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Liquefied products of microcrystalline cellulose using

hydrolysis decomposition
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(School of Sciences, Zhejiang A & F University, Lin’an 311300, Zhejiang, China)

Abstract: To explore the effect and the degradation pathway of each acid catalyst degradation of microcrys-
talline cellulose. Microcrystalline cellulose (MCC) was utilized as the raw material with a hydrothermal synthe-
sis reaction being used for degradation. The MCC degradation products were treated with sulfuric acid, sodium
periodate, and phosphotungstic acid and then analyzed by gas chromatography-mass spectrometry (GC-MS) for
structure and mechanisms of the degradation products. Results showed that when different acids acted on mi-
crocrystalline cellulose, they gained organic acids, ketones, aldehydes, alcohols, or esters. However, different
acids received specific degradation products with varying structure and content. Analyzing the reaction mecha-
nism showed that degradation mechanisms differed. [Ch, 3 fig. 4 tab. 25 ref. ]
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Figure 1 GC-MS chromatogram of liquid product of 40% sulfuric acid
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Table 1  Components of liquid product of 40% sulfuric acid
e ALEw 731 Vi t/min A XS 35 /%
1 TTHRH S butanoic acid methyl ester CsH,0, 102 4.109 0.22
2 2-H 3-3-1% [ 2-methyl-3-pentanone CeH O 100 4.258 0.04
3 FH 4 5L 2T methoxy acetaldehyde C;3HO, 74 4.460 0.02
4 3-C [l 3-hexanone CeH .0 100 5.323 0.06
5 JY % B 5 pentanoic acid methyl ester CeH .0, 116 6.065 0.28
6 5-2%[il] 5-decanone CoHxO 156 6.345 0.06
7 4-H IR B i 4-methyl-pentanoic acid methyl ester C,H,0, 130 7.395 0.08
8  Hill glycerin C.H,0, 92 7.588 092
9 2-H & Ft 2 [ 2-methoxy-ethanol C3Hz0, 76 8.088 0.14
10 2-Fifil 2-heptanone C,H,,0 114 8.238 0.07
11 2,5- " H A FLPU A R IR 2,5-dimethoxy-tetrahydro-furan CeH .05 132 9.694 0.06
12 2-FRFE IR R 2-hydroxy-propanoic acid methyl ester C,HgO4 104 11.430 0.56
13 ST RN R —H i isobutyl-malonic acid dimethyl ester CoH 0, 188 12.010 0.19
14 1,3- 4 3 % -2-F 1,3-dioxolan-2-one C5H,04 88 13.04 0.11
15 MR H R octanoic acid methyl ester CoH 50, 158 13.189 0.31
16 4 TR W5 ethanedioic acid dimethyl ester C,HO, 118 13.501 0.10
17 LR acetic acid C,H,0, 60 14.378 0.16
18 HERE furfural CsH,0, 96 14.625 0.26
19 3-H -2 R B iR 3-methyl-2-furancarboxylic acid methyl ester C;HgO4 140 16.038 0.17
20 R Propanoic acid C;HO, 74 16.314 0.01
21 4-FR I TR H IR 4-oxo-pentanoic acid methyl ester CeH 05 130 16.968 0.76
22 LT R — B B methyl-butanedioic acid dimethyl ester CH,0, 160 17.022 0.12
23 3-F2FE U E kR 3-hydroxytetrahydrofuran C,H,0, 88 17.450 0.04
24 T /g ¥ Ji§ butanedioic acid dimethyl ester CeH 004 146 17.566 0.45
25 2K H iR B 5 benzoic acid methyl ester CsHO, 136 17.976 0.04
26 K L1 benzeneacetaldehyde CsHsO 120 18.325 0.04
27 5-H 3E-2(5)-mkH 5-methyl-2 (5H) -furanone CsHqO, 98 18.960 0.02
28 % R B iE pentanedioic acid dimethyl ester CH,,0, 160 19.767 0.12
29 2-H 3E-1,3- 5 3 b 2-methyl-1,3-dioxolane C,Hs0, 88 23.147 0.13
30 14-—EH b 1,4-dioxane C4Hz0, 88 23.279 2.07
31 RNR H 5 benzenepropanoic acid methyl ester CoH 0, 164 24.004 0.15
32 L2 hexanoic acid CeH 1,0, 116 24.189 0.05
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x®1 (%)

Fo aY 57 Vi Ry t/min ARX 55 /%
33 2,4-FF "R H S hepta-2,4-dienoic acid methyl ester CsH 0, 140 25.362 0.11
34 2-¥FE N R 2-hydroxy-propanoic acid C3HeO5 90 26.694 0.11
35 2,5,8,11,14- 14 7~ bi-16-F 2,5,8,11,14-pentaoxahexadecan-16-ol CH,,04 252 28.361 0.18
36 R B E methyl-2-furoate CeHoO;4 126 28.498 0.06
37 F+ PU R H g methyl tetradecanoate CsH30, 242 29.325 0.14
38 O R hexanoic acid, anhydride CpH»05 214 31.655 0.02
39 14-28 —HiR —H g 1,4-benzenedicarboxylic acid dimethyl ester CoH 00, 194 32.066 0.35
40 12-5£-4 12-crown-4 CsH 04 176 32.385 1.59
41 FAR TR H IR hexadecanoic acid methyl ester C;H30, 270 33.994 2.31
42 T- R W 5 nonanedioic acid dimethyl ester C1HyO, 216 34.230 0.35
43 P P T tetraethylene glycol diethyl ether CpHxOs 250 34.760 0.13
44 1,2,3- = H &I 2 4 1,2,3-trimethoxy-hexane CoHx05 176 35.000 2.27
4-5H, T HL-2,3- — A8 B -6 S -a-D- Ik IR H 52 B 4-O-acetyl-2,3-
45 CioH 1505 234 35.380 0.29

di-O-methyl-6-deoxy-a- D-mannopyranoside
1,24-= H g H i 3& T %¢ 1.2,4-butanetricarboxylic acid, trimethyl

46 CioH 1605 232 35.855 0.77
ester

47 2,4- " H LR R 2,4-dimethyl-pentanoic acid methyl ester CsH 0, 144 35.935 1.94
48 +-LR T heptadecanoic acid methyl ester CisH30, 284 36.049 0.72
49 T R-10-+—45 3 g butyric acid undec-10-enyl ester CsHx0, 240 36.475 1.22
50 2-¥kFE & IR 2-oxoadipic acid CeHgO5 160 36.698 0.49
51 4-H S FL-1-T i 4-methoxy-1-butanol CsH,0, 104 37.005 0.77
52 1,3,6- =S 2 ¥ I 1,3,6-trioxocane CsH,05 118 37.080 1.59
53 1,6- i & -1-H # 8 1,6-dideoxy-l-mannitol CeH 1,04 150 37.215 1.19
54 1,3- % % ¥ 1,3-dioxolane C3HsO, 74 37.370 4.65
55 9-FKF T-TR  li§ 9-phenyl-nonanoic acid methyl ester CeHx0, 248 37.571 1.50
56 i J8 R HH B octadecanoic acid methyl ester CoH350, 298 37.977 8.94
57 3-HIL IR 2 JE-2-F iR 3-methyloxirane-2-carboxylic acid C,HO4 102 38.522 1.61
58 ZHAEFEIBE 1,2,3-trimethoxy- propane CeH 14,0 134 38.691 1.03
59 2-+ [ 2-dodecanol C,Hx0 186 38.782 1.99
60 1,3-W7H EE-D-Fiffiiff 1,3-Methylene-d-arabitol CeH 1,05 164 39.310 1.12
61 15-5%£-5 15-crown-5 CioHxO5 220 39.381 3.11
62 WA L EH R L Tig oxirane-2-carboxylic acid ethyl ester CsHg05 116 39.480 1.24
63 2-2. 3 B R ' E, 2-ethyl-hexanoic acidmethyl ester CoH 50, 158 39.850 3.15
64 F A B R 5 T 3R carbonic acid, isobutyl propyl ester CgH 605 160 40.020 0.58
65 3,6- " 3E-4.5-2% i 3,6-dimethyl-4,5-octanediol CoH»0, 174 40.113 2.1

66 1,2- " HE X 2 1,2-dimethoxy-ethene C,H 0, 88 40.425 3.95
67 T4 F R diethyl-acetic acid CeH O, 116 40.935 0.74
68 3-2,3-3-C B 3-ethyl-3-hexanol CgH ;g0 130 41.525 0.86
69 H A B 2R 5T T R methoxyacetic acid,2-methylpropyl ester C.H,,05 146 41.655 0.49
70 3-HZ LT I iE 3-methoxy-propanoic acid methyl ester CsH 05 118 41.855 1.73
71 HAA LR 1-methoxy-2-propanone C,H{0, 88 42.110 0.35
72 1,4-— A2 T ki 1,4-dimethoxy-butane CeH 1,0, 118 42.205 0.71
73 H 4 3 218 Z IF mthoxy-acetic acid ethyl ester CsH 005 118 42.270 0.94
74 i hexagol CH,,0 102 42.895 1.10
75 2-H 3-3,5- "4 O iR 2-(methoxymethoxy) -propanoic acid CsH 00, 134 43.395 0.76
76 FHET R malic acid C,HqOs 134 43.54 0.52

77 = i triethylene glycol CeH 4,04 150 44.905 0.23
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Figure 2 GC-MS chromatogram of reaction 5 h about microcrystalline cellulose and periodate acid

R2 SMEKBRRTWAR (RS h)

Table 2 Components of liquid product of periodate acid (5 h response)

F5 [ AER7] 5y ¥ gy t/min ARXS B 12/ %
1 1-NfE 1-propanol C;H0 60 5.194 17.45
2 23-THI-1,3-F 2 i 2,3-dimethyl-1,3-cyclohexadiene CgHpp 108 5.442 8.28
3 3-WZH-1-H FIR R 3-ethylidene-1-methyl-cyclopentene CgH s 111 5.862 2.53
4 XF T HZE pxylene CgHyo 106 6.995 2.16
5 4B H K o-xylene CsH,o 106 7.151 2.25
6  1,3,5,5-PUH 3E-1,3-3F & 4 1,2,5,5-tetramethyl-1,3-cyclopentadiene CoH 4 122 7.703 2.65
7 1,23-=H R 1,2,3-trimethyl-benzene CoHy, 120 9.587 1.62
8 1,2,4-= W 3 1,2,4-trimethyl-benzene CoH,, 120 10.440 1.63
9  HR formic acid CH,0, 46 15.404 10.46
10 2[5H]-wWkIg AR 2[ 5H ]-furanone C,H,0, 84 20.494 16.75

11 3.4-— ¥ 3-2-nk g R 3,4-dihydroxytetrahydro-2-furanone C,H,0, 116 45.323 34.22
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Figure 3 GC-MS chromatogram of reaction 8 h about microcrystalline cellulose and phosphotungstic acid
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Table 3 Components of liquid product of phosphotungstic acid (8 h response )

AX10°

Jrs ey i RV A o t/min ARXS 3 45 /%
1 1-N [ 1-propanol C;H0 60 5.246 41.15
2 1,2,4- 75 = H R 1,2,4-benzenetricarboxylic acid CoHeO4 210 5.350 24.00
3 2,3- T HBE-1,3-FR & T 2,3-dimethyl-1,3-cyclohexadiene CsHpp 108 5.453 12.78
4 1,2,5,5-PY B 36-1,3-38 )% 45 1,2,5,5-tetramethyl-1,3-cyclopentadiene CoH 4 122 7.682 1.99
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o SN A
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