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Abstract

This work presents the microstructure study of clinker contaminated with cadmium from
clinkerization process. In this work, the clinkers with initial concentration in the range of 0.1-2.0 wt.%
were produced. The phase compositions of clinker were investigated by scanning electron microscopy
combined (SEM) with energy-dispersive X-ray spectrometer (EDX) and also by X-ray powder
diffraction (XRD). Results from this work showed that cadmium was incorporated in the clinker phase.
The percentage of free lime was decreased in the presence of high concentration of cadmium up to 2%.
The diminishing of free lime can be affected on the decreasing of alite and belite in the clinker. The
new compounds of cadmium were clearly seen in SEM micrograph even in relatively low
concentration of cadmium (0.5%) in clinker. From XRD and SEM analysis, the new compounds
resulted from the cadmium transformation in the clinker phase tend to be CdA1,0,and CdSOs.

Keywords: Clinker, Cadmium, Industrial waste, Cement

1. Introduction

Industrial wastes are recently introduced to the cement coprocessing in several countries.
These wastes can be used as alternative fuels or raw material with the requirement that (1) the
emissions released by the cement plant must not increase when using alternative fuels, (2) the cement
quality and its compatibility with the environment must not decrease, and (3) the use of waste material
as alternative fuel must not increase the costs; on the contrary, it must bring profits (Maury, 1999).
However, less works were conducted to determine the effect of these industrial wastes on cement
properties and their impact on environment. Generally, contaminants normally present in industrial
wastes included inorganic materials and heavy metals. In cement process, the volatile components such
as mercury, selenium, thallium, lead, antimony can evaporate during the burning process and
precipitate in the cooler parts of the kiln. The concentrated portion can be found in the kiln dust. The
less volatile components such as chromium, nickel, beryllium, barium, arsenic and silver are
incorporated in the clinker phases during the burning process (Portland Cement Association, 1992).
Among several types of heavy metal in secondary material in cement process, cadmium is one of the
predominant contaminant. Cadmium is a semi-volatile heavy metal, which can be presented in both
cement kiln dust and clinker. It is normally found in slag and dust from metal industry and also found
in sludge from wastewater treatment plant. The previous works have shown that in the clinker
production process, around 51% of the total cadmium fed to the kiln is transferred to the clinker
(Sprung, 1985). With the substitution use of industrial wastes containing cadmium in cement process,
the residue of cadmium in clinker can possibly react with the raw meal and form the new compound,
which poses some effects on the clinker composition and cement properties. The major purpose of this
study was to investigate the microstructure of clinker obtained from the co-burning with cadmium in
clinkerization process. In this study, cadmium in an oxide form, was injected to the raw material to
produce clinker. The microstructure of clinker was examined by free lime analysis, X-ray diffraction
(XRD), and scanning electron microscopy (SEM).

2. Research Methodology
2.1 Raw material

The raw meal was taken from cement industry and its composition is given in Table 1. To
prepare clinker with high concentrations of cadmium, CdO was added to the raw meal to give a heavy
metal concentration of approximately 0.1, 0.5, 1.0, and 2.0 wt.%, respectively.

Table 1. Composition of raw meal

Compound SiO, ALO; Fe,O; | CaO MgO K,O Na,O SO;

LOI

Quantity (wt.%) 14.33 | 3.26 2.17 43.13 1.14 0.47 0.03 0.17

35.31

* LOI = loss on ignition




2.2 Sample preparation

The cadmium oxides were intensively mixed with 150 g of raw meal. The clinker was burned
in alumina crucible in an electrically heated furnace. The burning time and temperature depended on
the composition of the raw meal and was determined by burning the pure raw meal until the content of
free lime was between 1.0 and 1.5 wt.%. After burning, the clinker was cooled to prevent
decomposition of alite. After that, the clinker was ground and mixed with gypsum. The X-ray
diffraction (XRD) was used to analyze the phase composition of the clinker. The scanning electron
microscopy (SEM) was used to determine the phase analysis of the clinker.

3. Results and Discussion
3.1 Effect of cadmium on free lime content

The free lime content is normally used as an indicator to determine the degree of burning in
the clinker. The content of free lime can change when CaO takes place in a reaction that leads to a new
compound such as C;S, C,S, C;A, and etc. Thus, the decreasing of free lime contents means an
improvement in the burnability. In contrast a rising of free lime contents means deterioration in the
burnability. The analyzed content of free lime in the clinker contaminated with cadmium is shown in
Figure 1.
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Figure 1. Free lime content of clinker in the presence of cadmium
with different initial concentrations

The clinker contaminated with cadmium shows a permanent increase in the free lime content.
The greater the concentration of cadmium in the clinker, the higher the free lime content was obtained.
Up to a concentration of 2 wt.% of cadmium, the free lime content was increase to 1.23 %. The
increasing of free lime content suggested that the CaO in raw meal was less incorporated in the
clinkering process.

It is anticipated that the amount of major phases of clinker such as C;S, C,S and C;A might be
decreased.

3.2 Analysis by XRD

To obtain the change in microstructure of clinker phase in the presence of cadmium, the XRD
analysis was performed. Change of amount of clinker phase can be determined from the increasing or
decreasing of intensity of the XRD spectra comparing to the control clinker.

Diffractograms corresponding to the control and cadmium contaminated clinkers are shown in
Figure 2, where all the typical Portland clinker phases, such as C;S, C,S and C;A among others, can be
identified. The cadmium addition produces changes in the crystalline net. The diffractograms
corresponding to the cadmium addition series show a lower crystallinity of the major phases compared
to that of the reference sample and similar at every addition percentage. The decrease of major phases
as identified by XRD is in a good agreement with the results from free lime analysis. As the CaO was
less incorporated in the clinker phase, the content of major phases of clinker should be reduced. With
the increasing of initial concentration of cadmium as 2.0%, it was found that the new compound of
cadmium was developed as detected in XRD pattern shown in Figure 3.
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Figure 2. XRD pattern of clinker in the presence of cadmium with different initial concentrations
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Figure 3. XRD pattern in dentification of new compound of cadmium in clinker

This information showed that cadmium is incorporated in clinker. It is anticipated that
cadmium is mainly trapped by the alite and belite of the clinker as the intensity of these major phases
are reduced in the presence of cadmium. The incorporation of cadmium in clinker was also found by
other works (Murat and Sorrentino, 1996; Barros et al., 2004). It was found that 22% of cadmium is
trapped in Portland cement and 48% in calcium aluminate. From this work, the new compound of
cadmium was detected as CdAL,O, and CdSO;. The CdAl,O4 was detected in XRD pattern at 20 =
23.2, 31.26, 32.6, 32.8, 35.3, 37.5, 38.84, 44.18 and 51.88. This compound might form from the
reaction of cadmium and aluminum in Ca;AlL,O4 (C5A) phase. For CdSO;, the position of this
compound was identified at 20 = 31.26, 32.82, 37.48, 41.34, 44.18, 45.8, 47.56, 56.64, 59.54, 64.08
and 67.56. With the abundant of SO; in the raw meal, the cadmium can be reacted with SO; and
transformed to this new compound in alite and belite phase.



3.3 Analysis by SEM

The samples with intakes of cadmium in different initial concentrations  (0.5-2.0 wt. %) and
the control samples without cadmium were examined by scanning electron microscopy (SEM) as
shown in Figure 4 and 5, respectively. The bar shape of the new composition phase was detected in the
clinker with cadmium even in the low concentration of cadmium (0.5%) in the clinker (Figure 5 (a)).
This new compounds were increased with the increasing of initial concentration of cadmium. The
increasing of this new compound is obvious with the 2.0% of cadmium in the clinker(Figure 5 (d)).

o

©) clinker with 1.5 % cadmium ) clinker with 2.0 % cadmium

Figure 5. SEM micrographs of clinker with cadmium
in different initial concentrations.

The composition of new phases was analyzed with an energy-dispersive X-ray spectrometer
(EDX) connected with SEM. The EDX is the spot analysis, which is used to determine the heavy metal



in each phase composition of clinker. In this work, cadmium was detected in all phases such as alite,
belite, and aluminite phases of clinker. The presence of the new compound in the clinker composition
analysis by SEM was in a good agreement with the clinker phase analysis using x-ray diffraction as
shown in Figure 3.

Conclusion

In this work, microstructure study of clinker contaminated with cadmium from clinkerization
process was investigated. From free lime analysis, it was found that cadmium influenced on the CaO
content which incorporated in the major clinker phases. The decreasing of free lime was also detected
by XRD analysis. The diminishing of free lime can be affected on the decreasing of alite and belite in
the clinker. The new compounds of cadmium were clearly seen in SEM micrograph even in relatively
low concentration of cadmium (0.5%) in clinker. From XRD and SEM analysis, the new compounds
resulted from the cadmium transformation in the clinker phase tend to be CdA1,0,and CdSO;.
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