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Influence of ZSM-5(38)/AI-MCM-41 composite molecular
sieve catalysts on pyrolysis of cellulose
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Abstract: Pyrolysis of cellulose with different catalysts has been conducted in a fixed-bed reactor. Micro-mesoporous composite
molecular sieves of ZSM-5(38)/AI-MCM-41 with different Si/Al ratios were prepared under hydrothermal conditions. With powder
X-ray diffraction (XRD), the catalyst samples were characterized. GC-MS was used to analyze the bio-oil composition. The effects of
catalysts on the pyrolysis product yields were investigated and the results were compared with the results of experiments performed
without catalyst under the same pyrolitic conditions. The presence of the catalysts decreased the liquid yield, while increased the
moisture content. The major improvement in the quality of bio-oil with the use of catalysts was the increase of DL-2,3-Butanediol.
ZSM-5(38)/A1-MCM-41(20) favored the formation of phenol and 2-methoxy-phenol. In addition, these catalysts were all benefit for

the generation of small molecular compounds. Also, it was found that ZSM-5(38) was better for the production of C,—Cs compounds.
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And micro-mesoporous composite molecular sieves mainly promoted the production of C4—Cg compounds.

Keywords: composite molecular sieve, catalytic pyrolysis, cellulose, bio-oil
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Fig. 1  Schematic diagram of experimental apparatus. 1:
nitrogen; 2: rotameter; 3: heater; 4: reator; 5: condenser; 6:

collector; 7: vacuum pump; a: catalyst layer; b: sample layer.
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Fig. 2 XRD patterns of catalysts.
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Effects of catalysts on the distribution of pyrolysis
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Table 1 Effects of different catalysts on the composition of
bio-oil

Non-catalyst Z38 Z38/M20 Z38/M40 Z38/M60

Type (%) %) (%) (%) (%)
Hydrocarbons 3.82 0.00 0.00 0.00 0.00
Alcohols 20.38 40.62 36.79 33.56 36.55
Ketones 8.04 5.93 7.29 7.75 8.51
Aldehydes 12.11 10.51 8.27 10.06 9.94
Esters 18.40 13.75 14.14 16.59 14.85
Ethers 14.11 10.63 10.98 12.02 11.86
Furans 12.26 10.82 9.98 10.27 8.32
Aromatics 5.85 4.10 7.80 6.23 6.65
Acids 5.04 3.66 4.77 3.53 3.32
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Table 2 The components and relative content of the oil derived from pyrolysis of cellulose

Retention

time (min) Component Non-catalyst (%) Z38 (%)  Z38/M20 (%) Z38/M40 (%) Z38/M60 (%)

3.03 Furan,2,3-dihydro-5-methyl 1.03 - - - -

3.17 2-Butyne 4.39 4.09 1.94 3.70 3.32
3.21 Acetic acid,methoxy-,methyl ester - 1.42 1.19 1.44 1.85
3.31 DL-2,3-Butanediol - 27.14 20.37 20.52 24.15
3.36 Cyclobutene,2-propenylidene- 3.82 - - - -

3.43 1,2-Propanediol,2-acetate 3.99 1.29 3.32 3.01 1.12
3.58 Acetic anhydride 2.42 1.09 1.69 1.38
3.71 1-Deoxy-2,4-methylene-3,5-anhydro-d-xylitol 2.51 1.42 1.99 2.20 1.26
3.79 Ethane,1,1,2-trimethoxy- 3.04 3.15 2.56 1.76 3.55
4.23 Furan,2-(methoxymethyl)- 6.10 4.57 4.56 3.80 3.32
4.37 Pent-2-ynal 6.10 5.37 5.10 4.83 5.41
4.49 2-Pentanone,4-hydroxy-4-methyl- 4.08 4.19 4.32 4.26 5.23
4.80 2-Methyoxirane-2-carboxylic acid,methlester - 1.68 - 1.49 1.88
S e
5.19 Furan,tetrahydro-2,5-dimethoxy- 2.90 3.41 2.66 3.68 2.68
5.46 1,1,3-Trimethoxypropane 1.08 1.79 1.46 1.31 1.71
5.56 Furan,tetrahydro-2,5-dimethoxy- 3.26 2.84 2.76 2.79 2.33
5.86 2-Cyclopenten-1-one,2-methyl- 1.99 1.74 1.96 1.84 1.54
5.95 Ethanone, 1-(2-furanyl)- 0.94 - 1.00 0.80 0.99
6.14 Benzene, methoxy- 1.41 1.70 1.90 1.30 2.09
6.58 2-Methyl-2,3-pentanediol 5.93 4.14 4.11 4.02 4.02
7.20 2-Furancarboxaldehyde,5-methyl- 1.62 1.05 1.23 1.53 1.21
7.59 Phenol - - 1.53 1.32 1.32
8.13 (1-Methoxy-pentyl)-cyclopropane 2.13 1.75 2.18 2.15 1.75
8.86 (S)-3-Ethyl-4-methylpentanol 1.59 1.65 1.81 1.53 1.10
9.54 5,6-Decanedione 1.03 - - 0.84 0.76
10.64 Phenol,2-methoxy- 2.89 2.40 2.95 2.47 2.30
10.82 trans-3,4-Dimethylcyclopentanone 2.67 2.06 2.36 1.90 1.65
11.25 1-Methoxy-3-methyl-2-butene 1.89 1.35 1.62 1.46 1.08
11.66 3-Methylnon-1-yn-3-ol 2.05 2.19 2.19 1.68 1.93
12.18 Ether,hexylpentyl 1.44 - 1.18 1.31 1.11
12.36 2-Furanmethanol,tetrahydro-5-methyl-,trans- 0.97 - 0.99 0.83 0.75
12.52 2,4-Hexadienedioic acid,dimethyl ester,(Z,Z)- 8.93 5.21 7.13 5.74 5.63
15.65 1,3-Dioxolane,2-(3-methoxypropyl)-2-methyl- 2.04 1.17 - 1.84 1.40
17.54 Phenol,3,4-dimethoxy- 1.56 - 1.42 1.14 0.94
18.55 ﬁiﬁg;‘;ﬂi‘;";{&ﬁ;@ghyl'betal' I-threo-hex 5.04 3.66 4.77 3.53 3.32
18.86 gl’gl_lji'%fny;&f;‘lr_anoSide’methyl 2.46 1.83 2.97 1.51 1.53
19.07 2-Methyl-2,3-pentanediol 3.66 1.62 2.00 1.58 1.42
21.19 2,4-Hexadienedioic acid,dimethyl ester,(E,E)- 1.68 1.00 1.30 1.03 1.00
25.97 Methyl(methyl-4-deoxy-2-O-methyl.beta.l-thr 1.39 057 _ 031 0.70

eo-hex-4-enolpyranosid)uronate
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Table 3 Effects of different catalysts on carbon chain
number of bio-oil constructions

Number of Non-catalyst Z38 738/ 738/ 738/

carbon chains (%) (%) M20 (%) M40 (%) M60 (%)
C, 345 29.65 21.56 23.66  27.38
Cs 1752 1558 1292 1479 1527
Cs 3504 2825 3177 3133 29.06
C, 8.12 410 484 377 439
Cs 2597 1656 2175 1820  16.57
Cy 5.40 3.68 3.80 442  3.53
>Co 4.52 219 337 383 381

SR, RN A Ay LA A . AR T R
A 2-THe, DL-2,3-T ZEE, 2-(H AU I 3k )-mk g
2-Jeh-1-TE | AR AR -4 R 20 L 2-FP BE-2,3- 1K
TRE . 2-MEE R . WSIEALTE , ARl
D L-2,3- T RA g, Hr, 238/M20 & A F
FRE . MOIAE Q-HAIE-Km) MER. 55k,
LB A YA S BRI, WS, Cy ik
AT BN, Cs XL EALA W & L e,
F WX TURIMEE AL T34 R T /N TR S 9 A A
IAh, ZSM-5(38) A FIF Co~Cs I GHIHI AL, -
WAL A5 F I A R T Co~Cs LB I A2 5L
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