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Correlations between Supercritical Extracts of Coniferous
Fuel and the Heat Yield Value and Ignition Point
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Abstract: [Objective] Extracts, a very important component of fuel, can be divided into two categories: fatty acid
extracts and volatile oil extracts. Traditional extraction methods have many shortcomings, including complicated
operations, long procedure times, and low efficiency. To explore a simple, and fast technique for fuel extraction, the
correlations between supercritical extracts of coniferous fuel, which were found on Daxing’ anling Mountain, and their heat
yield value and ignition point were studied. [Method] Fuel samples were collected from six conifer species, including
Larix gmelinii, Pinus sylvestris var. mongolica, Picea jezoensis, Picea koraiensis, Pinus pumila,Sabina davurica. Samples of
each tree species were divided into two categories: needles and twigs. After air drying, the samples were ground. By
comparing extracts from different samples, the supercritical CO, extraction conditions were optimized. The heat yield
values of the samples were determined using a PARR 6300 automatic oxygen bomb calorimeter. The ignition points of the
samples were determined by a DW-2 ignition temperature sensor. [Result] A correlation analysis showed that the heat
yield values were closely correlated to the extract contents. However, there was no obvious correlation between the extract
contents and the ignition point. Based on the correlation results, it can be inferred that the extracts in the experiment were
mainly fatty acids. [Conclusion 1The supercritical fluid extraction conditions were established in the present study, i. e. ,

samples size 40 mesh, extraction temperature 45 °C, extraction pressure 40 MPa, static extraction time 10 min, collection
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time 2 h, flow rate 2.0 L+ min ' and is the suitable conditions for fatty acids extracts of forest fuels. Under these

conditions, the needle extract contents were closely related to the heat yield values, as indicated by the high correlation

coefficient (0. 972 2) . With the present methods, the fatty acid extracts contents of fuels can be determined quickly.

Compared with the traditional Soxhlet extraction method, the present method has many advantages, including its simple

operation, short procedure time, and high extraction efficiency.
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Tab.1 Sampling species and sampling sites
B Fl Species SKAEHb 5 Sites

RS- RYS R U bl =)
Larix gmelinii Songling Forestry Bureau
(LR Fa e F Y JR)
Pinus sylvestris var. mongolica Songling Forestry Bureau
1% A2 B T bl =)
Picea jezoensis Tahe Forestry Bureau
AN 7 P ARl R
Picea koraiensis Tahe Forestry Bureau
AR W rp R SR
Pinus pumila Huzhong Forestry Bureau
Xk I L SR

Sabina davurica Huzhong Forestry Bureau
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Tab.2 Extract contents of samples under

different collection times

KSR T A
Collection time/min Extract contents (% )
20 3.16
40 4.58
60 5.28
80 5.72
100 5.73
120 5.74

@ ¥ 5 ki fE Sample sizes: 40 H 40mesh; # Y Hs /7 Extraction
pressure :40 MPa; # I il ¥ Extraction temperature:40 °C ; CO, S &
# Flow rate of CO,:2.0 Lemin~'.
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185y 3. 61% ; BEAF i oL A8 /N » RE U 5 5538 ¥ 48
I FE L ORLBE 60 H I, R HU) A R R OK A
6.27% o T FEMORLEAE 40 H AT 60 H I, A< HU )
PRI, A 6.20% Fil 6.27% , HLAK LA 60
H L, (H 40 H A& 5 5 3045, L, 265 40 H 1
N B 38 B R bR
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Tab.3 Extract contents of samples under
different sample sizes

W

Extract contents (% )

A R
Sample sizes/mesh

10 3.61
20 4.12
40 6.20
60 6.27

D 26 B JE /7 Extraction pressure: 40 MPa; 25 B i & Extraction
temperature :40 °C ; CO, S fA i £ Flow rate of CO, :2.0 Lemin Lo dE
I} 6] Collection time:120 min.
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R & B, h 4. 68% B CO, <44 3 48
R & B E . {2 CO, SRR E N 1.5,
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5E2.0 Lemin ™' by S5 A0 AR 3K -



E i

AR A5 KON 22 U W R AR A ) A RORR g G i A O 8 A O

71

=21
(===}

F4 FRESKRENZER
Tab.4 Extract contents of samples under
different CO, flow rates
CO, AU
CO, flow rate/ (Lemin~")

R
Extract contents (% )

1.0 4.68
1.5 6.70
2.0 6.78
2.5 6. 61

@ FE i BL ¥ Sample sizes: 40 H 40 mesh; % B Jis /7 Extraction
pressure :40 MPa; 2 B i & Extraction temperature: 40 °C ; i 4 i) [A]
Collection time:120 min.
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Tab.5 Extract contents of samples under

different extraction pressures

RIS/ R

Extract contents (% )

AW )

Extraction pressure/MPa

10 1.25
20 5.31
30 6.09
40 6. 68
50 6. 64

@ FE i BL JE¥ Sample sizes: 40 H 40 mesh; # Ui ¥ Extraction
temperature :40 °C ; CO, S AR Flow rate of CO,: 2.0 Lemin~'; i
I A] Collection time:120 min.
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Tab. 6 Extract contents of samples under

different extraction temperatures

AR ERUE7 s
Extraction temperature / °C Extract contents (% )
35 7.33
40 7.38
45 7.93
50 6.71

@ FE i BL ¥ Sample sizes: 40 [ 40 mesh; % B Jis /) Extraction
pressure :40 MPa;CO, S A Flow rate of CO,: 2.0 Lemin L4
I} ] Collection time:120 min.
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Tab.7 Extract contents, heat yield value and ignition point of fuel samples

A fop oy KB i R
Species Needle /twig Fxtract contents Heat yield Yalue/ Ignition point/
(%) (MJekg™") <
Nz P WA Larix gmelinii 111 Needle 2.92 £0.08 19.05 +0. 18 270.0 +0.4
fEFA Pinus pumila £ Needle 7.55 +0.06 20.78 +0.22 269.7 +0. 4
F& 7K\ Pinus sylvestris var. mongolica £l Needle 7.93 +0. 04 20.80 +0. 19 268.7 +0.5
141 1% 25 12 Picea jezoensis £ Needle 6.10 £0. 06 19.83 £0. 11 263.0+£0.4
21 2 7 k2 Picea koraiensis £ Needle 3.52 £0.10 19.66 +0.13 265.3 +0.4
W4k Sabina davurica £ Needle 15.28 £0. 33 22.89 +0. 15 268.7 +0.3
Mg A Larix gmelinii I Twig 6.30 +£0.09 19.41 £0. 17 278.7 £0.3
{E¥2 Pinus pumila N Twig 5.32 +£0.07 19.63 +0. 16 272.7 +0. 4
KK Pinus sylvestris NEE Twig 6.07 £0. 04 19.64 +0.21 278.7 +0.3
141 1% 25 }2 Picea jezoensis INEE Twig 3.63 +0.03 19.76 £0.22 278.3 +0.2
40 J¢ 2k Picea koraiensis N Twig 5.38 +0.02 18.96 0. 13 278.7 +0.4
Wz ¥ Sabina davurica N Twig 8.00 £0.13 20.56 £0. 16 278.7 £0.5
-1 Grand mean 6.51 £0.05 20.08 +0.17 272.6 +0.4
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