J  (limestone)

2

(C032

( dolomitic limestone)

(William et at.,1982)

1 E 100%CaC03
54.3% CaCO03 45.7% MgCO03 1J
CaCo03 97 - 99%
MgCO03 40 - 43% CaCo03
(grain size)
, (fine grain) 4-50 ,
(course grain) 250
( ,2530 )

(CaC03
(CaMg
1-3%
(micro grain) 4

21

(medium grain) 50-250



21 o 3)
b )
Dolomite MO MgCls
High calcium 0-1.1 0-23
Limestone 0-10
Magesia 1071 2344
Dolomitic limestone 10-50 2.1-10 8 44-22.1
Calcitic Dolomite 50-90 10.8-19.5 22.7-41.0
Dolomite 90-100 195-21.6 41,0-45.4
2 ( 2530 G and Rooney,1975)
(Inorgenic procct)
Calvy(C32 ' (Ca03

(lattice of calcite crystal) ~ solid solution

- HoMy Calcite
8 (mole %

- LowMy Caloite
8 (mole %

(Petrology)
. ! (microcrystalline
calote) !
(cliagenetic - replacenent)

(fringe cement)
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Specific gravity
Hardness, Mohs
Solubility product
Solubility-grams in
100 parts water
at 18°
Solubility in ag. C02
Melting point

Formation

HoMy calcite LoaMy calcite
colomitization
(cffsd)
%35
3
22
caloite, aragonite, colomite ~ MgC03: “Hand book”
Calcite Aragonite Dolomite Magnesite
CaC03 CaCo3 CaCO--MgCOj MgCOj
most stable form ~ convert to calcite  (45%MgC03 bywt)
2.60-2.75 292-294 280-2 90 30-31
30 3.5-40 3540 3.5-45
099 x 10* (15 °C)
0.87 x 10* (25 °Q) 26x 10* (12 °C)
0.0013 00019 0.032 0.0106
10 time above 100 time above 100 time above 10 time above
1339°°C, 1025atm  decomp 85 ¢ decomp, 730-760  decomp. 30 ¢
decomp 00 ¢ to calcite > 400 ¢ OC
Limestone, marble,  Shells of mollusks
calc-spar.chalk. and corals,forms
eggshells, bones above 30 C, con-
(with Ca phospate), verts to calcite
entire moutain above 400 ¢ and
rangesfwith below X ¢
dolomite) (metastable)
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0
01-10%

(

253)

2%519)

(ot 1979)
)

(inorganic sulphur)

(sulfae sipfur)

(pyritic sulphur)

(orgenic suptur)

(sulfae sphur)

1-3%
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U1
1 i
a
2. wwau  f
3.1 iadl
ke 1))
5. .
6
1.
a. Vian
9
10. («
«
1. )
12. .
13. (
)
15.
16 mfku
17. (
18. g
19. !
20.
21, -
22, M
23. !
21t. 1
25. «fil«
A
26. 1
27-
28 .

102

0.02
0.50

0.51
0.29
0.11
0.29
mil

0.26
0.06

0.56
0.23
0.18

0.39

Si02

0.04
0.08

0.06

0.05
0.10

0.13

0.45

A1203

0.58
0.12

0.00
0.00
1.83
0.19
0.61
1.13
0.43

0.47
0.00
0.17

M 2°3
0.14
0.14

0.00
0.05
0.00

Fa203 FeO
0.78
1.85
0.00 051
0.00 0.43
0.06 0.46
0.18  0.53
0.26
0.24
0.03 0.24
0.14  0.19
0.00 0.33
0.16 0.17
0.10 0.12
0.23 0.09

Fe203 FcO

0.00  0.12

0.07 0.07

0.38

0.16

0.16

0.24

0.32

0.32

0.32

0.32

0.05 0.3

0.23

0.08

Mg0

21.02
211

20.31
20.41
20.38
19.15
19.29
19.64
20.56

19.52
20.29
19.90

20.40

20.22

Mg0

21.33
20.96

21.50

19.65
21.32
20.82
20.86
20.42
20.62
21.60

20.85
19.70
22.03
21 .84

Ca0

:1.36
31.04

31.63
32.09
29.90
33.01
32.21
31.07
32.88

32.19
32.49
31.39

30.56

30.91

Ca0

31.05
31.36

30.54.

33.27
31.26
31.67
31.18
32.42
31.92
31.08

36.60
32.90
31.04
31.56

Na20

0.50
0.01
0.04

0.04

0.01

mil
Na 20

0.33
0.02

0.00
0.05
0.00
0.00
c.00

« 1
«20 20 Ti02
.16
0.06
0.08
0,04
0.10
0.07
0.22
.18
0.00 1.42 0.00
0.01 0.10 0.00
0.00 0.25 0.00
0.0 0.17 0.00
0.01 0.15 0.00
0.04 0.15 0.00
JIR
«20 <20 Ti02
0.01  0.01 0.02
0.01 0.11 0.10
0.12
0.10 0.00
0.01
0.05

p2°s

0.01
0.01
0.02

0.00
0.00
0.00

0.00

Pols

0.01
0.004

0.05

MnO

0.00
0.04
0.07

MnO

0.01
0.01

0.12

0.10
0.11
0.09

0.07
0.13

lg.loas

46.16
45.35

46.66
46.30
45.93

46.70
46.35
46.73

47.35

47.26

Ig.1 83

46.79
46.46

46.56

47.40
47.50
47.60
47.27
47.05
47 140
47.50

46.41
46.33
46.00



(MgS04 (Gypsum) ,
CaS0s FeS0s
0.1
(FeS2
FeSs
FeS2 +302 +-mmrmmsmemmeeen- > FeS0: + 02
1
FeSo + HO 4312 0g =oemememmmmemeee > FeS0s + HS04
2FeS0s + 2 04 +1J2 0g --rermsmeeeems > Fea(S0sy3 +HAD
2 Fea(S0as
. (pynitic sulfur) (Supartpanish et at.,1983, Elliott,1978 and
Gillert, 1963)
(oyrite) (marcasite) 2
FeSj isomeric
cubic 5 : rhombic
487 FeS
420 C
(microscopic
size) (fromboid)
\Veins
Lens
Nodules ~ Balls
| calcite, siderite, clay mineral, organic matter
(Meyer,1981)
Epigenetic 50 Syngenetic 5-50
Finely - intergroan Ultrafine pyrite 5



( 13-1s)

(organic sulfur)
? 30-70
?
heterocyclic ( =cH-s-cH= ), thioether ( r-s#7 ), mercaptan ( r-s+ ) sulfice
(r-sr |, disulfide (r-s-s=), triophenal (c-s-H)

M heterocyclic ring 40-70% anyl sulfic,
cyclic sulfide  aliphatic sulfide 321 disulficee mercaptan
heterocyclic ring
resonance
akyl  thiophene methyl group 500
1 dibenzo-thiophene 550 alumina
alumina  silicate thiophemc ring
800 (Altar, 1978)
2,
0.3-1.0 ppm | 30 ppm

(1128 groo m 20
0.004, 0.006, 0.003  0.169 ¢/ 200 m 02 NO, CO
C0z) 24
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Physical Constants of S0
Molecular weight

Density (g1) (gas)

Specific gravity (lic)

Molecular volume () (lic)
Melting point (°C)

Bailing point ( °C

(ritical temperature (0
Oritical  pressure (atm)

Heat of fusion (keal/imol)
Heat of vaporization (kcal/mol)
Dielectric constant

Viscosity (dyne sec/cm?
Molecular bailing point constant (/1000 g)
Dipole  moment (Debye unit)

10

64.06
2927 a 0c ;lam
1434 at-10 ¢
44
-15.46
=10.02
157.2
T
1.767
5.%
138 at 145 °c
0.0039 at0°c
1.45
161

A ?
3 fl v Vv
Y
3 ( ,2528)
(physical method) ’ (physical
properties) magnetic seperation, electrophoretic

seperation, centrifugation

(chemical method)

(microbiological method)
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1 (Elliot 1978)

4850
1.3-1s
stage crushing
float-sink, froth-flotation ~ centrifugation

lenses, bands, cleats
joints

(lump) (Burcett et at.,1985)

395350
] 30
(Ellot, 1978)

(reactant) (cliffuse)
!

? )
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(Elliott 1978)

2 ( 2528)
1 (ime), 1 (limestone)
(clolimite) fluidized bed 1
fl "
A Ca0f+ 07 +12 0 ----mveoeemr > CaS0"9
J CaCOg + 020 + 12029 > CaS048 +C020)
1 @l
2 " (electrostatic precipitator)
(filter bag)
3 ( 2528)
f (flue gas)
(absorption)
Cfl 1 wet scrubbing process
1 95% J
(¢:0) J (CaC03 f
J J

(casification) 1 (liquefaction)
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B SR L
fl 1? f N
2
1, ( calcination )
(Sorbent)
(Barin and Knacke 1 1973)

1] CaCls  -w-ee-mm > Ca0 + Cz !
CaC0s. MCO3 - > CaCOMy0 + CO 2.1
CaCOs . MO - > Ci0. MO +CO. 2.2

2, ( sulfation )
N CO+ 02 +1200 - > CaS0s 3
CaCOj.. MO + 02 + /200  —>CaC03 MgS0s 4
Ca0. MyO +2 02 +02 — > CaS0s . MgS0s 5

(Mechanism of reaction)
02 1J

(overall reaction)
J



(4

Goia and Mura (1980) ] (GO
02 02 03 03
Ca0 CaS0s
(overall-reaction)
Ca0 + S0z +1/2 0 ---smme-m- > CaS0s
(elementary step)
r ) 402 s > 02
20 0211202 = > 03
2 (exothermic  reaction)
(catalyst)
Fe203 Sn02 KO0, CuO (Desal and Yang, 1983)

2 (reversible reaction)
3: 03 2 Y
Ca0 ] gas-solid interface
4 03 CaS0s ; C0 ]
Ca0
5:Ca0+ 03 -wmrmemmeee > CaS0s
(solid-gas reaction)
23 4
1 5
23 4
02 03 Ca0
03  CO 02
02 Ca0 02 catalyst
Fe03 va0s 03
03
Ca0 03 02 03

850
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02 03
(3 (Lallai et at.1979)
3 4 (dliffusion
control) )
Ca0 pore size distribution, porosity, pore volume, grain size, surface area
Ca0 3 4
Burdett (1983) CaS0
3
(1) 02 03
02 +1hoy <===-===> 03
Ca0+ 03  -roememmemreems > CaS0s
)
024C0  -memeeeemes > CaS0s
&)
Ca0+ 0r =mmemememeeee- > CaS0s
4CaSls  --memreemeee > 3CaS0s + CaS
CaS + 20 > CaS0s
1 700
- 1000 02 )
800 - 900 02 CaS0: (
C0!
Goia and Mura (1980)
02 ) Slack (1971)
) Boyneon (1967)
CO+ 02 wmememmmemeees > CaS0s (1)
CaS0s + 12 02 =meememsmeemeemes > CaSls v

R R/ p— > CaSly 0
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4 Ca0 +4 S0 > 3 CaS0s + CaS t)
4 CaS0s > 3 CaSl: + CaS ()
CaSOj > (a0 + S0 (6)
CaSl: e > Ca0+S0s )
CaS+2850; e > CaSls +2 )
(Sulfation reaction)
(Oxiclation - reaction) ! 02
300 - 400
R (CaS03
0 650
() ()
(CaS03
) 02 3%
02 100 ppm. 1000
480 - 500
& ()
02 £
© 02 (excess ar) CO0z
CaS0s + COp ----emmmmem > CaCls + 02
@ 0
b ()
() 02
(Cas0d) Y (&) o
(decompositon  reaction)
(CaS03 (6) (CaS04) (N !
1150
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02 Ca0 (regenerate)
regenerate
CaS0s CaS0:
1000
? (Slack,1971)
L ' 1 (CO)
(pore size and pore volume) g (pore size distribution) 1
(Surface area)
;0]
02 Ca0 ?
02 Ca0 02
Ca0
CaS04 Ca0
(reactive site)
Ca0
02 02 Ca0
02-03 01 CaS0s
0.3
Ca0 (limestone)
(CaCls - > Ca0 + C02
007 4 0.6-10 mdy
;0]
Ca0
3-8
2 0] (Ca0IS by mole)
;0] 1 1

C0

Ca0



CaS0s Ca0 Ca0
3
3 800 - 900
021
4 (resiclence time)
02
. 02
02 }
02

(reaction control) 02
CaS0s Ca0 !

02 2000 M

6. 02 (I

CaO + 02 +12 02
02
1
02 } Fea0s 1
50 (Slack,1971) Desal and Yang (1983)
Feo 3 1.08
02 65
(1980) V20 6 0.1 }
Fes03 1 vAs

$102 KO Qo

18

02

02

(dliffusion - control)
excess air

> CaS0s

02

02

}
Gioia and Mura
02

003



Borwardt and Harvey (1972!

4 G0
50 Ca0 CaS0s !
(chemical reaction) (solid! dliffusion)
Hartman and Coughlin (1974) 02 CaCls
CaC0s Ca0 0
|
Ca0 50%
Ciambelli (1984) 02 J (limestone)
12 gt 075 -08L
] 850 2
( CO: 170, 02 31, 02 0.3
N ) 850 J 1000 cm3min
02 gas chromatograph j
Ca0
Gullett and  Bruce(1987)
(¢Ca0)
C0) ¢-Ca0 hCC . 1
(ol ¢-Ca0 h-CaO
800 10
45 h-Ca0
¢-Ca0

Simon ~ (1987) J
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CaS0s

Davim ~ (1990)
800 - 1000
CaCls Ca(OH: C0 02 CaS04
1000 Ca(OH:
CaCOj
Dam - Johansen and Ostergard (1991) S02
) 23 02 4% wvol, CO2 109% vol, S02 1500
ppmv \ 850
3 (laboratory recycle
reactor), (laboratory fluicized bed reactor),
(coal-fired fluicizec-bad pilot plant)
3 15
60
Carello and Vilela (1993) 02
)" South Brazil 5
(thermogravimetric analysis) (fixed bed differential
reactor) ) 02 850
02
)
Hartman and Tranka  (1993)
G0 02 (fixed bed reactor)
170-580 HO 126, C02 10.1, 02
35 02 0-0.4 330 H20(q)
Cl: Ca0 P 230 - 250
380 P
Cl: 500

Ca0  (maximum  overall



conversion)
170 ? w0
Hsia and Pierre (1993)
diffusion)
02 2 CaS0s

CaS04

580

CaS0s

(outward
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