Downloaded from ijhe.tums.ac.ir at 13:33 IRST on Wednesday October 24th 2018

ﬁjﬁwduw‘@uju)\udbu

Oyl Jaee Clildg ke el
FA5 G TAY Slbwis OYAY Dliss cpler asbed oy o550

Sad gows 55 o I 4SS V5T 5l eslizal b (¥ 50 2D K, ean VT B
Sk 05525 S e gl i) 2 b ol o ]

\ce.l.'.&\.'e_: Joses IJ‘,.;;;;L: Ao ¢Y‘_¢|N |JAJ t\éwj Oy,
Roohan_Rakhshaee@yahoo.com s&zils slgzr Gy Jaes o a8 a5 Sl gl 4 S i Bl o dhe 1 s o 58

/0N 1y A/ YT il

A~

(Batch) aie sl s S 2005 Lol e 5 555 4K, O a5 "1 b ol " Gl (sl o o 5SS V5T st o il 1Skt 5 dins
RGO PN RAPEIP )

b, S ooldznl aigy Lol p5 53 bl pume polis i 5 5 S, ol VT pams (slac Lile 4 L gl slaptcss Sl oy Sas
o Dl ol slon s S 51 3,1l skl 5 (53l slo sl b o in il O gl 4nlsl 53 5 V33T e 0357 5L 5 03,5 sk
ol fos o bl Vil Jslow o)l

Fh s Ol JiSTy Ll o Yoo mg/L Ky adsl cLils ol JAY Gl Ololily ol 8 Yl a8 s S otalie :laasil
a3 ot Jlad Vil abs 4 S, (Q

max

) o jSle dem i b syls Jlis 4 1 Vil 0 g/ S pae g3 5 YO'C sles pH =#
b bales ool sl 55 (AG) S ST (650 ks o] Caes 0 V/IVE 5 e /ATF o VY mmol/g i i 4 0+ 5 Y0 0 °C (slos
ol s 4 =1/1AD KI/mOl 5 —+ /VEY « =+ /FVO i

el o 0 5 5 g sy Yo il oS w0 Vil K Gl i S ad

u.'a”‘,/_,.bu J‘d_jb &.'I"u.l} ‘y_;j/’L;J:J.{ ulfj’j

Sy dls el ST oK iils @l (ajl.c s dSLEs sl (63 )8 e (gl S5 )

A slgr s aes 0055 (I e Al a8 Y
@@\::szjkﬁma&‘w};cqﬁw&ﬁ)\wm)ls—\”

AL slgm s Jas 0S5 ol IS () Jaes (S35 sl 5 e A ) lis IS -


http://ijhe.tums.ac.ir/article-1-7-fa.html

Downloaded from ijhe.tums.ac.ir at 13:33 IRST on Wednesday October 24th 2018

(COOH),,,,= Veq(NaOH)'CNaOH/ m
C 5 oV (Sl aht b il 2 g Vool o> m
A col il iy chale
Slagmess dhms & (S o e D18 1 S
el Gl 315 3 6ol 3 45 el oY a0,
S asdoms sl b sl (555 gloY SOl 6l ()
350 JeS 5 S Sbaes 5 ) OLSG ol slaca s
35500 0 & Va5l alax 51 0WLS Jsko o155 0 5o
ol 3 Oy 4 iladal
C/q=C/Q__+1/(Q,_.K)
o Al e ek Ol oY s g 01 s &S
Sl o b Sl Qled e s (MMON/E) s
oo Jols Ol ) K smmol/g) s 5o s &
S (VMM)3,ls (Koo o gmr 0 0k pd dr LlaS Oljas
B KW A N ST UL U ¥
el MM (o5 o) st ¥T sl ale 55 C,
0 C)m sl 4l Gl Obely 5l Sl &S q, s
Al ez 4 5 el Sl S s
q.=(C,-C)/x,
s s adsl sladsle 5 Ky bl Lo 5 4 C 5C) s
SR A I W ST PP PV PR A
(@) ol J s amm dlg 3 o s
Us s s ahos s & Lol VI ol ladol 30051 (65 50 o
100 lr s w15 g pme alal
AG =-RT Ink,
et R (kI/mol) S 55T (6550 is AG ol 3 o
(L/mol) Salusse s sl <ol k| 5 J/mol.K) 38
ol Sl e Sl el ol Oles &1y sk el
by s odar il p s e o SON ) s
oSN ey b s bg e e 5l Gas 3l s el 2o
sl G & HAG ez 53 5k 015
S StV g G Bl s lie ) 5o
s, V3T S 4 T s 51 BB Y (3L ol 4w,

J}le

¥a.

..... LY 5L o () oau¥ Bl

VRV

g dhewy 4 e 3l plerd S, Gl
Bl o5 3 SN g s S Ul 4 S s
0351 0l ke plac po 0351 s e ey 5 Jaoms S
Q=) il Slay e 5 Glos s Caenl
s Dl S Ol 53 055 55k 4 (S5 slasae Y
S e, gl 2ls sy plend LSS, Wy s
Lo a3 S 4 g5k DU (65,55 6l cnns )
Shassle sy Ky glacbey 3 1 Gledas ]
sl Sl 5 63555 (et s, s LSS
B N o T W F 4T L 2 S Y
S S 5 0 Sy Slagyl eSS, 0be ol 53
S Slasdi VT oS a5 1) (sols slaanST
(F=7) g oo i 35 (SU b
Laes (Azolla Filiculoides) _.do o Sk Vsl ot o
© e ol el Lo ClbB aauly 4 a4 ol JLu
V3T S 55 Gta ol L L(V) 55 e sslisdl 3o 558 Olsis
SUlE 5 s @l 3 s Ol sls et aas 5 |
A OIS
S in il 5 oo Va5T e J 28 5 a5 o iy Olos ol 3
S 3,510k 4 ol 5 AL et ST sl 1 oL
Gl Lles 55 s ol ol 3l 5 Ol Jlad gla sl
Sl dete B pae Kl 5 o V3T oS a4 Ol slaods VT
Er el e 03 s e V5T V) Ll Gl & 0]
b Foie Sl iy e S| ol xS
SVE 535 5o SVl & s ol N1 ol L il s
S, S5
Vol e 51 0S5 LV Gl ol e
Jets S Sl sl el S 0 eSS sl S
B s s A s S e S @ S glaes S
o Jauley ) L Sl Ol 5o Ly laes S
o)l 52 S 5> NS S 5 JemS 5 S slaes S 2lale
b 03 3l 5 Sl 1 La e Sl ey V3T sk
Wl 23 o 4 (R gl O gl A5

\Y/ CCl/m

total eq(HCl)" ~H

(COO")

9 yﬂy
P91 glisso ] /o)lg2 0o /iy 093

ll bazo Cublsgs ole ozl Gusg fu ole swliad


http://ijhe.tums.ac.ir/article-1-7-fa.html

Downloaded from ijhe.tums.ac.ir at 13:33 IRST on Wednesday October 24th 2018

OlSed g 2lid ) ol

(Et);N 0

(M =Y04/4 g/mol ;A

‘max

e Al A

Slap Sanl 0ol Cas 4 S oS sl 2 )
S gl sSh Ol ) YO mL 2y (g e
(C)) ore 2hale 4 S5 slad shes 51V e e ML &S (a5t
Yg/LJ,W\nmL.,\,;H;‘;ﬁ&@);W@
) S0V mLjE glacble L sl b s V5l
VeV mg/lglacble 5 () ) slad dows Ol e
oled Oly s 3513 (YL clble U ol dowe Olge @)
Sles 4w 5 (g Jlis Olge ) £ Jsls 5 pH 5 7 h
Lyl s Olge 4 Ve IPMOses Co 500 5 Y0 0 C
b i sl Ol la s ol Las Ozl Les
€, =Y mg/L) bl L K, allur Gl gl alis
A ol

LS abws 4 04 Sl Gy yb 5 Y551 el b alsil 1 ey
R0 Kged 5 ok I Jalowasl +/FO um i Jad 4 Slo
DS 4 (€) 0l 13 sy g0 Ky hile o g Blo
A as S

dals cus JL KK Ol s il IS I Gl (g
Veomg/L Joloee Ve ML oS ) s eals plsil
Jkoes 55352 50 SOy Olgs 5 03ls g Bl 21 511, K

cr
N7(Et),

= PO Y o3k ol 4K, plewd Sl ) S

L gy 93l
Y3l gilweslal

ool g0 g5 o 3 3lr Olse w036 Y550
o VeembL Lo ) lade CIL LY LYY g 8 ds
Ly s 58 p) e 5 LS edly sl scid (T min s
Olse aodel s 4y gad 3 8 S T slem 55
S s ool S50 oo Il 4 0y (V5]
@ji@z Y/ mLlwge s Lo olyd oS gy5b 4 As
235 ke Ol ey 4 bl slad e oles 45 S
3olpe bl Gl o Ded S A 4 gYOR) 0C gles
50 0C sl 5 sl s 4 (lads 5o3 Ll )3 55)0 TpM
A S S MlS Y  h s
V5T s5ledl 5 (K55 w55l osbof
Merck <05 51 Yoo mg/Lelle 4 BB sl J g
Gleble 4 U oalilkel jove Ad 4 Jais O 3
dsb) #0F nm s Ky pl Yoo YeFe AN mg/L
€ s, eyl glachle s 8 0 (oSl 5
K k) e S, 4 Ay
NaOH , HCI « V31 il 5o 55 Vsl goledles
70:Y/C gles 5 Y0+ rpm 0308 s LY D s o NM

V) sl 4 S s

O gel 25 51 Jeol 0l alns @ Jgo>

silwdls pH (COOH),; (mmol/g) (COO)otai(mmol/g)
\ \Ads -
[ \/Av -
(a2 \/55 VNS
q - \/AY
R - Y/Qv
B9 oo s oo
Oloel baze Caibl Sgs Lale ozl gy Lale solilias ¥a)


http://ijhe.tums.ac.ir/article-1-7-fa.html

Downloaded from ijhe.tums.ac.ir at 13:33 IRST on Wednesday October 24th 2018

&S i 1, (C = Yo mg/L) i sy 5 a5l SO 51 UYY

.J@;dw\@@%;)uﬁujwﬁ;\@\j

..... LY 5L o () oau¥ Bl

QAL,& J\."LSAJ.:M}MBJ\M uJo— &) d‘ﬂ.a s kaasylis a.bLov_'éL’

—— (pH=7)uﬁ)5J —8— pH=9 jissd sl —o— pH=11 jiosé sl

. \ Y Y

3y gn o> A oo DL by yo Tl gy a4 55 L 1y O el 23
Salld RlB s JonS S Rl o e el RIS
el e ds V3T Jaks o)l s S 5 S 5l 5l o ge
ol S das e 0LE Les SRl L 1 ol il Y Jus
el 3 05 Sl S SOl

o K, sl chle 5l gles 28 Aol s Gl sl
Gl 10 58 K ol el Cows 4 ¥ I o pe
s o LS | J s pH Lole o 5

1.

pH

f

4 4 Y A

5V ML el IS sl o
(8,ab|_,'.aq)v‘,\\_,‘\‘5upﬂ ,;audwd‘ﬁjjiépéﬂrdlgb”l;gw# O

laassl
dhows 4 Vil Sl el i ledld
VS o oal 5 e IS 5 (g e gl Do 25
53 0 b V55T 5 ged (6 sty O gl 25 (sl i
@) S e 3 g o ey 4 V) 54 LU cpH
S s e DL ) S IS el s @ (o Ol
53 0ok e (V351 40 503 (5 50 gl O sl 25 Sla gt T
Olgs ) oo laows 55 5 el s 00 5 Y sl pH 55

—D—(pH:])O.u)aJ B pH:Sﬁn.\& s —— pH=3 2 23 ol

Y

f b f Y

~,\mL.>3.a¢.'gc>
(Erdlse )V 0,5Y spH s ead Jld Y551 503 (5 o gy O gomsl jod s ¥ IS

¥ay

9 y)ﬂy
P91 glisso ] /o)lg2 0loss /iy 0)93

ull bazo Cublsgy ole ozl Gudg fu ole swliad


http://ijhe.tums.ac.ir/article-1-7-fa.html

Downloaded from ijhe.tums.ac.ir at 13:33 IRST on Wednesday October 24th 2018

OlSed g 2lid ) ol

o T=5C

s T=25C 2 T=50C
T=5C, y =25.756Ln(x) - 55.63

R? = 0.9920

T=25C, y = 36.644Ln(x) - 88.12
R?=0.9838

T=50C, y = 48.265Ln(x) - 276.52
R? = 0.9981

Y dsdr ) 5l S8 ol 45 258 o Sl A1
Sy Gd= 17 GpH [l 3 L0 S 5b ol 5 5ede
oS GBPH 53 Sl [als e sl bl e I3l
i Db ST 5 sl 49) NS 5 S (gloes S LS Sl
Joo ol ol JonS 50 8 4 Gpd e S o0l i
Sk S 4 BB 5l K5 et S L glad S5

Al e A sls 3 S mlaw 3 (5

Yoo o

Ae -

£e

(%) Gi=>

feo

C.(mglL)
Gl gl nl ¥ g

Cou
03 (FY Gl JK8) Ol 15 slaslssas ilae abais
CMnS 53 S = JonS 5,5 sl e pH= Y70 -0 JIp>
hil en U Jpae il a5l S (A)
3 S e S ks eald Ll bily, b 015 s
Gk a5l Ces 4 () Jadr) O3l s | oS5 S
chle lBlL G, el Gl Ao ys 58 eelin ¥ S

f b 4 Y A i I

1.:> pH
d‘y\;upH anw,g AT MJAZOJQ

® ﬂﬂ%
%ﬁ J 1191 Gliso ] /lg 0)loss /iy )9

Ulpl bazo Cublsgy ole ol Gludg fu ole swoliad

far


http://ijhe.tums.ac.ir/article-1-7-fa.html

Downloaded from ijhe.tums.ac.ir at 13:33 IRST on Wednesday October 24th 2018

..... LY 5L o () oau¥ Bl

Sebesge g slacal Y Jya

(K) s Qua(mmol/g)  AG (KJ/mol)
YVA VY'Y —+/YOV
YA V/AT¥ YA
Yy \/AVE SEVAYN
S S oS clls 1Y gL Jsloee Voo mL ¢ uled Ol 3l oy 53

oslinal b cilises mbos Sl 51 S5, sl VT i

Eolse ey ASCE Sl a8 Vg5l e
Sl 3 el ) Ll e (Dl 58S et 3
S James (3LeSy 5 o 01501 alanls 4 ootV )
Gl doys S A esls OLES Wlis ol 53 33 8 Cgae
53 ke Al sl O sl chle (55l L S,
ol cde wpH ialS L as s S edaliepH 31 o) 5
G Dl eSS 4 OMS s S glaes S s
SOl adyl &b 55 K, @V Bl oz AL s

sl 0390 Al 3 0550 S S e 3 Ll VL S

Yay

Co V=V h g oslan glagley 5s (C = Y e mg/L)aJ sl
SIS SRS VRSPV FRCIE kS [ SR PR T
SUIVO = Av aS (gysb YU sl wlad sla Ol
)J bf;kf‘ (:l}u‘ '—Y" 1’1’111’1 JL‘) A.L.éb )3 &J g.-‘r.k?-
@b)ﬁ;ubJJuJ}?hJ‘wﬂswﬂJﬂJJw

.Ca.w‘ébﬁ
Cde s Yoomg/L K alslcble b Ky dsee Ve mL
Gl b eles 5 (eled Oboy s 2 4 x5 L) # h
o 45 A eis b S5 3 4/ Y-0 g/l 5 Y a5 il
e gl e Jol- -0 g/Lﬁ>Lb):;<J)Q.1>M):
I A A R g/l sl 5l Ol ol sl 58
el Vsl slaes g 5 K slad 55050 o clis olas

9 y)ﬂy
P91 glissoj /o )lg2 0los /iy 093

lpl bazo Cublsgs ole ozl Gusg fu ole swliad


http://ijhe.tums.ac.ir/article-1-7-fa.html

Downloaded from ijhe.tums.ac.ir at 13:33 IRST on Wednesday October 24th 2018

OlSed g 2lid ) ol

@L:.o

1.Wang J, Huang CP, Allen HE, Cha DK, Kim DW.
Adsorption characteristics of dye onto sludge
particulates. Journal of Colloid and Interface Science.
1998;208(12):518-28.

2.Papic S, Koprivanac N, Bozic AL, Metes A. Removal
of some reactive dyes from synthetic wastewater
by combined AI(III) coagulation/carbon adsorption
process. Dyes and Pigments. 2004;62(3):291-8.

3.Alkan M, Dogan M, Turhan Y, Demirbas O, Turan P.
Adsorption kinetics and mechanism of maxilon blue
5G Dye on sepiolite from aqueous solutions. Chemical
Engineering Journal. 2008;139(2):213-23.

4 Mittal A, Gupta VK, Malviya A, Mittal J. Process
development for the batch and bulk removal and
recovery of a hazardous, water-soluble Azo Dye
(Metanil Yellow) by adsorption over waste materials
(Bottom Ash and De-Oiled Soya). Journal of
Hazardous Materials. 2008;151(2-3):821-32.

5.Zhou T, Li'Y, Wong FS, Lu X. Enhanced degradation
of 2,4-dichlorophenol by ultrasound in a new Fenton
like system (Fe/EDTA) at ambient circumstance.
Ultrasonics Sonochemistry. 2008;15(5):782-90.

6.Allen SJ, Mckay G, Porter JF. Adsorption isotherm
models for basic dye adsorption by peat in single and
binary component systems. Journal of Colloid and
Interface Science. 2004;280(2):322-33.

7.Rakhshaece R, Khosravi M, Ganji MT. Kinetic
modeling and thermodynamic study to remove Pb(II),
Cd(II), Ni(Il) and Zn(II) from aqueous solution
using dead and living Azolla filiculoides. Journal of
Hazardous Materials. 2006;134(1-3):120-9.

8.Rakhshaee R, Giahi M, Pourahmad A. Studying
effect of cell wall’s carboxyl-carboxylate ratio
change of Lemna minor to remove heavy metals from
aqueous solution. Journal of Hazardous Materials.
2009;163:165-73.

9.Padmesh TVN, Vijayaraghavan K, Sekaran G, Velan
M. Batch and column studies on biosorption of acid
dyes on fresh water macro alga Azolla filiculoides.
Journal of Hazardous Materials. 2005;125(1-
3):121-9.

10.Niemeyer CM. Nanoparticles, proteins, and

® ﬂﬂ%
%ﬁ J 1191 Gliso ] /)lg o)loss /iy )9

Ulpl bazo Cublsgy ole ozl Gludg fu ole swliad

40

nucleic acids: biotechnology meets materials
science. Angewandte Chemie International Edition.
2001;40:4128-58.


http://ijhe.tums.ac.ir/article-1-7-fa.html

Downloaded from ijhe.tums.ac.ir at 13:33 IRST on Wednesday October 24th 2018

Iran. J. Health & Environ., 2013, Vol. 5, No. 4

Removal of “Basic Blue 3” using Azolla Filiculoides from
Aqueous Solutions Along with Potentiometric Study of Cell Wall

“Roohan Rakhshaee!, Zahra zamiraee?, Somaieh Baghipour?, Mohammad Panahandeh?

"Department of Applied Chemistry, Faculty of Science, Islamic Azad University, Rasht Branch, Guilan, Iran
’Environmental Research Institute of Jihad Deneshgahi (Rasht), Guilan, Iran

Received: 23 April 2011 ; Accepted: 23 July 2011

ABSTRACT

Background and Objectives: Azolla Filiculoides as a non-living fern was used in a batch system
to remove “Basic Blue 3”, which is a cationic dye and a carcinogenic agent.

Materials and Methods: We used a batch system by applying certain concentrations of dye
contaminant and in the presence of a certain amount of adsorbent under optimum conditions. The
main groups presenting in the Azolla cell wall were evaluated by acidification and alkalization of
Azolla's media and then potentiometric titration with standard basic and acidic solutions.

Results: It was observed that the removal efficiency of dye using non-living Azolla in accordance
with the Langmuir isotherms was 82% for the initial dye concentration of 200 mg/lit under reaction
conditions consisting of contact time 6 h, pH= 6, temperature 25 °C, and dose 5 g/lit. Q_  (maximum
uptake capacity) by the activated Azolla at three temperatures 5, 25 and 50 °C was 0.732, 0.934, and
1.176 mmol/g respectively. AG (Gibbs free energy changes) was obtained for these temperatures as
-0.457,-0.762, and -1.185 kJ/mol respectively.

Conclusion: Removal of basic blue 3 using Azolla is an economically and effective method.

Keywords: Azolla, Removal, Basic Blue 3, Aqueous solutions
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