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Abstract : Biochar is a porous material prepared from pyrolisis of biomass. It has a potential
application as adsorbent. In this research, biochar has been prepared from patchouli biomass.
Purpose of the research is to study influence of activator types toward porosity and chemical
surface of biochar prepared at relatively low pyrolisis temperature. Activated biochars were
prepared using various activators (ZnCl,, CoCl,, NiCl,, CuCl,, FeCls, and CrCls)atpyrolisis
temperature of 450 °C. Mass ratio of ZnCl,/patchouli is 1:1. The other activators were added
in the same mol amount of ZnCl,. The products were characterized using nitrogen sorption
method, FTIR spectrophotometry, X-ray diffraction and SEM. Characterization of the
activated biochars confirmed that CoCl, activator created the highest porosity of the activated
biochar, including pore volume of 0.2 cm® g™and specific surface area of 946.86 m* g™. All
biocharsshowed —OH and C-O functional groups on their surfaces, except the biochars
prepared using CrClsand without activator also showed C-H group of aliphatic hydrocarbon.
The activated biochar has mixture of graphite and amorphous structures. The activated biochar
revealed a surface morphology such as irregular squares separated by intersticies. Adsorption
test gave adsorption capacity of 131.890 mg/g (based on Dubinin — Radushkevich) with
mechanism indicates physical adsorption.
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Introduction

Biochar is a porous carbon obtained from the pyrolysis of organic matters which are provided
abundantly and cheaply in our environment, such as plant materials, manure, sludge, etc*?.Usage of various
plant waste as precursor of biochar have been reported, for example, paddy straw, maize stover, groundnut
shell, coconut shell, coir waste, prosopis wood®, rice husk®, tea waste®, corncob and miscanthus®. Patchouli
biomass is chosen in this research because it is provided as large natural commodity in Indonesia which has
field of patchouli plant about 9600 hectare’.

Biochar also has various applications, including for energy storage, gas pollutant capture, catalyst
supports, biogas production, soil conditioner, compost, animal feed, adsorbent in waste water treatment, etc’. As
adsorbent, biochars, with'*or without activation’>*® in their production processes, have been used for
removing various metals. Biochar has been also used for organic substance adsorption, such as tetracycline and
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I?°, dyes®®, tert-butyl ether and benzene*, atenolol, benzophenone, and

naphthalene™ paracetamo
benzotriazole®.

Adsorption performance of biochar is influenced by it’s properties, including surface area*®?,

porosity*®, and surface functional groups*?°, and modifications, such as sulphonation, amination, oxidation, and
metal nanoparticle impregnation®.Feedstock and condition of pyrolysis give influence toward its
physicochemical characteristics?®?°.Some previousstudy of activator reported that salt chloride, such as ZnCl,,
has better performance in creating higher porosity of carbon than some acid and base activators, such as H,SOy,
HNOs, HCI, NaHCO5", KOH* and H;PO,*'. Compared to mixture of H3BOs- ZnCl,- SiO,, ZnCl, activator
created higher pore volume in pore size range of 2 — 10 nm*. Other salt chloride type, FeCls, improved biochar
yield, strength of biochar granule, and its adsorption of 4-chlorophenol®. The other previous researches also
reported that different metal chlorides, ZnCl, and FeCls,createdthe different porosities of carbons****. Various
chloride salts also showed different catalytic effect on conversion reaction of cellulose to HMF®*. HMF is
intermediete substance in pyrolysis of carbon®” and cellulose is main part of lignocelulosic biomass®, including
patchouli biomass.

Purpose of this research is to study performance of various chemical activators in building
physicochemical properties of biochar from patchouli biomass, especially porosity and surface functional
groups. Result of this study will be very useful to recommend kind of activator salt chloride which can create
high porosity of biochar at relatively low pyrolisis temperature. Adsorption test with 3 different structure and
sizes of adsorbate in this research will support characterization of biochar, especially connected to porosity and
polarity of biochar surface. This information will be useful for application of biochar as carrier of drug or
adsorbent of drug wastewater.

Experimental
Preparation of biochar precursor

Patchouli biomass (stem and root) was washed and dried under sunrise. The clean biomass were
crushed and sieved to obtain particle size of 60-100 mesh.

Preparation of biochar using various chemical activators

Biochar precursor, ZnCl,, and distillated water (weight ratio of 1:1:6)were mixed and evaporated at 100
°C for 4 h under stirring, then, pyrolized at 450 °C for 2 h under nitrogen streaming. The composite of biochar-
activator was washed using 1 M HCI solution and distillated water to remove activator. The biochar was sieved
to obtain particle size of 100-120 mesh for characterization. The same procedures were applied for other
activators,includingNiCl,.6H,0, CrCl3.6H,0, CoCl,.6H,0, CuCl,.2H,0, and FeCls;, each was added in the
mixture at the same mole amount of ZnCl,.All chloride salts and HCI which were used in this research are
Merck productions.

Characterization of biochar

This research has used some instruments for characterization of biochars, including FTIR
spectrophotometer (Shimadzu) using pellet KBr for characterization of surface functional group, Surface Area
Analyzer (Quantachrome NovaWin2) for characterization of porosity through measurement of nitrogen
adsorption-desorption isotherms at the temperature of —196 °C, X-ray diffractometer for characterization of
crystal structure, and SEM for characterization of morphology.

Adsorption test

This adsorption test used paracetamol as adsorbate model. The biochar prepared using the best activator
based on porosity was used as adsorbent in this test. The biochar (0.02 g) was mixed with paracetamol solution
(25 mL) at various concentration (50, 100, 150 and 200 ppm), and were shaked at 175 rpm for 24h. Standart
curve was made from absorbance data of paracetamol at concentration range of 10 — 50 ppm.Analysis of
paracetamol was conducted using UV-Vis spectrophotometer at maximum wavelength of 243 nm. Both
Freundlich and Dubinin-Raduskevich models were used to treat the adsorption data to determine adsorption
parameters.



Tutik Setianingsih et a/ /International Journal of ChemTech Research, 2017,10(6): 10-19. 12

Results and Discussions

Effect of chemical activators on porosity of the patchouli biochar

Biochars have been prepared from patchouli biomass using various chemical activators. Before using it
as precursor of biochar, the biomass was cleaned and treated to get the small size (30—60 mesh). The pictures of
the biomass before treatment is reported in Figure 1, whereas the biomass after treatment and the biochars are
reported in Figure 2.

Figure 2 Patchouli biomass (a) and patchouli biochars prepared using various activators: b) no
activator, c) FeCls, d) NiCly, e) ZnCl,, f) CrClz, g) CoCl,, h) CuCl,

Figure 2 reveals relatively same colors of the biochar products, except the biochar prepared using CrCls
activator which shows the brownish black color. It indicates that Cr(lll) created the incomplete pyrolis is
reaction. Cr (I1l) has large cation charge so that it should be strong Lewis acid. The lowest performance of
CrCl; in activation process may be connected to it’s much higher melting point than pyrolisis temperature in
this research, i.e 1152 °C*. It means that CrCl; was solid in the pyrolysis process. Whereas, the melt condition
makes activators work easily as dehydrator in activation process*’. The other activators’s melting points are 290,
735, 101, 300, and 498 °C for ZnCl,, CoCl,, and NiCl,, FeCls, and CuCl,, respectively®.

Characterization of the patchouli biochars using gas sorption analysis method resulted in adsorption-
desorption isotherm data as presented in Figure 3. The isotherm curve shows that all activators gave similar
patterns of biochars’ adsorption isotherm, i.e horizontal patterns of curves and short inflections of the curves at
P/P, = 0.95 which indicate small part of mesopore. However, the biochars prepared using ZnCl, and CoCl,
showed much higher curves than the others. It indicates that both biochars have much higher pore volume than
the others, as confirmed further in Table 1.Compared to CrCls, both ZnCl, and CoCl, have lower melting points
than CrCls. This condition gives benefit in activation process as discussed in previous paragraph. FeCl; has
relatively lower boiling point, i.e 316°C*, than temperature of pyrolisis, so that there is a possibility of
evaporation during pyrolisis process.
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Those pore volume values are confirmed further in Table 1 which reveals the same tendency. Isotherm
curve of the biochar prepared without activator can’t be reported because of too few adsorption data of the
biochar to build isotherm curve. It indicates very poor porosity of the biochar due to low pyrolisis temperature.
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Figure 3 Adsorption-desorption isotherm of patchouli biochars prepared using various chemical

activators

Table 1: Porosity data of patchouli biochar

activator Vtot (CmS/g) SBET (mZ/g) D(A,) Vmeso (Cmslg) Smeso(mzlg)
CrCl; 0.01 3.80 78.91 0.01 6.02
CuCl, 0.01 5.78 93.78 0.02 4.68
NiCl, 0.03 14.56 85.99 0.03 15.32
FeCls, 0.05 91.10 21.96 0.04 24.17
ZnCl, 0.14 274.31 20.41 0.06 68.71
CoCl, 0.16 946.87 6.64 0.07 51.86

Effect of chemical activators on surface functional groups of biochars

Characterization of biochars using FTIR spectrophotometry was conducted to identify functional
groups of the biochar surface. Those functional groups can be used as indicator of pyrolisis reaction
completeness and polarity of the biochar surface. Spectra of patchouli biomassa and the biochars are reported in
Figure 4 and 5, respectively.

Figure 4. FTIR spectra of patchouli biomass
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Figure 5. FTIR spectra of patchouli biochars prepared using various chemical activators :a) without
activator, b) CrCls, ¢) CuCl,, d) CoCl,, e) FeCls, f) NiCl,, g) ZnCl,

Spectra of patchouli in Figure 4 shows bands on 3374 cm™, 2924 cm™, 1645 cm™, 1156 cm™, dan 1038
cm™. Based on checking it with FTIR spectra of cellulose and lignin*, those bands may be connected to —OH,
C-H of hydrocarbon, aromatic C=C, and C-O bonds, respectively. The —OH spectra of patchouli biomass is
sharp enough because patchouli biomass is lignocellulosic material which contains lignin, cellulose, and
hemicellulose. Those substances are rich of hydroxide functional groups®. The wide —OH spectra may be
connected to hydrogen bond among the hydroxides in those substances. Difference of patterns between spectra
of patchouli biomass and the biochars indicates change of chemical structure due to pyrolisis reaction, such as
decomposition reaction of hemicellulose, cellulose, and lignin®.

By comparing the biochar spectra in Figure 5 to spectra of activated carbons in previous researchs****, the
bands on 3410 cm™, 2997, cm™, 1614 cm™, and 1476 cm™ may be connected to —OH of hydrate or surface
hydroxide, C-H of aliphatic hydrocarbon, stretching vibration of C=0, and aromatic C=C.

Among all activators, only CrCl; shows spectra most similar with spectra of biochar prepared without activator,
especially connected to C-H band of hydrocarbon aliphatics. It indicates that CrCl; gives lowest activation
performance in preparation of biochar from patchouli biomass. In other side, CoCl,, FeCl,, NiCl,, and ZnCl,
give similar patterns of spectra, but CoCl, reveals the weakest band of C=0. It indicates the lowest content of
C=0 groups on the biochar surface.

Crystal structure of biochar

Crystal structure of biochar has been characterized using X-ray diffraction method and reported in
Figure 6. The biochar prepared using CoCl; has been chosen for the characterization due to it’s highest porosity.
Figure 6 shows X-ray diffractogram of carbon which has broad peaks at 20 = 22.55°(d = 0.394 nm) and 45.55°
(d = 0.199 nm). The wide peaks indicate a predominantly amorphous structure®. The main peak of the carbon
diffractogram has interlayer distance (doo,) of 0.394 nm, which suggests the larger interlayer distance than the
doo2 value of standart graphite data on JCPDS-ICDD card no 02-0456 (20 = 26.5% dg, = 0.335 nm). Some
difractogram peaks of biochar produced without activator may be connected to the inorganic impurities due to
no washing treatment with HCI solution like biochar produced with activator.
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Figure 6 X-ray diffractogram of patchouli biochar prepared at pyrolisis temperature of 450 °C : a)
without activator, b) using CoCl, activator

Surface morphology of biochar

Morphology of biochar has been characterized using SEM. The biochar prepared using CoCl, activator
was chosendue to it’s highest porosity. The SEM image of the biochar is reported in Figure 7.SEM image in
Figure 7 reveals rough surface of biochar. There is pattern such as irregular squares which are separated by long
holes (intersticies).
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Figure 7. SEM image of patchouli biochar prepared using CoCl, activator

Adsorption test

Adsorption test of paracetamol by the biochar has been conducted and reported in Table 2 and Table 3.
The adsorption data shows that Freundlich model gives more correlation coefficient than Dubinin
Radushkevichone. K is a constant of Freundlich model which is associated with adsorption capacity*®, whereas
Oois adsorption capacity calculated using Dubinin — Radushkevich, respectively*’. The other important constant
of Freundlich is n, a measurement of adsorption intensity”®. The n values between 1 and 10 describe
beneficial/favorable adsorption®, so that data of n in Table 2indicates the favorable adsorption for the
adsorbate. Adsorption energy of the biochar toward the adsorbate was<8 KJ/mol. It indicates the physical
adsorption, because chemical adsorption has adsorption energy of8-16 KJ/mol, whereas physical adsorption has
the energy less than 8 KJ/mol*.There are various interaction of adsorbate — adsorbate which support physical
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adsorption, such as ion — dipole, dipole — dipole, ion — induced dipole, and quadrapole interactions. Based on
it’s chemical structure (Figure 8), paracetamol has polar functional groups, such as hydroxyl (-OH) and (-NH),
otherwise the biochar (based on FTIR spectra in Figure 5) indicates to have C=0, C-O, and O-H functional
groups. So that, both dipole — dipole interaction and hydrogen bond may be responsible as the adsorption
mechanism.

Table 2. Adsorption data of drugs by biochar prepared using CoCl, activator

Co (pPm) q (mg/g)
() 9(2) q(average)
50 34.740 35.077 34.91+0.24
100 59.296 58.075 58.69 + 0.86
150 116.301 114.280 115.29 + 1.43
200 175,515 175.599 175.56 + 0.06

Table 3. Adsorption of paracetamol by biochar prepared using CoCl, activator based on various
adsorption isotherm models

Model parameter paracetamol
Freundlich K(L/g) 5.242
n 0.231
R? 0.998
Dubinin gs (mg/Q) 131.890
Radushkevich Kor 5.00 X 10°
R 0.630
E (J/mol) 100.000
H
W
c
HE Hs
Paracetamol

Tetracycline

Figure 8.Chemical structure of drug [ ]
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Conclusions

Biochars have been prepared using various activators of salt chlorides.CoCl, created the highest
porosity of biochar from patchouli biomass, including Sger of 946.87 m*/g and V, of 0.157 cm® g™, dominated
by micropore. CoCl, gave the weakest FTIR spectra of the biochar, especially connected to C=0 group. It has
surface functional groups of C=0, C-O, and —OH. Patchouli biochar has crystal structure of amorph and
graphite mxture and dominated by amorphous structure. CrCl; creates the lowest porosity and the most similar
pattern of FTIR spectra with biochar without activator. Patchouli biochar has rough surface morphology, such
as irregular squares separated by intersticies. Adsorption test gave adsorption capacity of 131.890 mg/g (based
on Dubinin — Radushkevich) with mechanism indicates physical adsorption.
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