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Comrosion Characteristics of Ni-Cr and Co-Cr Alloy Used as a Dental Prosthesis
and Its Adhesion to Porcelain
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By using Ni-Cr and Co-Cr alloys, porcelain fused to metal (PFM) samples were prepared to examine the
interface and the surface corrosion behavior. The potentiodynamic polarization analysis showed that the
corrosion current density of Co-Cr alloy (1.61x10°A/m’) was three times lower than that of Ni-Cr alloy
(4.83x10°A/am) at room temperature. A dental prosthesis consisting of the porcelain fused to Ni-Cr alloy
extracted from a patient after approximately four years of usage was examined to assess its resistance to
corrosion. OM and SEM images of the metal part revealed a typical pitting corrosion. As compared to
porcelain fused to Ni-Cr alloy having a thick layer (~10 pm) of oxide at the interface, a relatively thin
oxide layer (less than 5 pm) was formed on Co-Cr alloy, indicating that the interface between Co-Cr alloy
and porcelain may have a better adhesion strength than the interface between Ni-Cr alloy and porcelain.
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Fig. 1. Schematic of porcelain fused to metal (PFM) crown. Source
of image : Dental-Picture-Show.com.

Table 1. Chemical composition of Ni-Cr and Co-Cr alloys (wt%o)

Ni-Cr alloy Co-Cr alloy

Ni 71.85 Co 59.5
Cr 12.80 Cr 31.5
Mo 9.00 Mo 5.0
Nb 4.00 Si 2.0
Al 2.50 Mn < 1.0
Si 0.50 Fe < 1.0

C < 1.0

TAAE B gles 0,

B AT AnudE AR PR g
9 Ni-Cr 52 Co—Cr $3% ©A19 §% 24= 2
4 APl Bt AT SAste] EAEHTEY B
A A 7] WA S PR, AA B4}
U713 AR Ni-Cr 3 Ao age] 34 shTs

2.1 EXiBEZE(PFM) AlE A=

ARRAES] Fo A QAT SIS e
=8 - 384 EAS Rolux & AFe|A= Ni—Cr
(VeraBond 2V®, AalbaDent) ¥ Co—Cr (Argeloy N.P.
Special®, Argen Corporation) S AFg3Fe] Jukz] o
2 gslof A= AR HE AE Y sds PHORE o}
A EXE o]§, &3l & d4F=3te] A8 (L 3 cm
X W1cm X T0.3cm< #AZSF3ATE Table 12 A2
ol thgh shetrAde BolFar Qlvk 24249 A2 975
TollA 193 53t Ay dAe & 29sta, APAH71&
o]g AIHE F Hxgek A7 oF 150 pm Fre] EFY
Al (Ceramco 3 Opaque, Dentsply International) & T8
st Az § ohA] fl8) T s %9 Al ) JE A
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gslatt. 27 3 AJHe| =4 (Ceramco 3 Porcelain,
Dentsply International) & F7] 2 ~ 3 mm=Z I3}
AZ F gA] 930 TolA 178 Tt T dA 28kt

Foang BEE gJetel AR vheYstn v AntE
dolom, 92 we) YA daje] ohiEe B 5 3%
ol zgt AHsint.

22 KNI A

Ni-Cri} Co—Cr @& o] 83 BAS224 AHe 3
Z, BRUA, 22T A AR BRe Bl E
&, 919] Al ula BEE slskel @7k oF 4 ALg
=

F WS Ni—Cr 3 LA AR AW 9 2 geE
)

2.3 SEM/EDS =t
Fetdu| oA TSt ul" ¥ AlHE-E Pt coating
FE—-SEM (H-7600, Hitachi 3| <

$EHI EDSE o, HRES BA sl

it

o,
ofo
[}

2.4 SHAZ3AIY

7ol A Aol thgt F-2 A A Al A AR
B2t Ar 7F~E ARSI 2708 3.5 wit% NaCl 895 ARE-
stal, ATzl o) ARkE AEE A4S (working
electrode), X322 WA= (saturated calomel elec—
trode, SCE) & 7|57 = (reference electrode), 181l
WFAY A= (Pt—counter electrode) & 3—%1= 17]3}
g AR sk T4 E543 (potentiodynamic po—
larization test) ol &3} 7} &kt §9 BFAF e
1,800% =<t /W3] 249 (open circuit potential) & 7}
sto] WS ¢FY3) sl on, AFAE (current density)
= A9 (potential) = 0.5 mV/s8 £EZ A5l 7=
shaitt.

3. ZAu} U Et
3.1 OjNI=A]

Ni—Cr# Co—Cr 3a= ol &3 EA&2=5% Al =
&, 2FEA, 282 =AM AEe] s flsko] st
A& AHgste] Al e debias #Eeqith

Fig. 22 Ni—Cr #a< o83 =A82=5 Alde ¢
23k 2107 Fig. 2 (@& =5, 2594 (opaque), 12
3L T4 (porcelain) & Ao R 78 oS & Hol =
oh Bk EFAe T4 ko] Fatel] ofgt 825 (fused
layer)©] ©F 150 pm 712] Helol Ax A8 2= €l
& ok 835 T A2 2 Al AlE Al 75

g
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3l Bd¥ Ao gk, ojst A Bt 7
18- AR L] A& oA A ATE ThssE AR o7 oA
oA ¢k & sith Fig. 2 ()= ()9 253 5251
A F2)E st Ao g FEAES] w1 ARV S
Ak ¢ qlom, AT Al AlF F 3 2 ollA
Talladium—Alumina®& o]4, M=BefrEste] F49]
S oy oz AAA & Aujo|t), o) 42 EH
A5 AA st 2FEALe] RS ] gl
oL Fig. 2 (b) oA S50 BEFYA AlwelA] 2ol
T F 10 pm =9 L 2 T Ao djgt 7}
Al EDS #-AJo| A thi-i AL O3S} CroOs% 7A1E &5
AbslEZ= (metal oxide layer) &2 1T} o]= F&
Bl 2 Al AAEAY FHAEHR0] dA g 9
SAete] &R PdE AslEToRE KRtk o]elst &
AR AW 07 = g 4ol FHokst 54
& Hol= Zlow A ok, wEbA, Fig. 2 (b) 2] AW
oAl H5 EFHALY &322 & o]FojA] Qe Ao
Holup T/ AslESS Fokste] 257 EXA Ad

=T | B
S

(a)
Ni-Cr

Opaque

Fused layer

Porcelain

200 pm

R
Metal Oxide Layer

Opaque

Fig. 2. Optical microscopic images of porcelain fused to Ni-Cr
alloy. (a) shows the area of Ni-Cr alloy, opaque, and porcelain
and their interfaces, (b) blow up of the interface of metal and
opaque in (a).
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o] F7 Aol shEre] TeE BA AT 5 At
Aow wizk Hglon, dukd o AshE %9 T}
gFe Zlo] W A% SWAM $58 20z Lol vt

9,16)

Fig. 32 Co—Cr $a A8 Aldel thet gekdv]
73 APRIC R Fig. 3 (a) 8 =F9A9F =419 A Fig.
2 (@9} FABH 57 F 150 gmell A4 BFHAgL &
A kel ghatel] 27k S50l FYH A& HoEtth
2] ghitel] ofdt 8352 wFEAlet =AY S A
& ZAs7IE 29o® Agahs Zlo] gl HATY.
7)ol M & =g Al e Aol M Al Az Al @ E VT
of &% Agts AT 4= Jlom e Agl Fe ol
71 A el thstod M= vA] F=t Fig. 3 (b=
Co—Cr &=¥ BFEAY AW Aoz S50 i
Tue ARVIe WS wiA o R SEEAe] A A
o] T3] A%l 9o, Fig. 2 (b) ¢} ¥l A] Fig. 3

(b) 8] S&HAISES 77 wek vlwA] R 2S99l &

Co-Cr

LY

Metal Oxide Layer
Opaque

Fig. 3. Optical microscopic images of porcelain fused to Co-Cr
alloy. (a) shows the area of Co-Cr alloy, opaque, and porcelain
and their interfaces, (b) blow up of the interface of metal and
opaque in (a).
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T Atk o= Ni—Cr &3 vlal Al Co—Cr a2 o] &3t
SAEETEO] 257 B4 2 R 958 A AEE
FAL es & 5 Uk

Fig. 4= 37} oF 4d ARS8 § 2X]¥ Ni—Cr &+ 2|7}
BAZ tjst Fekdn] AR CZ Fig. 29} B A Fig.
4(a) 2] 7t AlAol|A Fig. 29} fAFSE Al 2] HelE Holal
lom, ok 4d0] AL T 7t AHE ek AElE £
A3kaL e Ao 2l H it Fig. 4(a) & EAE2=
Zol A F&53 BEGA|, 18]a =A9] 7 Alde] b A
= WAS fA8MEA g E §28 wolx 3tk Fig.
4(a) oA =A7F &-2tE o] ¥ Ni-Cr a2
9} LAl oJato] )it $H7 0 ZRE AvhE|o] Al §7
wEo] HA| Ygkor, kA Ni—Cr 52 F22 2y
A ok A1E FR1g = vk Fig. 4(b) & EAEATS
o] BetelA] Kol F&HF2E TR (IH 1 3
Ni—Cr &+ XZEEES] 77t 77 elA] 846 =&
B F5 59l tigk Fstan]d Ao R Fig. 4(b) 9] 9
Ht2 Ni—Cr @=olaL ofefle] AL F-i& vy d3s

Holi itk Fig. 4(b) 8 &% =5 T3l Fo] Holm,

B
S

Opaque

Porcelain

Fig. 4. Optical microscopic images of a dental prosthesis (porcelain
fused to Ni-Cr alloy) extracted from a dental patient after about
four years of usage. (a) the interface of metal and porcelain, and
(b) only the metal portion exposed to environment.
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oli= 9J3-2] FZo|u BAE A Ao oy|d Agke] Ay}
Z HolX| gt

3.2 FAMMXISD|IE BHEt

Fig. 5= $k2F ARE - 229 Ni—Cr &= AR A E0|
oF 4d Ft 77 YoM =F8 25 F-9loll tigk dAkdn]
A AKOR Fig. 4 (b) 9] Fetdnd AR AsaE A 32
3k Zlo]th Fig. 59 Ni—Cr $H AR EES oF 41d9]
713F Et 77 el A thekst ol mFe] Hglon, &
Aol A= Fig. 54 9h 22 F-2418 Holi= Flo] Erlx
At Fig. 5 (a) & vlEAA FE5 dofjd Fig. 5 (b=
2] FEje] mAlE 713 2 Ni—Cr §= A2 i
HWE Hol= ARIOR 3 5 @2 X549 7H
A T e w5 dA0] &3l e Sl ) A E
A3 A F2 (pitting corrosion) &) Y-S HolFT
Q= Aot 20 KA H oA Kol FA 9] AL
Ni—Cr &= mioA 4oz YA 2lksls Hoyet
o] &ato] 7 FH Q1o 7 KWt o]t HHAlsE K

x30.0k SE(M)

Fig. 5. SEM images of a dental prosthesis (porcelain fused to Ni-Cr
alloy) extracted from a dental patient after four years of usage.
(a) shown only metal portion which was exposed to environment
and (b) blow-up image of a box inside in (a).
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Ll Q) 3 5 3 1L 3
Table 2. Comparison of EDS analysis performed only for metals Aol A AgEl RAF AR 5 AR Ni-Cr 3 2|3t

in a dental prosthesis (examined for both no corroded and RAEAEL o 3119 7|5 gste] F2lof tjst 57} gl
c(f):mdfed portions u} Ni-Cr )alloy extracted from a dental patient FAo] 71538k o1}, Co—Cr aH29 A% Aol g1}

after four years of usage). ]

Y i olelg] HA vla, BAE FaY £7b AT
wt%
Elements - - . - -
no corrosion corrosion 3.4 Co-Cr2} Ni-Cr g=9o| 22 IM H|u
Al 278 240 Feralv] 7 0l AAev] g BReA Sk 99717 A
Si 0.07 0.00 & 5 S Ni—Cr 5 AFR AR $AS 2kl
Cr 15.66 14.10 %= 918l oL}, Co—Cr &o] thatel A= AlH o] s} o
Ni 72.01 74.23 9] F-2lol digh vl FAS 3 7t ISl whebA
Zr 4.55 4.67 Co—Cr arell thek 72 545 Ni—Cr &= vlaL 4
Nb 0.09 0.00 staiat URFARl X R A= A2 343 Tds WRoR
Mo 4.84 4.60 g3 9 AAFE sto] AFsE AlHS o] &ake] AdolA
Total 100.00 100.00 FA9 EEAEEs A

Fig. 6= Ni—Cr¥} Co—Cr &% A|Ho| tf3t sd=x=4
St A el A9 E=413 H=E g7 9tk AF
iﬁ] —{3_\—/2.} olo =i ﬁ&lﬁ’ i]i}ié% ;(—]]70— }\] ?51—3 o}' ] '1 ‘l‘;) o» j "‘_v' :1: fﬁ’]’a - O%TJ— S o
= 2AM e EATE B3 FAEA 3 Co—Cr §29]

o} deate] Alozi
Lﬁoﬂ/q }:_ﬂ'% j;:j,]ﬂ]—g] 7] 74]3:,]?_ A} E&H p:].x]_7]_
A 2 A o3 sErAQl &4
A WS AAEE] £l o5t 2
9

B 1.44
3§ 5o B 4 98 Aolth 519 A2 W ABE 1 ] aawts e
----Co-Cr
Tt 4 R4 ol efe] 14 97 (Pl 2l Ly
& O eld gliel wEdows F4ol s ST
Asatol AAH oA 0|23 pits el Sl ol > ]
cracke] AFF] Fig. 5 (@ 9 2 Feje] AgE oplsk m O]
ER0R ®Agt® Azt o g Ni—Cr &3¢ 71414 § 000+
54 Aol Aokl =, Fig. 4 ()elAe 2 £ ol
Ni—Cr §89) 9437} &8 %9 A9 Kol Aoz E
Nigaedin -0.724 -
10* I 16'7 I 16'5 l 16'3 l 16"

3.3 X} ALZ

=
EDS A=A Zn|

[ LN, |

Current density (A/cmz)

Fig. 6. Potentiodynamic polarization curves for Ni-Cr and Co-Cr

Table 22] EDS 4412 g2k A8 9 WX ¢ Ni—Cr alloys.
S ATRAES] T N A0 wE:E FE v E . : '
A Sk 4 0 g AR VLR FEAY 7 B
qko] HlWE Hol|7] 9 ste] Alhae ek oFkght). 4.0x10° ]

ilz}ﬂ 4 AR 5 2] 5E B AEeA F2lo] dhggh

3} Ay om oo Eo] JREA wlw A} AL Si,  § 30x10™ T
Cr Mo 59| Aito] F-2 o= Qlate] ThAawglown, Nigt § 5
Zro AR oz kgl AR 9o Aoz FQo] vg 20x10°7 ]
gt} olgldt F-49] Ak Fig. 5 (b) 2] AAFanA A} T it !
M1 34 (pitting corrosion) &2 <13 t}g-d %
A& Hol|a, AlGE F249 AF= Fig. 5 ()Y Ak 0.0 ' !
7 A3 Fig. 4 (b) 9] F8kan A Al A7 249 T a o
oy

01H7 A=A 2| Z0] ok oAk _L\Iﬂ fﬂ-o
[ " Aol A5l oF 40 pm o] 29 Fig. 7. Comparison of corrosion current density(icorr) for Ni-Cr
gl & = SISt and Co-Cr alloys.
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Ni—Cr &= Hu AjF oz st AylE Holil Q=
A& FRl & 4= Qluh dwrdg o7 Ni—Cr &9 WAiksid

b, Arhdialg 2 A QbddL Co—Cr &
SFE Zow deA QuptH,

Fig. 79 ¥-2¥FU = vlwelA = Ni-Cr ¥+ (4.83
X 107% A/em?) o] A$-Hr}h A% 54 84l Co—Cr
g (1.61 X 1075 A/em®) o] oF 3u] F% ek Ql Ao
2 o] Heloh 99 FAARUEE EAY A%
(Fig. 6)& wvlg oz g4 (Tafel extrapolation
method) & ©]-&3to] SAs3At

5.4 &2
Ni—Crs} Co—Cr 858 o188 EAEAFE A0S
Asgon], Yeravd R AAvAS ol gatol F

R
>

LS|
TA kel A-E st A3 Ni—Cr g2 v
359 FA7 vlA gk Co—Cr =< ©l
24 Aol 553 Lo g2t AW
A AEE A e AL Hol|a, AtstETof
5t EDS mapping?] Aol M= =2 AlbO32} Cro03 3
o] AbgtEo] §A = o Bajo] P} ik v
zA3telA e T B A9 Co—Cr 3aol
Ni—Cr $F Ko} oF 3u) A% 2] g7 ePg Aol 1o
T EAo] Hglon, 7% H-A APgAdS Hol= FlowR
F7b= Atk

A7} oF 4d AR & X H Ni—Cr F AR 5]
A5 7 el AR @4 wEd 25 F-9lol st
B 9 AzpAn] A koA FAlof gt Al W

o

™ oo
<

off
Ry S

£ %o b W

o
\

o, mEhA AA the] =A

A
AxEAE 2 AFE 22 Ni—Cr 32S A HRIAATZ

AA el A8 Al F-A 0% Qlste] Fallg Ni—3hetas 44
& 7Fs7del = e ek A3H o2 Ni—Cr &+

=
g thet A wl o] ATk o] Pt
Al @ 49 b5 e BolFE 2o Ni-Crit
Co-Cr 3 AshR A% thet Wa F4E4 QA
thet ol R B 490 At BAL Fato] Bl

A7 AW St (2014 o] Ade
]
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