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Determination of Fe and Zn in Compound Minerals by Inductively
Coupled Plasma Optical Emission Spectrometer (ICP-OES) with
Ultrasonic Acid Extraction

DING Yulong
(Shanghai Quality Supervision and Inspection Technology Research Institute ,Shanghai 200233 ,China)

Abstract The objective of this study is to overcome that the microwave digestion method is not suitable
for the pretreatment of nutrient elements in complex minerals. A method for the rapid determination of iron
and zinc in meal compound minerals by ultrasonic acid extraction using ICP-OES was developed. 10 % nitric
acid was used as pretreatment reagent,and the ultrasonic assisted extraction was applied for the extraction
of analyte. The experimental conditions were optimized,the interference was eliminated. Some experiments
including detection limit, precision and accuracy was performed. The detection limit of iron and zinc was
1 mg/kg and 0. 5 mg/kg, while the linear range was 0—5. 0 mg/L. and the linear coefficient (r) is better
than 0. 999. The precision of the method (RSD) was less than 5.0%. The determined contents were in
good agreement with the certified values. The recoveries of real samples are from 91.4% to 108%. The
experiments showed that this method was sensitive,simple,rapid,and accurate for the determination of iron
and zinc contents in meal compound minerals.
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1.1 EERIRF

Agilent 5110 %Y At JEHE A 55 85 F 1K & 615X
(ICP-OES, 22 [H % fE e BHEA BR 2 7D . MARS-6 1%
PR G (RL A5 A PEA = 4l B = J5 0 i i 56 [
CEM 2y &), Milli-Q 4li/k #% (3£ E Millipore A #]) ,
B (1 000 uL,Brand) , .+ RV (T 432 — . 1§
Frh-FER 22 8 75 B TE VERR .

F Ak (L 18. 2 MQ » cm) , i iR (f; 9k 4l
] 24 4 A A 2 iR A RS W), 22 0 9 J 75 08 T (i HD
BREATT R MR AEY) BT O 5 W B2 )y 1 000 mg/ L, iy
[ it B 2= B 9T B ) o B BP0 3R W VB ) BT (T
Wk 1 000 mg/L, b [ i BH2E B B .
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L2017 300 B off o ) e o)

BRARVE TAEW (100. 0 mg/L) : E#RI AL HL 10 mL
BERFRAEAE S5 T 100 mL 25 B, FH IR ZE A8 K
TEA B ZNEE R T 30 d,

BEARUE TAER (100. 0 mg/L) : #EFIFEHL 10 mL
BERRMEAE ST 100 mL 25 &R, H R R IR K
BEZNEE RN 30 d.

1.2.2 FF b Ak 2
WERAFRELZ) 1.0 g E 0. 000 1 @) BESL . B

T 100 mL &M MA 20 mL AR (10%0)
PR P KIS T AL B 20 min COn A7 T8 3, AT 2 i A%
i) KB R 2B . ARHEFE S h W Bibs s i o
FE G WA TS AR R, B R R BE R A 100 mLL 45 &
.M 20 mL FEPR AR (10 %) K Fis B = %0 ¥, 4%
51 0. 45 pm BT UE, [RIRHSCES S0

BRVEER A I Y TC R - o3 RS O B
FRUE T /E W (100.0 mg/L) 0.0.25.1.0,2.5.4.0,
5.0 mL, T 100 mL ZF&IfH . MA 5 mL fif#g , HK
FERS RN BEAY IO OV BE 43 50 2 0,0, 25, 1. 00,
2.50,4.00,5. 00 mg/L {R& bR TAER WL
1.2.3 A& TAEZAM

PEAAL 25 F P 45 1 o fif o 00 5T 36 19 22 501 4 4
B ik B 53 7 22K L g 0 2 7 1 R B A R TR S
AT IR 2R R S EOEREIR S S T 3R 1,

®1 NBFEBIESH

Table 1 Instrument operating parameter

A HRHR AR S
FI T /W 1200
WS E/(L s min 1) 15
WA /(L s min™ 1) 0.5
FALAMF R/ (L min™ 1) 0. 65
SrHr &/ (r e min~ ) 50
PURIS e W
BRICE ST K /nm 259. 940
BETTR AT /nm 206. 200

L2.4 FEahlE

AR TT AL AR A 1K B e HOR A 5 9 4 07
T o FH R S KR P A B L TR R T TR AR E I K
U2 Tl s o T 3000 5 25 R A

2 HR5IE
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TH R IR VS WA DOUE 7™ A o0 22 Bk I A5 {0 AR 7] B
PR E BRI AT B P & A 1AL
JoT AR A HIL BT Y 51 A TS 52 e H RS 5 S
BT R R SOE R R T R R SRS
AR W IR B AR A L DRI R R P R 4 IR A S B
) AR B 7
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Table 2 Comparison of pretreatment methods

B EAED / B 5E D /
S Ak B
MR (mg * kg 1) (mg + kg™ 1)
Tl iR T AR R 1D 678 1. 49X 10
Tl I T A CRIS TR+ R D 1. 86X 103 1. 46X 10*
B P TR I 3.30X103 1. 42X 10*
MAYIIRIER 3.21X103 1. 47X 10"
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Figure 1 Effect of concentration of HNO; on reaction.
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Figure 2 Effect of ultrasonic time on reaction.
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43508 Fe 259. 940 nm.Zn 206. 200 nm,
2.5 FiEWwHR

Bk bR TR 0.0. 25.1. 00,2 50.4. 00,
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FHOCHR B, MRIEES 11 s sl & E i 3 £
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FEERR, LT g M BORE i E A AR 100 mL
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Table 3 Effect of mineral elements on iron and zinc
mipeg R e : e :
(mg-L°")  WEM/(mgeL Y FHE/(mge LD AAXRAEME/ % Zo WEE M M RR R 22/ %
10 2.9 1. 242
K 20 3.04 1. 308
50 2. 94 1. 284
10 3.07 1. 324
Ca 20 2.98 1. 296
50 2.85 1. 221
10 2.95 1. 27
Na 20 2. 87 1. 244
50 2.93 1. 269
10 2. 89 1. 243
Mg 20 2.77 2.97 3. 1. 195 1. 28 3.1
50 2.92 1. 256
10 2.95 1. 275
P 20 2.96 1. 272
50 3. 04 1. 309
10 3.09 1. 341
Cu 20 2.96 1. 282
50 3.02 1. 299
10 3. 04 1. 316
Mn 20 3.19 1. 366
50 2.96 1. 271
x4 FHERHR
Table 4 Detection limit of method
LR EYig r i Kr il Bt LOD/(mg « kg™ 1) ERMR LOQ/(mg » kg 1)
Fe y=23912¢+189. 83 0.999 8 3
Zn y=1157. 5¢+87.095 0.999 5 ) 2
RS BKNETENMREREMEEE
Table 5 The recovery and precision of iron and zinc (n=38)
WHNKSE 0. 25 mg/L WK 0.5 mg/L IKSE 1.0 mg/L
. AR/ [T N ——— I
Fomgern M pani mwersw P papiy merw PP paniy miosu
(mge+L 1) (mge+L 1) (mge+L 1)
2.915 98. 8 3.149 96. 2 3. 646 97. 8
2.984 98.0 3.208 93.8 3.725 98. 6
2.969 91.4 3.208 93.4 3.668 92.7
3.120 95.2 3.394 102 3. 88 99. 8
Fe 2. 844 3.024 4.2 92.8 3. 308 3.7 103 3. 863 3.1 107
3.203 101 3.428 95.6 3.902 95. 2
3.221 92.4 3. 447 91.4 3.925 93.5
3.243 101 3.452 92.2 3.929 93.8
3. 085 96. 3 3.324 96. 0 3. 817 97.3
1. 459 104 1. 710 102 2.259 106
1.414 102 1. 690 106 2.194 104
1. 393 92.8 1. 682 104 2.168 101
1.477 103 1. 691 94. 2 2.181 96. 1
Zn 1. 209 1. 423 3.7 98. 4 1. 684 1.8 101 2.155 3.6 97.8
1. 494 98. 8 1.716 93.8 2.326 108
1.567 107 1.776 95.4 2.375 108
1. 473 105 1.722 102 2.263 105
1. 462 101 1. 709 100 2.240 103
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Table 6 Testing results of comparing with samples

B & LR WME/(mg- ke WEME/(mg- kgD
) Fe 5.88X10° 5.50X10%
! Zn 1.22X10* 1. 30X 10*
o Fe 5.01X10° 5.17X10°
Zn 4.21X10° 4.42X10°
3 i
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