9 7)Y (o9 4‘_,‘.3“)‘5 cl:o‘_,.:}” > SI90 ‘:’L’wa ‘;&i ;wl S 9 ‘:ﬂb))’.‘s
29290 gladlly

T P9iRS (Bl dozxo oy (3lgnS T (59 yo oo 7 gyl !
Ol el i oSl (K2 5 (o)l sl Canyo (6555 ool )
e.hajjari@aui.ac.ir’
Ol ey o8y Lale wla gas 5 skl Y
Ol el iaio oSl Lole Sl guae g slil ¥
Ol oledol i olRisly ole Sla guae g bkl ¥

oS

S99 il b ..\»L_gn Canddy ol ybiwl slaglos 5l a8 syl L;J:J sl oylubl
YU i Cogby g ST (om0 53 (6358 (izmen g (48> e )3 LIS glay R
. _ . i \\‘~(I)/Y/\V L)"’)""\" G’)L’

Jol8 o5 b wilg o ol b e slapunilSe g ol o8 luSy LSSl - |
ool (55,55 il Blis 4y eqponl 51 sl aob] slis sl g )lis I ey i 5ot Waskis diy
T ol Cnts g clis 1,5 )3 Lokl gl g 20l SLiS 5 Bis 5 olis | e https://10.66224/ker.8.4.52 (@) Jiuons awlis
Sl ol elsl Sl55,18 Calisee (gla by dine 1> 45 (glod S Slalllas g3 b wansl
Sl gy pegad 3 485 Cjgo lagingh jepe b dlie cnl )3 9y el ) el 0nd
pie 05 (a5 (lizn cb) g2 o 3 485 & (Sl ] el o3 IS cilses
dl!bwl; L9”)J" u:l )I B cool o 4»}‘3)) r-l.m)l » LSJ).D ul)»l; 9 wLaw ‘u/w ‘;4,.8.990
G5 4l & e | aladia (pien § 205 pasude jag g0 lagingk
sl gy oaad 13 (gl Oldllas a8 oy L bl wyp Dgb olwlid o)y iy
9423 3l am g o B O IS 58U Jelgs Gy Cudbge (e g (2018 e
rogle Cunl 485 plowl Ciliseo (o SKimg s bawgi S5 g (oS 5 slul (1)) (yrimen
pll loyd g (1958 51 s sladl jd ekile (8L S lie cpasd 350 10 (gladdllas oyl
ol 485 15 an g5 D90 (S3)5 4 > Jole yienST Bpas o] (5 a8 cunl o
Golate (glaybidl ¢y55UsS (53,55 OV game e olaysS wluly «ldllas oyl
M asuie @i pl )0 odd pbol Cldllas duglis ¢ jop0 b Coled ;0 .Cunl 039 IS
5 xS S coge ol Laa"j o &S 50 oo 000 Liwly oyl o (SlasME lisren
Bl Lulyd g2 03 o ol (b Sho b cwslite (2155 cuslie gla by (gjlodinge
Silws wal gy o

VEFIANA el gl

Y& o=V 1 (Sag Sl gl
YOYA=F-AY : s cbls

bl (515 (s )l (5,98 (Sl (ol T 03lendlS  dlie pl b s 5 o g9y COPE ol 3] 4028 ]
Sygo o 5 )bt ookl 4565 ol B3] e (slp

[ Downloaded from journal.richt.ir on 2026-07-04 ]

[ DOI: 10.66224/kcr.8.4.52 ]

4 e Culed ) 900)S SaS (sl dLbiS
Memet,) 545 0 o 5 Conyd cblas
ol (53y65 by o)lgen oyl (2008
» ol S Slge @lis 5l e g
3 Gl M L)l Gla g el
Jils & (Rimmer, 2010) wb ol
Glo g gli> 5l gy ool (53,55 b
OF bl sy ol S5 S
ol 4 ot gl oaygl sy (S L]

EVRUIIR
Lo ) Skl ol adlas
glodiz kS S5 lipliul
@3 )lso 5 Lame Sl 5 53,58 iliseo
ilisee pyle Jlanstie do g 350 &S Canl
ol ppuizan (Xu et al, 2003) ol
sbolase ) )50 glasil s g laosy
spax S ohga o85UsS
O

29 (g0 455 Slone camlio gl


http://dx.doi.org/10.66224/kcr.8.4.52
https://journal.richt.ir/kcr/article-1-388-fa.html

[ Downloaded from journal.richt.ir on 2026-07-04 ]

[ DOI: 10.66224/kcr.8.4.52 ]

ool (S b ] it iy 525 (2 ym0 5 o Ll 4 e
Dl 4l b 4 iy caa gloj Jsb )3 5 18k bl bl

S5 Ot s 3 S 5l g 2,95 Y )
Ol yass Gl (S0 « S Lasmo | Sl slayal g5 9 (o)las 5
&8 oile BL (sl a8 Sl plad g ool sl > s 9 0L
WS (53)95 SbodilS @ g yph> (g (ST cl (Jasme Lyl 5]
b Cuwsl Sen it 5,8 g S clale gl)ls a5 gLl el
5l olews (Turgoose, 1982a; 1982b) wislb (o jluws (53,55
33 9 3¢5 3l > W IS TT ol el Jolo (gols (o lis pln clusl
oo j3 slusl oS oK aiid (55,95 OV guaze/ 18 S i Juad
S5y 3 Cunl OSee Jobo ol g0 St 5 5 (03enST s5l>)
Olsie Lossdy cpl 51 a8 23,5 odaline JBB Jlylad & yguo s 5 b pdams
a5 BT loatiog 4 Cales 53 9 395 0 030 p1 " )5 ol
S (Selwyn et al, 1999; Wang, 2007a; 2007b) Leis o
Taw 9y 2 2 ol 95 ladiog JSB 4 e (5358 4Y
o3> s 38lie 13 dgnge IS IT al Joloxe 79y 0 sal <Ll
(Reguer et al, 2005; Reguer et al, 2007a; 2007b) 24 0
awsly ol (5565 (eaasie Ol il Conl (Son B8lio 4D dgge Jolxe
sy (53,95 (6l g 1S obul b el mlo joim a8 Jbs j5 il
w2l 1) x5l g il g oy ,b JEs1 6l g oaly ial8l]) (53,65
Sl ol S o @y ) (S2y55 5 o) sl (i 5l S e
S SYgare Cul (Sen dpul S50 Wy e
Turgoose, 1982b; Cornell & Giovanoli,) &S > 1y 3450
@ a9 b (Askey et al, 1993) sl ol (53,65 45 > &, (1988
S el S5 500 alos o LSt Joli &5 (V) 5 (F) cslazasTy
s 9,5 i1 g (FEOOH. L) s gyaun ST oyl JuSCis
(VJS5) a3l Slgs o el (53555 dolal (gl sl G 1S9 un
2Fe + 4HCl + O, — 2FeCl, + 2H,O *)
2FeCl, + 3H,0 + 20, — 2FeOOH + 4HCI v)

Fe"'+ 2C1 > FeCl: 2FeCli + 3H:0 + 1/202 -> 2FéOOH + 4HCI

Ferrous chloride Iron oxyhydroxide

®1- Reaction
©2- Reaction
@3- Reaction
@4- Reaction

& Ferrous chloride
Iron oxyhydroxide

2F€"+ 4CI + 3H:0 + 1/2 O; -> 2FeOOH + 4H + 4CI Fe + 2HCI -> FeCl: + H:

@ Ul5 o & 0I5 e jean 3 (el (S8 B Ssled )b N IS
29d e Sl 508 ol 055

Fig 1. Schematic representation of the cyclic process of iron

corrosion in the presence of chloride ions, which can lead to

the complete destruction of the object.

b Candg s S 3 sl ilie pole liadils b 4 ol 0
KRCEIP S COV] ol cbls g cuds slyp 0gs Clual drwgr g slud!
Syd o o, aal bl fleys be, bl ) (Nordgren, 2007)
S il Sln iy 5 N5 io 5l & L a5 shas]
Pollard) el pge il bagye ldl (oS5 g il b Cosl San
32,8 clayg dgvg cde 4 gl slil o)l (et al, 2007
by 5 o] e > G55 A sl 5 0 ol
sl e 2959 (Jemes et al, 2021) cuwl (gjlas 1w YU s
e g g9d90 (5 e Olgie 4 Ygane 518 (53,5 OV guanes o )18
ool & e Zwl (Schaefer, 2017) 50d o sl coy0 Lol
il sl ) ) esliel b el ao b )l i ials (JSie
psule gy ol bl o ol o8 (glacyagizma 5 Lo L obojlS
@b Ol pegad > Glames ooy 48 cul 3 sl slacdyin
cuslio gl gy g oloj <S8 sl aY ol W by, s
b coles 3 )l 2529 (odBlite (> g Oglite CLLS (b 2 (ol
sl g, g oxd bl lalllae (2MES] oy b atiS sl @ dog
5 5 4 case it Gk ol 516 leie 5)9p5 adllls 390

D9 blis sba)Saly (il 5 (21j)IS ) silwaine

o2l (S350 ).

IT gl o ogsy 4 ol ias 5 onl pgmalins] i o0l (5258
oSl s plos wle 8l o 551 (V) LiSly s b &S (Fe™)
ol Gpae b owb ol Gl el ool cand el lus]
w9 el slagal (dly ed JolS S (iSTy )5 layg S
(North & MacLeod, 1987) (¥

Fe — Fe™ + 2¢ ()
2H* + 2¢ — H, ")
O, + 2H,0 + 4¢ — 40H "

Al sl b gl sl )3 (53,65 L (390 sl
05 oo by b ol 4 adlllas (] &5 (S 15) e (igdo slagse]
Sy o Olgis & (1) LiSTy o3 U 315 3929 (B Cugl) 9 (s
e Ll 15 (lnelittnl Gl e d 51 0398 plol Lol o518
5l 1S STy s ] lis) 45 ol 5 w3 &) y3emST
(F) W cileoiiS) (5,55 Ty (F) 5 (1) iy o o 5
(North & MacLeod, 1987) 34 anlgs
Fe + 720, + H,O — Fe(OH), )
Fe'?— Fe*? + ¢ ()
Jyaze il 3T loj e (V5 ) G3STy o 9 cnl & (2>
o 9 it (el el Fe(OH), gy 11 o]
2 b0 puSTg) 295 o TIT ol (slo gy Wy 4 ot T ol
PH e Lolge tcuwl oads o800 (JT P osas &S e byld @
DR S S Hea (FeST Chl elal g GgralinsT Joily
Cow J0lg7 o dbysio plo g (338 slbaY Culbks ol 34
Scott & Eggert,) 856 55 5,50 (S95 OV game LS5
b 56 (5295 SYgaxe @S Cul (gy900 &5 (ol & 2255 (2009


http://dx.doi.org/10.66224/kcr.8.4.52
https://journal.richt.ir/kcr/article-1-388-fa.html

[ Downloaded from journal.richt.ir on 2026-07-04 ]

[ DOI: 10.66224/kcr.8.4.52 ]

OF | SooinS (bl toso  sunsiy (oS ¢ (5545 yo Moo o5yl dg]l | D390 (slayills 9 MSto ¢ Sz Sl il oLl 155,18 (slo gy o (5y9pe

oY 5 lbatog & o ) ol (2la olp e 5995 0 o
alord iled 29 g9 JS 5 310 i 2Ll 5 gy (S9y65
Gl §) o p e 545545 Lol eyl ol Ylainl 3,8 sl
Scott & Eggert,) ol culBBT @y JoSi painne 4o g Cansl
St b Jb (53)55 Cogo s 8 s > (Jb ol (2009
g @YY @ poxie g umd (ials 15 63 s 4]y (S3)8 claaY
pte sl 3 b S aopl @ da g b g it oAbty
b Yoans & Casl 2o o 5 Jobre sloty IS i el p5Y
@Piog S b shie O )3 S (clagditns wils) cilisee sl b,

P9 (o ol (003

ool slwdl 2155,05 (ogad 13 ouwd ell Widlao Y .Y
b iy

23S 05 3 o pll Cliiod g5 (oo (paasS plie H9pe b
2,5 (audind ) Sygod |y Su,l gal Ll

Ol w9 2P Aisee la gy 0 gy Sl (29)5 )
Slansly 38 03 oddg)l IS Glise 4 dr g b Sloys gy Cuidge
(v Jss)

RS,80 e Jolge oy 4 00l plonil sl imggy I 9,5 Y
P ol il Q5SS e g e (JB Ghey 8 Case
el 25 3 ge Jals 45 lazsls

@55 S8 sldl eSS Ll N LY

Suid g 23S UE Ll (53,8 eV gare gilusy VLY
G5 0 3 el 028

Wi ples 36 Y

5085 Jolowo )3 (30l o529 pie b o2y 5B ¥

ooy Cuige 9 (2)95 Y (S5 s)lub om b5 D
3 g s odimd LSt slas e Lo s S
2ol b g @IS S am (8 S g gl dbje V.
Gilio slo &Y oSt

FB g (o5 5 S bl 1))l o ille lalllas I (o295 Y
ool J1)8 oy 9 4255 390 1) o ol loyd o5 g oo

2 oxlo (Bl )l Gline e £9590 4 58 O KdmgR Sl (295 ¥
ey Jsloeo ()3T B pae ay drgi b oyl ey sl

—“ t t —t -t

&S o Ao ] & lagitns Sl SIS 5,00 Lo iy 42 5]
By 31,8 oo g e SSE O Jo5 y5bo 4y FeCl, 510
5 A sliiSly) (S Sty | Sagn 0 lodinn (o5
9wl H (6l g 9 05081 L ol sy o S o <80 (4
(Selwyn et al, 1999) 15,15 5959 ;b &5ls0 (gly Ladd & IS sl oy

2Fe +4H" + 4Cl + O, — 2F¢*" +4Cl +2H,0 W
2F¢*" + 4CF + 3H,O + 20, — 2FecOOH + 4H* + 4CI (%)

ol Son 425 tigd s e () 5y Lo 3,05 lo
o Yl o oS 3L (B-FeOOH) bS] an (5358 Jpuaeo
Sl J5e) S Bpae 355 )3l 3 S5 L ) g
Ol 1y )l 8 s ad Jlas s (Jb ol bl Gy 2087 e
Turgoose,)(3¢s cidgio yal (53,95 p o] S g uS Gls 8K
Graedel &) cuol 3,15 gla oy 4y pastio G pno pie ] (19822
(Frankenthal, 1990

b e )3 g g o Jodiie 5 4 wilyi o )5 oo
ol YU cbale 51 b (gsemwl Hlid sl dawly & i Cogb,
S5 a5 e S Npaze & ol p 8 38 iy
tbord 5 (i ol 200 Sy 2Bl 4 Wl o e GRIBI
Qg Gyso 1 Jobro (glany IS Bls el ¢ s et 4y .S 5)lg
b bl & cul (5905 Sloj Yoore (23515 ol (595
2l odel Cunddy wiiwd o lS OlS S Gl oYL maw )b
(Kergourlay et al, 2018)

Lo ;5 Cagb)y 3939 o4 093 (6395 & cuslBIT LS5 cpian
slalis losal candar gal bl gly yuin oM sl el
ol ol b (s Cugby & Gloj (o 298 (oo (il
I 58 (o Cagloy 3 (g S (o 02 |y O (50)8 Jgae
3 ol (5068 09,8 b el B Ol s 4 ol culBT V0
2 S5 ey Gly cllT 08 oaimdplis g cul ol b oles
o)l ol s )3 01255 457 )0 4y sl laoms Cgho jp
S o5 5 |y e Gl slad o4 298 0 485 L >l e
(Watkinson & Lewis, 2005a)

SpSISs plSim 4 (S3y08 slaaY > a5 sbel culSST Sos
Glosss alyd (S0)55 Y guaste 'y et 5! uS" Ob;.cd.g o
cel oS (Selwyn et al, 1999) sad o JSis (S3)8 jidlo )
S99 O gaste Mg 5 (S35 S 5 A e g ol i bl

(212505 lisen gl yig

tlers sl g, )

52 ggabss

AeSgyhn oy

S0yl gl slsl 1058 Calise cla g,y adima i jlages Y JSCi
Fig 2. Different methods of dechlorination of archaeological iron objects


http://dx.doi.org/10.66224/kcr.8.4.52
https://journal.richt.ir/kcr/article-1-388-fa.html

[ Downloaded from journal.richt.ir on 2026-07-04 ]

[ DOI: 10.66224/kcr.8.4.52 ]

0o | VFeF uL.Mo)l Y5 ol oot | Va)Lo.AfilAJL.)l w}agub‘b W‘J dw&sf—‘;«l.cc\ouw

OBl & U (o oo IS om0 (69500 gt 4 Sigul sl plos oS
O Sy pdaw )3 3390 (I3 oY ol LUE Jele 344
S (oo ohl8 (G5 At § (53,98 Y gz

omel (65 il Y Y

EN U jlaisl & & NH,CH,CHNH ) gpel (63 okl 51 solial
S lp &S cwl sl Bey gl dlen I (345 o 00l s
Jsloo 13 6ys abgt b 15,15 (gla iy Lol ol 005 o0lits] a] <L
S st ol (03 sl 3 5)9abgt L dwlis ;> NaOH
Sl o opel (3 il (S Wb e Bla Skl clagal )
cage g odb JSis (1) ol lopg b ol (slauslieS
O"’] &Sl oyl Qf,,oi & oWl sl e aes 5l g O‘Q’];))}&
» NaOH > (gy9dbge 5| L8 ST (odd Sare) o 0353 bl &
5 s ol (SaSs 5 Slose Bl @Kot Yioinl g y9abge EN
Sxe JolS pobas b luas oS il clusl a8 s md o ialS | Lol
Yo sl e 5 005 012555 NaOH 3 (6,53 plSim 5 1l o0
(Selwyn & Argyropoulos, 2005) %5 ol

2B Culgmw mrww Jolowo .F Y LY

(Na,SO, +/oM / NaOH +/6M)

s o 00 o)y B (gl Jglona 51 adliz | oloj,lS
Sty (S35 s sl 0nd Sl ol Sgo sl glop
5 odd I8 lajle s cel 035 6T sl lopy ploj ) s
ol misd oyt S s 555 IS J b g
e Caplgus ASlo 1) (5081 Sy (999380 b el ) o) S e
slodl oo Candlgus Sl oalitol Cpg0 )3 298 (o Jol> 9% B L
gy »Na,SO, M / NaOH M slxo ;5 (5,5 4bgé |
)l sl Bl o7 gl W55 oo )8 (o) o 00 poe g e
4 g5 Gl bl cel o8 conl i Codlgw coold cle @
e Cadlaw b oloyy (Stambolove, 1985) 556 o jlul cuuse
!y (North & Pearson, 1975) w5 ¢ye bawes a5° LIS
Glp omomen b pll oLy clabsme I edel Cunday i cois
Gl e Cadlg 5> (gygabst 29 o odlitl i 015 (yal
2 g Cusl lidplisl slagal oloys sl lobey sise 5l S
Gl 0391 g0 sl ob > lalaze §losel Cawday Ll BI Laas
Pl dtsyd B)b S > b o5 sl pl Slops b9y el (Lol s
Orzen g 03y JSite S5 clil gl bulyd ol (giloodlel &S 25
b 3959 b (Hamilton, 1999) ssi asly &5 )5 1L Joloco
oy IS 78 1 a8 Jsere joboay oole ol (58T 86 5 LI
bausgto ysboar) 300 (6305 Gloj oy AT rizmed Nigd o Bl
s sbaplegs o Sl ol b el S5 IS pleys ol ok
il |y e o 5 IS (5l 3155 0 ey o S5 o
(Schmutzler & Ebinger-Rist, 2008) S youds 0dd (155,15
sl iolesl B angi b (Wang et al, 2010) il Kan 5 Sl
o Cadlow 5 modw S gun Sl odlatul b o115 55 0ad plo]
Sy by S Gls e )0 (oS ciglas a8 ol L LS
odd Bla IS Glise ol o (Db cnl &5 3)15 392 ) 90 0]

21355 s s g, .Y

2lboss 5l (09, ) Y

o 5 ygdbst ) ) LY

3y 55 S bl 3 pebst pba sl 3L ol o ) Loy IS
ol 53 oad bl glite ialopw g lale)S )5 Bl oglite (13,8
2o 4 05 W3 (oo i |y 5ol d Jlone D98 e Wlaisl ¢ b
2D Aol §D 8D o i |y Hld e )0 dlnge Clyas ojll g B
Sla)ls Blo iy 5lioyee ploj (ials el ol cpl o)lge jin
2 e sldl goiind gy jliyse ploj o Ll 09d o Jslone
D)6 dg3g el B+ C% glod 3 5 b1 slod > (gy9abse b,
o el i ol 1y s sl e glize (9,8 30 9 .5 45 2
o Jlo b Wnole cbly 423l 3529 3,18 g2 51 stz B w45
3l bl Jolom (slasy)lS Blo 1yl 5l o o B 4l
(Hamilton, 1999) 5 slays 55 slo s, b les ol b
S0y oy IS dam Bl 4y 08 oles 4 Ol 5 6yg Al (IS sk
Sy 9 p)5 42 Oz 9 WLl (4 L claJglome i g 552
Sa b aY g b a el el cul (Koo O gl 3,8

D sl )bty SleMbl lyls 4

(NaOH)awS g 002 o Jole .Y ) .Y
e Jolre Aile ¢ oLlE Slawds dlge a8 ouds lo gl Slalllas jo
SHF S GxSslr wln eu il g iin LY seSyae
1S e Blo |y Jgle slans IS a8 col O ol 5 48 o Jos
Sl S gyan e b b3S IS b o Jg (Hamilton, 1999)
Cujo 39 (o plxl (408 9)80) OH 152 L Cl (0 (03K )b
ol (Slo)S ot wile) 1500 (L8 dlge b dunlie 10 oS gy0ud woius
3L o)l jee 40 48 alim (Jlo cpl byls O 5y (o ynidin Mo a8
SYL g coslio pH b (puizron a8 0 db) (00b (slo)S wgud adls]
oySiapn (sl ) 6 &5 ol S oy ) 5ales ot (VYY)
NaOH  sla ol 51 JS job 4 0] o Hloid b 058l s
Lol WB Y. dgd> yd u.»].)))lf ‘51)4' wl.m pH ...\J)I.) LS“'"LA pH 9
Canlio Clale pimon g o gl slsl )3 (5305 Carge YL pH
whlS & Cunl oas asuie oS | casl jYg0 /O L /Y ledle oy
Wldlas 1 (g5l sl odlo ol ol clale byl edle sYL clale
slogal | 305 sla gy Bl > 1y NaOH (sla Joous 150,
Al-Zahrani, 1999; Gonzalez et al, 2013;) wlosls lis Skl
Caddge jd Yge Jolse I S (Selwyn & Argyropoulos, 2005
sl 4 Cons o1 Vb pH Aol Jslome S lsie 4y o
0355 Jubyit Ly Soy95 ] 655k Ul ] & 85 el 50
(Selwyn, 2004) s> oo 1) ()b sl (> 2l (025 oms))
2,5 glgl JolS Bl &y 13l 5 ansly 5,8 Calisee gl Sho b
Ol 30 cla sy g dell ) a8 Cuns (53,95 b aY (D 3440
w3 oldles Sy (Kergourlay et al, 2010) wi salgs o)Ll
! o plosl (Russo et al, 2023) yil)Sar g quwg) lawgs &S
sialS coge " Sogwl gl plon 3 Jglxe oyl 1 edlitwl WS askiie
Lz sl o pomye gy 4 s Loy I Gl (gl oY (loj 20


http://dx.doi.org/10.66224/kcr.8.4.52
https://journal.richt.ir/kcr/article-1-388-fa.html

[ Downloaded from journal.richt.ir on 2026-07-04 ]

[ DOI: 10.66224/kcr.8.4.52 ]

OF | S90S (adls dosms oy oS« 594550 Sadxo «( b aal | 39350 S il § EMSto (IS 3 Slisls al bl 15 slo g, 2 5p9pe

S3y55 N guanma el Lol g W0 4 bl loy sl csl3
b gy Jlosl I 8 it (olondy Sl b9y 4 by IS Sds b
SIS bl e b SO g ll Wb oS cbles ¢ glendg xSl
sl (SlSe gjlusly Jegend (sl ooy iU by 5l ool
B (5098 s Y 5 by bl edel s 4y sl el
e 9 NP dlge 9 (Sy5s SNgame Sl (gl & 1,5 o
Oiare glols @y il cel by JBe el
ol 0ed (53,55 OV gz sl ils Gl Bl o dS 2545 0
V155 395 o odlisal 0ad)lS” al gl e &b iz sl & b,
B9y ol g bl ALBl 32 o 59y (LS Y > iyl (ST
15 S 3 st iSU i 53 {Arnaud, 2007) 35,0 0o §
ool (g SISl & dd g o &S 298 (o0 03l i Cilgus
S plurl 3590 53 15 298 oslatul oS cBlis Jlas pj b (g !
(leordg S (5lusy g (g i L)l oslatl 51 gy 0nd 03,05
Sl B o) 5l e g obd cuw] gan jebar B cul Sen
S il Candg 5l (JolS” gy 1l gy el Jlesl 51 S8 9 el ]
) Lde Ad)ijt{.‘."::-‘*j O‘}fr” Ol}l{ G dgud plodl OLQ)) &l ol cdl
o 3 4y By il plos <l ol b (Yaday, 2009) 58" e
kel (b 53 g My o0 5o 0 055 ol S0y 4 Xigib oo il S8
ssmge SO g lboyis )3 1l ules Iasilansy (! < sslrosin 5]
Stambolove,) K Cpuisds conl lw Sb Jb 3 a8 g5 mlow 5
2 Sy Byt Sl sl el Yiais! ol ol (1985
495 390 bl ol jl edlitul plia Ll & B9 o0 (53)55 s Y
i s 2] sl im0 5o (530 15 15
LSl s dlawlg 4 by, opl (Degrigny & Spiteri, 2004) Ll
T R IV RS dl.mwi o AJ\QS@ ‘O] JPSIES Ql)i‘l 9 RN
slp otebe (2Kl plgisa (oSl bl Ghgy gyl ) gl

255 o0 )8 edlil 3590 (olendg Sl elsl oo

~©®
@ zinc or @L @

Aluminum

(ancde)
Archaeological iron

/ (cathode)
{

\

Corrosion layer.

Alkaline solution
\_ iron —_/

iy S ol gy b Sl o] (o5 lS Slass £ ¥ S8
Fig 3. Schematic representation of ancient iron dechlorination

using electrochemical reduction method

ol oad plogl sl (loyd sldl maw (g9 odilaBl LIS Hlade o
&S Caol g 01058 loj 4o w0l pos] Cldlles & a5 b e
SRS 4 mdw 1S 9)0n L plgn 1) (Ul b Codlg (ln gl
G bomo & sl (101 28 i o] (sblie & 28 30k
eSSy Lol sl 005 el ol 1,l8 g dile bl @l
Olgie a1y odds glysawl W,I8 095 b5, 45 (Watkinson, 1996)
S gydet 85 Cunl 03,5 (SIS 53 g0 IS JS
@ LB S Gl e Cudlgn @ Cond QS 4 e
S sl 4 o Jole ) mdw Cudlgw & ool el S
il Sl S o ae 15] ] Sy ol & oaiSels) Jole
Watkinson & Al-Zahrani,) Sl il 5 oeuiSSly lawgs o plodl
015 o ok o135y ienS] e AeaS kb 45 Amd o b5 (2008
Wang) 4l (2l pedw Cadlgw 4 Cund 5550 5195, Jole
01155 plul g5 o B mades Cailgus izme et al, 2010
S (keene, 1985) 3y o 5l g 00,8 pyi |y ol Sdme s 4y 4
08 ol (W o Cadlgu b ()1 Bg) (sl & (el I S0
clale Ll anl ol Al g o b lboblogly cud
Ly obeyd 5l (8U odile (Bl (olosd o3l Hlade +/-0M 4y Na SO,
S5 el o Sllgw ol slaosile (Bl ofag s cand oo IS
Gldlas 4 drg b oS cul Jbj cpl 2sd o loyd I w5 o
Cuwl dmy Ol (g9l (oblas a8 Cunl ouds ki (gan 0l plool
5 o33 okile b il Yl Na SO, 1j asl jlo JSte
Onien 03 (a3 GBI AVD 5 i Casby )3 1y pml (S35
Lol dg0s Jo 1 (2 56 5l olisal b (IS psboay ol (o0 1) JSde
S35 s 5jlk oLy (gl YU glales 4y L5 39,00 55 5l eolil
ol 03,5 oy g dgamma 1y ol 5l ealil el aS 5l 3T 518
S8 51 oalitl b oy jenS] Gl cgo 45 0351 caslio g 3135) sy o
sl abla Ge )b o ob par glojee lop Gl g 0ad N,
N, 585168 b 0liee 3 (o g o0 ) 03081 g bl )0
) ooy (oo Gy g Sl g digjm ol )50 Cand s 3
ol b e (2022 Frydendahl et al) Slwy o J8lis «
Lo Jglone (1) 58T sl Cadlg sl g2 9 (9058 58 (Ul o
ploss cslo Jsbne | 53eS JS Loyl i & gy 53 53 205 3929

J(Pienimaki, 2022) wlabl cowd

‘g’w’ - "5’25” ‘_5&039) .Y

dWQﬂ‘ bl N ¥ LY

390 bl olendg Sl Gloyy 1 iy (oled b (SSIPET o,
il Sl gbluy Joloo 1 oolaiwl b gy cpl 50 ccanl 035y oalaul
S a8 I oS Jb )5 05 e 418 wled ) (pasiedll b (g9
wselee (ghls Lol ol ool an )31 gy cpl (Y USCE) S o ol )3
() Jad 18 55y8 Y game bawg Jglxe (20,05 (Sdgll aile
089y ool 2,8 el (gl lej pd s S (o316 askad (55 08
Gl o olacadgioe izmed g Cug b ) £ b S Gleyd gl
(Doménech-Carbo et al, 2010) cuwl oolaiwl JlB Jsle
Slsiea ol Sl lal g Lais 5 baee olards ySUl slacKuss


http://dx.doi.org/10.66224/kcr.8.4.52
https://journal.richt.ir/kcr/article-1-388-fa.html

[ Downloaded from journal.richt.ir on 2026-07-04 ]

[ DOI: 10.66224/kcr.8.4.52 ]

oy | VFeF uLM)l Y5 ol oot | Va)lo.AfBl/\JL.)l w}agub‘b W‘J w,,a—gal.c«ldw

0les 0 3 oo Lo o) 50l 39 25 a9 ik go b
alils @S leyy sly oSl slal (Arnaud, 2007) sl 5L 1,
5l 390 Sy Jlail sl ey (o388 3i0 4zl el o3lizl 3
gy cpl @8ly 50 sl sl dgmg s by (g3 obile 8L ST .l
5,5 salgd M 1) (Sdys claa¥ 1) b el cawl coge
odlaiwl 5y90 b y> J&s gy opl colre )55 5. (Rodgers, 2004)
Cundg & 429 bbb cwle 0ud Jloel (DC) oL J5s cul
Coelho et al, 2014; Degrigny et) 5.5 1,8 oolatwl 5590 slail
s la &Y 3 gl sl el it ohy JSs fal, 2007
PS8 sba¥ (b ba cage g odd (g I by =0
Gl sl 3 (loj 36 08 Ol S Caizen 25 o0 o
&y adl (Stambolov, 1985) 48" o SVsb Iy (0,8 slacses
Oleps lal 53 457 5,8 ool ol sl 5l Gl (oo S ) J>
o3litul YU by S S5 el )3 g 0 LT oS by JSe L
B ok lej )l Bl gl lawgie 5 o5 ol JBe 298 0
el Vb ol JSx 55 s o0 ] 5 a8 Jlo o s
Sl 5o bl 053 (o o (53055 SV gamma 5 316 5la)lS g B
VL ol S 1 85 lSin <l o5 153 ol (S5 sl 4
Sl & (508 SV game gl odliul oSl doje (3T 5
o ST a8 505 Sy (65508 Jlain] 5 00 slnl Wb wlazils ool
@ a9 b colys o (Dalard et al, 2002) wgd Bl 5g,0ub LA
oS sl (9315 colae syl 35 (sblje plas b by, ol b 4iiS e

LS e dgdme 3)lge aled p3 1y ] 5l ool

(1o J5) ol g iU LYY Y

5 Y5 deo OB1) L)BLo L a4l slo J5ge 5l ool 58
Wl S 5 oslial 3y5n sl s LI5S gl (o5l ge
@3l g el loyi )BT (gjlusy Sl o S50 5l elisl
w28 1) o So3Ll g sl alardg iU L olesd (ndge
Jj 3l oslitel b (9o (g ySUl slal 09y b iplee cnl > S (o0
sl eyl lsie 4y (Z1) Sl sty Jgloro 5 (7Y) 51,51
S (Fontaine et al, 2022) ol :Lil g we slasWT ols,08
b (mdge jgpSIl (0 JS3) 298 (0 phBI it W oS5 (n e
29b o plnl (5ygdbse 39Sl alie lajiel)ly ekl L s Jj
o3 OlF e o5 15 gl planl g (mdse g0t oS Lol
ST ol )l 5,8 0l 5 187 glyls slsl (glys 5 5,8 ool oguis
P9 (o by IS o Bl 4y i

EXA R R R
45 o Sl (S0 & albasg S STy Lokl 75p i
BI,S s b adg) el 4 |y ok aeS] al Ll S e wsSine
Sib o (ke sl L)l slagyy @5 coge sd (25 ST L &Sl
Jw 8T G s 0393 Il > a8 sal g e laide Jglxe
23 36 5 WS @ 08 0395 o b o b 5l Sl el o liong yiS)l
O aitane (SIS Gl Sl oslitial b8 o pwgSian |y S2STy T o,
oSl Lo o &bl 1T 39 e 2oyl sl G35 T g 518
b bl sl g g bagyg il eos 51 (S 80 by e b oS
5 e il N 5 pmelisnS] S o S o o Caams s
Gl iy 8l g1 o ikt SLY B 55 o 3131 ]
5 250 Oygo bl WS )0 gy 0 o] s 4 o S b (5318
g0 5o Sl (s podos g ol 3 95 oo Sl 3gree
SPpge ssbod (5,8 bl Wl L (silge s b o & Sloj g
Jsloxe 13 s eltl 3o S (Ahmed, 2011) 39 o bl 515
o) bl el ol Laoms 1 ool Cawd 4y Slgo Lais (gl oBgy o3
39780 epleyd Jslore (665518 sl e o Jol el xSl 3
S5 Y8 b gy 3Ye8) WISy g (S sl o) B S ey
L a)lS slo g gl (g Sl Guan (P US3) ol (0
(Ouyang et al, 2009) cuwl sbusl oy (S8 e Jlos!

Odol 9 epml) S (o0 bl ) feuST elal (il oS gl
&S Canl opl gy oyl colre dles 3l Ll pl cais (gl ol
Oszmen 9 S Glopd (loj S 3 1y 3 pg S s Ml e S e blis
Sl 1y (b ol sk Joloe & 23l S50 lojlil s b 55
Singer,) 48 algs g sbdl plop> )3 JSie Sor crge ol ul g
(1998

ol & argi b (oo sledl sl g ol anl (S B9, ol mpen
b deldl Jlo 51 i (sl ployd a5 0l Y sl fSeoe s

=2 A
Stainless | (Ag/AgCI2)
steel mesh | (RE)
(anode)
(CE) Archaeological iron

/ (cathode)(WE)

Alkaline solution

o iron —/
Working Electrode(WE) .
Reference Electrode(RE) Corrosion
Counter Electrode(CE) layer

Saidg S el gy b Slwly oyl obj I8 Sles #)b F S

Fig 4. Schematic representation of ancient iron dechlorination

using electrolytic reduction method


http://dx.doi.org/10.66224/kcr.8.4.52
https://journal.richt.ir/kcr/article-1-388-fa.html

[ Downloaded from journal.richt.ir on 2026-07-04 ]

[ DOI: 10.66224/kcr.8.4.52 ]

OA | (S90S (adls dosms oy oS« 59450 dadxo «( b aadl | 39350 S pills § EMSto (IS 3 Slisls al sl G158 sl g, 2 5p93e

3 by 5 (Sl llae L disg IS Bl ol ey 5
angi 390 Aee CC L Y- OC 5l caliseo slalod )3 (o316 plus! o
bS5 ealatwl gly awedl pyne Rl 5g )l il 0dg
kol Ui ol ol lsl o o bl sl ol Gl cus g
Sl YL lod @ o) IS olS Bl 4y olwd (gl a8 51> 2429
ey gy cnl 3 39290 calee Sl (S cnl g sl 5l (S05)le
» s 5, dilise aal bl (North & Pearson, 1977) &
S Gl (S 1135 58 518 (Aee CC L ¥es PC) YL (slod om0
(Tylecote & Black, 1980) 345 ol b o So5)9llie jlisbo )
Sl ol JUE8 3 ke lewdly 38 2 e e )
g 1S o Bl ) IS o 4 oS Bl dswgs ol bl lo
Slod (izmen 335 oo pll a2 BB (5358 455 I 655l L
3 EplbeusS p i b g Cosl Foo OC I S oolizul 590
wlhowd oloyd Jwol (Patscheider & Veprek, 1986) 1S o laas
Slawdly 3 1 g 9 a8 sl oS 5 Bl ulul Ly L
Ll (Krema et al, 2007) cwl ool jlid 5 YU sld b 559,00
Ol LB L (35,0 (Sloawsdly & 3505 4295 L b 415 &S 5 e
..\J)l§ LSLQ’U?" JAK Gl LY ))G L!’LQ(" 49009 wl.uol.s O’"’L dLo.) PN
398 slsl o Wi (5368 Coge floj CuddS L ol S g G

(Schmidt-Ott & Boissonnas, 2002)

Pl ¥l KLY
olerd lr Gl U9y 35 4 e Sl g > Syt S
Vgusa o5 B Jlous 03,5 0,5 by gy ) ol (sl (il
dgan Lis b g VAPC glod 5 wwesl NaOH 74/ cldale (4l
s a1 )18 (lise i Sl (o0 9 9365 o0 plodl )L 0 F
DB 2o 4 il G Ao gy b 4 Cand o] (S8 oY
Jasl ol 5 w8 )18 Gl pj e 0 Of by, onl 2 S
ol @STye B g mle ©F G ledgiome > P S g ]
sl ol 2Ulg g b (il (e (1S 5 (S S
3ot e o il 38l el g dmd o inli8l 1) (55,05 sl Y & Deas
Slesd olej 5 025 OFL L Cl (sl 5 23S0l 5 55 gl 4 Joloo
b Wlg5 oo bl (a13))1S" (ppioman S (o 0lgS (29 B sk
e 5 oSl g plol [Soy98 N pama iy o9 b
oloyd ot sluil e Ysb (gl @ asg b bgy ol 5l ealaiuwl
lo o @ & (gload (g)lis cLdl 55y 2 pogad & wusl 21b ok
S o] Sy claaY 3 BT 5 ous ooy s i o)l
SluS 5 obul cage g ooy flis 1y ke B RN ls Lol 00
Lol 5> i plodl (gbayloyd ol oas cuslon 9 i wile Ik
&S ady i glalsye a4 loyy Lol ccisly 5,8 5 b SO gy add
Nisdnen et) Lg oo Caudi Cuddgo b cjloj pd jobo dy (sdAx0 Ll
Lol Cogo oS (hgy cpl ezmen J(al, 20135 Drews et al, 2014
Cnw (Sl Y b 0SS e L] d‘ﬁ}f." D9 (o0 puu (SVy95 sl &Y
oL 01> o (yloyd ludl 13 cdn caml gud 15 g o plool o
0355 b 4y Sl BT 3 ST s a8 390 by g oo g el
gy crl S B ey Cod gy cnl & Al e 5 LBl o

|

l I
Reference Counter
Electrode(RE) Electrode(CE)

Gel

Iron object
Working Electrode(WE)

S e So 59y J5 3l eolinal b (mdge (g Sl 2155180 s
Fig 5. Schematic representation of localized electrochemical

dechlorination using gels on an iron object.

Fontaine) cusl (cnis g0 Jooly g iUl 5 (adge loys ]
e 8yl 55 G g rebo slite b4 o 5 (et al, 2022
3)90 5318 cledl (G3Sh b (23558 (sl g 0 (ol Slge cp ol
o Jole 43 skigiicuS 5 Jolge S (@bl j5 .wlad )5 )08 sslazl
bl slal 5L 55,68 oV guame (i (glp lisen 45 olows
b o)) assteconsj oo Il g Al Hlasd wlg3 o g o o3l
do BB e ol b 5 51 ooliw] b 4 598 o 48 )5 oyl el
ysb 4 (Sansonetti et al, 2020; Cuvillier et al, 2023) 545 anles
5 ookl Lol cdited caslio Jliwl wljls S55,08 (sl b J5 o IS
orizzen 5 13l oI B3l 5 pur o Cundg 4 g Ll ]
Ll Sleyd Jglome il )5 bl il go oy S Sl (gl
(wered (Giraud et al, 2021) cwl [Bjle 3o b J5 L a5 S
Syw S 45 295 o cge p)S sy 51,1 5 5l ealil
Lol g > aY &S Gypods (Su)l sbidl maw jI anlya i
olyor &y i 1) Mo Wiy o W 5 51 oolazl ¢ Sbiwl Ll sly
Aogy csly 9 03,8 S8 (5065 oY 4 Wil e b S5 ol ansh
2 J5 bl de 895 (35551 Gy 2Ll ol (BL L g o0
2l J5 oxle (Bl 29d (wyp Bl join & Cunl (9590 55 v
onized g Lascie sl | cblis e o] 15T g Ned (Sl
2,8 2930 |y o ol joas oI5 2,)l8 (sl JSSg 0 (sloaiie b st b

[(Passaretti et al, 2021; Guilminot, 2023)

Dirkd Slowdly ¥ ¥
o F el 5l onliziol b elol oy et (18 o slacd iy 51 (S
ol 45 g b S (daniels et al, 1979) cool lawdly dlowga
L oS ol g ey sl o0l (L5 g 0dd 03)55 cpal (sl
ol Jlo 5> (limen (b9 (ul 29 S 5 (205, (sla (g ple
U b J5155 8 sl o (sla gy ple ) U8 5
Schmidt-Ott & Boissonnas,) 3,5 o pbsl ol clles |
Oiasded slewdl jl eolasl b Lal (20025 Schmidt-Ott, 2004
S5 s aY gl JS Glo )y g o o5 Casl (B9) (2 ok
odliul b slal 3l Jlo ¥ 5 0y 38 &y Slisl =05 S o (59,


http://dx.doi.org/10.66224/kcr.8.4.52
https://journal.richt.ir/kcr/article-1-388-fa.html

[ Downloaded from journal.richt.ir on 2026-07-04 ]

[ DOI: 10.66224/kcr.8.4.52 ]

0 | VFeF uL.Mo)l Y5 ol oot | Va)Lo.AfilAJL.)l w}agub‘b W‘J dw&sf—‘;«l.cc\ouw

CXCOSRCLIN N ¢

sbdl obj olas 25187 sl cn iRl by S Nl e daome (495
e by 5 5 b clagd o o oy o5 il
DSan 5 e bawgi &5 (dladlllae )3 a3l wisd o (5SS
3o (gylis ojl ol elusl ons pbul (Matthiesen et al, 2022)
b 03eeST g )8 o8 Lo 93 53 0)lgd )55l 28 b S
ol lalayzs 0558,5 4148 dunlis 5y50 ¢ WA 480 s pH

Sl g Il dlse b ppal 0siiS Lol ol 568 Laoes ¥ g S5 Lagoea )
o 9 3390 59 Jlo VO 3 i sldl gy olKiislejl bae )3 3L
@ has Jb (5958 GV gare oaome (B3 i ) LMD ()l
@ oy & ol S aliel 3 ohga Wl Ol S
ol Hloyd sludl duolie b .ad cimd o gy (Sod o3 <Ll
&S AS asuiie sauls leyd bl 5 (sl 1 o S 3 el y5000)
7S 28 (e &5 b )3 ol (Konl aod 93 3 )3 )18 352
ol asle) WIS (IT) cyal (ogls laS )5 o)1y 3439 0dd oy sludl )
398 s Jds SlS 4 (LS 395 )3 ploj yepe 4 (W) (S gy
Ol 5 Lol coarge (LS 395 )3 (ol 028 Lol (slas yiSh (i
pogdle Lgd o 2y sl ay s (cublST k) (ITT) ppal Jub
dusle ;o S lasee 13 o dloul (23 pH g )5S g byl o)
Matthiesen et) 5gu5 oo sbudl jiiin (gl cel ¢ LS 365 laes
IS b Cge ()5 rge sl (sSon ioxa 5 (al, 2022
Ol 298 G3eST g Ml g 5l lame bl sl g 390 5Ll
b S sl baulyd )3 0590 dl sy Laee b duylie Cobils 55 Lo
wegad 3 33ome (9 LS bl sl g Ll o)l 1y 05eaST (g
B iy, Sl paS (d gy onl Utebae sl 395 2l3518
O5) oMl (Sejd ol wile (650 sblje ol (Ses Lol e
080 o IS jgbo s amy ) 1) clusl ol L g (oo lowd dlgo ) odlizul
A3 eSS ey S g 39250 o By sl iRl b dane
wld pldl s (Gonzalez & Salvato, 2019) sed 48 )S
505 5 oS lonlons (b 4 5 039 3505n0 5 Slasin slo sy
08 &S Cul ol i bl STl 03,8 wyp |y Sl
i U ol Sl 5,8 LS 35 3 ol (63085 5 3350
Sl iy llllon ] 18 e U 5] LI35,1S 5 (5395 Y guam
OSee &5 (olondy Sl (hg) ile 0> slagsby) b gy cnl S 5
Slr Glllae (izmen Cunl 3 g Ll 5w lop el cul
il el adlls ol &8 ol 53,90 ppSoe gul 4 olitwd
S )1 a9y Jloin) ol e g & 23985 oo il (slalasea ;|
Lol (sl Sl sy st Fe(lID) isma S 5 sl o5 i
BT 1 IS Gl sy aimd Ui |y (6w Jod ooyl oS
2 Sl iz a3k 3,18 S g0 (1) ool 5l g Sl oo
5o pasdlSlg e Clld g (ogian (5358 Y gaze A5 3)9e
(Matthiesen et al, 2022) sl 5L33)50

axs g ou o B (g, pb Culidge p ilies Jolge Sl Y
5212355 5!

219555 51 Jud bl (6 )leS byl us ) LY

Kergourlay et) il )San 5 Jy65,8 by 48,5 & a0 adllas ;
cldl 5l (glatwod by baxe I ool Cawms s cbsl (g, o (al, 2010

oxlawl j3 &S Sie Lei 5 3l 28" 3g9amee 0l b sLsl (gl Lo
ajp g S ebedl sl ol 08 pas il 0ad glas ) el
opl 4 495 13 (Gonzalez-Pereyra et al, 2013) cul o YU
> po pll jolaie 4y oS glacell Mol g g Cax > by,
{Nasanen et al, 2013) cusl loyd dlaass 3 13,5 i 5 guliand

ol 438,55 & ygu0 Oi veyas  ladlas eSH Ll

212575 53 oo GBS 3,5 .0.Y

Lol g oo (A o (Si)8 Slyia (510 ol )l S Sl a2 51
Albini et al,) 5,8 )8 odlizul 3,50 b o §l cbslis (gl Alg5
0% bz (0 IS ola e 292 u"‘bi sl g lubl cde (2015
YU s Casy g (3T 035m0 0 (58,5 )18 51 b slo el
S g ol lapley jl (oS 5 &5 Jb ol o)l Sl e
Y gane 5 (3,555 ol> sladisS s )lS) pae sl o Sdo sl
Sly o Wl (oo Lo sby) cnl 0365 (o0 )15 ooliul )90 e (53,55
$P9e Cudbge Culeg > ob g Bl SUjkd o5 cblis codle
)')'.,.w sl loys il asly 5L SYsb gl slalo; 4 by 4l
@bl b by pae OlaS 5 Blo gy & s pulie (0500
3 olej ©de g digip (plpls Wb o edlatul Jaxe Hlub oS
Al )Siepe (sl Cedlu g el cge g 03 il ) loyd
P N Slpe I cblis oj )3 s lagley (Jls oal bl
1o o1 o3zl (st sy adlon siajli pliped 5 S22 s Jbn
Cusl " Wligagages gy ol o odlatul 3)90 slag S ) (Sl
Cots b Bl ) ool (53,8 SV game 5 ord ool Gl cage &S
sz #dl ol labad ale) S 5 oLl pogeas 3 (rizmen S 0
2 ol (Ko g 00 0y | ool glsl cel (O 25 ggise
Jemes et al, 2021;) a3l Sge ol olahd (55,68 claaY cus
el bwgs o pll Gldllas )3 picmen (Cuvillier et al, 2022
Lygs: (655 & il 005 st (Albini et al, 2015) o, Kan 4
sl 295 T Lo aSd JE )3 I8 s g Ll 4 BT bl
)l s glake ) b sl s gl (gan s )
Sy ol g ady i Sl S o Saslio b A8 S )15 (g0l 5,0
(Albini et al, 2015) w5 bl W6 pH 5 1,08 51 ié Lasea
(LBE s TCET slagygu) " uisible po2 S bgidlgus (575 dyge 99
ol 31 oolizal U lond eslil _lwly ol elusl oIS (ol o
ST izt 5 Te(ITT) Joons (sl i ol el s 55T
Sl ] bl (538 @Y )3 al LS5 o yisle St o
s ayY TCED agw 58U 5l oolatol b b ssnliv 0 wwl
ol Bl o (g9) (Sab sty CutiSe 5 by Sjan
Meyerozyma sp slag,6 .(Comensoli et al, 2017) s JSis
sl e Je e Juasl LUl 55 Saccharomyces cerevisiae o
S Ll ileals L 1) 0g8 (2B Jolu (sloolesd adow 4 0 )8
o el gy ol a1 ) eolizl 5 o0 edalie Jleis] colee
ObSeye eolidaley Sl L cul (Son oS 35 ) ©la ]
aleg bl it clle cllis 5 bl ol cldl (ol
4 Jlb (S35 SN gae o5 4 i 5 STy oIS S0 oy
Petrasz) cul p3¥ (s i Sladss 0gd o 5yl olesd Ol 3
(et al, 2024


http://dx.doi.org/10.66224/kcr.8.4.52
https://journal.richt.ir/kcr/article-1-388-fa.html

[ Downloaded from journal.richt.ir on 2026-07-04 ]

[ DOI: 10.66224/kcr.8.4.52 ]

Fo | geinS (abls desrs oy (oS« 59050 oo e o> all | 39390 sla il 5 St (S Slols al bl G155 sla g, 2 5p9re

o Y Y 5155 558 il ol i | 250 Sl S
5 Cowl oauis by aodly 1> g oud yleiy quuze> (5355 s Y o9 L
o> (S5 G Y 5 ) 0l (gl sldl & Cans asule
G SL 3l (IS yeb 4 (Pienimiki, 2023) wloays canwl jdi
w8)5 )13 addlas 3)90 oS 25 51 S Ll gjleShy pas
390 > gad yeba plon U cunl (gt Sl siojls (loxen

28,5 e o plol 900 5 (SigSe
SO s gy Blie Ml o duSg)a TT ol & 4l )
Ol 3y50 3 1) (2o LSS oding (paiz ) dg2g S dghe |,
Bl o s & Wl J5 1S gym onl 4 ool (o g L
S8 gyhas ) WS (o o (5055 ¥ 4l Bls
(Andersen, 2006; Gilberg, 1985; Greiff & Bach, 2000)
Conl JeuSgyan I ool 5 Gls clsl Jol5 08 Sis jl Gun
01 1y g St ag) ysmlions] 5 (b CSuiS e 4y dblio 5 oS

i o i osdd ol )8 slisl (g9, 0l pbl sl yiolel sl
ssba Gleyd e sldl b S b Wl o )8 Bls liee &S
o sbasl 0,8 Sas (Andersen, 2000) Lb (il e LB
6l Jobxs 51 o3lil Ysans 5,15 olyed 4 ¢3Sl bred gl ooy
25 g o 48,5 55> IS o]l bl ol & 5500 250
) st ool sl o sl 5 (S2)58 48 Jbre 5l 5SSl
OgeelianST 5l glo Joloca )3 (50a8T 39008 ccnl p0gMe ST oo ABgie
ool 5 Sy T ol &y G s g suSgpn 11 ol ey
1S Bl S Gl ol b 255 o snSstn (ST 11
o S byl ous sanlie ¥ wgSae jewl Ol (ola oo )
o0l odblie ¢S] W81 L jlo ST LB sla Jolxe 3 (gloyy
‘_’).\)5 Sid W 4wl 4:0] u"l’“’])’. 4\5\)3 3 cows sl Og.l Fowm
Watkinson &) aad (il (53,68 sy oy Jodss wiles o
Pienimaki,) 42> oI5l 35 1y sl Lisw 1 e JSSTewis, 2005b
o g skl 3,8 SKiid ogou ) Cuenl assl colys s (2023
U g 0390 dngi D90 45 Canl ] 51 iU Jlein! lacaw] § ol

235 31,8 alllas )90

2195585 5 bed p5G LY

O pge S 93 1y oy ploj £ PC B a5l Jslono (13,57 25
e Sy Jolone 3)5" ool Y glos b sl sl 1 (g5 (o0
o2 9 38Ul sl o o2 (Na SO, /o M 4 NaOH -/o M) LI
(Schmidt-Ott & Oswald, 2006) 3)l> o5 3,Skes £+ °C
sl el | oslaiwl b (o508 (sla jhgy 50 dmd o i gls Ll
sed 3l lagn yidn o cage ol (35 £ ol
9 plo] £ °C 5 g oloa (52,555 45 3905 4255 2l 2550
& Canl GYL glaled wiojls s b 5l a,lS slayg JolS CBis anl
3™ u‘).u.ﬂ) Coge yudw c;)l)> 451)% b)f oalaiwl "j 5! ‘_’JI}I‘_;QJ
&y s > (Kergoutlay et al, 2010) 1 salys ol <Ll )
o (] ISl 00 53 9 3905 dngs 505 (gl 4yl St (>
by 1,8 eolatwl 350 slul yloyd (sl cawlio led b 1y

Ogh Jlo ¥ e 1500 a9 a8)S )13 (leyd cod )l I
pl o3 o §) e k5 )l Tan o ols ibilis A3l plos]
ol 485 5 ey cow NaOH gbxo 5 69 dbosi b o <]
Sob> kol 36 (B-Fe (OH),CI) 5,5 uSgpn ol a5 ol s
S Y 5 305 ol o5 ST 5 ol i ploj 53 218
6 o gaieds adlbe oyl sl In 53 (60055 5l gy (52,65
Ohles 5 (295)5) Olayd 3 S (g (Sl cilite (5358 Y guanme
B-FeOOH w)ls (gol> 56 95 I JSiste (53,08 s S
NaOH 5 (5)5abss ainlojl wllos L 5 B-Fe (OH),CI ,
O“’" Sy Jym dl).g Oleyd L')g.‘ sl olis gls ol 045 Pl.'zv.?l
culie wlond (gylix (S3U 4 & Ll 3 39290 )5 S5y
5 Ll )3 3990 ClSTST B JolS o gl oS o 3
(S35 a5l elS b 4 BT g 0dg cunliol dga )3 o
2l opl il sais Bls B¢ C° lod > ds g baoe (glod o 4
e 5 039 (23515 5l 8 sludl ()l0055 090 Cel odins Lt
sbdl (15187 (sl oo S g5 )3 (6y9ebge 09y (1398 cslie
» (Kergourlay et al, 2010) aad o Hlis 1y lsa p3 o (o)l
Guilminot et) L]y San 5 GonolS lawgs (6,505 dadlllas civo; oy
liosd a3 (elb ba, duslio 4y &S ol 013 plogl (al, 2012
(tliong Sl g (2l s Cudlgs b oo 4S9y 53 (555 4bosé)
oiee sl yialyb 5l By jld o by bame el cns 4 an] sl
Suid g gloyy Jobre S 5 dlod (glopd B ()l 0gos e
2l ol 8b b)) el adlae Jobo )3 lopd Sl gy 05
F 2l 295 @ baas lagley ool St 200 i )l Blo
Slaloy buwg olowd (005,05 St 3y (S (55,05 s oY
Lol 298 (oo Cogli (Sl s Sl bawgs (g pSUl (g, 53 9 VL
88 ALl sl b g S glags g 3 5,55 ¥ g
5 5 eLdl ()15 0955 <gBly 13 0,5 oo plonl Wlods (5|15 lgn
ol 51 g sl o0 sl (0518 (sloanT o e
P9y 90 0 3 ) cla g igd oy 3g5 (] o (5l L)
e STl o inlgs B yigy o Sl clo] g oo (59 dbogi
Silg S g s g 0900 JeSits ClBlST 0,5 1,8 lgm (1550 50
Gl Slyss Jdody b glas cpl 0ad o sy IS JolS" s &y oo
Guilminot) sl .o 3l 6)leSS Jsb 0 (53,95 &Y game ;5 oS

(et al, 2012

9 210505 51 Jad sludl 53,98 OV gaso gjLwSL Y LY

213505 oo 4 bl (2,5 Sis
buwg (sladllas ¢ ol3;,J8 00148 5 Slgwy (gilwSh 150 Sy jglaie oy
b osd (GilocSl sludl Cons 4 g o sl 208 0 (5lucS
&S cab aag Bl Jb ol b aatis Selle edsle e 1 salawl
Condy 2yl 1) i duglie b pubiiwe jobo ay slodl diwd 9> ya
oS 31 a5 el 252 005 plo] (53Le ST 51 U5 o] e
d)L»JL )l o= o Fl?u‘ LSLa’gg“’))’. 9 Conl 0445 uLu aoald 2
& b3S Job 55 el & ] o8 203 o i olod 5 (o3
2ol 5l a8 el cpl iy i 3wl aS (6,500 4SS Ll ol dgag


http://dx.doi.org/10.66224/kcr.8.4.52
https://journal.richt.ir/kcr/article-1-388-fa.html

[ Downloaded from journal.richt.ir on 2026-07-04 ]

[ DOI: 10.66224/kcr.8.4.52 ]

i) | \f’\“&ll»m}l\';&L,ia)lo.\ﬁl\”a)lo.\ﬁl/\hjbl w}agub‘bwbwsf—gw‘&c\ouw

2,08 308 oo slaodld olyen & gl ol sl 03,5 (0 g
b g aY ) o5 Y5 3 )l geys oS ol L (D)
Sl oms Canl o B claY il Cgr dolS )3 5 (5368 Y g
M Bgll Slaggeil )3 1) (e aa sy (YL o Al ()
Sty o5 S & s (53355 4 5 o5 N Canglin 3 ol
S5 WY same sy » oS oyl cde @yl g 29 0
ol L calei g ol 3 Sl ls & (5S35 5 g5 Al
bl sl (SGsd Hsle bl elsl oS (ol ooplply g
3 (S (6bL ke slacwwl Sl I 6 dgs 48 )5 a5 > Su,bs
Cow Esl gy cpl b b )lS Gls 0gd (6,55l g0 sboul (50,05
» g oaw ul)w sl s o (S35 Y gaze sla Y Ho.\,.f}
IS g D9 g0 (F3)98 SV gaze HY (kS 3)lge (S
AY gl le gl Sh a5 ws dalgd plodl Sloj caslie (o155l
295 dag 2155 Gloy (lendg Sl olss g (53)58 DY g

(Parra et al, 2017)

2135505 g5 o 00Rd JSWET (g3 o BLI I cpani S LY
Lo jl )l Clo g (53,55 (lie 2 sb odimd JSUS slajl
ke G5 35 035,18 (pal 53 oyl p 399 55135 oo 5l o Ladl ol
Olgis s oyl a8l )ly sludl L1058 pismen g WIS Cls o
OSes 55 (200508 )3 Cizman 9 03,8 Jos oyl 4 1 )IS Clo > e
D9 aciend (slod 4 IS Jolome (JBL (o jod cge ol
e b adlaio 93 slague (glaalllae ) (bls)) ol (ad (asede ¢l
2 o)l Glise oy (LS gl 85 )15 alesl 3)90 Cglite o)y
Olwe pSile ol sl B8 slages Sl i TS 550lhg slags
Slges 5l it plp ¥ loy® dawgie jobay e 5 slage 418
S OV gaxe Ll sl S lagne @) sl Syggalh
SHgielbg (lague 4 Cund (o0 S olad (S 5 g Sauo
LS o)l o)y Gy (PeSly (Stawen b dlail) (IS job 4y i
Sgee lp 2l mdw Cadlgw b glopd Sl ey (Bras ST

155505 Jsbe 13 (s 3925 6 s 3529 55T 5 ¥
Kergourlay et al,) (ul)SKen 5 VY,65,5 lawg &5 gl 5
2 OS] dgmg pas b 3gmg pil Sy jelateay 8,5 pbwl (2018
oSt 386 5 b3St NaOH  (sla Jgle | u.\.mi sl oy
S s oY oSS anl s call gl oo (ol 0ad odlil
soaY &l (B-Fe,(OH), Cl) I8 g ool JSize
& Col 0ald s g_oL,, A asuie g oy oloyd (b (5,6
Fe O, 5)138 o 330 Jols zuls pp oud 4 3eST 3939 pas b dg2g
oxmd JSis Lol oslo s Jo 5l o baalys 93 p2 13 3 Fe(OH),
2 ol ) s 5 (B-Fe,(OH),C) 4y (3,55 4
o) e 0030 (GR- Cl) ), lS7 5 K55 ¢3St Sy Jgle
it T o, (0,8 S5 5 g oo Jgo 13 ol (5
e 3 ol Jlb (S35 ] sl ogill ot Sl o 353
sloarY S5 65l b s albicypes] Jpbre Sy asliza
LS ol )8 1) ol ot (50595 sl Y dbul w8 gols puoes
395 o0 oy oS Cblis 4 b3l @l p bylpd ;b 4 gl
o1 2153 ame S5 53 Sl 50 3 1) Sl gal BT &S
286 Lo S ol andl (Kergourlay et al, 2018) aus’ o
ol ol el g3 i bl oyl oy 5euS]
e Jsb > G5eST o929 pas b 3529 iS5 )1)3 dagi 390 adlllas

5 52395 OVpame 42Y (S35 (6,10l o LS D ¥

Oloyd Cuddge
S (Parra et al, 2017) Ll Sen g 1)L lawgs sud pbl adllas p
5355 e (oY b )5 oS V3 Sy 5 s i gl
D 58,5 5 Y Vi 5y b s byt o i
by ol gl g (105,18 5 L Jalate (S5 Hlidlu (gl sl
3 sl (So3b il cunsls cel b S5 g laoyas ol b olo; )8

ol Lads p S WS oVe8 b IS aS Jbs pd el ods g dglS

laa g blie cilisea (slo Y S5 2 o] b 5 jIS 51 e by N g
Table 2. The post-dechlorination stage and its effect on the formation of different layers, advantages and disadvantages

&b o

e e s Y JSuis 1 o

@b olej 4l opal (535 S5

o gubitands atam Hloa U 93) S50 sl

S et C g b (eS| B puaae

g JB bbb S

5 SO OVgame Y o
Oleyd 3l oy (5255

(Nordgren, 2017),
(Hamilton, 1999),

P Joloel camST gy Sl
FLQ;' 9 a.\&l.oL;aL.’ LSLQ"‘\'i)'L{ ‘d}b it
5 oslil b plens (slaosile 3L

)bu)“ufl b)...’?.s.) L’ DMLS’L))U? u]

(Kergoutlay et al, 2018).

29 Joloeel ST Cguy jgas
ploi g oxilo (Bl (glan )l «(gjls
bl o (oloond sl oxile 3L

S e bS] Bpas

bl b S P See 92y pas

5 S OYsare gba¥ o
ooy 5l o olul



http://dx.doi.org/10.66224/kcr.8.4.52
https://journal.richt.ir/kcr/article-1-388-fa.html

[ Downloaded from journal.richt.ir on 2026-07-04 ]

[ DOI: 10.66224/kcr.8.4.52 ]

PY | goiaS (abls deons oy (oS < 59050 oo e o> ] | 39390 so il 5 St ¢ S : Slols (al bl G158 slo g, 2 5p9pe

e dladi l gYL oS Lold clapgs > g Bls glodimd i
Ll gylas al> o e Oa)f Sis ol L')g.‘ P Lgd o p)S ‘;..»T
Oswl b g JSI oM 3o oyl s b lgy o 1y s b 0,8 Sis
b Pl?ol ui b ooads pus).:
Sud sl b M lo plua] gl M bwgs (3,5 Sis @
Gl (B Ll e 3 )8
sl b 09] P celo Vo Gle 4 plusd :09] P RS Sis e
'J';)SLSO )1)5 Q‘OC
J (o s Gl (o0 1 ol gy i sl Ve e &
2,8 b cwbslis aul b ;|
ol S oy 3 ) gy & cul age 03l 1 ik @
S (o0 IS
NMgle FUebl wle Of L oS5 BB sl M 5l edlal
Slery (Fsl ol bl ()5 Sis gl Mgl b " kg ol
Jl:u.wl Ay (! W i |).s) D9 0 dogs J9"L9)"5)"‘ Ll 045
L g 5% ojlul e & gl 5 Jobl 0)l0 (s (g9 5 3yl (YL
699 pomb Jldl abas) b ] colre 4 a6 b Lol i 5350 o>
B oM S O b Ml 51 S 29805 Ao (4
900,5 ade (] b ST g Ip (220 3 (585 )15 plRin 53 5
Sl Sl oren Wb odlatul slojlul o L Ll g9 3l o
b G pd (2,5 Kid sl 0ilo 8L L’noi Sl oS 5318 sae a5
5 ol B 5 S35 | sSole sl dnJSII a5le 3 5
b g bluil el (2ST5 93 1o sl (5900 ool S8 5 (18008
S 1y Coge oyl miomed b JSI L bgi o daunST gla &Y 51 sLusl s
A o il 1) elasl ) osle B Ol g Jele (slas IS Cls oS
035 Slowe b 0l (o ) sllacl sl Sy 5 rasd plod cul ogde
L Ll (Ahmed, 2011) 5,5 S axtwd JSI ) join oLl a5 Jbs )
OamolianST el lan 50 3,8 SUid (gin ou plosl Clalllas &y as g
Oexe 9353 2 (B-FeOOH) "eun (558 4, Te(OH),, oy
o el (S o s Sis) 20d Sis mpw LS pwe S
Jolye 3 Fe(OH), «wwoled jd 098 (0 (53,95 OV game ol g
4 B dgde dnS| b S gy g CuBS 4 oIS g
om0 o JS5 ol Jgo 53 35 Jl
Sl sbdl ad Sis Job 0 Cad wSg)8 )l L ety
S5 Y o 33 0,05 55 gy ogislipeS] 4 o) S 5 g oo
G (oS58 (sl 1 ane 52,5 K5 5l o 5508 550 Bl a3
Cu5gS ol Fe(OH),) @y (ygalinnST 51 (50 a8 cunl o LSS
Vb glod 5 o5 3T Gl b CutiSe 5 bgie st ol b
4 YO°C o By o pitmed CutiSe Lgd o JuSi5 (00 °C)
Shy 29d JSuts bl o5 (S ol 4 ST by 8 (byd
b gl & Sainaz) o3 glop o8l (o aaY ol
slaanlyp g JSis b bape Loyl (e 5 bn S5 ((SSl olss
Dby & S 4 Canl (S U] )8 ol .ol Fe(OH), (jgmolinns’
oyl pogMe il anily (Siww oyloys b 53 ealatwl 550 (13,8 Sis
ool oo oz 2ol b bog3l FEOOH (clajls 4, Fe(OH), Jas
Fe(OH)Z 3 U?“‘“’I'\""“SI sl Y& mL.mol! L )J.])..i FC(OH)Z

ade (cly o b il dgng andllas 590 00lS yal ) sasaisle
20l 6 b)) pgaieds o)l Jilos g 4jo5 slacudgioe
Sbog Ol 5 )il g (52,8 OV gaxe g9 9 (S35 €
3 3y90 6yt Sllllae ¢y Jazee Ll b 53 sl 53 39290 )18
Gao byl Gan b iley o cldllas oyl .(Nordgren, 2017) col
s Sl ilo (135,08 (gl 39, b oS Sl 0028 ol 3]
25U 55,5 plodl cunl oddd oy o o155y femnS T danS g 500 oo b
Wy o5t pise g oyl BlbI )3 oxile (3L )8 (slo 2 2 ]
3 OlF o Ozmen 335 duglie adlllas () L g 395 asedie (5355
L )8 sl 55 ol slod 13 Slw pj SV gy b 23518
1) Ol bl cusl (Sae (VA C) ) cnl Jgome slod &
|y clsl 31 05,8 ) lSas (5l 0yl domais 3 5 03,8 o blB ok
) s 4o j0 5 00,8 Cls laid S )18 loyd Jaloee J315 p3 oS
il slasal K03 Sl 5 e A5 it o> Syl i
D)l (glite jldy e IS il 9 (52,68 e 3 3 gy lgil wile

5y )3 adllas g 4255 3)50 Conl oo g

35U g 2195,05 51 am (405 KiiS g guiciwnw A o VLY
Sliseo b aY LSS o

(onst b S o onsi I ol Clles 4550 51 (o
g odile 3L (slas IS (6318 139 ¢ Joloal (sl T gy ol p5Y
wasubie aSG! 51 ey e s gulitund b olowd (slo oile B plos
(Jobre (g b g Cuwl aidly (il Jolowe )3 203 )l (50 03
Sl g g adly (bl ol eliges Rl S o] )15y
by 3,5 0,18 oI e s (Kergourlay et al, 2018) 545 0
033 gubiinds iglite jobo ay gl ol 9 Dy Ol ool 4y JETRIES
b g cdds ) ewile 3L (slas IS 5 g iSUl ol Jgloo b 595 0
gl 48 350 o 5y oluw 5 0 ST 38 prdans (g Ul ) gutiiands
L)‘b" wluim‘wub)a Jusd)bo]r—wé.‘aw).sl) d).:J.J.)
s UgSolS g8 oIS w9381 b b 55 0jg O o
b o8 sl 5ol ool J ol on Pt Slliass s L
Job 3 g WS (o Joo gl plSin > (S2)8 o)bjl e
aaldl Shg cpl alen o 0,8 Sis b ayls (Mo b oS Sis
23 sLasl 13,8 5l de gutitunds 4> )ST.(Hamilton, 1999) s o
Lh‘_’j Ll aSol s a5 bbbl ) 5onST Oz (po (6 ko la Lol el
St SleMbl o yly 35 g el onits dtund b Slodds dnd oy jl an
3929 28w Cadlgw b bl oy Sl gy gitans (851 3590 5
S b SYeb adiind o &S o Ll gl pl (Y Jeds) 5yl
S5 095 (5055 gl Hlad ol o b a8 sl ows S anl s
2929 (S0 el & (29 53 e b pitund dx 3 Wl oo (e
(Nordgren, 2017) delouws loys | (w (S3)55 4 5 395 dlul )l
b o (6l Cuonl (gl)ld gl oaud deisyd

435 00300 el slusl  Jguol 13,8 i cqutitnds 9 1,18 Blds 5l o
0 Suis jl Bus .l nlie op 5 ke (S el )0 Lol g o
Kergourlay) ol (53,58 &Y gamo sl &Y 5l gt Jgle Bl
Bl a5 3,5 o plonl S ao ) el caslio s Sis (et al, 2018
o (Stambolov, 1985) wil dtwge daw Cuow 4 3 5l mle
odle g5y 308 Jl B Wb e )3 0dd Qe Cugb; gl ]


http://dx.doi.org/10.66224/kcr.8.4.52
https://journal.richt.ir/kcr/article-1-388-fa.html

[ Downloaded from journal.richt.ir on 2026-07-04 ]

[ DOI: 10.66224/kcr.8.4.52 ]

Y | \\°~\"'Qllwo)'| Y5 ol oot | Va)Lo.AfilAJL.)l ngub‘bw‘aw»&Sf—g«l&Muw

5 sl bl p alaanld optr 535 b bl wisd o Cus
Memet,) cul osuis anlis Jol5 job &y join by ol (53,65 sl ayY
0,08) w187 )5 Jele Bis (SIS el 4y (2008; Schaefer, 2017
2 (S gy il o 1y 8 e quone JSS 4 (O]
a5 S ol sl 5 o il 85 bl olsplS bl
s e S 1l 5 a3 o ) (3,58 &5 nlS (sl siny)
4,5 (Nordgren, 2017; Rimmer et al, 2013) sas ljél 1,
WS od Bl 1y e b 50 39390 IS AV w jebbay Sloyy lles zun
P e P8l palf el olendg Sl g olend (1)18
248 39 iekae elS” (5 (cod joid (yizren g (o0 IS (slgizee
ol g ol onled (Bl 605 e @ 0dd ploy Sl (o5 S
S el o] )l (Sas g 039 50l Gile 5 odzey Jos
ol oo <ol (Dillmann, 2007; Hamilton, 1997) 3sd 5
Bl als el Sl b il o35 a1 o spei ol
&5 ol site Jg w0 Gl ) 20d )l g oud ol IS
L) S & alS 355 6ySaiul lags | o Ll S g
OFeST Gpan Gline b (g e 5l odlatnl b gl o 1) Gloyd 5l
5 228 sl s Bl 8T lie s sl 3900 et o o
Oleyd sl b1y o o) (e (o 0ad lopy Sliwl (o318 slil (50,05
Canl 00 D)lg0 (S 50 05 duslie Jliwl ol lon jl onis
O3Sl 9 IS Gl O pamdio dbaly (Jalse I pan 3529 s &
sl (59,95 &5 o 50 s dbol el 5 il atsll 539 (B pae
2 b Oldllas ass > (Nordgren, 2017) s4i loyd 51 e

el i 5y50 pogas

(5 5 i 5
S5 o)l Gl g i o 0] S0y oy Jilis &
oo 35 casl 03, sl (Sl BT 1S cbles (ol |y (dlojus
ol oS bz gla hgy b ditwd (M o)lgen lansie
5 919 o 5> (2P e (hg) oSy S Bl 1) JSde
ool 350 gld gy (0L a5 U g ol 039y b 435y 5 yShas dgut0 b
D) &5 pbacls 45 o ol glie gy lend JasllS g s
5 Cosl 4B )15 cwy 3590 5 (5)len IS 5L sl ygST 2l )8
Gldllas (piston sl ol asuie (gas U la sy cpl (sbl3e g culre
5 Jo> By 5 (55 «Sp kil ) pogat 5 oad plox]
lgdlo)s 5! o bl 45 oleudly .b).\f Ol}ﬁ‘ O g l.m"j OLa)b 09,5
b ol cul 48,5 )13 (g2 9 485 390 Jolono ()3T Bpae 4 d258
oleyd slp J]o.&,ﬂ Jooly S 4 e ol pbs] wlddss sled 2934
§ o3 Sops Sk o 5 (5o ] gt P slagal clilis
sl gy plod sl ot gy s BT () 53 (g IS S8 5 g
Copots |y s S5 P g 5 dn il ol s b
slodll3s8 L Slze w5 leys il WiS o) Cpreundl duo Ao
35 Ubey ol N sl 03y L Su)b sl bl Sl s s )
@b Sz g S 5 bl sl gl il oy p Ml Glomen
ol 5 ey S il edlatl )3 e Sl Sl Sy 5l (e )l
Sk o9t > Syidn Sy & iy Bl Al o)l
ool 5l o158 0 Wi sla gy 2)5 L g ond it sla o,

S )3 ) S5 G g G5 Sl (8o g 088 w3 S s sy
Kergourlay et al, 2011; Guilminot) &S sbw! (53,8 slaas¥
0)394\: ol )?.J"b uL..\>| ‘9.% UD)’“O » ;U‘“’ ud)f )I)B .(Ct al, 2012
oszen 308 (e oY b o0)sS) Oyl b b Sis pln
51 oslatl) Cusl jlw St 3w 818 slaoyoS )3 5 b ol Sl
o (53)95 Jl Sl sl bl 3 Wl (oo gtind 3 LS OIS
Syi bl sly o ysS pl ans g ol puiito slisl slal a8 1> (a5l
bl 59y 508 (hple S (pimen g dalg ajmy o JSie
O3S 181 cladlaazes b oo ysS™ (6 5lw o3Le] § Mg oo ylais ST 4ie
a5 oS assl @ dn g b el paia Sy b bsl ool 48 ol
IS sl sl Caonl (6lyly 50 05 Kiid g gabiiaandd Ollos A
ool 485515 429 3)90 oS &S 039 (213} (L Sl A (50,65
33 €55 S o lpns 5 Sl gy 22830 55 )5 il 1)
A o 0w sublE FMol b g 03ly duwgs |y sl o105,08" ol
Sygo o pogad > ladlas 19S5 S (Nasanen et al, 2013)

oga 9 Jo JB pd g (oS5 WSy clodl k5 F
obey

pLsl (w92 9 58) (S5 9 Sz bl ())S can ookj lallas
Al e 4 o (olowd (5)9 g 29 L sl cpl (1) 1S ol 00
Jbis 4 ool Mt do ol 5 JT i g2 ian 5 o o] S5
Fwlio g 5 fge sla byy 5l Bledgs (A )3 0)lgen S cblis o)l
cpl 93 ond plogl lalllas 51 S S oslial elusl opl 155,18 (ol
aol o plosl (Siova et al, 2023) il e g 1y lowss oS dins
e S g (aliowdy pSU (ho) ) odlitl b (oS 5 los I ooliial
byd bawme I ool Caumd dy (oS )5 sl 135,08 (ol (gidusl) Jdscio
by J&s lp cwlio lagiol)l s Ban b ddllas oyl
ol 0dds plodl (S105,180 5 sdodie lase 1 eolatul 5 loj e
Jsloeo 4y 4] Jsdsie Lagms o atelo YF s &5 o Lt b
e OoF ) Vb 69 5l ool 5 (e A8y den) (LB
a3 S (lerdo Sl (o) ol sl bl ool (213558 sl b,
ko) Jome > S5 gal elodl 5l cblis (gl Wl oo g sl @2 g
yoS Slge 3l oslatal b (obyd bame o S35 by obyd ke
sy il I oslital g oalatul (gt (219} (sla shg) 4
(bl e 3 Lol (gy5abos b duslie )3 )5 sl e Sl
o rgabse Cos ]y (LB Jglone I (6508 0o g Cnl yidenis
Fre ol S8 GRIBIL (plendy iUl (o) 3 Slas )l 5l o
28 liind Wl e (g)ber sblie sl Ubg) ol 4251 255 0
sobte &y ol hy) slp (Sl layiehl e Sl i
b 1 48 (318 (slaojlu e g (olaidl @y ()18 4 (ol
Siova) cal L5590 5l 51,8 ] (o5 0 b wlosel camday obyd
et al, 2023; Batis et al, 2015

b (213505 51 (m £lendl 53 03l (Bb IS Gl e D
Jglome ST B o 43 gl
@IS olendg pSUL olowd (sla (g, b (Sliwl @l3lé 51 (¢l


http://dx.doi.org/10.66224/kcr.8.4.52
https://journal.richt.ir/kcr/article-1-388-fa.html

[ Downloaded from journal.richt.ir on 2026-07-04 ]

[ DOI: 10.66224/kcr.8.4.52 ]

PE | goiaS (abls deons oy (oS« (59050 oo e o> ] | 3990 so il 5 St ¢ S : Sliols (al bl 155 slo g, 1 5p9pe

oy Wl dgue péyde S 5 Sy ol gl

e Sl g Nediee Oloyd Sl FeS] Bpae g

5,118 35
s e sl el oyle S L oS d905 by O‘95Ls'° Colegyd
acbol o ol > (53,58 g 0392 (5)li 3l g o (255 Axo IS
sgba (b (53,8 jpax Ja (5o ead ploy sludl b
Aol a4y yloyd Sl Srged 4 58 o 418 D lopd Cod i ge
S5 &Sl s gl Ol oan] 3 Jleas! @iy
Slalllae & 4295 L 3,8 (B L 0)lgen o)l 5l 948 cos iBgie 550
oor |y osse g ¢ Sl slagal 135 o) 15 00 plox
D52 Calgg 2 538 Gloyy Sl 13 6 5 31 B 42 310 5 03,5
A5 ol bl oal elsl i 4 e ols coge

Cudgi (ot
1. Weeping iron
2. http:/ /nautarch.tamu. edu/class/anth605/File10b.
htm#Sodium
3. Ultrasonic
4. Washing
5. Fusibility
6. Electrolysis
7. Ethylene diamine tetra acetic acid (EDTA)
8. Biodegradability
9. Subcritical fluids
10. Bio-based treatments
11. Seudomonas
12. Beauveria bassiana
13. Mycelial network
14. Desulfitobacterium hafniense
15. Vivianite
16. Reverse-osmosis water (ROW)
17. Diffusion coefficient
18. Nanohardness tests
19. Stiffen
20. Williamsburg
21. Caetleon
22. Sludge
23. Gluconic acid
24. Sodium gluconate
25. Sodium glucoheptanate
26. Ethanol
27. Methanol
28. Isopropanol
29. Acetone
30. Feroxyhyte

oS poles el g0 5 g 45 b 2900 Sloj (212518

& Jlb (53,55 N g JolS 1255 cirge 305 5 g 3,00 o

5l a)le Sse glo)eSh .l jlul (59,55 ©Y gare
b o (5395 &Y guaste Yol 51 6 a3 51,8 o S Loyl
B oys Sl 3 5398 555l

Y guase 500 4y c,lS sla 30y05 JolS sl (ol YU gles Y
S 329 ©yge ) S 9L &S Cul 5l Jld e (5395
P yes oo &S a8 solatel bley opl ol e Hlsd
Gl (99 ol Liejlo S Canl Sy ol b plus! (gl 5o,

dauwly GY game LS 5l Sl o 1508 (b > iewST 2gs Y
o s Yl Nk cege Cold )3 9 035 (S glr e g
P9 (o 21258l

Ol cpe 5 sbasl 08 Sid g oloys I LB slidl gl ¥
@ ol ol 45 12 098 a2 g o plosl oo 4 g Cul g

Vg g5 lS Cla 0 35 s b odad LSS gl 0
Ol Ozmed 9 (50,8 OV gaze S5 o]y g (50,5
B i 290 383 seb s b g Cusl oo (1)) Cuibge
25
@ dogi bl slal loyd (hgy0)l38 o U yloyd Cudbge l5ae
2o pbol (55)95 GY gase sl Y SG5d (o)lub g s

2 2l 58U 851 e s (0,8 KB ogud g guiitun Y
€9 4 429 L gt pie b s 2l oy 3l e o ()l
atunl (3,8 Siid 3,5 ploul Bl 135,08 (sly 0ad b yne o3l
o1 JiS 1l 9395 (0 (50,58 sl Y 4l cago gy b
o gy g lge ) o3l cid S assl @ ds g b pien 3L

5 95 w290 1 ol (sl g calee 3529 b (alj)lS ) cilisee
2 Sy b slg e b Olibed Cawl oad oS iy
Sb)gS Lsgzge sla (b9 9 3lge a8 b 2 dlge 5l erlatul

25 bl Jge

2,8 &l 5 zys 4 Sl slagingh cas |y Shlin oy
o U Wl oo g 0392 go sl (B (i) SVl 29y )
a8 Jlanl ela Cawl 1 g b as] a0 S g gaitans

S 65 ol 5 dbul Cusl S ol pe

Lol el plusl (o15518" 33 20l )8 g L mubs 59y sluil damo cjB> .Y
Slge 1 (S S5 bl b (Y eb ploj a4 gloys eSS 4l
b oley CuBge (pizman g loyd S olg5 (o0 SB 53 135,08
Fyo glaygSl I (o S5 b Ol (o (izmen ApdSu dgne
WA leyd yidey Cudbge Carge Lod wiilo

S5 3 Olg o0 0k )l g Oliee b S skl oy > Y
Caddgo lie g 2,8 edlatwl agaw! b calisee sla bg; ¢ dlgo
P90 ey 1y oley

&Sy Cuol angr BB Calisee 105,08 sld o5y g dlge duulds ¥
plaal sl ) cglite J5dss 9 S5 cage bl 5l plaS ya


http://dx.doi.org/10.66224/kcr.8.4.52
https://journal.richt.ir/kcr/article-1-388-fa.html

[ Downloaded from journal.richt.ir on 2026-07-04 ]

[ DOI: 10.66224/kcr.8.4.52 ]

Cuvillier, L., Passaretti, A., Guilminot, E., & Joseph, E.
(2023). Testing of the siderophore deferoxamine
amended in hydrogels for the cleaning of iron
corrosion. The Eunropean Physical Journal Plus, 138(06),
569. https://doi.org/10.1140/epjp/s-023-13360
-04159y.

Dalard, F,, Gourbeyre, Y., & Degrigny, C. (2002). Chloride
removal from archaeological cast iron by pulsating
current. Studies in Conservation, 47, 117-121.

Daniel, D., Holland, L., & Pascoe, W. (1979). Gas plasma
reactions for the conservation of antiquities. Studies in
Conservation, 24, 1—06.

Degrigny, C., & Spiteri, L. (2004). Electrochemical

monitoring of marine iron artifacts during their

storage and stabilization in alkaline solutions.
Proceedings of Metal, National Museum of Australia,
Canberra, ACT, 4-8 October 2004, Published by the
National Museum of Australia. p. 315.

Degrigny, C., Langh, R.., Joosten, 1., & Ankersmit, B,
(2007). Use of electrochemical techniques in metal
conservation, interim meeting of the ICOM-CC Metal
WG, Amsterdam, ed. Christian Degrigny, Langh,
R., Joosten, I.,Ankersmitimprime, B., Amsterdam:
Rijksmuseum Amsterdam, Metal 2007, p. 47-54.

Dillmann, P, Béranger, G., Piccardo, P., & Mathiesen, H.
(2007). Corrosion of metallic heritage artefacts: Investigation,
conservation and prediction of long-term behavionr (EFC 48).
Woodhead Publishing,

Drews, M., Gonzalez-Pereyra, N. and Cook, D. (2014).
The transformation of iron oxides, oxyhydroxides
and corrosion products by subcritical water treatment.
In: Hyslop, E., et al. eds. Mezal 2013: Interim Meeting of
the ICOM-CC Metal Working Grounp. Edinburgh, 20-16
September 2013. Edinburgh: Historic Scotland and
International Council of Museums, pp. 111-118.

Doménech-Carb6, A., (2010). Electrochemistry for
conservation science, J. Solkd state electrochem., 14: pp.
349-351.

Fontaine, C., Lemoine, S., Pelé-Meziani, C., & Guilminot,
E. (2022). The use of gels in localized dechlorination
treatments of metallic cultural heritage objects.
Heritage Science, 117 ,(1)10._https://doi.org/10.1186
s-00752-022-40494.

Frydendahl, J., Andersen, L. B., Wiinblad, T., Carté, C.,
Dillmann, P, Neff, D., & Matthiesen, H. (2022). A
simple treatment system for the deaerated desalination
of archaeological iron. Poster presented at Metal :2022
10th Interim Meeting of the ICOM-CC Metals Working

References / gl

Ahmed, S. M. S. (2011). Conservation methods of iron
artifacts recovered from the marine environment. Doctoral
dissertation, National Technical University of Athens,
School of Chemical Engineering, Department of
Material Science.

Albini, M., Comensoli, L., Brambilla, I.., Domon Beuret,
E., Kooli, W., Mathys, L., Letardi, P., & Joseph, E.
(2015). Innovative biological approaches for metal
conservation. Materials and Corrosion 67. doi: 10.1002/
maco.201408168 .

Andersen, Lars Brock (2006), 'Desalination of
archaeological iron artefacts after D.C. Mode
Hydrogen Plasma Treatment', Archaeological Metal
Finds - From Excavation to Exhibition (Mannheim,
Germany).

Askey, A., Lyon, S., Thompson, G., Johnson, J., Wood,
G., Cooke, M & Sate, P. (1993). The corrosion of iron
and zinc by atmospheric hydrogen chloride. Corrosion
Science, 34, 233-247.

Batis, G., Zacharopoulou, A., Zacharopoulou, E., Siova,
H., Argyropoulos, V. (2015). Dechlorination of large
marine iron artifacts using a novel technique involving
impressed current. Anti-Corrosion Methods and Materials,
62, 259-2069.

Coclho, J. C., Oliveira, C. M., Carvalho, M. D., Fonseca,
LTE. (2014). The efficiency of electrochemical
methods for the removal of chloride ions from iron
marine archaeological objects: A comparative study.
Materials and Corrosion. 65, 38—44.

Comensoli, L., Maillard, J., Albini, M., Sandoz, E,
Junier, P, & Joseph, E. (2017). Use of bacteria to
stabilize archaeological iron. Applied and Environmental
Microbiology, 83(9), ¢03478-16.

Cornell, R. M., & Giovanoli, R. (1988). Acid dissolution
of akaganeite and lepidocrocite: The effect on crystal
morphology. Clays and Clay Minerals, 36(5), 385-390.

Cuvillier, L., Passaretti, A., Raimon, A., Dupuy, V.,
Guilminot, E., & Joseph, E. (2022). Exploiting
biologically synthetized chelators in conservation:
Gel-based bio-cleaning of corroded iron heritage
objects. Inn Proceedings of the Metal 2022 Proceedings of the
Interinm Meeting of the ICOM-CC Metals Working Group,
Helsinki, Finland, 9-5 September 2022; Mardikian,
P, Nisdnen, L., Arponen, A., Eds.; International
Councils of Museums Committee for Conservation:
Helsinki, Finland, 2022; pp. 25-34.


http://dx.doi.org/10.66224/kcr.8.4.52
https://journal.richt.ir/kcr/article-1-388-fa.html

[ Downloaded from journal.richt.ir on 2026-07-04 ]

[ DOI: 10.66224/kcr.8.4.52 ]

FE | SyeinS it doso (pusdy oS ¢ (s yo dozxo o 6yl ddl | dgmge (la il 5 Mo ¢ Sz Sl gl sldl LIjIS cla gy p chepe

stabilisation of archaeological iron artefacts. Corrosion
and Materials Degradation, 2(2), 274-292._https://doi.
org/10.3390/cmd2020015.

Keene, S., & Orton, C. (1985). Stability of treated
archaeological iron: An assessment. Studies in
Conservation, 30: 136—-142.

Kergourlay, F, Guilminot, E., Neff, D., Rémazeilles,
C., Reguer, S., Refait, P, Mirambet, F, Foy, E., &
Dillmann, P. (2010). Influence of corrosion products

nature on dechlorination treatment: Case of wrought
iron archaeological ingots stored two years in air
before NaOH treatment. Corrosion Engineering, Science
and Technology, 45(5), 407—413.

Kergourlay, F, Rémazeilles, C., Neff, D., Foy, E.
Conforto, E., Guilminot, E., Reguer, S., Dillmann,
P, Nicot, E, Mielcarek, E, Rebiere, J., & Refait, P.
(2011). Mechanisms of the dechlorination of iron
archaeological artefacts extracted from seawater.
Corrosion Science, 53, 24742483,

Kergourlay, F, Réguer, S., Neff, D., Foy, E., Picca, F E.,
Saheb, M., Hustache, S., Mirambet, F, & Dillmann,
P. (2018). Stabilization treatment of cultural heritage
artefacts: In situ monitoring of marine iron objects
dechlorinated in alkali solution. Corrosion Science, 132,
21-https://doi.org/10.1016/j.corsci.2017.12.028

Krema, E, Raskova, Z., Klima, M., & Kousal, J. (2007).

Characterization of plasma chemical treatment of

archaeological artefacts. Treatment of Archaeological

Artifact,_ http://www.phys.tue.nl/FI'TPD /poster
kremal.pdf.

Matthiesen, H., Frydendahl, ]., Andersen, L. B., Wiinblad,
T., Carré, C., Dillmann, P., & Neff, D. (2022). Natural
conservation of archaeological iron. Poster presented at Metal
10 :2022th Interim Meeting of the ICOM-CC Metals
Working Group, Helsinki, 5-9 September 2022.

Memet, J. (2008). Conservation of underwater cultural
heritage: Characteristics and new technologies.
Museum International, No. 240, Vol. 60, No. 4.

Nisidnen, L. M. E., Gonzalez-Pereyra, N. G., Crettéa,
S. A, & DeViviés, P. (2013). The applicability of
subcritical fluids to the conservation of actively
corroding iron artifacts of cultural significance. The
Journal of Supercritical Fluids, 79, 289—298.

Nordgren, E., Goncalves, P, Shindelholtz, E., Brossia,
C. S., & Yunovich, M. (2007). Use of electrochemical
techniques in metal conservation. In Meta/ 07, Book 3:
Interinm Meeting of the ICOM-CC Metal WG. Amsterdam,
17-21 September 2007; Degrigny,C.,VanLangh R.,Joo

Group, Helsinki, Finland, 5-9 September 2022.

Gilberg, M. R. (1985). The storage of archaeological iron under
deoxygenated conditions. ICOM Committee for Conservation
Metals Working Group Newsletter, 1, 3.

Giraud, T., Gomez, A., Lemoine, S., Pelé-Meziani, C.,
Raimon, A., Guilminot, E. (2021). Use of gels for
the cleaning of archaeological metals: Case study of
silver-plated copper alloy coins. Journal of Cultural
Heritage, 52, 73-83.

Greiff, S., & Bach, D. (2000). Eisenkorrosion wund
natrinmsulfitentsalzung: Theorie und Praxis. Arbeitsblitter
[fiir Restauratoren, 33(2), 319—339.

Graedel, T. E., & Frankenthal, R. P. (1990). Corrosion
mechanisms for iron and low alloy steels exposed to
the atmosphere. Journal of the Electrochemical Society,
137,2385-2394.

Gonzalez-Pereyra, N., Nisinen, L., & Cretté, S. (2013).
From rivets to composites — ten years of subcritical
research. In Ewan H, et al. (Eds.), Interim meeting of the
ICOM-CC Metal Working Group, (Edinburgh, United
Kingdom: Historic Scotland), 201-00.

Gonzalez, K. S., & Salvato, M. (2019). Pictures speak for
themselves: Case studies proving the significance and
affordability of X-ray for archaeological collections.
In New life for archaeological collections, Iz New
Life for Archaeological Collections, edited by Rebecca Allen
and Ben Ford. pp. 226-244. Society for Historical
Archaeology and the University of Nebraska Press:
Lincoln, Nebraska.

Guilminot, E., Neff, D., Rémazeilles, C., Reguer, S.,
Kergourlay, E, Pelé¢, C., Dillmann, P, Refait, P,
Nicot, F, Mielcarek, E, Huet, N., & Rebiere, J. (2012).
Influence of crucial parameters on the dechlorination
treatments of ferrous objects from seawater. Studies in
Conservation, 57(4), 227-30.

Guilminot, E. (2023). The use of hydrogels in the
treatment of metal cultural heritage objects. Gels,
9(3), 191. https://doi.org/10.3390/gels9030191.

Hamilton, D. (1997). Basic methods of conserving underwater

archaeological material culture. Nautical Archaeology
Program, Department of Anthropology, Texas A&M
University.

Hamilton, D. L. (1999). Methods of conserving archaeological
material from underwater sites: Metal conservation, preliminary
steps (pp. 38—47).
http://nautarch.tamu.edu/class /anth605/File10b.
htm#Sodium

James, S, & Joseph, E. (2021). Microbial-driven


http://dx.doi.org/10.66224/kcr.8.4.52
https://journal.richt.ir/kcr/article-1-388-fa.html

[ Downloaded from journal.richt.ir on 2026-07-04 ]

[ DOI: 10.66224/kcr.8.4.52 ]

chlorinated phases formed on ferrous archaeological
artefacts by p-XRD and p-XANES. Nuclear Instruments
and Methods in Physics Research Section B: Beam Interactions
with Materials and Atoms, 240(1), 500-04.

Reguer, S., Dillmann, P., & Mirambet, F. (20072). Buried
iron archaeological artefacts: Corrosion mechanisms
related to the presence of Cl-containing phases.
Corrosion Science, 49 (6), 2726—44.

Reguer, S., Neff, D., Bellot-Gurlet, L., & Dillmann,
P. (2007b). Deterioration of iron archaeological
artefacts: Micro-Raman investigation on Cl-containing
corrosion products. Journal of Raman Spectroscopy,
38(4), pp. 389-397.

Rimmer, M. (2010). Investigating the treatment of chloride-
infested archaeological iron objects. PhD Thesis, Cardiff
University.

Rimmer, M., Watkinson, D., & Wang, Q. (2013). The
impact of chloride desalination on the corrosion rate
of archaeological iron. Studies in Conservation, 58(4), p.
337-326.

Rodgers, B. (2004). The archaeologist’s manual for conservation,
A guide to non-toxiic, minimal intervention artifact stabilization,
Springer Science, Birkhduser, pp.83-91.

Russo, R E., Zamponi, S., Conti, P, Piloni, R., Pierige,
M. 1., Faustoferri, A., Fattobene, M., & Berrettoni,
M. (2023). Dechlotination of iron artefacts: a novel
approach. Materials letters, 338, 133968.

Sansonetti, A., Bertasa, M., Canevali, C., Rabbolini, A.,
Anzani, M., & Scalarone, D. (2020). A review in using
agar gels for cleaning art surfaces. Journal of Cultural
Heritage, 44, 285-296.

Schaefer, K., & Mills, D. J. (2017). The application of
organic coatings in conservation of archaeological
objects excavated from the sea. Progress in Organic
Coatings, 102, 99-1006.

Schmidt-Ott, K., & Boissonnas, V. (2002). Low-pressure
hydrogen plasma: An assessment of its application on
archaeological iron. Studies in Conservation 47, pp. 8187.

Schmidt-Ott, K. (2004). Plasma-reduction: 1ts potential for use
in the conservation of metals. Metal 04: Proceedings of the
International Conference on Metals Conservation.
Canberra. Australia. 4-8 October 2004. ed. . Ashton
and D. Hallam. Canberra, National Museum of
Australia: 235-246.

Schmidt-Ott, K., & Oswald, N. (2006). Alkaline sulfite
desalination: Tips and tricks. VDR conference
handbook. "Archaeological Metal Finds - From Excavation
to Exbhibition". October 1113-th 2006, Mannheim,

sten,l.,Ankersmit,B.,Eds.; Rijksmuseum: Amsterdam.

Nordgren, E. (2017). The effect of metallurgical structure on
the chloride-indnced corrosion of archaeological wronght iron.
Doctoral dissertation, Cardiff University.

North, N. A., & Pearson, C. (1975). Alkaline sulfite
reduction treatment of marine iron. In ICOM
Committee for Conservation, 4th Triennial Meeting, Venice,
13-18 Octobet. Paris: ICOM.

North, N., & Pearson, C. (1977). Thermal decomposition
of FeOCI and marine cast iron corrosion products.
Studies in Conservation 22, 146-157.

North, N. A., & Macl.eod, 1. D. (1987). Corrosion of metals.
In Pearson, C. ed, Conservation of marine archaeological
objects. London: Butterworths, pp. 68-98.

Ouyang, W., Cao, X., & Wang, N. (2009). A mathematical
model for electrochemical chloride removal from
marine cast iron artifacts. Acta Metal, Sinica Direct,
Vol.22, No.2, pp. 91-99.

Parra, R., Covelo, A., Ramirez, R. J., Tejeda, A., Ortega,
A., & Hernandez, M. (2017). Characterization of
superficial modification of ferrous rusted substrates
subjected to dechlorination-electrochemical process.
Journal of Adbesion Science and Technology, 32(12), 1341—
1358.

Passaretti, A., Cuvillier, L., Sciutto, G., Guilminot, E.,
& Joseph, E. (2021). Biologically derived gels for
the cleaning of historical and artistic metal heritage.
Applied Sciences, 11(8), 3405.

Patscheider, J., & Veprek, S. (1986). Application of low-
pressure hydrogen plasma to the conservation of
ancient iron artifacts. Studies in Conservation, 31, pp.
29-37.

Petrasz, P., Zhioua, S., James, S., Bindschedler, S., Junier,
P, & Joseph, E. (2024). Green alternatives for
archaeological iron stabilization. Studies in Conservation,
69(supl), 270-280.

Pienimiki, A. (2022). Commercially available vacunm

chambers as an alternative in the deoxygenated desalination
treatment of  archaeological iron. Kiruna Centre for

Conservation of Cultural Property, Kiruna, Sweden.

Pienimaiki, A. (2023). Desalination of archaeological iron objects
in vacunm. Master’s thesis, University of Gothenburg,
Department of Conservation.

Pollard, A., Batt, C., Stern, B, & Young, S. (2007).
Analytical chemistry in archaeology. Cambridge University
Press, New York, p.6.

Reguer, S., Dillmann, P, Mirambet, F,, & Bellot-Gurlet,
L. (2005). Local and structural characterization of


http://dx.doi.org/10.66224/kcr.8.4.52
https://journal.richt.ir/kcr/article-1-388-fa.html

[ Downloaded from journal.richt.ir on 2026-07-04 ]

[ DOI: 10.66224/kcr.8.4.52 ]

FN | SyeinS (dadls daso (pusdy olesS ¢ (53 yo dozxo 6yl ddl | D990 (la il § Mo ¢ Sz Sliwl gl sldl Ij,IS cla gy p 6h9pe

Evaluation of methods of chloride ion concentration
determination and effectiveness of desalination
treatments using sodium hydroxide and alkaline
sulphite solutions. The Conservator 31.

Watkinson, D. (1996). Chloride extraction from
archaeological iron: comparative treatment efficiencies.
Archaeological Conservation and its Consequences: Preprints of
the Contribution to the Copenhagen Congress. 26-30 August
1996. ed. A. Roy and P. Smith. London, International
Institute for Conservation: 208-212.

Watkinson, D., & Lewis, M. R. T. (2005a). The role of
B-FeOOH in the corrosion of archaeological iron.
Materials Issues in Art and Archaeology V1I. ed. P. B.
Vandiver, J. L. Mass and A. Murray. Warrendale, PA,
Materials Research Society of America Symposium:
103-114.

Watkinson, D., & Lewis, M. R. T. (2005b). Desiccated
storage of chloride-contaminated archaeological iron
objects. Studies in Conservation, 50: 241-252.

Watkinson, D., & Al-Zahrani, A. (2008). Towards
quantified assessment of aqueous chloride extraction
methods for archaeological iron: De-oxygenated
treatment environments. 1he Conservator 31: 75-86.

Xu, C., & Wang, J. (2003). Investigation of the chemical
and electrochemical behaviour of mass transfer at an
archaceological bronze/soil interface, Anti-Corrosion
Methods and Materials 50 (5): 326-333.

Yadav, O. (2009). Conservation of indoor archaeological
objects. Ancient Nepal, P.9.

Germany: 17.

Schmutzler, B., & Ebinger-Rist, N. (2008). The
conservation of iron objects in archaeological
preservation — Application and further development
of alkaline sulphite method for conservation of large
quantities of iron finds. Materials and Corrosion 59(3):
248-253.

Scott, D. A., & Eggert, G. (2009). Iron and steel in art.
London, Archetype.

Selwyn, L. S, Sirois, P. J., & Argyropoulos, V. (1999). The
corrosion of excavated archaeological iron with details
on weeping and akaganeite. Studies in Conservation 44:
217-232.

Selwyn, L. S. (2004). Overview of archaeological iron: The
corrosion problem, key factors affecting treatment,
and gaps in current knowledge. Metal 04: Proceedings
of the International Conference on Metals Conservation.
Canberra. Australia. October 2004. ed. J. Ashton and
D. Hallam. Canberra, National Museum of Australia:
294-306.

Selwyn, L. S., & Argyropoulos, V. (2005). Removal of
chloride and iron ions from archaeological wrought
iron with sodium hydroxide and ethylenediamine
solutions. Studies in Conservation 50(21: 81-100).

Siova, E., Argyropoulos, V., & Batis, G. (2023). An
investigation of electrochemical dechlorination of
wroughtiron specimens from the marine environment.
Heritage, 6(1), 587-599.

Singer, S. (1998). Shipwrecks of Florida: A comprebensive
listing, Edn. 2, Pineapple press, USA, p.335.

Stambolov, T. (1985). The corrosion and conservation of metallic
antiquities and works of art. Amsterdam.

Turgoose, S. (1982a). Post-excavation changes in iron
antiquities. Studies in Conservation 27: 97-101.

Turgoose, S. (1982b). The nature of surviving iron
objects. Conservation of Iron: Maritime Monographs and
Reports No. 53. ed. R. W. Clarke and S. M. Blackshaw.
London, National Maritime Museum: 1-7.

Tylecote, R. F, & Black, J. W. B. (1980). The effect of
hydrogen reduction on the properties of ferrous
materials. Studies in Conservation 25: 87-96.

Wang, Q. (2007a). An investigation of deterioration of
archaeological iron. Studies in Conservation -52:125
134.

Wang, Q. (2007b). Effects of relative humidity on the
corrosion of iron: an experimental view. The British
Musenm Technical Research Bulletin 1: 65-73.

Wang, Q., Dove, S., Shearman, F., & Smirniou, M. (2008).


http://dx.doi.org/10.66224/kcr.8.4.52
https://journal.richt.ir/kcr/article-1-388-fa.html

[ Downloaded from journal.richt.ir on 2026-07-04 ]

[ DOI: 10.66224/kcr.8.4.52 ]

Chloride lons Removal and Stabilization of Archaeological Irons|Elaheh Hajjari, Mohammad Mortazavi, Keyvan Raeissi,

N Mohammad Hafezi Kahnamoei| 121

treatment outcomes. Suggestions for future research can
be made as follows:

1. The subcritical fluid method is a very effective method
and can continue until the washing and drying stage of
the object, preventing possible damage that may occur in
these stages.

2. In the treatment of composite objects with a high
chloride ion content, a combination of different materials
and methods can be used with sponges and the success
of the treatment can be examined.

3. It is important to compare different dechlorination
methods because each of them causes different cracks
and porosity in the structure of the objects. These cracks
and porosity, despite improving the treatment process,
cause oxygen consumption after treatment and affect the
stability of the object.

Finally, it can be stated that postponing treatment in
the hope of a possible improvement in the future is
not a good choice. Because corrosion never stops.
Therefore, one should always try to examine the existing
gaps, considering the studies conducted in the field of
dechlorination of ancient irons, and eliminate them as
much as possible, so that ultimately it can cause greater
stability of archaeological iron objects.
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various dechlorination methods, each with their own
advantages and limitations. However, despite the many
advances made in this type of treatment since the second
half of the 20th century, there are still differing- and
even contradictory- opinions regarding the effectiveness
of each method, its effect on corrosion layers, and the
appropriate treatment time and method for each object.
Considering the aforementioned, a critical review of the
studies and current methods is necessary to facilitate
the application and optimization of the dechlorination
methods and the promotion of conservation solutions.
Accordingly, this review aims to provide a detailed and
critical analysis of existing data on various methods of
chloride ions removal or stabilization treatments used in
order to prevent further corrosion and deterioration of
archaeological iron artefacts. It also considered various
related aspects of conservation treatments and different
characteristics which can affect the efficiency of the
process. Finally, the review also discusses the advantages,
limitations and deleterious effects of the methods.

Research Methodology

This study is based on a review ofpapers published
between 1977 and 2024 available in reputable scientific
databases. A comprehensive selection and examination
of related papers was conducted. Various methods of
chloride ions removal have been extracted and classified
according to the materials and principal mechanisms
involved in the process. The advantages, limitations
and consequences of each method have been critically
examined.

Results and Discussion

Minimizing iron corrosion after excavation and removing
chlorides has been a particular concern for conservators.
Consequently, scholars are continually seeking to address
this challenge through different dechlorination methods.
The evolution of these methods has been directed
towards innovation or performance improvement, and
to a large extent, the techniques employed have become
increasingly novel and efficient. Different methods of
chloride ions removal and stabilization of archaeological
iron artefacts can be summarized as follows:

(i) Electrochemical techniques (Coelho et al, 2014,
Ahmed, 2011; Cuvillier et al, 2023),

(i) Immersion in alkaline aqueous solutions (Selwyn &
Argyropoulos, 2005; Pienimiki, 2022; Russo et al, 2023),
(iti) Application of subcritical fluids (Ndsinen et al, 2013;
Drews et al, 2014),

(iv) Hydrogen plasma (Schmidt-Ott, 2004; Krcma et al,
2007),

(v) Biological treatment using bacteria (Jemes et al, 2021;
Cuvillier et al, 2022),

(vi) Reburial of objects in the soil (Gonzalez & Salvato,
2019; Matthiesen et al, 2022)

A review of the literature showed that, regardless of
the method of chloride ions removal, many influential
factors such as:

1. Storage conditions before treatment (Kergourlay et al,
2010; Guilminot et al, 2012),

2. Cleaning of objects before dechlorination (Andersen,
20006; Pienimiki, 2023),

3. Drying the objects between treatments (Watkinson &
Lewis, 2005b; Pienimiki, 2023),

4. Aerated and deaerated treatment environments and
evolution of corrosion layers (Kergoutlay et al, 2018),

5. Dechlorination temperature (Schmidt-Ott & Oswald,
2006; Kergourlay et al, 2010),

6. Physical stability of the corrosion layers (Parra et al,
2017),

7. Relationship between the elements constituting the
object and dechlorination (Nordgren, 2017),

8. Washing and drying steps after dechlorination
and its effect on the formation of different layers
(Ahmed, 2011; Nordgren, 2016; Kergourlay et al,
2018) have also been studied, and the disadvantages
and advantages of these methods have been identified
to a certain extent. Also, studies conducted on the
dechlorination of large, composite, and immovable
objects, their treatment methods (Siova et al, 2023; Batis
et al, 2014), and determining the amount of chloride
residue in the objects after treatment, with respect to
dissolved oxygen consumption, have been reviewed
(Nordgren, 2017; Rimmer et al, 2013). It was revealed
that all current methods have side effects, and none
guarantee the complete stability of the object. Subcritical
treatment, however, has demonstrated high efficiency in
dechlorination of historical iron objects, although this
method still requires further investigation and is not
suitable for large or composite objects.

Conclusion

Despite the considerable research conducted to date,
an ideal solution for the treatment and conservation
of historical irons after excavation-one that effectively
address the problem of corrosion caused by chloride
compounds in these artefacts- has not yet been achieved.
As a result, further studies are needed to improve existing
methods or to develop new methods for chloride ions
removal and stabilization. Dechlorination is most
effective when all relevant factors can be considered
together, ideally leading to the complete conversion of
active corrosion products into stable ones. Furthermore,
considering the aforementioned, the use of different
materials and methods in dechlorination, despite their
advantages and practical implications, has contributed
to the ongoing improvement and advancement of the
field. Further research could focus on the application
of new materials or on combining existing materials
and methods with other influential factors to enhance
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The inherent
archaeological iron objects is due
to contaminated with chloride

instability  of

ions from the burial environment,
as well as being exposed to
oxygen and high relative humidity.
Therefore, the
chloride ions and the stabilization

removal  of

of active corrosion are essential

steps  to  prevent  further
deterioration and to preserve
these  artefacts. ~ Numerous

scholars have investigated various
methods for the dechlorination
of archaeological irons. However,
the complexity of the corrosion
mechanisms, the varying condition
under which artefacts were buried,
the specific characteristic of each
object, and the ethical principles
of conservation and restoration
confront conservation scientists
with significant challenges. As a
result, from the earliest research in
this field to the present day, studies
in the subjects are still ongoing. A
meticulous review of the literature
can lead to a better understanding
of existing research findings and
help identify aspects that more
research is needed. The aim of
this paper is to review, critique
and examine each of the different
chlorination methods, while also
discussing their disadvantages and
limitations. This review discuses
different methods of chloride
ions removal and stabilization

of archaeological iron artefacts,
including
techniques, immersion in alkaline

electrochemical

aqueous solutions, application
of subcritical fluids, hydrogen
plasma, and biological treatment
using bacteria. In addition, factors
affecting the process before,
during, and after dechlorination,
as well as the specific challenges
of treating large and composite
objects are examined. Finally,
by reviewing and comparing the
studies conducted in this paper,
it was found that there are still
gaps in this regard, the analysis
of which will ultimately lead to
the application and optimization
of appropriate
methods tailored to the specific

dechlorination

characteristics of each object and
its conservation conditions.

Keywords: Archaeological iron,
Chloride, Corrosion, Dechlorina-
tion, Conservation treatment

Introduction

The instability of
archaeological objects is primarily
due to the presence of chloride
ions during burial which lead
to corrosion in the presence of
oxygen and high relative humidity
after excavation (Jemes etal, 2021).

ferrous

The predominant response to this
problem is to reduce the chloride

content as much as possible using
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