21
( )
(Portland Cement) (Hydraulic Cement)
(Hydration)
: (Mortar)
22
221
2
1 (Calcareous Materials)
CaC03 (Limestone) (Chalk) (Marl)
2 (Sio?) (A2 3
(Argillaceous Materials) (Shale) (Clay)

(Slate)



« 1 ) !

(Gypsum)
21

LIMESTONE  CEMENT ROCK -

CLINKER
_*_ SHALE :
E .
s
OYSTER SHELLS COQUINA SHELLS B CEMENT
.'\' »,
an SILICA SANC GﬂM

5

PORTLAND

21 (253



222 ?

(Dry Process)

(Wet Process) 2.2 2.3
(Kiln)
24
(Rotary  Kiln)
50 50 ' 2 4

13
1,400-1,600 °c

(Clinker) 21
, 90



Raw Maa! Feed
Stage 1
Stage
Stage iii
Stage IV
By-pass
Precipitator
Kiln

Preheater

Fuel Input
Clinker Cooler
Clinker

Fitter

CKO

(Dry Process) (Environmental Toxicology International, 1992)



2.3

1 Slurry Feed 5 Clinker Cooler
2 Precipitator 6 Clinker

3 Kiln 1 Filter

4 Fuel Input § CKD

(Wet Process) (Environmental Toxicology International, 1992)



21

(Ca0) 60-65
(i02 20-24
(AD3 49
(Fed3 25
25 @) B

(Clinker Cooler)

(Grinding Ml

200

(Bulk Storage)

(Cement Kiln Dust: CKD)
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2.2.3 ? ( )
()
(Limestone)
(Shale)
| 80 1
16 80

(Iron

Ore) (Grinding  Mll)

(Homogenizing Silo)
(Preheater Tower)

38,500 24
25 ()

nIanun KW sAln g Faw

24 ()
(Siam City Cement Public Company Limited, 2005)
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(Calcination) 800 900
(Limestone: CaCo3) (Ca0)
(C02
50 40
10
(Clinkerisation)
1,450
(Ca0) (Si02 ! (AD3

(Fe) 3 (Spence, 1993)

(Polychlorinated Biphenyls: PCBs)

() 1998 0.01 2000
0.02 2001 0.20
(Siam City Cement Public Company Limited, 2005)



2.3 ?
4
(Tricalcium Silicate) (Dicalcium Silicate)
(Tricalcium ~ Aluminate)
(Tetracalcium ~ Aminoferrite) 2.2
Ca0 ¢ Si02 Aljoj A Feds
F
MgO Ti0j Mnd) 3 K2)
Nad)
2.2 (1 2539
3Ca0.Si02 c3 33-55
(Tricalcium Silicate)
2Ca0.5i02 CS 15-35
(Dicalcium Silicate)
3C30AID02 ch 1-15
(Tricalcium Aluminate)
4Ca0 AlD3Feds  CHAF 5-10
(Tetracalcium Aluminoferrite)
231 ?

2.3



14

23 (2%
CS CE CA CAF
() () ()
) «
() () ) ()
(500dg)  (50dg) (850 (420Ug)

(CY) 10 80
X-Ray

Diffraction ~ Spectrometry
(Calcium Silicate Hydrate: C-S-H)

24



24.1
?
20 (Achternbosch , 2003)
10
(Mokrzycki Bochenczyk, 2003) 24
24

(Environmental Toxicology International, 1992; Trezza Scian, 2000,
Achternbosch , 2003; Ract, Espinosa  Tenorio, 2003; Shih , 2003)



2.5

Ca0= 21.34%
Si02=3.80%
Al 3= 1.64%
Fed 3= 2.32%

Ca =43.19%
Si =9.02%
Al =2.33%
Fe = 1.88%

Ca0 = 27.2%
Si02=29.4%
A2 3= 18.0%
Fed) = 13.3%
Ca0 =26.0%
Si02=6.3%

AID 3= 4.3%

Fe2) 3= 35.0%

MnO = 13.35%
TiOj =0.04%
Ba = 158 ppm
Cr="1737 ppm
Cu = 1,426 ppm
Pb = 23,632 ppm
=390 ppm
Sr=214 ppm
Zn = 114,483 ppm
Cu=241% 2%
Ni = 1.22%
Sr=021%
Cr=0.14%
=0.12%
MgO = 1.6% < 5%
Nad) = 3.6%
K0 =0.9%

KD =0.24%
MnO =0.41%
Ba = 575 ppm
Cd = 1,030 ppm
Cr = 41,700 ppm
Cu =96,300 ppm
N = 62,400 ppm
Pb =5,290 ppm
N=101 000 PPM

16

Trezza
Scian, 2000

Ract, Espinosa
Tendrio,
2003

Shih ,

2003

Stegemanna

Buenfeldb,
2003
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2.6 1999
(Achternbosch , 2003)
(1)

35,695,913

10,000,000

/ 1,985,000

1,240,000

170,000

117,000

240,000

212,039

140,000

25 24
2.6
1999
5,000 Btu (.. EPA 1991 Environmental
Toxicology International,  1992)
10,000 Bt (Peters , 1986
Environmental Toxicology International, 1992)
24
18 (Costner

Thronton, 1990 Environmental Toxicology International, 1992) 2.1



1999
2.1 1 1 't 1999
(Achternbosch , 2003)
(1)
(Hard Coal) 980,000
(Brown Coal) 2,140,000
(Oil Coke) 312,903
(Used Types) 236,000
(Waste Qi) 181,000
(Scrap Wood) 77,000
290,000
10
1990 1998
18 524
25 20 15 (Mokrzycki -~ Bochenczyk, 2003)
1999 2.1
23 2001
30 German Cement Works Association
(VDZ, 2002 Achtemboch , 2003)
237,000 245,000

128,000



420,000

(Weitzman, 1983

(
] I
Bochenczyk, 2003)

Achternbosch

2.8

- 2003)

)

(Mokrzycki

19



242

2.5

2.8

2.5

20



1 1 » » 1
2.8 (Dalton , 2004)
CH 3
(255
)
(
)

10

(255 )



243

2.9

9.3
97
311
25
12-19
97
100

69.6
86
5

N Nt A

£ T

SESEEFEE

=

Sprung, 1985
Sprung, 1985

Murat  Sorrentino, 1996

Ract , 2003
Sprung, 1985

Andrade , 2003
Sprung  Rechenberg,
1994

Locher, 1989
Gerger, 1994
Kirchner, 1986

Andrade , 2003
Andrade , 2003
Caponero  Tenorio,
2000

Espinosa

Ract

Espinosa
CrCI3

Espinosa
Pb(N03)2

Andrade

750° C

PHCI2)

NH4V03
Zn0

Espinosa

22

Tenorio. 2000
, 2003

Tenorio, 2000

Tenorio, 2000

. 2003

Tenorio, 2000



1970)
(Platinum)
(Lea, 1970)
29
29
Achternbosch (2003)

(Material Flow)

300
(Top Down Approach)

29

23

(Lea,

(Rotary  Kiln)



2.10
(Achternbosch

2a

20

2009

10

15

60-80

2.10

55

211

2.6

24

2.8



SERRNRRR
Secondary fuels AR

AN
1% AATIRIAR AR AR AN

QAR
Pnmary fuels A

4%

interground additives

%
Cd

<
v
Secondary raw materials .

2
7
Z
Z
Z
Z
2425
,
LT

w5 AR
29% AR

ettt

ALIAELIAARAR AR AL AR

AATLLAA LA AR AR

ARTATR AR AR
AN

Secondary fuels

12% Primary fuels

9
26

Primary rawmalenals

78%

Primary raw materials

48%

interground additives

2

Secondary raw materials

24%

Secondary fuels

5%
Primary raw materials

Primary fuels 65%

4%

Secondaryraw mater

2%

-

ARTRTALILARER AR RS
ALIRIARRARRR RS

Secondaryfuels

“

Primary raw matenaly

%



interground additives

R

Secondary fuel» Secondary rawmalenals
0%

S\
cCRRNRNRAR
CORNRRRNRNN

Y
Pnmary fuels

nterge

b

LI

7
7
Z
Z
Z
Z
Z
Z
Z
Z
7
Z
Z
2
Z
Z
Z
Z
;
o LT

Cu S

Mh

AAAITAR IR ARAR A Y
Secondary raw materials

37%

ARTLAL LRI

AP AARRAN RN

Primary raw materials

BAILIATALL LRI

52%

Secondary fuels

6%

95%

Primary fuels

Secondary rawmatenals 2%
interground additives

interground additives
1%

1%

Secondary raw materials 3%

Pb 16%

Secondary fuels

Ni

S
S
S
3% SONNRRRRRRRRNY
A
ANEEAAAAAAAAA AR
AVRRERRRARRRARRANRR R
ARAATIRAAAAR AR
AAAAAALAREARRAARARAAAA RS
AN

1111T

IEENENEN]

Pnmary fuels

9%

QNIRRT

Secondary fuels

8%

Pnmary fuels

3%
Primary
Pnmary rawmatenals

76%

2.1



Sb

Secondary raw malenals
V "™ INDOUNG AOGves
Secondary rawmatenals Secondary fueis
0%

2

6%

AR

Prmary fuels / MR
X

)

Secondary fuels

28%
Primary awmaterals
62%
Pnmary fuels
2% Prmary mwmatenals
T4
1%
Secondary raw matenals
20%
Secondary fuels
5% Primary
Primary fuels
5%
Primary raw materials Secondary huels Primary hels
%

78% 37%

28



2.1
(Achtembosch

2009

28



29

2.10 ( 1)
( )
60 74
( 3)
( 4)
Achternbotch
Achternbotch
(Zement-Kalk-Gibs,

Entsorgungspraxis, Umweltpraxis, Ml Abfall
)

Bundesanstalt fur Geowissenschaften Rohstoffe
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2.12
(Combustion Research Institute:  CRI,
1991)
Bolstad
1983
(Environmental Toxicology International, 1992)
1980 1990 (Environmental
Toxicology International, 1992) Benestad (1989) (

Environmental Toxicology International, 1992)
1983 1987 Benestad

1983 1967
1987



2.12

Toxicology International, 1992)

0.685
0.991
10.70
0.044
0.344
20.60
1.9
0.984
17.30
0.072
0.555
140
0.338
297

97

(

158
1.65
31.70
0.108
0.376
58.50
2.3
2.39
40.10
0.068
1.04
1.95
0.221
251

)

<0.010
<0.007
0.035
<0.001
<0.022
<0.010
0.053
0.054
<0.066
<0.007
<0.022
<0.007
<0.089
0.334

Portland ~ Cement
Toxicology International, 1992)

2.14

2.13

5.76
5.170
166.00
<0.369
1.29
264,00
12.00
10.70
138.00
0.26
3.96
517
<0.62
180

(CRI, 1991

0.808
0.592
19.90
0.045
0.309
1250
583
2.14
11.00
0.045
0.886
0.806
0.359
153

(

1.78

0.89
41.30
0.11
0.317
5240
10.40
2.96
34.50
0.068
2.26

1.78
0.245
1.58

Association  (1991) (

97

Environmental

)

<0.010
<0.007
0.0218
<0.001
<0.022
<0.010
0.021
0.132
0.07
0.0003
<0.022
<0.007
<0.087
0.147

5.08
2.80
144.76
<0.326
1.34
299.10
50.80
9.84
171.40
<0.195
1.9
5.08
0.62
6.48

Environmental
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Portland Cement Association

1982 (..
Bureau of Mines) 113
102 2.15
' Portland Cement Association 2.14

(Environmental Toxicology International, 1992)

2.13 (PCA, 1991 Environmental
Toxicology International, 1992)
(ppm)

2.40 0.70 4.00
19.00 5.00 71,00
280.00 91.00 1420.00

110 0.30 3.10
0.34 0.03 112
76.00 25.00 422,00
11.00 1.00 75.00
0.014 0.00005 0.039
31.00 10.00 129.00

142 0.62 2.23
9.20 6.75 19.90

1.08 0.01 2.68



214

(ppm)

Environmental Toxicology International, 1992)

200
18.00
172.00
0.65
10.30
41.00
360.00
0.66
22.00
2814
1053
4324

2.15
Mines, 1982

1750
24,00

23.00
42.00
264.00
0.52
30.00

8.30

0.30
2.00
3500
0.13
0.10
8.00
34.00
0.004
100
2.68
480
140

(ppm)

<1.60
130
<55
<200
<150
11.00
<26.00
<0.13
<12.00

<3.00
<60.00

33

1991 (PCA, 1991

(ppm)

340
159.00
767.00

354
59.60
293.00
7390.00
2550
60.00
307.00

40.70
176.00

1982 (. . Bureau of

Environmental Toxicology International, 1992)

(ppm)

70.00
518.00
<55.00
<2.00
352.00
172,00
1750.00
1.00
91.00

17.00
185.00
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2.13-2.15

Sprung (1985) ( Environmental Toxicology International, 1992)

Branscome  Mournighan (1987) (
Environmental Toxicology International, 1992)

Sprung (1985)
( Environmental Toxicology International, 1992)

Sprung (1985)

Sprung
Sprung
5 Von Seebach
Tompkins (1991) ( Environmental Toxicology International, 1992)

10
3



2.16

1

2M731901

2.16

29 210

3

CKD

Plant

213 215



(Sorption)
(Lattice Inclusion)
(Compounds)

(Precipitation)

(N
29

2000

36
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*: fodunng

Me: Tanewiin
*Me Sorption

[/

*Surface Particles MeO, MeSO,

Calcium-Me Compounds Me Lattice Inclusion

Cement Clinker

Particles
2.9 (Sorption)
(Lattice Inclusion)
(Compounds)
Andrade,
Maringoro ~ Kihara (2003)
(EPMA) (SEM)

Va5 0.78 Zn0 1 Ppo 0.67

CH C5

C5
CH
CH C2
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