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Appendices 

Table S1: Effect of temperature on product distribution 

Temperature 

(°C) Bio-oil (wt.%) Biochar (wt.%) Gas (wt.%) 

400 17.65±0.09 46.25±0.05 36.09±0.14 

450 20.27±0.04 43.45±0.02 36.28±0.03 

500 24.64±0.06 38.4±0.05 36.96±0.11 

550 22.72±0.10 36.21±0.02 41.07±0.12 

600 22.4±0.11 34.15±0.20 43.45±0.31 

 

Table S2: Effect of heating rate on product distribution 

Heating Rate (°C/min) Bio-oil (wt. %) Biochar (wt. %) Gas (wt. %) 

10 24.64±0.06 38.4±0.05 36.96±0.11 

20 24.83±0.03 36.32±0.07 38.85±0.04 

30 26.14±0.04 33.99±0.16 39.86±0.19 

40 27.28±0.20 31.55±0.12 41.16±0.12 

 

Table S3: Effect of particle size on product distribution 

Particle Size (mm) Bio-oil (wt. %) Biochar (wt. %) Gas (wt. %) 

<0.25 27.28±0.2 31.55±0.12 41.16±0.12 

0.25-0.5 27.63±0.05 34.15±0.11 38.22±0.12 

0.5-0.84 26.90±0.06 37.05±0.08 36.45±0.12 

>0.84 24.99±0.10 40±0.04 35±0.06 

 

Table S4: Effect of nitrogen flow rate on product distribution 

Flow rate 

(ml/min) 
Bio-oil (wt. %) Biochar (wt. %) Gas (wt. %) 

50 27.63±0.05 34.15±0.11 38.22±0.12 

100 29.28±0.17 32.05±0.04 38.67±0.12 

150 30.16±0.09 30.98±0.08 38.86±0.18 

200 29.56±0.40 30.43±0.07 40.01±0.35 

 

 



 

Table S5: GC-MS compounds for pyrolysis oil obtained using HZSM-5 catalyst 

RT Compounds name 

Molecular 

formula Area % Classification  

8.439 

1-TERT-BUTOXY-2-

ETHOXYETHANE  C8H18O2 2.249 Aliphatic ether 

9.329 

1,1-

DIMETHOXYCYCLOPENTANE C7H14O2 0.616 Aliphatic ether 

9.639 FURAN, 3-METHYL-  C5H6O 0.84 Furan 

11.215 CYCLOHEXANE, METHYLENE- C7H12 0.614 Cyclo alkane 

11.685 1,1'-BICYCLOOCTYL C16H30 4.065 Bi-cyclo hydrocarbon 

13.125 

BENZENE, (1,1-

DIMETHYLETHOXY)- C10H14O 2.059 Aromatic ether 

13.426 CYCLOHEXENE, 1-METHYL-  C7H12 1.654 Cyclic Hydrocarbon 

13.726 3-TETRADECYNE C14H26 1.25 Acyclic hydrocarbon 

14.161 PENTANE, 1,1'-OXYBIS- C10H22O 1.075 Aliphatic ether 

14.651 

2,4-PENTADIENOIC ACID, 3,4-

DIMETHYL-, ISOPROPYL ESTER C10H16O2 1.113 Ester 

14.936 

2-PENTENE, 3-ETHYL-2-

METHYL-  C8H16 1.422 Aliphatic hydrocarbon  

15.261 3-TETRADECYNE C14H26 0.858 Aliphatic hydrocarbon  

16.697 PHENOL, 2-METHOXY- C7H8O2 4.796 Methoxy Phenol 

17.517 

CYCLOHEXANE, 1,2,3-

TRIMETHYL-  C9H18 0.864 Cyclic aliphatic hydrocarbon 

19.513 

PHENOL, 2-METHOXY-4-

METHYL-  C8H10O2 1.514 

Methoxy,Methyl substituted 

Phenol 

21.819 PHENOL, 4-ETHYL-2-METHOXY-  C9H12O2 1.805 

Ethyl, Methoxy substituted 

Phenol 

23.234 2-METHOXY-4-VINYLPHENOL  C9H10O2 2.3 

Methoxy. Vinyl substituted 

Phenol 

24.105 

PHENOL, 2-METHOXY-4-(1-

PROPENYL)- C10H12O2 0.548 

Methoxy, propenyl substituted 

Phenol  

25.075 PHENOL, 2,6-DIMETHOXY-  C8H10O3 6.582 Aromatic Phenol 

25.28 PHENOL, 2,6-DIMETHOXY-  C8H10O3 0.636 Aromatic Phenol 

26.736 EUGENOL C10H12O2 2.475 

Propenyl, Methoxy Substituted 

Phenol 

27.196 1,2,3-TRIMETHOXYBENZENE  C9H12O3 2.015 Aromatic ether 

28.952 

BENZENE, 1-METHYL-3-

(PHENYLMETHYL)-  C14H14 3.071 Benzyl benzene 

29.952 

PHENOL, 2-METHOXY-4-

PROPYL-  C10H14O2 0.668 

Methoxy, propyl substituted 

Phenol 

30.257 

4-METHYL-2,5-

DIMETHOXYBENZALDEHYDE C10H12O3 1.974 Aromatic aldehyde 

30.868 

BENZENE,1,4-DIMETHOXY-

2,3,5,6-TETRAMETHYL-  C12H18O2 0.478 Aromatic ether 

32.163 

BENZENE, 2-(1,1-

DIMETHYLETHYL)-1,4-

DIMETHOXY  C12H18O2 0.539 Aromatic ether 



33.243 

BENZENE,2-(1,1-

DIMETHYLETHYL)-1,4-

DIMETHOXY-  C12H18O2 2.408 Aromatic ether 

35.754 

1H-PYRROLE-2-CARBOXYLIC 

ACID, 5-ETHYL-, ETHYL ESTER  C9H13O2N 0.732 Ester 

 

  



Table S6: GC-MS compounds for pyrolysis oil obtained using Co/ZSM-5 catalyst 

RT Compounds name 

Molecular 

formula Area % Class 

8.434 

1-TERT-BUTOXY-2-

ETHOXYETHANE  C8H18O2 3.132 Aliphatic Ether 

9.649 2-CYCLOPENTEN-1-ONE  C5H6O 0.708 Cyclic Ketone 

11.215 1-ETHYLCYCLOPENTENE C7H12 0.592 Cyclic hydrocarbon 

11.685 1,1'-BICYCLOOCTYL C16H30 3.459 Bi-cyclo hydrocarbon 

13.15 PHENOL C6H6O 0.77 Phenol 

13.426 CYCLOHEXENE, 1-METHYL-  C7H12 0.629 Cyclic hydrocarbon 

14.176 1-METHYLCYCLOHEXANOL C7 H14O 0.82 Cyclic alcohol 

14.656 

4-METHOXYPYRIDINE-N-

OXIDE C6H7O2N 0.836 Pyridine 

14.946 

CYCLOHEXANE, 1,2-

DIMETHYL C8H16 0.87 Cyclic hydrocarbon 

15.266 ETHYLIDENECYCLOOCTANE  C10H18 0.617 Cyclic hydrocarbon 

15.962 PHENOL, 4-METHYL-  C7H8O 0.508 Phenol 

16.707 PHENOL, 2-METHOXY-  C7H8O2 3.605 Methoxy Phenol 

17.522 

CYCLOHEXANE, 1,2,3-

TRIMETHYL-  C9H18 0.649 

Methyl substituted Cyclic 

hydrocarbon 

19.513 

2-CYCLOPENTEN-1-ONE, 

2,3,4,5-TETRAMETHYL-  C9H14O 1.09 Cyclic Ketone 

23.089 

5-(HYDROXYMETHYL)-2-

(DIMETHOXYMETHYL)FURAN C8H12O4 0.59 Furan 

23.245 

PHENOL, 2,3,5,6-

TETRAMETHYL-  C10H14O 1.807 Phenol 

25.08 PHENOL, 2,6-DIMETHOXY-  C8H10O3 6.579 Phenol 

25.3 

BENZENE, 2-ETHOXY-1,3-

DIMETHOXY- C10H14O3 0.574 Aromatic ether 

26.736 EUGENOL C10H12O2 1.956 Phenol 

27.201 1,2,3-TRIMETHOXYBENZENE C9H12O3 2.095 Aromatic ether 

28.957 

BENZENE, 1,2,3-

TRIMETHOXY-5-METHYL- C10H14O3 3.488 Aromatic ether 

29.952 

PHENOL, 2-METHOXY-4-

PROPYL- C10H14O2 0.903 Phenol 

30.267 

3',5'-

DIMETHOXYACETOPHENONE C10H12O3 1.752 Aromatic Ketone 

30.713 

BENZENE, 1-ETHYL-3-

(PHENYLMETHYL)-  C15H16 0.559 Benzyl benzene 

30.868 

BENZENE,1,4-DIMETHOXY-

2,3,5,6-TETRAMETHYL-  C12H18O2 0.782 Aromatic ether 

33.249 

PHENOL, 2,6-DIMETHOXY-4-

(2-PROPENYL)-  C11H14O3 2.43 Phenol 

34.969 

1,1'-BIPHENYL, 4-(1-

METHYLETHYL)-  C15H16 0.503 Phenyl benzene 

35.76 

BENZENE, 1,1'-

BUTYLIDENEBIS-  C16H18 1.221 Benzyl benzene 

 

 



Table S7: GC-MS compounds for pyrolysis oil obtained using Ni/ZSM-5 catalyst 

RT Compounds name Molecular 

formula 

Area % Class 

8.439 1-TERT-BUTOXY-2-

ETHOXYETHANE  

C8H18O2 2.358 Ether 

9.324 CYCLOHEXENE, 1-ISOPENTYL-  C11H20 0.617 Alkyle substituted cyclic 

hydrocarbon 

9.639 FURAN, 3-METHYL-  C5H6O 1.149 Methyl Furan 

11.215 1-ETHYLCYCLOPENTENE C7H12 0.662 Cyclic hydrocarbon 

11.675 CYCLOPENTANE,1,1,3-

TRIMETHYL-3-(2-METHYL-2-

PROPENY  

C12H22 3.022 Alkyle substituted cyclic 

hydrocarbon 

13.13 PHENOL C6H6O 2.176 Phenol 

13.421 CYCLOHEXENE, 3-METHYL-  C7H12 0.859 Methyl substituted cyclic 

hydrocarbon  

13.721 4-HEPTEN-3-OL, 4-METHYL-  C8H16O 0.501 Cyclic aliphatic Alcohol 

14.161 PENTANE, 1,1'-OXYBIS- C10H22O 1.156 Acyclic ether 

14.931 3-HEXENE, 3,4-DIMETHYL-  C8H16 1.629 Methyl substituted cyclic 

hydrocarbon 

15.256 CYCLOOCTANE, ETHENYL- C10H18 1.062 Vinyl substituted cyclic 

hydrocarbon 

16.697 PHENOL, 2-METHOXY-  C7H8O2 4.278 Methoxy Phenol 

17.507 CYCLOHEXANE, 1,2,3-

TRIMETHYL- 

C9H18 0.832 Methyl substituted cyclic 

hydrocarbon 

18.863 HEXANE, 2,2,5,5-TETRAMETHYL-  C10H22 0.702 Methyl substituted cyclic 

hydrocarbon 

19.503 2-CYCLOPENTEN-1-ONE, 2,3,4,5-

TETRAMETHYL- 

C9H14O 1.118 Cyclic Ketone 

21.814 PHENOL, 4-ETHYL-2-METHOXY- C9H12O2 1.363 Ethyl, methoxy 

substituted Phenol 

23.239 PHENOL, M-TERT-BUTYL- C10H14O 1.4 Alkyl substituted Phenol 

25.07 PHENOL, 2,6-DIMETHOXY-  C8H10O3 6.744 Methoxy substituted 

Phenol  

25.45 PHENOL, 3,4-DIMETHOXY- C8H10O3 0.626 Methoxy substituted 

Phenol 

25.63 2-CYCLOPENTEN-1-ONE, 3-

METHYL-2-(2-PENTENYL)-, (Z)  

C11H16O 0.63 Cyclic Ketone 

26.731 PHENOL, 2-METHOXY-4-(1-

PROPENYL)-  

C10H12O2 1.142 Methoxy, Propenyl  

substituted Phenol 

28.947 BENZENE, 1,2,3-TRIMETHOXY-5-

METHYL- 

C10H14O3 2.461 Methyl substituted 

Aromatic ether 

29.957 PHENOL, 2-METHOXY-4-

PROPYL-  

C10H14O2 0.74 Methoxy, propyl 

substituted phenol 

30.247 PHENOL, 3-(1,1-

DIMETHYLETHYL)-4-METHOXY- 

C11H16O2 0.969 Methoxy, alkyl Phenol 

30.867 PHENOL, 2,6-DIMETHOXY-4-(2-

PROPENYL)-  

C11H14O3 0.552 Methoxy, propenyl 

Phenol 

33.243 BENZENE,2-(1,1-

DIMETHYLETHYL)-1,4-

DIMETHOXY-  

C12H18O2 1.06 Alkyl substituted 

Aromatic ether 

35.764 BENZENE, 1,1'-BUTYLIDENEBIS- C16H18 0.95 Benzyl benzene 
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