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Abstract
Experimental studies of methods for obtaining composite sorption-active materials NaX-based crystalline zeolite have
been performed. The organic polymers of the fluorine derivatives of ethylene [–CF2–CF2–]n with a high Young's modulus
were used as the binding material. It has been experimentally proved that composite sorption-active materials have
unchangeable physical form, a high adsorption capacity and are able to level the strain stresses caused by cyclic loads on the
adsorbent in gas separation systems implementing the pressure swing adsorption technology. The choice of the “adsorbentfiller-polymer matrix” composition in the synthesis of sheet, granular and block composite sorption-active materials was
scientifically justified. The influence of the types, the ratios of the initial components and the molding conditions on the
mechanical and adsorption properties of the composite adsorbent were investigated experimentally. It was found that the
dynamic activity on water vapor in synthesized control samples of composite adsorbents was 20–40 % higher compared to
traditional industrial adsorbents such as NaX-B-1G.
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Introduction
As follows from the literature [1–3], when
creating adsorbing materials, their shape is important
because of the design of the product in which the
adsorbent material is used. The use of adsorbing
materials in gas separation systems makes it possible
to use them in various geometric configurations, such
as granules, blocks, sheets, etc. For example,
adsorbents in the form of sheets with a maximum
surface area are used to dehydrate air in descent space
vehicles, while devices with granular adsorbents are
used for concentration of oxygen from the surrounding
medium for pilots.
58

In [4–7], various methods of creating composite
sorption-active materials were proposed, thus making
it possible to design adsorbing materials of various
geometric configurations – sheet, porous sheet,
granular, and block.
In accordance with these techniques, a number of
samples of composite sorption-active materials were
made under various process conditions: the ratio
adsorbent (A): binder (B); the amount of solvent (S)
with respect to the binder (B); the temperature of the
added water (or substrate – for sheet materials) Tw; the
temperature in vacuum-drying cabinet Tdb; duration of
vacuuming, τ. (Table 1).
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Table 1
Process parameters of manufacturing granulated
and sheet composite sorption-active materials
(CSAMs)
No.

A:B, % wt.

S, m3/kg

Tw, ºС

Tdb, ºС

1

75

25

0,025

50

140

2

78

22

0,015

55

150

3

80

20

0,030

65

4

84

16

0,020

75

5

85

15

6

86

14

7

87

13

0,022

85

8

90

10

0,021

80

0,024

90
70

160

τ, h
5

4

The resulting samples of composite sorptionactive materials were further subjected to complex
studies.

Fig. 1 Graph of the dependence
of the CSAM sample’s force response on its relative strain

Table 2
Mechanical properties of the CSAM samples
A:B,
% wt.

75:25

80:20

83:17

85:15

87:13

90:10

1. Studies of physical-chemical properties
of the resulting composite sorption-active materials

σ, MPa

0.49

0.51

0.52

0.54

0.58

0.65

1.1. Resistance to mechanical impact

E, MPa

13.00

12.40

12.20

12.00

11.70

9.40

In the study of the resistance to mechanical
impact for compression, CSAM samples made at a
solvent removal temperature of 60 °C were used, and
in stretching experiments, CSAM samples produced at
a solvent removal temperature of 45 °C were used. The
compression and tensile tests of all the investigated
sorption-active materials have shown that the shape of
the strain curve remains practically unchanged at
floating values of mechanical stress and relative
deformation [4–6]. Fig. 1 shows a typical form of the
strain curve of the CSAM sample (the ratio of A : B
is 85 : 15).
As can be seen from the graph in Fig. 1, the curve
has a non-monotonic character. In the section of
relative strain variation Δl/l0 from 0 to 0.02, elastic
deformation is observed, replaced by the area of plastic
deformation (Δl/l0 from 0.02 to 0.09). At Δl/l0 ~ 0.09,
irreversible destruction of the sample is observed, as
evidenced by a subsequent decrease in the modulus of
the force applied to the sample. Further wave-like
behavior of the curve σ(Δl/l0) indicates a sequence of
subsequent destructive processes occurring in the
volume of the sample under load. This type of
deformation is characteristic of materials that are
highly heterogeneous in structure, in particular, porous
materials with an irregular macroporous structure.

The experimental values of the tensile strength σ
and the Young modulus E for different ratios A : B at a
solvent removal temperature of 60 °C are shown in
Table. 2.
As it follows from the analysis of the data in
Table 2, the maximum strength σ = 0.65 MPa is
reached at a ratio of zeolite and binder 90 : 10, and the
maximum elasticity E = 13 MPa is reached at a ratio of
75 : 25. The best combination of strength and elastic
properties of the resulting CSAM is achieved at a ratio
of 83 : 17.
It follows from the presented data that the
mechanical properties of composite sorption-active
materials determined by the value of the Young’s
modulus increase with the content of the polymer
matrix, while resistance to mechanical impact for
compression decreases. The latter fact can be
explained by an increase in the volume of secondary
pores of CSAM with an increase in the binder content
[8, 9].
1.2. Thermal stability
In the world technology of sorbents over the past
10 years, there has been a clear trend of developing
new adsorbent materials based on organic polymers
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decrease in the rate of absorption
of adsorbate and the degree of its
removal from the gas phase in
multiple
sorption-desorption
cycles due to the gradual
accumulation of a residual
amount of adsorbate in the
adsorbent. The development of
CSAM resistant to thermal
exposure allows for a long-term
operation of the material at
temperatures above 220 °C [10].
To determine the thermal
stability, after the water vapor
adsorption stage the synthesized
samples of composite sorptionactive materials were subjected
to thermogravimetric analysis
(TGA). The studies were
performed in air at atmospheric
pressure in the temperature range
Fig. 2 Results of the thermal analysis of the CSAM sample
from 20 to 500 °C. During the
experiments, it was found that
capable of leveling deformation stresses caused by a
the nature of the TGA curves and the differential
temperature drop, as well as aerodynamic loads on the
thermal analysis (DTA) of all samples of composite
adsorbent granules. This significantly affects the
sorption-active materials is similar. For illustration,
reduction of dust formation during the operation of the
Fig. 2 shows the results of thermal studies of the
adsorbent (the rate of mass transfer of the adsorbate
CSAM sample No. 5 from Table 1.
remains unchanged for numerous adsorptiondesorption cycles). In this case, zeolites of various
grades, silica gels, alumina, etc.
are used as an adsorbent filler,
while polyamides, polysulfones,
polyolefins, polyethylene terephthalate, etc. or their mixtures
are used as a polymer matrix.
However, the above listed
polymers
have
a
thermal
degradation temperature below
250 °C, which makes it very
difficult to carry out their full
regeneration,
especially
if
different zeolites are used as the
initial
adsorbent.
Complete
desorption
of
water
from
adsorbents based on zeolites
occurs during thermal regeneration at a temperature of not less
than 300–350 °C in vacuum at a
residual pressure of 1 kPa or with
simple thermal regeneration at
400–450 °C [3]. This leads to a
Fig. 3 Thermal analysis of the studied adsorbent materials:
decrease in the adsorption
1 – DTG curve of CSAM sample No 3 from Table 1;
capacity of the adsorbent, a
2 – DTG curve of the initial NaX crystallite
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As it folloows from thee results of thhermal analyysis,
in the temperaature range from
f
80 to 280
2 °С, a brroad
bannd of endothhermic effecct is observeed on the DTA
D
currve, which is accompaniied by intenssive weight loss
(266.1 %). In thhe indicated temperature
t
range, compplete
rem
moval of water
w
from the studieed samples of
com
mposite sorpption-active materials taakes place. At
A a
tem
mperature of
o ~ 430–4550 °C (depeending on the
com
mposition off the sample), the processs of destrucction
of the sample begins, acccompanied by
b a significcant
D
curve annd a decreasse in
exoothermic efffect on the DTA
weeight.
Under iddentical connditions, thhe initial NaX
N
cryystallite wass studied byy the DTA method. It was
fouund (Fig. 3) that the natture and shaape of the DTA
D
andd DTG curvves for the CSAM
C
samplles and the pure
p
NaaX crystalliite sampless after thee water vaapor
adssorption stagge are absollutely identiccal in the 255 to
300 °C range (characterizin
(
ng the desorpption processs of
waater). This alllows us to conclude that the bindeer in
thee form of fluoroplastic (“F-42V”” fluoroplastic),
addded to the adsorbent material
m
doess not affect the
meechanism annd kinetics of
o the desorpption processs of
waater [10].

aa)

1 Morphollogical studiees
1.3.
of com
mposite sorption-active materials
m
The resultts of a studyy of the conttinuity of a film
f
froom a polym
mer matrix of sampless of compoosite
sorrption-activee materials by the scaanning electtron
miicroscopy method
m
(Neonn microscoppe of CarlZ
Zeiss
firm
m) are preseented in phottographs of segments off the
CS
SAM sample (ratio A : B is 83 : 17) inn Fig. 4.
As can bee seen from the
t photograaphs, in the film
f
of the polymeer matrix thhere are a lot of throough
traansport poress with a diaameter of 1 to 10 μm. The
adssorbent filler is firmly fixed
f
in the matrix, withhout
bloocking its poores (the maacromoleculees of the binnder
aree an order off magnitude larger than the pore size of
thee adsorbent),, thereby alloowing gas too have accesss to
thee entire volume of thhe adsorbennt material and
witthout causingg significantt diffusion reesistance.
2. Selecting the main
n process paarameters
for th
he manufacture of composite
s
sorption-act
tive materiaals
The studiees found a correlation beetween the main
m
operational prooperties of the
t resulting CSAMs (sttatic
k
of adsorbate mass
m
andd dynamic capacity, kinetics
traansfer in adssorption-desoorption cyclees, resistancee to
meechanical acttion, long-term operationnal temperatture,
etcc.) and proccess parameeters of cycclic adsorptiondessorption proccesses.

bb)
Fig. 4.
4 Micrographss of CSAM sam
mples:
а – magnification by 3000 timees;
b – magnificatioon by 1000 timees

2.1. Determining
D
g the compossition
and disppersity of initial adsorben
nt fillers
o fine particcles
The studiees showed thhat the use of
as an adsorbennt filler leaads to a reeduction in the
deffectiveness of
o the final product and
d its hardenning
duee to mechaanical-chemiccal activatio
on; causes the
form
mation of a developed secondary porous
p
structture
(an
nd, accordinngly, improvves the kin
netics of mass
m
tran
nsfer of adsoorbate in adssorption-deso
orption cyclees).
In addition,
a
the size of the aadsorbent-filller particles is a
sign
nificant facctor determ
mining the intensity and
a
durration of mixxing of the feeed mixture prior
p
to the step
s
of forming
f
the composite
c
soorption-activ
ve materials.
The resultts of the sttudy of the impact of the
amount of the adsorbent-fiiller introducced (c, % wt.)
w
and
d its dispersion (d, μm) oon the ultimaate strength and
a
dyn
namic capaccity of the rresulting blo
ock CCAM are
sho
own in Fig. 5.
5
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a)

b)

Fig. 5. Impact of:
a – dispersity d of the initial adsorbent filler (crystallite NaX);
b – its content c in the CSAM sample on the tensile strength σ (1) and the dynamic capacity ad (2)

From the analysis of the experimental
dependences presented in Fig. 5a it is evident that as
the size of the particles of the initial adsorbent filler
increases, the values of the tensile strength and
dynamic capacity decrease. This is explained by the
fact that as the dispersion of the adsorbent filler
increases, the specific surface area of the adsorbent
decreases, which reduces the mass transfer efficiency
and increases the diffusion resistance of adsorbate
transfer from the gas to the solid phase and vice versa
(especially at d ≥ 6 μm). The decrease in the tensile
strength is explained by the decrease in the number of
point contacts per unit volume between the adsorbent
filler particles and the matrix [11].
Increase in the dispersity of the initial zeolite
powder above 6 μm led to a deterioration in the
performance characteristics of the adsorbent material.
In multiple adsorption-desorption cycles, the
precipitation of zeolite particles from the polymer
matrix was observed, leading to a decrease in the
adsorbent capacity due to the blocking of the transport
pores of the adsorbent filler with the fine particle
fraction and the growth of the aerodynamic resistance
to gas flow.
From the analysis of the experimental
dependences in Fig. 5b it follows that when the
amount of adsorbent in the CSAM increases, its
strength and dynamic capacity increase. It can be
assumed that an increase in dynamic capacity is
associated with a decrease in the thickness of the film
of the polymer matrix distributed on the surface of the
adsorbent filler and the corresponding decrease in the
diffusion resistance to the transfer of the adsorbate.
62

With an increase in the content of the adsorbent
≥ 85 % wt., a sharp decrease in the dynamic capacity
of the resulting CSAM was observed. This is explained
by the compaction of their structure, the decrease in
the volume of transport pores and, as a consequence,
the difficult mass transfer of adsorbate into the volume
of the adsorbent material. In the production of
CSAMs, the best results were achieved with the
adsorbent: polymer matrix ratios in the range
(80–88) : (20–12), % wt.
2.2. Selecting the solvent and the rationale
for its consumption per unit of final product
An important factor influencing the quality of the
resulting CSAM is the content of the solvent in the
initial suspension, which determines the stability in the
homogeneous state (which is necessary for the
production of homogeneous CSAM and their
defectiveness reduction) and the way of molding
CSAM. In addition, the amount of solvent and the size
of its molecules have a significant effect on the
formation of the secondary porous structure of CSAM
(which largely determines the dynamic capacity of the
adsorbent) during its removal in the drying stage, and
affects the bond strength of the adsorbent with the
binder.
The results of experimental studies of block
CSAMs if d = 4–6 μm, solvent removal temperature
TS = 50 °С and TS = 80 °С (dimethyl ketone
(2-propanone, acetone) and methyl ethyl ketone
(2-butanone) as solvent) and various solvent ratios (S):
polymer matrix (M) are shown in Table 3.
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Table 3
Impact of the ratio of solvents on mechanical
and adsorption properties of CSAMs
Dimethyl ketone

Methyl ethyl ketone

No.

S : M,
g/kg : g/kg

σ, MPa

ad, g/kg

σ, MPa

ad, g/kg

1

10 : 1

0.73

187

0.75

186

2

15 : 1

0.70

189

0.73

187

3

20 : 1

0.68

190

0.70

189

4

25 : 1

0.63

193

0.64

5

30 : 1

0.56

195

0.59

6

35 : 1

0.48

196

0.54

195

7

40 : 1

0.42

197

0.47

199

8

30 : 1

0.52

199

0.51

201

193

TS, °С

50

80

From the analysis of data presented in Table 3, it
follows that the replacement of acetone with methyl
ethyl ketone as a solvent has practically no effect on ad
and σ. The optimum ratio was S : M in the range of
15–30 g/kg. If S : M ≤ 15 g/kg, the values of dynamic
capacity and strength decreased, and the process of
molding of CSAM became more complicated due to
the high viscosity of the resulting suspension. This is
explained by a decrease in the number of transport
pores formed when the solvent was removed due to the
heterogeneity of the structure of the resulting CSAM.
2.3. Determining the temperature of molding
and drying of samples of composite
sorption-active materials
The relationship between the solvent removal
temperature TS in the stage of suspension drying, the
dynamic capacity ad and the mechanical strength σ is
shown in Fig. 6. The solvent used in the creation of
CSAM acted as a plasticizer and a blowing agent.
The presented results indicate that an increase in
TS from 25 to 57 °C led to an increase in the dynamic
capacity of the samples studied, while σ decreased.
If TS = 55–57 °C, a discontinuous change in the
properties of CSAM due to the boiling of acetone was
observed, accompanied by its intensive release from
the formable suspension. At the same time, there was a
sharp increase in the number of transport pores
(an increase in the volume of the finished CSAM by
2.5–3 times compared with the initial suspension).

Fig. 6. Impact of the solvent removal temperature TS
on the mechanical strength σ (1) and the dynamic capacity
of water vapor ad of the resulting CSAM (2)

3. Investigation of the adsorption
characteristics of the finished
composite sorption-active materials
3.1. Isotherms of water vapor sorption by samples
of composite sorption-active materials
Sorption of water vapor by composite sorptionactive materials was investigated both in static and in
dynamic conditions under different conditions; these
parameters were compared with the same parameters
of one of the best commercially available granular
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Fig. 7. Isotherms of the water vapor sorption by adsorbing
materials with the ratio A : B:
1 – 75 : 25; 2 – 80 : 20; 3 – 83 : 17; 4 – 85 : 15; 5 – 87 : 13;
6 – 90 : 10; 7 – 90 : 10 – zeolite NaX-В-1G

zeolites NaX-B-1G (TU 6-16-20-90) registered under
similar conditions.
Determination of the water vapor sorption
isotherm was carried out according to the procedure
described in part I of the paper [12]. Fig. 7 shows the
results of finding the sorption capacity in relation to
water vapor under static conditions by the finished
composite sorption-active materials at different air
humidity and at a temperature of 25 °C for 5 hours.
The analysis of the isotherms shown in Fig. 7
allows us to conclude that when the content of zeolite
in the initial solution exceeds 90 %, the sorption
capacity of the finished articles decreases, which is
explained by the partial destruction of the adsorbent
due to the insufficient amount of binder to provide the
required strength. The best zeolite-binder ratio is
87 : 13, which ensures a sorption capacity of up
to 265 g/kg.
3.2 Kinetics of water vapor sorption by samples
of composite sorption-active materials
under static conditions
To study the kinetics of the water vapor sorption
processes under static conditions, samples of
composite sorption-active materials of the same
geometric configuration were placed in a desiccator
with a fixed content of water vapor in the desiccator
atmosphere and recorded a change in the mass of the
sample at regular intervals. All experiments conducted
at a temperature of (20 ± 2) °C. The kinetics of mass
transfer of water vapor was investigated for n = 20
sorption-desorption cycles by calculating the amount
of water absorbed in time t at a fixed moisture content
φ. Desorption of all samples was carried out under the
64

same conditions – vacuuming at a residual pressure of
1 kPa and a temperature of 100–110 °C for 2 hours,
then at a temperature of 140–160 °C for 2-hours
(Table 4).
The analysis of the experimental data made it
possible to find that the decrease in the adsorption
capacity of the CSAM sample (A : B = 90 : 10) and
NaX-B-lG zeolite after 20 sorption-desorption cycles
is explained by the partial destruction of the adsorbent
material under the impact of aerodynamic loads,
causing the formation of a finely dispersed fraction
(dust) and blocking due to the porous structure of the
material.
The analysis of the totality of the results on the
study of the sorption characteristics of samples of
composite sorption-active materials allows us to state
that the film of a polymer matrix made of fluoroplastic
on the surface of the adsorbent-filler granules does not
have continuity, which allows free access of adsorbate
molecules to the CSAM volume. The permeability of
the polymer matrix film ensures the preservation of the
capacitive characteristics of the finished composite
sorption-active materials at the level of the initial
adsorbent-filler. This conclusion was verified by the
results of morphological studies of the finished CSAM
using scanning electron microscopy.
The kinetics of water vapor absorption by the
CSAMs NaX-based crystallite impregnated into the
fluoroplastic matrix is on the average 15–20 % higher
than in the granulated zeolite NaX-B-1G, both under
static and dynamic conditions. The coefficient of
utilization of the equilibrium dynamic capacity
[13, 14] for the resulting composite sorption-active
materials was in the range of 90–93 %, which indicates
a high rate of absorption of water vapor under dynamic
conditions.
The resulting absorbent materials provide a longer
protective action time and deeper air drying (down to
minus 72.4 °C at the dew point) compared to
conventional granular NaX adsorbents. The kinetic
characteristics of the water vapor absorption of the
resulting CSAMs (except for the sample with the ratio
A : B = 90 : 10) remained unchanged for 20 sorptiondesorption cycles, in contrast to NaX-B-1G zeolite, for
which a tendency to decrease these parameters was
observed. This indicates the constancy of the structure
of composite sorption-active materials and the absence
of the effect of dust formation during operation [15].
The presented results show that the CSAM
samples produced by the proposed technology, using
NaX-based crystallite and fluoroplastic matrix have
high strength values to mechanical and hydraulic loads
and adsorption capacity. The increase in the moisture
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Table 4
Results of the study of the kinetics of water vapor sorption
by composite sorption-active materials under static conditions
a, g/kg
φ = 10 %

A:B, % wt.

φ = 44 %

φ = 75 %

t, min
30

60

120

30

60

120

30

60

120

n=1
75/25

162.7

180.8

202.1

176.7

185.4

210.9

195.3

205.2

215.7

80/20

164.1

190.3

211.2

179.8

190.0

215.5

198.2

209.1

228.7

83/17

165.0

194.1

214.3

184.5

197.3

219.6

201.8

214.4

236.9

85/15

168.4

198.7

218.1

189.0

209.5

223.8

212.4

219.7

243.8

S7/13

170.9

204.5

225.6

197.8

221.4

235.8

218.9

225.1

255.9

90/10

170.6

200.0

215.2

197.4

211.0

220.3

211.7

218.8

233.6

NaX-B-lG

141.0

160.3

180.8

151.6

182.1

197.2

182.4

192.7

200.5

n = 20
75/25

162.3

180.4

202.0

176.8

185.3

211.0

195.2

205.0

215.5

80/20

164.0

189.6

211.2

179.4

190.1

215.2

197.4

208.7

228.4

83/17

164.7

193.6

214.2

184.6

197.0

219.3

201.4

214.5

236.4

85/15

168.1

198.4

217.8

188.9

209.4

223.6

212.4

219.3

243.3

S7/13

170.7

204.3

225.3

197.6

221.5

235.6

218.4

224.7

255.6

90/10

160.8

192.7

205.6

187.0

201.3

208.9

201.3

209.3

221.2

NaX-B-lG

131.6

151.8

171.4

142.4

171.7

186.6

171.9

177.0

179.3

content at the end of the step did not occur gradually,
as it was observed in the case of the use of other solid
adsorbent fillers [3, 16, 17], but rather sharply and
rapidly, as a result of which it was possible to almost
completely use the adsorption capacity of the layer.
The dynamic activity of even relatively small layer
thickness (~ 0.1 m) of CSAM samples was close to the
equilibrium static activity. The results allowed us to
conclude about the prospects of using the resulting
CSAMs in the systems of drying and separation of
gases working on the principle of pressure swing
adsorption.
3.3 Kinetics of water vapor sorption by samples
of composite sorption-active materials
under dynamic conditions
Studies of the sorption characteristics of the
CSAM samples under dynamic conditions were
performed according to the previously described
procedure [3, 18] under the following conditions: the
relative humidity of the steam-air flow φ = 40 %
(0.007–0.008 kg/m3), the temperature of the steam-air

flow (20 ± 2) °С; volumetric specific flow rate Qs =
= 0.2 m3/(s·m2), the height of the layer of the
investigated CSAM was 0.150 m.
The results of the experiment are presented in
Table 4.
Table 4
Sorption characteristics of CSAM in dynamic
conditions with direct air supply
A : B, % wt. ρ, kg/m3 Td, °С

τpr, min ad, g/kg

k

75/25

700

–65.3

35

172

0.90

80/20

700

–67.3

36

180

0.92

83/17

710

–72.1

42

187

0.92

85/15

700

–72.3

45

193

0.92

87/13

720

–72.3

46

199

0.93

90/10

740

–70.1

40

196

0.92

NaX-B-1G

1000

–63.2

31

141

0.83
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In Table 4 ρ is adsorbent density, kg/m3. The
coefficient of utilization of the equilibrium dynamic
capacity k was determined according to [3, 19]. The
maximum time of the protective action of τpr and the
degree of air dehumidification at the dew point Td were
reached at a ratio A : B equal to 87 : 13, which
corresponded to the maximum dynamic capacity of the
adsorbent (sample No. 5, Fig. 7).
3.4. Study of the porous structure
of composite sorption-active materials
The studies were carried out by the bulk method
of adsorption-desorption of nitrogen vapors [3].
Samples of sheet composite sorption-active materials
produced by the method (Table 5, sample No. 1–4)
were used [12]. A sample of NaX crystallite (Table 5,
sample No. 5) and a sample of an industrial granular
zeolite adsorbent NaX-B-1G manufactured by JSC
Rosmkhimzashchita Corporation under TU 6-19-20-90
(Table 5, sample No. 6) were also investigted. In all
cases, acetone was used as a solvent in the preparation
of CSAM.

The adsorption properties for the samples
calculated from the Dubinin-Radushkevich model
equation with the affinity coefficient β = 0.3918 [3, 20]
are presented in Table 6.
Table 5
Comparative characteristics
of the porous structure of CSAM samples
No.

A : M,
% wt.

1

90 : 10

2

85 : 15

3

80 : 20

4

75 : 25

5

100 : 0

6

87 : 13

TS,
°С

S : M,
g/kg : g/kg

d,
μm

ρ,
kg/m3
2050

50

2020

20
4

–

2030
2010
1920
2150

Table 6
Adsorption properties of CSAM samples
No.

W0, cm3/g

Ssp, m2/g

E0, kJ/mol

dw, A

Dmeso, nm

c, % wt.

1

0.308

844.291

16.750

8.950

4.333

89.687

2

0.267

809.460

16.180

9.256

3.504

85.796

3

0.258

736.486

16.670

9.388

2.787

81.178

4

0.244

707.752

16.950

9.306

3.143

75.317

5

0.316

854.876

16.080

9.102

3.114

100.000

6

0.243

733.846

16.110

7.938

1.911

86.986

In Table 6, W0 is limiting adsorption volume,
sm3/g, Ssp is specific surface area of CSAM, m2/g; E0 is
characteristic energy of adsorption, kJ/mol, dw is
diameter of the zeolite inlet window, A; Dmeso is
mesopore diameter, nm.
From the analysis of the data presented in Table 6,
it can be concluded that the maximum limiting
adsorption volume (0.308 cm3/g) was observed when
the zeolite content is 89.687 % by weight in CSAM
sample No. 1. At higher strength properties, namely,
the absence of dust emission during operation, the
resulting CSAM sample was comparable with the
granular NaX zeolite adsorbent by the value W0 and by
27 % exceeded it in NaX-B-1G zeolite.
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It should be noted that for the samples of
composite sorption-active materials, there is a
tendency to increase the volume of mesopores and
their area with an increase in the content of the
adsorbent filler in the CSAM from 75 to 85 %, after
which these parameters decrease.
Conclusions
The experimental studies revealed the prospects
of using CSAMs in the PSA processes for purification
and separation of gas mixtures. The choice of the
adsorbent-filler composition was substantiated and
verified by the experimental method: the polymer

Advanced Materials & Technologies. No. 1, 2018

AM&T
matrix in the synthesis of CSAM for short-cycle freegas adsorption plants. It was expedient to use
crystalline zeolites with a dispersion of 3–6 μm as
initial adsorbent fillers, fluorine derivatives of ethylene
(fluoroplasts) as a polymer matrix, and dimethyl
ketone (acetone) as the rheological additive. Optimum
process parameters for the production of CSAM from
NaX-based crystallite and F-42V fluoroplastic were
determined: the weight ratio of adsorbentfiller:polymer matrix must be 83 : 17 % by weight, the
solvent: polymer matrix ratio must be 15–30 g/kg, the
removal of the solvent must be carried out at a
temperature of 55–57 °C. This ensures that the
maximum adsorption volume of the resulting CSAM is
27 % higher than the granular zeolite adsorbent
NaX-B-1G, and the absence of dust release in
operation.
The work was financially supported by the
Russian Ministry of Education and Science within the
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