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Abstract 
 
The Al-Si-Cu alloys with content of the copper from 2 to 4 percent, after solutioning and artificial ageing treatments (T6 heat treatment), 
feature high strength and very high hardness, however their elongation is considerably reduced. Maintaining value of elongation on the 
level of initial alloy is possible due to homogenizing treatment performed prior the T6 treatment. Performed strength tests of the initial 
alloy and the alloy after individual types of the heat treatment enable comparison of obtained results and assessment of usability of the 
investigated alloy to production of a castings. Test pieces to the strength tests were poured in standardized metal moulds. Parameters of the 
heat treatment, temperature and duration of heating were established on base of the literature and the ATD diagram performed for the 
investigated alloy. Investigated EN AC-AlSi6Cu4 alloy after homogenizing treatment becomes plastic, its elongation A5 and its impact 
strength KC increase nearly three times, with slight decrease of the tensile strength Rm. Dispersion hardening in connection with the 
homogenizing treatment results in increase of the tensile strength Rm with 68%, hardness and impact strength with 40% with elongation at 
level of the alloy without heat treatment. Making suitable selection of various types of the heat treatment it is possible, depending on 
needs, to control mechanical properties of the alloy. 
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1. Introduction 
 
Growing production of castings from aluminum alloys and 

more and more stringent requirements in area of mechanical and 
technological properties lead to research work on development of 
technology of alloy preparation in casting process, as well as heat 
treatment of ready alloy [1-6]. 

Alloys of the Al-Si-Cu type, commonly used for castings of 
machinery components, stand out from other casting alloys with 
high hardness, strength, and relatively low elongation. These 
alloys contain also magnesium, what facilitates the heat treatment 

[2, 7-9] and enables shortening of time and reduction of 
temperature of solutioning treatment [10,11]. 

Significant increase of the mechanical properties of such 
alloys can be obtained in result of heat treatment comprising 
operations of solutioning and artificial ageing. It enables increase 
of the tensile strength Rm and hardness with simultaneous 
decrease of the unit elongation of up to 50% [2,12-14]. Such high 
drop of the elongation can create important disadvantage in case 
of a castings produced from such alloys, and to eliminate it, the 
heat treatment has been extended by adding the homogenizing 
treatment prior the solutioning and artificial ageing.  

Objective of the homogenizing treatment is removal, through 



36 

diffu
subs
mod
the s

treat
mec
treat
treat

2. M
 
whic
with
are m
and 
17].
 
meta
1. 

Tab
Che

6
M
0

 
F

alloy
treat
liter
treat

 

 
 T
meta
meta
test 
mec

usion, of dif
stances in the 
difications requ
solidus line and
The present p
tment of the 

chanical propert
tment prior s
tment. 
 
 

Methodol
 
The research w
ch is classified
h high content o
moderately high
pistons, clutch
 
Chemical com
allurgical certif

 
le 1. 

emical composit
Ch

Si Cu 
6.49 3.96 

Mn Pb 
0.45 0.02 

From the ATD 
y, it has bee
tment tu=515oC
rature tome of 
tment was perfo
− with f
− on the

Fig. 1. The A

The test pieces 
al moulds kep
al during pourin
pieces were d

chanical propert

A R C H I V E S

fferences in 
crystals (mic

uire usage of hi
d long time of h
paper describe
EN AC-AlSi6

ties, and possib
solutioning he

logy of th
was performed 
d among commo
of copper. AlSi
hly stressed. (e

h housings, exh

mposition of the
ficate of the pr

tion of the EN A
hemical compo

Zn 
0.75 

Ti 
0.14 

diagram (Figu
en taken temp
C (Point A) an
heating τu=10 

formed with two
furnace (p), 
e air (a). 

ATD diagram of 

to strength tes
pt at temperatu
ng into the mou

divided into gr
ties after operat

S  o f  F O U N

concentration 
ro-segregation)
igh temperature

heating [7].  
es an effect o
6Cu4 alloy o

bilities of implem
at treatment 

e research
for the EN AC
only used silum
6Cu4 is used fo
.g. engine block

haust ends, die-

e investigated a
oducer is prese

AC-AlSi6Cu4 a
osition / mass %

Fe M
0.48 0

Sn ot
0.01 0

ure 1) drawn fo
perature of th
nd the lowest f
h [1, 7, 18]. T

o methods of co

the EN AC-AlSi

sts were poure
ure 300oC. Tem
ulds amounted 
roups destined 
tions of: 

D R Y  E N G I

of elementa
). Diffusion ty
es, slightly belo

of homogenizi
n change of 
mentation of su
of the T6 h

h 
C-AlSi6Cu4 allo
min casting allo
or castings, whi
ks, cylinder hea
-cast chassis) [1

alloy, reported 
ented in the Tab

alloy 
% 
Mg Ni
0.27 0.03

thers Al
0.05 rest

r the investigat
he homogenizi
from cited in t

The homogenizi
ooling: 

 
i6Cu4 alloy 

d in standardiz
mperature of t
to 700oC. Pour
to testing of t

N E E R I N G  

ary 
ype 
ow 

ing 
its 

uch 
heat 

oy, 
oys 
ich 
ads 
15-

in 
ble 

 

ted 
ing 
the 
ing 

zed 
the 
red 
the 

1.
2.
3.
4.

5.

Co
perform
positio
of the
homog

strengt
param
base o

−
−
−
−

 Ho
groups
of the
treatm
mainta

−
−

 Co
perform
underw
A5 we
prepar
 Me
perform
ball w
second
metho
pendu
 
 
3. D
 

M
perfor
 
Table
Mech
treatm

No.

1 
2 
3 
4 
5 

V o l u m e  1 5

Initial alloy -
Homogenizin
Dispersion h
Homogenizin
hardening (O
Homogenizin
(O3a+T6). 

ontrol of the tem
rmed through m
oned between ha
e furnace. Durin
genizing was 

To o
th Rm and the 

meters of the solu
of diagrams devel

solutioning te
solutioning ti
ageing tempe
ageing time τ

omogenizing, sol
s of treated test p
e furnace to ass

ment. Temperatur
ained within follo

tp= 485 ±3oC
ts= 180 ±3oC

ooling down of 
rmed in water hav
went treatment o
ere measured on
red according 
easurement of t
rmed with use of 
with diameter of
ds. Impact streng
od [19] on cylin
ulum machine wi

Descriptio
Mechanical pro

rmed heat treatm

2. 
anical propertie

ment 

Implemented 
heat 

treatment 

F 
O3p 
T6 

O3p+T6 
O3a+T6 

5 ,  S p e c i a l  

without treatme
ng (cooling with 
ardening (T6); 
ng (cooling w

O3p+T6); 
ng (cooling on t

mperature in co
easurement of t

anging test pieces
ng 10 hour hea
maintained wit
btain possibly t
hardness of th

utioning and art
loped by the auth
emperature tp=48
ime τp=2h, 
erature ts=180oC,
τs=3,5h. 
lutioning and ar
pieces were perfo
sure possibly th
re of the soluti
owing range: 

C, 
C. 

the test pieces 
ving temperature

of artificial ageing
n quintuple test 
to the PN-EN
the hardness ac
f the hardness tes
f �10 mm und
gth test was perf
ndrical test piec
th initial energy o

on of obta
operties of th
ment operations

es of the ENAC

Rm 

MPa 
232 
184 
349 
377 
390 

 I s s u e  2 / 2

ent (F); 
h furnace - O3p); 

with furnace) 

the air) and disp

ourse of the hea
temperature of c
s and additionall

eating cycle, tem
thin range of 
the highest valu
the treated alloy
tificial ageing w
hor [2]: 
85oC, 

C, 

rtificial ageing t
ormed simultane
he same conditi
ioning and artif

after solutionin
e of 20oC, and ne
g. The strength R
pieces with dia

N ISO 6892-1:
ccording to Birn
ster of the PRL 8
der load of  98
formed on the b
ces with notch,
of 50 J. 

ained resu
he investigate
s are presented 

C-AlSi6Cu4 allo

A5 Hardn

% HB
2.4 93
6.6 58
1.6 129
20 131
24 127

0 1 5 ,  3 5 - 3 8

and dispersion

persion hardenin

at treatment wa
control test piec
ly inside chambe
mperature of th

tu=515 ± 5oC
ues of the tensil
y, the followin

were taken on th

treatments for al
eously in chambe
ions of the hea

ficial ageing wa

ng treatment wa
ext the test piece
Rm and elongation
ameter �10 mm
2010P standard
nell method wa
82 type, with stee
800 N during 3
base of simplifie
, on the Charpy

ults 
ed alloy, afte

in the Table 2.

oy after heat 

ness 
Impact 
strength 

KC 
B kJ/cm2

 28 
 100 

9 39 
1 40 
7 39 

8  

n 

g 

as 
ce 
er 
he 
C 
le 
g 

he 

ll 
er 
at 
as 

as 
es 
n 

m, 
d. 
as 
el 
0 
d 
y 

er 



A R

indi
Con
mec
com
unit 
how
mod

 
 T
start
heat
(Fig
 

 

Fig

C H I V E S  o f

Engineering s
vidual types of

nfrontation of t
chanical prope

mparison of pre
elongation is c

w are changing
dulus [19, 20]. 

Fig. 2. Engine

The changes oc
ting from its in
t treatments, a
gure 3). 

g 3. Microstructu
b) the alloy aft

f  F O U N D R

stress-strain cu
f the heat treatm
these curves e
erties of the
esented curves 
changing (bend
g the tensile 

eering stress-stra

ccurring in stru
nitial condition
are shown in 

 
ure of the ENAC
fter homogenizin

Y  E N G I N E

urves of the 
ment are presen
enables illustra
 investigated 
it is possible t
d of final secto
strength Rm a

ain curves of th

ucture of the in
n through all ty

the photos o

-AlSi6Cu4 alloy
ng O3p (cooling w

E R I N G  V o

test pieces 
nted in the Fig.
ation of changi

alloy. Maki
to assess how t
ors of the curve
and the Young

he test pieces 

nvestigated allo
ypes of perform
f microstructur

 

 

y: a) initial alloy F
with furnace) 

l u m e  1 5 ,  S

for 
. 2. 
ing 
ing 
the 
es), 
g’s 

 

oy, 
med 
ures 

F,  

 

 
Fig 3
the T

 
M

big, n
charac
α. Ho
the e
coagu
dendr
harden

C
treatm
obtain
resulte
silicon
decrea

S p e c i a l  I s s

3. Microstructure
T6 treatment, d) t

Microstructure o
not-modified l
cteristic of shar
omogenizing tre
edges of eute
ulation. The eu
rites of phase α
ning (Fig. 3c). 
omplex heat 

ment and dispe
nment of the m
ed from long-la
n is the most a
ase of elongatio

s u e  2 / 2 0 1 5

 

 

e of the ENAC-A
the alloy after the
after the O3a+T6

f the initial allo
lamellar precip
rp edges presen
eatment (Fig. 3
ectic silicon a
utectic silicon 
α underwent hig

treatment cons
ersion hardenin
most advantag
asting homogen
advantageous f
on of the alloy a

5 ,  3 5 - 3 8  

AlSi6Cu4 alloy: c
e O3p+T6 treatm
6 treatment 

oy (Fig. 3a) is c
pitations of e
nt on backgrou
3b) has resulted
and its partia

seen on bou
igh refinement 

sisting of the
ng (Fig. 3d an
geous precipita
nizing treatmen
from point of v
after dispersion

37

 

 

 

c) the alloy after 
ment, e) the alloy 

characterized by
eutectic silicon
und of the phas
d in rounding o
al balling and
undaries of th
after dispersion

 homogenizing
nd 3e), enable
ation of silicon
nt. Such form o
view of limited

n hardening. 

7

y 
n, 
e 

of 
d 
e 
n 

g 
es 
n, 
of 
d 



A R C H I V E S  o f  F O U N D R Y  E N G I N E E R I N G  V o l u m e  1 5 ,  S p e c i a l  I s s u e  2 / 2 0 1 5 ,  3 5 - 3 8  38 

4. Conclusions 
 
Homogenizing treatment performed prior dispersion 

hardening enables increase of the unit elongation A5 up to 50%, 
comparing with the values obtained after dispersion hardening 
only. Simultaneously, the tensile strength Rm also increases and 
high hardness is maintained.  

The best mechanical properties were obtained using 
connection of the homogenizing treatment with cooling down on 
the air, and dispersion hardening. Making selection of suitable 
type of the heat treatment it is possible to obtain, from the same 
alloy, the castings with very high strength or the castings with 
lower strength but with very good impact strength and plasticity. 

Increase of costs connected with use of the homogenizing 
treatment is compensated in high degree by shortened time of 
heating during solutioning and artificial ageing. 
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