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 6 

Abstract: Core materials with high strength and excellent collapsibility are important 7 

for the manufacture of hollow composite structure castings. In this work, a novel 8 

technology to fabricate water-soluble Na2SO4-NaCl based salt cores with high strength 9 

and low cost by layered extrusion forming (LEF) was reported. The water-soluble 10 

Na2SO4 and NaCl powder were used as the matrix materials, and the bauxite powder 11 

was used as the reinforcing material. The effects of bauxite powder content and liquid 12 

phase sintering parameters on properties of the salt cores were studied. The results show 13 

that the salt-based slurry exhibits shear thinning property within the studied bauxite 14 

powder contents. When the content of bauxite powder was 20 wt.% and the sintering 15 

was at 630 ℃/30 min, the obtained salt cores show an optimal comprehensive 16 

performance, with the bending strength, linear shrinkage, water-solubility rate and 17 

moisture rate of 24.43 MPa, 6.3%, 207.6 (g/min·m2), and 0.29%, respectively. The 18 

complex water-soluble salt core samples prepared under the optimal parameters display 19 

high-strength and well-shaped morphology. 20 

Keywords: Additive manufacturing; layered extrusion forming; water-soluble salt 21 

cores; bauxite powder; reinforcement. 22 

1 Introduction 23 

With the rapid development of aerospace, automotive and communications 24 

industries, light alloy castings, such as aluminum, magnesium alloy die castings, have 25 

been widely used in these fields [1-3]. However, in order to further pursue the structural 26 
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rationality and lightweight of the key parts, the light alloy die castings tend to be 27 

integrated and complicated, resulting in more complex internal cavity channels inside 28 

the castings, which put forwards higher requirements for the core materials used to form 29 

complex hollow-structure castings [4-6]. Normally, the sand cores cannot meet the 30 

conditions of industrial applications due to their lower strength and poor collapsibility, 31 

while the ceramic cores have poor collapsibility in spite of sufficient strength [7-11].  32 

The water-soluble salt cores have attracted considerable attention due to their 33 

excellent properties including high strength, low gas evolution and good water-soluble 34 

collapsibility, which are desired for the preparation of complex hollow composite 35 

structures castings [12-15]. Liu and Gong et al. [16,17] prepared KNO3-based water-36 

soluble salt cores with bending strength of 42-46 MPa for zinc alloy die castings by 37 

gravity casting method. Yaokawa et al. [13] fabricated salt cores composed of alkali 38 

carbonate and alkali chloride with bending strength of 20-30 MPa for aluminum alloy 39 

die castings by gravity casting method. Jelínek et al. [18] reported NaCl and KCl salt 40 

cores with bending strength of 5.3-10 MPa through squeezing technology using alkali 41 

silicates as a binder. Sakoda et al. [19] prepared NaCl and KCl salt cores with bending 42 

strength of 20-37 MPa for aluminum alloy die castings by pressing sintering method. 43 

Among all these researches, the bending strength of the salt cores fabricated by gravity 44 

casting method or pressing sintering method had exceeded 20 MPa, which can be used 45 

for the manufacture of aluminum alloy die castings. However, these traditional methods 46 

have some disadvantages, such as necessary molds, high cost, high energy consumption, 47 

et al. Especially, the geometric design and structural complexity of salt core products 48 

are limited by the current forming processes, which seriously impedes its industrial 49 

application. Therefore, it is of great significance to explore a new forming process to 50 

prepare complex water-soluble salt cores with high strength and low cost. 51 

Layered extrusion forming (LEF), as a kind of additive manufacturing technology, 52 

can freely form parts without molds [20,21], which provides a new direction for the 53 

preparation of complex water-soluble salt cores with a low cost. In the LEF technology, 54 

the solid powder materials are made into a uniformly dispersed slurry, and then the 55 

slurry is continuously extruded to form components under certain pressures according 56 



to the designed geometry [22,23]. In recent years, this technology has been used to 57 

prepare high-porosity structural parts and biomedical scaffolds with NaCl, CaCl2, and 58 

CuSO4 as the matrixes [24-26]. Due to the excellent water solubility of inorganic salt 59 

materials, all these studies have focused on the spatial network structure, but ignoring 60 

improving the mechanical properties of the salt-based templates. The salt cores 61 

materials and sintering process are critical to the mechanical properties of the water-62 

soluble salt core. However, there are few reports on the preparation of high-strength 63 

water-soluble salt cores through the LEF method. 64 

    In this paper, a novel method was developed to fabricate high-strength salt cores 65 

by layered extrusion forming using Na2SO4 powder and NaCl powder as the matrix 66 

material, and the bauxite powder was selected as the reinforcing material. The effects 67 

of bauxite powder content and liquid phase sintering parameters on the bending strength, 68 

linear shrinkage, water-solubility, porosity of the salt cores were investigated. The 69 

optimized process parameters were obtained. Finally, the complex water-soluble salt 70 

core components with high strength were prepared under optimized experimental 71 

conditions. This method provides a new way to obtain complex water-soluble salt cores 72 

with high strength and low cost, which has important theoretical and practical 73 

significance for the water-soluble salt cores in industrial development. 74 

2 Materials and methods 75 

2.1 Raw materials 76 

In this study, water-soluble sodium sulfate powder (Na2SO4, 95 wt.% purity, 77 

D50=12.5 μm) and sodium chloride powder (NaCl, 99 wt.% purity, D50=75 μm) were 78 

selected as the matrix materials. Bauxite powder (D50=45 μm, Zhengzhou Xiangyu 79 

Casting Material Co., Ltd., China) was selected as the reinforcing material. Anhydrous 80 

ethanol (EtOH, Analytical purity, Sinopharm Chemical Reagent Co., Ltd., China) was 81 

adopted as a carrier liquid for preparing the salt-based slurry. Polyvinyl pyrrolidone 82 

(PVP, Shandong Yousuo Chemical Technology Co., Ltd., China) was used as a binder, 83 

and methyl silicone oil was used as a release agent. The compositions of the salt-based 84 

slurry are listed in Table 1, and the mole percentage of Na2SO4 and NaCl is 30 mol%:70 85 



mol%. 86 

Table 1 Compositions of the salt-based slurry. 87 

Liquid component Solid powder Proportion of bauxite 

in solid powder (wt.%) EtOH (g) PVP (g) Na2SO4 (g) NaCl (g) Bauxite (g) 

20.4 3.6 38.75 37.25 0 0 

  36.81 35.39 3.8 5 

  34.88 33.52 7.6 10 

  31.0 29.80 15.2 20 

  27.13 26.07 22.8 30 

2.2 Preparation process 88 

Fig. 1 depicts the schematic diagram of preparing water-soluble salt cores via LEF 89 

technology. The preparation process of the salt cores mainly includes salt-based slurry 90 

preparation, extrusion forming and sintering. The solid powder (Na2SO4, NaCl and 91 

bauxite) was first added to an anhydrous ethanol solution with 15 wt.% PVP and stirred 92 

manually, and then ball milling was carried out in a planetary mixer for 8 h at 180 rpm 93 

to obtain a stable salt-based slurry. To follow, the salt-based slurry was transferred to a 94 

layered extrusion device made by our research group. The salt-based slurry was 95 

extruded according to the designed route by pneumatic actuation to form the required 96 

samples at room temperature, and the printing parameters of the LEF technology are 97 

shown in Table 2. Finally, the salt core green body was dried in drying oven at 50 ℃ 98 

for 8 h, and the dried green body was sintered at the set temperature to obtain salt core 99 

samples. 100 

 101 



Fig.1 Schematic diagram of the LEF technology to prepare water-soluble salt cores. 102 

Table 2 Printing parameters for salt-based slurry. 103 

Printing parameters Values 

Nozzle diameter 0.41 mm 

Layer height 0.38 mm 

Printing speed 20 mm/s 

Air pressure 0-2 kg/cm2 

2.3 Measurement and Characterization 104 

    A stress-controlled rheometer (DHR-2, TA, USA) was used to test the rheological 105 

behaviors of the salt-based slurry with a parallel plate of 25 mm in diameter and a 106 

testing gap of 1000 μm. An ElectroPuls all-electric dynamic and fatigue test systems 107 

(ElectroPuls E1000, Instron, USA) was used to measure the bending strength of the salt 108 

cores using a three-point-bending method with a span of 30 mm and a pressure head 109 

loading speed of 0.5 mm/min, and five samples (50 × 7 × 7 mm in length, width, and 110 

height, respectively) were measured in each group to reduce the error. The water-111 

solubility rate (K) of the salt cores was calculated by Eq. (1). 112                                                                K113 = 𝑚𝑠 × 𝑡                                                          (1)  114 

Where m and s represent the mass and total surface area of the salt core samples, 115 

respectively, t is the dissolution time of the salt core samples in still water at 40 ℃. The 116 

linear shrinkage (L) of the salt core samples was measured according to Eq. (2). 117                                                            L118 = 𝑙1 − 𝑙2𝑙1119 × 100%                                         (2)  120 

Where l1 and l2 represent the length of dried samples and sintered samples, respectively. 121 

The moisture rate (φ) of the salt core samples was calculated according to Eq. (3). 122 



                                                      φ123 = 𝑚1 − 𝑚0𝑚0124 × 100%                                         (3)  125 

Where m0 represents the original mass of the salt core samples, and m1 represents the 126 

mass of the salt core samples exposed to the air (relative humidity: 60%-70% ) for 2 127 

days. The bulk density (Db), open porosity (Po) and closed porosity (Pc) of the salt core 128 

samples were tested using the Archimedes method with the equations respectively 129 

displayed in Eqs. (4) and (5) [27]: 130                                           Po131 = 𝑀1 − 𝑀0𝑀1 − 𝑀2  ×  100%                                               (4) 132 

 133                               Pc134 = 𝑀0 − 𝑀2 − 𝑀𝑜 × 𝜌0 𝜌𝑟⁄𝑀1 − 𝑀2  135 ×  100%                                (5) 136 

Where M0 represents the mass of dried salt core samples, M1 is the mass of kerosene-137 

saturated salt core samples in air, and M2 is the mass of samples in kerosene. ρ0 is the 138 

density of kerosene (0.8 g/cm3), and ρr is the real density of the salt core samples. 139 

Thermogravimetric and differential thermal analysis (TG-DTA, PerkinElmer 140 

Instruments) were performed on the green body after drying to determine the sintering 141 

process, and the heating temperature was increased from room temperature to 640 ° C 142 

at a rate of 10 ° C/min. The compositions of the salt core samples were analyzed using 143 

X-ray diffraction (XRD-7000S, Japan) with a Cu Kα radiation. The micromorphology 144 

of the salt core samples pretreated by carbon sputtering was observed using a scanning 145 

electron microscope (SEM, Quanta 200) equipped with an energy dispersive 146 

spectrometer (EDS). 147 

3 Results and discussion  148 

3.1 Layered extrusion forming of salt cores 149 

Rheological properties of the salt-based slurry are critical to fabricate the salt cores 150 

using a LEF method, and the rheological behaviors of salt-based slurry with different 151 

bauxite powder contents are shown in Fig. 2. It can be observed that the salt-based 152 



slurry with different bauxite powder contents exhibits shear thinning property, which 153 

means that the salt-based slurry can be extruded smoothly from the nozzle, and the 154 

extruded slurry will be rapidly deposited and formed without shear force. Meanwhile, 155 

it can also be seen that the viscosity and shear stress of the slurry decrease as the content 156 

of bauxite powder increases. The reason is that the density of bauxite powder (3.45 157 

g/cm3) is greater than that of NaCl (2.16 g/cm3) and Na2SO4 (2.68 g/cm3). increasing 158 

of bauxite powder content, the volume fraction of the solid powder (Na2SO4, NaCl and 159 

bauxite) decreases, leading to the decrease of the solid content of the salt-based slurry.  160 

    The salt core green body prepared by LEF technology was then sintered in order 161 

to obtain excellent mechanical property. The sintering process of the salt core green 162 

body was determined by the TG-DTA results, as shown in Fig. 3. It can be seen from 163 

Fig. 3(a) that the PVP in salt core green body is decomposed at about 350 ℃, and with 164 

the further increase of temperature, the salt core green body begins to melt at about 165 

620 ℃, which is in good agreement with the solidus temperature of NaCl-Na2CO3 166 

binary phase diagram [28]. The liquid phase sintering temperature was set to 630℃ 167 

based on our previous experiments. Therefore, the sintering process of the salt core 168 

green body was carried out according to Fig. 3(b). First, the salt core green body was 169 

calcined at 350 ℃ for 1 h with a heating rate of 1 ℃/min to remove the PVP organic 170 

matter, and then elevated the temperature to 600 ℃ at a heating rate of 3 ℃/min, and 171 

the temperature was kept for 60 min to ensure the same temperature inside and outside 172 

the salt cores. Finally, it was heated to 630 ℃ and kept for 15 min, 30 min and 45 min 173 

respectively to complete the liquid phase sintering and obtain the salt core samples. 174 

    175 



Fig. 2 Rheological behaviors of salt-based slurry with different bauxite powder contents: 176 

 (a) viscosity versus shear rate and (b) stress versus shear rate. 177 

   178 

Fig. 3 Sintering process of salt core green body: (a) TG-DTA curves and (b) sintering temperature 179 

versus sintering time. 180 

3.2 Performance characteristics 181 

    Fig. 4 shows the effects of bauxite powder content at various sintering time on 182 

bending strength and linear shrinkage of the salt core samples. It is evident that the 183 

bauxite powder content and sintering time have a remarkable influence on the bending 184 

strength and linear shrinkage of the salt core. As illustrated in Fig 4(a), when the 185 

sintering time is 15 min, the bending strength of the salt core is less than 9 MPa, and 186 

the bending strength decreases with the increase of bauxite powder content. When the 187 

sintering time is 30 min and 45 min respectively, the bending strength of the salt core 188 

increases first and then decreases as the content of bauxite powder increases. For 189 

example, when the sintering time is 30 min, the bending strength of the salt core 190 

increases dramatically from 14.56 MPa to 24.43 MPa with increasing the bauxite 191 

powder content from 0 wt.% to 20 wt.%, and then decreases to 18.68 MPa as the bauxite 192 

powder content further increase to 30 wt.%. It should be noted that the salt core samples 193 

without bauxite powder (0 wt.%) are destroyed by excessive melting when the sintering 194 

time is 45 min. 195 

As illustrated in Fig 4(b), when the sintering time is constant, the linear shrinkage 196 

of the salt core decreases with the increase of bauxite powder content. When the content 197 

of bauxite powder is constant, the linear shrinkage increases with the increase of 198 



sintering time. For example, when the sintering time is 30 min, with the content of 199 

bauxite powder increasing from 0 wt.% to 30 wt.%, the linear shrinkage decreases from 200 

10.5% to 4.2%. It is well known that the bending strength and linear shrinkage are the 201 

main properties of the salt core. First, the salt core is a brittle material and needs high 202 

strength to resist the impact of liquid metal during high pressure die casting. Secondly, 203 

low shrinkage is necessary to ensure the precision of castings. 204 

 205 

Fig. 4 Effects of bauxite powder content at various sintering time on the salt core samples:  206 

(a) bending strength and (b) linear shrinkage. 207 

Fig. 5 shows the effects of bauxite powder content at various sintering time on 208 

open porosity and close porosity of the salt core samples. As can be seen, the open 209 

porosity decreases with the increase of sintering time, while the close porosity shows 210 

the opposite trend. When the content of bauxite powder is 20 wt.%, the open porosity 211 

decreases dramatically from 21.97% to 3.08% with increasing the sintering time from 212 

15 min to 45 min, while the closed porosity increases from 4.5% to 9.58%. When the 213 

sintering time is 15 min, the salt core possesses a higher open porosity and a lower 214 

closed porosity, which is caused by insufficient sintering time. When the sintering time 215 

is 30 min and 45 min, respectively, the open porosity increases slowly and then sharply 216 

with the increase of bauxite powder content. Such phenomenon might result from two 217 

factors. On the one hand, the bauxite powder is a refractory material that will improve 218 

the thermal stability of the salt core. On the other hand, the excessive bauxite powder 219 

is prone to agglomeration and would reduce the fluidity of the liquid phase [29].  220 

Fig. 6 depicts the effects of bauxite powder content at various sintering time on 221 



water-solubility rate and moisture rate of the salt core samples. As shown in Fig.6, the 222 

water-solubility rate and the moisture rate display an overall trend of decreasing with 223 

the increase of sintering time and bauxite powder content, respectively. When the 224 

sintering time is 30 min, as the bauxite powder content increases from 0 wt.% to 30 225 

wt.%, the water-solubility rate of the salt core decreases from 336.7 (g/min·m2) to 152.6 226 

(g/min·m2), and the moisture rate decreases from 0.49% to 0.27%. When the content of 227 

bauxite powder is 20 wt.%, with the increases of sintering time from 15 min to 45 min, 228 

the water-solubility rate and the moisture rate of salt core decrease from 322.1 229 

(g/min·m2) to 205.4 (g/min·m2) and from 0.42% to 0.28%, respectively. For the water-230 

soluble salt core, the higher water-solubility rate is beneficial to the removal from the 231 

castings, and the lower moisture rate is conducive to the storage of the salt core. 232 

Generally, the higher densification degree of the salt core, the lower its water-solubility 233 

rate and moisture rate. Furthermore, the bauxite powder as an insoluble material can 234 

also reduce the water-solubility rate and moisture rate of the salt core.  235 

In conclusion, when the sintering time and the bauxite powder content are 30 min 236 

and 20 wt.%, respectively, the obtained salt core samples possess excellent 237 

comprehensive properties, which the bending strength, linear shrinkage rate, water-238 

solubility rate and moisture rate are 24.43 MPa, 6.3%, 207.6 (g/min·m2), 0.29%, 239 

respectively.  240 

 241 

Fig. 5 Effects of bauxite powder content at various sintering time on the salt core samples:  242 

(a) open porosity and (b) close porosity. 243 

 244 



   245 

Fig. 6 Effects of bauxite powder content at various sintering time on the salt core samples:  246 

(a) water-solubility rate and (b) moisture rate. 247 

3.3 Microstructure analysis 248 

Fig. 7 shows the XRD patterns of the salt core samples with different bauxite 249 

powder contents sintered for 30 min. It can be observed that the salt cores are mainly 250 

composed of NaCl phase, Na2SO4 phase and Al2O3 phase, and there is no other new 251 

phase detected, which indicates that the bauxite powder has not reacted with the salt 252 

melt and stably exists in the salt core matrix. 253 

Fig. 8 shows the EDS maps analyses of the salt core samples with 20 wt.% bauxite 254 

powder at 30 min sintering. It can be seen that the elements of Na, Cl, Al, S and O are 255 

clearly distributed in the salt core, and the NaCl (Cl element) and bauxite powder (Al 256 

element) are relatively dispersed in the salt core. Furthermore, it can also be observed 257 

that the bauxite powder is distributed around the NaCl phase.  258 

 259 

Fig. 7 XRD pattern of the salt core with different bauxite powder contents sintered for 30 min. 260 



 261 

Fig. 8 EDS maps analyses of salt core samples with 20 wt.% bauxite powder sintered for 30 min. 262 

Fig. 9 shows the microstructures of the salt core samples with 20 wt.% bauxite 263 

powder at different sintering time. When the sintering time is 15 min, as shown in Fig. 264 

9(a) and (d), a large number of open pores are visible, and only a small amount of solid 265 

powder was sintered into agglomerates. When the sintering time is 30 min, as shown in 266 

Fig. 9(b) and (e), the pores of the salt core remarkably reduces and the densification 267 

degree increases. In addition, some closed pores are observed in the salt core. As the 268 

sintering time increases to 45min, the densification degree of salt core is further 269 

improved, as shown in Fig. 9(c) and (f). This is because increasing the sintering time 270 

can increase the liquid phase volume, thereby enhancing the efficiency of particle 271 

rearrangement and mass transfer. However, the shrinkage will be generated during the 272 

solidification of the liquid phase, resulting in some closed pores in the salt core, most 273 

of which are spherical or nearly spherical. 274 

 275 



 276 

Fig. 9 Microstructures of salt core samples with 20 wt.% bauxite powder at different sintering 277 

time: (a, d) 15 min; (b, e) 30 min; (c, f) 45 min. 278 

Generally, ceramic powder as a reinforcing material can improve the solidification 279 

structure of the salt cores [16,29]. The microstructures of the salt core samples with 280 

different bauxite powder contents at 30 min sintering are shown in Fig. 10, and Table 3 281 

lists the EDS results of the salt cores selected in Fig. 10. According to the results of 282 

EDS analysis, it suggests that the components of the salt core are NaCl, Na2SO4 and 283 

bauxite powder, which matches the results of XRD and EDS maps analyses. It can be 284 

seen from Fig. 10 (a-d) that the NaCl phase is significantly refined with the increase of 285 

bauxite powder content, and the NaCl phase changes from coarse lath crystals to fine 286 

bulk crystals gradually. The grain refinement can promote the strength of the salt core, 287 

which can be explained by the Hall-Petch Eq. (6) [30], where σ represents the yield 288 

strength of the salt cores, D represents the mean grain size, σ0 is the intrinsic yield 289 

strength and K is the material constant. 290                                                            𝜎291 = 𝜎0＋292 𝐾𝐷﹣1/2                                                           (6) 293 

 294 

 295 

 296 

 297 



 298 

 299 

Fig. 10 Microstructures of salt core samples with different bauxite powder contents sintered for  300 

30 min: (a) 0 wt.%; (b) 10 wt.%; (c) 20 wt.%; (d) 30 wt.%. 301 

Table 3 EDS results of the selected positions of the salt core samples corresponding to Fig. 10. 302 

Area no. 
Element compositions (at.%) 

component 
O Na Al S Cl 

1 36.37 32.93 - 30.7 - Na2SO4 

2 - 47.16 - - 52.84 NaCl 

3 37.63 33.74 - 28.63 - Na2SO4 

4 52.54 - 47.46 - - Al2O3 

5 - 46.41 - - 53.59 NaCl 

6 58.78 - 41.22 - - Al2O3 

The appropriate ceramic powder can improve the performance of the salt core, but 303 

excessive addition may have the opposite effect [29,31]. Many defects were observed 304 

when the bauxite powder content is 30 wt.%, as shown in Fig. 11, resulting in a decrease 305 

in the bending strength of the salt core. 306 

Fig. 12 depicts the images of the salt core samples with 20 wt.% bauxite powder 307 



under different sintering time. The side profile of the salt core samples are displayed in 308 

Fig. 12(a-d), and the cross-section profile of the salt core samples are displayed in Fig. 309 

12(e-h). It is clear that the deformation degree of salt core increases with prolonging 310 

the sintering time. When the sintering time is 45 min, the salt core has a serious bending 311 

deformation, as shown in Figure 12 (d and h). Therefore, the sintering time of 30 min 312 

is the relatively optimal parameter. 313 

The complex salt core samples were prepared using the optimized parameters, and 314 

the bauxite powder content and sintering time are 20 wt.% and 30 min, respectively, as 315 

shown in Fig. 13. It can be seen that the salt core samples after sintering have no obvious 316 

deformation, and no other defects are presented, indicating that it is feasible to 317 

manufacture a complex high-strength water-soluble salt core via LEF technology. 318 

 319 

Fig. 11 Microstructures of salt core samples with 30 wt.% bauxite powder at different sintering 320 

time: (a) 30 min; (b) 45 min. 321 

 322 

Fig. 12 Images of the salt core samples with 20 wt.% bauxite powder under different sintering 323 

time: (a, e) 0 min (green body); (b, f) 15 min; (c, g) 30 min; (d, h) 45min. 324 



 325 

Fig. 13 Images of complex salt core samples fabricated by layered extrusion forming with the 326 

optimal parameters.  327 

4 Conclusion 328 

In this paper, we utilized the layered extrusion forming (LEF) method to prepare 329 

water-soluble salt cores strengthening by bauxite powder. The bauxite powder content 330 

and sintering parameters have a significant effect on the performance of the salt cores. 331 

Increasing the content of bauxite powder is beneficial to refine the NaCl phase, and 332 

prolonging the sintering time facilitates the densification of the salt core. However, 333 

excessive bauxite powder and longtime sintering are not conducive to the formation of 334 

the salt cores. The salt cores with 20 wt.% bauxite powder sintered for 30 min at 630℃ 335 

possess an excellent comprehensive performance, which satisfies the requirements for 336 

manufacturing hollow composite structure castings. The complex water-soluble high-337 

strength salt core samples with high strength and well-shaped morphology are 338 

successfully fabricated under the optimal parameters, indicating the LEF is promising 339 

in the preparation of water-soluble salt cores. 340 
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Figures

Figure 1

Schematic diagram of the LEF technology to prepare water-soluble salt cores.

Figure 2

Rheological behaviors of salt-based slurry with different bauxite powder contents: (a) viscosity versus
shear rate and (b) stress versus shear rate.



Figure 3

Sintering process of salt core green body: (a) TG-DTA curves and (b) sintering temperature versus
sintering time.

Figure 4

Effects of bauxite powder content at various sintering time on the salt core samples: (a) bending strength
and (b) linear shrinkage.



Figure 5

Effects of bauxite powder content at various sintering time on the salt core samples: (a) open porosity
and (b) close porosity.

Figure 6

Effects of bauxite powder content at various sintering time on the salt core samples: (a) water-solubility
rate and (b) moisture rate.



Figure 7

XRD pattern of the salt core with different bauxite powder contents sintered for 30 min.

Figure 8

EDS maps analyses of salt core samples with 20 wt.% bauxite powder sintered for 30 min.



Figure 9

Microstructures of salt core samples with 20 wt.% bauxite powder at different sintering time: (a, d) 15
min; (b, e) 30 min; (c, f) 45 min.



Figure 10

Microstructures of salt core samples with different bauxite powder contents sintered for 30 min: (a) 0
wt.%; (b) 10 wt.%; (c) 20 wt.%; (d) 30 wt.%.

Figure 11



Microstructures of salt core samples with 30 wt.% bauxite powder at different sintering time: (a) 30 min;
(b) 45 min.

Figure 12

Images of the salt core samples with 20 wt.% bauxite powder under different sintering time: (a, e) 0 min
(green body); (b, f) 15 min; (c, g) 30 min; (d, h) 45min.

Figure 13



Images of complex salt core samples fabricated by layered extrusion forming with the optimal
parameters.


