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KAJIAH/IPA TIserpo, noxrop ¢unocodun (Ph.D, dusuka), mpodeccop MHCTUTYTA O M3YYEHUIO HAHOCTPYKTY-
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MAJIBM AnHa, 1okTOp (hapMarieBTHIeCKUX Hayk, mpodeccop, nekan dapmareBTiudeckoro haxynsrera JIroomiH-
CKOTO MEJIMIIMHCKOro yHuBepcurera (Jlrobmus, [ombuia), H =22

BAUMYKAHOB Jlacranfexk AcbLIGEKOBHY, JIOKTOP CEJIBCKOXO3SICTBEHHBIX HAyK, YICH-KOPPECIIOHICHT
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m3ukn, Kazaxckuii HaroHANBHEI yHUBepeuTeT nM. anb-Dapadu (Anmarsl, Kazaxcran), H= 10

QUEVEDO Hemando, npodeccop, Harmonanbheiit aBroHomHbIi yHuBepeuTer Mekeuku (UNAM), UuctutyT
sepHbIX Hayk (Mexuko, Mekcuka), H =28

JKYCYIIOB Mapar A6:xaHoBHY, TOKTOp (H3HKO-MaTeMaTHISCKHX HayK, Ipodeccop Kadeapsl TEOPEeTHISCKOU 1
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KOBAJIEB Aunekcanap MuxaiiioBuy, JTOKTOp (HU3MKO-MaTeMaTUYECKuX Hayk, akageMuk HAH VYkpaunsl,
WHCTUTYT NPUKNIaHOM MaTeMaThky 1 MexaHuku (JloHenk, Ykpauna), H=5

TAKUBAEB Hypramn JKa6araeBud, JoKTop (pU3MKO-MateMaTHISCKHX Hayk, npodeccop, akanemuk HAH PK,
Kazaxckuii HaMOHAIBHEI yHEBepcuTeT UM. anb-Dapadu (Ammarsl, Kazaxcran), H=15

XAPUH CrauucnaB HukonaeBuy, TOKTOp (M3MKO-MAaTeMAaTHYECKUX HayK, mpodeccop, akanemuk HAH PK,
Kazaxcrancko-bpuranckuit texanuecknii ynusepeuret (Anmarsl, Kazaxcran), H =

JABJIETOB Ackap EpoyaanoBud, TOKTOp (M3MKO-MaTeMaTH4YecKHX Hayk, npodeccop, akagemuk HAH PK,
Kazaxckuii HaMOHAIBHEIN yHUBepcHTeT UM. anmb-Dapadu (Ammarsl, Kasaxcran), H =12
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Abstract. The alkanolamine solutions used in natural gas purification processes
are inevitably degraded over time. This occurs due to accumulation of reaction
products from the reactions with carbon dioxide, hydrogen sulphide, oxygen and
other impurities present in the gas streams, as well as from thermal degradation.
The degradation of solutions leads to the formation of thermostable compounds
that not only reduce absorption efficiency, but also increase corrosive activity.
Furthermore, part of the amine turns into a bound state and becomes ballast. The
necessity of purification of alkanolamine solutions is becoming more and more
urgent since the cost of maintaining efficient operation of gas treatment plants
grows, and environmental safety requirements increase. Purification of solutions
makes it possible to prolong their service life, reduce the cost of purchasing new
reagents and reduce the negative impact on the equipment. In this work the method
of anion-exchange technology of purification is used. Unlike vacuum distillation
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and electrodialysis, the considered technology does not require significant energy
costs for generation and maintenance of vacuum, and heating of solutions, it can
be easily integrated into the existing production process without any significant
changes in the infrastructure. The described problem is relevant for Kazakhstan
oil refineries, two of which use methyldiethanolamine, and one of which uses
diethanolamine, and the existing practice of maintaining the operability of the
systems is based on periodic replacement of part of the solution with pure amine.
The development of automated systems for purification of such solutions makes
it possible to significantly improve process control, minimise manual labour, and
improve the overall economic efficiency of production.

Keywords: methyldiethanolamine, corrosion, degradation, thermostable
compounds, anion exchange resin, purification, automation.
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AHHOTanusA. YaKkpIT ©T¢ Kelie TaOUFU ra3jbl Ta3apTy MpOIeCTepiHAe Koiaa-
HBUIATHIH aJKaHOJAMWH epITIHALIEpl co3Ci3 Jerpafanusra yuiblpaiasl. by ra3
arbIHIapbIHAA OOJIaTBIH KOMIPKBIIIKBLUT Ta3bl, KYKIPTTi CYTeTi, OTTET] KoHe Oacka
KOCTIAJJADMECH PEaKiys OHIMCPIHIH IKMHAKTATYbIHA, COHJAW-aK TEePMHUSIIBIK
NECTPYKIUsIFa OalnaHpICThl Oonazpl. EpiTiHIIIepAiH AerpaJansChlHbIH HOTH-
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NeTim KaHa KoWMaHl, COHBIMEH Karap KOppo3usi OEJCEHIUTTiH apTThIPab.
Bynan Oemnek, amuHHIH Oip Oeumiri OaiaHBICKaH KyHTe oTim, Oamimact peTiHze
opekeT eTeni. ANKaHOJIAMHH epITIHAIIepiH Ta3apTy KaKeTTUIri raz TaszapTy
KOHIBIPFBUIAPBIHBIH ~ THIMII JKYMBICBIH KaMTaMachl3 €Ty LIbIFbIHIAPbIHBIH
eCyiHe >KOHE SKOJOTHSIIBIK KayilCI3MiK TaJamnTapblHBIH apTyblHA OailIaHBICTHI
e3ekTi OompIm Kememi. Tazamay mmemriMuepi ONapAblH KBI3BMET €Ty MeEp3iMiH
y3apTyFa, jKaHa pearcHTTEep/i CaThill aly KYHBIH a3aliTyra »OHE >KaOJbIKKa
JKaFBIMCBI3 OCepai azaiiTyra MYMKIHIIK Oepemi. byn jkyMbpIicTa aHWOH amMmacy
TazapTy TEXHOJOTHSCHIHBIH OJICI KOIJIAHBULIBI. BakyyMIbIK AMCTHIUIALUS MEH
ANEKTPOJMATM3IEH albIPMAIIbLUIBIFBI, KaPAaCTHIPBUIATBIH TEXHOJOTHS BaKyyMIbI
JKOHE epITIHIUIePIHIH JKBUTyBIH JKacall, KOJJady YIIiH alTapibIKTail SHeprus
LIBIFBIHBIH Ka)KeT eTHeW[i, jKoHe e WHPPaKypbUIBIMIAFEl eNeyii e3repicTepii
KaXXeT eTIeCTeH KOJIJAHBICTaFbl OHAIpIC MpoleciHe oHall OipiKTipiayi MYMKIH.
Cunarranral Macene Ka3aKCTaHIbIK MYHal eHJIey 3aybITTaphl YIIiH ©3€KTi 00JIbII
TaObUIAABI, OJNAPABIH €Keyl MEeTWIIUITAaHONaMHUHII, an Oipeyi ITU3TaHOIaMUHII
nainanaHaapl, *oHe KYHCHIH (yHKIMOHAJIBIFBIH CaKTayIblH Ka3ipri Taxipuodeci
epiTiHAiHIH Oip OeiriH Taza aMHHMEH Mep3iMIi TYp/e aybICTBIPyFa HETi3eITeH.
MyHpaaii epiTiHaepal TasalayFa apHaJFaH aBTOMATTAaHABIPBUIFAH >KyHenepui
JAMBITY TIPOIIECTi OacKapy/Ibl JKaKcapTyFa, KOJI eHOCTIH a3aiiTyFa )KoHe OHIIPiCTiH
KAl SKOHOMHKAIIBIK THIMJIUTITIH apTTRIpyFa MYMKIH/IIK Oepefi.
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DTO MPOUCXOAMT W3-32 HAKOIUICHUS MPOIYKTOB PEAKIMH C YIJICKHUCIIBIM Ta30M,
CEPOBOJIOPOOM, KHCIOPOJAOM M JPYTHMH TMPUMECSIMH, MPHUCYTCTBYIOIIUMU B
ra30BbIX IOTOKaX, a TAKXKE B pe3yJibTaTe TEPMHUUECKOM Jierpajanuu. B pesynbrare
JeTpaialliil PacTBOPOB 00pa3yroTCs TEPMOCTAOMIBFHBIE COSTMHEHUS, KOTOpPBIE HE
TOJILKO CHIXKAIOT 3PPEKTUBHOCTh a0COPOIIUH, HO M YBEIMYMBAKOT KOPPO3ZHOHHYIO
aKTUBHOCTb. Kpome TOro, 4acTh aMHWHAa MEpPEXOAWT B CBS3aHHOE COCTOSHHE U
SBIISICTCSl OaJIacToM.

HeoOXoauMOCTh  OYMCTKHM pAcTBOPOB  AJKAHOJIAMUHOB CTaHOBHUTCS BCE
0ojiee akTyaJdpbHOM IO Mepe pocTa 3arpaT Ha momaepkanne 3¢PGEeKTHBHOU
paboThl TA300YMCTHBIX YCTAHOBOK M YBEIUYCHHUs TPEOOBAHMI K IKOJOTHUCCKOM
6e3omacHocTr. OYUCTKA PACTBOPOB MO3BOJISIET IPOTHTH CPOK MX CITY>KOBI, CHU3UTh
3arparhl Ha 3aKyIIKy HOBBIX PEareHTOB M YMECHBIIUTh HETAaTUBHOE BO3JICHCTBHIE HA
o0opy/oBaHHe.

B mamHoi#1 paboTe HCoMb30BaH METOI aHHOHOOOMEHHOM TEXHOJIOTUN OYUCTKH.
B omimuue or BakyyMHOW JUCTWUISIMH W 3JIEKTPOJUANIN3a, PACCMOTPEHHAs
TEXHOJIOTHS He TpeOyeT 3HAYNTEIHHBIX YHEPTo3aTPaT sl CO3aHuUs U ITOIIePKAHHS
BaKyyMa W HarpeBa pacTBOPOB, JIETKO HMHTETPUPYETCS B CYIICCTBYHOIIUN
MTPOM3BOJICTBEHHBIH TIpoIecC 0e3 HEeoOXOIMMMOCTH 3HAYMTEIhHBIX H3MEHEHUN
B uHppacTpykrype. OmnmcanHas mpoOneMa akTyajdbHa ISl Ka3aXCTaHCKUX
He(TenepepabaThIBAIONIMX 33aBOJIOB, HAa JBYX M3 KOTOPBIX HCIOIb3yeTCs
METWJIINATaHOJIIAMHUH, @ Ha OTHOM — JMATAaHOJAMUH M CYIIECTBYIOIIAs MPaKTHKa
nozJiep)anusi paboTOCIIOCOOHOCTH CHCTEM OCHOBaHA Ha MEPUOAMYECCKON 3aMeHe
YacTH pPacTBOpa YHCTHI aMWHOM. Pa3pa0oTka aBTOMAaTH3MPOBAHHBIX CHCTEM
OYMCTKM TaKHX PAaCTBOPOB IMO3BOJSCT 3HAYMTEIBHO YJIYUIIUThH YIIPaBJICHUE
MPOIECCOM, MUHIUMHU3HPOBATH PYYHOU TPYI U TIOBBICUTH OOIIYI0 SKOHOMHYECKYIO
3(h(EeKTUBHOCTH TIPOU3BOACTBA.

KaroueBbie c10Ba: METHIIMATAHOIAMUH, KOPPO3Us, Jerpajialius, TepMOCTa-
OWITbHBIC COCMHEHNS, aHHOHOOOMEHHAs CMOJIa, OYNCTKA, aBTOMATH3AIIHS.

Introduction

Solutions of alkanolamines such as monoethanolamine (MEA), diethanolamine
(DEA), methyldiethanolamine (MDEA) and others have found wide application in
various industries. Their main purpose is purification of gases (Pal et al., 2015: 8§;
Dalei et al., 2020: 11), including gases, generated during waste incineration (Aouini
et al., 2014: 14), from acidic components (hydrogen sulphide, carbon dioxide).
Such purification provides environmental protection and protection of equipment
from hazardous influence.

Alkanolamine solutions are widely used at oil refineries in Kazakhstan to purify
gases from acidic components. The principle of operation is based on the ability of
amines to bind acidic gases in the absorber and then to release them in the desorber
(Kheirinik et al., 2018: 8). Despite the high efficiency of monoethanolamine (MEA),
some plants favour diethanolamine (DEA) or methyldiethanolamine (MDEA) because
of their better thermal stability (de Avila et al., 2015: 6; Bonenfant et al., 2007: 4).
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Thermal (Mahmud et al., 2018: 7; Closmann et al., 2011: 6; Davis et al., 2009:
7) and oxidative (Fredriksen et al., 2013: §; Lee et al., 2013: 6; Chi et al., 2002: 9;
Goff et al., 2004: 9; Lawal et al., 2005: 13) degradation of alkanolamines, as well
as formation of thermostable compounds (TSC) lead to a decrease in the efficiency
of gas purification processes. In addition, the amine decomposition products cause
corrosion of equipment due to the formation of soluble complexes with iron, which
represents the basis of all structural steels. Some impurities accumulated in amine
solutions have surfactant properties and promote intensive foaming (Alhseinat et
al., 2015: 7; Chen et al., 2011: 6). The generated foam can cause various problems
in the technological process, such as amine entrainment and equipment instability.
Foam suppressants are used to control foam, but their use can change the properties
of the amine solution (Edalatpour et al., 2022: 8).

The mentioned negative phenomena will decrease the overall efficiency of
gas purification plants due to decrease of working concentration as a result of
degradation by various mechanisms, binding of amine into protonated form and
carrying away together with foam. At the facilities where there are no amine
solution purification units, in order to reduce the concentration of impurities, it
is practiced to drain part of the contaminated solution and replace it with freshly
prepared solution during repair shutdowns (Fiirhacker et al., 2003: 6; Chen et al.,
2020: 10). This approach does not correspond to the principles of lean production
and constantly requires substantial expenses. Kazakhstan’s oil refineries are forced
to purchase alkanolamines abroad due to a lack of its production.

Ion-exchange method of amine solutions purification has been successfully
implemented by a number of western companies for the last 20-25 years. In the
CIS countries there are no developments in this area, the reason for this may be the
lack of necessary and substantial funding, the complexity of licensing and the lack
of test sites. Today the most well-known companies distributing this technology are
MPR Services, Inc (USA) with HSSX® technology (Ion Exchange Heat Stable Salt
Removal Process) and Eco-Tec, Inc (Canada) with AmiPur™ technology.

HSSX technology uses a unique patented Versalt® resin in the process of
purification of amine solutions from thermostable compounds, which has the ability
to remove anions from amine solutions. The resin is heat resistant, withstanding the
temperature of the working solution up to 55-60 °C. Service life of the resin is 1
year, guaranteed by the company. The resin is regenerated by alkali and retains its
properties.

AmiPur™ technology utilises the highly efficient Recoflo© ion exchange
process based on a strong-base monodisperse gel anionite. Monodisperse resin is
used for amine purification from TSC, which, unlike ordinaryn sieve macroporous
polydisperse resin, has high osmotic stability of ionite grains, higher working
ion exchange capacity in a dense layer of ionite, increased surface area of
interfacial contact and fast kinetics of ion exchange, higher rate and completeness
of regeneration of small ionite grains with significantly lower consumption of
regenerant.
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In general, both described technologies are using the same principles and
based on the process of ion exchange of anions present in the solution with the
hydroxide ion of the resin. As a result of this exchange, the bound amine must also
be regenerated by reaction of the protonated form of the amine with the hydroxide
ion to form water and free amine. In total, such purification should give not only
the removal of weak acid anions, but also should return the bound amine back to
the system, since it acts like a ballast and does not participate in the purification of
acid gases.

The aim of the present work is to develop an automated system and algorithms
of its operation for purification of alkanolamine solutions, as well as to develop
a system, providing continuous monitoring and quality control of solutions for
further industrial integration.

Materials and methods

Laboratory tests for the selection of anion-exchange resin were carried out on
a system, consisting of a peristaltic pump, an ion-exchange column and tanks with
initial and purified MDEA solution. The concentration of bound amine (BA) was
used as an analytical signal.

Dynamic exchange capacity (DEC) and full dynamic exchange capacity (FDEC)
were used as a measure of resin performance. At this stage, these characteristics
were investigated for Lewatit A365, Purolite AS00 and Tokem-840 resins. All
resins are strongly basic, the first two are macroporous, and Tokem-840 is gel type.
In the first step, the performance of the resins was evaluated against anions of
organic and mineral nature: chloride, sulphate, formate and acetate. The choice was
dictated by the fact that the mentioned anions are typical components of TSC anions
in alkanolamine solutions at oil plants. Chloride comes in with the water used to
prepare the solutions. Sulfate is formed by oxidation of hydrogen sulfide. Acetate
and formate are degradation products of amines. Solutions of the corresponding
acids with hydrogen ion concentration ~0.25-0.27 mol/L were taken for the tests.
The concentration of hydrogen ions after slippage, determined by acid-base titration
was used as an analytical signal.

The model solution of MDEA with impurities contained 20% MDEA, 0.075
mol/L formic acid, 0.075 mol/L acetic acid, 0.0375 mol/L hydrochloric acid, and
0.01875 mol/L sulfuric acid. The concentration of bound amine was 2.58%.

Bound amine concentration and the concentration of TSC were determined by
conductometric titration method. For the determination of bound amine, a 4 g sample
was taken with an accuracy of 0.0001 g and titrated with 0.1N sodium hydroxide
solution. Free amine and TSC concentrations were determined by titration of 0.5 g
sample with 0.1N hydrochloric acid solution.

Results and discussion

The main issue of efficiency of ion exchange technology for purification of
alkanolamine solutions is resin selection, since resins with similar characteristics
can give very different results. Figure 1 shows the saturation curves under dynamic
conditions of the resins for each anion. Based on the sorption curves, the DEC
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and FDEC values in the Lewatit-Purolite-Tokem resins series were calculated for
chloride ion 3024, 3302 - 270, 367 - 725, 841 gxeq/m®. For formate ion 2856, 3327
- 816, 903 - 969, 1029 gxeq/m?. For sulphate ion 1690, 1812 - 728, 839 - 702, 806
gxeq/m’. For acetate ion 2392, 2912 - 624, 672 - 1092, 1120 gxeq/m°.
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Figure 1. Sorption output curves

Although in our conducted tests the best results were obtained with Lewatit
A365 resin for all anions, a hydrogen ion slippage is observed on the model
MDEA solution from the first batch. This resin is not suitable for use in alkaline
environments. On Purolite AS00 resin, slippage occurred on sample 10, while the
first two samples containing no amine. The total volume of purified solution was
160 mL with an MDEA content of 16.69%. On Tokem-840 resin, slippage occurred
on the 21st sample. The total volume of the purified solution was 380 ml with an
MDEA content of 19.12%. Thus, the best results of the tested resins were shown
by Tokem-840 resin, the efficiency of the resin was 3.8 volumes per one volume
of resin. Tests with MDEA solution from the plant with 24.42% free amine, 1.21%
bound amine and 1.79% TSC showed that one volume of Tokem-840 resin was able
to purify 8 volumes of solution. The concentration of bound amine in sample 9 was
0.32% with a further increase to the initial value in sample 15.
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To carry out scale-up tests on purification of 1 m* of MDEA solution, a unit
was assembled on the basis of a 40 ft container. The power supply is external,
single-phase with capacity of 3 KW/hour. The reverse osmosis unit requires a tap
or industrial water supply with capacity of 2 m*/hour. To drain the concentrate
after reverse osmosis process and the neutralised effluent after pilot plant operation,
access to a sewer is required. The plant is suitable for purification of solutions of
alkanolamines: MEA, DEA, MDEA and other alkanolamines. Table 1 shows the
list of equipment of the pilot plant.

Table 1 — Construction of the pilot plant

Label Item name Label Item name

CV-1 | Control valve 1 pH-1 | pH sensor 1

SOV-1 | Shut-off valve 1 P-3 Pump 3

SV-1 | Solenoid valve 1 SOV-2 | Shut-off valve 2

P-1 Pump 1 DP-2 | Drain pump 2

CS-1 | Conductivity sensor 1 | EP-1 | Electrical panel 1

DP-1 | Drain pump 1 ROS-1 | Reverse osmosis system 1

IEC-1 |lon exchange column 1 | CP-1 | Control panel 1

CV-2 | Control valve 2 DB-1 | Distribution board 1, ABTomMaTnuecKkoe yrnpasieHHe y3JIaMH
ycTaHoBKH Ha 6a3e mporieccopa PLC Simatic S7-1200

FM-1 |Flow meter 1 E-1 Amine tank

P-2 Pump 2 E-2 Caustic tank

CV-2 | Solenoid valve 2 E-3 Purified water tank

CV-3 | Solenoid valve 3 E-4 Drainage tank

CV-3 | Control valve 3 E-5 Technical water tank

F-1 Filter 1 SOF-1 | Shut-off fittings

The plant operation consists of 5 operations, the algorithm of which is given
below.

Operation 1. Preparation of purified water for washing the column, and
preparation of sodium hydroxide solution. To start the reverse osmosis (RO) unit,
ensure that the E-5 tank is filled with tap or industrial water. Route the drain of the
concentrate to the sewer. Switch the unmarked shut-off valves in the direction from
ROS-1 to vessel E-3 to the open position. Switch the automatic switches in EP-1
to the operating position. Turn on power to the P-4 pump supplying water from the
E-5 tank to the RO unit. Switch on power to ROS -1. As the E-3 tank fills to the
required level, switch off the water pump and ROS -1 power supply or switch the
purified water flow to the E-2 tank by switching the corresponding valves in the
pipeline.

Operation 2. Preparation of regenerating solution of sodium hydroxide. For
convenience of operators, alkali solution with mass concentration of 3% is prepared
by pouring water into the tank E-2 up to the mark 833 liters and then adding 25 kg
of sodium hydroxide. Transfer of alkali should be done in portions to avoid strong
heating of the solution, with using manual or automated stirring. The solution
should be prepared immediately before the start of the test to prevent the solution
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from absorbing carbon dioxide from atmospheric air. Preparation should be carried
out using personal protective equipment: goggles, gloves, respirator, protective
clothing and footwear.

Operation 3. Cleaning of alkanolamine solution. Before starting the operation,
switch the automats in DB-1 to the operating state. Wait for system initialization
displayed on the CP-1 control panel. Check the set parameters of CV-1 valve
opening and conductivity value to complete the operation. On the CP-1 panel, start
operation 3 by pressing the corresponding button. After start-up, the SOV-1 valve
should open and after a pause of 10 s, the amine pump P-1 should switch on. After
the IEC-1 column is filled with amine solution, it will be drain back to the tank
E-1. As the resin saturates, the conductivity value, recorded by the conductometric
sensor CS-1 and displayed on CP-1, will increase. When the set value is reached,
the amine flow into the column will be stopped. Pump P-1 will shut off and valve
SOV-1 will close. After a pause, valve SV-1 will be opened and pump DP-1 will
be switched on, after that amine from the column will be pumped to the tank E-1.
When pumping is completed, the SV-1 valve will close and the DP-1 pump will
switch off.

Operation 4. Resin regeneration. The operation is started automatically, the
valve CV-2 must be opened to the set value. Valve SV-2 is opened and pump P-2
starts taking the alkali supply from tank E-2. The alkali is drained into the tank
E-4, the operation continues until the set volume of alkali is passed through the
column, the volume is recorded by the flowmeter FM-1. After that the pump P-2
is automatically switched off and the valve SV-2 is closed. The next stage is alkali
draining from the column, for this purpose SV-3 valve is opened and DP-1 pump
is started, the alkali is drained into the tank E-4. After the specified time the SV-3
valve is closed and the DP-1 pump is switched off. As the E-4 tank is filled it is
necessary to neutralise the solution with acid to neutral reaction after which the salt
solution can be flushed to the sewer by starting the DP-2 pump.

Operation 5. Washing the resin from alkali. To start the operation, valve SOV-2
is opened; valve CV-3 must be opened to the set value. Pump P-3 is started, water
supply goes from tank E-3, the end of washing is controlled by pH-meter, when
the set value is reached, valve CV-3 is closed, pump P-3 is switched off. Water is
drained the same way as alkali was drained from the column. Upon completion
of the operation, the automatics will start a new cycle from Operation 1. Figure 2
shows the scheme of the plant.
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Figure 2. Pilot plant

The purification of 1 m® of solution was performed online to simulate plant
conditions when the purified amine returns to the original tank. This approach is
more time consuming, but allows purification without stopping the process (on the
plant) since there is no reduction in the volume of amine in the system. The resin
volume is 200 litres, the solution feed rate is 200 litres per hour, and a sample of
the solution was taken every hour to determine the degree of purification. Table 2
shows the dependence of the bound amine concentration on the sample number.

Table 2 — Solution composition depending on purifying time

Ne 0 1 2 3 4 5 6 7 8 9 10 11
CBA,%|1,21 |1,2 |1,15 |1,04 [0,63 |0,58 |0,46 (0,38 |0,24 |0,18 |0,15 |0,12

Since the process conditions at the production site are practically constant, the
composition of the generated harmful substances also remains unchanged. For
operative control of contamination it is optimal to use conductivity measurement
method. The Figure 3 shows a graph of direct relationship between the electrical
conductivity of MDEA solution and the degree of its contamination at different
temperatures. Thus, knowing the current parameters of the solution, it is possible
to determine in real time the need for purification or replacement of the amine,
allowing to optimize the technological process. Equations for these dependencies
were derived from the experimental data. Since the amine contamination may be
more significant than the investigated sample, extrapolation, based on the equations,
will provide data on specific conductivity at values outside the investigated range.
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Figure 3. Dependence of electrical conductivity on the content of bound amine at different
temperatures

Conclusions

The research presented in this paper demonstrates the potential and efficiency
of anion exchange technology for the purification of alkanolamine solutions.
By effectively removing thermostable salts and other impurities, this process
significantly extends the service life of amine solutions, minimises corrosion
processes and improves the overall efficiency of gas treatment plants.

Selection and testing of various anion exchange resins showed that Tokem-840
resin demonstrates the best performance in terms of dynamic exchange capacity
and selectivity for the target anions in MDEA solutions. The developed automated
solution purification system allows a continuous operation, can be easily integrated
into the existing technological process, and minimises manual labour.

It is possible to estimate the potential economic benefit from the introduction of
the proposed technology on the example of one of the Kazakhstan’s oil plants with
the volume of the system is 860 m®. The existing practice is based on replacement of
30% solution with fresh solution, i.e. 258 m? of solution needs to be replaced. At a
concentration of 24%, 62 tonnes of pure MDEA will be required (density of MDEA
is 1.04 g/cm?, for simplicity of calculations density of 1 g/cm? is taken), which at
its cost of 1,003,800 tenge per 1 tonne will amount to 62,235,600 tenge. The only
purchased reagent required for purification of such volume of solution is sodium
hydroxide, approximately 10 tonnes of which is required; at a cost of 210,320 tenge
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per 1 tonne, the total cost will be 2,103,200 tenge. One-time costs of resin purchase
will be 2,337,302 tenge at the price for 1 m® and 35,059,530 tenge for 15 m?*. Costs
for resin are significant, but it will work in the once-a-year-operation-mode for
many years. At the same time, replacement of 30% of the solution only lowers the
concentration of impurities, but does not remove them completely.
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