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Preface

About three years have now passed since the publication of the
first report of the Commission of European Communities dealing with
the results of ten years' research work carried out with the finan-
cial support of the European Coal and Steel Community for the control
of air pollution in the iron and steel industry. The lively reception
which has been accorded to this report within and without the
Community and the fact that, in general,‘a wider section of the public
nowadays participates to a greater extent in the problem of air
pollution gives encouragement to the Commission to report in the
present publication on further subsidised research which it has

since carried out in the above-mentioned field.

Through this information, the Commission of European
Communities hopes to provid interested circles with an insight
into one of its fields of activity which it considers very

important in the social sector.

Undoubtedly still greater efforts need to be made by all
those involved in this field in order to provide the worker with
purer, healthier air at his place of work as well as within his

living space, which is necessarily associated with it.

This knowledge, which is at the same time a challenge, is
certainly relevant not only to the iron and steel industry but
also to a wide range of other sources of emission of unpleasant

or even dangerous air pollutants.

The knowledge gained in combating dusts and waste gases

from iron and steel works will certainly be useful to many,



1. Introduction
1.1 First research programme
The first summary report 1) of the Commission of European

Communities (CEC) on the research carried out within the framework
of the first research progra.mmez’ 3) and based on detailed
decisions with the financial support of the European Coal and
Steel Community (ECSC) for combating air pollution in the iron

and steel industry contains various information and suggestions

of basic interest in addition to the results of 30‘ investigations,
The sources of these air pollutants are shown in a number of
diagrams and their significance and problems are dealt with as
well as dust and gas measurement and the control of brown fumes,

other dusts and waste gases.

1.2 Second research programme

The present report concerns the second ECSC outline
research programme for the technological prevention and control
of air pollution caused by the iron and steel industry4). This

5) have been

programme, for whose execution 4 million EEC units
made available, is to extend over 5 years. It commenced virtually
in 1969 and permits financial supports to be granted for research

work and studies in the following probklem fields:

A) Applied research

1. Determination of the kind and extent of air pollution within
iron and steelworks and their immediate vicinity.

2, Evaluation of new, and development of existing, methods, plants,
machinery or materials which are intended for:

1) Publication No.15444/1/69 of the Office for Official Publications
of the Buropean Communities

Official Gazette of the ECSC, Vol.6,No0.37, p.610 of 16.12.1957
Official Gazette of the Buropean Communities of 20, 9 1958,pp.379/80
Official Gazette of the European Communities of 26.6.,1967,pp.2748/49
Units of account of the European Monetary Agreement

RS R =S ]



2.1 Suppression or reduction of generation dusts, fumes,
vapours or gases

2.2 Reduotion of the hazards due to the dusts, fumes, vapours
or gases which are unavoidally generated in certain processes

2.3 Collection and precipitation of dusts, fumes, vapours or
gases at or near the locations where they are gemerated

2.4 Removal of floating suspended pollutants in the plant
buildings as well as dust deposits in them

2,5 Guaranteeing of physical proteotion on working in an
atmosphere which could lead to hazards or annoyance to the
vorking personnel due to its dust,fume,vapour or gas content.

Be Research of basic aspects

1.3

1. Studies and investigations for improving and harmonising of the
measuring thechnology (process and instruments) with respect to the
collection of samples and analysis of dusts, fumes, vapours and
gases within and without the iron and steelworks.

2. Studies and investigations for extending knowledge about the

2.1 Basic aspeots of collection and separation of dusts, fumes,
vapours and gases
2.2 Basic aspects of personal dust and gas protection

2,3 Basic aspects of distribution of the air pollutants within
the iron and steelworks and in its immediate vicinity.

Execution of the second research programme

——

At the start of the examination of research projects handed in
in 1968 there were in total 47 grant applications for about 5.8
million units of account. By the middle 1972 25 new applications
had arrived with requests for grants of a total of approximately
3¢3 million units of account. After carrying out the usual
consultation 6) the CEC had granted up to then, with five approvals,
in total about 2,7 million units of account for 41 projects. Since
6 applicants later abandoned the execution of their research plans

6)

Bulletin No.60 of ECSC
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the number of the supported research projects on 30.6.1972 was 36
and the total of the grants approved for this purpose was about
2.5 million units of account.

By the middle of the year 1972 there were
- 33 research contracts concluded

- 3 research contracts in preparation
- 7 researches concluded
- 26 researches in process.

The distribution of research grants to different problem fields of
the program is shown in Table 1

|Research group Number of studies |Assistance in units of account
A1 8 243 644.80
A 21 2 122 950.81
A 22 1 54 644.81
A 23 8 1 723 644.64
A 24 - -
A 25 - -
A 19 2 144 905.06
B 1 12 230 565.19
B 21 2 68 702.99
B 22 1 12 622,07
B 23 2 67 814.21
B 17 379 T04.46

L + 3 36 2 524 609,52

2,. Work in the field of the measurement of air pollutants
2.1 Determination of the kind and extent of air pollution within

the iron and steelworks and within their immediate vicinity

The influence of the air pollutants of an iron and steelworks
on the people engaged in work as well as their influence on near

and remote surroundings can be of decisive importance for the
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existence of an iron and steelworks., In the past many and not
especially carefully based discussions have been held about the
assumed or actual extent and effect of air pollution. The purpose
of the series of research activities which are carried out with
the support of the ACEC is to gain basic knowledge about the kind
and extent of those extraneous materials which on the one hand
have an effect on the people working in an iron and steelworks
and on the other hand have an effect on the immediate vicinity
of such a plant. Only basic knowledge of this kind can ultimately
be used as a guide as to which emittants require special regulations
in order to limit damaging effects on the environment or to
eliminate them altogether.

The precondition for rational measurements and results which
can be compared is naturally that suitable instruments and
processes are available, For this reason investigations of
existing measuring instruments and methods, and also for developing
new ones were carried out within the framework of the first
research programme, This work was continued in the second research

programme,

In this section however measurement results are first
reported without discussing the specific measuring methods.

Especial value was placed on the coordination of comparative
studies.

This coordination extends to the working places to be
investigated as well as to methods and instruments for collecting

samples, measurement, analysis and evaluation.

2,1.1 Systematic determination of different air pollutants
from a coking plant in an iron and steelwork complex

(Centre Belge d'Etude et de Documentation des Eaux,
Study PS 140)

Undoubtedly the coking plants are among the chief sources
of emission in an iron and steelworks complex. Up to now there have
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been only a few conclusive investigations about the kind and
quantities of different emissions. For this reason the purpose
of this investigation on the one hand is the systematic dtermi-
nation of emissions due to the operatiomn of a coking plant in an
iron and steelworks and on the other hand the investigation of
the distribution and development of pollutants in the immediate
viecinity of the plants.- The following emission sources

are investigated:

coal loading ramp
coal mixing station
coal transporter belt
filling truck

coke oven cover

coke chute

quenching tower

coke ramp -

coke screening plant

In all the emission sources mentioned above the emission
varies greatly within a short period e{ time; emissions are
moreover dependent on the variation of the weather conditions.
Hence only a large number of samples and measurements which have
to be spread over a longer period of time can lead to valid

conclusions.

In the case of gasous emigssions the contents of 802, st,
NHB' co, 002, 082 and hydrocarbons are of special interest for
this study.

The last are investigated for:
- heterocyclic hydrocarbons
polycyclic hydrocarbons
-  aromatic and aliphatic hydrocarbons
- light hydrocarbons

In dust emissions the following determined:
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- gravimetric concentration in mg/m5

- concentration of the grain size fraction<5 jm in
percentage by weight

- number of particlejm per ml of air

- chemical composition

At first the dust samples are takenfrom different emission
sources by means of dust collecting instruments (Lidge ba.lls"'));
these samples are analysed in order to gain basic knowledge about
the kind of pollutants which occur and which are to be considered
in a systematic investigation. At first suitable sample collection
and analysis methods had to be developed for various air
pollutants, especially for hydrocarbons, eg. &

- a spectometric method for polyeyclic hidrocarbons for deter-
mining the hydrocarbon content

- a gas chromatographic method for aromatic hydrocarbons;
suitability of this method for determining of aliphatic
hydrocarbons is still being investigated

- a gas chromatographic process also for light hydrocarbons;
this is complemented by a check by flame ionisation.

The working places of a coke oven plant may be devided
into three main groups: coal-handling, the coking process
itself and coke~handling.

In the first group of working places (where the coal is
unloaded, blending plant, coal-grinding plant, the area of the
conveyer ‘belt) the amount of pollution through particles of
‘solid matter is relatively low. In the second group (on the
charging larry, the oven-top, the coke guide) there is pollution
from dusts, gases and fumes from hydrocarbons. In the third
group {coke-crushing and screening plant) there is considerable

pollution, mainly through particles of solid matter.

+) Vaseline-coated aluminium spheres of diameter 12 cm
which are fastened on bars at a height of > m
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In thie study the amount of dust was determined in all these
places. There was between 0.5 and 1 mg/!lm3 at the working places
of the first group, between 3 and 20 mg/Nn’at those of the second

£roup.
At the working places in the second groupe gaseous air-
pollutants were found in the following concentrations:

- in the cab of the charging larry: during the charging a
CO concentration of 10 - 260 p.p.m.

- at the oven tops a CO concentration in general of the order
of 15 p.p.m., an extremely variable 802 content,depending
on very local condions, of between 50 and 900 /ug/mn3 ’
& H,S content of between 65 and 750 /ug/lflm3 » & CS, content
constantly below 5 ug/Nm>, of liquid hydrocarbons 1mg/Na’
benzene, 1,5 = 5 mg/m'n3 toluene, 1 « 7 mg/llm3 xylene and
2 - 60 mg/Nm3 naphtalene. The dusts collected at the oven top
were submitted to special anaiyses, to determine in particular
the 1.2 benzopyrene content. It was present at a concentration
of 1 mg/g of dust.

Automatic instruments for sampling dust and gas were installed
in and around the area of the coking plant, as well as an auto-
matic instrument for registering wind-direction and speed.

The evaluation of the series of measurements of 302 and dusts
containing tar made it possible to analyse the effects of the
coking plant in the SERAING iron and steelworks complex.,

At a distance of 100 metres from the coking plant the
average SO, concentration was 250/ ,ag/Nms, at 500 metres NE
of the plant it was 135 )Jg/lvlm3 and 75 /J.g/!vlm5 at 500 metres SW.

The quinoline index,which is directly related to the
concentration of substances containing tar, is 3 ‘600 at 100 metres
from the furnace, 400 at 500 metres NE of the coiciné plant and only
250 at a distance of 1 kilometre to the NE,
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2.1.2 Determination of air pollution within a coking plant and
evaluation of the biological consequences for those
employed there
(Laboratory for Medical Chemistry, Toxicology and
Hygiene of the University of Lidge, Study PS 190)

This investigation which, however, could not be completed,
was closely connected with the already mentioned study PS 140.

The main purpose of the investigation was to test which
relationships exist between the evaluated emission and ground
level concentration values of a coking plant and what is known
as the "biological profile" of those employed there. ‘

For this purpose it was planned to evaluate and compare
the biological profile of a group of ocoking plant workers and
a group of persons in this plant who are not exposed to the
air pollution found in this plant,

241.3 Investigation of air pollution at different places of
work in Luxembourg iron and steelworks and in their

immediate environment

(Mineralogical Laboratory of the Natural Sciences
Museum, Luxembourg, Study PS 181)

Within the framework of this invest}’gation which is
coordinated with investigations PS 184 and PS 189 different
gas and dust collection methods as well as the associated analytical
methods are subjected to comparative investigation. Since the
delivery of various specified instruments was appreciably
delayed, only the dust samples were collected with the conventional
Bergerhoff containers.

In the course of the investigation work it was also possible
to use the originally specified dust sample collection instruments.
It was seen from this that the handling of the Porticon
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instmments*):. and thermal precipitator‘*) presented no difficulties.
The Gravicon 1m:1;:r:umm1;""H> owing to its weight and size, was found

to be less suitable for mobile application on various working locations.
Dust precipitation measurements with Bergerhoff instruments +t)
were carried out at 10 different positions, The inatruments are
installed around the factory between 600 and 1250 metres from the
centre. In addition to various other plants the work also comprises:

& sinter plant

several blast furnaces
a Thomas steelwerks
An LD-AC steelworks
several rolling mills
a slag grinding plant

The following were measured:

1. The collected quantity of rainwater
2. The insoluble precipitated dust
3. The soluble precipitated dust

The dust samples are investigated by X-ray diffraction and
with electron microscopic method.

Results up to now: Three measuring periods (2nd balf 1971,
18t quarter 1972 and 2nd quarter 1972) yielded the following average
figures for precipitated dust (after incineration) :

0.28 = 2.50 g/mg day
0.27 = 3.40 g/m2 day
0.30 = 2,35 g/n° day

+) Portable carried on the back.The new model weighs about 6 kg.The deve-
lopment of this dust collection instrument dates back to the study
PS 139 in the framework of the first research programme.The instrument
has a battgry powered electrical bldwer with an air throughput of
about 12 m’/h, it is equipped with an arrangement for measuring quan-
tities of air and it has a flexible suction inlet part which facili-
tates the collection of air samples within the breathing zone of the
worker involved in activities with frequent change of position.

++) The thermal precipitator is based on the principle of thermal diffusion
and it is used for numerical determination of concentration(evaluation
of the number of dust particles per cubic centimetre of a.ir).

+++) Transportable instgument with a stand with adjustable air throughput
between 15 and 40 m”/h for collection of larger dust particles in a
shorter time than it is possible with the "Porticon"j;blower motor with
external supply  (connected to supply grid).

++++) Cylindrical collection container of 1.5 1 capacity and a free
opening of 8.9 cm (domestic preserve jar to DIN 5071) in a wire protect-
ing basket (a.lso a bird protection)which is attacked by a simple clamp
on a steel tube so that the opening of the jar is 1.50 m above the ground.
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At a distance of 600~750 metres the figures varied beiween
0.80 and 3,40 g/mz/day, whereas in the area 750-1250 metres from
the centre they were in the Tegion of 0.27 - 0.80 g/m>/day.

The content of the dust precipitates was:

Ash 10 - 18 %
Iron oxides 35 - 65 %
Lime 5~-15%
Insoluble

in HCL 10-25%

X-ray diffraction analysis showed the preponderance of
iron oxides and calcite as well as small quantities of quartz
in the insoluble dust precipitates.

Calcium sulphate (probably from the blast furnace), phosphate
(in the vicinity of sinter plant and slag grinding plant) and
calcite (in the vicinity of the Thomas steelworks)were found
in the soluble components.

Electron microscopic investigation showed in the first
results the existence of magnetite, calcite and haematite in the
insoluble parts as well as calcite, calcium hydroxide and
caloium solphate in the soluble parts.

2¢1.4 Determination of the kind and extent of air pollution
in Belgian iron and steelworks and in their

immediate vicinity

( Centre belge d'étude et de documentation des
Eaux-CEBEDEAU - Lidge, Study PS 184 )

The object of the study is the evaluation of the kind
and extent of the air pollutants of a number of adjacent iron
. and steelworks and the time variation of these pollutants. The
kind and concentration of extraneous matter in the air in the
working locations within the steelworks as well as in the close
vicinity of these works are investigated here.
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Only such an extensive investigation will yield material data for
answering the query about the proportion contributed by the irom
and steel industry to the whole air pollution of a certain area.

This specification of the problem results in the following

investigation programmes
1. Investigation of the air pollution of some selected

working locationss

a) coke screening

b) breaking the lining of steel and iron holding ladles

¢) reconditioning of steel and iron holding ladles

d) emptying of mould boxes

e) Fettling of castings

f) flame hood of the sinter plant

g) unloading of the sinter belt

h) furnace platform in electric steel plant

The following analyses are carried out at the abovementioned

locationss

a) determination of dust particles to 5 um size (in particle s/ml)

b) total dust concentration (in m,gr/m3 )

c) determination of the 1n.galahle proportion in the total
dust quantity (in mg/!

d) chemical analysis of the dust

2. Investigation of air pollution in the vicinity of the

iron and steelworks complex,

On an area whose extent is 15 km2 a total of 22 measuring
points were established at which the dust and SO2 concentration
were measured. The composition of the total dust should enable
conclusions to be made as to what proportion of the emission is
caugsed by the iron and steelworks.

3+ Investigation at selected emission sources.

In order to check the conclusions made under 2. about the total
air pollution it is necessary to investigate closer some main
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emission sources with respect to the kind of pollutant issued.

As main emission sources

a) sintering plant
b) steelworks

were selected.

A.

Results up to now:

Investigation at working places
The above mentioned working places may be devided into

various categories:

1.

2,

3.

Working places where the concentration of total dust,
inhalable dust and inhalable guartz is considerable.

This is particularly the case when pouring ladles are

being broken out and relined, The total dust concentration

at these places can be as high as 50 mg/NmB. The inhalable
portion very often constitutes 30 % of the total dust.

The quartz content in the fine dust varies between 20 and 3%%.

When castings are emptied out and polished in the foundry
the Atofal dust concentration is 10 - 20 mg/Nm3 and the
concentration of inhalable dusts is 10 - 25% of the total
dust, The inhalable quartz can in certain cases form 40%
of the fine dust,

Working places where the concentration of total dust and fine
dust is higher, but that of inhalable quartz is relatively
light.

The working places of the coke screening plant fall into this
category. The total concentration of dust can be as high as
45 - mg/NmB, of which 10 - 20% will be inha.labie dust.

The concentration of inhalable quartz in the fine dust
fraction is, by contrast, seldom as high as 4%.

Working places where the total concentration of dust is consi-
derable, but the fine dust and inhalable quartz contents are
relatively low. The working places and the sintering plant
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and the electrical steel plants come into this category.

At the working places of the sintering plants total dust
concentrations were found of the order of 35 lllg/Nm3 .

The fine dust constitutes on average 5% of the total dust.
The inhalable quartz in the fine dust fraction does not
exceed 4% .

In the electric steel plant the total concentrations of
dust in the area near the furnace vary between 10 and
20 mg/Nm5 . The fine dust on the average amounts to 1%%
of the total dust. The inhalable quartz is seldom as

high as 4% .

B. Investigations in the surrounding district

The figures obtained by measuring dust and SO2 in certain
places show significant variations from one investigation teo
another, but all the same they permit a comparative study of
the differences between the amounts of dust and 802 collected,
under well-defined.conditions of wind-direction and speed.

With prevailing winds from WSW between force 2 and force
6 m/sec total dust quantities of 25 - 45 mg/day were recorded
at the measuring points within the manufacturing complex. The
dust-measuring points positioned 1 and 2 kilometres upwind of
the main plant yielded only 5 - 10 mg/day respectively, as
compared with about 15 mg of dust per day at measuring points
1 kilometre downwind.

The quantities of 302 recorded by the LIESEGANG-LECLERC
measuring apparatus in the manufacturing complex are anything
from 2 - 5 mg/day, about 2.5 mg/day at 1.5 km downwind, and
about 1 mg/day at one km upwind.

The average 802 concentration in the iron-manufacturing
complex amounts to some 130/\15/Nm3, with maxima of 400/ug/Nm3.
1.5 km downwind in the path of the prevailing wind the SO2
concentrations averaged approximatively 115 /ug/Nm3 with maxima
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of 300 /ugllim3 « Two km. upwind the 802 concentrations averaged
60 pg/Nm” and the maxima were 100).xg/Nm3.

The concentration of fine dust averaged 60 )ug/lims on the site,
45}13/)11113 at a distance of 1.5 km. downwind, and 20/&:3/1311113 at a
distance of 2 km. upwind.

2.1.5 Determination of health-damaging air pollutants at

various working places of the iron and steel industiry
in the Netherlands

(Institut voor Gezondheitstechniek TNO , Delft, Study PS 189)

This investigation is aimed mainly in the measurement of
siliceous dusts at places of work but it extends also in
special cases to the determination of some hazardous gaseous

materials.
The following working field was selected for the investigation:
- at the coke classification screening of the coking plant

- at the side of the sinter belt and the sinter unloading

* position
- on electric furnace platform during the process
- on breaking out of casting ladles

- on processing of firebricks with stationary separation
saws and grinding arrangements

- on emptying the casing moulds as well as on cleaning
and fettling of castings '

- on electrical welding with different electrodes.
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A large suction device+2las used for gravimetric determination
of concentration; for the numerical concentration determination a
long-tem'(Ea.milton) thermal precipitator was used. At the same
time some employees carried an individual Casella air sample
collectorH) during a whole or half a working day. Finally a
Sinclair-Phoenix dust concentration recorder was set up in order

to record the time variation of the dust concentration,

Results up to now:

- In the coking plant there was danger of silicosis H+)

at two locations out of 10 measuring locations

- inveatigation of the working places in the sinter plant
showed that there was no danger of silicosisH
at any of the measuring positions

- the investigation of the working places on breaking down
the pouring ladles shows an excess above the allowed limited
values"_H') at almost all measuring points

- no silicosisH) danger was established by measurements at

brick sawing and grinding machines

- on investigating the electrical welding working places the air

was investigated for CO, NO2, C02, and 0, content as well as for

3
the dust content. Apart from a single short duration CO peak the
measuring results show no values in excess of the MAC values nor
of the abovementioned gaseous air pollutants nor of the manganese,

iron oxide and fluorides (Can) found in the dust samples.

+) "Gromoz" ingtrument, designed by Delft with constant air through-
put of 50 m’/h and precipitating dustsm Microsorban filter.

++) The "Personal-size selecting gravimetric dust sampler" is a
sample collection instrument which weighs about 1.5 kge. with an
air throughput of 1,9 1 /min. It has a preseparator for particles
<7pm at a density of 1 and <5 m of a density of 2.65 (quartz).

+++) Calculated according to the formula developed by Prof.A.WINKEL
of the Staubforschungsinstitut der Gewerblichen Berufsgenossen-
schaften, Bonn: see the first report of the CEC for the
studies for technological control of air pollution in the
iron and steel industry which was financially supported by the
ECSC , section 2.21 (publication No.15 444/1/69/1).



-23 -

2.2 Study and investigations for improvement and harmonisation of
measuring technology with respect to sample collection and

analysis of dusts, fumes, vapours and gases within and without
iron and steelworks

Even before the first study programme had begun and especially
during its execution it became clear that the multiplicity of the
methods of sample. collection and analysis of air pollutants have
to be compared with eachother in order to discover to what extent
the measurements which are made at different locations by different
institutes are comparable with eachother,

These new or developed methods can then be introduced as
standard methods for all investigations of air pollution in the
iron and steel industry.

2.2.1_Grain analysis of dusts with grain size less than 1 um

(Institut fiir Mechanische Verfahrenstechnik der
Universitéit Karlsruhe , Study PS 157)

Many properties of soli(,iivdepend on their fineness of division.
Examples of this are:
separability in filters and cyclones

absorption capacity
adherence capacity on other surfaces.
colour and coating power of pigments
dissolving rates
inhalability
magnetic properties

. spraying capacity

sinking rate in gases and liquids
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The measurement of the fineness of the solide is hence of great
interest to many industries. In the grain size nnp abdbove 1 um
there are a number of measuring methods which are widely used.
However, only a few methods are suitable for measurements in

the range below 1l m. Moreover their acouracy and ease of
working is not systematically investigated owing to experimental
diffioulties. Depending on the experimental methods the same
material yields different results.

Methods suitable for grain sizes less than 1 _um are the
light scattering methods, counting of electron microscopic
photographs and sedimentation in the centrifugal field.

For optical reasons scattered light methods only operate
down to 0.3 um grain size. Furthermore they are only suitable
for measurement of aerosols in original state because unavoidable
agglomeration of the particles on separation and deposition
cannot be controlled at present.

The counting of electromicroscopic p}iotographa is very
time-consuming since in-order to achieve an adequate statistical
certainty very many particles - well over a thousand- must be

counted.

The automatic apparatus on sale for this purpose is very
expensive with resolution power not yet adequate for grain
eize analysis.

Sedimentation in the centrifugal field makes possible a
reliable dispersion of the particles and -after development of
the corresponding technology- conducting of experiments within
a short time

The greatest difficulty in carrying out experiments is in

the measurement of concentration of the rotating suspension.
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The slightest influence on the sedimentation produces absorption
measurements of eleetromagnetic ra.diation,(light and gamma
radiation). The present study will, for this reason, deal with
the investigation of the absorption of this radiation in sus-
pensions of very fine particles which are deposited at first

in the field of gravitational force and then also in the centri-
fugal field. Complementary comparison measurements by alternative
grain size analysis methods are necessary such as, for example,
conventional sedimentation methods in the gravity field in the
range 1 « 10 am by counting of electron microscopic photographs
below 1 um, In addition the dispersion capacity is considered
and investigations are carried out for sedimentation process in
the centrifugal field., The purpose is to obtain quantitative
data for carrying out reproducible sedimentation analysis which
can be compared with other methods in the centrifugal field.

Results up to now :

Comparison experiments were carried out between an ultra-
centrifuge and a sedimentation balance. The material used was
limestone particles in the grain size range 1 -5 m m.

Experiments with the sedimentation balance showed that
these were not suitable in their original form for long-term
experiments longer than 50 hours. It was necessary to develop
a new electronic apparatus. Even after -introduction of a new
electronic apparatus comparison measurements did not yield any
satisfactory agreement between the sedimentation balance and
ultracentifuge. The reasons for this must be found by further
research work, In principle the grain size determinations can
be carried out by sedimentation in the centrifugal field. The
* experimental technology developed up to now must be built up in
order to be used in routine industrial work.



- 26 -

24242 Continuously recording measurement of the solids
in gas-dust mixtures with the Konitest

{Betriebsforschungsinstitut des Vereins Deutscher

Eisenhiittenleute. Study PS 159)

On using gaseous oxygen for melting steel and on flame
scarfing of ingots large quantities of "brown fumes" are
generated which must be collected and dust must be removed
from them,

The olassical discontinuous processes of dust sample
collection and analyses are not suitable for industrial
monitoring of the dust removal plants.

Instruments working on various principles, for the con=
tinuous measurement of the dust concentratiom have existed for
quite a long time, but so far little is known about their
suitability for use before and afier the oleaning of the flue=
gas from flame scarfing plants, converters and similar plants.

The purpose of this study is thus the testing and further
development of a relatively simple dust measurement instrument,
the "Konitest" , This appears to offer, on the basis of the
earlier research work supported financially by ECSC,prospects
of success in the attempted continuous measurement of the
concentration of "brown fumes",

Application of the Konitest instrument with continuous
sample collection of the brown (iron-oxide-laden) gas-dust
mixture which occurs in the metallurgical processes requires
building of & modified Konitest instrument with high gas
throughput. Comparison measurements with the Microsorbanfilter
downstream of the Konitest are used simultaneously for deter-
mination of the content of any toxic components of the collected
dusts such as e.g. lead and arsenice
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The test experiments are carried out in a dust experimenting
section with pure iron oxide fumes as well as with mixed dusts by
adding e.g. lime dust as¥% appears in the converter fumes.

After corresponding calibration and testing of the instrument
in this test section further investigations are carried out on the
raw gas a8 well as on the clean gas eide of the dust removal plants
in the oxygen=blown converters and open hearth furnaces.

The measuring value in the Konitest for concentration of
golids in a gas-dust mixture is the energising current. This is
generated by oontact electrical processes between the solid
particles and an energiser tube through which the investigated
gas-dust mixture is drawen, A charge partition occurs between
the particles of the solid and the enegeriser tube, The charges
removed from the energiser tube yield an energising current
whose magnitude is 101 4 10.8A,-depending on the existing

conditions,

In preliminary experiments in a flame scarfing plant the
recordings .of the energising ocurrent showed such a close sequence
of separate indicator deflections that an accurate evaluation was
not poesible, Experiments with this system will be resumed only
after the conclusion of the dust channel experiments.

In the investigations with the dust channel the flow
characteristics of the energiser tube were evaluated first so
that it would be suitable alac for the measurement of the volume
flow rate.

The investigations are carried out with the purpose of
obtaining reliable characteristic curves for gas-dust mixtures
with iron oxide and limestone as solids, In future different
materials will also be investigated for their suitability for
use as energising tube materials.
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2.2, 3 Development of a microdynamic process for measurement of

concentration of dus
(Institut National de Recherche Chimique Appliquée,Paris,
Study PS 162)

The purpose of this study is the development and investigation
of a new process for continuous dust measurement in air or gases
which is based on the determination of the kinetic energy of the
dust particles in a flowinggas-dust mixture.

The instrument developed on this prineiple which can be
designated as a microdynametric aerosol detector consists chiefly .
of a capacitor. One capacitor plate is a thin steel sheet. The
gas-dust mixture is blown on this sheet through a nozzle. This
changes the position of the sheet and with it the capacitance of
the capacitor. The change of capacitance depends on the dust content
of the gas=-dust mixture and on the grain-size distribution of the
dusts. The nozzle mentioned above can basically be of two types.

On one type all the particles, large and small, are made to
travel at the same speed, thus enabling measurements of dust
concentrations to be made regardless of the grain-size distribution.

With the other type it is possible to make the particles
strike the sheet at measurably different speeds according to their
size. If the total concentration is already known from another
source (e,g, from a measuring process such as previously
mentioned) the figures for particle size can then be determined.
The repetition of this measuring process with varied speed
parameters (other nozzles) then gives the grain-size distribution.
The microdynamometric aerosol detector can thus be used for
measurement of the mass concentration and also as a granulometric
measuring instrument. Experiments show that dust concentrations of
10-15 mg/m3 can be measured continuously with the microdynamometric
method .
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2.2.,4 Rapid oxidation of SO% to_sulphuric acid in the presence

of iron oxide in moist air

(Institut National de Recherche Chimique Appliquée,Paris,
Study PS 163) ,

The total amount of 802 emissions from a number of processes
in the iron and steel industry is quite considerable, examples of
such processes being the operation of a coking plant, a sintering
plant, power plants, open-hearth steel plants, annealing furnaces etc.

This 802 which is given off combines with emissions of dust
having a high iron-oxide content, It can thus be assured that this
creates certain conditions favourable to the rapid oxidation of’ SO2
to sulphates, The rate of oxidation 802 to the considerably m;re
aggressive SO3 and eventual formation of H SO4 in moist air is

2
a condition for the formation of acid fogs (smog).

While the catalytic effect of iron salts in the oxidation of
802 solutions has been well studied, little is known about the
behaviour of iron oxides when exposed to heat and moist air..

Under normal atmospheric conditions the iron-oxide is coated
wi‘tfh a film of adsorbed water. Therefore the oxidation of SO2
solutions in the presence of iron-oxide suspensions was investigated
on a laboratory scale in the course of the present study.

In 802 concentrations of 2 = 3 millimols per litre ~which
corresponds to a solution in equilibrium with a heavily-polluted
atmosphere- the oxidation of approximately 90% of the S0,
was observed to take place within a few hours, viz. in the presence
of Fe, 0, annealed at 700 - 1000° C, The very slow rate of oxidation

273
when the reagents are first brought into contact increases as the

content

iron ions go into solution,

From the following reaction mechanism may be postulated:
= Attack of the E‘ezo3 through the 802 solution and the formation of
ferrous salts
- catalytic oxidation of 802 in the presence of dissolved ferrous

salt
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As the pH value was lowered {in experiments with 50, and lI;_,SO4
solutions) a reduction was observed in the rate of this oxidation.
A similar effeok of the degree of acidity had previously been
observed elsewhere when investigating oxidation in the presence
of ferrous and manganese salts, ‘

3+ Investigation of the relationship betwsen dust oontent and
pollutants Pb, Zn, SO% in the sinter waste gas on the
application and operating conditions of a sinter plant
(Rheinstahl AG - Schalker Verein, Study PS 218)

The control of air pollution by dusts and gases emitted by
the sinter plants of the iron and steel industry presents a
number of technologiocal and econocmical problems.

One of these problems is the dependence of the dust content
and the physical properties of the dust in the sinter waste
gases on the application and operating conditions of the
sinter plant.

The main purpose of this investigation is hence to evaluate
favourable operating conditions which will lead to a reduction
of the dust emission.

The basis of the investigation is hence an extensive
measuring programme., The investigations are carried out by
taking into account:

composition of the sinter mixture
rust layer
layer thickness

sinter belt speed etc.
The following investigations are carried out:

Measurement of the dust content in the waste gas
(before and after cleaning in the cyclone sepa.ra.tors)
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Measurement of the electrical resistance, the wetting
properties and gramular composition of the dust (with
regaxrd to the dust separation by electrical dust
separating process)‘

Masurement of the pollutants 802, 50,, Pb and Zn,

5'
Results up to now:

It was established that a high proportion of the flue
dust and oxidising losses in the sinter mixture lead to higher
dust content in raw and clean gas. The higher dust content
of the clean gas is based, in addition to the raw gas dust
content, also on the reduced separation efficiency of the
cyclone dust separator at thése dust proportions,

A start will be made with the measurement of the pollutants
802, 805, Pb and Zn shortly after some basic changes in the
methods of operating of the sinter plant are completed.

% 1. Evaluation of the kind and quantity of the emission om
operation of open-hearth furnaces in relation to the
melting process

(Betriebsforschungsinstitut des Vereins Deutscher
Hiittenleute, Diisseldorf, Study PS 21 5)

The commercial need for increasing the smelting capacity
of the open-hearth furnace runs directly counter to the
increasingly stringent official regulationsd the limiting of
emissions which pollute the atmosphere.

There are technical and commercial obstacles to the con-
struction and operation of expensive plants for cleaning
wvaste gases, particularly in older open-hearth steel plants,
which would call into question the future use of these
smelting units, and therefore attempts must be made to achieve
an adequate reduction of emissions through certain modifications
of the process.
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But to achieve this «which is the object of this research-
calls for & more precise knowledge of the characteristic values
governing the nature and amount of the emissions.

From earlier experiments the following are known as signif-
icant Influencing factors: '

furnace performance
« checker heating chamber condition
cross section and length of flue gas path

gorap composition

oxygen for the refining process.

The effect of refining with gaseous oxygen is not investigated
by this study, since with open-hearth furnaces operated in
this way it is essential to de-dust the abundant emission of
brown smoke, On the other hand particular attention is to

be given to the composition of scrap.

It is alsc intended to measure the concentrations of 302
and nitrous oxides in the exhaust gas stack as well as the
dust content of the exhaust gases from the open-hearth furnace,
These measurements will be carried out at each stage of the
process (charging, melting and boiling).

4. Reduction of the danger level of the dusts, fumes, vapours ox

gases, which are una y_geperated ipn certain procesges

Even though the iron and steel industry makes efforts to
prevent or reduce generation of dangerous air pollutants at
the source these efforts will meet their limitations, If it
is not possible to change the technological process to such
an extent, or if it is not economical to select process conditions
in such a manner that damaging emissions can be avoided, then,
in order to protect the environment, these emissions must be
collected and converted in such a manner that they can be
either reused without danger or they can be deposited at suitable
locations so that they do not endanger the invironment,
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4.1 Neutralisation of cyanide bearing dusis, slurries and
waste water from blast furnace gas oleaning

(Hessische = Berg-und Hittenwerke AG, Wetzlar, Study PS 183)

On making pgg iron in blast furnaces a gas is generated
which must be thoroughly cleaned of dust not only before its
utilisation as fuel for gas engines and for heating but also
before burning at the flare stack in the atmosphere,

In the ocase of finish cleaning processes which are used
nowadays for this purpose (mostly wet sorubbing in electric
filters or dry cleaning in bag filters) a dust generation of
5 - 15 g/fm> of blast furnace gas or about 1 = 5% of the pig
iron quantity produced must be reckoned with.

These dusts contain, depending on the pig iron schedule
or blast furnace campaign, 0.1 to 1% KCN and NaCN (cyanide).
They are at present deposited on dumps by all iron and steelworks
in wet or dry form. From the viewpoint of hygiene this is, however,
extremely undesirable because the poisonous cyanide compounds
can reach the groundwater and hence also the drinking water
supply. The same is valid for diverting of cyanide-containing
scrubbing water into draining ponds or rivers.

Hence means must be found which are satisfactory from
the point of vew of hygiene and economy for reduction of these
dangers.

The discovery of suitable means and their development into
fully operational state for reducing the hazardous nature of
the oyanide-bearing dusts, slurries and sewage which are involved
in the cleaning of blast furnace gases form the purpose of
this investigation

The following solution appeared to offer the best prospects
on the -basis of studies and preliminary investigations:

a.) dewatering of the blast furnace gas slurry to minim:{se
L)
possible water content

b) subsequent thermal treatment of the dewatered slurry
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The dewatering is carried out in a chamber filter process, At a
pressure of 15 Kg/om2 the residual water content reached ocan be about

2%% depending on the composition of the solids. Experiments on
heat treatment of the dewatered sludge were carried out in an
oilfired heating drum. It was seen that a cyanide content of about
1500 mg/kg slurry could be reduced by a heat treatment at 750"0 and
a treatment time of about 30 minutes to a residual oyanide

content of less than 5 mg/kg slurry. Leaching out experiments

with this heat-treated material yielded a total cyanide content

in the leaching liquid of 0.1 mg/l maximum,

An increase of the heat treatment temperature above T750°C did
not yield any significantly lower residual cyanide content. At
temperatures of about 1050°C sintering and the formation of
lumps started in the drum. -~ The large scale application of the
heat treatment of blast furnace gas slurry requires still further
investigation, especially with respect to the optimum construction
of the heating furnace and with respect to the manipulation of
the blast furnace gas slurry before charging in the heat treatment
furnace., The investigations carried out show, however, that a heat
treatment process is basically suitable for decyanising of the
slurries formed in blast furnace gas cleaning by a wet method to
such an extent that the residual materials can be dumped without

any danger.

Se Collection and precipitation of dusts, wvapours or gases at or

near their place of generation

A number of technological processes cannot be carried out at
the moment in such a manner that the development of air pollutants
could be avoided from the start.

In addition to the study of basic problems of dust generation
and dust control an appreciable proportion of the financial resources
earmarked for dust control in the iron and steel industry is
utilised for development, building and testing of large scale
operational plants and processes whose purpose is to collect and as
far as possible to precipitate dusts, vapours or gases as near as
possible to the location of their generation.
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5.1 Application and development of a special coke guenching
car to fully operational state

(Italsider S.P.A., Genoa, Study PS 193)

Air polluting coking plant emissions occur chiefly on
filling of coke ovens as well as on pushing and quenching
the coke.

On applying different processes it has become possible
in recent years to reduce appreciably the emissions ocurring
in filling the ovens and on quenching the coke., However, the
attempts to control the especially marked air pollution which
occurs on pushing the coke and on its tramsport to the

quenching tower have not been successful,

This unsatisfactory state of affairs was to have been
remedied by this investigation.

Its purpose was to apply and to develop to fully operational
state a coke quenching machine (special car for coke guenching)
which has not been built yet anywhere., This car combines the
funoctions of the coke transporter, the guenching car with
locomotive, the quenching tower, coke ramp and the coke quenching
water clarification plant., It removes in a closed system most of
the dust from the exhaust gases in a scrubber or in a dry dust

remover before their exit into the atmosphere.

This machine was to remove and precipitate the dust
particles and tar-mist generated at the ramming and quenching
stages.

The machine consists basically of :
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- door lifter with electrical or pneumatic door locking as well
as ocleaning arrangements for doors and chamber frames

- extending coke transporter

=~ container for the pushed out coke

- rotating quenching drum with scrubbing arrangement

- dust remover

- coke remover

- multiaxle chassis

- central driver position

Various details of the planned plant are already known but
they have not been tested in the combination now presoribed
and not under the conditions desoribed here. The questions to be
answered by the study are especially the following, taking into
account funoctiocnal suitability, coke gquality and economy:

- most advantageous ducting of flue gases and quenching vapours
-~ best possible sealing of the system

- most useful design, mechanical equipment and material of
the coke collecting container

- optimal dimensioning, inclination and rotating speed of
the quenching drum

- must suitable positioning of the quenching nozzle system

most advantageous coke removal

dust removing efficiency achieved

- improvement obtained in the dust emission.

Unfortunately this research did not get beyond the planning stage,
because of special difficulties (ma.inly accomodation problems and
problems of alignment and maintenance of rails for the coke
quenching ma.chine) in the existing coking plant.
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These diffioulties and the solutions proposed for overcoming
them by the machine designer are being considered separately by
the twe parties (maker and user),

At the time of writing these lines, July 1972, it must be
assumed that ITALSIDER'S investigation will not be continumed, -
Nevertheleas the ideas developed by the manufacturer of the
ooke-quenching machine, H. KOPPERS, in Essen/Ruhr, are still
thought to be of interest by the experts of the Commission
of the Buropean Communities. It therefore seems possible that
there are other companies in existance who are willing to take
up this investigation and complete it.

5.2 Improvement of scrubdb of CO rich waste gases from LDAC
converters

(Hoesch Hiittenwerke AG, Werk Phoenix,Dortmund-Hoerde,
Study PS 132)

This study is the continuation of the investigations and
work which were carried out with the support of the ECSC within
the framework of the first study programme of the Dortmund-Hérder
Hiittenunion under the title "Scrubbing of the LDAC converter
waste gases with suction before combustion",

The problems which are to be solved now are specially:

- Improvement of water separation upstream of the exhauster
or before the outlet of the waste gases into the atmosphere.'\

- optimisation of steam blowing, which has been only
. provisionally fitted up to now, with the purpose of reducing
the steam consumption or for reducing the load on the
suction system and perhaps for using a smaller suction system;
for this purpose investigations of the physical proocesses and
the establishment of caloulation data are carried out;
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- dust removing investigations with a single annular element
with steam bdlowing;

- determination of the combustion properties of the waste gases
at the flare stack by reserving steam blowing for the purpose
of emitting minimum possible gquantities of CO,

- evaluation of the cause of the phenomenon of absence of wear
of the boiler tubes ~apart from the mechanical wear at
certain locations- in the waste heat boller on the waste
gas side in the plant at HOERDEA

- improvement of the process of slurry dewatering with a
recently developed coarse slurry drier.

The converter waste gases are collected into a water cooled
oconical gas collecting hood and ducted over the converter stack
into a preliminary scrubber into which water is sprayed through
swirler sprayers. The final scrubber has a venturi tube and a
single swirler nozzle which is connected to the narrowest part
of the venturi tube., This nozzle sprays a curtain of water against
the waste gas stream, Steam is blown into the inlet diffuser of
the venturi tube in the direction of the flow through an injecting

Laval nozzle,

This combination has proved itself as the simplest and most
effective method for maintaining the clean gas with a maximum
dust content of 150 mg/Nm3 3 a8 required by the competent authorities.

The best scrubbing efficiency was found for a certain "optimum"
position of the Laval steam nozzle. Further investigations should
explain the influence of the venturi tube geometry on the
extent of dust removal.

The replacement of the venturi tube by an annular slot
scrubber showed unfavourable dust removal efficiencies, This can
be assumedly ascribed to the fact that in the preliminaiy scrubber
the injected water can only be inadequately separated downstream
of the final scrubber.
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Adequate water removal is the basic condition for faultless
funotioning of the annular sorubber. The investigation of the
annular slot scrubber for replacing the venturi tube was not
pursued any further since water separation by the existing
plant cannot be improved owing to the geometrical relationships.

The converter waste gas contains varying quantities of CO.
As much as possible must be removed by the time the gas leaves the
flare stack, The effect of the high water content is such that
the waste gas does not burn at lower CO ocontents. Long term
experiments with different water separation systems led finally
to installation of an axial flow water separator below the
flare mouth. The water separation could be improved by this
to such an extent that about 50% of the total CO in the waste gas
could be burnt.

The scrubbing requires an extensive slurry and water
treatment plant, In the existing plant the fine slurry is
separated in a ciroular flocculator, dewatered in two vacuum
filter drums and pelletised in a rotating tubular furnace.
These dust pellets are used in the sinter plant, To the pellets
which come from the rotating tubular furnace is added the
coarse slurry which is removed before the circular flocculators
in a gravity separator. A dewatering drum with intermal blades
for 1lifting out of the dewatered slurry was developed,

53 Dust removal from CO.-containing waste gases from o n
blowing converters by means of electric filters

(Stahlwerke Peine-Salzgitter AG,Werk Salzgitter, Study PS 199)

. In order to keep the costs of dust removing plant used for
prevention of air pollution by oxygen blowing converters as well
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as iis operating costs as low as possible methods were worked out
which make it possible to prevent the access of air by suitable
collection and suction of the converter gases. This also prevents
the combustion which leads to a temperature and/or volume increase
of the flue gases to be cleaned.

Owing to the explosion danger of the CO-containing gases
collected in this manner only scrubbers have been used up to now.
However, for pfecipitatioh of the converter fumes, these wet
scrubbers roquire a great deal of power and expensive water

and slurry tratment is necessary.

In thoroughgoing experiments with a 3 t experimental
converter it became possible to develop a method which even at
abnormal charging variation appears to work safely with a dry
electric filter even with converter gases with high CO content,

The transfer of these experiments to industrial scale forms
the object of the present study.

On normal charging it is expected that owing to the
steelmaking process in connection with a constant waste gasflow
rate due to suction no gas mixtures which could present an
explosion hazard occur in the whole plant,

In case of faulty operation, for example interruption of the
blowing process at the point of the maximum carbon burnout
rate (entry of large guantities of air into the exhausting system,
filled with CO rich gas) or ignition lag at the start of blowing
(enrichment of the exhausting system with oxygen and subsequent
entry of spontaneously generated large quantities of CO rich gas),
the possibility of occurence of explosive gas mixtures must be
considered., For this safety measures are used which prevent »

danger to personnel and destruction of the plant by explosion.
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The following questions are asked about the dust removing plant
vwhich is subject to this study: -

1. what is the effect of the new straight form of the cooling stack
lower part without gas oollecting hood on operating with
suppressed combustion on gas removal by induced draught ?

2+ At which point ocan the first wa.ter( injection point for
optimal conditioning of waste gas . be built without suppressing
’

the further resction of the converter gas-air mixture by
_using temperatures lower than ignition iemperature?

3+ To what extent is the oxygen of the entrained air consumed
on suppressed combustion in the cooling stack?

4+ Are separate gas streams formed in the gas flow path?

5s What is the gas composition with regard to inertisation in
relation to the temperature of tha gas before water injection
at the inlet to the electric filter?

6. What is the gas composition at various parts of the plant
in thae framework of disturbances intentionally introduced
into the test programme?

T« Can the generation of the oxygen bubbles during the blowing
process be prevented by monitoring of the slag viscosity?

8. Is it necessary to use additional extraneous inertisation at
the beginning and end of each blowing period?

9. What measure must be taken with respect to the switching on
duration and the switching on time of the blowing in order to
prevent formation of explosive gas during the blowing pauses?

10. What is the effect of operational contamination on the flow
properties of the flue gases in the critical locations of the
gas path?

11. How do the test gases detrrmined in 6 behave in laboratory
tests on introducing an ignition source under given operating
conditions? )
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12, How are the explosion limits and combustion rates of the
CO—HZ—O2 gas mixture changed in relation to temperature,
pressure, water vapour and dust content?

13+ At what gas composition, especially at what EZO proportion
is the flare-stack ignited, and what is the influence of the
ignition potential?

14, How does the development of dust behave with respect to
quantity, chemical composition, grain distribution etc. during
a charge in relation to the process?

15 To what extent is the colleoted dust pyrophoric and how does
this influence its transport?

16. How does the moisture content of the dust separated in the
filter influence its transportability and how can a continuous
control and also recording of the moisture content be carried
out?

The first investigations deal with the sffects of the ceoling
stack lower part which is inclined to the converter axis on the
gas removal by suction. For the two conditions:

a) as limited as possible combustion of CO-containing converter
gases, il.e. the minimum access of air to the gases, and

b) prevention of spreading of the converter gases into the
converter hall

a compromise solution must be found.

A minimum air factor/\n- 0.3 at which the whole converter gas
can be collected without overflow was established by experiments.
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The possibility of reducing the air factor still further
by blocking air suction and for obiaining thence the theoretical
minimm gas quantity for the dust removing system was deliberately
not pursued since this process at present is associated with
appreciable problems with respect to the life of the necessary
outer and inner hoods and with respect to the suction eontrol.

The first operational experiments are carried out with
a tubular electrode filter with four parallel connested fields.

Explosions occurred repeatedly during this work. It was
realigsed that the main cause of this was the uneven flow
distribution in the filter.

The arrangements used for protection against explosions
were effective; the uneven flow distribution, however resulted

in an unsatisfactory degree of dust removal.

Sinoce attempts to improve flow distribution significantly
were not successful it was not possible to guarantee the
legally required clean gas maximum dust content of 150 mg/Nm3

on continuous operation.

Further investigations were hence carried out with a three
stage plate electrode filter.

An uneven flow distribution was also detected in the filter.

The ratio of the raw gas duct cross section to the free
filter area was 1: 19.4., Since no improvements were achieved
~in the flow distribution by modifications to the filter inlet
the conical transition piece of the raw gas duct before the
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filter was expanded so that the ratio of the areas at the
filter inlet is 1: 8.8 « The measurements: gave the following
dust contents:

Electrie fields in Steelmaking Steelmaking
operation process %D . process 3mc
14243 707 59.8
142 16145 146.8
1+3 97.0 7740
2+3 11545 81.0

These are average values over a complete charge. After the
removal of a bypass flow in the Redler chamnel which has a
bad influence on the dust removal it was possible to achieve
even the following values in the acceptance test:

LD LDAC

Raw gas dust content g/Nm3 124 121

Clean gas dust content mg/Nm3 23.4 12.3

These values show that the requirements of the competent
authorities can be satisfied in all cases with the three
stage electric filter. Even in case of failure of a field
the separation performance is still adequate. In contrast,
in a 4 field tubular electrode filter the clear gas dust
content reached was 12 g'/Nm3 when one of the fields failed.

These results have led to the decision to replace the tubular
electric filter by a 3 stage plate electrode filtex,
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5.4 Removal and combustion of CO-rich waste gases generated

in austenitic process arc furnaces on refining with

gaseous oxygen. Cooling of these gases and their
cle filters

(Gebr.Bshler & Co, AG, Diisseldorf, Study PS 160)

On refining austenite with gaseous oxygen in the are
furnaces an especially large quantity of brown fumes is
generated. This is associated with very high gas temperatures
and with very high proportion of CO. A technologically and
economically satisfactory practical solution of the problem
of dust removal from such arc furnace flue gases has not been
kmown up to nowe

Sorubbing methods require a bulky and expensive slurry
treatment, In addition they cannot be allowed to flow out into
the open without further consideration owing to discontinuous
operationgince at outside temperatures below zero there existis

a serious danger of frost damage.

Of the dry separation methods, cyclones have to be
excluded because they are not able to separate fine particles
of the brown fumes adequately.

In the case of an electric filter the danger of ignition
of explosive gas mixtures must be considered.

Fabric filters do not have any of the abovementioned disad-
vantages; however, they are sensitive to higher temperature
(turning, disintegration) and mechanical loads (tearing,
abrasion) as well as against temperatures below dew

point (clogging, adhesion).
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Apart from the difficulties of the actual dust removal
there exist technological and economical problems of a special
nature in transporting the very hot flue gases from the furnace
to the dust removal plant under the given conditions.

The purpose of this study is the testing and development
40 fully operational state of a bag filter plant inecluding
the duoting leading from the furnace to the filter in which
a purified gas dust content of 150 mg/mn5 or less can be

guaranteed.

The plant in which the research work ie carried out

operates as follows:

The hot CO-containing fumes are sucked away from the
domed cover, The quantity to be removed this way is
determined by the hearth chamber pressure, The fumes must
be cooled before they reach the fabric filter. This ocooling
i8 carried out in a regenerative mammer in two ceramio
coolers which in principle are comparable with Cowpers
for blast furnace blast heating. This cooling and cleaning
plant is used as a common dust removing plant foxr 2 arc
furnaces (20t and 10%); the arc furnaces make austenitic steels.

Resulte up to now

It appeared necessary to line larger areas of the flue
gas duct with fireproof lining in order to prevent destruction
of ducting by the action of heat.

A water=cooled regulating valve in the ducting bend could
not resist the temperatures due to oxygen refining. It was
replaced by a water-cooled sliding valve which is completely
withdrawn from the gas stream at the time when the maximum

temperature occurs,
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It was seen that the ooolipg action of the ceramic coolex
mst be regulated over a wide range. An inadequately regulated
cooler enables the temperature peaks to be accomodated but at
times of low heat input it passes too cold a flue gas into
the bag filter so that temperatures will fall below the dew point.

This situation was remedied by swiching over the cooler
not at fixed intervals of time but in relation to the temperature
of the gases downstream of the ocooler,

Lime particles in the dust led at first to difficulties
with the filter fabrics used. In the end filter cloths made
from flameproofed polyester fabric appeared the least liable
to faults. This fabric can withstand temperatures up to 150°C.

The clean gas dust ocontents achieved were less than
50 mg/mn5 « The gas temperatures in the filter were 50 - 100°C,

5.5 Removal of the solvents in the waste air from strip
ceating plants

. (Stahlwerke Peine-Salzgitter AG, Werke Salzgitter, Study PS 212)

The purpose of the study is to test and develop to the
fully operational state a new process for elimination of
solvenf.s in the waste air from a strip coating drying oven.

In the strip coating plant to be investigated the coating
of wide strip is carried out in two stages in which the first
stage is used for basic coating and the second stage is used
for finish coating. Each stage is terminated by a drying oven.
The drying oven oonsists of four zones, i.e. the required
partial quantity of air has to be heated four times in the
oven; part of its heat is transferred to the belt, the solvent
is absorbed and drawn away.The solvents evaporate mainly
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in the first two zones of the oven,

In the interests of safety at work and working hygiene
the waste air which is loaded with solvents must not be ducted
directly into the atmosphere. The solvents can be burnt directly
at high temperatures or catalytically at lower temperatures
and then exhausted into the atmosphere. In order to improve
economy a oatalytic afterburner system is installed since
the reaction temperatures in this case are much lower and hence
the heat supply for heating the outlet air is lower than in
the case of direot combustiom.

Up to now the heat exchanger has been installed for
preheating the fresh air and the heat in the waste air has

been recovered., In this case each zone has its own afterburning system.

In the coating plant which is to be investigated only
one afterburner system is used for two zones of the drying oven
and a part of the cleaned air is recycled to the oven in order
to improve economy with respect to the investment costs and
heat recovery.

The study is intended to provide an answer especially
for the following questions whioh are of decisive importance
for the practical application of the decribed process:

1. How large can the quantity of recirculated air be so that
the HZO and 002 concentrations in the furnace will not
have a damaging effect on the surface quality of the
coated strip?

2., How great is the extent of maximum recirculation in relation
to various adhesives and solvents, disturbances in the after-
burner system and the delay period of the measuring and
control system so that no danger of explosion can ocour?
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A final solution has so far no yet been found for the
oven pressure oontrol system, & 50% fume gas recireulation is
attempted., At first it was attempted to control the economic
performance of the oven by an oven pressure regulation with
the adjustable magnitude "fresh air supply".

The whole oven hall must be kept undei' excess pressure
owing to the requirement for dust-free environmental air for
the coated steel strip., Pressure variations in the hall cause
either large uncontrolled quantities of air to flow into the
oven or solvent-bearing air to reach the hall from the oven.
At present it is attempted to control the fume gas economy
of the oven by balancing the gas quantities at the oven inlet
and outlet, Evaluation of the explosive limits in the various
fume gas mixtures has not been possible- up to nowe

Removal of the fumes generated on weldi. induced
Araught

(Hinistry for Social and Peoples Health of Netherlands,
General Directorate Work, Voorburg, Study PS °77)

On eleotriogl welding are generated fumes from very
fine dust. This dust is formed in the arc and it consists
mainly of iron, iron oxide and dusts which originate from the
eleotrode coating.Additional extraneous materials are developed
on welding of steel plates which are covered with a zinc-bearing
primer for protection against corrosion.

Welders complain of great discomfort due to welding fumes,
especially during welding in enclosed rooms,.

The purpose of this study is to establish acceptable
conditions for welders by removing welding fumes by means of
induced draught.
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Measurement of air pollutants in the breathing zone
of the welder should prove the success of the development
worke A suction plant whioh appears most suitable for the given
purpose draws welding fumes directly from the position where
they are generated and either passes them through a filter
into surrounding air or the unfiltered welding fumes are
ducted away from the building and exhausted at some other
location,

Results up to nows

The experiments with direot filtering of the suocked
welding fumes were not successful, The filtering material
available had to be replaced after using about 20 electrodes,
otherwise the flow resistance of the filter became so high
that the necessary exhaust fan became too heavy for a

transportable arrangement.

Ultimately a suotion hood was developed which sould be

attached with magnets d.i:eotly to the welding location. The
welding fumes are tra.nsported by a hose- to a fan and’ exhan.ted '

into the open atmosphere. The suction hood is about 8 m/s.
The quantity transported by the fan is 7.5 m3/min. The suction
hood is effective over a radius of 35 - 50 cm.

Subsequently a common suction plant is going to be developed
for a number of working positions. In this case it is necessary
to investigate whether the mucked-away welding fumes can then
be exhausted into the atmosphere in an unfiltered state.
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6. Studies and investigations for improving the lknowledge of

the collection and separation of dusts, fumes, vapours
and gases

The influence of various chemiocal or physical conditions
on the dust removal and gas purification processes in many
cases requires thorough theoretical investigations. In a number
of the processes applied at present the equipment and operation
of the full scale plants are determined by empirically evaluated
data. In order to achieve an optimum mode of operation and the
economically best solution it is unavoidable that these
empirically evaluated principles are confirmed and supplemented
by investigation of the theoretical relationships.

6.1 Fluorine separation in dry dust removing process of
CO-laden waste gases in steelmaking

(Friedr. Krupp GmbH - Forschungsinstitut, Study PS 180)

The complete combustion of CO-containing gases generated
on steelmaking in a converter generates in turn large quantities
of hot waste gases. Dust removal from these requires large and
consequently expensive plants.

In order to reduce thgse disadvantages the access of air is
reduced in a minimum gas process or in a process with
suppressed combustion with the result that the combustion is
largely or to a certain extent suppressed; in this case smaller
quantities of waste gases require dust removal yhich -resultis
in reduction in the space and outlay in the necessary plant.,

The wet process of cleaning CO-containing waste gases was

. used almost exclusively first. This was because of its greater
safety against explosion which in comparison with the dry

dust removing process requires a larger quantity and additional
plant for slurry water treatment.In any case there is practically
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no danger in this plant that fluorine-containing particles can
reach the atmosphere.

Clarification of the fluorine problem assumes special
importance since meanwhile kmowledge has been gained which
makes dust removal possible by a dry method which is free of
expl’osion hazard even for unburnt or partially burnt
converter gases.

It can be assumed that on addition of fluorspar during
the blowing process a proportion of the escaping fluorine ox
hydrofluoric gas is deposited on the dust,.

The purpose of this study is to establish to what extent
the fluorine is held by the dust by the CO=containing flue
gases in the various converter steelmaking processes and
what proportion can be separated by a dry dust removing process
using an electric filter.

The investigations necessary for achieving this purpose
are mainly
a) analysis of the gases and dusts in the raw and clean gas

b) analysis of the separated dusts

c) determination of the separation efficienocy for dusts,

fluorine and fluoride.

The experiments were carried out in a top blowing converter

of 3¢ ca.pacit&. Dust is removed from the waste gas in a
scrubbing plante. A tubular electrode filter for dry extraction

is fitted into the ducting which bypasses the main dust extractor.
The waste gas plant males possible the adjusiment to suppressed

or full combustion,
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Results up to nows

The first investigations were made for the selection of
suitable sample collection and analysis methods. The samples
for gas analysis and dust investigation were collected
separately from the gas stream., The fluorine balance established
by the analyses showed a maximum error of 10%. This shows that
the selected methods for sample collection and analysis are
basically suitable for the investigations specified.

Further experiments should give information about whether
the main gasstream and the bypass stream have the same gas
composition and dust content in order to investigate the
fluorine=~containing waste gas components which are separated
by the electric filter from the bypass flow.

6.2 Filtering at high temperatures through fibre filters

(Institut National de Recherche Chimique Appliguée,
Paris, Study PS 165)

At the present state of gas cleaning technology hot gases
must in general be cooled at first below 150° C before they
can be passed through fibre filters.

Filtering of the flue gases in ceramic, glass fibre, carbon
and zinc filters at higher temperatures would have the
following advantages:

1. The expenses for waste gas cooling can be reduced

2. The hotter waste gases have a higher buoyancy. This
" enables the emissions to be better distributed in the
atmosphere under otherwise equal technological conditions.

The purpose of this study is to investigate theorstically
and practically the reliability of fibre filters at higher
temperatures, about which little is known at present.
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In the framework of the study a test rig had first to be
developed and built for high temperature filtering. The following
problems had to be eolved in this case:

In contrast to investigations at normal temperature special
measures have to be taken in a test rig for a high temperature
filter in order to ensure that upstream and downstream of the
filter there are as large as possible isothermal zones.
Isothermal conditions are necessary in order to eliminate
concentration variations due to {thermophoresis i.e. deposition
due to temperature differences, In order to avoid sedimentation
the ratio between the length anddiameter of the test rig must
be made as small as possible.

Owing to the requirement of the isothermal conditions
the test rig ms? however, be accomodated into as long as
possible heated room (oven); these are requirements which are
not simultaneously satisfied.

Since the sedimentation laws are known, attention must
mainly be paid to isothermal conditions on the design of the
test rig.

Leakages in the filter or between the filter and the
filter housing have especially adverse effect owing to the
neceegsarily small dimensions of a test rig so that special
attention must be paid to the sealing.

It was possible to evaluate a number of relationships by
means of this study. The degree of separation is reduced at
rising temperature at constant flow speed; if,however, the
energy consumption of the filter is reduced at rising temperature
then the degree of separation is increased with inoreasing temperature.
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For example, at constant flow speed a glass fibre filter
retains 70% of the iron oxide control aerosol at a temperature
of 20° C, but only 40% at 330° C.

However, if the energy oonsumption, i.e. the Reynolds
number, is held constant (whioh leads to an inorease in the
flow speed as the temperature inortuos) an inorease is obaorﬁd
in the degree of separation as the temperature inoreases, from
70% at 20° C to as much as 82% at 330° C. However, the study
was unable to establish a theoretically satisfactory formmla
relating the variation in pressure loss to variation in
temperature,

7o Simdies and investigations for extending the kmowledge
about the principles of personal dust and gas protection

-

In factories and at jobs where extraneous materials are
unavoidably generated in health-damaging concentrations and
which can reach breathing air but where effective .colleotive
measures are not possible the persons employed must be protected
by a suitable equipment for personal protection against damage.
It is very important that the user of such items of equipment
for personal protection should be able to rely on their efficiency.

T+1 Investigation of the efficiency of the personal protective
filter equipment against gases and vapours

(Institut de Recherche Chimique Appliquée, Study PS 168)

Protective masks with filter cartridges are frequently used
as personal breathing protection.

. The purpose of the study is to develop a method which enables
the efficiency of various types and makes of filter cartridges
for breathing protection masks to be tested.The method to be
developed must be easy to operate and above all it must provide
reproducible results,
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The problem was solved in two steps:

1 < Establishment of certain investigation standards.
The investigation conditions were established by
considering the absorption of the poisonous materials
in an air stream on activated carbon. It.was attempted
to match the investigation conditions as closely as
possible to the actual conditions of a working place.

The following experimenta.i conditions were established:

1,1 Air throughput through the investigated filter
cartridge 30 m/min and 180 1/min

1.2 Air temperature 25° C.
1.3 Air moisture content 30% and 80%
1.4 Poisonous material concentration 1 ,g/m3 and 5 g/m3

2., Development of a test rig

A test rig was developed which enabled the experimental
conditions listed above to be adjusted and maintained with
precision.

The pollutant concentration downstream of the filter-
cartridge was measured with Driiger test tubes. At concentrations
approaching the maximum permitted value for a working place
(MAC value) these test tubes give guite useful and reproddcible
values,.

The following criteria are hence found for judging the
filter cartridges:

a) Harmful material ooncentration in the filtered air
in relation to the duration of the air throughput

b) Maximum harmful material guantity absorbed by the filter.

A large nmumber of filter cartridges were investigated in the
test rig.
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Air pollution control in the iron and steel industries

8. SUMMARY
From the beginning of 1969 up to the middle of 1972,
some 2.5 m units of account are made available for 36 projects
under the second 5-year ECSC research programme for air
pollution control in the iron and steel industry. Of this sum
84% was assigned to 19 applied research projects and 16%

to 17 projects qualifying as basic research.

An account is given of the results obtained to date
from 21 projects, most of which, however, have not yet been

completed.

In the field of applied research five projects are
concerned with determining the type and extent of air pollution

in iron and steelworks or their immediate vicinity.

An interim result of this research which can already be
established is that all those whose objective is the reduction
of air pollution by ironworks will continue for some time yet
to focus their attention on the problem of emissions from

coking plants.

To obtain generally valid information on the extent of
emissions which would lead, if possible, to recommendations for
the limitation of these emissions, careful coordination of
research done in this field will be necessary, together with

critical comparison of its findings.

Two research projects are under way for the prevention or

limitation of dust, fumes, vapours or gases.

Both projects are still in the initial stage and it is

precisely at this juncture that measures which might prevent
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emissions are often found to require wide-ranging changes to the
basic methods of a manufacturing process, the later consequences
of which must first be investigated in great detail,

One of the projects is concerned with reducing the
hazard presented by dust, fumes vapours or gases arising
out of certain working processes.

This research, aimed at converting into biologieally
harmless materials the waste substances with a cyanide content
which are inevitably generated during the blast furnace
process has revealed certain basic methods which might be applied
to the solution of this problem. Considerable technical experiments
are still essential, however, before an economically viable

solution can be put forward.

Six preojects are presented which are connected with the
collection of dust, fumes or gases at the place they arise

or close to it.

One of these investigates possibilities of reducing
emissions from coking plants during pressing and quenching
of the coke.- A theoretical method of eliminating these
emissions was devised but could unfortunately not be put
into practice because of restriotions imposed by the special
conditions prevailing at the site provided for the experiment.

Three projects are concerned with control of the "brown
fumes" arising during steel production. Three different de-dusting
systems are being examined: wet de-dusting, dry de-dusting by
means of an electrostatic filter and bag filtering. All three
systems can today be equipped so that dust contents in clean gas
are less than 150 Nm3, i.e, below the maximum admissible level.
This research, however, still has a considerable number of questions
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to solve in connection with the adaptation of filtering apparatuses
to the requirement of specific technical procedures.

One project is concentrating on the elimination of solvents
from the exhaust air of a strip-coating plant. The solvents are
burned by catalysis. Research is still contimuing on the effect
of varnish components as catalyst poison and the avoidance of
explosive gas mixtures in the exhaust air.

Under another project extractor cowls were developed,
through which the fumes given off during electric welding can be
exhausted and safely led off.

Three projects under the basic research programme
are devoted to dust sampling and analysis in the iron and steel
industry.- One of these is concerned with particle size
analysis techniques for fine dusts with a particle size of less

than 1 um. The techniques investigated so far can only be
applied on an experimental scale.

Another is devoted to the further development of a
continuous dust emission monitor, as there is to date no robust.

device suitable for use as & continuous particle sige dust monitor.

The third project in this field has resulted in the
experimental development of a procedure based on the continuous
measurement of the kinetic energy of dust particles in gas flows.

One project is investigating the fast oxidation of 502

to S0, in the presence of metal oxides.

3
Investigation of the principles for dust separation and
collection is-the subject of two projects.~ One of these is
experimenting with the separation of fluoride by dry de-dusting
of high CO content waste gases produced during steel manufacture.



- 60 -

The second research project in this group deals with
high-temperature filtering procedures. Research under the first
programme has shown that improved knowledge of the theoretical
principles of high temperature filtering could be extremely
useful in carrying out practical experiments in large-scale

technical plants.

One project was devoted to the question of personal
protection against dust and gas. Test equipment was
devised to check the suitability of various personal

breathing apparatuses for industrial use.
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ANNEXES
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PROGRAMME OF RESEARCH IN INDUSTRIAL MEDICINE, HYGIENE AND SAFETY,

UP TO 31 DECEMBER 19T1

Budget (round figures,
in units of account)

Field covered and designation Decision
of Total Research
budget eg%g&ts
A ~ INDUSTRIAL MEDICINE AND HYGIENE
a) Physiopathology and clinical medicine
1st programme (industrial medicine) 5-10-1955 1 200 000 1 200 000
2nd programme sindustrial medicine) 7~ 4=1960 2 800 000 2 856 000
3rd programme (physiopathology and
clinical medicine) 28~ 4-1964 3 000 000 2 680 000
b) Traumatology and rehabilitation
1st progremme irehahilitation) 1) 5-12-1957 500 000 500 000
2nd programme (traumatology and rehabili-
tation) 19- 6-1964 1 800 000 1 100 000
3rd programme §bur~ns) 18~ 5-1966 1 500 000 560 000
4th programme (chronic respiratory dideases)|13-10-1970 2 500 000 60 000
87956 000
B — INDUSTRIAL PHYSIOLOGY AND PSYCHOLOGY
a) Human factors and safetv
1st programme (human factors and
safety) (1) 5-12-1957 1 000 000 1 000 000
2nd programme (human factors and
) safety) (2) 4~11-~1964 1 200 000
b) Ergonomics
1st programme (physiology and organization 2 y16 000
of work) (2 4-11-1964 2 000 000
3 416 000
C -~ INDUSTRIAL HYGIENE
a) Measures against dust in mines
1st programme (technical measures against
dust in mines) (1) 5-12-1957 900 000 900 000
2nd programme (technical measures against
dust in mines) 21-12-1964 6 000 000 5 236 000
3rd programme (heslth in mines) 28~ 7-1971 4 500 000 -
b) Technical measures against dust in
steelworks
1st programme (technical measures against
dust in steelworks) (1) 5=-12-1957 600 000 600 000
2nd programme (technical measures against
airpollution in steelworks 14~ 6~1967 4 000 000 2 295 000
c) Separate research projects
Red fumes in convertors 18- 7-1961 1 000 000 1 000 000
Red fumes in convertors (3) 19~ 6-1964 1 825 000 1 025 000
Climatic factors in mines 16— 3-1966 116 000 116 000
Defluorization of gases 16~ 3-1966 66 875 65 000
d) Large~diameter drilling to rescue trapped
miners 19-12-1969 70 650 68 590
eg Stopping erected 19-12-1969 250 039 242 756
f) Roadway fires and underground combustion 28~ 7-1971 502 267 487 6;5
12 0 1
TOTAL & 37 330 831 24 407 981

(1) This programme is part of a single budgeting plan, under the general title

of "Safety", and comprising four programmes.

(2) This programme is part of a single budgeting plan, under the general title of
"Human factors and ergonomics", and comprising two programmes.

(3) Extension requested until 30 June 1968.
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Duration initially envisaged for the overall programmes

55

56

57

60

61

62
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64

65

66

67

68

69

10

1

T2

13

74

75

Legend 3

Programmes completed or in progress

= == = = =Programmes in preparation
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