BHIEREMELE F345 2004
why—Y—77 1L —a3 >y / ICP-MSIck %
b oOMBLTREROER
m ooy

Determination of trace elements in steels by ICP-MS
coupled with laser ablation in solutions

Tomokazu Tanaka

In order to widen the scope of laser ablation / ICP-MS, calibration curves were prepared by using aqueous standard .

solutions instead of using standard solid materials. The sample in water was irradiated by a Q-switched Nd/YAG
laser beam (100 mJ, 1064 nm) for 600 s. The resulted solution was directly introduced into the ICP-torch through
a pneumatic nebulizer for the analysis by MS. A series of aqueous standard solutions was employed for the
preparation of calibration curves. The accuracy of the analytical data was improved by compensating the selective
vaporization among analytes. The proposed method was applied to the determination of Cr, Ni, and Mo in
reference materials for steel. The analytical results were in good agreement with the certified values.
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Table 1 Operating conditions for instruments

ICP mass spectrometer
Gas flow rate

HIEDITRELIZY T Y T Outer 16 Ymin
% Fig. 1 ICRT. MRIZT 7 YT, Intermediate 0.7 I/min
NERIIH 10ml THS. ELDE Carrier 1.0 Vmin
EZIE, EAERBREICHEESE Sampling depth 12 mm
e EFIKEMMRTAE LD OV RF-power 1.2kW

vIZERAWE. £, B0 k@

Laser ablation system

EL—P—EBBAOR L L THK Operating mode Q-switched mode
FRADAZA FHFA%ERY (17, Wavelength 1064 nm
RIECIIKEZEA - BT 57200 Pulse energy 100 mdJ
HIZ2E (RBE4 mm) & \0v7T% Pulse rate 5 Hz

Y fHrr-. Irradiation time 600 s

2.2 HiE

RO L—F—RBHEmE2ESFICL

=%, Yo7V S EANOERICE ‘

EIVERET, arva—F4#HTEER X-Y-Z 27— (Aerotech B Unidex 11) k2B, &
NED TROHTZ ZAENLRY RAZ R T TRERED, BAVRNE+RICHES LIZ. 20%, AR
KERMEL, AT E2BALE. XYZ A7—V% Fig. 1 DANOABRD L IITAF ¥ SHERMB S, 10
SRAREHI LV — 2 BE L. L—F—BEE, SO REHAK A 20ml A R 75 X2 ZB L.
EARNEDEDOKT 2 BREL, BEEAR T T RAITMEE, KCEEALE. ZORBBKS
ICP-MS IZHEAL, THRBL THWEEERK CTER LERERICEY HHZREZEEL-.

2.3 REBLURSE

F BT EOBERKIL, RFRESTAOERER (Fh54F7 X278, 1 mg/ml) % 0.1 mol/l FEER
THEARL CRELE. ZOoMoRER, HIEHOLRVBIER (FHSAT278) 2EWE. K
X, BE A Ao, IURTHM-QMASIEERBICL VB LELDEAVE.

H A OSSMEUER K T
HAHAMETFET Y —X (JSS168-1
~JSS175-1) % ARIED R I
AW, £7-, SZERETH 5
PMLgEE g UV —X (JSS512-6,
JSS513-6, JSS514-6) % EBSHT
AoRE L LTERALEZ. WTho
RED, VLV —BHEmE= A Y —

Laser beam

Pyrex glass

~—%— (#240, #600, #1200) T vave N\ [ T
MELEE, =% /)—LFT 10 % oui
PR W e L7z ting |- |- —
Water in = Water out
———)y ___ [y "
3. MRRUER L Sample l
3.1 BT ORBOMEE R 4 ;
KAMF O LA Tix, L—¥F—BH X-Y-Z stage lmn

KD RABHIRL T2 FERTE
ERFILNTWVBS, P LAIKE
WTHRTORETEETDEE

ZAHNDH, P LAZOWTOR Fig. 1 Sampling cell
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B 10~20 nm ORROIF R I
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WO FHRED THMETHE & : o0 1
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Fig. 2 Mass spectrum for JSS172-1
32 HEAXRI b

REH SRSME RS JSS172-1 & A
WTHRT LA I LY ERR L7 IEIROR
B2~ % Fig. 3 1TRT. REMOMETHETHS Zr (90 uglg), Nb (530 pglg) KTV Sb (19 uglg)
DE— 7 FHBRICHER T . Ei, RERMESERDH S Zr RUSbIZOW T, E—7 OMELN
L LIS —F L.

3.3 REHEH DR EM

e LA IZ X 0 HER LI RERAIR T T, REHIMRIFORIE THEET 5729, RFORBRE~DORK
ER LI BEEREDETRAERECHILBIBAESND. F2T, ER LZRBHBRZ ERERK
W2 B4, b B#%ICICP-MS TRIEL, SEMRELER~z. ZORRE Table 2 (TR T. EFHME
OFHRMT, FEERE (RSD) T 14~23%Th-o7=2, ZHiXICP-MS Z0H0DRIEHMEDE
WY KXED, 5 ABBECOHNIINZIEREL TV L EbhE. 2B, FRIBIKE 10%MHEREMT
L7 b DI DN T L FAEICRET LD, RIEREIIRERNOSE LIZIERBE ThHo 7. ZOKD,
REHEEA~DOBROTIIT B ICLBERLVE S 2 5. —F, Fe #NiEREL L THAMNITR L 5Ferk DIREL
P, WThoOBMRRLREELRETEI L B3groT.

3.4 BROERBOXE
METES Y —X (JSS168-1~JSS175-1) (2 L—F—HE B L TRENSKEZER L, SRR+

Table 2 Stability of sample solution

Signal intensity / 102 cps
Immediately 2 days after 5 days after RSD, %

Or 4500 4600 5760 14.0
.11 (1.05) (1.03) (3.65)

Ni 3890 4590 6030 22.6
! (0.96) (1.05) (1.08) (6.22)
Sn 25 25 33 16.7
.01 0.01) 0.01) 4.22

Mo 270 250 380 23.3
©0.07 0.08) ©0.07 (10.3)

Values in parentheses were obtained with internal standard method.
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iz Fig. 4 (T~ Y. WTFhoxtEL, <
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WEINTNSE9.10 = Lo, Eho
LA BETLRRLBEZB/EE TS L
Zxohs.
BEBREAOTERT ST, 0@
RO RRBERETILERDH D0, K
LA XV ERLE-RBHEROERD
fBE LEHRRRIZEI DD L OERD,
ZhZEED LA BOZETHITBIT 5 BIR
HIFRFEDORERE 2 R TR (SVF : Selective
Vaporization Factor) & L7z, &xHED
BRIZHLTSVEF 27y hLELOR
Fig. 5 12" %. SVF LR FEDOHADE
FIT—RATIEETE B30, ZOoRX»1 S
FH SVF 2RO TRITIZENEELEER
TAHEOBRIRMWARROHEIZEYTH S
LEZ b,

3.5 WLEEX SMDHT

AEEBEXH Y —X (JSS512-6,

513-6 X 1*514-6) FOMETR D ERIC
SR L. Cr, Ni, Mo IZoW\WT, SVF
TRIWAREZHAELTELL
7= EBFER % Table 3 2R,
SHTE 3 [TV, FERMfEE L -
7=. SVF Z# AW TR 2365
FEETHZEIZLY, WTh
DFERIZOVWTHERS - BE
LHICBGRERZH/IZ LN
T&7x.

4. #& F
AEFFRTIE, P LA/ ICP-
MS D#EMEZFMT S & & biZ,
BHPOMBLRER~DEH
ERL7. Y LA TR, RE
VB P CHOBLF DR B TIEAE
THLDOD, BRNELY~OD
PLFORE I L B REEIRDS
fEdIZRBOOh2ho. F

Selective vaporization factor
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Table 3 Determination of Cr, Ni and Mo in case hardening steel (n=3)

Cr, % Ni, % Mo, %

Sample Certified Determined Certified Determined Certified Determined
JSS 512-6 0.039 0.040 £ 0.001 0.023 0.025 + 0.001 0.008 0.008 + 0.000:
JSS 513-6 1.12 1.24+0.01 0.019 0.021 £ 0.000: 0.005 0.006 + 0.0003
JSS 514-6 1.02 1.03+0.04 0.020 0.021 + 0.001 2.10 2.20 £ 0.08

7, ST TO LA LRI TRE TR RERBE Z o 7288, FREUC & - THIETHIIgse -
DMBTRY RFRERSRUBE CESERTHAIZ LN TER. KiKX, 774 &7 I v 7 A6
fhie CERCHE LI <, EEERERNOAFRRELRRBORERATIHAATHILEX

5.

b'e

9)

Montaser f, ARAERER : BlLEL 77 XA~EEBHWE, (CETEAR#E, B, 524 (2000).
J. S. Becker : Spectrochim. Acta, 57B, 1805 (2002).

D. Giinther, S. E. Jackson and H. P. Longerich : Spectrochim. Acta, 54B, 381 (1999).

S. F. Durrant : J. Anal. At. Spectrom., 14, 1385 (1999).

J. Neddersen, G. Chumannov and T. M. Cotton : Appl. Spetrosc., 47, 1959 (1993).

2R EORTHT, & B HEIEK, AEE—, IREEM &L, 77,1851 (1991).

T. Nomizu and A. Mizuike : Microchim. Acta [Wien), 1986 1, 65.

T. Nomizu, K. Goto and A. Mizuike : Anal. Chem., 60, 2653 (1988).

¥H IE: ¥£TYd, 33, 325(19949).

10) T. Mochizuki, A. Sakasita, T. Tsuji, H. Iwata, Y. Ishibashi and N. Gunji : Anal. Sez., 7, 479 (1991).

(B 15412 H s B )

— 251 —



