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Experiment on Biomass Rotary Gasifier with Bed Material
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Abstract: In order to combine the traditional rotary mechanical disturbance characteristic with the inert bed material heat
storage properties, a new type of rotary gasifier was designed. On the basis of the new type of rotary gasifier, a staged
gasification and combustion experimental platform was designed and the thermal state test of the system was completed. The
effects of rotational speed, equivalence ratio, temperature and other parameters on the gasification reaction system were
investigated. The experimental results showed that when rotary furnace speed was controlled at 1 ~4 r/min, the rotary
furnace mixed disturbance characteristics were enhanced with the increase of rotary speed, and temperature distribution was
more uniform in the furnace, different parameters were improved in the experimental range, good gas production was got at
rotary furnace speed of 3 r/min. When temperature was controlled in the range of 550 ~700°C , the gasification parameters
were increased with the increase of temperature, and gas calorific value and gasification efficiency were affected greatly by
temperature. Under the experimental conditions with temperature of 600 ~ 650°C , the calorific value of combustible gas,
gasification efficiency and other indicators were greatly improved. The equivalent ratio (ER) was changed in the range of
0.2 ~0.4, and it had great impact on gas production of the indicators, with the increase of equivalence ratio, the gas
production rate and bed temperature were increased to a certain degree, the change trend of other gasification parameters
were firstly increased and then decreased, good gasification results were obtained with ER of 0. 3. The typical result showed
that gas composition of rotary gasifier was close to that of the fluidized bed, considering the sensible enthalpy, the
gasification efficiency was about 79. 3% and the carbon conversion rate was about 81. 3% . The gasifier energy balance was
calculated, and the output efficiency of the system was 86. 8% , with heat dissipation as main energy loss way. It was found
from the separation of the bottom ash with bed material that about 86% of the total ash content was remained in the bed
material area, and more than 90% of it was distributed in the bottom of the bed material area. Experimental results were
optimized by controlling the variables for operation and design of new type of gasifier improvement to provide reference.
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0 Introduction

Traditional rotary reactor is mainly used in powder or
mineral materials primary processing industries''’. The
furnace mechanical perturbations of rotary reactor can
promote material mixing and heat transfer, since the

characteristic on the material

_3]

shape and size
adaptable'> Nearly three decades, researchers at
home and abroad for the rotary furnace launched a
series of studies in the field of waste incineration,
mainly for sludge, medical waste and other low
calorific value solid waste pyrolysis incineration'* ™"/,

For traditional rotary incinerator, the reactant is the
solid materials and air for combustion. Material is

driven by rotational movement in the reactor and
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gradually moved from one end to the other end, and
burnout during the contact with air. In order to
increase the controllability of the furnace materials
reaction and further

thermochemical temperature

strengthen the material gas-solid phase reaction
involving heat and mass transfer process, it is a
feasible way that adding inert bed material particles
large heat capacity in the reaction system, after

H2-B) 0 n this

reference fluidized reaction conditions
paper, the conventional rotary reactor is improved to
store relatively large amounts of inert bed material, and
use the rotary motion of the furnace to drive bed
material particle motion, similar to fluidization of

fluidization wind in the fluidized bed, to achieve

internal disturbances mixed in rotary reactor. By
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exploring the influence of new type gasifier mechanical
disturbance characteristics for the reaction of the
fluidized medium and material, it is feasible to be
verified that the improved rotary reactor applied in
gasification or combustion process with high alkali
biomass feedstock which need strict temperature

control.
1 Experiment

1.1 Gasifier structural features

To verify the applicability and gasification
performance of the new rotary gasification reactor, this

paper designed the gasification program with portion of
[14-1

air gasification of biomass briquette'"* ™'*'. Considering
the need of bed material accumulated in the rotary
reactor, a simpler solution is to increase the inclination
of the cylinder arrangement, use a lower aspect ratio
and close the bottom end of cylinder, as shown in

Fig. 1.

material was accumulated in lower portion of the

In this design, the inert particulate bed
reactor. During cylinder rotary, bed material was
carried by the barrel wall and was sufficiently
disturbed. Air as gasification medium was sent into the
bed material area from the primary air inlet at the
bottom of barrel. And the fuel was fed into the bed
material area from the fuel inlet which was arranged at
the top of barrel. Then the fuel mixed with the hot bed
material and was dried, pyrolysis and complete the
partial combustion and gasification reaction through
contact with the air into the bed material region.
Finally, product gas was discharged out of the reactor
from the exhaust port installed at gas phase space. The
reactor was also provided with a conventional bearing
and rotary drive devices to ensure that the reactor body
can steadily rotate at a set speed.

The designed rotary gasification reactor retains the
advantages of traditional rotary reactor that better
mechanical ~disturbance property and convenient
regulation, and by introducing the bed material to
strengthen the material particles surrounding heat and
mass transfer. For biomass, the mutual disturbance of
the bed material and the raw material particles can peel

off the surface ash of the particle layer, promote char

contributed
[17-19]

particle  breakage and  segregation,
significantly to the gasification reaction process

On the other hand, the smaller aspect ratio design and

the design concept of inert bed material stably retains
in the inside of reactor can enhance the efficiency of
the reactor space utilization, it is easy to ensure that
the reaction time of the material and increase the
efficiency of gas-solid phase reaction, and have a
greater advantage in the floor area of equipment and

manufacturing costs.

Fig.1 Schematic diagram of new rotary gasifier

1. Porous grid plate 2. Insulation layer 3. Labyrinth seal ring

4. Fixed roof 5. Thermocouple 6. High temperature refractory

7. Bed material area 8. Primary air inlet 9. Exhaust port 10. Feed

inlet 11. Product gas outlet

Compared with the traditional rotary reactor, inert
bed material within the reactor has large heat capacity,
which is helpful to control and maintain the
temperature of the reaction zone, in the gasification
combustion process, it is significant to the biomass
fuel, because of the need of strict reactor temperature
control and low fusion point. Besides, it is also
beneficial to promote the adaptability of raw materials,
and increased the equipment ability to deal with
material properties fluctuations. The gasification
reactor has a great potentiality of spreading and
utilization in the field of high alkali biomass particles
staged combustion or gasification, and can better cope
alkali slagging,

combustion NO_ control and other issues.

with  the metal deposition and
1.2 Experimental design

In order to study the rotary biomass gasification plant
performance characteristics, the author designed and
built the relevant test bed. The rotary gasfication
reactor shown in Fig. 1. The reactor mainly have two
part: the rotary furnace which can do Rotary motion
and the fixed roof, described in Fig. 1 part 4, and they
are connected by an axial labyrinth seal ring.

The rotary reactor used in experiment has an aspect

ratio of about 2 : 1, with the angle between the

horizontal and the axis of rotation about 30°, and use
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the silica particles with particle size of about 3 ~5 mm.
The gasification air is fed into the primary air inlet and
then into the reactor through the porous grid plate. The
porous grid plate pore size is about 1 mm, to prevent
the loss of bed material leakage. The reactor outer
layer is steel, while inner wall is wear resistant
castable, and 80 mm insulation material disposed
therebetween. So the designed reactor is adiabatic.
The exhaust port located at the bottom of the reactor
with an aperture plate ( pore size about 1 mm) in order
to discharge ash while retain the bed material in the
reactor. The thermocouple protection tube is installed
on the reactor fixed roof, and the built-in
thermocouples are used to detect the temperature of the
bottom of the bed material area, the upper space and
product gas.

Fig. 2 is the stereoscopic effect diagram of the rotary
gasifier, shows some detailed structures of the reactor,
including seal, drive and support programs. As shown,
there are four roller to support the reactor main body.
A ring gear is fixed on the rotary furnace to mesh the
pinion gear of reducer. The motor matched with
reducer can adjust the furnace speed range from 2 to
6 r/min by frequency control. The reactor fixed roof
can move axially along the fixed support shaft, which is
convenient for opening and closing the roof,

replacement the bed material and internal cleaning and

maintenance and other operations.

Fig.2 Stereoscopic effect diagram of rotary gasifier
1. Fixed roof 2. Axial labyrinth seal ring 3. Ring gear 4. Reactor
furnace 5. Fixed support shaft 6. Roller 7. Reducer 8. Bottom

bracket

1.3 Thermal state experiment
1.3.1 Fuel characteristics

This experiment used the fuel of rod-shaped particles
of cotton stalk, and raw material particles are about
4 mm in diameter, 10 mm long. The result of industrial

analysis and elemental analysis shows that the largest

proportion of experimental fuel is the volatile about
63% , the least proportion is ash about 7% , and C and
O are the main elements of the fuel, respectively
accounting for 41% and 37% of the total, with fuel
heat value about 13.7 mJ/kg. All of the above
indicates that cotton stalk particle fuel has the
characteristics of conventional biomass fuel, with high
volatile and high oxygen content. The result of ash
composition analysis shows that Si0, and CaO as the
main components of ash, nearly accounting for 50%
ash content, meanwhile Na, O and K,O accounting for
12% ash content. The ash composition reflects the
typical herbaceous agricultural biomass characteristics,
high K, Na content make the thermal chemical reaction
process easily to cause slagging, alkali metal deposition
problem that requires more stringent control of the
reaction process temperature.
1.3.2 Experimental system

Fig.3

thermalExperimental system,

is a rotary biomass gasification reactor
which is a biomass
grading combustion plant, the biomass particles
partially air gasification in rotary gasification reactor to
produce the product gas. Biomass particles is gasified
at a low excess air ratio condition in rotary gasification
reactor, and the product gas gets into the gas
combustion device for combustion, completing
combustion, conversion and utilization of the biomass
particles. Since the temperature of the gasification
process can be well controlled, the technology can be
applied to combust low ash melting point straw pellet
fuel. Besides, product gas can be more easily achieved
with low nitrogen emissions by burning tissue, and the
process route for small-scale use of biomass briquette
combustion has higher application value.

The experimental system mainly includes wind
system , feeding system and gasification and combustion
system. The wind system has the blower, valves, rotor
flow meters and preheater etc. which can provide about
300°C gasification air as the rotary gasifier gasification
medium. The feeding system can adjust the feeding
amount by frequency converter to supply fuel stably. In
the gasification and combustion system, the gasification
process is completed in the rotary furnace, and then
the product gas is passed into the combustion device to
burn out. Besides, the system also includes the

cyclone separator, draft fan and other auxiliary system,
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Fig.3  Experimental system diagram of biomass
rotary gasifier
1. Blower 2. Valve of gasification wind

4,7,10. Preheater

3,6,9. Flowmeter
5. Primary air valve of secondary combustion
chamber 8. Secondary air valve of secondary combustion chamber
13. Rotary furnace body 14. Gas
16. Draft fan

11. Feeder 12. Rotary joint

combustion device 15. Cyclone separator

17. Insulation and heating equipment

such as air preheater system, testing and sampling
systems etc. During biomass gasification process, how
to deal with tar is the problem that conventional
gasification applications necessary to consider. Staged
combustion approach used in the experiment, gas and
tar can be utilized in the secondary combustion
chamber under high temperature conditions. Thus, the
experiment should ensure that the tar would not be
condensed while getting through the line between the
gasifier and secondary combustion chamber. As shown
in Fig. 3, the line segment was covered with heat
insulation device, which can control line temperature
at above 300 °C to meet the conditions.
1.4 Experiment method

This experiment preheats the rotary furnace by
directly heating the bed material, then transferring bed
material at a temperature of about 400°C into the
interior of the rotary furnace, and adding ignited coal
to heat up. When the temperature raised to near
550°C , adjusting the feeding amount and the amount of
wind to the setting conditions. After the condition
stable, starting to sample and measure, sampling each
condition three times to reduce experimental error.
Experimental variables need to adjust and control
include the reactor rotate speed, the excess air ratio,
and the

internal temperature of the gasification

furnace. The experiment used the control variable
method to respectively study the affect of three variable
to the performance of the gasifier and other parameters.

This paper use the calorific value of gas production,

gas yield, gasification efficiency and carbon conversion

rate, four state parameters to characterize the operating
state of the reactor and evaluate the gasification effect ,
and the detail calculation method according to the
literature [ 15,20 ].

1.5 Sampling and testing

During sampling process, product gas gets through
coils and gas wash bottles, etc. , cooled to remove the
tar at a low temperature environment ( —10°C ). Then
collecting the gas with gas collection bags and using

Agilent 7890A GC to

components

analyze the gas sample

offline, mainly to confirm the gas

components of CO, CO,, H,, CH,, N,, C H, and

others?!.

2 Results and discussion

2.1 Effect of rotary kiln speed on biomass
gasification

The speed of the rotary kiln directly affects rotary
furnace internal temperature distribution, disturbance
degree between the material and the gasification
medium, which has a great influence on the effect of
gas production. In the experiment, the speed of the
rotary kiln of furnace temperature distribution varying

with time is shown in Fig. 4.
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Fig.4 Variation curve of axial temperature

of rotary furnace with time

From Fig. 4, it can be seen that by 16.:00 it began
to enter the conditions, due to fluctuations in the
feeding, rotary furnace internal temperature also
changed, the two measuring points between difference
was about 50°C, but bed temperature changed little
overall; at the breakpoint (17:50) position rotary
furnace speed increased from 2 r/min to 3 r/min, the
temperature of bed materials zone appeared obvious
changes, which can be seen that the measuring point 1

and 2 temperature became closer to the center, the

temperature difference decreased and then became
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could be

temperature in the furnace material bed zone tended to

stable.  Therefor it inferred that the
be uniform and fluctuation decreased with the speed
increase, and the upper space temperature had a
tendency to increase, changing characteristics of
temperature revealed that the rotary furnace speed
increase was favorable for material mixing and reaction
process.

As seen in Fig. 5, the main gas compositions
increased with the rotary speed, the overall change
trend was relatively stable, especially CO,, H,, CO
and CH,. With the increase of the rotary speed, the
bed material zone temperature tended to be uniform
and the disturbance effect increased, which was

favorable for the process of biomass pyrolysis.
Meanwhile, through the biomass drying process, water
was discharged into the bed material zone, with the
increase of rotary speed, more water involved into the
gasification reaction, CO + H,0—CO, + H, the steam
reforming reaction strengthened and we got more H,

and CO,

16f e SR
14l /ﬁ .
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Fig.5 Variation curves of gas composition with rotary speed

In Fig. 6, heat value and gas yield changed with the
rotary speed, because the more uniform temperature
and the turbulent mixing enhancement, gasification
reactions in the region with the speed increased had
been significantly enhanced, and we get better gas heat
value and gas yield; carbon conversion and gasification
efficiency changed with the rotary speed had similar
trends as shown in Fig. 7.

Comprehensive analysis, the speed of the rotary kiln
has an important influence on improvement of rotary
furnace mixed disturbance characteristics, the furnace
temperature  distribution, and the characteristic
parameters of biomass gasification reaction. And in a
certain range with the increase of rotary speed, the
heat value of the combustible gas, gas yield,

gasification efficiency and carbon conversion rate were
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Fig.6  Variation curves of gas LHV and gas
yield with rotary speed
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Fig.7 Variations of carbon conversion efficiency and
gasification efficiency with rotary speed

all increased. In the experiment, when the speed of
the rotary kiln was in the 3 r/min, we got better gas
production results, and then the influence became
slow.
2.2 Effect of temperature on biomass gasification

The designed gasification reactor without the
structure of the heat source, we cannot control rotary
furnace internal temperature through the external
heating mode, in order to reduce the influence of other
variables, we controlled excess air coefficient of 0. 3 by
adjusting the primary air and the feed at the same
time, keeping the speed of the rotary kiln 3 r/min
constant, we obtained the gasification characteristic
parameters under different temperature conditions.

Gas composition changed with temperature as shown
in Fig. 8, the composition of CO and H, increased with
the increase of temperature, while the CO, and CH,
C,H,

gasification

concentration was decreased, and the

concentration changed little. In the
reaction mechanism C + CO,—2CO and C + H,0—
CO + H,, which are both endothermic reactions, the
increasing temperature promotes the gasification
reaction rates; while methane formation reaction C +
2H,—CH, is an exothermic reaction, temperature has
an inhibitory effect on the reaction.

The gas heat value and gas yield changed with
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Fig.8 Variations of gas composition with temperature

temperature as shown in Fig.9, the heat value
obviously increased as the temperature increased, with
the increase of temperature, the more gas components
were generated from the biomass pyrolysis process,
while tar pyrolysis was easy to decompose into gas
component at high temperature; on the other hand,
carbon dioxide reduction reaction and water gas
reaction promoted the increase of fuel gas under high
temperature, the gas yield would increase with
increasing temperature ; heat value and gas yield had a
rapid increase and then slowing growth process, it is
helpful to the rapid increase of gas heat value and gas

yield under the experimental conditions in the range of

600 ~ 650 C.
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Fig.9 Variations of gas LHV and gas yield with temperature

Fig. 10 displayed the

gasification

carbon conversion and

efficiency changes with temperature,
carbon conversion and gasification efficiency had the
increasing trend with the temperature increasing, as to
the gasification efficiency was directly related with the
heat value and gas yield, and heat value and gas yield
increased with the temperature increasing, so the
gasification efficiency showed the same change trend,
and it was affected larger by the temperature than that
of carbon conversion rate; carbon conversion and gas
composition and gas yield associated with elevated
temperature, as the tar and the carbon in fixed carbon
got into the gas phase, the carbon conversion rate

increased gradually.
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Fig. 10  Variations of carbon conversion efficiency and

gasification efficiency with temperature

2.3 Effect of equivalence ratio( ER) on biomass
gasification

Equivalence ratio in the bed material zone is one of
the most important parameters to the gasification
process, it has a direct impact on gasification reaction
product proportion, and also changed the bed layer
temperature indirectly affecting the gas properties. We
controlled speed of the rotary kiln constant for 3 r/min,
and the measured average temperature of the bed
material was about 650 °C , and it had increasing trend
with the increase of equivalence ratio.

Gas composition changed with equivalence ratio as
shown in Fig. 11, CO and H, increased firstly and then
CO,, CH, and C_H,

decreased with the increase of equivalence ratio. From

decreased concentration
Fig. 12, we can see that the gas heat value also
experienced increasing firstly and then decreasing
process during the change, we got better gas
composition and heat value as the equivalence ratio
roughly between 0. 25 ~ 3, and gas yield had a stable
increasing trend with the equivalence ratio increase,
the gas heat value rapidly declined with the non-

combustible component N, increasing.
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Fig. 11  Variations of gas composition with ER

Carbon conversion and gasification efficiency of the
gasification process had relation with the equivalence
ratio. As can be seen from Fig. 13, when equivalence

ratio was small, the carbon conversion and gasification
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efficiency increased with the increase of the
equivalence ratio, and they peaked when the

experiment condition equivalence ratio was 0.3, then
the two indicators had declined. Analyze the reasons,
the gasification medium involved into the partial
combustion, non-combustible components enabled the
gas heat value rapidly decreased; the carbon
conversion declined due to the gas flow rate increasing,
which resulted in carbon emissions increase, and the

experimental results was in close to literature [ 15 ].
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Fig. 13 Variations of carbon conversion efficiency and

gasification efficiency with ER

2.4 Typical result analysis
In the varying

equivalence ratio changed in the range of 0.2 ~0. 4,

condition experiments, the

and the operating condition 0.3 was selected as a
typical one: the feeding amounted 2. 6 kg/h, the speed
of the rotary kiln maintained 3 r/min, the average
temperature of the material bed zone measuring point
was about 700 °C , the temperature of the bed material
zone 1is relatively uniform when the rotary kiln speed
was large; the temperature of the upper portion of the
rotary kiln was about 570 °C, because of the fuel
heating, drying and pyrolysis process, which made the
temperature here below the bed material zone. The
gasification reactor product gas was led into the
secondary combustor, the location of the thermocouples
from bottom to the upper part of the combustor was
300 mm, 700 mm, 1 000 mm, the
temperatures were about 924 °C ,1 000 °C ,840 °C , and

the secondary combustion chamber burn emissions in

monitoring

flue gas volume fraction of CO was about 1.5 x 10 ™ ~
2.0 x 107", volume fraction of NO, was about 2.0 x
107 ~4.0x107".
2.4.1 Gas analysis

The fuel gas under stable gasification condition was
collected, and we used gas chromatography to analyze
gas composition, the results were in comparison with
the bubbling fluidized bed and circulating fluidized bed
biomass gasification typical gas components, as shown
in Tab. 1. The results of the rotary gasification reactor
were similar with the fluidized-bed. To some degree, it
can be seen as a special fluidized bed gasifier, except
that by using the mechanical perturbation instead of flow
of air, Since it is unnecessary to consider the coordination
between primary air and the fluidized bed material

particles, we have greater flexibility in the regulation.

Tab.1 Gas composition of rotary gasifier under typical operation condition

Gas composition/ %

Furnace

co 0, H, CH, C,H, N, 0,
Rotary gasifier 13.75 15. 82 5.51 3.17 0.99 58.77 0.93
Bubbling fluidized bed gasifier'?! 13~16 10 ~ 14 4~8 3~7 1.5~2.9 45 ~55 0.8~2
Circulating fluidized bed gasifier!??] 14 ~23 7 ~15 4~8 4 ~10 1~2.5 45 ~60 0.8~2

According to the quantitative evaluation parameters
of the rotary gasification reactor, Carbon conversion

efficiency is the share of carbon from biomass fuel
converted into gas fuel, calculated as follow'™" ;

B MCHXO),( Ceo + Cco2 + CCH4 +2.5C 4

)
U

7. 22.4 v

In the formula, C,, C¢,, Cey,, Cc , represent the
corresponding gas volume fraction in the gasification
gas respectively, My, , refers to the molecular weight
of the biomass characteristics formula, it is obtained
from the simplified proportion of elemental analysis of
molecular

the biomass. In this study, the
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characteristics of biomass was

CH, 5054 and
characterizing molecular weight was about 24.4,
calculated carbon conversion efficiency was 81.3% ;
calculation of the gas yield was about 2.1 m’/kg; at
the same time, the gasifier gasification efficiency was
about 64.3% , and considering the sensible enthalpy it
was about 79.3%.

Typical experimental results showed that the gas heat
value was about 4 156 kJ/m’ with air as the gasifying
medium, and it was relatively low mainly due to tar
was not included in the product gas, as it was
condensed and removed during the measurement
process of the product gas, and heat loss of the small
experimental equipment was also one of the major
reasons.

2.4.2 Energy balance analysis

Energy balance of the characteristics of the
experimental system is also a measure indicator of the
gasification combustion apparatus; we can determine
the distribution of the various parts of the system energy
flow by energy balance calculation, by calculating the
energy conversion efficiency and heat loss, it provided
efficiency of the

data support to improve the

reaction >

The energy into the system is equal to the sum of the
energy leaving the system when the experimental
system of the gasification process was in steady
conditions, the specific energy flow is shown in
Fig. 14, and energy in the figure is corresponded to per
unit mass of fuel. Fuel and gasification medium in the
system carried energy into the gasifier, including heat
losses and residual carbon losses in gasifier, as well as
energy in the hot gas ()., chemical energy in the tar
Q,,, and sensible heat (),. Tar and hot gas carried
energy into the secondary combustion chamber, to
achieve complete conversion process from chemical
energy to flue gas sensible heat, which took full
advantage of tar and fuel gas sensible heat.

Since tar and hot gas are both used as fuel into the
secondary combustion chamber, the gasifier was a core
part of the energy conversion system, and the energy
balance equation as follow :

Q,+0,=0,+0,+0,, +0,+0,
The energy calculation methods of each part are

[ 22 ], with the

environment as the background, results as shown in

shown in literature standard

(Heat loss Q,)
Chemical/;I—JHeat loss O
energy of
fuel gas Oy
Gasification Secondary] Energy o
reactor chamber

Energy of the Energy

gasification of tar Qp,.
Residual
carbon O,

medium Q,,
Fig. 14  Energy balance system of experiment

Heat calue of I
received fuel Q.

Tab. 2.

Tab.2 Energy balance results of gasification system

Project Energy/kJ Proportion/%
Q. 13724 95.5
Input energy 0, 643 45
Q, 8830 61.5
Qy 2150 15.0
Effective energy o | 404 10.4
Total 12 474 86.8
Q, 1565 10.4
Energy loss Q. 329 2.8
Total 1894 13.2

The energy balance results with gasifier as the core
are shown in Tab.2, in which effective energy
accounted for 86. 8% of the total input, heat loss Q,
accounted for 13.2% of the total energy losses as the
main energy loss, insulation performance of the small
experimental equipment could be improved.

2.4.3 Distribution of bottom ash analysis

Gas-solid phase reaction of semi-coke in reactor is
the main process of biomass gasification, analysis of
bottom ash and semi-coke particle morphology is
helpful to understand the operating characteristics of
the gasification reactor.

At the end of the stable operating conditions, bottom
ash and bed material was separated by a porous mesh,
since the bed material diameter is in 3 ~5 mm range,
mesh diameters in four kinds 2.5 mm, 1.25 mm,

0.5 mm,
separation, bottom ash particle morphology of different

0.3 mm are chosen for bottom ash
sizes is shown in Fig.15. Among them, left four
images respectively corresponded to four separated
bottom ash, the upper right corner shows char particle
image in the gasifier, the lower right corner shows the
bed material and char mixing state.

As can be seen from Fig.15, bottom ash form
distribution shows that there was no obvious bottom ash
disturbance and bed

slagging under mechanical
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Fig. 15 Bottom ash morphology of different particle sizes

material mean temperature effect. Sample on the right
side is the char and bed material mixture, wherein the
surface of the char particles had little ash, char and
bed material were relatively homogeneous mixing in the
furnace. Experimental results show that char particles
and the bed material had good mixing characteristics in
the bed material zone.

In order to analyze the distribution of biomass ash in
the rotary furnace quantitatively, the bed material was
divided into two average parts according to the upper
and lower positions, then separated and weighed the

ash respectively, the results are shown in Tab. 3.

Tab.3 Bottom ash distribution in bed material area

Mass Particle diameter distribution/mm
distribution/g 0~0.3 0.3~0.5 0.5~1.2 1.2~2.5
Upper zone 90.0 23.6 20.4 18.0
Lower zone 1087.5 328.2 152.6 87.4

As seen from Tab. 3, the small size ash particles in
bed material zone accounted for the main ash, the
particle size in the bottom ash below 0. 5 mm accounted
for 85% of the total mass. On the other hand,
according to the stratified sampling results, bottom ash
distribution mainly concentrated in lower part of the
bed material zone and accounting for more than 90% of
the total mass of bottom ash, which has reference to the
bed material and bottom ash separation, and slag

discharging outlet design.
3 Conclusions

(1) With biomass particles as raw materials, the

rotary gasifying reactor realized the partial air
gasification, and it can be in good control of
gasification temperature in the reaction zone, to ensure
the smooth progress of the gasification process, at the

same time, the product gas can complete the process of

staged combustion in the subsequent secondary
combustion chamber.

(2) The experimental results show that the rotating
speed affects the mixed disturbance characteristics and
the temperature distribution in the furnace, and then it
has an important influence on the characteristic
parameters of the biomass gasification reaction. In the
experiment range, with the increase of rotary speed,
the combustible gas heat value, gas yield, carbon
conversion and gasification efficiency were increased,
it got good gas production results as the speed of the
rotary kiln was 3 r/min, then the influence degree
became slow.

(3) In the experiment we controlled the temperature

in the range of 550 ~ 700C,

parameters increased with temperature increasing, the

the gasification

gas heat value and gasification efficiency were effected
more by temperature. Under experimental conditions in
600 ~ 650°C temperature range the heat value of the
combustible gas and the gasification efficiency and
other indicators had greatly improved.

(4) The equivalent ratio changed in the range of
0.2 ~ 0.4, and it had a greater impact on gas
production results of the indicators, with the increase
of equivalence ratio, the gas production rate and bed
temperature increased to a certain degree, the change
trend of other gasification index parameters are first
increased and then decreased, we got the better
gasification results with ER of 0. 3.

(5) The typical result shows that the gas
composition of the rotary gasifier is close to that of the
fluidized bed, considering the sensible enthalpy, the
gasification efficiency is about 77.9% and the carbon
conversion rate is about 81.3% . The gasifier energy
balance is calculated, and the output efficiency of the
system is 86. 8% , with the heat dissipation as the main
energy loss way.

(6) The separation of the bottom ash with bed
material find that about 86% of the total ash content
remain in the bed material area, and more than 90%
of them are distributed in the bottom of the bed
material area. Experimental results are optimized by
controlling the variables for the operation and design of
the new type of gasifier improvement to provide

reference.
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Experiment on Biomass Rotary Gasifier with Bed Material

Yu Chunjiang Zhai Xianghe Xie Guilin  Zhou Yusheng Tu Hanchao
(State Key Laboratory of Clean Energy Utilization, Zhejiang University, Hangzhou 310027, China)

Abstract; In order to combine the traditional rotary mechanical disturbance characteristic with the inert
bed material heat storage properties, a new type of rotary gasifier was designed. On the basis of the new
type of rotary gasifier, a staged gasification and combustion experimental platform was designed and the
thermal state test of the system was completed. The effects of rotational speed, equivalence ratio,
temperature and other parameters on the gasification reaction system were investigated. The experimental
results showed that when rotary furnace speed was controlled at 1 ~4 r/min, the rotary furnace mixed
disturbance characteristics were enhanced with the increase of rotary speed, and temperature distribution
was more uniform in the furnace, different parameters were improved in the experimental range, good gas
production was got at rotary furnace speed of 3 r/min. When temperature was controlled in the range of
550 ~ 700°C, the gasification parameters were increased with the increase of temperature, and gas
calorific value and gasification efficiency were affected greatly by temperature. Under the experimental
conditions with temperature of 600 ~650°C , the calorific value of combustible gas, gasification efficiency
and other indicators were greatly improved. The equivalent ratio ( ER) was changed in the range of
0.2 ~0.4, and it had great impact on gas production of the indicators, with the increase of equivalence

ratio, the gas production rate and bed temperature were increased to a certain degree, the change trend of
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other gasification parameters were firstly increased and then decreased, good gasification results were

obtained with ER of 0. 3. The typical result showed that gas composition of rotary gasifier was close to that

of the fluidized bed, considering the sensible enthalpy, the gasification efficiency was about 79. 3% and

the carbon conversion rate was about 81. 3% . The gasifier energy balance was calculated, and the output

efficiency of the system was 86. 8% , with heat dissipation as main energy loss way. It was found from the

separation of the bottom ash with bed material that about 86% of the total ash content was remained in the

bed material area, and more than 90% of it was distributed in the bottom of the bed material area.

Experimental results were optimized by controlling the variables for operation and design of new type of

gasifier improvement to provide reference.

Key words: rotary type gasifier; bed material ; biomass; gasification efficiency
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Tab.2 Energy balance results of gasification system
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Tab.3 Bottom ash distribution in bed material area
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