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Development of Oxygen-18 Separation Process by Oxygen Distillation
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A new process for industrial scale production of '®0-labeled water (H,'®0) has
been developed using cryogenic oxygen distillation technique. H,'®0 is used as a
starting material of 2-fluoro-'®F-2-deoxyglucose (**fDG) which is a state-of-the-art
cancer diagnostic agent for Positron Emission Tomography (PET) . High enrichment
of '80, is achieved by multi-cascade oxygen distillation in combination with isotope
scrambling. A process simulator based on "Simultaneous Heat and Mass Transfer
Model", which has been successfully applied to cryogenic air separation, was used
for the design of the 6-component packed distillation columns. The time necessary
to reach '®0 enrichment of 97 atom% is evaluated by dynamic simulations and

predicted to be about 180 days.

1. 1FC&IT

ILAE, LRS5BT 35U T SFDG-PET M (2-fluoro-
'*F-2-deoxyglucose positron emission tomography) A"
A OFMZHIE L LTHEREN TS, Thid, B
B F (7 v £ 18) THERE Nz T R ok
LUEEY BFDG ABEE DIE T8 75 A Ml S & % Bk
Tz, BrErliERsS (PET) EE THgLT 5T &I
&0, HOEMIZRTE T BBWHETH S .

OF AT 110 77 D EFNA T H 5 e b, R
BOEAINET A 70 oK OEENS, TD
BRICZ =7y MY & 7% DR 18 L A A4S
Kk (H,'%0) TH %,

L4, 'SFDG-PET #R O R ERE2 AL A H KT o
B, MR 18 LT RNARERUK DR EIE T THAE, F
HF30% L EOMTERETVWS, SERICIEMR
I % FEIZHER 300 ~ 400kg D HFIC RS & T

C OB T V2T VAR IRBHET D BRI R
R - T VT I AEILE LA - PR

BEns,

U TRIBZE D BED T EFIC BV TRAEICHE D &1
LekitiZzZISH U, 2001 4F & O M AT BOE AR AR
IR D RFEFE TR L LT, IREFR AT
RELELEFROIREO T, MY OBFEAR—EIC K S
W2 18 ZE FINAR B 7 1 2 A DBHF 21T > T E Tz,

ATt A3 FICHETEHR S S8BT A — PV ORI
NG5 2%, AT 27X, DEHREDIER
WNE S BN D THAR L 9% %0 IR E S
KUHGNEZERT B LB EBEAA, Dl
LR & PRENDEINELIRHZ T & % 7200 RS
B7cs, FEE, Eifttta EORGEH Y —Y V2 M
PRI 2 REND > Tz, ZDIDICIBREHE N DIEME
Tt ARGEHN R E L E N,

AT, AR EEOREE K Tk &
DI ZIT, LI 7Tt ADH L 7% 5 HificD
WCibR%, £z, ¥ al—y g VX BAMBEN
[FIOL AR 5341 36 K O ENEFRRF ] O TN DV Tl
EERED



2. BFRABEICKBEMUEDE

2.1 BEfFD DR

FNIRD— RN E UT, Y b2mEEIciE
EAEEDNZ N, BN E T B RNARDO RN
EVGEADZL, LS TENBTENS, Lichio
T, FNADEE o DL FO X S R Z & D,
(D FEHRBDIEE IS NS Wz, TXIVF—HED

REVZEDITHEEED NI L%,

(2) WERICHANRTEENIFFICKRZ WD, EED
ELfhh & S ERIGH IR £ T O EEBERRF )
MIFFITE W,

DFE D, ENRTEEE 1 T8 LI < WDEDEN
Kz & TRV F—Z2 0 TRMT 281E &0 5
TEMTES,

2.2 ART—F
FERATEICIRS S, (k2T o RicB T 1E

(H 2V 1E) O EERE T HIN ) 72 L0 B

L TRHET DI TN TRENWYD, EftZRAM O

B 5N 3 K5 IR EHREZ T E LR D RS

RENDH B, TOXIHBRIEZNAT—R?2 LS,

Fig. 1iCH AT — RICBIF 28081 = v MEHEK
%, Fig. 21 ZRd, 7t A& N HO i
Zv b BRREN, FEET o — F2IT 550 f RZ2 5
IS & BINERBIC X 7 E B, ARMBOLG, &0
B =y NI 1B, BAAIREEE, H50IEHEE
DAKBBEDOS LDIREEZ DT LENTE S,

ORI T Y AT Fig. 20 TEENS N
&7 Ar — F (rectangular cascade) WHW SN %,
NI RBZZ R 5 IRHEI L, &R V, OTRED
BICEBF—ETHD, EEOHMDHMICRS LW
SFRMH B M, MR & RIROIEE X, Yoy D
RIx2 LK DUWRADEL S0, HEhE L v
IBUITELT LEMRNELEIE R,

—7, WREMEI SRV EWVIEME (., = Yu)
CHERIIS BN B 1 A — B Fig. 2 DRRTE S
N2 HMH X — K (ideal cascade) TH 5, A
AT —FTRE7 1« — D 5 BGEREENC M) > TH
BDOWMEMRRICHD, mB TRt N o Lz
%o £z, TOFRMFTREKERKORIERRZY L,/P
Di/Ne720, KWF—IVET v TOMBBE VS 1T
ERLIENTH S,

AL A B~ 1 & 03 0 B R d6 K O SEE HIRE D
Blah D Fig. 2OFHRTREINZ ATy THAr—F
(stepped cascade) Zfl %, THIFKEETDHELD
EROHEHRTr— Fefld by, HENAT—F

KiEHERER No.23 (2004)

WEWEE LD TH S, TNEHWTANAZEY
TR AT, KT S HEA AT — RTEICH
BROBZ 2758 1=> F, Txbb, KREIHVELS
AR KU BSHER N L 73 % T- S I M
RBM, EENBOKHR—IV KT v TP iRnid
EHEEEF 2 AT 5 2 BN TE S,

W,yy T Waste

A
N Vs Pt §
v I
I [ N-1 | 2
o
B g
o o
FT— £
=
Feed frl A Ve % %
y o
F,z, —ﬂA f §-
L, x,
y Lo X
f-1 y i
L%, Vet Yot
v ) E‘:'
4 n+l @ 5
Voy 5
. v L11+1’xn+l g §
n_je—— < oz
V.., c S
n-1> ' n-1 = =1
b %o v I S g
A n- c
Vn-Z’ yn-Z w {

P,W,F : product,waste,and feed flows, respectively.
L.V, : enriching and depleting flows leaving separation
stage n, respectively.
x,,y, : concentrations of key-component in enriching and
depleting flows leaving separation stage n, respectively.
z,. : concentration of key-component in feed flow
N : total number of stages in the cascade.
f: stage number where feed flow enters.

Fig. 1 Schematic drawing of stage connections in a
cascade.
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Table 1 Natural abundance of stable oxygen isotopes.

Isotope Mass Abundance (-)|Molecule Mass Abundance (-)
160 16 0.99759 160, 32 0.99519
170 17 0.00037 150170 33 0.00074
180 18 0.00204 150180 34 0.00407

170, 34 1.37 X 107
7010 35 1.51x10°
%0, 36 4.16x10°

Abundances of isotopic molecules were calculated from natural
abundances of isotopes.

Table 2 Comparison of '°0 separation method by
isotope distillation.

Material H,0% NO? 0,
Operating pressure 40kPa 100kPa  100kPa
Temperature 350K 120K 90K

Vapor pressure ratio 1.005 1.037 1.006

Latent heat of

vaporization 42kJ/mol 14kJ/mol  7kJ/mol

Safe Toxic and Safe

Handling corrosive
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Table 3 Specification of stable oxygen isotope separa-
tion process by oxygen distillation

Item Specification
Production capacity 100kg-water/year
Isotopic purity of '*0 = 97 atom%
Start-up time 180days
Waste < Cold Box
Ultra pure oxygen a a N N
Feed Oxygen distillation columns

Ultra pure oxygen
> || 2P
<+| |« <+ «| |«
A

“ U \/ V V l

v
Isotope
scrambler

Product
Oxygen enriched in '*O

Fig. 3 Schematic drawing of stable oxygen isotope
separation process by oxygen distillation.
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Fig. 4 An image of 80, generation from ®0™0 by a isotope
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Table 4 '°0, generation by isotope scrambler (numerical
calculation).

Concentration (-)
Concentration
Inlet of  Outlet of | gifference (1)

scrambler scrambler
160, 0.6217 0.6521 0.0303

%070 | 0.0071 0.0062 -0.0009
150180 | 0.3644 0.3046 -0.0598
Molecule
170, 0.0000 0.0000 0.0000
700 | 0.0006 0.0015 0.0009
80, 0.0061 0.0356 0.0295

%0 0.8075 0.8075
Isotope 70 0.0039 0.0039
80 0.1886 0.1886
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Table 5 Specification of the pilot-scale oxygen
distillation column.

Column I.D. 37 mm
Cold Box Height 14m
Packing Type Random Packing

Fig. 5 Pilot-scale oxygen distillation column.
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Fig. 6 '°0'°0 enrichment by pilot-scale oxygen distilla-
tion column.
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Fig. 7 Concentration profile of isotopic oxygen in pro-
posed process, predicted by steady-state simulation.
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Fig. 8 '°0 enrichment predicted by dynamic simulation.
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