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MICROSTRUCTURE AND PROPERTIES OF TIG SURFACING Co-BASED ALLOY
ON UMCo50 PROCESS BURNER

The surfacing layer of cobalt-based alloy is prepared using the tungsten inert gas welding (TIG) process and employing the
UMCo050, ST1 and ST6 filler materials. The metallographic testing, hardness, wear and corrosion testing of different surfacing
layers have been carried out. Each area of the surfacing layer is characterized using the optical and scanning electron microscope
(SEM). Cellular and a few columnar dendrites have been observed near the fusion line of the UMCo50 surfacing layer, and cellular
structure is observed in the central region. Dendrites and cellular crystals have been observed in the ST1 and ST6 surfacing layers.
The average hardness of UMCo050, ST1 and ST6 surfacing layers are 320 HV, 672.3 HV and 497.5 HV, respectively. The wear loss
of'the ST1, ST6 and UMCo50 surfacing layer is 2.71 mg, 4.35 mg, and 14.57 mg, respectively. The corrosion weight loss of the
ST1, ST6 and UMCo50 surfacing layers are 0.0388 g, 0.0477 g and 0.0833 g, respectively.

Keywords: UMCo50 alloy; surfacing; microstructure; properties

1. Introduction

With the rapid development of the global economy, energy
consumption is increasing, and the global energy structure
has begun to transform. Due to the lack of natural gas and oil
resources, coal will continue to be the dominant energy source
for a long time [1]. The direct combustion of coal will produce
a large number of polluting gases and dust particles, which
pollute the environment. Also, the inadequate combustion of
coal will lead to low energy efficiency, and the comprehensive
utilization efficiency is about 60%. Therefore, the development
of new clean coal technology and the improvement of coal re-
sources combustion efficiency are an important method to solve
this problem [2-4].

Coal water slurry gasification technology is a new clean
coal technology in recent years, it is mainly used in chemical,
power generation, metallurgy fields [5-7]. It uses coal and water
as raw materials, and mixes them to make coal water slurry by
adding fixed proportions of chemical additives. As a clean energy
source to replace oil and natural gas, coal water slurry has the
advantages of convenient storage and transportation, good fluid-
ity, and sufficient combustion [8-10]. The process burner is the
core device of the coal water slurry gasification technology, and
its function is to make the coal water slurry and oxygen enter the

gasifier for full combustion. Due to the erosion of combustion
products and the influence of high temperature airflow, cracks
will appear on the outer end face of the process burner after
a period of service, which will reduce the service life and work
efficiency and seriously threaten the safety of the equipment.
Process burner in the industrial field is generally forged
with UMCo50, which is expensive. Due to complex working
conditions, its service time is only 90~200 days. In order to save
cost and improve efficiency, it is generally necessary to repair
the outer end face of the failed burner and put it into use again.
Xue et al. [11] reported that T800 cobalt-based alloy powder is
surfacing on the UMCo50 substrate. It is found that there are
more Laves phases in the surfacing layer, which is beneficial to
improve the hardness and wear resistance of the surfacing layer.
However, due to the higher content of Mo and lower content of
Cr in the surfacing alloy, the corrosivity of the surfacing layer
is reduced. Mutascu et al. [12] reported that ST6 welding wire
is surfacing on the X2CrNiMoN22-5-3 duplex stainless steel.
The hardness test results shown that the surface hardness value
is 358~401HV. Hou et al. [13] reported that cobalt-based alloys
with different Y,O; content are surfacing on the Q235A-carbon
steel. When the content of Y,Oj is less than 0.8wt.%, the addi-
tion of 'Y,0; can refine the microstructure and increase the wear
resistance properties. However, further increased of its contents
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will lead to the agglomeration of undissolved Y,O; particles and
lead to a coarse microstructure and lower wear resistance proper-
ties. Yao et al. [14] reported three types of cobalt-based alloys are
surfacing on the 316 stainless steel plates. The hardness of the
ST21, ST22 and ST728 surfacing layers are 35HRC, 41HRC and
44HRC. The ST22 hardfacing is the best and the ST728 hardfac-
ing is the worst in resistance to 3.5% NaCl solution corrosion.

In the present study, the tungsten inert gas welding (TIG)
is used to surfacing UMCo50, ST1, and ST6 filler materials on
UMCo050 base metal. The microstructure and properties of the
surfacing layers are analyzed.

2. Materials and Methods

The round UMCo50 alloy of 120 x 6 mm is used as the base
material, the specific chemical composition is shown in Table 1.
The surfacing materials are ST1, ST6 and UMCo50 welding
wires, the chemical composition is shown in Table 2. Three
kinds of welding wires are surfacing on the UMCo50 substrate
by Tungsten inert gas (TIG) welding, the welding process is
shown in Table 3. The welding equipment is YC-300WX TIG
welding machine produced by Panasonic. After the welding test,

an X-ray inspection will be carried out on all surfacing layers.
The X-ray inspection equipment is UNF series produced by
Unicomp. The results show that the surfacing layers are well
formed and no internal defects such as cracks, inclusions, and
pores, as shown in Figure 1.

The sample with the size of 10 x 10 x 5 mm is cut from
the surfacing layer by wire electrical discharge cutting machine,
then use 120#, 240#, 400#, 600#, 800#, 10004, 1500# sandpa-
per to polish the sample. Then, the sample is polished on the
polishing machine with a W1.5 diamond polishing agent until
there are no scratches on the surface of the sample. The corro-
sion agent (5gCuCl, + 5gFeCl, + 20mLHNO; + 80mLHCI) is
used to corrode the sample, and the corrosion time is controlled
within 15~30 seconds.

The microstructure of the surfacing layer is analyzed using
a universal metallographic analyzer (DM2700) and a scanning
electron microscope (JSM-6510). The phases of the surfac-
ing layer are identified by X-ray diffractometer (Druker D8
Discover). The hardness of the surfacing layer is tested by the
HMV-2T microhardness tester. The high temperature wear is
tested by the high temperature wear tester (MG-2000), the load-
ing force is 100 N, the test temperature is 650°C, the speed is
240 rp, the type of wear test is pin on disk, the material of the

TABLE 1
Chemical composition of the UMCo50 alloy (wt.%)
Co Cr Ni Fe Mn Si P S
48~52 23~29 4.5 15 0.05~0.12 0.5~1.0 0.5~1.0 <0.02 <0.0015
TABLE 2
Chemical composition of cobalt-based alloy welding wire (wt.%)

Welding wire Cr Ni w Fe Mo C Mn Si S P Co
ST1 29 3 12.5 3 2.5 1.0 1.2 — — Bal
ST6 27 3 4.5 3 1 1.2 1.0 3 — — Bal

UMCo50 23 3 — 17 — 0.05~0.12 <1.0 <1.0 <0.015 <0.02 Bal
TABLE 3
Welding parameters

Welding wire Welding current, (A) Interpass temperature, (°C) Surfacing speed, (cm/min) Number of surfacing layers
ST1 140~150A 400 12 2
ST6 140~150A 250 12 2

UMCo50 120~130A 60 12 2

Fig. 1. X-ray inspection of hardfacing layer: (a) UMCo50, (b) ST1, (c) ST6
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disc is GCrl5, and the test time is 30 minutes. The hot corro-
sion of the surfacing layer is tested by heat treatment furnace
(HMX1600-30), the corrosion medium is 75wt.%Na,SO,4 +
25wt.%NaCl saturated salt solution, the corrosion temperature
is 1000°C, and the corrosion time is 100 hours.

3. Results and Discussion
3.1. Microstructure of Surfacing Layer
The microstructure of the surfacing layer is shown in Fig-

ure 2. It can be found that the surfacing material is well combined
with the UMCo50 base material. There are no obvious holes and

19

cracks on both sides of the fusion line. The crystal grain of the
surfacing layer is grown in the form of epitaxial solidification, and
the growth direction is mostly perpendicular to the fusion line.

The microstructure of the UMCo50 surfacing layer is
shown in Figure 2(a) and 2(b). The weld metal near the fusion
line is characterized by cellular and a few columnar dendrites
(Fig. 2(a)). The center region of the weld metal shows the cel-
lular structure with solidified grain boundaries (SGBs), solidified
sub-grain boundaries (SSGBs) and migrated grain boundaries
(MGBs), and the element segregation along the boundaries
(SGBs and SSGBs) is shown in Figure 2(b). The microstructure
ofthe ST6 surfacing layer is shown in Figure 2(c) and 2(d). Near
the fusion boundary, solidification mainly occurs in a dendrite
mode, and columnar dendrites with clear branches and a small

of the ST6 surfacing layer, (e) near the ST1 fusion line, (f) center of the ST1 surfacing layer
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amount of cellular structure are observed, as shown in Fig-
ure 2(c). In the central area of the weld metal, primary dendrites,
secondary dendrites, inter-dendritic regions with secondary phase
precipitates and cellular dendrites can be clearly observed, as
shown in Figure 2(d). The microstructure of the ST1 surfacing
layer is shown in Figure 2(e) and 2(f). At the interface region,
weld fusion zone shows the columnar grain growth, as shown
in Figure 2(e). The center of the weld metal shows the primary
and secondary dendrites and inter-dendritic areas (Fig. 2(f)). The
segregation of the elements along the boundaries and inside the
inter-dendritic region is also observed. The direction of crystal
grain growth is generally opposite to the direction of heat dis-
sipation. During the cladding process, the heat dissipation direc-
tion of the surfacing layer is mainly along the direction of the
base material, so the dendrite is mostly grown in the direction
perpendicular to the fusion line [15].

Figure 3 shows the X-ray diffraction analysis results of the
surfacing layer. It can be seen that the phases of the surfacing
layer are a-Co (fcc) and e-Co (hcp). When the temperature is
lower than 417°C, the a-Co—¢-Co phase transition will occur,
and this transformation is relatively slow. The Cr element in the
surfacing alloy can increase the martensite transformation tem-
perature and stabilize the existence of €-Co [16,17]. Therefore,
there are both a-Co and &-Co in the surfacing layer after welding.

Figure 4 shows the line mapping of the region between the
UMCo050 filler metal and UMCo50 base metal. The line scan
chemical composition analysis shows the difference in composi-
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Fig. 3. X-ray diffraction patterns of surfacing layer

tion between the weld metal and base metal. It can be seen that
the increases in weight percentage of Ni and Si and decrease
in weight percentage of the Fe as move from the weld metal to
UMCo050 base metal. The line mapping between the ST6 filler
metal and the substrate is shown in Figure 5. When moving from
the filler metal to the substrate side, the weight percentages of
Fe and Ni increase, and the weight percentages of Si, Cr, C,
and W decrease. The line mapping between the ST1 filler metal
and the substrate is shown in Figure 6. The interface of weld
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Fig. 4. Line mapping analysis of the interface between UMCo50 filler metal and UMCo50 base metal
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Fig. 5. Line mapping analysis of the interface between ST6 filler metal and UMCo50 base metal

Fig. 6. Line mapping analysis of the interface between ST1 filler metal and UMCo50 base metal
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metal and UMCo50 base metal shows the variation in weight
percentages of Fe, Ni, Si, Cr, C and W. The line map shows the
increases in weight percentage of Fe and Ni, and decreases in
weight percentage of the Si, Cr, C and W as move from the weld
metal to UMCo50 base metal side.

The center region of the UMCo50 filler metal is shown
in Figure 7 at different magnifications. Figure 7(a) shows the
cellular crystals along with the segregation of elements at the
boundaries. The segregation of the alloying elements along
the boundaries is observed very clearly in Figure 7(b). The
EDS analysis results of each spot marked in Figure 7(b) are

listed in Table 4. The EDS spectra (point 1 and 2) confirm
that the segregation of elements like C, Si and Cr. From these
results, the precipitates could be inferred as M,3C4 and M;Cs
carbides.

The morphology of the ST6 filler metal is shown in Figure 8.
Dendrite core and segregation of elements at the boundaries are
shown in Figure 8(a). The chemical composition of each point
in Figure 8(b) is measured with by EDS, and the results are shown
in Table 5. The EDS analysis confirms the major segregation
ofthe C, Si, Cr, Mo and W along the boundaries. The precipitates
could be inferred as M,3C4, M;C5 and MC carbides.

Fig. 7. (a) SEM image of the UMCo50 filler metal center at low magnification, (b) at high magnification showing the location for elemental

composition analysis at the boundary

TABLE 4
EDS analysis results of each spot in Fig.7(b) (wt.%)
Point C Si Cr Mn Fe Co Ni
1 7.24 1.39 33.90 1.76 13.07 40.26 2.37
2 8.20 1.28 29.70 1.62 13.55 43.67 1.98
3 4.82 0.97 23.15 1.84 15.23 49.76 4.23




www.czasopisma.pan.pl P N www.journals.pan.pl

POLSKA AKADEMIA NAUK

23

Fig. 8. (a) SEM image of the ST6 filler metal center at low magnification, (b) at high magnification showing the location for elemental composi-

tion analysis at the boundary

TABLE 5
EDS analysis results of each spot in Fig. 8(b) (wt.%)
Point C Si Cr Mn Fe Co Ni Mo W
1 8.33 3.47 33.96 1.17 1.31 30.03 1.58 2.38 17.78
2 8.88 3.45 45.44 0.94 1.12 24.61 2.13 2.02 11.40
3 5.37 1.84 24.43 1.32 3.41 53.43 2.96 0.67 6.57

The morphology of the ST1 filler metal is depicted in Fi-
gure 9(a), which shows the dendritic core and the segregation
of elements in the weld metal. The EDS chemical composi-
tions of each spot in Figure 9(b) are listed in Table 6. The EDS
analysis confirms the major segregation of the C, Si, Cr, Mo and
W along the boundaries. The weight percentage of the C varies
from 9.78% to 12.15%, and for Si, it was in the range of 1.57-
2.01%, and for Cr, it was in the range of 35.22-50.31%, and for
Mo, it was in the range of 0.56-0.70%. The weight percentage of
W was observed in the range of 12.57%-20.15%, which ensures

the segregation of the W. From these results, the precipitates
could be inferred as M,;C¢, M;C5 and MC carbides.

3.2. Hardness

Figure 10 shows the hardness distribution of the surfacing
layer. It can be found that the hardness of the UMCo50 substrate
is the same, and the average value is about 320HV. The aver-
age hardness of the UMCo50 surfacing layer is similar to the
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Fig. 9. (a) SEM image of the ST1 filler metal center at low magnification, (b) at high magnification showing the location for elemental composi-

tion analysis at the boundary

TABLE 6
EDS analysis results of each spot in Fig. 9(b) (wt.%)
Point C Si Cr Mn Fe Co Ni Mo W
1 12.15 1.57 50.31 1.78 0.83 18.78 1.44 0.56 12.57
2 9.78 2.01 35.22 1.97 0.94 27.28 1.95 0.70 20.15
3 5.75 1.03 27.35 0.68 2.85 49.22 4.64 0.22 8.25

substrate. The average hardness of the ST1 and ST6 surfacing
layer is 672.3HV and 497.5HY, respectively. Among them, the
hardness of the ST1 surfacing layer is twice that of the UMCo50
substrate. The high hardness of the ST1 and ST6 surfacing layers
is attributed to the solid solution strengthening and formation of
precipitates. The difference in hardness is mainly related to the
content of the C, Cr, Co and W element. During the cladding
process, the W element will melt into the Co-based solid solu-
tion to form solid solution strengthening. In addition, W, Cr, Co
and C can form carbides such as M,;C¢, M;C; and MC. These
carbides are dispersed in the matrix in the form of dots or nets,

which can significantly improve the hardness of the surfacing
layer. Thus, the hardness of the ST1 and ST6 surfacing layers
is higher than that of the UMCo50 base metal.

3.3. High Temperature Wear Test

The high temperature wear test of the surfacing layer
is carried out, and the wear loss of the surfacing layer is shown
in Figure 11. The wear loss of the UMCo50 surfacing layer
is 14.57 mg, and the wear loss of the ST1 and ST6 surfacing
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layer is 2.71 mg and 4.35 mg, respectively. The wear loss of the
ST1 and ST6 surfacing layer is lower than that of the UMCo50
surfacing layer.

According to the Archard equation [18-20], the wear amount
of the surfacing layer is inversely proportional to the hardness of
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the surfacing layer. The hardness of the ST1 and ST6 surfacing
layers is higher than UMCo050, so the wear resistance of the ST1
and ST6 surfacing layer is better than UMCo050. Also, the ST1
and ST6 welding wires have higher C content and a certain
amount of W, Mn and Si elements, Mn and Si have a certain solid
solution strengthening effect. W element is a carbide forming
element, which can form WC with C element and distribute on
the matrix. These two aspects can improve the wear resistance
of the surfacing layer [21-23]. Deshpande et al. [24] found that
the wear rate of Cu/WC composites is significantly higher than
that of pure Cu. Zhang et al. [25] found that WC can effectively
reduce the wear coefficient and help to form a transfer film
during the wear process to smooth the wear track and form
a stable friction layer. It can be found that the content of W and
C elements has an important influence on the wear resistance
of the surfacing layer. ST1 welding wire has the most W and C
elements, so the surfacing layer has the least wear loss and the
best wear resistance.

Figure 12 shows the coefficient of friction (COF) curve of
surfacing layers. It can be found that the COF of the UMCo50
surfacing layer gradually rises from 0.21 to about 0.75 in 10 min-
utes, and then enters the running in period, and the COF is stable
at 0.73~0.82. The COF of'the ST1 surfacing layer increases from
0.16 to 0.68 in 2 minutes, and the COF is stable at about 0.35
in 13 minutes. The COF of the ST6 surfacing layer gradually
rises from 0.16 to 0.68 in 5 minutes, and the COF increases
slowly in 5~15 minutes, and the COF is stable at about 0.59 in
15 minutes. According to the literature [25,26], the low coef-
ficient of friction may correspond to lower wear loss.

It can be seen from Figure 13 that the wear surface of the
sample has obvious grooves along the friction direction, and
obvious adhesion marks are found on the surface. The wear
mechanism of the surfacing layer is mainly abrasive wear
and adhesive wear. Compared with the quenched GCrl5 pair
of grinding discs, the hardness of the UMCo50 surfacing layer
is lower and the toughness is better. When the abrasive particles
move along the friction surface by tangential force, the UMCo50
overlaying layer with lower hardness will be cut or plowed by the
abrasive particles, and plastic deformation will occur, grooves
will be formed on the surface of the base metal. Most of the
plowed surface material piled up on both sides of the furrow,
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Fig. 13. SEM morphology of wear surface of the surfacing layer (a) UMCo50, (b) ST1, (c) ST6

TABLE 7
EDS analysis results of each spot in Fig. 13 (wt.%)
Point C Si Cr Mn Co Ni Mo \u4 o
A 2.53 0.32 13.42 0.29 29.98 18.17 1.18 — — 34.11
B 3.70 0.96 18.83 0.74 19.98 26.16 0.95 0.17 4.94 23.57
C 5.08 0.22 15.11 0.35 22.44 20.07 2.87 0.23 2.70 30.91

and peel off under the continuous action of abrasive particles,
resulting in weight loss of the surfacing layer. The wear surface
of ST1 and ST6 has narrow grooves, flaking fine particles, and
adhesion marks. When the grinding disc and the surface of the
sample slide relatively, a part of the surfacing layer material and
the oxide film formed at high temperature will peel off and form
debris. These small debris will act as abrasive particles to squeeze
and cut the surface of the surfacing layer, causing material loss
of the surfacing layer.

The EDS results of the wear surface are shown in Table 7.
It can be seen that the wear surface contains more O and Fe ele-
ments. It shows that an oxide film is formed on the wear surface
during high temperature wear. The existence of the oxide film
can lubricate the wear surface and have a certain inhibitory effect
on the wear of the sample. However, the strength of the oxide
film is relatively low, and the oxide film is likely to peel off

during the wear process, exposing the material to a new surface.
Repeatedly, the material is gradually lost. Therefore, the wear
mechanism of the surfacing layer is abrasive wear, adhesive
wear and oxidative wear.

3.4. High Temperature Corrosion

Figure 14 shows the corrosion weight loss curve of the sur-
facing layer in 75wt.%Na,SO,4 + 25wt.%NaCl corrosion medium
at 1000°C. It can be seen that with the increase of corrosion time,
the mass loss of the surfacing layer increases, and the corrosion
rate is slower initial and then faster. In the first 30 hours of the
corrosion test, the slope of corrosion weight loss curve is low,
which means that the corrosion rate is slow during this period. In
the 30~100 h of the corrosion test, the corrosion rate increases.



www.czasopisma.pan.pl P N www.journals.pan.pl

POLSKA AKADEMIA NAUK

The thermal corrosion process is divided into two stages: the
incubation period and the expansion period. During the incuba-
tion period, a dense oxide film is formed on the surface of the
surfacing layer, which can protect the alloy from further corro-
sion. In the expansion stage, the corrosive medium interacts with
the oxide film, which makes the oxide film rupture and loses its
protective effect, and the corrosion rate is accelerated. The results
show that the corrosion resistance of the ST1 surfacing layer is
higher than that of the ST6 and UMCo50 surfacing layers.

The corrosion morphology of the surfacing layer is shown
in Figure 15. It can be found that there is a loose and porous
oxide film on the surface of the UMCo50 surfacing layer, and
delamination and spalling have occurred. The corrosion surface
of the ST1 and ST6 surfacing layer is composed of many prod-
ucts with irregular shapes. In some areas, they are accumulated
and agglomerated to form uneven corrosion morphology. The
corrosion products of the surfacing layer are similar. The EDS

hpe

and XRD analysis show that the corrosion products are mainly
composed of CoCr,0y, Cr,03, CoO, Fe;0,, Fe,05, and sulfide.
The difference in hot corrosion resistance of the surfacing layer
is mainly related to the content of Cr. The content of Cr in ST1
welding wire is the highest, it is easier to form a dense and
continuous oxide film, which can better protect the base metal
from corrosion damage.

TABLE 8

Element content in each area of corrosion morphology (wt.%)
Region O Cr Co Fe Na S Cl

1 30.09 | 1541 | 28.03 | 7.56 | 3.73 | 1491 | 0.27

2 30.72 | 22.24 | 31.66 | 3.48 | 2.51 | 9.31 | 0.08

3 29.89 | 27.19 | 3522 | 1.37 | 6.08 | 0.12 | 0.13

4 31.09 | 29.73 | 33.83 | 0.92 | 3.74 | 047 | 0.22

5 31.71 | 27.34 | 34.04 | 1.41 | 5.17 | 0.19 | 0.14

6 27.83 | 23.85 | 40.12 | 1.39 | 438 | 2.16 | 0.27

The ST1 sample is selected for further magnification obser-
vation, as shown in Figure 17. It can be seen that the corrosion
products are mainly composed of two parts, one is the spinel
shape products at the bottom, and the other is the fine corrosion
products without fixed shape attached to the spinel products.
According to the results of the energy spectrum analysis in

Fig. 15. Corrosion morphology of surfacing layer: (a) UMCo050, (b)ST1, (c) ST6
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Fig. 16. XRD pattern of the surfacing layer after hot corrosion

Table 9, it can be determined that the spinel shape products are
CoCr,0y, and the fine corrosion products may be Cr,03, CoO,
Fe;04, Fe,05, and sulfide.

In the initial stage of hot corrosion, the surfacing layer con-
tains a lot of Cr element, and Cr element has a good affinity with
oxygen. Therefore, Cr,0; oxide film and CoCr,0, (CoO+Cr,05)
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Fig. 17. Corrosion morphology of surfacing layer

TABLE 9
Element content in each area of corrosion morphology (wt.%)
Region (0} Cr Co Fe Na S Cl
1 31.28 | 40.55 | 21.66 | 2.36 | 3.25 | 0.69 | 0.21
2 26.56 | 27.41 | 40.23 | 2.27 | 248 | 0.86 | 0.19
3 26.94 | 16.85 | 4837 | 0.82 | 539 | 1.56 | 0.07

spinel will be formed on the surface of the sample [27]. The
reaction formula is as follows:

2Cr+%02 — Cr,0, (1)

CoO +Cr,03 = CoCr,0, ()

Cr,05 and CoCr,0, oxide films can protect the matrix and
prevent the corrosive medium from spreading into the matrix
[28]. Under high temperature environment, NaCl will have the
following reactions:

4NaCl+0, — 2Na,0+2Cl, 3)

With the progress of (1) and (3), the oxygen partial pressure
in the salt film gradually decreases, and the following reactions
will occur:

Na,SO, — Na,0+S0;, (4)

As the reaction progresses, the content of Na,O gradually
increases, and the alkalinity of the salt film gradually increases
[29,30]. The oxide film interacts with Na,O to cause alkaline
melting.

4 2 4
SN0+ 2Cr0; +0; > —NayCrO, (5)

With the progress of the alkaline melting reaction, the dense
oxide film on the surface of the surfacing layer becomes porous,
which becomes a fast channel for O, S, CI, and other elements

to diffuse into the substrate, and will further accelerate the cor-
rosion. The reaction formula is as follows:

Cr +Cl, — CrCl, (6)

3
201Cly +2.0, > Cr,0; +3C, (7)
Na,S0, +4Co —> Na,0 +3Co0 + CoS (8)
8Cr+3S0; — 3Cr,0; +Cr,S; ©9)

4NaCl+2Cr,0, +30, — 2Na,CrO, +2Cr0,Cl, (10)

Based on the above analysis, when the surfacing layer is cor-
roded at high temperature in Na,SO4-NaCl molten salt medium,
the high temperature corrosion forms of the surfacing layer are
mainly divided into the following types: firstly, the alkaline melt-
ing of the Cr,03 oxide film. The dense Cr,05 oxide film on the
surface of the surfacing layer becomes loose and porous, which
is more conducive to the diffusion of O, S, Cl elements into the
substrate to accelerate corrosion. Secondly, the sulfur element
diffuses through the loose and porous oxide film to the surfacing
layer to form CoS, Cr,S;. The generated sulfides will continue
to be oxidized, and the reduced sulfur elements will continue to
generate sulfides, which will aggravate the corrosion. Thirdly,
the reaction of NaCl and Cr,O; makes the oxide film loose
and porous. At the same time, the Cl element will increase the
growth stress of the oxide film and reduce the bonding strength
between the oxide film and the substrate, and cause the oxide
film to produce microcracks [31-33].

4. Conclusions

(1) The surfacing material is well combined with the UMCo50
base material. The microstructure of the UMCo50 surfacing
layer is mainly cellular and a few columnar dendrites, the
microstructure of the ST1 and ST6 surfacing layer is mainly
dendrites and cellular crystals. The phases of the surfacing
layer are a-Co (fcc) and e-Co (hep).

(2) The average hardness and wear loss of the ST1 surfac-
ing layer are 672.3HV and 2.71mg, respectively, and the
performance is better than that of the UMCo50 and ST6
surfacing layers.

(3) Under the test conditions of 1000°C, 100h, 75wt.%Na,SO,
+ 25wt.%NaCl corrosive medium, the ST1 surfacing layer
has the best corrosion resistance, and the corrosion products
are CoCr,0y, Cr,03, CoO, Fe;0,, Fe,05 and sulfide.
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