JOURNAL OF MATERIALS SCIENCE35 (2000)5389— 5400

Effect of rare-earth oxide(CeO>) on the
microstructures in laser melted layer

Y. M. ZHANG

The Graduate School of Natural Science and Technology, Okayama University, 3-1-1
Tsushima-naka, Okayama 700-8530, Japan, Department of Mechanical Engineering,
Okayama University of Science, 1-1 Ridai-Cho, Okayama 700-0081, Japan,; Luoyang
Institute of Technology, Luoyang 471039, People’s Republic of China

E-mail: zhang@mater.mech.okayama-u.ac.jp

M. HIDA
The Graduate School of Natural Science and Technology, Okayama University,
3-1-1 Tsushima-naka, Okayama 700-8530, Japan

H. HASHIMOTO, Z. P. LUO
Department of Mechanical Engineering, Okayama University of Science, 1-1 Ridai-Cho,
Okayama 700-0081, Japan

S. X. WANG
Luoyang Institute of Technology, Luoyang 471039, People’s Republic of China

The effect of rare-earth oxide (CeO,) on the microstructures in laser melted layer has been
studied via X-ray diffraction analysis and transmission electron microscopy techniques. It is
shown that in the laser melted layer, the primary crystallization y -(Fe,Ni) phase is changed
from 3.0 um to 1.5 um in average size after the addition of rare-earth oxide; while in the
eutectic structure, granular CeNigSis phase is identified in the CeO,-addition sample except
for the primary crystallization y -(Fe,Ni) phase and laminar Fe3B phase which appear in the
Ce0,-free sample. Electron microscopical evidences show that quantities of W-rich phases
with the molecular formula of (Cr,W);C3, are found in the CeO,-addition sample, it is of
orthorhombic structure with lattice parameters of a=0.494 nm, b =0.732 nm,
c=1.355nm. © 2000 Kluwer Academic Publishers

1. Introduction loys since their incipient application to steels in 1950
The laser surface melting method is one of the techf15]. The rare earth elements can make effects on the
niques available that may improve the surface propersolidification process and microstructures, decrease the
ties of the alloys while keeping their bulk properties alloy melting points, and always form rich compoundin
intact [1-5]. By using a high-power laser beam, a thineutectic structures [15, 16]. At present, preliminary ap-
surface layer of metals and alloys can be melted. Sincplications of rare-earth elements have been used on the
the melting occurs rapidly and only at the surface, thémprovements of surface, in these applications, most
bulk of material remains cool, thus serving as an infiniteworks are on the properties of alloys [17], few study
heat sink. As large temperature gradients exist acrossf microstructures is reported in the improvements of
the boundary between the melted surface region and theurface.
underlying solid substrate, which results in rapid self- In this paper, we study the effect of RE oxide on
guenching and the solidification. The structures carthe microstructures in laser melted layer by transmis-
be of fine-grained nature because of the rapid quenchion electron microscopy (TEM) and X-ray diffraction
from the liquid phase. The types of microstructures(XRD) techniques. Such a study will help understand-
observed include super-saturated solutions, metastabileg of the growth mechanism of RE phase formed in
crystalline phase and metallic glasses [6]. Due to laselaser rapid melting and solidification.
rapid melting and solidification, the microstructures
and the properties of laser melted layer may be im-
proved substantially. Many investigators have studie®. Experimental materials and methods
the microstructures and the properties of laser melte@.1. Experimental materials
layer of various kinds of metals and alloys [7-14]. The self-melting alloy powder NiCrBSi with grid of
The rare earth (RE) elements are widely and succes#300 was used in this experiment, its alloy composi-
fully used in varieties of area, such as superconductingjon is: Crl7, B4, Si4, Fel2, C1.0, and Ni balance (in
materials, fluorescent materials, permanent magnet awt%). Additional WC (20 wt%) powder was added to
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Laser beam The X-ray diffraction was carried out on a PW 1700
X-ray diffractometer. The energy-dispersive X-ray
spectroscopy (EDS) analysis was made on a JEOL JEM
2000F X transmission electron microscopy. TEM obser-
vation was carried out using a JEM 4000EX with the
resolution of 0.17 nm at 400 kv.

3. Results and discussion

3.1. X-ray diffraction analysis

Fig. 2a and b show the XRD results of (NiCrBS&i
WC) and (NiCrBSH WC + 4wt%CeQ) coating lay-
ers, respectively. From Fig. 2a, five phases are iden-
tified. While after the addition of CeQas shown in
Fig. 2b, CeNi§Sis phase (face-centred cubic lattice,
a=1.115 nm) is newly found. Table I indicates the lat-
tice types and parameters of phases in both alloy coat-
Figure 1 Schematic diagram of laser beam scanning across a solid surj-ng layers. Some peaks with= 0.94 nm_’ 0.4683 nm,
face, showing the geometry of the experiments. 0.4155nm, 0.3121 nm and 0.1497 nm in the Gdé@e
sample, andl = 0.9332 nm, 0.4666 nm, 0.4142 nm,
0.4031 nm, 0.3114 nm and 0.1699 nm in the geO
fddition sample can not be indexed.

substrate 21-4-N stainless steel

the NiCrBSi powder. A high purity Cef)4 wt%) pow-
derwas also added to some samples. The matrix was 2
4-N stainless steel, its alloy composition is:<S0.25,
Mn10, Cr21, NO.4, Ni4, C0.5, and Fe balance (in wt%).3.2. Effect of RE element on the primary
The two kinds of mixed alloy powders are used in the crystallization phase
experiment as follows: The microstructures in laser melted layer cut along nor-
o . mal, parallel and 45angle to laser beam scanning
mg' ;j m:ggg:i 38 mgﬁw&Awt% CeG direction have been observed by TEM. The primary
T crystallization phase in the two kinds of samples cut
along normal to laser scanning direction are shown
in Fig. 3a and b, respectively. Table Il lists the EDS
results of primary crystallization phase in two kinds
of samples. There is a difference between the com-
ositions of two primary crystallization, but electron
iffraction experments show that both of the primary
crystallization phases aye—(Fe,Ni) of super-saturated
solutions. From the results of EDS analysis of all phases
in the CeQ addition sample, itis found that there is not
RE elementin primary crystallizatign—(Fe,Ni) phase,

2.2. Experimental methods

The above powders were mixed with 0.05 wt% rosin
in a mortar, and grinded with some amount of alcohol,
then this mixture was overlayed on the surface of matri
with a size of 8x 8 x 60 mn? (the overlaying depth
was 1.0-1.1 mm), then dried it.

The melting of the coating powders was performed
by irradiating the HGL-84 Cross-electroexciter £0
laser with a power of 2.0 kw as shown in Fig. 1. The
working parameters were 2.0 kw, 6.0 mm beam diame- - _ o _
ter, 7.0 mm/s Scanning speed, 250 mm off-focus vaIueTAB"E. Il The composition of two primary crystallization phase in

. . thetwo kinds of samples
and N> gas was used to preserve the melting pool. Slices
with 0.3 mm thickness were cut along normal, parallel ~ Element
(along two direction of ABFG and BCEF in Fig. 1) and Sample S Cr Fe Ni w
45° ang.le to the Iaser beam scan_ning direc_tion, t_hen ol (W%) 170 629 760 a1 0.00
';he_sl_(leE i/lllces W(Iere thinned mechanically, and |on-m|IIecﬂO.2 (wi%%) 486 400 2797 6333 056
or samples.

TABLE | Lattice types and parameters in the two kinds of samples

Phase NiCrBSiWC NiCrBSi+ WC + 4 wt%CeQ Type A B, C (nm) a, B,y
y -(Fe,Ni) FCC A = 0.3596
FesB --- Orthorhombic A = 05428
B = 0.6699
C =0.4439
Cri6FesNiCg --- --- FCC A =1062
NisB3 Rhombohedral A =0.6428
B = 0.4879 B =1033
C =0.7819
wcC --- Hexagonal A = 0.2906
B =0.2837
CeNigSis --- FCC A=1115
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Figure 2 The XRD results in the two kinds of samples (a) (NiCrBSIVC) coating layer; (b) (NiCrBSt+ WC + 4 wt% CeQ) coating layer.

as shown in Table II, the RE elements only segregate Because the RE element take part in some reactions
in eutectic structure, this result is in agreement withand some fine particles are formed, as a kind of non-
microdistribution of Cerium in steel AISI 1518 [16].  self nucleation site, such fine particles increase the nu-
Fig. 4 shows a series of electron diffraction pat-cleation rate and block the growth of crystals. In addi-
terns(EDPs) and their index pf—(Fe,Ni) phase intwo tion, the equilibrium distribution parametey= Cs/C_
samples. Fig. 4a is the EDP pf-(Fe,Ni) phase in the of rare-earth is very small, thus the RE elements are
CeO-free sample, and Fig. 4b—d are the EDPyef  throughly dissoluble in the liquid while in the solid
(Fe,Ni) phase in the Cefaddition sample, from which they are dissolved very limitedly [16]. In the process of
one can find that some weak spots are showed such aslidification, the RE elements are enriched in the front
1, 2 in Fig. 4b, the index of weak spots show composi-of the liquid, such RE elements thus decrease the melt-
tional modulation structure gf —(Fe,Ni) phase in the ing point and break the dendritic crystals (Fig. 3b), the
CeO-addition sample. By quantitative analysis and ob-numbers of equiaxed crystal are increased. On the other
servation, itis found that the primary crystallizations in hand, a little W elements enter into the structure of pri-
the CeQ-free sample are mostly dendrite crystals, butmary crystallizationy —(Fe,Ni) of super-saturated so-
in the CeQ-addition sample the numbers of equiaxedlutions, and the composition of primary crystallization
crystal are increased (Fig. 3); and the averageBiné  is modulated (Table Il). Therefore, after the addition
y —(Fe,Ni) phase in the Cedree sample is 3.um,  of RE, the crystal size is decreased and the modulation
but that in the Ce@addition sample is 1.am. More-  structure of composition is formed.
over after the addition of CeQthe distance between
neighbouring primary crystallizations is obviously de-
creased (Fig. 3b). Thus it is concluded that the £€e03.3. Effect of RE element on

addition decreased siZe of the primary crystalliza- eutectic structures
tion phase and distance between neighbouring primar¥he eutectic structure in Ce@ree sample is shown in
crystallizations. Fig. 5. In the bright field (BF) image of Fig. 5a, it is
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Figure 3 The primary crystallizatiory -(Fe,Ni) phase in two kinds of samples cut along normal to laser scanning direction (a) (N#YBS)
coating layer; (b) (NiCrBSi WC + 4 wt% CeQ) coating layer.
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Figure 4 A series of EDPs and their index pf-(Fe,Ni) phase in two samples (a) (NiCrBSWC) sample; (b, ¢, d) (NiCrBSi WC + 4 wt% CeQ)
sample.

shown that the eutectic phase is of laminar and rod-typether kind of eutectic structure, granular eutectic struc-
morphology. Fig. 5b shows an enlarged experimentature inthe D region, is also present. Fig. 7b shows an DF
image of the eutectic structure in Ce®ee sample. image of the eutectic structure in D region of Fig. 7a.
Electron diffraction experiments show that the eutecticThe EDS in Fig. 7c taken from the granular phase shows
structure in Ce@-free sample consists of B (A re-  thatsuch eutectic particles contain Si, Cr, Fe, Ni, and Ce
gion of Fig. 5b) and, —(Fe,Ni) (B region of Fig. 5b) elements. The sizes of these eutectic particles that are
phases. The EDP and index includingsBeandy -  measured along two normal directions are 40 nm and
(Fe,Ni) phase are shown in Fig. 5¢c. An HREM image70 nm averagely. By tilting the specimen with large
projected [010}esg and [011)-reni) direction is ob-  angles, three ED patterns of a particle are obtained, as
tained, as shown in Fig. 6. This HREM image showsshown in Fig. 8a. The patrticle is of face-centred cu-
that the(100), -reni) direction ofy-(Fe,Ni) phase in  bic structure with lattice parameter af=1.115 nm.

its (011) plane deviates by from the [100}e3gdirec-  Thus this eutectic phase is identified as G&W. The

tion. We obtain the lattice corrspondence between th&DP and its index from the -(Fe,Ni) phase coexisting

Fe;B phase ang-(Fe,Ni) phase as follows: with CeNigSis phase are shown in Fig. 8b. An HREM
image projected [00%Enigsis and [001] - (e ni) direc-
010 ~ 1011 (e tions is obtained, as shown in Fig. 8c. In both HREM
(010)eze ~ (011 ey image and ED pattern of Fig. 8b, it is shown that the
[100]ress ~ (100, -(Feni) [001]cenigsis direction of CeNiSis phase parallels to

the (001), -(reni) Of y -(Fe,Ni) phase, and (118nissis
After the addition of Ce@ the eutectic structure is plane of CeNiSis phase parallels @10}, -(e i) plane
showninFig. 7. Fromthe BFimage in Fig. 7a, itis found of y-(Fe,Ni) phase, we also obtain the lattice correspon-
that except for the laminar eutecticdBephase inthe C  dence between the Cefiis andy -(Fe,Ni) phases as
region which is similar to thatin Aregion of Fig. 5b, an- follows:
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Figure 5 The eutectic structure in Cedree sample (a) the eutectic phase of laminar and rod-type morphology (BF image); (b) an enlarged
experimental image of the eutectic structure; (c) EDP and index includisig &edy -(Fe,Ni) phase.
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Figure 6 HREM image projected [018}3g and [011] -(re ni) direction in the Ce@-free sample.

(110)cenigsis ~ {010}, -(Fe ni) with 4 wt% CeQ added, such WC phase disappeared,
[001]cenigsis ~ (001) _ while another kind of laminar structure appears in large

Cenigsi5 v -(FeND quantities, as shown in Fig. 10a. The EDS taken from
this laminar phase in E region of Fig. 10a is shown

From the experimental observation, it is seen that th?n Fig.10b, from which one can find that W element

additio_n of RE element has the _effect on changing thq enriched in laminar phase. A series of EDPs and
eutectic structure. The reason is that the RE eleme eir index of laminar phase are shown in Fig. 11a.

decreases the melting point and prolongs the crysta-ig_ 11b shows an HREM image of this laminar phase

lizing time, also promotes the diffusion of Ni and Si projected [110] direction, this laminar phase is deter-
mined as the orthorhombic structure wath- 0.494 nm,
"h—0732 nm,c = 1.355 nm. According to experimen-

constitutive atoms in solid, and diffuses into liquid be-‘ tal lattice parameters of this phase and their interplanar

tween dendritic crystals, then the eutectic structure i : . L
formed. The granular morphology is formed due to the%ffﬁéﬂﬂﬁﬁlﬁi';ﬂ;ﬁ%ﬂi 33%‘?6%?]:6‘3‘?13?’“';1'5

spheroidizing effect of RE element on eutectic €OM-3nd 0.4031 nm in Fig. 2b correspond to calculated in-

pound [18]. terplanar spacing (@) of the laminar phase; the same
is true of Fig. 2a.
From the result of EDS, it is probable that molecular
3.4. The promoting decomposition of WC formula of the laminar phase is (Cr,¥0s, and the
after RE addition phase is the same structure as@rphase. Its structural

The XRD pattern in Fig. 2a shows that WC phasestudy is now in progress. In CeGaddition sample,
is present in the Cef3-free sample, its morphology the formation of laminar phase in quantities is due to
is observed using a JSM-35CF scanning electron mithe effect of RE element which decreases the melting
croscopy (SEM), as shown in Fig. 9. The compositionpoint, thus WC particles mostly are dissociated and the
taken from such a phase is: Cr32.95, Fe24.93, Nil4.2ecomposition of WC is promoted in the liquid, then
and W27.85 (in wt%), this phase is undissolved WCa new compound of rich-W is formed. In addition, in
particle in part. laser melting process, as WC particles in the geftee

In laser melting process, WC can not be dissolvedsample is decomposed in part, it is entirely possible that
wholely due to its higher melting point, therefore it a part of W elements can combine with Cr and C, and
must be also a nucleating site. However, in the sampléCr,W);C3 phase is also formed.
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Figure 7 The eutectic structure in the CeBaddition sample (a) the laminar eutectigBghase in the C region which is similar as that in A region
of Fig. 5b; (b) an DF image of the eutectic structure in D region of Fig. 7a; (c) The EDS analysis on the granular phase.
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Figure 8 Rare-earth eutectic phase in the Ge@ddition sample (a) the ED patterns of rare-earth phase; (b) the ED pattern and index of including
y -(Fe,Ni) phase and Cepbis phase; (c) an HREM image projected [08dyigsisand [001], -(Feniy direction.
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Figure 11 (a) A series of EDPs and their index of rich-W phase; (b) an HREM image of this phase projected [110] direction.
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