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A B S T R A C T

In this work, the influence of pressure on specific coal throughput and particle behavior was investigated. Firstly,
mono-gasification of Jincheng anthracite (JCA) and meat and bone meal (MBM) and co-gasification of JCA and
MBM were performed in pressurized fluidized bed gasifier pilot plant with a pressure of 0.1–2.6MPa and a
temperature of 900–1050 °C (mono-gasification of MBM at about 750 °C). It was found that the specific coal
throughput is approximately directly proportional to the pressure to the power of 0.6–0.75 and co-gasification
leads to successful thermochemical conversion of JCA as opposed to mono-gasification. Furthermore, a series of
experiments, in a Pseudo-2D cold mode of a pressurized fluidized bed gasifier using an optic fiber probe system,
have been performed to investigate the effects of pressure, fluidizing-gas velocity and static bed height on the
particle behavior. The bed material used in this study was polystyrene having average diameter of 1.32mm. It
was found that the effect of pressure on vertical local-particle velocities (Vp) at low bed height (LBH) can be
ignored at identical excess fluidizing-gas velocity while Vp at high bed height (HBH) decrease slightly with
pressure in the lower pressure range (evidently below approximately 1.2MPa) and increase thereafter. The
effects of the fluidizing-gas velocity on Vp at LBH and HBH are also different. However, the effects of static bed
height on Vp both at LBH and HBH are the same under pressure.

1. Introduction

Gasification technology is one of the most promising alternatives for
using solid fuel (coal, biomass, petroleum coke, etc.) and there is a
greater variety of applications for the obtained product [1]. In the
practical realization of gasification technology, the fixed bed and flui-
dized bed and entrained flow gasifiers are mainly used. For synthesized
natural gas (SNG) application, fixed bed gasification process with high
methane content in the product gas has distinct advantages. The en-
trained flow gasifier, which holds an important position for large-scale
utilization of carbonaceous materials, has been widely employed in
chemical and energy industrial fields [2,3]. Fluidized beds have good
heat and material transfer between the gas and the solid phase with the
best temperature distribution, high specific capacity and fast heat-up
[4]. For the gasification of low cost/low-rank coals and/or biomass
[5–10] and/or polyethylene plastics [11–13] and/or biosolids [14,15],
fluidized bed turned out to be suitable and was designed with these
materials in mind. For example, Ash agglomerate fluidized bed

gasification technology has been used for high ash fusion temperature
coal [16,17] and low-rank coals in the industrial operation and has
minimal environmental impact. Furthermore, the dual fluidized bed
gasification technology has been used for gasifying wood pellets and
pine wood and plastics [18–21]. Additionally, in recent years, more and
more attention has been paid to co-gasification of coal and biomass
worldwide [22–28], and fluidized bed processes play a great role in co-
gasification.

New fuel sources and blends of feedstocks, such as biomass, coal,
waste, and petcoke, are typical for many current and future industrial
applications. Gas-solid fluidized beds operating under extreme condi-
tions are considered as original solutions and technologies that have the
potential to process complex raw materials, including non-renewable
and renewable resources [29]. At high temperature, the agglomeration
behaviors of coal or biomass in a pressurized fluidized bed were in-
vestigated [16,30]. Unlike temperature, changing the system pressure
essentially has a single effect on the gas density because the gas visc-
osity is a very weak function of pressure.
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Considering all modern gasification processes, the capacity is larger
than 1000 tons per day, are all operated at high pressure, the important
development of a fluidized bed gasifier is the increase of pressure.
Pressurized fluidized bed (PFB) technology is a recent extension of the
fluidized bed technology family. This type of fluidized bed operates at
elevated pressures, but still maintains all the advantages of the atmo-
spheric fluidized bed system. The PFB offers many advantages over
atmospheric fluidized beds. It finds application in gasification and
polymerization due to its high overall efficiency, low pollution level,
high heat transfer rate, compact furnace size and high throughput. In
order to fully comprehend the advantages of pressurized fluidized beds,
it is important to know to what extent pressure influences some im-
portant parameters of an operating fluidized bed [31], such as the
specific coal throughput and particle velocity.

The specific coal throughput is an important parameter of a reactor,
which directly determines the gasifier dimension. The specific coal
throughput of high temperature Winkler gasifier in the case of gasifying
lignite by means of O2/steam was stepped up to 22 t/m2.h at 2.5 MPa
[32]. Huang et al. [33] found that the amount of carbon gasified per
hour is in direct proportion to the pressure to the power ∼0.76 up to
1.2 MPa and then to the power 0.55 for the pressure range of
1.2–1.4MPa. However, little information has been reported on the

specific coal throughput at large diameter PFB gasifier and high pres-
sure in the published literature.

Particle velocity plays an important role in determining hydro-
dynamic characteristics of fluidized bed. It directly dictates the particles
mixing and the mass and heat transfer between gas and solids phases. A
force probe was used to survey macroscopic behavior of solids circu-
lating in a large jetting fluidized bed [34]. Digital image analysis [35]
and sampling of tracer particles analysis have been developed and ap-
plied to evaluate the lateral dispersion coefficient for fuel particles [36].
The positron emission particle tracking technology was employed to
investigate the particle flow pattern in tapered fluidized beds [37].
Measurements of particle velocity have been extensively reported using
optical fiber probes in conventional low-velocity fluidized beds
[38–43]. So far, little information has been reported on particle velocity
(not near the wall) by experiment in a PFB, in the published literature.

From the review of the literature it is clear that, few data have been
reported on gasification of biomass and/or coal by experiment in a
large-scale pressurized fluidized bed gasifier pilot plant. Additionally,
few data have been reported on particle velocity (not near the wall) by
experiment in a PFB. An understanding of this helps to model the
particle flow mechanism in a better way in the PFB unit. In the present
work, mono-gasification of meat and bone meal (MBM) and Jincheng

Nomenclature

Roman letters

fb c, Fixed carbon of meat and bone meal (air-dried basis)
fc c, Fixed carbon of Jincheng anthracite (air-dried basis)
D Width of Pseudo-2D cold mode of a fluidized bed coal/

biomass gasifier, D=0.3m
FrΘ Superficial two-phase Froude number
H0 Static particle height, m
P Pressure, MPa
Uf Fluidizing-gas velocity, m/s
Uj Jet gas velocity, m/s

Minimum fluidization gas velocity, m/s
Uo Superficial gas velocity, m/s
Ut Single-particle terminal velocity, m/s
Vp Vertical local-particle velocities, m/s
wc Weight fraction of coal
wb Weight fraction of meat and bone meal

x x position, mm
X Carbon conversion
Xtotal Total carbon conversion of co-gasification
Xc Carbon conversion of coal
Xb Carbon conversion of meat and bone meal
y y position, mm

Greek letters

β Conical angle of V type gas distributor
ρg Gas density (kg/m3)
ρs Density of solids (kg/m3)

Subscripts-indices

c coal
b meat and bone meal

Fig. 1. Flow sheet of the pressurized fluidized bed gasifier pilot gasifier at pressure up to 3.0MPa.
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