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Abstract. The production of bio-oil from biomass as renewable sources has been trusted as a 

suitable alternative in supplying future energy needs. Present in abundance amounts as crop 

residues cassava stems is potential biomass tobe utilized. As raw material, it has advantages 

such as fast and easy growth, minimal maintenance and utilizing plantation land without 

competing with food supply. The biomass characterization results showed cassava stems 

containing cellulose, hemicellulose and lignin, respectively 40.16, 25.66 and 16.65%. Cassava 

stems has low ash and high of volatile matter with high carbon and low nitrogen.The HHV of 

cassava stems was19.08 MJ/kg.Physical propertiesby GC-MS tests of bio-oil produced via 

electromagnetic-assisted catalytic liquefaction(EA-CL)revealedthe dominant content were 5-

methyl furfural, 2-furancarboxaldehyde and acetic acid.The bio-oil density ranged from 0.979 

to 0.984 g/mL and has a pH of 2.8. This shows that cassava stemwas appropriate biomass for 

further bio-oil production feedstock.Bio-oil produced by EA-CLprocessmeets bio-oil 

standards.  
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1. Introduction 

Supported by geological conditions and geographical location, Indonesia has abundant potential 

renewable resource. Based on data from the Ministry of Agriculture [1], the development of cassava 

productivity has increased by 3.84% per year over the past five years. The increase in cassava 

production is considered not optimal because it produces large cassava stem as residues. Only about 

10% can be reused for planting and then the remaining 90% end in the open burning process and cause 

the air pollution for human life. Cassava stems biomass rich of lignocelluloses which is potential as 

raw material in the manufacture of bio-oil. It major component are 39.30%cellulose,24.34% 

hemicellulose and 13.42% lignin [2]. 

 

Generally there were two kind of process in bio-oil production from biomass i.e. pyrolysis and 

hydrothermal liquefaction [3]. Production of bio-oil by pyrolysis process requires a relatively high 

temperature and the used of powder catalyst gives a greater amount of liquid in product than using a 

lump catalyst [4]. The used of commercial RCC which contain Si/Alas a catalyst provide the best bio-

oil products with low in oxygenate compounds due to better crystal strength of catalyst[5].The using 

of electromagnetic field induction gives a high yield of glucose in concentrated acid hydrolysis of 
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cassava stem with mild operating condition at 160°C [6].With the existence of electromagnetic field 

induction, the lignocelullosic chain cracking process into glucose can be achieved at medium levels of 

temperature by arranging the direction of the magnetic moment of the particle nucleus and make it 

more reactive. 

 

This study is intended to characterizethecassava stems biomass as raw material for bio-oil production and 

consider aspects relating to the production of bio-oil from cassava stems with the catalyst Si/Al using 

electromagnetic reactors in an effort to reduce the energy consumption. Variables such as the number 

of catalysts and the length of electromagnetic field induction that affects the results and characteristics 

of bio-oil are studied. 

 

2. Materials and methods 

Cassava stems used in this study was taken from Central Lampung, Lampung, Indonesia. The 

Chemical used in this study were: phosphoric acid (H3PO4).To convert cassava stems into bio-oil, 

wherein there are three main steps. First, mix and preheatingthe cassava stems fiber, Si/Al catalyst, 

and phosphoric acid as solution. The process followed by the induction of electromagnetic field. The 

last process was boiling the mixture to obtain thebio-oil in the form of condensate and residues.  

 

2.1Cassava stems and catalyst preparation 

The cassava stems was washed, peeled and separated from the cork and the bark, cut into pieces, then 

dried in the sun. The dried cassava stem is ground into fiber, sifted using a 1.18 mm sieve, then dried 

in an oven at 100°C until it reaches a constant weight. The fiber obtained was immediate analysis 

(including humidity, ash, volatile matter and fixed carbon amount), the elemental analysis 

(determination of the percentage of C, H, O and N) and the high heating value analysis of the sample. 

The catalyst in the form of powder was activated by heating it in a furnace with a temperature of 

550°C for 2 hours. 

 

2.2EA-CL of cassava stem biomass 

Samples of 20 gram cassava stems, 200 ml phosphoric acid solutions 85%, Si/Al catalysts, and 

magnetic stirrers were transferred to two-part neck flask equipped with a thermometer and condenser, 

while the other parts were closed tightly. The mixture was heated for 20 minutes at 100°C. After 

mixing and preheating, an electromagnetic field induction was carried out. The mixture wasboiled at a 

temperature of 160°C. The study was conducted using a ratio of the number of catalysts that varied 

from 4 to 16 gram and the electromagnetic field induction taken place for 60 and 90 minutes. The 

experimental scheme was shown in Figure 1. Because of the boiling process, the vapour was 

producedand then condensed inside the condenser with water cooling, so that condensate result will be 

obtained in the form of bio-oil condensate. 

 
 

Figure 1. Electromagnetic reactor. 



 
 
 
 
 
 

3. Result and discussion 

 

3.1 Proximate and ultimate analysis 

The result of proximate and ultimate analysis of samples are listed in Table 1. Cassava stems has a 

relatively high volatile matter  i.e. 72,36%. The volatile matter were related with the reactivity of the 

fuel[7] and indicated the high in liquid yield production [8]. The biomass ash content are mostly less 

than 20% dry basis. The lower the ash content, the higher effectivity of oxidation process[9]. The ash 

content of cassava stems is relatively low i.e. 1,84% compared by ImperataCylindrica. High mineral 

content indicates high ash content. Wherein, the presence of this content will have detrimental on the 

bio-oil production, such as fouling, erosion and slugging. The N content obtained from the ultimate 

analysis was 1.12, which is desirable because of the lower NOx emission during the proses 

conversion.O/C and H/C ratios is shows the amount of potential it has to be used as raw material. The 

lower H/C and O/C indicated the higher energy of the biomass. Cassava stem results have H/C= 1.83 

and O/C= 0.84. This value is lower than previous studies conducted by E. R Zanatta [10] with H/C = 

2.02 and O/C = 0.98.Based on the Van Krevelen diagram of coal and biomass issued by Hidayat [8], 

the plot of H/C and O/C of cassava stem are still included in the region of biomassas potential raw 

material compare with the coal. 

 

The higher heating value (HHV,cross heating value)indicate the heat of combustion relative to liquid 

water as theproduct.Biomass heating value varies from 10 MJ/kg until 50 MJ/kg[9]. The HHV of 

cassava stem was 19.08MJ/kg, calculated by correlations developed by Nhuchhen[11],using proximate 

analysis data obtained as below: 

 

HHV = 0.1846VM+ 0.3525FC  (1) 

 

The HHV of cassava stem was higher than cassava baggase and ImperataCylindrica. The higher the C 

and H content give the higher HHV values. Itvalue decresed by the increasing of N content[12]. 

 

The lignocelluloses compositional analysis of cassava stem from Table 1 shows that itconsists of 

40.16% cellulose, 25.66% hemicellulose, 16.65% lignin and the rest were extractive materials and ash. 

Cassava stem has lower lignin % content as comparedto Impereta Cylindrica and cassava baggase. 

Varies in compositional of each biomass will produced the difference chemical as product. 

 

Table 1. Proximate and ultimate analysis of cassava stem and literature characterisationdata. 

Analysis parameters 

Biomass 

This experiment Literature 

CS IC [8] CB [10] 

Proximate analysis
# 
(wt.%)

    

Moisture  9.60 6.80 7.60 

Ash 1.84 2.97 1.02 

VM 

FC 

72.36 

16.22 

72.01 

18.21 

81.70 

9.68 

Elemental Analysis
#
(wt.%)    

C 43.58 44.38 40.4 

H 6.65 5.65 6.8 

N 1.12 0.82 0.1 

O
* 

48.65 49.06 52.7 

O/C
** 

0.84 0.83 0.98 

H/C
** 

1.83 1.53 2.02 

Heating Value (MJ/kg) 

HHV 

 

19.08 

 

 

18.47 

 

15.27 



 
 
 
 
 
 

Analysis parameters 

Biomass 

This experiment Literature 

CS IC [8] CB [10] 

Compositional Analysis
#
(wt.%)    

Cellulose 40.16 44.49 28.50 

Hemicellulose 25.66 25.13 31.30 

Lignin 16.65 17.89 22.20 

VM=Volatile matter, FC=Fixed Carbon, CS = cassava stem, IC = Imperata 

Cylindrica, CB = Cassava Bagasse 
* 
by difference 

 **
 molar ratio. 

#
 based on dry basis. 

 

3.2 Decomposition of cassava stem in EA-CL process 

The composition of cassava stem as raw material in bio oil production via EA-CL was change in the 

form and number. Cassava stem was converted into product i.e. bio-oil and char. The more bio oil 

produced, the more lignocellulose is converted. In this experiment using EA-CL, the lignocellulose 

component was decomposed and decrease.Figure2, shows the decrease in the lignocellulose 

component number during the EA-CL process. Based on the result, the more catalysts usedand the 

longer the electromagnetic field induced give the highest value of the product produced and the 

lignocellulose reduction. The concentrated phosphoric acid is also used in this experiment to increase 

cellulose reactivity and make the lignocelluloses bond more amorphous [13]. By using concentrated 

acids, hydrolysis can also be done at lower temperatures [14]. 

 

 
(a) 

 
(b) 

Figure 2. Decreased levels on lignocellulose (a) 60 minutes and (b) 90 minutes. 

 

The electromagnetic field can change the distribution of charge in solvents and the area around it 

becomes stronger. This electromagnetic field will also change the chemical structure of the solvent 

and increase the solvent density significantly so that the state of the molecule whose activity is more 

active will cause low molecular bonds. Low molecular bond energy will cause bonding between 

molecules easier to break with lower energy [15]. So that the electromagnetic field strength is 7.18x10
-

4
 Tesla and the addition of metal core, the weight of the 16 gram catalyst and the length of time the 

electromagnetic field induction for 90 minutes is obtained as a result of a large reduction in 

lignocellulose. 

 

The time of electromagnetic field induction and the amount of catalyst shows the effect on the amount 

of condensate (bio-oil) obtained. Figure 3 indicates the relationship between the time of 

electromagnetic field induction and the weight of the catalyst for the acquisition of bio-oil. 
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Figure 3.The relationship 

between variations in the 

time of electromagnetic field 

induction and the weight of 

the catalyst for the aquisition 

of bio-oil. 

From Figure 3, the acquisition of bio-oil increases with the length of time the electromagnetic field 

induction is used. At 90 minutes the bio-oil volume is greater than 60 minutes. This is because the 

time given is able to influence the direction of this magnetic moment so that its direction is parallel to 

the direction of the electromagnetic field and causes the molecular activity of the material to increase, 

so the catalytic cracking process will produce a large volume of bio-oil. 

 

The use of electromagnetic field induction in the catalytic cracking process of lignocellulose is a new 

technology. Electromagnetic field induction on a material can affect the molecular activity of 

materials. The atomic nucleus of a molecule is like a small electromagnetic field that resides in 

orbitals with certain energy levels which, when subjected to external electromagnetic fields, are 

subjected to excitation [6]. 

 

The variation in weight of the catalyst also affects the acquisition of bio-oil. The acquisition of bio-oil 

increases with the amount of catalyst given. This is due to catalyst activity which has a role in 

increasing catalytic selectivity [16]. The greater the number of catalysts used, the greater the 

likelihood of cellulose, hemicellulose and lignin decomposition in the catalyst cavity [17]. The 

addition of a catalyst that causes the addition of the volume of bio-oil obtained is due to the cation 

donor given the catalyst. A large catalyst ratio is needed to speed up the cracking process, where the 

greater the catalyst ratio, the greater the active surface of the catalyst [18]. This is reinforced by the 

statement of Lestari [19], that by increasing the percentage of weight of the catalyst to biomass with 

uniform particle size shows that the amount of pore in the catalyst is increasing so that the surface area 

will be even greater. In this study the largest volume of bio-oil was obtained with a weight of 16 grams 

of catalyst. 

 

3.3 Characteristics of bio-oil 

The result of the characterization test of the physical properties of bio-oil from cassava stems can be 

seen in Table 2. 

 

Table 2.Some physical properties of the produced bio-oil. 

Electromagnetic Induction 

(min) 

Catalyst Weight 

(gram) 

Density 

(gram/mL) 
pH 

60  

4  0.9786 2.8 

8  0.9792 2.8 

12  0.9795 2.8 

16  0.9803 2.8 

90  

4  0.9787 2.8 

8  0.9813 2.8 

12  0.9826 2.8 

16  0.9838 2.8 

0

5

10

15

20

25

0 5 10 15 20

V
o

lu
m

e 
o

f 
B

io
-O

il
 (

m
L

)

Catalyst weight (gr)

60 min

90 min



 
 
 
 
 
 

From Table 2, it can be seen that the characteristic bio-oil test consisting of density and pH as a whole 

ranges between 0.9786-0.9838g/ml which has met Dynamotive standards, which is 0.94-1.2 g/ml 

depending on the amount of the content water. The results of bio-oil pH measurements in this study 

were 2.8 according to VTT Technology 87 [20] standards, namely 2-3. Acidity that occurs is due to 

the presence of acetic acid and other acids due to a process that breaks down cellulose and lignin and 

extractive substances. 

 

3.4 Gas Chromatography Mass Spectroscopy (GC-MS) analysis 

GC-MS analysis was performed to determine the composition of bio-oil. The product that produces 

the most bio-oil volume is obtained at run 4 and run 8. The length of exposure to electromagnetic field 

induction in solution gives a significant increase in the volume of bio-oil. Figure 4 shows the results of 

the chromatogram of bio-oil cassava stem waste with the duration of electromagnetic field induction 

for 60 minutes and 90 minutes. 

 

 
(a) 

 
(b) 

Figure 4.Chromatogram of bio-oil (a) 60 minutes and (b) 90 minutes. 

 

The results of the chromatogram show that there are 3 dominant peaks, where furfural gives the 

highest results in all treatments for the length of time of electromagnetic field induction. The bio-oil 

component of cassava stem waste can be seen in Table 3. 

 

 

 

 



 
 
 
 
 
 

Table3.Component of bio-oil with electromagnetic field induction. 

No. Component Formula Mol 

Weight 

Peak Area (%) Group 

Classification 60 min 90 min 

1. Acetic acid C2H4O2 60 3.61 5.17 Organic 

compound 

2. 2-

Furancarboxaldehyde 

C5H4O2 96 65.30 63.47 Furans 

3 5-Methylfurfural C6H6O2 110 0.04 0.37 Furans 

 

3.5 Fourirer Transform Infra Red (FT-IR) 

The product in the form of bio-oil and liquid residue from the catalytic cracking process using 

electromagnetic field induction was analyzed using Fourier Transform Infrared (FT-IR) to 

detect the molecular structure of compounds through functional groups making up 

compounds. The results of FT-IR bio oil analysis can be seen in Figure 4 and liquid residue in 

Figure 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.FT-

IR spectrum of 

bio-oil weste 

cassava stem. 

From Figure 5, the spectra graph of FT-IR bio-oil cassava stem waste, the O-H strain provides a strong 

absorption band at wave number 3332.2 cm
-1

. Hydrogen bonds are formed between hydrogen atoms 

from another hydroxyl group of glucose monomers in the cellulose polymer chain. Wave number 

2124.6 cm
-1

 is a peak caused by a vibration of C≡C which indicates the presence of lignin. At wave 

number 1640.0 cm
-1

 shows the presence of aromatic and aliphatic groups (C=C). At wave numbers 

and 1259.8 cm
-1

 and 1021.3 cm
-1

 indicate the presence of an ester group (C-O) [21]. 
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Figure 6. FT-

IR spectrum of 

bio-oil weste 

cassava stem. 

From FT-IR spectra, liquid residues of cassava stem waste are absorbed at wave numbers greater than 

3700 cm
-1

, this is because alcohol does not contain hydrogen bonds as in gas conditions [21]. C-H 

bond absorption is at wave number 2788.0 cm
-1

. Hydrogen bonds are formed between hydrogen atoms 

from another hydroxyl group of glucose monomers in the cellulose polymer chain. Wave number 

2124.6 cm
-1

 is a peak caused by a vibration of C≡C. There is a wave number 2117.1 cm-1 which 

shows the C≡C group bond and wave number 1625.1 cm-1 which shows the C=C group bond which 

indicates the content of lignin. Uptake of other groups is at wave number 1118.2 cm
-1

 which indicates 

the presence of a C-N group. At wave number 954.2 cm
-1

 which shows the vibration of C-H stretch. 

 

The liquid residue from the catalytic cracking process using electromagnetic field induction has also 

been analyzed using a UV-Vis spectrophotometer with tannin parameters. From the analysis results 

obtained phenolic components. Phenol has the tendency to be acidic so it can release H
+
 ions from its 

hydroxyl group. In a previous study conducted by Wibowo [22] stated, with various variations of 

temperature it was stated that with higher temperatures, phenol compounds tended to increase. This is 

because at high temperatures, the stability of lignin decomposes from the raw material and mixes with 

the liquid produced by pyrolysis. The content of phenol in liquids is influenced by the content of the 

raw material lignin and the process temperature. Basically, lignin is a phenol that is very stable and 

difficult to separate so it will decompose at high temperatures such as in the process of pyrolysis with 

temperatures between 300-500°C [22]. It is possible that phenol compounds cannot be evaporated 

because the temperature used in this study has not reached the point where lignin can decompose. 

 

4. Conclusion 

The results of this study indicate that cassava stems have the potential as raw materials for bio-oil 

production. The best characteristic of bio-oil obtained of the study are density 0.98gr/ml, pH 2.8 with 

components acetic acid 5.17%, 2-furancarboxaldehyde 63.47% and 5-methyl furfural 0.37%. This 

achieve with catalyst 16 gr and electromagnetic field 90 minutes. The research results obtained, 

cassava stems can be used as raw materials in the manufacture of bio-oil. 
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