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ABSTRACT

Effect of gammaradiation on el ectrochemical corrosion behavior, structural
morphology and hardness of commercial silver- palladium dental aloy has
been investigated. Matrix microstructure of silver- palladium such as
crystallinty, crystal size and orientation changed after exposure to gamma
radiation which effectson all measured properties. Corrosion potentia (E_),
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corrosioncurrent (I, ), corrosionrate (Corr,, ) and Tafel slopes (Bc and fa)
of silver- palladium alloy changed after exposure to gamma radiation.
Corrosion potential of silver- palladium alloy exhibited anegative potential.
Also, the cathodic and the anodic polarization curves showed similar
corrosion trends after exposure to gamma radiation. Vickers hardness of
silver- palladium dental alloy decreased after exposure to gammaradiation.
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INTRODUCTION

Silver/paladium aloys developed by Heraeusin
1931 have been used for dentistry in applications such
asbridgesand crowns. Nickel alloysare harder than
precious meta aloys, they providetherequiredrigid
support for porcelain and prevent fracture. They have
been the preferred choiceinlong-span bridgerestora-
tionsor when strengthisof main concern*3. Alsonickd
aloysaresubjected to corrog on products, which might
lead to soft tissueinflammeation and contact dermetitis*
8. Ni-Cr wiresused for orthodontic bands can influ-
ence not only theimage quality, but also thediagnostic
reliability of MRI of the temporomandibular joint!®,
Hubalkova et all” described thebehavior of dental a-
loysduring themagneti c resonanceimaging procedure.

Ni-Cr, Co-Cr andSUS304 expressed small amounts
of MR defects, but SUS405, Pd-Co-Ni and Sm-Co
expressed large defects. The effects of gammaradia-
tion and magnetic resonanceimaging on structure, elec-
trochemica corrosion behavior and Vickershardness
value of commercial Co-Cr and Ni- Cr dental alloys
wereinvestigated’®19, Also the effects of gammara
diation and magnetic resonanceimaging on structure,
surfaceroughnessand Vickershardness of commercid
titanium biomateria have®. No moreavailableressarch
covering the effects of gammaradiation on structure
and physicd propertiesof slver- paladiumdentd dloy.
For this reason, the aim of the present study wasto
investigate the effect of gammaradiation (10, 20 and
30 kGy) on structure morphol ogy, hardnessand elec-
trochemica corrosion behavior of commercid silver-
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Figurel: x-ray diffraction patter nsof slver-palladium alloy beforeand after exposureto gammaradiation

paladium dentd aloy.
EXPERIMENTAL WORK

The specimensused in the present work are com-
mercial slver- paladium dentd adloy. They preparedin
convenient shapefor dl testssuch asstructure, rough-
ness, Vickers microhardnessand el ectrochemical cor-
rosion behavior. Microgtructure of used specimenswas
performed using a Shimadzu X-ray Diffractometer
(Dx-30, Japan). Microhardness test of used specimens
were conducted usingadigital Vickersmicrohardness
tester, (Model FM—7, Tokyo, Japan), applying a load

of 100 gf for 5 seconds viaaVickersdiamond pyra
mid. Theroughnessof used specimenswere measured
by using surfaceroughness measurementsdevice(S.J
201.P). The polarization studieswere performed using
Gamry Potenti ostat/Gal vanostat with aGamry frame-
work system based on ESA 300. The polarization stud-
ieswere carried out over apotential of +250to-250
mV with respect to the open circuit potential at ascan
rateof 5mV st. Thelinear Tafel segmentsof the an-
odic and cathodic curveswere extrapol ated to obtain
corrosion potential (E_, ) and corrosion current den-
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RESULTSAND DISCUSSION

Effect of gammaradiation on microstructure

Effect of gammaradiation on structureand physi-
cal properties of dental materialsthat have been re-
cently devel oped and introduced to the dental market
werenot investigated. Figure 1 showsx-ray diffraction
patternsof silver- palladium denta alloybeforeand af-
ter exposure to gamma radiation doses (10, 20 and
30kGy). Thedetails of formed phases (intensity, posi-
tionand Miller indices) insilver- palladium aloy are
shownin TABLE 1. Fromtheseresults, it obviousthat
thesilver- palladium aloy consists of Ag. Pd face cen-
tered cubic phase. The shape of formed phases (inten-
sity, broadnessand position) of silver- paladiumaloy
changed after exposureto gammaradiation. That is
becausetheinteraction of high energy gammaradiation
with slver- paladiummatrix aloy.

Effect of gammaradiation on Vickershardness

Hardnessis a property with alow coefficient of
variation when compared with other mechanica prop-
ertiestested. In general hardnessisdefined asresis-
tance of materid to plastic deformation, usualy by in-
dentation. However, theterm hardness may a so refer
to stiffnessor resistanceto scratching abrasion, or cut-
ting. Themicrohardnesswas conducted usngadigita
Vickersmicrohardnesstester, applying aload of 100g
for 55, for slver- palladium aloy. Vickers hardness of
silver- palladium alloy before and after exposureto
gammaradiationisshownin TABLE 2. Vickershard-
ness of silver- palladium alloy decreased after expo-
sureto gammaradiation. That isbecause gammara
diation caused achangein matrix aloymicrostructure
which effect on bonding strengthreducing itshardness.

The minimum shear stress (z, ) value of silver-
paladium alloy before and after exposureto gamma
radiation was cal culated using the equation*?:-

o= g {% (1—2v) +§(1 + 201+ v)ﬁ}

2

WherevisPoisson’s ratio of the elements in the alloy
and then calculated (t, ) valuelistedin TABLE 2.

Effect of gammar adiation on electrochemical cor-
rosion behavior

Figure2 showsed ectrochemica polarization curves
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TABLE 1: x-ray diffraction analysisof slver-palladium alloy
beforeand after exposuretogammaradiation

Base silver-palladium sample

20 dA Int. % hkl FWHM
39.2462 2.29561 100.00 100 0.3542
45.4186 1.99696 39.98 200 0.3149
66.5586 1.40497 14.14 220 0.7872
80.1531 1.19746 9.07 311 0.8659
84.6265 1.14426 4.74 222 0.9600

After exposureto 10 kGy

20 dA Int. % hkl FWHM
39.2047 2.29474 100.00 100 0.1181
45.5346 1.99214 30.39 200 0.2755
66.5616 1.40492 24.14 220 0.4330
80.0539 1.19869 11.12 311 0.8659
84.6527 1.14398 6.17 222 0.8640

After exposureto 20 kGy

20 dA Int. % hkl FWHM
39.1968 2.29839 100.00 100 0.3739
45,3887 1.99820 34.95 200 0.2952
66.4423 1.40715 16.37 220 0.7085
80.8421 1.20134 10.26 311 0.6298
84.4963 1.14569 5.28 222 0.8640

After exposureto 30 kGy

20 dA Int. % hkl FWHM
39.1959 2.29844 100.00 100 0.3739
45,5957 1.98961 34.48 200 0.3739
66.5842 1.40449 14.26 220 0.7872
80.0960 1.19817 9.52 311 0.8659
84.4204 1.14653 4.21 222 0.8640

TABLE2: Vickershardnessand (t, ) of silver-palladium alloy
beforeandafter exposuretogammaradiation

Samples Hv kg/mm? n kg/mm?
Untreated 334.6 110.55
10 kGy 321.6 106.28
20 kGy 302.8 99.92
30 kGy 303 99.99

for of silver-palladium aloy in 0.5M HCI before
and after exposure to gamma radiation doses (10,
20 and 30 kGy). Fromthis Figure it is obvious that
the corrosion potential of the used alloys exhibited
anegative potentia . Al o, the cathodic and theanodic
polarization curves showed similar corrosion trends.
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TABLE3: E_, .|, Corr . and Tafel sopes(Bcand Ba) of silver-palladium alloy beforeand after exposureto gamma
radiation
Samples Ecorr (MV) | corr X 10° (A/lcm?) COr I rate (MMIyr) pa B
Untreated -144.0 7.720 20.87 329.3 172.6
10 kGy -58.90 25.80 37.59 440.2 436.9
20 kGy -169.0 7.09 10.32 379.1 119.7
30 kGy -123.0 3.10 4,52 212.5 1725
: Base sample " i
a6 20 KGv 0.6 —- 30 KGy
2 %71 z O]
. B oz

g Current Density{A/cmZ

= -5 -4 -3 -2

Log current Density{A om

Figure?2: Electr ochemical polarization curvesfor of silver-palladium alloy in 0.5M HCI beforeand after exposuretogamma

radiation

The corrosion potentia (E_ ), corrosion current
(I,): corrosion rate (Corr,_ ) and Tafel slopes (Bc
and pa) of silver-palladium aloy before and after
exposuretogammaradiation arelistedin TABLE 3.
Fromtheseresults, it isfound that the corrosion rate
and corrosion currentof silver-palladium alloy with
0.5MHCI decreased (except 10 KGy) after expo-
sure to gamma radiation. That is because the inter-
action of gamma radiation with silver-palladium
matrix alloy affected on atoms microsegregation and

thereactivity of atomswith HCI solution.
CONCLUSION

1 Silver- palladium alloy consists of Ag. Pd face
centered cubic phase. The shape of formed
phases (intensity, broadness and position)
changed after exposureto gammaradiation.

2 Vickers hardness and minimum shear stress of
silver- palladium all oy decreased after exposure
to gammaradiation.

3 Corrosion rate of silver-palladium aloy with
0.5M HCI decreased (except 10 KGy) after ex-
posureto gammaradiation.
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