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Development of a novel coal gasifier with controlling volatile-char reactions
and hydrodynamics
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Experiments of coal pyrolysis and gasification was conducted in a novel
downer (i.e. co-current down flow) pyrolyzer and gubbling fluidized bed gasifier. The effect of
activated carbon or non-porous carbon particles preheated at 1173 K was investigated. Results show
the AC and the non-porous carbon greatly suppress the emission of tar owing to the decomposition of
aromatic hydrocarbons into coke.
Cold gas efficiency (CGE)s of 85.0, 82.7 and 80.9% can be achieved at gasification temperatures of
800, 850 and 900C, respectively. There is a trade-off between the CGE and the gasifier design
parameters. We conclude that a gasification temperature of 850C is the most suitable for TBCFB
asifiers.
gy using Computational Fluid Dynamics (CFD), we simulated hydrodynamics of solids in a donwer or a
novel conical downer with very large solids mass flux. B% integrating the CFD with Coarse-grained
Discrete Element Method CFD method, we simulated flow behaviors of the gas and solids in the TBCFB.



40%

54% [3]
(1100-1800°C)
2) 3) C )
(Hz,CO /
(Na, K )

[1.2]

1000 °C 1)
3 4)
) 80%

1)
2)

[4]

[1] G. Guan, C. Fushimi et a., Particuology, 8, 602—-606, 2010 [2] C. Fushimi, G. Guan €t a.,
Powder Technal., 209, 1-8, 2011 [3] R. Hoya and C. Fushimi Fuel Process. Technol., 164, 80-91, 2017

[4] C.-Z. Li, Fuel, 86, 1664-1683, 2007

Fluidized bed
char preheater

Liquid pump

w Electric
i Fumaces [\ ] e \Water
&

750_900 OC generator m;; !\’::ass FFIIuw (';‘ml\tm”er
Downer pyrolyzer
3 controllers A / FIuldizei:[ez:j:rgaslﬁer
85-90% emee"'g = Thicro [P 03
° Iﬂntfc\\e:s Tmzmgzl‘?&?&ps "
Steam
generator Water
31 1
1
900 °C 1LoyYang [5]
( 20 mm, 1000 mm) Proximate analysis [wt %]
Moisture Ash Volatiles Fixed
Loy Yang . 250'300 pum 900 Carbon
°C 15.3 0.8 45.0 38.9
1 ~_Ultimate analysis [wt%, d.af]
Faclg/min] H C N o]
4.7 62.8 0.6 319
GC-2014 Shimadzu, TCD Ha, CO,, CO, CH4, CoH4
micro GC
(INFICON: 3000 micro GC )
1
g [mol]
(heavy tar) CHN
J-SCIENCE, MICRO CODER IM10 (light tar)
20 GC-2014 Shimadzu, FID
Deposited carbon
Deposited carbon FT-IR FT-IR 4100
( 43 mm
200 mm) (Loy
Yang ) 900°C PGA-120 :106-150 um)
Char (deposited



carbon: D.C.) 850 °C
8min
158 min (6(0)
[mol]

[5] C. Fushimi et al., Fuel Processing Technology, 167, 136-145, 2017

3.2

Aspen Plus® Excel®
Langmuir-Hinshelwood model
(6.7]

(Continuously stirred tank reactor: CSTR)
(plug flow) 11

[6] K. Matsuoka, S. Hosokai, K. Kuramoto, Y. Suzuki Fuel Process. Technol., 109, 43-48, 2013
[71 K. Matsuoka, S. Hosokai, Y. Kato, K. Kuramoto, Y. Suzuki, K. Norinaga, J.-i. Hayashi Fuel Process.
Technol. 116, 308-316, 2013

3.3 Computer fluid dynamics (CFD)

CFD 4 (Do)

3 3 (Ug)

CFD k-¢ kinetic theory of granular flow KTGF
TFM FLUENT 15.0

2D
122,500
first-order upwind scheme  implicit formulation 2
103 SIMPLE

SIMPLE PC-SIMPLE

34
(Downer section)
(Separator section) (BFB section)
(PAG-120 ) 106-150 pm
CO2 (Hb)
CO:2 CO2
GC (Fusion, INFICON) e [%]
— CO, [L/min]
N6 = €O, [L/min] 100 (1)
( ) Hs
6 (AP-C35, KEYENCE)
1Hz Data Logger(CONTEC)
PC Hs

CO2
CO2 Gs=



9.29,12.4,31.0 kg/m2's

4.1
AC 74.5 59.6 AC
89.53 82.58
+ 6.2 15.03 mol-C / 100 mol-C
22.98 mol-H / 100 mol-
H Heavy tar Light tar
Deposited carbon
(8]
Deposited carbon [9]
Heavy tar
Heavy
tar Light tar
850°C 0-30min CIC /
CIC
Char
30min
CIC Char
CiC
[8] D.M.L. Griffiths, J.S.R. Mainhood, Fuel, 46, 167-176, 1967
[9] J. Park et al. Biomass and Bioenergy, 90, 114-121, 2016
4.2
800-900 °C
800 °C 85.0% 850 °C 900 °C 82.7% 80.9%
Hz
8.6%
800-900°C 800°C 266.7 900°C
195 850 °C
850 °C
850°C
4.3 Computer fluid dynamics (CFD)
CFD conical downer
3 Ug 40
25
25-40
Do
Discrete Element Method DEM Computational Fluid Dynamics CFD
- DEM-CFD
DEM
44
CO, Hs
NG
Hs 12.0cm nG 85%

ne



CO,

Gs



7 7 3 1

Wenhao Lian, Jingxuan Yang, Peng Li, Junli Wang, Zhonglin Zhang, Chihiro Fushimi, Xiaogang Hao, 336
Wei Huang, Guoging Guan

Numerical simulation of hydrodynamic behaviors in a novel gas-solids conical downer 2018
Powder Technology 573-583
DOl

https://doi.org/10.1016/j .powtec.2018.06.029

Wataru Yonamine, Sivasakthivel Thangavel, Hidenori Ohashi, Chihiro Fushimi 174

Performance analysis of a water gas shift membrane reactor for integrated coal gasification 2018
combined cycle plant

Energy Conversion and Management 552-564

DOl
https://doi.org/10.1016/j .enconman.2018.08.022

Sivasakthivel Thangavel, Siti Norazian Ismail, Miho Kobayashi, Masayo Koyama, Chihiro Fushimi 51

Experimental Analysis of Coal Pyrolysis with Activated Carbon for Tar Capturing and Reforming 2018

Journal of Chemical Engineering of Japan 342-348
DOI

https://doi.org/10.1252/jcej .17we306

Yusuke Furusawa, Haruka Taguchi, Siti Norazian Ismail, Sivasakthivel Thangavel, Koichi 193
Matsuoka, Chihiro Fushimi

Estimation of cold gas efficiency and reactor size of low-temperature gasifier for advanced- 2019
integrated coal gasification combined cycle systems

Fuel Processing Technology 304-316

DOl
https://doi.org/10.1016/j . fuproc.2019.05.023




Wenhao Lian, Xueer Pan, Zhengchen Li, Jingxuan Yang, Hui Zhang, Chihiro Fushimi, Atsushi 214
Tsutsumi, Xiaogang Hao*, Wei Huang*, Guoging Guan

A drag model considering the distribution of particle size via multi-subgrid for the simulation 2020
of downer

Chemical Engineering Science 115363

DOl
https://doi.org/10.1016/j .ces.2019.115363

Wenhao Lian, Xueer Pan, Shuang Zheng, Jingxuan Yang, Peng Li, Wei Zhang, Chihiro Fushimi, 205
Xiaogang Hao*, Wei Huang*, Guoging Guan*

Mechanism analysis of the solids holdup variations in downer reactors based on volumetric flux 2019

Chemical Engineering Science 259-268

DOl
https://doi.org/10.1016/j .ces.2019.04.045

Zhongkai Zhao, Yohanes Andre Situmorang, Chihiro Fushimi, Atsushi Tsutsumi, Jingxuan Yang, in press
Xiaogang Hao, Akihiro Yoshida, Abuliti Abudula, Guoging Guan

Numerical simulation of hydrodynamic behaviors in a gas-solids dense downer reactor 2020
Advanced Powder Technology in press
DOl
18 2 6

Siti Norazian Ismail, Yusuke Furusawa, Haruka Taguchi and Chihiro Fushimi

Design of triple bed circulating fluidized bed (TBCFB) gasifier model with cold gas efficiency over 80%

27

2018




50

2018

Ismail Siti Norazian Binti

Thangavel Sivasakthivel

80%

50

2018

Ismail Siti Norazian Binti

Thangavel Sivasakthivel

ASPEN Plus(R)

24

2018

DEM

24

2018




Siti Norazian Ismail, Sivasakthivel Thangavel,

84

2019

Sivasakthivel Thangavel, Miho Kobayashi, Masayo Koyama, Siti Norazian Ismail, Chihiro Fushimi

Experimental Analysis of Coal Pyrolysis Process in a Novel Downer Reactor for Integrated Coal Gasification Combined Cycle
Plant

Third International Symposium on Multiscale Multiphase Process Engineering (MMPE 2017)

2017

Sivasakthivel Thangavel, Miho Kobayashi, Masayo Koyama, Siti Norazian Ismail, Chihiro Fushimi

Enhancement of Gas Production of Low Rank Coal by Downer-Gasification Reactor

6th Sino-Australian Symposium on Advanced Coal and Biomass Utilisation Technologies

2017

Sivasakthivel Thangavel

80%

23

2017




Sivasakthivel Thangavel

83

2018

Zhongkai Zhao, Chihiro Fushimi, Atsushi Tsutsumi, Xiaogang Hao, Akihiro Yoshida, Abuliti Abudula, Guoging Guan

Numerical simulation of hydrodynamic behaviours in a novel gas-solids moving bed rector under a downer

Fluidization XVI, May 26-31, 2019, Guilin, China

2019

Chihiro Fushimi and Guoging Guan

Development of a Triple-Bed Combined Circulating Fluidized Bed

AIChE Annual Meeting 2019, Novemberll, Orlando, FL, USA

2019

Ismail S.N.B.

22

2020




Guoging Guan, Wenhao Lian, Zhongkai Zhao, Xiaogang Hao, Abuliti Abudula, Chihiro Fushimi, Atsushi Tsutsumi

High-density solids holdup operations in downers: Theoretical analysis and simulation

8th Asian Pacific Confederation of Chemical Engineering Congress (APCChE 2019), Sept. 23-27, 2019, Sapporo, Japan

2019

Y.Mori, M.Sakai

Validation Study on an Eulerian-Lagrangian Method in a Circulating Fluidized Bed

AIChE annual meeting 2018

2018

Numerical simulation of a large-scale circulating fluidized bed with a coarse grain model

50

2018

2018

2018




DEM-CFD

23

2018

website
http://web.tuat.ac.jp/~cfushimi/

(Sakai Mikio)

(00391342) (12601)
(Guan Guoging)
(90573618) (11101)

(HAO Xiaogang)

Professor




(THANGAVEL Sivasakthivel)

(SAKAI Yuka)

30
(TAGUCHI Haruka)

30
(KOBAYASHI Miho)

31
(FURUSAWA Yusuke)

31
(KOYAMA Masayo)
(Ismail Siti Norazian)

2

(YATO Kentaro)




(MURAKOSHI Ryo)

(UCHINO Takayuki)

(HASEGAWA Kenshiro)




