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2. Y= M %'iil(ﬂl CHst ZQUASH o AR

Category |~ Advantage o Which SCFs
do not oontnbute to smog most
. do not damage ozone layer most
Environment . TS -
no acute ecotoxicity - s CO,, H,0
no liquid wastes son e e Y o0, and other volatile SCFs R
noncarcinogenic . U A S st (but not CgHg) R
Health and safety nontoxic N most (but not HCl, HBr, HI, NH,)
nonflammable 2o . CO,, N,0, H,0, Xe, Kr, CHF, R
TR 1o solvent residues” 0T M | CO;, and other volatile SCFs . '3 /7
facile separation of products o COz and other volatile SCFs
high diffusion rates = ATE YA R
Process low viscosity i T T UL BE i el
adjustable solvent power . & o o v
adjustable density; S I
inexpensive adAst Ea EORE
high miscibility with gases ) Ll

variable dielectric constant
high compressibility

local density augmentatlon
- | bigh diffusion rates

‘ “ - | altered cage strength

Chemical

(5) ¥& 9AZEE " SEAS WEEAS (k) FAA9 dgrgold. o] HE Ae A+
9 @ o]FE FUAA FUY WS 2xE ¢ 3 %Kﬂ’s‘ F7133HES ANA Edte 7
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3. 2A AE ol &3 steturg AW b ug e, 93Y 455} %el 29S w
CLEE dg 4 Jon ugdL ggFHo=

3.1 ZQUA K AtEHEE(scwo) Y 358 4 Ao BF HSAHE(E 3)0] 849

F3E CO% HO0EE ol 20| Y, *H&
?474]79-‘?‘-7‘_‘011*1-4 2 WN3EAHE 018% 7| 7194 BAE 79L& 2YATAAN L=}
F @A ME 49 d7HEe Ao 294 = Ag QoBZ £ RAT &3t & 24

# #H g



SCWO Reactants

SCWO Products

Methane

Benzene
Dioxine (PCDD) .. .
Chloroform ’
TNT by -
Ferrous Chloride 1 :< . ;
Nerve Agent HD

CoHi 05 +60, — 6CO, + 5H,0
CH, + 20, = CO, + ZH,0
T CH, + 740, — 6CO, + 3H0

Cly-CeH,-0,-CoH,-Cl, + 110, — 12C0, + 4HC
 CHCL + 40, + H0 — CO, + 3HCI
. CHyCH~(NOy), + 530, — 7C0, + 24H0 + 14N,
FeCl, + 40, + HO — + Fe,0; + 2 HC
Cl-CH,-S-C,H,-Cl + 70, — 4C0, + 2H,0 + 2HCl + H,S0,

WA BPE gEL HEHo FTRFE
Al Aolgol shestth gy oz g FA 4
3t 2L, IY 2 FE AEYs] g
BHg-719] o] A3t 53 €24 Y44t ¥
e SFEE o]FF HFE SCWOZ A st
T A%de AT AFY A Ee 4 ¥A
71€3 dg7Ide AEE H9 FFEH AA 7]
& % sZ=H o & EAAE /AL Ao
AS7HA A7 Edo 2¥E ZYAFA
32 AxAE st dRIAAN fUEES
£ 4o Jeli Atk 2YAFASH F2 7o
AL e JFEL FHITEY 71EH &7t
Tid BYH s, 22U Fol3AozRY wE
He €84, AFFAAA MEHe f718A4,
Fref A, FASEER Fo $H8 dEiA
BeEolt, HExY XYAFAAS FYst de
1994 ©]=¢] Eco Waste Technologies (EWT)

7} HuntsmanAtel AX8 o2 859 < 50
B deE AYE & dH2Y 3). AS7A
ZYAFA3 71 Bench scale FRo4e] A¥F
A 2 AEFANE AHL e AHEE E 59
debat o

Baaiyn e ghide

Fm
N

TE D O3 3 ZUASMENS BFE KR

4 AR DX JEss G RIIEHVIE Lk
Acetaldehyde . Chlorophenol ) Ethylene dichloride .|, Nitrophenol
: Acetamide s ;. Chlorotoluene ‘3 Ethylene glycol s P’CB
. Acefic acd igdn - rCiresol 2 Hexachlorocyclohexane Phenol
_ Ammonia, b DDT , ; MEK 5 ., Pyridine B
Aniline | Dichlorobenzene - Metabolic waste ' Tetrachlorocarbon
~ Benzaldehyde “: ' Dichlorophenol 1 Methane / Toluene
Benzene ¢35 ﬁiethylene glycol Methanol e Trichlorobenzene
Benzoic acid v Diethyl ether - Methylene Chloride Trichloroethane
Benzylamine Dinitrobenzene Nitroaniline 5| Trichlorophenol
' Chloroform  : % %i-[. Ethanol i Nitrobenzene > =5k -{ *Urea O
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YA yee & §ujE o] §§ Bt

2 A75goEE 948FE, 3R,
Zag 59 HES AT AAHLE A
gae dw, RAEA 2 283 BHeEE
g BEE Aol ®el HiHI Utk 1Y
2o YA FAEAY HAE AMA
Aul g FEA SAHIEF(Na,COy) S F713)
o wegozA 93 HINES HET F o
¢ AENA EHE 4 A= AHO(Assisted
Hydrothermal Oxidation) 71 %°| th. o]
g &9 AHeE Ko WAE BT ofy
g, w37 WY A&zt FAHA A7}
Z3 k7ol AFTE A HeAFE B o}
Ug 71289 9A4 483Pu ¢ LES
SR G2 gA ARZ AFE § Uk
38 H2d& vjF NaC0o, & Bo o it
$71d =Y3d x9A BHY E£o] anti-
solventZ 439 Na,CO& H o4 5¢ &
QA HI wg7] Wl mAYAE AR 3
B 1 E3E FUAE TRl AMEA A
=93 Yo

B #

‘ | 88K (ton/day) | ZX| M($/ton) |
|, . | ABB Lummus Crest 2 Modar 33
1 - | GNI group | gasgE AR ‘20, npyfye 200 Modar 34 . ¢
.. | Kimberly-Clark , , | PCB%% A% . | 2 Wl
qz | ARDEC e 9 Sandia Lab, FWD
DOD $e77, BB 5 . |General Atomics
.| Huntsman Corp. olul R W E 30 50 EWT 23
" Noram Eng. & Con. | 92 - 3013% A9 17 % | 25 |MODEC ¥4
Texaco Chem. | J@AFRASF N EWT 34
I LECLE At Agedig - ] B MODEC 34
#9 (kA 0 [g=Ag e T
| Fraunhofer nst. | GBI A5
NEDO 27439 gol A ST ;
. Organo Corp, . | Q&¥E L AT 4 | " ,7 100 Modar -g;g =
Evara | QAR e ] R e
Shinko Pantec | &% | Y 30 - |EWT 2%
2 | gass | DNT/MNT 3494 (Red water) LR

20 e STITIE Bafige 1%
o—o—o—9 i -
100 b M v 12 s8¢ 100
- S - Ay
£ 80 o v 80
3 L~
c < w/ catalyst > £
2 e 80 §
k-
€
.g 40 /’g’_/) 40 é‘
H 4
£ *
8 20 . L 20
v
%
. 0 < wjo catalyst > 0
B '——% -
T 380 400 420 440 480 %
¢ Temperature (°C)

ZYAFAHN AN ZHE A WS
& & ZFAAJH e CSCWO(Catalytic
Supercritica]l Water Oxidation) @17} 3 H2
AtH2E 4). AF7HA 7€ En2e ALO,,
MnO,/ALQ; CuO/Y, CuOQ/ZSM-5, CuO/ZSM-
48, Cr,0;, MnQ,/CeO, CuO/Zn0O, ZnCl, V0,
MnO,/Ce0Q,, TiO, Zr0, ’Pt/Ales, Pt/TiO,,

7 4. Bz ZUAAEEISOA ol Faf
(240bar, 100% excess 0,)

77




¥ &8

w

Pt/Z10, %°l YTHE 6).

o IR

¥ 6. Foff ZAATARS,

it

Z4), support 123X
9] stability7t F83 W4
titania, hafnia 283 e-alumina Fo| §4%

support2 ¥ A UTHE 7).

SIECEERE A
bining interface
7} €@}, zirconia,

2| of

71&9 dAAY] Ao FHL2E JAFH &
¥ (crushing, grinding, ball milling%)3 sol-

gel §AHel Aok o8 WL AAINEXY

: . Catalyst ~+ Compound - Reactor type | T (Q’C) P(MPa)

A1203, Tloz, ZrO,, Acetic acid, pyridine, 2,4-DCP, Tubular packed- bed 380-418 276

Pt/ALO,, Pt/TiO, Pt/ZrO, | methylphosphonic acid ‘

Cr,0; Benzene, Phenol, 1,3-dichlorobenzehe‘b _Tubular, packed-bed | 390-460 | 24.1

Cu0/ZnO 2-Propanol, tert-butanol, | Tubular, packed-bed | 380-3%0 | 23-235
1-methyl-2-pyrrolidone, L
BA, phenol, acetic acid = o L

Cu,+, MnCl,(homogeneous) | p-Chlorophenol e Tubular 400 . 243

Ni/Al,Q, . Phenol, hexone, p-cresol CSTR, Berdy-type | 400 276

MnO,/Ce0, . - | Acetic acid Batch 380-440 | 38-44

' - | Ammonia Tubular, packed-bed | 400-475 | 276

Benzene, phenol 1,3-dichlorobenzene | Tubular, packed-bed | 390-450 241

V.05 ' i Benzene, phenol, 1,3-dichlorobenzene ‘| “Tubular, packed-bed | 390-430 241
1,4-dichlorobenzene Batch 412 67.2

ZnCl - N B {auidst | Quinoline 2 217 | Batch 400-500 | 26-435

MnyQ, % fedk ‘af*f‘%»fﬁ" . | Phenol B S50 ex Tubular, packed-bed 425 23-272

MnQ,, TiO, - :<~vr. . | Phenol  vipr ot v ke Tubular, packed-bed | 400-500 241

Cu0/ALO;,

MnQ,/Cu0 on ALO,

7. ZQAS MEHISO| ALBEIE S019) oY

_%Potenual support Visual SEM XRD - ce Overall evaluation - ¢

TiO, (anatase) Yes Yes Yes Yes Stable

TiO, (rutile) Yes Yes Yes Yes ¢ Stable

Zt0, (baddeleyite) Yes Yes Yes Yes |, .. Stable

20, (yttria-stabilized) . ;| Yes Yes Yes Yes | Stable

HIfO, ' Yes Yes Yes Yes | Stable

MgALO, (spinel) No No No No UnStable

7-ALO, (SA = 100m¥g) | No No No No Unstable

a-ALO, (Cerac, calcined) |  Yes Yes Yes | Yes ! Stable, but slightly soluble

a-ALO; (Norton, calcined) |  Yes Yes Yes No Stable, but slightly soluble

V,0s No - No Yes No i Unstable

NiO S mss SUHC No No Yes Yes Unstable

2 Bl HH 139 13 (2001 &)
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f7140)e Ao wWE #3 29 EA ¥4
27E /AR Y 99, 2AAFE 4T A
ARYEL o)UY FAE HZY + A B
olya YAAVNEEE AAF F doH
crystallinity, purity, morphology F°} 4% 1]
AYAE Az ¢ Atk 2YAFE F o)L
dgdsed ol e FARFE AR
Aol ZYAZEAM K71 &ut 1A e
L ERHE Hole HIA &WAR AF
£ g, g olgdE s Wi F1&u
M ¥ $308E yedth 28 2944
Fo ¥ Ax, ¥ AP -9 A"
449 E83 HALIFE FEdo FF9
single crystal AZE& 715A @9 28 59
AAol AAde FHE& ad Aoth. dvtFe
2 AAo] AAde Fgol A W ARAER
de A7 BATE A3y e RWES v
AgAEY w3 -9 A (liquid-solid
interface) o] ©]EZ9 F=7t ALY YA
FeAM s BWESY A7 G4 AR
Tx 1008] o4 =7l W&o oA FEI}
GAHZ old waty AR &k wHA
I ARY dx FolAA €t

[©

liquid

c,
\___¢

Concentrations

CS

Distance

T2 5. =QA|I9H AN SHeMEIgoR AN
Mzkeh= £t 11- HHoMSf impurity
(o) STEZ(ZAA AEiAME Aol
Me| impurity SE7F AAO|AM EO} ST))

84 359 £49¢ t9su Iade
HerdE oA F& FAHEL AAEH

¥ B

A& & 2xdAe €4 Hhgo]l Yoy
ojZlo] AA3 AL AXNYUA AAE 25
YAEo] AAEr) olHF HYS o] &3
&438E Axde Byl FEEREY
kg4 g ol EAFHAT & F3hit
$-(hydrolysis) 3 &<44H-&(dehydration)o] A&
Ao dojydA AAHE IEANELS 2YA
FoA EEHA &7 Q& AE3HT YA
e AXN ARoz A o

I
Ab s}
oq F
o 3

M(NOy) +xH;0=M(OH)x+xHNO; Hydrolysis

M(OH),=MO,,+ %HZO Dehydration

ZYATERNEE o4 & A3EY
AL F&9 FAAY, ¢3tE 18 $3EL 4
88 &9 Al Fe, Mn, Ni, Ti, Zr, Co, Ce, Rh,
Pt 59 AEL ImoA F nmd °|27|71A]
dojd & gtk 294A B ElMe 459
8 7t5Es S27b WS mEY, ofFA MY
28 A (monomer) 8 A A (precusor) 8 &3 =
T oA FoA EFEY ¥, a2 5
ZYAFAAY ¢ L v 22 #EH
9 ¥& YA £ & kAL BN 29
AFdNe dFAe] $58 # oz ofdA
% (subcritical water)ojA dojd YA HlEo
oL mAg 4AE AR e 2YA 4 2R
3 HololA ETF FAd oA WIS
T3 42 e 9¥E v Boemite
(AIOOH)¢] A%oll, A4E YASe 2Fe u
< 274 wi 433 @Iy, §7 #Y
(hexagonal plate), "R % %4 (rhombic
plate), 7 ¥ el (swordlike), HHL 71X Yu|F
e (foothall) o] AT o]RE dAF ¥2
Mg &2 A UAA FEE WS
7103 ALog Holn, A AFET ol
Az BEE AT F AT BRI} HAH

ZYA BHY EL ol8% FERNHY F
4 d&# 2o (1) E-A(sol-gel)Folnt

2
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8. ZQAH| O HHE Z2ELME=22 QX 37| ‘ﬂEH["’ 15)

~ Metal salts used stating material Products | Particle size[nm] | - Morphology ,
Al(NOy), AlOOH 80~1,000 Hexagonal plate rhombic needle-like
' Fe(NO,), a-Fe,0, ~50 spherical
"Fe,(SO,); , a-Fe,0, ¥ ~50 spherical 9
FeCl, a-Fe,0, t ~50 spherical '
Fe(NH,),H(CsH;0,), S Fe;0, ~50 - | spherical Lol i vg
Co(NO,), 1 Coo, ~100 . | octahedral e
Ni(NO,), . N0 ~200 | octahedral L
Zr0Cl, | 0, (cubic) ~10 . | spherical
Ti(SO,), .1 mo, ~20 | spherical
TiCl, © ] Tio, (anatase) ~20 | spherical S
Ce(NO,), R CeO, 20~300 octahedral

Fe(NO;); Ba(NOy), BaO - 6Fe,04 50~1,000 Hexagonal plate
"Al(NO,);, Y(NO,),, TbCl, Al(Y+Tb),0, | 20~600 dodecahedral
"Li(NOg), Co(NOy); - o sonn . ] LiCoO, - ¢ 40~400 dodecahedral’ i“4¢ riv o e 1A

E €S TR )

spray’d 3 HlajA Yo &ojvt glon), AA
3 4AEL EF ¢ AFFoA pre-
sintering X FHE €9 F doH YAEL

243 sinterability2 7}A 2 Uk (2) FEEA
S22 958 A /MR GARRYAE & F
Ak 3) YA 2719 FHE AMAY 5+ A
th (4) Wl$ &S AZ(1E) oo wgo| &
E¥ 29AFAAN A4 FE5U43EY Y
YAE 29 69 Yeie ¥ 8de &UE
4, AF A2 283 JAY s dE
Wit

33 2 S0IM §7|55tEISE 1

ZUAFAAN F7153S FAS de F
a3y, gasiitS(sIedg), di2-g
& ZA$vk&(Friedel-Crafts alkylation, Heck
aerlation, Diels-Alder cycloaddition reaction,
Aldol condensation), =3}¥H3-/&uk-&(tert-
butyl alcohol to isobutylene), H¥At3}lul-(p-
xylene to terephthalic acid) Tl o z8y

44

07 6. ZAAFAUS0| o5l MagEH F4
stg Lp @R

a) BaO - 6Fe,0, (b) ZnO (c) CeO,

(d) Tio, (e) LiCoO, (f) Cu0

—~

q7NE PO 2% ¥ sl F2 A3
e A @k R AR d2E QB

National Industrial Research Institute of
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Technology of Tohoku?| 7% 384 w838
T4 Yutaka Tkushima BHA}7} 2gAFAA F
202 ANZRYA=LA(COX)2HE ULE6
o Y89 etz FAde TS A
g Aot A9 dFFYoMe Yol E69
487t He e-ftZzdge FIM2e TE
F RI, FRNE Zu) F LHEAN AN A
Az HAE=2A(COX) o2 Ry #4dd. 29
U 71E FRL AE g 202 ALEo 3
g7t BAse EA7 AL wieAd ¥
40| ®o] B3, A F9 FEEA Ve #¢
HEE 2tA Fart gt getd @409 §
37t AL P NeEA LA o9 AY
9 AF} oA Yo, 443 GA7
Ae oA gty . 2YAFd 9%
CLM¢ #42, dALE £29 #48 274
A Fgie Ao st & 48 EF A
o] 22 # =24 (COX) & 380°C, 250714}l A] 3
B ugA 7™ A 70%7t e-FlE2EGoR
wgon ol xYAF Aol ZRE(HE
SAANFRA wheE Bolg FHFLE e
Aoz BHIHF Yt RYAFE ol 4F WS
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