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ABSTRACT

Nitrogen oxides (NO,) and particulate matter (PM) present significant risks to both human health and environ-
mental sustainability. The Integrated Dust Removal and Denitrification Technology (DRDt) offers a more effi-
cient and cost-effective solution for achieving ultralow industrial flue gas emissions; however, its effectiveness
is undermined by low catalyst load rates and poor stability in filter materials. This study addresses these limita-
tions by modifying conventional PTFE filter media (PTFE-Tim) through the incorporation of sodium alginate
(SA) and dopamine (DA) as modifiers, resulting in two new filter materials: PTFE-SA-MOF and PTFE-DA-
MOF. By optimizing the parameters of an orthogonal experimental design, we identified the ideal preparation
conditions for these composite materials. The addition of SA and DA enhanced the bonding between the catalyst
(Mn-Cu-MOF) crystal particles and the PTFE fibers through mechanisms such as ion exchange, hydrogen bond-
ing, and adhesion. Consequently, the catalyst loading rate and stability of the DRDt filters were significantly
improved. Specifically, the PTFE-SA-MOF and PTFE-DA-MOF filters achieved high catalyst loading rates of
15.97% and 15.86%, these values represent improvements of 2.53 and 2.51 times, while maintaining excellent sta-
bility, with mass retention rates of 98.64% and 98.27%, respectively, over the conventional PTFE-Tim filter.
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1 Introduction

The issue of air pollution, exacerbated by the rapid rise of global industrialization, has become
increasingly critical. Specifically, the emission of pollutants such as particulate matter (PM) and nitrogen
oxides (NO,) has caused significant harm to human physical and mental health, triggering photochemical
reactions and disrupting the balance of ecosystems [1-3]. The traditional process for industrial flue gas
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purification is lengthy and requires substantial space. The integration of a powder denitration catalyst with a
dust collector enables the combined treatment of dust removal and denitration, representing an enhancement
of the conventional dust removal and denitration process. This approach aligns with global energy
conservation and emission reduction goals and has emerged as a vital technical solution for controlling
industrial flue gas pollutant emissions [4—6].

The integration of dust removal and denitrification technology (DRDt) can be achieved through the in
situ loading of the denitration catalyst onto the polymer filter material. MnO,/Ti0,/SiC composite filters for
the simultaneous removal of NO, and PM can be prepared by loading porous TiO, aerogels onto SiC ceramic
filters [7-9]. The Remedia filter bag combines a V,05-TiO, catalyst with polytetrafluoroethylene (PTFE)
fiber through a special process, achieving integrated control of DRDt. Metal oxides supported on the
surface of PTFE/polyphenylene sulfide membrane composite filter materials facilitate the integrated
purification of dust removal and denitrification [10-13]. Computational fluid dynamics (CFD) numerical
simulation of dust removal, denitrification, and catalyst stability can be conducted in the NH;—SCR
purification process [14—16]. However, most research on integrated filter media primarily focuses on
improving the catalytic activity, which is crucial for the practical application value and reliability of the
media [17,18]. Bond strength and wear resistance stability are often overlooked. The development of
integrated DRDt filter media is primarily hindered by low efficiency and poor stability. Research on the
combination of catalysts and polymer-based filter media tends to concentrate on a single parameter,
lacking a systematic approach. In the experimental procedure, it is challenging to control the forming
process effectively because of the influence of individual parameters on the overall forming quality of
composite materials [19,20]. Therefore, it is necessary to optimize the preparation process of integrated
filter materials to enhance the competitive advantage of the products.

The orthogonal experiment is an effective method for addressing the challenges of two-factor or
multifactor experiments [21-23]. This method allows for a reasonable arrangement of experiments and
reduces the overall number of trials. By analyzing various experiments, we can obtain comprehensive
results and enhance work efficiency [24,25]. The orthogonal experimental approach can be used to
optimize and investigate the stability and performance of polymer-based integrated purification and
filtration media for contaminants. Herein, PTFE was utilized as the matrix material to prepare the
integrated filter medium for dust removal and denitrification. The primary objective was to determine the
optimal preparation process conditions for the integrated filter medium using both the single-factor and
orthogonal experiment methods, focusing on parameters such as impregnation time (h), impregnation
concentration (g/L), catalyst impregnation time (min), and catalyst concentration (g/L). It is anticipated
that by selecting appropriate concentration and time parameters, the bonding strength of the integrated
filter medium can be significantly optimized, which is crucial for developing integrated filter materials
with excellent purification performance while remaining cost effective and efficient.

2 Materials and Experiments

2.1 Raw Materials

The polytetrafluoroethylene (PTFE, 750 g/m?, 2 mm thick) filter material was purchased from Nantong
Everclear Environment Technologies Co., Ltd., Nantong, China. Dopamine (DA) hydrochloride, Tris
(hydroxymethyl) aminomethane (Tris, 99.8%), and anhydrous ethanol were obtained from Shanghai
Aladdin Biochemical Technology Co., Ltd., Shanghai, China. Sodium alginate (SA) and sodium
hydroxide were sourced from Sinopharm Chemical Reagent Co., Ltd., Shanghai, China, and distilled
water was prepared in the laboratory.
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2.2 Experimental Process

2.2.1 Cleaning Filter Material

The selected filter material should be cleaned and dried before loading to ensure the accuracy of the
experiment. The 10 cm x 10 cm cut PTFE filter material was immersed in distilled water, shaken, and
cleaned in an ultrasonic cleaner for 1 h, then cleaned repeatedly three times and dried overnight in an
oven at 80°C. After that, it was heated to 90°C for 30 min while being agitated in a 10 g/L sodium
hydroxide solution. Once the filter material was thoroughly rinsed with distilled water until the pH of the
fiber surface reached 7, it was dried at 80°C until the surface was free of tension, resulting in clean PTFE
filter material.

2.2.2 Impregnation Process
(1) Traditional impregnation method

Metal-organic framework (MOF) materials are highly attractive for pollutant purification and energy
applications [26—28]. The traditional impregnation method is widely used in the preparation of composite
materials due to its simplicity and efficiency [29,30]. To load the active component onto the carrier, it is
submerged in a solution containing the catalytically active component. The solute diffuses to the carrier
via capillary action and is then adsorbed, deposited, exchanged, or even reacted by the active sites on the
carrier [31,32]. The required MOF (Mn—Cu—MOF) catalyst [33] was dissolved in distilled water and
continuously stirred at room temperature until fully dissolved. The PTFE was immersed in the resulting
MOF mixed solution and agitated for a period to produce a composite filter material (PTFE-Tim)
modified using the traditional impregnation method, as shown in Fig. 1.
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PTFE MOF catalyst PTFE-Tim
Stirring

Figure 1: Catalyst supported by traditional impregnation method (PTFE-Tim)

(2) SA pretreatment

Compared with the traditional impregnation method, the SA pretreatment process was conducted prior
to catalyst loading. The specific experimental method is as follows: a certain concentration of SA solution is
prepared according to the experimental scheme, and the clean, dry PTFE filter material is immersed in the SA
solution to ensure uniform soaking. After the predetermined time, the PTFE filter material deposited with
SA is removed and dried in the oven at 80°C overnight, resulting in the PTFE filter material modified
with SA (PTFE-SA). Using the same process as the traditional impregnation method, resulting in the
composite filter material (PTFE-SA-MOF) pretreated with SA. The process flow for the preparation of
PTFE-SA-MOF is shown in Fig. 2.

(3) DA pretreatment

The dry and clean PTFE filter material was submerged in a DA solution (2 mg/mL, 10 mM Tris, pH 8.5)
at 25°C for 24 h while being continuously stirred to perform polydopamine (PDA) coating. The filter material
sample was washed three times with deionized water and dried in an oven at 80°C for 6 h to obtain a PTFE
filter material with DA coating (PTFE-DA). Using the same procedure as the traditional impregnation
method, resulting in a composite filter material (PTFE-DA-MOF) pretreated with DA. The preparation
process is shown in Fig. 3.
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Figure 2: Process flow chart of SA pretreatment PTFE supported catalyst

PTFE DA Imprggnation MOE c gtalyst
Stirring Stirring

PTFE-DA-MOF

Figure 3: Experimental flow chart of DA modified PTFE supported catalyst

2.2.3 Washing and Drying
After the predetermined time, the excess water was removed by padding, rinsed repeatedly with distilled
water, and then dried in a drying oven at 80°C overnight, to get three types of composite filter material.

2.3 Orthogonal Experimental

2.3.1 Experimental Design

The orthogonal test is a common method for obtaining the optimal level group under the influence of
multiple factors and levels [34], which can save a significant amount of experimental time. In this study,
a three-factor, two-level orthogonal test was applied to the traditional impregnation method, while a three-
factor, four-level orthogonal test was used for SA deposition and DA modification pretreatment to
investigate their effects on the debt ratio and firmness of the modified integrated PTFE composites.

2.3.2 Range Analysis

According to the orthogonal experimental scheme defined by the single-factor experimental factor level,
multiple sets of samples were prepared and tested following the same experimental process, resulting in the
collection of orthogonal experimental data. The original data from the orthogonal experiment were processed
to obtain the corresponding K, k, and R values. The K value and k value reflect the influence trend of the
factor on this performance index. Here, K; represents the sum of the test results corresponding to any
level i (i =1, 2, or 3) under a specific factor, and k; = K;/n represents the arithmetic average of the results
obtained when the factor is at level i in any column, where n is the number of occurrences of each level
in that column. The R value (R = max {ky, k», k3} — min {k, k>, k3}, representing the range of k; on any
column) indicates the degree of influence of this in on this performance index. A greater R value signifies
a stronger influence of this factor on the performance index [35].

2.4 Evaluation Method

2.4.1 Evaluation Method of Filter Loading Rate

The loading rate refers to the mass ratio of the filter material before and after the catalyst is loaded. The
catalyst loading effect of the integrated filter material is represented by the loading rate. This rate directly
affects the catalytic activity of the integrated filter material. The higher the loading rate, the greater the
mass ratio of the loaded catalyst. The calculation formula is shown in Eq. (1):

" :’"Zm;lm‘xl(m% (1)
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In the formula, #; is the load rate, %; m; and m, are the weight of the filter before and after loading the
catalyst, respectively, g.

2.4.2 Evaluation Method of Load Fastness of Integrated Filter Media

Loading firmness is another important criterion for evaluating the loading effect of the catalyst. The
greater the loading firmness, the stronger the bond between the catalyst and the carrier, making it more
difficult to peel off. The loading fastness of the catalyst was tested using the sandpaper wear method. The
integrated composite filter material loaded with the catalyst was placed on 1500 mesh sandpaper, and
the wear experiment was conducted under a weight load of 100 g. The wear distance was 10 ¢cm, and the
cycle involved moving back and forth.

The mass residual rate is used as an evaluation index of load firmness. It refers to the ratio of the mass of
the integrated filter material after sandpaper wear to the mass of the integrated filter material before sandpaper
wear. A higher mass residual rate indicates a greater mass of the integrated filter material after wear, less
catalyst loss, and higher load firmness.

The calculation formula for the mass residual rate is shown in Eq. (2):

M,
=—x 100 % 2
P! My X ° 2)
In the formula, #, is the mass residual rate; M, is the quality of the integrated filter material after the wear

test, g; M, is the quality of the integrated filter material before the wear test, g.

3 Results and Discussion

3.1 Impregnation Method

The primary factors influencing the loading rate of the impregnation method for the Mn-Cu-MOF
catalysts include the impregnation time and the concentration of the mixed catalyst solution. Herein, a
single-variable approach was employed to investigate the individual parameters affecting the loading rate.

3.1.1 Single-Factor Analysis

Through a comparison of the literature and previous experiments, it was determined that the
impregnation time of the filter material was 15-105 min, with data collected at 15-min intervals. The
catalyst concentration was 0.4 g/L. The experimental results are shown in Fig. 4a. It can be observed
from the figure that the loading rate of the PTFE filter material increases with the increase in
impregnation time. After 60 min, the loading rate fluctuates and does not increase significantly.
Therefore, the impregnation time levels selected for the subsequent orthogonal experiment to optimize the
parameters were 45, 60, and 75 min, respectively.

According to the impregnation time of the catalyst determined in the previous step, the impregnation
time is 60 min, and the concentration of the catalyst is 0.2, 0.4, 0.6, 0.8, and 1.0 g/L, respectively. The
experimental results are shown in Fig. 4b. The diagram shows that as the catalyst concentration increases,
the loading rate also increases. When the catalyst concentration was 0.6 g/L, the loading rate reached its
highest point. The loading rate essentially remained constant as the catalyst concentration increased. As a
result, catalyst concentrations of 0.4, 0.6, and 0.8 g/L. were chosen for the orthogonal experiment.

3.1.2 Optimization of Orthogonal Experimental Parameters
(1) Parameter selection
Considering the results of the single-factor experiment mentioned above, the catalyst impregnation times

for the orthogonal experiments were selected as 45, 60, and 75 min, while the catalyst concentrations were
0.4, 0.6, and 0.8 g/L, respectively.
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Figure 4: Loading rate of traditional impregnation method under different parameters (a) impregnation
time; (b) Catalyst concentration

(2) Experimental design

From the analysis of the single-factor experimental results above, the factors and horizontal parameters
of the traditional impregnation method are selected, as shown in Table 1.

According to Table 1, the Ly (3%) orthogonal experiment in Table 2 was selected to arrange the
experiment. The obtained load rate value is the average of five experiments.

(3) Result analysis

The findings of the orthogonal trials indicate that the MOF catalyst concentration and the impregnation
period have the greatest influence on the loading rate. The optimal experimental conditions for conventional
impregnation of loaded catalysts were an impregnation time of 75 min and a catalyst concentration of 0.8 g/L.

Table 1: Experimental factors and levels of catalyst loading via the impregnation method

Level Factors
A Impregnation time (min) B Catalyst concentration (g/L)
45 0.4
60 0.6

3 75 0.8

Table 2: Ly (3%) orthogonal experiment

Orthogonal experimental design Load rate (%)
Number Factors A Factors B
1 1 1 1.1120
2 1 2 3.0093
3 1 3 3.3739
4 2 1 1.4272

(Continued)
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Table 2 (continued)

Orthogonal experimental design Load rate (%)

Number Factors A Factors B
5 2 2 3.6967
6 2 3 5.5864
7 3 1 2.3571
8 3 2 3.0057
9 3 3 5.3821
ky 24984  1.6321 —
k 3.5701 32372 —
k3 3.5816 4.7808 —
R 1.0832  3.1487 —
Primary and secondary level B > A
Optimal level A3, B3

Note: “—” means not significant.

3.2 SA Deposition Treatment

SA, a natural polyanionic polysaccharide, is widely used in textile and cotton fabric printing and dyeing
due to its excellent thickening, film-forming properties, and stability [36,37]. As a binder, SA can enhance
the loading rate of the integrated filter catalyst. To further improve the loading rate and load stability of the
catalyst, the PTFE filter material was functionalized and modified through SA deposition treatment before
impregnation. Additionally, single-factor and orthogonal experiments were conducted to explore and
optimize the experimental parameters of SA. The impact of SA addition on the loading rate and load
fastness of the catalyst on the integrated filter material was discussed.

3.2.1 Single-Factor Analysis

The concentration of the MOF catalyst, the PTFE impregnation time, the mass fraction of SA, and the
SA deposition time are the primary factors influencing the sodium alginate deposition experiment. The
results of the single-factor experiments are shown in Fig. 5.

The change in catalyst loading rate with SA deposition time is depicted in Fig. 5a. A lower catalyst
loading rate results from short immersion times, likely due to the SA solution’s inability to fully deposit
on the PTFE filter material. As deposition time increases, SA is completely deposited on the PTFE filter,
leading to an increase in the loading rate. However, after the impregnation time exceeds 90 min, the
catalyst loading rate does not increase significantly. Therefore, the SA modification times selected for the
subsequent orthogonal experiment optimization are 75, 90, and 105 min.

Fig. 5b shows the influence of the mass fraction of SA on the load rate. Without the addition of SA, the
loading rate of the catalyst was only about 2%. However, as the mass fraction of SA increases, the load rate
also rises. When the mass fraction of SA reaches 1.2%, the load rate does not increase significantly.
Therefore, the selected SA mass fraction levels for the next orthogonal experiment optimization are 0.9%,
1.2%, and 1.5%, respectively.

Fig. 5c shows the effect of catalyst concentration on the loading rate. Compared to the experimental
results of the traditional impregnation method, the catalyst concentrations were set at 0.5, 1.0, 1.5, 2.0,
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and 2.5 g/L, respectively. As illustrated in Fig. 5c, as the catalyst concentration increases, the loading rate
initially rises and then gradually stabilizes. When the catalyst concentration reaches 1.5 g/L, the loading
rate attains its maximum value, after which it remains relatively constant. Therefore, the catalyst
concentration levels selected for the subsequent orthogonal experiment optimization were 1.0, 1.5, and
2.0 g/L, respectively.
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Figure 5: The loading rate of PTFE supported catalyst pretreated by SA under different parameters (a) The
time of PTFE modified by SA, (b) The mass fraction of SA, (c¢) Catalyst concentration, (d) PTFE
impregnation time of catalyst solution

Fig. 5d shows how the length of the catalyst impregnation period affects the loading rate. The loading
rate increases alongside the catalyst’s impregnation time. It tends to stabilize after the impregnation period
exceeds 60 min. Consequently, 45, 60, and 75 min have been selected as the PTFE impregnation times for the
upcoming orthogonal experiment optimization.

3.2.2 Optimization of Orthogonal Experimental Parameters
(1) Parameter selection

In light of the aforementioned single-factor experimental results, the parameters for the orthogonal
experiment were selected: SA deposition times of 75, 90, and 105 min; SA mass fractions of 0.6%, 0.9%,
and 1.2%; catalyst concentrations of 1.5, 2.0, and 2.5 g/L; and catalyst impregnation times of 45, 60, and
75 min.
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(2) Orthogonal experimental design

Based on the analysis of the single-factor experimental results above, the factors and levels for this
experiment are listed in Table 3.

According to the factors and horizontal parameters of the orthogonal experiment in Table 3, the Lo (3%)
orthogonal experiment in Table 4 is selected to arrange the experiment. The obtained load rate and value are
the average values after r testing five samples.

(3) Analysis of orthogonal experimental results

From the analysis of the orthogonal experimental results, the range results of the load rate and the
relationships between the factors are shown in Table 4. The impregnation time of PTFE has the greatest
influence on the load, while the modification time of SA has the least impact on the load rate.
Additionally, the mass fraction of sodium alginate and the concentration of the catalyst exert minimal
effects on the load rate, with the effect of catalyst concentration being slightly greater than that of the SA
mass fraction. Therefore, the optimal experimental parameters for the SA-modified PTFE-supported
catalyst experiment are as follows: SA impregnation time of 105 min, SA mass fraction of 1.2%, catalyst
concentration of 2.0 g/L, and PTFE impregnation time of 75 min.

Table 3: Experimental factors and levels of SA pretreatment PTFE-supported catalyst

Level Factors

A Impregnation time B Mass fraction C Catalyst concentration D Catalyst impregnation time

(min) (%) (¢/L) (min)

1 75 0.9 1.0 45
90 1.2 1.5 60

3 105 1.5 2.0 75

Table 4: L, (3*) orthogonal experiment

Number Factors Load rate (%)
A B C D
1 1 1 1 1 6.0720
2 1 2 3 2 13.0161
3 1 3 2 3 10.6711
4 2 1 3 3 13.9100
5 2 2 2 1 7.8349
6 2 3 1 2 6.2048
7 3 1 2 2 8.8770
8 3 2 1 3 12.6793
9 3 3 3 1 8.5008
ky 9.9197 9.6197 8.3187 7.4692
k 9.3178 11.1798 9.1277 9.3660
ks 10.0190 8.4589 11.8090 12.4201

(Continued)
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Table 4 (continued)

Number Factors Load rate (%)
A B C D
R 0.7012 2.7209 3.4903 4.9509
Primary and secondary level D>C>B>A
Optimal level A3, B2, C3, D3
Note: “—” means not significant.

3.3 DA Modification Treatment

DA is a hormone and neurotransmitter commonly used in clinical settings, and it is also a key
component of mussel adhesion proteins [38,39]. PDA produced by the self-polymerization of DA, has
been widely utilized as a surface modifier owing to its excellent adhesion properties [40]. Inspired by the
strong adhesion of mussels, we aimed to further enhance the interfacial activity and adhesion of the fiber
surface in integrated filter materials. The surface activity of the PTFE filter material was modified through
DA deposition treatment. The effects of DA pretreatment on the loading rate of the PTFE integrated filter
material were investigated using single-factor and orthogonal test designs, and the impact of DA addition
on the catalyst loading rate and loading firmness of the integrated filter material was examined.

3.3.1 Single-Factor Analysis

As demonstrated in Fig. 6a, the modification time of DA was adjusted to 6, 12, 18, 24, and 30 h,
respectively, according to the reported data [41]. The loading rate increased with the modification time of
DA, but showed a downward trend after 24 h, which may be due to prolonged impregnation time leading
to the oxidation of DA and a subsequent loss of adhesion. Therefore, the DA modification time levels
were selected as 18, 24, and 30 h for the next orthogonal experiment optimization.

The concentrations of DA were 0.5, 1.0, 1.5, 2.0, and 2.5 g/L, respectively [41]. The experimental results
are shown in Fig. 6b. As the DA concentration increases, the loading rate also increases. When the DA
concentration reached 2.0 g/L, the loading rate gradually stabilized. Therefore, the DA concentration
levels selected for the next orthogonal experiment optimization were 1.5, 2.0, and 2.5 g/L.

Fig. 6¢ shows the effect of catalyst concentration on the loading rate. When the catalyst concentration
increases to 1.5 g/L, the loading rate stabilizes. Therefore, catalyst concentration levels of 1.0, 1.5, and
2.0 g/ were selected for the next orthogonal experiment optimization. Fig. 6d illustrates the effect of
catalyst impregnation time on the loading rate. As time increases, the catalyst loading rate gradually rises,
but does not increase significantly after 75 min. Therefore, the PTFE impregnation time levels of 60, 75,
and 90 min were chosen for the next orthogonal experiment optimization.

3.3.2 Optimization of Orthogonal Experimental Parameters

(1) Parameter selection

In light of the single-factor experimental results mentioned above, the parameters for the orthogonal
experiment were selected: DA modification time was set to 18, 24, and 30 h; DA concentration was set to

1.5, 2.0, and 2.5 g/L; catalyst concentration was set to 1.0, 1.5, and 2.0 g/L; and catalyst impregnation
time was set to 60, 75, and 90 min.

(2) Orthogonal experimental design

According to the analysis of the results from the single-factor experiment, the factors and levels for this
experiment are presented in Table 5.
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Figure 6: The loading rate of DA-modified PTFE supported catalyst under different parameters (a) The time
of DA-modified PTFE filter material; (b) DA concentration; (c) Catalyst concentration; (d) PTFE
impregnation time of catalyst

Table 5: Experimental factors and levels

Level Factors
A Impregnation time B Mass fraction C Catalyst concentration D Catalyst impregnation time
(min) (%) (g'L) (min)
18 1.5 1.0 60
24 2.0 1.5 75
3 30 2.5 2.0 90

According to the factors and horizontal parameters of the orthogonal experiment in Table 5, the Lo (3%)
orthogonal experiment in Table 6 is chosen to conduct the experiment. In this experiment, the load rate value

is the average obtained from testing 5 samples.

(3) Result analysis

Table 6 shows that the concentration of the catalyst has the greatest influence on the loading rate, while
the concentration of DA has the least influence. The impregnation time of the catalyst and the modification
time of DA have minimal effects on the loading rate. However, the influence of the catalyst’s impregnation
time on the loading rate is slightly greater than that of the DA modification time. Therefore, the optimal
parameters for the DA-modified PTFE-supported catalyst experiment are as follows: DA modification
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time of 30 h, DA concentration of 2.0 g/L, catalyst concentration of 2.0 g/L, and catalyst impregnation time
of 90 min.

Table 6: Lo(3*) orthogonal experiment

Number Factors Load rate (%)
A B C D

1 1 1 1 1 7.2848
2 1 2 3 2 11.9705
3 1 3 2 3 11.8666
4 2 1 3 3 12.1951
5 2 2 2 1 10.7572
6 2 3 1 2 7.2606
7 3 1 2 2 10.9407
8 3 2 1 3 8.8966
9 3 3 3 1 12.0312
ky 10.3740 10.1402 7.8140 10.0244
ky 10.0710 10.5414 11.1882 10.0591
ks 10.6228 10.3861 12.1592 10.9861
R 0.5518 0.4012 4.3452 0.9617
Primary and secondary level C>D>A>B
Optimal level A3, B2, C3, D3

Note: “— means not significant,

3.4 Evaluation of PTFE Filter Loading Effect Based on Optimized Process
3.4.1 Load Rate Test

The optimal catalyst loading process parameters identified through the aforementioned orthogonal
experiments are summarized in Table 7.

Table 7: The optimum process parameters of three loading modes

Catalyst loading Factor

method . . . . .
SA/DA mass fraction SA/DA modification Catalyst Catalyst impregnation
(%) concentration time (h) concentration time (min)
(g/L) (g/L)

Impregnation — — 0.8 75

SA 1.2 % 1.75 2.0 75

DA 2.0 g/L 30 2.0 90

Note: “—” means not significant.

The optimal parameters for the three load modes are used to prepare the integrated filter material for
denitrification and dust removal, and the load rate is calculated using Eqgs. (1) and (2). The experimental
results are shown in Fig. 7.
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It can be seen from Fig. 7 that the loading rate of the integrated filter material prepared by three different
loading methods under the optimal experimental parameters is as follows: PTFE-SA—MOF > PTFE-DA-
MOF > PTFE-MOF. The addition of the binder significantly improved the loading rate of the integrated
filter material. The loading rates of PTFE-SA-MOF and PTFE-DA-MOF were 2.53 and 2.51 times
higher, respectively, than that of the PTFE-Tim catalyst.

3.4.2 Load Fastness Test

The integrated filter material prepared with the optimal parameters from various loading methods was

used to test the load firmness of the catalyst and calculate the residual rate through the wear experiment
scheme. The results are shown in Fig. 8.
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Figure 8: Evaluation of load fastness

It can be seen from Fig. 8 that the quality of the three integrated filter materials prepared by different
methods has decreased significantly after 10 cycles of wear experiments, and the catalyst has obviously
detached. Among them, the quality of PTFE-Tim has decreased the most, indicating that the simple
impregnation method has low load fastness for the catalyst. In contrast, the quality of the PTFE-SA—
MOF sample decreased the least, indicating that it has the highest load fastness. As the wear cycles
increase, the residual mass of the filter materials prepared by the three loading methods decreases slowly.
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After 50 cycles, the residual mass of PTFE-SA-MOF is 98.64%, which is higher than the residual rate of
PTFE-DA-MOF at 98.27% and the residual rate of PTFE-Tim at 97.59%. After 50 cycles of wear
experiments, the residual mass gradually stabilized, indicating that PTFE-SA-MOF has the best load
fastness.

Through the stability test mentioned above, it was found that the overall stability of PTFE filter material
modified by DA and SA was significantly improved compared with the traditional impregnation method. For
the SA-modified integrated filter material, the Mn—Cu—MOF material underwent an ion exchange reaction
with the H" ions on the alginate surface of the fiber and bonded to the fiber through a chemical bond.
This chemical bond is considerably stronger than ordinary physical adsorption, allowing Mn*" and Cu**
to be firmly fixed on the fiber surface [42—44], thereby enhancing stability. For the DA-modified
integrated filter material, this improvement may be attributed to the interactions and hydrogen bonding of
the PDA formed after the polymerization of DA, which strengthened the binding between the Mn—Cu—
MOF crystal particles and the fiber [45,46], thereby enhancing the wear resistance of the integrated filter
material and constructing a microstructure with stable mechanical strength.

4 Conclusion

The integrated filter material for dust removal and denitrification technology (DRDt) was developed in
this investigation using the conventional impregnation procedure. The loading rates of the integrated filter
material were subsequently analyzed through orthogonal experimental methods to determine the optimal
process parameters for each loading method. Single-factor experiments were conducted on the loading
methods involving the traditional impregnation technique, SA, and DA pretreated PTFE composite filter
material. The findings indicate that the loading rates follow the order: PTFE-SA-MOF > PTFE-DA-
MOF > PTFE-MOF, while the load fastness is also ranked as PTFE-SA-MOF > PTFE-DA-MOF >
PTFE-MOF. The loading rates for PTFE-SA-MOF and PTFE-DA-MOF are 15.97% and 15.86%,
respectively, with load stability demonstrating stronger performance (98.64% and 98.27%) compared with
PTFE-Tim. These loading rates are 2.53 and 2.51 times higher than those of PTFE-Tim. The Mn—Cu-—
MOF crystal particles were securely adhered to the surface of PTFE fibers through ion exchange,
hydrogen bonding, and the adhesion of SA/DA. This enhances the bonding strength with the fibers and
creates a microstructure with stable mechanical strength, significantly increasing both the loading rate and
load stability. This study provides a robust experimental technique for advancing the integrated treatment
of dust removal and denitrification, which is essential for achieving low-carbon environmental protection
and high-quality treatment of industrial flue gas.
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