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ABSTRACT 

During the eleventh quarter of the project, new flowmeters were replaced in the 
reaction system and calibrated to control the flowrate of H2S, CO,, H, and N,. The 
experimental results fiom the quartz tube reactor were summarized in tabular form. The 
results showed that H,S conversion increased with increasing temperature fiom 500 to 600 O C 
when used with the CoO-MoO,-Alumha catalyst. Bench scale experiments were set and 
performed to M e r  investigate the adsorption ability of activated carbon which was the best 
of four adsorbents tested last quarter. At the same time, several designs of activated carbon 
feed system were tested. Under both an inert and a real reaction environment, bench scale 
experiments were performed to investigate the characteristics and efficiency of activated 
carbon passing through the Coo-Moo,-Alumina catalyst bed. The results showed that 
activated carbon powder could easily be transported through the catalytic bed. The adsorption 
process may be applicable to promote conversion of H2S in the H2S and CO, reaction system. 
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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, make any warranty, express or implied, or assumes any legal liabili- 
ty or responsibility for the accuracy, completeness, or usefulness of any information, appa- 
ratus, product, or process disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, process, or senice 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 necessar- 
ily state or reflect those of the United States Government or any agency thereof. 



Experimental Work Performed 

The chemicals used in this period of experiments are: hydrogen sulfide (C.P. grade 

liquid phase, 99.5%), carbon dioxide (Coleman Instrumd grade, 99.99%), nitrogen (oxygen- 

free), and hydrogen (zero grade, impurities -4 ppm) purchased fiom Wright Brothers Inc., 

a distributor for the Matheson Gas Products. Carbon disulfide (purity, 99.95%) was obtained 

&om Fisher Scientific Inc. Cobalt-molybdenum catalyst (COO-MoO,-Alumina, Crosfield 465, 

1/20" earndate) is obtained without any charge, compliments of Crosfield Catalysts (4099 

West 71 st Street, Chicago, Illinois 60629). The alumina oxide was purchased fkom Engelhard 

Corporation (120 Pine Street, Elyria, Ohio 44035). 

The Co-Mo catalyst is originally used for the water-gas shift reaction and is readily 

available fiom a commercial source. The molybdenum is known to be catalytically active for 

oxidization of H,S. Since the commercial catalysts are usually supplied in the oxide form, a 

method of preparation described below is required before they can be used as a catalyst for 

this research. 

Reduction and Sulphidation of CoO-MoOS-Alumina Catalyst 

There is no established standard method for preparation of sulphide form of CoO- 

Moo,-Alumina catalysts. The preparation of sulphide catalysts is usually carried out by 

special preparation methods depending on the actual experimental conditionsL2]. In most 

situations, an active sulphide catalyst is prepared by converting the corresponding oxide into 

the sulphide form. A test was performed by using the thermogravimetric analyzer (TGA) to 

1 



set up a procedure that the sulfide catalyst could be prepared by first reducing, then 

sulphidmg the oxide catalyst into the sulphided form. 

For this process, the CoO-Moo,-Alumina was obtained fiom a commercial source 

(Crodield Catalysts, 4099 West 71st Street, Chicago, Illinois 60629). The weight percentages 

of the hgredients were: 8% COO; 22% MOO, and 70% alumina. Approximately 40 mg of the 

catalyst pellet was placed onto the weighmg pan of the TGA. The catalyst was purged under 

oxygen-fiee N, (100 cdmin) at 200OC for 2 hours in order to remove any moisture and other 

possible adsorbed substances on the pellets. The purging step was stopped when the recorded 

weight reached a steady value after 40 to 50 minutes. (Under the condition of actual reactor, 

this step was set to 1 hour to insure a complete purge.) Then, the pellets were reduced by 

using a pure hydrogen flow (50 cc/min) at a temperature of 500°C for 24 hours to reduce 

COO and MOO, into the metallic states of Co and Mo. The H, flow was turned off after the 

weight of the sample reached a steady value in about 10 hours. (The reduction time for the 

reactor was set to 24 hours to insure a thorough reduction.) After the reduction procedure, 

the catalyst changed its color fiom light blue to dark black. Finally, the pellets were sulphided 

by using a pure hydrogen sulfide flow (5  cdmin) at the temperature of 500°C for one hour. 

The flow was turned off when the weight reached a steady value. The completion of 

sulphidation was also confirmed fiom the appearance of condensed bright yellow elemental 

sulfur on the tube wall at the exit of the TGA According to the results of the material balance 

calculation, approximately 90% sulphidation was obtained in 20 minutes and the rest 10% 

sulphidation required another 60 minutes. It seemed that a longer time was needed to sulfide 
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inside the pores of the catalyst pellets. Hence, it was not clear when the sulphidation 

completed. Based on this TGA experiment, 45 to 50 minutes was set as the time needed for 

sulphidation in the reactor. During the bench scale experiment which was carried out in the 

quartz reactor, visual method was also used to determine whether the sulphidation had been 

finished by observing the cold reactor section near the exit. When a trace amount of element 

sulfiu was observed, it was assumed that the sulphidation was over and the catalytic reaction 

started. 

Decomposition of H a  under Non-Cdalytic Condition 

Non-catalytic experiments were carried out under 1 atm with pure H2S. The 

+ental temperatures were selected at 500 and 600OC. These two specsc temperatures 

were selected due to the considerations for the current catalytic sulfur recovery reaction 

which was operated at a temperature as low as possible to avoid sintering of the catalyst yet 

high enough to obtain high reaction rates. As the vaporization temperature of elemental sufir 

is approximately 444.6"C ['I, an operation below this temperature would result in deposition 

of elemental sufir on the catalyst pellets as the reaction proceeds. In order to avoid both 

catalyst sintering and sulhr condensation on catalyst, the lexperiments were carried out at 

temperatures fiom 500 to 600OC. At both temperatures, experiments were conducted in the 

reactor with quartz wool and the blank alumina pellets. The reactor was fkst purged with pure 

nitrogen at 200°C for one hour in order to remove moisture and other adsorbed species fiom 

the bed. The flow rate of purge gas was 50 cdmin. Nitrogen flow was then shifked to H,S 
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flow for 6 hours with the flow rate of 50 cdmin. The observations showed that only a trace 

amount of sulfur was condensed at the exit of the reactor. The purpose of these experiments 

was to record reference conditions for fbture comparison with results fiom catalytic reactions 

although H2S decomposition at these temperatures were expected to be both kinetically and 

thermodynamically udhvored. 

Pure Ha un& Catalytic Condition 

To test that H2S decomposition was kinetically favored by using the CoO-MOO,- 

Alumina catalyst, a set of experiments was performed in the reactor packed with catalyst 

according to the procedures as described before. 

(1) Purge the catalyst bed with N2 (50 cdmin) at 200OC for 1 hour. 

(2) Remove the collected moisture in the cooling zone of the reactor. 

(3) Heat the bed with N2 (50 cdmin) to 500°C. 

(4) Reduction for 24 hours under H2 (50 cc/min). 

( 5 )  Switch to H2S flow (50 cc/min) and sulphide for 30 minutes. 

(6) Run for about 6 hours under pure H2S flow (50 cdmin) at a set temperature (e.g. 

500, 550 or 600°C). 

(7) Cool down the reactor under N, (50 cc/min). 

(8) Collect the produced sufir. 

The amount of sufir input was calculated fkom the total volume of H2S that was 

introduced into the reactor. The conversions of the experiments were within a reasonable 
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region of the thermodynamic equilibrium value which gave about 1% conversion at 500°C. 

H$ with CO, under Catalytic Condition 

Since H2S reacts with CO, the H2S decomposition reaction could be shifted to the 

product side so that more sulfur could be produced as shown by the thermodynamic analysis. 

Experiments were performed with the feed mixture of H,S and CO, at different ratio for 6 

hours. The catalyst used was the commercially available COO-MoO,-Alumina. The 

experiments were carried out in the reactor following the similar procedure as described 

before. The key differences were that CO, was added into as a reactant and the flow rates 

were adjusted accordingly. 

(1) Purge the catalyst bed with N2 (50 cdmin) at 200°C for 1 hour. 

(2) Remove the collected moisture in the cooling zone of the reactor. 

(3) Heat the bed with N2 (50 cc/min) to 5OOOC. 

(4) Reduction for 24 hours under H2 (50 cc/min). 

( 5 )  Switch to H2S flow (50 cdmin) and sulfide for 45 minutes. 

(6) Run for 6 hours with the feed mixture of H,S (25 to 80 cc/min) and CO, (20 to 

50 cc/min) at a set temperature (e.g. 500, 550 or 600OC) 

(7) Cool down the reactor. 

(8) Collect the sufir. 

The purpose of this test was to find out the effect of C02 on H2S conversion and to 
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compare it with the equilibrium value. The equilibrium conversion for the inlet ratio of H2S 

to CO, of 4 was 5.62% at the temperature of 55OOC. The difference between the equilibrium 

and the experiment values was due to the f’act that the reaction inside the reactor did not reach 

equilibrium. The secondary purpose of this test was to test the reaction mechanism proposed 

by Liptak Our experiments were performed at a medium temperature range fiom 500 to 

600°C. No methane (CH,) was detected at a temperature of 55OoC using the GC, indicating 

that the CH, concentration was probably below the detectable level of 100 ppm. 

Although some H2 and CO were detected (3.24% and 0.98%, respectively), no SO,, 

COS and CS, were present. A summaq of the experimental results are shown in Table 1. The 

definition of the conversion is the same as before: 

2(Moles of S2 prolhrced) 
Initial moles of H2S 

Conversion of H2S % = 100 

As one can see Table 1, the conversion of H,S to elemental sufir increased 

sign5cantly with the introduction of a catalyst. It was experimentally demonstrated that the 

Co-Mo sulphided catalyst was a good candidate for the decomposition of H2S to elemental 

sulfiu. The experimental values were reasonably close to the thermodynamic equilibrium value 

of 4.65%. This level is still too low to be considered for large scale industrial applications 

using the present mode of operation. 
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Tlie Effect of Solid Adorbents in the H# and CO, System 

During the process development phase of investigation, several different sulfiu 

adsorbents were Considered. The first adsorbent tested was activated carbon. Several designs 

of activated carbon feed system were tested, which includes a small scale jet pump, a screw 

feeder and a vibrating and rolling feeder. Under simulated inert environment, bench scale 

experiments were performed to investigate the characteristics and efficiency of activated 

carbon passing through the CoO-MoO,-Alumina catalyst bed. After two weeks of testing 

under different co&yrations, the experimental results showed that the vibrating and rolling 

feeder system performed best for the current experimental setup ['I. And the activated carbon 

powder could easily pass through the catalytic bed. 

Based on the experimental results of adsorption of sufir vapor on activated carbon, 

which were reported last time I5], a new experimental process shown in Figure 1 has been set 

up. The tests of activated carbon on the H2S conversion were carried at temperature range 

from 500 to 550°C. The current process combines two unit operations of catalysis and 

adsorption. The detailed system description and experimental results about the effect of 

activated carbon including its possible reaction with reactive compounds in the system and 

its contributionhipediment to the overall equilibrium will be discussed in the next quarterly 

report. 

Future Work 

In view of the possible sufir removal by solid adsrobents, the catalytic reaction of 
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H,S and CO, will be carried out in a wider range of temperature to fhd out the optimum 

operating condition for the process. A thermogravimetric d y z e r  (Thermal Analyst 2000, 

Du Pont Instruments 951 TGA) and a total sulfbr analyzer will be used to investigate the 

effectiveness of activated carbon in the H,S decomposition system. The weight of a sample 

will be recorded against temperature or time when the gas passed through the sample. In this 

way, the TGA will demonstrate the amount of sufir which is adsorbed on the activated 

carbon. In addition to activated carbon, a few more solid adsorbents are also planned to be 

tested in the coming quarters using the current experimental setup. 
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Table 1. Experimental Conditions and Results for the H,S and CO, System 

Run T Reactant Flow Rate Bed Packed with 
Number ("C) (cc/m in) 

Conversion 

(%I 

F1 

F2 

500 Pure H2S 40.0 Empty Bed (No Sulfur Obsetved) 

I 6oo I 
SI6 

I Pure H2S 

500 Pure H2S 50.0 Quartz Wool 0.071 

42.0 

SI4 

S I  8 

S I  5 

Empty Bed 

600 Pure H,S 50.0 Quartz Wool 0.140 

500 Pure H2S 50.0 Alumina catalyst 0.151 

500 Pure H2S 50.0 CoO-MoO,-Alurnina catalyst 0.337 

I (Trace Amount of Sulfur Observed) 

s22 

F6 

S I  3 

S23 

S32 

I I 1 I I 
I I I I 

500 Pure H2S 50.0 CoO-MoO,-Alurnina catalyst 0.359 

505 Pure H2S 47.2 CoO-MoO,-Alumina catalyst 0.346 

550 Pure H,S 50.0 Co0-Mo03-Alumina catalyst 0.657 

550 Pure H,S 50.0 CoO-MoO,-Alumina catalyst 

600 Pure H2S 50.0 CoO-MoO,-Alumina catalyst 1.062 

0.862 



F l  I 

S I  7 

s21 

SI9 

600 H,S:CO,=4: 1 50.0 (40: I O )  

500 H,S:C02=4: 1 50.0 (40: I O )  

500 H2S:C02=4: 1 50.0 (40: I O )  

550 H2S:C02=4:1 50.0 (40:lO) 

s20 

S27 

S24 

550 H,S:C02=4: 1 50.0 (40: I O )  

600 H2S:C0,=4: 1 50.0 (40: I O )  

500 H2S:C0,=1:1 50.0 (2525) 

Empty Bed 

CoO-MoO,-Alumina catalyst 

CoO-MoO,-Alumina catalyst 

CoO-MoO,-Alumina catalyst 

CoO-MoO,-Alumina catalyst 

CoO-MoO,-Alumina catalyst 

Quartz Wool 

1.227 

2.283 

4.336 

4.51 5 

4.022 

Quartz Wool 

S25 I 550 I H,S:C02=1:1 

CoO-MoO,-Alumina catalyst 

COO-Mo0,dlumina catalyst 

50.0 (2325) 

CoO-MoO,-Alumina catalyst 

S26 

S28 

S29 

CoO-MoO,-Alumina catalyst 

600 H,S:CO,=I:l 50.0 (2525) 

600 H,S:CO,=I:l 50.0 (2525) 

600 H,S:C02=1 : 1 50.0 (2525) 

CoO-MoO,-AI u mi na catalyst 

~ 

(Little Sulfur, Difficult to Collect) 

(Trace Amount of Sulfur Observed) 

(Little Sulfur, Difficult to Collect) 

0.825 

0.868 

1.412 

1.392 

2.046 
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