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Abstract: Ten trace elements including P S As Sn Cu Sb Pb Zn Cr and Cd in iron ore pellets has significant negative
effects on the hot brittleness corrosion resistance and mechanical strength of steel therefore it is very important to strictly
monitor their content in pellet raw materials. In this paper an efficient and accurate inductively coupled plasma mass
spectrometry ( ICP-MS) method is established for the determination of the aforementioned elements. In the test the
microwave digestion was used for pretreatment of iron ore pellet samples to ensure complete dissolution of refractory mineral
phases. As for the low sensitivity of sulfur in conventional ICP-MS the collision/reaction cell technology conditions were
optimized to eliminate polyatomic ion interferences and enhance the signal-to-noise ratio. In the detection of the remaining
elements the matrix interferences were effectively overcome through kinetic energy discrimination mode. Additionally a

mixed internal standard of Sc-dn-Tb was used to correct the matrix effects and signal drift ensuring the accuracy of the
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determination results. The results show that the correlation coefficients for all elements exceed 0.999 0 with detection
limits ranging from 0.02 to 1.56 pg/g quantification limits from 0.06 to 4.68 ug/g precision between 1.95% and
4.12% and spiked recoveries between 95.2% and 103.5% . The method studied in this paper can provide reliable
technical support for quality control of iron ore pellets and risk assessment of residual elements in steelmaking.
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95.7%~102. 3% 1 mL H, 0O, B: 6 mL HNO; +2 mL HCI +
1 mL H,0, C: 8 mL HNO, + 2 mL H,0,.
o Fe. P. As. Cu. Pb. 2 o 2 : A
Zn. Cd S. Sn. Sb. Cr 1.72%~8. 58% 82. 3%~
S 102.5%; B 1. 52% ~ 4. 39%
H,5 S0, 93.6%~101.2%; C
Sn~ Sb HCl 1.83% ~7.29% 72.3% ~
Cr 100. 3% -
HF Cr( V)
Cr( 111) Cr( III) CrF . A Fe. P.
Cr( OH) 5 . Cus Zn. Cd 97%~103% RSD <
S. Sn. Sb. Cr 39 . HF
A A S+ Sn. Sb. Cr X
TDS( ) HF  Ca/Mg CaF, /MgF,
Fe. P. As. Cu. Pb. Zn. Cd N ~
F~  Sn/Sb SnF, /SbF;
. ’ ( ) Cr( 11I) CiF, . HF
Table 1 Comparison of alkali fusion method and acid RSD. B - HCI
digestion method % S+ Sn. Sb. Pb
S Cl~- Sn/Sb/Pb
RSD RSD H,0, As/Cr
P 2.5 95.8 2.13 9.5 o C Fe. P. Cu. Zn.
3.21 101.3 4.22 88.9 Cd. Cr
As  4.08 92.2 3.28 9. 8 . S. Sn. Sb
Sn 3.89 97.5 4.56 90. 1 Sn. Sh .
Cu  2.08 9. 1 1.81 100. 2
sh 3.26 95.7 4. 68 89. 1 5 ) ( )
kb 278 945 231 98.2 Table 2 Precision and spiked recoveries of different
In 2.9 97.8 2.56 101.2
digestion systems %
Cr  3.58 101.5 4.76 88.6
cd 318 9.7 2.82 102.4 A B ¢
55 RSD RSD RSD
P 233 97.6 216 982 1.93 99.0
2.2.1 4.56 8.2 3.8 955 7.29 72.3
S+ Sny Shy Cr As 3.79 983 3.26 10L.2 4.13  96.8
Sn 6.8 91.5 3.57 98.7 852 853
- S +H,0, S Cu 1.72  100.5 2.05 99.3 1.83 99.8
H,80,(50,*") H,S ; Sn Sh 7.28 88.6 2.91 97.9 548  90.1
Sb + HCl Pb 2.15 99.0 1.82 101.0 2.35  98.2
; Cr Zn 2.07 101.8 2.43  99.5 2,12 100.3
ICP-MS VAPCT Cr 8.58 8.3 439 936 3.93 96.5
Cd 2299 102.5 2.52 101.2 3.13  99.7

. A: 6 mL HNO, +2 mL HF +
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2.2.2 - 180 € HCI
S >95%; H,O0, As/Sh
3 o A: Cr
25 C—160 C 15 min 20 min,; Sn/Sb
B: 25 €C—180 C 20 min 25 min; o
C: 25 € —200 C 25 min 2.2.3
20 min; D: 25 C—160 C—180 C ICP-MS N
15 min 30 min. 3 A o
85.3%~99.5% B ( Fe. Ca. Si )
93.5% ~102. 0% C
82.6%~98. 5% D 96.2% ~ o
100. 8% » B o Rhy Sc +In +Th. Y +1In + Lu. Ge +
3 In + Bi
( ) 4 o 4 Rh
Table 3 Spiked recoveries of various elements under sip 2g
different temperatures and times during 128 o2+
microwave digestion % 12577 Rh* Rh
A B ¢ b <98.5%; Sc+In+Th “3e
P 92.6 98.1 96.5 98.7 P. S 9T Cr. Cd.
85.3 95.8 88.7 96.2
As 96.5 99.3 97.1 98.9 Fb
Sn 89. 4 98. 6 82.6 98.9 HC"07. TG Y +In + L Y
Cu 99,0 100. 2 98, 5 99,8 (6.38 eV) As. Sn. Sb (9 ~10 eV)
Sb 90. 1 97.9 86.3 98.2 7 Lu Cr.
Ph 97.8 100. 5 95.4 99.7 Cd ; Ge+In+Bi "Ge 7S
Zn 98.7 101. 3 96.9 100. 5
Cr 86.2 93.5 96. 8 97. 1 P Bi o
Cd 99.5 102.0 97.3 100. 8 Sedn-Th o
4 ( )
Table 4 Precision and spiked recoveries of various elements under different internal standard %
Rh Sc +In+Th Y +In+Lu Ge +In + Bi
RSD RSD RSD RSD
p 8.26 85.3 3.15 97.5 2.93 98.8 3.33 96. 2
S 12.5 78.6 4.86 94.2 5.22 92.7 4.18 96.5
As 4.53 96. 8 3.73 99.3 3.29 101.5 3.99 98. 1
Sn 6.39 89.7 3.82 98.6 4.17 97.2 4.34 96.0
Cu 2.16 98.5 1.95 100. 2 1.75 101.0 1.92 99.6
Sh 7.57 87.2 3.56 97.8 4.04 96. 1 4.26 94.9
Pb 3.05 95.7 2.26 99.5 2.02 100. 8 2.43 98.3
Zn 2.76 96. 2 1.83 101.5 2.06 100. 1 2.13 99.0
Cr 9.19 82.4 4.28 94.7 3.88 96.3 4.59 92.8
Cd 3.36 97.0 2.46 102.3 2.13 103.0 2.63 100. 5
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2.2.4 P/S/As P. S. As  RSD
RF 2.97% . 3.38% 1.86% 3.5%
. . 1600W  Cd. Sn. S.
“NYO'H*(P) . 0, (8S) . p Cd. Sn RSD
OAPCLY( As) : 6.52% . 5.97% .
CeO"(Sn Cd) . MO"( Cr Zn)
. RF RF 1500 W.
1400, 1500, 1600 W 10 3
5 . 5 . RF
1400 W Cd Sn 4.13% 3.1 ) ) )
3.89% . 12
. 1500 W : :
P/S 8 RSD ( limit of detection LOD) ., ( limit of
. cd. Sn quantitation LOQ) . 6 o 6
Cd  4.13%—2.56% Sn  3.89%—2.13% . 0.02 ~1.56 pe/g

s . (RSD) ) 0.06 ~4. 68 pg/g-

Table 5 Comparison of RSD for different RF powers %

( ) 1400W  1500W 1600 W

P(31) 312 2.97 3.87 0.9990

5(32) 3.58 3.38 4.28 .
As(75) 2.09 .86 2.76 .
cd(111) 413 2.56 6.52 3.2 .
Sn( 118) 3. 89 2.13 5.97 6

Cr(52) 2.29 1.73 3.04

Zn( 66) 1.96 .59 2.45 ] 7 ] 7
Cu( 63) .39 1.22 1.58 1950 ~ 4. 199
Sh( 121) 1.69 1. 44 1.85 05. 20 - 103. 5% .
Ph( 208) 1.16 1.03 1.35

6 . .

Table 6 Linear range correlation coefficient detection limit and quantification limit

/(pgel™") (R LOD/( pg*g™') LOQ/(pgg™')

P 1 ~50 y=0.985x 0.7 0.999 5 0.82 2.46

5~100 v =0.972x +4.2 0.999 0 1.24 3.72
As 0.1~10 y =1.008x 0. 05 0.999 9 0.03 0. 09
Sn 0.2~20 y=0.994x +0. 12 0.999 7 0. 06 0.18
Cu 0.5~50 y=1.003x +0. 8 0.999 8 0.58 1. 74
Sb 0.1~10 y=0.991x - 0. 03 0.999 6 0.02 0.06
Pb 0.2 ~20 y=0.997x +0. 15 0.999 7 0.05 0.15
Zn 0.5~50 y=1.012x+1.2 0.999 6 0.02 0. 06
Cr 0.2 ~20 y=0.988x +0. 18 0.999 5 0.08 0.24
cd 0.05 ~5 y=1.005x —0. 01 0.999 9 0.07 0.21




82

50 6

7 N

Table 7 Sample results precision and spiked recoveries

( RSD/ (
) (ngeg™) % ) /(neeg™) 1%
P 28. 60 3.26 10.0 96.5
11.50 4. 12 5.0 95.2
As 12.50 2.56 5.0 101.3
Sn 2.82 3.67 1.0 97.8
Cu 12. 30 1.95 5.0 99. 1
Sh 1.95 3.06 1.0 98.4
Pb 18. 60 2.29 10.0 100. 5
Zn 19.70 2.02 10.0 102.0
Cr 15. 40 3.81 10.0 96. 3
Cd 0.38 2.75 0.1 103.5
4
(1)
/ (S. Sn. Sh. Cr)
(92.2%~101.5%)
(88.6% ~ 102. 4%) . Fe. P. As.
Cus Pb. Zn. Cd ( RSD 1.81% ~
4.68%) .
(2)  a- H,0,
HCl B( HNO,-HCI-H,0,)  S.
Sn. Sb. Cr 95.5%  98.7% -
97.9% 93.6% o -
B 180 C 25 min
93.5% ~102. 0%
(3) Scdn-Tb
94.7% ~102.3% RSD <
4. 86% o

(R’
0.02 ~1.56 pg/g

RSD<4.12%

=0.999 0)
0.06 ~4.68 pglg
95.2% ~ 103.5%

o
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