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On-line Photometry

On-line Voltammetry

On-line pH

n On-line Titrimetric Analyzer
On-line-XRF
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Raw material analysis:

Laboratory samples t - The Glencore Nikkelverk AS

R

MATTE

STEAM

GRINDING o FILTER NiCO3

FILTER

Process samples:
Liquid samples (filtrat):
Laboratory samples (Mon, Wed, Fri):
38 samples

Online measurements (24/7):

Chemical analysis ~ 60
pH ~ 50
ORP (redox) ~ 50

Precipitates (slam):
Laboratory samples (Mon, Wed, Fri):
22 samples

ORS

—

NICKEL FOR SALE

e

COBALT FOR SALE

HISLI LPHURIC ACIDl
FOR SALE

Final Products:
Laboratory samples

Impurities in:
Ni, Cu, Co
H2S504

and PM

SELENIUM
FOR SALE

Production capacity 2016:

Ni 92.000 tonnes
Cu 39.000 tonnes
Co 4.700 tonnes
H2S504 115.000 tonnes

http://www.xstratanikkelverk.no/EN/About-us/Pages/Flowchart.aspx
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Online Chemical analysis at the Nikkelverk \’

. On-line/at-line Chemical Analysis at The Nikkelverk:
* > 60 Chemical Analysis

* 7 measuring prinsipels (Photometry, Voltammetry, titration, pH,
Redox, Coulommetric)

. Analytical equipment and methodes developed at the Nikkelverk:
*  Polarographic instruments ( not in use any more)
*  Photometric instruments
°*  Coulommetric titration
* Acid titration
Team: Nordnes, Grgntoft, Pedersen, Simonsen (1970 - 2000)
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Absorption spectrum of filtrats at the Nikkelverk
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Photometry Ni-analysis in waste water (0-15 mg/L)

Pumpe 1 kanal

Fiol-Svart
O O Syrevask
Pumpe 12 kanaler
Gul
O s O PR@VE
JaRY Gul JaRY Luft
COIL N\ N\
e\ Hvit . Am.p.sulf.
@, O Ame
JaRY Hvit JaRY
N\ N\ DMG
M Gré M
N\ N\ EDTA
Fotometer
458nm . ~ Grgnn ~
10mm lysvei O/ U/

Foster Dee Snell; Photometric and fluorimetric methods
of analysis, 1978. Del I, side 887 - 899.
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Future spectrometry (CCD-specrometer and PLS/PCR-calibration)

Abtarbace medatunsment uwith o cuvette with 8 cermect far drift eption, with o Mewoell

* Graving Vil | 360-1100 Am )
" SUT 50

* LUV 20D

= DEuA

® Agaligivt-HAL-mind .
* P 12 w- 1.5 A for BUAHgha-HAL-minl
* FCB-IRS0200-2

Pl 178

. C-INZO0-1 ‘

* i - e phitteefcombing:
* PS Sw 2.5 A for beamaplister/oomblinar
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Voltammetry (electrochemistry) "
for trace analysis in the Ni electrolyte ( ng/L) "

a0 Metal ions are
deposited on the

electrode surface.

Collaboration with prof. @yvind Mikkelsen NTNU.
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pH — measurment

pPH (pondus Hydrogenii) and Nernst equation:

23 R T

E(mV)=E" - pH=konst.—59.pH ved25°C
V-signal som funksj H og T >y -
mV-sighal som funksjon av pH og Temp.
. B
\ y=59.159x+ 414.11 (ved 25 C) Glass ellerpHﬁ Referanse- o=
200 elektrode i elektrode SooE
—T=0 z
E 0 T T T T T T T T T 1 T=25 E g
1 2 3 4 5 6 7 9 10 11 12 13 14 ____xg g g
-200 T=100 E E
-400 s .
-600 s
pPH & J
Deviation = calibration in buffer solutions with known pH
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Who wrong are this poisond pH-elctrodes?

mV-malt pad pH-meteret

Kontrollmaling av "grgnne" pH-elektroder

500
400 y=-58.115x+ 399.74
300
200
\\ # Ny Sota (mV)
100
W Sota no1 (grgnn
y=-58.219%x+371.37
A Sota no2 (grenn
0 T T T T T T T T T 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0 \8.0 9.0 10.0 11.0
-100
y=-58.112x+ 364.44 \
-200 x‘
-300
pH i buffer
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Daily check of a SOTA-pH-electrode in high Cl2 cont. NiCl2-solution

Kontroll av Sotaelektrodei NiCl-lgsning (hgy kons) med mye klor

450.0

m Teoretisk

= =(09/04/2015
= 13/04/2015
W 14/04/2015
®15/04/2015
u16/04/2015
u17/04/2015 # Teoretisk

o W 09/04/2015

= 21/04/2015

n2{PN2013 A 13/04/2015
» 23/04/2015
#24/04/2015 % 14/04/2015

=N * 15/04/2015
= 27/04/2015

28/04/2015 ® 16/04/2015

450.0

350.0 ~

+17/04/2015
-20/04/2015
—21/04/2015
# 22/04/2015
m23/04/2015

250.0

A 24/04/2015
< 27/04/2015
' 27/04/2015

28/04/2015

mV-signal fra pH-elektrode

150.0

+29/04/2015
-30/04/2015
04/05/2015
05/05/2015

50.0 06/05/2015
= /05/

y = -56.383x + 420.97 . 07/05/2015

08/05/2015

0.00 1.00 2.00 3.00 4.00 5.00 6.00 . 8.00

-50.0

pH til Buffer
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Daily check of a pressurized-pH-electrode in high Cl2 cont. NiClz-solution

mV-signal fra pH-elektrode

450.0

350.0

250.0

150.0

50.0

-50.0

Kontroll av overtrykkselektrode i NiCl-lgsning (hgy kons) med mye klor

mTeoretisk

m09/04/2015 |

13/04/2015
m14/04/2015
¥15/03/2015
W 16/04/2015
u17/04/2015
¥20/04/2015
u21/04/2015

m22/04/2015 |
m23/04/2015
m24/04/2015
m27/04/2015
u27/04/2015

28/04/2015

8.00

pH til Buffer

@ Teoretisk
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A 13/04/2015
> 14/04/2015
¥ 15/04/2015
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-20/04/2015
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07/05/2015
08/05/2015
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Daily check of a SOTA-pH-electrode in low Cl2 cont. NiClz-solution

mV-signal fra pH-elektrode

450.0

350.0

250.0
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50.0

-50.0

Kontroll av Sotaelektrode i NiCl-lgsning (middels kons) lite klor.

Bu..
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08/05/2015
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Daily check of a pressurized-pH-electrode in low Cl2 cont. NiCl2-solution

mV-signal fra pH-elektrode

450.0

350.0

250.0

150.0

500

-50.0

Kontroll av overtrykkselektrode NiCl-lgsning (middels kons) lite klor.

400.0
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The pressurized pH-electrodes are more stable then the SOTA pH-electrode

pH 3

2
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pH-measurement withouth correction.

The NICI solutiond with low Chlorine
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What is happening with new pH-electrodes in concentrated electrolytes?

SOTA

Knick 6 bar

Mettler Toledo 3 bar

pH-electrode pHG201
with separate Ag/AgCl-ref. in a
salt bridge (double Junction)
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Change in mV-signal for four new pH-electrodes in a NiCl2-solutions

mV

Fire pH-elektroder i NiCl-I@sning (55C). Fgrste 2 timer.

140
L 2
/ pH (120mV)= 4,7
120
@ 3 bar (mV)
M6 bar (mV)
A Sota (mV)
M Radiometer + ref (mV)
100 pH (100mV)= 5,1
Hypothesis : «Liquid junction potential»
https://en.wikipedia.org/wiki/Liquid_junction_potential
http://jljp.sourceforge.net/
80 T T

10/06/2015 12:14

T T 1
10/06/2015 12:43 10/06/2015 13:12 10/06/2015 13:40 10/06/2015 14:09 10/06/2015 14:38

Tidspunkt
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Test of seven pH-electrodes
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Seven pH-electrodes in high Clz cont. NiCl2-soltion
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Seven pH-electrodes in NiCl2-soltion without CI2
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Halland Instruments AS

* pH-measurements for
demanding applications

* The Nikkelverk will install
one Halland pH-instument
in 2016.

http://hain.no/
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Titrlyser (On-line Titrimetric Analyzer) from Applitek
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Experimenter’'s XRF Kit from Amptek Inc.

1 * Miniature X-Ray-Tube (4W, Ag-anode)

* X-Ray-Spectrometer
123 SDD (Silicon Drift Detector)

* Software:
_ — X-Ray —tube Controller
— ADMCA (Spectrometer Controller)

— XRS-FP (XRF-Fundamental Parameter
program for quantitative analysis).

NIKKELVERK
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Results from a post-graduate thesis (Liquid samples)

Validating Ni-EDXRF-analyse
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On-line EDXRF at Glencore Nikkelverk
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On-line EDXRF at the Nikkelverk
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Challenge

1. Deposition of matter on the polypropylene film.
1. Automatic cleaning of flow cell.
2. Replacing film.

2. Clogging.

Some of the process solutions are hot and saturated with salts, and matter deposits when the
solutions are cooled.

1. High flow.
2. Automatic cleaning of tubes and flow cell.

3. Difficult to optimize both for main component analysis and trace analysis.

(for this instrument).
1. Itis not possible to changes filter automatically.
2. Hard to optimize detector setting for low and high concentrations in one application.

4. Calibrating the instrument.
1. Bestcalibration by using single og two element standards.

5. Unstable X-Ray tube
1. Wait one day until the tube stabilize.
2. Monitor correction ( use standard samples or use elements in the cleaning solutions).

6. The Amptek Experimenter’s XRF Kit is an instrument for advanced XRF-users.

NIKKELVERK
A GLENCORE company
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Conclusion

* On line EDXRF is a promising technique for online multi element analysis of
liquid solutions.

* | am sure this will be a technique in more common use in online
measurements, and especially at the Nikkelverk.

* | hope we are able to implement an online XRF-instrument in a two years
period at the Nikkleverk.
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Courier 5i/61: Autotec, Finland.
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Metorex 100. Hobre/PANalytical, Netherland.
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XRF Online Instruments, Thermo Fisher Scientific, Australia.

Multi-Stream Analyzer (MSA) DSA-200 Technical Diagram

~
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Boxray. XORE, Sweden.

Boxray 24 (24 sample streams) Boxray Compact (16 sample streams)
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NEX-OL. Rigaku, USA.

Flow cell for
liquid streams
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Metrhom Analytical Capabilities

Online

Titration

ppPM-%

LOD<10 ppm

Wide range of
inorganics
and organics
in water and
other
solvents

lon
Selective

> 1ppm

LOD

Limited
number of
inorganics

Voltammetry

ppt-ppm
LOD—~1ppt

Heavy metals
and CVS

Colorimetry

ppb - low ppm
LOD<5 ppb

Mainly
inorganics in
water

NIR

> 100 ppm

Organics
and water
traces

TOC

1-500 ppm

LOD<1ppm

Total amount
of organic
carbon in
liquids.

On-line
IC

ppt-%

LOD<1 ppb

Anion and
cation
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