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In the case of Plutonium(Pu)-bearing organic materials, organic materials are decomposed
by alpha rays emitted mainly from Pu to generate hydrogen gas and other substances.
Therefore, to safely store Pu-bearing organic materials for an extended period of time,
organic materials must be eliminated. In addition, carbide and nitride fuels must be
converted into oxides for safe storage in order to prevent the exothermal reaction of these
fuels with oxygen/moisture in air.

A survey of the literature on the stabilization treatment of Pu-bearing organic materials
confirmed that organic materials can be decomposed and removed by heating at 950 °C
(1223.15 K) or greater in air. Furthermore, based on the calculated thermodynamic
parameters of oxidation reaction of carbide and nitride fuels in air, it was estimated that
these fuels would be oxidized in air at 950 °C because the equilibrium oxygen partial
pressure in the oxidation reaction at 950 °C was lower than 2.1x104 Pa (oxygen partial
pressure in air). Therefore, it was decided to stabilize Pu-bearing organic materials by
heating at 950 °C in air to remove the organic materials and oxidize the carbide and nitride
fuels.

As a mock-up test to remove the organic materials, thin sheets of epoxy resin were heated
in air. The changes in appearance and weight before and after heating in air showed that
organic materials can be removed. After the mock-up test, Pu-bearing organic materials

were also stabilized by heating in the similar condition.
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4. LEALALE

3 ECHER LAY OIRE, £8P R D D RALY K OVEA L RE O (b O 1
FHERE Ty 7 7 v THRBOERERE b 10, AW ESAE LR E O % E (L LE
BATo T, BELMEORMIZONTIE 3 TR LIEERZ D LICREL, TO5RMEE 4.1
HIlZR L. ZORMTHEWEZ G6 LIS E O R ECLEL 21T > TmNEIC DWW T 4.2 FHi
WZRT,

4.1

4.2

LEACIER D e

L EACALER T O NNERF O RIS, IR K OINBEIZOWTiE, 348i0oEY /T v
ARBRIE & [F) U5 (RRZ85% 1 L - min 1 L72/FNIC T 950 C (1223.15 K) T2
FIMEY) Th v | AW EEA LI E %2 7 v I F ILC#EE TNBFENIC AN TR
TEACALER & FEfite L 7=,

Fig. 4 IZZELERIZ BT 2B O FHIB Y — v O—Flzrd, Ty 77 v 7REBOM
BSOS HIBHEEZ 10 C - min! (100K- minl) EFE L, 272 L, @BEICERBI N
TR X VIR D IMNEGABR TIX. FRICIEE D 340~500 C (613.15~773.15 K) {1iric¥
W TR R OB il SUXIBAL SO I E WD R S NI V2 L b L BRI
DIRE EF- AR5 % 728 300~500 °C (573.15~773.15 K) O Tix 5 C * min?! (5
K:minl) THETHZ EE L, £/, iR 5 300 C (573.156K) O Tk, Eid
DIMEGER 5> B =R % VRGO BRL IS S AT LW 72 3b MBS R AHE O Bl b
20 C * min! (20 K+ min'!) THIRTHZ & & LT,

2 EALAVER D ik B

AL T O B RO —F] % Table 2 12779, ZEACLBATNC S &2 e il
HifE O FEEIL 30~50 %R £ TR LT\ 5, RELERRI® O A MM & & H LT R
BHE DFRF % Photo 7 12777, BABEDOHCIR DFREN 2 E LA T /v X FILICHE, ZEk
WUPRZ S5 U 7=, ZEMICL Y, NI R A IR AICEL L, B & L CiE R kL
WEREL TNV, 84HIDOE Y77 v 7R BT ARF VB OMEVZ ICRABOB N ER L
TEY ., AFIZBWTHOMBER LB DL EZ LN, BT OBREIME & X
BT 2D LT TE Moo, TAIFTIMD SR LR ECLERR Ok & (R F H 4
DI 0IC, SR OF LI L 728k T %2 Photo 8 (2783, Mt & BREMY B 28 X BIIC & 72
ST, ZHHMRA LIZIRRE TR LTI L 7=,

¥ A E G LI E 2 2 LB O 7o OICRBHILICE T & 21, otk
v hEFEHA L7z, Photo9 127 0 —T Ry 7 ANTOWNMSNT=RamNbE By N2
WT, TAI TSR 2B T2 T, FHOME 2O T2z, #HIe v
Ty FTHED W, BRELE FHOMCHEM A B> 7=, A% 58 LTIREE 0% E
{RALER X 29 [F1 5266 L 7=, ZECERIZ BT DML FI/EEBZE N /e —T Ry 7 AN
EEEAL, BERLN LR LT,
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AEDOZEACLIIZ BN TIEWTOHE TH IR ABLE NIZ & — IR ORI D 7R
Eh. b7 v 7 1LICZEIL SN 728 T % Photo 10 (2”9, MEAE, Z b7 v 7 1IZEIY
LI ZOWEE Y = AR S, MEYEEZNE L A, FERMEERE 205
22 emb . ZOZ — WK OURIKITIREHE S & £ TV 720 T L 72, £ 72, Photo
11 12T £ 9 ISR BLE & [FERD & — VR OWAR DS IMBF N O S CHEB S vz, €
DI, BEMBOEE T S ) — L aE £ 7 T A0MEZ VT, L& O T
WE TR E R EEY . BRELE,

RO LB I IV T, EES O R 2 OBLSH 5 Photo 12 (2R3 X 9 1T
WEEEFH 2RI U COMBUE N OPESBIOBE NFE L TR W 2R L, JEXAO
N7y 7RELHR—ADORERE A BAREF CFHIIL T, HICHRMETHDZ &%
MR L7z, ZOMICH, AHEMEZEE LTIEIREE DR ENLIENTET T 5 F T, faik
NTZOREEWEZ G LICEBREMELZRBE), 7n—TR Ry 7 A~DNy 74 2 RO%E
EALER 21T 5 & XX, EXFE IR~ A7 Z2E5H L THNHEIXS Lo /FEZqH U,
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5. £& 9

G E G LTEREME» b =R X VIR 2 50 E MY 2 BRET 572 012id, ka4
DFERN B L7 % 1L - min! Tt L 72 25X FASICT 950 C (1223.15K) LL EThngh+
DIENENTHD ENMoT2, 61T, ZOBBREME BN IRALIRENE L L CIFEEL TV
BAERE LT, AEYERET LRSI OMBIEE O T T, BN EHHEICLY
AR S 1 IR L R AT RE CH D Z L 2R LTz, By 7 7 v 7R TR X U HHED
MR RS L, 2B Z 1L - min 1 i L7 INEVFEIZ T 950 °C (1228.15K) T 2 KERN
BAATV, MR OB E RO L) O AEWIIRERE LM L, Z0OEv I T v
RBROMREEEZ, PELTWERTOAREMZEA LI E 3 L TRE(LILE %
TV, B2 BRE L CEIREIE 2 8 LTz,
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3)

4)

5)

6)

7)

8)

9)

10)

11)

OB ZRT 5,

235 3Tk

PREHIT FE RGeS B9 2 BUBE (R F— A, BRBHIFZERRTE e il 2 B 1 2 TG 1E IH1ESE
i, JAEA-Review 2019-001, 2019, 58p.

PREHIF SRR e BT B9 D IRIKI ZE00 7 — A, BRBHIFZEB0S B s s 1T 2 IR D4R &
DRI A R E — AR DB M K D T AFA & NE EAIZ OV T —, JAEA-
Review 2017-038, 2017, 83p.
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Table 1 HALEWOERELER T XNV E— R OERE T f o B —

e et FEYEAE R H L B —AH ° T ha—S8°
(kJ * mol?) (J + K+ mol?)
ucr 9 i i [ A —98.3 59.20
UN* 10 i e [ A —290.0 62.43
U02*9 s i [ A —1084.9 77.03
PuC** 1 i i [ A —45.2 74.8
PuN* 11 i i [ 445 —299.20 64.8
PuOz* 1V s e 1] 4% —1055.8 66.13
C (graphite)* 9 HR 0*** 5.740
Ng* 9 BRI 0*** 191.61
02" 9 ESEEN 0*** 205.138

* ORAJE 1.00X105 Pa, =R 25 C (298.15K) TOETH 5,

= ER IDICEB W T PuC OfE#A R o Z L — KR UOMER T o o B°— (%, PuCo.ss TOIE
TR TWee), ARICEB W TS PuCoss DIEZFIH LT,

LR DR TH LD, HRN 0 Lo TN D,

Table 2 ZZTEAVALERRI R IZF 1T D RlkH O H & 2L
S EE I R ()™ LR R ()™
28.05 9.15
20.27 6.51
19.23 8.53
14.02 7.12
18.38 5.69

X OLEANEE LA e 58T OBBRBMED S b, 2O —HOEEFKRTH D,

_11_



JAEA-Technology 2021-024

0 '
:
: —— UN+0,=UO0,+1/2N,
-200 ' —— PuN+0,= Pu0,+1/2 N,
: UC +0;=U0; +C
: PuC + Oy=PuO, + C
) -400 : — AG=RTIn(pg;)
= i
2 ]
< :
g 600 ] g ; S
I e B e B
]
-800 ;
l
-1000 '
1000 1100 1200 1300 1400 1500

2ET/K

Fig. 1 {EE L HHT XL —DEBL0BEGR
GHESRI X ARARR TR LTZIRE S 950 °C (1223.15 K) 12t d %.)

— Ja—JKys R

0 #5 wamEme [ IR
i ... 00 06
b5 T2 e e —
(KA Y D) (ZEHR) gf&ﬂ ®
735 M ®
| 1 E—

Fig. 2 JnEE B

_12_




JAEA-Technology 2021-024

2,
------ - - —
R2 !
40 L] 140
§ Y, J
] L i
) 49 b
; AT
g 18 |
i : 20
| R2 :
S _ AT mm
Y. -

-

Fig. 3 7L FRGUEHIL DS X

Fig. 4 ZEMLIIZT T 5 B O 7R Z— 2

_13_



JAEA-Technology 2021-024

BEYear LI ZRHYE
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i BRALY B O AL EE & R SR D RIS IOV T

UC %O UN 2R3 285, U 23 UsOs, N < C 2 NO %X CO, CO: #4AKT 54 b4
ELT, SNHOBRESND DRISDOF T ADOHB =R NLX—DE (AG) ZFHHE Lz, 8F
L7ALFORRIELL FOROD~Eix) TH Y | 21D OISIZBIT HAGDFHFIZ 1T Table {16k 1
R LIEfEEFEALZ, 28RO~GEICENTMIZU I Puzs®Ed, HHZRLF—0F
BAE R & Fig A4k 1~Fig A8k 6 1273, Fig. 1 L[kE. 950 C (1223.15 K) OfaEik T D Ef
FRERNHER TE D L )12 726.85~1226.85 C (1000~1500 K) DfEE %~ L7,

2MN+0 2Mo +2NO @)
— - — — 1
3 27377273
1 1 1 .
ZMN +0, = 2MO; +5NO, (ii)
4 4 2
$MN + 0, = =MO; +£N;0 (iii)
4 4 2 .
ZMN + 0, = ZMO; +-N,0; Gv)
1 1 1
FMN + 0, = 2MO; + 7 N0, )
4 4 2 ,
gMN +0; = MO, +5N,05 (vi)
2Mc+0 —2M0 +2c0 (vii)
3 27377203
1 1 1
FMC+ 0, = 5MO; +5C0, (viii)
1 1 1 .
FMC+0, = ZMO; +5C0, (ix)
3 1 3
ZUN+0, =2U305 + 2N, (x)
6UN+0 2UO+6NO (x1)
- [ p— JR— X1
11 2711 3% 11
3 1 3 ..
ZUN+0, =-U;05 +-NO, (xii)
12UN+0 4Uo+6No (xiii)
- = — —_ X111
19 2719 378 1 1972
12UN+0 4U0+6N0 (xiv)
. [ p— — X1V
25 2725378 T pgi2Ys
3 1 3
7UN + 02 = 7U308 + ﬁN204 (XV)

,22,
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12UN+0 —4IJO +6rq0 (xvi)
31 2731 378731729
3 1 3 D
7UC+ 02 = 70505+ C (xvii
6 Uuc+0 _2 U,0 +-6 co (xviii)
11 2711737 T 11
3 1 3 )
7UC+ 0, = 2 U305 + 5 CO, (xix)

WTINORINZEB W T HAGITZERDBRZIENDRDIZACE Y /NS W EE 2D 2 &0y
MY EREAK T TOMBTHT IO HEITT D AREMERH 5, L, AXHA(2)
OB TR LIZIEDHR, RO~Eix) TR LUIEKISEELE Y BACHEIT/NEL 25725, K(2)
KO@)DIENEITT 2D EEZHND,

2 E Sk

I) Wagman, D. D. et al., The NBS tables of chemical thermodynamic properties: Selected
values for inorganic and C1 and Cz organic substances in SI units, J. Phys. Chem. Ref.
Data., vol.11, Suppl. 2, 1982, 407p.

II) OECD Nuclear Energy Agency, Chemical Thermodynamics Volume 1: Chemical
Thermodynamics of Uranium, 2004, 735p.

III) OECD Nuclear Energy Agency, Chemical Thermodynamics Volume 4: Chemical
Thermodynamics of Neptunium and Plutonium, 2001, 870p.
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Table {1 FALEMOEREAK T Z L E— K OERET S brE—

PEEA R X L B —AH ©

T frr—S°

&9 N
(kJ * mol?) (J + K1+ mol?)
uc* D i i [ A —98.3 59.20
UN** 1D it e [ A —290.0 62.43
UO0g* D it i [ A —1084.9 77.03
Us0g* D s i [ A —3574.8 282.59
PuC** 11D i i (1] 445 —45.2 74.8
PuN** 11D s i [ A —299.20 64.8
PuQy** 11D i i [ 1 —1055.8 66.13
C (graphite)* D HR 0*** 5.740
Ng* D EREN 0*** 191.61
02" D ESREN 0*** 205.138
CO*D SN —110.525 197.674
COz* D RN —393.509 213.74
NO* D EZS 90.25 210.761
NOg* D ESLZS 35.98 240.06
N20* D BRI 82.05 219.85
N203* D SRS 83.72 312.28
N2O4* D BRI 9.16 304.29
N20s5* D ESREN 11.3 355.7

*

*%

RS 1.00X105 Pa, FEHERE 25 C (298.15 K) TOETH %,

SCHER TIDICHB VLT PuC OFERAR = Z A — K OMERET > o v —(E. PuCoss TOHE
TR W2, AFRICBWTE PuCoss DIEZ R L7,

WS R DBRTH LD, R0 Lo TS,
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