2 M processes

Article

Water Vapor Adsorption on Desiccant Materials for Rotary
Desiccant Air Conditioning Systems

Ziwen Zhu * and Muyuan Zhang

check for
updates

Citation: Zhu, Z.; Zhang, M. Water
Vapor Adsorption on Desiccant
Materials for Rotary Desiccant Air
Conditioning Systems. Processes 2023,
11,2166. https://doi.org/10.3390/
pr11072166

Academic Editors: Abdul
Rahman Mohd Kasim,

Abid Hussanan and Hossein Jafari

Received: 29 June 2023
Revised: 15 July 2023

Accepted: 17 July 2023
Published: 20 July 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Institute of Marine Engineering, Jimei University, Xiamen 361021, China; zmy1349793119@163.com
* Correspondence: zwzhu91@163.com

Abstract: In order to determine the water vapor adsorption performance of a rotary desiccant-based
air conditioning system, the behavior of water adsorption on cylindrical pores of different sizes was
studied by using classical density functional theory (CDFT) based on perturbated chain statistical
associating fluid theory (PC-SAFT). Firstly, the structural parameters of the desiccant material were
characterized by scanning electron microscopy (SEM), X-ray Energy Dispersive Spectrum (EDS),
and N, adsorption/desorption isotherms, as well as adsorption equilibrium measurements of water
vapor at temperature range 293-308 K. Secondly, the potential energy equation of water molecules in
cylindrical pores was determined, and contribution of various terms of PC-SAFT for simulating fluid
in cylindrical pores were established. Finally, the pore size distribution (PSD) of the desiccant materi-
als is determined by the PC-SAFT kernel. Moreover, water vapor condensation was investigated with
the PC-SAFT model in micropores. The results indicate that the rotary desiccant materials have a large
number of micropores with a volume of 0.3669 cm3/g and the amount of water adsorption is about
0.285 g/g. The condensation pressure and the pore width corresponding to the saturated pressure
PO grow with an increase in the temperature, signifying that adjusting the PSD of the material has
a significant effect on improving the dehumidification performance. The research concludes that
the PSD range of the oxide cylindrical pore between 1.09 and 1.53 nm is particularly beneficial for
dehumidification. This study provides valuable theoretical guidance for optimizing dehumidification
materials.
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1. Introduction

The CO, emission of the building sector is about 28% of the total global CO, emission,
which has affected the global climate and environment [1]. In terms of building energy
consumption, the air conditioning system has the highest energy consumption [2]. There-
fore, it is necessary to improve the efficiency of the air conditioning system, such as by
introducing solar energy [3], heat pump [4], or residual heat [5,6] driven rotary desiccant
air conditioning. The rotating desiccant wheel can independently control temperature and
humidity and is usually used for dehumidifying air, which can effectively improve the
dehumidification capacity and processing capacity of air conditioning [7-9].

In the rotary desiccant air conditioning system, the dehumidification capacity depends
on the adsorption of water vapor in the air by solid materials [9]. Therefore, the adsorp-
tion performance of desiccant materials for water vapor will directly affect the operation
performance in systems [10]. At present, the main component of commercial materials
for desiccant wheels is silica gel. The adsorption behavior of water vapor is subcritical
adsorption, and multi-layer adsorption can be formed on the adsorbent [11]. Meanwhile,
due to the large temperature and humidity changes in air conditioning conditions, it is
necessary to determine the adsorption behavior of water vapor in different pore sizes, as
well as determining the pore size suitable for air dehumidification regulation [12].
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The adsorption process of fluid on porous materials is a heterogeneous system be-
tween interfaces, involving diffusion and condensation between the molecules. It is difficult
to accurately predict the adsorption behavior of fluids. Especially, subcritical gases (such as
Ny, Ar, COy, and H,;O) may even produce fluid mixing, droplet and bubble breakage, and
polymerization, thus forming a gas-liquid—solid interface, which has more complex ther-
modynamic properties than the main fluid [13,14]. Both GCMC [15] and MD [16] theories
can be used to describe gas adsorption, but they are time-consuming and not conducive to
high-throughput characterization of gas adsorption. The classical density functional theory
(CDFT) based on statistical thermodynamics has been widely used in the prediction of
adsorption behavior and characterization of PSD of porous medium due to its high accuracy
and faster calculation speed [17,18]. However, in the characterization of gas adsorption, po-
lar molecules such as Ny, CO,, and H,O [19] have significant four polarization, which will
affect the accuracy of the above model to describe fluid adsorption. Statistical association
fluid theory (SAFT) should be used to further describe the association, chain formation,
and other interactions for this kind of small molecular fluid, and a theoretical model for
describing the gas-solid interface could be established combined with CDFT. The com-
monly used SAFT equations state describing fluid include SAFT for Potentials of Variable
Range (SAFT-VR) [19], PC-SAFT [20], and SAFT based on Perturbed Chain Polar theory
(PCP-SAFT) [21]. These theories are widely used to predict the thermophysical properties
of water vapor and the adsorption behavior of water vapor on solid materials. Malheiro
et al. used the SAFT-VR equation of state and weighted density approximation to describe
the density functional theory of spherical non-associated monomers in confined media and
predicted the adsorption behavior of water vapor on slit pore activated carbon [19]. Xi et al.
Proposed an effective algorithm for the density functional theory of molecules in silica
gel cylindrical pores, and quickly solved it by using fast Hankel transform [22]. Rolf et al.
Provided the numerical solution of fast Fourier transform for the density functional theory
of PC-SAFT in one-dimensional to three-dimensional coordinates [20]. The studies of these
numerical algorithms have greatly accelerated the solution of CDFT, which is beneficial to
expand the study of PC-SAFT to describe the adsorption of water vapor in porous media.

In this paper, according to the water vapor adsorption performance of commercial
desiccant materials, the adsorption behavior of water molecules on different pore sizes
was studied by using PC-SAFT. Firstly, the structural parameters of commercial desiccant
materials were characterized, and the adsorption isotherms of water vapor on samples
were tested. Secondly, the potential energy equation of water molecules in the cylindrical
pore is determined, and the partial functional expansions of PC-SAFT for simulating fluid
in the different cylindrical pores are established. Finally, the pore size distribution (PSD) of
the silica gel is determined by obtaining the adsorption kernels.

2. Materials and Methods
2.1. Structural Characterization

The desiccant material was supplied by Jiangyin SAT Air Treatment Equipment Co.,
Ltd. (Wuxi, China). The sample was investigated for its microstructure and composition by
SEM and EDS as shown in Figure 1.

The SEM image in Figure 1 reveals that the desiccant material has a triangular prism
structure, and the size of the particle is greater than 10 um. The elemental analysis results
of desiccant material from the EDS image were listed in Table 1.

As shown in Table 1, the content of Si atoms and O atoms in the sample is about 82%.
It indicates that the main component of desiccant material is silica gel. Therefore, according
to the traditional scheme of NLDFT characterization of silica gel materials [23-25], the
desiccant material will be assumed as a cylindrical channel.
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Figure 1. The SEM and the EDS images of desiccant material.

Table 1. Elemental analysis results of samples by the EDS.

Element Atom Concentration/%
O 62.07
Si 20.22
Al 1.74
Ca 0.80
C 15.18
Al 1.74
Ca 0.80

2.2. Adsorption Measurements

Gas adsorption measurements were employed on a surface characterization analyzer,
3Flex, supplied by Micromeritics Instrument Corporation, America. In addition to inert
gases (nitrogen, argon, and krypton), there are physical adsorption, static chemical ad-
sorption, and dynamic chemical adsorption. Vapor adsorption is another widely used and
trusted option on the 3Flex surface characterization analyzer. Vapor adsorption analysis
has the following advantages [26]: (1) fast experimental speed. (2) Easy sample handling:
for humidity-sensitive materials, the sealed frit in the glove box can be used to simply
transfer the sample from the bottle to the sample tube. The sample will not be exposed to
air, which is difficult to achieve on the gravimetric adsorption analyzer.

For the characterization of porous structure, N, adsorption/desorption experiments
were carried out at 77 K. A stainless-steel chamber with a hard seal was installed on the
equipment as a reservoir for water vapor adsorption experiments. The overall schematic
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diagram of the equipment is shown in Figure 2. Static volumetric measurements are used
to measure the amount of adsorbed gas and vapor.
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Figure 2. Schematic diagram of N, and water vapor adsorption equilibrium process measured
on 3Flex.

As shown in Figure 2, the manifold within the dashed box is considered a reference
reservoir and the sample tube is located at an oil bath. Accurately measure about 85.8 mg
of the sample and place it in a 33 cm long flat bottom glass tube. Prior to this, the sample
was activated overnight at 120 °C for adsorption. The activation and testing temperatures
are controlled by a constant temperature oil bath.

The water adsorption [27] isotherm was obtained by dosing a specific amount of
vapor to the sample tube after a definite interval to reach a desired relative pressure, and
this process continued until the set maximum relative pressure was obtained. All specific
parameters are set in the control software, and the experiment is carried out spontaneously
according to the command of the software. The instrument is equipped with a pressure
sensor with a reading accuracy of £0.12% of FS and a display resolution of 0.00013 Pa. To
prevent condensation during the experiment, the sample tube was kept at 10 °C above
the adsorption temperature. The adsorption temperature is maintained by a constant
temperature oil bath, and the vapor source temperature is maintained by a heating jacket.

Micromeritics 3Flex measurements of N, adsorption at 77 K are shown in Figure 3.
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Figure 3. Adsorption/desorption isotherms of nitrogen at 77 K on the desiccant material.
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The used gases (nitrogen and helium) are of ultra-high-purity grade and they were
from Air Liquide Xiamen Co. Ltd. (Xiamen, China). Figure 3 shows a little "hysteresis
loop” on the desorption isotherm, which indicates that the desiccant material has few
mesopores and many micropores. The specific surface area determined by the BET method
is 590.3 m2-g !, and the pore volume determined by NLDFT [23], is about 0.322 cm®-g L.

Considering the working conditions of air conditioning dehumidification, the temper-
ature range selected in this paper is 293-303 K, and the test pressure range P/Py = 0-0.9.
About 0.0858 g samples were selected for measurement of adsorption isotherms of water
vapor. The equilibrium data were also obtained volumetrically by Micromeritics 3Flex.
Water vapor is generated by deionized water placed in the vapor source container as shown
in Figure 2. Prior to each adsorption test, the sample was placed within a vacuum at 120 °C
for 12 h to degas any moisture from it. The test temperature of prior is controlled by a
constant temperature water bath, and adsorption isotherms of water at 293-308 K were
shown in Figure 4.
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Figure 4. Adsorption isotherms of water vapor on the desiccant material at 293-308 K. (a) Adsorption
isotherms at different temperatures; (b) Adsorption isotherm of relative pressure P/Py.

In Figure 4a, all isotherms exhibit a type I adsorption isotherm, with adsorption
capacity increasing as water vapor pressure increases. Meanwhile, with the increase in
temperature, the pressure corresponding to adsorption saturation increases. Figure 4b
shows that the adsorption isotherms plotted with relative pressure P/Py are basically
the same under different temperature conditions, and the adsorption of water vapor by
samples was basically saturated, reaching 15.8 mmol-g !, which was about 0.285 g water
per gram of desiccant materials after P/Py = 0.6.

2.3. Classical Density Functional Theory

The CDFT formulation is employed to describe the grand canonical ensemble for
a given volume V, temperature T, and chemical potential y, and the grand potential
functional Q[p(r)] for one pure component is given by [28]

Qlp(r)] = Fulp ()] + [ drp(r) [Vews(r) = )

where F,;;[p(r)] is the function of the intrinsic Helmholtz free energy. The external potential
Vext () describes interactions between water molecules at  and solid surfaces.
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Vext (1) = nzssfpsaszf{ =

—10
)] e[

The condition of adsorption equilibrium that gives the particle density of the inhomo-
geneous fluid under the effect of an external potential from adsorbent is found by solving
the minimization of grand potential Q[p(r)], which means that the functional derivative of
Q[p(r)] with respect to the particle density of fluid equal to 0.

SFint[p(r)] _
W + Vext(r) — U= 0 (2)

2.3.1. Solid-Fluid Interaction Parameters

As shown in Table 1, the main composition of the desiccant material is silica gel. It is
assumed to be a cylindrical pore structure, and the external potential Vey¢(r) is only related
to the radial direction r. The interaction between water and an oxide surface cylindrical
pore wall is expressed by the potential as [29]

—4

x 2Fy {—;—g;t(%)z] ®3)

o (1+7)

where R = % is the radial coordinate of the adsorption centers, ps is the surface number
density of the adsorption centers, and > F [a, b; ¢; d] is the hypergeometric series. For water
adsorption oxide surface silica-materials, we set the solid—fluid interaction parameters as,
ps =442 nm 3, o5y = 0.293 nm, % = 134 K [30].

2.3.2. PC-SAFT

The function of the intrinsic Helmholtz free energy can be split into two exactly known
parts, that is

Fintlo(r)] = Fialo(r)] + Fex[o(r)] €

where F;z[p(7)] is the intrinsic Helmholtz free energy from ideal gas functional and F, [o(r)]
is the part that excess free energy. The ideal gas function is

Falo(r)) = keT [ dro(n)[in(p(r) - 1] ®)

The excess free energy functional Fy[p(r)] of PC-SAFT is based on the perturbation
theory of first order in a non-mean field approach [31],

Fexlo(r)] = Fuslo(r)] + Faisp 0 (r)] + Fassoc[0(r)] + Fenainlo(7)] Q)

where Fis[0(7)] Fgisp[0(7)] Fassoc[0(7)] Fenainlo(r)] are free energy functional of hard-sphere
contribution, dispersion contribution, association contribution, and chain contribution.
The modified fundamental measure theory (MFMT) by Yu is used to approximate the
hard-sphere fluid free energy functional Fy4[p(r)] [32], which is consistent with the Boublik-
Mansoori-Carnahan-Starling-Leland (BMCSL) equation of state for the bulk hard-sphere fluid,

Fexlp(n)] = ksT [ dreo[ny(r)] %

and the hard-sphere free energy density ®[n,(r)] is determined by a series of six weighted
densities denoted by n,, with the general form

ma(r) = [ dr'p(r)wa(r =) = p(r) ® walr) = FHFlp() x Flan)]}  ®)

where w, is a weighting function (x = 0, 1, 2, 3, vl and v2), the symbol & represents
convolution, and F and F~! represent fast Fourier transform and inverse transform
respectively. The detailed solution process can be found in our previous research [33].
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The dispersion contribution Fgjsp[o(r)] is determined by employing the weighed
density approximation (WDA) approach to the PC-SAFT bulk free energy. The WDA
approach is similar to the method introduced by Sauer and Gross [21]. This method can
accurately predict the inhomogeneous free energy density reduces to the free energy of
PC-SAFT in the bulk limit. The weighted density p(r) as

o(r) = / dr'o (r ) wavg (r — 1') 9)

where wgyg is the weighting functions for PC-SAFT

Wang (1) = Lm?;%@(dff‘r —7 ) (10)

Here, O is the Heaviside step function. d is the temperature-dependent hard-sphere
diameter of water molecules as used in PC-SAFT [20].

dr—ore|1— 012exp( 2 11)
ff = ff 12exp|

From the weighted density approximation field, the dispersion contribution of the
inhomogeneous PC-SAFT can be determined as follow,

Fasplo(N)] = ks T [ drp(r) fsp (1) (12)

where Fj;s,[0(r)] represents the dispersion free energy density of PC-SAFT calculated
by WDA.

Faisplo(r)] = —27p(r) Ly (1, m)ymPe sy — mp(r)Ca (1, m) Lo (i, myme gpoy - (13)

Here, 1 = Zmp(r) df} £ The solution procedure of the compressibility C;, the universal
integral I and I, can be found in the work by Rolf [20]. The molecular parameters ¢ FFrOffs
and m are the same as the ones used by the PC-SAFT equation of state listed in Table 2.

Table 2. PC-SAFT parameters for water studied in this work [34].

Scheme & (nm) glkp (K) m euslkp (K) Kyp
2B 0.3007 366.51 1.0655 2501 0.06659

The association contribution Fyssoc[p(r)] is determined by employing the associating
weighed density approximation (aWDA) approach [35,36] to the PC-SAFT bulk free en-
ergy. The aWDA makes use of the same weighted density shown in Equation (9), and
Fassoc [P(T)] is:

Fassoclo(r)] = ksT / dro(r) {lnX[p(r)] _ @ n ;} (14)

where X[p(r)] is the fraction of non-bonded species at r relative to other water molecules [36,37],
and has the following relationship with the average density p(r) determined by Equation (9) as,

X[p() = -+ ;pl(gf{:f(’g?[p(’” 15)

where A[p(r)] is the association strength, and is also related to the average density p(r) as,

Alp(r)] = K [exp (2 ) 1]y [p(r)] (16)
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y97[0(r)] is the cavity correlation function between two segments evaluated at contact
distance and at a WDA-type averaged density p(r) corresponding to the interpenetration
volume of two segments.

1 1.5 0.5¢2
(;(3 + ‘3’3

P = T e T e 17

with the segment densities &3 = Zmd> b fp( ).

The chain contribution F,;, [0(r)] is determined by the molecular densities as shown
by Sauer and Gross [21] instead of the segment density as defined in the original func-
tional [38,39]. The expression of the chain contribution F,;,[o(7)] of PC-SAFT is

Failp )] = KaTm = D [ drp(0)in(p(r)) 1] = [ drp(r)ut? o)A =11} 19

where A(r) is an averaged density over a segment surface at contact distance to account for
segment-segment connectivity [38,39].

M) = d2/d/p (df—|r—7|) (19)

Here, 6 represents the Dirac delta function.

2.3.3. Numerical Procedure

Once we have the expression of excess Helmholtz free energy functional, we can use
the Euler Equation (2) to obtain the equilibrium density profiles by the Picard iteration
method. The density profile p(r) that is radial distribution along with the cylindrical
geometry can be solved as

SFys[p(r)] 5FdiSP[p(r)] OFhainlp(r)] | 6Fassoclp(r)]

R T 7 B~ | B

where p. is the density of the bulk fluid, and it can be found in the data NIST [40]. pey
is excess chemical potential. For the one-dimensional distribution of confined space, the
matrix of corresponding position distribution in the space is constructed with Ar = {7({—2@ ,
and the matrix operation of MATLAB is used to discretize the solution by Picard iteration.
Xi et al. present an efficient numerical algorithm for the solution of CDFT in cylindrical
pores [22], we have referred to their work and will not repeat it here.

3. Results and Discussion
3.1. Adsorption in Cylindrical Pore

According to the CDFT based on PC-SAFT, the adsorption isotherms of water in silica
gel cylindrical pores with pore widths of 0.9328 nm, 1.2335 nm, and 1.5342 nm at 308 K
were predicted respectively. The results were described in Figure 5.

As shown in Figure 5, with the increase of pressure, the adsorption capacity of water
vapor in different pore widths is also increasing. The results indicate that the saturated
adsorption capacity of water is reached before the saturated vapor pressure of water, and
the corresponding pressure is the condensation pressure (P.,ng). When the simulated pore
width is smaller, its corresponding P.,nq is smaller. This is because the smaller the pore
width, the greater the interaction energy determined by Equation (3) so that water molecules
will condense into liquid water at lower pressure. However, the phenomenon does not
mean that the smaller the pore size, the greater the adsorption capacity. Compared with
Figure 4, when the pore width is 0.9238 nm, the condensation pressure is P onq/Pg = 0.0625,
but the saturated adsorption capacity of water is only 47 mol/L, which is smaller than
that of other pore widths. The water sorption on porous materials belongs to multilayer
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adsorption under subcritical conditions. Then, when the adsorption behavior occurs
in narrow pores enough to cause 2-3 layers of water adsorption, the repulsive force of
water molecules between the adsorption layers is greater, leading to an increase in water
molecular spacing and a decrease in saturation adsorption capacity of water. However, the
pore width is large enough for many more layers of water molecules, making the outer
layers of the fluid behaves as a liquid phase, and the saturated adsorption capacity of water
is higher than 50 mol/L.

60

———w=0.9328nm

o w=1.2335nm

Q1
o

s e O O e e e e e e e e OO

| = w=1.5342nm o—o—0—0—0—"0"

S
(@)
T

13
N, /mol-L
W
(=)
T

20
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0.0 0.2 0.4 0.6 0.8 1.0

P/P0O

Figure 5. Adsorption isotherms of water vapor in different pore widths predicted by CDFT.

In considering air condition dehumidification demand, the working temperature
range of the air inlet of the rotary desiccant air conditioning system selected in this paper is
293-308 K, and the relative humidity is 60-90%. Figure 6 shows the variation of P¢,ng with
temperature within the same range of pore size.
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Figure 6. Variation trend of water vapor condensation pressure P.,,4 with temperature in different
pore widths.
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It can be found from Figure 6 that with the increase of pore width at the same temper-
ature, the condensation pressure P.,q gradually increases until it reaches the saturated
vapor pressure Py of water. As shown in Figure 5, the two dashed lines of 60% and 90%
relative humidity of water vapor intersect with the condensation pressure P,,q determined
at 293 K and 308 K, which can determine that the optimal pore distribution range for de-
humidification is between 1.09 and 1.53 nm. As shown in Figure 7, we have plotted the
largest pore width at which condensation pressure occurs as a function of temperature.

16 "

14

Dpax/nM

1.0

292 294 296 298 300 302 304 306 308 310
T/IK

Figure 7. The largest pore size for which condensation pressure of water occurs as a function of
temperature in cylindrical pores.

Figures 6 and 7 provide interesting and relevant information since they demonstrate
the behavior of water, especially pore filling, is highly dependent on pore width and
temperature, which can make water a useful probing fluid for the characterization of
microporous materials.

3.2. Application of PC-SAFT for PSD Analysis of Desiccant Materials

The CDFT-predicted adsorption isotherms are calculated by integrating the fluid
density profile p(r) [41],

Ncprr(P/py, D) = T dr(ro(r) — Pbuik] (21)
(D —00-0)* /’0

where 7 is the edge position of the solid wall when, V,(r) = 0 and 0p_0 is the diameter
of oxygen atoms, 0.276 nm.

According to the adsorption isotherm of water on desiccant materials at 308 K, the PC-
SAFT kernel of adsorption isotherms with a pore width of 0.62-1.77 nm by Equation (21) is
calculated as shown in Figure 8.

The results of PSD analysis of desiccant materials can be solved through the integral
adsorption isotherm equation (IAE),

*Dimax
Nexc(P) = /vaNCDFT(P/PO/ D)dv = / ~ Neprr(P/r, D) f(D)dD (22)
where, Dmax and Dy are the minimum pore width and the upper limit pore width,
respectively. In this paper, f(D) is the pore size distribution function. The above equation
can be regularized by Tikonov regularization, and the L-curve method is used to determine
the numerical optimal solution [42]. The results of PSD are shown in Figure 9.
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Figure 8. Kernels of adsorption isotherms on pores at different pore widths determined by PC-SAFT.
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Figure 9. PSD of desiccant materials for rotary desiccant determined by water vapor adsorption

isotherm at 308 K.
It can be seen from Figure 9 that the rotary desiccant contains a large number of
micropores with a volume of 0.3669 cm®/g, which is slightly larger than that of NLDFT
by Nj adsorption isotherm. This is because the diameter of water molecules, listed in
Table 2, is smaller than that of N, (0.3575 nm [43]), the smaller molecules can characterize
smaller pore sizes [44,45]. Among them, there are characteristic pore widths at 0.8 nm
and 1.25 nm. The adsorption kernels determined in Figure 8 and the PSD determined in
Figure 9 can predict the adsorption isotherm of water on the desiccant material according

to Equation (22), and the results are shown in Figure 10.
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Figure 10. Isotherm of water vapor adsorption on desiccant materials at 308 K from experiments
and calculations.

As shown in Figure 10, it can be found that the prediction of water vapor adsorp-
tion behavior on silica gel by CDFT has high accuracy within the tested pressure range.
Adsorption saturation occurs at approximately P/Py = 0.6. In addition, the trend of cumu-
lative volume changing with pore size in Figure 9 is similar to the trend of water vapor
adsorption capacity increasing with pressure. This indicates that the pore width of porous
materials can be adjusted based on the operating conditions of dehumidifiers, especially
the relative humidity P/Py in air conditioning, to increase the ability of water absorption
under corresponding operating conditions and improve the dehumidification performance
of the rotary desiccant wheel. We will focus on our next research.

4. Conclusions

In this paper, we have determined the cylindrical pore size of the desiccant material
suitable for waste heat-driven rotary desiccant air conditioning and established a CDFT
characterizing the cylindrical pore size based on PC-SAFT. The following conclusions can
be listed,

1.  The main component of desiccant material in this paper is silica gel, and water vapor
adsorption on desiccant materials is basically saturated after P/Py = 0.6, reaching
15.8 mmol-g~!, which is about 0.285 g of water per gram of desiccant;

2. The optimal PSD range of desiccant material for rotary desiccant air conditioning
was determined by CDFT established from PC-SAFT. As the temperature increases,
the pore width increases when the condensation pressure P4 /Py of different pore
widths reaches the saturated steam pressure PO of water. When the working tem-
perature range of the intake air of the rotary desiccant air conditioning is 293-308 K
and the relative humidity is 60-90%, the optimal PSD range of dehumidification is
1.09-1.53 nm;

3. The CDEFT established from PC-SAFT can characterize the PSD of the desiccant ma-
terial by water adsorption isotherm. The rotary desiccant materials contain a large
number of micropores with a volume of 0.3669 cm®/g. Among them, there are
characteristic pore widths at 0.8 nm and 1.25 nm.
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Nomenclature

Symbols Greek symbols
C the compressibility of the hard-chain fluid X the fraction of non-bonded particles
d,D diameter (nm) A the association strength (nm)
F Helmbholtz free energy (J) € energy well-depth for L-J fluid and solid (J)
L, the universal integral 7 the weighted packing fraction profile
kg Boltzmann constant (J-K~1) U chemical potential (J)
K the association volume o density (nm~3)
m segment number o size well-depth for L-J fluid and solid (J) (nm)
Mg weighted densities (nm~3) w weighting function
N the amount of adsorption (mmol-g 1) ¢ the weighted quantities
- .the position of r and #’ fluid molecules o) grand potential (])

in space (nm)
R radius (nm) Subscrip.ts and

superscripts

Voxt external potential (J) 1,2 ... Number of states
w pore width (nm) assoc association contribution
y the cavity correlation function avg Average
Abbreviations bulk bulk density of fluid
CDFT Classical Density Functional Theory chain chain contribution
EDS Energy Dispersive Spectrum disp dispersion contribution
GCMC Grand Canonical Monte Carlo ex excess
MD Molecular Dynamics Vi fluid-fluid
MFMT Modified Fundamental Measure Theory HB the hydrogen bonding
PSD Pore Size Distribution hs hard-sphere contribution

Perturbated Chain Statistical Associating . the intrinsic Helmholtz free energy from
PC-SAFT ) id . .

Fluid Theory ideal gas functional
SEM Scanning Electron Microscopy int the intrinsic Helmholtz free energy
WDA Weighed Density Approximation ss, sf sloid-sloid, sloid-fluid
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