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Fundamental Study of Magnetic Separation Method for Radioactive Contaminant

Fumihito MISHIMA and Takahiro OKUDA

" Department of Applied Nuclear Technology

Since the accident that happened in The Fukushima Daiichi Nuclear Power Station, a scattered radiological
decontamination and decommissioning technology are attracting a lot of attention. The removal of radioactive crud in
the nuclear power plant will become one of the more important elemental technologies of the decommissioning from
now on. However, the effective technique to remove the crud which is applicable at high-temperature area around the
nuclear power plant does not exist. Therefore, we focused on the magnetic property of the target cruds which are
paramagnetic substance and high gradient magnetic separation (HGMS) was proposed as a nuclear power plant crud
removal method. In this study, we tested the magnetic separation of crud sample model in room temperature for the

practical use of the HGMS device and a possibility of the application of our method was indicated.
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B RIET ST A =5 —|F, KFONFE, BEHRE WORBE), BBAE, K FOBMERTHS. MKOBEEL
NG L X, BETIXZNIRFIMERT RN E FF v 7l (RIEEH)) Thd. BRI Fyé FF
v 7 H Fpld, ko (1) LR Q) THREND. X (1) 12BN, V[ Z0BE L OERE, M[A/m]iTh o
fefl, H[A/m]ITRIONCEICIS T DREAGIERE (RHREE BIL B ([T]=u(H+M), 1 3EZEOFHERSE) 2RI, £
72, X Q) ITBWT, n[Pa - sUIVEEBHRORER, r [mIITOBETR ORI T4, v & vy (ZVEEBHROFH &
SHERIF-OOE [m/s] &3 LT\ 5. BERSHESIEE LT, BRI FuMl RT v 7 1 Fy L0 b R&E L 7R D
WD, KEIRL I ZRITIVER SEA 720100, 8\ OB REREE) & KX RS ailii ko His.

Fy=V(M-*V)H (1)
FD: 67177’]Vp(Vf - vp) (2)

RSB A D B Sy BE T 15 TIIE ] S WS 2 W D 728, RO TIE TIIBED N #7220 E & 5y
HECTE 2 ATREMED & 5. BESBEE 1910 SRR DA SN TV D AN TH V), Hia OBFECERK DFRE 72 LI fi
MENTWZ, £ LT, 1970 FRER0 6 i ARREROTBERART OBFTED L e &, FRREVEAR 721 T < FRMER O
TR 77 D5y BfEF 73T W D B DO EAUL A E ~ 7o, EEEHAA OBEANET &, REmELH 22
TORMCER I A Y R RSB L7 E TR SN, ZOfh, T ABFEERITZ £ DOBEFEM) O 538k
[EY, SGRPKROE L2 SICbER STV 5.

2.2 BREHISBEICONT

RS BEE T I X B A BO RS 45 BfE (OGMS @ Open Gradient Magnetic Separation) & & ARG EE (HGMS -
High Gradient Magnetic Separation) 2 ->DTFENSH 5. OGMS 1354 B & D3R omi5 2RI U TSR EEE1T 9
FETH D, BIGARD/ NS WD, BN NS RDEMNRG 50, EEDPH R DR 5%
P72 ERBEMER DSBSV STV S,

HGMS 1%, MEH SEIIN U 7B SR B CTE 727 ¢ L # — (GEREEMERIRR) ZEET D2 Lk,
AR (R ARD) 2R SE5H 2 & T, MWK Z A S, st I Tl A i3 5 ik
Td 5. Fig | IS IRBMERR 2 558 L7 & & ORI 2R3, KoM IXpEEmiRoWm o 5.
HHRDOBEFEEAL N R E WER D DG AR O K Z 7k & 72 5.
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Fig. 1 Schematic diagram of HGMS and magnetic flux lines near the ferromagnetic wire.

3. BRI/ Sy FOMSSBERER

3.1 EEBR

Wit 7 v FLTE b2 L han A RIREZHELL7-. 0.1 mol/L 12725 X o= L b (1) AKF#
(FHTAT A7) ZFREE/K 100 mL (23 L CTHiAb a0 KRR E L, 4 mol/L @ NaOH /KiEH % 5 mL ¥
LT, |RTH3I0 pMDZELS AT 7% L, bz v hanaA K (Co(OH);) AR L7, IS 2% NaOH
EIROTMEILT VA ) DTN E EE(Co) A A2 DL 2:1 12725 X 5Lz, b= sr haoA Ko
pH 134 9~10 TH 5.

AR L@ b= 0 b aa A RICRA DT MM (KR ERHREE 0.35T) 21251 OGMS #1772 (Fig. 2).
itz v hav A MIXGEEOARAOGANCHEAIZE EFE O, BROBERFEETH S Z & RShi:.
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Fig. 2 Photograph of open gradient magnetic separation.

3.2 HERRYMOBILE

a9 MM b 2 v A RIIBOERE L, REETH L= 7 v Raeflba v b & LSRRI, Ny
FRROI & LTz, WARGE FIZB T DMRNBERROBHE Y 7 v K& LT, EFIICZETHY, 2/9L b
it X 0 BHLRO/N SO bR (~~Z A b oa-Fe,05) MW=, 75y R (BRRMEY) BLO, BRoHE
DVEZEIAR & 732 2 /K DOBEAEFRIZ- DU T Table 1 IZRT

Table 1 Magnetic susceptibility of inorganic compound

Inorganic compound Chemical formula [¥ pulk susceptivitiey SI[-]
Cobalt( I ,II) oxide Co3 04 2.4E-03
Cobalt(II) oxide Co,05 1.8E-03
Hematite Fe:0Os 2.0E-04
Manganese( I ) oxide MnO 4.6E-03
Manganese( I ,IIl) oxide MnsOs 3.3E-03
Manganese(I) oxide Mn203 5.6E-03
Nickel( I ) oxide NiO 7.5E-04
Water (L, 293 K) H.O -9.0E-06

4. BRI 5 v FOBIIHER

NI NEHEY T v R e LI E ORI E L 72 DRI O RS W 21T o 7. FEEROEEE AR
TR DIRFEAREE 135 T (SHUE 1.5T) OXKARAEROT—45 (Fig.3) Z#K RNV,
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Fig. 3 Photograph of experimental Magnet and the Analysis of the magnetic flux densities.
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HGMS FEBRIZAE 9 2 5@metimir (SUS430 8 #I ¢ 0.1 mm) ZMH L, &K 1.5 T/m OGS ARL & L7-FF
DLMTEE LT (Fig. 4).
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Fig. 4 Photograph of HGMS filter and magnetization curve SUS430.

A A NOFEEPRIAFEITEAER T — &2 LB EE (OLYMPUS OPTICAL CO. LTD., model : CHT) #1222k
LIRS 10 pm, HAHCT S pm & L7z, BEKUDBERTRE & 72 2 @I 4ot T DEKRIRIHIZ-DOUVN T, Table 1 D
EREZRANTHERIIE 7 v 7 e LCEHEEIT- 2. £, SHEOMEE Fig 5 1R
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Fig. 5 The calculation results of the force (Fy; and Fp) which act on the particles

K BEPKREL 2D LR E RT v 7 IFCREL 2D, AT RO 3 ET, KT v 7 IiThi £
DORESNZHHIT D, FRFAERLY, KA S pm TIEDEHE 0.05 m/s LT, KIF£8 10 pm Tt 0.2 m LA ETiX
BRNBECE VW2 E AL bz, 72720, HRICHWEEITENORKTETH Y, ENOFHEITEREC
WD EFHIPME N T 5720, RARFHUL FOH 62 <, EEEICITBR BT 72 RN 2\ B2 5.
E DR BRI NI SEBEM AR 2 B 9~ 5 & ARRIE OTEIZ S IR & 72 0, RO BESRIFIXE A

I B L nWeELXSD, F2C, EBRTIR02 m/is OFOEOMFE 725 0.4 mis i KR & U CREK S BERER 2 5
L7z

5. #RISYE (ANTEA L) OEISHETRKREER

WSRO BERE I I TR R R MR S 1.35 T (B HEI 5 mmx<500 mm, 4555340 1% Fig. 3 1R L7z, ) DKARE
i (NdyFesB) [HIRSZ RS AT E LTHYY, W 4.6 mm DOH T AENITHRAEE 0.1 mm OB (SUS430
) ZFEEL, ®HAEMESOEE (HGMS) Filke Lz, ~~& A4 b (FETZ 180ED Ki1£85um) EAREKD
ST (12.5 ppm) & < 1AK% (Heidolph RZR-2021) TH < 1A L72s b, EEREE A 7 (EYELA RP-1000)
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THERSTBETRES (HGMS) (238K LTz, RS L LT, R A1 k> TiliE 22 2T (0.1 m/s, 0.2 m/s, 0.3 my/s, 0.4
m/s) BEROTHERBR AT o 72, BERTBERT: COMBIRZ T2 100mL Y7V 7 L, ZBEROZEb % Hi
L7z, BERZENTHI12Hh7-0, BERT O~ X4 FOREE, #WEH (HACH 2100Q) % HVTERR L=
B a T, BER BB E O G B % Fig. 6 |R7. Fig. 6 (T L 510, HEMREIRIIR Y 7% AV TR
DFTNTIEWR L, W3RN FIChLE SRR BERE (HGMS) i@ S 0B 217 - 7-.

Processing liquid

Fig. 6 Photograph of High Gradient Magnetic Separation experimental setup.

N EA S DOLBER L FORZEA O BR O RS B A Fig. 710RT. ERRERIIOEEZ M 5 2 L THEERN
KFL, sHEBROMMN ML TS 2 ENMRSNT-.  12.5 ppm TIIHEHIZ 0.1m/s (27T 83 %D/
MWRAECH - 7o, WL, Bilh - AR E RE < $5 2 L TR ERNHFFcXx 5. 2L, AR
ZE OB 25 ppm TIT- 7235402, K (FEE2 0.1 m/s & 0.2 m/s) DO TIXDBERICE LN D >
7= K T70% (0.1 m/s : 70%, 02m/s: 69 %, 03 m/s: 54%, 0.4m/s:46%). AFEEREE|T/BERII /NS W
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Fig. 7 Separation rate of hematite using HGMS.

AR O IY pH6.8 TH Y, SHABEMEEEE L W R+ ORENBL O, KiF£80% 10~20 pm F2ETH -
7o, BERBEORI T RARIFE 2 BRET D701, iR (12.5 ppm) @ pH ZEEME (3 1) 1Zif#kd 52 LT
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RIF OB — 2 BALZFHR LB SE, K42 b pm ([CH S ETRE CRBRO IR 21T > 72, Fig. TITRSND
FONTHEHIZ BT 2 SR ORI FRR T > 7275, EARRIZTHERDS 20 %REIEK T L7 (R#IC 0.1 m/s (2T
62 %) . RFIFREAVNE 72 % LRFIMERT DR MET L, DERMET 5 2 & 2 L.

6. #&
AWFFETIE, FIRFE T CHEY 7 v FOMKBEFERZITY, 7 7 v FERE~OBSKTHEED M fTRett 4
R UTe. EEEOREROBE ICAREM 2@ L X 5 & LIEAITE, @REESME2D, @i KENEENER X
5. EREESRME TR NS < 2728, SERsIIm BT 5 2 RTINS, L, @lEKE
SR L ERTE ] 2 B L7 a I, BERUMBEEE ORISR AR & U CIRBIT IR MR ) & F8 A8 AT RE 72 R AR
LEANDLUERHY, 74 NVF DGR T 4 W Z DWEHY AT DMIOWNWTORFDBUETH DL EEX 5. 5%
IXEREESRFCB W THEE Y 7 v ROBEER A % @ AR BB 21T, SRR 7280
LGB E2ED TP FETH 5.
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