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ABSTRACT: Reducing air pollutions due to the combustion of Mazut fuel is one of the essential
requirements of the power plants to prevent environmental damages. On the other hand, toxic

Mazut fuel on torch and superheater pipes of Iranshahr power plant as well as its pollutants. Then,

the factors that cause environmental pollution involve sulfur and nitrogen oxides using Mazut fuel are  Keywords:
studied. Also, new methods of reducing these contaminations such as nanotechnology and the best
solution for reducing these pollutants and preserving the environment in the Iranshahr power plant are Pollution
analyzed. By determining the ten main criteria, two methods of Mazut nano-emulsion and wet flue gas
desulphurization method have been selected and are suggested to reduce the contamination of the Mazut ~ Ma?ut
combustion in Iranshahr power plant. In addition, with the feasibility of using new technologies, an ideal ~ Power plant

method for reducing the pollution caused by the combustion of Mazut fuel at Iranshahr power plant has ~ Nano-emulsion

been carried out.

1. INTRODUCTION

During the combustion of Mazut, a number of side
materials, including ash and flue gas, are produced. Ash causes
mechanical and chemical damage to power plant components,
and pollutants in flue gas threaten the environment. The ash
precipitates on two parts of the power plant, namely the
superheaters and torches. Due to this sediment, the thickness
of the tube wall is increased and the heat transfer to the
water is decreased, which reduces the thermal efficiency and
corrosion of the boiler components. Also, the deposition of
ash on the burner causes a defect in the combustion of fuel
and contamination production. This makes it necessary to
periodically repair and for a specified period of time. In order to
prevent heat loss and corrosion because of produced ash due to
the combustion of Mazut, a mechanical study of the ash created
on the tubes and the burner will provide suitable information.

On the other hand, the increase of infected and critical
days is a threat to the health of citizens, because the impact of
pollutants and toxic substances and chemical pollutants that
absorbs through breathing and even absorption of the skin is
indisputable. Thus, pollution management and assessment of
air quality are essential for preventing environmental damage
[1]. There are three general strategies to reduce the pollution
caused by the combustion of the Mazut fuel: 1) Reduction
of sulfur in the fuel before combustion and with methods
such as additives 2) During combustion and by changing
the combustion process of Mazut and controlling it and
producing less hazardous compounds 3- After combustion
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and with the purification of flue gas from combustion and
reducing emissions. In the following, the methods of each of
the three categories are studied.

The common methods for desulphurization are
desulphurization by hydrogetization, molecular polymers
usage, oxidation of sulfur with an oxidizing agent, ultrasonic
oxidation desulfurization, clay usage, magnetic nanoparticles
usage, and microwave catalytic thermal decomposition [2-3].

There are several types of combustion contamination
methods, including advanced combustion to prevent NOx
formation, moisture control using water or steam injection to
reduce combustion temperature [4]. The emulsion fuel usage
improves the combustion process and reduces pollutants
and reduces energy consumption [5]. Compared to the
conventional emulsion fuel, the particle size of the nano-
emulsion fuel is very small and, consequently, the combustion
is more stable and contaminants are reduced [6].

Flue gas desulphurization method is one of the most
effective ways to reduce SOx [7]. Absorption of sulfur-
containing gas done by a slurry of limestone or lime [8].

Therefore, the purpose of this paper was to investigate
the mechanical properties of ash as well as the contaminants
produced due to the combustion of Mazut at Iranshahr power
plant. In the next section, the ashes of Mazut are analyzed and
tested. In the following, it is tried to study the new method of
pollution reduction by choosing the appropriate method for
applying in Iranshahr power plant which is a comprehensive
and complete evaluation of the three axes before combustion,
during combustion, and after combustion.
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2. METHODOLOGY

Initially, experiments were carried out to investigate
the general properties of the used Mazut and to evaluate
the temperatures during the combustion process. These
experiments were carried out in two replications. The Mazut
fuel 2000 used in Iranshahr power plant, contains 3 wt%
sulfur. Mazut density is 990 kg/m* and its thermal value
is 41.7 MJ/kg. To test the mechanical properties of ash
from Mazut combustion, samples of ashes were tested for
compressive strength and impact tests. Pressure and impact
tests were performed to determine the energy and energy
needed to remove sediment. Hence, in this study, the impact
test was used to assess the energy needed for this task. The
basis of the impact test is to determine the amount of energy
necessary to break the impact fracture. X-Ray Diffraction
(XRD) spectroscopy was used to analyze the composition and
crystalline structure of the ash on the samples of burner ash
and superheater tubes. In each experiment, the homogeneous
sample and the desired ash content were grown by the mill
in a very fine powder and passed through a mesh of 200
(75 microns), and the three-gram sample was subjected to a
bombardment of X-rays with a wavelength 100-0.1 Angstrom
was placed. The device used to measure the emissions was a
350 XL Testo. In each test measurements of the pollutants
at the outlet of the chimney are performed at the top of the
tower.

3. DISCUSSION AND RESULTS

The results of the test of the pressure of the sediment
of the burners and tubes indicate that the material tolerates
up to 20 N and 200 N, respectively. The reason for the
oscillation is that, with increasing force, the sample is
slightly compressed. First, it suffers from very fine cracks,
and then its intermolecular space is filled and its resistance
increases. By comparing data it can be seen that the specimen
on superheater pipes has a more compact structure than the
sample on the burner thus withstands a greater amount of
force than the sediment sample on the burner. The sediment
generated in the combustion chamber of the power plant has
a very crude and porous structure, while the pellets deposited
on the tubes are more structurally than the burner sediments
and have the laminar mode. Also, with the impact test, the
failure of ash in burner and tube was studied. The impact
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Fig. 1: XRD Spectrometric characteristics of ash on superheat
pipes
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test results indicate that the failure energy for sediments in
pipe and burner 72 J and 9 J, respectively. The result of XRD
spectroscopy from a sample of ash deposits on pipe indicates
that the composition of these sediments contains materials
such as vanadium, sodium, sodium cyanide, carbine, silicon
carbide, silicon, and sulfur. Vanadium, which is a component
of the ash constituents of the tube; is solid and insoluble in
water and resistant to corrosion. The carbon element is the
dominant component of the burner sediments. This material
is the result of incomplete burning of heavy hydrocarbons
and is mainly used in rubber products and inks for printers,
See Fig. 1.

To study the pollutants of Iranshahr power plant the
percentage of each pollutant in the Iranshahr power plant is
determined. The most pollutants due to the combustion of
Mazut are Sox, Nox, and CO2. Here some ways studied to
reduce pollution in order to reduce environmental pollution
due to the combustion of Mazut at Iranshahr power plant. The
method chosen should be able to reduce the pollution to the
desired level, based on European and Iranian environmental
standards. According to the type of Mazut used by the
Iranshahr power plant, the Sox has been reported up to 1313
ppm, compared to that, should be reduced by 40% and 85%,
respectively. The Nox has been reported up to 327.5 ppm that
it is at the standard limit of Iran, but it has to be reduced
by 39% to reach the European standard. The strategy and
criteria for choosing pollution reduction methods are based
on the European environment standard and the following
priorities are made in the following order: 1. The selected
method should be able to achieve the highest level of Sox
reduction with a potential reduction of 85%. 2. The selective
method should have the desired ability to remove Nox
pollutants with a potential of 40%. 3. Ability to use in fuel
condition of Iranshahr power plant like percentage of sulfur
in Mazut; 4. Availability and cost of consuming materials
and permanent independence on the supply of materials from
abroad. 5. Having the best efficiency and having the least
impact on combustion parameters and generating power. 6. It
is compatible with the physical conditions and equipment of
the Iranshahr power plant and the need for major reforms in
the Iranshahr power plant is not subject to changes in existing
equipment. 7. Having a history of successful testing in a power
plant that is larger than Iranshahr. 8- With the mission of the
Iranshahr power plant, the remaining space and available
space in the Iranshahr power plant is compatible. 9- Ability to
use in a variety of gas and Mazut fuels in the future. 10. No
secondary problems such as corrosion or wastewater. Among
the methods for controlling nano-emulsion of Mazut was
used to reduce Nox and wet FGD to remove Sox. The two
selected methods are including updated and commercialized
methods worldwide [28, 29]. Investigation of selected
methods for reducing contamination in laboratory scale was
performed. Design of equipment and systems was carried
out and then the amount of pollution was determined. The
combination method of Mazut nano-emulsion and Flue Gas
Desulphurization (FGD) is the best mode that simultaneously
reduces both pollutants which complies with the European
standard. Also, this combined method satisfies all of the ten
orders. According to the price of a non-ionic surfactant, the
finished product cost of the combined method is about 1.11
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FGD Tower

Cutlet Duct from Unit 1

Outlet Duct from Uit 2

Fig. 2: Directing the flue gas of the two units to the FGD tower
and then directing to the chimney

cents per kilowatt of production. The added cost, in case use
of FGD method, is only 0.674 cents per kilowatt of power
that is economical and could be the second option, See Fig. 2.

4. CONCLUSIONS

The mechanical and metallurgical properties of the sediment
from the combustion of the Mazut fuel were investigated on
the torch and superheater pipes of Iranshahr power plant.
According to the issues discussed in this report, in order to
achieve the European environmental standard, it is advisable
to choose a combination of FGD and nano-emulsion Mazut
at Iranshahr power plant. Considering that NOx emissions in
Iranshahr power plant are close to Iran’s standard, in order
to reduce costs, a single FGD approach with the priority of
removing SOx as the second option is proposed.
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Fig. 1: Experimental setup to determine the combustion
specification of Mazut
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Fig. 2: The sedimented ash caused by mazut combustion
at Iranshahr power plant, (a) on the torch, (b) On Super
Heat Pipes

gy FuSB Jlay S LSl 5 oS5 T sl o
AL sladised 59, 2 oSl andl il (il s S
Otalesl 2 0w plil LS5 s gladly) 5 Jrie )
Ogo ool Lawgi Hla5 0550 S a5 (e digei ]
(0555 VO o3l ) Y ov e by iy 5l g ol 53 5y sl po
sy Shler (2rre 50 Ol 5l (o) dm Aigad 5 00 03l j5e
Ul s 03l 15 g aT 1NV oo zgn Jsbo b Sl axs]
Otogh Hged o Cel Al oS L pl ST S il
Ol dlie a5 0 )l5 (60,8 4y pamio (A (G585 5 )0
b ol S 5 g5 ool L3l slagSII L

1 X-Ray Diffraction (XRD)

Yy



FYF LI doiun ATAA JLo oY oylad DY 093 pusS pual SlSlo nbies & it

s e

P s N

i)l 50 ool 8590 S390 3 59 3IbT olKws ¥ Jsi
Fig. 3: Gas analyzer device is used in the experiments The chimney gas analyzer used in the experiments

Wajlo CSgu (ogas HUd) (o) p @S ) Jgux
Table 1: Results of the study of the general behavior of Mazut
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Fig. 4: Force-displacement diagram for the sedimented
ash sample on the torch
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Fig. 5: Force-displacement diagram for the sedimented

ash sample on the super heat pipes
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Table 2: Components of ash deposits on superheated

pipes
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Fig. 7: X-Ray Diffraction (XRD) spectroscopy pattern
the sedimented ash sample on the torch
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Table 3: Components of ash deposits on the torch
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Table 4: Pollutants from the combustion of mazut
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Table 5: The allowed limits of air pollutants emission in power plants in iran
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Table 6: The pollution reduction methods based on the ten priorities for Iranshahr power plant

¥ _§ 3 31_ 9 Py 9 9 S23)
S W I N IR P IO I
./) - =3 ~ % L) : \\,i : :
O T I I I S ol
3 2 3 3 5) x| A ]9 |
) : 3 :1 ) ) o v <
-~ aQ . R IR N “ .qlr
Il (24513013 7]3%¢ ¢
) a ) =, . il :G\ ‘13 3 2 )
an kS X 3 Zh ‘o y S
N . N 3 N o] ) q =<
3 3 ; \‘bo ~N ~
- - - + + - - + - + ) e
e R
- - - T Sn el s,
N I U R R oSy Sy
I A e Dselasns] s,
+ - + + + + + + - + Sgul il S8 @y gl
- - + - - - - + - + S, Sbls oS
- - + - + - + - - + Sy 21953,5 55
- - + - + - - + - - Wl gla Q>
- - + - + + - - - + B smmbline Ol 3436
+ - + - + + + + - - 399,500 3l oolaiul e SUST
+ - + - + - + + + - ST L g gl
+ - + + + + + + + - ;.j L wab
- + + + + + * + - + F 5908 5l alsze 868
. + + + + + + + - - 5 Soliwly mSl oS o i,
- + + + + + + + + - ‘L_db'g;;]\ Comnd B sl 39,
+ + + + + + + - - + Slalsse S sle (b,
S uSog038
+ + + + + + + - - + S Ll dnm‘
_ ¥ ¥ + + + + + - + Sz 0,5 (6 el
_ + + - + + + - - + S ol By
+ + + - + + - + - - Hlugib (g 00051
PR U AU S I S S R e SO X RRTINN

09.».».:(50.) )SLM 39) Q- )I YQAAA 9 éwsa oolazwl M"ﬁ-’*‘

00 Hlaie 5| iz ol joou S8 Jlgnie sl g, £ Jgaz 4o

Yy

ool o8y, 50 Wl o 8,05 1) (BI5 Lid 55 (gl pu 4

olo dw )'5 )L.f;».é ol LSL‘b}j) J.SL).?- JL...; J}b P O% osm

ool T amis )0 5 Sgjle S ga ool by il o



FYF LI doriuo YA Jlo oY oyl BY 093 «pusS pual CSilSlo ties &yt

Wle alsl o a8 (Vs a4 F55pne 2050555 by, el
(2B &) BRaYL cslie oy, 43S (s @ Wilgi o
5 Sl ly 8,55 b e w55 51,

5 Prae &Pl Bld sl e ool slaghs) 5l S e 4z S
SR Al B A Cend o slaaje s Glles Lulyd
O 3l Sl anF LS eads S5 LYo 4 azrg b Ll s
sy bl glid AlEY e clacsle a5 gl anws b,
Sty fgpier gy il ooyl i 1) (Sogll rals
2 gy 4 S 39)9 5l B (lgiee 1) Ghe) cnl -l
ARETY 5o oah 2Io30,555 Sl 5 08 Sleles oKVl 4o
oy & golaidl Sldlae b ST ols J18 6518 0 40 0590 1,
2 ($595R Uhy) 4 0dd (21050595 Dgjle ES gl eslitul I
g oo 410 oSy G Gl 9 S g Ceed il

boolS's 8 5993 g 5l 5l 3550 (210559850 Oliae JBla>
8 Gy il SlslKe YOF o5 5 axly 1 el ond dplons
azgi b as ol Ggile p, 5ol S YYY G as 4 Lo el DI
G ol 50 SOX ooV jlacsl ool b (lyae (S pae Sgsle 55 4
Loyl 5 ol o lsliu] b asiliz a5 el sass (3155 \YAY ppm
g 2o, YA Wb Cud 4 o g (20050,565 ol gl anglio
MWAPIRWESRY A

axly ol glo oSiws g Slppss &y oo, slaan e
@SS Gl YWYl sl Gioee 200,555
e e @ olel g byl Slabal & aew; Gl c g
sl oz b dlos l il o YOFOVY-FA 5 Vo AFVIEF .-
VAV ooy 55 aazi b g 5565 @bin 515k 090 Sl
Olee 4 38 6,500 abanie ul begdle il 00§ il
ool 03 adlal ban s pl 4 Wb asly wlisl il sleas jo
a0 «Ylasl g dg) bl Sluswl cole anje Jols bas o
oSS Lilog 5 WaolSias aise (gl Sl Jilugs bolKius
o 3o inly Lo g aizzp il g ojle coly ane
slan e plail o Glasws a2 5 slwe B3 L dadye
50 Oligas sloa s do 0 VWVl s milie jo il
e shol Sl w5 anie b ol e b g Wish go 485

Bl se sy Slimas S

B by el 48,5 18 oy 0550 9 003 F () (358 Cuglyl
Olyre 4 a4l g i (Slyteen 358 slaudlgl b wlg o5
00,5 oo Sl elpl o8y o Jlesl sl cenlie B,
Sosile, o latnl o a sl b Blas b og, ) Conl oy

oglgl Camal Cui 5 A o al> e 0 anil cenlie o sV

G 50 0gh OBl Gl e by dslie b ogd co a
Sl oads Sl gy (pRaleT S 3 Glies (o b s
R dlf&fdbmmoﬁowwlﬂ olfjﬁ.})..) JLo.C‘

ol 835y i S8l alS sl

o o33l 5l ool b 3l ool 51 LS Sogll als sla i, V=¥
Loy lasgagsbl 5l eolinal Byb 5l baes o5 laghy, cnl o
il g )3 Sgzge 3,555 e 2ol Gus b e JlS
b by nl 5l wsdee ond F Jgazr )0 a5 jshailes 595 o0
Lol adslo 1) Lgyl o jlaibis) o>y (60,565 wloS 5 B> o8
a3l o5 o bl g oS (Brae Slge s Lo by, onee
3,555 ke AalS (59) p Dgile S g b g3l S o piien
Sl sl g, sl eslaiwl U ol b Ly#] e T T )
5095 5l gy sl )0 sszse (60,56 DloS 5 atws
oy A (YL U ol cpl aS cuils wlys 1, als o i
oSU slaoaYT 1 651 oy, cpl Ll .casl sois 3155 oo
VRN
ol 60555 SlaSy 5 Ogile ooz laThy & axsil
slahy) 35 Wit 85y (earh (i DleS 5 oS
4 ook DA 5 Plae Sgjle 5l (21050555 sl caiws
sleaxly o b bg, cpl g colaiul mile g conl ails ol on
5 Sudle 4 az i b 550 latg, 25T 05800 (BB 55 S5
s Sl 5 s bl ol VL s sl LS 3,ee Sl
IS olS g 5 b,y g Codle axg5 b ol5g,5 50 oyl &l
69555 Sl 5 Bde oy, b aslie )3 ggeme ;0 0Bl o
Loy onl 3l plaSamn wyliee ool )3 a8 Glyot oYgame
3 gy ol 5l eslaiwl GG Jdo ol 4 ail sed i
b Soolos azsliz Jlo 0ol b ogd b sloiiay il o5y

s ol s gy 5l (SO bl ails sg>g YL mlio b sy

£YA



G esrebil5 5 S s ol 4Vl (6 > Sliles slaas o
b x5 Sany; 0y 50 (59,00 JUiil 5 adgi Cuad 5 O
oo dewlors 51030 565 axlg 0,5 5 59, YV Clucs|

wile (ol DY gazme o S 0 09y 4 2l033,5 5 Slikee )
Gl 3 ol wilse (g &5 Wadioe 0y 58 gl g crie
S bVl (Al ane )5 o5 aVle glaaisa i) Y game
ool ous dnlne sloaiy 3o V Jga .yl go Cavdy (il> wlse
2200 Gl 1) Dgile S g 5l (2153555 Sl (9,008 g, 3

Sl Sly oS 50 (Slil 4 ons plas any5e (30 )51 Censsy (6l
g se odliiul Vakul, 5l il ol o g (o o

@1339,555 oud plos g = ™
Yl Lalls 4o

olfjj.:) o;)l.f Yl g X 8760 X olfj]:.; 45‘-\*-]54 0‘5"

%X 100 (cents/kWh)

e 3l 69,150 bl 0y (IS Ao j a5 S aslone sl
il gloansa plo 5 Sole an o (owiitn 5 (b anse
Sy ge 18,5 a5 )3 (Il slaaie S o s YO legane a5
VO ply )38 alo s anje U5 cnlply o)5 adlol o] & |,
Sy dalyS (Sl slean e S Hln
Esomajl (390 by Ol eslaiul aVle allBL an e
ey @Vl Slles gloanze 5 AVl o NS alejm sloasjo
slaauie cus oyl AVl (o S ale e slaanja Wl e
ey 3ly (ISl loasse S )0 a¥le (6 1Sl

s Valaly 5l AVl 6,108l sladn e Cod .l o

g s
Yl (g ISl s sloasy o Lo = M
) ) s Job
o 5 X (1 +oxe cx’)
Rt
(1 + 0 542 C)") -

Wojlo cd g il (1959,595 (gl (P9 sad gy ool Ao b Ay Y Jaux
Table 7: The estimated costs of hydrogen method for desulfurization of mazut fuel
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a desulfurization system from the wet gas tower for
Iranshahr power plant
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