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Table 1- Laboratory range and levels of independent variables used in the adsorption process

oilejl 8 jlond e (s gl (%) 22k (MY/Y) ia cudybs
Test number Actual level variable Y (%) Adsorption capacity
Xa  Xs(g/L) Xc(mg/L) Xo(min) Xe(rpm)
1 1 7 5.0 60 100 81.6 0.58
2 4 1 150.0 30 150 8.1 12.15
3 7 7 150.0 90 50 31.8 6.81
4 10 5 5.0 30 100 37.8 0.38
5 7 1 150.0 120 100 10.2 15.30
6 55 4 775 75 125 48.3 9.36
7 1 3 150.0 90 50 25 12.50
8 55 4 775 75 125 47 9.11
9 10 5 101.7 120 200 48.3 9.82
10 10 3 101.7 30 200 27.1 9.18
11 4 7 101.7 30 200 54.4 7.90
12 1 3 101.7 30 50 26.6 9.01
13 10 5 5.0 30 100 39.5 0.40
14 7 1 53.3 30 50 14 7.47
15 1 3 150.0 90 200 46 23.00
16 7 7 5.0 90 200 86.8 0.62
17 1 7 101.7 120 100 53.9 7.83
18 10 7 53.3 90 50 39.1 2.98
19 1 3 150.0 90 200 455 22.75
20 4 3 5.0 30 200 50.1 0.84
21 1 1 5.0 60 100 24.6 1.23
22 10 1 5.0 90 150 18.3 0.92
23 10 7 53.3 90 50 42 3.20
24 4 7 101.7 30 50 46.5 6.75
25 10 3 150.0 60 50 19.4 9.70
26 7 1 5.0 90 50 174 0.87
27 10 7 150.0 60 150 26.1 5.59
28 7 7 5.0 90 200 84 0.60
29 1 1 53.3 120 150 28.1 14.99
30 1 5 5.0 120 150 78.2 0.78
31 4 5 5.0 120 50 60.3 0.60
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Table 2- Analysis of variance for reduced square quadratic response model

el
2 Sl yo
& Sum of Gla o g0 s3l;! Mean F p-value Prob
Source squares Df square Value >F
Je 13693.94 14 978.14 869.88 < 0.0001 Significant
Model
Acedsl PH 1166.16 1 116616 19370 40001
A-initial pH 9
B- o3k 5 (g/L) 5037.63 1 503763 4800 (o001
B-Adsorbent dosage (g/L) 8
C-psyS Jolos agl clale (Mg/L) 21074
C-Initial Cr (V1) concentration 2369.68 1 2369.68 1 <0.0001
(mg/L)
D-ples oles (Min) 224.1 1 224.1 1993  <0.0001
D-contact time (min)
E- oalj)) e o (M) 1288.64 1 128864 1180 50001
E-shaker speed (rpm) 2
AB 160.88 1 160.88 143.07 < 0.0001
AC 122.3 1 122.3 108.76 < 0.0001
AD 22.68 1 22.68 20.17 0.0004
BC 453.68 1 453.68 403.47 < 0.0001
DE 197.45 1 197.45 175.6 < 0.0001
A" 146.27 1 146.27 130.08 < 0.0001
B"? 256.89 1 256.89 228.45 < 0.0001
D" 176.22 1 176.22 156.72 < 0.0001
E™ 117.97 1 117.97 104.91 < 0.0001
oslesdl 17.99 16 112
Residual
il F“\L_ 7.45 11 0.68 0.32 0.9458 . nOt
Lack of Fit significant
ol sl 10.54 5 2.11
Pure error
Cor total 13711.93 30

R-Squared=0.9987, Adj R-Squared=0.9975, Pred R-Squared=0.9958, Adeq Precision=104.7267
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Figure 4- The response surface graph shows the effect of (a) initial pH and absorbent dose (b) the initial concentration of

chromium and adsorbent dose (c) contact time and shaker speed (d) pH and initial chromium concentration; and (e) pH and
initial contact time

e yito B digy o0 (LSl 0 plosl LalKiiglej] (V1) 29,8 38 Bia (5 laudings
Ayl CLle TGIL iy 36 55 ol Jglome PH Joli ol Sl Jite sla pite (jlwdiings bey j B ol
02515 sy 9 4l WY+l (oled (loj SMIL 2l 0V 03930 13 5 oruye Jo dluwg 4 (V1) g Gl a3l Loljél



1AV g0 — 43T Bojlods FY b (S g ol @y, AQA

1598 00 0313 Zedgi 2j ygo & 29eY p gl slaJae
S o (T (F s
. Qu KQ
Cor o35 58 BLo s b b Gu(MOl) F ok 5
Qmax (MY/Q) «Jsdoxe 15 pg, S 516 olag cdale e (MY/L)
= oY b K(MLIG) 5 g8 Joboro i byl Sl
Jlio 3 Collle lg0 vy bawsgs 1pgoSsY o sl zal a5l
(A ) Slors Cund ¥ s> 5 2ol g dol vty Ce yialyb

2 (V1) ps)S o (a3l 551 0 03 (a5 200PM il
o polie 4 S35 (Vb G 4 a8 W (o ZASA

(1AZ) 3 gl Jao Laogs (V1) poS Bl (assl 2 00

prIR sladss

Glyd g 4 (V) pg)S 58 Gls ol ool 5l Lisw opl jo
):9_A§Jy P)"?)’l dLﬁJ.\.‘o Ja.wy 0 C)'Lol dm)...oa ogao dlwgy
Ll 045 031 o9 C.J..\:)B 9

() 3.50
3.00 -
L 4
2.50 -
@ 2.00 -
- y =0.0302x + 0.2136
g 150
o L R2=0.9744
1.00
0.50
0.00 T |
0 20 40 80 100 120
Ce(mg/L)
(MQ/L) 295 Jglomo sl clilé
3.50 -
3.00
2.50
B 200 7 y = 0.4056x + 1.7436
= 1 R? = 0.9833
1.00
'Y 0.50 -
u) T 0.00 T T
' 4.00 2.00 0.00 2.00 4.00 6.00

In(Ce)

(& 29053y 0,5951 (1 bz Yoo! (Sd paod diawgy Bl brwgi (V1)0g,5 cpuinn 518 i (5 yl905 —0 JSUi5
N5 25595
Figure 5- Chromium (V1) heavy metal adsorption charts by modified tamarind fruit shell a) Langmuir
isotherm b) Freundlich isotherm
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Table 3- Isotherm Parameters for Chromium (V1) ion adsorption by tamarind fruit shell adsorbent
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Table 4- Comparison of adsorption capacity of modified tamarind fruit shell adsorbent for adsorbing chromium (V1) ions
with other adsorbents reported in other articles

il (mg/g) s cud,b &
Adsorbent Adsorption capacity (mg/g) Reference
o)) Sl
15.82
Saw dust [33]
Ol k!
Native saltbush(leaves) 1.7 [33]
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99,5 dlwg
o)l S 15 [33]
Saw dust
PR 13.8 [33]
Maize cob

[ C)’Lol (S yaod Dguo Cuwgy

< ’ . 23 This study
Modified tamarind fruit shell




AV o — 43T Boslois FY s (S g ol s Qv

(V1) oS slapigm @i byl )3 ials (e o 0l (LS
[odos ladlas o sbj s o (caid yued oga0 diagy bawsgs

oo oS 5 b ol &0 (V1) 5 sz o 3b s sy

g::.:\?b SladUas
1_3 u.\.>|9/u)> JSu_w 4_[>).a ¥ 2 u.)l_> )I DA e odlasiwl
> NaCl (LOM) +HCI (0.5 M) oS 5 Jodoo jl odlizul

ose s 0li5 g_e inly NGCI(L.0 M) + HCI (0.5 M)
‘)‘—"9’(5—9 04U CM@] (S y0d Dgre dlwgy a8 b ul.».u (8§93 i3

350 i 2 Slos )3 dasMo LB 12l gy ))Se & )90 &
23,55 51,8 dae edlatul

e (V) pg)—S 518 aJgl e lale 3g/L : il 55 pH:L)
(200rpm zoulj ) ce s g addy Ar zwled lo; 100mg/L
ol o o3l L5 £ S 0 o gl &8 cowl ad s plol
Ogl 5 23molg 5l Cis cnd b codaly 5 ol ads o ¥
s Db e 00l LialS pilas dbs o 1316.4MQ/g 4 dl>

YO -
0
e b b ol
(ma/a)
0 .
\ T T ¥

Number of cycles

qe(mg/g)

a5 pa dlaxi

NaCI(L0 M)+ HCI (0.5 M) Jgloxo b wrialy/ i 4 52 5l 31w (V) g8 ol ylwe -1 IS5
Figure 6- The adsorption rate of chromium (V1) after four cycles of adsorption / desorption with HCI (0.5 M) + NaCl (1.0
M)

(Response surface of methodology) gewl g 4195 Juo €33 siel)ly sdlio -0 Joua
Table 5- The values of the model accuracy of Response surface of methodology
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Introduction: The industries of leather, plating, metal processing, wood production, painting, textile, steel
making and bottling are the main industries for pollution of heavy metal chromium. Chromium in the two main
oxidation states consists of chromium (VI) and chromium (1I1). Chromium (V1) is more dangerous, more
cancerous and toxic for living organisms compared with chromium (l11). In addition, low chromium (VI)
concentration can cause health problems, including damage to the liver, as compared with chromium (I11). In
addition, lower concentrations of chromium (VI) can cause health problems including liver damage and skin
cancer. Acceptable limits of chromium (V1) for discharging to surface water and drinkable water are 0.1 and
0.05 mg L%, respectively. Therefore, wastewater treatment for reaching the desired level of chromium (VI) is
essential. There are several methods including chemical oxidation-reduction, ion exchange, electro dialysis,
electrochemical treatment, evaporation, solvent extraction, reverse osmosis, chemical treatment and adsorption
to reduce chromium (VI) from aqueous and sewage solutions. The main drawback of many of these methods is
the high operating cost and remaining sludge disposal problems. Among the techniques, the adsorption method is
preferred because of its simplicity, medium-performance and economic conditions. In the adsorption process, the
physical and chemical properties of adsorbent are very important for achieving high adsorption efficiency. In the
present study, activated particles with sulfuric acid were used to improve the removal of chromium (VI) from
aqueous solution. In the adsorption process, the removal of chromium (VI) metal depends on several process
variables in a discrete system such as the initial concentration of chromium (VI) solution, adsorbent dose,
solution pH, vibrational speed and contact time. Optimizing process variables is necessary to achieve the
maximum process efficiency for removing pollutants. A laboratory statistical design approach is necessary to
reduce the number of experiments, create an appropriate model for process optimization and also evaluate the
effect of response variability. Recently, several types of test design methods have been used to optimize the
multivariate chemical process. Response surface of methodology is a set of statistical and mathematical methods
for designing experiments in this field. Nevertheless, no study has been carried out on the optimization of the
removal of chromium (V1) by particles of the shell modified with sulfuric acid.

Materials and Methods: Chromium (VI) solution was prepared by dissolving potassium dichromate
(K2Cr207) in distilled water. It should be noted that the dominant form of chromium solution in terms of pH and
chromium (VI) contaminant concentrations is (HCrO4) ~and (CrO,) Z in this study.

Preparation of modified tamarind fruit shell: Tamarind fruit shells were prepared from the central part of Iran
(Isfahan province). The shells were washed with distilled water and placed in an oven at 110 °C for 4 hours. The
dried shells were crushed and then passed through a filter with a size of 200 microns. The resultant particles
were contacted with concentrated sulfuric acid (98 % w/w) for chemical activation and H* ion saturation ina 1: 1
weight ratio and in an oven at 150 ° C for 24 hours. The particles were then washed with distilled water and
placed in a 1% sodium bicarbonate solution for 2 days. The material was then washed with distilled water and
dried at 100 ° C for 5 hours. With this activation operation, H* ions are located on the adsorbent surface and
increase the adsorption of chromium samples. In this study, chromium samples are more (HCrO4) - and (CrOg) %
which have an electric charge. These negative samples are definitely adsorbed to the shells by placing H* ions on
the surface of the adsorbent.

Adsorption-Tests: The effect of 5 independent variables on chromium (V1) adsorption of aqueous solution
was investigated by the particles of tamarind fruit shells in a discrete medium. All experiments were performed
in accordance with the D-optimal matrix method. To adsorb chromium (V1) by tamarind fruit shells, different
weights of the tamarind fruit shell (1-7 gr/L) were combined with 50 ml of chromium (V1) solution and different
concentrations (50-150 mg/L). The chromium aqueous solution (V1) was prepared by dissolving preset amounts
of K,Cr,O7 powder in distilled water. The pH of the solution was adjusted by a solution of 1 M hydrochloric acid
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or 1 M sodium hydroxide over the range of 1-10. The residual concentration of chromium ions (VI) in the
soluble phase was determined by spectrophotometer detection of UV rays at 540 nm by the formation of
diphenyl carbazide color. Adsorption Capacity (mg g*) of the bimetallic system was calculated as follows:

q. = (CO _Ce)‘/

) W

where Co and C. are the primary and final concentrations of chromium (V1) (mg L™), respectively. V and W
represent the volume and mass of the solution containing the tamarind fruit shell particles, respectively.

Results: The adsorption of heavy metal chromium (V1) by the modified tamarind fruit shell as a sorbent was
studied by changing the pH of the solution, the adsorbent dose, the initial concentration of chromium (VI),
contact time and vibrational velocity (shaker). The design of the D-optimal experiment, along with the response
surface procedure modeling, was used to maximize the removal of chromium (V1) from the aqueous solution by
the particle of the tamarind fruit shell.

Keywords: Cr (V1) aqueous solution, D-optimal Optimization, Response surface of methodology, Tamarind
fruit shell



