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1.1
Bioreactor
1.2
Activity

Biological Indicator Oxygen Uptake Rate OUR
Respiration Rate RR Specific Oxygen Uptake Rate

SOUR Dehydrogenase Analysis Total Count

Analysis MLVSS/MLSS

Redox Potential



ABC DE
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[

C.ORP
D:DO
E:pHET

v

2.1

A 4

&SRS




2.1.1
(1)
5mg/L

2) BOD

0-10mg/L
(3) 30 1

0.Img/L
(4) () (mg/L)
(5)
(6)

Z(A/B)X60 e (1)
(OUR) mgO,/L hr
(7) (VSS) g/L ( mg/L
1,000 )
(8) (RR) (SOUR)
RR(SOUR)=OUR/VSS ...coovevveerrnnn, 2)
mgO,/gvss hr
2.1.2
(1)

60
2.1.3 ( )

(2)
VESS (MLSS)
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(F/M) (

) MLSS
MLSS
2.2
221
m-HPC ( m-SPC ) m-HPC
(Peptone) 20.0g (Gelatin) 25.0g
(Glycerol) 10.0mL (Agar) 15.0g 1,000mL
IN NaOH pH 7.1
121 5
2.2.2
(1)
5mL
(2)
( )
10 1,000 10,000
( 10 ) 20mL
(3)
351 48+3
2.2.3
(1)



C. 20 200
0 200 CFU/mL(Colony Forming
Units;CFU)
d. 20 200 0 200
e. 20 200
f. 20 200
g. 20 200
(2)
(CFU/mL)
2.3
1. 50mL 0.15%Tris-buffer solution 250mL
sonicater
2. ImL  0.15% 2-(P-iodophenyl)-3-(P-nitrop henyl)-5-phenyltetrazolium
chloride( INT-reagent)
3. omL 37
4, 40mL 95% Ethanol DHA)
30 4,000rpm 20
5. 1.0mL
1.0mL  INT-reagent (Blank Test)

6. Calibration curve

95% ethanol

phenyltetrazolium chloride formazan (INTF)

3. 0 5.0 mole/50mL ethanol

solution

2-(P-iodophenyl)-3-(P-nitrophenyl)-5-
0.2 05 1.0 20
INTF standard



TFconc./VSS conc.

2.4

15

(ORP)

3.1

30

18

50ml

TF
‘4 mole TF/g VSS

40
(pH)

20 -~40

88

DHase

(DO)
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10

26.8

0.676

0.50 p mole/L

18.6

35

M mole/L

~35

30

~40

20

O M~ O W1 S 7w T

S
( MI N)

3.2
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pH 3

0+1 mV

(NaOcCl)
pH
pH
pH
CO, CO,
pH

(DHA)



4.0 mg/L 30 mg/gVSS

0.2 mg/L
43.9 mg/gVSS hr

pH&DO&ORP

4.5
= - 4
3.5
o~ ~ 3
0 30 60 90 120 210 240/7(300 330 360 390 420 4f 4 210 540
/ 2. 5|—@— pH
— —ORP( fv)

—<—DO(mg/ |)

/
——— N\

(min)
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25 1
<
T 20f 10.8
[a]
< 150 10.6
S L |
C 10 0. 4
5 F {o0,™*
oI (TCh 10
0 30 60 90 120 150180 210240270300330 3 E*7/1420 450 480510 54
) ——
(min)
4
3.3
5
1. (ORP)
53.57 mV
OH
pH
2.

pH 7.0
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pH&DO&ORP

OH

(MLVSS/MLSS)

H
9
100
—+—pH
——DO(mg/ L)
—#—ORP(mv)
UuU

150
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3.4

pH
pH

pH

180
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3 1
;2.5 10. 8
S12;5 1°°
e
- 1} 10. 4
0.1ls 10. |——TC
0 ) ) ) ) ) 0 —=—DH/
0 30 60 90 120 150 180 210 240 270
TI ME( mi n)
6
3.5
.
8
1. (ORP)
120 195 1,000mg/L
(NiCl, - Ni?* 2Cl)
-33mVv
(t1pH)
2.

N-C-C-N-C-C-N-C-C

300



Ni2+
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o 8 0
57 S10
36 -20
o ° - 30
< 4 40
T 3 i
2 5 - 50
——pH
1 - 6——DO(mg/L)
0 _7+ORP(H)
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1
{10.8
{10.6
10. 4
,0_’7
0 ——TC
—=—DHA
0 30 60 90 120 150 180 210 240 2+v—00 330 360
(min)
8
1.
9 4
2 pH
pH
CO, CO,
pH
3.

COD BOD SS



50CMD

(membrane separation, MS)

BAC

BAC 4

9.14
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(bio-activated carbon, BAC)/

ODOBEZ
MS
COD 100-200mg/L
COD 50-80mg/L
50%
5.

* %



18 /

@ CcoD
COD
(electro dialysis, ED) (electro
dialysis reversal, EDR) (IE) (M3
(EDR)
(4,5)
(
) (Bio-activated carbon,
BAC)
(1)

©n CcoD
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(2)
(3)
(4)
(5)

ODOBEZ
50CMD /
1
( ) (ODOBEZ )
( ) ( )
(BAC) 12 BAC
4 x 8 mm 60%
4 BAC
72CMD ODOBEZ
BAC BAC
ODOBEZ
BAC polysulfone
(molecular weight cut off, MWCO)  100-300
(Daltons) 10cm 1
8.36m? 3.5 x10°-2.8 x10*K g/m?

50CMD 2 BAC/MS
BAC



20

ODOBEZ

(RA)

1

g

(BAC)
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o Temp pH
I
B T T—
A B
A B
)
b ‘ recycling water
T

2 BAC/MS

3BAC/MS
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ODOBEZ
BAC COD
ODOBEZ BAC
50%
COD MLSS (total
dissolved solid , TDS) (DO) pH
(Daphnia similis) " Standard Methods for the

Examination of Water and Wastewater “ 20th Edition 1998

4.1
ODOBEZ

ODOBEZ
(Vi ) (RF)(
1) V1 MLSS COD MLSS

1,000 2,000mg/L Jar Test
1.0ml/L 0.75ml/L

V1 (MLSS) RF CcoD

COD 4 COD

130mg/L 150ADMI
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220 350
200
180 | —il— COD —&— ADMI 1 300
160 | 1 250
_ 140
= 200 —
g 120 g
§ 100 | 150 <
80
60 |- 100
40 |
50
20
0 0
éﬁo}\,o&wéﬁo} °§ o@Q& 09,\\'\, 09,\\'\, 094\«, 09,\\'\, o& é@\,o&% oﬁé\,oﬁ&éﬁ& R o@@»@@m; @@09@;@'\9 q@b@“}\"\,
4 COD
4.2 BAC
BAC
MS 5
BAC COD 5 BAC COD
80-160mg/L COD 80mg/L 20mg/L
BAC 4

COD 50%
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CoD(mg/L)

ADMI

35 90
—-— —h
—— % d

30 (%) 80

] 170
25

A

20 ¥y 3 150

150 140
10
50

ol e

1 9 15 28 30 36 124 126 128 132 134 138 140 142 176 189 153 155 159 161 16
5 BAC COD

100

60 — A —o— (%)i90

80

70

60

50

\ 140

30

20

10

1 9 15 28 30 36 124126 128 132 134 138140 142 1147611489153 155159 161 163 1

6 BAC
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COD 6
BAC BAC
BAC 100ADMI
100ADMI 300ADMI BAC
60% 7
BAC BAC
RF 1,700-2,800uS/cm
( 1) 50%
3000
R —BAC.. _._
2500
2000
c hd
»n 1500
3
1000
500
O L L

2002/6/2 2002/6/2 2002/7/ 2002/7/1 2002/8/ 2002/8/ 2002/9/2 2002/9/2

7 BAC
1
Toxic unit\ 90.7.25 | 90.8.31 | 90.10.21 | 90.10.22
BAC 24 3.6 24 24
BAC 12 13 12 12
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4.3 /
BAC MS BAC
MS
( BAC ) BAC ( MS
) MS MS 8
BAC MS COD
8 BAC COD COD
50% MS COD
20 mg/L
9 BAC MS
TDS
ODOBEZ TDS 1,000-1,800
mg/L 9 BAC TDS MS
TDS 200 mg/L
180
160 _
140 o 1
—~120|— T
=
E 100 |} =
8 | |
(@] 60 M
40 H
; L h
oL J_l_l_
010620 910627 910704 910711 910802 910808 910920 910926
[ mBAC B MS O 50psi O 100psi W 150psi I 200psi W 250ps |

COD



10

uS/cm

9 BAC

88

BAC MS
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910620 910627 910704 910711, 910802 910808

+XEEA

910920

910926

| OBAC EwMs 0 50ps 0 200psi B 150psi I 200psi

W 250ps |

TDS

MS

TDS

910620 910627 910704 910711 910802 910808 910920

910926

| Oeac.. Hwms Osops  [O100ps  Masops 0 200ps

E2sops |

BAC MS
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COD TDS SS
BAC MS (50-250psi 3.5 x10°-1.75
x10*K g/m?) 10
1,700-2,800mg/L BAC
MS
300uS /cm
11 MS
MS 60%
12

50%



4.4

M ¢+ (mg/L)
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2
3 2001
D
E
®
2

100[]

solf | 1]

ol H H H H oo nf 0o
910620 910627 910704 910711 910802 910808 910920 910926 911003
[Ems B 50psi 0 100psi 0 150ps W 200ps O2s0ps |
- Na™
"
11 MS Na
16
14 [ - —
12 ]
10 [
s H
s H
4 H |
2 H |
0 910620 910627 910704 910711 910802 910808 910920 910926 911003
)
\ Owms W 50psi [0 100psi [ 150psi M 200psi @ 250psi \
1 Mg
2+
12 MS Mg

(CMC DE,DE)
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0.20-0.23

0.8

iR
70318 blue

Eidut: 2240
1

EHIF | B-Junb}

ML=

0.24
i
0.24

13 70319

/
13 14 13
14
0.13-0.14
2
0.5
A
M| sdim b LT T
9 1
e e
S R -dH® -dla EHEE
v D8 D" DH' DE* CMCDE
404 045 D45 004 BS3
W16 n.ar .36 L& s E
ooz .40 0,30 n.ar st 5
(AE)



4.5
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ek T et iy oW L SELE
70318 red et s
=g w -.--I-df
e 22 1 1 [
1 T 4.
HIF - 2ldun-az B ¢ 10cee:04 -dH= -dls EXE

fert T hLE oL Da" O™ eC* OH* DE*  CMiC DE

F2 10 Deyg 413 -0 -0 -0 Qa7 .24
065 10 Deg A4.4% -0 03 OG04 ADaF 0.zt

ATD |:|l'| -1.1F -I.L13 -1.73 .74 4,17 0,32
(AE)
14 70319
2 (DE)
70319 70319
50psi | 100ps | 150ps | 250psi | 50psi | 100ps | 150psi | 250psi
- 0.22 - - - 0.14 - -
012 | 028 - - 0.9 | 0.09 - -
035 | 034 - - 018 | 021 - -
- - 0.30 0.37 - - 0.11 0.12
- - 0.29 0.57 - - 0376 | 0.08
- - 0.33 0.56 - - 0.27 0.16
- - 0.38 0.26 - - 0.39 0.32
- - 0.42 0.27 - - 0.38 0.35
- - 0.28 0.18 - - 0.15 0.09
- - - 0.35 - - - 0.63
- - - 0.14 - - - 0.20
- - - 0.27 - - - 0.35

BAC




32 /

MS 50%
15 50%
COD 50% COD
160mg/L
3,000-5,000uS /cm

( COD SS )
[ coP<160n0m |
160 COD<160ppm
140
120 ]
- -
3, 100
é —
Q 80
Q
O s0H —
40 H —
20 - I
910620 910627 910704 010711 910802 910808 910920 910926
@ sopsi B 100psi 0 150ps 0 200ps B 250psi
————— COD —M8M888™—
15MS 50% COD

4.6
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Xpg

600

550

500

450

400

350

300

14L/min

2.3x10“m3/sec

1st hr

2nd hr
3th hr

4th hr

16

100 120 140 160 180 200
(min)

14 L/min

88
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18
®o— |
16
—~ 14
£ | e
g 12
10
8
6
4
2
[¢]
0] 2
17 1.75 x10°K g/m?(250psi)
MS
17

4.7

MS

20

18

(E)

10 12 14 16 18

v (hr)

pH 2 11

1.75x10*K g/m?

18

) (V)

10

14 L/min

®
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88

1V/1000xt

)

E(

9.14

m9876543210

(dwe) SN

0 15 30 45 60 60 75 90 105 120 120 135 150 165 180 180

' (min)

MS

18

3BAC/MS

(50m3/day)

50

1.37

0.77

20

)

(50%

( /md)

( Imd)

( Imd)

( /md)

BAC
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3
total ( / m°) 914
87
2,800CMD 670
1,600 300,000
COD
COD
SS
11-13 /

1. Wenzel, H., H. H. Knudsen, G. H. Kristensen and J. Hansen,” Reclamation and

Reuse of Process Water from Reactive dyeing of Cotton,” DESALINATION, 106,
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pp. 195-203(1996).

2.Ghayeni, S. B. S, P. J. Beatso, R. P. Schneider and A. G. Fane,”™ Water
Reclamation from Municipal Wastewater Using Combined Microfiltration—Reserve
Osmosis(ME-RO): Preliminary Performance Data and Microbiological Aspects of
System Operation,” DESALINATION, 116, pp.65-80 (1998).

3.Kim, S. L., J. Paul Chen and Y. P. Ting,” Study on Feed Pretreatment for
Membrane Filtration of Secondary Effluent,” Separation and Purification
Technology, 29, pp.171-179 (2002).

4.Lopez-Ramirez, J. A., S. Sahuquillo, D. Sales and J. M. Quiroga,” Pre-Treatment
Optimisation Studies for Secondary Effluent Reclamation with Reverse Osmosis,
“ WATER RESEARCH, 37, pp. 1177-1184 (2003).

5.Seo, G. T., S. Ohgaki and Y. Suzuki,” Sorption Characteristics of Biological
Powder Activated Carbon in BPAC-MF (Biological Powdered Activated
Carbon-Microfiltration) System for Refractory Organic Removal,” Water Science
Technique, 35, No. 7, pp.163-170 (1997).

6.Seo, G. T., Y. Suzuki and S. Ohgaki,” Biological Powdered Activated Carbon
(BPAC) Microfiltration for Wastewater Reclamation and Reuse,” DESALINATION,

106, pp.39-45 (1996).
7. ”

" 2001 pp. 45-53( 2001)
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C,S

ECOI

B -C,S
B -C,S

ECO

(XRD)
C3S/C5S

%k kokock

ECOI~ ECO )

(NMR)
|
P,0;
a -C,S

4. 5.C-S-H

H*kck

* %

kokok
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16 98
14,600 40 ( )
316 277
88
2.1
(Water Purification Sludge Ash
WPSA ) (Primarily Sewage Sludge Ash PSSA)
(Industrial Wastewater Sludge Ash IWSA) (Ferrate)
1
2.2
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2.2.1

1
1
1
IWSA WPSA PSSA Ferrate
Si0, (%) 12.19 54.47 63.31 3.17 7.30
ALO; (%) 43.54 29.12 15.38 1.63 1.10
Fe,03 (%) 7.44 7.25 6.81 40.50 0.66
CaO (%) 2.65 0.93 1.80 5.73 62.10
MgO (%) 0.59 1.12 1.03 0.23 1.23
SO; (%) 3.20 0.08 1.01 0.82 0.18
Na,O (%) 1.24 0.67 0.70 0.08 0.22
K,0 (%) 0.55 3.55 1.51 0.07 0.01
P,05(%) 1.51 ND 7.20 ND ND
(ppm) 315.20 311.36 105.45 175.65 ND
Cu (mg/Kg) 26,385.02 154.32 5,426.91 -- --
Cr(mg/Kg) 2,734.32 1.86 34.23 -- --
Cd (mg/Kg) 7.86 1.3.36 26.23 -- --
Pb (mg/Kg) 4,872.65 52.64 744.71 -- --
Zn (mg/Kg) 19,802.36 114.65 3,516.32 -- --
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:WPSA
ALO; PSSA
Si0, IWSA
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(Cement Moduli)

CaO/(SiO,+1.18A1,05+0.65Fe;,03)  0.8-0.95

(Lime Saturation Factor, L. S. F.)

CaO/(SiOz+A1203+Fe203) 1.7-2.3
(Hydradulic Modulus, H. M.)
SiOZ/(Alzo3+F€203) 1.9-3.2
(Silica Modulus, S. M.)
A1203/F6203 1.5-2.5
(Iron Modulus, I. M.)
2.2.2
1 IWSA
1%
IWSA IWSA
3%
80% I
3 3
WPS WPSA PSSA
80.12% 79.43%

ECO ECO ECO
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3
ECO I ECO II ECO III
WPSA (%) 80.12 79.97 79.43
PSSA (%) 8.69 9.72 6.18
IWSA (%) 8.51 6.84 9.29
Ferrate (%) 1.00 1.50 3.00
(%) 1.68 1.97 2.10
LSF 91.46 83.52 80.41
HM 2.00 1.87 1.72
SM 1.90 2.16 1.74
M 2.11 2.10 1.79
2.2.3
( )
1
1,400
( )
5.5 6 6
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1600
140 L 2
120
100
80
60
40
20
0
0 1 2 3 4 5
(hr)
2
2.2.4
200 320-380 m*/kg
0.38
C109 1 24
3 7 14 28 60 90
C109

XRD

NMR

ASTM

ASTM
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3.1
I
5.5 6
BlankI (6hr) Blank (5.5hr)
4
C,S ” ”(energy barry)
CsS (1.32)
1,400 I
6
1,400 6
3.2
320-380m*/kg
4 ECOI
C5S/C,S ECO
(modulus)
B-C.S C;A  C4AF (ordinary Portland cement, OPC)
ECO
C;A  C4AF P,0s
C,S B-C,S a-C,S
4
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OPC
OPC Blankl Blank ECOI ECO ECO
Si0, (%) 21.65 21.63 22.30 21.14 23.11 22.53
Al,05 (%) 6.50 6.65 6.86 7.55 7.24 8.32
Fe,053 (%) 32 3.30 341 3.58 3.45 4.64
CaO (%) 63.7 63.45 61.45 64.55 63.17 61.18
MgO (%) 1.90 1.57 1.92 1.28 1.17 1.11
SO; (%) 2.20 0.13 1.33 0.38 0.41 0.45
R,O* (%) 0.30 0.31 0.32 0.24 0.21 0.18
TiO, (%) 0.14 0.27 0.21 0.33 0.27 0.31
P,0s (%) ND ND ND 0.48 0.50 0.85
f- CaO (%) 0.31 0.57 1.32 0.30 0.30 0.20
CsS (%) 46.71 44.51 29.57 .15 26.74 13.98
C,S (%) 27.33 29.63 42.39 26.55 46.08 54.05
C;A (%) 11.81 12.04 12.41 13.95 13.35 14.20
C4AF (%) 9.70 10.04 10.40 10.89 10.50 14.12
Cu (mg/Kg) 814.39 3,838.24 3,326.18 4,844.86
Cr (mg/Kg) ND ND ND ND
Cd (mg/Kg) ND ND ND ND
Pb (mg/Kg)  964.21 2,114.62  1,07634  2,794.28
Zn (mg/Kg)  2,212.32 3,128.62  2,916.81 3,418.96
R,0(%)
Cr <0.0l6mg/Kg Cd <0.014mg/Kg
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5 TCLP
TCLP (mg/L)
Cu Cr Cd Pb Zn
OPC ND ND ND 0.72+0.02 0.33+0.01
ECOI ND ND ND 0.61+0.01 0.2840.01
ECOII ND ND ND 0.56+0.01 0.32+0.01
ECO 1II ND ND ND 0.68+0.02 0.46+0.02
- 5.00 1.00 5.00 -
Cu <0.020mg/L.  Cr <0.016mg/L; Cd <0.014mg/L
3.3
3 OPC ECOI ECO ECO
OPC ECOI
ECO C,S 46.08% OPC
28 OPC
ECO C,S 54.05% C,S
OPC



104
9 O
8 O
7 04
6 O
5 04
4 O
3 0
2 0Oy
1 0

0 x T :
0 10 20 30

Compressive Strength (Mpa)

——OPC ——ECO-1 —8—ECO-II —Xx=ECO-III

40 50 60 70 80 90 100
Curing Time(days)

OPC

XRD
4 5 OPC 28
90 XRD 5 90 Ca(OH),
28 90 Ca(OH),

Ca(OH),
C;S
ECO C;S B -C,S
28 Ca(OH),

90 ECO Ca(OH),

OPC ECO ECO 5



C5S

Intensity

Intensity

90

C-S-H

28
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1.Ca(OH),2.C-S-H,3.C5S
1 A 1
— . N A ECO__ Paste |
A ) W\Mj\ ECO Paste
L A . ECQL Paste
A 2 A OPC Paste
10 15 20 25 20 30 35 40 45 50
4 28 OPC XRD
1.Ca(OH),2.C-S-H,3.C5S
: . ECO  Past
aste |
I . N UL Y\ )
A 2 IS ECO Pastep
A A A ECOI Paste
J\ A OPC Paste A
10 15 20 25 29 30 35 40 45 50
5 90 OPC XRD
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3.5
6 9
NMR
Q° (-70ppm)
NMR Q°
Q'(-80ppm)  Q’(-87ppm)
(Tetrahedra) C-S-H
ECOI NMR
(OPC) ECO NMR
28 Q" (-70ppm)
Q' Q? 60 90
Q? 9 ECO
NMR Q°
ECOI  ECO
Ql
Q2 -87ppm

C-S-H

NMR

Q" (-70ppm)

-80ppm
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Q° OPC
Q! g W /C=0.38

S -"'"",\ 90 days

T T S S TAEE et ae e Sl S

A 60 days

-,

gy gt PR P S R LA

— 28 days

] BT R R L TR i e T P M

| e 14 days

P e i R T SOy H R S S
1]
i r
R T, 7 days
P PT———— e e T Y AT e e s e
1
% s
F e 3 days

e o A e A B e 2 By ey

Unhydrated cement

L
o e e P A R e B L .5t

- = =
L] =n 125

25 NMR
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Q° ECOI Paste
! 1 W /C=0.38
] . Q2
I ey 90 days
e —v.a—'\—ﬂ.-'-tﬁ-w-'r"_."._ﬁ-f \""h---—-'\-r--.. e ey e il A
LA
--.'-m-"I H‘-h 60 days
i e e S i e ] Pt o oM il R i g - Al
|
| 28 days

A
AR
[ e papamer oS TP w“mwmm

-,
", i ‘-n,\_hw 14 days

LI

7 days
-Hﬂm«-'-—r-w-—""’!; a,-*"“\—_.\_‘_* o e _}:

A,
HHJH!'_H""‘"MM.-A«.- & —— 3 days—-....-ﬂ--

e
1 g i ot e

/ | Unhydrated cement
T . mmhﬁ—ﬁ—\—ru-—rﬁmi-u—nmﬂ o g

. i —— -
por =] [-11] =120 =i .

7 ECO 25 NMR
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Q° ECO Paste
W/C=0.38

UV e 0 days
. 60 days
F — e
SEPRP— - o o I P R Y

| 28 days

R P — e

R 14 days
R T T S I -0 £
LR 7 days
e,

i i s o i i PSP it B AR, bR e e

3 days

5 et it .\-u.\'r\.-\.-'.-—f\_—_'\.I-'\.-d—\..-'\.ﬂ'\.l.-g,'\.'\.-..._-_.-'
Unhydrated cement
e peprmineileiieinn P ST,
| : ; T

8 ECO 2g) NMR
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QO
Q' o2

ECO Paste
W/C=0.38

P ™™, 90 days
- of B e e i e e, gy 1y ey e
l
et _-el g .80 days,
| e, 28 days
T |" ret 20 92YS
i ST .. L
e 7 days
PRE M TR 1= i T PR TR 4. THEE S
|
R N 3 days
S ———————— T R TTT ES N M TR T S T T T
Unhydrated cement

9 ECO

29Si QO

2g) NMR

NMR
C-S-H

ECO
28

ECOI
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60 90
ECO
1. ECOI C5S/C,S
ECO P,0s C,S B-C,S
(X-CQS B'CZS
2.
3. ECOl
B-C,S 46.08
4. XRD OPC C-S-H CH
5. NMR ECOI NMR Q°
Q'(-80ppm)  Q’(-87ppm)
OPC ECO ECO
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6 NMR
*Si NMR
Q Q Q (%)

OPCO03 385 149 89 43.1 3.189
OPCO7 305 163 114 51.2 3.391
OPC14 266 172 120 56.4 3.395
OPC28 241 182 127 61.7 3.401
OPC60 183 215 167 66.8 3.545
OPC90 187 217 179 68.8 3.657
ECOI03 393 113 63 39.3 3.115
ECOI07 352 173 103 53.1 3.191
ECOI14 301 176 126 58.1 3.431
ECOI28 266 186 137 59.4 3.473
ECOI60 168 205 154 69.2 3.504
ECOI90 166 212 165 70.6 3.557
ECO 03 404 132 73 38.3 3.104
ECO 07 372 152 89 44.8 3.149
ECO 14 291 167 113 49.2 3.346
ECO 28 229 194 135 65.7 3.392
ECO 60 186 215 175 71.5 3.627
ECO 90 165 239 205 77.6 3.711
ECO 03 489 119 54 29.5 2.909
ECO 07 452 124 63 35.9 3.016
ECO 14 382 136 87 42.5 3.279
ECO 28 303 142 92 50.7 3.296
ECO 60 213 159 106 55.9 3.334
ECO 90 199 173 117 56.9 3.352
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1. 1999
2. 2001
3. 1999

4 Mehta, P.K. and Pirtz, D., Use of Rice Husk to Reduce Temperature in
Highstrength Mass Concrete, ] Am Concr Inst 75, 60-63, 1978

5. Monzd, J., Paya, M.V. and Borrachero, E. P. M., Mechanical behavior of mortars
containing sewage sludge ash (SSA) and Portland cements with different tricalcium
aluminate content, Cement and Concrete Research 29, 87-94, 1999

6. Monzo, J., Paya,J. M., and Borrachero,V. A., Use of Sewage Sludge Ash
(SSA)-Cement Admixtures in Mortars, Cem Concr Res 26 (9), 1389-1398, 1996

7. Tay, J.H., Sludge Ash as Filler for Portland Cement Concrete, J Environ Engrg Div
ASCE 113, 345-351,1987

8. Tay, J. H., Bricks Manufactured from Sludge, J. Envir. Engrg. ASCE, 113(2),
278-283, 1987

9. Tay, J. H. and Yip, W. K., Sludge Ash as Lightweight Concrete Material, J. Envir.
Engrg. ASCE, 115 (1), 56-64, 1989

10. Weng, C. H., Lin, D. F. and Chiang, P. C., Utilization of Sludge as Brick
Materials, Adv Environ Res 7, 679— 685, 2003
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substances, EPS)
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19.06 mg/kg( )
16.02 mg/kg 882.96 mg/kg

(land treatment system) " — ”

(ecological engineering)

(extracellular polymeric
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3
(rotating
biological contactor RBC) Cu
(1)
(2)
(3)
2.1
(Humulus scandens)
(bioconcentration factor, BCF)
100g( ) 100ml (trypsin) 30 150 rpm

3rpm NH4NO;0.1g /L Ca(NOs),
0.02g/L FeSO, 7H,0 0.01g/L (NH4),NO40.1g/L MgSO, 7H,0 0.1 g/L
K,HPO,0.05g /L KH,PO,40.03g/L nutrjent broth 2.0g /L

5mg/L 30mg/L 125mg/L 500mg/L 24
(nutrient broth, NA) 2g/L
24 105 1
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2.2 (sequential chemical extractions, SCE)
(SCE)

Lombardi(2002)

1
RBC 5
1 5ml 30 150rpm 24
3,500rpm 30min 5ml
1
Reagent Reagent Concentration Fraction Removed
(M)
Water Water-solubl e( )
KNO; 1 Exchangeabl g( )
KF 0.5 Adsorbed( )
Na,P,O, 0.1 Organically bound(
)

EDTA 0.1 Carbonate( )
HNO; 6 Residug( )

2.3

0.1ml NA 30 24hr
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2.4

30 mg/L

3.1

15
5 mg/L

37

(oxidase) (catalase)

API(analytic products inc)

(biomass)

500mg/L 125mg/L 30 mg/L 5mg/L 0 mg/L

2
4 5 0.93mg / cm?
500 mg/L 2 125 mg/L
30 mg/L 1
5 mg/L 1
0.27mg / cm? 0.17mg / cm?
5 mg/L 3
5 101mg / cm? 30 mg/L
3
4 4
1.89 mg / cm?

500mg/L 125 mg/L
5
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30mg/L 500mg/L 125mg/L 5mg/L 0 mg/L

2. ———500 [n¢

1. —8—125 ¢
£ 1. —2&——30 mg/
f 1. ———5 mg{| |
2L S--X---0 mgfl!
1.
S 0.

0.

0.

0. !

5 6
1
(EPS)
EPS
EPS EPS

EPS
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1
(receptor)
3.2
SH
50-70mg/L
500mg/L 2 ( 1) 3
72.73% (Pseudomonas
fluorescens) 15.58% (Enterobacter cloacae ) 11.69%
(Aeromonas hydrophilia /caviae) 5
500mg/L 67.72% ( 2)
3 125mg/L 2 (100%)
3 4 (Cedecea davisae)
5 67.60%
/
(Citrobacter freundii)
(succession)
30mg/L 4
(Rahnella aquatilis )( 56.10%) (
41.79%)

5 46.48%
(Acinetobacter
Baumannii/calco )
5 5mg/L
1 97.10% 2 (Aeromonas sorbria)
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9 5
19.16% (Chryseobacterium indologenes)
500 mg/L 125mg/L
30 mg/L
5mg/L 6
/
2 24
30 mg/L
12 4-6
3
(500mg/L  125mg/L) 24-48
500mg/L 5 (%)
Pseudomonas Aeromonas hydrophilia Enterobacter Chryseobacterium
fluorescens /caviae * cloacae indologenes
/
Day
1
2
3 72.73 11.69 15.58
4 58.89 17.22 22.22 167
5 67.72 6.88 25.39
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2 API20NE
3 125mg/L 5 (%)
Pseudomonas  Aeromonas hydrophilia  Enterobacter Cedecea Citrobacter
fluorescens /caviae cloacae davisae freundii
/
(Day)
1
2 100.00
3 89.83 10.17
4 96.88 3.12
5 67.60 4,19 10.23 15.54 244
4  30mgl/L 5 (%)
Pseudomonas @e"’m’.“?‘s Enterobacter Cedecea Rahnella Citrobacter Acinetobacter
fluorescens ydro_p hilia cloacae davisae aquatilis freundii Baumannii/calco
/caviae* q
/
Day /
1 2.11 56.10 41.79
2 534 357 6132 14.71 17.56
3 840 46.57 1047 34.56
4 124 543 68.97 24.36
5 574 4648 16.27 31.10
2 API20NE
5 5mg/L 5 (%)
Pseudomonas hAeé?g?]ﬂ?; Enterobacter Aeromonas Chryssobadteium
fluorescens ydrop cloacae sorbria indologenes
[caviae
Day !
1 97.10 2.90
2 574 48.36 7.83 28.69 9.83
3 96.27 3.73
4 84.03 7.64 5.56 2.78
5 60.23 5.38 19.16 14.78
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5 (%)
Pseudomonas Aer omonas Chryseobacterium
hydrophilia :
fluorescens ; indologenes
/caviae*
(day) /
1 96.99 3.02
2 57.01 42.99
3 77.67 13.67 8.66
4 79.80 15.15 5.05
° 87.46 12.23 031
2 API20NE

%

0 10 20

30 40 50
ti me (hr)

60
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7. 00
- -
6. 00 i " e =
R .-
- 5 0’0 ./_—-"_--’Il - . "
> 7 T ="
4. 00 -l T
ﬁi:".{_-__- -
3. 010 ’ 7 e
I E——
2. 00 / ===
I/ s ,
1.0
- — /
0. 0% _— -
0 10 20 30 40 50 60
time (hr)
3 30mg/L
3.3
(
) 5
KNO; KF NayP,0- EDTA
HNO;
500mg/L 125 mg/L 30 mg/L 5 mg/L
5 6,820 mg/kg 5,110 mg/kg 3,420
mg/kg 620mg/kg 4
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(bioconcentration factor, BCF)

(mg/kg)
(mg/L)
500mg/L 125 mg/L 30
mg/L 5 mg/L 13.65 40.85 113.87 124.88
7 500mg/L 125
mg/L 90
0.414 0.112 30 mg/L
41.16 25.23
5.87 5 mg/L
69.92 429 8.79 5
8 48.63 81.76
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8.
7.
6.
5.
4. .3364Ln(x)
«g 2 } R = 0.9954
o 2.
o 1.
X
> 0.
S 100 200 300 400 500
(mg/L)
5
7 5
(C2) C2) (CZ) (Y9 (Y9 (Y9
50ngL | 008 | 2R 134 368 157 o4
125myll| V47 | 573 041 227 101 on
DmylL | 523 | 616 11.58 4116 1001 587
5nglL 879 6.06 430 547 547 69.92

1.

3712

600
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8
(%) (%) (%) (%) (%) (%)
Pseudomonas 426 | 674 | 319 70.57 11.70 355
fluorescens
Enter obacter 212 | 383 | 255 81.76 9.49 0.25
cloacae
Aeromonas
hydrophilia / 170 | 305 | 161 71.24 21.48 0.92
/caviae
Rahnella 681 | 498 | 328 61.94 22.10 0.90
aquatilis
Citrobacter 739 | 469 | 219 63.07 21.88 0.77
freundii
Acinetobacter /
Baumannii/cal 8.49 12.36 6.31 61.91 10.18 0.75
Ico
Citrobacter 392 | 589 | 341 76.16 6.04 458
braakii
Aeromonas 274 | 959 | 411 48.63 18.49 16.44
sorbria
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Cu2+

500 mg/L

Cu2+

0 mg/L

Cu2+

Ccu?*

-

125 mg/L

5 mg/L
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3.4
EDTA
9
(biosorption) (bioaccmulation)
99.25 83.56
10 5mg/L
69.84 0.20
5.85
(E. coli) (Pseudomonas
ssp.) (plasmid-encoded) P-type ATPases
ATP
P-type ATPases
(Helicobacter Pylori) (Listeria
monocytogenes) P-type ATPases

(peptidoglycan)

(teichoic acid) (lipopolysaccharides)

(exopolysaccharide)
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9
(%) (%)
Pseudomonas
fluorescens 96.45 3.55
Enterobacter
cloacae 99.75 0.25
Aeromonas
hydrophilia 99.08 0.92
/caviae
Rahnella
aquatilis 99.10 0.90
Citrobacter
freundii 99.23 0.77
Acinetobacter
Baumannii/calco 99.25 0.75
Citrobacter
braakii 95.42 458
Aeromonas
sorbria 83.56 16.44
10
(%) (%)
Smg/L 30.16 69.84
30mg/L 94.15 585
125mg/L 99.80 0.20
500mg/L 99.56 0.44
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RBC
500mg/L 125 mg/L 30 mg/L 5 mg/L
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1.
83
2.
2000
3. 1993
4. 1989
5. 2002
6.
1988
7. 1990

8.Percival S. L., Walker J. T., Hunter P. R., Microbiological Aspects of biofilme and
drinking water. CRC. New Y ork, 2000.

9. Ferris F.G., Schultze S., Witten T.C., Fyfe W.S., Beveridge T.J., Metal
interactions with microbial biofilms in acidic and neutral pH environments. Appl.
Environ. Microbiol. Vol.55, pp.1249-1257 ,1989.

10.Nelson Y.M., Lion L.W., Shuler M.L., Ghiorse W.C., Modeling oligotrophic
biofilm formation and lead adsorption to biofilm components. Environ. Sci. Technol.
Vol. 30, pp.2027-2035, 1996.

11.Schorer, M., Eisele, M., Accumulation of inorganic and organic pollutants by
biofilms in the aquatic environment. Water, Air, Soil Pollut. Vol. 99, pp.651-659,
1997.

12.

2003
13.Lombardi A. T., Jr O. G., Biological leaching of Mn, Al, Zn, Cu and Ti in an
anaerobic sewage sludge effectuated by Thiobacillus ferrooxidans and its effect on

metal partitioning. Water Research, Vol. 36, pp. 3193-3202, 2002.
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14.Kapoor A., and Viraraghavan T., Biosorption of Heavy Metals on Aspergillus

Niger: Effect of Pretreatment, Bioresource Technology, Vol. 63, pp. 109-113, 1998.
15.

2000

16. 2000

17.Mayers |. T., Beveridge T. J., The sorption of metals to Bacillus subtilis walls
from dilute solutions and simulated Hamilton harbour ( Lake on-terio ) water. Can.
J. Microbiol. Vol 143, pp 764-770, 1989.

18.Zayed, A.,S. Gowthamam ,and N. Terry. Phytoaccumulation of trace elements by
wetland plants: |. Duckweed. J. Environ. Qual.Vol. 27, pp.715-712, 1998.

19.Chartier M., Mercier G., Blais J. F., Partition of trace metals before and afther
biological removal of metals from sediments. Water Research, Vol 35, pp
1435-1444, 2001.

20.Brierley C. L., Bioremediation of metal-contaminated surface and groundwaters.
Geomicrobiology Journal. Vol. 8, pp 20-223, 1990.

21.Buffle J., Vitre R. R. D., Chemical and biological regulation of aquatic systems.
CRC, New York, 1994.

22.Rouch D., Camakaris J., Lee B. T., Luke R. K. Inducible plasmid-mediated copper
resistance in Escherichia coli. J-Gen-Microbiol, 1985.

23.Saier M. H., Jr., Tam R., Reizer A., Reizer J., Two novel families of bacterial
membrane proteins concerned with nodulation, cell division and transport. Mol
Microbiol. Vol.11 , pp 841-847, 1994.

24.Ge Z., Hiratsuka K., Taylor D. E., Nucleotide sequence and mutational analysis
indicate that two Helicobacter pylori genes encode a P-type ATPase and a
cation-binding protein associated with copper transport. Mol Microbiol. Vol. 15 ,
pp97-106, 1995.

25.Francis M. S., Thomas C. J.,, The Listeria monocytogenes gene ctpA encodes a

putative P-type ATPase involved in copper transport. Mol Gen Genet Vol.
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253 ,pp484-491, 1997.

26.Beveridge, T.J., The response of cell walls of Bacillus subtilis to metals and to
electron microscopic stains. Can. J. Microbiol. Vol. 24, pp 89-104. 1978.

27.Beveridge, T.J., Bioconversion of inorganic materials. In: .Klug, M.J., Reddy, C.A.
Eds. , Current Perspectives in Mi-crobial Ecology ASM Washington DC, pp
601-607, 1984.

28.Doyle, R.J., Matthews, T.H., Streips, U.N., Chemical basis for selectivity of metal
ions by the Bacillus subtilis cell wall. J. Bacteriol. Vol. 143, pp 471-480, 1980.

29.Beveridge, T.J., Schultze-Lam, S., Thompson, J.B., Detec-tion of anionic sites on
bacterial walls their ability to bind toxic heavy metals and form sedimentable flocs
and their contribution to mineralization in natural freshwater environ-ments. In:
Allen, H., Huang, C.P., Bailey, G.W., Bowers, A.R. .Eds. , Metal Speciation and
Contamination of Soil. CRC Press, Boca Raton, FL, pp 183-205, 1995.



T1 TCE
10 mg/l
T1
93.2% 85.2%
T1
90% TCE
(23.5%) T1

71.3%~74.7% 63.3%~68%
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* ** **k*

(Trichlorethylene, TCE)
TCE

0.5 mg/l

12




80

(dense non-aqueous phase liquids,

DNAPLS)

(superfund)

)

cometabolic

semi-continuous slurry

2.1
2 mm
2.2

(T1 ) BTEX

3 T1 T1 700u g/g-soil
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25u g/g-soil T1
(G) 0.5y mx1ly m
2.3
T1 (
)
4 12,000 rpm 10
2.4
(T1 )
313 mi
0.Dsgp 0.2 1 ml(
2.4x107)
pH
40 ml
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501
1 + ¥R
ATeflon#k R
25 PILE
(incubation)
3 4 1
= i o R

1217C, 15 psi, 15 min
1
10 g+ 38 10 g+ 3%

313 mL fo F R,
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(ppm) (ppm)  (incubation, day)
S1 T1 10 05 3 4
S2 T1 20 05 3 4
U1 10 05 3 4
u2 20 05 3 4
Al 10 0.5 3 4
A2 20 05 3 4
L1 10 05 3 4
L2 20 05 3 4
S (seed) U (unseed) A (adsorption) L

(leakage)

2.6
(Head Space)
(Hamilton, 100y L)
SHIMADZU GC-14B (FID) Varian 3400
(ECD)

3.1

21.9% 25.9%

3.2
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10 ppm
)

100.0
90.0
80.0
70.0
60.0
50.0

40.0

Removal (%)

30.0

20.0

10.0

0.0

0.5 ppm
20 ppm 2 10 ppm 0.5 ppm (s1
Ul S1
93.2%
99.7% U1l
85.2% 99.8%
—— . .
0 1 2 3 4 5 6
Number of Incubations
| ——S1.TCE —#—UL-TCE —A— Sl-Toluene —@— U1-Toluene
(s1 ) Ul 10 ppm 0.5 ppm
20 ppm 0.5 ppm (82 ) u2



Removal (%)
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S1
96.6% 99.8% U2
89.9%
99.2%

100.0
80.0 r
700
60.0
50.0 r
40.0
300
200
100
0.0

0 1 2 3 4 5 6
Number of Incubations

‘ —l— S2-TCE —— U2-TCE —&— S2-Toluene —@— U2-Toluene

(82 ) u2 20 ppm 0.5 ppm
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S1 ( 10ppm) S2 ( 20 ppm)
0.0048 ppm/hr ~ 0.0050 ppm/hr
0.1039 ppm/hr ~ 0.2079 ppm/hr
S2
S1 (0.0467)
S2  (0.0242) 20 1 40 1
2 (0.5 ppm)
( )
(%) (ppm/hr)
(ppm) (ppm-TCE/ppm-Toluene)
10 99.7 93.2 0.1039 0.0048 0.0467
20 99.8 96.6 0.2079 0.0050 0.0242
3 (0.5 ppm)
( )
(%) (ppmvhr)
(ppm) (ppm-TCE/ppm-Toluene)
10 99.8 85.2 0.1040 0.0044 0.0427
20 99.2 89.9 0.2067 0.0047 0.0227

3.4
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4 (s1 )
(vl ) 10 ppm 0.5 ppm
18 20 40
50
12
90% ¢ °

10

09
08
07
06
05
04

Remaining (C/Cy)

03

02

01

0.0 - : ——

0 10 20 30 40 50 60 70 80 90 100
Time (hr)

‘ —@— Toluene-seed —l— Toluene-unseed —A— TCE-seed —€— TCE-unseed

4 (81 ) (U1 ) 10 ppm 0.5 ppm

5 (s2 ) Uz ) 20 ppm
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0.5 ppm 4

Remaining (C/Cy)
o o o o o
w H (%2} (2] ~

o
N}

o
s

=3
o

Time (hr)

| —®— Toluene-seed —— Toluene-unseed —A— TCE-seed —#— TCE-unseed

5 (82 ) uz2 ) 20 ppm 0.5 ppm
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(0.5 ppm)
( ) /
10 ppm/0.5 ppm 20 ppm/0.5 ppm
71.3% 74.7% 0.0470  0.0259
63.3% 68.0%
0.0417  0.0238

4 (0.5 ppm)
( )
(%) (ppmvhr)
(ppm) (ppm-TCE/ppm-Toluene)
10 75.8 713 0.0790 0.0037 0.0470
20 72 74.7 0.1500 0.0039 0.0259
5 (0.5 ppm)
( )
(%) (ppmvhr)
(ppm) (ppm-TCE/ppm-Toluene)
10 759 633 0.0791 0.0033 0.0417

20 714 68 0.1486 0.0035 0.0238




90

1 ( T1 )
/ 10 ppm/0.5 ppm 20 ppm/0.5 ppm
93.2%  96.6%
(ppm-TCE/ppm-Toluene) 0.0467 0.0242
40/1

20/1
2. ( ) / 10 ppm/0.5

ppm 20 ppm/0.5 ppm 71.3%

74.7% 0.0470 0.0259
3. T1
T1

1.McCarty, P. L., Reinhard M., and Rittmann B. E., Trace organics in groundwater,
Environ. Sci. Technol., Vol. 15, No. 1, pp. 40~42, 1981
2.

pp.737~742 1999

2002

1995
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pp.246-252 1998
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CO,

Global Warming Gases,GHGs

1992 UNFCCC
1997 Kyoto Protocol
12 (COP9)
1997
UNFCCC
PFC
GHGs GHGs

4 CO:
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* ** **k* *kk*%x

1992
(United Nations Framework Convention on Climate

Change, UNFCCC)
1997

(Kyoto Protocol)

Kaya

* k%

*k Kk



4 ARBEEFUFERREHS

2001 (Intergovernmental Panel on Climate
Change, IPCC) 18
31% 50
1990
2100
1.4 5.8 1.0 35
2100 9 88
( )
1992

(United Nations Framework Convention on Climate Change, UNFCCC)
(anthropogenic greenhouse gases)

(Earth Summit) 1994 3 21

11

(Annex | parties) (non-Annex | parties)



differentiated responsibilities)

1.2
1990
38
1990
1990 7
1990
(PFCs) (HFCs)
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(common but

2000
IPCC1996
1997
(Kyoto Protocol)
2008 2012
5.2
1990 8
10 8 1
(SFe)
(sink)

(Kyoto Mechanisms)



% AREEFUFERREHS

(CDM) @n

55
1990

(Buenos Aires Plan of Action, BAPA)

(Bonn agreement)

2001
Accords)
1.3
2003 8 12
81 32
44.2
2003

55

1998

(Marrakesh

113
1990
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COP1 2000
1995 3
(Ad Hoc Group on the Berlin Mandate,
AGBM)
COP2 AGBM COP3
1996 7 IPCC
COP3 2008 2012
1997 12 1990 52
COP4 COP6
1998 11
COP5
1999 10
COP6 2001 5 6
2000 11 COP6 Part 11
COP6 Part 11
2001 7
COP7 Marrakesh Accords
2001 11
COP8 Delhi Declaration
2002 11
CDM

14

(beyond Kyoto)



98 AREXFHAERRE H%

IPCC
(  550ppmv)
2013 2018
( ) IPCC
10-20

&

ki)

Brtaon-d-nuida am g sians (i GIC per yaar

Y
Lt

IPCC(2001)
11PCC
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) ( Pew center on Global Climate
Change)
1.4.1 (Kyoto style)
( 2008-2012 1990 )
1.4.2 (intensity target)
GHG
GHG
GDP

(Business as Usual, BAU)
1.4.3 (contraction and conver gence)

1995 Global Commons Institute

( 450 ppmv)
2030



100 AREEFHAERRZ H%

1.4.4 (Triptych approach)
( )
( )
1.45 (policies and measur es)
) (
( ) (
) (
1.5
FCCC/SB/2002/INF.2
1990 2000 1990
5.4 ( OECD ) 8.4

37.6
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2.1
1966 2000 35
1974 1975 1982 1985 1998 5 5% 5.39-13.59%
2002 GDP 67.1%
95% 2000
10,504 50.9% 31.1% 9.1%
( ) 6.8% 2.1
74
26
2.2
2.2.1
2001 IPCC GHG Software version 1.1 UNFCCC CRF V1.01
1990-2000 2000
( CO, ) 271.6
12.23 CO, 88%
4.6% N,O 4.3%

85.8% 6.5% 4.5%
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2 1990 2000

(3 323 417% 2 Fethe gz COp)

H:CO, § £(G0o)

CO; CH,4 N.O HFCs PFCs SFg Total

1990 |[132,516.25| 13,928.67 | 13,999.60 - -- -- 160,444.52
1991 |140,968.32| 15,116.43 | 14,886.20 -- -- - 170,970.95
1992 |(151,272.04| 17,575.32 | 14,827.30 702.00 -- -- 184,376.66
1993 |164,235.44| 18,821.88 | 15,190.00 | 1,638.00 -- -- 199,885.32
1994 |[173,336.51| 20,043.87 | 15,543.40 | 1,521.00 -- -- 210,444.78
1995 |[179,410.03| 17,995.95 | 15,500.00 | 1,755.00 -- -- 214,660.98
1996 |189,556.52| 18,292.68 | 15,927.80 | 2,808.00 -- -- 226,585.00
1997 |203,435.67 | 19,193.58 | 14,064.70 | 3,276.00 -- -- 239,969.95
1998 |216,086.44 | 19,312.44 | 13,649.30 | 17,442.00 536.00 61.38 267,087.56
1999 |218,131.70( 20,160.21 | 13,528.40 | 16,726.00 | 1,310.00 98.91 269,955.22
2000 |238,935.97| 12,499.20 | 11,739.70 | 5,612.00 | 2,721.00 114.37 | 271,622.24

T kR ARk RF (2002)

3 1990 2000

(7 3 2 ¥ 91% 2 kg COp)

# i :CO; § £(Gg)

% RS 1 FgEP P BRF;F LK e
1990 123,108.11 11,734.92 15,398.25 10,203.03 160,444.52
1991 132,724.91 10,666.01 16,387.37 11,191.61 170,970.95
1992 140,630.58 13,921.11 16,189.27 13,635.49 184,376.66
1993 151,683.07 16,924.09 16,497.38 14,779.52 199,885.32
1994 161,577.35 16,186.72 16,783.23 15,897.27 210,444.78
1995 168,244.34 16,088.52 16,728.98 13,598.93 214,660.98
1996 178,506.50 17,148.69 17,124.71 13,801.95 226,585.00
1997 191,938.99 18,438.68 14,865.80 14,726.48 239,969.95
1998 206,911.60 31,201.40 14,194.21 14,780.14 267,087.56
1999 210,318.40 30,051.61 14,107.50 15,477.50 269,955.22
2000 232,947.26 17,741.88 12,196.02 8,737.08 271,622.24

T kR ARk iRF (2002)
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2.2.2
(IEA)
4
4
I B AER A ) e Eigsd OECD
Lo (FE) 22.22(0.37%) | 48 | 6,023 1,122
A 32 GDP(+ £ = 3 4) 155 28 56 24.7
CO, %4, £ (F # ) 217.3(0.91%) | 22 | 23901 12,527
A ¥oag(2 7 CO 4 ) 9.8 24 40 1.2
H = GDP % (2 7 CO, /% = 9 0.63 80 0.7 0.45
H = GDP_ppp £:3(2 7 COp/4% = ) 0.53 51 0.57 0.51
B 4 Re(2 7 CO,/10° £ B) 62.52 25 | 5651 56.27
WA A4 (£A0°80) 118.6 47 98.7 110.6
irar ¥ A5 1995 % iE gk b EAG 1995 EERpEE 4 T
FH %R IEA (2002)
2000 217.3
9.8 GDP
0.63 kg CO,/95US$ 0.37 0.2
0.12 0.19 0.7
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) OECD
2.2.3
MARKAL
BAU 2020
BAU
2000
1998
2020 2008

2020 650
1. 2006~2020 3.20% 4.10%
2, 2006~2020 0.34% 0.66%
1.10% 1.75%
3. 2020

1.9% 28.9% 69.2%
4.LNG2000 420 2010 1,300 2020
1,600
5. 2006
2020
358 387 15.6
1990-2000 5.95
2

2001-2010 2.0
2011-2020 2.4 -2.7
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5
co, GDP
( ) ( ) ( ) ( ) ( )
1991~2000 104,373 14,482 85,280 -10,356 14,966
) (100%) (14%) (82%) -(10%) (14%)
2001~2020 173,087 25,365 198,621 61,291 10,392
(S (100%) (15%) (115%) -(35%) (6%)
Co,
Co, Pop GDP/Pop TPES/GDP CO,/TPES
1991~2000 6.7% 0.9% 5.5% -0.6% 0.9%
2001~2020 3.0% 0.4% 3.4% -1.0% 0.2%
92 " "
(OECD ) 1970
CO,
CO,

2020
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180
1. 2010 16 2020
28
a
b.
C. (
)
d.
2. 2010 1,300 2020 1,600
3.
( )
4.
2020 190
3.3
( )
3.3.1
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CO,
carbonyl
2
CO,
CO, LNG 53%
1998
28%

8.9 x10° kcal/ton
kcal/ton 1960
0.15

CO, 0.1~3.0%
C02 COZ
6 2

dimethyl carbonate

co,
(LNG)
84% LNG
2020 1997
6.2 x10° kcal/ton 6.0 x10°
0.4
Cco,
Cco,

(structure packing)
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28
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10%
3.2
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CO,
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CO, 99%
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(greenhouse effect)



(Fischer-Tropsch)!®

[13, 14]

(promoter)

[4.5]

(Os)

[6.7]

(alkaline met

(solid solution)

al)

[12]

(support)

88 (Oct. 2003)

[1.2]

H,/CO -
H,/CO

(promoter)!&-1

100

[15]

(steam reforming)

125
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CH, CO,52CO 2H, A Ho =59.1 Kcal/mol  .ocovver v, (1)
(RWGS) H,/CO
RWGS
CO, H,SH,0 CO A Ho = 9.8 Kcal/mol  .oooveeeeeeeren )

(disproportionation)

C(s)
CH;52H, C s ( Ho=179Kca/mol C s )..ccovverennnn. (3)
2CO5C0O, C s ( Ho=-412Kca/mol C s )...cccceen.... (4)
(H20) (O2)
H,0+C(S) SCO+H, ( Ho=3l.4Kcal/molC s ).cooererrnrnnnnn. (5)

X O+ C(s) 5 2(1-x) CO + (2x-1) CO,
(-94.1 Ho -26.4Kcal/mol C S ) .o (6)
(mixed reforming)
CO,/H,0/0,
H,/CO

(2)
(water-gas shift)
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(precusor-mediated) Seets et al. ' |r(110)

C-H
(2] C-H

Kuijpers et al. [

(nickel crystallite)  Beebe et al. ¥

Ni(110) > Ni(100) > Ni(111)

CHx (1£Ex£3) Pt(111) Rh(111) Ti(0001) Cr(110) Co(0001)
CHXx
CHx

(coordination site)

CHA2MSCHs  MAH M oo, (7)

CH3#t2MSCHy  MotH Moo (8)

CHot2MSCH  MatH M oo (9)

CHAZMEC  MutH Moo (10)
- CHx

Osaki et al. 19 CHx

Ni/MgO x=2.7 Ni/ZnO x=2.5
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Ni/Al,O; x=2.4 Ni/TiO, x=1.9 Ni/SiO,
CO,
et al. (2 Pt(111)
( 5 kcal/mol)
(21 Ni/La,Os
La0,CO; La0,CO;
MgO MgO
(6{0) Osurface
(RWGS)
Sacco et al.?’] Gadalla Bower 2

CH, CO, H, H,0
1000°K /

©) [ (4)]

x=1.0
Segner
Pt(111)
Zhang et al.
La,O, CO,

Y. Schuurman et al. [*9

Nikolic et al. @ Ppt(111)
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(H, CO
H,O CO, CHy,)
[25, 26]
Rodriguez [#]
(
)
Tsipouriari et al. ) Swaan et al. [* (isotope
labeling) -
Tavares et al. [*¥ CO/CO, CH,/CO,
Tavares et al. Chesnokov et al. 3!
CHx
CHXx
CHO0.08 Ni/SiO, CHO0.5 Ni/MgO CH, CHx
X
whisker %2
whisker-like CHXx

CHx
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CO, K. Tomishige et al. [*4

CO O
CoO O
CHx
[12]
8]
Keiichi et al. [*4
surface carbonate
bulk
Oxygen vacancy
CHXx
[33-35]
Ce02[8,9,36]
(solid solution)!*? 37 38 Zr0,-CeO, tetragonal

phase'®*”!

[13-15, 39, 40]
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1997
flexible mechanisms (Clean
Development Mechanism, CDM) (Joint Implementation, JI)

Emissions Trading, ET

UNFCCC 1996
(1SO) 1SO
1SO
UNFCCC
1SO
ISO 14000
1SO 14000
1SO

[Tuex SUSCOF



A H Marks

ISO
SO 14000
ISO/TC 207 2002
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Pecom Forestal

SO 14000

(Working Group 5) WG5
2005
SO

(1S0)

|SO/WD 14064-1

Greenhouse gases -- Part 1 Specification for the
guantification, monitoring and reporting of entity
emissions and removals

|SO/WD 14064-2

Greenhouse gases -- Part 2 Specification for the
guantification, monitoring and reporting of
project emissions and removals

|SO/WD 14064-3

Greenhouse gases -- Part 3 Specification and
guidance for validation, registration, verification
and certification

ISO/WD 14064
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11 1, X,1 X,

,n m

1n x,1 X, m

1180

2.1 (Entity boundaries)
WBCSD(World Business Council for Sustainable Development)/WRI
WRI (World Resources Institute) 2002 The GHG Protocol (

)

ISO/WD 14064
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2.2 (Operational boundaries)
WBCSD/WRI

ISO/WD 14064

2.3 (Double counting)

|SO/WD
14064

ISO/WD 14064-1
2.4 (Establishment and adjustment of base years)
WBCSD/WRI ISO/WD 14064
2.5 (Quantification)
WBCSD/WRI

|SO/WD

14064 WBCSD/WRI

ISO/WD 14064
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(Independence)

(Fair presentation)

ISO/WD 14064

1. (Validation)

2. (Verification)

3. (Certification)

3.2 /

ISO/WD 14064-3 /
/

3.3 /

331

ISO/WD 14064 2005

(Consistency) (Transparency)
(Ethical conduct)

(Due professional care)
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CO, 10
2000

ISO 14000

1.Barthel, M., “ISO’s Role in Finding Solutions to Global Climate Change,” paper
present at |SO General Assembly, Sydney, Australia (2001).

2.1SO/TC207, Repot on the Ist Meeting of Working Group 5 on Climate Change
(2002).

3.1SO/TC207/WG5 N89, Greenhouse Gases —Part 1. Specification for the
Quantification, Monitoring, and Reporting of Entity Emissions and Removals
(2003).

4.1SO/TC207/WG5 NB89, Greenhouse Gases —Part 2: Specification for the
Quantification, Monitoring, and Reporting of Project Emissions and Removals

(2003).
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5.1SO/TC207/WG5 N89, Greenhouse Gases —Part 1: Specification and Guidance for

Validation, Registration, Verification and Certification (2003).
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(GHG Protocol)

(GHG Protocol)

(WBCSD) (WRI)
(GHG Protocol Initiative)

(GHG Protocol)

GHG Protocol

GHG Protocol
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(Carbon Disclosure Project)

(GHG Protocol Initiative)
World Business Council for Sustainable Development WBCSD)
World Resource Institute WRI) 1998

WRI/WBCSD
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(GHG Protocol)

GHG Protocol

(001 10 )

S

(08 9 )




88 (Oct. 2003) 149

WRI

WBCSD WRI Ford GM Toyota
WBCSD Mobility
4.1 cor por ate accounting standard and guidance)
1. accounting principles)
2. defining boundaries)
3. setting baselines)
4. what to report)

4.2 estimation tools)
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1. cross sector tools)
HFCs
2. sector specific tools)
1999 5 2000
2001 10

4.3
1.
2. scope)

Scopel

Scope2 Scopel

Scope3 Scope?2

Scopel 2

3.
4, 4 KPMG
4.4

GHG Protocol
WBCSD WRI

(Target-setting)



WBCSD/WRI

GHG Protocol 2001
WBCSD WRI
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1. 2002 12 )

http://www.ghgprotocol.org/docs/Final DraftTypol ogyDraftReport-December2002.p
df

2, (2003 9 )
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Al2

Al3

Al4

A2

A21

A2.2

A2.3

A3

A3.1

A3.2

Bl

Bl.1

B2

B2.1

B2.2

B2.3

1 GHG Protocol

(

)
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C1

Cl1

C1.2

C13

Ci4

Cl15

Cl6

C17

C1.8 HCFC-22

Cc2

c21

D1

D11

D1.2

D13

D14

D2

D2.1

D2.2

D23

El

El11

El2

E2

E2.1

E2.2

F1

F1.1

F1.2

F1.3

F1.4

F1.5

F2

F2.1 CO,

F2.2

(

2003 10

GHG Protocol
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(Stationary combustion)
(Mobile combustion )

(Uncertainty)

(aluminum) (International Aluminum Institute 1Al)

(iron and steel))
(nitric acid)
(ammonia)
(adipic acid)
(cement)
(lime)
(office-based organizations)
(pulp and paper mills) (International Council
of Forest and Paper Associations |CFPA)
HCFC-22 HFC-23
(Semi-conductor) PFCs
SFe
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EXCEL

(CO, equivalents)

GHG Protocol

WBCSD/WRI
WBCSD
1. GHG Protocol
2. GHG Protocol
3. GHG Protocol

GHG Protocol
GHG Protocol
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GHG Protocol GHG

Protocol http://ghgprotocol.org/valuechani/index.htm

2 GHG Protocol

Automobile Manufacturers

Ford Motor Company, USA
Volkswagen, Germany

Cement
Cemex, Mexico
Holcim, USA (and worldwide Holcim facilities)
Italcementi, Italy
Lafarge, France and North America
RMC, UK
St.Lawrence Cement Inc., USA
Siam Cement, Thailand
Taiheiyo, Japan

Consumer Goods Manufacturers

Bank of America

Body Shop, UK

Eastman Kodak, USA

Fetzer Vineyards, USA

IBM, USA

IKEA International, Sweden
Johnson & Johnson, USA

Miller Brewing Company, USA
Nike, USA

Norm Thompson Outfitters, USA
Pfizer Inc., USA

SC Johnson, USA

Sony Electronics, Japan
Starbucks Coffee, USA
StaplesInc., USA

Sun Microsystems

Unilever HPC, USA

United Technologies Corporation, USA

2 GHG Protocol ()
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Energy Service

Birka Energi, Sweden
Cinergy, USA

Edison Mission Energy, USA
ENDESA, Spain

Exelon Corporation, USA
FPL Group, Inc., USA

Green Mountain Energy, USA
Kansai Electric Power, Japan
N.V. Nuon Renewable Energy, Netherlands
PSEG, USA

Tokyo Gas, Japan

Wisconsin Electric, USA

Oil and Gas

BP, USA

Norsk Hydro, Norway
Shell Canada, Canada
Suncor, USA

Industrial Manufacturers/ Mining

Air Products and Chemicals, Inc.
Alcan Aluminum Corporation, USA
Alcoa, USA

Bethlehem Steel Corporation, USA
CODELCO, Chile

DuPont, Inc.

Interface, Inc., USA

International Paper, USA
Philips & Yaming, China

Simplex Paper & Pulp, India
STMicroelectronics, Switzerland
StorakEnso, Finland

Tata Steel, India

United States Steel Corporation

Non-government Organizations

World Business Council for Sustainable Development, Switzerland
World Resources Institute, USA

Services

500 PPM GmbH, Germany

AstraZeneca, UK

Casella Waste Systems, Inc., USA

DHL, USA

European Bank for Reconstruction & Development
PriceWaterhouseCoopers, New Zealand

Verizon Communications, USA

2 GHG Protocol ()
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( )
Cadlifornia Climate Action Registry
USEPA Climate L eaders
USAID Clean Technology Initiative and Greenhouse Gas Pollution Prevention
Program
Wisconsin GHG Registry

GHG Protocol
AERES (France)
American Pulp and Paper Association, USA
Australian CIF (Cement Industry Federation), Australia
Canadian Cement Association, Canada
Cembureau (Europe)
Japanese Cement Industry Association, Japan

(Business Initiatives)

Aluminium Institute Protocol & Calculation Tools

REGES Protocol, France

International Council of Forest and Papers Association's

Pulp & Paper Sector Calculation Tools

NZ Business Council for Sustainable Development

Proposed WEF Global GHG Registry]

Respect Europe Business Leaders Initiative for Climate Change (BLICC)
WBCSD Sustainable Cement Initiative

(NGO Initiatives)
Carbon Disclosure Project
Climate Neutral Network, USA
Global Reporting Initiative
World Wildlife Fund Climate Savers, USA

Trading Schemes

Chicago Climate Exchange, USA
UK Emissions Trading Scheme, UK

1SO
1SO) 207 (TC 207)

®1S0 14064 -1 ( )
GHG Protocol
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®@1S0 14064 - 2
GHG Protocol

®1S0O 14064 - 3 (validation)
(verification) (certification)
1SO
ISO SO
1SO WRI/WBCSD
ISO
2005

GHG Protocol
GHG Protocol
(eco-efficiency)

GHG Protocol

(registration)

GHG Protocol

GHG Protocol
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GHG Protocol

2003 1 GHG Protocol Initiative

www.ghgprotocol.org) 4

1.WBCSD/WRI, (2001) “ Greenhouse Gas Protocol-a corporate accounting and
reporting standard”

2.WBCSD/WRI, (2002) “ GHG Protocol Initiative-Project Accounting Standards
and Guidance DRAFT-Project Typology: Defining Reduction Projects” .

3.http://www.ghgprotocol.org/standard/tool s.htm.
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1997
12 “ " (FCCC Framework of Conference of
Climate Change) (COP3)
2000 1900 2008 2012
5.2%
o] —Fertilizer
M_’NHz_C'NHZ p—
—>Resins
o]
o ) —=Sohent
OO0 |
/
CO ——Hydroxy compounds
OH
PhONa CooH .
[H+] Asprin
CO
o) Methanol
dimethyl

carbonate(DMC)
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CO(0OAc); Zn(OAc), (Alternating)
Mg(OAc), Cr(OAc); Ni(OAc); Sn(OAc),
dialkylzine

dihydric phenols aromatic dicarboxylic acid

1
epoxide
ethyleneimine
BF;(C,Hs),0
Vinyl ether
Cyclic Ethylene phenylphosphonite
phosphnite-acrylic Triethylenediamine(TEDA)
Diamine
Alkali Metal Diolate
2,2,2-Cryptata
Triethylbenzylammonium
Diphenolate-o,0-Dihol
chloride Polyglyme
0
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Cyclic Diynes Ni(COD),-2P(n-CgH;7); Ladder polymer

2.1Copolymer of CO, diols dihalides

CO, diols  dihalides
Polycarbonate!" Poly(alkyl alkynoate)s® Poly(4-pyrone)s®’ Polyesters®
K,CO; copper carboxylate Ni'” catalyzes CO, diols dihalides

Polycarbonate

K,CO; (polydispersities)1.4~2.4 3,300~16,000
Polycarbonate 97%"
HO—R'-OH + CO,+ ¥—R"- 0 +fo—c-o-Rr-0-c—o—r|-

80 7 o L]

R'=alkyl or cydoalkyl and R"=ary or alkyl

CO, diynes alkyl dihalides 8,000 (polydispersities)2~6
80% Poly(alkyl alkynoate)s K,CO3 copper carboxylate'”
Cul
K,CO,
H=R=H + CO, + Xx—R"-X *——0—C—=-R'=C—0—R"——+
80 I Il n
(0] (O]
Ni® cataylzes CO, diynes poly(2-pyrone)s®
Ni(COD),2L R R
= R'= r .
R=R'=R + CO, . R,
THF-MeCN, 70~110 S
L= PEt3 or P(n'C8H17)3 o

R’=aryl or alkyl( 5 3)
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cyclic diynes CO,
poly(2-pyrone)s:
[ Lo SR N )
( /) s "l:..l'l-'l:fll-l 1168
[ R '
bis(ynamine)s CO,
CO, DMF THF CH,Cl,

60 o0r90

Et N—=

poly(4-pyrones)s 99~100% 1.9~2.5 7,000~16,000
250
(biosynthesis) H,y 0, CO, poly(3-hydroxyalkanoic
acid) (PHA) Cco,W
2.2 CO;
CO, 100 latm Nal PhsP DMF NMP DMAc
cyclic carbonate 100%"
(=[TH CiHy
e A
. 5 a-f:-
CO, poly(vinyl chloride) poly(vinyl bromide) polybutadiene
acrylic acid 8.2% ©
2.3 CO,
Asahi Kaseis process!” ethylene oxide(EO) CO,

b LI -
. o
ey

7,500 (Mw/Mn=2)

- =

<

H g "'\-\.
|,,
O "
-

poly(4-pyrones)s.
3)

20

ladder

aromatic bis(ynamine)



Ethylene carbonate EC
quaternary ammonium
compounds
CHzOHg + GOy —= CHy=CH;
xl:l.-' | |

o O
L

=] FEC)

EC Dimethyl carbonate(DMC)

l:"iH,—L"'HJ i FieH M’b-cl"m & HAH0H

a o
"'\-\.c.l'
o {DwC) MEG)
DMC Diphenyl carbonate (DPC):

.!Uul:gl:!ﬂt & IPalH = !l-lnﬁlitﬂ' + BaiH
L
|

By

alkali
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alkaline earth metal halides, amines,

phosphonium salts, guanidine, Lewis acid— amine complex

monoethylene glycol(MEG)

TR 0P e ME}.‘HI ] Hcﬂlil'.lh
[WFi) 0P (o)
DPC Bisphenol-A Polycabonate(PC):
'.EH'. ‘E‘Hh
PROGPh + HO<BHC4BHOH —= H-E--;}@-Ci. @rog -];{:p-ﬂ + PhOk
L CH; CH; ©O
oPC Bis-#& PC prepolymer (n=10 =20}
CO, bisphenol S ( bisphenol-A) diglycidyl ether 1 atm 100

24

bis(cyclic carbonate)®
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CH
s ("3H3
/\/c‘:«j%ow2 + co, /\/COOCsz—\
CH, ;; (‘:H3 o__O
° T
o}
bis(cyclic carbonate) diamine poly(hydroxyurethane)
8,512~19,836( diamine )
(Td) 350 (Tg) 70 (bisphenol-A)
40 bisphenol S polyurethane (Td=310 Tg=24 )
poly(hydroxyurethane) poly(styrene-co-acrylonitrile)(SAN)
CO,
CO;
CO,
3.1CO,
Inoue®” CO, HCOOH HCHO
CH;OH CH,4 COy/
CO,
2
3.2 CO
CO, CO,
Fe Co Rh Ni Pd Pt Ag Pb Cu C Ti Au
(27
3.3 CO;

CO,
CO,

Solvay calcined
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soda CO,
Cr-C4
Mg C02
2
Nickel Tetraazamacrocycies“o) CO 440nm
ZnS,CdS/Si0," Formate 280nm
Re(bpy)(CO)3 {P(OEt)3} SbFs
CO 365nm
Re(bpy)(CO); {P(OPPh3)SbF, ¥
ZnS/Si0,/2,5-dihydrfuran (2,5-DHF) >290nm for ZnS
formate
CdS/ Si0,/2,5-dihydrfuran ¥ >350nm for CdS
Metal porphyrin/Naﬁon(m
Metal phthalocyanine/Naﬁon(14’15)
fac-[Re(bipy)(CO)3(PPh3)]"
formate 365nm
(bipy = 2,29-bipyridine)'®
7r0,"7?) (COo, ) co <300nm
CdS (CO, aromatic
ketones  benzyl halides)(lg) atrolactic acid >400nm
phenylacetic acid
Rh/TiO; (CO, Y19 CO,CH4 290, 370, 450nm
TiO,/Pd/AL,O3 Ci-Cs N/A
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3.3.1CO;
Ni Pd Cr Si0,  ALO;
CO,/CH4
Ni SiO, CO,/CH4
X-Ray diffracyion = TEM
Hui Zhang  Yuan Kou®” Si0,
CO,/CH4
Katsutoshi Nagaoka  Ken-ichi Aika®?  Pd/AL,0;
(La,Ce) La Pd/Al,O;
3.3.2CO0O, epoxide (Cycloaddition)
CO, epxide (cyclic carbonate)
(31,32)

MgO 1-n-buty-3- methylimidazaolium

Cr(IIT) Salen Complexes Takashi Yano

CO, R-styrene oxide

[ M
——

" >

72%

(34)

Jiajian Peng Youquan Deng

methylimidazaolium  n-butylpyridinium

ionic liquids

Thermogravimetry
(28)
Cr
(Ca,Ba)

n-butylpyridinium

(33)

MgO

1-n-buty-3-
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CO,/epoxide
1-n-butyl-3-methylimidazolium tetrauoroborate
100%
Robert L. Paddock  SonBinh T. Nguyen ©¥ Cr(III)

Salen Complexes

L

= ,

o ] s B and BT = a4 CH,

By =d LTo= BB A eoH, B

e - sl R = K7 =M

L 1] -} e B e fAC o En
3.3.3CO, dimethyl carbonate(DM C)
Dimethyl carbonate methyl halides dimethyl sulfate

polycarbonate isocyanate
(38.39) Co, DMC
ZrO CH3I K2C03 KHCO3 N32CO3 (NH4)2CO3 L12CO3 dlalkyltll’l

oxide Mg containing smectite catalyst.
CO, Dimethyl carbonate Kyeong Taek Jung
Alexis T. Bell®® CcoO ZrO Dimethyl carbonate
Shin-ichiro Fujita 9 (methyl iodide)
(K,CO; KHCO; Na,CO; (NH,4),CO; Li,COs) CO, DMC
K,CO; K,CO3
dimethyl ether(DME) CO, 4.5MPa  8MPa DMC
CO, DME
Jun-Chul Choi @0 dialkyltin oxide CO,
DMC DMC

3A DMC
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Bhalchandra M. Bhanage “D smectite catalyst CO,
epoxides Dimethyl carbonate CO,
epoxides cyclic carbonate cyclic carbonate DMC
3.34 CO, urea

urea CO,
1.

Ph;SbO  RuCl;*3H,0 RuCl;.3H,0/2n-Bu;P  (hexamethylbenzene)RuCl,PMe;)

(p-cymene)RuCl,(PPhs) (p-cymene)RuCl,(P(OMe);) Ruz(CO);, OsCl;.xH,0

Ni-complexes
2. 3A P4Sy

Ryoki Nomura “2) Triphenylstibine
oxide(Ph;SbO) , 3A CO, 5~6 diamines
cyclic ureas 150~160 89~98%

Jean Fournier (43) rutheium complex 120~140 therminal
alkynes CO, Amines N,N'-Dialkylureas

Ry6ki Nomura @9 Ph;SbO P.,S1o 80 4.9MPa

CO, amines 1,3-Dialkylurm

Dilek Saylik (43) Ph;P CO, -78
Isocyanates CO, Isocyanates

Takeshi Iwasaki 46 KiBr CO,/epoxides
cyclic cabonate hydroxy urethanes

Patricia Tascedda  Elisabet Dunach Ni-complexes CO, aziridines

“7) cyclic carbamates
T e e
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Mahmut Abla (%) tin complexes(dialkoxy(dialkyl)tin ~dialkyl(oxo)tin

dialkyl(dichloro)tin) CO, amine urethanes
Chih-Cheng Tai “pdc,, DMAN  PPh, 60
CO, dialkylamines tetraalkylurea
dialkylammonium dialkylcarbamate CCly tetraalkylurea
NHBu, CO, 99%
Bhalchandra M. Bhanage GO 6Mpa 150
alkylen diamines amino alcohol CO, cyclic urea urethanes
99%
3.3.5 CO;
CO,
Kiyoshi Kudo 1 co, CO Cs,CO;
Cs

Zhenfeng Xi Qiuling Song®  CO, 1,4-dilithio-1,3-diene

cyclopentadienone

Masaya Miyazaki 3) CO, acelaldehyde

pyruvic acid

(54)

Janis Louie Ni-complexes  CO, (amines
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phosphines imidazolylidenes) Ni(COD),

(55)

Jun-ichi Kadokawa trisubstituted phosphine— carbon tetrabromide—

base system CO, carbonate

{1 g, bass. DI
2 FCH « 5 _— = BOel-
1 e

[ |

Yoshio Kosugi 6 CO, phenoxides

50 30%
3.3.6CO;
CO, CO,
Menachem Motiei 7 CO, 1000 Mg 3hr
XRD HRTEM EDAX Raman spectrum
CO, 500~600nm 30~40nm 10~20
Zhengsong Lou 38) Na 440 800atm 12
2500 m 16.2% 8.9%
Na,CO;

Epoxy
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