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h i g h l i g h t s

" Biochars derived from Undaria pinnatifida proved to be useful for the removal of copper.
" Physical activation with steam enhanced the adsorption of Cu.
" The pseudo-second order kinetic model explained well the adsorption kinetic data.
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a b s t r a c t

The char derived from the fast pyrolysis of macro-algae biomass, a brown alga Undaria pinnatifida, proved
to be useful for the removal or recovery of copper from aqueous solutions. Even at a low dose of
0.1 g char/L, a high adsorption capacity was obtained. Physical activation with steam enhanced the
adsorption of Cu, but chemical activation with a KOH solution decreased the adsorption capacity. A
pseudo-second order kinetic model was used to explain the adsorption kinetics. The physically-activated
char showed a Langmuir type of isotherm, and had a maximum adsorption capacity of 125.85 mg Cu/g.
Based on the adsorption capacity, even at a low copper concentration, the char derived from the fast
pyrolysis of U. pinnatifida is a valuable adsorbent for recovering copper from aqueous solutions.

� 2012 Elsevier B.V. All rights reserved.

1. Introduction

Copper (Cu) is one of most common heavy metals found in the
environment and industrial wastewater because of its widespread
use [1–5]. Generally, Cu could be removed by chemical precipita-
tion as a form of Cu(OH)2; however, the process produces large vol-
ume of sludge to be disposed. The chemical precipitation is not
effective to treat low concentration of metal [6]. Recently, adsorp-
tion technology has been investigated to remove metals from
water and wastewater because of the cost-effectiveness and easy
operation [6,7]. Many researchers reported that various materials
including biomass and industrial by-products could be applied to

remove toxic metals or metalloids as adsorbents [1–5,7–9]. Addi-
tionally, biomass, such as wood, organic waste including sludge
from wastewater/water treatment facilities and agricultural resi-
due, has been used for oil production by fast pyrolysis [10–12].
More recently, seaweeds and marine/fresh micro-algae have at-
tracted attention because of the huge amounts in marine environ-
ments. In addition, in Korea, macro-algae, such as brown algae,
tangles, laver and sea lettuce, have been used as food for a long
time. Recently, application of macro-algae to synthesis of bio-oil
was also reported [13]. A by-product is generated by the pyrolysis
of biomass; the most common by-products are gases and char.
Pyrolytic gases can provide heat for the pyrolysis reactor, and char
can be used for the production of activated carbon [14–16].

Activated carbon and/or char can remove a range of pollutants
from an aqueous stream and air including volatile organic com-
pounds, formaldehyde, polyaromatic hydrocarbons, halogenated
compounds, heavy metals and oxyanionic compounds [17–19].
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