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The first of the papers in the session dealt wi th a flash smelter 
ins tallation, wbile the remaining three papers dealt with mine 
ventilation. 10 view of this the Chairman proposed that the 
paper on Oash smelling be introduced and discussed fil"3t, 
after which the remaining three P[lpers would be introduced 
followed by discussion on all three. 

Or Cocquerel, who presented the first paper, used some 
typical flow diagrams to illustrate the process and stated that 
the program considered only steady-state operations and 
did not take into account the dynamical changes. Subjective 
judgment was necessary for the preparntioll of input data 
and some degree of user appl"cdation was required. 

Or CoC«uerci said that no work bad yet 1x:en done on an 
optimization program, but that tbis was being cons.idcred. 
Such a program would require a large amount or pbysical and 
chemical data wbich were not yet available. T he variables 
to be optimized were the energy and material consumptioll3 
and tIle loss of metal in the slag. 

TheChair01ao opened the discussion by asking Or CocquereI 
if he could give a brief description of the flash smelting 
process for the benefit of those not familiar with the subject. 
Dr Coque.rel replied that in the Outokumpu process con
centrate~ were injected directly into the fUrnace, and that the 
process was somewhat analogous to Bash distillation or 
evaporation procel!ses, but was perhaps closer to the burning 
o f pulverized fuel. 

The process had two dist inct advantages. First, the heat 
evolved in the smelting reaction was used to heat the furnace, 
which res,llted in less fuel consumption, and, second, the 
effluent gases were cheaper to treat than tIle effluent gases 
from other pyrometallurgical processes. This was import aut 
particulArly in view of the current interest in pollution 
problems. 

Mr P. Marais thought that the authors had done themselves 
an injustice by not including details of the very complex. 
processes taking place in the furnace. 

M r Marais ask.ed three questions. The first was whether the 
computer pl"Ogram could be used for the prediction and 
computation of the metal or mela l compound content o f tbe 
slag as a function of the slag aod matte compositions. 
Or Cocqucrel replied that the values for metal content were 
based on operating experience, and simple interpolation 
techniques were used. He said that they were interested in 
building a model to relate slag metal losses to the chemical 
cornposit ioll and viscosity of the slag; optimization of the 
process would not be possible unless this was done. In reply 

to Mr Marais' second question, Or Cocqucrel confirmed that 
the program look into account the heat of reaction of the 
liquid phase te3.ctions in tbe heat balance. 

Mr Marais, in his third question, stated that the chemical 
reactions taking place, the end products of the slag plmsc, 
and the heats of reaction depended upon the ratio of concen
trate to flux added to the smelter, and asked whether the 
program made allowance for these. 

Or Cocquerel explained that the flash smelting process 
produced a controlled degree of oxidation in the furnace. 
As a result of this, iron oxide was produced and in many 
cases there was no need for fluxing with lime. The theoretical 
objectivo was to produce a fayalite slag, but in some instances 
this was unsatisfactory and the progrnm aUo\l,1:d some 
parameters to be altered so that to some extent slag com
position could be controlled towards Ihe desirM composition. 

Mr, A. Wens asked several qucstiollS. He asked fint for the 
sulphur dioxide concentration resulting from the flash smeltini 
process. Dr Cocqnerei replied that this dependcd upon the 
heat baJa.nce. If the process was autogenous the sulphur 
dioxide content was normally between 12 and 15 per cent 
while jf fuel had to be added the sulphur dioxide content 
could fall to 8 per cent. This leYcJ was still high enough for 
economic acid production, although 110t high enough for the 
production of elemental sulphur. 

Mr Weiss then asked whether a continuous smelting process 
such as the Noranda process would be prefemble to tbe 
disconlinuQus flash smel t ing process. Dr. Cocquerel said that 
the metal loos in tIle slag in a continuous process was higher 
than in the flash process, although there is a tendency to 
increase the grade of the matte in the ffash process, which 
resulted in high metal losses in the slag. 

Mr Weiss asked finally whether the authors were working 
on the use of tbc computer for process control. Dr Cocquerei 
said that in the case of the Botswana project the client wished 
to use a conventional control system, and was not at present 
considering on-lil:le computer control. He said that once the 
Botswana smelter was in opcration it could be used to 
validate the computec model. Tho computer model cnuld then 
be used to develop an operating strategy for the smelter. 

Professor Reuther introduced the first paper on ventilatioll. 
He gave a short description of current coal mining practice 
in Germany, and described the development and use of the 
computer program dealing with ventilAtion networks. 

The second paper was introduced by Dr Ramani. He 
described some of the changes brought about in coal mine 



ventilation in the United States by the recently enacted 
Federal Coal Mine Health and Safety Act of 1969, and 
described some typical ventilation systems. Dr Ramani 
emphasized how important it was that computer programs 
should be applicd, and felt that it was vital for each program 
to be well described in readablc operaiing manuals. 

Mr Dickson introduced the third paper and described 
briefly the stages followcd in the development of heat flow 
models and in addition gave some interesting examples of the 
application of the computer programs. 

The discussion on these three papers was started by Mr P. 
Niskancn. In his first question he asked Prof Reuther whether 
a special computer program was available for investigating 
the stability of mine ventilation networks. This question was 
answcred by Mr A. Dohmen, who replied that stability of a 
mine ventilation system was required by law, and that the 
network program was used at the planning stage to ensure 
stability. During the operation of a colliery the effect of a 
fire or of the collapse of workings could be investigated by 
changing the resistance values used in the program. 

In his second question, Mr Niskanen asked Dr Ramani 
to list the most serious problems which arose in the automation 
of coal mine ventilation. Dr Ramani replied that methane and 
dust posed the most serious problems. Continuous methane 
monitoring was required at coal cutter heads. Dr Ramani 
mentioned that the United States Bureau of Mines had 
recently made a substantial grant for the development of a 
ventilation monitoring system. 

Dr A. Whillier made some general comments on the value 
of symposia such as the present one, and expressed the view 
that there would be great advantages in the exchange of 
computer programs. He mentioned in particular some difficul
tics which were being experienced with a network program. 
These views were supported by both Prof Reuther and 
Dr Ramani who were both willing to co-operate in cxchangiJlg 
computer programs. Dr Whillier described briefly the 
ventilation training systcm operated by the Chamber of 
Mines and mentioned how valuable this was in introducing 
ventilation officials from the mines to the operation of the 
computer and the use of various programs. 

In reply to a question by Dr Whillier, Prof Reuther 
confirmed that their heat flow program did allow for the heat 
emitted by the broken coal. 

Mr W. L. le Roux asked Dr Ramani what air velocities 
were typically used in longwall faces. Dr Ramani replied that 
these velocities were 300 ft/min or less, which implied an 
air quantity per face of about 10 000 eu ft/min. 

Both Mr le Roux and Dr A. E. Hall raised several points 
in connection with the velocity limit of 250 ft/min laid down 
for trolleyhaulages, which had been mentioned by Dr Ramani. 
Dr Ramani confirmed that the reason for tllis limit was the 
fire hazard, but mentioned that it did lead to other problems, 
particularly those associated with methane layering, and he 
said that this regulation might be challenged. 

Dr Hall askcd whether it would be preferable to devise 
effective fire extinguishing methods rather than to limit the 
air velocity. Dr Ramani agreed that work was necessary in this 
matter and confirmed that fire extinguishers had to be carried 
on locomotives. 
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Mr V. O. Steed subsequently submitted to Dr Ramani two 
questions dealing with coal mine ventilation costs and typical 
air requirements in tlle United States. Dr Stcfanko replied as 
follows: 

'Cost figures arc very difficult to obtain from the industry 
because of the concern for releasing proprietary information. 
Also, accounting principles vary from one mine to another to 
make comparisons less meaningful. For example, even for 
major capital items that are normally capitalized, some 
companies today will expense them. However, as a typical 
figure for a group of mines, operating costs are 14c per 
ton and capital costs 25c per ton. This total ventilation cost 
of 39c per ton would be on approximately $7 per ton FOB 
coal representing 2 per cent and 3.6 per cent for the operating 
and capital cost, respectively, or 5.6 per cent total vcntilation 
costs. 

The second question asks for an average cfm ventilation 
figure for mines in the U.S.A. The weighted figure is unknown 
and really has no significance. There are approximately 
1 600 coal mines in the Unitcd Statcs, some ranging from 
100 tons per day operation to 22 000 tons per day for the 
largest. The largest utilizes seven large exhaust fans and 
produces about 2400 000 cfm of air. TIns mine represents 
the upper range and also is one with a severe ventilation 
problcm. Gcnerally, in a modem coal mine, for each ton of 
coal produced each day, 4 to 6 tons of air are circulated in 
the mine. 

An "average" condition in the United States might be 
considered a mine with a flow of 600 000 cfm operating at 
scvcn inches of water gauge. This figure is not a weighted 
average but represents a known group of mines that are 
rather typical.' 

Mr le Ronx, referring to Dickson and Starfield's paper, 
said that empirical work on heat flow, such as had been 
carried out by Lambrechts, had been of great value, and had 
in fact been used by thc present authors to validate their work. 
He asked what steps were taken to keep the programs up to 
date, and said that he thought that it was still necessary to 
carry ont a scientific validation of the method. Mr Dickson 
replied tllat it was intended that the programs should be 
kept up to date by means of feed-back from users in industry. 
He thought that a scientific validation would be extremely 
difficult, particularly in stopes. 

Prof Starfield emphasized the value of empirical work but 
said that such work could not be expected to apply under 
conditions different from those under which the data were 
collected. He therefore thought that the computer model 
would generally give better results when extrapolation was 
required. 

Frof Starfield said that two requirements for a computer 
program were necessary to make it acceptable to the user. 
The first was that the program should bein convcrsation mode, 
and the second was that the program should give results in a 
very short time. 

The Chairman, in closing the session, thanked both authors 
and contributors, and said that for a closing remark he would 
like to quote Dr Stefanko and Dr Ramani, to the effect that 
the output of a computer program could be only as good as 
the input data. 




