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Abstract

With continuing concern over fossil fuel shortage and severe environmental
problems, more attention was being focused on exploitation of clean renewable
energies. Bio-oil, a liquid product from the pyrolysis of biomass under conditions of
rapid heating, is recognized as one of the most promising alternative fuels and
receives increasing attention. The crude bio-oil is a complicated oxygen-containing
mixture which generally contains a wide variety of alcohols, esters, ethers, aldehydes,

ketones, acids, olefins, aromatics, phenols, carbohydrates, protein and derivatives, and

as a result, crude bio-oil exhibits some undesired properties such as acidity, high

viscosity, thermal instability, high water and oxygen content and low heating value

compared with that of fossil fuels, which hinder the widespread use of bio-oil as a fuel.

Therefore bio-oil needs to be upgraded to improve its quality for its practical
application.

Up till the present moment, gas chromatography (GC)/mass spectrometry (MS)
is still a primary methodology for a full analysis of the organic components of bio-oil
and the evaluation for bio-oil catalytic upgrading effect. GC/MS method, however,
has obvious disadvantages for the analysis of the high-boiling fraction (HBF) of
bio-oil which contain lots of high-molecular-weight or high-boiling-point compounds,
and thus can not demonstrate complete composition and efficiency of upgrading
process for bio-oil.

Quantitative *'P-NMR spectroscopy was successfully used to measure the
hydroxyl and carboxyl content in HBF of bio-oil before and after upgrading. The
crude bio-oil was upgraded using Pt, Pd/Al, (SiOs)s, Pt, Pd/C, Pt, Pd/MgO and
HZSM-5 with different Si/Al ratios as catalysts in different reaction conditions.
According to the *’P-NMR spectra, aliphatic OH moieties, carboxylic acids and
phenolic OH (noncondensed and condensed phenolic structure) are main hydroxyl
types in HBF of bio-oil. The noncondensed phenolic structure (guaiacyl and
p-hydroxyphenyl phenolic hydroxyl) is derived from single-ring phenolic compounds
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such as guaiacol, phenol, eugenol, and vanillin. In comparison with the noncondensed
phenolic hydroxyl, the condensed phenolic structure is almost non-existent in HBF of
bio-oil. The experimental results showed that reaction condition has a great effect on
efficiency of upgrading for HBF of bio-oil. Supercritical condition can promotes the
conversion of aliphatic OH moieties and carboxylic acids, but has the disadvantage
for noncondensed phenolic structure. On the contrary, noncondensed phenolic
structure is converted more easily in convention condition. In addition, the acidity and
alkalinity of catalysts are also an important factor on efficiency of upgrading for HBF,
and both beneficial to esterification between aliphatic OH and carboxylic acids in
HBF of bio-oil. The increasing of the acid strength of catalysts can promote the
conversion of the aliphatic hydroxyl and carboxyl hydroxyl. In the upgrading process
of HBF with the alkaline catalysts of Pt, Pd / MgO, aliphatic OH and carboxylic acids
are significantly reduced due to esterification, however, the part of hydrolysis of the
generated esters due to the alkali nucleophilic catalysis results in a residual amount of
aliphatic OH and carboxylic acids after catalytic upgrading. During the super-critical
upgrading process, carboxylic acids are almost eliminated using HZSM-5 catalysts
with different Si/Al ratio, which is attributed to esterification with alcohols catalyzed
by acidic HZSM-5 catalyst. The content of aliphatic OH moieties in the upgraded
HBF decreases with the increasing of the acid strength of catalysts, which also
controls the content of the non-condensed phenolic hydroxyl during the super-critical
upgrading process. The acid strength of HZSM-5 catalysts could determine the
catalytic conversion rate of noncondensation phenolic hydroxyl, and the generation
rate of new phenolic compounds due to the catalytic cracking of aromatic oligomers
in the meantime. Therefore, the content of noncondensation phenolic hydroxyl

depends on the net conversion rate of phenolic compounds after catalytic upgrading.

Keywords: *'P-NMR; Bio-oil; Catalytic upgrading; Super-critical
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Table 1.1 Typical Properties of Wood Pyrolysis Bio-oil and of Heavy Fuel Oil

physical property bio-oil heavy fuel oil

moisture content, wt % 15-30 0.1
pH 2.5 -
specific gravity 1.2 0.94
elemental composition, wt %

C 54-58 85

H 55-7.0 11

0 35-40 1.0

N 0-0.2 0.3

ash 0-0.2 0.1
HHV, MJ/kg 16—19 40
viscosity (at 50 °C), cP 40-100 180
solids, wt % ‘ 0.2-1 1

distillation residue, wt %

up to 50. 1

ZI2ZF|IHHRURFARY, ERERGERARARBLEIRY. Kkd
TUEY, AMHTESARK. Bk, BX, B FAURBXEHR, &
TRERS, B81764%, RARBEEAME, HEEQF H15.38%19.87%, I
ShHe 2 A o KA Lol
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Table 1.2 Composition of pyrolysis bio-oil from ( straw)

crude bio-oil area %
Acids
acetic acid 17.64
2-propenoic acid, 2-methyl-, ethyl- 1.09
benzeneacetic acid, 4-hydroxy-3-methyl- 1.31
benzoic acid, 4-hydroxy-3-methoxy- 1.44
gluconic acid, 2,3,4,6-tetrakis-O- 11.69
Phenols
phenol 0.99
phenol, 4-methyl- 0.67
phenol, 2-methoxy- 4.58
phenol, 4-ethyl-." 1.12
phenol, 2-methoxy-4-methyl- 2,05
1,2-benzenediol 2.40
phenol, 4-ethyl-2-methoxy- 0.80
2-methoxy-4-vinylphenol 1.47
3-allyl-6-methoxyphenol 0.96
phenol, 2,6-dimethoxy- 1.02
Esters
acetic acid, methyl ester 5.93
butanedioic acid, dimethy] ester 0.92
Ketones
2-propanone, 1-hydroxy- 9.87
2-cyclopenten-1-one 0.35
2-propanone, 1-(acetyloxy)- 0.19
2-cyclopenten-1-one, 3-methyl- 0.76
2(5H)-furanone 1.31
2-cyclopenten- 1-one, 2-hydroxy-3-methyl- 3.10
2(3H)-furanone, dihydro-5-propyl- 1.44
ethanone, 1-(4-hydroxy-3-methoxyph- 0.80
Aldehydes
furfural 2.08
vanillin 237
Others
methane, diethoxy- 2.14
1,6-anhydro-g-D-glucopyranose 15.38
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Fig.1.4 Reaction network of HDO for guaiacol
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Table 1.3 Catalytic conversion of guaiacol

Total conversion (%) Product distribution (%)

Phenol Benzene  Methoxybenzene Toluene  C3-C5

Ni,P/SiO,
Co,P/8i0;,

Fe,P/Si0,
WP/Si0,
MoP/Si0,

80

70

60

54

30
32
94
100
28

60

52
0
0

53

10
1
6
0
0

0

0

0

15

0

0

15

FLAPFIH TR R AENRR LS, HRERBEABWE-HTEE-
BA-BmE. |

Crocker "4 ## T F A A My AR FRE, RMEEIS0C, HUPYALO;
ARAA, BRERABFRENEARREAS AN, FEENMMEAR. RENE
BUEME T EE TR A 4% ZBHA%RB+5% 7 B+8%F ¥ B+8%H
B HE+8%1- B 32 T ER+12% LB +14% L B+17%48 F 4 £ M+20% K 4 4 B #
BRedd. RN, REEERLANHEEENILI m%EZ2.8 wik,
FREENE, HISHFETRARMNE, TERCONHRFmA.
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Table 1.4 Catalytic conversion of phenols

Reactant Conv. Selectivity [%)]
[%]}

Cydic
CH;OH alcohol
§§&~E
OH
OCH,
100 66 30 6.7 7.2 17

CH,CH,CH,
OH
OCH,
99 65 35 50 74 18
CH,CH=CH,
0071 31 52 82 N
H,COCH,
H
Hsco
92 S8 36 54 12 2
CH,CH=CH,
Light oxygenates:
CO,
Reforming
H,
CH,0; H,0
C-O deavage
H,
Alkanes
H,0
Aromatics:

C-0 cleavage H

2
CH,0, 7‘? Benzenes — Cycichexanes
Hy H,0

E15 REAERERY
Fig.1.5 Reaction mechanism for model compounds
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A A i 09 08 AL SRR AR R B R 38 4 A M9 LA B & s AL BLCO. COo2
REKNYRHR, BRAKELAT, NTREED B RS, BY
ERANEANEERUEKRRKXE S, WHZSM-5, BREURAXLTH.

Bakhshi*!: 9443464 g1 % 7 HZSM-5, H-YR 4 71 5 B 48 B Ksilicalite
AR R R AT RRR B, AR R A BENR, REREHHE Al
A4,

BREY, RENANNWFEHERMLANTAGRE, A=A
HZSM-5(27.9%), H-Y B2Ff#(14.1%), EH48(13.2%), H B ¥ # 7 (4.4%),
Silicalite(5%). P\ HZSM-5 f2 H-Y B F/ A kA m, FreRRae b E
RERFER (WX ZBFXURPATRYE); WUBRE. H W4 thah
Silicalite A LA, FrAERGKEAXAUMUERBES (Co~COBX) . 4
o, BAHK HZSM-5, RLiRE X 340CH, S4K7EH & 14.8 wi%, &3 CO,
COy» CI~CA W EFER. P ABE XN ANALE 105w%, TEZR
R, RFRIRE 622%, BEEIENBLPBE, IRW, Eowday
LLELRFRA, L COMCOMBRBK, £RER, LUHHRRBAHTE
B REIEPRAGRNAERME. L. Fh. THEUREAL.

Gayubo*” * ERMA L EYHRKAE T HZSM-5 B LR KR B HHE.
RENHAMANOEIRS. AR, ETH. 2-TH. ¥5. S7F4LER.
A, THURZRE, ISMEMARAHT ERANSEALEN. RENE
WA 1.8 Frw.
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Fig.1.8 Reaction pathways for upgrading of model compounds catalyzed by HZSM-5
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PP AR Cslii2, B— RN EMEE. $RUR CI~C4HERE. T
W # gL ARA LR,

Almeida® $A¥ AN ER AW (2B BAREAER) foik i in
EMATRUELRURE FCC), BILAN Y0%E-CATHO%ZSM-5, LR %K
A, 10%HERLEMBERN P EAARBAL.

LR, AEMENELRBRBRR T, #4HEE N HZSM-5, RA
[EMRE. HZSM-S UM E AR EFFHE, AKMRELME. FHLE
RE, HEMBEEADHTHELE, RELDHNER.
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1.4 *'P-NMR $ Aty 5 22 fu 51 A

VA REREATLENREFRARMEGEAT, Eatb ™ A s th Ry
R, XA X B R BRIk, B RERMTF E 2
= EUFGRRARAA R, HHARENZD TUELEH I ERAEMEY.
TPR-AVERETHAA (=1DNETH, HEREEHN 100%, B, &
R-MIAEHARER M AR UMD EHNERGETY. EEAKEERA
BHARE ARSNGB URR R B4 R A5 0047 & M RAFIDIX B 76 3 o,
RE R 'PNMR L ERARRATHE, REWTERATARE VL2845,
WS M TP ES AR BN, AV EEMAREEHA TN
BA.

1.4.1 'P-NMR A E#

FR 2-84,4,5,5-0F %1, 3, 2-Z 8 LRGN L RF RAF TR
PRALREAHAR, REMNE 'PNMR L, mFARTHRE. HEX
PEEEFTEME 'P-NMR BRGNS AN B RR N EE, 5t
REREETRBHTRY, BTUBRARIME, RERENGE, HELAL
PEERENSE. M TNANTRETFARSREAET, "PNMR A S 42
AEAWEE 3 Hixf 'PNMR Ha 3t R % H NOE KA. »FREM Y
ERAR. Jiang FA @ A RAFRAERBR WA UM, BRSNS
BRE, k1557,

AXRERTEY V'P-NMR A+ W L FHs% 137.4~ 143.1ppm S,
—BORMN, EXRFSERRE P-NMR hEABBHA, Tat/ BERAE
7t 'P-NMR %80,

HAXRRRAAM. . KX, EREAREHFRANTR. 248K
47 4 0P P-NMR A 4 b A 57 149.2 ~ 146.0ppmit Bl . — Rk, {4
WA AN 'PNMRUCF ALY R BEAEITH2, THBHRFTAY
3P-NMR fh i % 81 B 11 1% 37 % 0.5-2.5ppm.
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j EVPNMRAE S, RETATL, —XERUBATALNREN, ELE
%, 3IPNVRIGEH B RERST; 5 —RBN-8. B—XREFTA NN
|
|

J'P-NMRALF A% 1 HAE 135ppm4A, 2 =% 1 H40 2 TppmEA .

LS ERE/NELY
Table 1.5 Chemical shift of functional groups

Functional groups Chemical shift  (ppm)
"~ . Carboxyl COOH 135.5-134.5
Aliphatic OH 149.2-146.0
Guaiacyl OH 140.0-138.8
p-Hydroxyphenyl OH 138.2-137.4
Syringyl OH 143.1-142.38
1.4.2 'P-NMR # jii A
1.42.1 P-NMR AR WA K £ L&H

ARZREREWTERMRN —XIR, FETARLL ., TEHAR
BRYBRXANRBELERE. AREFEABNKLE. RBE. URTFRS
HHREREEQUAR. RTHFRAARERXERNREL). *PNMR AT
WEAFEMZ 20 4 90 FRALRRKGH TR, % 'P-NMR # H ¥ 1L
WHRAHAR FHRAE. BAREOREEHET S, ARLEREER
BHIRDY RTURARIE, REREAGE, HEEARTEERENS
E.

Argyropoulos% A %4 K H B Y'P-NMREAR QAT AR £ 44, E1L9RFF
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TP RELRBRUAMAREPARBRUERAR EUKRE AR AR Y
YP-NMRi# . Jiang% A% S 8T8 T4 B 23911419 ppmAL BN ER %5, 5-=
KRAZEEH. BARLY, AFORRAMARESS, S-— KRB L2 H AR5 4
BAEXIS%ES, TWREFRRE GHAREHS, - XR LR LW AR & LB
RANES, REPEABRBE YR AR EHRERR. W4, Argyropoulos
FA ' P-NMRAMTA KB 0484, CREERIMHKLRAME, HH
R FB-O4RM LM R HFRARSS, ITRAderSEHAE R RN LR
RUERT. REMEACOH A PNMREAMTER U R W AR b E
HEANSE, EROKLOT, EXFRRBARENETELOERME. &
BARENABRRESEAEZNAZPRE. REAREPABEL AL TEL
ERHLREY, ERUARSEZH TRHN.

®1.6 ZB'P-NMRUZE 0 1 #AR E 8228 (mmolg)
Table 1.6 Quantitative Determination of the Hydroxyl and Carboxyl Moieties in

five types by 3'P-NMR Spectroscopy
Bl | &K | pREX | ¥TF | ¥4
‘ B8 RE
4.1 B2 | 2G) | ;L | £0% | o8 RE%
g% E3 o
£ | BREA E.3 2% | BX
144.5-
Stp-NMR ft. | 149.2- | 140.0- | 138.2- 143.1- | 143.1 135.5-
¥4, 0 | 1460 | 138.8 137.4 14238 | 1424- 1345
1415
£ %% | 506 | 059 0.29 0.22 017 | 144 | 650 0.16
| BE | 115 | 024 0.41 0.06 013 | 084 [ 1.99 0.21
B | %#& | 164 | 046 0.80 0.20 029 | 321 | 485 0.22
| X4 | 131 0.16 0.28 0.02 0.01 | 049 | 1.80 0.08
&
" 4 | 386 | 039 0.23 0.24 025 | 1.19 | 5.05 0.26
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Fig.1.9 Quantitative 'P-NMR spectra and signal assignment of steam explosion
lignins from aspen, yellow poplar and a ball-milled enzyme lignin from cottonwood
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D; RREZSEERMAZTTRE, EHAEREPRIE.

Enzymatic

2-step

Acidolysis

-----------------------------

EL10 ABAE. BEAEURALEEAMRE2 AL P-NMREE"
Fig.1.10 'P-NMR spectra of residual lignins isolated by acidolysis, two-step and

enzymatic isolation procedures
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RLT'P- NMRAE SN AR % S22 L0 #5487 (mmol/g)
Table 1.7 Phenolic hydroxyl (PhOH) contents and other functional groups of the
lignins as determined by 3'P-NMR and difference UV methods

Acidolysis Two-step Enzymatic

Total phenolic OH" (mmol/g) 219 1.81 137
Total phenolic oH® (mmol/g) 2.2 2.06 1.65
Condensed PhOH" (mmol/g) 114 0.94 0.70
PhOH in 5-5" biphenols® (mmol/g) 0.58 0.49 0.37
Weakly acidic PhOH® (mmol/g) 0.31 0.35 0.29
Conjugated PhOH” (mmol/g) 0.33 031 0.20
*Measured using *'P NMR

Measured using difference UV method

31 Iy ~
1.42.2 *'P-NMR S AR A R

BRAZZRTFREARATFREARENRE, SULARA (CCA) R
FENAHRGEA. BERET CCA XARRAZREA, 2EXRERFR
(USEPA) B 75 2002 £ E AR S B ABT A CCA EAMFHEA. BREH
PR 750 LER B fm CCA TR ANAMELZER, FHbxFmE EH CCA
AMEAHLERENEERE G FIA.

HEl, MEREEA PRAEAIN RN RA TR T2 —, EHRAN
REETRSAANPRRAMEHLFSRK: LG 71 LGO. Qirong Fu FA
R4 THA'P-NMR EARZAMBHE LG 1 LGO AN F F&. B 1.10 &
B im CCA B AM M5 H °'PNMR #HE.

M BT LA S, 153.8ppm A B K48 4 A7, 148.1ppm 1 146.6ppm
BARGEN LG RLEHREE, BRFLTREFMNBEN 12, WA
LG # A 3AMEE, BTUHE 148.1ppm 4 C2 LB A, TG 146.6ppm L
Byi& 4 C-3 fu C-4 W&, 135.8ppm A 8/NE K LGO R A, B 1.11 £4 LGO
# Y'P-NMR #H, 136ppm XH R, Tht—FER T HENRAL.
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7 g
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Fig.1.11¥'P-NMR spectrum of tar from the pyrolysis of CCA-treated wood

|

N |

v T T T L4 T
184 152 150 148 148 v 142 40 138 136 ppm

B 1.12 LGO#*'P-NMRi% E™
Fig.1.12 *'P-NMR spectrum of levoglucosenone (LGO)
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4 1 v I M ¥ T M 1 M ¥
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154 152 150 148 148 1“ 142 140 138 138 ppm

B 113 k70 CCA AN RAR)E # *'P-NMR #H "
Fig.1.13 *'P-NMR spectrum of tar from the pyrolysis of untreated wood

B 113 R A% m CCA AN RAESE # *'PNMR #H, foim CCA A
FRMSE P 'P-NMR # EHI th, AW CCA #3¥H+ 148.1ppm F7 146.6ppm
ANEREHDRD, HERERFW CCA WAMNY LG R ERAFHTABE
i CCA A#F LG HEE.

1.5 W X W% AR E R K WA
1.5.1 HEEKE

AR EAREARERES -0, B 8. B. 8. B. 52 38
Bk, BX. FORRASMTANARGREY, ROALEREETRE,
HRUgn. 4R, 26EF. SEBURMABEHEAKESE T EH8
HORER. B, AMdEEANLASIRARE, AR AFRARK
BB HER.

AEMHEN—REENTEARR, RFRAA T EAFERIRRHANK
RERMLOAGRE. ATEWHREHNRIT2EL%R, BHFLDHHRL
ATERERRFAMEE-R#E (GCMS) BRAHAR, MEHFEEANLH
HARMANER, AP ETEYHEA A WRI AL H L, REFD
WRAES, BAABTRTRAAMIAKLSS A EHLL (high-boiling
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fraction, HBF ), GC-MS F# H R AN B A A F N AL THREN T4 4
R, HAMERTRERARR KA YA R B LRTRE. E, #
REYMARRAENHBE R AL WRECRRFEAMTT TR E TRE D
U THARRREAGOXR, TETE S NRECRT IR, N 5
bl R ALK,

A X KB A RC'P-NMRBAR 2 B4 T 4 4 % HBF 8. &
FRBEXREERURAN. FOLE, RUYBITHEEDABA Y%, 5
KR T Pt, PA/AL(SiOs)3. Pt,Pd/C. Pt,Pd/MgO W & F 548 . HZSM-5
A F R E AR TR KB A £ R R AR B,

152 XEFRNE

ARXTFRT U THEIE:

1) BAV'P-NMR EANEZEMT AWM EALL (HBF) , Wi
M LR A, 2S5 e A Y O 5%

2) 2BIUA Pt, PUAL(SiOs);. Pt, Pd /C. Pt, PA/MgO fE R LA, BKRT
BARKREOANR, WRAYBEHLL (HBF) BARAH. B
YPNMR FELR, FRMAK GBRAME LD HBF BURKNY
.

3) AH U4 (SVAL) 22, 100, 300 8 HZSM-5 2 F X 4LH, 8
W R TB AR, M4EHH HBF #T#ARERA, #1 >'P-NMR ¥
EREAMRBER, HEAFRFEREE SN HZSM-5 2 F & L)
MEPHELRTERGT .

4) DUHZSM-SSVAIR)A A, HRBIER. BlER. EALGETLHA
%Y # HBF #ITRARRK, B\ 'PNMR W ELVER, sy
# HBF 8. M RRAXRRLARMRAN. FHAE, XN
B R B A & A i R AL 3R R R 0 .
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=% EBHA
AEANLRIEPHEENLERA. B, RLAHE £UBRKRN
HEUBAIM T RFFAHTANA.
2.1 fLF A
E5 B R FRA k2.1,
&2.1 ZHEA
Table 2.1 Experimental Reagents
£ RER xS 3
HRE AL(SiOs); CP EARALFRAARAT
HESMSATH 0 b RAEATRARAT
100. 300
R KOH AR A LA 3 LA R A
2-§,4,455-1 F
#-132-Z €% CH,CIOP 95% Sigma-Aldrich 2 7]
EREW
EHX C - EAEALFANARAE
Ak MgO - B 25 % B b R A A
LE A% C1oH1604Cr CP B &R LERANARAH
ki N CDCl; 99% Sigma-Aldrich /8]
HE e CsHsN AR AT I IL A4 4 1t 2 A
£ K] HPICls6H20 AR U LA AL R A R 8
£ B:d- HPdCls6H20 AR FM BLEA B LA A RAF
4. CH;OH AR WM KAE % HA A RAF
He CxHisO 99% Sigma-Aldrich /&
45 H, 9.9%  HMAIHASKARAE
BAAR N 99.999% HMAIHMEEAERAEF

3



WO KEB:ZRERX

22 ZHNE
SRPHERAHNEILEL 22,
®22 ERNE
Table 2.2 Instruments used in experiments
ETA 3 5 EFER
B R B A# FYXD01 AEBFHELHEARAF
AHEEN GC 9190 FM 48 B RA
B R A Agilent 1100 FHERHREARAT
JEFRF - . AG13s - HEHBRERASNBARAF
ERmds R DF-101S RN A B EHRAF
BMERRAER GSF-1A LERERNE
BHRAZAEZRR SHB-111 KRB BT
BEKER GAX-2000 ELCERNAT
THER YSB-2 PHRELEEFERBENES
EETHRE DZF-6020 LR LR AERAE

2.3 A HH &

231 $ARREHHEREB RSB R LA

FeRBEMARASARRAENE, FHENALAIRN: 2 wi%
PY/AL(SiOs)ss 2 wt% PUMgO, 2 wt% Pd/Aly(SiO3)s, 2 wi% PAMgO. 4|41 H:
SR EMRANAHRAKE, BH—RENLBWERARTEENFETFA
H, BRKREA, FERRRALTHEL. BE 4h GRELARED T,

ZUHOCTTE 2h TR,

232 ARFHER KRR LBA LA

B o B AR R A ARl &, JT & SRR ;2 wi% PUC, 2 wi%
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Pd/C. AR ERE: 28 BHKE 10%HA BAB W 3h, T3k, AK%EW
A 164.5 mL A& 1h, RE WA 5.26 mL EHBABR. 50CABmB, REM
A—RZEW NayCOs B R EHM, BN ENGH, BABMH 4h 58, A
BA%H, BREARETHR. 2wit%Pd/C 4 &b 2R A LRARE .

2.4 PR R B

241 SHHmERRE

RBERANAYHRUABR Y ERNBEREH. RIRBEA 475C, #
HBE <25, RRBABE No. £WHR dPERFRRKE LY RE S F
ERERE, EH2IHTAENHAETKE.

21 PERFHAAFANBEFRE

Fig 2.1 Equipment for bio-oil production in University of Science and

Technology of China

242 S YAHRFR PR

EmAERELRRRE AR MER MAAEGE LT #1T, BEAK
BAOIL, REIHENN 22MPa. ¥ LB foA Wbtk — 2 Wil (BRR KK 10:
) BEKEN ETHEST, AhEEARANEEHEK ARAEHR
SheHER (R ERNE, EREAAERAREEKTHEE, FEA4EA
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BEHERTHER, BREAENENEREN) EAREFRERERTRE, #
BN 800 /4.

>3p.NMR

O— |—0

E22 REREFEHE
Fig.2.2 Schematic diagram of experiment

LEES; 28 #8; 3.9 T, BERNE; P, Ehk

2.5 4 Yy wli thy 24

2.5.0 A Myt R o ) O R A

RNEW R (FEER) RTEEAELR, HEWRN TR MM
WERAUAARSE. ¥EAGEEMBATHIT, RAMBI#. BEXEHEA
AAREFEAARY.

2.5.2 4 Yy i IR b Ay 0 JE KA

MAEYHREHATRERE, REWRN TR 5 AW B b b oo &
% 9 41 2 (high-boiling fraction, HBF), X ¥k} : R —EEWANHEHE
FRERAEY, Wb, EISOCTHTHEEY, HEE % %-0.095 MPa.
AL RABRELENEMFLARR A, BEERERNRNEB R R
MBRFCHER A M. LRY B AEEERA LERRA N BARA T 4
FHSHBII AR EHFRAA S HEZR.
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2.5.3 & YR R E £ A

MNERBRR o (BEER) #TREAFLE, HEARATLELH
EMmERF I AERRAEAALS. BARRF W EHEXBWEN, F
AEHEHLITRANEHLR. EAENOCCTHITEERE, FRAE M
WE#TREAE, FHARZEIC, EELEAMEH.

2.6 AMHRFAA. J5 8 "P-NMR 2474 3%

2.6.1 AAHEH

b AR AR 0CRETER 4 Mo, RBERNSH AR T
FRRERT, TARFEELA. HRAOAREGHRABAEAR 1.6: 108
#l, R)E A LR B REAK 5.0 mg/mL # 7.8k 7 B4 B R (R BRA) F42.0 mg/mL
i BB R(WAF). BRI 30 mg B 42 (HBF) HERATESN 1.0 mL
BZEAY, AURARREHFHRAEN 05 mL B, RERKMANR LA
50 uL, ZBEABEAEBAENE 100 0L, KEARRPAREGHRABIE
AZ10mL, ERHEBAILA .

2.6.2 A YB3

R R AT 2-84, 4,5, 5-HHH-1, 3, 2-— BB RF AR AA AL H
EAHATHITAEN, H23RTRENBUENTBR, REREFTELMH 1L
FUBREERELY,
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B 23 2EETHRTEL
Fig.2.3 Derivatization of hydroxyl moiety

’ 0 /0
R——OH+C1—P/ :ﬁ — R—-O—P\ +HCl
\0 0
i
|

2.63 % Wi BB AL R CP-NMR)A AT

AR P-NMR A A Y RFTH. FHEALARNEEENL, AT
ERAPREHER. RA Bruker AMX 500458 234, #H4HEE ¥ 30C. ¥
BETREAE, RARTEZBEAKHR NOE H N, BAERMTSHBE
R 90°, Bk K 12.5 ps, HH K 55kHz, HBER 255, HFREE 2K,

2.7 %% Xk

[1] A. Granata, D.S. Argyropoulos. 2-Chloro-4,4,5,5-tetramethyl-1,3,2-
dioxaphospholane, a Reagent for the Accurate Determination of the Uncondensed and

Condensed Phenolic Moieties in Lignins. J. Agric. Food Chem., 1995, 43 (6),
1538-1544.

[2] D. S. Argyropoulos, Y. Archipov, H. I. Bolker, C. Heitner. 31P-NMR

spectroscopy in wood chemistry, Part IV. Lignin models: spin lattice relaxation times
and solvent effects in 31P-NMR. Holzforschung. 1993, 13, 47, 50.

[3] Z. Jiang, D. S. Argyropoulos, A. Granata. Correlation analysisof 31P-NMR
chemical shifts with substituent effects of phenols. Magn. Reson. Chem. 1995, 33,
37s.
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FoFE RBRARLBAAAA LD
B A 2 (HBF) (2 {3 i By B w

31 FE

LhhE, REEMBBAOERRTT HEA-BXREE V2>, 2o
ARAACERRAEN T BERE4TUARNRY £ ibF HEAEN>S,
RTERBBRARARARFNRAER. AXEWNHAR TG ERE, 2
BART fEA K 4B R LF: 2 wi% PYAL(SiOs)s, 2 wi% Pt /C, 2 wi% PYMgO, 2
wt% Pd/Aly(SiOs)s, 2 Wt% Pd/C, 2 wt% Pd/MgO, #F R fifh £ R & b 2 4
YREAAIENRTNEW, BIT 'PNMR WEEMMIFE, MENHE
RAXTE . BRARRERERERKN. FL BN TR R T HRHLH.

3.2 4 Yy wh B #h HBF 8 3'P-NMR 247

B 3.1 %7 DU B 4 AAREY A 4 JR 9 S'P-NMR # 1, AE ¥ BUE
4 Y# HBF F 8. BRARBERETEUREHER. RABAsRXLedmAh E,
TR AW P EAR KPR G 144.5~1402) LT LA, TENELELBE
G 140.0~1370MBE A £, FEARREETEEXHRUAEREEG
140.0~138.8)f p- B X A B 2 35 138.2~1374), 25 F T A E LS EH 15.19 0
1165%, XUBMEXTEXRE FTEXFR XY, RO AR. X8 TF
B FEBYE. SEEEREENHLE, Z4RREELNHPLTTNL,
ERLPHTPRENANTENEEERWRN . o NEEEETUES,
T Yo o B R I #2355 149.2~146.0)Fn R 2(5 135.5~134.5) E EH 2, 251
TREEEGEN 61777 11.65%. AMuiEmAALBURKGEFRRY L4
E REAMRME, TADHBAALTELEIERETE. RPAREER
&P, Bk, BROZEVAHTHRENSERR ALY HBF R AW E L.
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internal standard
P

Nonconden{ed phenolic OH

Aliphatic OH Condensed phenolic OH

—

| HBF of crude bio-oil]
l
|

1) v T v ) M I 4 ] v 1 M 1 M I v 1 v I r L I
152 150 148 146 144 142 140 138 136 134 132
ppm

3.1 A: 40 3 B 3 80 0 409 'P-NMR ¥
Fig.3.1 >'P-NMR spectrum of HBF of crude bio-oil

3.3 Pt i & (9 ¥ 4t A - HBF W@ K

AR T AN FZER B A, DL PUAL(SIOs)s, Pt/C, PUMgO 4 4L
WENHERAIORIKN ., BREVHNKEFARAR LG LD BRAR
BERW, ERE: PAKNRY MR 04 LRFHR S 3
M, HARTHUaLm.

3.3.1 P/AL(SiOs); 4 8 th 0| B A Y s B A 41 0 R LR
EREREY, UPYALSION A R ULATRERN, LBABEALL
W (RF) H10:1. KA A EE %260°C, KB 4 3h.
E324H T AW bR A )G %7 P-NMRE B, ¥ %065 B &131-152 ppm,
EETRENELEEARE, EXERNMERHEEE 2N AR, &
ATBER. F3IRAEIMEB2RE A WE, KEPTUEY, BREEL
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AEECERHFRARENRY, BRI EERPERRERVENEE, 4
HRD 773.4940100%, BOWETEER:

RIOH + R2COOH"‘_> R2CO0R| + H20

REARERUNEN FAEY W HBF P AERIAE LR XL oW R
R, TRAREREE 0 p-BXEREENSETUTA, 5EAHML, #
FiE R EZEEERD T 58.48%. BAKI, BUEAHNELERLAH T4
PREFAP ARG HREMRERR, X5 REAERA4TREELAF B
REAX. .

]jBF after upgrading over Pt/AI?_(SiO3)3]

internal standard

T 1T 1T 17T 71T T T
152 150 148 146 144 142 140 138 136 134 132
ppm

-

B 3.2 PYAL(SI03)s 4 L1 3 /5 A 4 3 5 o 4L -y 'P-NMR 3% [
Fig.3.2*'P-NMR spectrum of HBF of bio-oil after upgrading over PUAL(SiOs)s

39



HILX¥EBMEELRX

50
451 Pt/ AL(SiO)),
40 - Before upgradmg
] After upgrading
) 354
o -
E 30-
8 251
= J
3 20.
2
g 15-
> 4
T 104
0.5-
00

B 3.3 PUAL(SiOy); LA R AR . J& HBF w4 X B E M E L
Fig.3.3 Comparison of the content of hydroxyl moieties before and after upgrading

over Pt/Al,(Si0;); catalyst

332 Pt/IC AR N E N EH AL RRR R

ERABERZES, UPICARUAZTRARE, LBAHHAI L (AR
W) K10:1. KM HIEE X260C, KB [E 4 3h.

E33REPUCEARTE LY BB H AL W ' PNMREE, BB ME3.1
TREH, HLEWRES, REEABRAL TN EEERD HTHE, R
D T34.42%, FRAPYCH L TRIMLR M & £ F stk fom b R, &8lK
ARREAp- BEARELNLBENAA. MREBARKEALLELE, £F
FANEEARRD T3873%, SHKH, PUCHLERREF BPUALSOs,.
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[ HBF after upgrading over PY/C |

internal standard

I v T v ] M T ML AL LA B AN DU B R | d

3.4 PUC H AR RF G A 4 i 8 o 421 *'P-NMR #
Fig.3.4 *'P-NMR spectrum of HBF of bio-oil after upgrading over Pt/C

3.3.3 Pt/MgO X #8150 o 4 Y i g o 41 0 R R

ERERCES, UPYMgOA R ATRARE, ZBABHAAI L (&K
Bk) H10:1. RREEEE 4260C, KB E H3h,

B340 EPUMgOR LR A AN B A A2 PNMREE, BLENE
I AEY, EPYMgORLRIE, BALI THEHKEZRYD T73.71%,
BRI EEPUALSIO)EURAEH Y., FELRZRVHF—EHRY, ERE
EHEA-REBRR, XRBFERBELAPMOR B LRAIR P, I
FUANERATIERERABRAR, PELRN:

R,COOR, + OH R,COO" + R,0H

ARG SRR R AW H A — T BENAS, BkPYMEO
BB RN AR BREF PUCHPYAL(SIO);. B REWNEERD61.271%,
ARG PYMgOR L2 R 5 PYAL(SiO3)s.
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[HBF after upgrading over PtMgO ]

L+ interna standard

YN S N

‘ -l v ] M ¥ v ) 1 v 1 M 1 v | v T v T v |
152 150 148 146 144 142 140 138 136 134 132
ppm

B 3.5 PuMgO A AR A &£ Yt B 4 428 *'PNMR #
Fig.3.5 'P-NMR spectrum of HBF of bio-oil after upgrading over Pt/MgO

MU EERTUE Y, #AANREYA R REA LAY B
RUARHBEA, THRELLAWAPREAD, Pt ARNRY SR NELRR
BRE A AL, BARTPHELA.

&30Pt QR E A EELRAA . )5 H HBF & % 2254 B (mmol/g)
Table 3.1 The content of hydroxyl and carboxyl moieties (mmol/g) in HBF before and
after upgrading over Pt supported catalysts

Carboxyl Aliphatic Guaiacyl p-Hydroxyphenyl

Catalysts Total OH
COOH OH OH OH
Pt/A1y(Si0;); 0 0.65 0.46 0.53 1.64
pt/C 0 1.60 0.41 0.41 242
» Pt/MgO 0.13 0.64 0.28 0.48 1.53

Crude bio-oil (not upgraded) 0.45 2.44 0.60 0.46 3.95
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3.4 Pd i & Hy 2 {LA E HBF oy 4L R BT

AFHRTNBERZERNEAMR, MU PI/AL(SiOs)s, Pd /C, Pd/MgO A % 1,
)08 A 0 30 8 0 AL AR TR L B LR AR R R R XS A i R
REERML, EREN: Pd ARNHBECANELRABRRERTHR
o LA

3.4.1 PA/AL(SiO;); 4 AL B A Ayt v b 41 20 4R B B

ERERLEBY, UPAALGSIO): N EAAHTRARNE, LBAEALL
b (RB) A10:1. KA W EE X260C, KA EHE K 3h,

3.5}y PA/ALy(SiOs)s f 16 ) b 4 4 3 8y % 4 08 LR UG #0°'P-NMR i ),
FI2RBENRLER, 5RAML, BEKZE REESHRD T49.18%0
24.44%, Tip-RAERBEANSEEA S, XEETREENBERRELR -
FETUEEEERBEENRL, F - X AR L Db T EFER#
RRBRBXLEN, PUALSIOLEL TR XU YH EREE X TFREME
£, RAEIEELERD T73241%, KEHPAAL(SiOs) 3t 4 w5 6 4 0
LR R H T PUAL(SIOs)s.

3.4.2 Pd/C & 1 55] o 4 My i i 3 AL 20 R RR B

ERERZEY, UPACHEAABTRARE, LBAOBEHAI L (KF
) H10:1. KRB HEE 4260C, KB E X 3h,

3.6 ZEPA/CH LR L4 Yol 1 h 41 08 (LR TG #°'P-NMRiE H, %32
REENRLER. GRANBE ALY, ARREAZBERN T2, WK
fidk %, REUAERZENRp-AXERZ LN S ERE T, KIEYVPICH
R4 B A A B AR AR AER.
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HBF after upgrading over Pd/AIz(Si03)3|

internal standard
"

7T v T T T T T T ' T v
152 150 148 146 144 142 140 138 136 134 132
ppm

B 3.6 PA/AL(SiOs)s AR LR R TG A 4 # B A 414 *'P-NMR i |
Fig.3.6 'P-NMR spectrum of HBF of bio-oil after upgrading over Pd/Aly(SiO3)s

|HBF after upgrading over Pd/C |

internal standard

T

I v Ll M 1 v 1 v | v T 1 v 1 M T M 1 v L
152 150 148 146 144 142 140 138 136 134 132
ppm

B 3.7 Pd/IC A BRI £ b8 42 *'P-NMR i B
Fig.3.7 *'P-NMR spectrum of HBF of bio-oil after upgrading over Pd/C
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3.4.3 Pd/MgO & 1] B9 4 Y i 8 6 41 23R O R L

ERAKR B, )L PA/MgO A A AT R AR M, B AL (4
M) K 10:0. REMEEH 260C, K BLEE X 3h.

/3.7 5 PA/MgO B 1) b 4 4y e 1 o 4 208 L3R G 19 'P-NMR £ , %k
32REEHBLER, HI39ZNE3 MEISHEHNALE, NEHTUE
H, SRBMLE, BREZEPRUAEXRELRI LRI, T p-BXLH
RERDAAE. RAXNEA —EBRL, XX B FEARBELF PAMO #
EARRIEY, BNZURELEATSEE2ERNRARLELLERYD
58.98%, 1t Pd/Al(SiO3); #1 PA/C LR R HR, PI/MgO 8 1h3R Fi B R & 4F.
LW Pd K AR LA LR BRER FRBRM Ao & A,

| HBF after upgrading over PtYMgO|
internal standard

/

s T T T Y

T ™
152 150 148 146 144 142 140 138 136 134 132
ppm

A 3.8 PA/MgO 4 f fL I3 R )5 4 4 i B % 4.4 *'P-NMR % I
Fig.3.8 *'P-NMR spectrum of HBF of bio-oil after upgrading over Pd/MgO
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4.5 Pd/ MgO
40 ] I Before upgrading
o {24 After upgrading

E 30

Hydroxyl content(

0.0.. /Z % ?/w}/

Carboxyl COOH  Aliphatic O Guaiacyl OH p-Hydroxyphenyl OH Total OH -

B 3.9Pd/MgO LAY EARRA. & HBF P& XA B LR
Fig.3.9 Comparison of the content of hydroxyl moieties before and after upgrading
over Pd/MgO catalyst

&32Pd REHE LA LECRFE N, B HBF P& X2 EH2 E(mmolg)
Table 3.2 The content of hydroxyl and carboxyl moieties (mmol/g) in HBF before and
after upgrading over Pd supported catalysts

Carboxyl Aliphatic Guaiacyl p-Hydroxyphenyl

Catalysts Total OH
COOH OH OH OH
Pd/AL(SiOs)s 0.34 1.24 0.54 0.55 2.67
Pd/C 0 2.57 0.75 0.75 4.07
Pd/MgO 0.28 0.71 0.19 0.44 1.62
Crude bio-oil (not upgraded) 0.45 2.44 0.60 0.46 3.95

NELERTUEN, Pd REAHEELANGEURABRRERTRARYA
PR, B Pd SR bR A £ S HBF EEGRR. Rk, K4
B Pt SR B0 AR B9 08 LR BTBOR Wb P SR AL B
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(1) HRBEI B ABHRIERC'P-NMRBA Z BT T £ 4% HBF + 8. &
FRAREXERERURAN. FR2E, ARBTESCTEIHINY
YPNMR B3 %, HAENHR ARG ZTRAEENSH MM,

(2)'P-NMR J &%, 44 HBF (8. BAn Bk 24+ Z ORI AH.
RGOBRUEIAE, TRRLEMTE SR KMELFTOA, TENE
BERMAMBAE, FEERBEAETTEARUAAERZE pRXEARE
&, REREFERE TEXRRXLEH, hinRbAR, X8, TR, F
EBE,

(3) ARARTRER LB MU PYAL(SiIOs)s. Pt/C. PUMgO. PA/AL(SiOs)s -

PA/C. PAMgO FRAA X AN B AL HEARTHRA YW, LREREK,
BUA ARHMMER YL Y HBF BURANEERE, #AANRd Bl
HAR T A HBF P ARBH KB ARR R LA DHBLRE. BERX,
K& Pt f R AR B ARFTBOR L Pd f R LA EHF. Pr S 308 L)
WELREER: BEEAR ~ BRUELA > PHAELHN, Pd R ER LA E
EARBBR: MBEAR > BEEAR > PHEELA.

(4) ERMELA Pt PA/MgO HMERRT A+, W4 Y3 HBF & MM
BB MRBR XA WRAY KETRERD, B b TR ELE AR TS HH
AERNEAR, BUELRREENKBRRRRLENNA—CEHAR.

3.6 & Xk

[1] A. Aho, N. Kumar, K. Eranen, T. Salmi, M. Hupa, D. Y. Murzin. Catalytic

pyrolysis of woody biomass in a fluidized bed reactor: Influence of the zeolite
structure. Fuel. 2008, 87(12):2493-2501.

[2] D. C. Elliott. Historical developments in hydroprocessing bio-oils. Energy &

Fuels. 2007, 21(21):1792-1815.
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FWE HZSM-5 1A b4 Y & % 4 2 HBF) B 8 L3 5§

41 W &

HER, BRI EMHHRFEHBT T UL RAE, ERERET A
AHED, T AR SN LS, RRET TR FE M RHE
AUAR, Hib, FRAABRAEHSHARRECANEE, HADHS
REMHRENFRERREEATHERBRORRESR, FURHE LD
RAFNBER S AN UNELEAEFE, EXHANFETRE. #E

BRBNT)ZERNERAAEMRAE. ) TH— SR AP RR TR

BR, RXART AR KB AR F R B WHZSM-54 T 06 8 Al 1t 4 1
WEH A EURREROYH, LB T EALRAN. 58 P-NMRAE
BERME, HAEMHAELRT RS AR RRGEERNERKE.

4.2 R4 x4 o i 8y 3 41 2 (HBF) L3R B B 3

4.2.1 B R AT HELRRR B

AR TRERAGTEIHBAAIRRRE, NZBHAR, REBE
H260°C, RAHFH30, #{A HHZSM-S (SUAI=22), E4.1% % T &40 %
AR 8 P-NMRE

FOGUH TR RRE S P AXBENSE. SEwN L, BHERL
%038 mmolig, W T784.4%; RAIKEENEH fp-BE R LR H0365032
mmol/g, 2FIKD T740.041304%; REXLSENE, RuLARL,
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| HBF after upgrading under super-critical condition |

|- internal standard

IR SR O N

I v 1 M 1 ' I M 1 M 1 v 1 v 1 v 1 v 1 v T -
K 152 150 148 146 144 142 140 138 136 134 132
ppm

41 BERLETAEYHEALIRTT M 'PNMR # &
Fig.4.1 *'P-NMR spectrum of upgraded HBF in super-critical ethanol

422 Tl FA4 T 048 VR R B

FRTEBRAFETENHEAAIRRARR, WZBAMR, REBEN
238°C, RBiE{E K3h, @A HHZSM-5 (Si/AI=22), 434 E TAMmEAA
2 I =4 %P 'P-NMR# .,

RAVIBTEGFRA W FERBENGE. SRML, BUKEL
#0.58 mmol/g, #Y 776.23%; &AIAXRER%0.34 mmolg, K T43.33;
p-AXEREIEA046 mmolg, RELE; ARELENT, REEARA,
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[ HBF after upgrading under sub-critical condition |

|~ internal standard

e A

rFeerer T T 7Ty oo r o r
152 150 148 146 144 142 140 138 136 134 132
B ppm

E42 Bl RZEF AR B A AL RE = Pey >'P-NMR # B
Fig4.2 3'P-NMR spectrum of upgraded HBF in sub-critical ethanol

4.2.3 B AAH T R 4R R B

FRTEARMAGTEDEBRANRERE, LZBAMT, REBENY
100°C, X BLE}[E % 3h, f&4LA AHZSM-5 (SAI=22), HI4.3% M T A4 43 &5 b 41
AR T 5P PNMRiE A

RAVIH THAA BRI DT ERRAGLE. SERMW, BIKSE
3 %71.64 mmol/g, B T32.78%; RAIK LB ZE R frp-BEEBMBE Y 0.24710.13
mmol/g, 271K T760.005071.74%; REXSEXNE, RE%A.
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[ HBF after upgrading under conventional condition |

internal standard

M

T v r 11t 1T "1 T 11 7
152 150 148 146 144 142 140 138 136 134 132
ppm

B 43 EAEAHT LD BB A AR K =W *'P-NMR i E
Fig.4.3 3'P-NMR spectrum of upgraded HBF in conventional condition

&A1 FRRMAGTHELRAR. J5# HBF # 4 X E X428 (mmolg)
Table 4.1 The content of hydroxyl and carboxyl moieties (mmol/g) in HBF before and

after upgrading under different reaction conditions

Carboxyl Aliphatic Guaiacyl p-Hydroxyphenyl Total

Reaction conditions
COOH OH OH OH OH
Super-critical conditions (260 C) 0 0.38 0.36 0.32 1.06
Sub-critical conditions (238 C) 0 0.58 0.34 0.46 1.38
Conventional conditions (100°C) 0 1.64 0.24 0.13 2.01
Crude bio-oil (not upgraded) 0.45 2.44 0.60 0.46 3.95

A& 41 FANEY, SREAL, EEMREAHTHTRK, HZSM-5
BUAAEE DA T ARET2EL, ZAARREABRR HZSMS
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(SVAIR22)§ L TR 2B, FRREAGNEH. BEARASEARERA

TR T 84.4%, TATIEFAEAEETIHBY T 762 #132.8%, X&H
RBERFHEANTREAREGSL. FELEEEENLBTRDT
65.1%, BTRIERN 35.8%MN LIS R 24.5%. HRARERAH FEE4LE
EHEL, EAARGEAANTHEELLRENHA, THREABEREASGT
ERhT T ERRYERAGEARBREE 4R X LAY,

4.3 A R B AR AR TERA DN

4.3.1 HZSM-5(Si/AI=22)_k & %1 7 HBF 4 {38 J& K B

FETRERAGETFRARELNHZSM-S2 FRELA LA DB AEY
WELRRRE, UZBAME, REEEN260C, KAHEHR3N, #4A4
HZSM-5 (SUAI=22), EI4.14H T AYHEAAL LT~ 'PNMRER. #
RERELAEL2IFHR, REFEEL.

4.3.2 HZSM-5(Si/Al=100)_t 4 %1 3 HBF 4 {t.3% 5T R b

ZR TR REG T A RS LWHZSM-S 2 FRE LR LA & As o
WELRFRE, UZBAMNR, KAEEHA260C, KA E N30, #EHd
HZSM-5 (SV/AI=100), F4.4% i T 4 43t 85 o 4 4 % 75 4 > P-NMR £ .

%425\t THZSM-5 (SVAIF100R R R B G A B AN 4 &, 5REMML, B
B % %048 mmolg, WD 780.33%; RAIAERBZERfp-BEXLRERY
0.61/10.51 mmol/g, 2-F1n T 1.674110.87%; REELEANE, RN %4,
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[HZSM-5 Si/AI=100]

/ internal standard

WMM

I v ¥ M L] v 1 v i v T v ) r 1 v 1 M 1 v L B
152 150 148 146 144 142 140 138 136 134 132
ppm

A 4.4 HZSM-5(S/AI=100)_t 4 % 7 HBF # i 7~ #1 # *'P-NMR # &
Fig.4.4 *'P-NMR spectrum of upgraded HBF over HZSM-5 (Si/Al=100)

4.3.3 HZSM-5(Si/A1=300)_1 4 % i HBF 48 {38 )& K bl

FRITBBERFAGTENHBEANRRRE, UZBAIMK, REBEN
260°C, K piEF[E 43h, RE4LFHHZSM-5 (SVAI=300), H4.S4H T EMbEH
AR P-NMRE .,

%425\ THZSM-5 (SVAI=100) R BL G 4 B ANAE, 5EAML, &

- RiBkAR % K057 mmolg, KD T776.64%; RbIARGERApBELBREN

0.25%10.17 mmol/g, AR T58.335063.04%; REXLEHNE, RE KA.
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[HZSM-5 Si/AI=300]

|_—* internal standard

WM

7T r 1 T 7 T T T 71T
162 150 148 146 144 142 140 138 136 134 132
ppm

ml

A 4.5 HZSM-5(Si/Al1=300) 1 4 # 3 HBF # 57 7 41 #5 >'P-NMR & &
Fig.4.5 *'P-NMR spectrum of upgraded HBF over HZSM-5 (Si/A1=300)

& 42 ARG WEH HZSM-5 LEARRE. JEW HBF P4 X2 ANL B
Table 4.2 The content of hydroxyl and carboxyl moieties (mmol/g) in HBF before and

after upgrading catalyzed by HZSM-5 with different Si/Al ratios

Carboxyl Aliphatic Guaiacyl p-Hydroxyphenyl

Catalysts Total OH
COOH OH OH OH
HZSM-5(Si/Al = 22) 0 - 038 0.36 0.32 1.06
HZSM-5(Si/Al= 100) 0 0.48 0.61 0.51 1.38
HZSM-5(SV/Al= 300) 0 0.57 0.25 0.17 0.99
Crude bio-oil (not upgraded)  0.45 2.44 0.60 0.46 3.95

UL ERZYH: ZHFRBE L HZSM-S A A R B R T A%
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f, REERREABCRBUTSBERAKRLCEAG K EBLR N HER.
Rk ZEN S EMBEB LN THRIHRY, AR Y 5EAANRFOH X, ¥
JRALR R SVAL #y HZSM-5 #y Bkt , x| SV/Al #§ HZSM-5 #47 7 NH3-TPD
%%. NH3-TPD %32 & LA R NH3 BA ARF A BN NH3 # 5 Hig
REMEEAA G RERYE. RRHEERBERTHRRNRPORR, BEHRAN
MRZRPCHBES Y. ERGLERLES.12 M0k 5.4, NES12 BT UE
W, 7 250 LR 450, ATA NH3 MBI, 25 REH HZSMS BB
FEBAL. & 5.14 W AKSH T F R SVAI # HZSM-5 B 3B, AT 1L
AY, HZSM-5 WERFRTCRENME L SUAl RANTE A, AR LAR
BREMEBRAN TR REENELEL. HUETE, RUAXRELEN p-
REARRENFE LR AL LTS EERE LD FH 22 F 300 BHHH B MR
D, MERBWY 100, FEERZERTH) BN M, XATREHTES
EREGT, BAREAA—FTETUEEE LR EELEL, F—FEXH
HRAEDHFFERRDEURBER KA, AR LABRREE TR
4T, BEUAMNEREEATREMEE, B, EU0AGRBE B %
AR LERRA,

Signal Intensity

om

200 300 400 500 600 700
Temperature(°C)

4.5 KI5 SUAl 8 HZSM-5 #§ NH;-TPD i# &
Fig.4.5 NH3-TPD patterns for HZSM-5 with different Si/Al ratios
(1) SYAI=22; (2) Si/A1=100; (3) Si/Al=300

56



WL K¥Em LB

& 4.3 T Si/Al # HZSM-5 % &
Table 4.3 Acidity of HZSM-5 with different Si/Al ratios

Acidity*
Si/Al
Weak Strong
22 12.08 15.88
100 3.68 5.85
300 1 220

*HZSM-5 (S/AI=300) B 8+ o B B 49 % 1.00,
ﬁ@%mmWﬁﬁﬁﬁéﬁw&ﬁwﬁﬁ@iﬁ.

44N &

(1) KB 443t 4 4 HBF AR AR ROYHRA, Bl RAGAANTAY
# HBF + B EB A RR R LANNEL, EXHTEELBREMRNEW,
BALGETHRCRRR R RS EMEMTN L, EERAHNY
WHERLFLREH 2.

Q) ARG HRBE LR Y4 Wk HBF BARRNEERE, B Ly
REETURSEHKEAE AR ZRNEA, AT ARBEH HZSM-5 2T 6
BUAREE N HBF P REE T84, MEARHARELCENRY S
HZSM-5 2 Tl B TR ERE X &.

() AR RECRAIEY, £ HBF P EE LM B AN BLE A RE
RXTFABERSTHECARBENEH, LEELRERNEERATHE
el E R,
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FLE 2XRE

A X B R B R CP-NMR)B AR S BT T 441 v 14 & 9 41 2 (HBF),
B BRAECRAN. FHBFY B, RMARREELNEELL, #X
R TEAREAA TR R LA A G B R A R RRG T, K
BRUELRERA B - S TREDBNBERAR AR R T EALE, TR Y
WA F AW #2467 P-NMRE I 7 ¥ st A WA B sk B T A
FENSENME. AXTHTEBENUTEE:

(1) ERRARA 'P-NMR EAZ BT T £ 47 HBF 78, BfofBE%
RELERURAN. FHLE, RENBITESATAENHLH P'P-NMR #
Wik, SRR : -

(2)*'P-NMR JUE &, 4% HBF 0B, BNt ik 205 & B DU T ik
RBRFBENEUAE, MRRME WP ELREPTILFT LA, EEpE
BeMEWRANE, FEEGRAEETTENRAUARRERA p BXARE
X, XEREFTERE TEXXR XA,
3V EAE T B R LB+ B PYALy(SiOs)s, Pt /C, PUMgO, Pd/ALy(SiOs)s, PA/C,
PAMgO FHAARENHBEH A EURAKRNT W, LREREY, B4
FNBREERE Y HAEN S HBF URANEZHE, #UANREBEAES
A FEM#H HBF ¥ K BRI RB AR R XA p B R A,

(4) R4t 74 4 HBF AR RERNPHBA, BERLAGHATAY
# HBF # B BB RBRE LGN AHL, BEXATEELBR XM T NEL,
EARETHRARRR LR T RAFE LR EWRGEL. THERELENY
HERLETLEARFEH 2.

(5) AR BE LR Y WA HBF S URRNEEHE, HimEaan
BRE T RS R R R AR R AW B4k, 8 R R B R 1 HZSM-5 2 F
AR BEE L HBF FHRZETLHN, TEEREKEESBENRD S
HZSM-5 2+ F iRt B b T EMUE X %,

(6) EREREARAIE P, £ HBF LR ERNELEARE
EXFFARBLATFRECARBENES, REEERRANSERA TR L
et gt £,
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