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1. Arundo donax

2. P-hydroxyphenyl
3. Guaiacyl

4. Syringyl
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Figure 1- Arundo donax used in pyrolysis operations

1. Thermogravimetric analysis (TGA)
2. Proximate analyses
3. Ultimate analyses
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Figure 2- Schematic of the device and pyrolysis process
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1. Gas Chromatography/ Mass Spectrometry (GC/MS)

2. Autosampler

3. Split/splitless

4. National Institute of Standards and Technology (NIST)
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Table 1- Physicochemical properties of the Arundo donax

Characteristics Value
Cellulose 45.5
Holocellulose 70.8
Lignin 23.2
Proximate analysis/%

Moisture 10
Ash content 3
Fixed carbon** 24.5
Volatile matter 70.5
Ultimate analysis/%

Carbon (C) 49.5
Hydrogen (H) 5.5
Nitrogen (N) 0.1
Sulfur (S) 0
Oxygen (O) 44.9

** By difference
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Figure 3- Thermal gravimetric analysis (TGA) and differential gravimetric analysis
(DTA) of Arundo donax
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Table 2- Characteristics of bio-oil from pyrolysis at 650 °C

Characteristics Value
Proximate analysis/%

Appearance Dark brownish
Odour Irritating
Density (kg/m®) 1040
Water content (%) 15

Ash content (%) 0.1

pH 4
Ultimate analysis/%

Carbon (C) 53.9
Hydrogen (H) 6.55
Nitrogen (N) 0.2
Oxygen (0)** 39.35
H/C 1.448
o/C 0.548
N/C 0.003
Empirical formula CH1.440054No.003
Calorific value (MJ.kg™) 27.64

** By difference

5 edygl 5 K00 g (s Syl b pilo axdllan s § S 9 (S 33 (P55 (2 JIBT dmlio -Y Jgu
Table 3- Comparison of ultimate analysis, physical and fuel properties of present bio-oil and other pyrolytic oils and petroleum

product
Biomass Ultimate analysis (%) Density Calorific value References
C H N 0 (kg/m®) (MJ.kg?)

Arundo donax 53.9 6.55 0.2 39.35 1040 27.64 Present study
Wood sawdust (Cedrus deodara) 58.23 7.13 0.7 33.94 1083 27.82 [26]
Sugarcane bagasse 50.01 6.50 0.85 42.31 1160 21.85 [31]
Rice straw 42.3 6.53 - 50.96 1153 18.34 [32]
Pine needles 62.14 7.63 0.39 290.82 1062 26.25 [33]
Grape bagasse 71.72 8.69 2.69 16.90 992 32.95 [34]
Oil palm residues 32.96 6.99 0.01 59.85 1020 19.24 [35]
Coconut shell 59.14 5.47 4.21 30.84 1053 19.75 [36]
Diesel 85.72 13.2 0.18 0.6 820-850 42-45 [36]
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Figure 5- Gas chromatography-mass spectrometry (GC/MS) of bio-oil at 650 °C
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Table 4- The main chemical compounds in bio-oil at 650 °C

Molecular formula Compound name Peak area (%) Retention time (min)
CeH1002 Oxirane, [(2-propenyloxy)methyl]- (Allyl 0.092 7.27
glycidyl ether)
CeHsO2 1,2-Benzenediol (0-Dihydroxybenzene) 0.319 8.95
CeHsO4 1,4:3,6-Dianhydro-a-d-glucopyranose 0.091 9.1
CeHsO3 2-Furancarboxaldehyde, 5-(hydroxymethyl) 0.156 9.39
or ( 5-Hydrxoymethylfurfural)
CeH40; p-Benzoguinone 0.736 10.15
CoH16N4 Propanenitrile, 3-[4-diethylamino-1-methyl- 0.630 10.3
1-(1-methylethyl)-2-butynyloxy]-
CgH1003 2,4-Dimethoxyphenol 0.455 11.12
CuoH25013 Vanillin lactoside 0.352 11.8
CyHsO3 2H-1-Benzopyran-2-one, 3,4-dihydro-6- 2.101 13.38
hydroxy- (Hydrocoumarin, 6-hydroxy)
C17H21NO, (+)-s-2-Phenethanamine, 1-methyl-N- 1.262 135
vanillyl-
CeH1005 3-D-Glucopyranose, 1,6-anhydro 89.47 15.03
C11H150, 1,2-Cycloheptanedione, 3,3,7,7-tetramethyl-, 0.753 16.25
dihydrazone
C14H17NOg Tetraacetyl-d-xylonic nitrile 0.56 16.8
C15H240, Neocurdione 0.361 17.53
CisH3.0, Octadec-6-enoic acid 1.084 18.1
Ci7H30 13-Heptadecyn-1-ol 1.575 19.69
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The objective of this study was to investigate the pyrolysis of Arundo donax in a fixed bed reactor under CO,
atmosphere. Pyrolysis experimental include the effect of temperature (540, 650 and 750 °C) on the yield of
pyrolysis products. After pyrolysis, the proximate and ultimate analysis of bio-oil properties was investigated.
The results showed that the maximum vyield of bio-oil (33.7%) was obtained at a temperature of 650 °C. By
increasing the temperature from 540 to 650 °C, the yield of bio-oil increases and the amount of bio-char
decreases. Regarding the effect of temperature increase on the amount of gas, the results show that from 540
to 650 °C, the amount of gas increases and then decreases. The results of gas chromatography — mass
spectrometry (GC-MS) showed that the obtained acidic liquid is dark in color with a combination of chemical
compounds including acids, alcohols, aldehydes, furfurals, furans, phenols and some aromatic substances.
The presence of these compounds indicates that the bio-oil obtained could potentially be used as fuel. Also,
the experimental formula of bio-oil obtained was CH; 4,00 54N 003 With a calorific value of 27.64 MJ/kg.

Keywords: Pyrolysis, fixed bed reactor, Arundo donax, lignocellulosic materials, bio-oil
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