© <2021>. This manuscript version is made available under the CC-BY-NC-ND 4.0 license
http://creativecommons.org/licenses/by-nc-nd/4.0/

The definitive publisher version is available online at https://doi.org/
10.1016/j.jwpe.2021.102444



http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.watres.2019.03.069

Activated nano-Al,O3 loaded on polyurethane foam as a potential carrier

for fluorine removal

Zhe Wang“, Xinyue Gu?, Yufeng Zhang®, Xinbo Zhang® , Huu Hao Ngo

a,b,**

, Yang Liu?,

Weibing Jiang %, Xinai Tan®, Xiao Wang ¢, Jianqing Zhang ¢

2 Joint Research Center for Protective Infrastructure Technology and Environmental Green Bioprocess, School of Environmental and Municipal Engineering, Tianjin

Chengjian University, Tianjin 300384, PR China

Y Centre for Technology in Water and Wastewater, School of Civil and Environmental Engineering, University of Technology Sydney, Sydney, NSW 2007, Australia

€ Dayu environmental protection Co., Ltd, Tianjin 301739, PR China
4 TG Hilyte Environment Technology (Beijing) Co., LTD., Beijing 100000, PR China

* Corresponding author.

** Correspondence to: H.H. Ngo, Joint Research Center for Protective Infrastructure Technology and Environmental Green Bioprocess, School of Environmental and

Municipal Engineering, Tianjin Chengjian University, Tianjin 300384, PR China.

E-mail addresses: zxbcj2006@126.com (X. Zhang), ngohuuhaol21@gmail.com (H.H. Ngo).

Keywords:
Polyurethane foam
Activated nano-
Al203 Adsorption
Fluorine removal

ABSTRACT

Fluorine is an essential trace element for human beings and animals and it helps to build strong bones and teeth.
It is, however, also toxic to biological health in that an excessive intake of fluorine concentration from a water
environment could be dangerous. This study aims to develop a novel and recoverable composite foam poly-
urethane foam (PUF)-AlyO3 for fluorine removal. The proposed material was developed using dopamine hy-
drochloride as the underwater adhesive connecting with the adsorption function group of activated nano-Al;O3
and PUF. The activated nano-Al;O3 in the PUF was characterized by SEM and XRD, and the results indicated that
PUF-Al,03 surface hydrophilicity rose significantly when compared with the original PUF. The foam PUF-Al;03
steadily removed fluorine with a maximum adsorption capacity of 2.08 mg/g. The adsorption isotherm of PUF-
Al,03 was fitted well to the Langmuir isotherm model while the pseudo-first-order model well described the
adsorption kinetics of PUF-Al;03. The composite foam reached adsorption equilibrium in a relatively short time
of approximately 10 min. The PUF-Al;O3 presented an excellent regeneration performance in 10 mg/L fluorine
solution after 5 cycles. Further adsorption mechanism analysis indicated the ion exchange mechanism played a

decisive role in PUF-Al,03 foam's fluorine removal.

1. Introduction

Fluorine is now widespread in many counties of the groundwater
bodies and it is traceable to natural and human factors [1,2]. Fluorine
migrates to water because of physical and chemical action when
groundwater flows through rocks rich in fluorine. Fluoride contaminant
is generated from not only the scour of geological but also a large
amount of fluoride industrial wastewater discharge. These include but
are not limited to glass ceramics, semiconductor manufacturing, elec-
troplating, aluminum smelting, brick-making, steel, thermal power
generation and other industries. These all produce huge amounts of
fluoride wastewater which increase the likelihood of large-scale fluoride
pollution. Fluorine is an essential trace element for human beings and
animals and it helps to build strong bones and teeth, but also has toxic

characteristics which can endanger biological health [3]. An excessive
intake of fluorine ion concentration from a water environment is
harmful to people. Excessive fluoride intake leads to dental fluorosis,
bone disease, disruption of phosphorus metabolism, stunted growth in
children, and even an increased risk of cancer, such as of the bladder,
uterine, and colon.

Many countries around the world were suffering the dangers of
ingesting excessive fluorine ion bring. Word Health Organization
(WHO) stipulated that the standard of drinking water beneficial amount
of fluoride ion is less than 1.5 mg/L. Some countries have regulated
there must be no more than 1.0 mg/L [4,5]. The fluoride removal from
drinking water remains as the issue of considerable attention. Up to now,
traditional technologies regularly employed to remove fluorine include
membrane technologies [6,7], ion-exchange [8,9], coagular
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precipitation [10] and adsorption [11-13]. Although these technologies'
effectiveness in removing fluorine has been confirmed, they do have
some shortcomings. For example, membrane fouling may occur when
membrane materials are utilized for too long, leading to rising mainte-
nance costs. Ion-exchange is susceptible to interfering ions, efficiency
greatly depends on PH, and other media after multiple reuse create toxic
substances.

Adsorption is the simplest water treatment process and superior to
convenient operations, due to its low cost, high selectivity, and reuse of
adsorbent. Employing an adsorbent is essential for fluoride removal and
various types of adsorbent materials have been used for it. These include
chitosan, activated carbon fiber, pulverized fuel ash, bentonite, zeolite,
etc. [13-18]. The activated nano-Al,03 has outstanding fluoride
removal properties due to its large specific surface and high mass
transfer efficiency [19-21]. However, activated nano-Al;O3 usually has
a small size and is difficult to recycle after adsorption, which will lead to
secondary pollution.

In order to address the problem of activated nano-Al,O3 recycling
difficulty, this study adopts the immobilization method to fix the acti-
vated nano-Al,O3 on the carrier surface and interior. When the carrier is
immersed in the fluorine solution to be treated, the reaction between
fluoride ion and the activated nano-Al,03 can help achieve removal. It is
convenient to carrier regeneration and recycling. Polyurethane foam
(PUF) open cell with a polyether group is suitable as a substrate for
adsorbent materials because it has excellent mechanical strength, good
water stability, and flexible structure, which can effectively prevent
secondary pollution and contribute to recycling for the purposes of reuse
[22,23]. However, how to endow the PUF with adsorptive properties for
fluorine removal is crucial. Dopamine (DOPA) has powerful wet adhe-
sion capacity and currently has great potential in the design of adhesives'
applications [24]. Therefore, in order to improve the adsorbent removal
fluoride ion capacity and regenerability, prevent secondary pollution
caused by adsorbent particles, we introduced the activated nano-AlyO3
materials and employed dopamine hydrochloride as the underwater
adhesive synergistic activated nano-Al,03 loaded on PUF open cell foam
to prepare the PUF composition for the research of water depth
defluoridation. This preparation process will give the new matrix a
much improved fluorine removal ability and maintain the PUF advan-
tage of convective transport. The new PUF composite adsorbent was
characterized in detail to analyze its morphology and microstructure.
Furthermore, the fluoride ion adsorption properties of PUF composite
material were systematically investigated.

2. Materials and methods
2.1. Primary materials

The PUF sample for this study was supplied by Shandong Yi-Nuo
Polyurethane Co., Ltd., China. The PUF contained polyether. Trime-
thylaminomethane, polyethyleneimine (PEI) and dopamine hydrochlo-
ride were purchased from Sigma-Aldrich. DI water was produced by
Millipore Milli-Q Advantage A10 (Billerica, MA, USA). The activated
nano-Al,03 was obtained from Shanghai Macklin Biochemical Co., Ltd.,
China. All the other chemicals were of analytical purity.

2.2. Synthesis of the PUF-Al;03 composite foam

The process of synthesizing PUF-Al,O3 composite foam was done
according to previous research [25]. Typically, 0.3 g Trimethylamino-
methane was dissolved in 250 mL DI water and adjusted pH = 8.5 with
0.2 mol/L HCl, 0.5 g dopamine hydrochloride and 0.5 g activated nano-
Al,03 were added to obtain the 10 mM Tris-dopamine buffered solution.
The PUF was dipped into a 4 g/L PEI water solution for 1 h to improve
the hydrophilic and wet performance of foam. Following this the PUF
was cleaned three times using deionized water and transferred to the
Tris-dopamine buffered solution for stirring which lasted 4 h to form the

PUF-Al,03 composite foam.

2.3. Characterization of PUF-Al,0O3 composite foam

The surface morphology of PUF-Al,03 composite foam was exam-
ined by scanning electron microscope (SEM, Hitachi S-4800, Japan).
The composite foams phase was measured by X-ray diffractograms
(XRD, Bruker, D8 Advance, USA). N, adsorption/desorption measure-
ments were conducted at 77 K (Quanta chrome, ASIQ, USA). The BJH
pore size-distribution was calculated by the Kelvin equation. The foams
were cut into pieces and degassed at 100 °C under vacuum at less than 1
x 1075 bar for 6 h prior analysis. The water contact angle (WCA) of PUF-
Al;,03 composite foam surface was examined on a Kriiss Instrument
(CM3250-DS3210, Germany) at ambient temperature. X-ray photo-
electron spectroscopy (XPS) served to determine the surface elemental
composition of the samples with a Quanta 200 spectrometer (FEI Co.,
Ltd., USA) with a monochromatic Al Ka X-ray source (1486.6 eV pho-
tons) at a pass energy of 93.9 eV. The fluoride ion concentration was
measured by ion chromatograph (Dionex Aquion).

2.4. Fluoride ion adsorption experiments

The fluoride ion adsorption performance of the PUF-Al;03 composite
foam was evaluated through a static adsorption experiment of adsorp-
tion isotherm and kinetics. The PUF-Al;,03 composite foam was put into
a plastic tube containing NaF solution at a specific concentration.
Following this the tube was oscillated through the incubator shaker at an
ambient temperature. The adsorption solution was withdrawn at pre-
determined intervals to measure the fluoride ion concentration, in order
to establish what the kinetic adsorption was. The uptake capacity (mg/
g) was calculated as follows:

q=(co—cc)V/m (€]

where ¢ and c, respectively, are the incipient and adsorption equilib-
rium fluoride ion concentration (mg/L), V is the solution volume (L),
and m is the mass of PUF-Al;03 composite foam (g).

The aluminum sulfate solution desorbed the fluoride ion from PUF-
Al;03 composite foam. The composite foam was put into a plastic tube
with the concentration of 10 mg/L fluoride ion solution to be shaken and
adsorbed for 1 h. Subsequently, the previously prepared 10% aluminum
sulfate solution served to desorb the saturated composite foam for 30
min. Finally, the composite foam was withdrawn and washed by DI
water. Repeating the above steps led to acquiring and calculating the
regeneration efficiency (RE) of the composite foam according to the
following formula (2):

RE = q,/q,*100% 2

where q; and qy are, respectively, the uptake of the first use and
repeated use.

3. Results and discussion
3.1. Foam surface morphology and physical structure analysis

The SEM images of PUF and PUF-Al;03 composite foam at different
magnifications and EDS analysis result are shown in Fig. 1. Clearly
observed here is the interconnected open cell foam construction in the
image of PUF (Fig. 1 a). Furthermore the smooth porous wall was
observed at a higher magnification micrograph (Fig. 1 b, ¢). The PUF-
Al,03 composite foam still retained the open cell structure compared
with the PUF (Fig. 1 e). However, a large activated nano-Al,03 emerged
and loaded on the composite foam surface at a higher magnification
micrograph (Fig. 1 f, g). The EDS analysis result indicated that the
element of Al obviously emerged after anchoring the activated nano-
AlO3 in the foam (Fig. 1 d, h). This was made possible by the strong
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Fig. 1. The foam surface SEM images and EDS analysis: PUF (a, b, ¢, d), PUF-Al;,O3 composite foam (e, f, g, h).

adhesion ability of dopamine immobilized onto the foam surface
through the coagulation solution. Anchoring the nanoparticles of Al,O3
endowed the foam with functional properties. Indicated here was that
the activated nano-Al,O3 was successfully loaded into the open cell PUF.

The XRD pattern of PUF and PUF-Al,03 was measured and the results
are depicted in Fig. 2. It is observed that the diffraction peaks of Al;O3 at
20 positions 27.22°, 35.22°, 38.10°, 39.95°, 42.65°, 54.48°, 55.92°,
59.47°, and 67.53° matched well with the (102), (103), (112), (004),
(202), (212), (204), (231) and (220) lattice planes, respectively [26,27].
These positions of the diffraction peak corresponded to the Al,O3 stan-
dard card (JCPDS No. 26-0031). The diffraction peak at 20 position
19.96° presented an amorphous form of the PUF. The above results
simultaneously indicated nanoparticles of Al;03 were loaded in the PU
foam.

The N, adsorption-desorption isotherm and BJH adsorption pore size
distribution of PUF-Al;0O3 are both illustrated in Fig. 3. As shown in
Fig. 3A, the isotherm curve was type IV with a H3 hysteresis loop. It
indicated that the PUF-Al;03 had a mesoporous structure and the slit-
shaped pores are evident in the amorphous porous layered of Al,O3
[20,28,29]. The pore size distribution curve of the desorption branch is
shown in Fig. 3B, which reveals the peak primary located at 2.8 nm and
the distribution range was up to 34 nm. It is suggested here that: firstly,
the PUF-Al,03 was mainly composed of mesopore structure; secondly,
this pore size was larger than the diameter of fluoride ion (0.133 nm);
and thirdly, the fluoride ion could pass into the pore of activated nano-
Al,03 [21]. The specific surface area of PUF-Al,03 was 11.51 m2/g,
which was higher than the original PUF (0.32 m2/g) and this was
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attributed to the added activated nano-Al,O3 which increased the spe-
cific surface area.

3.2. Foam surface wettability

The hydrophilicity of pristine PUF and PUF-Al;,03 composite foam
was studied by measuring the water contact angle. As shown in Fig. 4
(A1 and Ay), the pristine foam surface revealed intense hydrophobicity
and the contact angle was maintained in 110.3 + 0.81 at 60 s. This was
due to the pristine PUF having a large number of tiny pores and rela-
tively hydrophobic surface of polyether PUF, which hindered the solu-
tion's permeability with the compact construction of foam. The foam
was immersed in PEI water solution with the hydrophilic group of -NH,
in order to improve the foam surface's hydrophilicity and wettability
[30]. This process and the desired outcome indicated that the PUF-Al,03
composite foam surface contact angle changed to 96.1 + 1.10 after 60 s
(Fig. 4 By and By). Furthermore the hydrophilicity increased signifi-
cantly compared with pristine PUF. Dopamine hydrochloride covered in
the PUF not only had strong adhesion capacity to immobilize AlyO3
nanoparticles, it also enhanced the wettability with the group of -OH
and -NH,. The PEI infiltration and dopamine hydrochloride coating
helped the surface to transform from a hydrophobic to hydrophilic
character, and further enhanced water penetration.

3.3. Effects of fluorine concentration on the adsorption

As an important indicator of adsorption properties, the influence of
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Fig. 2. The phase structure of PUF and PUF-Al,03 with XRD patterns.
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Fig. 4. The WCA evolution of foam surface from 0 to 60 s. (A; and A, are pristine foam, B; and B, are PUF-Al,03 composite foam).

different initial fluoride ion concentrations was investigated for PUF-
Al,03 open cell composite foam. The fluoride ion uptakes of composite
foam are 0.48 mg/g, 0.77 mg/g, 1.88 mg/g, 2.05 mg/g, 2.08 mg/g and
2.10 mg/g when the initial fluorine concentration are, respectively,
5.84 mg/L, 12.01 mg/L, 24.00 mg/L, 45.99 mg/L, 75.35 mg/L and
93.78 mg/L. This indicated that the fluoride ion adsorption capacity of
PUF-Al,03 composite foam increased with the initial fluoride ion con-
centration. Interestingly, the fluoride ion uptake quickly increased at the
beginning, and subsequently the adsorption capacity stabilized when
the initial fluorine concentration of solution exceeded 50 mg/L and the
maximum adsorption capacity was 2.08 mg/g. It is strongly suggested
that the PUF-Al;03 composite foam exists in the form of activated nano-
Al,03, leading to a steady diffusion rate and negated the influence of
rising concentration gradient. This benefited the adsorption of fluorine
ions at a smaller concentration [30]. Meanwhile, the activated nano-
Aly03 when put into the PUF not only improved diffusion and adsorption
capacity, but also prevented the active nanoparticles being separated
from PUF during adsorption.

3.4. Adsorption isotherm

The adsorption isotherm of PUF-Al;03 composite foam was
researched by plotting the fitted curve for further analysis of the
adsorption process. Both Langmuir and Freundlich adsorption isotherm
models were referred to in order to explain the experimental data. The
Langmuir and Freundlich models follow Egs. (3) and (4), respectively
[31], which are written below:

qmaxbceq
— dmaxZeq 3
=15 bee, 3)

q =K' 4)

where q is the fluoride ion uptake according to experimental (mg/g) at
equilibrium concentration, ceq is the concentration at equilibrium (mg/
L), Qmax is the maximum fluoride ion adsorption capacity (mg/g), and b
is the sorption coefficient of Langmuir (L/mg). Furthermore k¢ and 1/n,
respectively, are the constant and heterogeneity coefficient of the



Freundlich isotherm.

The fitted curve and parameters are shown in Fig. 5 and Table 1.
Indicated here is that the Langmuir isotherm model has a higher value of
R2, which better described the PUF-Al,05 composite foam's adsorption
behavior. This outcome revealed the Langmuir isotherm as a monolayer
adsorption process was only connected with the adsorption sites of
activated nano-Al;O3 and fluoride ion interaction, strongly suggesting
that the adsorption energy is constant.

The pH effect is an important part of the adsorption process, and it
can determine the fluoride ion adsorption capacity of PUF-Al,03 com-
posite foam. Experimental results found that the values of pH were 5.8
and 6.2 before and after adsorption, respectively. It revealed that the
variable pH quantity changed only very little. Studies showed that the
best possible adsorption capacity of Al,Os was present when the pH
ranged between 5.4 and 6.5 [20,32]. A mass of hydrogen ions triggers
the desorption process in a too low pH environment. Moreover, the
negative ions competing with fluoride ion in alkaline state reduced the
adsorption capacity.

3.5. Adsorption kinetics

Fig. 6 shows the adsorption kinetics of PUF-Al;03 composite foam
with 20 mg/L initial fluoride ion concentration. It is observed that the
composite foam quickly reached adsorption equilibrium in approxi-
mately 10 min. These results were encouraging and indicated the PUF-
Aly03 composite foam reached the adsorption equilibrium in a relatively
short time, and achieved a higher efficiency adsorption rate. It therefore
has commercial application value. The rapid efficient adsorption could
be due to abundant active sites of activated nano-Al,O3 being dispersed
and exposed on the PUF surface. It was more likely to access fluoride ion
to complete the adsorption process. To determine the adsorption
mechanisms of the PUF-Al,03, four classical kinetic models, namely the
pseudo-first-order (PFO) [33], pseudo-second-order (PSO) [34], intra-
particle diffusion [30] and Elovich [35] were used to analyze the contact
time and fluoride ion uptake. The equations are written as follows (Egs.

(5)-(8)):

PFO : In (q, —q,) = In q.—k;t ()]
PSO : t/q, = 1/k:q. > +1/qe (6)
Intraparticle diffusion : q, = k, t'/? @)
Elovich : q, = 1/B in (1 + apt) (€)]

where g and q; are respectively the adsorption uptake at time (t) min
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Table 1.
The list of isotherm parameters for fluorine removal using PUF-Al,O3composite
foam.

Langmuir constants Freundlich constants

PUF-Al,03 composite foam Qmax b R? K¢ 1/n R?
2.599 0.06 0.95 0.32 0.43 0.86

and equilibrium, k; (min~!) and ky (min 1), respectively, are the rate
constants of adsorption of the PFO and PSO, k;, (mg (g min'/?»)™1) is the
intraparticle diffusion rate constant. Meanwhile « and f are the initial
adsorption rate (g mg—1 min—1) since dqt/dt — a, qt — 0 and constant
of desorption (g mg™1), the Elovich's equation can be assumed that pt >
> 1. In this way the equation becomes q; = 1/ In (af) + (1/p) In t [36].

The plot fit of the four kinetic models is shown in Fig. 6 and the
correlative regression coefficients of each model are listed in Table 2. It
is evident that the PFO predicted the kinetics behavior of PUF-Al;,03
composite foam very well due to the higher correlation coefficient. It
emerged that the PFO was the most suitable model for describing the
kinetics process. As well, the kinetics behavior suggested that the
adsorption process of the PUF-Al;03 composite foam occurred mainly
through chemisorption because the hydroxyl ion existing on the surface
and interior of activated nano-AlyOs3 triggered ion exchange reaction
with fluoride ion. Moreover, there are fairly strong and simultaneous
electrostatic attractions and hydrogen bonds [37].

3.6. Regeneration of PUF-Al;03 composite foam

The regeneration performance of PUF-Al,O3 composite foam was
researched to evaluate the adsorbent from an economic perspective. The
adsorption-desorption outcome of PUF-Al,O3 composite foam with 10
mg/L fluorine solution is depicted. It emerged that the fluorine ion
adsorption capacity of PUF-Al;,03 does not significantly change when
the cycle number increases. This finding indicated that the dopamine
hydrochloride as the underwater adhesive strongly anchored the acti-
vated nano-Al,03 on the PUF and guaranteed the nanoparticles did not
fall off after 5 cycles. Subsequently, the regeneration revealed the PUF-
Al;03 composite foam has a high and stable recycling performance.

3.7. Adsorption mechanism

In order to further explore the adsorption mechanism of PUF-Al,03
adsorption fluoride ion, the chemical state and composition were
analyzed by XPS. The spectra of PUF-Al,03 before and after adsorption
are shown in Fig. 7. It can be seen from the XPS wide scans spectra (Fig. 7
A; and B,) that a new F 1s species spectra appeared by comparison after

Langmuir adsorption isotherm model

T T T T T
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C, (F mglL)

Fig. 5. The equilibrium concentration adsorption effect and adsorption isotherms of PUF-Al,03 composite foam (A: Freundlich isotherm, B: Langmuir isotherm).
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Table 2
PUF-Al,O3composite foam adsorption kinetic parameters.

Pseudo-first-order Pseudo-second-order Elovich Intraparticle diffusion
PUF-Al,03 composite foam Qe k; R? Qe R? o i R? Kp R?
1.91 0.21 0.95 2.12 0.93 1.27 2.28 0.81 0.36 0.89

PUF-Al»03 adsorption fluoride ion. This indicated that the adsorbent
material wields an obvious adsorption effect on fluoride. Peak compo-
nents for O 1s in the spectra are analyzed and the ‘before’ and ‘after’
adsorption results are shown in Fig. 7 Ay and Bj. According to the
binding energy of O 1s spectra are attributable to AI—O and Al—OH
species in 530.8 and 532.1 eV [38]. It can be seen that the Al-OH peak
percentage decreased from 64.04% to 57.93%, while the ratio of AI—O
increased from 35.96% to 42.07%. The diminished Al-OH species peak
percentage proves that the -OH plays an important role in the process of
fluoride ion adsorption, which occurred largely via ion exchange reac-
tion with hydroxyl groups replaced by fluoride ion. The results of Al 2p
spectra peaks are shown in Fig. 7 Az and Bs. It can be seen that the Al 2p
spectra main emission peaks variation trend of Al-OH and Al—O ac-
cording to the results of O 1s spectra [27]. As well, two new peaks
appear after adsorption at 76.5 and 75.4 eV and this can be attributed to
the AlFs and AlF;7(OH)p3 species, respectively [39,40]. The
AlF5 7(OH)g 3 species served as the intermediate of the adsorption re-
action. Meanwhile the corresponding composition of PUF-Al;03 before
and after adsorption is listed in Table 3, and the element percentage
variations are noted here.

The adsorption mechanism of PUF-Al;03 composite foam can be
further described. In this research, the PUF only as the adsorbent carrier
and the activated nano-Al,O3 play a decisive role in the adsorption
process. The composite foam adsorbed fluorine ions were mainly
attributed to tripartite aspects. Firstly, the surface of activated nano-
Al;03 adhered much of the hydroxy group at the weak acid solution
system (the pH value was more than 5.0), which leads to the ion ex-
change reaction, as shown in the reaction (9) [41]. Additionally, the
fluorine ion has stronger electronegative attraction and this helped to
form a hydrogen bond with the hydroxy group, when using Eq. (10).
Secondly, the hydroxy group on the activated nano-Al,03 surface was
prone to protonation which helped to obtain -OH, " in an acidic solution
(when the pH value was less than 5.0) [37]. The activated nano-Al,03
surface is positively charged and this highlighted the role of electrostatic
attraction and ligand exchange mechanism. The correlation reaction
process is documented below in Eq. (11) to (13). Thirdly, the
complexation reacted to the activated nano-Al,O3 internal and external
surfaces with fluorine ion [42]. Based on the above XPS analysis and
adsorption mechanism discussion, the main mechanism of the PUF-
Al;03 composite foam is ion exchange. This is due to the pH ranging
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Fig. 7. The XPS analysis of the wide scans (A; and B;), O 1s (A, and By) and Al 2p (A3 and A3) before and after adsorption.

Table 3
Element surface compositions of the PUF-Al,03 before and after adsorption by
XPS.

Membrane Element (at. %)

C o N Al F
Before adsorption 52.93 30.49 4.15 12.43 0
After adsorption 70.44 22.36 5.89 0.76 0.55

between 5.5 and 6.5 in the adsorption process:

ALO; — OH + F~ < ALOsy — F + OH~ ©
ALO; — OH +F~ & ALOy — O — H---F~ (10
ALO; — OH + H* & ALO; — OH} 11
ALO; — OHS +F~ ALO; — OH} +F~ (12)
ALO; — OH +F < ALOs — F + H,0 (13)

4. Conclusion

A novel PUF-Al,03 composite foam was successfully prepared by
employing a sample of dopamine hydrochloride as the underwater ad-
hesive synergistic activated nano-Al;03 loaded onto PUF open cell foam
for removing fluoride from water. The PUF-Al;0O3 retained persistent
fluoride ion adsorption capacity, while the composite foam demon-
strated excellent regeneration performance after 5 cycles. Highlighted in
this study was the stability of nanoparticles when introduced into the
PUF. The primary adsorption fluorine ion mechanism of the PUF-Al,03
composite foam was analyzed using ion exchange. Finally, this research
provides a new preparative technique that is potentially ideal for nano-
adsorbent regeneration and recycling, especially for low concentration
fluorine removal. Modern practical applications for treating fluorine-
containing water are now possible due to the research carried out here.
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