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Pilot-scale Synthesis for Radioactive Cesium Adsorbents by Radiation Graft
Polymerization and Their Field Tests
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and Noriaki SEKO
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Watanuki-machi, Takasaki-shi, Gunma-ken

(Received November 8, 2013)

On March 11tk 2011, the accidents of Fukushima Dai-ichi nuclear power plants were
occurred by the Great East Japan Earthquake, and the large amount of radioactive
species were spread on their circumstances. To remove their radioactive species which
have long radioactive half-life from the circumstances as rapidly as possible, we
developed novel radioactive cesium adsorbents containing ammonium
12-molybdophosphate, which had adsorption selectivity for cesium ion, by radiation
grafting method. The bench-scale equipment 150 times as large volume as laboratory
scale was established for graft polymerization. The radioactive cesium adsorbents 1,000
times as large as laboratory scale were successfully synthesized with the bench-scale
equipment. At batch adsorption test for 1 ppm non-radioactive cesium aqueous solution,
more than 90% cesium ion could be removed by the developed adsorbent, and at column
adsorption test for the same cesium solution with up to 3,000 times as much volume as
the adsorbent volume, the cesium concentration could be reduced below 1%. Moreover,
the adsorption performance with radioactive cesium in environmental water was
evaluated at field tests in Fukushima Prefecture. As a result, the adsorbents could
successfully remove radioactive cesium dissolved in environmental water below the

detection limit of radioactivity concentration.

Keywords: Cesium Adsorbent, Radiation Graft Polymerization, Adsorption Test,
Ammonium 12-Molybdophosphate, Field Test, Radioactive Cesium
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4. CsWBEMZ W7 4 —/L Rk

EALEE (Fig3) ([CX VIFR L7z Cs WM (Fig.13) MW T, e RNIZI W TR
P Cs R E LIZWEMD T 4 — v NiRERZ{To 72, 728, AN XA 7OWEM & GMA
B AT DOREMITONTIEL, WAEREICRERAZRD AL ON RN o722 &b, LLF T
BRI E 2 XA L AW TR A2 30#T 5,

JRFE RO 2011 4 3 A 17 BIZEAET@HE O BRSO EHGIHEE L CTEEKIZ O
T 200 Ba/kg Li%iE S NTz, ZD72H, I L TWEHKIZOWT HZEDOBIHIELL FIZ L
THIRT D HERSH-T-, 2T, AR Lz Cs WaEMIT X 0 IEHIELL FISSE Cs
Z BRI AT RE 720 7 RV b B A I 2 72,

72, 20124 4 H 1 B0 L0k LWEEEREREH S 4, BBKIZ DWW T 10 Ba/kg
Ligot,

4.1 PHETNLE B NER T — VK O HE Cs W il

2011 £ 7 A AER U 72 Cs WERIT L 0 Bk Cs Z ML, IR T & 5 2 & 2 fifgsd
T A, EREERE L TCER/INER S (Fig.22) Ka W TlkERREZIT- 72,
RERGIEII A T 25 E L, W4 em O T A LR UEOIRE T bk iz Cs Wk
(Fig.23) % 10 #¢FtE (@) L7, 77—V EEABKEZEBER % 71— BEK L, 50 um
DT YNE—THELT%, BICHOMIND 25 um OF 4 A Z—THBLTHT AIHE
KU, HEEAIIZ Cs ZWAEMITAE S BT, WAERR TR L7o#am ol 4 Fig.24 [ OR
T BT LEiEilE L THH SN2 K O Cs OBERERE % 7LV~ = 7 L(Ge) P B (R IR g
(BAm— A=V =T RY—48 . GEM &) THIE L7-, 7235, /KD 2256
SV ()X %) 1% 500 h1 TFr- 7=,

Fig.23 Cs adsorbent for column test

Fig.22 The swimming pool of Tominari

elementary school
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Storage tank of water Filter (50 m~+25u m) ,'.

Column

Fig.24 Field test apparatus with Cs adsorbent

B SR & Table 112377, BURME Cs 13RU258) 2.1 400 Cs-134 & 178 30.1 4
® Cs-137 MFIET D08, B O GUIH S OARETH D, 7 —1kD LB FIAFIET
% 274 B/ UKALERCIE—#A9IZ Ba/kg £ ¥ Bg/L THR) Ot Cs i, 50 um O 7
S IVE—TAHilE%, TIZ26 um D7 4 NVZ—TAHilET5HI &L T213 Bg/L F TR L7,
ZDOZ LD, FiEY T EORMMETY R Z & TKP O Cs DFGRERRE % 2 FIfE K
THED Z LR35z, IRWT, ABBO T —ILKE T T LTHEE LW EM T 2K
EH 5L Cs OIRFHREMRIE X 213 Bo/L 7°5 58 Ba/L IZ K& <K T L, A% DIED 27%I2
720, Cs & T3%BRETEI-Z L1/ d, SV % 500 h-1 & L Cilkik, 4 FEEBEZICE
WTHSREIRE D 1R L R U TR ool 2 &b, BV (X)) 1%
2,000 & 720 . WAEMAETED 2,000 50K ZHE L TH AN Cs ORAERR BRI TN D
ey ot, o, ENLLEOKEEZLEHR S FTREMEN H D 2 & DRI ST,

Table 1 Result of Cs adsorption test in swimming pool

Cs-134 | Cs-137 All Cs

(Bg/L) (Bg/L) (Bg/L)
Supernatant liquid 114 160 274
Filtration 50-25um 94 119 213
Flow time to a column : 1h 24 34 58
Flow time to a column : 4h 25 34 59
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4.2 &R BIHERE 7 — LK DERYY

TSI E BN COWERBRIC
v ERIL7 Cs WM TAH
DG Cs DU RERRE & K &
AR CTE 722 &vn, 20114 7
A B R B HER O 7 — v
(Fig.25) K Z#HEH3 2 72D DY
i1 o7,

(1) JEHE Cs oW B

7=V DK ENZ IR IET DA
W E ORI & T — VIEIZIE
B U 7o i L BE kL e E O [E
ZERELT2tR, W16 em ORI Z & (FFETLE /NP TIENE 4em O 7 L) 1T
FeH L7z Cs WS 7 — v EBERKE R 712 L0 A BFCTEBIR L. kEHE Cs oW
RREIT T2, 7 LNSOWREM OEDY (HIF1L, NEWRD A T AOGEITONTIED
TLARNELRIUKRE SICEEMEFT BT 7 AlckE (BE) Lz, Al kEZ
DT Fig. 26(ANT/R L2 RDZENT= A T DIREAZ Fig.26(B)D L 9 ([ZWEM & & X fF
F. BT 5 (Fig.2?) \ZHEHE L, BWERAEM ORI &AM EAK L THEYE Cs 2 W&
T5hHRE L,

Fig.25 The swimming pool of kindergarten
attached to Fukushima University

e

\
L 4

(A) Before roll up (B) After roll up

Fig.26 Roll up jig for adsorbent

Fig.27 Big size column
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ZOFATIE, RERBETOWEMOITHH IR HUBEELWLZ L0, FlE L7
MO E 1T APBECREE URd <, 2O 2 KANEE L CREE L7 Wag s o
1% i L7227 EORIEEA I T E SR AR D D,

Wk B R % Table 2 (SR, 7 —/A0 EBAKIL, W10 Cs-134 & Cs-137 DAF
387 Bo/L Ik LC. WM Oific 113 Bo/L & k& <R L. ARk OB &G ©
% 200 Ba/L % Flal0 . 7—7 b OEBHEH N FTREIC 22 5 2 L B T2,

Table 2 Result of Cs adsorption test in swimming pool

Swimming pool water After flowing water to adsorbent
Cs-134 169 (Bq/L) 48 (Bq/L)
Cs-137 218 (Bqg/L) 65 (Bq/L)
Total 387 (Bqg/L) 113 (Bq/L)

Q) F—NAKDERY

(D DJEEHE Cs DWAERBIFER LV . KB T AEFIH LI-WEM 25 & 155 50T,
T VK OBRYLFE AT - 7=, AEL7VET Fig.28,29 (TR d K 912, 7= D EiERKE R
> TR BT B Cs ZRAEMITRAE SEHE 1 md (1 hy) OF 71—
SH T, # 27 NOKGHE Cs IREE 2 Ge -8 (K8 25 CHIE L B & #iHlE CTd 5 200 Bg/L
Z FES>TWD Z L &R Licth, HKIEICHIRT 2 H1ETITo 70, ZO8EEIXT—10K
Z1 F U2 200 Bg/L % FREI-TWD Z EA2MER L, iiEiTo7e, 7 —v EEHKEW
HHFRRICZ 7 A~F O&
EINC A7t v N DYl
7 D Cs DPEE % Table 3 IR
T WAL ALERK & T E H
flETd % 200 Bg/L % Flal> T
WTeTz 6 %27 53D 6 ton ,
DT —NKEHPK LT, 7 —L - : InNER g Yo
K72 EDBFYIONTIL N E ' ; | 1-

!

o S A s i "7
e Cs ISTAET B A, A | | ~ Storage a2 A T
DIED T L7 0 IR g Swimming pool (1m?)
T B Cs WS+ 2

IRV T ST LT s

MOBRNEE L, ZO7,
AT —VIKDERGLIT DU T
T ER O e Bk a2 Fig.28  Storage tank installation scenery
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WTITV, BEEBKLIMCOWTIE, B4 T4 b E PAC (BEHEHR) ZHW-AEIC LY 7
—VORYEE T Lz,

~ Storage tank rF :
1m3 )\ column

.11 ( mp \ : T A )

Fig.29 Decontamination scenery of the swimming pool

water by an adsorption column

Table 3 Results of decontamination of each tank

Tank No. Cs-134 Cs-137 Total
(Bg/L) (Bag/L) (Bg/L)

A 90 108 198

B 68 83 151

C 69 92 161

D 70 96 166

E 66 101 167

F 74 86 160

4.3 BEEFTTOMDKE AT HHE Cs DY % BR

FEETNLE BN FER &R B REAM BRI B W TiE, 7 — kO B HIRRY: e A5
JE L 72 U Cs DWRAERBR ATV, Cs IREE A B EHLHIE 200 Bo/L LA FICIRETE 5 2 &
W LN LTz, 2011 4E 8 A, 7 — KLU DKDERGUZ DWW THIR Z G5 729D, fREER
IZBWT Fig.30 12737 RMEROKRHVOR] oMok BREEK) ZEEL T Cs WAEMIC
K D Cs DRAERRAIT 572, LI, HWOIRTHEUK L7z KZBEEK & T 5,
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Fig.30 Sampling point of environment water in litate-mura

(Ainosawa pond)
40

O 134Cg
/\ 1%7Cs
[] %Cs+'9Cs |

4.3.1 Ny FRERT O
REAKEZHN Ty FRBRE1T o 72,
E— A —IZHAK S50 mL & 1 cm 412
V72 Ll Cs WEME ANAZ —F
—TH# LT, WERRELITo72, 72

w
o

N
(e}
]

Radioactivity concentration [Bq/L]

B, BEIKIT, REAESEY T N
YT LT bDEMER L, 10 _
WL KA DIER & Cs o Mt Ed: AN
JE% Fig.31 (g, JRIERH] 30 43 & —O
3R R U EE 2R 2 L 2. 30 0 ; ; |2 é

U TR Cs ZIETELHZ &
Worinolz, Lol WAERIT 60 %z
ETHY 31HDOWAEZRI0 %% FhEl-

Permeation time [h]

Fig.31 Performance of the developed adsorbent

= o in the removal of radioactive Cs from
ZOFRELTUTOZ ERNEZD :
b environmental water

OAFITIREL TS Cs N7k

Ry FBRIZEBNT 90 % DWW ERZ R LT-HD Cs JEFEIX 1 ppm GlKPICEAETE) Th
%, Cs OFUHHEIRIE A 100 Ba/L EKET S &, Cs OIREITH 2X108 ppm IZFHY L,
HEFIIKIRETH D,
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O IEEIT L B FHE S

BRBE/KICITHUE Cs LA OMTHE NS BICIEF L TR Y . Cs WEXET S,
@A) D B

KN E DI 72 & Ok (BER) 2NEALTEBY ., B Ioft# Lz itk Cs 2%
HETER,

4.3.2 77 L2RBRTOIE

AT BT K D@ W R IE, BREEA % 55 D B A BB S T fe ik L CTH & S L7z,
ARERE Fig.32 \ORT L2722 4 em OB T 2 EHWT T 70, BEEKE X v 71— BT
KU, FIEMEICREL TR 7ITED

KT BT Uiz, Al WSR2 adsorbent

48 mL. SV ((3)=\z) % 200h1t & L ‘

T 100 LK L7z, iR DRk 7% Fig.33 6(‘((‘“)
o B EERRER  g

UK U 7o BREE K O U Cs ff
B LTCRED R EREALTWD LR
FMICKDVOE B2 525 2 &)
5. BB INFRSORE &R RS HERE T o
WaERERCHWZ 50 um, 25 um O
T4 —F 0 HOMN 0.45 u
mDBEHEDT 4 L —TDAlH L
DREAE DRI LD | WEMIZ L 2WAEN R A2 MR LT,

column

Fig.32 Column and adsorbent for Cs adsorption

Fig.33 Examination scene of an adsorption test

WA RERIT, 2 2P TERI L 7 BRBEK 2 WS M K 0 K HPISERAF 3 D i Cs 2 WE 4
DHEL & HIEIT &0 Rl e EITAAE LTC U Cs 2 FRET 0B E 20 L TIT - 72,
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(1) Cs WHEM TWERIZT 4 VE —TABT 5 HIE

BREiKZ Cs WAEM CTRAENIL L%, W EOEEY %2 A1 L0 RE L,
fE % Table 4-1 1277,

WAEEE T, o7V U THET A OKT B9 %, o7V 78T B OKT 63 %D
Cs REZKMCTE/, TOKELIZABUIES 2 Z & T, WEMEARHERALLT (ND)
& 72V BREDOKF OFGHE Cs Z R HHRFLLT (100 %) EFTHRETLHZENTE L,

Table 4-1 The decontamination result of radioactive Cs in environmental water

by adsorption and filtration (1st:adsorption,2nd:filtration)

Sampling | Cs-134 | Cs-137 Total
point (Bg/L) (Bg/L) (Bg/L)
A 14 20 34
B 19 24 43
ﬂ Adsorption
Sampling | Cs-134 | Cs-137 Total Removal
point (Bg/L) (Bg/L) (Bg/L) (%)
A 5.7 8.1 13.8 59
B 7.0 9.1 16.1 63
ﬂ Filtration
Sampling Total Removal
point (Bg/L) (%)
A ND 100
B ND 100

ND : Not detected

Q) T4 NH—DiB%IT Cs WEM TWAET 5 ik
DO AENFRE L HBDIEFRZE 2T, 7 4 F =250 BB EITVREEW 72 £ O
FEM &Rt Licth., Cs WEMIC L W WS % L=, RABRFER % Table 4-2 12777,
KD Cs #AHTHZET, B 7V THAT A DKT 85 %, 7V 75 B
DKT 76 %D Cs WREZIKILTE 72, ZDKREHIZ Cs WAEM CTHRAENRIT HZ LT, Hl
EMEND L7200 BREKPOHKSHE Cs 2 100 %brET 5 ENTE,

,21,
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Table 4-2 The decontamination result of radioactive Cs in environmental water by

filtration and adsorption (1st: filtration,2nd: adsorption)

Sampling | Cs-134 Cs-137 Total
point (Bq/L) (Ba/L) (Bg/L)
A 14 20 34
B 19 24 43
ﬂ Filtration
Sampling | Cs-134 Cs-137 Total Removal
point (Bg/L) (Bg/L) (Bg/L) (%)
A 2.3 2.7 5.0 85
B 4.5 6.0 10.5 76
ﬂ Adsorption
Sampling | Total Removal
point (Bg/L) (%)
A ND 100
B ND 100

(3) REEFTIZRIT D 7 ¢ — /L RikBafE 3
SEIOEFEFICE T D FEROKRHVOIR] DR BREK) & VTR AE RO R,
LIFDZ Enpinoi-,
- AT K D Cs DHESREIREE DR ERPBAEWLILOIRER LY @AW &b, BREE
KHIZIXETE LT D U Cs k0 | BilE 7 S12f1E LT 20 Cs 073 %
WHDEBZ BID,
« D% O FGERE SR K NS TH Cs WBEMIZ L0 B Cs NRETE 5 Z &M
AR IEEoY
« HIBILER & W ENBDONAFIZ 03 BT, WAER AT
Cs % 100 %RETE D Z ENH LN ST,
- WA ARE 48 mL C 100 L DK ZWANB T X722 L, WEM OEEDK) 2,000
GEE CHGE Cs 2 100 %RETE D Z &N ghol,

Z Lz kY BEIKOMEGTE
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5. £& ¥

BEEES RO D, B 7 7 FEAICL VIR 7 & (Cs) @RI
TV UV ITTFUBT vE=T L (AMP) ZHEFLT-WEMZBRE Lz, Z OWEM
HEEBETOEASFMEZEAL T, XUF A7 —LHE (30 L) o@EAEEICLD Ny
FHRUC L DR 2R A, EREABOK 1,000 50 (IE 30cm, £ 10m) % —JEIC
E4 2 Z LB Lic, M3 b Cs WM 2 W2 3Hiil Tl 1 mg/L @ Cs BT %
MK OLENE Cs 2 90 %Ll ERETE D2 L0 mhote, Fo. BT AT K DA
ABRIZHBNT 0.9 mg/L @ Cs KEEIKZWAEM =D 3,000 5D EE TUBHIRD Z & 2300
-7z,

NUF R — VHIBCER LT Cs WAEM Z W T, e RFETLER AR, mEK
AP BNHER 3 L OEREEAT T ¢ — L KRB ZITV, LT Z ERH LN/ 5T,

1) 7F—nK
< KO Cs 1X, KB LTWDA A RIED O & | FiliEWw /e EITfHAE LIz [EE
REDOLONRH D,

CHSE Cs 1277 7 MRAEM THEHEEME (p) ECTE L, BURT 2 Z &N TET,
(2) MoKk (BREEK)

«Cs 177 7 NREMIZ, BREKTICIEICIFET 2 HGHE Cs Z IR LLT £ Tk

% (100 %) TX., BEKICEENDMOIETFEA 41N X BWAEE L1108
AN HGTE Cs ZWAETEX D Z b oTz,

c KFUNCHAET DHESE Cs 1X, 77 7 MREMEZR W HWARIL L | TI R EITfHEL
T2 EARIROFGE Cs ZBRET DA (HIBILER) 207252 & T, BRHBALLT £
ThRZE (100 %) TEHZ Eenbhoil,
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C I E

SRR O 7 — VERYL Tl FEICER L. RAEFICZ OEREZ K-> TIHE
FlLl, ZZITEHOEERLET,

FERATIC 1T 2WAERBRIC B W T, ARG BRE 2 ln Ok 2 727 2 12 71 L CIH
XFE L7, BILEH L ETFET,

FREERS T OULD K & T B Cs D W 25 7R 13- A 234 FE B 2 H AT Bk S e e 7' o
=7 b THGHEW B X DR BA~ORREEOMNL) O—BE LT, GEREEND
DEFEEZIT CEBLIZHDTT,

& B R A B AHER O 7 — VERYLIZ IV T, BRI BR A 588 S BT i s &1
B — AEREME Y TRATEAF 2 = > b Rz = v FRIZUD, BMEINT T2 1L B
tLZEHRLEFET,

CsWEM D RKEEGRIZEB N T, 2/7UL b~ SRR G E % X - CIAEW 7= @il & 15
FWFFERT AR EHERE O 7 2 IcBILEZH L EiF £,
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