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Abstract: This study examined the impact of current solution treatment on the microstructure and mechanical
properties of the Co-28Cr-6Mo-0.22C alloy investment castings. The findings reveal that the current solution
treatment significantly promotes the dissolution of carbides at a lower temperature. The optimal conditions for
solution treatment are determined as a solution temperature of 1,125 °C and a holding time of 5.0 min. Under
these parameters, the size and volume fraction of precipitated phases in the investment castings are measured as
6.2 ym and 1.1vol.%. The yield strength, ultimate tensile strength, and total elongation of the Co-28Cr-6Mo-0.22C
investment castings are 535 MPa, 760 MPa, and 12.6%, respectively. These values exceed those obtained
with the conventional solution treatment at 1,200 °C for 4.0 h. The findings suggest a phase transformation
of M,;C¢—0+C following the current solution treatment at 1,125 °C for 5.0 min. In comparison, the traditional
solution treatment at 1,200 °C for 4.0 h leads to the formation of M,;Cs and MgC carbides. It is noteworthy that
the non-thermal effect of the current during the solution treatment modifies the free energy of both the matrix
and precipitation phase. This modification lowers the phase transition temperature of the M,;C;—0+C reaction,
thereby facilitating the dissolution of carbides. As a result, the current solution treatment approach achieves
carbide dissolution at a lower temperature and within a significantly shorter time when compared to the traditional
solution treatment methods.

Keywords: CoCrMo alloy investment castings; current solution treatment; microstructure; mechanical
property; carbide
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network precipitates, decreasing plasticity .

Furthermore, traditional solution treatments, even at
elevated temperatures, are time-consuming. Consequently, the
exploration of fast solution treatment methods is imperative
for enhancing production efficiency. Recent literatures suggest
that current heat treatment methods can swiftly regulate
microstructure and improve mechanical properties at lower
temperatures, owing to non-thermal effects such as electron

d " and electromigration *'**. The current, by reducing

win
the diffusion activation energy of elements and augmenting
diffusion rates, enhances heat treatment efficiency ™", For
instance, Wang et al. ® demonstrated the current aging at
450 °C for 0.5 min achieved higher strength and plasticity in
Fe-Mn-Al-C steel compared to traditional aging treatment at
the same temperature for 3.0 h. The additional free energy
introduced by current can lower the thermodynamic barrier,
making it easier for precipitated phases to dissolve during
739 For instance, there was a significant
decrease in the number of nano-precipitates in SA508-111

solution treatment

steel after the current heat treatment at 430 °C for 3.0 min, a
phenomenon that did not occur in traditional heat treatment
at the same temperature and duration ®'"’. Zhou et al. ®* also
observed a noticeable reduction in the size of carbides in
high chromium iron castings after current heat treatment,
transforming blocky carbides into smaller flakes or spheres.
Despite the evident efficiency of current heat treatment in
improving microstructure and properties in alloy components,
its impact on CoCrMo alloy castings has been scarcely explored.

Therefore, this study aims to improve the solution treatment
method for CoCrMo investment castings by incorporating
the use of an electric current to enhance their mechanical
properties. The microstructure and properties of the CoCrMo
alloy castings by current solution treatment were compared to
the ones by frequently-used traditional solution treatment. It
also seeks to understand the mechanism behind current
solution treatment for these castings.

2 Experimental procedures

2.1 Sample preparation and processing
methods

Investment casting technology was employed to prepare
Co-28Cr-6Mo-0.22C bar shaped castings with a diameter of 70 mm,
which was subsequently sectioned into 80 mmx20 mmx=3 mm
plate-like samples using wire cutting. A rapid heat treatment
furnace was utilized to perform current solution treatment on
the CoCrMo samples, as depicted in Fig. 1. During the heat
treatment process, both sides of the samples were connected
to electrodes and heated at a rate of 8-9 °C-s” until reaching
temperatures of 1,000 °C; 1,100 °C; 1,125 °C; and 1,150 °C,
respectively. The samples were then held at each temperature
for 10.0 min and rapidly cooled using an argon gas flow at a
cooling rate of 35 °C-s”'. Subsequent to mechanical properties
testing, an optimal heat treatment temperature was identified,
and various solution times were explored to investigate their

impacts on the microstructure and properties of the casting.
Optimized heat treatment parameters were then derived from
this exploration. A comparative analysis was conducted among
the samples treated with the identified optimal parameters,
the as-cast samples, and the samples treated with traditional
solution treatment. The latter involved holding the samples at
1,200 °C for 4.0 h and subsequently cooling with argon gas at
a rate of about 1 °C-s™.

Ar

Copper electrode

Vacuum furnace chamber

Fig. 1: Schematic diagram of current solution treatment
equipment

2.2 Sample characterization and testing
methods

The phase constitution analysis of samples was conducted using
a 3kW D/Max-2200 rotating target X-ray diffractometer (XRD)
with Cu Ka ray as the X-ray source, having a wavelength of
0.154056 nm. The detection parameters included a test voltage
of 40 kV, a test current of 40 mA, a continuous scanning angle
range from 40° to 60°, and a scanning rate of 2°-min™". To
observe the microstructure, a Feiner Bench scanning electron
microscope Pro XL was employed. In order to quantitatively
analyze the carbides in castings, the volume fraction of the
carbides in SEM images was measured using an ImageJ
software. To ensure the accuracy of statistical data, more than
5 SEM images of each sample were selected for analysis.
Electron probe microanalysis (EPMA) was performed using the
EPMA-8050G equipment from Shimadzu Corporation in Japan.

SEM and EPMA samples were prepared by mechanical
polishing followed by precision grinding until the surface
achieved a bright, mirror-like appearance. Electrolytic corrosion
was then induced using a 3wt.%-3.5wt.% nital solution
[(3-3.5)wt.% nitric acid+(96.5-97)wt.% anhydrous ethanol] at
20V for 10.0 s.

To assess room temperature tensile properties, the MTS
Criterion 44 tensile testing machine was employed. The
dimensions of the tensile specimen are depicted in Fig. 2. Its
thickness is 1 mm. The stretching machine, with a maximum
load of 10 kN, operated at a set stretching rate of 0.003 mm-s™.

14 mm 28 mm

11 mm
7.5mm

Fig. 2: Sizes of tensile specimen



Research & Development CHINA FOUNDRY

An extensometer was horizontally clamped in the middle of the
sample with a gauge distance of 25 mm.

3 Results

3.1 Effect of current solution treatment
temperature on microstructure and
properties

Figure 3 illustrates the XRD patterns of CoCrMo castings
under various treatment conditions. The as-cast sample exhibits
four peaks: (111)fce, (200)fcc, (lOiO)hcp, and (IOil)hcp at 260
values of 43.75°, 50.75°, 41°, and 46.75°, respectively. Analysis
indicates that the fcc phase corresponds to y-Co, while the hep
phase corresponds to e-Co ™. The intensity of the (IOIl)hcp
diffraction peak increases, and the intensity of the (200)fcc
diffraction peak decreases after the current solution treatment at
1,000 °C for 10 min. The samples solutioned at 1,150 °C exhibit
(111)fcc and (IOiO)hcp diffraction peaks. The intensity of the
(IOTO)hcp diffraction peak continuously decreases as the
temperature increases from 1,000 to 1,125 °C, and it nearly
disappears when the solution temperature reaches 1,125 °C.
Therefore, the current solution treatments exceeding 1,000 °C
induce a phase transition from &-Co to y-Co in the castings. It is
worth mentioning that the volume fraction of precipitated phases
shown in Table 1 is relatively small, which is below the detection
limit of the XRD equipment **. Consequently, the diffraction
peak of precipitated phases could not be clearly observed.

Figure 4 presents backscattered electron (BSE) images of
CoCrMo casting samples in the as-cast state and after current
solution treatment at various temperatures for 10.0 min.
Obviously, the precipitates in micron size are arranged nearly
parallel in the matrix. The bright contrast of the precipitated
phases indicates the presence of elements with high atomic
numbers, such as Cr and Mo ®*. Under as-cast condition, the
average size of precipitated phases is approximately 11 pm,
the volume fraction is 7.1vol.% (Table 1). With increasing the
temperature from 1,000 °C to 1,125 °C during current solution
treatment, both the size and quantity of precipitated phases

f «fcc phase
S = —~ +hcp phase
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Fig. 3: XRD patterns of CoCrMo castings under different
treatment conditions (AC means as-cast, CST
means current solution treatment)

Table 1: Statistics of precipitated phases in CoCrMo
castings under different treatment conditions

Average size of  Volume fraction

el precipitates (um) (vol.%)

AC 11.0£1.2 7.1£0.4

1,000 °C/10.0 min CST 9.3+1.5 4.7+0.8
1,100 °C/10.0 min CST 8.6£1.7 4.3+0.4
1,125 °C/10.0 min CST 71+1.2 3.1£0.3
1,150 °C/10.0 min CST 13.2+1.4 7.840.8

decrease. At 1,125 °C, the average size and volume fraction
of the precipitated phases reduce to 7.1 um and 3.1vol.%,
respectively. However, at 1,150 °C, the size and volume fraction
of the precipitated phase increase again to 13.2 pm and 7.8vol.%,
respectively.

The morphology of precipitated phase varies in the CoCrMo
castings under different solution temperatures [Figs. 4(b, d, f, h, 1)].
EDS analysis results in Table 2 identify the matrix (Area 1) in
the as-cast sample as a Co-rich solid solution. The precipitated
phases in Areas 2 and 3 are identified as M,,C, type carbides
with approximately 21.0at.% C and 41.0at.% Cr. The content
of Mo is around 11.0at.%, while Co accounts for 23.0at.%. At
1,100 °C, two different precipitated phases appear [Fig. 5(f)].
The composition of dark phase (Area 4) is similar to M,,C,,
while the content of C, Co, and Cr elements of the white phase
(Area 5) is different from the Co matrix and M,,C. According
to the literatures *"*", this white phase should be a ¢ phase.
The o phase is associated with the dissolution of M,;C; at high
temperatures, where some carbides undergo M,;C,—C+c
reaction, and then, the decomposed C dissolves in the matrix B8
The results of Figs. 4(g, h, i, j) and Table 2 indicate that the
precipitated phase is mainly the ¢ phase when the temperature
exceeds 1,100 °C; it has a higher brightness than M,;C, in the
BSE images. When the temperature increases to 1,150 °C, both
the size and volume fraction of ¢ phase increase.

Figure 5 shows the tensile curves of CoCrMo castings
after solution treatment at different temperatures. The as-cast
sample exhibits high ultimate tensile strength (UTS) and yield
strength (YS) but a low ductility. Comparing to the as-cast
sample, solution at 1,000 °C for 10.0 min results in increased
UTS from 730 to 743 MPa and total elongation (TEL) from 6.1%
to 6.8%, as shown in Table 3. But, as the solution temperature
increases to 1,125 °C, the YS and UTS decrease to 515 MPa
and 699 MPa, respectively, while the TEL increases to 10.6%.
When the solution temperature exceeds 1,150 °C, the samples
experience brittle fracture, as shown in Fig. 5. The YS of the
samples after current solution treatment is generally lower than
that of the as-cast sample, while the TEL is generally higher
than that of the as-cast sample, except for 1,150 °C. The UTS
of the samples is slightly higher at 1,000 °C, while others are
lower than that of the as-cast sample.
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Fig. 4: SEM BSE images of CoCrMo castings before and after current solution treatment for 10.0 min: (a) and (b) as-cast;
(c) and (d) 1,000 °C; (e) and (f) 1,100 °C; (g) and (h) 1,125 °C; (i) and (j) 1,150 °C
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Table 2: EDS analysis of SEM images shown in Fig. 3 (at.%) 3.2 Effect of current solution treatment time
on microstructure and properties

Area Co Cr Mo C Si . .
As mentioned above, current solution treatment at 1,125 °C can
1 61.3 31.3 4.1 1.2 2.1 significantly reduce the precipitated phases while enhancing
2 237 404 "7 215 27 fiuctlhty. Tl?us, an 1nves.t1gat.10n was conducted to explore the
impact of different solution times at 1,125 °C.
3 225 415 10.9 222 2.9 Figure 6 shows the XRD patterns of CoCrMo castings after
4 227 42.0 12.0 20.5 2.8 current solution treatment at 1,125 °C for various durations
(2.5, 5, and 10 min). After treated for 2.5 min, the XRD pattern
5 43.3 33.5 10.0 10.8 24 . . .
shows four main peaks representing fcc and hcp phases. With
6 452 32.0 104 9.7 2.7 increasing the treatment time, the intensity of (200)fcc and
7 43.3 32.8 10.3 11 25 (IOIl)hcp peaks decreases and disappears at 10.0 min, leaving

the (111)fcc and weaker (IOIO)hcp diffraction peaks. This
indicates a phase transition from &-Co to y-Co with prolonged

800 current solution treatment time at 1,125 °C.
= Figure 7 shows the BSE images of CoCrMo casting after
% 600 L the current solution treatment at 1,125 °C for different times.
e The BSE microstructure images indicate the presence of ¢
2]
2 phase, with the size and volume fraction showing a trend of
% 400 + decreasing at first and then increasing as the processing time
S extends. At 5.0 min, the microstructure exhibits the least
2 — AC phase, with an average size of 6.2 pm and the volume fraction
&) o o .
200 + 1000 °C-10.0 min CST 0 .
S 1100 °C-10.0 min GST of 1'.1V01. %, as shown in Tablc? 4, . .
—— 1125 °C-10.0 min CST Figure 8 shows the mechanical properties of the castings after
1150 °C-10.0 min CST current solution treatment at 1,125 °C for different times. The
0 0 3 6 9 12 15 YS decreases continuously with increasing the treatment time,
Engineering strain (%) and it reduces to 515 MPa at 10.0 min, as shown in Table 5. The
Fig. 5: Tensile curve of CoCrMo castings under different
treatment conditions (AC is as-cast, CST is current afcc phase

solution treatment) +hcp phase

Table 3: Strength and elongation of CoCrMo castings under
different treatment conditions

1125 °C-10.0 min CST

Sample YS (MPa) UTS (MPa) TEL (%)

1125 °C-5.0 min CST
AC 562+5 730+10 6.1+£0.9

Intensity
+(1010)
*(111)
+(1071)
#(200)

1,000 °C/10.0 min CST 547+9 7438 6.8+0.8

1125 °C-2.5 min CST
L

1,100 °C/10.0 min CST 53916 716:6  9.1%1.0 40 45 23‘20) 55 60

UplE KAy @27 SHEE Bl peae Fig. 6: XRD patterns of CoCrMo castings after current

solution treatment (CST) at 1,125 °C for various

1,150 °C/10.0 min CST 551+7 618+8 1.840.2 .
durations

Fig. 7: BSE images of CoCrMo castings after current solution treatment at 1,125 °C: (a) 2.5 min; (b) 5.0 min; (c) 10.0 min
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Table 4: Statistics of precipitated phases in CoCrMo castings
after current solution treatment at 1,125 °C

Average size of precipitates  Volume fraction

Time

("T)] (%)
2.5 min 7.3+0.8 2.6+£0.4
5.0 min 6.2+0.9 1.1£0.2
10.0 min 7.1+1.2 3.1+£0.3
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Fig. 8: Tensile curves of CoCrMo castings after current
solution treatment at 1,125 °C for various durations

Table 5: Tensile properties of CoCrMo castings after current
solution treatment at 1,125 °C

Time YS (MPa) UTS (MPa) TEL (%)
2.5 min 550+10 72319 8.2+0.6
5.0 min 53546 76018 12.8+0.3
10.0 min 515+8 699+11 10.6+0.8

CoCrMo casting achieves the best mechanical properties after
current solution treatment at 1,125 °C for 5.0 min, with the
UTS of 760 MPa and TEL of 12.8%.

3.3 Comparison between traditional solution
treatment and current solution treatment

A sample after traditional treated at 1,200 °C for 4.0 h (which
are optimal parameters for traditional solution treatment) and a
sample after the current solution treated at 1,125 °C for 5 min
were selected for comparative study. Figure 9 shows the
corresponding XRD patterns of CoCrMo castings. The sample
after the traditional solution treatment at 1,200 °C for 4.0 h still
retains (lOil)hcp and (200)fcc peaks, although their intensities
are smaller than those in the as-cast sample. However, the
intensity of the (IOIl)hcp diffraction peak in the sample treated
by current solution is lower than that in the sample treated
by traditional solution. This suggests that current solution
treatment is more effective in promoting the transformation of
the matrix from e-hep to y-fee.

«fcc phase
+hcp phase

—
=
-
-
Z
<

1125 °C-5.0 min CST|

Intensity

1200 °C-4.0 h TST

NW" ! Aty
e Lo o ey
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Fig. 9: XRD diagram of CoCrMo castings as-cast (AC) and
after traditional solution treatment (TST), current
solution treatment (CST)

EPMA-mapping was performed on CoCrMo casting
samples after traditional solution treatment and current
solution treatment to show the elemental distribution, as shown in
Fig. 10. A cluster structure with different brightness presents
in the sample after traditional solution treatment, as shown in
Fig. 10(a). The Cr content in the gray area is significantly
higher than that in the white area, while Co and Mo contents are
lower in the gray area. This enrichment of Cr and Mo elements
in the specific structure aligns with previous research "
The results of Fig. 4 and Table 2 indicate that the precipitated
phase in Fig. 10(b) is o phase. The contents of C and Cr
elements in the gray area of Fig. 10(a) are higher than that of ¢
phase, while the content of Cr element in the white area is lower
than that of o phase. Thus, the precipitated phase in the sample
treated by traditional solution is not ¢ phase. The precipitated
phase in the grey area is identified as M,,C,, and those in the
white area are M,C which obtained by decomposition of M,,C,
during high-temperature solution, according to literatures “"**.

Figure 11 shows the BSE images of the microstructure after
traditional solution treatment and current solution treatment,
and the measured results of precipitated phases are shown in
Table 6. After traditional solution treatment at 1,200 °C for
4.0 h, the size and volume fraction of carbides are 6.7 pm
and 4.1vol.%, respectively. In contrast, the size and volume
fraction of ¢ phase decrease to 6.2 um and 1.1vol.% after
the current solution treatment at 1,125 °C for 5.0 min. This
indicates that current solution treatment is more efficient in
reducing the precipitated phases, showing better solution
ability compared to the traditional solution treatment.

Figure 12 and Table 7 show the tensile curves and mechanical
properties of CoCrMo castings after traditional solution and
current solution treatments. It can be seen that the casting treated
by current solution has better mechanical properties than the
casting treated by traditional solution. The YS, UTS, and TEL
of the sample after current solution treatment at 1,125 °C for
5.0 min are 535 MPa, 760 MPa, and 12.8%, respectively,
obviously higher than those after traditional solution treatment.



Fig. 10: EPMA-mapping diagram of CoCrMo castings after two different solution treatment methods:
(a) traditional solution treatment; (b) current solution treatment

Fig. 11: BSE images of CoCrMo castings after two different methods: (a) 1,200 °C/4.0 h traditional
solution treatment; (b) 1,125 °C/5.0 min current solution treatment

Table 6: Size and volume fraction of precipitated phases
in CoCrMo castings under traditional solution
treatment (TST) and current solution treatment (CST)

Average size of Volume

Slulle precipitates (um) fraction (%)
1,200 °C-4.0 h TST 6.7+1.1 4.1+0.6
1,125 °C-5.0 min CST 6.2+0.9 1.1£0.2

4 Discussion

According to the phase diagram of CoCrMo alloys and previous
studies, the as-cast CoCrMo casting is composed of a Co-rich
matrix e-phase with hep structure and carbides . However, as
the XRD results shown in Fig. 3, the as-cast CoCrMo exhibits
a dual-phase structure (y-fccte-hep). This dual-phase structure
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Fig. 12: Tensile curve of CoCrMo castings under traditional
solution treatment (TST) and current solution
treatment (CST)
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Table 7: Mechanical properties statistics of CoCrMo castings
under traditional solution treatment (TST) and
current solution treatment (CST)

Sample YS (MPa) UTS (MPa) TEL (%)
1,200 °C/4.0 h TST 49448 680+3 9.9+0.7
1,125 °C/10.0 min CST 535+6 760+8 12.8+0.3

maybe result from the slow transformation from y-fcc phase
to e-hcp phase during the cooling process in the investment
casting.

During the current solution treatment, the carbides in the
sample gradually dissolve into the matrix, as shown in Fig. 4.
The fce phase becomes dominant in CoCrMo casting after the
current solution treatment at 1,125 °C for 10 min, as shown
in Fig. 3 and Fig. 6. It indicates that the solution treatment at
1,125 °C not only results in the dissolution of carbides, but also
stimulates the transformation of the matrix from g-hcp to y-fcc.
Due to the fact that the slip system of y-fcc is more than that
of e-hep P%
sample treated by current solution is reduced and the ductility

and the reduction of carbides, the strength of the

is promoted compared to the as-cast sample.

However, as the solution treatment temperature and time
are further increased, the volume fraction of high-temperature
precipitated phases (i.e., 6 phase, as shown in Fig. 4) increases,
leading to a decrease in plasticity and tensile strength. According
to Ishida's ** research findings, it can be concluded that when the
current solution treatment temperature is at 1,150 °C, there is a
precipitation of the o phase. The ¢ phase usually precipitates at
the grain boundaries and forms a network structure, ultimately
leading to a decrease in plasticity. Therefore, the mechanical
properties of the sample are at their lowest level after current
solution treatment at 1,150 °C for 10.0 min.

When current passes through a conductor, a great number
of drift electrons form an electron stream that impacts metal
atoms. Part of the energy of the electron stream is transferred
to the atoms, increasing their energy and the overall
temperature of the conductor. The temperature increase AT
caused by Joule heat can be expressed as **":

.2
ar =18 5 (M)

CpP

where j is the current density, R is the conductor resistance, ¢,
is the specific heat capacity at constant voltage, p is the density
of the conductor, and At is the current application time. In this
experiment, after only 5.0 min of current solution treatment
at 1,125 °C, the overall mechanical properties of samples are
obviously improved compared to the samples after the optimal
traditional solution treatment at 1,200 °C for 4 h. The YS,
UTS, and TEL of the sample increase by 40 MPa, 80 MPa, and
3%, respectively, and the volume fraction of the precipitate
decreases to 1.1vol.%. This indicates that current solution
treatment is not only affected by Joule heating effect.

It is well known that the current in a conductor not only

causes Joule heating effect, but also generates non-thermal

[47] [48]
b

effects (i.e. electromigration effect """, electron wind force

and current magnetic effect

, etc). During the current solution
treatment process, the difference in conductivity between the
matrix and the precipitated phases can result in the difference of
their free energy change and affect the dissolution temperature
of the second phase '

solute atom diffusion, promoting carbide dissolution. The

1. Moreover, current also accelerates

carbide dissolution during current solution treatment enhanced
by coupling of thermal and electromigration effects can be
described by "

2nD, O¢
J=—|1+— )
t R CO
QM| =2
o

Ja (3
kT
2nD ) N-D, -Z'e-p,j
J=J+J, = TR RO PP A
R, N kT
Qln| —
i

where the influence of current on atomic drift flux J is
considered to be based on the coupling of thermal effect and
electromigration effect. The thermal effect of current solution
treatment, J,, is the atomic flux generated by thermal activation
effect during current solution treatment. The electromigration
effect of current, J,, is the atomic flux generated by the
interaction between electrons and atoms. N is the atomic
density, D, is the lattice diffusion coefficient, and ¢, is the
average concentration of vacancies, d. is the supersaturated
concentration of vacancies, 7, and R, are the distance away from
dislocations at vacancy concentrations of ¢, and ¢,+ ¢, Z* is the
effective valence, and e is the charge, p, is the resistivity, and Q
is the atomic volume, % is the Boltzmann constant, and 7' is the
absolute temperature. When the current treatment temperature
increases, the current density j passing through the sample
increases, resulting in an increase in the current drift flux J
towards the atoms within the sample. The electromigration
effect, combined with concentration gradients, promotes atom
diffusion, leading to a rapid carbide solution. Therefore, the
optimal dissolution effect is achieved at 1,125 °C, resulting in
lower carbide size and volume fraction compared to traditional
solution treatment.

The non-thermal effects of the current during solution
treatment enhance the dissolution of carbides in CoCrMo
castings. This allows for improvements in microstructures
and mechanical properties at a lower temperature and in less
time compared to traditional solution treatments. As a result,
the current solution treatment emerges as a more effective
method.
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5 Conclusions

In this study, the microstructure and mechanical properties of
Co0-28Cr-6Mo-0.22C investment castings by current solution
treatment were investigated. The following conclusions are
drawn:

(1) The impact of current solution treatment temperature
and time on CoCrMo precipitates reveals a non-linear trend.
Initially, the size and volume fraction of precipitated phases
decrease with increasing temperature and time, reaching their
minimum at a solution temperature of 1,125 °C for 5.0 min,
measuring 6.2 pm and 1.1vol.%, respectively. Simultaneously,
mechanical properties achieve the optimal values: the
YS, UTS and TEL are 535 MPa, 760 MPa, and 12.8%,
respectively. When the temperature further increases, both the
strength and ductility decrease due to precipitation of ¢ phase
at grain boundaries.

(2) During the current solution at 1,125 °C, a transition from
g-hep to y-fcc occurs, the casting microstructure predominantly
exhibits the y-fcc phase. During current solution at 1,150 °C,
the o phase would precipitate, and the contents of C, Co,
and Cr elements in the ¢ phase fall between the chemical
compositions of the Co matrix and M,,C;.

(3) Comparative analysis reveals a 3vol.% reduction in
the volume of precipitated phases after current solution
treatment at a relatively lower temperature and a shorter time,
accompanied by a better mechanical property. This indicates
that the current solution treatment has a higher efficiency to
achieve carbide solution than the traditional methods, resulting
in enhanced mechanical properties. This improvement in
microstructure and performance is attributed to the non-
thermal effects induced by the current.
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