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Abstract

Small additions of Cr, Mo and W to aluminium-iroreckeél bronze are mostly located in phagegi=II; 1ll; 1V),and next in phasex

(in the matrix) and phasg. They raise the temperature of the phase transfions in aluminium bronzes as well as the cadigasive
and adhesive wear resistance. The paper presaseteciion of feeding elements and thermal treatrtiev@s which guarantees structure
stability, for a cast of a massive bush workinguatelevated temperature (650-750°C) made by meahe tdst foam technology out of
compositealuminium bronze. So far, there have beeranalyses of the phenomena characteristic toek@nined bronze which
accompany the process of its solidification durgagification of the EPS pattern. There are alsguidelines for designing risers and
steel internal chill for casts made of this broriee work identifies the type and location of tixéseng defects in the mould’s cast. It also
proposes a solution to the manner of its feedind emoling which compensates the significant volucoatraction of bronze and
effectively removes the formed gases from the afemould solidification. Another important aspedtthe performed research was
establishing the duration time of bronze anneadinthe temperature of 750°C which guarantees stabidin of the changes in the bronze
microstructure — stabilization of the changes mlthonze HB hardness.

Keywords: Innovative materials and casting technologies, lfoam, Aluminium bronze, Casting properties, Risead®e Steel internal
chill, Thermal treatment

a cast without defects caused by a high volumeraotidn, it is
necessary to use risers [3,4]. So far, the cagtingess of such
bronzes by the lost foam method has not been studibe

1. Introduction

Compositealuminium bronzes with additions of Cr, Ml a
W characterize in a high abrasive wear resistandbé state as-
cast as well as high mechanical properties botherstate as-cast
and after the thermal treatment [1,2]. These bremharacterize
in the volume contraction of the order of 4-7% dhd linear
contraction of around 1.3-2%. That is why, in orderobtain
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presence of the pressure of the formed gas ovemitrer of the
metal filling the mould cavity during gasificatioof the EPS
pattern [5,6] will have a positive effect on therwof the risers.
This impact will probably be close to the work aégsure risers.
For composite aluminium bronzes with additions of Ko and
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W, clear guidelineshave been elaborated for ther design. For
aluminium, risers of the following modules are
Q=Mg/Mc=1.2-1.6 (M, — riser module, M — cast module) [3,7].
That is why the work undertakes the challenge tdéctimg the

elements of feeding (risers) and cooling (mouldsph anassive
bush made of the examined bronze cast by the loain f
technology. Using this method for alloy casting rgunees
relatively high measurement accuracy [8,9] on tbadition of

a proper consideration of the following in the paitdesign: the
volume contraction (risers) and the linear contoac{contraction
allowances). Also performed are simulation testhefconditions
under which the mould cavity is filled with liquidetal in the lost
foam technology [10,11]. However, there is no sigfit data
necessary for the simulation of the process ahélithe mould
cavity with liquid composite bronze with Cr, Mo aadditions.

That is why the test results constitute the oufpatidating) data
for the future computer simulation of this procd3se to the fact
that the bush would work at a high temperature iwithe range
of 650-750°C, it was also annealed at 750°C in order
determine the tendency for microstructure changes its HB

hardness.

2. Test methodology

2.1. Alloy preparation

The chemical composition of composite aluminiumizen
CuAIl10Fe5Ni5-CrMoW is shown in Table 1.

Table 1.
Bronzechemicalcomposition

Chemicalcomposition, %
Al Fe Ni Cr Mo W Cu
10.1 4.6 4.7 0.2 0.1 0.1 79.2

other

balance

The bronze was cast in a crucible induction furnafethe
frequency of 3.5kHz in an AC20 silicon carbide chlei A liquid
alloy of the temperature of 1250+10°C was cast ER® patterns
imaging the casts for the technological studie® tlolume
contraction, the linear contraction mechanicallypéuded, as well
as massive bush casts.

In order to isolate the melted metal from the afphese of
the furnace, synthetic coating-refining slag BA-laswused
(mixture of sodium fluoride and sodium fluorosiliedoy PEDMO
S.A.) by way of introducing a half of it on the,-salled, cold
charge and the other half on the metallic mirroithvthe purpose
to create an inert atmosphere over the metallicomicharcoal
was additionally applied onto the surface of théaheharge.

2.2. Technological trial pattern equipment
and a massive bush cast

A scheme of the station for alloy casting by thet libam
method is presented in Figure 1.
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In order to determine the linear contraction ane ¥blume

used contraction, for patterns of the examined compoalteninium

bronze (Tab. 1) obtained by the lost foam methoditem
equipment was designed and produced, which codsistea
cuboidal pouring gate, an ingate, aframe for eatilg the
mechanically impeded linear contraction and a cylgal trial
cast for the determination of the volume contractio

ST

Fig. 1. Scheme of the station for lost foam allagting
1 —electrovibrator, 2 — air chamber, 3 — elastjgpsuts
(vibroisolators), 4 —inverter, 5 — EPS pattern vitaproof
coating, 6 — moulding flask, 7 — quartz sand withainder, 8 —
perforated bottom, 9 — vacuometer, 10 — accumgdéink, 11 —
air filter, 12 — vacuum pump, 13 — compressedratailation

The pattern equipment for the technological studieghe
casting contraction — linear and volume — is presm Figure 2.

MSv

Fig. 2. EPS equipment pattern for evaluating tHeme
contraction and the impeded linear contractionoohgosite
aluminium bronze cast by lost foam method, WG — paugate,
WD - ingate, Msv — pattern for volume contraction evaluation,
MS — pattern for impeded linear contraction evatrat

The volume contractidv in % was determined from
equation (1), by way of calculating the theoretizalume Vo of
the examined sample — the volume of the EPS patteand the
actual volume V determined experimentally by thehhmedes
method.

Sv = ((Vo —V)/Vo) - 100% (1)
The linear contraction was determined from equa@&n
s=({(Lo—L)/Lo)-100% 2

where:

Lo— distance between markers for contraction fraatéern, cm;
L— distance between markers for contraction fraest,cm.

The tests were performed for a massive bush ofsthe
presented in Figure 3.
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Fig. 3. Massive bush

Figure 4 shows the construction of the EPS patiéthe cast
and the pattern equipment. The elements of thegafistem and
the pattern of the bush were cut out of a high-cdbr material
on a thermal plotter, P60S Megaplot. The examinatiovolved
the use of two types of material for the patterfeamed
polystyrene, density 17kgiand extruded polystyrene, density
40 kg/n?.

The foamed polystyrene was applied for the elemeftshe

gating and the feeding system. The extruded palyse/was used
for those parts of the patterns for which correaaging of the
surface roughness was significant. Polystyrene lofv@r density
was used for the inner part of the pattern and, riewtas covered
with a thin sheet of polystyrene of a high deng#tyrodur) in

order to assure a lower roughness of the cast. iMihpurpose to
identify the potential defects of the cast madethaf examined
bronze by the lost foam method, tests were perfdrioi the

pattern equipment without risers necessary for ivagssts made
of an alloy characterizing in a high volume contiat, such as
the composite aluminium bronze.

The pattern equipment consisted of a cuboidal ugpts (WG —
size 25x25x300mm), an ingate (WD — size 15x16x35rang a
bush pattern (MO).

Fig. 4. EPS bush pattern (a) 1 styrodur, 2 low-tem®lystyrene
(b) WG — sprue, WD - ingate, MO — bush pattern

The patterns were covered with a fireproof coabigppast
7805/3 by Huttenes-Albertus. The coating was adphig means

of a brush. Each element of the pattern equipmexg govered
with two layers of the coating.

2.3. Cast feeding system design

Due to the fact that the process of filling the tdooavity
with composite aluminium bronze has not been stubéafore, the
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Nielsen gate was not applied, as is the case dfdldiional sand
moulds [3]. Instead, a straight gate was used, whigrantees a
wider stream of the metal in the gating system andore rapid
gasification of the EPS pattern. For the same reasswirler was
not used either.

With the aim of the proper feeding of the bush,eading
system was designed and produced. In the firstomgprto the
problem, the guidelines for designing steel castrd were used
[12] with a volume contraction similar to that dfet examined
aluminium bronze. In the design, the following prdmpons were
applied (3) between the casting modules of: therntae
centreMy, the riser neckMyand the riser M.
MW:MSZ:MR = 1:1,1:1,2 (3)

For aluminium bronzes, the mass of the riser head lue
approximately determined from equation (4) [4]:

my = g -

where:

Mg — riser mass in kg,

mc — cast mass in kg,

wc — cast wall thickness in mm.

(4)

2.4. Thermal treatment

The bronze samples cut out of the bush underwenpithcess
of thermal treatment. According to its scheme presiin Figure
5, the samples were placed in the furnace andheated together
with the furnace from the ambient temperature (20f&€)the
temperature of 750°C. The first sample was removeth fthe
furnace after 1h, and each of the reaming samplefter the
period of another hour. The samples underwent dading at
25°C.

A
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: A N U U U A
A AN N N \
NN NN N N \
A NN NN \
X \ \ X \ \ \
\ \ hY \ \ \ \
: NN N N N \ \
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25° I | I \ | \ I \ | \ I \ | \ \
0 1 2 3 4 5 6 7

Fig. 5. Scheme of thermal treatment process

2.5. HB hardness measur ement

The measurement of the hardness of bronze in Hie as-
cast and after the thermal treatment was perforawedrding to
the standard PN-EN ISO 6506-1:2008 (Metals — Hassine
measurement by Brinell method - Part 1: Test metlogyd.
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3. Test results Bush cast defects

Group Name Marking [13]
. ] ] . Shapedefects Short casting W —-102
3.1. Casting contraction deter mination Raw Roughness W — 201
Table 2 presents the measurements of the volumedvttee surfacedefects Shrinkagedepressions W — 206
length L of the test casts (Fig. 2) for the evabrabf the volume Discontinuities Hot cracking W — 301
contraction $and the linear contraction s of the examined bronze -
Gas cavity W -401
Table 2. Porosity W — 402
Measurements of volume V and length L of test céststhe Inner defects - -
evaluation of volume contractiop&ccording to equation (1) and Contractioncavity W - 403
linear contraction S according to equation (2) Micro-shrinkage W - 404
Lp V, Vo, Sy, L, Lo, S,
. L e’ % mm mm % The produced cast, as well as its identified defectd their
1 48.0 5.9 153.0 19 distribution constituted the basis for the selectid the feeding
2 47.5 6.9 153.4 17 and the cooling system which would eliminate thdstects.
3 47.8 51.0 6.3 153.9 156.0 1.3
4 48.5 4.9 153.0 1.9
S 48.0 5.9 153.5 16 3.3. Cast feeding analysis
Averagt 6.0 Averagt 17
Stand.Deviatioro 072 Stand. 0.24 Figure 7 a—e presents the variants of feeding ating of
Deviatioro the massive bush cast. Five feeding variants weed to perform

the tests with the use of the following risersesiylindricalrisers
(a), upper cylindricalriser (b), shape risers with@a cooling
3.2. Preliminary tests mould(c) and with a perforated cylindrical mouldaged inside
the cast (d) or with a perforated cylindrical moulith a lowered

The first cast was made according to the basicamarof ~ surface of openings (e). _
pattern equipment (Fig. 4b). Figure 6 a—c showsfahewing: a On the basis of the defects in the cast (Fig.1,thermal centre
photograph of the bush cast (a), a photographeotinface inside ~ area wasdetermined, which covered the upper patteobush at
the bush (b), a section along its wall (c) and ithentified cast  the height of 25 mm, with the volume of aboyt88 cni. The
defects. module of the thermal centre was determined to Re®71 cm.
For side cylindricalrisers (a), in order to incredBeir range, two
risers were used with the modules®0.85 cm determined from
relation (3). The size of ariser was selected ffier feeding of at
least half of the thermal centrevolume and the m&lwontraction
of the order of 6% [12].

The side cylindricalrisers (Fig. 7a) did not fulftheir role;
they only reduced the defects of the raw surfacapeh the
discontinuities and the inner defects (Table 3, E)gin the upper
part of the cast, short casts were still presehis Was probably
caused by the fact that, for the assumed sizelseopouring gate
and the ingate as well as the side risers, the rgwte
metallostatic pressure and the rate of transporting liquid
bronze to the gasified pattern were not sufficienpush out the
whole of the gas formed during the pattern gagificebefore the
inner surface of the bush solidified.

The feeding of the cast from the top while maintainthe
same geometry of the risers (Fig. 7b) limited thespnce of the
mentioned defects even more; however, it did niatieate them

Fig. 6. Photograph of bush cast: a) inner surface, completely. An improvement of the cast quality tlis case (as

b) outer surface,c) section along bush wall compared with the solution presented in Fig. 7ads wnostly
caused by the increase of the metallostatic pressuthe column

Table 3 presents the defects of the bush cast.sdbece of of metal in the risers, which were gravitationahlgnsporting the

those defects is mostly the non-compensated vokonéaction liquid bronze to the crystallization front in theudh, and that
of the examined bronze (defects: 102; 206; 301:-404) as well favoured a stronger removal of the gases throughctramic
as the lost foam technology itself (a significamoaint of gases  coating of the pattern.

released during the pattern gasification; defez2g; 401; 402). As the obtained cast was not satisfactory, the estadpthe
Table 3. risers was modified and a module assumed for t@istruction
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was the same as that for cylindricalris@sMg/Mc=1.2, yet of a
much increased height, which guaranteed an incredsthe
metallcstatic pressure in the cast and facilitated risers being
shut off the bush.The use of shape g9&tig. 7¢) allowed for th
removal of all the, so far, identified defects, epxcfor the ho
cracks. This was probably caused by the fact tremheat \as too
slowly transported through the cast to the insifi¢he bush. Ir
consequence, the bush solidified more slowly fromdide of th
inner surface than from the side of the outer:

In order not to increase the volume of trisers, a steel
internal chillwas used in the shape of a massive bush (Figlty
order to make possible the gas offtake in the tor®f the inne
surface of the bush in the chill, crodsHings, of a diamete
higher than the quartz sand grains, were made encdtimtat
surface with the pattern ceramics.this way, all the defects
the cast were eliminated; however agsult of the low strengt
of the ceramic coating, cracks were observed onattter, which
made the metal flow into the chdlopenings. This dadvantage
was removed by way of lowering the surface of tiperings
(longitudinal canals) in relation to the surface thé ceramic
coating as much so as the remaining space couhsigy filled
with a layer of sand (Fig. 7e).

The mass of the riseralculated from equation (4) equ
about 25kg. As a result of the use of a bush, the masthe
designed shape risexr much lower than the calculated one, ar
equalsabout 1.3 kg.

3.4. Thermal treatment

In the state asast, the microstructuref the bronze is
composed of phases rich in Fe, Al, Cr, Mo and W, as well .
phase systems+x, a+ky ando+y,. As a result of the therm
treatment consisting in apaling the bronze at 7°C for the time
period of 1 to 7 hours, we obtained a corable
microstructureconsisting of phaseg rich inFe, Al, Cr, Mo ant

Table 4.

W, which coagulated together with the increaseceatimg time,
the increased amount of eutectaigty,, as well as the phase
systems a+kyin which, by way diffusion, we observed
increase of the thickness of the plates of phg,, followed by
their coagulation. Figure 8 shows a representatii@ostructure
of bronze CuAl10Fe5Ni5CrMo in the state-cast (a) and after
the thermal treatment (b).

b) c) d) e)

Fig. 7. Variants of the feeding and cooling systdithe innei
surface of the massive bush cast and sectiongrisers:
a) side cylindricalrisex, b) uppecylindricalrisers,
¢) upper shape risers, d) upglindricalrisers with a steel
internal chill, e) upper shape risexith a perforatesteel internal
chill of a lowered surface of openir

Table 4and Figure 9 compile the results of the HBIess
measurement for the bronze in the stat-cast and after the
thermal treatment. The presentdata suggests that, after the
annealing time of 4 hours, we observe stabilizatibthe bronz:
hardness changes at the level of about 28!

HB hardness and standard deviatioof bronze CuAI10Fe5Ni5CrMoW in state-cast and after thermal treatm:

State as-cast

Annealingtimer, h

4 5 6 7

HB o HB o HB o HB

HB o HB o HB o HB (o)

2703 22 2734 38 2749 1. 2757 1.0

2852 23

2850 23285 19 2851 09

a)

Fig. 8. Microstructure of bronze CuAl10Fe5Ni5CrMoWsitate a-cast (a) and after thermal treatmen
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0 Annealing the bush for the time of 4h guarantees

stabilization of the microstructure which charaiees in
290 the hardness at the level of about 285HB.
285
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