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1 X EHERE

1.1 ELeER

AW TERE R TR, ok AT RS
TR R AL AR BT 224 i SE BT B T 65 C T
PRAR T 12 he EREOAR BT ZAE  1 Tlk Z AT At
EOMERIE 1, KA AAEM JT E & 243471 Il
2.

®1 BEARINILAHETRSH

Table 1 Ultimate and proximate analysis of the Lignin

(Dealkaline)

Proximate analysis/%
roximete ana ,yS]S ’ Ultimate analysis/%(Mass fraction)
(Mass fraction)

My Vi FCq Ay Ca Hg Og4 Ng o Sy

4.09 8721 921 2.1 3939 570 5490 0 0.01

Note: M, moister; V, volatiles; FC, fix carbon; A, ash; ad, air dry
basis

K2 BWARRERDHAAEM TEZREN
Table 2 Analysis of AAEM species in ash of Lignin (Dealkaline)

Quality fraction/%(Mass fraction)

Na K Mg Ca

27.26 0.26 1.14 0.23

12 RWNESHE

S CDS5200 #4244 (26 [ CDS Analytical 23
A ) PRSI IR o 2R AT IV, LA 1 000
°C./min ) F- I 3 2 DA 2 53 FF 22 350, 400, 450,
500, 550 F1600 C, IF4ERE20 s, ffiFe il 56 2240 . R
H Perkin-Elmer Clarus680GC-SQ8MS < A {4ii% - Jit
T FH AL (GC/MS, ZE [ Perkinelmer 23 ) ) 43 A #4254
=, AR, IR HP-5. ke TR A
J¥ - ERE TR 280 °C, #£40 CARFF3 min, 2RI LA
10 °C/min FYFHEEE 2 M 40 FF+ %5 280 C, I7E 280 C
AeFFES min, PUg S50 TR T RER 70 eV; BTk
T 40° ~350° 5 ETJRERJE 250 °C; SR FNIST
2011 FRUETEZERT BT B TR 2
1.3 #FRTtERE

AR 2 AT 45 2SR A 1 43 R R A Bird
LSBT OIS . Bird B 112
BEAARTHRA L (1) A1 (2):

o =0.244T,/ 10P)" (1)

oc=0.0841V" )

K, o W2 EHZ (m), V., T, P55
I FAARF (em’/mol) | I SRR (°C) A 5L 7 (MPa).

AL AL A P 52500 SE A DTk v 46
— B TTEREE . R A ST A T oo R |
SR TR TG ALY J7 1 . Ambrose B2 Joback
th[m\ Constantinou/Cani%[m] g Liang/Ma%[”: &
JE N2 1 — B B BTk, A Joback 4k
SRS R | LRI . Tahami g —Fh
A STk, (R B R AT, AN A 5k B i
REDX 3[R 43 AR A . Lijie 11 2 —Fh LLITT R AL
N FEAR I AR B SE AT DR I DR
FE R TC R AL AT A, TR A
FAT143 3R FH Joback 32 | Lijie 1 Fl Tahami 75 3 Ffi AS
[ 7 R A ot 28 AV A T 45 LB A3 I A S8
AT PR .
1.3.1 Joback J&H SRk IR - S5

Joback F& A BTHRTE G (3)-(5).

T=T,[ 0.584+0.965 X AT~(XAT) ] 3)
P.=0.095 69(0.113+0.003 2 n,—~ X A P)~ (4)
V=175+ XAV, (5)

L, P Vo T ARG AU ) (MPa) I S
L (em’/mol) FIE S 36 (°C), T, A4 40 1Y 1E 3
RL(°C), AT 05 i A FEAT I AU 0 S A BTk,
n, A TR T BB, AP RS (A SERI I
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TSI HIFEA GTERAE, n, WS W0 T BT &2 4
SPGB, A VSR A FE A i S AR B 2 1A

TTHRAE . Joback SEAITTHRIE T, P,

%3 Joback EEHFFEkE"

Table 3 Group contribution paramenters of Joback's group adding method

V. 3 A SR
FREPA STRREL LA 3. 5 5 IR TR i 8L

Group AP, AV, AT,
Oxygen increments
AOH(1) (phenol) 0.018 4 25 0.024 0
OH (1)(alcohol) 0.0112 28 0.074 1
0(2) (ring) 0.004 8 13 0.009 8
0(2) 0.001 5 18 0.016 8
C=0(2) 0.003 1 62 0.038 0
C=0(2) (ring) 0.002 8 55 0.028 4
COO(2) (ester) 0.000 5 32 0.048 1
COOH(1) (acid) 0.007 7 89 0.079 1
0=CH(1)(aldehyde) 0.003 0 32 0.0379
Non-ring increments
Cd) 0.004 3 27 0.006 7
CH(3) 0.002 0 41 0.016 4
CH,(2) 0.000 0 56 0.018 9
CH,(1) ~0.0012 65 0.014 1
=C=(2) 0.002 8 36 0.002 6
=C(3) 0.001 1 38 0.0117
=CH,(1) -0.002 8 56 0.0113
=CH(2) -0.000 6 46 0.0129
Ring increments

=C(3) 0.000 8 32 0.014 3
=CH(2) 0.001 1 41 0.008 2
C4) 0.006 1 27 0.004 2
CH(3) 0.000 4 38 0.0122
CH,(2) 0.002 5 48 0.0100

1.3.2 Lijie JEH sTikik 150G A 25k
Lijie £l ok SCH = 2L (6)-(8).
T=T, (a+ Xn,A T)+b 6
P=M(a+ Xn,AP)” (7
V.=atbhM+ Xn,AV, (8
K, 7, L&Y B IEF Wk A5 (°C), n, Wi
B, AT, AP AV IR S ECEE A Tk
1B, M43 THYBE IR T (2/mol), afllh A 5 FE e 22 8K
Lijie {3 A DTRREL UL 3R 4, %L a . b A LS.

)
)
)

1.3.3 Tahami & 5k M8G5 5L
Tahami & [ 57 gk 32 1380 1 AL 18 2 10 o e =X 0,

2 (9)-(12).

712 C [ ln(STI+ST2( I_EN,-TN-)+( IZNI'TN')Z-"( ]Z[\GT"/')Z) }(9)

C = a+hTy+cT]+dT;
Sp= 2451'11( +In(n,)
Sp= 245721( +In(n,)

(10)

(11)
(12)

K, TN °C, NS A — B 2 AT A
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%4 Lijie ZEF =mE""

Table 4 Group contribution paramenters of Lijie's group adding method "’

AT, AP, AV,
Elements values

C -0.000 3 0.3304 60.028 9

H -0.001 6 0.0118 5.6116

0 -0.047 2 1.033 0 60.591 3

Non-ring chemical bonds values
C—C -0.016 8 0.3317 53217
C=C —-0.008 0 0.2350 3.317 8
Cc=C -0.007 9 0.060 4 -5.4347
C—-0 0.0059 -0.1030 -5.3629
C=0 0.020 0 -0.6309 -15.8297
0—-0 - 0.000 0 0.000 0
O0—H -0.0114 -0.6777 -12.370 6
C—H —-0.000 1 0.0179 -1.376 9
Ring chemical bonds values

C—C -0.006 1 0.179 3 -2.1851
C=C -0.005 5 0.036 8 -15.5277
C—0 0.023 8 -0.284 3 -14.5939
@ -0.039 8 0.4207 -50.708 2

*s5 sy

Table 5 Constant values of equations' '’

Eq. a b
(7) 1.5530 18.999 0
@®) 1.2220 -
9) 19.653 1 -1.260 3
N, WA TR 7,5 T S NP ENTF) S, | (13)
VL BE () — [ A B A S, W6, %7 T, R N
J R R . R C= expla;+b; b) (14)
A IITER WA . a. b o dJ 56 MG AY T Tt
BH, FAR I8 Sy 1S 25 TF T (9 TR 28 . _%s <
SRR RIS, TR, REAR R 13
F29. N, LA RO . n, 200 T TR0 Sp= ESp (16)
TR ST 0 R L (13)-(19). Spi= LZSP»?K 17)

P=0.1C { (SPI+SP2( ZNme‘)"'( ZNpri)z)_l"‘(SP}"' Sp= 251’41( (18)
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Sps= XSpsi 19)  FIE—Br AR SR TR, WA 6. R T MOk G
S, PR MPa, P, 5 P, 43 5 Ja s 9K IR T4 Spr Spav Spsv Sps Ml Sps KT P Y AT

% 6 Tahamix—MERAFEE"™

Table 6 First order groups and their contributions for critical properties of Tahami method '’

Group i T, P, v,

1 CHy(1) 0.11478 0.040 23 72.568 18
2 CH,(2) 0.318 88 0.025 10 49.199 39
3 CHQ) 0.691 54 0.015 57 30.298 66
4 C@) 0.706 99 0.016 04 16.068 52
5 CH,(Cycloalkanes)(2) ~0.100 66 0.021 20 43.158 60
6 CH(Cycloalkanes)(3) 0.144 57 0.017 76 33.802 41
7 C(Cycloalkanes)(4) 0.252 46 0.002 46 25.567 58
8 =C(Cycloalkanes)(3) 4.06E-07 0.015 10 0.000 00
9 =CH,(1) 0.007 59 0.038 10 63.396 51
10 =CH(2) 0.241 03 0.018 85 39.010 29
11 =C@3) 0.424 40 0.012 43 18.373 09
12 =C=(2) 0.009 59 0.000 60 62.196 24
13 =CH(benzene ring)(2) 0.03133 0.016 97 36.52593
14 =C(benzene ring)(3) 0.167 45 0.007 90 23.627 56
15 OH(1)( alcohol) -0.476 01 0.005 97 37773 16
16  AOH(1)(phenol) ~0.194 00 ~0.007 30 18.808 64
17 O(2)(ether) 0.029 98 0.010 36 22.012 13
18 0(2)( Cycloalkanes) (ether) -0.177 25 0.012 49 22.194 00
19 C=0(Cycloalkanes)(2)(ketone) 17.908 09 0.027 89 57.63343
20 C=0(2)(ketone) ~0.370 93 0.021 13 53.060 51
21 CH=0(1)(aldehyde) ~1.124 30 0.016 15 67.441 05
22 COOH(1)(acid) 8.41E-08 0.039 81 91.474 86
23 HCOO(1)(formate) 13.329 49 0.037 35 87.566 84
24 COO(2)(ester) 0.505 22 0.035 31 71.185 02
25 =0(1) ~1.376 83 0.027 41 21.57138
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%7 Tahamiix =M ERAzHE""
Table 7 Second order groups and their contributions for critical properties of Tahami method '’
Group, 1, r, v,
1 CH,=CH- -0.261 11 -0.110 55 0.109 87
2 CH,=C< 0.897 23 -1.39E-9 -3.42E-04
3 CH;-CH= -0.071 39 -0.021 64 0.061 17
4 CH;-CH,-CH= -2.46E-05 -0.062 09 0.200 63
5 CH;(C-)= 0.569 58 -0.097 74 -0.162 36
6 CH;-0- 1.061 53 -0.220 68 -0.471 72
7 CH,-ae (0-3) 0.936 84 -0.076 99 0.013 78
8 Ring -2.476 98 0.001 69 1.919 09
9 C-C 0.782 75 -0.133 19 -2.923 98
10 C=C -0.066 10 -0.120 99 -2.998 53
11 Double bone 0.984 22 0.032 60 0.400 50
12 Triple bone -0.800 45 -0.446 34 7.538 06
13 Cis- -0.592 52 -0.035 96 10.369 90
14 Trans- -2.273 26 0.081 08 4.700 83
15  Alpha 0.742 21 -0.035 56 -5.353 01
16  Beta 1.275 63 -2.28E-05 0.672 41
17 G, ring -0.352 33 9.60E-09 -0.844 26
18 G, ring -0.098 90 -0.001 34 -0.776 29
19  Cjring 0.000 23 0.098 27 -0.590 09
20 C,ring 0.043 77 0.049 67 -0.186 95
21 Csring 0.543 99 0.087 77 -0.642 29
22 Cgring -0.571 29 -0.076 91 1.556 65
23 G=C, -0.625 25 0.189 90 -0.392 71
24 C,=C, 423315 0.170 96 -1.499 21
25 Cy=C, -1.972 07 -0.105 89 0.056 51
26 C=Cs -6.306 81 3.05E-13 3.344 88
27 C=C4 -0.53329 -1.17E-12 0.687 59
28 Ce=C, -0.749 53 -0.148 31 -1.405 07
29 Left ring side chain 6.198 45 0.000 13 1.274 38
30  Right ring side chain -4.709 48 5.56E-09 -0.465 74
31  Middle ring side chain 0.048 72 -0.205 86 0.617 14
32 Oxygen -0.357 77 1.9E-15 0.384 93
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ZH, HAAWARO. a,, b, 25 Wk MR T JH 24K
ay, by & 5 FRAHSCH TS H, HAE WL 8.
T AR R B L (20)-(22).

Syo= ZSVZK (22)
L, VAL A em’ s mol ™, V, 5V, 4351 A1l

FHATRB)—BA — B SE P SRR E, WK 6 MR 7. S,

V.= NV, A4St INPJn4Sini (20)

Sy=2Sux (21)

*8-1 AiEsH "

Table 8—1 Adjustable parameters[ 18]

S, BTV, TS50, HAE o,

Parameter/C a b c d
T,<-123 4.710 38 0.525 08 -2.135 84E-5 -9.756 71E-6
-123<T, < -23 14.987 49 0.245 83 -1.807 55E-5 4.808 91E-7
=23<T, <77 19.546 41 0.248 66 -1.932 87E-5 1.219 10E-7
77<T, < 227 23.503 22 0.249 55 -2.829 83E-5 4.688 07E-8
227<T, < 407 24.006 54 0.255 71 -3.984 14E-5 3.526 99E-8
407<T, 33.715 88 0.231 29 -4.659 47E-5 2.780 77E-8

*8-2 WiEsH'"
Table 8-2 Adjustable parametersL 8
Parameter/ “C a, b, Parameter a, b,

T, <-123 -4.254 47E-7 1.574 12E-5 M, <50 0.330 65 2.075 52E-4
-123<T, < -23 -3.854 53E-10 5.936 09E-4 50< M, < 100 0.355 04 7.560 26E-6
-23< T, < 127 -0.020 15 9.248 39E-4 100M 0.345 83 1.059 35E-4

M, < 150
127< T, < 257 2.153 71E-10 8.512 94E-4 150< M, < 200 0.321 00 2.530 68E-4
257< T, <377 0.024 30 7.838 37E-4 200 M, < 300 0.367 72 1.973 56E-6
377< T, -6.216 62E-11 7.092 26E-4 300 M,, < 370 0.272 32 3.431 05E-4
370< M, 0.194 83 4.331 96E-4
*®9 TEsH™
Table 9 Parameters for atoms ™’
Atoms Srik St Spik Seai Spa Spa Spsk Svi S
Carbon  124.65149 -19.300 40 0.037 01 0.383 02 1.053 51 1.589 13 -0.084 38 —0.031 96 0.068 70
Hydrogen  9.78975  2.8418E-7 -0.005 50 0.00497 -0.02629  0.064 04 -0.23924 -0.080 10 2.773 8E-4
Oxygen -4.31095  1.03728 2.578 1E-12 0.02359  0.21805 0.00548 0.40503 -1.166 0E-5 -3.042 8E-8
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2 HR5IR
21 REEHRREYIRA GCMS 531

A S5 2 AE 350~600 °C I (1) Py-GC/MS 23 #r
SR UL 10. R TTH, AR BT AE350~600 C R PR

RPN A A Wi S A7 34 R A, H B A
S WA SR BRI 55 FRAL G, A 8

RS FES . B | BESAIERSSAL AW . Wb
BIARE . FF 2K, 2-H AL -4- OIR TR B fn4- 2
HE-3- HAAR R SE A0 A& JE s, 350 CHifIE

£ 10 KFRZETE350~600 CEET Py-GC/MS T4 R

Table 10 Components of the components of lignin pyrolysis bio-oil

Chemical composition Formula 350 C 400 °C 450 C 500 C 550 °C 600 °C
1 Acetic acid C,H,0, 2.9% 1.7% 1.3% 0.7% 0.6% -
2 Methyl (R)-(+)-lactate (O NON 2.1% 0.9% 1.0% 0.4% - -
3 (R)-propane-1,2-diol C;H,0, 1.9% 1.3% 1.2% 1.1% 0.8% -
4 2-Hydroxy-4-butanolide C4H O, 3.2% 1.4% - - - -
5 Guaiacol C,H,0, 11.0% 12.6% 13.4% 14.3% 17.2% 19.8%
6  2-Methoxy-4-methylphenol CsH 00, 6.5% 9.1% 10.1% 10.7% 11.6% 12.7%
7 4-Ethyl-2-methoxyphenol CoH},0, 4.5% 5.4% 5.6% 5.9% 6.5% 7.0%
8 2-Methoxy-4-vinylphenol CyH,00, 10.2% 9.1% 8.6% 7.3% 5.5% 1.5%
9  2,6-Dimethoxyphenol CsH (05 5.3% 5.4% 7.0% 7.2% 5.8% 5.0%
10 2-Methoxy-4-propylphenol CyoH 50, 1.1% 2.2% 1.9 % 1.6% 1.9% 1.4%
11 Isoeugenol C,0H,,0, 8.6% 7.7% 7.3% 7.1% 7.0% 6.7%
12 Vanillin CsHO4 10.4% 11.4% 12.9% 14.4% 12.0% 8.9%
13 Apocynin CyH,00,4 8.6% 4.4% 33% 3.0% 4.0% 4.6%
14 Methyl vanillate CyH,,04 2.3% 1.8% 1.5% - - -
15 Vanillyl methyl ketone CyoH 504 4.9% 3.0% 2.3% 2.1% 2.2% 2.2%
16 Homovanillic acid CoH,,04 7.1% 5.3% 3.2% 2.9% 3.0% 2.3%
17 Syringaldehyde CyH,,04 2.1% 3.6% 3.7% 4.1% 4.1% 3.9%
18 Methyl dehydroabietate C, H;,0, 1.3% 0.9% 0.8% 0.7% - -
19 Methyl acetate C;H 0, - 1.7% 2.0% 1.9% 2.2% 2.7%
20 1,2-Dimethoxybenzene CsH 00, - 2.8% 2.0% 1.9% 1.9% 2.2%
21 1,2-Dimethoxy-4-methylbenzene CoH,,0, - 3.4% 2.9% 2.6% 3.0% 3.1%
22 3.4-Dimethoxypropiophenone CioH 1,04 1.4% 1.2% 0.9% 0.8% 0.7% 0.7%
23 L-Lactic acid C;H 0,4 - - 0.7% 1.2% 0.7% -
24  4-Methylanisole CgH, 00 - - 0.6% 0.5% - -
25 3-Methylphenol acetate CoH,00, 3.1% 1.8% 1.3% - - -
26 2,5-Dimethylphenol CgH,,0 - - 1.3% 1.2% 1.4% 1.8%
27 Catechol C¢HgO, - - 0.7% 0.9% 1.1% 2.7%
28 Acetol C;H 0, - - - 0.7% 1.2% 1.4%
29 Toluene C,Hy - - 0.4% 0.5% 0.8% 1.2%
30 Phenol CeHsO 0.7% 1.1% 1.2% 1.4% 1.7% 2.3%
31 o-Cresol C,H 0 0.9% 1.0% 1.0% 1.2% 1.6% 2.3%
32 4-Methylcatechol C,H,0, - - - 1.9% 1.2% 0.8%
33 Benzene CeHg - - - - 0.6% 0.9%
34 Salicylaldehyde C,H0, - - - - - 2.2%

@ »

: Not detected
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TR 43 HE 4 3R 11.0% . 10.4% . 10.2% Fl 8.6%,
LRI A Y T 3 o WA RS, AR
RO TEM P C—CE . C—0—CHEEWMI LS iR AE
FEN) . B AR RE T v, AR B e v RRUE 3 E
M350 CHFAY 11.0% 35 fin %1 600 CHTY 19.8%, 7%
ZINIE TR 43 FOAE 500 °C 3k S5 5 o 14.4%. 7=
Y 4- 525 3- AR O SEEIR | 4- TN
FE-2- AR | 2- WA -4- R R I T &
BATR FF i 25 T S R AL A P B E 43 LU B I

JE b T FRAR . 5 Sk [ 20 1 AP it i oA 5t
Py-GC/MS Z5 AT LU a8, # & A AR | 2- H4
Jk-4- FEORT FNAS 22 2255 2T, HO R
YL B AR AR AR AR

R A I 22 $A A A 200 3 45 2L B A T 285 A
TR A= i 2R 50 o 5 2 (AH) . R
(H). &P 2 (C). AAIARILLEH (G) FE T AL
S5k (S)5 Fh T . £ A B W A W TR E 3 LE L3R
11, 2RI, ARJRZ 350~600 °C R E R4 T

RN KREABEMUESMENSESRITR

Table 11 Statistics of compound category content of lignin pyrolysis products

Category 350 C 400 C 450 C 500 C 550 C 600 °C
Aromatics - - 0.4% 0.5% 1.4% 2.1%
Phenols 1.6% 2.1% 3.5% 3.8% 4.7% 8.6%
Catechols - - 0.7% 2.8% 2.3% 3.5%
Guaiac-type compounds 75.2% 72.0% 70.1% 69.3% 70.9% 67.1%
Syringol-type compounds 8.8% 16.4% 16.5% 16.6% 15.5% 14.9%
others 14.5% 9.7% 8.9% 7.2% 5.5% 4.1%

“~": Not detected
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Table 12 Kinetic diameters of the components of lignin pyrolysis bio-oil

Joback method Lijie method Tahami method
Chemical composition

a g, T e g a, T e a T, T e

1 Acetic acid 0532 0467 0500 0502 0471 0487 0522 0470  0.496
2 Methyl (R)-(+)-lactate 0577 0562 0569 058 0570 0580 0593 0565  0.579
(R)-propane-1,2-diol 0585 0519 0552 0548 0520 0534 0553 0522 0.537

4 2-Hydroxy-4-butanolide 0495 0537 0516 0530 0544 0537 0548 0538  0.543
5 Guaiacol 0617 0595 0606 0609 059 0604 0606 0588  0.597
6 2-Methoxy-4-methylphenol 0651 0.625 0638 0645 0628 0637 0642 0624 0633
7 4-Ethyl-2-methoxyphenol 0679 0652 0.665 0.677 0655 0666 0668 0678  0.673
8  2-Methoxy-4-vinylphenol 0668 0610 0.639 0666 0652 0659 0632 0648  0.640
9 2.6-Dimethoxyphenol 0.677 0.634  0.655 0670 0640 0655 0654 0654  0.654
10 2-Methoxy-4-propylphenol 0711 0648 0679 0707 0.680 0694 0672 0705  0.688
11 TIsoeugenol 0701  0.668 0.684 0702  0.677 0.689  0.694  0.696  0.695
12 Vanillin 0.602  0.633 0617 0622 0638 0630 0609 0648  0.629
13 Apocynin 0683  0.655 0669 0703 0664 0683 0633 0625 0.629
14 Methyl vanillate 0691  0.664 0677 0704 0.675 0689 0687 0670  0.678
15 Vanillyl methyl ketone 0698 0.668 0683 0728 0688 0708 0707 0710  0.709
16  Homovanillic acid 0691  0.663 0677 0713 0674 0694 0700 0696  0.698
17 Syringaldehyde 0.646 0668 0657 0664 0675 0669 0655 0688 0671
18 Methyl dehydroabietate 1014 0846 0930 0936 0859 0898 0946  0.894  0.920
19 Methyl acetate 0552 0515 0534 0538 0517 0527 0545 0515  0.530
20 1,2-Dimethoxybenzene 0702 0626 0664 0663 0628 0646 0660 0629  0.645

21 1,2-Dimethoxy-4-methylbenzene 0.689 0.653 0.671 0.652 0.655 0.654 0.672 0.663 0.667

22 34-Dimethoxypropiophenone 0.766 0677 0722 0743 0688 0716 0727 0695 0711
23 L-Lactic acid 0519 0523 0521 0523 0534 0528 0552 0570 0561
24 4-Methylanisole 0.677 0616 0647 0641 0616 0629 0651 0622 0637
25 3-Methylphenol acetate 0706 0648 0677 0664 0653 0658 0690 0659  0.674
26 2,5-Dimethylphenol 0.647 0615 0631 0626 0613 0620 0633 0634 0633
27 Catechol 0615 0560 0588 0566 0566 0566 0542 0547 0544
28 Acetol 0543 0514 0529 0541 0512 0527 0549 0517 0533
29 Toluene 0.620 0575 0597 0577 0571 0574 0590 0573 0.581
30 Phenol 0578 0550 0564 0549 0555 0552 0553 0536 0545
31 o-Cresol 0611 0584 0598 0595 0585 0590 0592 0575 0583
32 4-Methylcatechol 0645 0594 0619 0603 0599 0601 0583 0582 0583
33 Benzene 058 0539 0563 0531 0534 0533 0549 0534 0542

34 Salicylaldehyde 0.586 0.594 0.590 0.597 0.596 0.596 0.567 0.577 0.572
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Fig.1 Kinetic diameter distribution of bio-oil at different temperatures

(a) Joback method; (b) Lijie method; (¢) Tahami method
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Abstract: The composition and content of lignin pyrolysis bio-oil were analyzed by Pyrolysis-Gas Chromatography/
Mass Spectrometry (Py-GC/MS). The critical parameters and kinetic diameters of each constituent of the bio-oil were
calculated by Joback method, Lijie method and Tahami method, and the molecular size distribution characteristics
of each constituent of the lignin pyrolysis bio-oil were analyzed. The results showed that most of the components of
lignin pyrolysis bio-o0il were guaiaol-type compounds, syringol-type compounds, phenols, catechols and aromatics in
the temperature range from 350 to 600 °C. The average peak area percentage of the guaiaol-type compounds reached
70.67%. The kinetic diameter of lignin pyrolysis bio-oil components were mostly distributed at [ 0.560, 0.710)nm.
As the reaction temperature rose from 350 to 600 °C, the percentage of peak area of each bio-oil components in the
kinetic diameters range of [ 0.560, 0.610) nm increased from 14.62% to 31.34%. Zeolite catalysts with pore sizes in
the range of 0.560 to 0.710 nm, such as SSZ-20, ZSM-5 and Beta, can be used for lignin catalysis pyrolysis to prepare
high-quality aromatic fuels.

Key words: kinetic diameter; shape selective catalysis; lignin; bio-oil



