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Determination of silver, cadmium, cobalt and nickel content in ancient furnace slag
by thiourea complexation—flame atomic absorption spectrometry
YAN Huiyuan', DAI Jianqiangz, SONG Zhimin', HE Shabai'
(1. General Institute for Non-ferrous Metals and Geological Exploration of Henan Province, Key Laboratory of Deep Ore-prospecting
Technology Research for Non-ferrous Metals of Henan Province, Zhengzhou 450052, China;
2. Geological Brigade of Henan Nonferrous Geology & Mineral Resources Bureau, Anyang 455004, China)

Abstract Silver, cadmium, cobalt and nickel in ancient furnace slag were determined by thiourea complexation—
flame atomic absorption spectrmetry. The sample was treated with hydrochloric acid—nitric acid—hydrofluoric acid—
perchloric acid system, dissolved and evaporated to remove all white smoke. The residue was dissolved to clear solution by
hydrochloric acid solution with the volume fraction of 10%, 10 mL 50 g /L thiourea solution was added in for complexation,
and formed constant volume in 100 mL capacity bottle. After mixing and clarification, the content of silver, cadmium, cobalt
and nickel in the solution were determined directly. The working conditions of the instrument were optimized such as lamp
current, slit, acetylene flow and burner height. The interference of the test solution acidity, the concentration of thiourea and
the coexisting elements on the determination were discussed. The linear correlation coefficients of the calibration curves of
each element were all more than 0.999 0, the detection limits were 0.018-0.031 pg/mL, the recoveries of standard addition
were 97%-103%, and the relative standard deviations of sample determination results were 0.7%—1.8% (n=9). The method
is simple, quick and easy to master, it is suitable for the rapid determination of the ancient furnace slag sample.
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JEF OGS (AAS) 77 B B & 45 B Tk &
S5 (ICP-AES) ¥ ot JBOHE & 45 B9 TR B
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BT RO - AL104 B, 8434 0.1 mg, 3+
MR — FERI A AT IR A

B ERES VELARMETR TR . 1.00 mg/ mL, g5 4%
5124 GSB 04-1712-2004, GSB 04-1721-2004, GSB
04-1722-2004 F1 GSB 04—1740-2004, [ 2 4 {4, 4>
J& KB AR A s 5

B R R R UE TR : 10.00 pg/mL, 43
S 1.00 mg/ mL 4 55 Bl ERAR VS W LUAR TR 43
R 2% HS RIS W R il 45

ERATER S AL N 99.95% , K R Ak 27
RAAEBRA

FEFRAEV L : 5.00 mg/ mL, FREL 5.0000 g /&4l
BhKY, BT 400 mL B, i B AR EL, S22 A
MRS (1+1) B RUE, &8 5 mL, A
R BUR AL A 1000 mL 255, Dok #e B
AR TRED;

ERAERHS : I N 99.99% , KT R R Ak 27
A FRA ] ;

SRR R = SR ERER - ATl

BRFRUEV T : 5.00 mg/ mL, FREL 5.0000 g =54l
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sig M/ KT/ DREE/ WY/ IRbERRR L/

nm mA nm (L -min") mm
i 328.1 3 0.2 1.2 7
i 228.8 5 0.4 1.5 7.5
i 240.7 4 0.2 1.4
i 232.0 3 0.2 13 7

1.3 EHB7k

FREGAAE 0.5000 g F 100 mL 5 VU 24 50k}
PEFR, INAERER 15 mL, 55 1 210 ML, 57 B B
AR A S min, BUF, AR 5 mL, 2k Mk
WM 5 min, BUT ¥ 200, WOE 3R 101 LKA EE , FEmA
SRR 10 mL, k& i SR e 4, A B &
1% 5 mL, 585 FHRZ5 & 2 BRI, BUR R A
RV (149 ) 20 mL, IFAA SR , I AIKZY 50
mL,J8%5), FifA 50 g/ L BRlRVA 10 mL. LIKH
BB ARZE IRA) A AT . BURE SIS 1, 7
1.2 {25 TAESAE T, B RRE S s ik .
1.4 Z5)RAAF A AR R 6 B

YE B 20 B R B L LB 4% 0.00,5.00,10.00,
20.00,40.00,60.00,80.00,100.00 w g Y br #E 4 W
F 100 mL 28, In A SR BRE W ( 149 )20 mL,
i R E 4% 50 mL, YR AT, A 50 g/ L B
JIK¥ W 10 mL, Be il 4R A LB VB R INR A bR i T
YRR
2 RS54
2.1 AN AT

PEAE RN TC 2 A RRIE I G GRS FR TR
R R A ), 43 HL 5.00 mL 4R VR B B BR
HE T ARV AT AT Ped | i it kR
v BEAEAES TARS ATk . g s R R0 .
KT H e AR DU B /I TKT R ok v DU AR e P 22
e AR BEOLE K HRE MR KT LT 3~5 mA
WEBE I KNSR /N RO, ipesiat /N R 4
JEE ARG, A 52 i Az 000 2R i R B IR B, RS
JUE R E /AN 0.2~0.4 nm ; 45 ICE A
i, B C R i A3, WO FE RS R, Pt i
NS 5 A1) AN & S 1% 5 B N
LM 1.2~1.5 L/ min ; i 56 o F2 i, R BE o8
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X N R NS S R G U S o8 AN~ v N1k ioalll b
PRI B KIS BRBE R RN 7~7.5 mm. 57T
RN AR TAESRAME IR 1.
22 BIiRBREWLF

P IR 1.3 S kIR E AN E RS, 4
FIIA 5~30 mL ARFRAECH 10% RYERER MR . 1
IR AR, 45 5L N H IR ARl sk 78 i, nl
AE A R B s vh R AL G WU T AR T A
RFIKTF 20 mL AYER AR . T /K RE (i 5% i 52 2V i -
T FK A B i A A, BEIH AR IR 2% 5 7

A, PR e BRI A R R VA W (149 ) 20 mL 415 %
TR RS .
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MR WD, ke S 2 e m s T4 5.
PERER M EE YO 1.00 g/ mL AYE 5% Al R
BFRUE TAERW, 43N 50 g/ L BRARIEH 5~30
mL, B 3IE G R A4 FH 2 X 000 7 28000 S 45 SR A s )
TR EE R, BRIR A AEAE Xl I FEA TE 52
M), {2 X A P T A P S ) B4 BV 5 e ks
WA AARFRAE 5~20 mL 78 Bl P X 58 45 R 0 5%
W, 4 ARFR K T 20 mL B 5y 3% SER B2 2% | fi 75
MICR MG N EARRGE . T i s e i
B REMER IR X R AR S BilRE
WEEEY), IS A 50 g/ L HlKIAER 10 mL.
24 RABEAZMNTA

PEREFRME N 1.00 wg/mL B4R 57 4 B
PRI, 5 8RR LA E T N i BRI
SRR, R YT, A 1000 f5 A4 55,500
RRIEE BRH VB, 100 f5 04 A VBE, 10 f5R0%S Bk

GIAFTTR A TR B0 A BRI E . Ry
B CERAETE A S BRI, (H 2 AR Bl 1l
S50 e AR I G5 R R . R T IR VBRI
SO RIS FARTIC AL T R VIR I A 5
FEAWCh S A S 05 k. R B RELE IR A4
G R v 5 SRR AR DY AR AT R 2,
5 e DT W2 A 000 7 2 i 5 i Y0 245 SR 1) o 2, AT
o R R R A CO, AUARRR 2.
25 KMWFELZEERIR

T2 1.2 {8 TAEZAE T ARYC & 100 mL 435
£ 0.00,5.00,10.00,20.00,40.00,60.00,80.00, 100.00
pog BB VB RINR A AR TARR W ROt
FE, {8 FH ATEVA Ao AR R 2 A e TAREIT 4,
X5 FURE A AT 11 YCPATINAE | DAL 45 5%
PrvfE R 22 19 3 AR H0A A& R T 3R A R R
Bl RBYZNE TR AOCR BRI RS T3 2. H
2 AL, 4 P R AN EAH O REU R T 0.9990,
K HiFR 4 0.018~0.031 pg/mL.

F2 tREIEMESHEKRHIR

e OMHTIEER/ s e LiiPS R/
JCE am B9y ZH (pg-ml)
Ag 324.8 y=0.101 5x+0.001 1 0.999 8 0.031

Cd 283.3 y=0.207 2x+0.003 4 0.9991 0.025
Co 240.7 y=0.1479x+0.0015  0.9997 0.018

Ni 213.8 »=0.121 1x+0.0017  0.9996 0.021

26 FikAFBHE

Fi R 1.3 S2E0 ik R P i R, X
HER L VBRSBTS 9 WK, D SRS T
330 M 3 AT HR N R S (R A XA
T2EH 0.7% ~1.8% , 22 BIAR LI AE 2 KL A

R3 BEERRER

RLEC R JLR MEME/ (ng-g) FHIE/ (ng-g!) RSD /%
Ag 118.3,119.7,120.6,118.6,119.5,120.5,118.5,120.1,118.9 119.4 0.7
1# Cd 72.4,73.8,71.9,72.8,72.5,73.1,72.3,73.4,72.6 72.8 0.8
Co 43.8,44.3,43.4,45.1,44.8,45.4,44.2,44.9,44.0 44.4 1.5
Ni 59.5,58.9,59.8,58.8,59.5,60.1,59.6,59.2,60.0 59.5 0.8
Ag 58.1,57.4,58.5,59.4,58.4,59.1,58.9,57.8,58.3 58.4 1.1
o Cd 23.3,23.8,24.1,23.6,24.3,23.6,24.7,23.9,23.7 23.9 1.8
Co 28.5,28.0,27.8,28.9,29.2,28.4,28.7,28.1,29.0 28.5 1.7
Ni 31.4,32.1,32.5,31.8,31.5,32.0,32.4,31.6,32.4 32.0 1.3
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WA 97% ~ 103% , A3k 5500 R0 it I 245 21 1L
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R4 ARENIRIEER

BE E KM/ AR/ WEM/  RMeR/ R/
MR (ngeg!) (pgegh) (pgegh) % (pg-gh)
Ag 1194 50.0 166.8 9% 1208
oo Cdms 50.0 1234 101 720
Co 444 50.0 95.0 101 452
Ni 595 50.0 108.8 99 60.2
Ag 584 50.0 108.9 101 59.0
y B9 50.0 732 97 2%1
Co 285 50.0 782 99 279
NI 320 50.0 83.0 103 314
) 72 255 SRS B8 VA R T o AT Bk
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