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We reported in this work a simple, effective, and efficient
hydrogen production from plasma methanol decomposition us-
ing DC and AC corona discharges at ambient condition. The
highest hydrogen production rate was achieved with AC corona
discharges. The power consumption was normally less than
0.02Wh/Ncm3 H2. A major advantage of methanol decomposi-
tion using corona discharge is that only a very small discharge
space is enough for sufficiently high decomposition.

Hydrogen production from methanol is an interesting and
promising option for the energy supply of fuel cells and other ap-
plications. Compared to the developed hydrogen storage tech-
nologies, the use of methanol as an effective storage of hydrogen
is much safer and cheaper. The hydrogen production technolo-
gies from methanol include steam reforming,1,2 partial oxida-
tion,3 oxidative steam reforming4 and methanol decomposi-
tion.5,6 The decomposition of methanol provides a better
alternative for the hydrogen production. However, there are
some drawbacks with the catalytic hydrogen production from
methanol: 1) the present methanol reformers are mostly the
packed bed reactors that suffer from problems such as the occur-
rence of hot and cold spots; 2) there are some problems during
the cold start-up and transients; 3) the catalytic activity and sta-
bility still need to be improved.

Recently, there have been investigations on methanol de-
composition using dielectric-barrier discharge (DBD)7 and fer-
roelectric pellet packed-bed reactor (FPR).8 These would be
the first reports of plasma methanol decomposition to hydrogen
and carbon monoxide, upon the knowledge of the author. A
higher one-pass conversion rate can be achieved with this plas-
ma way, compared to the catalytic decomposition. Especially,
the DBD plasma methanol conversion is easier to be operated
than the catalytic process, with an input power ranged from
0.27 to 6.40Wh/(Ncm3 H2). The maximum CH3OH conversion
of 80% into H2 was achieved with CO or CO2 being the other
major products in the absence or presence of water, respective-
ly.7 In this work, we will further simplify the discharge reactor
system with a gas/gas corona discharge in order to increase
the efficiency furthermore. A big difference between the DBD
and corona discharge is the electrode configuration. The DBD
has a dielectric layer between two electrodes, while no such di-
electric-barrier within corona discharge, which contains a tip
electrode below or above a normal plate electrode. This means
that the two electrodes with the corona discharge will be expose
directly to plasma phase and induces a significant change in dis-
charge physics and chemistry.9,10

Figure 1 shows the corona discharge reactor applied in this
work. This reactor is similar to the one previously used for plas-
ma methane conversion via corona discharges.10,11 The reactor is

a quartz tube with the inner diameter of 6mm. There is a cylin-
drical furnace placed around the reactor for the reaction temper-
ature control. This discharge reactor consists of two electrodes, a
top metal wire electrode and a lower hollow electrode as the
grounded one. The gap between the electrodes can be adjusted
to fit the reactive conditions. The high voltage amplifier (Trek
20/20B), connected with a HP33120A signal generator, supplied
a high voltage with DC or AC (at different waveforms) signal to
the top wire electrode. The voltage and current were measured
with a high voltage probe (Tektronix P6015 A) and a pulse cur-
rent transformer (Pearson Electronics 411) via a digital oscillo-
scope (LeCroy Model LC 334A). The discharge power was
measured via a digital multimeter (Keithley 2000).

Argon was used as the carrier gas and pure methanol was
saturated into the carrier gas when argon was flowing through
the liquid methanol. The composition of methanol in the feed
gas was controlled by heating the liquid methanol. The flow rate
of argon was adjusted by a mass flow controller. The feed gas
passed through the gap in the corona discharge reactor and meth-
anol was converted within the discharge zone. The discharge re-
action was terminated at the end of discharge region.

The composition of the feed and products were analyzed
with a GC (Agilent 4890D) equipped with a thermal conductiv-
ity detector (TCD) and a flame ionization detector (FID). A mass
selective detector (HP 5971) was used to identify the liquid prod-
ucts. Liquid products were collected in a cold trap cooled with a
mixture of ice and water.

As a measure of energy efficiency for corona discharge reac-
tor, specific energy density (SED) is used, where power denotes
the plug-in power.

SED (kJ/L)

¼ power (kW)/total flow rate of Ar and CH3OH (L/s)

ð1Þ

Figure 1. Schematic representative of corona discharge reactor
1: High voltage generator; 2: High voltage electrode; 3: Quartz
tube; 4: Gas discharge gap; 5: Grounded electrode.
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Figure 2 presents a relationship among residence time, SED
and methanol conversion. In Figure 2, DC-pos represents the
positive direct current (DC) corona discharge and DC-neg means
the negative DC corona discharge, while AC-sin denotes the al-
ternative current (AC) corona discharge with sinusoid wave-
form. In general, the conversion of CH3OH increases with in-
creasing SED, upon Figure 2a. At the same residence time the
SED decreases in the order as: AC-sin > DC-neg > DC-pos.
It results in higher methanol conversion with AC-sin corona.
AC corona discharge exhibits a different discharge performance
from DC corona discharge. As the AC discharge is applied, each
electrode performs alternately as anode or cathode. Therefore, it
is easier to sustain AC corona discharge than to DC corona dis-
charges.11 The amount of active species within AC corona is
larger than that within DC corona discharges.

Figure 3 shows an effect of methanol feed concentration on
plasma methanol decomposition using AC and DC corona dis-
charges. Upon this figure, no significant difference between
AC and DC corona discharges is observed at the low and high
methanol feed concentrations. However, AC corona discharge
leads to a better decomposition than DC one at the methanol feed
concentration ranged from 20 to 75%. In addition, a maximum
decomposition rate has been observed at 57.4% of methanol feed
concentration. The maximum decomposition rate reaches
1.12mmol/min with the minimum power consumption of
0.004Wh/Ncm3 H2, using AC corona discharge. Meanwhile
they are 0.78mmol/min and 0.005Wh/Ncm3 H2 with DC coro-
na discharge.

One of principal advantages of methanol decomposition us-
ing corona discharges is that the energy request is relatively lit-
tle. In addition, a significant advantage of methanol decomposi-

tion using corona discharge is that only a very small discharge
space is enough for sufficiently high decomposition. This is very
suitable to the use of automobiles. Further investigation would
lead to a practical application of methanol decomposition using
corona discharges.
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Figure 2. Relationship between SED, conversion of CH3OH
and residence time. a) SED vs conversion of CH3OH, b) SED
vs residence time (Ar flow rate: 40NmL/min, CH3OH feed
concentration: 20%).
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Figure 3. Effect of CH3OH feed concentration on a) conversion
of CH3OH. b) conversion rate (Ar flow: 40 cm3/min; frequency
for AC-sin: 2000Hz; applied average voltage: 0.8 kV; average
input power: 12w).
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