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Abstract

Effect of Boron and Silicon on Various Properties of
Dental Cobalt-Chromium Alloys

Jung Jong Hyun
Detp. of Dental Laboratory Technology, Kwangju Health Junior College

This paper amsto investigate the effect of B and S upon the mechanical properties, microstructure

and corrosion resistance of Co-Cr base dloy.

Ten groups of dloy ingot ingot with various contents of B and Si were remelted by high frequency

dectrical induction furnace and cast into tensile specimen of ADA Specification No. 14

Tensile and hardness test were carried out by Amsler and Rockwell hardness tester(R-30N),

respectively.

The microstructures of specimen were observed by SEM.

The results obtained are summarized asfollows:

1. As B content is increased, tensile strength, yield strength and Rockwell hardness number(R-
30N) are also increased significantly, while the dongation is decreased significantly.

2.As S contect os increased, no significant chang in tensile strength is noticed, yield strength is
dightly decreased, but Rockwell hardness number(R-30N) is moderately in creased, Elongation
marks maxium value with 1% Si content while with morethan 1% Si it is decreased.

3. As B content is increased corrosion resistance is decreased and is at best with 1.5% B content.
Corrosion resistance is increased with theincrease of Si content and the aloyswith S over 3.0%
showed corrosion resistance.

4. As B content increased, precipitates are increased in number at grain boundaries. The grain size
tends to become coarse with theincrease of Si content.

5. Co rich-Cr dloy is present through matrix whereas at the grain boundaries Cr base precipitates
are primarily formed.
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GOTTINGEN, Type 2842, Germany.

10. , Model No. IB 125,
Korea.
11. Scanning Electron

Microscope, JEOL, JSM-840 A.
12. :Jet acrylic, self-curing,

1. M2 82 7|+ Larlg Derltal MFG. Co., USA.
1 1 999% Co, Cr, Si, Mn  Fe-12% B 13. : ACRO SEP, G-C dental
2. : Fornax35 EM, BEGO industrial corp., Japan.
Bremer Goldschaerei Wilh. Herbst GmbH & Co. 14. : Wiropaing, BEGO
3. : Flask Press, 80 / Brewer Goldschlaerei Wilh. Herbst GmbH & Co.
J.Morita Corp, Japan
4, : Motaova SL, BEGO Bremer 2. \|2&Z22| ol & £
Goldschlagerei W|Ih Herbst GmbH & Co. 999% Co, CrSi  Mn Fe-
5. . Duostar ZI, BEGO Bremer 12% B . Fe-12% B
Goldschlagerei Wilh. Herbst GmbH & Co. Table 1
6. : Amsler universal testing
machine, M-1137, 5 ton, Swiss.
7. > Wilson Rockwell hardness , 50g :
tester series 500. )
8. : SHOFU SUC-25, . Table 2, 3
, Japan.
9. Chemical balance : SARTORIUS GMBH
Table 1. Chemical comosition fo Fe-12% B*
Size(mm) Chemical. composition (in weight percent)
B C Si Mn Al P S
0.5~5 11.7 0.44 0.63 0.34 0.03 0.023 0.009
e ait, BEE, BF, FR24E 6A21H
Table 2. Variation in B content chemical composition(in weigth percent)*
Alloy ref. Cr Fe Mn B Si C** S** Co
B 0.3 22.810 1.699 0.909 0.3 3.5 0.030 0.009 |remainder
B 0.5 23.130 3.259 1.052 0.5 35 0.041 0.007
B 1.0 24.291 7.231 1.073 1.0 35 0.078 0.011
B 15 25.492 | 11.147 1.109 1.5 35 0.100 0.013
B 2.0 26.590 | 15.524 1.139 2.0 35 0.142 0.013

*analyzed by ICP System (ISA, JOBIN YVON, JY38PLUS, DIVISION d'INSTRUMENT S.A.)
**analyzed by carbon and sulfur analyzer(LECO CS-244, USA)
121



Table 3. Variation in Si content chemical composition(in weigth percent)*

Alloy ref. Cr Fe Mn B Si C** S** Co
Si 0.2 22.432 2.968 0.466 0.5 0.2 0.107 0.009 |remainder
Si 1.0 22.536 3.029 0.727 0.5 1.0 0.062 0.009
Si 2.0 24.165 3.749 0.836 0.5 2.0 0.048 0.010
Si 3.0 23.827 3.622 0.940 0.5 3.0 0.044 0.000
Si 4.0 23.591 4.285 0.020 0.5 4.0 0.045 0.010

*analyzed by ICP System(ISA, JOBIN YVON, JY38PLUS, DIVISION d'INSTRUMENT S.A.)
**analyzed by carbon and sulfur analyzer(LECO CS-244, USA)
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Table 4. Condition on investing and burn out.

Investment Burn-out Castin
Alloy ref. (Formula, Source) w/p temp. temp.g
Wiroplus* o o
All alloys (for Co- Cr"technique) 0.15 1100°C 1600°C
*Phosphate bonded investment (BEGO Bremer Goldschlagerei Wilh. Herbst GmbH & Co.)
2) , 2)
15x 15x Civjan®?®  Taylor®
2mm, 10x 10x 2mm ADA. 14
paraffin wax Rockwvell ,
, . 30kg
emery paper (R-30N) 12
#£300 #£1200
, #1200
0.05u 3)
Harcourt15) Ni-Cr
. 15x 15x
2mm
4. A\|glu chemical balanee
5% hydrochloric acid
1) 37+1 14
Fig 1 ADA. 14
Amsler
Cross head speed 5mm/min , o @)
chart speed  12mm/min
- « - ) 4)
0.2% ,
Morris*? Co-Cr
5 chromic acid Table 5
electrolytic etching (SEM)

EDS



Table 5. Electrolytic etching procedure*

Alloy Volt Time(sec) Etchant
Vitallium 5 5.0 2%** chromic
(Co-Cr) acid

*from Morris, Asgar, Rowe, Nasjleti : J. Prosthet,
Dent, 41 : 388, 1979
**from Asgar, Peyton : J. Dent. Res., 40 : 63, 1961.

1.CO-CrA| &t=2| 7|AH J&=ol| nlx|
=Bl g

Fig 2 Co-Cr B
, 02%
. B
Ni-Cr 15)
, Ni-Cr B
15%
200

A Tensile strength
1754 © 0.2% proof stress
® Elongation(%)

150+ _—

—
)
o

il
|4

N

Strength (kg/mm?)
—
o
o
\\
Q
\
1}
]
H
o
\
\\

751 el
8.0 2.0
5094 T '\-\\ 1.5 .5
~N 3
254 .\‘s—-—-o 1.0 %‘
05 =
— T T T 0.0
0.3 05 1.0 15 2.0

Boron content(wt%)

Fig 2. The effect of B on the mechanical
properties of Co-Cr base alloy

Fig 3 Co-Cr B
B
B
sliding
Armour Research Foundation
Co ' Cr, Nb, Ta, Ti
Mo S Co
27
Cr Co 20wt%
200
A Tensile strength
1751 o 0.2% proof stress A
® Elongation(%) A/
150+ _—
NE /A
] o
E 125 N
5 1001 P
£ 75]
2 o 7 2.0
osf—o
501 -, 15 §
e 10 8§
25 S———e g
05 5
— ' . —Lo.o
0.3 05 1.0 15 2.0

Boron content(wt%)

Fig 3. The effect of B on the hardness of Co-Cr
base alloy

Fig 4 Co-Cr .
Co 422 fcc
hcp
fcc Co fcc
hop
28)' CO
Ni, Fe Zr fcc

Cr, Mo, W hop



Co
Cr
25% o}
. Co
MC M23C6
Co
bolide ®_ Boride
MsB2  tetragonal . B
B
boride

Allegheny-Ludlum steel corporation
Co-Cr B
B

27)

Atomic percent chromium

0 10 20 30 40 50 60 70 80 90 100
1900 " r A i 1 -l 1 A i -
L - :'._-:.‘)' 1863
1700 Pt
1500{2245¢ iz " !
13001
1100
9001 r
700 &, , .
v Magnetic : '
500+ (ECO)\,';' transformation ! ;
422¢c T T T i
1) a2t SN I S—
0 10 20 30 40 50 60 70 80 90 100
Co Weight percent chromium Cr

Fig 4. The phase diagraim of Co-Cr base alloy

2.Co-CrAl &=22| 7[AIH d&ofl OJx]
= Sige| g
Fig 5 Co-Cr Si
, 02%

Si

Si
Si 1%
, Si 1%
200
A Tensile strength
1751 O 0.2% proof stress
® Elongation
1501
B
E 125{a—=a A A—— A
2
S 1001
1)
o
£ 75
w
~o o__'__Ew-"°""""'--"--o----_5 2.0 )
50 o Olhs 2
. 103
25+ \.‘-.."/.W : g})
05 §
5]
v T T T T 0.0
0.2 1.0 2.0 3.0 4.0
Silicon content(wt%)
Fig 5. The effect of Si on the mechanical

properties of Co-Cr base alloy.

Co-Cr Si
Si

Fig 6

Si Cr Mo, Co
hcP hop

3.Co-CrA| &=l LiFAN

Co Cr
Co-(20 30%) Cr
Co 0.01% . Co-
30% Cr 25

surgical implant  dental application

30)



70
65 1

60 1

55

—0
o—0

501

Rockwell hardness(R-30 N)

45]_

Al

T T T T

T
0.2 1.0 2.0 3.0 4.0

Silicon content(wt%)

Fig 6. The effect of Si on the hardness of Co-Cr
base alloy

Fig 7 Co-Cr B
B
B vyCo
MC M2:Cs
Cr
g 025
°
E 0201
%
® o P
g 0.15
=
£
B 010 beergy . , .
0.3 05 1.0 15 2.0

Boron content(wt%)

Fig 7. The effect of B on the corrosion reslstance
of Co-Cr base alloy.

Fig 8 Co-Cr Si
. Si
Si

» 025
8
§ 0.20
o
%
'3 0.154
B [e}
E o
u‘ 0.10 T T T T T

0.2 1.0 2.0 3.0 4.0

Silicon content(wt%)

Fig 8. The effect of Si on the corrosion resistance
of Co-Cr base alloy.

4.Co-CrA| &h=2l O|M|z=%] &t
Photo 3 B

Co-Cr ,

20

03% B ©)
, B
05% (b)
.B 1%
© (b)
. B 15% @, (e

B

B Co C



Fig 10

Cr
Cr

matrix

X-ray : 0~20 keV

Real : 1325 24% dead

Live : 100s Preset : 100s Remaining : 0's

Cr

Co

Mn

Mo Co

<.2
FS=16K 0S=192

Fig 9 photo 3
matrix ~ EDS
. matrix
Co Cr
X-ray : 0~20 keV
Live : 100s Preset : 100s Remaining : 0s
Real : 133 s 25% dead
Co
Cr
Si
Mn Co
Co
c A
<.2 5.340 keV 10.5>
FS=8K ch 277=1467 cts
MEM1:
Fig 9. EDS analysis of matrix in Co-Cr-B alloy
(photo 3)
X-ray : 0~20 keV
Live : 100s Preset : 100s Remaining : 0s
Real : 13 . 74% dead
Si
Cr
Co
Mn Mo
Co
Cr Co
<.2 5.280 keV 10.4>
FS=8K ch 274=26 s
MEM1:
Fig 11. EDS analysis of plate precipitate in Co-Cr

-B alloy(photo 3)

MEM1:

5.340 keV

105>
ch 277=2297 cts

Fig 10.

EDS analysis of fine precipitate in grain

boundary of Co-Cr-B alloy(photo 3)

X-ray : 0~20 keV

Real : 125 s 20% dead

Live : 100s Preset : 100s Remaining : 0's

Co
Cr
Mn

co S Mof| @
Cr

<.2 5.340 keV 10.5>

FS=8K 0S=256 ch 277=1648 cts

MEM1:
Fig 12. EDS analysis of matrix in Co-Cr-Si

alloy(photo 4)



Fig 11 photo 3 (c)
Si peak
Si Al-Si
31)
Photo 4 Si Co-Cr
20
. 02% Si
@
si 1% (b)
, .S 2%
© O
Si
Si
X-ray : 0~20 keV
Live : 100s Preset : 100s Remaining : 0's
Real : 123 s 19% dead
Cr
Co
Mn
Si Mo Co
cr Co
<.2 5.340 keV 10.5>
FS=8K 0S=256 ch 277=1973 cts
MEM1 : :

Fig 13. EDS analysis of plate precipitate in grain

boundary of Co-Cr-Si alloy(photo 4)

Si

Fig 12  photo 4
matrix EDS
Co peak
Fig 13
Cr  peak Cr
v.d 2
Co Cr
1 B
R-30N
2. Si
, 02%
R-30N
Si 1%
1%
3B
, B 15%
, Si 3.0%
4. B
, Si
5. matrix Co
Cr

Fig 10

Fig 9

Si

, 02%

Cr

Si

Si



a) 03% B _e
© 0 (b) 05% B

(©) 10% B

@ 1508 (e) 20% B

Photo 3.  SEM photomicrographs of alloys with various proportions of B(x 1000).



: () 20% B
e) 20% B
®

(e) 20% B

(e) 20% B (e) 20% B

Photo 4. SEM photomicrographs of alloys with various proportions of Si(x 1000).



10.

11.

12.

13.

14.

15.

L e,

A0

CZ2W7) AT, AEAEERY, p.97,

1988.

. Weinberger, B.W. . An introduction to his-

tory of dentistry, Vol.1, St. Louis, The C.V.
Mosby Company, pp.75~76, 1948.

. Haynes. E. : U.S. Patent Number 873, 745,

Dec. 17, 1097.
249

270, 1989.

ceEAE,

)= -]
<%, bp.

. Paffenbarger, G.C., Caul, H.J., Dickson, G.

: Base metal alloys for oral restorations,
JADA, 30 : 852, 1943.

- FEEAE(D), 5354, A1, AT
. 282, 1973.

. Prange, C.H.:H.S. Patent Number
1909008(1933) ; 1958446(1934) ; 2135600
(1938) ; 2180549, 1939.

. Erdle, R.W.,, Prange, C.H.:U.S. Patent

Number 1956278, 1934.

. Morris, H.F., Asgar, K. : Physical proper-

ties and microstructure of four new com-
mercial partial denture alloys, J Prosthet
Dent, 33 : 36, 1975.

FEd, A4 FEA5d, 4, p
469, 1989.
Phillips, R.W. : Skinner’s science of dental

materials, 8 ed, W.B. Saunders Company, p.
548, 1982.
Elbert, C.A., Ryge, G. . The effect of heat
treatment on hardness of chromium cobalt
alloy, J Prosthet Dent, 15 : 873, 1965.
Joseph, R.L.: A survey of dental alloys,
JADA, 39 : 414, 19409.
Ekstrand, K., Ruyter, LE.: Etching pat-
terns of Co-Cr alloys for bonded cast
restorations, J Dent Res, 66 : 1479, 1987.
Harcourt, H.J., Riddihough, M., Osborne, J.
: The properties of Nickel Chromium cast-
ing alloys containing Boron and Silicon,

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Brit Dent J, 129 : 419, 1970.

MacEntee, M.I., Hawbolt, E.B., Zahel, J.I. :
The tensile and shear strength of a base
metal weld joint used in dentistry, J Dent
Res, 60 : 154, 1981.

Staffanou, R.S., Radke, R.A., Jendresen, M.
D. : Strength properties of soldered joints
from various ceramic metal combination. J
Prosthet Dent, 43 : 31, 1980.

FED, A4 F5A8T, £ p.246,
1989.
Civjan, S., Hugut, E.F., Erhard, W.L.,
Vaccaro, G.J. : Properties of surgical cast-
ing alloys, J Prosthet Dent, 28 : 77, 1972.
Hesby, D.A., Kobes, D.G,,
Pelleu, G.B. : Physical properties of a re-

P., Garver,

peatedly used non precious metal alloys. J
Prosthet Dent, 44 : 291, 1980.
American Dental Association : Guide to
dental materials and devices, ed.5 Chicago,
American Dental Association, p.172, 1970
~1971.
Civjan, S., Hugut, E.F., Godfrey, G.D.,
Lichtenberg, H., Frank, W.A. : The effects
of heat treatment on mechanical properties
of two Nickel-Chromium based casting
alloys, J Dent Res, 51 : 1537, 1972.
Civjan, S., Hugut, E.F., Marsden, J.E.:
Characteristics of two gold alloys used in
fabrication of porcelain fused to metal
restoration, J Am Dent Asso, 85 : 1309,
1972.
Morris, H.F., Asgar, K., Rowe, A.P.,,
Nasileti, C.E. : The influence of heat treat-
ments on several types of base metal re-
movable partial denture alloys, J Prosthet
Dent, 41 : 388, 1979.
Nakamura, M., Kawahara, H., Haeuchi, Y.
:In vitro cell response to Cobalt-Chromi-
um-Molybdenum alloy containing berylli-
um, J Prosthet Dent, 51 : 790, 1984.



26.

217.

28.

29.

Taylor, D.F., Leibfritz, W.A., Adler, A.G. :
Pysical properties of chromium cobalt den-
tal alloys, J Am Dent Asso, 56 . 343, 1958.
A543 D wHFSAE, FERAL
pp.272~279, 1990.

Kotval, P.S.: Trans. AIME, 236 :519,
1968.

Mills, K., Davis, J.R., Destefani, J.D.,
Dietericah, D.A., Crankovic, G.M., Frissell,

30.

31.

H.J., Jenkins, D.M. : Metal handbook, Ninth
Edition Metallography and Microstructures,
American society for metals, metal park,
OHIO, 44073, p.334.

Charlie, R.B.: Heat teeatment, structure
and properties of nonferrous alloys, Ameri-
can society for metals, p.230, 1982.

FED, A4 F5AE, €9, p4ls,
1989.





