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A STUDY OF THE PHYSICAL PROPERTIES ON
DENTAL COBALT-CHROMIUM ALLOYS

Young Gook Sunoo
College of Dentistry, Seoul National University

Since the introduction of Cobalt-Chromium alloys to dentistry by Erdle and Prange? in .
1933, many new alloys have been formulated. The physical properties of some of these
alloys such as Vitallium, Ticonium 50 and HS 2] are shown in Table 1.

The main dissatisfactions with these alloys have been:

1. Clasps made of such alloys break in service, some after a relatively short time.

2. Due to the relatively high hardness and low elongation properties of this alloy, some
minor but necessary adjustments are difficult. Furthermore, due to the high hardness, the wear
of any teeth contacting the metal is rather high. -

In erder to improve the mechanical properties of these alloys a Co-Cr-INi series of alloys
with additives of other elements, were formulated,

The major improvement for dental purposes was obtained by decreasing both Molybdenum
and Carbon content. When compared with regular alloys, the new alloys have a high elongation
value, and the ultimate tensile strengths remain high. However, the hardness is lower. The
better physical properties of this alloy may be benefitial in dental services. They may be
summarized as:

1. Partial denture clasps last longer.

2. The reduced hardness eases the grinding and, combined with higher elongation, facilitates
the adjusting of the partial denture.

3. The wear of natural teeth coming in contact with the alloy is reduced.
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Table 1 Mechanical Properties of Some

Partial Denture Alloys

Vitalli- | Ticoni- Nobilium| Ticoni-
um um 50 ' HS21 with Ga! um 100

UTS(psi); 93,200, 86,100 103,000{ 120, 900| 116,300

.19% Yi-| o,
eglcg’si) 72,000/ 82,400/ 82,000] 82,100/ 101,700
ongati-
on(%) 1.5 1.5 2.0 1.6 2.7

H&“gj}i‘ff)s 38 310 s70]  sso| 340

19§30 A% 24 E—2n o

Table 2 Chemical Compositions of the Alloys,(%)

Flemas| | a1 | o | T Tt
Cr 30 27. 4 32 20~25 X
Co 62.5 bal. 62 20~50
Ni 2,51 18~40 X
Fe 1 1.67
C 0.5 0.27 0. 35
Si 0.5 0.68 0.35
Mo 5 5.45 5 5~10
Mn 0.5 0. 69 3~6
B 0. 001
Ga 0. 05 ~
Cu 0.05 3~6
Be 0.5~1

X indicates that the element is known to be present
in the alloy.
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Table 3 Chemical Compositions of new Alloys, (%)

Alloys | Cr CO[ Nil Fe|Mo| C | si | Mn

A 25/37.5/37. 5
B 250 25 25 25
A-1 25 50 19 1.03.75 0.2 0.54 0.6
A-2 25, 55/ 9.5 1.4 4.8 0.24] 0.61 0.8
A-3 [24.765.4) 4.2 1.2 4.3 0.24] 0.61 0.8
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Table 4 Mechanical Properties of Various Blends
Listed in Table 3
Alloy UTS 10% % Yeild 10° Hardness
psi Elonation psi PH

A 67 24.5 27

B 56. 5 22.5 21.5
A~1 90 59,5 10.2 270
A-2 99 70.5 6.5 320
A-3 90 62.5 8.5 350

Table 5 Mechanical Properties of 37,5% Co-
37.5% Ni-25% Cr Alloys with Additives

. UTS 10.1% | 0.2% Elong.
Additives Cosy 1¥S (I;)SD VS CI;’SD Mod. %

None 67,000 24, 500 et 27

1% Zr 71,400, 28,500{ 29,600 24.6] 23.9
5% Zr 74,100 40,800, 44,400] 26.3] 6.4
1% Ce 65, 300| 25,800 26,700 24.5 25.4
5% Ce 74,100; 31,400 32,2000 26.7} 24.4
3% Mo | 95,500 46,000] 48,8000 31.1] 16.8
5.5%W | 84,100, 48,900 52,400, 35.9] 4.8

Table 6 Mechanical Properties of 25% Co-25%
Cr-25% Ni-25% Fe Alloys with

Additives

Additives | 91> | 0:1% | 0.2% | poq, [Elong.

(psi) |YS (psiDiYS (psi) "l %
None 56, 600[ 22,700, 24,000{ 25.5| 21.5
1% Zr 61,9000 23,5001 24,400; 21.4| 28.8
5% Zr 80,700, 40,500| 43,100f 26.7 4.8
1% Ce | 59,700, 23,000 283,800 el 24,0
5% Ce 69, 600! 35, 400] . 36, 500 st 16,1
2% Mo | 75,900{ 35,600/ 37,600 22 15.4

3.6% W 77,400| 387,400( 40,200 36 10.6

I 2F

3*'391 A FEEAL V1EY ARES dEA =

| FEAE . F2 EAH-&  Molybdenum 5}
Carbon4 FEFog MHold o ¥ ik FE9 Y
o] A2 J%g Frh. EEFFU Cr-Co-Nig
F(RE A, ED2 AR Aok, 67,000ps1 8 A%
AEE AVEA 27%8 AF3EE 25t Cobalt
S Nickel®] §%¢ Ironst ¥¥A22 aAfled ¢
F Bo] Al 2guks} zFel 56,500 psi e A% THAF
F= 21.5%9 AAEE vehdeh =z §E
0.25%<] Carbon ¥reks} o #32 Molybdenum ko)

4.25%0]| 3 d A o] = B Ee] A28 F3x, FEE H
o] A X &gt Rtk B& Molybdenum & Carbon
G e o gEd AEE FAANEY F9%
& S5

o] & Haynes Stellite2] 2 &}, 5, 5% Molybdenum
3} 0,3% Carbon & #ekA o] 93,000 psis] FAA
ZE, 72,000psi g 24, 330DPHY #Ax ¢ 3%
g AAEE vdebllch J2EEY 24E AHAT
Z Chromium, Cobalt @ Nickel & = 4339 \ﬁz'z]—
o 4g¢ &£, gukd o2 Nickel & Chromiume] v}
Cobalt 2 w49 F3 AdAAE, 54 % 4=2E 5
A 2 AREL FEAAd

| B

Z7b 34¢ ¥4 449 CoOrNi 3¢ BEol
A AARAAAE 55-}‘}’75}'%4. Molybdenum z Carbon
e FaAQo2A g FFLEA Boue
A4A% ddch F Fd Fo vistd Eoh 22 A%
+ 49z, FEHAAAEE 2 E EA Tz s;ggu}
2HG ARE 2o od $3 oW et 7
o] &% 4 g

2, ZraE Axd Eold AAE
I%M Fao3e A¢E ¥ 4 T Aol
. REs ASEE 2499 A2

References

1) Erdle, R W. and Prange, C.H.: U.8. Patent [,
956, 278 (1934)

2) Skinner, E.W., and Phillips, R. W.: The Science
of dental materials, p.581. W.B. Saunders Co.
Philadelphia and London 1969

3) Peyton, F.A. and et al.: Restorative dental mate-
rials. (p.348) The C.V. Mosby Co., 1968

4) Sunoo, Y.G.: Fatigue properties and corrosion
resistance of some chromium cobalt alloys used
in partial dentures. ]. of Korea research society
for dental materials Vol. 4, No. 1-2 Mar-June,
1969, '

5) Asgar, K., Peyton, F. A. et al:
study of partial denture, Ann Arbor, Mich.,
1968

6) Guide to Dental materials, A.D.A., Third ed.,‘
Chicago, 1966

An overall

— 321 —





