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1. Background 

XRD powder diffraction instruments exhibit certain systematic errors primarily, which are briefly 
described in Table 1. Among these errors, instrument zero point, 2θ/θ motor drive matching, 
counting lag, air refraction, and temperature errors can be minimized by adjusting instrument 
precision or external environment, but cannot be eliminated through data processing; only corrected 
using standard samples. For sample transparency, and axial divergence, experimental methods can 
be employed such as using thin-film analysis for highly transparent samples and reducing slit pitch 
while increasing sample length to minimize measurement errors. Among the errors listed in Table 1, 
zero-point errors, motor drive imperfections, counting lag, air refraction, and temperature errors can 
be minimized by adjusting instrument precision or external environment, but can only be eliminated 
using standard samples. Therefore, eliminating measurement errors first requires standard sample 
correction, followed by obtaining precise spectra through mathematical processing.(1,2) 
 
 
The standard sample is added to the experimental sample, and the correction is performed by 
comparing the measured diffraction lines of the standard sample with its expected value. This 
method is referred to as the "internal standard method". The standard material should be selected 
with stable crystal cell parameters, such as single-crystal silicon (Si) and LaB6, with a measurement 
range of 10-80°. 
 

Table 1: Common systematic errors in X-ray diffractometry 
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Crystallographic parameters are critical parameters of crystalline materials, which are not static. 
Bond energy, density, thermal expansion, solid-state phase transitions, and macroscopic stress in 
crystals are all closely related to these parameters. Therefore, variations in crystallographic 
parameters can elucidate the essence and patterns of crystal transformations. Lithium iron 
phosphate (LiFePO4) is a widely used cathode material in batteries, and the variation of its unit cell 
parameters directly affects the overall battery performance.(3,4) 
 
The transformation of amorphous carbon into graphite is a crystallization process characterized by 
the shift from an amorphous to a crystalline state. The degree of crystallinity is quantified by the 
graphitization degree (G). Silicon-carbon composites are a common anode material for graphite 
batteries. The degree of graphitization of silicon-carbon composite is directly related to the 
preparation process of the material and the performance of the whole battery.(5,6) 
 
In this experiment, LaB6 was employed as the internal standard to precisely measure unit cell 
parameters for LiFe(PO4) and the graphitization of silicon-carbon composite.(7,8) 
 
2. Experiment 
The AMI Lattice Pro X-ray 
diffractometer was used for all 
measurements, and the experiment 
parameters are described in Table 2. 
The standard LaB6 material (99.9%) 
was ground in an agate mortar, sieved 
through a 350-mesh standard sieve, 
and then heated under vacuum at 
1000°C for 1 hour. For lithium iron 
phosphate analysis, 0.6 g of the 
pretreated LaB6 and 2.4 g of the 
lithium iron phosphate sample were thoroughly mixed in the mortar, followed by flat plate sample 
preparation. For silicon-carbon composite analysis, 0.23 g of the pretreated LaB6 was thoroughly 
mixed with 0.77 g of silicon-carbon in the mortar, followed by flat plate sample preparation. 
 
3. Results 
 
3.1 Unit cell parameters of lithium iron phosphate 

The XRD spectra of the mixture are shown in Figure 1a. Through phase analysis, only two phases, 
LiFe(PO4) and LaB6, were identified in the sample mixture. By fitting all diffraction peaks in the XRD 
spectra, the 2θ angles of each peak were determined. LaB6 was then selected as the angle correction 
parameter. As clearly demonstrated in Figures 1(b-d), the corrected diffraction peaks exhibited slight 
shifts (toward lower angles) compared to the original spectra. Re-fitting the corrected XRD spectra 
yielded the crystal cell parameters of lithium iron phosphate (see Figure 2). Lithium iron phosphate 
belongs to the orthorhombic crystal system with the space group Pnma (62). The unit cell parameters 

Table 2: Experimental parameters for internal standard XRD measurements 
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before and after refinement are shown in Table 3. These results indicate small errors in crystal cell 
parameters without the use of internal standard correction. Without this correction, errors in 2θ 
angles would lead to incorrect trends in parameter variations. Internal standard correction not only 
enhances the absolute accuracy of crystal cell parameters but also ensures comparability and 
reliability of parameter trends across different batches of samples. 
 
 
 
 
 

Figure 1: XRD spectra of lithium iron phosphate (LiFePO4) corrected with internal standard LaB6 

Table 3: Calculated lattice parameters of LiFe(PO4) before and after internal standard correction 
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3.2 Silicon carbide crystallization and graphitization 

The XRD spectra of the silicon-carbon anode mixed with the internal standard are shown in Figure 
3a. Through phase analysis, it was confirmed that the mixed sample contains not only graphite and 
LaB6 phases but also silicon phases. By fitting all diffraction peaks in the XRD spectra, the 2θ angles 
of each peak were determined. LaB6 was selected as the angle correction parameter. As clearly 
observed in Figure 3b, compared to the original spectra, the corrected diffraction peak positions 

Figure 2: Full-fit XRD spectra of LiFe(PO4) after internal standard calibration 

Figure 3: a) Full  XRD spectra corrected with the silicon-carbon internal standard LaB6 and b) zoomed in on (002) graphite peak 

http://www.ami-instruments.com/


133 East Main Street, Twin Lakes, WI 53181• 262-877-3600 (Voice) • 262-877-3699 (Fax) 
Email: info@ami-instruments.com 

Visit our Website: www.ami-instruments.com 

 

 

-5- 

exhibited a shift towards 
higher angles. 
Comparing the positions 
of the main (002) crystal 
plane diffraction peak 
before and after 
correction (Table 4), the 
uncorrected value was 
2θ=26.454°, 
corresponding to a 
crystal plane spacing of 

d=0.33665nm and a G value of 87.79%. After angle correction, the corrected 2θ value became 
26.529°, with the crystal plane spacing reduced to 0.33572nm, yielding a G value of 96.28%. The 
graphitization degree results indicate that the corrected G value increased, demonstrating improved 
accuracy. This enhancement corresponds to the sharp and symmetric appearance of the main (002) 
crystal plane diffraction peak in the XRD spectra.  
 

Table 4: Diffraction peak positions for (002) graphite peak, d-spacing, and degree of 

graphitization calculated for silicon-carbon composite before and after internal standard 

correction 

Figure 5: Partial XRD spectra of silicon-carbon after calibration with internal standard LaB6 
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The XRD spectra of the silicon-
carbon composite mixed with 
the internal standard are shown 
in Figure 5. Through phase 
analysis, it was confirmed that 
the mixed sample contains not 
only graphite, silicon, and LaB6 
phases but also a certain amount 
of amorphous material. The 
analysis revealed a silicon-
carbon graphitization degree of 
96.28%, indicating incomplete 
crystallization of the sample. 
After full fitting of the XRD 
spectra, local diffraction peaks 
were selected for analysis as shown in Figure 5 to determine the areas of different phases.  
 
Quantitative analysis yielded the mass fractions of various phases, shown in Table 5. With the mass of 
LaB6 removed, the weight percentages of each phase closely align with the expected phase 
composition of the original silicon-carbon sample for Si (43.5%), graphite (47.6%), and amorphous 
phase (8.8%). 
 

4. Conclusions 
This application note shows that the 
LaB6 standard material can be added to 
the sample to eliminate systematic 
instrument error and the off-axis error 
of the sample plate. Then, the XRD 
spectrum can be measured by the 
internal standard method and the 
crystal cell parameters, graphitization, 
and quantitative phase analysis of the 
material can be determined accurately 
and reproducibly.  The Lattice Series 
XRD from AMI, shown in Figure 6, 
combines high-power performance 

with a compact, benchtop design with the 
high precision required for internal 

standard calibration. All models offer excellent signal to noise ratio and fast scan speeds, resulting in 
improved data quality ideal for calibration.  
 
 

Table 5: Phase composition analysis of silicon-carbon composite after internal 

standard correction compared with expected values 

Figure 6: Highlighted features of Lattice Series XRD from AMI 
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