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Abstract: This article describes a designed of a holder for post-mortem XRD measurements of Li-ion, 

Na-ion and Li-S electrodes, which need to be performed in the inert atmosphere. The first part describes 

the measurement method and problems arising during the measurements of the samples. Subsequently, 

the design and construction of a new cell with hermetic insulation and sample displacement error cor-

rection possible during the operation of the diffractometer is described. Finally, the inert gas attenuation 

within the cell is theoretically calculated. The calculation is verified by practical measurements, and 

alternatives are proposed to improve the signal-to-noise ratio. 
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1 INTRODUCTION 

In recent years, increasing demands have been placed on the capacity and service life of electrochem-

ical cells. For this reason, research into the electrode materials used is ongoing. One of the possible 

and accurate methods for their characterization is X-ray diffraction spectroscopy (XRD) [1]. 

During measuring by XRD, there is a problem with intercalated samples, as they are extremely sen-

sitive to atmospheric influences due to the presence of alkali metals. Therefore, their hermetic isola-

tion into a suitable cell is necessary [2, 3]. This presents several complications that can distort the 

obtained data. 

The work describes a test accessory designed for the Rigaku device, which solves current problems 

and allows to achieve accurate results. 

2 PROBLEM 

A Rigaku Miniflex diffractometer is used for the measurement. It measures in the theta-2theta ar-

rangement (tilts the sample and the detector). The schematic drawing is in Fig.1 

 

Figure 1: Schematic drawing of theta-2theta arrangement 
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The source of radiation is an X-ray tube; the X-ray beam is limited by a horizontal and divergence 

slit (IHS, DS) and falls on the sample. Depending on the structure of the material, it is reflected and 

scanned by an energy-selective detector according to Bragg's equation (only the Cu-Kα spectral line 

is detected). The Soller slit (SS) is composed of parallel plates that shield radiation from directions 

outside the sample. 

For the correct measurement, the focal spot in the X-ray tube, the surface of the sample, and the 

detector must lie on an imaginary focus circle (FC). In the case of electrodes, where it is necessary 

to close them to the cell, it is not possible to precisely adjust the height. This results in a shift of the 

diffraction peaks. However, the studied structural changes after intercalation can have the same ef-

fect. Therefore, the data may be incorrect, and the analysis cannot be performed. 

Even the insulation of the sample itself is problematic. The used material must have good insulating 

properties, but also low attenuation for X-rays because the used energy is low (approx. 8 keV). Kap-

ton foil is often used, which can be glued directly to the sample in a standard holder [4]. However, 

our experiments show that the insulation is not sufficient because the samples became moisten. Better 

insulating properties has, for example, a "coffee bag" foil (CBF), in which a thin aluminum layer is 

applied to a polymeric carrier. On the other hand, it results in higher attenuation and significantly 

distorts the data by its own contribution to the diffractogram. 

3 SOLUTION 

Negative properties of the CBF can be reduced by placing it in a circle, where it lies outside the FC 

(limits the distortion) and the penetrated thickness of the material is the lowest (limits the attenua-

tion). For this purpose, various variants of accessories were created using additive technologies, see. 

Fig.2 and 3. 

 

Figure 2: Printed ABS cell (3D print) 

 

Figure 3: Glued PMMA cell with sample 

A comparison of the unwanted contribution of the CBF film depending on its location is shown in 

Fig. 4. It can be seen the contribution is negligible in case of circular placement. 

In both cases, the use of plastic causes moisture to penetrate despite prolonged drying before use. 

Assembly is difficult, the foil must be glued to the polished semicircles with a suitable tape in the 

glove box, and if the height of the sample is set inappropriately, no adjustment can take place. Despite 

these complications, these cells represent progress towards more successful results. 
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Figure 5: Comparison of peaks according to 

the gas in the cell 

Using the above findings, a new cell with better insulation was designed, facilitating handling in the 

glove box. The design also includes a positioning system that allows the electronic movement of the 

sample inside the diffractometer during operation. Fig. 6 is a design with labels, which will be further 

discussed, the photograph in Fig. 7 represents the current appearance of the real accessory. 

 

Figure 6: Design of a new cell with a position-

ing system 

 

Figure 7: Photo of the assembled product 

 

Holder (1) is made of duralumin rod. This material is light, sufficiently resistant to damage short 

threads, and, compared to iron, causes less distortion by the photoelectric effect. The foil (9) is fixed 

to a circular profile (for clarity it is not placed in the photo), which continues below the plane of the 

sample to facilitate manufacturing and allow polishing already on the lathe. The foil is held by press-

ing the seal (13) with round "U" profiles (8) screwed to the holder. The profiles in Fig. 7 are printed, 

the optimal inner diameter for the future turning of metal parts will be determined on them. The foil 

can be fixed outside the glove box and used indefinitely, as the sample is inserted from the bottom, 

glued to the sealing 'stopper' (11). Assembly is very simple compared to the previously mentioned 

variants. The cell is made so that it is possible to attach it to the goniometer of diffractometer even 

without a positioning system. 

Figure 4: Comparison of unwanted CBF  

contribution 
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The active component of the positioning system is the stepper motor (14). The control is provided 

by the driver Pololu A4983, which is controlled via a serial terminal by the ATmega 8 microcontrol-

ler. When turning it (200 steps/revolution) a movement of 2.5 μm per step can be achieved. Smooth 

chromed rods (6) anchored in coupling shafts (12) passing through linear ball bearings (2) serve to 

define the vertical movement. The backlash caused by the screw imprecisions is limited by a second 

nut (4), fixed by rivets (5), pressed by a spring (3) against the holder. In practice, this system consists 

of two springs on the screws, which setting the preload. 

The whole device is attached to the goniometer of the device by a base (12) through a spacer block 

(10). In reality, it was created by a system of small blocks, which allow rough adjustment of the 

height for cases of significantly different samples. 

4 DISCUSSION 

Measurements showed that the signal intensity decreased by 1.1% when using Kapton foil, and by 

3.6% with CBF. This data came from test measurements when there was air inside the cell. When 

measuring the electrodes, the interior is filled with argon from the glove box. The attenuation then 

increases with respect to the air by another 41% (see Fig. 7, where the intensity of the diffraction 

maximum of the graphite plane (002) is shown). When taking into account the standard value of 

atmospheric pressure (and the corresponding density ρ) and the diameter of the cell l, the attenuation 

can also be calculated theoretically (values of the mass attenuation coefficient µ obtained from tables 

[5]): 

 1 −
𝑒𝜇𝑚𝑎𝑠𝑠,𝐴𝑟∙ρ𝐴𝑟∙𝑙

𝑒𝜇𝑚𝑎𝑠𝑠,𝑎𝑖𝑟∙ρ𝑎𝑖𝑟∙𝑙 = 1 −
𝑒−84,84∙1,67∙10−3∙3,5

𝑒−6,93∙1,21∙10−3∙3,5
≅ 0,37 = 37 %. (1) 

The theoretical calculation is useful for the design of alternative accessories. It is obvious that the 

main component of the attenuation is argon. The calculation can lead to the conclusion that if helium, 

for example, is used instead, the radiation intensity will be almost 3% higher than in the case of 

measurements without any "obstacle", despite the presence of the foil. The intensity of the useful 

signal can also be increased by decreasing pressure. 

It is also possible to experiment with the type of used foil. The ability of the detector to select the 

energy corresponding to the spectral line Kα (≅ 8.0 keV) is limited. Typically, it also records the Kβ 

line (≅ 8.9 keV), which may result in two diffraction maxima for one crystallographic plane (results 

are confusing). Therefore, the so-called Kβ filter is used. It is a nickel plate (typically tens of micro-

metres) inserted in front of the detector. Its energy levels are arranged so that just behind the energy 

Kα the attenuation increases sharply due to the photoelectric effect and Kβ is significantly attenuated. 

The use of a nickel foil for sealing the cell and removing it in front of the detector will have the same 

effect and will not increase the attenuation as in the case of using the filter and the foil separately. 

5 CONCLUSION 

An accessory enabling post-mortem measurement by X-ray diffraction spectroscopy was designed 

and manufactured. The product allows hermetic isolation of samples in inert gas or vacuum environ-

ment. There is an insulating foil at the passage of the X-rays, which can be practically changed as 

needed outside the glove box. Inside the box, only the sample from the bottom is inserted, which 

closes the cell. This option significantly simplifies the work. 

The accessory includes a positioning system for sample displacement correction with a step of 

2.5 μm. The adjustment takes place electronically via the serial terminal during the operation of the 

diffractometer. If the sample contains an element with known crystallographic parameters, it is pos-

sible to adjust the height according to it, thus eliminating the sample displacement error and more 
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accurately evaluating the structural changes of the investigated material. The cell can also be used 

without a positioning system by clamping it directly into the goniometer of the Rigaku device. 

It has been calculated that by using suitable inert gases or decreasing the pressure, a higher signal-

to-noise ratio can be obtained than with conventional measurements, despite the presence of insulat-

ing foils. The theoretical calculation of attenuation is verified by practical measurements. The used 

foil can also be used as a Kβ filter. 
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