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PHBHD%E Table 1 IZF &, 7vHE, 7aLi,
#, TN, XYL, YT LAIIHLT, FRENRT
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VA, LYY AN TNLTFEROE OERMAESTE %
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#Ca(2.09%) ZHO BTN RSBV, FFVIETN
TORNEO—EA 4 v HE) TFYDOMfi4 4+ VICE
HU, HFIYLLFEROFORENEO—M A 4 > b
FNRTCENT TV EBBREPEA ULl A VICEH

Table 1 Interfering ions in the determination of impurities in molybdenum

Isotope Abundance, % Interfering ion Isotope Abundance, % Interfering ion
Top 100 382 108pg 26.46 2Mo'*O*
139K 93.25 3BArH ™ 110cd 12.49 “Mo'*O*
*0Ca 96.94 H0ArY g 12.80 “Mo'°Ot
46 8.0 M2t 120d 24.13 BMo'fOt
474 7.3 Mot 13Gd 12.22 Mo'Ot
8Ty 73.8 BMo2t g 28.73 %Mo'*O*
975 5.5 BMo?+ 16cd 7.49 100180+
50T 5.4 100p 12+ 128 31.69 2Mo®Ar "
520 83.79 3BAr6Q T 130T 33.80 2Mo38ArT
156 e 91.72 A0 * “Mo*Ar*
7*Ge 36.5 3BACArt 138Ba 71.70 BMo*Ar T
8Se 23.5 3BAHOALT 1000 10%8Ar Y
80ge 49.6 HOAH0A LT 40Ce 88.48 1000 fo*0ArT
93Nb 100 2MoH ™t Hadyy 30.67 2Mo®?Mo ™

t No interference under resolution of 4000 or more
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Fig. 1 Effect of discharge voltage on the ion cur-

rent for trace elements **Cr, '**W and matrix ele-
ment %Mo
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Fig. 2 Effect of discharge voltage on the ion cur-
rent ratio of trace element to matrix element ®*Mo

Table 2 Effect of discharge voltage on the analyti-
cal results for Mg, Cr and Fe in molyb-

denum
Voltage/ Order of Mg, Cr, Fe,
kv measurement  ppm ppm ppm
0.67 4 12.2 23.7 26.6
0.76 5 10.3 23.1 25.3
0.80 6 11.1 23.0 25.2
0.83 8 11.0 23.0 24.2
0.87 3 11.3 23.4 25.5
0.89 9 9.4 23.1 23.9
0.95 7 10.6 22.7 22.8
0.98 10 10.1 22.6 23.1
1.02 1 9.6 23.0 22.9
1.09 12 9.0 23.1 22.8
1.13 11 11.3 23.2 22.9
1.20 2 9.3 21.4 22.6

Sample : Jhonson Matthey molybdenum rod (batch
No. 31825). Certified (ppm): Mg 10.5, Cr 30, Fe
25
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Fig. 3 Effect of preliminary discharge time on the analytical values of

C, Na and CI.

A: Sample No. 5, B: Sample No. 2
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Table 3 Analytical results of 37 impurities in molybdenum samples, ppm

No. 1 No. 2 No. 3
Element RSFT ~
GD-MS Others GD-MS Others GD-MS Others

B (11) 1.16 <0.005 <0.005 <0.005
¢ (12) 4.49 0.31 <5¥ 0.05 9% 3.1 624
N (14) 0.04 0.11 0.10
o (16) 11.8 3.1 <59 7.2 30" 38 132
Na ( 23) 1.81 0.005 <0.05 1.93 <19 3.68 2¢)
Mg( 24) 1.38 <0.005 0.001% 1.35 29 2.56 29
Al ( 27) 1.23 0.009 0.001¢ 0.20 19 0.52 b
Si (28) 1.65 0.39 6.08 109 187 2409
P (31) 2.82 0.08 9.46 4.78
S (32) 3.49 <0.005 0.49 0.19
Cl ( 35) 0.02 0.03 0.05
K ( 39) 1.08 0.05 <0.05% 13.4 119 250 999
Ca ( 44) 0.50 <0.05 0.0019 17.1 339 23.1 20
vV (51) 0.50 0.047 2.02 1.23
Cr ( 52) 1.98 0.013 0.004" 13.3 149 29.6 249
Mn( 55) 1.30 <0.005 <0.001% 1.61 <19 2.05 <19
Fe ( 56) 0.89 0.008 0.007% 23.5 299 56.4 66%
Co ( 59) 0.98 <0.005 0.33 1.79
Ni ( 60) 1.35 <0.01 0.0019 26.1 - 299 35.8 53
Cu ( 63) 4.60 0.045 0.039 2.6 o9 3.0 34
Zn ( 64) 5.16 0.05 0.0019 1.9 <19 2.3 <P
Ga( 71) 4.08 <0.05 0.35 0.11
Ge ( 73) 5.11 <0.1 <0.1 <0.1
As ( 75) 4.54 0.01 7.2 . 2.4
Se ( 77) 2.91 <0.1 <0.1 <0.1
Sr ( 88) 0.59 0.15 0.30 0.23
Y ( 89) 0.49 0.15 0.18 0.11
Zr ( 90) 0.76 0.45 0.48 0.32
Ag (107) 3.85 <15 <16 <l1.1
Sn (119) 2.20 <0.1 0.5 2.2
Sb (121) 4.70 <0.05 0.37 0.30
La (139) 0.67 <0.005 <0.005 <0.005
Au (197) 1.81 <0.1 <0.1 <0.1
Pb (208) 2.29 <0.01 <0.01 <0.01
Bi (209) 3.62 <0.0} <0.01 <0.01
"Th (232) 0.54 0.00058 0.0003°) 0.00098 0.0051° 0.00036 0.0076%
U (238) 0.72 0.00012 0.0001¢ 0.022 0.0042% 0.030 0.0090°

t VG recommended, defined as unity for Mo; $1 50 scans ; a) combustion/IR absorption ; b) vacuum fusion/pres-
sure measurement; c) furnace AAS; d) ion exchange/ICP-AES; e) ion exchange/electrothermal vaporization-

ICP-AES

D EIE, O “HESE RSF HEMETY) 77 DOERE
SIS EY LD EHM L TLL, »D GD-MS
PHEN~ M) v 7 ZRO/NSOWAIETH S LEED
NTWVWAHBIEBLEIHLTVS, REXBEICIONVTIE,

ppm A — Y —DEBIHVEELFHEZEL, ERS
FEENH Mk CHEL 2 &, GD-MS IZBWT L6145+
Bz bY v 7 2R E2ZI X3 <, #HHELZ RSF A
WHEYTH BN EIPEMTHY, KELFA—HLLE

BELVHDEEZOND. 7TV EFYTAIIDONT
&, 51 E 50 ST 2 EITE > T 1ppb LLTFD
EBLIRETHY, A7 D707 4 Vi HEET
BRI TR & 49 100 ppt BB X N, Higa, Y Y
L, BRIZTONWTOSEERIZIE, BAOLLOYESS T
TWAHHEEH S A SN DTINS EF EHT Table 4
NN OB A

e, RAUATFERDORE DL O
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Table 4 Analytical results of Zn, Ga and Ag in molybdenum by using their several isotopes, ppm

Isotope Abuno(/iance, Sample ~ Major

o No. 1 No. 2 No. 3 No. 4 No. 5 interference
5tZn 48.6 0.05 1.9 2.3 0.79 0.95 SN
56Zn 27.9 16.8 25.4 14.6 28.5 21.0 2Mo* A2
58Zn 18.8 29 43 34 48 36 BMo*ALY
9Ga 60.1 10.3 15.6 9.6 17.1 13.0 BMorAL2T
"Ga 39.9 <0.05 0.35 0.11 0.14 <0.05
07Ag 51.84 1.5 1.6 1.1 ‘ 1.7 1.3 t
109Ag 48.16 4.1 4.5 3.1 4.4 3.9 T

1 Not identified

%*Zn(48.6%), *Zn(27.9%), R U ®Zn(18.8%) T®
0, TDHB Zn ik *Ni(091%) LEHET LI,
Sy T ZOEBPOMERINOERICIEFEZ B,
BEMET) 77y eEt s ®#BHConT, L3 E
ik zZHOIERTE, WEhd %Zn RO %Zn % H
NWTELNIAHED Zn ZHOVTE S N OE &
DHIEHEMITKELEZRLUI. Zhid, Table 1 IT%
EDIIEA L Y OMIZ, PMoPArRT, MO AT,
SMo®Ar? ", "M ARt B EDA A Y HSERL, Th
HNFNEN OZnt, BZnt DARY PUICEET S DL
DEEZZHND, REICHY 7 LDV TII,
9Gat(60.1%) # ®Mo At OHEEZ T B f2 o
Ga(39.9%) #Hu TR IE LS50, IO T
i3, '7Ag(51.84%) & '®Ag(48.16%) DL T hEHN
THRUFEOFVEEIT, DL DILRICEN, B
SEZERLEZCE, UL %Zn % PGa 2HUV T2 E
FOERP AV T AEFL &I, 5HARHOVTITE
FEONRENSE SN & EDRFMMA LT, 8
HEEEOZ VWS HBHICOVT, COLIICBOEE
BNEAH L BEZHL, COBBIITALSIPDYE
BEATELDEBRU.

GD-MS &2 D5, BEtEr» 5, SHESBOHN
ML EHEATICSIDbULWHETH - 2. BHEETWR
RSF & VG Elemental RO LD 2 b X5 58/
WS, ENTHELDOTRIC PV THEINEIFHERZE
fz. HICIEHSORL L2 32 618, N IEE
NIKRDB3 b ULVEBZBWV, RSF IOV TEER
USRS AL, ZOHEICEKELYS5 2 5EREZHH S HIC
THEELIE, FILLVHEARET A2LNENH L. B

E, FRSIHE L vV T LI T ORI OH
E0FRT, #icB RSF &, ZOHERE RSF & DH
DEVWERL, RSFIZHTET Y v 7 ARKELL
OFBEDHEBLERLU T\W5a. YIS EERABOFER %
FoL IS BOFRHEELAHH.,

BN TTFURT VI VITERERT BEAL 4 v D&%
RFBILRICH LT, PHEOEEXZOTROEHE
WP AT, BOTHEOEVWEY 77V 20U, B
ONTIAEE Ny 7 TF 9 FEARUTHIET A2 &S
EZZHNB. LU, COBOIEEMLTELL, &
YT BILRIEDTORED SR N B,
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Determination of trace elements in hlgh purity molybdenum by glow dlscharge
mass spectrometry. Takayuki Mizota®, Tetsuya Nakamura** and Kiyoshi Iwasakr™
(*Material Characterization Laboratory, Kanagawa ngh technology Foundation, 3-2-1,
Sakado, Takatsu-ku, Kawasaki-shi, Kanagawa 213; Quallty Assurance Department,
Yokohama Metal Components Works, Toshiba Corporation, 8, Shin- suglta -cho, Isogo-ku,
Yokohama-shi, Kanagawa 235)

The commercially available molybdenum metals, including a rod (Jhonson Matthey
batch No. 31825) of high purity, were analyzed for their trace impurities by using a
VG000 glow discharge mass (GD-MS) spectrometer equipped with a highly sensitive
glow discharge cell, the so-called “Mega cell”, and a liq. Ny sample cooling system. The
samples, mechanically shaped in rod form (2.3 mmX2.3 mmX22 mm or 2.0~2.3 mm in
diameter and 20 mm in length), were washed with aqua regia and deionized water, and
then dried just before use. Preliminary sputtering in the glow discharge cell was re-
quired for surface cleaning of the sample: 30 min for the determination of most elements
and 2 h for G, O and Cl at ppb level. The discharge current was fixed to 3.0 mA and
the discharge voltage was controlled at 1.00+0.05 kV for the determination. Most of the
elements at ppm level could be determined with a RSD of 3% or less. However, the de-
termination of titanium was quite difficult because the overlap of doubly charged Mo ions
on all isotopes of singly charged Ti ion is unavoidable under the adopted resolution of
4000 or a little higher. For the typical 16 elements which could be determined by
ICP-AES, furnace AAS etc., the analytical values obtained by GD-MS were in good or
reasonable agreement with those by other methods except for C, O and ppb—~ppt levels
of U and Th. These results suggest that the VG recommended relative sensitivity factor
used in this work is applicable to the analysis of high purity molybdenum metals.

(Received January 31, 1992)

Keyword phrases

glow discharge mass spectrometry; determination of impurities in high purity
molybdenum; isobaric interference caused by Mo and Ar.
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