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Abstract: The quality of molten aluminum (Al) alloys is closely related to the performance of final Al casting products.
With the rapid advancement of Al alloy casting technology, various inspection methods have emerged, ranging from
traditional ex-situ techniques to modern in-situ detection systems. However, the lack of a systematic review of these
detection methods makes it challenging to select the most suitable technical solution for specific applications. This paper
comprehensively reviews the approaches to analyzing the quality of molten Al alloys, providing a detailed analysis of
their principles, advantages, limitations and applicable scenarios. Furthermore, the differences between ex-situ and in-situ
detection methods are discussed, along with their complementary roles in industrial applications. This study
systematically reviews the current research status of quality inspection technologies for molten Al alloys, providing a
reference basis for technical selection in industries, while also offering insights into future development trends toward

intelligent and high-precision detection methods.
Keywords: Molten aluminum alloys; Analyzing approach; Inclusions; Mechanical property

1 Introduction them suitable for complex components like engine blocks
With the growing emphasis on energy conservation and and automotive wheels!'>'4. Both alloy types face
emissions reduction, aluminum (Al) alloys have been production challenges such as melt cleanliness control,
widely adopted in automotive, aerospace, and rail microstructure regulation, and process optimization.
transportation industries owing to their lightweight, high Among these, precise melt quality monitoring during
strength, and corrosion resistance!!?l. Particularly, the smelting is key to product performance.
lightweight properties of Al alloys can effectively reduce In Al alloy casting, the melting process is crucial.
energy consumption while enhancing equipment Small changes in composition or parameters can greatly
performance, making them a research focus in both impact the casting's mechanical uniformity and surface
academic and industrial fields(341, quality, directly affecting yield.['*). However, Molten Al
Based on the processing methods, Al alloys can be alloys easily absorb hydrogen and trap inclusions (oxides,
classified into wrought and cast alloysP®l. Wrought Al carbides, borides) during melting and pouring.
alloys are produced through plastic deformation Treatments such as grain refinement, flux refining, dross
processes like rolling, extrusion, and forging, yielding removal, and degassing can cut down gaseous and
plates, profiles, and rods!®®l. Typical systems include particulate impurities, but some trace defects still remain
Al-Cu, Al-Mgl'% Al-Mg-Si, and Al-Zn-Mg-Cu, which in the final cast ingot.!'6 171,
combine high strength and toughness with excellent As illustrated in Fig. 1, hydrogen absorption induces
formability and surface quality. These properties make the formation of gas pores in Al alloy castings,
them ideal for aerospace, transportation, and construction significantly compromising their density and mechanical
applications!''l. Cast Al alloys are directly shaped via properties. Simultaneously, entrapped air reacts with the
casting processes, with common systems being Al-Si, molten Al to generate non-metallic oxide inclusions (e.g.,
Al-Cu, and Al-Mg. These alloys offer high strength, Al0s, MgO, SrO, and MgAl:04), which exist as solid
hardness, corrosion resistance, and castability, making particles, films, or droplets!'32%], The harm inclusions
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cause to an alloy's structural integrity depends on their
type, size, and concentration. Too many inclusions lead
to stress concentration, which can trigger cracks and
defects, greatly reducing the alloy's tensile strength,
ductility, s.[21-23],
inclusions adversely affect fatigue strength, corrosion

and toughnes Furthermore, these

resistance, and surface quality, ultimately increasing

production  costs, and

rejection
[15].

rates, reducing

manufacturing efficiency

Mg
Al

Element Atomic %
(o] 36.92

10.95

3949

si 12.64

Totals

Fig. 1 Analysis of gas pores on fracture surface of A356 Al alloy

tensile specimens [?4I:
(a) Morphology of gas pores; (b) EDS analysis at Point G

Therefore, ensuring molten Al alloy quality
necessitates strict control of trace element concentrations
and effective detection of entrained gases and inclusions,
which are crucial process parameters®’l. In practice,
foundries employ various melt quality monitoring
techniques to optimize pouring parameters, enhance
casting yield, and reduce production costs!?6l.

Despite great progress in reducing gas and inclusions in
molten Al alloys, there is no comprehensive review of quality
evaluation methods. This study analyzes current quality
monitoring techniques, focusing on their fundamental

principles and application boundaries.

2 Ex-situ detection methods

2.1 Metallographic Analysis

Metallographic analysis, a basic way to evaluate molten
Al alloy quality, involves preparing specimens and
microscopically examining grain size, inclusions, and
porosity. While it has
drawbacks: the preparation is slow, the sampled area is

it provides clear insights,

small, and identifying inclusions manually depends on

the operator.?7-28], These constraints hinder rapid
furnace-front testing, making conventional
metallography insufficient for industrial efficiency
requirements.

To solve this technical problem, Northeastern
University developed an automated metallographic
image analysis system. It uses a complex process
including grayscale conversion, illumination correction,
edge detection, to

and morphological operations

100.00
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accurately segment inclusions, thus enhancing analysis
2). The
automatically recognizes and classifies inclusions in

efficiency and accuracy (Fig. system

molten Al alloys by analyzing their grayscale values,

morphology, size, and attributes verified by EPMA. This
helps quickly assess alloy quality.[?],

1 1
1 | Image Preprocessing | |
1 H
H T H

I i I
I |
i Image Segmentation |1
| I
d

! Feature Extraction i
I I
I i H

1 ) '
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H | Automatic Recognition | !
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Sample Preparation

| Electron Probe Microanalysis (EPMA)

Fig. 2 Flowchart of automated metallographic analysis
method [28]

2.2 Filtration methods

2.2.1 Porous disk filtration apparatus (PoDFA)
Conventional metallographic analysis faces inherent
limitations in assessing melt cleanliness due to the
extremely low inclusion density observable on polished
surfaces. To overcome this constraint, Atkinson et al.[3%]
the (NMIs)
concentration enrichment methodology, which physically

pioneered non-metallic  inclusions

or chemically concentrates dispersed inclusions into
localized regions to enhance detection statistics. This

enrichment approach substantially improves upon

conventional methods by expanding the -effective

sampling volume while increasing measurement
through statistically representative data
Notably, the PoDFA technique has

successfully implemented this principle for Al alloy

reliability
accumulation.

quality control, with its schematic diagram illustrated in
Fig. 3, representing a significant advancement in melt
cleanliness assessment technology!®!l.

As a pivotal technique for Al alloy melt quality
assessment, the PoDFA method employs an integrated
filtration-microscopy  approach to  systematically
the distribution of NMIs.
technology involves forcing molten alloy through a

characterize The core
precision microporous filter under controlled pressure to
form an inclusion-enriched filter cake (Fig. 4).

Subsequent analysis utilizing metallographic microscopy,
SEM (scanning electron microscopy)/EDS (energy dispersive
spectroscopy). provides comprehensive morphological and
compositional characterization of the captured inclusions (Fig.
5)831.331, By quantifying key parameters such as inclusion type,
size distribution and number density, PODFA enables reliable
quantitative evaluation of melt cleanlinessi?’].
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Suspended solids

Filter cake

Filter medium

Fig. 4 Microscopic mechanism of filter cake formation[*2
However, current research indicates that this technique
still  exhibits
applications. Through an integrated approach combining

significant limitations in practical
numerical simulation and experimental validation, Li et

al.B! systematically demonstrated the inadequacy of

S

PoDFA technology in quantitatively characterizing the
mass fraction of inclusions. Specifically, when analyzing
NMIs in molten Al alloy using PoDFA, only values with
units of [mm?¥kg] can be obtained, making it impossible
to directly and accurately determine the actual mass
fraction of inclusions in the melt. During statistical
analysis, the actual mass fraction of inclusions must be
empirically derived from PoDFA values. Due to the
randomness of inclusion deposition and statistical
deviations during the filtration process, the directly
measured PoDFA values cannot precisely correspond to
the actual inclusion concentration in the bulk molten Al
alloyB®#. Consequently, this empirical data conversion
approach may introduce systematic errors, compromising
the accuracy and universality of the test results.
Furthermore, the process of pouring metal into a PODFA
crucible may introduce some oxide inclusions.

Fig. 5 SEM micrographs showing [*'l: (a) overview of collected inclusions, white arrows mark thick oxide films; (b) stringer like

oxide film; (c) nodule-like oxide film; (d) curled oxide film; (e) cuboid oxide particle; (f) cuboid oxide nucleates upon oxide film.

Inserts are result of spot EDS analysis performed at target symbol.

338



@,“ 217 BEMNHESW
THE 17™ ASTIAN FOUNDRY CONGRESS

AFC

2 FEEE
Part 2: Non-Ferrous Alloy

Despite its limitations, PODFA is a key technique for
analyzing inclusion characteristics in Al alloy metallurgy.
By combining filtration enrichment with microscopic
quantification, it can precisely characterize micron -
sized inclusions in Al alloy melts.’%). Consequently,
PoDFA analysis remains crucial in labs and high-end
manufacturing to identify inclusion types and properties.
2.2.2 Liquid Al alloy inclusion sampler (LAIS)

Building on the PoDFA technique, Union Carbide
Corporation, using its materials science and high -
temperature tech knowledge, developed the LAIS as an
improved version of PoDFA. The LAIS keeps the basic
working principles of PoDFA but has major upgrades,
including a simpler sampling mechanism that can
precisely control the immersion depth in molten Al alloy
[20]

The working principle of LAIS is illustrated in Fig.
6. After assembly and verification of proper sealing, the
sampling device is immersed into the molten Al alloy
bath. Upon activation of the vacuum pump, a negative
pressure environment is created within the sampler,
drawing the molten Al alloy through a porous graphite
crossover into the sampling cup. During this process,
NMIs are effectively captured by the filter while purified
Al alloy continues flowing into the sampling cup [,
Following sample collection, the vacuum pump is
deactivated and the sampling device is retrieved. After
solidification of the Al alloy in the sampling cup,
comprehensive analysis of inclusion typology, size
distribution, and spatial characteristics can be conducted.
This methodology demonstrates high efficiency and
reliable technical

precision, providing support for

stringent quality control of molten Al alloy.

To Vacuum Pump

Steel hollow

A - Sampling cup
cylinder

Molten
Aluminum

e

Porous
Graphite
Crossover

- RS Filter/frit

Movement of Aluminum during vacuum suction

Fig. 6 Schematic diagram of the LAIS system [

2.2.3 Pressure filtration method-Prefil
Based on the technical principle of LAIS for assessing
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melt quality through inclusion enrichment in molten Al
alloy, N-Tec (UK) conducted systematic experimental
research in pressure filtration to establish correlation
models between inclusion content and filtration rate
while improving the cleanliness database of Al alloy
melts. The test results revealed significant correlations
between filtration velocity and both: (a) physical
parameters of the molten Al alloy (temperature, density)
and (b) characteristic parameters of inclusions in the
filter (type, the
multi-porous filtration process*®l. These findings enabled

cake size, morphology) during
N-Tec to successfully develop the Prefil method - a
quantitative evaluation technology for molten metal
cleanliness with enhanced metrological performance,
marking a significant advancement in inclusion analysis
techniques.

Compared to the two filtration analysis techniques
of PoDFA (Porous disk filtration apparatus) and LAIS
(Liquid Al alloy Inclusion Sampler), Prefil is an Al alloy
melt quality inspection method that rapidly evaluates
inclusion content through dynamic pressure difference
analysis, capable of providing direct analytical results
while supporting subsequent metallographic analysis
with sample preparation®”). As shown in Fig. 3 and Fig. 4,
the Prefil method exhibits operational similarities with
PoDFA during
experimental operation, the Al alloy melt flows through a

initial procedural stages. During
precision microporous ceramic filtration unit under
dynamic pressure, forming a filter cake on its surface
(Fig. 7), with the filtered melt subsequently entering a
high-accuracy electronic weighing assembly positioned

below the crucible.

Areaa Flow rate q Pressure p,

Thickness of
cake

Thickness of
medium

Pressure p,

Pressure p,

Fig. 7 Schematic illustration of filter cake and filtration medium
microstructure 8 31

The system automatically generates characteristic
cumulative filtration volume versus time curves through
real-time monitoring of temporal filtration data, while
the
curvature variation rate of filtration curves with inclusion

establishing a quantitative model correlating

contentB% 491 Steeper curve slopes indicate higher melt
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cleanliness levels and correspondingly faster flow rates
through the microporous filter medium (Fig. 8)B3% 41,
This
multiparameter determination of inclusion equivalent

innovative  model achieves simultaneous

size distribution, aspect ratio, and volumetric
concentration, while enabling quantitative assessment
through rapid calculation of the Cleanliness Index (CI),
demonstrating excellent measurement repeatability and

minimal systematic error.

A

Clean
Films
g
~ Particulate
=
en
k)
= Complex
5
L—:

v

Filtration Time (sec)

Fig. 8 Schematic diagram of Prefil curves corresponding to the
filtration behavior of molten Al alloys containing different types
of inclusions 7]

Currently, the Prefil method employs two standardized
ceramic filter configurations: the permeability-type (90 um)
and high-permeability-type (130 pm), with their fundamental
differences manifesting in the balancing mechanism between
permeability performance and filtration precision”#. The
standard configuration uses smaller pores for high - precision
filtration, meeting conventional cleanliness needs. The high -
permeability version enlarges pores to cut flow resistance,
ideal for high - flow, large - throughput conditions. This
graded filtration offers flexible choices for different processes,
and in practice, selection should match melt features, flow
demands, and cleanliness standards.

2.3 Reduced pressure test (RPT)

Hydrogen (H) is one of the gaseous element known to form
solid solutions in molten Al alloys, making hydrogen
concentration measurement fundamentally equivalent to gas
content assessment in Al melts™). Current investigations
indicate that over twenty distinct analytical techniques have
been developed for hydrogen content determination in both
molten Al alloy and Al alloy ingots, with particularly
significant advancements achieved in hydrogen measurement
methodologies for solid Al alloy products'™. Among these,
the Reduced Pressure Test (RPT) has emerged as the industry
standard due to its ability to directly visualize pore
morphology and establish precise hydrogen content-porosity
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correlations*1,

The Reduced Pressure Test (RPT), alternatively
termed the Reduced Pressure Test, Vacuum Solidification
Test (VST), Vacuum Density Test (VDT),
Straube-Pfeiffer  Test[*®], a
methodology for characterizing hydrogen content and

or
represents classical
porosity defects in molten Al alloy, widely employed in Al
alloy melt metallurgical quality assessment®3. As illustrated
in Fig. 9, the testing apparatus involves introducing a
quantified Al alloy melt into a preheated graphite crucible,
with coordinated control via a shut-off valve and vacuum
pump to establish negative pressure conditions within the
sealed chamber formed by the glass cover and base plate.
Vacuum pumping ceases when the vacuum gauge reaches
predetermined thresholds, allowing the crucible's molten Al
alloy to solidify under reduced pressure. During this process,
dissolved hydrogen in the melt partially escapes as surface
bubbles due to decreased solid solubility, while the remainder
forms subsurface pinhole defects through solute redistribution
at solidification fronts, concurrently generating characteristic
shrinkage.
Post-solidification, the Al alloy ingot specimen undergoes

surface bulges from constrained melt
standardized longitudinal sectioning after degassing, followed
by metallographic analysis comparing against reference
porosity

Concurrent density measurement via water displacement or

standards for semi-quantitative evaluation.
density index calculation establishes mathematical models
correlating hydrogen content with physical parameters,
ultimately enabling multidimensional characterization of

molten Al alloy hydrogen content!*s 471,

Graphite crucible Thermocouple wire holder

Rubber tube

Vacuum gauge Glass cover

Shut-off valve Temperature meter

Base plate

Support bracket

Va

Vacuum pump Pipe connector Thermocouple wires

Fig. 9 Schematic diagram of reduced-pressure solidification
principle (451

RPT has become a widely adopted technique for
hydrogen content assessment in Al alloy melts, owing to
its simple apparatus and standardized procedure.
However, this method demonstrates limited sensitivity
for ingots with low hydrogen concentrations. More
importantly, systematic studies by Dispinar et al.[46-48:49]
that in molten Al

have demonstrated inclusions
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significantly influence pore distribution in solidified
samples, disrupting the linear correlation between pore
characteristics and actual hydrogen content. Further
research by Jang et al.’% revealed that minimizing
atmospheric exposure during melting reduces the density
index (DI) by 5.6%, while employing a ladle-scooping
sampling method (Al s), as opposed to conventional
pouring(Al p), further decreases the DI by an additional
1.9% .
variation between the two samples (Fig. 10). Subsequent
SEM-EDS analysis (Fig. 11) confirmed that inclusions in
the melt are the primary factor affecting DI values. Such

The porosity exhibited a similar trend to the DI

interference caused by inclusions substantially degrades
the measurement accuracy of RPT, thereby limiting its
reliability in certain applications.

(a) (b)

) /u

Al s

Porosity (%)

6.5 mm J

scooping pouring

Fig. 10 Analysis of Al-Si alloy samples collected by two sampling

methods under RPT [5%: (a) Porosity comparison, (b) 2D
cross-sectional X-ray CT image
In recent years, with breakthrough advancements in
digital image processing technology, intelligent hydrogen
content evaluation methods based on solidification defect
morphology characteristics have emerged as a research
focus. Current studies employ high-resolution optical
microscopy to acquire solidification microstructure
images of Al alloy ingot longitudinal sections for
statistical analysis. Campbell et al.’!! pioneered the
incorporation of the Bifilm Index into hydrogen content
assessment systems while conducting image analysis of
porosity in Al alloy sections.
El-Sayed's

quantitative indicators including the quantity and size of

ingot longitudinal

Subsequently, research teaml®? utilized
pores generated by bifilms in ingot cross-sections to
qualitatively evaluate hydrogen content in molten Al
alloy. These studies have overcome the technical
limitation of reduced pressure solidification tests being
prone to heterogeneous - phase interference in complex
melt systems, laying a technical foundation for
optimizing melt purification processes and refining

detection models.

Fig. 11 SEM microscope images (a,f) and EDS-mapping results (b-e,g-j) of pores and oxide films in the reduced pressure test samples of

Al-Si alloys collected by two different sampling
methods!®!

2.4 K-mold method

The K-mold method, alternatively termed the fracture
surface observation test, represents an Al alloy melt
cleanliness assessment technique based on as-cast
fracture morphology examination. Originally proposed

(53]

by Yuan Xiaodong this methodology involves

extracting a representative melt sample from the furnace
prior to casting and pouring it into a waffle mold (Fig. 12)
to produce

standardized waffle-shaped specimens

(K-mold, Fig. 13) measuring 40 mm X 36 mm X 8§ mm

(34, Following solidification, specimens are manually

fractured along pre-designed breaking lines, with

341

inclusion distribution characteristics on fracture surfaces
examined using stereomicroscopy.

\>J- Pouring

Fig. 12 Waffle ingot mold 154
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Fig. 13 Waffle-patterned Al alloy ingot 54

Table 1 Correlation between Fracture Inclusion Size Grades 5

Slag Inclusion

Size/um (50,100] (100,500] (500,800] (800,1200] (1200,0)
Grade I II I v A%
“ o l pe A
Legend o ; .
) 8 e T
500 jum 500 um : 500pm | 500 500 jm
Weighting Factor 0.1 0.5 1.0 L.5 2
5
M= Count(i) - ¥; (D
i=1
K=M-N1

)

where: K is inclusion content ratio, M is total inclusion content, N is number of fracture surfaces, Count(i) is

quantity of inclusions with size grade i, Y is weighting factor for size grade i, i is inclusion size grade.

The inclusion content (K-value) is then calculated
according to the size-grade correlation specified in Table
1, incorporating both formula (1) and (2)P2%531 Per
industry standards, the K-value exhibits an inverse

correlation with melt cleanliness - lower K-values

purity,
semi-quantitative Al alloy melt quality evaluation.

indicate  higher melt thereby  enabling

The conventional K-mold method provides a
fundamental solution for Al alloy melt cleanliness
assessment due to its cost-effectiveness and operational
simplicity, yet demonstrates significant limitations in
detection accuracy and data processing capacity.
Specifically, manual fracture preparation introduces
operational deviations while microscopic observation
depends on subjective empirical judgment, and the
traditional K-value calculation formula inadequately
quantifies inclusion morphology and size distribution

characteristics. To overcome these limitations, Li et al.[>”]

innovatively developed an intelligent detection system
based on deep learning, constructing a cascaded
dual-network model integrating Convolutional Neural
Network (CNN) and Error Back-Propagation (BP)
networks. This system utilizes CNN for intelligent
identification of inclusion-containing regions on fracture
surfaces, followed by BP network-based quantitative
calculation of inclusion content, achieving substantial
improvement in detection accuracy. This advancement
represents a paradigm shift from experience-dependent to
data-driven quality evaluation, significantly enhancing
detection efficiency while effectively reducing human
error to meet industrial precision requirements. Future
developments  through  algorithm iteration and
multimodal data fusion are expected to further break
through technical barriers, providing more efficient and
reliable quantitative tools for precision casting process
control.
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3 In-situ detection methods

3.1 Solidification curve analysis method

Traditional analytical techniques including the K-mold
method,
examination have provided fundamental references for

filtration analysis, and metallographic
evaluating Al alloy melt composition and quality, yet
they demonstrate inherent limitations in characterizing
the dynamic solidification processes of molten Al alloy.
Solidification curve analysis, a subset of thermal analysis
techniques, is a well-validated method capable of
real-time monitoring of the metallurgical properties of
aluminum alloy melts during processing without the need
for conventional metallographic examinations.8). Chen
et al.b% established that the characteristic profiles of
thermal analysis cooling curves directly correlate with
the solidification kinetics of Al-Si alloy melts, wherein
the solidification zone parameters serve as quantitative
indicators for melt quality assessment, allowing
through

comparison of cooling curve morphological features.

comprehensive evaluation systematic

Based on the principles of the solidification curve
method, this technique provides critical parameters
regarding solidification dynamics - including latent heat

release and solid fraction evolution - through recording

and analyzing the temperature-time curve during Al alloy
melt solidification!®- °!l. In foundry applications, the
monitoring and adjustment of solidification parameters
influence

significantly casting quality. Currently,

Computer-Aided Cooling Curve Thermal Analysis
(CA-CCTA) has

evaluating alloy compositionl®, crystallization latent

been extensively employed for
heat!®], and other relevant parameters, while enabling
comprehensive monitoring and analysis of solidification
behavior in multi-component alloy systems[64-661,

Solidification curve analysis method achieves these
through

examination of Al alloy melt solidification curves. As

functions  primarily thermocouple-based

depicted in Fig. 14, the thermocouple is centrally
positioned within the sampling cup at 25 mm above its
base. The test procedure involves pouring molten Al
alloy into the thermocouple-equipped sampling cup,
performing Cooling Curve Thermal Analysis (CCTA),
and acquiring data via a computer-interfaced
analog-to-digital (A/D) converter!®’), with operational
details shown in Fig. 15. This methodology provides not
only real-time solidification monitoring but also critical

process optimization data, establishing itself as an

essential tool for Al alloy melt quality evaluation.

Fig. 14 Thermal analysis equipment (Figures captured by authors): (a) Thermocouple in sampling cup; (b) Front view of sampling cup; (c)

Solidification curve display.

terminal
operation unit

computer

T~

Aluminummelt § 3 Thermocouple
~" 1 Temperature
. i acquisition
Sampling cup ” ﬂ Sovica
—

Fig. 15 Simplified Thermal Analysis Equipment [€8]
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3.2 Liquid metal cleanliness analyser (LiMCA)

Compared to thermal analysis, LIMCA demonstrates
superior precision in Al alloy melt quality assessment. In
1950, the electrical sensing zone method was first
developed by Coulter to address erythrocyte
measurement challenges, leading to the invention of the
Coulter Counter!®7 By 1985, McGill University
this  electrical

metallurgical applications, enabling direct quantification

adapted sensing zone theory to

of inclusion count and size distribution in molten
metals’%7!], which led to the successful development of
the LIMCA system!”. ABB Corporation subsequently
commercialized LiMCA technology for metallurgical
cleanliness evaluation, and through continuous technical
refinement, has introduced multiple generations of
LiMCA series productst’>74],

Therefore, the Liquid Metal Cleanliness Analyzer
(LiMCA) is an in-situ detection device developed based
on the electric sensing zone principle, primarily used for
detecting NMIs in Al alloy melt and assessing melt
qualityl”. As shown in Fig. 16, the system mainly
consists of three components: a sensor, current source,
and signal processing system. The sensor's core assembly
comprises two electrodes and an electrically insulated
sampling tube containing a micro-aperture in its
walll1>267576] Based on hydrodynamic principles, liquid
metal can be pumped or discharged by applying a
pressure differential across the sampling tubel’”). When a
strong DC current is applied between the two electrodes,
the potential difference becomes concentrated in the
immediate
(e.g.
typically differ significantly from the Al alloy melt,

micro-aperture and its vicinity. Since

inclusions' electrical properties conductivity)

particles with different conductivity passing through the

micro-aperture  generate resistance pulse  signals

(Electrical Resistance Pulse, ERP) superimposed on the
voltage drop!’!l. The amplitude and duration of these
signals directly correlate with the inclusions' size and

conductivity characteristics, thereby providing the
theoretical basis for quantitative inclusion detection[*],
Significant research advancements have been

achieved regarding resistive pulse disturbances caused by
particles traversing micro-apertures through theoretical
Maxwell first
derived analytical solutions for resistance variations

analysis and numerical simulations.

induced by spherical particles in micro-channels,

establishing the fundamental theoretical framework for
subsequent studies!”®]. Subsequent work by Steidley
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demonstrated that under uniform electric field conditions,
when insulating particle dimensions are substantially
smaller than the micro-aperture size, the resultant
resistance change exhibits proportionality to particle
volume!”). Further developments by Roderick Guthrie et
al.’? combined numerical modeling with Newton's
second law to investigate particle dynamics through
variously shaped electrical sensing zones, enabling
determination of inclusion size and type via signal
analysis. These research achievements have provided
critical theoretical support for the development and
optimization of LiMCA technology in Al alloys, while
establishing a scientific foundation for precise detection
and quantitative analysis of NMIs in molten metal.

Vapplied | 1-60A
\ %RB
Pressure or

vacuum for
sampling

Vsensor output

- Electrodes -~ S
Tube with
orifice for

sampling

1

1

] e o
T /f'\ Particles
N/ E passing !

\ \thmugh orifice ’
A

Molten Al

N ’

~ -
~ -

Fig. 16 Schematic diagram of the LIMCA system (Rg,Vappiied,Vsensor
output, and | are the resistance, applied voltage, output voltage,
and current, respectively) (2670

3.3 Ultrasonic

Current ex-situ and certain in-situ methods for Al alloy
melt quality assessment require multiple procedural steps
including molten metal sampling, specimen preparation,
and laboratory analysis. While these approaches satisfy
conventional inspection requirements, their protracted
analytical cycles result in significant time lag relative to
casting operations. When defects emerge in molten metal,
delayed data feedback prevents real-time process
parameter optimization, substantially compromising the
timeliness and precision of quality control, ultimately
constraining  comprehensive  casting  performance
metrics®. In contrast, ultrasonic testing has gained
widespread application in molten Al alloy quality
monitoring as a mature non-destructive in-situ
techniquet’?. Building upon this, T.M. Mansfield's
team!®!! conducted systematic research on ultrasonic melt
quality monitoring, and

combining experimental
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theoretical analyses to verify the technology's discontinuity  detection, velocity variations, and
effectiveness for real-time detection of inclusion frequency spectrum analysis. Research shows measuring

distribution, gas porosity, and microstructural evolution

during solidification. Furthermore, they developed

enhanced ultrasonic signal processing algorithms that
significantly — improved  detection accuracy and
establishing both

for

signal-to-noise ratio, theoretical

frameworks and technical protocols industrial
implementation of ultrasonic melt quality assessment.
The method

encompasses detection modalities.

primarily
The first
ultrasonic  wave

ultrasonic  testing
two
configuration  involves  direct
propagation from transmitter to reflector, enabling
inclusion detection solely along the transmission path, as
illustrated in Fig. 17 (left). This approach generates
relatively simple ultrasonic signals and is suitable for
limited melt volumes/®?!. The second modality operates
without reflectors throughout the detection process,
featuring enhanced beam directivity that facilitates
inclusion detection at crucible bottoms, shown in Fig. 17
(right),

requirements®®, By integrating these two ultrasonic

albeit with more complex signal analysis
configurations, comprehensive analysis of large-area
non-metallic inclusion distribution in Al alloy melts
becomes achievable, with the expanded detection space
accurate

providing more representation of actual

inclusion size and concentration characteristics(®3.

Receiver

Guide rods

Transmitter

Transmitter/Receiver]

Reflector Particle A
Particle B

Molten Al

Particle C

Fig. 17 Schematic diagram of the ultrasonic method for inclusion
detection system [26]

The
significant advantages due to the ability of ultrasonic

ultrasonic  testing method demonstrates

waves to propagate through molten metals with minimal
attenuation. When ultrasonic waves encounter inclusions
within Al alloy melts, their propagation characteristics

undergo substantial alterations accompanied by

measurable energy variations®’. This unique property
enables direct measurement of four distinct parameters in

molten Al alloy: attenuation characteristics®,
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ultrasonic attenuation in Al alloy melts can assess

suspended particles, characterizing inclusions' size,
distribution, and type. This ultrasonic - based method
offers theoretical and technical support for analyzing
inclusions and controlling molten metal quality.

4 Comparison of different
approaches

Currently, the field of Al alloy melt quality inspection has

evaluating

developed a variety of detection methods, as summarized
in Table 2. Based on the inspection timeline, these
methods can be primarily categorized into ex-situ
detection and in-situ detection!”".

In the field of ex-situ detection, the metallographic
method
observation through microscopy, yet it is inherently
destructive  and  time-consuming.  Filtration-based
techniques, including the LAIS, PoDFA, and Prefil , are

commonly employed for inclusion analysis. LAIS offers

enables  high-resolution = microstructure

operational simplicity and low cost, making it suitable
for on-site rapid sampling, though limited to qualitative
analysis with moderate accuracy. In contrast, both
PoDFA and Prefil provide higher precision suitable for
laboratory-based quantitative analysis, albeit requiring
sophisticated instrumentation at elevated costs. The
method
content

reduced-pressure  solidification  density

demonstrates unique advantages for gas
evaluation in Al alloy melts through indirect density
measurement, offering a cost-effective solution despite
its limited accuracy. Similarly, the K-Mold Method
facilitates rapid quality assessment via fast solidification,
featuring straightforward operation while being restricted
Although
offer high flexibility,

detailed results, and cost - effectiveness in controlled

to qualitative analysis[7%729091], ex-situ

detection methods accuracy,
settings. However, they have drawbacks like long
turnaround times, low throughput, and lack of real-time
monitoring, preventing timely production feedback.

Furthermore, the requirement for sampling from
production lines not only introduces potential
measurement errors but also causes operational
interruptions,  ultimately =~ compromising  overall

manufacturing efficiency®?.

To overcome the inherent limitations of ex-situ
detection methods, substantial research efforts have been
devoted to developing advanced in-situ monitoring
technologies. Recent technological advancements have



‘@) 17 RINFERY
AFC THE 17™ ASIAN FOUNDRY CONGRESS

2 FEEE
Part 2: Non-Ferrous Alloy

facilitated significant progress in in-situ detection
techniques such as thermal analysis, LIMCA , and
ultrasonic testing, which now provide effective solutions
for real-time and high-efficiency Al alloy melt quality
assessment®l. Thermal analysis, primarily employed for
solidification  characterization, offers  operational
simplicity and cost-effectiveness, though its capability
for detecting inclusions and gas content remains limited.
In contrast, LIMCA demonstrates superior accuracy in
inclusion analysis, yet exhibits insufficient sensitivity for

gas content measurement and solidification property

evaluation. The ultrasonic method, as a non-destructive
testing technique, enables simultaneous detection of
microscopic inclusions and gas concentrations, and its
with
comprehensive

integration thermal analysis allows for

optimization of both solidification
characteristics and inclusion assessment, establishing it
as a critical methodology for Al alloy melt quality
These

represent a significant technological breakthrough in

monitoring. in-situ  techniques collectively

addressing the shortcomings of conventional ex-situ
detection approaches.

Table 2 Comparison of different inspection methods for molten Al alloys!'3]

Detection Detection Inspection o ) Respons
Principle/Basis i Accuracy References
method type content e time
) Gas
K-Mold Ex-situ ] K-value 1-2h 60-80 um [75]
Inclusions
) ) Microscopic analysis of
PODFA Ex-situ Inclusions 1-5d 20-50 um [34, 85]
filter membrane
Gas Optical/Ultrasonic Real-tim
LAIS Ex-situ 1-10 um [20, 26]
Inclusions principle e
) ) Gravimetry/Microscopi 5-15
Prefil Ex-situ Inclusions ) ) 5-20 pm [86, 87]
¢ counting min
RPT Ex-situ Gas Solidification density 2-3h 0.1-1 ppm [88]
Metallogr-ap ) ) Metallographic
) ) Ex-situ Inclusions ) 1-2h >1 um [27-29]
hic analysis microscopy
Thermal ] Gas Characteristic curve ) [58, 60, 64,
) In-situ ) ) 5 min ppm
analysis Inclusions points 67]
Laser scattering or )
Real-tim [26, 41, 75,
LIMCA In-situ Inclusions electrical induction 15-20 um 8]
e
signal analysis
Ultrasonic reflection
Gas
Ultrasonic In-situ Through-transmission Minutes 10-15 um [26]
Inclusions

signal analysis

Integrating in-situ Al alloy melt quality monitoring
systems with automation allows real-time data collection
and precise feedback for process adjustments. This
boosts inspection efficiency, ensures product consistency
and production stability, and supports precision
manufacturing. Furthermore, the continuous
of

production interruption risks, while their

operation

design these systems significantly —mitigates
enhanced
intelligent capabilities establish a robust foundation for
efficient and precise production control®-7!. Conversely,
when compared with ex-situ detection methods, in-situ
monitoring techniques demonstrate relatively inferior
detection accuracy,

rendering them inadequate for
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applications demanding stringent precision requirements,
such as laboratory research, novel material development,
or quality control of specialty alloys.

In view of the distinct advantages and limitations
both
methodologies, the selection of appropriate monitoring
should be
systematically determined based on specific production
with  due

technical

inherent in ex-situ and in-situ detection

techniques in practical applications
research
their

characteristics and operational constraints.

requirements and objectives,

consideration given to respective

5 Conclusions and outlook
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This paper reviews several common Al alloy melt quality
inspection methods, covering two major categories:
Through
systematic analysis of these two types of inspection
methods, the study finds that:

(1)Ex-situ  methods exhibit superior precision in

ex-situ inspection and in-situ inspection.

laboratory settings, enabling detailed microstructure
characterization critical for R&D of novel alloys. In
contrast, in-situ techniques prioritize real-time process
monitoring to enhance production stability, though their
resolution may limit applicability in nanoscale research.

(2)Ex-situ and in-situ inspection methods complement
each other in Al alloy melt quality control. Ex-situ
inspection aids process development and quality analysis,
in-situ inspection ensures real-time industrial — quality,
and their combined use enables a comprehensive quality
management system.

(3)Future Al alloy melt inspection should merge
ex-situ precision with real-time online detection through
smart integration, driving innovation. This study provides
critical insights for optimizing casting quality control
systems, offering both theoretical and industrial value.

The findings suggest that with further development
of inspection technologies, the integration between
ex-situ and in-situ inspection methods will become more
seamless, providing a more comprehensive solution for
intelligent and precise Al alloy melt quality control. This
study offers theoretical foundations and practical
guidance for the selection and application of Al alloy
melt quality inspection technologies, holding important
significance for promoting technological advancement in

the Al alloy casting industry.

Acknowledgements

This work was supported by the National Natural Science
Foundation of China (Nos. 52301197; 52071262), the
Research Fund of the State Key Laboratory of
Solidification  Processing (NPU), China (Nos.
2024-ZD-06; 2024-TS-06), the Young Talent Fund of
Xi'an Association for Science and Technology (No.
959202413014), the Natural Science Foundation of
Chongqing, China (No. CSTB2022NSCQ-MSX0945)
and the Fundamental Research Funds for the Central
Universities (No. D5000240144).

References
[1] Liu W, Zhao C, Kishita Y, et al. Umeda, Scenario analysis
on carbon peaking pathways for China's aluminum casting

industry, Journal of Cleaner Production, 2023, 422.

347

http://doi.org/10.1016/].jclepro.2023.138571

[2] Wan J, Li H, Liu S, et al. Homogenization of nuclei in
Al-Nb-B inoculant and its effect on microstructure and
mechanical properties of Cast Al Alloy, Acta Metallurgica

2025 , 61(01) 117-128.
http://doi.org/10.11900/0412.1961.2024.00152

[3] Zhan H, Zeng G, Wang Q, et al. Unified casting (UniCast)

aluminum alloy—a sustainable and low-carbon materials

Sinica ,

solution for vehicle lightweighting, Journal of Materials
Science & Technology , 2023, 154 : 251-268.
http://doi.org/10.1016/j.jmst.2023.02.003
[4] Miller W S, Zhuang L, Bottema J, et al. Recent
development in aluminium alloys for the automotive
2000,
http://

industry, Materials Science and Engineering: A,
280(1) 37-49.
doi.org/10.1016/30921-5093(99)00653-x

[5] Otarawanna S, Dahle A. Casting of aluminium alloys,
Fundamentals of aluminium metallurgy, Elsevier, 2011, pp.
141-154.

[6] Barekar N S, Dhindaw B K. Twin-roll casting of aluminum
alloys — an overview, Materials and Manufacturing

2014 , 29(6) - 651-661. http:/
doi.org/10.1080/10426914.2014.912307

[7] Davies C, Barnett M. Expanding the extrusion limits of
wrought magnesium alloys, Jom, 2004, 56(5): 22-24.
http:// doi.org/10.1007/s11837-004-0121-7

[8] Yan W, Liu X, Huang J, et al. Strength and ductility in
ultrafine-grained wrought aluminum alloys, Materials &
Design , 2013 , 49 520-524. http://
doi.org/10.1016/j.matdes.2013.01.019

[9] Doege E, Droder K. Sheet metal forming of magnesium

Processes ,

wrought alloys — formability and process technology,
Journal of Materials Processing Technology , 2001,
115(1) 14-19. http://

doi.org/10.1016/s0924-0136(01)00760-9

[10] Tian T M Z, Yin H L, Hua Z M, et al. Enhanced
mechanical properties and thermal stability mechanism of
a high solid solution Al-Mg alloy processed by cryogenic
high-reduction hard-plate rolling,

2024 , 60(4) :
doi.org/10.11900/0412.1961.2022.00239

[11] Qu Z, Zhang Z J, Yan J X, et al. Examining the effect of
the aging state on strength and plasticity of wrought

Acta Metallurgica

Sinica , 473-484. http:/

Journal of Materials Science &
Technology 2022 , 122 54-67. http://

doi.org/10.1016/j.jmst.2021.11.075

aluminum alloys,

[12] Ding W, Xu C, Zhang H, et al. Effects of
Al-5Ti-0.62C-1.07La  intermediate  alloy on the
microstructure and mechanical properties of A356


https://www.x-mol.com/paperRedirect/1637118483100135424
https://www.x-mol.com/paperRedirect/1518642462013120512
https://www.x-mol.com/paperRedirect/1414426546686595072
https://www.x-mol.com/paperRedirect/1403270928001384448
https://www.x-mol.com/paperRedirect/1502897082604609536

@) 17 BEMBEERW
Nk THE 17™ ASIAN FOUNDRY CONGRESS

2 FEEE
Part 2: Non-Ferrous Alloy

aluminum alloy, Materials Research Express, 2020, 7(3).
http:// doi.org/10.1088/2053-1591/ab80ec
[13] Wang Q, Hao Q, Yu W. Effect of strontium modification on
porosity formation in A356 alloy, International Journal of
Metalcasting , 2019 , 13(4) : 944-952. http://
doi.org/10.1007/s40962-018-00300-1
N, Gruzleski J E,
aluminium-silicon casting alloys—a review, Cast Metals,
2016 s 3(2) 96-105.
https://doi.org/10.1080/09534962.1990.11819026

[15] Sin S L, Elsayed A, Ravindran C. Inclusions in magnesium

[14] Tenekedjiev Hypereutectic

and its alloys: a review, International Materials Reviews,
2013, 58(7) 419-436.  http:/
doi.org/10.1179/1743280413y.0000000017

[16] Cui J Z, Luo X X, Nagaumi H, et al. The inclusions in

the
Measurement Technology, Foundry Technology,
63(02): 138-144.

[17] Zhou M, Shu D, Li K, et al. Performance improvement of

of Online
2014,

aluminum melt and Development

industrial pure aluminum treated by stirring molten fluxes,
Materials Science and Engineering: A, 2003, 347(1-2):
280-290. http:// doi.org/10.1016/s0921-5093(02)00611-1

[18] Maté M, Tokar M, Fegyverneki G, et al. The comparative
analysis of the inclusion removal efficiency of different
fluxes, Archives of Foundry Engineering, 2019: 53-58.
http:// doi.org/10.24425/afe.2020.131302

[19] Shivkumar S, Wang L, Apelian D. Molten metal

processing of advanced cast aluminum alloys, Jom ,

1991, 43(1): 26-32. http:// doi.org/10.1007/bf03220114

[20] Hudson S W, Apelian D. Inclusion detection in molten
aluminum: current art and new avenues for in situ analysis,
International Journal of Metalcasting, 2016, 10(3):
289-305. http:// doi.org/10.1007/s40962-016-0030-x

[21] Rajput A, Paul S K. Effect of soft and hard inclusions in
tensile deformation and damage mechanism of aluminum:
a molecular dynamics study, Journal of Alloys and

2021, 869.

[22] Kobayashi T. Strength and fracture of aluminum alloys,
Materials Science and Engineering: A, 2000, 280(1):
8-16. http:// doi.org/10.1016/j.jallcom.2021.159213

[23] Gall K, Horstemeyer Mark F, Degner Brett W,et al. On the

driving force for fatigue crack formation from inclusions

Compounds,

and voids in a cast A356 aluminum alloy, International
Journal of Fracture, 2001, 108: 207-233. http:/
doi.org/10.1023/A:1011033304600

[24] Hu M L, Yang L, Yi W, et al. Guo, Entrainment defects in
semi-solid A356 aluminum alloy treated by ICTE process,
Journal of Alloys and Compounds, 2023, 96. http://

doi.org/10.1016/j.jallcom.2023.171237

348

[25] Liu L, Samuel F H. Assessment of melt cleanliness in

A356. 2 aluminium casting alloy using the porous disc

filtration apparatus technique: part I: Inclusion
measurements, Journal of Materials Science , 1997,
32(22) 5901-5925. http:/

doi.org/10.1023/A:1018602725185
[26] Fergus J W, Sensors for monitoring the quality of molten
of  Materials
14(2): 267-275.

Journal
Engineering and Performance, 2005,
http:// doi.org/10.1361/10599490523274

[27] Zhang W, Xie S, Zan L, et al. Characteristics of 2A02

aluminum alloy overburned structure and optimization of

aluminum during casting,

metallographic examination technology, Physical Testing
and Chemical Analysis (Part A: Physical Testing), 2021,
57(01) 8-14+18. http:/
doi.org/10.11973/lhjy-w1202101003

[28] Xiao S. Aluminum alloy inclusions identification and
automatic recognition, Northeastern University, 2013, pp.
14-15.

[29] Han C, Li D, Review on the research and application of

detection method for inclusion content in aluminum

alloy[J], China Foundry Machinery & Technology, 2018,

53(06): 5-10. http://

doi.org/10.3969/j.issn.1006-9658.2018.06.001

Atkinson H V, Shi G. Characterization of inclusions in

clean steels: a review including the statistics of extremes

methods, Progress in Materials Science, 2003, 48(5):

457-520. http:// doi.org/10.1016/s0079-6425(02)00014-2

[31] Li C, Gokelma M, Dang T, et al. Assessment of melt

cleanliness of secondary 5000 aluminum alloy via

non-metallic inclusions characterization, Metallurgical and

Materials Transactions B, 2023, 54(2): 578-592. http://

doi.org/10.1007/s11663-022-02710-3

[32] Cao X, Mechanisms of pressure filtration of liquid
aluminum alloys, Metallurgical & Materials Transactions
B, 2006, 37(6): 1075-1083. http:/
doi.org/10.1007/bf02735030

[33] Haberl K, Schumacher P, Geier G, et al. Characterization
of the melt quality and impurity content of an Im25 alloy,
Metallurgical and Materials Transactions B,2009, 40(6):
812-821. http:// doi.org/10.1007/s11663-009-9282-7

[34] Evans P V, Enright P G, Ricks R A. Molten metal
cleanliness: recent developments to improve measurement
reliability, Light Metals 2018, pp. 839-846.

[35] Toda H, Kobayashi T, Takahashi A. Mechanical analysis of
toughness degradation due to premature fracture of course
inclusions in wrought aluminium alloys, Materials Science
and Engineering: A, 2000, 280(1): 69-75. http://
doi.org/10.1016/s0921-5093(99)00658-9


https://www.x-mol.com/paperRedirect/1527208393248976896
https://www.x-mol.com/paperRedirect/1225092397992034304
https://doi.org/10.1080/09534962.1990.11819026
https://www.x-mol.com/paperRedirect/1234846656343404544
https://www.x-mol.com/paperRedirect/1518643104504995840
http://dx.doi.org/10.24425/afe.2020.131302
https://www.x-mol.com/paperRedirect/1405948584486449152
https://www.x-mol.com/paperRedirect/1225081603363487744
https://www.x-mol.com/paperRedirect/1363619698135306240
https://www.x-mol.com/paperRedirect/1335492069120503808
https://www.x-mol.com/paperRedirect/1676342261790261248
https://www.x-mol.com/paperRedirect/1335501668414353501
https://www.x-mol.com/paperRedirect/1335560701393465589

@) 17 BEMBEERW
Nk THE 17™ ASIAN FOUNDRY CONGRESS

2 FEEE
Part 2: Non-Ferrous Alloy

[36] Samueln F H, Ouellet P, Simard A. Assessment of melt
cleanliness and analysis of inclusions in Al-Si alloys using
the prefil pressure filtration technique, International
Journal of Cast Metals Research, 1999, 12(1): 17-33.
https://doi.org/10.1080/13640461.1999.11819340

[37] Samuel A M, Doty H W, Valtierra S, et al. Inclusion
measurements in Al-Si foundry alloys using qualiflash and
prefil International Journal of
Metalcasting,2017, 12(3): 625-642.
https://doi.org/10.1007/s40962-017-0185-0

[38] Cao X, Jahazi M, Estimation of resistance of filter media

filtration techniques,

used for prefil footprinter tests of liquid aluminium alloys,
Materials 2005, 21(10):
1192-1198. https://doi.org/10.1179/174328405x51802

[39] Jaradeh M M, Carlberg T. Method developed for

quantitative analysis of inclusions in solidified aluminum

Science and Technology,

ingots, Metallurgical and Materials Transactions B, 2010,
42(1): 121-132.
https://doi.org/10.1007/s11663-010-9463-4

[40] Cao X. Mechanisms of pressure filtration of liquid
aluminum alloys, Metallurgical and Materials Transactions
B, 2006, 37(6): 1075-1083.
https://doi.org/10.1007/bf02735030

[41] Al Kahtani, S A. Inclusion measurements in Al-6Si alloys
using cleanliness
International Journal of Cast Metals Research, 2013, 26(5):
296-307.
https://doi.org/10.1179/1743133613y.0000000070

[42] Habibi N, Samuel A M, Samuel F H, et al. Effect of grain
refining and Sr modification on prefil measurement

356
microanalysis technique, International Journal of Cast
Metals Research, 2013, 17(2): 79-87.
https://doi.org/10.1179/136404604225014837

[43] Puga H, Barbosa J, Seabra E, et al. The influence of

processing parameters on the ultrasonic degassing of

liquid metal analyser technique,

sensitivity  in alloys wusing electron probe

molten AISi9Cu3 aluminium alloy, Materials Letters, 2009,
63(9-10): 806-808.
https://doi.org/10.1016/j.matlet.2009.01.009

[44] Zhang L. Current methods for measuring hydrogen content
in molten aluminum, Physical Testing and Chemical
Analysis (Part B: Chemical Analysis), 1995, 31(2):
117-119.

[45] Wang S H. Improvement of reduced-pressure solidification
method, Journal of Sichuan Institute of Technology, 1994,
(04): 61-65.

[46] Dispinar D, Campbell J. Critical assessment of reduced
pressure test. Part 1: Porosity phenomena, International
Journal of Cast Metals Research, 2013, 17(5): 280-286.

349

https://doi.org/10.1179/136404604225020696
[47] Chen J X. On-line detection method of hydrogen content in
and recent progress, Foundry
Technology, 2020, 41(10): 990-995.
https://doi.org/10.16410/j.issn1000-8365.2020.10.022

Dispinar D, Campbell J. Critical assessment of reduced

aluminium melt its

[48

—_

pressure test. Part 2: Quantification, International Journal
of Cast Metals Research, 2013, 17(5): 287-294.
https://doi.org/10.1179/136404604225020704

Dispinar D, Campbell J. Porosity, hydrogen and bifilm

—
N
=]

=

content in Al alloy castings, Materials Science and

Engineering: A, 2011, 528(10-11):  3860-3865.

https://doi.org/10.1016/j.msea.2011.01.084

Jang H S, Kang H J, Park J Y, et al. Effects of casting

conditions for reduced pressure test on melt quality of

Al-Si alloy, Metals, 2020, 10(11).

https://doi.org/10.3390/met10111422

[51] Dispinar D, Campbell J. Use of bifilm index as an
assessment of liquid metal quality, International Journal of
Cast  Metals 2013, 19(1): 5-17.
https://doi.org/10.1179/136404606225023300

[52] El-Sayed M A, Griffiths W D. Hydrogen, bifilms and
mechanical properties of Al castings, International Journal
of Cast Metals Research, 2014, 27(5): 282-287.
https://doi.org/10.1179/1743133614y.0000000113

[53] Yu X D. Quantitative detection method for slag conte

Research,

nt in recycled aluminum alloy ingots: K-mold testing,

Green Casting and Sustainable Development: Proceed
ings of the 2015 (25th) Chongging Annual Conference
on Casting*, edited by Chongqing Foundry Associati
on and Foundry Branch of Chongqing Mechanical En
gineering Society, Chongqing Jiantao Aluminum Indust
ry Co., Ltd., 2015, pp. 252-254.

[54] Wang L, Xue D, Zhang Q. Analysis of slag removal and
degassing in liquid aluminum smelting, Characteristic
Casting & Nonferrous Metals Journal, 2019, 39(06):
630-634. https://doi.org/10.15980/.tzzz.2019.06.013

[55] Han J F, Feng Z K, Study on slag quantity and alloy

liquid alumina at different
temperatures, Fujian Metallurgy , 2019 , 48(4).
https://doi.org/10.19574/j.cnki.issn1672-7665.2019.04.006

[56] Bai R, Hu Y, Jin Z F. Automatic detection technology for

quality of aluminum

inclusion in Al melt based on machine learning, special
casting & nonferrous alloys, 2024, 44(04): 477-484.
https://doi.org/10.15980/j.tzzz.2024.04.008

[57] Liu J L, Du Q G. Quantitative detection method of
inclusion in aluminum alloy ingots based on machine
learning, Foundry Technology, 2021, 42(10): 845-851.
https://doi.org/10.16410/j.issn1000-8365.2021.10.003


https://www.x-mol.com/paperRedirect/1225076136214052865
https://www.x-mol.com/paperRedirect/1233849880782327808
https://www.x-mol.com/paperRedirect/1233854362446483456
https://www.x-mol.com/paperRedirect/1321291477790461952
https://www.x-mol.com/paperRedirect/1406995727271800832

@) 17 BEMBEERW
Nk THE 17™ ASIAN FOUNDRY CONGRESS

2 FEEE
Part 2: Non-Ferrous Alloy

[58] Du J, Shi Y, Li W. Assessment of solidification
characteristics of carbon-inoculated Mg-3%Al melt by
thermal analysis, Transactions of Nonferrous Metals
Society of China , 2018 , 28(4) : 812-818.
https://doi.org/10.16410/10.1016/s1003-6326(18)64714-4
[59] Chen X, Geng H, Li Y. Study on the eutectic modification
level of Al-7Si alloy by computer aided recognition of
thermal analysis cooling curves, Materials Science and
Engineering: A , 2006 , 419(1-2) - 283-289.
https://doi.org/10.16410/10.1016/j.msea.2005.12.036
Jafari H, Khalilnezhad M, Farahany S. Computer-aided

cooling curve thermal

[60

—

analysis and microstructural
evolution of Mg-5Zn—xY cast alloys, Journal of Thermal
2017, 130(3): 1429-1437.
https://doi.org/10.1007/s10973-017-6144-4

Yavari F, Shabestari S G. Effect of cooling rate and Al

content on solidification characteristics of AZ magnesium

Analysis and Calorimetry,

—
[o)}
—
—_

alloys using cooling curve thermal analysis, Journal of
Thermal Analysis and Calorimetry, 2017, 129(2):
655-662. https://doi.org/10.1007/s10973-017-6240-5
Samuel A M, Samuel F H, Doty H W. Microstructural

interpretation of thermal analysis of commercial 319 Al

—
(o)
N

—

alloy with Mg and Sr additions, Transactions of the
1997, 105: 951-962.
[63] Stefanescu D M, Barlow J O. Computer-aided cooling

American Foundrymen's Society,

revisited, Transactions-American
1998: 349-354.
Gonzalez-Rivera C, Harrup A, Aguilar C,

curve  analysis
Foundrymens Society,

[64] et al.
Determination of the latent heat of fusion and solid
fraction evolution of metals and alloys by an improved
cooling curve analysis method, Journal of Thermal
Analysis and Calorimetry, 2019, 140(4): 1825-1836.
https://doi.org/10.1007/s10973-019-08904-3

[65] Stefanescu Doru M, Thermal analysis—theory and

applications in metalcasting, International journal of

metalcasting 2015 9 7-12.

https://doi.org/10.1007/bf03355598

[66] Riposan I, Stefan I, Firican C, et al. Thermal analysis to
optimize and control the cast iron solidification process,
solid state phenomena , 2016 , 254 : 14-19.
https://doi.org/10.4028/www.scientific.net/SSP.254.14

[67] Shabestari S G, Malekan M. Assessment of the effect of
grain refinement on the solidification characteristics of 319
aluminum alloy using thermal analysis, Journal of Alloys

Compounds, 2010, 492(1-2): 134-142.
https://doi.org/10.1016/j.jallcom.2009.11.122

[68] Fardi-Ilkhchy A, Binesh B, Shaban Ghazani M. Effect of

pressure on microstructure and cooling curves of A356

and

aluminum alloy during solidification, Transactions of the

350

Indian Institute of Metals, 2019 72(9): 2319-2327.
https://doi.org/10.1007/s12666-019-01682-4

[69] Robinson J P, Wallace H. Coulter: decades of invention
and discovery, Cytometry A, 2013, 83(5): 424-38.
https://doi.org/10.1002/cyto.a.22296

[70] Wu Y, Yan H, Wang J, et al. Wang, Research on online
monitoring technology and filtration process of inclusions
in aluminum melt, Sensors (Basel), 2024, 24(9).
https://doi.org/10.3390/s24092757

[71] Guo X, Liu R, Wang X, et al. Two-phase flow simulation
for distinguishing deformable particles with a LiMCA
system, Applied Mathematical Modelling, 2020, 88:
106-121. https://doi.org/10.1016/j.apm.2020.06.015

[72] Guthrie R, Isac M. In-Situ sensors for liquid metal quality,
High Temperature Materials and Processes, 2012, 31(4-5):
633-643. https://doi.org/10.1515/htmp-2012-0101

[73] Di Silvestro G D, Isac M M, Guthrie R I L, Development
of LiMCA (liquid metal cleanliness analyzer) since its
invention to date, Conference of Metallurgists. Cham:
Springer International Publishing, 2022: 451-462.

[74] Gagnon D, Dupuis C, Buijs T L. Improvements in LIMCA
technology: introducing the LiMCA III, (2015).
https://doi.org/10.1002/9781119093435.ch163

[75] Wu Y, Yan H, Wang J, wt al. An online monitoring system
for in situ and real-time analyzing of inclusions within the
molten (Basel), 2024, 24(9).
https://doi.org/10.3390/5s24092767

[76] Mansfield T L. Ultrasonic technology for measuring

metal,  Sensors

molten aluminum quality, Journal of Metals, 1982, 34(9):
54-57. https://doi.org/10.1007/BF03338100

[77] Guthrie, R I L, Li M, In situ detection of inclusions in
liquid metals: part I. Mathematical modeling of the
behavior of particles traversing the electric sensing zone,
Metallurgical and Materials transactions B, 2001, 32:
1067-1079. https://doi.org/10.1007/s11663-001-0095-6

[78] DeBlois R W, Bean C P. Counting and sizing of submicron
particles by the resistive pulse technique, Review of
Scientific 1970,  41(7):  909-916.
https://doi.org/10.1063/1.1684724

[79] Gregg E C, Steidley K D, Electrical counting and sizing of

Instruments,

mammalian cells in suspension, Biophys J, 1965, 5(4):
393-405. https://doi.org/10.1016/S0006-3495(65)86724-8
[80] Ono Y, Moisan J F, Jen C K. Ultrasonic techniques for
imaging and measurements in molten aluminum, [EEE
Trans Ultrason Ferroelectr Freq Control, 2003, 50(12):
1711-1721. https://doi.org/10.1109/tuffc.2003.1256312
[81] Mansfield T L. Ultrasonic technology for measuring
molten aluminum quality, Jom, 2013, 34(9): 54-57.
https://doi.org/10.1007/BF03338100



@) 17 BEMBEERW
Nk THE 17™ ASIAN FOUNDRY CONGRESS

2 FEEE
Part 2: Non-Ferrous Alloy

[82] Maev R G, Sokolowski J H, Lee H T, et al. Bulk and
subsurface structure analysis of the 319 aluminum casting

microscopy  methods,  Materials
Characterization, 2001, 46(4):
263-269.https://doi.org/10.1016/S1044-5803(00)00096-6

[83] Mo Z, Wang Z, Wang R, et al. Distribution of nonmetallic
inclusions in slab for tinplate, Metals, 2022, 12(4).
https://doi.org/10.3390/met12040679

[84] Jaime R F, Puga H, Prokic M, et al. Fundamentals of
ultrasonic treatment of aluminum alloys, International
Journal of Metalcasting, 2024, 18(4): 2783-2807.

[85] Liu L, Samuel F H. Assessment of melt cleanliness in

using  acoustic

A356.2 aluminium casting alloy using the porous disc
filtration apparatus technique: part II. Inclusion analysis,
Journal of Materials Science, 1997, 32(22): 5927-5944.
https://doi.org/10.1023/A:1018654809256

Prillhofer B Bottcher H, Antrekowitsch  H.

Weiterentwicklungen zur evaluierung der schmelzequalitét

[86]

i

aluminiumlegierungen  basierend auf dem
preFil-verfahren, BHM Berg- und Hiittenménnische
Monatshefte, 2009, 154(7): 314-319.

https://doi.org/10.1007/s00501-009-0479-5

von

351

[87] Cao X. Pressure filtration tests of liquid Al-Si cast alloys,
Materials Science and Engineering A, 2005, 403(1-2):
94-100. https://doi.org/10.1016/j.msea.2005.04.038

[88] Bartar Esfahani H, Raiszadeh R, Doostmohammadi H.
Weibull verification of reduced pressure test as a tool for
assessing Al melt quality, International Journal of Cast
Metals 2016, 30(2):87-95.
https://doi.org/10.1080/13640461.2016.1244245

[89] Samuel A M, Doty H W, Valtierra S, et al. Metallurgical

aspects of inclusion assessment in Al-6%Si casting alloy

Research,

using the LiMCA technique, International Journal of
Metalcasting. 2017, 12(3): 643-657.
https://doi.org/10.1007/s40962-017-0203-2

[90] Jia Y C. The study on hydrogen and inclusion in aluminum
melt, Northeastern University, 2010.

[91] Li S, Qiu Y H, Chen C Y, et al. Research progress on
inclusion in aluminum, Nonferrous Metals Science and
Engineering, 2024, 15(5): 660-669.
https://doi.org/10.13264/j.cnki.ysjskx.2024.05.004

[92] Li X H. Effects of hydrogen and inclusions on the
microstructures and mechanical properties of aluminum
alloys, Northeastern University (2013).


http://dx.doi.org/10.1016/j.msea.2005.04.038

