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ANALYSIS

Introduction
A variety of X-ray fluorescence (XRF) and X-ray diffrac-
tion (XRD) instruments are available to the cement 
industry today. From bench top energy dispersive XRF 
systems to stand-alone wavelength dispersive XRF 
and Integrated XRF-XRD systems, cement laboratories 
have a significant choice from which to find a match 
for their analytical needs. In the past, this choice 
mainly depended upon the inherent parameters of a 
specific cement plant in terms of its 
raw materials, process control, addi-
tives use, types of cement and overall 
capacity. Now, one has to take into 
account the analytical needs gener-
ated by other issues, such as the use 
of alternate fuels, control of environ-
mental effects, regulatory require-
ments, optimisation of cement qual-
ity with reference to the end-user 
application and total cost of owner-
ship per analysis. 

Indeed, the cement industry has 
come a long way in exploiting XRF 
capabilities for the chemical analy-
sis of all kinds of materials beyond 
the basic oxides. In addition, on-line 
implementation of the X-ray dif-
fraction technique as a routine tool 
for the analysis of free lime, clinker 
phases and additives in cement is 
becoming more practical and reliable. 
It is therefore clear that most cement 
plants are taking an integrated approach where the 
analytical needs of a cement plant are evaluated as 
a function of XRF and XRD capabilities and the avail-
able expertise.

This case study details results from a recent inves-
tigation that led to the selection of a particular 
X-ray instrument. Typical data from these tests are 
produced here to illustrate the process. The examples 
cited actually cover the entire cement process: char-
acterisation of raw materials, control of the clinker 
phases and quantification of additives in cement. 

Experimental process
An ARL 9900 XP Total Cement Analyser (Figure 1) 
from Thermo Electron Corporation has been used for 
these tests. This instrument integrates a series of XRF 
Fixed Channels (Monochromators), for simultaneous 
analysis of various oxides, XRF Goniometer, which 
offers flexibility to cover more elements/oxides cost 
effectively, and a patented integrated XRD system 
for phase analysis. The instrument uses one X-ray 
tube with the same kV and mA conditions to perform 
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Figure 1. ARL 9900 XP Total Cement Analyser. 
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both XRF and XRD measurements on the same sam-
ple. Sample preparation (grinding and pelletizing) 
can be optimised in order to obtain uncompromised 
XRF and XRD data. Both XRF and XRD are done under 
vacuum with highly reproducible sample positioning 

and measurement conditions. Also, the same soft-
ware is used for data acquisition and data processing 
through calibrations for a truly quantitative analysis. 
The final report covers the complete analysis of oxides 
in conjunction with their corresponding phases of 
importance and utility. 

The ARL 9900 Series can also be integrated into 
process control using fully automated sample prepa-
ration, sample transport and result transmission mod-
ules. 

Results and discussion
Analysis of trace levels of chromium in  
limestone using XRF
It is common practice to use XRF to analyse the major 
and minor oxides in raw materials such as limestone, 
clay, iron ore, bauxite etc. prior to their blending into 
raw meal. For example, using a pellet of limestone, 
XRF analysis is performed for the total CaO, SiO2, 
Al2O3, Fe2O3, MgO, P2O5, MnO and TiO2 contents. 
Depending on the origin of this limestone, one can 
expect to see some of the oxides such as TiO2 down 
to 100 ppm level. 

HeidelbergCement's Harmignies Works in Belgium 
produces white cement. Its chromium (Cr) 
content has to be monitored and control-
led because high or varying levels of Cr 
modify the colour of the cement products.

In order to validate the sensitivity of the 
X-ray instrument for analysis of Cr, a series 
of synthetic standards has been prepared 
by mixing cement with limestone. Their Cr 
levels have been checked through colorim-
etry. Table 1 presents the comparative data 
between calculated Cr levels, colorimetry 
and XRF results.  

The correlation between colorimetry 
and XRF data is shown in Figure 2. A rea-
sonable calibration curve with the “artifi-
cially created” reference samples could be 
found. It delivers good results even for very 
low Cr levels. The typical detection limit of 
around 3 ppm has been obtained, which 
attests the excellent performance of the 
instrument. 

In order to further ensure that reli-
able and repeatable performance can be 
obtained down to trace levels, a repeat-
ability test was performed for Cr analy-
sis. For ten repeat analyses of the same 
pressed cement pellet containing about 
50 ppm of Cr, a standard deviation of 2 
ppm or less is obtained with 60 s count-
ing time. This excellent repeatability gives 
the option to monitor chromium levels 
in limestone that can range from 2 to 10 
ppm. In addition to Cr, iron (Fe) is another 
critical element for white cement. The 
performance of the ARL 9900 instrument 
will enable the producer to control the 
mix already in the quarry, when materials 
originate from different quarrying fronts. Figure 3. Alite calibration curve using integrated XRD system.

Table 1. Comparative data for Cr in synthetic standards

Std. 
nr.

Concentration Cr 
(ppm) calculated

Concentration Cr 
(ppm) by colorimetry

Cr (ppm) 
XRF

1 2.3 2.3 2.5

2 6.4 4.3 7.4

3 10.5 10 10.7

4 14.6 13 13.7

5 18.7 17.2 18.7

6 22.8 21.2 22

7 26.9 26 26

8 31.06 30.2 30.7

9 35.2 35.5 37

10 39.3 38.8 39.8

11 43.4 43.4 43.4

12   - 46 43.3

Figure 2. Calibration curve for Cr in a series of cement related materials.
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Analysis of clinker phases using 
XRD
There is an increasing interest in quan-
tifying clinker phases in order to mon-
itor their changes during the process. 
Continuous monitoring of free lime using 
XRD has been well established. Analysis 
of Alite, Belite, Aluminate and Ferrite can 
also be quantified using XRD. While free 
lime quantification by XRD is established 
using the traditional wet chemical analysis 
as a reference method, the quantifica-
tion of clinker phases is certainly more 
complicated. It is preferable and almost 
imperative in some cases to work with 
true clinker samples from the specific 
kiln to establish the various parameters 
for clinker phase quantification. Sample 
preparation, preferred orientations, gran-
ularity and dynamic range are some of the 
important issues that need to be addressed 
for an accurate and reliable quantification 
of clinker phases. 

Optical Microscopy counting or Rietveld 
programs are commonly used in central 
laboratories to characterise the clinker min-
erals. Thermo has developed a practical and 
pragmatic approach based on independ-
ent Rietveld analysis of the kiln samples. 
Indeed, the analytical program called ARL 
ClinkerQuantTM addresses this important 
demand from the cement industry.

Figure 3 shows results of ClinkerQuant 
for the Alite phase in a series of clinker sam-
ples from one of HeidelbergCement’s plants. 
Similar calibration curves have been obtained for the 
remaining three clinker phases: C2S, C3A and C4AF. The 
accuracy of such quantification essentially reflects the 
accuracy obtained from Rietveld programs. The reliabil-
ity of ARL 9900, on the other hand, is superior thanks 
to high sensitivity (count rates) and highly repeatable 
measurement accomplished through unique design and 
integration of the integrated XRD system.    

Analysis of limestone additions in cement 
using XRD
Once the clinkers are well characterised by the analy-
sis of free lime, clinker phases and overall chemistry, 
the next step is to assure the quality of the final prod-
ucts. One related issue is the analysis of limestone 
additions in cement. These additions are subject to 
the limitations mentioned in the European regulation 
ENV-197-1 standard. Loss on Ignition (LoI) is commonly 
used to determine limestone in cement, i.e. through 
weight loss after calcination. However, this technique 
is time-consuming and difficult to integrate into a 
fully automated laboratory. XRD, on the other hand, 
is most suitable, as it directly determines the CaCO3 
additions in cement. Figure 4 shows the characteristic 
peak of CaCO3 used for this determination. Thanks 
to the high sensitivity of the integrated XRD in ARL 
9900, a well-defined diffraction peak of calcite can be 

measured and used for quantification.
Figure 5 shows the calibration curve obtained for 

CaCO3 additions in a series of cement samples. As can 
be seen, an excellent correlation is obtained between 
the LoI (CO2) value and the XRD peak intensity. This 
calibration curve clearly shows that the Integrated 
XRD can replace the expensive and time-consuming 
combustion method to determine limestone additions 
in cement with good accuracy and precision.

Conclusions
The selection of an X-ray instrument (XRF/XRD) is 
based on the practical approach of a cement plant 
towards its well defined analytical needs and their 
evolution. Given the choice of XRF and XRD instru-
ments available to the cement chemist, it is necessary 
to evaluate the critical applications from raw materi-
als to the final product in order to take full advantage 
of the modern instrumentation. In this case study, the 
Integrated XRF-XRD instrument was found to be the 
most appropriate choice due to its analytical perform-
ance. Prior experience within the HeidelbergCement 
group regarding reliability and ease of use further 
supported that decision.__________________________u
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Figure 5. Calibration curve for limestone additions in a series of cement samples.

Figure 4. Characteristic XRD peak of CaCO3.
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