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STUDY OF KINETICS OF HYDROCARBON GAS PURIFICATION WITH

COMPOSITE ABSORBENTS

Oybek ARIPDJANOYV (aripdjanov81@gmail.com)
Shavkat NURULLAEYV (nurullaev@mail.ru)
Shodiyakhon AZIMOV A (prof _azimova@mail.ru).

Tashkent Institute of Chemical Technology, Tashkent, Uzbekistan

The aim of the work is to improve the process of natural gas

urification from acidic components using a composite absorbent. To

study the sorption of acidic components in the gas composition, a c/];romatogmphic analysis method was used. The kinetics and rate g/‘
Ly

corrosion of carbon steel grade st.10 when using composite absorbents MDEA +DEA +

VRP have been studied. The results of the stu

show that the volume of absorption increased from 0.55 mol/mol to 0.65 mol/mol, and the amount of H,S in the [puriﬁed gas decreased from

0.022 g/m’ to 0.014 g/m’. Corrosion of equipment has practically disappeared, the degree of corrosion of meta

mm/year.

s is 0.06 mm instead of 0.10
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Lenvto pabomul 5675€MCs YCOBEPUICHCMBOBAHUE NPOYECCA OYUCTIKU RPUPOOHO2O 2A3d OM KUCIBIX KOMNOHEHMOS C NPUMEHEHUeM
KOMRO3UYUOHHO20 abcopbenma. [ uzyuenus copoyuu KUCAbIX KOMROHEHMOS8 6 cocmage 2aza Oblil UCNOIb308AH XPOMAMOZPApUYecKuil
MemoO aHanuza. H3yuenvl KuHemuxka u CKopoCnb KOppo3uu yeaepooucmoi cmanu mapku cm.10 npu ucnonv3o8anuu KOMnOUYUOHHbIX
abcopoenmos MI[DA+/]DA+ABPII. Pe3ynomamul ucciedo8anus noKaswlearom, 4ymo oovem aéfc[(zpﬁuuu veenuuuaca ¢ 0,55 monv/mons 0o

. Ko

0,65 moav/monw, a konuvecmeo H,S 6 ouuwennom eaze ymenvuunocs ¢ 0,022 2/m” do 0,014 2/m

3
PPO3UsL 060PY008AHUsL PE3KO CHUBUNAC

— cmenenb kKopposuu memannos cocmasuna 0,06 mm/200 emecmo 0,10 mm/200.

KuoueBbie ciioBa: METUIIAMATAHOJIAMUH, IUDTAHOJIAMUAH, a30TOCOACPKALIUEe BOﬂOpaCTBOpHMl:IF[ TI0JIMDJIEKTPOJINATHL, CTallb, KOPPO3UA

KOMPOZITSIYON ABSORBENTLAR BILAN UGLEVODOROD GAZLARINI
TOZALASH JARAYONI KINETIKASINI O’'RGANISH
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Tadgiqoting magqsadi tabiiy gaz tarkibidagi nordon komponentlarni tozalash texnolz;z}yasini kompozotsion absorbentlar bilan
i

takomillashtirish. Gaz nordon romponentlarning sorbsiyasini o'rganish uchun xromatografik ta

usuli ishlatilgan. MDEA+DEA+ASSEP

kompozit absorbentlari bilan 51? 0 markali uglerodli po'latning korroziya kinetikasi va tezligi o'rganildi. Tadgqiqot natijalari shuni

ko'rsatadiki, yutilish hajmi, 0,

mol/moldan 0,65 mol/molgacha ko'tarildi, tozalangan gazdagi H,S migdori 0,022 g/m*dan 0,014 gacha

kamaydi. Uskunaning korroziyasi deyarli yo'q bo ‘Idi, korroziyalanish yiliga 0,10 mm o'rniga 0,06 mmga kamaygan.

Kalit so'zlar: metildietanolamin, dietanolamin, azot saqlovchi suvda eriydigan polielektrolitlar, po’lat, korroziya faollik

Introduction

Recently, in the Republic of Uzbekistan, in
the industrial enterprises of oil and gas processing,
the main focus is on the search for methods for the
purification of natural and waste gases of produc-
tion from organic sulfur compounds, mercaptans,
carbonyl sulfide (COS), carbon disulfide (CS,) and
sulfides (RSR), as well as the creation of new types
of highly efficient composite absorbents for gas
purification. The Action Strategy for the Further
Development of the Republic of Uzbekistan pro-
vides for the tasks: "Raising the industry by trans-
ferring it to a qualitatively new level, to further
intensify the production of finished products on the
basis of deep processing of local raw materials,
mastering the production of new types of products
and technologies." In this regard, research on the

DOI: 10.34920/cce2023412

creation of composite absorbents and the develop-
ment of highly efficient composite absorbents in
various functional groups are important, increasing
the degree of cleaning of acidic components of nat-
ural and exhaust gas emissions [1-2].

At the same time, scientific research is
underway to obtain new effective additives based
on secondary resources and production waste for
the synthesis of composite sorbents, as well as the
use of these additives to improve the anti-
corrosiveness of equipment having a high absorp-
tion volume, low absorption and desorption tem-
perature, low foaming, low consumption of absor-
bents, providing longer service life and studying
technological, practical, environmental and eco-
nomic aspects of the new diethanolamine and me-
thyl diethanolamine composite sorbents [3-6].
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Absorption and adsorption methods
[6]. When RSH mercaptans react with alkalis
in the presence of O, and CQO,, which are al-
ways, albeit in small amounts, in gases, di-
and polysulfides are formed, which are poorly
soluble in the absorbent. Carbon sulfide neu-
tral in nature, organic sulfides of RSR '(and a
number of other compounds) dissolve in
these absorbents, although their sorption ca-
pacity is significantly less than that of RSH.
The presence of CO; in gases above 0.1-0.3%
leads to its preferential dissolution, signifi-
cantly reducing the absorption of RSH. Natu-
ral gases tend to have a CO, content above
0.7%, making it difficult to use these methods
for fine cleaning. The methods are also inef-
fective for purifying thiophene from C,H4S
and its derivatives.

Mono- and diethanolamine solutions
with various activating additives, such as N-
methylpyrrolidone-2, Di propanolamine, etc.,
are also widely used for purification from
acidic sulfuric substances.

Adsorption methods have become sig-
nificantly widespread. They are based on se-
lective absorption (adsorption) of sulfur com-
pounds by solid sorbents. As a rule, adsorp-
tion is carried out at a temperature of 20-50 ©
C and increased pressure, and regeneration
(desorption) of adsorbent saturated with sul-
fur substances is carried out at a low pressure
and temperature of 100-350 °C. For regenera-
tion, any inert gases, low-sulfur natural or
petroleum gas, water vapor, etc. are passed
through the adsorbent bed [11-13].

In some cases, catalytic reactions oc-
cur simultaneously with adsorption, whereby
sulfurous substances are converted into ele-
mental sulfur, which is recovered during re-
generation and then used.

Molecular sieves (zeolites) of grades
CaA and, especially, NaX have been widely
used as adsorbents to purify multi-grained
natural and petroleum gases. Their adsorption
capacity depends to a large extent on the con-
tent of H,O, CO, and higher hydrocarbons in
the gases, operating conditions and the degree
of purification and ranges from 2 to 18%.

The presence of heavy hydrocarbon
vapors in the gas has a significant impact on
the zeolite capacity of sulfur compounds. By

the degree of sorbability on zeolites, the com-

pounds included in the composition of natural

gas can be arranged in a row:
H,O>RSH>H,S>COS>CO,

The main problem of adsorption purifica-
tion of gas on zeolites from hydrogen sulfide in
the presence of CO, is that the adsorption of CO,
and H,S produces the formation of carbon sul-
foxide (COS) by the reaction:

C02 + st =COS + HZO

Although the equilibrium constant of this
reaction is small and is 6,610 at 298 K, howev-
er, the almost complete removal of H,O vapors
in the frontal layer of the zeolite shifts the equi-
librium to the right, and this leads to the for-
mation of significant concentrations of COS.
Zeolite regeneration is carried out by nitrogen,
low-sulfur natural or petroleum gas, and in re-
generation gases (regenerates) the content of sul-
furous substances increases by 5-10 times com-
pared to the initial one. In addition to coal, zeo-
lites, alumina, bauxites, aluminosilicates, etc.,
are also used in the purification process. The ad-
vantage of adsorption methods is the ability to
carry out the process at low temperatures, as
well as the fine purification of gases not only
from hydrogen sulfide, mercaptans, organic sul-
fides, but also from substances difficult to re-
move by other methods such as thiophene and its
derivatives.

This method also has a number of sig-
nificant drawbacks. Almost all gases have a
certain number of vapors of H,O, CO,, higher
hydrocarbons, well adsorbed by coals and zeo-
lites, which reduces the sulfur capacity of ad-
sorbents. The periodic purification process re-
quires the installation of several parallel oper-
ating columns: on some, sulfur substances are
absorbed (adsorption stage), and on others,
adsorbents are regenerated.

Materials and methods

The study of sulfur absorption kinetics was
carried out by changing the electrical conductivity
of the absorber solution. For measurement, a fresh-
ly prepared absorber solution was used - a sample
(AWSP) diluted with water in a ratio of 1:3, and a
sample of ozone-containing algae-soluble polyelec-
trolyte used at gas processing plants before the
breakthrough of hydrogen sulfide into a Drexel
control flask with CdCl,. The mixing table of the
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Table 1
Mixing of Stock and Waste Solutions (1:3) AWSP sample
Type of mixture Mass content, %
Content of the AWSP stock sample in the mixture, % 100 80 60 40 20 0
Content of spent sample 4 in the mixture, % 0 20 40 60 80 100
Mixture resistance, Ohm 6780 | 689 1 568 | 543 | 502 | 489

two samples is given below (Table 1).

In Figure 1. the dependence of resistivity of
the AWSP sample solution (1:3) is given depending
on the fraction of spent solution in the initial one.

0,2
0,15

0,1

Specific
electrical resistance,
Oms3- cm-1

0,05

0 0,2 04 0,6 0,38 1 12 14

Proportion of sulfur saturated solution

Figure 1. Dependence of resistivity of sample solution
AWSP (1:3) of the fraction of saturation of the gray solution.

As it follows from the given data, the resis-
tivity of the aqueous solution of AWSP decreases
sharply when the spent solution appears in the ini-
tial reagent. After the fraction of waste solution in
the starting reagent exceeds 20%, the resistivity
decreases more smoothly. In this regard, the resis-
tivity index of the solution can serve as an indicator
of the treatment of the starting reagent during gas
sulfurization [14-16].

Based on the study of the sulfur absorption
kinetics of the composite absorbent, experimental
development of the technology of the sulfur treat-
ment process using AWSP was carried out at small
plants of gas processing plants. The reagent was
tested during gas purification from sulfur com-
pounds both at the inlet of these plants and at the
outlet of the plant in order to determine the effec-
tiveness of natural gas after treatment. When con-
ducting tests on experimental plants, the flow rate of
purified gas and the content of sulfur compounds in
it were monitored, and the effectiveness of using the
synthesized reagent in the process of sulfur treat-
ment of natural gas and the selection of optimal op-
erating parameters was also determined [15].

The first two experiences were conducted
using Drexel slips as contactors. At the same time,
a bactericidal additive was used as a sulfur-

absorbing reagent, designed to suppress sulfate-
reducing bacteria during oil and gas production.
The AWSP content in the bactericidal additive did
not exceed 25%. The experiments carried out con-
firmed the high efficiency of AWSP in the sulfuri-
zation of natural gas and the ability of the reagent
to purify the gas to the complete absence of sulfu-
rous compounds. The sulfur absorption experi-
ments were performed in a vertical glass contactor
with a diameter of 25 mm. As a nozzle in a glass
contactor, wood chips impregnated as a sulfur-
absorbing reagent DEA (diethanolamine)+AWSP,
MDEA (methyl diethanolamine) +AWSP and
DEA+MDEA+AWSP were used. Gas for purifica-
tion was taken from the MHPP overhead separator
and from the end separator after treatment. The
hydrogen sulfide content of the feed gas varied
during runs from 0.0113 g/nm’ to 0.44 g/nm’. For
the experiments, a concentrated sample of AWSP
was used with a content of the main sulfur-
absorbing substance of up to 80% by weight.

Results and discussion

Based on these experiments, it has become
apparent that the main factors influencing the val-
ue of the specific flow factor are parameters con-
tributing to an increase in the phase contact sur-
face of the gas and the reactant, such as the viscos-
ity of the AWSP, the height of the reaction zone,
the volume and linear velocities of the gas, and the
residence time of the gas in the reaction zone.

In connection with the planned pilot tests
of the composite absorbent DEA
+MDEA+AWSP, their corrosiveness was investi-
gated.

The experiments were carried out in glass
ampoules and autoclaves according to the proce-
dure. The use of ampoules made it possible to ob-
tain preliminary information with limited time and
reagents, and autoclaves - information close to
real conditions.

The results of the studies are shown in
Figure 2, 3 and Table 2 (ampoule experiments), as
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Figure 2. Effect of H,S/CO, ratio on carbon steel corrosion rate (S.10;
t=80 °C; a=0,6 mol/mol; =100 hour).
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Figure 3. Effect of MDEA/DEA/ H,S/CO; ratio on carbon steel
corrosion rate
(=80 °C, 0=0.6 mol/mol, =100 hour).

well as in Table 3 and Figure 4 (autoclave experi-
ments). Analysis of the data obtained in the am-
poules shows that the corrosion rate S.10 in
DEA+MDEA, MDEA+DEA absorbents is higher if
the absorbent is saturated with one H,S than in the
case of saturation with one CO, (Figure 2, 3). In the
presence of H,S and CO,, the maximum corrosion
rate began to be observed at a ratio of H,S/CO,=
(1.5-4):1.

The results also show that the de-
gree of saturation of the H,S absorbent,
CO;, and temperature significantly deter-
mine its corrosive properties. Stainless
steel is practically free from corrosion. Ad-
ditive 1wt% hexamethylenediamine to
MDEA+DEA absorbent (60x40%), which
showed the highest corrosion rate of steel
grade 12 GF-1,0 mm/year, reduces it to
0.11-0.12 mm/year. This fact requires addi-
tional special research.

Table 2
Corrosion rate St. 10 in MDEA+DEA absorbent in
depending on the composition of the absorbent
(T=130°C, absorbent saturation 0.6 mol
(H,S and CO, )/mol, F=100 h, concentration of amines in

absorbent 40% wt)
Absorbents and their Corrosion rate .10, mm/year
composition H,S/CO,=3:1 H,S/CO,=2:1
0,059 0,054
MDEA 0,057 0,052
0,035 0,031
DEA 0,030 0,032
20% MDEA+80% DEA 8’832 8’8%3
40% MDEA+60% DEA 8’82; 8’8:;2
50% MDEA+50% DEA 8’832 8’82?
60% MDEA+40% DEA 8’833 8’8;3
70% MDEA+30% DEA 8’822 8’822
80% MDEA+20% DEA 8’822 8’8?2
Table 3
Corrosion rate of carbon steel grade 12 GOR in
absorbent

MDEA+DEA+AWSP (autoclave experiments)
(amine concentration 40% masses.;
temperature 90 °C; amine saturation ~1,0 mol/mol;
H,S/CO,+2;1, P, ~5 MPa; F=360 hour)

Absorbent Corrosion rate,
steel, mm/year
DEA 0,09
MDEA 0,51
MDEA+DEA (20x80%) 0,09
MDEA+DEA (30x70%) 0,10
MDEA+DEA (50x50%) 0,25
MDEA+DEA (60x40%) 1,05
MDEA-+DEA (70x30%) 0,90
MDEA+DEA (90x10%) 0,65
MDEA+DEA (50x50%)+10% AWSP 0,10
MDEA+DEA (50x50%)+20% AWSP 0,06
MDEA-+DEA (60x40%)+1% Hexa-
A 0,11
methylenediamine

It has been experimentally determined that the
corrosion rate of steel also depends on the MDEA/
DEA ratio in the composite absorbent. Maximum ag-
gressiveness was observed in the MDEA/DEA ratio
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The results of autoclave experiments are pre-

sented in Table 2, Figure 3 and confirm an abnormal
™\ increase in the corrosion aggressiveness of MDEA +

/ DEA solutions containing more than 40% MDEA.

038

=
o

The addition of 10% AWSP to this absorbent reduc-
/ es the corrosion rate of steel by 2 times, and the addi-

K, mm/year

o
=

/ \\ tion of 20% ~ by 3 times (Table 3).

/ Conclusion
The results of autoclave experiments con-

0.2

/ firm an abnormal increase in the corrosiveness of

0

MDEA+DEA solutions containing more than 40%

100

DEA

Figure 4. Corrosion rate (K) of 12GF grade carbon steel in MDEA/

0

90 80 70 60 50 40 30 20 10 0 MDEA. The addition of 10% AWSP to this absor-
O eberemstions % "™wea bent reduces the corrosion rate of steel by 2 times,
and the addition of 20% ~by 3 times. This study

DEA absorbent (a~1,0 mol/mol; t =90 °C; P =5 MPa; H,S/ shows that the absorption volume, mol/mol, in-

€O;=2:1). creased from 0.55 to 0.65, and the amount of H,S in

interval=(40x60%) - (80x20%). This relationship can  the purified gas, g/m 3 , increased from 0.022 to
be traced both fir the mixture of H,S, CO,, and indi-  0.014 and practically no corrosion of equipment,

vidual gases - H,S and CO, (Figure 3).

metal corrosion is 0.06 mm instead of 0.10 mm/year.
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