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Liquefaction of Salix psammophila with hydrogen—donor solvent
and characteristics of its products

WANG Kebing, WU Yanwei

College of Science, Inner Mongolia Agricultural University, Huhhot 010018, China

Abstract The effects of the reaction time, the reaction temperature, the dosages of catalyst, phenol, and tetralin on the liquefaction
ratio of the Salix psammophila with phenol-tetralin as the hydrogen—donor solvents are investigated by orthogonal and single factor
tests. The optimal conditions are found as follows: the reaction temperature is 120°C, the time duration is 2 h, the phenol dosage is 15
g, the catalyst (98%H,S0.) dosage is 1 mL, the tetralin dosage is 5 mL. The liquefaction efficiency is 97.51% under these conditions.
The order of importance of these factors is: Reaction temperature > reaction time > dosage of catalyst > dosage of tetralin > dosage of
phenol. The infrared spectrograms of the liquid products at different reaction times in the liquefaction see new peaks before 30 min
and have similar spectrogram characterizations after 30 min. The FTIR of the solid residue indicates that the hemi-cellulose and the
lignose are degraded firstly. The fractures of the spatial network structures of the lignin formed by the ether bonds precede those of
the carbon—carbon bonds among aromatic nucleus, and the pyranose rings and the hydroxyl bonding groups are contained in the final
solid residue of liquefaction. The thermogravimetric analysis of the solid residue suggests that the organic matter in the product is
gradually reduced along with the liquefaction. And the pyrolysis reaction shows obvious phases and is divided into two stages.

Keywords Salix psammophila; phenol—tetralin mixed solvent; liquefaction products; solid residue
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Fig. 1 Effect of reaction temperature on the residue rate

212 EHFIAENHREZRNZN

ME 2T LIE L AEAEFI A 0.6 mLIGHNF] 1.0 mL, A%
BT R YRR N 1.0 mL B, WAL Rk B 5w,
97.33%, HEALFIFIE M 1.0 mLIEE] 1.4 mL I, WAk 2 5
REAR . AR TR B B 38 , W] A SRV Ak S iy A T, (Ve
RPLE . FRIR I BT 09 R R AT RE R B T e LR it
BT, T8 24 B UHA I 2R B A R 2 F TR IR A 3t
B IS , AR L 0 50 it = 0 5 4 6, TRIS) AR &7 i A
AL 25 5 AL 25 £ 4

97.50
97.25
97.00
96.75
96.50

96.25 L L L 1
0.6 0.8 1.0 1.2 14

AL I R/mL
B2 EAFIAEXNRULERMZM

Fig. 2 Effect of catalyst content on the residue rate
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Fig. 3 Effect of tetralin content on the residue rate
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Fig. 4 Effect of phenol content on the residue rate
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Table 1 Design and results of orthogonal test
. S R MR WEZE KB Wik
RErC  Eh FHE/mL HE/mL HEe 2%
1 100 1.0 0.6 2 5  36.50
2 100 1.5 0.8 3 10 79.60
3 100 2.0 1.0 4 15 86.20
4 100 2.5 1.2 5 20 84.70
5 120 1.0 1.0 3 20 94.92
6 120 1.5 1.2 2 15 95.65
7 120 2.0 0.6 5 10 97.03
8 120 2.5 0.8 4 5 9533
9 140 1.0 1.2 4 10 91.46
10 140 1.5 1.0 5 5 97.23
11 140 2.0 0.8 2 20 95.26
12 140 2.5 0.6 3 15 97.35
13 160 1.0 0.8 5 15 90.50
14 160 1.5 0.6 4 20 94.03
15 160 2.0 1.2 3 5 96.98
16 160 2.5 1.0 2 10 97.06
K 287.00 313.38 32491 324.47 326.04
K, 382.93 366.51 360.69  368.85 365.15
K; 381.30 375.47 375.41 367.02 369.7
K, 378.57 374.44 368.79  369.46 368.91
R 95.93 62.09 50.50 4499 43.66
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Table 2 Variance analysis of liquefaction ratio
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TP em™
UEEIX ol WAL30min - VAL 1.0 h i T A )
Fitg ikt ekt
3419.28 3350.96 3413.64 ST AR PR R Sh
1 2923.44  2918.62 2918.91
2854.12  2853.12 2850.53 FRI G )
1740.68 1727.19 1737.13(35%)  BIE C=0 iRz 5 KRR BEIE)
1621.90 1629.84 1622.58 C=0 &R sh OR BT R A LA )
1506.13 — — ESINSEE ST E N
1456.60 — 146526 (1#55)  C—H & MPR3N (ORF RAME CH.) s AR5 22 9% 80 (R %)
2 1426.40 1428.90 — IR LR C—H 1 P9 25
1374.02 1372.12 — C—H S RSN (L4 T4 R)
1318.00 1318.23 — W AREERNEE THEN G, 5T 5 C—0 .CH A R3]
1240.90 — — eI FEE R C—O—C AP RIR B (R F)
1160.00  1162.93 1162.31 WL ER_E /Y C—O0—C 4R sh (LFE R FIE AT 4ER)
1107.36 1116.51 1118.12 OH ZE45 W ey
: 1056.20 1060.02 — C—O—C AR R 3 . C—3 1711 C—O Mgtk sh (ST R 54 %)
1033.00 1034.80 — C—H IS A R P, AR C—O i ic 2l , e S i i 5
896.90 898.32 — B-(1—4) - HHEREN C—O0—C AR IR S (T4 R 5274 20)
4 831.68 — — TR IR C—H PSR TEIR S (R ER)
781.42 — — JF R I U C—H P A S 3R 2 (R 3

EL R A R

2.4 BEFKENRESN

N T 2 AT Iy 0 DU S 2R R 5 I S R A
BT BIRACIE AR , 23 50PHE A TRTR  ] [E] (A A 5 A
T, 2R B B R IATE (DTG) FFATE (TG) £k an 151 8
e

&8 (a) FT LA Hh , WA AT B A I DTG 42 58 1Y
FEAEIEE 7 B0 24 DTG I, 55 1 46 H BRAE 250°C A A, iX A~
B B R R A AR T T R AS 56 4 I 2 2 3R R 1 i KA
460,55 2 AN ERAE 750°CZE AT, XA By BAE X . T 5% i
AR PGSR, 8 DI TE] 0~30 min N DTG Ay 2~

29 Im



—t

2,

www.kjdb.org

RS 2015,33(9)

SCIENCE & TECHNOLOGY REVIEW

SRR, JELAEE AR B 5 7E 30~60 min A —AMIES
WIE R 5 — IS ETEIE AR /N, 2 1.5 b5 TeARAT R 44
fif U , LI B R AR T AR AE T 1.5 h3EAR AL e 42,
X5 5TE 1.5 h AT AR 20T, 1.5 h 5 AL R 38 i

2.5h

\
VAP AAA A WA et Mo i A s e

e I Y
1:5h ™
WANAAA ) ot ettt A AN )

dsmin T
30 min \./ T

i,
w\ — N\\
15 mm

‘‘‘‘‘ BV an T
Saltx

e AN
|
\‘\\\ |

0 200 400 600 800 1000
7/C

(a) DTG

RN &

H1 151 8 (b) TG P K 7S, #AVfife 2 T A< W] 8 B 45 P 1] )
SENNIT RRARG , ] A 3 e E AT B 2 ) A 1, 0 [ R 3
H A ML JF AR EE R AR B W A et

100
80
. 60F
N —
8 N\
40r ) .
\ _3,Q 1:f11n
20T T _15min
Salix
0 200 400 600 800 1000
7/°C
(b) TG

8 WHIREBUKEHRMEDTGH TGIEE
Fig. 8 The TG/DTG spectrum of S.psammophila and the solid residue
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