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1. Introduction 

Biochar is a porous carbonaceous product is obtained from the pyrolysis of various organic matters. 

The source of organic matter is provided in relatively large quantities from local sources, for example; 

biological wastes, plant biomass, agricultural residues [1-4], and industrial sludge [5]. The abundance 

of patchouli oil plantation in Indonesia also provides an enormous source for biochar. In total, about 

9600 ha plantation is established [6], and this gives a huge amount of patchouli biomass from the part 

of leaves, stem, wood, and branch. The wood biomass contains 44% cellulose, 25% hemicellulose, and 

23% lignin [7]. The wood can be pyrolyzed to produce biochar [8]. Beside that other source of 

lignocellulose biomass from various agricultural biomass can also be directly used as a precursor for 

biochar [9,10].  

The unique characters of biochar are related to the porosity and surface functional groups. These 

properties play an important role for many applications, such as for nanoparticle metal oxide matrix [11], 

adsorbent [12], electrical supercapacitor [13], and soil conditioner [14]. The performance of biochar as 

an adsorbent has been verified by previous researchers for adsorption of various pollutants such as heavy 

metals [15, 16, 17], ammonium [18], and various organic compounds [3,11,19,20,21]. Physicochemical 

properties such as surface area [9,22], porosity [16], and surface functional groups [9, 22] affect the 
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adsorption capability. For examples for adsorption of methylene blue and I2 by biochars derived from 

rice straw, oak tree, and rice husk. The adsorption capacity increased by increasing of the BET surface 

area (SBET) [9]. The adsorption capacity of benzene (using dual mode and Dubinin Astakov) and methyl 

tert-butyl ether (using Freundlich model) using biochar prepared from maize straw was also increased 

by increasing of both SBET and microporous volume. And also, the involving of diminishing of the polar 

functional groups such as –OH, C=O and C-O [19]. The adsorption of paracetamol pollutant in water 

improved by declining of biochar acidity [23]. In addition to that, the physicochemical properties of 

biochar are also influenced by the nature of feedstock and temperature during synthesis [10, 24]. For 

example, the surface area (SBET) of biochars which were produced from wheat straw, corn straw, and 

peanut shell biomass is increased by elevating the pyrolysis temperature from 400 to 600 oC [9,10]. 

Moreover, preparation in elevated temperature (from 400 to 600 oC) of biochar from rice husk using 

KOH activator give the increment of SBET, micro- and mesoporous volume, and pore size, however, the 

important functional groups also diminish by increasing of pyrolysis temperature to above 600 oC [22].   

To study more detailed biochar properties, the TGA-DTA commonly used to understand pyrolysis 

reaction during biochar’s preparation. For examples for studying the thermal degradation behavior of 

bamboo [25]. Thermal analysis studies the behavior of biochar precursor and also to determine the 

temperature range of biochar’s activation [26]. Meanwhile, TGA can be used to predict the activator 

decomposition and to find the calcination temperature during composite preparation. Some papers 

reported calcination of metal salt-impregnated carbon or metal oxide-impregnated carbon has changed 

both of the structure of carbon composite and also their adsorption capability [27, 28]. This research 

study the effect of pyrolysis temperature on physicochemical properties of biochar derived from 

patchouli biomass. Thermal analysis was also conducted to study the pyrolysis reaction. The adsorption 

evaluation was also undertaken to get direct explanation correlated to physicochemical properties of 

biochar synthesized with organic pollutants [29] such as paracetamol as the adsorbate. It is an important 

step in order to further application of patchouli biochar for drug wastewater treatment. 
                  

2. Methodology 

2.1  Source and preparation of source 

All chemicals which were used in for research were Merck or as other mentioned. Patchouli biomass 

included mixture of root and stem. The biomass was crushed and cleaned by water and dried, then sieved 

to get 60 - 100 mesh of  solid particles.  

 

2.2. Preparation of biochar 

A 10 g of the 60-100 mesh clean biomass precursor, 17.448 g of CoCl2.6H2O, and 60 mL of the 

distilled water were mixed and stirred at 100 oC for 4 h. Then, the impregnated biomass was pyrolyzed 

at various temperatures (350, 450, 550, 650, and 750 oC) for 2 h under flowing of nitrogen gas. The 

activator was removed using 1.0 M of hydrochloric acid solution and distilled water. The biochar product 

was further characterized after conditioned in particle size of 100-120 mesh. 
 

2.3 Characterization of biochar 

2.3.1 Gas Sorption Analysis 

The porosity of biochars was analyzed using gas sorption analysis method. Data of N2 adsorption 

isotherm was measured at -196°C using Surface Area Analyzer (Quantachrome NovaWin2). The 

adsorption data were treated using BET (Brunauer Emmet Teller) and POD (Pierce Orr Dalla Vale) 

method to determine surface area and pore volume. 
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2.3.2  FTIR spectrophotometry analysis  

Surface functional groups of biochars were determined based on FTIR spectra. It was measured using 

FTIR spectrophotometer (Shimadzu) with pellet KBr technique by mixing the dried biochars with an 

oven-dried KBr. Data of FTIR spectra were collected in a range of 400 – 4000 cm-1. 

 

2.3.3 XRD analysis 

Crystal structure of biochar was characterized using X-ray diffractometer (PANanalytical type XPert 

PRO). Diffractogram patterns were recorded using CuKα of 1.5445o at 35 mA and 40 kV. 

 

2.3.4 Thermal analysis 

Pyrolisis reaction of the CoCl2 impregnated in biomass was analyzed using TGA-DTA (LINSEIS STA 

PT 1700). The analysis was performed under argon streaming 

 

2.4. Adsorption test  

This adsorption test used biochar which was prepared at 450 oC. The biochar was mixed with 

paracetamol/ amoxicillin/tetracycline solution at ratio (mg/mL) of 4:5. The adsorption was conducted at 

a various concentration of adsorbate (50, 100, 150 and 200 ppm), and was shaken at 175 rpm for 24h.  

Drug analysis was determined by using UV-Vis spectrophotometer at each maximum wavelength of 275 

nm (tetracycline), 227 nm (amoxicillin), and 243 nm (paracetamol). Calibration curves were built based 

on measurement of the standard solution series of 10 to 70 ppm for each tetracycline and amoxicillin, 

and 10 to 50 ppm for paracetamol. 

3. Results and Discussion 

3.1 Pore and surface area of biochar  

Pore characteristics of biochars have been characterized and the data is reported in Table 1. Biochar 

which was produced at 350 oC has no measurable SBET due to no nitrogen gas adsorption, except at P/Po 

range of 0.90 – 0.99. It indicates relatively no porosity. Total pore volume (Vt) correlate to the adsorption 

of biochar particle intrinsic. 

 

Table 1. Pore characteristics of biochars prepared at various pyrolysis temperatures 

Temperature SBET Smeso Smacro Smicro Vt Vmeso Vmacro Vmicro 

(oC) (m2/g) (m2/g) (m2/g) (m2/g) (cm3/g) (cm3/g) (cm3/g) (cm3/g) 

350 - - - - 0.16 - - - 

450 946.87 53.35 0.31 946.72 0.16 0.06 0.01 0.05 

550 331.07 189.61 0.15 330.87 0.13 0.15 0 0.10 

650 354.98 229.12 1.55 354.31 0.25 0.20 0.05 0.14 

750 102.07 104.81 0 101.61 0.27 0.10 0.17 0.13 
Vt was calculated from data of adsorption isotherm at P/Po = 0.99 [30] 

SBET was calculated from data of adsorption isotherm at P/Po  range of 0.05–0.035 using BET formula [30] 

Smeso, Vmeso, Smacro, and Vmacro were calculated from data of desorption isotherm using POD method [30]  

Vmicro and Smicro was calculated from data of adsorption isotherm using the t-plot method [30] 

 

Both micro- and mesoporous volumes of the biochars get a bigger volume with increasing pyrolysis temperature. 

Salt activator has a role for both of pore template and chemical activator during pyrolysis. As the pore template, 

the activator physically controls the pore volume of the biochar. Besides that, as the chemical activator, salt 

activator chemically improves the pyrolysis reaction [31]. The activator liquid facilitates the degradation of the 

precursor by attracting the water molecules to form the hydrated compound. And this at the end is released again 
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with elevated pyrolysis temperature [32]. CoCl2.6H2O melts at 87 oC and loses all its hydrate molecules in 120 – 

140 oC [33]. It means that CoCl2 activator presents as liquid anhydrated salt at each pyrolysis temperature. The 

increasing temperature improves mobilization of the template liquid to form more porosity of the biochar. 

However, the pore volume of the biochar decreases again at pyrolysis 750 oC.  This may be affected by the more 

thermally condensed of aromatic carbon structures inside the biochars. Thermal condensation causes improvement 

of the aromatic cluster size and degree aromaticity at a higher pyrolysis temperature [24]. This phenomenon is 

also observed during the study, that pyrolysis at 750 oC was slightly decreased the pore size of biochar. Pore size 

distribution of the biochars in Figure 1 shows that all biochars have relatively the same height of peaks at about 

pore size of 50 Ǻ.  

 

 

Figure 1. Pore size distribution of patchouli biochars using CoCl2 activator at various pyrolysis temperatures 

It means that all temperatures give relatively same pore uniformity. However, another peak (at 100 Ǻ) 

increases by increasing temperature from 550 oC to 650 oC, and decreases again by increasing of 

temperature from 650 to 750 oC. This changing is similar to that previously reported [24], the changing 

of pore volume which is caused by the aromatic structure condensation.  

 

3.2  Surface functional groups of biochars 

The surface functional group of biochars affect adsorption performance because it determines the 

polarity of biochars. The functional groups of patchouli biomass and the biochars prepared in various 

pyrolysis temperatures have been characterized using FTIR spectrophotometer. The structural changing 

easily observed due to the pyrolysis process. Figure 2 shows the bands in 3410, 2997, 1614, and 1476 

cm-1. By comparing those spectra bands to that of activated carbons reported previously by other 

researchers [34, 35, 36, 37] indicate the important functional groups such as –OH hydroxyl of hydrate 

or surface hydroxide, C-H of an aliphatic hydrocarbon, C=O carbonyl or carboxyl, and C=C aromatic 

groups, respectively. Those spectra bands decrease by increasing of the pyrolysis temperature. It is due 

to a higher pyrolysis temperature dehydrated and or decarboxylated of biochar functional group, and 

then diminish their number in the surface of biochars. 
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Spectra bands of biochars (Figure 2) prepared at 350 and 450 oC using cobalt chloride activator are 

weaker than that prepared without activator. Besides that, significant changes of spectra of C=O and C-

O bands disappear during pyrolysis 450 and 550 oC (with activator). But without the presence of cobalt 

chloride activator, these bands are not detected during pyrolysis at 550 and 650 oC. These facts indicate 

that cobalt chloride activator improves the pyrolysis reaction, and thus modify the surface with less polar 

functional groups. This affects the chemical properties of biochar become less polar.  

 

 
 

Figure 2. FTIR spectra of biochars prepared with and without CoCl2 activator in various pyrolysis 

temperatures: a) 350 oC, b) 450 oC, c) 550 oC, d) 650 oC, and e) 750 oC 

 

 

 3.3  Crystal structure of biochar 

Crystal structure of biochar has been characterized using X-ray diffraction method. The diffractograms of the 

biochars are reported in Figure 3. The biochar prepared at 450 and 750 oC were chosen for this characterization 

to show the effect of pyrolysis temperature on their changing of patterns.The biochars taken at pyrolysis 

temperature of  450 oC shows 2 peaks, i.e  at 2ϴ ≈ 22.55o (d = 0.394 nm) and 45.55o (d = 0.199 nm). The wide 

peaks indicate the amorphous structure [38].  Pattern of 2 peaks were similar to other product of biomass 

carbonizations, such as from rose petals [39], eucalyptus wood [40]. The main peak of the carbon diffractogram 

has the d002 value of 0.394 nm. It is larger than the d002 value of standard graphite data on JCPDS-ICDD card no 

02-0456 (2Ɵ = 26.5o; d002 = 0.335 nm). This deviation indicates the disorder of graphite structure in the biochar. 

In the other side, the biochar which was prepared at the higher temperature (750 oC) shows reduction of wide 

peaks as shown by the biochar prepared at 450oC. It indicates that amorphous structure has been reduced by 

increasing temperature. However, some peaks emerge which was derived from some remaining activator, i.e as 

CoO as a result of the reaction between CoCl2 and oxide gasses which were emitted along the pyrolisis process.  

 

3.4 Thermal analysis  

TGA and DTA characterizations have been conducted in order to predict chemical reaction during the 

pyrolysis process of patchouli biomass using CoCl2 impregnation. The results are displayed in Figure 4 

and 5. The analysis confirms of some results as follows: 
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                Figure 3. X-ray diffractogram of biochar prepared from patchouli biomass using CoCl2                                 

activator at 450 and 750 oC 

 

1)Temperature 50 – 120 oC  

TGA curve shows that CoCl2 activator causes larger weight loss of mass than that prepared biochar 

sample without activator. It is probably related to dehydration reaction of patchouli biomass which has 

improved by the addition of CoCl2. Cobalt chloride hexahydrate (CoCl2.6H2O) releases the hydrates in 

several steps; at 52-56 oC, four hydrates is decomposed, at 100 oC another H2O is released, and between 

120-140 oC, all hydrated structures of cobalt chloride decompose [33]. These changes are correlated to 

that of two endothermic peaks in DTA analysis (Figure 5). A sharper peak in TGA/DTA analysis, an 

indication that during pyrolysis, the involvement of cobalt chloride activator enlarges the heat flow. 

Conversely, the biochar’s sample prepared without cobalt chloride activator give less sharpen peaks 

(Figure 4 and 5). 

 

  

Figure 4. TGA analysis of patchouli biomass with 

and without CoCl2 activator 

Figure 5. DTA analysis of patchouli biomass with 

and without CoCl2 

 

2) Temperature 120 – 250 oC  

In this TGA temperature range (Figure 4), biochar sample prepared using cobalt chloride activator 

relatively loses a large mass than that prepared without activator. By comparing pattern of TGA curves 

for hemicellulose, cellulose, and lignin pyrolisis without activator, the little decreasing pattern of the 

curve from 120 to 250 oC is similar to each lignin and hemicellulose curves of TGA. This result inline 

to the DTA spectra in Figure 5 which shows minimum peak (endothermic) and maximum peak 
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(exothermic) in range of 120 - 250oC. This peak correlates to the endothermic  and exothermic peaks of 

lignin and hemicellulose [41]. Another possibility correlates to decomposition reaction of cobalt 

carbonate to cobalt oxide and CO2 gas. This decompositon reaction is analogy of thermal decomposition 

reaction of ZnCO3 [42]. Cobalt carbonate may be produced by  thermal reaction of cobalt chloride 

activator and carbon dioxide gas which was evolved by pyrolysis reaction.  

 

3)  Temperature 250 – 500 oC 

In this range of temperature, pyrolysis without activator shows larger decreasing of mass compared to 

that biochar prepared with the activator at range of 250 - 350oC and 350oC - 500oC. These change may 

be related to the decomposition of lignin/hemicellulose and cellulose, respectively. Those decreasing 

weight of biomass are related to minimum peak (endothermic)  and maximum peak (exothermic) for 

decomposition of cellulose and lignin, respetively [41]. The smaller weight loses in pyrolysis of 

patchouli biochar prepared using activator indicates  that cobalt chloride salt can prevent the formation 

of volatile substances during pyrolysis. 

 

4) Temperature >500 oC 

Weight loss of sample at about 730 oC may be related to decomposition of lignin [41]. Another 

possibility is decomposition of cobalt oxide to Co metal and oxygen  gas thermally  [43]. 

 

3.5. Adsorption test  

The adsorption evaluation is undertaken using three different structures of commercially and 

commonly used of drug (paracetamol) and antibiotics (tetracycline and amoxicillin). All these molecules 

have both nonpolar and polar group and such as phenyl or aromatic groups and also hydroxyl, carbonyl, 

and amine groups (Figure 7). Four different concentrations of the drug are used with two times of 

repetition analysis. The purpose is to understand the correlation of porosity and functional groups on the 

biochar surface with their adsorption capability (Figure 6). The patterns of the graph in Figure 6 show 

an increasing of qe by increasing drug concentration or adsorbates. The adsorption value increases by a 

sequence of amoxicillin < tetracycline < paracetamol.   
 

 

Figure 6. Adsorption values of drugs on the biochar at various initial concentrations 
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Paracetamol has active functional groups such as–OH, C=O, and NRArH. Tetracycline has –OH, C=O, 

NRH2, NArR2; meanwhile amoxicillin –OH, -NH2 ,-NH, and -COOH functional groups [33]. These 

groups have Lewis base atoms which can interact with functional groups from patchouli biochar by using 

hydrogen bonding or  Van der Waals force interaction. The number of functional groups increases from 

paracetamol < amoxicillin < tetracycline, respectively. In addition to that, the nonpolar interaction of the 

drug with biochar can undergo through Van der Waals force interaction. Based on the molecule shapes 

[33], paracetamol has the shortest structure, tetracycline has a long structure, and amoxicillin has the 

bend long structure. This condition makes the highest adsorption could be achieved in paracetamol. The 

bent structure of amoxicillin seems to become a reason for the lowest adsorption in biochar.  

 

 

Figure 7. Chemical structures of drugs [33] 

4. Conclusions 

Biochars have been prepared from patchouli biomass using CoCl2 activator in various temperatures 

(350-750 oC). Biochar prepared at 450 oC give the highest microporosity and largest BET surface area, 

but preparation at 650oC provides the highest mesoporosity and total pore volume. All biochars prepared 

have a pore size distribution in about 5 nm. The polar functional groups of biochar disappear at 650 oC 

and 750 oC of pyrolysis. 
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