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Application of High-frequency Inductively Coupled Plasma
Emission Spectrometry to Analysis of Iron Ores

Synopsis:

Yoshihide ENDO and Noritaka SAKAO

An application of Inductively Coupled Plasma—Optical Emission Spectrometry to iron ore analysis was
studied. Sample was easily fused with mixed flux (Na,CO;+Na,B,0;:1+1). Fused sample was dissolved
with HNO; to prevent silica gelation. It was able to determine simultaneously SiO,, Al,O,, CaO, MgO,
TiO,, Mn, P, Cu, Zn, V, and As, by this method, which needed two minutes for analysis of one sample
solution. However, in the case of trace analysis, high relative ratio of background to the signal of analytical
element caused decrease of analytical precision, and the analytical results of some elements were necessary

to be corrected by Fe amount.

Good precision was obtained by this method compared with conventional method of chemical analysis.
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Mn, Cu, Al, V, Mg, Ti, Zn 1 4 f£ 99.9% Ll |
DEBHIEFEF T3 ERBB L, KTHTDxk.
Ca 3 CaCO, %, Si i3 SiO, %, P13 KH,PO, %,
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Si o\, SiO, % Na,COs WM L, KT 5T
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* PR 54 £ 10 BALSBEAKAINCHE W 54 £ 10 § 15 B 24+ (Received Oct. 15, 1979)
** IFREk (FR) K SMekFT Ti% (Mizushima Works, Kawasaki Steel Corp.)
ek JIIFEEk (BR) /K B &gk T (Mizushima Works, Kawasaki Steel Corp., 1 Mizushimakawasakidori

Kurashiki 712)
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Table 1. Operational parameters and
analytical lines.

Radio frequency output 1.3kw
Observation height above 16 mm
top of induction coil

Coolant gas 19 1/ min
Plasma gas 1 1/ min
Carrier gas 0.5 1/ min

Sample uptake 1.4 ml/ min
Integration time 20 s

Integration Constant time
Analytical lines (A)

Fe T 2714.4x%2 \Y% oI 2924.0

As T 1937.6 Ca T 3179.3

Zn T 2061.9%x2 Cu T 3247.5

Mn I 2576.1 Ti T 3349.0

Mg I 2795.5 Al T 3961.5

Si T 2881.6 P I 2136.2%x2
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R¥} 0.2g KELDDEFRIEND LY, Thic Na,
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(2) Na,B,O;,

¥ 0.2g 1T Na,B,O, 1g %0z, BE L CRlET
%, FOMEOWTIX (L) LERCEET .

(3) LiBO,

@k} 0.2g 1w Li,B,O;lg #EA LCRETS. B
T(L)ELRAT.

(4) LiBO,-Na,CO;

¥ 0.2g 1 LiBO, 0.5g,Na,CO; 0.5g DL ERl
BFI N2 CRES 5. AT ()R C.

(5) LiBO,-Na,O,

= 0.2g 1 LiBO, 0.5g,Na,0, 0.5 g D& ERlR
Frmz GEE&L, BET5. T (iR L.
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L oCc o hbofER Iy, FEREEELT(]L)
» Na,CO,;-Na,B,O; O%BRAEHKIZH, 7 ¥V~
—FrEHAWCEET A L L.

COEEBRAEF O SIA~D HEO G TOoWT
13, RERXOREEHI OB TiEL, ToEIERED
CIXoHEIRTWARKRE—F L.
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Fig. 1. Effect of added flux on emission intensity
of Ca, Al, and Mn.

DL ERE OB R fRD TR\, Thik ICP ko
KERKEDO—D>ThLHD. Table 2w BTLECIT
DEEFLEROBERE TR Lz, chie L iz o
BERTLTRC IV ETOERXD BN, Kixh /ey kT
ROFERZT T D, ThEDEEIIARY b ARD
HRDVR IS D085 \0D, —)kRC LY BEZHTHET
5. xo—fEkicRT.

Si(%) true=Si(%) obs- (0.0120A1+0.0330Ca+0.01

30Mg+0.9400P)
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EOWEV TR L 5K, ICP TIHg E A OTLE
T Lppm o+ — X ¥ CTOBEMNTE S, Ll
DOIFELEDOHE, S, 7759 v FoEE LTk
LHIEREECThIeWR Y EREOFEENZ L &
D, BCHMEBELYRHSLE Lt EFOEERENRKE .
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Fig. 2. Effect of Fe amount on emission intensity
of Cu.

Table 2. Correction factor for overlap of spectral lines.

k
Correction factor (x10-4)

%

* Si Al Ca | Mg Ti Mn P Cu % As Zn
Si — 120 | 330 130 0 0 | 9400 0 0 0 0
Al 25 — | 355 0 0 0 0 0 0 0 0
Ca 95 | 240 — | 595 0 0 0 | 860 0 0 0
Mg 10 0 0 — 0 45 50 | 300 | 1000 0 0
Ti 0 10 0 0 — 0 0 | 400 0 0 0
Mn 0 0 0 0 0 — 0 0 0 0 0
P 7 25 5 25 0 10 — | 29 10 0 10
Cu 200 0 0 0 5 0 200 | — 20 0 0
v 0 5 4 20 10 | 130 0 0 - 0 0
As 2 20 0 0 0 0 0 0 0| — 0
Zn 2 0 1 2 2 0 50 0 0 0 —

* Coexistent element *¥  Analytical element
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O—O V 0.02ug/mt.Fe (1) [ Anatytical element 0.01ug/mt
*---0 Ba.cAKgfound (2) (0.0005% in 1g sample )
B—-0 (1)-(2) ‘ Fe 1.2mg/ml (60% in 1g sample)
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Fig. 3. Effect of Fe amount on emission intensity
of V.
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Fig. 4. Effect of Fe amount on emission intensity
of Zn.

Fig. 2~4 LA BEMEEE I T\ 5 Cu,
Zn, Va5t e L, TORBE L, HEEE (Cu3247.5
A, Zn 2061.9x2A, V 2924.0A) wkir % Fe %Mk
B3 s REME OBFRE R T. O L bk
I35 Fe DAy 27275 v FIILRRC IV &Iy, f
21F Cu 1% Fe oz by, TDS, 2275
v FRIBIE—E TS5, Zn, V 12 Fe & #Eincff-
EB32. Zn, V BT Dy 2 75 v v FO EINT
Fe OB I3 Eich OFETHH EnTFEEH
%, WEPHFD Fe 813 50~68% THhHH, Ap
0.2¢ THlxIE Zn 0.001% % E& 35 &%, Fig. 4
BB BTk 51 Fe & 50% o & %13 0.0005% &
7o, ¥ 68% DL xix 0.0014% Lich, Fe B

Fig. 5. Emission intensity and background in
trace analysis.

60 O0—O Cu
A---4 V
®---@ ZIn

< 40 B
>" n="5
(84
20
\"\_\
\\;‘::
o
0 10 100

Content(ppm)
Sampie 0.29/100ml

Fig. 6 Analytical precisions of Cu, V and Zn
in trace analysis.
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Cu, Zn, V OfEY 5L Licd &0 EHHREE
Fig. 6 wiiT. 2 hic XIUTBENSHME L5132 LX)
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3:-4.1 EEHE

ik 3-1-1(1)oFEC L v REEEE L, B
FBS 2. = O%WE Table loflE ST ICP X
DEIEL, HO1UDIER L THABRERR X OFHIER
CXoBRYDEERERDS. Itk ICP ToREX
BHEE L) HERC Thh RV 24 77V 1 &h
5.

3-4.2 WMER
BILRDEHER, #igk, Na,CO;, Na,B,0; HNO,
EA L CREREARBR YA L. Mkomint
AR & IFE X B i 0.12g/100ml (GRR
BHL 0.2g 0k ¥ Fe60% M4) & L, HNO; Al
DR HNO; (14 1)40ml 0EREE 2 L, Na,CO, ¥k X
O Na,B,O; 13 +hFh 0.5g/100ml o¥Ein & Ui-.
RERO—H% Fig. 7 @Rt TXTORPEOW
TTFRI N5 SIA OB EE PN B\ CER L R IF
“E‘%Oﬁ:. ‘

3.4.3 EREEE

BiED $kiifirh © Fe #B< HERH O EEBEE %
Table 31RT. “ORTHLME X 5 ICARE & b=
BEE D —FK 2R, —RABBAK O EERFENL 2
min CHBFERTE %.

Na,CO;, Na,B,0; DOEEEABMAEAIL, “hboik

x103 .
> s
S 3

—_
o

Intensity

)

o - 0.0 0.1 1.0 100

Content ()
Sample 0.2g/100ml

Fig. 7. Calibration curves.

e AR B cE, I BRH HNO; #F\v5% =
LicXxy, # 16% D SiO, TH #i{bk DI 1<
SiO, DEBMNTEX .

Table 4 1 ICP L #5AE—F - &% X g IO
JIS fbsEn i & ORBE OB EZRT. 5 A - Fik
DRI ST 0 ERE RIS\ 5. ICP 12 b
DIEE B U bBEED I WERNE bh .

Table 3. Analytical results of iron ore by ICP. (%)
Sample Si0, Al,O; CaO MgO TiO, Mn P Cu Zn A% As
Standard | 9 61 2.01 0.02 0.22 0.09 0.2 0.042 0.064 0.101 0.006 0.033
JSS800-2 e
Rompin 1P 2.63 1.97 0.03 0.22 0.09 0.22 0.042 0.066 0.103 0.005 0.033
2.65 2.00 0.03 0.22 0.08 0.22 0.040 0.065 0.102 0.005 0.033
E;}ndard 2.13 2.60 0.03 0.02 0.16 0.06 0.039 0.004 —  0.008 —
JSS801-2 ue
India 1P 2.14 2.65 0.03 0.02 0.16 0.06 0.041 0.004 —  0.009 —
210 2.63 0.02 0.02 0.15 0.06 0042 0004 — 0008 —
St?ndard 3.76 0.94 2.00 1.09 0.05 0.15 0.010 0.046 —  0.006 —
Jss810-1 | Yawue
Texda 1P 3.82 0.94 2.00 1.06 0.05 0.15 0.009 0.046 —  0.006 —
3.79 0.97 1.94 1.07 0.05 0.16 0.010 0.045 —  0.005 —
St?“dard 16.64 0.58 0.68 0.51 0.07 0.03 0.040 0.001 0.004 0.002 0.001
KSS*601 | vaiue
Mozan cp  |16.57 0.56 0.73 0.53 0.08 0.03 0.040 0.00I 0.005 0.002 0.00I
16.59 0.59 0.68 052 0.07 0.03 0.039 0.00l 0.004 0.002 0.001

Standard
KSS*605 | value

4.70 0.72 1.71 1.15 0.36 0.05 0.132 0.006 0.002 0.55 0.001

Romeral ICP 4.78 0.70 1.76 1.13 0.37 0.05 0.130 0.006 0.002 0.55 0.001

4.74 0.72 1.71 1.15 0.35 0.05 0.128 0.007 0.002 0.55 0.001

* Kawasaki Steel standard sample
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Table 4. Comparison of analytical precisions of ICP, glass bead method
and chemical method. n=5 (%)
Elements Si0, AlLO, CaO MgO TiO, Mn P
X 5.24 2.13 1.05 0.68 2.03 1.95 0.038
ICP o 0.041 0.041 0.025 0.011 0.004 0.002 0.0012
Glass bead 0.062 0.063 0.028 0.020 0.006 0.006 0.0011
method o
Chemical* ¢ 0.045 0.040%* 0.030%* 0.020%* 0.005%* 0.008%** 0.0020
* Calculated by JIS M 8202 (1971)
**%  Determined by atomic absorption method
Table 5. Analytical precisions of micro amounts BHECOWTERE L.

of elements. n=>5 (%)
Element Cu Zn AY As
< | 0.059 | 0.053 | o011 | 0.028
a 0.0011 0.0023 0.0009 0.0009

Table 5 13 ICP KX HHWEBTEDOL Vi RLEEEZRL
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Sl baIUE, ICP R I LORKEMN 2 5
BCHENRFETHD EVRS.
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