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ABSTRACT

Magnetic resonance imaging (MRI) is the newest and perhaps the most available medical imaging technology. No
more available research covering the effects of MRI on structure and physical properties of dental alloys. For this
reason, the effect of MRI on structure, Vickers hardness, roughness and electrochemical corrosion behavior of
Protechno®™ -N (Ni=63%, Cr=24.6%, M0=10.77%, Si=1.50%, Mn=0.03% and C=0.01%) dental alloy has been studied.
Theresults show that, Vickers hardness, roughness parameters, corrosion resistance and corrosion rate of Protechno®

-N alloy changed after exposureto MRI.

INTRODUCTION

Nickd chromium casting alloyshavebeenusedin
dentistry sincethe 1930’s!Y. These dloysare charac-
terized asactiveor passivealoysand rely on aprotec-
tive oxide coating for corrosion resistancein theora
environment. It has been suggested that 16- 27% chro-
mium providesan adequate protective oxidefilm for
these nickel based alloys?. Nickel alloysare harder
than preciousmetal aloys, they providetherequired
rigid support for porcelain and prevent fracture. They
havebeen the preferred choiceinlong-span bridgeres-
torations or when strength isof main concern’®4. Be-
causeof these advantages, rigidity can beobtained with
Cr—Ni alloys without constructing bulky major and mi-
nor connectorsin cast removablepartial dentures®*l,
Likedl non preciousadloys, nickd alloy are subjected
to corrosion products, which might lead to soft tissue
inflammation and contact dermatitig® 7. Ni-Cr wires
used for orthodontic bands caninfluence not only the
imagequality, but also thediagnogtic rdiability of MRI
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of thetemporomandibular joint®. Hubalkova et al®
described thebehaviour of dentd alloysduring themag-
neti c resonanceimaging procedure. Ni-Cr, Co-Cr and
SUS304 expressed small amountsof MR defects, but
SUSA05, Pd-Co-Ni and Sm-Co expressed large de-
fects. The effectsof gammaradiation (10, 20 and 30
kGy) and magnetic resonanceimaging on structure, eec-
trochemica corrosion behavior and Vickershardness
valueof commercia Co- Cr dentd aloy wereinvesti-
gated™¥, Theaim of the present study wasto investi-
gate the effects of magnetic resonanceimaging (MRI)
for 10, 20 and 30 mints on structure, hardness, rough-
ness and el ectrochemical corrosion behavior of com-
mercia Ni- Cr dental alloy.

EXPERIMENTAL WORK

The specimensused in the present work are com-
mercial Protechno® -N (Ni=63%, Cr=24.6%,
M0=10.77%, Si=1.50%, Mn=0.03% and C=0.01%)
aloy. Thespecimenswere prepared in convenient shgpe
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Figurel: )Z-ray diffraction patter nsof Protechno® -N alloy beforeand after exposureto M RI

for all tests such as structure, roughness, Vickers
microhardness and el ectrochemical corrosion behav-
ior. Microstructure of used specimenswas performed
ontheflat surface of al specimensusing an Shimadzu
X-ray Diffractometer (Dx—30, Japan) of Cu—Ka ra-
diationwith=1.54056 A at 45 kV and 35 mA and Ni—
filter intheangular range 26 ranging from 0to 100° in
continuous mode with a scan speed 5 deg/min.
Microhardnesstest of used specimenswere conducted
using adigita Vickersmicrohardnesstester, (Model
FM-7, Tokyo, Japan), applying a load of 100 gf for 5
secondsviaaVickersdiamond pyramid. Therough-
ness of used specimenswere measured by using sur-

face roughnessmeasurementsdevice (S.J201.P). For
measuring corrosion parameters, the potentiodynamic
current versuspotentia curveswererecorded by chang-
ing theelectrode potentia automatically from-1500to
500mV at ascan rate of 5mV/s1 using Voltagelab PGZ
100 (Germany PC 3-300) and a computer with Volta
Magter 4 software (Germany framework version 7.08)
for calculations. MRI isbased onthesigna of nuclear
magnetic resonance (NMR) emitted by theinteraction
of atomic nuclel that possess spin with incident
radiofrequency withinagtatic magneticfield. Magnetic
resonanceimaging signas(1T for 10, 20and 30 mints)
fromalTMR scanner.
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Figure2: Vickershardness and minimum shear stress of
Protechno®-N alloy beforeand after exposuretoMRI

RESULTSAND DISCUSSIONS

X-ray analysis

Effect of MRI on microstructure was studied by
x-ray diffractometer. Figure (1) showsx-ray diffrac-
tion patterns of Protechno® -N (Ni=63%, Cr=24.6%,
M0=10.77%, Si=1.50%, Mn=0.03% and C=0.01%)
alloy before and after exposure to MRI for 10, 20
and 30 mints. The analysisof x-ray diffraction pat-
terns show that, Protechno® -N alloy consistsof fcc
Ni phase. Inreality, Ni-Cr-Mo alloy, the fcc matrix
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phase presents as a metastabl e phase, fcc Ni phase
andasolid solution Y (Ni- Cr). After exposureto MR,
the shape of formed crystalline phase, (intensity,
broadness and position) ischanged dueto theinter-
action of thesigna of non-ionizing MRI with thedloy
matrix.

Vickershardness

Hardnessis a property with alow coefficient of
variation when compared with other mechanica prop-
ertiestested. In generd hardnessisdefined as‘“Resis-
tanceof materia to plastic deformation”, usually by in-
dentation. However, theterm hardness may a so refer
to stiffnessor temper or resistanceto scratching abra-
son, or cutting.

The microhardnessvaluewas conducted using a
digital Vickersmicrohardnesstester, applying aload
of 100 g for 5 s, for Protechno® -N alloy. Vickers
hardness and minimum shear stress(r, ) of Protechno®
-N aloy beforeand after exposureto MRI areshown
inFigure2 (a& b). Vickers hardness of Protechno® -
N decreased after exposureto MRI that is because
non-ionizing MRI cause amovement of metalsions
dueto heating which affects on matrix alloy micro-
structure and bonding strength which reduced itshard-
nessvalue.

Roughness

Theroughness profilesof Protechno® -N aloy be-
fore and after exposureto MRI are shownin Figure
(3). Alsothe average surface roughnessparameter Ra
aong thetotd diding distance and other roughnesspa
rameters of Protechno® -N aloy beforeand after ex-
posureto MRI arelisted in TABLE (1). From these
results, it found that, surfaceroughnessparameter Rais
increased. That is because non-ionizing MRI cause
cracksand/ or pitsonthesurfacealoy.

TABLE 1: Surfaceroughnessparameter sof Protechno®-N
alloy beforeand after exposuretoM RI

Roughness Samples

parameters  pase 10Min  20Min  30Min
Raum 0.40+0.03 0.56+0.05 0.45+0.04 0.56+0.02
Rz um 181 2.78 1.88 2.67
Rg um 0.49 0.70 0.54 0.70
Rt um 3.35 4.76 277 3.94
Rp um 0.86 1.38 0.93 1.37
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Figure3: roughnessprofilesof Protechno®-N alloy before
and after exposuretoMRI

Au Tudian Yourual

UL

MSAIJ, 8(4) 2012

0.400

0.200 1

0.000

P otemtisl O] v Eret

%& TTitreated sample

-0.200 4

E -'-'-‘-H
-0.400 1
-0L600 4

0500
et

A0 45 4.0 A4 -S40 225

Log Current Densty (A0m2)

20

1.00000

0.60000 -

0.ROOOD 4

0.40000 <

n.z0000 4

0.00000 1

-0.20000 <

Potential (0] wz Ered

040000 4

050000 <

-0.80000 1

-1.00000

1.00000

-7 00000 -BO0000  -500000 -4.00000 -300000 -200000 -1.00000 000000

Log Currert Deretty (A/oma)

060000 4

080000 4

040000

0.20000 -

0.00000 4

Poertal (V] v Eref

-0.40000 -

-0 G0000

-0.50000 -

-1.00000

30 Min

L0000+ o ———— -

-B.000oo

-.00000  -400000  -300000  -2.000000  -1.00000

Log Currert Denaty (4jcm2)

0.00000

Figure4: electrochemical polarization curvesfor Protechno®
-N alloy beforeand after exposureto M RI
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TABLE 2: Corrosion potential, corrosion current, corroson
resistanceand corrosion rateof Protechno® -N alloy before
and after exposuretoM RI

RCor

Eoorr I corr Xlo_s Corr Rate
Samples () (Alemd) gﬁn% (mmiyr)
Untreated -333.5 2.023 2.743 0.256
20 Min -174.9 2.622 2.843 0.332
30 Min -172.6 3.243 1.534 0.411

Electr ochemical corrosion studies

Figure (4) shows electrochemical polarization
curvesfor Protechno® -N aloy in 0.5M HCI before
and after exposureby MRI. FromthisFigureitisobvi-
ousthat the corrosion potential of theused aloys ex-
hibited anegative potentia . Also, the cathodic and the
anodic polarization curves showed similar corrosion
trends. The corrosion potentia (E_ ), corrosion cur-
rent(l_,), corrosionresistance (R_ ) and corrosion
rate(Corr,, ) of Protechno® -N alloy before and after
exposureto MRI arelisted in TABLE (2). Fromthese
results, itisfound that the corrosionrate of Protechno®
-N alloy with 0.5M HCl isincreased but the corrosion
resistancein 0.5M HCl isvaried dueto non-ionizing
MRI.

CONCLUSION

1- X-ray diffraction anays sshow that, Protechno®
-N aloy consists of fcc Ni phase and the shape of
formed phase changed after exposureto MRI.

2- Vickershardnessvalue of Protechno® -N alloy
decreased but thesurface roughness Parameter Ravaue
increased after exposureto MRI.

3- Thecorrosion resistance of Protechno® -N al-
loy in 0.5M HCI isvaried but the corrosion rate with
0.5M HCI increased after exposureto MRI.
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