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1.1 FEMNS|RITIEEH

ContrAA700 R 5 43 B 2 3% 826 IR )5+ I ok
114 ( Analytikjena, Germany) , 7 Ml 76 & Pt.Pd. Ru.
Rh I Tr A% KA YR N 265. 945,244, 791,349, 894 ,
343. 489 1 208. 882nm; K H Ar SAE N A &P T
VESAR HERER RN 20 uL, f7 SR THEFEF WL 1.

%£1 Pt.Pd.Ru.Rh#Ir ARSI IMMIERE

Table 1 Temperature program for Pt, Pd, Ru, Rh and Ir by GFAAS
R G BR LEE R PRFFI] ] A HE

Step Procedure Temperature/ Ramp/ Holding time/ Purge gas flow/
No. C C/s) s (L/min)

1 T 80 6 10 2

2 T4 90 3 40 2

3 T 110 5 10 2

4 AL 350 50 20 2

5 A Pt(1100),Pd(1050),Ru(1300).Rh(1100),Ir(1100) 300 10 2

6 % Pt(1100),Pd(1050),Ru(1300),Rh(1100),1r(1100) 0 5 0

7 JE Tk Pt(2300),Pd(2100) ,Ru(2400) , Rh(2400) , Ir(2 400) 1500 FH(8)Pd(3),Rul®),

Rh(5),Ir(7)
8 RV Pt(2450),Pd(2450) ,Ru(2500) ,Rh(2500),1r(2500) 500 4 2

K MWS-3 + #3  f# AX (BERGHOF, Ger-
many) i g Tt I T i S 0% T F B AL 0 U0 TE FE &
W E&MHH T2 2,

R2 BUNHBARRER

Table 2 Heating program of microwave digestion system

iR B H@?‘I’HT [i7] (=53 HtT [ia] H b i B

. Climbing Holding Temperature/
Step . . . . o
time/min time/min C
1 7 5 100
2 4 15 120
3 5 20 160
4 1 5 100

1.2 FEZiRH

Pt.Pd.Ru.Rh.Ir ZIC KR G IR UEHE W : 10 pg/
mL, Il T 3& [E SPEX CertiPrep A #,

NiO, Na,B,O; « 10H, 0O, Na,CO; , Na, O, , CaO,
FeS. Bk .FeCly « 6H, O Hl KSCN ¥4 4 43 #1 41 ; 3 5
3 AN T A W T >4 b T s HCL A0 HNO, SH P2
4l , H, SO, 1 HF R Hr ki ; S5 K b R 87 K.
1.3 XWHE
1.3.1 $H&F NICO, Bl & 5124

R T A R s DA R AR B B T R A

BB R A AR X AR R H#EAT T 8240, #4571 NiCO,
W A 5 82 4l S B g5 kU BRI 25g NiO T
500 mL BeRHE H . A 35 g BEES K .35 Na, B, O, »
10H,0.35¢ Na,CO, 12 g B ¥3 Al 4 ¢ & F 10 4, $2
A JE A 500mL 2l 4 & b HE 3, IR K A3 A
1000 C 72 47 B9 & i A8 =X i b AT P TTBE TR 2 24
900 °C » F 3¢ FI 4 177, 3 i I ik & 1080 °C I & #F
30 min, HUH 3R $E A BR AR, v A0 JE B B AR
. WEEJE LA 400 mL BE EEBEAR B L A 200mL
HCI(1+ 1), i | 2% 7 LT i #AA b ik = T
AL E L o e R AR R S R uE AU E
W5 08 W AN Bk 45 = ONICL A L K E= R L2
200 mL, B P4 NiCL, 58 28 . il A Na, CO;
EIRW pH 8, B A 1 NiCO, TLHE 5 B0 o 37 1 Wi . 1
JKPE NiCO, » & B0 FK P8 45 B8 B2 15 R ok
B NiCO, BT 105 CHER P gL, B 40 45 )1 .
1.3.2 HiRAEEE

FREL 10 g 85 8R 07 B i . 40g Na, O, F1 30g CaO
TRAT A TSR EAT — 2 A /b 1) 200mL %
W, BB A 680°C DBl tp B2 4k 1. 5h,
PG B PR R A5 P K A A 500 mL BCEH T
A 15¢ NiCO; .60 g BB .50 g Na, B,O; + 10H, O,
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I A I R ASE ¥ A1 TS B HS AR R 4 (B S 50 Y
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HCI, 36 b 3 1 LT (R 7 L A = <
PRARSENI L) Th, 7E8E+E T A 5mL FeCly « 6H, O
(500 /L) s WA VAR I e o i 4. HE AR 11 em
(4 (B v i e B 40T U8, F HCL(2+98) B Vb pk
HYITEHEIEMR S KSON ¥l (2g/ LA AL,
1.3.3 JiEAMEHEETENE

W 1.3, 2 WPETIE JC R BB AL 4 D TE 7 [R) U 4R
AT S RE R L I 10 mL FK (11 F558 2 it
TP HEAT SO0 T e SBUHE T A VS /K2 2h DA 1L AR
J AE 38 RUET AT I R R RS A 25 mL A
I FK O BRI R AL RS TRV T BT
1L U8 1 FH 40 R A SR TR A B R T WO RE Y
W E W Pt.Pd Ru Rh fil Ir 7% & .

2 #ZRE5iTR

2.1 BERTHERNSRF

BT L TRC R R, 23 7R B A e e
/U BEA (A 0k, B HF A HL, SO, s J0 B 7 i 1% 2
€ JURE ) T il B 5 A T A (MILAD %5 5 g
A3 R B RURTBE B 60 BIORS B i an il 1L L 2
7 o B DA T SR A €0 JUR O B R . X R AR
B S E B R IR R e . & 5
ESQUINEEAT L (1 F (AN

A TAHERH Na, O, F1 CaO il Je 5 8% 80 e 4%
14 5 2 LA B A% kL T S R 1k 4 AT 98 4 0 il A
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B1 #HETHALESRENARBRER

Scanning micrograph of the chromite slag after

Fig. 1
fire assay procedure analyzed by scanning

electron microscope (HV 20kV)
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Fig. 2 Energy dispersive spectrum of the chromite slag

1 1
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after fire assay procedure analyzed by electron

energy disperse spectroscopy

B AR MEY B GBWO07201 (Pt . Pd.Ru.Rh F1 Ir 1 5
MBI (1041) L (7£1),(30546) . (12+£1)
(9046) ng/g) » GBW07292 (Pt,Pd.Ru.Rh Il Ir iy
J R A ) A (20 4+4) L (11, 34+1.5),(527+£91)
(10+2) (136 +10) ng/g) AH A 6 A~ A" X # 2k
WM E S5 R AT T I (R 3) . & 3 45k

R3 BHTVHEREERRASNEEFEREBRXEZNE Pt.Pd.RuRh 7 Ir B EERIFLL (n=5)

Table 3 Comparison results of Pt, Pd, Ru, Rh and Ir in chromite samples by direct nickel sulfide fire assay and

sintering nickel sulfide fire assay ng/g
% HAEH 814 Direct nickel sulfide fire assay Besh J5 i8R 4 Sintering nickel sulfide fire assay
Sample Pt Pd Ru Rh Pt Pd Ru Rh Ir
1 60+4.1 24+2.0 85+6.8 21+1.8 4443.7 6944.9 32+2.2 1224+13.9 43+3.6 62+5.1
2 16+1.4 540.2 63+4.1 740.4 167+12.2 23+1.5 740.4 168+12.1 12+1.0 285+16.2
3 9+0.6 5+0.6 19+1.2 540.3 21+1.3 14£1.1 5+0.1 25+1.2 4+0.3 24+1.4
4 12+1.1 5+0.4 1114+10.7 10£0.7 82+6.6 15+1.2 8+0.5 158+13.5 17+1.4 12849.2
5] 41+6.3 59+6.1 195+18.1 201+18.1 9146.5 52+3.5 77+4.4 312£25.0 228416.0 115+8.1
6 55+5.7 28+0.7 92+0.9 164+1.9 52+3.1 84+5.7 43+1.9 129+1.3 26+1.3 59+4.4
GBWO07201 74+0.6 3.640.1 252420.6 10£0.6 74+5.4 11+1.0 7.410.6 296 +20.8 13£0.9 92+5.6
GBWO07292 17+1.5 3.140.2 445427.5 10+0.5 1294+11.2 22+2.6 10.5£0.8 505+32.3 11£1.2 141+12.2

T A A o i 25
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Fig. 3 Signal diagram of Pt, Pd, Ru, Rh and Ir by HRCS-GFAAS
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SE R 5 PR M S B ST CCD A6 28 A 80 1% & 5ok
Fe# Pt Pd. Ru Rh H1 Tr £ i th £ 2 %0, 25361k
S ESE Pt.Pd Ru . Rh il Ir (G SR E SN 5.7,
5.7 M7,

2.2.3 BEREARE

A% 52 55 4 FH 1) 3% 2 0 TR - WO 15 R A I 2
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Fig. 4 3-D spectrogram of Pt, Pd, Ru, Rh and Ir by HRCS-GFAAS
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Table 4 Analytical performance data by nickel sulfide fire assay HRCS-GFAAS

. 21 2 el 205 72 FRAE e B
. Linear range/ Calibration curve R? Characteristic
Element X .

(ng/mL) equation concentration/(ng/mL)

Pt 0.05~50 y=0.0000007 2%-+0.001375x+0.000268 0.9994 1.56

Pd 0.05~50 y=—0.0000642%-+0.009568x+0.001346 0.999 8 1.98

Ru 0.05~50 y=—0.000018 2% +0.002 3852 +0.000462 0.9994 0.45

Rh 0.05~50 y=—0.000036 2%-+0.007136 2 +0.002457 0.9996 1.27

Ir 0.05~50 y=0.00000192%+0.001478 x+0.003 355 0.9998 3.06

x5 GREAESBOVELAENETFREAEZNERKT ETHARTENBEEELR

Table 5 Precision test results of platinum group element in chromite raw ore by HRCS-GFAAS with nickel sulfide fire assay

JCZE Element il %€ {8 Found/(ng/g) A4 {H Average/ (ng/g) i 22 SD/ (ng/g) RSD (n=5/%
Pt 188.4,196.5,181.9,175.5,201.3 188.7 9.4 5.0
Pd 155.1,154.3.169.6,176.2,147.5 160.5 10.6 6.6
Ru 28.3,30.5,26.2,24.2,31.1 28.1 2.6 9.2
Rh 10.7,7.8.8.9,9.6,7.3 8.9 1.2 14
Ir 5.6,4.9,5.1,6.2,6.6 5.7 0.6 11

AR MEY Bt GBWO07292. GBW07201 Fl GBW07202
i Pt.Pd.Ru.Rh Fl Ir B9 & &, % 6 A9 25 1 %
B EE S PR EEY & B4

4 Z#HiE

B X % R AR i L B Na, O, Al CaO P2

AT K A R AE T R O XL 58 A 0 il
TSR3 T Pr.Pd.Ru.Rh A Ir (00 32 7 i
B A RS i T A S TR R T A
i [R] AT CCD A I 8 1 A7 85018 R . I g 57 19 7 ik
T H AT A% L E Pt.Pd.Ru. Rh Al Ir f94>
RUUREW



B, IT R AR G- 0 PR R SO A B R O D E AR T R AR G K
R4 AT, 2020,40(7) 1 40-46

(1]

(2]

x6 HEAEKES-BHIWEREPEFRBGLIEENERKT RAEYRHYSNER (n=5)
Table 6 Analytical results of chromite certified reference materials by HRCS-GFAAS with

nickel sulfide fire assay

Ff il Sample i H Item Pt Pd Ru Rh Ir
. 5 i 2243 10.5+1.7 505+82 11+1 141+12
CBWoTZ9z br (i 2044 11.3+1.5 527491 1042 136+10
. I 7E {8 11+0.9 7.4+1.2 29648 1340.9 92+4.6
GBWO7201 PR AL 10+1 741 305+6 1241 90+6
. 7 {E 2140.6 1.8+0.8 186+7 18+1.1 341+13
CBWoTZ0Z bR 19+1 2+1 193+6 17+1 333+16
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Abstract: A new nickel sulfide fire assay enrichment method followed by pre-sintering sample with sodium
peroxide and calcium oxide was proposed for the analysis of platinum group elements in refractory chromite
sample. The chromite sample could be completely decomposed. Then, 10mL of aqua regia (1+1) was
used to dissolve sulfide precipitates of Pt, Pd, Ru, Rh and Ir as well as filter paper with microwave diges-
tion system according to the optimized heating digestion program. These five elements could be fully dis-
solved in solution under high-temperature and high-pressure conditions of microwave digestion system,
and then determined by high resolution continuum source graphite furnace atomic absorption spectrometry
(HRCS-GFAAS). The ashing and atomization temperatures, atomization reading time and effective pixels
of charge-coupled detector (CCD) for the determination of Pt, Pd, Ru, Rh and Ir were optimized. Under
the optimal experimental conditions, the calibration curves were fitted by least square method based on the
absorbance and corresponding mass concentration of Pt, Pd, Ru, Rh and Ir. The fitting of curves was
good, and the determination coefficients were all higher than 0. 9994. The characteristic concentration for
Pt, Pd, Ru, Rh and Ir was 1. 56, 1. 98, 0.45, 1. 27 and 3. 06 ng/mL, respectively. The proposed method
was applied for the analysis of these five platinum group elements in the certified reference materials. The
found results were in good agreement with the certified values. The relative standard deviations (RSD, n=
5) of analysis results for Pt, Pds Rus Rh and Ir in actual chromite samples were between 5. 0% and 14 %5.
The proposed method could meet the analysis requirements of trace and ultra-trace Pt, Pd, Ru, Rh and Ir
in chromite samples.

Key words: chromite; nickel sulfide fire assay; platinum; palladium; ruthenium; rhodium; iridium; micro-

wave digestion; high resolution continuum source graphite furnace atomic absorption spectrometry

(HRCS-GFAAS)



