
V i k t o r C h u r s i n 

The Assessment of the Cast Quality of Monuments on the Basis 
of the Analysis of the Copper Alloy Casting Properties 

T h e quality of largc cast sculptures depends first of all on the 
foundrymen. The skills of the foundrymen were based on the 
theory and practice of foundry manufacture of a certain time and 
on the availability and quality of materials. which depended on 
different facts like the political and economic Situation in differ-
eni couniries. There are only a few descriptions of casting tech-
nologies of large cast monuments . e.g. those included in the sci
ent i f ic program "'COPAL" but they are not detailed enough. 

It is most important to understand that the experl foundryman 
will be ablc lo do the scientif ic analysis o f the cast features o f 
the monuments by the knowledge of the chemical composi t ion 
of an alloy from which the sculpture was cast. The availability o f 
the data on the chemical composit ion of the alloys of the COPAL 
monuments allows an analysis of the different casting properties 
on the basis of the modern theory of casting processes, mainly 
by postulates. that connect alloy properties with information 
from the phase d iagrams of the alloys. The author presents the 
analysis on the data for 6 alloys, from which the monuments . in-
vestigated under the program ""COPAL" were cast. These alloys 
coukl be divided into two groups: Cu - Sn - Pb and Cu - Zn -
Sn (F ig . 1). 
The main tcchnological properties o f casting are: 
- Fluidity and castability; 
- Shrinkage (linear and Volumetrie): 
- Hot-shortness: 
- Liquation; 
- Scabformat ion: 
- Interaction with gases. 
The quantitative values of the casting properties for speeified al
loys were taken from modern literature and the author"s works. 
Some o f t h e m were investigated at the laboratory of casting at the 
Moscow State Fvening Metaliurgical Institute, where the author 
works. The values of the casting properties of the alloys, aecord-
ing to the modern theory of casting processes, are first of all cor-
related with the values of the crystallization ränge of the alloys: 
4 T = T | , q i u J l B - T ^ j ^ a h a t is in the temperature ränge where the 
melal exists in liquid and solid State). 

Fluidi ty a n d Cas tab i l i ty 

Fluidity and castability are the ability of a liquid metal to fill the 
mold. The s ignif icance of the crystallisation temperature ränge 
and the fluidity of six alloys are indicated in Figure 2. The alloys 
with the narrow crystallisation temperature ränge (Cu Zn) 
have a higher value of fluidity than alloys with the broad temper
ature ränge (Cu - Sn). 

How could this affect the quality of casting? 
The fü l ing of the molds with the liquid Cu - Zn alloys (brass) 

occurs with increased Volumetrie and linear speeds of cast, i. e. 
it takes less time when the other parameters of cast like pouring 
temperature, mold properties. value o f pressure o f a liquid met-
;il are constant. By this way cavities of the mold will be filled be-
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fore tbe metal loses its fluidity. However. the high speeds give a 
stream filling o fmo l l en metal. This could resuit in the unfilling 
of separate casting fragments (especially of lateral fragments of 
the castings). Therefore casting defects like small-sized under-
fills, misruns and runs will be detected. 

The alloys with a widc crystallization ränge (Cu - Sn) require 
a longer pouring time to obtain the same sizes of casting. but the 
filling of the molds occurs more quietly and with smaller linear 
and Volumetrie speeds of filling than in the case of brass. This 
fact seems to be positive, but on the other band the molten met
al can lose its fluidity. Düring the cooling of the metal therc is a 
danger of partial filling with the formation of significant cavi-
ties in the castings. It is difficult to eure diese defects. Therefore. 
tin bronze cast requires an increased overheating of the liquid 
metal or the mold. This was inconvenient and did deteriorate the 
surface quality of the castings. 

The quality of filling of the molds with a liquid metal depends 
not only on its fluidity. but also on the strueture and properties 
of oxidc films, which are formed on the surface of the liquid 
metal. The use of zinc, instead or together with tin in copper art 
alloys was caused not only by economical reasons (zinc was al-
ways cheaper than tin), but also by the necessity to improve the 
casting properties of art alloys. Until the application of phos-
phorus as a deoxidation additive in tin bronze (~ 1860). the pres-
ence of viscous films ( C u 2 0 + SnO : + PbO) on a surface of 
bronze made the filling of a thin-walled casting difficult . On 
Fig. 3 the compositum of oxide films ispresented. removed from 
surface of melts of 6 types of copper alloys (without addition of 
phosphorus). Oxide inclusions not only reduce the fluidity of the 
bronze. but also form inclusions in the volume and on the sur
face of the castings. This reduces the quality of casting and the 
macrogeometry of the surface of a sculpturc. These alloeations 
are the centres of local corrosion due to being more hygroscop-
ic stains. The availability of zinc in tin bronze reduces the 
strength of oxide fi lms and promotes the increase of fluidity of 
a metal. The cast of alloys in Cu - Zn system has its own fea-
tures. At the temperatures of pouring evaporation of zinc occurs. 
which interacts with oxygen Crom the air and Ibrms solid flaky 
oxides of white colour. The small-sized zinc oxide inclusions are 
partially removed from the mold. However a significant part of 
them remains on the casting surface in the shape of small-sized 
stains. As time passes the major part of these inclusions is re
moved by atmospheric preeipitations. however their traces re-

main. In Figure 4 details of the sculpturc of M. and P. are showiJ 
with this kind of traces. These traces are caused by the named 
defects cxplained by the author. 

S h r i n k a g e Processes 

The interval of crystallization affects the mode of solidification. 
the form and the extent of shrinkage. The alloys with narrow 
crystallization ränge (brass) form predominant concentrated 
shrinkage in those placcs where the metal solidifies at the last 
moment. Tin bronze poured in the molds solidifies in the vol-
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ume mode and shrinkage is realized in the shape of a scattered 
shrinkage porosity: mic ro(20-400 um) and macro(() . l -I .O mm). 
In Figure 6 the significance of linear and volume shrinkage is 
compared for the six alloys. The microstruetures of the cross 
sections (Colour Plate IV.1-6)' of separately cast speeimens 
(thickness 5 mm) show that alloys with wide crystallization 
ränge have the heaviest shrinkage porosity. 

The ratio of the values of scattered and Volumetrie shrinkage 
in casting depends also on temperature parameters of casting 
teehnology. The majority of large art castings were poured over 
hot (300-700 "C) molds. This promotes the occurrence of 
the partially scattered porosity in alloys (brass) with narrow 
crystallization ränge. In alloys with wide crystallization raiige 
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cal composit ion of the alloys, ihc thickness of Casting walls and 
olher technological parameters of casi. In certain condilions ihc 
surface skin could be absenl or mcchanically rcmoved during 
the primary and subscqucnt processing. The Castings ol ' this type 
have a largc surface area vvilh porous structure. The State of the 
cast surface skin is especially important for art castings niade 
from tin bronze (Cu - Sn). The availability of cast micro- and 
macroporosity can influence the corrosion rate of coppcr alloys. 
The rates determined on specimens and presented in the litcra-
ture are about 8 - 30 x 10"4 mm per ycar. With regard to cast po-
rosity. coalesccnce of profi le . streamlining of form, general con-
figuration, the availability of hollows and some other factors, in 
real casting the corrosion rate of copper alloys could increase by 
one order of magnitude. The availability of macro and micro po-
rosity in cast sculpture is especially dangerous in northern re-
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(tin bronze) the macro and micro shrinkage porosity is b> 
creased. The transit microporosity is the most dangerous for the 
quality of metal. These volume areas of the castings are perme
able for watcr and gases (ungermetic?). Above all the presence 
ol micro- and macroporosity results in an increased contact sur
face of the castings w ith the aggressive and damp en\ ironment. 
I he type of macrostrueture of the casting is of importance. The 
casting structure consists of a small dense layer of cast surface 
of metal (thickness 0.1-2.0 mm) and an internal pari with an 
equiaxial structure of casting grains possessing a lovver density. 
The ratio of the si /es oftfaese tWO zones depends on the chemi-

gions with extreme (emperature lluctuations during the winter 
periods, The conversion of moisture into ice in macro- and mi-
cropores. aecompanied by increase of volume. lowers the tight-
ness of cast metal and reduces its corrosion resistanec. 

H o t - S h o r t n e s s 

Hot-shortness results in the eracks in castings. The "höt" attd 
"cold" cracks must be distinguished. The "hol cracks" are formed 
in crystallization ränge (in solid-liquid State) and connected w ith 
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the chemical composition and structure of alloys. The "cold" 
cracks are formed below solidus teniperature due to the internal 
stress arising in the metal at shrinkage. In Figure 7 the indexes 
of hot-shortness for the considered alloys are indicated. Hot-
shortness of tin-bronze is higher than hot-shortness of brass. The 
risk of formation of "'cold" cracks is higher for the brass. 

In large art casting the cracks are found in places whcrc thin 
scctions of the castings meet thick sections. These cracks will al
so be formed in places where the shrinkage of the metal in the 
mold is hindered (inner core of m o l d metal skeleton). All these 
cracks concern to "hot" and their formation is directly connect
ed with hot-shortness of alloys. 

The "cold" cracks reasonable will be seldom formed at cast 
tin-bronze. The thermal internal stress arising at the solidifica-
tion of art castings poured in hot molds is usually small and does 
not exceed the strength of alloys. 

L iqua t ion - Inhomogeni ty of the Chemica l Compos i t ion 
in Cas t i ng 

Direct and inversc liquation must be distinguished. Invcrse li
quation results in casting defects. direct liquation does not. In-
verse liquation is displaycd in extrusions on the surface of a cast
ing where low temperature liquid parts formed at solidification 
of alloys with wide crystallization ränge: forexample , tin bronze 
contains the increased concentration of tin (8-12%) and lead 
(10-15%). The availability of increased concentration of tin in 
casting surface skin can be considered as a positive phenome-

non, as the surface corrosion resistance of the castings is in
creased. If the segregation of high tinbronze occurs in the shape 
of discrete sphere deposition ("tin-sweat") or plates, this has to 
be considered as a casting defect. In a body casting. where "tin-
sweat" has becn formed. there are blanks Channels in the form of 
transit porosity. This porosity lowers the corrosion properties of 
castings. Therefore. such plates should bc closed by mechanical 
way (strain hardening). 

Gases in C o p p e r Alloys 

Apart from the oxidation during the melting and pouring of cop
per alloys the dissolution of hydrogen into the metal has to be 
taken into consideration. The hydrogen allocation in shrinkage 
increases them in size. 

Conclusion 

On the basis of the connections between casting properties and 
chemical compositions of the alloys it is possible to get addition-
al information about the cast quality of historic bronze monu-
ments. 

Ci ta t ion 

I The cross sections were prepared by Prof. Dr. Bernhard Pichler. In
stitut für Silikaichcmic und Archäometrie, Vienna. 
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