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As a renewable carbon resource, biomass can be converted into polyols, aromatic hydrocarbons, alkanes, and other
products by traditional catalytic liquefaction method, which has been widely used in production and life. The efficient
development and utilization of biomass energy will play a very positive role in solving the problems of energy and ecolog-
ical environment. A way of combining the plasma electrolysis with traditional catalytic liquefaction realizes the efficient
liquefaction of sawdust, which provides a new liquefaction way for traditional biomass conversion. In this experiment, the
effects of solution composition, catalyst content and power supply on solution resistance and liquefaction rate are analyzed.
It is found that solution composition and catalyst content have a great influence on solution resistance. The results show
that the liquefaction rate is highest and the resistance is smallest when the solution resistance is 500 Ω. The liquefaction
rate is greatly affected by the solution temperature, and the solution temperature is determined by the output power between
the two electrodes. The output power includes the heating power of the electric field and the discharge power of the plasma.
We measure the electric potential field distribution in the solution and the plasma power. It is found that the output power
between the two poles increases nonlinearly (from 0 to 270 W) with time. In two minutes, the electric field heating power
increases from 0 to 105 W and then decreases to 70 W, while the plasma power increases from 0 to 200 W. It is well known
that in the first 70 seconds of the experiment the electric field heating is dominant, and then the plasma heating turns into
a main thermal source. In this paper, plasma electrolysis and traditional catalytic liquefaction are combined to achieve the
efficient liquefaction of sawdust, which provides a new way for biomass liquefaction.

Keywords: biomass liquefaction, plasma electrolytic

PACS: 88.05.Ec, 88.20.J–, 88.20.D–, 52.80.Wq DOI: 10.1088/1674-1056/28/4/048803

1. Introduction
Biomass is defined as the renewable organic material

originating from plants including wood wastes, energy crops,
aquatic plants, agricultural crops, and their derivatives, as well
as the municipal and animal wastes. It is considered as poten-
tial renewable sources of fuels and chemical feedstock due to
the characteristics of its abundance and neutrality for respec-
tive carbon emissions.[1]

The biomass liquefaction is a promising technology for
the conversion of biomass into bio-chemicals and liquids
bio-fuels. So far, the methods employed for liquefaction
mainly include the solvent–catalytic liquefaction,[2,3] hydro-
thermal liquefaction,[4] and the supercritical/subcritical lique-
faction.[5] The applications of hydrothermal liquefaction and
the supercritical/subcritical liquefaction are restricted by the
strict operation conditions, which normally require high tem-
perature and high pressure to obtain supercritical/subcritical

fluid for the post-processing of liquefaction. The solvent-
catalytic liquefaction is an effective method to convert biomass
into fuels, however this process normally requires unsatisfac-
torily long time to reach an acceptable yield of bio-fuels.[6,7]

For this reason, the development of an alternative process un-
der the mild conditions is very important for the economic vi-
ability of biomass liquefaction.

Recently, our research group has combined plasma elec-
trolysis in the presence of sulfuric acid as the catalyst with
traditional polyethylene glycol 200 (PEG 200) and glycerol
co-solvent liquefaction to achieve a fast liquefaction of pine
sawdust.[8] Previous experiments[8] show that the plasma elec-
trolysis liquefaction (PEL) process is also that of solid macro-
molecules (sawdust) decomposing into small molecules (liq-
uids and gases), which is directly related to the change of solu-
tion resistance in the process of PEL. Therefore, it is necessary
to carry out further research. Apart from the solution temper-
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ature, the power of discharge plasma also directly affects the
sawdust liquefaction process. Therefore, it is necessary to an-
alyze the relationship between the power of discharge plasma
and liquefaction rate.

2. Experiments
2.1. Materials

Pine sawdust (Fujian) was dried for 12 h in an oven set
at 105 ◦C, then crushed, sieved, and separated using 40–80

meshes. The sifted sawdust was placed in a desiccator at room
temperature. The water content, ash content, acid insoluble
lignin, cellulose, and alpha cellulous content of the biomass
feedstock pine sawdust are summarized in Table 1. The C,
H, O, and N contents of the pine sawdust were determined by
an elemental analyzer (Vario EL III) and the results are also
shown in Table 1. The PEG 200, glycerol, acetone, and con-
centrated sulfuric acid used in this experiment were all analyt-
ically pure.

Table 1. Compositions of pin sawdust (%).

Moisture Ash Lignin Total cellulose Cellulose C H O N

7.02 1.26 18.63 73.68 43.92 48.15 6.79 44.86 0.20

2.2. Experimental setup

Figure 1(a) shows the overall schematic diagram of the
experimental setup. The liquefying device mainly consists of
a DC pulse power supply, a plasma reactor, and a condensa-
tion system. The prepared sawdust raw material, the blend
solvent of PEG 200 and glycerol as well as the catalyst sulfu-
ric acid were mixed together in a cylindrical quartz container
(volume 100 ml). Two tungsten rods (height 150 mm, diame-
ter 1.6 mm, purity 99.9%) were placed in the mixed aqueous
slurries with a depth of 17 mm and connected to the pulsed
high-voltage DC power supply (MAO-6, China) directly act-
ing as the electrodes with a gap of 10 mm. In the liquefaction
process, the output voltage, duty cycle, and frequency were
set to be in the range of 0 V–2000 V, 5%–80%, and 50 Hz–
2000 Hz, respectively. A typical discharge waveform of the
DC power supply was revealed in Fig. 1(b). A thermal de-
tector (Pt-1000, 0 ◦C–1700 ◦C, Maser AC) was used to mea-
sure the temperature of the solution. The produced gases were
flowed through an iced-cold trap to split entrained droplets and
then were gathered into a gas bag for further analysis. The
liquefied products were separated by filtration through vac-
uum filter. The filter residue was washed by acetone and re-
peat filtrated until the filtrate was colorless. The filtrate from
acetone washing was rotary-steamed to remove acetone, after
that the left liquid was mixed with the first filtrate to obtain
the liquid product. The gaseous products were analyzed by a
gas chromatography (Agilent Micro3000-GC) equipped with
a thermal conductivity (TCD) and a flame ionization detector
(FID), while the liquid samples were analyzed by gas chro-
matography with mass spectrometric (QP 2010 Plus, Japan,
column: REX-5 MS). For the detection and identification of
the generated products the initial temperature of the GC oven
was 50 ◦C, holding time was 5 min; temperature increased to
280 ◦C at a rate of 10 ◦C/min then held for 150 min. A spec-
trometer (HR2000+) was used to record the emission spectra

and to identify the excited reactive species formed in the PEL
process. The filter residue after acetone washing was dried
into solid residue in an oven at 105 ◦C for 12 h, collected and
weighted,. The liquefaction yield (%) is expressed as

f (%) = 100− m1

m2
×100, (1)

where f represents the liquefaction yield, m1 is the mass of the
raw sawdust material that was used in the experiment, and m2

is the mass of the solid residue. The field emission electron mi-
croscopy and SEM spectroscopy (Hitachi S4800 SEM Japan)
were used to investigate the properties of the residue. Addi-
tionally, the power optimization parameters denoted duty ratio
30%, frequency 200 Hz, and input voltage 710 V, and solution
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Fig. 1. (a) Schematic diagram of liquefying device, and (b) voltage and
current curve diagram.
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optimization parameters denoted PEG 200 = 24 mL, glycerol
7 mL, catalyst content 250 µL, biomass 5 g. All analysis was
carried out under optimal conditions.
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Fig. 2. Relation between voltage and current during PEL discharge.

2.3. Method of analysis

To study the effect of the variation of the solution
impedance on the plasma electrolytic liquefaction of sawdust,
the copper rods with a purity of 99.9% (diameter, 1.0 mm)
were used to replace the tungsten electrodes and connected to
the impedance analyzer (Agilent HP4192a) to identify the re-
sistance of the aqueous slurries. Besides, two tungsten wires
each with a diameter of 100 µm were used as the electrodes
and the electrical potential between the electrodes were mea-
sured with an oscilloscope (Tektronix TDS 2024B).

3. Results and discussion
3.1. Plasma liquefaction characteristics

Based on the previous studies of biomass liquefac-
tion,[9,10] the experimental parameters are specified as follows:
the amount of sawdust is 5 g, PEG 200 and glycerol are used
as co-solvent with a volume of 31 mL and the amount of the
catalyst, sulfuric acid was 250 µL. To evaluate the influence
of the electric field between the two electrodes on the ionic
ionization in the plasma discharge process, the applied voltage
and current are simultaneously measured by using a digital os-
cilloscope with a 1:1000 high voltage probe and a Tektronix
P2220 current probe. The results are shown in Fig. 2. Clearly,
the voltage range can be divided into four stages, namely U1,
U2, U3, and U4. In the first stage U1 (0 V–230 V), the current
increases linearly with the voltage increasing, which is consis-
tent with Ohm’s law. This phenomenon reveals that the solu-
tion shows a pure resistance property at the first stage. Fur-
ther increasing the voltage shifts the reaction to the U2 phase
(230 V–410 V). In this stage, the electrons and ions in the
solution are accelerated quickly due to the increased kinetic
energy and result in a nonlinear relationship between the dis-
charge current and the applied voltage. As the voltage con-
tinually increases to 710 V, the unstable gas discharge near
the electrodes is formed due to the gasification of the reaction

solution, which is caused by the avalanche effect of a large
number of electrons driven by electronic and electric field ac-
celeration after atomic collision and abundant heat. This stage
is regarded as the transition stage (U3:410–710). In this stage,
generated gas covers the electrodes and results in the decrease
of current due to the lower gas conductivity; meanwhile, this
stage is always accompanied by a large quantity of heat radia-
tion and gas emission. Further increasing the voltage until the
stage U4 (710 V–750 V) is reached, unstable discharge mode
shifts to the stable arc discharge with expanding the avalanche
breakdown area. The cathode is completely wrapped with gas
breakdown during the gas discharge and leads to the formation
of the stable discharge stage with a current of 0.2 A. At this
stage, abundant reactive free radicals from the gas discharge
enter into the solution.[11]

In the process of voltage increasing from 0 V to 750 V, a
large amount of white smoke is formed on the mixed aqueous
slurries and accompanied by a slight explosion. After that the
smoke recedes, an arc discharge is clearly observed close to
the cathode, the solution near the cathode begins to boil and
is followed by the formation of small gas bubbles. Later, the
flash becomes larger and brighter, and boiling becomes vio-
lent, which is accompanied by splashing of the solution on the
inner wall of the reactor and generating the white fog. From
the above analyses, the process of sawdust liquefaction can be
represented by the plasma electrolysis process,[12,13] thus the
input voltage in this case is valued to be 710 V.

3.2. The influence of solvent on the solution resistance in
PEL

In order to investigate the effect of the liquefaction agent
on the resistance in PEL process, the volume ratio of the co-
solvent PEG 200 and glycerol is varied from 30:1 to 20:11
(mL:mL) with a total volume of 31 mL unchanged. The input
voltage, the 98% sulfuric acid volume, and the biomass feed-
stock sawdust amount are all kept constant, they are 710 V,
250 µL and 5 g, respectively. In the PEL process, the aque-
ous slurries are characterized by pure resistivity. This may
be explained by the fact that the positive and negative ions
in the solution move in the opposite directions, resulting in the
static charge of the volume element being zero. Obviously, the
initial solution resistance remarkably decreases from 27 kΩ

to 5 kΩ with the amount of glycerol increasing from 1 mL
to 11 mL and it gradually decreases with the continuous in-
crease of electrolysis time as shown in Fig. 3. It is interesting
to note that the smallest resistance is obtained at an optimal
solvent ratio of 24:7 (V:V) and electrolysis time of 130 s. This
might be attributed to the fact that the polarity of glycerol is
larger than that of polyethylene glycol 200, which is of benefit
to the rapid liquefaction of sawdust to degrade cellulose and
lignin producing a large amount of small molecule chemicals
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at first stage, resulting in a decrease of the solution resistance.
While further increasing the amount of glycerol and electrol-
ysis time would lead to the polymerization, which means that
the small molecules in the solution would gradually aggregate
into large-molecule compounds, and contribute to the increase
in the solution resistance.
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Fig. 3. Plots of resistance versus time for different co-solvent ratios
of PEG 200 to glycerol in PEL process (with catalyst content 250 µL,
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R
e
si

st
a
n
c
e
/
k
W

T
e
m

p
e
ra

tu
re

/
C

0 40 80 120 160
0

9

18

27

36

Time/s

0

60

120

180

240

1

2

3

R
es

is
ta

n
ce

/k
W

Time/s
50 100 150

 100 mL
 200 mL 
 250 mL 
 300 mL 

50 mL  
100 mL 
150 mL 
200 mL 
250 mL 
300 mL 
350 mL 
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3.3. The influence of catalyst content on solution resistance

In order to determine how the content of sulfuric acid can
affect the solution resistance and the temperature of solution
in the PEL process of sawdust, the experiment is conducted
under various quantities of catalyst in a range from 50 µL to
300 µL, with the following parameters fixed: sawdust of 5 g,
input voltage of 710 V, frequency of 200 Hz, duty ratio of 30%
and the ratio of PEG 200 and glycerol of 24:7 (V:V) as shown
in Fig. 4. Clearly, the increasing of the content of sulfuric acid
can significantly reduce the solution resistance and it gradu-
ally declines with reaction time increasing in the PEL process.
It is noteworthy that the lower initial resistance is favorable
for the rise of the solution temperature. A similar result was
reported by Genki et al. that increasing the solution temper-
ature is of benefit to the igniting of the plasma discharge.[14]

Results show that the resistance of the solution drops rapidly
when the content of the concentrated sulfuric acid is 250 µL

(pH = 1.87). After 20-s plasma discharge treatment, the value
of the solution resistance is almost the same as that of the
added of 350-µL sulfuric acid, and the corresponding solution
resistance is 400 Ω–500 Ω. There is no significantly effect
of the catalyst content on the liquefaction process, hence the
content of catalyst in this case is fixed at 250 µL.

3.4. Analysis of electrolytic characteristics of PEL

3.4.1. The effects of frequency on liquefaction of saw-
dust

The frequency of power supply used in the plasma elec-
trolysis ranges from 50 Hz to 2 kHz. The experimental results
indicate that the change of frequency has no significant influ-
ence on the solution resistance. As the homogenized solution
used in this research shows the characteristic of pure resis-
tance, no obvious relationship between the frequency and the
solution resistance is observed. Therefore, the frequency of
power supply is fixed at 200 Hz.

3.4.2. Effect of duct cycle on liquefaction of sawdust

The power duty ratio used in the experiment can be ad-
justed from 5% to 80%, and the corresponding pulse width
changes from 2.5×10−3 s to 40×10−3 s. Since the H+ ions’s
acceleration time in the solution is proportional to the pulse
width, the duty ratio is an essential factor in the PEL process.
Figure 5 shows the dependence of solution resistance on the
power supply duty ratio at a fixed input voltage of 710 V, fre-
quency of 200 Hz and the solvent amount of PEG 200/glycerol
of 24 mL/7 mL. Obviously, increasing the duty cycle initially
reduces the solution resistance and reaches a minimum value
of 1600 Ω when the duty ratio is 30%, beyond which the resis-
tance of solution is gradually enhanced when the power supply
duty ratio further increases up to 50%. This result might be at-
tributed to the fact that the catalytic effect of glucoside bonds
in cellulose in sawdust is best when an acceleration time of
H+ ion is 15×10−3 s and a corresponding power supply duty
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Fig. 5. Plots of solution resistance versus time for various contents of
sulfuric acid, in PEL process (at frequency 200 Hz, and constant voltage
710 V).
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ratio is 30%. Hence, in this case the frequency and the duty
ratio of the pulsed power supply are fixed at 200 Hz and 30%,
respectively.

3.4.3. The influence of potential and radicals on PEL
of sawdust

The plasma electrolysis technology is used to liquefy the
biomass feedstock sawdust. This experiment is conducted at
room temperature and atmosphere pressure, where the input
voltage is 710 V, frequency and duty ratio of power supply are
200 Hz and 30%, respectively, and the amount of solvent PEG
200, glycerol, and catalyst (sulfuric acid) are 24 ml, 7 ml, and
250 µL, individually.

The reason for using 710 V as an input voltage is that the
liquefaction process under plasma discharge mainly occurs in
the U4 stage, when the cathode is covered by the generated
gaseous products and the discharge current can keep steady at
0.2 A with the input voltage increasing from 710 V to 750 V.
To analyze the effect of the potential in the solution and radi-
cals generated through the plasma discharge on the PEL pro-
cess of sawdust, the temperature of oil bath is set to be 225 ◦C
initially followed by heating the aqueous slurries which in-
cludes sawdust, PEG 200, glycerol, and catalyst, 98% sulfuric
acid. It can be seen in Fig. 6 that 100% liquefaction yield
is reached in 10 min by using the conventional liquefaction
method. The possible mechanism is that the excited H+ ions
generated form H2SO4 could react with the oxygen atom on

the glucosidic bond in the cellulose, and then the protons on
the carbon site of glucosidic bond are transferred, resulting in
the rupture of this bond as well as the degradation of cellulose.
Meanwhile, cellulose is one of the key components of the pine
sawdust (about 44%), which is very hard to liquefy. Thus,
the treatment of cellulose plays a key role in the liquefaction
process. The rate of biomass liquefaction using plasma elec-
trolysis is considerably higher than that using a conventional
liquefaction process. Specifically, the PEL treatment shows
not only a higher liquefaction rate but also a higher energy ef-
ficiency, which just needs 140 s to achieve a 100% liquefaction
yield at an energy cost of 0.00642 kWh, while the conventional
liquefaction treatment requires 90 min at an energy consump-
tion of 1.6 kWh. The comparison between the sawdusts before
and after treatment by PEL is shown in Fig. 7.
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Fig. 6. Comparison between curves of the liquefaction yield in PEL
liquefaction process and conventional liquefaction process.
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Fig. 7. Pictures of sawdust before and after treatment by PEL, showing (a) raw material of sawdust, (b) aqueous slurries without any
treatment, liquid sample treated by PEL for (c) 60 s, (d) 120 s, and (e) 180 s.

In the plasma electrolysis liquefaction process, the in-
crease of the solution temperature is due mainly to its being
heated by the potential drops on the solution resistance and the
discharge plasma. When the input voltage keeps constant, the
potential of the solution will increase with the resistance de-
creasing, and then, the resistance power can increase accord-
ing to the following equation:

Psolution =
U2

R
, (2)

meanwhile, the solution temperature will be affected by the

plasma discharge. Hence, it is important to investigate the
synergy effect of the thermal-effect produced by the solution
resistance and plasma discharge.

In order to detect the electrical potential in the solution,
two tungsten wires each with a diameter of 100 µm are used
as the probes in the operating conditions with an input volt-
age of 710 V, a duty ratio of 30% and the frequency of the
power supply is fixed at 200 Hz. In addition, the software
MATLAB is used to simulate the distribution of the electrical
potential in the solution as a function of plasma electrolytic
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time, and the results are shown in Fig. 8. It is clearly seen that
the equipotential line density near the cathode in the PEL pro-
cess of sawdust increases significantly, which means that the
potential drop near the cathode is remarkably enhanced with
the solution resistance decreasing, while no obvious change of
the potential drop close to the anode is observed. This result
reveals that the intensity of the plasma electrolytic liquefaction
of sawdust near the cathode is significantly enhanced with the
plasma discharge time increasing. In addition, the increase of
electrical potential in the solution and the decline of the solu-
tion resistance over the liquefaction time lead to the increase
of the heating power caused by the solution resistance. The

heating power generated by the solution resistance at differ-

ent liquefaction times could be determined from Eq. (2). The

total output power provided by the power supply equals the

sum of the heating power and the discharge power in the so-

lution. Therefore, the discharge power, heating power and the

total output power are displayed in Fig. 9. Clearly, the initial

stage of electrolysis is mainly based on the solution resistance

heating. When the solution temperature reaches a value above

100 ◦C, the discharge power increases gradually. Afterward,

the PEL process is mainly driven by the plasma discharge heat-

ing.
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4. Product characterization
4.1. Gas product analysis

The H2 and CO were the main gas products from the PEL
process. The mole percentage of H2 and CO are 97.7% and
1.8%, respectively. A smaller quantity of hydrocarbons (CH4,
C2H6, and C2H4) are also detected with a total mole percent-

age of 0.5%. This phenomenon indicates that the H2-rich gas
is obtained in the PEL process. The components of the gas
production from the PEL process are similar to these obtained
in the traditional catalytic liquefaction process, but the mole
percentage of each component is totally different.[15]

4.2. Optical diagnostics of PEL process

Optical emission diagnostics (OES) is carried out to un-
derstand the formation of the reactive species in the PEL pro-
cess. Figure 10 shows the typical emission spectrum of the
PEL process. The spectrum is clearly dominated by the lines
of OH, CH, and C2. The OH at 309 nm mainly originates from
the reaction of Eq. (3), which indicates that the H and OH rad-
icals are formed.[16] The CH at 431 nm is mainly formed by
the reaction of Eq. (4).[17] In this reaction, CH2 mainly re-
sults from the dissociation of CH4. Therefore, it is suggested
that hydrocarbons (i.e., CH4 and C2H4) and H2 are formed in
the PEL process, which can be confirmed by the distribution
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of gas products. The CH2 and CH3 radicals from CH4 dehy-
drogenation are not observed in the spectrum. C2 Swan band
system (d3Πg →a3Πu, ∆ν = 0) at 516 nm may be from the
solid carbon in the residue.[18]

e−+H2O→ OH(A)+H+ e−, (3)

H+CH2→ CH+H2. (4)
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Fig. 10. Typical emission spectrum of PEL process.

4.3. Liquid product analysis

The main components of pine sawdust are lignin, cel-
lulose, and total cellulose, which are mainly composed of
polysaccharides. Among these substances, cellulose is a lin-
ear chain (glycosidic bond)-linked polysaccharide (molecu-
lar weight higher than 5× 104) composed of hundreds and
thousands of β (1→ 4) linked D-glucose units.[19] More than
200 components are detected in the liquid products from the
PEL process, which can be divided into five categories: (i)
organic acids, such as acetic acid, levulinic acid, propionic
acid, gluconic acid, etc.; (ii) alcohols and ketones, such as
2-propanol, butanol, 2-hydroxy-4-methylacetophenone, etc.;
(iii) sugar, such as D-glucopyranose, cellobiose, etc.; (iv) es-
ter, such as butyl levulinate, glucosyl acetate, trimethyl-135-
benzenetricarboxylate, etc.; (v) phenols, containing monophe-
nols (such as phenol) and polyphenols (such as m-diphenol).
The categories (i)–(iv) products are mainly derived from di-
rect or indirect oxidative degradation of cellulose, while the
(v) product is mainly from the oxidative degradation of lignin.
The main components are basically the same as those obtained
by the traditional liquefaction method.[20] The electron mi-
croscopy is used to analyze the raw material sawdust, solid
residues and liquefied products as shown in Fig. 11. It can
be seen that the sawdust composed of cellulose has an obvi-
ous loose block structure before being liquefied. After being
liquefied, the block structure in the residues become distinctly
tight and the size is also reduced; while the block structure in
the liquefied product completely disappears and dense powder
is observed.

In addition, the infrared spectrum is also used to analyze
the chemical properties of the sawdust liquid products and

solid residues as shown in Fig. 12. Clearly, many peaks are
found in a range of 1800 cm−1–800 cm−1, which are mostly
characteristic absorption of structures such as carbonyl, ether
bond and aromatic nucleus.[21] A strong aromatic hydroxyl
absorption peak appears at 3400 cm−1 (–OH/–NH),[21] indi-
cating that the wood chips and products are rich in aromatic
hydroxyl species. The 2865 cm−1 (–CH3) is a methylene
group and a methyl group in aliphatics and alkanes. Compar-
ing the three curves, these products should be produced dur-
ing liquefaction.[22] The peak at 1742 cm−1 (–C=O) mainly
appears in the liquid product, indicating that a large quan-
tity of aldehydes, ketones, acids, esters and other compounds
are formed during liquefaction.[22] The carbon-carbon double
bond in benzene ring, 1655 cm−1 (–C=C), mainly appears in
the wood chips, which corresponds to the polysaccharide in
the wood chips.[23] 1245 cm−1 (–CH) corresponds to the me-
thine group on the aromatic derivative, which can be mainly
seen in the residues.[24] The 1012 cm−1 (aromatic ring) corre-
sponds to the benzene ring in aromatic compounds, mainly in
residues and raw materials.[24]

Fig. 11. Electron microscopy scan micrograph of (a) 1000 times magnifi-
cation of sawdust, (b) 1000 times magnification of solid residues, (c) 1000
times magnification of bio-oil, and (d) 5000 times magnification of bio-oil,
prepared under standard parameters.
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Fig. 12. Infrared spectrum of wood chips, liquefied products, and
residues.
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The liquefied products are complex and difficult to sep-
arate, but the content of nitrogen and sulfuric are low. At
present, the bio-oil is mainly used for combustion, power gen-
eration or biomass adhesives, molded materials, foaming ma-
terials, etc.[25,26] For the combustion, the high calorific value
of the liquefied product needs to be calculated. The calculation
formula is as follows:

HHV = 0.3383×C+1.442×
(

H− o
8

)
. (5)

The high calorific value (HHV) of the sawdust is 17.99 MJ/kg
based on the data in Table 1. The elemental compositions of
the liquefied products and the solid residues are analyzed by
elemental analyzer, and the results are shown in Table 2. It
can be seen that the C and H contents of liquid products both
increase, while the oxygen content lowers. The decrease of
oxygen content of the liquefied product results from the de-
oxidation reactions that occur in the liquefaction processes,
such as dehydration, decarbonylation and decarburization re-
action, etc. Through calculation, the high heating value is ob-
tained to be 22.27 MJ/kg, higher than that of wood. From
Table 2, the C and H contents of solid residues both decrease,
and the oxygen content increases, which leads to a lower high
calorific value (HHV) of 11.51 MJ/kg than that from raw ma-
terial sawdust.
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Fig. 13. GC spectra of gases.

Table 2. Compositions of liquid product and solid residual (mole ra-
tio%).

C H O N

Liquid product 52.46 9.22 37.60 0.72
Solid residue 39.94 5.44 54.61 0.01

5. Conclusions
In the PEL experiment, we find that the solution resis-

tance first decreases and then increases slightly. This process
is consistent with that in which cellulose, hemicellulose, and
lignin are first decomposed into small molecule compounds,

and then polymerized into compounds with larger molecular
weight. The results show that the change of solution resistance
is consistent with the liquefaction rate, which can be used as
a new method to calculate biomass liquefaction. By measur-
ing the resistance heating power and the output power between
the two poles, it is found that the electric field heating power is
dominant in the first 70 seconds, and then the discharge plasma
heating is the main thermal source. At the later stage, the liq-
uefaction rate of biomass is significantly improved. But the
initial electric field heating can effectively increase the solu-
tion temperature, which is conducive to the generation of dis-
charge plasma. So, the PEL of sawdust is a synergistic process
of solution resistance heating and plasma heating. In addition,
the liquefaction products in PEL are analyzed. It is found that
liquid products mainly consist of aldehydes, ketones, acids and
esters, which come from cellulose, hemicellulose, and lignin.
Gaseous products produced by discharge plasma mainly con-
sist of H2, CO, CH4, and other gases.
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