X-ray spectrometry explored

Symtek SA, founded in 1993, is based in Bogotd, Colombia and has branch
offices in Valencia, Venezuela and Miami, USA. Representing leading

XRF and XRD brands like Thermo Fisher, Claisse and Herzog, Symtek
offers Latin American cement producers expert assistance in laboratory

by Joost Oostra, Symtek SA,
Colombia

odern X-ray spectrometers
\installed in cement plants
W B have capabilities far beyond
their usual applications. Features like
elemental ranges covering almost the
whole periodic table down to B, detection
limits at the ppm level, and integrated
diffractometers often are not used to
their full potential, but only for basic
quality control routine. This leads to
a waste of resources, because much
analysis which could be obtained by XRS,
are instead done by more expensive or
time-consuming methods, or by other
instrumental techniques that require an
additional investment. Several causes lead
to this situation:
s spectrometer users are not aware of the
applications possible with their instrument
e lack of training and knowledge to
develop advanced or sophisticated
applications
* lack of time on the part of lab
personnel, who are usually multi-tasking
individuals with many converging
responsibilities
* companies cannot afford to develop an
in-house X-ray spectrometry specialist.

equipment and sample analysis.

Figure 1: XRD
scan of clinker
and blended

cements

Symtek offers several solutions to
enable cement laboratories to fully exploit
the capabilities of their instruments.
Symtek's goal is to assist the user in
identifying and developing all the possible
applications of his specific spectrometer
for his specific industrial process, to get
thte maximum return out of a substantial
investment. Among Symtek's services are:
e spectrometry lab assessment

¢ development of special applications
¢ comprehensive training programmes.

Spectrometry lab assessment
Symtek offers an in-depth evaluation
of the analytical methods and
procedures used in the customer's X-
ray spectrometry lab, including all the
steps from sample preparation to results
validation. Improvement opportunities
are detected, and the current methods
are benchmarked against industry best
practices. Relevant requirements of 1ISO
17025 are included, providing a sound
foundation for laboratory certification.
The assessment covers the following
aspects of lab practice:
e instrument utilisation and possible new
applications
» sample preparation: sample reduction,
pressed pellets, fused beads, metals
preparation
e calibration: standard reference
materials, traceability, normalisation,
curve regression, software alarms and
validity limits
» method validation: results assurance,
uncertainty, precision and bias.
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data management and protection

ambient conditions and control

personnel knowledge and training
requirements

This service is aimed at industrial X-ray
laboratories using any brand or model of
spectrometer

As an additional diagnostic tool
for its customers, Symtek conducts a
periodic round-rabin interlaboratory
test programme. Twice a year, a sample
is sent to participating customers, and
results obtained on each spectrometer
are reported back to Symtek. A statistical
report, stating the mean and the standard
deviation obtained from the pooled
results, is then sent to all participants.

Symtek helps X-ray spectrometry users
to identify, design and develop new or
unusual applications to maximise the
use of their instrumentation. It either
offers ready-made calibrations, proven
to work at other sites, or propose a joint
research programme through which a
new application is tested and developed.
The joint development of an analytical
application can comprise the following
steps:

identifying the need for the analytical
application. This can be a quality control
test that is currently done by more
expensive methods; a new product
or research area in which the user is
interested; or a process variable which
currently can not be measured by other
means

conducting basic research and proposing
a strategy for measuring the variable

of interest, either by X-ray fluorescence
(XRF) or X-ray diffraction (XRD)

running tests at the customer’s site,
using the customer's spectrometer and
samples, to evaluate the feasibility of the
proposed strategy

Constructing the analytical programme
and running calibration standards.

completing an uncertainty evaluation on
the obtained results

Some of the analytical applications
already developed for Symtek's cement
customers are:

Clinker content in blended cement
This application is based on the
measurement of the characteristic C3S or
C,S peaks by XRD. The measurement is
easy in principle, but the complications
arise with blended cements where the
additional materials generate several XRD
peaks which can interfere with the clinker
peaks. Figure 1 shows the XRD scans of a
pure clinker and two blended cements.

The green XRD scan was made on a
pure clinker, and the blue and purple
scans were made on blended cements
with the same clinker content. The blue
scan corresponds to a slag (GGBFS)
cement and the purple scan to a pozzolan
cement. To compound the problem, both
blended cements had also gypsum and
limestone added.

It can be seen that the main C5S peak,
at around 92° 2-Theta, is completely
overlapped by a very strong CaCO; peak
due to the limestone addition. The peak
finally used for clinker quantification was
the combined C;5/C,5 peak around 104°
2-Theta, whose height (intensity) was
found to be accurately proportional to
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the clinker content, in cements blended
with pozzolan or limestone. However, in
the case of slag cement, the measured
intensities across the whole scan range
are raised due to the high amorphous
content of the slag, giving incorrectly high
values for the clinker content. Due to this
reason, the calibration had to include a
mathematical correction based on the slag
content of the cement, determined by
other means. Finally, a calibration curve
with a standard deviation of 0.95 per cent
clinker was obtained.

GGBFS content in blended cement
The content of Ground Granulated Blast
Furnace Slag in a blended cement has
been measured by XRF, taking advantage
of the fact that the sulphur present in
slags is usually in a reduced chemical state
(sulphide), while the sulphur in clinker
or gypsum is present as sulphate. The
different oxydation states of sulphur can
be separately measured using the Kf
emission lines, as shown in the Figure 2.

The left and highest peak is the S-Kp1
line, which is emitted by any chemical
species of sulphur. The right-hand, lowest
peak is due to the S-Kp3 line, which is
emitted only when the sulphur is in an
oxydised (sulphate) state. In Figure 3, the
blue scan was made on a gypsum sample
and the green scan on a GGBFS sample.
Note the absence of the S-K(3 peak in
the slag sample.

From theoretical considerations, it
can be found that the slag content of a
cement can be calculated as:

per cent slag = a + b.(SKp1 intensity) +
c.(SKP3 intensity)

Where a, b and ¢ are coefficients which
are determined empirically.

By this means, a calibration has been
performed and a standard deviation of 2.5
per cent slag content was obtained.

Ash and sulphur content in coal are
determined quite straightforwardly

by XRF. To measure the ash content,
each main element present in the ash

is quantified by means of a separate
calibration, using pressed tablet samples.
The total of the oxydes of all relevant
elements are then summed up to obtain
the ash content.
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Training programmes

Symtek offers a comprehensive training
programme for XRF users in the cement
industry. This allows users to quickly and
efficiently train or re-train a group of lab
technicians involved in XRF analysis and
calibration.

All courses are conducted on the
customer's site and the customer’s
spectrometer and sample preparation
equipment is used for practical exercises.
During the programme, improvements

o

In cement plants it is quite common
to sweep the coal mill with gases taken
from the kiln system. In this case, a certain
amount of raw meal will get into the
pulverised coal, reducing its calorific value.
As long as the amount of raw meal in
the coal remains relatively constant, this is
not a great concern, but when the degree
of contamination varies due to changes
in gas flows or pressures, the resulting
change in fuel calorific value can affect
the smooth operation of the kiln. For

this reason, the CaCO, content of the
kiln-feed coal can be measured by XRD.
This gives an accurate quantification of
the amount of raw meal present in the

pulverised coal.

Figures 3 shows three XRD scans done

to the current methods are detected
and discussed. This makes it an ideal
optimisation tool, leading to more reliable
analytical results and a better utilisation of
the spectrometer.

Figure 4 shows the structure of
Symtek's XRF training programmes.

on samples of coal with zero per cent, five
and 10 per cent, respectively of raw meal

added.

The CaCO; peak shows very clearly
and can be used to build a quantitative

calibration.

Symtek would like to acknowledge
Holcim Colombia for allowing it to use
their facility.

CemNet e-Learning courses
provide a thorough learning
experience for cement
industry personnel, with a
range of features designed to
accelerate full understanding
of the complete
manufacturing process.

. Regardless of youriype
of cement company
organisation, skill'lg
_personnel learning

et e-Learning:
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Flexible on-line training for the
-

global cement industry |




