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The 620°C and 800 °C isothermal sections of the Zn-Fe-Cu ternary system were constructed based on
Wave Dispersive X-ray Spectrometry (WDS) and X-ray power diffraction analysis (XRD). Four three-phase
regions have been identified in the Zn-Fe—Cu ternary system at 620 °C, and three three-phase regions
have been confirmed in the 800 °C isothermal section. All of the Fe solubility in m-Zn, 3 and (Cu) at 620°C

are lower than the solubility at 800°C. The «y and I" phases form a continuous solid solution at 620°C,
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which is designated as the y/I" phase. Binary phases dr and 8¢, extend into the ternary system at 620 °C,
the three-phase triangle of (y/T" + 8ge + 8¢, ) is small and narrow.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Hot-dipping coating is applied to improve atmospheric cor-
rosion resistance for steel [1]. The corrosion resistance of the
galvalume coated steel (55%Al-Zn-Si, wt%), which was developed
and applied by the Bethlehem Steel Corporation, is superior to a sin-
gle coating (Zn, Al) and 5 wt% Al-Zn coating. In the absence of other
elements in Al-Zn bath, there is a violent reaction between steel
matrix and Al-Zn bath, which would bring an adverse influence to
the performance of coating. The addition of Si in the Al-Zn hot-
dipping bath can change the interfacial intermetallic compound
from Fe-Al phase to Fe-Al-Si phase, to restrain the strong and rapid
exothermic reaction between the steel matrix and A1-Zn bath, and
prevent rapid growth of alloy layer [2-4].

The earlier study showed a small amount of Cu added to hot-
dipping aluminum bath would reduce the coating thickness, and
improve the fluidity of molten zinc [5], whereas higher Cu content
may damage the corrosion resistance of the coating [6]. When Cu is
added into the Al-Zn bath, and Fe is dissolved into the molten bath,
the bath essentially becomes a Zn-Fe-Al-Cu quaternary system.
The existence of Cu in the bath may play the same role as Si. How-
ever, it is devoid of theoretical studies and practical applications
in this field, especially, the information concerning phase equilib-
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rium in the Zn-Fe-Cu system is limited. Miettinen [7] investigated
the Zn-Fe-Cu ternary system. Due to the lack of experimental
data from iron-rich alloys, the validity of the present description
is verified only for Cu-Zn-rich alloys. Avettand-Fénoél et al. pro-
posed the 460°C Zn-rich corner of the Zn-Fe-Cu ternary phase
diagram [8]. Budurov [9] reported the 700 °C isothermal sections
of the Zn-Fe-Cu ternary system, which shows the vy (CusZng) and
I" (Fe3Znp) phases form a continuous solid solution. In this work,
the 620°C and 800 °C isothermal sections of the Zn-Fe-Cu ternary
system will be determined experimentally by using combined
techniques of Scanning Electron Microscopy-Energy Dispersive X-
ray spectrometry (SEM-EDS), Wave Dispersive X-ray spectrometry
(WDS) and X-ray Diffraction (XRD). The experimental results will
facilitate the explanation for the function of Cu in Al-Zn bath.

2. Binary systems

In terms of the current knowledge of phase equilibrium con-
cerning the Zn-Fe, Zn-Cu and Fe-Cu binary systems, the following
information should be mentioned. Due to its importance to the gal-
vanizing industry, the Zn-Fe binary system has been studied by
various authors [10-13]. There are two intermetallic compounds:
I (FesZnqg), and g (FeZnig) at 620°C. No intermetallic com-
pound exists in the Zn-Fe system at 800°C. The temperature of
the Liq.+a-Fe < I peritectic reaction is 782 °C, and the peritectic
reaction I' + Liq. < dfe occurs at 672 °C.

The Zn-Cu system was also assessed repeatedly [14-16], which
contains three intermediate phases at 620°C, namely 3 (CuZn), y
(CusZng) and 3¢, (CuZns). The B and +y phases are stable below
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Table 1
The crystallographic parameters of the binary compounds of the Zn-Fe and Zn-Cu systems.
Compound Crystal system Space group Lattice parameters (nm) Ref.
a b c
I'(FesZnyo) Cubic body-centered 143m(217) 0.898 - - [22]
Sre(FeZnyg) Hexagonal primitive P63mc(186) 1.283 - 5.772 [22]
B'(Cuzn) Cubic primitive Pm3m(221) 0.2950 - - [23]
B(Cuzn) Cubic body-centered Im3m(229) 0.2945 - - [24]
v(CusZng) Cubic body-centered 143m(217) 0.8866 - - [25]
dcu(CuZns) Hexagonal primitive P6(174) 0.4275 - 0.259 [26]
834°C. The reaction temperatures of order-disorder transforma- Table 2 N
tion of the p/~P are 454°C (44.8 at.% Zn) and 468°C (48.2at.% zn)  Nominal composition of ternary alloys (at).
respectively, in this system, and the -y +Liq. < 8¢, peritectic reac- Alloy Design composition Phase present
tion occurs at 700°C. Besides, the Fe-Cu binary system has been 620°C 300°C
researched repetitiously [17-21]. No intermetallics exist in the
Fe-Cu system. The solubility of Fe in (Cu) and Cu in a-Fe is less than Al Zngs-Fe;~Cug n-Zn+dre -
. . N . A2 Zngs-Fey—Cuys Mn-Zn+ Sfe +Ocu mn-Zn
2.0at.% below 900 °C. Crystallographic data of binary compounds A3 Zn79—Fey—Cuiy n-Zn +dce n-Zn
mentioned above are shown in Table 1. A4 Znys—Fes—Cuig Sre +Ocu -
A5 Zn7g-Feg—Cuys /T +8Fe +dcu -
3. Experimental methods A6 Zngo-Feq0-Cuqo YT+ Be a-Fe+m-Zn
A7 Zny5-Feo-Cuys v/ a-Fe+m-Zn
The phase relationships of the Zn-Fe-Cu ternary system were deduced by study- A8 Zn71-Fe19-Cuyg y/T a-Fe+m-Zn+vy
ing the alloy samples, which were prepared using Zn block, Fe powder and Cu A9 Zngo—Feq9—-Cuy; /T a-Fe+m-Zn+vy
powder. The purities of the materials were 99.99 wt% and the powders used were A10 Zngs—Fe,—Cus, /T v
—200 mesh size. The raw materials weighted 5g in each alloy were mixed and All Zngo—-Feq9-Cuso a-Fe+vy/l’ a-Fe+vy
sealed in an evacuated quartz tube. The mixture was heated to 1200°C and kept Al12 Zngy-Feq9—-Clag a-Fe+vy/T' a-Fe+vy
for 24 h, then quenched in water with bottom-quenching technique [27], in order A13 Znes—Feqo-Cuas a-Fe+vy/T -
to obtain a relatively compact sample. The tube was turned upside down for several Al4 Zngs—Fe1s—Cuig a-Fe+vy/T _
times during the melting process to thoroughly ensure homogeneity of the sam- Al5 Zngs-Fexn—Cuqy a-Fe+vy/T' _
ples. The quenched samples were resealed individually in evacuated quartz tubes A16 Zngs-Feas—Cuya a-Fe+vy/T’ -
and annealed at 620°C for 25 days and 820°C for 15 days, respectively. At the end Al17 Znes—Fesg—Cug a-Fe+vy/T _
of the treatment, the samples were quenched rapidly into water to preserve the Al18 Znga—-Feso-Cug a-Fe+vy/l’ _
equilibrium state. A19 Znso—Fe1o-Cugg a-Fe+y+ a-Fe+y+B
The specimens were prepared using conventional metallographic techniques, A20 Zngo-Feqo-Cusg a-Fe+f a-Fe+f
etched with aqueous solution mixed ferric chloride and hydrochloride (5 g FeCls, A21 Zn33—-Feq9-Cusy a-Fe + @ +(Cu) a-Fe + B +(Cu)
50 ml HCl, 100 ml H,O) for microstructure examination. The morphology and chem- A22 Zn,o-Fe1o-Cuzg a-Fe +(Cu) a-Fe+(Cu)

ical composition analyses of phases in the alloys were performed in a JSM-6510
Scanning Electron Microscopy equipped with OXFORD Energy Dispersive X-ray
Spectrometer and Wave Dispersive X-ray Spectrometer. The operating voltage of
the SEM was 20 kV. The phase constitutions of the alloys were further confirmed by
analyzing X-ray Powder Diffraction patterns, which are generated by X-ray diffrac-
tometer with Cu K, radiation.

4. Results and discussion

A series of alloys were prepared for studying phase relation-
ships of the Zn-Fe—Cu ternary system at 620°C and 800 °C. Their
design compositions are listed in Table 2. These compositions were
selected in the surrounding regions of binary compounds listed in
Table 1, convenient for studying their phase relationships. Phases
in alloys can be easily differentiated based on the relief, color and
chemical composition. In general, the different relief is distinguish-
able on the SEM micrographs, and chemical compositions can be
analyzed using the SEM-WDS technique. Meanwhile, the phases
can be confirmed in further by analyzing their X-ray diffraction pat-
terns. The 620°C and 800 °C isothermal sections of the Zn-Fe-Cu
system with the indication of the compositions of the designed
alloys (e) are shown in Figs. 1 and 2, respectively.

4.1. The 620°C isothermal sections of the Zn-Fe-Cu ternary
system

For studying the 620°C isothermal section of the Zn-Fe-Cu
ternary system, all phase found in twenty-two primary alloys are
summarized in Table 3. Alloy A1-A4 were prepared to determine
phase relationships in the Zn-rich corner at 620 °C. The microstruc-
ture of alloy A2 is given in Fig. 3a, which indicates that alloy 2
consists of three phases. SEM-WDS analyses suggested that they
are m-Zn, g and d¢y. The dge and d¢, phases exist in the matrix of

the m-Zn phase. The equilibrium relationship of n-Zn, dg. and ¢,
in alloy A2 has been confirmed once again by X-ray diffraction pat-
tern (Fig. 3b). It needs to pay attention that the m-Zn phase which
was in liquid state at the test temperature, it transformed into solid

100 ‘ T Lioq'
Cu0 10 20(Cu) 30 40 BsS0 80 ~» 70 5calgd 100 100 7y
y/T+8patbcu Liq.# 8pe+ 8 cu
Atomic Percent Zinc

Fig. 1. The 620°Cisothermal section of the Zn-Fe-Cu ternary system. (e) Alloy com-
positions studied in this work; (¢) alloys situated within the vy (or I') phase; (a) he
compositions of y (or I') phase boundary.
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Fig. 2. The 800°C isothermal section of the Zn-Fe—Cu ternary system. The signs in
the diagram stand for the alloy compositions studied in this work.

Table 3
Specimens and phase compositions in the Zn-Fe-Cu ternary system at 620°C.

Alloy Designed composition Phase Composition (at.%)
Zn Fe Cu
Al Zngs-Fey-Cuy Mn-Zn 96.3 0.9 2.8
Sre 86.0 5.9 8.1
A2 Zngs—Fe;—Cuys mM-Zn 94.8 0.5 4.7
Sre 80.2 3.9 15.9
dcy 76.7 3.2 20.1
A3 Zn79-Fe;—Cuyg T]-Zl'l 92.8 0.3 6.9
Scu 76.1 2.2 21.7
A4 Zn73—FE4—CU13 8]:3 79.6 4.6 15.8
Scu 75.3 35 21.2
A5 Zn76-Feg-Cuig v/ 74.2 6.5 19.3
Sre 78.6 6.2 15.2
Scu 75.4 43 20.3
A6 Zl’lgo—FE]o—CLl]g 8]:9 80.2 9.5 103
~/T 76.2 12.1 11.7
A7 Zn75—F610—CU15 ’Y/F 734 11.2 15.4
A8 Zn71-Fe1p—Cuqg v/ 69.8 104 19.8
A9 ZI]69—FE1()—C1121 ’Y/F 68.7 10.2 21.1
A10 Zngs-Fey-Cusy v/ 64.7 2.5 32.8
Al1 Znao—Felo—CUm a-Fe 6.2 93.2 0.6
v/ 63.9 3.2 329
Al12 Zl’lsz—FEm—CUzg a-Fe 74 92.1 0.5
~/T 67.4 42 28.4
Al13 Zl’lss—FE]o—Cles a-Fe 8.4 91.2 0.4
~/T 66.8 7.6 25.6
Al4 Zngs-Fe1g-Cuyg a-Fe 9.9 89.7 0.4
/T 7138 8.1 20.1
Al5 Zn64—Fe22—Cu14 a-Fe 11.2 88.5 0.3
v/ 72.0 12.2 15.9
A16 Zngg-Fezs—Cuqy a-Fe 11.8 87.9 0.3
v/ 67.3 18.9 13.8
A17 Zngs-Feyg-Cug a-Fe 129 86.9 0.2
/T 66.4 235 10.2
A18 Zngs-Fe3p-Cug a-Fe 13.5 86.3 0.2
~/T 68.5 23.5 8.1
A19 Zl’lso—Felo—Cu‘m a-Fe 33 95.9 0.8
v 57.5 08 417
B 479 0.6 51.5
A20 Zn40—F610—CU50 a-Fe 23 96.9 0.8
B 442 0.6 552
A21 Zl’l33—FE10—CL157 a-Fe 14 97.7 0.9
B 42.2 0.5 57.3
(Cu) 347 06 64.7
A22 Zl’lzo—FE]o—cum a-Fe 0.7 98.8 0.5
(Cu) 214 0.8 77.8
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Fig. 3. The BSE micrograph of alloy A2 (Zngs-Fe;-Cu;3) at 620°C indicates that it
consists of three phases: m-Zn, 8 and d¢,. (b) X-ray diffraction pattern of alloy A2
(Zngs-Fey-Cuy3) confirms there are m-Zn, dge and d¢, in alloy A2 at 620 °C.

during quenching. WDS analyses indicated that the &g, phase con-
tains 80.2 at.% Zn, 3.9 at.% Fe and 15.9 at.% Cu. The solubility of Cu in
the 8re phase is higher than the result obtained by Avettand-Fénoél
et al. [8] at 460°C. The 8¢, phase contains 76.7 at.% Zn, 3.2 at.% Fe
and 20.1 at.% Cu. The existences of the three two-phase regions,
MN-Zn + 8 (alloy A1), M-Zn + 3¢y (alloy A3) and 8ge + 3¢y (alloy A4),
also confirms that the three-phase region (m-Zn + e + 3¢, ) exists
in 620°C isothermal section.

The compositions of alloy A5-A18 were designed in regions near
the v phase and the I" phase at 620 °C. The microstructure analyses
of alloy A11-A18 showed that all of them comprise two phases
which consist of a-Fe and y (or I'). Backscattered Electron (BSE)
micrograph and phase composition analyses revealed that the two-
phase equilibrium relationship of vy and I' is undetected in alloy
A11-A18. A typical microstructure is shown in Fig. 4a. SEM-WDS
analyses indicated that there are a-Fe and vy in alloy A11, and the
a-Fe phase contains 6.2 at.% Zn, 93.2 at.% Fe and 0.6 at.% Cu, while
the vy phase contains 63.9 at.% Zn, 3.2 at.% Fe and 32.9 at.% Cu. X-ray
diffraction studies confirmed that these phases are indeed o-Fe and

Additional alloys were also designed to study the phase rela-
tionship of the y and I" phases. The compositions of the y phase
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Fig. 4. (a) Two phase, a-Fe and /T, exist in alloy A11 (Zngo—Fe10—Cuso) at 620°C. (b) Eight typical X-ray diffraction patterns obtained from the series of alloys (A11-A18) at
620°C, the peaks of A11 systematically shift to the peaks of A18. Every alloy is composed only of a-Fe and y/I" phases. (c) The lattice parameters (o) with standard deviations

for the y/I" phases containing different amounts of Cu.

(or I') in these alloys are marked in Fig. 1 using quadrilateral (4)
and triangular (a) symbol. The quadrilateral symbol (¢) shows the
alloy situates within the «y (or I') phase region, it means the spec-
imen is a single phase alloy. Their Zn content is slightly lower
than the design composition, which suggests that some Zn was
lost in alloy preparation. The triangular symbol (a) stands on the
phase boundary of the vy (or I') phase. The composition of vy (or
I') almost falls on the extension of the line connecting other phase
(a-Fe, dfe or d¢y) and the point representing the alloy’s composi-
tion in the composition triangle. In general, the Zn content in -y (or
I') is also slightly lower than that calculated using the lever rule.
In the y and I" phases, the Cu contents decrease gradually from
37.4at.% to 2.8 at.%, whereas the Fe contents increase from 1.7 at.%
to 28.1at.% (as shown in Fig. 1), this is a consecutive changing
process.

Brandon et al. [28] studied the crystal structures of binary
phase v (CusZng) and binary phase I" (Fe3Znyq). According to their
research, binary phase «y and I" have the same crystal structure and
similar lattice parameter. Eight typical X-ray diffraction patterns
obtained from alloy A11-A18 are arrayed in Fig. 4b, every alloy
only consists of a-Fe and vy (or I'). The peaks contributed by a-Fe
from these alloys are not obvious, which are found to be shifted to
the right with Zn dissolved into a-Fe. Comparing with the binary
phase v, the peaks contributed by the y phase from alloy A11 shift
slightly to lower angles. The peaks (330) and (600) existing at
diffraction angles 26 =43.297° and 62.882° for binary phase vy have
shifted to 43.102° and 62.595¢ for alloy A11, respectively. Calcula-
tions indicated that lattice parameter a increases from 8.866 A for
binary phase vy to 8.89673 A for alloy A11. This suggests that the
lattice parameter of the y phase increases since Fe is dissolved into
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Fig. 5. (a) The BSE micrograph of alloy A5 (Znss—-Feg-Cu;g) at 620°C indicates that
it consists of three phases: m-Zn, dre and d¢,. (b) X-ray diffraction pattern of alloy
A5 (Znss-Feg—Cuyg) shows the coexistence of the three phases y/I", 3Fe and 8Cu at
620°C.

the phase. Alloy A18 was prepared for I" phase, the X-ray diffrac-
tion peaks of I' phase in alloy A18 have shifted slightly to higher
angles. The peaks (330) and (600) existing at diffraction angles
20=42.672° and 61.933° for binary phase I" have shifted to 42.707°
and 61.987¢ for alloy A18, the lattice parameter a has decreased
from 8.982 A to 8.97519 A compared with the binary phase I". The
lattice parameters of the I" phase decreases with increase of Cu con-
tent in the phase. As shown in Fig. 4b, the X-ray diffraction peaks
contributed by the y phase (or I') shift consecutively from alloy
A11 to alloy A18. Fig. 4c plots the graph of the lattice parameters
(o, with standard deviations) versus the Cu content in the y and I
phases. In a series of the lattice parameters, a linear relationship is
displayed for the lattice parameter decreases with the increases of
Cu content in the 'y and I" phases. The results obtained from this
study indicate that Cu and Fe atoms are mutually interchangeable
in the compounds vy and T', thereby the vy phase and the I" phase
form a continuous solid solution. The result is agree with the early
report by Budurov [9], that the y and I" phases form a continuous
solid solution at 700 °C. In this work, the continuous solid solution
is designated as the y/I" phase.

Observed from Fig. 5a, there are three phases, y/T", the 8. and
dcy in alloy A5. Microstructural observations indicated that both
v/T" and 8pe exist in the matrix of the 8¢, phase, and the deeply

Fig. 6. The BSE micrograph of alloy A19 (Znso-Fe19-Cu4o) at 620 °C indicates that it
consists of three phases: a-Fe, -y and B.

etched blocky crystallites are considered as the &g, phase, in addi-
tion, the compositions of three phases are similar. As shown in
Fig. 1, the 8g phase and the 8¢, phase extend into the ternary
system. The Fe contents of the y/T" phase and the &g, phase are prac-
tically the same 6.5 at.%, however, the y/I" phase contains higher Cu
than the 8g. phase. The 8¢, phase contains slightly less Fe and more
Cu than the y/T" phase. According to Fig. 5b, the peaks contributed
by the 8¢, phase and the peaks contributed by y/T" phase overlap.
Due to the contribution of the 8¢, phase, the intensities of the peaks
(600)and (72 1) are higher. There are y/T", dge and ¢, in alloy A5,
which has been confirmed once again by X-ray diffraction analyses.

SEM-WDS and X-ray diffraction analyses confirmed the coexis-
tence of a-Fe, y and {3 in alloy A19. The BSE micrograph of alloy A19
is shown in Fig. 6. The «y phase contains 57.5at.% Zn, 41.7 at.% Cu
and only 0.8 at.% Fe. The solubility of Fe in 3 phases is 0.6 at.%. Alloy
A20 is in the (a-Fe+[3) two-phase region, and the X-ray diffrac-
tion analyses also declared that the two-phase equilibrium state
exists in the alloy. The analyses of alloy A21 and A22 confirmed
the existence of the three-phase region (a-Fe +f3 +(Cu)) in 620°C
isothermal sections. The microstructure of alloy A21 is shown in
Fig. 7. Three phases, a-Fe, 3 and (Cu), can be easily differentiated

B0 | ——

Fig. 7. Three phase: a-Fe, 3 and (Cu), exist in alloy A21 (Zn33;-Fe;o-Cus7) at 620°C.
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Table 4
Specimens and phase compositions in the Zn-Fe-Cu ternary system at 800°C.

Alloy Designed composition Phase Composition (at.%)
Zn Fe Cu
A2 Zngs-Fe;—Cuys n-Zn 84.5 2.1 134
A3 Znz9-Fey-Cuqg Mn-Zn 784 1.8 19.8
A6 zngo—FEm—CUm a-Fe 22.7 76.8 0.5
mM-Zn 84.1 4.7 11.2
A7 Znzs5-Feqp-Cuys a-Fe 16.5 829 0.6
Mn-Zn 80.9 34 15.7
A8 Zl’l71 —Felo—Culg a-Fe 13.9 854 0.7
mn-Zn 79.8 2.9 17.3
v 69.8 3.6 26.6
A10 Zngs—Fey-Cusy v 65.2 2.2 32.6
All Zngp—Fe19-Cusp a-Fe 10.5 88.8 0.7
v 63.5 2.9 236
Al12 znsz—FEm—CU28 a-Fe 11.9 87.5 0.6
v 66.2 3.1 30.7
A19 Zl’lso—FE]o—CLMg a-Fe 6.8 924 0.8
v 55.5 2.6 41.9
B 48.2 1.4 50.4
A20 Zl’l40—FE10—CLl50 a-Fe 3.7 95.4 0.9
B 431 1.5 554
A21 Zn33-Fe10-Cu57 a-Fe 1.5 97.4 1.1
B 37.6 1.9 60.5
(Cu) 319 1.3 66.8
A22 Zn20-Fe10-Cu70 a-Fe 0.9 98.0 1.1
(Cu) 219 1.2 76.9

from its morphology and chemical compositions. SEM-WDS anal-
yses indicated that the apex of the a-Fe + 3 + (Cu) phases triangle at
the (Cu) phase boundary is approximately 34.7 at.% Zn and 0.6 at.%
Fe at 620°C. The identities of the phases in alloy A21 have been
confirmed by X-ray diffraction analyses.

4.2. The 800°C isothermal section of the Zn-Fe-Cu ternary
system

Twelve alloys were prepared for studying the 800 °C isothermal
section of the Zn-Fe-Cu ternary system. The specimens and phase
compositions are shown in Table 4. Alloy A2 and A3 were annealed
at 800 °C and examined again, the results indicated that they locate
inthe n-Zn single-phase region, and their Fe contents in m-Zn phase
are 2.1 at.% and 1.8 at.%, respectively.

The alloy A6-A12 were annealed for 15 days, then SEM-WDS
and X-ray diffraction analyses revealed that the phase relation-
ships of the a-Fe phase, the m-Zn phase and the vy phases. The
a-Fe phase coexists with the m-Zn phase in Alloy A6 and alloy A7.
The Fe solubility of the m-Zn phase in alloy A6 and A7 is 4.7 at.%
and 3.4 at.%, respectively. The solubility increases with the increase
of the temperature and the decrease of Cu content in the m-Zn
phase. The maxima solubility is 8.4 at.%, which lies on the Zn-Fe
axis. SEM-WDS and X-ray diffraction analyses revealed the alloy
A8-A9 consists of a-Fe, n-Zn and +y. The y phase contains 69.8 at.%
Zn, 3.6 at.% Fe and 26.6 at.% Cu in alloy A8. It extends to the Zn-Fe-
rich side in the 800 °C isothermal section. Based on the formation of
the y/T" continuous solid solution with at 620 °C, this trend was rea-
sonable. The y single-phase alloy A10 and the two-phase alloy A11
and A12 (a-Fe +y) also confirms the extension of y phase boundary.

The phase relationships in alloy A19 and A20 at the 800°C
isothermal sections are in full agreement with that at the 620°C
isothermal sections. The BSE micrograph of alloy A19 at 800°C is
shown in Fig. 8. It confirms the coexistence of a-Fe, y and {3 in
alloy A19. The sample was deeply etched using aqueous solution
mixed ferric chloride and hydrochloride. Because of its low relief,
the +y phase is easy to identify compared with the one in Fig. 6.
The y phase at 800 °C contains 55.5 at.% Zn, 41.9 at.% Cu and 2.6 at.%
Fe, it contains more Fe than that at 620 °C. The solubility of Fe in

Fig. 8. The BSE micrograph of alloy A19 (Znso—Fe9—Cuyo) at 800 °C indicates that it
consists of three phases: a-Fe, y and B.

3 phases at 800°C is also higher than that at 620°C, it increases
from 0.6 at.% to 1.4 at.%. SEM-WDS and X-ray diffraction analyses
declared that alloy A20 locates in the (a-Fe + 3) two-phase region
at 800°C. The analyses of alloy A21 and A22 also confirmed the
(a-Fe + 3 +(Cu)) three-phase region exists in the 800 °C isothermal
section. The microstructure of alloy A21 at 800°C is ultrafine dif-
ference compared with that at 620 °C. But the (Cu) phase contains
31.9at.%Zn, 1.3 at.% Fe and 66.8 at.% Cu at 800 °C, the solubility of Fe
in (Cu) phases is higher than that at 620 °C. Alloy A22 stands within
the (a-Fe +(Cu)) two-phase region, and its X-ray diffraction anal-
yses also confirmed that the two-phase equilibrium state exists in
the alloy.

5. Conclusion

Based on the SEM-WDS and X-ray diffraction analyses of ternary
alloys, the phase relationships of the Zn-Fe—Cu system at 620 °Cand
800°C were determined in this study. The following findings can
be concluded from this work:

1. Four three-phase regions have been identified in the Zn-Fe-Cu
ternary system at 620°C, and three three-phase regions have
been confirmed in the Zn-Fe—Cu ternary system at 800°C. The
o-Fe phase coexists with the y phase and the 3 phase at 620°C
and 800°C.

2. The Fe solubility in m-Zn increases with the increase of the tem-
perature and the decrease of Cu content in m-Zn phase, the
maxima solubility is 8.4at.% at 800°C. The solubility of Fe in
[ and (Cu) at 800°C is about 1.9 at.% and 1.3 at.%, respectively.
Corresponding solubility at 620 °C are lower than that at 800 °C.

3. The y and I phases form a continuous solid solution at 620°C,
which was designated as the y/T" phase. The lattice parameters
of the y/I" phase increases with increase of Fe in the y/T" phase.
The a-Fe phase and the y/I" phase form a two-phase region.

4, Binary phase &g and 8¢, extend into the ternary system at
620°C. The phase coexistent relationship of the y/T', dg and
dcy has been confirmed, their compositions are very similar, the
three-phase triangle of (y/I" + 8ge + 8¢y ) was small and narrow.

5. Binary phase v extends to the Zn-Fe-rich side at 800°C. The
lowest Cu content is about 27.6 at.% and the highest Fe content
reaches to 3.6 at.% in the vy phase.
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