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Abstract

This study aimed to improve the moisture resistance of salt cores by investigating the suitability of a two-dimensional kaolinite col-

loidal solution and a commercially available SiO2 ink solution as coating agents. X-ray diffraction analysis (XRD) results showed that

the intercalation of urea into kaolinite did not significantly change its layer structure. Scanning electron microscopy (SEM) images

revealed that the dip-coating only affected the surface of the salt core, and the texture of the surface is differ depending on the coating

solution. The humidity absorption test results showed that both coatings reduced the hygroscopicity of the salt core by more than 50%.

However, in the water-solubility test, the kaolinite dissolved with the salt core, whereas the SiO2-coated salt core left a residue. These

results strongly suggest that with the coating of the exfoliated kaolinite solution, salt core will remain stable in humid environments.
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1. INTRODUCTION 

In recent years, the emerging field of electric vehicles had a

great need for lightweight structures to reduce the vehicle weight

and increase the mileage per charge. [1,2] In addition, the

automobile industry is gradually increasing the use of aluminum

alloys, which have advantages such as weight reduction,

recyclability, single product manufacturing, and crash stability.

Furthermore, the global automotive industry has several plans to

aggressively expand the use of aluminum. [3-5] Recently, high

pressure die casting and squeeze casting methods have been

widely used to manufacture aluminum alloy products with high

strength and excellent wear resistance. However, products with

complex shapes such as automobile cylinder blocks, cylinder

heads, and water pumps that are hollow or have undercuts, are

manufactured using sand casting, gravity casting, or low-

pressure casting methods. To assist in these processes, the use of

collapsible cores, which collapse after casting and are easily

removed from the product, is becoming common. The material

of salt core is salt, which is a water-soluble substance. Salt core

can be made of different types of salt, such as NaCl (sodium

chloride) or NaCl-Na2CO3 (sodium chloride-sodium carbonate)

mixture. A collapsible salt core has good moldability, does not

require a binder, easily disintegrates in water, and has excellent

economic feasibility. This type of environmentally friendly

collapsible core is selectively used. However, salt cores

produced by sintering molds are vulnerable to moisture, and will

absorb moisture from the atmosphere if exposed to a humid

environment for a long time before being used for casting

aluminum parts. This may reduce the product value and cause

defects in aluminum alloy products. To improve moisture

resistance, various methods have been attempted, such as adding

kaolinite during salt synthesis or mixing a glass material with a

polymer material to coat the surface. [6,7,8]

In this study, to improve the moisture resistance by

suppressing the moisture absorption of the salt core itself, two

solutions were selected and applied to salt cores using the dip-

coating method to compare the moisture resistance. The two

tested solutions were a two-dimensional materialized kaolinite

colloidal solution through the exfoliation process by inserting

urea and a commercially available SiO2 ink solution.
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2. EXPERIMENTAL

The salt core for coating was provided by Castman, Inc.

(Korea). An eco-friendly and quick-drying SiO2 ink solution was

purchased from Changsung Nanotech, Co. (Korea). Kaolinite,

ethanol and urea were purchased from Daejung (Korea) and

Sigma-Aldrich (USA). All other chemicals were reagent grade

and were used without further purification unless otherwise

noted

2.1 SiO2 ink solution 

The SiO2 ink solution (SiO2 solution) is a transparent liquid

with 15% SiO2 content and a viscosity of 5-10 cps. The SiO2

solution was used as raw material without any treatment. 

2.2. Exfoliated kaolinite colloidal solution (kaolinite

solution)

Kaolinite (Al2Si2O5(OH)4), as a natural clay, is a layered

aluminosilicate with a 1:1 layer structure. A nanosheet solution

was prepared through ion intercalation and exfoliation of

kaolinite [9,10]. The raw kaolinite samples were mixed with

urea ((NH2)2CO) to form intercalated kaolinite. For the kaolinite

sample with the urea inserted, 3 g of kaolinite was mixed with

1.5 g of urea in a mortar and pestle for a period of time. The

mixture was then stored in an oven for 48 h at 95 oC, conditions

routinely used in many laboratories. The product is referred to as

the kaolinite–urea intercalation. The obtained solid samples

were washed three times with distilled water and absolute

ethanol followed by drying at 60 oC for 24 h. For delaminating

of kaolinite, the intercalated kaolinite samples were

subsequently heated at 120 oC for another 1 h [11,12]. The

obtained samples were mixed with ethanol and ultra-sonicated

for 1 h for exfoliation. The sonicated samples were centrifuged

at 1500 rpm for 10 min to obtain a coating solution by taking

only the upper solution. X-ray diffraction (XRD) analysis and

scanning electron microscopy (SEM) and energy-dispersive X-

ray spectroscopy (EDS) observation were performed to

determine the characteristics of the kaolinite intercalated with

urea.

2.3. Coatings and measurement

The salt cores were prepared as long cylindrical samples with

10 × 30 mm3 and then coated. The coating was performed

using a dip-coating method that wetted the entire area. Samples

before coating were dried at 65 oC for one day in a dry oven. The

coated sample were dried at 150 oC for 10 min for the SiO2

solution and at room temperature for the kaolinite solution

coating. The number of coatings proceeded from 1 to 5 for the

SiO2 solution and from 1 to 15 for the kaolinite solution. The

fracture surface of the coating sample was investigated using

SEM and the composition of the coating surface was analyzed

using EDS. The moisture resistance was assessed by comparing

the humidity absorption rates of the specimens; that is the higher

the humidity absorption rate the lower the moisture resistance.

The moisture resistance test was maintained at 30 oC and 60 %

humidity for 24 h using constant temperature and humidity

equipment (Laboratory Climate Chambers, WKL-64/70, WEISS),

and the humidity absorption rate was calculated using the

following equation:

(1)

where H represents the humidity absorption rate of the specimen,

Wt is the mass of the specimen exposed to a constant temperature

and relative humidity of 30 ºC and 60 % for 24 h, and Wo is the

initial mass of the specimen. 

The water solubility of the coated salt core was tested because

the coating agent should not hinder the ability of the salt core to

easily decompose in water. The sample was immersed in distilled

water and the change over time was observed.

3. RESULTS AND DISCUSSIONS

Fig. 1 shows the X-ray diffraction (XRD) patterns of the raw

kaolinite, the urea-kaolinite sample before washing, and the urea-

kaolinite sample after washing through the intercalation process. It

is clear that the obtained sample (Fig. 1(c)) exhibits the same

characteristic reflection as the raw kaolinite (Fig. 1(a)). After the

intercalation of urea, the (001) reflection shifted to a lower angle

owing to the expansion of the interlayer space (Fig. 1(b)). 

Furthermore, the yellow dots in the diagram represent the peaks

of the inserted urea, which became invisible after washing,

indicating that the intercalated urea was removed. This shows that

the layer structure of kaolinite did not change significantly before

(Fig. 2(a)) and after (Fig. 2(b)) urea insertion, as shown in the

SEM image in Fig. 2. 

Fig. 3 illustrates the microstructure of the cross-section and

surface of the salt cores that were coated with SiO2 and kaolinite
∅

H
W

t
W

o
–( )

W
o

---------------------- 100×=



So-Yeon Yoo, Ahrom Ryu, Min-Seok Jeon, Dongkyun Kim, Kiwon Hong, Sahn Nahm, and Ji-Won Choi

J. Sens. Sci. Technol. Vol. 32, No. 3, 2023 156

solutions. Figs. 3 (a) - (c) show SEM images of the cross-section

of the salt core. Table 1 shows the SEM-EDS data of Fig. 3 (a)-

(c). SEM-EDS results clearly reveals that the surface and inner

layers of the uncoated salt core in (a) have the same composition.

However, for the salt cores coated with the SiO2 solution (b) and

kaolinite solution (c), elements not included inside are found on

the coating surface layer. It can be observed that the dip-coating

does not affect the inside of the salt core and only affects the

surface when coated with a thickness of several μm. Fig. 3 (d) -

(f) show the SEM images of the surface, demonstrating that the

texture is different depending on the coating solution. The SiO2

solution coating shows a film formed on the surface (e). In

contrast, the surface of the salt core coated with exfoliated

kaolinite solution is covered with fine particles (f). These fine

particles are exfoliated kaolinite particles as shown in the SEM-

EDS results (Table 1).

Fig. 4 shows the results of the humidity absorption test used to

evaluate the humidity resistance of the coated sample. The

humidity absorption results for the coating with SiO2 and kaolinite

solutions are shown in Fig. 4. The non-coated salt core (black

square), which showed hygroscopicity value of 0.16%, exhibited

a value around 0.075% when the SiO2 solution coating (red

Fig. 1. XRD patterns of kaolinite powder before and after reaction

with urea.

Fig. 2. SEM images of kaolinite powder before and after reaction

with urea. (a) before and (b) after.

Fig. 3. Kaolinite and SiO2 ink coating fracture surface EDS & SEM

images. (a),(d) raw salt core; (b),(e) SiO2 solution; (c),(f)

kaolinite solution.

Table 1. SEM–EDS date of surface and inner layer of salt

core 

Element

(atomic %)

Raw salt 

core(a)

SiO2 

solution(b)

Kaolinite 

solution(c)

1* 2** 1 2 1 2

O K 54.8 53.6 57.2 57.6 68.6 58

Na K 44.3 25.7 37 28.2 10.3 25.8

Al K 5.2

Si K 4 5.2

Cl K 0.5 10.2 0.5 6.8 4.2 7.8

K K 0.5 10.4 1.4 7.4 4.4 7.5

1*: surface, 2**: inner layer

Fig. 4. Effect of number of dippings on the humidity absorption rate

of salt cores. 
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squares) was applied, indicating that the hygroscopicity was

reduced by approximately 50%. Compared to the uncoated salt

cores, the salt cores coated with SiO2 solution were more resistant

to humidity, regardless of the number of coatings.

Even when the number of coatings increased, the humidity

absorption rate was similar to that of a single coating, indicating

the effect of the SiO2 solution is not dependent on the number of

coatings.

The humidity absorption of the exfoliated kaolinite-coated

sample (blue squares) decreased as the number of coatings

increased. Starting from the seventh coating, which exhibited a

value of less than 0.075 %, the rate of the humidity absorption

decreased, and the hygroscopicity values were better than those of

the of SiO2 solution coating. Therefore, it can be concluded that

exfoliated kaolinite coating must be applied more than seven

times to stabilize the surface humidity absorption rate of the salt

core.

Fig. 5. shows the dissolution results of the coated and uncoated

salt cores. Both the uncoated salt cores (a, d) and kaolinite-coated

salt cores (c, f) were completely dissolved after 15 h. However,

the SiO2 solution-coated salt cores (b, e) did not completely

dissolve in water. Instead, the SiO2 residue (dotted area) floated on

top of the water. The inset in Fig. 5(e) shows the dried residue. It

is believed that the resin-based organic substances in the SiO2

solution remain insoluble in water.

 Both coating materials are environmentally friendly solutions

for castings with salt cores. However, using the kaolinite solution

as a coating is more appropriate for casting with salt cores. The

kaolinite solution is more suitable than the SiO2 solution because,

the latter is not entirely water-soluble and requires a drying

process at 150oC unlike the former, which is dried at room

temperature.

4. CONCLUSIONS

This study investigated the use of exfoliated kaolinite and SiO2

solutions as coating materials for salt cores used in metal casting.

The XRD and SEM analyses indicated that the layer structure of

kaolinite did not change significantly after intercalation with urea.

The dip-coating through only affected the surface of the salt core.

Coating the salt cores with SiO2 and kaolinite solution reduced

their hygroscopicity by more than 50%. Considering the solubility

and preparation process, it can be concluded that kaolinite

solutions are suitable for improving the moisture resistance of salt

cores. 
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