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© The Use of 0i1 Shale for SO, Emission Control in .~ = . °
Atmospheric-Pressure Fluidized-Bed Coal Combustors =~ = - -
~ W. Ira Wilson, Robert B. Snyder, and Irving Johnson .
"~ Chemical Engineering Division
-~ Argonne National Laboratory
Argonne, I1linois 60439
Abstract

011 shaIe-SO2 react1v1ty, determined w1th a thermograv1metr1c ana]yzer,

. was used to estimate the quantity of 0il shale requ1red to reduece SO2

" concentration in the effluent gas sufficiently to meet the SO2 em1ss1on

'standard in atmospher1c pressure fluidized-bed coal combust1on (AFBC)
It was calculated that the oil shale could reduce the SO, concentration

in the effluent gas from FBC units below the SO2 emission Timit. In -

evaluating virgin oil shale and spent o0il shale for Soz.emiSSion control;

- we compared them with- (1) Germany Valley 1imestqhe, (2) Greer limestone,

and (3) Tymochtee dolomite. The results indicate that, due to the Tow

ca1c1um content of the shale, Tess dolomite or limestone than 0il shale,

| may be required to meet the SO2 emission standard.

The attr1t1on rate of Green River 0il shale was found to be s1m11ar’.

. to attrition rates of limestones and dolomites.

Introduct1on

Atmospher1c pressure fluidized- bed combustion (FBC) is a new method ’

being.cons1dered for producing power from h1gh-su1fur'coa1‘wh11e meet1ng

EPA SO2 emission standards. In this process; coal is burned.at 850-950°C

| in a bed consisting of fluidized solid particles. Tﬁese paftic]es have

two functions: (1) to increase the heet transfer_rate to boiler tubes .
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_{mmersed in the bed, and (2) to reduce:SOZ'ehissfons from'the boiler by

reacting with the SOé. Limestones or dolomites are the usual bed materials

of choice que to (1) their high calcium eonieﬁt aﬁd fhes usualiy high>

reactivity with 502,'(2) their low cost, andf(3)'their Wide_availabi1ity.
An 011 shale was investigated as a possisle alternative_bed material

fo'limestones_in fluidized-bed coal combustors.  Virgin Green River oil

shales tested contained approximately 30 wt % CaCO3; speht.Green River

011 shale (kerogen removed) contained ebout'3$‘wt %,caco3; These ' 

. materials and other shales may be aceeptab1e‘50é sorbents in FBCvunits.

- 011 shale is plentiful. The 0il shale used here is from the Green
River formation located in northwest Colorado, reported to contain total

reserves equivalent to 644 billion m of oi} (4050-billion'barrels).

.Of thisAtotaI, the equivalent of 99 mi]lion-m3 oil (620'billion barrels)

at concentrations ranging from 0.1 to 0.27'm /t (25 to 65 ga1/ton), is

- -considered to be econom1ca11y recoverable (Hendr1ckson, 1975) The

‘processing of th1s vast energy resource by retort1ng would y1e1d a sub-

'stant1a1 quantity of spent oil.shale.

An exper1menta1 study of Green R1ver 011 sha]e was 1n1t1ated to

determine the quantity of 011 sha1e necessary to reduce the SO concen-

.tration in the. effluent gas suff1c1ent1y to meet the SO2 emxss1on standard |
"fIn this work, SO2 removal by virgin 0il shale and spent 011 sha]e also was

: compared with two llmestones and one dolom1te.

‘ The attrltlon rate of the 011 'shale was determ1ned Attritfon rate
had been found to be 1mportant in prev1ous work show1ng that some limestones
have high attrition rates, making it difficult to maintain a fluidized bed

of solid particles. ‘ e -

ks
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~ " The compos1t10ns of the v1rg1n and spent 011 shales stud1ed are g1ven"

4;.in Table I. Spent oil shale was prepared by heating V1rg1n 0il shale at

‘ 400°C in air for 3 h to remove the organic material (kerogen). The "
'chemical compostlons of Germany Va]]ey 11mestone, Greer 11mestone, and -

?::'Tymochtee dolom1te a]so are given in Table L.

o Exper1menta1 _ T
A thermograv1metr1c analyzer (TGA) was used for these k1net1c stud1es

The TGA apparatus has been descr1bed in detail in a prev1ous pub11cat1on

" (Snyder et at., 1977a). A 0.3% SO, - 5% 0, - 20% CO, in N, synthetic

- combustion gas waslused for al]hreactrons; The‘uil”sha1e-502 reactionsh‘
werevperformed at temperatures of 70q4to 1050°C. The weight-chande of a-
; 150-mg sample which was cpntinuously‘recorded was'used as a measure of

. the conversion of Cal to CaSO4 w1th1n the sha]e X-ray diffraction and
- wet chemical analyses of the samples at ‘the beg1nn1ng and the end of each
Vh”TGA run were utilized to he]p_determlne and quant1fy chemical changes which

"occurred ' | L o L | '

Attr1t1on tests were performed in a 5 08-cm-ID 61-cm-long quartz

vessel with a f1u1d1zed bed height of 6. 4 cm (L/D 1.25). Addlttona1 K
" freeboard height was provided by a 7.62-cm-1D 46-cm-1ong disengaging a
section above the f1uidized bed} This disengaging section e11m1nated
"elutr1at10n of the start1ng bed material (- 14 +30 mesh mater1a1) 'ATT
overhead material was sma]]er tran 70 mesh part1c1e size and was produced

'Aby attrition. A glass frit was used as the gr1d p}ate. _The f1u1d1zed bed
:" was heated by an externa] electrical furnace. The attrition tests were

performed for 2 h at 870°C us1ng a f1u1d1z1ng gas consisting of 0.3
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.AEOZ-S% 02 and the ba]ance NZ' The superf1c1a] gas veloc1ty for al] tests E

was 1.45 m/s.

.;Sulfation Results

A e T———y | T, R

, Spent 0i1 shale was precalcined at 900°C in 29% COZ-N2 and then was

'reacted with SO2 and()2 for 3 h. In Fig. 1, the conversion of CaO to

CaSO4 in ‘spent calcined oil sha]e at various temperatures (700- 1050°C)

is given as a function of time. The react1on rates obta1ned in exper1ments
';performed at 700-900°C were the same dur1ng the first hour. The reaction
rate. for all experiments except those at 700 and 750°C d1ffered s1gn1f1cant1y
. with temperature during the remaining two hours.. The reaction rate was much

. lower at 1000 and 1050°C than at the lower temperatures This fS'due-to the

compet1ng reaction of CaSO4 with 5102, re1eas1ng 502 and form1ng the products

(Ca, Fe, Mg)S10 and-Ca(Fe, Mg)S102. |

. Table II Tists the chem1ca1 compounds forned when the 0il shale was
subJected to various cond1t10ns 0il sha]e and spent oil sha1e contain
main]y dolom1te, ca1c1um carbonate, silica, and sod1um aIum1num silicates.
The shale sulfated at 750°C contained CaS0,, the double salt 3MgSO4-CaSO4,
silica, and the siiicates;' However, when the shale was sulfated at 900,

. 1000, and 1100°C, the products inc'lude'CaSO4 and Ca(Fe, Mg) silicates, with

the CaSO4 concentration decreasing and the calcium'siTicates'concentrations .

increasing with temperature. The format1on of calcxum 5111cates instead

'of CaSOd in oil sha]es at high temperatures is s1m11ar to fhe resu]ts obta1ned'

by Morgantown-Energy Research Center for partially su]fated coal ash<
(Mazza, 1978). S
" At the lower temperatures, 700 to 800°C, the weight gain obtained from

the TGA was larger than would be obtained if 100% ot the Ca0 converted to



'CaSO4 (F1g 1) Resu]ts from X-ray d1ffract1on and wet chem1ca1 ana1yses‘
1nd1cated that at these temperatures, 3MgSO4 CaSO4 forms, as mentloned
'Aabove. ThlS double salt was prev1ous]y found to form in 011 shales (Fuchs
et aZ. 1977) Fuchs found that elther low temperature (1ower than 800°C)
'.or high SO2 concentration in the gas phase‘produced'the doubleAsalt product.
This 3MgSO4-CaSO4 product forms more readi]y in.oi1 sha1es than in 1imestones,
- Spent 0il shale was simultaneously. caTcined aud sulfated at 900°C," '

‘using a 0 3% SO -20% CO -5% 02 balance N2 synthet1c combustlon gas The

- react1on rate was the same as for the preca1c1ned mater1a1 Also, virgin

oil shale was sulfated at these conditions. Conver510n of ce]cium to CaSO4
for the virgin oil shale was slightly lower, 73%, than for,the spent o0il
'sha1e,'86%. Both reactions were esseutia11y complete in 1 h..-

Figure 2 compares the reaction rate of spent otl shale with those of .
Tymochtee'dolomite, Greer.1imestone, and Germany Vé]]ey'limestone (Snyder
et.eli, 1977b). During the first hours, the.pereent of calcium chauged to
~ CaSO4 for the oil sha]e is higher than-forvamoehtee uolomite (which is a
highly reactive dolomite). Nevertheless, by the ‘end of the_3ih run, 98%
of the Ca0 in the Tymochtee was utilized to capture 502’ compared_with 83.5%“
fbr the spent 0i1 shale. The reaction rates of Greer limestone and Germeuy
Vallex limestone are much lower than those of spent shale and Tymochtee
dolomite. : | | . -
 Prediction of S0, Retention for 0il Shales
' The reactivities of oil shale with SO, determined on the TGA were used
" to predict pilot p]ent calcium utilization in the sorbent and 502 retention

“in a FBC. | o |
The TGA experimental deta obtained at 800°C and below was not used

because MgSO4'forms‘e_doub1e salt with CaS0, at these temperatures. The




- makihg for a possible waste disposal problem.

‘to the total moles of burned sulfur. -

formation of Mg$04 may be undesirable due to its high solubility in H,0

The'eiperimehtal kinetfc
data at 900°C was used to estimate the quantity of oil shale heoessary to:
meet the SO2 emission standard of 1.2 1b SO2 em1tted/10 Btu released 1n
a combustor. . | | ' |

The 502 reactivity curves (Fig. 2) are not in a useful form but must

be converted to 502 retention vs Ca/S ratio curves for prediction of the

-quahtity of calcareous materia]inecessary per unit of coal to meet the

SO2 emission standard. Sulfur dioxide retention is the percentage.of the

SO2 that reacts with the bed material and thus is retained in the bed The
Ca/S ratio is the ratio of the moles of calcium in the sorbent feed stream
-In making this conversion, a fluid-bed

desulfurization equation was used (Kearins et al., 1975).
~kHe\ 1. _

Vv

"W \ -

Uar |

;f This fluid-bed deSu]furizatioh equation gives_the_caleium utflization; u, as

a function of the "average" reaction rate constant of the particles in the

bed (provided the superficial gas velocity and bed height are known). Thus

- in order to determine U, the "average" rate constant, k, must be obtained;

""for calculation details).

using the kinetic‘information shown in Fig. 1. (See Keairns et al., 1975

The predicted SO2 retention for oil shale are

" shown in Fig. 3 for a f1u1d1zed bed operated at 3.9 m/s w1th a bed he1ght

of 1.1 m. | '

Curves 1 and 2 ih Fig. 3 represents the projected pertormance of snent
oilnsha1e'in capturing SO2 in a FBC at 800 and 900° c, respect1ve1y and at
the specified conditions of bed height and gas velacity. Curve‘3 in Fig. 3

represents the projected performance obtainable using virgin oil shale at




1 900°C. The spent shale requires a lower Ca/S ratio than does the virgin

oil'shale due to its higher shale-S0, reactivity (Fig.‘l).

Evaluation of 0il Sha]e Sorbent for AFBC Su]fur-Removai Systems ,

- The results in Fig. 3 were used to estimate the number of kiiograms
of oil shale necessary per kilogram of coa} to meet the SO2 emis51on standard
and are compared with previous limestone results. ihe analysis was. performed:
for 3% and 4.3% sulfur coals both having.a-28;3i9'kJ/kg (12,183 Btu/ib) heating

value. The spent 0il shale contained 33.5 wt % CaCo and 0.66 wt % sulfur.

3
The SO2 emission standard aiiows on]y 0. 73 kg of su]fur to be emitted per |
100 kg of such a coal. C : ' ‘

- For a coal containing 3% sulfur, this emiSSion standard requires that
75.6% of the sulfur from the coal be retained by the bed material, which
could be accomplished at a Ca/S ratio of only 1.6 at 900°C (seé ’ﬁg. 3
'Curve 2). However, the spent 011 shale contains 0. 66 wt % S This sulfur

is introduced into the b011er in. addition to the sulfur in the coal. Approx-'

' imately 78% of the su]fur in the shale is expected to convert to 502, based

. on wet chemical ana1y51s of the initial and sulfated shale. Tovmeet the

502 emission standard of no more than 0.73 kg of sulfur being‘emitted per..

100 kg of coal, the Ca/S ratio must be increased to 1.9 and 78.4% of the

total sulfur fed to the boiler must be removed. This requires that 58 kg

of spent shale, which contains 0.37 kg of sulfur (of which 0.29 kg-cbnverts

to SOZ) be fed to the combustor for each 100 kg of coal containing 3% S

‘and 28. 319 kJ/kg These results are shown in Table III below.

. If virgin oil shale were used as the'sorbent, the introduction of each

. 1004kilogram of 0il shale would introduce 0.89 kg of sulfur, of which 0.73 kg ‘
would convert to SOZ' This 0il shale would also add approximately 7020 kJ/kg
(3020 Btu/]b) helping to offset the sulfur input from the shale. A Ca/$S

-
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A.Qratio of‘3.1‘ﬁou1d Ee requfred.to meet'the:SO2 emissign standard; and.thus_
eppEOximately 1.4 kg of virgin oi1~sha1e)kg of coal would be necessa;y
eFor a coaT éontainieg 4.3% sulfur and having the same heat1ng value of ..

‘A'28 319 kJ/kg, 1t 1s estimated that spent 011 shale would not remove. suff1c1ent
‘_SOz'to meet the em1ss1on standard-regardless of the quantity used. Th1s resu1t i
assumes that a Iarge fraction of the sulfur in the shale is released. The -
higher sulfur content of the coal (4.3 vs 3%) requlrts that a greater ger- :
‘centage of t_he.SQ2 be retained by the ehaie. If the shale contained no

- sulfur, 83% SO2 retention would be necessary,'requiring:a Ca/S'ratio of 3

'or 1.3 kg'of sha]e/kg of cgal - However, laboratory resu]ts suggest that 78%'4
" of the sulfur in the shale should be released, requiring a h1gher percent

_ SO2 retention and thus a higher Ca/S ratio in the combustor Increasing
A'the Ca/S ratio above 3 changes the S0, retent1on only s]1ght1y (F1g 3).
Therefore, the 1ntroduct1on of larger quantities of shale, wh1ch wou]d add
‘;,mqre sulfur to the boiler would be detrimental. If the sulfur»1n;the :
shale 1is hot'releesed in e'FBC contrary to what wes found in the laboratory,
~-then the projection of 1.3 kg'of shale/kg of coel may be a reasonable‘
- .estimate of sha]e requ1rements ' o
| If virgin oil shale is used with a coal conta1n1ng 4, 37 su]fur,
‘Ca/S ratio of 4.3 would be required to meet the sog standard This wou]d
v".requ1re feeding to the combustor 3.3 kg of oil shale with a heating value '

~ of 23, SSOIkJ (10,131 Btu) and-contaihing d 29gkg S (oftwhich}0'24 kg s -jg .vi
wou1d convert to 502) for each kg of 4.3%2 S coal w1th a heating value of a
28, 319 kd/kg. . |

' - The estimated.oil shale requirements for‘a 3% and 4.3% S coal in a
fjufdizedgbedvegerated at 3.8 m/s with a bed hefght of’0.83 ﬁ are compared
~ with requirements of Tymochtee go]omfte, Greer limeStqne, and Germany Va]fey

limestone (Snyder et al., 1977b) in Table III.. The Ca/S ratio for the

-



..oil sha]e is s1m11ar to that of Greer 11mestone, a react1ve stone used by
' Pope, Evans, and Robb1ns at their Rivesville FBC pilot p]ant However,'
since the oil shale has a Tow CaCO3 content'1n compar1son to the Timestonesl'

- and dolomites, the shale requxrements are proaected to be cons1derab1y 1arger‘

than for the other stones. ’ o )
It should be noted tﬁat these estimates are only for atmospheric FBCs

operated at a high superficial{gas velocity, not the pressurized FBCs.

Decreasing the velocity and/or increasing the boiler presSufe should decrease

 'shale requirementsAsubstantially Also, if Westefn Iow-sulfur coal (1-2%

su]fur) is used in a FBC, the shale requlrement would be reduced by a factor

of approximately 4.

‘Evaluation of 0i1 Shale Use in a FBC-CBC P]ant- -

For an FBC system that emp]oys a carbon burnup ce]] (CBC) CaSO4

. . the part1a11y sulfated 0il shale decomposes at the h1gh operating temperature

L of a CBC (1000-1100°C) due to the reaction of CaSO4 w1th STO2 to release

SOZ, as discussed above. At 1100°C, 50% of the CaSO4 in a previously
sulfated oil sha]e was cooverted to Ca0 and SO2 in only 10 min. If.oi]

shale is used in a FBC- CBC system, the SO2 in elutriated part1a]1y su1fated

“oil shale might be released in the. CBC. Thus, more: S0, would have to be

retained in the combustor. It is estlmated that SO2 retention in the FBC

would have to be increased to 95% to meet the SO, emission standard for.

4.3% sulfur'coal assuming that only 5% of the bed material elutriates‘from

tﬁe bed. The results of this eva1uat1on 1nd1cate that use of 011 shales

, in a FBC-CBC system should not be cons1dered

Attrition Results ’
It was speculated that due to the high silica content of oil shales,

they would be considerably more attritidn¥resistant tﬁao are limestones



or dolomite would be required_to'meet‘the SOZ'emission'standard since‘theA
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or. do]omites. Therefore, the attr1tlon tendenc1es as bed materlals of yirgin B

Green River 0il shale, Tymochtee do]om1te, Greer Timestone, and Germany Valley

" 1imestone were determined. In the 11mestone and do]om1te‘tests, simultaneous

calcfnation and sulfation occurred. From weight changes and chemica]:analyses

of original material, final overhead, and final bed material, the‘percentage

of original material that remained in the bed was determined. The amount of

attrition in 2 h was the percentage of}orfginalhmateria1 collected overhead.

In the virgin oil shale test, simultaneous kerogen combustion, calcination,

and sulfation occurred. Again, chemical analyses and weight-change information
were used to.determine the peroentage of origina]tmateria1 col]ected over-
head. | | “

Of the original oil shale, 22 wt % was collected overhead. The

,attrition results for Tymochtee dolomite, Greer Iimestone, and Germany
Valley limestone were 3%, 11%, and 38% respectively. These results-suggest

- that the attrition rate of oil shale is not unlike that of limestones and

dolomites.

Conclusions: |
| - Laboratory analyses suggest that the calcium in 0il shales has a high-
reactivity with SO, and can be used in fluidized-bed coal combustors to

reduce SO2 emissions. 1t is predicted that more oil shale'thannlimestone-

calcium content of‘shales is relative]y Tow. Also, the Green River shale
conta1ns approx1mate1y 1% sulfur, which may be released as SO2 ina FBC

The use of shales may be desirable if the FBC is operated at low superf1c1a1

~gas ve]oc1t1es (Tess than.3.2 m/s) or with low-sulfur coals (conta1n1ng

less than 3% sulfur). The oil shales should not be used in a FBC-CBC

unless the sha]e elutriation rate is m1n1ma1, since at the temperature
.(1000 1100°C) wh1ch a CBC operates, the CaSO4 and the silicates in the

e]utr1ated shale react to re1ease 502.
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'eThe'geographic lpcation of shale is a consideratjop;x It may be;_ |
'desirable to use Western.shele in FBC units in the WEStern United Stétes’ ,
'arin order to minimize transportation costs.. - _ A4 |

The attr1t1on rate of Green River oil shale was s1m11ar to that '.v
of ]imestones and a do]om1te. | - ' ' |

Only one 0il shale, Green R1ver oil shale was used in this eva1uat1on.
Since the SO2 reactivity and attr1t1on rates of'11mestones vary w1de1y,A
large,variation is also expected for oil shales. Tﬁus fhese results are
not necessarily epplicable to all oil shaies. The Green Rivervoif shéie
- was not tested in an experimental FBC in which performance may differ from .
- the results reported. Since all oil shales contain much Tess calcium then

1imestone, further investigations were not considered
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" Nomenclature
Ca/sS
K
u
v

calcium to sulfur mole ratio
1

average particle reaction rate constant,

calcium utilization, fraction

superficial gas velocity, m/s
e = bed voidage, assumed to be 0.5

H = fluidized-bed height,
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 Table I, Concentrations (in wt %) of MajorAConstituents of.ca1cafeou§ Stones

CaC03  MgCo;  Fe,0;  AL0, S0, Mad K0 s

Green River  27.7  13.8° 260 a4 0.1 2,19 1.21 0.89
“Virgin 0i1 Shale RO ’ | | , o

Green River 33,5 16.7 394 5.0  36.4  2.64 1.46 o0.66
Spent 011 Shale L S R :

Tpochtee 518 433 g.41 . 1.6 361 0.7 - .
) Greer . 80."-4 3.50 1.24 3.]_8 10.34 2.23 ' -- "".
Germany Valley  97.8°  q.g 0.1 1.8 - 0.2 o5 -




Table II.

o ae s R ik

X-Ray Diffraction Analyses of Virgin, Spent, .

Calcined, and Sulfated Green River 0il Shale

: Samp]é History

~ Constituents Identified by X-Ray

Virgin 011 Shale

Spent 0i1 Shale
(heated to 400°C, 3 h)

Precalcfned’at"
900°C |

Pkecafcined, then
suylfated at 750°C

Precalcined, then

sulfated at 900°C

(Same results as when
simultaneously calcined and
sulfated at 900°C)

Precalcined, then

sylfated at 1000°C

(Same results as when
simultaneously calcined and
sulfated at 1000°C).

Precalcined, then

sylfated at 1100°C

(Same results as when :
simultaneously calcined and
sulfated at 1100°C)

 Minor: CaCO

Major: CaMg(CO),, NaAlSi,0

.38
9 0-510

3 2

Major: CaMg(C0,),, J-Sibz, Na,A1S10,0

Minor: CaCO3 NaCaA151308

" Major: Ca0, MgO,_&-S102
.AMinor: NaAlSiO308} CaZMgSjZO7

Major: CaSO '

Minor: NaA]S1 0

30gs a-SiOz, C§504'3Mg$04

NaA1S1 0

Major:‘ CaSO4, 30g

| Minqr:.iFe304,.af$102, Ca(Fe,Mg)Si,0¢

Major: ’(Ca Fe Mg)S103, or Ca(Fe, Mg)S1206, ’

Ca504, NaA‘lS1308
Minor: _a-S102

Major:J°§§2ﬂgSj202, CaMgSi,0,

\\



" Table III. Reqd1red’Quant1t1es of Green River 011 Shale,
: - Green Valley Limestone, Greer Limestone, and .
. -Tymochtee Do10m1te to Meet SO2 Emission ‘Standard® o

- Calcium Based Ca/S Ratio Required- = kg of Sfone/kg of Coal |

Stone 'To Meet EPA Standards to meet EPA SO, Standard
.. 3SCoal 4.3%SCoal 3% Coal 4235 Coal

spent 011 Shale® . 1.9  not possible. 0.5 = not possible
Virgin 011 Shale® 3.1 43 . 1.4 3.3
Germany Valley e S
LImestone 3.8 7.5 . - 036 - . 1.0
‘Greer Limestone 3.1 38 036 . 0.6
Tymochtee Dolomite 1.0 15 618 0.4

‘.bSpent shale conta1ns 0. 667 S.

3Basis: 28,319 kJ/kg coal; FBC operated at 3.2 m/s gas velocity and 0.91-m
bed depth. - ' ' . . A .

%Yirgin oil shale has a heatlng value of 7020 xJ/kg and contains 0.9% sulfur.
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|- _REACTION TEMPERATURE o
. —{— 700°C SPENT OIL SHALE -
—O— 750°C SPENT OIL SHALE
‘—A— 800°C SPENT OIL SHALE
—O— 900°C SPENT OIL SHALE
—{— 1000°C SPENT OIL SHALE
- —%—1050°C SPENT 2IL SHALE
~ ===-- 900°C VIRGIN OIL SHALE :
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TIME, hr S
Conversion of Precalcined Ca0 to CaS0, in Spent Green River 0il°

Shale at 700 to 1050°C. -Reaction conéitidns, -50 +70 mesh
material precalcined in 20% C0,-balance N,; sulfation gas,
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| Fig. 2.

TIME, hr

‘Conversion of Ca0 to CaSO, in Spent Greén River 0i1 Shale,

Tymochtea Dolomite, Greer Limestone, and Germany Valley
Limestone using 0.3% 502-5% 02-20% CO2 in N2 at 900°C.
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Fig. 3. Predicted SO, Retention ys, Ca/S Patio for 0il Shale at
Variqus Temperatures. . '





