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Are there further challenges for ICP-OES in precious

metals beyond the ISO regulations?

Dr. Dirk Wistkamp, Senior Product Specialist ICP-OES, SPECTRO Analytical Instruments GmbH



ISO/TC 174 - Jewellery and precious metals

Precious metal Fm;rless Recommended method
50 - 990 ISO DIS 19919 (DIN 32562)
333 -990 ISO 11427 + 13756
800 - 990 ISO 11427 + 13756
ISO/TC 174/WG 1 A8 > 999 SO 15096 + 18214
Methods for 999.9 SO 15096
determining fineness 999.99 SO 15096
100 - 999 1SO 11426
50 - 990 ISO AWI 25644
AU > 999 1SO 15093 + 18214
999.9 ISO 15093
999.99 1ISO 15093
999.999 ISO 5724
50 - 990 1SO 11210
Pt <990 1SO 11494
> 999 1SO 15093 + 18214
50 - 990 1SO 11490
Pd <990 1SO 11495
> 999 1SO 15093 + 18214
WSPECTRO AMETEK




ISO 15096 - DSOI - Limit of detection in 50 g/L Silver

What purity level can be
assessed by ICP-OES ?

Lime e L [y T B | oo Line mrm me L o em mgekg
Al 187078 ooDoos ouo = Mo 202 085 O_OiD T o.o1 =
As 1853047 oooas ouoT = M 316340 LERH b o.os = LOD < 4 mg/kg
Sy 174050 oooos o15s = Mi 231 604 omns o.o9 =
E Z49.F7=F Doo13 ouo= = F 177 295 LR b o.o4 = 9909996
Ba Z33.527 ooDoo3 ouDos = Fb 1683.215 o2 o.o4 1
Be 234 8851 DDOOoDE o Do = Fd 324 270 oozs o= 10
Ei 223 &1 Doos o9 = FtZ14 423 D2 o.0s =
Ca 396 847 ooz o.ns = Fh 233 477 oois o= =
Cd 214 438 ooooo3 o Dos = *Ruw 240272 onza o473 =
Co Z235_8392 DDos o1z = = 182 .034 oS o.os =
Cr 2ET7_-716 oooo ooz = Eb 217.5E1 ooDDa o.o8 =
Cou Z19_22%6 Do o.ns 1 1O= Se 1968090 LERE HE- o.o7 5
Fe 259_941 ooDoos ouo 1 Emn 189.991 o o.o3 =
Ga 141_444 oooo7T o1 = Sr 0T TT1 . DO O e 2 =
Ge 164 919 ooDos o.ns = Ta 226230 [EIE S o.o9 =
Hf Z6&£_141 ooz oD = Te 214 Z351 [ERE HE- o.o3 5
Hg 1384 950 ooz o.n3 = Ti 334187 o o.o3 = ASTM B413—97a
Im 158 EE7F Doos o9 = Tl 1908649 LERE HE- o.o9 =
lr 183_250 ooz o.ns = WOZaZ 40Z o o.o3 =
Li 5F0_ 75 oo ouo= = W 2204498 oS L E e | = LOD < 1 mg/kg
kg Z279.553 DDooS o.Do3 = Zn 213 B56 OO E oo =
Mn 2E0.569 | D.DDO3 o.Dos = Zr 339_ 198 o2 o.o4 = 99 9999

.

"Frumt AafFimoad im tha ATTRARA roaotbhooad RAT a7 o

*(5) maximum Limits ASTM 99.99 G SPECTRO AMETEK 44 elements versus 7 elements

MATERIALS ANALYSIS DIVISION



ISO 15093 - DSOI - Limit of detection in 20 g/L Gold

LOD (3o) i OD (30) ess——— ; s +| What purity level can be

solid according to - accornding to
solution ASTM H6Z-95 ASTM HE2Z2-95

matenial  Grade 99.995%) e gssessed by ICP-OES ?

Element

Lime mm moeL kg ok Lime mmm L ko 3 T B Sy |
Z LOD <10mg/kg

Ag 328,068 | 0014 0.7 10 Mi 221.648 0.0007 004 3
Al 167078 0.0002 0.01 = P 177.495 0.0017 0.09 =
As 193.759 | 0L013 0.65 30 Pb 168.215 0.0018 0.09 10 99999
B 182.641 0.0022 0.11 = Pd 324 270 0.013 0.65 10 e \
Ba 455.404 | 0.0003 0.0Z = Pt 177.708 0.012 0.6 = METALOR
Be 313.042 | 0.00005 0.003 = Rh 343 4890 0.033 1.65 =
Bi 223.061 0.013 0.65 10 Ru 240,272 0.005 0.25 = 209 ‘
Ca 396.847 | 0.001 0.05 = S 182.034 0.0095 0.48 = 999 9
Cd Z28.802 | 0.0005 0.03 = Sb 206.633 0.0054 0.27 = FINE GOLD |
Co Z30.786 | 0.0001 0.005 = Se 196.090 0.0047 0.235 = 006207
Cr 283.563 | 0.0013 0.07 3 Sm 189.991 0.0036 0.18 10 G )
Cu 324.754 | D.0026 013 10 Si 251.612 0.0054 0.27 10 %‘% '1%-~3 |
Fe 239.562 | 0.001 0.05 10 Sr421.552 0.0002 0.009 = J, i J
Ge 164.919 | 0003 0.15 = Ti 334 941 000037 0.02 = S
Hg 194.7227 | 0.0039 0.2 = T 190.564 0.009 0.45 = ASTM B 562 - 95
Ir 183.250 0.0038 0.19 = W 292 402 0.001 0.05 =
Li 670.780 0.004 0.2 = W 2390.709 0.03 1.5 = z LOD < 4 mg/kg
Mg 280.270 | 000034 0.02 10 Zn 213.856 0.0003 0.02 =
Mn 259.373 | 0.00022 0.01 3 Zr 343.823 0.0037 0.19 =
Mo Z0Z2.095 | 0.0025 0.13 = 999996

*(5) maximum Limits ASTM 99.995 ( SPECTRO AMETEK 39 elements versus 13 elements



ISO 15093 - DSOI - Limit of detection in 20 g/L Platinum

Element

LOD (3o} in

solution

L (Fow)

material

MNlaximmum hmits
according to
ASTM BS61-94
(Grade 999959}

LD (3] im
solution

LDy (Fcw)

material

Maximunu limits
according to
ASTMNM BS61-94
(Grade 99 99%%:)

What purity level can be
assessed by ICP-OES ?

LOD < 24mg/kg

99.997

ASTM B561-94

z LOD <14 mg/kg

Lime mm masL gy mos ko Lime mm L g hog gy o
HAg 338289 oo o.Fz F0 Mo 28171 615 O O3 o.19 40
Al 398152 .ol LU S0 Mk 316.340 O OO .18 =
A= 19T 262 0034 1.72 Z0 M Z31.604 0.2 o111 10
A ZET 593 o_.aTr 034 o0 P 213.618 o013 090 =
B 249 677 000 0_2& = Pb 220_353 0015 074 10
Ba 455404 o.000g .0z = Pd 340_453 o017 o.a7v 20
Be 313.042 L Rn Do el 3 Lnn = Rh 343 489 OO0 201 20
Bi 223 061 o.arr L1y Z0 Ru 245 644 o012 .59 20
Ca F96.8547T LU Dy 0.0 F0 S 182034 o011 .57 =
Cd ZZ6.502 0_0aon .04 S0 Sb Z17.581 030 150 20
Co Z238.8592 o_aZ 010 = Se 196090 o012 0610 =
Cr 283.563 LU Dy 0.0a 10 Sm 147 516 o012 o.61 20
Cu 327 396 0.3 Ly | 40 Sr 421.552 D02 oo =
Fe Z61.187 0.3 o2z o0 Ta Z40.062 0006 0o_31 =
GGa 41 7. 206 a3z 1.61 = Te Z14. 281 O_0=30 152 40
Ge 164919 o.an1 056 = Ti 334941 00O 003 =
Hg 194 237 0.0 0.4 = 132171 0070 348 =
Ir 13&3.250 o0 047 o0 W 29Z 402 o o1 o.o7 =
Li 670 T30 o_aZE .09 = W 220 1493 o009 046 =
Mg 280 270 | 0.1 o.arF J0 Am 213.856 oo ooy 20
Min 25T 611 0_ndm 0.0z T Ar 339198 oo o.o7 =

99.998

*(25) maximum Limits ASTM 999.9

CSPECTRO AMETEK
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42 elements versus 24 elements



ISO 15093 - DSOI - Limit of detection in 20 g/L Paladium

LV (Tl i

What purity level can be
assessed by ICP-OES ?

z LOD < 23mg/kg

99.997

ASTM B589-94

z LOD <10mg/kg

Elememnit e
Lime muc L [ B ] e o T Lirnme mrm el e e mgukg
Ay IZTE DS o.oo3 o113 1= Mo 281 . 615 oooo3 o1& =
Al 167 . 0D7S oooo3 o716 S Mb 2659 706 Dooa=s o143 h
A= 225812 ooonS OES = Mi 221 648 ool oU0s LT E ]
Ao 201 ZES o.Dos o_zs T P Z13. 618 | o433 =
B Z49 773 o.oo3 o115 = Pb 168 21% oonaz 2.1 L ]
EBa 455 4209 o.ooosS ooz e Pt 177 _TE LR o_21 e
EBe I13.042 D Doo O Doi0cE = Fe Z27 525 DD o.n1s =
BEi 223 0E1 oon3 O &4 = Rh 242 489 oozs 127 =
Ca 393 _3I66 ooool O.im L=1 0] Rw Z40. 772 oo o_37 =
Cl Z14 438 ooonol o.uns = S 182039 DG o029 =
Cn Z20_T785 oonoz2 o.os 1 Sb Z17.581 | o049 i ]
Cr 267_.T16 ooooz o1 1 Se 196 090 DDE3 3z =
Cu IZ7T_396 D_D0<E o_Z1 S S 251 612 ool Z o538 b ]
Fe 261_187 DDo o135 S Sn 147 516 oSS zaoz L E ]
Ga 141_444 oooz21 1.03 = Sr 407 7T Do oo =
e Z09. 4726 ooor1 o5 h Ta 290 063 oomTa o555 h
Hf ZF7_336 [ER i o135 = Te 214 281 oual o449 =
Hg 194 227 L E o1 = Ti 3IFE_121 LN D o.os =
I 158 637 ool F o.87F = T 1TEFEZ2_171 o7 349 =
Ir 183 250 DDnSs n_Zzs = WOZSZ anF LEL I HD | oo =
Li S7F0O.730 D DO3 o133 = VW 207911 LML EE o_21 =
Mg ZF9.553 ooz o.os S Fn 21 F 856 O D0oa o0z ]
M 260569 | D.DD0OS ooz 1 Zr 343 B23 oDz o0& =

99.999

*(25) maximum Limits ASTM 999.5

CSPECTRO AMETEK

MATERIALS ANALYSIS DIVISION

42 elements versus 20 elements



other precious metals

ASTM - Fineness of other precious metal alloys

. ASTM Fineness Element
Precious
metal . .
specification %o
998 Pt, In, Pd, Ru, Pb, Sn, Zn, As, Bi, Cd, Fe
999 Pt, In, Pd, Ru, Pb, Sn, Zn, As, Bi, Cd, Fe, Si, Ag, Au,
Cu, Ni, Te, Mg, Ca, Al, Cr, Mn, Sb, Co, B
Rh B616-96
9995 Pt, In, Pd, Ru, Pb, Sn, Zn, As, Bi, Cd, Fe, Si, Ag, Au,
Cu, Ni, Te, Mg, Ca, Al, Cr, Mn, Sb, Co, B
998 Rh, Pt, Pd, Ru, Pb, Si, Sn, Zn, As, Bi, Cd, Fe
Ir B671-81 Rh, Pt, Pd, Ru, Pb, Si, Sn, Zn, As, Bi, Cd, Fe, Ag, Au,
999 .
Cu, Ni, Cr
998 Rh, Pt, Pd, Ir, Os, Fe, Si, Cu, Ca, Sn, Ag, Na, Au
Ru B717-96
999 Rh, Pt, Pd, Ir, Os, Fe, Si, Cu, Ca, Sn, Ag, Na, Au
WSPECTRO AMETEK




ASTM B616-96 — DSOI - Limit of detection in 25 g/L in Rhodium

LOD 3s solid SIS e S AaEs
e ASTM B616-96 Element ASTM B616-96
s (Grade 99.95%)  Line [nm] (Grade 99.95%)
[mg/ka]

Ag 338.289 47 0.19 50 Na 589.592 T 0.42 =

Al 167.078 0.47 0.019 50 Nb 309.418 25 0.10 =
As 189.042 10 0.4 30 Ni 300.249 14 0.56 30
Au 242.795 1 0.45 30 P 138.147 57 23 =

B 182.641 2.2 0.089 10 Ph 220.353 9.0 0.36 50
Ba 455.404 0.21 0.008 - Pd 324.270 13 0.51 50
Be 313.042 0.039 0.002 - Pt 177.708 13 0.53 200

Bi 223.061 5.9 0.36 50 Re 221.426 14 0.56 -

Ca 396.847 0.24 0.009 50 Ru 240.272 8.6 0.34 100

Cd 226.502 1.2 0.047 50 S 166.668 29 1.2 =

Co 228.616 1.7 0.069 10 Sh 217.581 9.2 0.37 30

Cr 267.716 1.4 0.057 50 Se 196.090 31 1.2 -

Cu 324.754 1.2 0.047 50 Sn 140.045 7.1 0.29 30

Fe 238.204 25 0.10 30 Sr 421.552 0.16 0.006 -

Ge 164.919 6.4 0.26 - Ta 226.230 12 0.49 -

Hf 264.141 5.9 0.24 - Te170.000 29 1.2 50

Hg 194.227 16 0.18 - Ti 334.941 0.58 0.023 -

Ir 224,268 93 0.37 200 T1132.171 66 26 -

K 769.896 62 25 - Vv 292.464 23 0.092 -

Li 670.78 1.3 0.052 - W 220.448 9.6 0.38 -
Mg 280.270 0.077 0.003 50 Zn 202.613 1.4 0.055 30
Mn 403.076 18 0.71 50 Zr 339.198 316 0.14 -
Mo 203.909 2.8 0.11 =

*not defined in the ASTM method B616-96

What purity level can be
assessed by ICP-OES ?

z LOD < 20mg/kg
99.998

chimet

REFINING AND FINE CHEMICALS

ASTM B616-96

2 LOD <7mg/kg
99.9993

CSPECTRO AMETEK

MATERIALS ANALYSIS DIVISION

45 elements versus 24 elements



ISO 15096 - DSOI - Spike Recovery in 25 g/L Rhodium

Spike Recovery Multi Element Standards

- CCS2 0,1mg/l 2 2mg/kg
Spike Recovery at 0.1 mg/L Level [3] - €Cs5  01mg/l = 2mg/kg
) ! &/ 4 - MerckVI 0,1mg/l 2 2mg/kg

140
135
Pl
Re
110 - =
AL F % W Fr
B Bi & o Fi Ir matie by Pt h Tar ’
-"H‘_ i Babe gt fu s BOHF & L i%py .y !5’ ¥ Ti &"E
100 & A5 - aht *erg +** LR * Ru Ly Tt
{ "
- * i
himet
REFINING AND FINE CHEMICALS
a0

GSPECTRO AMETEK



ASTM B616-96 — DSOI - Limit of detection in 25 g/L in Iridium

. Max. imits Max. limits
L“n[';:}li;.;‘]."" ASTM BC7L81  Elemant ‘"E.i;]‘.“' LS What purity level can be
tmaal smaal assessed by ICP-OES ?
Ag 328.068 34 0.14 200 Nb 316.340 2.1 0.083 =
Al 167.078 0.47 0.019 & Ni 231.604 24 0.098 200
As 193.759 20 0.81 50 P 177.495 11 0.48 = z LOD < 25 m g / k g
Au 174.050 7 29 200 Pb 405.778 76 30 150
B 249.773 11 0.43 = Pd 340.458 11 0.43 500 99 9975
Ba 455.404 0.19 0.007 = Pt 299.797 27 1.1 500 =
Be 313.042 0.033 0.001 = Re 227.525 5.3 0.21 =
Bi 223.061 30 12 50 Rh 343.489 33 13 500
Ca 393.366 0.52 0.021 = Ru 240.272 8.4 0.34 500
Cd 226.502 12 0.49 50 S 143.328 69 28 =
Co 230.786 37 0.15 = Sh 217.581 24 0.95 =
Cr 284.325 23 0.092 200 Se 196.090 46 1.8 o
Cu 327.396 2.1 0.084 200 Sn 189.991 1 0.45 100
Fe 259.941 8.1 0.32 100 Sr 421.552 0.12 0.005 o
Ge 265.118 5.4 0.22 = Ta 240.063 6.6 0.27 = - "
Hf 264.141 6.1 0.24 = Te 214.281 35 1.4 = cn'met
Hg 194.227 13 0.51 = Ti 334.941 0.54 0.021 = REFINING AND FINE CHEMICALS
Li 670.780 1.0 0.041 = T1 190.864 38 1.5 * ASTM B671-81
Mg 280.270 0.14 0.006 = v 311.07 1.0 0.041 =
Mn 260.569 0.29 0.012 = W 224.875 13 0.51 = z LOD < 13 mg/kg
Mo 202.095 35 0.14 = Zn 202.613 1.3 0.053 100
Na 589.592 8.5 0.34 = Zr 339.198 1.2 0.047 = 99 i 99 87

- *not defined in the ASTM method B671-81
L SPECTRO AMETEK 44 elements versus 16 elements

MATERIALS ANALYSIS DIVISION



ISO 15096 - DSOI - Spike Recovery in 25 g/L Iridium

Spike Recovery Multi Element Standards

- CCS2 0,1mg/l 2 2mg/kg
Spike Recovery at 0.1 mg/L Level [%)] - CCS5 0,1img/l 2 2mg/kg
140 - MerckVI 0,1mg/l 2 2mg/kg

130

120

110

Li
Ag As  BaBe . 4 Cu o K Mo NbNIP pg PtRe Ru
100 -A‘I* ,-,‘ cDEF‘FE" HE‘ # *rl.llﬂ "‘ r i & ] SH‘TQE- zn.
* * Ph el o
0 * Ma & h *
* R n

an * 5

0 chimetr

REFINING AND FINE CHEMICALS

GSPECTRO AMETEK



ASTM B616-96 — DSOI - Limit of detection in 25 g/L in Ruthenium

What purity level can be
assessed by ICP-OES ?

Z LOD < 23mg/kg

99.997

chimeft

REFINING AND FINE CHEMICALS

ASTM B616-96

z LOD <8mg/kg

LOD 3s solid B f—— B
D 2 solid | AsTM B717-96 ASTM B717-96
e {Grade 99.90%) {Grade 99.90%)

Ag 338.289 18 0.075 S0 Nb 316.34 40 0.16 -

Al 167.078 0.59 0.024 - Ni 221.648 s 0.14 -

As 189.042 20 0.82 - P 177.495 8.6 0.34 -

Au 242.795 8.5 0.34 s0 Pb 168.215 17 0.67 -

B 182.641 38 0.15 - Pd 360,955 23 0.90 s0

Ba 455.404 26 0.10 - Pt 177.708 70 0.81 100

Be 313.042 0.045 0.002 - Re 221.426 7.4 0.30 -

Bi 223.061 37 15 - Rh 343.489 51 2.0 100

Ca 396.847 0.34 0014 s0 Sh 206.833 76 10 -

Cd 226.502 25 0.10 - Se 196.090 52 21 -

Co 238.892 25 0.10 - Si 251.612 47 18 s0

Cr 283.563 1.7 0.066 - Sn 140.045 8.1 0.32 50

Cu 324.754 20 0.080 s0 Sr 407.771 0.003 0.004 -

Fe 239.562 23 0.2 200 Ta 226.230 12 0.47 -

Ge 164.919 5.9 0.24 - Te 214.281 18 18 -

Hf 277.336 a2 0.37 - Ti 334.941 1.2 0.049 -

Hg 184.950 a3 0.37 . T1 190.864 190,864 190.864 -

Ir 212.681 15 0.58 s0 V 309.311 0.82 0.033 -

Li 670.780 1.8 0.072 - W 207.911 16 0.63 -
Mg 279.553 0.32 0.013 - Zn 202.613 15 0.060 -
Mn 260.569 16 0.062 - Zr 257.139 96 0.39 -
Mo 281.615 49 0.20 -

*not defined in the ASTAM method — BF 17 - 96

99.9992

CSPECTRO AMETEK

MATERIALS ANALYSIS DIVISION

43 elements versus 11 elements



ISO 15096 - DSOI - Spike Recovery in 25 g/L Ruthenium

Spike Recovery at 0.1 mg/L Level [%]

130
120
110 =

Aghl Pl ge

. B Ca "'F'tlH:h

B Cr Fe Mi g Zn
As-ﬁ'."u' ol : R Co J Ge Hg Mﬂ”‘"‘ PPb . n ’ Te v Zr
100 ¢ *%e L " * L+ eM Yo !‘ * "'w*'
. i o MY _"m:- . % BYR, e
s Cd a? * .
*

90
B

Spike Recovery Multi Element Standards

- CCS2 0,1mg/l 2 2mg/kg
- CCS5 0,1mg/l 2 2mg/kg
- MerckVI 0,1mg/l 2 2mg/kg
Dy
"r-.."i-".."- {"'1.5'3
5:-_;;}5:""-"'{;
ruﬂ_e_t-

chimeft

REFINING AND FINE CHEMICALS

GSPECTRO AMETEK



Bracketing - Highest accuracy and precision

Procedure described in :

ISO 11494 Platinum in alloys
ISO 11495 Palladium in alloys
ISO DIS 19919 Silver in alloys

ISO AWI 25644  Gold in alloys

General requirements:

* Mandatory use of an internal standard.

* High precision, weight-based preparations
(analyte and internal standard).

* Repeated measurements (“cycles”) of the sample and
two standards of a lower and higher concentration.

GSPECTRO AMETEK















Consideration of the expanded uncertainty of measurement ISO 11494

Platinum by ICP bracketing

A i
g Part of Umicore

Consideration of the expanded uncertainty of measurement - ISO 11494

recovery rate Pt _ 1S0O 11494 control sample with spectral buffer solution
]
100, 3
106, 3
1002
100
100, 3
100,
1046, 05
—e— recourer
100 — e COrERON limit
— e CONVIrCd] e
a5 — T BTN BT
— U WEN N ML
- = = O 9 S = =

B

FI

101
111

103
i
1
10

Epanded Uncertainty Ucs
UCsS =2"Uc=0.10 %
Uc= combined uncerainty

umicore

GSPECTRO AMETEK



A4S ISO CD 19919 — ILS Silver-wire (Ag/Cu/Zn)
Xt Comparison of Potentiometry versus ICP bracketing
_laboratory | Al | Potentiometry

average M [g/kg]*
M+SD”

Zn

g/kg

1 935.1 48.9 15.6

2 935.3 48.8 15.8

3 935.1 48.8 15.7

4 935.7 48.6 15.6
5 935.0 48.7 15.7 ®
6 | 9353 48.8 15.6 A 0 S I

7 935.1 48.9 15.8
8 935.5 48.6 15.7 Allgemeine Gold-
mean| 935.26 48.8 15.7 999.7 und Silberscheideanstalt AG
SD 024 012 008 Part of the Umicore Group

§ SPECTRO

AMETEK
MATERIALS ANALYSIS DIVISION




ﬁ% ISO CD 19919 - ILS Silver-wire (Ag/Cu/Zn)

A\

Comparison of Potentiometry versus ICP bracketing

Anabyeis msults [ghkg]
Labaorztory Labor 13 | Labor1 | Labor15 | Labord | Labora Labor5 | Labord | Labor7 |03 ] Laborid | Labor2
D36 | G34E | 0345 | 9350 | 9351 | 0350 | 0350 | 9353 | 0358 | 0351 | @52 | @355 | G353 0354 0357 036, 0350 0347
9338 | 8342 | 9352 | 9350 | 9350 | 8350 | 0350 | 9353 | 0344 | 9353 | @48 | G346 | G350 935 6 035 6 9344 0363 036 5
9348 | 9354 | 9346 | 9351 | 9350 | 8349 | 9350 | 9351 | 9357 | 9351 | 9356 | @352 | 9355 935 5 9356 9358 936, 935 B
. , 9340 | 8345 | 9354 | 9340 | 9350 | 0350 | 052 | o340 | 0350 | 9357 | @355 | 9358 | @352 0354 0350 9367 0360 035 B
single resuks - Analysis [pk
B L T 8352 | 9348 | 6353 | 6352 | 6365 835,0 8355 8353 335 9 35,8 4362
TME | G354 9350 | 9853 | 635.2 934.8 5353 9356 9354 9355 3348 936.0
535,1 9351 0352 535,1
9344 9351 035 2 9355
average [g/ka] 934,56 | 93490 | 93495 | 93505 | 03505 | 93508 | 93510 | 93517 | 93522 | 93526 | 93577 | 91527 | 93535 03545 835,70 035,78 035,82 835,00
5 o] 051 | 048 | 04 077 | 014 | 045 | of1 | 020 | 066 | 024 | 035 | 054 0,23 0,11 0,16 1,01 0,79 0,73
ar %] D05% | 0,05% | 004% | 00B% | O01% | 002% | 001% | 002% | 007% | 0,09% | 004% | 006% | 002% | 001% | 002% | @11% | 008% 0,08 %
Max [p'kg] 93530 | 93544 | o3540 | 03655 | 03530 | 93530 | 93523 | easde | 9ssp0 | gas7o | sassr | sasst | saseo 835,63 035,89 035,74 036,91 036,80
Min [o/kg] 033,80 | 93425 | o460 | 03460 | 05400 | 03401 | 03500 | 034,60 | 05430 | 93500 | 93479 | 00457 | G500 035,34 035,48 634,35 034,79 634,70
i - Mexi-Min 150 | 118 | 080 | 185 | 040 | 039 | 023 | 05 | 14 070 | 077 | 1,24 0,60 0,20 0,41 2,30 212 210
quandity [n] 8 B 4 B B B 3 8 4 3 4 ] 3 B 3 1 3 3
average M [akg] 93526 | 93526 | 03526 | 93526 | 03526 | 93526 | 93526 | 93506 | 93526 | 93526 | 99526 | 93526 | 93526 535,26 535,26 535,26 635,26 535,26
M+5D" 93579 | 93579 [ 23579 | 93579 | 93570 | 93579 [ 93579 | 93579 | 93570 | e3s7o [ 93579 | 3579 [ 93579 535,79 535,79 535,79 835,79 535,79
M-S0 03472 | 03472 | 03472 | 03472 | 03472 | 03472 | 03472 | 03472 | 03472 | 93472 | 93472 | 3472 | 63472 83472 034,72 034,72 034,72 83472
Max ™ 036,91
Min™* 33,8 Grubbe 97 5%
Cuanitity™ 105 *outiier-edusied (cakulated from lzbaratory meen values)

*zalculated from indiv idual values

CSPECTRO AMETEK

MATERIALS ANALYSIS DIVISION



Measurement uncertainty at internal reference material

Comparison of Potentiometry versus ICP bracketing

ICP-OES Titration
Ag Cu Sn Zn | total Ag
Results in 602,0(228,9| 29,3 |140,2|{1000.4 Results in
/K Ik 602,2
giKg 6027|228 7| 287 |139.6|999.7 giKg 602.3
Measurement uncertainty 1,3 %o 0,5 %o

AQosi

Allgemeine Gold-
und Silberscheideanstalt AG

Part of the Umicore Group

GSPECTRO AMETEK
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o

A
X

ISO AWI 25644 — ILS gold-wire (Au/Ag/Cu/Pd/Zn)

Comparison of fire assay versus ICP bracketing

Ag Au 267 Cu Pd Zn total

g/kg g/kg g/kg g/kg g/kg g/kg
1 29.07 751.4 86.17 129.6 2.89 999.13
2 29.08 752.6 86.07 129.7 2.89 1000.34
3 29.09 751.2 86.14 129.6 2.86 998.89
4 29.61 752.1 86.33 129.6 2.89 1000.53
5 29.68 752.4 86.30 129.7 2.89 1000.97
6 29.62 752.6 86.12 129.7 2.92 1000.96
7 29.70 750.8 86.22 129.5 2.85 999.07
8 29.62 751.6 86.18 129.6 2.87 999.87

mean 2043 | /51 .8 ] s86.19 129.6 288 | 999.97
SD 0.28 0.64 0.09 0.07 0.02 0.80
RSD 0.94 0.09 0.10 0.05 0.71 0.08
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Multi-element bracketing

Example for precious metal scrap
same procedure as in single element bracketing

Pt Ag Au Pd Ir Rh Ru

g/kg | 20794 3283 81,8 73,87 47,92 11,82 18,66

mg/| 80,90 12,77 31,85 28,74 18,64 4,60 7,26

RSD 0,07 0,12 0,13 0,10 0,23 0,26 0,46

CSPECTRO AMETEK




SPECTRO ICP-OES

HSPECTRO AMETEK



	Slide Number 1
	Slide Number 2
	ISO 15096 – DSOI -  Limit of detection in 50 g/L Silver
	ISO 15093 - DSOI -  Limit of detection in 20 g/L Gold
	ISO 15093 - DSOI - Limit of detection in 20 g/L Platinum
	ISO 15093 - DSOI - Limit of detection in 20 g/L Paladium
	Slide Number 7
	ASTM B616-96 – DSOI -  Limit of detection in 25 g/L in Rhodium
	ISO 15096 - DSOI – Spike Recovery in 25 g/L Rhodium
	ASTM B616-96 – DSOI -  Limit of detection in 25 g/L in Iridium
	ISO 15096 - DSOI – Spike Recovery in 25 g/L Iridium
	ASTM B616-96 – DSOI -  Limit of detection in 25 g/L in Ruthenium
	ISO 15096 - DSOI – Spike Recovery in 25 g/L Ruthenium
	Bracketing - Highest accuracy and precision
	Bracketing - Highest precision and accuracy
	Slide Number 16
	Consideration of the expanded uncertainty of measurement ISO 11494
	Comparison of Potentiometry versus ICP bracketing
	Comparison of Potentiometry versus ICP bracketing
	Comparison of Potentiometry versus ICP bracketing
	Comparison of fire assay versus ICP bracketing
	Multi-element bracketing
	SPECTRO ICP-OES

