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Abstract: Charcoal is a light-weight black carbon residue produced by strongly heating wood with minimal oxygen to 

remove all water and volatile constituents. Jute sticks were used as a cheap precursor for the preparation of charcoal and 

activated carbon. Chemical activation with CaCl2 caused the physicochemical changes in charcoal. Jute sticks were carbonized 

at a range of 250°C to 750°C temperatures by an electric muffle furnace where 40–45% higher yields were observed at 250°C 

temperature and yields declined (8–10%) with an increase in temperature up to 500°C. In the case of charcoal, the average 

moisture was 9.88%. The IR results of charcoal analysis were indicated 3,450 cm
-1

 for the moisture and 1689.34 cm
-1

 for 

carboxyl groups. Ash was obtained at a temperature of 550°C in thermogravimetric analysis. At the first phase (50–340°C) of 

activated carbon, moisture was released (24% weight loss) because of the activation of activated carbon, which consumes more 

water than charcoal. The oxidation of carbon occurred in the range of 340–550°C and the remaining 1% of inorganic materials 

became ash. Food and beverage processing, snow avalanche control, municipal drinking water, industrial pollution control, 

radio wave capture, methane solvent recovery, odor remover, metal purification, and sewage treatment will all benefit from this 

activated carbon. The properties of the final materials obtained after pyrolyzing at 700°C can be a suitable approach. 
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1. Introduction 

Woods is the hard tissue of stems, branches, shrubs located 

beneath the bark of a plant consisting of xylem cells that 

strengthened with lignin deposition. Wood can be divided 

into softwood (xylem is porous) and hardwood (contains 

more fibrous materials). Jute belongs to the softwood 

category. Jute and jute stick products have more advantage 

than other soft or hardwoods in respect of the production of 

biomass. The most important product by the natural ordinary 

distillation of woods are mainly carbon or charcoal, besides 

that many other organic materials can be obtained such as 

hydrocarbons, a mixture of terpenes, ethanoic acid, carbon 

dioxide, carbon monoxide, methane, various organic alcohol, 

petroleum, tar, acetone, and water, respectively. The open 

pyrolysis method, which is an old and crude technique, for 

the production of charcoal from jute sticks, that destroys the 

green ambiance along with producing various pollutant 

gases. This technique is responsible for environmental 

pollution, in addition, many important by-products i.e., tar, 

and gasses, which are wasted every day, another more 

important generated energy cannot be reused. The destructive 

distillation technique has been utilized in many developed 

countries for the production of charcoal and activated carbon 

as a result, generating various greenhouse gases that are 

polluting the environment along with wasting a variety of by-

products and energy (Chakraborty et al 2020). By using 

destructive distillation, methods for the preparation of 

charcoal and activated carbon from jute sticks and other 

worthless agriculture wastes are called green technology. On 

the other hand, by this process, various important by-

products are produce which can be used as exported 

materials for earning foreign currency. Moreover, we can 

reuse the energy, which reduces the burning production cost 

and became less environmental pollution. Various derivatives 
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are derived from different parts of jute plants like 

bioadsorbent which are effective for dye removals (Banerjee 

and Dastidar 2005), jute stick powder used for Congo Red 

and Rhodamine B dye removal (Panda et. al. 2009) and jute 

stick activated carbon used for Brilliant Green dye removal 

(Asadullah et al 2010). The purity and lightness of jute stick 

charcoal are exceedingly vital properties than other sources 

of charcoal. Presently, a sustainable development strategy is 

adopted for inclusive development for which indigenous and 

renewable sources of raw materials are of pivotal interest for 

potential development. Activated carbon is a multi-tasking, 

reusable, and cheap material, due to its eco-friend properties; 

it is used for restoring or revitalizing water. Again, activated 

carbon has several types of uses such as industrial, chemical, 

pharmaceutical, agricultural, environmental adsorption of 

unwanted chemicals, neutralizing toxic materials, and so on. 

It is used for the purposes of the treatment to a number of 

poisonings for example acids, alkali, alkaline metals, 

hazardous chemicals, heavy metals, organic carcinogens, 

alcohol, spirit, etc overdoses patients by the oral medication 

of tablets or capsules. It is used as an over-the-counter drug 

to treat diarrhea, indigestion, and flatulence too. Moreover, 

activated carbon is used for the purpose of analysis in 

chemistry for example carbohydrates separation by the 

chromatographic methods. Ecological applications of 

activated carbon are water filtration, gracious organic and 

inorganic compounds capture, dry wash, operations of 

gasoline dispensing, oxygen and other gases purification, 

measurement of radon concentration in air, snow avalanche 

control, teeth-whitening products, skin blackheads removal 

cream various types of sound wave capture, nuclear 

biological chemical suits, toxin-clearing properties, antiviral, 

antibacterial and antifungal, deodorants, metallurgical fuel, 

respectively. Agriculturists are used for liquor making, 

livestock production for example animal feed additives and 

pesticides antiseptic. 

The diversified uses of charcoal and activated charcoal are 

increasing dramatically. Therefore, the present study was 

undertaken for the preparation of activated carbon where 

physical and chemical activation was used. We have applied 

a chemical activation process, where the raw material is first 

saturated by strongly reacting chemicals as CaCl2 followed 

by thermal activation in an inert condition (Figure 1). 

 

Figure 1. Flow diagram for the preparation of activated carbon from jute 

sticks. 

2. Materials and Methods 

Tossa jute (C. olitorious) sticks were used as precursor 

material in this study which was obtained from the Head 

Office of Bangladesh Jute Research Institute (BJRI), Dhaka 

Bangladesh. All the chemicals (such as CaCl2, Merck) used 

in the present experiment were reagent grade. 

 

Figure 2. Charcoal preparation at various temperatures with the 

composition (percentage) of- (a) Yield (b) Moisture (c) Volatile matter (d) 

Ash and (e) Fixed Carbon (FC). 

2.1. Physical Measurements, Analysis of Charcoal and 

Product Yield 

Fourier transform infrared (FT-IR) spectra of samples 

were recorded on an FT-IR spectrophotometer in the region 

of 400 cm
-1

 - 4000 cm
-1

. The thermal stability of the charcoal 

samples was tested by a thermogravimetric analysis (TGA) 

analyzer. For proximate analysis, the American Society for 

Testing and Materials (ASTM standard D1762-84) had been 

followed to determine moisture, volatile, ash, and fixed 

carbon (FC) [7]. The weight of the product after 

carbonization denoted the yield value of charcoal which was 

calculated using the following formula: 

Yield (%)=(Weight after carbonization/ Weight before 

carbonization) x 100 

2.2. Determination of Moisture, Volatile, Ash and Fixed 

Carbon (FC) Content 

The charcoal sample was taken into a pot and covered with 

aluminum foil paper, heated for 4h at 110°C in the oven. The 

moisture reduction weight was calculated using the following 

formula: 

Moisture (%)=(Weight reduction/ Weight before heating at 

oven) x 100 

The charcoal was heated at 600°C in a closed crucible for 

30min. The weight drop is for volatile materials which were 

calculated using the following formula: 

Volatile (%)=(Weight lose/ Weight of oven-dried sample) x 

100 

Charcoal was heated at 900°C in an open crucible for 2h. 

During this time, all the samples converted into ash. Ash 

content was calculated using the following formula: 
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Ash (%)=(Weight of ash/ Weight of oven-dried sample) x 

100 

Moisture, volatile matter and ash percentages were 

subtracted from 100% charcoal and thus the fixed carbon was 

calculated using the following formula: 

FC=100 – (Moisture + Volatile +Ash) % 

2.3. Preparation of Charcoal 

Jute sticks were cut into chips (5-7x1cm
2
) and 50-55g of 

loose chips was taken for carbonization in a porcelain basin 

where the jute sticks were covered with perforated aluminum 

foil in order to promote the escape of volatile substances. The 

carbonization was carried out in an electric muffle furnace 

having internal dimensions of 35x20x12.5cm
3
 (8750cm

3
) 

with a thermocouple heating and temperature control. After 

the end of carbonization, the pot was taken out and was 

immediately covered tightly with a stainless steel plate. After 

the pot had cooled, the cover was opened allowing absorbing 

moisture which was then weighed after 24h. The yield of 

charcoal was calculated on an oven-dry basis after the 

determination of moisture. 

 

Figure 3. Comparison of moisture percentage deferent type of species 

charcoal. 

2.4. Preparation of Activated Carbon 

 

Figure 4. FTIR spectra- (a) charcoal, (b) activated carbon. 

In order to make activated carbon, the raw material 

charcoal (10g) was mixed with 100g of CaCl2 and the 

mixture was milled in a mortar. 100 mL water was added to 

the grained mixture and put overnight in a 500 mL beaker. A 

solid mixture was collected from the beaker by filtration and 

was put in a porcelain crucible covered with aluminum foil 

paper in the muffle furnace where the activation temperature 

was reached @ 10°C / min at 700°C temperature and 

maintained for 1h. The resulting carbons were washed with 

water to neutral pH and dried at 110°C overnight. 

3. Result and Discussion 

Jute-sticks were found to have a tendency to inflame or 

glow at temperatures above 270°C resulting in the collapse of 

the chip, deposition of ash, and a very low yield of charcoal. 

However, if the temperature was raised slowly between 150 

and 250°C, at the rate of 5°C min
-1

, then flaming and the 

collapse of the chip could be prevented, but the yield still 

decreased at temperatures above 300°C (Table 1). At 250°C 

and 300°C temperatures, charcoal yields are 40-45% and 33-

40%. Below 300°C grayish color charcoal was obtained. At 

higher temperatures, the carbon percentage might be 

increased therefore, the total yield was decreased. We have 

observed that after 500°C charcoal yield nearly the same. 

Figure 1a and Table 1 demonstrate that when the temperature 

is increased then the yield of charcoal is decreased. Above 

500°C temperature, ash and volatile matter decreases but the 

purity of carbon (FC) increases (Table 1) [8-11]. 

 

Figure 5. Thermogravimetric graph- (a) charcoal (b) activated carbon. 

Fresh charcoal contains very little moisture and it is 

usually less than 1%. But charcoal absorbs moisture from 

the humidity of the air with time, and it is about 5 to 12%. 

If the charcoal is not properly carbonized, pyroligneous 

acids and soluble tars could be back on to the charcoal by 

rain or humidity of the air, the hygroscopicity of the 

charcoal is increased and the natural or equilibrium 

moisture content of the charcoal can rise to 15% or even 

more. Moisture is an adulterant that lowers the calorific or 

heating value of charcoal. Therefore, the moisture content 

is an important parameter in charcoal, and hence, it is 

needed for determining the calorific value of charcoal. 

The analytical results of charcoal moisture are 

summarized in Table 1, the proximate analysis can 
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determine the moisture percentage which is measured as 

mass loss from a sample under specified conditions after 

heating in a moisture oven upto 110°C. Eleven samples of 

charcoal were measured (in deferent sample weight) and 

determining moisture is 10.54, 10.70, 9.44, 11.82, 8.78, 

9.07, 9.13, 9.21, 10.16, 9.99, and 9.89 percent (Table 1). 

The average percentage was 9.88% which has a similarity 

reported by other researcher [12]. 

Table 1. Carbonized summary of jute stick. 

Temperature (°C) Duration (Hour) Yield (%) Moisture (%) Volatile (%) Ash (%) FC (%) 

250 3.5-4 40-45 10.54 32.50 3.95 55.00 

300 3.5-4 30-35 10.7 25.06 3.66 65.66 

350 3.5-4 20-25 9.44 20.65 3.40 70.88 

400 3.5-4 15-20 11.82 18.66 2.89 78.02 

450 3.5-4 10-15 8.78 10.95 2.62 79.52 

500 3.5-4 8-10 9.07 7.02 2.02 80.10 

550 3.5-4 8-10 9.13 6.54 2.01 80.44 

600 3.5-4 8-10 9.21 5.74 1.92 81.05 

650 3.5-4 8-10 10.16 5.60 1.26 81.10 

700 3.5-4 8-10 9.99 5.30 1.21 81.20 

750 3.5-4 8-10 9.89 5.24 1.20 81.15 

 
The weak broad peaks of both charcoal and activated 

carbon which are of O-H stretching vibrations at around 

3,450 cm
-1

 reveal the presence of moisture. The peaks at 

2360.33 cm
-1

 and 2370.36 cm
-1

 correspond to the C=O 

groups [13]. The peak at 1689.34 cm
-1

 and 1689.24 cm
-1

 are 

attributed to the stretching vibration of carboxyl groups-

COO
-
. The peak observed at1, 581.34 cm

-1
 - 1383.64 cm

-1
 

and 1586.89 cm
-1

 - 1380.86 cm
-1

 is due to the C=C 

stretching that can be attributed to the aromatic C-C bond in 

both cases. The wave number with an absorption band peak 

of 1255.43 cm
-1

 -876.49 cm
-1

 and 1245.43 cm
-1

 - 877.16 

cm
-1

 indicate the vibration of the C-O group of C-OH which 

is an impurity. The wave number with an absorption band 

peak of 811.89 cm
-1

 - 754.99 cm
-1

 and 810.50 cm
-1

 - 753.07 

cm
-1

 (Figure 4) indicates the presence of aromatic C-H 

group vibrations which indicate the presence of 

hydrocarbon compounds [14-16]. 

Thermogravimetric analysis (Figure 5a) revealed that 

thermal decomposition of the analyzed charcoal occurred 

in three main phases. The first phase (50−260°C) is 

associated with moisture release (9.6% weight loss). The 

most intensive decomposition of an organic matter 

occurred in the range of 260−520°C (additional 88.4% 

weight loss). In this range of temperature, all carbon 

materials are oxidized to form carbon monoxide or carbon 

dioxide, and the rest inorganic materials become ash. On 

the other hand, thermal decomposition of the activated 

carbon (Figure 5b) occurred in the same three main phases 

like charcoal but was a little bit different. The first phase 

(50-340°C) is associated with moisture release (24% 

weight loss) because after activation activated charcoals 

consume more water than charcoal. The oxidation of 

carbon occurred in the range of 340−550°C (additional 

75% weight loss) and the rest 1% of inorganic materials 

become ash [17, 18]. 

Carbonization temperature fixing is an important task to 

prepare charcoal from jute sticks. To find out the suitable 

temperature to make charcoal had used various temperatures 

(200-750°C). Carbon purity depends on the removal of ash in 

the charcoal it will be observed next year. The charcoal was 

activated by the activation chemical CaCl2 and the final 

activated carbon was obtained after pyrolysis at 700ºC in an 

electric muffle furnace. 

Jute stick is the core portion of the jute plant left after the 

extraction of the jute fiber. Whereas the fiber portion has 

great commercial value, the stick portion is considered to be 

agricultural waste. The actual amount of jute sticks, which is 

an annually renewable product, is huge every year. Due to its 

abundance, ready availability and cheapness, it will be a 

more economical source for making charcoal for fuel and 

chemical carbon than the hardwood resources. Therefore, 

further development work is in progress in our laboratory for 

preparing this charcoal under pilot-plant conditions, and for 

study of its performance in the various applications indicated 

above. 

4. Conclusion 

The present study revealed that high yield of charcoal 

(about 45%) was obtained 250°C and 300°C temperatures 

but yield declined (about 8%) at 500°C temperature which 

remain constant above 500°C temperature as well as activate 

carbon was achieved by after pyrolysis at 700°C with CaCl2. 

Declaration 

The authors declare that they have no conflict of interest. 

Acknowledgements 

This research was supported by Chemistry Division, 

Bangladesh Jute Research Institute. We thank Mr. Md. 

Moslem Uddin, Director (TRB), BJRI; Dr. Ferdouse Ara 

Dilruba, Director (JTPDC), BJRI; Dr. Md. Nurul Islam, CSO 

(In-charge), Chemistry Division, BJRI, and Mr. Md. Anisur 

Rahman Dayan, Textile Physics Division, BJRI for 

comments that greatly improved the manuscript. We thank 

our colleagues from Chemistry Division, Bangladesh Jute 

Research Institute for sharing their pearls of wisdom with us 

during the course of this research. 



 American Journal of Polymer Science and Technology 2022; 8(1): 11-15 15 

 

 

References 

[1] Banerjee S & Dastidar MG (2005) Use of jute processing 
wastes for treatment of waste water contaminated with dye 
and other organics. Bioresour Technol 96 (17): 1919–1928. 

[2] Panda GC, Das SK & Guha AK (2009) Jute stick powder as a 
potential biomass for the removal of congored and rhodamine 
B from their aqueous solution. J Hazard Mater 164 (1): 374–
379. 

[3] Asadullah M, Asaduzzaman M, Kabir MS, Mostofa MG & 
Miyazawa T (2010) Chemical and structural evaluation of 
activated carbon prepared from jute sticks for brilliant green 
dye removal from aqueous solution. J Hazard Mater 174 (1–
3): 437–443. 

[4] Chakraborty TK, Islam MS, Zaman S, Kabir AHME & Ghosh 
GC (2020) Jute (Corchorus olitorius) stick charcoal as a low-
cost adsorbent for the removal of methylene blue dye from 
aqueous solution. SN Applied Sciences 2: 765. 
https://doi.org/10.1007/s42452-020-2565-y. 

[5] Dinçer AR, Güneş Y, Karakaya N & Güneş E (2007) 
Comparison of activated carbon and bottom ash for removal 
of reactive dye from aqueous solution, Bioresour. Technol., 
98, 834–839. 

[6] Asadullah M, Rahman MSA, Ali MM, Motin MA, Sultan MB, 
Alam MR, Rahman MSA, Rahman MA, Mohsin MA, Motin 
MA, Sultan MB, Alam MR & Rahman MS (2008) Jute stick 
pyrolysis for bio-oil production in fluidized bed reactor, 
Bioresour. Technol., 99, 44–50. doi: 
10.1016/j.biortech.2006.12.002. 

[7] ASTMD1762-84 Standard method for chemical analysis of 
wood charcoal, ASTM International, 1990. 

[8] National Standard Agency (1995) Technical activated carbon, 
SNI06-3730-95. Jakarta. 

[9] El-Hendaway AN (2003) Influence of HNO3 oxidation on the 
structure and adsorptive properties of corncob-based activated 
carbon. Carbon, 41 (4), 713-722. 

[10] Pari G, Hendra D and Pasaribu RA (2008) Improved quality 
activated carbon mangium bark. Forest Products Research J., 
20 (3), 214-225. 

[11] Haji AG, Pari G, Nazar M & Habibati (2013) Characterization 
of activated carbon produced from urban organic waste. 
Internat. J. Sci. Eng., 5 (2), 89-94. 

[12] Aziz MA, Chowdhury RI, Mazumder MAJ & Chowdhury S 
(2019) Highly porous carboxylated activated carbon from jute 
stick for removal of Pb2+ from aqueous solution, Environ. Sci. 
Poll. Res. 26: 22656-22669. 

[13] Rajak VK, Kumar S, Thombre NV & Mandal A (2018) 
Synthesis of activated charcoal from saw-dust and 
characterization for adsorptive separation of oil from oil-in-
water emulsion, Chemical Engineering Communications, 205: 
7, 897-913, DOI: 10.1080/00986445.2017.142328. 

[14] Rampe MJ, SantosoI. RS, Rampe HL, Tiwow VA & Apita A 
(2021) Infrared spectra patterns of coconut shell charcoal as 
result of pyrolysis and acid activation origin of Sulawesi, 
Indonesia, E3S Web of Conferences, 328, 08008, 
https://doi.org/10.1051/e3sconf/202132808008. 

[15] Krishnan KA & Anirudhan TS (2002) Uptake of heavy metals 
in batch systems by sulfurized steam activated carbon 
prepared from sugarcane bagasse pith, Ind. Eng. Chem. Res. 
415085-5093. 

[16] El-Eswed B (2015) Effect of basicity and hydrophobicity of 
amines on their adsorption onto charcoal, Desalination and 
Water Treatment, DOI: 10.1080/19443994.2015.1101622. 

[17] Sumaya TN, Wasikur RM, Raghunath S, Hasan MM & Deb A 
(2019) Jute stick powder as a potential low-cost adsorbent to 
uptake methylene blue from dye enriched waste water. 
Desalination and Water Treatment 153, 279–287. doi: 
10.5004/dwt.2019.23767. 

[18] Kadirvelu K, Kavipriya M, Karthika C, Radhika M, 
Vennilamani N & Pattabhi S (2003) Utilization of various 
agricultural wastes for activated carbon preparation and 
application for the removal of dyes and metalions from 
aqueous solutions, Bioresour. Technol., 87, 129–132. 

 


