Analysis of impurities
IN 99.99 % copper
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Boliden Ronnskar

Boliden operates mines and
smelters in Sweden, Finland,
Norway and on Ireland.

Main products are copper, zinc,
lead, gold and silver.

Ronnskar copper smelter outside
Skelleftea

Concentrates from mines and
electronic scrap

Produces copper, gold, silver and
lead (plus a number of other by-
products)

219,000 tonnes copper produced
yearly
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Laboratory at Boliden Ronnskar
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Process control (24-7)

Raw materials and
products

Environmental
analysis

R&D samples

30 persons working
with analysis

Different instruments
and classical
techniques.

New ICP-MS
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Analysis of pure copper —requirements

Important
Daily
Rapid

ppm level
Elements

Product — sell or discard

Copper produced and shipped 365 days of the year

Samples arriving in the afternoon/evening, results
finished the morning after sampling

Impurities in the ppm/sub ppm level in the solid sample
Ag, As, Bi, Fe, Ni, Pb, S, Sb, Se, Te (and more...)
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Different instruments for the analysis

1988 - 2013 2011 — present 2014 — present
DC-arc Spark-OES GFAAS for solid samples
Could run on solid samples. Can run on solid samples Can run on solid samples
Got too old and needed to be Fast and simple to use Too time consuming
replaced Not sensitive enough for some Other issues

elements (Bi, Sb, Te).
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ICP-MS — advantages and drawbacks

Advantages Drawbacks

« Technique with low detection  Dissolving the sample —
limit. takes time and risk for

- Calibration from standard contamination.
solutions, not depending on - Advanced technique, not
good solid reference suitable for running on night
material. shift with lots of different

- Multi element technique with people involved.
the possibilities to add new * No experience of ICP-MS in
elements if required. the laboratory

» Could be used as a backup » High matrix element (Cu)
for our spark-OES. could be a problem?

« Well established technigque
(but maybe not for our type
of samples)
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Sample preparation

 Easy to dissolve in nitric acid

* 50 ml metal free plastic tubes

* 0.04 — 0.05 g of copper chips

« 2.25 ml HNO; (5 %)

« Wait for a few minutes for the copper to dissolve and dilute to 45 ml.

* Dilution factor 1000 (1 ppb measured equals 1 ppm in the solid sample)
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Method setup

Nine elements

i Element Mass Internal Max.
standard calibration
Recommended masses, except for

Se and Te 50 ppb
All elements measured in KED mode AS [ In 5 ppb
Indium and iridium 5 ppb used as = _— [ 2IRRS
internal standard Fe =Y In 50 ppb
Calibration from 1000 ppm standard Ni 70 Ir 10 ppb
solution made in concentration of 0.5 Pb 208 Ir 10 ppb
—1-5-10-20 and 50 ppb Sb 121 In 10 ppb
Priming with Cu-samples for stability Se 78 In 5 ppb
Te 130 In 5 ppb
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Validation set-up

Linearity of calibration up to 50 ppb
LOD and LOQ at least as good as our current instruments
Precision, accuracy and measurement uncertainty

BAM-M381, BAM-M382, BAM-M383 and BAM-M384 pure
copper reference material analyzed a number of times
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I
(ppm) (ppm) (ppm)

As
Bi
Fe
Ni
Pb
Sb
Se
Te

LOD/LOQ

0.014
0.013
0.001
0.22
0.040
0.008
0.002
0.042
0.004

0.048
0.043
0.002
0.75
0.13
0.028
0.007
0.14
0.012

0.5
0.1
2.0
0.3
1.0
0.2
0.5
0.2
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Precision & Accuracy

* Precision typical between 2 and 10 % » Recovery of reference material typically
between 80 and 120 % for all elements
- Alittle higher (20-40 %) for some except Se
concentrations below LOQ (0,2 ppm and
lower) * Recovery for Se:

160 % at 0.6 ppm
130 % at 1.2 ppm
93 % at 4.2 ppm

Bi result of BAM-M382 Se result of BAM-M382
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Selenium

* Need accurate results down
to 0.5 ppm

e Calibration standards OK,
but not Cu samples

* Adding about 5 % ethanol to
the internal standard
suggested by instrument
supplier (article from Journal
of Analytical Atomic
Spectrometry)

« Still good precision for Se

* The recovery for the
reference material is
between 94 and 114 % for
Se, which is good.

 The other elements are also
ok with ethanol in the
Internal standard

 Not as a routine
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Measurement uncertainty
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Calculated from the precision and accuracy
with a factor 2

Blue graph shows the measurement uncertainty
calculated for each reference material

Green graph shows the fitted line to these points.
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Instrument In use

Instrument in daily use since
2018-02-07

Results finished normally
about 1h 20 min earlier than
before

Good agreement with the
spark-OES

Some problems with
contamination of Fe and Pb,
look over the routines
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: - : 1, He
INstrument Is Worklng over a L 2 13 14 15 16 17 Lt
longer period of time 2 |58 e || b | | 2 | e | 28

3 11Na :12M 13A| 14s| 15 P 16 s 17c| 218Ar

2299 || 243 26.98 28.09 30.97 32.06 35.45 39.95

godium || magnesium 3 4 5 6 7 8 9 10 1_1 12 urniam ilicon sutut chioring argen
19 120 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

4, K | Ca || Sc Ti rV Cr rMn rFe po Ni Cul Zn | Ga || Ge | As || Se Br Kr

« Want to be able to analyze o P e R W B R B e B
37Rb ]388 39 Y 40 MNb | 42M 43T MR 45Rh 46Pd 47A 48Cd 49| ’_SOS rSISb '§2T 53 I ':54x

sulfur in the future EAEA P e Ey €3 o ol Bl ol ) il B P e
55 |56 |I57-71 |72 73 |[74 75 76 [77 78 79 80 81 82 83 (84 85 (86

6 Cs Ba | La— | Hf Ta w Re Os Ir Pt Au H Tl Pb Bi Po At Rn

1329 1373 Lu 1785 16809 1838 186.2 190.2 1922 1951 1970 200 2044 2072 208.0 [209] [210] [222)

ceanm barium mncaum || mangaen rhenkm csmium Indm pladgnum || goid mereury halium lead bamun || polonum || asmwne || raden
87 188 89-103 §104 105 1106 107 108 109 110 111 112 113 114 115 1116 7 118

71 Fr Ra | Ac-| Rf | Db | S Bh | Hs Mt Ds [ R Cn | Uut| FI Uglg) Lv | Uus | Uuo

* New elements could be of S22 | U | £ (k| S8 [ D | e o e | 2 e 2
. 57 58 59 60 |61 62 63 64 65 66 67 66 69 70 71
Interest x A Bl D o e B R Bl B B el B [ (R [

oonum | cesum . lyeand e } nocc i l prmciiius i Sooeium | curgin § guikdeias | tian oot § ok § ccdian L § Gultm | gecstinn § bt
9 90 91 92 93 94 95 96 97 98 99 100 101 102 103
*I'Ac | Th || Pa [ U N Pu| Am| Cm | Bk | Cf Es | Fm | Md [s] r
e fee Ml [ O el B0 ) () ol Wl Rl ] oWl el

"BOLIDEN



Thank you for your attention
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