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1. Status of GD-MS use in TANAKA "

» GD-MS (VG9000) installed in 1997, analyzing trace elements in various
precious metals and their alloys.

» GD-MS (AstruM) made by Nu Instruments installed in 2015

» Spark-OES, Spark-ICP, and GD-MS utilized
for trace element quantitative analysis of solid samples.

P At the beginning in-house standards prepared were used, then in 2009
CRMs from LBMA and LPPM were available for GD-MS analysis.
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2. Characteristics of GD-MS(1/2) 422
Comparison with Spark-OES

Spark-OES

Sample Flat plate Flat plate or Pin

Intensity Depend on element even at the same Less dependent on element.
concentration. (Depend on isotope abundance.)

Detection Limit | Approx. 1 mg/kg Approx. 0.01 mg/kg

Elements Fix wavelength when installed Choose mass when measured
Analyzed elements are limited Can measure 60 elements

Interference Hard to analyze alloys GD-MS in the market adopt
because of spectrum interferences double focus system.

Few mass interferences makes alloys analyzed.

Time Approx. 1 min/sample 1~2 hour/sample
Price Relatively low Expensive
Application Daily analyses for single matrix materials Development. Support analysis for another
— analysis results. —
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Characteristics of GD-MS (2/2) 2

» Approx. 0.01 mg/kg level can be detected in a solid sample.
P Intensity is less dependent on at the same concentration element.

» Without standards, intensity ratio (analyzed/ matrix element) can be
treated as approx. concentration.

» Compared to optical analyses, mass analysis has less interference, and
isotopes facilitate to find the cause of interferences.
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3. Configuration of GD-MS AstruM
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4. Measured values by GD-MS "

(1) lon Beam Ratio
(2) Semi Quantitative Value
(3) Fully Quantitative Value

» (1) lon Beam Ratio (IBR)

The ratio of the intensity of the analyzed elements to that of the
matrix element, considering isotope abundance.

Ix: Intensity of analyzed element
_ Lnatrixz:  Intensity of matrix element
IBR = (lx/Abdx)/(IMatrix/AbdMatrix) Abd,: Abundance of analyzed element

Abd,, gtrix: Abundance of matrix element

Sometimes, treated as the approximate concentration.

Copyright © TANAKA KIKINZOKU KOGYO K.K. All Rights Reserved. P Bt i e @ TANAKA



8/22

» Relative Sensitivity Factor (RSF)

Actually,
IBR must be corrected for the accurate analysis by RSF.

RSF is defined as below.

o - = RSF * IBR Ix: Intensity of analyzed element
matrix Latrix:  INtensity of matrix element
Ix + Abd Cx: Concentration of analyzed element
— RS X Cmatrix: Concentration of matrix element

I matrix * Ab dmatrix
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» (2) Semi Quantitative Value : = Value(Semi)=IBR X RSF

In the absence of a standard sample,

Semi

RSFs for various matrices are sometimes calculated from known Fe-based RSF supplied by
the manufacturer and the paper*. (- RSF;

emi ),

. RSFAnalyze EL on Fe Base
RSFsemi =

*:Relative sensitive factors in glow discharge mass spectrometry

RSFyatri
Matrix EL on Fe Base (W.Vieth et.al, Spectrochimica Acta, 1991, 46B, 137-153)

A gquantitative value obtained by using RSF(semi) and IBR is called Semi Quantitative value
or Value(semi).
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» (3) Fully Quantitative Value :' Value(Full)=IBR X RSF

To determine the relative sensitivity factor , the best way is measuring the
Certified Reference Materials. (= RSF¢,)

RSF.,, = (Certified value of CRM)/ IBR

The concentration of an analyzed element is determined by the IBR observed
and RSF. .

Copyright © TANAKA KIKINZOKU KOGYO K.K. All Rights Reserved. P Bt i e @ TANAKA



11/22

5. Comparison of measured values in GD-MS

The measured values for each matrix will be compared from
the following pages.

» Measured CRM  Au:  LBMA AuRM1, RM2, RM3
Ag: LBMA Ag RM1, RM?2
Pt : LPPM Pt RM1, RM2
Pd:  LPPM Pd RM1, RM2

» Compared Result IBR
Value (Semi): IBR X RSF,,.
Value (Full) :IBR X RSF_,
Note: Quantitative values from RM1 were derived from the calibration curve from RM2,
and vice versa.
P Criteria : Ratio should be within 0.9 and 1.1.
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6. Verification results using CRMs
Comparison by ratio to Certified values

AU LBMA RM1, RM2, RM3

>

X O
————— 09 —1-----1.1 x [BR o Value(Semi)} e+ Value(Full) X
L6
=
©
> g ¥ %
O
L oW
g
=4
[ -
)
© 3
O
)
© 2
s
©
(a'el

Ag A A5 B Ca Cr Cu Fe Mz  Mn M Pl Pad Pt Rh Sb s5e 5i 3n Te Ti Zn

Certified Value (mg/kg)

R 200 96 145 304 96 84 135 16 301 97 9.8 9.8 97 m: 73 87 118 94 97 407 105 103
R 996 283 471 4y 20 237 316 an1 949 282 28.2 289 292 02 896 113 374 240 294120 316 a1
Rra 4456 370 210 134 286 253 264 122 R 126

IBRs (x) deviate from the certified values.
The Value(semi) (O) is closer than IBR, but still far.
The Value(Full) (@) within 0.9 to 1.1.
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)
Selected Elements in Au by GD-MS EAA
Concentrations from different calibration methods, mg/kg -l
Element Value(Semi), [ Value(Full), @ Certified

RM1 13.1 17.6 20.1 20.0

Ag RM?2 66.5 89.5 103.6 99.6

RM3 2,808 3,780 4,255 4,456

RM1 12.1 23.1 14.0 13.5

Cu RM?2 29.6 56.5 34.8 31.6

RM3 256 489 280 317

RM1 16.7 8.9 /7.3 /.3

n RM?2 90.3 48.3 39.6 39.6

_ — = -
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Comparison by ratio to Certified values
Ag LBMA RM1, RM?2
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Certified Value (mg/kg)

BW1 78 190 61 Fa B0 G628 302 224 138 88 GG afh B2 bh 134 4h 230 100 4892 47 264
RM2 618 5h 262 408 235 88 1105 157 493 161 106  BE 231 209 46 236 86 B4E 45 381 B2

The Value(semi) tends to be high in the Ag matrix.
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Selected Elements in Ag by GD-MS {:)

Concentrations from different calibration methods, mg/kg

_ - LBMA
Element RM IBR, X Value(Semi), O Value(Full), @ GOODDELIVERY
RM1 10.6 7.9 6.2 6.1

Au
RM?2 44 .9 33.4 25.7 26.2
RM1 26.7 37.9 30.9 30.2
Cu
RM?2 95.6 135.5 107.9 111
RM1 13.9 9.8 4.8 55
Pt
RM?2 60.0 42.5 23.8 20.9
o RM1 439 17.4 114 13.4
RM?2 17.7 7.0 54 4.6

_ — = -
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Comparison by ratio to Certified values
Pt LPPM RM1, RM?2

7

————— 09 —1.0 -----1.1 x IBR o Value(Semi) = WValue(Full)

Ratio to certified value

Certified Value (mg/ kg)

FM1 138 4§39 &Y 117 - - 93 261 124 2040 110 123 10k 133 114 195 47h 406 - G2 - 49 12
RM2 448 347 287 519 186 195 472 4908 854 BOZ2 414 338 953 1016 R1E 499 131 Y0 118 392 202 495 3hb

The Value(semi) tends to be low in the Pt matrix.
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Selected Elements in Pt by GD-MS TN o

Concentrations from different calibration methods, mg/kg

RM1 5.5 /.8 13.1 13.9

Ag

RM?2 18.8 26.5 47.5 44 8

RM1 4.5 4.7 10.1 11.7
Au

RM?2 22.8 23.9 60.0 51.9

RM1 13.7 27.5 23.3 26.1
Cu

RM?2 53.6 107.1 101.7 90.8

RM1 18.1 10.2 13.4 13.3
Rh

RM?2 137/.5 77.0 100.9 101.6

—
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Comparison by ratio to Certified values 18/22

Pd LPPM RM1, RM2
7

————— 09 —1 -----1.1 x IBR o Value(Semi) e Value(Full)

Ratio to certified value

Certified Value (mg/kg)

RMm1 111 124 8992 25 a8 44h 11 111 7 223 238 bd44 132 H44 BEE 105 82 Al 123 4hb
Rm2 955 ] 16 95 175 93 921 451 186 434 10.1 G 228 133 &b 423 119 444 174 108

The deviation of Value(semi) in the Pd matrix is tend to be smaller than that in other matrices.



Selected Elements in Pd by GD-MS

Concentrations from different calibration methods, mg/kg

RM1 5.0 9.4 10.6 11.1

Ag

RM?2

RM1
Au

RM?2

RM1
Cu

RM?2

RM1
Rh

RM?2

45.3

56.7

8.2

5.8

50.9

84.4

20.2

84.7

59.4

8.6

11.7
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14.4

10.6
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13.3
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7. Fineness evaluation
Au
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» The fineness from IBRs ( X ) was deviated from that from the certified values.
» The fineness from Value(semi)([d) approached to that from the certified values, but

not enough.

» To determine the accurate fineness, we must use the concentrations from the Value(Full) (@)

obtained by measuring the Reference Materials.
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8. Summary
» The measurement results by GD-MS detected at low concentration has

been verified.

» Au and Ag CRM (LBMA) and Pt and Pd CRM(LPPM) were contributed for
verification.

» The measured values obtained by the RSF(Full) were the most accurate.

» The ratios of the measured values obtained by the RSF(semi) were
frequently out of range from 0.9 to 1.1.

{: The CRMs provided from LBMA and LPPM are suitable to verify your analysis methods.

For requiring more assured values, it is recommended to acquire these CRMSs.
LBMA
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