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Abstract—Continuous pyrolysis of Cogongrass by control 

temperature in the novel pyrolysis reactor were conducted at three 
difference temperatures 400, 450 and 500°C. Preliminary calculate of 
the product yields founded the liquid yield of Cogongrass was 
highest of 41.45 %, at 500 oC. Indicated that the liquid yield from 
Cogongrass had good received yields because it gave over 40 % and 
its produced more liquid than that solid and gas. The compounds 
detected in bio-oil from Cogongrass showed the functional group, 
especially; Phenol, Phenol, 2,5-dimethyl, Phenol, 3-methyl, 2-
methyl-1,3-oxathiofane, Benzene,1-ethyl-4-methoxy, 2-Cyclopenten-
1-one,2,3-dimethyl, 2- Cyclopenten-1- one, 3-Methyl. 

 
Keywords—Pyrolysis, Cogongrass, Product Yields, Chemical 

Compounds, Twin Screw Feeder. 

I. INTRODUCTION 
YROLYSIS process becomes one promising option for 
the thermo chemical conversion of cellulose, 

hemicelluloses and lignin of biomass into liquid fuels [1-5] 
because this process can increase yield of condensable liquid 
oil quality.  
 

nCO2 + mH2O                               Cn(H2O)m + nO2   
   

Biomass                    Char + Pyrolytic oil (high and 
moderate molecule weight organic liquid) + other condensable 
in oxygenate organic + CO2 + CO + H2 + CH4 + H2O + other. 

 
Organic liquid                    Aromatic organic + low 

molecule weight organic liquid + Char + CO2 + CO + H2 + 
CH4 + H2O + other. 

This research was conducted by using Cogongrass 
transformed to bio-oil (liquid) and their products (solid, gases) 
by continuous pyrolysis reactor on standard criteria and 
analyses the chemical compounds of products. In present, the 
fuel is being concerned in every country [6-9]. Now we are 
looking at the fuel which synthesized from natural matter, 
especially; residual plant [10-14], such as Cogongrass, by 
using the pyrolysis method combined with the type of screw 
feeder for control the temperature balance in the continuous 
pyrolysis reactor. The fuels from natural matter have a good 
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solve and can reduce a waste in widespread areas of central 
part of Thailand [11-14]. 

II.  PROCEDURE FOR PAPER SUBMISSION 

A. Feedstock 
Preparation of Cogongrass, crust and heat in oven at 90 oC 

for 2 hr until it is completed dry or less than 5 percent 
moisture. The sample sizes were separated through a sieve 
with approximate 0.1 – 2 millimeter. 

B. Experimental Set-up 
The fine Cogongrass was fed to continuous pyrolysis 

reactor (Fig. 1), at 400-500 oC (measuring at 400, 450 and 500 
oC). The feeding rate of samples was 5 kg/hr. And then, the 
bio-oil product were calculated the received oil yields and 
analyzed the chemical compounds by Gas Chromatography 
with Mass Spectrometer.  
 

 

Fig. 1 Schematic diagram of novel pyrolysis reactor setup: 1) 
Continuous pyrolysis reactor  2) Biomass Hopper 3) Char tank  4) 

Condenser 1  5) Condenser 2  6) Gases storage  7) Cooling tower  8) 
Bio-Oil stock  9) Bio-Oil and Gasses Recovering in the system 10) 

Cooling pump 

 

C. Product Yields 
Product yields of solid phase implies the amount of solid 

left after pyrolysis and was determined gravimetrically., The 
gas phase was calculated as remaining after quantification of 
the solids and liquids phase (See in III. Math). 

D. Chemical Analysis 
Gas Chromatography with Mass Spectrometer, GC-MS was 

used to analyze the light components in bio-oil and 
investigating the molecular compositions qualitatively [15-
19]. The analyses detective and identify organic compounds 
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both aliphatic hydrocarbon and aromatic hydrocarbon of bio-
oil from Cogongrass. The pyrolysis product was directly 
injected into gas chromatograph (GC) system through the 
pyrolysis interface line. The GC was equipped with a thermal 
conductivity detector and mass spectrometer (MS) detector 
(Agilent technologies; 7890A). The injection temperature was 
300 oC and a split ratio of 50:1 was used. Pyrolysis vapors 
comprising condensable gases i.e. bio-oil, acetic acid and 
water were classified as liquid [20-22]. A total of over 100 
compounds were detected. 

 

 
Fig. 2 Experimental process apparatus (1.Cogongrass, 2.Fine 

Cogongrass, 3.Pyrolysis reactor, and 4.Bio-oil stock) of renewable 
energy by twin screw pyrolysis reactor 

III. MATH 
The product yields can be calculated by following formula; 
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% Gas yield = 100 % Liquid yield - % Solid yield     
Wini    = Initial weight  
WR     = Residual solid weight  
WLiq   = Liquid product weight  

IV. RESULTS AND DISCUSSION 
The result of product yields [3-phase; gas, liquid (bio-oil), 

and solid (char coke)] of Cogongrass during pyrolysis, with 
temperatures between 400 - 500 °C, to compare the product 
yields from Cogongrass. Preliminary calculate of the product 
oil yield of Cogongrass, showed that the linear equation of gas 
yield obtained from Cogongrass were 27.38, 27.92 and 30.23 
%, at 400, 450, and 500 °C., respectively (Fig. 3). 

Liquid yield of bio-oil obtained from Cogongrass was 
highest of 41.45 %, at 500 oC. And the another of liquid yield 
obtained from Cogongrass were 33.55 and 36.57 %, at 400, 

and 450 °C., respectively, and showed linear equation on Fig. 
4.   

      
Fig. 3 Gas average of Cogongrass by pyrolysis 

 
This result, indicated that the liquid yield of bio-oil 

obtained from Cogongrass was high (> 40 %) by the 
temperature control in twin screw pyrolysis reactor and can be 
improving to high efficiency of bio-oil product, causing the 
apparent of high functional group when detected by GC-MS 
analysis, can be investigating the molecular compositions 
qualitatively, showed some molecular in Fig. 6. 

 

     
Fig. 4 Liquid yield average of Cogongrass by pyrolysis 

 

                 
Fig. 5 Solid yield average of Cogongrass by pyrolysis 
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Solid yield of char coke obtained from Cogongrass was 
highest of 39.07 %, at 400 oC. And the another of solid yield 
obtained from Cogongrass were 35.51 and 28.32 %, at 450 
and 500 oC., respectively (Fig. 5). 

Bio-Oil obtained from Cogongrass is a complex mixture 
with a great amount of large-size molecules, which nearly 
involve all species of hydrocarbon compounds, such as 
phenols, esters, aldehydes, ketones, alcohols, and organic 
acids.  

GC-MS of class spectra showed the different profiles of the 
color of bio-oil from Cogongrass. The total number of 
compounds detected by GC-MS, These examples shown 
section of the chromatogram in order to show the separation 
of compounds, the system as a difference interaction 
mechanism among analyses and stationary phase is provided 
by the second dimension column. The mass spectra of these 
phenol are rather different, as shown in Fig. 6. Phenol can be 
find out, the obvious hi peak (base peak) at 94 Mass/Charge 
(m/z), and Phenol, 2,5-dimethyl, Phenol, 3-methyl, 2-methyl-
1,3-oxathiofane, Benzene, 1-ethyl-4-methoxy, 2-Cyclopenten-
1-one, 2,3-dimethyl, were obvious hi peak at 107, 108, 60, 
121, and 67 m/z, respectively.  

The compounds of Cogongrass bio-oil was classified in the 
following classes and subclasses (between parenthesis): 
phenols (phenols, methoxy phenols, cresols, and phenolic 
diols), ketones (C5- and C6-cyclic ketone, furanones, aliphatic 
ketones, aromatic ketone, furan ketones), acids (aliphatic 
acids, furan acids, benzoic acids, ketonic acids), ethers 
(aromatic ether, benzofuranone ethers, furan ether), aldehydes 
(sliphatic aldehydes, benzaldehydes, ciiamaldehydes), and 
other. Phenols and ketones were major classes in both 
samples: ~ 40% (28 compounds) of phenols and ~ 15% (37 
compounds) of ketones. 
 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

Fig. 6  GC-MS some class spectra of bio-oil obtained from 
Cogongrass via pyrolysis reactor; (a) Phenol, (b) Phenol, 2,5-

dimethyl, (c) 2-methyl-1,3-oxathiofane, (d) Benzene, 1-ethyl-4-
methoxy, (e) 2-Cyclopenten-1-one, 2,3-dimethyl, (f) Benzene, 1-

ethyl-3-methyl 
 
All of compounds can be detected in bio-oil obtained from 

Cogongrass showed the main groups of hydrocarbon 
compounds, there are composed of hydroxyl and carboxyl 
groups. These compounds showed that the investigating 
molecular compositions. It have been detected compounds of 
bio-oil from several biomass [20-22], the results shown a 
good total of molecular compositions detected. 

V. CONCLUSIONS 
The continuous pyrolysis reactor for produce by-products 

from Cogongrass founded that the content of liquid yield 
obtained from Cogongrass was a moderate-high weight (%). 
The compounds detected in bio-oil from Cogongrass showed 
that the hydrocarbon compounds that were composed of 
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hydroxyl and carboxyl groups, especially; Phenol, Phenol, 
2,5-dimethyl, Phenol, 3-methyl, 2-methyl-1,3-oxathiofane, 
Pyridine, 2-methyl, Pyrine, Benzene, 1-ethyl-4-methoxy, 2-
Cyclopenten-1-one, 2,3-dimethyl, 2- Cyclopenten-1- one, 3-
Methyl, alcohols, and ketones. Thus, in this research, the 
process of continuous pyrolysis depended on the temperature 
and the mechanism of reactor and concern that the overall 
performance system of the continuous pyrolysis reactor to 
renewable storage fuel.     
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