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 Abstract 

The Peirce Smith converter is the key metallurgical vessel in the majority of copper smelters. Dur-
ing the two step process, oxygen enriched air is injected through a row of tuyeres into the matte re-
ceived from a primary smelting unit. Additionally, in the first step the iron content is oxidized into a 
fayalitic slag by the addition of silica. During the second step, the remaining copper sulphide is con-
verted into blister copper with a final sulphur content of approximately 200 ppm. 

The overall efficiency of this process is determined by the total reaction time, the slag quality and 
quantity, and the chemistry of the final blister copper. 

To increase the reaction kinetics during both stages, the METTOP Process Control and Regulation 
(MPCR) system was developed, which consists of four elements: 

 

�  OPC – Optical product control 

�  ACR – Automatic computer regulation 

�  GCU – Gas control unit 

�  GIS – Gas injection system 

 

The OPC system from SEMTECH records the optical spectrum emitted by the off gas flame provid-
ing immediate, detailed process information. Using this online data, additional gas can be automati-
cally injected into the converter through a gas injection system opposite the tuyere zone. An im-
proved oxygen distribution in the melt and the accurate determination of the process end point 
results in a significant reduction in the process cycle time. Furthermore, by maintaining the reaction 
closer to the equilibrium the final sulphur and oxygen content can be reduced compared to the con-
ventional process. In particular, the final sulphur content can be lower than 70 ppm, eliminating the 
need for an oxidation step in the anode furnace. 
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 Introduction 

During the last decades, copper production methods have been subjected to a continual selection 
process because of the requirement for increased productivity through rationalization, lower energy 
consumption, raised environmental protection, increased operational reliability, and improved op-
erational safety. The selection of a particular production method depends essentially on the type of 
raw materials available, which are usually ore or concentrate, and on the specific plant conditions. 
Globally, approximately 85 % of primary copper is produced from low-grade or poor sulphide ores, 
which are usually treated by pyrometallurgical methods, typically in the following sequence: 

 

- Beneficiation of the ore to copper concentrate by flotation 
- Two-stage pyrometallurgical extraction  

�  Smelting concentrates to matte (Cu content 42 – 70 %) 
�  Converting matte to crude copper by oxidation (Cu content 96 – 99.5 %) 

- Refining the crude copper, usually in two steps 
�  Pyrometallurgically to fire-refined copper 
�  Electrolytically to high-purity electrolytic copper 

 

The converting step is done into different converters like Peirce Smith converters, Hoboken con-
verters and Teniente converters. Often the Peirce Smith converter is the key metallurgical vessel in 
the majority of copper smelters. The converter is used for following metallurgical steps: 

 

1. Step: Charging 

The converter is filled with matte transported by ladle. Till this filling is finished the converter 
is not used as a metallurgical reactor.  

2. Step: Iron blowing 

Over the tuyeres air or with oxygen enriched air (usually enrichment to 26 %) is blown later-
ally into the converter and the iron sulphide is transferred in iron oxide. The sulphur of the 
FeS is burned to SO2 and escapes over the exhaust gas. This procedure is accomplished till 
the FeS is more or less removed completely.  

3. Step: Slag tapping 

The iron oxide forms together with the slag-forming constituent a fayalitic slag. This slag is 
removed. 

 

These process steps can be done several times before the blowing of the copper matte is started.  
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4. Step: Copper blowing 

The copper blowing step consists of the chemical reaction for converting white metal into 
blister copper. Over the tuyers the enriched air is injected to result in the following chemical 
reactions: 

 

Cu2S + 3/2 O2  «  Cu2O + SO2 

2Cu2O + Cu2S «  6 Cu + SO2 

 

During the copper matte blowing a second - very copper-rich - slag is resulted which normally 
remains in the converter or is added again to the first stage. 

5. Step: Tapping 

The blister copper is supplied to the anode furnace with ladles. 

 

This process is intermittent. Normally several (3-4) converters are available whereby one converter 
is always in blowing position. This is based on the exhaust gas system. During blowing the SO2 
content in the exhaust gas is high enough to supply it to the sulphuric acid plant. To reach over the 
time a relative constant SO2 gas amount one converter is always at the blister blowing position 
while the other converters are filled or emptied. 

 

To increase the productivity of the converting process or to optimize the converting process in gen-
eral the following four main issues have to be discussed: 

 

1. From the time the first ladle of matte is poured into the converter; to start of the first slag 
blowing the converter is doing no metallurgical work. During that time the converter is just 
used as a buffer and/or as a holding aggregate.  

2. The slag tapping can only be done by empty the vessel through the charging door. During the 
slag tapping a relative high amount of pure matte is gone with the slag.  

3. At the end of the copper matte blowing the amount of copper(I)oxid is high. This existing 
copper(I)oxide has a low viscosity. This is the main reason for the high refractory wear in the 
converter. Also the quantity of copper rich slag increases at the end of the blister period 
strongly and depends on the content of copper(I)oxide.  

4. During emptying the reactor no metallurgical work is done. The converter lays as a buffer 
and/or as a holding aggregate. 
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To improve the efficiency by increasing the reaction kinetics the METTOP Process Control and 
Regulation (MPCR) system was developed. 

 

The METTOP Process Controll and Regulation system 
(MPCR)  

The new process technology developed from METTOP stands for 

OPC – The Optical Product Control system 

records the optical spectrum emitted by the off gas providing immediate, detailed process in-
formation. 

ACR – An Automatic Computer Regulation system 

leads the additional gas injection based on the online data achieved by the OPC system and by 
the positioning system of the vessels. 

GCU – A Gas Control Unit 

allows to control and regulate the gas, gas flow, gas mixture for each injection system sepa-
rately. 

GIS – A Gas Injection System 

using a high pressure, double piping gas injection system injects additional gas like oxygen, 
nitrogen and hydrogen opposite the tuyere zone. At a low pressure level nitrogen can be 
purged into the reactor through porous plugs. 

 

 The Semtech OPC system [1] 

Years ago Semtech, Sweden, developed and industrialized a remote-sensing technology, based 
on optics and spectroscopy, for continuous on-line process monitoring and production control of 
various pyrometallurgical processes; the Semtech OPC System. The light emitted by the off-gas 
flames of a pyrometallurgical process is composed of heat radiation from particles and droplets 
and discrete radiation from atoms and molecules in the vapour phase. The radiation from the latter 
show up at well-defined wavelengths, which are characteristic for each atom and molecule and 
with intensities which depend on the gas-phase concentration (e.g., the vapour pressure) of the 
light-emitting atoms and molecules. 
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The presence and concentration of a specific atom or molecule in the off-gases is, on the other 
hand, determined by the thermodynamics and kinetics inside the furnace, e.g., oxidation stage, 
slag composition and temperature. Thus, by analyzing spectroscopically the light emitted by the off-
gases, it is possible to obtain information on what is occurring inside the furnace. The interest 
in spectroscopic methods to control smelting processes is triggered by a number of attractive 
features inherent in optical measurements: 

 

�  They can be performed remote, e.g. without introducing any physical sensor into the 
furnace, 

�  they can be performed on-line, e.g. sampling is not a prerequisite for the measure-
ment, 

�  they facilitate the detection of short-lived constituents like radicals, 

�  they can provide continuous real-time information, 

�  they are insensitive to electronic noise. 

 

In principle the OPC system consists of: One to four light-weight telescopes, which focus light from 
the off-gas flames into optical fibers. The fibers transmit the light to the OPC Server where it enters 
to a spectrometer. The dispersed light is registered by a multichannel detector and the spectroscopic 
information is evaluated in terms of optical process parameters by a PC. The optical process pa-
rameters are displayed on-line as trend curves (Figure 1) on colour monitors in front of the. 

 

One server can handle the input from up to four telescopes and thereby be used for simultaneous 
control of the production in four furnaces or the status at different locations in one furnace. The 
small, robust telescope focuses light from the off-gas flame into an optical fiber. The focal length 
of the telescope is very short as compared to the distance to the converter mouth. In this way the 
light entering the fiber emanates from various parts of the flame. Thus it represents the average 
composition of the gas phase that is the average status of the melt. This is in contrast to, for in-
stance, conventional sampling via the tuyeres of a PS converter, in which case the analysis generally 
yields information on the local conditions in the neighbourhood of the tuyeres. For instance, it 
generally appears that close to the end of a copper-making step a blister sample via a tuyere shows 
higher oxygen content than a spoon sample taken via the converter mouth. 
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Figure 1 – PbS and PbO measured with the OPC system 

 

The fiber is connected to a conventional spectrometer equipped with a CCD camera with the 
output analyzed on a PC. The spectroscopic information is presented in the form of trend curves and 
displayed on colour monitors in front of the converter operators and exported to existing data collec-
tion systems. Figure 1 shows an on-line recording from a full iron blowing cycle in a PS con-
verter. The diagram is a xy-plot of the current values of two different Optical Process Parame-
ters versus real time. The graph exemplifies what can be seen on a client monitor at the end of the 
cycle noting that during the cycle the graph develops gradually. Basically the optical process pa-
rameters included in Figure 2 represent time-resolved registrations of the intensities of selected 
emission bands of the PbS (yellow curve) and PbO (green curve) molecules and the ratio between 
the intensities of selected emission bands of the CuOH and PbO molecules (red curve). 

Figure 2 – PbS, PbO and CuOH measured with the OPC system 
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The behaviour of the Optical Process Parameters PbS and PbO during converting can be seen to be 
in qualitative agreement with the thermodynamic prediction of their vapour pressures (Figure 1). 
As long as the FeS and SiO2 contents of the matte match, that is as long as a fluid slag is being 
formed, PbS takes on a high and PbO a low value. When the end of a slag-forming step is approached 
PbS starts to decrease and PbO increases, the reason being the increasing oxygen potential as the 
matte is being depleted of iron. Thus, close to the end of a step the Optical Process Parameters 
gives continuous information on the iron content of the white metal. During the copper-making 
step the vapour pressure of PbS and the corresponding Optical Process Parameter are low 
while the PbO vapour pressure and the optical parameter PbO are high. The abrupt change in the 
value of the Optical Process Parameter CuOH/PbO close to the end of the step reflects a phase 
change, namely the disappearance of the white-metal phase and the onset of the copper-oxide pro-
duction. 

 

The OPC technology has been tested and also permanently implemented at a variety of metallurgi-
cal processes. Naturally the useful spectroscopic information varies between different processes. 
However, a common feature of all Optical Process Parameters is that the oxygen potential or the 
oxidation stage inside the furnace determines their behaviour. 

 

The main advantages due to an optimised endpoint control are: 

 

�  a considerable reduction of the magnetite levels in the converting slag 

�  a reduction of the copper losses to slag by about 30 % 

�  a reduction of the oxide-slag volumes by more than 30 % 

�  a substantial reduction of the total cycle times and/or increased blister copper output 
per cycle etc. 

 

 The Automatic computer regulation ACR 

An automatic computer regulation system in combination with a gas control unit allows controlling 
and regulating the kind of gas, the gas mixture, and the flow rate for each single gas injection sys-
tem based on the OPC data and the converter position. For example, during slag tapping the flow 
rate of the gas injected close to the side walls could be a maximum whilst the flow rate for all other 
gas injection positions could be a minimum to push the slag to the converter mouth. This system can 
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be integrated as well as into existing systems, and as independent working system. In Figure 3 an 
example of the display of such a system is made. By modifying the software to the customer’s con-
ditions it is possible to program the metallurgical steps and handle the unit automatically. Modifica-
tion can be done at each time.  

Figure 3 – Display of an example of the ACR 

 

The visualization surface allows the observation and control of the gas control unit. Further an 
automatic alarm system is included that stores and presents all failure reports and warnings in an 
alarm box. These alarm messages are automatically arranged due to priority, time and location and 
can be individually receipted and displayed. All gas flow data is recorded in the computer system of 
the gas control unit and can be automatically transferred through an internet connection to the pro-
ducer for maintenance reasons. 

 

 GCU – Gas control unit 

 

The gas control unit allows to control and to regulate the gas, gas flow, gas mixture for each injec-
tion system separately. Figure 4 shows a GCU having 2 inlet pipes and seven outgoing pipes for 6 
porous plugs (one line is used as a spare line). 
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Figure 4 – Gas control station 

 

The gas control unit can be operated in two ways. The program pre-selection can be activated via a 
bottom on the front side of the console or via confirmation on the panel of the visualization flow 
sheet. 

Selection of the operation mode: 

Manual operation mode, all valves and flow meters can be switched to manual operation. The 
automatic mode of all remaining valves and flow meters is thereby not influenced. 

Automatic mode, in case of automatic pre selection via the visualization flow sheet panel the work-
ing line is flooded if the minimal pressure is available. The mass flow meters adjust themselves to 
the selected values. If the minimal pressure is not present in the working line the emergency line is 
flooded in case of sufficient pressure.  

If the automatic mode is deactivated or the pressure remains under the minimal pressure the bypass 
valve is activated.  
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 The Gas injection system GIS 

Different systems can be used as a gas injection system depending on the system pressure. 

 

As a high pressure system e.g., the ALSITM (Air Liquide Shrouded Injection) can be used. The ALSI 
system is a double piping gas injection system (see Figure 5) using O2 or O2/N2 in the inner pipe and 
N2 in the outer pipe. Also other gases like natural gas or gas mixtures can be used. 

 

 

Figure 5- the ALSITM (Air Liquide Shrouded Injection) 

 

Using porous plugs, nitrogen can be purged into the converter. The pressure requirement is around 6 
bar. 

 

The Process 

Using the MPCR system the converting process is divided in following steps (Figure 6 a-f): 

 
(a) During charging the copper matte can be treated, but must not, however, metal-

lurgically. The injected or purged gas causes a better agitation and the iron slag-
ging starts immediately.  

-  Gas used N2//N2 
-  Advantage - better agitation 

(b) During iron slagging: Over the additional injection system, which is located in 
the opposite of the tuyere zone, oxygen is blown in, too. The amount of oxygen 
through the additional injection system could be equal to the amount of oxygen 
which is used as oxygen enrichment for the main tuyeres. That’s why the oxygen 
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enrichment at the main tuyeres can be reduced and/or switched off. This has a 
considerable increase of the life time of the tuyere zone itself.  

-  Gas used O2 or air // N2 
-  Advantage -  better agitation 

reduced process time 

increased refractory lifetime 

 

Using the OPC system the endpoint of iron blowing can be detected very accu-
rate.  

 
(c) Slag skimming: The slag can be forced to float out from the furnace  

-  Gas used N2//N2 
-  Advantage – lower amount of fayalitic slag is remaining in the con-
verter 

 
(d) Converting step A: Through the additional gas injection system oxygen can be 

blown into the converter. Again, those result in the reduction and/or switch off of 
the oxygen enrichment at the main tuyeres. This has a considerable increase of 
the life time of the tuyeres zone itself. By operating the converting step into a 
converter in such a way and by using the OPC system for the endpoint control 
the blister converting step A can be stopped very exactly. This results in blister 
copper with a sulphur content < 150 ppm at the end of the process.  

-  Gas used O2 or air or H2//N2 
-  Advantage  

increased refractory lifetime 

 reduced process time 

 low sulphur content (< 150 ppm) 

 better agitation 

 
(e) Converting step B: At the end of the process the tuyeres zone has to be moved 

out of the melt. Either inert gas like nitrogen or reduced gas like hydrogen can be 
used to agitate the melt. The remaining oxygen in the blister copper react with 
the remaining sulphur and a sulphur content of < 100 ppm will occur. The OPC 
system controls this process step too and adjusts the sulphur and oxygen content 
in the blister copper, which makes the following oxidation step in the anode fur-
nace redundant. The advantages are decreased process duration, reduced energy 
consumption, increased life time of the anode furnace and the avoidance of SO2-
amounts in the exhaust gas at the anode furnace. This makes a waste gas cleaning 
and emission control for SO2 useless.  



Authors Name  

 Proceedings of EMC 2007 12 

-  Gas used H2 or N2//N2 
-  Advantage  decreased O content 

   decreased CuO rich slag 

   no oxidation in the anode furnace 

 

 
(f) Discharging: If the slag is skimmed, it can be removed again purposefully and 

thus results in an increase yield combined with smaller losses. If the slag remains 
in the converter, a more uniform blister copper will be charged to the anode fur-
nace 

-  Gas used N2 or H2//N2 
-  Advantage  further reduced O content 

   more uniform blister copper 

 

Summary 

The discussed METTOP Process Control and Regulation system combines a gas injection system 
which is automatically controlled and the optical product control system (OPC) from SEMTECH. 
The OPC system records the optical spectrum emitted by the off gas flame providing immediate, 
detailed process information. Using this online data, additional gas can be automatically injected 
into the converter through a gas injection system opposite the tuyere zone. An improved oxygen 
distribution in the melt and the accurate determination of the process end point results in a signifi-
cant reduction in the process cycle time. The productivity of the converting process is increased by 
using the MPCR System.  

Furthermore, by maintaining the reaction closer to the equilibrium the final sulphur and oxygen con-
tent can be reduced compared to the conventional process. In particular, the final sulphur content 
can be lower than 70 ppm. That means that the need for an oxidation step in the anode furnace is 
gone. The advantages at the anode process are dramatically like shorter cycles times, no SO2-offgas, 
longer refractory life time, lower energy consumption.  
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Figure 6: Process steps of the MPCR System 
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