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Abstract

This research presented the adsorption of lead in synthetic wastewater using sawdust (SD) and modified sawdust
(MSD) that modified processes of Alkali-Acid Modification with sodium hydroxide cooperatecitric acid. All experiments
were carried out in the batch reactor technique. This research project studied the characteristics of sawdust and
modified the sawdust including adsorption factors; pH, contact time, initial lead concentration and temperature.
Furthermore, the studied adsorption isotherm, kinetic and thermodynamics were used to explain the related adsorption.
Finally, desorption was studied to evaluate the appropriate technique for spent adsorbent management.

The results indicate that the optimal adsorption of lead using sawdust and modified sawdust condition consists
of pH 5, contact time 120 minutes of contacting time, initial lead concentration of 50 mg/l and temperature at 30 °C.
The experimental data were well fitted with Langmuir isotherm of sawdust and modified sawdust, in which the
adsorption efficiency of sawdust and modified sawdust was 5.58 mg/g and 7.56 mg/g respectively. The kinetic
adsorption behavior was fitted with the Pseudo-second-order model. The average thermodynamic changes of
standard adsorption heat, AHO, of sawdust and modified sawdust were-9.99 kJ/mol and-15.08 kJ/mol, which shows
that the adsorption system was an exothermic reaction. AG?® values indicate the reaction process for lead onto the
studied sawdust and modified sawdust were a spontaneous reaction. The values of standard entropy, ASO, of sawdust
and modified sawdust were-52.20 J/mol.K and-64.40 J/mol.K, which shows that the adsorption system hed more
regularity.

In addition, this research studied the desorption efficiency for management of adsorbent after. The results of
desorption were 70.79% and 90.28% respectively. The results of desorption were high yield. All the results show
sawdust and modified sawdust to be interesting adsorbents and adsorption efficient of lead. Sawdust and modified

sawdust were effective for waste utilization and represeist an eco-friendly approach.

Keywords: Adsorption, Heavy Metal, Sawdust, Modified
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Figure 1 Characteristics of surface area using SEMat times 500 magnification

Table 1 Characteristics of surface area using BET

Adsorbent BET surface area Total pore volume Mean pore diameter
(m’/g) (cm’/g) (nm)
SD 1.14 0.007 24.75
MSD 1.56 0.009 26.71
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Figure 2 Characteristics of configuration using X-rayDiffraction
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Figure 3 IR-spectrum using Near Infrared & Relate
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Figure 6 Effects of initial lead concentration
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Table 2 All parameters SD of Langmuir, Freundlich, Temkin and Dubinin-Radushkevis

temp. langmuir Freundlich Temkin Dubinin-Radushkevis
(c) q K R? K n R? K b R? K q E R?
max L F T d d
(mg/g) (g/mg) (lg) (mglg) (I/g) (kJ/mol) (mol’/kJ?) (mgl/g) (kJ/mol)
30 5.58 0.10 0.997 0.72 2.06 0.973 0.64 2.68 0.982 6*107 4.02 0.29 0.918
45 5.71 0.08 0.996 0.54 1.80 0.967 0.97 3.00 0.979 9*107 3.90 0.75 0.919
60 5.60 0.07 0.995 0.47 1.73 0.958 1.15 3.18 0977 1*10° 3.80 0.71  0.923
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Table 3 All parametersMSD of Langmuir,Freundlich,Temkin and Dubinin-Radushkevis.

temp. langmuir Freundlich Temkin Dubinin-Radushkevis
() q K R? K n R’ K b R’ K q E R’
max L F T d d
(mg/g) (g/mg) (Yg)  (mgl/g) (I/g) (kJ/mol) (mol’/kJ®)  (mglg) (kJ/mol)
30 7.56 0.12 0998 092 211 0.961 1.99 469 0984 5*107 5.26 1.00 0918
45 7.35 0.09 099 0.82 1.90 0.976 2.08 456  0.997 6*107 4.88 0.91  0.901
60 7.55 0.07 0988 0.68 1.80 0.987 1.01 3.99 0.966 7*10” 4.60 0.85 0.877

Table 4 Comparison maximum lead adsorption capacity of SD and MSD with the other adsorbents

Adsorbents Maximum lead adsorption capacity (mg/g) References
Logan Peel 8.70 [3]
Dried Logan Peel 1.48 [3]
Treat Logan Peel 1.01 [3]
Phosphorylated Sawdust 1.45 [20]
Spent Coffee Grounds 2.46 [21]

SD 5.58 This research

MSD 7.56 This research

6 o
6. NIANBIVAAIFATNIIAATY
mi?mmé'@mL%’Jﬂﬁﬁ%mmam'ﬁgwﬁumﬁa
o 4 X4 e v
TasltRasuazidosdSurninlduuusiaes Pseudo-
first-order Pseudo-second-order LazllULINNAINIIUNT
naznumeluauniansludigady (Intraparticle Diffusion)

Waadls (Table 5) NUIHANNINARBIFOAARBINUFUNNT

Pseudo-second-ordert&@dl#iAnIN é’mwmuqumnﬁ@
Ujfisenmsgaduiduusinaadl (Chemical Force) &9
WUTLANRI oI AN ANINILAAIINNITITBLANATOU
TN WATALAAIINANTIRBLANATOWATE N TWANLU ALY
'5Lﬁﬂmam:wjnmsa:mﬂiam‘mﬁﬂﬁuﬁa@@%'u” aaler
NaaY (Table 5)

Table 5 Pseudo-first-order, Pseudo-second order and Intraparticle diffusion constants for adsorption of lead on SD

and MSD
Adsorbents Pseudo-first-order Pseudo-second-order Intraparticle Diffusion
K, q, R? K, G R? K C R?
(min")  (mg/g) (mg/g.min™)  (mglg) (mg.min%g)  (mg/g)

50SD 0.03 1.32 0.918 0.03 4.98 0.998 0.09 3.43 0.771
100 SD 0.04 2.04 0.975 0.02 4.94 0.999 0.12 2.95 0.824
50 MSD 0.02 2.67 0.944 0.02 6.81 0.999 0.15 4.42 0.701
100 MSD 0.03 3.77 0.964 0.01 6.61 0.999 0.16 3.95 0.704

7. nﬂ‘sﬁnmqmwwamam{nﬁ@ﬂ%’u
Tunuaseit finfimeimgumnaeaas
laun mim'é"wuﬂaamumaﬂmmm‘sgﬂﬁu (AH% 13
Lﬂ'§ﬂuLLﬂmLauImﬂ“uaanﬁ@W?j'u (8S°) warmstasuuyas

WASUBFIZVRIAUE (AGY) eshnammasas maagwuyag
g AUt 30 45 uaz 60 aseiTaLGua 2aIN1IgATU
lasauazinlasl9idesuacdidastSuanwlu (Table 4 )
WAz (Table 5) S'f%wa“uaaqmﬂwama@%:ﬁmimmnm R?
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FNWLAATWALaIuas AS 83T BWAZ LR USURAN

fieurinfiu -52.20 9adalua.inadn uaz -67.40 3adalua.
a tﬁ‘ ) 1 0 1 aaa =1 I

wa-3% tWananyanal AS® waasindisendianuidu
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Table 6 Thermodynamic parametersof lead adsorption on SD

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

K=K 303 0.51 168
318 0.33 2.94 -64.26 -17.68 0.964
333 0.27 3.62

K = 1/b 303 10.00 -5.80
318 1250 -6.68 -52.20 -9.99 0.986
333 14.29 -7.36

K =qfc 303 0.16 469
318 015 5.07 -23.66 247 0.992
333 0.14 5.40

Table 7 Thermodynamic parameters of lead adsorption on MSD

Calculation method T K AG’ AS° AH° 28
of K (K) (kJ/mol) (J/mol.K) (kJ/mol)

K =K" 303 0.84 0.44
318 0.69 0.99 -48.97 -14.45 0.976
333 0.50 1.92

K =1 303 8.33 -5.34
318 1. 637 -67.40 -15.08 0.999
333 14.29 -7.36

K =q/c 303 0.26 3.42
318 0.21 4.08 -40.20 -8.74 0.995
333 0.19 463

[
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