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Abstract

In order to improve the accuracy of rapid evaluation of the modification effect of Al-Si alloy
in front of the furnace, the relationship between resistivity change and modification level dur-
ing melt solidification was experimentally studied. A melt resistivity monitoring system was
designed for practical application, including a sample cup, sample cup base support, vacuum
aspiration unit, constant current power supply, data acquisition module, and computer. The
monitoring system was used to monitor the changes in temperature and resistivity parameters
during solidification of ZL101A alloy melt treated with different amounts of Sr modifier. It
was found that the curve of melt resistivity changes with temperature at the eutectic solidi-
fication stage had a plateau, and the resistivity plateau value decreased with the better alloy
modification effect. Therefore, a rapid evaluation model was established of the hypoeutectic
Al-Si alloy modification effect in front of the furnace based on resistivity change during melt
solidification. The experimental results showed that the evaluation of the modification effect
of the hypoeutectic Al-Si alloy could be completed within 3 minutes by using the monitoring
system and evaluation model designed in this paper. The accuracy of the evaluation of mod-
ification level error within ± 0.5 reaches 80 % taking the metallographic observation method
as the standard.

K e y w o r d s: resistivity, monitoring device, hypoeutectic Al-Si alloys, modification effect,
rapid evaluation

1. Introduction

The hypoeutectic Al-Si alloys have been widely
used in the automotive and aerospace industry due
to their low density, high strength, and good fluidity
[1, 2]. However, when the eutectic silicon phase of the
alloy is not modified, it is easy to form coarse acicu-
lar and flake structures, resulting in brittle fracture,
poor plasticity, and low strength [3–5]. Therefore, in
the production process, the alloy needs to be modified
to change the coarse needle flake eutectic silicon into
fine fibrous, to improve the strength and plasticity of
the alloy [6–8].
Before casting, it is necessary to quickly and ac-
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curately evaluate the effect of melt modification [9].
The metallographic observation method is the most
intuitive evaluation method for the modification ef-
fect, but it is not suitable for rapid evaluation in front
of the furnace because of its long operation period.
The chemical analysis method evaluates the modifica-
tion effect by detecting the content of modifiers in the
melt, which has the advantage of fast detection speed.
However, the modification effect is related not only
to the content of the modifier but also to treatment
time, cooling conditions, and effective time [10, 11].
Therefore, it is difficult to evaluate the modification
effect only by chemical composition accurately. Ther-
mal analysis has attracted the attention of experts and
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Fig. 1. Overall composition diagram of melt resistivity
monitoring device.

scholars due to its advantages of convenience, econ-
omy, and efficiency [12, 13], among which the change
of eutectic growth temperature before and after mod-
ification is the most widely used to evaluate the mod-
ification effect [14–16]. Resistivity is a sensitive pa-
rameter of alloy structure, which can characterize the
change of alloy melt structure and the formation of a
new phase during alloy solidification [18]. In the case
of given technological conditions, the resistivity is re-
lated to the composition and relative content of the al-
loy and the microstructure [19, 20]. Thermal analysis
taking phase transition heat as its characteristic value
and resistivity method taking conductivity change as
its characteristic value are the two methods to monitor
the microstructure change of melt solidification pro-
cess from different perspectives. The thermal analysis
method has a long history of research and application
and is relatively mature, while the resistivity method
is only limited to the experimental research stage un-
der laboratory conditions [21–23]. To realize the ap-
plication of the resistivity method in real production
and expand it to the evaluation of alloy modification
effect in front of the furnace, a modification effect eval-
uation system of hypoeutectic Al-Si alloy for practical
production is designed in this paper. Based on this
system, an experimental study on the relationship be-
tween resistivity change and modification effect during
the melt solidification process was carried out, and a
simple model for rapidly evaluating the modification
effect was established.

2. Alloy melt resistivity monitoring device

2.1. General structure of the device

The general structure of the alloy melt resistivity
monitoring device is shown in Fig. 1, including a sam-
ple cup, sample cup base support, vacuum aspiration
unit, constant current power supply, data acquisition
module, and computer. The resistivity of alloy melt
is measured by the two-electrode method. The con-

Fig. 2. Sample cup structure and quartz tube size drawing:
(a) sample cup structure, (b) quartz tube size.

stant power supply supplies a constant current to the
alloy melt in the quartz tube through the electrodes
at the lower end of the quartz tube. The data acqui-
sition module obtains the voltage signal through the
electrodes. The sample cup base support is equipped
with a constant current power supply, negative pres-
sure air source access, and a thermocouple signal ex-
port device. The data acquisition module ADAM4118
is connected to the computer, and the data acquisi-
tion program is written in the Visual Basic language.
After the melt is poured into the sample cup, the data
acquisition program automatically monitors the melt
surface position in the cup according to the thermo-
couple temperature and timely starts the vacuum as-
piration unit and constant current power supply to en-
sure that the melt is sucked into the L-shaped double
tube conductivity cell and forms a closed-loop loop.
The resistivity channel of the data acquisition module
will monitor the resistivity change of the conductivity
cell in real time. Because the melt in the conductivity
cell solidifies synchronously with the melt in the cup,
the solidification behavior of the melt inside and out-
side the conductivity cell can be considered basically
synchronous and consistent.

2.2. Sample cup structure

The structure of the sample cup is shown in Fig. 2a.
The sample cup is made of resin sand, the inner cavity
is cylindrical, the temperature measuring point of the
thermocouple is placed at the geometric center of the
inner cavity, L-shaped quartz tubes are installed on
both sides of the thermocouple to form a U-shaped
conductivity cell, and the lower end of the quartz tube
is sealed with sealing material to prevent the passage
of aluminum alloy melt. The specific size of the quartz
tube is shown in Fig. 2b.
The resistance value of the material is directly pro-

portional to the length and inversely proportional to
the cross-sectional area. If the spatial structure of the
sample cup allows, the longer the conductivity cell
length and the thinner the inner diameter are, the
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Ta b l e 1. Chemical composition of ZL101A alloy with different Sr addition level

Element (mass%)
Sr addition
level (mass%) Si Sr Mg Zn Fe Mn Ti Al

0 7.06 0 0.32 0.012 0.98 0.012 0.152 Bal.
0.01 7.09 0.009 0.31 0.009 0.97 0.011 0.192 Bal.
0.02 6.98 0.021 0.32 0.011 0.98 0.010 0.152 Bal.
0.03 6.99 0.029 0.31 0.015 0.96 0.009 0.155 Bal.
0.04 7.02 0.041 0.31 0.008 0.91 0.011 0.150 Bal.
0.05 6.98 0.050 0.32 0.013 0.95 0.013 0.151 Bal.

better the resistivity parameter monitoring is, and the
obtained parameters can more sensitively reflect the
changes in material microstructure. Under the condi-
tion of limited sample cup space, two quartz tubes
with an inner diameter of 2 mm are used as the con-
ductivity cell. The purpose of designing the quartz
tube into an L-shape is to increase the length of
the conductivity cell. To ensure the accuracy of re-
sistivity measurement, the geometric parameters of
quartz tubes were calibrated using high-purity mer-
cury (99.99 mass%) with known resistivity at room
temperature.

3. Resistivity monitoring test during melt
solidification

3.1. Alloy melting and modification treatment

ZL101A commercial hypoeutectic Al-Si alloy was
selected as the test material. In each experiment, 1 kg
ZL101A alloy was melted in a crucible resistance fur-
nace at 720 ± 5◦C. The alloy melt was degassed under
high purity argon gas for 15 min and then added to
Al-10Sr master alloy. After adding the modifier, the
alloy melt was maintained for 30min and then poured
into a resin sand sample cup. The addition levels
of Sr were 0, 0.01mass%, 0.02 mass%, 0.03mass%,
0.04mass%, and 0.05 mass%. The chemical composi-
tion of the original ZL101A alloy and the alloy added
with Sr was determined by a direct-reading spectrom-
eter. The results are shown in Table 1. The tempe-
rature and resistivity changes of the alloy from liquid
to solid were recorded. The samples were taken from
the solidified alloy near the tip of the thermocouple.
After grinding and polishing by standard procedures,
they were corroded with 0.5 % hydrofluoric acid aque-
ous solution for 10 to 15 s. Then the microstructure
was observed by scanning electron microscope, and
the size of eutectic silicon was counted by Image-Pro
software. Twenty fields of view were selected for the al-
loy microstructure with each Sr addition level, and the
perimeters of all eutectic silicon in each field were mea-
sured. The ML (modification effect) was determined

by using the following formula [16]:

ML = (1× a%) + (2× b%) + (3× c%) + (4× d%) +
(5× e%) + (6× f%), (1)

where a%–f% are percentages for Classes 1–6, respec-
tively.

3.2. Influence of the addition level of Sr
modifier on the resistivity of melt

Figure 3 shows the curves of temperature and resis-
tivity with time for different Sr addition levels. Before
the eutectic reaction, the resistivity decreases with the
drop in temperature. After the eutectic reaction be-
gins, the shape of the resistivity curve is similar to
the cooling curve, the curve rises first, and then a
plateau appears. The position of the plateau slightly
lags behind the eutectic temperature plateau. After
the plateau appears for a short time, the resistivity de-
clines. The first derivative curves of temperature and
resistivity curves are made to obtain the relevant char-
acteristic values on the curves. There is a plateau on
the cooling curve at the eutectic growth stage, and the
plateau value is the eutectic growth temperature TEG.
There is also a plateau on the resistivity curve at this
stage, and the plateau value is defined as ρEG. The
TEG value is the temperature value corresponding to
the eutectic stage when the dT /dt value is zero, and
the ρEG value is the resistivity value when the dρ/dt
value is zero in the eutectic stage. At the same time,
the first derivative of temperature is used to calculate
the cooling rates of the alloys with different Sr addi-
tion levels. The cooling rates of the alloys with 0 to
0.05mass% Sr addition levels are 1.268, 1.257, 1.269,
1.272, 1.254, and 1.259◦C s−1, respectively. The cool-
ing rates are very close, and the alloy melts with dif-
ferent Sr addition levels can be considered to solidify
under the same cooling condition.
Figure 4 shows the cooling curves of the alloys with

different Sr addition levels at the eutectic stage. It is
evident that the plateau on the cooling curves at the
eutectic stage presents a downward trend with the in-
crease of Sr addition levels. The TEG value of the alloy
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Fig. 3. The curves of temperature and resistivity with time for different Sr addition levels: (a) 0 Sr, (b) 0.01 mass% Sr,
(c) 0.02 mass% Sr, (d) 0.03 mass% Sr, (e) 0.04 mass% Sr, and (f) 0.05 mass% Sr.

without Sr addition is 575.4◦C, and the TEG values
of the alloys with Sr addition levels of 0.01 mass%
to 0.05mass% are 573.5, 570.0, 568.5, 567.6, and
566.2◦C, respectively. The characteristic value ΔTEG,
which is the difference value of the eutectic growth
temperature of the alloy before and after modification,
is generally used to evaluate the modification effect of
Al-Si alloy by thermal analysis. The ΔTEG values of
the alloys with 0.01mass% Sr to 0.05mass% Sr are
1.9, 5.4, 6.9, 7.8, and 9.2◦C, respectively.
Figure 5 shows the resistivity curves of the al-

loys with different Sr addition levels at the eutectic
stage. It is evident that the plateau on the resistiv-
ity curves at the eutectic stage presents a downward

trend with the increase of Sr addition levels. The
ρEG value of alloy without Sr addition is 274.4 nΩm,
and the ρEG values of alloys with Sr addition levels
of 0.01mass% to 0.05mass% are 270.7, 262.4, 257.7,
252.1, and 250.1 nΩm, respectively. By analogy with
ΔTEG, we defined ΔρEG, which is the difference value
of the plateau value of the resistivity curve of the al-
loy before and after modification. The ΔρEG values
of the alloys with 0.01mass% Sr to 0.05mass% Sr are
3.7, 12.0, 16.7, 22.3, and 24.3 nΩm, respectively.
During the solidification of hypoeutectic Al-Si al-

loys, the primary α-Al phase precipitates at first and
releases a large amount of latent heat. When the rate
of releasing latent heat is equivalent to the rate of cool-
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Fig. 4. The temperature with time curves of the alloys with
different Sr addition levels.

Fig. 5. The resistivity with time curves of the alloys with
different Sr addition levels.

ing heat loss, a primary crystal plateau will appear
on the cooling curve. At the late solidification stage
of the primary crystal phase, the growth of primary
α-Al is slow, and the latent heat released is less, lead-
ing to a continuous temperature drop. When the tem-
perature drops to the eutectic point, the eutectic reac-
tion begins to occur, and the eutectic β-Si phase and
eutectic α-Al phase are precipitated, which will also
release a large amount of latent heat. When the heat
release rate is equivalent to the heat loss rate, a eutec-
tic plateau will appear on the cooling curve. Figure 6
shows the relationship between the solidification pro-
cess at the eutectic stage and the cooling curve and re-
sistivity curve changes. The relationship between the
eutectic stage solidification process of Al-Si alloy and
temperature change has been studied by scholars [24].
When the temperature drops to the eutectic point,

Fig. 6. The relationship between the solidification process
at the eutectic stage and the cooling curve and resistivity

curve changes.

the eutectic phases begin to nucleate and release la-
tent heat, the cooling rate of the alloy slows down,
the subsequent crystal nuclei begin to grow, and new
crystal nuclei are generated. With the generation and
growth of a large number of crystal nuclei, the rate of
releasing latent heat exceeds the rate of cooling heat
loss of the alloy, which makes the cooling curve of the
alloy show an upward trend. After the nucleation of
the alloy is completed, the crystal nucleus begins to
grow freely. With the rapid growth of the crystal nu-
cleus, a large number of crystal nucleus edges begin to
contact. When the release rate of latent heat is equiv-
alent to the rate of heat loss, a eutectic plateau will
be generated on the cooling curve. At the later stage
of eutectic solidification, as the growth rate of the eu-
tectic structure slows down, the release rate of latent
heat is less than the rate of heat loss, and the cooling
curve begins to decline. When all eutectic nuclei grow
to complete contact with adjacent nuclei, the growth
stops, and solidification ends.
In the eutectic reaction, the eutectic β-Si phase and

eutectic α-Al phase are precipitated, and eutectic β-Si
grows ahead of the eutectic α-Al phase. After the eu-
tectic reaction starts, the precipitation of the eutectic
β-Si phase has high resistivity, which has a great scat-
tering effect on electrons, and shows an effect of the
increase in resistivity. At the same time, the release of
the latent heat of the eutectic reaction increases the
temperature, which enhances the disturbance to the
alloy melt and the scattering of free electrons, so it
shows an effect of the increase on resistivity. There-
fore, the overall resistivity of the alloy melt shows an
upward trend under the influence of temperature and
the eutectic β-Si phase. The electric conductivity of
eutectic α-Al phase particles is better than that of
the surrounding melt. When the free electrons collide
with the eutectic α-Al phase particles, they will not
be scattered but pass through.
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Fig. 7. The effects on the passage of free electrons of differ-
ent forms of eutectic β-Si phase: (a) without modification

and (b) after modification.

Moreover, the collision probability of the free elec-
trons inside the eutectic α-Al phase particles is less
than that of the melt, which increases the average free
path of the free electrons. Therefore, the eutectic α-
Al phase shows an effect of a decrease in resistivity.
At the later stage of eutectic solidification, the growth
rate of the eutectic α-Al phase gradually catches up
with the eutectic β-Si phase. At the same time, the
temperature in the later stage of the eutectic reaction
begins to drop, which weakens the disturbance to the
alloy melt, and reduces the scattering of free electrons,
so it shows an effect of a decrease in resistivity. Be-
cause the resistivity of the alloy is mainly affected by
temperature, the type and size of phases in the alloy
[25], it is possible to achieve a balance for the effects

Fig. 8. The microstructure of the alloys with different Sr addition levels: (a) 0 Sr, (b) 0.01 mass% Sr, (c) 0.02 mass% Sr,
(d) 0.03 mass% Sr, (e) 0.04 mass% Sr, and (f) 0.05 mass% Sr.
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Fig. 9. The perimeter distribution of eutectic silicon: (a) 0 Sr, (b) 0.01 mass% Sr, (c) 0.02 mass% Sr, (d) 0.03 mass% Sr,
(e) 0.04 mass% Sr, and (f) 0.05 mass% Sr.

of the eutectic β-Si phase, eutectic α-Al phase, and
temperature on resistivity, and a plateau will appear
on the resistivity curve. After that, with the end of
the eutectic reaction and the alloy completely solid-
ified, temperature becomes the main factor affecting
the resistivity. With the further decrease in tempera-
ture, the resistivity shows a downward trend.

Sr modifier inhibits the nucleation and growth of
eutectic phases, so the eutectic temperature plateau
decreases. At the same time, the Sr modifier will
change the original growth mode of eutectic β-Si, and
make the coarse plate-like eutectic β-Si phase change
to fine fibrous. Therefore, a finer eutectic β-Si struc-
ture is obtained after modification. The size of the
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eutectic β-Si phase greatly influences the conductiv-
ity of alloy melt. Figure 13 shows the effects on the
passage of free electrons of different forms eutectic
β-Si phase [26]. For Al-Si alloy without modification,
the microstructure of the eutectic β-Si phase is coarse
plate-like or long needle. As shown in Fig. 7a, this can
effectively increase the probability of collision between
the eutectic β-Si phase and free electrons, which is not
conducive to the smooth passage of electrons. Thus,
it has a great effect on increasing the resistivity of al-
loy melt. After modification, the eutectic β-Si phase
presents as fine fibrous, which reduces the probability
of collision with free electrons and increases the prob-
ability of electrons passing through (Fig. 7b). Com-
pared with the alloy without modification, the physi-
cal properties of the alloy show lower resistivity. After
Sr modification, the eutectic growth temperature of
the alloy decreases, and the eutectic β-Si particles be-
come fine, which will make the improved strength of
the resistivity after the precipitation of the eutectic
β-Si phase less than that of unmodified alloy. There-
fore, the effects of the eutectic β-Si phase, eutectic
α-Al phase, and temperature on the resistivity of the
modified alloy melt will be balanced at a lower resis-
tivity level. It shows that the resistivity plateau with
the time curve moves downward, and the ρEG value
becomes smaller.

3.3. Relationship between resistivity and
modification level during melt solidification

The microstructure of the alloys with different Sr
addition levels is shown in Fig. 8. It can be seen from
Fig. 3a that the eutectic silicon phase is coarse lamel-
lar or acicular shape when it is not modified. When the
Sr addition level is 0.01mass%, as shown in Fig. 8b,
the length of needle sheet shape eutectic silicon be-
came shorter and tended to change to a fibrous shape.
As shown in Fig. 3c, when the addition level of Sr
is 0.02 mass%, the morphology of eutectic silicon has
changed to a fibrous shape, and the size of eutectic
silicon is further reduced, but most eutectic silicon
is short needle flake shape. When the addition level
of Sr increases to 0.03mass%, as shown in Fig. 8d,
the morphology of eutectic silicon changes into a fi-
brous shape, most of the eutectic is spot-like, but
there are a small number of eutectic silicon particles
with slightly longer size. When the Sr addition level is
0.04mass%, it can be seen from Fig. 8e that almost all
eutectic silicon is distributed spot-like, and the num-
ber of small-size eutectic silicon increases. As shown in
Fig. 8f, when the Sr addition level is 0.05mass%, many
smaller spot-like eutectic silicon particles appear, and
the number of small-size eutectic silicon further in-
creases. With the increase of the Sr addition level,
the effect of improving the microstructure of the alloy
gradually becomes stronger.

Fig. 10. The median value of the perimeter at each mod-
ification level was used to define the upper limits of this
parameter for the corresponding modification levels.

The perimeter distribution of eutectic silicon of
the alloys with different Sr addition levels is shown in
Fig. 9. It can be seen that the perimeter distribution of
eutectic silicon before and after modification basically
followed the normal distribution, the size distribution
of unmodified eutectic silicon is relatively scattered,
there is a large proportion of large-size eutectic sili-
con, and the size distribution of eutectic silicon after
modification is relatively concentrated. With the in-
crease of the Sr addition level, the amount of large-size
eutectic silicon decreases gradually, while the propor-
tion of small-size eutectic silicon increases gradually.
The average perimeter of the eutectic silicon of un-
modified alloy is 53.88µm. When Sr addition level is
0.05mass%, the average perimeter of eutectic silicon
decreases to 3.67 µm, indicating that the size of eutec-
tic silicon could be significantly reduced after adding
Sr.
M. Djurdjevic et al. [16] statistically calculated

the size of eutectic silicon in the standard chart in
Al-Si casting of the American Foundry Association
and found that there was a good corresponding re-
lationship between the perimeter of eutectic silicon
and the modification level. In their work, the median
perimeter was used to define the upper limits of the
perimeter parameter for each modification level. For
example, the median perimeter at modification level
6 is 3 µm, so a silicon structure with a perimeter less
than 3 µm is treated as modification level 6, as shown
in Fig. 10. Based on Fig. 10, we calculate the per-
centage of eutectic silicon structure of the alloys with
different Sr addition levels in different modification
levels, as shown in Table 2. Then, according to Eq.
(1), the modification levels of the alloys with different
Sr addition levels are rated, as shown in Fig. 11. It
is evident that the modification level increases with
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Ta b l e 2. The percentage of eutectic silicon particles in different modification levels in alloys with different Sr addition
levels

Fractions (%)
Sr addition
level (mass%) Level 1 Level 2 Level 3 Level 4 Level 5 Level 6

63.26 8.16 28.58 0.00 0.00 0.00
0.01 25.47 10.19 43.95 5.09 15.30 0.00
0.02 14.04 5.06 63.48 2.81 14.61 0.00
0.03 1.71 3.62 54.37 8.32 31.98 0.00
0.04 0.51 0.51 31.77 7.47 58.61 1.11
0.05 0.00 0.00 1.50 0.64 57.30 40.56

Ta b l e 3. The modification levels and the characteristic values of temperature and resistivity of alloys with different Sr
addition levels

Sr addition level (mass%) TEG (◦C) ΔTEG (◦C) ρEG (nΩ m) ΔρEG (nΩ m) ML

0 575.4 0 274.4 0 1.65
0.01 573.5 1.9 270.7 3.7 2.75
0.02 570.0 5.4 262.4 12.0 3.00
0.03 568.5 6.9 257.7 16.7 3.65
0.04 567.6 7.8 252.1 22.3 4.26
0.05 566.2 9.2 250.1 24.3 5.37

Fig. 11. The modification levels of the alloys with different
Sr addition levels.

the increase of the Sr addition level. And when the
Sr addition level is 0.05mass%, the modification level
reaches class 5.37.
The modification levels and the characteristic val-

ues of temperature and resistivity of alloys with dif-
ferent Sr addition levels are shown in Table 3. The
changes of ΔTEG and ΔρEG with the addition level of
Sr are shown in Fig. 12. It can be seen from the figure
that ΔTEG and ΔρEG increase with the increase of
the Sr addition level. ΔTEG, ΔρEG, and modification
level are related to the addition level of Sr, so ΔTEG
and ΔρEG are strongly correlated with modification

Fig. 12. The relationship between Sr addition levels and
ΔρEG and ΔTEG.

level. Figure 13 shows the relationship between ΔρEG
and modification level. It can be seen that the modifi-
cation level increases with the increase of ΔρEG. The
relationship between them is fitted, and the evalua-
tion model of the modification level of hypoeutectic
Al-Si alloy is established as follows:

ML = 1.68089 + 0.36432ΔρEG− 0.03043Δρ2EG+
8.83689× 10−4Δρ3EG. (2)

Its correlation coefficient R2 = 0.97887, close to 1,
proving that the fitting effect is good.
To verify the accuracy of the model, the modifica-

tion effect of five groups of alloys with different Sr ad-
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Ta b l e 4. The modification levels obtained by the mathematical model and the modification method

Sr addition level (mass%) ΔρEG (nΩ m) Resistivity method ML Metallographic method ML Difference

0.015 2.5 2.42 2.95 0.53
0.025 8.7 3.13 3.35 0.22
0.035 21.4 4.20 3.93 0.27
0.045 23.3 4.83 4.76 0.07
0.055 25.6 5.89 5.88 0.01

Fig. 13. The relationship between modification levels and
ΔρEG.

dition levels is evaluated. The modification levels ob-
tained by the mathematical model are compared with
those obtained by the metallographic method. The ad-
dition levels of Sr in the verification test, the modifica-
tion levels obtained by the mathematical model, and
the modification levels obtained by the metallographic
method are shown in Table 4. It can be seen from Ta-
ble 4 that the modification levels obtained by the re-
sistivity method are very close to those obtained by
the metallographic method. And in 4 of the 5 tests,
the difference in modification level is less than 0.5.
When the modification level error is within ± 0.5, the
accuracy is up to 80%.

4. Discussion

Resistivity is a sensitive physical property param-
eter of alloy structure and plays an important role in
analyzing alloy melt and solid alloy structures [18–20].
The resistivity can reflect electron transport proper-
ties, and the microstructure evolution information of
alloy can be obtained from a more microscopic per-
spective [25]. The resistivity of alloy melt is mainly
affected by temperature, phase type, and phase size.
The change of ΔρEG is mainly affected by the change

in eutectic structure nucleation, growth temperature,
and the size of eutectic silicon particles. Therefore, the
resistivity evaluation will reflect whether eutectic sili-
con is refined after modification. Thermal analysis can
indirectly obtain the degree of refinement of eutectic
silicon by monitoring the changes in eutectic structure
nucleation and growth temperature caused by a mod-
ifier. But sometimes, although some modifiers cause
the change of eutectic structure nucleation and growth
temperature, the modification effect is not good [14].
Therefore, the resistivity method is more direct than
the thermal analysis method.
The designed melt resistivity monitoring system

has the advantages of convenient operation and over-
comes the disadvantages of complex operation and
the demanding operation environment of existing re-
sistivity monitoring equipment. The modification ef-
fect evaluation of hypoeutectic Al-Si alloy can be com-
pleted within 3 min, and the detection speed is fast.
There is a strong correlation between ΔρEG and mod-
ification level, and the correlation coefficient R2 =
0.97887, close to 1. The model was verified by ex-
periments, and the accuracy reached 80% when the
modification level error was within ± 0.5. The rapid
evaluation test of aluminum alloy melt modification
effect based on melt resistivity is preliminary, and it
is expected that there will be an extensive research
space in the following aspects:
(1) The structure of the sample cup and conduc-

tivity cell is optimized to make the alloy melt fill the
conductivity cell without the vacuum aspiration de-
vice, which will greatly simplify the overall structure
of the monitoring system.
(2) By changing the relative position of the elec-

trode flexibly, the solidification microstructure of dif-
ferent locations can be evaluated so that the modifica-
tion effect of alloy can be evaluated comprehensively
and accurately.
(3) Mining the relevant characteristic values and

refining the evaluation model with more characteristic
values will help to improve further the accuracy of the
evaluation of the modification effect.
(4) The modification effect of the alloy is mainly

affected by nucleation and growth. The thermal analy-
sis method has advantages over the resistivity method
in monitoring the nucleation changes and growth tem-
perature of the eutectic structure, while the resistiv-
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ity method has advantages over the thermal analysis
method in monitoring the actual eutectic silicon par-
ticle refinement. The combination of resistivity and
thermal analysis can be used further to analyze the
nucleation and growth process of the eutectic struc-
ture and play a more significant role in the evaluation
of the modification effect.

5. Conclusions

(1) In this paper, a resistivity monitoring system is
constructed for the aluminum alloy melt solidification
process. The system consists of a sample cup, sample
cup base support, vacuum aspiration unit, constant
current power supply, data acquisition module, and
computer. The evaluation of the modification effect
can be completed within 3 minutes by using the sys-
tem to realize the rapid evaluation of the modification
effect of the aluminum alloy melt in front of the fur-
nace under production conditions.
(2) Through the electrical resistivity monitoring

test of hypoeutectic Al-Si alloy with different mod-
ification effects, it is found that the plateau value
ρEG of resistivity curve with time in eutectic stage
decreases, and the difference ΔρEG of plateau value
ρEG before and after modification increases with the
increase of modification level. Thus, the evaluation
model of the modification of hypoeutectic Al-Si alloy
is established. The evaluation model can be expressed
as: ML = 1.68089 + 0.36432ΔρEG – 0.03043Δρ2EG +
8.83689 × 10−4Δρ3EG (the correlation coefficient R2 =
0.97887).
(3) The experimental results in this paper prove

that the rapid evaluation method of aluminum alloy
melt modification effect in front of the furnace based
on melt resistivity has application prospects. Mean-
while, there is a large space for further research, which
is worthy of further discussion in sampling method im-
provement, conductivity cell structure optimization,
evaluation model research, and combined application
with the thermal analysis method.
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