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Abstract

The presence of organic dyes in wastewater is one of the special concerns in the environment.
Therefore, the treatment of wastewater that contains dyes has great importance for the
environment. The use of magnetic adsorbents is a new and highly efficient method to remove
dyes from water environments. In the structure of the absorbent, Spirulina algae powder was
made into a biopolymer called chitosan. The synthesized adsorbent was characterized by XRD,
VSM and FTIR analysis. In order to optimize the process, experimental design software and
surface response method were used in the central composite design. The influencing parameters
in the adsorption process including solution pH, adsorbent dose, contact time and initial
concentration of malachite green dye were investigated. The results of the analysis of variance
showed that the effects of the independent variables pH, dose, initial concentration, and time, as
well as the square effects of the variables pH, dose, initial concentration, and time, the
interaction between pH and initial concentration, the pH to reaction time, the initial
concentration to time, and the interaction between dose and time in the model, were significant,
as was the pH parameter of the solution, which had the greatest effect among the operating
parameters. Freundlich isotherm model was also more capable of describing the equilibrium
behavior of the adsorption process. Magnetic composite Spirulina/chitosan was able to remove
more than 99% of malachite green from aqueous solution under pH conditions=6.75, adsorbent
dose=230 mg/L, initial dye concentration 4 mg/L and time 90 minutes.

Keywords: Wastewater Treatment, Nano Absorbent, Spirulina Algae, Chitosan, Malachite
Green.
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Table 1. Range of experiments and levels of independent variables

Independent variables

Range and level

+a +1 0 -1 -0,

pH (A) 8 6.75 5.5 4.25 3
Dose (B) 300 237 175 112 50

Initial concentration (C) 10 8 6 4 2
Time (D) 120 93.75 67.5 41.25 15

o5 prob>F L @L_:J Coo Jz>| gF-values jlu_is
.(Aghel et al., 2017) 545

L (R?) 0S5 gm0l b sy it gl (S ot
B EO PR J S SIS PE SIVERRY. RIS ES IO JUNE
5 Jans 5 sy Lo piie 1S (6l Y 455 DOE )51, 5
1354m 8l o hae Blasl s sl oa LS s gy 2
3 e Sd Ve ol 2l 3l 555 pH (6l b o bes) e
35 5o SVl Bls s s 5 oltsl s asls JS 55 e
el sty i e st U ad B i S

Gl glaloser ) i anl b 56T shtes s 5o ny
P Sl ladand o e 5 (6 057 Sl 6055
Sl 3l il Cd b L5l aizen 5 O3l oo (b
Lo SSY laloses 51tz ool o .(Hadavifar et al., 2016)
U Lo bty (shls i (slalass at sslizad iy 5
Jica 53 a5l <V il Jolas 5 Sl yaas o S s
S p et 1 Dl b bl o i eSSV Gloses
3l JolS e Ll Lsad ol lop sy on st 4.qm el
3le 5 3l o Ll p Sl (o8 b 5 55d e esls Cas
1 sa VT gl =S5 e ol 3b5 e 5550 o)Ll sad i
1S sl VST D S oY lases ams e oL
i oad e o 58 n Llize S G

1255 L ool mhan G (53 L s B slesps dslas
Dolrs sl o Cwnty s (555 53 2l 5o S5l (23155
Sl s Cl Sonch s (25 Glosls by m s 3 glases
$3AL i (gl Uy (o s U (Sali - slans Ol
e o S Ol ki &S (g sba ol €11 LG O sliza

Journal of Water and Wastewater

adBs Vo 3 Sty sud 4 O gamilins gus uuras 2 b slse
u\;\ﬁ,q_éjfj\)&gy\p\a&“guay\}cly\q;g
L gl 3o PH s et 035 @0 0L 5 590 b aids 70 Dotesy
3By P Suew g b anilen VY Sl i 6 s s Y SU sl
V e o3 b g nls Sl i ez 3 P Lo
Sl g Ck—ue O35S a5y shateds s )b IS 1) s
935 s I 933 o2 453 0 Dtaty 5 4 LS bt
SL i i O Sl sl Lsacd sl O3l
a0 sl el YT Cuna Culg s 5w oals siaas

(Arumugam et al., 2019) o iy gk

Sl U e cad Yl 0l sl piole s 1,k -F-) Y
Design expert 5 4.l
o~!Design expert L;JLAT wb L LuuiiLoﬂ b sl sl
S ol e S2elesT 03 slaa o xS oLl L oS
2 i Ol s Olesed D)o | cilzse gla el
Sy g ey e L O 158l 5l Shealnul b paeen 0 S
515 L el Jolize 131 0135 e oS 33 n (25240 50
.(Montgomery, 2001) 5,5 .U ;! ijr.as Ssba

| &b o i 25 05 CCD bl 5y (&b
ot 53 s e sla it s il Lot 3T (b 153l 5 s
Oles 5 s StV sl ke (O3ls 555 pH ol 2o g3,
ot ol o 3l aslial () Jsaz) 552 2T o
StV Bis ao s o plajed sbay it ez (oS5
s il oa2 L o 51l Ol g (b nl 53 S 5
j‘b)mﬂ‘gwwﬁéj‘ﬁgt Ol 9 Solasime s

IResponse Surface Methodology (RSM)

Vol. 33, No. 5, 2023

U)L&U}UTM O
AR JL.NO ULQ.:”\‘Y’UJ:



dx.doi.org/10.22093/ww;j.2022.319076.3208

Ohled 5 Gpuige Dol ol

Slal I\ Fee em” b K, (Hawezy et al., 2020)
C=C auS ol 5l sl VoY cm™ S H-C-H ias
b o228 Bl 4 g eV PO em T as b e Sy etan
S .(Shameran et al., 2019) Cel 03528 )3 N-N 35> 5 3
Cole 53 5 C-H gl S 28 (3las,l YAY em sl
e OH S pla )l bLso FEY em”! ol S,
.(Salih and Faraj, 2017)
b cd o asls L83 ¥ S L3 XRD ik ol
Sids ! B cib 5 bliin gyl by 0 A
33Fe304 casin la Sy Cund go ol 035287 bl
SOY/Y OF/0 SY/N XO/0 X /YANANOY o 56
A b s Sea S (Wangetal, 2012) w1 1,3 Y0=FY/5
023 slaSy pose B ik s s sanlia L6 SlS
S syls ), Larls Sy S 55 Y=Y+ /0 el 45 FesO,
ool a0 b e sLacSy il oas oS ol ol S 4 Lo
ol C«ﬁj);-ﬁ\fchﬁ S92 O35S 0ad S B b s
(Quetal, 2021) aas .
L g el :A 13 VSM LT s syl ¥ IS s
s S el 315528 bliin gl y ol B o bliin
Sl S il mlie bl &b wud s Ol e e
o VA emu 5| blite s el Sl abliie S,
2 olsS Ol cos samsglis Baadk s \Yemu w A ol

J_ISG_»C)L;\‘)n\_nc_:."r_c}’&_»jnﬁwﬁbwobs(_gjj

Sud Sl S el mlass p el Sons i b bl
(Kazemi et al., 2019) coul b i

Clo oo b b S o sy bl o taes
sbate s sslinal ) dslas 3l i 2l s s (qm) Jslas
3l ¢ 5 slile el Qla 5 e ol Ol e b
el (o 5 ol 56 o alws) ol 0o o

am = (Co:;e)v (\)

Wl s

V (mg/L) san VT sl e 5 o5l chile 5 54, C, 5C,
Sl ioac aslizal (2) 3L i Wy (1) 00 VT sbos o
.(Hadavifar et al., 2016)

S 5 s -Y
2 e S ) gpelS Sl g -\ -
1 s el Sl 5lad 51 0 55 SFTIR il \ (S
Lyl Sl G b A i b (IS ] s s e Lt
bliie Uyl C il 5 b liin glids el B i)
el 355 b s =Sl

ol yas e 080 em” sl s oS asls Sy s
.(Salih and Faraj, <—ulO-Fe-O i8S ilaslas by,
Slibess VoA em™ asl s S un e s K 2017)

(Quetal., 2021) S Cesl oS53l 05,8 1C-0-C W50 4 g0 oS Slilss
.s)\> S4>9 CL.:): Qj,:_..S\ 6.9\—’ ‘_;LALC (5Lasa_9jf.,\.as:6o QLZJ
FTIR A —_——B e C
~ 200 A
£ \_//-\/"\.,\/\/ ’
@ 150 - — - | O\ [ e R —-—— —
o A\ ~ e N \/
2 M AT AN 4
E 1004 o | . f'\ RS o \ F
e o, M <
g 50 - WF ot A
= I D S
e - T Y I I TR
= oo . . . . . . .
400 9200 1400 1900 2400 2900 3400 3900

Wavenumbers (cm!)

Fig. 1. FTIR spectroscopy of synthesized adsorbents: A) Spirulina, B) Magnetic Spirulina,

C) Magnetic Spirulina / chitosan
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Fig. 2. XRD spectroscopy of synthesized adsorbents: A) Magnetic Spirulina and B) Magnetic Spirulina/chitosan
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Fig. 3. VSM spectra of synthesized composites: A) Magnetic Spirulina and B) Magnetic Spirulina/chitosan
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Table 2. Design of experiments with surface response method

Real values

Malachite green removal

Run percentage
A (pH) B (Dose) C (Initial conc) D (Time) Actual Predicted
1 4.25 237.5 8 41.25 26.66 28.60
2 6.75 237.5 4 93.75 69.57 67.99
3 5.5 175 6 15 50.65 53.49
4 6.75 112.5 8 41.25 67.92 70.01
5 5.5 175 6 67.5 39.53 40.08
6 5.5 175 6 120 5.56 3.98
7 4.25 237.5 4 41.25 79.70 80.74
8 3 175 6 67.5 70.57 68.25
9 6.75 112.5 4 93.75 90.71 91.62
10 6.75 237.5 8 41.25 71.17 70.01
11 6.75 237.5 8 93.75 44.84 45.54
12 5.5 175 6 67.5 20.31 22.38
13 4.25 237.5 8 93.75 16.00 14.60
14 4.25 112.5 4 41.25 13.92 14.09
15 8 175 6 67.5 72.26 70.01
16 4.25 112.5 8 41.25 70.70 70.01
17 5.5 50 6 67.5 75.16 73.41
18 5.5 175 6 67.5 69.33 70.01
19 5.5 175 6 67.5 85.30 88.45
20 5.5 300 6 67.5 51.95 50.00
21 5.5 175 6 67.5 71.11 71.25
22 6.75 237.5 4 41.25 22.57 23.08
23 6.75 112.5 8 93.75 25.76 26.68
24 4.25 237.5 4 93.75 68.67 70.01
25 5.5 175 10 67.5 4.85 4.67
26 4.25 112.5 4 93.75 72.09 70.00
27 5.5 175 6 67.5 67.39 65.30
28 4.25 112.5 8 93.75 26.66 28.60
29 6.75 112.5 4 41.25 69.57 67.99
30 5.5 175 2 67.5 50.65 53.49

S 23Vl iz oy il IUT 0 ge5T ) Jols b =¥ J s
Table 3. Results of analysis of variance of Malachite green absorption percentage

Response Source ST Qi df AT F-value Lol
squares of squares prob >F
Model 17978.25 14 16.1284 23.216 <0001.0
Dye removal Residual 71.27 12 94.5
" Lack of fit 57.80 7 26.8 07.3 1179.0
percentage Pure error 13.47 5 69.2
Tottal 18049.51 26
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reaction time on the adsorption rate of malachite green by Spirulina/chitosan magnetic composite
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Fig. 5. Evaluation of linear absorption of malachite green using Langmuir and Freundlich isotherm models
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Table 4. Calculated parameters of Langmuir-Freundlich linear models for adsorption of malachite green
on Spirulina/chitosan magnetic adsorbent

Value R?
Ai(sl(s)(t);s::zn Parameter Malachite green Malachite green
- qm(mg/g) 3.232
Lengmuir b(L.mg) 0.0018 02933
i Kf 5.36
Freundlich N S 0.9029
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