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Abstract

With the increase in wall thickness of the castihgon-nickel-aluminium-bronze, by the reductioitloe cooling rate the size &f phase
precipitates increases. This process, in the chsenaplex aluminium bronzes with additions of Cr, Mied W is increased. Crystalliza-
tion of bigk, phase, during slow cooling of the casting, redubesconcentration of additives introduced to thenke matrix and hard-
ness. Undertaken research to develop technologyia-walled products (g> 6 mm) of complex alumimiloronzes. Particular attention
was paid to the metallurgy of granules. As a resularge cooling speed of the alloy, and also 4sigéed solidification casting a light
weight of the granules allows: to avoid micro-andcnosegregation, decreasing the particle sizegaser the dispersion of phases in
multiphase alloys. Depending on the size granuegossible is to provide finished products with alwhickness greater than 6 mm by
infiltration of liquid alloy of granules (composge Preliminary studies was conducted using driphoe granulate of CuAl10Fe5Ni5
bronze melted in a INDUTHERM-VC 500 D Vacuum Press@asting Machine. This bronze is a starting altmtlie preparation of the
complex aluminium bronzes with additions of Cr, M@,and C or Si. Optimizations of granulation process carried out. As the proc-
ess control parameters taken a casting tempera(®@ and the path h (mm) of free-fall of the nieteoplets in the surrounding atmos-
phere before it is intensively cooled in a contaifewvater. The granulate was subjected to a sienadysis. For the objective function was
assume maximize of the product of Um*n, the peagatweight "Um" and the quantity of granules 'ntha mesh fraction. The maxi-
mum value of the ratio obtained for mesh fracticsiewve with a mesh aperture of 6.3 mm. In the sitely cooled granule of bronze was
identified microstructure composed of phageand fine bainited+'+p';) and a small quantity of small precipitatgsphase. Get high
microhardness bronze at the level of 323+27,9 HV

Keywords: Innovative foundry technologies and materials, Clemmluminium bronze, Granulation, Sieve analysfégrostructure,
Microhardness

H concentration of introduced additives in the matixd at the
1. Introduction same time reducing the hardness of bronze. There&iudies
was undertaken to develop technology capable @imibg prod-
ucts of complex aluminum bronzes with addition<Cof Mo, W
and C or Si with a wall thickness greater than 6 characterized
by high mechanical properties and high resistarwewear.
Particular attention was paid to the metallurgygodnules [3,4].
As a result, a large cooling speed of the alloy also high-speed
solidification casting a light weight of the graeslallows: to
avoid micro-and macrosegregation, decreasing thécigasize,
increase the dispersion of phases in multiphasysall3-5]. De-
pending on the size granules as possible is toigeofinished

Aluminume-iron-nickel bronze with additions of Cr, M&V
and C or Si, are characterized by high mechanicgerties and
high resistance to wear [1,2]. They are designecdasi working
on abrasive wear and adhesive. Castings with athiakness of
about 6 mm have the highest mechanical propentiddcav wear.
The increase in wall thickness reduces the coaiatg cast and
promotes the growth of large precipitatesype phases in the
microstructure of bronze, rich in introduced albgditions. Crys-
tallization of thickk phase during slow cooling of cast reduces the
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products with a wall thickness greater than 6 mnmfijtration of
liquid alloy of granules (composites) sinterin¢ (powder metal-
lurgy).

Presented in this article refer to the preliminaggults of the
optimization process for obtaining granulated dripethod
CuAl10Fe5Ni5 bronze on INDUTHERM-C 500 D Vacuum
Pressure Casting Machinevaluation of microstructu of bronze
and microhardness of the resulting granules.

2. Work methodology

Experimental stationshown in Figure 1.CuAl10Fe5Ni5
bronze was melted in INDUTHERMC 500 DVacuum Pressure
Casting Machine (Fig. 1, item a)he batch was melted in a me
stopper graphite crucible, intamperature range above *C in
an atmosphere of Aflable 1 shows the chemical compositior
the researched bronze.

Table 1.
Chemical composition of the researched bronze
Chemical composition, %
Al Fe Ni Mn Si Cu

10.38 4.54 4.58 0.3 0.02

rest

The granules was obtained by drip met. Metal poured
from the bottom of the crucible by hole having ardéter of &
mm to a container (Fig. 1, item b) with water haven tempea-
ture of 19°C.

Fig. 1. Experimental station:
a) INDUTHERM-VC 500 D Vacuunkressure Casting Mach,
b) container with water, c) water supply,difinage of wati,
e) water gauge, f) cylinder afgor
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Model of experiment is shown in Figure 2. For tlagiables in the

process (INPUT x) adoptettie casting temperature t iC, and
the distance h in mm, between the bottom of theille,

and the surface of the water in the container sdesefall of
metal in ambient air)For constant (CONSTANS c) adopted in
the process: the chemical composition of the teshze, meta
charge mass (450 g), the flow of argon, the flowvater in the
container.Failure to meet the constant parameters of the ad-

ology, first of all values in the group CONSTANTSgenerate:
an instance during the experiment unmeasured Hestges
(DISTURBANCE 2z). For the objective function was assu

maximize of the product of Um * n, the weight fiiact of the
mesh fraction 'Um' and the quantity of granulesrnthe mest
fraction.

DISTURBANCE z

|

Granules
CuAl10Fe5Ni5

INPUT x OUTPUTy

t,°C

Um*n
h, mm

CONSTANTS ¢
Fig. 2.Model of experimer

The study used a twievel experiment janning method. Plan of
the experiment is shown in Table

Table 2.
Plan of the experiment
Factor % (S={1,2}) X&;t‘ szn:r:’
Central point Ecfthg) 1200 96
Step trialAxg 20 20
Upper level x+Axg 1220 116
Lower level %-Axg 1180 76
Number of experiment, n &h)
1 1180 76
2 1220 76
3 1180 116
4 1220 116

Sieve analysis of the obtained granulate was peddron a set ¢
sieves (11 units) with atypical openingsin accordance with [6]
with a nominal diameter in mm, respectivell.2; 10.0 9.0, 8.0;
7.1;6.3 5.6; 4.5, 3.55 2.8; 2.0 and apan for the granules charac-
terized by a size <2 mnihe diameter of tt mesh selected from
a number of basic R 20/@limension listed in bold) supple-
mented with dimensionsf a series ¢ complementary R 20 (di-
mensions listed in italics)The minimum quantity ¢ sieves de-
fined by the formula (1) [7]:
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k=1+10-log(N)/3 1)
where: N sample size.
For most numerous sample (Ec) of N = 926 data aftbstituting
in equation (1) and rounded tite nearest whole number obtait
k = 11. In order to visualize the different phasethe microstrc-
ture specimens was etching by Mil5Cu reagThe microstruc-
ture of the tested specimens of bronze was obsewmelikon
Eclipse MA200 optical microscope.

At the microhardness tester HV-10008s performed mes-
urement of microhardness HY

3. Description of achieved results
of researches

Figure 3 shows a representative to the method afugation
granules of CuAl10Fe5Ni5 bronze cast on INDUTHE-VC
500 D Vacuum Pressure Casting Machine accordinigetglan of
the experiment §£1180.116).

Fig. 3.Granules of CuAI10Fe5Ni5 bronze cast on INDUTHE-
VC 500 D Vacuum Pressure Casting Machine accordiriget
plan of the experiment;£1180.116

The shape of the granules obtainddring granulatio drip
method shown in Figure 4.

a) b) ) d)

e <

Fig. 4. Shape of the granul€siAlL0Fe5Nit bronze:
a) concave disk, b) convex disk,fa)l sphere,
d) sphere empty, @€ap with "a tail

Regardless the granule size, the shape of grankkesdncave
disks (a) was predominarthen the convex disks (b). Relative
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few spherical granules obtained, both whole (c) empty (d).
Characteristic of the granules of ted from high temperature
(1220°C) except presentike shape of granules o-d (Fig. 4),
granules in the shape of caps with "a tail" The percentage
weight "Um" and the value of the objective function "Um?*

shown in Tables 3-4nd in Figures—6.

Table 3.

Percentage weight Um, %

Sieve

Percentage weig

size, mm Um, %
' E E Ec Es E
<2 0.02 0.02 0.01 0.02 0.16
2 0.07 0.16 0.35 0.27 0.24
2.8 0.10 2.76 2.95 1.33 1.28
3.55 0.76 799 11.67 9.91 5.562
4.5 4.63 21.38 20.94 13.08 7.61
5.6 26.92 22.63 23.27 25.00 18.44
6.3 39.13 1299 2997 3755 28.18
7.1 15.18 10.02  10.57 10.33 19.24
8 4.38 8.96 0.26 2.01 12.61
9 5.20 11.97 0.00 0.50 6.70
10 1.90 0.00 0.00 0.00 0.00
11.2 1.71 1.13 0.00 0.00 0.00
Table 4.
Objective function value Um*n
Sieve Objective functior
size, Um*n
mm E; E E Es E,
<2 0.12 0.06 0.01 0.11 10.70
2 0.34 1.14 7.06 2.40 3.78
2.8 0.31 160.22 233.43 37.12 32.11
3.55 6.05 830.56 241484 881.70 215.47
4.5 129.66 2095.27 498458 1150.75  334.89
5.6 3796.18 3371.73 404¢51 3850.34 1623.10
6.3 6573.51 831.11 476516 6871.63 2676.90
7.1 835.01 300.49 496.72 372.04 1058.31
8 52.54  206.10 0.26 14.09  403.53
9 67.59 287.31 0.00 1.01  100.56
10 7.58 0.00 0.00 0.00 0.00
11.2 5.13 1.13 0.00 0.00 0.00

The presented data show that the for assumed peanset (t, h
in the experiment (Table 2) yielded a relativelynhomogeneou
granules. The maximum weight fraction of mesh foactwas
varied in the field 22,6389,13% (Table 3, Figure ! The maxi-
mum value of the objective function "Um*n"= 6871.63 obad
for experiment §{1180,116) (Table 4, Figure 6) and mestc-
tion on sieve with openings of 6.3 it

Fractions main of mesh fractions for the individeaperiment:
(Table 2) presented in Figure 7.

The smallest granules obtained for the parameterindéie «-
periment E.
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Fig. 6. Objective function value Um*n
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Fig. 7. Fractions main of granules of CuAFEBNI5 bronze

The granulate was yielded for setting parameterthén expei-
ment E and & have the same main fractions, and the thic
granules was yielded in thg Experiment.

For granules obtained in the Experiment was shown in Table
values of: n, m, Um and Ums. In the Figure8 8re shown: the
number of granules in each mesh fractions (n, Ei@ai),granules
weight on sieve (m, Figure 8b) and thetical granule diamete
D50=5.61 mm (Fig. 9)D50 it is the average diameter of f
granule rean a graph drawn abscissa at the intersectione
sums curve with the horizontal line correspondind®% of the
mesh fraction.

Table 5.

Values of: n — number of granules, mrammules weight on sie,
Um — percentage weight, Umsurulative percerretained;
E;(1180,116)

. Number Granules Cumulative
Sieve . Percentage
. of weight : percent
size, - weight, .
granules on sieve retained,
mm um, %
n, pcs m, g ums, %
<2 5 0.064 0.02 0.02
2 9 0.799 0.27 0.29
2.8 28 3.974 1.33 1.61
3.55 89 29.697 9.91 11.52
4.5 88 39.200 13.08 24.60
5.6 154 74.949 25.00 49.60
6.3 183 112.563 37.55 87.15
7.1 36 30.979 10.33 97.48
8 7 6.034 2.01 99.50
9 2 1.509 0.50 100.00
10 0 0.000 0.00 0.00
11.2 0 0.000 0.00 0.00

The resultant as a result of high velocitysolidification bronze
representative microstructure of the granules @awshin Figure
10 (a,b).The microstructure of bronze is composed mainly

phase grains with a characteristic dendritic stmecand grairfy

phase transformed to bainite fine+f'1+3"). The microstructure
of bronze was also identified small amountvedy fine precipi-
tatesk; phase.Despite the high rate of cooling in the broi
microstructure not obtainel andf'l martensite throughout tl
volume of the granulesThe reason for this is probably tt
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around the granule falling the bottom of the camgaiwith watel
it forms a gaseous bubble of steam. This results donsiderabl
reduction of heat conduction from granule to the@undings ant
consequently coolingf thep phase at less rate than the crit
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Fig. 8.Number of granules n in mesh fraction
and weight ngranules weight on sie (b); E (1180,116)
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Granules size, mm

Fig. 9. Curve of amulative percent retain "Ums" in % of mesh
fraction for granulates of CUAIF&5NI5 bronze; §1180,116)

Thus, in the microstructure remains substantial .larhof grains

of dendritic phase, supersaturated alloy additions, and e-
maining B phase, supersaturated aluminium (small amour
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precipitation ofk; phases rich in aluminium), turned into fi
bainite.

,u\',-: A o, X e Bnapte N TGRSO
Fig. 10.Microstructure in the granule of CuAI10Fe5!
bronze (a,b), §1180,116)

Descriptive statistics of measurements HV0.1 miardhess o
microstructure of CuAILOFe5Ni5 bronze granules ghin Table 6.

Table 6.

Descriptive statistics of measurements ofgHMicrohardnes
Descriptive statistics Microhardness, [V

335.8; 296.7; 282, 36¢.3; 321.9;

Measurements 366.3; 335.8; 308: 30%.7; 308.9
Quantity
10
of measurements
Average value 322.85
Standard deviation 27.91

In Figure 11 shows a box-andhisker plot for the measureme
of microhardness Hy/.

370 —r—r—
360 | 1
350 f 1
340 | 1

S 330 f .

>

T 320 1 oMediani|s4
S 1 O 25%-75%
300 f 1 =(302.7.335.8)
290 ¢ 1 IMin-Max
280 e =(285.2,366.3)

CuAll10Fe5NisS

Fig. 11. Box-andwhisker plot for the measurement of micrcd-
ness H\4 10f microstructure ofranules CuAlLOFe5Ni5 bronze

4. Conclusions

The study shows that by the useINDUTHERM-VC 500 D
Vacuum Pressur€asting Machine can be obtained of the .
method granules of CuAl10Fe5Ni5 bronze about: than rfrac-
tion 6.3/5.6/4.5; the diameter D50=5.61 mm; at lthe=| of uri-
formity 37.55%, at optimal value parameters of process like:
temperature 1180°C andettheight above the water level h=1
mm. The microstructure of the granules is characterizgdine
grain size and high microhardness order of 323+RK/ ,.
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