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Evaluation of the Performance of Natural Adsorbents Derived from Date Pit and Olive
Pomace for Combined Removal of Industrial Dyes and Heavy Metals from Carpet Dyeing
Wastewater: Kinetic and Equilibrium Studies
Saeedeh Rafiei
S _rafiei@shirazartu.ac.ir
Assistant Professor, Carpet Department, Faculty of Industrial Arts, Shiraz University of Art, Shiraz, Iran,
P.O. Box: 7146696989

Abstract

Water resource contamination by carpet dyeing industry effluents containing persistent dyes and
heavy metals poses a serious environmental challenge. This study evaluated the efficiency of two
indigenous biosorbents from Fars Province, date pit (Phoenix dactylifera) and olive pomace (Olea
europaea), for simultaneous removal of industrial dyes (cationic, reactive, and direct) and heavy
metals (Cr(lI1), Cu(ll), and AIl(II)) from real carpet dyeing wastewater. The adsorbents were
characterized using BET, FTIR, SEM-EDX, and XRD techniques after standard processing
(100°C, 100-200 pum particles). Results demonstrated that olive pomace, with a specific surface
area of 623 m2/g, pore diameter of 2.8 nm, and higher density of oxygenated functional groups,
exhibited superior performance compared to date pit (457 m2/g, pore diameter 2.5 nm). Both
adsorbents were classified as mesoporous (2-50 nm) according to IUPAC classification.
Optimization studies using a one-factor-at-a-time approach determined optimal conditions of
pH=5.5, adsorbent dosage 4 g¢/L, contact time 90 minutes, and temperature 25°C. Under these
conditions, removal efficiencies by olive pomace for cationic, reactive, and direct dyes were
95.2%, 88.4%, and 83.4%, respectively, and for chromium, copper, and aluminum were 89%,
88%, and 80%, respectively. Kinetic analysis showed that data followed the pseudo-second-order
model (R2>0.99), indicating that the adsorption mechanism is primarily chemical. Isotherm
studies demonstrated excellent fit with the Langmuir model (R2>0.98), indicating monolayer
formation on a homogeneous surface. Maximum adsorption capacities of 92.5 mg/g for cationic
dye and 56.2 mg/g for Cu(ll) were obtained. Thermodynamic analyses confirmed the spontaneous
and endothermic nature of the process. XRD analysis confirmed structural stability of the
adsorbents after five usage cycles and showed regeneration capabilities of 87% and 85% for olive
pomace and date pit, respectively. This circular economy-based approach, with cost reductions of
65% and 58% compared to commercial activated carbon, demonstrates high potential for
laboratory-scale application and simultaneously addresses two regional environmental challenges
(agricultural waste management and industrial wastewater treatment).

Keywords: Biosorbent, Dyeing Effluent, Chromium, Copper, Langmuir Isotherm, Pseudo-
Second-Order Kinetics, Thermodynamic Studies
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Figure 1: Adsorbents used in the present study: a) Date kernel and its powder, b) Olive kernel and its powder

el oy =Y
Ol 5l ol jslatien 5 (5,8 5 (rlus o )0 955 G5 Slge iz ool 5 i Lo )b (D Sl agh (nl 5o
ol 4 az s 00K D)l ()1 sem ) e g Loy s (b O3l g0 aliws @ (2l Clay @ oud eSS
Skl azliz cnlply sl oo i) 599 5 g (s o> 5o Wle 2 g wtew Wl g 5, 590 Olge (nl AST Sl (g,5,0 4SS
Sols Sluls pl w8 5l AL sla anje g OlUSLiw Ls 45 000 )5 Sl Gl ol by oanUT il oole Olgis & LT 51 ool

dlge Q.ll sQ.l‘).f oglle .asled = S G dore Jade 4 Cs) dao Jlaiige g 48,0 4 9,80 ©olgo Qlj.;.c 4 4l ol

25,5 salyss aslsl Ol 4 6,50 eall 5 009 aml

é'}o -Y-\

S osdiagd) Gy w5 (e SiS blis 5l oadisyslaaz) Loy aten— o) plisl oyt (gl 03l g0 aslllas (o
b it 5l g Bl () JS5) a8 )5 18 bl 0580 63,55, Sl slroanll i (lyr—(led (25089, sloails IS
sl bl o bos 09 Yee=Vee 00 a4y Sl ol L CO%- o Cel YF Goo Q;l 30 HAHSULS g o) ol
Iy b i il a sgr JT Gl 5 plo 5 (1Y +10) s b (1Y —5+) JolugiSd UL iz smsslis als
Sk ST & g sk & Bliws (b3 lp ooty ) pomye 8 895 4 5l GhE Carte (Al Sl (giludnd (glp 08 (o0 Zugi
80,5 el 6525k Sldes o il o Gix (St g (Jobs Layl i U o eolaul (il (3,8 5l

Slaseis b (C.1. Direct Blue 71) iiwws 9 (Reactive Blue 19) 5,251, ((X-GRL) 5515 09,5 dus Jolds ooliiwl 5,50 slal35,
S Gl Salulg Sl & jgody codin [b JJoas MW = 350.8 gmol™) SisslS S5 ching Sgliie iz 05550 5 (JeSUse



O Jgf% AN Ex

s S5y 9 00,5 co il iy OH— (gloog )5 L cwilllysS Wigm 3,k 5l (MW = 626.6 grmol ™) 4.:51, ) wgds oo S ST
zli— e wlais aw cpizmen (A-F) 0,5 o0 1,8 4y (g9, Soliwly xS g onlgjaily slag s b Goes (MW = 1029.8 g'mol ™)
o alie Lyl,s byl gl —(CUSO4-5H20) o Slilges 5 (K2CI207) pomslsy log S s (KAI(SO4)2-12H20) s
Gl el sy 5 aimsign L5 gl 55, mlS ST Uy Lo oShanS slopialSn L loalais (ol a5, S
Vsl gazr 5o ol claskine) 6l oy ool G Sy e 4 3l (@il b (g S 20 5 el Sljls 5 o]

o9 5 oalaiwl g0 ‘Slb'}ii) ‘S’Lum.w 9 6“3 Wlasiw ) Jouo

Table 1: Technical and chemical specifications of the dyes used in the research

Chemical
structure 50,Na

O NH,
SO;Na
N S 489
NaOy k. N @*Nm

N

O N S0,CH,CH,0S0;Na
H
5 &)
C24H29N30, C22H16CINsNa,044S; C34H23NgNa0416S,
formula

IUPAC
chemical
name

Molar mass 350.8 (Merck label) 626.6 (Merck label) 1029.8 (Merck label)
(g/mol)
Maximum
absorption
(A_max/
nm)

Target fiber Acrylic
type

Light
fastness
(1ISO
105-B02)
Wash 5 (acceptable)
fastness
(1SO
105-C06)
Perspiration
fastness
(I1SO
105-E04)

—N*(CH3)s (cationic) —S0;™ + —Cl (reactive) ~S0;" (anionic)
groups

Water
solubility
(g/L, 25°C)
Merck, Germany Merck, Germany Merck, Germany
Purity
Product 861286
code
(Merck)
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Table 2: Technical specifications of the metal mordants used

parameter

IUPAC

Molecular formula KAI(SO,),-12H,0
Purity
Number of water 12H,0
molecules
Product code
(Merck)
Molar mass 474.3
(g/mol)
Metal valence
Appearance white crystals
(color)
Water solubility
(g/L, 20°C)
Mechanism of complex formation with —OH groups oxidation/reduction + complex formation with
action complex formation nitrogen ligands
Safety hazards

K2Cr,0, CuS0,-5H,0

5H,0

anhydrous

294.2

249.7

orange crystals blue crystals

Environmental 0.1 (EPA) 0.05 (EPA) 0.02 (EPA)
limit (ppm)
Application in

dyeing
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Figure 2: Chemical dyeing curve of the fibers under study
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Table 3: BET analysis data of two adsorbents (olive pomace and date kernel powder
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Comparative BET Parameters of Olive Pomace and Date Pit Powder
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Figure 9: Comparison of BET analysis of two adsorbents (olive pomace and date kernel powder)
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Figure 10: Nitrogen gas adsorption and desorption isotherm curves for the adsorbents studied in the BET analysis
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XRD Comparison: Olive Pomace

XRD Analysis of Date Pit Adsorbent Before vs. After Dye Adsorption Cycles
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Figure 11: Comparison of XRD patterns of natural adsorbents of date kernel and olive pomace before and after five
cycles of pollutant adsorption and desorption.
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Table 4: Adsorption kinetic parameters
Parameter Date pit Olive pit

Pseudo-first-order
ki (1/min) 0.045 0.038
Pseudo-second-order ge (mg/g) 44.8 38.3

R? 0.99 0.98

Intra-particle diffusion

C 8.45 7.32
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Figure 12: Investigating the performance compatibility of the studied adsorbents with synthetics and different

adsorption isotherms
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Table 5: Langmuir isotherm parameters for adsorption of various dyes

Date pit

PEICHI Reactive

am (mg/q)

Dye type

72.10

K L (L/mg) R2

Date pit

[o][\:XeJif Cationic

Olive pit

92.52

Direct 80.40

0.12 0.965
0.18 0.991
0.13 0.961
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Table 6: Comparison of Maximum Adsorption Capacity (qm) for All Studied Pollutants

Cationic Dye (mg/g)
Direct Dye (mg/g
Cu(ll) (mg/g)
AI(1I) (mg/g)

85.3 72.1

Langmuir 18.3

S
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Langmuir 13.8
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Langmuir 16.0

Table 7: Pseudo-second-order Kinetic parameters for different dyes

Reactive 718 0.0021 0.986

Date pit

Cationic 91.7 0.0028 0.939
Olive pit

Direct 79.2 0.0021 0.983
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Table 8 — Parameters of Intraparticle Diffusion (Weber—Morris) and Boyd Models for Adsorption onto Date Pit and
Olive Pit Adsorbents

Weber—Morris

7.32 8.45

R

0.038 0.042 k<sub>fd</sub> (min?) Boyd
R2
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Table 9: Dye removal efficiency at optimal concentration (4%b)

Adsorbent

Date pit

Dye Removal Efficiency Comparison

95.2

88.4
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Figure 15: Performance of natural olive and date kernel adsorbents in removing reactive, direct, and cationic dyes
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Table 10: Adsorption performance of date kernels for heavy metals

75 23 70 20.8

Copper
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Table 11: Olive kernel adsorition ierformance for heaﬁ metals
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Table 12: Kinetic parameters of the adsorption performance of olive and date kernels for heavy metals

Adsorbent

Aluminum 19.5 0.0012 0.985
Chromium 34.8 0.0020 0.995
Copper 51.6 0.0024 0.997
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Table 13: Langmuir isotherm parameters of metal adsorption by date and olive kernels

Adsorbent
Date pit

Aluminum . 0.08 0.972

Date pit

Chromium . 0.14 0.984

Olive pit

Copper . 0.18 0.991
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Figure 16: Percentage of metal removal at different adsorbent concentrations
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Table 14: Comparison of the results of the present study with similar studies

_

D= R -
study)

This study pH=55,4 156.7 Cationic dye Olive pomace

g/L, 25°C (prese dy)

s S R ..,
(present study)

(43) 120 pH=7.0, 2 89.2 1254 Methylene 385 Modified date pit

g/L, 30°C Blue

Activated olive
pomace

(45) 150 pH=40,5 85.3 87.6 Congo Red 298 Orange peel
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(47) 200 pH=8.0, 3 88.1 98.4 Malachite 412 Tea waste

g/L, 25°C Green
(49) 300 pH=6.0, 8 79.4 38.2 Cd(ln 189 Rice waste
g/L, 25°C
17 A R, "
(51) 180 pH=55,6 81.2 45.6 Cu(ln) 267 Wheat straw
g/L, 25°C

Corn waste

445 Pomegranate peel

Grape pomace

312 Pistachio shell

Palm waste

(53) 150 pH =2.0,3 90.4 112.8 Direct Red 80
g/L, 35°C

(55) 210 pH=7.0,5 87.6 94.7 Basic Red 46
g/L, 30°C

(57) 60 pH=70,1 96.8 185.2 Methylene 1050 Commercial
g/L, 25°C Blue activated carbon
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Figure 17: Comparison of maximum adsorption capacity of heavy metals by the studied adsorbents
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Figure 18: Schematic of the adsorption mechanisms of heavy metal ions and dyes by natural adsorbents: (a) physical
adsorption; (b) chemical adsorption; (c) ion exchange; (d) electrostatic interactions; (e) specific chemical reduction of Cr(V1)

to Cr(I11).
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Figure 19: Effect of operational parameters on adsorption efficiency of natural adsorbents - (a) Effect
of pH, (b) Effect of contact time, © Effect of temperature, (d) Effect of initial concentration
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Table 15: Thermodynamic parameters of the adsorption process

Pollutant

Cationic dye
+127.8  Spontaneous, endothermic

cr(in)

°AS) @9).‘;.31 o8l cal Gd ..\.,.:—l)s 5,8 caale Sl °AH cois polie g 409 (GO55us> sdiRS L °AG o polie
ol malomdale S i Jad jo selis o Gl 1 S (- <

@l Aoty bl -Y-F-Y

Sl iie oled lojen 505 Sk 0 b 5% (p<0.05) 40 flisbs! mlaw L ANOVA g, 4 aosls g,ll 50T Lolul 5
@i A0 wles ploy « OILY L3> 590 « PH=5.520.20 50 4 Cd 0l aige bl s A JSo 50 o0 sols plis Sllee
Bl 005 4 plows salid aige bl bl )0 piegw 9 Sles 0T s TPM VD 0500 S 5°C YEYD leo
SeigslS 155, slp gy i de cud b iSlas a5 Jb 50 el S Sl gl TAS UL ¢ bl (lp 730 51 i
s 45 A8 o 5L Setim o 010 Cinllas VY 9 0 Jglaz 10 zjaie 590Xl p gl gl b aS s, 0 MY/ VOFY
Slllas zls b g ol Coonl Pl 0l 3 Hley alS g goio 0,15 Jlais 51 el cpl a5 oy g0 Jolas 4y agBo A+ 5l saS o

sl o Ll ) V0 Jgaz 0 cadall )] Seolioge i (s lauly

2 obil cpl s solitwl Gds sla il b (silwaings sl (OFAT) floj,m 0 felecsS by, 5 anlllas ol o aS canl 53 o,LLs
s (Sdzn (V) g )l je L8, ol S0 wiesls oS gdod  Slass] coale (V) s S &g pj Sllaslle Lulsl
slass plosil ISl 457 0545 (golaidl glacusgass (¥) wjlw oo Jlgds | o ypaiodiz b nds o5 (Hlojen oanUT #) saxUlas
PH- ol (2iSomp Ll o1 3525 Lo el (o plo iiSiam 4z 5105 o wal 3 1) RSM el 53 3590 sloialesl (UL
2 (i liel Jine 1S5 )0 e Lulyd g (o p a8z )50 4 D3> 0

By Sl 0 (B ©d -T-0

@D (G SS s b anilie )0 08 ) (1) @iz e Ay Clay o i Sl 5 LIS, Glojen jgam 4 azgi b
TYAUY @ /AN 5l o Bl 5 LAV a3 LABIY 5l SbaslS K5, i )5 ooy dind (sl il Lials blses Glaw 4o Bi>
odls (b cnl b o9 oo 03l Cond Sesbiwly 2SI J5105 5 ooxdans Jlad slaolSe sl gy cold, a4 ials ol .cdl uals
(Y JS8) 0 e ol 1) )T ee 0157 a5 w8 Lads (/VO<) Ggllas )5 0, Ll o >



Removal Efficiency (%)

[ Single Component
[ Mixed Wastewater

Cationic Dye Copper Chromium
Contaminant Type

2y Sl 0 LoagUT Bis )5 5 B, was Wb v Yo
Figure 20: Effect of Competitive Adsorption on Contaminant Removal Efficiency in Real Wastewater
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Performance of adsorbents in sequential reuse cycles

a
Reuse Performance of Date Pit and Olive Pomace Adsorbents in Dye, Cu(ll) Removal and Desorption Efficiency
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Figure 21: Comparison and evaluation of the performance of adsorbents in successive reuse cycles
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Table 16: Evaluation of the performance of adsorbents in successive reuse cycles
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Figure 22: Comparison of adsorbent performance in successive reuse cycles: (a) Changes in cationic dye removal efficiency,
(b) Changes in Cu(ll) removal efficiency, (c) Trends in desorption efficiency in different cycles, (d) SEM images before and
after 5 cycles
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Table appendex-1-1: Effect of date kernel adsorbent concentration on cationic dye adsorption

Dye Adsorption | Final dye | Initial dye Sample | Adsorbent Adsorbent type Dye type | Sample
removal capacity | concentration | concentration description dosage code
mg/ g/L g/L %

Original Powdered date pit X-GRL (Cl  Basic

Yellow 29)

Original Powdered date pit X-GRL (ClI  Basic

Yellow 29)

0.014 0.048 Dyeing Powdered date pit X-GRL (Cl  Basic

effluent Yellow 29)

0.005 0.048 Dyeing Powdered date pit X-GRL Basic
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Appendix Table-1-2-: Effect of date kernel adsorbent concentration on reactive dye adsorption

Powdered date C.I. Direct Blue 71 [

pit

Original

Powdered date C.I. Direct Blue 71 [

pit

Original

|

60 29 0.043 0.108 Dyeing Powdered date
effluent pit

C.I. Direct Blue 71

|

72 2.0 0.027 0.108 Dyeing 4 Powdered date
effluent pit

:[V-"“-“-‘“‘“.‘““ ;i}) ud.> » Lc).> Ad UQL> clale ).:..:L; —Y—\—C«m%‘ J5A>

C.I. Direct Blue 71

:Appendix Table-1-3- Effect of date kernel absorbent concentration on direct dye absorption

Sample
code

2 Powdered date
pit

Original Reactive Blue 19

Original 4 Powdered date Reactive Blue 19
pit

‘

61 2.7 0.034 0.088 Dyeing 2 Powdered date Reactive Blue 19

effluent pit

‘

77 1.9 0.011 0.088 Dyeing 4 Powdered date
effluent pit

Reactive Blue 19
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Appendix Table-2-1- Effect of olive kernel adsorbent concentration on cationic dye adsorption

Original 2 Powdered olive X-GRL (CI Basic
pit Yellow 29)

Original 4 Powdered olive X-GRL (CI Basic
pit Yellow 29)
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81 1.7 0.007 0.048 Dyeing 2 Powdered olive X-GRL (ClI Basic
effluent pit Yellow 29)

|

93 1.0 0.002 0.048 Dyeing 4 Powdered olive X-GRL (CI Basic
effluent pit Yellow 29)

Appendix Table-2-2-: Effect of olive kernel adsorbent concentration on reactive dye absorption

Sample
code

olive  Reactive Blue 19

pit

Original 2 Powdered

4 Powdered

olive  Reactive Blue 19

pit

Original

|

77 34 0.020 0.088 Dyeing 2 Powdered olive
effluent pit

Reactive Blue 19

|

90 2.0 0.008 0.088 Dyeing 4  Powdered olive
effluent pit

Reactive Blue 19

Appendix Table-2-3-: Effect of olive kernel absorbent concentration on direct dye absorption

Original 2 Powdered olive C.I Direct Blue 71
pit

Original 4 Powdered olive C.I Direct Blue 71
pit

Dyeing 2 Powdered olive C.L Direct Blue 71
effluent pit

Dyeing 4 Powdered olive C.I Direct Blue 71
effluent pit
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Appendix Table-3-1-: Effect of date kernel adsorbent concentration on chromium metal adsorption

Sample
code
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‘

67 33.0 100 Original 2 Powdered date
pit

K,Cr,0,

|

82 18.0 100 Original 4 Powdered date
pit

K2Cr;0;

‘

73 8.6 32.0 Traditional 2 Powdered date
dyeing effluent pit

K,Cr,0,

‘

83 4.8 32.0 Traditional 4  Powdered date
dyeing effluent pit

K,Cr,0,

Appendix Table-3-2- Effect of date kernel adsorbent concentration on aluminum metal adsorption

date
pit

2 Powdered

Original KAI(SO,),

date
pit

Original 4 Powdered KAI(SO,),

‘

51 12.09 25 Traditional 2 Powdered date
dyeing effluent pit

KAI(SO,);

‘

71 7.07 25 Traditional 4 Powdered date
dyeing effluent pit

KAI(SO,),

Appendix Table-3-3-: Effect of date kernel adsorbent concentration on copper metal adsorption

2 Powdered date

pit

Original

4 Powdered date
pit

Original

|

72 19.0 68 Traditional 2 Powdered date
dyeing effluent pit

‘

82 11.3 68 Traditional 4 Powdered date
dyeing effluent pit
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:Appendix Table-4-1-: Effect of olive kernel adsorbent concentration on chromium metal adsorption

Sample
code

[y

~
N
N
«©
=

100 Original 2 Powdered olive pit (oo |

N

w

(o0}
©
[
[N
o

|

Original Powdered olive pit

!

K,Cr,0,

o
o

6.3 Traditional

dyeing effluent

Powdered olive pit K,Cr,0,

({e]
=
[EEN
o]

I|

Traditional
dyeing effluent

Powdered olive pit K,Cr,0,
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Appendix Table-4-2-: Effect of olive kernel adsorbent concentration on aluminum metal adsorption

Sample
code

||

o)
@
N
3]
(=)
~
a1

N
w

Original Powdered olive pit KAI(SO,),

H

[e¢]
w
[y
w
o
~
ol
SN

Original Powdered olive pit KAI(SO,),

Traditional Powdered olive pit ~ KAI(SO,),
dyeing effluent

Traditional 4 Powdered olive pit  KAI(SO,), “
dyeing effluent

H

~
(63}
o
-
N
N
a1

|

N

(e}
N
N
=
o
N
ol

|

Sample

65 53.0

150 Original 2 Powdered olive pit cuso, A

)

N

N

e

o
w(ro

150 Original 4 Powdered olive pit CuSO,

68 Traditional 2 Powdered olive pit CuSO, -
dyeing effluent

68 Traditional 4 Powdered olive pit CuSO,
dyeing effluent
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Appendix Table-4-3-: Effect of olive kernel adsorbent concentration on copper metal adsorption
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Appendix 5-1: Comparison of the removal efficiency of the three dyes under study by different
concentrations of date kernel adsorbent
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Appendix 5-2: Comparison of the removal efficiency of the three dyes under study by different
concentrations of olive kernel adsorbent
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Appendix 5-3: Comparison of the performance of date and olive kernel adsorbents in removing heavy
.metals at a concentration of 4%
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Appendix 6-1: Comparison of the removal efficiency of three heavy metals Cr, Al and Cu by different
concentrations of date kernel adsorbent
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Appendix 6-2: Comparison of the removal efficiency of three heavy metals Cr, Al and Cu by different
concentrations of olive kernel adsorbent
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Appendix 6-3: Comparison of the performance of date and olive kernel adsorbents in removing heavy
metals at a concentration of 4%
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