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Ruthenium (Ru), one of the platinum group metal elements, and always present with other platinum group
metals, is studied less compared with the others. Because there are few mineral contain Ru, and the contents of Ru
in ores that contain it are very low, Ru become very expensive and be treated as a strategic resource. As a result,
the scope of application is limited. However, due to the rapid development in research, science and technology, the
remarkable properties of Ru such as high hardness, high strength, excellent catalytic activity, high conductivity in
regards to their application in fields like electronics, chemical industries, electrochemistry, aerospace etc, and
resulted in the demand increasing quickly.

The content of Ru is not only low in nature, but also a large amount of secondary resource Ru waste will be
generated during the application process, which will inevitably lead to an imbalance between the supply and
demand of ruthenium resources in china, and ultimately affecting the development of China’s science and
technology and national security strategy. In recent times, however, there has been notable improvements in the
development of the global precious metal recovery and reuse industry, a variety of efficient separation and
recovery methods and precise detection technologies for ruthenium have also been developed, and are of great
significance for achieving resource recycling, expanding the scope of application, controlling cost, and
maintaining China’s strategic security.

After a long time of unremitting efforts, the separation and recovery methods and the detection techniques of
Ru have achieved a relatively high level. According to reports, the most commonly adopted separation methods
include ion exchange, extraction, adsorption, precipitation and ion imprinting, etc., and the detection methods
include spectrophotometry, gravimetry, atomic absorption spectroscopy, X-ray fluorescence spectroscopy, and

inductively coupled plasma-emission spectrometry, inductively coupled plasma-mass spectrometry, neutron



activation method, chromatography and in-situ monitoring, etc. These technologies provide technical support for
the research and application of China’s circular economy and sustainable development.

This paper reviews the research status of ruthenium in recent years, summarizes the existing separation and
enrichment methods and analysis methods based on the current development status, and prospects the future
separation and recovery technology and analysis methods of ruthenium, so as to provide reference for future
research.
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Fig 1. Cation exchange resin separation principle
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Fig 2. Anionic resin recovery process of ruthenium in alkaline medium®
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Table 1 Parameters of ruthenium extraction with different extractants

Extraction agent Target ion recovery% Ref.

Alamine336 Ru 81.5-96.1 15




1,10-phenanthroline Ru 98.7-102.5 44

O-methoxyphenyl thiourea (OMePT) Ru. Os. Pt >99(Ru) 45
N,N’-Dimethyl-N,N’-Dicyclohexylmalonamide(DMDCHMA) Ru >90 46
Alamine336. Aliquat 336+LIX 54 Ru 93 47
Ammonium ceric nitrate (ACN) Ru 80-90 48
Cyanex 923 (C923) Ir. Ru 99(Ru) 49
phosphonium ionic liquids( 1L 101 and 1L 104) Ru >70 50
5-Br-PADAP ethyl alcohol Ru 100 51

Tertiary amine Ru >90 52

di(2-ethyl hexyl)phosphoric acid (HDEHP) Rh. Ru. Ir 40.8(Ru) 53
Poly(N-isopropylacrylamide) PGMs(Ru) <50 54

Cyanex 921 (tri-octyl phosphine oxide) Ru. Os. Ir 98.89 (Rw) 55
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Fig 4. Schematic of the formation of ruthenium cyanide ions by coprecipitation
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Fig 5. Technical process of flotation system
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Table 2. Performance parameters of different adsorbents

Adsorbents Adsorption equilibrium time Maximum adsorption capacity lons Ref
zeolite X 30 min 175.4 mglg Ru [67]
Bamboo  Charcoal(BC) stirred for 5 minutes and 1.44mg/g(BC)and
and Activated Bamboo allowed to settle overnight Ru  [68]
1.50mg/g(ABC)
Charcoal(ABC)
multiwalled carbon 2h 105.187 mg/g Ru  [69]
nanotubes (MWCNTSs)
Bacterial biosorbent fiber 42.32h 110.5mg/g Ru [70]
(PBBF)
Pseudomonas aeruginosa 30 min 196.3 mg/g Ru [71]
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Fig 6. Process of isoBu-BTP/SiO,-P separating elements from HLLW(a)"*®; schematic of TRPO/SiO,-P

recovering Ru from electroplating wastewater(b)[
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Fig 8. Schematic of the preparation of ruthenium ion-imprinted polymer 7!
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Fig 9. Preparation and mechanism of Ru-PTCS imprinted polymer 8
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Fig 10. The preparation and mechanism schematic of Ru (111) ion imprinted membrane (11M) 7]
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ZALERRANE”, XA R RIBOR A Z 2 0 O BURYE,  H IPs YRR L EEIE MR A 2 ) trade-off 2%
B2, FEAE B AR P ARIR AR e AT B A P T DAAE KPP, BRI R T A
W BTN BEEWTUENIABARE, KICKE R RER S (SPs) Sl IPs, T IPs —EHIZRNE,
SRSt \Ps RTEBCEAR O BR A I PEREIL R S-IPs RO —ASFTRIRT L3R, H AT S il &
pH-IPs, T-1Ps, M-IPs, P-IPs, pH-T IPs, pH-M IPs, T-M IPs, P-M IPs &% G50 R T & B2 5. K
KR T T BN HARIE AR KB EE, Wi EORRIBkAR: 1) MBI hRE AR RS, SRR 5 4 2%
RMORZE, TG R RE = 20 E A I D RE SR A vy BAS BAT ORI R RS, RIE, @it — 2B R Rk
AARER 5T AL BT R T E A B AUC R S i L B LR RCR, b ke . 2) R REMS
kL WEBZ E IPs FRAR RN HVEE . 3) H Al 7 BN R SCBRAE A DAL AR . 4) BT
BUR, NORJEASR U R BB UG S T AN FE S, nBEST T . 5) R THLE TS 1, SARFLHE TR,
RN, REA A EESEE T H S8 6) W ATSEIURER 5 A SRR ML dn I fE AR B B S5
AT IOL T 25 BR AR L AR SR AE 7E 5 P8 ) B
2 ATl T E

HAT, BEEXET AT AT ROR NI R VS 4 R, B 236 A T AN R SRS ) S A 58 R 57 1 23l g 7

%, SO RS BT S B E H#E AL, S EAT B FARIE R AT . W T IEET IEA
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PCEE. EEY ETRBOEHNE (AAS) . X BTGNS (XRF) . RS & 45 B 7 1k- R il
% (ICP-AES). HUBGRASE TR-FIEE (ICP-MS). g fhik (NAA). vk fI R Arvk%E, F ik
b2y /I
2.1 e

I BRI E 5142 8 RO, BRI 4)iZ e el o A AR R L R S A AL RO B
YZM BT S EAE B AT T, R R E 11, W ERERFESEN AR, F N EE
R RIS (I 5- (5--2-MEREMR D -2,4- &K, 2- (35- "5 -2-MIg %) -5- WKL, 2-

(5-T-2-MEIE (B4R -5-— Fa ety 5801 ap—smge, mistselll| 2 auei®ime

wmzE il S

B 11 A6 B T R R ]
Fig 11. Schematic of the principle of uv-spectrophotometer

Zanje L) 2- s HE 5 HREBRACHR 7 (2-NBATCH) A (0 B AT, JESL 7 —Fhfaifd . Pudk, R W
SERIA BRI EET (), 45 R WIATWRFEAE 1~6gimL Y[R P9 7% & /R e e, LR ARG 2R 5 2% R A
9 141104 L molem™ F1 0.0075 pglem?, %7740 A 00 5 24457 M 7t 25 & S RVET AR P F (%7 (1)
Krishna Z51%1D), 4-$5 9 3,5- — F 46 T 4-F2 0 2 H Wt i (HDMBHBHD /4 i 4571, %7 (V1)55 HDMBHBH
£ C-TAB 1EHI FTE B (Ll KV HEEE &, FIH 43 Y6 BEEAE IS 420nm Abill e 47 WROBRE, B TE3&
WIATIRIEAE 0.202~2.022 ma/mL JEFE P37 & Lo RSB HE,  ELGH 4% A () BE R RS 3 AR B8R 3.00<10° L
mol™cm™ F10.0033pug/em?, B T A B T TR, %4 Sk a4t 1:1 [Ru(V1): HDMBHBH],
Fasg W HON 3.4x10°, FRAEMR N 0.002, KT HE ST 7 T T IR 5K R A G R R AT (V) I E
Veerabhadraswamy 25111 48 3E % 1k (0-phen) 2% &7, 475 o-phen TR &0 34 1 S50 20 6 6 VLIl s
Ru(lI& .

FAT, MR R F R GRS R, HATErmE, FEFLR R AT AR, AR
KBRS, WAL KIO, S g 2P, i /R, M3 G(OG)PY, Ay B A AU, K
1O LA, e B bR SR B e ) (B VIR, e BOY, gk (ID WA=
(2-% 2.38) i (TREN) MO0 3 g sl it S 7, [ 246 20U F 47 (L) AL KMnO, 8 Mk — 22 5 LMot 4
SR g (DAPCMD A2 €8 [ SRR, JI5E I 31 1 IR BE (KR EAT , 45 R WIAT IR 0.0~4.0pg/L
I, SRR REMECR, o7 RARIE AR, R SRE . Qiao SR T fh 85 R B B )

B )5 YN ETER, AR AR F R B 5 T R A 64T o MR A R ML SR A, Ru* FI[RUNO)>
14



R (0 S R, BkmEnE 5 R FI[RU(NO)I® S BLIM P 4,  FABCH IR T T SRR O &, I
SE T AR R R FEI[RU(bipy)s] s RUS FI[RU(NO)* (IHIAGTY MR R R FHk BE, (RIS Ny 95.5%~105%
FAREFRAENR 22 2.9%~4.3%

G MICEVE R — T A T i, MR R HRE R 2 o IR (8, IR MERar . A
FRARHR, 7251 &R A E b A AT, (HABAAAE —SewkiE, [RHIARE, W 1 ARENE B it e)E,
YT 2R FEN A NAERIE .  2) REUERAC. MHREE . MuEMYEsE. AXREE T+
K. BB ARSI R, 0TI EE R EE R w36 Bk TN AR A2 24 PR .

22 HEW

AR A S S O, A R S PITTE, FRIUTIE B, THRAZAH S e AR
M. FERYL, SRR E A o R o R IR ENE, FoR B 12, 8 IR ER
AR EEMET V) (RUO, H0) 5 AIVATERAL B HLEGR (nsiZs ), iz, BRAIERRL)

SIS EWIVTE -

T 2R, R

K12 SEELRREE
Fig 12. The process of gravimetric

BRSNS A IR R A R, I ERIE TSR R AT S, BEAEIRR, AT
JE1E 50~100 mg 2 [], AHT 1% 2230 [ 9-0.24% ~+0.25%. Zhut® & GuolOVa Fi i S0k J5 4k St = G047 h
HIATE BB, TERERMET, FHIEUERTE 98.92%~99.98% 2 1], ik Mss Rubmh, F%EL, 5 AAS
J2 \CP-AES X LA B AT Zoker v FE A X A0 o F B el e BT AR . MERR I, (HERAERERS 20 A
WK AERTREA D . IEFET R AR A AR E TR R SRR I e s AT A TR AR
h oA, RINEIRAMERG: B AT, ARELAEIE A &R e BUTEST, RHI T B E T
THE Z R
2.3 RFHRHBOEEE (AAS)

AAS VEFEFE TN T0ER (5 25 28300 AR 2 X R SRS el 55 O R BE XA e 2 HEAT RE 1
SERITH M7, FEBNE 13 iR . AAS VA 1955 (R AR RS, EEHT S ARG 5t
SBEVIGE, WH A HA S Tl RO R (B R ImIR S WA RLSE . %5
DN BR BT BT Y60 55 A s AR BT RO AR S, — B P AP A SR B SO IR T IO EE (FAAS) gy 47 i

TG (GFAAS).
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R - Kt

™,

LRI oo
JRFibaE

13 AAS 77 R 2 ]

S RIARE R

Fig 13. The analysis principle of AAS

Minamisawa 25P°Vii i SET R IS BUKRE AT 104 B a4, FERI GFAAS WRIsE T /KFER e & & .
WS RR I, MMEMEE 3B, Ru M HBR A 0.06 pg dm™ FLE IEARE, bRifE 2242 HI7E 4%Lhpy, 1thyik
A TR BEF R AT I E . BEHEITR ARSI Pt Pdy Ruy Rh A Ir 3478, 3F
F 0 PR E 6 IR B S IR G 1 2 (HRCS-GFAASY X FE S B H R L e RTINS, fE R 441
N, Ru IR BE 5 HOGE IR o R AL i 2R AR OC R ECH 0.9998, RFIEWKEE T 0.98ng/mL. 1772 R] A
THERE R R Ru 052, MR % (n=5) 7E 4.2%~13.4%2 7], Elzbiet 408N | —Fhbluik,
{7 5L R 2 PR SRR S R T IO 1 (HR-CS-GFAAS) MlIEST, B 7Tk
FESRAEZRAT T, Ru ORIy 1.9 pgl?, RN 71.7pg FARSHFRAESN 22/ T 6%. S I X ARiEY IR
-HH (SARMT76) HATURIE, HAR™ 47 Ru (1114 79(90.142.5) %6, %7592 AT D F T [RIA RE A bd 7K,
TEPR WA TS K R AT, (HIEN T E B K D FIRRE AL (CW-T) §/T, 7556 FHPH I 728 i iR 2 15
BT Benzo LM SLIG Vit FRG, BITAT T B4 JOG BRI T R 2. Zambrzycka 2507
&7 IR AT R B S T RN R A, JERH AR T IO ERNE (ETAAS) WIIE 1R & VA
WA &

AAS T XHE B bR e R @ e, Kya), Rk, HRA RAFrR e s m e,
WMETZHT AN L, FREMEL, e L. i, EAFEZMAUR. HEAfEFTRRNNE, B
LY EEE . e, MENRE AR, RMNREROS, RN, S e, MERETEARERT .
24 HEBREEETR-RADEEE (ICP-AES)

ICP-AES J& F| P BT A AR B T, BB 70 3% (4 J5 7 B 7 AR S L PRI RPALE ' s R M 420 i )
PRSI C R BT e M I TR, RN 14, FEERHEREARKAW R, ICP-AES B2 N H
THF W S48 a0 B2, A L, &4 MR HURD A iR E&E RS 0. T84, 56T ICP-AES
IR AR E BT AR
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ICP i

RF T#(Kw) [jﬁ%;%
[ ] 01 0
L | Hp.
| | &
r =
TORTEHH AR

14 ICP-AES 7 Hr J5 B J&] 1% £ 14 J&]
Fig 14. The principle and structure of ICP-AES

Pt SO DU ) ) 77 2O 4T I R SRR AT AL, FUFH ICP-AES WM IEB 7L T HE S b 347
B JE K AR B TR R ET MERR L RORE R, AT AAIRRY], @JEITR Al Zn, Fe MAERIRITER Si SxTES
(HERE S E AN FRLEE IO TH, 2447 S B BB B R P E . Zhang 40K #F L E 1100°C ks
fil, LAY B SR &R, I RAT ICP-AES M T A A 04T, S5 W, 47 MK PR/ T 7 ng/g. Zhang M0
YR R AR KA 37 - FEL R 75 55 85 T (A R R OB 1 U (1 CP-OE )k 3 8 75 HR Bl s 11 G & IR AN 2 0
&, TR 0.013~0.023 pg/g. 4 RRUEK3HT4 )y 245.657 nm, RSD /T 4%, HEHfE AN 96.75%,
TR O T KR i R R R A E o AT R A A0 e R xR AT
fit, JERIH ICP-AES JIISE J SRR T & 8, Z0URYT, ET RIS AE 95%~102.0% 2 (i), AHXS bk
i RSD 7E 1.04%~3.23% 2 [8], ZJ7vAMIE P, Eokies BAER I, @ T05E &6 Em e
w7 B B SRR TR B AV FR B 1 7 B RRE A, 43 BRI A ICP-AES B AAS AT E — kBt
VSRR AR IIET B TR I 2 I E 45 R — B

ICP-AES VAFEp e 7 THl o5 A ML, 1T e RN WOEERE, WL Zrfrthid, SEEMAr. 4
PEYE R BE . SRR, A S AL, WFRIE ZMocR, HAAEMER G, LTI E,. A
W R R SIHFER. BREEEMCT ICP-MS Sk .

2.5 X HHRTOEH L (XRF)

X BT RN TR TR (AES) AR TR (AAS) ZRIFEE SR, HE
ARFHRIESE T (—BAORE) BLE S Rcas, JPR B m i at RS, R RO AR
OGRS BT UK HARHE B 17580, LR B M U] 15. XRF BARZ Mt s, ncisge. etk
SERTMTZ AR i, IR R WEIRE TS, AR E R, CHERTEE. 1
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Yoy b=t AL RV 2 AL G S R A ST E R R AT
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54
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Kl 15 XRF J5 3 P e 454 ]
Fig 15. The principle and structure of XRF
Evans 2SR F X2 56 M6 v s BT 5 4 2 36 R AL T RBP4 2 R T A0
(Ru-P) {E A EMAR-RAR IR, R FCLE VS A0 A BRAF 50 A IR S P EAT T VAo 45 SRR BRET I R AS TN FR

N 2.4 mg/kg CEFEfRD, 1.8 mg/kg CEQRAR). RN SRS SLIGESE Ru-P 0 Vi AL TE BURLAR 45 S 4
92%~98%, TEIEH 4 SOBLA 21 Ru-P 7814 Y I RN Ay 97%~1019%. SL/R 5 45 VR I SR DU 46 2.0 40
BB BRI RIR AT, HC T SRR, Wi, pH fE. IRFE. HEHOR EDTA. THRE A
THBEMEm, EREXGT, £KE/NT 50 ng/L BFF& /R e HEMHH 38, KrH RS 0.8 ng/L.
Won S8 sk 2R I B - 55 - 12 - e R B AT Z BRI RN &R AT . AR BTG (PED Bt
YU AR FILT4E (PBBF) VEAEMIR PR, B )5 1) PBBF #EAT A8 e AT, @il XPS Jz XRF
BEATRAE, S5RFMERN Ru IEAS BB AL, HENKRE 99.75%. & LM EX-310 sidsm
XRF 0 5E HL A 4 J PR 07 & 8, G5 5R A N U5V T ORAE R AR Fr SR HLER VR T B L DV T
B H s A
2.6 HEBMEERE T&-FIEIE(CP-MS)

ICP-MS E A RAFHIZ JC R 7t e Sy AR BR , S % 2 b 52 2% JE Uk o B < i B R B 0 36 0 e A i Y
T, BRI B T BT A EE A AT o BRI K 7. T . BRI R, R
W mREUE. BNIRMG, S AT ESE T, R, B S8 AT, BITkEE, RHNES

JEE T A E T . AR, ICP-MS FERI G R M A BT AR Bz ki, FRER AN 16 P
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VU AT 7 BT 4

Pl 16 ICP-MS Ji 3 ] Je 45 44 ]
Fig 16. The principle and structure of ICP-MS

De Camargo 25129 g 53 T /£ 3SR b F A4 AN PARP 4151 71 Ru(I)FisE 5 44 Caco-2 H4> T 21
PRANRISCINE, BEFE T SR TR A PUEMERE, JR@I ICP-MS 78 m/iz102  (PRu) IR SR, &
MR A9 1.04ng/L . Filatova M4 28 7 FY AL JBORE 45 45 B8 1= (ICP-MS) M4 [ B X 52658 6 (TRXF)
e A AT W5, SR T — PhBE AR G R R I U7k, JRTHE T TR I E 1 R R
Yu SEU2FN GO R AT AL, AR AR INNEE IR DDTP J Triton X-114, X9 AR H0EAT iR
MAREL, JERIF ICP-MS Ml HhER (b 22 i Pty Py Ru. Rhe ZiRERMETIEHER TN 18, KRN
0.10pg/L, %775 R A 38 it et o AE S LM BR A0 2 i A G 36 0 R B SR 505 . N 2T o e
B (NICOg) B Lk ALE: (NIO) 1N JIET TSGR, I HCIO, iy JEZ& IR [ /™ K 2 1) 7£ 10 min,
LT [FIE R R Pty Py Rus Rh A Ir () REUETE, EEMBALER KGR TR BE 4, Rk
HI ICP-MS Jll5E .. fEftE4AMF R, Pt. Pd. Ru, Rh. Ir fZEHETEREE 0 ~100 ng mL™ 2 Ja], H15% R &t
0.9997, 10 g F# ke Ru K H R Ay 0.014 ng mL™ o SRS xt LG5 — 50, X bRl 2% (n=5)7E 3.42%
~6.87%2 [f].

ICP-MS Befig PR, *EFIIIRIN 3 2 Fhon s, N2 . (HAESERRRH i B ARFE — 2 R BR T, 44X
BB T BT E CHRFNE B RS Z AR, WAL S E ).
2.7 EIIE (NAAD

IR — T SR L e % B R AL 2R R AR T AR T A T T, RERE X
AT RE VEME R M 755, FRPRESHI &L 17 s ERA REBUZ R o5 de mdEmi FEATRS & B O
Tt R AR PR 2 HoT R REUE A I 10°~10"3g/g. e G H AR 2 s R DI s 0 i, T2

AT S G @ RENE . FEE. MR RS BV R T AU, TS5, SCT Il E 51 kg B
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17 NAA 21 [ 55475 7%
Fig 17. The principle and structure of NAA

1| 7i¢ RS20 O A 2 b P I A 7 VR A T BV R Os. Ru 7B 3 10 i 4 Ee i, T 9t & B 10010
Je PRuMPRu (1) HLE -5 HER BT RO 3R LA B A £ . T2 0 5 UR F U b 2 PR S5 il H 43 BS R,
IR s A AT o, 45 RRY] Ru IIEISCRAE 95% BL L, Uik B4R 1 s e o #rik
W& Ru () REFE . Gijbels 2520 F rh 3% ALV R M 52 B 4 B ik 47 SRR 49 . Koda 251127
HENL TR IR IS A TN G S AT 0k o 2 S D28t o Ak (KL S X B R o
RO MR I AT TR A .

PR EEARZ A, B ETE. RHE, T IORAIAAER IR, ARE RN T2 1)
TR R AR AT A SRIRAE,  HAEAG IS RE ot T AN R ) R B A 22 5, T IR 7 R .
2.8 FHE

CIEER A A R BAEA AR S KR B A, DR SEE E M P R &2, RS RIAR
YOS RE o [ € AH USRI R LA 8l ik B 0 B RCR, HRB A 18 7R, e (il B 5 I8
JEHMAES, BRI AR RER PRS0, AHESRRRE, SO M EER S E ST
B, TZAT b AT AYLE R B SRR A U
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Fig 18. Schematic of the principle and structure of chromatography

sk L ST DURTE ) AR AT AT AR A (4- (2-ZRIFMEMABED) I W) J3Eat, 7EHK D 560 nm
FAFT, IR R ROBA (il 22 B E 7 Ru(Ill), Z55RMIETROR LR (S/ND AJA 0.085 ng. Zhang %5
(OG5 52 T AT (M) 1- (2-MEIEABR) -2-25-6-BHR (PAN-6S) TRRE &4, I B 70T - A o A s
WEA B SR, 45 B Ru ARy 2.6ng. Ballschmiter 251 B30 & 1 4- ONGUBER-2-HI L)
T AREER (HTSC) 5 Ru JE RUHTSC)s, AT AL TR U €21 I € RU(HTSC)s 2 S BLA 5T & 5.
)22 35 SR BT B RO AT AR RN (20 (6-HIHE-2- 2RI MEMMEB B0 5- 2R IR, SEIEMRAE S
WD RN 5y B I, L SOAR 0 8Bk CE B 5 T (D) 75 i, 45 SRR AT 1A HH PR (SIN=3) 2y 3.6pg/L. Johri
S OSLR IR L iy B 4 (1), AROVAIET (N5, AR i (TLC) AT S RITIE . Cao 20
SEA T TR G, R SR R GO R MRS N S s i B o B, R AR
(IC)HARWE T T IXEEHIER S SA AT Ay, R FIAL 2R P HORu A H2Rn £R3 Ru A1 Rh SE (1L
47N, Ru(CO)s Fll RN(CO), FAHX AL 277 5 53 il g 75% 7 A Fl 20%. WIE 1 4T B PR EEIC S E SR MU &
IS, W T VILIX RICER B AR R S W) — AL 24T 8, WA TR H TR Bh, Hs.
Mt SRIE SR 2 B T 43R

AR — AT EEBARAER TR, T RAAERER R, SR ol #EZ. TS mR
SRS, FEHIRSIB IO B IE b A B AL BB R RE R, AR EORERIE T AR R
(B
2.9 HeJik

Dubey M 37 T g kG 20 5 A JORE S TR AT (IR 705, 4T (1) 5 8-F2 5 v R s ie &40,

Tided R RAE M EE b, FIERRRARIR R IC 4, AR Bl o0 Bk s Al i (SO0 25 B AT I o 4 R WA %T

HIf

fRIAS HY PR 4 0.06 ppm, et TEFEIAITAH 5 22 %0y 0.25~7.50 ppm 1 0.9997, AHRH5#EM 25 4 0.79. Palaniappan
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A TUISTRFE 57 67 -7 A W B 4 R AL A T P A R T PO TR B R B, B S A o R R R 8 5 D P B DS 7
LT PRI E T A TE . ST TR AR L, IR B R Bk AR 22 i 2 AE-0.750 V Ab I
TEMT I AR, 2 )5, FEI R 2k F F R AR S A AR JRAT . BESL T 5~80 ng em i B P I SE T (1)
B, Hong STt AR k7, (ES LI A6 AR B ISE 1 447 Fk A T IR 22 v w7 11 SR AR
B, HRRRIIEA 2>10° mol/L. Sk FIF D290 B T2 #eb Hext 47 /> BRI R 4, FIM i
MEET, 25 RMIET IR B Ak 98% LA E, IRy 5 nglg, AL RS HREVIRWI &

2.10 BHRI 5 vE

WA T 3t T BN S R RE RO A5, WA T 2R BB R S T47 ik, dn
JEUT X 5 MO I (OXAS) 5 6 X SR AT I (HE-XRDOME I 3R 55 15 7 X IR 28 LT B % (NAP-XPS).
FL A 27 2 T 1 T 2 B (SERS) M0 M40 J A3y 21 A itk 2%

Lant i 3o J5 7 R THIR 2T AMIE 98 T HERE-RUCIS/SBA-S & & APRHA S 4T A F A FLB% (Ru-OMC) fi
WA F AT RE B, RN 19 P BFST T REREAE R A AR h TR BT 0K B T AR e L, JRAr 4
IMERE R, RUMTE RIS A IR IR R, 58 %UR B A IR BT AL B4 B I A4 Ru(CO)X, mI A3 04 il
BT YRARRL T LE A R (VI A% T KR, BRI X 49 B2 53 2 U ET oKL T R B R EZIEH . [
RU(CO)x Ji Bl Il 1 1) SE AR A A R ik B 32 T DAAT 2800 B 147 G KOR - AE =i AL SRS AR e 45 R TSR . FH X
SR H T RE RS X BB -RUCI/SBA-15 AL i R (A HEAT AL, HE—BIUEW] T Ru™7E 350 “C 2 i B AT 4k i,
BT VA T U R e SR P T G B IR R A, AR K 48 A CE R E T . Saveleva 25T
TIUEIREEE S X 40 i T RE RS (NAP-XPS) % RuO, I Irg 7R UG 30, M43 Jai BH AR M i A 28 A 7E 7K 24t 72 o
(R PR HEAT IR AL I, D i A 242 R /K28 AR AR 1 XP OGIEZRE 204, #3878 Ru AR AR
J, PREFEATRE AR EAT A AR AL, R Ir X RuCIRAS ORI, O EAN P 20 FiR. Gustafson 2R A
5] 53 HEIRAL XA B GHERE (XAS) PEANRIT FE 1 £ AT B (TR FE 3R 1 ) &AL T v AL 1 7, 72
BT R SR Hh il s W 2 <2 Ja VTR 504 . T FEAS 212 51 KK R BRI B 455 08, JF Il X 592k
WSRERE5 K (EXARS) JGiE it — B I W AT R AL R v T AL 3R . BIFFE R WIFE MR T BRI, 1AL
FIROE, TER— M A &, AT A HOE S — A DGR A B Ak rh AR AT, X 4547 I 7 J Bl P
RIRIER AL T e ARG AK, A R PR A 7R )93t A T o3 v B A T 9 L IR AR IR L e i, BLAE 1R 4
BEM A AN e AR, R BIPCR BN T4, ST AR 0E A B TIF B AT, IF T A F
HAIHIAS [ A 7 2

Mart Bi-Yerga ZS90F FH o4, 2 2 7 489 o b 2 ORHR T E = B ng SUKAT 7S /K & ([Ru(bpy)sl™), KA

Fr Ot AL A S AR ZZ I ED R Fi Al (SPED, DA &y R, T EEPEM TR € B H A SERS i
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PERER . SERS R JFALBOE 5 TRE 20 T I B D R B HEAT, PSR PF, S HEAT 20 Bl e 7
2GRS A SRR I 18] (250 ms), SRAGA FRDEIE L2 E 8, (£ SPE Rl A BRI BA RIF
(Rt 1) 3 3% o T T MRS (15-21 nmol/L, X 2's (R 1ED P R E AR [Ru(bpy)a]**
U4k, SIEHE B 2w Rt T4 (LOD, LOL #1RSD) RUF, XM 7% AL /4T = S

T E .

] 19 JEUALZT AR A 52 A AT G AR T O TR p L e
Fig 19. Determination of the formation mechanism of semi-embedded ruthenium nanoparticles

by in-situ infrared spectroscopy 4!

20 RuO, 11 1o 7Ru 30, (I 7 41 3142
Fig 20. The research mechanism of RuO, and Ir ;Rug 30, 44

DL_RAT (HTRIN vk B P, R WER . TR BRI E RN EERE BN E RS B
FAAEIRETE RGN R, B BEA RIORS HE € B2 M s 7% S BRI LR
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3 EREBYE

AL EBLRIR T I EERET B> 88 W T3 0E ST ik, B o3 8 K D e Tk A g,

ALK 3

A 4o RRKTAHIFTNIFES S, SRR ERAOPRAL: IR I ARG 755K 5 A R BB e 77 1), T4

Tl o B T IRATAE (1R R AT 50, OB T ZER s B8R sl 2 MO EM S &, ZRa 5 BIIRS,

HF T B

=

R 7y BT iR B B A R, SR RAFRO R EIVE A, DL 2 B AR SR AR . R 7

ZE[A]A

FOURT S5 B EERITERI S, B2 R INER A BT K REE M T R VERERI T, B BIRIFRCR .

N TR R, BEAFEMNEEAMERR, SRR, SARCIEIERS, HiRfrfe

Z WA RO, SEISHR, XS O EATANRE], 45 24 UOE 0 78 58 3647 1) 70 B Sl

HI, BEH RSB PO RE AR, AEAEAARRER, A3 RET 1708 L E T R~ IR

R, REAE— EREE B MR BRI, Ok SRR A R ST L, DA ERE AT RIR . T A

T L% B 2 i i AU 1) e e B M SR JE A

%3 Oy BRI SR 1B R R T7 1)

Table 3. The advantages and disadvantages of separation methods and development directions
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