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The core structural materials of the Japan Materials Testing Reactor (JMTR) are mostly stainless steel, aluminum (Al) and beryllium
(Be). In the decommissioning of JMTR, radioactive miscellaneous solid wastes (waste packages) are produced. The burial criteria
require that the drums do not contain any materials that would impair the integrity of the drums, and that the radioactivity of the waste
packages does not exceed the amount specified in the criteria. In particular, Al generates hydrogen gas when it reacts with alkaline
substances. This can cause voids to form inside the waste package, reducing its strength and increasing the internal pressure, causing
the solidifier to overflow. Such a waste package will affect the safe management of the facility. The purpose of this paper was to
establish a stabilization treatment technology for Al by applying the Beyer process, and the basic treatment process was established
through cold tests. The Al samples were irradiated with neutrons at the Kyoto University Research Reactor (KUR) to investigate the
removal characteristics of radionuclides produced by additive and impurity elements in Al by this process. As a result, it was found
that Al can be converted to alumina (Al,O;) by this process, and there is a prospect that it can be solidified by cement-based filler as
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in the usual treatment method for radioactive waste.
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Fig.1 Arrangement of JMTR core[S]



BTy 7= RifFgE

ABEERCHEAINTEY, ALOs & & A > MOKIGH
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Fig.2 Al stabilization process flow diagram

2.1 BEXRIEHR

F9, WAL ARET H72H1C, 10X5X2 mm(F 0.25
) Al 5 bt 2 Wil L, (1)IZR3 NaOH/AL Bl & B3R
fil~D BB % 3 7= (Table 2 DR No.A-1~A-5). Al DV
fiElx, NaOH(BAMIL, /KEbT b U v A, Kk, >97%)
% VT NaOH IR AR L, SUSERDE L ORIRIER
EMOBIE LT T, W& TIE, BRICK 2RIE034
DHERTERL otz & & LTz, Bk, ROSERYE
L ORGERIR W L a— 2 AT KA T v 7,
TR 5O) &% HWT, WA Lo TEERSEEL72. [BIIY
U 72 RO AR 3 K OVRIS IR IEMI, FE-SEM/EPMA(H
AFES, IXA-8530F)IC LY, fHEIEHEIEE X OEESIT %
1To7-.

Wiz, LB CTHRE LEEMBAG TH N TR
(Table2 OFRER No.B-1)IZ, HCI(E + 7 1 /L AF gk, M
i, Rk, 35.0~37.0%)% 2mol/L ([ZFH#E L CIINL, Wik
@ pH % 3~11 O L 725 L o IcFFist7-. Ff,
tm—258E AN TEKRAIBIZ & > TREESHEL 7.
WISV T, ICP-AES(/S—F v b= —T ¥ /R,
OPTIMA 7300DV) % FAVNT Al J2EE 2 34T L, INREZEH L
7.

Table 1 Chemical compositions of aluminum specimen

Al Si Fe Cu Mn Mg Cr Zn Ti
JIS HikSfE 0.40~ 0.7 0.15~ 0.15 0.8~ 0.04~ 0.25 0.15
al.
[15] 0.8 PLF 0.40 PLF 1.2 0.35 PLF PIF
Al I3RS 97.39 0.61 0.42 0.28 0.02 0.99 0.24 0.01 0.04

(HAL : wt%)
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Table 2 Experimental conditions in dissolution process of aluminum specimens

S4B No. Al BE38f D& YAFRIR (NaOHaq) D 54t NaOH/Al Lt
<15 (mm) HE(mg) ¥RE(mL) 8 BE (mol/L) B SR
A-1 243 1.6 6 1.10
A-2 257 5.0 2 to 1.05
A-3 10x5x2 251 25 6 1.61
A-4 264 5.0 3 16 1.53
A-5 264 5.0 6 32 3.10
B-1 10x10%2 2040 40 6 3.17
(4 #5%) .
B-2 10x100%x2 22000 440 6 3.23
(4 ¥5y) '
C-1 10x5x2 253 5.0 6 32 3.20
BRI, BREAMEARET S0, LR ABICEYE 3 RSREBIUER
¥ U 7= s Fnz ki )(Table 2 OFRBR No.B-2 O —#k)42 mg %
90°C DIEIRFEIZ CHLM =, TG-DTA(Bruker AXS , TG- 3.1 BfEEH

DTA2000SA) % F VT HIRHE 20°C/5y, BERKIREE 1000°C,
PREFRER] 2 BER O S0 CEEZ(TG)E L URAEE(DTA)
ZRIE L7, itk e LT, MR AIOH): By K (Bl (L
%, KEMET VI =0 A, FRfR)40 mg (DWW TRIEEIC
HIE L.

Wiz, FREEEZENEN 1 g BLEBXF(~ M,
FO610)% VT 400~1000°C, SR 8°C/ 47, {RiFRFH]
10 FERI O TRERL L, o7k %E X #rETEEE (Y
777, Ultima IV)%& F\WC, #EE L.
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o ARSI T, Al O ZIT o7, & TR, 37
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D= e X T GCA020)E VT, H o ~RlE 21T
VY, Al JESRLISN ORGSR D BR BRI & 5T L 7.

Table 3 Irradiation condition of aluminum specimens

HA ESs
KUR DO#H 5 MW
Pn-2 OEAHET- 3R 2.8x10'7 n/m%/s
HRSIRF 20 43
AN 4 H

NaOH/Al L3572 5 Al fHE300 OV iR TR TR U724
M) OBAIE S E4E B L O EPMA (2 & 5 B E R0
fE R % Tabled |Z7” 7. SMEBIZZOFER, NaOH/AL L 1.0 B
K6 DEAETIHENN U7 RIS ERMIZ A TH > 7223,
NaOH/Al bt 32 D&M TIIRATH 72, S EZE o
FEER, BOSAERMIT NaOH/AL HICBIH &%) 15~50 u m
DRI Tdh o 72. EPMA 12 X 5 2 R AT OFE R, NaOH/Al
108 L1628\ TIE, MR ILZAl L O THY,
ZTOTFEERIE, Al 28 25~29 at%, O 23 71~75 at% ThH -
o, ZOZEnD, ZOABLERMIT AIOH): ERIE S
%. —77, NaOH/Al kb 3.2 122V TiE, Al 9.6at%, O A
63.9 at%, Fe 73265 at% Th-o7=. Zi1E D Fer03X° FeO2
LHOBALERE A(OH): & DIREWMTH D Z EPRESh,
WIRTFETD Fe BRENFRETHL Z L aR L. AR
BER LY, 7k ViREIERE CTH D NaOH/AL L 3.2 D JF
2 Al OFREITE <, D ORMREGE O AEIZ LY, Fe B0
WITHE b RNAMEREM E L TRETEA2ZEHHLMIC
RolzZ &G, AlBETO Al EIRINTHEE 2EWES
THBET D728, ARRBRCIREMSEME% NaOH/AL bE 3.2 &
B LTz,

3.2 chingEH

HFNtE O B SHE L 72 VR O Al & % Table 5 1271
T 7ed, AVTIR E 72X RAERY O W B T
2H0E L TH-T. IWIEO pH & Al A AV REOBGRE
Fig.3 |Z7”7. Fig.3 FOFEML, 25CITBIT DA ¥ T4
N ROEIREICS- 2% pH OEE[17)2R~LTEHBY, pH=5
DL ERBIFRFPA A RENRLS 2D L EDILTND.
Tbb, Al Z[EEE L TRHEZEINTE S pH ThH 5.
FEBEO T vy MY, BB OWIRD pH & A A %
EThd. ok, RHETRMEIZAHRTR L. ZOFKE,
SCHERECIE pH=5 {18 TEIREE A R bR 2 5 DITHE L,
ATRRICEBT D Al OVEMEEIL pH 23 6~9 12V TR 72
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Table 4 Microstructure observation image of aluminum
specimen after melting and semi-quantitative
analysis results by EPMA
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Table 5 Amount of HCI used for neutralization and results
of Al ion concentration measurement in the

solution after solid-liquid separation

. EPMA IZ & 5 &M
No. : 3 FEH [at%] Al B R FHLEBED BEROBR
SEM BEE (o) Al Fe . Al " Al LA BE
0. p
[mg] [mg] log[(AP)+(AlO?)]
B-1 10 4.89 0.41 3.52
A-1 28.8 ND
B-2 90 4.89 2.77 -2.99
3.28 102 -1.42
2.98 101 -1.43
432 2.94 -2.96
A-2 748 252 ND
6.28 <0.05Y 4739
B-2 100 737 <0.05Y -4.73%
7.66 <0.05Y 4739
9.25 <0.05Y 4739
A-3 733 267 ND
11.34 13.70 230
11.90 1.84 3.17
1) : ICP-AES D& H TRIE,
2): RETHERELVEH LA T VEE)
A-4 741 259 ND
— 0
S
S -
b
A-5 639 9.6 265 ] .
I SR W S e P
o MM T IRAE {
-6 AL
il N N
(ND : Not Detected (GRA# H)) T AN
- . . - N © : MPARSE DA F L BRIE
NAHMRARMWIE A(OH), ~N—<A k, XA ¥FA T = © : RIS DANEED A A BRE
-10

HHETFEREND., Lo TARIERIZBWT Al 2K E L
TIEIXT 2 pH & LT 6~9 OFiFH & PE L7z,
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13 U1 Table2 OB No.B-2 DR & VT, pHT7 I
THIFN L CIEI L 74T W & ol S, BERGBR & 1T o 7.
HMR S 7oA I O X KREIHTRE R4 Figd 757, Figd (<
IETR AIOH: MR DFER R LTS, ZOREE, Tk
SEATHEITFFNC LV ERCT D NaCl O B — 7 23 fifgs
SNTZLSMITATER AOH): By K & IZER L E— 27 IR TH
ST, ZHIZXKY, HrH®IE AI(OH) THD Z & MR T
&z, —F, HriWis LU AOH); By K O k&%
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H

Fig.3 Effect of pH on the solubility of Bayerite system (line)

and experimental values (dots)
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Fig.4 X-ray diffraction figure of neutralization products and

commercial aluminum hydroxide powder
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Fig.6 |Z/~59. Z ZC, Fig.6(a)lIH ¥, Fig.6(b)i% ik
AlOH): iR TH D. Fi=, CHR[18, 191 LB L 7= 7 /v
2 OfEEEEOERX % Fig7 ([T, W EBERL L
TAERN D, 400CIZHB VT - A0y BELUN—<1 |,
600°CIZBWNT 5 -ALO3 B LDy - ALOs3, 800°CIZHWVT g
-ALO3, v-ALO3 B LS -ALOs3, 1000°CIZHUVT § -ALOs
B L0 - ALO; DFEIE S, ALOs DEEAIEEIC L DiEMm
HIEOEIL, T AI(OH): 3K & IFIE R T Th - 7z,
F 7o, AFERI, Fig7 TEH L7 ALOs DER L FRETH
STz =7, AT HIZIE, FRNZ X D NaCl O B— 27 73 400°C
~800°C DFPH CHLH SN 7243,  1000°C TIFEBI & T
720 Z OFERIE TG-DTA TORIERBR L FFETH - 7223,
a7 J— MOk E R RIEm A A (CHEE L
T 0.3 kg/m* LA F[20]& ESNTEY, KIZ200L KT AEHED
BESERZERT D0 CrE&% BT 5 &, NaCl &E& LT
94g T THDLIEDMETHD. DO b, AbOs
1o NaCl OIS & OZE L - itibiidE % f2 ALOs @
VEBRLOD 7 OIZITBERRIRE 850CUL ENFE LV EEZ BN
5.

3.4 FmaEREFHE

HPEFIRG L7 AL S5, RESMEIREW S L OV e
D y AT S AEER%E Fig8 12", ZZC, Fig8
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AR F K OVBEIR O BURRE DR A 100 [ZHRS L L,
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Fe-59 BX W Cu-64 (T NVHVIIRETHDHZ Linb, 1F
IE 100 U NAEfRERIED L LT Al i bErETED L
Doyhodz. £z, Na24 13 14 RO TH Y,
Al-27(n, 0)Na-24 |2 &> TARKT 523, FEERIZ IMTR Oz
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Fig.5 Simultaneous thermogravimetry-differential thermal analysis results of neutralization products and commercial

aluminum hydroxide powder
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Fig.6 X-ray diffraction figures of the precipitates calcined of neutralization products and commercial aluminum hydroxide

powder at each temperature
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Fig.7 Relationship between temperature and transition
alumina [17, 18]

Table 7 (27~ [1]. Fe-55 (2T, AikBR T15 517z Fe-
S5 DFMERUTHDZ ED, KITETHOBRETE S
TENRBEND. Mn-54 I 0oWTIE, ARERTIIRER
1 S0%FREE T o 2. VR T O Mn (XX GIT Rl
RETHEEL TS ERETS.

Mn(OH): 2 Mn** + 20H (3)
Mn(OH)2, Mn?", OH DFEAEAE Bl F 7" A = %L ¥ —4G2(298.15
K, 0.1 MPa)i%-615.4 kJ/mol, -228.1 kJ/mol, -157.2 kJ/mol[21]
DT, AG°=729kl/mol &7 5. Fi=, (L EHILI(6)
TREND.

K = EXP(- AsG° /RT) (6)
ZIT, HEER K, RAEEHR, MEXHRE T THD. KX
5LV, FEEE K I,

K = [Mn**][OH]? / [Mn(OH)2] 0
ThHsnHIZ END, Mn-54 OENLERIL pH 8 UL EICHHEET 5 2
ETCWETDHZENARETHDH. —JF, Mn-54 (T HrE
P ORFETH Y, Table7 (I/R$3@ Y, FHIRIRGE L=
IMTR @ Al #E3EW) O BHEENE, Moo & i LT 2
~SHHRWV1Z &0 D, EWVBRERTIERINRWEE X
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Fig.8 Gamma-ray spectra of Al test piece, insoluble residue,

and neutralization products
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Table 6 Results of radionuclide removal characteristics of

irradiated Al specimens in each process

B TEEREY TRARY BEAK

Cr-51 99.5 0.5 LOQ
Mn-54 435 56.5 LOQ
Fe-59 100 LOQ LOQ
Cu-64 100 LOQ LOQ
Na-24 97.9 0.2 1.9
LOQ:E & FRRMEAN

Table 7 Radioactivity of major nuclides in Al structures

used in JMTR][1]

S T 12 4% 21 4%
[Bq / kg] [Bq / kg]

Mn-54 45%108 3.0X10°
Fe-55 8.8 X102 9.1x 10"
Co-60 1.5X1013 4.6X1012
Ni-63 1.9X 101 1.8Xx1013
Nb-94 9.2X10° 9.2X10°
Ag-108m 1.5X107 1.5Xx107
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