
THE INFLUENCE OF CONDENSATION PKESSUKE 
AND OTHER FACTORS ON DELAYED EXPANSION 
OF SILVER AMAIX AM 
[)!I 

Although the phenoinenoii of delayed exl):msion of silver aiiial- 
p i 1 1  has been Itnown sirice the beginning of this century there are 
still many unexplained points with regard to the factors which 
dcteriiiine the nmount of this type o f  expansion. 

The purpose of the work described here w a s  to investigate the 
effect of the following variables upon delayed expansion of silver. 
:iiii:rlgani, ( 1  ) condensation pressure, ( 2 )  particle size of the 
alloy, ( 3 )  expmsion in cavities, 14) teinpernture, and 15 1 storage 
i n  solution of sodium chloride. 

S L' I\\'EY OF LITER A T  I'R E 

As early as 1908 Black described a slow expi i s ion  wliich oc- 
curred in  :un:dgaiiis containing zinc, and which might continue 
for  several years and fiiiullg destroy the usefulness of the filling. 

Liehig (1942) stated that  "excessive exp:insion c:in he eliiiiinat- 
ed in  aiiiulgniiis containinated with chlorides by reducing the 
:\mount of zinc added to the alloy", For :illoys containing froiii 
0.3 to 1.5 % zinc he  found that the excessive expansion increased 
with increasing zinc content. In alloys with less than 0.3 5% zinc 
he observed no excessive expansion at  the end of seven days. 

Ray (1942) found that  the amount of expansion occurring in 
itiiialgmii \peciinens over :I period of one year seeined to depend 
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to a large extent upon the coniposition o f  the alloy, the technique 
of ;i I ii :i 1 g;i 111 :i tion :i nd c () n den s a t  ion, ;I nd the en vir o n ni  e n t o f  t h 11 
speciinen. The particle size of the alloy had less influence. 

Schoonoiwr, Sorider d? Heal1 ( 1942) showed the delayed cxpin-  
sion to result from evolution of hydrogen by :I c1ieiiiic:il reaction 
hetween :iiti:iIg:ini :ind water. Non-zinc ;illoys did not displ:iy 
expansion of this type. 

I ' m  Gzrnst & H e r t o y  (1957) ex:iniined the relation between tic- 

1:tyed expansion and the coniposition of :illoys when the arnnlgatri 
w a s  cont:iniin:ited with ;I constant qu;intity of :I 2 % solution o f  
sotliuiii chloride. Using :I number of alloy products with different 
coittposition they found that delayed expansion could he avoided 
only if less than 0.01 "/o zinc was present. They :dso deinonstr;itetl 
that  the delayed expansion was governed by the zinc content 
i f  the latter was between 0 and 0.06 %. At higher percent:iges 
the ;iiiiount of  zinc was no longer the controlling f:ictor, w4ierens 
:I re1:ition seemed to exist hetween delayed expansion and  the 
quantity of copper in the :illoy, in such :I way tha l  :I higher cop- 
per content corresponded to a lower delayed expansion. 

Ir'trnntrrke arid Tnkahrrshi (1960) studied the effect of :I nuin- 
her o f  factors on delayed expansion. They found, inter uliri, t ho  t 
there was no definite relation between the :iiiiount o f  zinc in the 
:iiii:ilg;in :rnd thc delayed expansion :it zinc contents nhove 0.5 %, , 
proyided the zinc was present in  the ingot from which the :iIloy 
was produced. Addition of increasing amounts of iiietallic zinc 
powder to a zincfree alloy showed, howerer, a clear relationship 
hetween zinc content and delayed expansion, i.e. the exp:insion 
increased with the cp in t i t y  of zinc :rdded. The authors found no 
relation hetween copper content and delayed expansion. l'csts on 
:illoys with wrying  partirle size showed an increase in de1:iyed 
expansion with the fineness o f  the :illoy powder. Further ,  t h e  
de1:iyed expansion was demonstrated to be higher in :iiii:ilgaIlt 

specimens kept :it 37" C than in specimens kept a t  room teni- 
pe ra t ure. 

t<mm I - ~ o I , ~ ? '   AN^ K N U ~  n i w m n  J~%IN;I;NSEN 

MA'l'ERJAL AND &lETI-IOI)S 

The :rlloy used in the present experiitients was made especi:illy 
io r  1 hi s purpose hy courtesy of I)ental:il< tiebo1:ige t , Stock holm. Its 
coiiil)osition was : 
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Silver 69.5 % 
Tin 26.0 % 
Copper 2.5 % 
Zinc 2.0 7%. 

Screening of the alloy showed the grain size distribution to be 
;is follows: 
2.9 % was retained on ;I sieve with 150 pL meshes. 
8.6 could pass through a 150 

on a 90 ,u mesh sieve. 
30.1 % could pass through n 90 

on a 40 u mesh sieve. 
58.2 % could pass through :I 40 ,u iiiesh sieve. 

iiiesh sieve, but was retained 

mesh sieve, but was retained 

The alloy-iiiercury ratio was .5/8 by weight. Approxiiiiately 1 g 
of alloy was inixed with 1.6 g of iiierrury in a n  electric a11i:dga- 
mator for 15 seconds. Iiiiiiiediately after mixing the :~iiialgnm 
was kneaded one minute in :I rubber finger stall with 5-6 nil 
1 5% sodium chloride solution, after which it was transferred to 
a steel cylinder with :i 5 mni diaiiieter cavity, and a piston fitting 
within the cylinder was carried down on the niiialgaiii. 

The aiii:ilg:iiii was condensed for 3 minutes under a predeter- 
mined, consttint pressure transmitted to the piston by an Alpha 
durometer. The iiiold was then removed from the cluroineter, 
and one hour after condensation the test specimen was taken out 
of the mold. 

A dial gauge (Carl Mahr,  Gerniany) with reading :iccuracy 
of 0.001 111111 was attached to a rigid frame in such a position 
that  it registered 5.043 when a 10 111111 gauge block was placed 
under the tip of the up- and down-movable rod. This position 
was iiiaintained throughout the experimental period and used for 
iiieasureiiients of test specimens, about 10 111111 long. Later in the 
series, when 3 niiii length speciiiiens were made, another dial 
gauge was set accordingly. 

The first rcading was tuken 24 hours after prepar:ition of the 
speciiiiens. They were then measured at  regular intervals, a t  first 
every 24 hours, later once a week, until the final iiieasiireinent 
was taken 60 days after prepuxtioii. Soiiie of the speciinens, how- 
ever, were kept for :in additional inensurerilelit 18 riionths after 
prepa rat ion, 
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1.  Influence of condensation pressure upon delayed expansion 

The effect of this factor was examined on 10 :inialgaiii speci- 
iiieiis condensed with each of the following pressures: 0.5 kg, 0.78 
lig, 1.25 kg, 2 kg, 3 kg, and 5 lig per ~11 i i i2 .  The results of these 
tests are given in Table I and illustrated by the curve in Fig. 1 .  

Table I 

1)cJluyed expunsion in  rrnicclg(tm speciniens condensed w i t h  different pres- 
sures. Euch uulue g i v e n  for e.tpunsion is the ctuerage of ten tests.  

Condensation pressurc Kxpansio~~ in % Standard deviation 
(kg/mmr) after 60 days 

0.50 
0.78 
1.285 
2.00 
3.00 
5.00 

2.11 

1.85 
1.52 
1.31 
1 .02 

2.10 
0.19 
0.35 
0.14 

0.29 
0.20 

o. ix  

Yo 0 

24 

20 

1 6  

12 

8 

4 

2 1  

I 2 3 4 5 k g / m m 2  
Fig. 1. Delayed expansion as influenced by the condensation pressure. 
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It is scen tli:it ilie delayed expansion decreases : i s  the condens:i- 
tion pressure is increased, hut  that even :L pressure :IS high :Is 

5 1<g/11111i~ gives a delayed expnnsion of approx. 1 % . 

IIMAYEI) IIXI'AN b i o x  O F  siiAvi:ri m f t u , , i M  
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Pig. 2. Thi.(~c typical expamioil curves for  amalgam \pecimcns condensed 
with *h kg/mInu (I ) ,  2 kg/mm' (II),  and 5 kg/mmZ (111). A n  additional 
rneasuremcnt 18  months aftcr preparation showed that an appreciable ex- 

pansion had taken place aincc the  end of  the first 60 days. 

Fig. 2 shows three characteristic expansion curves for test 
specimens condenseti with %kg ( I ) ,  2 lig ( I I ) ,  and 5 kg (111) per 
inin?, respectively. The delayed expansion is twice :is lurge f o r  
the lowest condensation force a s  for condens:ition with 5 Icg/mni'. 
During the last part of the experiiiiental period the expmsion 
proceeded so slowly that i t  might lead to the conclusion that i t  
was coining to  a n  end. Measureiiient of the test specimens 18 
iiionths after preparation revealed, however, that  a rather con- 
siderable cxp:insion hiid occurred after the end of the 00-day 
period. 



2. Influence of particle size on delayed expans’on 

For this series 10 speciiiiens were prepared with such a fruc- 
tioii o f  the alloy :IS could pass through a 40 niesh sieve. After 
t i0 d:iys they exhibited nn average delayed expansion of 0.84 & 

0.13 %, i.e. half the \ d u e  obtained with the original alloy when 
the s:iiiie condensu2ion pressure was used. These findings dis- 
:igree with those reported by h’tInOt(I1iP & ?’nli-(rhrtshi, but  the two 
test series :ire h:irdly coiiip:ir:ihle since these workers studied 
the effect o f  coarse-grained versus fine-gr:iined :illoy types, while 
the present investigation concerns an unfractioned alloy :IS coin- 
pi red wi t h :I fin e-g r :i i n ed  f r :ic t ion. 

3. Delayed expansion in unconfined amalgam specimens and in spedmens 

expanding in cavities 

The previous experiiiients were :ill carried out with free spe- 
ciiiiens. It would be of interest to ex:iiiiine whether :I delayed 
exlxinsion o f  the smiie order would occur in  aiiialgaiii expinding 
in :I rigid ~ i i o l t l .  For this 1)urpose 20 test specimens were con- 
densed under a constant pressure ( 2  kg/iiiiii2) in steel cylinders 
with cavities which were 6 111111 in diaiiieter :id had sniooth 
w:ills. The speciuieiis were left in the iuolds throughout the  test- 
ing period. The  expansion found for these experiiiients showed :I 
considernble increase over th:i t ohiained with :I group o f  free 
speciiiiens prepared under the saiiie pressure. The  findings appear 
in T:ible 11, which also shows that  the percentage exp:insion w a s  

Table II 

E.cpunsion of f ree  crmcrlyteni spec imens  tend O[ spec imens  in  cteeiities. l’hr 
indieJidiite1 e.rp(ension e)tclrres represent  the tloerteyes of ieii t e s t s .  



higher for speciineiis which were 3 i n n 1  long thnn for 10 n i i i i  

speciiiiens. 'The c:tuse of this difference is ~inki iowi~ .  

Frre specimens 

Specimens i n  
cavities 

4. Influence of temperature and storage medium upon delayed cxpansion 

All the tests in groups 1 - 3 were conductrtl :it roo111 teiiipera- 
ture (22 -+ 2" C ) .  In  order to  iiialte the experiiiient:il conditions 
inore comp:ir;ible to those of pr:ictice, 20 free specimens, :ihout 
1 0  i i i i i i  long and  condensed with :I pressure of 2 kg/niiiiY, were 
stored :it 37"  C, ten in air ,  and  ten in :I 1 % sodiuni chloride 
solution. 'The expnnsion results after 00 days :ire presented in 
'Table 111. There is no c1e:ir difference between the expinsion of 

approx. 10 mm :I i L. 1 .Mi 0.3 f i  
" I 0  " '  1 7h NaCI 2.66 0.14 

" 3 " a i r  4 . M  0.28 
" :3 '> 1 % NnCI 1 1 .43::. j ?.!Hi 

the specinlens kept in air :it 37" C :intl t h n t  of corresponding s p -  
ciniens (Table 11) kept :it rooiii teinper:iture, :ilthough there 
seeiiis to he :I tendency towards :I higher expansion :it 3 7 ' .  Stornge 
in NaCl solution :it 3 7 " ,  on the other Iinnd. gnve :I iiiuch higher 
expansion than  s1or:ige in air  :it the s:iiiie teiiiper:iture. 

Finally, 20 test speciiuens, :ipprox. 3 i i i i i i  i n  length, were pre- 
pared in cavities. The specimens were placed in :in incubator :it 
3 7 "  C, ten in air ,  ten in :I 1 % NaCI solution, to which WYIS added 
2.5 g N:i2CrO4 per liter in order to prevent corrosion of  the sleel 
iiiolds. For this group too the del:iyetl expi i s ion  :IS given in  
Table I11 for storage in air  :it 3 7 "  was not very different from 
previous findings (Table 11) for storage at  room teinper:iture. 
The specinlens kept in NwCI solution :it 3 7 " ,  on the other Ii:ind, 

exhibited also in this case :I iiiucli higher del:iyed cxp:iiision 1h:in 
those kept in air  a t  the saiiie temperature. 
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In the groul) of speciiiiens in  ciivities in 1 % NnCI solution 
with NarCr04 at  37"  C, four displayed reddish brown deposits of 
corrosion products on the surfaces at the end of the experinientnl 
period. These speciinens were discarded. The reiiinining six had 
clean surfaces. All  ten speciiiiens in the group were ch:irarterizetl 
by a very rough surface with :I tendency to bulge in the iiiiddle. 

No explanation can be given of the increase in delayed expm-  
sion of the nina1g:ini specimens kept in NaCI solution. 

CONCLL'SIONS 

1)el:iyed exp:insion in silver :iiiinIg:iiii depends upon the  force 
with which the aiiialgaiii is condensed, in such a way that higher 
pressure corresponds to lower expansion. The highest pressures 
within the dental range give, however, ;I delayed expansion of 
1 %. It is therefore not possible, even by heavy condensation, to 
reduce the delayed expansion in a1ii:ilg:iiii to values which are 
negligible in practice. 

Further, it has been demonstrated tha t  the linear delayed 
expansion p r a l l e l  to the w:ills of the mold :IS it occurs in aiiial- 

gaiii expanding in a cylindrical cavity is iiiuch higher th:iIi for 
unconfined ainnlgaiii speciniens. Therefore, tests with free speci- 
iiiens are only of relative interest froiii a clinical point of view. 
In applying 1abor:itory results for free speciniens to clinical 
conditions :I larger expansion of clinical fillings must be expected. 

The findings also show that there is only :I slight difference 
in delayed expension between aiiialgaiii kept in air :it 37" C and 
at room teinperature, while storage in sodium chloride solution 
:it 3 7 "  gives :I considerably higher expansion than storage in air 
:it the s:iiiie teniperature. 

S L X M A  H 'I' 

l'he purpose o f  the present investigation was to study the effect 
of the following factors upon the delayed expansion of silver 
:imalgaiii, (1) condensation pressure, (2)  grain size of the alloy, 
(3) expansion in cavities, (4) teinperature, and (5) storage in 
sodium chloride solution. 

The results are presented in Fig. 1 and 2,  and in Tables I, 11, 
;rnd 111. They show that the delayed expansion decre;ises :IS the 



condensation pressure is increased, but not so Iiiuch t h a t  i t  can 
be eliininated in practice even by using the highest possible 
packing pressure. 

The delayed expansion was found to be siiinller in :i fine- 
grained ainnlgain than in a relatively coarse-grained one. 

It was also shown that the linear delayed expansion is higher 
for aiiialgniii expanding in a cy1indric:il cavity than for unconfin- 
ed specimens. Therefore the results of laboratory experiinents 
innde on free specimens cannot be directly applied to ainalgani 
in cavities. 

Further the findings show that there is only a siii:rll difference 
between the delayed expansion of alnalgnni kept in air a t  87” C 
and at rooin temperature (22 2 ”  C ) ,  while storage in a 1 ”/o 
solution of sodium chloride a t  37” C gives n considerably higher 
expansion than storage in air at the smie  teinperature. 

H B S  t ‘bl  fi 

INFLUENCE DE LA PRESSION DE CONDENSATION ET D’AUTRES FAC- 
TEURS SUR L’EXPANSION TARDIVE DE L’AMALGAME D’ARGENT 

Le but du pr6sent travail est d’Ctudier l’effet des facteurs sui- 
vants sur I’expansion tardive de I’ainalgaine d’argent : 1)  pression 
de condensation, 2)  finesse du grain de l’:illi:ige, 3 )  expansion 
dans les caviths, 4) teinp6rnture, et 5) conservation dnns line solu- 
tion de chlorure de sodium. 

Les rksultats sont pr6sentCs dans les figures 1 et 2, et dans les 
tableaux I, I1 et 111. 11s iiiontrent clue I’expansion tardive diminue 
lorsque la pression de condensation augniente, iiiais insuffisain- 
nient pour pouvoir &re 61iniini.e en pratique, i n h e  en exercant 
nu bourrage la plus grande pression possible. 

I1 est apparu que l’expansion tardive Ctait iiioins iiiiportante 
dans un amalganie h grain fin clue dans u n  aiiia1g:uiie B relative- 
iiient gros grain. 

I1 a 6th aussi iiiis en 6vidence clue 1’exp:insion tardive linckiire 
iitait plus 6levCe pour l’ainalgaine se dilatant dans une cavit6 cy- 
lindrique que pour des Cchantillons sans entrave. Les rdsultats 
d’expdriences de laboratoire faites sur des 6chantillons libres ne 
peuvent donc pas etre directeiiient app1icpi.s h 1’:imalganie dans 
les cavit6s. 
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I,es rbsultats iiiontrent e n  outre qu’il n’existe cp’une fnible 
difference entre 1’exp:insion turdive de 1’omulg:un gardk h l’uir h 
une teiiip4rature de 3 7  O C et B la teiiipCrature aiiibiante d’une 
pikce (22 ? 2”  C ) ,  tandis clue 1’niii:ilgaiiie coriserv6 d:ins uiie solu- 
tion de 1 % de chlorure de sodium B 37” C prksentuit une expin- 
sion coiisidkrableiiient plus Clevde clue lors de la conservation h 
I’uir h la ni&ine tenip4r:iture. 

ZrSAMAIHNFASSVNG 

DER EINFLIJSS DES ST0PFDRUCKES’UND:ANDERER FAKTOREN AUF 
DIB NACHTHAGLICHE AUSDEHNUNG IN SILBERAMALGARl 

Es ist der Zweclc dieser Arbeit zu untersuchen, ob die n:icli- 
t rlgliche Ausdehnung in Silberainalg:ini von den1 Ilruck abhan- 
gig ist, iiiit den1 d a s  Anialgaiii gestopft worden ist; ob die n x h -  
tragliche Ausdehnung in eineiii Aiiialgain, das aus sehr feinkiir- 
nigetn Alloy hergestellt ist, ebenso gross ist wie in eineiii Ainal- 
gain, das :ius relativ grobkiirnigeiii Alloy hergestellt ist ; ob die 
nachtrlgliche Ausdehnung linear in frei stehenden Versuchskiir- 
pern ebenso gross ist wie in Versuclisliiirpern, die sich in einer 
Form iiiit geschlossenein Boden ausdehnen; ob die Temperatur, 
bei cler das Anialgaiii aufbewahrt wird, auf die nachtragliche 
Ausdehnung einen Einfluss hat ;  und schliesslich, oh die nach- 
lrlgliche Ausdehnung die gleiche ist, wenii d:is Amalgain in  eineiii 
Elektrolyt oder in Luft aufbewahrt wird. 

Die Ergebnisse sind :rus Abb. 1 und 2 und :ius T:ibellen I,  I1 und 
111 ersichtlich. Es geht hieraus hervor, dass die nnchtrlgliche Aus- 
cfehnung iiiit steigendeiii Stopfdruck abninimt, jedoch so, dass sie 
sich -- selbst bei eineiii Stopfdruck, der :in der Grenze des ltli- 
nisch Erreic1ib:rren liegt ~- nicht eliiiiiniereri llsst. 
Es zeigle sich, dass die n:ichtrigliche Ausdehnung im feinliiir- 

nigen A1ii:ilgniii geringer war :ils iiii relativ grobkiirnigen. 
Aus den Versuchen geht hervor, dass die lineare n:ichtrlgliche 

Ausdehnung in Ain:ilgaiii, das sich in einer Forin iiiit geschlos- 
seneni Boden nusdeht, griisser ist als in frei stehenden \’ersuchs- 
liiirpern, wes1i:ilb sich die Ergebnisse voii L~rboratoriuinsver- 
suchen iiiil frei stehenden Yersuchskiirpern nicht ohne weiteres 
a ~ i f  Aiiialgam in Kavitlten iibertragen lassen. 
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Ausserdem zeigt es sich, d:iss zwischen tier n:rchtriiglichen Aus- 
dehnung in Amnlgaiii, das hei 3 7  trocken :iufbew:ihrt wird, und 
tier nnchtriiglichen Ausdehnung in Aiii:ilgain, das hei Zimiiier- 
teiiiperatur troclten nufbewahrt wird, nur ein geringer Unter- 
schied besteht, wogegen Aiiialgam, das in einer 1 %-igen N:iCI- 
Liisung bei 37 O nufbewnhrt wird, eine hedeutend grijssere nach- 
tragliche Ausdehnung nufweist ids Aiiialg:tiii, d:is in Luft hei der 
gleichen Te1nper:itur aufhewahrt wird. Dieser Unterschied, (lessen 
Ursache nicht lilnrgelegt worden ist, 1i:inn dam heitragen, einen 
Vergleich zwischen fruheren L~iborntoriuiiisversuchen und Itli- 
nischen Verhaltnissen zu erschweren. 
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