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Table 1 Composition of original ruthenium hydrochloric absorption solution by ICP (mg 1)

Ru Os Pd Pt Ir Rh  Cr Mo Fe Co

Cu Al Si K Ca Na Mg U Th

31530 1.148 0.679 0.271 0.075 0.088 0.032 0.090 0.292 0.822 0.100 0.154 0.043 0.966 0.745 13.148 4.241 1.907 0.020 0.026

BRI AR . SK2 AL U

MAAACEE N EE M AFEFH ICP-MS X7 4
HriX. ICP-AES Il 43 #r4%, OH900 4 #7{X, GDMS
BT

Fl g m AT T ERAENE 1R,

ST R DA—RAET SRR R SRR
58 5 7 e 5 FEORL R I B 2% (RPBR) Hh 47 — B4k 3k
JEZTREHR . BRI RUR RS . EE IR B
PRI S RARAT I AR . TEEL BN 20 kPa A2 ds . ROME

Original ruthenium hydrochloric

v

Concentration

y

|Oxidizing and distilling osmium |<730%H202

0s0y4 i HzSO4/NaC|03

[

Oxidizing and distilling |

| NaOH absorbing | |

OSO4/RUO4

050, ]

[NaOH absorbing &—— [ HCI absorbing |
'

Residue

Pure ruthenium hydrochloric

HzOz Concentratmg
NH,CI Crystalllzmg

(N H4)2RUC|5

Filtrated liquid
Concentrating

[ Filtering and washing |

Secondary crystallizing|

Calcining

HCI/HNO

Reducing Acid boiling and washing |

ﬁ Pure ruthenium

HF

(99.999%)

K1 @&aisrmd s L2k K
Fig.1 Technological process of production of high-purity

ruthenium

1A 20 min fI26 AR, PA— A&7 ER RGBT 30%
MUK A JRARL, 18 H ) i ORI S 25 (RPBR) H
BEAT — BUEA S 28 TR Bk S 06 AE AN 20 kPa
FAs ﬁfhﬁlﬁﬂﬁ@nuﬁﬁﬁﬁﬁ{m’—ME%EF'*A{)”JTJJ;@,
RNUERIZ6AF T, DU S I — T EhRR AR AR BRIR
AR N JFURE, 7 e e HEURLIK S5 B 2% (RPBR) FH £ 4T —
B e 28 TR AT SE 50 AR AR AR T, R Y
S ARHEN = 2% HCI (3 mol/L HCI+0.5%C,Hs0H) W Ui
W U ¥E R R B RuO, Ak, & — %
NaOH(20%NaOH+0.5%C ,HsOH) ¥ i Wi W Wt Wi 4%
K OsO, Utk . LA IRAIHIRAT J5 25T SRR
W FACEL R JEORE, A5 i IS P EAT 45 A DR T S5
B L7 10 IR AE S 56 IR 3R RK S A o DLIE 22 S50 BT 13
W A SR, BT & — BRI 28 R . B
%MU&E%?E%’%%T\ TIRAREIRAT . A S R UTET SE

o R TSI SUET R B A v UTUE M SR IS F B AT S
méﬁﬁﬂ@ﬁmmﬂ&%ﬁ FWIK, UTIES 70 CHE
FIETE TRBEIE R E PR, ER, FRKES
(e AR AR T o FRBRE . 3k SR BE Dy
i —2">500 ~ 800 C—2221 5500 ~ 800 “C—HAHE S5
L — 2 —>800 C—2——>800 ~ 1000 C—FE21 5800 ~
1000 "C— 2400 ‘C—2EE w2y

W B be ik J5 A5 2 (1 s Al i 4R 5T F K S SRR TR
AREWE L h 5, BRBAETE, EUHH 8 7K5%E
ik, EEXPNT 250 CEES 2 hiT, B
B, 19 BB 47 s ALET B

2 HR5HE

2.1 |REZRIBEE,. =B
W IEAE U6 S F AR A S 56 159 1 B R 2% 1432 A an
o — BUERAL IR 2T R ) A R A S AE RN
T EE T=80 C. H,0, RN MEAMEHN 1.2 £ WK
& L=0.5 m’h. i 2000 r/min F#H, HRETE
90% /5 A7 s - B AR A ek R 2 TR AR AT 1) A FE 4R AR AR A
fE R ML E T=70 C. WifkifiE L=2 m*h. NaClOs.
H,SO, S B A5 H0359 2 £, 3 3000 r/min i
BT, $RETE L 99.5% Kt
X URET ERR WAL (6 L, Ru MKFE 31.381 g/L) i
DT AT T 28 PR AT 5258, $RET A ATIA 99.5%
Jea o XS P AR = O0AT SR WG (9 L, Ru Kk & 20.823




%5

FAERA: TR s AR R & 2T 5

*1355-

/L) B AR5 7 3 HEAT 0 T 45 SR N3k 2 o

& 2 ATLVE M, BTfs = AT S IR W O B A
THARAIACR, BIERTUTR S ER Na ShECH AR
PR EER A, U B R 4 8 A ot 8 1 R Tl 42 g 2 Jot B9
T BR AR B BTV VT B T S R A SR UTET
FRAR AR e R P ARV E AR R

SRR — Rt TRk A&7 BB B4 1 2 e T
B R B VY S A 5 A AR R 4 8 DA K T 4 8 A
By T HH TR EE ) e SE R IR — o AL AR o
AR, RO ER TN, SRR AR ALE e 1
TR 32 2R BT Y] J PR R, T UMUK 28 9K 2%
(RIS« AR 22 RO S5 AR I G, X AR O AN
FEAET BRBIAE S, 1 HLIX LA S 2 ) S
FFEE R 7 I RCE AR F BB e, 1 — P uaAk 7
A=Y A D ) AR VR A O A SR AR, A YR - YRR T AR
A SRR T A P, SR AR B T R
oot Y, SCILPE UG R B L B IR [R] P 5E A AL
AR .
2.2 |KEREEINE

A R It T &R PRI
T=95 C. fRIEAS ] t=2 hy NS E] 60 min. NH,CI
SN EAEHCN 3 A%, R E R R AR i N ET & 1.5
50 HyOp0 SIS, YTAT 2T IL 99.8% 4 15

I E =T ERR WSRO AR R LT R A i, X
INFACET BR B 45 AT 73 b, a5 Rk 3 v

HE 3 ATLLEH, M S SALET IR 45 At
R, FTEBEHT mAETR & . DUELR RHRAR

AR 7SS S/ RESUR/ I I (£h i v e NI
FEHLBEAG, {H Fe. Si RAELBR, AHEAEFERE T L
Bro HIRKDHTAIT: @ ZIterid s, miksEs
T35 NHCl B A B A ¥ T 1R 54 e 75 T 1)
(NH,)[MeCl) 28 G UTTE,  HAhA BT B AN TE MU E,
XA b A A i & R 8 Rl HLA = R B 1 B, (ELBY
B 5 A TR G kb ITUE S A T N (NH,)2[MeClg] 45
fIF . @ 0.5~3 mol/L EhERWR U IY SAALAT I, E L
Ru(IV)—[RuCle]” i & s f7 M . m & 5 /b & 1
[RUCI6)*, B H,0, 847 43 A[RUCIE]” HIFERAFLE,
NG A 1 [ SO A N 7 N i iU O A <]
(NH,)o[RUCIs]TTVE . @ 47 HIERERMUCI, BN & ETTR S
T [RUCIg)* LASY, 35 SR ) — 8 50 N 5 /K AL AL
H A [RUCe.n(H,0)n)*" B, I LI WA 3 FE AR
[RUCIgo(H,0)o)* " HI Ll s 4 fR3R UG A 95 “CHY,
[RUCIgo(H,0)0)* " JLT- 4354 N [RUCK)>, RERE 5242
AN FET W . @ H1 T A [RUClgn(H,0)0]" 7 [RuCle]”
() 5 B FE A8, R IE A D 2 h i, VAR
[RUCIgo(Ho0)0)* " JLT- 455 N [RUCHS)”,  FE K A4 e
T B . ©® KOS A sE, ARETE AN &
BT, [RICR AR, DR FR NI (B 7E 60 min BA I,
B R ) K 3 B R R . ©) 24 A i PO o
BUNBY, ANBEF AT ERONEE R, BISCRBEG: Y
NH,CI I N4 B 50 3 15, R 78 2E N EAT R
iy R (AR IR I, AT R SR Y AL B
BRI 9% SRR, TSRt 22 % o 25 il LR

®2 ZORETEIBRIRMUERY ICP LSy
Table 2 Composition of three times ruthenium hydrochloric absorption solution by ICP (mg/L)

Ru Os Pd Pt Ir Rh Cr Mo Fe Co

Ni Cu Al Si K Ca Na Mg U Th

20823 0.022 0.038 0.016 0.007 0.014 0.008 0.010 0.130 0.036 0.017 0.012 0.028 0.783 0.093 0.944 4.522 0.082 0.001 0.001

R3 KETERERA S
Table 3 Composition of ruthenium ammonium chloride
(X 10%

Os Pd Fe Co Al Si K Ca Na Mg

0.85 1.61 283 0.77 0.65 9.23 1.28 2.04 413 1.27
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Table 4 Composition of high-purity ruthenium by GDMS (K, Pt, Pd, U, Th unit: x10°®°, others unit: x<10®)

Na K Fe Ni Os Rh Ir Pt Pd Cr Mo Al

Co Cu Ca Mg U Th C Cl 0 N H

0.63 50.4 0.58 0.24 0.70 0.35 0.82 8.5 56.8 0.18 0.09 0.24 0.65 0.27 0.21 0.75 0.50 1.3 16.4 <20 <10 <50 <10 <10

Ruthenium of at least 99.9993% excluding the gaseous ingredient elements
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Preparation Process of High-Purity Ruthenium Used for Sputtering Target

Zhang Deyu!, Liu Weisheng?
(1. Tianshui Normal University, Tianshui 741001, China)
(2. Lanzhou University, Lanzhou 730000, China)

Abstract: Osmium and ruthenium of oxidation and distillation from ruthenium hydrochloric acid absorption liquid in RPBR (rotating
packed bed reactor) was adopted. Ruthenium tetroxide (RuQ,), which formed in the process of oxidation and distillation, was absorbed in
a hydrochloric acid solution, and pure ruthenium hydrochloric acid absorption liquid was obtained, and the ammonium ruthenate chloride
crystals in a crystalline could be obtained by crystallizing and precipitating the pure ruthenium hydrochloric acid absorption liquid with
ammonium chloride. The sponge ruthenium powder was prepared by calcining the resultant ruthenium salt under the optimum operation
condition of the calcining and reduction in a hydrogen atmosphere. The sponge ruthenium powder product was washed first by a mixed
solution of aqua regia and hydrofluoric acid, and further washed by water before drying. The high-purity ruthenium could be obtained, with
purity at least 99.999% excluding the gaseous ingredient elements by GDMS analysis, and could be used for preparing high-purity ruthenium
sputtering target. The process for producing high-purity ruthenium and the refinement technology are improved by combination of physics,
chemistry, wet metallurgy and fire metallurgy. High gravity-rotating packed bed reactor possesses the advantage of continuous work, short
reaction time, high distillation efficiency of ruthenium, and steady high purity of the following ruthenium hydrochloric acid absorption liquid.

Key words: high gravity rotating packed bed reactor; ruthenium hydrochloric acid solution; oxidation; distillation; high-purity ruthenium
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