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Abstract: The present study analyzed standard samples of three types of aluminum matrix certified reference
materials (CRM) using GD-MS. Calibration curves were constructed for 13 elements (Mg, Si, Ti, V, Cr,
Mn, Fe, Ni, Cu, Zn, Ga, Sn, and Pb), with the slope representing the relative sensitivity factor (RSF).
The x- and y-axes of the calibration curve represented ion beam ratio (IBR) and the authenticated value
of the standard sample, respectively. In order to evaluate precision and linearity of the calibration curve,
RSD and the coefficient of determination were calculated. Curve RSD for every element reflected high
precision (within 10 %). For most elements, the coefficient of determination was > 0.99, indicating excellent
linearity. However, vanadium, nickel, and gallium curves exhibited relatively low linearity (0.90~0.95),
likely due to their narrow concentration ranges. Standard RSF was calculated using the slope of the curve
generated for three types of CRM. Despite vanadium, nickel, and gallium exhibiting low coefficients of
determination, their standard RSF resembled that of the three types of CRM. Therefore, the RSF method
may be used for element quantitation. Standard iron matrix samples were analyzed to verify the applicability
of the aluminum matrix standard RSF, as well as to calculate the RSD-estimated error of the measured
value relative to the actual standard value. Six elements (Al, Si, V, Cr, Mn, and Ni) exhibited an RSD
of approximately 30 %, while the RSD of Cu was 77 %. In general, Cu isotopes are subject to interference:
Cu to M*Fe’*-*Ar and ®Cu to **Fe-AI’" interference. Thus, the influence of these impurities may have
contributed to the high RSD value observed for Cu. To reliably identify copper, the resolution should
be set at >8000. However, high resolutions are inappropriate for analyzing trace elements, as it lowers
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ion permeability. In conclusion, quantitation of even relatively low amounts of six elements (Al, Si, V,
Cr, Mn, and Ni) is possible using this method.
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Table 1. Operating condition of glow discharge mass spec-

trometer
) ) Voltage 2 kv
Glow discharge ion Current 1.6 mA
source Gas Ar (6N)

(Direct current type)

Table 19 YERAATE Al Al % Al Gas flow rate 1 em®/min
Mass resolution > 4000
Magnetic Analyser Vacuum CO[lditiOl’l Turbo pump 1077 mbar
tiexapoies Electrostatic Analyser Rotary pump 1073 mbar
Pre-sputtering time 60 min
Discharge cell Tantalum flat cell
Sample mask 10 mm
Adjustable Hexapoles
Collector Slit , tenses —|.—{ Adjustable Extraction 750
» ost = | source Siit i
Multiplier Accalération 60 Source |~ 5T Beam centering 518
Detector Beam set Delta V 576
Faraday Cup
Delta Z 524
Fig. 1. Schematic of glow discharge mass spectrometer. Coolant temperature 77K (LNg)
Table 2. Analysis of Aluminum matrix CRM by GD-MS
CRM 1255b 51XG00 H4 51XG00 H3 Calibration
Slope
RSD NY% RSD Y RSD NY%
Element IBR . RSF IBR . RSF IBR _ RSF RSF
(%) (mgkg™) (%) (mgkg™) (%) (mgke™)
Al Matrix Matrix Matrix Matrix
Mg  2,103.90 5.11 3,822 1.82 304.5 8.60 540 1.77 4281 9.92 77 1.80 1.81
Si 59,158.11 426 72,980 1.23 409.24 5.55 250 0.61 8,681.02 3.66 8,950 1.03 1.24
Ti 4,259.46 12.98 1,535 036 1,017.04 6.47 300 0.29 165.88 9.03 43 0.26 0.36
A% 737.88 5.54 324 044 591.98 6.00 210 035 329.79 591 142 043 0.42
Cr 100.57 5.94 150 149 420.22 5.81 600 143 706.48 7.64 950 1.34 1.32
Mn 466.23 5.73 527 113 712.8 5.14 800 1.12 1,933.73 8.85 2,100 1.09 1.06
Fe 1,585.73 9.34 1,170  0.74  1,091.15 7.27 830 0.76 3,716.05 4.31 3,130  0.84 0.88
Ni 141.26 4.55 179  1.27 297.08 4.45 330 1.11 128.28 4.69 115 0.90 1.14
Cu 377.14 734 1,161  3.08 152.83 3.63 480 3.14 1,292.25 531 3,990  3.09 3.08
Zn 227.06 3.20 842  3.71 513.73 2.69 2,000 3.89 275.67 6.97 970  3.52 4.13
Ga 65.75 4.66 175 2.66 140.45 6.23 330 235 43.97 9.25 100 2.27 2.30
Sn 7429 6.58 1,334 1.80 14437 5.28 280 1.94 45533 6.72 830 1.82 1.76
Pb 84 3.69 182 2.17 107.3 5.38 200 1.86 3189 4.86 550 1.72 1.60
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Fig. 2. Calibration curve of Aluminum matrix CRM analysis for (a)Magnesium, (b) Silicon, (c¢) Titanium, (d) Vanadium,
(e) Chromium, (f) Manganese, (g) Iron, (h) Nickel, (i) Copper, (j) Zinc, (k) Gallium, (I) Tin, (m) Lead
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Table 3. Comparison of quantification of various matrix.

CRM Al matrix Fe matrix CRM Conversion Fe CRM IBRx Fe Sample
Num CRM (1265a) Conversion RSF (1265a)
RSF RSF o SV RSD
Element [AI=1] IBR [Fe=1] Quantitative (mg'ke) %)
Al 1.00 5.19 1.11 5.77 7.00 14.00
Si 1.24 50.35 1.36 68.67 80.00 11.00
\Y% 0.42 8.09 0.46 3.74 6.00 33.00
Cr 132 29.40 1.45 42.69 72.00 36.00
Mn 1.06 32.33 1.17 37.69 57.00 29.00
Fe 0.88 Matrix 1.00 Matrix Matrix Matrix
Ni 1.14 204.84 1.25 256.87 410.00 32.00
Cu 3.08 5.38 3.39 18.24 58.00 77.00
Table 4. Element-related mass spectral interference
Element
Interference Mass AM Resolution
Isotope Mass Abundance
SCu 62.92959 69% Mpe? SAr 62.93735 - 0.008 - 8,124
Cu 62.92959 69% Mpe? BAr 6293254 - 0.005 - 13,699
SCu 62.92959 69% 31p 160, 6296358 - 0034 - 1,853
SCu 62.92959 69% 414,'°0 6294667 - 0017 - 3,689
SCy 62.92959 69% A1, PNa 6295214 - 0023 - 2,794
Cu 64.92778 31% Bre? 2TAL 6492879 - 0.001 - 65,217
Cu 64.92778 31% SBpe? BAr 6493418 - 0.006 - 10,180
Cu 64.92778 31% OT4,1°0 6494278 - 0015 - 4333
Cuy 64.92778 31% YA Mg 6494821 - 0020 - 3,182
Cuy 64.92778 31% 328 338 6494352 - 0016 - 4,130
1607Fd S W, Abundance”} 31%¢1 ®Cue SFe*- ABolM = 78 940 Fg FA4d ex7F A &
Ar, SFe-APY, ¥Ti-'°0, “Ar-*Mg, ¥S-FS 5 74 & Astr, 2] 94 AL dFrE 9 5T 94
wh=r}, s of tiallAle vld A& k= A& Aol 7h53t
SR AL GCue] F*Fe30Ara $Cue] BFe?*Ar, FFe- 7o 2 gelx .
AP E AL E¢E REES £35l% 50000]52
T8 7}53lth Tuble 25 B 2 A3 ALEE X 4.2 =2
ZA 2O E Na, PALE TRE0] A @3 B3 7}
291 of2 23} mfad|F*MA-P M)+ I ES & GD-MSE &8&3lod Al T/ &Fvw vz £
5ol Hol A& 7} st} = NBEE B3] 1359 92Mg, Si, Ti, V, Cr,
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=
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