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ABSTRACT

Nowadays, industrial wastes are widely used as an alternative fuel or raw material in the
cement industry owing to the advantage of waste removal and gaining economic incomes
from preserving non-renewable energy resources. In the present work, the effect of the
addition of small amounts of vanadium in the clinkering process of cement mortar was
studied. Vanadium was chosen to study as it is present in the coke commonly burned as
fuel and in industrial wastes such as used oil which is used as alternative secondary fuel in
cement kilns. The study simulated the burning process in a chamber furnace. Raw meal
was burned with vanadium oxide (V;0s) in four concentrations from 0.01 to 1% by
weight. The resulting clinker was analysed for the content of free lime and X-ray
diffraction (XRD) analysis was done. These samples were also analysed by scanning
electron microscope (SEM) connected with an energy-dispersive X-ray-spectrometer
(EDS) to detect the composition of the clinker phase. The results show that only very high
intakes of vanadium oxide higher than 0.5% by weight have measurable effects on the
formation and composition of the clinker. Amounts of C3;S and C,S were decreased with
high intakes of vanadium. To study the leaching behavior, the microwave-assisted leach
method 3051A. Result showed that vanadium was likely to be leached from cement that
15-20% of them can be leached to the environment. In case, TCLP (US. EPA) test the
result showed that raw material doped with vanadium up to 1 wt.%, the cement was not
classified as hazardous waste.

KEYWORDS: clinker, vanadium, leaching, leaching analysis, cement

1. INTRODUCTION

Low—waste or waste-free technologies are widely used in the developed countries.
These countries also keep searching for waste treatment methods that would be friendly
to the environment and helpful in recovering energy from waste[1]. Disposing of
hazardous waste in the kiln of cement production is the new technology based on waste-
derived and alternative fuels. This waste might be substituted the material or the fuel in
the production process or it can present as the adding material for cement manufacturing
without any advantage for process. To utilize waste in cement factory for the disposal
purpose, effect of each type of waste on the cement product both in civil works and
environmental aspects must be known. This disposal method can be applied if the
contaminant either dose not appear in the emission from stack or leach from cement
product to environment. With these considerations, any cement product derived from the
co-burning of hazardous waste especially heavy metal has to be tested. There are many
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works study on emission of heavy metal from stack but there are a few work studied on
leaching of heavy metal from cement.

The vanadium was chosen to use by the following criteria. Vanadium is present in
relatively large amounts in oil and petcoke; the major fuels in rotary kilns; and
extensively used as an alternative fuel in cement industry[2].

The major purpose of this study was to investigate effect of vanadium on the
leaching behavior of cement product. In this study, vanadium was injected to the raw
material to produce clinker. After clinker preparation process, the leaching tests were
performed to examine the leach ability of vanadium from cement product. The leaching
tests included microwave-assisted leach method 3051A and Toxicity characteristics
leaching procedures. Results from these tests were used to evaluate the leaching behavior
of vanadium.

2. MATERIAL AND METHODS
Raw meal which is not mixed with vanadium was taken from Siam City

Cement, Co., Ltd. The compositions of raw meal are shown in table 1. The vanadium
used was vanadium oxide(V;0s)

Table 1. Composition of raw material

COMPONENTS Quantity(%
by weight)
SiO, 14.25
Al O; 3.33
F6203 2.21
CaO 43.08
MgO 1.22
K,0O 0.46
Na,O 0.00
SO; 0.26
LOI 35.37
Total 100

Raw meal was mixed with vanadium oxides to separate concentrations to 0.01,
0.05, 0.1, 0.5 and 1 wt.%. The raw meal was burnt in a crucible in furnace. The
temperature heated up to 1450° C for 90 min[3]. After burning, the clinker was taken out
from furnace immediately for rapidly cooling by air, then it was ground to smaller size
before analyzing the residual free lime in the clinker. The analysis methods, X-ray
diffraction(XRD) and Scanning Electron Microscopy(SEM), were used to analyze the
clinker matrix phase. The cement was molded by mixing with sand and water by
according to the ratio from ASTM C109[4]. The size of mold was 5x5x5 cm’.

The cement mortars were cured in water for 28 days. After that, the cement were
ground to < 125 pm before used in the leaching tests.The leaching tests in this study
consisted of 2 methods. The microwave-assisted leach method 3051A[5] and the TCLP.
The leaching solution for M3051A prepared by adding 10 ml of concentrated HNO; and
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digestion in microwave at 175°C for 5.5 min and hold at 175°C for 4.5 min. The
solution was analyzed by ICP and the leaching solution for TCLP test[6,7] except that
the leaching was continued for 18 h. The leaching solution was prepared by adding 0.1
M of acetic acid and diluting with deionized water to a volume of 1 L. The pH of this
solution was 2.88+0.5. During the TCLP test[8], samples were collected and centrifuged
at a speed of 30 rpm for 18 h. The solution was analyzed by ICP.

3. RESULT AND DISCUSSION
3.1 Effect of Vanadium on free lime

To obtain effect of vanadium on clinker composition, the first analysis is to
determine the free lime percentage. The free lime content in the clinker is a good indicator
of the burning. This value would decrease when CaO takes place in a reaction that leads to
a new compound such as alite (C;S), belite (C,S), aluminite (C;A), and etc. Therefore,
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 doped with vanadium is shown in Figures 2 and 3.

As the concentration of vanadium less than 0.1wt.%, the free lime content was in
between 1.34-1.39%. When the concentration of vanadium increased to 1 wt.%, the free
lime content increased to 1.82%. It showed that vanadium with concentration higher than
1 wt.% exerts negative effect on free lime content in clinker. Vanadium might inhibit the
reaction in transforming CaO to form alite and belite.

2 —
1.5 /
4
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g
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0 0.25 0.5 0.75 1
Initial vanadium concentration,% by weight

Figure 1. Free lime content of clinker doped with vanadium

3.2 XRD and SEM studies
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XRD was used to study changing in the crystalline phases of clinker with and
without vanadium. Figure 2 shows the structure analyzed by XRD at the concentration of
vanadium less than 0.05 wt.% compared with those from the real clinker. The results
showed that the most prominent peaks were not different. The new compound with a
composition of aluminium, vanadium and oxygen in form of AlIV,0s was formed and
also detected at 20 of 25.72° and 56.6°.

The XRD patterns for clinker with concentration of vanadium 1 wt.% is shown
in Figure 3. The new compound with a composition of calcium, vanadium and oxygen in
form of CaV,0O¢ was identified at 20 of 35.55°, 60.14°, and 77.64°. However, the
compound of AlV,04 was also detected in this clinker.

Considering amount of alite and belite presented in the clinker doped with
vanadium, the XRD-pattern shows that the peak intensity of alite (C;S) and belite(C,S)
decreased in the presence of vanadium with the concentration higher than 1.0 wt.%. Less
concentration of vanadium does not effect on the alite (Cs;S) and belite(C,S) formation.
The information obtain from XRD analysis here is in a good agreement with those
acquiring from the free lime analysis as shown earlier.

Legend : = = alite (035) * = bel'rte(Czs) A = aluminite (03?“‘)
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Figure 2. XRD pattern of clinker without vanadium and with concentration of vanadium 0.05 wt.%
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Figure3. XRD pattern of clinker without vanadium and with concentration of vanadium 1 wt.%

3.3 Leachability

The leaching behavior of vanadium in this study was considered from the
maximum concentration of vanadium that can be leach out from cement as compare with
the total vanadium in the cement. Microwave assisted acid digestion was used to find the
total vanadium in cement that can be extracted and tends to leach out to the environemnt
and Toxicity Characteristic Leaching Procedure (TCLP) were applied in order to identify
this cement as hazardous waste or non-hazardous waste.

3.3.1 Microwave-assisted leach method 3051A

Figure 4 shows the leaching test results, which are the representative values of the
total extracted concentration of vanadium without vanadium in siliceous matrices. From
the result, it was shown that the total extracted concentration of vanadium without
vanadium in siliceious matrices was a function of initial concentration of vanadium
presented in cement. As the initial concentration of vanadium was increased, the amounts
of vanadium detected from 0.01,0.05,0.1,0.5 and 1 wt.% of initial concentrations of
vanadium were 20.67, 66.82, 100.13, 724.67 and 1747.50 mg/kg, respectively. The
average percentage of extracted vanadium from each conditions in comparison to the
total vanadium in cement is approximately 17%. This information provides the
knowledge in that the maximum percentage of vanadium tends to be leach out from the
cement is about 17%. Vanadium tends to bind with the cement matrix and hard to leach
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from the cement even in a harsh condition (for example in the presence of acid in this
leaching method).

2000

7
=3
S

of vanadium, mg/kg

500

total extracted concentration
(=3
=3
=3

0 0.2 0.4 0.6 0.8 1 1.2

Initial total vanadium concentration, wt.%

Figure 4 Average extracted concentration of vanadium from M3051A
3.3.2 Toxicity characteristics leaching procedures

The results from Toxicity Characteristic Leaching Procedure (TCLP) were shown
in figure 5. It was found that after 18 hours of leaching test, the leaching of vanadium
from the cement was found when using the cement doped with vanadium at initial
concentration higher than 1.0 wt. %. The detected amounts of leached vanadium in the
extraction fluid was 0.717 mg/l. The information obtaining from this experiment set
shows that vanadium is strong binding with cement matrix comparing to other heavy
metals such as chromium and zinc [9]. The leaching of vanadium could be found from
the cement with initial vanadium concentration higher than 1.0 wt.%.

According to the Toxicity Characteristic Leaching Procedure (TCLP), U.S. EPA,
and Notification of Ministry of Industry No.6 B.E. 2540, Thailand, the allowable of
vanadium in the leachate was not regulated. However, in an attempt to quantify the
hazard, the U.S. EPA established the guidance that if metal concentrations in the extracts
do not exceed the 100 times the maximum concentration levels (MCLs), the waste would
not be considered hazardous waste. Currently, no MCL exists for vanadium; however,
the Superfund Removal Action Level for vanadium is regulated as 250 ug/l. This number
is used in quantify vanadium level in groundwater instead of the MCL level [10]. Thus,
referring to the U.S. EPA guidance, the vanadium extracted by TCLP method with the
leached concentration higher than 25 mg/L is considered as hazardous waste. From this
study, at 1.0 wt. % of initial vanadium concentration, the leach of concentration from this
method were lower than 25 mg/l. It could be indicated that this cement was likely to be
classified as non-hazardous waste.
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Figure 5. Average leached concentration of vanadium from TCLP

4. CONCLUSIONS

Vanadium exerts the significant effect on clinker compositions. The CaO is less
transformed to be alite (CsS) and belite (C,S) in the presence of 1 wt. % vanadium as
determined by free lime analysis. The original value of free lime content of clinker
without vanadium was 1.39 %. The value of free lime content in addition of vanadium 1
wt.% increased to 1.82% The XRD analysis showed that the concentration of vanadium
1wt.% at the peaks of alite and belite decreased, the new compounds were also identified
as A1V206 and CaV206.

Vanadium tends to bind with matrix of cement and difficult to leach out from the
cement to environment. As the raw material was doped with concentration of vanadium
up to 1 wt.%, the leachate from TCLP did not exceed the allowable value of US EPA.
Therefore, the obtained cement that come from addition of vanadium with lower or equal
concentration to 1wt.% in raw material could be used as a product.
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ABSTRACT: Nowadays, industrial wastes are widely us ed as an alternative fuel or raw material in the cement industry owing to the
advantage of waste removal and gaining economic incomes from preserving non-renewable energy resources. In the present work, the
effect of the addition of small amounts of vanadium in the clinkering process of cement mortar was studied. Vanadium was chosen to
study as it is present in the coke commonly burned as fuel and in industrial wastes such as used oil which is used as alternative secondary
fuel in cement kilns. The study simulated the burning process in a chamber furnace. Raw meal was burned with vanadium oxide (V,0,) in
four concentrations from 0.01 to 1% by weight. The resulting clinker was analysed for the content of free lime and X-ray diffraction
(XRD) analysis was done. These samples were also analysed by scanning electron microscope (SEM) connected with an energy-dispersive
X-ray-spectrometer (EDS) to detect the composition of the clinker phase. The results show that only very high intakes of vanadium oxide
higher than 0.5% by weight have measurable effects on the formation and composition of the clinker. Amounts of C,S and C,S were
decreased with high intakes of vanadium. It was found that vanadium also exerted effects on slower rate of setting time and reducing

compressive strength of cement mortar.
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