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Figure 1- FT-IR Spectrum of Raw Pomegranate Peel and Modified Pomegranate peel with Sodium Hydroxide.
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Figure 2- Comparison of FTIR Spectroscopy Results for (a) Raw Pomegranate Peel, (b) Washed Pomegranate Peel
Treated with Sodium Hydroxide, and (c) Washed Pomegranate Peel Treated with Sodium Hydroxide Containing
Heavy Metals Chromium and Nickel.
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Figure 3- FE-SEM Images of (a) Raw Pomegranate Peel, (b) Washed Pomegranate Peel Treated with NaOH.
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Table 1- Percentage Composition of Elements in Raw and Washed Pomegranate Peel

Percentage Composition of Elements Carbon % Oxygen % Hydrogen %  Nitrogen %

Raw Pomegranate Peel 49.78 43.99 6.01 0.216
NaOH Washed Pomegranate Peel 50.51 45.39 3.92 0.173
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Table 2- Levels and Ranges of Variables

Levels of Independent Variables

Parameter Symbol  Scale (-20) 1 0 ) (+20)
pH A - 4 5 6 7 8
Time B min 20 40 60 80 100
Temperature C °C 20 275 35 425 50
Adsorbent concentration D g/lit 1 2.5 4 5.5 7

CCD (g bawgi (535 po alals ;3 51,55 (pind g gedaws g4y 50 Jhwo jailo jlear b ol (2 1)b (s i losl - Jgaa
Table 3- Designed Experiments with Four Independent Variables at Five Levels and Six Replicates at Central Point

Using CCD Method

variables Responses
Test number  pH Time  Temperature coAng:ﬁr[lr)aetr;:)n efficiency Ni®* efficiency Cr®

- min °C g/lit % %
1 6 60 20 4 84.94 94.05
2 4 60 35 4 85.1 93.2
3 7 80 425 2.5 65.1 95.3
4 5 80 27.5 2.5 64.1 934
5 6 60 35 4 93.1 94.7
6 7 40 27.5 55 93.5 87
7 6 60 35 5 96.5 96
8 5 40 42.5 2.5 59.82 88.61
9 5 40 27.5 2.5 54.88 88.1
10 6 60 50 4 88.3 93.21
11 5 40 27.5 55 89.1 90
12 7 40 27.5 2.5 55.3 84.01
13 5 80 425 2.5 67.1 91.6
14 6 60 35 4 94.7 95.23
15 6 60 35 4 94.65 95.42
16 6 60 35 4 68.94 95.3
17 5 40 425 55 90.5 86.7
18 7 40 425 2.5 57.8 86
19 7 80 425 55 91.22 82.3
20 8 80 35 4 89.88 91.81
21 6 60 35 4 91.6 94.3
22 7 80 27.5 5.5 89.8 87.1
23 5 80 425 5.5 87.8 79.1
24 6 20 35 4 85.3 91.01
25 6 60 35 1 20.56 73.3
26 7 80 27.5 2.5 65.3 92.4
27 5 80 275 5.5 84.01 82.5
28 7 40 425 5.5 95.1 84.44
29 6 60 35 7 80.1 63.3
30 6 100 35 4 89.1 95.7




ogun] o Ol 3l 09,5 9 JSos Bdo 50 1l Cawgy () (o) 2

al., 2021; Giri et al.,, 2021; Cheyad and
Ly-¥y em s ond el Ky (Salman, 2017
oS o cpl &S sl cuws C-O0 LS & ol 0
39 o olad] 35 C-N - iis ol & cul
coles 4o (Giri et al.,, 2021; Vardin et al., 2008)
4 45 395 0 odalie SYCM ™ 5 Gis g
Giri et al., )s,bs sls (C-Cl ) Wl LS (laog,S
FT-IR _oxwcib jl ot cons 4 guls gilks (2021
Wb bages ol 3 od el Sie by
b Mol 5l Ul Gy diges ol Hlisle S
Sls Gla o 5 eolitwl pioten 9w g s mad
Ll Cangy dged 0 pized Gl ol lais S
0ad ol (LI Sy 93 g o b oS 2N
4 slio Gy 4 WVFe cm T WEY em Tt
Sliwl (loog )T «SileuS92)S sl ) C=0 (sloog S
webaid] (ol 0g,5) C-O Kgw g (55 undll LOO
(Giri et al., 2021, Ben-Ali et al., 2017) )b
Wl Cwgy diges jd odds s ddlsl Ky 90 (pied
od o3l (S l3ld Gls T8 5 a8 ouds M
Cr-Osbatisy 4 oy 4 OVY cm ™ 5 aarem ™
Badillo-Camacho et al., 2020, Weckhuysen et)
Ngo and Hur, 2016; Hong ) Ni-O 4 (al., 1996

L dwolie o a0 ol &S cusl 3late (€t al., 2021
Cda a3 ) ouds ool diges b Ul Cungy diges
ol Slay JH1) JSS 5 pos B 9> (oS ljl
oy S Lol sl cwl 038 Clo pSiw @ljl
ol 0 03l LS ¥ Jodn )0 diged dw ya ol

L b clayly o Gl o8 wad o ol ol
Gl gy diges )0 b slse caliee sl ST
o I b e slajlg > sddosalin slacsy
CCl ,CO L£=0 L£-0H N-O £-H OH
Shol Hidle 5 siun b JsSUs0 sl yiiSTy oaim lis
50 oolaiol § dauSgy0ud mudws b 2 Mol I e Ul Cowgy
JERE I BPNET R AN
@ &S 2l o diges O i (gl yiiSly oaimd lis
slaag S 5 5 ] COO C=0 lasy S LSt
s kg, Ni-O 4 Cr-O

Covgy dged g pl Ul Cungy diges 93 glaw (55909890
L SEM U1 Lausss spua gy opbes b 0 2ol Ul
ol 00 00l lis 3 IS5 50 y109,800 Vo oleiS )5
Sl g oy sl wols Hsle polas ol o
sokailen Dged sdalin o o |y Mol | dn (o)l
Dol gdaw (B) el cunl odnliv LB 3 S5 > &
ohaiel Jlsle (el a5 wmd e ol |y pl Ul Congy
o)1 L 03,8 claoyis o S5 o goy &S ol
Reddy et al., 2015; Abdel-) ulhas jals alis
(Galil et al., 2021

oo b oad g Mol Sl Congy Wigad s (5G5lg8 )90
odiand i ol ol o3l L (0) S5 55w 0un
Covgy Dges 4D dgge o g lyis o 13 S conl oyl
5 4Bl il 3l 4S9 mat b Mol 5l g 5 U
Sl 039l dgmgs |y Jlgenl o Jsddstie MalS prdass
o loedlatwl &S Wby pl 4 Wl e oyl
W gy 3 35090 SebouS S (slongS chpuS gy
o8 g8 9 JB Ll cage g Cunl 035 JUb 1) P
Sbog Haw ola Gl el ol ol Sl
(AkKari et al., 2021)cul o pg,S 5 S5

Gses ) JSb FT-IR i ol ilas
ok L YRA em s Lol s K pls Ul cungy
& 5 b o OH s )l & et a5 2o 0
Girietal., ) col ki o Sl gyun Jole slaog)s
3 Sy oyl &5 (2021; Shouman and Khedr, 2015
e b ooad Mol JUl Cavgy diges 4 by i
gy Lige 4 gy Cinbo 5 TFRACM ™ 53 S5
9 £955 (w ©lH (gl Jole 4 oS 0l Ml Ul
@ & cuol ond s YEVeem ™ 3 ond o338l JS
e U Cugy sl s slse o STy S
o bl (i Cl3lh 5 09 e mades s J5Ss5e
AYFem o YAYE em 7 s o esalie (slacSy ol
Cheyad and )u,ls jolai! C-H iis ils)l 4
3 odd el Cls slayly yixen (Salman, 2017
4 iy 4 V-vem o FYS em o aavA cm
ied ) (o8 wleS ) N-O s i)
Msaadi et ) cuwl 3o C=0 S jilss,l 4 C-OH

Z 'ON /T2 "IOA / ¥202 Burids / uonuinN 72 ABojouyoa pooH

369 3077 6 arre A0 (e3( [ [ P 6 (e |




Z ON / TZ "[OA / ¥20z Buuids / uoniin 7 ABojouyos | pood

AN

360 3077 6 arre) A (23 [ [ P 6 omfa |

RULS P R

Table 4- Table of main bands in the pomegranate peel powder sample

No (Cm™) Peak Index Bond Functional Groups
1 3488 O-H Hydroxylic

2 2934 C-H Alkanes

3 1578 N-O Nitro compounds
4 1426 C-O-H Aldehyd

5 1043 C-Oand C-N Amines

6 1013 C=0 Carbonyl

7 924 C-H Alkenes

8 767 C-Cl Alkyl halides
9 620 C-Cl Alkyl halides
10 1741 C=0 carboxylic

11 1240 Cc-0 Esters

12 953 Cr-O -

13 571 Ni-O -
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P s yog e Bli8l oM jeb 4yl S
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Figure 4- Three-dimensional and Two-dimensional Interaction of Duration-pH on Ni?* Removal.
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Figure 5- Three-dimensional and Two-dimensional Interaction of Temperature-pH on Ni** Removal.
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Figure 6- Three-dimensional and Two-dimensional Interaction of Adsorbent-pH on Ni?* Removal.
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Figure 7- Three-dimensional and Two-dimensional Interaction of Temperature-Duration on Ni** Removal.
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Figure 8- Three-dimensional and Two-dimensional Interaction of Adsorbent-Duration on Ni** Removal.
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Figure 9- Three-dimensional and Two-dimensional Interaction of Adsorbent-Temperature on Ni** Removal.
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Figure 10- Three-dimensional and Two-dimensional Interaction of Duration-pH on Cr®* Removal.
(SR 90 9 (SO duw L ygeo & Cr¥F s p PH- o (WiiSen pr =Y ¢ JSUS

Efficiency Cré+ (%)

425

Efficiency Cr6+ (%)
&
Temperature (“C)

27.5

Temperature (°C) 275

pH

Figure 11- Three-dimensional and Two-dimensional Interaction of Temperature-pH on Cr® Removal.
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Figure 12- Three-dimensional and Two-dimensional Interaction of Adsorbent-pH on Cr®* Removal.
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Figure 13- Three-dimensional and Two-dimensional Interaction of Temperature-Duration on Cr®* Removal.
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Figure 14- Three-dimensional and Two-dimensional Interaction of Adsorbent-Duration on Cr®* Removal.
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Figure 15- Three-dimensional and Two-dimensional Interaction of Adsorbent-temperature on Cr®* Removal.
AR 93 9 (Sur du L ygeo & Cr¥F Bl o Lod- bl (ylime LiiSoR p — 10 S

(5 lwainge) W (bais -

PH slopsie sl aise polie oasd (i (] S
Vb & ol jolate & O3l gy ke 5 Led le
oghaie ol sy sl oy g JS Glile Bl a0
5 okl odlitel (giugd 5 (samdw babgel oS
L (0 Jgsa)wsl oad s paite po ()35 1 slaojl
NBleys ol 5 ite o (sl S5 590 Blaal &y a2
(V9 7 Joha )i 4 |y dine Joha g bajlages
slie 4 a9 b Blial 4 ) ¢l Cungllas o ys
b 4 oliwd s & Cuol 2o pd M/D b yusie diuge
oAb iy Ao ylyd & dog5 b g0 ) 4 b
Ch 08 @l 5 oad LSS atlefl dagax 5
aS amd e Ui ol ol sdel Cand 4 LY dgus
Silodizge lp ) bodls pasuls (wys 4 lBley
ol 03,8 il

(S 5 45
Ay PH Jude oS Jailyl )3 a5 s> o U5 Liagh ol
JMdo g 3,8 Sl ds > YO Lod ads £v wled yloy & b
JSS o Bl sy VL Wl 1 e S Y ol



ogun] o Ol 3l 09,5 9 JSos Bdo 50 1l Cawgy () (o) 2

b da S ol pp Cuonl g ol -0 Joua
Table 5- Ranges and Importance of Each Parameter for Optimization

variables goal lower limit upper limit  importance
pH minimize 4 7 3
Time is inrange 40 80 3
Temperature minimize 27/5 42/5 3
NPs Dosage is inrange 2/5 5/5 3

responses goal lower limit upper limit  importance
Efficiency Ni2+ maximize 20.56 96.6 5
Efficiency Cr6+ maximize 63.3 96 5

O ST (2523 513310 13 g (o g gl -1 Jg
Table 6- Optimization Results Using Design Expert Software

No. pH Time Temperature

adsorbent amount  Ni** Cr® utility

1 4 548 21.5

3.7 76.2 94.67 0.886

b e 1 Jols (0,08 @ls -V Jgoa
Table 7- Experimental Results Obtained from Optimization

No. pH Time Temperature Amount of adsorbents Ni2+ Cr6+

1 4 548 21.5
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Introduction: Water pollution with toxic heavy metals due to industrial wastewater discharge
is a global environmental issue. The removal of heavy metals from industrial effluents is a
significant concern in the field of water pollution and a serious challenge in reducing water
quality. Multiple metals such as nickel, cadmium, chromium, cobalt, copper, lead, mercury,
and zinc are notably toxic. The aim of this study is to investigate the impact of pomegranate
peel as a cost-effective adsorbent in removing nickel and chromium metals.

Materials and Methods: Pomegranate peels were initially treated with a 0.1 N sulfuric acid
solution, and their adsorption capacity was examined. The effect of sulfuric acid on the
adsorbent was assessed using CHN, FT-IR, and SEM techniques.

Results: The results indicated that the modification of the adsorbent with sulfuric acid was
effective in removing chromium and nickel ions from industrial wastewater. Adsorption
experiments were carried out at various adsorbent concentrations, times, temperatures, and pH
levels. Data analysis revealed that the optimal conditions for nickel ions (Il) are at
concentration of 4.5 g/L of the adsorbent, pH of 6, temperature of 308.15 K, and time of 60
minutes. The optimal conditions for chromium ions (V1) are at concentration of 4 g/L of the
adsorbent, pH of 5.5, temperature of 300.65 K, and time of 100 minutes.

Conclusion: The results obtained indicated that the application of this adsorbent for the
removal of nickel and chromium in industrial wastewater is a promising and environmentally
friendly approach.
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* Corresponding Author: m.honarvar@srbiau.ac.ir


mailto:%20m_emtyazjoo@iau-tnb.ac.ir
mailto:%20m_emtyazjoo@iau-tnb.ac.ir



