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Summary

The sulfation rate of reagent-grade monocalcium silicate is in ;he
séme order of magnitude as that of limestone and higher than that of
reagent-grade calcium oxide. It‘has been confirmed that the sulfated
monocalcium silicate is more regenerable than the sulfated lime, i.e.,
the regeneration rate is higher with the silicate. X-ray diffraction
and IR absorption results indicate that silica is chemically bonded to
the calcium sulfate in the sulfated calcium silicate. Results on
dicalcium silicates are not definitive at this stage and will be reported
later,

Construction of a micro-pilot rotary kiln for regeneration nf Time
from the sulfated lime has been completed. The Brookhaven processes for
regeﬁeration using fly ash from FBC will be tested with this device.
Design and construction of a micro-combustor are underway which will be
used to test the regenerated lime.

Studies on sulfation of lime continue. Sodium chloride, although
catalyzing the sulfation rate, yields too much chloride in the gas phase
(60% NaCl at 900°C) which can chlorinate the metals and metal oxides in
the combustor. The catalysis by Fe203 and/or coal ash has been established
and its mechanisms have been studied. Effects of the calcination
conditions on sulfation are being studied.

A process flow diagram for produring coumerclal stremgth sullurlc
acid from regenerator off-gas has been prepared. -The process wduld.be
used in conjunction with BNL's process for regenerating Ca0O from CaSO

4

using carbon as a reductant. A preliminary comparison between a once
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. through sorbent system and the combined regenerative/H280 4 system
indicates that the net energy outputs (useful) of the two systems are
approximately the same. The quantity of solid wastes generated by the
once through system is.about 2.5 times the quantity generated by the

combined system.



Regenerative Process for Desulfurization of High
Temperature Combustion and Fuel Gases

Quarterly Progress Report No. 5
‘April 1 - June 30, 1977

1. Sulfation and Regeneration of Calcium Silicates

1.1. Sulfation of Monocalcium Silicate

Rates of sulfation of Ca0, Greer lime and CaSiO3 (supplied by Research
_ Organic/Inqrganic Company, N.J.) are compared in Figﬁre 1. This figure
includes the sulfation of a reagent-~grade CaO, the aforementioned CaSiO3
and a calcinedvaeer limestone under identical conditions. The CaO and
CaSiQ3 samples.were‘of powder form and the Greer lime was 16/20 Tyler
mesh size. . Pore structures and surface areas have not been measured.

Two observations were made from these results. First, sulfation rate of
CaSiO3 is comparable to that of Ca0O. Second, the sulfation rate of CaSiO3
plateaus at about-30% completion, whereas the sulfation rate of calcined
limestones can‘in‘genepel:hold to a much higher level of completion. This
fact appears to be attributableete the changes (reduction) in the pore
sizes during,sulfation;-

Sulfation rate of 16/20 Tyler mesh CaSi0, was also compared with

3
results with 4% EeZO3 and with 47 Fe203/5% HZO-under identical conditions
(Figure 2). It is interesting that with such catalytic environments,

the rate does not seem to plateae at a low percentage completion as in
the case with CaSiO3 alone. Further discussion on the catalytic effects
is not pursued here because we are starting to understand such catalytic

effects on a simpler system, i.e., with CaO, as will be seen presently

in this report.
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It is desired to compare the regenerabilities of CaSiO, and Ca0 from

1.2, 'Regeneration of €CaSi0

3

their sulfated compounds. Preliminary comparisons were made with two

regeneration reactions; straight thermal decomposition and decomposition with C

as a solid reductant (Ca/C ratio was controlled at 2). Experiments of
the latter case have not been completed in this quarter and will be
reported later.
| The notion of using calcium silicates to desulfurize hot combustion
gases was partly based on their probable higher regenerabilities than
the plain calcium oxide. The thesis of the higher regenerability was in
turn based on the law of nature that the bond to an atom weakens when
othgr bonds are formed to the same atom. The atom in question here is
calcium. .

The first real test of the above thesis has been performed by a
direct comparison of the rates of thermal decomposition of the sulfated

monocalcium silicate and of the sulfated calcium oxide, or CaSoO The

4.
rates were measured with the Mettler balance with very small amounts

(R 20 mg) of powdered materials. . The materials were decomposed in a
flow of dry N2 at a velocity of about 8 cm/sec; a velocity high enough

to ensure that the partial pressure of SO, was zero and there were no mass

2
transfer effects on the rate. The CaSiO3 was 427 sulfated and the ,
CaSO4 was of reagent grade. Size of the CaSiO3 was 325/400 Tyler mesh
and the CaSO4 was fine powder -~ its size was probably similar to that

of the silicate. The rates are shown in Figure 3. Decomposition actually

started at temperatures below 11009C. The rate for the sulfated CaSiO3



was clearly much higher than.that of the Caso,; roughly an order of
magnitude higher. This is a highly encouraging result because it
shows thét the Bond Bétﬁeen éa“éﬁd.SO3 is weaker and more liable to be

is also bonded to Ca, and thus supports our basic

broken when SiO2

thesis. The areévof the molecular ad&ition compound is an area where
onl& Qer&ilittie and superficial knowledge exists.7 For example, it

is knoﬁh.that in the addifion compounds of BF3, the B-F bonds are
apprééiébiﬁlldnger and Qeaker than in ﬁF3 alone.v7 In our case, we have
van addition compound of CaSO4; with SiO2 being thé additive. More
uﬁaerstanding ofbthis compound and 6f'the compound 2CaSO, - SiOé (that
is, the sulfated dicalcium silicateé) is yet to be obtained.

1.3. X-ray Diffraction Analyses of CaSi0O, - Sulfated and Regeneréted

' The x-ray diffraction powder patterns were obtained of the CaSiO3,

The d-spacings of the

3 3°

three comﬁouﬁds are presented in Table 1. The starting material,

the sulfated CaSiO, and the regenerated CaSiO

CaSiO3 . XHZO’ contained about 20% (by wt.) of HZO and its diffraction

pattern did not match ény known hydrated'éiiicaté. The pattern for the

or CaSO4, which indicated

sulfated'CéSiO3 did not contain lines of si0,

that the two were still bonded after sulfation. This pattern is a new
patferh which does not exist in any index file. Other discussions can be

found in the table.

1.4, 'Suifation ‘and Regeneration of Dicaleium Silicates

Work in this area is underway and the results will be presented

shortly.



1.5, ‘Infrared ‘$Ectroséo§ic ‘Analyses fpf ‘the Silicate Systems

Infrared spectroscopy can provide certain information that wogld
compliment the‘xfray analysgs in understanding the reactions and
structural changes. For example, the hydrates and the internal hydroxyl
groups can be readily identified by IR whereas it is very difficult
with x-ray. The sulfate absorbs IR very strongly at distinct frequencies
and changes in the environment or to which the sulfate is bondgd can
create shifts in the fréguencies. And lgstly, IR is a rather quick
way to identify’the chemical groups (but not structure).

IR spectra of rather pure CaSi0, and -Ca,Si0, were taken with the

3 27774

standard KBr pellet technique. The -Ca 8104 was formed from 2C§903 + SiO2

2

at 1400-1500°C with 3% water vapor in the gas phase. The spectra and

band assignments are summarized in Table 2. The band frequencies for

SiO3, 5104_4~are established and will be used for future analyses. Two

important findings from these analyses are noteworthy. First, in the

sulfated CaSiO3, the Siog2 bands remained, that means SiO2 was still

<chemically bonded to the calcium cation. This supports the foregoing
x-ray analyses (or vice versa). Also in this sample, it appears that

both SO, and SiO_2 are bonded to calcium and if this is true, the

4 3

stretching frequencies should be lowered while the bending modes should
be increased based on first principles. Such careful analyses have

not been made. The second finding ic that, in the sulfated CaSL03, therc

was a sharp and strong band formed at 790 cm-l. The origin of this

band is not understood at this point.
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2. The Brookhaven Regeneration Process

This process has been described in various ﬁublications by the
éﬁthoré ana will Bé briefly summarized here again. Partiaily sulfated
limestone and fly ash, both from fluidized-bed combustors, ;re mixed
and f&ésted in a kiln-type regenefator. The ratio of the amounts of
these two materials is based on the stoichiometry of the féllowing

reaction, which is also the major reaction:

+ 1/2C > Ca0O + 1/2C0,, + SO

CaSO 2 2

4

The major advantage of this process over the other regeneration

procesées being developed is that the SO, concentration in the off gas

2
is thérmodynaﬁically controlled, whereas.it is kinetically controlled
in‘éthef brdcesses.

Calcium éilicéfes will aléo be formed in the regeneratof, Eut.it
is not known how much and what types are actually formed.

A small,fbétch—wise régenérator haé been constfucted. Capacity of
this device ié about 5-10 grams 6f solid sample. The regenerator can
be rotated at various speeds and the contents can be heéted up rapidly
from room temperature to the aesifed regeneration temperature, e;g.?
10009C. Samples (sulfated stones and fly ash) from Argonne Nafional
Laboratory and Exxon Réséarch and Engineering Company have been
obtained and analyzed and will be tested in the device. Gas‘samples
can be intermittently withdrawn from tﬁe.exit gas of the reactor and
will be analyzed mass spectrometrically. Tﬁé solid samples will be

analyzed and the results will be used to determine the kinetics in



this device. Special attention will bempaid to the analyses of the
silicates formed in this reactor. |

The regenerated samples will be squect to further sulfation/reactivity
tests. At the present time, such tests will be conducted with the same
micro—rotary/kiln. The sulfation kinetics in the tumbling bed should
be closer than the TGA experiments to that in an FBC. The reactivity
will also be:tested in a small fluidized-bed combustor/sulfator in the
future.

3. Sulfation Kinetics

3.1. Fate of Nacl in a Simulated Combusotor

Sodium chloride has been used as a catalyst in both sulfation
(absorption of sulfur) and regeneration (decbmposition of calcium
sulfate). However, little information exists on the effect of sodium
chloride additivg'on‘corrosion/erosion of boilers under combustion
conditions. Such problems are cau;esAfor serions concern in existing
and plannéd coal conversion systems. Data simulating fluidized-bed
combustion environment are needed for the purpose of economic and
environmental considerations.

It ha§ been reported that hydrogen chloride content of the off gas
did not go up and a negligible change in chlorine content was found in
the bed material as a result of salt addition to a pilot-scale fluidized
bed‘COmbustor.] Where the sodium chloride goes in the combustor, is
still not clear. Experiments were performed to understand whether the
sodium chlo:ide reacts with the walls or reactors and the immersed

Lubings Or exits with the fly ash. The tests described below were

designed to elucidate these questions.



A schematic diagram.of the experimental device is shown in Figure
4. All the experiments were performed at 900°C with a simulated com-
2,‘3ZZH20'and balance Nz) flowing

through the packed bed. Greer limestone ‘and 3% analytical reagent

‘bustion gas-(0.3% SO,, 172"co'2', 5% 0

sodium chloride (Mallinckrodt) were packed in the bed. .The chlorine was
collected by bubbling the'off—gas tﬁrough NHQOH solution for a certain
period of time. In the first experiment only quartz tﬁbings wére used

(a blank test). In the second experiment, 304 stainless steel tubés

. an& Sauereisen No. 75 (mainiy calcium aluminate) were packed on top of

* the Greer limestone and sodium chloride, and the quartz tubings were
replaced by the 304 stainless steel tubings. A trap was used to collect -
thé deposited chlorination products. Sauereisen No. 75 was useé because
it has been used as the lining of combustors. After collecting the

chlorine-containing gas in the NH,OH solution, the chlorides were

4

analyzed célorimetrically with a Technicon Auto Analyzer. Chlorides

‘were determined via formation of the ferric-thiocyanate complex. Chlorine

reacts with undissociated méicuric thiocyanate to félease an equivalent

amount of thiocyanate ion. This immediately reacts with the ferric

ioﬁ present to form the red-brown complex, which was measured at 480 mpu.
Tests were run for six hours. 1In the first blank test, 60.1% total

chlorine from Ehe added sodium chloride were collected. in the second

e;periment with 304 stainless steel and Sauereisen, only 2,677 chlorine

was collected in the NH, OH solution. Figure 5 shows the accumulative

4

chlorine in NHAOH solution for several periods of operations. However,

there was 41.27% chlorine condensed in the 304 stainless steel line



(washed with distilled water) from.the,chlorination deposit. This
added up to 43.94%Z total chlorine recovery. Some chlorine stayed in
the 304 stainless steel tubes. The 41.277 chlorine coridensed on cooler
walls downstream of the reactor and it was a dark green, water-soluble
material. This material is being analyzed by our analytical chemistry
- group. The corroded 304 stainless steel tubing is also being analyzed.
The results will be available shortly and a complete mass (or chlorine)
balance will be made.

3.2. Catalysis by Fe,O0, and Coal Ash

For the sulfation of Ca0, regardless of the true mechanisms of the
reaction, the valence of sulfur is changed from +4 to +6 or SO, is
S

oxidized to 503. The following reactions can be written to represent

the process:

.71 y :
Ca0 + 802 +1/2 O2 —>€a0 - SO3 --—>CaSO/I (L

For the sulfation of Ca0 being catalyzed by Fe which is physically

203

separated from the CaO, the following reactions may describe the sequences:

T
5 ,
— .
Ca0 + Fe,0, + s0, + 1/2 0, Ca0 + Fe,0, so3
ru .
—> CaS0, + Fe,0, - : (2)

Reactions (1) and (2) are both rate-limited by the oxidation step,

or limited by ¥, and T

1 3 respectively.

From Figures 6 and 7, r1 can be expressed by:

0.50 BR;OO
r, = k, PSé e 3)



The work of Boreskov and Sokolovaznénd of Kawaguchi3 showed that

38,000

1.5 T RT
r, = k3 PSO e (4)

v3 2

Here, based on our experimental conditions;lwe assumed that PO
: . . - 9
_ constant and that PSO3 is small and also constant.

While it is difficult, if not meaningless, to ébmpare directly T

and'r3 on a per mass of solid basis from Boreskov's and our data, the fact
is

that Fezo3 does catalyze the sulfation of Ca0 indicates:tﬁét:r3

greater than r Furthermore, from Figures 8 and 9;‘the 0vérall rate of

1.’
the catalyzed sulfation, with 4Z{Ee203 in Ca0, can be expressed by
9,300
_ 0.58 RT ;
rc = kC Psoz e (5)

Comparing Equations' (3), (4) and (5), it may be qualitatively

concluded that the rate of the Fezoj catalyzed reaction is contributed by

..both reactions (1) and (2) and that rates of the two reactions are not

‘greatly different.

_From the results on the effects of the size (Figure 10) and of the

amount (Figurg 11) of Fe , the overall rate increases only slightly

23 ’
with the total surface area of the Fe203; not at all proportional.
These results agree well with the foregoing discussion. - It may also be
noted that Ca0 indeed is also. a good high temperature ''catalyst" for

the oxidation of_SO2 to SO3. It may be predicted that certain salts

ingqlving CaO,‘apd.which do not bond SO, in this high temperature range,

3

are good high temperature catalysts for the oxidation of 302.



Figure 12 also shows results on the sulfation reactions with 5%
water vapor in the gas phase. The catalysis of sulfation of CaO with
water vapor has been discuséedlpreViously.4’5 The intriguing result

here is that while both water vapor and Fe catalyze the sulfation,

293

the synergestic effect is lower than that with Fe alone. However,

this fact can also be expléinéd in line with the foregoiné discussion.
It is known that water vapor combines very ra'pidly'With‘SO3 t6 form
sulfuric acid. ' Thus, water vapor here simply acts as a ééavanéér and
reduces the catalysis effect by Fé203. ‘Of‘tourse, suifuric‘aéid also
reacts with Ca0O, but perhaps at a slower rate than SO3;V
The effect of coal ash on 5u1fafion rateAis'shown in Figdre 13:

In this experiment, 197 coal ash was used so that the amount of Fc203
is about 4% of Ca0. The catalyzed fate was surprisingly similar to

that with 47 Fe203 alone. 'This result suggests that perhaps Fe203‘is
the only active catalyst existing in the Illinois No. 6 coal ash for
the sulfation of CaQ. However, with 57 water vapor co—ekisting in the
system, the overall rate is highcr than that with coal aghraldne. This
result obviously represents é very complex system whéfein é&nergestié
effects involving the other constituents in tﬁe coal ash are

operative.

It was also intended to assess the effects of other ifSn—ébntaining
compounds in coal and limestone on the sulfation rate under thé
fluidized-bed combustion’ conditions.” The coﬁpounds under consideration
were Fe(, Fe304 and pyriﬁe.' An éxﬁefimént was’performéd to see if thése

compounds could maintain their chemical forms in the environment of a

- 10 -
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simulated combustion gaéf:IThé‘fééﬁlts are shown in Figure 14. The

203ﬂwé§‘ﬁéasuréd gfavimetfically as a function

of temperafure at constant heating rates. It is obvious that all of

.percentage oxidation to Fe

203 verf rapidly (much more rapidly than the

'Ca0 sulfation rate) at 900°C. Detailed kinetic data of oxidation can

the compounds convert to Fe

be réadily calculated from the dynamic TG results,6 aithough we have

not done so. The conclusion from this experiment is that éll the iron

2

catalyzes the sulfation of CaO'in ﬁhe‘manner already discussed.

compounds being considered are oxidized into Fe 03 rapidly and it subsequently

Figure 15 shows the results with the calcined Greer limestone.

2 273

rate but is somewhat reduced in magnitude. The many impurities in the

”

ACatalysis by Fe203,'H 0 and Fe. 0 /H20 is again seen on the sulfation

Greer limestone would make any further discussion on this result
meaningiess.

3.3. Effects of Calcination Conditions

This subject.ié catchingAincreasing attention due primarily to the
ﬁérk done at Westinghouse Labs. We have found. that €0, as well as HZO
“have strong positive effects on the reactivity of the calcined lime.
More work in this area is in progress. Our attention will be focused on
both chemical and physical (pore structure) aspecfs.

4, Proce§s~Design and Evaluation

A process flbﬁ diagfaﬁrfor producing commercial grade (99% wt) sulfuric
acid from the Ca0 regeherétor'off-gases has been compléted. The sulfuric
acid process would be used in conjunction with BNL's sorbent regeneration
process described in Qﬁérterly Progfesé Repbrf No. 4 (covering first

quarter 1977). Two process flow diagrams were prepared during Second

- 11 -



.(to 803) converter, an SO

Quarter 1977, one for a once through sorbent, carbon burn-off cell
( . . N

system (designatea Systeml); the other, for a regenerative sorbent

system based on BNL's carbon reduction of CaSO, process (designated

4
System II)f The feed to both systems was assumed to be Illinois No. 6
coal with a sulfur content of 3% wt, aﬁd both systems were assumed to
operate at atmospherié pressure, As mentioned earlier, the sulfuric
acid process would be used in conjunction with System II. It is based
upoq existing technology and consists of an air drying towef, a SUZ

3 absorbing Fower and auxiliary pumps, coolers
etc. Cost data on the process will be compiled shortly so that»a
preliminary econotic comparison between the once through sorhent system
and the regenerative/HZS_O4 system can be made. The objective of the
comparison will be to determine an approximate "break-even' selling

price of the H producedlby the regenerative/H2804 process.

259%,
With regard to stoa market potential, it is estimated that the

6

domestic usage of H in the‘year 2000 will be between 75 and 100 x 10

259
tong per year. Based on an anticipated energy contribution of 4.6
quads/year from AFBC systems (MOPPS estimate - ERDA) 15 x 106 tons/year
of HZSO/4 would be préduced.' The current domestic usage of stoa is
about 35 x 106 tons/year so that the market for AFBC generated sulfuric
looks promising. However, many other factors such as tbe anticipated
locations of AFBC units and the 1ocatiohs of sulfuric acid users

must be carefully examined before a meaningful prediction caﬁ be

made,

Based vn uverall proucess heat and mass balances, the net energy

- 12 -



output (useful) of a combined regenerative/HZSO4 system would be
approximately equal to'the nét. output. from the once through system,
a result that may seem surprising in light of the fact that the CaSO4

decomposition reaction: CaSO4 + 1/2C = Ca0 +‘1/ZCO2 + Soé'is very
endothermic. However, with sbfbenf?fegeneration; less energy is consumed

in pfeheating”ahd calcining the CaCO, feed to the AFBC. “The quantity

3
of solid wastes generated by the once through sqrbentléystem is about
2.5 times greétér thén'the'quanéity generated by the‘regénerative/HZSOA
system.

' Dpring Fhe next quarter the subject flow sheets will be ;pgpaded
Sased on recently acquired data, and a preliminary economic comparison
of the subject processes will be made. The flow sheets and comparison
will be presented in Quarterly Progress Report No. 6. we will also
be examining processes for converting regenerator §02 to elemental
sulfur rather than to HZSOQ.

since the regenerator off-gas will not contain appreciable quantities

A preliminary analysis indicates that

of HZS and/or CO, a typical Claus pfocess may not be the best route

to take. Further on into the future, and provided that the experimental
results on calcium silicate sorbents look promising, we will begin

wbrk on the development of processes utilizing silicates as sorbents

for recycling purposes or for producing a cement by-product.
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Table 1. - X-ray Diffraction Analyses of Monocalclum Silicate, Its

Sulfated and Regenerated Forms and y-Dicalcium Silicate.

o
d, A

Sample Reactants Products Intensity Remarks
8 Calcium Metasilica Reagént7GradeifB—Ca8103'xH20 . 2+83 - Strong :  Unknown Hydrate
Hydrate 2.00 Strong Diffraction pattern
(ROC/RIC, 99.75%) 5.21 Medium
3.06 Medium
1.63 Medium
i.26 ~ Weak
Partially Sulfated  :8-CaSiO,- B-Cas0, 510, 2.66 -Strong Unknown pattern
, xH20 + 4.77 Medium *¥5i0, is chemically
802 + 1/202 1.63 Medium bonded to CaSO4
B-CaSiO3 2.98 Strong Anhydrous reactant
3.31  Strong B—CaSiO3
3.51 Strong
3.84 Medium
3.10 Medium
2.48 Medium
2.18 Medium
1.835 Medium
1.760- Medium
1.720 Medium
**Regenerated partialiy g~CaSO 'SiOZ Ca804-8102 2.65 Strong Regeneration not
sulfated B calcium =~ + 1/2 é ’ 4.7 Medium complete
Metasilica’ ° 1.63 Medium
CaS-SiO2 2.60 Strong Unknown pattern
. 1.87 Strong :
B-CaSiO3 3.3 Strong Regenerated product
S 3.5 Strong and unreacted
2.97  Strong starting material
3.09 Medium
2.48 Medium
1.75 Medium
yCalcium Orthosilicate CaCO - ¥=Ca,8i0, 2.72 Very strong Formed at 1500°C
(Chemstone) 1.91 Strong
+.SiOZ) : o 2.99 Strong
- (8ilica. Gel) 1.80 -Strong
1.63 Medium
1.68 Medium
1.75 Medium

*
The distinguished strongest CaSO

4

. o
d line 3.49 A does not exist here.

**5i0, is chemically bonded to CaSO, because the distinct strongegt
d 1ines do not exist here for the reaction products CaS (2.846 ﬁ) and

Cas0, (3.49 R), e.g.

CaSO4

3Cas0

+ 2C » CaS + 2C02

4 + CaS - 4Ca0 + 4802

o o ) o]
and the possibjle products Ca(OH)2 (2.63 A) and CaCO3 (3.40 A, 3.04 A)

u-CaCO3 (2.73 A).

S s -

=



Table 2.

Compound

Infrared Absorption Frequencies of Silicates and Sulfated

Silicates.

Chemical Group

Frequency (cm-l)

Sulfated CaO

'CaSio

Sulfated CaSiO3

Y-Ca, 810,

A

vs = very strong; s = strong; m = medium; w = weak; vw =
b = broad; sh = shoulder; v3 = asymmetric stretching; v

~2
SO4

stretching; v, = deformation,

Intensity Remarks
1130 vs, b vy
680 s Vi
620 m vy
975 my b
925 m, sh, b
495 mn
460 m
1120 s, b 304'2
Y75 m, b 5102
925 w, sh,b Sio3-2_
790 s 7?
680 v 50,2
610 - s 50,72
490 51042
460 51042
970 s, sh Stretching
860 s, b Stretching
< 600 s Not
measured

- 16 -
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.Figure 1. Sulfation rates at 850°C with 0.25% SOz and
5% 0y in Nz. O Greer CaO (Tyler 16/20); ® Powdered
CaSi03 (ROC/RIC, 99.75%); Powdered reagent Ca0
(Mallinckrodt). :
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Figure 2. Sulfation rate of CaSi0O3 (ROC/RIC, Tyler
16/20) with 0.25% SO, and 5% 0, in Nj at 850°C.

" CaSiO3; B CaSiOj -and 4% Fe,03 (Baker, Tyler
200/325); © CaSi03, 4% and Fe03 and 5% steam.

100 - T T T
—1100°C ’
z 80 "CaS0,Si0, : N
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Figure 3. Regeneration (thermal decomposition) rates
. at 1100°C in N,. X Powdered reagent CaS0,. (Baker);
42% Sulfated powdered CaSiO3 (ROC/RIC).
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SAUEREISEN TRAP A5 WASH

3% NaCt

R
LIMESTONE [t3
QUARTZ ‘WOOL

< N, +S0, INLET

TEMP. GAS PREHEATER
900°C ALUMINA CHIPS
- B g GAS
. |*_]' . © Np+S0,(5.7%) 25 cm3
COp 85 cm?
~+— :
::| WATER SATURATOR O, . 25em7
i H,0(V) 14 cm>

Figure 4. Schematic diagram of chlorine test equipment.
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Figure 5. Cumulative chlorine collected in NH, OH
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Figure 6.

solution vs. time.
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/’ SLOPE, n=0.50

N : 1
0.0l T 0.1 |
S0, CONCENTRATION {(g-mole/cm>)x 108

" (5% 0,8 BAL N,)

Effect of concentration. on sulfation of

powdered reagent Ca0 (Mallinckrodt) at 850°C.
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Figure 7. Effect of temperature on sulfation of
powdered reagent Ca0 (Mallinckrodt) with 0.25%
S0, and 5% 0z in Nj.
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Figure 8. Effect of temperature on sulfation of
powdered reagent Ca0 (Mallinckrodt) and 4% Fe,05
(Baker, Tyler 200/325) with 0.95% SO, and 5% 0,
in Nj.
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Figure 9. Effect of conceuLrallun on sulfation of

powdered reagent Ca0 (Mallinckrodt) and 4% Fe203
* (Baker, Tyler 200/325) at 850°C.
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Figurc 10. Effect of size of Feydq (Baker, 4%) on

sulfation rate ot powdered reagent Ca0 (Mallinckrudt)
with 0.25% S0 and 5% in No at 830°C.
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Figure 11. EffELL u[ LUULeuLlatlon of re203 (Bakcr,

Tyler 200/325) on sulfation rate of powdered reagent
Ca0 with 0.25% SO5 and 5% 0, in N, at 850°C.

- 20 -



Iy z SO—7T—T T T T T T T T T T 1
. Q
"2 40~ .
S . 4% Fe,03_
Z 0
~ Sa 30- 4% Fep05 : ]
o© 8 5% STEAM
50
OF 20~
e
=Z
S loF ' 5% STEAM - -
e .
a TR N NN N SN SR T N R
10 20 30 40 50 60 70 80 S0 100 110 120
TIME ., min
Figure 12. Sulfation rate of powdered reagent CaO
(Mallinckrodt) with Fep03 (Baker, Tyler 200/325) or
steam at 850°C (0.25% SO2 and 5% Op in Np).
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Figure 13. Sulfation rate of powdered reagent Cal
(Mallinckrodt) with Ill. No. 6 coal ash (0% C, Tyler
200/325) or steam at 850°C (0.25% SO -and 5% 03 in
N2). ,
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Figure 14. Percent oxidation to Fej0j vs. temperature.

‘FeO (Bioclinical Labs, Tyler 200/400); © Pyrite (Rico,
Colorado, Tyler 200/400); Fej04 (U.F. Goldsmith Meral
Corp., < 5 u). ‘

€0 . —
50 4% Fey04 4
< ~ '
% STEAM ™~
S 40 5% STE - ]
o

FERCENT CoO CONVERSION

(&)

30+ 5% STEAM
8 4% Fez‘O:s

20 -

10 -

S R R [ ,:,l
o] 20 40 60 80 " 100 120
TIME, min

Figure 15. Sulfation rate of calcined Greer lime with
Fesly (Baker, Tyler 200/325) or steam at 850°C (0.25%
50y and 5% 0, in N,).
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Distribution:

A. Macek, FE/ERDA (25)
W. E. Winsche, BNL
J. M. Hendrie, BNL
B. Manowitz, BNL
M. Steinberg, BNL
R. T. Yang, BNL

N. Abuaf, BNL

A. S. Albanese, BNL

J. M. Chen, BNL

G. Farber, BNL

F. B. Kainz, BNL

C. R. Krishna, BNL

J. Pruzansky, BNL

M-S. Shen, BNL

. H. Whisker, BNL

. Schweller, ERDA (BNL)
. Smol, BNL

. B. Henschel, EPA

. W. Jones, EPA
Princiotta, EPA

B. Levine, Jaycor

MG DWW
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