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ABSTRACT

A new evaporative crystallization method was used to plate copper on water-

soluble NaCl particles. Cu(NO3)2�3H2O was crystallized on NaCl particles by

the heated ethanol volatilization, and then thermally decomposed to obtain CuO

coating which was finally reduced to Cu coating. The affecting factors of coating

effect and the influence of copper-plated NaCl particles on the pores structure of

infiltrated AlSi12 foam were studied. The thermal oxidation pretreatment of

NaCl particles increased the number of oxygen-containing functional groups

and the uniform distribution of thermal etch pits, which improved the bonding

strength between NaCl particles and Cu(NO3)2�3H2O coating. The addition of

Tween-60 and PEG-6000 inhibited the micro-dissolution of NaCl particles in

ethanol and promoted the formation of complete CuO coating. Infiltrated AlSi12

foam prepared from copper-plated NaCl particles had a more homogeneous

pore structure and smaller pore size deviations than infiltrated AlSi12 foam

obtained with uncoated NaCl particles, indicating that copper plating signifi-

cantly improved the wettability of NaCl particles and AlSi12 alloy melt. This

paper presents a new and low-cost surface treatment method, which provides a

useful reference for the surface modification and application of water-soluble

particles.

Introduction

Open-cell aluminum foam has a large number of

through holes with complex structure, which has the

strong sound absorption ability in a wide frequency

range [1–3]. It has important application prospects in

noise control fields such as transportation, construc-

tion and machinery [4, 5]. In particular, small aper-

tures of 300–500 lm greatly increase the resistance to

incident sound waves and provide better sound
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absorption than large apertures of 500 lm and above.

Infiltration is the mainstream method for preparing

open-cell aluminum foam, which has the advantages

of simple process and easy mass production [6, 7].

The surface properties of the preformed NaCl parti-

cles directly influences the pore structure of the open-

cell aluminum foam [8]. The infiltration preparation

of large-aperture open-cell aluminum foam has been

achieved [9]. However, when the pore size of open-

cell aluminum foam prepared by infiltration is

decreasing, greater pressure is required to make the

molten aluminum infiltrate into the gap of the NaCl

particle preform. As a result, it is highly susceptible

to problems such as insufficient depth of infiltration

and incomplete infiltration [10], the reasons for which

are related to the wettability of the NaCl particles and

the aluminum melt.

The surface treatment of NaCl particles is an

effective method to improve the wettability between

aluminum melt and NaCl particles, but there are few

reports on its research. Electroless plating [11–14] and

electroplating [15–17] are common surface metal-

lization processes, in which Ni and Cu are commonly

used for surface treatment of nonmetallic particles.

However, in the process of electroless plating and

electroplating, the matrix particles will contact with

deionized water [12, 18, 19], so these methods are not

applicable to the surface modification of water-sol-

uble NaCl particles. Magnetron sputtering as a

physical vapor deposition technique is widely used

in the formation of various surface coatings [20].

Tučkut _e et al. deposited nickel on the surface of NaCl

particles by magnetron sputtering and then cleaned

the Ni-coated NaCl particles in water to obtain Ni

powder with a flaky structure [21], but this method

was not suitable for mass production. Therefore, the

use of a new low-cost surface treatment for the

coating of NaCl particles is an important develop-

ment direction to improve the performance of infil-

tration preparation processes for open-cell aluminum

foam materials, especially for small pore size open-

cell aluminum foam.

For that reason, this paper used a novel EC method

for copper plating on NaCl particles. The affecting

factors of the coating effect and the influence of

copper-plated NaCl particles on the pores structure

of infiltrated AlSi12 foam were investigated. Copper

plating on water-soluble NaCl particles provides a

beneficial reference for the stable infiltration

preparation of small pore size sound-absorbing alu-

minum foam.

Experimental

Materials

Polygonal sodium chloride particles with a particle

size of 270–300 lm (NaCl, Yunnan Salt Industry Co.,

Ltd.) were used as plating substrate. Copper nitrate

trihydrate (Cu(NO3)2�3H2O, Fuchen Chemical

Reagent Co., Ltd.) as the copper source. Anhydrous

ethanol (C2H6O, Fuchen Chemical Reagent Co., Ltd.)

as the solvent. Tween-60 (C64H126O26, Wuxi Yatai

Joint Chemical Co., Ltd.) as the stabilizer. PEG-6000

(HO(CH2CH2O)nH, Wuxi Yatai Joint Chemical Co.,

Ltd.) as the surfactant. 95% Argon (Ar) and 5%

hydrogen (H2) (Kunming Shitouren Gas Product Co.,

Ltd.) as the reduction gas and AlSi12 as the infiltra-

tion alloy.

EC copper plating process

Figure 1 shows the schematic diagram of the EC

copper plating process on NaCl particles, which

consists of six steps. Step 1, the pretreatment of NaCl

particles was carried out by thermal oxidation

method. The NaCl particles were placed in a muffle

furnace and treated at 400 �C for 40 min with a

heating rate of 10 �C/min, following by cooling

down to room temperature naturally outside the

furnace. Step 2, the thermally oxidized NaCl particles

were placed in anhydrous ethanol, where the etha-

nol:NaCl ratio was 2:3, ultrasonically washed for

10 min to remove impurities, then dried in a blast

drying oven. Step 3, the Cu(NO3)2�3H2O solution was

prepared with anhydrous ethanol, Cu(NO3)2�3H2O

(135 g/L), Tween-60 (10 g/L), PEG-6000 (1 g/L) and

the pretreated NaCl particles (1500 g/L). Step 4, the

Cu(NO3)2�3H2O solution with NaCl particles was

continuously heated in a water bath at 60 �C, stirring
while heating until the anhydrous ethanol was com-

pletely volatilized. Step 5, the NaCl particles were

placed in a muffle furnace and treated at 340 �C for

2 h with a heating rate is about 3 �C/min, following

by cooling down to room temperature naturally

outside the furnace. Step 6, hydrogen reduction, the

NaCl particles were placed in a tube furnace with a

continuous flow of hydrogen at 1L/min, and treated
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at 500 �C for 2 h with a heating rate is about 10 �C/
min, following by cooling down to room temperature

naturally within the furnace.

AlSi12 alloy melt infiltration

Copper-plated NaCl particles were prepared

according to a mass ratio of 1/5 between Cu(NO3)2-
3H2O to NaCl particles. Under the condition of the

same quality of uncoated copper and copper-coated

NaCl preforms, the AlSi12 alloy melt was subjected

to air pressure infiltration of 0.10–0.30 MPa at a

heating temperature of 680 �C. Finally, the copper-

coated and uncoated NaCl/AlSi12 composites were

immersed in water to remove NaCl particles.

Characterization

Morphology, element

The morphology of NaCl particles, coatings and

infiltrated AlSi12 foam pore structure were observed

by scanning electron microscope (SEM, Nova-

Nano450/ZEISS). The oxygen-containing functional

groups of NaCl particles surface at the pretreatment

stage were detected by Fourier transform infrared

spectroscopy (FT-IR, Tensor27). The phase analysis of

the coatings at different stages was carried out by

X-ray diffractometer (XRD, Empyrean) which the

radiation source is CuKa, the working voltage is

20 kV, the working current is 40 mA, the scanning

speed is 6�/min, the time constant of the rate

recorder is 0.5 s, and the diffraction angle range is

10–90�. The obtained data were calibrated and ana-

lyzed by jade6.0 software to determine the phase

composition.

Porosity

The porosity of the infiltrated AlSi12 alloy foam was

calculated by the following equation.

/ ¼ 1 � qAl
q0

� 100% ¼ 1 � M

V
� 1
q0

� 100% ð1Þ

where / is the porosity of the infiltrated AlSi12 foam,

q0 is the density of the substrate material, qAl is the

density of the infiltrated AlSi12 foam, M is the mass

of the infiltrated AlSi12 foam, and V is the volume of

the infiltrated AlSi12 foam.

Desalination rate

The desalination rate of the infiltrated AlSi12 alloy

foam was calculated by the following equation.

X ¼ M0 �M1

M
� 100% ð2Þ

where X is the desalination rate, M0 is the total mass

of the AlSi12/NaCl composite, M1 is the mass of the

AlSi12/NaCl composite after removal of the NaCl,

and M is the mass of the NaCl preform.

Figure 1 Schematic diagram

of the EC copper plating on

NaCl particles.
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Coating rate

The coating rate was calculated by the following

equation.

g ¼ SD
S

� 100% ð3Þ

g is the coating rate, SD is the coated area of the NaCl

particle surface, and S is the area of the NaCl particles

surface. SD, S were obtained by ImageJ image pro-

cessing software.

Results and discussion

Effect of NaCl particle pretreatment
on the Cu(NO3)2�3H2O coating

Figure 2 shows SEM images of NaCl particles at

different pretreatment stages. As can be seen from

Fig. 2a, b, the surface of untreated NaCl particles is

relatively flat and smooth, its brightness is caused by

the nonconductivity of NaCl. As shown in Fig. 2c, d

that the surface of NaCl particles has obvious pits at

the thermal oxidation stage. The reason is that NaCl

particles are heated in the muffle furnace for a period

of time, thermal etch pits are formed at the intersec-

tion of grain boundary and surface in order to

achieve the balance of surface tension [22–24]. It can

be seen from Fig. 2e, f, the thermal etch pits are

evenly distributed on the NaCl particles at the

washing and drying stage. The formation of thermal

pits can cause an ‘anchoring effect’ between the

Cu(NO3)2�3H2O coating and NaCl particles, improv-

ing the bond strength [25–28] and laying the foun-

dation for a homogeneous and stable copper coating.

Figure 3 shows the Fourier transform infrared

spectra of NaCl particles at different pretreatment

stages. As can be seen from Fig. 3, the absorption

peak at 617 cm-1 is attributed to the -OH swaying

vibration, the absorption peak at 1113 cm-1 is caused

by the C–O–C stretching vibration, the absorption

peak at 1643 cm-1 is attributed to the C=O stretching

vibration, and the absorption peak at 3442 cm-1 is

caused by the -OH stretching vibration [29, 30]. The

absorption peak at 1422 cm-1 is caused by the -OH

bending vibration at the thermal oxidation stage. At

the washing and drying stage, the peaks of the ther-

mal oxidation stage are retained. It can be seen from

Fig. 3 that the oxygen-containing functional groups

on the surface of NaCl particles after thermal oxida-

tion increase, that is, the surface of NaCl particles

fixes a large amount of oxygen in the form of func-

tional groups, which increases the wettability of the

surface of NaCl particles and enhances the bonding

strength of NaCl particles and Cu(NO3)2�3H2O.

Figure 4 is the SEM image of the unpretreated and

pretreated NaCl particles after copper plating. It can

be seen from Fig. 4a and b that the surface of NaCl

particles without pretreatment is relatively smooth,

and copper particles are scattered on the NaCl par-

ticles. As can be seen from Fig. 4c and d, the surface

of NaCl particles after pretreatment is rough, and

copper particles are distributed more in the rough

position, while copper particles are scattered in the

flat surface. Compared with the copper-plated NaCl

particles without pretreatment, the copper coating

area of NaCl particles obtained after pretreatment

increased. The results show that the adhesion of

copper particles is stronger where the surface of NaCl

particles is rough.

Effect of Tween-60 and PEG-6000
on the CuO coating

Figure 5 represents SEM images of NaCl particles at

different stages. It can be seen from Fig. 5a, without

the addition of Tween-60 and PEG-6000, rectangular

crystals with a width of about 1.5 lm are densely

arranged on the NaCl particles at the evaporative

crystallization stage. Figure 6 shows the XRD pattern

of NaCl particles at different stages. As seen from

Fig. 6, without the addition of Tween-60 and PEG-

6000, the only two phases with significant peak

heights are NaCl and CuCl2�2H2O at the evaporative

crystallization stage. Therefore, it is determined that

the rectangular crystals obtained without the addi-

tion of Tween-60 and PEG-6000 are CuCl2�2H2O. The

appearance of CuCl2�2H2O indicates that NaCl par-

ticles are slightly dissolved in ethanol, and free

chloride ions are combined with copper ions. With

the volatilization of anhydrous ethanol, CuCl2�2H2O

is crystallized on the NaCl particles. As shown in

Fig. 5b, at the thermal decomposition stage without

Tween-60 and PEG-6000, flake crystals were dis-

tributed on the surface of NaCl particles, and the

coating rate was 47.5%. Figure 6 shows that when

Tween-60 and PEG-6000 are not added, only NaCl

and CuO phases have obvious peak heights at the

thermal decomposition stage, so it is determined that
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the flake crystals formed in the thermal decomposi-

tion stage are CuO.

As seen in Fig. 5c, when only Tween-60 is added,

rectangular crystals with a width of 2–8 lm are

densely arranged on the NaCl particles at the evap-

orative crystallization stage. It can be seen from

Fig. 6, when only Tween-60 is added, the two phases

with significant peak heights are NaCl and

Cu(NO3)2�3H2O at the evaporative crystallization

stage. Therefore, it is determined that the rectangular

crystals formed at the evaporative crystallization are

Cu(NO3)2�3H2O, indicating that the addition of

Twee-60 inhibits the micro-dissolution of NaCl par-

ticles in ethanol. As can be seen from Fig. 5d, When

Tween-60 was added only, granular crystals were

distributed on the surface of NaCl particles at the

thermal decomposition stage, and the coating rate

was 90.47%. Compared with the coating area of CuO

without Tween-60, the coating area is significantly

increased, but the NaCl particles are still not fully

Figure 2 SEM images of NaCl particles at different pretreatment stages: a, b untreated, c, d thermal oxidation, e, f washing and drying.
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coated. Figure 6 shows that when only Tween-60 is

added, the only two phases with significant peak

heights are NaCl and CuO at the thermal

decomposition stage, so it is determined that the

granular crystals formed at the thermal decomposi-

tion are CuO. After the addition of Tween-60, the

coating area of CuO on the NaCl particles increases

significantly. It is speculated that the addition of

Tween-60 decreases the interfacial tension and

decline the total interfacial energy, thus achieving a

significant increase in the coating area. Besides,

Tween-60 has the property of decreasing the surface

tension of the solution, which can diminish the con-

tact angle between solid and liquid and decline the

capillary adsorption force between NaCl particles

[31], thus effectively avoids the phenomenon of NaCl

particle agglomeration.

It can be seen from Fig. 5e that with the addition of

Tween-60 and PEG-6000, the rectangular crystals

with a width of 2–8 lm are densely arranged on the

NaCl particles at the evaporative crystallization

stage. Figure 6 shows that when Tween-60 and PEG-

6000 are added, only two phases NaCl and

Cu(NO3)2�3H2O have obvious peak heights at the

evaporative crystallization stage, and the only two

Figure 3 Fourier transform infrared spectra of NaCl particles at

different pretreatment stages: 1-Untreated, 2-Thermal oxidation

and 3-Washing and drying.

Figure 4 SEM images of copper-plated NaCl particles: a, b unpretreated NaCl particles, c, d pretreated NaCl particles.
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phases with significant peak heights are NaCl and

CuO at the thermal decomposition stage. Therefore,

the crystals formed at the evaporative crystallization

stage are Cu(NO3)2�3H2O, and the crystals formed at

the thermal decomposition stage are CuO. As can be

seen from Fig. 5f, NaCl particles can be almost

Figure 5 SEM images of NaCl particles at different stages:

a evaporative crystallization, without Tween-60 and PEG-6000,

b thermal decomposition, without Tween-60 and PEG-6000,

c evaporative crystallization, only Tween-60, d thermal

decomposition, only Tween-60, e evaporative crystallization,

with Tween-60 and PEG-6000 and f thermal decomposition,

with Tween-60 and PEG-6000.
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completely coated by CuO when Tween-60 and PEG-

6000 are added at the thermal decomposition stage.

The addition of PEG-6000 changes the crystal mor-

phology of CuO, indicating that PEG-6000 has an

important effect on the growth direction of CuO

crystals [32]. During the thermal decomposition to

generate CuO, flatness of the plating is affected by the

escape of the gas, resulting in the loss of CuO plating.

The addition of PEG-6000 with a suitable amount can

wet the coating and make the generated gas easily

remove from the coating.

In summary, the addition of Tween-60 and PEG-

6000 inhibits the micro solubilization of NaCl parti-

cles in ethanol and substantially increases the CuO

coating area on NaCl particles.

Formation process of the Cu coating

Figure 7 shows SEM images of NaCl particles at

different stages. It can be seen from Fig. 7a, b that the

rectangular crystals are densely arranged on the

NaCl particles at the evaporative crystallization

stage. Figure 8 represents the XRD pattern of NaCl

particles at different stages. It can be seen from Fig. 8,

the two phases with significant peak heights are NaCl

and Cu(NO3)2�3H2O at the evaporative crystallization

stage, so it is determined that the rectangular crystals

are Cu(NO3)2�3H2O.

As seen in Fig. 7c, d, the NaCl particles are densely

coated at the thermal decomposition stage. Figure 8

represents the only two phases with significant peak

heights are NaCl and CuO at the thermal decompo-

sition stage. It is determined that the coating formed

on the NaCl particles at the thermal decomposition

phase is CuO. The transformation of the coating from

Cu(NO3)2�3H2O to CuO is shown in Fig. 9 [33].

Figure 7(e, f) represents the granular crystals are

densely distributed on the NaCl particles at the

reduction stage. As shown in Fig. 8, the strong

diffraction peaks are located at 43.3� (corresponding

to the Cu(111) plane), 50.4� (corresponding to the

Cu(200) plane) and 74.1� (corresponding to the

Cu(220) plane) at the reduction stage [27, 34].

Therefore, it is determined that the granular crystal is

Cu, and no CuO, Cu2O and other phases are found.

Figure 10 shows the crystal structure of CuO and

Cu. During the reduction of CuO, H adsorbs on the

surface of CuO, and O in CuO of monoclinic system

is taken away by H to form Cu with face-centered

cubic structure [35]. The reduction of CuO to Cu

results in a 42.3% increase in volume contraction so

that decreases lattice size and decline surface cover-

age. Therefore, the premise for achieving complete

Cu coating is to realize a multilayer dense CuO

coating of the NaCl particles.

Effect of copper-plated NaCl particles
on the pore structure of infiltrated AlSi12
alloy foam

Under the condition of the same mass of uncoated

and copper-coated NaCl preforms, AlSi12 alloy melt

was infiltrated in the uncoated NaCl preform at

0.25 MPa pressure for 6 s, and aluminum foam with

porosity of 86% was obtained. AlSi12 alloy melt was

infiltrated in the copper-coated NaCl preform at

0.15 MPa pressure for 3 s, and aluminum foam with

porosity of 83% was obtained. Compared to the

infiltration of AlSi12 alloy melt in the uncoated NaCl

preform, the gas pressure applied to complete the

infiltration in the copper-coated NaCl preform is

decreased and the holding time is shortened. This

indicates copper plating significantly improves the

wettability of NaCl particles and AlSi12 alloy melt,

which has a noticeable improvement in the fluidity of

AlSi12 alloy melt in the copper-plated NaCl preform.

Figure 11 shows the SEM images of the infiltrated

AlSi12 alloy foam. As can be seen from Fig. 11a,

Figure 6 XRD patterns of NaCl particles at different stages:

Evaporative crystallization—B, D, F, Thermal decomposition—A,

C, E.
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when the uncoated NaCl particles are used as pre-

form, the pores of the AlSi12 alloy foam are con-

nected to each other, and the AlSi12 alloy is

interlaced in the form of a frame. However, it shown

that the pore shape is irregular, the pore size range is

large, and the pore walls of some pores are incom-

plete. It can be seen from Fig. 11b that the pore

structure of the infiltrated AlSi12 alloy foam is

relatively uniform when using copper-plated NaCl

particles as the preform. Most of the pores are square,

the pore wall is relatively complete, and the adjacent

pores are connected with each other. Almost no

obvious defects and closed pore structure can be

seen.

The pore sizes in Fig. 11 were obtained by ImageJ

and the following results were obtained by numerical

Figure 7 SEM images of NaCl particles at different stages: a, b evaporative crystallization, c, d thermal decomposition, e, f reduction.
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calculation. The average pore size of aluminum foam

prepared from uncoated NaCl particles was 302 lm,

with a pore size deviation of 67.55 lm. The average

pore size of the aluminum foam prepared from cop-

per-coated NaCl particles was 238 lm, with a pore

size deviation of 52.77 lm. Compared with alu-

minum foam prepared by uncoated NaCl particles,

the pore size deviation of aluminum foam prepared

by copper-coated NaCl particles is smaller. The

results show that the wettability between the copper-

plated NaCl particles and the AlSi12 alloy melt is

improved, and the contact between the both is more

adequate during the infiltration process. Addition-

ally, according to the calculation of formula (3), the

salt removal rate of the infiltrated AlSi12 foam is 95%.

Analysis of wettability in infiltration
process

Figure 12 presents a schematic diagram to illustrate

the infiltration process of AlSi12 alloy melt to NaCl

particles with the different surface states. As seen

from this figure, the gravity of the AlSi12 alloy melt is

qAlgh, the capillary pressure difference is DP, h is the

wetting angle. The capillary pressure difference of

AlSi12 alloy melt during infiltration can be obtained

by Laplace–Young equation [36]:

DP ¼ 2ccosh
rc

ð4Þ

where DP is the capillary pressure difference, c is the
surface tension of the AlSi12 alloy melt, h is the

wetting angle between NaCl particles and AlSi12

alloy melt and rc is the equivalent capillary radius.

It can be seen from formula (4), for the wetting

angle of NaCl particles and AlSi12 alloy melt, when h
\ 90�, DP [ 0, DP promotes the passage of AlSi12

melt. When h[908, DP\0, DP hinders the passage of

AlSi12 melt.

The wetting angle between Al melt and NaCl

particles is more than 150� at 800 �C. Figure 12a

shows the infiltration process of AlSi12 alloy melt to

the uncoated NaCl particles. It can be seen from the

figure, wetting angle h[ 150� between AlSi12 alloy

melt and NaCl particles, so they are difficultly wetted

[37]. Figure 12b shows the infiltration process of

AlSi12 alloy melt to NaCl particles which is coated

with copper particles. AlSi12 droplet is nonspherical

due to gravity. The relationship between h and h can

be expressed by the following formula [38]:

h ¼ 2
c
qg

� �
1� cos hþ að Þ½ �

� �1=2

1þ c
qg

� �1=2 2

2a

" #�1=2

ð5Þ

where h is the height between the horizontal line of

the liquid–gas–solid intersection and the endpoint of

the long axis of the droplet (h =1 mm), c is the surface
tension of AlSi12 melt (c =871.82 mN/m), q is the

Figure 8 XRD patterns of NaCl particles at different stages:

A-Evaporative crystallization, B-Thermal decomposition and

C-Reduction.

Figure 9 Thermal decomposition process of copper nitrate

trihydrate to copper oxide.

Figure 10 The crystal structure of a CuO and b Cu.
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density of AlSi12 melt (q = 2.65 g/cm3), g is the

gravitational acceleration coefficient (g = 9.8 m/s2), h
is the wetting angle, a is the contact radius (a

=200 nm), a is the angle between the solid–liquid

surface tension and the horizontal line of the liquid–

gas–solid intersection equals arcsinða=rÞ. Finally, the
calculated value of h is 107�.

The wetting angle between AlSi12 alloy melt and

the copper-coated NaCl particles is decreased, and

the wettability is improved obviously.

Conclusion

In this paper, an innovative EC method was used to

realize the uniform coating of copper crystals on the

water-soluble NaCl particles. The affecting factors of

copper coating effect, and the influence of copper-

plated NaCl particles on the pores structure of infil-

trated AlSi12 foam were investigated and the fol-

lowing conclusions were drawn.

1 EC copper plating was achieved by the following

steps: Cu(NO3)2�3H2O was crystallized on NaCl

particles by ethanol volatilization of the solution

heated, and then thermally decomposed to obtain

CuO coating which is finally reduced to Cu

coating.

2 The pretreated NaCl particles increased the

number of oxygen-containing functional groups,

effectively enhanced the wettability of NaCl

particles, appeared uniformly distributed thermal

etch pits, which improved the bonding strength

of the NaCl particles and Cu(NO3)2�3H2O plating.

3 The addition of Tween-60 and PEG-6000 to the

Cu(NO3)2�3H2O solution inhibited the micro-

Figure 11 SEM images of the infiltrated AlSi12 alloy foam: a uncoated NaCl as preform and b copper-coated NaCl as preform.

Figure 12 Schematic diagram

of AlSi12 alloy melt

infiltration process to NaCl

particles: a uncoated NaCl

particles and b copper

particles coated NaCl particles.
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dissolution of NaCl particles in ethanol and

promoted the formation of complete CuO coating

which laid the foundation for achieving the

complete Cu coating.

4 Infiltrated AlSi12 foam prepared from copper-

plated NaCl particles has a more homogeneous

pore structure and smaller pore size deviations

than infiltrated AlSi12 foam obtained with

uncoated NaCl particles, indicating that copper

plating significantly improves the wettability of

NaCl particles and AlSi12 alloy melt.
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