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Determination of Trace Metals in Steel by Combining Anion Exchange Separation with ICP-AES

Kaori 1GarASHI and Koichi OGUMA

Synopsis : A selective anion-exchange separation in potassium iodide-hydrochloric acid media has been combined with ICP-AES for the determination

of trace metals in steel. An appropriate amount of steel sample was decomposed with a mixture of nitric acid, hydrochloric acid and hydrogen

peroxide, or a mixture of nitric acid, hydrochloric acid and sulfuric acid, and prepared as a potassium iodide-hydrochloric acid solution con-

taining ascorbic acid to reduce iron(ITf) to iron(Il). The sample solution was passed through a strongly basic anion exchange resin column to

remove iron. The trace metals adsorbed on the column were simultaneously cluted with a dilute nitric acid solution and determined by ICP-

AES. The proposed method was successfully applied to the determination of Bi, Te, Cu, Pb and Sb at ppm levels in steel reference materials

provided by Japan Iron and Steel Federation, and National Institute of Standards and Technology, yielding reasonable results with regard to

accuracy and reproducibility.

Key words : anion exchange separation; determination of trace elements; steel; ICP-AES.
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BhHIZEORL B A BERERETE M H 57,
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V2 ADTFeh v AF Y0 UTHRBMEREA A v 22 it
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W H e (ICP-AES) TEET 2 HEARE L7z, &7z,
WA S, HF RF2 1 o ¥ 284057 B & ICPA-AES & &4
¥, SHESELRUE, 79 s-E4OMEHS Mo, Nb,
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72, Mill-QEMAKBLERE (HARI UERT () &) i
LKOMBHLAZED (LT, Milli-QAEWS) &L,

Zn(II) E’%V@‘]&(lbmg mL™ Y&, 25178 g DRURFSE (BhIFE
2 (Bk) 8) #20mL D 3M HCI THIEWAMR %, Milli-Q
KT250mL & UCHBEL 72, Cu(ID) FEHERR (999 ugmL ) 13
1.968 gD CuSO,-5H,0 (B b (#) ) %Z25mLD
2M HNO; T L, Milli-Q /K T500mL & U CFHHIL 7=,
Pb(IN) FEHE VR (1000 ugmL™") &, 0.40 gD Pb(NO,), % 10mL
DIMHNO, IZVEE L, Milli-Q/KT250mL & UCHHLL 72,
Y(IT) £ %32 (1000 ugmL ™) i3 Y,0, (gL (k) &)
0.254g % 150mL D 6 M HCIT, MAEVAERS . Milli-Q KT
200mL & U 7z, FefEHEWR (S0mgmL™")id, 4.9936 g0 #kig
(99.52%, Mallinckrodt Chemical Works, St. Louis, MO, USA)
% 30mL D 6M HCHUIMEAR L 721%, Milli-Q K T 100 mL
ELUTHEL 72, Te(IV)EEHEWE (1000 ugmL™ ") i, 0.994¢
DK,TeO, (BRI (k) ) % 500mL D Milli-Q AKIZ7A
LML 22, BABL 220, MEIZIE U TEDTAKE
WL A DD TREE U 720 Bi(IID), Cd(D), Co(1l), Ni(Il) & O
Sn(IV) D RFERER IS, BISALF RO B IO 50 b 1 ik e
(1000 ugmL ™"y, Sb(TIT) S ¥%E & (2RI YR B oD gt 1~ Ul B
FEHETR (1000 ugmL ") & FV 7=, EBRIZ I3 & P ey A 51y
FIRUTHEHL 72,
2.2 KELHRE

B EEOMEIZIXICP-AES (SPS1700, ¥4 I —4 » X
INRLD) B A= —FREDFRMETHA L2, TEREK
BNy FHRICKOPET BB, HERE B SB-20 R
Vr—FUIONZE/NMETL Y buzZ s ZEICTE-42W R
I—=NZ P AP —F 2L —2 5Nz,
2.3 %
2:3-1 CUBEA & v 2 fsigo 85l

#9750 g D Bio-Rad AG1-X8 % Milli-Q K T+ 7312 i X ¢
TPHERE25emD AT A H T LIZFKE L, 1M HCl % #
B ORI 205 EFR L /2%, MHEEOpHASIZEB T
Milli-Q K THEF L 7z, 4 4 v K HRBHIE &2 05| A%
40°C T —MRHe U, BIM KBridiis A7 r — 4 —
FIZfR{EL 7=,
2:3:2 ®EAA Y OBEURE O E

KI-HC1% T Bio-Rad AG1-X8 123t % B &BED /il fh
BannyFHECEDflELE, $abb, $9200ugDEE
B 40mL D FEWE % 0.5gD Bio-Rad AGI-X81Z M %
20°C I B VT 20RFRHRER L 72, VAWK, HCIEE % 05M
WZHEE L, KIRE A 0~20MOHEHFTZE 2 /-, RE#%,
iz 20U, APOEEA A4 v IRE % ICP-AESIZ & D
EFEL, HEFREAEL L7, &¥, ICP-AESICE B ER
DERIZIE, 4 v MY 7 2 &NIERIZHO 2, DREERECE I
EL=&EA 4 VIiE, Bi(lll), Cu(ll), Cd(I), Co(ll), Fe(IIl),
Ni(II), Pb(Il), Sb(IIT), Sn(IV), Te (V)X ' Zn(ID)D 11FE T %
5,
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2-3-3 MEEEUR & B 72 Fe(lll) & BidIl), Cd(IT), Cu(Il),
Pb(IT), Sh(IIT) B U Te(IV) & 0D 43 it

WWE L 2= 0Bz € & DT, 0.1M KI-0.5M HCl %
T KE D Fe(ll)2 5 i & O Bi(Ill), Cd(L), Cu(Il), Pb(ll),
Sb(II) MU' Te(IV) % 774 5 Z & Ak htz, H T A H T A4
(N 10mm) 122.0g®D Bio-Rad AG1-X8 # o L (#lfsh:
% & 50mm) , 20mL® 0.1M KI-0.5M HCIIAW T2 v 5
Ya =Yy Uz, RIZ, Fe(llD) % 1000 mg, Bi(Ill), Cd(ID),
Cu(ID), Pb(II), Sb(IIT) X V' Te(1V) & & 100 g, 0.5M 7 2 2 )L
EVRE2SmLE A, WAHIIZ0.1M KI-0.5M HCl & % 5
FOZHBIL 22 100mL 2 5 2mLDOF R TEL 7=,
Z D, 0.1M KI-0.5M HCI/ERSOmL TH 7 L 5% L,
Fe(ll) Z B L 7z, 1 7 & 12Uk & 7= Bi(Ill), Cd(II),
Cu(II), Pb(IT), Sb(IID) K T Te(IV) ik, Milli-QZK 10mL, #ii>
T3M HNO, (7 1mL) CTHERMEL 72, AR OR LR
I3, ICP-AESIZ & DiERL 7=,
2-3-4 SEEEMEDOMESEOER

Bt g (JSS519-1DHAI2005g) 2XA DD, 6M
HCI 20mL, 30% H,0, 0.5mL, HNO, 2mL % Nl Z ThiELsy
FEL OO THZI ST & MBS L 72, TR A 0.1 M
KI-0.5M HCIIAHE 100mL & L7228 DIZ0SMT ALK v
Me2SmL A JA THHPH, 2V Fv 3=y 2 RBAD R 5 4
A 2mLOW R TH#E L 22, 0.1 M KI-0.5M HCI A ¥ 50
mL RUMIlli-Q K 10mLTH J A5G L%, "ELT
W3 B % 3M HNO, 2 & D 5) | mLOFE TABEL 7,
&E, N3 3M HNOOWRUL, adBd iz a i s o
NRIRDEHO LR T XICHTEL PO XS IZREL
7z, JSS191-1: 90mL, JSS194-1: 130 mL, JSS519-1: 40 mL,

NIST361, NIST1763 MU' NIST1765 D3 fRid, SEh
BUOT7T yFEHRBLT, LFOLSIT-719, &
KH1g (NIST 1763 DEA13052) %32 DELD | FAKR20mL
IZEOMESE L 72 9M H,S0, 3mL (NIST 1763 D4
F1S5mL) #MA, AESELC S ETHEL 7, BHET
B th, HEWE 01M KI-0.5M HCIIAWE 100mL & L |
05M7 Za ¥ Vg25mL &M A THIFEH%, Lad & Rk
IZUTHMERICEE7TBEL | ICP-AESIZK D E&EL 7=,
LE, WHEE U TR 223 M HNO, DRI 5 5 5
RITIAF L, 2R ZHNIST361: 90mL, NIST1763: 45mL,
NIST1765: 20mL & L 7=,

3. BREEE

IRIBEMER 1 7 > X #BiAE Bio-Rad AG1-KI-0.5M
HCIRICE T B &B 1 4> OAERE

AR TI, EEA A v ORI AEiIES 5 7291200
ADHCIOREELT0SMIZIRS | KIPEKE A 0~20M &
LEBRATUMOSREA 4 v O RE % /Sy 15T
WHEL 7=, #R%EFig. LISRT, R L2E&BA+ro>
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Fig. 1. Distribution coefficients on Bio-Rad AG1-X8 in x M KI-0.5 M HCI media.

%, Pearson'" DT ERIE I & ¥k 5 2 W R A (HSAB) D )
TR OEEIZIET % Cu(ll), Sb(IID), Pb(ID), Bi(Ill), FTMZ
o AWBIZET 5 CdID) & Te(IV)iE, 400~10000 D 77k
B AEG A, AGIBHRICHE S Mg S iz, IR A A
v %% #a Bt BS Dowex 1-2M HCIR (2 $5 ¢ % Cu(Il), Cd(1D),
Sb(IIl), Pb(Il) K UV Bi(IID) D& 14 A v z8 3y Flfr s, Th
Fho, 10°, 10°, 30, KUV 10°TH % (Dowex 1-HCIHK D
Te(IV) D A EAREUE R E S hoTunkn) ', #E-7T, Eice
BOESEA & Vi3IS pWIEETH S IVt + v &R
EREA A VAR L, TOMEA & VAR A & vk
BIIGICRE X N2 2D ORI AR L 72 O L X
N5, —7F, Zn(IDXPREOBICHEEI NS, ZO5E
TRBUT KR DV UMl 2 R85, 2 M AR KT
el EloHAL T2MKIT200REDNEREETL
7z. O Zn(I) DB, Dowex 112K LY 1000 D 73 FLth
KA TRT2M HCIR E XA E LS BA B9, Sn(1V) i Dowex
1-HCI R Tid, 7M HCHEIZ A E R Ok (8 10%)
%7 L 2M HCITIZ 1000 D 3 ERE A2 R 3201t L,
KIMEE I BRI S00D R AR L 7=, %72,
Fe(IDIZME VB IZ A FEE N B 2, KIFHCIERB Tz 2 v
b4 & 12k > THBIDEETH 5 Fe(IDIZEIL T TN
%% Ok HEM X h (FT/Fe*t, E°=0.77V; 1,/17, E°=0.54
V)P, BREF L 22 KIS O 2HPATAGHIZE - 2 S IE &
vy, WU HSABTHBEOBIZGE S 5 Co(I) &
Ni(I) GBS %B AR L T 3BH, HELERELENE
HisEB,
3.2 DBERMGOWHRE

LROBERA A VOSEBREIZE £ TE, 0.1MKI-
0.5M HCUAW 2 FBL U 72 Fe(I) % A EradBHA TR A2 1 A
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Table 1. Elution behavior of Fe(IIl).

Fe(TID) Sample soln.?  Washing soln.b Recovery,

added/mg vol./ml vol./ml %

100 50 25 100 105

500 50 50 98.6 101
1000 100 50 99.6 100

An anion-exchange resin column (2.0 g of Bio-Rad AG1, 10 mm i.d. X 50 mm) used.
a) Prepared as a 0.1 M KI-0.5 M HCI solution.
b) 0.1 M KI-0.5 M HCl solution.

VIRRMERIIE S T AIEBT L, Fe(IDDh 7 L% FEBD T 5
TENBERBIIEETES, ), KELEFEREESGAS
Cu(Il), Cd(II), Sb(Il), Te(IV), Pb(Il) X U*Bi(Ill)i%, 0.1 M KI-
0.5M HCIETR A 624 F v ZMBE S 7 HIZHIETZ 3
ETHEND, ko T, PP OMECy, Cd, Sb, Te, Pb &
UBiA#HTRTHIEAEBEL, A4 VAT LI
o EURHA T3 0.1 M KI-0.5M HCUEIRIZHHRIG 2 Z & 1C
L7,

3-2-1 Fe(lll) DA EEZEE)

H T Fe(I)D A% & 0.1M KI-0.5M HClAWK & 1 +
R H 5 LI, ZOH%, 0.1M KI-0.5M HCIVAWK T 7
T L %WEH LI, Fe(I)D R % 100mg, 500 mg, 1000 mg &
ESPEEIZE £, VEHTETPIC Fe(II) S ICP-AES TIE & A E Bk
HXxhid b ETHRIEFIZELZ0.1M KI-0.5M HCIATR
DR M & Fe(ll) D [B] X # % Table 11278 F . 1000mg D
Fe(Il) % 100mL ? 0.1 M KI-0.5M HCIYAWE & L TA + ¥ &
#ahF L2F L, 50mLd0.1M KI-0.5M HCIH AR TH 7
LAERBTAZEIZED 100%EINTE S Z & 2305 -5
774
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Fig. 2. Effect of the concentration of HNO; and H,SO, on
elution of Cu(Il). ¢: 3M HNO,, B: 1 M HNO,, X:
2MH,S0,, A: 1M H,S0,, @: 0.5M H,SO,.

3:2-2 WeAEEA 4 v OEBRRORE
RELLTCuI) EEY, ThEWE XA A4V RHh
717 LKA DRE O HNO, & L < 1EH,80, % it L CiAHE
U, TORPEE KL 2, HR% Fig. 212779, HNO,
DFFAH,S0, & D IFEERNE &2 5 720 F 72, HNO, HKE
MIMERA S & AT 4 B xh, il
ATENITHL, 2O ETREROERENREEE & 572,
& T, Bi(lll), Cd(ll), Cu(Il), Pb(Il), Sb(III) K Te(1V) % —
FELTH T LD OEMET 5 72HIZ23M HNO, 2 V5 Z &
IZl7,
3:2:3 T ZAANK VRO - IFFE T TOEEEE)
Fe(Ill) 1000 mg & Bi(IIT), Cd(IT), Cu(Il), Pb(II), Sb(IIT) K
Te(IV)Z L Z 1 100ug% & & 0.1M KI-0.5M HCIVA 7§
100mL % 7 7 423 L, 3M HNO, CiABEL 72 & Z A Fig. 3
IR IRBER MG S h e, AERE, 5 PRI NS LS
{2, Fe(lll)!d Bio-Rad AGI-X8IZWE X h{, # 7 LD%
FERRECRAEIEI LT\ S, 77, BillD), Cd(ID), Cu(ll),
Pb(IT), Sb(IID) X U Te(IV)i2 71 T L 1ZIRE X, & CREET
%7281Z3M HNO, A 250 mL LI E LB TH - 7=, THhizxdt
L, Fe(lll) & & % 7\ Bi(I1), Cd(11), Cu(Il), Pb(Il), Sb(11T) &
V' Te(IV)D A D 0.1 M KI-0.5M HCIE W & /1 7 128 L,
3M HNO, TIABEAE 1T % - 7284121k, 150mL TETHE
BAERINZET & 2, & HIIE Fe(ll) % B LA T3
A VB BINE 1 7 40 EERIZ 3 7 RO S B ICHL
T2 OENz, UEDZ 25, Fe(l) HAF FTH
F 2 ZHREIRICIR S L 2B A A VA BEEELIZ Lol
Fe(Ii&k > Ta bt A o33 oKL h T4+
RN T LHIHL, FO I YR LIZEEA 4 Y ARk
HLZ20TREOLEHEIL 72, X-T, RBhEws 7
ZANEVEERMLU TR EZEITLL, 2 oENTML
BNE DI U TR D 73 R 41T - 72, 7 OFR Oy
& Fig. 4138, PHREhZESIZ7 2L VAR
MUK L B L T, DR OAEEER (200 mL) TE mAYIZ
BRTE, &k, Milli-QK25mLTH J & &L 7%
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Fig. 3. Elution behavior of Fe(lll), Bi(Ill), Cd(II), Cu(Il),
Pb(II), Sb(IlT) and Te(IV) in the absence of ascor-
bic acid in sample solutions. Sample and washing
solutions: 0.1 M K1-0.5 M HCI. Eluent: 3M HNO,,
®: Fe, X: Sb, #: Te, O: Cd, W: Pb, A: Cu, <: Bi.
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Fig. 4. Elution behavior of Fe(Ill), Bi(Ill), Cd(II), Cu(Il),
Pb(II), Sb(1IT) and Te(IV) in the presence of ascor-
bic acid in sample solutions. Sample solution:
0.1M KI-0.5M HCI-0.13 M ascorbic acid. Wash-
ing solution: 0.1 M KI-0.5M HCI. Eluent: 10 mL
of H,O first and then 3M HNO, @: Fe,
X: Sb, #: Te, O: Cd, B: Pb, A: Cu, <: Bi.

IZ3MHNO, TIA#ET 52 L & L7z,

Z 2T, BIII)2AHELIZ < Wik, Bi(II) A5 4 Bl A
56MNLD I — FEMAEZTER L, ZOREEERIBIERIC
K ¥ (log B,=14.95, log B;=16.80, log B,=18.80)'7= 8 =
FOfL T2 ICiE A B 5 2 &, HCIZBi(II) I3 M
HNO, B > & SR IEANERE 4 A v 2o B 12 8 T s %
MY ZENEREEZ 5N S, Bi(lll) % BT AGI i
POEHET 2D THIUL, FHIRERIC & 5 IEEED B H )R
EHEM N B,

T 72, EEHREGO A X Vi 5 A3 Milli-Q KB &
U7 22N E Y BRIERTHRIEL, 717 4 ISR L 23
TREEITTHRE L 72, ZOHMIl-QAKEB XU IMHCL % 7
T LSO R U AR TS - 72,

3.3 ®EFEBIC K B Fe(ln) & Bi(n), Cd(), Cu(ll), Pb(ll),
Sb(ll) BV Te(IV) & DBt
Fe(Ill) 1000 mg & Bi(IIl), Cd(IT), Cu(ll), Pb(IT), Sb(LLI) &K T*



Table 2. Determination of Fe(IIl), Bi(Il), Cd(Il), Cu(Il),
Pb(II), Sb(Ill) and Te(IV) in synthetic mixtures

(n=3).

Metal Added/ng Found/pg
Fe(lID? 1.00 < 108 (0.99-£0.01) X 106
Bi(IlID 0 N.D.?

100 101+20
Ccdan 0 N.D.

100 111+1
Cu(ID 0 45.2+3

100 161+5
Pb(ID 0 N.D.

100 103+0.5
Sb(I1T) 0 N.D.

100 1011
Te(IV) 0 N.D.

100 97+1

a) Prepared by dissolving JSS168-7 in HCI-HNOs.
b) n=6. ¢) n=4. N.D.: not detected.

Te(IV) & 100 g % &2 0.1 M KI-0.5 M HCl¥&#% 100 mL % 7
S AZH L, ZORYCEARD 72, FER% Table 21217,
Fe(II) R OIS IR U 7= &)m & & I XITEBMICEIR T 2
720 Cd(II) & Cu(IDIZ DV TR R FHOVEIRHH 5 h i
72®, Fe 1000mg®D A% [A&HIZTH T AIZHEL, 3M
HNO, PO Cd e Cud R L7z, ZTOMRE, CullD
WTIE Fe /AR ISR E L TAEh TN Z Ehoe
D, ZhEXELGIK Z &I X0 EIEIZ 100% 15T D07z,
CAIZ DWW T Pl Iz AN TH 53, ICP-AESE
B O hDOTERD > =D TR eELLNS,
3.4 HMEXENEROBELENTE

AP CHEEL 7223 - 4lon oz LT, H
A B R OV [l 80D 2% i W -0 b O Bi, Cu, Pb, Sb R U Te
AEE L. MERA Table 31787, WFROFHE LR
M AL THY, BERELRFTH -7, Bk,
CAIZ DWW TIZPIMER T E RO TRV IXMERL 728
OO, ZONELGOEY) 5 GHIEENESATTELR
A 72728 Table 3 (2 CAD FHTHRERIZFLHE S TN,

4, IR

a {4 A > & Cd(1l), Cu(LIl), Pb(ID), Bi(IIT), Sb(IIl) &
V'Te(1V) & RE A $FE A & v Z R U TR A 4 ~
AR IC S BT B DI L, Fe(Did 3 7t 4
v LSRR U 2o T2 s ERE A A TR IS £ o 72
SMEMWAREIBZNWI EEHO2IZ L, VL EDORRIZE
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B2 A o v SSH A BEICP RN B RIS & B Sl R SR O E =

Table 3. Analytical Results for Bi, Cu, Pb, Sb and Te in
steel certified reference materials (n=3).

Sample Metal Certified/pg g Found/pg g?
JSS191-1 Bi 22+£0.5 1940.2

Te 16+0.4 18+0.5
JSS194-1 Bi 40=0.8 40+0.5

Te 31£1.7 3105
JSS519-1 Cu 1.05X 103 (1.20+0.08) X 103

Pb 0.97x103 (0.934:0.02) X 108
NIST 361 Cu 42010 410+4

Sh 42+1 39+1
NIST1763 Cu 43 40*4

Sb (11002 1001
NIST 1765 Cu 13 14+2

Pb 3 240.2

Sh 10 7+0.3

Te (30)2 265

a) Reference values.
JSS: Japanese Iron and Steel Certified Reference Materials.

NIST: National Institute of Standards and Technology(U.S.A).

L% $b O Cd, Cu, Pb, Bi, Sb XU Te ZF2 4 + v &t
SyEEL ) ICP-AES A FIWTERT A HEAMEL 2. Kk
% HABUR OUKEIBLO SR g O A Amic@ M U, 1B
XL HBRMICBWTERY AERAMS, KABEIZHVS TN
TORBEBERNIEL , ERELBERICATI P EWD,
TR E L COFBHAE NS,
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