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Abstract

The essence of ablation casting technology consists in pouring castings into single-use moulds made from the mixture of 
sand and a water-soluble binder. After pouring the mould with liquid metal yet while the casting is still solidifying, the 
mould destruction (washing out, erosion) takes place using a stream of cooling medium, which in this case is water. This 
paper focuses on the selection of moulding sands with hydrated sodium silicate for moulds used in ablation casting. The 
research is based on the use of water glass 145 and 150 as binders. As part of the research, loose moulding mixtures based 
on two silica sands from different sand mines with different content of binders were prepared. The review of literature data 
and the results of own studies have shown that moulding sand with hydrated sodium silicate hardened by dehydration is 
characterized by sufficient strength properties to be used in the ablation casting process. Our own research also confirmed 
the possibility of using these sand mixtures in terms of both casting surface quality and sand reclamation. The results pre-
sented in this paper prove that both sand grains and types of binder tested may be used as components in moulding sands 
devoted to ablation casting.
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1. INTRODUCTION

Ablation casting is a term taken probably from the Latin ab-
latio meaning removal or ablutio which means washing. The 
essence of ablation casting technology consists in pouring 
castings in single-use moulds made from a mixture of sand 
and a water-soluble binder. After pouring the mould with 
liquid metal, while the casting is still solidifying, it is de-
stroyed (washed out, erased). It takes place using a stream of 
cooling medium, which in this case is water. China is consid-
ered to be the precursor of ablation casting technology [1].  
A piece of rope or cord was coated with clay which was fired 
and washed out, and a mould obtained in this way was filled 
with liquid metal. This technique was used to produce dish 
handles from around 1600 BC (Fig. 1). Fig. 1. Examples of the use of ablation in ancient China [1]
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In 2006, Alotech patented a casting station using the abla-
tion casting method. The process of ablation casting con-
sists of the following steps (1) make a mould of aggregates 
bonded with a water-soluble binder such as sodium silicate, 
(2) fill the mould cavity with a molten metal, (3) wait for 
a required delay between the mould filling and the start of 
ablation, and (4) start ablation of the mould [2]. Figure 2 
shows an example of the ablation casting process proposed 
by Alotech [3]. The molten metal poured into the cavity of 
the sand moulds which are located on a belt conveyor and 
are moved horizontally to the water jets, is firstly cooled in 
the sand mould. As the mould travels toward the water jets, 
mould ablation starts from the edge of the mould, reaches 
the distal end of the solidifying casting, and moves progres-
sively toward the feeder of the casting shown in Figure 2a, 
until the casting is solidified (Fig. 2b). The sand mould is 
broken down under high water pressure [2–8].

Ablation casting technology offers advantages such as:

• The mould is destroyed with a stream of liquid medium 
during the casting solidification process, which elimi-
nates the additional operation of knocking out from the 
mould and considerably reduces the dust pollution in 
a foundry plant.

• Some components of the moulding sand can be reclaimed.
• There is no air gap between the mould and the top layer 

of the cooled casting, which limits the heat flow to the 
outside. This enables solidification under the conditions 
of unprecedentedly large temperature gradients and high 
solidification rates. The mechanical properties of castings 
made using the ablation casting technology are reported 
to be superior to that made using low-pressure perma-
nent mould (LPPM) casting process [2, 8].

• Controlled, directional cooling, achieved in this technolo-
gy, favours the elimination of shrinkage porosity.

• The economic factor of the process is making high-quality 
castings in compact, single-use moulds as compared to 
high-tech permanent-mould technologies.

• The ecological factor associated with the use of an inor-
ganic water-soluble binder.
 

The effect of ablation casting on solidification characteris-
tics, microstructure formation, and mechanical properties 
of the casts have also been described in several publica-
tions [2, 9–12].

2. RESEARCH

The moulding sand used in the modified ablation casting 
process should be characterized by a durability that allows 
the transfer of the hydrostatic pressure of the liquid met-
al while being susceptible to the destructive effect of the 
cooling medium [13]. The use of hydrated sodium silicate 
as a binder for ablation casting technology is therefore justi-
fied. The inorganic binder is water-soluble and environmen-
tally friendly. The ecological nature of the binder currently 
makes it the object of numerous studies [14], while modern 
processes using hydrated sodium silicate are increasingly 
used in foundry practice.

Figure 3 shows the modified ablation casting process 
steps elaborated in the Lukasiewicz Research Network – 
Krakow Institute of Technology. A patent application for 
the technology has been filed [15] In previous studies, the 
authors proposed the use of moulding sands with a Cordis 
binder [16] produced by the Hüttenes-Albertus Company. 
It was a new-generation inorganic binder based on hydrat-
ed sodium silicate. Its hardening occurred under the effect 
of high temperature. In that technology, a loose inorganic 
Anorgit additive [16] was also used as an agent which pre-
vents burn-on defects and improves the durability of cores, 
mitigating the adverse effect of humidity present in the 
environment [16]. 

Previous works [17] included preliminary semi-industri-
al tests were carried out on the use of moulding sand with 
water glass 145 in the manufacture of moulds for ablation 
casting. The potential to use these sand mixtures has been 
confirmed in terms of both casting surface quality and sand 
reclamation.

Fig. 2. View of the ablation casting process of a steering knuckle 
proposed by Alotech (a) with a solidified casting (b) [7]

a)

b)

Fig. 3. Modified ablation casting process steps; Lukasiewicz Research 
Network – Krakow Institute of Technology [17]
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3. EXPERIMENTAL PROCEDURE

As part of our own research, we proposed using moulding 
sands with hydrated sodium silicate thermally cured by 
dehydration as a material for the moulds in ablation cast-
ing. The main advantage of the dehydration process is the 
achievement of high strength properties, much higher than in 
the case of chemical hardening, combined with the absence 
of harmful products of the chemical reaction of hardening.

The mechanism of thermal curing of hydrated sodium sili-
cate consists in its dehydration. It has been found that in the 
temperature range from 20°C to about 70°C, free water is 
removed, while in the temperature range from about 115°C 
to about 140°C, the removal of bound water occurs [18–20]. 

As a result of the thermal curing of sodium water glass, 
a structure composed of precipitated, amorphous, monolith-
ic silicate shells is formed. The inverted reactions produce 
a gel (physical hardening) [18].

The aim of this paper was the comparison of the influ-
ence of different sand matrixes and different binder types on 
the strength properties of moulding sands. Moulding sands 
based on following sand matrixes were used:

• 1K silica sand from the Grudzen Las Company with a main 
fraction of 0.20/0.40/0.315,

• silica sand from the Sibelco Poland Company; classified 
according to the Polish standard PN-85/H-11001 as me-
dium; with the value of the main fraction of 84%, which 
determines the sand as homogeneous.

As a binder, the inorganic water glass 145 and water  
glass 150 were used in an amount of 1.0, 1.5 and 2.0 parts by 
weight. Chosen properties of binders are shown in Table 1.

Moulding sands were prepared in a laboratory ribbon 
mixer, type LMR-2. The sand was mixed with the additive 
for 60 seconds, then the binder was introduced and the 
whole was mixed for another 150 seconds. 

From the moulding sands, standard specimens were pre-
pared for bending strength tests. Specimens were made in 
a universal LUT shooter. They were cured at 160°C for 30, 
60, 90 and 120 seconds. The time and pressure of shooting 

were the same for all the specimens and amounted to 2 sec-
onds and 0.5 MPa, respectively. 

Measurements of the moulding sand bending strength 
were carried out on an LRu-2 type apparatus in accordance 
with guidelines given in the PN-83/H-11073 standard.

The moulding sands’ properties were tested in both a hot 
state (directly after the removal from shooting machine) and 
a cold state (after 1 hour of curing at ambient temperature).

4. RESULTS AND DISCUSSION

Figures 4–7 show the obtained results of bending strength 
tests of moulding sands with water glass.

Fig. 5. The influence of R150 binder amount on bending strength 
properties of moulding sand based on Grudzen Las sand matrix and 
hardened in 160°C [23]

Table 1  
Chosen properties of water glass 145 and water glass 150 [21, 22]

Property / unit Water glass 145 
binder

Water glass 150 
binder

form water solution water solution

physical condition liquid liquid

colour colourless colourless

smell odourless odourless

Na2O + SiO2 (min), %  39 40

Na2O/SiO2  
(molar module) 2.4–2.6 1.9–2.1

density  
(in temp. 20°C), g/cm3 1.45–1.48 1.50–1.53

viscosity  
(in temp. 20°C) 1 1

Fig. 4. The influence of R145 binder amount on bending strength 
properties of moulding sand based on Grudzen Las sand matrix and 
hardened in 160°C [23]
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In the case of the use of the Grudzen Las sand matrix to 
prepare moulding sands with hydrated sodium silicate, the 
obtained test results for two types of binder, R145 and R150, 
were similar. Moulding sands with a content of 1.0 p.p.w. test-
ed “hot” are characterized by strength of approx. 0.55 MPa  
when hardened for 30 s and approx. 0.90 MPa when hard-
ened for 120 s. Moulding sands with a content of 1.5 p.p.w. 
tested “hot” have a strength of approx. 0.7 MPa when hard-
ened for 30 s and approx. 1.4 MPa when hardened for 
120 s. Moulding sands with a content of 2.0 p.p.w. tested 
“hot” have a strength of approx. 0.8 MPa when hardened 
for 30 s and approx. 1.87 MPa when hardened for 120 s.  

Moulding sands with a content of 1.0 p.p.w. tested in the 
“cold” state have a strength of approx. 2.0 MPa, regardless 
of the hardening time. Moulding sands with a content of  
1.5 p.p.w. tested in the “cold” state have a strength of approx.  
2.7 MPa, and here no influence of hardening time on the 
strength of the moulding sands was observed. Moulding 
sands with a content of 2.0 p.p.w. tested in the “cold” state 
are characterized by a strength of approx. 3.3 MPa and 
there was no effect of hardening time on the strength of the 
moulding sands.

In the case of the Sibelco Poland sand matrix used to 
prepare moulding sands with hydrated sodium silicate, 
the obtained test results for the two types of binder, R145 
and R150, were different. The moulding sands containing  
the R150 binder are characterized by strength properties 
similar to those of the moulding sands based on Grudzen 
Las sand matrix. In the case of composition with R145 bind-
er, their strength in the entire tested range is lower by an 
average of 30%. Strength values similar to other composi-
tions are obtained by the moulding sand based on Sibelco 
Poland matrix with R145 binder, tested in cold state, with 
binder content of 1.5 and 2.0 p.p.w. hardened in 60, 90 and 
120 s. In the case of all tested moulding sands, curing for  
30 seconds are characterized by the lowest strength prop-
erties in the hot state.

5. CONCLUSIONS

The analysis of literature data and our own research allow 
for the formulation of the following conclusions:

• The use of moulding sands with hydrated sodium silicate 
as a binder for ablation casting moulds is fully justified.

• From the ablation casting point of view, the most suitable 
sands with hydrated sodium silicate are physically hard-
ened sands, which include thermal curing (warm-box) by 
dehydration.

• The results of tests obtained for Grudzen Las sand matrix 
to prepare moulding sands with hydrated sodium silicate 
with two types of binder, R145 and R150, are similar.

• The results of tests obtained for Sibelco Poland sand 
matrix to prepare moulding sands with hydrated sodium 
silicate with two types of binder, R145 and R150, are dif-
ferent. The results of tests obtained for the Sibelco Poland 
sand matrix to prepare moulding sands with hydrated 
sodium silicate with two types of binder, R145 and R150, 
are similar and are characterized by strength properties 
similar to those of the moulding sands based on the 
Grudzen Las sand matrix. In the case of compositions 
with R145 binder, their strength properties in the entire 
tested range are lower by an average of 30%.

• The best strength properties are obtained by moulding 
sands containing 2 p.p.w. of binders examined in a “cold” 
state in the case of both tested sand matrixes.

• The research presented in this paper is a part of a wider 
ranging study which will be continued both in the context 
of the selection of moulding sands and the evaluation of 
the properties of the castings obtained by means of abla-
tion casting technology.

Fig. 6. The influence of R145 binder amount on bending strength 
properties of moulding sand based on Sibelco sand matrix and 
hardened in 160°C [23]

Fig. 7. The influence of R150 binder amount on bending strength 
properties of moulding sand based on Sibelco sand matrix and 
hardened in 160°C [23]
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