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Abstract Effect of heat treatment of Ag–Cu–Pd disper-

sant particles on the structure, mechanical properties and

mercury vapor release rate of an Ag–Cu–Sn/Ag–Cu–Pd-

based dental amalgam has been investigated. Experimental

results indicate that crystallinity of dispersant Ag-Cu–Pd

alloy increases with increasing HTT, with most notable in-

crease occurring between 100 and 200 �C. Increasing HTT

of Ag–Cu–Pd alloy does not change much of the mercury/

alloy ratio for amalgamation, but largely reduces working/

setting time of the amalgam. The Ag–Cu–Pd particles in 7

d-aged amalgam are comprised primarily of an outer Sn/Cu/

Pd-rich zone and an inner Ag/Cu/Pd-rich zone with eutectic-

type morphology and chemical distribution. The annealing-

enhanced Pd segregation effect is most significantly

observed in the amalgam derived from 300 �C-annealed

Ag–Cu–Pd dispersant. This amalgam also has the highest

compressive strength, highest DTS, and lowest creep rate.

Higher annealing temperature causes mechanical property

of the amalgam to deteriorate. The initial mercury vapor

release rates of amalgams derived from 100, 200 and

300 �C-annealed Ag–Cu–Pd dispersant are significantly

lower than that derived from 400 �C-annealed dispersant.

Introduction

Dental amalgam is popularly used as a direct posterior

restorative filling material due to its high strength, dura-

bility and wear resistance [1, 2], as well as long-term

satisfactory clinical performance [3]. Nevertheless, there

is an increasing interest in the study of potential mercury

hazard from dental amalgam. Mercury vapor released

from newly-placed and aged dental amalgams, including

low-copper and high-copper amalgams, has been identi-

fied [4–10]. The effects of mercury on human health as

well as on environmental pollution remain a major con-

cern among both the scientific community and the general

public.

A number of approaches have been proven effective in

improving the performance of dental amalgam, including

reducing the mercury release rate. For example, encour-

aging results from dispersed-type dental amalgams con-

taining 0.5–10 wt% Pd in their dispersant alloy phase have

been reported in the mid-1980s [11–13]. The Pd-induced

improved properties include a drastically reduced early-

stage mercury vapor release rate [14, 15] and better cor-

rosion resistance [13], among others.

The effect of particle configuration on the structure and

properties of dental amalgam has also been found signifi-

cant. For example, in their results from four dispersed-type

Pd-containing amalgams with the same chemical compo-

sition but different particle configurations, Chen et al. [16]

indicated that the amalgam fabricated from irregular (lathe-

cut) Ag–Cu–Sn matrix and irregular Ag–Cu–Pd dispersant

particles had the lowest early-stage mercury vapor release

rate. Nevertheless, this amalgam also demonstrated the

lowest compressive strength and largest creep rate among

four amalgams.
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Process conditions are also critical to the performance of

dental amalgam. Among many process details, the relief of

the process-induced internal stresses from amalgam alloy

particles is perhaps the most critical issue. Particularly

during manufacturing of irregular-type amalgam particles,

the cutting or milling-induced stresses in the particles can

cause changes in amalgam alloy properties, such as amal-

gamation rate and dimensional changes during hardening

[17, 18].

Generally the process-induced residual stresses can be

relieved by carrying out an annealing treatment at a mod-

erate temperature on the alloy. It was reported that, when

milled amalgam alloy was maintained at room temperature,

its internal residual stress was relieved over a period of

weeks or months [19]. When annealed at 100 �C, this

stress-relieving process could be shortened to several hours

[20, 21]. Higher annealing temperatures (up to 240 �C)

under inert gas atmosphere (N2/H2 = 80/20) were also

disclosed in the US patent No. 4859412 [22]. In a micro-

structural study of Ag–Cu–Pd alloy dispersant particles,

Chern Lin et al. [23] indicated that the lathe cutting-in-

duced residual stress in the particles, which was accom-

panied with a phenomenon of X-ray diffraction (XRD)

peak broadening, could be largely removed by annealing

the alloy particles in argon atmosphere at 90 �C for at least

1 week.

The focus of the present study is to investigate the

effects of annealing of Ag–Cu–Pd dispersant particles on

the structure, mechanical properties and mercury vapor

release rate of a dental amalgam derived from irregularly-

shaped Ag–Cu–Sn matrix alloy particles combined

with irregularly-shaped Ag–Cu–Pd dispersant particles.

Improvement in mechanical properties while maintaining a

low early-stage mercury vapor release rate of the amalgam

is attempted. The annealing temperature used in the present

study, 100–400 �C, is much higher than those reported in

the literature.

Materials and methods

The matrix alloy (70wt%Ag-4wt%Cu-26wt%Sn) and

dispersant alloy (62wt% Ag-28wt%Cu-10wt%Pd) were

prepared from raw materials of 99.99 wt% pure silver,

99.99 wt% pure copper, 99.5 wt% pure palladium and

99.9 wt% pure tin. The irregularly-shaped particles were

prepared by melting the desired metals at 1100 �C for

360 min in a quartz tube sealed in argon gas. The fur-

nace-cooled alloy ingot was then homogenized at 800 �C

for 480 min.

The homogenized ingot was mounted in a lathe and

comminuted into irregularly-shaped particles. The lathe-cut

irregular particles were then ball-milled and sieved through

#325 mesh into desired sizes (majority less than 45 lm)

using a SPEX 8000 ball mill (A.O. Smith Corp., USA).

Since a preliminary study of the present authors indicated

that 30 min and 65 min were appropriate ball-milling times

respectively for lathe-cut Ag–Cu–Sn and Ag–Cu–Pd par-

ticles, such ball-milling times were used throughout the

present study.

Sieved particles were subjected to various heat treat-

ments under argon gas protection, followed by a pickling

treatment in 10% HCl solution for 30 min. Four different

temperatures (100, 200, 300 and 400 �C) were selected

for the heat treatment of Ag–Cu–Pd particles in this study.

The amalgams derived from the Ag–Cu–Pd dispersant

particles heat-treated for 48 h at these four temperatures

are designated ‘‘PdH10’’, ‘‘PdH20’’, ‘‘PdH30’’ and

‘‘PdH40’’, respectively. Since in a preliminary study the

phenomenon of sintering started to be observed when the

alloy powder was heat-treated to 450 �C or above, the heat

treatment temperature (HTT) above 450 �C is avoided in

the present study. The preliminary study also indicated

that, as Ag–Cu–Sn matrix particles were heat-treated at

400 �C for 24 h, the lowest mercury/alloy ratio was ob-

tained. For this reason, while Ag–Cu–Pd dispersant parti-

cles were heat-treated at different temperatures, the heat

treatment of Ag–Cu–Sn particles was conducted under

such condition (400 �C for 24 h) throughout this study.

Trituration of alloy/mercury mixture was carried out in a

closed capsule using a commercial triturator (Crescent

LP-60, Lyons, IL, USA). The alloy contained two parts of

Ag–Cu–Sn powder and one part of Ag–Cu–Pd powder (by

weight). As a result, the alloy had an overall composition

of 67.2wt% Ag, 12.0wt% Cu, 17.4wt% Sn, and 3.4wt% Pd.

The triturated amalgam mass was hand-condensed in a

disk-shaped acrylic die of 10 mm in diameter and 2 mm in

depth for phase identification and mercury vapor release

measurement.

Phase identification of the series of amalgam was con-

ducted using a Rigaku D-MAX/IIB X-ray diffractometer

(Rigaku Corp., Tokyo, Japan) operated at 30 kV and

20 mA. Cu-Ka radiation scanning from 29 to 45� (2h) at a

scanning speed of 0.5�/min was used. The microstructure

and chemistry were characterized using a Hitachi S-4200

scanning electron microscope (SEM) equipped with an

energy dispersive spectrometer (EDS).

Cylindrical-shaped specimens (4 mm in diameter and

8 mm in height) were used for compressive strength,

diametral tensile strength (DTS) and creep tests. The

specification of the specimens was complied with ADA

Spec. No. 1 for the measurement of mechanical properties

of dental amalgams. The compressive strength and DTS of

the amalgams were measured using a Shimatzu AGS-500D

dynamic mechanical tester (Shimatzu Corp., Kyoto, Japan)

at a crosshead speed of 0.5 mm/min. The compressive
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strength of each specimen was calculated according to the

equation, P = 4F/pD2, where P is compressive strength in

MPa, F the fracture load in N, and D the diameter of the

specimen in mm. The DTS value was calculated according

to the equation, rt = 2F/pDt, where rt is DTS in MPa, F the

fracture load in N, D the diameter of the specimen in mm,

and t the specimen thickness in mm. The creep rate of

amalgam at 37 �C under a pressure of 36 MPa for 4 h was

calculated using the equation, Creep = (L4-L1)/L0 x 100%,

where L0 is original length of the specimen in mm, and L1

and L4 the lengths after 1 and 4 h, respectively, under the

load. All compressive strength, DTS and creep rates are

averages of five tests under each condition. One-way

ANOVA was used to evaluate data and Scheffé multiple

comparison test was run to determine the significance of

deviations among each group. In all cases the statistical

difference was considered significant at P < 0.05 level.

The measurement of mercury vapor release rate was

carried out using a Jerome gold film mercury vapor ana-

lyzer (JEROME 431–X, Arizona Instrument LLC Phoenix,

AZ, USA). Atmospheric-pressure air was blown continu-

ously through the tubing of an aquarium pump at a rate of

750 mL/min which is equal to the air-suction rate of the

mercury vapor analyzer. The first reading was taken at 90 s

after trituration. After each measurement, the specimen

was removed from the detection chamber and clean air was

pumped through the analyzer until the reading dropped

back to zero to ensure that no mercury vapor was left in the

chamber [14].

Results and discussion

Alloy particle morphology and size distribution

The morphology and particle size distribution of ball-mil-

led Ag–Cu–Sn and Ag–Cu–Pd particles used for the study

are shown in Fig. 1. Both particles essentially had an

irregular shape. Ag–Cu–Sn particles showed a narrower

particle size distribution than Ag–Cu–Pd particles. The

majority (>90 vol%) of Ag–Cu–Sn particles had sizes

ranging from 5 to 30 lm with the largest portion of the

particles (>25 vol%) having sizes around 10 lm. The

majority (>90 vol%) of Ag–Cu–Pd particles had sizes

ranging 10–60 lm with the largest portion (>25 vol%)

having sizes about 30 lm. The ball-milling yield of Ag–

Cu–Sn particles was found much higher than that of Ag–

Cu–Pd, indicating that Ag–Cu–Sn particles were more

easily comminuted than Ag–Cu–Pd particles. The lower

ball-milling yield of Ag–Cu–Pd dispersant alloy than Ag–

Cu–Sn matrix alloy is believed due to the higher content of

Cu, which is harder than Sn, in Ag–Cu–Pd than in Ag–Cu–

Sn. The final amalgam alloy was comprised of 1/3 (by

weight) Ag–Cu–Pd and 2/3 Ag–Cu–Sn.
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Fig. 1 Morphology and size

distribution of Ag–Cu–Sn and

Ag–Cu–Pd powders used in this

study
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Effect of heat treatment on crystallinity of Ag–Cu–Pd

dispersant alloy

The XRD patterns of Ag–Cu–Pd dispersant alloy an-

nealed at different temperatures are given in Fig. 2. As

shown in the figure, the XRD patterns of annealed

dispersant alloy are comprised entirely of Ag and Cu

peaks. Whether Cu3Pd phase is present in the annealed

alloy cannot be confirmed by these XRD patterns due to

the overlapping of its major peaks with Cu peaks and/or

its small quantity.

The relatively broad XRD peaks observed in 100 �C-

annealed alloy is believed to be a result of milling-induced

residual stresses [23, 24]. The sharpness of XRD peaks,

which is an indication of crystallinity of the alloy, was

found to increase with increasing HTT. The increase in

crystallinity of the dispersant alloy was most significant as

HTT increased from 100 to 200 �C, suggesting that mill-

ing-induced residual stress has been largely relieved in this

temperature range.

Effect of heat treatment on amalgamation reaction

On mercury/alloy ratio and working/setting time

While increasing HTT of Ag–Cu–Pd dispersant alloy did

not change much the mercury/alloy ratio for amalgamation,

the working and setting times largely reduced from 15 to

7 min and from 25 to 9 min, respectively, as HTT in-

creased from 100 to 400 �C (Table 1). It is generally be-

lieved that, in dispersed-type amalgam, Ag–Cu–Sn matrix

alloy is the primary component participating in the for-

mation of c1 (Ag2Hg3) amalgam matrix phase during

amalgamation reaction. The fact that working/setting time

of the present amalgam was largely reduced by increasing

HTT of Ag–Cu–Pd dispersant alloy suggests that disper-

sant alloy was also effectively involved in amalgamation

reaction. The release of milling-induced internal stress by

heat-treating Ag–Cu–Pd particles is believed to have an

essential effect on accelerating amalgamation reaction and

shortening working/setting time [20]. Whether or how

much has the later-described ‘‘Pd segregation effect’’

contributed to the shortening of working/setting time is not

certain at this moment.

On phase transitions

XRD patterns of the four amalgams (derived from Ag–Cu–

Pd dispersant annealed to different temperatures) aged at

37 �C for 1 h, 24 h, and 7 days are shown in Fig. 3.

Reaction phases such as c1 (Ag2Hg3) and g¢ (Cu6Sn5), as

well as non-reacted c (Ag3Sn) phase, were identified in all

amalgams. The c2 (Sn7–8Hg) peaks with moderate intensity

were only detected in amalgams aged for 1 h at 37 �C. A

delayed amalgamation due to Pd addition, that suppressed

the formation of g¢ and hence promoted the formation of c2

phase at the early stage may have caused this result [25].

According to Chen [25], the c2 phase could further react

with copper from Ag–Cu–Pd and promote the formation of

g¢ phase and thus was diminished itself. In the present

study, c2 phase was indeed no longer found in amalgams

aged for 24 h or longer. The dominance of c1 phase over all

other phases at 1 h indicates that formation of c1 phase was

largely completed in a short period of time. The XRD

patterns of amalgams aged for 24 h and 7 d are almost

identical. Qualitatively the heat treatment does not seem to

result in significant differences in XRD patterns among

amalgams annealed at different temperatures.

Effect of heat treatment on amalgam microstructure

SEM micrographs and their accompanied EDS elemental

maps of the four amalgams aged for 7 days are shown in
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Fig. 2 XRD patterns of Ag–Cu–Pd alloy powders heat-treated at

different temperature
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Fig. 4. As labeled in the figure, the original Ag–Cu–Sn

particles had been largely turned into white-appearing

(under secondary electron imaging mode) matrix which is

rich in Hg, less rich in Ag, and substantially depleted

in other elements. Within the matrix are distributed

two types of small particles with different contrasts:

Table 1 Mercury/alloy ratio, working and setting time of amalgam with (62%Ag- 28%Cu-10%Pd) dispersant alloys subjected to various heat

treatments conditions

Amalgam Heat treatment temperature and time Mercury/alloy ratio Working time (min) Setting time (min)

Ag–Cu–Sn Ag–Cu–Pd

PdH10 400 �C, 24 h 100 �C, 48 h 1.1 15 25

PdH20 400 �C, 24 h 200 �C, 48 h 1.1 12 18

PdH30 400 �C, 24 h 300 �C, 48 h 1.1 8 12

PdH40 400 �C, 24 h 400 �C, 48 h 1 7 9
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Fig. 3 XRD patterns of

amalgams aged for (a) 1 h (b)

24 h and (c) 7 days
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(I) gray-appearing particles rich in Ag, less rich in Sn, and

substantially depleted in other elements; and (II) dark-

appearing particles rich in Cu, less rich in Sn, and sub-

stantially depleted in other elements. These gray and dark-

appearing particles are believed to be the remaining (non-

reacted) Ag3Sn (c) and Cu3Sn (() phases [16, 25], respec-

tively, of the original Ag–Cu–Sn particles.

Although the microstructure of amalgam matrix was not

significantly affected by the heat treatment conducted on

Ag–Cu–Pd dispersant particles, the microstructure of Ag–

Cu–Pd dispersant itself was noticeably affected by the heat

treatment. As shown in Fig. 4(a), each Ag–Cu–Pd particle

is comprised primarily of two portions with different

contrasts under secondary electron imaging mode: (I)

darker-appearing inner portion with higher concentrations

of Ag, Cu and Pd and lower concentrations of Sn and Hg;

and (II) lighter-appearing outer portion with higher con-

centrations of Sn, Cu and Pd and lower concentrations of

Ag and Hg. The high contents of Cu and Sn in the outer

portion indicates the possible formation of g¢ (Cu6Sn5)

phase in this reaction zone, consistent with the finding of

earlier reports [26, 27]. In commercial admixed Cu-rich

amalgams, reaction zones containing both g¢ and c1 phases

are often found in areas surrounding Ag–Cu dispersant

particles [26, 27].

Within the inner Ag/Cu/Pd-rich zone was still observed

the eutectic-type morphology of original Ag–Cu–Pd par-

ticles. Earlier studies [26, 27] indicate that the darker-

appearing component of this lamellar-type morphology is

Cu-rich, while the lighter-appearing component is Ag-rich.

These studies also indicate that Pd is preferentially segre-

gated into the Cu-rich phase. It is interesting to note that,

although the overall concentration of Hg was relatively low

in the Ag/Cu/Pd-rich inner zone, its distribution demon-

strated a non-uniform, lamellar-type feature. This lamellar-

type distribution in the inner zone indicates that a certain

degree of amalgamation reaction- most likely between Hg

and Ag- has proceeded far inside the inner zone of dis-

persant particles which is traditionally believed not criti-

cally involved in the amalgamation reaction in admixed-

type amalgams.

The microstructure of PdH20 amalgam was similar to

that of PdH10 amalgam (Fig. 4(b)). When Ag–Cu–Pd

particles were heat-treated to 300 �C, however, noticeable

Fig. 4 SEM morphology and

EPMA chemical analysis of the

amalgams. (a) PdH10 (b)

PdH20 (c) PdH30 (d) PdH40
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changes in its derived amalgam microstructure- particu-

larly in dispersant component- were observed. As shown in

Fig. 4(c), not only the same lamellar-type morphology (as

mentioned earlier in lower temperature-annealed dispersant

particles) was observed throughout the inner zone of dis-

persant particles, the elemental maps of Cu and Pd also

demonstrated a lamellar-type feature. Careful examination

of the elemental maps reveals that the elemental distribu-

tions in Cu and Pd coincide with each other, reconfirming

the earlier finding that Pd is more ‘‘attracted’’ to Cu than to

Ag in Ag–Cu–Pd dispersant phase [28]. Although whether

Cu3Pd phase was formed during annealing is not sure, as

mentioned earlier, the annealing-enhanced segregation of

Pd into Cu-rich phase at relatively high temperatures

(300 �C or above) is certain. The elemental distribution in

Hg, on the other hand, seems unrelated to Cu/Pd distribu-

tion.

Furthermore, the concentrations of Cu and Pd in the

outer reaction zone of 300 �C-annealed dispersant particles

in the amalgam appeared much lower than those annealed

at lower temperatures. A possible explanation for the

‘‘disappearance’’ of contrasts in the elemental maps of Cu

and Pd (especially Cu) in the reaction zone of this amalgam

would be the earlier-mentioned annealing-induced prefer-

ential ‘‘bond’’ between Cu and Pd, which suppresses Cu-

Sn reaction and the formation of g¢ phase.

When Ag–Cu–Pd dispersant particles were annealed at

400 �C, the lamellar-type contrasts in both Cu and Pd maps

within dispersant particles became lower than those an-

nealed at 300 �C, indicating a declined Pd segregation ef-

fect at 400 �C (Fig. 4(d)). The highest Cu/Pd

contrast—indication of the greatest Pd segregation effect-

at 300 �C might help explain the later-mentioned optimal

amalgam properties at such annealing temperature.

Effect of heat treatment on amalgam mechanical

behavior

The compressive strength and DTS of the four amalgams

are presented in Figs. 5 and 6, respectively. Except PdH40,

all other amalgams had 1 h compressive strengths higher

than the ADA requirement (80 MPa). One-way ANOVA

statistical analysis indicated that the 1 h compressive

strength of PdH30 amalgam (123 MPa) was significantly

Fig. 4 continued
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(P < 0.001) higher than other three amalgams. Further in-

crease in annealing temperature to 400 �C caused the

compressive strength to decline. The variation in 24 h

compressive strength with annealing temperature followed

the same trend. The PdH30 amalgam had the highest 24 h

compressive strength. Further increase in annealing tem-

perature also caused the 24 h compressive strength to de-

cline. The 1 h and 24 h DTS values of PdH30 amalgam

were also higher than all other amalgams, as shown in

Fig. 6. Again, ‘‘overheating’’ (to 400 �C) of Ag–Cu–Pd

dispersant particles caused the DTS of the amalgam to

decrease.

Creep is considered one major factor contributing to the

marginal deterioration of dental amalgam [29, 30] and a

reasonable indicator of clinical marginal fracture of amal-

gam restorations [31]. The creep rates of all present

amalgams were lower than ADA requirement (£3%). The

heat treatment effect on creep resistance of the amalgam

followed the same trend as on compressive strength. As

indicated in Fig. 7, the creep rate of the amalgam de-

creased with increasing annealing temperature until

reaching the lowest value (1.03%) at 300 �C. This creep

rate is smaller than that annealed at 100 �C (PdH10) by as

much as 1.80 %. Again, further increase in annealing

temperature (to 400 �C) caused the creep resistance to

decline.

Although the measurement of such mechanical proper-

ties as compressive strength, DTS and creep of amalgam is

straightforward, the interpretation of the data could be

quite complicated. In general, such effects as relative

amounts of various phases, microstructure/morphology,

porosity level and availability of stress-concentrated sites

could all influence the mechanical properties of amalgam.

According to Osborn et al. [32], the amalgamation rate

could also influence amalgam mechanical properties,

especially early strength. In the present study, the working

and setting times continued to decrease with increasing

HTT of Ag–Cu–Pd dispersant (Table 1). This shortened

working/setting time (an accelerated amalgamation reac-

tion) may have contributed to the observed optimal

mechanical properties of PdH30 amalgam. On the other

hand, the enhanced amalgamation reaction cannot explain

the deterioration in mechanical performance of PdH40

amalgam. The observed partial sintering among Ag–Cu–Pd

Fig. 4 continued
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particles at 400 �C might help explain the deteriorated

mechanical performance of PdH40.

Another worth-noting factor that may affect the

performance of the present amalgam would be the

annealing-enhanced segregation of Pd into Cu-rich phase

at relatively high temperatures. As mentioned earlier, the

highest Cu/Pd contrast, which is an indication of the

largest Pd segregation effect, was observed in PdH30

amalgam. The best mechanical performance was also

found in this amalgam.

Fig. 4 continued
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Effect of heat treatment on amalgam mercury release

rate

The effect of heat treatment on initial mercury vapor re-

lease rate of the amalgam is demonstrated in Fig. 8. The

initial mercury vapor release rates of amalgams derived

from Ag–Cu–Pd dispersant annealed at 100, 200 and

300 �C were all in the range between 20 and 30 pg/mm2 s.

One-way ANOVA statistical analysis indicated that the

initial mercury vapor release rate of PdH40 amalgam de-

rived (36 pg/mm2 s) was significantly (P < 0.001) higher

than other three amalgams. Neither annealing-induced

acceleration in amalgamation reaction nor segregation of

Pd into Cu-rich phase can satisfactorily interpret this much

higher mercury release rate observed in PdH40 amalgam.

Whether the earlier-mentioned partial sintering effect at

such high temperature has played a role in the determina-

tion of initial mercury vapor release rate of the present

amalgam is not clear at this moment. The mercury release

rate of each amalgam quickly dropped with incubation time

and reached a plateau value of 5–8 pg/mm2 s after 15 min

(Fig. 9) as a result of surface oxidation which slowed down

further release of mercury [6, 29].

Conclusions

1. The XRD patterns of annealed Ag–Cu–Pd dispersant

alloy are comprised entirely of Ag and Cu peaks.

Crystallinity of the alloy increases with increasing

HTT, with most notable increase occurring between

100 and 200 �C.

2. Increasing HTT of Ag–Cu–Pd dispersant alloy does

not much change mercury/alloy ratio for amalgama-

tion, but largely reduces working/setting time of the

amalgam.

3. The Ag–Cu–Pd dispersant particles of amalgam aged

for 7 days are comprised primarily of a Sn/Cu/Pd-rich

outer zone and an Ag/Cu/Pd-rich inner zone with

eutectic-type morphology and chemical distribution.

The annealing-enhanced segregation of Pd into Cu-

rich phase is most significantly observed in the amal-

gam derived from 300 �C-annealed Ag–Cu–Pd dis-

persant.

4. The amalgam derived from 300 �C-annealed Ag–Cu–

Pd dispersant has the highest compressive strength,

highest DTS, and lowest creep rate. Further increase in

annealing temperature causes amalgam mechanical

performance to deteriorate.

5. The initial mercury vapor release rates of amalgams

derived from 100, 200 and 300 �C-annealed Ag–Cu–Pd

dispersant (20–30 pg/mm2 s) are significantly lower

than that derived from 400 �C-annealed dispersant

(36 pg/mm2 s). The mercury release rates of all amal-

gams drop with incubation time and reach a plateau

value of 5–8 pg/mm2 s after a short period of time.
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