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Introduction

The Conoco hot desulfurization process makes use of the reaction of half-
calcined dolomite with H,S,

CaCO5 "MgO + H,S = CaS-MgO + €O, + H,0 (1)

to remove H,S from a fuel gas and also to regenerate sorbent dolomite. The Conoco
gasification process yields & gas fairly high in H,0, about 13%. This necessitates
a high desulfurization temperature if a goal of 93% desulfurization is to be met.
The conditions called for in the current design are as follows:

Desulfurization: 914°C; 13% H,0, 8% CO, inlet; 0.02% H,S exit
Regeneration: 704°C; 35% H,0, 64% CO, inlet; 3.6% H,5 exit

The entire process runs at 15 atmospheres. Desulfurization operates at the equili-
brium H,S concentration, and regeneration is assumed to operate at about 90% approach
to equiltibrium. The above conditions provided the base case point about which
experimental work was conducted. However, equipment limitations required the
desulfurization temperature to be reduced to 871°C for most of our work.

Continuous Cycling Runs

Experiments were carried out in a three-inch diameter gas desulfurizer and a
two-inch diameter regenerator. Both vessels contained fluidized beds and were con—~
tinuously fed with both gas and solids. Details of the experimental technique have
been given elgewhere. 1,2) Dpolomite was cycled through the vessels for numerous
cycles so that the nature of the decline in activity could be studied. Detailed
data on the conditions of these cyclic runs are presented in Tables 1 and 2.

It was found that the desulfurization reaction proceeded rapidly, and that a low
concentration of H,5 was maintained until the supply of CaCO; was essentially
exhausted. However, the regeneration reaction was incomplete, typically yilelding
but a fraction of the original CaCO; in an hour's residence time.

The regeneration activity, defined as mols CaCOy produced/lOO mols CaS fed,
declined as the stone was cycled. The activity decline is pictured in Figure 1. It
can be seen that the decline i1s logarithmic in character. Thus, although a severe
decline occurs in cycles 1 to 10, the stone contains modest residual activity even
out to 100 cycles. This mears that a regenerable process is Teasible. The data
presented in Figure 1 are for Canaan dolomite, our base case stone. Similar data were
obtained for other dolomites.

Figure 2 presents deactivation data for three regeneration temperatures. The
data lines are roughly parallel, but this is believed to be fortuitous and unlikely
to hold for all conditions. The data indicate that at 593°C, the fractional
regeneration is quite low, amounting to less than 10% within only 7 cycles. Only
at low regeneration temperatures is the equilibrium H,S concentration high enough
for processing by a conventional Claus process. The Conoco process, however, uses
a liquid-phase Claus reaction which is uniquely suited to handling low H,S con-
centrations. Out interest therefore centered around the 704°C temperature where
stone utilization is higher.
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Batch Regeneration

As a limiting step appeared to be regeneration, a batch regeneration program
was set up to further explore the variables affecting the system. Results of these
runs are given in Table 3. A statistical analysis of the data showed percent
regeneration to increase with increasing temperature and decreasing age of stone.
The effect of increasing temperature causing an increase in conversion was more
pronounced for cycled stone than for fresh stone.

The effect of bed depth was unusual. It was expected that since the deeper bed
ran at an H,S outlet concentration closer to equilibrium, there would be less driving
force for reaction and the regemeration conversion would be lower. In all six test
pairs exactly the opposite was found. The runs with the deeper beds, i.e., higher
H,S outlet Cconcentration, gave higher conversions. This is consistent with earlier
conclusions that increasing the H,S concentration does not adversely affect con—
version in the regenerator.

In the course of running cyclic operations, the H,S concentration in the outlet
gas of the regenerator ranged from about 10% to 100% of the equilibrium value, and
there was no detectable change in the rate of regeneration as the H,8 content
approached equilibrium. It had been concluded that there would be no difficulty in
running the regenerator close to the equilibrium H,S concentration in the outlet gas.

Regeneration Kinetics

Regeneration kinetics were examined by recording the H,S concentration in the
exit gas as a function of time as the batch runs progressed. The total mols of H,S
produced were normalized to match the total mols of CaS reacted, and conversion as
a function of time was then plotted. These results are presented in Figures 3 to §
in the form of (1 - X) versus time, where X is the fractional conversion of the CaS
feed.

In all cases, the rate continuously decreased. It appeared that the reaction
would eventually cease while there was still considerable CaS left. This is con-
sistent with the notion that much of the CaS is simply unreactive. The initial
reaction rate was faster for fresh stone than for cycled stone at all temperature
levels. Additionally, the rate seemed to slow sooner for the cycled stone. The
curves also show that the effect of bed depth is present even at the early stages
of all reactions; the deeper beds had a higher reaction rate at all times.

While the reaction kinetics are complicated, they may be approximated by a
simple first order rate constant for the short times (about an hour) of interest to
the process. The reaction model would then be;

Kt = -1n (1 - X)
where K = rate constant, hr~!, whose function of gas concentration
is yet to be determined.

time, hours

fractional conversion of the CaS fed.

t
and X

n

The valuc of K was taken from the slope of the data from 5 to 50 minutes in
Figures 3 to 5, and is tabulated in Table 4. The data of Table 4 are plotted in
Figure 6. The activation energies for cycled and fresh stone are shown to be the
samc, about 19 kilocalories.

The kinetic mechanism proposed here allows one to calculate the effect of
changing conditions of temperature or residence time upon fractional conversion of

CaS (percent regencration).
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'TABLE 4

Initial Rate Constants for Regeneration Kinetics

System Pressure: 15 atm

Feed: 35% H,0, 60% CO,, 5% H,

hr™?

Temperature, k.
°c (°F) Cycled
649 (1200) .063
704 (1300) .098
760 (1400) .170
124

Fresh
.247
.468

.747
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Cycling with Varying Residence Tinmes

Four batch cycling runs were made employing the possible combinations of 20
or 60 minutes residence time for sulfur absorption and regeneration. Results are
presented in Figure 7. Tymochtee 11 dolomite was the feedstock, and each run
lasted for 11 cycles.

The effect of reducing residence time in the gas desulfurizer was striking.
At 10 cycles, going from 60 to 20 minutes in the gas desulfurizer increased
regeneration activity from 15 to 40% at 60 minutes regenerator time and from 15 to
23% at 20 minutes regenerator time. Conversely, going from 60 to 20 minutes
regenerator time had no effect at the 60 minute desulfurizer level. Another
effect observed was that attrition rates were highest at the short gas desulfurizer
residence time, 2.3% average for 20 minutes versus 0.8% for 60 minutes.

It is believed that deactivation of stone takes place primarily in the gas
desulfurizer due to crystal growth and particle sintering. This would explain the
dramatic effect of time on activity. The results of the above runs are highly
significant since they indicate the potential for greatly increasing the stone's
capacity for sulfur absorption.

Scanning Electron Microscope Data

Selected samples of cycled stone were examined under an electron microscope
equipped for energy dispersive X-ray analysis. It was found that cycled stone con~
tained very large grains of CaS. The CaCO, which was present tended to be concen-
trated in smaller sizes. Both of the calcium species were larger than the MgO
crystals or grains. It is believed that the larger CaS grains are unreactive in
the regeneration step of the process.

Model for the Deactivation Process

The regeneration reaction suffers from deactivation of the CaS even from cycle
1. The model postulated below fits the behavior of the system so far. The part
dealing with regenerator variables was developed jointly with A. M. Squires of The
City College Clean Fuels Institute.

Deactivation of the dolomite occurs mainly in the gas desulfurizer due to the
elevated temperature. Two mechanisms are operating. Crystal growth of CaCO; and
CaS segregates the calcium crystals from the MgO and produces a material tending
toward a limestone rather than a dolomite. Simple sintering and densification
take place as well, and this both hardens the stone and tends to reduce porosity.

In the regenerator, densification does not occur, However, the reaction starts
rapidly and then tails off to an insignificant rate. Using the same feed, it can be
shown that the conversion at which reaction essentially ceases is a strong function
of temperature, the lower temperature producing the lower conversion. It has
further been observed that introducing product H,S does not retard the rate of
reaction, but conversely increases the ultimate level of conversion attainable.

The phenomenon of the products of reaction incrcasing ihe conversion of
calcium in the sulfur-calcium system is not new. Pell.®. found that H,0 increased
the conversion of Ca0 to CaS in the reaction of H,S with calcined dolomite, and
Ruth(* showed that either CO, or H,0 could increasec the conversion of CaC0, to CaS
in the reaction of H,S8 with half-calcined dolomite. Furthermore, both studies
demonstrated the effect of the reaction flagging at lower and lower conversion

levels as the reaction temperature decreased. Ruth{®, proposed the following mech-
anism after examination of electron microscope results on various samples., "High
levels of CO, . . . . may promote the formation of large nu-wbers of fine
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crystallites of CaS that do not protect the underlying CaCO; . . . . On the other
hand, at low levels of CO, a smaller numbexr of large CaS crystals formed and grow
togethier to close off the surface, thereby protecting the remaining CaCO,; from
further reaction.”

Ruth's careful analysis of his data showed that in the presence of reaction
products, the reaction was indeed slower initially. However, within a short time
the conversion associated with the product-rich environment soon surpassed that in
the product~poor environment.

It is postulated that a similar model fits the regeneration reaction. At low
levels of H,S, the CaCO,; formed grows in large crystals shutting off the interior
of the grain from further reaction. At high levels of H,S, the reaction nucleates
at many sites to produce many small crystals which leave the interior of the grain
open to further reaction. Via such a mechanism, the presence of H,S would enhance
conversion in the regenerator. This is in full concordance with our experimental

results.
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