[ Downloaded from ijhe.tums.ac.ir on 2026-06-24 |

ﬂ}kwduw‘hﬁm‘gu»@ i
Ol las bl ake pen! sz Al

FATE T8 lomis VAT 5l oy ol co2in o5

(PAC-Fe°/AQ)s 5 / o pal-dlad o S ebline CuiaelS SU oL s, g e
ol daee 1 Bl s

Hﬁd)’éi ‘)& s;dzﬁu ri:ﬁ ﬁd)&l«‘) CJ‘:“‘;‘JJ Afddv‘ QL..?‘ f‘_;j.;)\s &L}) m") gvd)bﬁu du\.@.ﬂ “6.\3_955 &3\.3

A/ AIYA: b A/ /Y4 sl s

oS>

o 3 o W5 (S5l 5 3leen s (IS, (gllepx mle b 3l a8 Sl ool sls sla e VT I S S iue 5 e
el S50 5 O Bl S onbie g5 Gl eslinad gycnl Sl s e ad 5 sl ST (Sl o s e 4 3555
Gl s 51 o Gl s (PAC-FEVAR) o 5/ jio pal-dlad o S bliie o isnlS 56 LS L5l 5 s andllas cpl 51 s
RGSOH Iy

S G302 AT OBLE Gl o5 b s 5 Ao ol 4 b B 53 el bls sl sl (rs 5l aallas cnl 3 1 B
CLcasS L o3l (Sirs s S eslinal i pal S3 SL (55 08 0L () 55 YU (los ol jan e LY 51 oslinl b
S b ol Calis gl ke 5 Les O pen a3 eled Oley PH Ol is 56 e .28 8 513 5UT s, 5 XRD , TEM SEM
A el e STy S 5 p Sl LS (Sl g 5 s Oley 2 5580 S

L lp PH Ll Vo MG e o3 ptoen s (g Ja3 gl 5 ol a3 JK3 xS (gl L sols PAC-FeVAZ s o 0l =l aasly
Llyy sy el s a3 Gl gl ag Lol 3 Ol 4 50 ) /L 3l Olsee 5 Yoo TP e 5es A TN ls Oles F
s ad s R™>10/850) WV Jua b oo 5 0 PACFEY/AZ (5, 5 16 G gl 3 o sl el oS 5l 0L S 5 05532
Al Saes RT> 107850 ) 55

sandls J8 G 55 (g 5w dar QUL AV DLkl S Lo sE 5 e pal Lol ool Cdle g Jul )3 1g 8wt
S5h o G3laldr Jsloe 4 50d 5l L gl b g Ssle 4y eblian Cool s &

bl (65l ablie o3 50lS 5L b op S o dan Sl (b galdS 0851

Ol Slpal gy oaSiils ol (s (S ke olSaSls (e Stllgs (5553 (5 eiils )

Olplen op Boto g Sy pole ol wrdlig sdSCils Jhakial dase Sligy (6555 -Y

Olpl 0l Ol nl (S p ke ol cidltgy 0aSils Sl w5 Jaoms Ol os (5285 =Y

ali_azari6 7@yahoo.com Ol gl <05 bl s 0K Ol Kby ol oKL s Sidllgs (5 555 (5 il (U s oy ) ¥
Ol 018 D (S ke o8 (g as 0S50 (S0 M i 8 0 Sl (ol (ot (552 -0

Ol g5 S ol e 5 ol oy oS S HSE fsn e ddases ciliy el olis 8 -


https://ijhe.tums.ac.ir/article-1-5118-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-24 |

o Al B SE R (Sl Y e W 5 pde 5 s
03,5 My 3,08 J8 Sl s la s e Sl e elae
A S R ple O3l 0SU sk ks (Pl
e ML odd oS85 (IS b S WS
oxlizal 3550 Jb Gl 53000 Q) b op S 5 ey S

Llas $ 513
5 Jb b e o PAC) (6555 I S o o) 3
S olS s Gl o b Ol e Sl i YU s
3heslaal sl i OVl a8 5 13 a8 54
o el sl U ple s s O3l 5 OByl
Sl e 4 5 Sy 53 D508 slel 5 ol
Gobullor S s g (sl bl DL
Sl S S e e G055 S0l J p S
ebline Lol sl sk opl Gl e 5 Ol ool
OYAY) ol byl by 40 0F (3laldr 5 dlad o S s
035 bl gl io sl )3 $U Sl andllas opl o3
o plonil Dl ol ol o eslizad Jlab S
oS & Oy Oley opdime 3 (Soks L3S stalin
@b ot anlllae 550 OB gl 1) (Csbe OLe])
G 3 33l 4o 3 45 s e ol pl 48 Wil 5l s
Sl eslizad b oodd e Guios ol 53 ool 0l LT
Oloy dijls il 4 o5 ol Wl LUl aS
Sy esls als bl Dbl a4 Odewy @l 1y el
s Mossa Hosseini ; ,iKas 5 Zhao L Sliiss
S LBl S padge opl @ oo Sldlas s 0K
o523Vl Aile YU bt ol 5 oo 5L L 31508 51 eslina
Ol obekly bl s edle (B=v/A) o8 5 (B=1/aAY)
Lol b (bl 5 0D pleard Ly W & sl 5l
5 LLO0NE) S o Wl O3l a3 B ol
G (Jl S sleslanal b bL 1 s sl sl oSl
Ol (3l glaie a4y b S 3l Gl 0l Sl
ssbie ol el O Gl e il O3l ol
Caols sbul jskie o NZVD) s ol ol)s 4L
35 Ol iluldr Jegnd 5 oo s Jld (S 53 bline

A

e 936 15 3! g s

PPRVY

olasl ol Sl 5 5 (5 s el 0558 55, e 5
@l 0 VT Ll 5 g e ol gls Jl 3 s
Ol oodls 0T HLOL S Il aS 0l Jases 53 dlises
ol sy BB b 4 s e 50l Dl g s
i ST (g S gla ot VT3 S OT S 5
PN I LTy ST TV B - PYREWS S
Sl 5 g 03 28 psb w3 (V) il S5 eslid
3l (Sl sl (s L gl s 5l ol s
o 53 3 s 8 IS 0 1S e 3 ealind 3 g L el Ly
oS unilan slse (Silugols o dla S0l 3 m
Slprr 5 AL Sl s S e (o 55
e sla T e (S 1ML, S o 513 eslizl 5 50
S G oS 5k Sl SUS 5 L s s
s Oludl o35l 48 0050 Jams C s OO 1 S
S SLS 5 sl sle Sl O )kas 500, 0T L
Sledo 5 Vb Conw (o5 S5slsm Sk w2 Jdo &
e oLl gl 1 s oSCie e SV b O30S
sl cble s ol S 5l (F)aglel e sl st‘ 3
ol s gl s 5 orb A5 o /O UG/L I S
sl Sles )T VU s s 40 ()L 5 e sl
G e CBli= Olajle (L3 DS 5 5 (glanean o
Jle 53 (WHO) Sl cilig olesl 5 (USEPA) (S, i
Slast 515 L ol edo¥VT WS 3 1) LS 5 cpl Yeug
Jo Bl Ol ke ks (OF)Lles sod (hiail VL
Sla (255 05SE 225 o i ($)32 (S0l Sloes  ,
o Pl Lo 5 | sl (S5 55 sla Jras ile iliss
5SS S sl QA ¢ gl O el
O a Jb LA Sslie Bl 6l plead s S sla 2
V)l as,

sladal B o) Y ey pa oo calee Dl La s, (nl ST
load gl sladul B 55) b Sllly (o585
whal Lol Bl S adal o w 5L d(plends S
ol gl Jl s dzes sl b o aNT WU 5 5 Lol

OLily 5 Comly (6515 o el 4o oLl eslizal s

1Pl (ogan 0 e (oian 0593 %ﬁ 8 » % ﬂ_l/

Ulpl bazo Cublags ole ol Glidg fu ol swlibiad


https://ijhe.tums.ac.ir/article-1-5118-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-24 |

Ol g 5,3 e

(PACFIAG) o )i 5 io (ol Lo ool a1 S 5
i S 6oy 2 AZ DUl 5 Lol b cujplS Ul
08 ol sl s ol By s o S) ebliin
54 ag ol s (/) MAGNO) 53, U I
Blol 0,8 Jglous a0l wblias b 0 S50 s
S Yo rpm b Sk, ¥ M S 5 s S
M Jyowe VoL 0T a6 ol s .0z esls Sl 3 A °Cgles

5,8 bl 5 S5S15 B as wlsl v NaBH,

YAgNo_+ YFe'>YAg + Fe (No ), )

O S o Ll b ol A5 S5 plS g o
e abws 4 Aol 5 o o T loes 51 eblias
W 45 gad s o 03l gl 4581 (6 uT 6L
53 s St 05555 58 Ol cou Y e o sus
o D3 a5 S50 Dl s S adlllas
oslaiul L' ol J:.«M Qb) _3;\; Jg..u E) A)".U‘ W 9 ol
Scaning Electron) _i,, S50 oSy S
CsSs S 5 SYFec Mvyres) Jus (Microscopy
(Transmission Electron Microscopy) Sl g,
Sy s S 13 T s, 4 (PHILIPS, EM .« KV) Ju
P sl 4 bge WSO aril (ST S s
)b}b))ﬁ;&jﬂ&?d)bb)}«é}&‘k}ﬁ“
Jas (X-ray Diffraction) .Sl axsl 2l 5 oKws 5l 0

A3 eslazwl (Yo v vQuantachrome, NOVA)

C.-C v
Adsorbtion(%) = M (")

o 4 anllas ol 1 gl s 53 o Sl
05SU S dae bl s ARl alde 53
adlian 3530 (5o 2ol 5 plonil 4in s Jame 53 Ol 3
vﬁuﬂuou;tl@\‘);pH Jols ol sl 3 b s
Slod (s 0 53 3l e (e O 53 Ojen 93 cmhau
S s w7y b el Clle 5 il F s sl

oY)
%ﬁ Jﬁp 1PAP joly g 0l (ol 0,93

Ulpl bazo Cublsgy ole ozl Gudg fu ole owliad

CaiaelS SU kb 5 oder il 3w e Gl e, E O
Lol S ‘p.?jﬁl aslsl ys .03 eslizal PAC-Fe?/Ag
u.\;— 9 u)l:— clle cOLA)' ‘pH LgLau:SLA ﬂSU 9 u.k:—

Mf)fu.x}&\)tséj)fu.}ja.b).&

L re, g slse

OV Sy oz ol adllas ol 5 eslital 3,40 3l
e (PAC) (g5, Js s (FeSO WHO)
Sk S ad (CHO) ks (NaBH) oy 008 e 5
i ol (NaOH) isyum wan HCD
wg oW Merck s 5 5l T oJS S o35 (AGNO)
L Ll 51 Jghows 51 3lr bl (g3luldr gl i
UV-Visible (g e g5 oSl 510 eslind VY Ty
b ellel slac bl s (gl (VEe CECECIL)Js
« (HACH-HQ-USA)Js o PH 5, 5L 501 St 5l 5
PH (B 5 Lot s o iJslome slos ol 6l 5
Setr Jolome (g3luoslel g s 5 esliad ba Jslos
N ealital b s 5 5 a5 (S gal) 5ale  gloms il 5
Slon 2 Snml IS e s gl 5 3590 glas3; O
g (-Phenols-Doov+) s s lukul 3 eds S5 i,
S o35 5 Sl o Ao s 4 i e ileily sl lals s
(OVP)BAE JlARe s O MM - 5 S5k o

oA b odd pblite b o S5z gl asdllas cnl 5o
Il sk ol sl ol oslanad S B SR ) e
Jus p SOZ walV olewy 3Y M Jylos Voo mL
Aol 3 sl 58 Cou Y MIN S 4 5 LS| (53 5
W@\\mLW.JJﬁC)B@wﬁzﬁyb}rS\b
Oyer j3 Y min & .. Jsloes 5 5 S Lol J s <+HCl
Ol 53 Jsloen Ole3 cpl 51 g b 033 EARRRY 2UPTERN
Gl alg Lo s Sast A OC gl 55 5 s esls Ll 3
Y M sl Ve i pal 4y 28 B 53 ooal JolS L
ods Sis Jlb oS 4 (A °C) Les e s NaBH,
old K b o S STy 0ds bS5 e A LS
Aol pind Jade OF 5 0l Lo i i o2l L
s e 0L 1y By ol 53 e plnil (2ST5 ) sl
YFG”+BH\°‘+HYO$YFG'+BO"+\‘H* )


https://ijhe.tums.ac.ir/article-1-5118-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-24 |

ole Chale oy ey oS o 5 ode Slaptenw
Aol Sl @ O3 S b b 5 el Sl
o5 Sl oder ol gle 5l OWolee 5 s Je
o pl Gl b pr 03 S 4 D3 (e ol
2555 g o Jolsi o 5550 sl ke 51 ol aalllas o
o gl seSY p Sl e A sl s 5
3P L ekt o aale ((8an) 5 5 ey S
dslae &S J>= ool O3 (5, C_,Jau eled olsS
D R R N T S B I
bt SVl Lol L3l (g5 ek ol esle Kaal

O Lzea 50 Ll Sose 4 O58 sl ke

c, C, 1
—e=—ey ©
q. 4, k.4,
C:L\-"ﬁje Ubl:u
1
hg,=h kF+;h C, )

b sl s M) L, KN bk bl s
ol Jolo ckls C (/) il sy, b ol
55 edd ol b esle i 5 MG/L)eksps Ll
@K 5 g sl pslie daes (M) Jsl Obsj
Col, ot Sgos a5 sldon 5l 258 Go b 3l i 5
N 5K s 5 dslan 53 L3 e amilna C) filie )
Castles Ol et li N &S s @J.dej_é sla b 50
2ol Sl s bR (Gl oud) Sl b
SN slie Jie ol s ool (MZ/FA/ME) ™)
VB ST slie s chas ol ediasolis Sl
OF) ol a5 Ja gz 55 4 il Sl 5
oo 5t Gk S s e K sl sl

Lgd e s INC | Ll 31N, ot 15 5e5 sl
Sl sSE s e 4 (St SVolas 100 S
o 0> S o 1B eslial 3 se ISy s e

D

e 936 15 3! g s

LY wam g bl ek w28 Oldlas bl
S50 Sl Wl pmm andlls 3y50 sla Ul O3p 1SS
Loale ol Lo clinlesl adS s s AF Ll oy
5 St Sl Salg 53 5 k3 S el Ve ML s
A ol s addlles ag Ll 0 53 ol Ayl B Sl pe 5
o B s S il T Lo sl el LS
e Ol rames 5 el e O3 L S

() B pens F 5 Y Lails, )

R(%) = (%) =100 ()

(o]

s ke C /L) i sl cble C bl ol s

PAC-FE/AZ 55, 5 Jb o gl sy (g)lenigy
2 PH 36l b 5l ag ki 4 sl anlllas )
JMM‘QT%J‘M}&)JJY—QO)}JN))JAﬁUJ?
A eslizal /Y NKOH , .\ NHCI 3 pH s (s
mln (b3} JLA) GJLV DL WpH DL JAILQJ QL&) J,;JU Bare
GBS s b Ol s PH ows a3 8 s VY
.\g‘J; rl;u\ u)\? '/ag} a.\.ﬁyf 4.;.5}‘ cble Ve mg/L
ngjfeawybwb“ﬂ@u‘;b\md?f))
o3ls )\J:Q ALK rpm)\‘" ‘Y" A" O Lﬁ)}.}bjis.w
3o 33,8 Heend b e w13 bl UG s
oSl o3 5L Orem 53 5 wled 0L pH il g
Lgl.ﬁ)':j O"mg/LU&' c)jszy@)\dugwﬁ
)‘J’E ] })_}ﬁ\g/LU'/Y a.}).l?r.ﬁ)) u)l};il:?r.d
Gl o3l s kb odr dul b 5 p Les L0 bl 328 8
J'.:JC,.;L@J)J g.,ﬁjf)b:ﬁ SO J‘)}A\C'OC}Y‘O}Y" YO

b 3 e el S Ol s la g Sl ide 5l

1Pl (gan 0 e (oian 0593 %ﬁ 8 » % ﬂ_l/

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://ijhe.tums.ac.ir/article-1-5118-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-24 |

ol yKod 5 5,5 e

d, (M@ MIN)) o o33 a3 ad STy b
AP0k 5 ol Ol s il e b s S 4 5 s
A, zolis Jsl 4z o ad doles 53 &S 05 INZ/Z) m
@G o Jlssed o 5 1ol o0 w5 kK
xd\j&kvjqeﬁzwp:@):@U:wy)mt&u;
b blie ooty o s el clios 51 (20 5 30 b
g (e

s asl

AT by sl (Ql) ) ISe 108 gla (S5
5> PAC o1, 15 SEM) s, 5580 s S
b dls oSl IS5 pl s e e 0l Ve keV
(D)) JSS s cl ol osls Gislad ol o V27 Sl Sy

RGSUON PSS WP Sy 1Y Lfll.;l.w Fe°/Ag L, ol »,L-d'u U"Js b
(K—’) Lt Q‘)J) Feo/Ag Qjﬁls }_,L J}J@ sdalive

Frage s e

e3> ars and 5 ol e 4 (St ls s Sl o>
cde dul s gl Jde gl cpls 1y el oy i &S

ot Sz Ll s oslinu PAC-Fe/AG (¢, 0 b
Ol A 5V SVslas g0 0 d F s oo 5 sl a4

(V)L 55

(sl az s 4 doles

In(g. —gq,)=h g, — kit V)
fpgd s and alslee

t 1 1
~+—t

q, k,q. q. (A)

SN e o 5 4k 5K G SVsle s

CKN

SR () o3 o O3l pbliin Cowols Sled (o 5 ) PAC-FE/AZ (g1 5 SEM) s (5 S s SKen s gos 1) JS5
(5) St S, O s s Son 681 () Jao cal 3 (gl XRD) Sl anisl ST,

@
%ﬁ t%w 1P joly g 0 lods (piida 695

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

foy


https://ijhe.tums.ac.ir/article-1-5118-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-24 |

s gL PH 36 ) 5l Jol il i PH
534 LY oL s PAC-Feo/Ag Loy o Od> sl
358 o edalin S0 ol elal il s €l Y IS
¥ dsbee PH 5 Ol by 13 Gl Olekily o iy
PH Olse & ¥ PH 5l Jilosl aslsl gl opl olo o3 s
A eslizal bl

2 orled by 56 s 2 5 Jool S gy oles Lo
¥USs s ae PH o ods i O3l b g 6 Gl
S o odalin 4S5 5b Olen ol esls oL ()
R WIPY min Jsles Ol s Cd Al o iy
alsl gl dslas QLo Olge 45 4 min Obey ol by el
A5 8 ol olagbesl

sdalie (0) ¥ oolad IS5 4 a5 b i0jen agy 592
Gl Oljme 53 glala=de LB 50 O3 pes 553 45 5455
Os5ea 33 oplply 5 syl PAC-Fe®/Ag L g J
s obsl b bl aslsl gl Yoo rpm

oleadty
1

s

SR (g i cud b

e 936 115 3] g s

wa;chw))w‘_}«&ﬂgb))@)cm\ﬁﬁ%
Fe /A w133 5 sbat SEML LT all 2 Lol 55
J&&): J"“’;Jx’d Voo niIm U ¥ 03 9o 42 oJui}';'w
LS)L""U" e)>=.: EREW™ e ubb— J.MlﬂLs.a wt;— (C)\
Gl sdaline LB bt Ll SaS 4 abline
sl Kyl ol &1 (Y IS 55 OY=0-Ve 4y l5
YO/POGLIs5 53 el slowl sl Sy 5 a3 YV/T 5 0l
S b e ol 5o pam Sl g w00
S uS o dob 0T ol 1 cizes b op S ltle s
R 3 P Sl Sadise b w5 ke ol DI
Q\JJ j.:L: )U}Lﬂ ()) \ L J.;‘AJ\,.:: A.L;L:.\.J Jl}d L).)Js EE5)
Sod Jled qus S 2 IR A H Feo/Ag LSJ‘L’ 92
4 KeV 5 (TEM) Jlist s oSl O sy Koo alonss 4
CJ\)J ).vl; LY J),»i = odalie ﬁ}«.&? U’l‘ BER W axlllze
Lo 5 ol o 53 5 xS (oltle glils ol LSS

pH

I
L VW __1
Lo\ Q
)
b
~
\\ SRR EJ
~ g
\. —
T T T A

PAC-Fe/AZ by Jib Gl 253k » PH Sl is L3065 Y IS
(e m@/L s cdale /0 @/L il clale (Yoo TP 03508 595 3 Bl 0L3)

I s Sl ol b e ials AV MG 4 YO
AV Gl w4z 55 b ool by ool ol sl oLis (L) ¥
olis Ol g & PAC-FeAQ 1\ /L s ¢ o sds s

A oS ol Bl O3 e

¥

cilisee pslie 56w,y PAC-FeV/AZ g ol
Loas sbs Olid b Gl 5 s e b Ol 0 O3l
I JUREENCR S (VIR I ) PIPVIR VA 5T I PG &Y R
Gl o by sl AVa 0 5l s ) e m/L ke

1Pl (ogan 0 e (oian 0593 %ﬁ 8 » % ﬂ_l/

Ulpl bazo Cublags ole ol Gludg fu ol swlibiad


https://ijhe.tums.ac.ir/article-1-5118-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-24 |

Ol g 5,3 e

WA -
v
i

40

oleasty

i

v

4y

. Voo Yoo [ Yoo Do
(rpm) a2 538

(&)

)

(IME/Z) wie cund 1

S (g ods i s ¥,

(ids)le

(&N

PAC-Fe/AZ b 5 i3 Cdom Ol » 00 593 Ol id ,80 (O) 5 el Ole) LSG(A) ¥ s
(Yo IPIM O350 595 Vor M/L s cdale /0 /L il chale pH=Y)

03l gl e glales S e e
A adlas Voo ML CLle 5ol s 4 ang kil 2
F0C Y0 Sl les (il L oS 3l OLES sdel s 4y il
LAY 5l oder cu b5 VAP LAY Sl s Ll st

Al e a8 AP MZ/Z

Oleasty

oleadly
-1 - o v <L > o
Il

-
1 I

Voo Y. [ ¥ Qe
(e )5 (shoe) 2 o wlild
(&)

b by @l (OF S e glac kil 56
ool Gl Obeily g5, » 2wl gle clle 56
2345 Sy 5 S de K3 5l das e OLES g Lol L3 ol
Ove MLy o 5l b clle L odls V @/L sl

Ll 4Bl EalS Ve s su Gl Ol

L oY)
v Lo
A+ LYoo _s)\
v L wo ']
fe Py
iy Fve )
Y. Ly 8
. —— sy Lvo E
T T gy vis i b o
\ _

‘ . ‘ ‘
_h oD VO 3 RT

(5 Dol o

()

PAC—FGO/Ag bu g J.J RS Oy p (A—J) ol g u.\> 9 (N SX{FY e b chle A6 :\‘JSJ:
(Yoo TPM 5500 543 JpH= ¥4+ min ol Ol

@0
%ﬁ Jﬁp VPP joly g 0l (ol 0,935

Ol o il gy ole ozl ing u wale twlibad AN


https://ijhe.tums.ac.ir/article-1-5118-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-24 |

(St gla bl ol dnlowe olie ioder St
P PACFE/AZ 655 5 16 ol dol 5 (6l p 55 5 sl o
o ok et palie anglie Ll sl 1LY Jgds
Je 5 B g gl b aS 35 0 ams (ko 53 R Sacan
Sla s 557 ISGAS o S pd a0 ad (S
Sl pss s sl arps el St Js 3 4 by e o

s e 0L el andllae Ll iyl B

e 936 15 3! g s

S Jol bl sdd albu lis idr o 55!
PAC-FeVAZ (5, »» b Sl il ol sl 0535
RY) G 35 o Slioe el 03 1Y s
Syl oS el ST s sb 4 el ey
Je 5l o sl Stewen L PAC-Fe¥AQ L s s
5 (D0 Ko 55 S o s 2 5eSY oles p i)
G5 5 SV Gl p sl et sl e 55 (Q)

ol 0l 4:‘)\

PAC-Fe/AG haw g |6 Ll ayl b Joles praxl gl Jds gla )l palie sV g

A 235
Kr (mg/g(L/mg)" n R? qo (mg/g) Ki(L/mg) R?
04/4) /oY +/EV0 ARRVARS o/eY +/474

Y. 1 5

‘f -

¢ A . .

T /”/ﬁ

v ¥ .

o 10T o
= Ty
a A y=0.009x-0.142 =

14 R=0969 v ¥=0153x+4.093

. R*=0475
. \
- e oo v ¥ 5 . . ; R

C.(mgL) InCe
(<) (b
PAC—FCO/Ag .]a...‘,s J.J u.\» "“?-'Jﬁ 6‘}'.‘ (u)ﬁ}a.{‘y 9 (AN @J.\S}jﬁ 6\.‘5 fj'j}g' Jde 0 JS..’-'-
PAC—FCO/Ag ‘h.w‘,.? JJ.; g')i?' s.{:.‘&_.u 6\.&&.&& 6\.&}2”)\% ﬁéu.a : Yd}-\?
Jol ez 4 P93 433 and
q,.,(mg/g) K' (min™) R? q,.,(mg/g) K? (gmg)(min') R’ .
44/VA VAR A v/EYY \Yo/+\ v/ e +/400 AAAVA!
1Pl (gan 0 e (oian 0593 %9 c » % ﬂ!ﬁ
\id Ol sl bazo Cuiblsgs Gale ozl gy ale soliliad


https://ijhe.tums.ac.ir/article-1-5118-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-24 |

Ol 5 5,3 e

¥=0.008x+0.198
R2=0965 *

t/q;

Y. e i Ae

time (min)
(&)

/i .
54 y=-0.027%+4 603
¢ . Re=0427
¢
- 3 .
T
27
o
=
\E ¢
\ -
T T T T T 1
\ ki ¥ f. & 5 ¥
time (min)
(N

) 33 425 and 5 () Ul amys b 5 e 1 (sl Juo IS5

e L s ol Gl Jes ol WSe PH> 2 sl s
Sl Esl &S sps e ie (PAC-Fe9/AQ) sl
OLea 5 Saeedi axdlas s ai dalyr il s Ol
oS SaS waa Ol 1 b Dl s Ol L OTAY)
Vo YOI PH 2l b 58 5 pbl oy 8 5 Jled
Yae PH 5 ol sl 2als 7V Ol &0 G Oleil
03 Slpen ol addlas b b oS (ol ol 2158
(V)

Gl Oleily e Obes G s ) ol il
(¥ ) WY B Sl o3b s PAC-Fe®/Ag s
Sl gl P MINQLG s b Gl Ce s S s LIS
.x;\jsda.u))w\w.w\auﬁ@)xgﬁ;ﬁ@ﬂ
Gl 5> O3l i 53 35 5o Jlad SlaelKlr 5L 5 sl
D3l e S5 o e I L w45 03 g Al B
b oSl ol Oloy 308 L CSlim g Ll bl o ol 3l
Sla g o ) andls (55,5 O Cilaze 5 ks Jlal
S 345 e bl BUlk) L 5 sl 56 53 3 Sl
ol &l v (Vo) sl o Ol Al JalS 4
il a3 & das e OLiS ramen (D) Y S s
Gl LB s 4y MIN 3l de sl Ol s
Cud b odd elS 51 LAl S Il sl 4zl
sl Oley plol cpl il o35 PAC-FeV/Ag Ll
A an S L s 4 MIN i anles Sl Al b gl

oY)
%ﬁ Jﬁp VPP joly g 0l (ol 0,93

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

&

Eou
Sl 53U s b 5l &S cd e la,ssU oI pH
OW)3,108 o 36 Codor AT 5 55 ol dace LU 5 oY
Dlekil; 4 4 ¥ SIPH 5 L das o 0L il o il
Al o el 1Y AY 51 PAC-Fe¥/Ag Ly b i
AL PH 55 Colr by b ol 0Ll Jila
houl spH s sl cws ¥ Ll PH s 0T Sl
25 8 s BB sl 0 M R s «
PAC-Fe°/Ag gl il 1y il mha 4 0SB
S ol Gk Sl plple Al el ke 5L bl
Slad 5 50) e pd Clor 5 3l (Sbal s S a3l
PH 5 Ll ol o SRl Sl assl (3 e DL L
OH slol slad g 5 e b sy cho o U5 gl
S O Cdlaze 50l e 5L sl ls PAC-Fe?/Ag claw
Ghls ls 52 o8 b sls JsS050 5 O3l (glandls
oS Bl Ol Llg 5 55l e sl s 2 L

3l dal
Olekly o zie (Y400) Ol,Kea 5 Mosaferi giss s
o ¥ Jslee pH s i ol DS b g kb Gl
OA) s sdalie 0 ML |6 gl clale 55780 Ol
ol s £ addllas ol 53 (ZPC) Jas L Lty (ueos
PHSS )3 g3 5ualS 50 ebans JL w48 das o OLES o

Lol bl e W) i Gl a03L O o ge 0 5 0350 e


https://ijhe.tums.ac.ir/article-1-5118-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-24 |

sl e 5L S 555 e e (OIF S5 Gl
L g stV opl Gl doys O ML w00 Sl
oLkl [ials .l e 2alS /Y« av 5 PAC-Fe%/Ag
Slas 03 Sl 3l 8L Wl e 3 cdale il L G
slas aalssl ol 5s O3l chw Sy i s oKL
o cble il e ol 68 4 sl o sls IS5
5 4Bl el il s BB el 4 J e
(YATA) Al o 28l 35 Gl Oletl Lalaze

o ka8 Sl il s il lales S
£ Gl Obely 2l o Loz 5050 oS sls OLES o
Loy il b Gl Olaily 2alS ol ot 1AV F/F 0o
dolp S PAC-FEAS (o5; 5 o ol das e 0L
Sldlas 53 30 s sl sl o35 (15l S) S 5555
P S RN e
(D)l S o 5Ll Sl o S 5 sty ol

S35 2 b ot N1 o Sl ol 3 a0 by e Dlalllas s
Lo gla el nslie 5 e slap sl el s 3L
Ll o)l pan oS 035 Al b (slaslns o2 ege 51 LT
oS 4 s edalia ) Jpdr 3 S 13 e
S e RI>0/858) 5508V i 4 Ly e (Sas
035 (R™> 0 /¥V0) wd s 3 ke (sl OF sokel s 4y 1ds
e L, e e Gl 2 seSY de 5y ol 5ol
e s bzl dsls - s PAC-Fe9AG L s L
Jd (sl ool 55 45 AS o Oly o ool 235 0
O o 5o ¢l Y S 5 S5 Ol (655
ol Gl jpalia (YF) ol ool 5 Ko IS 4 Jib (sls
o lor o8B Sl oS as e DL e Y i
M/ L oy 5N Jdo glue » PACFUAZ o,
b b ST o es s Sacedi .l oas ol V1Y
s s ebl ey Sl S B S ol
S s S ELIS F/P0 MG NY/EY VYl s S
FoS Sl Bl Gaie 3 ool 3550 O3 L anylie s
PAC- L5508 50 o5 das o ol fose opl Aies
Sacedi i s andlhs 5,50 slasls 4 s FEVAG
) el a5 6,5V LIS 51 obKen

oA

e 936 15 3! g s

S O cde Ol cp i Yoy L s 0L Kes 5 YU
I, CUO-ZNO-La O U eus arg Jad o S b s |
cle (V) WS 518 g PH 5 5 v min s
Sl 5l eslial 4 YU Guss s dols Ol 030 e
Sl e 4 S a8 008 e e s S Y
sskie 4 ol adlae js &S Sse 50 Lob (oL
el ol eslizal o85BS 5l L b aysa JhalS
S e Ol Oel e 0L Kes 5 MIBOC aallas
£oMIN 3 oS sls 0L 55 ol AST s » ol Jases
el dslw abais s s s e S 2l gl
Ml (YY) Jool= V20 MIN Jslas Slej 5 ol 635
sl s ol s 4 cd (S dals s Oles o
algl gl ble 53 Ssli b s 55 5UIS 5l eslinal s L3l
o esle sl Chle LIEIL 5 Al sk st odr sl
Gl oS el b S ol 4 Oy Olej el g
o lipd Sl osle sla J S50 5,55 1 LS sl ke
deesl ol Oley 4 Oy Ll 5 0l oS Bl e
(TF)s 5 dalpt ales il il

L O I SO g o
gose o) Sl b Gl L g5, » PAC-Fe?/Ag
A3k dr polie ga) o3l chle Ll S
E}.-ZWW‘ ol a2l Cike 5 e 8l L 54 Gl
Ll dsb 5 il e s Jlb GlaelKolr o
Chle I Rl s 3 odr Dl 1alS s 2l
ol sl gle O il a8 Jl s ol 034 L3l
Sl IsSse (s Rl L 5 O3l o 655 1 J3
kol 3wl o 53 3 g ge Jlab el w3
ol chale pslie Al Llie js Gl el 2l
G o b et NT Ol andllas s Oliies le (Y0) ol
5Pl S b aS s S 1S s D3l gl
S e 23l pslie JLIBIL O Gl ansl roes
3l Gl Sl anlllas i oS ol e Sl 5 Rals
oslizal oy 53 Y200 Jle s OLKen s Mall (Yv.ys)
3l sl DS ol 0 L aS LBl (g5, b o S
V) Wb o mal 317 v VO 31 s Gd ol

1Pl (gan 0 e (oian 0593 %ﬁ 8 » / ﬂ_l/

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://ijhe.tums.ac.ir/article-1-5118-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-24 |

Ol 5 5,3 e

@ o L;T sla oa VT Gis s Llg o ane il S coo
wa63})&)%”1&}@(#\)5}}_9&&051)

3,8 Dy wen opl 5o (i

Sk 5 S

5Ol O S psle oA ol Sl Shasy,
oy o Sl sdony plil 4 (6 sgor Sl 51U Sl
5> OLisdsbes sk 4y ) S ST 5l sl DS s 5
iz s 1 S5 JWS g ool plas

oY)
%ﬁ Jﬁp VPP joly g 0l (ol 0,93

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

feq

g o (S glmll Sl el cs 4 ol
polie &S das e 0lis (Y Jsa) PAC-Fe/Ag Lo s
w3 et (St dde 53 (G ) A 2B Sl
(AA/VAMZ/Z) Il a5 & Comed (VYO/+) MZ/Z) 055
Slalsl 5l Jolb Gl e b Loty S
Jdlo g3 aslie 53 oman 35 (qckcxp=\\’\/\ mg/g)
Jde 48 355 0 edalin O S5 b Sl 1 (S
03la b (g i Glan 5 (Stas £33 0 0 St
Ol b5 (pl ol anils Sliglesl 5l Jol o sla
PAC-FEUAZ (o5, » Jo ol )3 ki, 8 aS
SolE 5 LS S pod s ad (S J
Lol b oSS Al o pliand o o Aas e OLES S0
8 UK s ekd wl) sl ows (M)l 63 g G
a3 aed (St Jdo b 2 sls e3ls GV (S
J,u)f_)'l J..Al;— sl osls Oldds ,lu .L..Sd» LUy £
5 5 L Sl ) 20 UM S 5 ol
£33 4 and (St ddho b sl | e g 5l el a8

LTIV Lles S iyl S

& S o
Slp s o 5 o oal D3 U5 sl Guies )
Sog b n S 5 65 5 blae ool Wl
sl gl 5l s Gl s OF el 5 a2 ool
Al cpl sl Ol ol il 38 1S e 30
o S1s 5 s g e Sl Bl gL T L ) PH
5prsn) adlas ol sty Jolas 4 40 MIN Gy s
Saop JB e o 0l Ol ol b S
o33 3 acd St 5 5 508V p 5531 51 PAC-Fe?/Ag
sl S il W 4 PACEUAZ a5 o 65
immen 5 Ol G Sl ()55 Lonls Sl
O gaml ks e SN5b 5 a5 gls s, SO pe
G A5 gl e lame 51 OT 3l 55 §a Sla
S 5 O ks (5 Ll el 3l S Ol s
JS TAV Gl asil w4 oax g bocnlply 538 eslind
O3l opl 5l eslinal S 553 s 4w PAC-FeV/AZ Lo


https://ijhe.tums.ac.ir/article-1-5118-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-24 |

cb.a

I-RoxanaElenaA,CezarC,CarmenT. Studiesregarding
Phenol and 4-chlorophenol sorption by surfactant
modified zeolites. Environmental Engineering and
Management Journal. 2009;8(4):651-56.

2- Kumar Nadavala S, Munagapati Venkata S,

Reddy Alla S, Krishnaiah A. Biosorption of

phenolic compounds from aqueous solutions onto

chitosanabrus precatorius blended beads. Journal
of Chemical Technology and Biotechnology.
2009;84(8):972-81.

Rubin E, Pilar R, Herrero R, E Manuel, Vicente S.

Biosorption of phenolic compounds by the brown

alga Sargassum muticum. Journal of Chemical

Technology and Biotechnology. Journal of Chemical

Technology and Biotechnology. 2006;81(10):93-

109.

4- Navarro AE, Rosario F, Maria R, Bertha P. Effect

of pH on phenol biosorption by marine seaweeds.

Journal of Hazardous Materials. 2008;15(6):405-11.

Senturka HB, Ozdesa D, Gundogdua A, Durana

C, Soylak M. Removal of phenol from aqueous

solutions by adsorption onto organomodified

Tirebolu bentonite: Equilibrium, kinetic and

thermodynamic study. Journal of Hazardous

Materials. 2009;17(2):353-62.

6- Bayramoglu G, Gursel I, Tunali Y, Arica MY.
Biosorption of phenol and 2-chlorophenol by
Funaliatrogii pellets. Bioresource Technology.
2009;100(10):2685-91.

7- Kermani M, Pourmoghaddas H, Bina B, Khazaei Z.
Removal of phenol from aqueous solutions by Rice
bran ash and activated carbon. Pakistan Journal of
Biological Sciences. 2006;9(10):1905-10.

8- Banat F, Al-Bashir B, Al-Asheh S, Hayajneh O.
Adsorption of phenol by bentonite. Environmental
Pollution. 2000;107(3):380-91.

9- Liu F, Guo Z, Zheng S, Xu Z. Adsorption of tannic
acid and phenol on mesoporous carbon activated by
CO,. Chemical Engineering Journal. 2012;183(2):44-
52.

10- Aksu Z, Yener J. A comparative adsorption/
biosorption study of mono-chlorinated phenols
onto various sorbents. Waste Management.
2001;21(8):695-702.

11- Shen Y-H. Removal of phenol from water by
adsorption—flocculation  using organobentonite.
Water Research. 2005;36(5):1107-14.

12- Velizarov S, Crespo J, Reis M. Removal of inorganic
anions from drinking water supplies by membrane
bio/processes, Reviews in Environmental Science &
Bio/Technology. 2004;3(3)61-80.

[08)
1

(9]
I

A\AK

e 936 15 3! g s

13- Kakavandi B, Esrafili A, Mohseni-Bandpi A, Jonidi
JA, Rezaei KR. Magnetic Fe304@C nanoparticles
as adsorbents for removal of amoxicillin from
aqueous solution. Water Science & Technology.
2013;69(1):147-55.

14- Zhao D, He F. Preparation and characterization
of a new class of starch-stabilized bimetallic
nanoparticles for degradation of chlorinated
hydrocarbons in water. Environmental Science &
Technology. 2005;39(9):3314-20

15- Mossa Hosseini S, Ataie-Ashtiani B, Kholghi M.
Nitrate reduction by nano-Fe/Cu particles in packed
column. Desalination. 2011;276(1):214-21.

16- APHA, AWWA, WEF. Standard Methods for
the Examination of Water and Wastewater. 21st
ed. Washington DC: American Public Health
Association; 2005.

17- Mall 1D, Srivastava VC, Agarwal NK, Mishra IM.
Adsorptive removal of malachite green dye from
aqueous solution by bagasse fly ash and activated
carbon-kinetic study and equilibrium isotherm
analyses. Colloids and Surfaces A: Physicochemical
and Engineering Aspects. 2005;264(1):17-28.

18- Mosaferi M, Mesdaghinia AR. Removal of phenol
from drinking water using modified actived alumina.
Water & Wastewater. 2005;55(7):2-14 (in Persian).

19- Saeidi M, Pajoheshfar P. Adsorption of phenol
from contaminated water using activated carbon
and carbon-skinned almonds and walnuts. Journal
of Environmental Science and Technology.
2009;10(4):11-19 (in Persian).

20- Cheng Z, Tan ALK, Tao Y, Shan D, Ting KE,
Yin XJ. Synthesis and Characterization of
Iron Oxide Nanoparticles and Applications in
the Removal of Heavy Metals from Industrial
Wastewater. International Journal of Photoenergy.
2012;20(12):18-28.

21- Yu, Q, Yi H, Tang X, Ning P, Yang L. Study of
pH adsorption and regeneration over CuO-ZnO-
La,O/activated carbon adsorbents. Power and
Energy Engineering Conference (APPEEC); 2010;
Chengdu.

22- Mihoc G, Ianos R, Pacurariu C, Lazau 1.
Combustion synthesis of some iron oxides used as
adsorbents for phenol and p-chlorophenol removal
from wastewater. Journal of Thermal Analysis and
Calorimetry. 2013;112(1):391-97.

23- Oztiirk N, Bektas TEL Nitrate removal from aqueous
solution by adsorption onto various materials. Journal
of Hazardous Materials. 2004;112(1):155-62.

24- Teker M, imamoglu M, Saltabas O. Adsorption
of copper and cadmium lons by activated carbon
from rice hulls. Turkish Journal of Chemistry.

1Pl (gan 0 e (oian 0593 %ﬁ 8 » % ﬂ_l/

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://ijhe.tums.ac.ir/article-1-5118-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-24 |

Ol 5 5,3 e

1999;23(2):185-92.

25- Rao MM, Ramana D, Seshaiah K, Wang M, Chien
S. Removal of some metal ions by activated carbon
prepared from Phaseolus aureus hulls. Journal of
Hazardous Materials. 2009;166(2):1006-13.

26- Kakavandi B, Kalantary RR, Esrafily A, Jafari
AlJ, Azari A. Isotherm, kinetic and thermodynamic
of Reactive Blue 5 (RBS5) dye adsorption using
Fe,O, nanoparticles and activated carbon magnetic
composite. Journal of Color Science & Technology.
2013;7(3):237-48 (in Persian).

27- Kakavandi B, Kalantary RR, Farzadkia M, Mahvi
AH, Esrafili A, Azari A, et al. Enhanced chromium
(VD) removal using activated carbon modified by
zero valent iron and silver bimetallic nanoparticles.
Journal of Environmental Health Science and
Engineering. 2014;12(1):115.

28- Khodabakhshi A, Amin M, Mozaffari M. Synthesis
of magnetite nanoparticles and evaluation of its
efficiency for arsenic removal from simulated
industrial ~ wastewater.  Iranian  Journal  of
Environmental Health Science & Engineering.
2011;8(3):189-200.

29- Rahmani AR, Asgari G, Barjestech AF, Hedayati
KE, Aljjani F. Investigation of Phenol Removal
from Aqueous Solutions Using Copper-Impregnated
Pumice. Scientific Journal of Hamedan Univercity of
Medical Sciences and Health Services. 2011;2(6):11-
21 (in Persian).

30- Saeedi M, Zarei A, Bazrafshan E. Adsorption of
phenol from contaminated water by using activated
carbon and carbon-skinned almonds and walnuts.
Journal of Environmental Health Science &
Engineering. 2011;12(2):11-19.

31- Zheng H, Liu D, Zheng Y, Liang S, Liu Z.
Sorption isotherm and kinetic modeling of aniline
on Cr-bentonite. Journal of Hazardous Materials.
2009;167(1):141-47.

32- Srivastava VC, Swamy MM, Mall ID, Prasad
B, Mishra IM. Adsorptive removal of phenol by
bagasse fly ash and activated carbon: equilibrium,
kinetics and thermodynamics. Colloids and Surfaces
A: Physicochemical and Engineering Aspects.
2006;272(1):89-104.

33- Hameed B, Rahman A. Removal of phenol from
aqueous solutions by adsorption onto activated
carbon prepared from biomass material. Journal of
Hazardous Materials. 2008;160(2):576-81.

oY)
%ﬁ Jﬁp VPP joly g 0l (ol 0,93

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad


https://ijhe.tums.ac.ir/article-1-5118-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-24 |

Iran. J. Health & Environ., 2014, Vol.7 , No.3

Synthesis and efficiency evaluation of magnetic nanocomposite of
activated carbon- zero valent iron/silver (PAC-Fe°/Ag) in phenol
removal from aqueous solution

B. Kakavandi !, M. Mokhtari?, R. Rezaee Kalantari’, E. Ahmadi ¢, N. Rastkari’, M. Fatehi® , A. Azari +*

' Department of Environmental Health Engineering, School of Public Health, Ahvaz Jundishapur University of Medical Sciences,
Ahvaz, Iran.
2Department of Environmental Health, School of Public Health, Shahid Sadoughi University of Medical Sciences, Yazd,Iran.
3 Department of Environmental Health Engineering, School of Public Health, Iran University of Medical Sciences, Tehran, Iran.
4Department of Environmental Health Engineering, School of Public Health, Tehran University of Medical Sciences, Tehran, Iran.
3 Center for Air Pollution Research, Institute for Environmental Research, Tehran University of Medical Sciences, Tehran, Iran.

¢BSc of Environmental Health Engineering, HSE manager in setup and operation Company of Tesco, Tehran, Iran.

Received; 12 May 2014 Accepted; 9 August 2014

Abstract

Background and Objectives: Phenol is one of priority pollutants produced through leather, paint, resin,
and pharmaceutical industries and it can contaminate groundwater after entering to the environment. Hence,
it is necessary to use a suitable method for its removal. The aim of this study was synthesize and efficiency
evaluation of magnetic nanocomposite of activated carbon powder-zero valent iron/silver (PAC-Fe*/Ag) in
the removal of phenol from aqueous solution.

Material & Methods: Reduction method was used for converting bivalent iron to zero valent iron and co-
precipitation method for depositing of iron on activated carbon. For coating silver on nano zero valent iron,
rapid mixing at high temperature was used. The adsorbent was characterized using SEM, TEM, and XRD
techniques. Then, the impact of pH, contact time, agitation speed, temperature, adsorbent, and initial phenol
concentration were evaluated and optimized by one factor at the time method. Reaction kinetics and iso-
therms were also determined.

Results: It was found that PAC-Fe®/Ag has cubic and intertwined structure and has a diameter in the range
from 40 to 100 nm. The optimum conditions for phenol removal by PAC-Fe®/Ag were as pH=3, 90 min
contact time, 200 rpm agitating speed and adsorbent concentration equal to 1 g/l. Isotherm and kinetic equations
showed that the experimental data of phenol adsorption onto PAC-Fe®/Ag are correlated to the Langmuir
(R?>0.969) and pseudo-second order (R>>0.965) models, respectively.

Conclusion: Under optimum conditions, modified adsorbent by zero valent iron and silver with maximum
efficiency of 97% has quickly and effectively ability in removal of phenol and it can be easily separated from
the solution sample by magnet because of its magnetic properties.

Keywords: Phenol, Adsorption, Powder activated carbon, Magnetic nanocomposite, Magnetic separation
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