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Abstract: Co-Cr-Mo alloy as a human body implant material has a long history, because of its excellent
corrosion resistance and biocompatibility, and is widely used in human hip joint materials. Co-Cr-Mo
alloy in the human body is often in a passivation state; the formation of dense oxide film on the alloy
surface prevents further corrosion of the alloy. The main component of the passivation film is the
oxide of Cr, so a layer of oxide film formed by Cr on the surface of Co-Cr-Mo alloy is the reason for its
good corrosion resistance. In biocompatibility, cytotoxicity is the first choice and necessary option for
biological evaluation, and cytotoxicity can quickly detect the effect of materials on cells in a relatively
short time. Therefore, this research conducted a comparative evaluation on the corrosion resistance
and biocompatibility of forged Co-Cr-Mo alloys produced in domestic and foreign alloys in line
with medical standards. Three simulated human body fluids and Princeton electrochemical station
were selected for corrosion resistance experiments, and it was found that the corrosion resistance
of four alloys in sodium citrate solution inside and outside China would be reduced. All the alloys
exhibit secondary passivation behavior in Hanks solution, which improves the corrosion resistance
of the alloys. According to the self-corrosion potential Ecorr analysis, the corrosion resistance of
domestic B alloy is the best, while that of foreign R31537 alloy is poor. In the biocompatibility
experiment, the biocompatibility of Co-Cr-Mo alloy was evaluated through the measurement of
contact Angle and cytotoxicity reaction. The experimental results show that Co-Cr-Mo alloy is a
hydrophilic material, and the contact Angle of foreign R31537 alloy is smaller, indicating that the
surface of R31537 alloy is more suitable for cell adhesion and spreading. According to the qualitative
and quantitative analysis of the cytotoxicity experiment, the toxic reaction grade of domestic A, B
and R31537 alloy is grade 1, the toxic reaction grade of C alloy is grade 2, and C alloy has a slight
toxic reaction.

Keywords: Co-Cr-Mo alloy for medical purposes; corrosion resistance; biocompatibility; cytotoxicity

1. Introduction

Biological metal materials are metal or alloy as a kind of inert material for medical
devices. Compared with other biological materials, biological metal materials have good
mechanical properties and fatigue resistance, and the processing process is simple, which
makes biological metal materials widely considered in clinical medicine. It can repair the
damaged cardiovascular and soft tissues or replace the hard tissues [1] such as human
joints. Commonly used biological metal materials are mainly medical stainless steel [2],
titanium alloy [3] and cobalt alloy [4]; medical cobalt-based alloy is divided into casting
and forging Co-Cr-Mo alloy. Co-Cr-Mo alloy as a human body implant material has a long
history; 1929 casting Co-Cr-Mo alloy began to be applied in the dental field; in the 1950s,
Co-Cr-Mo alloy was successfully applied to clinical orthopedics, with good application
for artificial hip and knee replacement [5]. At that time, the Co-Cr-Mo alloy was basically
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cast Co-Cr-Mo alloy, whereby in the casting process, there were coarse grains and pores,
inclusions and other defects, so that the strength and ductility of casting Co-Cr-Mo alloy
was poor, and the forged Co-Cr-Mo alloy began to enter people’s vision. Forged Co-Cr-Mo
alloy made up for some defects of cast Co-Cr-Mo alloy, which improved in strength and
ductility, and began to be gradually used in the manufacture of artificial joints. Co-Cr-Mo
alloy has a low coefficient of thermal expansion and high thermal conductivity, and the
elastic modulus does not change with the increase in its strength, because of its high fatigue
resistance and excellent strength and is used for the human body which bears larger hip
and knee [6-8] joints.

Co-Cr-Mo alloy also has good corrosion resistance, often in the human body when
in a passivation state. The passivation of the metal means that in a given environment,
although the metal has obvious thermodynamic possibilities, it still shows a large corrosion
resistance, which is due to the dense oxide film formed on the alloy surface to prevent
further corrosion [9] of the alloy. Passivation film is when the alloy is under certain con-
ditions, the components in the physiological environment are directly combined with the
metal surface atoms, or combined with dissolved metal ions and generated. Passivation
film is generally very thin, and the dissolution rate is very low; dissolution occurs in the
membrane/solution interface of the electrochemical process, and the dissolution rate and
membrane/solution interface of the double layer potential difference are related [10,11].
Co-Cr-Mo alloy has good corrosion resistance due to its spontaneous formation of passi-
vation film; the formation of passivation film will reduce the release of metal ions, and
passivation film on Co-Cr-Mo alloy corrosion resistance plays an important role. In the
physiological environment, passivation film will change with time. Some passivation film
damage is due to pitting caused by gap corrosion or wear corrosion. It is also possible that
the ions in the electrolyte are adsorbed to the passivation film and react with the metal or
promote the selective dissolution of the passivation film of a specific component. Co-Cr-Mo
alloy passivation film is the main component of Cr oxides, a small part of Mo and Co
oxides, so Cr in the Co-Cr-Mo alloy surface forming a layer of oxide film is the reason for
its good corrosion resistance, and the alloy Mo can improve the corrosion resistance [12] of
the alloy in CI™ solution.

As one of the most common biological metal materials, Co-Cr-Mo alloy also has good
biocompatibility. Emma Louise M et al. found that Ni ion was the main factor leading
to a cytotoxic reaction by comparing the cell morphology co-culture of Co-Cr alloy and
Ni-Cr alloy with oral keratinocytes and detecting cell density and gene expression of
inflammatory cells. The dissolution of Ni ion led to the expression of inflammatory genes
IL-8, IL-1a and PGE2. The Co-Cr alloy showed no cytotoxic reaction and no expression
of inflammatory genes, which showed good biocompatibility. Non-toxicity is the first
principle of biocompatibility evaluation; in biocompatibility, cytotoxicity is the first choice
for biological evaluation and a necessary option; cytotoxicity can quickly detect the impact
of materials on cells in a relatively short period of time, so the experiment on the cytotoxicity
of implant materials is particularly important in the evaluation [13-15] process of Co-Cr-Mo
alloy biocompatibility.

In this paper, the forged Co-Cr-Mo alloy developed by three domestic professional en-
terprises producing medical alloys and the products developed by the American Carpenter
company were studied, comparing the differences in corrosion resistance and biocompati-
bility of the forged Co-Cr-Mo alloy for medical purposes, and analyzing the reasons for
the differences.

2. Experimental Materials and Methods
2.1. Experimental Materials

In this research, three kinds of alloys, A, B and C, produced by three domestic en-
terprises and R31537 alloy produced by Carpenter Technology in the United States were
tested. The dual process of vacuum induction melting furnace and electroslag remelting
furnace was used to prepare the alloy. After forging and rolling, the electroslag ingot
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was sampled and tested, and the chemical composition was obtained in Table 1. For the
content control of impurity elements Si, Mn, etc., the process was carried out according to
ASTM F1537 and ISO 5832-12 mentioned in the standard; the Si and Mn element mass
percentage (wt%) was in the range of 0-0.1 for qualified products. Figure 1 shows the
metallographic micrograph of Co-Cr-Mo alloy. The alloy plates in domestic and foreign
were processed into 10mm x 10mm x 10mm blocks by wire-cutting technology. After polish-
ing with sandpaper of different particle sizes, electrolytic polishing was carried out, and
the electrolyte was 1:9 HySO4:CH30H solution with voltage 13V and current 1.5A. The
polishing time was 30s, and the etching solution of HCI:H,SO4:HNOj; with the volume
ratio of 95:3:2 was configured. The electrolytically polished sample was immersed in the
etching solution for about 30s, cleaned with anhydrous ethanol, and observed under an
optical microscope. Table 2 shows the mechanical properties of Co-Cr-Mo alloy.

Table 1. Chemical composition of four alloys examined in this research (wt%).

Co Cr Mo C Ni Fe N Impurity
A alloy 64.73 27.85 6.05 0.11 0.20 0.28 - 0.78
B alloy 63.30 28.22 6.00 0.20 0.80 0.30 - 1.18
C alloy 64.24 27.44 6.30 0.18 0.65 0.49 - 0.67
R31537 alloy 66.418 26.50 6.02 0.096 0.20 0.44 0.18 0.15

(d)
Figure 1. Optical micrographs of (a) alloy A; (b) alloy B; (c) alloy C; (d) R31537 alloy.

Table 2. Mechanical properties of alloys examined in this research.

Tensile Strength (MPa) \z)elzigt:&r}?:)h A fte]il]‘;;lialgzg (%) Reduction in Area (%) Hardness (HRC)
A alloy 1184 874 14.79 14.43 39.9
B alloy 1195 876 14.80 14.55 39.8
C alloy 1153 865 14.82 14.32 39.3
R31537 alloy 1082 794 19.68 18.94 40.3
Standard 1000 700 12 12 28
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2.2. Experimental Methods
2.2.1. Corrosion Resistance Test

The Co-Cr-Mo alloy produced in domestic and foreign alloys was processed into
square blocks of 8 x 8 x 8 mm and square sheets of 10 x 10 X 2 mm by wire cutting
technology, and the corrosion resistance and biocompatibility of Co-Cr-Mo alloy were
studied. Different parts of the human body correspond to different pH values; the research
found that the pH value of the human hip joint is about 7, so the Co-Cr-Mo alloy corrosion
resistance experiment selected a 0.9%NaCl solution, sodium citrate solution and Hanks’
solution as the medium, because the pH of these three solutions is about 7 and very similar
to the environment of human body fluids. The corrosion resistance of each element in the
alloy is different, and the effect in the solution is also different. After grinding the domestic
and foreign samples with sandpaper, mechanical polishing and cleaning the surface with
alcohol and drying, the remaining surface of the sample except the surface to be tested
was sealed, and the potential current density anode polarization curve was determined
by Princeton electrochemical station. The experimental process was kept in a constant
temperature water bath of 36.5 °C. The working electrode experiment sample, reference
electrode saturated calomel electrode and auxiliary electrode platinum electrode were used.
The alloy was put into the solution for 1 h, and the scanning began after it was stabilized,
and the scanning rate was 40 mV /min.

2.2.2. Cytotoxicity Test

The biocompatibility experiment was mainly to detect the cell hydrophilicity and
cytotoxicity of Co-Cr-Mo alloy. In the hydrophilic experiment, the contact Angle of the
surface of four kinds of alloys was analyzed by the contact Angle instrument. In the
experiment, the LSA 100 optical contact Angle tension tester was selected, and the 2.5 pL
deionized water droplets were deposited on the surface of the alloy by the hanging drop
method. The contact Angle of the alloy surface was calculated by the three-point fitting
method. The hydrophilicity of the surface of the alloy was analyzed.

Mouse osteoblasts were selected for cytotoxicity testing, and the experiment was
divided into blank control group (control), A, B, C and R31537 (Sample). After steriliza-
tion, the samples were soaked twice with sterile PBS on the surface, and three samples
in each group of four groups were placed in three 12-well plates. MC3T3-E1 cell sus-
pension with a logarithmic growth stage was adaptively cultured in a complete medium
(89%MEM + 10%FBS + 1%P/S) for 2 generations, and the cell density was adjusted to
5 x 10* cells/mL according to the counting results. The suspensions were inoculated into
three 12-well plates with a 1 mL medium per well, and divided into five groups. The
cell-free complete medium holes were also designated as blank holes. The remaining holes
were added with sterile PBS buffer and continued to be cultured for 24 h. After the end
of incubation, the original medium was removed and 1 mL of CCK8 working solution
(90%MEM + 10%CCKS test solution) was added. The holes without cells were used as
blank holes, and after proper incubation time, 100 uL of the incubated working solution
was sucked out of each hole. The light absorption value at 450 nm was measured on
the enzyme-labeled instrument. The cell survival rate of each group and the differences
between groups were calculated. The calculation formula was

Cell ViabﬂitY(O/O) =100% x (ODSample — ODglank)/ (ODcontrol — ODplank) (1)

The cytotoxicity of the sample for testing could be determined on the basis of cell
state observation and cell viability test results. The evaluation methods were divided into
qualitative evaluation and quantitative evaluation, as shown in Tables 3 and 4. The evalua-
tion criteria were as follows: when the reaction grade was 0-1, the experimental results
were qualified; when the reaction grade was level 2, it combined with the comprehensive
analysis of cell morphology; when the reaction grade was 3-5, the experimental results
were not qualified [16].
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Table 3. Qualitative classification of cytotoxic reactions.
Levels Level of Reaction Cell Watch

0 None No reaction area observed around and under the specimen

1 Slight There is a portion of malformed and degenerated cells below the specimen
2 Light The reaction area is limited to the area below the specimen

3 Medium The reaction area exceeds the sample size to 1 cm

4 Heavy The reaction area exceeds the sample size to more than 1 cm

Table 4. Quantitative classification of cytotoxic reactions.

Levels 0 1 2 3 4 5
Cell proliferation rate >100 75-99 50-74 2549 1-24 0

3. Experimental Results and Analysis
3.1. Analysis of Corrosion Resistance of Co-Cr-Mo Alloy in Domestic and Foreign Alloys

The typical anode polarization curve of Co-Cr-Mo alloy can be divided into three
stages. First, the region where the current increases with the increase in potential is called
the activation region. Secondly, with the increase in potential, the current almost remains
unchanged, which is the passivation zone. Finally, the current increases again with the
increase in potential, which is the transpassivation area. Because the metal potential in
different electrode reactions is in different sections, the corrosion rate of metal is different; if
the potential is maintained in the passivation zone [17], the corrosion rate is at a minimum.
Whether the corrosion potential of metal can be in the passivation zone is not only related
to the size of the passivation zone in the anode polarization curve, but also related to the
position of the anode polarization curve [18,19]. The results of anode polarization curves
of four kinds of alloys in Figure 2 show that the initial stage of anode polarization with a
potential less than 0.5 V is a natural passivation zone, and the current density changes little
with the increase in potential in this process. The alloy is protected by a dense passivation
film on the surface and is not easy to corrode. The main components of the passivation film
are oxides and hydroxides of Cr3*. When the potential reaches about 0.5 V, the current rises
sharply, at this time Cr®* is further oxidized to Cr>*, the passivation film begins to dissolve,
and the alloy corrosion intensifies; this stage is called the over-passivation stage. After the
alloy potential reaches about 0.8 V, the alloy surface will occur at the H,O oxidation stage,
and this stage polarization curve slope is smally, where corrosion tends to be stable.

According to the anode polarization curves of the samples in the three groups of
solutions, it can be found that the polarization curves in NaCl solution and 0.05 M/L
sodium citrate solution are typical anode polarization curves of Co-Cr-Mo alloys, while
before the H,O oxidation stage in Hanks solution, all the four alloys have a secondary
passivation behavior, at which time the current is stable. The corrosion rate of the alloy is
stable, which means that the Co-Cr-Mo alloy is protected by the passivation film again,
resulting in slow corrosion. The reason for this phenomenon is that some inorganic ions
in the Hanks solution, such as HyPO,™*, SO4%2~ and glucose, transform Cr3* into Crf*
oxide, resulting in secondary passivation of the alloy. The existence of the secondary
passivation stage improves the corrosion resistance of the alloy. This indicates that the
presence of various ions in Hanks solution has a certain effect on the corrosion resistance of
Co-Cr-Mo alloy.

In Figure 2, the transpassivation potential of the four gold combinations in 0.9%NaCl
solution and Hanks solution is about 0.6 V, while the transpassivation stage shifts to the
left in sodium citrate solution, and the transpassivation potential drops to about 0.45 V.
The lower transpassivation potential indicates that the corrosion resistance of the alloy in
sodium citrate solution is poor, and the presence of citrate reduces the corrosion resistance
of the alloy. The excellent corrosion resistance of Co-Cr-Mo alloy is due to the spontaneous
formation of passivation film; the formation of passivation film will reduce the release of
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metal ions, and the destruction of passivation film [20] is the cause of pitting corrosion and
gap corrosion. It is believed that the passivation film in the human environment will change
with time, and some ions in the electrolyte will be adsorbed to the passivation film and act
with some elements to promote the selective dissolution of the passivation film. When the
potential reaches a certain value, the Co?* and citrate will be complexed to increase the Co
dissolution rate, and the passivation film will be further destroyed, reducing the corrosion
resistance of the alloy.
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Figure 2. Anodic polarization curves for (a) alloy A; (b) alloy B; (c) alloy C; (d) R31537 alloy.

It is found in Figure 2b that B alloy has an obvious passivation process in the three
solutions; it not only has a higher passivation potential, but also the passivation zone is
wider and more stable, and the secondary passivation occurs when the electrode potential
is in the range of 0.7-0.85 V, indicating that B alloy has a better corrosion resistance, which
is related to the content of the Cr element in B alloy, and the Cr balance standard potential
is much more negative than Fe. Easy to reach a passivation state, under natural conditions
or a lot of corrosive media, high corrosion resistance has been shown; not only in oxidizer
and oxygen conditions is Cr prone to passivation, even in water, self-passivation can occur,
and its passivation state is CrpO3 generated by Cr** and oxygen reaction, a Cr,O3 high
melting point, chemical stability and being insoluble in water and acid. Therefore, the
higher the content of the Cr element, the more stable passivation film can be generated to
protect the alloy from corrosion [21].

Figure 3 shows the fluctuation range of self-corrosion potential Ecorr of three gold
combinations in three solutions. The more negative the Ecorr value, the worse the corrosion
resistance. It can be seen from Figure 3 that the self-corrosion potential of the four gold
combinations is negative, the domestic B alloy self-corrosion potential is relatively higher,
and the corrosion resistance is the best, while the foreign R31537 alloy corrosion resistance
is the worst, which is closely related [22] to the content of the Cr element in the alloy.
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Figure 3. Self-corrosion potential of the four alloys tested in (a) 0.9%NaCl solution; (b) 0.05%M /L
sodium citrate solution; (c¢) Hanks solution.

3.2. Analysis of Biocompatibility of Co-Cr-Mo Alloys in Domestic and Foreign Alloys
3.2.1. Contact Angle

The cells selected in the biocompatibility experiment are mouse osteoblasts,
which are adherent-growth cells. In the process of culture, the interaction between cells
and the surface of Co-Cr-Mo alloy is firstly adhesion and spreading [23]: the cells are
first attached to the surface of the alloy, and then the cell proliferation and differentiation
are carried out. Therefore, the hydrophilicity of the Co-Cr-Mo alloy surface has a very
important influence [24] on the degree of cell activation and growth state. In this research,
the hydrophilicity of Co-Cr-Mo alloy was tested by using a contact Angle measurement
experiment with a contact Angle instrument. When the contact Angle is less than 90°, it
indicates that Co-Cr-Mo alloy is a hydrophilic material; when the contact Angle is greater
than 90°, it indicates that Co-Cr-Mo alloy is a hydrophobic material. The smaller the contact
Angle, the more favorable the alloy surface is for cell adhesion and spreading. Figure 4 is
the average value calculated after contact Angle measurement at three different locations
for four kinds of alloys in domestic and foreign alloys, indicating that Co-Cr-Mo alloy is a
hydrophilic material, and foreign R31537 alloy has a smaller contact Angle, and the surface
is more suitable for cell adhesion and spreading.

3.2.2. Cytotoxicity

A cytotoxicity experiment is a kind of in vitro experiment simulating the human phys-
iological environment, which is used to detect the biological reaction between medical
Co-Cr-Mo alloy and host cells after implantation in the human body, and to evaluate
whether toxic reaction occurs between the Co-Cr-Mo alloy and cells after implantation,
which is observed under cell microscope after culture for 24 h. By calculating the cell sur-
vival rate to evaluate the Co-Cr-Mo alloy by potential cytotoxicity, when the cell survival
rate is lower than 70% of the blank control group (control), it indicates that the Co-Cr-Mo
alloy has potential cytotoxicity; or the cytotoxicity of Co-Cr-Mo alloy can be evaluated by
observing the size of the reaction area under the cell microscope [25]. Figures 5-8 show the
growth state of the four alloys in domestic and foreign alloys and the blank control group
after 24 h culture. A small number of necrosis and apoptosis cells can be seen in all the
four combinations of gold in domestic and foreign alloys, but there is no significant differ-
ence from the blank control group. The cells in alloy A and B are in a good spreading state,
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indicating that the cells grow well during the culture process, and some cells proliferated.
In the domestic C alloy, some of the cells contracted and became small to spheroid, floating
in the culture medium, indicating that the cells had died and had no proliferation ability.
Most of the cells in foreign R31537 alloy grew normally along the wall; the cell outline was
clear, generally spindle or polygon, and individual cells grew fine filamentous pseudopodia,
indicating that the cell growth of foreign R31537 alloy was in good [26,27] condition. As
there are individual apoptotic and necrotic cells below domestic A, B and foreign R31537
alloys, the toxic reaction of C alloy is limited to below the alloy, so through the analysis of
domestic A, B and R31537 alloys, the toxic reaction grade is 1 and the C alloy toxic reaction
grade is 2.

39.4° (b) 45.6°
66.2° 21.8°

Figure 4. Surface contact angle measurements for (a) alloy A; (b) alloy B; (c) alloy C; (d) R31537 alloy.

-

Figure 5. Cell growth after 24 h of domestic alloy A. (a) Domestic A alloy. (b) Domestic A alloy.
(c) Control.

.-

Figure 6. Cell growth after 24 h of domestic alloy B. (a) Domestic B alloy. (b) Domestic B alloy.
(c) Control.
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Figure 7. Cell growth after 24 h of domestic alloy C. (a) Domestic C alloy. (b) Domestic C alloy.

(c) Control.
- : w“ (b)

N
-

Figure 8. Cell growth after 24 h of foreign alloy C. (a) Foreign R31537 alloy. (b) Foreign R31537 alloy.
(c) Control.

Table 5 shows OD values of the four kinds of alloy cells in domestic and foreign
alloys. OD values are one of the important indicators to measure cell growth and microbial
reproduction. OD values refer to the density of cells in a cell culture medium, that is, the
number of cells. OD values are often used to evaluate the growth state of cells in cytotoxicity
experiments. In this experiment, the OD value is measured at a specific wavelength and
absorbance of the culture medium. Generally speaking, the cell growth rate is proportional
to the OD value. The higher the OD value, the higher the cell concentration and the greater
the cell number; the growth state [28] of cells can be assessed by the OD value. At the
end of the culture, the original medium was sucked, 1 mL of CCK8 working solution
(90%MEM + 10%CCKS detection solution) was added, the hole without cells was used
as a blank hole, and after proper incubation time, the hole was properly mixed, and
100 pL of the incubated detection working solution was sucked out from each hole, and
the OD value at 450 nm could be measured on the enzyme-labeled instrument. Table 5
shows the OD value of the blank control group and three samples in each group of four
gold combinations in domestic and foreign alloys. After calculating the average OD value,
it was found that the OD value of the domestic C alloy was relatively low, indicating that
the cell concentration of C alloy was low and the number of cells was small, while the OD
value of foreign R31537 alloy was the highest, the cell concentration was the highest and the
number of cells was the largest. Table 6 is the cell proliferation rate of four kinds of alloys
in domestic and foreign alloys; SD in the table represents the standard variance, when
evaluating the cell distribution width in the cytotoxicity test; SD is used to reflect the size
and dispersion of the cell, generally speaking, the larger the SD value, the more uneven [29]
the cell size. According to the formula of cell proliferation rate, the cell proliferation rate
of alloy cells in domestic and foreign alloys was calculated by OD value, and the toxic
reaction grade of domestic A, B and R31537 alloy was grade 1, and the toxic reaction grade
of C alloy was grade 2, which was consistent with the qualitative analysis results.

Sjogren et al. [30] analyzed the influence of alloy composition, pretreatment and
operation on alloying element precipitation and found that the change of alloy composition
would greatly affect its cytotoxicity. The adverse reactions of some metals and their
derivatives to the body have been relatively clear, such as Ni,S3, Cr®* and Be derivatives,
which are carcinogenic, while some elements are not carcinogenic but can induce mutations
and produce adverse biological reactions. Co-Cr-Mo alloy implanted in the human body
after service in the human environment, after a long time of friction and wear, is likely to
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lead to Co ion dissolution and thus to a cytotoxic reaction; corrosion of the alloy is also
extremely important to its biological characteristics, and the type of metal element in the
alloy is closely related to its corrosion, in general, the corrosion resistance of precious metals
is better than non-precious metals. The dissolution of Co [31,32] ions in Co-Cr-Mo alloy
will react with proteins in the human body to form a conjugate, resulting in toxicity, allergy
or induced mutation and a series of adverse reactions.

Table 5. Optical density values of the alloys tested in this research.

OD1 OD2 OD3 OD Average
Blank 0.173 0.171 0.165 0.170
Control 0.933 0.955 0.922 0.937
A alloy 0.752 0.740 0.748 0.747
B alloy 0.793 0.772 0.784 0.783
C alloy 0.676 0.651 0.652 0.670
R31537 alloy 0.823 0.806 0.814 0.814

Table 6. Rate of alloying cell proliferation of the alloys tested in this research.

Cell Viability (%) Cell Viability (%) Average SD

Control 99.52 102.39 98.09 100 2.19

A alloy 76.18 72.58 77.01 75.25 2.35

B alloy 81.58 76.66 81.77 80.00 2.89

C alloy 66.18 61.22 64.33 63.91 2.50
R31537 alloy 85.53 80.99 85.73 84.08 2.68

4. Conclusions

@)

@)

®)

4)

In sodium citrate solution, the transpassivation stage of the four alloys shifted to the left,
the potential was about 0.45 V, and the presence of citrate reduced the corrosion resistance
of the alloys. All four alloys have a secondary passivation behavior in Hanks solution;
when the current is stable, the corrosion rate of the alloy is stable, and the existence of the
secondary passivation stage improves the corrosion resistance of the alloy.

Alloy B has an obvious passivation process in the three solutions. It not only has a
higher passivation potential, but also the passivation zone is wider and more stable.
The secondary passivation occurs when the electrode potential is in the range of
0.7-0.85V, and the self-corrosion potential of alloy B is relatively higher, indicating
that alloy B has better corrosion resistance.

Contact Angle measurement found that the contact Angle of the four alloys in domes-
tic and foreign alloys is less than 90°, indicating that Co-Cr-Mo alloy is a hydrophilic
material, foreign R31537 alloy contact Angle is smaller, and the surface is more suitable
for cell adhesion and spreading.

The cytotoxicity test found that most of the alloy cells in domestic and foreign alloys
showed normal growth along the wall, and the cell outline was clear. For individual
cell apoptosis and necrosis, part of the cells under the C alloy contracted and became
small to form balls, floating in the culture medium, and the toxicity reaction level of
the domestic alloy A, B and R31537 was grade 1, and the toxicity reaction level of the
C alloy was grade 2. The C alloy has a slight toxic reaction.
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