Vol. 11  Ne 2

Trans. Nonferrous Met. Soc. China

Apr. 2001

[Article ID] 1003- 6326(2001) 02— 0166— 07

Microstructural characteristics of intermetallic phases in
spray deposition AF8. SFe-1. 3V-1. 7Si alloy®

JIN Townan(4:3k5%) "2, XIAO Yude(  T45) !, LI Wenmrxian( Z23CHR) ',
YIN Zhrmin( FHER) !, LI Dowrxing( 253} 4) 2
(1. Department of Materials Science and Engineering, Central South U niversity,
Changsha 410083, P. R. China;

2. Laboratory of Atomic Imaging of Solids, Institute of Metals Research,
Chinese Academy of Sciences, Shenyang 110015, P.R. China)

[ Abstract] Analysis electron microtechnique (AEM) and high resolution electron microtechnique (HREM) studies were

conducted on a spray deposition AF8. 5Fe 1.3V-1. 7Si( mass fraction, %) alloy to determine the characteristics of the in-

termetallic phases. The results show that the striking characteristics of the microstructures in as deposited and as extruded

alloys indicate the presence of a large amounts of homogeneously distributed fine particles and a few coarse particles, while

small amount of eutectics consisted of a(Al) and a AlFeSi are found in local zone in as deposited alloy. The fine particle is

identified to be bee o AlFeSi phase, and the coarse particles are monoclinic & Alj3Fey equilibrium phase, bee o AlFeSi

phase and newly found hexagonal h-AlFeSi metastable phase. In o Alj3Fes, stacking faults on ( 100) and (001) plane

and microtwin on ( 100) twinning plane are frequently observed. The extra reflection spots in o AlFeSi reflection pattern

can be induced by o AlFeSi superstructure. The hexagonal metastable phase transforms to bee phase, and the composr

tions of two phases are very similar. A close crystallographic orientation relationship between hexagonal and bce phases are

determined, and HREM image shows that the interface between them is coherent.
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1 INTRODUCTION

Rapidly solidified ( RS) AFFe V-Si heat-resist-
ing alloy has recently drawn much attention in astron-
avigation and aviation field for its excellent mechani-
cal properties at both ambient and high temperatures,

low density and low cost!'™ .

Previous studies
showed that the main cause for maintaining enough
strength and toughness of the alloy lies in the disper-
sive strengthening phase arAlFeSi with low coarsen-
ing rate and high thermal stability. Therefore, most
work concentrates on the formation of fine and homo-
geneous O AlFeSi phase with large volume fraction
and fine-grained matrix with supersaturated solute
through RS technique, including casting, melt atom-
izing etc. Although the properties of the material pre-
pared by spray deposition are not good enough due to
low cooling rate, small amount and large sized disper-
soids, this method has potential in industry applica-
tion for its simple process and high efficiency'*!.

In order to obtain aAlFeSi phase of large vol-
ume fraction, high contents of Fe, V and Si elements
are added to form AFFe, AFFeSi metastable and e
quilibrium phases with complex structure, for exam-
ple, 6-Ali3Fes equilibrium phase, micro-quasicrystal

phase, icositetrahedron phase and newly found

%/, These phases will

hexagonal metastable phase'™
make the distribution of o AlFeSi particles inhomoge-
neous, and worsen the stability of the material struc
ture. This work aims at studying the structure char
acteristics and interface orientation of various phases
in as-deposited and asextruded AFFe V-Si alloy by
electronic microscopy, providing theoretical basis for

the improvement of material properties.

2 EXPERIMENTAL

Firstly, AFFe, AFFeV, AFSi intermediate al-
loys were smelt in medium frequency induction fur-
nace, then they were further smelt into a master alloy
with nominal composition of AF8.5Fe-1.3V-1.7Si
(mass fraction, %) in an industry furnace. With
selfFmade equipment, the alloy melt was atomized at
900 C by nitrogen and deposited into a d250 mm
cylinder. The cylinder was then hot extruded at
470 C with an extrusion ratio of 16: 1. In order to
study the solidification morphology of the melt, a
3mm-thick sample was deposited and observed by
JSM-6310F SEM at an accelerated voltage of 20k V.
Samples were cut from the asdeposited and asex-
truded bar for TEM observation, and the foils were
prepared by ion

thinning.  Electron diffraction
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(SAED) and high resolution image (HREM) were
observed by JEOL-2010 electron microscope at an ac-
celerated voltage of 200 kV; and X-ray energy spec
trum analysis ( EDAX) was finished on EDAX-9100

instrument at an accelerated voltage of 100kV.
3 RESULTS AND DISCUSSION

3.1 Phase morphology and composition

The original morphologies of the atomized melt
after depositing and solidification are shown in Fig. 1.
Fig. 1(a) and Fig. 1(b) are the secondly electron
(SE) images of the deposit face and lateral face re-
spectively. The flakelike particles indicate that the
melt solidifies after depositing. Fig. 1(¢) and Fig. 1
(d) show the TEM images of as deposited sample.
There are a large amount of fine spherical dispersoids
(about 50 nm) and few coarse particles (Fig. 1(c))
homogeneously distributed, and in some area there
appears eutectic microstructure (Fig. 1(d)).

In asextruded alloy, its original eutectic mi
crostructure is broken, but there is little variation in
the morphology, size and distribution of coarse and
fine dispersed particles, as shown in Fig. 1(¢). By
EDAX and SAED, it is found that most fine particles
are bce aAlFeSi phases, the eutectic structure con-
sists of a( Al) solid solution and o AlFeSi phase, and

the coarse particles can be divided into three types of
phases, whose chemical compositions are listed in
Table 1. Although there are V and Si elements in &
AljsFeq phase, it still belongs to binary phase and V
and Si are just dissolved in it. At the same time,
there is V element dissolved in the two ternary phas
es. Usually V substitutes for Fe atom because they
have similarity in atomic physical properties!”. Table
1 also indicates that it is difficult to distinguish the
three phases by EDAX because their compositions are
almost the same.

Table 1 Chemical compositions of

coarse particles by EDAX (%)

Phase x(Al)  x(Fe) x(V) x(Si)
B AljsFey 76.13  22.27 0.42 1.18
a AlFeSi 76.57 15. 61 1.93 6. 19
h- AlFeSi 76.36  15.91 1.84 5.87

Phase structure
1 O-Al;3Fes phase
O-Al;3Fes phase is a common equilibrium phase

3.2
3. 2.

in AFFe base alloy with flake-like shape. Its structure
was C2/m determined by X-ray diffraction primari
1y'*% Fig.2 shows [ 010] and [ 001] electron

diffraction patterns of O-AljsFes phases. Indexing

ol N e

Fig. 1 SEM micrographs of deposit in horizontal section (a) and vertical section (b), TEM images of
intermetallic phases (¢) and fine eutectic phases (d) of as deposited sample
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results show that the diffraction forbidden condition
of h+ k= 2n+ 1 is satisfied and the monoclinic angle
can be directly obtained from Fig. 2(a) (its lattice
structural parameters are listed in Table 2), which
coincide with that of X-ray diffraction pattern.

Table 2 Crystal structure of intermetallic phases

Phase Bravais lattice Lattice Space
parameters group
a= 1.549 nm
C-centered b= 0. 808 nm
ralnle monoclinic c= 1.248 nm 62 m
B= 107.75°
GAlRS]  podveetersd . s%6nm  Imd
cubic
a AlFeSi Rhombohedral af 3.076 nm Rg
superstructure = 3.26 nm
a= 2.795 nm
_ : C- centered b= 3.062nm
oS AlFEs monoclinic c=2.073nm €2/ m
B= 97.74°
_ . a= 2.514nm
h-AlFeSi Hexagonal é= 1. 257 nm P6/ mmm

Another apparent characteristic of O-Aljz Feq
phase is high content of twins and stacking faults.
From Fig. 2(a), it can be deduced that the twinning
face is (100) plane. The line patterns induced by
faults and micro-twins are parallel to [200]° and
[001]" reciprocal vector, which means that the
faults and micro-twinning face may be two types:
(100) and (001). Fig. 3 shows the crystal lattice of
& AlisFes phase along [ 010] direction. There are a
large number of faults and microtwins, dividing the
crystal into small domains of several to tens nanome-
ter. The displacement of every two domains is about
half the lattice distance, indicating that the fault vec
tor is a/2[ 100] or ¢/2[ 001].

3.2.2 «aAlFeSi phase

Cubic arAlFeSi phase is the main strengthening
phase in AFFe V-Si heat-resisting alloy. Most phase
is near spherical with size of 50 nm dispersing in the
alloy, while some irregular coarse acAlFeSi particles
also exist (as shown in Fig. 1(c)). Fig. 4 is the elec
tron diffraction pattern of arAlFeSi phase. According
to the crystal structure reported by Cooper! """
AlFeSi phase has two types of space lattice: primary
cubic Pm3 and bee Im3. By indexing, the diffraction
patterns in Fig. 4 belong to bece structure. No simple
cubic @ AlFeSi phase was detected in this work.

By the intensity distribution of the diffraction
spots in the [ 111] direction, aAlFeSi phase shows
3fold rotation symmetry (Fig.4(c)), but in the
[001] direction only 2-fold rotation axis and mirror
symmetry exist and no 4-fold rotation symmetry ex-
ists (Fig. 4(a)). Distribution of diffraction intensity
also shows that the intensity of all the ( hkl) diffrac
tion in the same ( hkl) crystal group is not equal,
e.g. (530) and (350), (532) and (523). Detailed
observation shows that the ( hkl) index can only ex-
change cyclically, not randomly. The above diffrac
tion characteristics are correlated to Im3 space group
of low symmetry. Fig.4 also indicates that the
diffraction of some {530}, {532} and {600} is very
strong, which is related to the crystal structure of
a AlFeSi phase. According to the bond energy calcu-
lation of empirical electron theory[ 21 ¢530), (532)
and (600 ) are strong bonding orientations in
a AlFeSi phase, hence the lattice face perpendicular
to these orientations shows strong diffraction.

3.2.3 aAlFeSi phase superstructure

As shown in Fig. 5, some bee o AlFeSi particles
exhibit extra spots. Dons' " thought that these extra
diffraction spots are induced by ar-AlFeSi phase,
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which has a C-centered monoclinic structure and the

Fig. 2 SAED patterns of 6-Al;3Fes phase along different zone axes
(a) —={010]: (b) —{001]
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Fig.4 SAED patterns of aAlFeSi phase along different zone axes
(a) —{001]; (b) —{110]; (c) —{111]

three basic axes are a= [ 120]pe., b= [ill]bcc and

c= 1/2] 1I3] bee (as listed in Table 2). Liu et al 14!
studied the extra diffraction of & AlFeSi phase by
convergent beam electron diffraction and EDAX, and
found that an o AlFeSi superstructure phase forms

with a space group of R3, in which the ordered Fe
atom vacancy in the bee o AlFeSi makes the move
ment cycle of bee lattice along (111 Yee and €112 M
direction increase by three times. Both the above two
structure models can be used to index the extra
diffraction spots in Figs. 5(d) ~ (g) coincidentally by
itself, but they have shortcomings. The diffraction
patterns of some axes are not coincidental by the for-
mer model 'Y , and no threetime ( 111)pe. and
(112) pee face arrangement cycles were observed in o

AlFeSi crystal lattice expected by the later model.
Fig. 5(c) shows the diffraction pattern with two varr
ations of the superstructure.
3.2.4 h-AlFeSi metastable phase

Hexagonal metastable phase was newly found by
Koh et al'® in RS AFFe V-Si alloy, and its formation
was related to the undercooling of the melt. Its space
group is P6/ mmm, and lattice parameters are a =
2.514nm and ¢= 1.257nm, but its composition,
atomic type and distribution were not determined yet.
T his metastable phase was also observed in this work.
Fig. 6 shows its electron diffraction pattern, which is
perfectly coincidental to the structure parameters re-
ported by Koh. EDAX results in Table 1 show that

the composition of the hexagonal phase is very close
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Fig. 5 SAED patterns with extra reflections in bee o AlFeSi phase
(a) —{111]pees (b) —{311] o5 () —Extra reflections from two variants of superlattice phase;

(d) and (f) —Schematic diagrams of monoclinic lattice; (e) and (g) —Schematic diagrams of rhombohedral superlattice
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Fig. 6 SAED patterns of h-AlFeSi hexagonal phase along different zone axes
(a) < 1120]; (b) —{ 1123]; () —{0111]; (d) —{ 0001]
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to that of bece acAlFeSi, so it is called as h-AlFeSi
phase in this paper. By close observation, the trans-
formation of h-AlFeSi to bece aAlFeSi can be found
in Fig. 7, proving that this phase is metastable. The
above results indicate that there is a structural rela
tionship between the phase structure of h-AlFeSi and
bee AlFeSi. By comparing Fig. 4( ¢) and Fig. 6(d), it
can be found that the strong diffraction spots of the
two phases are coincidental, hence their structure

Hexagonal phase

units are probably the same. Therefore, it is possible
to deduce the crystal structure of h-AlFeSi by com-
paring the HERM of the specific orientation of the
two phases and simulating the hexagonal structure us-
ing the structure unit of aAlFeSi.

3.3 Orientation relationship between a-AlFeSi and
h-AlFeSi phases

Fig. 7 shows the transformation of h-AlFeSi to
bee arAlFeSi. It can be seen that bee phase grows
preferentially on the six prismatic faces of the hexago-
nal phase. Fig. 8 shows the composite diffraction and
its illustration. By determination, these diffraction
patterns indicate the same orientation relationship.
The index transformation matrix of parallel relation-

ship is
u U h U
v =Nl V|, |kl=N"V (1)
w1 14
1 1 0
N=|173 -1.73 0
0 0 1

The orientation relationship between two phases
is: (001)pee Il (0001) hex, [010]pee I [ 11007 hexs

[ 100] bee Il [ 1120] b
Fig. 9 is the HREM of the phase interface of
h-AlFeSi and bee phases , the electron beam is along

Or-—1Q HOH 10O+ 00
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Fig.8 Composite SAED patterns of bee and hexagonal phases with their schematic diagram
(a) and (d) —{0001] hex Il [001] pee; (b) and (€) — 1120] hex Il [ 100] pee; () and (£) — 1123] pex Il [ 201] pec
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Fig. 9 HREM image of interface of hexagonal and bee phases in [ 0001] pex or [ 001] e orientation

[ 001] pee and [ 0001] pex direction. It can be seen that
the phase interface belongs to (010) b of bee phase or
(1100) ey of hexagonal phase, and in the interface,

[1120]hex= 2[ 100] bee, indicating that the interface
between o AlFeSi and h-AlFeSi phase is perfectly co-
herent.

4 CONCLUSIONS

1) There are a large amount of bee e AlFeSi dis
persoids with size of 50 nm and small coarse particles
in the as deposited AF8. SFe- 1. 3V-1. 7Si heat-resist-
ing alloy. After the subsequent hot working, the size
of the dispersoids has not changed. The coarse parti
cles include &Alj3Fes equilibrium phase, hexagonal
h-AlFeSi metastable phase and o AlFeSi phase.

2) There are a large number of stacking faults
and microtwins in 6-Alj; Feqy phase, and some o
AlFeSi particles show superstructure.

3) The hexagonal h-AlFeSi metastable phase
transforms to bee o AlFeSi phase, and their chemical
compositions are almost the same.

4) There is strict orientation relationship be-
tween hexagonal h-AlFeSi metastable phase and bce

aAlFeSi phase: (001) e I 0001 ey, [010] hee I [ 11
00] hex» [ 100] pee I [ 1150] hex, and their phase inter-

face is coherent.
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