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Abstract: The solidification curves of AF8. 5Fe, AF8.5Fe1.7Fe, AF8.5Fe 1. 7St 1.3V alloys were examined by DT A

under the condition of slow cooling rate, the phase constitutes were examined by OM and XRD. The results show that,

under slow cooling rate, the phases in AF8. 5Fe alloy are mainly a( Al) and Al;sFes, the phases in AF8. 5Fe 1. 7Si alloy
are mostly a( Al), AljzFes, o AlFeSi, B-AlFeSi, and comparing to AF8. 5Fe 1. 7Si alloy, no other phases form in the
AF8.5Fe 1. 3V-1.7Si alloy, but the chemical compositions of the phases are changed and the thermal stability of acAlFe
Si phase and B AlFeSi phase is improved, due to the partial substitution of V for Fe atoms. The phase formation was cal

culated by Thermo calc software at equilibrium condition, the calculated results were agreement with the experimental re-

sults.
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1 INTRODUCTION

It is an important characteristics that there are
lots of excellent thermal stable phases in rapid solidi-
fied heat resistant Al alloys!"™® . Strengthening phas-
es in these alloys must have good stabilization of
structure and heat-resistance. In the heat resistant Al
alloys, there is mutual interaction between the alloy
elements and Al matrix, which yields different effects
Generally,
some adding elements with low diffusion coefficient

on the microstructures and properties.

and limited solid solution in the aluminium can form
intermetallic compounds with high heat-resistance,
and aid to improving heat-resistance of Al alloys.
When designing these alloys, it is a complex and dif-
ficult work to choose theoretically suitable phases
with excellent heat-resistance. In fact, we often ana
lyze qualitatively by means of equilibrium thermody-
namic theory, and add Ti, V, Cr, Fe, Mo, Zr, Co,
Ni, Nb, etc into Al alloys experimentally, so as to
obtain some excellent heat-resistant phases, and to
prepare heat-resist Al alloys with high stabili
ties! " '

In this paper, the purpose is to analyze struc
tures and constitutes of second phases in AF8. 5Fe,
AF8.5Fe 1. 7Si, AF8.5Fe 1. 7Srl. 3V alloys pre
pared at slow cooling rates, and their solidification
curves calculated by Thermo-calc software. As a basic
research, it will assist with improving microstructures
and mechanical properties of rapidly solidified heat-re-
sistant Al alloys.

2 THEORETICAL CONSIDERATION

In the ternary AFFe-Si system. the liquid. FCC
(Al), BCC-A2(Fe), diamond(Si) phases are treated
as substitution solutions, with the Gibbs energy ex-
pressed as! '

Gu= x NG xF Gt x5 Csi+

RT ( x allnx a1+ % pelnx pet xsilnxg;) +

Cot "G, (1)
where °G [ is the molar Gibbs energy of the element
i(1= Al, Fe, Si)with the structure @ in a nonmag-
netic state. The term™ G, is the excess Gibbs energy,
expressed in Redlich-Kister polynomial,

n
@ V. ® ;
G m= % AL Fe ZLALFe(xAl— xre) +
j= 0

n
Jy @ 1
% A% Si ZLAL si( xa1— xsi) +
j=0

n
X Si% Fe ZO‘/L l??e, si( xFe— xsi)) +
j=
X a1 Fex siL AL Fe, si (2)
where 'L /?L Fe L jﬁ, si, 'L fi, si are the binary interac
tion parameters taken from the constituent binary
systems, and LA re siisa ternary interaction param-
eter with the following form:
LA, ve 5= $AULAL Fe sit ¥re' L AL Fe, sit
XL AL Fe si (3)
where ‘L jﬁ, Fe, si= a+ bT, and a and b are model
parameters to be evaluated from experimental infor-
mation.
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Fe exhibits antiferromagnetic ordering in the
FCC phase and ferromagnetic ordering in the BCC-A2
phase. The magnetic contribution to the Gibbs energy
A" G is described by the expression:

A" G o= RTIn( B+ 1)f (T (4)
where T= T/T¢, T is the critical temperature for
magnetic ordering, i e the Neel temperature ( T y) for
antiferromagnetic ordering in the FCC phase, and the
Curie temperature( T'¢) for ferromagnetic ordering in
the BCC-A2 phase; B is a quantity related to the total
magnetic entropy and, in most cases, is equal to the
Bohr magnetic moment per mole of atoms. The term
S () represents a polynomial obtained by Hillert and
Jarl.

There are four stable intermetallic compounds in
the AFFe system, i.e. AlsFe,, ALFe, AlsFesand 6.
They are modeled using so-called compound energy
model. There is no intermetallic compound in the AF
Si system. The compounds AlsFes and 0 are modeled
with finite solubility ranges; AlsFe, and AlLFe are
modeled as stoichiometric phases. In the present
work on the AFFe Si system, all binary intermetallic
compounds, except 0, are treated to have no solubili-
ty of the third element due to lack of experimental in-
formation. The 0 phase is treated with a three-sub-
lattice model in the AFFe binary system, i e.
Alo. 627 sFeo. 235 ( Al, Va)o 1375, where Va stands for
vacancy. In the present work, Si is assumed to dis-
solve in the third sublattice, 1. e. Aly 67 5Fep 235( Al,
Si, Va)o. 1375, since the measured solubility of Si in
the compound is within the composition range of this
model. Its Gibbs energy function is written as

Gh= _’y}{IlIO G % Fe sit }’SIiHO G A ve si+

YV G ft pe si+ 0. 1375RT (y Allny A+

My 10, M. I
ysilnysi+ yvalnyv,) +

yAI}’VaL AL Fe Al, Vat

}fAlyleAl Fe Al, Sit yslyvaLAl Fe s Va (3)

w here y,- Tstands for the site fraction of j elements
(j= Al, Fe, Si) in the third sublattice and
©arrex= 0.627 5°G 4T+ 0.235 0" G+

0.137 5°Gx+ a+ bT (6)

with X being Al, Fe or Va, and’Gy,= 0. The term

@ is FCC for Al and diamond for Si. The term

L arve i, j represents the interaction between the ele-

ments ¢ and j in the third sublattice, expressed in

Redlich-Kister polynomials.

In the ternary AFFe Si system, some ternary

a and B are

Y and O are

modeled as stoichiometric phases. The Gibbs energy

compounds will be considered( Table 1) .
modeled as semistoichiometric phases,

expression for any of the stoichiometric compounds is
written as:

Al'Fe'si’ 0 ~FCC BCC, 0 i
ALFeSi = & GAT + y G+ z2°GS+ a+ bT

(7)

and, for any of the semistoichiometri( compounds as:
Gas"E AL Bl o ym G at Fe si A1+
O G At Fe si si+
wRT (yﬂlny}\\[# ySI}ZySIY) +
yﬂy FL arve s AL Si (8)

where  °Gap resi a1 and® G ar ve sisi are expressed as
G arve st a1= (x+ w)OGFCC OG§5C+
2°GE+ a+ bT (9)
"Carresisi= 2 GAr+ ¥ GR+

(z+ w)°G&+ a+ bT (10)
and L arre si Al si represents the interaction between
Al and Si in the fourth sublattice,
Redlich-Kister polynomials.

expressed in

Table 1 Ternary intermetallic compounds
in AFFe Si system

Name Model Crystal structure
a Aly. 66Feo. 195i0.05( Al, Si)o.10  Hexagonal
B Aly. sosFep. 152510, 10( Al, Si)o.1s  Monoclinic
Y Alo. 635F €0, 205Si0. 16 M onoclinic
& Aly. 49Fep. 16510, 35 T etragonal

3 EXPERIMENTAL

Master alloys of AF8. 5% Fe, AFS8. 5% Fe
1.7%Si, AF8. 5% Fe- 1. 7% St1. 3% V ( mass frac
tion%) were prepared with pure aluminum
(99.99%), pure iron (99.99%), pure silicon
(99.99%), and Fe50% V alloy.

DTA curves of the AFFe, AFFeSi, AFFe V-Si
alloys were examined by TAS100 under continuous
cooling regime from 1 000 C to room temperature at
cooling rate of 20 K/min. The second phases are -
dentified in an XD98X X-Ray diffrationmeter with
monochromatic CuKq radiation( mean wavelength be-
ing 1. 5405 U) over a 20 angle range of 20°~ 80° at a
step of 0. 03°.

4 RESULTS AND DISCUSSION

4.1 Calculated solidification curves

The solidification curves of AFFe and AFFe Si
alloys were calculated by those models in Thermo-cale
software, as shown in Fig. 1. In AFS8.5Fe alloy,
there are two phases, AlizFes and a(Al). In Ak
8.5Fe1.7Si alloy, there are a ( Al), AlizFes,
acAlFeSi, B-AlFeSi and Si, and the precipitation se-
quence of the five phases is Alj3 Fey - a( Al) -
AlFeSi B-AIFeSi™ Si.

4. 2 Differential thermal analysis
diffraction

The characteristic data on the DT A curves of Al

8. 5Fe, AF8.5Fe 1.7Si, AF8. 5Fe 1.3V -1.7Si alloy

XRD patterns of

and X ray

are summarized in Table 2.
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Table 2 DTA data of AFFe system alloys

First peak area/ C

Second peak area/ T

Third peak area/ 'C  Fourth peak area/ C

Alloy
Begin Peak Final Begin Peak Final Begin Peak Final Begin Peak Final
AL8.5Fe 845 835 700 650 640 620
AF8.5Fe1.7S1 835 823 735 627 623 555 555 550 530 530 527 520

AF8.5Fe1.3V-1.7Si

787.5 177 750 647 637

610 610 600 583 583 577 567
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Fig. 1 Solidification curves of AF8. 5Fe
and AF8. SFe 1. 7Si alloys
(a) —AF8.5Fe; (b) —AF8.5Fe1.7Si
1 —Liquid; 2 —Al;3Fes, liquid;
3 —Al;sFes, FCC-AL liquid;
4 —Alj3Feq, FCC-AL, a( Al) FeSi, liquid;
5 —a AlFeSi, FCC-AlL liquid;
6 —a AlFeSi, B-AlFeSi, FCC-Al, liquid;

7 —B-AlFeSi, FCC-AL liquid;
8 —B-AlFeSi, diamondA4, FCC-Al

the three alloys are shown in Fig.2. In the AF
8. 5Fe alloy, a(Al) and Aliz Fes equilibrium phase
can be detected. In both AF8.5Fe1.7Si and AF
8. SFe1. 3V-1.7Si alloys, there are four kinds of
phases. Besides a( Al) and Al;3Fes phases, AlsFexSi
and Al3FeSi equilibrium phases exist in the AF8. SFe
1. 7Si alloy. AlgFe;Si lies in the concentration region

of arAlFeSi phase while Al;FeSi in that of B-AlFeSi.

[ ] ® A — a(Al)
9 Al|3FC4
& — fF -AlFeSi
*+ —qa-AlFeSi o
[ ]

[ |
Y
20 30 40 50 60 70 80

28/(“)

Fig.2 XRD patterns of three alloys
(a) —AFFe; (b) —AFFeSi; (¢) —AFFe V-Si

The experimental results match well with the ther
modynamics calculation, except that the precipitation
temperature is a little lower. But Si phase is not
found in AF8. SFe 1. 7Si, perhaps because its amount
is too small. The thermal stabilities of AlgFe,Si and
AlzFeSi are improved by adding V into AFS8. 5Fe-1.

7Si, without changing the phase structures.

4.3 Optical microscopy

OM microstructures of AFS8.5Fe, AFS8.5Fe
1. 7Si, AF8.5Fe 1. 3V-1. 7Si are shown in Fig. 3. At
slow cooling rate, lots of needlelike Alj3Fes exist in
the AF8.5Fe alloy. Besides needle-like Alj3Fes,
many block particles of o AlFeSi phase and needle of
B-AlFeSi phases exist in AF8.5Fe1.7Si and Al
8.5Fe1.3V-1.7Si alloys. It is difficult to identify
AljsFes and B-AlFeSi from the appearance of phases.

Fortunately, Siis found in the AF8. 5Fe-1. 3V-
1. 7Si sample, as shown in Fig. 4. Generally, Si is
easier to dissolve into Al melt than Fe and V, so it is
forming during solidification. Perhaps the amount of
Si is too small, it can not be detected by X-ray
diffractometer.

S CONCLUSIONS

At slow cooling rate, the phases in AF8. 5Fe al-
loy are mostly a( Al) and Alj3Fes, the precipitatr
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Fig. 3 Maicrostructures of three alloys at slow cooling rate
(a) —AF8.5Fe; (b) —AF8.5Fe1.7Si; (¢) —AFS.5Fe 1.7Sr1.3V

Fig. 4 Siin AF8.5Fe 1. 3V-1. 7Si sample

(at heading of arrow)

on sequence is AljsFes ~ a(Al); in AF8. 5Fe1. 7Si
alloy, phases are a(Al), AlizFes, AlFeSi and
B-AlFeSi, the sequence is AlisFes  orAl” a( Al) Fer
Si~ B-AIFeSi ~ Si; in AF8.5Fe1.3V-1.7Si alloy,
comparing to AF8. SFe-1. 7Si alloy, the precipitation
sequence and the structure of phases are not changed
by adding V, the contents of phases are changed by V
substituting some of Fe, increasing the heat-stabiliza-

tion of aAlFeSi and B-AlFeSi.
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