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INTRODUCTION

Due to increase in the need of body replacemens flaard tissue) that get damaged due to heathss
or accidents, various metal had been used in mady parts like hip joints and knee joints, also dgiates,
bolts, spinal fixation devices that are used astfir@ healing aids, as well as used in dental jplgntAnd, the
reasons of this wide application for the metalsd@suman body are excellent mechanical charatitariand the
metal resistance against corrosion. In additiopue metals, some metallic alloys also used toop@rfan active
role in producing devices parts like vascular stetite wire of guiding in catheter, arch-wires a¢hodontic and
cochlea planting. And, to consider planting of &t in vivo environment is successful, the partsmie
biocompatible with the vivo environment, becausetaltie implant can be corroded in this environme
(Williams, 1982). The corrosion of the implants have bad consequesgeh as the disintegration of the planti
material itself, and this problem will weaken orthihe planting, in addition to that the corrosfmoducts have a
harmful effect on the surrounding tissues and asgan

Stainless Steels

The stainless steel type 18-8 (type 302 in modkssdication) was the first stainless steel types are
used for planting in human body, and this typetaindess steel is stronger than vanadium steeledlsas more
corrosion resistant. On the other hand, the exmarisnshow that vanadium steel is corroded sevénelyvo
environment, for this reason, it is no longer agglin plantings. The development of stainless steglto
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248 Nabaa S. Radhi & Zainab Al-Khafaj

introduce 18-8sMo stainless steel, which has alsmabunt of molybdenum. This type is known as 34Bich has good
resistance against corrosion in salted water, éspem chloride solution. Later on, the carbomtent was reduced from
0.08% to 0.03%, and the chromium is 11% in stamigeel type 316 to improve the resistance agaimsbsion by

chloride solution, and it became called as 316lnkdas steel.
Pure Ti and Ti Alloys

The first attempt to apply titanium as plantingsvimo returns to late 1930s. The good indicatorsthefse
plantings in cat femurs were stainless steel atalliim (CoCrMo alloy). Titanium has very good psespies like lightness

and other mechano-chemical characteristics whidkentasuitable for vivo plantings as seen in Talle

Table 1: Specific Gravities of Metallic Planting Aloys

Alloys Tiand Ti Alloys | Stainless Steel (316) CoCrMo CoNiCrMo NiTi
Density (g/cm) 4.5 7.9 8.3 9.2 6.7

The term Osseo integration is referred to directtact between viable remodeled bone and plantinigowt any
intervening for soft tissue. And, there are margtdes that effect on the apposition of bone toithglant and on the bone
implant, inter facial pull out strength and theuitum alloys surface roughness are one of theser§adhe increasing of
surface roughness average will increase the imtatfahear strength, where increase in roughness {0.5 to 5.9)m
improve the shear strength from (0.48 to 3.5) Mpapectively (Feighan et al., 1995). As well as, thugh surfaces are
better than the smooth one in highest levels ofaidast cell attachment which are obtained (Kedeal., 1994). In
addition to that, the heat treatment for titaniwmface was changed chemically by producing TiO2rbgel layer above
the TiO2 layer, as shown in Figure 1. The TiO2 loge layer could induce the formation of apatitestal (Kim et al.,
1996). Generally, the rougher surfaces allow toelowell numbers to produce, decreased rate oflaelwoliferation, and
increased matrix production compared to smoothaserfBone formation appears to be strongly relatd¢te presence of

transforming growth factdsl, in the bone matrix (Kieswetter et al., 1996).

Figure 1: Chemical Changes for Titanium Surface afr
Heat Treatment (Kim Et Al., 1996)

EXPERIMENTAL WORK AND PROCEDURE

It is to involve the materials and equipment tha&t ased in this work, and the sequence of opemtom tests

that have been accomplished.

The base alloy used in this work are stainlesd st titanium alloy, and all the above alloys dhdue of high
purity (99.9 wt %), because they are for human aséd, any undesirable elements may cause side £ffacthe human
health.
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The materials and alloys that are used in this vaoek
e High purity titanium alloy of 99.9 wt%, which wasayzed by XRD.
» Stainless steel has the purity of 99.9 wt%, whiels &nalyzed by XRD.
» NacCl has purity of 99.8wt%
* NaF of purity 99.99 wt% purchased from (Fluka Compa
*  H,SQ, high purity of 99.99 wt%.
Preparation of Samples

The titanium and stainless steel specimens armusquare shape with dimension (10*10) mm, anadgng to

prepare for testing which include:
X-Ray Diffraction Analysis

This analysis has been carried out on both titaralloy and stainless steel to identify the existpigases in the
samples. The X-ray diffraction device used is L4RD-6000, Shimadzu supplied with single wave len@th-Ka is 1.54

A°, with nickel filter.
Microstructure and Observation

The microstructure of specimens of both titaniufoyabhnd stainless steel have been observed angta@tuding
optical microscope, the specimens were taken frach @lloy and cold mounted, then wet ground usiffgrént grades of
emery papers (180,220, 400, 800, 1000, 1200), timeligg operations were achieved using a rotark dischine. The
microstructure took for specimens before and aftarosion test in different electrolyte solution svabserved using

optical microscope type (Nikon, Eclipse, ME 60(ntade in Japan).
Corrosion Test

In this work, there are three types of corrosiolutsan, which have been imbedded in the samplestaifless

steel and titanium alloys. The electrolyte solusiaised in corrosion tests, whose composition igvahino Table (2).

Before imbedding the samples in each electrolykatiom, we take the original weights and originatface areas,
then after each 24 hour will go out to these samfstem electrolyte solution and washing with distll water and alcohol,
then drying by hot air, finally taken the weight bging sensitive balance, and put each sampleeirséime electrolyte

solution, which was taken from it. After 15 dayalaulated the corrosion rate for each sample fitamformula:
C.R=AW/A*t
Whereas:
C.R: Corrosion Rate.
Aw: Weight Change (g).
A: Original Area (mrf).

t: Time (days).
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Table 2: The Composition of Electrolyte Solution

No. Constituent Concentration
1 NacCl 5%
2 NaF 5%
3 H,SO, 10%

Surface Roughness Test

In this test, the roughness of the samples surflrdsoth titanium alloy and stainless steel hagerbobserved

and studied by using surface roughness testeisutface roughness was taken for specimens befareafter corrosion

test in different electrolyte solution.

RESULT AND DISCUSSIONS
X-Ray Diffraction

This test was conducted on the specimens of staisteel and titanium alloys to determine the exjgthases in

each specimen. The range of the diffraction arigfl®) (vas (20°-70°), the resulting phases are explaietow.

X — Ray Diffraction

X-ray diffraction analyses of stainless steel haeen studied, in order to identify metal used is g8tudy, as

illustrated in figure (2) and table (3).

v(111)

&(110)

(200

Figure 2: lllustrates X-Ray Diffraction Results for Stainless Steel Sample

Table 3: lllustrate (26°), D-Spacing, Phases, And (HkI) of

Stainless Steel Samples

20° d (measured) A° Phase HkI
37.6192 2.07336 Y (111)
44.4793 2.03524 a (110)
83.8239 1.22635 Y (200)

Figure (3) and table (3) show the phases that appethis samples whicly and a. While X-ray diffraction

analyses of titanium has been studied, in ordétdntify metal used in this study, as illustratadigure 3. and table (4).
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t Ti Ti

Figure 3: lllustrates X-Ray Diffraction Results For Titanium Sample

Table 4: lllustrates (20°), D-Spacing, Phases, And (HkI)
of Titanium Alloys

20° d (measured) A° Phase HkI
35.000 2.5570 Ti (100)
36.750 2.3420 Ti (002)
40.255 2.2440 Ti (101)
55.870 1.7260 Ti (102)
65.755 1.4750 Ti (110)

One of the analytical techniques used to detecphiysical characteristics of materials, crystalégaic structure
information and chemical composition is X-ray difftion (XRD). (XRD) is depending on scattered béatensity of X-
ray that hit the specimen. And, one of the effectiariables is wavelength, X-rays have wavelengththe order of
angstroms, and due to the range of typical intenatalistances in crystalline solids that is simtlathe wavelength of X-

ray, and X-ray gives indication about the crysigéphic structures of material (Miyazaki, 2009).

Topographic Observation

Topographic Observation of Stainless Steel

It can be observed from the below figures (5(a bnd d)), the surface of stainless steel samplessee cracks
from corrosion and results from corrosion, whiclises high value for roughness measurement testditanium alloys

in same media.
Figure 4 (a) shows the topography of stainlesd staaple after grinding without any electrolyteigan.

Figure 4(b) illustrates the topography of stainlsteel sample after imbedded for 15 days in 5% N#&itrolyte

solution.

Figure 4 (c) shows the topography of stainlessl Staeple after imbedded for 15 days in 5% NaF sdde

solution.

Figure 4 (d) illustrates the topography of staisleteel sample after imbedded for 15 days in 10%CH

electrolyte solution.
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(a) (b)

(d)

Figure 4: The Topography of Stainless Steel Sampédter Grinding without any
Electrolyte Solution and After Imbedded 15 Days Ir6% Nacl,
5% Naf And 10% H,SO, Electrolyte Solutions
Topographic Observation of Titanium Alloy

From the below figures 5 (a, b, ¢ and d), it isestsed, the surface of titanium samples can see enatks from
corrosion and results from corrosion, which cadsesvalue for roughness measurement tests thanlestai steel in same

media.
Figure 5 (a) shows the topography of titanium sanabier grinding without any electrolyte solution.

Figure 5 (b) illustrates the topography of titanisample after imbedded for 15 days in 5% NaCl sdégde

solution.
Figure 5 (c) shows the topography of titanium sangiter imbedded for 15 days in 5% NaF electradgiation.

Figure 5 (d) illustrates the topography of titanisample after imbedded for 15 days in 10956, electrolyte
solution.

(b)
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(©) (d)

Figure 5: The Topography of Titanium Samples afteiGrinding Without any
Electrolyte Solution and After Imbedded 15 Days Ir6% Nacl,
5% Naf And 10% H,SO, Electrolyte Solutions

Corrosion Test

Chloride ion concentrations in the internal fluide about seven times higher than its concentmatiororal
fluids. Figure (7) illustrates the corrosion belwaviof the stainless steel and titanium samples afibedded for 15 days
in 5% NaCl solution. The results illustrated titami samples as the best corrosion resistant thamests steel after
imbedded for 15 days in 5% NaCl solution, becatiskustrated the availability of a thick film ofxide, consisting of
TiO,. And, this oxide layer rise the resistance of lawarosion in solution containing 5% NaCl, compghwth that of the
stainless steel that made to conclude the presafits on the surface of sample after imbedded inN&¥s| that causes

increase in weight.

From above figures (4b and 5b), it can be obsetlhiatithere are pits on the surface of stainless stmples,

because attack of these electrolyte solution tetineace effect values of surface roughness tésthais displayed in table

(5).

1.00E-03

5.00E-04 2
0.00E+00

S

bl L PRI Ly

o 2 4 o 12 14 16
£ 500-E-04

= 1.00-E-03

5

E 1.50-E-03

E —— Tiin NaCl

£ 2.00-E-03 —#— 5t.5tin NaCl

g

2.50-E-03

3.00-E-03
Time (days)

Figure 6: The Corrosion Behaviour of the StainlesSteel and Titanium
Samples after Imbedded 15 Days in 5% Nacl, Solutien

Because of non-corrosive characteristics of titaniit has excellent biocompatibility. But, due teetmaterial
passivity in vivo, it formed an adhesive oxide lay®or the previous reason, the sample was coweitbdhe rutile type of
TiO2 during the test. Figure (7) illustrates therosion behaviour of stainless steel and titaniamses after imbedded

for 15 days in 5% NaF solutions.

From above figures (4c and 5c), it can be obsetivatipits are there on the surface of stainlesd ated titanium
samples, because attack of these electrolyte snltii the surface effect the values of surface lmoags test, which is

displayed in table (5).
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5.0000€-06 e
1niNa

=4=—S5t.Stin NeF

4.0000e-06

3.0000e-06

2.0000e-08

1.0000€-06

0.0000E+00

corrosion rate (g/mm2*days)

2 4 6 SHM 16

1.0000-£-06

Time (days)

Figure 7: The Corrosion Behaviour cf Stainless Steel And ftanium Samples
After Imbedded 15 Days Inc Solutions
According to (Schiff, et.al2002, the pitting corrosion isaused by breaking and failure of the surroundayg
on the titanium and titanium alloys by fluoride soattack. When immersing the titanium in the sohsi contaiing
fluoride, the titanium decay was recorded and therine was found on the titanium surface. Figug illustrates the
corrosion behaviauof stainless steel and titanium samples aftereshdle« for 15 days in 10% H2SO4 soluti, which
show noneorrosive properties for titanium and its all, for this reason and the other favourable propedieh as lov

weight and high strength, they arged in medical applications wid.

3.50e-03

E 3.00e-03 ~B-4502Tiin H
;‘g 2.508-03 —+—45025t5tinH
~N

E .
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& 150e03
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; 0.00€+00

Time (days)

Figure 8: The Corrosion Behaviour of Stainless Steelnd Titanium Samples
After Imbedded 15 Days In 10%H,SO, Solutions

The concentrations of chloride ion in the interflaids are about seven times higher chlorconcentrations in
oral fluids. A rich sodium chloride, added to largelumes of acidulied beverages (phosphoric acid considered a
continuous source of corrosive despite the relbtigbort exposure. As well , sulfur dioxide and hydrogen sulfi were
found, in order to speed up the deformation and corrosioplanting metals. Moreovefrom the above listed intraoral
chemistry and electrochemistry, it is importantkttow how to simulate the intraoral environm¢, when the in vitro
chemical or eletrochemical corrosion test is prepared and camigd Figure (9) illustrates the corrosion behaviofi

stainless steel and titanium samples after imbefor 15 days in 5% NacCl, 5% NaF and 10% H2S04 solul.
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Figure 9: The Corrosion Behaviour of Stainless Stéand Titanium Samples
After Imbedded 15 Days In 5% Nacl, 5% Naf And 10% HSO, Solutions

Surface Roughness Test

Table (5) illustrates the surface roughness tefirbeand after corrosion test for stainless steel titanium
samples.

Table 5: lllustrate the Surface Roughness of Sampde

Samples Roughness value (um)
Stainless steel 0.053
St.st. in NaCl 0.049
St.st. in NaF 0.123
St.st. in HSO, 0.125
Titanium 0.066
Ti. in NaCl 0.120
Ti. in NaF 0.091
Ti. in H,SO, 0.072

CONCLUSIONS

This work included the compartment of Titanium astdinless steel by surface roughness, topograpby an

corrosion test in different media, such as NaCF ldad HSO,, and the conclusions are as follows
* The results of corrosion illustrates titanium alby/the best of stainless steel in different casromedia.

e The surface roughness and topographic tests shatthh titanium is the best, when compared witinktss
steel.
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