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Abstract—The preparation of Fe-based wear-resistant coating by high-speed laser cladding method can well
solve the problem of poor wear resistance of aluminum alloy surface. However, due to the large expansion
coefficient difference of Fe and Al, the Fe-based laser cladding layer on the Al surface often has cracks, poor
molding morphology, and poor mechanical properties. In this work, La,0O; is added as an additive in order
to improve the morphology and mechanical properties of Fe-based laser cladding layer on the surface of Al
alloy. High-speed laser cladding technology was used to prepare the coating of 18Ni300 + XLa,05(X = 0.5,
1, 1.5, 2 wt %) on ZL205A aluminum alloy. The morphology, microstructure, hardness, wear resistance and
heat shock resistance of the cladding layer were studied. The morphology and crack characteristics of the
fusion zone were observed by scanning electron microscopy. Under the present test conditions, the addition
of La,O5 improved the forming morphology, refined the microstructure of the cladding, and significantly
improved the mechanical properties of the cladding. The optimal addition of La,O5 with the best properties
was 1.5 wt % which provided: flat cladding surface, absence of internal cracks, refined grain size, improved

wear resistance and thermal shock resistance, 47% higher hardness when compared to 18Ni300.
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1. INTRODUCTION

In automotive engines, the volume and mass of the
engine account for a large proportion of the whole
vehicle. As the automotive industry moves towards
light-weighting, using lighter metals instead of cast
iron for engines has become a popular choice by car
manufacturers [1]. ZL205A (Al—Cu based alloy) is the
world’s strongest cast aluminum alloy, and has high
toughness, which can meet the mechanical perfor-
mance requirements of various large and high-speed
new aviation aircraft, and is widely used in aerospace
and auto parts production [2].

At present, the vast majority of engines are piston
engines. In piston engines, the inner surface of the
engine cylinder and the piston undergo long-term
high-speed friction; withstand complex alternating
loads, but also experience thermal shock due to cylin-
der gas combustion and cooling Hence, piston engine
cylinder needs higher requirements for abrasion resis-
tance and heat shock resistance of cylinder inner sur-
face. However, the low hardness and wear resistance

495

of aluminum alloy hinder its application in engine
production. The traditional way to solve this problem
is to embed the inner lining of the aluminum alloy cyl-
inder, which can solve the problem of poor wear resis-
tance of the inner wall of the aluminum alloy engine
cylinder to a certain extent. However, due to the differ-
ence of expansion coefficient between cylinder block
and cylinder casing, it is difficult to withstand long-
term thermal shock.

Laser surface cladding technology which involves
the incorporation of a cladding layer on the metal sub-
strate that provide better in terms of hardness, wear
resistance and corrosion resistance than the substrate
[3—5]. Compared with other surface reinforcement
methods, wear-resistant coating prepared by laser
coating combined with matrix metallurgy has the
advantages of flexibility, high controllability, cleanli-
ness and no pollution, and is widely used in surface
reinforcement, additive manufacturing and product
maintenance [6].
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However, there are still series of difficulties in the
preparation of laser cladding wear-resistant layer on
the surface of aluminum alloys such as generation of
large residual stress inside the cladding layer and for-
mation of cracks on the cladded layer due to excessive
residual stress. Further, as the laser cladding process is
a rapid non-equilibrium process consisting of extreme
cold and extreme heat, the clad layer gets easily mixed
with impurities, which forms brittle phases [7—9],
thereby reducing the overall toughness of the cladding
layer. These two aspects, in combination, result in
cracking of the cladded layer on the aluminium alloy
surface, such that the performance of the cladding
layer becomes ineffective.

Rare earth elements and their oxides can play a role
in enhancing toughening because of their special
physical and chemical properties, and are often used
as laser cladding additives [10]. Due to the large
atomic radius of rare earth elements, they are easy to
enrich at grain boundaries and defects, which will play
a role in purifying grain boundaries, inhibiting com-
ponent overcooling, preventing chemical component
segregation, and refining grains [11]. The chemical
properties of rare earth elements are relatively active,
and they are easy to react with O, S and other impurity
elements in the laser melting pool, forming stable
compounds and floating in the molten pool, thus
playing a role in purifying tissues [12]. In addition, rare
earth oxides also have the effect of promoting convec-
tion in the molten pool. The use of even small amount
of rare earth oxides as additives can improve the struc-
ture and performance of the cladding layer by reducing
the defects and resist cracks.

The method of adding rare earth oxides can also be
applied to laser cladding of aluminum alloy. Liang J
[7] used laser cladding technology to prepare Ni60
alloy cladding layer on 6063Al surface with 4%CeQ,,
5%Y,05 and 5%La,0;. The distribution of elements,
the nucleation and growth mechanism of interfacial
transition layer and upper cladding layer, and the
action mechanism of rare earth elements were ana-
lyzed from the perspectives of thermodynamics and
dynamics. Zhang [13] prepared 2% (mass fraction)
Ce0,/Ni60A cladding layer on 6063 aluminum alloy
by laser cladding technology. The microstructure,
microhardness and corrosion resistance of the coating
were studied. The results show that compared with
Ni60A cladding layer, 2% CeQ,/Ni60A cladding layer
has more uniform microstructure, smaller grain size
and smaller porosity. Xie [14] used the optimized pro-
cess parameters to laser cladding the alloy powder
Ni60+ rare earth Y,05 on the surface of 6063 alumi-
num alloy, and studied the influence of different rare
earth contents on the strengthening layer to obtain the
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best rare earth content. Wang [15] used laser cladding
technology on 6063 aluminum alloy surface Ni60,
Ni60 + 4%CeO,, Ni60 + 5%Y,0; and Ni60 +
5%1La,0; laser cladding treatment, and then carried
out hardness and high temperature friction and wear
experiments, by analyzing the friction coefficient of
each sample, wear mark profile, wear amount, phase,
composition and after wear. The wear resistance and
wear mechanism of each sample were analyzed, as well
as the influence of rare earth on the wear resistance
and wear mechanism of the cladding layer. By laser
cladding technology. Fu [16] prepared Ni60 alloy
cladding layers with rare earths (5%1La,0;, 5%CeO,
and 5%Y,0;) on 6061Al surface, respectively. The
thickness of the cladding layers containing three rare
earths reached 1000 pm, without obvious pores and
cracks, and had good cross-section morphology. The
proper amount of rare earth can improve the fluidity
of molten pool, reduce or eliminate the porosity and
crack defects of cladding layer, and improve the corro-
sion resistance of cladding layer. In the researches of
domestic and foreign researchers in this field, alumi-
num alloys used for laser cladding matrix are mostly
common aluminum alloys such as 6063 and 5083.
Z1.205A is an important aluminum alloy material in
the field of aviation and aerospace, and the researches
in this field are relatively scarce. On the other hand,
the basic materials of cladding layer are mostly con-
centrated in Ni-base alloy powder and Al-base mixed
powder, and there is a lack of relevant research on Fe-
base alloy powder.

In this study, the effect of La,0O; addition on the
morphology and mechanical properties of Fe-based
laser cladding layer on ZL.205A aluminum alloy sur-
face was investigated. Using high-speed laser cladding
technology, 18Ni300 + XLa,0; (x = 0.5, 1.0, 1.5,
2.0 wt %) coated layers were prepared on Z1.205A alu-
minum alloy surface, and the molding morphology,
microstructure, mechanical properties and thermal
shock resistance of the five cladding layers were com-
pared and analyzed.

2. MATERIALS AND METHODS
2.1. Materials

The base material is cast ZL205A aluminum alloy
(specified according to GB/t1173-1995), and its
chemical composition is shown in Table 1. 18Ni300
alloy powder was used as the raw material for laser
cladding, and the chemical composition was shown in
Table 2. Lanthanum oxide (La,0;) powder was added
to the 18Ni300 base cladding materials in 0.5, 1, 1.5,
2 wt % and the blends were mixed in a ball mill to get
desired (18Ni300 + X wt % La,0;) composite powder.

JOURNAL OF SURFACE INVESTIGATION: X-RAY, SYNCHROTRON AND NEUTRON TECHNIQUES Vol. 18 No.2 2024
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Table 1. Nominal chemical composition of ZL.205A aluminum alloy in wt %
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Cu Mn Ti Cd \'% Zr B Al
4.6-5.3 0.3-0.5 0.15-0.35 0.15-0.25 0.05—0.3 0.05—-0.2 0.005—0.06 Rest
Table 2. Chemical composition of 18Ni300 powder in wt %
Ni Mo Co Ti P Mn C Fe
18—19 4.6—5.2 8.5-9.5 0.5-0.8 <0.01 <0.1 <0.03 Rest

a. Laser processing parameters. Central powder
feeding high-speed laser cladding equipment (ZkZM-
6000, Zhongke Zhongmei Laser Technology) was
used for high-speed laser cladding on ZL.205A plate.
Figure 1 shows the schematic diagram of laser spraying
of central powder. Compared with conventional laser
cladding, the laser energy in the process of fast laser
cladding is mainly on the cladding powder, and the
heat input to the matrix is small, so the high speed
laser cladding is especially suitable for aluminum alloy
surface strengthening [17]. The laser cladding process
parameters are shown in Table 3.

b. Morphological and microstructural characteriza-
tion. The surface of the cladded layer was analyzed for
degree of flatness, presence of defects, line warpage,
cracks on surface or at the root, and cladded layer-
cladded layer distortion. The thickness of the coating
was measured by a micro coating range finder and the
surface defects were determined by dye penetrant
test. Microstructure of the cross section of cladding
layer was observed by SEM. Coated samples were
cut, ground and mechanically polished, and then
etched in an etching agent consisting of HNO; and
HF with a volume ratio of 2 : 1. The elements content
quantification was conducted by energy dispersive
spectroscopy (EDS).

c. Mechanical testing. Microhardness measure-
ments were carried out (normal to surface up to the
substrate at 0.1 mm equidistant points) on the metal-
lographic specimen by HV-1000A microhardness tes-
ter. The friction and wear test of cladded layer was car-
ried out in a MFT-EC4000 reciprocating sliding wear
tester. Friction values and weight loss of the sample
before and after the test was calculated, and the worn
samples were observed and analyzed by SEM.

Heat-shock resistance test of the cladding layer is
conducted using a box-type resistance furnace. It
involves keeping the sample warm in a 520°C resis-
tance furnace for 10 min and then cooling it in water at
room temperature. Thermal shock resistance was
assessed by recording the number of heating-cooling
times until the cladding layer failed. The quenched
samples were visually inspected and the visually

observable macro-cracks on the surface and at the
interface were observed with a magnifying glass of 10x
magnification. The criteria for failure under thermal
shock (defined as the crack initiation life under ther-
mal shock) were considered as the number of thermal
shocks for which the macroscopic cracks appear for
the first time, and peeling of the cladded layer or the
occurrence of cracks in more than 1/3 of the area.

3. RESULTS AND DISCUSSION
3.1. Morphology of the Cladded Layer

It can be seen from Fig. 2, that although the clad-
ded layers deposited with 18Ni300 has a rough and
corrugated morphology, it is mostly free from surface
defects except larger circular crack dispersed near the
edges. The alloy particles that are not melted on the
surface can be worn off to reveal a smooth metallic
appearance, but deep pits remain on the surface. This
can be attributed to a very short action time of laser
over the molten pool causing low fluidity of molten
pool, which resulted in solidification of unmelted
particles before they can be discharged from the mol-

ten pool.

Fig. 1. Schematic of central powder feeding laser cladding.

Laser beam

Powder flow

Cladding layer Shielding gas

Molten pool
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Table 3. Laser cladding process parameters

QIXTAO XU et al.

Laser cladding process parameters Values
Laser power, kW 1.5
Laser scanning speed, mm/s 20
Powder feed rate, g/min 15
Lap rate, % 30
Spot diameter, mm 0.5

The macro-morphology of the 18Ni300 + X wt %
La,0,(X=0.5, 1, 1.5, 2%) laser cladded layer is shown
in Fig. 3. Addition of La,0; resulted in improvement
of the corrugated morphology and the cladded layer
gradually became flat with the increase of La,O5 con-
tent. This is because the rare earth oxide La,0;
enhances fluidity of liquid metal and the laser absorp-
tion rate of the powder. The dye penetrant tests results
of the 18Ni300 + X wt % La,0; cladding as shown in
Figure 4 suggest that with the addition of La,0;, the
number of pits on the cladded layer surface is reduced.
When the additive amount is for 1.5 wt % La,0;, no
obvious pits can be observed on the cladded layer sur-
face. However, when the amount of La,O; is further
increased to 2% by weight, the surface of the cladding
layer cracks greatly, and it is difficult to form a good
metallurgical bond with the matrix. A large number of
unmelted rare earth oxide particles will destroy the
continuity of the cladding layer, affect the normal for-
mation of the cladding layer, and eventually cause
problems such as poor bonding and cracking with the
substrate (see Fig. 3e). Because 18Ni300 + X wt %
La,0; did not form metallurgical bond with the matrix
and the surface cracking was serious, no penetration
detection was conducted on this sample.

Fig. 2. Macro-morphology of 18Ni300 cladded layer:
(a) initial morphology; (b) after grinding; (c) after Dye
penetrant tests.

3.2. Microstructure Analysis

Figures 5(al) and 5(a2) shows the comparison of
the overall microstructure between the 18Ni300 and
18Ni300 + 1.5 wt % La,0, cladded layers. It denotes
that compared with the cladding without additives, the
cladding with rare earth oxide has no pitting pores and
slag inclusions on the surface, and the microstructure
of cladding is more uniform. Surface-active rare earth
elements promote the purification of the cladding
layer, improve the overall morphology of the grains in
the fusion zone of the cladding, and make the fusion
line more even and flat. Figures 5(b1) and 5(b2) com-
pared the microstructure of fusion zones of 18Ni300
and 18Ni300 + 1.5 wt % La,0; claddings. The micro-
structure of the fusion zone of 18Ni300 cladding with-
out additives is more chaotic inhomogeneous. There
are no large inclusions and microcracks in the fusion
zone of 18Ni300 + 1.5 wt % La,0;. The grains in the
fusion zone of 18Ni300 + 1.5 wt % La,0; cladded layer
are finer. This is because rare earth oxides improve the
fluidity of melt, strengthen the convection of the pool

Fig. 3. Macro-morphology of 18Ni300 + X wt % La,05
laser cladded layer: (a) X =0; (b) X =1 wt %; (¢) X =
1.5wt %; (d) X =2 wt %.

JOURNAL OF SURFACE INVESTIGATION: X-RAY, SYNCHROTRON AND NEUTRON TECHNIQUES Vol. 18 No.2 2024
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and disrupt the growth of columnar crystals. In addi-
tion, the existence of rare-earth atoms with large
atomic radius in the solid solution will cause a lot of
lattice distortion and increase the total energy of the
system. Therefore, rare-earth elements are more
inclined to be enriched at the grain boundary to main-
tain the lowest free energy of the system. Rare-earth
atoms enriched at the grain boundary hinder the
growth process of grains, thus refining the microstruc-
ture of the cladding layer [18]. Figure 5(c1) and 5(c2)
shows the microstructure of the core region of the
18Ni300 and 18Ni300 + 1.5 wt % La,0O; claddings.
The grains of cladding with La,0; addition are finer
and do not show directionality. In Fig. 5 (c1), the aver-
age grain size of 18Ni300 is 38.288um?2. In Fig. 5(c2),
the average grain area of 18Ni300 + 1.5 wt % La,0; is
9.309um?2, which is 24.3% of 18Ni300. Figures 5(d1)
and 5(d2) exhibits shows the comparison of micro-
structure of the top region of 18Ni300 and 18Ni300 +
1.5 wt % La,0O; cladded layers. The microstructure of
the cladding without La,O; possesses large number of
impurities and pores, and the grain morphology is
inhomogeneous; whereas the cladding with La,O,
additions has significantly lower impurities, and the
microstructure is more uniform and finer.

As shown in Fig. 6, the SEM images show hetero-
geneous phases in the bonded zone of 18Ni300 clad-
ded layer, which are the heterogeneous phases present
in the bonded zone of 18Ni300 cladded layer are non-
continuously distributed in blocks near the interface.
EDS point analysis results of this block (Table 4) show
that the inclusions at point 1 are composed of Al and
O with a concentration ratio of 3 : 2, which is deter-
mined to be Al,05;.The Al,O; is lighter and solidifies
above the fusion line. The major constituent at points 2,
3 and 4 are found to be Fe and Al. According to ele-
mental analysis, it can be inferred that these blocks are
FeAl;, Fe—Al and Fe,Al; respectively. Figure 6 also
indicates presence of microcracks in the bonded zone
of 18N1i300 cladded layer, which occurs near the serra-
tion at the bottom of the cladded layer. The cracks
apparently cut across the serration, but do not spread
over large area. As can be seen from Fig. 6, the zigzag
morphology of the bonding zone of 18Ni300 + 1.5 wt %
La,0; cladding layer is obviously improved, and a
good metallurgical bonding is formed between the
cladding layer and the substrate, without cracking.
EDS analysis showed that Fe—Al intermetallic com-
pounds still existed in the binding zone of 18Ni300 +
1.5 wt % La,0O; cladding layer. It can be seen that the
addition of La,0; cannot inhibit the formation of
intermetallic compounds, but can inhibit the forma-
tion of Al,O;. This is because rare earth elements are
chemically active and preferently form oxides with
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Fig. 4. Macro-morphology of the laser cladded layer after
Dye penetrant tests: (a) 18Ni300; (b) 18Ni300 + 0.5 wt %
La,03; (c) 18Ni300 + 1 wt % La,Os; (d) 18Ni300 +

1.5wt % La2O3.

oxygen elements. In addition, the addition of La,0,
can effectively promote the flow of the molten pool,
make the transition of the fusion zone smoother, and
accelerate the discharge of impurity elements, so as to
play a role in purifying the tissue.

3.3. Hardness of the Cladded Layer

Figures 8a and 8b the distribution and average
hardness of 18Ni300 + X wt % La,0O; cladding. It can
be seen that the Addition of La,O; improves the
microhardness. When the content of rare earth oxide
is 1.5 wt %, the hardness of the cladding is 1.37 times
that without additives. Due to the addition of rare
earth oxide, the microhardness of the cladding was
improved by The observed increase is due to the dual
effects of grain refinement and solid solution strength-
ening. Furthermore, after adding rare earth oxide, the
hardness values of the cladding is stable changes grad-
ually and stably, which is related to the purifying effect
on microstructure that promoted the flow of molten
pool. However, when the rare earth oxide is added
excessively (2 wt %), the microstructure of the clad-

Table 4. EDS point analysis results

Elements C O Al Fe Ni

Point 1 0 55.6 | 34.8 8.5 0.9 0.2
Point 2 18.4 | 13.7 13.5 | 424 | 11.3 0.7
Point 3 14.3 53 | 34 36.3 9.4 0.7
Point 4 14.8 | 15.5 | 43.2 | 21.5 4.5 0.5
Point 5 14.3 1.4 | 34 36.3 9.4 0.7
Point 6 14.8 2.1 43.2 | 21.5 4.5 0.5

2024
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Fig. 5. Comparison of microstructure in the 18Ni300 and 18Ni300 + 1.5 wt % La,Oj5 cladded layers: (al), (bl), (c1), (dl)
18Ni300; (a2), (b2), (c2), (d2) 18Ni300 + 1.5 wt % La,05.
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Fig. 7. Heterogeneous phases in bonded zone of 18Ni300 + 1.5 wt % La, O3 cladded layer.

ding becomes more inhomogeneous and thus the
hardness values also vary changes dramatically.

3.4. Wear Resistance of the Cladded Layer

The results of wear test of 18Ni300 + X wt % La,0,
are shown in Fig. 9. It can be seen that (18Ni300 +
1.0 wt % La,0;) and (18Ni300 + 1.5 wt % La,0;) clad-
ding have shown smaller friction loss and similar equal
wear resistance. Compared with the cladding without
additives, the wear resistance of the layer cladded with
1.5 wt % La,0; is increased by 1.4 times. The friction
coefficient curves of 18Ni300 and 18Ni300 + 1.5 wt %
La,0; cladded layer are shown in Fig. 10. Compared
with the cladded layer without additives, the friction
coefficient of the cladded layer with 1.5 wt % La,0,
addition is significantly reduced, indicating that the
wear reduction of the cladded layer is reduced after
adding La,0;.

The morphology of worn surface of 18Ni300 +
Xwt % La,0; cladding is shown in Fig. 11. It can be
seen that the increase of La,0; leads to the reduction
of the number of wear marks and the shallower depth

Table 5. EDS analysis results of wear zone composition
of 18Ni300 and 18Ni300 + 1.5 wt % La,0;

Elements| C O |Cr| Fe | Co| Ni | Cu| Mo
Point 1 3.8 |38.83|4.8 |44.19| 1.15| 2.34|0.68 | 0.48
Point 2 3.6 | 4.7 |7.36(56.5 |9.12(10.89]0.53 | 2.7
Point 3 3.48|17.210.2855.84|5.88 | 14.14|0.66 | 2.51
Point 4 7.35| 2.03 |5.66(66.57|5.11 {10.93]|0.45| 1.90

JOURNAL OF SURFACE INVESTIGATION: X-RAY, SYNCHROTRON AND NEUTRON TECHNIQUES Vol. 18 No.2 2024
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Fig. 8. Hardness distribution (a) and (b) average hardness of 18Ni300 + X wt % La,05 laser cladded layer.

of wear marks. Small scale spalling pits were observed
for the cladding with higher content of La,0;, which
indicates that the main wear form of the cladding is
adhesive wear. Figure 12 depicts comparison of
18Ni300 and 18Ni300 + 1.5 wt % La,0, cladded layers
at a higher magnification. EDS point scanning was
performed to identify elemental composition. The
results of EDS analysis are shown in Table 5. It can be
observed that the oxygen content on the worn surface
of cladded layers with rare earth oxide is reduced,
which indicates that rare earth oxide can inhibit oxida-
tion wear. This is because La,0; refined the particles
in the cladding layer, so that the texture becomes
dense and uniform, and the hardness of the cladding
layer can be improved. This also conforms to the rule
that material hardness is inversely proportional to wear
loss, that is, the greater the hardness, the smaller the
wear loss. On the other hand, rare earth can improve

the resistance of material surface to contact fatigue
damage under lubrication condition [19, 20], which
further improves the wear resistance of cladding sur-
face. When the content of La,0; is 2.0%, the excess
rare earth and the impurity elements in the powder
produce refractory compounds, which makes the
coating microstructure become larger and the surface
quality deteriorates, thus reducing the wear resistance
of the cladding layer.

3.5. Thermal Shock Resistance of the Cladded Layer

Figure 13 shows the thermal shock times of crack-
ing and failure of 18Ni300 + X wt % La,0; cladded
layer. It can be seen that when La,0; is used, as addi-
tive, the thermal shock resistance of the cladded layer
is improved, and the thermal shock resistance of the
cladded layer is improved by 41% when the addition

JOURNAL OF SURFACE INVESTIGATION: X-RAY, SYNCHROTRON AND NEUTRON TECHNIQUES Vol. 18 No.2 2024
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Fig. 9. Weight loss test results of 18Ni300 coatings with different proportions of additives.
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Fig. 10. Friction coefficient of 18Ni300 and 18Ni300 + 1.5 wt % La,05 cladded layers.

amount is 1.5 wt %. However, the thermal shock resis-
tance of the cladded layer is greatly deteriorated and
becomes invalid after 8 cycles when the addition
amount is too high (X = 2 wt %). Cracks appeared in
the 18Ni300 + 2 wt % La,O; cladded layer after
6 cycles and large area cracks appeared after 8 cycles.

Because the linear expansion coefficient of the
cladding layer and the matrix is different, the internal
stress will be generated in the repeated process of ther-
mal expansion and cold contraction. Meanwhile, the
impurities in the cladding layer will act as the crack
source. When the internal stress is large enough, the

cladding layer will crack and eventually fall off from
the matrix. When the addition of La,O; is less than
1.5%, with the increase of La,05 content, the cladding
grains become finer and more uniform, and the impu-
rities can be eliminated to a certain extent, which
improves the overall toughness of the cladding layer
and thus improves the thermal shock life of the clad-
ding layer. When the addition of La,0; is more than
2.0%, alarge number of unmelted rare earth oxides are
mixed in the cladding layer, which greatly worsens the
toughness of the cladding layer and greatly reduces the
thermal shock life.
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500 pm

Fig. 11. Wear morphology of the cladded layer 18Ni300 + X wt %La,05: (a) X =0; (b) X=0.5wt %; (c) X =1 wt %; (d) X =

1.5wt %; (e) X=2wt %.

100 pm

Fig. 12. Comparison of wear morphology of the cladded layer: (a) 18Ni300; (b) 18Ni300 + 1.5 wt % La,0s5.

4. CONCLUSIONS

In this work, ZL205A aluminum alloy surface is
clad with 18Ni300 + La,0; using laser cladding tech-
nology. The effect of varying content of La,0; (i.e.
18Ni300 + X La,O0; (X (wt %) =0, 0.5 1.0,1.5 and 2.0)
on the microstructure, hardness, wear resistance and
heat-thermal shock behavior were investigated. Fol-

lowing are the results that could be drawn from the
investigation:

The addition of La,0O; (i) eliminated porosity on
18Ni300 cladding surface and leveled the cladding,
(ii) refined grains, (iii) inhibited the formation of
intermetallic compounds in the fusion zone, (iv) elim-
inated cracks in the binding zone, and (v) purified the
cladding layer microstructure.
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Fig. 13. Thermal shock life of 18Ni300 + X wt % La,0;
laser cladded layers.

Grain refinement and purification of the cladding
layer organization improved the mechanical properties.

In this study, the optimal content ratio of La,0,
added is 1.5 wt %, the hardness is 37 higher than that
of 18Ni300, the wear amount is 71% of 18Ni300, and
the heat shock resistance is about 41% higher.
18Ni300 + 1.5 wt % La,0; cladding layer showed
excellent forming ability, high wear resistance and
thermal shock resistance, and is the most suitable
material for the inner surface of aluminum alloy laser
engine.
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