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INTRODUCTION 

Pressurized gasification of coal in experimental entrained flow gasifiers was 
studied rather extensively during the period between 1953 and 1962 at the U.S. 
Bureau of Mines MOrgantown Coal Research Center (1,2). A laboratory-scale gasifier 
with some similarity to the Bureau of Mines unit was operated by the Eyring Research 
Institute (MFI) between 1974 and 1978 (3,4). This work was followed by extensive 
process design studies carried out by Mountain Fuel Resources ( 5 )  which also led to 
the issuance of a U.S. patent (6). One of the important conclusions from this study 
was that feeding the dry coal to an entrained flow gasifier with recycle product gas 
was inherently more efficient than feeding the coal as a water slurry. 

\ 

A 30 tons per day process development unit (PDU) was designed, constructed and 
operated between 1980 and 1984 to provide data for further scale-up of system 
components. Controlled continuous dry-feeding of pulverized coal into the gasifier 
at pressures between 100 and 260 psia (600 and 1700 kPa) was achieved. The unit was 
operated for more than 2000 hours on six different feedstocks. Most of the tests 
were conducted with Utah bituminous coal, achieving above 90 percent carbon conver- 
sion without char recycle. 

DESCRIPTION OF PDU 

Coal, 2" x 0" in size, was brought to the PDU site by trucks and piled on 

pulverized to 70 percent minus 200 mesh in a roller mill. The pulverized coal was 
carried by hot gas into a cyclone where 90 to 95 percent of the coal was separated 
and dropped into a 20 ton storage bin. The remaining fine coal carried over from 

I asphalt pads. The coal was reduced to less than 1/4" in size in a hammer mill, then 

1 the cyclone was collected in a baghouse and also stored in the storage bin. 

Coal was conveyed from the storage bin to a 3 ton lock hopper with nitrogen 
and, after being filled with coal, the lock hopper was pressurized with recycled 
product gas to the same pressure as the coal feed hopper below and the coal was 
discharged into the feed hopper. From the feed hopper the coal was fed into the 
coal feed line and carried to the gasifier by recycled product gas. Approximately 8 
to 10 percent of the product gas was recycled to carry the pulverized coal. W i n  
augers located in the bottom of the coal feed tank were used to regulate the rate of 
coal flow into the feed line. Figure 1 presents a simplified process flow diagram 
of the PDU. 

, 

The gasification reactions were carried out at pressures up to 260 psia and at 
temperatures around 1565OC (2850OF) in a refractory-lined chamber approximately 2.3 
cubic feet (0.065 cubic meters) in volume. Both heated oxygen and superheated steam 
were fed to the reactor. The reactor residence time was in the range of 0.5 to 1 
second for most of the tests conducted. A radiant heat exchanger is located immed- 
iately below the gasifier in the same pressure vessel. The raw product gas leaves 
the vessel at a temperature about 670°C (124OOF). Approximately 50 to 60 percent of 
the ash in the form of slag droplets and char is collected at the base of the 
vessel. A water spray is used to cool the slag. Periodically, the slag and char 
are discharged into a slag lock hopper. Then the lock hopper is depressurized and 
the contents discharged into the slurry discharge tank where they are combined with 
fly ash, soot, and water discharged from the scrubber. This mixture is then pumped 
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to a hydroclone. 
pond and the overflow to the recycle water pond. 

The underflow from the hydroclone is discharged to the waste water 

The hot product gas from the radiant heat exchanger vessel passes through a 
section of double-wall pipe heat exchanger and into a scrubber and packed tower. 
The gas is metered and sampled on-line for analysis downstream of the scrubber and 
then is flared. 

GASIFIER 

A schematic drawing of the pressure vessel containing the gasification chamber, 
the heat exchanger internals, and slag quench section is presented in Figure 2. 
This vessel is 48 inches in diameter and 20.5 feet in length. The diameter of the 
refractory-lined reaction chamber is 16 inches. The refractory is supported by a 
water-jacketed cylinder. Coal, oxygen and steam are injected into the gasifier at 
the top of the chamber. Coal is injected through a water-cooled 1-1/2 inch feed 
nozzle and oxygen and steam mixture is injected through an annular space around the 
coal feed injector. Figure 3 shows a schematic drawing of the injector nozzle and 
head assembly. The head is fabricated from beryllium copper alloy, which is cooled 
by passing water through a slot parallel to the surface facing the reactor. 

The heat exchanger internals inside the pressure vessel consist of three 
separate sections. The first section. the radiant heat exchanger, is a cylindrical 
membrane wall manufactured from steam tubes with strips of metal welded between 
them. Saturated water from the steam drum enters the tubes from the bottom and 
flows up through the tubes producing steam. The tube wall is also equipped with 
four soot blowers. The second section is a coil that cools the lower portion of the 
pressure vessel and protects it from the hot product gas. A small amount of steam 
is generated in this coil through convective heat transfer. The third section is 
located in the bottom of the vessel and consists of the slag quench equipment. A 
spray ring is installed in the bottom of the exchanger. Cooling water from the 
recycle water pond is sprayed through nozzles on this ring to form a pool of water 
in the bottom of the vessel. 

Corrosion tests were conducted by IIT Research Institute ( 7 )  by installing test 
coupons in the slag quench pool. Test results show that at the bottom of the 
radiant heat exchanger, where corrosion coupons were submerged in the slag quench 
pool most of the time and the temperature scarcely exceeded 22OoF, materials like 
A 5 1 5  carbon steel, aluminized carbon steel, 2 1/4Cr-lMo, 1 1/4Cr-lMO. 9CR-1Mo. and 
410 SS suffered from heavy corrosion. Types 304 SS and 316 SS exhibited acceptable 
overall corrosion, but they have a tendency to pit in this environment. The Incoloy 
800 specimens showed excellent resistance to general corrosion and pitting. 

TEST RESULTS WITH UTAH BITUMINOUS COAL 

Extensive tests were conducted with Utah bituminous coal from Southern Utah 
Fuel Company's (SWFCO) Mine No. 1 located near Salina, Utah. Table 1 p:eSentS 
typical proximate and ultimate analyses of the pulverized coal. The coal received 
at the plant usually contained about 8 to 10 percent moisture. 

The range of the principal operational parameters and test results from July 
through September 1984 are presented in Table 2. Figure 4 presents product gas 
rate, and gas composition versus coal feed rate. The gas production rate averaged 
29.3 SCF/lb of coal. For the range of coal feed tested, carbon monoxide was found 
to increase and carbon dioxide to decrease slightly with coal feed rate, while 
hydrogen seemed to reach a maximum at about 1400 pounds per hour coal rate. The 
ranges of the dry volume percent of the major gas components are 51 to 60 percent 
for CO. 30 to 36 percent for H and 6 to 12 percent for CO . The cold gas effi- 
ciency and fraction carbon gas&iied increase with oxygen/coa3 ratio and coal feed 
rate for the range of conditions tested. It is obvious that the fraction of carbon 
gasified will increase toward a value of 1 with increasing oxygen to coal ratio8 
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however, the cold gas efficiency is expected to reach a maximum value then start to 
fall as hydrogen and carbon monoxide react with oxygen and reduce the heating value 
of the product gas. 

COMPUTER MODEL PREDICTIONS 

Several sets of computations were made with a theoretical gasifier model to 
assess the effect of systematic variations in reactor conditions on performance of 
the gasifier and product gas composition. Model parameters were empirically deter- 
mined from fitting the experimental data. Table 2 also presents a range of 
predicted performance by computer model. The variations examined were: 
(1) oxygen/coal feed ratio, (2) steam/coal feed ratio, ( 3 )  recycle gas/coal ratio, 
and (4) reactor heat loss. Results from these computations are presented in Figures 
5 through 8 .  The cases were run using the model parameters as optimized for the 
July-September SUFCO coal data. The predicted product gas volume and product gas 
composition are plotted versus the oxygen coal feed ratio, with other variables as 
parameters. 

It was found that the heating value of the product gas is at a maximum for an 
oxygen/coal ratio of between 0.8 and 0.9. Variations in the recycle gas to coal 
ratio were calculated to have only a weak influence on the product gas composition 
and volume. The steam/coal ratio, Figure 6, demonstrates a strong influence on the 
product gas composition with little effect in the product gas volume. The carbon 
monoxide concentration is highest for a lower steam/coal ratio. For lower oxygen 
feed rates, the temperature is a strong factor in the product gas volume. However, 
at an oxygen/coal ratio between 0 . 8  and 0.9, the cold gas efficiency is unaffected 
by the steam feed rate. 

Variations in the reactor heat loss were calculated to Significantly affect the 
product gas volume and composition, mainly through lowering the reactor temperature. 
Figure 7 shows significantly lower product gas volume and quality with a higher 
reactor heat loss. Figure 8 again presents the effect of reactor heat loss; how- 
ever, here the oxygen/coal feed ratio was adjusted to yield the desired reactor 
temperature. For a constant reactor temperature, a higher reactor heat loss dete- 
riorates the product gas quality only slightly. 

The oxygen/coal feed ratio is the controlling parameter on reactor temperature 
and performance. The effect of variations in steam, recycle gas ratio and the 
reactor heat loss on the cold gas efficiency are relatively small compared with the 
effects of varying the oxygen/coal ratio. 

Table 3 presents a direct comparison of PDU data with the design assumptions 
for a scale-up unit utilizing SUFCO Utah bituminous coal. 

CONCLUSIONS 

The dry-feed, entrained coal gasification PDU was operated successfully for a 
total of about 2200 hours. Controlled continuous dry-feeding of pulverized coal 
into the gasifier a pressures up to 2 0 psia was achieved. Reactor throughputs of 
up to 754 lbs/hr/f> or 317 lbs/hr/ft', gas yields of about 32 SCF/lb coal and gas 
heating values of 294 BTU/SCF were achieved. Carbon conversion efficiencies above 
90 percent without char recycle were achieved with Utah bituminous, Wyoming sub- 
bituminous, and North Dakota lignite coals. Cold gas efficiencies as high as 80 
percent were achieved vith SUFCO coal. Sufficient reproducible data were obtained 
for scale-up design for applications utilizing Utah bituminous coal from SUFCO Mine 
NO. 1. 
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FIGURE 2. Schcmstlc Orawing 
o f  Gasifier Vessel 
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