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Continuous Determination of Gold and Silver in Crude Selenium Using
a Process of Selenium Removal by Heating Sulfuric Acid Followed by Fire Assay

FU Zhaodi, XIONG Fangxiang, GUO Huanyu, GONG Jian, ZENG Hao
( Changsha Mining and Metallurgy Institute Testing Technology Co Lid, Changsha 410012, Hunan, China)

Abstract; In view of interference of the existence of selenium in determination of gold and silver in crude selenium
sample, the sample with an addition of concentrated sulfuric acid was firstly heated to remove selenium. Then, sodium
chloride solution was added to precipitate silver therein, and the obtained residue after filtration was taken for gold and
silver determination using fire assay by gravimetry. Thus, a process of heating with sulfuric acid to remove selenium
followed by fire assay gravimetry was established for continuous determination of gold and silver in crude selenium, and
the effects of residual selenium, sulfuric acid dosage and heating time on the determination results were also discussed.
Furthermore , such continuous determination process was also compared to the industrial standard method in terms of the
analysis of gold and silver in crude selenium. By using the proposed continuous method, the relative standard deviations
(RSD,) of gold was within a range of 0.54%~-1.30%, and the RSD, of silver was within a range of 0.28%~-0.39%. The
spike recovery of gold was 94.6%-101.3%, and the spike recovery of silver was 96.3%—100.1%. It is shown that the
analysis results are consistent with those by industrial standard method. It is concluded that the proposed determination
method, being fast and accurate, is suitable for determination of gold and silver in crude selenium.
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1.1 FENESHED

FEAUER S AR NLALFE XP6 X% i T K F CRE
0.000 001 g, %fi+- Mettler Toledo 23] ) ik 44 (K Vb
ST KR (KD ) B R R
(400 mL,7* & HiAEHIRERTR) ) JKIIL(30 mm X 26 mm,
M 10 mm, T 2 T AEWIREI G ) BB (T ) |
BEHIA (30 mL, BiERRIEIE ARG B AR ) 45
1.2 FE#HRSRF

FEEMREA RGN (Se & AL T 99.9% , % FH A
MARG R A PR F)) A AR (T ) .

TN AL FE Tl 2l JC K B R e IeD | — 4
it B (AR T 0.5 g/t) , Motk F) &k
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1) FESL IR LAL I, BRI 5.000 0 g MHLAREE 5 T
300 mL KRR, A 30 mL ¥ AR, & T 280 C HL#A
B EANFE S 2 b, BUR A, /NGO K 2 200 mL, il
A IEACE AN 3% AR 10 mL, Z R IR EE 3~
5 min, B H, FISHIELCTUE , LUK BEBEAR 2 1k, /N0
F 174 SRIEAAESREEAR 2 U0, FEIZK IR VEBAR 2 K,

2) —WMERL, K AR g ACE R 8 BT F e
A 30 ¢ BRIREN .6 ¢ — %8 kA 10 ¢ TR 40 ¢ b4
3 o MRy L EBEFE AR R T IR A AR
FHE 2 900 C B4 HH, 40 min I FHEZE 1 100 C
FEARRE 20 min BRI OB LTI B 18
HJa BUH AT R BRI

3) —UKIR, FHETFNHT 900 °C AR WX Hh Fii #k

30 min AL A, R BB 1T 8 (B RE 25 , R TF P T TR
W, 2 BA RN BB REE 5 min, BCH KL, 124
Je B¢ Hh A A AR, F B il Il 5 28 TREAK 2B,
BT 30 mL B

4) TURMERD B R LT AL B, AR
BRI — RS Rl

5) ZURORR, BRI — KK

6) SWEEMNE. GIF 2 WIKKB 4 ARE kL
THHA T A 20 mL(1+3) PKEEFR W, 76 5 min,
DIZK eI B AR 3 W, BET, FRG 2% i - R F-FR i,
A AR A,

7) G4 HERERE , BT RIS A 20 mL
(1+7) f8IR s ot 4, KU Jilgdi 42 3 Wk, F
R EHET TR T RO R, O A

e A4 e,
m, —m
w(Au) = ——1 x 10° (1)
m
m, —m, —m
w(Ag)=——"—"x10° (2)
my

X w(Au) WETE, o/to(Ag) NEREE, g/t;m,
AR, g m, NEHAR SR, g;m, NE KRR
B,eym, NEHRARE ,g;m, AEHATHRTE, ¢,
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2.1 WEFHIAE

R T 2 AT OGR4 I AE A R B R ), B
5.0 g RSO FN A b, ORIl & e 10% ~ 80% , G I
A8 R 1 4 AR, IR S0 AR AR R i
AR R, LR RILE 1, RR 1 AT,
B I A 2 /N T 20% Bsf, Xof i 52 25 R TG 5 0 ; A o A 2
I 40% I, 4 | AR [R]85 Y 30 A A0 5 A7 fn A 3K 2
80%It , KW 5 To A R Abr, SERR R, PR kit 4 v
5 KA 4 R, X4 i R 2 i K 209% B,
IRUEA TR AT AL 2

x1 BHTFRKEER

EmA A Al &Rl #mA IR RE

/% H/mg  i/mg /% H/mg  (H/mg K%
10 0.05  0.0495 99.0 30 29.8 99.3
20 0.05  0.0488  97.6 30 29.5 98.3
40 0.05  0.0356 712 30 22.8 76.0
60 0.05  0.0228  45.6 30 18.6 62.0
80 0.05 ETa&WER — 30 EEWAR —
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BATEE AR BIAF R BRARCR ; B R FH i 2 ) 2 3
R, FREL 5.0 g KEfili T —415ep Bl A 10,
15.20,25.30 .40 mL &AL, & T 280 °C ML # AR L
PE M 2 h, B EJE WK E 200 mL, i3 3§, LK EBERR
RUTHESS 3 WK, UUTE B UEACEE A JFREAR A 10 mL
fiR 20 mL £R[R , FHLp B EGE ff DTTE , REREAR
FEIA R 2 2R BCF ¥ 30, A 50 mL 7K, R A At i
I S A (R A ) SRR 2, B 2 4
BRI MR 25 mL B, 46 S A I 2, TR
At /NF 20% , Rl E s R, e HIE, ik
HUBR R FH & 30 mL,,

®2 mMBAEKRER

BRI 2/ mL T A i/ %
10 50.0
15 34.0
20 20.0
25 10.0
30 2.4
40 2.0

2.3 B R R A Bt 0 AR e 18] O R 43

KRR 38 30 L, T HA A T] Xof 4 P B3R A 28 2R )
MR DL 3, d13 3 Al IAVE M 1.5 h 5 48T
IMAREIR 25 RN BT /N T 20% , IR E L)
SERCR PR AR E] 2 h,

R3O NN A X ER B SR B RN

ST E]/h T A2/ %
0.5 40.0
1.0 242
1.5 9.0
2.0 2.2
3.0 2.0

24 SRESMANAEREE

FHLAR FP AR HE 500 g/t LA_ER e A G 4 Bk
DR LU A3, Bt TR 83 i I, AR ) s 45 3 fid , 16 1
NaCl JIVER IR — Rl A5k . eIt T, NaCl
it/ BRI AR SE4 ; NaCl FE 2 A5 A
BTN IR L [ AgCL, ] #E AW R, I T
#5% NaCl V50 i, e HUER 500 g/t(5 g fili h 3 &4
2.5 mg) 3000 g/t(5 g filirPPr A E 15 mg) HE4R
AIINAR TSR, FRIS.0 o KAl T —ZBEpr b, 43
A 2.5 mg 1 15 mg 4l4R , A 30 mL WG f2 in i 8 41
2 h, ¥ HEWRIK 2 200 mL, 43 B 1A 3% NaCl 1% &
5 mL.10 mL 15 mL, IA DS 840K 3 5 min, J5 2L

SREIRT, SCEGAE L 4, HF 4 AT SRR
% 98.7% ~100.4% , Vi T 85% ~ 115% X [a] N, #5553 #r
REMER 27 A %18, BE8E 3% NaCl IR 10 mL,
W st BB 7 e 1 F R | SO S (AR e A S TR0,

x4 SmAEiAn
RIMAR/mg  NaCl IiA#/mL  BFEHE/ mg  RENCR/ %
5 2.51 100.4
2.5 10 2.47 98.8
15 2.49 99.6
5 15.05 100.3
15.0 10 14.89 99.3
15 14.80 98.7

2.5 SUEAESMIERE

FEJGR G R v SRR AT RS IR 2% 5T R A 1 ) AR
Mo SR HEA R BRAECRA At 2
ST YIS A2 R AR TR A B , S 43 K LA
FIRICRBIC B BR 2, ELA H E  E T
A, B 40 ¢,
2.6 WHEREMNIEE

DR A BRI A R R Ry e AR TP R A R (AR
AAE RN ) v 48U 5 B PR J ) (Sl R AR A )
AIRFZH, AT B RERR B X JOX 4 25 R
e, AR5 R BR AT 7 3k, e HREERR B 0.5.1.0,1.5
Sy BIBCRE, 20 Rl KW o34 PR A FFRER, B fe 3 1K
FATHIEE R LR 5, haR S nTH, ERE 0.5~1.5
B A5 i 4 VR 5 AR — 3 RS 22 2 R G
AL RER BE 0.5~ 1.5 XPRLAMG JOR 400 2 25 SR
SO AR SCIERRIE T T B M A R SH 3 8 b PR 55 /)
FIRERREE 1.0 BB 2

x5 BEREXBER

N /g MR/ (g t™h)
MR . =L — Lk
mREREN  AAbEY —HdbEE e Au Ag
0.5 30 40 3 5 8.6 1348
1.0 30 40 6 10 8.4 1350
1.5 30 40 9 15 8.5 1356

2.7 HHENERBEZERE

TEF 3 AN [RLRLAR R S, X6 AR S A7 00 a2 7
W, SATFRMEDTEE YS/T 1084.1—2015"" 1 YS/T
1084.2—2015" 152 ) 3 YF (AT HE, 285 1 AL
6, MK 6 v, SR E A 10 A R E e 22
(RSD,) M 0.54% ~1.30% , SR A X bR E A 22 (RSD, ) A
0.28% ~ 0.39% , /N T 5% , 3¢ B 3% 25 1 I % KA v
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& VRAURE B B RS Jrik ke, ST bR i 7 i 2
R—3, RUNZIEE A TR 4 AR & 1l .
2.8 [EERLE

FHZI7 43 A 3 AR AE & 22647 bR [

By SR 7, N T ATLIE LRI E 4 b
[ 94.6% ~ 101.3% , 52 I bx IR 96.3% ~
100.1% , ¥J7E 85% ~ 115% X [A] P9, 76 J2 0] 52 2R, A
5 5 SRR AT 5

xo6 BEERBRER

, . AT\ bR AED VESEFE I/ (g - 17! )
L Wﬁﬂkﬁ fFUJ/?zl _ - _ #E: . i3 (gb ) _ - RSD /%
FIIME/ (g - 1) 1k 2% 3% 4% 5% 6 1K 7R - E
) Au 8.42 8.60 8.50 8.37 8.45 8.65 8.35 8.50 8.49 1.30
Ag 1353 1350 1 360 1358 1357 1356 1351 1352 1355 0.28
5 Au 25.31 25.23 25.45 25.18 2539 2522  25.53 25.43 25.35 0.54
Ag 2650 2635 2658 2660 2645 2641 2654 2662 2651 0.39
3 Au 28.20 28.25 28.6 28.42 2855 28.7 27.9 27.78 28.31 1.26
Ag 3456 3440 3449 3460 3462 3458 3468 3447 3455 0.28
Fz7  MERERERIR R
. — o i 1 15 2
BagE  TE /g — —— — — = ~
A/ mg W15/ mg e/ % A/ mg 75/ mg I/ %
) Au 0.042 0.050 0.087 94.6 0.100 0.140 98.6
Ag 6.765 3.100 9.500 96.3 5.050 11.828 100.1
5 Au 0.126 0.100 0.229 101.3 0.150 0.265 96.0
Ag 13.250 5.100 17.818 97.1 10.300 23.196 98.5
3 Au 0.141 0.154 0.281 95.3 0.200 0.331 97.1
Ag 17.280 8.100 25.025 98.6 15.000 31.893 98.8
s . HZE R 2. BRI = a0k 5 14 35 AR E I E kil
3 % B L E AR TRIOGHE B GB/T 3884.14—2012[ S]. Jb it th

BN T VRBRIR B A HE R BRI | K 4 A
FELATG b 4 e R B 1 i S5 AR R AR R
INTF 20% BF, 6 R 4 150 5 TR ) 5 KRR T i 5.0 ¢
BF, A 30 mL MRBRER , IS K 2 h, BBk BIAR 41 Bk
A58 R 5 3% 05 3 %o 4 LR G I bR T AR M HE 85% ~
115% X [A1 P, AHXTBR O 22 320/ N T 5% , "W iR
SE HERG B, ST AR ik e A5 R — 2, T

GEaon’
SE W
(1] e, PEIR SR T R AT M . JEs s R R th

Mkt 1995.

BER, K U8, TER, % RIRZ P Ab B BH R U8 £ AR K on
SEER[T]. T4, 2011,32(3) :45-48.
SRR gt AR 2 4 m AR A
R TR, 2022,42(5) :81-85.

MR AT i A P 2 k30 D0 s LTS e G ek ) R 8 I R [T ]
R T, 2016,36(HT)) :348-351.

e AR 0 ] ] % e WA A A R v R R R AR AL A
PR 2. BRSO T R AR A I B BT IR IR
KARE NG T OE %35 : GB/T 8152.10—2006[ S]. dbat:
v AR AL, 2006.

e N B ] ] 5% 0% M A A8 R v ) ] AR AL A

WL ORI LWL T].

E e AL, 2012.

(7] e N RSLFN E Tl FE BALES. AR AL ik 48 2 364) .
SAREEIE T IO AR 3 K47 . YS/T 521.2—
2019 S]. dbxut. o EARAE L AL, 2019.

(8] MHEME, =L HEREEF(M]. K. hE Tk K H R
11, 1989.

(9] ZBEG, ik bR M8 SRR BERRANG J a4 i 0l s LA
A ARTE)]. BARK S (ks , 2014,50(8) :1032-1034.

[10] B 8L RS, T W, 525 KB BR- ik 4 vk 0 s AR i v
& RERL]. PEIEHTEE, 2019,9(5) :52-55.

(117 A RIS TV AME B AL, AT ik 58 1 #6454
HEINE AR S TR AE IO . YS/T 1084.1—2015[ S ].
dbnt . i E AR T, 2015,

[12]  XUBKYE, T A2 15 P 5 W B — JOREA T W 3000 2 A i
4 )], RIS, 2015,5(2) :67-69.

[13] e NRESE A Tk A S B ES. A Ak 2% 50 B i 56 2 &
A3 ARERINIE AR T IRBOG TS YS/T 1084.2—2015[ S .
dbnt . EARE L, 2015,

[14] s, FERPE. ST A s i R s gL [ 1], B4, 1997,
18(2) :47-49.

[15]  ZHA TR AR NE S, R0k i 0 I 2 i

7. DB34/T 2578—2015[ S].

SIRAIL: 485, e, a0, F. BB L R AS- KX & k% gl
FALIE P AR F [ ]]. b LA, 2023,43(5) :132-135.



