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Abstract

Sasol is an integrated energy and chemicals company converting coal, oil and
natural gas into liquid fuels, fuel components and chemicals mainly through the
proprietary Fischer-Tropsch (FT) process (Sasol Facts, 2009). The Sasol complex in
Secunda, South Africa, operated by Sasol Synfuels (Pty) Ltd is the world’s largest
and only commercial coal to liquids (CTL) facility to date. The facility consumes over
30 Mt of coal per annum to produce an equivalent of 150 000 bbl/day of liquid fuels
which amounts to about 21% of South Africa’s total production. In addition to the
liquid fuels, pipeline gas, pitch, carbon products, solvents, polymers and other
chemical products are produced in Secunda. This paper reviews the effective
utilisation of coal for the production of synthesis gas that is used for synthetic fuels
and chemicals production. Although the paper is mainly focussing on the Sasol®
FBDB™ gasification technology, information on coal mining and preparation is also
included. The paper further gives examples of coal and gasification research
conducted by Sasol as well as the future of the Sasol® FBDB™ gasification
technology.
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1. Introduction and Background

Sasol is an integrated energy and chemicals company converting coal, oil and
natural gas into liquid fuels, fuel components and chemicals mainly through
the proprietary Fischer-Tropsch (FT) process (Sasol Facts, 2009). The Sasol
complex in Secunda, South Africa operated by Sasol Synfuels (Pty) Ltd is the
world’s largest and only commercial coal to liquids (CTL) facility to date. The
facility consumes over 30 million tons (Mt) of coal per annum in gasification
alone to produce 150 000 bbl/day of liquid fuels which amount to about 21%
of South Africa’s total production. In addition to the liquid fuels, pipeline gas,
pitch, carbon products, solvents, polymers and other chemical products are
produced in Secunda.

The Sasol CTL process is summarised in Figure 1. The flow scheme consists
of the following process steps: mining, blending and screening of coal,
synthesis gas (syngas) production, High Temperature Fischer Tropsch,
refining and chemical workup. This paper is aimed at explaining how coal is
utilised effectively at Sasol to produce syngas that is converted to liquid fuels
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and chemicals. An emphasis is therefore placed on the processing of coal in
the Sasol fixed bed dry bottom gasification technology (Sasol® FBDB™).

Processes and Technology
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Figurel. The Sasol coal to liquids process (van Dyk et al. 2001).

2. Coal Mining

Sasol Mining (Pty) Ltd in both Sasolburg and Secunda produces over 40 Mt of
coal per annum for use as feedstock in the Synfuels plant, export as well as
utility coal. The Sigma Mooikraal colliery near Sasolburg supplies about 1.7
Mt per annum of utility coal for the Sasolburg complex. The Twisdraai export
operations in Secunda supplies about 3.6 Mt per annum of export grade coal
to Asian and European customers. The major part of coal (>30 Mt) is
produced from Brandspruit, Bosjesspruit, Middelbult and Syferfontein
collieries and supplied to Sasol Synfuels to be used as feedstock for the CTL
plant in Secunda. The middling product from the Twisdraai export operations
is also supplied to Sasol Synfuels as feedstock for the CTL process. As part
of a long term external purchase agreement, about 5 Mt of coal is also
supplied to the Synfuels plant from Anglo Coal’s Isibonelo colliery.

Figure 2 shows the location of the mines in Secunda. The coal from the mines
is transported by conveyor belts to the blending facility (Secunda Coal Supply
(SCS)). It is here where the coal is blended and homogenised prior to
screening to ensure a stable feed to the gasifiers. Statistical models are used
to optimise the blends to ensure constant coal quality based on available
volumes from the mines.
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Figure 2. Location of the Sasol mines in Secunda
3. Coal Preparation

Coal preparation in Sasol Synfuels is limited to crushing at Sasol Mining,
blending and wet screening directly before the gasification plant. This is to
ensure that coal with a suitable particle size distribution is fed to the Sasol®
FBDB™ gasifiers which are lump coal gasifiers. Coal is therefore screened to
remove the fine particles (-6mm) which are used for steam and power
generation.

Figure 3 shows a simplified flow diagram of the wet screening module. Coal
from the bunker is fed on to the primary screens and the underflow from the
primary screen is fed to the secondary screen. The coarse coal (i.e. overflow
from both the primary and secondary screens) is sent to gasification via
conveyors and distributed to the individual gasifier bunkers. The underflow
from the secondary screen is dewatered on the sieve bends and further in the
Humboldt 1150 vibrating centrifuges to attain the specified moisture for the
steam plant. The slimes from both the sieve bend and the centrifuge are
pumped into the thickener and the underflow from the thickener is filtered
using disc, drum and belt filters. The clear water from the thickeners flows into
the clear water tank for reuse in the wet screening process. The filter cake is
then mixed with the feed to the steam stations. High moisture content is an
issue with the feed to the steam station and the fines are therefore sometimes
stockpiled for further dewatering prior to reclamation for use as feed to the
steam station (Wahl, 2007). Utilisation of fine coal for steam and power
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generation ensures effectiveness as well as reduced energy input towards
milling.
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Figure 3. Simplified flow diagram of a wet screening module (Wahl, 2007).
4. Syngas Production/Gasification

Syngas production is one of the most critical blocks in a CTL process. In
Secunda, Sasol Synfuels operates 80 MK IV Sasol® FBDB™ gasifiers (40
gasifiers in the East and West factories respectively) to produce syngas for
the entire factory. The factory is by far the largest installation of the Sasol®
FBDB™ gasifiers in the world. Sasol’'s operating experience dates back 50+
years ago with the first operation in Sasolburg on 17 gasifiers which were
commissioned in stages from 1955 and decommissioned in 2004 with the
introduction of natural gas. Subsequent to the dissolution of the Sasol-Lurgi
Technology Company (Pty) Ltd, Sasol can, in addition to operating, now
design and licence the Sasol® FBDB™ gasification and associated
technologies and this augers very well for Sasol’'s growth ambitions in terms
of CTL.
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4.1. The Sasol® FBDB™ Gasifier Vessel

A schematic representation of the Sasol® FBDB™ gasifier is depicted in
Figure 4. In the gasifier, coal with particle size of preferably 5 — 100 mm is
loaded from the bunker into an isolated coal lock which is then pressurized
with raw syngas and opened to the gasifier. The coal is loaded into the
gasifier in a batch mode. Almost all the gas used to pressurise the coal lock is
recovered during depressurization of the coal lock when loading it with coal
from the bunker (van Dyk et al. 2001).

The gasifier itself is a double walled vessel. The Boiler Feed Water (BFW)
level is maintained between the outer shell and inner wall (jacket) to protect
the outer pressure-bearing shell from high temperatures. At the same time,
saturated steam is generated in the jacket at a pressure similar to the
gasification pressure (i.e. about 30 bar) from the heat transferred through the
reactor inner wall. This steam is added to the high pressure superheated
steam used in the gasification process.

Coal from the coal lock is distributed across the cross sectional area of the
gasifier and descends slowly through the bed. A mixture of steam and pure
oxygen (also referred to as the gasification agent) is injected at the bottom of
the gasifier and distributed across the gasifier bed by the rotating grate
assisted by the sintered ash.

Some heat exchange occurs between the hot ash and the gasification agent.
The ash is therefore cooled down to about 300 — 400 °C and discharged into
the ash lock and subsequently to the ash sluiceway (Higman and van der
Burgt, 2003).

The pre-heated gasification agent moves upwards into the combustion zone
where the O, reacts with the char to form CO,. The combustion zone is the
hottest zone of the gasifier (with temperature reaching up to 1350°C) and
hence provides heat for the upper zones where mainly endothermic reactions
occur. As the hot gases (mainly CO. and steam) move up the gasifier, they
reach the gasification/reduction zone. It is in this zone where most of the
syngas is generated.

The gases (now a mixture of CO2, CO, H, and CHs) continue to move
upwards in the gasifier reaching the devolatilization zone where the
descending coal is heated in an inert atmosphere and decomposes into a
carbon-rich solid residue (char) and hydrogen rich volatile fraction consisting
of gases, vapours and tar components. As the gases continue to move
upwards in the gasifier, the volatile components from the pyrolysis zone as
well as the syngas are further cooled down in the upper part of the gasifier
where the coal is preheated and dried. The gas then exits the gasifier at a
temperature of about 550°C.
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