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Abstract 
 

The shell coal gasification process (SCGP), including its recycle stream, hot-gas quench, and 
syngas cooler, was modeled in ASPEN Plus. The process achieved a > 99% conversion of carbon at 
1600°C and 3.2 MPa, in agreement with literature.1 In order to meet the desired 5000 MT/day 
output of methanol, 200 MT/hr of pre-processed Montana sub-bituminous coal was blasted with 90 
MT/hr of O2 and 70 MT/hr of steam , producing approximately 310 MT/hr and 17 MT/hr of CO 
and H2, respectively. Roughly 141 ppmv of H2S was also synthesized as a result of the gasification. 
Because the syngas must be stripped of all sulfur contaminants so as to not adversely affect the 
water-gas shift reaction, the gasifier effluent was sent into a simulated acid removal process. The 
Rectisol process, which was chosen for acid gas removal (AGR), is capable of removing H2S to trace 
amounts, with a selectivity of 1 CO2:9.5 H2S. Within the flowsheet, the AGR was simulated as a 
single unit operation, achieving published specifications.1 Similarly, a two-stage Claus process to 
produce elemental sulfur from H2S was simplified to two stoichiometric reactors, achieving full 
conversion of H2S. In preparation for methanol synthesis, the clean syngas proceeded to a high 
temperature shift (HTS) reactor, where 40.7% of CO was converted into H2 by the water-gas shift 
reaction, in order to achieve the optimal 2:1 stoichiometric ratio of H2 to CO.  
 
Introduction 
 
 In order to efficiently attain the desired methanol output, various gasification, acid gas 
removal, and CO shift system types have been considered. The Shell coal gasification process has 
been chosen primarily on account of its feed coal versatility and high carbon conversion.  Because 
the Rectisol process results in sub-ppm removal of H2S from syngas, as well as a high selectivity of 
H2S relative to CO2, it has been selected as the AGR technology for purifying the gasifier effluent. 
The isolated H2S will be further processed in a two-stage Claus recovery plant that will convert the 
acid gas into elemental sulfur, which may then be readily marketed. In order to achieve the desired 
2:1 ratio of H2 to CO, an isothermal HTS reactor will be implemented upstream of the methanol 
synthesis process.      
 
Shell Coal Gasification Process 
 
 The SCGP utilizes an entrained-flow gasifier at typical operating conditions of 1500˚C and 
3.0-4.0 MPa.1 The feedstock is first dried and pulverized to 90% below 90µm before it is pressurized 
in lock hoppers and transported, using nitrogen, to the reactor. The feed is mixed with oxygen and 
steam before the processed coal is fed into four diametrically opposed burners located at the bottom 
of the gasifier. After gasification, the hot gas leaving the reactor is quenched to 900˚C with recycle 
gas at 280˚C. The syngas subsequently enters a cooler, where steam is used as a heat transfer 
medium to further cool the gas to 280˚C. A candle filter is placed downstream of the heat exchange 
unit in order to remove any solids that did not vaporize during gasification. Before exiting the 
system, 50% of the product is re-pressurized and recycled for use as quench gas. The remaining 50% 
of syngas is further cooled in a water scrubbing section.1 

 The product gas is typically comprised of two-thirds CO and one-third H2. Owing to the 
vertical geometry of the gasifier and its high operating temperature, the residual slag is able to leave 
through an opening at the bottom of the reactor, where it is rapidly cooled in a water bath and 
consequently solidified.              
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Rectisol and Claus Processes 
 
 In order to meet design specifications, the produced syngas must contain no more than 0.1 
ppmv of H2S. Such a specific separation may be achieved via a Rectisol process, which utilizes 
methanol at an operating temperature of -30 to -60˚C as a solvent.1 The sulfur-contaminated gasifier 
effluent is typically cooled to -30˚C before entering an H2S absorber. The consequent desulfurized 
gas is fed into an H2S flash column, where hydrogen and CO are co-absorbed, then reintroduced 
into the system.  The last stage in the removal of H2S reboils the methanol in order to release 
previously absorbed H2S. The hot-regenerated methanol effluent is afterwards used for fine CO2 
removal; however, because CO2

 may be utilized in the water-gas shift reaction, it does not require 
removal from the desulfurized gas stream.  
 A basic Claus process converts the toxic H2S into elemental sulfur in a two-stage system. 
The overall conversion reaction is governed by the following equations: 
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H S SO H O S+ +�  (2) 

One-third of the acid gas is first combusted with oxygen to produce SO2 and water; the SO2 is 
subsequently reacted with the remaining H2S in order to produce elemental sulfur. The first stage of 
the Claus process generally operates between 1000 and 2000˚C. The effluent gas is cooled with 
steam, and the synthesized elemental sulfur is condensed out in order to promote product 
conversion in the latter stage of the process. The gas is reheated before passing over an alumina 
catalyst at approximately 200 to 300˚C in the second stage. To obtain further sulfur removal, this 
cycle may be repeated numerous times.    
 
Water-gas shift Reactor 
 
 The ratio of H2 to CO in the clean syngas is modified via the CO shift reaction to its desired 
value of 2:1. The following equation governs the unit reaction: 
 2 2 2CO H O CO H+ +�  (3) 
The equilibrium constant is approximated by the following relationship: 

 4577.8ln 4.33
( )pK

T K
= − +  (4) 

Because the reaction is exothermic, lower temperatures promote a higher rate of conversion. 
However, no more than 50% conversion is necessary in order to achieve the desired ratio for 
methanol synthesis; therefore, a HTS reactor may be utilized. Conventional high temperature shift 
makes use of an oxide-based catalyst promoted with chromium, which has an operating range 
between 300 and 500˚C.1  
 
With guidance from the above literature specifications per block, realistic simulations of the SCGP, 
sulfur recovery, and water-gas shift processes have been carried out in order to meet required design 
criteria.  
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Results 
  
A PFD and corresponding material balance table appear below in Figure 1 and Table 1, respectively. 
Together, they summarize the principal results of an ASPEN simulation containing the shell coal 
gasification, acid gas removal, Claus, and water-gas shift processes.   
 

 
Figure 1: PFD of SCGP, AGR, Claus process, and water-gas shift reactor 

 
 
 

Table 1: Material Balance Table for Significant Streams 
1 Steam 2 Oxygen 3 Coal 4 Slag 5 Syngas 6 Recycle 7 H2S 8 Oxygen 9 Sulfur 10 Clean Gas 11 Steam 12 Shift Gas

Temperature (K) 510 298 298 1870 1870 553 553 298 573 553 375 673
Pressure (MPa) 32.0 32.0 32.0 32.0 32.0 32.0 32.0 1.01 1.01 32.0 1.01 24.0

Mass Flowrates (MT/hr)

Total 70.0 90.0 200 0.708 334 334 2.59 1.22 3.81 332 93.7 425
  C 0.00 0.00 0.00 0.708 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
  CO 0.00 0.00 0.00 0.00 310 310 0.00 0.00 0.00 310 0.00 183
  H2 0.00 0.00 0.00 0.00 17.4 17.4 0.00 0.00 0.00 17.4 0.00 26.4
  H2O 70.0 90.0 200 0.00 0.936 0.936 0.00 0.00 1.37 0.9 9.37E+04 13.4
  O2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.22 0.00 0.00 0.00 0.00
  CO2 0.00 0.00 0.00 0.00 0.719 0.719 0.00 0.00 0.00 0.719 0.00 199
  S 0.00 0.00 0.00 0.00 2.62E-04 2.62E-04 0.00 0.00 2.44 2.62E-04 0.00 0.00
  H2S 0.00 0.00 0.00 0.00 2.59 2.59 2.59 0.00 0.00 0.00 0.00 2.79E-04

 
 
The modeled SCGP achieved a carbon conversion of 99.5% at an operating pressure and 
temperature of 3.2 MPa and 1600°C, respectively. The gasifier effluent contained 141 ppmv of H2S; 
this was reduced to trace amounts following AGR processing. The pure syngas underwent 40.7% 
CO conversion to H2 in the water-gas shift reactor at operating conditions of 2.4 MPa and 400°C. 
Preliminary estimates for the material operating cost of units designed thus far are presented below 
in Table 2. The total cost of the components per hour is estimated to be $23,100. 



 4 

Table 2: Material Operating Costs, Hourly Basis 
Coal Oxygen BFW MP Steam HP Steam

Flowrate 200 MT/hr 91 MT/hr 1.32 Mgal/hr 94 MT/hr 70 MT/hr
Cost per unit 67.02 $/MT 70 $/MT 1 $/Mgal 19 $/MT 22 $/MT
Cost per hour 13404 $/hr 6370 $/hr 1.32 $/hr 1786 $/hr 1540 $/hr

Total = 23100 $/hr
 

 
Discussion 
  
 The PR-BM base method was utilized for the various unit operations present in the flow 
sheet. This thermodynamic package gives reasonable results at all temperatures and pressures; 
furthermore, it is specifically recommended by ASPEN for coal gasification processes. The reactor 
in which gasification takes place was again divided into three unit operations as described in 
Progress Report 2.2 Downstream of the splitter, a mixer and subsequent heat exchanger simulated 
the quench unit and syngas cooler, respectively, for the purpose of cooling the gasifier effluent down 
to a reasonable operating temperature for the AGR process. 50% of the produced syngas was 
recycled to be utilized as quench gas, lowering the system cooling costs. Boiler feed water was used 
as the heat exchange medium in the modeled syngas cooler. As compared to the ASPEN simulation 
of a general gasifier, the simulation of the SCGP attained the desired product flow rates with lower 
feeds of oxygen, steam, and coal, albeit at a different outlet ratio of CO to H2.     
 For flowsheeting purposes, the AGR process was modeled as a simple separation unit in 
ASPEN. For accurate modeling of the Rectisol process, the split fractions of H2S and CO2 were 
adjusted in the component separator in order to accomplish the characteristic 1:9.5 selectivity. Since 
CO2 is beneficial downstream in the water-gas shift reactor, the Rectisol process applied to this 
gasification system will not include a CO2 absorber. Because the chosen AGR is capable of removing 
H2S to a sub-ppm level, the separation of acid gas from syngas was assumed to be perfect. While the 
ASPEN results accurately model the expected output of the Rectisol process, the complexity, use of 
methanol solvent, and intense cooling requirements will have a profound impact on the economic 
analysis of the system.  
 Following the Rectisol process, the removed H2S is converted into elemental sulfur via a 
two-stage Claus process. Two stoichiometric reactors were utilized in order to simulate the system in 
ASPEN. In the first unit, one-third of the H2S was combusted with O2 to form SO2 and H2O. The 
resulting 2:1 molar ratio of H2S to SO2 favors conversion to elemental sulfur in the second stage. 
For flowsheeting purposes, it was assumed that complete conversion occurred in the two-stage 
system. However, the Claus process alone is only able to achieve about 95% sulfur recovery3, which 
does not meet the U.S. environmental requirement of at least 99.8% recovery4. Fortunately, because 
the H2S concentration is relatively high in the inlet stream, the specified sulfur conversion can be 
attained solely by optimization of the second catalytic step, specifically by employing a special 
oxidation/reduction catalyst designed for this purpose.5  
 In preparation for methanol synthesis, the purified syngas was fed to a water-gas shift 
reactor. The reactor operated isothermally in order to best achieve the precise conversion desired for 
downstream processing. Design keys were temperature, inlet water flow rate, and heat duty. Because 
temperature and water flow rate are related by the K value given in equation 4, the temperature was 
adjusted between 350 and 400°C, the acceptable range for the catalyst used. Keeping conversion 
constant, operating cost was calculated based on heat duty and steam flow rate, as shown in 



 5 

Appendix B. Incremental increases in steam cost outweigh those of electricity; thus the reactor was 
run at maximum operating temperature to minimize steam usage. Few approximations were made in 
the CO shift block; conditions and results are very representative of an actual unit.  
 
Conclusion 
 
 Involved preliminary design has been completed for all blocks upstream of methanol 
synthesis and refining. The functions of each unit operation have been accurately flowsheeted, 
yielding pragmatic results when compared to analogous units in literature. Actual implementation of 
this system will require in-depth consideration of the complexities within each distinct section of the 
overall process. While process intricacies will affect material balances and flowsheet results, these 
consequences will be minimal in comparison to the effects on economic feasibility, which will be 
considered in a later design stage.  
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