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Abstract : Isotope dilution mass spectrometry (IDMS) was applied to the determination of Ni, Cr, Mo
in low alloy steel reference materials. The Mo isotope ratioc measurement was performed by dynamic
reaction cell inductively coupled plasnia mass spectrometry (DRC-ICP/MS) using ammonia as a

reaction cell gas. In the case of Ni and Cr measurement, all data were obtained at medium resolution

mode (m/ 4m=3000) pf double focusing sector field

high resolution inductively coupled plasma mass

spectrometry (HR-ICP/MS). For the method validation of the technique was assessed using the certified
reference materials such as NIST SRM 361, NIST SRM 362, NIST SRM 363, NIST SRM 364, NIST
SRM 36b. This method was applied to the determination of Ni, Cr and Mo in low alloy steel sample
(CCQM-P25) provided by NMIJ for international comparison study.
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Cell-Inductively Coupled Plasma Mass Spectrometry,
DRC-ICP/MS)7} 19993 A/NE ol&E 38tz ¢l wg-&
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Sllck E@, 2 Aveld By 2HzAdA 24
[l o._°_§_ NMIJ (National Metrology Institute of
Japan, Tsukuba Central, Japan) H8] A3 = 2 &7
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ELAN 6100 DRC-ICP-MS  (Perkin-Elmer  SCIEX,
Concord, ON, Canada)& A£31om, AEFUAZ
= Meinhard-type concentric glass nebulizer2} cyclonic
spray chamber7} AMR-E|2ch Ni @ Cr 2o #A9Q,
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T 2als ABE47]9 Finnigan ELEMENT ICP/MS
(Finnigan MAT, Bremen, Germany)Z& AR2&}ion, A
F7SQIEE-& Meinhard-type concentric glass nebulizer
9} double pass Scott-type spray chamber7} ©] 859}
i Bals 7)710M BE SHL medium resolution
mode (mf 2m=3000)}| 4] —raﬁﬁ}ﬁ“i‘:}. B Agd A8
#H 7 71719 HHZAEL Table 191 Yeh)Qich

Table 1. Instrumental parameters and their values for
optimum condition

ICP-MS instrument DRC-ICP/MS HR-ICP/MS

Plasma conditions
Rf power
Plasma gas flow

1300 W 1300 W

IS L/min  13.27 L/min
1.025 L/min 0.80 L/min
1.058 L/min 090 L/min

Auxiliary gas flow
Nebulizer gas flow

DRC parameters

NH: reaction gas flow 0.7 mL/min -
Quadrupole rod offset -6V -
Cell path voltage -5V -
Cell rod offset -1V -
Rejection parameter a (RPa) 0.0 -
Rejection parameter q (RPq) 0.45 -
Autolens On -
Muss spectrometer settings
Dwell time 100 ms 300 ms
Sweeps 60 30
Detector dead time 60 ns 25 ns
Readings 1
Replicates 5 5
Ion lens settings
Extraction lens - -1904 V
Focus lens - -995 v
Shape - 131V
SEM - 2200 V
. oy *Ni, “Mi,
Isotopes monitored Mo, "Mo, s cr, Yer

2.2. Aot g XHE

IDMSS} Zgo] ALgE 72+ 3% 99 Menriched
spike isotope)= ﬂCr (US Services, Summit, NJ, USA),
“Ni (ISOTEC INC, Metheson, USA), '"Mo (Oak
Ridge National Laboratory, USA)E A}2&lgch AdA
B (mass bias) EAZ AT EHdLuHlE HEEFA
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(isotopic  standards)2 Ni® Cre} ZA$ Zz NIST
(Gaithersburg, MD, USA)ZXE] 7¢lgt NIT

7} NIST SRM 9798 AH&-3tth Mool Z¢e A
U E olgste] HAAEE BYSHYch DRCeA
o kg IAHE 999995% o]4te] NH: (Sokatronic,
Pennsylvania, U.S.A)E AM4-3}4th AH&3E HNO,, HCI
& (FFHHEA (ksan, Korea)ollA 793 Hzlg
rlekg ZHBAR] (sub-boiling distillation)E o]-&af A
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o

2.3 AE2

£ Aol AME AEe 200249 3¥€ NMIJ
(National Metrology Institute of Japan, Tsukuba Central,
Japan) 2HE ZABLEAMATE 98] AF3 AR50
t}. o] AlBE % 27 (low alloy steel) £ol g5
ZFdao] EAo dig A4 o BAZTe] BYX
s @sty] s AF=HAH, A8 CCQM-P25
ok A5 Hejx chip EelE THEo] o, 30 ¢
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FH-2 IDMS ols) B4931718 dAnstck
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Sample 0.5 g added enriched isotope in PTFE vessel ]

< Add 3 mL of HNO;:
and 3 mL of HC!

removal of acid fume k

Add I mL of HF
and | mL of HCIO,

Microwave digestion

250W Smin, 400W 5 min, 650W 5 min, 250W 5 min

v

l Evaporation to near dryness at hot plate I

e Add I mL of HNO:
and 5 mL d.i. water

I Dissolution by heating at hot plate ‘

I Dilution to 100 g with d.i. water J

!

l Dilution to appropriate for ICP-MS measurement 1

Fig. 1. Microwave digestion procedure for low alloy
steel sample decomposition.
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AAA4E Feolth DRCICP/MSOIA Aro) o]s A€ o] $94 F ‘FlArd] 9% 7Ho] doluix] =

Aol g AAY FE AAT HFe Fe vjol o F FALL "Mo/ Mo HIEE ZAste] IDMSE
s Adsle ‘FeAr(Fe Ar, YFeAr, “Fe*Ar, “Fe¥Ar Hgadch ¥EE5Y922 Mog Mdstn PMog
“FeAng AAs7IE ol#A sttt wiA 77) Z1EEAdaz desiich

Table 2. Summary the major interference ions originating from sample matrix and plasma gases during using

1ICP-MS
Isotope Molecular ion interferences
Element
(mass, amu) (mass, amu)
SSNi 58F€ 40Ar180 wCaISO Il()SnH
(57.93535) (57.93328) (57.96154) (57.96175) (57.95087)
le -HCaIGO 36Ar24Mg IZOSnH IQOTCH
(59.930791) (59.95039) (59.95295) (59.95110) (59.95201)
N‘ 6!Ni !l!SbN’ lZZSn'P* ZINe-K)Ar
(60.93160) (60.93106) (60.95172) (60.95623)
62Ni l2SSb" l23Te++ %Ti 160 |24Sn++ |24Xew
(61.928349) (61.45211) (61.45214) (61.94754) (61.95263) (61.95306)
mNi GJZn Zssi:té Ar ZAMgw Ar chamo
(63.92797) (63.92915) (63.94448) (63.94742) (63.94744)
e 1 Sy
(49.94603) (49.94479) (49.94761)
SZCr AOAI_IZC 36Arl60 IOJRuH IO#Pd«“
(51.940512) (51.96238) (51.96246) (51.95271) (51.95201)
Cr SJCr 37Cl!80 40Arl3C lSCl3SO 36A]_!60|H I%Cd“
(52.940654) (52.96081) (52.96573) (52.96801) (52.97029) (52.95323)
SACr !07Ag++ SJFe lOSCdH
(53.93888) (53.45255) (53.93961) (53.95210)
QZMO 922r SGFCBOAI_ 52Cr40Ar ISJW* . l84os+~
(91.90681) (91.90504) (91.90249) (91.90289) (91.97547) (91.97625)
94Mo QJZr 54Cr40Ar SJFEJOA]_ SSNiS()Ar ISSOS“’
(93.90509) (93.90632) (93.90126) (93.90199) (93.90290) (93.97793)
QSMO SSMHJOA]_ 59Co36AI 798rl60 |9()OS** !%Pt**
(94.90584) (94.90043) (94.90075) (94.91325) (94.97923) (94.97997)
Mo *Mo *Fe*Ar *Ru 96Zr 05" Ppe
(95.90468) (95.89732) (95.90760) (95.90827) (95.98074) (95.97074)
Mo TreAr YBr'%0 Bri80 ipyt
(96.90602) (96.89778) (96.91120) (96.91750) (96.98134))
K)XMO SSFCJOAr SSNi-tOAr I%th I%Hgn ‘)SRU
(97.90541) (97.89566) (97.89773) (97.98247) (97.98290) (97.90529)
IOOMO lO()Ru GOle AI . &Zn36 Ar ZOOHgH
(99.90747) (99.90422) (99.89317) (99.89670) (99.98416)
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Table 22%E & 5 & uis} o] "Mooz
Mool ZHILS Yo £ Ni, Mn,
Co, Zn, Hg, Pt, Os, Ruo] 218-& #elg & gl A
2759 Moo ¥EE ¢ 10x 10*
mg/kge] FEH ol 9loy o] & ICP/MSE
237 Y8 5x10° mG/RO%”-Ei
AT
25 10" mg/kg, Mn 1.0x
* mg/kg, Zn 0.1%107 mgkge
A& olste] ¥
S FAstAr). webrd, Mo AQ§ o]F vEg
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Fig. 2. Cell gas optimization plot at "“Mo isotope as a
function of NHa

values are given in Table |.

flow rate. Other parameter

o] agolA Hg upel Zo| NH; ¥HS-7]# 9 %%"
£ 0194 3.0 mL/minS & %‘-7}1\]7‘01] wel A8
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Mg ol
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ol RPa 9} RPq9] #tolth RP, % RP, gk 27} DRC
o] AbEIAel s AARE WHEAEEY AH A%
2 Ha o] WeE zHske doltk Elan 6100
DRC-ICP-QMS9] 73§ RPH e 002 1yslarl, RP,
o] gtoz Az 7es FHHssl HH o RPGS
7317] 13 & RP, %kOI ulek- g3} 53 10° mg/ke
59 Mo ZHEol ulAe 43S Fig.3ol TAISHA
o o] aolA BE ulel 2o} RPq9] & 0.2004
10 V2 Z7A 7ol uheh wiEat A8 AsA7]e
F Az gaske 2L HAF & Aok wiEge] A
£ FARolx Al A5 H RPggke 04-05
A9 &UF 4 AUtk webA RPq=045 VE 3
oz AHE-3ATH
AVAA =L RPq e M
Ao B3 &L HA 7] W #=vt
Zo]Eth DRC-ICP-MSe] #H=A3ld k<3
81X Table 1¢] ERAATH

Al #R1sA|
714 €]

gie. ezt

fake o 07

5]
L
fo

[RILVEA

— .

counts

Inteasaly

G
001 . .
: Matrix solution \

0 02 0.4 0.6 w8
Rejection patameter ©pa, V

Fig. 3. Effect of rejection parameter RPq of DRC on
the Mo signal and background signal at m/z 95

and m/z 100.
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BQ2sY FEARSRLctABEA Yo

NEE PAT F SAYLNE Mo Mool o
057} =g zAsod @7}3¥ﬁ2‘3{, ole FHdA
vlg2o] @ z}ElQl Herror magnificatin facor)'®7} HA
ol 7MHA =g 23S Folok. HFFez 9
A4u]go] AREFHR (relative standard deviation,
RSD)E 05% o2 ZHo| 7Fssidt. ol8E &
A4HlE FA9 RSD g2 UuHEQl QICP/MSe]A
A& # = 0.105% RSD ol ARk Az
ol 234 de F A A FSAEEAE NIST
SRM 36b2} NIST SRM364¢} 37 ZAjulmEA g0
2 CCQMezRE AFd Alg (CCQM P25 F9
Mog 3 ZHE Table 40f Qobste] e Uch
74 L% (measurement uncertainty)= ISO/G
UM"” 2 EBuraChem Guides"u}g} A4Hsigicy. 28t

' WA 4B E5(combined uncertainty, u)E F
o2, FEA-E(Degree of freedom, v)Z FE AN
° 32K coverage factor, KIE F3 Fogxn 3
235 (expanded uncertainty, U) Z+S Al4kstdch o]
£ EB¥gcgal {FEARFEE  Kragten spreadsheet

method & AL&3tod 78 gholth

Table 3. Typical value of standard deviation for isotopic
ratios of “Mo/'®Mo by DRC-ICP/MS

Intensity (cps) Isotope ratios

Number of
measurement (N
© ™ Mo Mo *Mo/""Mo
[ 9493.655 22555.818 0.421

"~

9791.582 23312312 0.420

3 9782.322  23337.215 0.419
4 9654.172  23133.565 0.417
5 9692.383  23008.134 0.421
Average 9682.823  23069.409 0.420

Std. Dev- 1208567  317.1625 0.001673

RSD(%) 1.248 1.375 0.399

Vol.16, No.1, 2003
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Table 4. Comparison data for Mo in steel with results

obtained by DRC-ICP/MS and certified
values
SRM & Certified Determined Value, mg/kg

Sample Value, mg/lkg Conc.  ® u, Y17 v

NIST SRM36b 9960 + (?) 9958 55 125 5

NIST SRM364 4900 = 100 4960 16 36.5 5
CCQM P-25 - 9480 57 130 5
u. ; Combined uncertainty
b U ; Expanded Uncertainty (95% confidence level)
C Ve ; Effective degree of freedom

3.3 HR-ICP/MSGOIIMS] Ni, Cr &4 Zin}

1 Bl AZFEA79 medium resolution mode
(R=3,000)014e] APz HHze UAA low
resolution mode (R=300)%]A9] (unning® AFwH
(mass calibration)2 A3k
moder] oF 1x10° mgkg $E4%9 tunning 242
ARESt] o2l ze} ViAo FFE FHd HHo
FEst BHFE AT & USE wmingg HAIE
k. %42 medium tesolution modeoxie] HA
AE2HE Table 19] JERRATE o] ZAA
# 01 mgkg 59 Nidt o) 7tk 23g
f2u1ge] XFAINE Table 59 VYRR
“Crol dEAQ ol ¥arcrt 2eld Ui
A 2HE-E Fig. 4 JeRUCH

A FF% AR B7hE $EEALL Nig, Yor
o 2 QAFURIAT HAge] HEE 517 A3
S9dangol N/ NI o 1.00] HEE ZHE}
A7kt o, Pocre oF 080] HEE 23|
g FHdAngy FFEAE HIHOEZ Ni9
0.5% olsti oy, Cref A% ¢f 1.5% F&E|AUh
EXE A5 FEFES & 01 mgkg FE
A 2x8an. olals  HRICPMSS
resolutiom  modeo| A2l YA u]8o] RSDiHS
Sanz-Mendel £'%0] “Cu¥Cust *Zn/"Zn2] ZFollM

2 0.7-08% RSD i vjwd o Nie] B9+ ¢

75-4"]-1—, Cr 349 At [

%3 3t

&, thA] medium resolution

H?' oty
ook do ot
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Table 5. Typical value of standard deviation for isotopic ratios of £ AEE BAY B¢ 49 HE vEE B 3
“Nif"Ni and FCyPCr by HRICHMS under medium Ack Alme] Bajrt 943 dojuA] @e Aoz #
resolution mode (R=3,000) gt} IDMSe| Mee A9 sty ¥4 Y

ko] @A Eo] o|FAANEE ARE &H3] &

Number of Intensity {cps) Isotope ratios -
measurement (N) P N ke Aol #23e HoFT ek Fig 20f el
PN e G NANCORG \gRaads ool BAS N e BAARE 25
1 30744.8 317700 901830 1260015 09677 07152 gz 2o o1Zzks Batn welolol ] T Yx|FHe
2 29598.9 30692.6 912754 1278702 09644 07138 Table 63} Table 7oA 318 4 ok WA, =An|
3 28999.8 30179.6 94559.3 1273201 09609 0.7427 aEAMgoz ATH A (CCQM P-25) %2 Niz} Cr
L ol=E ERAlEe BAND EQ1d vyl o =X
4 29200.8 300542 93832.3 1305590 09716 0.7187 & ols ZFARS BT U PR 1 23
S ATRMIIE o435 IDMSE BAMslgoen] 1 Ax

5 28786.6 299570 934778 1297369 09609 0.7205 o} 27 BHTE Taple 80] L 3ET
58 €55= 25 -

s iy

Average  29466.2 30530.7 92665.6 1283155 09651 07222

Std. Dev 775 7486 18509 18158 00046 0018 Table 6. The analytical results for Ni in steel reference

RSD(%) 263 245 20 142 048 163 materials by isotope dilution ICP-MS method

Determined Value, mg/kg

N1 et Moo Biate Ot 16, 2008 1384160 Cenified e
SRM (Type)  Value, Acid decomposition method
HNO;+HCI+HF+HCIO
mhe 0w HOI (1) ‘ )
reomn (3:3:1:D
20 NIST361
20,000 100 18369834 20,114~ 191
(AISI 4340)
s000 NIST362
5900100 5403168 5863 12
52, (AIS194B17)
d ; NISTSe3 3,000~ 100 3037144 29838
§ 2050 % (Cr-Vsee) o -
H 2 NIST364
= . 1,440~ 50 131016 1,398 11
o (high carbon)
o " from NIST certificates
40, 17
“ar'c
roon o Table 7. The analytical results for Cr in steel reference
materials by isotope dilution ICP-MS method
ined Vi 34
Ged o DLV RIS
SRR TR PR T T o SRM (Type) Value, cla aecomposition method
’ HNOs+HCI+HF+HCIO,
i N mghkg  HNO» : HCI (L:]) )
Fig. 4. The spectrum peaks of “Cr isotope separated @3:3:1:1
i i i IST361
from molecular ions at the medium resolution 6.940-50 6315-54 6963 103
{R=3000). (AISI 4340)
NIST362 ) )
. 3,000 100 300256 3025 40
A GBAEENEY T Nig} Crg 24T 9, 3 (AISI 94B17)
Bagel e FFARS £42Y & ulasty) 9 MSES -0 s 13283 38
s HNO:Z} HCIS 112 393 202 A28 =9 7 (CrV sl
. N s NIST364
-2 A7)0} HF®} HCIO.& #H7lste] A|8§ B8list 3 i carbon 63050 07~ 1 6332
. = - igh carbon)
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