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5 January 2023 percentage of Zn content on porous Mg-xZn scaffolds was also investigated to
comprehensively evaluate the effect of Zn on magnesium alloys. The viscosity of
© The Author(s), wunder  slurry decreases with the increase in Zn content. The optimum solid content of
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part of Springer Nature 2023 13.03 MPa, 7.69 MPa, and 6.61 MPa, respectively, meeting the requirements of
cancellous bone (0.1-16 MPa). In vitro degradation results showed that the
degradation rate of Mg scaffolds can be slowed down by adding the appropriate
amount of Zn. The fine and dispersed second-phase precipitation can improve
the comprehensive properties of Mg—Zn alloy. This study facilitates a compre-
hensive evaluation of the effect of Zn content on 3D gel-printed magnesium
scaffolds.

Introduction Magnesium has the advantages of similar density to
the human body, lightweight, good strength, and
good biocompatibility. The main advantage of mag-

Due to severe trauma, tumor resection, congenital nesium over other biometallic materials is its

malformation, and other reasons, we need to fill the degradability [2]. The magnesium ions released by

bone tissue with transplanted bone tissue or substi- degradation can stimulate bone formation, and por-
tutes to help it grow [1]. In recent years, Mg scaffolds  ous magnesium scaffolds with interconnected pores
research has received widespread attention.
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are more conducive to the growth of bone tissue
[3, 4]. Degradation products can also be gradually
excreted through metabolism, eliminating the pain
caused by the second operation and saving medical
costs [5].

However, the chemical nature of Mg is very active,
especially in the environment of C1~, which is highly
corrosive and degradable [6]. To improve the
mechanical properties and corrosion resistance of
magnesium, alloying, improved processing, or sur-
face modification are usually used to enhance the
properties [7-10]. Alloying additives include Al, Zn,
Zr, and some rare earth elements [11-14]. Studies
have shown that adding the above alloying elements
obviously improves the corrosion of Mg alloys.
However, AR easily induces Alzheimer’s disease,
Zr element increases cancer risk, and rare earth ele-
ments have specific toxicity [15]. As an essential ele-
ment of the human body, Zn has good
biocompatibility to promote the growth of bone cells
[16]. Therefore, Mg—Zn alloy was selected as the
object of this study.

There are many methods to prepare magnesium
alloy scaffolds, such as powder metallurgy, particle
infiltration, and melt casting. However, these more
traditional manufacturing techniques cannot achieve
more complex networked 3D architectures with
internal interconnections [17]. The recent rapid
development of 3D printing [18-20] makes it possible
to achieve near-net shapes through 3D modeling for
“private customization.” Laser-based additive man-
ufacturing techniques prepare magnesium scaffolds
with high accuracy, but the high flammability of
magnesium powder with a high affinity for oxygen
poses a challenge [21-23]. In contrast, a novel 3D gel-
printing (3DGP) method offers advantages such as
increased safety, less susceptibility to oxidation, short
production cycle time, low production cost, and the
ability to achieve near-net shapes. In our previous
study, 3DGP was developed and has been used to
prepare several kinds of material, such as metals [18]
and ceramics [19, 20]. Therefore, this printing method
has certain acceptability.

To the best of our knowledge, due to the properties
of magnesium powder, the selection of suitable ad-
hesive components for magnesium powder is lim-
ited, so there are few reports on magnesium powder
3DGP printing methods. In this study, Mg—xZn,
(x =10%, 30%, 50%) scaffolds were successfully
printed by our self-developed gel formulation of the

@ Springer

J Mater Sci (2023) 58:1229-1242

epoxy resin system, and the scaffolds were flat in
appearance. The mechanical properties met the
implantation requirements.

Furthermore, it was found that studies on Mg-Zn
alloys still focus on a small percentage of Zn content
(1-7 wt%), and the variation of their properties is
closely related to intermetallic compounds. Cai et al.
[24] have already studied magnesium alloys with 1, 5,
7 wt% Zn addition and showed that adding more
than 5 wt% Zn content reduces the corrosion resis-
tance of magnesium alloys. There are no reports on
larger percentages of Zn. This paper discusses the
effects of 10, 30, and 50 wt% Zn on Mg-Zn alloy, and
the role of elemental Zn on the mechanical and
degradation properties of Mg alloys is comprehen-
sively evaluated in conjunction with previous studies
on smaller percentages of Zn.

Materials and methods
Materials preparation

Mg powder (99.8%, Tangshan Weihao Magnesium
Powder Co., Ltd.) and Zn powder (99.8%, Beijing
Xingrongyuan Technology Co., Ltd.) were homoge-
neously mixed by a ball-milling for 2 h to obtain Mg—
xZn mixed powders (x = 0, 10, 30, 50 wt%). Deion-
ized water, absolute ethanol, epoxy resin, and oleic
acid (AR, Sinopharm Chemical Reagent Co., Ltd.)
were used in this study.

Printing process of porous Mg—xZn
scaffolds

The epoxy resin was added to the absolute ethanol
and stirred to dissolve to form a premixed solution.
Then Mg-xZn mixed powder and oleic acid were
added, while stirring until the slurry was smooth and
uniform. The prepared slurry is loaded into the
printer, and the printer was able to print autono-
mously according to the previously imported 3D
scaffolds model. Figure 1 is a schematic diagram of
porous Mg—xZn scaffolds prepared by the 3DGP. In
our previous research, we successfully printed
ceramics [20], cemented carbide [25], and stainless
steel [26] with the technology. Finally, the samples
are printed.
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Figure 1 Three-dimensional
schematic diagram of porous
Mg—xZn scaffolds prepared by
the 3DGP process.

Premixed solution

Characterization of porous Mg—xZn
scaffolds

The particle size distribution of Mg-xZn powders
was tested by a laser particle analyzer (BT-9300S,
China Dandong Baxter Co., Ltd.) using ethanol as
medium. The viscosity of the slurry was tested by an
HBDV-1 digital viscometer with 0.3-90 rpm. The
shear rate is derived according to the formula of
Krieger Dougherty:

1)) —[u]®n
—(1-—
:ur < q)m)

@ is the volume fraction of the slurry system, @, is
the maximum volume fraction of the slurry system,
and [¢] is intrinsic viscosity, usually 2.5 for a sphere.
The product of [u] and @,, is between 1 and 2,
generally.

The microstructure of the samples was character-
ized by scanning electron microscopy (SEM, ZEISS
EVO 18, Carl Zeiss NTS, Germany), and the porosity
of the sintered samples was determined in absolute
ethanol by the Archimedes drainage method. The
compressive strength of the samples was tested by a
universal electronic tester (CMT5504, SUST Zhuhai)
at a loading rate of 0.1 mm/min. The samples used
for compressive strength were about 8 mm x 8
mm x 4 mm, then finally grounded with 2000 mesh
sandpaper. Data points were collected from three
samples for density and compression tests. EM-1500L
micro-Vickers hardness tester was used to test the
scaffolds for 10 s under 10 gF load and took the
average value of five test groups.
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In vitro degradation of porous Mg—xZn
scaffolds

In advance, 1000 ml of simulated body fluid (SBF)
with a pH of 7.4 was prepared. The sintered and
polished scaffolds were immersed in SBF solution
based on the ratio of scaffold volume to SBF volume
of 0.1:6. The pH of the solution was measured every
five minutes. The immersion process was carried out
in a constant temperature 36 °C water bath. Accord-
ing to the test method proposed by Yin et al. [27], the
hydrogen analysis experiments were carried out. The
volume of hydrogen released at the time gradient
was recorded during the 2 h immersion, and the
degradation rate was assessed based on the amount
of hydrogen precipitated. After soaking for one hour,
Mg, 0.7Mg—-0.3Zn, and 0.5Mg-0.5Zn scaffolds col-
lapsed, while 0.9Mg-0.1Zn scaffolds remained intact.
Therefore, the weight loss rate of 0.9Mg—0.1Zn scaf-
folds was tested, and their macro-degradation state
was recorded.

The electrochemical corrosion test was performed
by a CS350H electrochemical workstation, a three-
electrode system consisting of a cleaned sample
wafer as a working electrode, a platinum wire as an
auxiliary electrode, and a saturated calomel electrode
(SCE) as a reference electrode. Potentiodynamic
polarization curves were obtained at a scanning rate
of 0.5 mV/s in a potential range of E,p £+ 250 mV.

@ Springer
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Figure 2 SEM images and particle size distribution of material Mg—Zn powder for 3DGP: a Mg, b 0.9Mg-0.1Zn, ¢ 0.7Mg-0.3Zn,

d 0.5Mg-0.5Zn.

Biocompatibility evaluation of Mg-Zn
scaffolds

Biocompatibility of the 0.9Mg-0.1Zn scaffold was
assessed by in vitro culture of mouse-derived osteo-
blasts MC3T3-E1 (Cell Resource Center of Shanghai
Institute for Biological Science, Shanghai, China) with
live/dead staining. MC3T3-E1 osteoblasts were cul-
tured in a 5% CO, incubator at 37 °C until the cell
fusion rate reached approximately 70%. The scaffolds
were sterilized under autoclaving. According to ISO
1099312 and GB/T 16886.12-2017 standards, culture
medium (DMEM, Corning) containing 10% fetal
bovine serum was extracted after holding at 37 °C for
72 h. The extracts were prepared at a concentration of
0.2 g/ml. The medium was replaced with the
extracts, and the medium was changed every 3 days.
Fluorescent staining of the scaffolds was performed

@ Springer

at 1, 3, and 7 days to observe the survival of MC3T3-
E1 cells.

Statistical analysis

All quantitative data were expressed as mean stan-
dard deviation (SD) (1 = 3 for each group of com-
pression test, n = 5 per hardness test, and n = 3 per
immersion and cell test per analysis). The results
were analyzed via one-way analysis of variance
(ANOVA), and *P value < 0.05 was considered sta-
tistically significant.
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Figure 3 Apparent viscosity of Mg—xZn printing slurry.
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Figure 4 Relative curves between apparent viscosity and shear
rate for Mg—xZn printing slurry with 60% solid content.
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Results and discussion

Rheological properties of Mg—xZn 3D
printing slurry

Slurry properties are essential for the successful
preparation of Mg—xZn scaffolds. The SEM images
and particle size distribution of Mg powder and Zn
powder for 3DGP are shown in Fig. 2. Mg and Zn
powders were produced by aerosolization, so the
powder shape is spherical, which facilitates 3D
printing. When the content of Zn is 0, 10 wt%, 30
wt%, and 50 wt%, the particle sizes of the powder are
18.86 £ 1.101 um, 17.39 £ 1.829 um,
16.54 + 1.879 pm, and 16.39 & 1.972 pm, respec-
tively. Since the particle size of Zn powder is smaller
than that of magnesium powder, the overall particle
size of the mixed powder decreases as the Zn content
increases. The smaller the particle size, the better the
smooth extrusion of 3DGP slurry, and the better the
quality of printed sample.

@ Springer
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Table 1 Printing parameters of 3DGP for porous Mg—xZn scaffolds

Printing parameters Nozzle diameter (mm)

Layer height (mm)

Printing speed (mm/s) Pressure (MPa)

Value 0.51 0.4

6 0.6

The key to successful 3DGP printing of high-qual-
ity samples is the preparation of the slurry. Different
powder materials and different composition ratios
have different slurry parameters. Figure 3 shows the
viscosity curves of Mg-xZn printing slurries with
different Zn contents. The analysis found that the
viscosity of the slurry gradually decreases with the
increasing shear rate. This conclusion is consistent
with the research results of Dong et al. [17]. The
slurry can be extruded smoothly during the printing
process because of thinning shear. After extruding,
the shear force disappears, and the viscosity increa-
ses. For a slurry with the same magnesium content,
both the maximum solid content @,,,,, and the char-
acteristic viscosity [u] are constants. According to the
Krieger Dougherty formula, the apparent viscosity of
the slurry increases as the solid content increases.
When the solid content is 55%, the viscosity of the
slurry is low, and the scaffolds does not form during
printing. The slurry will block the printing holes.
When the solid content is 65%, the viscosity of the
slurry is high, and the printing speed is slow during
printing. The printing filament cannot be squeezed
out or blocked by the needle. Therefore, after the
measurement of Mg and three Mg—Zn mixed powder
slurries, 60% solid content is most suitable for
preparing Mg alloy scaffolds for printing.

Figure 5 Photographs of
porous Mg scaffolds printed
by 3DGP: a green sample;
b sintered sample.

@ Springer

Figure 4 shows the relative curve between appar-
ent viscosity and shear rate for Mg—-xZn printing
slurries with a solid content of 60%. When the shear
rate is 0.5s', the viscosity of Mg, 0.9Mg-0.1Zn,
0.7Mg-0.3Zn, and 0.5Mg-0.5Zn is 1066.19 Pa s,
593.40 Pa s, 121.92 Pa s and 42.11 Pa s, respectively.
The cross-sectional comparison analysis shows that
with the increase in Zn content, the apparent vis-
cosity decreases, and the lower viscosity is more
conducive to the smooth extrusion of the slurry. The
reason may be that different powder raw materials
have different viscosity ranges. Pure Mg powder raw
material slurry viscosity value is large. (When the
shear rate is 0279s™!  the viscosity  is
1863.136 + 1.5 Pa s.) By comparison, the slurry vis-
cosity value of pure Zn is small. (When the shear rate
is 0279 s7', the viscosity is 949.727 + 1.2 Pa's.)
Therefore, adding more raw materials with less vis-
cosity of Zn powder will make the overall viscosity
value of the mix decrease. The viscosity of the slurry
reduces with decreasing powder size for the same
solid content and shear rate. The slurry is easier to
extrude.

According to the formula of Krieger Dougherty,
under the same solid content, the powder size dis-
tribution is wide, the tiny particles are embedded in
large particles, and @, increases. For the slurry sys-
tem in this paper, @ is 60%. @, increases with the
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Figure 6 SEM images of porous Mg—xZn scaffolds printed by 3DGP.

addition of Zn powder, and i, decreases. At the same
shear rate, the lower the viscosity, the easier the
slurry extrusion.

Excellent stock with suitable printing parameters is
required to print magnesium supports with excellent
performance successfully. Table 1 shows the 3DGP
printing parameters of porous Mg-xZn scaffolds. The
printed surface will be damaged if the printing layer
height is too low. If the printing layer height is set too
high, the adhesion of the printing line is not good.
The printing speed and air pressure should be mat-
ched with each other. When the printing wire cannot
be squeezed out or ruptured, it can be changed by

slowing down the printing speed or increasing the air
pressure; when the printing line is bent, it can be
altered by increasing the printing speed or reducing
the air pressure.

Characteristics of porous Mg-xZn scaffolds

Figure 5 shows the photographs of green (a) and
sintered (b) scaffolds of pure Mg printed by 3DGP.
After measurement, the size of the green sample and
modeling (24 mm x 24 mm x 5 mm) are basically
similar, and the error is within 0.1 mm. The SEM
images of porous Mg—-xZn scaffolds with different Zn
contents are shown in Fig. 6. Before sintering, the

@ Springer
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Figure 8 BSD of porous Mg—xZn scaffolds: a 0.9Mg—0.1Zn; b 0.7Mg-0.3Zn; ¢ 0.5Mg—0.5Zn.

Table 2 EDS results of different positions marked in Fig. 8

Positions (atom%) P, P, Ps Py Ps Ps

Mg 414 957 965 688 954 684
Zn 58.6 43 35 312 4.6 31.6

connection between printing wires is good. Mg and
Zn powder particles of each scaffold filament were
complete and spherical. According to Fig. 7a, the
shrinkage in each direction does not exceed 5%,
indicating that the 3DGP technique of Mg scaffolds
has good dimensional accuracy. In addition, the
shrinkage rate increased slightly following the
increase in Zn content. Calculating the single-wire
shrinkage rates of Mg, 0.9Mg-0.1Zn, 0.7Mg-0.3Zn,

@ Springer

and 0.5Mg-0.5Zn are 2.7%, 6.7%, 7.6%, and 8.6%,
respectively, shown are in Fig. 7b. Zn is lost in liquid
during sintering because the melting point of Zn is
low. With the increase in Zn content, the solid phase
of the sample decreases, and the shrinkage rate of
single wire increases.

Microstructure of porous Mg—xZn scaffolds

As shown in Fig. 8, the microstructures of the three
different Mg—Zn scaffolds consists of bright white
and dark phases. According to the EDS energy
spectrum analysis, the dark phase is the Mg matrix,
while the bright white phase is the intermetallic
compound phase of Mg-Zn. As the Zn content
increases from 10 to 30 wt%, the intermetallic
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Figure 9 Compressive strength curve of sintered porous Mg—xZn
scaffolds by 3DGP.

compound phase gradually changes from fine and
diffuse distribution at grain boundaries to an increase
in the size of a few grains, still distributed at grain
boundaries. The bright white intermetallic com-
pounds are determined to be MgZn and Mg;Zn;
based on the EDS compositions of points P1 and P4 in
Table 2 and the Mg—Zn binary phase diagram. When
the content reaches 50 wt%, more Zn diffuses into the
magnesium grains, forming a large intermetallic
compound of equiaxed grains, which indicates a
coarser overall grain size and a greatly reduced vol-
ume fraction of the magnesium matrix. The compo-
sition of the P6 point shows that the alloy phase is
still MgzZn;.

Mechanical properties of porous Mg—xZn
scaffolds

Figure 9 shows the compressive strength curve of
porous sintered Mg-xZn scaffolds printed by 3DGP.
The compressive strengths of Mg, 0.9Mg-0.1Zn,
0.7Mg-0.3Zn, and 0.5Mg-0.5Zn porous scaffolds are
about 6.29 MPa, 13.03 MPa, 7.69 MPa, and 6.61 MPa,
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respectively, which meet the cancellous bone
requirements (0.1-16 MPa). According to the hard-
ness in Table 3, the Zn content increases and the
hardness values increase. This is related to the
microstructure formed, as shown in Fig. 8, which
indicates that the equiaxed grains in the organization
of the 0.5Mg—-0.5Zn scaffold are Mg—-Zn compounds
and that the hardness of the Mg-Zn complex is
greater than that of pure magnesium.

The 0.9Mg-0.1Zn sample and the 0.7Mg-0.3Zn
sample exhibited higher strength due to diffusion
strengthening and second-phase strengthening
mechanisms [28, 29]. For the 0.5Mg-0.5Zn sample, a
large amount of MgyZn; alloy phase precipitates
mixed with the magnesium matrix. Many holes are
left after the loss of Zn in liquid due to the high
sintering temperature, which results in lower
strength of 0.5Mg-0.5Zn scaffolds than the other
components of scaffolds. Zn powder with a small
particle size can be filled into the gaps between Mg
powder, which helps improve the density and com-
pressive strength of samples. The porosity of the
scaffold with different Zn contents after sintering is
listed in Table 3. The porosity decreases with 10% Zn
and increases again with the continued addition of
Zn. This is because the scaffold undergoes a
degreasing process during sintering, vaporizing
organic matter and leaving more pores. In contrast,
thermal sintering at high temperatures causes Zn to
become liquid and fill pores. However, a large
amount of Zn content causes a small amount of Zn to
evaporate and float on the surface of the scaffold, so
adding a small amount of Zn will reduce the poros-
ity. Adding a large amount of zinc increases the
porosity again, but the difference in porosity is not
large, in the 50-60% range. Since the macroscopic
macropores of the scaffold itself are controllable and
play a more critical role in bone attachment, the
reduction in microscopic porosity of the metal
printing wire does not cause a more significant
impact. However, it will improve the strength to a
certain extent.

Table 3 Porosity and

mechanical properties of the Sample Porosity (%) Microhardness (MPa) UCS (MPa) Modulus (GPa)
1
Sampres Mg 50.03 £ 035 5277 + 1.1 972 £0.03 023 + 0.02
0.9Mg0.1Zn 5231 £ 034 6444 + 1.2 1426 £ 0.05  0.24 %+ 0.02
0.7Mg0.3Zn 5932 + 042 7482 + 1.4 14.00 £0.02 0.9 + 0.03
0.5Mg 0.5Zn 5696 £ 0.53  99.18 + 1.5 835+005  0.17 £ 0.01
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In vitro degradation of porous Mg—xZn
scaffolds

Figure 10a and b shows the relation between the pH
value and hydrogen evolution rate of degradation
solution and degradation time for porous Mg, 0.9Mg-
0.1Zn, 0.7Mg-0.3Zn, and 0.5Mg-0.5Zn scaffolds,
respectively. The pH value of the degradation solu-
tion increased with the progress of the reaction and
tended to be stable after the scaffolds were utterly
degraded. During the reaction, a large amount of
hydrogen was produced on the surface of the scaf-
folds, and the solution gradually became turbid. The
Mg scaffold began to collapse at 40 min and lost its
strength. After 4 h, the reaction was complete, and
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the pH was stable at about 9.53. The pH of 0.7Mg-
0.3Zn changes rapidly and its hydrogen precipitation
rate was the fastest. However, the 0.5Mg-0.5Zn
scaffold showed an intense degradation. It reacted
violently after immersing in the SBF solution and
generated many bubbles. After 20 min, the scaffold
was almost degraded to powder. The 0.9Mg-0.1Zn
scaffold had the best corrosion resistance with the
slowest pH change rate and hydrogen precipitation
rate. The scaffolds collapsed only after 24 h of
immersion and degraded completely to powder only
after 48 h. Therefore, the weight change of the
09Mg-0.1Zn stent was tested and recorded
(Fig. 10d), and it was found that the stent had been in
a weight gain state for the first 10 h, which originated
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Figure 11 Live/dead staining assay of MC3T3-El cells with 0.9Mg—0.1Zn scaffold material extract for 1, 3 and7days.

from the white corrosion products attached to the
surface of the scaffold. And there was a small amount
of debris around the stent after 5 h, and the scaffold
was in a weight loss state after 12 h.

Furthermore, this study tested the best corrosion-
resistant 0.9Mg-0.1Zn alloy electrochemically and
compared it with pure Mg. As shown in Fig. 10c, the
Ecorr and Loy of 0.9Mg-0.1Zn alloy and pure Mg were
—152V, —177V, and 239.17 pA, 423.86 pA,
respectively. The alloy’s corrosion potential and cor-
rosion current with 10% Zn addition were signifi-
cantly less than those of pure Mg [30, 31].

The main reason for the large differences in the
degradation rates of the four scaffolds is the different
states of the intermetallic phases in their
microstructures. 0.9Mg-0.1Zn scaffold has a fine and
diffuse distribution of MgZn alloy phase, so its
strengthening mechanism acts more than galvanic
corrosion and shows better corrosion resistance than
pure Mg. However, the volume fraction of Mg-Zn
intermetallic compounds in the 0.7Mg-0.3Zn and
0.5Mg-0.5Zn scaffolds increased considerably, and
equiaxed grains of compounds with larger diameters
appeared. In particular, the 0.5Mg-0.5Zn scaffold
formed a large area of Mg;Zn; equiaxed crystalline

compound and fine and distributed MgZn phase at
the grain boundaries due to the diffusion of Zn into
the Mg powder, which caused severe galvanic cor-
rosion [32]. Because of the large potential difference
between the Mg;Zn; phase, MgZn phase and Mg
matrix, the Mg matrix acts as the anode and the alloy
phase acts as the cathode when the two exist simul-
taneously. Therefore, when the body liquid is
immersed in the material pores, it triggers galvanic
coupling corrosion and accelerates degradation
[33, 34].

The addition of small amounts of Zn, such as 1%,
4%, and 6%, has been shown to be effective in slow-
ing down the degradation and improving the
mechanical properties. Combined with the addition
of 10%, 30% and 50% Zn in this paper, a compre-
hensive analysis shows that the addition of < 10% Zn
is more effective in improving the overall perfor-
mance of magnesium alloys. The effect of adding
either a large or small percentage of Zn elements on
the magnesium alloy support depends on the size,
morphology, and distribution state of the inter-
metallic compound. The galvanic coupling corrosion
caused by the alloy phase is the key to accelerating
the degradation of Mg—Zn alloy; if this effect can be
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eliminated, it can significantly improve its corrosion
resistance.

Due to the large specific surface area, the degra-
dation of porous magnesium scaffolds is inevitably
faster than that of dense magnesium scaffolds. The
results show that the degradation of porous Mg
scaffolds can be slowed down by adding proper
amount of Zn (x < 10%Zn). In order to better retard
the degradation of magnesium scaffolds and enable
the effective growth of trabecular bone around the
scaffolds, the next step is to further study the surface
modification of Mg-Zn alloy scaffolds.

Biological performance of porous Mg-Zn
scaffolds

The SM image after cell staining is shown in Fig. 11.
The green spots are live cells, and the red spots are
dead cells. Cell activity results showed that the
number of living cells on the 7th day was signifi-
cantly higher than that on the 3rd day. The number of
green living cells on the 3rd day was significantly
higher than that on the 1st day, indicating that the
scaffold material promoted the proliferation of
MC3T3-E1 cells. TheMg™® released by degradation
improved the osteogenic ability. Therefore, 0.9Mg-
0.1Zn scaffolds have good cytocompatibility.

Conclusions

In this paper, we not only successfully printed porous
Mg—xZn scaffolds with different Zn content by the
3DGP method, but also tried to study the effect of a
larger percentage of Zn content (10, 30, 50 wt%) on
Mg-Zn alloy scaffolds. Furthermore, combined with
the results of previous studies on the small percent-
age of Zn content, we comprehensively evaluated the
role of elemental Zn on the mechanical and degra-
dation properties of magnesium alloys. For Mg-xZn
printing slurry, the low viscosity of the slurry is not
easy to form, and high viscosity will block the needle.
The results show that when the solid content is about
60%, it is suitable for printing because of its good
formability and uniformity. The compressive
strengths of pure Mg, 0.9Mg-0.1Zn, 0.7Mg-0.3Zn,
and 0.5Mg-0.5Zn porous scaffolds are 6.29 MPa,
13.03 MPa, 7.69 MPa, and 6.61 MPa, respectively,
which meet the cancellous bone requirements
(0.1-16 MPa). In vitro simulated body fluid
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degradation tests showed that an appropriate
amount of Zn can slow down the degradation of Mg
scaffolds. However, excessive addition will reduce
the corrosion resistance of scaffolds. On the whole,
galvanic corrosion caused by the alloy phase in the
microstructure is the key to accelerating the degra-
dation of Mg—xZn alloys. If this effect can be elimi-
nated, its corrosion resistance will significantly
improve.
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