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1- Response Surface Methodology
2- Box-Behnken
3- Central Composite Design (CCD)



e Sty ] Bh> oS (55l Joe

P9 4z, (labazaiz b S 5l maw ol (b o
5 pgo 4,0 (he oSy Juls a5 (V sddob)
OM;AS))QL‘LA uuLw‘)J LQ)MQ—A—)JM}JWM

ég.wtsa oéLn...w‘ 4.....“4‘5 )—M kS"UU”M" 6‘)) ‘w|
k-1 k

k k
v=pos Y b+ Y B £ BXiX e
i=1 i=1

i=1 j=2
i#]
Xi (St )] i o )0) gsly it Yelsbes 0yl 4o
Gl ke sl K odds a5 Jiiee (sla ke Xj
polie o D oo skosiledl € ¢ Jaluw
@ 55 Bij Bil Pi PO g (Jow 00 3,91 g (slovalics
(bt g 1 dase 5l oose Sl soaams s o 3
Tk Sl p Sl o piite (o AiSen g 9 423
abhii cda b glel Voo ggeme 10 635 0 S e
S50 Sl ate aald (2 Slie polie b Jolee a5 (555 0
4t $ln oV Jgu2) wo S 12l g (b el ol
s ool NagHASOL THA0 Sas I Satas T Jsloo
Jslms 5 il Voe o GalesT o el (s
Sl YO )N Sy 0 pasie 2dile b Seis)
(HNO3) G s dul 5l o0liind L PH s 00 di5u
Selhy 9 st Yoo /) (NAOH) o 0S5 1000
Oislesl j2 50 .0l 03538l 1 & CTAB L oo 2o
sl 5 Sy Dgmailomgn uled o) 4 dts
Heidolph MR3001K Joe ;S oS 5 ecSonins,|
alosl 51 e s ool G a8 o ye0 Yere yeo b
Soein il Goyb 5l (ol Jslre (el o e
b Joloee jo Sl bl 5 on laz ol 5l oS
Agilent- AA240 Jow) (coil dz oSiws 5l ool

A s (G el g8 el

ke 00 5 ol YF e s ey 2 5 o5
ey Sl 53, 2 CTAB Nyadoa 0 Jslows |
5 ol F sl a0 YO sles ;o agds o j90 Yoo
Ages ylaiie Ol b gt 51 w0 ools 13 wles
O loo o celw VY Gow 4 jeluss jo cudss;
Nadafi Kuleyin, 2006) 15,5 Sz of Ll a0
(etal., 2014

S| B> (53l Juro

2 e sbaie 13U b)) 5 g siledoe jslaies
CTAB L oussipdlol cudgsy Jawgs S )l B> )50
L lotalosl (b o oolizul (6350 oS 10 b
b s lageiie | S 5 cilie polie (oS
gk sl p g e Eob o) Sl eslinl
PH Lol a5 5,90 (sl pusto (gaials .o plosil (535 0
CTAB L caszdlol codssy Jlade yuizmeny (wled (ylo)
) ) 0als oS polie yuimes 5 (28lg polie ululy
8l polie gunas sl cals &l (-o =Y e

Al plesl v gadoles sl eolainl b b e
¥ = X; — X \
L Ax,: ( )

Slade goaims lis i 4 Xo g Xi Xi alal, ol o

LQA.UQLD U"‘i’L""5)"”"’AJmG”9‘9 )‘\.\.D.A ‘).AM Lgo..\.w.\f
ol b 2 V6l 8 lade 50 AX Ll sie o
obey PH sl slpXo jlaie 1 Jgozr oolul
9 4B Vo0 F b ply i 5 4y Sodgs; Hlake g uled
w b pie pl gl 55 AX e 391 2 5 o, BIO
Sy gk @ by ladlod g 4550 &5 Sl 53
s ool MINITAB 14 153l 5 51 solisl b (655 e

Siwo 30 0oliiwl 5 yg0 (SUa piie (ot lo T yolie diels -V Jgu
Table 1. Range of independent variables used in the modeling processes

(Factor) (Range & values)
Independent variable
Xi o+ +1 0 -1 0~
(PH) % 778 g 6 3 422
(Contact time) (min) X2 16.15 20 10.5 1 4.85
(Zeolite dosage)@gL™) X3 8.17 10 5.5 1 2.82

3- Step Change
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Figure 1. X-ray diffraction pattern of row natural zeolite clinoptilolite
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Table 2. XRF analysis of natural raw zeolite

CEC PHzpe Cl Fe:Os  MgO  TiO, K20 Si02  AlOs Na20 CaO LOI
meq gr! - mg L %
26 4.6 1600 %?2_ 0.04 0.03 0.01 68.5 1 3.8 0.6 10-12

CEC: cation exchange capacity; Cl: chlorine; LOI: loss on ignition
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Table 2. Central composite design matrix for coded variables

Run pH Contact time (min)  Zeolite dosage (g L) As removal (%)
1 0.59 0.59 0.59 57.6
2 0.00 0.00 0.00 60.55
3 0.00 0.00 1.00 55.59
4 0.00 0.00 0.00 60.55
5 1.00 0.00 0.00 42.8
6 0.00 -1.00 0.00 52.08
7 0.00 1.00 0.00 78.42
8 0.59 -0.59 -0.59 46.82
9 -0.59 0.59 -0.59 79.75
10 -1.00 0.00 0.00 90.45
11 -0.59 -0.59 -0.59 76.83
12 -0.59 0.59 0.59 82.57
13 0.00 0.00 -1.00 59.63
14 0.00 0.00 0.00 60.55
15 0.59 -0.59 0.59 44.19
16 0.00 0.00 0.00 60.55
17 0.00 0.00 0.00 60.55
18 -0.59 -0.59 0.59 59.06
19 0.00 0.00 0.00 60.55
20 0.59 0.59 -0.59 44.63
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Table 3. Coefficient of the central composite design full quadratic model for prediction of as

removal

(Part of model) (Model parameters)  (Coefficients) (T value) (P value)
(Model constant) Constant 60.613 65.309 0.000
pH -13.554 -22.012 0.000
(Linear) Time 6.000 9.746 0.000
Zeolite -0.833 -1.353 0.206
pH x pH 1.748 2.916 0.015
Square) Time x Time 1.263 2.108 0.061
Zeolite x Zeolite -1.439 -2.401 0.037
pH x Time -1.901 -2.363 0.040
dInteraction) pH x Zeolite 3.161 3.929 0.003
Time x Zeolite 4.523 5.623 0.000
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Figure 2. Comparison between predicted values and experimental results of as removal

4 °

21 o ° e
E [} [
% 0 2 O .9
@

°
2 LI 4 ¢
°
44 T .
40 60 80
Fitted Value

N FFS&UEHCL 5
o [$3] o

(&2

o
o

0 .1
Residual

il polie g yleud Jilie 5o ouilowdl g olio 23395 of pod 49 (635 w0 5 0 Zyb Joo (SB0WILouBly ol S g —F S

Figure3 - Histogram of central composite design model residuals with distribution of residual values
against treatments and fitted values.
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Table 5 - Results of analysis of variance of the central composite design model to predict the ercentage of
arsenic removal

e I s B B e
(Model)) 9 376.34 72.68 0.000
(Linear) 3 1003.39 193.77 0.000
(Square) 3 34.77 6.71 0.009
(Interaction) 3 90.86 17.55 0.000

e b a Sl slaaigS g HASO4Z g HaASO4
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Figure 5. Response surface plots and meter curve of the As removal as function of pH, contact time (min), and
zeolite dosage (g L)
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Abstract

The presence of arsenic in water is a major problem in communities due to its toxicity and hazard.
There are various processes to remove arsenic from water. The purpose of this study was to evaluate
the removal efficiency of arsenic by CTAB-modified clinoptilolite zeolite from aqueous solution,
and modeling the effects of pH (3-9), contact time (1-20 min), and different amounts of CTAB-
modified zeolite (1-10 gr L) on arsenic removal. A Central composite design with 20 experiments
was employed to evaluate the effects of the coded independent variables on arsenic removal. Results
indicated that the central composite design has high efficiency (R?= 0.985) in predicting arsenic
removal. Sensitivity analysis of the central composite design revealed that the pH is the most
important factors in arsenic removal, so that the percentage effect of these factors on arsenic removal
is 71. Contact time also had a significant effect on arsenic removal. Optimal pH, contact time and
zeolite values for maximum arsenic removal were obtained 3.2, 16.8 minutes and 0.1 g L7,
respectively. Results from this study suggested that, the zeolite modified with CTAB can be used as
an effective and inexpensive adsorbent to remove arsenic from aqueous solutions, since it is a low-
cost, abundant and locally available.
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