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IR AR AL ICP-MS [R] I 052 5 B 4 vp <5 2 e 22 R o e
ffresh

Eok', M E, HAER, Fx4', TR, wK', T4
(L. v [ M SR A sy DS 22 P e IR A ol BRPE PE%E 710100

2. P EHT R bR, JEat 1000835

3. EHL BT AR B AR TR IR LE G A e R L, dEaT 100055)

WE: 27 a2 TR0y =50k, hEenes3, TEEMNBMBLFEMEHTHAEALETSE. BT
B B WARESR B AmACY), STeWR R AR, A SRR BTG M, B PR
Ep BACEY | RS A b 3K T 565°C, 25 B 650°C KIRmT AR M Gk, B HAR4R4E S
Bhad T B M R, MR E B, KSR R AR 0 R BALE, EAEBRA R BB R M 5 A B R
WeAfsn, A BLANFELT BEAFSESF BT HRMAHE (ICP-MS) F | 2 4R4R45 58 40 7 ik o TR T R
AR E . KRR AARTIRAE TSR GFrn, &R AW 10.0000g 45N 20mL A4 B2 F= SmL
RABBRT ORI RBET, THERMS AN AR, HERF A 1000 8244045 5 A4k 0 4e i
%314 0.03. 0.05. 0.19. 0.26. 0.22. 0.27. 0.05ug/g. 5 JA KT k3 & Sadn bl 25 B 5 W AF 40 i
(GBW07858., GBWO07859) #t 4T &, &R 5AFEMAANM; A SARR XA H 6 LRt TN E, %4
RY (&7 BFEHWF %) (GB/T 20899—2019) 1kl & 4 RARA, B L EHITIE£39<532%, AR*4r
HdmZ (RSD, n=7)<4.71% ., A7 ikflk T E&584ABEMNHEF AT TR ERR P, F45XT
AR S &S £V B, AERME,

KR RAR; LEARESFBETHRMREE; 25 6; &; ALK

ER:

(1) 320 BBk RACER o AL A K T 3T A 52 0 vy, 38 o M S TR AR S 3RV . AR

Q) B2 ¥ it ik, ICP-MS T BN 8 24R4R45 554, B ReTE EF %,

Q) A A B L AR, FILICP-MS — Mk Z ¥ B Bl 8 24 AR 4645 A4

FENES: 0657.31 XERFRINAE: B

SR B S I ST R, R BRINE A R I S L A TR A e, W
FEAT S B PAE TC EARARE E  R s, R AR RA T EEE L
S5 SIS, X B —E R E, R YT, A 4 I Oy i A R TR0
SRS B ST A M. B, Pt e L0 ek DT o S B TR
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Wi, 45 YCHBRAAL ICP-MS [RIIHINAE S8 41 vh G AR TSR AR A e 6

e (ICP-MS) " 55 H R A A B TR R ST
(ICP-OES) " 4, #1 HR  HYRIERAYINE I vk 1A
JEF IO (AAS) LT ICP-OES i 190
ICP-MS ¥ 2 4, i R A 52 234 TR 7980k
k2 AAS P 1ep-MS i [P ICP-
OES i 120270 4 . HRufE /0 07 ik v, 4 052 Sy A
be-1H fift - & 4R J5 AAS 75 (GB/T 20899.1—2019),
YA ] B ORI 1 I Sk R ICP-MS ¥ (GB/T
20899.15—2023), BlLA k4S54 TR T 2Rk
T ST G, TG SE B A B A R A AR AR A R B AN 1Y
[ A2 o 40 b 4 i 5 B 32 B\ B Ab 1 S I )
R 52 ), 3R B R B, RN R
WK T4 28 SR v R - PR S AL BR B A
R, 45 A Tn R & %, FH AAS IE A
W) 4, TRIEAA RO R BR T B Ak Bk B 4, (2
IZAACIR R BN T W R vk B RIS BT ICP-
MS WFE . T 77 S i I, g (2
TR be- T KR, F AAS WEXT A8 A s 4
HEAT T W5 Rodriguez 25 30 F v 736 Ak 43 xof
S VYRR PR AR i TR A AR T T s TR
4 LV bR - KW, I ICP-MS B0 4285
T T . DL EJRESCE T &0 A IRTE A
165 4 0 R W B, (R0 EA A5 A AR JT R AT R
20 i DV

AR SCR) R U AR T o R - S T v
AR R, YR o) 7= B A 2 S LA R 1Y
AL, FEASTR A I b ] P AR S s B
S, WIEFE AT I A B . IR
fir S Ak, e G RE fh BURT be TR . SRS, FE AR
TINER A3 A 0 T A 5T B T B A B ik 5 x4
RTAL BRI, 25 B 2k N AR, B/ 435 0 52 )
PR RIRZE, BT T ICP-MS [RIBHINE 45 1
G R T R AR YRR B 0 T T

1 LR
1.1 XSS

7700 Series L JEAH A 55 B TR B IE AL (32
Agilent A ), FEAZSSHLE 1.

BS124S 43 A1 K ([ Sartorius 23 A ), /Bt
0.01mg; D-1000 #% # %% (BRAND), # #% &7 100 ~
1000pL .,

1.2 FRiflE o 3 2

4 ITCEARMEA I 100.0pg/mL, 4154 2.0mol/L

IR, ZOCRIR A VR MEVS U AR L 4 B BEL B B

8445
21 B E S TR b TS
Table 1 The instrument parameters of [CP-MS.
TS WREME TAESH W
ICP 5T 1550W Omega &3 10V
A 0.7L/min KA T -30V
FEIRY 2C SR T -50V
RFEIRE Tmm s L 10V
PRILE 1 ov Hk 30r/min
PRIEH 2 -140V FALEAARRE  0.80L/min
Omega & HLE 80V Eapia ) S 0.67%

JCE Y T B YN 10.00pg/mL, 4 JF A 1.0mol/L
T IR; AR UETR T : 10.00pg/mL, 4 i 4 2.0mol/L £k
M55 SRFRUEV UL : 10.00pg/mL, 41 B4 1.0mol/L fiPiR,
BI [ 1 A 04 8 K i R BT I 0 1
PEwR: Egat, £ 8805 geat, 40 [ [ 254 A1k
WA B AT

PR AL G B BEL AL REDRIE YN
1.00ng/mL, ) H 3E [ Agilent 2w

iR (1.42g/mL), #h R (1.18g/mL), K & M
(1.00mg/mL): 31K 53 M4k, W4 [ e iR A2 A
FRAAF]

1.3 Bekdhsk

S FRUETE IR R D WA e — o R R 4
G IR, AR R0R 3% TR IR HOE 9 B, ic
il A 4 o B BE AR Yk 0. 0.10, 0.50, 1.00., 2.00,
5.00. 10.0. 20.0ng/mL FI¥S R, [F]H 75 S bR VA TR R
FHIA SR, 5 H Bk T R 10.0ng/mL .

IR B R R R AR VA TR R A MR R T A
BN Z e R IR AR, FUIABUECR 3% TKE
TOZ R RE, FOmSAR B0 45 BEL B BRI B EIR
JE #1485 0. 1.00, 5.00, 10.0, 50.0. 100, 500,
1000, 2000pg/L 1) R IR A HRAE TAESI, [FIRHETR
AR e TAERE ARSI A, 4 i B 1) Jo it vk
4 100ng/mL.

1.4 EPESh

VEHCEL 4, AR AL HY L BEL BRORDER E (A
an S A A BT R — bR ) B GBWO7858.
GBWO07859( &I 144 Hu ™ i, FH AR 52 T i i)
AL BRFE AR R SR (9 5: ST, S2. S3., S4. S5,
B <0.074pm, FHBEPTXUEL U 205 R A1) .

el RES P L Y/ Dl RN NG /N TN £ I = N
fift | B AR, LR F AR . S TR R Ay
B S5 S bR A A (B A i 11.45%, Bk i
6.85%, A HLEK & it 1.26%) 1F R 256 25 IR A
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% — M GBW07858, GBW07859 HI15ZFr
i SRR HERS B FIURG 2% B IR i
1.5 M

M #E 7 FREL 10.0000g ££ 5 T 300mL 2 U 51
e Rt R, FZKIEE, AU A 20mL AR . SmL
KA R, 3.0g % 1k & & . 1.00mL i & ¥ & K
10.00pg/mL 4Bk P A5 ¥ W A1 10.00mL JiT o5t Vi B2
10.00pug/mL FYEENARIATR, 35 [ F AL, & T AU
B, AR AR S 10min, QWEUATR KT EE
TV — 2 BRI, W JE AN 1.00mL ¥R SRR,
PRI T G0 R AR A 1.00mL AR,
I Smin, T A 2 ARRIEE S, FAMIN 1.00mL KA
R, AT, @ 80mL 50% T /KR, T
W7 SOmin J5 BUT BeAR, IR PAOK whse 2R 1 L &
FREE, B H GRS 2 200mL 5, E A5G ST
5], @AW RS 500uL BE SRR L 2% K
WERRRE 50 18 (FEa AR BEDK 2R 1000), $5:5)J5 LA 1ICP-
MS W5 o A SCHRE A B T I S A 20l B
5 88 DR = Sl VAV A TR T L (/L)< b VAV P
BAEEL

2 HiR5iie
2.1 SR AARRER
2.1.1 AR ESEARH R
IR BR = A 0 A A SR E A R B AR A
Srfi RO R (1), MR IR A A, mEe o
AURATR TP b A A i P BB T S e -
2HCIO — 2HCl + 0, (1)

B ST (BB RN BILER) R AL o AAAE T
st HR, HL R BT 22 Sk T A R R i R e B
LA HLAR U A 5 R R A T Oh T X e
A W B AT, XoF 4 80 R A5 R, A 4 A
TR L I S5 A LR Aa(TIT) B I BT A 7 %855 , T 2R
JERR (5 S8 RN E i R 2k 25 Xt Au(TIT) ) W Bff
AE AR BE SR AR B B T 5 A A
@I Au(l), FREZ I 4 fE 00 . T RRE
TR, SRAR L T RE ) B0, AH EL T B3 S 7 X
Bl Ak, DRIk FH R R 4 R 7 e LM B S A A T
IR BRI R R SR A A S i

HERRARI 0.05g ¥4 1 o A7 SR Ak 25 4 403, 40 1
BT 4B, IMA 3.0, 4.0, 5.0, 6.0mL K5 iR
1 20mL MR, B T A, AR i I iR
THAF, DAV 1T SR AR B 50 4 T B A5 LR T T, T A
6] Ry S AR IE] o PR SEERZE R (36 2) AT LA ), SmL
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PERRTE Smin PIRENRF 0.05g 16 1t 5¢ 58 4 Ak, i
T 0.05g A 2%, SmL AT 10min GEHF 58 225
fbo I, EXFE0 AR R YI BT, OIMA SmL K54
RN . VEFELERE A, QR T T — 2 PR e,
o AMINVR SR, TN 2 S B AT 2 A 1k o

Y BRI 0.05g ¥ 14 o Fl A 88 6, 43 30 m A
1.00mL Ji 5 3% B 8 Spg/mL 4 ARARMEVE TR, A
SmL AR A 20mL iR, ¥ RS20 Jr vk AT 4
RO AE o & bR MHCRAE 97.0% ~ 103.0%
ZIa) (3 3), UiHIRRY TR e 4, R R 4 L 4R

2 RAMMNRS AL KR
Table 2 The relationship between the dosage of hypochlorous

acid and oxidation time.

‘(/» % HH & :—L—'é?,/: Ht
e KA 7t ¥L-ﬂ: 7]
(mL) (min)
3 11
; 4 8
THTER p 5
6 4
3 19
i 4 16
5 10
6 9
23 BAHIAFRERIEIAR:
Table 3 The recovery tests of Au and Ag.
. . N WA St ElEs
RS AR i3 PlIEaNE ISy W
(ne/g) (ng/e) (%)
Sy Au 5.00 4.98 97.0
e Ag 5.00 4.94 103.0
Zim Au 5.00 5.02 97.4
Ag 5.00 4.97 100.5

2.1.2 FALREM R

SV A G AEEA YK, D REE | BT RS
RERRER AL, in AL S0 n] o0 it = A U R, T
REREL A EN & S5 W . I 5h S5 8 A i
10.0000g 4% 5 fy, 43l in A 0.0, 1.0, 2.0, 3.0, 4.0g
A S 4 S I T A I A A R . F SO A R
(1) ATRA e, A TR S 6] 4 I e 5 SR AR
BRI, 4 H IR ER SR BUE A7, rERR R G 4
R, AT WA, TR, Rl S A 1Y
S, AR I E 25 R AT T, M S B AR T
2.0g B4R A0 5 45 08 T AR, AR Ak R A A 22 11
AR, ORI 3.0g L E B R R
2.1.3  HEfiT ]

BE ST RO 4L AR L B, B BEL BRAIEEY
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844

VAR IS RS, BN fd ) (B 4G B T & T R R
SE4x . MRHUR S S5 AR 10.0000g, £8 UK SH IR - 98
b S - PR IR R I T )5, A 60mL 50% T 7K
A3 SIHE 20, 30, 40, 50, 60min W] T &1, S50 07
PRAE 4 AR L BT BEL BRIEE . HSRIRE IR (5] 2)

45
40;/0/‘3/?—‘:
35F
= i - Ag
Ein 307 —o— Au
~ 25 L
g i
<”:/[ 20§ ° o ¢ °
2 15t
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5 -
0 L L i L
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HALAES I (2)

Pl SRR o SRR N 55 SRR
Fig.1 The influence of ammonium bifluoride dosage on

determination of Au and Ag.
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~7n
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o 1200 F it -
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Fig.2 The

determination of Au, Ag, Sb, Cu, Pb, Zn and As.

influence of sample dissolution time on

AU Y, B I TR RE G, AR 0 2 (B2 A0 T e
S TFER T 40min B4R | AV FIAE I 45 R AR
AR WRE SOmin B 4x . R ARIES (I 5 45 SRR AC R
AF o WBE FH AR FER ] A 50min.
2.2 ICP-MS P& B E e
221 WIRESE

(1) WHs I

H TIZ 7 TR I FRFE SRR, o b TR A e $h 2k
JEK, R4 | AR AL B B A R]
JE, FE SRR 50 1% (R B KL 1000) Fi-R
ICP-MS W5, Al BE = Az iR 22, P L S 56 v 2R FH B 2
PRIBR T ok i S T A T S AR Dk B 5 I R 1R 22, B
LR PRI E T L 1.5 S5 RE ST B Tk

(2) bR

S0 A I R AR T 20pg/g, AR A
i BERL TR 1000 BF, 5 B S o DUV ¥ v 4 09 o vk
JE— BT 20ng/mL, LA PN BRIEFE 5100 Pk BE AT
S, 3 10ng/mL Bk T4 B AR IE, B
FEMTHATTIMA 1.0mL Bk R 10ug/mL B8R
PRI o T A P 2 0 R B4 o v A 6 A o,
L 100ng/mL 4% FH T4 . 47 8%, BE . iR
() BS 2 NARAZ IE, RIVFE S IEARETTINA 10mL Jit iy
7 10pg/mL BEE I PRIA R -
222 THOLE

FERE I I R S5 A A, AR 1
AP PR eon0e<3% VI 2 T AL i T
o FFER R BRI BN S T 100ng/mL B, HOAT
P Au BT E O, A R R A A Ik
FELT 10pg/g, W8 W b A7 i B0 RS o ot Uk 2
PIET 10ng/mL, PRIAHFIEANT 4 A 2 TP T 2008
T Ag e E T R BOERR 2090, P20 R
BET T PAs B0 i T R BOHBR ALl
SR TEAW T 2 a8, R
AR TR L B S, HA G IE BUs s T4,
ES(E=a e
2.3 FFIERHBRAIIE VG

i RSO0 7 ik il 4 11 kR 25 1, A 1CP-
MS HEATIE , TR TT R AR i A AR EDR 22, SR
3 (bR R 2T AR A TR R R, DL 4 £
(ARG H BRI 3345 o0 2 T B, 45 e Y . 4
JUE B I BRAEE 0.024pg/g, 51, 4. B, 4. BFN
545 kAR T B R Y BRI <0.26Tng/e(E 4). & TT
RR B 0 S R Bl — e A b A SRR
JCR MM E TR
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Table 4 Detection limits and measurement ranges of each element.
o 23 FH (e T if i 2 6 H B T vl
B (ng/g) (ng/e) (ng/e) (ng/e)
9TAy 0.03 0.02 0.03 002 001 003 003 003 004 0.03 0.03 0.008 0.03 0.12~20
Ag 0.09 0.08 0.05 0.04 004 0.05 0.06 0.07 0.05 0.06 0.06 0.016 0.05 0.20 ~ 1000
Cu 035 036 041 037 042 031 045 041 046 053 045 0.062 0.19 0.76 ~ 2000
208py, 042 041 051 042 053 036 058 051 048 062 0.61 0.086 0.26 1.04 ~ 2000
%7n 047 049 053 042 051 0.65 057 055 054 058 0.66 0.072 0.22 0.88 ~ 2000
As 052 054 0.61 055 0.63 046 067 051 059 076 048 0.089 0.27 1.08 ~ 2000
1215 0.11 0.2 0.10 0.14 0.09 0.10 0.2 0.11 0.10 0.2 0.11 0.014 0.05 0.20 ~ 2000

2.4 JiiERGE R ER

e N s BN O R VA 2 ) % s s e T ES
— AR EYI R GBWO07858., GBWO07859 1T 7 k-
TN, ARvED) 0 I o 45 R S AR EEARTT, £ 0%
FAXHR 22 <3.57%(F 5).

K AT WA A A 2% 53 BT 7 2 ) (GB/T
20899—2019) XL FrAEAh (S1. S2. S3. S4. S5) #4T
Ty X BRSEHG (n=T), 4570 2 DA 45 5 (4 A o b o O
% (RSD, n=7) ¥J<4.71%, W FhJ5 B & 45 B W) 4,
B ICE AR 2 <5.320(F% 6), T & (ML TR 7= 52
0 2= 5 A HLYE )W(DZ/T 0130—2006) ZE3K .

FREFBERE S, BEf TR BRE RS, 455 B bR
2, AL T R AR BT % ICP-MSS 1 [RIHI 2E 40
AR AL B B BRI PR A TR A A
AR T A A A AR A e s S AR AL 7 (]
R IGIMFE SR 43, P2 T ICP-MS I 45 2R
Wbk, mT LA A R AL R E R B AR

AT PSEIT e h e 5EA TR . .
B0 BRG] BRI, SRR R, TR ke
FES SR 44, BB AN, A, B . AR
ZAN AR YRR BRI E RN S R, Y
T T 2000pg/g HFR FH ICP-MS I 5 D) 75 38 Jin A
PRGN, (O AT O KT RE 25 | RS e 25 SR iR 2=

3 ik B, X TFULATSL, T ICP-OFS Wl %0 bE s
FHW AR AT h Y Smiky, & BhATEE.
#s5 HREWRNESR
Table 5 Determination results of national standard materials.
- I 4E N NEN
BRI o ARWER (1e/e) RSD B MR
o= = e
W 7 U A %) (he'e) 0
Au 19.1 193 194 192 194 19.6 192 19.3 0.87 19.6+0.4 1.53
Ag 440 44.1 448 435 442 448 44.1 442 1.04 44.2+1.4 0.00
Cu 53.4 523 532 535 541 545 532 53.5 1.32 53.4+3.6 0.19
GBWO07858 Pb 68.7 70.1 70.5 71.1 69.2 69.1 71.6 70.0 1.56 70.3+£2.8 0.43
7n 96.3 97.2 97.8 99.2 100 985 101 98.6 1.66 99+4 0.40
As 122 123 124 123 126 125 123 12.4 1.12 12.5+0.8 0.80
Sb 335 333 325 326 341 338 334 3.33 1.76 3.35+0.28 0.60
Au 31.2 304 321 322 31.5 315 321 31.6 2.03 32.1+£0.7 1.56
Ag 67.6 674 685 675 67.6 685 674 67.8 0.73 67.4+2.8 0.59
Cu 65.1 66.7 65.8 642 659 664 67.8 66.0 1.75 65+4.4 1.54
GBW07859 Pb 87.6 864 85.8 876 869 872 862 86.8 0.81 87.8+3.9 1.14
7n 114 115 116 118 119 111 117 116 2.33 112+6 3.57
As 123 125 126 125 123 121 122 12.4 1.47 12.1+0.8 2.48
Sb 432 433 444 431 436 434 446 437 1.37 4.384+0.34 0.23
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Table 6 Determination results of proposed method in this study and national standard method.

N — bRk e
SERRER S | iZ HRIER ke RSD | ey | TR

7 YA T (%) (o) (%)

Au 022 021 022 022 024 021 0.22 0.22 4.55 0.23 4.44

Ag 541 553 529 535 526 5.13 5.05 5.29 3.08 5.41 2.27

Cu 123 125 131 133 128 124 130 128 2.99 123 3.76

S1 Pb 266 261 262 269 256 263 271 264 1.93 271 2.62
7n 874 83.6 874 856 886 854 909 87.0 2.74 85.0 2.33

As 33.6 345 34.1 332 324 346 344 33.8 2.39 34.5 1.97

Sb 11.2 108 11.3 106 11.5 11.3 10.8 11.1 3.03 10.7 3.41

Au 179 181 185 177 179 184 18.6 18.2 1.90 18.3 0.78

Ag 10.7 10.0 9.79 103 10.50 10.2 10.1 10.2 3.01 10.7 4.53

Cu 541 540 539 544 551 547 542 543 0.79 538 1.00

S2 Pb 43.6 43.0 422 413 405 39.7 399 41.5 3.70 43.5 4.82
7n 121 115 124 126 116 119 128 121 4.09 115 5.32

As 52.6 53.6 533 55.1 505 543 56.2 53.7 3.42 53.1 1.04

Sb 127 123 128 119 127 131 125 126 3.07 122 3.00

Au 1.12 1.07 1.16 1.18 1.11 1.15 1.07 1.12 3.84 1.15 2.39

Ag 10.1 104 10.6 104 102 9.87 9.95 10.2 2.59 10.1 1.15

Cu 932 936 962 954 97.8 97.1 946 95.4 1.82 94.2 1.28

S3 Pb 682 688 699 693 682 687 693 689 0.91 696 0.99
7n 243 245 241 235 247 238 248 242 1.96 241 0.59

As 129 123 12.8 13.6 134 142 135 13.2 4.71 12.7 4.19

Sb 231 2.19 226 248 223 231 237 2.31 4.18 2.39 3.53

Au 330 3.25 324 340 327 334 342 3.32 2.16 3.30 0.52

Ag 115 119 115 119 121 123 124 119 2.97 115 3.78

Cu 104 109 105 111 112 106 107 108 2.82 107 0.67

S4 Pb 524 513 516 519 515 525 513 518 0.96 511 1.33
7n 206 204 201 199 208 207 205 204 1.59 201 1.62

As 1163 1152 1181 1133 1154 1151 1153 1155 1.25 1147 0.72

Sb 949 955 957 948 955 957 964 955 0.56 945 1.05

Au 8.40 841 8.65 834 840 8.51 847 8.45 1.21 8.42 0.41

Ag 65.6 67.1 655 642 63.5 658 65.1 65.3 1.78 65.1 0.24

Cu 1269 1253 1256 1264 1261 1269 1252 1261 0.57 1250 0.84

S5 Pb 1690 1675 1681 1672 1695 1677 1680 1681 0.49 1685 0.21
7n 855 843 865 851 859 864 854 856 0.90 854 0.22

As 438 423 426 435 432 437 433 432 1.30 430 0.46

Sb 71.1 716 734 708 73.5 728 742 72.5 1.82 72.1 0.53

TE: O ARFIBARN TR 22 AT H502: L R bkl A (o LS

Simultaneous Determination of Au and Associated Elements Ag, Cu, Pb, Zn,
As and Sb in Gold Ore by ICP-MS with Hypochloric Acid Oxidation

WANG Xiao', LIU Jiufen™**, GAN Liming', LI Ronghua', WANG Xi', WEI Xin', HE Tao'
(1. Xi’an Center of Mineral Resources Survey, China Geological Survey, Xi’an 710100, China;
2. China University of Geosciences (Beijing), Beijing 100083, China;
3. Command Center for Natural Resources Comprehensive Survey, China Geological Survey, Beijing 100055,
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HIGHLIGHTS

(1) Hypochlorous acid was used to oxidize carbonaceous materials and sulfides to avoid arsenic and antimony losses
caused by sample roasting.

(2) After digestion and separation, samples can be directly determined without the step of gold pre-enrichment.

(3) Offline internal standards were used to achieve simultaneous determination of gold, silver, copper, lead, zinc,

arsenic, and antimony in a system by ICP-MS.

ABSTRACT: Gold ore contains a certain amount of gold, silver, copper, lead, zinc, arsenic, and antimony. Gold
needs to be determined after roasting, digestion and enrichment; arsenic and antimony are lost after roasting, while
silver, copper, lead, zinc, arsenic and antimony need to be separately determined, which is extremely cumbersome.
The experiment utilized the oxidizing properties of hypochlorous acid to oxidize carbonaceous materials and
sulfides in a nitric acid medium instead of sample roasting. Combined with offline internal standards, a method was
established for the simultaneous determination of gold, silver, copper, lead, zinc, arsenic, and antimony by I[CP-MS.
The amount of hypochlorous acid, digestion time, internal standard selection, and interfering elements were
optimized. The results showed that the carbonaceous and sulfides materials were oxidized under the conditions of
10.0000g of the sample, 20mL of nitric acid and SmL of hypochlorous acid with using a heating plate to deal with
them until near-dryness. According to the experimental method, gold, silver, copper, lead, zinc, arsenic, and
antimony were determined in five different types of gold ore samples, the results were consistent with the national
standard method, and the relative standard deviations (RSDs, n=7) were less than 4.71%. This method solves the
problem of simultaneous determination of gold, silver, copper, lead, zinc, arsenic and antimony, which is simple and
convenient. The BRIEF REPORT is available for this paper at http://www.ykcs.ac.cn/en/article/doi/10.15898/
j-ykes.202403130044.

KEY WORDS: hypochloric acid; inductively coupled plasma-mass spectrometry; gold ore; gold; associated

elements

BRIEF REPORT

Significance: Gold mines are strategic mineral resources with financial value, while also containing Ag, Cu, Pb, Zn,
As and Sb. Among them, As and Sb are closely associated with Au and have a certain indicative effect on gold
exploration. The content of Ag, Cu, Zn and As directly affects the economic value of gold mines. Therefore, rapid
and accurate determination of them is of great significance for improving the efficiency of gold exploration''!. Luo
et al™ used potassium permanganate-potassium chlorate wet oxidation to oxidize carbonaceous materials and
sulfides instead of roasting, combined with activated carbon enrichment, and determined Au in ores by AAS. This
method effectively removed carbonaceous material and sulfide interference, but the oxidation system increased the
salt concentration of the solution and was not suitable for ICP-MS determination. For the direct determination of Au
in ore, Ge et al™ used the AAS method to determine high-grade Au in gold ore by roasting and aqua regia
dissolution; Rodriguez et al*” used neutron activation analysis to determine Au, Ag, Cu and Zn in two ore samples
from Mexico. The existing methods require independent detection of Au and associated elements such as As and Sb
throughout the entire process, which makes it extremely cumbersome to determine Au, Ag, Cu, Pb, Zn, As and Sb in
gold ore.

This investigation used hypochlorous acid instead of potassium permanganate-potassium chlorate wet oxidation
system. These reduction products do not introduce a high content of salt such as manganese and potassium.
Oxidation with hypochlorous acid avoids the loss of arsenic and antimony caused by sample roasting, effectively
eliminating the influence of carbonaceous material and sulfides on gold pretreatment without increasing salt content.
— 274 —


http://www.ykcs.ac.cn/en/article/doi/10.15898/j.ykcs.202403130044
http://www.ykcs.ac.cn/en/article/doi/10.15898/j.ykcs.202403130044
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn

%2 Wi, 45 YCHBRAAL ICP-MS [RIIHINAE S8 41 vh G AR TSR AR A e 6 544

Combined with the offline internal standard method, the error caused by liquid separation and instrument drift is
reduced. A method for simultaneous determination of Au, Ag, Cu, Pb, Zn, As and Sb in gold ore by ICP-MS was
established, which solved the problem of the inability to simultaneously determine gold and associated elements
such as As and Sb.

Methods: (1) Experimental Samples. Select Chinese standard substances (GBW07858, GBW(07859, developed by
Heilongjiang Institute of Geological and Mineral Testing and Application) and actual samples (No.S1 S2, S3, S4,
S5, Particle size <0.074pm, provided by Shaanxi Fengxian Sifang Gold Mine Co., Ltd.) as experimental samples
for experimental condition optimization, accuracy and precision verification.

(2) Instruments and Reagents. Select 7700 series inductively coupled plasma-mass spectrometer (Agilent,
USA) used for the determination of Au, Ag, Cu, Pb, Zn, As and Sb, the main instrument parameters are shown in
Table 1. Select nitric acid (1.42g/mL), hydrochloric acid (1.18g/mL), and hypochlorous acid (1.00mg/mL) used for
sample digestion (analytical grade, purchased from Chengdu Cologne Chemical Co., Ltd).

(3) Experimental Methods. (1) Accurately weigh 10.0000g of the sample into a 300mL polytetrafluoroethylene
beaker, add a small amount of water, and add 20mL of nitric acid, SmL of hypochlorous acid, 3.0g of ammonium
hydrogen fluoride, 1.00mL of rhenium internal standard solution with a mass concentration of 10pg/mL, and
10.00mL of rhodium internal standard solution with a mass concentration of 10pg/mL in sequence. Cover the beaker
with a surface dish, heat it on an electric heating plate, and maintain a slight boiling state for 10min. (2) Observe if
there is a thin layer of black carbon film floating on the surface of the solution. If not, add 1.00mL of hypochlorous
acid and heat to near dryness. Add 1.00mL of hypochlorous acid and heat for Smin until the black carbon film
disappears. Then add 1.00mL of hypochlorous acid and heat until almost dry. (3) Dissolve in 80mL of 50% aqua
regia solution, gently boil for 50min, then remove from the beaker. Rinse the measuring dish and cup wall with
warm water, cool down, and transfer into a 200mL volumetric flask. (4) Take 500uL of sample solution with a
pipette and dilute it 50 times with 2% aqua regia solution (sample dilution factor is 1000) and measure by ICP-MS.
The formula for calculating the dilution factor of the sample in this paper is: sample dilution factor=liquid-solid ratio
of the sample solution (g/mL)xdilution factor of the sample solution.

(4) Quality Control. The detection limit of the method was determined by measuring 11 blank samples,

calculating the standard deviation of each element sample blank, and using 3 times the standard deviation to
calculate the detection limit of each element. The accuracy evaluation of the measurement results was carried out by
measuring Chinese national standard substances and calculating the relative error. The precision evaluation was
conducted by independently measuring 7 actual samples, calculating the relative standard deviation, and evaluating
the stability of the results.
Data and Results: The effects of hypochlorous acid dosage, digestion time, internal standard, and interfering
elements on the analysis results were studied. The results showed that when 10.0000g of the sample was weighed,
20mL of nitric acid and 5SmL of hypochlorous acid were added, and after heating, the carbonaceous material and
sulfides were almost completely oxidized. Subsequently, 80mL of a 50% aqua regia solution was added and heated
for 50min to ensure complete dissolution of the target elements in the sample residue. The detection limits for Au,
Ag, Cu, Pb, Zn, As and Sb were 0.03, 0.05, 0.19, 0.26, 0.22, 0.27, and 0.05pg/g, respectively, with the determination
ranges 0.12—20, 0.20—-1000, 0.76—2000, 1.04—2000, 0.88—2000, 1.08—2000, and 0.20—2000ug/g (Table 4). This
method was applied to conduct 7 parallel measurements of the Chinese national standard substances (GBW07858,
GBWO07859), the results were consistent with the recommended values (Table 5); analytical results of five different
types of gold ores were consistent with the petrochemical analysis of gold mines (GB/T 20899—2019), with the
relative errors of each element <5.32% (Table 6).

2HCIO—2HCI14-0, (1)
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This method used hypochlorous acid to oxidize carbonaceous material and sulfides. Compared with the

potassium permanganate-potassium chlorate wet oxidation system, the nascent oxygen produced by the

decomposition of hypochlorous acid has extremely strong oxidizing properties, the decomposition equation of

hypochlorous acid is shown in equation (1), which avoided high content of salt such as Mg and K. Compared with

the previous method of directly determining Au, the simultaneous determination of Au and associated elements such

as Ag, Cu, Pb, Zn, As and Sb were determined. The operation process is time-saving, cost-effective, and labor-

saving. The drawback is that the upper limit for the determination of Cu, Pb, Zn, As and Sb is not high enough.

When their content is higher than 2000ug/g, the dilution factor needs to be increased or the sample solution

determined by ICP-OES. When the dilution factor is too large, the error of the determination result may increase, so

the determination of ICP-OES is more reliable in this case.
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