Oxygen activity measurement system

for non-ferrous metals

INTRODUCTION

As most of the steps in the copper refining are oxida-
tion - or reduction processes, control of the oxygen
content of the liquid copper during every production
stage is very important.

Already a few years ago Heraeus Electro-Nite has
developed a control tool to assist the copper melter
in his job of making a quality product at the best price.
Celox®-Cu is a disposable immersion sensor, which
gives within seconds the correct oxygen content in
the copper bath.

The production of Celox®-Cu is following the procedu-
res of ISO 9002.
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Fig. 2 : Celox®-Cu principle scheme.

Heraeus

Fig. 1 : Oxygen

PRINCIPLE
The principle ¢
based on the us
cal cell. Becaus

sides of the so
EMF which is d

RT

EMF = «In

gen activity in t

Electro-Nite




TECHNOLOGY

The Celox®-Cu sensor is composed of a solid oxide
reference cell, for oxygen activity measurement and
a PtRh/Pt thermocouple, for temperature measure-
ment.

These are assembled within a conical sand body,
and protected by both copper and cardboard slag
caps.

To complete the Celox®-Cu probe the sensor is atta-
ched to an expendable cardboard tube.

Whilst the operation of the thermocouple requires no
explanation, operation of the cell may be represented
by the expression :

Mo/Ni + NiO//ZrO,(Mg0)//a(0)c./Fe

in which :

Mo negative reference electrode

molybdenum wire.

Ni + NiO = oxygen reference material
nickel-nickel oxide.

ZrO,(MgO) = solid electrolyte ;

magnesium stabilised zirconia in

the form of a closed end tube.

oxygen activity in the liquid copper,

nickel or other metals.

Fe = positive electrode : steel tube in
contact with the bath.

a(O)cu

The Celox®-Cu sensor may be applied in liquid cop-
per for a measurement of 0 to 10000 ppm under
normal melt temperature conditions.

MEASUREMENTS AND ACCURACY

The relationship between temperature (°C) and oxy-

gen activity, for Celox®-Cu is given by the following

formula :

7943 - 10,08 (E - 7,8 + 0,0219t)
t+273

log a, = 7,64 —

with E in mV
tin °C

This formula is according to Larashi and Elliot for the
standard Gibbs energy for solution of oxygen in liquid
copper and corrects also for the Fe-Ma galvanic junc-
tion of the probe.

This equation is applicable to the Celox®-Cu unit with
Ni-NiO reference taking into account the interaction
coefficient €3 according to Taskinen.
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Fig. 3 : Celox assembly drawing.

Also corrections for other impurity elements in the
copper, should be made as follows

log fo =e3wt % (0) + e~ wt % A + eEwt % B + ...

(O) concentration = %

o

(in ppm)

Interaction coefficients for different elements are
shown in table 1.

The response traces of both temperature and oxygen
signals exhibit stable plateaux and short response
times.

In practical working conditions, reproducibility tests
at 1150°C have shown a standard deviation of
around 1.5 mV.

Measured values are within + 10% of lab analysis
results over the whole range 0-10000 ppm.
Judging of the results is dependent on the accuracy
of the comparative sampling and analysis of the cop-
per.

Accuracy of the thermocouple wire is 0 to +4°C at
1554°C.




es = a + b/T(K)

i1 a b 1 a b
Ag 0,0072 -9,86|0 0,266 | -613,9
As -0,051 94,4 |P - 3,16 5790
Au -0,0198 41,0 |Pb 0,0396| -66,5
Bi 0,0502 -86,3 |Pt -0,0391 77,0
Co 0,717 | -1310 |8 0,285 | -529
Cr 51,5 -94300 |Sb 0,0205| -33,7
Fe 12,0 -22000 |[Se 0,172 | -314
Ge 0,020 -35,4 |Si 373 68,3 x 10°
Hg 0,0053 -4,4 |Sn 0,0300| -30,0
In 0,0734 | -131 |Te 0,0992| -177
Ir -0,0494 956 |TI 0,0290| -47.6
Mn 37,22 |-66280 |Zn 3,00 | -5490
Ni 0,148 -272

Table 1: The assessed dissolved-oxygen interaction para-
meters in liquid copper. (Ref. Report TKK-V-B21
(1983) Helsinki University, Pekka Taskinen)

PRACTICAL USE

The unit must be surely fixed on the lance and immer-
sed quickly into the liquid metal to a depth of 10 to
20 cm below any slag.

The lance must be held rigid during the measure-
ment.

Gas stirring (Ar, N, ...) has to be stopped during
Celox-Cu® measurement. The recommended waiting
time after stirring is 60 sec before use of Celox®-Cu.
The electric power of the furnace has to be turned
off during measurement.

Incorrect immersion may influence the quality of the
measurement in terms of poorly defined or false mea-
surements.

Immersion time is approximately 8-10 seconds for
applications in copper melts. Celox®-Cu probes
should be stored in a dry environment.

CELOX LANCE AND ACCESSORIES

Construction of the lance is extremely important.
Care must be taken to guarantee an insulation of
2 Megaohm between :

o the positive and negative legs of both temperature
and oxygen channels

o the two positive legs of temperature and oxygen
o all legs and earth

Polarity and colour coding of the contactblock,
MI-cable, lance plug/socket, and compensating cable
must be correctly maintained (see fig. 4).

The Heraeus Electro-Nite Celox®-Cu lance has been
designed so that it may be used for temperature
measurements only and for Celox®-Cu temperature
and oxygen.

The use of a telescopic cardboard protection tube is
recommended for applications in large converters or
furnaces.

INSTRUMENTATION

As instrument we recommend our Multi-Lab Celox.
This is an industrial, programmable micro-computer
based instrument with an outstanding measuring per-
formance. For more detailed information please con-
sult our particular catalogue Multi-Lab Celox.
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Fig. 4 : Celox immersion lance.
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CELOX=-CU APPLICATIONS

o By using the oxygen sensor in the copper refining
plant, a better control of the production process is

ORDERING INFORMATION
CELOX:-CU SENSORS

possible and hence the production cost is lowered. Cardboard length Calibration Pt 10% Rh/Pt |

An oxygen measurement in the converter permits (nominal) according to DIN 43710, IPTS 68 ;

to determine the endpoint of oxidation and prohi- 400 mm CE 10210490 \

bits from excessive blowing. 600 mm CE 10210690 ‘
1200 mm CE 10211290

o In the same way the Celox®-Cu can be used in
anode furnaces. Removal of the impurities is
achieved by oxidation into the slag and a first oxy-

TELESCOPIC CARDBOARD TUBES

; Inside Outside Tube Part-
gen measurement (abt_. 7000 ppm) may determine dinmator dliiieter length ritirtibae
the endpoint of oxidation. Afterwards the copper N
is deoxidized by poling to an oxygen content of b HES | B0 0D f I e
500 - 2000 ppm to obtain a "flat-set” of the anodes 900 mm |RM 33012005

and thus optimize electrolytic refining.

CELOX IMMERSION LANCE (ref. Fig. 4)

1. Celox contactblock, 4 contacts
Cu-CuNi - Cu-CuNi :
2. Lanceholder

o Inthe production of deoxidized copper the amount
of deoxidant, e.g. phosphorus, can be accurately
calculated by a direct oxygen measurement. By
this way the amount of residual phosphorus is

LC 23 016 002

maintained very close to specification and a high 888 gm gm gg 812 812
quality casting is obtained (high conductivity, good 1200 mm RM 33 016 017

deformability).

3. Cylindrical tube 34" : RM 33 016 023
4. Arrest ring for telescopic tube : LC 33 016 077
Take care: N 5. Handle : LC 33 016 076
After a substantial addition of phosphorus, Celox®- 6. 4 pole connector : LC 33 016 075
Cu measurement is not possible. 7. Interior compensation cable, 4 wires
Cu-CuNi - Cu-CuNi : LC 33 024 008
o Celox®-Cu can also be used in other non-ferrous 8. Exterior compensation cable, 4 wires
metals with specially adapted oxygen-formula. Cu-Cu - Cu-CuNi : LC 33 024 007
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ELECTRO-NITE PRODUCTION PLANTS AND SALES OFFICES :
HERAEUS HERAEUS HERAEUS HERAEUS HERAEUS
ELECTRO-NITE INTERNATIONAL N.V ELECTRO-NITE INSTRUMENTOS LTDA ELECTRO-NITE (PTY) LTD. ELECTRO-NITE ESPANA, S.L ELECTRO-NITELLC.
Centrum Zuid 1105 Rua Blindex, 134 P.0. Box 6195 Poligona de Asipo, Calle 1, No. 22 18-a Vadkovsky per., Office 1401

B-3530 Houthalen (Belgium)
Tel. 011/60 02 11 - Fax 011/60 04 00
Telex 39116

HERAEUS

ELECTRO-NITE Co

9901, Blue Grass Road

Philadelphia, PA 19114 (USA)

Tel. 0215/464 42 00 - Fax 0215/698 77 93
Telex 76706315

HERAEUS

ELECTRO-NITE FRANCE SARL

BP. 90025 (Beau Vallon & llange)
F-57971 Yutz Cédex (France)

Tel. 0382/56 35 41 - Fax 0382/51 91 14
Telex 930240

HERAEUS

ELECTRO-NITE GmbH & Co.KG

Im Stift 6-8

D-58119 Hagen (Germany)

Tel. 02334/9556 - Fax 02334/955800

HERAEUS

ELECTRO-NITE (UK) LTD.

655, Sheffield Road

GB-Chesterfield, S41 9ED (Great Britain)
Tel. 01246/454849

Fax 01246/453898

HERAEUS

09950-080 - Diadema Sao Paulo (Brazil)
Tel. 011/40762551
Fax 011/40762527

HERAEUS

ELECTRO-NITE (AUST.) PTY LTD.
3, Resolution Drive

Unanderra 2526 N.S.W. (Australia)
Tel. 24272 97 77 - Fax 242/72 93 55

HERAEUS

ELECTRO-NITE CANADA LTD.

327, Glover Road,

Winona Ontaric LOR 2L0 (Canada)
Tel. 0905/6431100/0905/6431131
Fax 0905/6431141

ELECTRO-NITE/RESCON AB
P.0.Box 35

$-74082 Orsundsbro (Sweden)
Tel. 0171/460850

Fax 0171/480851

(no sales)

Sales office Sweden

HERAEUS

ELECTRO-NITE AB

Sodra Kungsvagen 66, $-18132 Lidingo
Tel. 08/54480650

Fax 08/54480660

Dunswart 1508 (South-Africa)
Tel. 011/8941317-8-9 - Fax 011/8345712

HERAEUS

ELECTRO-NITE POLSKA Sp zo.0

Ul. Braci Mieroszewskich 124, PL-41-219
Sosnowiec (Poland)

Tel. 032/263 1594 / 263 39 55

Fax 032/263 32 78

HERAEUS

ELECTRO-NITE JAPAN LTD
Shin-Osaka Meiko Building

3-12, Miyahara 4-chome, Yodogawa-ku
Osaka 5320003 (Japan)

Tel. 06/6350-5280 - Fax 06/6350-5288
Telex 523-6005 HEN J

HERAEUS

ELECTRO-NITE GmbH
Gewerbestrafe 13

A-5201 Seekirchen (Austria)

Tel. 08212/77300 - Fax 06212/77309

HERAEUS

ELECTRO-NITE A.S

Organize Sanayi Bolgesi

Orhan Isik Bulvari No. 9
TR-Sincan 06930 Ankara (Turkey)

Tel. 0312/267 08 88 - 89 - Fax 0 312/267 08 87

E-33424 Llanera - Asturias (Spain)
Tel. 0985/264801 - Fax 09B5/265387
Tix 84001

HERAEUS

ELECTRO-NITE ITALY S.rl

Via Ciucani, 21

1-20060 Ornago-Milano (ltaly)

Tel. 039/62861 - Fax 039/6286109

HERAEUS

ELECTRO-NITE SHANGHAI Co., LTD.
2152 Wuzhong Rd., Qibao, Minhang
Shanghai, 201101 (China)

Tel. 021/6478 0015 - Fax 0 21/6478 0760

HERAEUS

ELECTRO-NITE TAIWAN LTD

7 Li-Ming St. Da Fa Industrial District
Kaohsiung County

Taiwan, R.0.C.

Tel. 07/787 1774 - Fax 07/787 1763

103055 Moscow (Russia)
Tel. 709597844 22/973 14 15
Fax 7005978 44 22

HERAEUS

ELECTRO-NITE MEXICANA S.A. de C.V
Plasticos # 21

53560 Naucalpan (Mexico)

Tel. 5576 15 50 - Fax 5576 25 26

INTERNATIONAL SALES OFFICE

HERAEUS

ELECTRO-NITE LTD
HardstraBe 11 - Postfach 223
CH-4020 Basel (Switzerland)
Tel. 061/279 91 11

Fax 061/272 55 38

ELECTRO-NITE is represented with systems and comprehensive services in all steel producing countries of the world.
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