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Heat treatment of palladium dental alloys 

Table 1. Nominal compositions (wt. %) of the four high-palladium alloys studied, as provided by the manufacturers. 

Alloy Palladiwn Copper Galliwn lndiwn Tin Gold Silver 

Liberty*·· 76 10 5.5 6 2 

Freedom Plus*• • 78 8 5 6 2 

Legacy XT*·• 15.5 6 6 2 10 

IS sst 82 6 3.5 3.5 2.5 2.5 

•These alloys also contain small amounts of ruthenium as a grain-refining element. 

twilliams Dental Co., Div. Ivoclar No. America, Amherst, NY. *J.P. Jelenk:o & Co., Armonk, NY. 

---------
Table 2. Properties • of the four high-palladium alloys, as provided by the manufacturers. 

Alloy Yield Vickers Elastic Percentage Melting 
Strength (MPa) Hardness Modulus (GPa) Elongation (%) Range (oF) 

Liberty 724 340 145 15 2,010-2,280 

Freedom Plus 566 265 138 30 2,140-2,370 

Legacy XT 550 245 128 30 2,175-2,370 

IS 85 445 240 141 41 2,130-2,435 

466 260 141 37 

•For IS 85 the 0.1% offset yield strength is provided. The upper values of the mechanical properties correspond to 
the alloy after porcelain firing, whereas the lower values are after the hardening heat treatment. For Liberty, Freedom 
Plus and Legacy XT, 0.2% offset yield strength values are provided, and mechanical properties are for the alloys after 
porcelain firing. 

----------------------------------
secondary microstructural phases failed to yield signifi
cant peaks in the XRD patterns for representative as-cast 
commercial Pd-Ga alloys. 

In the written discussion to a previous article 
(Brantley et al., 1993), Dr. H.J. Mueller noted that it 
might be worthwhile to perform post-casting heat treat
ments for high-palladium dental alloys to modify the 
mechanical properties as needed for various clinical 
applications, such as metal-ceramic restorations, implant
supported prostheses, and perhaps all-metal restorations 
or partial denture frameworks. Because of uncertainties 
in the Pd-Ga phase diagram (Massalski, 1986, 1990) that 
provides the foundation for the high-palladium dental 
alloys, the lack of equilibrium conditions during dental 
casting, and the typically brief porcelain firing cycles 
(Papazoglou et al., 1993), it has not been possible to 
establish precise mechanisms about the microstructural 
changes following simulated porcelain-firing heat treat
ment. Moreover, since the temperature is rapidly varied 
from approximately 1,000° to 1,800° F during the por-
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celain firing cycles, it has not been possible in previous 
research (Brantley et al., 1993; Carr et al., 1993) to 
determine the effects of specific heat-treatment tempera
tures on the Vickers hardness of high-palladium alloys. 

The goal of the present study was to obtain detailed 
experimental information about the changes in Vickers 
hardness of four representative high-palladium alloys 
over the heat-treatment temperature range from 200° to 
1,800°F, in order to determine whether annealing heat 
treatments at specific temperatures might yield signifi
cant changes in mechanical properties. Such information 
may permit use of these alloys with their optimum struc
ture and properties for the treatment of dental patients. 

Materials and Methods 

Two Pd-Cu-Ga alloys (Freedom Plus and Liberty; 
J.P. Jelenk:o and Company, Armonk, NY) and two Pd
Ga alloys (IS 85, Williams Dental Company, Division of 
Ivoclar North America, Amherst, NY; Legacy XT, J.P. 



Q. Wu, W.A. Brantley et al. 

Table 3. Vickers hardness of the four high-palladium alloys for different solidification conditions and heat-treatment 
temperatures. • 

Condition Liberty Freedom Plus Legacy XT IS 85 

ACBC 326.0 ± 8.6 ABC 266.1 ± 7.2 A 260.1 ± 8.5 B 250.9 ± 9.0 ABC 

ACRQ 318.1 ± 2.2 BCD 266.0 ± 10.6 A 280.2 ± 12.4 A 256.5 ± 11.4 ABC 

200°F 309.8 ± 10.6 CD 260.3 ± 8.7 ABC 253.5 ± 7.7 B 241.7 ± 8.3 BC 

400°F 322.4 ± 10.4 ABC 253.0 ± 4.5 ABC 256.9 ± 6.9 B 247.5 ± 8.2 ABC 

600°F 330.8 ± 11.8 ABC 253 .8 ± 3.6 ABC 257.3 ± 5.1 B 250.7 ± 9.5 ABC 

800°F 333.5 ± 15.4 ABC 249.1 ± 5.9 BC 251.9 ± 5.1 B 237.0 ± 8.8 c 
1,000°F 350.5 ± 20.0 A 259.2 ± 5.9 ABC 254.7 ± 7.4 B 255.0 ± 7.3 ABC 

1,200°F 343.4 ± 12.2 AB 260.1 ± 10.6 ABC 262.0 ± 4.4 B 259.1 ± 4.9 AB 

1,400°F 309.5 ± 11.1 CD 251.4 ± 9.9 ABC 258.7 ± 5.7 B 256.0 ± 6.9 ABC 

1,600°F 289.7 ± 8.3 DE 262.2 ± 9.7 AB 249.8 ± 6.6 B 267.1 ± 8.8 A 

1,800°F 267.1 ± 5.0 E 245.5 ± 5.7 c 236.6 ± 6.3 c 258.0 ± 7.6 AB 

•For each alloy, mean values (N = 10) with the same letter were not significantly different, using the REGW test (a 
= 0.05). The as-cast conditions were bench cooled {ACBC) or rapidly quenched (ACRQ). Heat treatments were 
performed on ACRQ specimens. 

Jelenko and Company) were selected for study. The 
alloy compositions are listed in Table 1, and some 
important properties are given in Table 2. The Liberty, 
Freedom Plus and Legacy XT alloys contain the grain
refining element ruthenium (Brantley et al., 1993) and 
have equiaxed fine-grained as-cast microstructures, 
whereas IS 85 does not contain a grain-refining element 
and has a dendritic as-cast microstructure. 

The alloys were centrifugally cast as 3 mm diameter 
rods, using standard dental laboratory techniques (Carr 
and Brantley, 1991). Wax patterns of this diameter and 
20 mm length were sprued and invested in fine-grained, 
carbon-free, phosphate-bonded investment (Cera-Fina, 
Whip Mix Corp., Louisville, KY). Investment manipu
lation and burnout procedures followed the recommenda
tions of the manufacturers, and a dwell time of 30 min
utes at the peak burnout temperature of 1,400°F was 
used. Three wax patterns for each alloy were invested 
in one casting ring to prepare the quenched specimens, 
and a single wax pattern was invested in a separate ring 
for the bench-cooled specimen. The alloys were melted 
in individual ceramic crucibles and cast using a standard 
broken-arm casting machine (Kerr Division, Sybron 
Corp., Romulus, MI), as previously described (Carr and 
Brantley, 1991). The castings were either rapidly 
quenched in an ice-water mixture or bench cooled to 
room temperature. 
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After devesting (without subsequent air abrasion), 
the cast rods were sectioned into 3 mm diameter x 2-3 
mm thick specimens, using a low-speed, water-cooled, 
diamond-coated saw (Vari/Cut VC-50, Leco Corp., St. 
Joseph, MI). Quenched specimens were subjected to 
10 minute periods of heat treatment in a dental furnace 
(Mark IV Digital, J.M. Ney Co.) at temperatures of 
200°, 400°, 600°, 800°, 1,000°, 1,200°, 1,400°, 
1,600° and 1,800°F, following by quenching in ice
water again. Two specimens were used for each heat
treatment temperature. 

Specimens were mounted in transparent metallo
graphic epoxy resin (Leco Corp.), subjected to metallo
graphic wet grinding with 400 and 600 grit silicon car
bide paper, and polished using gamma alumina slurries 
with particle sizes of 5, 1, 0.3 and 0.05 Jlm. The 
polished specimens were etched in aqua regia solutions 
(Mezger et al., 1988) for time periods that varied with 
each alloy to yield the optimum microstructure and then 
ultrasonically cleaned in distilled water. The Vickers 
hardness of each alloy was measured for the as-cast 
bench-cooled (ACBC), as-cast and rapidly quenched 
(ACRQ) and heat-treated conditions. Ten indentations 
were randomly located on two samples using a 1 kg load 
and 30 second dwell time (M -400 hardness tester, Leco 
Corp.). The hardness values of each alloy were com
pared for the different conditions using one-way analysis 


