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Ion Exchange Separation Using a Masking Reagent for the Determination of
Trace Impurities in Iron and Steels by ICP-OES

Hitoshi Y AMAGUCHL, Shinji ITOH, Shin’ichi HASEGAWA, Kunikazu IDE and Takeshi KOBAYASHI

Synopsis : We have examined matrix-masking method for analyzing iron and steels by ICP-OES with ion exchange separation. In the ion exchange sep-
aration of impurity elements from iron matrix, it is vital to separate only those elements that are targeted. Therefore, the matrix element was
masked with ethylenediamine tetra-acetic acid (EDTA) to prevent the interference with the procedure of ion exchange separation of impuri-
ties. Specimen was decomposed by heating with nitric acid, and added 4.0 g of EDTA. Only impurities were adsorbed by cation-exchange
resin, whereas iron combined with EDTA was not absorbed. The impurities adsorbed by resin were eluted by nitric acid, and those were mea-
sured by ICP-OES. This method enabled to separate matrix Fe by over 99.9%. We found, therefore, the recoveries of aluminum, calcium and
magnesium were over 98%. The analytical result of manganese impurities of the Japanese iron and steel CRMs of a JSS003-4 and JSS168-7
were in good agreement with those of the certified values.
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Table 1 Operating conditions.

ICP Optical Emission Spectrometer Perkin-Elmer OPTIMA 3300DV

ICP power 1.3kW
Nebulization Cross flow
Measuring position Axial view

Measuring wavelength (nm) Al; 396.153, Be; 313.107,
Ca; 396.847, Cd; 214.440,
Mg; 285.213, Mn; 259.372
Sr; 407.771, Zn; 213.857,

Fe; 238.204, ¥;371.029

B, 4K Vgl AsFTEL 72, ABERIEEY 2FL v
BAKT— MIAh, Afu—teHh T oL 3E by =—
AETDR W, ICP-OES %X 47 Hr 3 E 13 Perkin-Elmer
OPTIMA 3300DV &Y% vy, HITESMF % Table 11T L 7=,
2.2 SWRME

Feidkt 500mg % 300mL D ¥ — # —IZBDEYD | K&
ATk, WHBE3mLZMAMELL , TRISEML 72, XIC
EDTA 4g %ML THE% 200mL & L, £980°C T304
R CEDTA # AT 5, BiRE THH%, ZOBMEER
VILFL VEGRO— NMIBLEZLS, A4 VBRI T L
PR A 4 v RS TmL 2 S L, 3MASER 100 mL % 3R
U7z, Z@K200mLEHRL, #EOFHA B T, R
BHERARL 7205, HiHFHK2MIEEE100mLTH 7 4%
P9 5, TAHETE 3 MANER 90 mL CAMMITE 2 1AEE L 72,
BHRICNIEEITTERE LTY 100 ug ZRML T, KEMA
THE% 100mLER L L, ICP-OES THlE, EHT 5,

3. BRBLVER

Fe 500mg {2 & TCH & WM (50 pue) L 72 5lRHE R & IV T
TORGE £4T o720 BICERMFER S EVEDIZDONTIR
SHREIR L 7= & Az,

3.1 EDTADFME*

ARHAWIZEDTA 4g %Mk, O307BRET 2, @
80°C T30 BMET %5, @100°CIcMET %, BLUD
100°C T3MFBIMNELS %, D4HEIZDONWT, HEERIER,
BHBICRE T 2 Fe BB K URTTROBINE LT N7z, Fe
BIRIBEBROADIEA, EDTABEITES 72012587 5 4%
BhRH o7z, 77, 100°0CTIRBMEAL 2B A3 Fe B
90mg A EABIEICIRE Uiz, ZHIEMETEZ Li2&D
EDTADRGRL, v 23V /DO hak-727-0LE% 5
3, TNS25¥W LT, 80°CT300MELT 5 Z &
L7,

3.2 EDTAZME

ABHATKIZ EDTA % 0~6 g D #PH TERERIZIRML | &
BRSO THEEREEZ TV, B4 A v S BEHEICIRE L
TS FeRZHEL =R % Fig. 117”7, EDTARMNE
4l ETCIRIRETSEEN01mgl T &40 99.98% L F
DFe R 2R TE, EDTAGINE %2 6gi2F 3 &,
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Fig. 1. Relationship between EDTA dosage and residual
iron on cation exchange resin.
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4gRMU 72D pHIZKIfHEL KD, IZEALDILET
B RENE 5B, D EDOZ &5 54 RICHO 3R
iE3mL & L7,

3.4 BAF TBBIEEORKRE

B4 A v R E & 3~17mL D& TR IZE 1L
S, INTNIZDOVTEILROMEN R EFH R, KR
EBIZT~15mLOFEH TIEIF—EORINERE ST,
BEOREUEE*ERE L THA 4 Y XBBERIRVED
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DIKTH 7 L&V L IRICTIFHEE B L 72 72O B IRE 4
ICEHE» S IFEAEFiIR Ehikhr o7, 2HDZ L
NHFlXEDTAIZK DV A F V& h, B4 A+ v kil
B LENWZ Do, UL, 77 6%IIHFEL
T3 FehfR< 72BIs, RILEVBEM L L0 2MAsE
100mL CHFTH I & & Lz,

3.6 ABEARDKRET

A A v R ISR L 72 BRI R A BT 5 720 D%
BERE LTI, 2, 3B XC4MOEEEA VT, ZhZh
BEEROBR20mL Z LIZEEh 3R CERBE L OBREH
N7z,
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Fig. 2. Relation between fraction of eluate and aluminum
found.

Table 2. Recovery and detection limit of each analyte.

_Element | Not Added” | Added Found Recovery, % | Detection limit”
Al 1.59 50 5213+ 0.13 101.1 0.52
Be <DL 50 49.53+0.15 99.1 0.03
Ca 2.89 50 53.47+0.14 101.2 0.04
Cd <DL 50 49.62 + 0.45 99.2 0.21
Mg 0.63 50 50.14 + 0,10 99.0 0.07
Mn 15.41 50 64.67 + 0,07 98.5 0.02
Sr <DL 50 49.48 + 0.50 99.0 0.02
Zn <DL 50 49.33 + 0.34 98.7 0.32

unit :pg, n=5, *1:0.5g sample of JSS003-4, *2: concentration corresponding to 3¢ of
blank values. V

ED VAR E CIRBESR T 2282925, IMT
RIAHES T ORI, 2MOBARBHEIETTS£T
140mL ZF L 7=, 3, aMAER Tl 8 60mL DL LD
Wiz ERt S hs o7, D EORERL2S, 3IMASEE
9OmLAEHWAZ L& LT,
3.7 SMATEOEIRE

L § 0D Sk SERGE FEHEYIE JSS CRM 003-4 % 0.50g &
DELD | RHER RS, BITROIEMEETR % 50 ug MY BIR
mu., Ak R - EHEREA T, B % ICP-
OES THIE - BE L, Ko -EIE L RHRA % Table 2
2R, BIEEIZERMOBADSILRREL ZE LGV TK
W7, FILEOENZEZ MnD 98.5% % 5 Ca® 101.2% %
TOHMTHD, FILREL HICRFEENESE LN,
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Table 3. The analytical results of a pure iron and a low
alloy steel.

Js$s003-4 JSS168-7
Element Certified Accepted Certified Accepted

value value Value* value
Al | W) 3.18 £ 0.20 0.041 407.6+ 1.8
Be % - <DL - <DL
Ca - 5.78 + 0.22 0.0006 8.70 + 1.20
Cd - <DL - <DL
Mg - 1.26 £ 0.06 - 0.88 + 0.10
Mn 32 30.82 £ 0.10 0.43 4134 £10
Sr - <DL - <DL
Zn - <DL - <DL

unit :mass ppm, *:mass %, n=4, ( ):Non-certified value.

70, BIUEORUBRAIZAL Cd, ZniZRR@E@WA, fil
DIERIZDNTE10ng L NI TH - 72,
3.8 EHBDIR

BHE#EISS CRM 003-4 35 K UMM ETTH € B 5 I JSs-
CRM 168-7 DFE EAER % Table 31277 F, JSS CRM 168-70D
WA, REIC K DB LT AIOE RS RITEEEEE X
D 10ppm FBEKMEE & 572, Thik, BABMEAIDE
BIhHWILIIFERASR2EDEELZ N, 22T,
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