Homogenous Recycling of Transuranium _lemenis from [rraliiale[]
las[Reaclor [uel [y [Te (IR Dollenl ] [raclion [Irocess

RITaMMallblI1]! Dal Il MalITTI11}> S Tal BT MILalCalll L ACTTTalJGLIILP
Xal[MHHIILE Mal TIEM M) G M UL MOHI? CLIE L SEITL?
RibMTalllL* ALTTTaIW IS

U T TalCrr O/ DG JCIMTROTallm I CLTIT DI T allG, KalliiT 1) GIITlal 1]

2Ka TECI CCT EEE LTI (KIT), TECITITT N I al WalllID T Tal(IN ),
KalT 1) GODall]

PFONDAMITAMT OMHaDAMO I OIOCD OIS NOITa0 D I
RiTalltIDITalim (T MIMII T al TF T ROCCTIITPITTIIITL € A Ma JBa [T
CLI Flalrn

4 NalllTal N[ TIal LablTalllT] C[TITal Lab[Talllll] SIEIT] StalTal CA20 1PG, UL
KT

S FLOTLLT LI JOMOGObH, TCCMIT T (O (T K M a M ONCC A
CHT T (R Ca AT T J O GO a

[Illslracl]

TLL URO-GAN X [IILITT Cal) (LTI IT) (0 (I alal ) (TalTITA [T (I (LI (00T
(& (1@ (M0 (T 00T A CEOMIH- (T O0a OO (0 [Ma CECCHEC I all
[TTECMOITT (AT a OO CIT a CITH (D) (OO X (& (T8 [0 O (0 ( Calb ) LI
UsoP (30 [@CITTa I ITTTTTT T8 MIT1120% P O Ca DI a (0 [ [0 (0 CEIO T (I O
(LI Cla ) CIT L I HNOs, FOLL (I (Tal 10T DallITalallil 1> 99.9% [a
(MWall) (OO0 (LA W ol 1.0 /L D HBA (1, -CI@-
CITCIICL YT I () (10 TPH (CLLIII LAl [MEIIIIT) all [0 (ITall (Talll T
(& (I (0 (LI (00 (OO0 COCCL) (O M 10 UL PO Da DI DI (Ma (LT

CLCIM) () OO (ORI 100 (0 URO-GAN X [IIH-(111L) TRU all] CIOCITE CIITLLL]
ATl OO0 O (TR0 [ a OO0 (00 (0000 00 0.2 O/ TODGA
(1,0, OG- IO T 0 (1) al1]0.5 [C/L DMDOH MA (L, &0 (=0, DS
CITLIT2-(2-COLCIIT ALY Calllal (1) CIIIE M (D80, (@ M I (1 [
OO a0 OO (T S Co O (O TRU O OO0 OO (I O O (0
(LT (Mall D) OO e (LI (LT IEI0 0.055 DL/L SO3-PL+BTP (2,6-bL1(5,6-
1




(13- LI TITTN)-1,2,4- (M 10:3-CO)CLININT] (&0 [al) alll 100/  AHA
(al LTI 1Tl (MallT) (0.5 [ C/L HNOs; @I (A [ I 0,01 O C7L
HNO;. ALLIITTall199.9% [IITRU all IIHMTal0.1% [T @ T LI 0 CO0 L]

(METETTE T Ty T a M CETTa e T Ca M Hma i T Z Cal TTME

FLow-soooon
[loOmOos D e

OOROMOOOOD MOODO0 000000 OOO0OOMMTRO DOOOROTI O

FLow-soooon
[loOmOos D e

(n(roluclion

(LI T T T b alllT I MTal) Dlala ITall] 165,000 [ LI [TET T Calllal]

(TalI) (10 (Tald OO0 COCTa O (Ot 10 (00 a0 allim 10,000 O CI0m I (0

(T At MalTC T Tall T al T Tallll

TEOTATIT COCTar o) CETTTE F EET T Ja CET O T (Ma CTa T ] (Ta [TaCTIE T fa e 1
al 11T Mallm 0.60.7%, OO0 COCTE T ) (0 CECm (T a ) b OO 0] [0 (L
AT @ MO CETE I COCra CIT CETAT ) CI (1) (0] a (Mab [0 (O T allll]

b [ (T a OO Ca Ob O O a CH CECa CET O AT (I Ja (I L) A ,

LODE) O I Ha b T

B I T (O (a1 ] al I T al Ty CET T ] CEET DT CTTI I (O T

O COT ) (T ], ad T M F @) M CafTaoa I CECD COi] MO T T b O

17%.%* A IO OO Ca O'b Da [T b O O CIE I COIm ] (Ta O

(MM a Al (OO al 7 CEITET (O CET T CTal i) I N O Catmrat i ta




OIm b0 I [0 00 Caln? F OO0 O OO (O 0 a0 CO0) (0 (I
(a[TTa [T Ca (I (10 Ca i) (0 (0 CIC O T a OO OO (A OO T 0 OO (Mb (I

(O (M OO EE B CEmE M Da MO A T O (T T O L) CTa i, [

(T T altd O OO [0 [0 (a OCra e (0 CIIT] [Daldid

M), A O A (1 Cra b i) OO bOal T b O a il (T ala ] ]
(M a MM O M Ca O OO, a0 OO0 a0 (000, OO0 O MTa [0 M [MallD
MMa I T Oa dm(HLW) OO 10 O Cally (T a CI o ra CE O O AT
U Calmatlfat ity al T MEa LT I In (I enma e EImeean T

WD M PUR - X (LT Cratimey () CET ) CIT T I (T afa iy Cra i
al LTI CIL ] AL Tb DT T T I IOE T e EEEI ) D Tal Tha ) (e a
CO O (OO CEO) T T O AT (0@ OO OO P L0 OO0 (A f& ] (b (7D 00

Dalllal T a (T a ) COC I LT (T T O Cal) Enn “all
b T CT T (I ) (A LT (] CT T Ta i T M @b [(Talme

Mallll] [(TalIT T T alll i ) PO CETTTT A M () CI) (TN (a CTTa LI (1) CIITTT)
(T T T Ma (10 CICIT T b CI0 (0 (T a CTITT T a (1 A0 S CT ) S O (T
(LT CEIT o Ca I CE T a0 [A T T AT T alll CiTallballl] [T TBP (=G

b T Al [ITalIil ] @ T alTallal 00 alab I [ T TU(VI) allIPL(IV) all
(0 Mam T 03000000 (0 0 M0 a 000 00 MO0 Ta 00 b0 MO0 a 00011
(1A (10 a0 0 [T 0 00100 010 OO0 000 000 0 000 a 00000 010 FPL) [
[(T01) (WAl (I (T&0) @ITalini) FOO (Talbom) M0 CHALM X (L7 (I a [0
(TTaMIIT CIML4-BTBP (6,6b11(5,5,8,8- 1Tl 1 [111-5,6,7,8-MTa T T TT+b[TT1+1,2,4-[Ma[1+3-
(12,2 &b M Frrm)o- (IIITBP (I (Ma (1 DM T Ha O LI T Tal 11
[TIFS-13 ( (MM (OO ([ C (TR OO U alJTRU OI0 CIIO0
M OO T 000 Ma 00D Ca0 000 M b 00 OGO b 010 M0 MHa 111114
(LI - TR ]

A I T O 0 CO ) 00 (00U I S @ W) (AT (00 (T Ta i (A O D
AL(VI), DallI] [T dab b [0 TBP LI T Tall [TTal I a2 T O
0 (0 CS (I (T (IO O O (O (U, N POalTA L.

TLO Al GAN X (LI al T al[MIT) CIMTTITCal] allll al Il

C A (CLOOMIATE M a [0 0 (a0 (T [T ) (F @ CS-16 IO T
(D00 0 OO [ OO0 A0 000 000 000 [@ 000 Da 00 0 (a0 a0 00 00000 OO0 00 00
(T (a4 ) (00 (I0(TRU: N PO AL, CL).




T OO OO T CITTD Mbal10) [ a (O UV CCTa T (0 ald al T CTalld 1
al [1111Mallll 5 (/L HNOs (I D HBA (L], [-LI(2- LI I T IIbL Al (1] FILID 1)
CIT T M TPH (CECIT T T a i) (i LT, al) M TIME Ca T i CIT L C T I T
al [INOall T Hal T T Tbb b LTI [Ma [TTTbb T [T al1.5 /L HNOs all]
(T O LI A 00 [ MO TRU a1 M CIM ) CIC T T (FPY) - (0 (0 I (A T
(HAR). U(VI) [DETTI T CIOIETT (I [ CIatm (Ta i i o.01 O E/L HNOs. T EC
GAN X (117 [albl) (I LTIl (01 (M ATLANT - falllalJiirC A (110 a (I
a [T CIE ] OO AT (I O fma e (O LT

T D@ A [T O WO O OO (OO O T O GAN . X L) OCTRU (L
all E, M- a1l (TalallDalllIIID) all OTaROIN alld COOOCOIIN OO0 TRU,
[@lIalinr) Y, MO T ZUall FOall (LTI [T1Ta (OTCL Mt DMDOH MA
(0, & LD =0, OS2 -(2- LI I DallTal M8 FIOIIml) alJHD  HP (LI(2-
OO YOOI T M alln) FOT0 1) COOD W TPH. SOOI (I (a1 Tal]
(1) (100 (OO0 F ) MO RO T Ca 0 CmIT 0 0 m00.4 O C/L CiTalMalTH [12.7, MITTRU

a1l [T (T e I (AT 0.5 O C/L D-(2- CEE T T DY CTIT AT Ta O (T T T
allll(H DTA) al1]0.5 OLI/L [IMalllalllH = 3 OH0.1 CC/L LTI T T Ta, allllllalla

T T al T (V). Fialn) L Z0al O FOall M b0 0.5 DC/L [Tl
al[lllal1]0.2 /L T DGA ([MIACIETICIIIITIT A D). TEO T GAN X [ falJallld
b LI CITIA M T (MITJATLANT - [l alimiiC A CIII) (0] COTT a CIT ) fa (e T (I

[0 (MO O T A0 (OO OO0 O (00 Cb [ (0 M0 a OO & M0 O T [Th O
(T M CTETT I I IO e fa [ T CTma T al T CH LTI CIO T (T

10 [0 a0 (O (O 0 URATOM [IITalll] CITIIIL) ACS PT,% all alliTallll] GAN X
(T M AT T T da OO T T URO-GAN X LI TEHa T Ta (0 (T O
TRU [N 00 ballD [T (0 OO (Da (OO0 QallD CO0bI0 BTP O CIICCI (I
(D) (T MD 00D [ I Da D (00 G0 [0 [0 M0 E a0 O MTab 0]
(IO e LT T T LI e 0 (O T ) CO ) (T T O O (O LTI T .

TII] URO-GAN X [IIIT1I100.2 OC/L TODGA (1, [, DG A MITa- LI LI Ta l 1)
FIITTTI1)2! + 0.5 [ [1/L DMDOH MA [ [TITT1D80 (a [TTIIITTI Iy, T+
(T IINL(VI), PLIV), AC(II), COI) al L) (00 MOGAN X (O & (0Tl
25 alMalab TP (TV) Mallll [al a1 (1Jm40 /L (O (a0 (0 L Ta ]y
M Da [ MO IMIINT]26 DMDOH MA [N Ma [T alMala [Ta 00 CEI

b LI OO0 (00 (OO (A G T OadTa0 M0 O1a [MA IV) O 000 O OO0 OO
TalJ AL(II).2” HLII1] DMDOH MA [Jallallll [ITIIbB I [0 PHIV) (LA ZI(IV) all]




PL(ID) allJJall T [IIITICDTA ([Tl 141,2- [T [ Tal I 11 [T Taa [ T1Tal 10} FIOIT112);28 [T+
(T 111 S al 1] FL(IT) alll (I1Tbb[11 [111110.5 [ [/ HNOs. TRU alll [IDII L] (0] (107

(a0 T e S LI (A [T SO3-PLEBTP (2,6-b (5,6~ 13- (I TTTTT)-
1,2,4- & (173~ COCCINIT MR (alll) FOrm 2)% alll AHA (allIIL T 11Tall [ al1m]
FI11112)30 OO LI a0 COC0m M0 O T b Ca OO0 1) alllll 1 [THNOs3
[0 [0 O (Tald A OM0CP a0 MII0(C0D 00 a OO0 000 OO0 07 (a0 a
(A T POIV) O M a0 (II00 D00 NO ald AD) OO0 [0 CE0m)

O OO D s Al MalPOalJAD I OO0 Chla ] HOOLT)
al 1111 alll130% [N a0 (0 @ (la MalTa (T M a 7% (0 O O]
MOLD) Da000md [0 MOTRU O3 A OO O COmH M0 - O 0 0a 0@ MO O 0]

alNNL (NalllTalN[TTTalLab[TallT] UK), CITTTTITTITalallNC+ POal AL + CL LI
(AT OO T8 Ca T T O C0) CO I T OO O (T I T2

1376,
KK/\/ cl:an (|38H17
N N
(|:8H17 ?an H17Cs/ Tﬁo/\[( CgH,;
N
(e}

o (0]
N N N
O\ //O N— N
N NN NN -~ "o-p=0
/_/_§70 OH N// \N_ /\/\O
FOITm1., Oiafdiia TOTMO00 M AT TOGAN - X - (T

1} D HIBA, DMDOH MA, TODGA; bl 111, HD HP, CCM[4-BTBP, TBP.



(o}

HJ\OH
H,N

H (%sz (|32H5
HO_~ N 2 \H/N\OH N N
N H,C; \HAO/\H/ C,H,
o ;\ 0 0 0
(6] OH
OH
0 SO,Na SO,Na
A QO O
N N X N H
\)LOH = | N = | N\OH
OH N N Y
N/W O N N o
HO\H) o
0 SO;Na SO;Na
FOT112. Wa Il b (0 L] LI a0 T 0 a LCTHET [0 Ca T TIGAN . X

AM-CITT (M) H DTA, I T Ta, T DGA; bl 1, CDTA, SO3-P[+BTP, AHA.

Ball1] (1] [ COCCT0 T Call ) (D O PCka I M3 ) URO-GAN X [IT111T] Hal]
(T (0 OO (T OO CO ) (00 e O A (00 OO T C OO Cald
(bE@MDbO (M MHa GAN X I [ (D a [T O (A M b O CO
(& [Ta (10 (@ COMa (OO 1 T OO0 Ca C0Ma: OO0 () CO ) (e O (O (T
(O T OO 1 (0 Ca LTI (0 e () O OO (00 - () (000 OO (A & M)
a1 (M T [0 (OO0 a (0 OO OO0 OO0 [ F OO OO (OO & O & 0
T4 00 OO ]

[(uel Lissolulion

FauuwauuUJ(FR) ULUL(USO,P@O) O (I [T I T T a CE Ty @ CT Ty (O] @ CTOE T ] O] (T
FR [TTIILT(U,PON, (U,PD)C [IL(U,PON,C, Al TalIbIT1111971 al111976 [ITID I 1Tal]
(UK) FaDDR@.DD]]](DFR) Clal OO T CICT (0 ) (e ey (I Cmo CET a o ey JET L
RDD@.DDDCDD]E(JRC), KaliTT] GOalt TEOM T T T O (T T b Da (T T (Ma CEall]
(M@ (T (0 (T (1) T COOTN (00 (0 (& (00 CII e (b [0 (0 (OO0 0 T L0 OO
MO0 (MHa(C a8 00 M

1014l 116.8 00 (i L) CO@ (0 (OO LI Oa D0 @ 00 ik (0 00 CC 0 ()
Ca b [T Ta (1) CIIT T L) CO O (OO (AT U3Os. F MDA M0 CO T
M 00M0ad110 MaDalld [ OB a010 Ma OO MMa OO0 1] DT OO0
Cal T T (IO a0 ala (10 (T 6000C. 23 TR CA L a T M b O (I a [Ta ]
(a0 MA(Mal&O10 00 [0 00200 00 Ca0 [0 F OO0 00 0000 M 00 00 00 00 dall
(L0 CIII (0 COOm T E0 O CO CO 0 O 0 (T aladTall]MbOITaC]




T L0 CEC COHT ] CE) Caldia O a l] Al CEE T CIIIET] (1600 DL (16 CIE/L HNOs bl
O (00 CIT O ) T OO OO Cal AT [0 (20 00 a1 0.45 00), CO T
741.7 OO al T(alICIr) 8.6 CICIITITAMT lal1117.9 DHal ] Calliiall

T Da bt ata i b ICP-MS Ul (LT A0 Cla T T T (T Tab
1) al1J MMM O M a CI - T E0 OO Ca ) M aCIIinTd a HNOs (LT TTTTA T (1
5 U/L blal T AllITHNOg3, LI  al T Mallln 620 L CHO) ST ()
TTIGAN X [ rr

Q000 firsleyclel ] selJaralion
F (M0- (000

T IO TOGAN X OIND (0 M Dal Calliln 1000 000 D a0C - A0
ATALANT  (aCimmr] TOO) Clalinr all) COOOEIOT (000 COCCITI L) 00 176 L alld
2.5 UL, MMM Balll (0 M0 (OO T Ca (D) (D) (DI a (00 O00-(0 1 00a0]
(THITOIIO MOC AMPAR X CI3* (IOF M3,

A T (a ) CET T a O a0 D CIO (O M PAR - X, bal0) 1) (LTI (TTdl]
CTIB (I [T CTTHNOs, U,3% POallI TS (I Al [(TTal Ta T (T TIL) TET
UO2(NO3)2-HNOs3-H>0 / D HBA-TPH (11101 (1T b OO CETI @I (T al LI
al 1l (T T Hal D D (T HU (EO ) (D HBA)2(UO2(NO3)2), [ I CITal i rall] T
[T COPHIV) allI NI(VI) Dalalln (T b CTT LT CEC) COTCEC] (T (T[]
D HBA [ all [0 [T fall) [MU(VI). TEO LI CONG(V) Dall DT bl
CTT T (T O a I COT Tl T (D HIBA)NTO2(NO3)). T Tal T TIT]
TLCVIT), CallmTa (O I OO OV, CEC 0 CEC L (I bb (0 (LI T
[110a (I (O CCOMIT T a0 (0T a COI a0 (T Catlb Da [T Ta I CalTlTd [l @1
[T al T (IO T (D HBA)YHTO4) alll(D HBA)(HTO4). HITITLL) [T (11
CTITITTT) (1] (TalTT] CImall) a CIED (IO (D HBA)2(UO2(NO3)(TIO4)) [all [ bl
(T T a 00

RO (0 OO0 Dall 00 O b [0 a[CCIOIII (1) (17 bITAMD Cald (1 HT O,
COLTITCINTT) (O CETCIIEE) (10 HT Qg [LITALT bl D HBA: (D HIBA)4(HT[Os),
(D HBA)3;(HT[O4)(HNO3) alll (D HBA)(HTO4)(HNO;). FLIIIIIIIT] all al [T al]
T CI(D HBA)3(UO2(NO3)(TLO4)(HNO3) HalJal [ Mal TTT T ITTTU allTIO4"
(Tl al T alT T HNOs [TTTTTITalMT .8

10 OO0 Calm 00 M CO T OO OO O O [T M Oa i Ma i (LWR)
[(Ta (1 [0 00 O (& (0 O IS 00 O COC M O- [allllla L]

7



[0 MIDMU 000 OO ORI a0 000000 0010 00 00 00 00 000 16-0& 00 O 0
(& Ta DI 0a IR C. T OO0 OO & M0 (P O (0 MDM T 000 00 Ca )
(& [T (1A LI T a O I P O C0CT T 00 COT T (TR 10 TCO Ml I Tl
[T (I (000 O O (0 a Ca LTI (0 COOC0 00 O a (008 00 OO O 0 (00 O (0 COO0 O
(a0 & 000 a0 O0bb M FOIMID () [0 O H7a 010110 (I0-@00 @O0 00 00
(T (I OO0 Da 0000 000 00 2.2 [01.9 [a I 0O MO MO R [0 U 00
[T [0 (125 /L [1) 176 C/LY7). T ) (@l @0 [ 00 (b M) (I Cal) (11T

(T TalTTT] SOTT16 a0 Mma 0 (118 [ [ CIH T Iy OO0 CIE T 00 O CTa T,
(Dl CELTmS ) () L Tl i al T e fa ) CEy Ay IO ) L) CET ) a T
(LTI TR ) (ra CImy CICTETIIIIIT(125 /L Matl (1790 [/L).

T OO CIE T COO CET (- A 0 (0 O 00 F O 3, I O CalirTa m (a

(I A I T i LI T a Y T Ty (0 (O EEE e CT ) fa LI C T T

Solvent Feed Scrub Spent solvent
1.0 mol/L DEHIBA 125g/L U, 26 g/L Pu, 0.2 mol/L hydrazine U<1pg/lL
in TPH 50 mg/L Tc, 6 mol/L 1.5 mol/L HNO, Pu <1 ug/L
105 mL/h HNO;; 35 mL/h 20 mL/h Tc <1 ug/lL
| 4
1 1
1 1
Extraction 1 r Scrubbing ] f Stripping 1
C ¢ C A C A
10 Stages 6 Stages 16 Stages
A4 v
Raffinate U Product Strip
0.01 mol/L HNO
0.0025% U >99.99% U 3
> 99.9% Pu 0.014% Pu 35 mL/h
97.7% Tc 2.3% Tc
53 ml/h 37 ml/h
FITTM3. ACACITIGAN X DI 0= T M Ca allr] .
(] O

D (10 [0 (0 (00 (L b LT T T O T T8 CITIT(16) alalab [ I MTJRC (LTI IA CI]
(MT1GAN X [ CCC M Cal) M b O ) 00 (00 OO T E0 (0T (00T Cla ) CETma I al
[IITbb (T} (I [0 (@ [MTa (L& T MO TRU MalCa 00 b0 (I a 0 M0 1T (LTI
[0 URO-GAN X (LITILLI CIIIN) (1] T [Malll) CITalll (Tall] (L& U, Hall
[T a (Tba (03 (MR O 00 (0 OO0 (00




T LT - IO I Cat A (0 CET a0 (T TRU- L (T fa a0 (D F IO 4,
A CATIm CO T 0 AT (T TA M MaOfM0a OO b Oa AT .2 0 Ca s [0 DAl
CaCa [ (1 O C0) Ca e C] OO0 CA] - CCCL) T O O (X T (0 O () (A Cldb [ (U

[0 [0 [0 (MO COHNOs LTI M (5 O C/L MITal (106 O C/L), Or-@0H 00 ala ]
[0 MPAR X (0 TCO T I Ma LTI T- (@ [0 @ M0 Ca @M (0 1.9 2.2, TEH
(LT (A O CEEE T A O o A E T a I Ea L A T T (O O T T T LT LT
(I 0 (0 U-T O (00 [ a [0 M0 a0 QA 00 (OO0 (D M0 a (OO0 (T 00 (T0-[E 00 01
[0 (I Thb [0 [T (T 5.25 (D6,

T T I 9 CEm T ] ) T COET EETIE I (T T (a O LRI (T a
L] LTI L D ) O T (T T T A Al - MO T Al
blJa [@LIITICT0.75. TCOOTa - OO O 0D F 4.

TCOMITHalTa o CH O e CEATEa I A Cal Db 0112.5 /L U M5 DC/L HNOs.

DL a =00 e CHa i T allflallTTTT] Al (T TOMONH DaldfalIIlbHa
Oalll T TaMm] O T Iatnr 16, TOm b M Call OO0 b0 (I 0 (00 - LT (1
(LTS [Mmaly O a 16, O ML [T il (16 CETT N ) CEET T
(& (Ta (1 OO ) OO A (b 0 ) LI al T alliim 600 DL (10 [aMiTal
] (T Mb O a0 M OO (O T COT T T
Feed
103 gL U
17 mg/L Np
Solvent 22.7 gL Pu Scrub
1.0 mol/L DEHIBA 41 mg/L Tc 0.2 mol/L hydrazine
in TPH 5 mol/L HNO, 1.5 mol/L HNO,
78 mL/h 23ml/nh 13 ml/h
|
Raffinate — | — N Loaded solvent
<0.1%U Extraction 1 r Scrubbing T >99.9% U
96.9% Np < L e Je 3.1% Np
>99.9% Pu <0.1% Pu
~100% Am, Ln Stages 1-10 Stages 11-15 ~ 0% Am. Ln
75.6% Tc 24.4% Tc

FITTT4. GAN X [T, Calll, (ralmal T T Tbb M
(O] - I O ) CA LT En ) (i a ey Cn et

(I T O 00 Cb (@ M (L0 FOT 4 alOF MTT0S). U Oalalm O T T 00
(M) Malrr) e et alll ) allTTITMallln 3% (10 1) N ECETT al ) CE
al[TITTMallll 0.1% MO PO MECTTT] AL alt) L) OO CECa CIa CTETTT ) AT (1 (0

9



[AMTa Y L [ O T8 M (00 [0 a1 CTa i Tald 000 b O CITT [

A LTI a [0 0 (- A OO T O I Cla OO Ta I O CI0 [0 A0 [Ma O T b O
(] (A A M Ta M T T O AT O a i T 1a M b O OO T [ (Ta T a M
(b D& (0 00 M (b T OO (10 Ca A0 (1 (0 CE T O (0 00 O 118
(OO T E(VIT) OO CHTT o O CT A LT b (I Aa (T I, (O A O 00 [0
0 Gl b OO 00 a0 T] a OO0 0 OO0 OO0 (O TO D 000 0001
NI, a [AMTadD (O (HIEb 0 al) OO CE - (0 OO Ca ) CO T

CLTTAMII T TRU al DL CEE DT Hal Hall CETE Ty,

108 i
; —@— Uorg
—©— Uaq
104 —W%— Nporg
— : —¥— Npag
:m' | —A— Puorg
.§. 1083 | —4A— Puaq
s l
S 107 :
©
g !
8 D
100 | W
= I
-9 i
10" :

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

stage

FIIITT5. GAN X [IIITTTIOT] Calll, RO ( (a1 11 10) all (ITTbbIT( (a1 1111 (]
15): U, NOa[[JP O [CITTIIIT8 (0 COT V CHTa CIT (0 COTL

OErn) O CEen CEAe e

T O O Ma L (AT T a O al [bal T+ T I M fall 16
Mal IO Mbal (AU, MO CTa T [@AfmHati78 L/ Cal M A CTra i T
T1al10.01 DCI/L HNOs al173 CIL/T1 AN bal1) CTTTACTIITY () CITal i) CI ) (T T iy
<0.04% [TTIU TR T CETT ] A0 a0 OO O matP o AD al LD OO Hb O

(M CEITTITT M T{LOD). AU T Tall a Al CTal T T a 0. 1%
CHMHOTRU DAl 121% [HTH ACTITEIaliim 10% M CETa T T H T a tEE ) (0 (T CE T I
(I T (M ba 7+ T8 (T A OO0 COCTE (00 00 DO OO O (mca Db 00 [0 [

b0 (M a O (0 O OObb M0 OO ( O O COC OO O (000D (8 C0T). A (T[T




ba [T [T (T CHTT O (Ma (T A (T b O T CIT ) (T 0 CT T M0 COM O A b b O (T T
3504001C.

O Oooo ey (o o e

Tab 1 [T Dali M T M C100 M0 Cla i CI00 CE0 Ch @ M (0 (00 (OO0 1
GAN X 0] OIOI7E I aMOa ] Ca ) OO 00 ] a0 a MO a CHT T O
(I [0 ) [ dMma T OO Dall Cra OCH I CETTAM T Oaly) I (OO0 CETTa M L
(M Tt Da Mma fir (O O M GAN X O (M) ADCITETTT (1)
LI alllll (OPO 22.7 UL, [0 OO0 [T M0 OO a0 (0 00 CO)
ATTITIMalme00 DL CEMTT I C AT TIGAN S X A ET T CET T Ca b CI T CETIT T
(M (I CET (T () O Cr T Ca O Ha i CETT T COMTIGAN X T A CEET T L
Al al T al b (I (I L) Clald 0] CII I O ) CTmA M (O T GAN - X I
CECTT O CEC e e Ty i ) all T Tl IO M a @ fmoima T O CEEIOE (I
PO O, 1O CECT COm 01 CE a0 MO0 ad0 CE 0 b COMA T CCT (M
(MO O bb M O MO [ a (OO W0 O OO

Tab[111. ICP-MS alalllT IO T [(Ta LT [MHOGAN S X 1C a
TH/L (< LOD = b ) [T,

CIELT] C]CTITITETT %%;EE% EREEERNEE HMT

U 103300 61 32300 * 20

NC 17 13 0.2 0.4 < oo

P 22700 18100 8 34 < oo

AL 330 246 < oo 0.3 < oo
TO&LO 860 726 < oo 0.7 < oo

T 41 18.3 2.8 3.5 1.6
*U a [0 (0 COCC T Da O Cb COTE L (I T

OOROMDOON M HOMC seconl] cycle T TR selJaralion

TOOTITTGAN X TN OTTIITHTRU OO0 M IO [ MTa ] T URO-GAN X
CIITTI3? COCOMID O TR CMIN VI, PHIV), AD(IT), CL(II) al LTI [a [T
CITIAMIT TODGA all ) Halll CETlI ) al T DMDOH MA al LI T allil ) 1)
(LTI LT PI(IV) Mal111%6-23 TRU a0 M (0 MO T a CEH b a i (1




OO T al 1) SO3-PLEBTP?? al LI AHA. 3 F(Halll] LI(IIT) a I IT10.01 /L
HNO:s.

F [mO-00m

T =TT E ) T CE T CT T ba 1T CTT AT CI )= T (T (T EP

a (I (T OO T8 (I8 [0 0 M0 @ OO 00 003 F I 00 OO0 O (T (O

(MMTPAR X [T CICTTA LT CII0a (T ) I EO T (00 (0 CI ] O CE O e (T
(CITTIMmam N O [@frmallmrn)y al e (e A -CrE T Ciia Ca CIT (0 (00 16 (latid CEE0T
alalf@b [T T T T

T O CLIMD (0 CON (V) A [N (VI O 0D b OO TR N3 ([ a (I OO
(T CaOMTITall Tt 5.9 OC/L HNOs. RalllTial) COE CIOT Da LT M T Ta i al 1l
(IO T T bb M a0 Ha ) CET T 0 (P Cha LI ] (O] (00 (OO (M T O O T al T a (i (1)
(LI LI a0y (O (a (O (T (b ] T O (la i alild a i (1 a O CETOM) (O COTOT 1) (1)
N[(VI) (0 I CETa M a OO (0 (0 I T ON O (L (] TCO MO O O b O Ia Tl
(I [ (IITbb I (I aldn (IEEIET] CITTTIOT alld al LI (1aT] D]SEH) blIMIT] [T
[T10& I Ja (1] (I Tbb M0 (T L

Fam MOTRU O (I Ca 0 T [ b CIm O CO 0 COE 00 000 O T
(0 T @ (T ma CH CETTa ) Malir] Ca i Ta M I 0 (W0 CEm b O CEB 0 00 O 1T
CHTIT T CETI I (LT @ I 10,055 CE/L SO3-PHBTP allll D C/L AHA) [MTa ) CEMTH A
IO 3 (W 0 £ (T a A O O] (O CIOI T o Ca CE OO T () CIeT Al rIeT]
SOs-P[+BTP) aJ0a 00 (D (MO [P Cra OO (TR O CIIMO0]) @ (& [T A0 COM O ) (1
(T Ja CITIIT L)

AD16 a1 O O COCC OO D) CON - (L) (00 0 LA (0 (T HaCaCall
(L0 U0 0 O Ca IO b D00 (0 (O OOt T 16 Ha (OO 1A (M Ha (0 (I Tbb a1
16 (a0 ba (1 (1AM T L0 ML (- L Ta (0 (0 O M FIH6 ((ROEIITb
(III) al F 12 (TRU ba 1) LTI/ (3T al DL Obal L) [TTAl L),

O LI

T [T [A M A [0 (T O 000 (O Ca 0 O T b CO OO 00 070 CI T LI
CHTTT CECT T AT T CHITT T O MHNO; bla [ 8 I CI @ TP O
(T 10 /L (aDLUMUDDDD]MLLHDDDﬂDEI) al LTI Tal I HNO; [Tl
11 5.9 [ICI/L. 0.055 D/L CDTA Callalll1] ) [T Zall) PO (XAl TEC N
(T M DaCa (A M T TTa T b Hal TN #2377 M CIT T Ca o I aCa t)

12



O, O CO o A A

T 10 O - OO0 C0) C00 IO (0] (00 CO) (e (i) a (10 bbb (0 OO (00 (0 O
FITTme6. T a O (OO CET T M a [T (1 CHa ) fafMal T a (T CECT I CETE
300 L COMa T (O] CETIn I T MO b T T TTRU IO T ()
Solvent Feed (GANEX1 raffinate)
0.2 mol/L TODGA 10 g/L Pu
0.5 mol/L DMDOHEMA 5.9 mol/L HNO, Scrub
in Exxsol D80 0.055 mol/L CDTA 0.5 mol/L HNO,
29.4ml/h 30.3ml/h 30.2ml/h
|
Raffinate :_ ___________ N/ | ___,| Loaded solvent
(0.2% U) Extraction 1 r Scrubbing ] 10 g/L Pu
0.07% Np - T A T A
8.‘8110//: ::1 Stages 1-12 Stages 13-16
0.01% Ln

FIITTT6. URO-GAN X [I1] [alll (CLITTatalmrtrmaits ), a alll
(bb [Tt (M- OO T O Ca I () (& M a OO (T

T DalMDOIID O A a DI O( T a O FOTTTN6 alllTablM2): TRU alllLO D Talll (110
(I O (T O M MO T Ta OO A M IA00.1% CEN Da a1 allim0.01% Call
(1P A a1 O3 OO 0 O (0 Ca (T O T A (T T A O] CTE T Ja (0 (T ) 0
FIOTTI7 al TIFMIEITE. O HMal I TRU al L [T Mal T Cimral i ralal i CEria e il
Z[)MU] Tall] RO (al) CITCIIIIT () ballll CICTI 2% (0 L0 00D m

(T M OO0 O I O -0 @ T O IO O a OO T O I0F 9, F O
10 al JFIIIIITT.



Tab(l2. URO-GAN X (1] [alll, ICP-MS alallTIICTIIIT faliTalMat T Mal T T

CUITT TR T O (/L.
FIID Rallllalll  Liall[JI011] % [lallba@l 1]

Fr* [ 30** < Op*=* [
Sr* 13 3.9 < oo 59
Z0 135 54 23 97
M 93 6.4 80 98
TO 2.5%* (12) 0.02 2.4 95%* (19)
R[] 6** (9.3) 2.1 2.2 105%* (68)
R[] 52 2.5 0.03 97
Pl 12 6** (9.9) 0.2%* (1.0) 101%* (173)
All 3.5 2%% (0.4) 0.06 115%* (24)
Crl 2.6 1.1 0.5 106
SO 1.1 0.4 0.6 127
Sb 0.24 0.07 0.2 130
TO 5.4 2.7 0.03 100
Crl 139 68 0.02 98
Ba 51 20 0.05 76
La 49 0.001 49 98
Crl 79 < oo 83 102
PUJ 44 < 00 45 100
N[ 156 0.002 170 106
S 35 0.02 37 102

0 6.3 0.007 6.1 94
GO 5.7 0.01 72 124
Tb 0.8 < oo 0.8 99
DI 1.2 < 00 1.3 107
U 68 0.1 87 125
N[ 97 0.03 88 88
Pl 10200 0.04 10200 98
All 117 0.001 125 103
Cll 0.01 < 00 0.02 230

* FOal SO T Ta e hal 1 (Tall

*% Va1 [0 (01 ala IO 00 (O (00125 (@Al (a1 Malll]
[TIITTL) (a[1016). ValllDIIT (11 AT a0 [ CC0 (O LTI CII L (1
(AT

PO AD alTJL O OO CIIT O COOCT A L) alJ OO (0] CI0T T A [ LTI
[T 1110012 ((ILIF M7 al[IF (II118). T L& (LTI (Ta 1111 (9 [l (11T [Tbab (I 1]
(MO AT T b b LI [ MW a CO COC T O Ma o T fa ] (I Jal T
alalll oM I T aMJLMMUDDDEDDDHJbDEDDDD]DD(DED]DI3DI6) (I1T1]

Mal P} AC al L (a0 (0 (0 CITA LI Tall] alJCL T TIL]




TITINL A (] [T 00 (0 (O (D) OO0 Ca D) MO0 O00 (Ma0 MO PO all AD
[T S MION (V) [ (O (1T (&b 00 (000 00 DA 00 (a0 MM a0 M Ta M0 (OO0
CIITIC) (O IO (LT (b M N (V) [0 (ML [ all I T T HNO; CITTITITAMII] [ 1]
[110a (I (OO Dala I M amim 3.2 O 0L, NO allld OO0 0 (00 Clal000 & i [
[T Tbb M (I O 00.5 O O/ HNO3 [T a OO0 a (W 00, 1m0 (00
MalIN [Calla (00 OO0 (O CO0) (I (0 HNOS> DI [0 B 0 bOMITOINL(V) alll
N(VI) [T 0 I e (0 IO (O (A (T (I a0 (a L
[THNO3). 4 N{(V) all (I ATOINIV) alON (VI al LT HNO; [T 3?
a1 (I T (M0 (0 (8 C10D 00 (D) (0 (00 (Th 02 TCON O COO - IO OO [
(o [N O (T (0 (i (0 () (00 (0 T8 (I ba (17 a 00 (I D00 CIH (17 Clab (I
(O T & M(IV), (V) all(VI). MECCIHCEN O T CI CaC b OO0 CEL T ()
[Malal T TTPUR X ([T IO Tal TallbOa a0 M & [ [Tb T al I

NI URO-GAN X CIITTTTA42 HOTICTLL) 0 O al T T [Mal N (Tal T T T a
(a1 (a0 Ca i) O OO0 000 OO O CCCIN O [0 MO b O ba @ O (0 (O I
(T [Tal 116, al11Mal3>99% N[ Ca T O O I CHa M ECa 0 I IO T =TTy (I
O D) 0 (b Hd CIE 00 CO ) CEOC T OO MO0 [ a alll 0 130% [al]
MITIMMTHA [@OMmamBP! TOmra b Da b CI 0 I @ I T Ta M T HNO, T I
DMa I Cala I (M HNO; CITa ) [ENL(V) NV allall T CI a0
(I (0T (T CI T (00 Cab M CENE(V).
10° [
i —— Np org
i —©— Npaq
104 ; —W¥— Puorg
— : —5x/— Puaq
= |
S i
S 102 i
o '
£ y
) /|
g 101 &
3 //(j : NNy
100 L
= i
|
10-1 o // |
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
stage
FIILIT17. URO-GAN X (11 Calll (CI0Talalm COma T D), (Ol I (Hal [11012)

al [ [I1Ibb (a1 1113[16): NOal )P0 LTI I& ] ([T

15



103

! —@— Amorg
—6— Amaq
—&A— Lnorg
— —A— Lna
= 102 ‘
(2}
E
S
= 10°
S
I~
[
Q
S 100
S 10
10"

1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

stage

FIIIIT8. URO-GAN X [I1] Callll (CIITa Al (a0 (LT, COTa (a1 012)
al 1] [IIIbbI(Tal 11113 016): AD allJ & L0(= LalDC) [T T8I (T

FOalTJ SO0 CTa (I (0 (00 CEA CIT) OO a0 b CI0 O C00 CET0 O Ciba (0 (A (I (10
M Tbb T } Mla (0 (T A (T LT [C1a T 0 C10) (1T (I LTI (F T T09).
TOM a0 00 b O O O (0 OO T IS CII [ ) bOT > 1 a O (I a 1]

(T TR OO 00 [0 (TR T alll < 1 00 [0 (TbbT] (T2 T

allTlT I Talm) [Maltry ) M matis) CEErrrma ey al oy (Ta ] al [T CITmT a e e
[T (I (] F Cla 1S 00 C0 M O AT (00 (7 & AT 00 O 00 00 O 00O W 0

MOPO Al CmalmTrall] TEO DTN al T Dallbal@d LTI all Mal a1 (Ta M Ha ]
al LTI FHal IS




10

—4— Feorg
—&— Feaq
—l— Srorg
- 108 —E- Sraq
=)
E
10?2
< /
i) ~
Al
§
= 107
[
O
C
3
100
10"

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

stage

FII1119. URO-GAN X [I1] Calll (CIITala i CTall DI, (LA (Cal 11 012)
al [JTITbbITI(Ial T T113716): Fllall1ST allll) A

ZJRO POalTIA DT 1 (I (A LI (T E a A CTITT T LI O OO T T T bbb
(a1 M0 I Tl Crall(FITET 10). TEObMalmi 2L POal VAL M T Al T b [T
(HITTCTCDTA DC Calal e (A O CECT e O CEC T T () a L]

(TIOR8 CDTA ClalltI Tal T M T CETITIT S CO 0] 00 (O T T (T Tab T a1

(O O M0 OO0 (0 CO) ba (3T 00 (ZG) PO DO CDTA. DI L HOTT
MO AT T2 0) POall] AL OO OO0 (A T 010 00 (X CI S O 000 (T bal[TH
(11Ma (I (0 (0 (b b (00 (AT R CTOETTT) MOECH O 0D Cal e CE0 CE0) CHIT b (e CI 0

a @A (0O COO 0 00 O alm alld 0o m allMall [ [M1PUR X
CIITIITA SOl bllallllil] Dall CbIII] [ CIOC0) CIOI0T] (0 TODGA*#4 (1]

DMDOH MA*47 q[ [T I URO-GAN X IO LI,




—@— Zrorg
102 —-©— Zraq
—W¥— Ruorg
— [CEED) —%— Ruaq
< —k— Pdorg
g) 10" —s%— Pdaq
! = —%— Agorg
[ —%— Agaq
S e
8 100
<
O
(%)
<
(]
© 107
102 | %
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
stage
FIITT10. URO-GAN X 1] (Al ([DDD&.ED]D]]D]D]]&D]D\ [Ty, CEMa I \(L[LSLUUIH
12) alll DDDHDbDﬂ](LﬂaLl_ﬂJl3ul6): Z)RO POalTJA D LTI (0T CTT T
MUOal T OOCC T ) CITM a (O O F T . T OO CHT T T (L a Ca L T T

[T T a (Ma (0 [0 0T () a (T b O CHa (1 CT0) CE (G O b O M0 0 OO A a dl
(I CII @ C1) CITTTT IR MY, T OO CITHD T a0 MatTo Dall OO At [ [

[T T (T alld M0 all ] OO0 T 0 a0 [0 000 00 afminn O0Tb - O

MITbITTTIT] Callaln (Il Imr (0 (17 al 11 (I allT 1 (M CITalm Talt]
a[ 11T [T (T Tbb [T (I A Cal Wb I e (0 T OO (M0 CO I (I
CITITID CTTITT ) (A [T 22




: —W¥— Moorg
102 : —5/— Moaq
H/,’M‘F—V_V—_' —&— Tcorg
) R S S G A Y ~A- Toa
= |
£ 10" o=V i
< |
]
g 100
[~
o
Q
<
o
© 10"
AL—-A
1072
1 2 3 4 5§ 6 7 8 9 10 11 12 13 14 15 16
stage
FIOTTI11. URO-GAN X [11] falll (CIiTalalmricrimal TE ey, Crma il fri
12) a0 IIbb ([T 1113 116): MOal1JT OO T3 [ (T
Orrny OO0 e CE T

T [0 - AT O A 0 A Al (D) MO 0 [0 FOT 12, TRU OE0 ST M- 1
Mal TN T O Tal ] C Ma CETH CTSOs-PEEBTP al TJAHA [110.5 LI/ HNOs. CLH
CIOOOT T VL T Y ET 4 CET0R CI ) A (O T LT CO T T T ET T (T TRU ]

(AT ML CaOmma i O T b O CEHa ] DI 0e.01 O E/L HNOs. TELIT al i
(MM T T a8 Ciat T alll




Solvent Loaded solvent Spent solvent
0.2 mol/L TODGA (from day 1) (10% U)
"7 0.5mol/L DMDOHEMA | |~ 10 g/L Pu 0.04% Np
! in Exxsol D80 ! 29.8 mL/h 0.08% Pu
\ 29.8 mL/h : 0.03% Am
! ! 0.03% Ln
: | ¥
1 1 1
1 1 1
L 2 G Y L 7 e W A .
f Ln Re-extraction 1 T TRU Stripping Ln Stripping
AN J |\ J A Al
Stages 1-6 Stages 7-12 Stages 13-16
A 4 y
TRU product TRU strip Ln product Ln strip
(32.9% U) 0.5 mol/L HNO4 (57.2% U) 0.01 mol/L HNO;4
99.91% Np 0.055 mol/L SO;-Ph-BTP 0.05% Np 57 mi/h
99.85% Pu 1 mol/L AHA 0.07% Pu
99.9% Am 57 mL/h 0.07% Am
0.06% Ln 99.9% Ln

FOTTT12. URO-GAN X [T1rall2, TRU bal 11T (- (T A0 ) Ca LT (I
(a (M Ja [T (T T CTa (T a (I (Ta T (T,

N PO(FITIT3) al TIA LT (FOTIT14) CCTEC CITEImI T O (e mat i ra i e e i
TRU T CIT (a7 £12). ACTali iy PO Ca T DICIT T () a0 E 2.
TOMOalbOall O Oba CETTT T (T At Matiir] [Hald rally MO (T a
(I M a A M MTTa O Ta P O LA M TRU  CET T T (T RIS (0 (T L (4
(1T T (T (a1 06) O O L) A I e CI O OO T3 T (T a f0 M a o
(Mal T rallDatymrrrT

T MTalL ] A (M CITM(F MTT14) O ma L O O O CEIITET (Cafa i (i
TRU. T AT (L B CITET ) CO) (0 ETTa T Ca o (T I OO I (T TRU M M TRU
CITAOT T AT (1 CT17 0112 ) Dla O (10 CET O CCC IO CCIL (1 O CET T CHn ] (T
(alrm1ce). TOCL) MM L C I MO TRU O TN L b LI 0.1%. Falin) L
(0 CH I IO T 0.01 O E/L HNO3 0 I O CII T O T ( (A 1T 3 C16).




10

V"—‘V*"‘V**V“V__V\:W : —@— Nporg
i \ | —©— Npag
I ! —W— Puorg
— 108 : -~ Puaq
o i
E |
< 10 |
S \ |
)
® 57|
= N
101 ~ K
vy
g AR
8 | v—*V\
100 | R
|
|
10" |

1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

stage

FIITIT13. URO-GAN X 1] [allR (Hal [T t6, LUl ey Hal 117012, TRU
CHIIIETOT S Al T3 006, LETEIINE I ): N OalP O A ) CTTIT

103
—@— Amorg
—6—- Amaq
—&A— Lnorg
- 102 —A— Lnaq
F)
E
S
= 10°
=
S
o
Q
S 100
S 10
10"

1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

stage

FII 11114, URO-GAN X [I1] (Al (a1l 106, LI+ aliil; a1l 712, TRU
LIS L1306, LML) AD alld MACLO(= LalDL) [T ITa M (T

FLOITTMNG PO AL allICH, MOO ) CECOC I (a0 1S O HL U, 10 D HL
Z1)[30 UL MOalll10.1 DL [atimal i) A Ca o I D COr T O O I
b (I I () 00 0 L) O O a[Tab [0 (T I fa (0 [0

(T (T (1 (0] (1T O 00 (M0 Tab (02, CEH O CiTa i) Ae). T E0 DT
21



OO OO (O CIH0 [ a O [T a0 O CET b O CIIm [0 T [0 fa (T
[T M1 URO-GAN X [ ralll) (ITIalmrri26 UL U, 4 DL POalTI00.05 DL AL
Falll) MmO o ramr f4 0oL U, 00.02 DHL N 04 OHL PO 10.02 CDH/L
All,<0.1 UL LO 05 DL M <1 DL R

Oooo0-00000 (00000 0 1m0 O 010

A 111 URO-GAN X [IITTHOCa DT T b (T C) CT A (T T LT I (T4
(TTAMIT10 L PO MITIITOOMINLG PO AL alll@tmal i) MHGAN X T
[a[lTal] ZOall MO (A L) Ca O Ch O] O Q0 A CO 10 O O O CO
Ul a (T T a T ISOs-PHBTP al TTAHA, alllTRU LI CETTIE] CXT CEIAM T T CIE )
() LI (@ T CIE T O C0 (& (T (0 (0 (L) CEF A LT Z Ca T MO D CH a0 CITNTET T
TOLL) D T O T T Z Ca MO I I MO TRU CE T T (T ET A T ) C1
b OO T (M0 a MO b b M [T [ [ [a D OO0 T O T

Uonclusions

A [T [ITalalmr] ab [ (T (OO A T (O allr(y, PO altd O I
(NO A0, CO) a0 O CI T OO Ca O T b (0 OO (TR 0 O
(Ma [ Ta [0 (A LT LI O L T I g ) C T e T I Ty e Qe i

T HOal M ala O O AT T TRU.

ADOTTTI MM OO0 0 MDa 0 Ca OO U 000 O OO0 000 OO0 (OO0 0
(b O] CII COIm OO (0 (0 (a1 0.1% U I [ a T faliiTa i (I & i (M TRU
al Il AT T Clalt ) (T al T CECT CH CETT I (O] (e ) Cime =L
falllTalI T PL MA al TILCI O CIEE T LI fa T T O CITE T 97 % CETIN T (T
(aTal) T O OE O Ca O W0 O COOOTim CHD Ca i 0 O Ca Mo i) O I ca c
(T AT T T O O M0 MOGAN X MM O OO T fa (A LI T (Ma O CE

CHTE T T A (M1 al1] b0 T M (0 0 O OO (00 O (O a O
RENFEIRINEN

TRU OO0 OO 00 0 OO (T A0 O E COT0 CIT T /(99.9%), [0
CIT10.06% [T @l mal [T T T al T Dallma i T Zal TIME]

TCOE) CEUTTTRU A T I O ERA I CET L) O T T ET T ta i) (T
THDETTa IO T Tal D T T CLTIMEI T T Talm3.3% (N D), 0.26% (PL) al110.11% (A L),

LI LA MEE T a o (a ) fa I CE O e = 30, HEpo = 380 alll [lan = 910. TLLITRU



CHTETT T EE T I a t) Mal i) fal I (U al i [@lmal I all) iy = 3300 al ) Hlps = 1700,
(T

TLIJ URO-GAN X [IITTIT [l [MITbIT] L1 allll] DIy CImE CIm
(T CTa M [ T Ta LM T(10 /L PO MTIHA [T al 0 M0 CETITII T a LT T Td CIT T
(10 MO E 10 CO O COM ] - O O I COT 00 (0 Cb (@ M0 (0 Cali 0 00

COOI M (0 T O 3!

Uulloo(]

DI (00 CCCCCCOIT) OO CED OO (0 M) URO-GAN X [IILIIL) CILLIT]
[T (T Ca (0 a OO0 Ma [0 O (0 CII (OO Té 0 (0O COO ) (00 O
[0 &0 WD DMDOH MA [ [T (0 COL0 @ COCOOIEL (IO (Talll]
CaCa (T (OO CIT O (0 (00 C (T8 00 (00 (b (. A D0 (O (L L T a )
b CLLOITLT) OO0 COIm 0.5 O CZL [, 0, 0GB a- (T2, 4- (I (I 13- (Tal[Tal1]
(1@ [ [0 [0 (OO T Tal 148 T OO T O COI I OO (a0 fala il (> 30 L all
5 [J[I/L HNOs) a1 (I I0TA CLI (0] COCTIS CL A O ) () all][al)m]

allml allJ Iy CEm ) URO-GAN X [T L) FEIT a a N

an 1] a0 (IO T Jal 1L SO3-PABTP, [ a CHON*® [11][[ 1]
(T Dalla CLTITTTIT2,6-b [ M (T P05t

‘lc[nolllel’gemen(]

FaIa T a0 Oa XTI b DM I T C C ) T (A ) O] (0
(I ACS PT (CITmaltt FP7-CP-2007-211267), SACS SS (1Tl FP7-F I+
2012-323282) al11G NIORS (HITITT12020 (TalTalITTi i) 755171).

Unnell] [ lJerimen(al
IR RINNImn

D HIBA alllDMDOH MA [0 (I b PrallalTT i) (Frarit), TODGA [Hall
(I b O T (UK). DO I (O TPH (NCTallt) Flallr) all) (1111
D80 ( [TTTMIblT). SO3-P[+BTP [Jal [T T I Jal I TTTTB T3 AT Talm I
OO MOTT(GHDaln) CESHTHa-A M (G LT al ).




O] OO OO O T T I

TIT] a a Clal I (Ma COLTIIIT LTI 16 BXP 012 CLLIdl [0l
(12 00 a0 00y i) ROCOITER Cba M(Fallin). PO (0 (0 OO0 (O (00 (I
(I ) F OO & M O I 193

OO T
AT M () O A, L) 0 (Halrd a a J OO CIr e T
(IO T N a (0 (I O C10 10 (00 a (1 CETO T T b CH0 (0 (T T a LT

a1 MHa T T TT a0 O A A& M T AT a 0 [ 0 CHT] O i Gl CIT O CT AT T
bal T+ T [T 0.1 DE/L HNO3 D all CalIm M al TITT T @ (17100, L 0.1 DL

(a0 (10010 DL CIIMHNOs, [T a COIT @ O 00, F OO T 0 (00 CEL
1 /L HNOs. Al T 0 CIT0 O O CIOECI CI () 1 O C/L HNOs. TEL 0 (Il
(LA T OO0 CO I b0 ICP-MS alalln(TOID O FII] L M NT 2).  alll
[al] (1 DalalalTD 003 CII @A) L1 103, 10* al11106. T OO M [MCOCCTT (D

MH@ITIrr0.001 DL,

References

1. OO OO T O T T W ETD N TA DA allllt 2017.

2. PLIOITLIC.; BOIID) S.; OLLIILIN.; CLbLIIIT] N.; RIIIEMT] C.; Vallal2GLI[alll) M.; BIIIT]1J.,
AT O OO o o (1 1a 1] all LCLCh b alll
(LTI 010 69, 19910211,

3. PLITIITL)C.; BOTTT) S.; BOOIMG B., L0 I (0 CL T 1T O (T Ta (Mab (b O (1T TTa (I (100
COCIT ) (@ COTC T G ET IO DO (00 CC T Ma CIC (O Cla M E) O OO OO0 0 92, 2340
241,

4. M1 G.; G A.; MO @0 M., M CITT ] (1T @ (0 (0 (O T (O
Ma (I (ML T ATal T (I 10 OO (00 O L) L O OO L Tal M R, [
WL Tal/PIbIIIII: CallbiIIl 1] UK, 2015.

5. O CD-N A OO T O O C A O T O ) CE T O (O LT O T
N AN[17077,0 CD,NCIITal] [LIITACIIIT(N A), PallE 2012.

6. Ta JRG; (00, OO CEO OO CEC T T O AT OO T W allP[b i
Callb JUK, 2015.
7. ALTITI, .; [bUI]C.; FOIICII] A FOIITlal] M. R. S.; RI00Tal] T.; StalllTlall] G., A TBP/BTBP-

ballTTIGAN X [TTalallllI T Pallil: Mallb ) (O (0T 1010, 28 (4), 4370458.

8. ALTTTI, o bl C.; FOIITlaly M. R. S., A TBP/BTBP-bal111GAN X [TTalallll [ TITTITIC [alll
3: [N I Tl COTIE IO (O T £010y 37 (3), 2370252.

9. Hallii]J.; [biIm) C.; LI~ [TTalL) . ACTTO, ., DOCOCD OO O IC Calm (I LT
al [T T CITT LD LTI C010) 60 (4), 8291835,




10. FlIITlald M. R. S.;; HITTIT) M. J; DI, M. G. B.; HIIJIC.; Mal 1) C., CLUCIIELTTH (b LTI T T

Ta Al (LTI LTI I TIT06,6 '-b (5,6~ (1Al [-1,2,4- Tl T1E3-[1)-2,2 b T [T (BTBP) al 1]
Al Tal ICTQT): (0 CIa I T Ca I (e T T al @l TTal (T, CCI I (0003 (13),
164501653.

11. GLUILJA.; HIMIC.; MU G.; FOImal M. R. S. J.; WIITLIM.; GLUICITL K. HETTIT] M. J.; Malll]
C., 6,6 '-b[1(5,5,8,8- M1 [111145,6,7,8- MR LT TTI+bITTI1,2,4] METT+3-[1)[2,2 "o [T a ) (AT
(T (IO a LT \m@mﬂ]ﬂﬂ:ﬁﬂﬂ]ﬂﬂm(lﬂ)amﬂmﬂ(lﬂ) (T (I CTTa LI T ()
LT 000} 24 (4), 463483,

12. T T. A.; VIl Ta, J. D.; BT J. C.; Glal] K.; KT S.; PalIlILIP., TCLUCIIITS @M aldiral]
(T a0 Ha LI O CECET T ra o, TO OO OO ) OO 0 00BA4 02015 (O DO T T T
O OCO-COT O OO, Palin) Falll) 20024 ST 2015; [11166411669.

13.  RCLLLW. H; MULLILB. J., HITLCLCT A a0 Ca ] CIINT ) (LT @ T [Tala 10l M lal 1]
(LI TA@ ML OO, OO0 C011, 171 (9), 572305741

14. ML B. J.; MalliD) L. R.; SCITIMYN. C., Diat (] I Talm LA LI LA D (V)
(DT O LT TA (I LI Cla (LTI IO T ) (00 CEEE L0103 30 (5), 4450456.

15. AlTTLIJ.-M.; MO Tat] M.; HIGIC.; HOITL) X.; LETTT ) M.; Mallll] M.; BIITTalm] P.; Balll]
P., DO A0 CCCTT) (e (T CE O T e (T t GAN X (LRI OO (L
UL OOOBALI 2005 (D\ [T OO C T O OO OO O O (OO O MO I), T Tha,
Jalal] 9013 OLb[1,)2005.

16. MO Ia ) M.; Cralliln) L.; HOOIL) X.; HIOIC.; Balll] P.; Mallll] M., GAN X:alalla[lll][[]
[MTDIAM X-SAN X IO OO0 Ha I (T afa ] T O] (O i O O B4 12007
(AT DI CCTC L CLTIn G, BT 1ral 1] USA, 9013 S[TIT1bI12007, 2007.

17. MO a ) M.; SCIILIC.; CalllL) B.; BIILIL; Balll] P.; [IIII11] D.; CallL]J.-N.;
Vi@@aiilball ) C.; L] B.; Mallll] M., HA 111 CTI0& M0T M0 [TA @ E C A 0 COMTGAN S X100
COTT ) COT IO (T (I COCTa Oy (0 HEW. TO O (OO O COCEBA L1 2009 (D[DDD:DIED
OO MO CETTT e & [T, Palll) Flalllt) 611 SCITIIIbLL,2009.

18. BT L.y ML), M.; ZUT) N NOTLIC.; VITITL H.; Malil) C., DIAM X LT [
al [T Ca T CEC T T a 0 fa CIT T LT T Ca T T a M a b I CEa Cla LI CETEL) CEL DL
[001, 36 (5L6), 709L728.

19. MO TA M. RCCTITLIH.; Cralililn) L.; Balll] P.;  [(TIO011] D.; Calll)J.-N.; Vi@l TIbl@al 1]
C.; L11a1] B.; Malll1] M., HA [T (T M0 (T (A [l C0 & LTI COMOGAN S X2 00 CE I I CIT T
TRU LA TO OO M) O OO BA L 2009 (D[DD\ T OO O COO O T Dé

(LT LINITE CJCIITC LTI, Pall) Frallh) 611 SCIIIIIbLL2009.

20. BLLI1] S.; HIMIC.; Calalala, C.; RLILIIL)C.; (bl C.; TallllR.; GLILJA.; MLI111] G.; Callalll]
L.; MallUb[11] R.; Hallmiirj M.; [TALTTINL Gy (Taliiin) A.; BOITTLIS.; OCLIILIN., ACS PTL PalIml [T
(T a T a DI T T Ca OC I Ta CI o L) CEC O OEL) £011, 241 (9), 342713435,

21. Salal1,)Y.; STT1]Y.; SITTTLS.; Tall M 1L)S., TEOICI T Tal [T (I @l (1) (1T
(LI LI L@ a1 Tl a T HNO3/ (LT TA LTI LI, CLITIIT L) (D0 LT C001, 79 (1), 910
103.

22. CallllIM.; GLIOLJA.; HUOT) X.; Lall1] S.; MallIb[I1] R.; ML [al] M.; M1} G.; WL

A.; TalIIT)R., DI (IO (O, a0 COMTE) a (0 QOO COOCI ) COTC L LT (M L0 (a1 [Ta
I CTal W Tall T TODGA al TIDMDOH MA ([ [ 1111 al [0 CIa i LT (LI (Lm0 URO-
GAN XL OO 010 152, 1390148.

23. CallIIM. J.; GIILIIT] C. R.; TallILR. J., NCLIOL IO (LA LI Jal 1) (b (0 (TGAN X (LI

0.2 M TODGA/0.5 M DMDOH MA/[TITITTT] CEMECTEC (DT [010) 37 (5), 4631482,

24, BIIK.; GLITLA.; M(LalTla] F.; MU0} G.; Tal 101 R.; WIIITT] A., NIIIal 171 [T T (1T]
TODGA. [ITT) DT 1010 7, 1520159.

25



25. BLIK.; Calll1IMLIC.; CallllLIM.; GLILIA.; GIILIIL] C.; HIIIL) X.; MalI11111] D.; Malllb[11] R.;
M(Lallla[] F.; M1} G.; MU U.; SCITIa, M.; Tal 1L R.; WIIITT] A., PO a [ CCT T T
(T (111 GAN X CIITEI) D) 0. £010 7, 392103897.

26. BT J.; MILalTlal] F.; Sallliin] M.; Tal 10 R.; M1 G.; WIIITT] A., POITOCIIT) (Tal e C)
COTTTE IO I T a LTI (T8 I \(GAN X) (T Coa (U (1 IO T8 O (O (T T (al (1) CETITT T
OO MO OO £o1h 30 (2), 1270141,

27. CLIIITILIC.; MITTTaL) C.; HETLIP.; NI L.y VIELIX., Malllal O Tal I (I Ta I
(L0 MM ET L) CETTE) COL T 0, 26 (9), 122911244,

28. S[IITa, M.; W] A.; SCLIIIITHall 1) C.; Malllb[I1] R.; GLIILIA.; Tal1ILJR.; M1} G., UL
(M0 M Tab I a0 a OCTC I Ha (T a O OO CIO T a CII0 T Ca (OO T CII T T
COTTT T IO O (010 30 (7), 7481764,

29. GLUILJA.; MU U.; MalTTT11T] D.; Kall1] P.; MLITII G.; WIIITT] A.; ZTall] T.,
AT/ @ CITa (I (A lfa i Cla (O a CEET T CITa () (e LI LT COm T a CET T
2,6-bI1I(1,2,4- T TT+3= [0y (LTI a1 (OO (IO C010) 30 (5), 4331444,

30. Callll[IM. J.; FLI1 O. D.; Mal11)C. J.; Malll] C.; Tal1ILJR. J.; SIIIT1]S. I.; CLLILIO G. R., SCIITIT]
D]]EHHHH\b[l]i\IHIHIHIHIHI\HI\(IV) (T TI (IT (IO I Al [Mal 100 CETIE e (] CEEr
[000) 25 (6), 723(745.

31. Callll[)M.; BUDIK.; BT J.; GUILIA.; GUIIIT] C.; HIIL) X.; Mal 11 C.; Malllb[11] R.; Malll]
C.; ML} G.; MU U.; SallIT M.; WL A.; TalIILJR., DOCCIOTT I T CE0) (0 OO+
(Tala [ MO ma L a a0 URO-GAN X O CETTE OO (O £010 32 (5), 4470
467.

32. CallllIM.; Mal11,)C.; Malll] C.; SalIlllI] M.; TalIILJR., (TRU-SAN X3 A CalT&i ][]
URO-GAN X alTIESAN X CIT IO T T I T O T (Tl NOCO. (T I LIy
[010] 57 (13),219812213.

33. PlatallK. A.; ALTTLT. ., OCITaI ] (L[l [or (T MalTal 35001000 0C. (TTTTIIIIT[IT]]
CCIITIITLCT, 2 (2), 194-195.

34, BT J.; DI B.; HOOIL) P, HOILIC., PAR X, a [0 CIM0a CCT T (0 (I 0T La Hal T Td 1]
CITTam ) OOy O, £010 214, 1170124,

35. ML Tl M.y SCIILIC.; Call (1) B.; BIIILL; Balll} P., (1Al al 01 (VI) bON,N'-[14(2-
O LI N0 MI(D HIBA): (01 (Tba 0 (LI (a0 a @ (0 [0 COC LI O 0 D)
COTIT L) COIIT OO CCCL (000 2008), MUTTLIB. A., I T AT Ta, USA, 15019 SITIII1b1,2008.

36. SCIILIC.; MITTIILIM.; Balal 111, C.; Balll] P.; DT} B.; HIITT) X.; Palall] V.; RCITIILIH., A
1] [ al [ Clal a a JIOOOT) ML CETT T \DD]]D[D](DD]D
2011), Sal1@[T] CLII) 3(7 OLIIbIT)2011.

37. MIUITAlILIP.; Ablal] L.; SLITLIC.; DU . F.; Rlal) A.; ML P.; M &) M., DT
ala (I COCT T T T M a (T a CETT T OO a = 298,15 K. CEO T T T OO M T CE T T
L01L; 91, 941100.

38. MUITAlLIP.; Dal) T.; GUIAL[TLID.; Krallllla, K.; SCIILIC.; ML &) M.; ML P.;
DL J-F., MO a1 (T (O (O (A LV al D) LI (VT @ (I O D HBA.
(1T CCET. C010 55 (13), 651106519.

39. DEM) V. A, CI& CHIE CE) [ O, IO O o O OO T O O O O T 1)
SO W. W BUITTLJL. L.y NalTallllJ. D.; BITTTTLJK. P., [TJCRC P11 BlTa Ralll] FlIl1Ta, 1990.

40. M J. P, 00 O CO O CCT ) C ) O ) (0 O CEE ) CET ) COCT T ()
(10 L) O CO I COT T T () [0 C I (00 COCm ) CE T COOmr oo € A-R-

4912, CLI D MA@ I T A TN I Flalrrs 1978.

26



41. CLIIJ H.; TallILR.; JIbIT] M.; WL LI Tal] D.; MalllIT) A., DL ([ Tal[]allallillla
(I (LI (la (00 O COCCOTOC O (MR O (MaOalalTHPUR - X COCC) COIOTTOC (00 LD
1010} 34 (4), 2971 321.

42. CLLL) H.; TalIOLJR. J.; JIbIT] M.; WLIITTal] D. A.; BITAIC.; MallllT)A. J.; [alll]S.,
S0 [CTa MO COCTT ) (O [MaCalTallTTHPUR X OO O COCT COE T CEL) COTIT LT (0
O C010) 35 (1), 1018.

43, MUITALLIP.; ML Tal) M.; Malll 1] M.; D] B.; HLIIL) X.; DOS) S.; SCIILIC., (LI 1Al
a0 (O (00 O COE ) (e CTI ) O (00 [MECH O T a (0 (0 (00 (O CIOOT ) O, 000 (1
(010 158, 5800586.

44, M1 G.; AT} He; VI He; MallllblI1] R.; Mal TTT11T] D.; SCITLIC., DOD IR [Ta

TODGA-bal T[T @ LT CIT T T T Ca LM T (T CITA T OO T @ L0 Cra (T
PUR X (@(0Talm) Calll: (OOl al fE T r) (OO (O] (001 26 (1), 62176.

45. Mal 11111} D.; CLIMECIIT) B.; Glall) J. P.; Mallllb[11] R.; MLIT11] G.; SCIIA TP D.; SCIOLIC.,
DI [T a TODGA bal 11T I CIT T Ca I ] )] a (0111 a PUR X
(a[Malm) PalTIII: CICIO0O0T A (T Ta (O COIm ) COT T OO COI O (0 O (000 27(1), 2601
35.

46. SHTIaT+PLIITT] D.; Balll] P.; CLIMIEALITT] B.; Malllb[11] R.; SCIILIC.; GAE) J. P., RCITTIINIT]
Tl IITT LT HLLW (LI (TDIAM. X (I CECIIEEL AT 0003 93 (6), 3511855,

47. GUILJA.; GLITTLK., MIEMIITDIAM X CTICTTTT e (LI (B ) C L O] T+ Clal L] I

COLLIIC ) (Tl T O (AT O ITELIT, A LI C001; 96 (405), 2111218.

48. MallJb[I[] R.; Mal[LII11] D.; GLIILIA., M LI (IO LT ) (OO T a LI (T ala [ [
LI O T, (0103 374 (3), 253112538,

49. Mall) C.; HCITTIT) M. J. D (IO ) IO ) O O T T COT T (T T T
CLIOIarTs UR 18038, [T TalCID T LETTTHb LI 1998.

50. Mallldld, .; MLIIIOL) .; SlaldfalllLlS.; Malld[LIM.; ML) A.; PalITILJW.; B(Iball)N.; BLIIIIT] L.;
CLalbIIILM.-C.; SalIII[JF.; AITINLA.; CallalA., HCIIT T [12,6-b 03 [E (LI

(T 0 O/ (T a IO (O T a O [ LTI T [Ma O Tab M [MHaMa CHTH CETTMa O O A0
OCTTL CIT) 1010 138 (23), 7232(7235.

51. WalllLJC.; MLIIIIL) .; Malllala, .;Mald[L[IM.; AMLIILIA.; CallalllA.; GLILIA.; Palal]P.J.,
T G ] (@ CE OO O C O e (IO CO alllll] I (T CCTIITTTMICHON
[1,2,3-[Ma 114~ a0 mHC Oy alt) ). M O, C010) 56 (4), 213502144,

52. T@EMNLG. L.; SCIIMJA. A., Wa I3[ ITb [0 (LT & [0 (OO T (0 COCI OO OO (I a0
(LTI (a0 COT T Ja CO) T Dla ML) b O (I, a b (0 (0 (00 (M Taa O O (LTI (AT T2, 4-b0(5,6-
CIITTTT 11,2, 4- (0 CIT33- LTI ITIA (O [Wa I A CTL DT, 10113 48, 121601220.

53. Mal 11111} D.; CLIMIECI1TT] B.; FlIIllal] M. R. S.; GUILIA.; Gldd) J. P.; Malllb[I1] R.; ML 111 G.;
SITTAl#PII11] D.; STITLIC., DI Ta SAN X LTI T (LI T a L I @ i I C M 4-
BTBP [T (e COTTII AT T CETAT ey Cr O [00[;27(2), 970106.




