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Disclaimer 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or use- 
fulness of any information, apparatus, product, or process dlsclosed, 
or represents that its use would not infringe privately owned rights. 
Reference herein to any specific commercial product, process, or 
service by trade name, trademark, manufacturer, or otherwise does 
not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or 
any agency thereof. The views and opinions of authors expressed 
herein do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



ABSTRACT 

Hot-gas desulfurization for the integrated gasification combined cycle (IGCC) 
process has been investigated by many researchers to remove effectively hydrogen 
sulfide with various metal oxide sorbents at high pressures and high temperatures. 
Metal oxides such as zinc titanate oxides, zinc ferrite oxide, copper oxide, manganese 
oxide and calcium oxide, were found to be promising sorbents in comparison with 
other removal methods such as membrane separations and reactive membrane 
separations. Some metal oxide sorbents exhibited the quite favorable performance in 
terms of attrition resistance and sulfur capacity. Removal reaction of HzS from coal 
gas mixtures with promising sorbents of f i e  solid was carried on in a batch reactor. 
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The objectives of this research project are to formulate promising durable metal 
oxide sorbents for the removal of sulfur compounds from coal gas mixtures, to find 
intrinsic initial reaction kinetics for a sorbent-hydrogen sulfide heterogeneous reaction 
system, to obtain effects of concentrations of coal gas components such as hydrogen 
and moisture on equilibrium absorption as well as dynamic absorption of hydrogen 
sulfide into formulated sorbents for the reaction system at various reaction 
temperatures and pressures, and to obtain effects of concentrations of coal gas 
components such as hydrogen and moisture on reaction rates of hydrogen sulfide with 
formulated sorbents at various reaction temperatures and pressures. 
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SCHEDULE AND MILESTONES 

EXECUTIVE SUMMARY 

The main objectives of this research project during this quarter are to formulate 
metal oxide sorbents using various ingredients as well as formulation conditions, and 
test reactivity of formulated metal oxide sorbents with hydrogen sulfide for 120 
seconds at 55OoC, and develop a formula for the preparation of a sorbent suitable for 
the removal of hydrogen sulfide from coal gases. 

INTRODUCTION 

Metal oxide sorbents were formulated with zinc oxide as an active sorbent 
ingredient, and titanium oxide as a supporting metal oxide. Various additives such as 
Cu, Co, Ni, Mn, Cr and Ca were utilized to enhance sulfur-removal capacity of 
formulated metal oxide sorbents. This mixture was extrudated 1-mm cylindrical rods. 
The formulated metal oxide sorbents were calcined for 2 hours at 850 - 920°C. The 
fresh formulated metal oxide sorbents in the form of 1-mm cylindrical rod were 
crushed to obtain 100- 200 mesh particles, and were reacted with simulated coal gases 
containing hydrogen sulfide in the 35 cm3 316 stainless steel batch reactor for 120 
seconds at 550°C. Concentrations of hydrogen sulfide were analyzed with a gas 
chromatograph to evaluate reactivity of formulated metal oxide sorbents with HzS. 
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RESULTS AND DISCUSSION 

Research activities and efforts of this research project were concentrated on 
formulating various metal oxide sorbents with various additives under various 
formulation conditions, and conducting experiments on initial reactivity of formulated 
sorbents with hydrogen sulfide. 

Experiments on reactivity of formulated metal oxide sorbents with hydrogen sulfide 
contained in a simulated coal gas mixture were carried out for 120 seconds at 55OoC 
(see Table 1) to evaluate reactivity of formulated sorbents with hydrogen sulfide. A 
typical simulated coal gas mixture consists -c of 9107-ppm hydrogen sulfide (0.005 g; 1 
wt %), 0.085-g water (15.84 wt %), 0.0029-g hydrogen (0.58 wt %), and 0.4046-g 
nitrogen (81.34 wt%). 

Table 1 .  Experimental conditions for the reaction of hydrogen sulfide with formulated 
metal oxide sorbents in the presence of moisture, nitrogen and hydrogen. 

Reactor Volume, cm3: 
Temperature, OC : 
Reaction Time, s: 
Particle Size, mesh 
Amount of Sorbent, g 
Initial Partial Pressure of Hydrogen at 25OC, psia: 
Initial Amount of Water, g: 
Initial Concentration of H2S, ppm 
Initial Partial Pressure of Nitrogen at 25OC, psia: 
Initial Total Pressure of Reaction Mixture at 25OC, 
psia: 

35 
550 
120 
100 - 200 
0.05 
14.7 
0.085 
8700 
150 
164.7 

Metal oxide sorbents were formulated with various additives to enhance their 
reactivity with hydrogen sulfide contained in simulated coal gas mixtures (see Tables 2 
through 7). Reactivity of formulated metal oxide sorbents was compared by reacting 
sorbents with initial 8700-ppm hydrogen sulfide for 120 seconds at 550°C (see Figures 
1 and 2). 

The metal oxide sorbents shown in Tables 4 through 7 were formulated with the 
cuprous oxide additive and the chromous oxide additive under various formulation 
conditions such as calcination temperatures and concentrations of HzOz in water. 
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Table 2. Formulation of various TU sorbents. 

Sorbents I TU-21 TU-31 TU41 TU-51 TU-61 TU-71 TU-81 TU-91 TU-IOITU-I1 I TU-121 TU-131 TU-I4 

Table 3. Formulation of various TU sorbents. 

Sorbents I TU-151 TU-161 TU-171 TU-181 TU-191 TU-201 TU-21 I TU-221 TU-231TU-25 JTU-26 ITU-27 ITU-28 

3 



Table 4. Formulation of various TU sorbents. 

Table 5. Formulation of various TU sorbents. 

TU47 TU-47C TU48 TU-49 TU-50 TU-51A TU-516 TU- 
51C 
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Table 6. Formulation of various TU sorbents. 

Sorbents TU-52A TU-52B TU-52C TU-52D TU-53A TU-53B TU-53C TU- TU-54A TU-54B TU- TU- 
53D 54C 54D 

Table 7. Formulation of various TU sorbents. 
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FIGURE 1. Reactivity of various sorbents reacted with initial 8700-ppm dry 
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FIGURE 2. Reactiuty of various 0.05-g sorbents with initial 8700-ppm dry 
H2S for 120 s at 550°C. 
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The metal oxide sorbents calcined for 2 hours at 900°C were formulated with 
various additives to identify their effects on reactivity of the sorbents (see Figure 3). 
The cuprous oxide additive, and the mixture consisting of the cuprous oxide additive 
and the chromous oxide additive appear to be most effective among other additives in 
enhancing reactivity of the sorbents. 
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FIGURE 3. Effects of additives on reactivity of sorbents with initial 8700- 
dry H2S for 120 seconds at 55OoC, calcined at 900°C. 
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A series of metal oxide sorbents such as TU-35, TU-39, and TU-40 (see Table 4) 
were formulated with various amounts of TiO2, holding the amounts of the other 
ingredients and the formulation conditions constant. Reactivity of fomulated sorbents 
appears to be independent of Ti02 amounts (see Figure 4). 

. 

FIGURE 4. Effects of TiOz amount on reactivity of sorbents with initial 8700-ppm- 

dry-H2S for 120 seconds at 55OOC. 
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A series of metal oxide sorbents such as TU-35, TU-41, and TU-42 (see Table 4) 
were formulated with various amounts of corn starch, holding the amounts of the other 
ingredients 'and the formulation conditions constant. Reactivity of fomulated sorbents 
increases with increased amount of corn starch (see Figure 5). 
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A series of metal oxide sorbents such as TU-43, TU-44C, and TU-47 (see Tables 4 
and 5) were formulated with various amounts of calcium carbonate, holding the 
amounts of the other ingredients and the formulation conditions constant. Reactivity of 
formulated sorbents decreases with increased amount of calcium carbonate (see Figure 
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A series of metal oxide sorbents such as TU-45, TU-46, TU-46C and TU-47 (see 
Table 5) were formulated with various amounts of bentonite, holding the amounts of 
the other ingredients and the formulation conditions constant. Reactivity of formulated 
sorbents appears not to be affected by the amount of bentonite (see Figure 7). 
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FIGURE 7. Effects of bentonite amount on reactivity of sorbents with initial 8700- 

ppm-dry-H2S for 120 seconds at 550OC. 
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A series of metal oxide sorbents such as TU-47, TU-47C, and TU-48 (see Table 5) 
were formulated with various amounts of cuprous oxide, holding the amounts of the 
other ingredients and the forrhlation conditions constant. Reactivity of fomulated 
sorbents decreases with increased amount of the cuprous oxide additive (see Figure 8). 

FIGURE 8. Effects of cuprous-oxide amount on reactivity of sorbents with initial 

8700-ppm-dry-H2S for 120 seconds at 55OoC. 
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A series of metal oxide sorbents such as TU-37, TU-47, TU-49 and TU-50 (see 
Tables 4 and 5) were formulated with various amounts of chromous oxide, holding the 
amounts of the other ingredients and the formulation conditions constant. Reactivity of 
formulated sorbents appears not to be affected by the amount of the additive chromous - 
oxide (see Figure 9). 

. 
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FIGURE 11. Effects of calcination temperature on reactivity of sorbents with 

initial 8700-ppm -H,S for 120 seconds at 55OoC, fomulated with 
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A series of metal oxide sorbents such as TU-53A, TU-53B. TU-53C and TU-53D 
(see Table 6) were formulated in the presence of 1-w% HzOz with 0.01-g cuprous 
oxide and 0.01-g chromous oxide, and calcined at various temperatures. Another series 
of metal oxide sorbents such as TU-54A, TU-54B, TU-54C and TU-55D (see Table 6)  
were formulated in the presence of 1-w% HzOz with 0.02-g cuprous oxide and 0.02-g 
chromous oxide, and calcined at various temperatures. The reactivity of the sorbents 
formulated with 0.01-g cuprous oxide and 0.01-g chromous oxide is higher than that of 
those formulated with 0.02-g cuprous oxide and 0.02-g chromous oxide. The reactivity 
of the sorbents with HzS decreases with increased calcination temperature (see Figure 
12). 

FIGURE 12. Effects of calcination temperature on reactivity of sorbents with 

initial 8700-ppm -wet H2S for 120 seconds at 55OoC, fomulated 

with I-% H202 aqueous solution. 
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A series of metal oxide sorbents such as TU-52A, TU-52B. TU-52C and TU-52D 
(see Table 6) were formulated in the absence of HzOz, and calcined at various 
temperatures. Another series of metal oxide sorbents such as TU-55A, TU-55B, and 
TU-55C (see Table 7) were formulated in the presence of 0.5-w% HzOz, and calcined 
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at various temperatures. The reactivity of the sorbents formulated in the presence of 
0.5-w% Hz02 is higher than that of those formulated in the absence of HzOz. The 
reactivity of the sorbents with HzS decreases with increased calcination temperature 
(see Figure 13). 

FIGURE 13. Effects of calcination temperature on reactivity of sorbents with initial 

8700-ppm -wet H2S for 120 seconds at 55OOC. 
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The metal oxide sorbents such as TU-52A, TU-53A, and TU-55A were calcined at 
860°C. The metal oxide sorbents such as TU-52C, TU-53C, and TU-55B were 
calcined at 900°C. The metal oxide sorbents such as TU-52D, TU-53D, and TU-55C 
were calcined at 920°C. The reactivity of the metal oxide sorbents increases with 
increased concentration of HzOz as a formulation additive. The reactivity of the metal 
oxide sorbents increases with decreased calcination temperature (see Figure 14). 

FIGURE 14. Effects of H202 concentration on reactivity of sorbents with initial 

8700-ppm -wet H2S for 120 seconds at 55OOC. 
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CONCLUSION 

A promising formula for the preparation of a reactive sorbent was identified using 
various additives under various formulation conditions. A simple procedure was 
developed in evaluating reactivity of a sorbent formulated with various additives under 
a variety of formulation conditions 

PRESENTATION 

A research paper, entitled “ Reactivity of Metal Oxide Sorbents”, was presented at 
the Advanced Coal-Fired Power Systems ‘96 Review Meeting, Morgantown Energy 
Technology Center, West Virginia, Jily 16-18, 1996. A research paper, entitled 
“Reactivity of Metal Oxide Sorbents for Removal of Wet Hydrogen Sulfide”, was 
accepted for presentation at the 1996 Annual AIChE Meeting, Chicago, November 10 - 
15, 1996. A research paper, entitled “Formulation of Metal Oxide Sorbents for 
Removal of Wet Hydrogen Sulfide”, was submitted for presentation at the 1997 Spring 
National AIChE Meeting, Houston, March 9 - 13, 1997. 

PLANS ON FUTURE EXPERIMENTS 

Various metal oxide sorbents will be formulated with various additives under various 
formulation conditions in order to search for a formular of a durable sorbent with high- 
sulfur-absorbing capacity. 
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