(peat)

200

21

1.5-7%

10%

(anthracite)

86%

(bituminous coals;

(sub-bituminous)

(lignite)
30-70%

(Tertiary period)

(coal)

7,000

1,500 kg/cm2

, 2538)

69-86%

18 65

, 2528)



2.2

21

| 25%)

2.9

35

, 2538;



2.1

, 2538)
(%)
(Carbon) 40-49
20-33
(Volatile Substances)
(Ash) 7-21
(Humidity) 7-10
(Sulfur) as i
2.1
)
reaction)
(pyrites)
(09
(C03
(A) (Fe)
(Mg) ()
2.2.1
L

(slag)

50-56  47-53  45-67  46-48 51-52
23-26 30-34  18-32 30-35 24-34
13-16 8-16 7-12 8-12 9-17
6-8 7-10 7-10 7-10 7-8
04-08 06- 02-03 0809 04-08
0.95
3-30 % (
(hydration
(C02
(ferric  oxide)
(CaC03
(CaS04 (S)
(K) (P) ()
(A3 (D3
(Fe 3
3



0.03-30

2
2
3
(mechanical  collectors) (electrical
precipitators) 99%
10-85 %
0.5-100 .
50-90 %
Cenospheres
20 %
20-200 (4
Cenospheres
2.2.2
1 (Electrostatic Precipitator)
2
9 %

Electrostatic Precipitator



2.3

231

232

2.2

(Baghouse)

(Cyclone Collector)

70-85 %
, 2537; , 2526;
, 2538)
2
( )
95-99 %
0535 %
(trace element) 20-50

2.3



2.2

1 2537)

As
Be
Cd
Hg
Pb
Cu
Se
Te
Tl
Cr(VI)
Cr (Total)
Ba
Ga
Mn
Mo
N

Sr
V
n
V|

(ppm)
05-8.4
6-56
8-24
0376
0.04-0.75
17-408
49-270
1413
001-1
0.01-0.05
0.015
10-188
1000-1400
5-38
50-250
5-23
60-150
0.1-10.
430-460
260-320
60-80
150-160

10



2.3 (
, 2537)
(%) Poland South Africa
Si02 47,50 41.44 40-57
AlA 2391 37.88 20-29
Fe2 3 9.70 5.99 3-15
Ca0 1.36 10.00 1-10
MgO 4.30 2.36 0.8-5
Na2) 101 0.22 0.2-1
k2 2.53 041 0.5-3
- - 0.7-2
p25 - - 0.2-15
$03 167 0.93 0.3-0.8
C( ) 2-5
(lime) (cementitious
material) b 1 1 (pozzolan)

Mindess  Young

2(3Ca0.Si02) +6HD } 3Ca0.25i023H2 + 3Ca(0OH)2
3Ca(OH)2+ 2Si02 ) 3Ca0.2Si023HD
3Ca(OH)2+ 2A10 3 ) 3Ca0.Si023HD
2.3.3
1

(plasticity)



12

(specific gravity)

2.14
240 2.10
2.60-2.80
( confined compressive strength)
stoker
( , 2526)
Specific gravity 1.90-2.69
Specific surface area (cmag) 1220-8100
Optimum water content (%, standard compaction test) 18-45
Maximum dry unit weight (kN/m3) 9-16
80-85% (slag)
(90%
10 ) pulverized coal 65 - 80%

20-35%



13

2.34
1 ‘ 0C
quartz
( , 2528)
2.
pH
alkaline ash Ca0 MgO
acid ash
2.3.5 ( .2526; , 2526)
L (fill material)
(unconfined compressive strength)
2
2. ( , 2526)
: (sub-base)
(base)
(soil aggregate) (cementitious materail)

(puzzolanic



reaction)

(admixture)

2.3.6

(tertiary)

. .2507

2.4

10-70

(asphaltic concrete)

2.5

14



24

 2537)
( 2kg)
%
(kg/m3
2.5
, 2537)
%
Si02
AlA
Fe2 3
Ca0
MgO
3
Na2)
kX
1.
2
3

ASTM

2534

1.9
270.6

0.64
1261.2

2534
42.8
23.2
14.0
10.5
2.4
3.9
0.8
2.3

ASTM

2535
40.3
24.0
15.0
112
2.8
31
1.0
2.6

ASTM

2535

251
295.7

0.69
1268.1

2536
54.2
16.3
11.7
1.8
14
4.3
11
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20
(ion-
exchange)
24 (zeolite) ( - 2541; Breck o.w.,1974)
(Na)
(K) (Mg) (Ca) (S) (Ba)
(Framework structure) 3
(Si044 (Al04)5 21

21



(tube)

(ring)
6, 8, 10 12

(ideal crystal)
(aperture)

(calcination)

(empirical formula)

M 20D 3%S102yHD

M Z0[{AI02XSi02) ZHD

M

0.3-1.0

(leaching)

17



24.1 (
1840

(Dehydration)

(spongy-framework)

1909

Mchain

"Molecular sieving"

Union Carbide

1948
2,000
Breck (1862)

analcime  Barrer (1951)

(framework)

18

. 2540: Dyer A.. 1988)

(Hydrated zeolite)

J.T. Way
chabazite
1925
.. 1932
chabazite
Union Carbide Corporation
A 1956
faujasite
Milton (1959)
1972
7,000
1862



1980

242 7

2.2

2.2

S4R

D4R

2.3

19

40 100

( . 2541)

(primary builing units)
(Si044 (AI045~

(secondary building units)
23

SGR S8R

DSR



2.5

2.5

20

(polyhedral units)
24

(044
(044  (AIO4B
(A0 (AI04B

R ATA

(Si044
(AI0™5 |



(AI02 (AIOJ5
(coulombic force)
(AI04)5

(polar molecule)
(aperture)

(shape and size
selectivity) 2.6

(Molecular sieve)
M5 HY
(oll cracking)

264
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9
1 Analcite Group
4ring  6-ing 2 analcite
laurnontite 2.1
2. Natrolite Group
4-ring unit 4

3 natrolite, edingtonite  thomsonite
8-fing channel system 28 ()
3. Chabazite group
6-ing
Offertite  Reionite 2.9
4. Phillipsite Group
4-1ing (Up)  D(Down) 3
Phillipsite ~ Gismindite UUDD
Li-A(BW)  yugawaralite single 4-ring 2.10
5. Heulandite Group
5-1ing 4 4-1ing 2

brewsterite
28 () block
healandite stibite
5-ing 211 ()
6. Mordenite Group
5-1ing 4
7 odenite, epstilbite, bikitatite, dachiardite
( 2.12), ZSM-5 ( 213)  ZSM-11
7. Faujasite group
3 socialite, A ZK-5

2.14
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8. Melanophlogite Group
interwoven layer 12 14-hedron

12-hedron 5
6 ring ZEM-39 ( 215) melanophlogite (
2.16)
9. Lovdarite Group
4ring  8-ing sharing 3-ing
intersection 2 9-ring 2.17
) )

2.1
) analcite ) laumonite

2.8
) natrolite ) brewsterite ) ZSM-5



24

2.9 Offretite  Erionite
) Offretite ) C-Project of Offretite ) Erionite ) C-Project of Erionite

2.10 3 UUDD, ubuu

211
) Heulandite ) Mordenite Group



2.12
) Modenite ) Dachiardite ) Ferrierite

ELLIPTICAL IO -RINC
sthajcht channel.

fSTi *S--tA)

2.13

) Epstilbite

ZSM-5

) Bikitaite

25



2.16

2.14

2.15

ZK-5

ZSM-39

elanophlogite

26



zeolite)
150

bases)

21

2.17 Lovdarite
) a )
24.3 (Breck D.W..1974: Dyer A.,1988)
(natural  zeolite) (synthesis
40

(mono or divalent

faujasite, erionite, offretite, chabasite,

gmelinite, mordennite heulandite

hydrological system

Saline, Alkaline Lakes 2

arid region semiarid region

close resin clastic material ~ basin edge
lake chemistry

Saline, Alkaline soils Saline,

Alkaline soils arid region  semiarid region



28

Marine Sediment

Open Hydrologic Systems
porous pyroclastic vitric ash
Hydrothermal ~ Systems

mordenite clinoptilolite
analcime  laumonite
Burial diagenetic systems
Magmatic ~ Systems

imertitial ~ globules

(NH& hydrothermal
treatment (silicate)
2
(sodiumaluminate)
(aluminiumsulfate) (Si02 silica sol, fumed-silica sodium
waterglass quaternary

ammonium
200



SIlAl
SilAl
1 Al-0-Al AID3
mordenite SIlA 10 SillAl
244
L (Hydrogenation)
(Alkylation) (Isomerization)
2 (Sorption agent)
(Water softener)
(lon exchange resin)
) (Detergent builders)
(Capacity) (Kinetics)
245 ?
1

Ames

clinoptilolite ~ Union Carhide’s 40
95%



ZSM-5

MTG

(Procyer&Gamble)

MTG (Methanol to Gasoline)

(fixed-bed)

( esseling)

(Ca24
Linde
(Henkel)
MTG ZSM-5
.. 1985
(fluidized-hed)



90% 90.25 fluidized-bed
MTG
4,
clinoptilite ~ mordenite Cd, Cu, Pb
N
(A9)
Breck
Co N linde A (linde A zeolite)
2.5 ,
25.1
(2531)
(AI(OH)3 (NaZsi03 A
zeolite A 700°
3 (Metakaolin)
50 ( / ) 95°C
30
90 A
(IR-Spectrophotometry)

(X-rays Diffraction Spectrophotometry)
(Electronscanning microscope)
(2535)

(High pressure autoclave)



(NaOH)
05, 20,50, 75 M

1 Analcime (NaAl(Si032H2)
Sodium aluminium silicatehydrate (NaXALLSI 1) 23HA)
Na, Al Si, 0,HD
(2536-2537)

SiAl -
35709 12 Analcime
12
3579

SIIAI
2.233 40 400

(2542)

zeolite P, chabazite, nepheline, gismondine ,
2
100 12
100 12
619.44

52.20
2.5.2
Srinivassan Grutzeck (1999) X
3 90

32



Y P 150
anaicime sodalite 3
7 (02
analcime  sodalite
XY P
Hollman (1999) P X
2
90 6
90
48 2
P 18
X
Hsiao-Lan Chang and  ei-Heng Shih (1998)
3
(NaOH) faujasite 38°C
zeolite P 60°c
1 12
1.8-3.7 mequivig

G.c. Hollman and other (1997
(NaOH) ' '

(zeolite  Na-PI)
(zeolite  Na-X) 3.0
2.0 90°c 24
2.0-2.5 meq/g
c. Amrhein, G. Haghnia. And others (1996)



(zeolite  Na-PI)

100°c

(zeolite Na-C)

250°C

3.0
3

100°c
(zeolite X)

(X-rays Diffraction Spectrophotometry)

(potassium  chabazite)
30

(zeolite Na-PI) ~ 100°c
3.0
30
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