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Abstract: Selective laser sintering (SLS), as a kind of additive manufacturing 
technology, which uses a laser beam to scan and heat powder material layer by layer 
to form parts (models), is widely used in the field of casting, mainly for preparing casting 
coated sand cores, investment casting patterns, etc. The SLS technique facilitates rapid 
casting and shortens the casting production periods by eliminating mold preparation. In 
this study, we reached conclusions for the basic principles and characteristics of SLS 
methods, and focused on the research status, key technology and development trend of 
SLS in the fields of forming coated sand-casting molds and investment casting patterns. 
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1 Introduction
Selective laser sintering (SLS) technology adopts a high-power laser beam to selectively 
irradiate the surface of the target powder bed. The powders then are heated and sintered 
(i.e., interparticle fusion) for bulk joining. After one layer is completed, the platform 
will descend in an increment of one-layer thickness, and a new layer of powder is spread 
onto the previous surface for the next run of heating and joining, so that the 3D parts are 
stacked layer by layer, and finally the unfired powder is removed to obtain the parts [1]. 

SLS was invented by Deckard and Beaman at the University of Texas at Austin, with 
the very first patent filed in 1986 [2], and was further developed by the DTM company. 
The first SLS equipment was developed in 1988. The Sinter Station 2000, a commercial 
production facility, was launched by 3D Systems Company in 1992. The Germany 
company EOS successively launched three series of SLS forming equipment in 1994. For 
decades, the University of Texas at Austin and the DTM company (3D Systems) in the 
United States performed a lot of research works in the SLS field, including equipment 
development, process and material development [3-4].

Domestic research on SLS technology began in the 1990s. Beijing Longyuan AFS 
Co., Ltd. successfully developed the first AFS selective laser sintering machine in early 
1995. The research group in Huazhong University of Science Technology (HUST) 
carried out the research and development of the SLS equipment system, and launched the 
commercial HK series powder sintering equipment [4]. Recently, the domestic institutions 
engaged in SLS technology research mainly include: HUST, Beijing University of 
Aeronautics and Astronautics, Nanjing University of Aeronautics and Astronautics, 
Dalian University of Technology, Southwest Jiaotong University, North University of 
China and other universities and research institutions [5].

SLS technology plays an important role in manufacturing complex, lightweight, thin-
walled parts, and developing new products. The United States, Japan and Western Europe 
and other countries have studied the application of 3D printing technology in the field 
of traditional casting since the 1990s [6]. For example, Pratt & Whitney Laboratory in 
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the United States manufactured more than 2,000 castings in 
1994 using 3D printing technology combined with traditional 
casting technology [7]. At the same time, HUST and Beijing 
Longyuan Co., Ltd. also began to apply SLS technology to 
rapid casting [8-9]. For instance, the team from HUST used 
the self-developed SLS system to prepare coated sand molds 
in 1998 [10]. Compared with other additive manufacturing 
technologies, SLS technology possesses the advantages of 
abundant material selection, non-toxicity, and easy storage. In 
addition, the process is simple and does not require additional 
support structures, which is especially suitable for small 
batches of personalized customization parts with complex 
shapes and structures [4]. 

In this study, the basic principle and characteristics of SLS 
powder technology were introduced, and the research status, 
key technologies and development trend of SLS in the fields 
of forming coated-sand mold casting and investment casting 
pattern were mainly described.

2 Basic principle and characteristics 
of SLS

The working principle of selective laser sintering is shown 

in Fig. 1. It has a wide range of forming materials, including 
coated sand, polymer, ceramics and other powder materials. 
Figure 2 shows coated sand core, wax based casting pattern 
and ceramic parts prepared by SLS technique [13]. At present, 
the major SLS forming equipment manufacturers, both 
domestic and abroad, include: 3D Systems, EOS, Beijing 
Longyuan AFS Co., Ltd., Huake 3D Technology Co., Ltd., 
Farsoon Technologies, etc [11]. Table 1 shows some equipment 
models and parameters.

Fig. 1: Schematic diagram of selective laser sintering [12]

Fig. 2: Images of different items formed by SLS of various materials: (a) coated sand; (b) wax pattern; (c) ceramics [13]

(a) (b) (c)

Table 1: Manufacturers and parameters of SLS equipment at home and abroad [14-18]

Manufacturer Build dimension 
(mm3) Laser type Model Layer thickness 

(mm)
Scanning speed 

(m·s-1)

3D Systems
550×550×750 CO2, 70 W sProTM 230 0.08-0.15 10

381×330×460 CO2, 70 W ProX® SLS 6100 0.08-0.15 12.7

EOS
700×380×380 CO2, 70 W EOS P810 0.12 6

200×250×330 CO2, 30 W FORMIGA P 110 
Velocis 0.06-0.10-0.12 5

Beijing Longyuan AFS
1,050×1,050×650 CO2, 120 W LaserCore-6000 0.08-0.35 6

700×700×500 CO2, 55 W or 120 W LaserCore-5300 0.08-0.35 6

Huake 3D Technology
1,400×1,400×500 CO2, 100 W HK S1400 0.08-0.3 8

800×800×500 CO2, 100 W HK S800 0.08-0.3 8 

Farsoon Technologies
1,000×500×450 CO2, 100 W HT1001P 0.06-0.3 15.2

400×400×450 Fiber laser 300 W Flight 403P 0.06-0.3 20
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The application of SLS in the field of casting focuses on 
sand casting, investment casting, etc., specifically including: 
(1) using SLS technology to prepare investment patterns (wax 
pattern, resin pattern, etc.), and then combining investment 
precision casting to obtain metal castings; (2) directly 
preparing the sand mold (core) for casting based on coated 
sand as sintered material, followed by metal casting to obtain 
metal castings.

Due to the higher melting temperature of ceramic material, 
the laser beam adopted in SLS equipment can hardly sinter 
ceramic particles together in a short period of time. Recent 
studies [13] have focused on mixing ceramic powders with 
polymer adhesives to prepare ceramic parts based on the SLS 
method, followed by debinding and sintering to obtain complex 
ceramic shell (core); but a ceramic shell (core) formation based 
on the SLS method has been rarely reported.

2.1 SLS in sand casting
Sand-mold casting, as the widely adopted manufacturing method 
in the traditional casting process, has great dependence on sand 
molds to determine the metal casting quality. The traditional 
manufacturing process of a sand mold (core) is complex, and 
the production cycle is long, especially for the sand mold (core) 
used in the production of various large and complex castings, 
which is often composed of multiple sand molds (cores). It is 
widely recognized that the assembly positioning accuracy is low, 
the surface quality is poor, and the cutting allowance is large, 
which leads to a lot of waste of raw materials, greatly increases 
processing cost, and seriously reduces production efficiency. 
SLS, as an additive manufacturing method, could directly 
fabricate sand molds with complex structures by sintering the 
coated sand particles, which has attracted great attention from 

both academic and industry fields.
The experimental study of direct sintering with coated 

sand as sintering material began in Europe in 1996 (such as 
EOS company in Germany) [8]. At the same time, Professor 
Fan systematically studied the process parameters of making 
coated sand mold (core) by SLS, analyzed the mechanism and 
characteristics of heat hardening of coated sand under laser 
irradiation, and poured a variety of metal castings [9, 19-22].

It is an outstanding application of rapid prototyping technology 
in the foundry industry that coated sand is used as sintering 
material, and the SLS method is used to directly form the mold 
(core) for casting [9, 23-24]. Compared with the traditional sand 
mold casting method, the complex and bulky casting production 
process can be completed on the SLS machine, saving a lot of 
tooling equipment (forming machine, core making machine, 
transportation equipment, etc.), breaking through the bottleneck 
of complex sand mold (core) manufacturing difficulty and long 
production cycles [25-26]. As shown in Fig. 3, the sand molds of 
a hydraulic multi way valve were prepared by SLS, and the 
casting was obtained after pouring. The SLS prepared sand 
mold exhibited integrated appearance, and after casting, the 
relevant hydraulic valve casting with desired structures and 
surface quality was obtained.

2.2 SLS in investment casting
Investment casting can produce metal parts with a high surface 
finish and complex shape, and the corresponding preparation 
processes mainly include preparation of wax pattern, assembly 
of wax pattern, preparation of multilayer ceramic shell, 
dewaxing, shell sintering, pouring, removal of ceramic shell 
and post-treatment [28-31], which has a long production cycle 
and many technological links.

Fig. 3: SLS and sand casting: (a, b) sand mold of hydraulic multi way valve; (c) hydraulic valve casting blank [26]

(c)

(b)(a)
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Fig. 4: SLS combined with investment precision casting: (a) wax pattern of SLS cylinder body; (b) wax pattern 
assembly; (c) shell making; (d) cylinder block casting [12]

(a) (b)

(c) (d)

3 Key technologies in SLS
SLS can rapidly prepare complex prototype parts and 
functional parts without additional support structure based 
on large variety of materials. It plays an important role in the 
field of additive manufacturing, and its main application in 
the casting field is the preparation of a coated sand mold and 
investment pattern, replacing the wax pattern in sand mold 
casting and investment casting.

3.1 Materials adopted in SLS technique
3.1.1 Precoated sand materials

According to the sintering and binding mechanism, coated 
sands adopted in SLS technology contain sand particles and 
binders that cover around the sand particles. The shape and size 
distribution of sand particles directly influence the formability, 
normally with a spherical shape and average diameter less 
than 0.20 mm. Besides, binders used for coated sands are 
carefully formulated to combine the properties of rapidly 
binding the sand during laser processing and then improving 
strength during the drying processing. The coated sands 
adopted in SLS method are prepared using thermoplastic or 
thermosetting resin including phenolic resin coated quartz 
sand, zirconium sand or pearl sand [34]. Normally, the coated 

sands suitable for SLS method have good thermal conductivity, 
formability and thermoset, small diameter (less than 0.20 mm), 
low gas evolution, and narrow softening temperature range. 
Furthermore, after laser sintering, the sand molds should have 
sufficient strength, and the waste residues should be easily 
removed. 

3.1.2 Materials for investment patterns

Different from general patterns for investment casting, SLS-
based pattern material as a polymer possesses high molecular 
weight, high melting temperature, no fixed melting point and 
a wide melting range. Due to the high viscosity of the molten 
polymers, high temperature is required to realize the dewaxing, 
thus, common water boiling or steaming cannot be adopted to 
dewax. 

The main materials used to prepare the investment patterns 
are amorphous polymer materials, which possess an irregular 
and amorphous molecular chain, high melting viscosity, 
and correspondingly low sintering rate, resulting in low 
density, porous structure and poor strength of SLS formed 
parts. However, due to the small shrinkage deformation of 
amorphous polymer in the SLS forming process, the forming 
parts have high dimensional accuracy. Therefore, amorphous 
polymers are usually used to prepare products with low 

Directly forming polymer-based patterns (wax pattern, resin 
pattern, etc.) through SLS method provides a novel solution 
for investment casting pattern preparation [32-33]. SLS technique 
has been adopted in investment casting since the 1990s. DTM 
company was the first, and then HUST, Nanjing University 
of Aeronautics and Astronautics, and Beijing Longyuan AFS 
Co., Ltd. in China, carried out relevant research [7, 34-35]. A 
composite manufacturing procedure mixing SLS technique 

with investment casting can break through the limit of 
traditional pattern design, save the pattern development and 
manufacturing process, and shorten the production cycle. As 
shown in Fig. 4 [12], the casting polystyrene (PS) pattern is 
obtained by using SLS method and then followed by surface 
dipping wax, wax pattern assembly, shell making and pouring, 
after that, a rapid die-less manufacturing of a engine cylinder 
block is realized.
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strength requirements but high dimensional accuracy, such as 
polycarbonate (PC), polystyrene (PS), high impact polystyrene 
(HIPS), etc., which are used in investment casting. 

3.2 SLS formation process
The SLS equipment system is mainly composed of three parts: 
computer control system, host system and cooling system [9].

(1) Computer control system is in charge of three-dimensional 
model processing, real-time control and simulation in the 
machining process.

(2) Host system consists of working cylinder, powder 
feeding cylinder, powder spreading system, galvanometer laser 
scanning system, temperature control system, fuselage and 
casing.

(3) Cooling system is adopted to cool the laser device, 
improve the stability of laser energy, protect the laser, extend 
its service life, and cool the galvanometer scanning system to 
ensure its stable operation.

In the SLS process, the powder under the laser irradiation 
generally goes through three stages: heating process, sintering 
process, and cooling process [36], as shown in Fig. 5. For coated 
sand and polymer materials, different forming requirements 
and mechanisms are required. The forming process of two 
different materials is discussed briefly below.

The heat curing of coated sand under laser irradiation is 
different from that of a shell mold (core) in casting production. 
When the surface of coated sand is scanned by laser beam, 
the conversion of light energy absorbed by the surface of 
coated sand to heat energy occurs instantaneously. At this 
moment, the heat energy is only limited to the laser irradiation 
area on the surface of coated sand. Through the subsequent 
heat conduction, the heat energy transfers from the high 
temperature region to the low temperature region. Therefore, 
a temperature gradient is formed between the surface and the 
inner layer, and the surface temperature of the coated sand 
contacted by the center of the laser beam is usually the highest. 
Although the instantaneous temperature of laser heating is 
very high, the duration is short, and thus, it is difficult to 
thoroughly melt and solidify the resin on the surface of coated 
sand, resulting in partial solidification [9, 39].

After scanning the sand surface with laser beam, the 
solidification degree of coated sand is related to the spot 
diameter d0, scanning distance P, and thickness of sintered sand 
layer δ. When the laser output power and scanning speed are 
constant, the corresponding thickness h0 of the specific coated 
sand can solidify and the softening bond depth hW can be 
regarded as constant. To generate connection among layers, the 
thickness of sintered sand layer δ should meet the requirement 
of δ< hW [9, 39].

3.2.2 SLS formed investment patterns

The sintering mechanism of polymer powders in the SLS 
process is shown in Fig. 6 [40]. During the sintering process, 
the powder at the center of the laser spot reaches the melting 
point first to form a melting pool rapidly. Then, with the 
continuous action of the laser energy, the unmelted powder 
in the zone of action begins to melt and flows to the molten 
pool. When the laser moves away rapidly, the molten pool 
solidifies with the decrease of temperature, and the whole part 
gradually cools down. The new layer is sintered by the laser 
and simultaneously bonded to the previous layer. This process 
repeats until the final 3D physical part is produced.

In the SLS forming process, the preheating temperature 
of amorphous polymer material should not exceed its glass 

Fig. 6: Sintering mechanism of polymer powders of SLS 
process

3.2.1 SLS formed coated sand 

During laser sintering, the binder on the surface of sand particles 
melts, solidifies and hardens to form a connecting bridge as 
the medium among the sand particles to connect the dispersed 
sand particles [36-38]. Due to the difference between SLS formed 
coated sand mold/core and traditional sand mold/core, the 
following points should be considered in the process design of 
SLS mold/core: (1) the sintering area of the first layer should 
not be too small; (2) an inverted trapezoid structure should 
be avoided to prevent warpage; (3) a sintering island should 
be avoided in the sintering process; (4) a cantilever structure 
should be avoided [9].

Fig. 5: Heating/cooling process of powders in SLS forming [36]

(Tc: crystallization temperature, T         : starting temperature of crystallization, 
T    : maximum temperature of crystallization, Tm: melting temperature, 
T     : starting temperature of melting; T    : maximum temperature of 
melting, ΔHc: heat release of crystallization process, ΔHm: heat adsorption 
of melting process)
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transition temperature (Tg) to reduce the warpage during 
sintering formation. Theoretically, increasing the laser energy 
density facilitates improving the density and strength of the 
sintered parts, but too high a laser energy density will reduce 
the strength of the sintered parts, deteriorate the dimensional 
accuracy and appear warpage [4]. Therefore, the main process 
parameters (laser power, spot size, scanning distance, scanning 
speed, single layer thickness, powder bed temperature, etc.) of 
SLS forming should be comprehensively considered to obtain 
the investment pattern with better performance and surface 
quality.

3.2.3 SLS forming process simulation

The forming process of SLS is extremely complex. During the 
forming process of coated sand and polymer molds (cores), 
the laser heat source melts the material through heat transfer, 
convection and radiation. The finite element method can be 
used to simulate the thermal effect of the sintering process 
and the flow process of the molten powder material. In recent 
years, the numerical simulation of the SLS has been a great 
concern to experts and scholars at home and abroad. The finite 
element model is established by finite element software to 
simulate the temperature field and stress field of the SLS and 
to optimize the process parameters.

Liu [41] carried out the multi-field coupling simulation 
analysis of the coated sand sintering process to obtain the 
temperature field data and a multi-particle model for sintering 
neck. In addition, the variation law of processing parameters 
and binder ratio on the simulation results was discussed, and 
the results indicated that as the sintering time was 400 ms, 
strong sintering necks among particles were generated, and as 
the binder content (thermoplastic phenolic resin) was 6%, the 
size of sintering neck reached 35 μm. The simulation results 
provide theoretical support for the preparation of coated sand 
materials and optimization of sintering process parameters.

Yan et al. [4] established a numerical simulation technology 
route for the composite process of cold isostatic pressing (CIP) 
and furnace sintering (FS) for selected laser sintering alumina 
ceramics. It lays the foundation for the SLS/CIP/FS composite 
process to form complex ceramic parts and improves the 
forming accuracy of the parts.

Meng et al. [42] developed the finite element simulation 
software and investigated the effects of laser power, laser 
scanning rate and preheating temperature on the SLS peak 
temperature during the numerical examples. The peak 
temperature increases with the increase of laser power and 
preheating temperature, and decreases with the increase of 
laser scanning rate. The scanning path has negligible effect on 
the peak temperature of polymer powder during SLS process.

Peyre et al. [43] carried out a dual experimental-numerical 
approach to estimate thermal cycles and sintering thickness 
obtained during SLS of PA12 and PEKK. The numerical 
calculations indicate that most of the incident laser light is 
either reflected or diffused in the powder bed.

In summary, recent simulation on the SLS process has 
focused on the temperature field concerning SLS process 

conditions and material parameters, but few works discuss 
the flow of melting model and bonding mechanism. Future 
research on finite element simulation on flow models of 
coated sands and polymer molecules during the SLS process 
should be carried out, which will greatly benefit enhancing the 
surface and dimension accuracy. Simulation combining the 
SLS process and specific casting process remains as another 
promising field in further research.

3.3 Post-treatment for SLS 
Post-treatment (heating curing, surface finishing, dip coating, 
etc.) is necessary for SLS prepared samples to improve the 
surface quality and enhance the strength. There are different 
post-treatment methods corresponding to different SLS 
materials.

3.3.1 Post-treatment for SLS formed coated sand

The initial strength of coated sand hardened by laser beam 
scanning irradiation is relatively weak, and the corresponding 
explanations are: (1) the irradiating time of laser beam is very 
short; (2) the thermal conductivity of coated sand is low; 
(3) the maximum heating temperature of beam irradiation is 
not allowed to be too high (when the maximum temperature 
is higher than 300 °C, the resin film is heated and carbonized). 
The thickness of the sintering layer, the thermal conductivity 
of the material, and the irradiation temperature of the laser 
beam (mainly depending on the output power and scanning 
speed of the laser beam) have great influence on the sintering 
strength. Besides, the coated sand mold (core) formed by SLS 
must be cured to meet the requirements of metal casting. 

In addition, the surface of the sand mold is rough due to 
the step effect during formation. For the SLS mold (core) 
with split sintering, the inner wall of the mold cavity can be 
polished after heat preservation treatment to reduce the surface 
roughness of the mold cavity; for the SLS mold (core) with 
integral sintering, a coating procedure is necessary to improve 
surface quality. After coating, the mold (core) should be dried 
twice to remove the moisture and volatile matter in the coating. 

3.3.2 Post-treatment for SLS formed investment pattern

Due to the high porosity, low strength and rough surface of 
the investment pattern parts formed by SLS, it is necessary 
to carry out post-treatment. At present, the widely adopted 
method is wax or resin infiltration, which could enhance 
surface accuracy and strength concurrently, and also benefit 
subsequent polishing. In addition, in order to meet the 
requirements of investment casting, the SLS pattern must be 
completely removable or burnt out during dewaxing.

4 Practical applications of SLS in          
rapid casting

As previously mentioned, the applications of SLS method in 
rapid casting mainly include sand-mold casting and investment 
casting. In this section, several practical applications are 
introduced in detail.
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Fig. 7: SLS-based sand mold and casting: (a, b) sand mold; (c, d) casting of cylinder head of six-cylinder diesel engine [44]

(a) (b)

(c) (d)

Liang et al. [45] prepared coated zircon sand by thermal or 
cold coating method, and studied the influence of the single 
scanning area, and the laser power of SLS on tensile strength 
of the coated zircon sand molds. The results showed that with 
the same resin content, the tensile strength of the SLS formed 
by the thermal coating method was higher than that of the 
cold coating method. As the single scanning area increased, 
the corresponding tensile strength of the coated zircon sand 
mold was decreased. Besides, as laser power increased, the 
corresponding tensile strength was enhanced, but as the laser 
power exceeded 45 W, the sand mold surface quality was 
decreased due to sand clogging. As the binder content of 
115/170 mesh coated zircon sand was 2%, the scan area was 
about 1900 mm2, appropriate laser power was 35 W, the zircon 
coated sand molds were successfully prepared, and the titanium 
castings with clear outline and bright surface were cast.

Xu et al. [46] studied the influence of laser energy density 
on the precision and tensile strength of SLS resin coated 
sand. The coated sand was coated with 1.5wt.% resin with a 
particle size of 75-150 μm. The experimental results showed 
that as the energy density range of laser sintering was 0.024-
0.032 J·mm-2, the tensile strength and dimensional accuracy of 
the sample were the best, and the composite coated sand mold 
with clear shape and high molding accuracy was successfully 
prepared, as shown in Fig. 8.

Cheng et al. [47] studied the optimization design of SLS 
process parameters of a precoated sand mold. The effects 
of laser power, scanning speed, layer thickness, scanning 
distance, and their interactions on the dimensional accuracy 

Fig. 8: Composite coated sand mold prepared by SLS [46]

of coated sand mold SLS were studied. The results showed 
that the dimension error along the length and width of the 
die was dominant. By using Taguchi's parameter design, the 
best parameter setting was settled to minimize the size error. 
The optimum parameters were obtained: laser power 11 W, 
scanning speed 1,200 mm·s-1, layer thickness 0.5 mm, and 
scanning spacing 0.25 mm. The dimensional accuracy of the 
combination of these parameters could be increased by about 
25% on average.

Although the sand particles and binder system adopted in 
the SLS technique are similar to those adopted in conventional 
sand molding method, after optimizing processing parameters, 
the sand molds or cores prepared through the SLS method show 
comparative properties compared to conventional methods, as 
shown in Table 2.

4.1 SLS application in sand-mold casting
The application of SLS-based rapid casting has focused on 
mold forming. Currently, the poor formability of coated sand 
mold (core) remains as an important problem at this stage, and 
current research on SLS molding coated sand focuses on the 
material selection, optimization of process parameters, and 
improvement of mold (core) strength and accuracy.

Wen et al. [44] prepared a large sand mold for a complex six-

cylinder diesel engine cylinder head by SLS technology based 
on new adhesive coated alumina sand, and finally obtained 
castings with surface quality and dimensional accuracy to 
meet the design requirements. The sand mold and castings 
are shown in Fig. 7 [44]. The materials and method proposed 
not only shortened the trial production cycle of the six-cylinder 
engine from five months for the traditional casting method to 10 
days, but also reduced the cost and improved the casting quality.
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Table 2: Comparisons of materials and properties of SLS method and conventional method

Methods Sand particle Binder system Processing conditions Properties Reference

SLS technique

100-210 μm Al2O3 
sand particles: regular 

spherical shape

Mixture of phenolic 
resin and

hexamethylenetetramine

Laser power: 50 W; 
layer thickness: 
0.25-0.30 mm;

Scanning speed: 4 m·s-1

Tensile strength: 
6.85±0.46 MPa;

[44]

Gas content at 1,000 °C: 
21.83±0.58 mL·g-1

Zircon sand: 
90-125 μm

Thermoplastic phenolic 
resin

Laser power: 35 W; 
Scanning area: 

3×19 cm2

Tensile strength: 
3.2 MPa

[45]

Gas content: 30 mL·g-1

Spherical Baozhu 
sand: 75 to 150 μm, 
angular coefficient 

<1.1

Thermoplastic phenolic 
resin, methenamine 

curing agent and KH550 
coupling agent

Laser power: 30-40 W; 
Scanning speed: 

1.5-2.0 m·s-1

Tensile strength: 
0.34 MPa

[46]
Dimensional accuracy: 

±0.25%

Conventional sand 
molding

Spherical sands: 
100-270 μm Phenolic resin

Curing temperature: 
85 °C; 

Holding time: 120 min

Tensile strength: 
1.35 MPa;

[48]
Gas content: 
7.83 mL·g-1

4.2 SLS application in investment casting
Another important application of SLS technology in the 
casting field is to prepare the investment pattern. Polycarbonate 
was firstly developed for SLS forming polymer patterns 
because of its excellent laser sintering performance and high 
strength. However, the melting point of polycarbonate is 
relatively high, and the fluidity is not good, so it needs a higher 
calcination temperature. Nowadays, polystyrene and high 
impact polystyrene are widely used as raw materials in SLS 
technology to prepare an "investment pattern".

Sun et al. [49] prepared polystyrene-wax composite patterns 
based on SLS technique, and treated patterns with conventional 
investment casting procedures. The obtained blade casting 
possessed a dimension accuracy of -0.02-0.65 mm, and surface 
roughness Ra was 2.86-6.19 μm, which required post-treatment 
to further enhance dimension accuracy and surface quality. 

Gökhan et al. [50] prepared polystyrene patterns based on 

the SLS technique, and coated patterns with gypsum slurry to 
enhance surface quality. After drying, dewaxing and sintering, a 
gypsum-based ceramic shell was obtained. It was found that the 
surface roughness of as-built patterns was high (Ra>10 μm), but 
after a wax covering, the surface roughness could be greatly 
reduced to 3.2 μm. 

Further, Wang et al. [51] prepared polystyrene patterns [as 
shown in Fig. 9(a)] based on the SLS technique, and coated with 
silica sol-zirconite composite slurry. After drying in ambient 
environment for 24 h, dewaxing and sintering, a ceramic shell 
with thickness of 5.5 mm was obtained. A stainless steel blade 
with desired shape retention and surface quality was obtained 
after investment casting, as shown in Fig. 9(b). Compared with 
traditional investment casting procedures, the introduction of 
SLS method facilitates shortening processing cost and period, as 
well as improving casting quality.

Fig. 9: SLS-based forming “wax pattern” and casting: (a) SLS polymer pattern; (b) stainless steel impeller casting [51]

(a) (b)
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Fig. 10: High impact polystyrene sample formed by SLS for investment casting: (a) delicate structure;   
(b) thin-walled structure [54]

Fig. 11: Casting prepared by SLS combined with investment casting: (a) cylinder block of motorcycle engine; (b) stainless 
steel pump wheel; (c) vehicle exhaust pipes [54]

Fig. 12: Polystyrene pattern and casting prepared by SLS: (a) polystyrene pattern; (b) paraffin treatment; 
(c) casting of inducer wheel [55]

(a) (b)

(a) (b) (c)

To enhance mechanical properties and surface quality, 
Shi et al. [52-54] applied post-processing methods including 
immersing epoxy resin and wax to SLS formed polystyrene 
and high impact polystyrene structures. After infiltrating wax, 
the tensile strength was increased by 64% to 7.54 MPa. As 
shown in Fig. 10, integral high impact polystyrene patterns 
suitable for investment casting were successfully prepared 
through the SLS technique, and corresponding metal castings 
were obtained after investment casting as shown in Fig. 11. 
The accuracy of the actual metallic parts can be controlled 
within ± 0.2 mm.

Yang et al. [55] carried out the research on the rapid investment 
casting process of complex surface parts based on the SLS 

technique (as shown in Fig. 12). SLS forming polystyrene 
was used to prepare the impeller resin pattern and after wax 
impregnation treatment, the shell of the inducer was prepared 
by dip-coating in silica sol. The results showed that the 
relative error range of dimension before wax immersion was 
-0.185%-3.22%, the single dimension of the model increased 
by 0.2-0.3 mm after wax immersion, and the average surface 
roughness was 0.647 μm. The inducer with good internal and 
external quality was obtained under preheating temperature of 
1,115 °C and pouring temperature of 1,600 °C. The average 
dimension error was 0.17%-0.19%, and the average surface 
roughness was 0.693 μm, which indicated that wax immersion 
facilitated improving dimension accuracy and surface quality.

(a) (b) (c)
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Table 3: Type and accuracy of castings prepared by SLS

Forming materials Metal types Precision References

Coated sand (zirconium sand, 
ceramic sand, etc.)

Steel, iron, magnesium 
alloy, titanium alloy, etc.

The dimensional accuracy is 
generally CT6-8, and the surface 

roughness is generally 
12.5-3.2 µm

[4], [44], [45], [56]

Polystyrene, high impact 
polystyrene

Stainless steel, aluminum 
alloy, etc.

The dimensional accuracy is 
generally CT6, and the surface 

roughness (Ra) is generally 
less than 6.3 µm

[49], [50], [54]

5 Summary
In this study, the application of selective laser sintering (SLS) 
in the field of casting was reviewed. Rapid casting based on 
SLS technique was suitable for materials including coated 
sands and polymer particles, and correspondingly, sand casting 
and investment casting based on SLS technique has attracted 
researchers' attention. By conducting material regulation, 
parameter optimization and post treatment, SLS based rapid 
casting could prepare castings with comparable surface and 
performance to conventional methods. However, there remains 
a long way to achieve industrial production. In future, research 
development should be enhanced in the following aspects to 
make SLS more practical in the metal casting field:

(1) The price of SLS equipment is high, so it is of great 
significance to further improve the processing efficiency and 
reduce the cost of industrial grade SLS equipment, so as to 
promote and expand the application of SLS in the casting field.

(2) Develop new SLS powder materials and post-treatment 
process for direct and low-cost molding of polymers, ceramics 
and even metal components.

(3) A new dip coating for SLS mold (core) is required to 
improve the surface precision of the mold (core) and the surface 
finish of the casting.
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