
1 23

International Journal of Metalcasting
 
ISSN 1939-5981
Volume 11
Number 3
 
Inter Metalcast (2017) 11:506-512
DOI 10.1007/s40962-016-0101-z

On the Interfacial Characteristics of
Compound Cast Al/Brass Bimetals

Mehdi Akbarifar & Mehdi Divandari



1 23

Your article is protected by copyright and

all rights are held exclusively by American

Foundry Society. This e-offprint is for personal

use only and shall not be self-archived

in electronic repositories. If you wish to

self-archive your article, please use the

accepted manuscript version for posting on

your own website. You may further deposit

the accepted manuscript version in any

repository, provided it is only made publicly

available 12 months after official publication

or later and provided acknowledgement is

given to the original source of publication

and a link is inserted to the published article

on Springer's website. The link must be

accompanied by the following text: "The final

publication is available at link.springer.com”.



ON THE INTERFACIAL CHARACTERISTICS OF COMPOUND CASTAl/BRASS BIMETALS

Mehdi Akbarifar and Mehdi Divandari
Materials Engineering, Iran University of Science and Technology (IUST), Tehran, Iran

Copyright � 2016 American Foundry Society

DOI 10.1007/s40962-016-0101-z

Abstract

The interface characteristics of aluminum/brass bimetals

produced by compound casting were investigated. Alu-

minum melt was poured into molds, at 700 and 750 �C,
around cylindrical brass bars having melt-to-solid volume

ratios of 3 and 5. Macroscopic studies showed that a solid

ring is formed around the solid core, which was clearly

visible after cutting the casting. X-ray diffraction (XRD)

and scanning electron microscopy (SEM) studies confirmed

that various layers could be distinguished, for example,

CuZn, Al4Cu3Zn, Al2Cu, eutectics of a-Al/Al2Cu, and Al

dendrites in the vicinity of the solidified aluminum melt.

The hardness of intermetallic layers was 513, 477, and 650

Vickers, respectively, from the center brass core to the

aluminum outer ring. Existence of microscopic pores and

cavities in the eutectic and dendritic layers was noticed

after examination. Some of these pores are possibly the

result of bubble entrapment. The formation of Al2Cu and

Al4Cu3Zn layers prevented solid solutions from being sat-

urated by copper, which can be one reason why Cu4Al9 did

not appear in the couples produced by this method.

Keywords: aluminum, compound casting, Al–Cu–Zn,

bimetals, intermetallic, solidification

Introduction

The importance of reducing energy consumption, and

various technological issues, led to the demand to produce

bimetals with lower weights and higher mechanical prop-

erties. Limits on bimetal size, while producing samples

with complex shapes, remain significant obstacles with the

existing joining methods, such as diffusion couple,1–9

friction stir welding (FSW),10–16 laser beam welding,17–19

brazing20,21 and others.22–25 In recent decades, compound

casting has become a matter of interest because of its

notable ability to tackle the problems and limitations

regarding bimetals’ production.26,27

Compound casting is a method for producing various

components in which a metallic melt is poured into or

around a solid metal to form an acceptable bonding at the

interface.28–30 Therefore, the interface structure and char-

acteristic of two metals/alloys and the effects of various

parameters must be examined. Entering the mold cavity,

the molten metal has a high amount of thermal energy,

which can provide the activation energy for the interactions

that follow, such as making changes in the solid insert’s

microstructure. Accordingly, any changes in the casting

temperature and the melt-to-solid (m/s) volume ratio can

change the condition at the interface, and the thickness of

the layers is affected by the process.31–36 When the solid-

ification process begins, intermetallic compounds can be

formed because of the reactions between any two metals in

the presence of thermal energy.9 This phenomenon itself

causes additional heat generation and accelerates the

growth of hard and brittle compounds, leading to the fail-

ure of the bond. Previous studies have shown that m/s

volume ratios38,39 and pouring temperatures9,34,37,40 play

significant roles in the bonding process.

Various studies have surveyed the aluminum/copper

(Al/Cu),27,41 aluminum/magnesium (Al/Mg),26 and alu-

minum/cast iron (Al/cast iron)38 couples using compound

casting methods. Nevertheless, the interface characteristics

of compound cast aluminum/brass (Al/brass) bimetals have

not yet been examined. The present research identified the

characteristics of the Al/brass couples’ interface, using

various pouring temperatures and m/s volume ratios.

Materials and Method

Four brass bars, 20 mm in diameter and 200 mm in height,

were used as inserts. The composition of the insert bars is
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given in Table 1 The surfaces of the bars were processed

by polishing them up to a 1500-grit and degreasing before

inserting them into position within the molds. The gating

system was designed in such a way as to fill all cavities

simultaneously (Figure 1).

Commercially pure aluminum (99.9 %) was poured inside

two CO2 sodium silicate sand mold cavities with 40 and

49 mm diameters, respectively, first at 700 �C, followed by

aluminum pours into two CO2 sodium silicate sand mold

cavities of the same diameters at 750 �C: The brass bars

were situated in the center of each cavity.

After solidification, the bimetal cast bars were sectioned

transversely through the bond, and the main part of each

sample was selected for further investigation. Cross sec-

tions were numbered as shown in Table 2, and they were

prepared by grinding with 2500-grit paper and polished

with 0.1 lm alumina powders. Macroscopic pictures of the

samples are shown in Figure 2.

Microstructural analysis of the samples was conducted

using an optical microscope and a Vega II Tescan scanning

electron microscope (SEM) equipped with energy-disper-

sive spectroscopy (EDS). Finally, micro-hardness mea-

surements were taken using a MHV-1000Z-SCTMC

hardness tester.

Results and Discussion

The microstructure of the Al/brass interface of sample

B700-3 is illustrated in Figure 3. As shown, the surface

exhibits five interaction layers. Supposedly, the first three

layers can be intermetallic layers formed during the inter-

action between the insert material and the aluminum melt.

A eutectic layer named (d) can be seen adjacent to layer

(c), and following that layer, a dendritic layer begins

similar to another work in this field.27 The sequence of

layers was the same for all samples, with differences in the

thickness of the layers. The interaction layer’s thickness for

sample B700-3 was the thinnest among the four samples,

while sample B750-5 was the thickest. Thickness of the

first layer was 40 lm for B700-3, 52 lm for B700-5,

64 lm for B750-3, and 85 lm for B750-5. In addition, the

second layer’s thicknesses were measured 19 lm for B700-

3, 30 lm for B700-5, 28 lm for B750-3, and 32 lm for

B750-5, respectively.
The results demonstrated a connection between the thick-

ness of a formed layer with temperature and m/s volume

ratios. When raising the temperature or m/s volume ratio,

the heat content increases within the melt. Therefore, more

energy is available for solvation of the insert’s surface with

the molten aluminum, which increases interactions of

copper and zinc atoms with aluminum atoms, and the

formation of intermetallic phases.9 Because the brass insert

acts as a chiller, solidification of the interface layers begins

from the insert toward the mold. Thus, transportation of

atoms from insert to melt, or from melt to insert, can be

Table 1. Chemical Composition of Brass Bars Used, in
wt%

Element Cu Zn Pb

Brass 63.81 35.48 0.71

Figure 1. Schematic drawing of gating system.

Table 2. Samples’ Pouring Conditions

Sample no Pouring temp. (�C) M/S volume ratio

B700-3 700 3

B700-5 700 5

B750-3 750 3

B750-5 750 5

Figure 2. Macroscopic picture of Al/brass samples’
cross sections produced at 700 �C.
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hindered by the formation of each intermetallic layer at the

interface. Consequently, fewer alloys remain to form the

next intermetallic layers, and atom transportation could be

a possible reason for the first layer, about 65 lm, being the

thickest among the layers for all samples (layer A,

Figure 4).

White particles, identified in SEM microstructures, can be

seen all over the interface (Figure 4). According to the

composition of the brass inserts, as shown in Table 1, and

the brightness of the particles, which can be a sign of a high

atomic weight, these particles seem to be lead-rich areas.

During further investigation of the formed layers, the

characteristic EDS spectra corresponding to the regions

indicated by the letters in Figure 4 are shown in Figure 5.

The results show high values for lead within the dispersed

bright particles, indicated by ‘‘P’’ in Figure 5. The third

layer, C, consisted of particles with a composition similar

to the second layer, distributed in a matrix with a different

structure. Based on the data extracted from Figure 5, layer

(A) consists of 5.33 % aluminum, 47.90 % copper, and

46.77 % zinc. Referring to previous studies and assuming

the aluminum content is negligible, this layer was expected

to be comprised of CuZn.12,14,42

The atomic percentages of aluminum, copper, and zinc for

the next layer are reported as 49, 42, and 9, respectively,

which is similar to the compound Al4Cu3Zn. This phase

remains stable from 400 �C to room temperature43 without

an exact stoichiometric composition.44

The C graph represents the base consistent with the layer

(C) having 66.62 wt% aluminum and 33.38 wt% copper.

Thus, this layer is formed of Al2Cu. Esmaeili et al. proved

the existence of this phase within Al/brass bimetal pro-

duced by the FSW method.12,14

X-ray diffraction (XRD) results confirmed our assumptions

about intermetallic phases (Figure 6), which appeared in

Figure 4 and were discussed in previous paragraphs. So,

three intermetallic layers including CuZn, Al4Cu3Zn, and

Al2Cu have formed at the interface of solid core and melt.

Contrary to the recent research conclusions,12,14,27,42,45

there was no sign of a Cu4Al9 intermetallic compound in

the samples studied in this work. However, one work has

discussed on Cu4Al9 formation which was stable at

58–70 wt% copper in the form of (c0) in high-temperature

and (c1) in low-temperature structures.45 Referring to the

Al–Cu–Zn phase diagram in Figure 7, this phase formed

through saturation of copper in the solid solution. In

bimetals produced by compound casting, consuming cop-

per content through the formation of Al2Cu and Al4Cu3Zn

layers and solidification condition prevents the solid solu-

tion from being saturated by copper; this forms one pos-

sible reason why Cu4Al9 did not appear in the couples

produced by the method used in this study.

In the temperature range of below 600 �C, Al–Cu binary

phase diagram represents five intermetallic compounds,

namely Al2Cu, AlCu, Al3Cu4, Al2Cu3, and Al4Cu9.
45

Previous studies on phase formation sequence of Al-Cu

Figure 3. Optical micrographs of the interface layer in sample B700-3.

Figure 4. SEM micrographs of sample B750-3 produced
at 750 �C with a melt-to-solid volume ratio of 3.

508 International Journal of Metalcasting/Volume 11, Issue 3, 2017

Author's personal copy



intermetallic compounds reported that although the ther-

modynamic driving force for the formation of Al4Cu9
(DGfAl4Cu9) is more negative than those for the other

phases, Al2Cu was formed first.46–48 Amani and Solta-

nieh48 explained the preferential formation of Al2Cu

through kinetic approach. Based on their study, Al–Cu

equilibrium phase diagram shows two solid solution

regions on the both sides of the diagram. Because of the

much greater diffusivity, and lower solubility limit of Cu in

Al, Al(Cu) solid solution saturates first and results in

subsequent nucleation of Al2Cu, which is the most Al-rich

intermetallic phase.

In addition, activation energy for Al2Cu and Cu4Al9 during

FSW is reported at 60.66 and 75.61 kJ49 and 97.50 and

117.52 kJ during cold rolling.50 Moreover, some structural

defects can be a reason for a phase to appear or disappear.51

Also, the absence of an equilibrium phase has been related

to the presence of a barrier layer, such as oxide films or

impurities in the starting materials.48 However, Kodentsov

Figure 5. Results for EDS analysis from points (A) to (C) and P, indicated in Figure 4.

Figure 6. XRD results of interface of sample B750-5.
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et al.52 argued that the phase may present in such a minute

content that it cannot be determined easily by the available

experimental techniques.

Figure 8 illustrates the anomalous eutectic structure

formed behind three intermetallic layers at the interface.

The anomalous nature of this layer can be explained by the

rapid solidification of the melt in the vicinity of the brass

insert. Two constituents of this layer are Al2Cu in its

intermetallic phase and a-Al.

The last layer, indicated by the letter (e) in Figure 3,

consisted of dendrites with a eutectic phase between

dendritic arms. As the a-Al dendrites continued to grow,

the aluminum content in the melt depleted until reaching

the eutectic composition, so the remaining material solid-

ified as a eutectic constituent. During this transition, there

existed a high possibility of pore formation because of the

consequent shrinkage. In addition, there remained a high

probability of bubbles’ entrapment in the melt. Some of the

Figure 7. Phase diagram of Al–Cu–Zn system.

Figure 8. SEM micrographs of an anomalous eutectic
layer at the interaction layer of the B750-3 sample,
produced at 750 �C with an m/s volume ratio of 3.

Figure 9. Bubbles and shrinkage porosities in the solidified structure of layer (d).

510 International Journal of Metalcasting/Volume 11, Issue 3, 2017

Author's personal copy



bubbles cannot escape the melt and remain in the solidified

structure as a defect (Figure 9). According to Campbell,

shrinkage porosities can grow from the bubble trail too.53

The outer lines of bubbles have been thickened in the

schematic in order to represent the oxide layer (Figure 9).

Micro-hardness test results of the B750-5 sample gave the

values of 130, 650, 477, and 495 Vickers hardness for the

individual layers, starting from the brass core moving

outward to the third layer.

Conclusions

1. Al/brass bimetal was successfully produced at

700 and 750 �C in 3 and 5 m/s volume ratios.

2. With the increase in temperature and m/s volume

ratio, there was an increase in the heat content to

drive the reaction levels. An interaction layer

formed, consisting of three intermetallic layers, a

eutectic layer, and a dendritic layer with a

eutectic phase between dendritic arms.

3. Based on EDS results from different layers, and

referring to previous studies and XRD analysis,

the intermetallic layers from the brass core to the

aluminum side are CuZn, Al4Cu3Zn, and Al2Cu.

Following these three layers, an anomalous

eutectic layer consisting of a-Al and Al2Cu

appeared. In addition, lead-rich phases were

observed in all layers.

4. There was no evidence of Cu4Al9 formation at the

interface of the bimetal. Formation of Al4Cu3Zn

and Al2Cu prevented the melt from becoming

saturated by copper and formation of Cu4Al9;

structural defects in the solidified aluminum and

the higher activation energy of Cu4Al9 could be

other reasons.

5. Bubbles’ entrapment in the vicinity of the inserts’

surfaces led to formation of pores, especially in

the eutectic and dendritic areas.
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