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REDUCTION OF CORROSION RATE
AT THE CIRCULATING WATER SUPPLY UNIT
OF THE PAVLODAR OIL CHEMISTRY REFINERY

One of the key tasks facing the international community of oil refineries
is the development of complex approaches to improving the reliability of
equipment and protecting materials from aggressive influences.

The water circulation supply system at petrochemical and gas
processing enterprises is one of the main elements of the technological
process.

In the water circulation systems of oil refining and petrochemical
industries, there is a constant deposition of hardness salts from the cooling
water on the surfaces of equipment and pipelines, the deposited salts, being
a substrate, as a result of the vital activity of sulfate-reducing bacteria,
aerobic and other microorganisms, become overgrown with biological
deposits. Such deposits destroy the protective (inhibitory, oxide film) metal
film, as a result of which the underclam corrosion progresses, due to of
deposition. Therefore, the development of modern methods of corrosion
protection of water circulation systems of petrochemical enterprises is one
of the most important problems of the industry.

This article presents an analysis of the possibility of reducing
the corrosion rate on the recycled water supply unit by optimizing the
reagent treatment program, reducing the loss of recycled water for non-
technological needs, and dismantling the bridges between the systems.

Keywords: corrosion, methods of corrosion protection, corrosion
control, oil refining equipment, reagent regime, corrosion rate.
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Introduction

Metal equipment and structures in refineries and petrochemical plants
come into contact with crude oil, petroleum products and fuels, solvents, water,
atmosphere and soil. All processes involving aggressive substances take place
in metal equipment at temperatures from minus 196 °C to plus 1400 °C and
pressure from vacuum to 1000 bar. Refineries and petrochemical plants are a
high-risk industry because the media are flammable, explosive, toxic to human
health, or harmful to the environment. The combination of many factors makes
refinery equipment very vulnerable to various corrosion phenomena that can lead
to serious accidents [1].

Despite many studies and advances in the field of corrosion control and
monitoring in the petrochemical refinery, corrosion problems have increased over
the past 20 years. This is due to the introduction of new technological processes,
materials, stringent requirements for fuel quality, etc.

Currently, the main methods of corrosion control at refineries include:

- selection of corrosion-resistant or suitable materials;

- correct design;

- use of anti-corrosion chemicals;

- control of technological parameters;

- use of coatings;

- cathodic protection;

- as well as verification and control at all stages of the application of these
actions [2, 3].

Corrosion of metal equipment and structures in refineries occurs in various
media and phases in a very wide range of conditions in refineries and oil chemical
plants can be divided into 5 groups.

1) Low temperature (temperature below 100 °C) corrosion in the presence
of electrolytes (usually water and aqueous electrolyte solutions such as dissolved
corrosive gases (e.g., HCIL, H,S, NH,) or dissolved salts (e.g. NaCl, Na, SO,).

2) High-temperature (temperature above 200 °C) corrosion caused by non-
electrolytes (usually gaseous H,S and H,; naphthenic acid corrosion; hot room
corrosion; oxygen oxidation in furnaces).

3) Corrosion at intermediate temperatures (from 100 °C to 200 °C), which
can occur in the presence of electrolytes (for example, amines) or non-electrolytes
(SO, SO,) depending on the substances and conditions.

4) Corrosion in natural environments: in the atmosphere, in soil and natural
waters.

5) Specific corrosion phenomena: dew point corrosion; corrosion under
thermal insulation; boiler feed water corrosion and steam condensate corrosion [4].
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Materials and methods

The water circulation system in petrochemical enterprises is one of the main
elements of the technological process, circulating water is used as a refrigerant for
all refrigeration and pumping equipment, which makes up most of the equipment
in oil refineries. In the water circulation systems of oil refining and petrochemical
industries, hardness salts are constantly deposited from the cooling water on
the surfaces of equipment and pipelines. The settled salts, being a substrate, are
overgrown with biological deposits as a result of the vital activity of sulfate-
reducing bacteria, aerobic and other microorganisms. Such deposits destroy the
protective film of the metal, as a result of which under-sludge corrosion progresses
due to precipitation [5].

According to the nature of pollution, wastewater from the POCR is divided
into industrial wastewater and wastewater from an electric desalination plant. There
are two separate sewerage systems for wastewater collection at the POCR [6].

Neutral effluents contaminated with oil products and mechanical impurities
from the LK-6U plants, the KT-1 complex, the hydrogen production unit, the sulfur
production unit, the bitumen production unit, the washing and steaming station,
commodity parks, and the cooling water purge line are sent to the sewerage system
I, as well as storm sewage from the plant.

Wastewater from the oil treatment unit (electric desalination plant) of the
LK-6U unit, sulphurous alkaline effluents from the alkalizing units of the KT-1
complex, drainage effluents from POCR sites, wastewater after flushing from
loading racks, wastewater after a washing and steaming station, and process
condensate [7, 8] are directed to the II (II, Ila ) sewage system.

The existing complex of treatment facilities consists of two mechanical
treatment systems, two biological treatment systems and a common oil sludge
treatment system.

The systems I, II, Ila were put into operation together with the start of
operation of the plant.

Since 2018, these systems have been treated with the following reagents:
bactericide, technical sodium hypochlorite, corrosion inhibitor, dispersant , two
types of iron dispersant , non-oxidizing biocide , sodium caustic technical . The
company that supplied the reagents, including the maintenance of the reagent
processing program, issued recommendations on the effective use of reagents.

In order to carry out operational control over the water-chemical regime
and determine the actual corrosion rate, flow coils equipped with slots for
installing corrosion witness samples (coupons) were mounted. Corrosion coupons
are exhibited for 60 days in the coil and in the cooling tower bowl to control
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the corrosion rate of the circulating water coming from the plants and sent
to them [8, 9].

To optimize the reagent treatment program, a number of measures were taken
based on the recommendations of the supplier company. As well as:

- reduction of losses of recycled water at the plant’s units for non-technological
needs;

- dismantling of jumpers between systems I, II and Ila [9].

Results and discussion

‘When monitoring the corrosion rate, the following results were obtained.

Figure 1 shows that the corrosion rate for the 1st system more than halved
from 0.4 mm/year to 0.19 mm/year: for the 2nd system — more than 5 times from
0.39 mm/year year, up to 0.07 mm/year; according to the Ila system more than
2 times — from 0.13 mm/year to 0.05 mm/year [10].

The system Ila before the introduction of the reagent treatment program
was a clean system with a corrosion rate of about 0.1 mm/year, since it was used
mainly for cooling jackets of pumping and compressor equipment, and after
the introduction of the program, the corrosion rate was 0.05 mm/year, which is
significantly below the norm.

Figures 2, 3 present data on corrosion rate monitoring in systems [ and I [10].

As can be seen from Figure 3, starting from March 2020, the corrosion rate
did not exceed the norm.
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Figure 1 — Average corrosion rate by years
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Figure 2 — Corrosion rate monitoring graph in system II
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Conclusions

Therefore, it can be concluded that the introduction of a reagent program,
as well as a reduction in the use of recycled water for non-technological needs,
due to the use of water from the return of treated wastewater, a decrease in the
consumption of make-up water and the dismantling of jumpers between systems,
made it possible to significantly reduce the corrosion rate of the 1st, but so far it
does not reach the norm of 0.1 mm/year.

This is because the 1% system has the largest volume, and, consequently, it
involves a large amount of equipment and, as a result, a greater probability of black
oil leakage and system contamination. According to the 2™ system, the corrosion
rate decreased by more than five times.
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*b. T. bueanues

«ITaBnomap myHait-xumus 3aysITe JKILIC,
Kazaxcran Pecrrybmukacer, [1aBnogap K.
Martepuan 15.06.22 Gacmara TycTi.

ABJIOJIAP MYHAN-XUMMUS 3AYBITBIHBIH, AMHAJIMAUJIBI
CYMEH KABJBIKTAY BJIOI'BIHIA KOPPO3USI
KBITJAMJABIFBIH TOMEHJAETY

Mynaii eyoey KocinopuinoapbiHbly XanbIKAPATbIK KAYbIMOACTbIZLIHbLY
anovinoa mypaam Heeisei Minoemmepoiy Oipi — HcabObIKMblY CeHIMOLNICTH
apmmslpy JHCOHE MAMepuandapobl azpeccusmi ocepoen Kopaay
Mocenenepine Kypoeii mociioepoi a3ipaey.

Mynau-xumus scone 2az oyoey KOCINOPbIHOAPbIHOA2bl CYMeH
2HCabOLIKMAy ofcylieci mexHoI02UANbIK NPOYeCmin He2i3el 31eMeHmmepiHiy
0ipi 6onbin madwvLIaAobL.

Mynaii enoey dcoHe MyHAU-XUMUSL 6HOIPICMEPIHIH CV AUHANbIM
Jgcytienepinoe xnaboviKkmap meH KyowvipaapOovly 6emmepinoezi
cangvinoamreiue Cyoan mypakmel myH6a natioa 601aobl, cyibpammuol
memeHOememin Oakmepusanlapovly, a’pobmsl dcoHe OacKa
MUKPOOP2AHU3MOEPOIH MIpWIiniK apeKkemi HOmudcecinoe wezinoiiep
OuoN0UANLIK WociHOiIepMer moavin Kemeoi. Myunoau wezindinep
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Memanovly Kop2auvliid (UHSUOUMOPIbIK, OKCUOMIK YA0Ipin) yadipiH
0y3a0bl, conbly candapvinan myHoa kopposuscvl epuiudi. ConoviKkman
MYHAU-XUMUSL KOCINOPBIHOAPBIHLIY CY AUHATBIMbL JCYUeNepin KOppO3UsOan
KOp2ayOblH 3aManayu o0icmepin 93ipiey CalaHbly MARbli30bl MOCeNeNEPIHiH
0ipi 6onvin mabwvLiaowL.

bByn makanaoa peacenmmi enoey 6azoapramacvii OHMAUIAHOBIDY,
MEeXHONIOUANBIK eMeC Kadicemminikmepee apHanean cyobll WbleblHbIH
asaumy, coHOau-ax Kcylenep apacvlnodessl cexipeiuimepdi benwekmey
ApKblLIbL AUHAAMALBL CYMeH HCabObIKmay 0102blH0A2bl KOPPO3Usl
JHCBLIOAMObI2bIH MOMEHOeNny MyMKIHOIel mypanivl maioay KeimipiieeH.

Kinmmi ce30ep: koppo3us, kopposusdau Kopaay sdicmepi,
KOPPO3UsAHbL OAKbLIAY, MYHAl 6HOeY HCADOBIKMAPLL, PeaceHn PestCumi,
KOPPO3Us HCbIIOAMObI2bI.

*b. T. bueanues

TOO «ITaBnomapckuii HePTEXUMUIESCKUN 3aBOY,
Pecny6inka Kazaxcran, r. [TaBmomap

Marepuan noctynuin B pegakuuio 15.06.22.

CHUXEHUE CKOPOCTHU KOPPO3UH HA BJIOKE
OBOPOTHOTI'O BOAOCHABXEHUA MABJIOJAPCKOT'O
HEOTEXMMHUYECKOI'O 3ABOJIA

OO0Ha u3 KAOUe8blX 3a0ay, CMOAWUX neped MeHcOYHAPOOHbIM
coobugecmeom Heghmenepepabamuvlearouwux NPeonpuamull — pazpabomra
CILOJICHBIX NOOXOO008 K BONPOCAM NOBLIULEHUS HAOEICHOCU 000PYO08aAHUA
U 3awume Mamepuaios om azpeccusHO2o 8030elCmeUs.

Cucmema 6000000pOMHO20 CHADIHCEHUS HA HepmMexumMuieckux u
2azonepepadamul8arux nPeonpuAmusaX A6IAemcs OOHUM U3 2TA6HbIX
INEMEHMO8 MEXHOIOSUYECKO20 NPoyeccd.

B 60000b60opomnbix cucmemax negpmenepepabamulearomux u
Hepmexumuueckux npouzgo0Cms nPouUcXooum NOCMOsIHHOE OCANCOCHUE U3
oxaavcoaroweli 800bl CONell HeCMKOCIU HAd NOBEPXHOCHAX 000PY008aHUS
u mpyoonposooos. Oceguiue conu, A6IAACL CYOCMPAmMoMm, 8 pe3yibmame
JHCUBHEOeAMENLHOCU CYIbHAMPeOVYUPYIOWUX dbakmepuil, aspooHbIX U
Opy2ux MUKPOOP2AHUZMOB 00PACMAIoN OUONOSULECKUMU OMIIONCEHUSMU.
IlooobHbIe omnodicenus pazpyuaom 3auWumHuyo (UHeUOUmMopHas,
OKCUOHAS NIEHKA) NAEHKY MEMAIIA, 8 PE3Vabmame uezo npoepeccupyem
NOOULIAMO8AS KOPPO3Us, 8ciiedcmsue ocaxcoenus. [losmomy paspabomxa
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COBPEMEHHBIX MEMOO08 3aLUunivl OM KOPPO3UU 6000000PONHBIX CUCHIEM
HepmexumMuueckux npeonpusmuil A611emcs 00OHOU U3 8ANCHEUUUX
npobiem ompaciu.

B oannoii cmamve npedcmagnen ananus no 603MOMCHOCY CHUNCEHUA
CcKOpocmu Kopposuu Ha 610Ke 060pomHO20 8000CHAOICEHUs 3d CYem
ONMUMUIAYUU NPOSPAMMbL PEALEHMHOU 00pAbOMKU, COKPALYEHUsI HOMEPD
060pOMHOIL 800bI HA HEMEXHOIOSUYECKUE HYHCObL, A MAKHCE BLINOTHEH
O0EMOHMANC NEPEMbIYEK MeNHCOY CUCTEMAMU.

Knwouegvle cnosa: xopposus, memoovl 3awumvl om KOppo3uu,
KOHmMPOIb KOppo3uu, Hedhmenepepabamvigaruee o0opyo0osanue,
PeazeHmHblil PeXcuM, CKOPOCHb KOPPO3UlL.
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