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Abstract
In most aluminum smelters, cryolite ratio (CR) is normally measured automatically using X-ray
diffraction (XRD) quantitative phase analysis using calibration curves. However, two factors
significantly reduce the accuracy of measuring CR by such methods. First, XRD analytical
instruments need periodic calibration, which is performed using multiphase matrix reference
materials of bath with a known quantitative phase composition. Creating such reference materials
is a challenging task, because they should contain 4 – 6 fluoride phases, whose concentrations are
accurately certified. Second, the calibrated methods do not consider variations of microcrystalline
and atomic structure of phases in real solid bath samples. Thus, using reference-free full-profile
Rietveld method instead of conventional XRD methods for measuring CR is advantageous for the
process control because it does not use calibration and refines the crystal structure of bath
samples. However, the Rietveld method is interactive and needs automation for implementing in
the process control. If so, the method automatically refines preset approximate values of profile
and structural parameters of the crystalline phases and then calculate CR from the quantitative
phase composition. The problem is the preset of adequate approximate parameter values that are
accurate enough to be refined automatically. We developed a new method to address this
problem. The essence of the method is an automatic search of the initial approximate values by a
genetic algorithm (GA) followed by the Rietveld refinement of the found values. The accuracy of
the automatic analysis of CR performed for 24 branch reference materials of bath is characterized
with a standard deviation of 0.035 and can be improved by further developments in GA.
Keywords: Cryolite ratio, Rietveld method, process control, x-ray diffraction phase analysis,
bath composition.
1.

Introduction

Electrolyte in aluminum electrolysis cells constantly suffers from the destabilization of its
chemical composition, which shifts from the optimum. The optimal composition of bath is
maintained by adding fluorides in a cell. The amount of fluorides is calculated in accordance with
the results of periodically performed express quantitative analysis of solid bath samples. A
number of methods are used for this purpose, such as chemical analysis (CA), X-ray diffraction
analysis (XRD), X-ray fluorescence analysis (XRF), thermal analysis, etc. Normally, electrolyte
is the melt of Na-Al-Ca-F-O, and sometimes KF, MgF2 or LiF are added. The chemical elements
exist in the melt in the form of complex ions, whose composition changes during the electrolysis
cycle. As so, an integral characteristic of the bath composition is the cryolite ratio (CR) – the ratio
of molar concentrations of sodium fluoride and aluminum fluoride (Equation (1)):
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𝐶𝑅 =
where:
C(NaF)
C(AlF3)

𝐶(𝑁𝑎𝐹),𝑚𝑜𝑙.%
𝐶(𝐴𝑙𝐹3 ),𝑚𝑜𝑙.%

=

2𝐶(𝑁𝑎𝐹),𝑤𝑡.%
𝐶(𝐴𝑙𝐹3 ),𝑤𝑡.%

(1)

Concentration of sodium fluoride in electrolyte, mol. % or wt. %
Concentration of aluminum fluoride in electrolyte, mol. % or wt. %.

Bath ratio (BR) is also used to characterize bath composition, given by Equation (2), or excess
AlF3, as expressed in Equation (3):
1

(2)

𝐵𝑅 = 2 𝐶𝑅
1

𝐴𝑙𝐹3 𝑒𝑥 = 𝐶(𝐴𝑙𝐹3 ) − 3 𝐶(𝑁𝑎𝐹)

(3)

where:
C(NaF) Concentration of sodium fluoride in electrolyte, wt. %
C(AlF3) Concentration of aluminum fluoride in electrolyte, wt. %
CR, BR and AlF3ex all indicate similar information about the bath composition.
The express process control of the electrolyte composition is generally performed by X-ray
diffraction quantitative phase analysis (QPA), which uses calibration curves [1 – 3]. The cryolite
ratio is calculated according to Equation (1). The concentrations of NaF and AlF3 are calculated
using the results of the QPA of crystallized bath samples. The concentrations of phases listed in
Table (1), in turn, are calculated from the measured intensities of their diffraction peaks. The
optimal frequency of measuring the CR is once every two days, the accuracy of the analysis is (p
= 0.95) ~ 0.04 (that is, ± 0.04 at 95 % confidence level), and the optimal measurement time per
sample is several minutes.
Table 1. The phase composition of typical industrial bath samples at the Russian aluminum
smelters.
Concentration
Phase
Chemical Formula
CR Range
range, wt. %
Cryolite
Na3AlF6
0 – 90
> 1.67
Chiolite
Na5Al3F14
0 – 85
< 3.0
Sodium fluoride
NaF
0–5
> 3.0
Ca-cryolite 1
NaCaAlF6
0 – 15
< 3.0
Ca-cryolite 2
Na2Ca3Al2F14
0 – 20
< 2.95
Fluorite
CaF2
0–9
> 2.45
Weberite
Na2MgAlF7
0 – 15
< 2.85
Neiborite
NaMgF3
0–6
> 2.5
Al2O3
2–5
− − − alumina
However, two factors significantly reduce the accuracy of measuring CR using calibration curves.
First, XRD analytical instruments need periodic calibration, which is performed using multiphase
matrix reference materials of bath with a known quantitative phase composition [4, 5]. Creating
such reference materials is a challenging task because they should contain 4 – 6 fluoride phases,
whose concentrations are accurately certified. Second, the calibrated methods do not consider
variations of microcrystalline and atomic structure of phases in real solid bath samples. Thus,
using reference-free full-profile Rietveld method [6] instead of conventional XRD methods for
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