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DO LA TREL, ZNEEK T TR SR L SHERE

LI T EMICERIZTHIENENTHS, 22T,

BEAF OMEE 2 R LT R EBEREAL S nT R 2R i 5 7
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Ra x4 25 M ORiEZ BHNCHR T 5720,
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Sr, Ba #2100 ppm @ 0.001~1 M THHRIL 7-filffe %
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R 1. P L EEREK OB R
B8 =FE (ppm)
Na 5274
Mg 634
Ca 200
K 200
Sr 50
Ba 50
3. MEHEE

3.1. 1 REMDER

WAEMOARIT, 2 BeRETITo7, NI 2% 5y
THEMICHE T GER) SED720 DR FEL T, Hix 7otk
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FJOLBHREUIRE VD, ZHLORRICH L Th AT L E
RFERE BT 0BECELL B TED,
3. 3. 2 U590 I—TI)LHEFI DR

[FE T3 DS R E 2 DITHT0, (A BRDEE
FIRA U=y B AT B2 T =T WA R AN LD TR
R ERBRZ R L7, ) 712770 = —T Vil A
Z N 2 ORFRIR BT D Ke BT,
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£3. 7702 —T AN T D HEREE Z & OS5 EEREL fous:

Prase 0.010 0.10 0.50 1.0
18C6/HNO; 0.10 0.22 0.20 0.27
15C5/HNO; 0.007 0.051 0.21 0.31

K4 770 2—=T VAN IS T D HERIREE Z & OSBRI Boas:

Brase 0.001 0.01 0.10 1.0
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15C5/HC1 1.28 3.78 1.19 1.22
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WRT, [EIEREE LTI, DGA fhHANE Ky 2ARES,
Ba [F = 9 ENF L EREV, —J7 CoBEtEREE o &

., _TODGA/SiO,-P

A

8 & A
6
Q
A
L]
2
° °
0
iB7K HNO5 HCI
18-Crown-6-ethel
/CSHZFlO
1.5
1
oy
0.5 N A
o 4
®
0
i@k HNO,; HCI

T —T7 WAL Sr 2 FEEYLET Ba O &%)
N T&5,

LINLZe R0, AF 2 PRRDIKEV Ba 28 Sr 0[RS
NDRER LIRS TNDZEND, WEKTIZE ENDEFL
FREICLDEBEELE R, 5B IOFEEITONTLIYEE
A T 2L TR HD,

TEHDGA/SiO,-P

A
A

] A
6
3
a4
®
2
L
0 L
@7k HNO; HCl
15-Crown-5-ethel
) / CsHyFyg
15
A
1
<
0.5
4 'y
0 ] ] ]
Bk HNO; HCl

X 8. DGA &= SiO-P A E 72137 7 v v = —T7 WHANC K 2 B8/ O Ba, Sr i O ERE Ky

@®;Sr, A;Ba



R5. 770 =T VAIHANS X 2 HBHEEK TOo R

Boase PR D IM HNO; 1M HCI
15C5 18.94 044 57.10
18C6 3.82 3.37 0.88

F 6. DGA il HAIC & 2 gz /K T O BRI

Brus: FEBEIE A D Tr 1M HNO; 1M HCl
TODGA 6.98 2.86 7.04
TEHDGA 8.70 2.57 19.43
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EBWHARI FL—Y—L LTHEESNTWAST 7 F
=T A PAc (T1p=10d) Z8ETH7-DDFEITH
%7 2w I 20Ra A HEK D B [R5 72 8 O FLHERT
e LC, BB I7REAEICEY, Ra T3 L CH
FPEDI O A B8 - B Rk LTz, T ORGSR, P ALK
BEMOWAERIT pHA4~8 DILWEIPHIZI W TR
1 g®729 10 mg LA EOE W Ba W& BE2/RL, BEERICK
DIRBEDN B IIEN R, WA LIZT X TD Ba 2
THIENRTET, 2D, P TR FEM B L ORERE
& xR E M LIRBER ChHZ LN DTz,

WK DD E M RS-t/ 1, BaLISho Sr,
Na, Ca, Al &\ o727 LV AVEJE -7 V) LG E DR
AT D EEAAE L CTHEMEL A K IZES Ba DB
LIXMEUPEREEL TIE, DGA R HAIE Ka 3 KE<, Ba
[N 9 FNFELREW, — oA o7
v —7 VAN St 2 ZIE A9 Ba DA A [m]IY
T&D, LinLein, 777 m—T U AlD Ky 23
15C5 /HCLA TR 1.4 72DIZxIL, DGA SRilHANL Kq
ERT X TCOBEHER TS — 10 ERE, ZOZEND, %
HHEDOV BRI (P) D7 T 7 NEAWAEM D LIHERIZLD
WWHEL7- Ra 25 et 8HiR% DGA RfHANS @R T 5
TETHB T LI, BHEREE®BRICAETL,
TEHDGA/SiOy-P DA77 LA 183 2L T 2°Ra DOFFHLAN AT
REICZ2DEE 2D,

WAKD pH T L% 8.1 THDH, 22T, Ba BJE
10 ppm DOYARIZ I\ T 2 B OB #R TV L FR T 25 5
1 g H7-9% 15 mg/g @ 2Ra NEL CTEX/=2 %258

L&, WK 22°Ra £ 2~3 ppb TITWAE H Lol
A0 4000 150K 333 B REIWEAKHICRRE T 528
T, 2Ra Z#V MR FE A 1 g H72DHI 15 mg/g R T
XHTENRIAEND, WBIESD BT CAEAIE 1 kg
B EFTEE, 2Ra &89 15 g, £D#% O TEHDGA/HCI
RO TFETH 13.5 g 3 1 4RIZE TR TES AR
WD, 20 Ra BITAFRENERE 3 A A 14500 A
IR D701 Bi7r 4.8 ¢ DB EE 3 fFO®wERS
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THEAKH10> 26Ra DR ZRI7ZR AN - KRN AT HE TH D FL
HWLEFT,

%%, 28Ra M —H—Cif /K « RIRAKH DA 72 2°Ra
Z T Ra MRFEONIZEZED HZ LT, 2°Ra [
Bliz et 3528 T, 25Ac O A [FEAERE - R OBKRT
ZLZHEBL TS,
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FEERFAE ORMEL Qe EELHAL RS AR
IR = R ARSI B L £,
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Summary

Radium-226 (**°Ra) has recently attracted attention as a source for the production of actinium —225 (*3Ac),
which can be used for the a-particle therapy of cancer. 2?Ra is present in approximately 10,000 tons in the sea.
The amount of >?Ra in seawater could help patients with metastatic cancer around the world. Therefore, we
focused on the extraction of ?2°Ra from seawater and examined an effective process for refining 2Ra.  Due to the
low concentration of 226 Ra in seawater, only a few ppb, it has not received much attention in terms of economic
point. Therefore, we focused on adsorbents prepared by Radiation-Induced Graft Polymerization to selectively
collect Ra. In this study, we performed adsorption studies with Barium (Ba), homologs element of Ra, which may
coexist with Ra in seawater.

To develop adsorbent material for collecting Ra from seawater, we selected adsorbent groups such as
diglycolamide (DGA), iminodiacetic acid (IDA), N-methyl-d-glucamine (NMDG), diethylamine (DEA), phosphoric
acid (P) with high affinity to Ra and synthesized adsorbents by immobilizing each on a polyethylene nonwoven
fabric substrate. As a result, a highest Ba adsorption rate was observed under pH range of 4-8 conditions for P-
type adsorbent. It was shown the highest adsorption rate of 21.8 mg/g at pH 6. IDA-type adsorbent was more than
that rate of 6 mg/g.  On the other hand, DGA, NMDG and DEA-type adsorbents were less than that rate of 1mg/g
under pH 4-8.

The elution rate of Ba eluted from adsorbents (IDA, P-type) after 18 hours of immersion in each elution solution
such as HNO;, citric acid and malic acid. P-type adsorbent had a larger elution rate than IDA adsorbent.
Especially, HNOs had the highest elution rate. In addition, P-type adsorbent was able to elute all Ba.

It is expected to be contaminated in Alkali metals and alkaline earth metals such as Na, K, Ca, Sr and Al in
seawater. Therefore, to develop the separation process for these elements, especially Sr, we selected an optimal
extraction for separation of Ra. In the extraction using simulated seawater, the DGA extractant has a large Kqand
a large Ba recovery rate of about 90%. On the other hand, separation performance was excellent for crown ether
extractant. It only Ba was recovered.

To establish >?Ra recovery technology, we will continue to research Ra purification methods using *?®Ra tracer
and ??Ra in seawater and natural water. In the future, we will contribute to domestication and global clinical

popularization for *Ac.



