrespective of thermayic criteria such as solubility and diffusivity.h&se
advantages, coupled with the additional possibditjow-temperature processing, have prompted eaptms into
applications in which the limitations of dimensibohanges and possible delaminating of conventiooatings are
a concern (Hirvonen and Sartwell, 1994). Comportémtensions or bulk material properties are not exblg
affected by the process.

A schematic view of the path of an individual i@nidén implantation is shown in Figure 1. The indival ion
is loses its energy and create a shallow surfaagifi@d region. As illustrated in the figure, thenidoes not travel in
a straight path to its resting place, due to dollis with the target atoms. Target atoms are digpldrom their
lattice sites with sufficient energy that they ¢hamselves displace additional target atoms, iieguih a collision
cascade.

lon implantation equipment typically consists of am source, where ions of the desired element are
produced, an accelerator, where the ions are elgatically accelerated to a high energy, and getacthamber,
where the ions impinge on a target, which is théens to be implanted. The schematic of equipnsattup and
photograph of the device arrangement for plasmeoadtburizing can be seen in Figure 2 and Figure 3,
respectively.

Each ion is typically a single atom or moleculed #nus the actual amount of material implantechantarget
is the integral over time of the ion current. Tamount is called the dose. The currents suppliediipjanters are
typically small (microamperes), and thus the dob&ckvcan be implanted in a reasonable amount af tgysmall.
Therefore, ion implantation finds application irsea where the amount of chemical change requirethadl.
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Figure 1: A schematic view of the path of an indiial ion in ion implantation (Hirvonen and Sartwell
1994).
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1. High voltage source 7. Magnetic analvzer
2. Penning type ion source 8. Beam sweeper

3. Isolated column 9. Diffusion pump
4. Base 10. Rotary pump

5. Accelerator tube 11. Target

6. Quadmpole lenses

Figure 2: Schematic diagram of devices for ion anpdtion
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Several researchers have utilized the ion implemmagpplications in the medical area, such as for
orthopaedic prostheses that require high wear ptiepeexcellent corrosion resistance and biocoihbitity (Diaz et
al., 2009; Jagielski et al., 2006; Huang et alQ480

The titanium alloy Ti—6Al-4V is widely in use foridmedical applications such as artificial hip amb&
joints. Beneficial properties include improved diitgt tensile and fatigue strength, bone-matchedduoius of
elasticity and biocompatibility due to the nativgide layer (Torregrosa et al., 1995; Tsyganov et 2002).
However, there are some concerns about the toxi€if and V wear debris in the human body thatmigegative
side effects to the human body. For this reasanue of cp titanium is a potential metal and sefeeplace Ti-
6AI-4V titanium alloy bearings. But, its wear propes still need to be improved (Darmawan et &10.

It is generally known that ion implantation treatrnean improve the mechanical wear properties dalse
In particular, nitrogen ion implantation is an elkeet process to enhance the wear resistance dfla rnge of
ferrous materials and titanium-based alloys (lketal., 2002).

Improvement of the surface hardness and corrosisistance are depended on the used of implantation
parameters such as energy, dose or time. The glpgerelated to the beam currehtby the following formula
(Nastasi and Mayer, 2006):

It

=— (1)
qiA

Where,

t: implantation time

A: beam area

qgi: the charge per ion

Beam current and implantation doses typically rainge 1 A — 30 mAand 16" — 10"° atoms/crh

In this study, the effects of the nitrogen ion dot®the surface hardness are then investigates stitiace
hardness is measured by using Micro Vickers Halmester.

Figure 3: Photograph of the device arrangemenbfoimplantation

Materials and M ethods

The material used for this work is cp titanium. Tdieemical composition of cp titanium is as follows:
0.04%, C: 0.05%, H: 0.003%, Fe: 0.13%, O: 0.11%,0M9% S: 0.03, Ti: balance. The material has resd
number of 53.99 HV.
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Regarding to ion implantation processes, cp titanimaterial is cut with the size of 1 cm x 1 cm 8 8m.
Specimens as many as three pieces created foptngse. Then the material is grinded and polisheidg
polycrystalline diamond until it is clean and shiny

The ion implantation process is conducted by thmeimoplantor 200 kV/ 2mA. Nitrogen ion is implantéed
target chamber of ICS-SP 1104. The energy of B&d and the current of 10@A are applied. During ion
implantation, the vacuum at the target chamber maisitained below 1xI®DmBar. In this study, process durations
are varied as 140 minutes, 280 minutes and 560tasnu

Prior to hardness testing, a careful surface pegjoer (grinding and polishing) is conducted to easawell-
defined indentation that may be accurately measurais hardness test follows the standard ASTM E. 3&he
micro-hardness measurement works with indenterefasclight as 10 gf (gram force), with indentatione in 15
seconds. The indenter is a square-based pyrantidpkd diamond with a face angle of 136°. This iteteand its
diagonals of impression are illustrated in Figuré#ter force removal, the impression diagonalsrasasured with
a light microscope. It is assumed that the ind@matoes not undergo elastic recovery after foereaval.

a=136°
between
opposite faces

_ _

Figure 4: Vickers Hardness Test

The Vickers hardness number can be determinedebfottowing equation:
HV =1854P/d? 2)
where
P: the applied force (Kg),
d: mean diagonal of impression (mm).

Karl Frank GMBH Type 38505 micro hardness testeused for measuring the hardness of the specimen.
This micro hardness tester can be seen in Figure 5.

Results and Discussions

The results are analyzed and plotted to see trextefff ion implantation process doses to the nwlteri
hardness.

M-21



Simposium Nasional RAPI XI FT UMS — 2012 ISSN : 1412-9612

Doses Calculation for 1on Implantation: Using Eq.1, the dose required for ion implantai®oalculated for each
duration process. For example, the dose calculdtorbeam current, | = 10fA, implantation time, t = 140

minutes= 8400second beam areaA = 1cnf, the charge per ionj = 1.6x10" coloumbis as follows:

_ It
T
_ 100x8400
©16x107%x
@=84x10"* ions/cnf
Similarly, the dose required is calculated, theiltssan be seen in table 1.

Fig. 5: Karl Frank GMBH Type 38505 Buehler Micrortiaess tester

Table 1 Result of dose calculation for various tlara

Duration Dose

[minutes] [ions/cm?]
140 8.4x16"
280 16.8x18*
560 33.6x16¢

Surface hardness calculation: After the specimens are ion implantation procesbadiness testing is conducted
on the surface of the specimens. Using Eq.2, tlacihardness is calculated for each durationge®: Then the
results can be seen in table 2.

Table 2 Surface Hardness due to ion implantatiocgss

Duration Dose Hv
[minutes] [ions/cm?]
140 8.4x16" 88.97
280 16.8x18* 125.51
560 33.6x16¢ 130.2

The Effect of lon Implantation Process Doses to the Material Hardness. The hardness values for ion
implantation processes for doses of 8.4%i6ns/cnf, 16.8x13* ions/cnf, and 33.6x1 ions/cni are 88.97 HV,
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125.51 HV, and 130.2 HV, respectively. Comparedhe hardness of the raw material, these processes h
increased the hardness values by 64.8 %, 132.5841 4.2 % respectively.

There is a significant increased in hardness valben the dose is increased from 8.4%X1®ns/cnf to
16.8x10* ions/cni. The hardness can be improved as high as 41.07%.

The hardness improvement, however does not shamearlbehavior when the dose is increased. When the
dose is increased to 33.6x1i@ns/cni, the hardness value is increased only 3.74%. Bheness improvement is
not significant when it is compared with that ofsddncreasing from 8.4x1%ions/cnfto 16.8x16* ions/cni. The
hardness values are illustrated in Figure 6.
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Figure 6: The hardness values in the surface afis@s which is processed ion implantation.

The results of ion implantation test showed theg@nthe duration the higher the value of the rewlt
hardness. This is because the longer the proceasiatuthe greater the number of nitrogen ionsugdif into the
surface of titanium (see again table 1) so thetgreaae number of TiN compound is formed on thdamg.

Conclusions
In this research, the surface hardness of cp titaris modified and improved by using ion implardati
process. The effects of such processes to hardaksscan be concluded as the followings:
1. The ion implantation of cp titanium can significigrincrease the hardness on the surface.
2. Compared to the hardness of the raw material, thesmesses have increased the hardness values&y 64
%, 132.5 %, and 141.2 % for the doses of 8.&kidhs/cnd, 16.8x10" ions/cnd, and 33.6x1Y ions/cnt
respectively
3. The hardness can be improved as high as 41.07% thieedose is increased from 8.4X1ns/cnt to
16.8x10* ions/cni. However there is no a significant increased indhess value when the dose is
increased from 16.8x1bions/cnf to 33.6x14" ions/cnd.
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