MICROWAVE PLASMA BIOMASS ENTRAINED FLOW GASIFIER AND
PROCESS

FIELD OF THE INVENTION

[0001] The invention relates to the gasification of biomass, and more particularly to
anentrained-flow gasifierand a gasification method using the same for synthesizing

syngas from biomass fuel in the presence of microwave-excited plasma.

BACKGROUND OF THE INVENTION

[0002] Currently, in the application field of biomass energy, biomass gasification
technology has wide species adaptabilityandtremendousdevelopment potential. Biomass
gasification process generally includes fixed bed gasification, fluidized bedgasification,
entrained flow gasification. The fixed bed gasification has defects such as low
gasificationtemperature, high tar content, and low-quality syngas. The fluidized
bedgasification has a moderate gasification temperature and convenient feeding and
discharging, to ensure the stable fluidization, the furnace temperaturemust be controlled
to be moderate. Low gasification temperature results in high content of tar in the syngas.
The tar is difficult to remove and easily blocks and corrodes the valves, pipes, and
auxiliary equipment. The removal of the tar costs much. Theentrained flowgasificationhas
a high and uniform reaction temperature, high gasification efficiency, and the tar is
completely cracked. However, the entrained flow gasification has a high requirement on
the particle size of the raw materials. In general, the particle size should be less than 0.1
mm. Biomass contains much cellulose, which is very difficult to be crushed to have a
small particle size to meet the requirement of the entrained flow bed. The smaller the
required particle size is, the larger the abrasion of the crusher is, and the higher the energy
consumption is. Large particle size causes the low carbon conversion rate and low cold

gas efficiency, which greatly limits the application of conventional entrained flow beds in



the synthesis of syngas.

SUMMARY OF THE INVENTION

[0003] In view of the abovedescribed problems, it is one objective of the invention to
provide anentrained-flow gasifierand a gasification method using the same for
synthesizing syngas of carbon monoxide and hydrogen from biomass fuel in the presence
of microwave-excited plasma with characteristics of economy, high efficiency, and

feasibility.
[0004] To achieve the above objective, the following technical schemes are adopted.

[0005] Amicrowave plasma based entrained flow gasifier of biomass, comprises a
furnace body and a fuel pretreatment system. The furnace body is vertically disposed and
comprises a fuel inlet disposed at a lower part of the furnace body, a syngas outlet
disposed at a top of the furnace body, and a slag outlet disposed at a bottom of the furnace
body. The fuel inlet presents in the form of nozzles. The fuel pretreatment system is
disposed outside of the furnace body, and comprises a fuel crushing apparatus, a sieving
apparatus arranged downstream to the fuel crushing apparatus, a first fuel container for
receiving particle size-qualified fuel, a second fuel container for receiving particle
size-unqualified fuel, and a feeding hopper arranged downstream to the first fuel
container. The first fuel container and the second fuel container are side-by-side arranged
downstream to the sieving apparatus; a bottom of the feeding hopper is connected to the
furnace body via the nozzles. A monitoring unit is disposed close to the syngas outlet at
the top of the furnace body. The nozzles are arranged radially along the furnace body and
are between 2 and 4 in number. One or two layers of microwave plasma generators are in
parallel disposed at a gasification zone of the furnace body, and each layer of the

microwave plasma generator comprises between 2 and 4 working gas inlets.



[0006] The microwave plasma generators are disposed horizontally/tangentially on the
furnace body so as to prolong the retention time of the melting particles of the biomass in

the plasma atmosphere.

[0007] The microwave plasma generators have large electrode gap, strong plasma activity,

and wide volume range.

[0008] A microwave power source of themicrowave plasma generators has a basic
frequency of 2.45 GHz, and a power of a single microwave plasma generator is within

200 kW.
[0009] A method for gasifying biomass using the entrained flow gasifier comprises:

[0010] 1) crushing and sieving a biomass fuel using the fuel pretreatment system to yield
particle size-qualified fuel particles, and transporting the particle size-qualified fuel

particles to the feeding hopper for use;

[0011] 2) introducingworking gas from the working gas inlets into the microwave plasma
generator, exciting the working gas to yield high temperature, high degree of ionization,

and high activity of plasma, and spraying the plasma to into the gasifier;

[0012] 3) spraying the particle size-qualified fuel particles into the gasifier via the
nozzles, synchronously spraying an oxidizer via an oxygen/vapor inletinto the gasifier, so
that a high temperature and rapid thermal chemical reaction between the fuel particles
and the oxidizer in the presence of high activity of plasma proceeds to yield syngas

comprising carbon monoxide and hydrogen; and

[0013] 4) monitoring the temperature and components of the syngas, regulating oxygen
flow rate, vapor flow rate, and microwave power to maintain the process parameters
within a preset range, collecting the syngas having a temperature of between 900 and
1200°C from the syngas outlet at the top of the furnace body, and discharging liquid slags

from the slag outlet.



[0014] In step 1), the particle size-qualified fuel particles are received by the first fuel
container, the particle size-unqualified fuel particles are first received by the second fuel
container and then returned to the fuel pretreatment system for crushing again until
meeting the particle size requirement; the particle size-qualified fuel particles are
transported from the first container to the feeding hopper; and the particle size of the fuel

particles is between 0 and 5 mm.

[0015] In step 2), the start-up of the microwave plasma generators is between 2 and 3
seconds earlier than the start-up of the nozzles of the gasifier; the working gas comprises
an auxiliary oxidizer, and is introduced into the microwave plasma generators via the
working gas inlets to be excited to yield high temperature, high degree of ionization, and

high activity of plasma.

[0016] In step 3), the particle size-qualified fuel particles are carried by carrier gas and
sprayed into the gasifier via the nozzles; the oxidizers are synchronously sprayed into the
gasifier via the oxygen/vapor inlet, so that a partial oxidation-reduction reaction and high
temperature gasification reaction between the fuel particles and the oxidizer proceed to
yield syngas comprising a large amount of carbon monoxide and hydrogen and a small

amount of CO,, CHy, HoS, and COS.

[0017] The syngas flows upward to the gasification zone of the microwave plasma
generators, and mixes with the horizontally/tangentiallysprayed plasma gas for
high-temperature thermo-chemical gasification reaction at between 1200 and 1800°C, a
central zone temperature is between 1800 and 2000°C, a retention time of the syngas in
the gasification zone is between 1 and 10 seconds, and the power of themicrowave

plasma generators is controlled to drive the reaction to proceed completely.

[0018] In step 4), the volume content of CO and H> in the syngas exceeds 85%, the
syngas contains no tar and no phenolic compounds, the liquid slag discharged from the

slag outlet is chilled to be pollution-free, which can be used as a thermal insulation



material.

[0019] In steps 2) and 3), the working gas and the carrier gas are air and/or oxygen and/or
vapor; and the vapor is originated from the recycling of sensible heat of high temperature

syngas.

[0020] In this disclosure, the microwave plasma generator is disposed in the gasification
zone of the gasifier. The working gas in the microwave plasma generatoris excited by
microwave to produce plasma. The microwave-excited plasma is rich inoxidizersandhas
characteristics of high temperature, high degree of ionization, high dispersity,and high
activity. When the working gas is sprayed into the redox zone of the entrained flow bed,
in the presence of the high temperature and high activity of plasma, on one hand, the
reaction temperature is enhanced, which accelerates the chemical reaction, on the other
hand, the high temperature and high activity of plasma can greatly improve the chemical
reaction betweensyngas and solid-phase/liquid-phase biomass particles, thereby
improving the heat and mass transfer rate, andshortening the chemical reaction time of
the biomass fuel. The fuel conversion is significantly improved within the same retention
time. Compared to coal, the biomass fuel has large void space, high activity and low
melting point. Thus, in the presence of the high temperature and high activity of plasma,
the particle size of the applied biomass fuel can be significantly higher than that required

by conventional entrained flow bed, and the conversion effect is ideal.

[0021] Additionally, the microwave plasma generator supplies an auxiliary oxidizer for
the gasificationreaction, which ensures the balance and uniformity of the supply of the
reactants, and inputs a certain thermal power, whichprovides some external thermal
source. The introduction of the auxiliary oxidizer is a good means to regulate the

operation of the gasifier.

[0022] Advantages according to embodiments of the invention are summarized as

follows.



[0023] 1.The biomass fuel has high activity, in the presence of high temperature
microwave-excited plasma, the carbon conversion rate reaches about 99%, the cold gas

efficiency exceeds 85%, and the active components of CO and H» have high content.

[0024] 2. The resulting syngas from the entrained flow gasifier contains no tar and no

phenolic compounds, and the subsequent collection of the syngas is convenient.

[0025] 3. In this disclosure, the biomass fuels do not need to be crushed to have an
extremely small particle sizes, that is to say, the application range of the particle sizes of

the biomass fuel is wide, and thus the gasifier has goodeconomic efficiency.

[0026] 4. The material feeding and the slag discharging are easy, and the gasification

intensity is high, which facilitates the popularization.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The invention is described hereinbelow with reference to accompanying drawings,

in which:

[0028] FIG. 1 shows aschematicdiagram of a microwave plasma based entrained flow
gasifier of biomass and a flow chart of a gasification method using the same according to

one embodiment of the invention.
[0029] FIG. 2 is a sectional view taken from Line A-A of FIG. 1.

[0030] In the drawings, the following reference numbers are used: 1. Fuel crushing
apparatus; 2. Sieving apparatus; 3. First fuel container for receiving particle size-qualified
fuel; 4. Second fuel container for particle size-unqualified fuel; 5. Feeding hopper; 6.
Nozzle; 7. Microwave plasma generator; 8. Gasifier; 9. Syngas outlet; 10. Slag outlet; 11.

Working gas inlet; 12. Monitoring unit; 13. Oxygen/vapor inlet.



DETAILED DESCRIPTION OF THE EMBODIMENTS

[0031] As shown in FIGS. 1 and 2, a microwave plasma based entrained flow gasifier 8
of biomass, comprises a cylindricalfurnace body and a fuel pretreatment system. The
furnace body is vertically disposed, and comprises a fuel inlet disposed at a lower part of
the furnace body, a syngas outlet 9 disposed at a top of the furnace body, and a slag outlet
10 disposed at a bottom of the furnace body. The fuel inlet presents in the form of nozzles
6. The fuel pretreatment system is disposed outside of the furnace body, and comprises a
fuel crushing apparatus 1, a sieving apparatus 2 arranged downstream to the fuel crushing
apparatus 1, a first fuel container 3 for receiving particle size-qualified fuel, a second fuel
container 4 for receiving particle size-unqualified fuel, and a feeding hopper Sarranged
downstream to the first fuel container. The first fuel container and the second fuel
container are side-by-side arranged downstream to the sieving apparatus. Abottom of the
feeding hopper 5 is connected to the furnace body via the nozzles 6. One or two layers of
microwave plasma generators 7 are in parallel disposed at a gasification zone of the
furnace body for expanding the plasmareaction zone, and each layer of the microwave
plasma generator comprises between 2 and 4 working gas inlets 11 (it is three in FIG.

2).The furnace body of the gasifier is cylindrical, or a combination of cone and cylinder.

[0032] The positioning of the microwave plasma generators greatly affects the
gasification of the biomass fuel. In this example, the microwave plasma generators 7 are
disposed on the furnace body both horizontally and tangentially. Thus, the gas flow is
fully burbled so asto prolong the retention time of the melting particles of the biomass in

the plasma atmosphere.

[0033] A monitoring unit 12 is disposed close to the syngas outlet 9 at the top of the
furnace body to monitor the temperature and components of the syngas, so as to regulate
oxygen flow rate, vapor flow rate, and microwave power to maintain the process

parameters within a preset range.



[0034] The nozzles 6 are arranged radially along the furnace body and are between 2 and

4 in number. As needed, the number of the nozzles can be increased or decreased.

[0035] The microwave plasma generators have large electrode gap, strong plasma activity,

and wide volume range.

[0036] The microwave power source of themicrowave plasma generators has a basic
frequency of 2.45 GHz, and a power of a single microwave plasma generator is within

200 kW.
[0037] A method for gasifying biomass using the entrained flow gasifier comprises:

[0038] 1) Crushing and sieving a biomass fuel using the fuel crushing apparatus 1 and the

sieving apparatus 2 to yield particle size-qualified fuel particles

[0039] Specifically, the biomass fuel is crushed by the fuel crushing apparatus of thefuel
pretreatment system to have appropriate particle sizes. The particle size of the biomass
fuel is one of the key factors affecting the gasification process.The smaller the required
particle size is, the larger the abrasion of the crusher is, and the higher the energy
consumption is. Large particle size causes the low carbon conversion rate and low cooled
coal gas efficiency. The crushed biomass fuel is transported to the sieving apparatus 2.
Through sieving, the particle size-qualified fuel particles are received by the first fuel
container 3, and the particle size-unqualified fuel particles are first received by the second
fuel container 4 and then returned to the fuel pretreatment system for crushing again until
meeting the particle size requirement. Take rice hull as an example, the particle size of
rice hull is between 7 and 10 mm in length, and 2 mm in width. The rice hull just needs to
be roughly crushed to have the particle size of between 1 and 5 mm. Twigs and straw
have a large original particle size, which can be first crushed by a disc or drum crusher to
have a particle size of between 50 and 100 mm, and then be crushed by a hammer mill to

have a particle size of between 1 and 5 mm.



[0040] 2) Introducingworking gas from the working gas inlets 11 into the microwave
plasma generator 7, exciting the working gas to yield high temperature, high degree of

ionization, and high activity of plasma, and spraying the plasma to into the gasifier 8.

[0041] Specifically, the start-up of the microwave plasma generators 7 is between 2 and 3
seconds earlier than the start-up of the nozzles 6 of the gasifier. The working gas
comprises an auxiliary oxidizer, and is introduced into the microwave plasma generators
7 via the working gas inlets 11 to be excited to yield high temperature, high degree of

ionization, and high activity of plasma, which is further sprayed into the gasifier 8.

[0042] 3) Spraying the particle size-qualified fuel particles into the gasifier 8 via the
nozzles 6, synchronously spraying an oxidizer via an oxygen/vapor inlet 13into the
gasifier, so that a high temperature and rapid thermal chemical reaction between the fuel
particles and the oxidizer in the presence of high activity of plasma proceeds to yield
syngas comprising a large amount of carbon monoxide and hydrogen and a small amount

of CO,, CH4, HzS, and COS.

[0043] Specifically, the particle size-qualified fuel particles are transported from the first
container 3 to the feeding hopper 5. Thereafter, the fuel particles are transported to the
nozzles 6 of the furnace body from the bottom of the feeding hopper with the help of a
gasifying agent and then enter the gasifier 8 via the nozzles 6. The oxidizers are
synchronously sprayed into the gasifier via the oxygen/vapor inlet, so that a partial
oxidation-reduction reaction and high temperature gasification reaction between the fuel
particles and the oxidizer proceed to yield syngas comprising a large amount of carbon

monoxide and hydrogen and a small amount of CO, CH4, H>S, and COS.

[0044] The syngas flows upward to the gasification zone of the microwave plasma
generators, and mixes with the horizontally/tangentiallysprayed plasma gas for
high-temperature thermo-chemical gasification reaction at between 1200 and 1800°C, a

central zone temperature is between 1800 and 2000°C, a retention time of the syngas in



the gasification zone is between 1 and 10 seconds, and the power of themicrowave
plasma generators is controlled to drive the reaction to proceed completely.The syngas is
finally collected from the syngas outlet 9 disposed at the top of the gasifier. The volume
content of CO and Hy in the syngas exceeds 85%. The syngas contains no tar and no
phenolic compounds. The liquid slag discharged from the slag outlet 9 is chilled to be
pollution-free, which can be used as a thermal insulation material. The vapor is originated

from the recycling of the high temperature syngas.

[0045] 4) Monitoring the temperature and components of the syngas, regulating oxygen
flow rate, vapor flow rate, and microwave power to maintain the process parameters
within a preset range, collecting the syngas having a temperature of between 900 and
1200°C from the syngas outlet 9at the top of the furnace body, and discharging liquid

slags from the slag outlet 10.

[0046] In step 1), the particle size of the fuel particles is between 0 and 5 mm,

particularly about 2 mm.

[0047] In steps 2) and 3), the working gas and the carrier gas are air and/or oxygen and/or
vapor; and the vapor is originated from the recycling of sensible heat of high temperature

syngas.

[0048] To achieve the optimalworking conditions and satisfy the overall performance
requirement of the gasification, the key is to control the temperature of the entrained flow
bed, and to regulate the oxygen flow rate, vapor flow rate, and microwave power. The
monitoring unit disposed close to the syngas outlet can monitor the above parameters in
real time, thereby controlling the gasification processbychain and byfull automation and

maintaining the operation stability of the gasifier.

[0049] While particular embodiments of the invention have been shown and described, it
will be obvious to those skilled in the art that changes and modifications may be made

without departing from the invention in its broader aspects, and therefore, the aim in the
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appended claims is to cover all such changes and modifications as fall within the true

spirit and scope of the invention.
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1.

CLAIMS

Amicrowave plasma based entrained flow gasifier of biomass, the gasifier comprising
a furnace body and a fuel pretreatment system, whereinthe furnace body is vertically
disposed and comprises a fuel inlet disposed at a lower part of the furnace body, a
syngas outlet disposed at a top of the furnace body, and a slag outlet disposed at a
bottom of the furnace body; the fuel inlet presents in the form of nozzles; the fuel
pretreatment system is disposed outside of the furnace body, and comprises a fuel
crushing apparatus, a sieving apparatus arranged downstream to the fuel crushing
apparatus, a first fuel container for receiving particle size-qualified fuel, a second fuel
container for receiving particle size-unqualified fuel, and a feeding hopperarranged
downstream to the first fuel container; the first fuel container and the second fuel
container are side-by-side arranged downstream to the sieving apparatus; a bottom of
the feeding hopper is connected to the furnace body via the nozzles; a monitoring unit
is disposed close to the syngas outlet at the top of the furnace body; the nozzles are
arranged radially along the furnace body and are between 2 and 4 in
number;characterized in that one or two layers ofmicrowave plasma generators are
in paralleldisposed at a gasification zone of the furnace body, and each layer of the

microwave plasma generatorcomprises between 2 and 4 working gas inlets.

The gasifier of claim 1, characterized in that the microwave plasma generators are

disposed horizontally/tangentially on the furnace body.

The gasifier of claim 1 or 2, characterized in that the microwave plasma generators

have large electrode gap, strongplasma activity, and wide volume range.

12



4. The gasifier of claim 3, characterized in that a microwave power source of
themicrowave plasma generators has a basic frequency of 2.45 GHz, and a power of a

single microwave plasma generator is within 200 kW.

5. A method for gasifying biomass using the entrained flow gasifier of any one of the

preceding claims, the method comprising:

1) crushing and sieving a biomass fuel using the fuel pretreatment system to
yield particle size-qualified fuel particles, and transporting the particle

size-qualified fuel particles to the feeding hopper for use;

2) introducingworking gas from the working gas inlets into the microwave
plasma generator, exciting the working gas to yield high temperature, high
degree of ionization, and high activity of plasma, and spraying the plasma to
into the gasifier;

3) spraying the particle size-qualified fuel particles into the gasifier via the
nozzles,synchronously spraying an oxidizer via an oxygen/vapor inletinto the
gasifier, so that a high temperature and rapid thermal chemical reaction
between the fuel particlesand the oxidizer in the presence of high activity of
plasma proceeds to yield syngas comprising carbon monoxide and hydrogen;

and

4) monitoring the temperature and components of the syngas, regulating oxygen
flow rate, vapor flow rate, and microwave powerto maintain the process
parameters within a preset range, collecting the syngas having a temperature
of between 900 and 1200°Cfrom the syngas outlet at the top of the furnace

body, and discharging liquid slags from the slag outlet.

6. The method of claim 5, characterized in that in step 1), the particle size-qualified

fuel particles are received by the first fuel container, the particle size-unqualified

13



fuelparticles are first received by the second fuel container and then returned to the
fuel pretreatment system for crushing again until meeting the particle size
requirement;the particle size-qualified fuel particles are transported from the first
container to the feeding hopper; and the particle size of the fuel particles is between 0

and 5 mm.

The method of claim 5 or 6, characterized in that in step 2),the start-up of the
microwave plasma generators is between 2 and 3 seconds earlier than the start-up of
the nozzles of the gasifier;theworking gas comprises an auxiliary oxidizer, andis
introduced into the microwave plasma generatorsvia the working gas inlets to be
excited to yield high temperature, high degree of ionization, and high activity of

plasma.

The method of claim 7, characterized in that in step 3), the particle
size-qualifiedfuel particles are carried by carrier gas and sprayed into the gasifier via
the nozzles; the oxidizers are synchronouslysprayedinto the gasifier via the
oxygen/vapor inlet, so that apartial oxidation-reduction reaction and high
temperaturegasification reaction between the fuel particles and the oxidizer proceed
to yield syngas comprising a large amount of carbon monoxide and hydrogen and a
small amount of CO,, CH4, H2S, and COS; the syngas flows upward to the
gasification zone of the microwave plasma generators, and mixes with the
horizontally/tangentiallysprayed plasma gas for high-temperature thermo-chemical
gasification reaction at between 1200 and 1800°C, a central zone temperature is
between 1800 and 2000°C, a retention time of the syngas in the gasification zone is
between 1 and 10 seconds, and the power of themicrowave plasma generators is

controlled to drive the reaction to proceed completely.
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9. The method of claim 5, 6, or 8, characterized in that in step 4), the volume content
of CO and H; in the syngas exceeds 85%, the syngas contains no tar and no phenolic
compounds, the liquid slag discharged from the slag outlet is chilled to

bepollution-free, which can be used as a thermal insulation material.

10. The method of claim 9, characterized in that in steps 2) and 3), the working gas and
the carrier gas are air and/or oxygen and/or vapor; and the vapor is originated from

the recycling of sensible heat of high temperature syngas.
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