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ABSTRACT

Lately, there has been an increase in dye manufacturing, resulting in increased
environmental pollution. Recent studies show a wide availability of usage adsorbents,
including banana peels, potatoes, algae, etc. Food and Drug Administration
prohibited the use of Rhodamine B (RhB) for its toxicity and harmful effects.
Therefore, this study presents a wide range of non-conventional low-cost alternative
adsorbents to remove RhB dye from wastewater. It has been observed that the
mechanism of the dye adsorption is focused on kinetics, isotherm, and thermodynamic
models, which depend on the chemical nature of the materials and various
physicochemical experimental conditions such as solution pH, initial dye
concentration, adsorbent dosage, and temperature of the system. The kinetic data of
adsorption of RhB dye usually follow the pseudo-first-order and pseudo-second-order
kinetic models. Several studies revealed that Langmuir and Freundlich adsorption
isotherm models are frequently used to evaluate the adsorption capacity of the
adsorbents. Furthermore, thermodynamic examination showed that RhB adsorption
was endothermic and unconstrained in nature. Thus, both photocatalytic degradation
and adsorption methods offer good potential to remove RhB dye from industrial
effluents. The work is in progress to evaluate the possibility of using other modified
waste biomass for industrial pollution control
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Table 1: General properties of Rhodamine B.

Rhodamine B

[9-(2-carboxyphenyl)-6-diethylamino-
3-xanthenylidene]-diethylammonium

Common name

Chemical name

chloride
Chemical formula C28H31CiN,Os
Molecular weight 479.017 g/mol
Adsorption maximum 545 nm
Class Triphenylmethane
Appearance Basic Violet 10; Brilliant Pink B
Molecular structure
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Table 2: Analytical features of experimental and thermodynamic parameters of adsorption RhB by different techniques during 2016.

Experimental Parameters Thermodynamic
Q max Co AD AG® AH°
TCO | mgi) | min) | @) | M | eammol) | kamol Jimol K
Casuarina L E s
equisetifolia 49.5 0.05 S -0.1 14.19 51.16 [59]
Cone Powder
Raphia hookerie L, F,T,
fruit epicarp 666.6 3 26 100 50 2 and DR -3.1 11.74 49.23 [8]
- L, FT,
Azolla pinnata 199.7 3.6 65 20-600 30 2 and DR -0.6 23.3 80.4 [84]
Casuarina L E and
equisetifolia 82.34 4.4 25 50 180 0.04 ! D’R -2.2 20.1 75 [85]
needles
el 69 3 400 20 80 1 LandF NA NA NA [16]
nanocomposite
Aleurites LET
Moluccana 117 6 25 300 60 0.05 and R-B 5.0 -12.9 -57.12 [86]
Waste Seeds
Surfactant- L, FT,
modified zeolite 0.388 8 45 20 40 0.5 and DR -24 NA NA [65]

Gy psS o) adgl cdale :Co (ol 5 sl > 10) Loo T (0,5 0 0,5 (o) Jolbss 3l Ly 23l g2 0ly )0 0uds Gax B yaalds ) ol asciey 1:QmMax
AS® (Jgo p Jo58kS) o laslil L;...Jt;JT:AHO (o 2 J355kS) (S o lailil alﬂ G5PAG® (i 2 p,5) L3l 590 :AD (aids) Jolss wled ey T
3 gome t NAY 55590l - (ainasd DR el s B ool JaoF 5ol pyisnl Jae L (sl e 2 Jo3oke) o bl (3931
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Table 3: Analytical features of isothermal and kinetic parameters of adsorption RhB by different techniques during 2016.

Isothermal Kinetic parameter
Freundlich Pseudo-second order Pseudo-first order

Kz
Adsorbent Gm Ko R? e R? (9/min G R?
(mg/g) | (L/m mg/g) mg) mg/g)

Casuarina
equisetifolia 49.5 0.033 0.993 0.057 4.087 2 0.900 0.018 8.22 0.919 0.004 115 0.985 [59]
Cone Powder
Raphia
hookerie fruit 666.6 0.01 09876 0.19 1055 129 0.997 0.038 25.2 0.984 0.0033 47.1 0.9820 [8]
epicarp

Azolla pinnata 72.2 0.001 0.986 0.085 43 21 0925 0.001 184  0.977 0.002 315 0.995 [85]

Casuarina
equisetifolia 82.34 0.02 0.99 0.11 373 190 0.950 7.2 0.09 0.801 0.040 7.2 0.999 [85]
needles
Bi,Oz-
bentonite 31.25 0727 0.892 0.064 12.62 0.49 0.944 0.07 NA NA 0.004 NA NA [16]
nanocomposite
Aleurites
Moluccana 101 0.003 0.996 NA 2.8 0.4  0.962 0.06 21.2 0.866 0.004 23.6 0.949 [86]
waste seeds
Surfactant-
modified 2.03 0.041 0.067 NA 0110 1.38 0.900 0.004 0.01 0.219 1.02 0.23 0.990 [65]
zeolite

(e o 2 Fd) B oaldg), S Jlal (6551 4 bgrye 29eSY il i Kip S 0 05 (o) 03l 012 02ly 0 B eldg) VST Qi ud b anidn i
Sl o5 e 5 i (500l S5l Dl w8 a8 ses oo QLAIN e T ) dlr byl Ke el s (g ilelar capd enias (LR
P> aiye (S Joo K2 (aid ) Jgl adpo (St Joo 1 Kidp S 2 05 (o) 3l o2 02y )3 3l Jolas jlade e el ogllae juiz O3>

i 3i2e iNA g (Senon )91 Ry (ad3s 5 p 5 (e 2 p)5)
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Table4: Analytical features of experimental and thermodynamic parameters of adsorption RhB by different techniques during 2017.

Experimental Parameters Thermodynamics

Qmax AHO
(mglg) - T () (mg/L) (g/L) (kJ/moI) (kJ/mol) J/mol K) -

Coal-based carbon
membrane with an

electric field
Natural Moroccan Clay 8395 212 298 20 270 001 LFT. 8016 12886 00701  [75]
Modified Moroccan Clay 9010 2-12 298 20 270 001 LFT. 9355 26214 01193  [75]
CorCUFe,04 (0 < x <
65 nenaoarticics NA 2 298 6 330 031 K ke NA NA NA [34]
L-Serine capped magnetite | ¢ o 74 300 10 60 218 L Fk  -1165 41.75 0.145 [47]
nanoparticles
A”"carpusngf’a“ss'mus 131 415 358  0-1000 210 210 L NA 1132 4631 [57]
Coff ground Sizend | 292 15 180 50 Kok 509 52185 170429  [58]
1.661 L F
Paper waste 75 44 308 75 60 %55 Lk  -11.94 11.70 00768 [76]
Graphegso‘l’i’;de’ 2] 64.47 65 330 01179 60 25 L F NA NA NA [73]
Uranyl coordination
Dolytmer 10 27 293 40100 270  0.57 L NA NA NA [80]
ZnFe,0, nanocomposite 9.83 7 293 25 1440 12.1 Kll_’ ';2' -0.42 6.60 24 [78]
BB AR (00 NA 8 343 200 120 1084 LF NA 1456 NA [81]
COmpOSIteS
Zinc oxide loaded K k
activated carbon 128.2 7 313 50 140 50 |1_ FZ' -11.0819  28.043 57.192 [5]
(ZnO-AC) :

T (i )8 heo) adol clale :Co (ol ,F il 4z y0) oo T (p 5 5 o5 o) S0l 5l Gy 3 oy 0y jo ouds i B (pslog,y ode aiin Qmax
&5):;.;] S (Jso » Jo5ekS) o skl G.JLJ AH® (g0 5 J358S) (S 0 lailinl alﬂ GiPAG® ((d p p,5) Sl 590 AD (aids) Jolbs wles oylej
i gizme s NAG 75890l = (riagd DR edis 3 o 593l S F 290S0Y p 5950 Jow il «0nslS Jgo 2 Jg5okeS) o ot

FW Jlo o Gl laig, b Brpalds, i S g bops lhaasiin Lo b S50 Jeus
Table 5: Analytical features of isothermal and kinetic parameters of adsorption RhB by different techniques during 2017.

Kinetic parameter Isotherm parameters

pseudo-first order pseudo-second order Freundlich

Natural Moroccan
Clay

68.4 -1678 0.999 107 -4.79 0.996 0.01 4.362 0.688 0.0 4.3 0.999  [75]

Modified
Moroccan Clay

Co,,CuyFe;04 (0 <
x<0.5) NA NA NA NA NA NA 0.657 NA 0.98 0.86 NA 0.958 [34]
nanoparticles

90.1 0.03 0.999 98.3 -7.88 0.996 0.07 3526 0.9469 0.05 90.09 0999 [75]

L-Ser capped Fe;0, 0.03- 0.03-
NPs 7.19 008 0.991 7.19 008 0.999 0.01 6.11 0.9756 0.01 7.940 0.991 [47]

Artocarpus

. 130 0.02 0.986 NA NA NA NA NA NA NA NA NA [57]
odoratissimus peel

YAV-EE & (V&)Y /55) slss »S wlallos (ele dg yuin
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Isotherm parameters Kinetic parameter
pseudo-first order pseudo-second order Freundlich Ref.

m 5 2 K ge 2 qe 2
iy : i) |y iy

Coffee ground 525 4364 0958 119 206 0884  37.9 4018 0999 656 4018 0999 [58]
Paper waste 671 001 099 NA NA NA NA NA NA 069 374 1 [76]
CEpen 27.9 0080 0992 253 183 0879  NA NA NA NA  NA NA  [73]

oxide/Beta zeolite
Uranyl coordination

205 NA 0991 NA NA NA NA NA NA NA NA NA [80]
polymer
ZnFe;0, Nano 121 019 0994 303 266 0972 005 338 09861 004 1010 0999 [78]
COmpOSlte
Eeiiemissiianiines BRGReRN BEssM Rolcos s N0z METGoM RoiopeS IR NA NA NA NA NA [8]
Dioxide composites
Loz sl eliEley 128 650 0997 8 735 0735 005 7637 0876 002 1205 0999  [5]

Carbon (ZnO-AC)

(p 5 o 2D B oasldgy i Jlail (5551 4 bgiye 9eSY Sl Kidp S 2 055 (o) 03l 2 a2y 10 B (raalsg, VS o Sud )b aiden i
Sl 55 e 5 b (Seal ) Gl anld a8 aes e (LA N (e 2 ) il Sl KE sl a o 3loliz s satas L Ry
P90 4 pe (S Joe Ko (adds ) Jol a0 (St Jawi Kip S 2 05 (o) Q3> py2 a2ly 0 3l ol Jlade e sl wgllas jadizr L3l

i 3ioe NA g (Sanan 9151 Ry (ad33 5 p 5 (s » p)5)
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Table 6: Analytical features of experimental and thermodynamic parameters of adsorption RhB by different techniques during 2018.

Qnmax Co T yA\D] AG° AH° AS° Ref.
383 100 30 0.1 = NP NP NP

Banana peel 211.9 6 Ki - Ko, [37]
Cucumberpeel 1799 6 383 100 30 0.1 o NP NP NP [37]
17 I\2
Potato peel 1074 6 383 100 30 0.1 o NP NP NP [37]
17 I\2
Banana peel 304- 0.04-
powder NP 4 333 100 60 05 L-F-T NP NP NP [48]
Chlorella L-F- K;-
oyrenoidosa 63.14 8 298 100 120 01 KeE-ToS NP NP NP [13]
Clay minerals 24 2-12 295 NP 20 NP L- K, -14.6 3.7 0.06 [7]
Electrochemical 65 298 50 90 NP Ki NP NP NP [45]
decolorization
Ability of 3A
zeolite in NP 9 NP 20 40 0.5 NP NP NP NP [73]
removal of RhB
AGPOJBIWOs  \p 571 353 NP 30 25 NP NP NP NP [35]
nanocomposites
Iron-doped
mesoporous NP 3 308 10 180 1 NP NP NP NP [44]
silica
Iron
oxide/carbon 93.35 6.5 298 100 60 1 Ki-kz, L-F NP NP NP [28]

nanocomposites

T (= oS e ) adgl cdale Co (ol 5 il 4z )0) oo T (05 5 o5 o) Joba 5l s @3l g2 axly 50 00l QA B paelog; e aiion Qmax
AS® ((Jgo 2 Js55LS) o astial JUSTAH® (g0 o J950L5) (e o lailicsl ol3T (65,51 :AG® «(5id o p,5) odla oo AAD (a85) Jolas et (yloj
i Bime : NAg 9890l hainsgd DR el 3ol JuoF 908 g3l Joe i (sl Jgo 2 a3k 8 Juibeal (g5 251
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Table 7: Analytical features of isothermal and kinetic parameters of adsorption RhB by different techniques during 2018.

Kinetic parameter Isothermal parameters

pseudo-first order pseudo-second order Freundlich

Adsorbent ) R? de :

Banana peel 2358 09919 999 514 09992 2119  0288- 0999 3576 04752 083  [37]
Cucumberpeel 785 2485 09009 765 2179 09998 1074 U©F 0999 544 07928 080 [37]
Potato peel 84 4931 094 856 1697 09995 1799 0T 0993 1494 04338 0853 [37]
EEITENE T2 NP NP NP NP NP NP 16572 00658 9740 NP NP NP [48]
powder
Chlorella
2475 0.284 09799 2554 NP NP NP 00070 09905 NP NP NP [13]

pyrenoidosa

Iron oxide/carbon

. 7279 2321 0.990 102.27 0.65 0.9985 131.80 0.19 09398 3441 3.06  0.8454 [28]
nanocomposites

Direct
carbonization of
Zn/Co imidazolate
zeolitic
Polyamide grafted
heavy metals
Novel biopolymer
silicalite-1
Microporous
nanohybrids of NP NP NP NP NP NP 50 0.008 0.9951 8.50 2.43 0.946  [87]

carbon xerogels

(oS o 2 S B (rsldg; o Jlail 551 4 bgrye 090SY Sl i Kiip S 2 p )5 (o) 3l py2r 02ly 0 B (palsg) VST Qi 28y anids
Slr 55 o 5 b (sKeal Sl 5 D wnl oS e oo (LN ()T 2 ) 3l Syl Ke el s g (silliz capd el Ry
P> 4o (S Joo Ko (ad3s ) Jol 4 pe (St Joo iK1 (e S 0 05 (o) 3l o2 a2y )3 3l Jolas oo e el ogllas juiz O3>

a5 Giome tNA g (Son )51 Ry (aids o5 (oo 52 p)5)

89.8  0.0963 0.8935 101.8 0.91 0.9991  119.9 0.18 09991 61.1 7.5 0.9458 [32]

4.1 0.033  0.8979 15 1.157 0.9968 19.9 1.04  0.9946 2.88 212 09873 [19]

2.2 0.012 0.97 4.5 0.034 0.99 45 0.034 0.97 3.4 161 0.99 [10]

YN o o dilie glo SaST LB (raldg; i (Snlindge i 5 (o lhaasin Ll glo (S5 A Jeua
Table 8: Analytical features of experimental and thermodynamic parameters of adsorption RhB by different techniques during 2019.

Qmax Co AD AG° AH° Ref.

Acid activated

4545 6.8 1000 L,F K1 -26.35 58.779 208.95 [88]
locust bean
AOE [ 123 29> 50 10 180 5 L, F,K2 1.69 NA NA [18]
exchanger
— 24625 7 25 10 60 0.04 L, F,Te -12.06 9.440 72.00 [36]
nanoparticles
Activated sugar-
based carbon 123.46 2-11 15-45 50 12 0.08 L,F K2 NA NA NA [17]
(ASC)
Zeolitic
TG EzElE 85 10< 30 20200 1440 21 L F NA NA NA [41]
frameworks
(ZIF}
Organo- 50-
vermiculites 528 2 25 1000 90 0.05 L,F -20.8 11.32 52.79 [89]

(organo-Vts)
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Table 9: Analytical features of isothermal and kinetic parameters of adsorption RhB by different techniques during 2019.

Isothermal Kinetic parameters
Freundlich Pseudo-first order Pseudo-second order Ref.

qm K2
G ----- 5y - gt g

Acid
activated 455 4.6 0.9991 0.6 0.4 0.9966 0.03 0.9865 0. 909 0.9941 [88]
locust bean
Hybrid ion-
exchanger
MgO
nanoparticle
Activated
sugar-based
carbon
(ASC)
Zeolitic
imidazolate
frameworks
(ZIF)

1.23 097 0.992 0 12 12 0.986 0.01 51 0.854 0.3 69.4 0992 [18]

2791  0.07 0.991 0 18 12 0.9993 3.92 0.9 0.9823 0.2 954 09992 [36]

123 072 09796 0.2 50 27 0.6416 0.39 61 0.9679 0.7 719 09982 [17]

85 001 09970 NA 09 39 0.8048 0.01 21 0.8377 0.2 73 0.9989 [41]
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Tablel0: Analytical features of experimental and thermodynamic parameters of adsorption RhB by different techniques during 2020.

Thermodynamic Experimental Parameters
AS°
rbent Qmax AG° AH°
Cassava slag biochar
(HCS) 105.3 4.99 1-720 ; DR T -8.116 2225 1.192 [70]
Dowex 5WX8 Resin 43.47 2.8 25 50 12 0.08 L, F NA NA NA [83]

Three-dimensional

layered double hycroxide 49.6 NA 150 60 30 005 LF NA NA NA  [90]

SO/ TCA CUIOEIE 625 32 25 75300 86 NA  LF NA 1475 -4043  [30]
powders

CdO nanomaterial NA 6 35 10-100 80 0.1 LFT -79.55 NA NA [91]

cmngt’gser(‘ag)ggdb) 963 NA 70 120 15 NA LF NA NA NA  [74]

Grass-Waste 54 6.6 35 100 400 01 LF -0.23 20.28 007  [49]
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Table 11. Analytical features of isothermal and kinetic parameters of RhB adsorption by different techniques during 2020.

Isothermal Kinetic parameters

q i~

Adsorbent

Cassava slag

biochar (HCS) 105.3 0.51 0.973 NA 12.9 23 0.989 0.038 5.09 0.923 0.01 241 0.99 [70]

Dowex 5WX8
Resin
Three-

dimensional 52.63 0.3 0930 NA 18.6 3.8 0.982 0.7 25.9 0.9872 0.08 50.8 0.999 [90]

lavered double

SiO,/TiO,
composite NA NA NA NA NA NA NA NA NA NA NA NA NA [30]
powders

CdO
nanomaterial
Ni-graphene

hybrid
composites
(NGC25b)

43.4 0.01 0.990 0.2 NA <1l 0.087 NA NA NA NA NA NA [83]

361.01 0.68 0994 NA 1.63 0.8 0.989 0.006 4.008 0.906 0.01 3.5 0.9907 [91]

963.04 NA 0.957 NA NA NA NA NA NA 0.9989 NA NA NA [74]
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1. 1. Ali, V.K. Gupta, H.Y. Aboul-Enein, "Metal ion speciation and capillary electrophoresis: application in the new
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