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Abstract

The article presents the synthesis technology of the TAS inhibitor designed to prevent salt-
plug formation and mineral scale deposition in heat exchange equipment used in natural gas
absorption purification systems. The formation of sparingly soluble calcium, magnesium, sulfate,
and carbonate compounds in circulating cooling water is shown to reduce the heat transfer
coefficient, increase hydraulic resistance and energy consumption, and shorten equipment service
life. A continuous technological process for producing the inhibitor based on phthalic anhydride
derivatives is proposed. The main synthesis stages, including phthalic anhydride chlorination, the
reaction of the intermediate product with morpholine, and subsequent treatment with phosphoric
acid to obtain the target compound, are described. The technological process incorporates reactors,
separators, a scrubber, and a sedimentation centrifuge, ensuring efficient separation of reaction
mixtures and recycling of unreacted raw materials. Particular attention is paid to the organization of
the recycle system, which improves raw material utilization, reduces reagent consumption, and
ensures uninterrupted operation of the process. The proposed technology provides higher product
yield, lower energy consumption, and reduced operating costs associated with heat exchange
equipment maintenance. The developed process flow scheme can be applied in the design of
modern production facilities manufacturing scale inhibitors for the oil, gas, and chemical industries.

AHHOTaUA

B crathe paccMOTpeHa TeXHOJOTHSI CHHTe3a WHrubutopa TAS, mpegHa3HAueHHOTO [I/Ist
rpeoTBpaItieHnsi 06pa3oBaHUs COJIeBLIX TIPOOOK ¥ MUHEpa/bHBIX OTIOKEeHHH B TerI000MeHHOM
000py/10BaHKH YCTaHOBOK abCOPOLMOHHOM OUMCTKU MTPUPOAHOTO ra3a. [Toka3aHo, uTo obpa3oBaHue
TPYHOPAaCTBOPHUMBIX COEeIMHEHUHN KasblUsl, Marius, cCyJbhaToB M KapOOHAaTOB B CHUCTeMaX
000poTHOTO BO/I0CHAOKEeHUSI TIPUBOUT K CHIDKEHUIO KO3 UIeHTa Terionepeaud, yBeTuueHUI0
TU/IPaB/IMUeCKOT0  COTIPOTUB/IEHUsI, DPOCTY 9JHepro3arpar M COKpAlLl[eHUI0 CpOKa CIy»KObl
obopyznoBanus. IlpeaioykeHa TeXHOIOTUUECKAsh CXeMa HeIPepLIBHOTO MOMy4YeHUs WHTMOHWTOpa Ha
OCHOBe TPOM3BOJHBIX (TaseBoro aHrugpuja. PaccMOTpeHbl OCHOBHBIE CTaUMd CHUHTE3a,
BKJIIQUAIOIIMe XJIOpHPOBaHKe (PTajieBOr0 aHTU/IPHU/IA, B3aUMOJENCTBHE TIPOMEXKYTOUHOTO MTPOAYKTA
¢ MopdonmrHOM U TocCeayoIyo 00paboTky dochopHoi KHC/IOTOM ¢ 0Opa3oBaHHEM Ie/IeBOTO
coequHeHus. OrvcaHbl KOHCTPYKTUBHBIE OCOOEHHOCTH TEXHOJIOTUUECKOW CXeMbI, BK/IIOUArOIei
peakTophl, cernaparophbl, CKpyobep u ocagurenbHyto LeHTpUdyry, obecrieurBatoiiye 3¢deKTuBHOe
pa3ziesieHHe peakIMOHHBIX CMecell W BO3BpaT HeNpOpearupoBaBIIMX KOMIIOHEHTOB B MpOILiecC.
Ocoboe BHHUMaHHe ye/leHO OpraHW3al[ii PELVK/IMHTA ChIPbs, TIO3BOJISIOIIEro MOBLICUTL CTeTeHb
€r0 WCIT0/Ib30BaHUs, CHU3WUTh PACX0[] peareHTOB W 006eCreunTb HepephIBHOCTb TPOM3BOZCTBA.
[Toka3aHo, YTO TIpe/JI>KeHHAsi TEXHOJOTHSI CIIOCOOCTBYeT TIOBBLIIMIEHHIO BBIXOZlA 1[€/IeBOTO

Bubimorpadpuueckoe omucanue: Kypbanor @.JI., PaiiumoB 3.X.Y., AxwmenoB B.H. Pa3paborka nNpHHLMIHIAILHOR
TEXHOJIOTMUeCKOH cxeMbl cuHTe3a uHrubruropa TAC npotyB 06pa3oBaHUs COMAHBIX POOOK B yCTAHOBKAX OYWCTKU MPUPOAHOIO rasa
abcopburoHHEIM MeTogoM // Universum: TeXHAUECKHe HayKH : 3/1eKTPOH. HayuH. >KypH. 2026. 8(149). URL: https://7universum.com/
ru/tech/archive/item/23319

For citation: Kurbanov F.P., Rayimov Z.K.U., Akhmedov V.N. Development of a principal process flow diagram for the synthesis
of the tas inhibitor against salt-plug formation in natural gas absorption purification units // Universum: Technical Sciences :
electronic scientific journal. 2026. No. 8(149). Available at: https://7universum.com/ru/tech/archive/item/23319

68


https://7universum.com/ru/tech/archive/item/23319
https://7universum.com/ru/tech/archive/item/23319
https://7universum.com/ru/tech/archive/item/23319

Ne 8 (149) UNIVERSUM: aseycm, 2026 e.

TEXHUYECKUE HAYKU

TPOZIYKTa, COKPAI[EHUI0 SHEPreTHUeCKUX 3aTpaT U CHIKEHUIO JKCIUTyaTal[MOHHBIX PACXO/O0B TMPU
9KCILTyaTalliy TeTI00OMeHHOTo 00opyzoBaHus. Pa3paboTaHHasi cxeMa MOXeT ObITh MCIO/Th30BaHa
NPU  TPOEKTUPOBAHUM  COBPEMEHHBIX TPOW3BOACTB WHIMOMTOPOB  COJIEOTVIOOKEHWH  [isi
He(TerazoBoi U1 XMMUYeCKOI MPOMBIIIIEHHOCTH.

Keywords: TAS inhibitor, salt plugs, phthalic anhydride, chlorination, morpholine,
phosphoric acid, AICl, catalyst, heat exchanger, separator, sedimentation centrifuge.

KnroueBbie cioBa: Muruburop TAS, coneBbie poOKy, (TaneBblii aHTUPU/, XJIOPUPOBaHUeE,
MopdosuH, ¢ochopHas Kuciora, Karammuzatop AICl,;, TeriooOMeHHBIV ammapar, cemaparop,
ocajuTesbHas LeHTpudyra.

Introduction

The stable operation of heat exchange processes in natural gas absorption purification units is
of great importance for the efficient removal of acidic components from natural gas. Calcium,
magnesium, sulfate, and carbonate ions present in cooling water form sparingly soluble compounds
under elevated-temperature conditions, resulting in the accumulation of salt deposits on equipment
surfaces[1, 6].

Salt deposits reduce the heat transfer coefficient in heat exchangers and increase hydraulic
resistance and energy consumption. Consequently, periodic cleaning of the equipment becomes
necessary, which adversely affects production continuity and economic efficiency [2, 7].

The use of complexing and dispersing inhibitors is considered one of the most effective
methods for preventing deposit formation. These inhibitors bind calcium and magnesium ions,
restrict crystal growth, and reduce the adhesion of deposits to metal surfaces [9, 10].

The purpose of this study is to formulate an inhibitor composition against the formation of
salt plugs in heat exchange equipment and to develop an efficient technological system for its
synthesis [3, 8].

Materials and methods

The study was based on the analysis and development of a technological process for
synthesizing the TAS inhibitor intended to prevent salt-plug formation in heat exchange equipment
used in natural gas absorption purification systems. The research materials included published
scientific literature on scale inhibition, process chemistry, and heat exchange equipment, as well as
process data on the synthesis of phthalic anhydride derivatives. The methodology combined
theoretical analysis of the reaction mechanism with process engineering design. Material and
process flow analysis was applied to determine the sequence of chemical transformations, operating
conditions, and recycle streams. The technological scheme was developed using principles of
chemical process design, taking into account reaction kinetics, phase separation, heat removal, and
continuous recycling of unreacted raw materials. The proposed synthesis route and equipment
configuration were evaluated with respect to process continuity, product recovery efficiency, and
rational utilization of reagents, providing the basis for an energy-efficient and economically viable
production technology for the TAS inhibitor.
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Results and discussion

Currently, particular attention is being paid to the production of competitive alternative
products containing organic compounds based on phthalic derivatives in order to extend the service
life of chemical industry equipment and ensure its operational stability.

At present, scientific research is being conducted to develop a new generation of auxiliary
chemical reagents and improve their production technologies. Particular emphasis is placed on
manufacturing competitive alternative products containing organic compounds based on phthalic
derivatives that meet regulatory quality requirements, prevent the deterioration of chemical industry
equipment, and ensure its stable operation[4 — 5].

The synthesis of the TAS inhibitor against salt-plug formation is based on a multistage
catalytic process in which the inhibitor is produced using phthalic anhydride and chlorine as the
main starting materials. It was established that the addition of a chlorine atom to phthalic anhydride
results in the formation of a monochlorinated derivative of phthalic anhydride. The overall reaction
can be represented as follows:

0 0
V4 V4
C C
=60"C
P+ Ch C HNOLAICK P + HC
C\\ Cl C\\
0 0

The process was carried out in a laboratory setup consisting of a specially equipped glass
vessel (Fig. 1).

AN
QUOQOD0 Q0

Figure 1. Laboratory setup for the preparation of a monochloro derivative of phthalic anhydride
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1 — Two-neck round-bottom flask; 2 — Separatory funnel; 3 — Separatory funnel; 4 — Gas
inlet tube; 5 — Glass bottle; 6 — Gas distributor; 7 — Thermometer; 8 — Adapter; 9 — Gas outlet
tube; 10 — Electric furnace.

Initially, 20 g of potassium permanganate was placed in a two-necked round-bottom flask (1).
Then, 30 mL of hydrochloric acid was added to the separatory funnel (2) attached to the flask. The
hydrochloric acid was added dropwise using the stopcock of the separatory funnel. At this stage,
chlorine gas began to evolve. The generated chlorine gas was directed to the subsequent reaction
stage through the gas delivery tube (4).

The generated chlorine gas was passed through a catalytic system consisting of phthalic
anhydride, nitrobenzene, and A1C13.

The liquid catalytic system was prepared as follows: 100 mL of nitrobenzene and 7.5 g of
AlCl3 were placed in a 300 mL conical flask, and the mixture was stirred while being heated at 80
°C. After the AICL, had completely dissolved, 75 g of phthalic anhydride was added to the flask,
and the mixture was stirred. Once a homogeneous system had formed, the mixture was cooled to 50
°C and transferred into the glass reaction vessel (5). The liquid in the vessel was then heated to 60
°C using an electric heater (10) to carry out the halogenation reaction.

The chlorine gas generated in the two-necked round-bottom flask (1) was continuously
introduced through the gas delivery tube into the lower part of vessel (5) via the gas distributor (6).
After 3 hours, the synthesis process was stopped, and the reaction mixture was cooled.

The functional groups present in the synthesized product were identified using infrared
spectroscopic analysis (Fig. 2).
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Figure 2. IR spectrum of 5-chloroisobenzofuran-1,3-dione

The absorption band at 1703.17 cm™ was assigned to the stretching vibrations of the carbonyl
(C=0) group, while the band at 1254.44 cm™ corresponded to the stretching vibrations of the
carboxyl group. In addition, the band at 3003.48 cm™ was attributed to the symmetric stretching
vibrations of the aromatic C—H bonds. The absorption bands observed at 1254.44, 1131.14, and
1002.12 cm™ were assigned to the deformation and symmetric vibrations associated with the C—Cl
bond in the aromatic ring.

However, because the characteristic carbonyl absorption bands of the anhydride group were
not sufficiently resolved, the product structure was additionally investigated by gas
chromatography—mass spectrometry (GC-MS). The structure of 5-chloroisobenzofuran-1,3-dione
was evaluated based on the fragment ions observed in its mass spectrum (Fig. 3).
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Figure 3. Chromatogram—mass spectrum of 5-chloroisobenzofuran-1,3-dione

Analysis of the chromato-mass spectrum of the synthesized 5-chloroisobenzofuran-1,3-dione
revealed the formation of ions corresponding to its molecular mass and to the masses of ionic
fragments produced during fragmentation. The molecular ion peak of 5-chloroisobenzofuran-1,3-
dione was observed at m/z 182, corresponding to its molecular mass.

At the intermediate stages of the process, 5-chloroisobenzofuran-1,3-dione and 5-
morpholinoisobenzofuran-1,3-dione are formed. The obtained chlorinated derivative
subsequently reacted with morpholine to produce 5-morpholinoisobenzofuran-1,3-dione.

The reactions can be represented as follows:

is

O

O
O +0 N—H—" O
-HCl  / \
Cl \_/ o N
o \_/ O

The synthesized 5-morpholinoisobenzofuran-1,3-dione was treated with H,PO,.

O [ O

—\ O+H;PO,—=| —— Ol * H,PO,
0 N 0 1:}
__/ __/ \H

O

Phosphoric acid donates a proton (H"), resulting in protonation of the nitrogen atom and the
formation of a positive charge. At the same time, the dihydrogen phosphate anion (H,PO,) is

formed. This is a protonation process occurring between phosphoric acid (H,PO,) and the nitrogen-

containing compound acting as a base. In this reaction, phosphoric acid serves as the proton donor,
while the nitrogen atom acts as the proton acceptor.
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Since the densities of the products formed at the intermediate and final stages of the
technological process are significantly higher than those of the initial substances, separator units are
used to separate such reaction mixtures. These separators enable the efficient separation and
recovery of the products.

At the same time, the unreacted initial substances that remain unchanged are returned to the
reactors through a dedicated recycling system. This process allows the substances to be reused and
increases the overall efficiency of the technological system. The recycled substances play an
important role in maintaining the continuity and duration of the process.

Thus, the cyclic circulation of products and process materials within the system is ensured.

Process description

According to the proposed technology (Figure 4), chlorine, which is required for the
formulation, is supplied at ambient temperature by compressor (12) at a flow rate of 15 m3/s
through the gas distribution grid located in the lower section of reactor R-1 (1) to react with phthalic
anhydride.

The operating temperature of reactor R-1 is maintained at 60 °C. The upper section of reactor
R-1 is equipped with a droplet separator to prevent the liquid catalyst from being entrained and
discharged together with the gaseous substances.

Chlorine  Recycle Nitrobenzene Phthalic Morpholine
2as | S fanhydride S
16 u

Water..

13

AlCI s P
7
S1
EHC‘l solution
8 10 11
Chlorine

Product

Figure 4. Principal process flow diagram for the production of the TAS inhibitor against salt-
plug formation

1, 2, 3, 4 —reactors; 5 — vessel; 6 — separator; 7 — sedimentation centrifuge; 8, 9, 10, 11, 12, 13
— pumps; 14 — compressor; 16 — scrubber; 17 — water cooler.

In this reactor, 5-chloroisobenzofuran-1,3-dione is formed. Nitrobenzene solvent and phthalic
anhydride are fed into the jacketed reactor R-2 (2), operating at 103 °C, at flow rates of 2,3 kg/s and
9 kg/s, respectively. The reaction mixture in the jacketed reactor R-2 (2) is continuously and
intensively stirred using a mechanical agitator.

AIClI, catalyst is then added to the resulting solution from vessel (5) at a flow rate of 0,5 kg/s.

A measuring vessel is used to supply the subsequent continuous process stages with the
product at the required flow rate. The resulting catalytic system is fed into the upper section of
reactor R-1 (1) by pump (8) at a flow rate of 8 kg/s.
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To ensure the continuous synthesis of 5-chloroisobenzofuran-1,3-dione, the raw materials are
charged into reactor R-2 (2) in the quantities specified by the process regulations.

Since the chlorination reaction is reversible and exothermic, water-cooling systems are
installed to increase the rate of the forward reaction. As the temperature decreases, the reaction
equilibrium shifts toward the products. At temperatures below 60 °C, the reverse reaction is
suppressed, resulting in a higher product yield.

The column-type design of reactor R-1 increases the number of contacts between the liquid
phase, consisting of phthalic anhydride, nitrobenzene, and AICl,, and the gas phase, consisting of
chlorine, thereby improving the reaction yield. The liquid phase is introduced through the upper
section of the column, flows through the distribution device, and is discharged from the lower
section of the apparatus. Chlorine gas is introduced from the bottom of the apparatus.

The gas mixture consisting of unreacted chlorine and HCI formed during the reaction is
discharged through a nozzle after passing through the droplet separator located in the upper section
of reactor R-1. The droplet separator prevents the entrainment of the liquid phase into the gas
stream.

The gas mixture consisting of chlorine that did not react with phthalic anhydride and HCI
formed during the reaction is introduced into the lower section of scrubber column (16) in order to
remove the HCI gas. The purified gas is discharged from the upper section of the scrubber and
returned to the system as recycle gas.

Since the density of the resulting 5-chloroisobenzofuran-1,3-dione is higher than that of the
initial substances, it accumulates in the bottom section of the R-1 reactor-column. This makes it
possible to separate and recover the product in a purified form directly within the reactor.

The obtained 5-chloroisobenzofuran-1,3-dione is fed into the upper section of reactor R-3 (3)
by pump (9). In reactor R-3 (3), 5-chloroisobenzofuran-1,3-dione reacts with morpholine to form 5-
morpholinoisobenzofuran-1,3-dione.

The resulting reaction mixture, consisting of 5-chloroisobenzofuran-1,3-dione, morpholine,
and 5-morpholinoisobenzofuran-1,3-dione, is discharged from the lower section of the reactor at a
flow rate of 0.12 m3/s and a temperature of 25 °C and sent to separator S-1 (6) for phase separation.

The light phase, containing the unreacted raw materials, namely 5-chloroisobenzofuran-1,3-
dione and morpholine, is withdrawn from the upper section of separator S-1 and recycled to reactor
R-3 by pump (12).

The separated heavy phase, consisting of 5-morpholinoisobenzofuran-1,3-dione, is withdrawn
from the lower section of the separator and fed into the upper section of reactor R-4 (4) by pump
(10).

In reactor R-4 (4), 5-morpholinoisobenzofuran-1,3-dione reacts with concentrated phosphoric
acid to form the TAS inhibitor. The operating temperature of reactor R-4 (4) is maintained at 25-30
°C.

The resulting reaction mixture, consisting of 5-morpholinoisobenzofuran-1,3-dione,
phosphoric acid, and the TAS inhibitor, is discharged from the lower section of the reactor under
specified process conditions at a flow rate of 0.17 m3s and sent for separation. This process is
carried out at a temperature of 25 °C, after which the reaction mixture is transferred to the
sedimentation centrifuge (7).
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The reaction products in the form of a suspension from reactor R-4 are fed into the upper
section of the sedimentation centrifuge drum. As the drum rotates, centrifugal force is generated.
Under the action of this force, the denser solid product settles and accumulates on the inner working
surface of the drum.

The lower-density liquid phase, containing the raw materials that remained chemically
unchanged in reactor R-4, namely 5-morpholinoisobenzofuran-1,3-dione and phosphoric acid,
accumulates near the axis of rotation. The resulting centrate is then returned to reactor R-4 by pump
(13) for further processing.

The physical properties of the synthesized TAS inhibitor for preventing salt plug formation
were analyzed (Table 1).

Table 1.
Physical properties of the TAS inhibitor
Ne Property Value
1 Appearance Crystalline powder
2 Color Light yellow
3 Solubility in water Good; hygroscopic
4 Solubility in organic solvents Limited
5 Decomposition temperature 187.8 °C
6 Density 1.3 g/cm3
7 Molecular weight 331

According to the analysis results, it was established that the physical properties of the
substance are suitable for its application in the technological system.

The thermal stability of the TAS inhibitor was analyzed using the DTA method, which is one
of the modern analytical techniques, and conclusions were drawn based on the results. The thermal
stability of the synthesized substance is shown in the following figure (Fig. 5)
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Figure 5. TG—-DTA thermogram of the TAS inhibitor

According to the analysis results, the decomposition temperature of the synthesized TAS

inhibitor against salt plug formation was determined to be 187.8 °C.

The efficiency of the synthesized TAS inhibitor against salt plug formation was evaluated in
accordance with GOST 9.905-82 using synthetic water with a total hardness of 8 mmol/L at 90 °C
for 5 hours. The test results showed that the mass of the precipitate decreased significantly as the
inhibitor concentration increased. At a concentration of 100 mg/L, the precipitate mass decreased
from 118 mg to 9 mg, corresponding to an inhibition efficiency of 92.4 % (Table 2). According to
the GOST criteria, this value indicates a high level of resistance to salt plug formation. The
synthetic water was prepared by adding 0.68 g of CaCl,-2H,0, 0.64 g of MgCl,-6H,0, and 0.50 g

of NaHCO, to 1 L of distilled water.

Table 2.
Dependence of the efficiency of the TAS inhibitor against salt plug formation on its
concentration
Ne Inhibitor concentration (mg/ Precipitate mass (m), mg Efficiency (n), %
L)
1 0 118 -
2 10 74 37.3%
3 25 52 55.9 %
4 50 27 77.1 %
5 100 9 924 %
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The inhibitor suppresses the growth of CaCO, and Mg(OH), crystals and effectively prevents

salt plug formation in heat-exchange equipment.

Conclusion

The proposed technology for the synthesis of the TAS inhibitor provides an effective approach
to producing a reagent for preventing salt-plug formation in heat exchange equipment used in
natural gas purification systems. The developed process flow scheme ensures continuous operation
through the recycling of unreacted raw materials, efficient phase separation, and the use of
optimized operating conditions at each reaction stage. The application of reactor, separator,
scrubber, and centrifuge units improves product recovery while reducing reagent losses and energy
consumption. The proposed technological solution can contribute to enhancing the reliability of
heat exchange equipment, extending its service life, reducing maintenance downtime, and
improving the overall economic efficiency of industrial gas treatment processes.
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