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Abstract: The dehydration of titanium dioxide, which is the carrier for denitration catalysts, is a
crucial control step in the preparation of functional materials and has an impact on the performance
of the product. In this study, the kinetics of the dehydration behavior and reaction mechanism of
titanium dioxide were investigated under different atmospheres by measuring the thermal analysis
curve of titanium dioxide at different heating rates. The results indicate that the dehydration
behavior of the catalyst carrier titanium dioxide is closely related to the calcination atmosphere.
The dehydration rate differed for oxygen and no-oxygen atmospheres. Dehydration began quickly
in an oxygenated atmosphere and then slowed down towards the end of the reaction, completing
slowly in an oxygen-free atmosphere. Kinetic calculations were carried out using modeless and
mode function methods. The results show that dehydration of titanium dioxide is consistent with the
Avrami-Erofeev equation in an oxygen-containing atmosphere and with the power function rule in
an oxygen-free atmosphere, with the process of dehydration being influenced by the formation and
growth of crystal nuclei.
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1. Introduction

Titanium dioxide is not only an excellent white pigment [1,2] but also an important
n-type semiconductor material [3]. It exhibits special photocatalytic oxidation perfor-
mance [4], optical effects [5], and ultraviolet shielding effects [6] as a functional material.
These properties have made it a research hotspot in areas such as catalytic oxidation, flue
gas denitration, wastewater treatment, and photoelectric conversion [7,8]. Titanium dioxide
has promising applications, significant market value, and outstanding performance. The
preparation methods of functional materials using titanium dioxide as a carrier for deni-
tration catalysts include liquid-phase, gas-phase, and laser methods [9,10]. Liquid-phase
methods can be divided into three main categories: sol-gel, precipitation, and microemul-
sion methods [11]. Gas-phase methods also consist of three types: gas-phase oxidation,
gas-phase hydrolysis, and gas-phase pyrolysis methods [12,13].

Typically, the denitration catalyst carrier titanium dioxide is prepared using the liquid-
phase method [14] because this method allows for the preparation of titanium dioxide by
the chemical pathway of hydrolysis using titanium compounds (titanium sulphate, titanium
oxy-sulphate, or a mixture of the two, as commonly used in industry) [15]. Subsequent
steps such as washing, impregnation, calcination, and dehydration allow for the production
of titanium dioxide as a denitration catalyst carrier for different applications [16-18]. In
the production process of titanium dioxide using the sulfate method, the intermediate
product, metatitanic acid (H,TiO3), contains a relatively high amount of water, typically
ranging from 40% to 50% and sometimes even up to 60% to 70% [19,20]. This directly
affects the calcination and dehydration process of the titanium dioxide catalyst support,
which in turn influences the energy consumption, cost, and other economic indicators
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of the production. Additionally, the calcination and dehydration processes also have a
decisive impact on key quality parameters such as particle size distribution, morphology,
and crystalline structure [21,22]. Wang et al. [23] utilized granular activated carbon as a
catalyst support and metatitanic acid as the titanium source to prepare supported TiO,
photocatalysts through an impregnation hydrothermal method. The resulting samples
were subjected to dehydration and thermal treatment in the range of 300 to 800 °C. It was
observed that the sample calcined at 600 °C exhibited the best photocatalytic performance.
Rui et al. [24] prepared rutile-type TiO, by microwave calcination using metatitanic acid.
The effects of different process parameters on the conversion of rutile TiO, were studied,
among which only calcination temperature and time had significant effects. Chen et al. [21]
investigated the influence of sulfate ions on the phase transformation and crystal growth
of TiO, during the calcination of metatitanic acid. The results of their study showed
that in the desulfurization calcination process, the metatitanic acid samples with added
sulfate ions exhibited solid-state crystallization and a transition from anatase to rutile at a
temperature 50 °C lower compared to the untreated samples. This indicates that reducing
the calcination temperature can effectively mitigate the sintering tendency of TiO, and
facilitate the preparation of uniformly sized TiO, crystals. Wu et al. [25] conducted a
study on the calcination temperature and particle growth of TiO, during the calcination of
metatitanic acid. They also observed that the transformation of TiO; from anatase to rutile
generally occurs at temperatures above 600 °C. Lu et al. [26] investigated the role of mixed
salts (ZnO and P,05) in the calcination of metatitanic acid to address the problems of high
calcination temperature and long calcination time. Komarkova et al. [27] investigated the
thermal degradation behavior of amine-containing amorphous (peroxo)titanate in air and
argon atmospheres. They found that calcination in an air atmosphere leads to the oxidation
of organic components in the reactants, which affects the performance of the product.

The above studies illustrate that the dehydration process of denitration catalyst carrier
titanium dioxide has a significant influence on the particles, morphology, and particle size
distribution of the prepared titanium dioxide; however, they do not discuss the dehydration
kinetics of denitration catalyst carrier TiO,. In this study, titanium dioxide carrier for
denitration catalyst was prepared from the titanium dioxide intermediate product in
a process using sulfuric acid as raw material, whereby the kinetics of the dehydration
process of titanium dioxide carrier for denitration catalyst were investigated using the
thermogravimetric analysis method under different heating rates and different atmospheres,
thereby providing kinetic reference guidance on the dewatering process of rotary kilns in
the industrial production of titanium dioxide carrier for denitration catalyst.

2. Experiment
2.1. Raw Materials

The raw material of the experiment was a denitration catalyst titanium dioxide sample
dried at room temperature for 48 h and produced by Shandong Doguide Group Co., Ltd.
In this experiment, the labels of the denitration catalyst carrier titanium dioxide were SA90,
SA100, and SA200. The standard sample of anatase titanium dioxide in the control group
was labeled BA01-01.

The SA90, SA100, and SA200 samples were prepared with the liquid-phase method.
The raw material was metatitanic acid after the second washing in the production process
of titanium dioxide by sulfuric acid, in which the concentration of total titanium (measured
by TiO, mass) was 466 g/L and the content of iron (measured by Fe,O3 mass) was less
than 0.005%. The liquid-phase method consists of two processes: chemical synthesis of
the denitration catalyst titanium dioxide samples and calcination dehydration. The first
process involved taking a certain volume of metatitanic acid, ionized water, and ammonia
and stirring them at 30~50 °C for 30 min. During the stirring, the concentration of ammonia
water (based on the mass of NH3-H,O) was controlled between 10% and 15%, which was
related to the sulfate group controlled in the final product. By filtration and washing, when
the pH of the filtrate water was between 7 and ~8, the chemical synthesis of the sample
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was completed. In the process of calcination dehydration, the sample was calcined in a
rotary kiln, and the calcination was carried out by three-stage heating and holding. Finally,
after the calcined sample was cooled to room temperature, the denitration catalyst titanium
dioxide samples were obtained after grinding.

For the SA90 sample, the specific calcination was as follows: heating from room
temperature to 150 °C at 5 °C/min and holding for 60 min; then, heating to 300 °C at
3 °C/min and holding for 60 min; then, the final heating to 400 °C at 2 °C/min and holding
for 60 min. To improve the activity of the catalyst carrier, the SA100 sample was doped
with tungsten oxide before the calcination of the SA90 sample described above. Similarly,
a three-stage calcination was used with the final stage, requiring a uniform temperature
increase to 500 °C at 3 °C/min and a holding time of 100 min. Similar to the SA100 sample,
to improve the strength of the catalyst carrier, the SA200 sample was obtained by adding
ultra-fine silica to the preparation base of the SA90 sample. The final stage of the calcination
temperature required a uniform temperature increase to 550 °C at 4 °C/min and a hold
time of 100 min. Table 1 shows the main chemical composition of the SA90, SA100, and
SA200 samples. To prevent sulfur poisoning of the catalyst, a small amount of sulfate was
retained, as shown in Table 1. For SA100 and SA200 samples, during the doping process,
the concentration of tungsten oxide and silica were in the range of 3.5 to 4.0.

Table 1. Main chemical composition of samples, wt %.

TiO, WO; Si0, SO,
SA90 98.0 - - 1.5~2.0
SA100 95.0 3.5~4.0 - 1.0~15
SA200 95.5 - 3.5~4.0 0.5~1.0

2.2. Experimental Procedure

The thermal analysis instrument (§5TA449C-QMS403C) used in the experiment was
produced by Netzsch, Germany, as shown in Figure 1. This instrument can measure the
quality of the sample with changing temperature for an in-depth analysis of the thermal
stability, decomposition behavior, and composition of the material. The furnace body has
a vacuum-sealing design. The instrument has a top-loading configuration—that is, the
sample is weighed on top of the balance. The atmosphere is characterized by bottom-to-top
flow. When the furnace body is opened, the sample support separates from the weighing
system, which is conducive to the protection of the weighing system.

| =gy
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-

Figure 1. Schematic diagram of thermogravimetric analysis experimental device.

Before the experiment began, about 20 mg of the denitration catalyst titanium diox-
ide sample was loaded with an alumina crucible (6.8 x 4 mm) and placed in the TGA
instrument. The thermal analysis experiment of the samples was conducted under air and
nitrogen atmospheres, with both air and nitrogen flow rates set at 30 mL/min. After the
balance reading stabilized, the temperature was increased at rates of 5 °C/min, 10 °C/min,
15 °C/min, and 20 °C/min. Finally, after the end of the experiment, the thermogravimetric
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change (TG) data of the samples were measured, and the kinetic analysis was carried out
based on these data.

2.3. Kinetic Theory

For non-isothermal kinetic analysis, to avoid the error caused by solving for the
activation energy of the kinetic mode function, the Flynn-Wall-Ozawa method for the
mode-free function method was adopted as follows:

AE E
IgB = lgm —2315— 0'4567ﬁ 1)
where B is the heating rate (K/min), T is the absolute temperature (K), A is the pre-
exponential factor for the thermal reaction (min~1), R is the gas constant (J-mol~1.K71),
E is the apparent activation energy (kJ/mol), and G(«) is the mechanism function.
In this experiment, the dehydration reaction of denitration catalyst carrier titanium
dioxide is a decomposition reaction, and the reaction formula is expressed as follows:

TiO(OH)2(s)—TiOz(s) + HoO(g) 2)
with the kinetic formula as in Equation (3):

I~ kf(@) = A f(w) ©)

where f(«) is the reaction mechanism function.
In the thermal analysis test, there is a linear relationship between temperature and
heating rate, which can be expressed as in Equation (4):

P=a (4)
By substituting Equation (4) into Equation (3), Equation (5) can be obtained:

T g 6
By integrating Equation (5), a dynamic equation in integral form can be obtained, as
shown in Equation (6):

G(a) =kt = Ae Rt (6)

where G(«) is the integral form of the mechanism function f(«). Both can be derived using
Equation (7).
1 du

According to the TGA experimental curves, the conversion ratio («) is calculated as in
Equation (8):
a = (mo —my)/ (mo —m) ®)

where m is the initial mass of the sample in mg, m; is the mass in mg at time £, and m is the
mass of the sample in mg after complete reaction termination.

3. Results and Discussion
3.1. TG Analysis

The TG curves of denitration catalyst carrier titanium dioxide, dehydrated under
different atmospheres, are shown in Figure 2. As shown in Figure 2a, significant weight
loss was observed for the denitration catalyst carrier titanium dioxide (SA90, SA100, and
SA200) in the air atmosphere. This observation suggests that dehydration occurred in
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SA90, SA100, and SA200 as temperature increased. Similarly, as can be seen in Figure 1b,
SA90, SA100, and SA200 also exhibited obvious dehydration with increasing temperature
under the nitrogen atmosphere. The loss rates of SA90, SA100, and SA200 were 12.33%,
3.55%, and 3.56%, respectively, under the air atmosphere, whereas the loss rates under
the nitrogen atmosphere were 12.18%, 3.36%, and 3.60%, respectively, which were similar
to the theoretical values. In Figure 2, it can be observed that the TG curves of SA100
and SA200 overlapped significantly. This is attributed to the similar dehydration rates
resulting from the similar TiO, carrier preparation processes of SA100 and SA200, which
involved further impregnation of metal salt into SA90. In addition, since the calcination
temperature during the preparation of S100 and SA200 was higher than that of SA90, more
water was dehydrated during the calcination process, resulting in lower weight loss for the
TG curve. The sample (BA01-01) was a titanium dioxide specimen, which was treated by
high-temperature calcination. The graph is basically a straight line, and the mass loss rate
was within 0.5%.

(a) 100 } | S (b)100 L
98 |- 98 |-
96 - 96 -
o % S
< < —=— BA01-01
2 ot —=— BA01-01 © ot —e— SAQ0
—eo— SA90 —a— SA100
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—v— SA200
88 |- 88 |-
86 - 86 |-
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
Temperature (°C) Temperature (°C)

Figure 2. Dehydration TG curve of titanium dioxide as denitration catalyst carrier under different
atmospheres: (a) air and (b) nitrogen.

The DTG curves of the dehydration of the denitration catalyst titanium dioxide under
different atmospheric conditions are displayed in Figure 3. As shown in Figure 3a, in
the dehydration process of SA90 in the air atmosphere, the mass change occurred twice.
The first time, the mass change occurred at 60-650 °C, and the thermogravimetric change
was very obvious during this process. The second time, the mass change occurred at
650-850 °C, and the thermogravimetric change was weak. The dehydration process of
SA100 also underwent two mass changes. The first mass change occurred at 40-600 °C, and
the thermogravimetric change was obvious in this process, and the second mass change
was from 600-800 °C, also with a very obvious thermogravimetric change. The dehydration
process quality of SA200 was similar to that of SA100. The weight loss rate of the standard
titanium dioxide sample (BA01-01) did not change significantly. Figure 3b shows that the
weight loss change of denitration catalyst titanium dioxide under a nitrogen atmosphere
was similar to that of Figure 3a.

It is worth noting that the dehydration reaction of the denitration catalyst titanium
dioxide was basically completed at about 650 °C. The subsequent change in mass loss was
caused by the decomposition of impurities such as sulfur and phosphorus in titanium
dioxide and the transformation into crystal form. With a further increase in temperature, the
denitration catalyst titanium dioxide began to undergo dehydration, desulfurization, and
crystal transformation, gradually changing from amorphous to stable anatase and rutile. At
this temperature, along with a weak dehydration process, there were also desulfurization
and crystal phase conversion processes.
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Figure 3. Dehydration DTG curve of titanium dioxide as denitration catalyst carrier under different

atmospheres: (a) air and (b) nitrogen.

3.2. Dynamic Analysis of Dehydration Behavior

For different heating rates of 5, 10, 15, and 20 °C/min, values with 5% to 90% dehy-
dration reactions were considered for the kinetic calculation, and the data are shown in
Table 2. The activation energy was calculated using the Flynn—Wall-Ozawa method, and

the results are shown in Figure 4.

Table 2. «a-T data of the dehydrating reaction of denitration catalyst carrier titanium dioxide in

different atmospheres.

Air Atmosphere Nitrogen Atmosphere
* 5 °C/min 10°C/min  15°C/min 20 °C/min 5 °C/min 10 °C/min 15°C/min 20 °C/min
0.05 66.02 72.88 73.95 78.48 66.68 73.67 74.38 73.42
0.10 116.32 123.51 124.44 128.92 117.48 124.27 124.95 123.91
0.20 166.75 174.20 175.08 179.52 168.05 174.85 175.46 174.50
0.25 217.17 224.65 225.46 229.89 218.45 255.26 225.91 224.90
0.30 267.43 27491 275.64 280.05 268.67 275.46 276.06 275.14
0.35 317.51 325.00 325.67 330.17 318.73 325.51 326.08 325.20
0.40 367.47 374.86 375.69 380.11 368.68 375.45 376.09 375.27
0.45 417.34 42476 425.53 429.95 418.53 425.32 425.95 425.17
0.50 467.07 474.61 475.36 479.78 468.33 47517 475.76 475.01
0.55 516.87 524.46 525.19 529.62 518.11 525.02 525.57 524.86
0.60 566.69 574.34 575.01 579.54 567.86 574.86 575.49 574.71
0.65 616.47 624.20 624.85 629.38 617.63 624.72 625.32 624.55
0.70 666.17 674.09 674.80 679.22 667.39 674.58 675.14 674.41
0.75 715.98 723.97 724.65 729.08 717.19 72443 725.09 724.28
0.75 765.81 773.74 774.53 778.93 766.97 774.29 774.92 774.08
0.80 815.65 823.62 824.40 828.83 816.76 824.08 824.71 823.81
0.85 865.38 873.37 874.11 878.56 866.53 873.73 874.38 873.50
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Figure 4. Activation energy (E) of « in the dehydration process of denitration catalyst titanium
dioxide under different atmospheres: (a) air and (b) nitrogen.

As seen in Figure 4a, the denitration catalyst carrier titanium dioxide experienced three
stages of activation energy change in the air atmosphere. In the first stage (¢ = 5-55%), there
were small activation energy fluctuations without a significant increase. In the second stage
(a = 55-70%), the activation energy increased rapidly. In the third stage (« = 70-85%), the
activation energy started to decrease. According to the characteristics of titanium dioxide
crystalline transformation, the crystalline-phase transformation from amorphous to anatase
and then to rutile requires energy absorption. In the second and third stages, the overall
activity was higher than in the first stage, which may be because of the removal of impurities
such as sulfur and phosphorus and the conversion process of the titanium dioxide crystal
phase. Based on the change in activation energy and the above analysis, the first stage was
mainly regarded as a dehydration process. Therefore, the first stage (&« = 5-55%) under the
air atmosphere was selected as the calculation range of dehydration. As shown in Figure 4b,
the activation energy change of denitration catalyst carrier titanium dioxide under the
nitrogen atmosphere can also be roughly divided into two stages. In the range of 5% to
70%, the activation energy displayed an overall gradual increase, followed by a decrease in
the range of 70-85%. Similarly, based on the crystallographic transformation characteristics
of titanium dioxide and the change in activation energy, the dehydration process was
accompanied by the crystallographic transformation. Consequently, the calculation range
of the dehydration process was chosen to be 5% to 70%. In addition, the third-stage
activation energy in the air atmosphere was higher than the activation energy of the second
stage under the nitrogen atmosphere because the sample was dehydrated quickly in the air
and there were reactions that can remove impurities, such as sulfur and phosphorus, thus
requiring more energy.

A higher activation energy indicates that a higher energy is required for the reaction.
At the same temperature, an activation energy decrease indicates that the reaction rate
has accelerated. Therefore, in Figure 4, it can be seen that the denitration catalyst carrier
titanium dioxide dehydrated rapidly at 55% in the air atmosphere and then slowly until the
dehydration reaction was completed. Under the nitrogen atmosphere, the denitration cata-
lyst carrier titanium dioxide was dehydrated at a gradually slower rate, which manifested
as an overall increase in activation energy.

3.3. Kinetic Mechanism Analysis

The «-T data obtained above for different warming rates were calculated by the
general integration method. The Flynn-Wall-Ozawa method was used, and the mechanism
function with the highest correlation was selected as the most probable mechanism function,
which combined 47 common mechanism functions [28-30]. The most probable functions
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for dehydration of the denitration catalyst carrier titanium dioxide in 5% to 85% were
numbered 12, 18, and 25. The differential and integral equations of these functions are
shown in Table 3.

Table 3. Integral and differential forms of mechanism functions.

No. Integral Form Differential Form
2/5 5 3/5
12 [—In(1—a)] 5(1—a)[—In(1—a)]
18 [~ In(1 — a)]? 11 —a)[-In(1—a)] "
1

25 o

The kinetic results for different atmospheres were calculated by the 12, 18, and 25 func-
tions exhibiting relatively high linear correlation, as shown in Table 4, where the dehydra-
tion behavior of the denitration catalyst titanium dioxide is associated with the atmosphere,
with the atmosphere influencing the mechanism of the dehydration behavior. Under the
air atmosphere, the linear correlation coefficient of the activation energy calculated by the
mechanism function 12 was the largest (about 98%), indicating that the most probable
mechanism function of the dehydration reaction was G(«) = [—In(1—a)]?/5. Similarly, based
on the calculated correlation coefficient of activation energy, the most probable mechanism
function of the dehydration reaction under the nitrogen atmosphere was G(x) = a. To
further determine the most probable mechanism function for the dehydration reaction, the
activation energies obtained for the air and nitrogen atmospheres were calculated using
the Flynn—-Wall-Ozawa method. The results of the activation energy under the air and
nitrogen atmospheres were 25.69 kJ/mol and 28.88 k] /mol, respectively, and the absolute
deviations from the general integral method were 26% and 14%, respectively. As the factors
influencing the calculation of the mean values of the kinetics of the dehydration process un-
der different atmospheres are complex, the deviations introduced are acceptable. Figure 5
shows a schematic diagram of the reaction mechanism of dehydration kinetics. As can be
seen, the dehydration process of titanium dioxide in an air atmosphere was controlled by
the formation and growth of crystal nuclei in accordance with the Avrami-Erofeev equation,
whereas the dehydration process under the nitrogen atmosphere was a one-dimensional
phase-boundary reaction in accordance with the Mampel power law.

Table 4. Kinetics of the dehydration reaction under different atmospheres.

Air Atmosphere Nitrogen Atmosphere
No. Heating Rate (°C/min)
E/(k].mol—1) InA/s—1 R? E/(kJ.mol—1) InA/s—1 R?
5 14.16 25.51 0.9764 15.57 26.44 0.9826
10 15.12 26.41 0.9813 14.45 26.17 0.9365
12 15 15.16 36.81 0.9804 13.91 26.66 0.9362
20 15.17 27.06 0.9816 14.28 26.92 0.9441
5 34.05 29.49 0.9122 32.59 28.01 0.9632
10 34.17 29.68 0.9269 31.47 28.88 0.9517
18 15 34.36 30.15 0.9194 30.96 29.55 0.9508
20 36.32 31.20 0.9327 31.29 29.84 0.9514
5 20.03 26.19 0.9362 20.09 26.23 0.9745
10 20.55 26.89 0.9509 19.06 26.17 0.9532
2 15 20.62 27.29 0.9454 18.45 26.41 0.9527
20 21.21 27.81 0.9502 19.21 27.46 0.9787
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Figure 5. Schematic reaction mechanism of dehydration kinetics.

By substituting the average value of each parameter calculated by the general integral
method into Equation (5), the kinetic equation for the dehydration behavior of denitration
catalyst titanium dioxide under air and nitrogen can be obtained:

du_ 27916, 7 [ 1n(1 — )]} ©)
dt

le 27.093 —18.126

22— Q0B R (10)

dt

where Equations (9) and (10) are the kinetic equations for dehydration under air and
nitrogen atmospheres, respectively.

Hence, the dehydration behavior of the denitration catalyst carrier titanium dioxide
was strongly influenced by air (oxygen content in the air), and this result can be used as the
primary basis for the control of the atmosphere of the rotary kiln in the process of calcining
and preparing titanium dioxide for denitration catalysts.

3.4. Composition Anazlysis of Carrier Titanium Dioxide

The dehydration process of TiO; is a complex physical and chemical process. Based
on the above experimental analysis, from room temperature to 150 °C, the main weight
loss was caused by the removal of water. The increase in temperature initiated the desul-
furization reaction, which was completed at approximately 600 °C. The dehydration and
desulfurization of TiO, with different denitration catalyst carriers are shown in Table 5.

Table 5. Analysis of weight loss of TiO, as denitration catalyst carrier.

Dehydration (wt. %) Desulfurization (wt. %)

SA90 12.32 1.63
SA100 3.55 2.3
SA200 3.56 1.74

According to the data in Table 5, equations can be obtained by inferring the chemical
composition of the denitration catalyst carrier TiO; as follows:

[xH20/(TiO, - xHO - y80;) | g g0 = 12.32% (11)

SA90

[xH20/(TiO, - xHy0 - y50,) | g 109 = 3-55% (12)

SA100
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[xH,0/(TiO, - xH20 - ySO;) g 4000 = 3-56% (13)
[XS03/(TiO, - xH0 - y8O3) g pp = 1.63% (14)
[¥S0,/(TiO, - xH20 - ySO3) | 100 = 2-30% (15)
[¥SO;/(TiO, - xH0 - ySO;) [g 590 = 1.74% (16)

From calculations based on Equations (11)—(16), the value of x is ~0.2 and the value
of y is ~0.06. As a result, the chemical composition of the denitration catalyst carrier
TiO, was characterized as TiO;-0.2H,0-0.06503. The denitration catalyst carrier TiO, was
processed from metatitanic acid and calcined at low temperature, and ultimately a portion
of the free hydroxyl group and SO4%~ bridging connection of hydrated TiO, had to be
maintained to meet the requirements of the carrier TiO,. Thus, the calcination control of the
denitration catalyst support TiO; is very complicated and needs to be further explored. On
the 10,000 ton demonstration line, the chemical composition (TiO,-0.2H,0-0.0650O3) can be
accurately controlled, whereby the prepared products fully meet the needs of domestic and
foreign customers, indicating that the composition of the chemical formula is reasonable.

4. Conclusions

(1) The dehydration behavior of denitration catalyst carrier titanium dioxide is simple and
belongs to the general decomposition reaction. The heating rate is positively correlated
with dehydration speed such that the higher the rate of temperature increase, the
more favorable the dehydration reaction is.

(2) The dehydration reaction of denitration catalyst carrier titanium dioxide is related to
the atmosphere. In an air atmosphere (oxygen-enriched atmosphere), dehydration
occurred quickly, followed by slow dehydration until the reaction was fully realized.
In an oxygen-free ambient atmosphere (nitrogen atmosphere), the reaction proceeded
slowly.

(3) Kinetic calculations of the dehydration behavior of denitration catalyst carrier tita-
nium dioxide were carried out using the mode-free and mode function methods.
The analysis revealed that the dehydration behavior of denitration catalyst carrier
titanium dioxide under the air atmosphere conformed to the Avrami-Erofeev equa-
tion. Dehydration behavior was also affected by crystalline phase transformation
and grain nucleation growth of denitration catalyst carrier titanium dioxide at higher-
temperature environments. The chemical composition of denitration catalyst carrier
TiO, was characterized as TiO,-0.2H,O-0.06503.
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