Bulgarian Chemical Communications, Volume 45, Number 4 (pp. 644—648) 2013

Researches on the structure and properties of heat treated, nickel alloyed,
molybdenum modified aluminum bronze
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The changes, after heat treatment, in the microstructure and hardness of copper-aluminum alloys, additionally
alloyed with Ni and modified with Mo are investigated and described in the present study. The changes in the
microstructure largely are determined by the presence of Ni in the composition of the alloy. The investigations
were made for a case when the content of additional alloying element is fixed on 3%. Modification was made by

addition of 0.1% Mo.
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INTRODUCTION

The increase of aluminum content, in two-phase
(duplex) Cu-Al alloys, from 8% up to10% leads to a
progressive strengthening, due to the appearance of
harder, body centered cubic beta-phase, which ad-
ditionally makes the bronzes more suitable for hot
working and casting. Ni alloyed, heat treated alu-
minum bronzes are ones with the highest strength
among the nickel-bearing aluminum bronzes. They
exhibit excellent yield and compressive strength,
high hardness and adequate elongation. They are a
good load-bearing material, suitable for heavy-duty
machine details and such exposed of high impact.
The additional increase of the strength is achieved
through a heat treatment. The material exhibits ex-
cellent corrosion and heat resistance, good machina-
bility and weldability. It is used for bushings and
bearings of heavy duty, gears, and wear parts. It find
application in the marine as pump parts, machine
tool parts, aircraft parts, as well for military applica-
tions. The most often is used in the aircraft landing
gear as bearing components [1, 2, 6, 8].

The primary fine-grain structure in aluminum
bronzes are achieved by adding different refractory
elements during the casting process. The changes in
the microstructure (the magnitude and shape of the
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metal grains) of the alloys are provoked by modifying
effect of these elements, and to large extent from the
presence of Fe in the alloys. The optimum concentra-
tion of modifiers, according to the data cited in popu-
lar scientific literature, is between 0.05 to 0.5%.

EXPERIMENTAL EQUIPMENT,
METHODS AND MATERIALS

Melting of the charge materials (electrolytic cop-
per, aluminum, nickel and molybdenum) was car-
ried out in a laboratory induction furnace MRAS-25
with graphite crucible. The casting temperature was
1130-1140 °C. The produced samples are cylindri-
cal, with diameter 25 mm.

The effect of nickel alloying and molybdenum
modifying was evaluated on the obtained alloys of
a type CuAl9. Data for changes in the structure and
hardness of the specimens as well for the effect of
different heat treatments (Fig. 2—5) have been ob-
tained, as these characteristics change in the cases
of alloying (Fig. 1b—5b) and modifying with mo-
lybdenum (Fig. 1c—5c¢). The samples are prepared
for examination by a standard technique [4] and
micro-photographs of the alloys were made at a
magnification 63x.

HEAT TREATMENT

The heat treatment of samples was conducted in
a laboratory electric resistance furnace in several
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Table 1. Regimes of heat treatment on the investigated alloys

Regimes Heat treatment Temperature Time Cooling
1 Quenching 875°C 60 min In water
2 Ageing 300 °C 120 min In furnace
3 Ageing 400 °C 120 min In furnace
4 Ageing 500 °C 120 min In furnace

stages. Initially, they were subjected to quenching,
then to artificial aging regimes [7-9] (annealing
temperatures) shown in Table 1:

INVESTIGATION OF THE STRUCTURE

Nickel-aluminum bronzes, generally, are two-
phase duplex alloys containing aluminum and addi-
tionally nickel for increase of the strength. The differ-
ent aluminum content of the cast alloys (Fig. la—Ic)
and alloying with 3% Ni (Fig. 1b—5b) and on the
other hand alloying with 3% Ni and modifying by
molybdenum (Fig. lc—5c) resulted in markedly
different microstructures. Hence, seemingly small
variations in composition can lead to changes of the
phases, developing in the stucture.

ESTIMATION OF THE HARDNESS

The hardness was determined to Brinell meth-
od (BS 1SO 6506). Measurement was made by a
sphere with a diameter 2.5 mm, 187.5 kgf (1840N).
Graphically, on Fig. 6 are presented measurements
of the hardness for different regimes of heat treat-

CuAI9NiI3

ment of investigated cuprum-aluminum alloys. The
analysis of the results shows that the hardness tends
to increasing with the increase of ageing tempera-
ture for specimens in cast, well as in quenched con-
dition. This most likely is due to the partial dissolu-
tion of the phase, obtained in a time of the primary
crystallization of the (o+y) eutectoid, whose hard-
ness and brittleness are higher.

RESULTS AND DISCUSSION

The subject of this paper was the evaluation of
the effect of a small change in composition of alu-
minum bronzes on the microstructure, as well the
evaluation the effect of alloying with Ni, modify-
ing by Molybdenum and heat treatment on the hard-
ness . Based on only three compositions and four
regimes of heat treatment we make the next primary
conclusions: Nickel alter and improve uniformity of
the cast structure, raises hardness, and act as micro-
structure stabilizer. Nickel-aluminum bronzes are
complex alloys in which small variations in com-
position can result in the development of markedly
different microstructures, which can, in turn to re-
sult in wide variations in properties. Specifically:

CuAlI9Ni3Mo

Fig. 1. Microstructures of investigated alloys in cast condition
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Fig. 2. Microstructures of investigated alloys in quenched condition
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Fig. 4. Microstructures of investigated alloys after ageing at 400 °C for 2 hours
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Fig. 5. Microstructures of investigated alloys after ageing at 500 °C for 2 hours

* The analysis of the structures shows, that for
the basic CuAl9 alloy (Fig. 1a—5a) after the differ-
ent heat treatments the structure becomes finer and
with a relative decrease in the amount of the eutec-
toid component.

* Adding of nickel in aluminum bronze (Fig. 1b—
Sb) leads to a change in the form of eutectoid crys-
tals - they elongate and acquire form similar to
Widmanstatten structure plus intercepts of marten-
site or bainite between releases of the second phase
(Fig. 2b—5b). This can be confirmed with certainty
at higher microscopic magnification and by meas-
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uring the micro-hardness of the different structural
elements. (These studies will be the subject of our
next work).

* The modification of a nickel-aluminum bronze
with molybdenum leads to keeping the acicular na-
ture of the structure and visible refinement of the
eutectoid component (Fig. 1¢c—5c).

* In regard to the hardness, adding of nickel in
the aluminum bronze leads to an overall increase of
the hardness (Fig. 6) compared with the base alloy.
The explanation is that nickel hampers the eutectoid
decomposition. The B-phase is kept, and the struc-
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Fig. 6. Influence of the alloying with Ni and modifying with Mo on the hardness of copper-aluminum alloy
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ture became fine-grained. Modification of the alloy
with molybdenum causes refinement of the struc-
ture, a base for further increase of the hardness. The
tendency of hardness increasing with the increasing
of ageing temperature to 400 °C is kept.

* At high temperature aging — 500 °C, and hold-

ing time 2 hours, the measured hardness values
marked fall. This fact shows that the optimal mode
of heat treatment after quenching of alloys of this
type should not exceed 400 °C.
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N3CJIEJIBAHE HA CTPYKTYPATA U CBOMCTBATA CJIEJ TEPMUYHO
OBPABOTBAHE HA MEJIHO-AJIYMUHUEBU CIUVTIABU, JOITBJIHUTEJIHO
JIETUPAHU C Ni 1 MOJUDOUITNPAHU C Mo

P. I'aBpunosa, P. Ilerkos

Xumuro-mexnonoeuuen u Memanypeuuern ynusepcumem — Coghus,
1756 Cogpus, 6yn. ,,Kn. Oxpuocku “ Ne 8

Hocremmna pespyapu, 2013 r.; mpuera maii, 2013 .

(Pesrome)

HacrosamoTo nmpoyuBaHe yCTaHOBSIBA MPOMEHHTE B MHUKPOCTPYKTypaTa M TBBPAOCTTA, HACTBIIMIM B PE3yITaT
Ha TEPMUYIHO 00pabOTBaHE HA METHO-ATYMHHHEBH CIUIABH, JOIMBIHATENIHO serupanu ¢ 3% Ni n Mmoaudumpanu ¢
0.1% Mo. 3akansBaHeTO Ha JISTUPAHUTE C HUKEJ QIyMHHHEBU OPOH3M BOJIM JI0 OOIIO MMOBHIIABAHE HA TBBPAOCTTA
B cpaBHEHHE ¢ 0a3oBara CIUIaB, a JAOIBIHUTEIHOTO MOIM(HUIUpPAHE ¢ MOJIMOIEH TpeIU3BUKBa M3/peOHsABAHE Ha
CTPYKTypaTa ¥ ChIIIO BOAU J0 MOBHUIIABaHE Ha CTOWHOCTUTE M. B pe3ynrar Ha NPUIOKEHUTE PA3ITHMYHA PEKUMHU Ha
OTBpPBILAHE, B U3CICIBAHNTE CTPYKTYPHU ca KOHCTATUPAHH IIPOMEHH 110 OTHOILICHNE Ha €IpUHATA U Pa3IpeIe/ICHNETO
Ha OTJeJieHaTa BTopa (asa, a CTOMHOCTHTE Ha TBHPAOCTTA 3HAUYUTEIHO CE MOBUINABAT.
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