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Development of Coal Partial Hydropyrolysis Process
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Abstract

Coal partial hydropyrolysis process aims at co-production of high yield of light oil and synthesis gas
from a low rank coal under a mild hydropyrolysis condition. The characteristic of this process is in the
hydropyrolysis reactor composed of the reformer and gasifier. So far, in order to evaluate the process
concept a small-scale basic experiment and a 1t/d process development unit study were carried out. The
experimental results showed that coal volatiles were partially hydrogenated to increase the light oil and
hydrocarbon gases at the condition of partial hydropyrolysis. This process has a possibility of producing
efficiently and economically liquid and gas products as chemicals and fuel for power generation. As a
further development, a 20t/d pilot plant study called ECOPRO has been started to establish the process

technologies for commercialization.
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Development schedule
1995 2000 2005
1) Preliminary study >
(1996-1998)
2) Small-scale basic .
experiment (1997-1999)
3) PDU study (1t/d) -
(1999-2002)
4) Pilot plant study ;
(20/d) (2003-2008)
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Proximate analysis [wt%]

Moisture Volatile matter | Fixed carbon Ash
3.8 454 48.2 2.7
Ultimate analysis [wt%-daf]
C H N S O
76.4 5.6 1.8 0.1 16.2
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: Experimental Conditions

! Coal feed rate : 0.59/m

i Pyrolysis pressure : 0.3~3.0MPa
i Pyrolysis temperature : 700~870°C |
i Hydrogen concentration : 0~100%
i Gas residence time : 1s ‘
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Laboratory-scale experimental apparatus
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Gas sampling
0il sampling section

1
Gas cooler ’ i I )
N Cyclone Cold trap
Coal Venturi
feeder scrubber
Coal
feeder Reformer "} %
e
N2~ Gas flow Pressure
Partial meter  control  Flare stack
N2 hydropyrolysis tChar valve
reactor Pressure  S0ra0r
@ A vessel Hold
tank
H2 Coal injector Gas
Ucylmder > sampling
Coal-oxgen || Falllal || 1 i i e
: Specifications :
02 L LPG : Coal Feed Rate: 1t/d (:=50kg/h)
CHi —b Start-up : Pressure: 2.5MPa (max.) .
Slag tap burner . Temperature: (Reformer) 1200°C (max.) .
burner : (Partial oxidizer) 1700°C (max.) :
. Operation time: 10h (max.) .
Slag
4 HEREXfE (1t/day PDU)

Experimental apparatus (1t/d PDU)
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&3 HERZEM (1vday PDU)
Experimental conditions (1t/d PDU)
CASE 1 2
Reformer
Coal Tanito Harum | Tanito Harum
Pressure [MPa] 2.0 2.0
Temperature [C] 700-800 900-950
Hydrogen concentration [%] 31 33
Gas residence time [s] 2 2
Gasifier
Coal Tanito Harum | Tanito Harum
Pressure [MPa] 2.0 2.0
Temperature [C] 1550-1650 1550-1650
Gas residence time [s] 2 2
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Performance of the partial oxidizer

Gas
(CO,H2,C02,CmHn)

; \ Hydrogenation of heavy tar

/ \ Tar+Hz—Hydrocarbon gas (CmHn) +BTX +oil
1

S~7| 700~800T \),\f’ Reaction at the transfer region

S 23MPa | * Pyrolysis of coal

: ; Free radical+Hz~+gas +tar
R By W Y * Gasification of activated char (rapid carbon)
.. 4 __J<-- Hot gas Char (C) +H20—sH2+C0

(COH2.C02H20)  Char (C) +C02—2C0

! Rl ) Coal—Gas (C0.CO2,H2,CrHnH20) +Tar+BTX+ Char
- SEENE ; (_—;Jl> * H2 stabilization of free radical

3

‘‘‘‘‘

) Partial oxidation of Coal (Char)
4 Coal (CHnOn) +02+H20—CO+H2+CO2+H20+ Char

1500C~1600C
2~ 3MPa
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Reaction mechanism in the partial hydropyrolysis reactor
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Cyclone | Purification p; Product Gas
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i 21t/h | (800C) i Gas ! Product Gas
.................................... (H200n0.30%) *vevasnannsnnce’ Cgmpossit;on:
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Estimated yields in commercial full scale plant
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Technical issues

Technical issues Contents

-Quantification of reaction in the reactor
Verification of the reaction
such as hydropyrolysis and gasification
in the partial hydropyroltsis
-Establishment of reactor conditions for
reactor
optimum transfer region

Evaluation of the additional -Establishment of technologies for char

key process technologies recycle and heat recovery

-Establishment of long stable operation
Evaluation of total system and
technology
estimation of a full-scale
-Confirmation of scale-up factor for
commercial plant

demonstration unit design
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