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Determination of Osmium and Ruthenium in Carbonate Rocks
by Catalytic Spectro-photometry
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(1. The Geology Mineral Institute for Research of Liaoning Province, Shenyang 110032, China; 2. Key Lab of Ministry of Land and
Resources Analysis and Exploration of Precious Metals, Henan Rock Mineral Testing Centers, Zhenzhou 450012, China)

Abstract: The determination of osmium and ruthenium in carbonate rocks was investigated by the alkali
fusion-catalytic spectrophotometry. The results showed that the addition of acidic rholite like borax and
silicon dioxide when carbonate material was being melted by sodium peroxide could increase the mobility
of the molten body, facilitate the consumption of an excessive amount of sodium peroxide and avoid large
amounts of hydrogen peroxide produced by the melt after acidification with sulfuric acid. With the
addition of acidic rholite, K,Cr,0; was reduced and lost the oxidizing potency, so that osmium and
ruthenium in the solution could be fully oxidized, distilled and separated. The detection limit (30) was
0.0192 ng/g for Os and 0.0194 ng/g for Ru. The precision RSD (n=12) was 4.75%~15.2% for Os and
4.75%~13.9% for Ru. The accuracy (RE) was -3.12%~+3.33% for Os and -8.45%~+4.54% for Ru. The
method can be applied to analysis of the samples from the geochemical survey.

Key words: analytical chemistry; catalytic spectrophotometric method; carbonate rocks; osmium;
ruthenium; borax; silicon dioxide
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B ETTE RO T LA R SIS F AR,
B H AT EER A KR EHT A E Y. — s
TR EAE KA Osy Ru JLFHIRFAR, Phdte
SEBISHR G HEAT EE, SR KR vk, A
Os~ Ru 55 Pb JERLA Sk o 8 qb, sk >4 Rk,
EHAHBR Os 4 1.0 ng/g. Ru N 0.3 ng/g, AHEWH
JEDXISAC R B SR . 0 H AR R e AR
-ICP-MS Jl|%E Pt. Pd. Os. Ru. Rh. Ir, i%J7iE#
TEEBE, WA AR, Mzl BRI %t
BRSBTS, R S PR 51 & IR TR AL IS
ICP-MS ME Tt 4)m, itk T o riife. Hixes);
AR R T B £ (ICP-MS), H - Hrifife s 5 4,
NG

B TS IR R AR
IYMTIERE R, — s at = S8 m i e i k. R
WA B 6 E RO T SR B
B £1TR AT KoCr,07-NaBrOs-NaCl FIE
iR A 05-HoSOy A RUFEARER . £T AR
H, 28 T T AS-Ce " IR R RBE. 7
P BRI A T BT B [ S bt ik, AL X
WALERFE R T BOE o (HZ R I Ak
EhE Rt -H,S0, MR1L-K,Cr,05-NaBrO;-NaCl VB4 4
T FZETERS, BT RRIR B AW VN Er ), A
eahE L. BRIRIR IS P A K AL, 7808
I B4 T KoCrO7 I8 J5A Cra(SO4)s:

K>Cr,07+4H,S0,4+3H,0,=

K>SO4+Crx(S04)5+30,+7H,0 (1)

Hrf Cro7/Cr B R A 133 V,
H,0,/0, MR FE LA 0.70 V, [FIL2ETHIE
MG ARG, REEMNRET), ARefiEm
. fre s AR, MES BRIk, A
R PR — 1, AEBLETRE A SRR b, AE s ERY)
B I — 7 B P RRVENS R, FRARSA R Rl 5
J& R BRI )3 A S AE SR I b
—BIM R, W KoCrO, 3B JR, {RAFER. 47584 7%

1 TR

Tab.1 The preparation of working curves

T
1 SEE

1.1 EERA. MBREEE

ARSI A I AL . BRD . R N
aff . HARFEN . IR DR AER s Sl
R 7 A
1.2 SRR HE

AW TSI AE . 2RI e, W b
IR 5 AT R VAR, DU R 250 AR
AT ST 2
1.2.1 LR 50 i

FREC5.00 g 30k, BT 50 mL Wi B3wHr, i
A 1.0 g b AN 2.0 g S ALEE, 2R S5 INKF i i 3~4
A, s, HERL 2 g A MLm, B
T4k, T 750°CHERk 20~30 min. HUH A,
A KR E T 400 mL B, A 200 mL #ok
BEUEYL, FERIZURME, FKBEER, £
LEBETNRM, AHEZER. RS A5,
1.2.2 TAE#hZmiIfE
(1) 57 TAR 2 difE

MRPERE S BRI TR R Y. %R 1 75
BUM R FOAR VA, BT 25 mL Lhta &, fhin 1
mol/L H,SO, % 5 mL, A 2 mL As,O3 (10 g/L
As,0;-1 mol/L H,S0,), 1 mL HgSO, (50 g/L
HgSO,4-1 mol/L H,SOy), FE5] . Hf bb (oA [F] bh a5
BN 35°CHHIE/KHE 20 min, HREIMA 1.00 mL
0.02 mol/L B FREN A, B2, HELE T 35CIH
T 7K — 7 B[] (LA A il 4% b e i 7 RO
P22 0.3 B B s B R A E) . B, W, #
A lem thtall, PUKIESE, 7 420 nm K AL
I E RIIRCE A 3R 1g(do/A)E (TAEhZ T
TR I EAE N Ag)o LAET T REAEREAAAR , 1g(40/4.)
EAED ALK, HIVE TAEMZE.

73 AR /imL

Fr#E &1 Ru 5% Os E/ng

oGS ARR A IR (ng/mL)
I 0.1
I 1.0
11 10.0

0.00, 0.20, 0.50, 1.00, 1.50, 2.00, 2.50

0.00, 0.02, 0.05, 0.10, 0.15, 0.20, 0.25
0.00, 0.20, 0.50, 1.00, 1.50, 2.00, 2.50
0.0,2.0,5.0,10.0, 15.0, 20.0, 25.0

T IR AR BB IR B AL AT AR, — ORI,
WL AR HE R B & s RO EED 1.000 Sk HEk

I, AR R i
—E EHERIIA .

e, wile k.
BRI o BRIl X

=
==X
=L
==X
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(2) HTAEMZrHIE

FR A i 12 5 0 ) B2 IR (1) B B b 7 A
W, BT 25 mL LEEE S, FMINERF R (10 g/L
As,03-2 mol/L H,SO4)% 5 mL, JIA 2 mL 1 mol/L
H,SO4 ¥, 1 mL HgSO450 g/L HgSO,-1 mol/L
H,SOL) W, #2751, PAT S4E7bnilk TR R MiR/E
HHIA o
1.2.3 l5E
() E7rIdE

FEHL 1~5 mL 55 —WCE HHid T 25 mL Lo ts
e, HHERRE TAEERFEDEATERAE, N TAE
ek EA S AT E, THEER.
(2) e

FEHL 1~5 mL 55 “IRWCE A, T 25 mL LG
R, SHEEARE TAER R RS AT HAE, T
PEZE a Sk, tHEEE R,

2 ZR5H®

2.1 JESRIHERE

F I A N R R BB, S SRR B
EiAD, SRR TCEIE R, YIRHT A 5E 4.
EINE BRI EAN G, BRYIZKSEE TR
FRALES, 2= KEREEAE, UIMARG A
A, S EAEMRA A E RS KCrn0,
IR JFEN Cry(SOy)s, ZENBIA AL Z Fh i 3 (0 AR N &
th, TR EAMEET), TIEMHRHR P, e as
W e, BRI,

NFR DI — i), TR A A Rl R SRR
B, N—E BRERIESE], A T ISR
WA, W E VAR T E R A, BRI T AR
VIR, RIS P AR it 2 i A A
[ B 3 0 S A R R SR, A R R T A
2, MAMBRGA RSN, RIESK. 5758
AT E

I3 AN [R) 20 BB TR 2R (A K R B A
HZzE)% 5.00 g, I 15~20 g i SE L5, 55
TN 0.5~2.0 g AEERBRMES RIS — A f
ITHE Rk, WERERBUR I NSRS B e, I
B R PR I R P SR 3G, SRR B AR SR -
AR O IR, 3R I INER AR R % b ik
AMNERIE, PR R A FE. ZWMETN
M A RABRE, B RS ERE, &K,
ET (R e e Rz — MaE . A58, &

FRAE 15~20 g i E AN 1.0 g B F1 2.0 ¢ —
AT A B IR 5 S VDR TR B I 57
2.2 AMENENFIAEE R

3 9HL 10 ng f) Os. Ru briEiEw, BT HE
ZIRAIEAIEROKIEIUE R 200 mL 25 R T
1000 mL Z& M, 28 mlmnA 10, 15, 20 F125 mL
K,Cr,07 (100 g/L), 3. 4 1 5 mL NaBrO; (150 g/L),
2 i NaCl (200 g/L). Z5HFKH, 4 K,Cr,0; FIINA
BN 10mL I, ZEMBCASRE, R ETIE iR
AF] 30%, BEHIEAFIIAEAL; 2 KoCr0; 1)
IIANEA 25 mL, NaBrO; JIAEIEINE 5 mL i,
A /RN BRSO, sk E . iR
B ETRE SR AW B, EEARmENE, &
ZAEFEINA 20 mL 100 g/L K,Cr,07+ 4 mL 150 g/L
NaBrO; M1 2 i 200 g/L NaCl &1 R & E A7
2.3 FIEHIRHFR

IR A S Os. Ru M & ERIK, FEbanE
25 B I K/ BRI VR R PR . SR ARV
JE 20 MFEM A, BLIGE 2 AN 3 5 bR 22,
[ ] 25 R AR PR PR B SR B A B SR R R
MR, Z5HRWER 2. B 2 AT, ARGk, £710
K HBR 4354 0.0192 ng/g. 0.0194 ng/g.

R 2 HERKHR
Tab.2 The detection limit of the method
TR A
0.006,0.008,0.005,0.006,0.007,
0.007,0.007,0.005,0.006,0.008,
Os 0.0066 0.0010 0.0192
0.007,0.008,0.006,0.005,0.007,
0.006,0.006,0.007,0.008,0.006
0.004,0.003,0.007,0.005,0.007,
0.008,0.003,0.004,0.006,0.007,
Ru 0.0052 0.0015 0.0194
0.005,0.003,0.007,0.006,0.005,

0.004,0.005,0.006,0.005,0.005

(n=20, ng/g)
F¥ME RSD  C

. FAFEE: m=0.50 g.

2.4 FESIIER E SRR

T 5.00 g KRG R KA — HbREY) R
GBWO07342( A = &)~ GBWO7197( H = & ) il
12Z4771097(F K AE)H, 43 IMA—E & [#] Os. Ru
PROEEW, X HBAT 2 mAR MR m R, 4
FIFER 3. HE 3 WA, Os. Ru [FIESHIN
96.7%~112%- 93.6%~108%.
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Tab.3 The results of standard addition /(ng/g)
. N o &1t @q&i
LR RS PREE AR R
MG & 1%
1.50 3.53 1.53 102
GBW-
2.00 2.00 3.96 1.96 98.0
07342
2.50 4.34 2.34 93.6
0.50 1.19 0.48 96.0
GBW-

Ru 0.71 1.00 1.73 1.02 102
07197

1.50 2.28 1.57 105

0.025 0.071  0.027 108

12747-  0.044
0.050 0.093 0.049 98.0
71097 (F¥IME)
0.075 0.12 0.076 101
1.50 348 148 987
GBW-
2.00 200 410  2.10 105
07342
250 455 255 102
1.00 263 1.03 103
GBW-
Os 1.60 1.50 3.05 145 967
07197
200 3.62  2.02 101
0.025 0.069 0.028 112
12747-  0.041

0.050 0.093 0.052 104
71097 (F¥IMH)
0.075 0.12  0.079 105

2.5 MEfEE

As™-Ce" R R EAEEENIE Os. Ru I, X
F ] 5E IR, AT E & 5<250 ng/g Os B¢ Ru; %
FME W FERE, ALE & 5>250 ng/g Os B¢ Ru. J7
VR E TG : 0.02 ~10.0 pg/g. etV R & RE 5 EY
FEE W 4.

&4 WETEHE
Tab.4 The measurement methods and measuring range
FRFE . WA WS R
o PRt R F/ng
/g M V/mL #F Vy/mL /(ng/g)
0, 0.02, 0.05, 0.10,
5.00 50 1~5 0.02~2.5
0.15, 0.20, 0.25
0, 0.20, 0.50, 1.00,
5.00 50 1~5 0.2~25.0
1.50, 2.00, 2.50
0,2.0,5.0,10.0,
5.00 50 1~5 2.0~250
15.0, 20.0, 25.0

2.6 TR E AR
PRI 4 A~ B AR TR R 0 W — Sbr i 5
GBWO07289. GBW07294. GBW07342, GBW07197

4 DNERIRER A RS, TRIBFE TP, AT
SE 12 K, KB L. RS R 5. R S AT,
AL E HUFRE S 0.03~2 ng/g k. ETHIRE
(RSD)/3 5N 4.75%~15.2% 4.22%~13.9%, HEMHE
(RE)S3 3 9-3.12%~+3.33%- —8.45%~+4.54%, 1 /&
DX 3 Rt B A0 27 R A A o PR AT K

R 5 TTERIREEMERE (1=12)

Tab.5 Precision and accuracy tests of the method (n=12)

FEdh b Ak PME

AU LR /nglg) /(ng/g)

K% Ru 010 0.094 -6.00 11.8

PR Os  0.06  0.062 +3.33 9.64
Ru 066 069 +4.54 856
Os 064 062 -312 9.78

iAF Ru 200 1.96 -2.00 4.22

FrRFES RE/% RSD/%

GBWO07289

GBW07294 -3

GBW07342 N
Hzs Os 200 202 +1.00 5.96
W Ru 071 0.65 -845 834
GBWO07197 B
Hzs Os 160 156 -2.50 475
. Ru — 0044 — 132
1274771097 F K%
Os — 0041 — 114
.. Ru — 0046 — 139
1274771156 KF%H
Os — 0038 — 152
.. Ru— 0057 — 986
1274771150 H=s
Os — 0042 — 111

3

£ As™"-Ce*™ ik A AL L EEIISE Os. Ru 15>
o7k, SR S AL - - — S A VR A 4R 77
A RLBRIR Sh A Y0RL, A R0k e 5 i A SO R
HEERH, ARG AT KyCry07-NaBrOs-NaCl
TRLARFFA B EAYE, { Os. Ru EIER S
K F] 96.7%~112%+ 93.6%~108%. %73 H7 J7 45 AF
. RS, MHRE. AR SR
T r [ B 5 R 2 B R ) 2 R 2 ) A AR
(A [E HBRA 2AFEE(E E Nr )TH A 2 FT R
HAMEMT Osy Ru Bl TR, JriEmke
BR. REZEPE . MERRER A S ARV ER, N
(A E bR SR ) SRAE T KA
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