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1.3

Fig. 4

50~70 9%( ) SO, HCI
3

10 kg

182409 —
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SO,, HCI

2
HCI, SO,, NOy, HCI
SO, Ca
HCl SO, Ca (Ca(OH),)
(Ca0) (CaO MgO) Na
(NaOH) (NaHCOy)
Wecker?
HCI SO, NOy
1), (2 3
2HCI +Ca(OH),—CaCl,+2H,0 1)
H2803+1/202+Ca(0H)2—>CaSO4+2H20 (2)
2HNO3+Ca(OH),—Ca(NO3),+2H,0 €))
SO,
SO, (CaSOy) CaSO0,
Ca(OH), SO; SO,

SO,



2.1
HClI SO, NOy

Table 1
25 kg 10 kg
Table 1
SO,
NOy
Table 1 A7)
HCI SO, NOy
ppm ppm ppm  mg/Nm®
10 10 50 10
15 20 70 20
10 10 25 10
20 20 20 20
Figs. 5~7
(Fig. 5)
(Fig. 6)

(Fig. 7) 3
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Fig. 5

Fig. 6
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j [ 7
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2.2
Fig. 8 2004~2008 8
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10 %
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80
SO, 2000 ppm

SO,

900 3 hr

0.1823

SO,
(Mg0=39.0 %
Mg(OH)
Ca(OH)z SO,
SO,
60
100 sec

2.3.2 SO,

(SO,-N,-NO-0,-H,0)

36.52 %)

Fe, O3

O,

teo (

SiO,
SO,
10g 20 ml
SO,
0.0274
MgO
MgO
MgO
SO,
Fe,O3 SO,

ASTM C110-98
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)
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Kalksteinwerke

100 kg

0.36 0.42

90%

13)

HCI

=0.8~1.2 ( /

HCI

SO,
1 1993
30~50 kg 50~70 kg
50~60
85~110
12)
0.32
11)
SO,
Rheinische Kalksteinwerke
SO,
2000
Lhoist
Lhoist
Rheinische Kalksteinwerke
50

SO,

=1.2~10)

Rheinische

45

SO,

SO,



Lhoist 14)

5 mm 30  mint CaO
15 30 wt
110~500 CO, 500 mg Nm? 2%
CO,
500 mg Nm? 32 um 32 um
wt 20 50 32 um
15 30 wt
110~500 CO, 500mg Nm?
CO,
15)
100 g 0.05~3 g 100
g 15~35¢g
16)
15 5
5 33 wt%
35 55 %
30m? gt 20 1000 0.30ml g*
35
55 Wt%

15) 16)



SO,

SO,
2.3.3
17)
JS 20)
SO, HCI 1500 ppm
SO, 300 HCl 150
15~51 m* g* 0.07~0.23 cm® g™ 13
SO, HCI
SO,
Liu ® 40 mg CO, 0, NOx
SO, N>
SO, CaSOs CaS0,

CO,=00r12.6 % O,=00r5% NO4=0 or 600 ppm SO,=1000-3000 ppm

30-70 % 60-80
60
70 % SO»=1000 ppm NOx=600 ppm CO»=12.6 % 0O»=5 %, CaS0O3
0.30, CaSO4 0.32 0.62, 62%
60 70%, SO,=1000 ppm,
NOx=0 ppm, CO,=0 %, O.=5 % CaS0s 0.20, CaSO4 0.02



0.22 NOy

NO,, CO2
(60~80 )
CO, O, NO,
1) 0,
2)
0, NO
0, NO
CaSO, CaSO;
0, NO
3) SO,
NO
Bausach 9 =0.87 g
(S0,=2000 ppm  NO,=0-275 ppm  0,=0-18 vol% =1.3 Nm®
333-353 K 30-70%
NO; NO>
NO, Ca(NO3),
Ca(NOs), SO;
SO,
02, NOy, COy, H,O
SO,
2.4
Table 2 JIS-R-9001(2006)

Co, ©0

O,

NOy

Liu

min)

18)

Table 2



Table 2 JIS R-9001(2006)

20)

600um 150pum
Cao Ca0 + MgO MgO CO,
93.0 20
90.0
80.0
725 15 5.0
70.0
65.0
93.0 300 20
90.0 20.0
70.0 225 15 5.0
69.0 15.0
Fig. 9
Table 2
/ (Slaking Water Ratio, SWR )
SWR=0.62-0.80
SWR=1.2-10
Diethylene Glycol
SWR=2.0-3.0
0.2 %
SWR=0.8-1.2
SWR=0.9
0.2%
Fig. 9
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SO,

SO,
SWR=0.62 -0.80
:) =
=3
SWR=0.80-1.2
+DEG
=3
SWR=1.2-10
+DEG £
=) =
=} P =
DEG : Diethylene Glycol
Fig. 9
3

SO,



Slaking Water Ratio, SWR
SWR 0.65 10
SO,
SWR=0.90 SO,
SO,
SWR

35 nm

SWR=0.7 0.9 2.0

SWR

SWR=0.9

SWR



1 min

15

90 min
SWR=0.7
SWR=0.9
37 nm
SWR=2.0
90 min 46 nm SWR=0.7, 0.9 2.0

SO,

Diethylene Glycol DEG SWR=0.7

09 20

1/2

0 05 20 50 10 mass% DEG
SO,

1 90 min SO, DEG
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DEG 2.0 mass%

DEG DEG
10 nm DEG=0 mass%
DEG DEG
DEG
SO, SO,

3 SO,
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SWR=0.9 DEG 2 mass%
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1.
SO,
HCl SO,
1990
2
HCI
SOz SOZ
1990~2000
2 3
Ca 21~24)
25) 26)
SO,
SWR(Slaking Water Ratio) SO,
1 SWR SWR=0.65
SWR=10 SWR SO,
SO, SWR
SWR Ca(OH), X XRD

N>



JIS R 9001
CaO 95% 45
m 95 mass% 228 m* gt 0.008 cm® g™
teo 0.4 min 60 ASTM C110-98
20 600 cm® 300 r.p.m.
150 g 60
min
138A
1000 g 40
15 min
120 0.1 MPa 12 hr
C 1y m
754 m
NOVA3000
N> 3 BET P/Py=0.9975 N2
N> BJH
XRD CuKa ; 40KV, 30 mA
SO, Fig.1-1 SO,
0.60g 33.5mm 100 p m
170 40 mm, 500 mm
170 10 min
1vol% SO, P 9300 cm’® 3900 cm® 50 min
SO, 2
0.8cm st
10
3.5%H,0,,400 cm® SO, NaOH
SO; SO;



SO, (%) (SA-SB)/SAx 100 (1)

SA SOZ SB H202 SOZ
170  Steam Temperature
controller

¥ ¥ , |

~Thermocouple

Heater

Sample unit

v

N2 1%SO02
99%N2

A

35%H202 b ||o= @
10 o

Gas meter

Fig. 1-1 Schematic Diagram of the SO, Absorptivity
Measuring Apparatus

3.
3.1 SO,
Fig.1-2 SWR
SO, SWR=0.65
0.73 SWR=0.73
SWR=0.73 1.0 S0,
SO,

SO, SWR=0.9 0.9



SWR=0.90 1.4 SWR=1.4
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Fig.1-2 Comparison of Pore Volume, Surface Area and
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Fig. 1-3 Relation between Total Pore Volume
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Fig.1-3 SO,
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SO,

Table 1-

SWR

SWR

3.2 SWR

Fig.1-4

27)

Group SWR Cgr:feen\;vf\t,\izﬂ) Appearance

L9822
0w 60 powder

0.78 9.7
o8 143 wet powder

0.90 17.1 (forming cohered particle
--------- 1 0238 with free water)
_________ 4 %A Py
20 e paste .

10 88.2 suspension

SWR
SWR SO,
SO,
SO,
SWR
SO, SWR=0.80
SWR

Table 1-1 Physical Properties of the Hydrated Lime

1.0

SWR



Fig.1-4 JIS
BJH

0.008 cm® g-1

SWR=0.65

JIS 20 SWR

o
(V)

Dv(logr)/cm 3 g'1

0.2 {—5-:swR=0.78
—A—:SWR=0.73
|| —6—:SWR=0.65
->%-:JIS Tokugou

-0 - :Quicklime

0.1

1 5 10 50 100
Pore radius / nm

Fig. 1-4 Pore Size Distribution of Hydrated Lime
depending on SWR

JIS SWR

17 nm
Table 1-1 Group

17 nm

17 nm



Group 2 17 nm

Group SWR

5nm 5 17nm Group 5nm

5 ntm 17 nm

Ca(OH),
Ca(OH), (101)
(001)

Intensity / a.u

—
-
)
RS
—
P/’K
ﬁ;::_,
\
o
2
s

15 20 25 30 35 40

Fig. 1-5 XRD Patterns of the Hydrated Limes prepared
by Slaking with SWR=0.65~10

Fig.1-5 SWR

SWR
(101) d=0.264 nm

(112) d=0.262 nm
2 Scherrer
D=0.89x A /(V (B o> &)x cos8 ) (2)
A X CuKa
1.54 B o (rad.)) Be
(rad.) €& 20 172

Fig.1-6 SWR



SO,

35 nm
60 T T 11 | T T T | T T T 1 l 025
i Crystallite size .
50 |~ <4
S i —0.20
S a0
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7
@ 30 o0.15
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Fig. 1-6  Effect of SWR on Crystallite Size and Pore Vo
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\1%5/

Small crystallite

Image of Cohered Calcium Hydroxide Crystaliite

|

Large crystallite

Pore volume

Fig. 1-7 The Pore Volume Model

Pore volume / cm® g™
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3.2 SWR

Fig.1-7

Fig.1-7 2 a

Table 1-2 Pore Volume Index based on the Pore VVolume Model
at o =60

Effective Calculated Pore volume Index of No. of Pore volume

Crystallite : :
sizelength *Y CpElie sfsctve (R T E) (A )
nm nm nm’
25 25.0 6766 4.00 27063
30 30.0 11691 2.78 32476
35 35.0 18565 2.04 37889
40 40.0 27713 1.56 43301
45 45.0 39458 1.23 48714
50 50.0 54127 1.00 54127
55 55.0 72042 0.83 59539
Table 1-2 a 60
A 1
(B)
50 nm 1 1
a(nm) t(nm)
a’t(nm?) 50 nm 50%t(hm°) a(nm)

50 nm a/50?



a(nm) 50 nm a%/50°

50%/a2
(A)x (B)
a 15 90 15
25 55nm
Fig.1-8 35 nm
a

) I ) //w/ /l/ I //l
0.14 |- e e 4 s
4 ©
HE’ <
£ 0.12 3
o ©

&
5 0.10 g
o ©°
> >
L o008 )
o (@)
a o
0.06 |~ _
1 I 1 I 1 I 1

20 30 40 50 60
Crystallite size / nm

Fig. 1-8 Pore Wolume & Pore Volume Index based
on Crystallite Size

—O—  Pore volume based on measured data
— ——  Pore volume index of each other angle
— . —. Result of simulation

(both of data refer to right axis)
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a
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25 nm a 15
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a 15 2 (A)x (B)
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a 2
Fig.1-8 SWR
35 nm
SO,
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4,
1) SWR=0.9
SO,
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) SWR
SO, SWR=0.90
35nm
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1nm
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Fig.1-8
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HCI SO,
HCI SO,
24)
1 10 kg
13)
1) 2
13)
26 14~15)
24)
2
SWR=0.7 09 2.0
1 min 90 min
2 1 SWR=0.9
SO,

SO,

Fig.2-1



1 % JIS R 9001

Cao
95% 45 pm 95 mass% 2.43m? g*
0.009cm® g™ ¢ 0.3 min
Cao 95% 45 um 95
mass% 2.28m* g* 0.008cm® g* tso 0.4
1 27)

1 . . I
: Quicklime sample :
: CaO purity>95% i
| mean particle size= 45y m '
1

Temperature: 40
Slaking water ratio,
SWR: 0.7, 0.9, 2.0
\_ Slaking time: 1 90 min

Slaking
Ca0 - Ca(OH),

Drying

Vacuum drying:120 ,-0.1MPa
Drying time:12 hour

Crushing & sieving
particle size <75p m

A A

Specific surface area  Crystallite size ~ Crystal observation
Pore volume

Pore size distribution

Fig.2-1 Flow Diagram of Experiment

SWR(slaking water ratio)



SWR=0.9 SWR=0.7 -0.9 20

40
1 3 5 10 15 30 45 60 90min
120 -0.1MPa 12 hr
75 um
1 N, 3  BET P/Py=0.9975
N, N, BJH
XRD CuKa; 40 kV 30 mA
(101)  d=0.264 nm X
SEM
3
3.1 SEM

(@ SWR=0.9: (b) SWR=0.9:
slaking time =1 min slaking time = 90 min

(d)

100nm

100nm

(c) SWR=0.7: (d) SWR=20:
slaking time = 90 min slaking time = 90 min

Fig.2-2 SEM Images of Hydrated Lime with Slaking
Water Ratio, SWR=0.7, 0.9 and 2.0

Fig.2-2 SWR=0.7, 0.9, 2.0 90 min



Fig.2-2 SWR=0.9

€)] 1 min (b) 90 min
€)] SWR=0.9 1 min
(b) 90 min
(c)SWR=0.7 90 min
(d)SWR=2.0 90 min
3.2
Fig.2-3 SWR=0.7, 0.9, 2.0
SWR=0.7
28 nm 90 min
30nm
SWR=0.9 30 nm 15 min
37 nm 15 min
SWR=2.0 min 36 nm
90 min 46 nm
SWR
Fig.2-2 SEM
SWR=0.7 min 90 min
0.13cm® g* SWR=0.9
0.18cm® g* 1min 0.20cm® g 5min 90 min

0.18cm*® g¢*
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Slaking Time according to SWR=0.7, 0.9 and 2.0

SWR=2.0

SWR=0.7

SWR=0.7
SWR=0.9

, 1 min 32 m?



90 min 31m? gt
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Desorption Dv(log d) / cnt g™

5 10 50 100
Pore Diameter / nm

Fig.2-4 Changes of Pore Size Distribution of

Hydrated Lime with SWR=0.7, 0.9 and
2.0 according to Slaking Time
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Fig2-4  SWR=0.7 0.9 20

SWR=0.7
SWR=0.9 1 min 90 min
30~40 nm
SWR=0.7 15 nm 1
SWR SWR=0.9 17 nm
SO,
SWR=0.9
SWR=2.0 SWR=0.9
20nm 1 min 35nm 90 min
1 27)
SWR=0.7
SWR=0.9
SWR=2.0 SWR=0.9
SWR=0.9
SO, SWR=0.9
1 27)

3.2.2
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Fig. 2-5 Relation between Specific Surface Area and
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1
1 27)
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Fig2-6  SWR=0.7 20

Fig.2-5 12
1
teo
35nm
SWR=0.9 45 min
nm 15 min

35 nm
SWR=0.9 15
36 nm 45 nm

SWR=0.7
1
SWR
35 nm
4
SWR=0.9
1 SWR=0.7
SWR=0.9 15 min

90 min

Fig.2-3
30 nm 39
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5 min

27)

37 nm
SWR=2.0
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Fig.3-1

____________ 1
: Quicklime sample
I | =
: | | I
| CaO purity>95% | Slaking water: 40 |
| mean particle ! I Diethylene glycol: :
Lo desshum : 0 10mass%
< } Slaking water ratio: 1
1 : 0.7,09,20 :
1 Slaking time: |
Slaking : 1 90 min :
CaO - Ca(OH), e m == 4
SWR Slaking time DEG
/ min / mass%
Vacuum drying Run 15 0.9 1~90  0,0.5,2,5,10
120 ,-0.1MPa
time:12 hour Run6~8  0.7,09,2 1~90 2

'

Crushing & sieving
Particle size < 75um

v

: ¥

BET,BJH

XRD SO, measuring

'

Specific surface area
Pore volume
Pore size distribution

Fig.3-1

1 2

20)

CaO  95% 45 um
g* 0.009cm® g*

Fig.3-1

Crystallite size

' v

SO, absorptivity

Flow Diagram of Experiment

JIS R 9001

95 mass%
60 0.3 min

Run 1 5

2.43 m?



SWR(slaking water ratio) ~p 202

SO, 0.9 DEG
99.5% 0 05 2 5 10 mass%
1000 g
C138A
900g DEGO 10049 40

1,5, 15, 30, 60, 90

min
Run6 8 DEG 2 mass%
SWR 0.7,0.9 2.0
1000 g 700 2000g DEG20g
40
120 -0.1 MPa 12 hr
75 um
1 27) N,
3 BET P/Py=0.9975 N2 N2
BJH SO,
XRD CuKa; 40 kV, 30 mA (101)
d=0.264nm X
SO, 1
1 vol% SO, N2
SO, SO, SA
SO SB
SO, (%) (SA-SB)/SAx100 (1)

3
3.1 DEG

Fig.3-2 Runl 5 SWR=0.9 DEG 0 10mass%

Fig.3-3 Runl 5 SWR=0.9 15 min DEG



SO,

O, -
8o -
SN ]
= i
O~ p—
58 :
o E
U‘) c—
e+ 030 —
2 (@)]
2 i
> R
o5 020 = % @ -
o™ L -
a

0.10 |~ . 1 . 1 1 1 ]

* T v ] ] !
I ;O/F_C” < °
(7] = -
L£e 30¢ —
= C
8~ B 7
g 20 [ pasaf Jramanaa Jrmncmnnnnnnnans [Jee=eemeaunnannns , —
O é)éz .-- lllllll 6 llllllll lllllllllllllllllllllllll ]
10 N [ N [ N N [ N
0 20 40 60 80 100

Slaking time / min

Fig.3-2 Changes of Specific Surface Area, Pore Volume and Crystallite
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DEG 1 Table 1
Table 3-1 Changes of the Ratio of Thickness
based on the Data of Specific Surface Area
and Crystallite Size
a b c d e f
Specific .. Ratio of No. of Index of Ratio of -
Run DEG SWR surface Cryss_taelllte crystallite per  suface area specific qué%fn ti??:tliﬂezfs
area 1z unit weight  per unit weight surface area VISt :
mass% m g nm
1 0 0.9 27.1 35.7 1.00 2692 1.00 0.00 1.00
2 0.5 0.9 48.6 20.2 3.12 2801 1.79 0.79 0.56
3,7 2 0.9 62.8 16.4 4.74 2860 2.32 1.33 0.43
4 5 0.9 67.7 143 6.23 2905 2.50 1.50 0.40
5 10 0.9 52.9 13.7 6.79 2921 1.95 0.92 0.52
6 2 0.7 52.8 148 5.82 2893 1.95 0.92 0.52
8 2 2 51.9 23.0 241 2771 1.92 0.94 0.52
anm 1
b (2
b =35.7%x 35.7x 1/(ax ax 1) 2
c 1
(©)
¢ = (axax2+ax1x4)xb €))
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Table 1 a c 3
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)

SO,

Vi-V,

Table 4-1 Relation between the Consumption of Pore Volume with Pore Diameter and

SO, Absorbtivity of Hydlated Lime depending on Slaking Conditions

Slaking conditions Before SO, absorption After SO, absorption Consumption of pore volume SO,
P ore volume Total pore P ore volume Total pore P ore volume Ratio (Rc) absorptivity
SWR DEG -10nm +10nm  volume V, -10nm +10nm  volume V, -10nm +10nm  (V1-V2)/V1X100
mass% et q—l et q—l et q—l et q—l et q—l et q—l et q—l et q—l % %
a) 0.9 2 0.0693 0.153 0.222 0.0276 0.0771 0.105 0.0417 0.0759 52.7 65.9
b) 2 2 0.0406 0.227 0.268 0.0125 0.124 0.137 0.0281 0.103 48.9 63.5
c) 0.9 0 0.0150 0.175 0.190 0.0123 0.127 0.139 0.0027 0.048 26.8 44.0
Table 1 a)~c) 3 SO,
10 nm 10 nm SO;
10 nm a)
0.0693 cm® g b) 0.0406, 10 nm b) 0.227
3 -1
cm® g a) 0.153
SO, 1 ,S02
10 nm a)
00417 cm®* g* b) 0.0281 c¢) 0.0027 10 nm b)
0.103 cm®* g* a) 0.0759 c) 0.048 50
SO, a) 659% b) 63.5% c) 44.0%
10 nm SO;
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