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Effects of TBP and Its Degradation Products Contained in Asphalt Waste
on the Nuclide Solubility and Speciation

(Research Document)

Masahiro SHIBATA*, Morihiro MIHARA**, Ryoichi SASAKI**, Akira HONDA**

Abstract

In the performance assessment for the geological disposal of the TRU waste, effects of
organic material (i.e. organic wastes, cement additives, and natural organic matter) should be
considered. TBP and its degradation products are contained in the asphalt waste generated
from the reprocessing facility of JNC. These solvent and degradation products have the
possibility of forming the complexes with actinide elements if a chemical condition is
satisfactory.

The complexation could negatively influence the solubility and sorption behavior of the
radionuclides when the complexes are soluble in aqueous solution. In that case, there is a
possibility to influence the behavior of the radionuclide migration.

In order to evaluate the influence of TBP and its degradation products (DBP and MBP) on
the solubility and the sorption behavior of the actinide, 1) literature survey for the
experimental research, 2) survey for the thermodynamic data concerning the interaction with
the radionuclides and calculation for solubility and speciation in the expected environments,
were conducted.

As a result, it was thought that the influences of TBP and its degradation products on the

solubility and speciation of radionuclides were small (times of several in solubility at most).

*  Barrier Performance Group, Waste [solation Research Division, Tokai Works

** Material Research Group, Waste Isolation Research Division, Tokai Works
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1. IFL®HIZ
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2. TR 7L FEMERT D TBP FDE & LS R REEKPDIRE

[ SR BER D ATl - V12 BT, TBP 3 FBRIE AR C& 5 Dlax L, DBP
DAEBIRHEEIN TS, 2NHDOT =D, AMRHEO L OIZOWTIMRH FIRIEZ
WD EDLRSFIZRRUE 21T\, 7 A7 7 /L MEHRIR 11K (200L K Z &) &7 9 & TBP,
DBP B X O*MBP O &% 7§ 5 &, T4 E4 4.3g, 150g B LU 8.6g LRETX 5,

ZOEDO TBP %3, BEHREA Ny r—y (REFEW#FIZELFZVFEE 1,500x1,500x
1,100[mm] ; 200L K7 & 4 RUGH) ORI EREETT 2 & L UREZFMT 2,
FEEW) N> r— 1 RSB OFNZVEHBOEREIL, 1.46m3 Th o, MRFEL 15%&
T 5 EBEFEW Ry r— 1 KB T2 0 ORBREIT 0.22m3(2201) & 725, L7723 > THEHE
& 4 K> TBP, DBP 35 X O MBP 2BEFMR /> 7 — T OF /L H VO ZERRIT 2RI
HL7EERET D L, TOREIZZENEN 7.8x102g/L, 2.7g/L 3 X 1.6x101g/L & 72
%, ZZTCTTBP, DBP B X U'MBP 0%y 7-&i%, ZhE4L266.3, 210.2 35 L1 154.1
THHNE, TEEL L TE, TBP A 2.9 x 104 mol/L, DBP 7 1.3 x 102 mol/L,
MBP 7% 1.0x103mol/L, £ 725, ZOREILT A7 7 /b MELIRZ UGN L 72 BESEA S
r—VHBROBETHY, 7 V—7 3 DAL R SR ZEFR TIL S IRV R EEIZAR
Sha,
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3.1 BRERERICE D S XEFE & 5Tl
3.1.1 XRRE

SCHERFRA S, JRF ) SCRT — # XN—ZA NUCLEN [T X W FEhi L7z, BfEF—TV— %
(solubility + solubilities) x (TBP + DBP + MBP) & L C, MR ZIT/Ro7fER 71D
% SCRRSFAE L7272y, ARAEICA R 2T 12 Th - T,

3.1.2 REHER
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W52 8 % e DAL 2 TR D 12D O FE BRI TH Y, AL b7 > KX
> b 35F OS5 ki L OBKER LY (B RARM 2 1) & PIcw L7 fidfn NaCl
KB COEBRZEE L T\ b, ZOHFT, ATOEAA & LT, TBP 3 X O DBP
EWMUZRBREER L TRY, b1, Cs, U, Np, Pu ORI I IR
(ZDOWTH~TWD,

FREOWKIZ TBP 8L U DBP #fafistC, 74X —|2kV AifazE L CRBRIC
it U7z, REE, pH, REBRMIMEOFEMZRTERITR W, @ﬁ%&ﬁﬁ%ﬁ%%@yj*@%— 1
(2R,

Agl, CsNO3¥ XU NaeU207 (U(VIA)) OEFREEEIZSWTIE, TBP B LU DBP
ALY, B0 OME LB By, NpO:OH (Np(V 1) OiAf#E 1T
2L A TBP 3L DBP OfF(EIZ LY 2 MR EIR T L7, 2 DOJREIZOWTIIARIZEE
T En TRV, Pu(OH): (Pu(V i) (2oWTiZ, TBP TIZZDEEIRD b
720N, DBPIZ2WTCIE, Pu(OH)s DIEFREED EFHNED LN H0, D WEEFEE
THYEE TRV, L7 ->T, TBP BLUDBP AfafijgE CfFfEL-& LTk
FLORZRE (WT I BRILSAF) IOV TS REM EORE ERITRD otz



JNC TN8400 2005-025

[1]1/10-% mol dm™3

[U]/ 107 mol dm™3

B — 1

3.53E-4

L TBP DBP
(a) Agl

4.62E-5

TL TBP DBP
(c) Na,U,0,

20

2

166 1.73
. 15
£
©
5
g 1L
~N
"o
(@]
— 05

0
7L TBP DBP
(b) CsNO,
3
. 25} 239E-4
£
el
©
€
T
=
~N
a
=2
5.45E-6  5.45E-6

7L TBP DBP
(d) NpOZ(OH)

j—y —_
o (&}

(&}

[Pul/ 1078 mol dm™3

TBP DBP
(e) Pu(OH),

TBP & U'DBP WA EIC5E R 5%
(A2 FAIEME & UEKEREY & FEICE LHT-8aF0 NaCl B& )

(Marx and Keiling (1989) % & [Z/ERK)



JNC TN8400 2005-025

3.2 MBKILFEEIZ K S TBP FDOREDBBRES S WEFEIEICRIEFTHZE DR
3.2.1 TBP FD LM E LFFEDE A S

— %2 TBP (ZREEEEEMEFIRIC BV, UWNVD, Pu(V), Pu(VI), Np(VD% & $54 AL
%ﬁ L, AHESicihH a5, —J, Am, Cm L \W\©Wo 7z SlNLERT 7 F =
JeHER PulllD, & 5 Np(V)7e & & 38k LIc< < S ivZevy, 2 ofhiSe
# T 7205 TBP & OS54 RSEMHIT IR OMBERRENS 1M DL EOEHETH Y,
0.01M CiIARFIZHhH S D (=TBP & OEEAREIGIIMD ThEL< D), 2D
D, RIROHIFARSAE TRoE A v N R 5 55 pH B FClE, BUET
D TBP L OSEERRMBHBE 7225 L1335 28\, F£72, TBP IXZ 4 E IR K~OUESE
ERZUEEREL 72<, 0.39g/1=1.3x103mol/L L #HE SN TEV 3, EEEOMBERAKE
FEILE I < 2.1 HOFHETIE, 2.9x 104 mol/L 7277,

—7J7, DBP 1%, HAHTRICE TS TBP O ERMDOE-5 6D THY, Zr,
Pu(IV), U(VD), Nb 72 & L THWEEARMZE Z L, LRI 2 TRIZE
TELT29%AIS, @ OW W ERE CIIAMHEFIZE S (4815 DBP & O puikIEZ
REFT2) ZENMONTWS I, £7-, DBPIZ TBP & ikt 5 & K ~DIERIE N S
<, 18¢g/1=8.6x102mol TH 2D LHME SN TS 9, FHEMITOKMEH CTIILEL DBP
ESEA R LTIRBE CIFEAET D AREME RN B 5 Z L 05, DBP O EBRGHE & DA K
FREICRIETREBICOWTEHMEZITR2 ) ZENEETH DL LB 272,

7283, MBP (ZOW T H KRBT 5 EEEME & OEA KO AR E TE 720 A3,
EﬁﬁﬁﬂBP&w@LTQﬁw(%Wnglmufﬁ¥Jﬁ%JBP@ﬁﬁKiD
RESFBHZEL L,

322 BNRZT—EDREMNRELVRERR

TBP, DBP & XU MBP Otk & OMBEAERICET 28077 — X125 T, BEfF
DT = XN=ABLOXMORAEEZIT>72, 7 —F X=X L LTiF, Smith and
Martell?3 L OV HATCHES(ver. NEA15)9 Z gkt g & L7223, Ai#IZi% DBP OfifH
EBN AL A NVENTWDEDHTH Y &R & OSEERERIIE LN Te, BFIZ
2DV TIE, TBP, MBP O F — 4 (378 S 72~ 7273, DBP IZ2W\WTlx Ca?, Nizt,
Pu#t, PuOs*, TcO2+, Th4, U4, U022+ D45k ORIk HE _’DD‘T?\“‘&ﬁST‘%ﬁé
TV, LaLEnG, ZNOOT =X DITEALET TR, MHErEOERNIC
<HDOTIER <, 1983 4ED IUPAC @7 —41Zx%f L, Unified Theory % i H L%Hj L
DO THD,

BB SCHER D FR SR IZ OV TS, 3.1.1 T & [[IERIZ R /) 30k 7 — & X— A NUCLEN |Z
FXVERLE, MEF—T— % (complex) x (TBP+DBP+ MBP) & LT, BRE1T
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7R o T AER 63 DR Y SUERMEAE L72AS, a0 O ARRER Z I > T\ 5 &t
ETELHDFX1IHFORD ThHholz,

MERIZ X v 5 572 Musikas and Livet? TiX, DBP ® 7 > % = Rt & DA
EBDHE SN TWD, 70 # = Fllioek &7 7 F= Rl e OLTT Fr s %2E
JEL, Am (ZX LT La DfEZ W E 217705 2 & L L,

WHEOFHFEIZH WD E S35 — 413, PHREEQC 7 +—~ v~ h® JNC-TDB (7 7
A V4 011218¢2) 8 12 ik DBP BT 57— 2 2B L7 b D& H\ e, UsHHEE
2, FHEICHWE PHREEQC 7 +—~ v b7 —H# X—ZXDN, DBP ICBAT 57 —# D
o ak T,

3.2.3 IKILFFEIC &k BHFEFER

HE CIR 7= %57 — % Z A, Ni, Am, Pu, Th B X O U OEMEORE %
1T o Tcs FEHTIZ W KES IR & LT, BEKFRE p HHU R K2 A & R RmEEE BOG
L7- pH12.5 DR ZBE L7z, DBP OREIZ2OVTIE, 10%mol/L~10°mol/L & L,
IE R OFFEIZIX, Davies D& VY, A A U BRE D 0.3mol/L 2 5551, A
58 0.3mol/L O T—E & L7z (Truncated Davies 7)., £ & DIEFE O VAL il
BREVC U CIAKRME A Bk & L, —hbo3#ici:, PHREEQC (Version 2)
IZ Truncated Davies R.& flA3A A 72 PhrqC-T % VM-,

FHEIC IV E DN EFEOEIE T OWRE L K2 OFMICBIT DO £ 1= 51771k
FHAER—-1I1CE L DD, DBP BFELRWVARTOERKRE LI TRYT, ZOFE
FERN G, DBP O ORI KT T HEITRD b, EEF PRI
IWHIMKGEFETH D, BA L MR OREL 2T 7-% pH & Tix, #&fEL DBP
EDFERRRE D b, MAKRSEEORMAZENI L 720, DBP OFENE T2,

S5EZL LT, BAY FRAMEIORRELEZERBET, BARS p HHF/KIZK LTH CE
i FE I BREAH 2 F S, [RIRR 72 AT 21T o 72, AERAZ X — 21279, Ni LY Am (2o
T, DBP N 102mol/L UL FIZHBWT, IBEE~DOEENR 5N,

DBP O¥ & L BEFEK N v Fr— T Ot 5 E W= DBP @ BB KR E X
1.8x102mol/L, TH Y, H—1 KO — 2 OFERZEEE 2 0L, 215 OO TER
2% % DBP O IZ/NESWEtEZHND
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#&—1 DBP LDEMEEEE L-ZKEOIBEFELRE
[DBP] 0 107° 107° 10™ 10°° 1072 107" 10°
mol/L
Ni 2.1E-5 1.1E-05 1.1E-05 1.1E-05 1.1E-05 1.1E-05 1.2E-05 1.4E-05
Ni(OH); | Ni(OH),” | Ni(OH); | Ni(OH); | Ni(OH), | Ni(OH),” | Ni(OH);, | Ni(OH);
Am 3.1E-10 3.1E-10 3.1E-10 3.1E-10 3.1E-10 3.1E-10 3.1E-10 3.0E-10
Am(OH)," | Am(OH)," | Am(OH)," | Am(OH)," | Am(OH)," | Am(OH)," | Am(OH)," | Am(OH),"
Pu 9.9E-11 9.9E-11 9.9E-11 9.9E-11 9.9E-11 9.8E-11 9.7E-11 8.5E-11
Pu(OH), | Pu(OH), Pu(OH), Pu(OH), Pu(OH), Pu(OH), Pu(OH), Pu(OH),
Th 6.2E-10 6.2E-10 6.2E-10 6.2E-10 6.2E-10 6.2E-10 6.1E-10 5.4E-10
Th(OH), | Th(OH), Th(OH), | Th(OH), Th(OH), Th(OH), Th(OH), Th(OH),
U 1.0E-9 2.0E-9 2.0E-9 2.0E-9 2.0E-9 2.0E-9 2.0E-9 1.7E-9
U(OH), U(OH), U(OH), U(OH), U(OH), U(OH), U(OH), U(OH),
B R
B Kb AR
1.E-03
——Ni
——-Am
18-04 —A—Pu
1 M 2 M = < Th
—-U
1.E-05
a
>~
\g 1.E-06
i
il
i
g 1.E-07
Lt
1.E-08
1.E-09 & & & & &
1.E-10
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00
DBP;REE (mol/L)
K—2 KRS pHHTK (pH#8.5) IZHITH%IEDAMREICRIZT

DBP EED
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RTER

BNET—2~X—X (PHREEQC 74—~ v &, DBP E:&E& 5 D%

SOLUTION_MASTER_SPECIES

#element species

(Qal:)

D D-

alk

0.0

SOLUTION_SPECIES

(Qal:)

+1.0D-1
log_k

(Ex]

+

1.0Am+3
log_k

+  1.0Am+3
log_k

+  1.0Am+3
log_k

+ 1.0Ca+2
log_k

+  1.0H+1
log_k

+  1.0Ni+2
log_k

+ 1.0Pu+4
log_k

+  1.0PuO2+
log_k

+  1.0TcO+2
log_k

+ 1.0Th+4
log_k

+ 1.0Th+4
log_k

=D-1

gfw_formula

0.20919e+03

0.000

+ 1.0D-1
2.020

+ 2.0D-1
3.500

+ 3.0D-1
4.600

+ 1.0DA1
-0.200

+ 1.0D-1
1.200

+ 1.0D-1
2.040

+ 1.0D1
9.000

+ 1.0D-1
6.280

+ 1.0D-1
4.800

+ 1.0D-1
7.800
+ 1.0D-1
1.860

element_gfw

0.20919e+03

=AmD+2

=AmD2+

=AmD3

= CaD+

=HD

= NiD+

= PuD+3

= PuO2D

1.0H20 - 1.0H+1

=ThD+3

1.0H20 - 1.0H+1

= TcO(OH)D

= ThD(OH)+2
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+  1.0U+4
log_k

+  1.0U02+2
log_k

+  1.0U02+2
log_k

PHASES

AmD3
Am 1.000D
log_k

ThD4
Th 1.000D
log_k
(R

END

8.400

4.300

8.400

3.000

-9.500

4.000
-28.450

1.0D-1

1.0D-1

4.0D-1

= +1.000Am+3

= +1.000Th+4

=UD+3

=UO2D+

=U02D4-2

+3.000D-1

+4.000D-1



