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Study on Separation of Platinum-group Metals by Using Laser-induced Particle Formation

Morihisa SAEKI, Fumitaka ESAKA+*1, Tomitsugu TAGUCHI*2 and Hironori OHBA

Laser Application Technology Division, Quantum Beam Science Directorate,
Japan Atomic Energy Agency

Tokai-mura, Naka-gun, Ibaraki-ken

(Received September 3, 2012)

We proposed separation technique of platinum-group metals (PGMs) from a solution of
high-level radioactive waste by using laser-induced particle formation, and performed its
proof-of-principle experiment. The simulated solution of high-level radioactive liquid
wastes (HLLW) was prepared by dissolving palladium (Pd), rhodium (Rh), ruthenium
(Ruw) and neodymium (Nd) into distilled water. The Nd metal was added as
representative of lanthanide and minor actinide. After 40-min irradiation of a mixture
of the simulated solution of HLLW and ethanol (v/v=1/1) with a UV laser (266nm, 20mdJ),
the Pd, Rh and Ru metals were separated from the Nd ion as particle with sub-micron
size. The PGM particles were recovered by filtration and centrifugation. Analysis of ion
concentration in the sample solution by ICP-AES suggested that the Pd, Rh and Ru metals
were recovered with efficiency of 100%, 94-99%, 65—-69%, while the Nd ion was completely
kept in the sample solution. This result elucidates validity of our proposal. Moreover, we
investigated dependence of recovery efficiency on various experimental parameters. The
results suggest mutual separation of Pd and Rh by arrangement of the intensity of the

irradiation laser.
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1. IZT®HIT
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TI7F AR MA) . To% /4K (Ln) mHFEUIMI, AelEiE (N7 7 LAPd, vY U A
Rh. V7 =D A Ru) BNHEMLTEY, TNOHAROLREBFFEHABAKFENIGHIND 1 FrOm
LULPBEIR TR 4 kg, @BEAE OZ 0 HI3K 19kg LHEE STV B[], BERICE D
AaiRockE () OFFAEZRL oM EZRIET 2 2 ik, REARMRBOAZ2 57,
R OELEZM D ETHETHD2], £lo. & VYV EUIRMERRIRII T 7 AFEALER RSB 2 5
NTW52, Ru BRI R ER IS A 52 5 Z Moy (8] s oMiE
RO 72D b A EIEHRFE DO - BN OBFRFIINETH 5,

MA. Ln i % &Tem LoV TEBER > & BB R ICR &2 By 2 7k L LTk, AdkcE
A F U REA A AR IR WA T D IEE AR Ui A A v actaorBiik[4, 510 AaikocH
A A OEMET - WL EFIH LB RER, 6l ERRESRTWS, LLAeRns, Zh
HOFIETIE, A A UL TIEA A RZBIE % . BRULTFIE CTILEM A & L~ VIR BEIR
(ZRIFHNRIE ST THBEZTT O 72D, A A 2 AZHBHIECFER 38V U BRI 22 9 2 BB a4
WD, Flo. @ L IVBHEBEIRIC A 4 o ZZH IR EM e £ A RIFFIZIE S T 2 &
IZE - T, 2RI R AET 5 LW H MER S 5,

Z D KD PR SRS ERS 2 WS PEBEREEY B DRI D 1 S OffiR & LT, R T
JSEFIE LIz AR NBHENE 2 b D, KHIRTCHUS & ITBBIEA A 2 DR L T2 KEIRIZ
YA - TR ARG L

@) ELT & o 7p & ORI E 2 BUBRATRIC IR L TR & | SIREHT L 0 SEbiEs kL2 & jik
HEndEFEFIALTERBIEA A 2ET Lz [7],

() HFT Do FAAFy BIZIEWMEEA 4Y) WS F2 0L, BAETHT VI VAA
I RORIEFNE 1 L BB IEA A B RS SE TR L2 v [8]

(i) IR OB IEA A o 3 EAMEIRIC BB E) (Charge Transfer: CT) WLULH % fihitd
L. 532804 E3KG T OETEBE L CTRBIEA 4 28507 5[9-17, 21]

ZLICEY, BRIEA AU OMEAEED SELRIETH D, KBTI XL MEAME T LZA
SlETuFA A E, ET D AR RN RS S W20 | BET A TRAA Y EDORISIZEY
B S 720 . RIS 720 . BB 2 2 LI X0 0 - BT 5 Z LR TE D,
TEENBECRIATE 2908 CRIEE LT RIC3 DDA Th2ETFT-1N, 20955 type OB &
QDO IERITIIETIX T T hhe T ASRIGHEA 4 2 RNIRICTE 20T, < 0A
BETCHE BRI ZE N e STV A7, 18, 191, L L., type (), G) TIX&BIEA A > NE LT 5
DNE D DIIRLBRTTEMOKE SICLVIREEIN DT, HEOERIEA 4 PN FT 5% T
FBNMEZ DD DIINETH 5,

—Ji. type (iDL TIEARIT i fE DK x < 22y CT WU ZFIH L Tnb D
TRISEHHEIT type (), GNEEEL <, =P —D X 5 @ ONIRZ M L &R



JAEA-Research 2012-030

BORSITHEIT L7V, 72208, CT WIUH O RIZSBIEA AL > TRARDZOT, BEFEOER
A AU PHGFTIRETTH, BILERTEMNZT TRBIEEOERICL VBTSN DTED
AR E D | type (), () LV bInHEBIRMEE @ DD ATREMEN H 5, £ 2 TH 4 1, type (iii)
DIETCINTER U, BEOITLEPIETFT D8 LIV MBI OB R, etk @
F RSN A L RS U CRBRAIR T O A& R A A 72 o CT I 2 bt 35 2 &1
L0, ST AR L, MR L S TR T 2 FEE i Lz, AfE T
DFIEOFHMF Z ORI 2 AV FBLEGEER 2 /33 5 L 3kic, FEBRT A — & —TkT
B WRL TAL R ORIV TS & OfAGDE ., S OITIXEBFEO SR EA 4 v B IAFT
LERE T COABKEILREA AL DL —F =R LA T = X LIZONTHEET D,

2. BEEIR OB

L— ki b 2R U7z A @ ikoc B o BERIIUE D& 2 Figure 1R, L— W —HEAT
D LIV BEIR I IX BB R T R A A L T, MASSLnA 4 272 SEEFEEO LR EA 4
EZORA A E ISR BIEAAA A Cl-d D WITEERA A A U NOs S ERIRIR I 77 L
T2, WRPTOEA A AICTRING 2. ZOWINE A 32 Z LI XV IEA A %200
fRfb, WL TELZ ENMBNTWVD, FIZ, Pd, Rh, Ru A A 3N EaEEk (200~350
nm) ICCTHAFF-> TRV, FIR L — = Z BT 2 LRI T L CEMANIC IR Y
(R(Q) . BIERPCITEE L TRk 2 BT 5 (@)

nAe By oo DY e 0
nA —> (A Pk LB 2
Before irradiation During irradiation After irradiation

Photo- Particle
reduction  formation
AV — ... — A ——> (A)
A" PGM ions
B"*: Lanthanides,
- " L
Minor actinides 3 * aser Particles are recovered by
s . - - : . . . .
X~ : Cl-and NO3 £ CT band filtration or centrifugation
: V
-7
B+ Ant
Metal A

UV Wavelength

Fig. 1 Schematic drawing of separation process by laser induced particle formation.
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ZIT, AlTAERTTEEE T, — . MASRLnA A2 DO —EO LR IEA A TSN R AR
CTH Z o8, WU N ERAMEIR S S ATV D 2 &0, R i K D P bl = v 12 <
W2 EMD, T DILHEA A v BN L — =T 0 hRAICRRL b T 5 DIXREECH
%, Lo T, BakEiHk, MASLnA 4 v ORAEIRICEN L —F — L2325 & Beikc
T BRI AT A Z N TE D, L=V —RE%ORIEZEY 2B E2ETDH 7«
NE—TAHBTL0H DV FE LS VD Z 2k, kb Lz B&ikaRkiE g %25
Bt - [FUT X B,

3. BRIk

3. 1 ARBHEIROFEE

AEIOERTIE, L—Y ki b 2RI U@ LV B BRI A & O A &k 5T 3 45 BRI
EOFRHETEZ By E LTWD, £2C, HEEREZBEMLT 272012, @ LYV B ERER T
B2 < G ENTWDH XA Y ANAA 4 v ZLnAd 4 CMAA o OREE R L, 2Ry,
Rh, PdA AV ZIRE Lo b D% & L~V PEBEIR OHRAIR & LT, BUEEIKIZRUCL - nH,O
(FnYestize, 99.9%) . RhCl; » nH,O (FYefiiZE, 99.5%) . PdCl, - nH,O (FtfiZE, 99.0%) I
L ONACL; + nH,O (FIEAIEE, 97.0%) AR AKIZHEN L, ENENOKERZIRE GO T A
FREN0.5mMIC R D KO Lz, b, MBBOBMIROpHII~2TH 72, S 510
I RUG Z IRt S W 5 7o 012 BRI AR R (viv=1/1) o= % 7 —/v (Felis, >99.5%)
EIRINL., BBHAR A ERL LT,

3. 2 LIS &5 uR Quartz reaction cell
O A B S 3SmLOREHAW 2 A, Fig.2 10mmx10mmx45mm

AT LSRR R ORI LN,
o 284 L —H— (ER6mm, #: Y ik L 10Hz)
Z10-607 MK L=, =L T, L —% —M51#

Sample: 3 mL

DR A 7T L7 4 0% — (Millipore, RV UV Laser >
H—=HRRA b ZAT) ZHNTAELIZY &b

SyBfE (BN 141 kG) §5 2 L2k Rk L——f—fj
L7 A HE R MR T A EIR L=, 725, ATRIE Magnetic stirrer
FHLU7-254k L —4 —%Table LI £ & 7=, Fig. 2 A schematic of experimental set-up.

Table 1 UV lasers used in this experment

Wavelength | Energy Light source Company

266nm 4.66 eV Forth harmonic of Nd:YAG | Spectra-Physics, INDI-10
355nm 3.49 eV Third harmonic of Nd:YAG | Continuum, Surelite-I
193nm 6.4 eV ArF eximer LambdaPhysik, LPF205
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3. 3 ABHAIKI L OVER L7 ARk D

REHRK T D& JEA A PR DR B Z 572018, FA AT R (H AR,
V-660) (X VRINARY MERIE LT, £, b=V —khibick v L-&REE i
FEH 272010, A E 2T LD BER ORBHEIR T OB A 4 L IREAZFERES T 7 A~y
SeorpritE (ICP-AES; SII Nanotechnology SPS3000) TillliE L., L —W—MWRERIDEEA 4
IRE LT 2 2 LIC KD iR ORME (%) ZHEMH L, 612, UM FoORE S,
AR, AiE %2 AR AE IS (SEM; JEOL, JSM-6700) 3 L O'X#REIPrEEE (XRD; RIGAKU,
MiniFlex IT) 2 X Y J{~7z,

4. EBRERB I VEER

4. 1 FEERAW A T R SERE SR ER Irradiation time

F9. L—Y ki b E R Lz oe R Bk
EOENEZ D H -2, 0.5mM (Pd, Rh,
Ru, Nd)/K =% ) —)VIREWK (1/1=viv) I

266nm (20md) DIV —V —z W L7,
ZDOfER, Figure 313 L 9o1ic, L—F—
RIS RIS, L — IR laser irradiation.
T 3% B AR L TR O T2 DI B2 25k 4
L, ZOBBKT &5 LsgE L TR DRI l‘
LB 2 72 DR % (ZEWI 72 > TS BRF- 2581
BT&E, ZOROWINANY MVEL R~
THD ELFigure 4D L 927> THH, L—HF
—IICATD A7 k() TIXEEAMER (<350
nm) (ZPd. Rh. Ru A 4 > ®CTWRIH I IF)E
TE LW RIS D, ZOCT
IE IO RT L D 12407 SR L —F —% 0 . . . | . |
IS5 LICX VAL, —F TalRER 200 300 400 500 600 700 800
CBNT_R—2F A VR ERTA. S50, L Wavelength (nm)
— P — BRI OV % FLAR100 nm D7 4 A X Fig. 4 UV-vis spectra of mixd solution:
T I D AETD L (IR L St R— 2T (a) before irradiation, (b) after 40-min
S O IEIE0E TR A L LD irradiation, (c) after filtration of (b).
TOR=AZA O EFIIHEITCIT LY AR LIz AR B TR MR T OBELICRBETE 5, LLED
FER LV, S L —H— (266nm) %0.5mM-(Pd, Rh, Ru, NAKIEIKR,/ =% 7 — W RGEIRIZIR
W45 2 LIV ETOASKRITHRA AR EIT S, REE100 nm U EOWERF2SER S LD
ZEBbhot,

Nd A A 13200-800nm D FEIKIZ T & A ERINZ 7272 2D Figure 4D AT [ L
NBIENAA 2 DREZEOFE T ITD2 BT, Nd& ARt H & OHENR TE T\ D D)Lk

Omin 5min 7min 15min ~ 30min
Fig. 3 Photos of reaction cell during UV
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WTERY, £ T, 4078 L — Y —RRER. Al E 723 0o BEC X0 B Rk 1
ZIAL L 7= OFERRIE P O A 4 BEZICP-AESTHIE L, L—W—MEATD A 4 BE L1
T D52 EICkY, KRBT DEMNNHEEZ RO, ZOFEE, Table 21278 T X 9124k &

Oz DB £ 0 PAIZ100%. Rhi294-99%. Rull65—69%[AIL CT& T\ A DIz L, Ndidix &
o ERBHRIR P I o T E E o7, ZORREY, v—F R b2 FIH Lo e R oBEEIC
XV, BEELERA AL 2T X ) A RAFT L ENBECE D 2 ENEIETE 7,

Table 2 Recovery efficiency of elements by separation using laser-induced particle formation

Recovery effiency (%)
Experimental condition Pd Rh Ru Nd
Laser irradiation (40 min.) + filtration 100.0 99.0 68.5 0.5
Laser irradiation (40 min.) + centrifugation 100.0 93.9 65.4 1.6
Only stirring (40 min.) 2.0 5.9 1.3 3.4

— 7 AEA T UM VEREE T CPAA AU KEIRIC =5 ) — &M% & R L7 T,
PA3ETE SN TR -2 TR 2 Z E RN B N TV A[15], 2ok 57222 & 23, (Pd, Rh, Ru, Nd)
HFERTHE I > TW WP ERERT 572010, =& ) — V&N X I3 BHEIK & 4043 HRE 25 Tt
L., TOROA F U REOEE T T, TOME, Table 2127 T L H I EDA A2 DAL R

HIRARITN (<6%) I[ZINE->TEY , SEOERSM T L —P —RE LTI PAi3mk: 1
fEL7Z2nWZ &R TE T2,

I, B L 7= Ae e RIS R+ OIEHRES D72
(2, AW XV A L 728k -2 SEMIZ L W 8l£2 LT,
Figure 5120.5mM (Pd, Rh, Ru, Nd)/k /= ¥ / — /VIRAIR
RIZA03 SRS L —F —Z BREF L. A K 0[BT L7294
M%@%M@T%éo&kﬁ%@%i\f/7v/74w
B2 —% I — R EIC#H Y, 2O oeERETH L
WL VREEER L=, = OSEM# CTIXEA100~500 nm
DEARBRL T DB SN TEY . AEIOERSEMHFTITY > Fig. 5 SEM image of recovered
YA RETHRLFNREL TWDZ &b, PGM particle

\Z B BEICRIRAGRL T OMIE L D720, £DOXRDANY — 2 ZHllE LTz, Figure 6D
(@)t :(Pd, Rh, Ru, NA)/K /=% /) — VIR EEIRH B ER LTz A& iE T HEZ R0, (b)—(dIic
Pk 7 L 0 EBNCAER L7=Pd, Rh, Ruffhi-OXRD/ ¥ — > ZoRd, 7235, Mok o
BRI LA T L7 4 v 2 — k| %%éﬁt% ECHIEL, AT LT 4LH—T
ERT DN 7 7770 Re2LGIK 282Xy, ki 720 07 —4% %457, Pd¥ L URhimH
DL REFHEIE (fee) Ru@iﬁﬁ%ﬁﬁi‘ﬁtﬁ%iﬁ (hep) % & 273, [BUX L7 A& & ICFR IR G MR
T OEYT 3% — 1 FRu L D IFPACRhIELITW D, F72, AL ERA ML T ORI E— 27 1%
PdLRhOHHICH Y . Fl 2 134 FERQLIDIC G T 2 B — 27 13PdI%39.7°, Rhi340.7°1 (7 L
TWDH D% L, ASRITHERAIR T TIZZ OHR (40.4°) ICBHIESN D, ZHHDOFR LD,
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FIe R TTRIR AL XD & TG 2 & U ( PAERhOGEIT/R > TV D & iflim LTz, 7238,
Rui® ED L ITIRAWRLFHICEHEENL TV DLNE, BUED L ZARATH D,

Fig. 6 XRD patterns of particle of (a) the
recovered particles, (b) Pd, (c) Rh and (d)
Ru. The number neighboring to the

Intensity (counts)

peaks indicates Miller index.

40 50 60 70
20 (degree)

4. 2 KRxIpFEBNT A —Z =TT DRI L D= DARAFE

4. 1 CIEL—P Wi b ZFIH L7z e 5B % Pd, Rh, Ru, NEARICHEL L, A4
RHEE T X ) A Rt C& b2 & 2FE5E LTz, RE TR BRBLME 2RO D720 ki~
IREERNT A — 52— D eIk T T ORI S AF M 2 5~ T,

4. 2. 1 =x& ) —)LHRITHT D EEME

pH2FEE ZFH%E L7-0.5 mM (Rh, Ru, NOMEFEAKIZ R~ 72 lbo % /) — )L & 12, 266nm
S L — W — 2405 IS L, FLR100 nmD A > T L 7 4 LB —IT X0 Al LTk T % [y
L7 OAF U REZICP-AESTHIET 2 Z L2k v, [BIEEOTZ J — )V ERIRFHE 2]~
ik ZzTable 312779, NAOBRUXRIIHEREGLIHN (<3%) THY . AEIKEITLHEDHDOZRAY
23R [EASTE TWD Z &b D, MikOHORBHEEFEIR CIXEILEEITIRh TI1X20%, RuTix
14% & ZUE EF L RV, =F 7 — )LEERMPR10%I2 72 5 721 TR RhIs L ORut 2 50%F
EETERT D, SHIC=F ) — VRN 33%E B2 H ERhOENHEITIS%LL LIz, =& )
—VHERBBE0% E THIGERITIZ L A S LV, —77, RulZBE L Tid=# /) — VR pEm< 72
HERMEEESIEFIRLRVEOO, [BUEIZ60%E T AT D, LL, =&/ —/LEFENR50%
EHZD &, BICEICRITRD L, =& ) — L ERET%ICH O TRhE L ORuk 2 28% % % T
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T%, UEORRIY, =2 7 —/VHSRITB0%RENKIE TH D Z L BDh-oTz,

Table 3 Dependence of recovery effiency on ethanol concentration.

Recovery effiency (%)

Ethanol Rh Ru Nd
0% 20 14 <3
10% 52 50 <3
33% 95 56 <3
50% 98 60 <3
67% 27 28 <3

4. 2. 2 L—W—RREEEFICT DA

Table 4i% L —H—RHIHZZ 272235, 0.5mM (Pd, Rh, Ru, Nd)/K =% / — /ViRATAHK
WWqﬂ)’%@mﬁﬂv—%~%%%Lkﬁ@@ﬂﬁ@%k%mwaé ZoRIVPAC
B L CIX L ——RH 105 B TORILEN100%I272 > THR Y . 1053 BNIZETOPAA 4 3%
PRI LTWDZ R0 D, £7-. Rhix10% FﬁfSS%%ﬂ“ﬁiﬁ%ﬂ:?‘Eﬂ% ZHUABEIZ L —H
—Z B L CHEIERE RN ERS T, 40T 52 ICL Vo ERhA AV DIFEAE
BRI LT 5 LN TE S, —J . RuTIE205 IIRE CRuA 4> D70%T < 23k 7169 %

D S HIZ L —F =G L THEIER N BT 58k F13A b o Tz,

Table 4 Dependence of recovery effiency on irraditation time of UV laser

Irradiation Recovery effiency (%)

time Pd Rh Ru Nd
10 min 100.0 87.5 63.8 2.8
20 min 100.0 93.9 67.3 2.9
30 min 100.0 92.8 67.0 0.3
40 min 100.0 99.0 68.5 0.5

4. 2. 3 BELV—F-ERITHT DA

Table 1 (2759 3 2D £ (193nm, 266nm, 355nm) DEEH L —V — N2 EKERO= ¥ /) —
NEMZ T2 0.56mM Rh K/ =% 7 —/VIRGER (viv=1/1) (ZRRE L, S L —F = RITx
Dk AL BRI E AT T-, A, L—H —O#uk Ui 10 Hz, B — 2803 6 mm (ZH— L.
L—HF =N = 3L ¥ —%2FE L TENLH 18.8 mJ@193nm, 28.9 mJ@266nm, 38.6
mJ@355nm |ZE%E L7z,

Figure 71X Rh A 4> ® CT HIZHEK T 2 WU — 2 (~245 nm) & K 550 nm TOWRIL L —
7 O A SRR RT L COR Lz, RT3 2 & 245 nm TOWIAEA L, 550 nm
TORRAEIMNT HOTE =7 I REL 2D, SOICHRIALOETIZE S & AT MV
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L —H#'—% Rh A 4 L KIRIFICIRE L7284, () L ——MREEE LR U T Rh A 4 KRG %
KIx s )= (=1/1) BEERITEZ 1256 OMKLHALEITE 2 ~7, £ 0O#R% Figure 8
WORT L, ET 2 H ) — VBTN L Ten Rh A A U KIEIRIZ 18.8md 3 LT 15.3md @ 193nm
L—HF—Z W L7-5E . B — 27 1A 0.5 12725 DI 18.8md TiE 32 5303/ 5 DIkt L, 15.3md
TIX 16 53 Lo TE LT, B L —F—FICEENDTHE 1.1 HFI2T 57200 T ki 7
BEEIX 251270 2 b nd, —h, =8 7 — )VOF I X D8R LT O % bl
ThHE, ZH )= EMZDH T EIZED | R EEEEEDS 10 f5LL B, I &b Z &b,
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S b, Figure 8 £V, 193nm b TIIEFEDOEMD A7 HF, =& ) — /LD RL b1
KA RSMEEIC T 5 L TV D DO TIERWINEEZ TN D,
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g | 2 -
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Fig. 7 Dependence of particle formation Fig. 8 Dependence of particle formation

speed on wavelength of irradiation laser speed on power of irradiation laser and

ethanol.

4. 2. 4 BELV—V—mmEIIxH KN

0.5mM Pd/k /=% /) —)VIRATRK, 0.56mM Rhk, /=% /) — VIEGVER., 0.5mM Ruk /= ¥
J = WRBER (W bviv=1/1) 12266nmERS L — P — % 0-20mJ OHFIPH CHEZ L X e b
10 MMRE L, = OB OB 7L 2 JE Lz, £ OfER, Figure 912777 X 9 ICZRh & PA Tl
L L7z b — Y —sRE R 2R L, £72RhTi37.5md, PAdTIE5mILL Lo L—4—% i L7
W ETRRLAEDE Z BN 2 Eborole, — HRusEHERIZ20mI DS L —HF — % U L T
BRI T ITAERR Lo Tz, & 51T, JEEITLE L OB LRSI E O 72588 5- L T % »»
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EIARD72DIZ, Figure 9% x4/ 7 7127 vy b L, ZOME ZROT-FEF, Rh, PdE 2
2.8[IZIC /o Tc, ZOEITERFIFICEVZLT 2 HDOD2LU TS Z &id/e <, JEET - %
B AL IE S RIS K 0 T = E b o T2,

#&120.5mM (Pd, Rh, Ruk /=% 7 —/VIREVEIR (viv=1/1) 12266nm¥E4t L —H —%0-20md
DFLFH CHRE A28 2 725 6 1053 [ L | & DR ORI 1B 2 E LT, & OfER, Figure 10
R T LD I IRATEIR CIIRu b Mk 7% 15k L (Rh, PABOR: 712 E L CWO D AEEE A D) |
Ru, Rh, PACENZILEL D L—F =R EKFEZRT 2 L dbhoTo, IBREEROEEIZHIK
ki AL OBMEIZF/E L, PdERuTliEhmd, RhCTiE10md L B L —W—J6 4 BRET L 72\ & ki 1-
fbL7Z2ho7z, 612, Figure 100FEREZWIIE 77 717 my L, EOEE 2RO, £D
FEF. RuTiX1.5, RhTi2.2, PATIE2.3L720 ., W oitk CHEE B201% OfEIZ /72,
Rh, PARAEE DR DM E H32.8TH Y . D OIRAWHE TIIRuUB KL LT D L 91t/ &
M, 3DODILHRAF U RIFT D LI LR A EMBEISND D TIERWNEEZEZ BILD,
F 7= Figure 101 Y | Pd& RhOMKL bR OBIER 722 2 728, 10mI DS L — W — Tk 1-
L L7256, PAIBTRREEENN TE 5 D% L, RhiZ9% L2 EIR Sy, koT, L—H—
TREEZFET 57217 CPAERhAMAGBECE 2 2 L b broTe,

100 100
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Fig. 9 Laser-power dependence of recovery  Fig. 10 Laser-power dependence of recovery
efficiency of Rh and Pd efficiency of Pd, Rh and Ru

4. 2. 5 AFVRER I UOMERRIEE IR D IRFE
Figure 11(20.5, 1, 2mM (Pd, Rh, RwW/K =% / — /VIEHIEIE (viv=1/1, HEFRIEE10mM,

50mM, 100mM) (Z266nm¥Esh L —F —Z B L7I2RED | A A R EICKT DMkl 7L D%
fbx7vy N LTebDERT, uHRA A OfEHE JOWERBIREITK ST, A A RENE LR
DIZONWTHRLFALNRR TR D Z LB 0rd, A TV RERFEZHR L THRL L, WThd
TCHFESHA A PRED0.5mMOKFIZX90-100% Mk -k L TH Y . 2mMORFZIIRuD KL 1-1b2h
F(E70-80%. PATIE70-95%F T L2 L olizxf L, RhCIEs5%E Tl LT 5, Lo
T, Ry, PdL W SRhDFBA AV RERKGENRRKRENZ LN 5, A A REOHINZ Sk
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R FALBN RN 2 A BB OO EE A 2 72N Tl 272 BIE, A 4 > OFEICIK 57,
BEKRGHEIIF ISR 23T TH D, Lo T, ZOMRTLBIERO A 4 PRI O
HIEDLEALTZ T TIEHEIITE ARV, B2 5 < Ru, PALRh TR TEA B = X JTE DR H Y |
TR ZOA A ARERIFECEN TV D OTIEARVNLEZ TN D,

WIS, L7 — 4 % O T SRR 56 Bk bR 028k % 7 1 b L7z b 0% Figure
12107, WTROBAIC S, HRRIEAE < 7251051 T, W EREB FR>TNSD, =
TUSREMEFE ORI X 0 BRI 2B SIUCK KRBT E B A DND, 12U, A AV RN
2mM O RFORh O BRIA-(L AN 71T (FR58% C L SRR 23 10mM O i T & Bk 7220 51 60% 12 2
T B, MR E < 72> OB TALAFRITIE L A CZIE LAV, ZORRICOV T,
BIEESRTTHD,

100 — 100 — ]
o0 90 o
70— 70
_ 60— 2 60 — Ru
= 100 25)100 —— T )
g’ 907 HCI concentration 15 90 Ion concentration
] —_— %) _ I
e B o
o 707 —100mM P — omM
QE,’ 60— s 60
§ 100 E:B 100
R 90— 90—
80— N 80—
70 70—
60— by 60—
50 I A AN AR
0 05 1 15 2 0 50 100

Ton concentration (mM) HCI concentration (mM)

Fig. 11 Dependence of recovery efficiency  Fig. 12 Dependence of recovery efficiency

on ion concentration on HCI concentration

4. 3 JKM/AEEENGR2 2R TO L—H —fki 11k

4. 1 CHHISREZAT o 1o b— P — ki b 2R U 72 o8 o5 Bk Tk 1 2R 100nm LA
FICHER SETH D S50 DA HEC L 0 AR R 2 BT 5725, ZOKRE S £ THRLZ 5k
RESELOIFRFHA 025, & L, Wk 72k A100nm E THE SE2R < THREINTE 507
SIF, ST m e A2 FTH I LR TE D, £ I T, WaFI LV —F—F BRI b & TR
HEEZ A G DR pEEEEZER L, TORMEILELZIT> 72, T OB % Figure 131273, 2D
FIETIE. BeEA A 3 L OFEIEHER DS T 7KK & AT 2R 2B L, Lo
S5UVE—H—zRH LT, L—F =Mk i & 0 FE i TASRMEL -2 AT 2, &
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DICARK LTz BB - ORI AARGER 2 Bl S8, BEXMICHEET o2 Lickb, K
&Y IR WAEBRICHT T2 2 N TE 5,
UV laser

nE é P "
e ¥ N K

e | N —
Aqueous ; e | g N, °
phase § ﬂ ° ° ° °
* °.° O
= Surfactant PGM particles, which are The PGM partciles are
A! PGM ions formed in aqueous phase, are  transferred to organic
X: Cl"and NOy~ solvated by surfactants. phase

(The particles become neutral)

Fig. 13 Schematic drawing of solvent extraction combined with laser induced particle formation.

IR AT FIENEBRIC AR D& FEEET 5 7201, RhEMIEIRIC KT 2 Vi) b U o A

(SDS) ZMAT-AKIEE 1-F 2% )=V T2FREM L, EFHNnH266nmL—H —% G L
7= (Figure 14) , 728, BEEOREIX, 2N 0r003 < b X518, AMMIZNT D
YFA NI LT, EORER BT o T2 AR 23881 _oznfﬁ%é AT DT
MBI TE T, S6IC, UVL—H—%205 S L7- 1% O/KFE L OEFHOWIL A~ Lzl
L, BBEETO A7 R L L g 5 & Figure 151277 X 9 KM TlEa 20 Ao Ao OFER
BaEhIH 3B LT D Ok L, AHEF CIE350nm & ¥ &8 EOEIC e ¥ 0 A8k 10
7T AEVRIEE Z HNDWIENEND Z LR o Tz, KFEFORhA A LR E % ICP-AES
THOHr LTS, Table 5127779 & 91226%RhA A RENJHA L TLTEBY, S bICAHHEZ
FHAEHMSE (TEM) THIZ9 % &, Figure 1612779 X 9 1230nmFRJE D K & X Ok 03
FAELTWD Z EDbhotlz, UEORREIY | Foxld b —V—fki b & SR HE O A5
DEICEY, KHEFOR YT LA F 2 Z230nmiBE DT ki1 & LTl TE 72 L L7,

UV laser
266nm, 70md/cm?

1-Octanol
3mM-RhCl, + 5mM-SDS* crane

in HCI1 o o
\ 4
*SDS=Sodium Dodecyl Sulfate ~~ "~~~ N0 gt

Irradiation time (min)

Fig. 14 Experimental condition and sample change in UV-laser irradiation.
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Table 5 Rh conencetration in aqueous phase

Ion concentration Ton concentration Decrease ratio
(before irradiation) (after irradiation)
Rh 8.99ppm 6.64ppm 26%

CT band Aqueous
(Rh3%) phase

Before irradiation

—— After irradiation

1-Octanol Organic Fig. 16 TEM image of Rh particles
phase in organic phase.
Plasmon band
of Rh?
T T T T T 1
200 400 600

Wavelength (nm)

Fig. 15 UV-vis absorption spectra in

aqueous and organic phases.

4. 4 HEFEOBRIEA A IFETTO L=V —RIFALD A T =X 1
FT. HRILOTZDITEAT DT L HBHE
W DOA A HE OBRICONTELRT D, 4
D Iy 702 SZBR R & Figure 1712 L O, 2D ¢6mm
FMETIZHEWT, 20mdD266nmEEs L —H — % 38?,5“’
AUBHAIC ST L2356 RS L7oEns 3 _ Tk UViaser || |opacalpath length
IENDERETHE, 1lpulsedH 72D AT DK
T
Nphoton = 20 X 1073/ [6.626 x 10-34 x 3.0 X 108/ (266 x 10-9)] = 2.68 x 1016 ({#)
Thsd, —hH, BE L —F—FZ6mméE 325 L0.5mMREHAR DN Y 72> TWDHHEITOA 4
N (S
Nion= =0.5x1073x 3.14 X (3 X 10-3)2 x (10 x 10-3) x 103 X 6.02 x 1023 = 8.5 x 1016 ({##l)
Th V., SEIOERSEMETIElpulsedh 72 D AT DI E A A BUXFER UA—F =272 -
TEH, RIR LIEEHFRRRIZ L 2 ASKEA A ORI H21I2B8 20 5 2BRIEIC/R > T
WD ENDMND,

Ion concentration 0.5mM

Fig. 17 Typical experimental condition
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FEDOMEIZZ2 D, ERb 2R FBRICR> TSI EE2RR LTS, PACBE L TEFREMHEE A
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