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Development of partitioning method
—Separation and recovery of the platinum group elements

and technetium from spent fuel (literature survey)-
Kazuo KUBOTA, Shigeru DOJIRI and Masumitsu KUBOTA

Department of Environmental Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

{Received September 9, 1988)

The literature survey was carried out on the amount of natural re-~
sources, behaviors in reprocessing process and in separation and recovery
methqu of the platinum group elements and technetium which are contained
in spent fuel. The essential results are described below.

(1) The platinum group elements, which are contained in spent fuel,
are quantitatively limited, compared with total demand for them
in Japan. And estimated separation and recovery cost is rather
high. In spite of that, development of these techniques is
considered to be very important because the supply of these
elements is almost from foreign resources in Japan,

(2) TFor recovery of these elements, studies of recovery from undisolved
residue and from high level liquid waste (HLLW) also seem to be
required.

(3) As separation and recovery methods, following techniques are
considered to be effective; lead extraction, liquid metal
extraction, solvent extraction, ion-exchange, adsorption,
precipitation, distillation, electrolysis or their combination.

(4) But each of these methods has both advantages and disadvantages.

So development of such processes largely depends on future works.

Keywords: Partitioning, Separation, Recovery, Platinum Group Elements,

Technetium, Spent Fuel, High-TLevel Waste
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BREPLPLOPIBIURMOERE X VETESE&LEVT LT 50, HEETHED
FEREFEHBUICES THOA, POMBHKREL TV E, BLUTE EATRD G
THoHCEHho, FHBBELPSOOGEAZORMNBBHD TEETHELEELONLD,

_.3_



JAERI-M 88-188

Table 2.1 The platinum group elements contents of ores (%"

elements Colombisa Canada South Africa U.5.S5.R U.5.4%
(Alluvial (Sudbury) (Merensky)(Bushveld) (Noriisk) (Stillwater)(Duluth)
deposits)

Pt 93 43 Bl 47 25 20 18

Pd 1 45 26 32 87 78 78

Ir 3 i 1 2 2 <] 1

Rh 3 4 3 7 3 1 2

Ru trace 4 8 11 2 <1 1

0s 1 2 1 ] 1 ND ND

ND:Not detected x:Analytical value of refined ores by flotation method

Table 2.2 Noble Metals in | Tonne of Spent Commercial Reactor Fuel?
ETement kg/ tonne $ Value*
Pd 1.24 6000
Rh 0.47 9100
Ru _ 2.27 11700
Tc 0.77 NE

*DoTTar ($) value in 1985 prices. NE - not estab-
tished for large-scale use.

Table 2.3 Estimated amounts and value of platinum metals in spent fuel
Estimated Amounts, Tonne Potential Value, 106 1985 Dollars
Defense Commercial All

Defense Commercial Al Fuel Fuel _ Sources

Element Fuel=* Fuel**  Sources High Law High  Tow High — Low
Palladium .2 186 188 1 10 900 840 910 850
Rhodium 3.1 68 71 60 60 1320 1310 1380 1370
Ruthenium 11.0 342 353 57 16 1760 500 1820 510
6.3 5% 512 128 86 3@@5 2600 4110 2730

*Through year 2000.
**Through year 2020.

Data Sources: U.S. Department of Energy, 1982; Rockwell Hanford Operations,
1980; Energy Research and Development Administration, 1977; Schultz, and
others, 1982; W.R. Cormann, E.I. duPont de Neumors & Company, Savannah River
Plant, to E. J. Wheelwright, Pacific Northwest Laboratory, personal
communication, January 1981; J. R. Wetch, Rockwell Hanford Operations to

E. J. Wheelwright, Pacific Northwest Laboratory, personal communication,
July 30, 1982; G. L. Ritter, Exxon Nuclear Company, to G. A. Jensen, Pacific
Northwest Laboratory, personal communication, January 1981.

_4_
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Table 2.4~ Concentration of spent fuel and natural platinum metal isotopes?
Compositiun, wt¥
Isatope Content Spent Fuel
Fission after Discharge
Element Nature Product Half-1ife* Nature T year 30 “years
Ruthenium 96 -—— -— 5.5
98 - - 1.9
99 99 --- 12.7 2.4x10-%  3.6x10-3
100 100 - 12.6 4,2 4.37
101 101 _——— 17 .0 3.1 35.42
102 102 -—— 31.6 34.0
103 39.4 days S 3.6x10-3 -
104 104 - 18.7 23.9 24.9
106 368 days ——-- 3.8 8.5x10- 1
Palladium 102 — -— 1.0
104 104 -—- 11.0 16.9 15.8
105 105 -——- 22.2 29.3 27.4
106 106 -— 27.3 21.3 26.4
107 6.5 x 106 yr  aees 17..0 15.9
(0.035 MeV)
108 108 : 26.7 1.7 10.9
110 110 -—- 11.8 3.8 3.6
Rhodium 103 103 -—- 100 100 100
103m ———- 1.6x10-3  —--
102m 3 yr ———— trace*x ---
106 2.18 h - 1.8x10-6 ..
Technetium none 95 2.13 x 10° yr 0 100 100

{0,293 Me¥)

*---"indicates stable 1sotopes.

+*50 to 100 Ci/g 102mRh

Table 2.5 Range of prices (in dollars per gram ) for platinum metals?
Element
Year Palladium Rhodium Ruthenium Platinum

July 1978 2.3 16,1 2.0 7.1
July 1979 3.4 25.7 1.5 11.3
July 1980 7.2 25.7 1.5 13.5
July 1981 4.2 19.3 1.5 15.3
July 1982 4,2 19.3 1.5 15.3
July 1983 4.3 19.3 1.5 15.3
July 1984 4.8 19.3 1.5 15.3
Jan. 1985 4. 19.3 5.4 15.3
Data source: Engineering and Mining Journal, 1378

through 1985.
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dioxide )& ELZ SN AP ED S,

2l Ru

Roeid, 08XV MIE~MEcES SEHEORIRELZRMDB L, o35, kb

REBIEs20NETs2 Y, 2, ERKKBEBBRICAERSE2881CE, Ru it

_8_
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CBRKRTREAB= By TFey aOFEEESATNS D,

{RuNO(NO3; )x (NOz2)y {OH)z (HeO)s x.y.-z )3 X-¥Y-2

I oH0iEO#EEFig. 3. 210K,

Blasivs 5 r2e, =trovansawnt L TELLNBHIER, Fig, 3.3
KRSNBEOTH B, HioBiip L ~vBK (ke Table 2R ) HDHOEGH
BEEPIBOTH, BOEEA4L YBRuLGEO 2% T TS, £& L TTable 3.3
Kﬁ?6ﬁ®£®%%4ﬁ7$$ﬁ¢ﬁﬁﬁ4ﬁV&Qﬁfﬁﬁbfbé(ﬂgﬁA)o
zoEEh L N AVERORBICED, vFTuL=tb O v R STER S 5 (Table
3.4), COBORu-NOESRIEFKICHENTHD, BFHick->Th, E£7H, 0210L5
BEEBOEEBCHBEING O, £, RuOMBRER, s SVERBLUE DB EE
ZROCEERIILED, ROLIUBERBEBLATY S, 8L, BRFICEPRAD =P Y
W= k5 EASTEER SN B, RuOMBEEICERNES r) v aE2MABLO AR
ﬁﬁﬁ@4ﬁyﬁxﬁ¢ﬁ4t7ﬁ%ﬁéﬂéﬁ,%ﬁ&ﬁmﬁ&iéoCﬂﬁ
RUNO (NO2)s OHDSRIC L 26 DEEZ BN A (Table 3.5) ¥, & Bz RulsBRE &
(0.0 IMBYEE ) 228 % — B L AEREBREATHE, RuO. OFEZFELEEL., RuO: DF
A EHETRU-NOKA MBS hetHEsnTws D 1,

Rule oW Tit, ZAREFOAEKICETAEXREORuO.OBHSHEALLT S,
Debettincourt 14)5®Eﬁ§1°ﬂf“_ﬁi. Ru(M)@ =k =7 bEHEMSHBEBREBICEHE

E?%%%.Ru(NVwm¢o<D&Lk@kﬁ$b,&Kﬁ¢@mRu(W)wﬁ@,é
%K&MW)&HaTRMhﬁ%ﬁéﬂ&;LﬁL,W%LOA;FDVW;FD%W
FRIORISRELIZ S W (Fig. 3.5 )s RuOs DEKHES Fig. 8.61CRT . T,
Savannah River BFZA (SRL) ®Ondrejcin Jic ks, RuO4 D@ERHHICH
LN OREsH %,

1} RuO.id, BEHBAKBOTNOEZENO, OMtANHD, HOHBRRESM

LUFo&BicEwTEREJABREAL L,
9 NOZ7-IENO, DHBHENEE, RuOJEROEHIEFig. 8. 7TIKRTLIITH
%

3 RuO:id, BERESLBEFICHVTRuO LELEN, HELEV,

4) BEBIUHEBEEGE BCEREICEETS (Fig. 3.8 ),

s, BRoAREL Domric sy T, MRARLAEBHIZL K VY ENARL O
HRAMA S LKL TV S,

(3) Pd, Rh _

Viatard 50z k&, PaRMBicART 2M—0HEKTRTHY, TOBEEOD
EFHRIMTH D, VELEALE DL, Bl BB BE LD, BEOEa Ly Y
ATEOCENTERAIEETE RV, Pd (1) OBRILBTEMLRIPuD RIS, 3
27T, PdOBILELHEHRPuOZRITEV DL S,

PAdOELIE, HMEBEF—SBIUMEBY 5 FRCLDEETH S, MEY 7 FRCLD
i 2 kM T2 AT, TBP (tributy) phosphate )TV, % -MBE o
2UNTIvRE-THEIE SN S, PdO#EEERIZ2OTE, s MBERPITELT
Pd (NO;3) " (mono—nitrato complex ) DEAEBERENTV S, if‘:, pHOSLE

— 9 —
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OEBTERPId(OH) AR &N, pH 2 TEELL, TNHLHPI(0H): OIFHA
L%, PAMMARICE F3 9 vaMA B EaEE 20,
S RhOETME, LfHENETH B, BENGEOILEHMHBE LY,

33 TBPHOASERERKIUTCc

1 T~
Pruetti® 19 Wi memesmE 2122 N0 U0, (NOs )26 H02BML 2EHK &
TBPEDRIDOT Te DM EREITY, UTOEREZB TS (Fig. 3.9~Fig.
311 ), '
1) BBEEILEM~1MZELWTHEREEESE -7 279,
2) BEOLEHcESTTVARILBETNT S,
3] TcoMEBERIERRATRENS,

H*+TcQOs +3TBPE2HTc 04 3TBP

Lrl, FHOERERICBKSTFLESTIEDEIEAL LGN,
HTcO.TBP(TBPH:0)3 L 28#ADIEKEEL O N B,
4 WS = ABBELETEES, Tcit, U0y (NO:3 ) (Tc04) 2 TBPH BEEAETAR
L, fiHshBHL 85, -
JassimS bEBOERE T, MEBERLEM~07TMHIRECAEKO Y- 2265
CLARBELTWS (Fig.3.12) %,
— %, Kanellakopulos 5 20iz, ©rh U SUMBAKS & UMIMEE—30vol%
TBPic#Hd 32 Tc OFBcMT AWMELITO, UTFCRTHRES 1L
1) Tcit, —fici3, HTcO43TBPELTHIBHEN T 2D, HEBREENIORET
TR - BB ETRT, -7, HBRCTEILTc OMBRIEIRATELONSLSE
25835 (Fig.3.13~Fig.815 ),
H*aq+Tc0s agt4TBPorg e HTcQs 4 TBPoyyg
HT ¢ Os 4 TBPorg+H g +NOs ug
Z2HTcOs 3TBPorg THNO; TBPor,
HTcOs 3TBPorg+H agTNOs Tayg
HTcO4s 2TBPo,z +HNQOs TBPorg
HTcOs 2TBPorg+H* 2q + NOsTagq

SHTcOsTBPory~HNO; TBPoyy
HTCOd. TBPorg+H+aq+N03 -B.q
2H+ aq+TCO4 _aq+HNOB TBPorg

2) TBP-UQ; (TcO4 )2/ HNO: RicHB 1 A2 Tc OMETIEE, UO  BEHB XU IHE
EEOBVCL DT EN AT ODRENENLRD, U0 (Tc04): 2TBP, U0:{TcO4)
—(NO3)2TBPHX ¥HTcOs STBPO 3BHOTEMEZL SN 5 (Table 3.6,




(2)
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Fig.3.16 ),
% /2, Ferguson %mc;. FRREHEMNHBIIETZ20vo%TBP (FRs/ o v

VIIEABT cOFHHEEEFHATFFREL, TeHPu(NOs o (TcOys 3n2TBP &L Tl

HEnTwi EERLTL S,

Ruiz, BUEOHBETEILBVTU Pur7i s vya vy~EITLEVED, FOEH
HEEESHhTH 3, '

Pruett Dc k2 e, MBHO=bovirs=y oD TBP~OMETE, REEH
TBP—=tovins=o sfErERsH (KO LB IUM ), ZOMENSEEED
~BTL, H:OZHRHEBBAETBPICLDESsHIch S, ZOBS, #£E&diiiE
KEEOTBPOTHADEZETHES, ERICEZ2~4ETHLLHEIR TV 5,

NO HTB}T NO NO ™
TBP [ NOs TBPH-O NO3 NO3 NO3
Eg C(TBPHXO0)
NOjs [NO3 NO 3 NO3; NQO; NO;
0
TBP TBPH HTBP | TBPH HTRF
I I m

30vol#TBP—n—F7AYiCXBMBEEROFBRICLLE, = b v =940
BEfromMmt T EHIEREIEL, EHERBREE LM LcsREkory — 786 5(Fig.
331 7). ZHREBBESLATLLE, iHEhB0 ) =+ 7 PEEERSERS R 208,
—HWHBEE S S TBP-HNO:; DT TBPhicittah, 7~ TBPEHELT S
b EHAEND, £/, HEF M) D LOBENMEL D AELEAELFIBEZ ENFET
5 (Fig.3.18~Fig.3.19 ), TBPEESLUHENEIARILCEL ZEEL
Fig. 320 ~Fig. 3.21md. HiiE 7 ) — S TRBPEEDFIF2FICHALTED
(Fig. 21), BETORuBHEITRPHF2EA2EDLDEZELONE, T O,
DBP(dibutylphosphate ) DEFIZL Y RuD DTS LR T 5 &4 EHINTHS
B, 7, Blasius 508, MBARGORuEEKD >SS, D0 b0 LENHE S
nE<, B4 vERRRHIA 0T E2ERL Ty %,

(3 Pd

Pd-RBZRASDOTBPIC K 24 HIC> T, Tarapéik . Zaitev 52 B pr_g
2% B (Table 3.7, Fig.322~3258), INLOF—F0s, HEBEEL MAITic
PAdOREILOC— I BFEET AT E, BIUP dOMBcdENH (HEEF ) v 2%
EHRETBPHEEOUHEMSAI VI Ehbhd b, Taraplik, Zaitev Hid, Pd O
MR AicEDEIZoNEE LTS,

Pd(NO3 )2 (H20)2aq+2TBP ;g2 Pd(NO3 )2 {HzO)2TBP 4.,
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izt L Vialard 5902, Pa AR OMBEBE KT (Fig. 3.26)0 5EKL T,
PdoiHEx#H#e FosvN7 Y94 (PAd(OH) (NO3) (TBP):) @K EHFALS
CEMBEUTHHEFRLTVES, THBHBAA Y OFECLOAEBERIKEVTHP
WAEEALSTER SN A0 EEI LN, ZOERLIMRMUTOMBEEPTHE, (FH
BOBHECLD ) DEREERTZY, TR ETEETI 2HRAAES SN H(Fig, 327),
7, MEHBRL DO THRDEHS BTV, Btk 4ECBDBP, 74/ -
BIUBMBIZP dHHicEpEEEs52730, LaL, BRicko oo EREFEBDH N
BT b D, BRAOHIICLEP ARBSELTN 360 LN,

PEpF—shobhdidik, ASKRAEBLITITcE30vol $TBP itk Dk &
NA5600, TOSMHEBEY, -7, BLHOBETIELBVTEREL CASKETE
BLUTclko0TR, BBRTITBEBVT-HF8AR#MELTU, Pu 7773 ViT
BATBDAT, TORBAEESVAVERDTEERETH20LEEA LN S,
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Table 3.1 Nonsoluble residues in dissclver solution”
Nonsoiuble residues
{w1% to urarium} 02t003 Q.25 0.19100.29 0.2
Composition of nonscluble
residues (wi%)
Ruthenium 3010350 26 42 301040 30
Motybdenum 10 t0 20 27 16 100 13 35
Technatium 21020 5 2w 3 10
Palladium to 10 5 7 61010 5
Rhodium 2t020 5 7 1 5
Other ’ to 15 32 28 1o 30
Reactor and burnup
(MW3/MTU)
H. B. Robinson-Il 28 000 31000 31000
Oconee-I 10 000 14 000
L 30 100
QObrigheim 31200
Table 3.2 Simulated MAW solutions with simplified composition of the year

15

1977 according to KfK, Institut f{ir Nukleare Entsorgung

Element or compound added as concentration

Img/l]

Ru Ru,N, 0, 2

H HNO, 100

Na NaNG, 1000

U UQ,(NO,), 100

Fe Fe(NQ,), "9 H,0 ]

Ca Ca(NO,), "4H,0 20

Mg Mg (NO,), -6 H,0 10

TBP saturated

dodecane saturated
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Table 3.3 Analytical results of the cationic ruthenium nitrosyl nitrato complexes
separated by counter -pressure column electrophoresis of a pure nitric
ruthenium solution'”’

%

Zone Retention Photometry AAS CNO,/CRu assigned complex
time CNO; CRu
[h] [mol/1] [mol/1]
K; 4.2 0 55-10°? - [RuNO(H, ), **
K3 4.7 0 521072 - {ReNO OH(H,0), '+
Ky 5.3 51-10-3 50-10"* 0.98 [RUNONO, (H, 0}, 1**
Ky’ 6.9 0 2.7:107° - [RuNO(CH), (H,0),]*
Ky 7.7 32-107° 3541072 0.92 [RuUNONG, OH{H,0),1"
K} 8.0 5.5-1073 2.9-10°° 1.80 [RuNO{NO, ), (H,0),1*

* K5 : cationic complexes

Table 3.4 Analytical results for the formato complexes in a MAW concentrate
of aconcentration factor of 10, denitrated by formic acid, after
separation by counter -pressure column electrophoresis?®?

Zone ® Detection of Photometry AAS cHCDO/ Ry assigned complex
RuNO3* CHCOO ™ CRu
fmol/l] (mol/1]
Aga positive 0.18-10°* 0.034-10"° 5.3 [RuNO(HCOO), |-
A4y positive 6.78-10°? 0.197-10"°? 4.0 {RuNO(HCOO),H, O
Ng positive - - - - [RUNO(HCOO), (H,0),1]
Kd1 positive 0.27-1¢7 0.142-10°? 1.9 [RuNQ(HCOO0), (H, 0}, 1"

* Agi~y4qg - anionic complexes, Nd : neutral complex , K 4 ¢ cationic complex

Table 3.5 Time - dependent percentages of Ru activities in the zones of paper-
electrophoretic separations before and after the addition of 1 mmot
NaNOQ;per ml of a solution of nitrate complexes in 1 mol/ 1 HNO; ;
and comparison of the corresponding extraction coefficients, D'?

Time after addition Percentage of zones (index gives charge of ions) * Extraction caefficient™
of NaNQ, anionic neutral cationic
A, A, N K, K, K, D

Before addition - - 10.6 38.2 43.3 6.8 0.068
3h 5.8 42.5 43.0 8.6 - -
6h - 8.5 40.0 51.5 - -

24 h - 6.7 33.0 55.0 5.3 - : 0.221

144 h - 8.5 29.9 53.7 1.9 - 0.208

additional 60 h
at 60°C - 4.9 27.3 40.1 26.1 1.6 0.097

* A,_, . anionic complexes, N :neuiral complexes,
K,.3 : cationic complexes (see Fig. 3—3)
** same as distribution ratio
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Table 3.6 Extracted species of U004 TcO:i,/NO; for different HNO; and
Ui+~ concentrati ons ?¥

HNG,-molarity  Uranium loading Species in the
of the aqueous  [Ulyy (M) organic phase
phase (M)
4] 4x107*-4x10"* UQ,(TcO,), " 2TBP
0-101 [Ulpg — C UQ, (NO,), "2TBP +
™ HT<0, - 3 TBP

3X107* ~3%10"? UQ,(Te0,)(NO,) - 2TBP +
HTcO, - 3 TBP

[Ulag > 3X107>  U0,(Tc0,), - 2TBP

0.1-1 [Ulag —0 UQ,{NO,), - 2TBP +
HTeQ, - 3TBP
1077 - 1072 U, (TcQ, )(NQ,) - 2TBP +
HTcQ, - 3TBP
{Ulag > 1077 UQ, (TcC, ), - 2 TBP
(H*lag > | [Ulgg <1077 UO,(NO,), - 2TEBP +
HTcQ, - 3TBP
[Ulgqg > 1072 U0, (Te0,), - 2 TBP
Table 3.7 . Distribution of palladium in the system HNO;— NaNO:—

TBP—decane, t=20 °C, Ci5*=0.5g liter 2®

=z ENgRo,: CNaND,: CryaNO, CyaNo, CnaNo,- CNaND,
2 | . 1 2 M M o M 5 M § M
AE
L[;‘ UI Cri'iNO, Dpy C?’{NO, Dpy C‘;‘iNO, Dpy C?"{NO, Dpy c?“[NO, Dpy C?‘INO, Dpa
201 0400201 05000331 1.05] — — 0053 2.25 — — [0.082] 4.4
0.210.040( 0.4810.038) 0.90] — — Q087 .57 — — | 0.18 2.4
0.3|0.057| 0.49;0.084| 0.75] — — {043 1.16] — — {0.21 1.5
0.4|10073) 0431010 | 0.68] — — | 0.16 .83 — — |0.29 1.05
U5(0.090| 0.41,0423 | 057 — — (0.9 0.68) — — [0.36 0.76
40 [ 0.1]0039| 2.7 [0.064) 5.4 |0.062( 8.3{0.084(10.5 (0.086] 13.0(0.089{24.1
0.2}0077) 2.3 1014 | 4.0 |0.12 3.4(0.14 5.9 045 | 11.7]048 [15.7
031012 | 2.2 |06 ) 3.5 |0.07 4.6|0.22 5.5 10.20 8.3(0.258 (103
041015 | 1.9 {020 {29 [0.24 3.7|0.26 4.7 10.27 §.116.33 7.2
05(0.48 | 2.0 (0.23 | 2.7 10.28 3.4|0.0 4.0 | 0.34 4.810.42 5.5
60 0.2]10.11 | 3.5 |[0.97 | 9.3 |044 [ 12.7]0.49 |16.0 | 016 | 40 u.18 |54
031047 | 4.8 (023 | 84 |02 [ 11.170.24 145|024 |29 G.26 |41
041022 [ 49 (029 | 7.0 10.27 9.710.33 [17.0 |1 0.32 | 22 0.35 |34
051027 | 4.1 |0.37 §1 10.34 835|038 [12.7 | 0.41 | 17 0.43 {27
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Fig.3. 1 Reduction of Tc (V1) with 0.7M N,H,+HCl, Initial Tc {(VII)
concentration 1.28 <10 * M. Temperature 30°C®

NO NO
NO, NO, . HO NO,
Ru —_—
NO, NO, H,0 NO,
OH OH
Fig.3. 2 Tetra—nitro complex and cis—di —nitro complex %
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AZInnrrurul A1|ri|rrrxru] Nirutrotal K‘Hmh’cﬂ'nl Kl(nirrulol
Te L
U [RyNOING, g 1E” —— muNO‘NOqu'”TMNTIU‘T S0, ] IRuNOIH
J - 1- —_ 1. 2+
1 muuomoa;,_mm;l P [Ruuomtl)jjwmanzmmm 405) {RUNO (NO4 ] [0H)(Ho 0ty ]1* — tRuNOLOH)IH, D) |
2- - ‘ 3 — 1*
I [RUNOIND 4}3i0H}, J57— [RUNGING,1,{0HY, {H, 01 lRuNOtNUBHDHI.‘.iH.‘.O'I?l [RUNO (OH1,(H, 014 |
i
. - -
IV IRUNOING3)4iCH1y ] [RuNCINOHOHI5(H, 01 1 [RuNOOH151HA01 5 ]
l o ‘Hzo.
V. [RUNDINOSIION] (137 —— [PuNDIOH iH,0111" NG
L -N03 o
l — o
/ / Q?\

VI IRuNOQH}g 12"

Fi g. 3.3 Diagram of all mononuclear ruthenium nitrosyl nitrato complexes,
ignoring position isomers (A;.: > anionic complexes, N:neutral com -
plexes, K:.s; cationi¢c complexes) V)

1004

SO ——s

—— » perent of tolal Ru

0 v ¥ —

concentration factor

01 1 2 3 6
———— HNO3 concentrahon Cmal /1]

Fig.3. 4 Percentage of the neutral and cationic ruthenium nitrosyl nitrato
complexes as function of the HNO; concentration of the 60d old
simulated MAW concentrates (K. !cationic complexes, N :neutral
complexes )1V
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RuQ, (Velatile)

- 300 T | T T
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RuND nitrato P RuNQ nitro SOLID -
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Fig. 3. 5 Ruthenium velatility in Fig.3.6 RuQy vapor pressure curve'
nitric acid!
&
3
e =
3
no T I ; =
Hio3 B8R ’ 8 4 — —
LS, ; e, -E
100 4/7//////%///%’ 3
9 ,%?//yﬂim%% E‘ 33— —
-3 sor- :o% S 2 — —]
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g {‘r'_ // '9
= BO - /ﬁ .5 1 p— =
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70 ! I . 7 WHERE o ] 25M |
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3 Temperature, °C
Fig.3. 7 Ruthenium volatility from Fig. 3. 8 Evolution of Ru from HNO;

HNO; dissolver (no reducing
agents)

dissolver!®
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as a function of the nitric acid molarity of the agueous phase?
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Fig. 3.22 Distribution ratio of palladium as a function of the equilibrium nitric

acid concentration. Initial concentrations:ic = 6.2x10 mol dm 3,
¢ = 0.99 mol dm = 2D
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Fig.3.23 Distribution ratio of palladium as a function of the equilibrium TBP

concentration. Equilibrium concentrations of nitric acid : 1—-0.7
mol dm™, 2-2mol dm ™, 3—3 mol dm™ 27
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Fig.3.24 Logarithmic dependence of
the distribution coefficient
of palladium onthe equilib-
rium concentration of TBP
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rium concentration of the ni -
trate ion in the aqueous phase
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Fig. 3.26 Palladium extraction from

nitric acid with 30% TBP'®
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4. AEETHEB LT ¢ 5 EERIEd

4.1 SFBAE

KIETH, OEETRONFSCBENTTONEENEL L TERAISATY 3HHEITD &
Wiidkd s, CALDHEDS L, TRABRELSOAEELRELITT c ORREELT
BREBMASHA T AHEIC DO TR, KREDBICBEWTHET 5,

HeBETEONEE, TEro0aeETX2FO BB LURSK TR O L2 RE (
HERESl ) Lt kKBITE B,

(1) BAEeETROMTELSOZH

) BekTREavRRORE - e

HEeHRTERTOBBRPEBETHE 120, BN - BREOEROERTH B, LA
MOBSELAHALTORETOBALE S, AGBETROBF - BREICE, TKE
fer:, WAL, 75 v 7 AEMRE, “HBEREESIUVERLMABRELS S, T
DI3b, BELSBEO—2THBCuCI—Cl ik, RhOERELLTCHERTE
B, AR, EKCuCl, LEASLAABAERIHPIT600TC, 2EEEMATLLO
ThB, COEERMEEHBHELTHERL, KAWL TCuCl: OHPERTLDT,
MEOSVRhCl:; 285 E0HKE, RENBLIUERSEEKLET S ERhC
DHRETHEBEL, PIBLUPAPSAETE 3,
2 BRAREE (k) IY

BEBOBALETR (FlAE, 00018082 ELHESHTLHEME DO DEEERL
LTRW—0FERANHETH S, OeETHEARAE L TRILBEMA L R LZEML,
25 S EERBEICHET S, O2KETER, BREHPCETTS (P IETETH
[ATHD ). HELIGELTRATHA4EMT 288655, L L, AHEE, Rk
DRuDWTRHMREMNBEESNDIEVIEHdH L,

B, B, o VAR IBNEELHESRTV S,
3 mepgmk Y

PdBXURhEHOVTE, HE:LAFEDCSL THSBICL 2B AT
b, LHPL, RUiCODOWTREENTLSTESEHL W,
0 Fikxicxsmgd ¥

BibKBIC kB BER, PAdR2VWTHEMAMNETH S, RhBLPRuZD2VTH,
BT L h ) AMALBEE L TNa SERVLIHENHRATH L, MBEAKRTH
SHTEILT BN, PAdZ2WTHKEZIOTLENBREIRETSD 5,
5 =t osaknt @

AR TR B AER T 2 aEZL o HEKEARESI BT 2 /ETH S, O
BErEEMAESTERTEMNEF V) A TREL, #MEsEksgi ETHO 1A
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vk E L THRE Y, B RO 2 BERPICEESE 5,
6 A A vEfE

4 A VB RUBA 4 Y RBESHESN TS (Tab'e 41 ~Table 42) %, 4
AR BERS LORLOBEMMEEARATI LY, AEELEOTEI»SOD
—ES S LU HEERSTRETS B,

mﬂﬂ)%;ommw)®7nmﬁﬁu,@4ﬁ7§ﬁﬁﬁmﬁéié4Lmo@L,
Rul-DVTEAA4 Y RBEISICE VBTSN 2 AHEMSH 59, RhrERdE L
TRAAYELTS, $RBAAYELTHELETZHY, Rh(IDO 7 o ok
BRERERPCIECTEA 4+ v REFIEBCIEBREINLB 0D, P@@E{ﬁ?ﬁm?&@ﬁ}
WHTHETHEY, LoL—Hicd, AeECREETEABISHETHY, 14 %
ke L sRRLTLbEETran Y B,
T

B ER, ChETELLTCPAdRERINTE TV S, Mo Hic & @A
EThH B, DM AREICE D 5F% Table 4.3~Table 411 KFRT, KELDWT
BEAFBRELOOHEEREARZB LU T cEREE L TEIIHAREIATED, BT 5,
8 sowrsyy -0

R, 4405, A4 YRBBLOHMBr o~ 557 4 —DFA Table 4.12~
Table 4.1 5 Z/RT,

20 AfETEOHEE SR (BEERE)

1) Ru

Ruk2\WTHZEEE:Z tHBEMEEc L3208y —BITH Y, it 44 v
Bk &1z X B B FIE S 5 DD, LEZﬁ&KEﬁﬁéﬁ&uﬁm&énfwéw

a) ® g &Y -

RulCEYSMEALE (HE, Ce(N)%)AMA, RuOs ELABRMARBLT
RuOs0a2@RIE5, MEFELTRER+ 7 v -, BER, KBILF Y
v LA+-REEZREBF M) v HEBERIATY 5,

b) i dihh ek &

RuOsicxtd 2tk e LT, PIEMRE, TBP-v /7 u~s4 v (KEE2M
EmIL2F, BLU¥=trorvrrrsog st daMhEELTTBPRICLAH
BREINL TV S,

20 Pd
PAdDOmBEER v D EEHRITITS
a) oo

DAFNUT )X+ A (dimethylglvoxime :DMG), a — </ A4 v+ 4
( @ —benzoinoxime ), oxalenediamidoxine, 7 x =W —a — 1) J4s b
+ 4 (phenyl —e—pyridyl ketoxime )B X1, 2— v o7a~txdrot vy
A+ 5 (1, 2—cyclohexanedione dioxime YOI X 2B LT ONRT
W%, Zoftl, IvRICLBEBELHEEIA TV S,
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b) i
Pd-—UAFAs) i+ aitik(Pd—dimethylglyoximate Y2 v afi L
CEDHIME NS, M3 v ET Vo LDEIBP dEEKE, BRERALL 2TV
£ FF b v (methyl isobutyl ketone)iCkDHiEN 5, Pdpye
(SCN)z d~n+ v vitkhidhs, £/, Pd—p—= oV IXFry=yy
(Pd—p-nitrosodimethylaniline ) 8ffAld s nmhn b, p-—=huav 7
=47 3v (p-nitrosodiphenylamine )& EHRLF v, =T VBT
soogkisiz, 1—=toy—2—-3+27b—-n{1—nitroso—2-—naphthol J
BEU2-—=toy-1-F7 b rEEE v vCEATRBEEAS.
@ Rh4 H

RhoRBIEEANICHMOHEELRORER L - TITbh 5, B L-TEHE,

SR T EESENTH S, 24, RhiFd, BERR-RUKRRPEBOTR

ﬁZf&%W%%@L.&79/*wmﬁﬁéﬂ%oﬂ£,Rh@xﬁﬁﬁ%ﬂﬁbt

REIFHMPMODEALZIEEEY,

4.2 Sk

44%K$mf§ﬁﬁtxﬁm,%%%%m5®ﬁﬁﬁii@@ﬂmm%ﬁﬁﬁm(%mﬁ&)
ﬁﬁ%f&@.%@E%&ﬁ,ﬁﬁﬁ%ﬁ¢6®ﬂﬁﬁﬁﬁﬁﬁﬁ®~6&LTEEénTw&
@ﬁ%%ﬂ#%®éﬁﬁﬁi@ﬂ®ﬁ%%ﬁ&Lfm.Dﬁ@@°ﬁ%1@ﬁ$ﬁ%%@ﬁ
@E,ﬁi@%ﬁ@@&@%VNw%ﬁmzﬁﬁﬁ%iéﬂéoPNLﬁymwngﬁ”ﬁu.
%VNW%ﬁ%ﬁix@mﬂﬁﬁaﬁmﬁmm&%ﬁﬁﬁéct%%i,mgAJm%?TD
tz%%%bfméowg.EV~w%ﬁ&ﬁ§xiﬁ%ﬁﬁxﬁﬁﬁmﬁ%?%%m%@@
Lo EBEH (F + 2 - VE ) EMABMT 5, ma A s AbRBOTEBRB/ILYIETLS A,
%%ﬁaz&m%%¢50%®%.@m@ﬁiéntaﬁﬁﬁﬁm%L.ﬁﬁéﬂt%%ﬁz
hxv v ELTHALINARET S (MOMSEERNERBERS 7 2PTHEIEL, O
SRS NEAND ), S5, @EBAANY Vr —HLHALBTEENEL, EEAN N
yvv—m@mmiﬁﬁﬁﬁ5oPNLT@,ﬁﬁ%ﬁ+ﬁixﬁé%%@mbﬁﬁ@$%@
AMBLUORAFOHBEIRDV THEKLFOEINERET-> T 5 (Table 416, Fig
QZ)Q%Q%%.QEXﬁ&Vﬁv—&Lf@ﬁ%.ﬁﬁﬂ&bf%+ﬂﬂw%§ﬁtto
it,:ﬁﬁ%iﬁ%&méﬁazm%gmoutm,50~80P®ﬁ§z?@%ﬁ%me
ﬁﬁﬁﬁ@ﬂ%%ﬁb,%vfﬁﬁxmmﬂﬁﬁiﬁéﬁﬁﬁ@(ﬁTﬁé&EﬁE%m;é
55 2 ERMEEECKS ) EIBENS L& BBV EORRICELTNS (Table 417 Do &
B+ 3BILEBELOF 3 - VDRITOVWTHE, Eibgh20owes Llt, Fea—-wiid
-Hwt%tbfu5(mg43)cééw,%@@%ﬁﬁé@ﬁ%ﬁiﬁﬁ;UTcoﬁﬂ
£ AT\, Tabled18~Table 419 RTHRAEF TS, CDF bELEE O R T,
PABLURMZDVTREG 0~80%ORIIKKEIILTWAD, RuiDTHRuOD
ﬁ%mi@@ﬂﬁﬁ%lo~20%§TﬁTwa5°it,Tc@Eﬂﬁ%ﬁmo%%én
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PR ANy Ve —HOTRUREAEROMBESL S 5,

R REE DS OL@ETROERIC >0 TH MM EOEANRA ATV D, WED D
it, Mo—Ru—Pd&E*@ERHLALYIalb—vavik), FEMEE,SPA, RuBLU
Rh#ABRTIEBERSIT- 7 (Table 420, Fig.44~Fig.45), ZDOHER, DR
A tRTAELENENLERSTLZCEL(BL, PNLOEBRERE1373KIZXL, 823K~
1173KiEBIA2EBOF—9THb, ), 2007 AEESENTLEEHENEBETTST
E(HESETEFEBEN I ARBRNINE VTS, BLIUSBEREONEMNEL LI LI
X3, ), INTN) s ETICEREDBFTICRBATAMoEBRETE S L, BLU 4
RE¥NEPdDLBT L E—REMBCABETHLY, RuRABETHLOT, HINERKPJ
—RuBOMHESHEPTRETHZZEHMBFALL, £/, Pu(N)DYialb—v¥sr&LT
Ce(N)ARMTAEBLET, DF~200%1B T 5,

43 mBmemRmaxT ¥
Oak Ridge EIHFZ%A (ORNL) ®McDuffie 530 (&, Bz vz, WEHHZOEY

5y BETARuEPIDEBECHEELZN AL THESEAITICLERS TV L, HAM
Frew it LUyt ARu, PIdOBRER, RATREN S,

AR
log(atom% Pd)=295—-1170/T (T:.:8&E (K))
log(atom Ru)=—056—-808T

G |

Iog(atom%Pd)=4.061—3242/T
log(atom $Ru)=5905-6191/T

RPNV TR, BNET A TEROERMOM, MESBRAELOBEE SMHEL
2, Pd—-RufBEoeBmbRe LTty UTOoMHAEBELLNS
Mg,/ (U—-5wt%Cr), Mg,/ (U-11wt%Fe), La /U Ce/ U Ag/ U, Nd U,
Ag/(U-Cr), A1/Bi, Ca/U
Smith # & McDuffie ¥, FioMeem5 5, Mg/ (U-5wt%Cr), Mg/ (U
— 11wt BFe)BLUAL/Bi 2V TEREIT-1co TDOHEE Table 421 1CRT. &
Mg,/ (U-5wt%Cr)&42m9 00 Cied 2 TR, RubU-CrGaicBITL, Pd
HBMghicBFET 2 (PdBLURUMEAZFN0 L wtBMgiZBEENTVBHE ), XD
DFiz10%LlbTd a0, COFRTIHIOOTCR ERULBZEMgOERLELEL S, U~
CradofbhicU-FedsarBRELAMTR, 7T50CBEVTI0°UEDDF 25
ERTV D, 58, PTHEBROERILEIAE, RhbPdLAKOEHERLTED, #-T
RheERuDAETEETH B, £/, Al/BiEZRPd-Ru OARKIABETHBLVIHE
KEHBHLTWS,
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4.4 AEHBDE

(1. TBP

BIFC BT LHK, HEFELREBLUTcBTBPEHAEEMEENS, L
pL, SEEBSECD, BE2ERES LV TcolEkE L TERT 0B, 18R
Bl (HERF P 9L2F)H2VWESEBETBPOFERAMLELLLTHEA D,

2 CMPBIUZOHMDOIHTE) L&

ZERMGTFERETLIHHEERY YLEWELA CMP ( carbamoyimethylene —
phosphonate ) Fid, Am, CmiE -7 s F=Fietg a2Ht#E & L TEFEBRS
NTVd, BERLRERBIUTcitLTh, CMPHI0EEZ OO THERY v B
SMEILFIOEEHSREEATY B, Gorski 5P, dibutyl —NN -
diethylcarbamoylphosphonate (DBDECP ) 8L dibuthylcarbamoylmeth-
ylenephosphonate (DBDECMPY it &k %, TcOs4~™ BLUPI() OHBEER» LD
MHEHREIT>TWVWSE, Tc (L) EDBDECPEBXLUDBDECMP itk piithxh, %
#2Pd (1) i DBDECMP ik hHih& 1 5 (Pd (T) DDEDECP Iz X B3I 20T
i ), Ol F -9 2 Fig. 46 ~Fig. 491LmRd ., HITFHELP4d (T )i
REBDOSN SN, Tc (M) CHEDOLNLV, -7, TcBLPP dOMBEKEZRK
THEAZLNBLEEALN S,

H*aq+TcO4 aq+0S g @ HTcOsnS org (S REHA)

Pd2%%g+2NO3 aq+2DBDECMP ;v 2P d(NO3 )2 2DBDECMP 4ry

BH, HRACEBMNEBELMRZSEHRSOLTY 5, .

Mcisaac P12, DHDECMP ARV CHMERD» 5 T c 8L UP d % il d 2 EH#E
fT-TW5 (Table 4.22~Table 423, Fig. 410~415)  HFRF TV Fr~v
FUEBRHLTVS, TeBENML—H - L~ 02mg ml OEEICBTH, Tc
BEIHEHERGCESEL52 00, Sictkovy— 713, BBEE 0T 5 MMNHiKs 5N 5,
i, KESBERTHIEELMBETHBBEAETE, 2L 0HLEVEBALN L,
CHIHBEHADHDECMPiZfht s 4, EHBENBETI2A0THLLEBMAS LT 5,
BE, TcBEEEERRickIbDEELILNS,

H*aq+TcO4 2y ~3DHDECMP ,r; @HTcO4 3DHDECMP .,y

Pdic20W T B EHECPE{BETLCE, 2ZH EES LRSS & HELSE
FTEac WML E-TED, MBERGREA[CLEbDEEZISNS,

Pd? g +2NO3 4q +3DHDECMP o157 Pd (NO3 )z 3DHDECMP org

Schmidt 5%, tri-n-buthylphosphine oxide (TBPO)HB L0 tri—iso—
amylphosphine oxide (TTAPQ) Itk AP d OWMERL L DMHEREIT - 2
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(Fig.416~Fig.418), PAdBESBEESICEIORLEP d BEIZEEL BV,
BESERTHEQBRERBEFT S, LoL, HEHADEECY L TR—EiLHEV, 72,
MFIEPA(NOs )2 S(SEAMHA) THARAELZELLNL, WEEES BV ILHEMEF 1Y
TLBREFERTELAREPETT2EESA25M 50, CThRBEBESHBEILLE
R, 7V -LUHHABRESE T T 24D THEEEBZI 005,
B 7 vRMEA
TIVRMBEAEFERELALASELRB LU T c OENAIE LT, RO 5 EHOME
BESRESA TV S,

tri—n—octylamine (TOA} Pd, TCTEEﬁMS)
tri—caprylamine (Alamine 336) P d i 4~ 40
trilamyl amine (TLA) Pd #4

tricaprylmethylammonium (Aliquat 336) Pd, TCTHH:H:@' 8, Ug~41
trilaurylmethyl ammonium nitrate { TLMAN) Pdfﬂiﬁ{m
Manikulaj 502, BARERNE GUWMRERD 5> OPABLUTe OMEITHE, {k
FHREL AR, S, MEMRETHERLACL0F tri—n—octylamine @A T
HBHELTWV S, '
Alamine 33615V Ti&, South Carolina A%~ v rmasEnont

W5, Alamine 336 0.1M~03M%AXTBP / ruv B8 mEic L 23MBER
FRREEER» SOP dHMEMNAASLN T3 (Table 4.24, Fig. 4.19~Fig.4.20),

BEMSELFILLAELEMBENTAERICED, T 0 EOSREEREBSNL VM, Table
4.24RRBVTRENTVAELIKE, Rh, RuEMOXLELODIRIBMHDTERTTH S,
triamylamine (TLA) X trilaurylmethylammonium nitrate{ TLMAN)
L BPdOMBEERN,SDOMHEEREITHATY S, Tarapcik 5 i, TLMAN &
UTLABBIC L B3EBETN(Fig. 421 ~Fig. 422, TLADAMHA*SUBE
A RESETT ALUMCP dDREVETF5 2L 2EHBLTVE, (TLMANS X
URBITLACK AHiHEIIE, PABED LACHEVP dONEEBET T 5EMA S

LA, THE7 Y -—THHIOEBEOFE DI bDEELONRD, YR, P4dD
MERIGRERATREN S,

Pd(NO3)2( HzO):+2NH4NO; 2 (NE4):Pd (NQ3)4+2H: 0

tricaprylmethylammonium (Aliqut 336) 2Tk, FOEAYSBLUH
BILEYMICLZPdBLURMDHHVBHES 51 TWVWAS, Hanford DCampbell 58y
Aliquat 336 (10%) — ~v¥vEmiEHL, 6 MREBAREKELF ) ook
TOPHMUPpHBEEE LAKEPOPIBLIURMERMHBL TS, MHBOp HIKTE
t#%Fig.423C/Rd, Aliquat 336 DEEMRE, FHRAYE, BLURhicHT 3R
iR % Table 425 ~Table 4.27iL7Rd, Fig.4.2 4 iwREEm, % » DhE
®DAliquat 336 BBEB LUBHMBEED r A7 P VRERTH, Cs DO TIRFE
BSWDF2H 427, {tFIHEOHELUTIZRu DV TRDF=10BETH 3
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Tebrs, BHL, BT ry2=9 AZDUEMEFIOERICLIVLEAKELTODFRS
SIE LR EMNAEETHYD, D, Pd—~RhDERIENMNTEETH S (Table
428 ),

South Carolina A¥HBWv s, Aliquat 336 #TBP/ 7oy vicRAS &
BERERBOTIMBERARIOP dEZMB SR IERIITONR TV S (Table 429 ~
Table 430, Fig. 425 ~TFig.428) , PAUUAICRuBLUOZ r st
B EDBOD L, B, Aliquat 336 T RIEMHELMB/LEMEELED, @HHK
LOHBFHCHAESR SN,

X514z, Colvin 50z, Aliquat 3361cL5Pd, RhBLUTc kx4 2ty o

T TIF T4 —ERET-TOD, BIB, Aliquat 336/F VL vEEENY Tt 0

(4)

{5}

6)

oaxF L (trifluorochloroethylene ) 1) =— (Plaspon CTFE 2300) Iz
BRIE, F VU CERERITTREEIBEB LT B, TOHFLiLT7 4 — FiE(Table
4,31 )R FEFaEE, SMHBERBLID LEMAKBILT vE= 9 Atk 3EEAT
Ly, Table 432KKFTHEEZE T 5,

SAFATYAEY L (DMG) P

DMGEB LU 7oasraZH0RErGdbEcL), BHEZEELOmg A — 4 —
D Pd (carrier —free) 20884 28505, Exxon Nuclear#t @ Erikson 5T k- THE
LHTWVW5B, Pd, Ag, Cd BLURuAEHETAERER (05M~1IM 12ml )i 3ml
I DMGHEBR(FRA =4/ —n) 2MA, 1 00MBBER, ¥oKsml D/ pa
FvaEMA2AMREI T 5, ZH2B « BEERR, /oo Vs s REERSE,
EHETBEER+ 7T 0 SREERCIDE - BRBOLPIEFEERIE L, AXkick
D, RuikRDWTHRu-PABODFA4x10* LILE(HEL, BiSBoMeE LRAEINT
W), Ag#SDF>10°%, BLUCdiR>WTERDF> 104 B8 ohi, PdoDEEN
R, BUBOBEEDILYD, Yo 22 EFLLTE50~60%BLZALND, WE, Pd
O LIREE, HEEYD, DMGHATOWVWIThIZBELTHILIMTH 3,

BE{L « BOUBICERIA U fodhE

A£8%, Ruio0T, Ce (V) ORLRIGI & 2B REBA~OME S & OB RIS
ORLRIGEFHLAREES S OTHEARBEL TV S, 31, RudifEHERKIC Ce
(N)ZMATRuO2AKSYE, FFHVYTHILTE, FFh Pz TRuO: B
EPPICRuQ: KBTI, MBEET 20T, ZNE2FHNT B, FFH 20 TE,
FRIBERS G CHERT 3, XEOEREES L UHEBRBEREFig. 429 mT. TO
M5 RuMBREINIHTH LS LS, = o vl ygF LeBEH TR
EDETH 5,

'hme48KRuh%ﬂﬁLt%®m®mmﬁ%ﬂ%T?o

Z O Ol H I

(N~BleBOTERBLAALAOMBPBERICIEZASBECEBLUT c ORINEROHE
FiA& Table 433 iR d o
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4.5 AFEBE

L IHE BT LHE, A4 v RBELIEASKE RO G FED—-DEL
cEEHEsnTcwaI T Lal, cacosdE, BEETRD 2 o oBEOBHHNE,
RIGEEH 2V RLEEOHEEZFAL M ECHTZ20THY, GL~rvEH (HERE
HE)GLOn#MERMNE LLERARZDIINL, '

Hanford BV THEEN T AHLES L XUVER (IFR-IZEIT->TpH1 1~1 2iH%
ah, Bastsho—-BrRs o, YELTHBLTVWS, )icML, ZOFEK»SP d, Rh
BIUTcAERG B EABME LERRBEEB LU £2 7 - F 2 Fo8FbhT0 30,
PO HERIOERM S, TAn Y HEEDS 5P, RhBEUTe 2T 2 A
A VRBEOCHDPENTH A EDERICEL Ticzwd (Table 439), 3EHEOBA 4 v
AR, B'S Amberlite TRA—401 (4 8), Amberlite XE-238(MRHE ) &
U Dowex 1X2( B2 T, TOREEBLUVESHE BRI s, 20BE, K
TOESHESHPITE - o

(1) BEEAMELTE, M8, 7407 vB Ty 2o oBLU0KBLE7T yE=9 4 0HEH
MEYEELZON, PAdBLIURI OB ( BEE ) ol THS4 ( Tabledd0), F4
VT VBT v ES D LARHBEEBLARIGT ALY, HEROATHELTI LD g~E
Th b,

(2) FTHARIC L AWEHE VI AT, XE-238AERTHS (WEBELAZR hOEITESE),
IRA-401 8L U Dowex 1X2DORhDEERIL, XE-2380FND2{ETH 5,

B RhORBFER, COBARBVTERIINOR(CO:) HH-TWEEDEEL
bNb, HEEA A Y OEMIZED Rh(NO R(NO3) s (H0)DBEHEh ( Zh bt
Ay THENS ), BE#TS, RhBEOFEVIEAS T, Rh,0; HEKIAA 4 V&R
BIERIZIEBET AT S, RhOELSERIFTEETS 2,

4) ZAHEEMIKHTEDFER, *TCsitd L 103 ~10 " RuicfL50~13 0

BLUPCotLT5~200ToH 5B,

Foit, II~4)0EBEEK, ¢4 —#%—0OPd, RhBIUTcOENERLEERERE RV
Titbh o, EERICIE Amberlite ITRA—401 & Amberlite XE-2382@H S, 8~
10g®Rh, 19gDPdBLV19gDTcDEICHEY L T30,

Schulz éﬁﬁ@ﬁ%@cié&, Hanford® salt cake solution (%I/"\“JDF;%?&ﬂN’QCS
BIUSr2BRELALBORBELHEBLALDIICLL20T, TcOd OREMNHLILNTH
b5, Tz} 5Amberlite IRA—401KE2BREHFHEFig 455 Td. WERIC
B, A7 LERMOTO0~80BOBETL 0BOT c MRH L, BREWEES 1 MK S
PO oL, KBIVTO2E5MIBBRTED LK, Tcht6Milils LUKkTHREST /I, &
BEOT cRBEBR LSBLUTTHD, TcDERYERHBEETH -7, 5, (s,
TPRUBLU T EuiciT ADFIE, &4 1.96x10*%, 1.7x102 65 2051.3x102CH -7,
Lol, BURE - &f - BHETOLESHOT o RHEAMNMLT V3, AERERED S,
Schultz i3, Hanford D7 4 )VHBEHIK SO THERBER A4 v SHEIECLAT ¢ ©@E
RIBAEETHE LM, REBT cOBRHMICEROMBEBESLENRCLTHLLEERLT LS,
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A4 vEBkic LAk RO iz >0 T, Litof, Biorad Ag 1X8(200~
400mesh)ick3Pd —Pt —Ir OHMH (EBAK, Fig.456 )% AGWs50wX4 i
& BPd, Pt, Rh, Ag, Au, Hg, CuB kU Te ORBH ( FARE, BFEBR, 7bvE
LUAORAER, Fig 457 ~Fig.459) % svsv—svras  uatick s LiE
SRBA A Y OSEH (Kb, PAdDARELEY) Vi eniissatn s, .

SERBVWTHBANLIIIC, RuRBHEBRILEOCTHERE -t v #EE LTEEL,
OB IERBLIHEOWTROKES & DB 5, Haoxin 5id, HERME 1 4 3 KIS, g
BB A A4 2285, TBP levextrel resin BLU7vea=watbicka=tunvrirs =g A
=15 MERDABERET TS Y, ZO#MEE L CHaoxin i, 1) TBP & ZOWELE 4 +
vREBEEEICED = to YTy as b 7 PERE S DRABESH S, 2IEREME A %
YRBHIESIUEB LI VAMF v OFBICHERAETHD, T ey LESERBXRS,
ERNXT B,

4.6 WEE CGEHERRE)

Tc, Rudbr BV PdORBEREE LT, EHK, BLUHILAEZESES S LEERIZE
EMEBFHEOHAPED LN T B,

Panesko {3, Hanford @7 wh ) HENEFE®K (untreated alkaline purex
supernatant waste ) SHBA F vAEHEIZED Cs #BRELALBRTIKEENAPdILD
WT, E0ERERS TS Y, Wikt aENsTc, PABLUR OB, &4, 24ng
Sml, 136~224pg/ mIBLT15~176pg/ / mlTHbo, Tofic, ELKHHET
FELTCe, Sb, Ru, Cs, Zr BLIUNDMBSEHATHAS, FHHRIE, Fisher Scientific
HO+5—-6855FHLTVWE, BHEPDTce, PABLIURhNOEEFEEHEAFig, 4.6 00579,

COE»S, PAdERK, Tckid, BBEHMSLEBOERLZIE KOS, AERTIE, Pd
DERRE 9 8HICEL/, £/, PdORFICAKBLPKBILT vE=v aBFHHTH O,

MELZNABOVPAILDVTE, FAVT VBT v 2= LKL 2RENIHETH B(Table
441) e 74— FBELEBRBRIOEARERY D% Table 4.4 2179, FHDFRAH
330 Thoto BB, 1ERE-BEESA 7V ET > LTHFHREBPRBEELEL L >TV 3
OTHERIMTILESHY, P Ak - EHERERD NS vy 2k > TRIESICE BEIR &
EZHOND,

s i, MBERS > DTc0 OENERET>T 5 (Fig. 461 ~Fig.462)
Akatumﬂ;. Tsurumicoal HC-=-30( 223+ W F+ 23— 8~28mesh) itk 3
Na:RuNO(NO: )sOH OWBEEREZT-TV 5, TOEEBERAFig. 463 ~Fig.4.65
Rd, TNODORAS, EHKBESHENT 2ESRLESEMTECLE, 2F Ly r—%0D
AL vORFECLLOREMNEEZINS T &, pHAMHERBWTKAEYL BRRITREATERE
bbb, BL, BWELILRuDORFIRETH 5,

MR ATE R SESESEAME LT, Hazelton GOHWMENSH 5 D, Eikmd
KPAEREELTYAFy )+ 6%, £/ Rh, RuFIAL L T phenylthiourea
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(PTUDA28RIY, BERERLOLOASELERSEERAT - TV 5, BEXFLBEERY
B L ERTE, Pd, RO BIURuiLSVT, B4 43%, 11%BBLU1 9%0EAN
NENRELNTWSE (Tabled. 43, Fig, 466 ~Fig.4.67),

ARSI~ W, 235G, ()RIBICES Mo ORBIC - CRET ZERDO R %,
B BEGEREBEESELEBRRICIDBRELTVE, Z0BE, BHOp HP 2 DR
R SEONEELTVE, ARG, &bic, BEH-~7 U9 o —ERR, HHH—
ik vy —ESR, TAERB -7 v ERE-FHROMEERICE->TER u ORI
HEETH B ERNTW S,

47 X B %

AeETHRBLIUET cmBIEESEEELTE, VRBELRERHLA-L O, 2BTEO
Bmick s o, LR IEERH Lfb%ajm&bs%ﬁﬁbéﬂﬂ\% EEiid ( %ic@%&m
ZBWTER), ZTHOoOREARBRELCTVWEEZTLIONL S,

RﬁE%mm,ﬂmm444mm?ﬁﬁ%ﬁmvmt.#@Kiéﬁ@%&ﬁm@mfhu
T AL APPSR LD &SV VERTOERBTHEOEBRICE®RIT LT3 (Table 4.45),
CLTRIAINTVAASBELREZR uDATHAH, Ruid, REKE TR pHL FETH
8 0%, HHMINETRHpHIAMETHT 0% EBLTWE, 4, BRERCBESERDO
HeBRTEZOMOEBEZ Y 5L EHARESNTLS (Fig. 468~Fig.469) 7, g5,
WERIERIC ¥ A A 12 DA T, BROABOLHBROFBHSLETHO, BEIFBOLYp H
BRI EFE LG, UhL, HE2ELE, BRI BIUVZOMOXEOFELEICLDpH 6
MEETERSHBC ENTMHTS 5, BlOViz, PAdBLORhORBIC D0 THEET
W, VpHI~20RTRPABELURIAM1I 0 0FhBT 2 &, EBYEBBTLEINLE
METHEEEEZONDAZE, BLUIRWZEODVWTHR uDERICEDIEBAEFSNEC
EAERELTV S, WO W, BESL~VERPSOT c OLBMEIT >V TEBRETL,
pHIMERBNTT cAMIZF L0 0BT A LEHBLTCVS (Fig.470), £,
B LUAT c28BEKRICIDEBRNICEBER KL L EHEINTVS (Fig. 471 ),
BT, HeBTEBLUT cONBEL L TRBNLBSENNFETRS S5, EECH
BT 2MeBEro0RBs 0 " BBER (4B EECHBRI ¥ ) NEOFRSKHEL
LAHD,

FEs 24, Table 4.46 CRTHES L VEKIC2WT, (¥BeLB)/ (s
BI)LETc, RuMMBELOMBEEH TS (Fig.472~Fig.473), £, PNL
D Hazelton Embeable AAZ IR LUICEEES L ~VRBEILDOVT v a Bick 2 RiIEEE
EBREZTL, AACHEBEEIMONEFLERBREDIBS, 32g./10 0mi0y iR
MEFIC 8 SHEDOP dEPNICHHI L TW3E, LaL, Rhie20TREBRENEL, Ruic-oW
THY:BERMEAZEMIBLVEERIBVEBRESE SN TR L, FLEUEBREIROV
T7 3 v—FduERBILH (Amborane 345) I X 3B B BT EsNnA, PdiconT
68 BOEINRBHELNIZEDD (Purex 1WWE -8 134 7V BERERE -DIES ).
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RhBLUR UK DWTHMENB LN EAHAL TS Y,
gEoPE, P HEBBLAT coOMBAERICETSE L THRSE 5. &, B8, s iy
O ADBKREEMATTcO % TcO,ic@Tl, pHE®D L, AR LAFe (OH), %%
HEFELTT cOWBERAB TS (Fig.474~Fig.475),

g rus, EEON Y MmAESCORUNEIEE LT, TS FABS L BLY
ST V) ARGy vic L AR BERICERFT LT B, T2 ABS VR,
RuBSBAKR(3M) I r A8+ U Y L%MA, BWBE-EKELF ~) o212k p HE
BETLVI VBTN LEMATERT ZNEE2BREBFPNTL2HETHAS (Fig. 476),
i, V2=T7 -V )AREERBE S VETR, RuEBBRICHB Y v =7 4
(ZrO(NO) BLUZEILr 1 F(Si0,) 2MA, KEfLF YV oaTpHERD LENTS
EBABE BT A (Fig. 477), BELBETEHVTHE, EH005EILL-Th, i
10 0%PEBRABLATLE,

ZOM, FL-H- LNVOBEETROREEE LT, SEKBRAMICEER otk
£$Ua—&yyw91#VL(G—MMimmxme)KiéPd#%%wﬁﬁ%éﬂfb
5,

4.8 HEE/EHRE

oWy, mEEL AVERTOZ D VAL T AE ALY VIRED RuO, 2 TRIEL,
FREATHCELED, RuDHEZJBLT-TVWE, TOHE, 99FDRuFIREEZET
VB,

EwES P, BMEBETERLAT c /R uMBROVWTEBETV, 2ho0ERESE
Wfo, TOHE, TeHRuREELTHERLBOC &ML L (Fig. 478),

4.9 BRI

a5 ViE, PdBIURD2MBSERS, S OBEMETAREL TS, Pd o0 TIHKERE
BALL D BHABA TIEAA L NFH, RRICOWTIRREREFERICE L 3 THHAS SR -1,

$72, Carlin 59"V, BEEEhOESKIRBLUT c OBMRATIHE L, &L
HEGIE, Ag / /AgCl SHEEHBIZMLT, Pd#»-005~+01V, Rudi+0.2~404V,
Rh#8—05~+0.05V, BIUTcH—-04VTHE(HATIiEBMOBEL ) EBRNTV 5,
COEHTTIE, KEREEMLE - 03 VEETHY, RhBLUT cOBBETHEKRKEDR
HEES T &L B,

410 Z0OfonAEiE

BEY T VEGBREERMABLIBEOFCEVTABISN T3 08ELLT, v—¥ Rtk
AERALFERGHEE L, TOMGICEY, HERTEZT AR T c A HHBERE LS DB L 261
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TRV, Lrl, PAEFBHMT 2 FTEER!Y Pd oRfk o0 T, ok
{EERIGIT L SBEBITLATH 5, ‘

Lowrence Livermore W% 5 ® Chen Wiz, 197 Pg DOEMFEDTE~D L -+ - (DI
COVTHRETZIT->TW 5%, Chenlt ki 2&, OeETROBMKIBIcBLTR, v 7 vE
s srEEic AV SN BFFH (atomic—vapor photoionization process Y ik, H&MK
fc%@i‘ﬁ?{ﬁ{$~‘/7 MRS ST ELLDBERHTE AL UL, EAMNFEOEA Yy BLUHBMRE
MEDODHELLZNBEITETH S, V" Pd ORMESEDSS, 7 Pd OBIRES LU L
—H BRI BT A REMEFCRAOSH D 2 EOMBEIRH L, 1 gHich $ 1~ 28K
D% L THEDTETS B,
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Table 4.1 ITon—exchange separation based on electrostatic effects )
Metals separated* Medium Exchanger Eluent Other information
Pd(11)~PL(IV) NaCl Amberlite [RA-400(C1 ) Pd: 9-12Af KCl Pd and Pt quantitatively
Pt 2.4Af HCIO, sorbed
PA(II}-PUIV) Permutite ES(OH™) Pd: 1Af NaOH Milligram amounts
Pt 2.5M HNO,
Rh(1I)-Pd(If) 2M HCl Amberlite {IRA-400(ClL-} Rh: 2Af HCI Guantitative scparation;
Pd: 12Af HCl mMicrogram amaunis
RO(III-Py(IV) pH 2.1. Cellulose DEAE Rh: 0.1M NaCl Error 1% for 4.7 mg Pt,
0.9M NaCl Pt |M HCI 33¢ for 2.5 mg Rh
RE(IID-Ir(1V) 0.1M HCL, Amberlite IRA-400(Cl™) Rh: 2% NaCl in Bromine water maintains
2% NaCl 0.1AM HC! and iridium as Ir(1V)
5% bromine
waler ~
Ir: SM NH,OH
fotfowed by
6M HC!
Rh(III-Ir(fV) 0.84f HCl. NaCl  Amberlite IRA-400(C1"} Rh: Cerium{IV} Certum(IV} as oxidizing
solution agent
Ir: Soxhtet
cxiraction
with 64 HCl
Ie(TII}-Pd{11) 10M HC! Dowex-[{Cl") Ir: 10M HCI 99% Ir eluted: no attempt
Ir(1II)-Pi(1V) to recover Pd or Pt
Ir(IV}-Pd(IT) 2M HCl Amberlite IRA-400(CI™) Ir: 2M HCL NH,OH to reduce 1r{IV)
Pd: 12M HCl
I{IVRPYLIY) Permutite ES(OH™) Ir: [M NaOH Sodium oxalate to reduce
Pt: 2.5M HNO, Ir(1V) selectively
Ir(IV-PIV) 0.1M HCI Celiulose DEAE(OH ™) Ie: 0.1-0.4M Ascorbic acid to reduce
NaCl in 0.0[- Ir(}V) selectively
0.14f HCL,
0.035M ascorbic
acid
Pt TAf HCI
Ie(IV}-Pt{IV) IM HCI Dowex A:[(C!7) Ir: 9Af HCI NH,OH HCl to reduce Ir(IV)
P1: 50%7 HCIO, selectively
Rh(IT-1e(1 V)= 2M HCI NaCl Amberlite IRA-400(Cl1™) Pd: 9Af HC1 Ir(iV} in mixture reduced
Pd(1) Rh: 2M HCI with NH.OH -HCl
{r: Reduced with Ir{HI) in effluent oxidized
NH,OH-HCl and with cerium{IV} before
efuted with 2M recycling through
HCI column
Rh(HI}Ir{IV)- 2M HCI, NaCi Amberlite IRA-400(Cl-} Pt 2.4M HCIO, {r(IV) in mixture reduced
PYIV) with NH,OH-HCl
Rh and Ir separation as
above
Rh(IIIH-e(IV)}- ZM HCL NaCl Amberlite IRA-400(C1™) Rh: 2M HCI Combination of the above
PA(II-PUIV) Ir; 2M HCI two procedures used for
Pd: 9M HCI separation
Pu 2.4M HCIO,
If(IVPY1V} HBr Dowex-1{Br-) Pt: 8% thiourea Bromo-complexes separated:
Rh(IT-P1(}V) Br, as oxidant, N,H,-HCI
Pd(II}-P(IV). as reductant
Rh(IIIHIr(EY)
Ir{(IV)}-PE(IT-PH(IV)
Rh(III}-Ru(IV) Amberlite [RA-400(CI™) Rh: 28 HC! Cerium{IV) to prevent Ru

Ru: Not possible
even with 19
NH,0OH-HC!

reduction by resin

*(-)} means “separated from".
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Table 4.2 Ion—exchange separation based on kinetic effects )
Metals separated*® Medium Exchanger Eluent Other information
[H{IV)-Pd(II) NH,0H Amberfite IR-100(NH?)  [r 0.0254f NH,OH~ Pd retained as PA(NH,)i*:
0,025 NH,Cl Ir as anionic chloride not sarbed
Pd: M HCI
PHIV-Pd(I]} NH,OH Amberlite IR-100(NH?) Simitar procedurs as abave
Ir(1¥), PH{TIV)-Pd(![)
PA(IIRA(I[I}~ NH,OH Amberlite IR-I0(NH}) Pd: (A HCI
PUIVy-Ie(IV}
[Rh{IIE-PY{IV) Dowex-2(Cl-) Rh.Pt: removed one Effluent from cation-exchanger
le(Iv)] aller another with made acidic before passing
0.025M NH,OH-0.025M through anion-exchanger; [r
NH,Cl not recovered
PA(II)}Pt{IV) NH,OH Silica gel Pd: 0.54 HC! Static system
P{1V)-Pd(II) 0.25 M AGS0W.X4(NH) Pt: 0.25M NH,Ac Heated for 10 min to ensure
NH, Ac Pd:0.1M HCI in 909 complete formation of PA(NH,)j~
acstone
PA{II-PUIV) 0.2541 AGI-XB{Cl™) Pd: 0.253/ NH,Ac Anicn-exchanger sorbed
' NH,Ac Pt: 0.01 A HCI-0.1 M PtCli- but not Pd(NH,)i*
thiourea mixture at 80°
Pt(IV)-Rh(III) pH 2 Yarion KS(H*) Pt: water Made aikaline {pH 13) first
Rh: 1af HCI with NaCH, then acidified. with HNO,
RA(IEL-PL(IV) pH 1.5 Strongly basic anion- Rh: .23 HC Made alkaline first with NaQH
exchanger (CI~) Pu dilute NH,OH then acidified with HCY; 3.5%
Rh left on column
PA(IT~Rh(III} pH 3.5 Dowex S0(H*) Pd or Pt: water
PU[V}Rh(III) NaCl Rh: 84f HCI with heating First made basic with NaOH
at 60° and after |0 min made acidie
with HCI
Ir(1V)-RA(1ID) pH 2.8 Dowex SO(H™*) Ir: 10% chiorine water Ir{IV) reduced with 194 hydroquinone
Rh: M HCI belfore Rh precipitated :
and redissolved as cationic
complex, then 1e(111} oxidized
with chlorine gas
RAQAID-P(IY), PA(ID Combination of the
two procadures above used Tor
RAIIN-PACIN, [(IVY separation of Rh from the mixtures
Rh(IIT-PYIV), Tr(IV)
R({1I-PHIV),
PA{ID), 1e(IV)
{1V ¥-RA(IID Pytidine KU-2(H*) Rh reacts 6.5 times fasler
than Ir to form (Mpy,Cly)*
I(IV-RA{HI) Pyridine KU-2H*) With-exeess CI-, IV}
forms (Irpy,Cl,) which is
reduced with ascorbic acid to (Irpy,Cl,)-
RR(IID/IIV)- 0.5 HC, AGSOW-X4(H*) Rh or Ir: 0.5M HCk Rh and Ir do not react with
PA(II}PYIV) Q0. 1M thiourea 0.1M thiourea thivurez under these conditons
Pd or Pt: 4.5 HBr .
Ir(IV)}-RA(IID) 0.3M HCQL, Dowex 50W-X8(H™) Ir; 3M HC! Heating lor | hr on steam-bath
thiourea Rh: 6 HCI at 74° permits complete formation
of the cationic Rh-thiourez complex
PH{IV}Pd{IT) 0.02M NH,SCN, Cellulose DEAE Pt: 0.02M NH,SCN-2ZM Separation done at below 5°,
M HCI (SCHN™) HC! Pd forms P4(SCN){~ and Pt remains as PtCli~
Pd: 0.054f thicurea
PuIl-Pd(ID) pH 2 Sulphonylguanidine Pt: water Sulphonylguanidine, which
Pd: 344 HCI {orms a neutral complex with
Pd. was incorporated into
a styrene-divinyibenzene copolymer
RACIED/Ic(TI)- IM HC Styrene-8-aminoquino- Rh or Ir 3M HCI Sorbent exhibits beth ion-
Pd({1}, PHIV) line-based exchange and complex-forming properties

forming properiies

*(-) means “scparated from™; (,) means “and™; (/) means “or”; { ] indicates “a subsequent separation of these metals afier the preiiminary step shown
eq P Y siep

above it
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Table 4. 3 Solvent extraction based on electrostatic effects*V
Me1als Aqueous
separated® phase QOrganic phase Other information
Rh{II-Ir(IV) 6-7M HCl Tri-n-butyl phosphate Aqueous phase treated with H,G,
to oxidize Ir, heated at 90°
1o destroy excess peroxide
RA(HD-Ir(1V)  6M HCI Tri-n-butyl phosphate For quantitative separation, the
saturated oxidation of Ir by H.Q, is necessary in
with NaCl each of the nine extraction stages required
Rh(iID-1e(1V) GMHCE _ Tri-n-octylamine in Continuous treatmnent withichlorine
benzene gas 1o prevent Ir reduction by amine
Rh(IID-1K(IV)  6M HCI Tr-n-octylamine-loaded In presence of free chiorine, 98%;
silicone rubber foam Ir extracted while 995, Rh remained
Rh(MII-Ir{1V) HCI Diantipyrylpropyimethane  Acidic solutions containing NaCl
in dichloroethane and H,0O, evaporated to a moist salt
before dissoiving for extraction
Ru(IVOs(IV) 3-6M HC! Diantipyrylpropyimethane  Solutions containing N;H,-HCl or
B in dichioroethane N,H,-H,80, heated to reduce
Ru selectively 10 Ru(IIT)
Ru{{Il}-0s(IV) 0.1-0.3M¢ HCI Chloroform Os extracted as 2Ph,As*-OsCll-
Ph,AsCl ‘
Ru(lIN-0s(1V) 0.058M HCI Amberlite LA-1 in Os extracted then Ru oxidized to
: chloroform RuQ; and extracted with Ph, AsCl in
chloroform
Ru(llty-Os(1V) &M HBr Methyl isobuty] ketone As bromo-complexes, Os extracted
quantitatively whereas only 2 Ru
was extracted
Ru(lIN-0s(IV)  ~5M HCI Triphenylphosphine A guantilative separation is possible

in 1,2-dichioroethane

{~) means “separated {rom".

Table 4.4

il

Solvent extraction of palladium and platinum, based on kinetic effects

Agqueous phase

QOrganic phase

Cther information

Neuiral complexes
pH 2-5, aleoholic selution
of p-nitrosodimethylaniline
pH 4
HCl or HBr
HCl or HNO,

Up to 24/ HCl
6M HCI

pH 3

pH 6, 2-thenoyltriflucroacetone

Carionic complexes
NH,0OH, cenc. HCI,
S5nCl, )

Chloroform

Dimethylglyoxime-

treated silicone fubber foam
Di-n-octyl suiphide

in cyclohexane

R,S in benzene; R = Bu~CyH;, Ph

Di-n-octyl sulphoxide in benzene
Di-n-heptyl suiphoxide in
1,1,2-trichloroethane

2-Mercaptobenzothiazole in
chioroform
n-Butanol

Tri-n-hexylamine,
tri-n-octylamine. or primene
in benzene or chloroform

Five min at room temperature for Pd-p~
nitrosodimethylaniline complex formation; no
Pt reacticn for several hr
. Quantitative separation; Pd extracted

was completely recovered with 8 HNO,
Selectivity of the ligand for Pd permits its
separztion from Pt

High efficiency of Pd extraction as PdX,-2R.§
{X = NOy or C[7) from HCl or HNO,; may isolate
it from Pt

A separzlion [actor of 10° permits selective removat of Pd
Simultanzous extraction of Pd and Pt and
subsequent back-extraction of Pt with water
and Pd witk 10% dimethyiamine can separale
Pd and Pt in soiution containing Rh and Ir
Pd was quantitatively extracted and since {.834
Pt was extracted, a separation was suggested
After Pd was extracted as PdClLL,, solutien
was made 6M in HC! and Pt extracted with
butanol-acetophenone mainiy through the
hydration-soivation mechanism

Delay of 0.51 min between addition of
ammonia and HCl permits complete formation
of PA{NH,)}* while maintaining Pt in its
chloro-form
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3
Solvent extraction of rhodium and iridium , based on kinetic effects

L

Agueous phase

Organic phase

Other information

Anionic complexes
SnBr,, HBr-HCIO,, NaCl

Nal. 1M H,80, or
HCIO0,

2x 107*Mf KSCN, 24 HCI

2 x 10-'M KSCN. IM HCI,

3M LiCI

Neutral complexes

4-6M HC
0.25-2M HCI, SnCl,

1-2M HCL. 4.5-dimethyl-
2-mercaptothiazole

394 HC, SnCl,, 4.3-
dimethyl-2-mercaptothiazole
[-6M HCI, SaCl,,
diphenylthiourea

Cationic complexes
<0.05M HCI

Isopestyl alcohol
Tri-n-butyl phosphate
in toiuene

Polyurethane foam

Polyurethane foam

2-Mereaptobenzothiazole
in chloroform
2-Mcreaptobenzothiszole
in chlorolorm
Chloroform

Chloroform
3:2 v{v Chioroform-acetone

mixture

Dinonylnaphthalene-
sufphonic acid in n-heptane

Extractable Rh-stannous bromide complex formed
at room temperature; heating required for Ir
Under optimum conditions for Rh-iodide complex
formation (pH 2, heating at 70° for 1 hr), a ’
distribution coefficient ratio of Rh/Ir of 650
suggests an cfficient separation possible

Acid added arter heating the solution at 90°

for 4 hr; an average of 882 Rh extracted while
91% of Ir remained in aqueous phase

Acid added after heating the solution at 90°

for 30 min; an average of 93%2 Rh extracted;

95% 1r remained in aqueous phase

Selution boiled for 7 min; quantitative for Rh, 6-10% Ir extracted
Heating notl required: quantitative for Rh; negligible It extraction

Vigorous beiling for [ hr required for reduection and maximuem

formation of complex; both Rh and Ir extractable
Reduction and formation of complex at room temperature;
no interference by Ir

Standing for 20 min a1t room temperature for complete
Rh-diphenyithiourea complex formation:

quantitative separation of Rh and Ir.

Rh{GH), precipitated by 6 NaOH and rédissolved
with D.1A HCY; 909, Rh extracted dand recovered
with 6M HCl; 99% Ir in aqueous phase

Table 4.6

Aqueous phase

Organic phase

Other information

Anionic complexes

0.6M KSCN, 3M NH,CI

pH~3

Newiral complexes

~3M HCI

6M HCl, 1,4-diphenyl-

Triphenylphosphine in
1.2-dichloroethane

thiosemicarbazide

6M HCI, 2-mercaptoben-

zothiazote

Polyurethane foam

Chloroform

Chloroform

Heating the solution at 90° for § min
was enough for maximum formation
of Ru(SCN);~ whiie leaving Os as its
unextractable chioro-complex

Presence of SnCl, accelerates for-
mation of extractable Ru-triphenyl-
phosphine complex and reduces Os(IV)
to Jower states which form no stable
complex with the ligand

Heated 2t 100° for 10-15 min in pres-
ence of 8nCl,, Ru forms an extrac- -
table red-violet complex, but Os does
not react with the organic reagent
Aqueous phase boiled for 5 min; Ru
extracted quantitatively; less than 0.4%,
Os extracted

. ) : 31)
Solvent extraction of osmium and rutherium, based on kinetic effects
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Solvent extraction based on other effects

31)

Agueous phase

Organic phdse

Other information

Palladium and platinum
NaSCN

0.15AM KSCN, 0.54 HCL.
H,0,
KSCN

Ruthenivm and osmium

HNO,
HCIO,

HCIO,

0.2M NH,SCN, 0.4M HC

0.03-0.064f NH,SCN,
1.25-1.75M HCI

Ethyl acetate and methyl
isobutyl ketone
Polyurethane foam

Methyl isobutyl ketone

Chloroform

Peroxide-containing
diethyi ether

Hexamethylphosphoramide
in chloroform

Solution irradinted for 15 min with 300-W incandescent bulb; Pt
extracied as ion-association complex {(C,HhCyH,P*-[PUSCN) "]
with ethyl acetate then Pd as [(C H,),C,H, P~ ], [PA(SCN); ~Jwith
methy! isobutyl ketone

Under these conditions Pd is present as PA(SCN){~ and Pt as
PtCIZ~: 959 Pd extracted, but less than 23] Pt

Pd extracied as Pdpy,(SCN), at pH 6 fixed by pyridine; Pt extracted
by adjusting the pH to 2 with HCI and heating the solulion at 90°
for 4 min

Tetroxides of Ru and Os reduced with {NH),),Fe(SO,},: Os selec-
tively oxidized with 5M HNO, and extracted

Ru and Qs oxidized with HCIO, and distilled: RuQ, reduced in
10M. 4. 34 HCL OsO, reduced with 1:1 sulphanilic
acid-phenyldimethylamine mixture

The tetroxide complexes passed into five flasks; RuQ, reduced with
1:11:2, 1:3 HC: OsO, reduced with 10%, NaOH and alcohol

5 min in a boiling water-bath then Os extracled: Ru was extracted
with methyl isobulyl ketone from solution made 0.3M in NH,SCN,
1M in HC1

No interference in determination of the blue Os-SCN complex sug-
gests a method for its separation from Ru

HCIO,. 1.5-diphenylcarbo- Chlorolerm With excess of chloride OsO, is reduced 1o OsCli- which prevents its
hydrazide in ethanot reaction with the ligand; Ru(Ill) is highly extractable and can be
. separated from Os
$5-7M HC|, diphenylthiourea Chloroform Extraction of 30 pg/ml Ru as diphenylthiourea complex was not

affected by [0 mg of Os
6 HC), 2,4-thiosemi- Chloroform Heating at 100" for !10-15 min produced extractable Ru complex;
carbazide extraclion not interfered with by Qs
Table 4. 8 Solvent extraction of other platinum metal —mixtures. based on
tetroxide extraction ¥
Metals .
separated® Oxidizing agent Organic phase Other information
Ru-Rh ql, Carbon After RuQ, extraction. Rh ¢o-precipitated with
tetrachloride  Fe{OH),, redissolved in 6M HCl and separated by
the anion-exchanger Deacidite FF (C17)
103R . 103mR Ce(S0,), Carbon From H,SO, sotution, 956.237 Ru and &% Rh were
tetrachloride  extracied
WRu-'"""Rh NaQCl Carbon Afier "*Ru0Q, extraction, the solution was boiled to
tetrachloride  eliminate the contaminatton resuliing from droplets of
CCl, containing "“RuQ, and possibly some non-
extractable tetroxide
Ru-Os ina  NaClO, + NaBrQ, —_ After simultaneous distillation of Ru and Os tetrox-
mixture of ides, RuQ, reduced selectively in HC] medium and
Pt-metals 0s0, redistilled and absorbed in ethanolic NaOH
Ru-Osina Na,0,, NaOCi Curbon Afer simultaneous extraction of tetroxides at pH 3-7,
mixture of tetruchioride  Ru recovered with 6M HCI saturated with 50, and
Pt-metals Os recovered with 647 NaOH

*Notation used: (-)means “separated from”.

e e
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Solvent extraction of other platinum metal mixtures, based on kinetic

effects ¥

Melals separated®

Agqueous phase

Organic phase

Other information

Anlonic complexes
Pd-Rh

Pd-[r

Pt-Rh

Pt-Ir

Pd-Rh

Pi-Rh

Ru-Rh

Pd-Ru

Pt-Ir

Pd/Pt/Rh-Ir
Pd-Pt,/Rh
Neutrol complexes
Pd/Ru/Os-Rh.

(v
Pd-Ru

Pd~Ir

Pd-Pt-1r

Pd from Lhe
rest of Pt-
metals

Pd, Pt-Rh, ir

[Pd-Pt]
Pd-Pt, Rh, Ir
Pd-Pt-Rh
Pd~P1~-Rh=ir

[Pd=P1]
[Rh-=l7]

Pd-Pt-Rh-Ir
[Rh-Ir}

Cationfe complexes
Rh-Pd

Rh-Pt

Rh-Ir

Rh~Ru

pH |, KSCN

4.38M HBr

pH 2.5. 0.64 KSCN.
3M NHC
KSCN. pyridine

0.05-0.1M KI

1M HBr-1.5M HCIO,,
0.15M SnBr,
a-Nitroso-fi-
naphthel, 2-3A HCI

NaSCN, H,S0,

pH 3.15, 3-phenyl-3-
(2-furyl)pyrazotine
dithiocarbamate

2M HCL. di-n-
octylsulphoxide

Organic petralewn:
sulphide

Di-r-nc1yd sulphide,
decylmethyl sulphide or
dihexy! suiphide
Diethvidithiotarbamate.
KI. HCL

pH 2-3. p-nitroso
dimethylaniline

pH 5.6, 2-mercaplo-
benzothiazole
1-Mercaplobenzothiazoie

HCI, K1, 2-mercapto-
benzothiazoie
Dirnethyiglyoxime

HCL SnCl,. 2-mercapto-
benzothiazoie

HCI. K!, dipheayithiourea
HCL, SnCl,. diphenyl-
Lhipurea

0.05M HCI

Tri-n-butyl phosphate

Tri-n-butylehosphate (90%7)
in benzene

Polyurethane foam
Methyl isobutyl ketonz
Diamtipyrylpropylmethane
in ¢hleroform

Iscamyl alcohol

[soamyl alcohol
Diantipyrylmethane tn iso-

butyi aleohol-benzene
Chioroform

Benzene

Dichloracthune

Chioroform
Chleroform

Carbon tetrachloride
Weakly poluar solvents
Chiorolform

Chlorolorm
Chlerolorm

Chioreform
Chioraform

Dinonylnaphthalene-
sulphonic acid in heptane .

Solutions heated for |0 min before extraction; effective separation
of 95%, of each metal with less than 10 equilibration stages

Metals extracted as bromo-complexes recovered with 2.54f HNO,
saturaled with NalNQ,; 10 equilibration stages separated 98.5%7
Pt-99.5% Rh, 98.5% Pd-93.2%; Rh

Agueous phass heated at 907 for 5 min; extracted for | hr

Pd extracted as Pdpy.(SCN), at pH 1 adjusted with NaOH; Ru
then extracted as thiocyanate complex from 2A HCI after heating
to 907

Forms extractabie PtI~ whereas IrCli~ is reduced to unaxtractable
IrC1)~; subsequent extraction of [r by the same reagent in dichioro-
ethane achieved alter removing todide and oxidizing to [r(IV)

Pd, Pt react immedialely at ro¢m lemperature with SnBr,; Rh
requires 1-2 hrs Ir does not react

Pd forms complex with the ligand prefersntially 1o Pt and Rh

QOver 9537 Pd. Ru, Os extracted; Rh and Ir did not (orm
extractable (hiocyanate complexes
Pd extracted gquantitatively; <13/ Ru extracted

Extraction difference of 10% separation shouid be possible

Pd forms extraclable species with suiphide at room lemperature, Pt
reguires SnCly, and [t must be heated for 1.5 hr
Seicclive extraction of Pd

Conversion of chloro-complexes of Pd, Pd into Pdii~, Pul;~ accel-
crilles the reaction with the figand

Pd extraction after evaporation of extractant to dryness and miner-
aiization of residue by HNO, and H,0,

Pd compietely extracted: less than 15 Pt, Rh. Ir extracted: used for
Pd in Pt-wire

Dilferences in distribution at different temperatures and rate of
altzining squilibrivm can be utilized lor separation

Separates Pd and Pt from Rh and Ir

Pd separated lrom Pt
SacCl, accelerates formation of extractzble Rh complex

Separales Pd and Pt from Rh and ir
$nCl, accelerates formation of extractabie Rh—diphenylthiourea

complex

Solution made basic with NaOH 1o precipitate Rh, then acidic with
HCl 10 dissoive the precipitate; poor separation from Ru

*Nolation used: (-) means “separated [rom™: {,) means “and™ (/) means “or’"; ] indicates "a subsequent separation of these melals after the preliminary step

shown above ™.
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Table 4.14 Use of ion— exchange chromatography for separating the platinum
metals (flow rate 1 ml min) %%
(ol Working conditions
Metals 1o be Exchanger Eiaz:m;n E’memal detec
i ] lamet
separated (capacity) and lgn?th tof X.} mobile phase
of colurhn,|t™
mm
Nicl{=, pacli-,  [Amberlite A-26 | 450 | (,335013 | 225 |Ni~G M HCI;
piciE (4,1 —4,4meq /) 200mesh Pd, Pt—0,2 M
a HCL+ 4,9 M
HCIO;
Pd(I1), RO(IID, Spheron DEAE  © 2340 | —x100 | 254 [5 M HCl+
OHIV) 1000 (1,55 mM /)| 4+ 0.1 M HClO,
cig J|PY{NH),Cl,]  |Partisil  PXS 10 | 4,6x230 | 280 |Methanol—water
10/25 SAX (GO :40)
is- [ Pt{NHa),Cl, g-Bondapac C, 10 ‘ 5 Merthanol—
cis- [ PH{NH),Cl,] aturateg i 3,9x300 | 280 1_8;0_&*1'1?“ water
HDTMA HDTMA
(0,99 Mm)
cis-{PHNH),CL], [Hypersil ons 5 4 6100 290
trans- [ PHNH),Cl,], [sdturated with 14,6 x1350) Citrate buffer
K.PICI,, K.PICl, HDTMA : {(pH 5.00 —
1-1074 M
HDTMA

Table 4.15

Use of extraction chromatography in separating platinum metals

H X Static R Elution se-
}:f:__t; $ Carrier phase Mobile phase quence
Pd(Il), Pt(lv). |Diflon TBP Pd, Pt:3,5 M HCl; Pd= Pt Au
Au(D Au: concentrated HNG,
Py(IL}, PUIV), [KelF, - Au:ls M [ANOz; MIBK; |RhPd<
Rh(IID, Ir(IV), Porosth Rh:4 M H,S0,; Pd:3 M | <<Pt<Ir<Au
Au(1ll) HCl, *pis A Huq-m,su,,
Ir:u,f M HCI
Pd{Il), Pt(1V) |Fluoroplast-4| . Pd:3 M HSO, + 1,0 M |Pd<PL
HCIL, Pt‘.O_,i M HCI
Pd(Il), PHIV), |Whatmar [TOPO  [Pd:8 M HCIL; P42 MHNO,: | PA<Pt<Au
Au(lll) cellulose TOA Aurlae M HNO,
Pd(ID), P(1V), |Silica gel R RL:2,25 M HCl — 3,0 M [Rh«< Pd=Pt
Rh{I1l) HNOg; Pdi2,25 M HCL 4
“ 3,0 MHNO,; Pt:2 25 M
: HEL + 5,0 M HNO,
Pd(IT), Pt{iv), " " Rh, Pd:2,20 M HC! + Rh<Pd<
RB{LL), Ir(1V) 4,0 M HNOg; Pli2, 25 M| <Pl ir
. FHCL -+ 4,0 M HNOp; Ir:
2,23 MHCL 4+ 5,0 M HNO,
Pd(ll), Pt(ll), [Fluorcplast-4|PAN in |Isopropanol—chloroform (pi. pd

(PLV)]

isopenta-
nol

(L:1

32)
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Table 4.16 Batches used to test scavengers and reducing agents®

Component wt%y

Simulated FP mixture
Glass additive
Na;CO]

Scavenger oxide
Reducing agent

[T S
W W Lh b
B N (I Vs Y

100.0
Table 4.17 Compositions and noble—metal recoveries from highe. viscosity
glasses *
Component Composition (wt%s)
Pw-db-7? 25 | 25 | 25 25 | 30
Frit-1635° - 25 12.5 30 60
Glass mix® 50 25 | 375 | -—= | wwme
PO 25 25 25 25 i0
Charcoal® 2 2 2 2 4

Glass viscosity
at 1930°C (P) | " 10 80 50 120 120

Nobie Metal Recovery (%)
Palladium 84 | 79 | 80 rogr
Ruthenium 83 77| 77 f f
Rhodium - 92 83 | 87 { r

2Duplicates commercial Purex waste with minimum repro-
cessing chemicals and without criticality poiscns.

PFrit 165: O, 68 wi%o; B,O;, 10 wi%; Na,O, 13 wi%; Li0,,
7 wi%o, MgO, 1 wit%; and ZrO;, 1 wie.

°A premelted and crushed mixture of 63.1 wt% 76-101¢
frit and 36.9 wtT Na,O.

For frit-76-101, refer to footnote + in Table IV.

“Two and four times these stoichiometric amounts reguired
for reduction of the PbO.

No lead produced.
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Table 4.19

Table 4.20

. . 33
Recovery of noble metals in hot— cell experiments )
Recovery (Yo)
Experiment | Experiment | Experiment
Element 1 2 3
Palladium 76 24 77
Rhodium 57 64 58
Ruthenium 24 7 13
Technetium | Not availabie 1 11
Transuranics on surface of lead— button
Hot—cell experiments®®’
Lead-Button Size
24 g 19g
Element (ng) (mg)
Uranium 1.35 34.0
¥iNp 137 3.67
Bpy 12.1 0.43
¥ Am 5.64 0.15
2HCm 0.77 15.1
Compositions of insoluble residue and simulated residue

Composition (M%)

Residue (ave.}' Simulated residue

Fission products

Ao 16~20 (15} 20.3

% 050 ) |

d 610 (8 ) 162

Sum (70 84.6
Actin'ides

Puds 0.03~03 (0.1)f 54+ CO:
Qthers {Zr, Fe,Cr) (26)

Total (100} 10C.0

t Average composition at burn ap 33.000 MWd/t
is estimated from the composition data
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Table 4.21 The partitioning of palladium and ruthenium between two
immiscible liquid metal systemg®

- o Pd:Ru
Temp Equilibrium Concenc‘raciort {atom fraction) Pactition Ratio® Separacion
(*cy Ru Pd Ru . Pd Ru Pd Facrer
Mg Phase . -5 we 7 Cr Phase )
300 < x 1077 9.9x 10>  Lix1ot <xil0” <10™? »10° »10%
590 3.0 x 1077 Lix 107 13 x0™t Lex16™ z3x10 eox10? 3.0 x20f
-1 -3 i -3 - -4 2 6
950 4.9 % 10 1.2 x 10 1.7 x 10 2.1 x 10 2.9 x 10 5.7 x 18 1.9 x 1o
Hg Phase U-11 wt ¥ Fe Phase
750 < x 107’ Lox 0™ 3.6 x w07t <1077 2.3 %1078 »10° >10
750 5.1 x 1077 17x1e7d aex10” 1ax107 0 33x10t 1210 6.5 x 10
800 6.0 x 1077 1.8 x 107> 2.6 x 1077 1.5 « 107% 2.3 x 107% 1.2 x 16° zx 10
850 6.7 x 1077 L7 xt07 2.6x 1073 sx 108 2 xa07t 1.1x 100 4.2 %108
Al Phage Bi Phase
700 BERE 1o x10°? BT <10™7 »10%0 »101¢
700 2.0 x 1077 1.5 x 1077 a0’ 10”7 »10t0 >100 Not
750 2.0 x 1072 2.0 x 1072 a0’ <1077 »10'° »10t0 Heasurable
800 1.8 % 1072 1.8 x 1072 <™ <107’ >10t0 >1010
850 2.0 x 1072 2.0 x 1074 0”7 <1077 »16%0 »>10%0
900 2.0 x 1072 1.9 x 1072 <077 ag™’ >1p40 »1040
rzu:lcn.'mce:ru:r.zr.:l.ot\ in light phase divided by concentration in heavy phase
41)
Table 4.22 TcOy extraction as a function of temperature*
T (°C) Ky
20 1.20
30 0.74
40 0.46
50 0.29
* Organic phase : 0.8/ M DHDECMP in DEB
Aqueous phase: 3M HNO;
413
Table 4.23 Pd(Il extraction asa function of temperature*

T (°C) K,
20 1.07
30 0.91
40 0.58
50 0.32

* Organic phase : 0.81M DHDECMP in DER
Agueous phase: 2M HNO,
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Table 4.24 Distribution coefficients of fission products between agueocus nitric
acid* and 0.3 M Alamine 336 in an organic matrix with a TBP~
kerosene volumetric ratio of 0.667%¢

TEMPERATURE 25 °C

ELEMEWT DISTRIBUTION
COEFFICIENT, (ORG/AQ)

Te 0.00
Ru 0.01
P 1.95
R 0.00
k14 0.02
Y 0.00
La 0.03
Nd 0.11
Ce 0.08
Pr 0.07
sr 0.00
sm 0.04
Ba G.00
Rb 0.0¢0
Cs Q.00

* 3M HNO; (inital)

Table 4.25 E xtraction of palladium and thodium as a function of Aliquat - 336
concentration?® 48 ‘

Aliquat-336
velume 7 Rh extracted, 7 Pd extracted, %
20 89.0 99.0
10 87.1 100
5 24.7 9.4
1 4.2 80.4

@ Equal volumes of organic and aqueous phases were contacted;
the aqueous phase pH after contact was 7.9 to 8.1,

Table 4.26 Effect of diluents on extractionof rhodium and palladium with 10%
Aliquat - 336° 48

Diluent Rh extracted, %, Pd extracted, 7
Benzene 87.1 100
Cyclohexane 83.7 66.2
CCl, 82.9 100
Toluene 75.8 56.4
Amy! alcohotl 2 49.3

¢ Conditions same as Table 4.25, note a.

__51._
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Table 4.28
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Temperature, °C

9
24
30
%0

Rh extract

99,2
87.1
77.9
74.1

@ Conditions same as Table 4.25, note a.
8 100, Pd was extracted at all temperatures.

Aqueous phasc composition

H,O

3.98 HCOOH
0.14f (NHQLWGO,
0.2 HCI
12M HCI
5.0Af NH.C1
1.0M N.H,
1.0Af NH.I
6.1M HNO;
1.0M HNO,
10A HNG,
5.0 NH,NO,
1.5M NH,OH
4.0M NH.SCN

4.0M NH,SCN/1.5M NH,OH

1.0A1 H,:80,
9.0M H,S0,
5.0M (NH.3:50,
1,0Mf (NH.3:50,

[
Ln
[ =)

DAL~ e o o b
OO OO O La Lh 00 o GO Q0 Lh b3 L
Y AN B MR RNWN

98.4

98.4 -

98.4
20.3
None
98.4

« Same conditions as in Table 4.25, note a.
¥ Palladivm could not be measured by flame photometry as the
burner aspirator tube contained palladium.

) 48)
Effect of temperature on extraction of rhodium into Aliquat -336%°

ed, 7

Stripping rhodium and palladium from Aliquat -336 with several
acid and salt solutions? 48

Rhstripped, % Pd stripped, 7

Nane
18.2
18.2
None
1.3
6.3
18.2
57.3
None
None
b
9.2
70
63.6
93.7
11.9
b

9.1
18.2
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Table 4.29 Distribution coefficients of fission products between agueous nitric
acid* and 0.1 M Aliguat 336 (chloride) in an organic matrix with
a TBP,kerosene volumetric ratic of 0.6674%

ELEMENT DISTRIRUTION
COEPPICIENT (CRG/AQ)

Te 0.00
Ru 3.0
A 1.32
Rh 0.02
zZr 3.26
Y 0.04
La 0.08
na 0,08
Ce 0.11
Pr 0.08
5r 0.01
Sm 0.13
Ba n.2ol
Rb o.02
Cs 0.00

* 3M HNO; (inital)

Table 4.30 Distribution of fission products between aqueous nitric acid* and
0.1 M Aliguat 336* (nitrate) in an organic matrix witha TBP
/ kerosene volumetric ratio of 0.667

ELEMENT NISTRIBCTION
COEFFICIENT (QRG/AD)

Te 0.01
Ru 0.18
Pd 0.AY
Rh 0.02
zr 0.22
Y 0.a7
La 0.08
N4 0.l0
e 0.11
Pr 0.11
St 6.03
Sm Q.12
Sa g.02
fb 0.03
Cs 9.03

* 3M HNO; (inital)

_.53._
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Table 4.31 Approximate feed solution®?
Nat 5 M Rh 0.0l g/liter
NO3~  0.5M Pd 0.01 g/liter
NO,y 2 M Tc 0.02 g/liter
COj l M
50, 0.3M pH 1l to 12
Table 4.32 Elution of palladium from loaded column *!
voluma Palladium Rhodium
Solution ml mg % _Recovery mg
0.1M HNO, 60 <0.05
Cyele 1
8.0M HNO, 5 3,825 0.055
8.0 HNO, 5 1.620 0.025
8.0H HNC, 5 0.865 <0.01
8.0H HNC, 5 C.530
8.0M HNC4 5 0.340
8.0 HNC, 5 0.210 55.6
Hy0 5 0,074
Hz0 5 <0.005 0.6
1.54 NH,OH 5 2,520 <0.01
1.5H NH,2H 5 0.510 <0,01
1.5H NH,OH 5 0.159
1.5H NH,OH 5 0.056
1.58 NH,OH 5 0.041 24.7
H,0 5 0.022 0.2
Cyele 2
8.0M HNO, 5 0.310
B.CH HNO, 5 0.342
8. 08 HNC, 5 0.180
8.0H HNG, 5 0.115 7.
H,0 5 0.040 0.
1.5M NH,OH 5 0.349
1.5M NH,OH 5 0.075
1.5HM NH,OH 5 0.042
1,58 Nu,0H 5 0.011 3.6
H,0 5 €0.005
Cyole 3
12.0M HNO, 5 0.210
12. 04 mvo, 5 0.175
12.0H HNO, 5 0.135
12,08 HNO; S 0.065 4.4
H,0 10 <0.005
1.5M NH,OH 5 0,151
1.5M NH,OH 5 0.035
1,54 NH,OH 5 0.010
1.5 NH,OH 5 0.007 1.5
Ho0 10 <0.005

)



JAERT-M 88-188

“Pioe 21WOIg +PLIR D110|YICGIPAY
J0 P1OE S14NJ|NS 'PiDE
dri1lU R CPISE drI10(Y2aad

widjeI10Tyy : JuINyIg

59 8EF 2198 LE? 2198l (72H 72(Vdl)) 2L I
WZ Ylta Pa10B13IXa- yoeq AP1i0[Y30IpAY IPLIO|YD
ag ued> _Y(32 ], Paidelixy wniuosie|Audydes1al, w100
T alsem 28U )APp | 9Ad] —ydiy 21BUOQIED WNIpOs
2] FGp By AuOUBXDYQ| 34D 21 01
picjuey Byl wolf A13A0331 0T, 3p1%01piy wWnipog
auasoIay ; juanjrg
£ 9 £S5 A 318BM DIiayIuULY (dHIJH} ploe ny 'kd 8
stioydsouyd ([AxaylAyIa—z Y1 W1
AQPTIOIYD Wniyyt)
T1] woly uoryeredas gy 9 29y Hid~Lpy Ay SUBYIIINA |0 [(_ *(NOSIUAIUA| B
10 Prag 21I0[Y201PAH
auszuag : jpusan|i(
Ig LeF 219e] P12e 3110|4d0IPAY pd L
716 W | 0ildyg
wnajoiiod
T0A1129]]3 51 QSWA O zanboeT ‘aucrzuag ; juan{iq
"$07BIITU O juncuwe GOTIIDPE 3UN) Syl ud)roys oJ S1UBA[OS 3%3Y) Ul PAULBILED S)
09 Proe 21116 P d G
aBie| e jo 20uw3sdad oyl unuqUInba Ay oe 03 Jwiy Jue| e Fprwew o) Ayjaund 1o ( OSSN )
fg uotyejrdissird Fulwiog saye] 11 Ing cajqeisei)xe s1 pd apixojns (AYlawp '$ASED DWOS U]
jo Ajipiqissed v s1 2layl gy e RIg~Z2PF By [1o sed 110 (9821
JUIN[O0T1 FIOAQG
JHZ+ 20 [ e(Adipypdle 2UBIBPEP—U F|0A(GZ—
'21EBUBAJOIY] wnissejod (_97D°+. )2+ (Adpy g+, . Pd auazuNgolIlIu joaQg luangig
65 19' JUILIN NGTD pd G
10 BPIXCIPAY wWHIUCUIIE SMO| [0] 8B |Aprakdip . |7 *Z
“OpINCIPAY WNIPOS PIZE JEITLU 41 1M Poke|dsip §1 u01}oEdl UOI}RIIXY (U'FOGH) 211]04IBDIP }]RQOD
TIMI1JJIP ST UC11aR1IXTG — ¥oeyg Ty B~ 8T 81y JO dIBATIBPOIO|YDEXD])
(Mpuyg o {m)ny jo o2soy} p1oe 31101y201pAy 40
woed) juzra)pip A{edie| ) 8¢ gEPIqR~G P2 I1GEL{PIO® 21IN]{Ns 'P1IE DT1710 JUDZUIE  IULBDjI(] pd ¥
(IL)PJ Jo oliel uotingliysi( 98 F B ~¥ ey Hg - 93BUEBAD01Y] WNISSEIO] aueyysw [Ap1isd— g — Ajuaydi g
auelapoeq : iuan[iIqg
LS CEY B~ Tgy HIA|PIOE JlWENS 4 PIOE O1aTLy (dIOHAAH) "y €
1o ploe 21171N{poe ol loydsoydoiyiiplAXieid NE0
{oyosie
VIQEIIBIINA 10U 81 Oy Ajuo g8 gg FPETV S149PL} 1AY32W_pPI0® D11)1U— PIOE 19119 umo1) ny 'z
‘g pue an ‘sn ‘e ‘ny Juowmy 31121d 10 P1OB 211914
jw 801 *O2LH
P12 211110 waay ¥ s Q6P 31y plae J1101y2 wicyolo[yl: IusnIA(AN) L (RI2L | 1
Pa10BIIXa jou SI (N )DI] —03JPAY 10 PioE D211VIN WE| @PLi0o)y? wnjuesie |AuBydei}al
310N $20U3I9 )9y e1e(] aseyg suoanby aseyd 2ituediQ sjuawaly o

SPOY)SUl UOT1DBITXS JURA[0S SNolJea Ag s[ejdw dnoaf-wnurie[d pue wWnijauyoal

JOo AJBA0D3Y g£EF 9],




JAERI-M 88-188

Table 4.34 Distribution coefficients of some fission products :
( In brackets :cavity diameter [13)} %%

Org. Phase . 0.1Mcrown compound- 0.17M picric
acid-nitro-benzene.

Ag.Phase © 0.018M picric acid- 0.004M nitric acid
-62 % methanol.

lﬂJRu l)!Ba ‘IJTCS I4‘Ce IS’Eu

lonic diameter 2.70 338 2.07 1.99
in A
12C4(1.2-1.5) N.E 123.1 7.97 7.81 6.62
15C5(1.7-2.2) 0.084 CE 135.2 334 32.2
18C6 (2.6 -13.2) 0.071 CE 142.0 20.7 19.3

DB24C8 (4.5 -5.6) N.E - CE 124.0 11.1 8.98
DCHIBC6(2.6-3.2) N.E CE [29.9 475 12.0
DB18C6 (2.6 —3.2) 0.060 CE 168.6 10.9 9.13

N.E Total activity practically in the aqueous phase
C.E Total activity practically in the organic phase

Table 4.35 Extraction of palladium with 0.025M DPPMin benzene
from 0.1M nitric acid+ 0.01 M potassium thiocyanate
solution in the presence of .01 M additional anions %

additicnal anion Added as Extraction,
%
None - . >98
Acetate CH,COONa >99
Ascorbate CGHBOG >98
Citrate Na,CeH 0. 2H,0 >98
EDTA Na2C10H14N208.2H20 >98
Fluoride _NaF %G9
Icdide Ki >99%
OCxalate ‘ Na2c204 ‘ >98
Tartarate NaKC4H406.4H20 >98
Thiosulphate Na25203.5H2O <1
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Table 4.36 Distribution coefficients and separation factors of metal ions
with respect to Pd /11, in 0.0256M DPPM/ benzene from0.1M
HNO, solutions containing 0.01M KSCN 58}

Metal ion UDistribution Separation factor,
coefféclent, DPd(II){DM
SefITI/ 0.051 1.36 x 10°
or/III/ 0.116 5.95 x 10°
ColTI! 0.002 3.48 x 10°
cufILf ©.023 3.02 x 107
Zn/I1/ 0.025 2.78 x la°
sefIV/ 0.0086 1.16 x 104
sr/Iry .00l .55 x 10"
Ru/IIX/-Rh/11I/ ©.003" €.10 x 10°7%
Pa/Ii/ 69.5 -
RgiI/ 6.96 .99
cd/I1/ ¢.003 2.32 x 10°
Sn/Iv{ ©.282 2.46 x 10°
esit) 5.002 2.32 x 10
Eu/IIT/ 0.001 6.95 x 10"
AU/IIT/ 0.14% 4.76 x 10°
Hq/I1/ 0.487 1.43 x 10°

®
0.01lM DPFM used,

e
With respect to DPdIII[ at 0.0QlM DPPM as shown in
Fig. 3.

Table 4.37 Liquid-liguid extraction results of palladium from 0.2ZM HC1
solution and of pl'atinum from chloro platinic acid solution
with the selected petroleum oil fracti on.Concentration in the
initial aqueous phases, resp:Pd 1.6 x1072M, Pt 1.54x107° M

O,/ W= 1, contact time 15 min. ¥
Pd Pt
Extractant £ %€ £ vE
Lanp - otl 0,440 305 0,0252 | 244
A5~ fraction 353 | 997 | 00123 118

A g— fraotion 160 994 0,0232 2,25

~ fraction 144 993 00201 | 196

A

23




JAERI-M 88-188

Tabhle 4.38 Extraction of *™TcO; by (TPA) C1—HCl in CHCI365)

Aquecus phase Cxidizing agent® (lime in min} 2.9 Te extracted
H,S0,. £1.0M None 299
<I0M BrO;7 {i5) 299
0.4 M H,0: (200} 299+
€£12M Br, {15) 299
0.5 M. 1 M NaCl Br, (30 46
HClL €05 M None g9
1.0 M None 93
1.0M Br, (50) 0
HNQO,, £02M None 92
£0.2M, 0.004 M UQ,(NO,), None 88
05M None 86
1.0 M None 7
05 M BrO5 (8) 87
1.OM BrOy (&0 78
NH,OH. 05 M, 02 M NaCl None 98

* The concentrations of the oxidizing zgents were 0.01 M Br,, 0.05M BrOj, and 0.002 M
H,0,.
+42% of the "*Mo was also extracted.

Table 4.39 Pd and Rh behavior {recovery from alkaline solution
and elution) with ion— exchange resin 7

(a) RECOVERY OF RHODIUM BY ANION EXCHANGE RESINS

% Rhodium Recovered

Resin 1l min 10 min 30 min min
XE-238 - 100 100 100
IRA-400 67 95 100 100
IRA-401 55 84 100 100
IRA-402 55 90 98 100
IRA-900C 50 100 100 100
Ionac A-542 _ 34 84 86 93
Dowex 1X1 - 100 100 100
Dowex 1X2 97 100 100 100
Dowex 1X4 62 100 100 100
Dowex 1X8 : 71 96 96 100
Dowex 21K 57 98 100 100
Ionac XAX-1316 0 0 0 0
Dowex 2 , 26 55 65 72

Notes: 1 ml of resin per batch.
- Feed - 10 ml containing 186 ug Rh,
Dowex resins - 50 to 100 mesh.
Other resins - 20 to 50 mesh. :
Macroreticular resins - XE-238, IRA-90C.
Gel-type resins -‘*pther resins.
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Table 4.39 (continued)

(b RECOVERY OF PALLADIUM BY ANION EXCHANGE RESINS

$ Palladium Recovered

Resin 1l min 10 min 30 min 60 min
XE-~238 - 100 100 100
IRA-400 76 100 100 100°
IRA-401 65 100 100 100
IRA-402 61 100 100 100
IRA-900 50 100 100 100
Ionac A-542 42 100 100 lo0
Dowex 1X2 97 100 100 100
Dowex 1X4 65 100 100 100
Dowex 1X8 79 100 100 100
bowex 21K 57 100 100 100
Ionac XAX-1316 14 66 91 100
Dowex 2 39 B84 100 100

Notes: 1 ml of resin per batch.
156 ug of Pd in feed.
powex resins - 50 to 100 mesh.
Other resins - 20 to 50 mesh.

(c) BATCH ELUTION OF RHODIUM WITH HNQjx
FROM ANION EXCHANGE RESINS

t Rhodium Elution

Resin i min 3 min 5 min 10 min 20 min
XE-238 - 61 74 65 -
IRA-400 0 13 20 24 24
IRA-401 10 12 26 36 40
IRA-402 10 19 26 42 46
IRA-900 10 14 25 27 39
Ionac A-542 3 17 17 35 41
Dowex 1X1 - 61 70 €5 0
Dowex 1X2 54 72 75 64 79
Dowex 1Xd4 15 32 46 54 60
Dowex 1X8 21 34 44 44 61
Dowex 21K 14 27 60 51 62
Dowex 2 0 4 11 18 138

Notes: 1 ml of resin per batch.
Eluting solution - 10 BV of 8M HNOj at 25 °C.
Dowex resins - 50 to 100 mesh.
Other resins - 20 to 50 mesh.
Macroreticular resins - XE-238, IRA-900.
Gel-type resins - other resins,




(d)
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Table 4.39

(continued)

HNO, ELUTION OF PALLADIUM FROM ANION EXCHANGE RESINS

3
. o % Palladium Elution

Resin 1l min 3 min 5 min 10 min 20 min
XE~-238 - 0 0 0 -
IrRA-400 0 14 17 18 18
IRA-401 0 19 19 19 23
IRA-402 11 16 24 30 32
IRA-900 3 15 17 19 26
Ionac A-542 3 15 20 28 28
Dowex 1X2 ‘ 46 39 50 52 50
Dowex 1X4 27 29 38 40 38
Dowex 1X8 27 26 40 42 39
Dowex 21K : 16 38 38 46 43
bowex 2 0 3 12 14 22
Notes: 1 ml of resin per batch.

Eluting solution - 10 BV of 8M HNOj3 at 25 °C.
Dowex resins - 50 to 100 mesh. '
Other resins - 20 to 50 mesh.
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Table 440  Pdand Rh elution from Amberlite IRA 401 resin

(a) ELUTION OF RHODIUM AND PALLADIUM FROM 2-ml COLUMN
Of TRA-401 WITH-4M NHQSCN-I;SQ NHQOH AT 50 °C

Column locaded with 760 ug Rh

550 ug P4
Bed Volume pg Rh ug Pd

1 29 0

2 129 34

3 200 46

4 le8 50

5 153 52

6 112 48

Total 791 230

$ elution: Rh 104
Pd 42

() ELUTION OF RHODIUM AND PALLADIUM FROM 2-ml COLUMN
OF IRA-401 WITH 6M HNO; AND HOT 4M NH,SCN

Column loaded with 734-760 pg Rh

580 ug Pd
Eluting Solution tg_ Rh vg P4
5 BV* 6M HNO3 150-188 100-~-150
5 BV 4M NHdsCN 460 220
5 BV 4M NH4SCN 72 110
5 BV 4M NH4SCN 40 100
Total 722760 §32-580

* BY = bed volume.
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Table 4.40 Pdand Rh elution from Amberlite IRA 401 resin o0

(a) ELUTION OF RHODIUM AND PALLADIUM FROM 2-m]l COLUMN
T TRA-401 WITH-4M NHqSCN—l;ﬁﬂ NHHOH AT 50 °C

Column locaded with 760 ug Rh

550 ug P4
Bed Volume uvg Rh ug Pd

1 29 0

2 129 34

3 200 46

4 leB 50

5 153 52

6 112 48

Total 791 230

% elution: Rh 104
Pd 42

(b) ELUTION OF RHODIUM AND PALLADIUM FROM 2-ml COLUMN
OF IRA-401 WITH 6M HNO; AND HOT 44 NH,SCN

Column loaded with 734-760 upg Rh

580 pg Pd
Eluting Solution ug Rh yg Pd
5 BV* &M HNO3 150-188 100-150
5 BV 4M NH,SCN 460 220
5 BV 4M NH,SCN 72 110
5 BV 4M NH4SCN 40 100
Total 722-760 532-580

* BY = bed volume.
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Table 4.41 Palladium elution®"

Scheme Bed Volumes Elution Solution % Pd Pemoverl

A 1 H20 9
1 1M HNO, 11
5 1M HNO, 0
Total 20
B 10 Hz0 66
16 0.1 to 1M HNO, 6
10M NH,OH 24
3 4M NH,SCN 4
Total . 100
C 5 H20 ' 5
5 H;0 27
5 1,0 20
5 H,0 12
5 10M NH,OH 36
5 104 NH,OH D
Total 100
D 8 50 °C H,0 20
8 50 °C H,0 4
15 50 °C H,0 Q
15 104 NH,OH 4
Total 28
E S H,0 15.5
5 H20 21.0
5 H;0 13.0
5 HyQ c.5
5 H:0 4.9
5 H0 5.2
5 H.O 1.7
5 H20 1.4
5 H;0 1.4
5 H:0 _ 0
Cubtotal 76.6
s 10M WHLOH 6.3
5 104 NH,OH 3.2
5 4M NH4SCN 1.1
5 44 NH,SCN 0
Total 87.2
Table 4.42 Distribution of paliadium and fission products in column

feed and elution products™

Fission Products (uCi/Batch)

Pd (mg) T¥ie 1Z35b TTiRy TT7Cs MR TTw(n Total

Teed 35.6 1,038 535 12,256 23,438 106 165 37,538
Elution Product

5 BV H:0 6.2 23 16 370 828 4 6 1,247

45 BV H,;0 16.2 o 0 18 25 0 0 13

10 BV NH,OH 3.0 0 2 1 3 0 0 [

10 BV NH,.SCH 0.4 0 0 3 15 0 ] 14

1,112



Table 4.43

Reference formulations for simulated acid waste solutions

PUREX TWW

JTAERI-M 88-188

Commercial

Concentration, q/L

1.12
215
3.43
2.24
22.5%
0.022
16.0
0.80
0.092
5.67
0.47
0.022
0.%61
0.29
0.16
0.089
0.024
0.017
0.0009
0.0011
0.0013
-0.018
0.13
0.068
0.25
0.25

Element or lon

Mo
Ru
Rh
Pd
Ag
cd
Te
Cs
Ba
Ce
NG

2.4
0.62
2.79
0.29
0.85
2.36
9.67
.22
5.96
1.03
3.40
0.22
0.22
1.54
7.18
3.7%

14

74)
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Chemical composition of simulated HLW ™

- Table 4.44
Esti- Simu- Esti- Simu-
mated  lated mated lated
HLW HLW HLW HLW
{mol/f) (mol/l) (meol/fy - (mol/D)
Fe 0.038 ~0.038 La 0.0147 0.127
Cr 3.0091 0.0091 Ce 0.0330 —
Ni  0.0060 0.0060 Pr 0.0137 —
Al 0.00076 — Nd  0.0434 -
Na 0.076 0.076 Pm 0.C012 -
Mo 0,069 0. 069 Sm  0.0086 —
Te 0.015 — Eu 0.00L9 —_—
Sr 0.0165 0.0165 Gd  0.0010 —
Ba 0.0207 0.0207 Y 0. 0084 —
Cs  0.0371  0.0371 Am  0.0012 -
Rt 0.0074 0.0074 Cm 0.00025 —
Zr 0.069 0. 069 U 0.0076 —
Ru 0.034 0.034 Pu 0.00095 —
Rh  0.0080 ° 0.0080 PO, 0.0023 —
Pd 0.018 0.018 8i0, 0.0076 —
Ag  0.00085 - NO, 3.0 3.0
Cd 0.00085 — H* 2.0 2.9
Te 0.0068 0.0068 )

Table 4.45 Precipitation from simulated HLW by denitration with
formic acid and deacidification with NaOH ™
o Yield Precipitated fract_iun (%)
&1 Mo 2zr Te Ru Cs La Cr Fer  Np! Bat Srt Ag'
(a) Denitration with formic acid
2N  I1.6 69 35 27 1.0 0.10 0.004 0.3d 0.7 0.5 <19 <0.4 2.3
0.5 17.7 & 87 100 10 0.28 0.0L 3.4 08 <«2.8 <0.4 26
0.6 20.6 82 34 100 26 1.6 0.04
0.9 22,1 100 100 100 31 2.8 0.23 3.9
1.0 54 2.1 <4 <0.8 45
2.0 259 93 98 100 48 1.1 0.74 45
4.2 30.9 100 100 100 82 0.52 8.4 97
£8 3.4 100 100 100 85 1.8 18 100
5.0 45 100 <6 1.1 100
{b) Deacidification with NaQOH
0.3 205 95 84 100 38 0.9 0.006 2.7
0.5 1.2 0.5 <1.6
0.7 23.: 98 90 100 53 1.5 0.18 6.3
1.4 27.9 95 90 100 73 Q.7 0.19 66
3.6 349 95 80 100 100 2.3 6 100
4.7 385 100 84 100 94 4 24 97
6.0 440 95 100 100 100 0.6 22 93 98 20 22
7.9 57,3 83 8L 89 94 0.8 90 86
9.7 60.8 74 97 100 97 0.7 100 100
12.8  60.7 28 100 100 100 1.1 9 58

e

I Determined by tracer method

B



Table 4.46
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Composition of HLLW produced at PNC reprocessing
plant and simulated HL LW ®2

Waste from PNC®

Simulated HLLW

H* 2.0  {mol/D)
Na 0.076
Al 0.0076
Cr 0.0091
Fe 0.038
Ni 0.0060
U 0.0076
NOy- 2,28
PO 0.0023
Si0,*- 0.0076
Rb ' 0.0074
Sr 0.0165
Zr 0.069
Mo 0,069
Ru 0.034
Rh 0.0080
Pd {.018
Ag 0.00085
Cd 0.00085
Te 0.0068
Cs 0.0371
Ba 0.0207
La 0.0148
Ce 0.0321
Pr 0.0138
Sm 0.00886
Y+Nd+Eu+Gd
'Th+Dy+Ho+Er

"Tm+Yb+Lu 0.0565

Te

0.015

1.2 or 2.0 (mol/f)
0.076

0.0091

0.038

0.0060

2.28

0.0074
0.0165
0.069
0.069
0.034
0.0080
0.018

0.0068
0.0371
0.0207
0.0148
0.0321
0.0138
0.00886

La 0.0565
Carrier-free "™T¢
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Fig. 4.7 Distribution ratio of Pd (@) and Tc (X, & as a function of the
equilibrium aqueous phase concentration of HNO;at a constant
ionic strength #=3.0 (3M({H, Na) NO;). Organic phase :O, x 0.67
M DBDECMP in CCl,:® 0.69M DBDECP in CCl, *¥
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Fig.4. 8 The effect of salting— out agent concentration on the distribution

ratio of Pd at aconstant HNO: concentration. Organic phase
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Fig. 4.9 Distribution ratios of Tc and Pd as a function of the analytical

concentration of the extractant, cg, or concentration of free extractant,s.
Aqueous phase 'X,®24107°M TcO;, IMHNO,;;O039-10°M Pd (11,

3M HNQ,; @28+ 107*M Pd (I1), #=3.0 (3M (H, Na)NO,); organic phase .
® DBDECP, x®, O DBDECMP*Y
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Effect of thiocyanate concentration on the distribution of

palladium from nitric acid solutions with 0.0256M DPPM
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1--0.1M HNO,, 2 —0.01M HNO, *®
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Fig.4.36 The influence of DPPM concentration on the distribution of
palladium from 0.1M nitric acid solutions containing 0.01M
potassium thiocyanate 5%

Fig.4.37 The dependence of Dea values on the initial palladium
concentration. 0.5M HNO., 0.06M HBECl,. Curve-— 1:in
the presence of 0.01M dipy, curve — 2 . without dipy

(broken- lined part corresponds to the region where a
solid is formed) 3%

- a
\ w;\

Fig.4.38 The dependence of palladium organic phase concentration
on the molar ratio of 2,2’-dipyridyl to palladium.
0.5M HNO;, 0.001M Pd, 0.06 M HBCI, *%
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Fig.4.39 The dependence of palladium organic phase concentration on
the molar ratio of HBCI, to palladium. 0.5M HNO;,
.001M Pd. 0.01 M dipy **’

[] v
4
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%
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E‘n\;(cm

Fig.4.40 The plot of paltadium organic phase concentration against
the ratio of dipy to (dipy+Pd) concentrations. 0.5M HNOs,
0.06M HBCl,, Cpg + Cuipy = 0.0025M 39)

Q)

g chv.u,

ig CHMO,

Fig.4.41 Influence of the aqueous phase acidity on Dpe. 0.001M Pd.
0.01M dipy. a) in the presence of 0.06 M HBCl, ©b) without

HBCI, *®
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Fig. 4.42 Dependence of 1) on the time of agitation. Palladium extracted from 2M
HNGs to benzene, Cpy=1-10°M:Q1 v " v% D.O. s @10v,  v#D, O, ;
P1v./ v%ED.O.+5v,/ v DMSO:D1v./ v%ED.O.+5v./ v% DMF A®®

Fig.4.43 Dependence of D onthe time of agitation. Palladium extracted from 2M
HNO: to benzene. Cpg=1+10*M:005 v/ v G.O.1: @5v./ v#G.O. I
P05v, v G. O U+5v,/v%B DMSO:s Q05v, v% G. O. I+ 5v. v % DMFA®®

Fig.4.44 - D as a function of HNQO; concentration. Cpy=1+107*M; Curves: 1—0.5
v, v% G.O.Il in benzene: 2—0.5 v,/ v% G. 0. 1 in lacquer petroleum ;
3—-1v,/v%D.O. in benzenes 4—1 v,/ v% D.0O. in lacquer petroleum %

— 84—
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Fig. 4.46
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Influence of salts on D.Cpys =1 = 1073M; 2M HNOs; 0.5v,” v% G.O. 1.
Curves: 1—Al (NOs);: 2—LiCl; 3—NaNQ. ®

gD
‘QE
v o

g0
L
(=}

Influence of nitric acid concentrationon D after irradiation. Absorbed
dose 13 kJ+kg™, Cpy=1+107°M .a~— Extraction by 0.5 v,/ v% G. 0.1,
b~ Extraction by 1 v/ v% D.O. Curves: 1-lacquer petroleum:; 2—
benzere :lacquer petroleum =1 : 1 5 3— benzene 50
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Fig.4.47 Effect of heating lime on the formation and extrac-

tion of rhodium-thiocyanate complex. ([J) Formation;
conditions: 60-mi solutions at pH 2.4 + 0.1 containing 24.5
umoles of Rh(11]) and 0.6 mmoles of KSCN, heated at 90°.
() Extraction; conditions: 97 £ 2 mg of loam; 145 ml of
solution 24f in HCI added afier heating. $2)

100

8O

aot

% Rh EXTRACTED

Io) ¢ 1 1 ! ] L 1
E1s] 40 50 80

TIME (min)

Fig.4.49 Effect of healing time of solutions conlaining

different concentrations of thiccyanate on the extraction of

rhodium when some of the acid was added before heating;

conditions: 49+ | mg of foam; 95 ml of 1.6 x 107*Af

Rh(ID), total HC! 2M (30 mmoles of HCl added before

heating); KSCN: (@} §.6 x 1072M; (A) & x 10744, (O0)
4% 107 (O) 2 x 1073M.62)

wo -
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a
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—
g
g sof
=
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78}
£ aof
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20+
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[ 10 20 30 a0 50 60
TIME (min}
Extraction of rhodium as a function of time of

heating solutions containing different concentrations of

hydrochioric acid initialty added before heating; conditions:

49+ 1 mg of foam; 95 ml of 1.6x 107*M Rh(ill},

1.2 x 1072M in KSCN, total HCI 2M [HCI added belore

heating: (Q) 0.} mmole; {{}) 10 mmoies; {0) 30 mmoles;
(@) 80 mmoles; {A) 160 mmoles HCIL6D)

100 -

S sot
P
[&]
=4
i

= eof
(M)
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< 4or

20+

0.0 0.5 1.0 1.5 2.0
[Lictd (M
Fig.4.48 Effect of lithium chloride, added before heating of

Fig.

Fig

solutions for different times, on the gxiraction of rhodium;
conditions: 50 + I mg of foam; 95ml of sclutions of
1.6 x 10~ *Af Rh(IID), 4 x 10-3A7 KSCN, made 2M in HCl
after heating at 90° for (Q) 10 min, (CJ) 30 min, {A) 60 min.52)
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4.50 Effect of thiocyanate on the extraction of rhodium

from solutions heated for different times and containing

some hydrochioric acid added before heating; conditions:

49 + | mg of foam; 95 ml ol 1.6 x 107*A Rh(l1]), total HCl

2M (30 mmoles of HCl added before heating); heating time:

(@) 10 min; {O) 15 min; () B%Zmin; () 45 min; (O) 60
min.

100

BO -

60

40

% EXTRACTION

20+

-2.0 -1.5
log [SCN_]

.4.52  Efect of thiocyanate on the extraction of rhodium

and iridium from solutions containing acid added afier

heating; conditions: 49 + 1 mg of foam; 95 ml of 2Af HCl,

1M in LiCL (O) L.6x 107*M Rh(IIL); (A) 8x 107°M
ir(1v).62)

-.0 c.0




JAERI-M 88-188

o1}

0.01

0001}

K] 1 10
CHNOZIM

Fig.453  Distribution of Cr, Ru,Pdand Ag.”
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100 |-
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Fig.4.54 Distribution of ** TcO;between cyclohexanone and aqueous NaOH-—

NaNO; solutions.%’



JAERI-M 88-188

4)

: /D /.
0.5 : P
" -
ol
i L J
.1 —
.05 I RESIN 3¢8: £.0ml10.7 cm
L85 DlA.) 20-50 MESH IRA <0l
g i FEED: MIXED TANK 102 X AND
~ 3 TANK 103 5 SALT CAKE
SOLUTION (TABLES 5 Aidl &)
L a. o u” CONTAINING 113, Citd, ¢
TEmg— ¢ FLOW CONDITIONS: DOWNFLOW,
Z[0C, Levinr
9.9 p— hd
F N
. 0 15t LDAD CYCLE
i E
0.005 — ® Ind LOAD CYCUE
o.00! R I | TS S
q Fasd a9 60 -] 100 129 140
CUMULATIVE COLUMN VOLUMES
. . : : o .6
Fig.4.55 Anion exchange resin sorptionof **Tc from actual salt cake solution
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Fig.4.56 Réductionby H,S0: allows Pt?* to be eluted by 6M HCI prior to elution
of Pd** by 0.2M HC10,.Under reducing conditions, Ir*'may be eluted be -
fore Pt** by 2M HC1.No Au is found in any of the eluates 5®
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Fig. 4.57 Logarithmic plots of the dis-
tribution coefficients of some elements Fig.4.58 Elutioncurve for Pd (II) and
as afunction of HBr concentration at Pt (I1) 5%
0.10M thiourea and various acetone
concentrations. Open circles refer to the
batch equilibration method, closed cir -
cles to the column (elution) methed.
Percentages refer to acetone concentra -
tion.
§_
ﬁ L;f:aﬁ; ?Slg;:r:fl_ Som Ta_ . SomTe | 0874 H3c- 00IM Tu
50— in 60% acetone in 90% acetane N0 % ocelons
1.00 —W . rT
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Fig 450  Elutionof Rh (II), Ag (1), Au(I) and Pt (11).”
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Fig.4.63 Distribution ratio of tetra- Fig. 4.64 Effect of addition of organic
nitrocomplex in water (30,60,80and 100mg reagent { MB ! methylene blue, Z :zephi-
are weights of charcoal added to 300mi ramine, NR ! no reagent, Ox;i 8 -quino-
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Fig.4.65  Effect of pH(adjusted by NaOH or HNO:) ™
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Fig.4.66 Noble metals in filtrates following contact of PUREX simulated waste

by chelate—impregnated activated carbons.™

O W Pd-Filtrates 1&2. Raspectively
O. Rhb-Filrates 1&2, Aespectivaly
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Fig. 4.67 Noble metals in filtrates following contact of commercial simulated

waste by chelate— impregnated activated carbons.”™’



JAERI-M 88-188
T T T i
1L | ok
a
T2p ] ar
§ Lot E i
g
£
Zoat o T
= -3
Sos /' | sk
i
[=4
gO.L - A?" L 3 i
3 w
o2t o/ T
[v] . L Fl J r
2.t 22 0 1.8 1.6 1.4 12
[HCOOH] / (HNOy 7k
Curve (1} —@—: Simulate waste
(2) —M—: Nitric acid solution centaining
platinum group elements "F
3y —O—: Simujate waste absent. of
] piatinum group elements
{} —a—: Nitric acid 0 L :
20 22
Fig.4.68 Denitration of nitric acid Cucy .
. . . . 79 urve Q) @
solutions with formic acid -
3) —A—:
100 T T T — i —y
§::__~VH:\ Fig. 4.69
Ty
801 h
S ;
o
i -
E 80 ,;'r
2 f .
= ! -® Synthetic wasle
& a0t i 7
5 ff - Rh Pd Mo, Zr
2 A < Rh. Pd
20+ / -
!
_§__ — ._!r—'
O 1 V i 1 L A
1.2 1.4 1.6 i8 2.0 2.2 2.4
[HCOOH] / [HNO,)
97,_' T ¥ L
A

{%)

Te precipitated

-# Synthetic waste
- Rh, ', Mo, Zr

<+ Rh, Pd

] i 1 1

2 3 4 5
pH after reqction

ﬂ‘-h-
&
] T a

29 1.8 ) 3 1.2
[HCQOKI i/ [ HNGy|
Simuiate waste .
2M nitric acid solution containing
platinum group elements .

2 M nitric acid—1 M sodium nitrate
solution centaining

Denitration of nitric acid
soluticns with formic acid™®

Effect of (HCOOH),“[HNQ;] ratio on precipitation of Tc¢ by
denitrations of varicus sinthetic wastes containing platinum

group elements®!’



Fig. 4.71

Fig.4.72 .

(%)

Tc dissolved

JAERI-M 88-188

100 T T T

i -—— A7
./ .___.—-—-—"-"——.—
A
L ]
80 - = -
A calculated
e integrated
I.—""‘--..
601 . o 7
WL ® individucl
.
\\
\\
40+ ~m -
~
~
~
-
~
N
~
~
0t \\.\ -
solution volume/sludge weight = 6.6 mi/g
! 1 1 !
0 1 2 3 4

Number of repeated runs

Dissolving of Tc by repeated runs with 156.5% H.0O; solution sy

a0t I b R —""37 %9

8or r.-,\ﬁ/o & 1
8ot i
u\.

40F
a \
Q
20¢ [ . -1
L]
L]

Coprecipilation of Ru and Te( ')

o . . . . . .
08 B¢] 12 1.4 L6 1.8 29 2.2 2.4 26
[HCOOH]

[NO3I™1 §27

Open: 1,20 HNOs, Closed: 2M HNO,
* Adjusted to pH B0 with NaOH solution

Effect of molar ratio of (HCOOH),/(NGOs7) on coprecipitation
of Ru and Tc after denitration 52



JAERI-M 88-188

9
8 . 09
7 -
5 — nq_,—-::'—'_.—‘-. » . ‘07
Ve Y .
- ‘—‘\é‘*—‘ A
5 ad sa :. e -
T 4w & ] )
o 4F /" 05 3
3 =
2 oy o N L3
1 ot
Y
0 " . N " N s 1
0.8 1 1.2 1.4 16 18 2-0 22 24 28
[HCOOK]
[NC37]

Effect of molar ratio of (HCOOH) (NQO; ) cnnitrate ion

Fig.4.73
conceniration and on pH after denitration %2

=100t SR POy 3100t pogires-A—i—e—44,
s BN PN At o o \';%
- / 5 8ok / / A
s 80 . E ;,u ]‘ D’.
X - ] ! i
2 sot = 60r i i
c S i
Q -— H
= 8 L0f i
= 40F 3 o
9 g i
¢ a0} / . 5 201
Q Q
O [
S g , b
0, 7 P 0 2. 4 ] 8 10 12 14
10 10 10 pH
Concentration (M)
® 3.6x10°% Fer*, [ 3.6 10"t Fet—3x 107t Zr",

[ Fe3Qy, (K FeSO,, washing!, O Fe powder (Casting),
(P Fe powder (Casting), washing, A Fe powder (Mix-
ture), A Fe powder(Mixture}, washing, () Fe powder
(Electrolyticy, (J Fe powder (Electrolytic), washing
7 Fe pewder (Reduced),.: ¥ Fe powder (Reduced),
washing, @ Zn powder, B Mg powder,

T The coprecipitation’ powder product was wushed

with water.

Fig.4.75

Q 3.6X107% Fel"=—3.6X10" Si0s*", 4O 3.6X107
Fel* 3x1070 Zri* 1 6X1070 51047

Effect of pH on coprecipita-
tion rate®®’

Effects of concentration of

reducing agent on coprecip-
itation rate of TcO.” (%) %)

Fig.4.74



JAERI-M 88-188

T T T T l} T
) T T T 4 T T 1m | _ i
0o b—_h&q:‘n\N - '8 E:
< / A F80- E .
2 9ot \ . £
- o = i
- 1 &
© T 60 n
L3 -
£ 60 7 &
= =
[+9
S 4o - saf 4
= %
b= a3
v 20 : " - g -
g 8
0 1 AL ] ! ! I 1 0 ! i I 1 L 1
2 4 6 8 w2 . 0 2 4 5 8 10 12 14
BH : pH
A X107t AlQy =4 1071M Si0y S, O 7.5% 10" ZrCT-1.5X 107 'n Si0a?"
Ar 1.4%107% M AlOr*!, [O: 2x107'M SiOy? O 2X%X107'M 51027, @ 7.5x107 ' ZrO%"
Rut 3.7X10°™M
Fig. 4.76 Effect of pH oncoprecipita- Fig 4.77 Effect of pH oncoprecipita-
tionrate of Ru (%) 8 tion rate of Ru (%) 8%

Volatilizalion of Tc(™)
Yolatilization of Ru{"L)

500 700 ;s 900 1000
Ternperature [*C)

Calcining time: 3h for Ru, 2h for Te
[ Ru in air, M: Ru in Ar
C: Te in air,  @: Tc in Ar
2ot Ru in air alter heal-treating in Ar

Fig.4.78 Effect of calcining temperature on volatilization rates of Ru and Tc¢®*”



JAERI-M B88-188

5. ASBILESLUT ¢ OFEEIN 7 o & =

BIETHERBERELCOHEELRB LU T c OSBEINEE L THRESATHIEER
WEHE L. Lal, EEOABENG, ZEBEOERGEHAHAS OB THDLDABEI LIZA
BLEEZONS, AETH, BEERSO TV IALHELES LV T cONEEN 7o & R iC
DWTHRICHE T 5,

51 #wHEEPO0ETHETOER

S (42 EBE) AFE L -ASETREREE LT, Jensen 5993, Fig.
51~Fig. .2 RI 70 v AZEELTV S, A7 £ATH, sFfalL~LrEREE
5 ABBMPBATH S 2 ERETHBCHRIB EEFAEMA, HEETRERPICBITEE
3. TORARETELHEHE L, MEBERICLOP dOALER - FAlT 3. TR u
AMLLTERSSE, RhERuASET B, Jensenld, A7 0+ 2AF~NTHEDHEHT
BESNBLBNT VB, Lol, BASHT 575 RELGOBED, B8 sk
FORUEI SR BLETHA .

52 BAREERERLCKXETIEEX

McDuffie 550 1, 4 3HMIEERLAMgEU-Cra®trBU—Fed@icks
Ru/Pd, RhAGBMEROER,L S, FEEBRALSOHSELEAEELLTUTO 7o+
AERBLTV S,

1) RNEBRBEEAMg EHICBEEST 5, Mok LU TcidMgiz RABETHH, Ru, Rh, Pd,

AgBLIUCIRERMT %,

2) wREMg#A, U-Cr&& (950C)%4iRU-Fed4 (T750C) LEMSIE S, Ru
DAHBMg S UESE~BITT 5,

3 U-CrégiksoitMg(HEETEEEEL M VMg) 2EMEY, PdBIURMER
%4 5,

4/ RuBFH (U-Cr&2) 2HHORTET 5, ORI Ru->"" R PdB LT Ru
'SP RhADOHEBENETT B, D%, BUMgit kY PAdBLURNZ58T 5, JEHUH
HORNBLUPIESHMg BB, BEOHETRhELUPdOMEESETREL
AN
UL, SRFSEEGO RuBiE, FIMOMULBEETHI0 g/ MT ( #HEE 28000

MWD MT, ORIGEN2 - FRZLXBHBEHER) THE2DT, A7 A THONIIIEK

HHEOPIdBEAEIHHTLRB LD LELONS (RAIEHFTHETSPIBRINB850g

SMT ),



JAERT -M BB-188

W, K70 ATEEEMHBORELEEREETH D, McDuffiebid, HIZEs v ¥
WEDFERLEZ L ERRTHE,

5.3 BAEmAdEERLLITETAER

Liljenzin®® 13, v/ 3=ri%k, BALELEBIOT cONMENEHYE LCTH
7o+ A ERELTWS(Fig. 6.3 ~Fig. 54 ), R7o+tA{X, HDEHP (di-2—
ethylhexylphosphoric acid )BIUTRPIz L4 3EBOREMEBTE, BXUWETL
Bhoflkshd, TBPIEH TR TR, KiEHoMHBEREL, £3EZHOHDEHPHME L
BAmid THBEEEAHEES 2L, ASBELFEBLIT T oS THsd, TBPDE
BR50%TH0, HFRARX oy vy THE L, FMBHRIIMEBETITO, BA 4+ viBEiLX
DfEsld 3, Liljenzinld, AAHEICEIDPdY99.99%, RuT7%, Tc9THDEINENIE
bhbdERBNTiNE,
W50,

Horwitze & tricaprylmethylammonium nitrate it X35 L < LEERH»HL
ODPAdBLU TN ARBRBEL TS, BELL T, tricaprylmethylammonium
nitrate #FRF (P FuxvEY, JA4y Ty Ey, FvLy, FFIvy, &
ovy, MEMREZ DCIDLIMEZERLZ DZA WS, Pd » TcEN 7o RIFR
DBENTH D, HEEE LSM~3MOE L N VEREIERE 2 EMIYE, PAdBLUTc®
M4 5, COBALTEUADOTELEBEEI NS, 001 ~1MHBICLLR7 50 7 %fT
7% (Zr1r, MoBRE), SMBERICLZOPAdBEUT c ZERANCTEMB T 5. BIEIE,
Np, PuBas8ATHh30TIMFE~ 0 I MIERIZEZDESRL, V¥4 70T 5,
Horwitze i, A7 0 AT - TEBIZ 3300 0MWD MTDE L ~vEER (0.5 9m
SMT ) ZHEELAEBRERIC OV TERAZTY, PAdISHBIT TcIOBDEIITEKIIL
TWd, 538, PAd—TcRHOHESBHIZOVTHE, KO7oABREINTV S,

1) HEBENOHIBERERZESE 5,

2) B#EiAZH, SOJIcEMRL, B 2MATPdO 2B ETELLFNNT %,

3) Tcecliz2WwTREHEDONT 5,

5 AFXTHETMEI/IOTIIIST 74 —ERLETEHTOER

4, 5 T~k i, Hanford T, BAEREEAPMNEL, FEO%, TDLEH

BHDOPd, REBIUT c2EBA 4 Y REECLDDELRNT 2EZEBRETHAT S

Panesko ™3, 2o EB7— 4 £ Klc, Fig. 5.6 ~Fig. 5.8CA%Pd, RhBEU
TeDER - HBHToAEZRHEL TS, A7 2T, % Fmethyltricaprylammonium
chloride (MTC) 8B A7 o2V I/I o~ b 37 o -t XD PdESBHL (BER
WBREKBILELT Y 2= LADHELTITY ), RICXE238BA 4 vy RXBMIFEEZHVTRLE
FUTcANBTH (AEBEEIERCES ), KBbLT7T 2o ot X0EHLAP dORESEE
i, ROFMRIK KB,




JAERI-M 88-188

RBEFHFR—-FRICIEBIRM—>Pd (NHs)2Cl B —~Pd (NH: ) C1p LKA > i
BB E - W~ dimethylglyoxime-ethanol BM—kE (EVEL )

Rh./TcONBMBHEEIROFEILX B,

m@@%(Ru.ﬂth%E.Tc®&%ﬁ)ﬂﬁ%ﬁﬁﬁéﬁﬁ*£$@mﬁﬁﬁmﬁ
TRV AEN-EE(500C, 8E) ~BH-ERE-pHAL (8~10 ) -FAk—is
BRBR-MBER>KCEE-TERES FY v 2EM—>p HE% ( pHS ) > NHC 1 5Rin—
BTN (bl )

Panesko @, MRAZDOPd " RhAHEL Y0 c A ESOT g BEOEREIT-TWV 5,
RF7OEATH, bEOLHMBEBRTHAG LV NABERADNE LEREAHENMEL LT
BD, 7o APicBB0TLEERMT ABENE 0, T, v b7 ) —08LAH»SIZA
MEERDTHAD,

55 ERExE#Dh0ETEZTIOEX

Carlin oWy, Beum - fih - B¥ - KB 7o e X CBEEL 7o wR LAMAADE
B EERZELTWS(Fig.5.9), FIAEFig. 5.9 @ikmRL~Z7owxTR, Tc,
Pd, RuBIURhEZGUBUEBBEL LU TERIBETEAELDET L L EL TV B,

1) 748 —TAREBHEER h 2F3T 5,

2 PRAEERETTH, EBICIDRELAEBRBANMA, IOBEEIS B RERE
RhzxiFdld s, KEFCIDEDOR WSS S,

3) BEEGCROBRICEIERRENL, BETH Lk, Tc-RutPd&arnld
So y#ELIcP did, ERECETRET S,

4) JTHELTc Ruik2>0Tid, BRELHYO L, ToraliENL, £ ¥
L AEHETH. COMHTHE, TclREBMIKED, RuldAkiFicE2, kiz, Tc®
BUTHHEZARASKEHEL, v Yy ERS(ET Py US4 7 vER ), TOREFERK
KKBRIET v =2 6%MA, TchibE - BH (NHiTcO) &E 5L,

5 LBLTVATERESNAZRWCDOTE, FHBEBAKES ) v LA NARMBOR, BHELD
FEICLDERT S,

KEHE T2 RATHE, HBZLRWEBIUT cOBRBETLEULBEVLDOKIZEOREEZES &,

Wo AL T cWBERLSVIE, IHLALPAERIDFEESELE W ELED
MBaNrHD, HREREE, 7V - FE8H, ERETLBNERABELEORINFLETH S,



JAERI-M 88-188

AGUEQUS CHEMICALS AND GLASS FORMERS

Lauic
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PULSE-AGITATED
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FEED TANK
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TANK CANISTER R
TO PGM RECOVERY GLASS
CANISTER
Fig.5. 1 Conceptual flow sheet for recovery of noble metals using

once—through scavenging, 3%
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REDUCE

b 4
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TO

RECYCLE
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. . e . . . 33y
Fig.5 2 Block diagram of purification of platinum metals extracted in lead
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Fig. 5.5 Conceptual flow sketch —paliadium recovery and elution®”’
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Fig.b. 6 Conceptual flow sketch—rhodium and technetium recovery and elution®”
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Fig.5. 9 Ru, Pd, Rh and Tc¢ recovery process using electrolytic cells®®
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Fig.5.9 (continued)
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