A GES: 10384 ) B

¥ . 32420111152131 UDnC

B R
Mot o ol i X
RERFHELER L AR
ey SN 0L

The Study of Catalytic Degradation of Lignin and Its

Conversion into Liquid Fuels

B % A

BRI L BN
F A & A BRI

AR A M: 2014 F 04 A
w X B #2014 5 05 A

45427 B 2. 2014 55 A

BTN
T 5] A

2014 4 05 H



BiXRFFMIE R4 =RA

ANZEIH AR SCRRANSE FINTE T, JhOL5E I TR
AN SCE AR 225 A A KBS R D2 R R I TE R, B SC
FBLE 27 AR, IFAF A RIEAN (R TR A0 A AR

ETE GAATID.

FAb ZEAALR SN C DR (D
I TE R, 3R ( ) W (4 &P ESLL =1
Biih, 1E ( ) S E . GEELL BT AET R

FUECUR AL 7 97 N BRI S A RR, RA LIS B A, ] DLAERY

o o)

PN (ZE4):
£ A H



B RFZALICEERUE M AR

AN F R TIR AR (A N R ] 22 A 26 61 8 AT S 7 i)
SERE DR BRI B SA 18 5L, JF 17 8 AR 1] B e LRI S AL
W CEFRLRTRA R TR0, SRV A AL SCREN B T TR B A &
HAE ERE D A o AN R R E TR SR A A SO 2 1 1 1
il S 7 e SO S LT B S AT A R R SA A8 SCR AR AT B
G AR, SRFHEZEN . 4 BB ey A& B ) 22 61 5

N S VATS A

( ) LA ITRAIREZR R B E IR AR S
T F A HRE, BEREH LR

( ) 2. ARE, EH BRI

AN EHNIESHNIT “ v 7 BUE BN AR . RE AR
PifE Q2 E I TRARE T A2 i el A0S, REE TR R E
TE AL SCRI AT AR S LA IS /), BIA

G
NAFTFEALR I, YdH B

FUAN (B42):



"=

PSR, BT HARRR I S SRS TE R B, AR I s R Z
W T TR RIRRRAEMR =R R BRIy —, R F R G
SEET R o 1 T PRR R IS5 M), AR 3] ARG A R A &4, TR
AR LA — D e A B R AR 2, 30 A 57 36 USRI FH A& — 4% AR5 A Al
SIS . AR SCE SRR T AR R IR SR 5 AR I 45 2 1 A =4
AR E N R BEAT AN, SRS mik SR a M B R SR )5
BT RREE RIS MR R & AT TR, DLHISRAS — R E . M &
TARIREE S AL ) o

PAEKFEFEAR B2 R, U R V). Ru/C AL, BE4T B A sk
BRI ST o JI IEAS SEAR AR B T R B AE S A T B (R B 2 A D AR B
Ru/C 0.20g. #if8280°C. J&/12.5MPa e Ml [a] 8h. 7Ei1Z2%M4 T FTfs A4 =
FO[IEF] 7TA%LL s AP P RS . B DA SRS PR SR 60%.
AT F SRR A= P ¥ 70 3 23 A R WA A SR R v R AR T IR (8 B LA S Sy
BRI GC-MS A8 I 43 H7 16 B A 03 2% 7E A SR AR v R 2B T Tl D 20 5 e 3 1 S ),
[FII AT Iy . Be i S T 10 45 A ik [ A

WHUFEFIA R (ZEEKIER. HePQJ/H,O « NaOH /K. 7K¥ERD
VERBRRRVETR], R FRARAT 2 IR = AT T — 2 KR AL I, 19 3155 4
4 RO beke IR IL 2] T 97% (FEAA 71 NaOH/KIEW), JFild it —2
PRIV AE 26 DL T VA5 R e 0 T T 288 i A st PP R 0 FH AR S BRI I Ak S v
HA SRR IR 5 o S I R B R B0 0 AR o 3R AE B R B e 1) L 2 S sk AT
FRIUEAE R N A R: I5E 260°C, &BiRTAI1h, IO E 1g.

K VA2 % T NSO, NifZrOyz. Ni/SiO-ZrO, (SiZr 43514 1. 3.
5. 7) AT, IR T 2R KA M IS RA T 3R B KA AL IN A . 7EZR TR K
MELIMEEFE S, Ni/Zro, (Ni3Owt%) ik T 8UF ML InERE )1, B3k
2 SRy 2 P e 3 1k 40 331 A 43.28%. 55.329%6F1 1.40% 17 Ni/SiO, (Ni20wit%)
A NilSiO2-ZrOo(Ni30wt% )X i /i 25 BoA e s i £k, 331 mT DK 4 KR oy 2K

I



FEAL RIS, HkFPE 2 BIILE] T 97.90060 99.78%, £ A5t K By /K AR AL AN
LA FEF, Ni/SIO-ZrOx(Ni20wt% SifZr=3YH 1k 7% T~ A 5 2 3 i I R R B i
R BRI SR A R IR BV 4y ik B T 47.48%. 24.77%F1 8.20% IAMNEK
Bl, MR SIOENE AR, Bk SiO-ZrO, fE AR, AR My H AR
SELF, XU T SIO B ATE A I FIE R AR A 5

X8 Wl KPR B ORBEERD EAINE BRI

1T



Abstract

The interest in lignin valorisation has been growing steadily in recent years, due
to its special chemical structure and intrinsic value. Lignin is one of the three major
components in biomass, and consists mainly of phenylpropane units. Because of its
unique structure, lignin can be converted into phenolic compounds first, and then
further converted to hydrocarbons and alcohols, which is a promising way for the
large-scale lignin valorisation. In this work, depolymerization of lignin was studied to
increase the yield and selectivity; then the obtained liquid products-lignin phenols
were used as feedstock for selective production of value-added hydrocarbon fuels by
aqueous-phase catalytic hydrogenation. Finally, nickel-based hydrogenation catalysts
were prepared and tested. The purpose is to find a cheap and efficient catalytst
suitable for applications in aqueous-phase environment, thus reducing the production
cost of fuels from lignin.

Depolymerization tests were first performed on lignin from corn stalk using
isopropanol as solvent and Ru/C as catalyst. The optimized reaction condition was
determined using orthogonal array experimental design, which is: Ru/C catalyst
amount 0.20g, temperature 280 , pressure 2.5MPa, reaction time 8h. Under this
condition, the yield of bio-oil could reach 74%; and a combined selectivity of 60% for
phenolics, cyclic alcohols, cyclic ketones and hydrocarbons (HCs) were also achieved.
The elemental analysis for lignin feedstock and bio-oil products indicated that
deoxygenation happened concurrently with the depolymerization; The Fourier
infrared spectrum (FT-IR) study and GC-MS analysis further indicated that the
cleavage of}-O-4 ether bonds and decarbonylation were happened in the process of
degradation, with the formation of new functional groups such as phenolic hydroxyl
and alkyl.

Four solvent systems were chosen to explore the lignin depolymerization, which
include ethanol aqueous solution, acidic aqueous solution, alkaline aqueous solution,

and aqueous solution, The obtained liquid products were then catalytically
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hydrogenated to convert to hydrocarbons, and a selectivity of 97% for HCs was
achieved (for the case of using NaOH aqueous solution as reaction medium). It was
found that alkaline solution could help the demethylation and demethoxylation for
phenolic compounds, thus reducing the amount of methoxyl group in the products.
And the optimum reaction conditions for depolymerization of lignin in alkaline
solution were found to be: temperature Z6Qeaction time 1h, and alkaline amount
1g.

Finally, catalysts like Ni/Si@ Ni/ZrO,, Ni/SiO,-ZrO, (the molar ration of Si/Zr
were 1,3,5,7)were prepared via sol-gel method, and were used in agueous phase
catalytic hydrogenation of phenol and lignin phenols. It was found that Ni/ZND
30wt%) showed good performance in agueous catalytic hydrogenation of phenol, with
the selectivity for hydrocarbons,,alcohols (including ketones), and phenols 43.28%
55.32% and 1.40% respectively; Ni/SiONi 20wt%) and Ni/SiQ-ZrO, (Ni 30wt%)
exhibted good performance for selective production of alcohols & ketones with the
selectivity of 97.90% and 99.78% respectively; Ni/SKDO, (Ni 20wt% Si/Zr=3)
indicated good performance in aqueous catalytic hydrogenation of lignin phenols, and
the selectivity of hydrocarbons, alcohols & ketones, and phenol was 47.28%7%
and 8.20% respectively. What’s more, it was found that the performance for
hydrogenation of lignin phenols would be getting even better when eithernSiO
SiO,-ZrO, used as the support alone, which indicated thai %€ unique advantages

of serving as the support for hydrogenation catalysts.

Keywords:lignin;depolymerization;lignin  phenols;catalytic  hydrogenation;liquid

fuels
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Figure 1.1 Types of structural units in lignin
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Figure 1.2 Schematic representation of lignin structure
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