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solidification enhancement in lightweight
aggregate preparationt
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The volatilization of Cd during the preparation of lightweight aggregates (LWAs) can cause serious damage
to the environment, so a method to harmlessly transform Cd during this process is required. In this regard,
the alkaline earth metal CaO was added to Cd-containing aggregate raw materials for treatment, and the
effect of CaO addition on the properties of LWAs in the presence of chlorine and sulfate was
investigated. Kinetic models of the Cd volatilization were established by using the Arrhenius equation to
predict the volatilization of Cd at different sintering stages. The results showed that 0.8% wt of CaO
under the influence of chlorine can reduce the Cd volatilization rate from 84.9% to 12.64%,
corresponding to an increase in the reaction activation energy (E,) from 22.62 to 49.55 kJ mol™%.
Additionally, the Cd volatilization rate under the influence of sulfate was reduced from 30% to 8%, with
an increase in the E, from 33.25 to 42.62 kJ mol™. The activation energy increase suggests that the
addition of CaO is beneficial because it increases the energy required for Cd volatilization. According to
the Cd leaching experiments conducted on the LWAs, it was found that the solidification ratio of Cd was
higher than 99.9% for all samples after the addition of CaO. The addition of CaO promotes the formation
of CdFe,O4 and anorthite for effective solidification of Cd, thus optimizing the structures of the LWAs.

rsc.li/rsc-advances

1 Introduction

With technological innovation comes the establishment of
more chemical, mining or smelting plants that are periodically
renewed, and thus a large amount of heavy metal contaminated
soil remains on the original sites of these factories.’* Cadmium
(Cd) is a typical volatile metal with a high concentration in
contaminated soil,>® which can cause devastating damage to
the environment and is harmful to human health.”® Conse-
quently, treatments of heavily Cd-contaminated soil have
become a crucial challenge in both industrial and urban
development.”'® Typical methods for treating heavy metal-
contaminated soil include landfill, chemical remediation, and
soil improvement, which always cost a lot or easily cause
secondary pollution.”* Thermal treatment has been proven to
be effective for the harmless disposal of Cd-contaminated solid
waste.'*** The incorporation of the Cd-containing waste solids
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This work may provide a new idea for Cd waste recycling.

into building materials by thermal treatment for added value
can significantly contribute to the sustainable development of
green technology.'*"

Lightweight aggregates (LWAs) are a kind of building
support material that are widely used in the construction
industry."® Utilizing Cd-contaminated soil to produce LWAs for
resource utilization is acceptable because the main components
in polluted soil are Al,O5 and SiO,.**"** However, the volatility of
Cd at high temperatures constrains the development of the
technology, especially because in the complex composition of
solid waste chlorine, sulphur and other active non-metallic
elements are present, which has a significant impact on the
volatilization of Cd.”* The presence of sulfur and chlorine is the
main factor influencing the volatilization rate of Cd at high
temperature during sintering,>>** and the volatile Cd
compounds produced could cause secondary pollution.”®*”
Therefore, it is necessary to figure out methods to solve the Cd
volatilization problem during the process of utilizing Cd-
contaminated soil. To further enhance the solidification of
Cd, treatments including alkali activation, carbon activation,
and binder stabilization can transform the volatile Cd
compounds to a stable form. However, these reactions in LWAs
always proceed under conditions that require higher contents of
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silica, alumina, and calcium, not only to solidify the heavy
metals, but also to enhance the performance of the LWAs.
Compared to alkali activation, the alkaline earth metals tend to
lose electrons in mild chemical reactions by forming cations
with strong reducing properties which have been shown to be
effective in reducing heavy metals.

The addition of small amounts of cheap alkaline earth metal
admixtures directly to the raw materials used in LWAs prepa-
ration has a great role in the utilization of contaminated soils in
practical engineering. The best way to control the efficiency and
the mechanism by which Cd is solidified by alkaline earth
metals at high temperature are not understood. Therefore,
optimizing the preparation process is important to improve the
Cd solidification efficiency. CaO is as a common alkaline earth
metal with a wide range of sources and a low cost.”® CaO is the
main active ingredient reported for reactions with chlorides and
sulfates to improve the solidification of heavy metals by
generating rigid stable structures and glass phases at high
temperatures due to the presence of Ca®".2>32

Herein, we prepared LWAs from Cd-contaminated soil and
we chose lithium slag as a fluxing agent, whilst CaO was added
to solidify the Cd via the influence of chlorides and sulfates. The
solidification of Cd was evaluated according to the volatilization
rate and the solidification ratio of Cd.***® The Arrhenius equa-
tion was used to establish kinetic models of the Cd volatiliza-
tion during sintering process and to predict the volatilization
rate of Cd effectively. The mechanism by which CaO enhances
the Cd solidification ratio was probed further using the results
of the XRD phase composition and XPS microscopy analysis.
The effect of CaO on the physical properties of the LWAs was
systematically studied and the mechanism of Cd volatilization
control by the CaO under the influence of sulfur chloride was
also analyzed.*””*® The results of this work will hopefully provide
valuable guidance for the safe treatment and utilization of Cd-
contaminated waste solid resources.

2 Experimental
2.1 Materials

The contaminated soil (CS) raw materials were taken from
Hubei China, and the lithium slag (LS) was obtained from
Jiangxi, China. The chemical compositions of the CS and LS are
shown in the ESI (Table S1a and Fig. S1).t Cd(NO3),-4H,0 was
used as the Cd source. KCI and Na,SO, were used as the sources
of chlorine and sulphur, respectively, and were purchased from
Sinopharm Chemical Reagent Co., Ltd, China. All agents were
of analytical grade and were used without any further treatment.
For other chemical reagents not mentioned in this work but still
used, refer to the noted literature.>**

2.2 Preparation of the LWAs

Based on previous studies, the mass ratio of the CS to LS was
fixed at 9:1. The Cd(NO;),-4H,0 was added to the CS to
simulate Cd-contaminated soil, and the content was 2 wt% of
CS. The contents of KCl and Na,SO, were 1 wt% of CS. Addi-
tionally, the addition of CaO to solidify specific amounts of Cd
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are shown in Table S2,7 and the CaO control LWAs are denoted
as Cl-LWAs-x/S-LWAs-x (the x is the content of CaO). The LWA
preparation process is illustrated in detail in Scheme 1. First,
the raw pellets are formed by mixing the Cd-contaminated CS,
LS and CaO to obtain a uniform mixture, then a solution con-
taining either KCI or Na,SO, was added. The mixed slurry was
aged for 2 hours and divided into pellets, each with a mass of
4 g, and the raw pellets were dried at 105 °C for 24 hours.
Finally, the dry pellets were sintered at 1100 °C for 20 min with
a heating rate of 9 °C min~". The Cd content of the obtained
LWAs was determined after sintering using ICP-OES.

The LWAs for the numeric simulation of the volatilization
kinetics were prepared following the same process described
above but with a different sintering schedule. The sintering
temperature ranged from 200 to 1200 °C with a temperature
gradient of 100 °C. The Cd volatilization of the LWAs at each
sintering temperature after holding for 6, 12, 18, 24, and 30
minutes was measured.

2.3 Characterization

The specific details of the characterization techniques and
processes are described in the ESI.{

3 Results and discussion
3.1 Physical properties analysis

To illustrate the effect of different CaO contents on the LWAs,
the bloating index (BI), the water absorption, density and single
particle compressive strengths (SPCS) were determined. As
shown in Fig. 1(a), when the CaO content increased from 0.2%
to 1.0%, the BI of the CI-LWAs-x showed a continuous decrease,
and when the CaO content exceeds 0.4% volume shrinkage of
the LWAs appears, indicating the structural influence that CaO
has on the CI-LWAs. However, the volume first increased and
then decreased and the maximum expansion rate was 22.45%
when the CaO content was 0.4% in the S-LWAs-x, this shows
that CaO has a different effect on the Cl-LWAs-x and the S-
LWAs-x. Furthermore, the density, water absorption and
compressive strength of the single particles (SPCS) were also
tested. It was found that the density of the CI-LWAs-x increases
from 1.196 to 1.500 g cm °, while the water absorption
decreases from 0.62% to 0.32%. The density and water
absorption of the S-LWAs-x also first decreases and then
increases, with a minimum density and absorption of
0.87 g cm > and 0.86%, respectively (Fig. 1(b)). The density and
water absorption changes are in accordance with the change of
BI, where a greater volume change corresponds to lower water
absorption and higher density. This finding might be due to
a change of the pore structure of the LWAs. The SPCS results
have a good correlation with the density of the LWAs (Fig. 1(c)).
A higher density corresponds to a higher SPCS, and the
enhancement of SPCS implies that the addition of CaO can
improve the mechanical properties. The maximum values were
6.11 and 8.416 MPa for the CI-LWAs-x and S-LWAs-x,
respectively.
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Scheme 1 Schematic diagram of the LWAs preparation process.

3.2 Cd volatilization analysis

The Cd volatilization rates of the different LWAs were deter-
mined. Fig. 2(a) and (b) show the change of volatilization rate of
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Cl-LWAs-x and S-LWAs-x, respectively, at different levels of
added CaO. As the CaO content increased, the Cd volatilization
rate of the CI-LWAs-x decreased from 84.90 to 12.64%. This

Fig. 1 Effect of different CaO contents on (a) volume change, (b) density and water adsorption and (c) the single-particle compressive strength

of the LWAs.
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Fig. 2 Cadmium volatilization rate of (a) Cl-LWAs-x and (b) S-LWAs-x at different CaO contents.

Table 1 Values of the main factor of the kinetic models of the LWAs

Samples Slope Intercept R* E, (kf mol™") A (min ")
CIl-LWAs —2725.5 —5.707 0.90267 22.66 0.047
Cl-LWAs-0.8 —5960 —2.37867 0.92534 49.55 0.6027
S-LWAs —3998.7 —4.62055 0.98457 33.25 0.1585
S-LWAs-0.8 —5126.3 —3.45533 0.97091 42.62 0.3717
2.0
1.8 1 CaO content/( | Solidification ratio/(%) -
~ 1] %) cl s Ea s
a 0.2 99.9852 99.9781
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Fig. 3 The leaching concentration and Cd solidification ratio in the
LWA:s.

decrease of the volatilization rate means that the CaO has
greatly aids the solidification of the Cd in the presence of
chlorine. However, for the S-LWAs-x (Fig. 2(b)), the Cd volatili-
zation rate first increases then decreases, and the Cd volatili-
zation rate is 30.52% and 26.46% when the content of CaO is
0.2% and 0.4%, respectively. As the CaO addition continues to
increase the lowest Cd volatilization value achieved was 8.73%
at a content of 0.8% of CaO. Therefore, combining the Cd
volatilization efficiency with the physical properties of the LWAs
and the effect that the CaO content has on the S-LWAs, a CaO
content of 0.8% is optimal for controlling the Cd volatilization

© 2024 The Author(s). Published by the Royal Society of Chemistry

and was therefore chosen as the optimum content for the next
experimental tests. In addition, the Cd volatilization is found to
be consistent with the change rule of the physical properties of
the LWAs, indicating that the addition of a suitable level of CaO
can also optimize the structures of the LWAs.

3.3 Kinetic model analysis

To determine the influence that the addition of CaO has on the
rate of reaction of Cd volatilization during sintering, the
Arrhenius equation was used to manifest the exponential
change of the Cd volatilization rate with temperature and
guided a series of experiments to test the Cd volatilization. The
relationship between the Cd volatilization rate and the LWA
sintering reaction time can be expressed as eqn (1),

dt _
dr
where H is the volatilization rate (%) of Cd, ¢ is the holding

reaction time at different temperatures (min), k is the reaction
constant, and the reaction order n is 1 in the solid-state

k(1= H)" (1)

volatilization.
From eqn (1), the correlation of the reaction constant k with
temperature T can be described by eqn (2).

din k E,
dT ~ RT? )

where E, (k] mol ') is the activation energy of the reaction, R is
the universal gas constant of 8.314 J mol ' K™, and 7'(K) is the
sintering insulation temperature. The k values can be obtained
by integrating eqn (2), as is shown in eqn (3).

k= Aexp (75;") (3)

where 4 (min ") is the frequency factor. Therefore, the reaction
rate can be represented by eqn (4), and the volatilization rate H
can also be calculated through integral fitting, as shown in eqn

(5)-

b= ae ()0 -y (@)
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E, By logarithmic processing of eqn (6), the activation energy E,
H=1—-exp| —Adexp| ——= |t (5) . .
RT and frequency factor value 4 can be obtained using 1/T and In k
for linear fitting (eqn (7)).

The reaction constant k value is linearly fitted to eqn (6) by Ink=— Ea +In4 )
integrating eqn (1), and the determination coefficient R* is ob- RT
tained based on the linear fitting results.
The activation energy (E,) and temperature (7) can be
—In(1 — H) = kt (6) calculated to determine the reaction rate constant k,*> and the
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http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4ra04610b

Open Access Article. Published on 24 September 2024. Downloaded on 2/9/2026 3:36:18 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Paper

100 pm

View Article Online

RSC Advances

100 pm

100 pm

Fig. 5 The SEM image and the corresponding EDS mapping of the elements in CI-LWA-0.8.

kinetic models of H can be established. The experimentally
obtained H values are specified in the ESL}

Kinetic models were established based on the Cd volatiliza-
tion rates at different stages. As is shown in Fig. S2(a),} the Cd
volatilization rate of CI-LWAs-0 was measured, and the kinetic
model was fitted with a sintering temperature range from 500 to
1200 °C with different holding times. The fitted results are
shown in Table S2+ and the correlation coefficient value (R?) is
0.90267 which indicates a great accuracy. Moreover, Fig. S2(b)f
shows the correlation of In k with the inverse value of the sin-
tering temperature (1/7), and the slope and intercept values
were obtained as —2725.5 and —5.707, respectively. Thus, the
activation energy (E,) and frequency factor (4) of Cd volatiliza-
tion can be calculated as 22.66 k] mol ' and 0.047 min %,
respectively. The fitted models of Cd volatilization for CI-LWAs-
0 were established and are shown in eqn (8).

H=1- exp( —0.047 exp (—@) t) (8)

Similarly, the Cd volatilization rate of Cl-LWAs-0.8, the S-
LWAs-0 and S-LWAs-0.8 were also measured and fitted using
the same fitting process. The main factor values of the fitted
models are listed in Table 1.

The corresponding kinetic models for the reactions of CI-
LWAs-0.8, S-LWAs-0 and S-LWAs-0.8 are shown as eqn
(9)-(11), and the specific experimental parameters are shown in
Fig. S3-S51 and are listed in Table S4-S6.f

5960
Heiiwaog =1 — CXp( —0.6027 exp (—9T> Z) (9)

Hsiwaso =1 — exp< —0.1585 exp(—”?]) t) (10)

126.
Hsiwasos =1— exp( —0.3717 exp (_5 T6 3) t)

(11)

According to the results of the Cd volatilization kinetic
models described above, it was found that the CaO might
increase the activation energy required (E,) for Cd volatilization
at high temperatures and decrease the Cd volatilization rate. To
verify the accuracy of the kinetic models to predict Cd volatility,
we compared the experimentally obtained Cd volatilization rate
with the model-predicted Cd volatilization rate at a sintering
temperature of 1150 °C for a holding time of 30 min. For Cl-
LWAs-0, the experimentally observed Cd volatilization rate
was 18.22%, and the Cd volatilization rate predicted by the
kinetic model was 18.76%, the error was only 0.54%, which

Fig. 6 The SEM image and the corresponding EDS mapping of the elements in S-LWA-0.8.
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Fig. 7 XPS spectra of Cl-LWA-0.8 and S-LWA-0.8. (a) Survey spectrum,

indicates that the established reaction kinetics model can
effectively predict the Cd volatilization rate. Moreover, the error
of the predicted Cd volatilization rates for CI-LWAs-0.8, S-LWAs-
0 and S-LWAs-0.8 were 0.07%, 0.03%, and 0.12%, respectively.

The small error values between the theoretical and

30524 | RSC Adv, 2024, 14, 30518-30528

Binding Energy (eV)

(b) Cd 3d, (c) Ca 2p, (d) O 1s (e) Si 2p and (f) Al 2p.

experimental volatilization rate also indicated that the fitted
reaction kinetics model can better predict the Cd volatilization
rate.

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 8 Gas emission curves obtained during the high-temperature sintering of Cl-LWAs-0.8.

3.4 Analysis of the Cd solidification ratio

The leaching concentration of the LWAs with different CaO
contents were used to examine the Cd solidification ratio in the
LWAs and the results are shown in Fig. 3. The leaching exper-
iments were conducted according to national standards of the
toxicity characteristic leaching procedure (TCLP). It is evident
that the Cd leaching concentration in both the CI-LWAs-x and S-

LWAs-x was lower than the limited values, and the solidification
ratios of the residual Cd are all reach over 99.9%. Based on the
leaching results, it was found that the CaO has a better solidi-
fying effect on Cd under chlorine-containing conditions, which
may be related to the different chemical reactions that occur
between CaO and the added KCl and Na,SO,. This is probably
because Ca®" has a smaller atomic radius than K" which can

©Ca OAl

Fig. 9 Possible mechanism by which CaO affects Cd solidification.
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react more readily with Cl™ first via a strong electron binding
force. Moreover, volatile Cd is always produced at high
temperatures above 600 °C, which usually volatilizes in the form
of CdCl, and CdO.* Thus, the obvious decrease of Cd volatili-
zation might be due to the CaO reacting with KCI to generate
CaCl,, which consumes Cl™ resulting in a decrease in the
generation of volatile CdCl,. However, CaO is slightly worse at
controlling Cd volatilization in Na,SO, containing LWAs. This
might be due to the fact that Ca®* has an ionic radius closely
matched to Na', so the chemical effect of Ca®>" on Cd is similar
to that of Na', which probably reduces CdO production at high
temperatures with SO,>". The results of the comparison of the
Cd solidification properties in different solid waste-based
material systems are shown in Table S11, and also indicate
that, in this study, CaO imparts an excellent solidification effect
on Cd.

3.5 Mechanism analysis

3.5.1 XRD results. In order to determine the solidified
forms of Cd that react with CaO, XRD was carried out on the
mineral phases of the LWAs. As shown in Fig. 4, the main
mineral phases in the LWAs with added CaO include quartz
(SiO,, PDF#99-0088), hematite (Fe,O3, PDF#85-0987), anorthite
(CaAl,Si,04, PDF#20-0452) and cadmium spinel (CdFe,Oy,,
PDF#22-1063). Both in the CI-LWAs and S-LWAs, the results
show that CdFe,0, is the main product after the solidification
of Cd. In Fig. 4(b) and (d), the diffraction peaks in the range
from 35.2 to 36.4° are amplified. The formation of CdFe,0, is
considered to occur via the formation of Cd in the liquid state
under solid confinement by disrupting the Si-O tetrahedral/Al-
O octahedral structure and an amorphous phase is formed by
replacing the Fe ions in the hematite.***® The peak intensities of
CdFe,0, and CaAl,Si,Og increased with an increase in the CaO
contents, and this may be the result of CaO promoting the
disruption of the Si-O/Al-O structure to generate CaAl,Si,Og
and accelerating the stable encapsulation of Cd*" within the
hematite. This finding is also consistent with the results of
previous studies on the main product phase of Cd reactions at
high temperature.***” As one of the sources of skeleton strength
structure, the CaAl,Si,Os might be the main product that
improves the physical properties of the LWAs.***°

3.5.2 Morphological analysis. For further observation of
the internal structural distribution after the solidification of Cd,
SEM images and EDS surface scans of typical areas of each of
the LWAs were analyzed. For CI-LWAs-0 and S-LWAs-0, the pore
sizes were generally higher than 200 um (Fig. S6(a) and S6(b)T),
and the distribution of the pores on the matrix structure were
uniform. After the addition of CaO, the large pore structures
with pore sizes greater than 200 um in ClI-LWAs-0.8 disappeared
(Fig. S6(c) and S6(d)1). The significantly smaller number of large
pores might be due to the addition of CaO, which can create
good expansion of the LWAs during sintering and increase the
connected liquid phase to convert large pores to small pores.>***
However, the pore structures in S-LWAs-0.8 (Fig. S6(e) and
S6(f)t) are similar to those of S-LWAs-0, and the results showed
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that the regulated treatment of CaO has less of an effect under
the influence of Na,SO,.

The EDS mapping results of Cl-LWAs-0.8 and S-LWAs-0.8
were compared to analyze the difference in structures.®>>* As
is shown in Fig. 5 and 6, the main elements of the LWAs are Si,
0, Al, Na, K, and Ca, whilst the uniform distribution of Ca, O, Si
and Al might indicate the presence of anorthite in the LWAs.
Additionally, the EDS mapping and the estimated Cd content in
the LWAs (Fig. 5) were summarized and the Cd mass content in
Cl-LWAs-0.8 (Table S8t) is 0.5% while in CI-LWA-0, the Cd
content is only 0.08% (Table S77). In S-LWA-0.8 (Fig. 6 and Table
S107), the quantity of Cd is 1.41% which is 0.52% higher than
that of S-LWAs-0 (Table S97). The increased Cd content indi-
cates that CaO can effectively solidify the Cd and reduce the
amount of volatile Cd present. According to the mapping
results, the distribution of the elements including Si, Al, O, Na,
Ca and Cd in S-LWAs-0.8 (Fig. 6) have a stronger signal than in
Cl-LWAs-0.8, indicating that the Cd is better solidified, which
was also consistent with the observation of a lower Cd(u) vola-
tilization rate in S-LWAs-x.

3.5.3 XPS analysis. To better understand the changes of the
chemical states after the CaO addition, the XPS spectra of Cl-
LWA-0.8 and S-LWA-0.8 are displayed in Fig. 7. From the
survey spectrum (Fig. 7(a)), the main elements including Cd, Ca,
O, Si and Al in the LWAs can be seen. In Fig. 7(b), there are two
characteristic peaks at 405.3-405.7 eV and 411.7-411.9 eV which
might correspond to the spectra of Cd 3ds, and Cd 3dj,
respectively, and indicate that the valence state of the Cd in the
LWAEs is only +2. The lower binding energy of the residual Cd in
S-LWA-0.8 was identified, indicating that the Cd has a higher
electronegativity and surface electron density in S-LWAs-0.8.
The two characteristic peaks with binding energies at 347.26-
347.33 eV and 350.9-350.98 eV correspond to Ca 2p3,, and Ca
2p1s, respectively, and the binding energy of Ca 2p in S-LWAs-
0.8 is 0.09 eV higher than that of CI-LWAs-0.8 (Fig. 7(c)). This
may be due to S> having a larger ionic radius than CI~ to
interact with Ca®>" and enhance the binding energy. In the O 1s
spectrum, the binding energies at 531.1-531.8 eV and 532.5-
532.6 eV corresponded to the C=0 and C-O-C bonds, respec-
tively. In addition, there was no significant change in the XPS
spectrum of Si 2p and Al 2p (Fig. 7(e) and (f)), implying that the
effect of the solidified Cd in the LWAs on Si-Al compounds was
small. This finding might be consistent with the stable amor-
phous crystal structure of CaAl,Si,Og in the LWAs. The lower
binding energies of Cd 3d and O1s, but the higher binding
energy of Ca®" also indicate that the addition of CaO in S-LWAs-
0.8 promotes Cd solidification via electronegative conversion.

3.5.4 TG-MS analysis. Fig. 8 shows the results of the TG-MS
analysis used to detect the gas volatilization during the sinter-
ing of CI-LWAs-0.8, which are used to analyze the possible
mechanism of Cd volatilization. The gases detected in the sin-
tering process mainly include H,O, CO,, NO and SO,. By
referring to previous TG-MS results of a blank sample,*** the
release of CO, and NO at 200-400 °C was caused by the
decomposition of organic matter in contaminated soil, and the
NO released at 400-700 °C was related to the thermal decom-
position of mirabilite. Additionally, the SO, might be released

© 2024 The Author(s). Published by the Royal Society of Chemistry
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from the LS. The relatively low volatilization of SO, and NO
indicates the stability of the structures of the oxygenated
substances after CaO addition. According to the results of
dynamic models and CaO regulated experiments, it is found
that CaO addition can effectively reduce the volatilization of Cd,
and better improve the mechanical properties of the LWAs.
Based on the analysis of the microscopic morphology and phase
composition, it is inferred that the CaO has a fluxing and
cationic effect that can break the Si-O/Al-O bonds and promote
the dissolution of Cd in Fe,O; instead of volatilization. This
implies that the control that CaO exerts on Cd solidification
mainly includes two possible reactions that generate CaAl,Si,Og
by reaction with Al,O; and SiO,, thus improving the structural
strength of the LWAs and strengthening the formation of the
CdFe,0, generated from Cd and Fe,O; (Fig. 9).

4 Conclusions

This study elucidates the effect that the addition of different
quantities of CaO has on Cd solidification in the LWA sintering
process by establishing a kinetic model; the main conclusions
can be summarized as follows.

(1) After addition of CaO, the Cd volatilization rate reduced
from 84.9 to 12.64%, corresponding to an increase in the E,
from 22.62 to 49.55 k] mol ™" under the influence of chlorine,
while the Cd volatilization rate under the influence of sulfate
was reduced from 30 to 8%, with an increase in the E, from
33.25 to 42.62 k] mol ™.

(2) CaO can effectively solidify Cd by optimizing the pore
structure and improving the density, thus resulting in a solidi-
fication ratio of greater than 99.9%. The CaO also can work as
a flux component to promote the generation of CaAl,Si,Og.

(3) The solidification of Cd promoted by CaO is mostly due to
the breaking of Si-O/Al-O bonds at high temperatures through
the influence of its cationic properties, which also accelerate the
stable encapsulation of Cd*" within hematite to solidify the Cd
of CdFe,0, in the LWAs.
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