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Abstract

Heavy metalswere contamination in the environment remains a significant environmentalproblembecause it
can effect to human health and ecosystem.Therefore, many people should concern and determined the
suitable technique.This research was aimed to heavy metal removalwith adsorption of nickel using sawdust
(SD) and modified sawdust (MSD),which byusing modified processes of Alkali-Acid Modification with sodium
hydroxide cooperate citric acid. The adsorption factors consisted of pH, contact time, initial nickel
concentration and temperature. The kinetic results indicated that pseudo-second-order rate equation, which
was suitable to explain adsorption kinetic mechanism. The experimental data were well fitted with Langmuir
isotherm which the adsorption system were monolayer and homogenous. The maximum adsorption capacity

of SD and MSD to the sorption of nickel evaluated were 7.84 and 9.79 mg/grespectively.
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Thermodynamic parameters were calculated data on Van't Hoff equation. Equilibrium constant K_ was
evaluated from Langmuir adsorption isotherm constant, Freundlichadsorption isotherm constant and
isotherms, respectively. The average thermodynamic changes of standard adsorption heat, AH®, of sawdust
and modified sawdust were -24.80 and-26.99 kJ/mol, which that the adsorption system were exothermic
reaction. AG® values indicate the reaction process onto the sawdust and modified sawdust were
spontaneous reaction. The values of standard entropy, AS°, of sawdust and modified sawdust were -13.38
and -24.90 J/mol.K, which that the adsorption systems were more regularity. Furthermore, the desorption
efficiency was studied wusing by nitric acid solution. The results of desorption were
86.24%and92.55%respectively. All the results show adsorption efficiency of nickel, brining used waste

utilization and eco-friendly approach.

Keywords: Adsorption, Nickel, Sawdust and Modification
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Table 1 Linear form of the isotherm used in this study to model adsorption of nickel (Ni?*)

Isotherm Equations
Langmuir Colde = (1/am)(Ce) + (1/am)(KL)
1/de = (1/KL.0m)(1/Ce) + (1/arm)

Constants References

C, was the equilibrium concentration (mg/l) and g.the [18]

amount adsorbed at equilibrium (mg/g), The Langmuir

constants gm (mg/g) represent the monolayer adsorption

capacity and K_ (L/mg) relates the heat of adsorption

Freundlich Ing, = (1/n)(InC,) + (InK)

Kr indicates adsorption capacity (mg/g) and 1/n an [14]

empirical parameter related to the intensity of adsorption,

which varies with the heterogeneity of the adsorbent. For

values in the range 0.1 < 1/n < 1, adsorption was

favorable. The greater the values of K¢ better is the

favorability of adsorption

Temkin qe = (RT/b)(INK;)(C,)
ge = (B)nKy) + (B)(inC,)

T was absolute temperature (K), R was the ideal gas [18]

constant (8.314 J/mol.K), K; was Temkin isotherm

constant (L/g), b was energy adsorption (kJ/mol) and B

was Temkin isotherm constant (mol?/kJ?)

Dubinin- Inge = (Ingg)(K4E?) g was maximum adsorption capacity (mg/g), Ky was [18]
Raduskevich E= 1 energy adsorption constant (mol*/kJ?), € was Polanyi
\/ZB Potential and E was energy adsorption (kJ/mol).
Elovich In(ge/Cs) = IN(qr-Kg) — (9e/Am) Ke (L/mg) was the Elovich constant at equilibrium. [19]
Redlich- In(Ce/qe) = (gInCe) — (InKr) K (L/g) and O (L/mg) were Redlich-Peterson isotherm [20]
Peterson constant. B was the exponent between 0 and 1. There
were two limiting cases: Langmuir form B =1and
Henry’s law for B =0.
Halsay logg, = (1/ny)(logKy) — (1/ny)(logCs) Ky (mg/L) and n, were the Halsay isotherm constants [21]
Hurkins-Jura 1/9.2 = (By/Ay) — (1/A4)(logC,) A, (g%/L) and By, (mg?/L) were two parameters [22]

characterizing the adsorption equilibrium.

Jovanovic 9e = (ING) = (K,.Ce)

K, (L/g) was a parameter. q,, (mg/g) was (mg/g) [23]

represent the adsorption capacity.

Table 2 Linear form of the kinetics used in this study to model ad sorption of nickel (Ni%*)

Kinetics Equations

Pseudo-First-Orde In(qe - ;) = (Inqe) — (k4/2.303)(t)

Pseudo-Second-Order tla, = (17kyq62) + (1/0e)(t)

Intraparticle Diffusion q, = (kt"?) + (C)

Constants References
q(mg/g) was the amount of Ni?* adsorbed [14]
on SD and MSD at time t (min). k; (1/min)

was the pseudo-first-order rate constant

k, (g/mg min) was the rate constant. [19]

K; (mg/g.min®®), C were the intraparticle [23]

diffusion rate constant.
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Table 3 Characteristics adsorbent of SD and MSD using BET

Adsorbent BET surface area Total pore volume Mean pore diameter
(m?/g) (cm®lg) (nm)
SD 2.09 0.48 14.78
MSD 2.30 0.53 16.95
—JiNTENCITY] . [ INTENCITY|
sD ! MSD

INTENCITY (counts)

n o i} T E Lo} u) T
AMGLE (2 theta)

INTENCITY {counts)

A

|
1
2000
<L 0 o T T

o r T
ANGLE (2 theta)

Figure 2Spectrum of SD and MSD using X-ray Diffraction
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Table 4lsotherm constants for nickel (II) adsorption onto SD at different temperatures

temp. Langmuir Freundlich Temkin
(°c) Qrmax(Mg/g) K, (L/mg) R? Kr (mg/g) 1/n R? Ky (L/g) b (kJ/mol) R?
30 7.84 0.18 0.995 1.1 1.80 0.975 2.57 4.73 0.949
45 7.41 0.11 0.993 0.77 1.63 0.981 1.26 5.09 0.923
60 6.48 0.10 0.989 0.62 1.62 0.989 1.77 5.03 0.910
temp. Dubinin-Radushkevis Redlich-Peterson Elovich
(c) Kq q«mg/lg)  E (kJ/mol) R? K.(mg) n R? du(mglg)  Ki(mg) R?
(mol?/kJ?)
30 4*10”7 6.15 1.12 0.873 1.28 0.46 0.878 -4.19 -0.33 0.921
45 8*107 24.63 2.50 0.822 1.30 0.39 0.953 -5.01 -0.15 0.866
60 1*10° 28.30 0.70 0.831 1.61 0.38 0.972 -4.79 -0.11 0.869
temp. Halsay Hurkins-Jura Jovanovic
(°C) Ki (mg/L) Ny R? Ay(@*1L) Bu(mg?lL) R? Am(Mg/g) Ki(L/g) R?
30 0.64 -1.80 0.975 1.19 1.43 0.816 1.19 0.03 0.576
45 0.37 -1.63 0.981 0.82 1.48 0.841 1.53 0.03 0.632
60 0.30 -1.67 0.957 0.75 1.54 0.857 1.27 0.03 0.728
Table 5 Isotherm constants for nickel (Il) adsorption onto MSD at different temperatures
temp. Langmuir Freundlich Temkin
(°c) Amax(Mg/g) K (L/mg) R? Kr (mg/g) 1/n R? K (L/g) b (kJ/mol) R?
30 9.79 0.20 0.997 1.44 1.83 0.982 5.69 5.88 0.954
45 9.29 0.11 0.995 0.85 1.48 0.994 1.25 6.76 0.899
60 7.57 0.11 0.989 0.69 1.47 0.991 3.47 7.33 0.816
temp. Dubinin-Radushkevis Redlich-Peterson Elovich
(C) Ky a4(mg/g) E (kJ/mol) R? Ki(mg) n R? am(Mg/g) Ki(mg) R?
(mol?/kJ?)
30 ax107 15.54 1.12 0.789 1.44 0.41 0.964 -5.48 -0.37 0.981
45 7*107 20.22 0.85 0.822 117 0.33 0.977 -7.47 -0.11 0.902
60 8*107 23.93 0.79 0.863 1.45 0.32 0.959 -9.05 -0.06 0.649
temp. Halsay Hurkins-Jura Jovanovic
(C) Ky (mglL) Ny R? AW(g?IL) Bu(mg?L) R? an(mg/g) K(Lg) R?
30 0.36 -1.85 0.910 2.79 2.98 0.795 1.36 0.02 0.606
45 0.31 -1.54 0.987 0.84 1.39 0.835 1.46 0.05 0.728
60 0.14 -1.25 0.989 0.76 1.44 0.885 1.14 0.05 0.831
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Table 6 Comparison maximum nickel(ll) adsorption capacity with the other adsorbents

Adsorbent
Sewage Sludge Ash
Palm Shell Activated Carbon
Expanded Perlite
GAC 50 g.
GAC 75 g.
GAC 100 g.
SD

MSD

Maximum nickel adsorption capacity

7.65

0.26

2.24

7.66

3.53

3.07

7.84

9.79

References
[33]
[34]
[38]
[36]
[36]
[36]
This research

This research

Table 7 Kinetic constants for nickel (Il) adsorption onto sawdust and modified sawdust

Adsorbents Pseudo-first-order

Pseudo-second-order

Ky(min™) q:(mg/g) R? Ky(mg/g*min™)
50SD 0.01 3.73 0.963 0.01
100 SD 0.03 3.69 0.967 0.01
50 MSD 0.03 5.82 0.843 0.01
100 MSD 0.03 7.56 0.949 0.003

Intraparticle diffusion

Qocal(MY/Q) R? Kig (mg*min®®/g) C R
6.19 0.994 0.15 3.25 0.951
8.88 0.998 0.23 472 0.929
6.89 0.998 0.15 4.21 0.901
11.81 0.998 0.42 428 0.861
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Table 8 Thermodynamic constants for nickel (Il) adsorption onto SD at different temperatures

Calculation method of K_ T (K) K, AG°(kJ/imol) AS°(J/mol.K) AH(kJ/mol) R?

KL= Ke" 303 1.21 -0.47 -88.07 -27.06 0.982
318 0.65 1.14
333 0.46 2.15

K =1/b 303 556 432 -13.38 -24.80 0.998
318 9.09 -5.84
333 10.00 -6.37

K = aelc, 303 0.39 2.98 -52.16 -13.39 0.997
318 0.29 3.24
333 0.23 4.07

Table 9 Thermodynamic constants for nickel (II) adsorption onto MSD at different temperatures

Calculation method of K, T(K) Ky AG(kJ/mol) AS°(Jimol.K) AH°(kJ/mol) R
K = K" 303 1.95 -1.68 -107.84 -34.14 0.939
318 0.79 0.62
333 0.58 1.51
K =1b 303 5.00 4,05 -24.90 -26.99 0.998
318 9.09 -5.84
333 9.09 -6.11
K = adc, 303 0.64 113 -96.83 -28.27 0.993
318 0.40 2.40
333 0.23 4.04
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Figure 7 Effect of desorption onto SD and MSD
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