Vol.6, No.2, pp.63-72, 2018 / BIBRSTRERR R F S5

# X
B iEEA LSRR IIEOBFABICE I SHH5E

FIEE AT W RN KRR R TR ke
REl e AN S SN S NL IR S SN N S e

VENZBFIEBRRIE N EINCEREERT SRR (&S E (T 963-7700 /5 W AT B AT VE(E 10-2)
2R A MRS PRBFSERT (T 285-8655 THERME AT 2-4-2)
3 ENTIFFEBHFIE N - PRI A I Tt R A B st & —

(T 305-8604 KR IZFHBIE A 3-1-3)

Study on Reuse of Soil Contaminated with Radio-Cesium Using Calcination Technology

Kazuhiko TOKOYODA'", Kazuo YAMADA', Kenichi HONMA?, Takao ICHIMURA?,
Yasuyuki ISHIDA?, Hiroyuki TAKANO?, Yuzo MANPUKU”, and Masahiro OSAKO'

'National Institute for Enviromental Studies (10-2 Fukasaku, Miharu, Fukushima 963-7700, Japan)
*Taiheiyo Cement Corporation (2-4-2, Osaku, Sakura, Chiba 285-8655, Japan)
*National Agriculture and Food Research Organization (2-1-18, Kannondai, Tsukuba, Ibaraki 305-8604, Japan)

Summary

By using a calcination technology, the thermal volume reduction of contaminated soil by radio-cesium (r-Cs)
and its recycle as cement of clearance level less than 100 Bg/kg has been investigated. For the experiments, actual
contaminated soil removed for decontamination (removed soil) was used and the evaporation properties were
investigated. The chemical composition of removed soil was adjusted as that of Portland cement and calcium chloride
was added in order to evaporate r-Cs and calcined. When the calcination temperature was increased over 1300°C, the
concentration of r-Cs in calcined product was lowered than the clearance level and became non-detective and more
than 99% was successfully removed. The remained amount of free lime that is an indicator of the formation of Portland
cement components decreased with temperature increase and at over 1450°C, it was reduced to an acceptable level less
than 1%. The phase composition of calcined material was confirmed to be normal Portland cement clinker mineral
by X-ray diffraction / Rietveld analysis. Furthermore, it was found that the r-Cs concentration in the clarified material
can be volatilized to the clearance level even without the addition of calcium chloride and this suggests the possibility
of reduction of the amount of fly ash by-products being concentrated by r-Cs. Based on this finding, 100 kg order of
Portland cement clinker was produced from imitated soil by using a pilot scale kiln. As a result, the similar level of
Cs removal ratio was obtained to the case of actual removed soil. From the calcined products, Portland cement was
produced by adding gypsum and grinding. The performance of produced Portland cement was evaluated and satisfied

every specification of relating JIS.
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M| 67.34 15.95 5.26 3.02 1.45

7=Hith

[ 43.50 19.87 9.84 2.06 1.59

2.52 2.37 0.16 0.00 111 99.18
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#1450 CTEAS FOSEEHEDOHL THSH 1.0% LT
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3. EERELTIEE BV RARREIC K 2R
(1) EEpRELIEER
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80
3 70
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~ 40 A
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20 A Na
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CI/K (£JULE)
7 1400°Clc$175 ClI/K & Na BELU K BRERDRER
100 25
99 |
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98} . {20
S 9t ~
EP %} - CGhEE| {15 &
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95} a0 B
ﬁ [®) -O-fCa0 & o
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90 1 1 1 1 O O 0
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v (¢ 370 mm X 13,200 mm) Z > 1000°CTRERK L7=,
ZOMIZ I, Cs,CO; &Pk, Mg S5 LTI
IKEMECs & LT, BEREK E2R—L I Tl ZE
CsTREN 0.1%FLFET 22D SO AR+ LR A UBHEER
A, R E TP OLE Cs IR LU FHA K
EF 6T,

KT~ 9 IZFEREME, KIREIOIRAEIGS LOFE R
DAL AR T, No.5-1 1ZC3SED HIEfE% 60 mass %
LU, BURRRETHEA BRI T &5 LR E LRk

£6 BERELIEORE CGEBICILFEMER
F2HE Cs J4JiE VIR O AR (mass %)
(mg/kg-%2) | Si0, ALO, Fe,0, CaO MgO SO, Na,0O KO PO, Cl ##ss| &3
TR
B b 756 59.80 17.80 4.84 090 057 001 065 249 005 000 11.36 | 98.47
BELL 5757 1701 569 1.88 151 025 120 197 024 000 11.94 | 99.26
i : : . . . . . . . . . .
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x®7 REEXH
o~ JUBHRR K BeRk St
PO C/S (mol) SM (mass%)  Cl/K (mol) C.S C.A(mass%)  C,AF WE (CC) JEEEAS (kg/h)
5.1 3.0 2.6 1.0 11 8
52 3.0 2.5 1.0 60 : " 1450 30
5.3 2.9 2.6 0.05
£8 HEMODESEIE(Mass%)
FHk No. FRifEb R g CaO CaCl, B VU BEAIK K,CO, Fe,O,
5-1 25.12 63.65 1.50 5.20 3.21 0.46 0.86
5.2 18.62 63.72 1.51 10.23 3.17 0.44 2.31
5.3 17.48 67.46 0.06 11.97 0.67 0 2.36
x99 FABRERROLFHHEM
) Hz IR DAL PR (mass%)
No. (mg/kg-#)  Si0, ALO, Fe,O, CaO MgO SO, NaO KO PO, ¢ 8 agy
~ ~ 8 ~ ~ Wil
51 200 2003 519 238 60.18 005 031 058 134 036 765 | 9875
52 198 2067 470 343 60.81 005 022 041 134 004 679 | 99.12
5.3 31.9 2081 450 340 6252 005 021 041 029 001 616 | 98.98

T b, No.5-211C,SFA 60 mass% &L, E5ITAFIE
S AL N OB R KIET CA BETIRENTND
ANV B ERRREIZRD LR L L, C,AFDMEZD
T LR ETh S, WTRBCI/K=1.0 2L, ok
FOZE Cs Bl 200 mg/ kg7 LOICRELT, No.5-3
RN CREET L 2T ST WA AL 7 U R
DRI 72D I OIRRE L2 JEE Cd D, 7285, No.5-3
TP BOLE Cs COFREMERT D7, ZEE Cs HRITH
30 mg/kg &7 D IOIHREEL . ClEd Nif7=Cl/K=0.05 &
Uiz, 7286, ANSEBRICHN AR S T A AR E LC
WOBRELEOEHIKE LT, $EFE. TAIER
&g, UBEIINZ En, HEREE Y DA (Foilise
T2, 99.5+ %, LLFK,CO,). Fe,Op (7Y% 99+ %),
UL BBAIR CNEFHAESE) 2L T,

(2) RERAE

PR —2 Y —3F1 o (¢ 450 mm X 18,340 mm) % JHv >,
F TIORUIZBERR S TR AL, AL U ChER )
BT, BA N UTOMRE (EICITBRETEE) 1TIX, BER

BOWMENELEN BN EDPUTET, AZEBIIEHE R 75520
DRHERE LRSI TN D, —F, fRLIZECs 13m
T 74N —THIKE LUTEIN LT,

LI CIREA N 7 AR S =B sl T 1 W)
(ZIEUX L, B L7242 v in b 200 g 2 4REID » 7 3L
THfLIZ, RECs ROERIIHIELIZH T4 0.5 g%
FREL, IR -7 BRI, MR TR A SERTAAR
. ICP-MS(7¥Lu b 77/my— 7700x) IS TER
L. ZECsBRERIT I MR L, ZECs DER FIR
il 0.03 ppm TH 5,

WL D2 TE Cs W ( kg)
Z27E Cs B3R (%) = <14 £ Co % (mg/kg ) %100

MAFEOLE Cs FE (mg/kg)

(3) EERHER
#101ZNo.5-1 ~3 OEBRFERZ R~ T, BENTHERY
OGRS, XRD/ U — R~ L MENT S FEH LT,
B No.2-5 LA DONo0.5-1 2l L fE R, £-CaO &

A MIKRIRISIC LV BT B0, OB 5, FAORKBREOKBMED 2 ) — FOIZOFBIC L a7 V— MR L, HEIL
IGHE DB, DAY EA LW M 22 SR S D Z 8T RS REL, a7 ) — M mm ~3 cm DIROOURFEAETS

AREMED B D,
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®10  CsBREREERIIIEMR
AR OEEE RO OE A& Frzssg FRWHEL K,
FH: No. ZHE Cs 725E Cs £CaO Cs C3$ C,8 C,A C,AF
(mg/kg-#z) (mg/kg) (%) (%) (mass%)
5-1 200 <0.03 1.24 >99.99 58 20 1 8
52 198 <0.03 1.15 >99.98 61 19 8 11
5-3 31.9 <0.03 1.19 >99.91 61 19 8 11

FETZNEDO, LECSITERFRUTEZY, Cskrk
11 99.9% Ll EEFSETH T, F7-. No.5-2 TIHCA N
TIREITND ' AL N7V A ERIEZ25 LR EIOR
BEEETALSEIZN, BWERIER /2N AR LT,
E51Z, Cl/K AR EETH, CsPREFRIL99.9% L ELio
7= (No.5-3),

Fio, WTNOKIEZ BT H BRI LD ZE Cs B
ERICETIALN 2ol LLEORERD G, WRe—
21— LN KD MRALERIC BT H BB R RETH Y,
BhERf 72 CsBREBMNAIRETH D Z L& MEsB LIz, Kt
FANTGE, AT DRA NIV IR T T T AL YLE
IRDOMERETZRVDS, REBROFERNG, A —nN7 v LT
BERRIZIBUV TS, BAV 7 U o +-Cs |3 HIRRLAT &
RAAREMEIE R VB D LHEE TED,

(4) A7 MEREFHE

ATRLOEBR THONI- AL MY U EANTEAV M
AL, MREREM AT o7, AV MIBAL NI %
12—V 7y e =2 LA MM L O (ABAE 10 mm) 12
FBEIT AT, RERIE Uiz, BRI AR —L v
W 1.2 mm BA I8 bE CfioTn, Mt OEHIR L, 4

SO &N 2.0% L7425 IO ZKABERAL, R—LILT
FEFREREAY 3,100 £100 cm?/glc /25 £ TE BT EF O
Wzt To7,

# 1AL MEREHIRER 27T, R L 225 HilES
HTOBEAY MRV AT SO EMR AR S
DO, FTRTORKEET, WTIOEBRIEH S | IS HAS 27
BLUTWD, JEMER SRR BN S 855 L0 s
TEDHLEEZTND, FTAREMERENS L9 No.5-1 &
Dt CA BAES LTz No.5-2 TR R TX T,

4. 5

BAEEHEA OO S THHFIERICER L,
TIUALA YLD AL N eTH LRI,
FAV £-Cs DEFENFIEIC BT 2 it a1 T o172,
BONHRZL IR,

@ FHEGRMTH LM IR (r-Cs AT 2,482 Bq/kg)
W, r-Cs JRERE AN 7Y e LT RE
TROBLED £-CaO B RIETHERIRE DR 2N
BEHAAESFIC LV~ A, ClI/K=1.0D
eI, 1300°CLL BT r-Cs (R R LLF & 720
1450°CC £-CaO EIIFME TH D 1% & T El-7-,

BERk %2 )
E S S
ZORERDG

£ BKEDEAVM UV AZRBW AT MEBEFHEER
HREh TIN5
- ke JIS Bk fiE No.5-1 No.5-2 No.5-3 EANT )T
JEBRIEH (SCHkAE™)
I (g/cm’) 3.16 3.18 3.17 3.16
LERFA (cm®/g) = 2,500 3,150 3,020 3,200 3,340
. b = 1:00 1:35 1:35 1:40 2:15
EeRE ™ (h:min)
S =< 10:00 3:00 3:05 2:20 3:20
- 3d 2125 207 18.5 24.6 30.3
E ﬁgﬁ‘é 7d =225 30.6 29.0 36.6 45.1
(N/mm”)
28d =45 48.5 51.0 54.0 61.6
7d 332 301 321 332
KFIEL (J/2)
28d 386 364 383 384

*OHL RO A MREEHE HP (http://www.taiheiyo-cement.co.jp/service product/cement/syouhin_i.html) H1

Sl VAN A S o O N et

HZZTWIERRE LI, AV REKEMDIEE, TOEAL MR IR BN RV, LA A D E T OREE]
OIRFET, ZNEHUARSE, KL LTERAS S,
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@ Cl/K=1.0 AR LTI ZA, 0.2 FTIEEAL NIV
JIHROD £-Cs IFRBEFRLL T THY, 0.0 ([ZFBNTH 22.7
Bq/kg ZMH LIzDHTEH o7z,

ST 1 2 (e 3 =S A S R i R e e/ VAN Y D e
LRI LRI A = R ADOHETE. BT BERR
gk 4, 303-312 (2016).

@ r-CslThnz, Na & Kb4ofisgszrL, r-CsiZhh 3) N g ER OE, JB% thiR FiR e, WA 5
~, AR BRI AT E AR B, Cl/K e~ I R B R i IRER RIS DR L
EAEEDRRO DI, IRFEDOFBL I/ & T, o0 Cs brE. & 4 [FIBRBEHUR GERRLIT T RS2

@ T=HBREY) (r-Cs I 9,293 Bq/kg) (T T HEM H4E, 31 (2015)

THEEFRRIZ, 1-Cs ZARHRSALL F2 £CaO &% 1% 4) &M B, PR, AR SR K B R
LIFETE, W LD BRYBEE D ORI BT D SRR AL, 26 5

® BAL M ELTOMEREDFREERRE LT, LS 450 mm D [EIEREE HUR BERR YA JE R RS TR, 10 (2016).
PR —& U =L B R A AT T2 25, & 5 AR HE, KO ELE, %W O, OHE B &R
AV NIV TZRBWTLE Cs IR HBRALL N & 720 W, EAR M, Eor B kH R, #E vy
99.9% UL EDfrEFE LI oT, Fio, HEIEALR 7 N A RME R 2 31 D 1 Cs D288 & Cs
IV HDOEAL N UTORAMRRERA-EZA, & FEFRATHER DTN R, 55 6 MIBREE U RERR YL 58
A hOJIS BikE Aiiit= LTz, HREEEHE, 5 (2017).

YAV NIV AR BRI 5 FAERIE, ENERE 6) T ATIE bR 25 T HEE DUEAY « AR R AT B 26 ik s
FREEBR BT, 99.9% UL L&D @V CRERIT Mt & (55100 BREE4 HP (http://josen.env.gojp/
Cs ZRRHIRR LI FICRETE, WHDEAL N LTOMRE chukanchozou/facility/effort/investigative_commission/
AT ARSI, — 8 T Y OREFERFEIC O pdf/proceedings 161212 02.pdf), 2017 4% 11 AR
T, AEFEREIV DRV CIETCsIZMANa K 7) R OE BV U AOTHWGE L EE, FiRoEn. 17
FRLTRY, HRGEICOWTUIHA LIS WAL & D8, (10), 40 ~ 45 (2012) .

BERDITEE B UC, MIROEREE 1/5FR £ TS 8) T SHEME DR EN 5 T3 (e BEFEALERAL Sy, (H]
BHIENTEDAREMEIVRIB S, BF) ESZER BRI IUATH AT R, BEIURR, 62 ~ 94(2014).
9) H —K B - FRAERIHEIRICRE 5 - AR
Z EZ W FEARZBE T 2 JER s & 5% DFRE.  BRETAH

1 AR fE—, EE s, =g &, Exok B, K REPRUL S 12 [FRHES, 2017421 A 27 H.

MOE, TRE B B v v A s s i
OO L5y ARE. R bR, 52, 71-73 2017 4£12 A 1 B%AF
(2014). 20184F 2 H13 A=ZHL
2) FrE EsL, A IES, IR K, AR B, KEE (5 6 BEIFIEIE R RHE TS/ 30
X EWN

BERRBAT AR L, 5% HRABWITHE L, 2V T T2 AL-YL (100 Ba/kg Kl ) DAL b EUTHEAMTS 2 Lot
Uiz, FEBRCIE, FEBEOBRYEOT-DOICRESIZIEY A3 (REHE) 2H0, e DL (r-Cs) OfREEE T~ &
VT REAL MIMS T D1 L 70D TOIBRETHO RS ZTIE L, r-Cs ZFRrET D2 LA b I v U L%
WL, BERKL7-. BERGIREA 1300°CLL EIZmDH e, t-CsIREIZZ VT TV AL-ULE TR, BHRREITEZ2D, 99% LA
FOBREICEII LT, VT REAL MRS DA RDOFEE Ch IR ATlHEA K BT 1450°CLL ET 1% L T EresTe, BEpidh
OFFARZIE, XARERT/ U—h~UL MEITIC LD, WHEOEAL N7V B THH Z L AMER LIz, SHIT, HEFRFNTY
BERH D t-CsIRIEIT IV T T AL~V R ETHIE CE, FIET S r-Cs D3 RHE LToTRIKD BRI CE D REtEn 5 2 &
WBipole, TRHLOMBIIHIEDE, FEIEFEBREMOEEE IR L, 100 kg4 —F—OFV T ReA 7Y T
ERLE LTz, TORER, FHERMIRITS r-Cs BREFRLAFEORERNME DN, B KA BEEZM LTl
7o REA NOMEREZFEM LI L 25, BEHE IS O3~ CTOMRER - LTz,
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