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INTRODUCTION 

In the literature dealing with the strength of silver niiinlgaiii 
variations in  this property have been ascribed, almost exclusive- 
ly, to its residual mercury content. The influence of the alloy 
composition upon the crushing strength of amalgam has received 
little attentilon, and so far,  no studies seeiii to have been reported 
on the signific:ince of  the porosity of the amalgain. 

The present study was undertaken to investigate the relation 
between the crushing strength, iiiercury content, and porosity at  
constant composition of the alloy. 

METHODS 

All the tests were carried out with the same coiiiiiiercial alloy 
(True Dentalloy@, S. S. White Dental Mfg. Co. ,  G.B.) ,  batch No. 
926503. Variation in mercury content and porosity was obtained 
by varying 11 the initial ratio o f  mercury to :illoy at  the time of 
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start of condensation, 2)  the mixing time, 3 )  the time interval 
between start of trituration and condensation, 4 )  the condensa- 
tion pressure, and 5 )  the duration of condensation. 

The amalgam specimens were made by a standard method de- 
scribed in a previous article (Jdrgensen et al.,  1964). Alloy and 
mercury were weighed with an  accuracy of f 0.5 ing (the amount 
of alloy was constant in all experiments). Mixing was done in a 
Wig-L-Bug amalgamator, normally 20 seconds with pestle plus 
2 seconds without pestle. Condensation began 2 minutes after 
start of trituration, and a constant pressure of 40 kg was used 
for 3 minutes. The crushing strength was measured after 168 k 2 
hours by means of a Losenhausen testing machine at a loading 
rate of 10 kg per second. Before the crushing test the end surfaces 
of the specimens were ground plane-parallel and their length re- 
duced to 9.0 L 0.5 nini by grinding. 

The mercury content of the specimens was determined as the 
difference by weight between the mercury used in the mix and 
the expressed mercury, the latter being regarded as pure niercury 
(cf. Jgrgensen ef al., 1964). 

Porosity determinations were made in the following way. hi-  

mediately after preparation, before removal froin the cylindrical 
mold, the length of the specimen was measured with a niaxiiiiuni 
error of 0.01 inin. The weight of expressed mercury was divided 
by the specific gravity of the mercury, and by the surface area 
of the cylindrical specimen. By adding the resulting figure to the 
length of the specimen a measure was obtained for the length of 
a specimen consisting of a constant amount of alloy and mercury, 
but an unknown ainount of porosity. 

As already pointed out, the amount of alloy was held constant, 
and so was, as a rule, the amount of mercury (58.14 %).  In one 
experimental group the mercury ratio was varied systematically 
(see Table I ) ,  and for the purpose of measuring the porosity in 
these specimens, their corrected length was calculated as if their 
initial mercury content had been 58.14 "/o. 

In order to calculate the percentage porosity of the speciiiiens 
three ainalgani mixes were prepared, each consisting of 60 76 
mercury and the constant amount of alloy. The amalgam ball 
was gently removed from the mixing capsule, and after setting 



Table I 

' 45.0 & 0 1 j 46.3 t 0.3 

I 

mercury 
content 

O/c I 

_ _ _ _ _  

3395 _+ 82 3970 46 

its specific gravity and roluine were determined according to Ar- 
chi~iiedes' principle. On this basis was calculated the length of :I 

cylindrical specimen with 58.14 $4 mercury, and of the same 
structure as  the ball. The porosity of the individual halls XIS de- 
termined by the point counter iiiethorl on polished sections. Out 
of the tot:il 500 counts none fell on porosities. Thus, the c:ilcu- 
lated length is a niessure for the length o f  ;I cylindrical speci- 
men with the basis, 2.5' n i ~ i i ~ ,  constant for the whole study, 
without pmwsities, and consisting of the constant :iIi1ount of a1- 
loy mixed with 58.15 76 mercury which also forms the h s i s  for 
the whole study. The computed lengths for the three ball-shaped 
speciiiiens were respectively 11.96, 11.98, and 12.01, averaging 
11.98 111111. 

Based on this figure the percentage porosity of the other speci- 
mens were computed. A specimen with :I length of e.g. 12.47 111111 

thus has :I porosity of 

(12.47 -~ 11.98). 100 
11.98 

= 4.09 5 7 .  

Ten speciiiiens were prepared for all coinhinations of variables 
and the calculated iiiean values and standard deriations given in 
the tables. 

Besides the niechanicnlly condensed speciiiiens, a nuinber of 
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Fig. 1. Relation between porosity (P), mercury content ( M ) ,  and strength 
(S)  at varying initial mercury content. The initial mercury content is 

indicated in % on the axis of abscissas. 

hand-condensed speciinens were made, chiefly to investigate more 
closely the relation between the initial mercury content of the 
amalgam and its crushing strength. The method used in prepa- 
ration of these specimens will be described in the second part of 
this paper. 

Part 1 

RESULTS 

1. Initial or primary mercnrg content. The speciinens were 
prepared with a constant amount of alloy (1.170 g) and varying 
amounts of inercury as shown in Table I. The results appear in 
Table I and Figure 1. 

To examine more closely the effect of initial mercury content 
on strength and residual mercury content the experiiilents were 
repeated with certain variations as shown in Tables I1 and 111. 
The crushing strength was measured already 72 +_ 2 hours after 
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Mixing t ime 60 see 
Condensation t ime 

3 min. 

Mixing t ime 30 sec 
Condensation t ime 

6 miri. 

hliviiig t ime 30 see 
Condensation t imr  

3 min. 

Table I1 

T h e  in/ l l ience of initicil nierclrry content lipon finctl niercuf  y c o n t r n f  und 

crnshiny slrenylh (True  Iknt tc l lop)  

Final mercury 1 39.91 40.41 41 11 42.11 43.61 43.0 

Crushing strength 3268 3756 3965 4113 3933 3774 
hg/cm' __ I f l 3 2 l + l 9 l / f R 6  l & 7 3  I f 5 8  I f 9 6  

Final mci cury i 37.21 3i.81 38.41 39.01 40.01 42.2 
content 70 i- 0.56 + 0.40 f 0.43 + 0.37 f 0.10 & 0.25 

Crushing strength 3597 3939 4049 4031 3935 3714 
kg/cmz ( ~ 1 2 6 ~ + 1 1 4 ( ~ 6 8  I f 6 8  ( k 5 7  I f 7 8  

Final mercury 1 37.91 39.21 39.81 40.31 41.21 43.7 
content ck & 0.14 f 0..50 f 0.27 & 0.14 f 0.31 k 0.62 

Crushing \trengtli 3422 3765 3913 4033 4004 3 6 7 i  
kg/cm' I t 9 9  I f 7 7  If56 if13 1 + 2 8  / + 1 4 3  

contcnt  '7r k 0.46 & 0.24 0.31 + 0.37 n.19 k 0 . m  

-____ 

Mixing t ime ti0 scc. 

Condensation t ime 
G min. 

Mixing t ime 30 sec. 

Con den s a t  i o 11 t inic 

6 min. 

hlixing t ime 30 see. 

Condensation t ime 

3 min. 

Final mercury 
content 76 

C PU slii 11 g s t reng t h  
kg/cm? 

Final mercury 
content 70 

Crushing strength 
kg/cm? 

Final mercury 
content 70 

_ _ ~  

Crushing strength 
kg/cm' 

47 % 50 % 55 % 60 % 66"% I T  I I-i 

Table 111 

The influenf'e o/ inititrl mercury content u p o n  f in tc l  niercury content  und 
crushing s t reng th  ( S T A  68)  



540 K.  D. JGRGENSEN, A. I,. ESBENSEN AND G. BORRING-MOLLER 

kg/cm2 

% Hg 

Fig. 2. Relation between initial mercury and crushing strength for True 
Dentalloy. Curve 1: 60 sec. mixing time, 3 min. condensation time. Curve 
2: 30 sec. mixing time, 6 min. condensation time. Curve 3 :  30 sec. mixing 

time, 3 min. condensation time. 

kg/cm2 

Fig. 3. Relation between initial mercury content and crushing strength for 
the preamalgamated brand STA 68. Curve 4: 60 sec. mixing time, 3 min. con- 
densation time. Curve 5 :  30 sec. mixing time, 6 rnin. condensation time. 

Curve 6 :  30 sec. mixing time, 3 min. condensation time. 
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Fig. 1. Residual mercury content for the amalgams illustrated in Figs. 2 
and 3.  The short, vertical lines through the mean value points indicate 

highest and lowcst experimental values. 

Fig. 
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3 .  Effect of trituration t ime upon t h e  porosit5- (P ) ,  mercury content 
(311, and strength (S )  of the amalgam. 
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28.8 f 0.7 48.1 f. 0.4 47.0 k 0.1 

3.3 _+ 0.5 1 1.7 f 0.0 , 1.0 _+ 0.3 

Final 
mercury 
content 

% 

Porosity 
76 

Crushing 
strcngth 
kg/cms 

46.7 ? 0.5 

0.3 _+ 0.0 

Table IV 

Effect of mixing lime upon f i n d  mercury content, porosity,  

2 sec. + 2  

50.1 f 0.5 

4.4 _+ 0.7 

3'890 f 199 

condensation, and only five specimens were tested for each com- 
bination of variables. Besides True Dentalloy (batch No. 556220) 
these tests used the preamalgamated alloy STA 68 (Guldsmeds 
Aktiebolaget in Stockholm, G.A.B., batch No. 6254). The results 
are presented in Tables I1 and I11 and, by graph, in Figures 2, 3, 
and 4. 

2. The trituration time was varied between 2 seconds and 40 
seconds. The results are given in Table IV and Figure 5. 

P M  S 

2 5 10 min 
Fig. 6. Effect of the time bctween trituration and condensation upon 
porosity (P), mercury content ( M ) ,  and strength (S) of the amalgam. 



Table V 
Effec t  o f  the tinit. b r l i o e e n  fr i furtcf ion untl contler~stctrort upon fintil 

mercii rg  con  t e n  t ,  porosi ty  , and cr ic sh inq s treri g t 11 
- .___ ---____ I 2 min. I 5 min. 1 10 min. I 

~~~~~~ 

Final 
mcrcury 
cot1 t en  t 

70 

U . ! I  * 0.3 

Final mercury 
c o n t c n t  B 

47.0 f 0.1 

Crushing strength 
kg/cm? 

11.8 k 0.5 

, -________ 

3 .  The  t i m e  interim1 between start of trituration and conden- 
sation varied from 2 to 10 minutes. The results appear in  Tables 
1' and Figure 6. 

4. The condcnsrrtion pressure varied froin 30 to l j 0  kg (about 
1.5 lig/iiiiu* and 7.5 kg/nimz, respectively). The results are pre- 

10.1 k 0.1 37.6 & 0 . 3  

5 .  The  condcnsation time varied froin 30 to 300 seconds. The 
results are presented in Table VII and Figure 8. 

In addition to these tests a number of specimens were pre- 
pared wiih relatively high mercury content (55 % and 58.14 5: ) 
by shaking the freshly mixed ainalgaiii into a cylindrical steel 
inold with upper and lower piston in place. The aiiialgani was 

60 kg 1 100 kg I 1.50  kg 

1'() ro sit y I Or, I o.9 f. 0.3 I 1.0 & 0.3 

Crushing 

1.0 0.3 1 1.0 0.3 I 0.8 & 0.3 
I 

4311 k 114 1617 If: 98 4694 & 43 

~ lpp 
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Table VII 

Effect of condensation time upon finril mercury content, porosity,  
and crushing strength 

48.1 t 0.4 47.8 ? 0.4 47.0 ? 0.1 

Final 
mercury 
:ontent 

% 

Porosity 
% 

Crushing 
strength 
'ig / c  m2 

46.5 ? 0.4 

P M  
% 

42  

40 

2 3a 

1 

0 

30 sec. 

48.4 t 0.4 

1.6 ? 0.3 

3960 ? 155 

S 
(Q/cm* 

4800 

4600 

4400 

4200 

4000 

Fig. 7. Effect of condensation pressure upon porosity (P),  mercury content 
( A t ) ,  and strength ( S ) .  
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Fig.  8. Effcct ol' condcns:ition t ime on porosity ( P ) ,  mercury c o n t e n t  ( M  ) ,  

and s t rength  ( S ) .  

sh:ilten by gently tapping the steel mold against :I tnhle. In this 
way it is possible to shape the mnalgani into regular cylinders 
without appreciable expression of mercury froiii the  inis. There 
were 10 speciiiiens in each group. The results are given in  Table 
YIII, and together with the experimental data in Tables I, IV, Y, 
YI, :md 1'11 they were used in constructing the diagr:tllls in Fig- 
ure\  9 :tiit1 10. 


