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Analysis of High-purity Iron with Inductively Coupled Plasma Source

Mass Spectrometry

Synopsis :

Teruo OKANO and Yasuharu MATSUMURA

The basic characteristics of inductively coupled plasma source mass spectrometry (ICP-MS) were in-

vestigated and operating parameters were optimized.

For the determination of trace elements in high-purity iron, a rapid and precise method was developed.
After dissolution of a small amount of sample in a PFA test tube, 4-methyl-2-pentanone extraction

technique was applied for the separation of the analytes from Fe matrix.

Consumption of reagent was

supressed and all procedure from dissolution to extraction was carried out in the same test tube to give a

low blank value.

The use of the relationship between intensity and ionization potential enables a semiquantitative analysis

without a calibration curve.

Key words : trace analysis; elemental analysis; mass spectrometry; ICP; ionization potential; high-purity

iron; solvent extraction.
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ICP-MS it VG Elemental L% Plasma Quad I plus
7z, JlESM %, Table 1 1R, 3EBREY I F 4 —
3/%1) v NS-8 Bl%, m#kicix7rIroy 7 e—
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Table 1. Analytical condition.
ICP parameters
Plasma power 1.35 kW
Coolant gas 14 1 min"!
Plasma gas 1.01 min_}
Nebulizer gas 0.81min"!
Sampling position 10 mm from load coil
Solution up take rate 1.0 ml min™

PFA test tube

Acid
Sample

oo/ e
cocoo/a /|

B o

Aluminum block heater (240T )

2-3 ESMESSEEERRELE

AR B Y LRI XD RBENTOMBL 2%, 4-2F
W-2-~_>% /v (MIBK) # Mz CHBSEkEEHD 5
WIERABRE IR XL, S L -
(Fig. 1). :
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ICP-MS D4 %, ICP-AES & R, HMIETR
rEATHAEFRELELCHERBRELN, FxYv—r=x
(Nebulizer gas Ar) &, ¥ > 7Y v 7AiE (BOLATE
WCAHY) 8P hs, £2C, SEKLE D% 0.9, 1.0,
1.1, 1.35, 1.5kW &%, —H*+ ) ¥—F 2t
¥ 0.6, 0.8, 1.0lmin~"' &b &+, BEC #&iliL

THREEG R, 2L, o7y 7B aAa
VEREH S 10 mm EE L7,
3. BRELEEE

3-1 BETS7XAvHHE

BEC i3/%y 7 775 » i ICHIY§ 5T, #
DEA /NS W IF I T R, Sl EEok
WEed 22T, 7, KT A—s—%B{Ls ¢
BEC %k 7. BE%KEI% 0.9~1.5kW &&8(L 24
72k D BEC %A1t %, Be (A& 9, H—1 4 1Lz
FVF—9.32eV LLFEER), B (11, 8.30eV), Cr (52,
6.76 eV), Ni (60, 7.63 eV), Ba (138, 5.21 eV), U (238,
6.10eV), @ 6 THE%HI& LT, Fig. 2 12T, MHE
BTN EIIIFEIEKREL LB, 757414
K578 BEC i3 K& &b, HTTHE % H—500THll
ELELIEFTHE, mBENIIE1.0~1.35kW & %5,
B, Ni TRSh 5NN TO BEC O LWwiEkiz 7
FIDOMIMNCELLOT, ZOHEIZHS DTk s,
BT CORELFIEI Ty v ra—v (ME
Ni) 26DBHLENEZOLNS. S52EEKEN
(0.9,1.1, 1.35kW) & %+ U ¥ —# 2l & (0.6, 0.8,
1.01min~") DMlj} %21t & ¥ T BEC # Ko 72 f R T
i, WA 0.9kW LK< 79 X< E s Ruvig ek

PFA test tube

MIBK
Sample solution

Fig. 1. Procedure for sample dis-
solution and solvent extraction.
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Fig. 2. Dependence of BEC on plasma power.
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i, TIXHOBMA L L OFEBAL D A ANLE D

EHEERNEF YUY - AREORIIINEFH L T
WAHIEBEZONS, &b, WEBREES 1ml %
RYZFNVRY T CEREALTED, BHOMHAT
Fr UV —FAREIC L LNBBREAE DL %\
CLEBRLTVA.
FROKRELY BEC tMiELZR L, R#fEMtFL L
TEBEWEEH 1.35kW, F v )Y — % Zii# 0.8l min
2EEL. 7, ICP-MS TlREH L LBIZTIX
CICEASNBKICENT ST 14+ »ERL, AR
7 MNVTFEBPKELC BB, 22T, ZOHFIOIZHIZA
Tl—F 83— % =5°CICHHL, 79 X<w~DK
DEAEEMZ 7.

3-2 BOTE

g 1~10 vol%, 1&#EE 1~10 vol%, Filk 0.2~5 vol%
FHOWTBROMEB X OREICLS BEC ~ORE % H
N7 kR Y, Fig 3IERT. WEFNOEEOBA LR
FEDWEINZAE IR DR A A SN2 A%, RS
WEZALICE S FREOBA % & V%5 2, BEC

LS KBRS RIFRAIR TH » 7o, IEEE G WHEE O
I EEEE & 12 IZFER T BEC b LB/ 3 s, 151k
A4 VIR T S AR PV EIE L, BlzZiE Cro
WAL, EEBEOEIME L HIZ CIOH DY — 7 g
BCEHELLTI 20K L, K&7% BEC &2 7.
Wifg ik BEC 29K & W) 242, BEAT0.2vol% # 5 5
vol% ¥ THINNT % LSRKEA AT FTHTF LA, -
T, WEHBOWIE R E T L.

Fig. 4 12 10 vol% %5EE, 10 vol% I5fEE, 5 vol% HffgiL
1 COMR UM B & B L 2R 3. BRRROB & i1d54
FEORTARONLAH, R, ERECIEmEOE iz
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EdhE, AF LT AN F—8eVUTOLETIE
90% ML EAA F L L, —EDTREXTRT I LIl A B,
Fig. 5 WAEERTHES N 7-KITCHE 100 ppb AW (1 vol%
WEE) oME o (FAARK 1 TRE) L9614
AL A NF—OFRERLIZLDOTH S, 1+ 1k
ANF—5~8eVOTLEICHLTE—EDHRE L A%
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Effect of kind and concentration of acids on BEC.
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Fig. 4. Effect of acids on repeatability.
10° ¥8 7y EBVICEEMLESBE L TV B, (KT
~ E—— ETRABRBEOERENS <, Bl Al EFIES
- W' TE—RBH7D T5ml D 4- 2 FN-2-R2 Y
= I EREE L BEOHMLR Y 2T b & k.
e s b 72T, BfeoREll, il S5175 > s EOK
oY == W 4B 1 AR R OB B L E L X, R E
;‘ L 1o 7-.
= 9, KB oSGEFERET, FEMbloAa D
- 10° =C1° HTT-7, A lgtkr7u R (e—y 7V E—79—
- (79774 FX—=2) NHCREE (HCI+HNO3) 2k b
10° SR L 72 50 ml A LT A, PFA BB 3R
ionizatign lJotentiai10 (eV) e W 3ml 2L, 4-XFN-2-~"> 5/ 6ml £MZ,
Fig. 5. Relationship between intensity of 100 ppb AT BPE T 5 min &5 EHEE S T T 1 min

solution corrected by isotope ratio and ionization

potential.
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1o* Table 2. Comparison of blank value (mass ppm).
N, Reagent Aparatus B Al Si
oL N
== 5 e HCl Quarts beaker 1.0 4.2 20
-85 A T (Semiconductor) PTFE beaker 0.5 3.0 12
~ Co™m
Bas Cr  aFe P . PTFE beaker 0.3 0.4 1.1
= e == : ] i HCI ) Glass tesettube* * % 75 * %
= tra pure PFA testtube® * % 4.0 * %
o A (a o
- ool ,,_,__*_N&' MELL]: Bir * HCIO, fume ** Loss percentage more than 50%
- Al RN CIRELE, REPSD 7T > s HREE % 5.
R S— Table 2 IZZFDILEHF2RY. AREY—-Hh—TidF7u
” — Y= I HANEESSERT B EEL SRS A
(a-y—u Mg ey . .t g — .
0 *Fe B, Si 2t ORFENT T vy rmlERY. fiC, &
ST — 7 AFERE & PFA SUBRAT C Wil 5 MR T MELEY % 479
By b, BEROREAK SV B, Si TRILEET S &y,
10 == ALZOWTHRERERAELD. 72, SOHETH
LREDIFEEAHEHT A - 0EBRT AR OEZE L A X
1% 5 10 5 < AL SiOTI Y, RMWETESEC RS (7
ionizatim‘l potential (e V) A /{,}_%%) 7)‘CD@?%%%)Q‘&“E%%EE&’GU:?@%I:
@ ICP —-MS ( corrected by isotope ratio ) A ICP —ABS

Fig. 6. Relationship between BEC and ionization

potential.
Sample g
I HCI + HNOs (1 + 1) 15ml
Dissolution PTFE heatable beaker

Constant volume

3ml aliquot

HCl C 10 + 6 ) 50ml

I PFA testtube
Iron separation 4 Metyl-2- pentanone 6ml
I Tube mixer 60s
1 ml aliquot
I PTFE vessel
Fuming H2S04 501

[

Constant volume ( 5ml ) { 1%HNO. In 100ppb

Fig. 7. Sample preparation procedure.

N LR, AW A 4 v QllEDEE L 5D
THIMB B OREER LS Tml 250, BEEZHEM
LCHELEIZX DIERE BV BT, #lERo FY 7 b
MIED 720 ICPUEHE L LC In Z3ML, 1vol% AEET
5ml ®4 & 4%, Fig. 7120 70— %K%,

¥ 10501 BETHL. LirL, —RKEH201
T ml b OIEEE % M T B 7Tl il e e I %
W—F VB ERTAI L3 LY. 22 TAROR
HERILOPLABRENTHML, 0% THEEMmE %
119 S 2lAhrz, TORHETRGE L LS BERES
FA—HEE TR 50T, BEEIFLIAMEL, {%Eo
FRELL VDTS s bIRBTES.

PFA SBREICE 2 D - 72308 60 mg 1Z/REE 1 ml
WML, 7VI Ty s e— 8 —THIERLTHET 5.
CORBBEIZA-AFN-2-RV Y ) RPN, RERE 3
FH—-CTHEEL, BKEMB LR TBOKEL»S 1
ml %50 %, WESBEOCFERET AL ToM%
POHEE CEE-FHETHERE L TRELEY LTS
L, RHEEOWENSLELE 2L, FOMEEE LTD
RER - EEOBE T Ak, @QHBLS DRSS
TA4-AFN-2-Rr & J A S R e WInE & P
ELT—F@mRML, ZOMETHIEST 2k E L,
BRAEMEO R TRE 2 IR L 72 NIRRT
THLHHINTVS Y 2 AL EEEZBEVWIHL -
% 1vol% M CEAEL L, FY 7 MHEMIZIn 2%
Z ) AR S LTNA 7z, Fig 8 W70 — %R,

Table 3 (ZIE#EFWIC L VRO -RETOZETREOME
W2 RT. EREREOBISEERE CAMLE L 23
AiE B, Si OoRIEE KV 2S, GHERTHLE L 72355,
Mo, Sb X 4-X FN-2-_r % J YIS B TE
PIAbid 1303 100% ¥ BT, WNEEREITE & L TR
L2 Y dLesRREATHS, £/, W, Zr 2 &K
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Table 3. Recovery of each element by MIBK extraction.

B Mg Al Si P Ti V Cr Mn

Co Ni Cu Zn As Zr Mo Cd Sm Sb W Pb Bi Y

H,S0.5%0u0 O © © O © O &4 0O 0O 0O
HClO4300ul | X © O X © O & 0O O O

O 0 O O & X & X & A 0 0
© O & A X X A X A& A O ©O

00

Recovery © :95%~ (O :90~95% A :50~90% X :~50%

Table 4. Analytical results of high-purity iron (=8, mass ppm).

B Al Si P Cr Mn Co Ni Cu Mo
Cert. val. 0.5 5* 8 2 2% 3 29 5 14 -
JSS 002-2 x 0.53 1.04 6.46 1.53 1.03 3.00 27.7 5.08 14.6 —
Op—y 0.09 0.17 2.16 1.12 0.10 0.19 1.56 0.35 0.87 <0.1
Cert. val. — 3* 34 11 13 18 25 33 18 4
JSS003-2 x <0.1 1.26 28.7 13.3 13.1 19.3 25.7 36.6 19.3 0.2
Op—1 0.12 5.37 3.94 1.81 0.73 1.49 3.55 1.14
* Non certified value
10%.
Sample 60mg
| : Moo M
+ + N 0e Mn
. ) HC1 + HNOs C 1+ 1) 1ml . Creeato
Dissolution PFA testtube o AleNi o
l o 10‘ {"h
- S ) =
HCY ¢ 3+ 1) 2ml S T
Iron separation Y 10ppm 150 w1 -
I 4 -Metyl-2- pentanone 6ml .
Tube mixer 60s @
1 ml aliquot e 10° = .
-] T
—I PTFE vessel =
Fuming H2504 5021 -
I 107 f
0 5 10 15

Constant volume ¢ 5ml ) | 1%HNOs In 100ppb

Fig. 8. Sample preparation procedure.

SRLRTWILECE L TRIVED S {LKEREM
Th ot E BRI DS LI L0 B R LT 5
EEHRAL TV,
RETHBMESKIZEERN 2 E8 LR %, Table 4
WL Mok 4-AFN-2-_> % ) T s s
72OERTE L WAMOTCER T ITITEEHE L —F Lo
BELNTWA, Si, PrEE5Hitcn7rs vy
(N2, NOH %2 &&E4 D) AHvitkid, "E 7770
KRIZD b5 d, RREL2 &K&W, LaL,
EEBITEIWTEL K, #x2&E Mn Tid 3ppm T
CV6% & ppm L XV CRIFLZBEIM LN TV,
A2 TREB g 2ByBLEBEOKRS %,
Na,CO; TRl L TR Z-BAEN Al O MATH
BEEZRL 7. Al 056, BEETR L (EEETDH D,
o IHE'D CTHRBOMEAESNS Z LRGSR T
WA, REREEREDTESICRFAPILETH 5.

ionization potential(eV)

Fig. 9. Relationship between intensity of 100 ppb
solution corrected by isotope ratio and ionization
potential.

35 AFMEIXNX—EFIAL ¥ EE2HR

3:3 TN/ XLHIZICP-MS IZBWTIdMEE 1 4
AL ANV F - ORI R 2 HBEBEA oS, K
WMCHETL-HEET ) v 2 2 THLHE 5L TSB
N, 44 AT WL EETENIEEBRR & FIRE D
BWOT, BMELAA LI ANV EF-DEFZREFRAHEL
SRS RE L H X, METL 7.

Fig. 9 &, &4k (Table 4) &€& T ARSI
L - AR B EHE (100 ppb) D581 (RALAFHE 1 12#0%)
DIEEAF AL A NF-DBHR T Fig. 5 & [FREI,
SHMETEIC2WT IOy FLAELDTHAS. Al #F
LR TN TWYD USRI 2 R ER (HERE
0.873) oL hTnwsb, £2C, 3, 141k %
WE-DOFV P ERHEETEEETE LV Mo O
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Table 5. Calculated values obtained by the relationship between intensity and ionization (mass ppm).
B Al Si P Cr Mn Co Ni Cu Mo
Cert. val. 0.5 5* 8 2 * 3 29 5 14 —
JSS 002-2 x 0.73 5.27 7.75 — 1.82 2.76 18.8 6.04 16.6 —
Cert. val. — 3* 34 11 13 18 25 33 18 4
JSS 003-2 x <0.1 6.39 34.4 — 23.2 17.8 17.5 43.6 22.0 —

* Non certified value

DOTLHEDHEEE HTA F bz F L F— & DR
RO KIZ, ZORICEYERGDOA F (bR N
F—25 100 ppb HRORE L HE L L, BMESKTOL
WA DBEHIEL TEAREY KD THa.

R % Table 5 IO 7. HEMEDL LUREHRETH
LOREE PR BV—EIBLRTEY, < by 7o
R HEE SRS XU 4 VLT AL F— DR EFIH
L7 ESTEOMAE s ER I E¥bhsb.
o, FETHOUMECEET 2 EENS BRE
METRYD, FEEFIT LWL  DFTHPHSTIZ>
W, SOX) LY EESMTTRET S LIZLD,
EAESk e & OMBE DRI RESLOWFEICTE DT L
W% b. LhL, ERo0MEICERT A, 4-2F
W-2-Rv %) sETSgE IS X NS Mo, Sb
UL THLRE ) BELRSHEFEOBLILETSD
H. 7, BELAF AL AVF-OBRE, Fr)
Y —HAAFRERPT > T I LEREDENIIL DR
TA5L, i1 4R A F o DEK, SHICIEE
ETHLCHBRINETONBESCEERIC L AREEL &
DEBHLEETHLENRD Y, Z0L) kIPEBIIE
DIEMHE S LIS SRR ILETHS .

4. #

i

ICP-MS D#lsEftrom#Eftz My, LI
% RBRE 3 - TR I 8% 00 B 0 % v A K e o)
DESIWHAL, AETHEORWHELEV T H L
e &L REEOMR, BEMEREOHH, e
@ SEEM E TR--AREERTA I LR EILLY

7T ORBAICE, EETIROB LN, M
e EEAERE R LT 2 2o THEDLb TR T, K

FOFRICELD, REMA T &0 REMEOSREICD
DhMhH. Fi, BEGETAIEILKY, <MY
AEhE, AEV-HROMGEENL & & BT, HE-A
F oAbz ANV F—-0REFHEL-EERSITICLD,
0 LR Sk v O AR 1 D W T o B C R 7 Al 45 1T g
Lot '

B - IR R IREiT % ICP 3606
SHEORMIEEE LTOHRATH Y, SHERNR
WARZERS &2, RETREIEIMERWITTEICEHL T
LEELHEEORF T TO T FETH S,
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