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ABSTRACT

Kuwait is one of the major producers and exportecraide oil around the world, which is used as fioglenergy during
the steam generation in the industrial boilers. Hoer, due to presence of the various chemical anbss, in boiler
surface it creates corrosion problem. The corrospoblem has led to billions of dollars’ worth afsls every year in
various organizations. Many researchers and pramigrs have put a lot of effort to find out effitiesolutions. Every
industry has different responsibilities and struetuso it is difficult to apply one solution forezy industry. To fill this
research gap and build up a new prevention systesniesearch work was carried out. Systematic ditere reviews
formed the preliminary research work in the contafxtorrosion, all the factor and source of cormsihave been found
out and the prevention system is presented. Afteinfy out the list of all element and anomaliepivious work, created
a five-point Likert scale boiler corrosion surveydato get empirical validation, convenience sanpburvey conducted at
various oil and gas industry of Kuwait. We used SR to find the skewness and the set of maiar&afdr the problem.
With the help of design science approach, a newos@n prevention management framework that camafy@icable at

each industry has beendeveloped.
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INTRODUCTION

A boiler is a vessel, which generally made of steedlloy steel in a closed form, and the primanypose of boiler is to
heat the fluid (usually water). The fluid does netessarily boil; it is also used to heat or vageatithe existing liquid, and
it has been using in a various heating processappdication such as central heating, boiler-basadep generation,
cooking and sanitation (Frederick M. Steingress]20&o, the boiler is also termed as a steam gtoeranit, and
designed in such way that it can use the chemiwalgy present in a fuel, which raises the energyestd of water that
will be used for power application and heating mse In a boiler, many different kinds of fuels baal; it may be either
fossil and non-fossils fuels. The most common typiefiels include coal, oil and natural gas. Bythegaof water in the
boiler above the atmospheric pressure, steam doelldenerated (Alazemi et al., 2019). Many industsach as food
factory, oil field, textile factory, dairy factoryarment factory, paper mill, commercial builditgewery is extensively
using the industrials boilers. Whereas other typesoilers like commercial and industrials are uded many other
applications, including an office building, apartmehotels, restaurant, schools, hospitals, goventnbuilding and

airport. A boiler is classified based on the us¢hefcontent in the tubes, several tubes, theiposif a furnace, an axis of
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shells, methods of circulation of water and steAthtypes of boilers are suffering from the problerhcorrosion, which

generally termed as the boiler corrosion.

Boiler corrosion is defined as the ongoing destomcbf the surface of boiler metals by the pittiagtion of
dissolved oxygen, which presents in the boiler wdtéheavily defects the inner metallic exteridrtioe boiler that lead to
the deep holes in the metal, which maybe self-pteteby further corrosion products such as scablisters over the
holes, which allow the chemical reaction to corgirfurther. Generally, the surface of the boilebislt of the heavy
metals that consist of many layers, but oxygenngjtsite can be developed by a deep penetratios, timlough boiler
metal that causes ultimate failure. Oxygen disgbinethe water, which is present inside the bagenany times untreated
that is highly corrosive to the steam boiler. Das@rand preheated water will reduce the dissobsgadien content of raw
water, so it is necessary to attain adequate clamgserve of an effective oxygen scavenger tocatr® damage of costly
boiler metal corrosion and downtime. Boiler corowsileads to damage in term of operation as welfirzancial,

profoundly.

Kuwait is a significant producer of crude oil iretivorld and also the exporter. Due to the extengiesence of
oil, they have been using the oil sources for gatiem of electricity and other application. To merh the various
operation with the help of crude ail, there alwagsa requirement of industrial boiler for that @ss. Boiler ability to use
the oil as source of energy in evaporating the raaté converting into the steam allows generatimgtekity, and also
performing different application process. Therefare Kuwait, an industrial boiler is excellent liised for different
process and application in the field of food, silagas, chemical, textile, pharmaceutical and énpbwer plant sector for

the energy generation (Tuffner, 2014).
INTRODUCTION - INDUSTRIAL BOILER

Heat is an essential element for heating buildind #gne many operations in the industrial process.tFansferring heat
from one place to another place, there will alwhgsthe availability of a particular process. Watersteam is to be
considered as one of the best forms of transféeat, because it contains some desirable propetsas higher energy
absorption or easy transportability. It is readiljailable everywhere and not harmful to the envitent. The atmospheric
pressure of water is also lower. An industrial &ois working on the same principle of a cooket, te capability of
boiler is much higher than the cooker in every tesonit can cope much higher pressure than a pessoker. An
industrial boiler is welded with many layers ofdkisteels plates up to 35mm thickness, able tottak@ressure of 30 bar
or more. Reliable or robust design for the boifenécessary. Otherwise, there are always chanasdlapse of the boiler
take place, explosive force comparable to the esiyppopower of a ton of gelatinate would be releagedper different
design measurement, it is possible for the singléeb is to generate about 38 MW of thermal outpahich is
approximately equal to the power of 500 average §&W car. The basic design of hot water or steaitebare relatively
similar in design. The boiler pressure vessel l®ezontal, cylindrical tube closed at both sideshvan endplate and
insulated all around. There is a flame tube (1sspan this pressure vessel, which is fire throadturner and an internally
situated reversing chamber that reverses the fiseggand leads them back in the 2nd smoke tube@aghke front of the
boiler is an external reversing chamber, which mgaverses the flue gases and leads them to thefahd boiler in the

3rd smoke tube pass. Hot water boilers are usfiblihg with water during the operation process.
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Sectional drawing of a three pass shell bailer
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Figurel: Industrial Boiler (MarkusTuffner, 2014).

Steam boilers, on the other hand, are only 3/ddillvith water; the upper quarter is the steam s{age to this
vast design that can able to store a massive anabuwvaiter and multi-stage lead through the flueegathis also terms as

the three-pass shell boiler.

All functions of an industrial boiler system workaged on hot water or steam boiler, which creates o$ the
specific kind of fuel. Fuel is going through a eémtkind of combustion process, which able gensratene energy that
has been used for evaporating the water, thenférasieam to the consumer via the pipe system. Véliesteam used,the
remaining water transfered back through the pipedbeating. Flue gases are creatED with the cotidousf fuels that

are transferred back to the atmosphere, througbHimeney
BOILER CORROSION

The main reason for corrosion occurs on surfadbeboiler, due to the presence of the atmosploerigen in the air or
water that reacts with a metallic surface and peréothe oxidation reaction. Whereas, corrosiorhi industrial boiler
happens due to oxygen, which dissolves into wdtar is present inside the boiler, reacts with tretafs of the steam
boilers. The surface of the boiler is built of war$ metal or alloy metals, and a ferrous componémetals react with
atmospheric oxygen in the water and undergo inboakidation reaction. This oxidation chemical reactieads to the
formation of ferrous oxides. Ferrous oxides regulthe formation of cavities and deep holes inte shirface of metals.
The formation of deep holes and cavities on théasarof the metallic element is termed as pittiigting is the primary

host for the corrosion.

Main Causes of Boiler Corrosion
» Boiler maintenance is unscheduled and improper.
» Presence of CO2 in boiler water.
» pH level of boiled water is unbalanced.

» Presence of oxygen in boiler water.
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» Exposure of metals to the dissolved gases.

The main problem of corrosion is cracking of mesatface, whereas cracking in the boiler metal meguodue to
two of a different mechanism. First of all, cyclitessed are due, through the process of rapithgestd cooling that are
processed on the metallic surface of the boileth# process is concentrated at only certain pdfren it results in
corrosion, place which is roughened or pitted & thetallic surface. It generally occurs due to iop@r corrosion
prevention. The second type of corrosion fatigukictv started due to the presence of thick proteatixide film present
on the surface of metals, and that part continub thie cyclic stresses. The result of corrosiomgéet is creating up the
cracks, which is generally blunt and thick in shapased on the different type of chemical reactamrosion is classified

further.
Types of Corrosion in Industrial Boiler
» Acidic corrosion
e Caustic corrosion
» Hydrogen embrittlement
» Oxygen attack
» Carbon dioxide attack
»  Galvanic corrosion
Effects of Boiler Corrosion

Corrosion can damage the boiler in two possiblesyggneral and pitting. General corrosion damalge®verall system,
whereas pitting only damage the smaller part ofbthiéer surface. Corrosion of boiler AFFECTS thesigiion process as

well as financial loss to the processing holdem8af the effects of the boiler corrosionare,

Lost Efficiency: Corrosion and scale deposit directly or indireetffect the efficiency of an operation. Product of
corrosion also leads to the scale deposit so, iflav@ot scale up the amount of corrosion, therd Bleamore chances of
corrosion in the future. More likely into the puleff the metal that will cause efficiency-robbidgposit. Corrosion that
damage the surface of boiler lead into the reduoirtpe system efficiency. Holes in the metals edesks that can cause

various operational problems and result in theddwh of the boiler.

Shorter System Lifespan: Fail in controlling corrosion will lead in shortehe lifespan of the entire system. If
chemical composition within the water system doatsreceive attention timely, then corrosion will isen with time and

lead to the overall loss in efficiency experienoatinue to degrade until the system shuts down.

Higher Costs: The cost requireD to militance the damage of pdus to corrosion is excessively costly or
replacing the damaged part. In many cases, it regub replace the overall system or maybe pittdmbg instead of
repairs. To replace damage, the part OF it willdne® shut down the system for some time, whichca$fehe overall
productivity of the system. Even after replacingndged parts of the system, the previous level adgctivity is not able

to attain.
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Holes: Holes generally happen when continue to keep uiagboiler for further process when pitting already

occurred on it, and any other prevention not takehole will be damaging the whole surface of tloddy.

Pitting: Pitting is the major problem of the corrosion; éngrally occurs on the surface part, where theepizes
of a high level of oxygen, oxygen reacts with metehuse pits in the surface. If any maintenancprevention not

undertaken, then pitting become more worsenED andecthe hole on the surface.
PROBLEM STATEMENT

A lot of research work has already been done infitld of boiler corrosion and also for preventi&wery method has
some number of anomalies in their method, and fldsvhich method is the best way to use for préganthat’'s why it
became a requirement for studying boiler corrosidnis research tried to study boiler corrosionha boiler, which has
been usedby the oil and gases industry of Kuwaitw#it is giant producer and exporter of crude aitd various
organisations has been using the industrial bédledifferent application and processes, wheresth@ce of the process is
crude oil. One of the significant problems is ceiom affects boiler efficiency by damaging the rietasurface of the
boiler. In this damaging affect, overall produdiyvof industry is affected. So, this research feclen studying the boiler

corrosion, find out the gaps in the previous metbbgrevention and propose a nhew framework for phablem.
RESEARCH SCOPE

This project is on studying the boiler corrosiomdisn oil and gas industries of Kuwait. The studgused on identifying
the various factors which result in corrosion ofléoand find out gaps in the previous preventiogtimd which has been
adopted in Kuwait, and overcome this problem byjaliag some framework and steps for maintenancesodérs in

Kuwait. The project underwent the following process

e Studying and identifying the working condition, teenature, pressure etc. through proper investigatiduwait

oil and gas industry.
» Studying the different type of corrosion, and idgirig the factors which negatively affect the lewil
* Studying the various maintenance processes antlfiddre problems in that process.
» Propose a framework and necessary steps to overttisngroblem.

The research philosophy adopted in this study dsitivism’ research philosophy for further researbh this
method, knowledge is built on the basis of natotaervation andgives a new perspective view far tieéationship and
property of topic. Corrosion is natural phenomemhich is studied for many years and solution comenfthe study but
not sufficient,and much more is required to idgngifoetter solution, because there is a huge antosmbccurs due to the
corrosion problem. Realism is the best way to areathe natural phenomena of corrosion and idetiigywarious factors
which affect the corrosion and what is the problenturrent maintenance method for corrosion andvwercome this

problem.The framework and step for future processtbieen provided.
RESEARCH OBJECTIVES

A lot of research work has been done in the fidlthailer corrosion; still, there is a broad scogansprovement in this
filed. Different research methodologies are consideto perform this work and provide a specifictalie method to

overcome this problem. After analysing of work dgmé on boiler corrosion, a wide range of scopeiffiggrovement is
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required. It is the purpose of this research; @ntily the various factors for boiler corrosion amtl out the gaps in the
previous one, using the maintenance process, paiigros obtained a better method than the existieg Dine overall goal
of this research work is to identify anomaliesfie fprevention method of corrosion through propevesy and with the

help of design science approach, provides a framewde following objectives have been formulated.
» ldentify the factor which is main reason for coromsthrough literature review.
» ldentify the prevention method of corrosion usinguwait.
» Find out the anomalies present in the previousge®cising survey method

» Design science approach used to build up a newefnaork or set of guidelines for doing practice wittle boiler
those are using the oil and gas industry of Kuwait.

The following are the research questions:
* What are the main reasons for boiler corrosion?
* What are the common effects of boiler corrosion?
* What are the preventive ways of boiler corrosion?
» Is there any significant difference in main reasfamsoiler corrosion according to demographic @ata
» Is there any significant difference in common effeaf boiler corrosion according to demographi@a@at
» Is there any significant difference in preventivayw of boiler corrosion according to demographiada
» Isthere is a relation between main reasons fdeboorrosion and its effects?

RESEARCH METHODOLOGY

A total sample of (60) filled questionnaires werdlected. All incomplete responses were exemptdak dollected data
were analyzed using (SPSS v.25) program: "StadisBackage for Social Sciences", as follow: Crohtsalpha used to
determine the reliability for the questionnaire atsddimensions. Descriptive statistics used tacdbes the basic features
of the total in the study (60), such as frequendiRescentages, Mean and Stander Deviation. Relatipertance Index
(RI) method is used to determine the relative ingmace of the study dimensions. With large enowhe sizes (> 30
or 40), the violation of the normality assumptidrosid not cause major problems (Pallant.2007);ithdies that we can
use parametric procedures even when the data amonuoally distributed (Tavakol,Dennick, 2011).we have samples
consisting of hundreds of observations, we canrignbe distribution of the data according to thatd limit theorem
(Bland., & Altman.,1995.); therefore, T- indepentisample test and ANOVA were used to find the déffece in the study
dimensions according to demographic; if ANOVA testre significant, the post hoc (Scheffe) test bdluseful.

The following hypotheses have been framed in thidys

» There is no significant difference in (main reaséorsboiler corrosion, common effects of boiler m®ion, and

preventive ways of boiler corrosion) from the vieaq of the participants, according to demograplta (Job)

e There is no significant difference in (main reaséorsboiler corrosion, common effects of boiler mmion, and

preventive ways of boiler corrosion) from the vieaq of the participants, according to demographita (Age)
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e There is no significant difference in (main reaséorsboiler corrosion, common effects of boiler mmion, anc
preventive ways of boiler corrosion) from the viewg of the particpants,according to demographic de
(Education)

* There is no significant difference in (main reaséorsboiler corrosion, common effects of boiler l@mion, anc
preventive ways of boiler corrosion) from the viewg of the participan, according to dmographic data
(Experience)

RESULTS
The Demographic Characteristics

Demographics data for participants (N=60), showat t58.3% of the participants were Technical while746 were
Engineer, the highest group 58.3% were 24 to 44syelal, 38.3% were éBachelor as academic level, 35% had 6 t
years working in this industry. (Table

Table 1: Demographic Characteristics (N=60)

Demographics Characteristic N %
Job Engineer 25 41.7
Technical 35 58.3
24- 44 years 31 51.7
Age 45- 55 years 18 30.0
Over 55 years 11 18.3
Bachelor 23 38.3
Education Level Master 22 36.7
PhD 15 25.0
1 — 5 years 20 33.3
(
Working n his ndusty 6 T0years | 21 | 350
> 10 years 19 31.7

DEMOGRAPHICS CHARACTERISTICS

0
rr! r\
) u}
I n g :
I I |
ENGINEERTECHNICAL 24-44  45-55 OVERS5 BACHELOR MASTER 1-5Y 6-10Y >10Y
YEARS  YEARS  YEARS
JoB AGE EDUCATION LEVEL HOW LONG HAVE YOU BEEN

Figure 2: Demographic Characteristics.

www.iaset.us editor @ aset.us



28 Nader STh O S Alazemi & Mohd Radz Haji Che Daud

Table 2: Descriptive Statistics for Participants' Response®wards Effects of Boiler Corrosior

Products of corrosion contribute to scale dept 3.6667  1.12997 73.33
Corrosion and scale deposits ruin the efficiencthesystem. 3.7667  1.25370 75.33
Scale build up cyclically contributes to more ceiom 3.8667  1.12697 77.33
Corrosion affects the lifespan of the bo 3.5167 1.12734 70.33
Corrosion affects the overall organization produitti 3.7000 1.29274 74.00
Corrosion affects the economic condition of an aiz@tion 3.8667  1.11183 77.33

Corrosion can lead to excessive costs to repaisyhiEm or replac

damaged parts. 3.7333 1.02290 74.67

Preventative maintenance affects production 3.7833 1.12131 75.67

Corrosion cause gradual formation of cavities aplédin the mete

which termed as pitting. 3.9000 1.17459 78.00

Corrosion usually starts at internal tube surfagebare most ofte
circumferential on the tube.

Effects of boiler corrosion 3.7450 0.62475 74.90

3.6500 1.03866 73.00

Effects of boiler corrosion

PRODUCTSOF  CORROSIONAND  SCALCBUILDUP  CORROSION CORROSION CORROSION ~ CORROSIONCAN  PRLCVNTATIVC  CORROSION CAUSC ~ CORROSION
CORROSION ~ SCALCDIPOSITS — CYCLICALLY AFFLCTSTIIC AFFLCTSTIIC AFFLCTSTIIC  LCAD TOLXCESSIVE  MAINTENANCE GRADUAL  USUALLY START AT

CONTRIBUTETO RUINTHE CONTRIBUTESTO  LITESPAN OT THE OVERALL ECONOMIC ~ COSTSTO REPAIR AITECTS TORMATIONOT  INTERNALTUBE
SCALE DEPOSITS. EFFICIENCY OF THEMORE CORROSION.  BOILER. ORGANISATION  CONDITIONOFAN  THESYSTEMOR PRODUCTIONTIME CAVITIESAND  SURFACESAND ARE
SYSTEM. PRODUCTIVITY. ~ ORGANISATION. REPLACE HOLESINTHE ~ MOSTOFTEN
DAMAGED PARTS. METALWHICH ~ CIRCUMFERENTIAL
TFRMFD AS ONTHF TURF.
PIHING.

Figure 2: Descriptive Statistics for Participants' Responsetwards Effects of
Boiler Corrosion.

CONCLUSIONS

Boiler Corrosion is a major problem in Kuwait ofichgas industry, which has led to billionsdollars’ worth of loss every
year. It has therefore become a necessity to find ffigient solutions of this problem. Many researchand practitioner
work from different areas have done a lot of warkhis context to overcome this problem. The gem of corrosion is

varying on the basis of contexdo it is difficult to apply solution of one corrosi type in different type. Therefc, it
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becomes necessity to fill up this research gap,rarstudy the boiler corrosion at point of whattie main reason and
source of corrosion in the boiler. What preventiechnique and methodology is used by the orgaoizatnd individual

one, to overcome from these problems. Using sydtertigeratures review, identified the differentcfars and problems
related to corrosion, and various prevention methaged; and completed a particular research warketer, it requires

to be empirically validated.
REFERENCES

1. Frederick M. Steingress (2001). Low Pressure Bsildth ed.). American Technical PublishdBBN0-8269-
4417-5.

2. Alazemi, A. S. K. R,, Ali, M. Y., & Daud, M. R.(2019). Preventive Maintenance of Boiler: A Casdofvait

Industry. International Journal of Engineering Meatds and Manufacture, 4(2), 48-58.

3. MarkusTuffner,(2014)https://www.boschindustrial.¢files/BR_IndustrialBoiler Beginners_en.pdf

4. Shah, S., & Adhyaru, D. M. (2011, December). Bod#iciency analysis using direct method. In 20%dms

University International Conference on Engineer{pg. 1-5). IEEE.

5. Albrecht, M. J., Sedlak, S. R., Jain, R., WellsLE.& DiVitto, J. G. (2012, December). Use of atival
separator design for a natural circulation HRSG lbai In Power-Gen International Conference, Dec.(fift-
13).

6. Koppejan, J., & Van Loo, S. (2012). The handbodiiahass combustion and co-firing. Routledge.

7. Mitlacher, K., Poschlod, P., Rosén, E., & BakkerPJ (2002). Restoration of wooded meadewsmparative

analysis along a chronosequence on Oland (Swed@pied Vegetation Science, 5(1), 63-73.

8. Thielsch, H., & Cone, F. M. (1994). Remedies forB¥Tmost vexing OM problem: Tube failures. Solidsi&a
Technologies;(United States), 8(1).

9. Sarkar, D. (2015). Thermal power plant; design aperation. Elsevier.

10. Samad, Y. A., Li, Y., Schiffer, A., Alhassan, $.&8Wiao, K. (2015). Graphene foam developed withcvel

two-step technique for low and high strains and pressansing applications. Small, 11(20), 2380-2385.
11. Oland, C. B. (2002). Guide to low-emission boilada&ombustion equipment selection. The Laboratory.

12. GrantRobersohttp://members.questline.com/Article.aspx?artibe?2729&accountlD=1874&n|=16143

13. Ghosh, D., Roy, H., Ray, S., & Shukla, A. K. (20@8yh temperature corrosion failure of a secondary

superheater tube in a thermal power plant boileighHTemperature Materials And Processes, 28(1-29-114.

14. Paul, L. D., & Seeley, R. R. (1991). Oil ash coivos—a review of utility boiler experience. Corrosjat7(2),
152-159.

15. Husain, A., & Habib, K. (2005). Investigation obing failure of super-heater boiler from Kuwait disation
Electrical Power Plant. Desalination, 183(1-3), 2068.

www.iaset.us editor @ aset.us



30 Nader STh O S Alazemi & Mohd Radz Haji Che Daud

16. Sijacki-Zeravi¢, V., Voldemarov, A., BakiG., Pukié, M., Anfelié, B., & Milanovié, D. (2004). Estimation of

remaining life and probability of failure of boli¢ubes with active corrossion defects.

17. Pluvinage, G., Bouledroua, O., Meliani, M. H., &l&man, R. (2018). Corrosion defect analysis usiogain

failure assessment diagram. International JournfaPoessure Vessels and Piping, 165, 126-

18. Malekinejad, Pejman, and Mojtaba Khorashadizad&tutlying the Performance of API 5CT-L80 Type 1l 8tee
Tubings of Sour Gas Wells using HYSIS Softwardh iBddle East Corrosion Conference and Exhibitidi.
10094. 2010.

19. Al-Sulaiman, Saleh, et al. "Study on Glycol Rebaled Surge Vessel Corrosion in Glycol Regenerationit."
CORROSION 2019. NACE International, 2019.

20. Cicek, V. O. L. K. A.N., and M. E. H. M. E. T. &mxir. "Aqueous corrosion inhibition studies of aloom 2024,
6061, and 7075 alloys by oxyanion estersrdfydroxy acids and their salts." International J Applied and
Natural Sciences 2.2 (2013): 9-16.

21. Sounthari, P., Et Al. "Inhibition Of Acidic Corras Of Low Carbon Steel By Symmetrical 1, 3, 4-Caaales."”
International Journal Of Applied And Natural Scies@jans)(2013): 25-40

22. Husin Sitepu & Rasha A. Al-Ghamdi “Quantitative fRedd Phase Analysis Of Scale And Corrosion Pragluct
Formed Inside Oil And Gas Industry Equipment: Arpdmant Industrial Challenge” Impact : Internatioha
Journal Of Research In Engineering & Technolog20)(9): 11-24

23. Jasim, Haider Hadi, Abdulazaqg Jassim Ala'a, AndzAfafth Al-Hilifi. "Investigation Of Corrosion Rat€inetics
In Oil Storage Tank Using Various Types Of Epoxatldgs." Petrochemical Technology (ljicpt) 3.2 (2D1&3-
98.

24. Alsoufi, Mohammad S., and Mohammed Yunus. "EffécH&at Treatment On Stress Corrosion Cracking
Resistance Of Al-Zn-Mg-Cu Alloy Used In Aerospacgiieering Applications.” Best : International Joat Of
Management, Information Technology And EngineeBeg( : [jmite)(2015): 19-34

Impact Factor (JCC): 6.0742 NAAS Rating 3.30



