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Abstract

Facing the increasing shortage of fresh water resources in desert and arid areas, the adsorption water extraction method
with adsorbent as water vapor carrier has attracted extensive attention of scholars. Although a large number of adsorbents
for adsorption water intake method have been studied, it is still of practical significance to develop a simple and low-cost
composite adsorbent for water intake process. A new composite adsorbent (activated carbon/calcium chloride) was synthe-
sized by grinding with calcium chloride and activated carbon as raw materials. The micro-morphology of the composite
adsorbent was observed by scanning electron microscope, and the water vapor adsorption and desorption properties of the
composite adsorbent under different working conditions were measured. In addition, the adsorption kinetics and hydro-
thermal stability of the composite adsorbent were tested under specific working conditions. The experimental results show
that the composite adsorbent shows good adsorption and desorption performance and good hydrothermal stability at low
relative humidity. Therefore, the new composite adsorbent (activated carbon/calcium chloride) is expected to be applied in

the adsorption water intake system.
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Introduction

With the over-exploitation and the pollution of water
resources, the fresh water resources that we depend on for
survival are gradually decreasing, especially in arid areas
where fresh water resources are needed to solve the problems
of living and production. Therefore, it is urgent to explore
solutions to solve this problem. Currently, many scholars
have done a lot of research work on desalination method,
atmospheric air water generator, subsurface condensation
method, fog collection method, and adsorption water extrac-
tion method (EI-Ghonemy 2012; William et al. 2015; Kim
et al. 2016; Srithar and Rajaseenivasan 2018; Salehi et al.
2020; Hanikel et al. 2020; Sharshir et al. 2020). Among the
aforementioned water extraction methods, adsorption water
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extraction method has the advantage of not being restricted
by geographical and climatic conditions. Therefore, it is con-
sidered as a feasible method for water extraction suitable
for arid regions (Mohamed et al. 2017; Jarimi et al. 2020;
Li et al. 2020). Meanwhile, the preparation of inexpensive
adsorbents with good adsorption performance and cyclic sta-
bility is a key factor for the popularization of the adsorption
water extraction method (Tu et al. 2018; Koc et al. 2020).
In recent years, zeolite has received extensive research as
a matrix for synthesizing composite adsorbents with hygro-
scopic salts. Chan et al. (2012) studied the application of
a composite adsorbent synthesized from 13X zeolite and
CaCl, in a solar adsorption refrigeration system and inves-
tigated the effect of calcium ion exchange on the adsorp-
tion performance of 13X zeolite. The experimental results
showed that the 13X/CaCl, composite adsorbent had better
adsorption performance than the untreated 13X zeolite. Xu
et al. (2019a) prepared a zeolite-MgSO, composite adsor-
bent using the impregnation method, and the results showed
that the composite adsorbent had a stronger hydration capac-
ity than pure zeolite, and increasing both the relative humid-
ity and air temperature (<50 °C) increased the saturation
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adsorption and hydration rate. Rehman et al. (2019) studied
the water adsorption performance of ZnSO,/13X zeolite
composites under constant temperature and humidity, and
the highest water absorption of the material reached 0.26 g/g,
which was twice the adsorption capacity of pure ZnSO4-
7TH20. Xu et al. (2018) developed a MgSO,-impregnated
13X zeolite with activated alumina composite adsorbent for
thermal storage. The adsorption and desorption character-
istics of crude activated alumina and MgSO,-impregnated
activated alumina were studied and compared with the
results of crude zeolite and MgSO,-impregnated zeolite.
Zhao et al. (2020a) synthesized a new composite adsorbent
of LiCl+ CaCl,/13X, which showed the maximum adsorp-
tion capacity of CS6 reached 1.1 g/g at a temperature of 5 °C
and 80% relative humidity and had good cyclic adsorption
performance. In addition, new adsorbents based on silica
gel as well as nanoporous materials compounded with
hygroscopic salts have also received attention from schol-
ars, and their sorption properties and applications have been
studied. Tso et al. (2012) synthesized a composite adsor-
bent using activated carbon, silica gel and calcium chloride
as raw materials, and established an adsorption isotherm
and adsorption rate test device. The measured adsorption
capacity was 0.23 kg/kg at 27 °C and water vapor pressure
of 900 Pa. The use of multiple salts in adsorption refrig-
eration cycles has been extensively studied. Courbon et al.
(2017) investigated silica gel composites loaded with CaCI2
and obtained a high cycle load of 0.40 g/g by a new syn-
thetic scheme with 43 wt% CaCl, content in the composite
enhancement. Entezari et al. (2018) impregnated two salts,
LiCl and LiBr, in different ratios into silica gel pores and
analyzed their tissue properties, water absorption isotherms
and kinetics. The results showed that the molar ratio of the
impregnated salts affected the adsorption characteristics.
The addition of a small amount of LiBr to the LiCl com-
posite can increase the adsorption capacity by 5.5%, while
the addition of LiCl to the LiBr composite can decrease the
adsorption capacity by 12.7%. As the field of air extraction
continues to be explored, metal organic frameworks (MOFs)
have attracted the attention of scholars (Oladoye et al.
2021). Mesgarian et al. (2020) synthesized UiO-66(NH2)
nanosorbents, and it was found that higher regeneration and
drying efficiency were obtained compared to silica gel, acti-
vated alumina and zeolite. Zhao et al. (2020b) conducted
an in-depth study of MIL-101(cr) synthesized with sodium
acetate as the mineralizing agent and reported the water
adsorption performance of this adsorbent. Meanwhile, Zhao
et al. (2020b) synthesized LiCl-modified UiO-66 compos-
ite adsorbent by impregnation method and found that the
addition of LiCl enhanced the water adsorption performance
of the composite adsorbent by open-form adsorption per-
formance test. Activated carbon and activated carbon fib-
ers have well-developed pore volume, high specific surface
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area and good thermal stability and have been widely used as
substrates for adsorbents and composite adsorbents. Ye et al.
(2014) investigated activated carbon fiber cloth (ACFC) and
CaCl, composite adsorbent (CS) prepared by impregnation
method. The experimental results showed that CSs with
15.2% and 22.8% CaCl, content had greater water absorp-
tion than the same amount of CaCl, and the performance
index of the air conditioning cycle calculated from the iso-
mers of CS containing the maximum CaCl, content could
reach 0.7, which was considered suitably for adsorption
refrigeration. Wang et al. (2016) developed a CaCl, matrix
and a new composite adsorbent with activated carbon fiber
mat (ACF mat) as the matrix. It was shown that ACF was
more suitable as a matrix for composite adsorbent than silica
matrix composite adsorbent, and ACF30 had the best water
absorption performance with 1.7 g/g, which was three times
higher than that of silica-CaCl,. Yu et al. (2019) prepared a
walnut shell activated carbon (ACO) using KOH chemical
activation method and used it as a substrate for impregnation
with the hygroscopic salt MgCl,. And the effects of MgCl,
loading and Ce addition on the water vapor adsorption per-
formance of the composite adsorbent were investigated. The
results showed that the water vapor adsorption performance
of the adsorbent decreased slightly and then increased sig-
nificantly with increasing MgCl, loading, and the addition
of Ce improved the adsorption regeneration performance.
Huang et al. (2021) prepared a series of activated carbon
fiber (ACF)-based adsorbents for water vapor adsorption
behavior using low-temperature plasma technology (LTOP)
as a surface modification method. The study presented the
conclusion that the adsorption performance of the LTOP-
treated ACF was enhanced.

Most of the aforementioned preparation of compos-
ite adsorbents require a lot of time, and the preparation
process is relatively complex. Compared with the above-
mentioned preparation schemes, the process of preparing
composite adsorbents by grinding and mixing is simpler
and the experimental materials are easier to prepare.
Zhang et al. (2015) prepared a new CaCl,/MWNT adsor-
bent using carbon nanotubes as the matrix and a simple
mixing method, and the experiment showed that a part
of CaCl, was adsorbed on the surface of the matrix in
the composite and the rest of the hygroscopic salt filled
in the space of the matrix. The nanoparticles with large
specific surface area can fully contact with water vapor
and improve the adsorption rate of the water. However,
due to the complicated process of making multi-walled
carbon nanotubes, the production cost is high. Therefore,
in this experiment, calcium chloride (CaCl,) with good
hygroscopic effect and inexpensive activated carbon (AC)
were selected as raw materials to synthesize the composite
adsorbent CaCl,/AC (ACL) using the grinding and mixing
method. In addition, the adsorption process of composite
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adsorbent is divided into physical adsorption and chemical
adsorption. Physical adsorption refers to the rapid occu-
pation of the pore structure of the composite adsorbent
by water molecules, and this process proceeds relatively
quickly. Chemisorption mainly refers to the absorption of
water molecules by hygroscopic salts, and this process
proceeds more slowly. AC has a high specific surface area
and a well-developed pore structure, which can effectively
prevent the dampness of the composite adsorbent in the
adsorption process, and is the preferred material for syn-
thetic composite adsorbents. The composite adsorbent was
characterized by scanning electron microscopy (SEM).
Under the experimental conditions of open adsorption,
the composite adsorbent exhibited good adsorption/des-
orption performance. In addition, the cycling stability of
the composite adsorbent was tested under specific working
conditions, and the experimental results showed that the
composite adsorbent has good cycling stability, which is
an important condition for the application of the composite
adsorbent. The new composite adsorbent proposed in this
paper has advantages in production process and material
cost, and can obtain good adsorption performance at low
ambient humidity. Therefore, it is expected to be applied
in the adsorption water extraction schemes in deserts and
arid regions. This experiment was conducted in Shanghai,
China, from December 2020 to July 2021.

(b)

Fig. 1 Physical diagram of experimental raw materials. a Anhydrous
calcium chloride granules; b composite adsorbent samples

Materials and methods
Experimental raw materials and instruments used

The raw materials used in the experiment include: activated
carbon (powder), analytical pure, produced by Fuchen (Tian-
jin) Chemical Reagent Co., Ltd; anhydrous calcium chloride
is shown in Fig. 1a, analytical pure AR, Item No.: st10068-
500 g, white particles, calcium chloride content >96%, pro-
vided by Collins experimental product supplier.

The instruments used in the experiment include: con-
stant temperature and humidity box, which is produced
by Shanghai Yiheng Scientific Instrument Co., Ltd; the
electric heating constant temperature blast drying oven is
produced by Tianjin Tonglixinda instrument factory; Elec-
tronic balance; Digital scanning electron microscope, pro-
duced by Beijing Zhongke Scientific Instrument Co., Ltd.

Preparation of composite adsorbents

The preparation process of the composite adsorbents is
shown in Fig. 2.

1. The dried petri dish was placed on an electronic balance
to weigh the appropriate amount of AC, and the beaker
with the activated carbon was put into an electric heating
constant temperature blast drying oven, and the tempera-
ture of the drying oven was set to 110 °C for drying for
4 h to remove the water vapor and other impurities in the
AC.

2. CaCl, comprising 25%, 30%, 35% and 40% of the mass
fraction of the composite adsorbents was mixed with the
dried AC in a mortar for thorough grinding, defined as
ACL25, ACL30, ACL35 and ACLAO0, respectively.

3. The ground samples were put into the pre-numbered
dry Petri dishes as shown in Fig. 1b, and then, the Petri
dishes were put into the drying oven at 110 °C until
the sample mass no longer changed, and the composite
adsorbents were considered to be prepared successfully.

Fig.2 Compound adsorbent ACL preparation flow chart
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Results and discussion

Physical characterization of the composite
adsorbents

As shown in Fig. 3a and b, the SEM images of AC raw
powder and anhydrous calcium chloride were used to char-
acterize the microstructure of the composite adsorbents,
and it can be seen from the figures that AC raw powder
and anhydrous calcium chloride were sparsely distributed
and no accumulation phenomenon occurred. Figure 3c—f
indicates the SEM images of ACL25, ACL30, ACL35,
and ACLA40, respectively, and it can be observed that the
aggregation of the adsorbents becomes more and more
obvious with the increase in the salt content of the com-
posite adsorbents. From the SEM images of Fig. 3c and d,

Fig.3 SEM image. a SEM
image of AC; b SEM images
of calcium chloride; ¢ SEM
images of ACL25; ¢ SEM
images of ACL30; d SEM
images of ACL35; e SEM
images of ACL40
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it can be seen that a small portion of the activated carbon
particles in the composite adsorbents are wrapped by the
hygroscopic salt, but still has a more developed structure
and a higher specific surface area. From Fig. 3e and f, it
can be seen that most of the activated carbon is wrapped
by the hygroscopic salt, which means that the developed
structure and specific surface area of the composite adsor-
bents are destroyed.

Adsorption and desorption performance test
of the composite adsorbents

The adsorption and desorption performance of the compos-
ite adsorbent is an important indicator of the performance
of the adsorbent. In order to investigate the adsorption and
desorption characteristics of the composite adsorbent ACL,
the appropriate temperature and humidity were screened
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to obtain a better adsorption and desorption effect for bet-
ter application in the actual air extraction of water. The
adsorption and desorption performance of the composite
adsorbents with mass fractions of 25%, 30%, 35% and 40%
(ACL25, ACL30, ACL35 and ACL40) was tested in a con-
stant temperature and humidity chamber. The adsorption
performance of the adsorbents was tested from O to 3 h at
15-min intervals, from 3 to 6 h at 30-min intervals, and after
6 h at 1-h intervals until saturation.

Adsorption and desorption performance test at 25 °C
and 45% RH

As shown in Fig. 4, the adsorption rate of the four dif-
ferent salt content composite adsorbents was high in the
first 3 h of the experiment at 25 °C and 45% humidity.
This is because the composite adsorbents have a well-
developed pore structure as well as a high specific sur-
face area, which helps to improve the adsorption perfor-
mance (Chan et al. 2015); in addition, the increase in salt
content intensifies the chemisorption process between
water molecules and adsorbent, and water molecules can
be absorbed more by the composite adsorbents (Zhang
et al. 2018; Xu et al. 2019b). At this time, the adsorption
amounts of ACL25, ACL30, ACL35, and ACL40 reached
85%, 17.94%, 72.85%, and 72.19% of the equilibrium
adsorption amounts, respectively. It can be seen that the
more salt content and the less activated carbon content, the
greater the difference between the composite adsorbents
and the equilibrium adsorption amount. This is because
as the salt content increases, the composite adsorbents
exhibit agglomeration, which leads to a significant reduc-
tion in the contact area between the adsorbents and water
vapor, resulting in a decrease in the adsorption rate (Zhang
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Fig.4 Adsorption performance of composite adsorbent 25 °C,
45% RH

et al. 2015). This is consistent with the microscopic pat-
tern changes observed in the SEM images of the compos-
ite adsorbents. After the experiment was conducted for
10 h, the salt content ACL25 composite adsorbent adsorp-
tion equilibrium, and the adsorption amounts of ACL30,
ACL35, and ACL40 composite adsorbents reached
97.06%, 97.35%, and 96.45% of the equilibrium adsorption
amounts, respectively. The experiments were carried out
for 14 h and all the composite adsorbents were adsorbed
in equilibrium, and the equilibrium adsorption amounts
were 0.4027 g/g, 0.4503 g/g, 0.4903 g/g, 0.5578 g/g. The
experimental results showed that the adsorption capacity
of the composite adsorbents increased with the increase
in the salt content of the composite adsorbents, and the
composite adsorption capacity of ACL40 was about 1.39
times of that of ACL25.

As shown in Fig. 5, the desorption performance of the
composite adsorbents was tested under the desiccator tem-
perature of 110 °C. The experimental results showed that
the four adsorbents with different salt contents showed
good desorption performance at 110 °C, and the desorp-
tion experiments were carried out for 120 min and the
composite adsorbents reached desorption equilibrium,
and the resolution rates of ACL25, ACL30, ACL35 and
ACL40 were 96.67%, 97.06%, 96.69% and 96.45%, respec-
tively. In addition, after the experiment was conducted
for 15 min, the desorption of the four composite adsor-
bents reached 88.33%, 84.56%, 70.86%, and 66.86% of
the total adsorbed amount, respectively; this is because
as the salt content increases and the activated carbon con-
tent decreases, the thermal conductivity of the composite
adsorbents decreases, and so does the desorption rate.
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Fig.5 Desorption performance of composite adsorbents at 25 °C and
45% RH
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Analysis of water vapor adsorption and desorption
performance of composite adsorbents at specific
temperature

As shown in Fig. 6, the adsorption performance tests were
performed at 25 °C in constant temperature and humid-
ity chamber with relative humidity of 35%, 45% and 55%
working conditions, respectively. The experimental results
showed that the adsorption amount of the composite adsor-
bent increased with the increase in salt content when the
humidity varied from 35 to 55% under the ambient temper-
ature of 25 °C working condition; in addition, the adsorp-
tion amount of the composite adsorbents increased with
the increase in humidity under the working condition of
25 °C. The adsorption of ACL40 at 55% RH reached a
maximum of 0.6689 g/g, which was 1.52 times higher than
that of ACL40 at 35% RH.
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As shown in Fig. 7, the desorption data of the compos-
ite adsorbents at 110 °C after completion of adsorption at
25 °C in a constant temperature and humidity chamber with
relative humidity of 35%, 45%, and 55%, respectively. It
can be seen from the figure that the composite adsorbents
with different salt contents showed good desorption perfor-
mance under several conditions of 35%, 45% and 55% rela-
tive humidity, and the desorption rate reached between 94
and 99%.

Analysis of water vapor adsorption and desorption
performance of composite adsorbents under specific
humidity

As shown in Fig. §, the adsorption performance of the com-
posite adsorbents was tested under the humidity control of
45% RH and the temperature of 15 °C, 25 °C and 35 °C,
respectively. The experimental results showed that: (1) the
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(d) Comparison of adsorption performance in
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Fig.6 Adsorption performance of composite adsorbents at 25 °C working condition
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Fig.7 Desorption performance diagram of composite adsorbents at 110 °C

adsorption capacity of the composite adsorbents increased
with the increase in salt content under all three conditions.
(2) The adsorption capacity of ACL25, ACL30, ACL35 and
ACLA40 reached more than 90% of the equilibrium adsorp-
tion capacity after 3 h of the experiments at 35 °C and
45% RH, and the adsorption rate was significantly increased
compared with that at 15 °C, 25 °C and 45% RH; in addi-
tion, under 35 °C and 45% RH conditions, the composite
adsorbents reached adsorption equilibrium after 6 h, which
was 1.83 times shorter than that under 15 °C and 45% RH
conditions, and 1.33 times shorter than that under 25 °C and
45% RH conditions. The reason for this is that the increase
in temperature increases the water vapor partial pressure,
which accelerates the binding rate of water molecules to
the composite adsorbent. (3) As shown in Table 1, the equi-
librium adsorption capacities of ACL25, ACL30, ACL35
and ACL40 were 0.3523 g/g, 0.4139 g/g, 0.4554 g/g and
0.5049 g/g at 15 °C and 45% RH, respectively; 0.4027 g/g,

0.4503 g/g, 0.4903 g/g and 0.5578 g at 25 °C and 45% RH,
respectively; 0.3754 g/g, 0.4257 g/g, 0.4869 g/g and
0.5516 g/g at 35 °C and 45% RH, respectively. The adsorp-
tion capacity of the four composite adsorbents increased by
about 10% at 25 °C compared with that at 15 °C; the adsorp-
tion capacity of the four composite adsorbents decreased
slightly at 35 °C compared with that at 25 °C. The reason
is that the effect of temperature increase on the increase
in water vapor partial pressure is higher than the effect of
heat of adsorption of composite adsorbents in the adsorp-
tion process in the 15 °C working condition compared with
the 25 °C working condition, which leads to the increase in
adsorption capacity of composite adsorbents in the 25 °C
working condition compared with the 15 °C working con-
dition. At 35 °C compared to 25 °C, the effect of increas-
ing temperature on the partial pressure of water vapor at
the beginning of the experiment leads to an increase in the
adsorption rate of the composite adsorbents. However, since

4
’( @ Springer



5592 International Journal of Environmental Science and Technology (2023) 20:5585-5596

T T T T T T T
—=— ACL25
0.5 v B
—eo— ACL30 vy
= —A— ACL35
39 0.4F 7 ACL40 _
=
har
g 0.3 b
g
o
g 0.2 g
o
g
f="
M
2 0.1f |
o
-
0.0 |
1 1 1 1 1 1 1

0 200 400 600 800 1000 1200
Time (min)

(a) 15°C, 45%RH adsorption

0.6 —®— ACL25 i

—e— ACL30
v v V—v
- —a—ACL35 T T
S osp oo ACL4V i
2 0.4 ]
o
g 0.3 -
=1
o
2 o0.z2f E
f=1
=
2
9 01F E
0.0F i
1 1 1 1 1 1
0 100 200 300 400 500
Time (min)

(¢) 35°C, 45%RH adsorption

T T T T T T
0.6 F —%— ACL25 -
—e— ACL30

—A— ACL35

Adsorption capacity (g/g)

1 1 1 1 1 1
0 200 400 600 800 1000
Time (min)

(b) 25°C, 45%RH adsorption

0.71
[ ]15C, 45%RH

[ ]25°C, 45%RH
0.6 -] 35°C, 45%RH

0.5 —
0.4F 1
0.3F

0.2

Adsorption capacity (g/g)

0.1F

ACL25 ACL30 ACL35 ACL40
Adsorbent

(d) Comparison of adsorption performance in
45%RH working condition

Fig. 8 Adsorption performance of the composite adsorbents at 45% RH working condition

Table 1 Adsorption data of composite adsorbents at 45% RH

Working condition

Samples 45%RH, 15 °C 45%RH, 25 °C 45%RH, 35 °C
ACL25 0.3523 0.4027 0.3754
ACL30 0.4139 0.4503 0.4257
ACL35 0.4554 0.4903 0.4869
ACLA40 0.5049 0.5578 0.5516

the adsorption process of the composite adsorbents includes
both physical and chemical adsorption, the adsorption
process releases the heat of adsorption as the experiment
proceeds. Because the faster the adsorption rate, the more
intense the chemisorption process proceeds, more heat of
adsorption is generated, which suppresses the adsorption
capacity of the composite adsorbents and eventually leads

w @ Springer

to a decrease in the adsorption capacity at 35 °C compared
to 25 °C.

Figure 9 shows the desorption diagram of the composite
adsorbents at 110 °C after the adsorption is completed at
45% RH and the temperatures are 15 °C, 25 °C and 35 °C,
respectively. From the comparison of the desorbed and
undesorbed amounts, it can be found that the composite
adsorbents exhibited good desorption performance with a
desorption rate of more than 96%.

Analysis of the cycling performance
of the composite adsorbents

The cycling stability performance of the composite adsor-
bent is an important indicator of whether the composite
adsorbent can be used in practical water extraction applica-
tions. The following experimental study was conducted on
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Fig. 9 Desorption performance of composite adsorbents 45% RH working condition

the cyclic stability performance of the composite adsorbent
ACL. Six cycles of adsorption and desorption tests were
conducted on four different salt content composite adsor-
bents at 25 °C and 45% humidity, and the cyclic perfor-
mance is shown in Fig. 10. The results showed that ACL25,
ACL30, and ACL35 had good cycling stability, but ACL40
showed deliquescence during the cycle test. As shown in
Fig. 11, the salt in the ACL40 composite adsorbent cannot
be stably attached around the activated carbon to form a
stable structure, thus causing the salt solution to flow out,
so ACLA40 is not suitable for practical application under this
condition, and ACL35 should be selected as a better choice.

Adsorption kinetics fitting
For solar air water extraction systems, the adsorption kinet-

ics cannot be neglected when considering vapor absorption
in a specific environment. It can be seen from Fig. 12 that at

the beginning of the experiment as a fast water uptake phase,
the composite adsorbents has a high adsorption rate, and as
time goes on, the fitted curve flattens out and the adsorption
rate slows down until the composite adsorbents reach adsorp-
tion equilibrium. Again, it can be seen that the water vapor
adsorption of the composite adsorbents is related to the salt
content. The water vapor adsorption with time for the four
composite adsorbents with different salt contents used in this
experiment can be modeled using a quasi-first-order model
(Eq. (1), Table 2) (Sun et al. 2020). This model has a wide
range of applicability and can be used to study the adsorption
rates of the adsorbents.

Qt:‘k(l_e_kt) (1)

where g, represents the equilibrium sorption (mg/g), g, rep-
resents the dynamic sorption (mg/g), k represents the rate
coefficient (s~'), and ¢ represents the time (s). Figure 12
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Fig. 10 Composite adsorbents 25 °C, 45% RH cycle performance
graph

Fig. 11 Physical diagram of composite adsorbents cycle

shows the fitting curves of the adsorption kinetics of the
composite adsorbents at 25 °C and 45% RH under com-
mon environmental conditions, and the result shows that the
adsorption data under this condition can be well fitted. It
can be seen from Table 2 that the rate coefficient of ACL25
is higher than that of the other three salt contents, and the
adsorption equilibrium can be reached in the shortest time,
and the adsorption rate of equilibrium water is significantly
improved. This is because the hygroscopic salt in the com-
posite adsorbents enter the matrix pores, increasing the
diffusion resistance (Zhao et al. 2021). Also, we can see
that the composite adsorbents with higher salt content has
a stronger water vapor adsorption capacity. However, the
number of macropores that can achieve rapid water vapor
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Fig. 12 Adsorption kinetics of composite adsorbents at 25 °C and
45% RH fitting curve

Table2 Parameters and coefficients related to adsorption kinetic
model

Samples g, (mg g™ k(s™h R?

ACL25 403 0.011 0.9995
ACL30 450 0.008 0.9978
ACL35 490 0.007 0.9997
ACLA40 558 0.007 0.9991

adsorption is reduced in composite adsorbents with higher
salt content, so it takes longer time to reach adsorption equi-
librium, resulting in a lower adsorption rate of composite
adsorbents (Teo et al. 2017). In addition, the other condi-
tions showed the same type of adsorption isotherms as this
common environmental condition, so the other experimental
conditions of this experiment are still consistent with the
results of this adsorption kinetic fitting analysis.

Conclusion

In this paper, the composite adsorbent ACL was firstly syn-
thesized by a simple method of grinding calcium chloride
and activated carbon, which has the characteristics of rela-
tively simple fabrication method, relatively easy production
and more suitable for practical application. The microscopic
morphology of the composite adsorbent was characterized
by scanning electron microscopy, and the results showed that
the microscopic morphology of the composite adsorbent was
consistent with the adsorption characteristics. The adsorp-
tion and desorption performance of the composite adsorbent
ACL under relatively low humidity were investigated, and
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the composite adsorbent showed high adsorption capac-
ity and good desorption rate, and the composite adsorbent
showed good cycle stability during the cycle test. This lays
the foundation for the application of the composite adsor-
bent in practical air—water extraction applications. In addi-
tion, the equilibrium adsorption capacity of the composite
adsorbent can still reach 0.5516 g/g especially under the high
temperature and low humidity working condition of 35 °C
and 45% RH, which has some reference significance for the
selection of composite adsorbent for air extraction in arid
and desert areas.
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