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Abstract.The study utilizes the Katalco-58 industrial catalyst from Johnson Matthey Catalysts,
composed of 13 wt.% Cu/27 wt.% ZnO/60 wt.% Al203, in the dehydration of methanol to DME. The catalytic
activity of the samples was studied in an apparatus that allows the process to be investigated under steady-
state conditions with a high-pressure flow reactor. The phase composition of the samples before and after
catalytic tests was determined using a Shimadzu XRD-6000 diffractometer with unfiltered CuKa radiation
(A=1.5418 A). The porous structure and specific surface area of the samples were identified using the
Tristar 1l (3020) Brunauer-Emmett-Teller method. The specific surface area was determined from nitrogen
adsorption isotherms observed at -197°C. The pore volume was determined at a relative pressure of
P/P0=0.99. The initial reaction mixture used was a combination of hydrogen and carbon monoxide supplied
from cylinders and fed to the reactor. Samples were tested at pressures between 1-5 MPa and
temperatures between 220-300°C, in steps of 20°C. Products were analyzed by chromatographic analysis
on a "Crystal 5000.2" gas chromatograph. The water content was determined by the Karl Fischer method.

Keywords: synthesis gas, dimethyl ether(DME), methanol, catalyst, conversion.

Introduction. Using natural gas as
an energy and chemical raw material offers
the opportunity to reduce the consumption
of conventional fuels and produce
necessary products. Currently, in the
industry, methane and its homologs are
converted catalytically to  produce
hydrogen, synthesis gas, ammonia,
methanol, liquid fuel, and other products
[1]. The process of producing synthesis gas
as a result of the conversion of light
hydrocarbons is essential[2] as it offers the
production of a variety of products based
on simple CO and Hz molecules [3].One of
the most developed processes in the
industry is converting natural gas to
methanol [4]. As not all plants can adapt to
producing new products, it is promising to
produce new materials based on existing
technologies. For example, the production
of dimethyl ether (DME), an alternative to
diesel fuel, can be promoted based on
existing methanol production [5]. The study
of the effect of external pressure showed
that the yield of DME is a parabolic
relationship, the maximum of which
corresponds to 2 MPa. CO conversion
increases with increasing pressure[6]. The
main industrial process for producing
dimethyl ether is the catalytic dehydration
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of methanol, conducted at high pressures
and temperatures of 270-310°C. However,

achieving high  selectivity in this
temperature range is challenging, as
carbonaceous  deposits can  form.

Therefore, an additional purification step is
necessary to ensure the purity of DME. The
obtained synthesis gas has a noticeable
effect on the production quality of both
methanol and dimethyl ether, making it
crucial to efficiently design the synthesis
gas production stage. For economic
efficiency, carbonate anhydride is used in
the methane bubble conversion reactor. In
this way, the bubbly conversion of methane
is implemented, which not only addresses
the issue of using carbonate anhydride but
also significantly increases the carbon
oxide concentration in the synthesis gas
and decreases the hydrogen
concentration[7].

For this process, there are two classes
of catalysts: low-temperature sulfocation
types such as Amberlist-15, Dowex-50, Ky-
1, Ky-2, and oxide catalysts (aluminum,
zirconium oxides). The disadvantages of
the sulfocation catalysts are their low
thermal stability (operating temperature
range 80-150°C). The shortcomings of
oxide catalysts, for instance, y-Al20s3,

www.niet.uz



NamMTI
ILMIV-TEXNIKA

\®)

Scientific and Technical Journal of NamIET =~ |

include their low catalytic activity at
temperatures below 200°C. This leads to
the possible formation of side products and
the necessity of additional expenses for
heating the reactor. To overcome the
above disadvantages, the 13 wt.% Cu/27
wt.% ZnO/60 wt.% Al203 polyoxide catalyst
is suggested, which allows the hydration
reaction of methanol at a temperature
range of 120-220°C. Based on literature
data, a step-by-step mechanism for the
dehydration reaction of methanol in y-Al203
catalyst has been adopted.

Currently, the day by day decrease of
oil reserves puts the task of searching for
an alternative source of energy to replace
oil before the scientists of the world. Such
alternative sources are natural gas and
biomass. To date, scientists of the world
are interested in obtaining ethylene in one
step by oxycondensation of methane,
taking methanol and diethers from
methane through synthesis gas and
synthesizing lower molecular alkenes
based on them, and at the same time using
petroleum satellite gases effectively, that
is, obtaining lower molecular unsaturated
hydrocarbons based on them [8-22].
Synthesis of the above-mentioned
processes and substances that act as
semi-products in petrochemical and
organic synthesis is one of the urgent
issues for today.

Experimental part. In this study, the
industrial catalyst Katalco-58 from Johnson
Matthey Calalysts, with a composition of 13
wt.% CuO/27 wt.% ZnO/60 wt.%Al203, was
used for the dehydration of methanol to
DME. For the simplified step-by-step
mechanism of this dehydration reaction, an
appropriate kinetic model was derived
using the Horii method. During the model
derivation, the adsorption-desorption
stages were assumed to be fast. Methanol
was chosen as the main reactant; hence,
the formation rates of water and dimethyl
ether (DME) were calculated based on
constant ratios. To study the activity of the
selected catalysts in the methanol
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dehydration reaction, laboratory flow-
catalytic devices with catalyst volumes of 2
mL, 10 mL, 22 mL, and 100 mL were
constructed and assembled. Synthetic gas-
derived methanol was used as feedstock.
The composition of the synthesis
gas(CO,H2) was analyzed using both gas
chromatography and a portable gas
analyzer. The amounts of oxygen, nitrogen,
carbon monoxide (CO), carbon
dioxide(CO2), and hydrogen in the
synthesis gas were determined. In all
experiments, the results of gas analysis in
the gas analyzer and gas chromatography
matched well. Methods for gas
chromatographic analysis of synthesis gas
conversion to methanol and methanol
hydration products were developed.
Separators for clearly distinguishing
oxygen and hydrocarbons in the gas
chromatograph were selected. High
precision in analyzing methanol, dimethyl
ether, and water at any concentration in the
reaction products was noted.

The study of the catalysts' activity was
carried out in a device allowing the process
to be studied under continuous conditions
with a high-pressure flow reactor. The initial
reaction mixture consisted of hydrogen and
carbon monoxide fed from cylinders and
mixed before entering the reactor. The
samples were tested under pressures of 1-
5 MPa and temperature ranges of 220-
300°C with a 20°C increment. The products
were analyzed on a "Crystal 5000.2" gas
chromatograph. The amount of water was
determined according to the Karl Fischer
method. The phase composition of the
investigated samples was determined
before and after catalytic tests using the
Shimadzu XRD-6000 diffractometer with
unfiltered CuKq radiation (A=1.5418 A)
through X-ray phase analysis. Phase
composition analysis was performed using
the PCPDFWIN database and the multi-
network programs POWDER CELL 2.4 and
PDF 4+. The porous structure and specific
surface area of the samples were identified
using the Tristar 1l (3020) Brunauer-
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Emmett-Teller (BET) method. The specific
surface area was determined from nitrogen
adsorption isotherms observed at -197°C.
The pore volume was determined at a
relative pressure of P/P0=0.99. The
surface morphology of the samples was
studied using a high-resolution digital
DFC280 R2 camera equipped with a Leica
optical polarization microscope and an
electron microscope VEGA Il LMU based
on the energy-dispersive microanalysis
system INCA ENERGY 350. This was done
to study the structure and composition of
natural objects using scanning electron
microscopy and X-ray spectral analysis.
The primary electron beam energy was 20
kV. Differential thermal analysis (DTA) of
the samples was carried out on a combined
TGA-DSC analyzer Q-600 (TA
Instruments, USA). The heating rate in the
air atmosphere was 10 °C /min, and the
standard was Al203.  Temperature
Programmed Desorption (TPD) analysis
was performed on the Chemisorb 2750
chemisorption analyzer. The sample was
desorbed in a flow of a 10 vol.% H2+Ar
mixture, heating at a linear rate of 10°C/min
up to 600°C. CO TPD investigation was
conducted in the Chemisorb 2750
chemisorption analyzer. To determine the
acidic properties of the samples, an FTIP-
8300 IR-spectrometer was used. The initial
vacuumed sample's IR spectra were
recorded after introducing CO, at liquid
nitrogen temperature, in the 400-6000 cm"’
range with 4 cm™ resolution and collecting
100-400 scanner descriptions.

The interaction character between
reagents and the surface of catalysts was
studied using the temperature
programmed desorption method in a
thermosorption device combined with
mass spectrometric analysis (TPD-MS).
The heating rate was set at 9°C/min, and
the gas flow rate was 19 mL/min. Before
the experiment, the sample was heated in
a helium flow at a rate of 20°C/min up to the
desorption temperature and then kept at
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this temperature for 1 hour. Adsorption was
carried out at 100°C for 30 minutes. The
composition of the products of thermal
desorption from the catalyst surface was
studied in the QMS 300 quadrupole mass
spectrometer, which can detect gas
mixture components at pressures from 10
mbar to 1 bar and concentrations as low as
1 ppm.

Experimental results and their
discussion. In the industrial synthesis of
methanol(CH3OH), DME is produced as an
intermediate product on a copper-zinc-
aluminum catalyst. Two classes of
catalysts were selected for the methanol
dehydration reaction - acid catalysts with a
polymer medium of moderate heat
resistance and acid polyoxide catalysts
made of oxides from groups I, IV, V of
Dmitri MendeleeV's periodic table.

Modeling the kinetics of dimethyl
ether synthesis from methanol: In the 13
wt.% CuO/27 wt.% ZnO/60 wt.% Al203
catalyst, the step-by-step mechanism of
methanol dehydration reaction is. For this
simplified step-by-step mechanism of
methanol dehydration, the kinetic model
corresponding to it can be obtained using
the Horiuti method. In obtaining the model,
the adsorption-desorption steps were
assumed to be fast. Methanol was chosen
as the primary substance, hence the
formation rates of water and dimethyl ether
(DME) were calculated based on constant
ratios.The chemicals involved in the
methanol dehydration reaction can be
divided into two categories. The first
category includes stable non-Bodenstein
substances: methanol, dimethyl ether, and
water. The second includes unstable
Bodenstein substances: adsorbed
methanol, dimethyl ether, water, and free
active centers.We can formulate the main
system of kinetic equations by
distinguishing between Bodenstein and
non-Bodenstein types. Rates of change in
concentrations of non-Bodenstein (stable)
substances:

www.niet.uz
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RgH3OH =-W; (1)

RlchgocH3 =Ws (2)

REZO =W, (3)

Rates of change in concentrations of Bodenstein (unstable) substances:
RE=-W,+ W5+ W, (4)

RgH30H6 = W; = 2W; (5)

RgH306H30 =W, —-W; (6)

REZOO =W, =W, (7)

Using Bodenstein's quasi-stationary approach, we get:
R + Reu,one + REu,ocH,0 + Ri,00 = 0 (8)

Xo + Xcrzone T XcHzochs0 + X090 = 1 9)

Expressing the rates of fast steps through the rates of slow steps (limiting rate):
FromRZy,one = Wi — 2W, , we get W, = 2W,

FromRZy. ocu,0 = W2 — W3, we get W, = Wj

FromRy, o = W, — W,, we get W, = W,

From the above, we deduce the kinetic model as:

RgH30H@ = —2W, (10)
RCBH306H3@ =W, (11)
Rgzo =W, (12)

Since the total matrix of reaction rates is of degree 1 in direction, we can have one
primary component. We can choose methanol as the primary component and dimethyl
ether and water as secondary components. Their concentrations can be expressed
through invariant ratios:

RB
RgH30CH3 = REZO = _g (13)
To calculate the rate of change of benzene, methanol, water, and dimethyl ether, it
is necessary to use the equations (10)-(12).
RgH3OH = =2W, = =2(Wy, — W,,) = 2(k+2XgH30H0 - k—ZXCH30CH39XH20@)(14)
The concentration of unstable (intermediate) substances is expressed through the
concentration of stable substances:

XCH30H0 = K(l)XCH3OHX@ (15)
Xenyocnzo = (K3)) ™ Xcnyocn, Xo (16)
Xi,00 = (K4)) "' Xi,0Xo (17)

Substituting the equations (15)-(17) into the invariant relationship Xo + Xcy,one +

XchocHso T Xu,00 = 1 We obtain:
1

Xy = 18
© 7 14Ky Xcrzont(K3) " XcnsocHs +(K(a) " Xmy0 (18)
K1)XcH30H
X = 2 19

CH30HO ™ 44K 1y Xcrzon+(K(3)) " X crzocHs +(K(4) " XH,0 (19)
% _ (K3)) ™" XcHz0cH; (20)
CH3OCH30 ™ 14K (1)Xcrzon+(K(3) ™ X cHgocHs +(K(a) " X,0

(K@) ™ Xm,0
1+K1)XcHzon+(K3) " XcHzocH; +(K(4)) " XH,0
RB _ =2k (K(1))*Xéuom+2k—2(K(3)) " (K (4)) " *XcHz0HX H,0 (22)
CHzOH (1+KyXcHzou+(K(3)) " XcHz0cH; (K (4)) " XH,0)?
The rate of change of methanol concentration is expressed through the

concentration of stable substances, while the rate of change in the concentrations of

— = S = — ——

(21)

XHZOQ =

Vol 8, Issue 4 www.niet.uz
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water and dimethyl ether is calculated based on invariant ratios.
In conclusion, the kinetic model of the synthesis reaction of dimethyl ether(DME)

can be represented as:

_2k+2(K(1))2(K(2]H30H+ Kp

PCH30€H3PH20)

B —
Rehgon =

PcHsocH3 PHL0
where K, = ———*
CH30H

synthesis reaction,

(1+K @y XcHz0H+ (K (3)) " XcHz0cHs (K (4)) " XH,0)?

(23)

-is the equilibrium constant of the dimethyl ether

Kcomplexl = 2k, (K(l))27
Kp = Kcomplexz =2k, (K(l))z/k—z(K(3))_1(K(4))—1

are the cumulative kinetic constants
(equilibrium constant of the DME synthesis
reaction), and P - is the pressure in the
reactor.

Evaluation of the kinetic
experiments results and model
constants of the methanol dehydration
reaction: The experiments were carried
out in various concentrations of methanol in
raw materials, at a liquid flow rate of 0.5-12
hours™, and in a reaction zone temperature
ranging from 90°C to 180°C. Generally,
both types of catalysts showed similar
activity at the same reaction temperature;
additionally, above 160°C, the
polymerizing catalyst rapidly lost its activity.
The results of the first series of
experiments in the laboratory apparatus
are presented in Table 1. The data in Table
1 indicate that the first, second, and fourth

stages of the process can be quickly
calculated, and the methanol-dimethyl
ether system is almost balanced.
According to the experimental results, the
parameters of the kinetic model were
estimated using the linear least squares
method.

The model's differential equations
were solved using the fourth-order semi-
implicit Runge-Kutta method. This method
requires calculating the right side of the
equation four times at each step. The
general error of this method is of order
0(h%).

The suitability of the model to the
experiment was maximized using the
Newton method and random sample
search. The model predictions match the
experimental data very well, with a
discrepancy not exceeding 5%.

Table 1

Results of the first series of kinetic experiments on the activity study of the

13 wt.% CuO/27 wt.% Zn0/60 wt.%Al.O3 catalyst

Methanol Molar

Methanol Conversion, %

Experimen Flow Rates, T,K P, MPa
tNe mol/hour Experimental Calculated
1. 2.46 413 0.10 15.1 14.90
2. 2.46 423 0.10 32.2 31.22
3. 2.46 433 0.10 51.9 52.79
4. 2.46 443 0.10 73.5 73.78
5. 2.46 453 0.10 86.0 85.77
6. 4.18 463 0.17 90.5 90.26
7. 4.18 423 0.17 43.9 43.89
8. 4.18 433 0.17 64.5 64.36
9. 4.18 443 0.17 81.8 81.78
10. 4.18 453 0.17 89.4 89.57
Vol 8, Issue 4 www.niet.uz
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Figure 1. Dependence of the methanol synthesis reaction equilibrium constant
on the reaction temperature

100
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200 250 300 350
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Figure 2. Dependence of the degree of methanol conversion on temperature at
1 atm pressure and initial mixtures with molar fractions of methanol being
0.6 ("), 0.8 (%), 1.0 ()

Modeling methanol dehydration
reactions in a laboratory reactor. Results
of modeling the dehydration reactions of
methanol in a tubular flow reactor with an
inner tube diameter of 2 cm, a reaction
zone length of 31.8 cm, and a loaded
catalyst volume V= 0.1 L are presented
in FIGUREures 3-6.

For the synthesis of DME from
methanol, it is also necessary to study in
detail the effect of water on the work of the

catalyst, as water poisons all inorganic acid
catalysts. However, sulfo-cationite
catalysts, unlike poisoning by water, are
regenerable. When water is desorbed from
an inorganic catalyst (polyoxide
compositions), it maintains its activity,
which is an advantage over sulfo-cationite
samples.

Between temperatures of 413-423 K,
a low conversion rate of methanol was
observed:

T=413 K, P=0,1 MPa, n°»w=4.18 mol/hour

Methanol conversion rate — 9.35%

131
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T=413 K, P=0,17 MPa, n°»=4.18 mol/hour
Methanol conversion rate— 21.39%
T=423 K, P=0,17 MPa, n°»=4.18 mol/hour
Methanol conversion rate— 42.96%

§or
5 36
=55
T 00 0.1 02 03

1,m
Figure 3. Change in methanol molar flow along the reactor length: T=423 K,
P=0,2 MPa, n°»=4.18 mol/hour
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1,m
Figure 4. Change in DME molar flow along the reactor length: T=413 K, P=0.2
MPa, n°4y=4.18 mol/hour. Methanol conversion 26.88%
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Figure 5. Variation of methanol molar flbw along the reactor length: T=443 K,
P=0.2 MPa, n°»=4.18 mol/hour, n°ome=0.2 mol/hour, nwater=0.2 mol/hour
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2,5+

2,04

n, mol/soat

0,54

0,0 0.1 0,2 0,3
1, m

Figure 6. Variation of methanol molar flow along the reactor length: T=413 K,
P=1.0 MPa, n°»=2.75 mol/hour. Methanol conversion 93.3 %

Long-term stability tests of the 13 wt.% CuO/27 wt.% ZnO/60 wt.%Al203 catalyst
were conducted over 1000 hours of operation. Moreover, it was found that the catalyst
almost did not lose its activity under the conditions of P=0.2 MPa and T = 181. In a 13
wt.% Cu/27 wt.% ZnO/60 wt.% Al203, methanol can be efficiently converted to dimethyl
ether (DME) at a volumetric rate of 0.8 h-'. At the end of the research phase dedicated
to studying the chemical transformation process, we turn to the analysis of the catalyst
particle and its behavior in the catalytic reactor. A quasi-homogeneous model was used
as a particle model. Macrokinetic parameters of the model were calculated using known
correlation equations and were further refined with experimental data. Efficiency factors
for the catalyst granules were calculated accordingly. Apparently, the efficiency factor
values for all substances are approximately 0.6.

The catalyst (a new high-silica zeolite catalyst 13 wt.% CuO/27 wt.% ZnO/60
wt.%Al203) is distinguished by its crystalline, porous structure. The new catalyst allows
processing a wide range of raw hydrocarbons. As a result, high-octane additives (with an
octane number of 90-91) can be obtained from gas condensate, and the propane(Cs)-
butane(Cs) fraction is reprocessed into alkyl aromatic hydrocarbons.

During the experiment, catalyst tablets of sizes 3x3 mm and 6x4 mm of 13 wt.%
CuO/27 wt.% ZnO/60 wt.%Al203 were used. Ignoring the impact of diffusion on similar-
sized tablets for the catalytic process is not feasible. Therefore, the process was analyzed
at the level of the catalyst particle. The particle model is as follows:

1 d dc 1 d dc

7 e (RO ) = KsS(e— ) 5 o (D20 §7) = RP ()
1
2

1 d d d d -
S (RN D) =aST-T) - (22,0 ) = 2o, AHrH(T, &) (24)
Boundary conditions:
d dT d dT
R=0 = = 0= =0 R=Rsc(Rs)=Caur T(Rs)=Ter  R=0 d—j =0=-=0(25)

dR
KsS(c—¢) =D

aT
r=r_ kp =T (Xss(T — Tl) = A’E r=r_kp

Specific efficiency factor values for
different reactants are: Methanol - 1.02,

Dimethyl ether — 1.01, Ethylene — 0.99,
Propylene - 0.98, Butylene - 0.97,

—_————————————

133
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Cyclohexane — 0.95, Methylcyclohexane —
0.91, Benzene — 0.93, Toluene, xylenes —
0.87, Trimethylbenzenes - 0.87,
Tetramethylbenzenes — 0.86.

Based on the conducted kinetic
studies and the analysis of the catalyst
particle's performance, it was determined:
For methanol dehydration reaction, a
zeolite catalyst with the following
characteristics is required

Si/Al ratio 75-200, Zeolite particle
diameter1 u, Zeolite-binder ratio— 0.6,
Catalyst particle size, Diameter — 4 mm

Height — 2 mm.

DME synthesis catalytic reactor
model: The device's scheme and
description. The operation of catalytic
drying is as follows figure 7 model of
demethyl ether extraction device from
synthesis gas. The system is cleansed with
nitrogen, and operating pressure is
generated by employing valves (1)-(6). The
pressure is controlled by manometers (7)-
(8) using" up to " (9) pressure regulator.
Work safety is provided by an alarm device
(10). Carbon (Il) oxide and hydrogen are
delivered to the reactor via two

independent pipelines, pressure regulators
from cylinders and dust filters in gas flow
regulators. Hydrogen and carbon (Il) oxide
are then delivered into the catalytic reactor
(15) through barrier-capable and reverse
valves, where they are combined at the
reactor entry and heated to the required
temperature. The reactor block is made up
of a reactor, an electric furnace, and a
reverse valve system. The reactor is
comprised of a stainless steel pipe with a
12 mm internal diameter. A one-zone
electric furnace heats the reactor, allowing
the temperature above the catalyst layer to
be maintained with a 5°C error. The reactor
block is linked to a TXA controller
chromalumel thermopara (0-1200°C)
thermometer (17), which is placed in the
catalyst layer (16) and controls the four-
channel temperature as specified. A glass
fiber catalyst passage grating is positioned
at the bottom of the reactor, where the
catalyst is located. The catalyst layer is 4.4
cm tall, and the temperature ranges from
200 to 300 °C.The temperature of the oven
and the Steamer are both adjusted

simultaneously.
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Figure 7. Model of demethyl ether extraction device from synthesis gas

In order to remove the water,
methanol and hydrocarbons (dimethyl
ether, CO, Hz, CO2, CH4, methanol vapor)

formed after the reaction in the reactor, the
gas mixture of the products is removed
from the system with a one-time cooler (18)

—_————————————

134

Vol 8, Issue 4

www.niet.uz



$®
%

Scientific and Technical Journal of NamIET =~ |

and circulating water at room temperature.
passes through the separation device in
the high-pressure separator (19) and, after
separating the products in the high-
pressure separator, is lowered into the
condensate receiver (21) through the

63+ d%c
u_
ol
T 92T 19T
“Cppa”[ﬁﬂg

[T]]Rb (Esurfr Tsurf )=[K]SH(€ - Esurf)

+16c
or?2 raor

| & [alS(T = Toue) = 0

condensate adjustment valve (20). Gas
products leave the high-pressure separator
through the side nozzle, screw, back return
pressure reducer (9) with the help of a
suction fan, through the analytical control
system (22).

+ [K]SH(F - EEsurf) =0

p
z AI_Iuﬁ)uru (Esurf' Tsurf) = [a]SH(T - Tsurf)

u=1
Boundary conditions:
I=0 E;(O, 1) = Cintet(r)  T(0,1) = Tinjet(r)
r=0 k_0%=p
oar ar

a¢ aT
-_— — [ T
r=R o 0A P

fzf_sz(T'Tambient)

where: A — thermal conductivity of the
stream; D — diffusion (backflow) coefficient
of the flow; [K] — mass transfer coefficients
for reactors; [a] — mass transfer coefficient
from the particle to the flow; Cp— heat
capacity of the mixture; p — density of the
mixture; [n] — efficiency factor matrix for
reactants; [fj] — direction-specific final
reaction efficiency factor matrix; AH, —heat
effect of the u-reaction; S — gas-solid phase
separation interface; ¢ -reactant
concentration in the gaseous phase;
Csurf —reactant  concentration on the
catalyst surface.

Conclusion. The selectivity and yield
of methanol conversion products are
notably evident in catalysts composed of
13 wt.% CuO/27 wt.% Zn0O/60 wt.% Al20s.

From the results of testing various
model samples, we selected the
composition of the catalysts and the

conditions of the process, achieving both
high efficiency and integral selectivity for
the targeted products.

When methanol undergoes the
conversion process with carbon monoxide
without the presence of an inert gas, the
reactor's productivity remains largely
unchanged.

It's possible to separate the products
from the altered gas by cooling the
converted gas and condensing them. The
mixture of methyl formate, formaldehyde,
and dimethyl ether derived from methanol
can be isolated from water using
distillation, given the significant differences
in the boiling points of these components.

A rise in temperature results in a
marginal decrease in methanol conversion.
This observation aligns with experimental
data, indicating that methanol conversion
trends towards an equilibrium state.
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Abstract:

Objective. To theoretically substantiate the interaction of zinc sulfate with monoammonium
phosphate, an isomolar series was used, based on the ratio of the components ZnSO4and NHsH2POa.

Methods. The physicochemical properties of diluted solutions were studied by the isomolar series
method to justify the interaction between zinc sulfate and monoammonium phosphate. Based on the ratio
of components in the ZnSO4 and NH4H2PO4 system, pH value, density, refractive index, viscosity and
crystallization temperature of the mixture of 0,01 M solutions were measured.

Results. According to the results of the physicochemical characteristics of diluted solutions in the
[ZnSO4(0.01M)]:[NH4H2PO4(0.01M)] system, i.e., the pH environment, density, viscosity, refractive index
and crystallization temperature values, one deviation corresponding to the presence networks of the initial
components is observed. Based on the results of the diagram, it is expressed in the ratio
[ZnS0O4(0.01M)]:[NH4H2PO4(0.01M)]=4:6.

Conclusion. From the obtained results, it can be concluded that changes in the physicochemical
properties of solutions occur even at the above amount of zinc sulfate and monoammonium phosphate with
the composition ratio [ZnS04(0.01M)]:[NH4H2PO4(0.01M)]=4:6. This shows that regardless of the initial
concentration of zinc sulfate, when a small amount of monoammonium phosphate is added, a change in
the composition of the solution occurs.

Keywords: zinc sulfate, monoammonium phosphate, Ostromyslensky-Job isomolar series method,
pH value, density, viscosity, refractive index, crystallization temperature.
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