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Abstract: The effects of non-flux purification techniques on the mechanical properties and microstructure of AZ91 magnesium alloy
were investigated by ICP, OM, XRD and SEM. The results show that Ar spraying with high flow rate could remove non-metallic
inclusions and improve the mechanical properties of AZ91. The alloy obtains the best properties after argon spraying for 30 min at
the melt temperature of 740 °C. The ceramic foam filter (CFF) could effectively improve the ultimate tensile strength and elongation
of AZ91 alloy, especially the elongation, which increase with increasing pores per inch (ppi) and the thickness of CFF. Non-flux
purification does not change the microstructure of AZ91 alloy. However, filtration has a certain effect on the fracture pattern of AZ91
alloy. To improve the mechanical properties effectively, both filtration and gas spraying should be utilized together.
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1 Introduction

Magnesium alloys have been proved to be highly
competitive materials for construction purposes and
automotive applications, especially when weight is a
critical parameter[1-3]. However, the non-metallic
inclusions in magnesium alloys such as MgO and Mg;N,
destroy the continuity of the magnesium matrix, and thus
impair the mechanical properties of the alloys[4—5].
Refining technologies can be divided into two categories:
flux-based technology and non-flux technology. The
former method of refining magnesium scrap is relatively
old but most common. However, the introduction of flux
to the magnesium melt increases the chance of adding
additional impurities. Sometimes large flux inclusions
get trapped in the magnesium, causing deterioration of
certain physical properties. Therefore, flux-based
refining techniques are not the ultimate solution for
magnesium refining[6]. Non-flux recycling based on gas
spraying, melt filtration and settling, etc is a relatively
new method to purify magnesium alloys[7].

At present, no research on the effects of gas
bubbling incorporating ceramic foam filter (CFF)
purification on the microstructure and mechanical

properties of AZ91 are reported. The purpose of this
research is to investigate the effects of gas bubbling
incorporating CFF purification on the microstructure and
mechanical properties of AZ91 alloys.

2 Experimental

The chemical compositions of AZ91 alloy used in
this experiment were measured by an inductively
coupled plasma spectrum machine (ICP), as shown in
Table 1. Tools and raw stuff used in the experiment were
heated to 200 °C in stove before the experiment in order
to eliminate the water remaining in them. 6 kg Mg alloy
stuff was melted in a 2.5 kW crucible electric resistance
furnace at one time, and a thermocouple was immersed
in the melt directly to control the melt temperature by a
temperature-control instrument. The liquid metal surface
was protected from oxidation by using 0.5% (volume
fraction) SFg in CO,.

Table 1 Chemical compositions of AZ91 alloy (mass fraction,
%0)

Al Zn Mn Be Fe Cu Si Ni Mg
9.05 0.715 0.29 0.0011 0.0021 0.006 0.030 <0.001 Bal.
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During melting, a rotary impeller made of steel was
inserted into the melt and inert gas, Ar, was injected
through the impeller. The gas bubbling system was
shown in Fig.1. The hole size in the rotary impeller head
was 0.2 mm in diameter. The rotating speed was 120
r/min. The gas was dispersed into fine bubble clouds by
the impeller and the bubbles attached to the oxides
during their rising to the surface of the melt. Finally, the
oxides raised to the surface of the melt and then were
skimmed. The spraying spans varied from 20 to 60 min,
the flow rates were 0—2 L/min and the metal temperature
was 700—760 °C.

After purification, the melt was poured into five
metallic moulds and moulded at pouring and mould
temperatures of (720£3) °C and (200+10) °C,
respectively. Fig.2 shows the photos of casting mould.

——Crucible

Rotary
shaft

Rotary
head

Fig.2 Photos of experimental casting mould: (a) Before casting;
(b) After casting

The permanent molds were coated with boron nitride.
The mould was removed from the stove and pouring
started once the preparations were completed. Fig.3(a)
shows the photos of castings. CFFs were placed over the
sprue of the permanent molds. The CFFs used in these
experiments are shown in Fig.3(b), they mainly consist
of 70% Al,O;, 15% SiO, and 10% ZrO, (mass fraction).
The filter material was tested with respect to its reactivity
with magnesium melt. The elements in the filter did not
dissolve noticeably in the melt. Filter manufacturers
commonly characterized the pore size of the filters by the
number of pores per linear inch(ppi). Filters with pore
sizes of 10, 15 and 20 ppi were used, and the
approximate pore sizes were thus 2.5, 1.87 and 1.25 mm,
respectively.

Fig.3 Photos of castings (a) and Al,O3; CFF (b)

The castings were cut to obtain tensile samples. The
tensile specimens were tested using an Instron Series IX
automated testing machine according to ASTM B557M
specification. The gage length, width and thickness of
the samples are 25, 6 and 3 mm, respectively. The yield
strength (o) at 0.2% offset, ultimate tensile strength (o)
and elongation (J) were determined for each test bar. All
the tests were carried out at a strain rate of 1.5 mm/min.
Three specimens under the same condition were tested
and the final values of the test were obtained in term of
their average values. A Rigaku Dmax-rc X-ray
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diffractometer(XRD) and a scanning electron microscope
(SEM) JSM-5800 were employed to analyze the phase
composition and morphology of fractures, respectively.
Detailed microstructure investigations were completed.

3 Results

3.1 Effects of gas bubbling on mechanical properties

Fig.4 shows the effects of gas bubbling parameters
on the mechanical properties. The effects of Ar flow rate
on the mechanical properties are shown in Fig.4(a), in
which the gas bubbling span is 30 min and the melt
temperature is 730 °C during gas bubbling process. It can
be seen surprisingly that the g, and o; of the gas bubbling
sample at 0.5 L/min flow rate are lower than those of the
sample from the fresh melt. When the Ar flow rate is 0.5
L/min, o, and o, decrease from 175.3 and 110.3 MPa to
168.8 and 96 MPa, respectively. However, when the flow
rate increases to 2.0 L/min, o, and o increase to 180.6
and 110.5 MPa, respectively. It can also be seen from
Fig.4(a) that ¢ increases with increasing flow rate
indicating that high flow rate is helpful to improve the
mechanical properties. This means that Ar spraying with
high flow rate can remove non-metallic inclusions from
the melt. In fact, gas spraying also helps to degas the
metal[8]. The process of Ar spraying to the melt
eliminates any signs of gross amounts of dissolved gas.

Fig.4(b) shows the effects of Ar spraying time on
the mechanical properties while the Ar flow rate is 2.0
L/min and the melt temperature is 730 °C. It can be seen
that after Ar spraying for 30 min, g, and J increase from
1753 MPa and 2.74% to 180.6 MPa and 3.53%,
respectively. This means that this process provides a
certain refining action in which the non-metallic
inclusions and dissolved gas may be floated to the top of
the melt and subsequently non-metallic inclusions
skimmed off. However, o, and ¢ will somewhat decrease
with further increase of spraying time. Fig.4(b) also
shows that long spraying time is detrimental to o.

While the spraying time is 30 min and flow rate is 2
L/min, the effects of melt temperature during Ar spraying
process on the mechanical properties are shown in
Fig.4(c). It indicates that 740 °C helps to get the highest
o, and J values of 183.9 MPa and 3.54%, respectively.
However, oy, and 0 decrease with further increase of melt
temperature during spraying. This may result from the
inclusion content under high treatment temperature.

3.2 Effects of CFF filtration on mechanical properties

Figs.5(a)—(b) show the effects of the filter porosity
and thickness on the mechanical properties, respectively.
It can be seen in Fig.5(a) that the CFF is 20 mm in
thickness, o0, and J increase with increasing ppi,
especially 0. CFF of 20 ppi increases o, and 6 from
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Fig.4 Effects of gas flow rate (a), spraying time (b) and
spraying temperature (c) on mechanical properties of AZ91

magnesium alloy

175.3 MPa and 2.74% to 189.1 MPa and 4.02% by 7.9%
and 46.7%, respectively. This means that J can be greatly
improved by filtration. It can also be seen from Fig.5(a)
that the filter has no dramatic effect on o, HOUSH and
PETROVICH[8] reported that the wuse of filter
significantly reduced the amount of large inclusions
remaining in the melt, and an effective way was to
reduce the hole size to trap smaller inclusions. From
Fig.5(a), it can be concluded that ¢, and & can be
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improved with the decrease of inclusions in the melt.
However, the inclusion content might have little effect on
os. Furthermore, in our experiments, it is found that the
CFFs of more than 20 ppi tend to choke the metal flow.
Hence, considering the success of filtration process, the
CFF of 20 ppi is suitable for filtrating the melt.

Fig.5(b), in which the CFF is of 20 ppi, shows the
effects of the thickness of CFF on the mechanical
properties. It indicates that the use of CFF of 10 mm in
thickness increases oy, and 6 from 175.3 MPa and 2.74%
to 1856 MPa and 3.72% by 5.9% and 35.8%,
respectively. As the thickness increases from 10 to 20
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Fig.5 Effects of ppi of CFF (a), thickness of CFF (b) and
filtration (c) on mechanical properties of AZ91 scraps

20 ppi

mm, o, and J increase from 185.6 MPa and 3.72% to
189.3 MPa and 4.02% by 2% and 8%, respectively. It
can also be seen from Fig.9 that the thickness of CFF has
no dramatic effect on o.

Fig.5(c) shows the effects of filtration on the
mechanical properties of AZ91 scraps. The scraps consist
of casting runner, riser head and waste casting, etc. It is
seen that the CFF is 20 mm in thickness and very
effective to increase the g, and 0 of AZ91 scraps. The use
of CFF of 10 ppi increases o, and ¢ from 130.4 MPa and
1.26% to 173.0 MPa and 3.15% by 32.7% and 150.0%,
respectively, and the use of CFF of 20 ppi increases o,
and ¢ from 130.4 MPa and 1.26% to 182.0 MPa and
3.86% by 39.6% and 206.3%, respectively. This means
the o, and 6 of AZ91 scraps can be improved greatly by
filtration. Additionally, it still can be seen from Fig.5(c)
that filtration has no dramatic effect on ;. Therefore, it
can be concluded that inclusions have great effect on o,
and 9, but little effect on o.

3.3 Effects of gas bubbling incorporating filtration on
mechanical properties

Figs.6(a)—(c) show the effects of gas bubbling
incorporating filtration on the mechanical properties of
AZ91 virgin metal. Fig.6 shows the effect of the ppi of
CFF on the mechanical properties, in which Ar spraying
flow at 2 L/min for 30 min at the melt temperature of
730 °C is performed before filtered by CFF of 20 mm in
thickness. It is clear from this figure that o, and o
increase with the increase of ppi. After filtered by CFF of
20 ppi, o, and 6 improve from 180.6 MPa and 3.53% to
192.1 MPa and 4.22% by 6.4% and 19.5%, respectively.
However, o does not change obviously.

Fig.6(b) describes the effects of CFF thickness on
the mechanical properties with the gas bubbling
incorporating filtration process, in which Ar spraying
flow at 2 L/min for 30 min at melt temperature of 730 °C
is performed before filtered by CFF of 20 ppi. It can be
seen that oy, and J increase with the increase of filter
thickness, especially 6. Compared with no filtration, o,
and J purified by CFF of 10 mm in thickness increase
from 180.6 MPa and 3.53% to 189.7 MPa and 3.99% by
5.0% and 13.0%, respectively. However, when the
thickness of CFF increases from 10 to 20 mm, oy, and ¢
only increase from 189.7 MPa and 3.99% to 192.1 MPa
and 4.22% by 1.3% and 5.7%, respectively. So it can be
concluded that the thickness of CFF only has small effect
on the mechanical properties.

Fig.6(c) describes the effects of gas flow rate on the
mechanical properties during gas bubbling incorporating
filtration process, in which Ar spraying flow for 30 min
at melt temperature of 730 °C is performed before
filtered by CFF of 20 ppi. It can be seen that at the
initial Ar flow rate of 0.5 L/min, o, and o, decrease from
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Fig.6 Effects of ppi (a), thickness of CFF incorporating gas
bubbling (b) and gas flow rate incorporating filtration (c) on
mechanical properties of AZ91 magnesium alloy

189.3 MPa and 109.3 MPa to 184.4 MPa and 104.7 MPa,
respectively. However, when the flow rate increases to
2.0 L/min, oy, and o increase to 192.1 and 109.6 MPa,
respectively. And from Fig.6(c), it can be seen that o
increases with the increase of flow rate. Fig.6(c) also
indicates that the large flow rate is helpful to improve the
mechanical properties.

3.4 Effects of non-flux purification on microstructure
and fracture morphology
The microstructures of the unrefined AZ91

magnesium alloys are shown in Fig.7. The white matrix
phase is a-Mg, the gray phase along the grain boundary
is f-Mg;;Al; and the black particles are non-metallic
inclusions. This figure shows that many inclusions exist
in the unrefined magnesium alloys. Figs.7(a)—(c) show
the inclusion clusters, dispersoids and film morphologies,
respectively. Significantly larger inclusion clusters and
dispersoids are present in the melt and few inclusion
films are also noted. It should be pointed out that these
photomicrographs provide information regarding the
inclusion type, size, and morphology in unrefined AZ91
alloy. Individual inclusions such as MgO particles are
about 10-30 pm in size, while clusters of these
inclusions range from 50—500 um in size, film oxides
such as MgO extend to 200—400 pm in length. This

Fig.7 SEM images of cluster-like (a), dispersoid-like (b) and
film-like (c) inclusion in unrefined AZ91 alloys
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entails that substantial efforts should be paid to remove
these inclusions. Fig.8(a) shows the microstructure of the
sample purified by gas bubbling, in which the treatment
time is 30 min under 730 °C at flow rate of 2 L/min. It
can be seen that the large inclusion agglomeration can be
dispersed by gas spraying. The microstructure of the
specimen purified by the combination of CFF and gas
bubbling is shown in Fig.8(b). It is clear that the
inclusions are reduced substantially and clean melt can
be achieved. The XRD analysis in Fig.9 shows that the
alloy still consists of primary a-Mg and f-Mg;,Al,,
indicating that gas bubbling or filtration do not change
the microstructure of AZ91 alloy.

5y : ,‘ PETAD
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Fig.8 SEM images of sample purified by only gas bubbling (a)
and combination of ceramic filter and gas bubbling (b)
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Fig.9 X-ray diffraction pattern of AZ91 alloy purified by gas
bubbling

The fracture surfaces of the unrefined sample after
tensile tests are shown in Fig.10. The images show a
brittle fracture surface with large oxide clusters in as-cast
samples. The fracture paths follow the inclusions and
they are clearly exposed. The fracture surface of the
sample after gas bubbling and filtration purification is
shown in Fig.11. No inclusion is found on the fracture
surface and the fracture is quasi-cleavage crack. Though
the micro-morphology feature of the fracture seems to be
river pattern of cleavage crack, the fracture pattern is not
genuine cleavage fracture but belongs to transcrystalline
fracture, for the fracture surface is mixed with small
cleavage planes, steps, tear arrises and rivers.
Compared Fig.10 with Fig.11, it can be concluded that

Fig.11 Fracture surface of sample after gas bubbling and
filtration
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filtration process has a certain effect on the fracture
pattern of AZ91 alloy.

4 Discussion

4.1 Gas bubbling

Non-flux refining includes all refining processes
where salt is not used, such as settling, floatation and
filtration. Gas bubbling processes are usually used to
remove the hydrogen and inclusions in the aluminum
melt. Because the densities of the inclusions are often
smaller than that of aluminum, these processes are very
effective in purification of aluminum alloy melt.
Recently, it has been claimed that gas purging of
magnesium alloys can remove a lot of inclusions from
the melt. Since magnesium is a very light metal, the
densities of inclusions in the melt are often slightly
higher than that of magnesium alloys, it might be
expected that the heavier inclusions would settle to the
bottom of the crucible. However, as discussed previously,
many particles can float up. Probably, the explanation is
that they are covered by gas layer. Perhaps water vapor
and dissolved hydrogen play a role in creating the gas
layer. A fact is that particles prefer gas to the magnesium
melt: they are wetted by gas, which indicates that
particles may be floated up by gas purging. Only inert
gas can be employed since the presence of reactive gases
such as chlorine or fluorine-containing gases would give
salts. When gas is injected into the melt, the impurities
come into contact with the bubbles by various effects
such as inertia, interception, gravitation and diffusion. If
the impurities are wetted by the bubbles not the melt,
there is a high probability that the impurities remain
trapped at the bubble-melt interface and are carried up to
the dross.

The following is the analysis about the inclusion
movement in the melts. To describe the movement of
inclusions in the melt, it is assumed that the inclusions
adhere to the spraying gas once they touch the gas and
the gas around the inclusions. The stress condition of the
single inclusion in the Mg melt is shown in Fig.12.

According to stress equilibrium relationship:
Ft+F=F,

Then,

1 2
(Vinclusion Pinclusion T Vgas pgas )g = meetalg + E Cd pmetalA u
(1

that is,
1
(Vinclusion Pinclusion T Vgas pgas )g - meetalg = E Cd pmetalAu ?
2)

Take the spherical particle as a example, then,

4 5
Vinclusion = gnrinclusion

Fig.12 Schematic diagram of inclusion particle with gas
covered (F}, Particle buoyant force; F,, Particle gravity force; Fy
Viscosity resistance)

V=—m
3
Vgas =V- Vinclusion (V > inclusion)
A=mr?
24
Cd ==
Re
Re — 2?’Up metal
T metal
then,
2g 3
u= [rinclusion (pinclusion - pgas) +
977meta1r
I"3 (pgas _pmetal)] (3)

where u is the particle settling velocity; g is the gravity
acceleration; #me 1S the viscosity coefficient; 7ipcpusion 18
the inclusion particle radius; 7 is the radius of aggregate
of inclusion absorbing gas; pincusion 18 the inclusion
density; pg.s is the gas density; pmerar 15 the metal density;
Vinelusion 18 the inclusion particle volume; ¥ is the volume
of aggregate of inclusion absorbing gas; Vg, is the gas
particle volume; Cy is the drag coefficient; 4 is the
projected area of a particle; R, is the Reynolds number.
During gas bubbling, after gas spraying into the Mg
melt, the inclusion particles are wetted by gas, then r
increases. In this case, according to Eq.(3), it can be
inferred that with the increase of r, u decreases. If the gas
flow rate is somewhat small, then the residual quantity of
inclusions in the final castings maybe increases because
of the too slow settling velocity. In this case, the
mechanical properties of castings will decrease. However,
if the spraying gas flow rate is large enough, r will
become large enough. In this case, according to Eq.(3),
for peasPmetal 1S NEGAtive, u might become negative when
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r is large enough. This means that the aggregation of
inclusions will not settle, but float to the melt surface.
Besides, with large spraying gas flow rate, the gas has a
large force to push the inclusions to the melt surface. The
above two aspects help to decrease the residual inclusion
content in the final castings and increase the mechanical
properties of the alloys. This explains why the o, and o
of gas bubbling sample at small flow rate are lower than
those of the sample from the fresh melt and the
properties can be improved at high flow rate.

On the other hand, the solubility of hydrogen gas in
both solid and liquid magnesium is well documented,
and it is believed that hydrogen contributes to micro-
porosity and micro-shrinkage in final castings[9—12].
Hydrogen can be potentially absorbed into molten
magnesium from various sources including: hydrocarbon
residues from various lubricants left on scrap, chemically
bound water in hygroscopic fluxes, a humid atmosphere
and /or excess combustion gases. The removal of
hydrogen is necessary since the absorption of hydrogen
gas into molten magnesium is very easy to happen.
Spraying inert gas is a common technique utilized to
degas aluminum and aluminum alloys. Fortunately, the
same benefits are realized in magnesium alloys. Ref.[13]
researched the effect of gas spraying on the hydrogen
content of Mg melt. The results show that gas bubbling
process can decrease the hydrogen content in the Mg
melt to decrease the micro-porosity and micro-shrinkage.
This also helps to improve the mechanical properties of
the alloys.

4.2 Filtration

CFF is a kind of high efficient filtering medium for
alloy melt[14—15]. In order to lower the content of
detrimental particles prior to casting, filtration with CFF
is common in casting of aluminum. It has also been
applied to steels.

Fig.3(b) shows the morphology of a CFF used in
this experiment. The skeleton of dense and tiny ceramic
branches in the CFF forms a
three-dimensional structure. Its filtration mechanism is
fairly complicated. At present, the dominant views
related to the mechanism include the following three
aspects. The first factor is filtering action. That is,
inclusion particles are counterchecked by tiny holes in
the filter so that the accumulation of inclusions even
leads to the formation of inclusion cakes. Furthermore,
the formed inclusion cakes help to hold the smaller
inclusion particles in the melt. The second factor is the
existence of many winding tiny tunnels in the filtration
medium. Some tiny particles deposit at the corners of the
passage due to the fluctuation of the fluid speed. The
third factor is its excellent adsorption capability. This is
because the huge surface of the skeleton, which is not

continuous

wetted by the metal melt, has strong adsorption for solid
tiny inclusion which is not wetted by the melt. As a result
of the synthetic effects of the above three factors,
excellent filtration efficiency can be obtained. This kind
of filter can remove the solid inclusion particles the
diameter of which is less than 10—20 um.

Molten metal filtration often puts two incompatible
requirements on the industrial filter: 1) large volumes of
metal should be filtered before the pressure drop over the
filter becomes too large; 2) the filter should remove
virtually all inclusions. Therefore, filtration is often a
matter of compromise between filter life and metal
cleanliness.

Generally, the filtration theory can be distinguished
into two modes, i.e. depth filtration and cake filtration. In
depth filtration, the inclusions are captured inside the
filter, while in cake filtration the inclusions get stuck on
other inclusions in front of the filter. In this work,
because the fresh ingots are used, cake filtration hardly
occurs, only depth filtration is discussed. In this case,
inclusions much smaller than the filter pore size are
removed deeply down in the filter.

The most important parameter in filtration process
is filtration efficiency, E it can be expressed as
Cy,-C

. L =1 —exp(-na,pL) (4)

E=

where C, is the concentration of inclusions in the
unfiltrated metal; C,, is the concentration of inclusions
in the filtered metal; # is the collision efficiency; a; is the
surface area per unit volume length; f§ is the ratio of the
collector surface projected in the flow direction to the
total collector surface area; L is the thickness of the filter.

An important example is a filter consisting of
spherical collectors of diameter 2R. The void fraction in
the filter is denoted e. Then, f=1/4 and

3nL(1- 5)]

E=1-exp[—
Pl 4Re

&)

For the direct interception mechanism it is found
that the collision efficiency #=3d/2R, where d is the
inclusion diameter. Then,

9dL(1-¢)

E=1-exp[
8R’e

] (6)

According to Eq.(6), the filtration efficiency is an
increasing function of inclusion size. For CFFs, the
filtration efficiency increases as inclusion size increases
and filter pore size decreases.

From Eq.(6), it can be also seen that filtration
efficiency E increases with the increase of filter thickness
L. Cq4p denotes the concentration of particles deposited
per unit filter length. The inclusion deposition function
inside a filter then can be written as
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Cdep (Z):CoﬂasﬂeXP( - Uasﬂz) (7)

where z is the distance from a point inside the filter to the
surface of the filter from which the melt floats into the
filter and 0<z<L.

Eq.(7) predicts that when inclusions are assumed to
be completely mixed in the transverse direction of the
flow, the particle deposition decreases exponentially as a
function of z.

This means that a CFF of certain thickness can
effectively remove the inclusions in the melt. With
further increase of filter thickness, the decrease content
of inclusions is limited. The results in Fig.5(b) confirms
this analysis, which show that g, and ¢ increase with the
increase of filter thickness. The results may be due to the
inclusions decrease in the alloy. Fig.9 also shows that the
CFF of 15 mm in thickness can effectively improve o
and 6. When the thickness increases from 15 to 20 mm,
o, and J only improve from 187.9 MPa and 3.89% to
189.3 MPa and 4.02% by 0.7% and 3.3%, respectively.

The industrial filter should have large pores so that
a relatively small metal head is needed to force metal
into the entire filter. A filter with large depth filtration
capability and good filtration efficiency should be
employed. Therefore, it has large void fractions and a
large internal surface. According to our experiments,
filters with large ppi(more than 20 ppi) will choke the
flow of metal and lead to low filter efficiency. It is
concluded that 15—20 ppi is the optimal porosity size.

Based on the above research and analysis, it leads to
a conclusion that both filtration and inert gas spraying
techniques should be utilized together to remove
inclusions and dissolved hydrogen gas from magnesium
melt effectively.

5 Conclusions

1) Non-flux refining of magnesium is a practical
method to improve oy, and 6 of AZ91 alloy. The large
agglomeration can be dispersed and
non-metallic inclusions can be removed to some extent
by gas spraying process.

2) Ar spraying with high flow rate can remove
non-metallic inclusions and improve the mechanical
properties of the alloy. Ar spraying for 30 min at melt
temperature of 740 °C helps to get best properties. The
mechanical properties decrease with further increase of
spraying time and temperature.

3) The CFF can effectively improve the g,and J of
AZ91 alloy, especially o. Filtration is more effective for
AZ91 scraps than for AZ91 fresh alloy. Both ¢, and J
increase with increasing ppi and the thickness of CFF.
The CFFs of no more than 20 ppi are suitable for
filtrating AZ91 alloy.

inclusion

4) Both filtration and inert gas spraying techniques
should be utilized together to improve the mechanical
properties effectively, they do not change the
microstructure of AZ91 alloy. Filtration has a certain
effect on the fracture pattern of AZ91 alloy. The fracture
surface of the sample after gas bubbling and filtration
shows that no inclusions are found on the fracture
surface and the fracture pattern is quasi-cleavage crack.
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