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5.9 % ,eAr el F A 97.3 % ~103.0 % , A4 # JEFodn 2 L it R A IR TR

KPR : BACK R 4G 45K 2 B BARSF B TR R T AA ik 254k 40,40

R E 425 :TD926. 3 X E4HE 1001 - 1277 (2024 )03 - 0094 - 04

XEAREE:A doi;10. 11792/hj20240319

T 5 B IR T RSP IE (ICP - AES) ™

5 P s il 2
TS B TR (1CP — MS) il 5t 4

i

FELAR 2 A PHAR e $R B 4 AR N VR E R SR I
BRI 77 ity 20 A R ST P R 0 Ak B o R AR AR AR
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1.1 UgFiEE5HF

iCAP7400 #YH1JEHE 5 45 B R i & S35 Y
(EREPAAF) , HTAESEILEER 1;XP2U i K-
(&£ 0.000 1 mg) ;XS204 fiflit K F-(J&&dt 0.000 1 g) ;
A, e AR BE 1350 °C 5 BERb KL, 55 30 mm),
FESAR 35 mm, RHERAME 40 mm, IR 15 mm; %7 S,
120 mm, % 65 mm, 55 20 mm ; A5 HL AR (il
250 °C) .

F1 ICP-AES T1E&#
Table 1 ~ Working parameters of the ICP — AES

RF Jp%/W By <#E/ (L - min~") FALR iR/ (L - min i/ (r - min') BUMSE/s  WETr N 55/ mm
1 150 0.50 0.60 50 2.0 L] 15.0

WA F 2023 12 - 035 &8 H #2024 - 01 - 12
LI A A B T E (202110032)
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EIR (PLgRal) s VK R (3 #rali) 5 F /K (Lol
afi) s BRIREA (ol &) 5 AT (Dol al) s il (ol
af) s PERy (J3 Ml 5 B3 T 0] BRIR BN B 2 o i b
2:1RE

b VELVBH LB B BT 3R b G A VA
1 000 pg/mL,

A VR O A BB S PRMEEIR R ) i
WeJEHI R 0,0.20,0.50,1.00,2.00,5.00 pg/mL, i

G VB R BT B BT SRR T A T VA S
BEPAT, AN 10 % K
L2 i #

S0 P ASPHLAI R B 58 M A PR ] L R
JEARKT 0.098 mm, FL7E 100 C ~105 CHET 1 h
Ja, BT RS M EE R AP TR TS
R 2,

K2 HAEPETRATER

Table 2 Analysis results of various elements in crude selenium

JLFE Au" Agh pt" pdY

Cu Bi Se Te As

w/ % 0.5 ~60 30 ~9 000 1 ~500

1 ~500

0.1~1 0.1~1 70 ~99 0.05~5 0.01 ~0.3

FE:Dw/ (g-t™h),

1.3 SFHE
1.3.1  J5EERRTR

HERAFRIEL 10. 0 g IXFELT 10 g — A ALRESIEAY
B A B S E T S IR, MRIRIT Gk be
PIAGE R, OREF N 5 02 St aE , IR T
%250 CARIR 1 h, FETF 5 600 CARIR 1 h, f5 2 if
TEERE 2 100 CIEEUH & 7 FE R AL
1.3.2 R Em Ik KR

AR I ABKER B4 30 g SEfk4T 100 g D
10 g JEH 3.0 g, ¥ &7 SRR R — AL rEfG B2
EHN LIRS, B REIEZ 10 mm (47 3557, R B ess
FISEE0, KA E T 930 Cikgyr i, AR 15 min, 2
JE7E 30 min JFHEZ 1130 °C {57 10 min 4 B4
JE B AT I B AE 920 CHal 4 b o A
30 min [ AR, B Ao BIOGHE AL IR, & T
30 mL Z 3, KSR (1 +4) 9 v, Bt K
oy R HERRE . AR ER R A, T 750 °C iR
B k5 min,
1.3.3 4 4

W C R K ARLE 7 E T 30 mL B, A
20 mL JRAGHIR (1 +7) , fE7K i 48 EIn#A 30 min, 42
R 50 °C ~ 60 °C , K 2 3 3 N Fo R R v U 2
100 mL BEpfrt, FHHROK BES 2 ~ 3 YO M ; ) %5 4
Brrim oA 25 mL SR (1 + 1), Tk K i Of +¢
30 min, B HE B AT AR BRI 2 100 mL BEAf, 71
PO VRGN S 4k 3 LA L K54 4 OB 6 A
IR SR T B HEREEFRE,
1.3.4 G5 GoRih i il

1) 53 & N4k AR BE . QOHE S 43 4 TR 4%
FRE T H AR b, AR 1 o 44 28 0 A (R FRL 2
10 mL, LTRSS, A 10 mL 2508, ik, £ &
TRFHZ) 10 mL, BURF ¥, A 2.5 mL F 7K F i #A4R
b, R BEER, AR S TIES 2 25 mL 75

B, Q¥ 4k ST 30 mL EHH S, mAY
5 mL FK(L+1) AR E SR i, FF R
RAMMD G, BUR, B, B 2 25 mL A8
o UK R R 205 TR S F e TR

2) W S5, 78BN A A B R R R 5T
HEA A TAE AR T, M o SV W h iR B8 1 4
A B BT VB TR IR TR, AR A T P L
L RITE RS E . W TAEZ A 4%
JGERH I P 0 R B, RGN O 2R U R A Ao b et R
AR BRI o 1380 L0 A W P 2 o o 4 BT i
Gbi 2R T LA A AR BT AR AR

m, +m5 —mg —my,

w(Au) = - (1)
w(Ag) = 2)
w(py 2000 (3)
w(pd) =P o5l (4)

2 2w (Auw) AT 4 R 3B (g/t) s m oA iR o
i (g) smy B RLTUR (g) 5 ms o348 WP 4 o
(mg) smg A AR H 7% 5T & (mg) s m, A ALET 4
i (mg) sw( Ag) A HLAR H AR BT & A B (g/t) smy h
T B AR R (ng) sms N AL TR T (mg) ;
my, AT AR 4R T R (mg) 500 (P SAPRLARN A T
IE(/V) 3p, IO G E TR R (pg/mL) 5V,
O RUE AR (mL) 5 py S 450 L P i 9 HP B DR vk
B (pg/mL) 5V, R 4R i 8 25 (mL) 5w (Pd)
RELAR 4 5 i 53 B (/') 5 p R 50 40 YR PP 0 o i R
(pe/mL) sps R A RLA AR P AR R (pg/mL) o

2 #HR5WR

2.1 WETIMBEHEER
TEATIR G R rp, PR R VBN SR S R E A
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TECRT0 %o ~99 o B} AT I A 3o A 7= A ) TP
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LRI, T BR A 98 7 WA BRR 1 & B A (I
) VALK ) (k) AEE A A BRI K |
Ee (=S /I R o =i = L P T = 0 o = o
I B 2 , 3R B A SR SRR IS , R AL e
BR MG, 2 S RIPREL 10,0 g HLAN TR
S et AR IR 75 2 SR B e e N BE A LB R, L
TRFEHEFR ARSI ICER , 528 A T RIS, K5 58T )
K BRI B 22 . UL, SEB R & 7 A, A AL ik
SRS R S e A TR S

TR TR N 315 C RS Rei A
FHAe A5 AEAG vk 684 °C, XNk e BE = T
BF AP s - T RS AR o A VIR R, S A R
LRGP, IR PR B Al 82. 56 % my i,
T SRR BT R B R R R IR e
T G Jps B[R] X o 2 R i sE e, 25 SR L3R 3. W
3 A RS BT R 600 C ~ 650 °C, Kbt
(8] 2 h B ARG B w2l HoA R VB VAR PR R BN,
RGBT SR Y, S50 5R MR T B s e L
2 250 CJ i 1 h, FEFHR 2 600 CRE 1 h, BR
TR o
2.2 AHERERMAR

ARG Pk i 5 SR o AR, FLead i be
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Table 3 Test results of crude selenium oxidation roasting

KBS RERRINTRY AR MR/ %

C h % Au Ag Pt Pd
350 6 41.81 — — — —
400 6 54.33 3.78 3.87 3.39 3.41
450 4 73.70 1.68 3.04 1.55 1.29
500 4 83.22 0.91 2.58 0.82 0.9
550 3 95.67 0.59 1.77 0.57 0.67
600 3 98.46 0.32 0.79 0.40 0.33
650 2 98.51 0.37 0.81 0.39 0.40
700 2 99.07 2.99  5.92  3.21 4.65

JE L S S A T AR AR 2, SR o A AT
BET DR TR L B ROk . AR R 0.5 % ~
5 % G RERERR 25, LR 4 R AR R Y 5
T TERE RIS 2 T 8R0S 5 BE 3R, IR i i 25 5
& HRIE B fE 4 AR, S Ee AR A K LA
S g 1Y AR, L kIR R
10.0 g, /D fifi o B3 4 Ao el B 1 52 )

P e 52 563 2ok oA A 5 o ) P A R R
Hor, AU RE R S 2 A A R OB, R EE A
AN TR R IR X I S5 R 5 DL 3 4, |l 36 4 AT
MEERRIE R 0.5 ~ 1.5 B, Xl a2 45 5 JC W] @5 mi L {5
J TS S R S T Y B ) Db 5 Oy T T SR TR T
Tl 2%, 55k B Ak, S 80 E 45 R, 276
25 R RE R IR A5 A A A0 A UL, S 58 0k 5 Rk R
1.0, AR M 30 g, S Ab%E 100 g, — % 4bhiE 10 g, il
b 10 g, 7E#3 3.0 g,

x4 EBIEER

Table 4  Test results of ingredients

TRIR BN g A g A g b/ g

WEEER/ (52 17")

TEH g

Au Ag Pt Pd
0.5 30 200 8 10 3.0 5.15 271.5 26.5 19.6
0.7 30 150 8 10 3.0 5.24 277.8 25.8 19.4
0.8 30 120 10 10 3.0 5.29 274.9 26. 1 18.8
1.0 30 100 10 10 3.0 5.31 276.2 25.3 20.1
1.5 30 80 12 10 3.0 5.14 279.3 26.9 19.0

2.3 ELRERE

FELATG B A e A, 4 4 Ak 0% e 5 G A 4
e EG, K&t R O bk 2. T,
WEE BRI T REE R THADNIEL, MR
BRELE A Pt 214. 423 nm FI Pt 265. 945 nm, 3 JiF
K H Pt 214. 423 nm J&] [ 4776 580 2 8¢ 1% 48 Cd
214.438 nm, JEE TH5E, L FE Pt 265. 945 nm
TELRAE N M. BRBIE LA Pd 340. 458 nm |
Pd 360.955 nm,Pd 340.458 nm 58 ¥ 5 & , H &5
JoJ% W 1 Pd 360. 955 nm A5 ¥ A L G %

(360.972 nm) , £ Cr 1%(360.948 nm) &, 7 1F
T, 75 5 3 B0E5 W . R, 5256 R B Pt
265.945 nm . Pd 340.458 nm {E K ICP — AES il
FETR L
2.4 M RANME TR

TEAX AR BT W B A AR SR A, X B i vk 2 05
0,0.20,0.50,1.00,2.00,5.00 wg/mL 41 418
BRI R FEATINE . AITER B Jon & ok B O
ARBR , TR BE A AR, IR 2k, LR PEAR
KRB KT 0.999, LM E 11 Wik 72 [
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W, LA 3 R hm o g 22 Db A H B, 0 A A L BR 40 531 oy ®O MIREKEKEER
0.002 0 mg/L %u 0.001 8 mg/L; LI 10 1%;’:@‘{@1}%%% Table 6  Test results of spike recovery
T T B A AN i 5 T BR 23514 0. 006 7 mg/L Al BUHE 4 ‘njfﬂﬁg QA;O 87’*15'2 l;‘l 26Pd0
NN Y s W xE ng . . . .
0.006 1 mg/L, i £ 3T /T IL 2K JbRi/wg 10.00 1.000.0 20.0  30.0
2.5 FEHRBZESLR 1 B/ ug 19.15 1865.3 39.5  55.2
SR J 0 BRI B 5 A ML R e T
PR o WEM/ pe  243.4  10418.0 265.5 1330.0
AT 7 WIE , 1A 5 235 S 0% AH X AR o A 22, 25 2R DL MidRE/pg 300.0 15 000.0 300.0 1500.0
F5, hFS WML & HLHRIES RO EE 0 WEBNMe SL7 253159 560.6 28200
30,47 % ~5.9 % 1 EAHE R JARIER/ % 103.0 99.3 98.4  99.4
x5 FENRBEEIRER
Table 5 Test results of precision of the method B HLBRN A 4 B TR R S i v I e LA v 4
b S fihr Au_ Ag P Pd BRBH R, ARSI ARAY TR ol T R Bt
[ WEER/GeD 09 WD LOL 260 gy i vk SR O, A S UL o
Wzsh B (g 1) 222 1227 384 10.25 A VAR VEA A Y AR E AN 45 SR I o
2 RSD/% 3410 300 27 EER, W SRR
PEL R/ (g -171)  5.23 2740  26.3  19.4 (5 % % #]
’ K7 28 08828 3 (1) WRTR R, B RSN SR BT T ).
PEL /(g - 171) 24.34 1041.8  26.55 133.0 4 2011.32(3) 45 48,
* RSD/% L7 0.5 4.4 1.5 (2] e RS Tl FfE A BRI 0T 7k 55 1
WELR/ (g-17") 57.222186.3  40.37 200.35 ShARIOME KR A TR IOERL: YS/T 1084, 1—
3 RSD/ % 091 047 35 13 201581 bt FhEEbRAE RiEE 2015,
(3] e NRILFNE Tk AE BALES. ML= 0 ik 552 3
Sy ARIEMIE AT IR0 YS/T 1084. 2—2015[ S].
2.6 MAREKZELH det: v E AR S AL ,2015.
. . " s L (4] X052, Ela ke 6 Bl & 55 B TR T R 5L ig Tk
N T 507 L B ERA BE  # BRSE I U7 1 ik W A A BRAIA L T ] TR 4 HT,2022,42.(3) 126 - 32.

FE 1A 4 R oo R & &, R T hnbs Rl 38 50 (5] w2, B /MG A - ICP - MS RRTIE S PR AL R it P 1)
_ HARELT]. $4)®,2017,38(3) 61 —65.
30, BEORILA 60 2R 6 APAL G IRHEIMAR TNty g s st 5 domiF wo i W L

HKHN97.3 % ~103.0 % , UEM I A =P R, HRLJ]. #4:,2016,37(2) ;79 - 81.
(7] ZEE 4, SRR, WRAE. SR IR A i 4 7R B 0 R o
3 & B G SO R LT). BAL K 5 (k200 201450 (8) 11 032 -
1034.

T T 2 et A HE o 25 A [8] B8, BAFA, TR, 45 BRI — ik 4 vk U 5 R o o
| STUBLARINE A & ROLR & G BRI PELCIUMT L2019 9(5) 152 -55.
R, HLBZ 50 AR B FRERTIN 72 , I A7 AE Ry B 45 (9] XUBKIL. BRALFE — HHR 4 LI WAL TR i S e ik (1),

R, 560 R A S B A B 05 THFALE,2018,8(2) 52 -56.

Determination of gold, silver, platinum, and palladium in
crude selenium by oxidation roasting — lead assay — ICP — AES

Huang Yajuan"?, Liu Fangmei'*, Chen Xingfa'>, Gan Cong"?, Zhong Jianhai’
(1. Zijin Copper Co., Lid.;
2. Fujian Key Laboratory for Green Production of Copper and Comprehensive Utilization of Associated Resources;
3. Technology Center, Xiamen Customs)

Abstract: In order to accurately and rapidly determine the content of gold, silver, platinum, and palladium in
crude selenium, a method for the determination of gold, silver, platinum, and palladium in crude selenium by oxidation
roasting and lead assay combined with inductively coupled plasma atomic emission spectrometry ( ICP — AES) was
established. In the experiment, silicon dioxide was used to lay the bottom. The sample was heated up to 600 °C in
stages and roasted for 2 h, the effect of removing selenium was fairly good, without losing gold, silver, platinum, and
palladium; when the sample was 10.0 g and the silicon acidity in fire assay was 1.0, the fluidity of molten slag was
good. Smooth and round precious metal granules can be obtained. Silver was precipitated and separated by hydrochloric
acid after the precious metal particles were dissolved in nitric acid. Pt 265. 945 nm and Pd 340. 458 nm were selected
as the determination lines of ICP — AES. The linear correlation coefficients of platinum and palladium calibration curves
were all more than 0.999. The detection limits of platinum and palladium were 0.002 0 mg/L and 0.001 8 mg/L, and the
detection limits were 0.006 7 mg/L and 0.006 1 mg/L, respectively. The relative standard deviation ( RSD, n =7) of
the results was 0.47 % -5.9 %, and the spike recovery rate was 97.3 % -103.0 % . The accuracy and precision
met the requirements of production control.

Keywords: oxidation roasting; crude selenium; lead assay; inductive plasma atomic emission spectrometry; gold;
silver; platinum; palladium



