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Abstract: It is known that of the methods for purifying gas fraction from hydrogen sulfide is amine treatment. Various
types of amines are used to remove hydrogen sulphide, carbon dioxide and carbon dioxide from petroleum gases.
The choice of specific amine depends on the needs of the process. Mono-ethanolamine (MEA) (C2H4OH) NHz and
diethanolamine (DEA) (C2H4OH) 2NH are commonly used. Both are ammonia derivatives. The develop
recommendations on the choice of material from which to make equipment for amine plants, comparative studies of
corrosion resistance of traditionally used low-temperature carbon steel and nano-composite coatings obtained by
electrodeposition method. The research has shown, that average corrosion rate on a standard sample (without
coatings) is 0.9969 mm/year. Because of this, the frequency of changing equipment for cleaning oil from acidic
components (hydrogen, sulfide, carbon dioxide and carbon dioxide) on average is 1 time per two years. During the
one year testing period nano-composition coatings showed protective efficacy when exposed to acidic
corrosion/erosion. It should be noted that there is a likelihood of damage to the coating during mechanical action. It
is established that the use of protective coatings leads to an increase in corrosion resistance 24-56 times, which
indicates the expediency of their use in these operating conditions.
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Introduction electroplating, as well as research of electrolytic
coatings microstructure influence on its properties
Special interest in composites and coatings has ~ are the actual problems of modern materials science.

emerged last decades in connection with sharp ~ Generally, amine equipment is used for cleaning
growth of requirements to operational properties of ~ Petroleum gases from hydrogen sulfide, carbon
the materials working in the conditions of corrosive ~ dioxide and carbon dioxide from petroleum gases.
medium, friction and deterioration. In this connection ~ These substances must be removed because of their
working out of effective and economic methods of  toxicity, corrosion and ability to pollute the

nano-coatings reception, studying of process of  environment. As a rule, amine plants are made of
low-temperature carbon steel, while solutions of
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amine dissolve copper, bronze and most alloys turn
into zinc or copper [1-5]. The weakest point of the
amine system is pipelines on the saturated amine line,
often suffering due to intense corrosion. Iron sulfide
(FeS) is formed on a metal surface under the
influence of hydrogen sulfide. The stripper (amine
regeneration column), which contains a lot of
hydrogen sulfide and carbon dioxide, is the most
corrosive [6-10]. Corrosion damage decreases at low
temperatures. The average corrosion rate for
conventionally used materials is 0,9873 mm/year.
Therefore, it is necessary to completely change the
equipment once every two years.

The compositions of petroleum gases include
aliphatic hydrocarbons, hydrogen sulfide, carbon
dioxide and other components. To neutralize them,
amine solutions are used. Monoethanolamine (MEA)
(CoHsOH)  NH: and  ethanolamine) DEA
(C2H4OH),2NH are commonly used. Each of them has
its advantages and disadvantages. MEA better purify
fractions from hydrogen sulphide than DEA.
However, MEA can combine with other substances
such as CS (carbon disulfide) and form salts that
remain in the amine solution, and the presence of O
enhances the process [11-21]. Over time, these salts
can form deposits, which lead to loss of amine
solution and causes equipment corrosion. DEA,
which is chemically weaker than MEA, does not
form significant amounts of salts, therefore, the
solution of DEA is lost less during the formation of
salts. In addition, since the chemical bond between
DEA and hydrogen sulfide is weaker than that
between MEA and hydrogen sulfide, less heat is
required to regenerate DEA to separate absorbed
hydrogen sulfide and other acidic components,
therefore, to remove acidic components, gases are
treated with a solution of diethanolamine (DEA):

(C2H4OH)2NH+H2$—>(C2H4OH)2 NH; HS-bisulfite
2(CzH4OH)2NH + H,S —>{(C2H4OH)2NH2} S-sulfite

(C2H4OH) NH+CO; +H,0—(CHOH)HCO-
bicarbonate

2(C2H40H) NH+CO+H,0— {(C2H4OH)
NH;}COs—corbanate

COS +H,0—CO,+H,S-carbon dioxide and
hydrogen sulfide

Experiments

The composition of petroleum gases includes
aliphatic hydrocarbons, hydrogen sulphide,
carbon dioxide, etc. The average component

composition of high and medium pressure gas is
presented in Table 1. Hydrogen sulfide must be
removed because of its toxicity, corrosiveness
and the ability to pollute the environment.
During combustion, SO and S are formed —
potentially hazardous substances. One of the
ways to purify the gas fraction from hydrogen
sulphide is the amine treatment. To remove
hydrogen sulphide, carbon dioxide and carbon
dioxide from petroleum gases, various types of
amine are used.

It is known that choice of a particular amine
depends on the needs of the process. Typically,
mono-ethanol-amine (MEA) (C2H4OH)2NH and
di-ethanol-amine (DEA) (C2HsOH) NH: are
used. Both are derived from ammonia.

Tablel - Average component composition of high and
medium pressure gas

Medium High
Name of pressure gas pressure
components from unit 200 | from unit 200
(% weight) (% weight)

Neitrogen 0.78 1.1
Carbon dioxide 4.5 6.38
Hydrogen sulfide 22.32 19.44
Mercaptan 0.01 0.0073
Methane 24.12 28.75
Ethane 14.36 12.9
Propane 19.36 15.8
Butane 4.61 3.54
Isobutane 2.32 2.12
Pentane 2.29 0.9
Isopentane 2.34 151
Hexane and 2.87 3.37
above
Humidity of gas 0.36 4.22
(% weight)
Density at 0° C 1.175 1.144
(km/m?®)

MEA can better clean fractions of hydrogen
sulphide than DEA. However, MEA can be
combined with other substances such as CS (carbon
disulfide) and form salts that remain in the amine
solution, and the presence of O enhances the process.
Over time, these salts can form a deposit, which leads
to loss of amine solutions and causes corrosion of the
equipment.

DEA, which is chemically weaker than
MEA, does not form significant amounts of salts, so
the DEA solution is lost less when forming salts. In
addition, since the chemical bond between DEA and
hydrogen sulphide is weaker than the bond between
MEA and hydrogen sulphide, DEA regeneration
requires less heat to separate absorbed hydrogen
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sulphide and other acidic components; therefore, to
remove acidic components, the gases are treated with
a solution of diethylamine.

One of the methods of protection against
corrosion damage of materials was the
nanostructured composition coatings (nano-CEC) on
chromium base. In order to evaluate the effectiveness
of nano-CEC protective properties, it has been
decided to test for corrosion/erosion resistance with
corrosion obtaining samples. Samples are made of
carbon steel ASTM A333 GR6:

Carbon, % wt.=0.30 max.
Manganese, % wt.=0.29-1.06 max.
Phosphorus, % wt. = 0.025 max.
Sulfur, % wt. =0.025 max.
Silicon, % wt. = 0.10 min.

Obtaining of corrosion samples was made
using electrodeposition technologies. Corrosion
samples are pairwise installed on the first and third
Y300 threads on the lines of the enriched amine.
After the extraction of corrosion samples, a primary
examination of corrosion samples was carried out,
consisting of a visual and gravimetric assessment of
the state of obtaining.

Results and discussions

The difference between the samples CC3112
LP installed on Y300 from the CC3212LP pervious
ones consisted in the temperature  of
electrodeposition, and also the fact that a program
was developed that provides for the installation and
periodic extraction of samples for the survey. The
location of the experiment is the fifth sting U300, on
which there are a sufficient number of low pressure
fittings, which allow installing and removing
corrosion  samples  without affecting the
technological process.

6)
Fig. 1. a) the corrosion sample CC3112LP, installed on

U300 equipment b) the corrosion sample CC3212LP,
installed on U300 equipment

a)

Corrosive samples are installed on the fifth
string of U300 on the line of enriched amine and a

separation collection. As an indicator of corrosion-
erosion resistance of obtaining in conjunction with
the samples with the nano-CEC Cr-C, standard made
of carbon steel ASTM A333 GR6 without coating are
installed. Survey of the state of corrosion samples
was conducted after 6 month, Fig.2:

i i Ii
b) <)

Fig.2.a) corrosive sample CC03004LP (sample D875); b)
corrosive sample CC03005LP (sample D896); c)
corrosive sample CC03006LP (sample D888)

3)

According to the data obtained during the
examination of corrosion samples, corrosion rates
were calculated, a visual and metrological evolution
of the electrodeposition obtaining state was made. On
the surface of the corrosion —proof sample D875 with
the electrodeposition pated by the technology of 2017
(position CCO03004LP), there are no traces of
mechanical and corrosion-erosive damage. The
average deposition thickness, color and surface
roughness have undergone changes. The corrosion
rate on the standard sample D173 (without coatings)
was 0.9969 mm/year, which is 32 times higher than
on the D875 sample (with electrodeposition
obtaining). On the figure 3 typical microstructure of
corrosion defeats is shown.

Fig.3. Typical microstructure of corrosion defeats of the
nano-CEC surfaces, obtaining by electrodeposition
method

On the surface of the corrosion-proof sample
D896 with the electrodeposition obtaining,
performed on the (fig.3), there are no traces of
corrosion-erosion damage. The geometric parameters
of the sample are broken (a slight bend relative to the
generatrix). On the lateral surfaces, there are traces of

—— 54 ——
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mechanical impact, which probably occurs when the
sample is removed from the fitting. The average
deposition thickness, color and surface roughness
have undergone changes. Comparative analysis with
the standard sample was not carried out, due to the
lack of the possibility of installing the second sample
at this position.

Conclusions

At the expiration of the test period, it was
established that corrosion and corrosion erosion
damage was not observed on the surface of corrosion
samples with the electrodeposition obtaining under
303 K temperature. The average thickness of the
obtaining, color and surface roughness did not
undergo significant changes. In the zone of the
partition between the base metal of the sample and
the obtaining, the metalized coating isn’t peeled off.

On the surface of the corrosion-proof sample
D888 with the electrodeposition spraying technology
(position CCO3006LP), there are no traces of
corrosion-erosion damage. On the side of the sample,
the damage increased to 11 mm. An initial stage of
detachment of the coating on the surface from the

side of the room is observed. The average thickness
of the obtaining, color and roughness underwent
changes. The corrosion rate on the standard sample
D174 (without obtaining) was 0.84 mm/year, which
IS 24 times higher than on the D888 sample (with
Electrodeposition obtaining).

During the 6 month testing period nano-
coating showed a protective efficiency when exposed
to acid corrosion/erosion. It should be noted that
there is a possibility of damage to the coating during
mechanical impact.

It is established that the use of protective
coatings leads to an increase in corrosion resistance
24-56 times, which indicates the expediency of their
use in these operating conditions.
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AMUHAIK opTaaafbl HAHO KanTamMaHblH KOPFaHbICTbIK KACUETTepiH 3epTTey

'KememxaHoBa A.E., Mykawes K., 'flp-Myxamepoga I'.LLl., 2Jllamnke T.

19n-®apabu ambiHOarbl Kazak Ynmmbik YHusepcumemi, AnmMamsi, KazakcmaH

2XemHuu TexHonoausinbIK YHusepcumemi, AnmaHusi

Tyitingeme: 'a3 ¢pakiuscblH KYKIpTCYTEKTE€H Ta3apTy SicTepiHiH Oipi amMuHAI eHIey Ooibin TaObuiansl. MyHai
ra3JiapblH KYKIpTTI CYTEKTEeH, KOMIPKBIIIKbUI Ta3blHAH Ta3apTy YLIIH aMHUHAEPIIH op TYpJl TypJiepi KOJJaHbLIa bl
Benrini Oip aMuHII TaHgay MPOLECTIH KaKETTUIriHe OaimanbicThl. JKui KONgaHbUIATBIH MOHO3TaHOJamuH (MEA)
(C2H4OH) NH; xone nueranonamun (DEA) (C2H4OH) 2(NH). Ekeyi e aMMHaKTBIH TYBIHBICEL. AMHH 3ayBITTapbIHA
apHaJIFaH KaOJBIKTHl TaHJay OOMBIHIIA YCHIHBICTap 93ipJeHIl, JOCTYpJi MalJajaHbUIaTBIH TOMEH TEeMIICpaTypaJlbl
KOMIPTEKTI OoylaTTap MEH 3JIEKTPOKO3/ABIPY HOTHXKECIH/E ajbIHFaH HAaHOKOMIIO3MTTIK KamlTamaJapAblH KOppO3HusFa
TO3IMJUIITIHE CaJBICTBIPMAJIBI 3€PTTEY XKYPri3ingi. 3epTreynep KepceTKeHJIEeH, CTaHIapTThl YITiJieri KOPPO3USHBIH
opTaima >KbULIaMIBIFEl (kKaObUIMaraH) skbUTbiHA 0,9969 MM-mi Kypadasl. OckiFaH OailTaHBICTBI MaWbl KBIIIKBUIIBIK
KOMITOHEHTTep/IeH (CyTeTiieH, CyIb(QUITEeH, KOMIPKBIIIKbUI Fa3bIHAH ) Ta3apTyFa apHaJIFaH )Ka0bIKTHI ayBICTBIPY XKHIIT1
opTa ecemnmeH €Ki xbuiga Oip per Oosazmel. Bip KBULABIK CHIHAK Ke3iHJe HAHOKOMIIO3UTTIK KamnTamanap KbIIIKbUI
KOPpO3WACHIHA / 3pO3WsAFa YIIbIpaFraH Ke3/le KOpPFaHbIC THIMIUIITIH KepceTTi. by jkepae MeXaHWKaJBIK ocepliH
cajjapblHaH KanTaMmaHblH OyIiHYy MYMKiHIOIri Oap eKkeHiH aram eTKeH jkeH. KopraHbIC KanTamanapibl KOJJaHy
Koppo3usiFa Te3iMALTKTIH 24-56 ece jKorapbulayblHa OKEJETiHI aHBIKTaJIbl, OyJI ONapJblH OChl mNaiijanaHy
JKaFJalIapbIH/Ia KOJJAHY IbIH OPBIH/IBI €KEHIITiH KOPCEeTeIi.

Tyilinai ce3aep: HaHO-KOMIIO3UTTI KamTama, KOPpO3WsFa TO3IMIUTIK, aMHHIIK OpTa, KOPFAHBICTBIK KacHETTepi,
KOeMipTeKTi Oosart.
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UccnepoBaHue 3aWmMTHbIX CBOUCTB HaHO-K3I B amnHOBLIX cpepax
lKememxaHoBa A.E., Mykawes K., 'flp-Myxamepoga I'".LLl., 2Namnke T.

1Kazaxckul HayuoHanbHbIl YHUsepcumem umeHu Anb-®@apabu, Anmamesl, KazaxcmaH
2XemHuukuli TexHomnoau4yeckulli YHusepcumem, I'epmaHusi

AnHoTanmsi: V3BecTHO, 4TO OAWMH M3 CIIOCOOOB OYMCTKHM Tra30BOW ()pakUUM OT CEPOBOAOPOJA SIBISIETCS aMHHHAs
00paboTka. PaznuuHble THITBI AMHHOB MCIIOJIB3YIOTCS JUIsl YIAJICHHST CEPOBOIOPO/Ia, JUOKCHAA YIIIeposa U3 HEPTIHBIX
ra3oB. BbIOOp KOHKpPETHOro aMHHa 3aBUCHT OT HOTpeOHOCTel mpouecca. OOBIYHO MCHONB3YIOTCS MOHOSTaHOJIAMUH
(MEA) (CH:OH) NH: u gmdsranomamun (DEA) (CoHsOH) 2(NH). O6a sBistoTcs NPOH3BOIHBIMH aMMHAKa.
Pa3paboTaranbl pekoMeHAAMK MO BBIOOPY MarepHasa, U3 KOTOPOrO H3TOTaBJIMBAIOT 00OPYNOBAaHHE JISI aMUHHBIX
3aBOJIOB, IIPOBEICHBI CPAaBHUTENBHBIC MCCICIOBAHUS KOPPO3HOHHOH CTOMKOCTH TPAIHUIMOHHO HCIIONB3yEeMbIX
HHU3KOTEMIICPATYPHBIX  YIVICPOAMUCTBIX  CTaleifi M  HAHOKOMIO3UTHBIX IIOKPBITHH, IOJYyYCHHBIX  METOIOM
3NEKTpOOCAXACHHs. MccnenoBaHUs ITOKa3ad, YTO CPEIHSAS CKOPOCTh KOPPO3HM Ha CTaHAapTHOM oOpasue (0e3
mokpeITHii) coctaBisieT 0,9969 MM / ron. M3-3a 3Toro yacrora cMEHBI 000pYIOBaHUS TSI OYUCTKH MAacia OT KUCIOTHBIX
KOMIIOHEHTOB (BOZOpOJa, CyNb(pHIa, TMOKCHIA YIIIepoaa) B CpeIHEM COCTaBiseT 1 pa3 B IBa roja. B Teyenue oqHOrO
roaa HUCIIBITAHUHN HaHOKOMITO3MITMOHHBIC MMOKPLITUA OKa3aJIu 3allIUTHYIO 3(1)(1)GKTI/IBHOCTB npu BOSﬂeﬁCTBHH KHCJIOTHOM
Koppo3uu / 3po3un. CrneayeT OTMETUTh, YTO CYIIECTBYET BEPOSTHOCTh MOBPEXKJICHUS MOKPBITUS IMPU MEXaHUYECKOM
BO3JICHCTBUHU. YCTAHOBJICHO, YTO HUCIOJb30BAHUE 3aLIUTHBIX IMOKPBITUH INPUBOJUT K YBEIHUYEHUIO KOPPO3HMOHHOU
CTOMKOCTHU B 24-56 pa3, 4TO CBUACTEILCTBYET O 1E€CO00PA3HOCTH UX UCIIOIB30BAHUS B OTHX YCIOBHUIX dKCILTyaTaIlHU.
KiroueBnie ciioBa: HaH0-KOII, koppo3noHHas CTOMKOCTh, aMUHHAS CPEAia, 3aIllUTHBIE CBOICTBA, YIIepoJHasl CTallb.
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