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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this study, aluminum- brass bimetal composite was produced by centrifugal casting process. Four
Received 07 April 2016 preheat temperatures (100, 200, 300, and 400°C), three rotational speeds (800, 1600, and 2000 rotation-
Accepted 22 May 2016 per-minute) and two volume ratios (1.5 and 2.5) were investigated. Optical microscopy (OM), scanning

Available Online 20 July 2016 electron microscopy (SEM), energy dispersive X-ray spectroscopy (EDS), and X-ray diffraction

analysis (XRD) were used for microstructure observations and phase characterization. Mechanical tests,

K ds: . . .

B?m{;j ;mposne based on Chalmers model, and fracture studies were performed on some specimens. According to the
Chalmers Test results, interface contains three discrete zones. Zone 1 includes diffusional layers (Al;CusZng-
Aluminum Al;CusZn), zone 2 contains Al;Cu precipitates distributed in Al;;Zn matrix, and lastly zone 3 includes
Brass

anomalous eutectic microstructure (a-Al/AlsCu). Pressure test results showed that brittleness is
associated with interface thickening so that bond strength is weakened. Interface fracture surface
contains two fracture modes, brittle and ductile. Brittle fracture seems to be related to Al;Cu precipitates
and ductile fractures to a-Al/Al;Cu anomalous eutectic microstructure.
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Fig. 3 Schematic representation of vertical centrifugal casting (VCC)
machine, (1) sprue (2) heating element (3) brass bush (4) die cavity (5)
shaft (6) belt pulley (7) electromotor (8) inverter (9) thermometer
attached to the heating generator (10) heating generator and controller
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Fig. 4 Specimen of Chalmers test (from a journal bearing); d>=20mm .
d;=16mm .ds=8mm ds=29mm [9]

(9] 500ty 3031 0 fastin] (5550 4SS

* chalmers
2 Scheneck Trebel

7 0 )lesis 16 0,95 1395 jue (w30 SuilSe e

@ O

L rd
L) Feo YV~

Fig. 1 Schematic diagram of force analysis at centrifugal field.
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Fig. 6 Cutting process of the cast samples, (a) cross section cutting,
(b) cut to smaller dimension for metallographic observations
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25 1600 23
2000 24
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Fig. 5 Schematic of the samples were prepared for Chalmers test;
(a) general scheme and direction of applied force, (b) top view, (c)
cross-section view

5 st (@l g55adle 95T oz 00t 4t (sladiges 5o ls> 5SS
oedaie Gy (2) 5 Yo sbes (&) 9 Jlosl g

b6 g LS bojyy -3-2-3

S Gboujeels W Srie Jab Jlsleg) adlae shies
5 (6 JSKi) s 003 by gwd o)) 31 ool b o sudgs g — maiesl|
b S8 LA by ek Sl oy lag] ghie e
Sreg e 03 slipagll Jolomo 5l oolind b Lzl o 5 0ads Giolusy
Sl 2l e 05 55l (S olme 285 3 e Sl wou
Jas slossy 035 (S lp ke o ke 100 5155508
090 4l 20 Suwe 4y bdiged rolaw slate ol 4 ol colasul S ie
S ool b Spte Jab bslagy, wd S ead ol sl
S35 SsfsSn 5 il Sl eSS e Jhe i Sy S
il S 4 e (Sl S5l S 15y Jae s
N oSl olSis 285 15 390 (lsss) oSl i il
~ 3l S5 5y e oS s (8080 Sl (68 2 Je S50
0355 e Sy stgy S9N s Ses 4 Jato (EDS) (ol
S8 eolaiul 8j50 Spie Jad iz gy o cad JSis glajld
PR

oo 9 @i -4

S e Juad 50 Sloznil 3 g 5beiUT g ydi -1-4

SIS 4 s350s S0 3l 505 seje> o Szl 5 (her b anld
e Saz S blete Ol ad p anld > &5 ol
6 Vazal oo ol s aid S ISS (S50l Wiy s 25y
25 e Seille log s sablanlyas a5 Cunl gloas (sl Ll )

'HF

2 MENI Techno

® VEGAII XMU Tescan
“EDS

® XRD

¢ JDX-8030

"JEOL

7 olaid6 053 1395 nin soyoram B VWA


www.sid.ir

UblSed 9 U (850

T~ eraesll 395910l Sl olgd 9 HUB L33 21 35 30 5l 32)5 S5 ks ol b pasie () 32

Aluminum

SEM HV: 20.00 kV WD: 21.70 mm
View field: 2.89 mm Del: BSE 500 pm
SEM MAG: 75 x

SEM HV: 20.00 kV WD: 25.86 mm
View field: 54.17 ym  Del: BSE 10 pm
SEM MAG: 4.00 kx

SEM HV: 20.00 kV WD: 22,39 mm
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Fig. 7 Variation of dissolution of the bush surface versus increasing
the preheat temperature at 1.5 and 2.5 volume ratio and constant
rotational speed of 1600 rpm
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Fig. 10 X-ray diffraction analysis (XRD) of the interface of Aluminum-
Brass bimetal composite
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View field: 216.7 ym  Det: BSE 50 pm l
SEM MAG: 1.00 kx n

Fig. 8 SEM images of (a) the interface of sample 10 consist of three
discrete zones, (b)-(d) higher magnification of each zone
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Fig. 9 Line scan of the location marked at Fig. 8b shows uphill
diffusion of Zinc
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Fig. 13 SEM image of the interface of sample 5 showing the crack at
the interface
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Fig. 12 Representative optical micrograph showing the oxide film
was folded due to melt turbulence at the interface near the aluminum
side (zone 3)
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Fig. 15 SEM images of fractured surfaces: (a) double behavior of
fractured surface, (b)-(c) higher magnification of brittle fracture (Al;Cu
precipitates) and ductile fracture ( o-Al/AlsCu anomalous eutectic
microstructure)

05 St 5V iS5 () ~(0) S mlan sailSes s, () 15 JSi
s oozl 3l (a-AlALCU (sole pué SeiSss Jislu) py 5 (AlCU g )

9y S9rSI p5Sasg ;oo b 00

7 0 les16 093 1395 o puine M\AM,S' D.ir


www.sid.ir

UblSed 9 U (850

T~ eraesll 395910l Sl olgd 9 HUB L33 21 35 30 5l 32)5 S5 ks ol b pasie () 32

(18]

[19]

[20]

[21]

[22]

[23]

[24]

Diffusion in Materials, Vol. 95-98, pp. 611-616, 1993.

B. A. Shoilock, C. R. M. Grovenor, K. M. Knowilcs,
Compositional Studies of Q and ©’ Precipitates in an Al-Cu-Mg-
Ag Alloy, Scripta Metallurgica, Vol. 24, No. 7, pp. 1239-1244,
1990.

A. Biswas, D. J. Siegel, C. Wolverton, D. N. Seidman,
Precipitates in Al-Cu alloys revisited: Atom-probe tomographic
experiments and first-principles calculations of compositional
evolution and interfacial segregation, Acta Materialia, Vol. 59,
No. 15, pp. 6187-6204, 2011.

X. R. Liu, C. D. Cao, B. Weisheng, Microstructure evolution and
solidification kinetics of undercooled Co-Ge eutectic alloys,
Scripta Materialia, Vol. 46, No. 1, pp. 13-18, 2002.

B. Wei, D. M. Herlach, Rapid solidification of undercooled
eutectic and monotectic alloys, Materials Science and
Engineering A, Vol. 173, No. 1-2, pp. 357 -361, 1993.

G. Chirita, I. Stefanescu, J. Barbosa, H. Puga, D. Soares, F. S.
Silva, On assessment of processing variables in vertical
centrifugal casting technique, International Journal of Cast
Metals Research, Vol. 22, No. 5, pp. 382-389, 2009.
M. C. Flemings, Solidification Processing,
Massachusetts Institute of Technology, 1974.

B. Xiong, C. Cai, H. Wan, B. Lu, Fabrication of high chromium
cast iron and medium carbon steel bimetal by liquid—solid casting
in electromagnetic induction field, Materials and Design, Vol. 32,
No. 5, pp. 2978-2982, 2011.

pp. 290-301,

[25] E. Ahmadi, M. R. Forouzan, M. Aghaei, M. Shirani, Numerical

[26]

[27]

[28]

[29]

[30]

[31]

[32]

simulation of thermal history in mold and casting during
horizontal centrifugal casting of ductile iron pipes,

Modares Mechanical Engineering, Vol. 14, No. 6, pp. 185-193,
2014 (in Persian)

X. Dai, M. R. Jolly, X. Yang, J. Campbell, Modelling of liquid
metal flow and oxide film defects in filling of aluminium alloy
castings, 1OP Conference: Materials Science and Engineering,
Vol. 33, 2012.

M. Sarvari, M. Divandari, Melt behavior and shrinkage force
effect of Al melt in Al/Mg bimetal cast via centrifugal casting,
Modares Mechanical Engineering Vol. 15, No. 7, pp. 131-138,
2015 (in Persian)

X. Cao, J. Campbell, Precipitation of primary intermetallic
compounds in liquid Al 11.5Si 0.4Mg alloy, International Journal
of Cast Metals Reserch, Vol. 13, No. 3, pp. 175-184, 2000.

M. Abbasi, A. Karimi Taheri, M. T. Salehi, Growth rate of
intermetallic compounds in Al/Cu bimetal produced by cold roll
welding process, Journal of Alloys and Compounds; Vol. 319, No.
1, pp. 233-241, 2001.

G. E. Dieter, D. Bacon, Mechanical Metallurgy, pp. 254-256,
New York: McGraw-Hill, 1986.

W. H. S. Lawson, H. W. Kerr, Mechanical behavior of rapidly
solidified AI-Al,Cu and ~Al-Al,Ni composites, Metallurgical
Transactions, Vol. 2, No.10, pp. 2853-2859, 1971.

C. D. Beachem, The effects of crack tip plastic flow directions
upon microscopic dimple shapes, Metallurgical Transactions A,
Vol. 6, No. 2, pp. 377-383, 1975.

7 o )louin 16 ©)93 1395 PYZYIETP R VRN v [ VAREWRNIPY

(1

(2]

(3]
(4]

[5]

(6]

[7]

8]

[

[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]

&=>1p-6
K. J. M. Papis, B. Hallstedt, J. F. Lo"ffler, P. J. Uggowitzer,
Interface formation in aluminium-aluminium compound casting,
Acta Materialia, Vol. 56, No. 13, pp. 3036-3043, 2008.
A. R. Patel, Mechanical Property and Microstructural
Investigation of Aluminium Bronze by Centrifugal Casting Process,
pp. 23-25, Ganpat University, 2015.
J. Campbell, Complete Casting Handbook, pp. 979-985, University
of Birmingham, UK, 2011.
R. I. El'baeva, K. G. Tkhagapsoev, Structure of the transition layer
in steel-babbitt bimetals, Metal Science and Heat Tretment, Vol. 20,
No. 8, pp. 661-663, 1978.
Y. Watanbe, S. Watanbe, K. Matsuura, Nickel-Aluminides/Steel
clad pipe fabricated by reactive centrifugal casting method from
liquid aluminum and solid nickel, Metallurgical and Materials
Transactions A, Vol. 35, No. 5, pp. 1517-1524, 2003.
P. Diouf, A. Jones, Investigation of bond strength in centrifugal
lining of babbitt on cast iron, Metallurgical and Materials
Transactions A, Vol. 41, No. 3, pp. 603-609, 2010.
L. L. Regel, W. R. Wilcox, Centrifugal Materials Processing, pp.
3-7, International center. for gravity materials science and
applications, Clarkson University, Potsdam, 1997.
W. Shi-ping, L. Chang-Yun, G. U. JingJie, S. Yan-ging, L. Xiu-
giao, U. Heng-zhi, Numerical simulation and experimental
investigation of two filling methods in vertical centrifugal casting,
Transactions of Nonferrous Metals Society of China, Vol. 16, No. 5,
pp. 1035-1040, 2006.
ISO 4386-2:2012, Plain ‘bearings -- metallic multilayer plain
bearings, destructive testing of bond for bearing metal layer
thicknesses greater than or equal to 2 mm, 1982.
Imaged software, Accessed on 4 February 2015; www. ImageJ.net.
J. Pan, M. Yoshida, G. Sasaki, H. Fukunaga, Metal pipe joining
with aluminum alloy by ultrasonic insert casting, Materials and
Manufacturing Processes, Vol. 15, No. 6, pp. 867-881, 2000.
B. Xiong, C. Cai, B. Lu, Effect of volume ratio of liquid to solid
on the interfacial microstructure and mechanical properties of
high chromium cast iron and medium carbon steel bimetal,
Journal of Alloys and Compounds, Vol. 509, No. 23, pp. 6700
6704, 2011.
M. H. Ghoncheh, S. G. Shabestari, Effect of cooling rate on the
dendrite coherency point during solidification of Al2024 alloy,
Metallurgical and Materials Transactions A, Vol. 46, No. 3, pp.
1287-1299, 2014.

B. Legendre, Y. Feutelais, J. M. San Juan, |. Hurtado, Enthalpy of
formation of the ternary T’ phase in the Al-Cu-Zn system,
Journal of Alloys and Compounds, Vol. 308, No. 1-2, pp. 216-
220, 2000.

R. S. Timsit, Intermetallics growth at Al/a-brass interfaces, Acta
Metallurgica, Vol. 33, No. 1, pp. 97-104, 1985.

R. S. Timisit, Interdiffusion at bimetallic electrical interfaces,
IEEE Transactions (Components, Hybrids, and Manufacturing
Technology), Vol. 9, No. 1, pp. 106-116, 1986.

S. I. Fujikawa, Interdiffusion between Aluminium and o-Brass,

178


www.sid.ir

