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Preliminary study on the antagonistic mechanisms of xylose

utilization and robustness in Saccharomyces cerevisiae

Fangqing Wei', Ai Yuan', Menglei Li', Hongxing Li', Lili Xu'*", Jianzhi Zhao'*",

Xiaoming Bao'?

(" College of Bioengineering, State Key Laboratory of Biobased Material and Green Papermaking, Qilu University of
Technology, Shandong Academy of Sciences, Shandong, Jinan, 250353; ? State Key Laboratory of Microbial Technology,
Shandong University, Shandong, Jinan, 250100)

(Xiaoming Bao: 18678789961, baoxm@gqlu.edu.cn; Jianzhi Zhao: 18764407976, zhjzh 2006(@126.com; Lili Xu: 18340027327,

xulili@qlu.edu.cn)

Abstract: The xylose utilization and the tolerance to inhibitors in Saccharomyces cerevisiae have an
antagonistic phenomenon that goes up and down. In our preliminary work, we have obtained three types
of strains with higher xylose utilization, higher inhibitor resistance, and synergistic improvement of the
two aspects. The growth test under single inhibitor stress indicated that strains have different resistance
to individual inhibitors, and they showed antagonistic phenomenon in tolerance to acetic acid and xylose
utilization. Subsequently, the above three types of strains were treated with glucose, xylose and acetic
acid, and a multi-level transcriptome analysis was carried out from the perspective of gene perturbation
and environmental perturbation. We initially screened out 17 target genes that may alleviate the
antagonistic phenomenon and revealed that the deletion of the ASK/0 gene can help alleviate the
antagonism between xylose utilization and the tolerance to acetic acid. Further research will combine
targeted metabolome and transcriptome analysis to discover more regulatory elements to reveal the
antagonistic mechanism.

Keywords: Saccharomyces cerevisiae; Antagonism; Transcriptome; ASK/0



2020 £ 2 2 IR A NI BR B 22 AR AT 2 PERS: 2018YFB1501401-02

FYFRARFER CO/CO, £ L EE B RETR1L : pH MR
LA

a%E, XK, #x5, BER, BR, &%
(ERAZRIES 30 ) TRRERE: (R AIRRIERI A R R G E M E S =; LREMIRTR, =
PR, 400044) (BEZHIE: 023-65102015 , E-mail: yunhuang@cqu.edu.cn)

W T VAR AR R AR, AR COL COn ZETONUBR T 1 40 18 R R I 7 LB
SERRRL. AR R PR AR R — AN BRI . AR T DA R AR AR I S R T = A R
RS, g CO/CO S5 UMRTE R BAR T AL RE JT, 4 Hh AR 6T 25 20 A0S vl 1 i 11 van 280U R B A
YRR SRS, A /NBIHAE T AR, 5 8 R s N SR AR A R I, A R B
(Kra) & 0.785s !, [RILLIRR T 29 70 £ . 7EULEERN BH pH ¥ BB K & CREARY, RINTE pH N 7 B,
FIFHAK (ODs00=1.39); pH N 6 i, &G LREAH, LMl S.1g/L, N8RS R KR A KA
FERER B BO P B8 T Rl

KA VAR REKREE AEVIRR A SR pH

Biomass pyrolysis gas CO/CO; biological fermentation performance
enhancement for alcohol production: pH and gas-liquid transmission

regulation

Yunheng Tang!?, Wentian Gan'?, Yun Huang'>*, Ao Xia'?, Qiang Liao'?, Xun Zhu'
(1.School of Energy and Power Engineering, Chongqing University

2. Key Laboratory of Low-grade Energy Ultilization Technologies and Systems, Chongqing University, Ministry of
Education, Chongqing; 400044, China)

Abstract:In the process of biomass pyrolysis, a large amount of pyrolysis gas is produced. Inorganic carbon such as
CO and CO:z in the pyrolysis gas can be used by bacteria to produce ethanol and other fuels by fermentation. The
process of using pyrolysis gas by microorganisms is a gas, liquid, and solid three-phase reaction process involving
gaseous substrates, liquid substrates and microbial cells. The gaseous substrates are dissolved in the liquid substrate
and then absorbed by the microbial cells. However, due to the slightly solubility of CO/COx, it limits the interaction
between gaseous substrates and microorganisms. Therefore, in order to improve the transfer capacity of CO/CO-
and other gases in the fermentation broth, a liquid spray type gas-liquid reverse transmission of high-efficiency gas
fermentation is designed. The atomized droplets are in contact with the bottom-up gas in the falling process and
quickly reach a saturated state, thereby achieving the effect of enhancing gas-liquid mass transfer. The mass transfer
coefficient (KLa) of which gas reaches 0.785s!, which is about 70 times higher than that under non-sprayed
conditions. On this basis, the effect of pH on the growth and metabolism of the flora was studied by continuous air
supply and constant pH control. It was found that the growth condition was optimal at pH 7, and the OD600 reached
1.39. While when the pH was 6, the ethanol output is the highest at 5.1g/L. It also lays the foundation for the
subsequent continuous gas fermentation growth and phased regulation of alcohol production.

Keywords: Biomass pyrolysis gas; gas fermentation; biofilm reactor; gas-liquid mass transfer; pH control
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Pretreatment of Corn Bran from Corn Deep Processing and

Producing to Ethanol through Microbial Fermentation

Menglei Li!,Fangqing Wei!, Hongxing Li', Jianzhi Zhao'*, Xiaoming Bao'*"

(! College of Bioengineering, State Key Laboratory of Biobased Material and Green Papermaking, Qilu University
of Technology, Shandong Academy of Sciences, Shandong, Jinan, 250353; 2 State Key Laboratory of Microbial
Technology, Shandong University, Shandong, Jinan, 250100)

(Xiaoming Bao: 18678789961, baoxm@qlu.edu.cn; Jianzhi Zhao: 18764407976, zhjzh 2006(@126.com)

Abstract: Expanding the source of lignocellulosic biomass is an important measure to promote the industrial
production of second-generation bioethanol. Corn bran as the waste was generated during corn deep processing, with
an annual output of more than one million tons. Its physical structure is relatively loose, composing of 65%
cellulose and hemicellulose, 11% starch, 11% protein, and only 5% lignin. Therefore, it is considered as an excellent
lignocellulose feedstock for the production of second-generation bioethanol. In this study, corn  bran was pretreated
by the dilute acid method, and then the solid-liquid ratio, acid concentration, treatment temperature, treatment time
and material fineness were optimized through single factor and orthogonal experiments. The results showed that the
xylose release rate reached 92% together with only producing 2.3 g/L of acetic acid in the solid-liquid ratio of 1:9,
the acid concentration of 0.5%, the treatment temperature of 115°C, and the treatment time of 120 min.. After further
enzymatic hydrolysis, the total release rate of glucose and xylose within 12 h can reach 91% of the theoretical value.
The results of oxygen-limited fermentation showed that 100% glucose and 81% xylose were consumed in 20 h, with
the ethanol yield of 0.46 g g'.

Keywords: bioethanol; corn bran; dilute acid pretreatment; optimal conditions
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Flocculation mechanism of Zymomonas mobilis for efficinet

ethanol production

Lian-Ying Cao, Juan Xia, Chen-Guang Liu”, Feng-Wu Bai"

(School of Life Sciences and Biotechnology, Shanghai Jiao Tong University, Shanghai 200240)

Abstract:

Zymomonas mobilis metabolizes glucose through the Entner-Doudoroff pathway with high
ethanol yield. ZM401, a mutant from ZM4 of Z. mobilis, can self-flocculate, and the unique phenotype
presents advantages in cost-effective biomass recovery and also robust production. Comparative genome
analysis indicated that the single nucleotide deletion in ZMO1082 accidently disrupted its own
transcription terminator and the transcription starter of the downstream gene ZMO1083 for their fusion
as a new gene ZMO1083/2 to encode the catalytic subunit A of the bacterial cellulose synthesis complex
for the synthesis of cellulose fibrils to flocculate the mutant. Moreover, the single nucleotide mutation in
ZMO1055 encoding phosphodiesterase for c-di-GMP degradation compromised its function for
intracellular accumulation of the messenger to regulate the cellulose synthesis. These discoveries are
significant not only for optimizing the self-flocculation of Z. mobilis, but also for engineering other
bacteria with the phenotype.

Keywords: Zymomonas mobilis, flocculation, cellulose, c-di-GMP, ethanol fermentation
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Synergistic effect of phosphomolybdic acid on rhodium-based
metalorganic frameworks promotes efficient selective

photocatalytic reduction of CO; to CO

Yurong Shan, Ren He, Chunyan Xu, Jing Wang, Dexiang Liu, Peng Zhan, Wenlei Wang, Hui Wang
(1. School of Materials Science and Engineering, Central South University of Forestry and Technology,
changsha, Hu' nan Province, 410004; 2. Ministry of Forestry Bioethanol Research Center, Changsha, Hu' nan
Province, 410004)

Abstract: Carbon dioxide CO: is the main product released from fossil fuels incineration process and serves as the
important greenhouse gas for global warming. In this work, the catalyst PMA@NH2-MIL-68(Rh) of
molybdophosphate supported NH2-MIL-68(Rh) was successfully synthesized by hydrothermal method, with a
metal-organic framework (NH2-MIL-68 (Rh)) as the carrier and PMA as active component. The electronic structure
of PMA@NH2-MIL-68(Rh) composite was analyzed by FTIR, XPS and DRS spectra. The results showed that the
terminal oxygen of molybdophosphate interacted with MOF to form Rh-O bond, accompanied by the formation of
Mo5™ active substance. The photocatalytic CO2 reduction performance test shows that the 0.63% PMA @ NH2-MIL-
68(Rh) composite achieves optimal catalytic performance, yielding 387.28 umol-g”! CO and 11.75 pmol-g-1 CH4,
respectively. In terms of the yield of CO, 0.63%PMA@NH2-MIL-68(Rh) is nearly 15 times of NH2-MIL-68(Rh).
The results of cycling and stability showed that the photocatalytic effect of PMA@NH2-MIL-68(Rh) composite did
not change significantly after repeated use for 5 times, indicating that it had good stability.

Keywords: NHx-MIL-68(Rh); mangosteen-like spherical structure; Phosphomolybdic acid; Selective catalysis;
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Butanol fermentation from cellulosic biomass waste of

sweetpotato residue

Liang Zhang, Li Tan, Kaize He, Hai Zhao, Yanling Jin

(Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu 610041, China)

Abstract: Studies were performed to produced Acetone butanol ethanol (ABE) from bioethanol production residues
using Clostridium acetobutylicum CICC 8012. The effects of sulfuric acid concentration and hydrolysis time on
sugar and ABE yield were investigated. At the same time, the effects of different detoxification methods, carbon
sources and nutrients on the ABE yield were compared. The results showed that the hydrolyzed sweetpotato residue
contained glucose, xylose and arabinose. The culture produced 8.92 g/kg ABE (91.11 of the theoretical yield)
from Ca(OH): over-limed sweetpotato residue hydrolysate (1% v/v sulfuric acid at 121°C for 30 min) though 72 h
fermentation. Extra carbon source and other nutrients could not significantly increase the ABE yield and shorten the
fermentation time, which indicated that the nutrients in the hydrolysate of sweetpotato residue could meet the
requirements of Clostridium acetobutylicum to produce ABE.

Keywords: Cellulosic biomass waste, Clostridium acetobutylicum, ABE production
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Improvement of high temperature and dryness resistance in
Saccharomyces cerevisiae by expression of intrinsically
disordered proteins (IDPs)

Ning Yan!, Hongxing Li"**, Xiaoming Bao'-*"

(* College of Bioengineering, State Key Laboratory of Biobased Material and Green Papermaking, Qilu University
of Technology, Shandong Academy of Sciences, Shandong, Jinan, 250353; 2 State Key Laboratory of Microbial
Technology, Shandong University, Shandong, Jinan, 250100)

(Xiaoming Bao: 18678789961, baoxm@qlu.edu.cn; Hongxing Li: 13356675927 lihongxing@qlu.edu.cn)

Abstract: One of the ideal characteristics of the Saccharomyces cerevisiae strains needed for efficient production
of second-generation fuel ethanol is the high temperature resistance. The optimal growth temperature of S. cerevisiae
is 25 ~ 30 °C, which usually does not grow above 40 °C. Intrinsic disordered proteins (IDPs) can protect cells from
different stresses by forming non-crystalline amorphous solid (vitrify) or by forming high-order components such
as reversible polymers or granules. In this study, Saccharomyces cerevisiae CEN.PK 102-5B was used as the starting
strain, and the IDP genes from various sources were heterologously expressed through centromeric plasmids. Several
recombinant strains with obvious high temperature tolerance were obtained by preliminary screening. The next step
is to verify its high temperature tolerance and screen potential strains that are resistant to desiccation and inhibitors,
in order to prepare active dry yeast strains for second-generation fuel ethanol.

Keywords: Saccharomyces cerevisiae, High temperature resistance, Desiccation resistance, Active dry yeast
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Study on co-liquefaction of microalgae and rice straw in

glycerol-water mixed solvent to produce bio-oil

Jia Xia, Long Han", Chengkun Zhang, Pingjiang Wu, Guogiang Xu, Yuelun WU, Kaili Ma
(Zhejiang University of Technology, Hang Zhou, 310014)

Abstract:

This study investigated the co-liquefaction of microalgae and rice straw in a glycerol-water mixed solvent to
produce bio-crude oil. The effects of reaction temperature, catalyst (K2COs3), residence time, raw material mass ratio,
water phase circulation on products' distribution and bio-oil characteristics were explored. The results indicated that
microalgae and rice straw showed a synergistic effect during the co-liquefaction process. When the reaction
conditions were 350°C, 10 minutes, S5wt.%K>COs3 and the raw material mass ratio was 1:1, the bio-oil yield achieved
42.22% and a positive synergistic effect of 8.86% was examined for co-liquefaction. Using GC-MS, elemental
analyses, SEM etc., the characteristics of bio-oil and hydrothermal carbon after co-liquefaction were analyzed. It
was found that the contents of fatty acids and ketones were higher than 30% and 10% respectively while that of
phenols was less than 3% in the co-liquefaction bio-oil, indicating that the introduction of microalgae effectively
improved the bio-oil quality of rice straw hydrothermal liquefaction.

Keywords: Co-liquefaction; Microalgae; Rice straw; Synergistic effect; Bio-oil
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Selective C3-C4 Keto-alcohols Production from Cellulose
Hydrogenolysis

Haiyong Wang, Qiying Liu, Longlong Ma
(Guangzhou Institute of Energy Conversion, Chinese Academy of Sciences)
Abstract:

Keto-alcohols, which are traditionally produced from fossil resource with multi steps, are considered as the
important intermediates for diversified high value-added fine chemicals synthesis due to their involved carbonyl and
hydroxyl groups. Herein, direct cellulose hydrogenolysis to the C3-C4 keto-alcohol products (hydroxyacetone and
1(3)-hydroxy-2-butanone) was achieved over Ni-WOx/C catalysts with the W/Ni atom ratio of 1.0-5.0. The keto-
alcohols yield was proposed to strongly depend on the W/Ni ratio and the catalyst annealing temperature. The highest
keto-alcohols yield of 63% was obtained at the optimal balance of basic/acidic WOx species and metallic Ni. The
introduction of Ni facilitated the formation of the basic W5+ sites, which enhanced the formation of basic sites at
the Ni-WOx interface. The synergistic effect between the basic W5+ and acidic oxygen vacancy (V6) could activated
the target C-O/C=0 bonds, promoting the isomerization of glucose and C3-C4 aldehyde intermediates with the
assistance of the interfacial Ni. The cooperative adsorption of the -OH and -C=0 groups at the Ni-O-W-V§ interface
stabilized the adjacent ketone and hydroxyl groups and remained the other hydroxyl groups for hydrogenolysis,
obtaining the final C3-C4 keto-alcohols. This work expanded the application of cellulosic biomass, enabling the
green and sustainable synthesis of the high valued C3-C4 keto-alcohols products using lignocellulosic biomass as
raw material.

Keywords: biomass, cellulose, keto-alcohols, Ni-WOx/C catalyst, hydrogenolysis
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Construction of Rice Straw Biorefinery Based on Alkaline

Recyclable Biphasic 2-Phenoxyethanol/Water System

Tan Xuesong, Zhang Quan, Zhuang Xinshu
(Guangzhou Institute of Energy Conversion, Chinese Academy of Sciences, CAS Key Laboratory of
Renewable Energy, Guangdong Provincial Key Laboratory of New and Renewable Energy Research

and Development, Guangzhou, 510640)

Abstract:

A novel recyclable alkali-assisted biphasic pretreatment process under mild conditions with low water
consumption is first developed. After conditions were optimized with the uniform design method, the biphasic 2-
phenoxyethanol system presented superior delignification performance with only 6 mL of water consumption per
gram of rice straw. Namely, the lignin removal reached 82.16% at 80 °C or 78.15% even at 55 °C. Then, according
to the characteristics of the biphasic system, the entire solvent circulation process was constructed. The recycled 2-
phenoxyethanol and washing wastewater were directly reused three times at 80 °C, giving more than 80% of lignin
removal. Meanwhile, enzymatic digestibility of corresponding residues still exceeded 80% in acetate buffer, or 71%
even in black liquor at 72 h. These show the possibility of constructing a biorefinery system based on an alkaline
biphasic pretreatment process, with less water and energy consumption, fractionable composition, solvent
recyclability, and black liquor utilization.

Keywords: Alkaline biphasic pretreatment, 2-Phenoxyethanol, Rice straw, Delignification, Recyclable biorefining

process
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B, Briage
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8 E: S-HMF (EHEENTHEFALEY, AN BAERENERNS~H& S-HMF LM%
EEXAAXE, AXURRAETARE, ARBREARNERBFETKBAEEE, ERRSE
ERMNAERFHUARE KRERBERHRERTHRKER S-HMF., #—5H ABEVFEBRELERE
f =4 S-HMF, MASKHl—$RA & B S-HMF. 7E 170°C, 20min R HZMT, S-HMF B9&RE Xk T
52.78%, S-HMF B9IEFE PN 66.83%, FEH|& S-HMF fIdREd, AWTRYP TR T X +F0E A E AR
BE-FVEFGRTHFHELE, WD BT T ARE-BNERFER THREERRENTERT R
AR S-HMF MR, X AAARE L AHESHMELSE SRR T —FITTHEBERR.

XBE: AHR, S-HMF, REAR, DGR FEFTER

Preparation of 5-HMF from Cellulose Catalyzed by Molten Salt
System Coupled with Solid Acid

Guan Mingzhao, Ma Qiaozhi*

(College of Materials and Energy, South China Agricultural University, Guangzhou, 510640)

Abstract: 5-HMF as an important renewable platform compound, how to use cellulose as a raw material to produce
5-HMF in high yield is the key to achieving efficient utilization of cellulose. Microcrystalline cellulose was used as
raw material in this article. Under the influence of molten salt system, cellulose was hydrolyzed to glucose.
Subsequently, glucose was isomerized to fructose by solid acid. Finally, fructose was dehydrated in molten salt
system to obtain 5S-HMF. It was further combined with organic extracts to extract the target product S-HMF on-line
to realize the one-pot synthesis way of 5-HMF. A 52.78% yield was achieved at 170°C for 20 min, and the selectivity
of 5-HMF was 66.83%. In the process of obtaining 5-HMEF, this research has initially completed the screening work
of ten common solid acids in the molten salt-organic solvent system, In addition, it also partially have revealed the
mechanism of the molten salt-organic extractant system coupled with solid acid in one-pot catalytic conversion of
cellulose to 5-HMF. the proposed technique presents a promising strategy for Synthetic 5-HMF in a commercial way.

Keywords: Cellulose, 5-HMF, molten salt hydrate, biphasic system
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BlrRPESITE CuMgAIO: BXEL R REERYA 4-
0-4 &5 82
AHE, xB, B, Tk, B8, EFME, =0, HE

(REAZ sERENEHRERHEIENEHERESLRE, 17 BE, 210096)
(R HIE: +86-25-83795726, E-mail: ruixiao@seu.edu.cn)

B E: RRAF. TRENGOANRLARFEAREMEHN T 2N, (12, Hil K2EAE

4677 (Pt, Pd, Re, Ru%§) FIE AWM RMNAR, HBAE R H2aM%. i, ®AOTFRT —F
RBA . TEAMINE ) Cu/CuMgAlOx- I 7 I AN R, A2 RO AT & Bl = i) p-0-4 B4
BAINEM R EA AR DL 2-(2- AU IR UL )- 12K N I AR B S AR KT 99.0
mol%, HAKF=HIE 180.3 mol%, AHR MR MIEIAKZE 13.74 kI/mol. RAFLR TR Cu® FIERTEAL AU
PN FEAER . 2 T2 IR R T p-0-4 BB RB Y EME MM K. fn, B BRI R
AKJiE (EHL) [MEMRIGE T iZ Mk R0 B R 2 R AL SRR

XEIR: KR, p-O-4 8, MEALEM, WIRMEALR, ik 7

Hydrogenolysis of f-O-4 linkage within lignin over reduced
CuMgAIlOy catalyst in supercritical methanol

Xiangchen Kong, Chao Liu, Ming Lei, Feng Gong, Yue Han, Yuyang Fan, Ming Li, Rui Xiao*
(MOE Key Laboratory of Energy Thermal Conversion & Control, Southeast University, Nanjing
210096, China)

Abstract: The development of economic, sustainable, and environmentally friendly catalytic system was the key
for the hydroprocessing of lignin. However, in most circumstances, noble-based metal catalysts (e.g., Pt, Pd, Re,
Ru) were used with high-pressured H2 gas as the hydrogen source, which was neither economically reasonable and
safe. Herein, we introduce a low-cost CuMgAIOx catalyst with promising activity towards the hydrogenolysis of
-O-4 linkages within lignin in supercritical methanol through a H2-free method. High conversion (>99.0 mol%)
and yields of monomers (180.3 mol%) were obtained from 2-(2-methoxyphenoxy)-1-phenyl ethanol in a short
reaction time. The corresponding activation energy for linkage cleavage was as low as 13.74 kJ/mol.
Characterizations of CuMgAlOx demonstrated the collaboration of Cu0 and acid sites in the catalysis.
Hydrogenolysis of various $-O-4 lignin model compounds were performed to verify the reaction pathways.
Chemisorption energies were calculated with CASTEP to prove the experimental results. A detailed network for
CuMgAIlOx catalyzed -O-4 linkage cleavage was proposed. Ultimately, the hydrogenolysis of Eucalyptus
urophylla enzymatic hydrolyzed lignin (EHL) was performed, where successful $-O-4 linkage hydrogenolysis was
accomplished. This work paves the way for the application of Cu-based catalysts and hydrogen transfer method in
lignin valorization.

Keywords: Lignin; $-O-4 linkage; copper; hydrogenolysis; supercritical methanol
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TiO, {R#EHY R/ TiO2-ALO; EALFI A TR 8 REA R RIR IR
RWE, KF, #iE
CHTLRE, B, 310028)
(BEZRHIE: 13805741380, E-mail: c224@zju.edu.cn)

B OB RHILUUEEEI% T AUTL B 2: 1 [ TiO2 -ALOs H &AMk, @IIR BuLAH 5 m B 5%Rw
TiO2-ALOs AL, FI T AR BT P AR KIS R, FF32E47 7 XRD+ SEM TEM. NH3-TPD
SERAE. I 5%Ru/ TiO2-ALOs AL A L5 KRR NS 1, 7R 50°C. AUTI LE 2: 1 MIEE
2.0 MPa [T, WAIARBFEACEITIA 97.2%, FEF=Y0N 2-FARN CORE, FIEFEMEN 88.9%, L&
FACRIA Ol 2-F SR OO 2- P800 Clbe, LA 3h CURERIEFRTE DY 8.9%. 4 AR I TiO2 Xt i 14Kk
i) Ru BA RAFHIEHEER, (A Al i AVTI HE AT A4k BRI RS 1, 78540 B Ru S A6
2 THI PR B 2 B A7 E B RV

KBRS, Ru/ TiO2-ALOs, MAIAMH)

TiO-promoted Ru/ TiO,-Al,O3 catalyst for the catalytic
hydrogenation of guaiacol at low temperature

Song Yu-meng, Chen Ping, Lou Hui
(Zhejiang University, Hangzhou 310028)

Abstract:

Mixed oxide AI203-TiO2 with Al/Ti ratio 2:1 was synthesized by coprecipitation method, and highly dispersed
5%Ru/Al1203-TiO2 catalyst was effectively prepared by impregnation and characterized by means of XRD. SEM.
TEM . NH3-TPD. The catalyst is of the excellent catalytic hydrogenation activity of guaiacol under the
low temperature condition. It was found that the conversion of guaiacol can reach 97.2% at 50°C and 2.0MPa
hydrogen pressure, the main product is 2-methoxycyclohexanol with a selectivity of 88.9%, a small amount is
converted to cyclohexanol with a selectivity of 8.9%, and 2-methoxycyclohexanone and methoxyethoxycyclohexane.
The results show that TiO2 has a good promotion effect on Ru, and the optimal reduction activity at low temperature
can be obtained by appropriate Al/Ti ratio in the mixed oxide carrier. There is a synergistic effect between highly
dispersed Ru and the amount of surface acidity on the catalyst.

Keywords: catalytic hydrogenation, Ru/ TiO2-Al1203, guaiacol
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=

AL IEFKEHTARBHERFRARUCOKAILRATZEEYHONR. RRRREE. ELH
(K2COs), fZRREYE). FRILHERU =MD H R EMRFENT . ERRPLERUFEEYAFEEE
AMEIER . 78 300°C, 10min B, #EAF: SHETELLA 10 3 B, HEBIE 11.74%, E£¥H~RREE
88.77%, TKIERER A9/~ R HFEAT R IMKHRLAY 21.98%FEARE 0.53%, 45& GC-MS. TENHT. SEM &
MIKBIRWFED M. KERRAVIFIRIT T 2, KIRMB R MENY B RE TRk ERL
EWHR SRR
XA KRR, BEER, KEREF, hRESREY R

hydrothermal co-liquefaction of rice-straw and model waste

cooking oil for enhanced bio-crude production
Chengkun Zhang, Long Han*, Jia Xia, Guoqgiang Xu, Pingjiang Wu,
Kaili Ma, Yuelun WU
(Zhejiang University of Technology, Hang Zhou, 310014)
Abstract:

Hydrothermal co-liquefaction of rice straw and model waste cooking oil was investigated under subcritical water
conditions to produce bio-crude. The effects of reaction temperature, catalyst (K2CO3), residence time, and mass
ratio of raw material on the distribution of co-liquefied products and the characteristics of bio-crude oil were explored.
Significant synergistic effect for bio-crude production was observed. At 300°C, 10 min and rice straw to model oil
ratio of 1:3, the synergistic effect was as high as 11.74% and the highest bio-oil yield of 88.77% was achieved with
the solid residue carbon yield dropped sharply from 21.98% for the hydrothermal liquefaction of rice straw alone to
only 0.53%. Using GC-MS, elemental analyses, SEM etc., the characteristics of bio-crude and solid residue carbon
produced from hydrothermal co-liquefaction were analyzed. The addition of waste cooking oil model compounds
was proved to effectively improve the quality of bio-crude during rice straw hydrothermal liquefaction.

Keywords: Hydrothermal co-liquefaction; Waste cooking oil; Rice-straw; Synergistic effect; Bio-crude oil
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i B ARZ HRERANAAFEVRNORER HEAKFAIITHRENZXE. ATERR
EOTEMBRYREAAE, BE. ZRE (BTX), HMOHREBHAETNFMET (230°C, 1atmN2)
XAREKEEENES, FARNMNTEEASIE SHBEMSHSE (HDO) #a, NRSHMEMTAEE
LRM BTX YR, AMREM RWC A, DIEAEEER. FEIARB. 2.6- —REEXMHATRY, —&
I e R R R IGHRIE 100%, h5h, TRAMPENFMEFE—PRILVE SEERRMEEMEFIRL
EmME, MHEERE. SEntt (FESEAYERIL) X251 8, SSHBRNEIHRE, BTX HERIK
ROGK 76%, AKBRNFERM, MARUFARERS THRS, BIXNUERS, ZITENTARENT
REE—EHNEX.

XBE: KRELTEBE, RAMS, BEMSHRE, R/C LT, BTX

In-situ hydrodeoxygenation of lignin-derived phenolics to

produce BTX

XIE Jia-qi, LUO Zhong-yang*, LI Si-min, XUE Shuang, SUN Hao-ran
(State Key Laboratory of Clean Energy Utilization, Zhejiang University, Hangzhou 310027, China)

Abstract:

Lignin is the largest source of aromatic substances in nature. In order to convert lignin-derived phenolic compounds
into BTX, using cheap methanol as a hydrogen source under mild conditions (230°C, 1 atm N2) was proposed.
Hydrogen production by methanol-aqueous phase reforming was coupled with phenol hydrodeoxygenation (HDO)
to achieve a high conversion rate of phenols and a high yield of BTX. In this study, a commercial Ru/C catalyst was
used, and the conversion rate of different model compound was close to 100% after reacting for a period of time. In
addition, experiments have found that using more methanol didn’t work better. In fact, too much hydrogen source
caused excessive hydrogenation and inhibited deoxygenation. When the molar ratio of methanol to raw material was
2.5:1, the yield of BTX was as high as 80%, and the complete deoxygenation of phenol was realized. The
experimental conditions were mild, the catalyst used was stable and readily available, and the yield of BTX was
extremely high, which provides insightful ideas for the valorization of lignin.

Keywords:

Lignin-derived phenolics, in-situ hydrogenation, phenol hydrodeoxygenation, Ru/C catalyst, BTX
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MRE, PRE, kX, #H¥E, AfFE, eFRE
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(BX A Wi%: 0531-85599031 , E-mail: yangshx@sderi.cn)
B E BE-RENR BENT—RE/NR 7R 12547
ARZR B ERERKAE R TTER NG EEBER ZREMH Ni-Zn, Ni-Al EUFIFHFEEEBTEMR
BURABHESEEMUIE. ERRP, 7 600°CEURRBREFRMHT, —HER Ni-Zn ELTIERBE
ERSEMRTESHEEME, H/CO LBIFIA 3.05, LR =S8H 655 mL/g £4)/5, H2 =84 305 mL/g
EYR, =R Ni-AlEAFINEBREZRASESE, ETFIL 659wt%, =SEH 745ml/g &£
YR, ULRS Ho/CO LEfl 2.28, SRR, Ni EEMARERAFNRASESH, HEFAREE
BEAFIALTFHRSBAEMARBEEZRSR, #ME#REYEESHREMART I EM, Refhn

&b
BEo

XBIF: BEAMS EWR BB SREM, NiEELF

Promoting hydrogen-rich syngas production from pyrolysis of

biomass over hierarchically structured Ni-based catalysts
Shuangxia Yang, Lei Chen, Laizhi Sun, Xinping Xie, Hongyu Si, Dongliang Hua

(Energy Research Institute, Qilu University of Technology (Shandong Academy of Sciences) , Jinan
250014, China)

Abstract: Novel hierarchically structured Ni-based catalysts (Ni—Al and Ni—Zn) were successfully synthesized by
a simple hydrothermal process, and applied for hydrogen-rich syngas production from biomass pyrolysis. Various
characterization techniques such as XRD, SEM, BET and H2-TPR were employed to thoroughly characterize the
fresh catalysts. The results reveal that the developed Ni-based catalysts are found to be highly effective for hydrogen-
rich syngas production. High gasification efficiencies of 65.9 and 59.6 wt.%, syngas yields of 745 and 655 mL/g
biomass, Hz yields of 316 and 305 mL/g biomass as well as H2/CO molar ratios of 2.28 and 3.05 were obtained for
Ni-Al and Ni-Zn catalysts, respectively, at a moderate catalytic temperature of 600 °C. Based on the results of
structure characteristics, this might be due to their unique hierarchical structure (three-dimensional flower-like and
one-dimensional nanorods) with Ni species homogeneous dispersed on the surface, which can effectively reduce the
coverage of active centre caused by disorder aggregation and improve the thermal stability. As a result, more active
sites can be accessible for reactants to promote the cracking/reforming reactions of pyrolysis volatiles. The resulting
syngas are favored for further Fischer—Tropsch synthesis reaction and other synthesis reactions for the production
of liquid hydrocarbons.

Keywords: Hz-rich Syngas, Biomass, Catalytic pyrolysis, hierarchically structured, Ni-based catalysts.
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=

KERFEN BEE T FRRESFTIRFIR MR ZSM-5 D FIHEAT, BERTEREREFBERNEZR
T REATINE M RAMEA . SRR BEHFTIRREE KR, ZSM-5 0TI EINE, HREEN
AR, 2 FIfR Fe 22AREM. BERFRMIHAND FIHELR, SRAM Fe TENMELAR FER
BT, SWE%ISFHUR FIB M E R ZSM-5 2 F IS fFEEHBECALAY Fe*' s Swt.% S HuR Bt /E 89 ZSM-5
ERItERER. NAERIREKR, BRMRKER. HILEE ZSM-5 F i, RIFHRAEMN 77.1%ZINE 85.8%.
WA EFE MM 78.3%EINE 85.7%, XTI 60h ARE RFMIREN, BRFE 80%U L,

XERE: FIWLF, ZSM-5; HBEFFR

Research on propene oligomerization reaction over the Fenton

reagent modified ZSM-5

Zhongyue Zi, Jianqing Li, Guangbo Liu ,Jinhu Wu
Abstract:

A series of different concentrations of Fenton’s reagents were used to modify the ZSM-5 molecular sieve,
respectively. All these catalysts were characterized and evaluated in propene oligomerization process. They were
characterized by XRD, ICP-OES, N> adsorption-desorption, NH3-TPD, Py-IR. The results demonstrated that with
the increase in the concentration of Fenton’s reagents for modification, the dealumination of the ZSM-5 molecular
sieve enhanced, the crystallinity gradually decreased, and the Fe in Fenton’s reagents gradually entered into the
molecular sieve framework from the outside increasing its content. After modified by 5 wt.% Fenton’s reagents, the
Fe in the framework mainly existed as four-coordinated Fe**, and there also existed some four-coordinated Fe?". In
addition, the modified ZSM-5 molecular sieve exhibited the largest specific surface area, mesopore volume and the
strongest acidity. During the oligomerization of propylene, the conversion increased from 77.1% to 85.8%, compared
to the original ZSM-5 molecular sieve. The selectivity of components with long carbon chain increased from 78.3%
to 85.7%. And the catalyst showed good stability within 60 h.

Keywords: Fenton reagent; ZSM-5; propene oligomerization;
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A EIFRE B ST KRR
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2. EEBBEAF, PRFESGTHELEREF T, KK 430074)
(Tel: 027-87542417, Email: junhaohu hust@163.com)

B B ANEERERREFMAESIULEART 3 FHEYR (BEFK. KL, BIFX) HEAS
UHHNEFEIMREYE, AN THEGRIUREESERSEZ BRXEK. SRKY, ABHREES
AMpOEHUTBRIAEZNFAERTEENDN, ERUNREIER. RARERETNANEEE
TEAEEREERE, REMNEFEZRDEEMNARNENE. 2SETX5EY AR E2T—
ERRME, I H mRUEREEERSEEX, HPREEMRRS, BEFASHTELSEER L7~
RENRES BERESEEHNFELHEN RESFARELSERHEXSGEE, BEMNTE 2 M
EFRERRBEIITIR,

Regir W, AU, RERE, RONPE, RERTE AT

Gasification characteristics and correlation analysis of different

kinds of biomass

Siqin Li'?, Junhao Hu'*, Hao Song!, Ziyue Tang', Haiping Yang'?, Hanping Chen!

(1. State Key Laboratory of Coal Combustion, School of Energy and Power Engineering, Huazhong
University of Science & Technology, Wuhan 430074, China;

(2. China-EU Institute for Clean and Renewable Energy, Huazhong University of Science &
Technology, Wuhan 430074, China) (Tel: 027-87542417, Email: junhaohu_hust@]163.com)

ABSTRACT: In this paper, the steam gasification characteristics and non-isothermal gasification reactivity of 13
kinds of biomass (including shells, woods, and straws) were studied on the fixed bed reactor and thermogravimetric
analyzer respectively, and the relationship between gasification reactivity and feedstock characteristics were
discussed. The results showed that the weight loss behavior and kinetic characteristics of the pyrolysis stage are
mainly affected by the content of cellulose and hemicellulose. The weight loss, maximum weight loss rate and the
corresponding temperature in the char gasification stage were mainly determined by the fixed carbon content, and
the reactivity was mainly affected by the ash content and composition. The total gas yield had a certain correlation
with the biomass organic matter content, while the Hz yield was mainly related to the fixed carbon content, and shell
biomass is the highest. Increasing temperature was conducive to the reforming of hydrocarbon gas, and the Hz yield
increased accordingly, but high temperature also increased the aromaticity of tar. Increasing the steam concentration
also promoted the reforming of hydrocarbon gas, and was more conducive to the cracking and ring opening of tar

containing more than two aromatic rings.

KEY WORDS: Straw biomass, Steam gasification, Thermogravimetric characteristic, Gasification reactivity,

Correlation analysis
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& E: AWRIASPENPLUS AT G, B 7 EYRBERMEEIMER, E5ETERHIRE
&, MIRTIRE. CaO RFINE. KESFNEFSZHNFHEIENT . HSMUREAE 650~700°CH, T

Hesg

RGRIFRMHEIRR, 670°CHARA H2 iRE 56%, JREKT 750°C/F, CaO MR EMUIEM;
W& CaO ARINEAYIEI, HIREM=RIGEI, 4 CaO/EYRERILAT 0.75 /7, WRUIBREATE
09, FEE/KZES/EYBURELIEN, H REMREFEZRGIEM, BERKESURREBTRE, HLFIELY
1.2 /7, KESDPEMNBRSBERT CO D EFIER/), CaO BRI UIEARHFHE,

X AR, CaO,; #38S1L;, &=, ASPENPLUS

Ca-based Sorbent Enhanced Biomass Steam Gasification for

Hydrogen Production

Zhao Yujia , Yang Haiping , Zou Jun , Chen Hanping

(State Key Laboratory of Coal Combustion, School of Energy and Power Engineering, Huazhong
University of Science & Technology, Wuhan 430074, China)

Abstract: A model of Ca-based sorbent enhanced biomass steam gasification for hydrogen production was built
using ASPEN PLUS. Combined with the experimental data of a fixed bed, the effects of temperature, CaO/biomass
molar ratio, Steam/biomass mass ratio on gasification characteristics were analyzed. When the temperature of
gasification is between 650~700°C, a better adsorption enhancement effect can be obtained, and it reaches the
maximum value of 56% at 670°C. CaO has no enhanced effect on gasification after the temperature is higher than
750°C. As the CaO/biomass molar ratio increases, both concentration and yield of Hz increase, and there is no more
changes in gasification when the ratio is greater than 0.75. The concentration and yield of H> increase with the
increase of Steam/biomass mass ratio, but the gasification rate of steam decreases rapidly. The partial pressure of
CO:z in the system decreases due to the increase in the partial pressure of steam after Steam/biomass mass ratio is
greater than 1.2, and the enhanced effect of CaO is no longer obvious.

Keywords: biomass; CaO; enhanced gasification; hydrogen; ASPEN PLUS
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i B ANEEEEREN A= TRRRREFTIRITREABRE M URABEL D ORBEERR,
HERFATE 450~550°C @A, BRIEXNIEL D RXMAERRR, BERENTS, BRENERSZ
REFERIEE, RETEMEERR. KRR RPEENERFEURE FHEEKRE CO. CHi Ha i
H. HREH-DTEE 850°C Y, [SEFRKEFSHABERNENHASIER, £WHPREAFTR
B 90%, TBFRIRTHRMPEEMH—PHEMTEURE, RRTHABHSUS, SE~FEBT 91%,

ERE~E14% 29.51 mmol/g,

XEIT: A, BB ERY £YR

Biomass rapid pyrolysis and derived volatiles reforming on

molten salts

Jun Zou!, Yingpu Xie'!, Haiping Yang'*, Kuo Zeng', Hanping Chen'
(1.State Key Laboratory of Coal Combustion, Huazhong University of Science & Technology,
Wuhan 430074
Tel: 027-87542417, Email:yhping2002@163.com)

Abstract:

In this paper, the rapid pyrolysis characteristics and derived volatiles reforming of cotton stalks were investigated in
a fixed bed by using ternary molten carbonate. The results shows that molten salts promoted secondary coking of
volatiles under the temperature of 450~500°C. With the increasing of temperature, molten salts accelerated the
cracking of volatiles, the intermediates were decarboxylated, methylated, demethoxylated and aromatized to produce
CO, CH4 and Hz. When the temperature was 850°C, the gas yield increased significantly while the oil and char
decreased. The polycyclic aromatic hydrocarbons (PAHs) occupied more than 90% of the liquid oil. They mainly
came from further deoxidation and aromatization of pyrolysis intermediate, which resulted in the releasing of gas.
The gas yield was 91 wt% and 29.51 mmol/g.

Keywords: Molten salt, pyrolysis, volatiles, biomass
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B OE

Ni/EEAFATFREKESEEREF, FEREHEREIRESUREMEEIERE. B, 0
MHEEERENTUBERE, MRS NVEEEATNEFTREEBRFRRNEE, AMRBIWR B BHM
Ni-B/3 A FRE B R KESEES N/SFERUTREENEMEIERIIE, TE6HFE BB
FEGURPEETH S BRE LTS BEMBRRLEMNTIE. X URLEEYFAFREIEH N/ LERLT, &
EBBAUMRSFERENARBNEE. MEl¥EH K NELER SR TFREEREN. FUREE
YIFUH RIS A NV EEAT, BEABRARBRR T #UTNARAUREE ERYMRSHNRKRS
PUSRLE M RE

KA KESEE FE BBL REM NS
Effects of Boron doping on the performance of Ni/Biochar

catalyst in toluene steam reforming

Du Zhenyi, Xu Chen, Feng Jie, Li Wenying

(Taiyuan University of Technology, Taiyuan, 030024)

Abstract: Biochar support can be consumed quickly by steam when Ni/biochar catalysts are used in the toluene
steam reforming process. Thus, how to inhibit the consumption of biochar support to improve the catalyst lifetime
becomes an urgent problem. In this study, we doped Ni/biochar catalysts with Boron and investigated the catalyst
performance and mechanism of Ni-B/biochar catalysts. B doping influenced both the inherent alkali and alkali earth
metals and the carbon structures of biochar. For Ni/biochar catalysts prepared from raw biomass, a suitable amount
of B can increase the graphitization degree of the biochar support and inhibit the catalytic effects of K, which were
conducive to the improvement of catalyst stability. For Ni/biochar catalysts prepared from acid-washed biomass, B
doping improved the anti-coking and anti-sintering ability of the catalyst, although the graphitization degree was
lowered slightly.

Keywords: Steam reforming; Toluene; Boron doping; Stability; Ni/biochar.
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B OE
KRKIHGESET CeO2 F Zr02 UM AT SAPO-34 737, RSB ALIEES &Y ZnCr &Y, &
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Preparation of CeO; and ZrO, modified SAPO-34 for syngas

conversion to olefins

Haiyan Xu', Qian Guan',Jingyue Zhang', Tingzhou Lei?
(1.Henan Academy of Sciences Institute of Energy CO., LTD, Zhengzhou, 450008; 2.Henan Academy
of Sciences, Zhengzhou, 450000)

Abstract:

SAPO-34 molecular sieve were synthesized by hydrothermal methods and was modified with CeO2 and ZrOa..A
series of CrZn oxide catalysts with different Cr/Zn ratios were synthesized by co-precipitation. The composite
catalyst was prepared by mechanically mixing CrZn oxide and SAPO-34 molecular sieve . The structures of
synthesized catalysts was characterized with several methods such as XRD, BET and SEM. The catalytic
performance of the catalyst was tested in a fixed bed reactor. The results show that the catalyst using CeO2 and
ZrO2 modified SAPO-34 molecular sieve show higher conversion of CO and selectivity to C2—C4 olefins than that
of the unmodified SAPO-34.

Keywords: hydrothermal synthesis; SAPO-34; syngas conversion; light olefins
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FexC@C catalyst with continuous adjusted structure and its

application in FTS

Bingshuang Li, Xianghe Guo, Guangbo Liu, Jinhu Wu
(Key Laboratory of Biofuels, Qingdao Institute of Bioenergy and Bioprocess Technology, Chinese
Academy of Sciences, Qingdao, 266101)

Abstract:

Generally, it has been widely accepted that the iron carbides are active phases in FTS reaction, and the iron
carbides phase transformation, sintering and carbon deposition are the main reason for the catalysts deactivation
during the FTS reaction. In this paper, a series of FeCx@C core-shell catalysts are prepared from metal organic
framework precursors, and evaluated on the FTS reaction. These catalysts present good activity and stability in the
FTS reaction. The characterization results of the catalysts suggest that iron-carbon compounds stabilization and
restriction iron sintering by the carbon-coated outer layer of the catalyst, which may be the main reason for its
excellent performance.

Keywords: FexC@C catalyst, continuous adjusted structure, FTS reaction
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Study on Catalytic Pyrolysis of Bamboo Residue

Yichen Wang, Meiyun Chai, Chong Li, Nishu, Yingkai Li, Ronghou Liu*
(School of Agriculture and Biology, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract:

In order to solve the problem of effective utilization of bamboo residues, this study uses pyrolysis-gas
chromatography/mass spectrometry technology to study catalytic pyrolysis of bamboo residues by adding different
loading rates of copper-modified ZSM-5 catalyst. The results showed that when loading rates of copper-modified
ZSM-5 catalyst was 2 wt.%, the relative content of phenols was highest one, which was 22.39%; the relative contents
of ketones and furans ranked second and third, which were 13.56% and 13.55%, respectively; in addition, alcohol
and sugar substances in catalytic pyrolysis of bamboo processing residues have increased significantly. The research
can provide basic data for the effective utilization of bamboo waste resources and provide a reference for the

development of bamboo pyrolysis technology.

Keywords: Bamboo residues, Catalytic pyrolysis, Py-GC/MS
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Tetrahydrofuran/H,O co-solvent pretreatment enhance

enzymatic hydrolysis of corncob residues

Fengpei Yao, Changwei Hu"

(Key Laboratory of Green Chemistry and Technology, Ministry of Education, College of Chemistry,
Sichuan University, Chengdu, Sichuan, 610064, P. R. China.)

Abstract: To obtain high yield and high concentration glucose from corncob residues (CRs), tetrahydrofuran (THF)
+ H20 co-solvent pretreatment was employed. The pretreatment parameters were firstly optimized by Box-Behnken
Design of response surface method, and the maximum glucose yield (498.2 mg/g CRs) was obtained via enzymatic
hydrolysis after pretreated under optimized conditions (53.7% THF concentration, 202.3 °C, 1.05 h). Then, the
pretreated CRs under optimized conditions were enzymatically hydrolyzed at 20% solid loading, and then obtained
the high concentration glucose production (128.6 mg/mL). Finally, the interactions between the 9 substrate-related
factors and cellulose conversion were analyzed through correlation analysis, and found that Klason lignin remained
in the cellulose-rich fractions and pseudo lignin condensed on the surface of the recovered substrate were the
predominant inhibitors for enzymatic hydrolysis.

Keywords: cellulose; response surface method; high solid loading; glucose; pseudo lignin;
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Preparation of P-xylene from Bio-oil by Selective Catalytic
Upgrading

Yuting He, Yuehui Luo, Quanxin Li*

(Department of Chemical Physics, University of science and technology of China, Hefei, 230026. Tel:
0551-63601118, E-mail: ligx@ustc.edu.cn)

Abstract:

P-xylene and gasoline with high octane number can be prepared by the catalytic pyrolysis of bio-oil from
renewable biomass. In this work, Zn/Ga/SiO2/HZ multifunctional catalyst was prepared. It was found that the
multifunctional catalyst improved the selectivity and yield of p-xylene in the catalytic upgrading of bio-oil. The
surface acidity of the catalyst was decreased by loading SiO2 and the selectivity of p-xylene was significantly
improved. The addition of zinc and gallium in the catalyst can promote the decarbonylation, decarboxylation and
aromatization reactions, and further improve the yield of p-xylene. The highest yield of p-xylene was 18.7%, and
the selectivity of p-xylene in xylene was 93.8%. The reaction pathways were proposed according to the detailed
investigation for the catalytic cracking of different bio-oils and the functional groups in the products. The p-xylene
product obtained from bio-oil can be used as high value-added chemical or high octane gasoline additive.

Keywords: Bio-oil; catalytic upgrading; p-xylene; multifunctional catalyst
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P rh SR & S A R PE R . 45 R R, 600°C HiAfS B K SE IR & SARRT U, Sy &
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Effects of temperature and atmosphere on the oligomers during
the pyrolysis of lignin

Xiaohua Zhang®®, Hao Ma?, Shubin Wu®*
(a. State Key Laboratory of Pulp and Paper Engineering, South China University of Technology,
Guangzhou, 510640;
b. Key Laboratory of Chemical Utilization of Plant Resources of Nanchang, Department of Chemistry,

Jiangxi Agricultural University, Nanchang, 330045)

Abstract: To obtain effective regulation pathways for the reduction of the oligomers content in alkali lignin (AL)-
derived pyrolysis oil (PO), the effects of pyrolysis temperature and atmosphere on the oligomer-rich fractions were
investigated. The results showed that under a pyrolysis temperature of 600<C, the content of oligomers and main
monophenols was relatively low and high, respectively. More notably, a certain amount of hydrogen (H2/Ar=1:9,
v/v) promoted a preferential hydrogenation on unsaturated bonds during pyrolysis, leading to the reduction of
oligomers and enhancing the yield of monophenols, accordingly.

Key words: Pyrolysis oil; Temperature; Atmosphere; Oligomers; Regulatory pathways
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i B ARZFERFENRRIBEFESS TREY AREMSEREHENELDR, oTHEEY
Rl AMRRITT —MEE Al MR 2T 0% HZSM-5 IR S8 Ru AT, STMIEARR IREA
BIARARZHTMERERY . EESES 4MPa, KABRF. HEHD 600pm FIEKHET, BIILRE
SRTRAFAE. REME. REBESARZMERANEN, BESERNEHIRRESEATA
Bt 10 1. RFAE 10h, RRGEE 270°C, WABESMFABEE S 21.89wt%, HAREYFRIE N
15.47wt%, RRZBRBER K 4.22wt%, HEZEMFURER 2.21wt%.

XEE: KRE, MERS RIS FRH BEYUR

Study on Catalytic Hydrodeoxygenation of Lignin by Modified

Molecular Sieves

Qingwen Huang, Jie Chang, Yan Fu*

(School of chemistry and chemical engineering, South China University of Technology,
Guangzhou,510640)

Abstract: Lignin is the most abundant natural renewable aromatic polymer. Hydrocarbons prepared by lignin
hydrodeoxygenation can be used as bio-fuel. In this study, metal Al-modified HZSM-5 molecular sieve loaded
with metal Ru catalysts was designed for organosolv lignin extracted from eucalyptus powder
hydrodeoxygenation. Under the conditions of hydrogen pressure of 4MPa, water as solvent, rotation speed of
600rpm, influence factor catalyst dosage, reaction time and reaction temperature are explored . The optimal
reaction conditions were weight ratio of lignin to catalyst dosage 1: 1, reaction time 10h and temperature 270°C.
As a result, the total yield of light components was 21.89wt%, in which the yield of hydrocarbons, ethyl

propionate,other oxygen compound was 15.47wt%, 4.22wt%, and 2.21wt% respectively.

Keywords: Lignin; hydrodeoxygenation; metal modified molecular sieve; hydrocarbons
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Co-based catalysts for hydrodeoxygenation of phenols from

biomass oils

Huang Lili, Lou Hui, Fei Jinhua

(Institute of Catalysis, Zhejaing University, Hangzhou 310000)

Abstract:

In this paper, hydrodeoxygenation (HDO) of phenols as the model compound of aromatic
oxygenated compounds in biomass oil over Co-based catalysts was studied. Co-Pt/SiO, catalyst with
high HDO activity and stability for the conversion of guaiacol and phenols into aromatic hydrocarbons
was developed. Under the temperature of 400 °C, hydrogen pressure at 1.0 MPa and weight hourly space
velocity of 0.5 h™!, the HDO activity for phenols reached 98%, and the products were almost all benzene,
toluene and xylene with outstanding stability..

Keywords: phenols; hydrodeoxygenation; Co; SiO»; catalyst
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Effect of torrefaction coupled with fractional condensation on the distribution of

co-pyrolysis liquid products of walnut shells and distillation residue
Xiefei Zhu, Xifeng Zhu
(University of Science and Technology of China, Hefei, 230026)
Abstract:

Biomass pyrolysis coupled with fractional condensation helps to realize the separation and enrichment of high
value-added products in bio-oil. Torrefaction pretreatment can effectively change the structure of biomass, thereby
affecting biomass pyrolysis and its products distribution. Based on this, the purpose of this study is to explore the
impact of torrefaction pretreatment coupled with fractional condensation on the distribution of biomass pyrolysis
liquid products and the impact on the separation and enrichment of high value-added products. A small fixed-bed
pyrolysis device equipped with a three-stage condensation system was used to conduct torrefaction pretreatment
coupled with co-pyrolysis of bio-oil distillation residue and walnut shells. The results show that with the increase of
torrefaction temperature, the total yield of pyrolysis liquid products gradually decreases. Torrefaction pretreatment
is helpful to the enrichment of phenolic products in co-pyrolysis liquid products, and phenolic products tend to be
enriched in the second condensation stage. Torrefaction pretreatment is not conducive to the enrichment of
hydrocarbons and furan products in the first and second condensation stages.

Keywords: Torrefaction pretreatment; Fractional condensation; Co-pyrolysis; High value-added products
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# B AT ACL BEFUCENENNYETR, H—STRT S BRRAN T LT F LR
g, 2 AICh FUNEME ARSI DA RORE RN FANEENBRIRE, ERARAERR
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200°C Torrefaction of Pubescens Pretreated with AICl;

Aqueous Solution at Room Temperature

Yue Wang, Yichen Liu, Wenli Wang, Longfei Liu, and Changwei Hu"

(Key Laboratory of Green Chemistry and Technology, Ministry of Education, College of Chemistry,
Sichuan University, Chengdu, Sichuan, 610064, P. R. China)

Abstract: Based on the room temperature pretreatment of pubescens by AICl3 aqueous solution, metal salts soaking-
Torrefaction conversion technology was investigated ulteriorly. It was found that AICI3 pretreatment of pubescens
favored observably the yield of liquid and small molecular products in the torrefaction via changing the composition
and structure of the raw material. For Pretreated Samples, the maximum conversion and Yiiquis reached 44.2 wt.%
and 32.1 wt.%, respectively, along with 96.0 wt.% of hemicellulose, 31.8 wt.% of cellulose converted, yielding 2.4
wt.% monosaccharides, 5.1 wt.% carboxylic acid, 2.6 wt. % furan compounds as well as 10.5 wt. % phenols, indicating
obvious catalytic effects of residual AICI3 on the decomposition of the three major components in torrefaction.

Keywords: Torrefaction, Pretreatment, AICl3, Pubescens, Lignin
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pubescens)Ft S E| 2.61 wt.% (20 wt.% MgClz), #Hf2mAY ESI-MS [ % 2D HSQC NMR 3 #rZ5R 37 MgClz
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Effects of MgCl, Solution Pretreatment at Room Temperature
on the Pyrolytic Behavior of Pubescens and the Properties of
Bio-oil

Yichen Liu, Yue Wang, Wenli Wang, Longfei Liu, and Changwei Hu*

(Key Laboratory of Green Chemistry and Technology, Ministry of Education, College of Chemistry,

Sichuan University, Chengdu, Sichuan, 610064, P. R. China.)
Abstract: Pyrolytic behaviors of pubescens samples pretreated by 0, 5, 10, 15, and 20 wz. % MgCl. solution and HCI
solution (with equal pH value to designed MgCla solution) was studied. The solid samples before the pyrolysis were
analyzed by TGA, and the bio-oil was analyzed by GC-MS, GC-FID, HPLC, GPC, ESI-MS, and 2D HSQC NMR.
Dehydration of hemicellulose during pyrolysis was promoted in the presence of MgClz, which was conducive to
increase the Yfurfural (raising from 0.27 to 2.61 wt. %, corresponding to raw pubescens and 20 wt.% MgClz used). The
ESI-MS and 2D HSQC NMR results further confirmed the depolymerization of hemicellulose by MgCla, which
increased the content of oligomers in the pyrolysis oil obtained. Moreover, a new structure (X-MeGlcA4) derived
from degradation of cellulose and hemicellulose was detected, which further confirmed the co-degradation of
cellulose and hemicellulose under this condition.

Keywords: Pretreatment, Liquids, Oligomers, Biofuels, Pyrolysis
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The study on the stability of xXNi/HTASAOS Catalyst for the
production of H; via carbon dioxide reforming of methane at
low temperature

Chaojun Cui, Ye Wang, Yannan Wang, Qing Zhao, Li Li, Changwei Hu"
(Key Laboratory of Green Chemistry and Technology, Ministry of Education, College of
Chemistry, Sichuan University, Chengdu, Sichuan, 610064, P. R. China.)

(Tel: 028-85411105, E-mail: changweihu@scu.edu.cn)

Abstract: The off gas from the pyrolysis of biomass mainly contains carbon dioxide and methane, which could be
used to produce hydrogen by DRM. In the present work, nickel species were selected as active components and
HTASAOS was used as support to prepare xXNi/HTASAOS catalysts, and its catalytic performance in DRM reaction
was studied. The catalysts were analyzed by TPR, XRD, TG-MS, XPS, TEM, BET and other characterization
methods. It was found that Ni with a suitable amount can not only have higher activity, but also inhibit the formation
of carbon deposits and improve the stability of the catalyst.

Keywords: methane; carbon dioxide; stability; catalytic performance
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Promoted H, Production via Simultaneous Methane Steam

Reforming and Water-Gas Shift Reaction on Ni-HTASOS5
Qing Zhao ' Ye Wang ? Guiying Li ' * and Changwei Hu !
1 Key Laboratory of Green Chemistry and Technology, Ministry of Education, College of
Chemistry, Sichuan University, Chengdu 610064
2 College of Chemical Engineering, Sichuan University, Chengdu 610065
Abstract:

Steam methane reforming (SMR) was studied on Ni-based catalysts with different supports for hydrogen
production. The catalysts were characterized by BET, AAS, XRD, H>-TPR, CO-TPD, NH3-TPD, XPS, TG-DSC-
MS and Raman spectroscopies. Using CeZrOx-modified Al.O3 (HTASOS) as support, the catalyst exhibited good
catalytic performance and carbon resistance for SMR reaction, whereas CeZrOx was able to enhance water-gas shift
(WGS) reaction, promoting more hydrogen production. It was found that Ni-HTASOS5 could decrease the strong
acid sites of the catalyst, which would not only contribute to the formation of low graphited carbon, but also decrease
the amount of carbon deposition.

Keywords: steam-methane reforming; water-gas shift reaction; CeZrOx; hydrogen; carbon deposition
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REFAVIEIEM . BEE ADP FIE9IEIN, FF 71 LGO M 2MAN B LEINATRIFRE. YHBEEN
400°CRf, LGO # FF f#EXIEEIRZ M3k 52.23% ., RI[LERER, HNHETHRIIKSBHESELE
FREE MR AEY R & FF M LGO MR KB’ .
XA EAHE EYR, BRE AREEEE, SRR

Investigation on the Catalytic Effects of Ammonium Dihydrogen
Phosphate on the Pyrolysis of Lignocellulosic Biomass

Shanshan Li, Xifeng Zhu
(University of Science and Technology of China, Hefei, 230026)

Abstract: Furfural (FF) and levoglucosenone (LGO) are typical high-value biomass pyrolytic products of
lignocellulosic biomass. Previous research found that ammonium phosphate can effectively improve the yield of FF
and LGO. The catalytic effects of ammonium dihydrogen phosphate (ADP) on the biomass pyrolysis were
investigated in this study. via TG-FTIR and Py-GC/MS. Results showed that ADP greatly enhanced the release of
C=0 groups and carbohydrates below 300 °C, indicating the breakage of glycosidic bond and dehydration reaction
during pyrolysis were promoted by ADP. ADP showed good selectivity for both FF and LGO. With the increased
ADP dose, the yield and relative content of FF and LGO increased firstly and then kept stable. 400 °C was found
the optimal temperature for the production of FF and LGO, where the sum of the relative peak area of LGO and FF
could reach 52.23%. Finally, a possible formation pathway of LGO and FF under the catalysis of ADP was speculated.

Keywords: catalytic pyrolysis, biomass, furfural, levoglucosenone, ammonium phosphate salts
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W OE:

BFRAEYHIRREA TS RGBT, AWR DS TR E R X E Ry IR AR
AER, M BAR#EAREE S SEEIE/ LB BOGHTRIE. SRRE: BERFHREEST 400 E 800°C
TEREVHNEAFELTHERZ . MERRHREREE THMEEH 300-500°C B &M= RIEM,
R, #—PREAMEE (600-800°C) NMSHEEEB&™F, TEMMRPEBFREEMAFRENT

EmEm mARSETAE/N. NMR EREMERTFREERAESE TR, 1, GC/ MS 247
RABENBRENRS, FERECEUNEERKIEN, MABNEENENHEROESE,
XEE: EREYHR MR OFHRERE, BT

Effects of heating rate on the evolution of heavy fraction of bio-

oil during its pyrolysis
Zejun Luo, Xifeng Zhu

(University of Science and Technology of China, Hefei, 230026)
Abstract:

Various thermal conversion technologies have been successfully applied to upgrade heavy fraction of bio-oil
(HB). However, all technical conversion routes involve thermal treatment process. In this work, the physicochemical
properties of HB were characterized by Nuclear magnetic resonance (NMR) spectroscopy and gas
chromatography/mass (GC/MS) spectrometer. Integrated results showed that slow heating rate had a negligible effect
on the physicochemical properties of HB from 400 to 800°C. By contrast, decomposition, radical recombination and
polymerization reactions could occur at fast heating rate. A clear trend of increasing tar yields was monitored from
300-500°C. However, a significant decrease was observed at high temperature (600-800°C). Through elemental
analyzer, C content in tar expanded with the temperature increasing, whereas N content remained unchanged. NMR
results indicated that the carboxyl functional groups would be destroyed at high temperature. Furthermore, the
concentrations of aromatics showed a trend to increase accompanied by a simultaneous decrease in phenols with the
temperature rising according to GC/MS analysis.

Keywords: Heavy fraction of bio-oil; Pyrolysis; Heating rates; Evolution
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Cellularization characteristics of ethyl acetate spherical

expanding flame

Xiaolu Li?, Qianwen Wang?, Francis Oppong®, Weinan Liu®, Cangsu Xu®
(®College of Mechanical and Electrical Engineering, China Jiliang University, Hangzhou, China,

310018)

(°College of Energy Engineering, Zhejiang University, Hangzhou, China, 310027)

Abstract: Ethyl acetate is a typical biofuel, which has great potential as a fossil fuel substitute and fuel additive in
internal combustion engines. During the combustion of ethyl acetate in an internal combustion engine, when the
surface of the pre-mixed flame changes from smooth to a wrinkled state, flame self-acceleration will occur. Therefore,
it is necessary to study the kinetics of ethyl acetate premixed flame, especially the instability of cellularization. This
paper uses image processing technology combined with three-dimensional reconstruction algorithm to extract and
reconstruct the data of the flame surface crack length, the number of cellular area and cellular length scale in the
image. In addition, according to the cellular length scale under different radii, the wavenumber is derived in this
paper, and the wavenumber-Parker number curve obtained by fitting is compared with the theoretical curve. This
paper finds that the experimental curve is basically within the theoretical range.

Keywords: Ethyl acetate; Biofuel; Internal combustion engines; Premixed flame; Image process
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HEHSAF P, ARTET CuNiAl EUOBUREBEBREMEARE. HRMERARZIMARZER
o BINAEARE. AFRMECHEIRSENHAR, KNERET CuNiAl EUNREERF, KRE
BESEREREVFAGERS., AR T EAFN T BHRERNLAFTIERNRKREBRNZN
RMBEERAFPRETESENEN, £WaNERIES BEFY0 FERE XRBAREHRLEF
IR HER. SRRE, CuNIAl BEAFIRIALSHARRRBREN, BB RREECARE
e HHV ERRIED FREOAEYH, EKT CuNiAl EEAFIEREHEISREREFNSN/INSREE
A
XB|IT: ARE, HUKHEE, BEBT REKRE

Insights into catalytic valorization of different lignin feedstocks
into liquid fuels with microwave heating in hydrogen-donor

solvents

Changzhou Chen, Minghao Zhou, Jianchun Jiang
(Institute of Chemical Industry of Forest Products, Chinese Academy of Forestry, Nanjing, 210042)
Abstract:

Microwave assisted valorization of alkaline lignin, dealkaline lignin and lignosulfonate over CuNiAl based
catalysts were investigated in hydrogen donor solvents. The effect of lignin structures, solvents and catalysts were
investigated concerning the bio-oil yields and properties. A common phenomenon was observed that the highest bio-
oil yields were all obtained in methanol over CuNiAl based oxides under mild conditions. The synergistic and
promotional effect of catalyst and solvent was discussed in detail, considering the elemental composition, HHV and
molecular weights of bio-oil. The bio-oil yields improved and the molecular weights decreased with the increased
Cu content in the catalysts, indicating the promotional effect of Cu during the lignin depolymerization. CuNiAl
based catalysts exhibited to be effective to convert lignin to bio-oil with higher HHV and decreased molecular
weights, confirming the hydrogenation/hydrodeoxygenation during microwave assisted hydrogenolysis.

Keywords: lignin; microwave assisted valorization; hydrogen donor solvents; liquid fuel
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FIF3 Aspen Plus 54 7 20d EARTCKABREBAMRAD WIHERE, SEBIRGOWR. &
WEHE. WEANRGHETTRAMTUARSEG BTN, ARTHERRRENTFREOMBERIREL
P, RAT AR EGEPHTER M, ERERE: DIANTEYR 100kg 1, THEEIHEHLS 10.1kg;
RGMBIARE N 33.04%, ERGEMEFREEERENMIE, ZBARNEFREEERANAR
R, HEIARE 53.28%, HAZHEHETFRESL 39.52%, MEELEGEARRNNEARBEERE
(FDP)4 72.70MV/kg fiifk, —RF BB T B R R EMENE LR, £IREEEEGWP)A 1170.63g COx-
eq/kg iR, BRICBIE(AP)A 8.86g8022q/MJ i}, EEFMUEE(EP)A 1.32gP0s7eq/MJ, ATIEHI &£~
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Exergy analysis and life cycle assessment of jet fuel production

by hydrothermal decomposition of corncob

Wei Wang, Zhaoping Zhong, Xiang Zheng
(Key Laboratory of Energy Thermal Conversion and Control of Ministry of Education, Southeast

University, Nanjing, 210096)

Abstract:

The process of jet fuel production by hydrothermal depolymerization of 2t/d rice core was simulated using
Aspen Plus software; and the flow data of the whole system was obtained. Exergy analysisand life cycle assessment
(LCA) of the whole system was performed. The exergy efficiency and exergy loss distribution were conducted in
each subsystem, and the environmental impact was explored of the simulation process. The results showed that,

based on 100 kg wet biomass input , 10.1 kg of jet fuel was obtained. The whole exergy efficiency of the system was

40



33.04%; the solid condensation and hydrogenation subsystem had the highest exergy efficiency; Levulinic acid
production subsystem had the largest exergy loss, accounting for 53.28% of the total exergy loss, followed by furfural
production subsystem 39.52%. The fossil resource consumption potential (FDP) of jet fuel in its entire life cycle is
72.70 MJ/kg jet fuel, and the resource consumption is mainly concentrated in the use of jet fuel. The greenhouse gas
emissions of life cycle are 27.87 gCO2-eq/MJ, the acidification potential (AP) is 8.86 gSO2eq/M1J jet fuel and the
eutrophication potential (EP) is 1.32 gPO4*eq/MJ. Reactants productions for condensation was the main source of
pollution in the life cycle of jet fuel. The further reduction of the environmental impact in hydrothermal
depolymerization should focus on the heat utilization of both furfural and levulinic acid concentration.

Keywords:jet fuel; hydrothermal depolymerization; Exergy analysis; life cycle assessment
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H E BEREE BERNE—REINE; FEHN 12517
AR TEFFNERRERR, NRENEHHEDER T FBERSEDHERE. BREE
(Clostridium acetioum) 22— P14 B L0 % 2 FE LI, BT bUBSY Wood-Ljungdah 33245 Ha 70 CO»
AL HZBHERE A, i — SR £ 2. ATSRFER THE (Clostridium acetobutylicum) SESERY thid,
ctfB M ade BRE, FTBERERETNZEHE A JRBHREEE SAEH[BIREHNEDE K.
X IR, £Mam, AEKARER, @RI

Metabolic Engineering of Clostridium aceticum for producing

acetone from syngas

Ya-Li Xu', Li-Hai Fan?

('Beijing University of Chemical Technology, Beijing, 100029; *Fuzhou University, Fuzhou, 350108)

Abstract:

Acetone is an important raw material in chemical production. Our research objective is to use of a cell factory
for acetone production from syngas. Clostridium aceticum is an anaerobic Gram-positive bacterium that can convert
Haz and CO:z to acetyl-CoA via the Wood-Ljungdahl pathway and further metabolizes to produce acetic acid. In this
study, we use the thlA, ctfB and adc genes cloned from Clostridium acetobutylicum to construct a metabolic pathway
from acetyl-CoA to acetone in Clostridium aceticum, aiming to achieve the biosynthesis of acetone from syngas.

Keywords: Metabolic Engineering; Biosynthesis; Wood-Ljungdahl pathway; Cell factory
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ARZEREVRNEERS, hRRAFTEXE. ARERAKHIRAZTRINIIR, TRERR
AREBIEFRARFREE . ARRELBSEAFRITERT KRFLEGHI RS FERORETR
Ry BAAEE, #— DB EAFELRNEE, IHT ARERRELARNRERS = RKRELEN
BEAE, MABARENMMERESBE-—EXHTIXALE ., BETEAFRITNIRIFTER, &
FEGRIR B AER AR ER T VA EEH TR T ARENLELS BHRE, X
RRF—SRREE BRI T U HIROELAEBETAARTESMBITREE T EM,
XEE: KRE, KREREGH, ARERE, EAFRSRRFiESERE

Design of Process on Lignin Depolymerization

Qiu Shi, Wang Zhoujun, Fang yunming”

(Beijing University of Chemical Technology, Beijing, 100029)

Abstract:

Lignin as a major component of biomass is a natural source of aromatics. Lignin-first biorefinery is a
promising strategy that yields a deeply depolymerized lignin and high lignin monomers. Here, the important issues,
hemicellulose retention and feedstock extension, in the lignin-first biorefinery are addressed. The development of
lignin fractionation in flow is essential for the complete utilization of biomass. An on-line catalyst addition device
was used to prove the immediate stabilization is indispensable for high lignin monomer, and the feasibility of
splitting the delignification and stabilization/hydrogenation processes under specified condition. Based on this result,
we used flowthrough reactors to semicontinuously extract and depolymerize lignin with high boiling point solvent
under mild process condition, which is compatible with the continuous digestion process in paper industry. This
study can provide a perspective on overcoming scale-up hurdles for the fractionation of biomass.

Keywords: Lignin, Lignin-first biorefinery, Semicontinuous process, Hemicellulose retention, Feedstock extension
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B RARBEYE . BEUHREZERNE P HADTENFERTTE, SRARHD ARMAD. W
WA ANPURTAY, WEADD FEREMT UK. & GC-MS EM, BRUEN TR AR KRR
(Ey, BREAMEERESTSABAE. MMEAS TEARERLEY. EAEENEBFELR
i, FAFEEEERTHEANERTSE, LU TRIFR. 55K, BHR. BPBESIRXELE
PERAD DB, REAERT —FMEBESE. BRUARBERK FHAMEERTHHS DB,
REE: BRWEER, 2R 2TEMR

Study on separation method of oil products based on

acidic/basic extraction and extrography

Qing Wang*, Da Cui
(Engineering Research Centre of Oil Shale Comprehensive Utilization, Ministry of Education,

Northeast Electric Power University, Jilin City, 132012)

Abstract:

In this study, a new method for oil products separation based on acidic/basic extraction and extrography of
neutral fraction was developed. Hence, the acidic, basic and neutral sub-fractions were obtained, and the molecular
structure was characterized by the most suitable characterization analysis method, respectively. The results showed
that phenols and carboxylic acids were dominant in acidic fractions and the relative content of lower phenols was
obvious higher than that in higher phenols. Moreover, basic nitrogen compounds were dominant in basic fraction.
In addition, aliphatic hydrocarbons, aromatic hydrocarbons, aliphatic ketones, aliphatic nitriles and other different
types of compounds were separated by using preparative chromatography. Finally, a new method of oil products
separation was formed, which included distillation separation, acidic/basic extraction and extrography.

Keywords: Acidic/basic extraction; Extrography; Molecular composition
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Review of biomass fast pyrolysis for renewable fuels and

chemicals 1n China

Wenfei Cai, Zhongyang Luo *

(Zhejiang University, Hangzhou, 310027)

Abstract:

Renewable fuels and chemicals can be obtained from biomass through the fast pyrolysis process. However,
the biomass recalcitrance, the drawbacks of the fast pyrolysis process/ reactor, and the poor properties of the end-
products hinder the development of the relatively simple and effective conversion technology strongly. The choice
of the optimum types of the biomass resources and the choice of the reactor are the two key factors for elevating the
yield, content, and quality of the renewable end-products. In this review, the properties of biomass feedstocks as
well as the main features of reactors and renewable fuels/ chemicals related to fast pyrolysis research in China are
presented and discussed for the promotion of the biomass fast pyrolysis technology development in China. In
addition, the current research status is presented and future development of fast pyrolysis technology is proposed.
This paper aims to increase fast pyrolysis efficiency and promote the application of renewable fuels and chemicals
from fast pyrolysis technology.

Keywords: Biomass; Fast pyrolysis reactor; Renewable fuels; Renewable chemicals
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HENEERBAROLFTEMELT], BT Py-GC/MS HEUEK MR ITIBM A RE O REARRE,
MR BMEMARME N RAE~ YT, EHILNZERE Fe, NIRRT Mg it, B3 7T HREN
BRI HER RUAFERLFE (MAHs) AEHINR T L IS . ENFLERSIA Mg BBIF /=
ERMIEMAL, Fe EMFLAZ EMABIEINT BREE. RS ESIAIZEENELTIEBEFITH
EER AT X% MAHs f9i3 EF5 MU IR AR PAHs, FNEHERNHEE.
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Preparation of aromatics from catalytic pyrolysis of enzymatic

lignin over double-layer metal supported core-shell catalyst

Shuang Xue, Zhongyang Luo’, Wenbo Wang, Simin Li, Haoran Sun, Qingguo Zhou,
Jiaqi Xie

(Zhejiang University, Hangzhou, 310027)

Abstract:

Double-layer metal supported core-shell catalysts were prepared for catalytic fast pyrolysis of enzymatic
lignin via Py-GC/MS, in order to investigate the influence of metal types and loading positions on liquid products.
The optimal liquid product distribution was obtained when loading Fe species on the microporous core and Mg on
the mesoporous layer of core-shell catalysts, manifested in the promotion of monocyclic aromatic hydrocarbons
(MAHS) and inhibition of phenols. The incorporation of Mg into the mesoporous layer probably generated the basic
sites and the loading of Fe on the microporous core increased the strong acid sites. The synergistic effect of the two
metals incorporated into the respective layers of core-shell catalyst could inhibit the immoderate aromatization and
polymerization of MAHs to form polycyclic aromatic hydrocarbons (PAHs), and accelerate the deoxygenation
reaction.

Keywords: Enzymatic lignin; Catalytic fast pyrolysis; Core-shell catalysts; Double-layer metal modification; Strong

acid sites; Monocyclic aromatic hydrocarbons
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EPR Detection of Key Radicals During Coking Process of

Lignin Monomer Pyrolysis

ZhouQingguo, LiSimin, XueShuang, SunHaoran, DuLiwen

(Zhejiang University, Hangzhou,310027)

Abstract: Lignin pyrolysis is an effective way to sustainably produce liquid fuels. However, detailed knowledge
about the radicals involved in this process and their influence during the coking is missing. Herein, we report on the
pyrolysis of guaiacol, a lignin monomer at 600°C under inert and hydrogen gas conditions. During the pyrolysis
process, the formed radicals were detected by two improved electron paramagnetic resonance spectroscopy methods.
Successfully observed o-phenyl semiquinone radical anion, cyclopentadienyl radical, methyl radical, hydroxyl
radical, methoxy radical, phenyl radical, phenoxy radical, etc. during the pyrolysis of guaiacol, as well as the changes
of related radicals in different pyrolysis stages. It was found that o-semiquinone radical anions and cyclopentadienyl
radicals were the key free radicals in the generation of coke and tar during the pyrolysis process. And through
hydrogenation pyrolysis experiments, it was verified that the relative content of o-semiquinone radical and the solid
coke were reduced with a hydrogen supply source. Our results showed that by controlling the key free radicals in
the coking process, the formation of coke can be suppressed and the conversion efficiency can be improved.

Keywords: EPR; pyrolysis; radical, guaiacol;, coke
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Energy-Environment-Economic Comprehensive Evaluation
Research on the Conversion of Lignocellulose Biomass into

Liquid Fuel

Sun Haoran Wei Tingyu Li Simin Xue Shuang Zhou Qingguo Du Liwen
(Zhejiang University, Hangzhou, 310027)
Abstract:

From the three dimensions of energy-environment-economy, three routes with relatively mature technology
are selected as the research objects: biochemical conversion to produce cellulosic ethanol, rapid pyrolysis to produce
bio-oil from supercritical ethanol, and gasification Fischer-Tropsch synthesis to produce Bio-aviation fuel. Establish
corresponding process simulation models on Aspen plus software to obtain corresponding logistics, energy flow and
thermodynamic data. According to these data, use the available energy analysis method to evaluate the energy of the

three routes, and use the whole life cycle method to carry out the environment of the system Evaluation and
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calculation of the capital investment and fuel production cost of the three routes at the same time, the result table:
The external exergy loss of the system is small, and the main exergy loss comes from irreversible factors inside the
system. The energy conversion rates of the three are 42.40%, 47.37%, and 37.44%, respectively, and the exergy
efficiencies are 45.09%, 59.02%, and 40.74%, respectively. Compared with fossil gasoline, the three routes have
better environmental performance, among which bio-jet fuel has the best environmental performance. In addition,
replacing fossil sources with renewable hydrogen and bioethanol can slightly improve the overall environmental
impact. In terms of economy, technical and economic analysis methods are applied to calculate the fixed asset
investment and total production cost of each route. The total production costs of cellulosic ethanol, bio-oil, and bio-
jet fuel are approximately RMB 8,600, 6,600, and 11,000 per ton, respectively. None of the three have market
competitiveness for the time being, and the economics of pyrolysis-improved bio-oil are relatively best.

Keywords: Lignocellulosic biomass; Biofuels; exergy analysis;Life cycle assessment; Technical and economic

analysis;
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