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Development of Supercritical Water Technology for the Treatment of Radioactive Organic Wastes

Toshiki SASAKIO 0 Osamu SUTO

Waste Management Division, Waste Management and Fuel Cycle Research Center, Tokai Works
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0 Decomposition of mineral oil (Neovac) and fluorinated oils (Daifloil, Fomblin) by supercritical water oxidation was
studied to evaluate the feasibility of supercritical water technology as a means of treating radioactive waste oil.
Experiments were conducted with tube bomb reactors. Effects of temperature, reaction time, and addition agents on
decomposition efficiencies were studied. Over 99.9% of each sample of Neovac and Daifloil were decomposed by
supercritical water oxidation. 99.2% of Fomblin was decomposed by supercritical water treatment.

gooao
goooboooboooooooooooooobooboobooooboobooboboobooboobooobooooo
goooo

Supercritical Water, Supercritical Water Oxidation, Radioactive Waste, Waste Qil, Mineral Oil, Chlorotrifluoroethylene
Polymer, Perfluoropolyether

gogboboooboooobboooboobooon
gooog

gooooo
oo obbooommMpPall DOODODO

goooooobooobobooobobooon
goboooooobooobobooobooboo
OOO0000000Do00oO0oDOoOoooooon
gobooooboobod
@oNoXosoxooooooooooooooo

oo0ooo

0ooooooooao
goooooao
gooooooooooo
pooooooo

ooooo

pgoooooooooa
pooooooooooo
pooooooo
pooooooo

@U0O00000000000000000O0on
gobobooooboooobbooobobooon
gooo

gogobooobobooobbooobooon

goooooopPCcBOODODOOOOODODOOO

Ooooooooooooo*™v o

gogbobooobbooobboobobooon

gdgbbooobbooobboaoobobooob
gdbobooobobuooobboaoobooan
gdbobooobobuooobboaoobooan
ooobooobobobooboooboobobooon
obobooooobobobooooo

ooobooobooboboobooobooboboon

000000000NeMboImm



(|

gbooboboobooboboooooboobgoon
gbobobooboobobooooobobgon
gbobobooboobobooooobobon
gboobobooboobobgoooooboobgo
gboboboobooboboooooboobgon
oboobooooooboobo
obobooboo0obooboboooooboogoo
oboobooobooooobobonog

gooogoooogo

gmoooboog
gobooooboobooobbooobbooon
gobooooboobooobbooobbooon
ooboo0obOooboomooomMPad O OO
0booboooooooommMvPald OO0 OODOO
ugbooodabooooabboooboboanon
gboboobooobobobooooboboo
obooogooo

EA
HERR
IRES
22. 1 g=

I
I
|
1
1
|
|
|
I
1

314°C =
mix

goooooboo

- BHREY
- BRI (H,0,%)
- FRFNFEI| (NaOHZF)

£ \
EEe

400': FEER 5K

650C 86666

ENEz
25~ 40NPa

gooboooobobobooboobgoobooon
gboobooooboboboooobgoobooon
gooboooobobobooooboobooon
gooboooooboboobooooboobooon
goobooooboboboooobgoobooon
gooooboooombomooooomo
oooboo0obo0obobooboooboobOooon
ooobooobooboboobooobooboooo
oooooooooooboobooboobooo

mOoO000000000000
00000000 0MImIMPad 00000000
000000000000O0O0O0O0O0O0O0O0O0O0
0o0O00000000O0O0O0O0O0
®d000000000000000000000
00000000000O00O0O0O0O0O0O0OO0
ooo
@000000[H]oH]O0D0C0C0C0O0O0O00O
oooooooooo
00000000000000O00O0O0O0O0OO0
00000000000000O0O0O0O0O0O0OO0
000000000 O0000000000000
00000000000000O0O0O0O0O0O0OO0
00000000000000O0O0O0O0O0O0OO
000000000000000O0O0O0O0O0OO
000000000000000O0O0OO0OO0OOO
0000000000000000O0OO0OO0OOO
0000000000000000O0O0O0O0OO0
0Ooo0O00000000

BiRiEEY

(K & RIS
(BRF: & KS)

TEHEAR (CO, N,
7K (H,0)
mygiE (Na,SO,, NaCl, NaF)

gogboogoooboooobogod

000000000NemMbOrm



gogboobpbooboobboobooboobbooboo

ooood ooo ooood
goooooooooooooooooooooo

ooooo CnHm 0o0ooooomooooooooooooooo
goo0oOoo boooDbo
gdooooooooooooooooooooo

0oooooo ¢ CF» CFCH)n gdooooooooooooooooOomo oo

goooooooooboooobooobboooDo
oooooo

CFs (O CF CF)m (O CF)n O CFs

goooobooooooooooooooooooo
00000oOono 0oooooooooopoooo

oooooo CE Oooooooooooooooooobooooo
® gooddoboooooobobooooooboooo
oooooo 1/24 > FSUS316F 2 —T
Omooo0 (SVERE12.7Tom, BE 2. 1nm, £ & 105mm X (& 210mm)

gboboobooobobobooooobobon
gboboboooboboboooooboboo
gboboboooboboboooooboboo
gbooooboMR2000000000000O0O
OO0000OY LVAC2)/e@ODO0DOOoODOOoooo
oboboboooboobobboboomoooo
004000000000 OO0OObOOOnDO
gbobobooobooboboooobooboo
gbobobooboboboooobooboon
gooboboboooon

amooooo
0doooooooooooooooooooon
SUS3led 00O 0O MO 0O OMIIMmmD OO0 mmO
O OO0Omm0O OO0mmO 0 O O O SwagelokO
Jdo0ddodooooooss gic conooooon
do0oboobooobuoboboboogao
OOmmOOO0O0O0Ocm’™00 000mmO 00O
Mem 0000
gooooboooooooooooooooaa
Oddddood Tk 3Mooooooooooo
godoooooooboooooooouooood
gooooboooooooooooooooda
goooobooouoooboooouoooooa
godoobooouooboooouoooooa
goooobooouooboooouoooooad
godoobdoouooooobouoooooa
goooobdoouooooobouoooooad
ogood

gmpoooooooobo
gboboboooboobobooooobobodlin-

A
@\ / //ﬁ

- —

\

Swage | ok ¥+ v 7' (§5-810-C)
Ogo000oOoooooo

ternational Association for the Properties of Steam
000000000 o0o0oooooooooo*™
00o0Do00Doo0ooo0oDoooDoooDoooo
000000000 00o0O0ooo0mOoomem®
000D00Doo0oooooooDOno oooo
(MOMPaO 0D OD0OD0ODODODOOOmMgODO
00000 ooopmMPa0 ODOO0ODOOODODO
O00D000MgO OO0
ogboooooooboooooooooooooao
ogooooo
CHOF.Cl. + (i+j/4 k/2 m/4 n/4)0,
+ (m/2+n/2)H0

- iCO;+j/2H,O + mHF + nHCI ........... ooo
ogoboooooooooooooooooooao
gbooooooobooboooobuoooooao
gooooooobooooooobuoooooao
goooooooboooboooobooooooao
gbodoooooboobooobouoooooao
godoooooooooooon

omoooboo
ooobooobooboboomoobooboooon
oomoooobooboobobooobgoooon

000000000NeMboImm




(|

gbooboboobooboboooooboobgoon
gbobobooboobobooooobobgon
gbobobooboobobooooobobon
gboobobooboobobgoooooboobgo
gboboboobooboboooooboobgon
obobooboo0obooboboooooboogoo
obobooboo0obooboboooooboogoo
obobooboooboboboooooboobogoo

gobooo™mooboboobboooboboon

gobooooobooobbooobobooon
gobooooobooobbooobbooon
gobooboboooonooboboboon
TOG 5000A 000D OOODOO

oboogoooooo
gmpooogoooMrz2o00 0000
obobobooboboboooobooboo
obobobooobooboboooooboobgoo
gboobooboooooobmMPad OwtD OO O
obobobooobooboboooooboobgoo
gboboboobobobooooboboo
gboooooooo
gbobobooboobobooooboboon
0000000 oo oddOo oo a
gboboboobooboboooobobgoon
gboboboobooboboooooboobgon
gooooo
gboboboobooboboomoooobgo
gbobobmoooboboooooboobgon
gooooboooooomooooooDboD
mmoboooooooboboobobooooboog
obobOobooobooboboooooboobogoo
obobobooobobobooooobobgoo
obobobooobobobooooobobgoo
obobobDooboboboooooboboo
gboboboooboboboooooboboo
gbobobooobobobooooobobgoo
gboboboooboboboooooboboo
000000000000 moooogoo
DO ooboooboboboooooboboo
oboooooooo
gboboboooboboboooobommo
obobobooobobobooOodooanoo o
oboboobooobooboboooooboobgoo
oboboobooobooboboooooboobgoo

99. 99

99 . ———— S

DRE %

90

0 10 20 30 40 50 60
B 5

gboooooooooobooboooooooon
gooooooooomvPadOOO0O0O0OW®OOOOO
oooooooo

oooboooboobobooboooboobOoboon
oomoboooooobobobooooobo
oooboooboobobooboooboobOoooon
ooobooobooboboobooobooboobooon
gooboooboobobooboooboobobooon
goobooobooboboobooobooboobooon
0000000000 ooooooo®™ooon
goboboooboobobobooboobobooon
gbooboooboobobobooboobooboon
gbooboooboobobobooboobooboon
gbooboooboobobobooooobgoobooon
gbooboooboobobobooooboobooon
gbooboobooboobmmoooobgoobooon
0o0obhmobIhmobmmooobgoooo
Uo0ooooobob0obImmd Momyd o
0o0o0ooomooommoboobogooon
ooooo0obo0obOoboobooomuboooon
oooooobo0obombooobooooomo
oooboooboboboobooobooboooon
ooobooobobooobooobobOooon
oooooooooboon

ooobooobobobooboooboboobooon
oooboooboboboobooobobOoboon
ooobooobobobooboooboobobooon
ooobooobobobooboooboboobooon
ooobooobobobooboooboobOoboon
oooboooboboboobooobobOoobooon
ooobooobooboboobooobobobooon
oooboooboobobooboooboobOoooon

000000000NemMbOrm



gooooooobboooooooooobon
gbobobooboobobooooobobgon
gbobobooboobobooooobobon
gboobobooboobobgoooooboobgo
gboboboobooboboooooboobgon
goooooooboooboboooboboonoo
goooooooboooboboomobooon
gobooooooooobobooobobooon
gobooooboooomubomboboooon
goboooooobooobobooobobooon
obmobobobooooobmoboboo
gomnooooboboboooooboobgoo
gobooooboobooobbooobbooon
goobooooobbooooboDDmuooon
uboboooaooooabboooboboanon
uboboooaooooabboooboboanon
oboboobooobobobooooobooboo
oboboboooboobobooooobooboo
obooooooo

omooooooo#sOmooonon
gboboboobobobooooboboo
gbooboboobooboboooobobon
OONaOHO OO OOOODOOOOD oM MPal
OwtD D000 oomoooobgooo
gboboboobooboboooooboobgon
gbobobooboobobgooooobobgoon
gboboboobmnoobooooobomgo
goobobooboobobooooboombo

99.99

99

NERE %

90

0 \ L . L L .
0 5 10 15 20 25 30 35
BELKDEIRIRE. %

oobooboooboooobobooboooooooo
goboooooooOomooooo@vpPal OO OOmMOO
00000000000000o0omg

99. 99
I o
i A
99.9 [ A o_|
: a
u
= S u
N -
W 99 o
& i ©450°C
i A500°C
%0 m550°C
.

0 10 20 30 40 50 60
LS
oooboboooboooooooooobooooo

gooooobooomMPall D000 OWM%»O0OOOO
gboooOoOCOONaOHOOOOmMoOoo

99.99

99

RE %

\

KR r
90

0 1 2 3 4 5 6 1
BEEKRKRME S8
oooooboOoooOooOoooboboOoooOoooo

gooooooO0OoOonooooo@MMPadOOOOOIOO
O000D0O0Owt»ONaOHO O OOMmMO oo

gogobooobobooobbooobooon
oo oooooboooon
0@oodnoobooobooobooboooon
ooobooobommooboboobooooobo
ooooooooooooooooboooon
gogbobooobbooobboobobooon
gdbbooobbooobboaobobooob
ggbobooobboooon

oooboooboboboobooobooboboon
oooboooboboboobooobooboobooon
ooobooobooboboobooobobommo
ooobooobooboboobooobooboboon
goobooobooboboobooobooboobooon

000000000NeMboImm



(|

gbooboboobooboboooooboobgoon
gbobobooboobobooooobobgon
gbobobooboobobooooobobon
gboobobooboobobgoooooboobgo
gboboboobooboboooooboobgon
goooooooboooboboooboboonoo
gboobobooooooobobobobonoon
gobooooooooobobooobobooon
gbobopoooooboboboboooom
gboobobooooooobobobobonbon

0moooOooO0oOY LVAC2s/60 00000

gobooooboobooobbooobbooon
gobooooboobooobbooobboonon
OONaOHOOODODOOODOOOOOOOO
obobobooobooobobomMPaldwtd O

mooboobobooboooooboboboooo

gboboboooboobobooooobooboo
gboboboooboobobooooobooboo
gboboboobooboboooooboboo
gboboboooooooboboond
gonooooomobobooooobooobon
goooooooooobobomooboobgon
gbobobooboobobooooobobgoon
gbobobooboobobooooobobgoon
gbobgoboooboobobooo
gbobobooboobobooooobobgoon
gbobobooboobobooooobobon
gboboboobooboboooooboobgon

99.99

B ©400°C
99.9 0450°C
= A500°C
= m550°C
9 F

YRR %

N

90 [

TTT
(>l
o>

.|

40 50 60 70
f&l. 5

* 8

ooboobooboooboooobobooboooooooo
goboooooooomMPadOO0O0OO00OW%OOO0O0OO0
go00oomodggNaOHOOOOOOO

99. 99

99

RE %

R

90

TT

2 4 6 8 10 12 14
BEEELKRKRINE HE
oooboboooboooooooooobooooo

gobooooooodmooooomMPal 000 OMMODO
O0o00Owt»dONaOHO O OOMO OO

ooobooobobobooboooboobOoobooon
ooobooobooboboobooobooboooon
ooobooobooboboobooobooboooon
gooboooboboboobooobooboobooon
goobooobobobobooobooboobooon
goobooobobobobooobooboobooon
goooNaOHODOODOOOOMuoooDoo
goooomoboooobooooobao
Mmoo ooobobobgoooooobobo
goobooooboboboooobgoobooon
O0OOH"OFOOODDOOODODOOODODOOOO
gboobooboobobobooooboobooon
gboobooboobobobooooboobooon
gboooobooobooboobooboooDo
OH°OFOOODOO0DODDDOOUODDOOUOODDO
oooboooboobOooobooobooboooon
oooboooooboboboooooboobo

oo@moooboboboobooobooboooo
ooobooobooboboobooobooboooon
oooboooboobobooboooboboooon
oo obmmooooobooboobo
oooboooboobobooboooboobooboon
ooobooobobobooboooboboboon
000O0 obobobooboooboboomo
ooobooobobobooboooboobooboon
mooooobobobooooboboobo
oooboMmmboboboooooboobobooon
oooboooboobobooboooboobobooon
ooobooobooboboobooobooboobooon

000000000NemMbOrm



99. 99

gooooooboobon

BT 0000000000000000000000
o £ | 050 0000000000000000000000
| as00c 0MO0mMO0O00O0000o0o0ooonmon
g - | mss0c 0000000000000000000000
BORT 2 x 00MO0000000000000000000
® i A 0000000000000000000000
0 F L 0000000000000000000000
- o 0000000000000000000000
o F S o . 000000000000
0 10 20 30

BfE 5

upooooooooboooooboubbooo
go0oooooooomMPad 0000 0OW%OOO0O0O0
goooodNaOHOOOOMmMO OO

gboboobooobobobooooboboo
oboboboooboobobooooboboo
oboboobooobooboboooobooboo
oboboboooboobobooooobobgoo
gbobobooobooboboooobooboo
gboboboobobobooooboboo
gbooboboobooboboooobooboon
gmboobooobobobooooobo

gooooo
gbobobooboobobooooobobgon
gbobooobooooobgoon
@OOO0000000D00D000D0O0O0o0O00O0O
gbooboooooboobogn
@OO000000000000O0oooooon
gooooooooooooomooo o
mogooooobooboooon
@OO000000000000DO00oooooon
0gbbOonoaono m
@oOo0o0000o00oo0oO0ooooooooon
goboooobbooobooo
GU0O000000000D00D0OooOoooon

gogo
gobobooobbooobbooobooob
gogbbooobbooobboaobobooob
gdbobuooobobooobboaobooan
ooon

agoodo

O0OT. Sako, T. Sugeta, et al.:“ Decompositio of Poly-
chlorinated Dibenzo-dioxins and Polychlorinated
Dibenzofurans with Supercritical Water”, Proceed-
ings of The 4th International Symposium on Super-
critical Fluids, Sendai, p.103 (1997).

0 0O K. Hatakeda, Y. Ikushima, et al** Supercritical Water
Oxidation of Polychlorinated Biphenyls using Hydro-
gen Peroxide”, Chemical Engineering Science,
Vol.54, p.3079 (1999).

000000 oooDr bbooboODbODbODODOPCBs
pooooooroobbbooooooooooo
0000000001

0 O H. Sato, M. Uematsu, et al.* New International Skel-
ton Tables for the Thermodynamic Properties of Or-
dinary Water Substance”, J. Phys. Chem. Ref. Data,
Vol.17, p.1439 (1988).

O O V. Mishra, V. Mahajani, et al.* Wet Air Oxidation” ,
Ind. Eng. Chem. Res., Vol.34, p.2 (1995)/

0 OK. Chang, L. Li, et al.:* Supercritical Water Oxida-
tion of Acetic Acid by Potassium Permanganate”, J.
Hazardous Materials, Vol.33, p.51 (1993).

O OS. Imamura, I. Fukuda, et al.* Wet Oxidation Cata-
lyzed by Ruthenium Supported on Cerium(d ) Ox-
ides”, Ind. Eng. Chem. Res., Vol.27, p.721 (1988).

000000000NeMboImm




