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Catalytic co-cracking of reduced pressure
distillation of bio-o0il and ethanol over ZSM-5/MCM-41
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(1. Tianjin University of Technology, Tianjin 300384, China;
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Abstract: The reduced pressure distillation of bio-oil and the ethanol with the mixing ratio of 2 :3 by weight
were subjected to catalytic co-cracking over ZSM-5/MCM-41 molecular sieve in a fixed-bed reactor. The effects
of reaction temperature and WHSV on cracking products were investigated. The catalyst is characterized by NH;-
TPD, BET, N, adsorption and desorption. The gaseous products were analyzed by gas chromatograph, and
reduced pressure distillation of bio-oil and the upgraded bio-oil were quantified by gas chromatograph-mass
spectrometry. It is found that the optimum conditions for the upgrading of bio-oil are 500 C of the reaction
temperature and 3.75 h™" of the WHSV, under which the acid substance in upgraded bio-oil is markedly reduced
from 25. 6% in reduced pressure distillation of bio-oil to 0. 1% after upgrading. Meanwhile, the yield of
upgraded bio-oil is 46.8% , and the concentration of CO, and CO in the gaseous products is 9.5% .
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Figure 1 Fixed-bed experimental reaction system
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Table 1

BET and N, adsorption-desorption results for ZSM-5/MCM-41

Sample BET surface area A/(m’-g™")

Pore size d/nm Pore volume v/ (cm’® - g" )

ZSM-5/MCM-41 507. 184

4 0.5599
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Table 2 Elemental analysis of bio-oil

Ultimate analysis w /%

Sampl H/C)
ample C o N S ( ) e
Rice husk bio-oil 41.21 5.97 45.91 0.78 0.12 0.02
Distilled bio-oil 57.55 6.35 33.74 2.13 0.23 0.35
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Table 3 Relative proportions of the main
compounds in reduced pressure distillation of bio-oil

Main component Relative proportions w/ %

Ketones 35.4
Esters 6.9
Alcohols 1.2
Ethers 1.5
Alkanes 0.2
Aromatics -
Phenols 11.9
Acids 25.6
Aldehydes 3.0
Sugar 10.0
N and S 4.3

x4 ARRMEETHERSWKE
Table 4 Products yield of char,
oil, gas at different reaction temperatures

o Yield w/%

Composition = < 475 C 500 °C 525 C 550 C
Char 89 127 13.5 16.0 162
oil 59.0 47.8 46.8 38.9 39.7
Gas 3.1 395 39.7 45.1 441

x5 AREIRELRETHIEH EimER
Table 5 Upgrading bio-oil
composition from different reaction temperatures

Content w/ %

450 C 475C 500 C 525C 550C
Ketones 32.9 58.3 32,7 54.4 47.0
Esters 5.2 1.4 11.7 0.5 -
Alcohols 26 9.6 0.4 1.5 1.8
Ethers 11.6 11.6 8.6 6.3 4.8
Alkanes 0.9 0.2 0.3 0.5 0.9

Composition

Aromatics 0.2 0.2 4.6 - 0.2
Phenols 16.5 14.5 37.4 32.7 41.1
Acids 3.7 0.4 0.1 - 0.2

Aldehydes 0.1 0.2 1.1 - -
N and S 2.4 3.5 3.2 3.3 4
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Table 6 Gas composition of bio-oil and ethanol
co-cracking at different reaction temperatures

Content w/ %
450 C 475 C 500 C 525C 550 C

Composition

CH, 6.7 1.8 2.6 3.8 4.7
co 55 5.4 7.4 7.3 8

co, 3 3.1 6.1 3.7 3.7
C,H, 61.5 74.4 69.8 67.3 65.6
C,H, 109 9.1 65 9.1 8.2
C,H, 9.9 3.2 3.7 3.4 3.5
C,H, 1.4 2.7 36 51 6.0
C,H, 1 0.1 03 03 0.3
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Table 7 Products yield of char,
oil, gas at different WHSV (=500 C)

. Yield w/%
Composition " " " - -
1.57 1.8757 2.5 3.75" 1.5
Char 5.8 8.0 7.3 16.5 1.0
Oil 32.1 38.0 40.8 46.8 55.6
Gas 62.1 54.0 51.9 36.7 37.4
*; WHSV /h™!

*8 A WHSV THy#EH £ HnimE R
Table 8 Upgraded bio-oil
composition at different WHSV (#=500 C)

Content w/ %

Composition " " B .
1.5° 1.875" 2.5 3.75" 7.5

Ketones 32.9  32.5 43.7 32.7 31.6
Esters 2.4 3.3 2.6 11.7 14.8
Alcohols 0.3 0.5 0.2 0.4 7.5
Ethers 8.3 6.6 4.6 8.6 9.0
Alkanes - 1.3 0.3 0.3 0.4
Aromatics 0.6 0.1 - 4.6 1.3
Phenols 52.5 53.5 46.1 37.3 32.1
Acids 0.1 0.1 0.1 0.1 1.7
Aldehydes - 0.3 0.3 1.1 0.1
N and S 2.5 1.8 2.2 3.2 1.3

", WHSV /h™
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Table 9 Gas composition for co-cracking of bio-oil
and ethanol at different WHSV (=500 C)

Content w/ %

Composition " , . . p
1.5 1.875" 2.5 3.75" 1.5
CH, 5.2 3.8 2.6 2.6 2.4
coO 8.5 7.1 5.7 6.4 6.5
Co, 4.6 4.0 3.2 3.1 3.0
C,H, 44.7 55.8 68.6 74.0 75.0
C,H, 14.8 11.7 8.0 6.5 7.6
C,H; 2.1 2.2 2.6 3.7 3.7
C,H, 14.5 12.4 8.0 3.6 1.9
C,H,, 5.6 3.1 1.3 0.3 -
", WHSV /h™
345 i
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F0.1% SR, BAEH A Y= %8 46.8% ,
EAMA&F= Y CO, f1 CO MR IEIL 9. 5% , Ik T
WHSV 1.5 h™' i} CO, 1 CO By EM 13.1% ,
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