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Abstract

In this work, different thermomechanical treatment conditions were used to improve the
mechanical performances of Ti-25Nb-8Sn. During cold rolling treatment (50, 75, and 90 %),
as-cast Ti-25Nb-8Sn underwent a stress-induced phase transformation from a single β phase
to a three-phase structure of α′′ + β + ωstr. After the subsequent aging treatment, Ti-25Nb-
-8Sn presents three-phase β + α′′ + ωiso (at 250 and 400◦C, for 30 min) and two-phase β + α
(at 600◦C, for 30 min). At lower aging temperatures (250 and 400◦C), yield strength/modulus
(× 1000) ratios of Ti-25Nb-8Sn are dramatically improved with a maximum increase of 143 %,
from 9.06 (as-cast) to 16.2–22.0. Under various thermomechanical treatment conditions in this
study, the results show that Ti-25Nb-8Sn has excellent yield strength/modulus (× 1000) ratio
(∼ 22) and corrosion resistance after 90 % cold rolling and subsequent aging treatment at 250
and 400◦C for 30 min.
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1. Introduction

Commercial pure titanium (c.p. Ti) and Ti-6Al-
-4V have an excellent specific strength, corrosion re-
sistance, and biocompatibility and are often used as
medical implant materials [1]. Biomedical implants are
required to have good biocompatibility and corrosion
resistance, but low elastic modulus is another impor-
tant indicator. When the implant is much stiffer than
bone tissue, it can cause the stress shielding effect [2,
3]. Although the elastic modulus (110GPa) of Ti-6Al-
-4V alloy is much lower than those of 316L stainless
steel (205GPa) and Co-Cr-Mo alloy (230GPa) [1], it
is still several times higher than that of human cor-
tical bone (10–30GPa). In addition, Ti-6Al-4V con-
tains aluminum (Al) and vanadium (V) that are harm-
ful to the human body [4, 5]. In recent years, many
β-type Ti alloys with low elastic modulus and without
Al and V elements have been widely developed, such
as Ti-5Nb-5Mo [6, 7], Ti-26Zr-24Nb [8], Ti-Nb-Zr-Fe-
-O [9], Ti-Nb-Ta-O [10], Ti-20Nb-5Ag [11], and Ti-
4Fe [12]. Ti-Nb-Sn alloys have been proven to have
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good corrosion resistance [13] and bone histocompat-
ibility [14]. Adding more Nb elements can reduce the
elastic modulus of Ti alloy [15], while adding Sn ele-
ments can effectively suppress the formation of the ω
phase [16, 17]. In our previous work [18], Ti-25Nb-8Sn
with low elastic modulus (52 GPa) has been proposed.
However, Ti alloys with low elastic modulus generally
exhibit lower strength [19]. Enhancing the strength of
Ti alloys can help improve their fatigue strength [20,
21], and increasing the hardness values of Ti alloys is
also beneficial for the wear resistance [22].
Thermomechanical treatment (TMT) has attrac-

ted attention as an effective process to improve the
mechanical performances of Ti alloys. The first stage
of TMT is to deform the alloy (rolling or forging),
which can achieve the effects of strain hardening and
grain refinement [23], and then improve the strength of
the material [24–26]. It is worth noting that the β-type
Ti alloy with low phase stability (meta-stable β-type
Ti alloy) would produce the stress-induced marten-
sitic transformation (β → α′′) during the deformation
process, which can reduce the elastic modulus of the
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alloy [24]. Xie et al. [27] indicated that the grain size
of Ti-36Nb-2.2Ta-3.7Zr-0.3O (at.%) decreased from
2 µm to 10 nm after cold rolling treatment. As the
grain size decreases, the elastic modulus of the al-
loy decreases significantly from 65 to 43 GPa, and the
hardness of the alloy increases from 260 to 320 HV.
Nunes et al. [28] reported that with the percentage
of cold rolling up to 90%, the hardness of Ti-29Nb-
-2Mo-6Zr increased from 228 to 278 HV, and its elastic
modulus decreased from 93GPa to 76 GPa. Also, they
found that a greater amount of α′′ phase in Ti-29Nb-
-2Mo-6Zr was induced with increasing cold-rolling per-
centage.
Aging treatment is the second stage of TMT, which

can further enhance the strength of Ti alloys through
precipitation strengthening. After TMT, metastable
β-type Ti alloy may precipitate α and/or ωiso phase
[29, 30]. However, the α and/or ωiso phase of precip-
itates may significantly increase the elastic modulus
of the alloy [29–33]. The grain size, distribution, and
volume fraction of precipitates in Ti alloys would sig-
nificantly impact the mechanical properties of Ti al-
loys [34]. Therefore, it is essential to control the heat-
treatment conditions of the aging process.
In this study, Ti-25Nb-8Sn was subjected to cold

rolling and aging treatment under various conditions
to achieve an excellent combination of high yield
strength and low elastic modulus. The stress-induced
phase transformation during the cold rolling process
is expected to reduce the modulus of the alloy, and
the precipitates generated by aging treatment are ex-
pected to improve the mechanical strength of the al-
loy. The phase transformation, microstructure, and
mechanical properties of Ti-25Nb-8Sn under different
cold rolling percentages (50, 75, and 90%) and aging
treatment (aging temperature: 250, 400, and 650◦C;
aging time: 30 min) are discussed in this study.

2. Materials and methods

Ingots of the Ti-25Nb-8Sn were prepared from
Ti (99.7 wt.% pure), Nb (99.95 wt.% pure), and Sn
(99.9 wt.% pure) by using a commercial arc-melting
vacuum pressure casting system (A-028, Dawn Shine,
Taiwan). Before casting, the ingots were re-melted and
flipped six times for chemical homogenization of con-
stituent elements. After casting in a graphite mold, the
rectangular Ti-25Nb-8Sn specimens were cold-rolled
several times in the same direction with a double
rolling machine (Jong Yih Electric Technology Co.,
Ltd., Taiwan) at different cold-rolling reduction ra-
tios of 50% (CR50), 75 % (CR75), and 90% (CR90).
The aging treatment of the cold-rolled samples was
carried out by using a tubular high-temperature fur-
nace (MTF 12/38/250, Carbolite Gero, UK) at 250◦C
(A250), 400◦C (A400), and 650◦C (A650) for 30 min

Ta b l e 1. The nominal and actual compositions of
Ti-25Nb-8Sn alloy obtained through SEM/EDS

Composition Ti Nb Sn

Nominal Bal. 25 8
Actual Bal. 24.60 ± 0.24 7.77 ± 0.33

under argon atmosphere, and then quenched in ice
water. The aging treatment was carried out after the
tube furnace was preheated to the predetermined tem-
perature. The β transus temperature of Ti-25Nb-8Sn
was approximately 660◦C based on the Ti-Nb phase
diagram [35].
The surfaces of all samples were ground using sili-

con carbide papers (#100 to #2000) and mechanically
polished with colloidal 0.06µm SiO2 suspension. After
cleaning the surfaces of the samples with alcohol, ace-
tone, and deionized water, respectively, using an ultra-
sonic cleaner (DC300, Delta, Taiwan), the alloys were
etched in a solution of deionized water, nitric acid, and
hydrofluoric acid at a volume ratio of 78 : 16 : 6. The
microstructures of various processed alloys were ex-
amined using optical microscopy (OM; GmbH37081,
Zeiss, Germany). The chemical composition of the
Ti-25Nb-8Sn was obtained through scanning elec-
tron microscopy (SEM; 6330, JEOL, Japan), energy-
dispersive X-ray spectroscopy (EDS). The nominal
and actual compositions of the Ti-25Nb-8Sn alloy are
displayed in Table 1. X-ray diffraction (XRD; D8-
-Advance, Bruker, Germany) analyses, microhardness
measurements, three-point bending tests, and poten-
tiodynamic polarization tests were performed on the
polished samples. XRD patterns were used for phase
analyses under Cu-Kα radiation at 40 kV, 40 mA, a
scanning speed of 4◦min−1, a step size of 0.02◦/step,
and 2θ = 30◦–80◦. The phase volume fractions of the
alloy were calculated through the software (Origin-
-Pro 9, OriginLab Corporation, USA) from the inte-
grated areas of the X-ray diffraction perks [36]. Micro-
hardness tests were measured by a Vickers hardness
tester (MVK-E36, Mitutoyo, Japan). The load and
dwelling time for the microhardness tests were 0.98 N
and 15 s, respectively. Three-point bending tests were
performed using a desktop mechanical tester (HT-
-2102AP, Hung-Ta Instrument, Taiwan), and the de-
tails are referred to the previous work by Wong et al.
[37].
Potentiodynamic polarization tests were evaluated

by the potentiostat (PGSTAT12, Autolab, Nether-
lands). The tests were conducted in Hanks’ solution
[38, 39], which was used as a simulating body fluid
at room temperature (37◦C) and pH 7.4. The alloy
sample, saturated calomel electrode (SCE), and plat-
inum plate were used as the work electrode, refer-
ence electrode, and auxiliary electrode. Before start-
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Ta b l e 2. Phases and phase volume fractions of Ti-25Nb-8Sn at various TMT conditions

Conditions Phases Vβ (%) Vα′ (%) Vωstr (%) Vωiso (%) Vα (%)

As cast β 100 – – – –
CR50 β + α′′ + ωstr 58 36 6 – –
CR50A250 β + α′′ + ωiso 57 35 – 8 –
CR50A400 β + α′′ + ωiso 65 24 – 11 –
CR50A650 β + α 80 – – – 20
CR75 β + α′′ + ωstr 49 44 7 – –
CR75A250 β + α′′ + ωiso 63 32 – 5 –
CR75A400 β + α′′ + ωiso 67 26 – 7 –
CR75A650 β + α 92 – – – 8
CR90 β + α′′ + ωstr 68 27 5 – –
CR90A250 β + α′′ + ωiso 67 28 – 5 –
CR90A400 β + α′′ + ωiso 71 22 – 7 –
CR90A650 β + α 83 – – – 17

Fig. 1. XRD patterns of Ti-25Nb-8Sn alloys at various
TMT conditions.

ing the test, the electrolyte solution was deoxyge-
nized using nitrogen gas for 30 min. Afterward, the
sample was soaked in Hanks’ solution for an hour
to stabilize the open circuit potential (OCP). The
scan rate and scan range were 1 mV s−1 and −2.0 to
2.0 V, respectively. The Hank’s solution was comprised
of NaCl (8.035 g L−1), NaHCO3 (0.355 g L−1), KCl
(0.225 g L−1), K2HPO4·3H2O (0.231 g L−1), MgCl2 ·
6H2O (0.311 g L−1), 1M HCl (39 mL), CaCl2
(0.292 g L−1), Na2SO4 (0.072 g L−1), and (CH2OH)3
CNH2 (6.118 g L−1).

3. Results and discussion

3.1. Phase structure

The XRD patterns of Ti-25Nb-8Sn alloy under dif-
ferent processing conditions are shown in Fig. 1. As-
-cast Ti-25Nb-8Sn presents a single β phase. Both Nb

and Sn are β-stabilizing elements [15], and the pres-
ence of Sn can inhibit the formation of the ω phase
[16, 17]. After 50, 75, and 90% cold rolling, the alloy
shows a three-phase structure of α′′ + β + ωstr. The
generation of α′′ and ωstr was related to the stress-
-induced transformation (β → α′′ + ωstr) [24, 40–43].
The phases and phase volume fractions of alloys under
various processing conditions are listed in Table 2. For
CR50, CR75, and CR90, the volume fractions of α′′

are 36, 44, and 27%, respectively. The volume fraction
of α′′ in CR75 was significantly greater than that of
CR50, but CR90 presents the smallest volume fraction
of α′′. Although a higher cold rolling reduction pro-
duces more α′′, excessive grain refinement and dislo-
cations caused by severe plastic deformation in CR90
would inhibit the stress-induced martensitic transfor-
mation [44].
After aging treatment at different temperatures

(250, 400, and 650◦C) for 30min, it can be observed
that the volume fraction of α′′ decreases, which is at-
tributed to the reverse phase transformation of α′′

back to β during the heat treatment [45–47]. All the
Ti-25Nb-8Sn aged at 250 and 400◦C show β + α′′

+ isothermal ω (ωiso) phase, and all the Ti-25Nb-
-8Sn aged at 650◦C exhibit β + α phase. The ωiso
phase would generally precipitate in β-Ti alloys within
the aging temperature range of 200 to 500◦C [48–50].
The phase volume fractions of ωiso in CR90A250 and
CR75A250 were lower than that of CR50A250, which
is due to a large number of dislocations in the alloy
after cold rolling hinder the phase transformation of
β → ωiso [44]. Furthermore, the α phase would pre-
cipitate in β-Ti alloys at an aging temperature above
500◦C [49].

3.2. Microstructure

The metallographic images of Ti-25Nb-8Sn alloy
under various TMT conditions are shown in Fig. 2. As-
-cast Ti-25Nb-8Sn presents a typical dendritic struc-
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Fig. 2. Optical micrographs of Ti-25Nb-8Sn alloys at various TMT conditions: (a) as cast, (b)–(d) after cold rolling, and
(e)–(m) after cold rolling and aging treatment.

ture and equiaxed β grains (Fig. 2a). After 50 %
cold rolling, a small amount of fine needle-like α′′

structure appears in the metallograph of CR50, and
the equiaxed β grains are retained (Fig. 2b). Simi-
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Fig. 3. Microhardness values of Ti-25Nb-8Sn at various
TMT conditions.

larly, CR75 and CR90 also exhibit equiaxed β grains
and a small amount of fine needle-like α′′ structure
(Figs. 2c,d). When the percentage of cold rolling re-
duction increased (75 and 90%), equiaxed β grains
were gradually elongated along the cold rolling direc-
tion. However, the equiaxed β grains of CR50 were not
significantly elongated, which may be attributed to a
lower percentage of cold rolling [25]. In addition, since
ωstr is a nanoscale precipitate, the morphology of the
ωstr phase could not be observed in the metallographic
images of CR50, CR75, and CR90 [41].
After aging at 250 or 400◦C, Ti-25Nb-8Sn shows

β (equiaxed grains) + α′′ (fine needle-like) + ωiso
structure (Figs. 2e–j). As mentioned in the results
of XRD, the aging treatment of β-Ti alloys in the
range of 200 to 500◦C would tend to precipitate
the ωiso [50]. In addition, due to insufficient aging
time (30 min), the α′′ martensitic phase was still ob-
served in the Ti-25Nb-8Sn alloy after aging at 250
and 400◦C. When the aging treatment was performed
at 650◦C, CR50A650, CR75A650, and CR90A600 ex-
hibit β (equiaxed grains) + α (plate-like), as shown in
Figs. 2k–m.

3.3. Mechanical properties

The microhardness values of Ti-25Nb-8Sn under
various TMT conditions are shown in Fig. 3. The
hardness of as-cast Ti-25Nb-8Sn alloy is 255.6 HV.
After 50, 75, and 90% cold rolling treatment, the
hardness of the alloys increased to 318.4, 295.2, and
353HV, respectively. The high dislocation density pro-
duced by cold rolling leads to a significant strain hard-
ening or work hardening, which increases the hardness

Fig. 4. Stress-deflection curves of Ti-25Nb-8Sn at vari-
ous TMT conditions obtained through three-point bending

tests.

of the alloy [51, 52]. Therefore, CR90, which has the
highest amount of plastic deformation, has the high-
est hardness. However, the hardness value of CR75 is
lower than that of CR50 because the volume fraction
of the α′′ phase in CR75 is greater than that of CR50.
The hardness of the α′′ phase with an orthorhom-
bic structure is lower than that of the β phase with
a body-centered cubic structure [53, 54]. Among all
the aging-treated alloys, CR50A400 has the highest
hardness (440.8 HV), attributed to the greatest vol-
ume fraction of the ωiso phase. Similarly, among all
the aged alloys with a structure of β + α′′ + ωiso,
CR75A250 with the lowest volume fraction of ωiso
phase has the lowest hardness (315.5 HV). Therefore,
both the volume fraction of the ωiso phase and strain
hardening contributed to enhancing the hardness of
the alloy. On the other hand, CR50A650, CR75A650,
and CR90A650 with β + α structure exhibit rel-
atively lower hardness (340.3, 264.7, and 280.1 HV,
respectively). Although the precipitation of fine α
phase can increase the hardness of the alloy, larger
α grains would reduce the area fraction of the α/β
phase boundary, resulting in a decrease in the hard-
ness of the alloy [55, 56].
The stress-deflection curves of three-point bending

tests for Ti-25Nb-8Sn under various TMT conditions
are displayed in Fig. 4. CR50A400 and CR75A400
broke after slightly exceeding the yield point during
the three-point bending test. It was attributed to the
excessive volume fractions of the ωiso phase in the al-
loys that deteriorated the deformability of the alloy
[57]. On the other hand, the bending deflections of
CR50A250, CR75A250, CR90A250, and CR90A400
with lower volume fractions of ωiso phase were even
greater than 6mm, while CR75A250 and CR90A250
did not break during the bending test (exceeding the
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Ta b l e 3. Mechanical properties of Ti-25Nb-8Sn at various TMT conditions obtained through three-point bending tests

Conditions Bending strength Yield strength, σy Elastic modulus, E σy/E
(MPa) (MPa) (GPa) (× 1000)

As cast 1027 462 51 9.1
CR50 1133 795 49 16.2
CR50A250 1534 1193 67 17.4
CR50A400 1750 1469 73 20.1
CR50A650 1249 939 68 13.8
CR75 1113 724 47 15.4
CR75A250 1286 923 57 16.2
CR75A400 1789 1624 74 22.0
CR75A650 1090 660 56 11.8
CR90 1297 863 53 16.3
CR90A250 1546 1200 61 19.7
CR90A400 1816 1473 68 21.7
CR90A650 1196 926 66 14.0

preset bending deflection of 8 mm). Table 3 presents
the bending strength, yield strength (σy), and elas-
tic modulus (E) of Ti-25Nb-8Sn under various TMT
conditions. CR90A400 with β+α′′+ωiso structure ex-
hibits the highest bending strength (1816MPa), which
is attributed to the strengthening effect from ωiso pre-
cipitates and strain strengthening by cold rolling [58].
CR75A400 shows the second highest bending strength
(1789MPa), and its yield strength (1624MPa) is much
higher than that of the other alloys. Unfortunately,
CR75A400 has insufficient plastic deformation ability
and fractures before reaching the maximum bending
strength, making it difficult for further engineering ap-
plications. Similar to the results of hardness tests, the
bending strengths and yield strengths of CR50A650,
CR75A650, and CR90A650 with β + α structure are
lower than those of the other alloys with β+α′′+ωiso
structure.
The elastic modulus (51 GPa) of as-cast Ti-25Nb-

-8Sn alloy was changed to 49, 47, and 53GPa after 50,
75, and 90% cold rolling, respectively. CR75 has the
lowest modulus than CR50 and CR90 because CR75
has the highest volume fraction of the martensitic α′′

phase. The stress-induced martensitic transformation
(β → α′′) caused by cold rolling directly leads to
the decrease of the modulus of the alloy [24]. Fur-
thermore, the ωstr phase in CR50, CR75, and CR90
does not seem to significantly affect the elastic mod-
ulus of the alloy. On the other hand, CR75A250 has
the lowest elastic modulus (56 GPa) among the alloys
with β + α′′ + ωiso structure. It is worth noting that
CR50A400 and CR75A400, with the highest amount
of ωiso, exhibit the greatest elastic moduli (73 and
74 GPa, respectively). Therefore, compared to ωstr,
the volume fraction of ωiso in the alloy has a strong
influence on the elastic modulus of the alloy.
Evaluating the mechanical property of an excellent

implant requires consideration of both yield strength
and elastic modulus. The high yield strength of an

Fig. 5. Yield strength/elastic modulus ratios (× 1000)
of Ti-25Nb-8Sn at various TMT conditions and various

β-type Ti alloys [1, 9, 12, 28, 37].

implant can prevent its deformation or break in the
human body environment [20, 21]. Furthermore, an
implant with a low elastic modulus can avoid the stress
shielding effect [2, 3].
The yield strength/modulus (σy/E)(× 1000) ratios

and moduli of Ti-25Nb-8Sn under various TMT con-
ditions and various β-type Ti alloys [1, 9, 12, 28, 37]
are shown in Fig. 5 and Table 3. The σy/E (× 1000)
ratios of all Ti-25Nb-8Sn alloys under various condi-
tions in this work (9.1–22.0) were significantly greater
than those of Ti-6Al-4V (6.9), 316L stainless steel
(1.1), and Co-Cr-Mo (3.5). Among them, CR75A400
has the greatest σy/E (× 1000) value (22.0). Further-
more, CR90A400, CR50A400, and CR90A250 with
β + α′′ + ωiso have greater σy/E (× 1000) values,
which are 21.7, 20.1, and 19.7, respectively. How-
ever, CR50A400 and CR75A400 exhibit insufficient
plastic deformation ability in the three-point bending
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Ta b l e 4. Corrosion potential (Ecorr), corrosion current density (Icorr), passivation potential (Epass), and passivation
current density (Ipass) of Ti-25Nb-8Sn at various TMT conditions

Conditions Ecorr Icorr Epass Ipass
(mV (v.s. SCE)) (µA cm−2) (mV (v.s. SCE)) (µA/cm−2)

As cast –600.05 0.36 0.18 7.51
CR90 –633.06 49.60 –0.09 5020.00
CR90A250 –615.60 0.36 –0.02 5.45
CR90A400 –499.38 0.14 0.07 3.75

Fig. 6. Polarization curves of Ti-25Nb-8Sn at differ-
ent processing conditions (as-cast Ti-25Nb-8Sn, CR90,
CR90A250, and CR90A400) in Hank’s solution at 37◦C.

test, which was not conducive for practical applica-
tions. From the perspective of mechanical properties,
CR90A250 and CR90A400 have great potential for use
as biomedical implants.

3.4. Potentiodynamic polarization test

The polarization curves of as-cast Ti-25Nb-8Sn,
CR90, CR90A250, and CR90A400 with the scan rate
of 1 mV s−1 in Hank’s solution at 37◦C are shown
in Fig. 6. According to the results presented in
Fig. 6, the corrosion potential (Ecorr), corrosion cur-
rent density (Icorr), passivation potential (Epass), and
passivation current density (Ipass) of each alloy are
shown in Table 4. The Ecorr of as-cast Ti-25Nb-8Sn,
CR90, CR90A250, and CR90A400 are all below 0 V.
CR90A400 has the highest Ecorr (–499.4mV), and
CR90 has the lowest Ecorr (–633.1mV). Similarly,
CR90A400 has the lowest Icorr (0.14 µA cm−2) and
Ipass (3.75 µA cm−2), while CR90 has the highest Icorr
(49.6 µA cm−2) and Ipass (5020µA cm−2). The corro-
sion resistance of CR90 is significantly lower than that
of the other three alloys. Due to a large number of dis-
locations and grain boundaries in CR90, the corrosion

resistance of the alloy is reduced. Furthermore, the
residual stress generated by cold rolling can also re-
duce the corrosion resistance of the alloy [59]. Aging
treatment can effectively reduce the dislocation den-
sity, grain boundary area, and residual stress field of
the alloy so that the corrosion resistance of CR90A250
and CR90A400 was much greater than that of CR90.
Therefore, CR90A250 and CR90A400 exhibit better
corrosion resistance and have good mechanical prop-
erties, which can meet the application requirements of
biomedical implants.

4. Conclusions

In this study, the performance of as-cast Ti-25Nb-
-8Sn was improved by TMT (cold rolling: 50, 75, and
90%; aging temperature: 250, 400, and 650◦C; aging
time: 30 min). When cold rolling with 50, 75, and 90%
reduction, Ti-25Nb-8Sn with single β phase underwent
a stress-induced phase transformation (β → α′′+ωstr),
showing a three-phase structure of α′′ + β + ωstr.
After low-temperature aging treatment at 250 and
400◦C, all the alloys present β + α′′ + ωiso structure,
while the alloys were transformed to two-phase β + α
structure after high-temperature aging treatment at
650◦C. The bending strength of Ti-25Nb-8Sn after
TMT (1286–1816MPa) was significantly higher than
that of as-cast Ti-25Nb-8Sn (1027MPa), which is at-
tributed to the strengthening effect from ωiso precip-
itates and strain strengthening by cold rolling. Fur-
thermore, the σy/E (× 1000) ratios of Ti-25Nb-8Sn
after TMT (11.8–22.0) were significantly higher than
those of as-cast Ti-25Nb-8Sn (9.1), Ti-6Al-4V (6.9),
316L stainless steel (1.1), and Co-Cr-Mo (3.5). Among
them, CR90A250 and CR90A400 with β + α′′ + ωiso
have greater σy/E (× 1000) values, 19.7 and 21.7, re-
spectively. Moreover, the results of potentiodynamic
polarization tests showed that both CR90A250 and
CR90A400 have good corrosion resistance, exhibiting
low Ipass (5.45 and 3.75µA cm−2, respectively) and
low Icorr (0.36 and 0.14µA cm−2, respectively). Ac-
cordingly, CR90A250 and CR90A400 have extremely
high σy/E (× 1000) ratios, good deformability, and
better corrosion resistance, which have great poten-
tial for use as biomedical implants.
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