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_a._BTI_CT

Simultaneous removal of SO 2 and NO x using a regenerable solid

sorbent will constitute an important improvement over the use of

separate processes for the removal of these two pollutants from

stack gases and possibly eliminate several shortcomings of the

individual SO 2 and NO x removal operations. This process will allow

simple and reliable cleanup of large volumes of stack gases at a

competitive cost; produce a concentrated stream of SO 2 which an

easily be converted into valuable by-products; be compatible_with

existing power generation plants; and essentially eliminate the

waste materials generated in some other sulfur re_oval processes.

Department of Energy's Pittsburgh Energy Technology Center (PETC)

and UOP/She11 have developed processes which both employ copper

oxide-based sorbents in different reactor configurations, namely,

former uses a regenerative fluidized bed while the latter employs

a cyclic fixed bed contactor.

More recent studies at PETC considered cerium oxide as an

alternate sorbent to CuO. Ceria improves the resistance of the

alumina support to thermal sintering and produces a regeneration

off-gas stream that can be easily converted to elemental sulfur.

It has a potentially higher sulfur capture capacity than copper.

It is readily available at a moderate cost. Although it is more

expensive than copper oxide, since the cost of metal oxide is a

small fraction of the total sorbent cost this may not be a



significant factor.

The objecti_e of this research is to determine the effects of

ammonia on the sulfation of the sorbent; to determine the effects

of fly ash on the sulfation and regeneration of the sorbent;to

obtain a rate expression for the regeneration of alumina-supported

CeO 2 sorbents; to model reactor configurations for a commercial

scale combined CeO2/A120 _ sorbent; and to study alternative designs,

effects of design variables on the performance of the facility, and

the economics of the process using the developed model.
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WORK DONm

In this third quarter of the project, the main focus was on

the construction of the equipment; ensuring safety measures for its

operation; and preparation of the sorbents.

We have started preparing the sorbents. This activity had

been delayed due to the attainment of the support material. In a

previous work done by DOE, alumina supports from Davison and UOP

were employed (1,2). It was decided to use this same type of support

so that the effect of support type will not be a factor in our

results. However, both companies were reluctant to supply the

alumina support to us; but UOP have supplied some limited samples

to us at last. Davison has declined to supply any samples. We had

also obtained some alumina samples from ALCOA. There are visible

differences between the ALCOA and UOP samples: The ALCOA samples

have a somewhat larger particle size although both are supposed to

have a diameter of 1/16". They are also more powdery than the UOP

samples.

Sorbent samples were prepared by using both ALCOA and UOP

alumina at different ceria loadings. Variations have been made in

the preparation of samples by washing the alumina samples by

different methods. It was decided to wash the alumina in order to

reduce the powdery portion of ALCOA alumina.

PREPARATION 0P BORBENTB

I. Dissolve the required amount of cerium salt in distilled

water.
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Cerlc ammonium nitrate [(NH4)2Ce(N03)] was used as the source

of cerium. In literature (I), it was stated that the performance of

the ceria sorbents was not found to be dependent on the type of

cerium salt used. Therefore, the same salt will be used for

sorbent preparation in this project.

The amount of distilled water was just enough to wet the

alumina. This was determined experimentally by wetting weighed

amount of the ALCOA and UOP alumina particles. This was 14 cc and

18 cc for ALCOA and UOP aluminas, respectively.

2. Introduce the support into the cerium salt solution and

mix.

Two types of support were used:

i) ALCOA alumina (CSS 200 1/16") :

The specifications of this alumina is given by the

manufacturer as follows:

Apparent bulk density = 27- 52 lb/ft 3

Composition: Aluminum Oxide: 90 - 95 % (max: 99 %)

Sodium Oxide : 0.05-0.5 %

Silicon Oxide : 0.01-0.2 %

Iron Oxide : 0.03-0.1%

Diameter = 1/16"

ii) UOP alumina (SAB-2 Catalyst) :

The specifications of this alumina is given by the

manufacturer as follows:

Apparent bulk density = 31.2 lb/ft 3

4



Composition: Aluminum Oxide: 100 %

Diameter = 0.063"

The ALCOA alumina was very powdery. Therefore it was washed

by different procedures, and each one was used to prepare sorbents

so that the effect of this variable on the properties of the

resulting sorbents may be investigated. The washing methods used

were:

a) Wash alumina with acetone in a beaker 4 times; sieve each

time; rinse on the sieve with acetone the last time; and leave

it overnight in the oven at 120°C.

b) Wash alumina with distilled water; vaporize the water on a hot

plate; then repeat the same procedure as that used in (a).

During vaporization on the hot plate, it was observed that

there was a lot of powder in the water; and no gelling occurred

during heating.

The amount of powder washed out was 0.6132 g from 15 grams of

alumina, which is about 4%.

c) Wash alumina with dlstilled water; and then repeat the same

procedure as that used in (a).

UOP alumina has also been washed by method (a).

3. Put the impregnated alumina in the oven for drying; mix

frequently; and leave in the oven overnight at 120°C.

In the first preparation the amount of the cerium salt

solution was more than that corresponding to incipient wetness,

therefore, the mixture was first dried on a hot plate. But it was

observed that this procedure produced more powder. Therefore, in
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the subsequent preparations, the amount of the solution was limited

to that corresponding to incipient wetness.

4. Calcine the dried sorbent in air at 650°C for six hours.

For this procedure, a calcination reactor setup has been

built. It comprised of a 1/2" stainless steel tube as the

calcination reactor which has been placed in a muffle furnace. An

air flowrate of 50 cc/minute was employed. Some of the sorbents

were calcined with N2 under, otherwise, similar conditions

mentioned above.

The sorbents prepared are presented below:

Table i. PREPARED SORBENTS
_ ,,. l , _t ,J, ,r .

Type of Cerium Washing Calcinat

....Sorbent Alumina Loading,% Procedure ion Gas Comment

_LCOAI6- Excess

cR4-I ALCOA 4 non e N_ solution

ALCOA16- Excess

CN4-II ALCOA 4 (a) .... N_ ..... solutio n

_LCO&16- Incipient
OE4-III ALCOA 4 (b) Air wetness

_LOOAI6- Incipient

CE4-1V ALCOA 4 (c) Air wetness ....

&LCO&I6- Incipient
CE8-I ALCOA 8 (a) Air wetness

I ,' ,,,

UOPI6- Incipient
CR4-I UOP 4 none Air wetness

.a ,.. , | , ,

UOPI6- Incipient
CN4-II UOP 4 Air wetness

,, , JH, i 'T • , ................. ' . '

We are in the process of characterizing these sorbents by the

following methods:

1. density measurements by helium pycnometry,
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2. surface area measurements by nitrogen adsorption,

3. porosity measurements by mercury intrusion,

4. determination of the cerium loading by atomic absorption

measurements (being done by Malcolm Pirnie, Inc.), and

4. measuring the change in mass during calcination of prepared

sorbents in air and nitrogen in a thermogravimetric analyzer.

In the meantime, acquisition of the equipment has been

completed and the construction of the experimental setup is

underway. In this quarter, two facilities for laboratory safety

have been designed:

I. A multichannel and multigas monitoring system: The Polytron

system from National Draeger, Inc. has been ordered. It

comprises of a 5-point system controller with sensors for

nitric oxide (range: 0-50 ppm), nitrogen dioxide (range: 0-50

ppm), and sulfur dioxide (range: 0-100 ppm).

II. A ventilatlon system over the experimental setup comprising of

a hood (capacity= 1200 cfm), fan, and ducts. This system has

also been ordered and it will be constructed by Warwick Air

Conditioning, Inc.



FUTURE-WORK

In the next quarter, it is planned :

1) to complete the construction of the experimental setup t

2) to complete the characterization of the prepared sorbents;

3) to do thermogravimetric analysis on the prepared sorbents;

4) to standardize the experimental procedures.
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