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Abstract: The preparation of XRF tablets with small amounts of samples produced from various synthesis is a challenging operation. 

Zeolites and other types of samples with minimal volumes are frequently provided for analysis by X-ray fluorescence spectroscopy. Here we 

present three types of holders made of PLA (polylactic acid) using commercially available 3D printing technology. The employed material is 

a bioactive thermoplastic aliphatic polyester extracted from renewable resources and is biodegradable. The holders have reduced diameters 

of the measured area and can accommodate powders, sheets or solid state samples. The holders are basically three-dimensional plastic 

models that can be designed and printed based on the provided sample. They are low cost and can be easily applied in practice. The design 

of the first type of holders is targeting powder samples, allowing the reduction of the required amount from 5-10 g per sample to 1 g. The 

second type of holders aimed the XRF analyses of textile like materials while the third type of design aimed metal alloys. Examples of the use 

of the holders are the analyses of coins (here 2 leva is shown) and textile samples containing different metals (e.g. zinc).  
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1. Introduction 

The 3D printer we used is commercially available and is from 

the Creality Ender-3 V2 FDM 3D Printer series (Fig. 1). 

The software used allows the selection of the appropriate 

thickness of the production layers in terms of accuracy / resolution 

and speed of production. Each axis can be controlled individually 

and the distance of each step/movement can be set (0.1mm / 1mm / 

10mm). 

The integrated all-metal body of the printer is equipped with 

Carborundum Glass Platform. It allows the printing bed to heat up 

faster and the prints stick without distortion. The Creality Ender-3 

V2 printer is equipped with proprietary hardware that includes a 32-

bit motherboard.  

Fused Deposition Modeling (FDM) is a form of 3D printing 

technology in which the material is applied by laying down 

consecutive layers. Supported printing materials are threads of PLA 

[1-7], TPU [8-10], carbon fiber [11-14] and other linear threads 

[15].  

 

 

 

Fig. 1 3D printer Creality Ender-3 V2. 

2. Materials and methods 

Software used for preparing the 3D models for printing is 

Ultimaker Cura. Another open-source 3D printing software –  

Blender, is used to design virtual models of the real solid objects 

(holders), that are then transformed into readable format for the 3D 

printer using Ultimaker Cura software. This process of breaking up 

a 3D object into a readable format is called slicing. When the 

process of cutting a 3D object is complete, it generates a readable 

language for the 3D printer. This language is called G-code. Once 

the cutting is complete, the exact G-code commands that will be 

needed to complete the printout are produced. The 3D printer 

interprets the instructions and then combines (hardens) the material 

to create the 3D object. The 3D printer creates objects by printing 

them, layer by layer, until they are finished. 3D printing software 

has many platforms that are completely free to use. Some of them 

are open source cross-platform tools. 

The material used to make the three types of holders is 

thermoplastic aliphatic polyester PLA (polylactic acid), 

commercially available. The optimization of the production of 

different types of holders is necessary due to the different types of 

samples for analysis. Fig. 2 shows a holder suitable for analysis of 

tablets of powder samples, Fig.3 - holder for textile like materials 

and Fig. 4 - holder for metal alloys. 

The tested materials are powder sample of titanosilicate ETS-4, 

textile sample with zinc content and metal alloy – e.g. 2 leva coin. 

They are characterized by X-ray fluorescence spectroscopy 

(WDXRF) and these results are supported by powder X-ray 

diffraction (PXRD). 

X-ray fluorescence analysis was used to determine the chemical 

composition of the different type of samples. The chemical 

elemental composition was determined by a Supermini200 

spectrometer - Rigaku, Japan. Data collection was performed by 

wave-dispersed X-ray fluorescence at 50 kV and 4.00 mA. The data 

processing is performed using the ZSX software package. The 

sample is placed in a holder with an irradiated area of 20 and 20 

mm in diameter. 

 

 

Fig. 2. Holder for tablets 

Fig. 3. Holder for textile 
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Fig. 4. Holders for metal alloys 

 

Powder X-ray diffraction (XRD) was used for phase 

identification, that was also used for the 3D printed holders. The 

samples were measured at room temperature on an Empyrean 

diffractometer MalvernPanalytical, the Netherlands. Data collection 

was performed using Cu radiation (λ = 1.5406 Å) at 40 kV and 30 

mA and a PIXcel3D detector in the range 2 - 90 ° 2θ, step 0.013° 40 

sec/step.  

3. Results and discussion  

     The results of chemical analysis performed on the basis of X-

ray fluorescence spectroscopy (WDXRF) using a 3D printed 

powder sample holder are presented in Table 1. From Table1 it can 

be seen that the difference between the analysis using a 3D 

holder and with conventional holder is in the range of 2-4%, 

which is an expected result. This difference is due to the 

reduction of the measuring area by 1 cm. In this way the 

required amount of sample is reduced from 5 g to 1 g. This 

holder is very suitable for small amount samples. 

 
Table 1: Chemical composition on powder zeolite sample measured by 

small 3D printed powder holder and ordinary holder. 

               

        The results of the chemical analyses of the second type 3D 

holder suitable for textile samples are presented in Table 2. 
 

Table 2: Chemical composition of a textile samples containing Zn, measured 
with a 3D printed holder for textil. 

Textile Samples 

Initial sample – Ch Ch Zn Zn Ch Zn 

elements mass % 

Mg 2.0489 3.3095 – 

Al 2.0315 1.0582 0.9888 

Si – 1.6520 2.1623 

S 6.4242 1.6520 1.1701 

Cl 12.2734 1.5989 1.9027 

K 6.2269 1.5899 3.0173 

Ca 6.8172 5.2794 7.4254 

Ti 60.2514 6.9571 13.0993 

Fe 3.9265 0.4572 1.1555 

Zn – 77.1993 69.0784 

        

As it can be seen from of Fig.3, the holder is ideally suited for this 

purpose. This is because the “Lego like click” holder allows the 

textile sample to be pressed between the two parts of the holder thus 

it does not tear in a vacuum environment. 

       The use of a 3D printed holder for solid (alloy) sample allows 

the measurement the sample on small and large diameter focusing 

the X-ray beam on the desired area (Table 3. and Fig. 4) The table 

shows that with a 3D the printed holder with a small diameter of 

about 20 mm, the value of nickel decreases by about 3%. This is an 

expected result considering that the measurement was performed 

only on the yellow area of 2 leva. In the analyzing the alloy with the 

help of a large 3D printed holder (25 mm), the measurement was 

performed on the full area of 2 leva (white and yellow part). 
 

Table 3: Chemical composition of metal sample (2 leva), measured with a 

3D printed holders for metal alloys with different diameter. 

Holder Small diameter 20 

mm  

Large diameter 25 

mm 

Elements Mass % 

Al 0.1115 0.1139 

Si 0.2683 0.2629 

P 0.0469 0.0393 

S 0.0943 0.0547 

Cl 0.5087 0.3066 

K 0.5830 0.4907 

Ti 0.6270 - 

Mn 0.0506 0.0936 

Fe 0.0582 0.0619 

Ni 5.6433 8.9648 

Cu 75.0869 74.3068 

Zn 16.9214 15.3048 

For the determination the phases by powder X-ray diffraction 

(PXRD) again we used the 3D printed holder for the textile sample 

(Figs.5 and 6) and the holder for the alloy sample – 2 leva (Figs.7 

and 8). 

 

Table 4: Pattern List of textile sample Ch 

Ref. Code Compound 

Name 

Displ.[°2θ] Scale 

Fac. 

Chem. Formula 

00-060-1502 Cellulose-Iβ -0.386 0.846 (C6H10O5)n 

 

Fig. 6. Diffractogram of textile sample ChZn measured with 3D holder 

 
Fig. 5.  Diffractogram of textile sample Ch measured with 3D holder 

Cd-ETS-4 small 3D printed 

powder holder 

Cd-ETS-4 ordinary holder 

elements mass % elements mass % 

Cd 11.9337 Cd 9.5992 

Na 2.4532 Na 2.4395 

K 1.6994 K 2.2764 

Ti 38.1830 Ti 36.6379 

Si 44.8179 Si 48.3618 

Total 99.30872 Total 99.3148 
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Table 5: Pattern List of textile sample Ch Zn  

Ref. Code Compound 
Name 

Displ.[°2θ] Scale 
Fac. 

Chem. 
Formula 

00-060-1502 Cellulose-Iβ 0.058 0.634 (C6H10O5)n 

00-001-1136 Zinc Oxide -1.132 0.045 Zn O 

 

X-ray phase analysis of textile samples confirms the data from 

the chemical analysis for the presence or absence of zinc in the 

tested samples (Tables 4, 5). 

For examination of the phase composition of the alloy sample - 

2 leva the same holders were used as those used in the WDXRF 

chemical analysis of the alloys (Fig. 4) 

The results from PXRD confirm those of WDXRF e.g. that the 

sample in a 3D holder with a diameter of 25 mm is an alloy of Cu, 

Mn, Ni and Fe (Fig.7, Tables 3,6). Phase analysis shows that the 

sample measured by the conventional holder only on the white part 

contains Fe and Ni (Fig. 8, Table 7). The results of the chemical 

analysis show mainly copper, zinc and a little nickel, but it should 

be noted that the study was conducted only on the yellow part of the 

2 leva with 3D holder, a diameter of 20 mm (Table .3). 

Table 6: Pattern List of alloy sample 2 leva the yellow part 

Ref. Code Compound 

Name 

Displ.[°2θ] Scale Fac. Chem. 

Formula 

04-017-734 Copper 
Manganese 

Nickel 

0.000 0.553 Cu0.10  
Mn0.40  

Ni0.50 

04-017-072 Iron 0.000 0.130 Fe 

 

 

 

Fig. 8. Diffractogram of alloys from 2 leva measured with  

3D holder – 20mm diameter 

Table 7: Pattern List of alloy sample 2 leva the white part 

Ref. Code Compound 
Name 

Displ.[°2θ] Scale Fac. Chem. 
Formula 

04-003-3531 Iron Nickel 0.000 0.851 Fe0.5 Ni0.5 

4. Conclusions  

Our experiments have shown that commercially available 3D 

printers and materials for it can be successfully applied in the field 

of science research. The advantages are the low price and 

affordability of the products. Another indisputable positive is that a 

holder can be made according to the type and size of the sample. 
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Fig. 7. Diffractogram of alloys from 2 leva measured with  
3D holder – 25mm diameter 
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