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Abstract; The key parameters for biomass hydrothermal treatment were optimized for product distribution
on the basis of a L,;(4°) orthogonal experiment design. Results showed that biomass species, particle
size and hydrothermal temperature significantly affected heavy oil yield. By contrast, the effect of biomass
concentration was negligible. The maximum heavy oil yield was 28.00% at the optimal condition
(biomass species, pine sawdust; hydrothermal temperature, 250°C ; biomass particle size, 80 ~ 150
mesh ; residence time, 15 min; concentration, 10 g of raw material and 110 g of water). In addition,
cotton straw yielded the most liquid in the agricultural straws, although ash content was low. The cotton
straw was treated in an autoclave reactor. The influences of temperature, residence time, catalysts and
the size of cotton straw particles on product distribution were investigated. The increase in temperature
reduced solid residue yield. Moreover, the heavy oil yield was increased firstly and then decreased. The
yields of light oil and gas increased. Specifically, the yield of heavy oil was 16.98% at 250C ; it was
maximized at 19. 57% when temperature was 275°C. At this point, the solid residue yield was decreased
from 32. 14% to 23.00% . When the temperature range was between 275°C and 325°C, the yields of
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heavy oil and solid residue did not change significantly. When residence time was less than 15 min,
heavy oil yield was increased firstly and then decreased. This yield peaked at 24.14% when the
residence time was 10 min. Meanwhile, the solid residue yield was decreased firstly and then increased.
The yields of light oil and gas did not change considerably. When the residence time was extended to
30 min, the heavy oil yield was decreased to 10. 86% . The solid residue yield was decreased firstly and
then increased. Furthermore, the yield reached 28. 67% when residence time was 25 min. Particle size
had little influence on the hydrothermal conversion of cotton straw relative to the reaction temperature and
time. The addition of catalysts increased heavy oil yield and reduced that of solid residue. The yields of
light oil and gas did not change significantly. The influences of catalysts on heavy oil yield were ranked as
follows ; K,CO, >KOH > Na,CO, >Ca(OH), > NaOH. When K,CO, was used as the catalyst, heavy oil
yield was increased from 18.00% to 29.86% . The resulis of analysis with gas chromatography — mass
spectroscopy ( GC —MS) indicated that the liquid product contained organic components, namely, acids,
esters, aldehydes, ketones and phenols. Among these components, acids, esters, phenols and their
derivatives were dominant. The addition of catalysts increased oil yield and also affected the oil
components. Specifically, acids and ketones were reduced and the pH value of the oil was increased. As

a result, its quality was improved to a certain extent. The results can provide a reference for biomass
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hydrothermal treatment.
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Tab.1 Main characteristics of the biomass

24y FFE REFF MARIE KW
B N/ % 1.15 0.86 0.10  2.03
c C/% 45.22  37.52  51.01 29.75
i S/% 0.34 0.14 0.02 0.33
0/% 46.94 42.78  42.90 22.68
br H/% 6.34 592  6.00 541
IKAY % 510  5.04 1530 5.69
- YE5 53/ % 72.98  82.12  70.40  49.92
;”; TRAY % 309 7.74  0.20 3811
[ 2 e/ Y% 16.73 510 1419 6.28
b BRI/ (MI-kg™') 15.97  13.51  18.16 13.73
1t UL/ % 46.2  37.5 553  23.5
fﬁ LY R % 18.7 32.8 10.1  33.6
Ip4 KIGZE/ % 25.4 16.0  27.2 8.6
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Tab.2 Inorganic properties of biomass samples %

2 s FeiFF NN IKHE
Na, O 2.43 0.96 12. 84

MgO 6.40 2.33 5.56 3.32
AL, 0, 5.82 0.91 6.50 12.13
Si0, 18.21 51.99 16. 47 45.21
P,0; 7.14 2.49 2.42 8.66
S0, 9.45 6.50 7.64 4.80
K,0 17.07 17.81 7.76 3.51
Ca0 26. 09 7.68 24.89 17.25
TiO, 0.35 0.04 0.58 0.50
MnO 0.13 1.22 1.43

Fe, 0, 3.80 0.84 4.57 3.36
cl 2.76 7.09 8.77 0.87
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Fig.2 FTIR spectra of different biomasses
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Tab.4 Product yield of biomass in L, (4°) matrix

%
R H#E F EARE R +
J¥9 A4 B C D B E ERE RRTR

1 1 1 1 1 1 19.29 33. 00 47.71

2 1 2 2 2 2 14. 88 27.50 57.63
3 1 3 3 3 3 14. 11 28. 56 57.33
4 1 4 4 4 4 12.90  30.30 56. 80
5 2 1 2 3 4 19.22  32.67 48. 11
6 2 2 1 4 3 18.20 27.90 53.90
7 2 3 4 1 2 21.00 23.86 55.14
8 2 4 3 2 1 19.88  23.00 57.13
9 3 1 3 4 2 28.00 29.50 42.50
10 3 2 4 3 1 27. 67 25. 89 46. 44
11 3 3 1 2 4 27.75 24.38 47. 88
12 3 4 2 1 3 25.74  22.29 52. 00
13 4 1 4 2 3 7.13 22.13 70.75
14 4 2 3 1 4 5.71 17. 86 76. 43
15 4 3 2 4 1 12. 10 17. 60 70. 30
16 4 4 1 3 2 8.33 17.22 74. 44
A 18.97 11. 14 25.78

B 2.13 6.12 7.83

e 7% C 1.47 0.90 2.37

D 0. 60 2.07 2.47

E 3.44 1.78 3.10
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Fig.3  Effects of reaction conditions on yield of products
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Il BRI R 8. 99% 2 I i AU 7 R 4 i
67.87% X J& R W AE /K I LA UG B B, 24 TR AIG
T 275°C 1}, [ N 72 B DL £F 4 5 41 2 &R 0K iR
3 A AT A R, H T R AR, [ A
BRI A R O A A BN B, AT R AAIR, T
R A LB R B TR T AR
HCRIE N, A= ) R WK A7, N AL B % i v
I, 8 e i PR R A Ry AL A Y, B
oy AP NGTEN AIDRIEN -S4V S | RAC N ey e
Yy, A5 T e F T AR 3R A 325°C
Je , F IR A, AR T R AR AR R, R
-SSR — ELAESG, Ud B R ) T ke
AWK A B AR RE T U RN Y A A, DT
B TR A AR LR B

AN ) AT BB 98 1) A € 3 — I S K A
SEI LR 5, MR B R I B 25 R R EAL G
Y, SRR L BREA G AR A
KBRS . HELe b G W AH X & Y
T BN R 0. 1%  fER TP LI —" Fon, WFEF
A LUE H,250°C T F S TP R S R AR R

—— i fifi Zﬂg.

L) S Y e

RS or /’d_’/
2

20} ;,___.\Fg—,—\o

0 N . N .
240 260 280 300 320

RIErC
B4 IR XA AT K ARG 23 A 1) R

Fig.4 Effect of temperature on product
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MREA (2-& He O 2% ) MR o4 50 %o 0l ol 9. 77%
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Tab.5 Gas chromatography mass spectrometry analysis

results of heavy oil products from different temperatures

with cotton straw %
- L/ C
b wha 250 300 350
. W 7.39 5.88 2.55
ok bR R 2.38 3.55 2.45
R 1.53 0.78 0.51
W 5-0 MR 295 —  —
o 2.28 1.65 —
feds  APRPRRIA(2-LHE L) R 57.36 7.52 13.07
W AR 1.48 5.51 3.56
4-2 He @A 0.81 5.52 7.02
2-F A 4T LR Ty 0.22 2.25 2.58
2,3-Hi — 226 3.74
2,6- " HA AR 3.05 7.07 2.59
(E) 2-HGEI4-(1-NIEFER) 1,44 2.98 1.44
AN 2, 6- B AR LA Iy 1.82 2.83 —
EN) 0.46 1.37 1.78
4-FH-4- L2 - I3 R 1.41 2.29 2.62
IR SR BT 1.69 1.07 0.74
5-F L2 (12-3FC 4-1-) 0.48 1.76 2.91
FRZE  2-33-5-F AR TR 0.63 1.48 1.78
SHE2-(L MM 2IRR | 0 6 1eg
i ]
25533 4 T 23R A TR — 2.38 4.59
2,3-ZHIEGOR — 144 1.86
REE AEDNFRBOR 0.50 2.79 2.77
4-Z SR — 3.37 2.23
9-—+ = — 2,49 3.47
PR 15-5d -5 0.66 6.16 3.36
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Tab.6 Gas chromatography mass spectrometry analysis

results of heavy oil products from different residence

time with cotton straw %
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Tab.7 Gas chromatography mass spectrometry analysis

results of heavy oil products from different

catalysts with cotton straw %
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