0.9-£90: ¢ é_)Lau.Z xVJLsu 199 ULL“.;LTKA"N ;‘ﬁ/_}g.;wwﬁg.c 4.[;.0

oSadiaan lallos 1 T slddouxo jl ogua 345 B3a )5 (MBSA)

Saolin 3903 9 039 34l

et Lo ydons e s Sl oo T 1l e Tosl SK e 0L 3 g

J\j\ g)j\j\ uum&i.}\a 3\.@}. &_:Luw.:m cglmp W}E cJ._<..i.A)}; ‘Lﬁl':“":‘:' CW Lf“‘)}i cj; )L':.Jl;ul !
‘J‘Ji\ “‘Jlj'é; ud\j\ v‘i‘;'fi rjlﬁ am‘b g.b.?u C,..J:l.,\@_: oIS ls LJG.\N s_”l:\.)\.é_: ij.w 6\]:53 LS)M‘J T
Ol 5 Dl S, ke oSl bl oSl s Sodlgy tign 03,8 LIS T
Ol les Ko g OE5T Cds o 50 (gligd o ol ¢ e 0SSl GLalzad f

Ol g g ply ol ils (ot 0,5 lisland ©

AANAYAY iob ey &L« AA/-AN] Ao il &6

(VLN

Qlj-_LéJa_,uj:_jzjﬂola:mc,.ﬁ.)ngwlamqz\jaQTl{j}JalQL@;.-AS_;mw;r@aleQ 1B3laal g 4w
Sl e 5 e oo 53 OF ey Cn3Ul 5 6olanl s e L 51 G Ol e 5 3L o K
Gl Gs cpl 3l Ol il 03 S Ll 55 w0 1y (ol a5 L5008 oK ol 5 adS Llesl asle mdlig oo slast
Al e ST/ S g /oS S galS 5L L ol (slghama 5l o s

et 33238 s gy o S e e Sl 3T/ S g /e o pualS 56 Sl anllan 3 ta gy g 50 ge
(ol Oy PH b i gla el o ad ey VSM 5 XRD SEM (gla 3 U1 51 bz L 0T (6595850 5 bl
W3S N3 ey ayse e O adsl Clale 5 Les (Bl i

it bl i Olpe 4 sedo 4z 53 80 Glos g adds A las Oleg s 1) s rﬁ-/\' o3l Olsae 0 Ll PH laasly
23S oSl 3l eded i Or o g5 0 odir e il e RS G Oleily o il R L el s
5SS sty SO el Sl 5 Salus a5 andllas S o 5 5m(RP=4/808) Y ax 55 ad Sz 5 (R? =0/4440)
AEL e (63 55 55

g@ﬂjdui bl 5 o g G 3 elio OLeily s 0 s 3l s Oledl Ol o ¢ gamme 13 16 8 4om

A3 ol e e g Gl 5 el LIS 3l Olgie 4 Ll e bl ans

&.:ALiJ}AJ: L&.:Z.:—w gr;jﬂl 0 g MBSA n).')}lu gfgla_.c \_JJ} ‘5.!....15 s

Ol el 9 pla oasls ¢ pands 09,5 ¢ Loliwl 1] ghumen o_x.‘......l,.i*
SAFEEYYAY ) :ules o leis - hrsobhi@gmail.com : Je!


mailto:dehghanifard@yahoo.com%20-

ugTGL&LP.A_}‘AH_}BJAAJA(MBSA)EMQLL_JSH/@wﬁ/ﬁéﬁaﬁuﬂ}w&ﬁb@bﬁw_)f

el
D ol s a cml Uit 55 S oS Sl
3 ombs o 5 e GBSl O3 e
dib e ciliies glaedo VT God 3 Lacdls o 53 08
‘(O—H)J,“_“S))J?a 6L_¢e_5jj éb\b ubl_>- u_.»'\ . -t
1, 0l 4S5 <l (0S03) 5 (NHy) «(-COOH) |wS 5 S
Nl es S bds K Sl gl el O3 S
Sol=b 5 e s s ey 5ol -l L
bt S5 sl L O s s SOLSG
égl_iﬂ C)LS JH{)@JL« r)}: &ALS)}LAAA{.\A’HJJ)
3 3 b SLAS L 5l b 255 (o 53 O
C;.:'.A).vb..} 440 du;ﬂ;— QL:A B .H’WC,.M: ol onleiul
g Sl VU s L3 51 s placd 5 (SO
ol s Y (Jaus Clor ool 5 S 055 0L
Tl 63,8 Ll s s U3 aodes Bl sy g
Laol cotle g 5055 YU LIS 5 5L o3l VL o
3o 5 ol coslae 51T il 3L s 5se oS glaan e
SalS el as) ol glalass ;o Lagl s s S
);.jc:l_'wég.;))}) N (;H&Lajcbﬂc,}w
g3 Jaromn 5 DLl s g LaOT L a5 o Ol st
a0l Ol 5 o oS in opl ke g 3 S o Lal Ol e
:ﬁyﬁjdj})MLaMa\JwQ@UL;uWﬁb
oMo U3 soder Slapimem b i 5L 0350 oS 5.7
0315 S 5 53 3 9o Jiasdes 4 peeblias Lol 50l
o3lizal b T gladases 511, oS 5 bl (gslulis Ol
Ly oS Glantlas 7Y S N Sl e K

Shestiul L o Gl Cgr 0L San 5

Ao Ao

(ol 4zl pe O L 55l Ol o8 S 51 S
e IS 5 e 5SS 5 Al e o S
o 58 51 K Sl b ST s
05 p3lS (Sl Ol5 e Lsde Jo Ol 2 S
plie glped VT Olyie 0 4S5 S o)Ll o5 5
e oo SV Gy b Ll Oljlu bw g
i Sl oSG Ol (HO)esr T alas
a5 gl i 3 OF ey sl 5 ooll s
Cshaels Dl e Tl e S o s 3k
saul ol sS o&ws cunl 5 adS Slb asle il
cblis b5l o g Lﬁ’ﬁﬂ O e g R VI L.
IS Gl M Slme adss (EPA) S ol s o
Ly s O Sl Slame A 5 slgnig Vo pg /L1 o g
Sl 5o Gl G S Gl e S lepg/L
oS Jed ) e s ) T lad sl 1 S
P TV PR B E NG 5 e O R U TS SIS |PE
o 03 Sl el esli ol Ci e Slalllas s (g5l
d=d Ol ol e Jdoas dor il 3 el e s
Gl 5 0L Sols e e 3,8 53 S g (ol wa
M558 e o3 eslinad 3 5e (gles 2S5 5b 4 WL

o g ol Olge b &S glandlas ;5 21, Ken 5 Bo Li
diethylenetriaminepentaacetic acid-modified ;| oslacel L

Ot i 4S5 Koy a4 Aol el cellulose

DTl e 08 S ke EVVY sl Gl b b
oy ol Ol b DG 5 e &S gladdlas
sl ls Joale 013528 S35 Sl eslinad b ol J s S
;L_,;JEJ 0 gmm 45 sl QLS sl ol "ol g g3 oS L
5ol ;) e SN0 Ulse ol PH s VY s
S Jal s aig 3lie Olye 4 P s VT c ke

fJJ/J—' tjj — Lo Y2 Y/0Y u.x_>- C,,_p'J.E R

VWA (il F o jlach (a38a Jlow s Cudilags iigo alas & F4P



OloSen 5 o Las Hlge

Uil 5528 &tlw GF 5000 Jus 28l S oS ol
03,551 ALK gang bl ) Jsds 3 s S ealizad
O 0 Jgeme 51 O3l bl (gilulisr gl ol sl
Gl p 3 S sl Ms VY blie ol L Ly el
n-) Ji (Shaker Incubator) ;5L ,SSl Ss 5l Ly oS
s esdhe 4S Uy S esli ol (BIOTEK NB-205
Sl g 1y b s Ul bk
o T e H a0l 93L s i
ol s S 39 9 S/ Bakumsgas/ @3 Suw
P o SR 3l Sl St el sk«
5 FeS04.7THO lul [asy ol 535 S esler
Lds e e Of 53 () s 4 JFeCL3.6H20
a3 A gl 3 055 LS G ol byl
bslos gy e ddio3) en Sl ) Do 4 e
s S Sl L ol pH w6 Ok, b SL sl ol
,\_.;azjr_ac,;u&_icachj;ﬁ;;lf@a\;,\?u
I iaSy Jsdows 31 oK 5l aslizal b ool J suames
A esls i b pes Ol 5 J b1 51 eslizad U e
Colw Y8 Sodo o amm pn Ve (gles jn ol bl Sl H3 60
Voo g\,ﬁhc,@;sbwf\ e (Y)W § i
AIRCER WP VRP PP U IV WO I 20 PV B Y RO R R o0
SR AR C N W L g I IR B > T RUVLEN
S Dy U 5 00 ga L) G38 J ploms p e
03] eh LSS S sSmy bsls

A3 pll s Sl T S /S 3 g8 50
id\ﬂﬁ‘\\ j—"pr g‘\.i:gbl\' )JASJ.:J.:..N)A};&)J‘M
o ) e S e Ve eV Bl 5 Ol 1) e S

YA

adllas ool 5l s T Ul cw g polie Olgie
Sl 3T/ S o /& E 3508 50 LS e
=l Ll oy 315 i 53 (MBSA) i
Ol 31015 Jsd BB i 4 oo s S50 53 B AL

2 gad oolinal adal 53 g

) 9 dlge
01 534S Aib o 3,0l = 025 g 3l ol andllas
53 (MBSA) s Sl IS/ oS O3l 3 Shas
4B S 5 s 350 AEELST ulis 53 0sr Sl

RS

xS 9 .)|9-o
Sl s ol cdllas ool 55 55 5550 oland 314
ool Sl sl SIS 55 (s AenS 5l o g
Wy (FeClsbH0)a 11 S s IS

Syl Jploms (Dlind (5 5 abw (FESO4.THZ0) &IV yal
gSJ_A gLSJJu )\ oalaul 340 JU.A Mb& v.m\.w CJL\.i}ﬂ)
&l Kass g (analytical grade) ¢ JUT 5, L olJi
4 s HACH-HQ-USA Jus e pH 3l lad gl PH e

ol e cib e g slile SL glacble foad skt

ol slizal a3l Ol olKius Slasiie ) Jo9da

Lamp Current 3mA Wavelength 253.7nm -

Replicate N=3 Injection Volume 2L Slit Width 0.5nm

‘_;‘_LA} Ml.sj.a
Max. Ashing 100 °C 5S
i i oslaul K

Atomization 55 o 0.55 Hold Time a2
Temperature Ar

Cleaning 1700 °C 2C

FAY & VP44 Ll F o jlack alia Jlo ¢ Lasas Cachlags uunigo dlas



uﬂtsus.la_a.a_}lQHJBJA;JA(MBSA)EMQLL_;}JT/Kelfw&/:gﬁa:&_}wlsyudblsw_)f

O S gl (s 3,5 b5 G5 5 5 S
(i Ol 3l ey 5 4 S 13 ai3s js yes Yoo 5 L
Slachils 5l Jglows 51 2ol bl ab s 3l

A U’:M d“j‘ u..l;— Kas Bl oslaul L o.L'q"YT oJJLo.:.;L.

D3 Saolindge )3 9 i (e 339 jal

SN i ol sladds 5l tesi cnl 3
il AT ol @l de gl nSaS 5 s
G oSl 5 s B eSO st alas i eslizad 6 g
53,5 o S ¥ Jpor 3 i

e oy H3las Cble € aSOY dsles o
2 el Ol )3 el il e g Sl e 2 )3 p S e
b S o oSN UK ¢S e S e
KL s de sl mably ol 05 5 p S e i 2 2dr
Ce olie 5328 s Jlases o 5 Thon 51 20 i
o el Clle € iy b dalee o L e
Ol 53 0dd odor o5 Sl g 2 53 p 8 oo nm
Slacli 55N 5Ky oS S e o Dl
e o Kp sn gl gzl oolis ™ as gLs
Jlis s Inge s jlsyai T 5l oo 5 od 3 b
TEK) 5 Las Sler ot R Lsd o e InC,
lye o S B(RT/bt) A(RT/bE) Inat) <ol slas slos
T e a8 R S il U

Gt el a s md eV e (bl walsl s

55y bslse 5 eld 4 /40 J 4501 57/ VoNaOH 31
bpdove ay o b oy o S/ IS/ e D3
Jydms 53 el YE s 4 5 A a3lsl J 561 5 NaOH
i S St IS slawils LS5 b STl G
o O, L) ol e OT L ool vy (ladils g
Sl 055 A Oy U Jai s glos 5 (gl 2 pH
Ls ol o, odd S bylse Solg 5ol S
3 g S350 50 (T s e Sl alind
S s S 3l el L oy O3lr b S 5
s (SEM, Jeol ModelJsm-T330) iy, o5,
SHUT T bl ol 5 SLd o3Il oy p S LS
eblite la S5 ad el (X 55 31, OXRD
i3 e bl ol Sl eslinal e e L3l
Lakeshare Vi++) J. (vibrating sample magnetometer)

A3 5JLT (Company, USA

axjlbs syl Hhy)
oy ) 3 S e Ve e e L
L s 5 4 b 5l OF Sl aslial U (S )
Al pasde glaclile U glad dow O 3l
slac bl U Il 5o 5 ais e 5o olislesl als
Loz PH 55 O3l 51 ume uslie ol jan 4 0 g 51 ik
Al L sl PH s el il sla0le

s nl Vsl ¥ Jg S

dales o leds sl Js
) G C 1 N
de  Q9max IiLQmax
™ Ing. =1In Kf+H+lnCe st
) e = A+ BInC, Y

VWAL (Ll F o jlach (a38a Jlow s Cudilags odigo alas ¢ FAA



OloSen 5 o Las Hlge

dmwle Gl sl S e e (gles stas LS
(AS%) 3 1kl o5 5T CAHO) 5luskiad Il gla el )L

s ealai S .]a.g‘_}) )‘ u.l;— J""jﬁ BE

Inkc=AS°_AH° \)
R RT

K. — 9 @)
Ce

il gy el ol el luie oo (L/g) ke

il e (MQ/L) J ghoms 55 O olle 3L ltis 4 (MQ/Y)
ke omie 5H Al 3 (Senlyago 5 gla elil s g
el 0L ol dast ot 0 eslinad UT i 55
Ol e 51 258 5 dge » JiskS o 2 AHO i

g;.&\J}ﬂfdjjjl:sw}jAsoj:A\)bﬁMﬁ

aiifo 9 Wakeswga by T dla S5 3ag
(MBSA)
5 S Sl gy Dl T b slas VS o
3 S Sy Sen 3l eslinwl L 4 S MBSA
S s 4 6l ol ol 3ls 0L (SEM) Loy,
aw 3l s MBSA 5 35 90 O i b il asia
() Y JS 55 EDAX JUT mls omal S5 s
o3 sl l Clie oS 5 stias OLES 45 ol o o34
5L MBSA & by e XRD (651 .ol e b o3l
sl 03,51 () Y JSs s Sl gl 5 Kl g ooz
B (535 5 Dl Cl Lakie [SG s oS @Sl ol
oS sl alS Sl s sFe30s 4 Cod 2y j5lS 0 b
|3 il Sl T L sle 55 cnl S5 Lo e il o
AU MBSA S oS 5 anils Gy gal e Sl
BUI glod o 0l st 3l (g1 VSM 5 JGT 15,108 e
KOe) vyl shS A blie Olhe 63 5ds 3 (Y0°C)

FA & VT4 Ll oF o jlack alia Jlo ¢ Lasas Cachlags uunigo dlas

el STy S e S Jilse 2 L2
EVslas 1 adllas ol 3 ol ()5 0 Aol b S
Slesd 055 358 5 p s azn 4k (sl 4 4l S
S A4S LS eslinal il sl gls osls 5JUT (ol
Il 5 s 0 OT Y sles

Ol b adaly &jso an gl am o ad o Al
PN
In(qe — q) = In(qe) — kqt (¢)

ke by o 53 ol S b (MY/Y) g Walee () s
o b qe 5 @mgt mint) Jglaxs 2STy e e
VPV PR YT NUP SO R
Ligd o o=t Llie 5 In(ge — q¢)

Ol 0 akaly &jso am pd 4z )d 4 b doles
R
Wi ©

ky Oley a5 Ol b b (MG/Y) qp Jslee ol 5o

Cb b ge 5 @Mt mint) e s e e i Ce e UG
o ol ses sl 5l (5 e aS A dols S s Ol
O
s Ol Vddaly &y a5 gl 03 e 358 ot dlslas
D355
ar = Kiat"? + Ko V)
Cualses 3,50 53 gl okl 45) sl 51 5 2Ky OF 3 &S
Slasd 053 358 Co e Cb Ky 5 (D o (550 Y
Al
0 sedaly B Ol il Sl g 5 s g
13 S eslizal
AG =-RT(InKc) W)
e oS ST (550 eSOl AGP G55 alady s
T 5 (8/314I/MoLK) 38 Sler CobR Jse  Jsjsks



@TGLAL:\MJb\,_n_)h;Qh_)J(MBSA)ﬁMQLE;ﬂ/Q@u&/d@&d&)\,@»&ybdb\stf

e o=l dals Lo a 5L pH>pHpzZE «5° Slej 5 ol
3 53 S S50k 355 e e O3l 5L &S it
Cmwd d /08 Jslas PHPZC 555 o sdalive (3)Y ojla
qbé\ﬂ%pHs@.@th@:g.wum
el PHPZC 5l ziy i ol 5 ol oo 0 slao 0 0
Wl i L s 3l e oS 38 518 015 e
o3 O ol 035 Cte 5 O3l b L Do i
dal s Slaly S Cdr s 0 Obeily il 5l e

A

SEM MAG- 500 kox Dot InRaam
WD: 515 mm BI: 7.00
View field: 4.15 pm  Date{miaN): 062907

D1 =0.28 um

o

™

SEM MAG: 50.0 kx Det: InBeam
WD: 5.34 mm BI: 7.00

View field: 4.15 ym Date(m/d/y): 06/29/17

MIRA3 TESCAN SEM MAG: 100 kx Det: InBeam
WD: 5.38 mm BI: 7.00 500 nm
View field: 2.08 ym Date(m/dly): 06/29/17

ol el esls OLES () Y oled K2 s 5 s S el
Pl b liie s ey S oS 515 LIS G5 LT s
WS S Olg e opl oy (sl UV emu/g « MBSA (¢l
D bliae Coolt 5l addlas pl 53 el e O3
03 5 I3, 5 5 emdbliae (Ll sl 4y o0
Oledl g yo ml = 252 Gla (o) 2 03 Olites. ol
O3l b g, LIS 36 oo Jolse 5 pHpZC aslazils
o=l s e PH L (6)ls e LLS ST a8 il s
Cute L3l elaws 5L AL PH < pHPZC o5 o8a ol

VIRAS TESCAN| SEM MAG: 25.0 kx Det: InBeam

WD: 5.15 mm BI: 7.00

View field: 8.30 ym Date(m/dly): 06/29/17

MIRA3 TESCAN

MBSA (@) coze (©) ik s (0) e Sl 3T @) i b g o SEM y sloss A\ Yo

VA4 (Ll F o jlack a38a Jlow cdasas Cadligs oodige dlas O+



OloSen 5 o Las Hlge

s ()
e Elt W A% . )
N (=]
e G 3005 EE) = e
00 E ] I I T
— Mz 0.48 042 x L , rosition
a0 Al 138 155 = 1 P R
by - 81 4762 3459 T I llllL y .IE Mhagnetic
- ™ l g |
- K 031 017 B T LV N * L N N
il ] ;
0 e Fe 6.21 6.038 | | I: 'l . If ASBsM
N . W ".'!' :=1 Ll "
- T 335 307 E oYV ST S,
s I P Tatal 100 100 ———
g s KD - 10 2l a0 40 50 EQ n Eb
R Fmi, e . .
"1 I S T £ 28 (deg)
B8
12 -
6 /,;—’5-'_"" BE—— G (o)
p
o f 10 -
2- ! - 8 1
i
4 : o 6 -
2+ i ‘E’; 4 -
j —&— pH final
-4 = 1 2 -
. ) _/};,'-' . —=&— pH initial
———— T
. Y ¥ $ A V. VY
20000  -10000 0 10000 20000
Magnetic Field(Oe) adgl pH

() PHape 3 () VSM JUI(CIMBSA & L5, o XRD (5 S0 (i) EDAX LT s i¥ Joub

Removal Rate(%b)
P N W b g o =
O O O O O O O o

\K) Yo ‘il

Contact time(min)

—0—pH=3 —A—pH=9 —X%—pH=5 —e—pH=7

‘J:._Jﬁpfbﬁ:aon o5 ad ol hle) MBSA i3l eslanal b s s G 1S 5 &)l pH ;Ugbﬁf@u:\"d&xﬁ»
(o sedos 455 YO LSL“‘J::J;!pf'/\ sl e

80) & VP44 il F o jlack alia Yo ¢ Lasas Cachlags uusigo dlas



L;.;Ttsus.la_a.a_}lQHJBJA;JA(MBSA)EMQLL_;}JT/Kelfw&/:gﬁa:&_}wlsybdblsw_)f

D3 Ulie pe o3k S93 il

Gl gy o (/Y=o /Yg/lit) Ol esle G s
N P S O g B PR
Gl Aoy Ol esle jn 50 bl osd e sdalie
osls 2 s rjf Y G e 4 g 3ls il 5] e s
oS Y il e b eger Bl do s s 3
ool Il s ol 655 dys OF/4 aids Av Olas s 2 s
AN L il i e p S0 IY O3l Sas sl e ) &S
sl 03 55 0oy Olaa 3 dp s

90

o9 LB3a Yl jus pe pH ).ui.‘
Ail e PH ol a1 33 g (slay 581 e S
o ol 2 5 b (F4) il gla pH G
0rt oyl e bile Ll 5 o5 MBSA L g
453 70 slos i e SN O s e S S
S sb0les .3 8 el s A ules Oloy 5 o s
2% g i Ol (VL 335 o dalia £ IS05 55

ol o ¥ o pH 3 0T Ol s o0 208 50 Ll pH

Removel Rate(%6)
NI RS

3
N

0.05

015 02

Dosage (g/L)

(oo 455 Y0 ol glas 5 aids Av ol eled Olas PHZ 0) 65 B 3 O3l 51550 306 28 Sy

Gl Ol o sl slaclale b

100
~ 90
§ 80
¥ &%
£ %
S 40
g 30
& 20
10
0
) V. Y $ A |
contact time(min)
—0—500 ug/l —A—750 ug/l —€—1000 pg/l

(UAMA;.-)JYO )”‘J”LSL‘J}J:‘AJ"f)g /Y J.!‘).‘:\_.J:}lz-)'}b‘pHZOJ&&\)\Sﬂuﬁ@ﬂwﬂiu:bﬁ

VWA (il F o jlach (a38a Jlo cdaias Cudlags uasigo alas & 0¥



OloSen 5 o Las Hlge

PH 5 ) 55 0,5 /Y Ol 5o o 5 p 55,85 00
)gduﬁom.w\a,\;m;gu‘\y@:);oLfﬁlﬂ
Ao gl rlas Ol Rll Lo pd (on etalie JSC
Voo A Olay s il ol el 4l il G
Av Ol aomeS s cewl 4l (ool (Al il Oleily adds

A @ﬁjh}).a Jasles Obey Ol gy azds

D3 Saolis 3903 9 oo ¢ 339 4l
5@t eSO slap Sl sla b Y J s
Ol [y ol eslizal O3l (5355 0 oser wdr l 2 (S5
o Sl el Jsd> 3l aS a0 S0len A0S
el 5 s s e 5l i eSO Je 6l (Saan
o e el SN Jube il AL s
ookt Jador 53 sl ol os 5 I8 4 O3l s 4 0
oy i St gl uell Sl edel s 4 sl ¥
zsj_fd_» aboxMe 45 a5 S Olan il 0l o3ls oeled
loosls L olio sl Soalon o3 x5 4t St

2yl adlas play by

é})ﬂoﬁwéuwﬂjuw)ﬁ)}ﬁxg
s D_fbiz,wn—hn 33dows VT opl Sl s s
M@L’b RGSEUH S WS R DN U S PRESR E RGN
0 Sloy o sl cibile B a8 sl Ol sel s
QJ_}@:JL"J‘_’Q&JU;{‘]_}\}—:’:JJJ rﬁj;ﬁﬂ\"'
Al tals

091 33 )3 Lo il
laa sl Ol 5 Les 505 aallas 5l als e ol 5o
l—‘-’p-:—bu‘;“’)f"uf'w’u“" .]Qw}s 4:.“.&».})).0
slales j3a> o ol o3 S ftee_'.l)};'l{jﬁlfirjd?w}@
L—AJ):JL—?‘\JK_-:)JMJ‘&)JJ (2,0 OC)Y‘O ch)&_Al:}M
oals QUL aadllas 540 3l Lo 8 0 g Bl (55
w%é:ﬁ&e.&.ﬁ%ﬂjw U'f-‘ Jde‘JJC,\M\ ol
53 0l Gl Sl S 580 les 55 6 g LBl Ol

ol 0l Jool YO (sles

09s 32 Yliae 3 gules Yloj Huils

o bale 530 s i Sl Oliee p eled Olej LG

100
~
)
é_, 95
3
S
% 90
3
x &

80

20 25 30 35 40 45
Tempreture(“c)

('/Vg/l_ 5)51;,—)):)4.5.;%:/\' ﬁ.ﬁwwobjApH:Ogo" },lg/l_ A‘,:e-QJ)‘C,.E.U«)MBSA)'\;W‘\{aﬂg.}a-&bgﬂbéﬁﬁu:?ﬁ

00 & VT4 il F o jlack aT8a Jlo ¢ Lasas Cachlgs uusigo dlas



L;.;Ttsus.la_a.a_}lQHJBJA;JA(MBSA)EMQLL_;}JT/Kelfw&/:gﬁa:&_}wlsybdblsw_)f

MBSA (555 » o o gl St 5 05550 sla bl polis ¥ Joda

St glad e pisnl slad
ke el ke RN Joke
Vit ge (Mg/g) VoY gmax (Mg/g)
Y Ki (min-) dsbemss el VW K (Umg) 2554
/A R2 +/444A R2
Yo/NY qe (Mg/g) YV n
Y Ka(g mgt min'1) p93 453 acd VAY K oty
+/244y R? +/AME R?
/e Kp £/ Qm
—YY/EY Ki (mg g—1 min—0.5) Glosd mdsi YNV Kt e
+/AV4 R? YR R?

MBSA ngjfzyu» lej’u-’<""L‘i3f‘,:’ LSLQJ;AULIJ_QLEA :Zd,&

Temperature(°K) Inkc AG® (kJ/mol) AH° (kJ/mol) AS° (kJ/mol.K)
298 1.04 -2.59
308 1.54 -3.96
318 2.89 -7.64 1044.93 0.24

=l YO sl s el eals Ol S s Sy K
by b 5 4 IWY0 50V, 108)Y VT 8 YL
o35 £80 50VY EYY (fre IV Y i S Slio 4
(JCPDS card No. 19-0629)FesOs Sl 5L Ly 45
G s 580 gl S pl pesdhe T sl il
3Fe304 545 LS a5 Ll yasin 50 MBSA & by s
o3ls olis i 53 48 4550ka L o MBSA .S 5
S0 L allas Kl g 6l ool e GlaSs ool ol
(JCPDS ICDD File Card # 00-001-0647)) Sl 2l
TSl e 5 ggie bS5 S MBSA 65Kl s 500
by TYNE 5AT08 Ll s sy e laSy
B MBSA 5 Sl 3T (651 s 4 03 s D3l
Wo Sl WSl 51 30 eds S5 sblss .l Cu s,
s Sl S L slolsa by e S5 4 Yo

Cl aseion K.,L').:«SA.})QLQA N.L;..i;l{de;)ljj))ju

)Jbﬁ}uu\}u\.\ibﬁ&aﬁbb‘}ﬁj AJJUQAJ‘JJB- G:_\I.:
le_hf.ﬁbliw.bffﬂbudw\chsb‘iO)wJ}J?
AG° ¢l sdal @ polie 5 Cuie 93 8 AS® 5 AHC

el s J«pl} L.;LA

S SL ) St s e esls 0L (g e LT ol

53 oo Il 0581 il (ke 8T ol 35
S ae PHUT S fols b bl ool O3l S 5
O semaleS1 Sl Gk o8 23 5w o U150 B
g g 0l 03 SIS0 el Sl eslinad b el o135l
Tl e S il

&b%a“abﬂ)lﬁfJ‘ywtﬁ%}oMJOu

l_h 4_:3[{. UA»“ ‘U_L‘J" ajj\.c

weSa 56 MBSA & by o XRD (5,51 .ol MBSA
6}_<J\)b ol 0 e;)jVJ&iJ: QLA}}T}%)&’

VWA (Ll F o jlach (@38 Jlow s Cudilags odigo alas & O4F



OloSen 5 o Las Hlge

s e el e O3l mha e VT e 5
alllas 3l ol il b oaallas ool 5l Jols
= e 5 4o Ol 5 Vijayalakshm 5 01, 5 Shi
ol esly R S g Sl eslanal b (II)WJS Ol gy
Sosli b o w BI > 5 7 i o AT
S i S5 Sn sk /s S V015 528 50
sl
23S 3 e sl mlil s ) s VT sl el
o adsl S BlE Sk ) L e o B
50 O odr Ol see codo VT Clale 20l 551 L oS 5 505 yaseios
Verr a0 Sloger chale 205803l dal s jals
(R Ay 3 o S Do Oleily 51 A 85 S
A eSS 0n e sl T sl Bl s Ol Ol
s O3l Jlad glaslls sldas 03 50 cul Aol e
Ly LaolKl cpl s sl el oaVT Ol 2l 580
Oleily [2alS ol e oS ol 0t VT 5l asiie clils
o2l 5 3l Jleb glalSlr 0 pldl s 4 il
o3l Ols U85 Clan a5 L o tis 55 O ch.ﬂ
Jol alS e VT Ol 2l5) Llie 53 ediS Ol
5y5a 55 aS Glasdlas M UEL o Sl Ol gala>dl
A el TiO/SIOz sk jur Sly3 560 Lo 5 0 g Bl
il 2alS Oletily oo VT Ol e il 5l L S sls 0L 50
ol aallas 53 F0 sl Sl o anlle ] mb L
o s dids A ey Gles o3l )3 e g ol
Olaj il s s e sdalive oS, b Olen .23 S 51 3
AL e Ll glaadle LB Ol e 4 Gl Olekily ales
alds A Ol s Gl Ol o i aalllas ol 5o
L sty oVl pled Olos (5l331 L is S aalit
Sl aS st e O3l Clr g 038 5 O3
S gl s TN spi e 0ley Jaal 5l b Olesly il
Sleslawl bogr cdr s 2 0L 5Zhu Law

000 & VT4 (il F o jlack alia Jlo ¢ Lasas Cachlags uusigo dlas

sFes0s e s 5508 3 La a3 (650 5y ol
o3le 55 cpl S 5 4 by e il st a5 anil 2alS (S s
JETEPICI P PO I S IVt S W R P
3138 o SEMBSA s S
A s p A BTl PH ge 28 s bl LS
PH=Y ,5 5 Sla=pH =0 ;3 MBSA Lo g o o Cd>
0 ol addlae ol js acee pH ol sl (il o JBlas
e PH 53 e s ol Ol RS s A S ol
Ssoss (HY) Lagssy, sl pH Jall L as ol ol ¥
5 e S o L OsT onl &S il e SRl
Sledily rals Eoel 5 S o oy CujpelS 5L o
LS oden DS 5 VL 5 PHEY 55 T W e Gl
L s ea 5 Jpdoms Ol 53 a8 25t oo S5 05 L
05,5 L3 GLapH 5 oman das od STy O3l
L 3l mhaw Jld slacule o s W5 (OH) ke
TV Al e Shels Gies Oledssly Uilaze 5 65 S Jlad]
S s Wy gL b g e Bl 3550 3 S Glanllan
S5 0L 38 el A BY ol PH o 28 3 eis 3L
5 il e Blas opr Sl Yl S Gl pH s &S
2 LS dal cty PH =0 3 g S Olee o 2
Zhang Lw g 4S (gl andlas ™ sls Sl an axdlas o
A Lol COFer04 TGO 3l L e sr B> 5> Yakun
PH 3 o ol Olokily op 5 e 45 L ges 3,158 W0l
il 3l 0 s s TN sl eals 25 0
35 Uialil aS sls 0L s i s MBSA sl
o=l Js sl ol e g o Al 5 L sl
s 53 251 LAl iamen 5 g mlaw Rl
gt o=l 45 LSl e O3 s e i Sl
35y b Glaellr @ o slad 5T 5n 1z OIS
slacolo 3o poman ol Jul5il 1, O3l cla..ﬂ By
Sl Il e ) o e el C b 5 s



ugTGL&LP.A_}‘AH_}BJAAJA(MBSA)EMQLL_JSH/@wﬁ/ﬁéﬁaﬁuﬂ}w&ﬁb@bﬁw_)f

bl bl s L e SRl Ly 15 L eV
oS ST 65,50 Ol 5 (AH®) syl JUsT sl
Ce il Cie (AS®) 3 Ikl o5 5T 5 i (AG®)
S Ayl 025 S S e 0L ST Ole 035
Coie ;05 Sl .l ol st O3l o 5 o g
P e b by (IS e 0Ly bl cnl O3
Sdelas VL Lales 53 otoVT ol Codr 5 azdls o
ol LS s LT bl Ol 035 ke AL s
o codr Aol 3 J b s Lo iolsil a5 g3e 5
Lol 355 e mls 5 dalr S e 56 s Oledily 2l 3l
030 S 33T (6551 (6l el s e sl
MBSAS: Lav g5 6 g dor Al 3 0352 (9357 &2 357
a8 50 Gy e 2l Aol B addlae s Il
OoLSer 5 o o 5 S8/ Sk g b S 3T
e AG® Jlis 5 e AS? 3 AHO uslis YOIA L s
O35 sSLe S 5 o5 a oyt odus UL S s S ol

sl il SlS sl aadllas b s il e ol Al

s Sl IV s/ e 3l 3l andllas ol s

G Gl edd ale e o b S eolinal LS
Slp melil # A S eslinl (o glad slows 5l o s
adsl o ble (Ol s (I sl pH LS Sl il
sdaiw 0 g Bl Ol (S9y o led Oloy 5 Les g
0 o A !, pH p S 3l 0L L s
Olsjy 5 by codls clale 2l Lanl b LI 5 sl e
RTINS ECR P I WP AR F RO
p Aol Shedd g D3l Jan 0 g o ) 2 ) 0
L o 35 0 S ¥ a3 and St 5 2 5 SY

g 3 RSl ol A edalie o Salud sa 5 e

b S el sl lad Sl o ol Jas JL
4S il o3 gad S 1y Jale 4 Odeens (5l 435+ Ol
Al e SVsb sl Ol
TIN5 e Gl (Shes 55 Aas 0 OLE ol
Jdee 5l O sdal s 4 Slie 31 j2eS (R2>4/4AAE)
Al aS das e Ol ool 5 AL e (RZ>4/444A) 80N
e e I B N e
SO S SV 55l bl 4l ) S e
Y s O a aS Lap Sl pl Ll 5o Y
st Ly oy s (pl e 055 o0 o) 2L e
Sl ol el Ll Y S5 o 5 MBSA L
slaedd 5L vy g Ol )z 03 DL 5 3
S a0l 0L edd Isd S 5 eel (Gol s L S
G b Jis e o (RP20.966 ) oSN o555
oy ol Aol b gl amlis Jde Ol 5o 4 (R220.935)
5 Al 0SS el e sk 4P L
St sladie allas cplys o Cd Al G s
Sl ealiul sy s 4z s 4k 5 gl s 4l
S sl p33 a5 (St dde 3 U S5 0
53 Bl e /AAAY Ll 5 sl s 4t i
Yovo Jlo 5 0,LSen 5 Chao Shan L w g a5 (glaslas
Loy OBl aS L) e pl w4 S &) p0
poly(1-vinylimidazole)-grafted .. blss ool ;3 5L
3 St SIATNE O S5 o o L Fe304@SiO;
i Al o i glales 36T S e 55 52
23 i fp i 48 sl DL el g Bl 5 53 0
Oy Aol 3l das o & O e a2 535 80 (les
G o i dias e 0L Loy il53l L Gl
5 e bes 5l ol o3y Sl S ) 5 S MBSA
o3le o e Slasy s 5 el g S LI sl

Cd Al s gesls ol al ) Ol 5 et Ol

VWA (Ll F o jlach a38a Jlow daias Cudilags odigo alas & 048



OloSen 5 o Las Hlge

oS s aVT Gl s el IS 3l Olgie 0 Ll e
Al T e

References

1. Wang J, Chen C. Biosorbents for heavy metals removal
and their future. Biotechnol adv 2009;27(2): 195-226.

2. Wang FY, Wang H, Ma JW. Adsorption of cadmium (1)
ions from aqueous solution by a new low-cost
adsorbent—Bamboo  charcoal. J hazard  mater
2010;177(1-3): 300-6.

3. Shan C, Ma Z, Tong M, Ni J. Removal of Hg (II) by poly
(1-vinylimidazole)-grafted Fe304@ SiO2 magnetic
nanoparticles. Water res 2015;69: 252-60.

4.SunY, Liu Y, Lou Z, et al. Enhanced performance for Hg
(1) removal using biomaterial (CMC/gelatin/starch)
stabilized FeS nanoparticles: Stabilization effects and
removal mechanism. Chem eng j 2018;344: 616-24.

5.Ji C, Song S, Wang C, et al. Preparation and adsorption
properties of chelating resins containing 3-aminopyridine
and hydrophilic spacer arm for Hg (I1). Chem eng j
2010;165(2): 573-80.

6. Di Natale F, Erto A, Lancia A, Musmarra D. Mercury
adsorption on granular activated carbon in aqueous
solutions containing nitrates and chlorides. J hazard mater
2011;192(3): 1842-50.

7. Qu R, Wang C, Sun C, et al. Syntheses and adsorption
properties for Hg2+ of chelating resin of crosslinked
polystyrene-supported 2, 5-dimercapto-1, 3,
4-thiodiazole. J appl polym sci 2004;92(3): 1646-52.

8. Wang C, Tao S, Wei W, et al. Multifunctional mesoporous
material for detection, adsorption and removal of Hg2+ in
aqueous solution. J mater chem 2010;20(22): 4635-41.

9. Chojnacki A, Chojnacka K, Hoffmann J, Gorecki H. The
application of natural zeolites for mercury removal: from
laboratory tests to industrial scale. Miner Eng 2004;17(7-
8): 933-7.

10. Martellaro P, Moore G, Peterson E, et al. Environmental
application of mineral sulfides for removal of gas-phase
Hg (0) and aqueous Hg2+. Separ Sci Technol 2001;36(5-
6): 1183-96.

11. Mousa NE, Simonescu CM, Patescu R-E, et al. Pb 2+
removal from aqueous synthetic solutions by calcium
alginate and chitosan coated calcium alginate. React
Funct Polym 2016;109: 137-50.

12. Li B, Li M, Zhang J, et al. Adsorption of Hg (Il) ions
from aqueous solution by diethylenetriaminepentaacetic
acid-modified cellulose. Int J Biol
Macromol2019;122:149-56.

OV & VY44 Ll F o jlack alia Yo ¢ Lasas Cachlags uusigo dlas

e 3 Al o (S 8) S 55l 5 (6355 4 555
wL.A QLAJ\.)\) J.:b L" A.L.ZJZMA u.ﬂ;— Cls QLC«:\ Q\}:L;a

Ll abs 4 w5 Ol (3laldr 5 05 Sl 3

13. Hosseini SM, H Y, R V, N B. Selective Adsorption of
Mercury  (II) From Aqueous Solution  Using
Functionalized Nanochitosan by Carbon Disulfide. WWJ
2019.

14. Hu Z-H, Omer AM, Ouyang Xk, Yu D. Fabrication of
carboxylated cellulose  nanocrystal/sodium alginate
hydrogel beads for adsorption of Pb (Il) from aqueous
solution. Int J Biol Macromol 2018;108: 149-57.

15. Zhao X, Li J, Feng Y, et al. Self-aggregation behavior of
hydrophobic sodium alginate derivatives in aqueous
solution and their application in the nanoencapsulation of
acetamiprid. | Int J Biol Macromol 2018;106: 418-24.

16. Sun Z, Yao G, Liu M, Zheng S. In situ synthesis of
magnetic MnFez2O4/diatomite nanocomposite adsorbent
and its efficient removal of cationic dyes. J Taiwan Ins of
Chem Eng 2017;71: 501-9.

17. Facchi DP, Cazetta AL, Canesin EA, et al. New magnetic
chitosan/alginate/Fe 3 O 4@ SiO 2 hydrogel composites
applied for removal of Pb (11) ions from aqueous systems.
Chem Eng J 2017.

18. Huang Y, Wang Z. Preparation of composite aerogels
based on sodium alginate, and its application in removal
of Pb2+ and Cu2+ from water. Int J Biol Macromol
2018;107: 741-7.

19. Pal P, Syed SS, Banat F. Gelatin-bentonite composite as
reusable adsorbent for the removal of lead from aqueous
solutions: Kinetic and equilibrium studies. J Water
Process Eng 2017;20:40-50.

20. Al-Ghouti M, Khraishen M, Ahmad M, Allen S.
Thermodynamic behaviour and the effect of temperature
on the removal of dyes from aqueous solution using
modified diatomite: a kinetic study. J Colloid Interf Sci
2005;287(1-6):13-6.

21. Yu Y, Hu Z, Wang Y, Gao H. Magnetic SN-
functionalized diatomite for effective removals of
phenols. Int J Miner Process 2017;162: 1-5.

22. Yuan P, Liu D, Fan M, et al. Removal of hexavalent
chromium [Cr (VI)] from aqueous solutions by the
diatomite-supported/unsupported magnetite nanoparticles.
J Hazard Mater 2010;173(1): 614-21.

23. Karaman S, Karaipekli A, Sar1 A, Bicer A. Polyethylene
glycol (PEG)/diatomite composite as a novel form-stable
phase change material for thermal energy storage. Sol
Energ Mat Sol C 2011;95(7): 1647-53.



24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

L;.;Ttsus.la_a.a_}lQHJBJA;JA(MBSA)EMQLL_;}JT/Kelfw&/:gﬁa:&_}wlsybdblsw_)f

Farooghi A, Sayadi MH, Rezaei MR, Allahresani A. An
efficient removal of lead from aqueous solutions using
FeNi 3@ SiO 2 magnetic nanocomposite. Surfaces and
Interfaces 2018;10: 58-64.

Verma R, Asthana A, Singh AK, et al. Novel glycine-
functionalized magnetic nanoparticles entrapped calcium
alginate beads for effective removal of lead. Microchem J
2017;130: 168-78.

Vojoudi H, Badiei A, Bahar S, et al. A new nano-sorbent
for fast and efficient removal of heavy metals from
aqueous solutions based on modification of magnetic
mesoporous silica nanospheres. J Magn Magn Mater
2017.

Facchi DP, Cazetta AL, Canesin EA, et al. New magnetic
chitosan/alginate/Fe304@ SiO2 hydrogel composites
applied for removal of Pb (I1) ions from aqueous systems.
Chem Eng J 2018;337: 595-608.

Hosseini M, Esrafili A. Yegane badi M, Gholami M. New
magnetic/Biosilica/Sodium  Alginate Composites for
removal of Pb (I) ions from aqueous solutions: kinetic
and isotherm studies. J Adv Environ Health Res
2018;6(3): 160-72.

Li Y, Wang S, Zhang X, et al. Removal of fluoride from
water by carbon nanotube supported alumina. Environ
Technol 2003;24(3): 391-8.

Badi MY, Azari A, Pasalari H, et al. Modification of
activated carbon with magnetic Fe304 nanoparticle
composite for removal of ceftriaxone from aquatic
solutions. J Mol Liq 2018;261:146-54.

Wang SG, Ma Y, Shi YJ, Gong WX. Defluoridation
performance and mechanism of nano-scale aluminum
oxide hydroxide in aqueous solution. J Chem Technol
Biot 2009;84(7): 1043-50.

Jorfi S, Rezaei Kalantary R, Mohseni Bandpi A, et al.
Fluoride removal from water by adsorption using
bagasse, modified bagasse and chitosan. IJHE 2011;4(1):
35-48.

Yi X, He J, Guo Y, et al. Encapsulating Fe 3 O 4 into
calcium alginate coated chitosan hydrochloride hydrogel
beads for removal of Cu (Il) and U (VI) from aqueous
solutions. Ecotox Environ Safe 2018;147: 699-707.

Soltani RDC, Khataee A, Safari M, Joo S. Preparation of
bio-silica/chitosan nanocomposite for adsorption of a
textile dye in aqueous solutions. Int Biodeter Biodegr
2013;85: 383-91.

Sundarrajan P, Eswaran P, Marimuthu A, et al. One pot
synthesis and characterization of alginate stabilized
semiconductor nanoparticles. B Kor Chem Soc
2012;33(10): 3218-24.

Hadavifar M, Bahramifar N, Younesi H, Li Q. Adsorption
of mercury ions from synthetic and real wastewater
aqueous solution by functionalized multi-walled carbon
nanotube with both amino and thiolated groups. Chem

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Eng J 2014;237: 217-28.

Khodabakhshi A, Asghareyan H, Fdaei A, Sedehi M.
Removal Of Mercury (Hg+ 2) From Aqueous Solutions
By Coating Multiwalled Carbon Nanotubes With Iron
Oxide. 2016.

Jahantigh F, Mortazavi SM, Qoreishy SMB.
Mercury Removal from Contaminated Water Resources
Using Modified Multi Walled Carbon Nanotubes. JWW
2018;29(3): 42-53.

Zhang Y, Yan L, Xu W, et al. Adsorption of Pb (II) and
Hg (I1) from aqueous solution using magnetic CoFe204-
reduced graphene oxide. J Mol Liq 2014;191: 177-82.

Hashemi F, Godini H, Shams Khoramabadi G, Mansouri
L. The Study of Walnut Green Hull Adsorbent
Performance in Removal of Phenol from Aqueous
Solutions. Health and Environ 2014;7(2): 17.

Kosa SA, Al-Zhrani G, Salam MA. Removal of heavy
metals from aqueous solutions by multi-walled carbon
nanotubes modified with 8-hydroxyquinoline. Chem Eng
J 2012;181: 159-68.

Shi L-n, Zhang X, Chen Z-I. Removal of chromium (V1)
from wastewater using bentonite-supported nanoscale
zero-valent iron. Water Res 2011;45(2): 886-92.

Vijayalakshmi K, Devi BM, Latha S, et al. Batch
adsorption and desorption studies on the removal of lead
(I1) from aqueous solution using nanochitosan/sodium
alginate/microcrystalline cellulose beads. Int J Biol
Macromol 2017;104: 1483-94.

Meshko V, Markovska L, Mincheva M, Rodrigues A.
Adsorption of basic dyes on granular acivated carbon and
natural zeolite. ] Water Res 2001;35(14): 3357-66.

Malakootian M, RanandehKalankesh L, Loloi M.
Investigation of Performance of hybrid nanoparticles
Tio2/Sio2 in removing of Mercury from industrial waste
water. Tolooebehdasht 2014;13(3): 147-59.

Yegane badi M, Azari A, Esrafili A, et al. Performance
Evaluation of Magnetized Multiwall Carbon Nanotubes
by Iron Oxide Nanoparticles in Removing Fluoride from
Aqueous Solution. IMUS 2015;25(124):128-42.

Zhu J, Yang J, Deng B. Enhanced mercury ion adsorption
by amine-modified activated carbon. J Hazard Mater
2009;166(2-3): 866-72.

Hadavifar M. Application of Amino and Thiolated Multi-
walled Carbon Nanotubes for Removal of Mercury from
Aqueous Solutions. Modares Civil Eng J 2015;15(4): 97-
104.

Hosseini M, Esrafili A, Gholami M. New
magnetic/Biosilica/Sodium  Alginate Composites for
removal of Pb (Il) ions from aqueous solutions: kinetic
and isotherm studies. JAdv in Environ Health Res
2018;6(3): 160-72.

VWAL (Ll F o jlach (@388 Jlow cdaias Cudilags oiigo alas & O4A



Journal of Environmental Health Engineering, August 2020; Vol. 7, No. 4: 495-509

An Investigation on the Efficiency of
Magnetite/Biosilicate/Sodium Alginate (MBSA) for the
Removal of Hg(ll) from Aquatic Environments:
Kinetics, Isotherms and Thermodynamic Studies

Mahnaz Ghambarian?, Mojtaba Yegane Badi 2, Ali Esrafili®, Mohammad Behbahani,
Mahdi Hoseini2, Hamid Reza Sobhi®*

1. Iranian Research and Development Center for Chemical Industries, ACECR, Tehran, Iran
2. PhD student of Environmental Health Engineering, Faculty of Health, Iran University of
Medical Sciences, Tehran, Iran
3. Associate Professor, Department of Environmental Health Engineering, Faculty of Health,
Iran University of Medical Sciences, Tehran, Iran
4. Faculty of Engineering, Shohadaye Hoveizeh University of Technology, Dasht-e Azadegan, Susangerd, Iran
5 Department of Chemistry, Payame Noor University, Tehran, Iran

*E-mail: h.sobhi@pnu.ac.ir

Received: 10 Nov 2019 ; Accepted: 3 Mar 2020

ABSTRACT

Backgrounds and objectives: Today 's Wotld is faced with the environmental problems associated
with heavy metal contamination as one of the main issues of concern. Mercury, known as one of the
most toxic heavy metals, has gained a lot of attention due to its sustainability and bioaccumulation in
the food chain as well as having detrimental health problems such as kidney failure and
gastrointestinal damages. This study is centered on the removal of Hg (II) ions from aqueous
solutions using a magnetite/biosilica/sodium alginate nanocomposite as an efficient adsorbent.
Materials and methods: Within this study, the magnetite/biosilica/sodium alginate nanocomposite
was successfully synthesized via a co-precipitation method. The structure and morphology of the
prepared adsorbent were confirmed by SEM, XRD and VSM analyses. The parameters affecting the
adsorption process such as pH, contact time, adsorbent amount, temperature and initial concentration
of Hg (II) ions were all evaluated.

Findings: The optimum conditions obtained were as follows: pH 5, adsotbent dosage 0.2 g/L,
contact time 80 min, temperature 45 °C. The results revealed that the removal efficiency dropped by
increasing Hg(II) concentration. The adsorption of Hg (II) obeyed the Langmuir isotherm (R? 0.9998)
and pseudo-second kinetic model (R? 0.9997). Additionally, the thermodynamic studies demonstrated
that the adsorption process is of endothermic and spontaneous nature.

Conclusions: All in all, the synthesized adsorbent was applied for the removal of Hg (II) ions from
the aquatic environment. Ease of separation from the aqueous solution due to its magnetic properties
as well as high level of Hg (II) recovery are amongst the unique feature of the adsorbent.

Keywords: Adsorption, MBSA nanoparticle, Mercury, Isotherms, Kinetics, Thermodynamics
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