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ABSTRACT

Biochar as a new soil amendment has a potent@britrolling the fate of trace elements in the sgdtem.
However, the production of biochar from differeaefistocks and pyrolysis conditions resulted inaidei
biochar properties which have an influence on traleenents availability. The experimental works are
focused on physical and chemical properties ofiaog produced from Empty Fruit Bunch (EFB) and Rice
Husk (RH) as heavy metals adsorbents. The morphobdgEFB biochar comprise rigid structure with
uniform pores size. The surface area of biochanged between 23.22-46.32° g ", dominated with
mesopores. The chemical characterization of biachawealed high carbon content in EFB biochar
compared to RH biochar (54.08 and 7.78%). Both tdog are alkaline in nature (>pH 9) and contain
substantial amounts of N, P, K, Ca and Mg. Foutiensform infra-red spectra showed the heterogenic
functional groups on EFB biochar surface and dotignaof silica content in RH biochar. The batch
experiment was employed to determine the adsorptapacity of these biochars for As and Cd. The
adsorption data were fitted well in Langmuir isaethewith high correlation coefficient @0.9) for As and
Cd. The gax of EFB biochar for As and Cd was higher than REchar. The g., of EFB biochar was
0.4240 and 15.1515 mg'gfor As and Cd, respectively. In contrast, thg.@f RH biochar for As and Cd
was only 0.3522 and 3.1908 mg-gThe results show that EFB biochar and RH biotfaae potentials as
good sorbent for As and Cd. Therefore, it can bggested that the application of these biochars may
possibly reduce the trace elements availabilitthexcontaminated soil.

Keywords: Morphological Study, FTIR, Chemical CharacteriaatiAdsorption Study, Langmuir Isotherm

1. INTRODUCTION decomposition. Therefore, biochar has a potental t
enhance long-term carbon pool storage in the soil
Biochar is gaining attention from people system (Lehmanst al., 2003).
worldwide due to its potential for soil conditiogiras Soil organic matter is known to have major influenc
well as for the improvement of the soil physico- on soil properties and controls the toxicity, trams, fate
chemical properties. The high organic carbon canten and behavior of non-polar organic compounds irssdil
in biochar can increase carbon storage in the soilreduces the metal (loid)s mobility by redistribgtithe
system when applied to the soil. The presence oftrace elements to less-available forms (Shuman9)199
complex functional groups in biochar, as a stable Biochar is believed to have potential in remeditihe
organic matter is highly recalcitrant against the contaminated soil by adsorption and complexation
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reactions on trace elements (Harter and Naidu, j1995collaboration with Universiti Putra Malaysia. The
Bradl, 2004). Biochar is a stronger sorbent thtrelo  biochar was produced from the pyrolysis of oil palm
forms of organic matter with the very high affinignd ~ empty fruit bunch in a pilot plant carbonator apgli
capacity for sorbing organic compounds (Yang andWith medium pyrolysis temperature (300-350°C).
Sheng, 2003). Sorption to biochar also have besorteel ~ Meanwhile, the RH biochar was collected from
less reversible than other organic matter (Brastlal., =~ BERNAS (Malaysian National Rice Agency) rice mill
2003; Sander and Pignatello, 2007). A number afistu 1N Tanjung Karang, Selangor which was produced at
have reported the addition of biochar to soil have PYrolysis temperature of approximately 500°C. The
influenced the heavy metals mobility and bioavaiigh ~ Piochars were air dried and characterized in taibs
(Chenget al., 2006; Parlet al., 2011; Jiangt al., 2012; ~ Pased on physical and chemical properties.
Samsuriet al., 2013). Namgagt al. (2010) reported that 2 2 Biochar Analysis
the addition of wood biochar decreased the conagotr _ o
of As, Cd and Cu in maize shoots. Ronggtial. (2014) ~ The pH (HO) and Electrical Conductivity (EC) of
also reported the reduction in soil extractable i ~ biochar was measured in a 1:2.5 (viv) and 1:5 (v:v)
uptake by rice plants grown in contaminated ricddya  biochar: Water suspension, respectively. The biocha
with the application of wheat straw-derived biochene  total carbon was analyzed using LECO CR-412 carbon
potential of biochar in reducing the trace elemeanid analyser (LECO Corporation, St. Joseph, MI). Thelto
contaminants availability is attributed to its plogs nitrogen (Bremner, 1996), total P, total K and CEC
chemical properties such as porosity, surface gka, (ammonium acetate, pH 7, leaching method) of biocha
cation exchange capacity and organic functionaligso samples were determined using autoanalyzer
Biochar from many sources of biomass can be pratluce (QuickChem FIA 8000 Series, Milwaukee, Wisconsin).
through the pyrolysis process in the absence of@xy The concentrations of Ca and Mg of biochar were
Different types of biochar have different charast®s  determined by using the dry ashing method (Baket.,
depending on the feedstock and pyrolysis condititms  1964) with atomic absorption spectrophotometer
Malaysia, there are two potential biomasses franstrial  Aanalyst 400 (Perkin Elmer, Norwalk, CT, USA). Tbta
wastes that can be used as biochar; oil palm Efply  As and Cd content in biochar was determined using

Bunches (EFB) and Rice Husks (RH). It is reporteat t atomic absorpti ; -
e ption spectrophotometer after digestiii
around 20 million tonnes of EFB (MPOB, 2012) ardil0. aqua-regia (1:3 HCI to HN{ solution. The surface

gﬂlrl:gg iﬁgnp?rso((:); sRs||-r|1 g(jl?r?%ezr?illzs) V¥?]Se %ﬁ%ﬂugﬂ@”gfa morphology of biochar was obtained through JSM-6400
' Scanning Electron Microscope (SEM, JEOL USA,

these feedstocks, can be used as good sourcehefor t . Ao . "
g Peabody, MA) at Institute of Bioscience, UniverBititra

biochar production. The applications of these bissaa as : X
biosorbent in removing environmental pollutantssiil Malaysia, Serdang, Malaysia. The Brunauer, Emnmeit a

and aqueous solution also have been reported pedyio Teller (BET) surface area, pore size and surfaea ar
(Mahvi et al., 2004; Chowdhuryet al., 2011; Hussaro, distributions, micro-pore volume and surface aréa o
2014). In addition, the conversion of EFB and RH biochar ~were measured with AUTOSORB-1
biomasses to biochar can be an alternative to thgQuantachrome Instruments, Boynton Beach, Florida,
sustainable management of the industrial waste.USA). The organic functional groups of biochar were
However, there is very limited information on the studied by using the Perkin Elmer Spectrum 100 iEour
properties of commercial EFB biochar and RH biochar Transform Infra-red Spectrometer (Perkin Elmer
produced in Malaysia to be used as soil amendnients Corporation, Norwalk, CT, USA).

remediating contaminated soil. Therefore, this ptwds .

conducted to investigate the physico-chemical proge ~ 2.3. Adsor ption Study

of EFB biochar and RH biochar responsible for Sorption of As and Cd on biochar was measured by

immobilizing trace elements in the soil system. using the batch method. An amount of 2 g subsamples
of biochar were placed in each of the eight cemgef
2.MATERIALSAND METHODS tubes and equilibrated with 0.01 M CaQolution

containing a series of Cd concentrations (0, 20,640

80, 100, 150 and 200 mg™) by adding CdGl
Empty fruit bunch biochar was collected from solution. In the case of As, sodium arsenate

Nasmech Technology Sdn Bhd located in Dengkil in (HAsSN&QO,.7H,0) solution of similar concentration

2.1. Sample Preparation
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was added to the biochar. Each sorption set, luotiA$
and Cd, were replicated twice. The biochar mixtwees
equilibrated overnight (16 h) at room temperatuneao
rotary shaker at 30 revolutions per minute (rpnef

EFB had a larger surface area (46.32gm) than RH
biochar (23.22 fmgY). Another important feature of
biochar as adsorbents is the size and distributiqgrores
which can be determined through the nitrogen adisorp

the suspension was centrifuged at 3000 rpm for kb m as well. The micropore volume of EFB biochar was

followed by filtration through Whatman No. 1 filter

found to be the same as RH biochaf.01 cni g™?).

paper. The concentrations of As and Cd in the clearnternal surface area of biochar which represeats pn

extract solution was determined using the Indubtive

the inner wall as a result of interior crack wafemed to

Coupled Plasma Optical Emission Spectrometry (ICP-as micropore area. Meanwhile, the average poreedém
OES, Perkin Elmer, Optima 8300, USA). Amount of As for hoth biochars are in the range of mesoporesetiers,

and Cd adsorbed by the biochar can be calculated fr
the difference between the initial and final corication
of these metals in the equilibrium solution. Théadaas
then fitted to the Langmuir equation.

2.4. Statistical Analysis

with the internal pore width between 2 and 50 nm.
3.4. Functional Groups of Biochar

Figure 2 shows FTIR spectra for the EFB biochar and
RH biochar from the FTIR spectroscopy. Two adsorpti
peaks were observed at 3365.43 and 2924.69' cm

Means comparison of chemical properties betweencorresponding to the O-H and C-H group stretching,
EFB and RH biochar were performed using T-test egpectively, attributable to the cellulose compunef

comparison with JMP statistical software, Versio8.D
(SAS Institute Inc., Cary, NC, USA).

3.RESULTS

3.1. Chemical Char acterization of Biochar

EFB biochar (Abdul Khalikt al., 2011). The adsorption
peak as observed at 1374.47 tis associated with the
bending vibration of stronger C-H functional group.

strong peak at 1572.94 &nis due to the aromatic C = C
stretching. The peak at 1007.92 ¢mepresents the C-O
stretching due to the presence of phenols and @loh

The elemental composition for EFB biochar and RH Meanwhile the adsorption peaks between 1000 and 650
biochar are listed iffable 1. Both biochars have alkaline cm™ indicate the presence of alkenes group. Unlike the
pHs (>pH 9) with pH value of oil palm EFB biochar FTIR spectrum shown by EFB biochar, the RH biochar
slightly lower than RH biochar. The EC values fo&fBE ~ spectrum illustrates less adsorption peaks witheleangth
biochar and RH biochar were 5.33 and 2.90 d3$, m of less than 1300 ¢ The sample only showed strong

respectively. The empty fruit bunch biochar had el
five times higher total carbon content and CEC eas

the RH biochar. Both biochars were found to contain

substantial amounts of nutrients with high conaiun of
potassium (K). Biochars also have low concentratbn
arsenic and cadmium ranging from 1.15 to 0.45 mg kg

3.2. Morphology of Biochar

peak intensity at 1050.89 and 788.65 tmhich indicate
the presence of Si-O stretching.

3.5. Adsorption Isotherm

The adsorption isotherm data were fitted to the
Langmuir’'s adsorption modeT.able 3 shows the values
of adsorption isotherm parameters for EFB biochat a
RH biochar. The maximum adsorption capacity,foof

Figure 1 shows the Scanning Electron Microscope EFB biochar for As was 0.424 mg'gwhich is higher
(SEM) images of the two biochars. The EFB biochar than RH biochar (0.352 mg?. Similar trend was found
possessed uniform pores and smooth wall surfacgsrun on gnay of Cd with the values of 15.15 and 3.19 mg g
1000x magnification. In comparison, the pores on RHfor EFB biochar and RH biochar, respectively. The

biochar are not well shaped with diminished strrectof

parameter b is related to the affinity of the bimgsites,

pores. Small pores also were detected on the roughvhich allows comparisons of the affinity of biochar

surface of RH biochar. From the images, it candmns
that the pores on both biochars have similar sizb w
maximal diameter of 10m.

3.3. BET Surface Area

toward the metal (loid) ions. RH biochar had a kigh
binding affinity (b) for As and Cd than did EFB blaar.
Value of R shows correlation or linear relationship,
whereas the relationship become more linear when th
value is closer to 1. The high correlation coeéiti

Surface area and porosity of EFB biochar and RHvalues (R) which ranged from 0.98 to 0.99 indicate that

biochar are presented Trable 2. Biochar produced from
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Fig. 1. SEM image of (a) EFB biochar and (b) RH biochar
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Fig. 2. FTIR spectra for EFB biochar and RH biochar. Wavalmers of interest are labelled

Table 1. The chemical properties of EFB biochar and RHHzoc

Table 2. BET surface area and porosity of biochar

EFB biochar RH biochar
pH (1:2.5 HO) 9.47a 10.24 b
EC (dS mt) 5.33a 2.90 b
Total carbon (%) 54.08 a 7.78b
CEC (cmol kg™ 63.93 a 13.45b
Total nitrogen (%) 1.63 a 0.23b
Phosphorus (%) 0.21a 0.36b
Potassium (%) 5.3a 0.72b
Calcium (%) 0.11a 0.02b
Magnesium (%) 0.13 a 0.08 b
Arsenic (mg kg) 1.15a 0.55a
Cadmium (mg kg) 0.80 a 0.45b

Surface  Micropore Internal

area volume surface Average pore
Biochar (nfg?®) (cnfg?) area(ig?) diameter (nm)
EFB 46.32 0.008 0.61 3.85
RH 23.22 0.009 1.41 4.34

Table 3. Sorption isotherm obtained by fitting the data witile
langmuir isotherms for the efb biochar and rh barch

Langmuir model

Note: Values with different letters within the raave signifi-

cantly different at p<0.05, t-test comparison

///// Science Publications

Biochar Heavy metal gmax (Mg gY) b (Lmgh) R
EFB As 0.4240 0.0073 0.9890
Cd 15.1515 0.1142 0.9921
RH As 0.3522 0.0248 0.9823
Cd 3.1908 0.6920 0.9984
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4. DISCUSSION

Empty Fruit Bunch (EFB) and Rice Husk (RH) are
two affordable and sustainable feedstocks in Madats
be made as biochar. Most studies were investigatiag
effects of biochars from different feedstock onl soi
fertility and plant growth performance with less
information on trace elements interaction. The piaé
of biochar as a sorptive media depends on its phlsi

EFB biochar also resulted in significantly highevel of
EC, which suggests the higher retention of minegdts
from the process. This can be explained from fa& th
higher nutrients concentration, except for phosp$ior
found in EFB biochar compared to RH biochar.

The regression correlation coefficients for As &dl
are very high according to the Langmuir equatidab(e
3), with R? value closest to 1. The adsorption capacity,
Omax Shows the higher sorption of As and Cd by EFB

and chemical properties. The physical properties ofbiochar than RH biochar. The adsorption maximum
biochars are mainly affected by pyrolysis condition capacity according to the Langmuir isotherm in this
especially, temperature (Boateng, 2007). When highstudy for Cd was higher than As for both biochars.
temperature (500°C) was applied during the prodacti Mohan et al. (2007) reported the same trend of
of RH biochar, the pore size enlarged and the walladsorption capacity (Cd>As) for pine wood char, oak
between adjacent pores were destroyed, whichwood char, pine bark char and oak bark char. TheumH
explained the diminishing pore structure of RH hiac ~ CEC are two important factors that attributed tgpson
(Zhanget al., 2004). The presence of inorganic material mechanism of trace elements with addition of biocha
from the feedstock ash also was observed on RHhhioc (Kumpiene et al., 2008). The alkaline properties of
surface which can be partially filling or blockirthe biochars increased the solution pH, which inducedam
porosity (Shinogi and Kanri, 2003; Lezt al., 2010). immobilization through metal precipitation and dsges
This phenomenon is verified by BET analyses that metal solubility (Reest al., 2013). Samsuet al. (2013)
showed the lower BET surface area of RH biocharreported that the increased in As (lll) adsorption
compared to EFB biochar. However, BET surface areagncreased with the increasing pH for EFB biochad an
for both biochars are comparable to the biocharsRH biochar with maximum adsorption at pH 8.
examined in the literature ranging from 1.89 to 11  Meanwhile, the amount of As(V) adsorbed by these
g (Mohamadet al., 2011; Anchan and Kunio, 2012; sorbents increased with the increasing of pH betvpge
Samsuriet al., 2013). Generally, both biochars exhibit 2 and pH 6 and decreased after pH 7.
mesopores diameter4 nm) which indicate the potential The rise in soil pH resulted from the applicatidn o
of adsorption capacity of biochars at the liquitiesso  biochar also enhanced metal sorption with the msee
interface (Bagreeet al., 2001). Indeed, this have been Of the negative charge density on biochar surfaces
confirmed by sorption experiment results for As &di ~ (Harveyetal., 2011). The formation of functional groups
through Langmuir isothernT@ble 3). especially carboxylic-C and aromatic OH during
The variation in chemical properties of biochar oxidation (Liang et al., 2006) possibly led to the
derived from EFB and RHT@ble 1) are due to formation of biochar-trace elements complexes on
differences of the original biomass and their prgthin ~ biochar surfaces. Haet al. (2013) reported that the
process (Sukiraet al., 2014). Rice husk was heated at removal of Cd" from aqueous solution by rice straw
high temperature for energy production in the ritd, biochar may be attributed to the formation of scefa
thus producing many mineral ashes which resulted incomplexes between Cd and carboxyl or hydroxyl gsoup
higher pH than EFB biochar. Biochars from pyrolysis The high stability of this complexes are recalcitréo
process usually are alkaline in nature with pH afren  the environment, promising for long-term soil
than 7.00 (Chengt al., 2006; Namgayet al., 2010; remediation, when applied to the soil.
Van Zwietenet al., 2010) attributed from ash residues,
consistent with the result of present study. Thve total
carbon content of RH biochar is attributed to thghh
temperature as well, with greater loss of C. Intast,
the production of EFB biochar by using carbonaiader
lower temperature and controlled process, resuited
minimal loss of C with high value of CEC. This find
agrees with work of Lengt al. (2011) who found high
total C content of pineapple residue biochar preduat
lower temperature. The lower temperature in pragyci

5. CONCLUSION

The physico-chemical properties of biochar derived
from EFB and RH feedstocks showed potential as
adsorbents to reduce As and Cd mobility. The porous
structure with high alkaline and adsorption sitéshese
biochars can influence As and Cd mobilization brpton
and complexation mechanism. However, the biochar
properties can vary depending on the type of feelst
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