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Abstract: The pyrolysis of mixed grass (Cogongrass and Manilagrass), conducted criteria with temperatures 

in the  range of 400-500°C, the feeding rate  of  150,  350,  and  550  rpm  (r·min
−1

)]. Preliminary result  of  

proximate  analysis  was founded that the high volatile matter, low ash and moisture. The products yield  

calculation showed that the liquid yield of bio-oil obtained from mixed grass was highest of 42.37 % at 350 

rpm, the gases and the solid yield of mixed grass by during pyrolysis were 28.88 and 28.75 %, at 350 rpm, 

respectively,. Indicated that biomass from mixed grass had good received yields because of low solid yield 

and gas yield and high liquid yield at 350 rpm. The compounds detected in bio-oil  from  mixed grass showed 

that the functional groups, especially; Phenols (24.78 %), Phenol, 2,3-dimethyl-(2.52%), Phenol, 2,6-
dimethoxy (14.48 %) ,Phenol, 2-methoxy-(3.18 %), Phenol, 3-methyl-(3.23 %), Phenol, 2-methyl-(4.97 %), 

Phenol, 4-ethyl-2-methoxy-(3.95 %), alcohols, and ketones. 
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I. Introduction 
   Biomasses are organic materials composed of carbon, oxygen, hydrogen, nitrogen and other trace 

elements. The potential energy compounds usually found in biomass are cellulose, hemicellulose and lignin. 

This research was conducted by using two grasses (Cogongrass; Imperata cylindrical (L.)P.Beauv. and 

Manilagrass; Zoysia matrella (L.)Merr.) transformed to bio-oil by continuous pyrolysis reactor on standard 

criteria and analysis the properties of material and products. In present, the fuel is being concerned in every 

country [1-3]. Now we are looking at the fuel which synthesized from natural  matter, especially; residual 

plant [5,6] by using the pyrolysis  method (Fig 1).  
  Continuous pyrolysis reactor is a one excellent of technology for synthesized bio-oil [7-9]. In this case 

want to produce bio-oil in high potential performance of yield and properties by applied the heat transfer model for 

control some criteria of reactor to an generate the alternative energy source. This study focuses on the 

conversion of two grasses, a natural weed, into bio-oil using pyrolysis. The product yields is then calculated and 

the obtained bio-oil is analysed for its composition.  

 

II. Materials And Methods 
1) Feedstock and Experimental Set-up 
       The mixed grass sample is chopped and crushed before being placed in an oven at 90

 o
C for 

approximately 2 hours until the moisture content is below 5 %.  The sample is then passed through a sieve to 

obtain particle sizes of approximately 0.1-1 mm. It is then fed into continuous reactor (Fig. 2), for pyrolysis at 

the following operating conditions: operating temperature 400-500oC, N2 flow rate 150 ml/hr, and sample screw 

feeder at 150, 350 and 550 rpm (r·min−1). The bio-oil product was analysed by Ultimate analyser and Proximate 

analyser for characteristics and elemental composition before calculating the received oil yields.  Further 

analysis of the chemical compounds found in the bio-oil product was carried out using Gas Chromatography 

with Mass Spectrometer. 

http://www.desert-tropicals.com/Plants/Poaceae/Zoysia.html
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Fig. 1. Schematic diagram of experiment setup: 1. Pyrolysis reactor (tube furnace) 2. Nitrogen tank 3. 

Rotameter 4.   Hopper 1,25. Seperator 6. Condenser7. Flask in ice bucket8. Electrical coil heater with 

temperature controller 9. Enclosed deionized water tank 10. Vacuum pump 

 

2) Proximate Analysis 
          Proximate analysis is the most used analysis for characterizing biomass in connection with their 

utilization; separating the products into 4 groups: (1) moisture, (2) volatile matter, (3) fixed carbon, and (4) ash. 

A series of standard test methods ATSM D3173-3175 are executed and the calculated test results show the 

distribution of products obtained when the sample is heated under specified conditions.  
 

 3) Ultimate Analysis 
         In this experiment, the Ultimate Analysis was used to identify the proportions of Carbon (C), 

Hydrogen (H), and Nitrogen (N) elements found in the bio-oil sample [10,11]. 

 

4)  Received Oil Yield 
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5)  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 [12,13]. The analysis detects and identifies 

organic compounds both aliphatic hydrocarbon and aromatic hydrocarbon found within the light components of 

the produced bio-oil.    

 

III. Results And Discussions 
Proximate  analysis  of  mixed grass used  in  the  two  species was founded that the fixed carbon of 

mixed grass was 18.78 wt.%, which will have a major effect on the quality of bio-oil as well. The other three 

proximate analysis as following; The moisture, ash and volatiles of mixed grass were 2.26, 16.34 and 62.62 

wt.%, respectively (Table. 1). 

The results showed that a stability for the range of material compound in mixed grass, can be 

synthesized bio-oil in high efficiency, because consist of the high volatile matter and 

low ash and moisture. 

The  ultimate  analysis  of  mixed grass was  found  that  the  element  contents  as following;  

carbon,  hydrogen, nitrogen and oxygen were 47.45, 10.57, 2.87 and 38.76 %, respectively (Table. 1).,  

according  to  the  result  of  safflower  seed [13]
 
showed  the  carbon, hydrogen, nitrogen, and oxygen of 49.5, 

6.9, 3.0, and 40.6, respectively. 
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Table  2.  Proximate analyses and Ultimate analyses of mixed grass. 

Proximate analysis   Mixed grass 

(wt%) 
Ultimate analysis  Mixed grass 

(wt%) 

Moisture 2.26 C 47.45 

Ash 16.34 H 10.57 

Volatiles 62.62 N 2.87 

Fixed carbon 18.78 O 38.76 

 

The result of products yield (3-phase; gas, liquid and solid) of mixed grass by during pyrolysis, which takes  

place  at temperatures in the range of 400-500°C, to compare the recicved oil yield from mixed grass at a 

feed rate of feed rate of 150, 350 and 550 rpm; revolutions per minute (r·min
−1

)]. The distribution of the 
products obtained from the pyrolysis of mixed grass is shown in Figure 2-4.  

Preliminary calculate of the product yield of mixed grass by during pyrolysis, the result showed that the gas 

yield of mixed grass were 24.98, 28.88 and 46.14 %, at 150, 350 and 550 rpm., respectively., (Fig. 2). 

 

                                      
   Fig. 2 Gas yield of mixed grass by during pyrolysis. 

 

Liquid yield of bio-oil obtained from mixed grass was highest of 42.37 %, at 350 rpm. And the another of 

liquid yield obtained from mixed grass were 28.25 and 29.38 %, at 150 and 550 rpm., respectively (Fig.  3).  

Indicated that the liquid yield of bio-oil obtained from mixed grass was high volume (> 50 %) by the heat 

control in continuous pyrolysis reactor and can be improving to high efficiency of bio-oil production on next 

step. 
 

            
     Fig. 3Liquid yield of bio-oil obtained from mixed grass. 
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       Fig. 4  Solid yield of mixed grass by during pyrolysis. 

 

Solid yield of mixed grass by during pyrolysis was highest of 46.77 %, , at 150 rpm. And the another of solid 

yield obtained from mixed grass were 28.75and 24.48 %, at 350 and 550 rpm., respectively (Fig. 4).  

 

 
Fig. 5  The amount of some molecule compounds of bio-oil obtained from mixed grass. 

 

        The compounds detected in bio-oil from mixed grass showed that the hydrocarbon compounds 

composed of hydroxyl and carboxyl groups, including; Phenols (24.78 %), Phenol, 2,3-dimethyl-(2.52%), 

Phenol, 2,6-dimethoxy (14.48 %) ,Phenol, 2-methoxy-(3.18 %), Phenol, 3-methyl-(3.23 %), Phenol, 2-methyl-
(4.97 %), Phenol, 4-ethyl-2-methoxy-(3.95 %), alcohols, and ketones. These chemical compounds showed in 

investigating the molecular compositions in Fig 2., detecting compounds of bio-oil from several biomass 

[14,15]. However; the compounds detected in bio-oil from mixed grass as similar results were reported by the 
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topics; Formation of aromatic structures during the pyrolysis of bio-oil [14] and Selective production of light oil 

by biomass pyrolysis with feedstock-mediated recycling of heavy oil [15]. These results show agreement 

between proposed model and experimental data of the several biomass pyrolysis.  
 

Table  2.  Compounds detected in bio-oil from mixed grass 

Compound 
formula MW Detection Molecules 

Benzene, 1-ethyl-4-

methoxy- 

 

C9H12O 

 

136 

 

* 

 

1,2-Cyclopentanedione, 3-

methyl- 

 

C6H8O2 

 

112.12 

 

× 

 

2-Cyclopenten-1-one, 2,3-

dimethyl- 

 

C7H10O 

 

110 

 

× 

 

Phenol 
 

C6H6O 

 

94.11 

 

× 

 

Phenol, 2,3-dimethyl- 

 

C8H10O 

 

122.16 

 

× 

 

Phenol, 2,4-dimethyl- 

 

C8H10O 

 

122.16 

 

× 

 

Phenol, 2,5-dimethyl- 

 

C8H10O 

 

122.16 

× 

 

Phenol, 2,6-dimethoxy- 

 

C8H10O 

 

122.16 

 

× 

 

Phenol, 2,6-dimethyl- 

 

C8H10O 

 

122.16 

 

× 

 

Phenol, 2-ethyl- 

 

C8H10O 

 

122.16 

 

× 

 

Phenol, 2-methoxy- 
 

C7H8O2 

 

124 

 

× 

 

Phenol,2-methoxy-4-(1-

propenyl)-, (E)- 

 

 

C12H14O3 

 

 

206.23 

 

 

× 

 

Phenol, 2-methyl- 

 

C7H8O 

 

108.13 

 

× 

 

Phenol, 3,4-dimethyl- 

 

C8H10O 

 

122.16 

 

× 

 

Phenol, 3-methyl- 

 
C7H8O 

 
108.13 

 
× 
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Table  2.  Compounds detected in bio-oil from mixed grass (Cont’d) 

Compound formula MW Detection Molecules 

Phenol, 4-ethyl- 
 

C8H10O 

 

122.16 

 

× 

 

Phenol, 4-ethyl-2-methoxy- 

 

C9H12O2 

 

152.18 

 

× 

 

Butanoic acid, 4 – 

hydroxyl- 

 

C4H8O3 

 

104 

 

* 
 

 
2- Cyclopenten-1- one, 2-

Methyl 

 
C6H8O 

 
96 

 
× 

 
 

2- Cyclopenten-1- one, 3-
Methyl 

 

C6H8O 

 

96 

 

* 

 
 

2,4- Dimethylfuran 

 

C6H8O 

 

96 

 

*  
 

Benzylphosphonic acid 

 

C7H9O3P 

 

172.12 

 

* 
 

 

4-

Hydroxybenzenephosphonic 

acid 

 

C6H7O4P 

 

174 

 

* 

 

 

2,3- Dimethyl-2-

Cyclopenten-1-one 

 

C7H10O 

 

110 

 

* 

 
 

Mequinol 

 

C7H8O2 

 

124 

 

* 

 
 

      *can not determined   

 

IV. Conclusions 
  The continuous pyrolysis reactor of mixed grass presented a high volatiles content and showed a 

moderate level of fixed carbon. The amount of the elemental composition of mixed grass, can found the 

concentration of carbon was relatively high volume. The products oil yield showed that liquid yield of bio-oil 

obtained from mixed grass was a good result was 42.37 %, at 350 rpm. The compounds detected in bio-oil from 

mixed grass can found the phenols, alcohols, and ketones, especially; phenols group.  
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