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Abstract 

 

3D inkjet printing is mainly a powder-based method where layers of solid particles are bounded together by means of a 

printed liquid material to generate a 3D model. In this process, it is necessary to control different parameters that can 

significantly affect the quality of 3D printed parts, such as: chemical composition, structural elucidation, particles 

morphology, among others. For this reason, the purpose of this research was to develop a study of the chemical and 

physical properties of the two involved materials: the powder, hemihydrate calcium sulphate 80-90% of purity, and the 

binder, 2-pyrrolidone 1% of purity. Both materials were studied with different techniques to characterize different 

parameters. Raman and FT-IR spectrometry and X-ray diffractometer (XRD) were used to study structural elucidation 

and presence to others phases of this sulphate powder; for knowing the kind of impurities and morphological aspect; we 

used scanning electron microscope (SEM), equipped with an energy-dispersive X-ray detecting system (ED-XRS), and 

inductive coupling plasma (ICP) with optical emission spectrophotometer (OES). The results showed the real composition 

of solid powder and liquid binder. The images of secondary electrons obtained showed the presence of alpha and beta 

phase of called hemihydrated sulphate. The presence of other phases of sulphate, such as dihydrate and anhydrous, was 

also detected. This information is important to know the properties of the manufactured part. 
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1. Introduction 

 

Additive Manufacturing (AM) has emerged as a technology for manufacturing objects with complex geometries from 

three-dimensional (3D) model data. New AM methods, materials and applications are being developed continuously. A 

review of materials, methods, applications and challenges can be found in [1]. One of the most important AM methods 

for ceramic components is three-dimensional printing (3DP). This method is a powder-based process where fine powder 

particles are bound together with a liquid binder to create a 3D part. The powder particles are spread and packed on a 

platform and a liquid binder is deposited onto the powder layer, using a printer head, to join the particles. 
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Unfortunately, the Raman equipment used did not allow us to study the area from 2900cm-1, which would let to know 

evolution of water content in the material when it is heated. To study the evolution of water, we performed the analysis 

FT-IR. Calcium sulphate hemihydrate only contains one type of water molecules, and its characteristic mode of vibration 

in IR corresponds to a peak at 1617cm-1, usually accompanied by two less intense and wider peaks at 3600cm-1 and 

3550cm-1. All these modes of vibration correspond to the water contained in the structure of calcium sulphate [18]. In the 

FT-IR spectra showed in Figure 5, it is clear the presence of bands positioned at 3549 cm-1 and 3607 cm-1, attributed to 

the water content of bassanite [16]. Groups of SO4
2- were also identified (593,96; 660,48 and 1005 to 1132cm-1). 

 

 
 

Fig. 5. FT-IR spectra of the powder 

 

The binder used in the 3D printing process to join the powder particles was also analysed. According the safety date-

sheet provided by 3D System, its chemical composition is 2-pyrrolidone with a purity of 1%. It is necessary to know the 

exact binder composition for studying the agglomeration process with the raw powder and also to be able to perform 

adequate thermal post-treatments. For this analysis two techniques were used: ICP-OES and FT-IR. The FT-IR spectra 

of the binder and pure water appear in Figure 6. The absorption peaks in the region from 1500cm-1 to 4000cm-1 are 

characteristic of pure water. Figure 6 shows the coincidence of water and binder absorption bands in this region. We can 

conclude that pure water is the majority component on the binder. At lower absorption values (1042,33 cm-1 and 

1112,72cm-1) appear peaks which correspond to the 2-pyrrolidone [19]. 

 

 
 

Fig. 6. FT-IR spectra of the binder 

 

Additionally to this study, it was decided to analyse the presence of impurities on the binder. Similarly to the previous 

study carried out on the powder we used ICP-OES technique. The elements found and their quantity are listed in Table 

5. It can be observed the presence of Na, K and Mg. All of them are used to improve the setting process, as aforementioned. 

 

Analite Mg (285,213) Na (589,592) K (766,490) Al (396,153) 

Binder (mg/l) 0,13 73,20 2,24 <0,10 

 

Table 5. Chemical composition impurities in the binder 
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