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Analysis of the Trace Amount of Metallic Elements in Iron and Steels Using
the Microwave Decomposition by ICP-AES and ICP-MS

Kazutoshi HANADA, Yoshihisa KaJMA, Kyoko Funmoto, Makoto SHIMURA and Susumu SATOH

Synopsis : Trace amount of metallic elements as Al, Ca and Mn, which form oxides in iron and steels, were determined by ICP-AES and ICP-MS after
the decomposition of samples using HF/HCI/HNO; under microwave irradiation. The oxides in iron and steels, which were extracted by

using Br,~CH,OH extraction, could be decomposed by two-steps acid decomposition using H,SO, followed by addition of HF in a pressur-

ized vessel at elevated temperatures. The limits of detection for Al, Ca, Mg, Mn, Cr, Ni, Cu, Zn and Co by microwave decomposition/ICP-

MS were 0.01~0.36 ppm.

Key words: trace analysis; determination; decomposition under pressure; external heating; sample preparation; microwave heating; oxide; alumina;

aluminum; calcium oxide; total amount; iron; steel.
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Table 1. Operating condition for ICP-MS and ICP-AES.
(1yICP-MS

Normal condition Cool plasma condition

ICP condition RF power 14kw 0.8 kw
Plasma gas 15.5 /min 15.5 Y/min
Auxiliary gas 1.0 /min 1.0 Y/min
Nebulizer gas 1.15 I/min 1.25 /min
Blend gas — 0.3 Umin
Mass condition ~ Data mode Peak Jump Mode
Integration time 03 sec/mass X 3 times
(2) ICP-AES
ICP condition RF power 12 kw
Plasma gas 15.0 l/min
Auxiliary gas 1.0 /min
Nebulizer gas 0.9 J/min
(2) SHHERILYOMH I XU fiR
SR © DA HY  H Ak 2 SE80 5 AT 8 2 e

RETHDHEE - A4 ) —LEEIZHEL TT - 72, SN
10g#FFDED | 10vol% BT -2 & 7 —IILIFWE 200 ml % I
A, KI2WFE, 60°C TRFIIRE D LAaR S MY 9o 2
R L7z, fLIR02umDPTFEZ 1 L2 — % HWT, A
WU, BtMAEHE L, &F, CaO, MgOIZHEBDKT
RS BN D D728, HEVORBIZBAR & 7 -
ARV, HELARIBICBZAINSOS L E 7T S
DT, 0.04mol% KRBT b ) 7 LRI 100m/ T X &0k
L, AIN# 5L 72, mm74»ﬁ—i“ﬁ%bt@m
%f74»5~g&MFﬁ%mT7U/%*“W

, BRI+ em/ENIA mmﬁmfmmcmﬂﬁfﬁ
%%ﬁotoMm%@bmb&bm@&,m~ﬁﬁmu
7 o bARFEE 1 m/ & MA, 150°C T 128, MESREL 72,
W%, KEMAZ TI00mIZFFRL , ICPRETHEE T
EEL,
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Fig. 1. Influence of the amount of HF on sample decomposition.
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Fig. 2. Influence of microwave irradiation conditions on sample decomposition.
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Fig. 3. Internal temperature of microwave decomposition
vessel.
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Table 2. Analytical results of Al and Ca in certified refer-
ence material by microwave decomposition.

wit%, n=5
Al Ca
Sample Certified Aunalytical a Analytical a
value value value
JSS154-8 0.012 0013 0.0006 0.0015 0.0001
JSS172-2 0.014 0.015 0.0002 0.0003 0.0001
JSS650-5 0.005* 0.0058 0.0004 0.0003 0.0001
JSS651-12 0.003* 0.0030 0.0004 00008  0.0001

* Reference value
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XHIZREFERINTIRAERZ ZEATESLLEEZONS,
3.2 SEBMBIEDFIC L D MEREVRNEDDOIMF
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T, Wl &k BERCR A TEVID INE 7R 7 8 A Bt L 7=,
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SiO 7 v L REBRTESIIHMTE S, FKRTD S
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HUTh o Az A RET UL SIF, O & <, 12IE
100% D Si MU TE 5 Z & AHERTE 72,

Table 3. Analytical results of elements in high purity iron by microwave decomposition.

ppm, 0=5

Sample Al Mg Cr Mn Co Ni Cu Zn
JSS001-4 | Certified value 07* <04* <1* 003* 03 <0.3* 05 6.8
Analytical value <0.65 031 059 004 029 015 042 68

o — 012 029 002 002 005 007 03

1SS002-3 | Certified value 6* - 2 15 03*  06* 2 -
Analytical value 45 16 15 14 026 058 15 015
o 07 059 04 08 002 019 03 002

JSS003-3 | Certified value 3* - 2 48 10 8 14 -
Analytical value 1.8 053 14 48 m 77 14 013

o 08 005 04 5.0 20 1.7 29 0.1

* Reference value

Table 4. Limits of detection (30 of blank values) of elements in iron and steels by microwave decomposition.

ppm

Element Al Ca Mg

Cr Mn Ni Cu Zn Co

Limit of detection | 0.19 036 0.03

017 001 004 001 007 001
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To72t%, R—BHNIIT7 v bAkERE Im/%MA, 150°C
TI285M, MESBL 72, Bea#k, KT1oom/IZHRL,
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EFFEFRRHIB W TE RO AN T T ALO, 219
T M MMEALAMIERII AR I N, D, BERO L
WIZEAERLTVWS, 72, ppm L NI OMES TS HX
FEREMRZ 13 10% LT T, RETHPOMERILD HFEE
BLEETXBZI ARSI,

B O 2 5 3R i & T# &0 7= 22 BB D
0B UKEE & 0K 7- S R ER L o A O B R ER (22
MERIE D 30) &, Al 0.15ppm, Ca 0.06 ppm, Mg 0.03 ppm,
Mn 0.03 ppm, Si 0.51 ppm T & - 7=,
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Table 5. Recovery of metallic elements from correspond-
ing oxides after the decomposition under pres-

sure.
One step decomposition Two steps Decomposition
(H2S04+HF) (first:H2804, second:HF)
Element Recovery(%) Recovery(%)
Si 104 104
Mn 98.5 98.5
Al 269 98.6
Ca 277 99.3
Mg 952 95.6

Table 6. Analytical results of metallic elements in Br,—
CH,OH extraction residue in steels.

ppm, n=5
Sample A Sample B
Analytical value Analytical value
Element Previous  Developed o Previous  Developed g
method®*  method** method*  method**

Si — <0.51 —_ —_ <0.51 —
Mn 45 42 30 — <0.03 —
Al — 74 0.6 20 17 05
Ca — 13 0.1 — <0.06 —
Mg — 11 0.1 - <0.03 —_

*alkaline fusion method
**acid decomposition under elevated pressure

L, ICP-MS% K U'ICP-AES THIE T 5 Hkic &k b, @i
ppm L ~NILEUF D Al CaF#E 7 L AR ITRDO 2 &
B X UBRHOE R TTEEIZ 4% - 72,

74 o aEmEETIE 7 v LRFRERERML, 40
WS Rt L2 REL T2 2 THARE 2B HETRET
b otz NS DWMEBERAIMTK S DHRIZIE, WA
MmO EmEtE 4 @A L, HiE-7 v LKREBD 2
FEDOIMTE R TERAL A S BIZ AR TE 2, AR LZHE
IZKBBILROBRETIRIZ, <A 7 oiEmzik, sHBImnEL
HEBIZHP ppm AT TH - 72,
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