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Influence of Alkalic Additive and Catalysts on Straw Liquefaction in Mixed Solvent

TONG Jing-yi, YUAN Xing-zhong, ZENG Guang—ming, WANG Li-hua, LI Hui, CHENG Ming-yang, YANG Dan

(College of Environmental Science and Engineering, Hunan University, Changsha 410082, China)

Abstract: Liquefaction of straw to produce bio—oil in mixed solvent( ethanol-water mixture ) was carried out in a 1 000 mL autoclave at 573

K. In the present work, the alkalic additives were NaOH and KOH, while the catalysts were Na,CO;, K,CO; and Fe ion—exchanging HZSM-5

zeolite catalysts, respectively. The results showed that the bio—oil yield increased obviously by the addition of NaOH. In the NaOH run, the
bio—oil yield was enhanced from 38.64% to 53.27%, and the conversion of the liquefaction was increased from 85.31% to 90.54%. The hy—
drothermal liquefaction of straw was studied with the same alkalic additives and catalysts in the mixed solvent liquefaction. Comparing the re—
search results of the two different reaction systems(mixed solvent system and hydrothermal liquefaction system ), it indicated that alkalic ad—
ditives and catalysts were more effective in the mixed solvent system. With the addition of NaOH, the yield of oil 1 in mixed solvent system
and hydrothermal liquefaction system was improved by 14.63 % and 2.476%, respectively. The bio—oils were analyzed with gas chromatog—

raphy—mass spectrometry(GC—MS ), and the results indicated that the component characterization of bio—oil was largely depended on cata—
lyst. The amount of hydrocarbon was enhanced in the NaOH run, while amount of aromatic compounds was increased in FeHZSM-5 run.
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Figure 1 Effects of KOH, NaOH on yield of straw mixed—solvent

liquefaction and hydrothermal liquefaction
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Figure 2 Effect of different catalyst on yield of straw mixed—solvent
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Table 1 Identification of compounds in bio—oil by GC MS analysis at non—catalyst, NaOH and FeHZSM-5 catalyst

23 /%

e Hﬁl% fesi 25 W NaOH - FeHZSM-5 fi#fk
1 10.81 C,H0, 2(3H)-Naphthalenone, 4,4a,5,6,7,8-hexahydro—1-methoxy— 2.63
2 12.68 CppHs0; 2-Allyl-3, 6—dimethoxybenzyl alcohol 0.71 0.5
3 12.82 CyHi05 1-(2,5-Dimethoxyphenyl )—propanol 2.55
4 14.51 CyuHiO4 Phenacetic acid, 2,3,5,a, a—pentamethyl-6—carboxy— 1.15
5 14.58 Cy,H.,0; Phenol, 2,6-dimethoxy—4—(2-propenyl )— 0.56
6 14.69 CyHg Dotriacontane 0.76
7 15.21 CyHpOs Ethanone, 1-(4-hydroxy-3,5-dimethoxyphenyl )- 3.82 2.64 16.22
8 16.30 CyHg Dotriacontane 2.31
9 16.82 C;sHxO Oleyl Alcohol 3.30 222
10 16.85 CxHy O, Ethanol, 2—(9-octadecenyloxy)—, (Z)- 3.70
11 17.61 CyHgO, 9-Hexadecenoic acid, 9-octadecenyl ester, (Z,Z)- 1.83
12 17.72  CyHs, Octadecane, 3—ethyl-5-(2-ethylbutyl )— 3.19 2.31
13 17.74 C;;H30, 7-Methyl-Z-tetradecen—1-ol acetate 2.17
14 18.21 C;H»04 Dibutyl phthalate 1.65
15 18.88 CjsHx0, Octadecanoic acid 16.36 12.95 10.38
16 19.05 CxHi Docosane 1.73 1.79
17 20.22 CxHy Heptadecane, 9-hexyl—- 3.39 2.16
18 20.93 CyHi0, Linoleic acid ethyl ester 3.60 3.18 39
19 21.29 CxH4O, Heptadecanoic acid, 15-methyl—, ethyl ester 5.04 2.65
20 21.46 CxHs Octadecane, 3—ethyl-5-(2-ethylbutyl )- 3.53
21 21.48 CxHpO Anthiaergosta—5,7,9—-trien—3—one 1.92
22 22.94  CyHy 2-methyl-Octadecane 2.8
23 22.99 CxHu Docosane 2.72
24 24.58 CxpHy0;18-3-Epoxyandrosta—5,7-dien—17-one, 4,4-dimethyl-3a-methoxy- (10a,13a) 3.35
25 24.73 CyHgO 1-Dotriacontanol 2.09
26 24.84 CxHy Heptadecane, 9-hexyl— 2.3
27 24.86 CxHp0, Cyclopentan—3—onelc Janthracene, 4-hydroxy-8,9,10,11,15,16,17,18- 2.49
28 27.14 CyHxO 1-Eicosanol 1.49
29 27.34 CxHg Nonacosane 1.50 1.83
30 29.98 CyHx0Os Phenanthrenequinone, 1,4,8-trihydroxy—2-methyl-3—(4—methylvaleryl )— 1.78
31 30.06 CyHi0, Tricosanoic acid, methyl ester 2.08 1.22
32 30.29 CyHs, 1-Hexacosene 0.73
33 30.56 CyHs0, Pentacosanoic acid, methyl ester 0.89
34 34.08 CyxH.,05 Bikaverin 0.94
35 39.62 CyHs0, Pentacosanoic acid, methyl ester 2.60 2.4

(2)it 3 55 S 7K VA ) 2645 T B0 4 A 1 S 1o it
FIRF L I FEIEISR RN AL A0 A5 T AR R mT
PASAHE R PO HEACRICR, , AR IHR TR 25 F AL Y
HEACBCR SN o 32 PR A 5 S R 3R 4
i IR, DRI B 7 i 0 A e Pt B
VAT R B A R BE AL SRR PR (A AR R TR A I
FAVEN SR Ao, o0k S EAT A BEIn A
JES, TELEHER L AT L RE RS S 43 A 45 AL 77

FOMEARAE FE, AT oo A 2 el 4 7 e R AR A I I A
AR,

(33t X 7= AT GC-MS 2347 & IR AL 541
B INANA AT AR ey A= ik i 7= i, i EL AT DA ek A
W AR, 30 (5 A A A AR ol S A R B s B A
A2 R AT BE L IR AL T AT A i B 254G 55
AEVR B . Horf NaOH BOFSINA B T m ekt
JEAE A Wi R B AR FeHZSM=5 (VR IInAg Bh T35 3



i

5 28 445 8 W] D

B ¥ 4 1717

A& A A
BE L

[1] Yuan X Z, Li H, Zeng G M, et al. Sub—and superecritical liquefaction of
rice straw in the presence of ethanol water and 2 propanol water mix—
ture[]]. Energy, 2007, 32:2081-2088.

[2] Yuan Xingzhong, Xie Wen, Zeng Guangming, et al. Influence of catalyst
on the yields and properties of products from biomass liquefaction in
subcritical water|]J]. Int J Biotechnology, 2008, 10:35-44.

[3]Lu Y J, Guo L J, Ji C M, et al. Hydrogen production by biomass gasifica—
tion in supercritical water: A parametric study[J]. International Journal
of Hydrogen Energy, 2006, 31 :822-831.

[4] Armando T Quitain, Nobuaki Sato, Hiroyukid Daimon, et al. Qualitative
investigation on hydrothermal treatment of hinoki ( chamaecyparis ob—
tusa ) bark for production of useful chemicals[J]. J Agric Food Chem,
2003, 51:7926-7929.

[5] Tim Rogalinski, Kaiyue Liu, Tobias Albrecht, et al. Hydrolysis kinetics
of biopolymers in subcritical water{J]. J of Supercritical Fluids, 2008, 46 :
335-341.

[6] Ogi T, Yokoyama S, Koguchi K. Direct liquefaction of wood by catalyst.
Part 1. Effect of pressure, temperature, holding time and wood/catalyst/
water ratio on oil yield[J]. Sekiyu Gakkaishi, 1985, 28(3):239-245.

|7] Selhan Karagiz, Thallada Bhaskar, Akinori Muto, et al. Low—tempera—
ture catalytic hydrothermal treatment of wood biomass : analysis of liquid
products|J]. Chemical Engineering Journal, 2005, 108 127-137.

|8] Selhan Karagiz, Thallada Bhaskar, Akinori Muto, et al. Hydrothermal
upgrading of biomass: Effect of K,CO; concentration and biomass/water
ratio on products distribution[]]. Bioresource Technology, 2006, 97 : 90—
98.

[9] Fang Z, Minowa T, Smith R L, et al. Liquefaction and gasification of
cellulose with Na,COs and Ni in subcritical water at 350 °C[J]. Ind Eng

Chem Res, 2004, 43, 2454-2463.

[10] 5k 7, 257K %8. ZSM=5 3 F-RE7EHRih Tl R Tk fiEfk,
2006, 14(8):23-26.

ZHANG Bao—xiang, LI Yong—tai. Application of ZSM-5 zeolites in oil
refining[J]. Industrial Catalysis, 2006, 14(8) :23-26.

[11] Lappas A A, Samolada M C, latridis D K, et al. Biomass pyrolysis in a
circulating fluid bed reactor for the production of fuels and chemicals|J].
Fuel, 2002, 81:2087-2095.

[12] Mastral J F, Berrueco C, Gea M, et al. Catalytic degradation of high
density polyethvele over nanocrystalline HZSM -5 zeolite[J]. Polymer
Degradation and Stability, 2006, 91:3330-3338.

[13] Zhao Guoliang, Teng Jiawei, Xie Zaiku, et al. Effect of phosphorus on
HZSM -5 catalyst for C4—olefin cracking reactions to produce propy—
lenelJ]. Journal of Catalysis, 2007, 248 :29-37.

[14] Lu Jiangyin, Zhao Zhen, Xu Chunming, et al. FeHZSM -5 molecular
sieves—Highly active catalysts for catalytic cracking of isobutane to
produce ethylene and propylene[J]. Catalysis Communications, 2006,
7:199-203.

[15] Chen Lidong, Wang Xiangsheng, Guo Hongchen, et al. Hydroconver—
sion of n—octane over nanoscale HZSM -5 zeolites promoted by 12—
molybdo Phosphoric acid and Ni[]]. Catalysis Communications, 2007,
8:416-423.

[16] 2% ¥, 32 2%H, OB, 45 IR R AR I S AT
SEMARIERIT]. 4l T A4, 2008, 24(5):200-203.

LI Hui, YUAN Xing—zhong, ZENG Guang-ming, et al. Effect of mixed
solvent on the sub—and supercritical liquefaction of agricultural waste[J].
Transactions of the CSAE, 2008, 24(5) :200-203.

[17] Alper Sandglan, Omer Tung Savatsei, et al. The effect of support mor—
phology on the activity of HZSM -5 —supported molybdenum catalysts
for the aromatization of methane[J]. Journal of Catalysis, 2007, 246 .
35-39.



