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Abstract: Lead-loaded modified spent grain regenerated by desorption process was investigated. HCl, H2SO4, H3PO4, NaOH, NaCl 
and ultrapure water were chosen as desorption agents to treat lead-loaded modified spent grain for 30 min. The structures and 
components of regenerated modified spent grain before and after adsorbing Pb(Ⅱ) were investigated using scanning electron 
microscopy(SEM), energy-dispersive analysis of X-ray(EDAX) and Fourier transform infrared spectrometry(FTIR). The results 
indicate that lead-loaded modified spent grain treated in 0.1 mol/L HCl exhibits higher elution efficiency (86.44%) as compared with 
other agents. The enrichment of carboxyl and hydroxyl groups susceptible to combine with Pb(Ⅱ) are observed in the regenerated 
modified spent grain, which may result in high re-absorption efficiency of Pb(Ⅱ). Moreover, C—Cl, N—H, C—N and O—H 
(polysaccharides) also play an crucial role in Pb(Ⅱ) binding to regenerated modified spent grain. 
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1 Introduction 
 

The removal of toxic heavy metal ions from 
wastewater is of great importance from an environmental 
point of view. Adsorption has been demonstrated to 
outperform other techniques in treating wastewater due 
to its low cost, high efficiency, being simple and easy to 
perform, and being insensitive to toxic substances[1]. 
The adsorption of metal ions by industrial waste products 
[2−3] and other natural materials[4−7] has potential for 
industrial use. Modified spent grain(MSG), as a new 
adsorbent, is an appealing alternative for removing heavy 
metals from wastewater as it has a large specific surface 
area and small size, with hollow and layered structures 
containing many functional groups such as carboxyl, 
hydroxyl and amino that are responsible for the binding 
of metal ions. 

If the adsorption process is used as an alternative in 
wastewater treatment, the desorption and regeneration of 
adsorbent may be crucially important to keep low 
processing costs and open the possibility to recover the 
extracted metal(s) from the liquid phase. Desorption 
process yields metals in a concentrated form, which 
facilitates disposal and restore adsorbents for effective 

reuse. In recent years, new techniques for adsorbent 
regeneration have attracted considerable interest. 
Regeneration procedures include thermal treatment[8], 
chemical extraction[9−10], bio-regeneration[11], super- 
critical regeneration[12], microwave irradiation[13] and 
ultrasonic regeneration[14−15]. Chemical extraction 
using NaOH, HCl and HNO3 is most often applied to 
regenerating exhausted adsorbent. According to 
Refs.[16−18], HCl was used to desorb lead, and the 
metal recovery percentage ranged from 76.92% to 
99.60%. But there is little study about the mechanism of 
lead desorption and re-adsorption process. 

The purpose of this investigation is to study lead 
desorption process in order to demonstrate the ability of 
exhausted MSG for regeneration and reuse. Micrographs 
of scanning electron microscopy(SEM), energy- 
dispersive analysis of X-ray(EDAX) and Fourier 
transform infrared spectrometry(FTIR) analysis were 
used to investigate the re-adsorption mechanism of Pb(Ⅱ) 
by regenerated MSG. 
 
2 Experimental 
 
2.1 Adsorbent preparation 

Spent grain was obtained from Yingbo brewery 
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located in Changsha, China. The waste was sun dried and 
agitated with 1 mol/L NaCl solution (solid to liquid ratio 
was 100 g/L) at 25  for 13 h. After then, the solution ℃

was filtered and residues were taken out and washed 
several times with ultrapure water. Modified spent grain 
named as MSG was dried at 80  and ground to pass ℃

through a 0.355 mm sieve in order to be used as 
adsorbent. 
 
2.2 Characterization of adsorbent 

The surface structures and components of samples 
were analyzed by JSM−6360LV scanning electronic 
microscope coupled with Genesis 60S energy dispersive 
X-ray analyzer. Infrared spectra of regenerated MSG 
before and after adsorbing Pb(Ⅱ) in solid phase were 
performed by the KBr method using an AVATAR−360 
Fourier transform infrared spectrometer. 
 
2.3 Chemicals 

All the chemicals used in this study were of analytic 
grade. The stock solution of Pb(Ⅱ) was prepared by 
dissolving Pb(NO3)2 in ultrapure water. A series of  
Pb(Ⅱ) solutions used in these experiments were made by 
diluting the stock solutions to the desired concentrations 
from 20 to 600 mg/L. Before mixing these solutions with 
the adsorbent, pH values of them were adjusted to 5.5 by 
adding 0.1 mol/L NaOH or 0.1 mol/L HNO3. 
 
2.4 Adsorption, desorption and re-adsorption 

experiments 
For batch adsorption experiments, 200 mL of Pb(Ⅱ) 

solution was placed in 250 mL conical flask and set at 
pH 5.5[19]. An accurately weighed amount (1.2 g) of 
MSG was added to the solution. The conical flask was 
then stirred at a constant speed of 120 r/min by a 
magnetic stirrer in a temperature controlled water bath at 
25 . After ℃ stirring the flasks for 1 h, MSG was separated 
by filtration to obtain different loads of Pb(Ⅱ ) for 
desorption. The filtrate was analyzed for the remaining 
Pb(Ⅱ) concentration by a WFX−120 atomic absorption 
spectrophotometer. 

Batch desorption experiments were conducted using 
100 mL conical flask, containing 50 mL of the eluting 
solution in contact with lead-loaded adsorbent (0.3 g). 
The suspension was stirred at 120 r/min by a magnetic 
stirrer in a temperature controlled water bath; 0.5 h later, 
equilibrium was reached, samples were taken out, and 
MSG was collected by filtration for reusing it in a new 
adsorption–desorption cycle. The filtrate was analyzed 
for the remaining Pb(Ⅱ) concentration by a WFX−120 
atomic absorption spectrophotometer. The elution 
efficiency can be defined as 

2

1

m
m

=η ×100                               (1) 

 
where η is the elution efficiency; m1 is the mass of metal 
eluted; m2 is the mass of metal loaded. 

The re-adsorption experiments can be performed as 
the adsorption experiments mentioned above. But, in this 
case, experiments were started with regenerated MSG 
(using 0.1 mol/L HCl). After mixing the adsorbent with 
Pb(Ⅱ) solution (20 mg/L), pH values were adjusted to 
5.5 by adding 0.1 mol/L NaOH or 0.1 mol/L HNO3, 
which was a crucial step impacting the re-adsorption 
effect. Once the equilibrium was reached, MSG was also 
collected for reusing it in a new adsorption–desorption 
cycle. 
 
3 Results and discussion 
 
3.1 Effect of elution agents on lead desorption 

Seven different chemical agents of 0.1 mol/L were 
used for desorbing Pb(Ⅱ) from the lead-loaded MSG. As 
shown in Fig.1, 0.1 mol/L HCl is the most efficient 
desorbent since the elution efficiency is higher than 86%, 
followed in decreasing order by H2SO4, H3PO4, NaOH, 
ultrapure water and NaCl. In acidic medium, the protons 
in solution replace the metal ions on the modified spent 
grain. The apparent poor recovery observed in basic 
media such as NaOH may be due to the coordinating 
ligands being deprotonated; hence, bound-metal ions is 
found difficult to be detached from the modified spent 
grain. Superiority of ethylenediaminetetraacetic  acid 
(EDTA) in desorbing metal ions from the metal-loaded 
biomass was also reported in earlier works[20].  
However, EDTA cannot be used for metal desorption   
in a commercial process as it is more costly than HCl;  
 

 
Fig.1 Desorption of lead from lead-loaded MSG by various 
chemical agents 
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moreover, its disposal may cause serious environment 
problems. The high elution efficiency, no physical 
changes or damage on the adsorbent, and the low cost 
exhibited by HCl indicate that it can be used as an eluant 
for MSG generation. When HCl is used as a desorption 
agent, the MSG surface is completely covered by H+ ions 
while the coordination sphere of chelated Pb(Ⅱ) ions is 
disrupted. Thereafter, the Pb(Ⅱ) ions can not compete 
with H+ ions for adsorption sites and subsequently heavy 
metal ions are released from the solid surface into the 
solution. At the end of the desorption process, the 
biomass becomes totally protonated to be ready for the 
next adsorption cycle. 
 
3.2 Effect of eluant concentration on lead desorption 

Elution efficiency using different concentration of 
HCl as eluant was calculated and results are presented in 
Fig.2. It can be observed that the maximum elution 
efficiency is obtained when HCl concentration is 0.1 
mol/L. For 0.01 mol/L, the elution efficiency is only 
69.22%. Higher value of 86.44% is found for 0.1 mol/L. 
And then its value decreases a little during the process. 
Using higher concentration of HCl for lead desorption, 
compared with 0.1 mol/L, seems to deteriorate the 
biomass, thereby diminishing its metal sorption. So, 0.1 
mol/L is selected as the tested eluant concentration for 
the rest of the experimental studies. 
 

 
Fig.2 Effect of eluant concentration of HCl on lead desorption 
 
3.3 Effect of desorbing time on lead desorption 

Equilibrium time is an important operational 
parameter for an economical wastewater treatment 
process. Fig.3 shows the change of lead desorption with 
desorbing time. Lead desorption increases with 
increasing contact time until equilibrious desorption is 
established. Desorption is very rapid and 85.57% of lead 

desorption occurs during the first 5 min, and then slows 
down abruptly. The desorption equilibrium is obtained at 
15 min. In order to obtain the complete desorption, 30 min 

 

 

Fig.3 Effect of desorbing time on lead desorption 
 
is selected as the tested contact time for the rest of the 
experimental studies. 
 
3.4 Effect of temperature on different loads of Pb(Ⅱ) 

desorption 
The effect of temperature on the desorption of 

different loads of Pb(Ⅱ) is presented in Fig.4. On one 
hand, elution efficiency decreases as temperature 
increases (15−45 ) due to HCl desorption. Decreasing ℃

desorption temperature enhances desorption of lead from 
MSG. On the other hand, the lead elution efficiency also 
decreases with increasing the initial Pb(Ⅱ) loading at the 
same temperature. For lower loads of Pb(Ⅱ), Pb(Ⅱ) 

onto MSG will interact with the eluant binding sites 
completely and thus facilitate desorption. For higher 
loads of Pb(Ⅱ), more Pb(Ⅱ) ions without desorption are 
due to the saturation of eluant binding sites. 
 

 
Fig.4 Effect of temperature on different with loads of Pb(Ⅱ) 
desorption 
 
3.5 Successive cycles of Pb(Ⅱ) sorption and desorption 

Regeneration of MSG is an important step in order 
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to make the adsorption process more economical. Four 
successive cycles of sorption and desorption of Pb(Ⅱ) 
were carried out in the batch system to assess the 
reusability of MSG for Pb(Ⅱ) sorption (Fig.5). Sorption 
and desorption of the Pb(Ⅱ) decrease a little after each 
successive cycle. After four sorption–desorption cycles, 
the sorption of Pb(Ⅱ) by the MSG only decreases by 
1.69% and desorption of Pb(Ⅱ) decreases by 21.93%, 
respectively. Hence, MSG has better reusability during 
four successive cycles of sorption and desorption for 
Pb(Ⅱ). The results show that MSG can be repeatedly 
used in Pb(Ⅱ) adsorption with slight losses in its initial 
adsorption efficiency. 
 

 
Fig.5 Adsorption–desorption cycles for MSG 
 
3.6 Re-adsorption mechanism 
3.6.1 SEM and EDAX analyses 

SEM is widely used to study the morphological 
features and surface characteristics of the adsorbent 
materials. In this study, the surface morphologies of 
regenerated MSG before and after adsorbing Pb(Ⅱ) were 
compared by SEM analysis. An examination of the SEM 
micrographs (Figs.6(a) and (b)) indicates the presence of 
many pores on the surface of the adsorbents, and a rough 
structure on surface with a large surface area. From 
Fig.6(b), it can be seen that small particles of amorphous 
precipitate adhere to the MSG surface. This may be due 
to the presence of lead on the MSG surface, which can 
be further confirmed from the EDAX analysis. This is 
thought to be successful adsorption of lead onto 
regenerated MSG. 

EDAX was used to analyze the elemental 
constitution of solid samples. The EDAX spectrum for 
regenerated MSG is illustrated in Fig.7(a). C, O, Si, S, 
and Cl signals can be observed, which are known as the 
principal elements of MSG. The EDAX spectrum 
for regenerated MSG adsorbing Pb(Ⅱ) is illustrated in 

 

 
Fig.6 SEM images of regenerated MSG before (a) and after (b) 
adsorbing Pb(Ⅱ) 
 

 
Fig.7 EDAX spectra of regenerated MSG before (a) and after 
(b) adsorbing Pb(Ⅱ) 
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Table 1 FTIR spectra analysis of regenerated MSG before and after adsorbing Pb(Ⅱ)[21−24] 

Wavenumber/cm 
Assignment IR peak range/cm 

Before adsorption After adsorption 

Bonded —OH stretching +v(N—H) 3 420−3 250 3 271.15 3 407.07 

Asymmetric stretch of aliphatic chains (—CH) 2 916−2 936 2 922.89 2 921.72 

Symmetric stretch of aliphatic chains (—CH) 2 843−2 863 2 855.25 2 854.27 

C=O stretch of COOH 1 754−1 639 1 731.05 Not present 

Amide(I) ν(C=O) 1 680−1 640 1 661.96 1 648.97 

Amide Ⅱ δ(N—H)+ν(C—N) 1 570−1 510 1 516.18 1 554.72 

δ(—CH2) 1 475−1 450 1 455.73 1 454.06 

δ(O—H) 1 475−1 315 1 372.45 Not present 

C—OH ar 1 275−1 150 1 247.38 1 257.34 

C—OH 1 210−1 100 1 163.53 1 162.82 

CH2—OH (polysaccharides) 1 075−1 000 1 060.33 1 038.34 

C—Cl stretching vibration 760−510 573.20 522.97 

 
Fig.7(b). C, O, Si, and Pb signals can be observed. The 
emergence of Pb signal provides direct evidence that lead 
ions have been adsorbed onto the surface of regenerated 
MSG. 
3.6.2 FTIR analysis 

FTIR spectroscopy has been frequently used to 
detect vibrational frequency changes in adsorbent. It 
offers excellent information on the nature of the bonds 
and allows identification of different functionalities on 
the adsorbent surface. The assignment of FTIR bands 
and detailed wavenumber shifts for the regenerated MSG 
before and after adsorbing Pb(Ⅱ) are summarized in 
Table 1 while the FTIR spectra obtained for samples are 
shown in Fig.8. FTIR studies reveal that Pb(Ⅱ) binding 
to regenerated MSG occurs primarily through carboxyl 
and hydroxyl groups. Some participation of biomass C—
Cl, N—H, C—N and O—H (polysaccharides) in Pb(Ⅱ) 
binding are also observed. 

 

 
Fig.8 FTIR spectra of regenerated MSG before and after 
adsorbing Pb(II) 

 
4 Conclusions 
 

1) Lead desorption is very fast, taking less than 15 
min with 0.1 mol/L HCl. The lead elution efficiency 
decreases as temperature increases (15−45 )℃  and also 
decreases with increasing the loads of Pb(Ⅱ) at the same 
temperature. 

2) MSG can be repeatedly used after four 
successive cycles of Pb(Ⅱ) sorption and desorption. 

3) Pb(Ⅱ ) binding to regenerated MSG occurs 
primarily through carboxyl and hydroxyl groups. C—Cl,  
N—H, C—N and O—H (polysaccharides) groups also 
play an important role in Pb(Ⅱ) binding. 
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