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Regeneration of Activated Carbon from Sago Waste 

Mohd Nurhalis Shafiq Shamsuddin 

Resource of Chemistry Programme 

Faculty of Science and Technology 

Universiti Malaysia Sarawak 

ABSTRACT 

This study was carried out to investigate the best methods to regenerate spent activated carbons from sago waste 
for heavy metal removal. The activated carbons were widely used for purification process. It is credited for 
having adsorbent properties which help to discard any impurities that want to be discarded but they have caused 
environmental problem as they will be disposed after being used. The main goal ofthis study is to regenerate this 
activated carbons and to reutilize them for adsorptions. To proceed this study, the spent carbonaceous sorbent 
will be purified by succesive wash (soaking) using acids or bases. The regenerated carbon will be subjected 
through Scanning Electron Microscopy (SEM) and Fourier Transform Infra-red (FTIR) spectroscopy analysis 
where the surface properties of the adsorbent and functional group involve in adsorption were studied. At the end 
of this study, the spent activated carbons from sago wastes have been regenerated and reutilized. The 
regeneration efficiency of activated carbon treated with base are much better than acids. The adsortion capacities 
ofbase regenerated activated carbon were much better than virgin activated carbon. 

Keywords: activated carbon, regeneration, reutilization, succesive wash, acid, base 

A BSTRAK 

Kajtan tni telah dijalankan untuk mengkaji kaedah yang terbaik bagi perijanaan semula karbon aktif yang telah 
digunakan dart hampas sagu untuk menyingkirkan unsur logam beral. Karbon aktif ini digunakan secara meluas 
untuk proses penulenan. Kebolehannya yang mempunyai ciri-ciri penyerapan membantu untuk menyingkirkan 
mana-mana benda asing yang hendak disingkirkan tetapi ia menyebabkan masalah alam sekitar dimana ia akan 
dibuang selepas digunakan. Objektif utama kajian int adalah untuk menjana semula karbon aktif ini supaya 
boleh digunakan semula untuk proses penyerapan. Dalam kajian ini. karbon aktif yang lelah digunakan akan 
dijana semula dengan menggunakan kaedah merendam karbon aktif dengan asid dan alkali. Karbon aktifyang 
telah disucikan akan dikaji dengan Scanning Electron Microscope (SEM) dan Fourier Transform Infra Red 
(FTIR) anaUsis spectroskopi untuk mengkaji moifologi permukaan penyerap dan kumpulan beifungsi yang 
terlibat dalam proses penyerapan. Pada akhir kajian. karbon aktif yang telah digunakan dapa! disucikan dan 
digunakan semula. Keberkesanan penyucian karbon aktif yang direndam dengan alkali adalah lebih baik 
daripada asid. Kapasi!i penyerapan karbon aktif dengan penjanaan semula dengan alkali adalah lebih baik 
daripada karbon aktifasli. 

Kata kunci: karbon aktif, pemulihan. penggunaan semula. perendaman. ashl. alkali 
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1.0 INTRODUCTION 

Activated carbon (AC) is a group of adsorbing substances of crystalline form. It is widely 

used for purification process. 

The effectiveness of carbon depends on their capabilities to adsorb substances which 

depending on the chemical and physical properties posses by the carbon. The activated carbon 

can be divided into three parts which are macro pores, micro pores and meso pores. Macro 

pores have radius larger than 25 nm which function as transporting the liquid through the 

carbon. Adsorptions occur in meso and micro pores which have radius of 1-25 nrn and less 

than 1 nm respectively (Strand et al.. 2001). 

Heavy metals such as lead are known as hazardous to human. They are the major 

contaminant in liquid waste of industries such as dyes, glass operations, lead batteries, mining 

and electroplating (Aroua et at., 2008). Leads accumulate mainly in brain, kidneys and muscle 

which cause serious disorder such as anemia, kidney disease and death (Gupta et al.. 2001). 

The present study deals with the use of activated carbon prepare from sago waste as an 

absorbent for the removal of heavy metal ion from aqueous solution (Karthika et al.. 2010). 

Used AC are being dispose to the land which cause environmental problem where they 

contaminate the groundwater with the heavy metal (leachate) adsorbed by the activated 

carbon. Besides polluting the environment, the processing costs of the activated carbon are 

high. Therefore, the desorption and regeneration of spent activated carbon may be crucially 

important to keep low processing cost and give possibility to recover the extracted metal from 

liquid phase. By this way, we hope that we can restore the activated carbon for effective 

reutilization. 

I 
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Regeneration of AC is defined as the removal of adsorbate and restoration of the 

previous adsorptive capacity of original activated carbon (Keong et aI., 1999). There are 

several methods being used to regenerate them such as thermal regeneration (Miguel et ai., 

2001), wet air oxidation (Mundale et ai., 1991), chemical regeneration (Leng et ai., 1996) and 

solvent extraction (Suzuki et ai., 1988). 

Objectives: 

1. 	 To regenerate spent activated carbon from sago waste used to absorb lead. 

2. 	To test the possibility ofreutilization ofregenerated activated carbon. 

3. 	To determine and compare the adsorption capacities between virgin activated carbon with 

regenerated activated carbon. 

I 
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2.0 Literature Review 

2.1 Activated carbon 

Activated carbon is a solid, porous and carbonaceous material prepared by carbonizing and 

activating organic substances. It can be activated by various way such as carbonizing them at 

high temperature with the addition or with not of inorganic salts in a stream of activating 

gases such as carbon dioxide and steam. In other hand, we can treat them with chemical 

activating agent such as phosphoric acid or zinc chloride and can be removed by washing 

them with water (37 th JECFA, 1990). 

Activated carbon can be divided into three components which are macro pores, meso 

pores and micro pores. The meso and micro pores are responsible for the adsorption process 

for purification due to their small and narrow channel (Strand et al., 2001). 

The activated carbon is processed from the waste of roots of Cassava from Manihot 

esculenta crantz which used for the manufacture of sago. The material sago waste collected 

will be dried in sunlight for three days and the impurities present were removed. The dried 

sago waste was allowed to chemical activation by the addition of 50% sulfuric acid and 

ammonium persulphate (0.5%) with constant stirring. The charred material was kept in hot 

oven air at 25±5°C for 12 hours. Then, it will be washed with distilled water for 5 times and 

soaked with 5% of sodium bicarbonate solution and allowed to stand overnight to remove the 

residual acid from pores of the carbon. It will be washed with distilled water until the pH of 

the adsorbent reached 5±0.5, and then dried in hot oven at 105±5°C to produce activated 

carbon (Karthika et al., 2010). 
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Activated carbons which have been used to adsorb impurities or adsorbate are called 

spent activated carbon. Their pores have been filled up with the adsorbate during the 

adsorption process and usually dispose to the land. 

2.2 Heavy metal 

Heavy metals are known to be hazardous to humans. They are common contaminants in the 

liquid wastes in industries such as paint, dyes, glass operation, lead batteries, electroplating, 

mining and smelter (Aroua et ai., 2008). Heavy metals such as lead can cause many 

dangerous side effect as they accumulates mainly in bones, brain, kidney and muscles which 

lead to many disorder such as nervous disorder, sickness and death (Gupta et at., 2001) 

2.3 Regeneration of spent activated carbon 

Regeneration is referred as the removal of adsorbate and restoration ofthe previous adsorptive 

capacity of the original activated carbon (Keong et at., 1999). Activated carbon is widely used 

in water and wastewater treatment as adsorbent but it is expensive where the economic of 

adsorption process depend greatly to the reutilization of activated carbon. There are various 

regeneration method can be used such as thermal regeneration (Miguel et ai., 2001), wet air 

oxidation (Mundale et al., 1991), chemical regeneration (Leng et ai., 1996) and solvent I

extraction (Suzuki et ai., 1988). Acid and alkali solution are used to recover the ability of 

adsorption of activated carbon by using acid and alkali to dissolve the adsorbate (Kang et ai., 

2009). 
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Adsorptive property of activated carbon is totally dependent on their surface area. 

Therefore, it is important to preserve the original surface area of the activated carbon. The 

original activated carbon have smooth surface compared to regenerate one as it will gradually 

develop sponge-like appearance due to the thermal stress. This thermal stress and sponge-like 

appearance will lead to the weakening of the physical strength of the activated carbon 

adsorptive power (Keong et aI., 1999). The effect of hydrochloric acid used on desorption of 

heavy metal may increase with the decrease in pH and reaches to its maximum rate. This is 

due to the acidic condition of H+ ions protonate the adsorbent surface by replacing the metal 

ions on the adsorbent surface which lead to the desorption of the positively charged metal ion 

species (Karthika et ai., 2010). By using sodium hydroxide, the van der waals forces between 

the adsorbate and micropore weaken, therefore, the chemical bond between adsorbate and 

surface functional group weaken thus the pollutant can be eluted. The characteristic of the 

activated carbon is significantly affected by NaOH solution (Kang et al., 2009). In the present 

of surfactant, it can reduce the attaching forces between the pollutant and the surface of 

micro pore where surfactants have the power of surface activation, emulsification and 

decentralization (Kang et aI., 2009). 

2.4 Reutilization of spent activated carbon 

Regeneration is essential step in order to make the adsorption process economical. After being 

regenerated with chemical solvent, the activated carbons have good reutilization for four 

successive cycles ofsorption and desorption for heavy metaL It may loss its initial adsorptive 

efficiency depend on how many times it being regenerated (Qing et al., 2008). 
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2.5 Removal efficiency 

Removal efficiency is a way to measure the effectiveness of RAC in adsorption process in 

percentage. 

Where, Co initial heavy metal concentration 

Cf = final heavy metal concentration 

2.6 Adsorption Isotherm 

The adsorption capacities of RAC were determined by usmg the adsorption isotherm 

equations which was the Langmuir isotherm model. 

Where, Ce= equilibrium concentration mgL-l) 

Qe= amount ofPb (II) adsorbed (mg/g) 

Qo= Langmuir constant related to adsorption capacity 

Rate ofadsorption 

The adsorption capacity values ofRAC obtained were compared with adsorption capacity of 

V AC and regeneration efficiency was determined. 

I 
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2.7 Regeneration efficiency 

This method is used to measure how effective the regeneration process to be used again for 

adsorption. The efficiency of the regenerated activated carbon can be evaluated by this 

formula: 

Ar 
R. E% = A x 100% 

o 

Where, Ar = adsorption capacity ofRAC 

Ao = adsorption capacity ofV AC 

The regeneration efficiency (R.E) also may be influenced by the properties of 

adsorbate (acids and bases) used to regenerate SAC that have great influence in the adsorption 

process in activated carbon. Those properties are molecular size, solubility and pH. The 

molecular size will determine the ability of the adsorbate to adsorb metal ions toward the 

micropores of carbon. The smaller the molecular size of the adsorbate the more it is accessible 

to the micro pores which mean it can reach the binding site ofcarbon for ion exchange with Pb 

ions. The solubility will influence the degree of hydrophobic interaction between the 

adsorbate and carbon surface. The higher the solubility of adsorbate, the more likely 

regeneration process occurs more effectively. 

The pH or pKa, functions as to control the dissociation of adsorbate. The higher the 

degree ofdissociation of acids, bases and functional groups at the binding sites, the higher the 

chances ofPb ions to be protonated from the carbon surface, thus making the binding site free 

for next adsorption (Moreno et aI., 2004). Therefore bases have the higher chances to do so 

as it give higher adsorption capacity compared to V AC. Regeneration efficiency value also 
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influenced by the electrostatic forces between adsorbent (Pb ions) and adsorbate after 

regenerated with acids and bases. The treatment with acids and bases may influence the 

carbon surface functionality, especially oxygen surfaces complexes which involve in ion 

exchange process (Dias et ai., 2007). Second factor is the size of micrporosity after 

regenerated with acids and bases which may have enhanced the adsorption of potential to be 

stronger enough to adsorb and retain ions. Last factor that may contribute to better R.E is the 

type of acids and bases use for regeneration process as it influences the amphoteric nature of 

carbon surface (Dias et ai, 2007.). 
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3.0 Material and methods 

3.1. Material 

3.1.1 Sago waste 

The sago waste were obtained from Mukah, Sarawak on September, 2008. 

3.1.2 Acids and bases 

Potassium hydroxide, sodium hydroxide, hydrochloric acid (37%) and sulphuric acid (97%) 

were supplied by Environmental Lab 2 Faculty ofResource Science and Technology. 

3.1.3 Heavy metal 

Lead(II) nitrate were provided by Environmental Lab 2 Faculty of Resource Science and 

Technology. 

3.2 Methods 

3.2.1 Sample collection 

Spent activated carbon from sago waste use for the adsorption of Pb(II) solution were 

collected from the Environmental Lab 2 Faculty of Resource Science and Technology. 

Sample were stored into a viale to avoid moisture affecting the spent activated carbon. 
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3.2.2 Preparation of acid and base solution for regeneration process 

There were two types ofacid and base used in this study. The acids used were HCl and H2S04 

while bases used were NaOH and KOH. For each of these acids and bases, three 

concentrations were prepared which were 1.0 M, 1.5 M and 2.0 M. 

3.2.3 Regeneration of spent activated carbon 

Regeneration of SAC was done in three different agitation time and concentration of acids 

and bases. The SAC were agitated for 30 min, 60 min and 90 min for every type of acids and 

bases used. The SAC were weighted approximately 0.1 g and put into conical flask. They 

were agitated with 20 ml of acids and bases prepared to regenerate the SAC. For every 

agitated time and concentration of acids and bases used, they were replicated for three times. 

Then, the RAC were filtered out by filtration by using filter paper (110 mm, Whatman@, 

USA) and the filtrate were discarded. The RAC were given a gentle wash with double 

distilled water to remove unabsorbed metal ions. 

3.2.4 Heavy metal stock solution 

The heavy metal used in this study is lead. Heavy metal stock solution were prepared by 

dissloving 1.5980 g of Pb(N03h salt in 100 ml of deionized water. It were diluted in I L of 

deionized water in IL volumetric flask. This will produce 1000 ppm ofPb(II) solution. 
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3.2.5 Heavy metal standard solution 

The standard solution used in this study was 3 ppm of Pb(II) solution. This was done by 

diluting 25 ml of the stock solution (1000 ppm) with deionized water into 250ml volumetric 

flask to produce 100 ppm ofPb(II) solution. After that, 15 ml from the 100 ppm solution was 

diluted again with deionized water into 500 ml volumetric flask to produce desired 

concentration of3 ppm. 

3.2.6 Reutilization of RAe 

The RAC were weighted approximately 0.1 g according to the agitation time and type of acids 

and bases used and put into conical flask. Every batch was agitated with 20 ml of Pb(II) 

solution for one hour and was replicated for three times. Then, the spent RAC were filtered 

out by filtration by using filter paper (110 mm, Whatman®, USA) and filtrate were kept for 

final concentration determination by AAS. 

12 




3.2.7 Determination of adsorption capacity of RAe 

The adsorption capacities of RAC were determined by using the adsorption isotherm 

equations which was the Langmuir isotherm model. 

Where, equilibrium concentration mgL-') 

Qe= amount ofPb (II) adsorbed (mg/g) 

Qo= Langmuir constant related to adsorption capacity 

b= Rate ofadsorption 

The adsorption capacity value of RAC obtained were compared with adsorption capacity of 

VAC and regeneration efficiency were determined. 

3.2.8 Determination of regeneration efficiency 

The regeneration efficiency were calculated to show how good and effective the SAC were 

after being regenerate to adsorp Pb (II) solution. The regeneration efficiency were determined 

by 

Ar 
R. E% =A x 100% 

o 

Ar = adsorption capacity of RAC 

Ao = adsorption capacity ofV AC 
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3.4 Characterization 

3.4.1 FTIR 

Fourier Transform Infra-Red were used to determine the functional group exist on the surface 

of RAC that influence the adsorption process. The FTIR spectra of RAC and VAC were 

recorded using the infra-red spectrometer between the wave number of 37 to 4000 cm- I
. The 

peak recorded were compared with each other. 

3.4.2 AAS 

Atomic Adsorption Spectroscopy were used to determined the concentration of Pb(IJ) ions in 

the solution using an air-acetylene flame and single element hollow cathode lamps. The 

instrument was calibrated with 1 ppm, 3 ppm, and 6 ppm of Pb (II) solution. The lead 

absorbance were measured at 217.0 nm. The concentration ofPb (II) ions left in the solution 

were determined and the standard solution concentration were checked. 

3.4.3 SEM 

Scanning Electron Microscopy were used to observe the surface morpholgy of RAC and 

compared them with V AC. 
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4.0 Result and Discussion 

4.1.1 Scanning Electron Microscope 

The images of RAC were taken by using lEOL lSM-6390LA Analytical Scanning Electron 

Microscope. 

Figure 1: SAC with acid treatment Figure 2: SAC with base treatment 

Adsorptive property of AC is totally dependent on their surface morphology and chemistry. 

Pores which existed in AC surface area may have large or small size which contains 

functional group that give great influence in adsorption process besides the condition of pores. 

Based on the figures above, it shows that, the surface morphology of SAC after treated with 

acid and base are different. The surface morphology of SAC treated with acids causes the 

pores to become enlarges which explained low adsorption capacity. The treatments by acids 

during successive wash do not completely wash away the heavy metal ion attached to the 

surfaces which make the pores of AC still clogged with heavy metal ions that also contIibute 

low adsorption capability. Based on figure 4, SAC that treated with base, the pores conditions 

are much better and smoother. The pores were still in good condition and bases wash away 

the metal ion much better compared to acids. These explain why they have better adsorption 

ability than those treated by acids 
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4.1.2 Effect of regeneration time and concentration to percentage removal 

Table I : Average percentage removal for NaOH 

regeneration I 
I I Co Ct / 

Solvent Concentration time Co Ct Co-O Co 
APR 

0.0561 2.9006 98.10 

30min 2.9567 i 0.0754 2.8813 97.45 i 97.47 

0.0932 2.8635 96.85 

0.1037 2.853 96.49 i 

1.0M 60 min 2.9567 0.0971 2.8596 96.72 i 96.21 

0.1355 2.8212 95.42 

I 0.1268 2.8299 95.71 

I 

90 min I 2.9567 0.1342 2.8225 I 95.46 95.46 

0.1416 2.8151 95.21 
! 0.0991 2.8576 96.65 

30 min 2.9567 0.1130 2.8437 96.18 96.23 

0.1225 2.8342 95.86 J 
0.1393 2.8174 95.29 i 

NaOH 1.5 M 60 min 2.9567 0.1511 2.8056 94.90 94.26 

, 0.1776 2.7791 93.99 i 

! 0.1733 2.7834 94.14 

I 

90 min 2.9567 0.1654 2.7913 94.41 94.26 

0.1705 2.7862 94.23 
! 

0.1752 2.7815 94.07 

30min 2.9567 0.2023 2.7544 93.16 i 93.34 
i 0.2129 2.7438 92.80 

I 0.1612 2.7955 94.55 i 

2.0M 60min 2.9567 0.2001 2.7566 93.23 93.59 

0.2070 2.7497 93.00 i 

0.1950 2.7617 93.40 

90 min 2.9567 0.1738 2.7829 I 94.12 93.38 

I I i 0.2179 2.7388 92.63 
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Table 2 : Average percentage removal for KOH 

Co -Cf I APR
Solvent Concentration regeneration time Co Cf Co-Cf Co 

0.0984 2.8871 96.70 

30min 2.9855 0.1678 2.8177 94.38 95.23 

0.1611 2.8244 94.60 
I 

0.1837 2.8018 93.85 

1.0 M 60min 2.9855 0.1695 2.8160 94.32 94.09 

I, 0.1834 2.8021 93.86 
I i 0.1344 2.8011 93.82 

90min 2.9855 0.1412 2.8443 95.27 94.10 

0.2029 2.782 93.2 

0.1844 2.8011 93.82 

30min 2.9855 I 0.1805 2.8050 93.95 94.26 

0.1493 2.8362 95.00 

0.2075 2.7780 93.05 

KOH 1.5 M 60min 2.9855 i 0.1853 2.8002 93.79 94.04 

0.1413 2.8442 95.27 

0.1821 2.8034 93.90 

90min I 2.9855 0.2097 2.7758 92.98 93.50 

j 0.1904 2.7951 93.62 

0.1722 2.8133 94.23 

30min 2.9855 0.1674 2.8181 94.39 I 94.29 

0.1719 2.8136 94.24 

0.1794 2.8061 93.99 

2.0M 60min 2.9855 0.2117 2.7738 92.91 93.74 

0.1699 2.8156 94.31 

I 2.9567 

0.2334 2.7233 92.11 

I 

90min 0.166 2.7907 94.39 93.27 

I0.1892 2.7675 93.60 
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