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Abstract

Preventing corrosion and reforming the energy model are the main priorities of the industry,
especially the electricity industry and power plants in the country. Therefore, monitoring and
evaluating structural components, equipment, process units, and facilities for corrosion monitoring is
of great importance in order to improve asset efficiency and increase life, while reducing replacement
costs and increasing safety. Since corrosion can always cause major damage in power plant facilities,
the ability to test or monitor corrosion of key equipment such as cooling cycles and condensers in
thermal power plants is of great importance. For this purpose, the levels of anions, cations, and
effective parameters of the power plant cooling cycle water must be continuously and regularly
monitored. Therefore, in this study, we will first examine and evaluate the effective parameters in the
water cycle of the dry cooling system (Heller) of a selected power plant. Then, based on the analysis
of the sediment under the condenser of the dry cooling tower (XRF and XRD tests), we will examine
the type of corrosion that has occurred and present suggested solutions to control and reduce
corrosion. The results of this study show that the lack of control of parameters such as pH and oxygen
are the main causes of the intensification of aluminum corrosion, and changing the chemical regime
by using corrosion inhibitors such as molybdate, triazoletolyl, and hydrazine (removal of oxygen) has
a significant effect on controlling and reducing corrosion in the dry cooling system of this power
plant.

Keyword: Power Plant, Physicochemical Parameters, Cooling System Sedimentation, Heller Tower,
Corrosion, XRD and XRF Analyses

* mesmaeilpour@nri.ac.ir
59

Please Cite This Article Using:

Esmaeilpour, M., Yousefpour, A., Ghahramanafshar, M., Asgharinezhad, A., Ghaseminejad, H., “Monitoring
of Physicochemical Parameters and Sediments of the Cooling Tower of the Heller Power Plant: investigating
the Causes of Destruction and Providing Suggested Solutions to Reduce Corrosion”, Journal of Farayandno —
Vol. 21 — No. 94, pp. 59-74, In Persian, (2026).



@ﬁ@ (VF0 L) BA-VF oo AF o)lad (o5 5 Camy Jlo egiany] [ 4y 123 N

DOI: 10.22034/farayandno.2026.2096472.2073 bom

This journal is an open access journal licensed under an
Attribution-Non Commercial 4.0
International Licenses (CC BY-NC 4.0).

10 g JB 0uis S STS 7 Oligw ) 9 (2 biowdi 650 18 (s ol yb b
S 0395 S S (golpsiian (sl Lyl gy e (w0
. J

! .blj.;‘so.wls (> A 355 yol yuS5 ke J HLaB o 48 doxo A IR Gwe whe > 392 e o yunino
Ol el ey oty i lf 5 (s (cighy 09,5 lolial !

VE- O/ OIYY 1y VE- O/ 0/ 4 sl

TN 1
3545 sloolS'y 5 g (3 Cario ohrgr Cario Lol slacugll lgiea (o551 (oSl Mol § (Fo,55 5l (g S sl
b liwly po SllSal 5 anld laaxly ligen doosl 521 5 2bj)l 9 )l g 005 it oo 7 ke
Sl | ] Gl g 3Rl slaanie 2alS L alys pee (bl g ialls QLIS jelater (53,05
39294 ) I Shld (2l 5y Dl yo Wil a 0)lga (5355 ory o5 LTl il oo 3,95 2L
SoolSg s )3 HeuilliS 5 (3luSis a5 wile S DS (50,55 (il b g ooge3] (Ul sl
Lo 0503 d gl (l5e phaie 5 gy & j90 & Censlioo sslarol gl sl 1,55 5 (VL ol 51>
il 9 an bl Gregly cnl o ilnln ogd J5uS (25 (S a5 ol Jige eyl
b G 2310 oy LSt o890 SO (Glo) S 00iliS SES i <l JSew 0 S50 sl il b
- S50,55 €5 s & XRD 5 XRF (slay903]) St 00iiS iz g j5iliiS (15 305 g 5lUl 42 a5
Gpo ol @S Sy melsS (59,95 1alS g J5S Cu ool sl S, a5 eals ol sle
poriedl] (59,55 wats o ol Jle flgie 4 5mnST 5 PH (yzman o ol J 7S poe a5 ans oo ol
5 J9 Uil s «olandse ozmen (50,95 sloodi)loslh 5 65,10 b (oloosd 0235yt 9 9Bl oo ks
D)1 (ol 50 ol gy ol St (S s 33 (59,95 udlS 5 7S )0 (H5emST B3> (3l joue

XRF 4 XRD

* mesmaeilpour@nri.ac.ir
? .

radlio Ay ol
9 ‘SJLA‘.M?SJ)*S QSLQ):"‘")L?, wJLJ" ‘C‘o‘)"@“'“’lj e.‘.&‘o‘}SLs}.i.a‘ 4.‘64)L»i3‘ QL")'Q’S "&‘)5'?,@"*'5:" 5.‘64)5€.J7£L.<>..~u‘
Ayl "'sfa)5> wmlS Cope> 6¢LQ,~M,~.’ Lgl.m)l_imlj 43‘)‘ 9 g.«..{J?.L’i J.l.c ) :oLfSJ.:.;' ).L.&: oS S Tr QL.»}M))



sedeiloss! prma mﬂ VF ol NFr0 liasls [gian T8 4y 25

doddo —)

ez 10 O (Fogll g Sl (59,95 5l 86 O (5351 ol 55 oSy Sl (285 4 4z L
e yoo (Rl s (F0y03 [N Ceslond has §p oy Caro il (n s 5 (S 4 (2590
SIS 5 yrass Slraiszo I3l 5 )l planily ElS watul 3l slaciss 5 5 Szl Gl Sl
5 oy5% Slron (e O3S daallBl 3gg 5l (U LolSg e a5z o (Sogll S0 (g5m 5l 0500
alge 0blee b 1) a5l g croal 0 S0os g 00,8 Wats 1) Cguny S5t g (59,95 an T ¢ Some Slhge,
Slge Byae Gl cage (3p o 4 golall DI glaauie Jood poodle Jalss ol V] S3leoe
w2l Sk pats Glaly gyl 1 s (B gy sloasly liabl bl als g (65l BT ¢ plond
Sl gl Saly et | 2l o Cu e gloasly szl g (Sosn Uy g slagts; xS
L] 9500 Lo 0 oolS'g 5 (5590 50 il 81 5 (goladl il Lz
Silolomlsn ¢ Sl o malio alez 5l abize galio ;5 095 o515 sblze bl o slasld] 5 poeteegl] jol> Sl o
5 9 ol 5HIF] Sgdge 48,5 IS 0aiiS Sis Gl oijlo o3l plgis 4 (izmen 5 (lerd mbio
0 plosl (gl 2 sl oLl Jlo 55 L o porteagl] Slaldl (&S JpS (ogas o Glikes ol >
35750 ool O Oliee 5 Led PH sS4 sas o (Lt o slagye 5l )l pose bl pd ) 3l slals o
5 PH Slme (221331 L oS (5y5b 0 O] ol 0390 135,58 pguinasl 5LIT (53,95 %y 2 5576 @ Lawomo o
SaS 0aiS S gy edlitul 50 pgeiagll SLIT (59,55 thime )3 d5zse ol s Oliee 5 2T sleo
S5 el Al semeddl Gzl L le oz o [F] wbies Gl (eSS JSew sloolSs
5l Wl e

porinsl] s (65, et 3 SzsS (slao i ol ((PIMNG) (gl ji> S5,55 o

g mSINL Caghy jpa )0 059 (e b 9Y58 L paiiagdl (wled Jome ;0 i SIS (Soy95 o

Loy, 5 g «Ylasl oo ,o ((Crevice Corrosion) ,Lis 55,55 o

5 9008 PH bl 8 &j50 10 (ppasar i aleerd dlse b ol ceslial coiS 5l (56 (S5 o

Jsloe (5enS]

VS 0 e eariS s glapi o sagainadl] Gloae g ladlg) (Foy05 b b ye pslas 5l oladisges
St )0 38 ok (55, (59,97 DY game LSS g (xhaw (T3 nslal (ul sl oad ools las
S5 9 phdom 5 (Ol JEUl felS) Sl Joaw sledy) g9, (59,55 5 G wgm; waiS SiS
D e lid (g9 4 ) (edlg) ol Zly5w) (rose

FARAYANDNO 0




9o (s @1&@ UF o lads N Fr 0 liasls [g0n] )8 4y o5

b il
/) 7/

A 0aiS B slaptun 3 coginegl] sla s g laalg) (5395 ) S

S gl by ol Gk )0 poiegl (Fo)55 ol slogiaSly colis 3l GLls o 5,01
oLt San b Sliw 5 polilyy eciligl Jio (sl [V] ol 092 (6 s oliions £ 990 diants 5396 2] ol L
IV e-A] s ls o1 slosldT g sguiagd] (50,55 (slaoas,lojl 0,50 10 Gudizd 4 YAV B Y-+ slo Jlo o
o)y Gl 5en 5 oz opized [IV] o )8 (qusyp | pontragll (5095 2 ails ojlail 51 Lailon 5 gl
G Gl (pl )0 a5 ABloy Ghegly 5 i 4 LelSsy ol (ol Cunj bazme )0 portiegll (500>
poragd] (50,93 SV game oo sl plad>el, g Wjlopge (Foy95 e 4 2 5 Cgey oSS (o)
N gamma i3, il (S 5 LG Yo A o s [VY] aimo go @) SlSrks SaS 5 ALOSIOS gony, Y 4
Tr e pleelSs s 5l (B 0 a5 isls Glid 508 s p 1y oy Jlou g Sl a2 50 paiiadl (S5
IS 53 mgriagl] 5 Y53 cilien SLIT 43 ;9 ns ansl o olital pomimag)T (laslT b St ouisS S
Sglate PH g 50 5LIT g0 (nl jo (50,95 5 Bla 15 o)ls 0g2g O s )0 (6l Ot )0 5
S0 & Y 5 lapH 3 ssrivagll BLuS 5 calblo 4 ams e olis by ol gl rizmed b s
VO] Y10 Sl yo il Sam 5 155Y 5 [VE] Y- VE Lo o il Sem 5 plalol ol ogdle [VY] ol o sl
S5 iy 0550 50 dalllae 5 5y Cato o ealitul 8550 pariagll Sl ols ST ol 0550 50 s 4,
55,5 b L 5 5 g sl gy sl w1251 s 51 igice Ll o el 1 3L
g 0aiiS SuS lagy ;0 o] Lk 0gou g poainegl] SLIT (50,55 8590 50 (o5 Slalllas 9SG cpauiagll 5L
057 3 B Shld plie (i lr ol SG Gy (59,55 Gl (b Sl 485 O)j90 WaolS g
£ a4 4zl b 1] wllbioe Jloye3n (a9 Cmio ohig mlio 1o (VL Coeal Dl
DY) 55,5 on ol o 5 oo ol 3 PH (o ey ol 3 e sy 55 Sl o 5
5 0999)] (2l 05l d9z g ) (S Sllus ol 8 Slucsli o Wlgi oo 0 lgen (58,95 oy o5 Il
@Yl ol 5l Gl GeolSgys )0 jmilaiS g (GGl a2 alle (uldS Sl (S99 Gl L
Ol 5 She olewdsSord sloall b3l g owyp @ lail o ol agh 5o gyl 51 IVAT coul Jlo 95 5
il ) ol ledlol & g5 b s 50y orly it ol g Sy K A S s 50,5
XRD (slagyg03] (655 )10 b Sas 00iiS Sz 0 gl aiS (A5 105 50 99290 slogan; (b)) g (o p 4
OS5 SS Slapts )3 (59,55 p Fhe Jelge 900l Jolo gl 4 az g b Soled )0 o3 lsy ule> XRF

1y FARAYANDNO



http://fooladrasuldalakan.avablog.ir/post/54/%D8%A2%D9%84%D9%88%D9%85%DB%8C%D9%86%DB%8C%D9%88%D9%85-Aluminium-%D9%BE%D8%B1%D9%88%D9%81%DB%8C%D9%84+%D8%A2%D9%84%D9%88%D9%85%DB%8C%D9%86%D9%88%D9%85-%D9%85%D9%82%D8%A7%D8%B7%D8%B9+%D8%A2%D9%84%D9%88%D9%85%DB%8C%D9%86%DB%8C%D9%88%D9%85
http://fooladrasuldalakan.avablog.ir/post/54/%D8%A2%D9%84%D9%88%D9%85%DB%8C%D9%86%DB%8C%D9%88%D9%85-Aluminium-%D9%BE%D8%B1%D9%88%D9%81%DB%8C%D9%84+%D8%A2%D9%84%D9%88%D9%85%DB%8C%D9%86%D9%88%D9%85-%D9%85%D9%82%D8%A7%D8%B7%D8%B9+%D8%A2%D9%84%D9%88%D9%85%DB%8C%D9%86%DB%8C%D9%88%D9%85

&

sedeiloss! prma ﬁm VF ol NFr0 liasls [gian T8 4y 25

aalgs &l o8 g 8 Sis 0uiilS S 70 )0 (59,95 J S g puals jshaieds golpiing slo Ko, “509,,.:.:.99]—1

s e -y

Sl yg aile olF g 0 Sid 00T S s (50,5 0 g e Ol ladiges ;o BT LB g oo sl el )b
5 pymye Sl glabs; 6850 L gyl 5l aiil e oBilejl o 5Bo ot aield iged ;0 3925
Jge oS 13 5l ageil s 090 G P 5 (pliard Slge ol €85 ploxil (15 52 4 by slajlT Lo
wolo el s uSosll jskiie 4 HANNA HI2300 olfiws 3 o 5,5 gyl l-lefims 5 o5 jo oliasss
Slosg Liomins g cosl iz bg, 5|t eslid pH 5 (EC) (5o 55 clan (TDS) o i (yszmand
el 9 e Sla0e (i jelite (6 yogld ould (g ol 00lann] 3500 Ca-B o lusbinl b Billas S
Perkin-Elmer DV5300 o ICP-OES 3JUT ol .ot 438,515 3500-K 4 3500-Na (slas kil b gillas
gz PERFORM X Jue XRF ol8tus j 28,5 1,5 oolitul 0)50 SslS slopyg il opans jshaie 4
(XRD) Sl il (bl olfiams ) s ooliol Ungus, (3080 5 (s 3lb yolic ule g uFojlail 5 ololis
s oolitw] HgailasS Ggay Slastin rwas g 5JUT gl (= 1.5418) CuKa b L Bruker AXS D8 Jows
o g oy Y
oo ol g (S USSP Candy (2b5)l g (w2 )-Y
o595 5L 0y90 2l 5l o )s AR dgus adlaie ;o () ool gl S8l g of wle Gl 4 a2 L
Slog y ool B ran g S paae jolaieds g Lisly et 53 090 (el (Hxio 5 (63 Dl Jome 3l i
Sl dzrgs B 2lS rge Sl ol gl sl o i sSalr St g5 LY 5 ) gladsly 5 S
g S SaS slaaibeles 5l (6,10 o yps 0956 el 00l oSy 5 el (5 )50 0 Sl aSls i)l g O
S g ) (olo i b i Loy ) Lo o oo cglmolo 10 o5 (glaisSas 1055 co walits  had il by ool
(SN Sypoh T 3 Sas (g0t A B 00,3 dars ) Jlo p,5 055 50 5 0l oslasiul JolS & j50a
GlBl czrge (ol Bl j3 p9rabie pogdle [al; (nl Wl ashl 5y Sas alels Gl 0SS S
oy o axly (S SiS i D9800 (Bran )b g (2lod Slinti b aglse ;5 o853 (Slilee 6 Sllas]
SN e 50 (ooten S S 50 a5 oud LSS ilie slil 5l pol> o aslllas 9 50 £9dge lgie &
51 a5 e D52 el 51 dcgazme wsllas o, 5 sl

o iz §l ledlg) b jpuilass >
poiragl] uiz 5l aladlyl b Sis (S S5 7y
Jel ()5 5l pladgl b Sl sla Jos
el ()5 iz 5l B9 52 aw Ll bglas
ooy olSws g0

YV V V V

FARAYANDNO 1y




9o (s ﬁﬁﬁm UF o lads N Fr 0 liasls [g0n] )8 4y o5

WO« Jobao 0 ool ablys o o a5 cenl e ol ooy 50 a3 o, ) asly S S5 7 s
4 s J B sl Jlae 0)ls Hlojes Djgo ey 90 o AT alyl ol ) cels  caSe e
S8 518 LY B YO eogama ;o j Jsl bghas 1o O b > liad o, oo Cele p caSo ko Hlin Yo sga

sladly) 5l 2515 33 1) s 5l 295 JBu g oad jguslasS 8y ol (ile 4z 10 Yo sgax sled b (S SaS O
bl o 1090 0 0,5 Sl a0 F e 0g0 B Gl sloo ial 38l o 0,8l aiS oo 0 e jgeailosS
Dgi oo 48,5 a5 ol )T ile dx 0 YO o0 Il Jaws sladg) 2l o (S Ss ol Sl sles
Siloas 4l e i 5l o] coles a7 ol il SO L8 L gl i VE sga ol acgeme (ol jguilosS
35 s (s Sy dalons (ISl 5 40,5 g Lol ol 5 slad (ol 28 4 475 b ladly) ()
S 0 ) Sis 0allS S 5 Ges Sl opelS LR 0gen VIS S (e mal ) ) Ladlg) Sl

A2 oo inled Sl O jgo 4 [0S

Circulating water

Air cooler

Bubble Superheated steam

Cooling tower

Steam turbine

\| Generator
Superheater ‘
Economizer Water e

Chimney

replenishing

oY
~
(] 3 Condensor
Q)2
alllg
Q Tl o
o ’

2 o Hot air e —- _ )
[m)] © Burner|| ——a—a ' ater pump Water circulating
- —— pump

g Pulverized|f /[ll] '\ I\ _
codl ! \ Gold:air Condensate pump
I '( ) .

Air Blower
preheater

50 ¢

Induced draft fan

)S'AS\'{)L}S)oMoM&}é Cﬁsc’.ﬁ)}? c)-l."".j c),mﬁ‘“)')&»)‘ 09&; @'M —Y JS.&

Sosts 3L pgtpal i sl ol 135 0n JEoie 25 ot sl il 4 eS| g5 ol
DY o Stz g sladdgd Jolo jlid 0,5 oo O g0 b (156 Djso 4 o] 50 (55lucSis an T8
losss o Al 99.5H ponicagll SLIT 51 o] (glao  tailonts o1,k Fin-Tube g5 51 Kt (sl g5, an
s amly & gol 535 1 4S5 ol (58 i ol Sis 2 lons il AL 995 _alls agriragl] ;|

ans o Linla |y o 5 laalg) il oy 5 1o Sy (gles ¥ IS bl o

e FARAYANDNO



sgpdlensd (e UF o,lets N0 liasl [ganT )3 4

algl (655 51,8 0920 g W Glad g s 70 - ¥ S

o seedlasS 5l g5 by el ol sl e o YINVA LS a8 L alg) YA« slaws oz ol jo
Slazg > 5 699)9 oo 9 Si g sles F JSB 098 (oo e ladlg) (nl pled )0 20 (el sy Sl y0ne
5 00 S ol glacgs il oo 98 50 oo A legasms o Jos olowd cpiwa (pl o 000 o plis |, )]
b Jows slaws olg5 oo dame slos Loyl ollyy g Wloads azle ol (0, iz 51 o Jouws (Shell) aiug,
oolaiwl 4y 5Ld el ol F il a0 Ve 5l eS oo (sloo a5 s jo (o (gl ol LralS L olial ]y
59959 <! b Los S g ol 8,5 6l 4z 30 YO 51 s Tso sles a5 Slej ¢l ;o Lol .oncs Jous ]
Sl by s Sas g Jos 10 90,5 o0 )18 5 22 69y 2 Gl b pled s (S ol (o ax o ¥
S S oo S)ge Sz Ol Jl g a8 oo S |,

42,0 Ve dg9a oSy i e Slga slos b jguslasS 5l (a8 p O slos ST a5 oy (Lo 05 Jgad 5o
zr NS ol ax 0 Ve gl b s lgn g o 5 2ols a0 F- LgLoOLg&,;TSL’LA) RV FRVON g FRRY [ g o0
) e Lo sls 5 2t 41 59535 2] o Lo sl il cal 55 95 om ooliial ol s )3 58 5
b Lo yiion (ialS (gl ausy o0 o5 il az 0 YO sgu> 4y ©f (slos g 5 ol e plSo g sl a0 Y-
D9 o At i g Sl S SUS 0 e (Shell & Tube) dg) g atwgy 5> Jowo S o5 il ax 0 ¥
23,5 oo 7B e 5 Jowe cpl (oline; Juad 10 00,5 oo of slos zals el ol 5 il a0 0 dg0> 4
oo oo slis |y Jawe pl sled ¥ S

FARAYANDNO 10




sl s ﬁm UF o lad VoD liaals /9o T8 &y
e - -_\::O::i
1

EWE E¥aE EW e ¥ E

FoaS S b ()l Joe Skl -F S
A S SES P Fgo s yelyly (o) Y-V
o958 Fhe byl (o) g (nl Sl oS SIS 7 ) oud Sol> sla S9y55 w az g b
Coetl Sl (0,95 J5S Cuz oleiin laSal, @l g (Fo,05 Jle b)) jokiis 4 9250 Slgw g O
Tr 0,8 ol (Sid S SS 2 0,5 Ol dmes O Gl O 5l 6,08 paiges 5l 5l bl o
<l f5e slo il slagges] 5l Jol> mli 5 <85 plosil olS'g 18 50 ()l Jowe 6995 &1 5 5 eaiiS Sz
4 Si 5 K «Na <Ca «Zn «Cu <Al «Fe PH Lo (NaCl) s, (TDS) e (EC) S 25Ul culan Loih

ol 00 4 Y g ) Jglax j0 s 5

oy i hlisn b ity O (glodiges gogos 5T ) Jgur

b aigos Cond. (pms) TDS (ppm) % NaCl Temp (°C) pH

Cyed ol A N . YY/$ AVE

Sid g 0,5 ol g% Y/ f . Al \la
5 zp s ,S ol Af-. AR VS0 Y4 viov
Sl Joe 59959 FIVE YAY . 2 )

el 5z g Siad S SCE zp (50,5 50 ol g s Ol diged 90 55, » ICP-MS 5JUT bl o pian

SUind (S SGS 9 (90,5 30 &l g oed O ICP-MS 56T - Jgus
Al Cu Zn Ca Na K Si

g0 Fe b
o (PPB)  (ppb)  (ppb)  (ppb) (ppm) (ppm)  (ppm)  (ppm)
Cyed ol <y. <. <) <Y Kefe) Kefey Kefey <y
S gy (0,5 o <\- vs. Y OVENA D <o\ <oy g
» cr @”Q; Hj <\). A \YO/A FOf/Y AATATZN \YY - V\VYIY \Vidd

S,95 3l (S aS 0,10 0939 i 7 (50,5 10 0l [0 pgiedd| YEpPD e a8 5 plosl 1 IUT olal

" FARAYANDNO




&

sedeiloss! prma ﬁm VF ol NFr0 liasls [gian T8 4y 25

(oo Sordy a5 Ol aleed SIUT ls oy wilioe 0 Sl 35 8 90 cnl (0,55 olie cnlple
5 Glles blys 15l cov casa Jelme polie cdile 5 O coiS o5 aas o (lis 5z 5 Sis S

3518 Vb Jlons pogls g oo peman 3l adsl STyg5 lgieas a5 es Dl ls 18 (o3l Dz b ules
Ll 0 (5)155 5umlom o b ooy aseis o 5l S Lol je Lol slayg g o Slls  eled olie g
mal (F3y5 lp sl S 6 053 (53534 5 Cenl 030 O S sl il Ballae HelS (oS 5 iz
al o jle 4055 slail 5o s O il pl Bl oo 55 G D) il w95 0 31 aSy S e
sanlice oloowd oS 5 50 glalamde BB &l poss « s S a0 Sl 09,5 b 09l oo wgmma Jlosl g s
Szl Jd (Fo,55 5L ailias a5 el YP-ppb b poaiegl clale apals ioli8l jasls op Sete Ogdb oo
e Ll 45w o i Vly S )45 oo pgriasl] 5 05l se o ol b il 53 (sageians]
s Pl el e g oz Saied sloShs 5 Jsbwe (ST ol o Jal St IS
Sl polie ;0 az S FIY PP e s VENA PPD (55, S8 (rli8l onl 2 (938) sl 0 sagaiadl] (sl
Gl s ol e il Sl oyl gl 3T Slakss § b gy Sz Dl 5 56 wilgs e Lol wosls &,
P En b amlie )0 gy )l 0gm) Bl cplple 5 Sl ol Sl <V7 PPM (il 5+ /0 PPM el
00 yiwS (50,95 & ol pgainagl|  Fo,05 Sl S 10 LI onuay aS wips o Ll ooty pl o ,lai 0e>g
Sl sl

L3, a5 am oo 5Lts EPRI Lol giass 5o oasasl] Gan polia by Kt 5w o1 loands 5067 gl dunlie
Vo Ppb 3l S St e o 4o ol CAle WS s Cons slite 665§l a2l 3 (g3l polic
(Y ppb ;I jieS) [Bu S sapianw slp EPRI Jlows! Baa lade 51 5YL  Sail ax 5145 o (g 80510l
Solomope Ll jo Jlade pl 4y glows (6)lgds 9 S (S gapingn Codle 4 a5 L Lol ol oo
oo 3Y58 (slizl 10 00 S (53,55 9zg pae g Sol Dl (59,55 o J S Sily lizeen ¢ Al
EPRI o, lilics] Liosgs odbtesss )+ PPD (s 4 31 5 cymly 45 035 FI¥ PPD bl ues LE ¢ paimans ]
ol JyS Jod BB s j0 St s j0 o glald] g Sl (5,55 45w e i g o )ls 18
plie 51Vl s M oo o (5 uSeshal YE PPD U iy sbm gl Bl o blia s oo
WS o A pgingd] (sl castin goae 9 EPRI Josdljgiws ax 51l Wl piccs S5 (5l jUal o550
OSan Hlade o eS8 el o> Ul poaiwgd] Gl o5 5l Sis (S SCS lapinns 0 a5 55l 0 ST L
Sl sladass sosmivagll polaw (59,95 5 Mool eamaglas leoiine o1 il 2l33l 15 ciley (b
irye Sl gn agrrnsl] Slingind 5 o092 Sty odle Uplons pgripasl] il EPRI s 5 oo
9 HRSG o o)l > Jasil mshas (69) 2 (sogiogl] Slhigu, Jo585 Glu Jlae 4 (50,55 ¥ game Jla]
sy 090 S8 Bl 1o (nlpln 0l Slasi 5 (6510 0 500 Goan 3o (I3l g (Sl leaily Gials coles
Dy9pe Sl ol eadspSolail Jlada g ooy ihae piams (nl 0 (F0y95 ol pa3ls lyiea pgial]
Candy o)) Grizeen § Cldd g PH Comdg o 59,95 J 58 asly 0,8lae ol (cord Lylyd 5380 ()
el (50,95 ¢ 55 lS g Laie olalids jglateds Sas gy cagrinagl zolam

FARAYANDNO 1y




9o (s @Zﬂm UF o lads N Fr 0 liasls [g0n] )8 4y o5

XRF g XRD s ;JU1 Jodoxi g g bi-Y-¥
Sl ol s a5 ol plxil oy 15V azly jgudlaiS 51 (6510 peigad d(O JS8) gy (2b5l 5 (o2 Hokate @
03,91 % JSb 9 ¥ Jgox ;0 (XRD) w5l anisl il g (XRF) S0l anisl il ygls  seiwcinls sloygo5]

R PR

230281

s ALK 52 ygilolS S 15 gy ignd =0 JS
JEl ialS o ge ailel co 4S5 aiid ok JSome LS 5 Jold ol g, jgudlaiS jo eod JSis Slga,
G5B 5 plend oS 5 oaumo Ll abgs o ol slaosls § XRF-XRD Jdow .ol S0,95 iliél g o)l >
ol 5 4 aS PY/E0 5 OV/+ 0 OY/FO YN XA/ XN il blgs ye parles sy jpas . Cul Ggu,
L cwnSe Olydgil JusCas wiyle ol (FFe) o (AVY) «(FYY) «(Fe o) «(VVY) (YY) Ll oyl @
oobwl i [VA] o)l cisllas JCPDS card No. 47-0748 o jlasbiwl b a5 aos oo olis 1) onSe Sl LSl
o Cwl 0uls asrin Jol ey jo 5YL glacal L oS el FesOa 6 o sdle w0l Caws 4 s
5 NO:JCPDS YV-1YVY o sl b sl oads aseio S5 ;0 (Y2V) 9 YA (oY) (Y2 +) (YVVF) (VVF)
Ogeml ) 58 33 ,b 5la—Fe203 4 FEO(OH) Los AL # s slapH jo aS ol caisllas FEO(OH) Slga, b
8l o 5las]
2 FeEOOH ——— > Fe,053 + H,O

ub}w) L) S]jw Fe.0s 6YL’ Qo 40 L)"‘ o é).‘> L;é)? 9 Jb C.E.w uwl..\...wf‘ OMOQLM Fe.0s )9"4}
Pl ol o ST A sga lapH jo imen 040 oo sadlive ol gl Slppms 5 0¥g8 S5 )95 51 oL

WBboe p) Dyge 4 ol deSy e
FeOOH + H,O0 + OH" ——— > Fe(OH),

1A FARAYANDNO



&

sedeiloss! prma ﬁm VF ol NFr0 liasls [gian T8 4y 25

OieSTL Cosilan 40 09290 Q.afl Q] &S Sl glands Lgb\.:.gj)é (Fes0s) cuXe 4 (FE203) cuslon Lo
IV-] 0gi oo JoSis (FE30s) wom olowds Jogo 8 b ool oSt a8 o STy 3LSI

SiS oAST SCS g g2 yguidlisS Cgwy 51y XRF gy 45 (o2 bowsds (yg031 -F Jgu

ST (Fg a0y Sl gy wmST (digaeyd sl (Jigdw,s
Na.O - IYY Fe203s, FesO4 Yo/ § Al;O; \AR SiO, L ISSY
P20s IV SOs JYF CaO VIV Cr,03 YV
MnO YIYY Cuo - IYY ZnO VA L.O. AA

(Semi Quantitative) o5 acs & jpo a4 T =Y ol (St s diged (S51635 g (6,00 pdiged 0955 4 905] mli-) 1eyg0)T Slwd oi g bayl i
Ceelos 1,0 Soe & diged (Gl it 51 B 59 (20l8) LLOL (5050500l 03] s g 0 (5505 g, 11-2C (slos jo aigad ol =Y sl onis ploxil
<35 1,590-°C sl 4o

SPH 55 5 00 5551isS (slase ST LS5 &) e o5 S5 437 3 Slle S S5 e ol
Fes0s oo 510 LS 4 ,ome A YL slapH o 9 FE203 [FEOOH clg—w, LSid 4 e calizco
A b oo CoiiSe 5B ) axly jgundlanS j0 05290 g 3l oVb as o aSll A az g b opl poogdle Ll aalgs
Juste iz 4 4255 b eizmed atlo anli 0)00 (S SuS a3 2 50,5 O 50 Slile (ST jy >
5T o o b b a5 oads ZNO LKt 5 &y yzeio Slile e ST y3a > s by oo ZN 58 Lol a5 g sl
xS 5B S5 4 e ol slaaw ST ga > 0 9 Vb slapH o s ST gg opl ol b Latei » XRF
b sy 5 55 ol 0 bgsye Uil oSy 555 o0 JCPDS:01-077-0011 o,lail_usl L sillao ZNFe,04
BB oo 0 XRF (9031 5l o b ol izmen [VV] sl ool Lateiin 7 S cib 10 ) s slags o
S5 3 —ids aY (e 4 pgrieglla ST Ayl a4 azgi b ans oo Lt |, AlOs s, 5l ks
il pgripagll (5995 ats 4y e olile (5nST 9 PH (ozean Jolse Lol aiS' oo (655 sl psatoyl]
) poiaegllogun STa¥ Culd while (jom ST uizran g MO YL & o1 Gal3 g PH 385 J 705 poe ol
e (S SiS 43 2 55 (FAC) 0Ly boad o 3 (59,95 5 pudVlyss 97 (sholse 925 45 o0l a4l
Y Colbr_o Lldl pummen e b o e 310 4 (AL03) poiegll sla o ST Leaching «
Gy 5 (Soys5 Gl s idisy Y (rdge ol b 4 mis Slile (5eaST 352 g Cle @ psitiagllans]
4% awlgs (Under Layer Corrosion)

200l e 3 j9a> 38 pgaiagd] SIS (50,95 XRF mls elel p bame 10 e j9> 4 4295 b
55 4 e pouingll 59y 5 e 5855 )18 5 9010 pgrinegll 4 S (65065 (6 p0dy GRISTy e S8 L o
5955 sl slasldl jo Jglaie sla 55,95 S0 1ol aalss pstiegll (5565 5 olooniss xSl
oS poiegll )3 Gloji> (50595 0929 KRF 5l Jol> @l )0 S5 3529 pac & azgi b o5 wil oo glo i
Al o siiie Wil go ST Cl 055 odle slays Haa> Sl 4 Vsons

FARAYANDNO 19




)yJ.A.‘»La.MJ‘M @@ a¥ o)Lo..fb/\f'O uwa/yM])sdg)w

5 4 I
:j | l ' .
. - s,‘ "' " |
| | ' |
1'l1‘ i \JHUH\U .‘5 ,_!,{ oy
#'f 1% I "V “J “4' | ¢ ’M bt '.\*'»g'.

2 Thota Scalo

-
1D Unm ’e Od . 540 'Zk’ w.l*'-é)-t- #0000 l. o-cermesd . ' ™ e
21012 (1) - Peachlinge, syn - SAPe04 - V- 5000 % - @ x by 09058 . AL 1582054 - Cutec - 3 844710 - B 844110+ ¢ £.44110 - sioha $0.000 - bats $0.000 - gasens ¥ « Face-conted . Fade (227) -8 - 00134

lin‘ F6304 9 ZnF9204 ‘_,’_JL.:W J..Jé L -y o)\o L_,’i,.m.: 4;5.4.: ‘_,’d.}b.\in 9 ‘_g)‘o)majm 6052; L Q5“°)‘ EJL.J \ 09'0)' uw,; 9 h)‘).»)
ASles piy Bl @8 alulid

(s z ) ) vl jauuilosS Cgawy XRD (god1 —F ISl

d;o)l.».:‘).a)é)‘}nd.a |yd&oow&«>w)ogdjyéa‘&‘5sw IR ‘).’Lu

ST (Foy55 e alidl 19 IS b Sl ¥ lpie @ Ll 3enT jpim Ll Loo aliél >

Db oo Hloy CisdS b pgainasl]

WY Culs g (58,95 e il 4 mie (F JS0) MO YL @ o1 Lioliél gpH 5udo J5S pae >
Leaching 4 e S 3 a4 > 0 FAC 5 uiVl,g5 ommen dolge 0925 9 00l pgiagllonns]

Dgd oo bz J315 4 (Al203) pgingd] slaaus]

FARAYANDNO




sedeiloss! prma mﬂ VF ol NFr0 liasls [gian T8 4y 25

Corrosion REate, mdd

s 6 7 8§ % 1o
pH Value
ST 0 £l Jslixo 55 pyriasll Slo3LT (53395 3 Jslxo PH &l - Jsi

b cpgtragllanast &Y Cabs Gl 4 rie 0atiS St g (50,5 1 50 gl (5] g
2 asles lgY 5 (5903 RlBlCuled 0 g LAbe 4Y (rdge 0D
S P el Sl (San gz Sy JBlam 4 S0 S g patiadll byl Cod oY (b 0 P
Sasbose mROl) poriasll o SIS (53,55 (s 8 055 (SIS w2rles 5 5)Led (S99
585 4 e pgaiadll (695 » (28,5 )18 Lol (56T (6 3y STy poatragll 4 S e aSilox]

2 aplys poiagdl o (59,95 azis 10 g (oleenig xSl o
oseedll il jo Liale (Fops5 sl )0 3e sl 90 plsie 4 Sl ey g Lo l38 >
plas ol pile olf Lo s 5 (0,55 @y €350 b oosmimasl] (59,05 W (ogls L T 0 >

LYY] el s jloe 0 ey 9 S lenSs (earles <>l o .l oo
G55 sy XRE 5 XRD slagyges] 5l ol @l 5 (o395 o alondsSnd @l & a9 b cnlals
Sl ol g s (Sl 00T KB i )3 (59,95 SR 5 S5 Cuz pj slalal, ) wxly jsuilas
10,5 o
0,95 slmosiu¥] 89,9 (ualS sile () 5al &g o Jaume bal i J oS >
(2 oot (gloodi I3l b (Silse Dlipzs aleasg 40 O 1 oljle 5 00iy95 (5T i >
S oaS i3 gy 20,5 ol 43 AIY-AID ol Cyms yo PH G3eds S 5 iuly >
ryase Gidy b (Snl sl is wiile) Lilxs sla i 3l eolitul § mhaws ol ol >
(sogeogll (slogyd
O S s )3 (e LT 5 )5 OV 58 psitagll lajo jpi 00 SIS b o jglne pae B
S S ysma¥ gl pas EPRI S st bl 08,5 oo SlallS 50555 a0t ey iy ko
S 057 Sloipd Wais 4y e Wl oo (plierd w2y rliol QLRSIL ol jon uizmen 8 D38
IYY] 055 pasinagl] Dol 5 )5 sYgh Slglls
FARAYANDNO V)




&

sdloms! Gz @m UF o lad VoD liaals /9o T8 &y

el il (B 51 559l 5 9 (5l camlin i b O 5l ol

S 095 S | i saudcanl slaoy (agas g sloyg oyl
oy i dacleg S ezmen (59,95 leowi)oil 5l x50 5 pbesd w9 5SS
ety g 00l 1lS | (50,55 8 prbans b Ko s b loont I3l Y5V ] loclini | o ol se
Slgo cnl 1l gl Sl il Sladse aimd o 28l ) olendg i8I (S0 595 slazaST
b pol> )15 0 wgdoe osliinl (59,55 Jlee lp atw e 0aiiS S5 lag )0 Baee (oloed
PH 55 5 (59,05 5 slaows)ssh lyie & (TTA) L5 g5l 5 olyen 4 Sladse 51 60515
tleod )l Liao g pgeieagll (59,55 S (sl Sl (it a3l LAIB BAIY ppolis oo

23,5 0dalin olFs s Sid 00 STS w40 o]

V VYV VY

&S Az - F

Sloals 2l 5 (slosle 5t claolSs i sy colio > (T SSole 5 el Senl & a2
2 gl jhdesl 00,5 Gl 093 a1 ok az g Dl )1 Sene 5 yes Rl sl o ol g il
ey e Biin ol8 g, S axly S 0uiliS S JSw )0 0alds Gol> sl S0, 4 az g b Lol iaghy
8 plmil Sis iy o805 ol 5 (Gl s Sl ded 5l 0SS S ST 50 sl il (5 s
a5 28,5 bl eaiS TS 7 HgmdloiS 1S 5 wgm, 5 XRF g XRD (sl JUT ol ol ams oo lias 1y 518
Sl s PH 330 J 7S pos adl oo poeinsll (59,55 9975 5 sy )3 Al2O3 575 w50 lagygesl ol gl
Y Cwlis Gl o She Glayel)b e 5l 250,85 T jo lile ST 0929 uismed 9 MO (YL @ ]
5 bome 51 4 ¥ (nl Gl 4 e Gl 5 FAC (s (elss a5 wil oo pgeinogl] s oty
B> (MY-AO) PH 580 JpisS g b Jod 5l ola Kal, al)] plplo 0gd oo pgaingd] (So,95 Liol3l
lror® ) S 9 S5 b ol gMlel g pglae sla gy Sl eslitul (] ysee 539380) Slile ST
s 53 (50,55 (alS g S sliwly 50 (U Jssls i 5 Dladse) (59,95 slaonilosl 5l (5,5,
30 )5 oo slpiiey o5 g, ol S S S

6)‘)1«-0“ —A

-%915" Jos 1,

VY FARAYANDNO




sedeiloss! prma ﬁm VF ol NFr0 liasls [gian T8 4y 25

&bo -#

[1] F. Dai, Z. Xu, F. Shi, L. Yan, X. Pang and K. Gao, "Mechanical and corrosion behaviors of 17-
4PH martensitic stainless steel after 3.5 years of service in nuclear power plant secondary loop
environment," Corrosion Science, vol. 270, pp. 114029, 2026.

[2] C. Du, X. Wang , Q. Huang and Y. Zhang, "Corrosion behavior of Cr steel tube in ultra-
supercritical power plants under the sulfidation-oxidation coupling effect," Anti-Corrosion Methods
and Materials, vol. 73, pp. 544-553, 2026.

[3] M. Shiri, M. Amirjan, D. Rezakhani and S. Naghdali, "Investigation of copper corrosion behavior
subjected to power plants’ atmosphere," Materials Today Communications, vol. 49, pp. 114037,
2025.

[4] A. Jahangiri, M.M. Yahyaabadi and A. Sharif, "Exergy and economic analysis of using the flue
gas injection system of a combined cycle power plant into the Heller Tower to improve the power
plant performance," Journal of Cleaner Production, vol. 233, pp. 695-710, 2019.

[5] C. Shi, Z. Li, Y. Tang, J. Chen, B. Lei, H. An, SWang, G. Liu and Y. Shao, "Multi-Factor
Coupling Effects on the Electrochemical Corrosion Behavior and Mechanism of 7A04 Aluminum
Alloy," Surfaces and Interfaces, In Press, 2026.

[6] M. Hao, H. Tan, W. Yang, D. Yue, L. Gao, Z. Wang and C. He, "Effect of pH on long-term
corrosion protection of Zn doped MgAI-LDHSs coatings by in situ growth on 5052 aluminum alloy,"
Surfaces and Interfaces, vol. 64, 2025.

[7] D. Wang, A. Leong, Q. Yang and J. Zhang, "Corrosion behavior of aluminum alloy in simulated
nuclear accident environments regarding the chemical effects in GSI-191," Nuclear Engineering and
Technology, vol. 54, pp. 4062-4071, 2022.

[8] 1.B. Obot, N.O. Obi-egbedi and S.A.Umoren, "The synergistic inhibitive effect and some quantum
chemical parameters of 2,3-diaminonaphthalene and iodide ions on the hydrochloric acid corrosion
of aluminium," Corrosion Sceince, vol. 51, pp. 276-282, 2009.

[9] G. Williams, A.J. Coleman and H.N. Mc Murray, "Inhibition of Aluminium Alloy AA2024-T3
pitting corrosion by copper complexing compounds,“Electrochimica Acta, vol. 55, pp. 5947-5958,
2010.

[10] S. Safak, B. Duran, A. Yart and G. Turgoglu, "Schiff bases as corrosion inhibitor for aluminium
in HClI solution," Corrosion Sceince, vol. 54, pp. 251-259, 2012.

[11] K.D. Ralston, D. Fabijanic and N. Birbilis, "Effect of grain size on corrosion of high purity
aluminium," Electrochimica Acta, vol. 56, pp. 1729-1736, 2011.

[12] D. Chen, K. Howe, J. Dallman and B. Letellier, "Corrosion of aluminium in the aqueous chemical
environment of a loss-of-coolant accident at a nuclear power plant,” Corrosion Sceince, Vol 50, pp.
1046-1057, 2008.

[13] P. Tamara and N. Pvel, "Behavior of aluminium corrosion products in water-steam cycle of
power plant,” PREPRINT-ICPWS XV, Berlin, pp. 8-11, 2008.

[14] D.S. Abraham, H. Kanagasabapathy and R. John, "Evaluation of Corrosion Behaviour for
Aluminium Alloy 7075 in 5% NaCl Solution under Slightly Varying Temperature," Advanced
Materials, vol. 984, pp. 557-563, 2014.

[15] P. Lackov4, M. Halama and L. Dragosek, "The Corrosion Properties of EN AW 7075 Aluminium
Alloy in Power Industry, "Materials Science, vol. 811, pp. 83-87, 2015.

[16] J. Xiao, J. Ren, S. Xiao, H. Zhang, J. Chen, Y. Ren, C. Liu and C. Jia, "Corrosion behavior of
different alloys in novel chloride molten salts for concentrating solar power plants," Solar Energy
Materials and Solar Cells, vol. 286, pp. 113531, 2025.

FARAYANDNO vy



https://www.sciencedirect.com/journal/corrosion-science
https://www.sciencedirect.com/journal/corrosion-science/vol/270/suppl/C
https://www.sciencedirect.com/org/journal/anti-corrosion-methods-and-materials
https://www.sciencedirect.com/org/journal/anti-corrosion-methods-and-materials
https://www.sciencedirect.com/org/journal/anti-corrosion-methods-and-materials/vol/73/issue/4
https://www.sciencedirect.com/author/55351672100/a-jahangiri
https://www.sciencedirect.com/science/journal/09596526
https://www.sciencedirect.com/journal/surfaces-and-interfaces
https://www.sciencedirect.com/author/57212396471/wenchao-yang
https://www.sciencedirect.com/author/7402283555/chunlin-he
https://www.sciencedirect.com/science/journal/24680230
https://www.sciencedirect.com/author/35096988800/jinsuo-zhang
https://www.sciencedirect.com/journal/nuclear-engineering-and-technology
https://www.sciencedirect.com/journal/nuclear-engineering-and-technology
https://www.sciencedirect.com/journal/nuclear-engineering-and-technology/vol/54/issue/11
https://www.sciencedirect.com/author/24173210300/jianlin-chen
https://www.sciencedirect.com/author/36603208900/yanjie-ren
https://www.sciencedirect.com/author/56294379500/changhui-liu
https://www.sciencedirect.com/author/56662702400/chuankun-jia
https://www.sciencedirect.com/journal/solar-energy-materials-and-solar-cells
https://www.sciencedirect.com/journal/solar-energy-materials-and-solar-cells
https://www.sciencedirect.com/journal/solar-energy-materials-and-solar-cells/vol/286/suppl/C

&

sdloms! Gz @m UF o lad VoD liaals /9o T8 &y

[17] Q. Zuopeng and T. Xinli, "Anti corrosion system for high parameter garbage power plant based
on Analytic Hierarchy Process Fuzzy comprehensive evaluation, Journal of Alloys and Metallurgical
Systems," vol. 12, pp. 100223, 2025.

[18] M. Al-Abed Allah and M. Arroussi, "Osman K. Siddiqui, Muhammad Yusuf, Timothy
N. Hunter, Afaque Shams, Ihsan ul Haq Toor, Flow accelerated corrosion in nuclear power plants: a
detailed review on mechanisms, mitigation, and management," Engineering Failure Analysis, vol.
183, 2026.

[19] A. R. Sardarian, H. Eslahi and M. Esmaeilpour, "Green, cost-effective and efficient procedure
for Heck and Sonogashira coupling reactions using palladium nanoparticles supported on
functionalized Fe3O04@SiO> by polyvinyl alcohol as a highly active, durable and reusable catalyst,"
Applied Organometallic Chemistry, vol. 33, pp. e4856, 2019.

[20] Q. Ma, H. Li, Y. Liu, M. Liu, X. Fu, S. Chu, H. Li and J. Guo, "Facile synthesis of flower-like
a-Fe203/ZnFe;O4 architectures with self-assembled core-shell nanorods for superior TEA detection,"
Current Applied Physics, vol. 21, pp.161-169, 2021.

[21]M.S. Lv, G.L. Chen, T. T. Wang, Y.Y. Xin, Z.P. Deng, Y.M. Xu, L.H. Huo and S. Gao, "Willow
catkins-assisted synthesis of ZnFe>04/ZnO hetero-tubes for chemiresistive dibutylamine sensors
operated at 130 °C," Sensors and Actuators B: Chemical," vol. 417, pp. 136203, 2024.

[22] Battelle Pacific Northwest Laboratories, Prepared for the Energy Research and Development
Administration under Contract, E(45-1), 1830, 1976.

[23] Comprehensive Cycle Chemistry Guidelines for Combined Cycle/Heat Recovery Steam
Generators (HRSGSs), Technical report, 2013.

[24] M. Chinisaz, M. Soleimani, M. Esmaeilpour and M. Ghahraman Afshar, "Application of novel
chemical regimen in a thermal power plants’ cooling tower," Energy Reports, vol. 15, pp.109010,
2026.

[25] A.Yousefpour, M. Mehdizadeh, H. Ghaseminejad, M. Esmaeilpour, N. Abdi, M. Valaee and M.
Esmaeilzadeh, "Investigating corrosion caused by improper operation in CWT regime of a combined
cycle power plant; Causes and solutions, Energy Equipment and Systems, vol. 13, pp. 35-57, 2025.
[26] M. Ghahraman. Afshar, M. Azimi, N. Habibi, H. Masihi, and M. Esameilpour, "Batch and
continuous bleaching regimen in the cooling tower of Montazer Ghaem power plant,” Journal of
Hazardous Materials Advances, vol. 11, pp. 100339, 2023.

V¢ FARAYANDNO


https://www.sciencedirect.com/author/12766955900/xinli-tian
https://www.sciencedirect.com/author/12766955900/xinli-tian
https://www.sciencedirect.com/journal/journal-of-alloys-and-metallurgical-systems
https://www.sciencedirect.com/journal/journal-of-alloys-and-metallurgical-systems
https://www.sciencedirect.com/journal/journal-of-alloys-and-metallurgical-systems/vol/12/suppl/C
https://www.sciencedirect.com/author/12766955900/xinli-tian
https://www.sciencedirect.com/author/12766955900/xinli-tian
https://www.sciencedirect.com/author/12766955900/xinli-tian
https://www.sciencedirect.com/author/55393319700/afaque-shams
https://www.sciencedirect.com/author/18042651600/ihsan-ul-haq-toor
https://www.sciencedirect.com/author/12766955900/xinli-tian
https://www.sciencedirect.com/author/12766955900/xinli-tian
https://www.sciencedirect.com/author/12766955900/xinli-tian
https://www.sciencedirect.com/author/12766955900/xinli-tian
https://www.sciencedirect.com/author/12766955900/xinli-tian
https://www.sciencedirect.com/author/12766955900/xinli-tian
https://www.sciencedirect.com/author/12766955900/xinli-tian
https://www.sciencedirect.com/author/8226963700/zhaopeng-deng
https://www.sciencedirect.com/author/57198771589/yingming-xu
https://www.sciencedirect.com/author/8876988900/lihua-huo
https://www.sciencedirect.com/author/36078559200/shan-gao
https://www.sciencedirect.com/journal/sensors-and-actuators-b-chemical
https://www.sciencedirect.com/journal/sensors-and-actuators-b-chemical/vol/417/suppl/C
https://www.sciencedirect.com/author/16022692400/majid-soleimani
https://www.sciencedirect.com/author/55362447400/mohsen-esmaeilpour
https://www.sciencedirect.com/journal/energy-reports
https://www.sid.ir/paper/1514707/en
https://www.sid.ir/paper/1514707/en
https://www.sid.ir/paper/1514707/en

