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Studies of the homogeneity of gold alloys have usually relied 
upon microscopic examination of the polished, etched surface of 
the alloy, and it has been assullied that the absence of dendrites 
in  the microscopic picture indicates that  the alloy is hornoge- 
neous, or practically so. Small departures from homogeneity can- 
not, however, be detected by this method. It is limited to  carat- 
gold alloys and certain other relatively large-grained alloys; 
inany of the platinum-gold alloys display no dendrites after cast- 
ing. Nevertheless, from purely theoretical considerations it can 
be assumed that they are not homogeneous. 

Attempts to find another method for examining the homoge- 
neity of these alloys have been made by, among others, Rjiirn S 
Wennstroni  (1962).  With the publication by Bjorn in 1962 of 
some tests with an  electron micro-probe arranged for point 
analysis it was evident that a method had been found that  prom- 
ised to be of value in research of elenient distribution in  plati- 
num-gold alloys. The encouraging results prompted further ex- 
periments, the method being extended to  include linear analysis 
and preparation of scanning pictures showing the distribution 
of alloy components in a given surface. 

The present paper gives an  account of pilot experiments pri- 
marily on line analysis of two platinum-gold alloys after casting 
and heat treatment. 
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and p l lad iu in  (about 3 per cent of each) whereas alloy 2 con- 
tained about 10 per cent of platinuni. 

PI1EPAI3 ATION AND THEATI1IIX'T OF THE SPECIMENS 

For the experiments rods 7 niin long and 4 inin in ( h n i e t e r  
were niatle from each of the alloys by the dental casting method. 
The :illoys were melted with a g a s  flame in the usual way. The 

heated to t525° before casting. After the button 
had ceased to glow, the casting ring was rapidly cooled. 

Froni each alloy sainple two slices were sawn, one for anuly- 
sis of the distribution o f  the alloy components resulting fronl 
the dental casting method, :rnd the other for analysis after heat- 
ing in an electric oven :it 800" C for 3 0  minutes. 

The cast mil  heat-treated specimens were imbedded in bake- 
lite in the nornial way, ground and polished, etched slightly in 
aqua regiu and plncetl in the instrument for exaniinntion -~ 

chiefly by linear ;inalysis. For this purpose 2 or 3 grains in the 
centre of the *speciiiien were used. For obvious reasons the cut 
was directed so :is to pass through the centre of the largest grain 
cross-section. 

IIESL'LTS 

The results of the linear analyses of the cast and heat-treated 
specimens :ire presented in figures 1 and 2. The iiiean concen- 
tration of each constituent of the alloys is set a t  zero. The vari- 
ations froin the niean composition are also marked. The vertical 
lines (13) denote the grain boundaries. 

For  most of the constituent elements there were considerable 
differences in distribution between the bound:iry and the centre 
of the grain. In  the case of alloy 1, for instance, there was a con- 
siderably larger proportion of platinum in  the interior than a t  
the boundary. For gold and copper the opposite was the case, 
while silver and zinc appeared to be fairly uniformly distributed. 

The heat treatment, which was performed to equalize the dis- 
tribution, was largely effective. At the treatment for alloy 1 the 
inequalities in the concentrntion of copper and probably also of 
gold were contpletely removed (Fig. 1 ) ; there was some ec~uilibru- 
tion also for platinum; for silver there was no difference after 
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Fig. 2. Variation in distribution of the elements in Alloy 2 as obtained 
through the electron micro-probe. To the left: alloy as cast. T o  thc right: 
alloy specimen heat-trcated at 800" C for 30 minutcs, 13 = grain boundary. 





Fig. 4. Alloy 2 :I\ cn\ t .  Etched optical piclure t o  the left. Scanning picture 
to t h e  right ol)t,titied with the elcctron micrn-probe showiiig Pt-distribution 
within the w m e  surface. A t  thc  grain houndaries the Pt-coiiceiitrcitioil i 4  

oli\ iou\ly lo\\ e r  then in the interior of the grain. 

treatment, this being evenly distributed here, too. On the other 
hand zinc, which after casting was evenly distributed within thc 
grain, tended to iiiigrnte towards the boundary during heating. 

In alloy 2 for the platinuin the observations after casting only, 
were the same hut the difference w i s  consider:rbly more pro- 
nounced than for alloy 1. Copper was also found iiiainly in the 
centre, but the highest concentration of silver and gold was :it 
the boundary. A s  regards zinc the distribution was fairly uni- 
forni (Fig. 2 ) .  

Heat treatment of the :illoy 2 (Fig. 2)  produced no definite 
change in distribution of zinc, though, in some iiieasure, in t h a t  
of copper. For silver the difference in concentr:ition :it  the 
boundary and in the interior was sinoothed out, to :i ninrlietl ex- 
tent, though not completely. The s:iiiie applies to plntinuiii where, 
however, there was initially a high concentration in the centre. 
For gold, too, there was a definite le\~elling out of the concentru- 
tion. 

The initial distribution of plntinuin was confirined by the 
scanning picture (Figs. 3 and 4 ) .  Froin a coinparison of the 
etched optical picture and the scanning picture it is evident that 
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constituent in both alloys :IS :I result of the heating procedure 
will be fairly restricted. In alloy 1, with the lower pl' a t' inuiii con- 
tent, the diffusion was :IpparentIy more rapid. On the other 
hand, there is soiiie difference between the two :illoys even :is 
cast. That p:ill:idiuiii can he responsible for this is :I possihility 
that calls for examination. 

It is clear froin the results that after casting of platinum-gold 
alloys there is intracrystelline segregation, which is not neces- 
sarily visible under the iiiicroscope. It would be rewarding to 
study further the segregation also in carat gold alloys using dif- 
ferent techniques of heat treatment. 

The present method would seein to be suitable for exanlining 
the concentration of dental :illoys subjected to different treat- 
ment conditions. I t  would seem to be :I useful compleiiient to the 
microscopic and X-ray crystallographic iiiethods and proinises to  
deepen our understanding of the structure of dental alloys. 

The present paper gives an account of pilot experiinents pri- 
iuarily on line analysis of two platinum-gold alloys, with and 
without heat-treatment, using the electron micro-probe to ob- 
tain inforination on the distribution of alloy coniponents in :I 

given surface. The gold-plntinuni alloys consisted chiefly of gold, 
silver, copper and zinc; alloy 1 also contained platinuin and pal- 
ladium (about 3 per cent of each) whereas alloy 2 contained 
about 10 per cent of platinum. 

The cast and the heat-treated speciiiiens of the alloys were 
inbedded, ground and polished, etched slightly and placed in the 
instrument for examination by linear and scanning analysis. For 
this purpose the grains in the centre of the specimen were used. 

The results of the linear analyses of the specimens are pre- 
sented in figures 1 and 2. It is clear from the results that after 
casting of platinum-gold alloys there is intra-crystalline segre- 
gation, which is not necessarily visible under the microscope. 
The alloy coniponents with a high melting point are concen- 
trated in the centre of the individual grain, while those with :I 

low melting point are concentrated more at the periphery. The 





ZUSAhlMENFASSUNG 

VERTEILUNG VON LEGIEKUNGSKOMPONENTEN IN GOLDPLATIN- 
LEGIERUNGEN 

Dieser Artiliel heschreibt einige orientierende \'ei*suche, die 
Verteilung von I,egieruii~sltoiiiponeiiteii in  zwei Goldplatinlegie- 
rungen iiiit Hilfe einer I':lektron-Mikros~ii(~e festzustellen. Die 
untersuchten Legierungen enthielten Gold, Sillier, Kupfer und 
Zinli nls 12~isislioii~poIieiiten sowie ungefihr  :$ % Platin und Pal- 
ladiuiii in der einen Legierung und ungefdir  1 0  % 1'I:rtin in cier 
:ind eren . Die Un t er su c h II ngen w ii r de n a 11 ge gosse nen I' r obekii r - 
pem sowie :in gegossenen und whrniebe11:intlelten ProhckCirperii 
nusgetiihrt. Die ~liariiieheh:rndluiig wurde wiihr-end 30 Minuten 
bei einer Teiiiperatur von 800" C wrgeiioniiiieii. 

Die gegossenen urid die wariiiebelinndelteri Probekiirper w u r -  
den in IMielit eingebettet, geschliffen untl poliert sowie leicht 
geiitzt, wonnch sic in clas Instruinent f i ir  eine Linieii:iii:iIyse so- 
wic fiir eine "Sc.aiining"-Aii:ilyse eingesetzt wurden. Fiir tliew 
An:11yse wurden J<rist:illiten ( K o r n )  i in  Zentruiii de\ I'roheltiir- 
pers henutzt. 

Die Resultate der 1,inien:in:ilyse werden in Ahh. 1 untl 2 \oi . -  

gefiihrt. Aus diesen geht klar hervor, dnss eine i i ~ t r ~ i l ~ r i ~ t : i l l i i i ~  
Sei se  r u n g in (1 en G ii s sen von (iol d 111 :it i ii I eg ie r 11 n g e 11 :I u f t r i t t , oh- 
gleich diese Seigerung iiii ~ewiil inlichen hlel : i l l~ui l~ro~l top nicht 
siclitlich ist. Die l,egiel.ungshest~indteile, die die hiicliste Schinelz- 
teniperatur hnben, hnben eine hiihere Koiizen tratioii i i i i  Koixi- 
zentruin, wiihrend (lie iiiit niedrigerer Sclii~ielzteinper~itiir iiielir- 
in der Kornperipherie konzentriert wertlen. ~Y~i i* ine l~eh: int l lu i~g  
gab einen deullichen 1~o~izeiitr:itioiis~i~~sgleieli  fiir die in den T x -  
g ier u 11 g en  e 11 t 11 :I I t t' n e 11 I k  st :I 11 d t ei 1 e , 111 ii g l i c 11 erw ei s e I i i  i t  A LI s- 

n:ihiiie fiir Ziiik. 
1,inienanalyse und "Sc:iiiniiig"-Aii~il~\e Init Hilfc ciner Elek- 

tron-Milirosoncle scheint eine geeigiiete Methode fiir Studien fiber 
Problenie hinsichtlich der  I.:lernentverteiliirig in (1ent:ilen Legie- 
rungen zu sein. 
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