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Abstract
Cement is a widespread concrete base material for multiple construction purposes. The distinction 
between a poor and good quality cement is all related to the accuracy of the composition. The best 
cement companies need to abide by the international regulations, such as ASTM C-114 or other ISO 
norms, to guarantee the highest level of quality regarding the analytical process and ensure the 
accuracy of cement composition.

Different sample preparations like wet chemistry or pressed powder can be used to determine 
the cement composition. However, one of the most accurate and precise preparation techniques 
for cement analysis is borate fusion. This sample preparation can also be used to measure the 
composition of cement raw materials such as sand, limestone, bauxite, clinker, clay, and fly ash. This 
application presents the most optimal fusion recipe that Katanax suggests to process cement and 
raw materials using a single method.

Introduction
The process of making cement, as well as raw materials, is evolving with the common goal 
being to reduce the costs and still achieve the same quality. The method presented in this paper 
assumes that the material used in the fusion process is fully 
oxidized and does not contain carbon or metal, which could 
compromise fusion digestion. These kinds of challenging 
samples have been encountered with customers using 
recycled materials to produce cement. Typical raw materials 
used to produce cement are oxides made of calcium, 
silicon, aluminum, iron, magnesium, and other less abundant 
elements. A balanced flux such as 50/50 lithium tetraborate/
lithium metaborate allows processing of different types of 
sample compositions using a single method.
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Materials

Sample and flux are weighed in the platinum crucible and mixed without 
spreading sample powder on the crucible wall. Sample particle size should 
be less than 100 μm. Try to avoid sample agglomeration in the bottom of the 
crucible while mixing, as it can dramatically influence the fusion duration. 
It has been proven by multiple tests made in Katanax’s laboratory that 
crystalline flux is more efficient than micro-beads flux to mix the sample 
thoroughly and keep fusion duration minimal. This effect is more critical 
when dealing with high proportions of SiO2, TiO2, ZrO2, Cr2O3.

Method

Table 1. Reagents and conditions

Type of flux 50/50 LiT/LiM

Amount of flux 10.5 g

Amount of sample 1.2 g Non-wetting agent: LiBr (included in flux)

Oxidizer(s) Not used

Size of mold 40 mm

Katanax instrument X-300 Fusion Fluxer, X-600 Fusion Fluxer

Table 2. Method parameters on the instrument (X-300 or X-600)

Step T°C Time Ramp Rock Speed

1 1050 2:00 Fast 0° 0%

2 1050 0:00 Fast 0° 0%

3 1050 0:00 Fast 0° 0%

4 1050 0:00 Fast 0° 0%

5 1050 6:00 Fast 25° 100%

6 1050 2:00 Fast 30° 5%

Pour – – – 130° 100%

Cool 1 – 1:00 – 120° 50%

Cool 2 – 5:00 – 90° 30%
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XRF overview
This section presents the kind of results that can be expected when using a borate fusion method 
such as the one proposed. Underestimation and/or overestimation of signal can be expected for 
different elements when the fusion is not long enough, which can make the calibration less precise. 
Calibration performance is also closely related to the type and parameters of the XRF itself. The 
results provided in the next table have been obtained with a 4kW WD-XRF system.

In October 2013, the National Institute of Standards and Technology (NIST) published an exhaustive 
inter-laboratory study about the analysis of cement using different preparations, mainly pressed 
powder and borate fusion. About 45 participants from all around the world had to measure 
the 11 major oxides of two different types of 
cement proposed by the institute. NIST used 
the results provided and compared those to 
well-known regulations such as ASTM C-114. 
It could be observed that the overall precision 
was always better with the use of borate fusion. 
Pressed powder generally complies with ASTM 
requirements, but failed for some elements such 
as silicon, calcium and sulfur.

Table 3. XRF results of cement CRMs compared to ASTM C-114 requirements expressed by w/w %

Oxides
ASTM requirements Average of seven CRMs

Precision Accuracy Precision Accuracy

SiO2 0.16 0.2 0.05 0.05 

Al2O3 0.2 0.2 0.04 0.06 

Fe2O3 0.1 0.1 0.04 0.05 

CaO 0.2 0.3 0.09 0.16 

MgO 0.16 0.2 0.01 0.02 

SO3 0.1 0.1 0.08 0.03 

Na2O 0.03 0.05 0.01 0.01 

K2O 0.03 0.05 0.01 0.02 

TiO2 0.02 0.03 0.005 0.003 

P2O5 0.03 0.03 0.002 0.01 

ZnO 0.03 0.03 0.001 0.002 

Mn2O3 0.03 0.03 0.003 0.01 
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The only element where the results are not promoting one technique over another is calcium. 
Equivalent kind of result is obtained when using pressed pellets or fused beads, which is over the 
ASTM C-114 limit. The reason of this deviation could be related to the precision of the certificate 
of analysis that is available with cement standards for calcium that can vary up to 0.6% in some 
cases. The precision average of calcium took on 11 CoA of the NIST 1800 cement standards series 
has been calculated to be 0.37%. The requirement of ASTM being 0.2% is not considered in this 
technical aspect.

Discussion
It has been proved by multiple studies that borate fusion is the most precise and accurate 
preparation for oxidized samples such as cement and the raw materials used in its production. 
Some cement plants are still using the pressed pellet technique for their main analytical process for 
an economic (not always justified) or historical reason. It is interesting however to see that most of 
the fervent advocates of pressed pellet will equip their laboratory with a fusion instrument to ensure 
the stability and quality of their pressed pellet process.

Borate fusion technique contains some particularities that need to be considered. An example of 
this is when a customer is interested in changing the type of automated fluxer they use. It can be 
interesting to replicate the same heating conditions to keep the integrity of their actual calibration 
curves. Katanax offers a free development service with their instrument to help replicate the 
different methods used with other types of heating devices. The method can be implemented in the 
Katanax fluxer and there will be no need for the customer to recalibrate their XRF. Katanax’s free 
method development service can also be offered to customers that are new to fusion and would 
like to know what kind of method could be used with their samples. In the present case, this service 
can be offered to cement plants that would like to use more exotic raw materials such as recycled 
materials that are more delicate to process by borate fusion.
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