Experience with Low Shaft Furnace

at Ougree

Dr. H. Malcor

furnace. Of late there has been a tendency to

increase the height of blast furnaces and excep-
tional thermal efficiencies were thus attained as can
be visualised by the fact that the top gases do
not exceed 100 to 150°C in temperature. However
the main disadvantage with higher furnaces lies in
the necessity of a combustible of great mechani-
cal strength : metallurgical coke. a product both
rare and expensive. It would therefore be advan-
tageous to reduce the height provided this measure
is not too detrimental to efticiency. Use of oxygen
was thought of in this connection and the idea of
a collective study on the performance of a Low
Shaft Furnace was formed in 1951 in the meetings
of a Committee of the European Organisation of
Economic  Co-operation  (Office Furopeen de Co-
operation Heonomigque) which was to investigate
the possible uses of oxygen in ferrous metallurgy,

Seven European countries were signed up for a
S-year mutual contract to form our International
Committee for Research on the Low Shaft Furnace
(Comite  International de Recherches sur le Bas
Fourneaw). These countries were : Austria, Belgium,
Greece, France, Italy, Luxemburg and Holland,
The Batelle Memorial Institute (U.S.A.) joined
subsequently. The United Kingdom participated in
the Committee as an Associate Member. Moreover,
renowned specialists from Germany, Sweden, Switzerland
and Yugoslavia agreed to take part in the deli-
berations, as consultants.

Jonsidering the economic conditions of the countries
in Western Europe, the main object of the Committee
was to study the possibility of producing a Thomas
pig iron (i.e. a cold pig-iron) on an industrial scale,
in the low shaft furnace, using raw materials
considered as poor or unsuitable for blast furnace
purposes, such as fine ore and especially, combustibles
other than  metallurgical coke.

The first contract expired in December, 1958 and
while many of the original Committee Members
discontinued their associateship, the High Authority
of the European Community for coal and steel (Haule
Auforite de la Communaute Huropenne duw Charbon
et de I' Acier) agreed to riatch up the required
funds for a perlod of three years provided the pro-
gramme of work would mainly include investigations

HELGHT is of major importance in a blast

Dr. H. Malcor, President, Institut de Recherches dela Siderurgie
(IRSID), France.
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that could impart a better knowledge of the mecha-
nism of the blast furnace process.

From the beginning, the resecarch was guided by

, “Directive {omnuttee assisted by one “Technical
fommitt-oe and one “‘Execcutive Committee”, Finan-
cial dealings of the enterprise are being managed
by the Belgian Institute of Rescarch (IRSIA) and
the execution of research is entrusted to the Belgian
National Centre of Metallurgical Research (Centre
Nuational Belge de Recherches Metallurgiques).

Construction of the Low Shaft Furnace

The construction of a pilot low shaft furnace
was the first job the Committee had to undertake
and the plant was Dbuilt at Ougree, near Liege
in Belgium, in the immediate vicinity of an oxygen
producing unit. The works started in July, 1952
and were completed by May, 1955,

Fig. 1 shows the general layout of the plant and
we can see :

the low shaft furnace,

the Cowpers stoves,

the turbo-blower,

the casting, storing and burden preparation hall,

the control room and the offices,

We have selected an oval scction for the low
shaft furnace. In fact, if ever low shaft furnaces
are to be built with large capuacities, they cannot be
circular  because opposite tuyeres would then be
at too great a distance one from another, which would
create a zone of lesser activity at the centre : this
would cause a portion of burden to reach the hearth
in an insufficiently conditioned state. As a matter
of fact it was not necessary to take up the oval
shape for a relatively small section as the one of our
low shaft furnace but we thought it preferable to
try this shape which would be necessarily adopted
for high capacity industrial units.

We knew that numerous difficulties would be caused
by this shape and for one year the performance of
the furnace was indeed irregular, marked by serious
blockings at the extremities of the major axis,
numerous falls and high production of flue dusts.

Based on the experience acquired in the course of
the first trials, the furnace underwent great altera-
tions. We can mention in particular that the charg-
ing system was too simple and caused a bad
distribution of the charges., The two charging boxes
consisted of a chamber closed at the top by a valve
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which ensured tight cloging when the bell forming
the bottom of the chamber, was going down. This
system has been replaced by o revolving double bell
as for the standard hlast furnaces.

In order to adapt the furnace to its oval shape,
we also had to modify the distribution of the blast
by changing the number, position and diameter of
the tuveres.

The profile of the furnace was also altered and
the two horizontal gas outlets originally loeated at
the ends of the minor axis were replaced by four
vertical outlets.

These moditications have considerably improved
the performance of the low shaft furnace and the
stability and reproducibility reached are sufficient to
draw definite coneclusions from the trials. There,
however, still remained a tendency for blockings.

The present main characteristics of the low shaft
furnace are as follows :

length 3:20m  (originally 300 m.)
width 1-40m [ 120 m.)
hearth area 3-81m? ( 3:06 m.)
bosh area 59Ilm?*
stock area @ 5 0hm?
total height : 7:40m

maximum height of charge above tuyeres : 4-80m
height generally maintained avove
tuveres wws ¢ 350m
refractory lining : silico-aluminous bricks carbo-
naceous lining
number of tuyeres :
diameter of tuveres :
to 140mm).

Ifig. 2 shows the dimensions of the actual furnace

The blast required is collected by a group of two
blowers in series of 14,000m"/h capacity and it is
injected at 4,000mm of water pressure. These
blowers are worked by a motor, 6,000V-900 hp,
which can be coupled to a turbo-blower [pressure
2:3 kg/em?—discharge 9,000 m?/h).

The blast is conveyed into 2 Cowper stoves, 19m
high and 6m diameter, capable of heating it to
about 800°C. The whole installation is designed to
stand a pressure of 2°5 kg/em®

Pig iron is tapped about every 4
removed in the solid state.

Raw materials are discharged and collected by a
weigh bridge of 8 tons; they are stored in 3 bins
each having a capacity of 900 tons ore or 450 tons
coke and are then charged on 3 feeding sieves
sereens  of  100-150 tons capacity. The weighing
system adopted is not a standard one (continuous
system on 3 weighing belts) and it allows the
intermittent weighing of all raw materials for both
cases of standard alternative layers operation as
well as mixed charges melting. The last belt
distributes the materials in two skips of 800 tons
each.

There was no provision originally for any special
preparation of the charges but it was soon found
difficult to use ores with high percentages of fines.
We examined the various processes of agglomerating

10 ( originally 8)
60 to SOmm (originally 100

hours and
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the fines in some not too expensive manner and as
a result of our study, a vacuum cold extrusion press
of 10 ton/hour capacity was installed in 1957.

Total costs of the installations at Ougree
amounted to £ 470,000 of which £ 84,000 was
spent for the extrusion press.

The expenses incurred by our Committee from
the beginning totalled about £ 1,300,000,

Programme of trials

The trials were so planned that we may :

On  one hand, achieve the objectives of the
Committee : Production of a cold pig iron from
ore fines and low grade fuels, in economic conditions ;

On the other hand, carry out a systematic study
on the performance of the low shaft furnace to
point out  the factors likely to  influence its
behaviour ;

And finally, obtain such results  as
contribute to increase our present
the performance of blast furnaces.

The trials were executed by
of Liege with the collaboration of
the various participating countries. While in opera-
tion the low shaft furnace has a staff of 70
workers and employees, and 5 enginecers.

Metal was tapped for the first time in 1953 ;
in a period of five years about 15 major campaigns
were conducted each of 1 to 2 months’ duration
and more than 16,000 tons pig iron were produced.

Results of major importance during the most signi-
ficant periods of operation of the low shaft furnace
have been given in this paper.

would
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metallurgists  of
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Fig. 2.—Coupe Vertical du bas fourneau actuel (8 tuyeres).

The objective of the first
regulate the plants; certain
backs were observed and as
amendments were made in 1954.

Low grade, siliceous Luxemburg ore was used,
and then low grade calcareous ores with about
309, Fe, obtained from Luxemburg and Lorraine.
These ores were of low grain size (0-30 mm) and
all of them contained a large proportion of fines
(20 to 407 and even 609 of 0-10 mm).

As combustible, we successively used
metallurgical coke breezes (0-30 mm) and then,
French semi-coke (9-25 mmj with 159 moisture,
129, ashes and 9 to 127 of volatile matters:
This semi-coke obtained from non-coking high volatile

campaigns was to
constructional draw-
already mentioned

various
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coals, gave excellent results,

These first campaigns were characterised by an
irregular operation with numerous hangings, blockings
and large quantities of flue dusts (200 to 500 kg per
ton of pig iron) which were there in particular, due
to the high proportion of fines in the ore. The
use of oxygen enriched blast at 289 did not result
in any improvement. The intensity of combustion
could not be increased, without serious disturbances,
beyond 55 tons per day with ordinary blast and
70 tons per day with oxygen enriched blast.

The fuel rates were high (calculated values of
1,200 to 1,600kg/tons pig iron) and the indirect re-
duction was poor, but it was a good surprise to
note that the top gas temperature was low (below
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200°C)  and  that thermal losses were only minor
(79), even with the low grain sizes and even
without enriching the blast.

The silicon content of the pig was relatively low
(1°,) and the pig iron was in a fairly well carbo-
nised state provided the combustible was not in
too large pieces (<25 mm).

After modifying the low shaft furnace the first
campaign  of 1955 was fairly long and its main
objective was to appreciate the improvements effected
and  to achieve stability in the operation of the
furnace.

The campaign started with the same semi-coke
and the caleareous Lorraine ore, as used previously.
Later another Lorraine ore of 329, Fe was exclusively
uged in the low shaft furnace.

From the start, the performance was more regular
and flue dust production had decreased ; after trials
with varying proportions of fines it was soon
evident that at a rate of 40 to 60 tons of coke
per day, the low shaft furnace functioned as an
ejector, conveying all the fines charged, to the
dust  catchers. Neither wuse of enriched blast nor
use of low top pressure (05 kg/em?®) had any
tavourable effect.

However, with screened or dust-free ore (3-25 mm
for example), the conditions improved and flue
dust production decreased to 85 kg/tons pig iron.
From this, it was apparent to us that agglomera-
tion of the fines should be done, if large quantities
of fines are to be charged in the furnace.

A few agglomerating trials, at normal temperature
by wacuum extrusion, were made on a machine
borrowed by the Committee and these elucidated
the question. Extruded materinls made from ore
fines of BSt. Pierremont 0-7 mm (pure or mixed
with 509, of blast furnace dust) were consumed in
the low shaft furnace along with the 7-20 mm
fraction of the ore. The operation of the furnace
was satisfactory and the Committee decided to
purchase an extrusion press. Trials with extruded
materials made from fines of lean coals, and mixed
extruded materials gave, however, mediocre results,

At the end of 1955 there was a short campaign
using as fuel a mixture of French semi-coke and
dry Lorraine high volatile with 42%, of wvolatiles
(grain size 20-30 mm) but the run of the furnace
was found difficult.

A new campaign in 1956 tried the use of high
volatile dry nut coal (30-50 mm) and then of
high wvolatile fat nut coal. The results were satis-
factory and good quality pig was produced especially
when wusing the dry high volatile variety. The
absence of tar in the dust catchers and in the
ogas, proves that hydrocarbures were cracked in the
hearth.

At the end of the vear we carried out compara-
tive trials with dust-free ore, Dwight-Lloyd sinters,
and then with coke breeze and semi-coke ; this
was done in order to determine the behaviour of
hydrogen in the hearth. When using sinter the
furnace worked very regularly, without flue dust ;
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the pig was of good quality but the top tempera-
ture was high (300°C) and =0 also the fuel rate
(taking into account the high temperature reached
in the fusion bed).

In 1957, we received the extrusion press, and
we main'y concentrated our activities on the manu-
facture and consumption of various types of extruded
materials,

The trials first related to extruded ore. TLorraine
fineg gave excellent results, provided a size of 3 mm
was not exceeded. Addition of 49 water was necessary
to increase plasticity and the product thus obtained
contained 159 humidity. When {fresh from the
machine their crushing strength was of 2 kgfem?
and this reached 5 kgfem? after hardening. Extruded
products, 33, 25 and 16 mm  diameter were tried
in the low shaft furnace,

The 35 mm extruded materials were too big, and
unsatisfactorily reduced ; at the rate of 50 tons of
coke/day, their use resulted in a poor performance
and bad quality pic. We then decreased the rate
to 35 tons of cokefday, and this considerably im-
proved the furnace operation with 25 mm pieces ;
with the 16 mm size we could afford a rate of
a0 tons coke/day. Flue dust production did not
exceed T0 kg per ton of pig. Results were still
better with re-sieved coke over 10 mm, but it was
observed that the fuel rate was higher in the case
of extruded material than when using sieved ore.

In order to confirm the influence of the coke
rate, several trials were made with fine, raw ore
0-25 mm; at the rate of 40 tons of coke/day only
the performance was found very stable and the pjvg
of correct composition. The smelting zone rose up,
indirect reduction increased and the fuel rate r_elea.rly
decreased. There were however large quantities of
dusts due to a high proportion of fines in the
ore,

We have then tried to use mixed ore-coal agglo-
merates. We obtained good ones, of 25 mm size
and 109, ecoal, from Lorraine fines (0-3 mm) and
0-2 mm, Ruhr, floated “Schlamms™. Their use in
the low shaft furnace together with coke breeze
was however not satisfactory. Dust was produced
in large quantities ; the mixed
rejected and choked the furnace.

Another trial was also made to study the behaviour
of volatile matters in the low shaft furnace using
0-25 mm ore and Sarre high volatiles, freed of the
major part of their wolatile contents by heating
at 650°C, ' -

During the year 1058, we worked the low shaft
furnace as an experimental blast furnace.

We first varied the coke rate between 50 to
30 tons of cokefday in order to determine the
conditions in which the performance of the low
shaft  furnace would be most stable and most
comparable to that of the blast furnace, even at
the cost of lowering the productivity ore and coke
breeze, re-screened on 5 mm were used. 40 tons
of coke/day appeared to bhe the optimum rate,

Using the same raw materials, we proceeded  to

agglomerates  were
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another trial where the top pressure was of 15 to
2 kgfem?, It was then observed that use of top-
pressure considerably improved the working of the
low shaft furnace ; the fuel rate decreased by about
200 kg/ton of pig; the pigs obtained were well
carburised and very fluid. On the confriry while
working at the too low rate of 30 tonsfof coke/day
the blast could not penetrate well and the furnace
cooled down.

We subsequently took up trials with Dwight-Lloyd
sinter with or without top pressure, at the rate of
35 to 40 tons of coke/day.

The first trials with unsereened sinter and without
top pressure gave deceiving results. Big pieces in
an unreduced state passed in front of the tuyeres.
To improve things we not only had to reject pieces
larger than 35 mm but also to eliminate the 0-3 mm
size. The performance became really satisfactory
only after careful re-screening of the sinter on 3-25 mm.
The pig was then of good quality, and the fuel rate was
distinctly lower than with ore, but the top temperature
remained higher than in the case of ore smelting.

A few trials with 309, enriched blast have given
promising results; the top temperature appreciably
decreased. However, a few unreduced pieces were
still appearing in front of the tuyeres and the pig was
not as good as usual. Our enriching of the blast was
perhaps excessive and this might have caused excessive
concentration of heat in the melting zone.

Trials without addition of flux, consequently with
a lower basicity index than usual (CaO/Si0,=1-09
as against about 1'5) have improved the performance
and decreased the fuel rate.

Finally, the use of top pressure (1'4 kgfem?) gave
the same favourable results in both cases of sinter
as well as raw ore. The furnace was remarkably
stable, and desulphurisation excellent in spite of
the low index of basicity. The top temperature fell
from 250 to about 150°C, the ratio CO,/CO changed
from 031 to 045 and the raw coke rate decreased to
890 kg/ton of pig, i.e. a corrected fuel rate of 673 kg.
This figure is quite comparable to that of blast furnaces
consuming 1009, sinter. In proper conditions and
with suitable burden size the low shaft furnace
behaves as a blast furnace.

In the course of our trials to come we intend study-
ing more closely, with ore sinter, the influence of
top pressure oxygen and water vapour in the blast,
as well as the effect of the blast temperature, which
had always been maintained so far around T700-750°C
except for a very short trial where it was only 500°C.

We are also setting up an apparatus which will
enable us to inject liquid fuel in the tuyeres.

We will also continue our trials on the preparation
of extruded materials from various materials—low grade
iron ore, pyrite, dust from blast furnace working
with ferro-manganese.

Results

What are we to infer from these five years of
operation ?
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We had been handling a new type of plant, which
was yet to be set to the point and which was unfami-
liar to the staff. Moreover, we wished to carry out
a number of different trials and therefore we frequently
changed the operating conditions.

Now that the unit has been stabilised and that
experience has been gained by our staff the perfor-
mance has much improved and the results would be
still better if the low shaft furnace worked without
interruption.

Having said this, the author feels that ample
experimental results have been collected during these
five years. Many of the results are definite and
undisputable while some others will have to be
verified and completed by new trials.

In the last place we proved that the low shaft
furnace can produce good quality pig on an industrial
scale, provided certain conditions, that we are going
to point out now, are fulfilled.

Influences of the grain-size of the burden: The
low shaft furnace adapts itself, without too many
difficulties, to raw materials of mediocre quality,
provided they are small sized (say 35 mm) and
do not contain excessive fines.

The advantages of such a grain size were evident
throughout the trials: heat exchanges are rapid
and it becomes possible to use a furnace as small
as ours.

The ore (whether it is raw ore, extruded agglo-
merates or Dwight-Lloyd sinter) should also not
be used in too large sized pieces as these would
reach the hearth in an insufficiently prepared state.
Extruded pieces of 33 mm dia. are, in particular,
not satisfactorily reduced.

Consumption of ore fines: Conversely, if a high
percentage of fines is contained in the ore (and
this was one of the main aims of the Committee)
the furnace operation is irregular, with blockings
and very high quantities of dust. This is at least
what we could observe in the working conditions
initially set for our furnace ie. 50 tons coke per
day and without top pressure. 200 to 500 kg of
dust per ton of pig were thus obtained with an
ore containing about 40 to 60% of 0-10 mm size,
Resieving the ore on 5 mm the productiou of dust
fell to 85 keg/ton.

When coke rate is lowered, the furnace becomes
more stable and there is a considerable decrease
in the production of dust. At a rate of 30 ton/
day a raw ore with 609, of 0-10 mm, gave only
50 kg of dusts per ton of pig and with a resieved
ore this figure was 12 kg/ton pig (the coke breeze
used was also resieved). This observation can be
explained by the fact that with such burden size
used, the charge is presumably put in partial
fluidisation, when the coke rate reaches 50 ton/day.

We are trying to consume more fines by using
top pressure. The last trials with a high top pres-
sure of 1'5 kgfem? have in fact given much more
encouraging results than the first one.

Another way of utilising the ores rich in fines,
is to agglomerate the fines by a relatively simple
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process; this is for example the case of 0-3 mm
ore cold extruded under vacuum. While using 100%
of such materials of 16 mm dia. the furnace runs
well; the guantity of dust is less than 100 kg/ton
pig but the fuel rate is found to be higher than
with screened ore of the same size.

Consumption of lower grade fuels: As far as fuels
are concerned, our trials have confirmed that the
low shaft furnace can consume different types of
combustibles less resistant and less expensive than
the metallurgical coke, provided a proper size is
ensured, It is desirable to eliminate the major
portion of fuel fines. Various types of coke breeze,
when the grains are hard, dried and properly dust-
freed, gave the same results. A porous and
friable variety however brought about some difficultics.

Semi-coke containing 10 to 129 of volatiles
(mainly hydrogen) gives excellent results. The gross
fuel rate is found to be of the same magnitude
as in the case of coke breeze. This means that
the rate of fixed earbon is lower by 10%. It is
to be assumed from this that hydrogen contained
in the semi-coke has special reactive properties.

Nuts of high volatiles (42¢,) behave very well
in  the blast furnace provided they are not too
small sized (30 to 50 mm), otherwise they are
partially rejected. Most of the tar seems to be
dizssoeciated in the smelting zone: they are found
neither in the gas nor in the dust catcher. The
gross fuel rate was unfortunately very high while
using these nuts: it was more than twice the rate
for coke breeze, i.e. an increase of 40% in the
rate of the fixed carbon.

High volatile coals, devolatilised at 650°C  cause
hangings and falls; the carbon rate is comparable
to that of coke breeze.

A few trials for use of anthracite mixed with
semi-coke have given very encouraging results.

The uvse of raw coal fines in the low shaft
furnace was found impossible.  Extruded coal fines
ore  mixed extruded materials have not so far
given any satisfactory solution to this important
problem.

It would be useful to carry out further trials in
this direction.

QQuality of the pig : The pigs obtained are of the
Thomas OM type, ie. cold pig low in silicon :
their aver a,ge analysis is as follows :

359, 'C, 0:8%, 81, 0019, 8, 1'7% P. 0°59, Mn.

h\(eptmg fm the very last trials where no flux
was added and in which the basicity of the slag
was 1'1 the slags were rather strongly basic :

. CaO .
1\1203, 1= *‘gi:o; =15

We had feared that the short stay of materials
within the low shaft furnace (32 hours as com-
pared with 12 hours in the blast furnace) would
cause an insufficient conditioning of the charge in
the hot zone and that the ore would reach the
hearth in an unsatisfactorily reduced state which
would result in the refining of the pig and all

459, Ca0, 309, 8i0,. 159
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other disturbances connected with it :
scories, blocking of the hearth.

In fact, the low iron content of the slag (19,)
and the rather normal sulphur content of the pig,
prove that in our operating conditions, the charge
does reach the tuyeres level in a suafficiently well
prepared state. As already mentioned these condi-
tions are : small grain size of the charge and a
narrow horizontal section of the furnace to avoid
dead zone. The larger size cxtruded materials and
the raw agglomerates have thus given pigs with
too low earbon and of high sulphur contents.

The first pigs tapped were rather low in carbon,
so that we feared lest a certain refining should take
place in the hearth. But since the operation was
stabilised and fucl, well-sized, we obtain very fluid
pigs, especially with use of top pressure. On  the
other hand, it was observed that addition of some
coke breeze in the charge was effective in increa-
sing the carbon content when necessary.

Temperature of top gases: Contrary to  what
could be expected, the temperature of the top
gases is generally low, provided the charge is suffi-
ciently  low-sized. This  temperature can be
regulated and changed at will by altering the effec-
tl\‘e height of the charge. (Iluumu raw Lorrain
ore, and grain-size bemtr 10-30 mm, the top gases
are hardly 100°C when the charging level is of 3-70m
abu.e the tuveres. When this level is of 470m
the gas is too cold. It is therefore not necessary
tn adopt enriched blast when wusing raw ores.

The top temperature, however, reaches 250-300°C,
vhen use is the made of sinter without top pressure
and in this case oxygen proves useful.

Soundings to determine the temperatures at various
levels have shown that the smelting zone is very
concentrated in the low shaft furnace. In a
normal run with ore, the temperature is found to be
1,100°C, 2m above the tuyeres : this falls to 500°C,
3m above the tuyeres and to S0°C" at a distance
of 3:70m above the tuyeres.

This heat concentration is essentially due to the
small grain-size of the coke charged and the zone
is  more spread up when using  sinter  without
top pressure.

This concentration of heat e\plnme why the thermal
radiation losses are lower in the low shaft furnace
than in the blast furnace even though the ratio
area/volume has a better value in o blast furnace,
Thus, in the low shaft furnace the thermal losses
amount only to 7-109 of the total calory-input.
This fact, together with the low temperature of the
top gases, ensures a higher thermal efliciency to the
low shaft furnace than the blast furnace.

Indirect reduction: The reduced height of the
furnace and of the smelting zone could act in such
a way that the gases rising from the hearth do
not have sufficient time of contact with the charge
so that indireet reduction may be as good as that
in the blast furnace.

At the mormal rate of 50 ton/coke/day, the
indirect reduction is in fact lower than in the

Sulphured pig,

INDIAN CONSTRUCTION NEWS



(#561) @402

1was jo asn

( #3euan] ayy Buisarie i0) peaddois suotieaadp )
25°1 wo| ot pe L'ee 6’ | oe'0 0t s £901 5K " 12| za0 2 " -
4303~ 1wag Lrniyg 21
B9'r | ¥II'O| €2°0| 19°E 198 69 | ¥20 set 962 T | e’ - Rz | 9L e w0y Jo @ (01/0 %82) 02401 (AN %0T) 02/01
%1E mp1 S1iauny ayod-ruag Lenig £l
(01/0 %0p) 0z/0 0g/01
g6'1 S91°0 60| oF’E 6'SE £t 520 9% LEE szt L9 0 SLe biL v ww og Jo @ a4 %pg sauuatrg ayoe) ablinagaaz ot
3 Jo 011
(Aepuoy) (ss0ab) (20) 1nbram =duns alng - (Do) (w)
Z915/080 s % ¢ %| o¢ Ykofionpoid % 0df%p ! 'dwayl sisnp paiey ~uog | -saad “0 % Jdway | jubray | ('eip 9 ‘oN) | (uww ur szis uvein) |(uww ul HZTIS uterg) [oN
belg N 081 91d SV9 40 L [e101 ~nageny 1ang dog, 15814 Bu1Biey) §adaakny ESLET 1ang vmu_..w._
(£561) @2euiny ays jo uoizerado ayi Buisiie|ndal 40y s|eld ]
-
't | 6220 | 1070 | KE'E beg 9| s bood | e Bt | B'W o iz | eR 1 - " 0z/5 0o puen | 11
£ve 1181 ] “ 8z | obL aw - “ : quom
81 €020 | @81 |'60°2 2t 't 20 601 940D 111499503 | O
uz st 899 " =5 4 BaL sl - - 3 i ~oe/0l
291 | 1970 | so0f gee 598 gel 220 101 ooy abibnaganz | 6
091 110 Loz %68 (2] 52°0 91 00t 0L - 8z | 8L 9P - - £ /01 @30y aaaling | @
01/0 115814 %07 4
ye't pLL'O S0 | LP'E Pise £'¢ ve'o g0l 129 ol l 9L “ 62 | 0SL 9 " " 0£/01 @0 aasbng | 2
92 9111 R " 2| s sy w0 Jo g “ T oz/01
sp'l €170 %8°'0 | 6b'E 1°Ck p°e 920 oAl ayoy abbnigasaz 9
05°'1 90E°0 B0 | T6'2 ooy 6°¢ b Il €07 29S o1zt S'el " Lz bl " “ - " S
(OT/0 %OV} OT/0
ekt viz'o a0 | 9i'e LEC 6'2 se'0 riz 295 9 " 12 799 - a a4 Xpp 'souudlg 0/01 2303 saabng 13
0z/0t
¥l pe1r-o av'o | p2'e (S0 62 gz'0 281 296 £0gt 91 u il 119 & e i oy09) asueiadsy €
es’l SPT°0 080 | Te'2 £'oe 8z £0 8l PLl 1811 ‘2res “ B2 kel " - - " A
(01/0 %0z) ot/o1 0£/01
4 | k10 CE0 | e 2'62 9T £E'0 L91 292 £921 Spg 0 iz 059 9y wm Opl Jo 8 a4 %9z 'Danquaxnn *9303 1] 149%20) T
J 3o uary
20157080 . l(kepruoa) 55018) | (24) ybrom | -duns | oans ) | W ;
beig s %X 1§ ¥ 2% uoijanpoag %y % ! og/Son | cdwey sisnp pate] -uos | -saig 2o % !-dway | 1ubray ("eTp 9 "ON) | (mw up 2218 uean)|(ww ui Izis uywany oy
NOBI H951Id SYa9 d0l 12301 | -najen 1ang dog, 188189 buthaeys sexainy a1 uoly 1ang potiag

2948nQ 3® @dBUINg PeyS Mo 3y3 Jo eI |euonesado

237

AUGUST 1959



(9561) 240 pausasdsas pue sejesawo|3Te payeq

‘sjeod-1nu 3nejoA Y3y yim sjers)

poudniogal "
st 290°0 LA R g st LA L of cLot LS - - b3 e o S2/S Wwosaaarg 1S | or/01 awod aaslng| 47
" . g ot/ol
Wi S¢0°0 980 | 2FE T er o LB A 15 ] (] - - ovL Lr -4 o agod-1wog Lemagl gz
iy 4 sacaowo)h
F R | 900 | 950 | BFC 9°re &'t 20 Stz rot £ed L - | €02 LS - <By phoy-19himg - L3
PIBID SIS
"1 00 &9 0 | 19 F'ee L wo S8 [ Tt - - = 0oL i - §z/s wowsasaigis | 0f/01 %03 aaabeg uz
ECIRR LI LU H3]
apiawjea ubiy Lip
S5 1 8o Oo 0 |2£°C Loz - ozo fast e 2051 0 05 } by sy " cuL Ly w 04 Jo 01 | 2¢/v wowaiaind 1S | os/or womanbyeey| .o
3 J0 [L1F]
Zois/0"0 (kupjuor) | (ss0a0) | (35 ubtom | -duns | 2aas ) | tm
bers s X|1s X | ox'uwopaonporg | "ux | 03/%00 ' dwdy  sysep parey w0 | -sasd Sox | dw) | 1wbraw | etp g omy | (e ur 321s sgeag) |(ew ur onrs wiesn; | tron
NOBT 914 SY9 dot 1230) axge) jang doy 1350 § Buibiey) sasakny #ap woi| yeng 1a9g
(9561) 'sjeon pue sjejaaiew papnsIxa Jo uondwnsuo)—a}oD)-1Was Jo asn aim uonesado adeusny JgnfaJ e uleago o1 sjela)
¢ oyjoa-1wag Lenig
£t 900 080 | &9°C ' rL 9z'0 oHl zor . el £°99 - - e i - ZE/P 100MALIAT4 1S + o111e1o8 ybpy
£Lip/iuomanbined vz
os/0e
‘B[P Wa gg [e]iajem
okl 290°0 18°1 | 688 2 99| st'o set L8E BIzl ¥ - - orL 2 - PapRIIXD XUp 4
6/ JUOWITII | IS - £z
‘Uip W gp 18]101wm
La | (AL o | tr'e” £ 19 EE'D va ot L2 g9e - - 9zL < - papniixe %91 +
/P WO III g IS - T
s9't 0s0°0 18°0 | eF’C ze b B ®o £ot TSt LS8 L1 0 - 91L 2 - - - 12 ]
£9°1 o it 15°¢C aor LS ic'0 cot 202 tol 9°95 | Bn w97 Lt S0L i - /P 100821131415 - oz
¥l £60°0 et | 9ze Lot L o (&) 99 L001 -} LLE 9L L3 " ! - ol
95°1 000°0 b 4 O O A 9°st £e ol o6 128 8601 9725 | By wapz - 29L < - /v 24 XeE
IVOWILIB [ IS - al
£s°1 590 °0 9L°0 | S5'E b'Fe ¥'9 o o9 6EC 99 0°95 | by ws2 - |-SLL i - - - Lt
o£/01
fA i 190°0 86°0 | ke 9z L] oto 98 92¢ 1601 205 e H0L 0 w09 Jo 01 % ay0a-1wag Kenig o1
(01/0%82) OC/01 | OF/OT 302 + OL/OL
€'t oo | o't |9r'E e v | €0 st 129 bZIt £ 1z |59 ' we 09 Jo g |. 94 XIE. WPL #3I00TH ayod-jmeg Lenig | Sy
: FELE BEUE] i
Z015/0% (Lepjuory | ($5045) (3g) bram | ~duns | auns (%) (w)
beyg L 4 18 X '2X "woriompoig Zyg| o0 w1 sysmp paieg -u03 | -sasd Zox tdeag | 14B1aq [(eip 9 con) | cww wy-azy1s wiean) | (we wp ezis wjean) | cex
NOBZI 9512 SYS do1l 12301 -a3|e) (CLYY doy 1se1 @ —u:uul.u sazakng @10 woly 1ang “I.—..mh

2243nQ 3e 2dBUINg JJeYS MOT Y3 jo eyeq |euonesadQ

INDIAN CONSTRUCTION NEWS

238



(£561) 2381 300 jo aduaNju|
'sjelda3eW papnaixa jo sadA1 snoieA jo uondwinsuod pue uoIINPOId

3...

ol 9500 og i iz e’y i G e crit o - ” e - 0Z/01 180271810430 113
av 1 Jecoo| seot e ze | » oL o7 o901 | 1 ef R - - ST/01U0u 13314735 - or
e 1 OO ee'l a're oc or° 09 ot 001 z 6t “ AT - - OF /619300 asueladsy ot
‘oyp wh gl 0z/01 pauaaids
gl 9010 | 6kl LT o€ 9 06 0% Len sp - - " sie1aajew papnaaxg [ 0z/0 M0d veabng | gE
5Z/0 PoZIS ||ems
ol ool ozt €'se a€ v a 0ok Sob vof - - - UoWRLIA 1] IS - e
1800 %01 ‘Ciew
b ) 9000 891 e'lT s 9% Lo Lol e 9°ve " - - PopRILED PIXIN " 9%
vel ger'o| oLt 6'8T oz L1 oL g0t (1% " “ - ‘eip ww Qf
-op= - o€
L1 Lo 1t 092 SC ¥ 91 os U2l T Ly - -« ww 0g Jo b+ ‘eyp wa Gp 2
wis 09 Jo 9 | sierotew pepni1xg |0Z/01 903 affizio) | ¥
: 52/0 pozis (1ews
| sk0'0 | ezl 007 0z af. v y 9001 Lig - - “ AuowaLIald IS | 0E/0 - £E
o oo | opt 0Lt L o £kt 95 ot v “ W " M - 2
‘wip wm g
of | b B St 1'52 % 2’0 e <o L] 05 - - & s|eyiaien 11x3 | 0Z/01 3 e
sauyy juow
g Jo g ¢ |-211914°18 £/0 wo1)
1 #9110 et e I bl ) e P oLet 05 | by wogg wm 09 Jo g | 1emaixateip ww of 0z/0 9yod a2ibng o
3 0 (IR}
Z015/02) (&epjuot) A (s501f) n) wybras | -duns | auns ’
Bng 5 % 1S ¥ 'woT100poay HY Duxwo.u dwar)  sysap payey -u0d | ~sosd ep 9 foN) (Ww uy AZIS uiRly) | (W vy AZ1S viel) ‘ON
NOHLl 9Fd S¥9 1210 ELETEEY 12ng | dog s swaalng a1g wexf 1ang pogiag

2243nQ 3e 2dBUINg 3}JeYS MOT Y3 jJO

ejeq |euonjesadQ

239

AUGUST 1959



(gegl) ‘saresawo|83e paxydeq jo uondwnsuod — dunssaud doi pue 31e4 340D

*azis uiedd jo sduanjuj — IdeuINg Ise|g [RIUBWIIAdX3 ue se paiesado dvUING BYS MO

pawaasaral

-uom Dﬂt\b—.

eyo) dwesadsy s
ove - -
w1 | oo 9w 1| e st 5 o9 ] LaE

pandatases

“ 52/¢ " 180y plepn -uow 02,01
0 050 0 G o at X0 owe €l v tor oL - 1gbimg pausaidsay ayos alueiadsy ol

u013Imy]

60t | ot00 91 2z| 2o - I zse | eet - - TNIIN- S T = "
ol’l LEOO 8or Sz ogo i v (143 A or o5 - - - 5

auols oz/01

9p ve0 0 z0e zz| 9zo % e 120 | s 008 - Wil ¢ S/ 1By S392 sasssadsy
pdogy- wg peusaiasay PABIFIIEIN oy

02/01 uois

~dui| 4 11§28%02 PaudsdsSs

(1| 90 0 572 0l szo G2z 9 698 | o of . - PIES S0801-u0N ~8e8 SZ/01
¢ bty phor1-1ybing an03 Su|81107 ar
9’1 620 0 8°ze 62 Zra 05 of e r ot - - - - L
- - 1r - - - - - - - "
Wl 150 0 £ee nZ| oro 9 ot oy | Z e = - - - s
L+ § @90 0 i ' B 4 oo w5 uz 96 6 6T - - - - Ky
| €00 L 6'2 ir'o 09 o 056 0ot " - - - vy
AN | o0 4 - 3 T4l ekt 05 at 9 | 90t - - - - L

[STEEVEERS]
ct'1 | szoo | ese 5o S of sz| ®o L 52 doo | vzr - w09 Jo O1 - #x03 sovesadsy | ¢y

[CTTEFEL L] sz/o1
S ! 90 0 9 re I£ G 06 e 1001 Lok osL s 0f JO O] SZ/S W00wa13Yg IS saned sakpiny L4

) jo 'TLE]
wo.m_._o.u {Aepjuory (a0ab) (25} tybram | -dung (2g)
fers s % uo j13npoig L1 < ! 0a/%0 ‘dwaf s18np paieg -u03 duay (TP 2 oN) (WA Ul agis WEEAD) | (Ee Wi 4TI wiRiD) oN
914 S5¥Y9 doL . tmwoL | -mojen | pang el a sazakng 210 wesj [LLF] por i
e

2243nQ 3® 9deUANg JeYS MO Y3 jo eleq |euonyesadp

INDIAN CONSTRUCTION NEWS

240



blast furnace and with raw ore the ratio CO,/CO
of the top gases is only about 03, against about
045 in the case of the blast furnace,

By reducing the rate to 40 tons of coke day,
there is a considerable increase in the indirect
reduction and the ratio CO,/CO reaches 044, This
increase is partly justified by the fact the gases
stay longer within the furnace, but it is also
probably due to less fluidised state of the charge
when operating at the rate of 40 tons of coke/day,
than when operating at 50 ton/day.

Top pressure which increases the duration of
passage of the gases, also increases the indirect
reduction and the ratio CO,/CO. Top pressure
amounts to an increase in the effective volume of
the furnace, and its use should prove to be a very
favourable factor towards the industrial utilisation
of the low shaft furnace, by achieving an appre-
ciable increase in the production as well as ensuring
a very good stability in the operation, a good carburisa-
tion of the pig and an economy in the fuel.

Fuel rate: Rates of raw fuel have varied between
very wide limits according to the amount of dusts
obtained and the ecarbon content of the fuel used.
We shall therefore only refer to the rate of fixed
carbon, i.e. quantity of carbon of the fuel charged,
per ton of pig, deducing the carbon in the pig
and dusts.

With the most frequently used raw materials,
Lorraine ore with 319, Fe in small sized grains,
and coke breeze, and for a 309, output of the
fusion bed, the fuel rate is comparable with that
of the blast furnace, ie. 950 kg/ton pig iron,
provided the coke rate is kept at 40 tons of coke/day
maximum. This is well understandable as in these
conditions other factors are also comparable :
thermal losses, top temperature and rate of indirect
reduction. But at a greater rate such as 50 tons
of coke/day, which was generally maintained by us
in the course of the first years, the fuel rate is
higher, about 200 kg/ton pig and there is at the
same time a decrease in the indirect reduction.

With top pressure, the fuel rate is lessened by
200 kgfton pig, the charge rate being the same.
We reached for example a corrected fuel rate of
600 kg/ton pig only, - while using sinter.

Production of the wrich gases: We have made
only a few trials to obtain from the low shaft
furnace a rich gas, by enriching the blast with
oxygen. A few trials with 289, enriching gave a
gaé of 1,350 cal/Nm?3® (lower calorific value) as
against the usual figure of 950. But the fuel rate
had increased.

With devolatilided  coals a gas of about
1,300 cal/Nm?® is obtained (lower calorific value).

Conclusions
We have seen that the low shaft furnace can
produce a good quality pig, from a charge composed

of, on one hand low grade ore small sized or fines,
cold extruded or sintered and on the other, coke
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breeze, semi-cokes, dry high volatile coals. It is
also probable that many other types of raw materials
would find use in this furnace.

Industrial production of pig iron by the low
shaft furnace can however be thought of only if
costs are competitive.

The great advantage of the blast furnace lies
in its height which is the cause of its excellent
thermal efficiency, the fuel rate is low and the
charges reach the hearth in a well prepared state.
The furnace runs with great regularity, can produce
all sorts of pigs and can make up for eventual
shortcoming 1n its charge, owing to its large
capacity ; the unitary production is high and can
reach 2,000 ton/pig per day. However, the blast
furnace necessitates the use of metallurgical coke,
a product rare and expensive, and does not adapt itself
well to high quantities of fines in the ores.

Now as regards the low shaft furnace, most
of the difficulties anticipated (i.e. high top tempera-
ture, high thermal losses, low indirect reduction,
insufficient conditioning of charges hefore reaching
the hearth) do mot really exist or they can at
least be counteracted under certain conditions. Its
more serious drawback is therefore its low unitary
production. Personnel costs per ton of pig iron are
very high. In this connection it would be advan-
tageous to increase the rate but, in our trials with
ordinary pressure and 319%, grade raw ores, we
could not go farther than 500 kg coke per m? per
hour. The only alternative left is to increase the
section of the furnace. It would not be possible
to increase the minor axis of the ellipse
without causing the ore to fall in the hearth in
an unprepared state. The major axis could be
lengthened ; this may bring about more difficulties
in the performance but the situation could perhaps
still be handled. Use of top pressure would appre-
ciably step up production.

In Buropean countries where large plants indus-
tries are prevalent and where labour is very costly,
low production capacity of the low shaft furnace
is a serious disadvantage and this handicap will
not be easily compensated by the fact that the furnace
can consume cheaper raw materials.

In the countries where the price structure is
different from ours, the handicap of increased labour
costs per ton of pig can be compensated or even
by-passed by the economy realised on the raw
materials.

Moreover, the low shaft furnace is most suited
to places where the construction of big blast
furnaces is not possible either due to lack of
suitable funds or due to non-availability of a suitable
quality or quantity of ore, or due to lack of a large
market for the finished products. A low shaft
furnace producing 100 to 200 tons of pig per day
would be ideally suited for countries with limited
resources or for the regions where metallurgical
industries have just started. Such a furnace would
consume certain local raw materials of lower grade,
which would otherwise go waste.
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The low shaft furnace can also be recommend-
ed for places where it Is required to produce a
rich gas along with the pig. Our trials have not
been conclusive in  this connection but it appears
that the enriching of the blast, which becomes
necessary in this case, brings about no particular
difficulties. Here again, all would depend on the
price of the gas-calory as compared with the low
shaft furnace.

In the end it should be said that the low
shaft furnace is still far from having said its last
word. We still have much research work to carry
out. We are also at the disposal of countries or
organisations willing to participate in our activities or
desirous to have particular trials, of special impor-
tance to them, to be carried out by us. The
National Shipyvards and Steel Corporation, who
are engaged in setting up a low shaft furnace
in the Philippines, have for instance asked us to
admit them as a member of our Committee.

DISCUSSIONS

Dr. C. V. S. Ratram, Neyveli Lignite Corporation
(Private) Ltd., Neyveli, Madras State :  Did the investi-
gators at Ougree use so far lignite or brown coal
in any form, brigquettes, carbonised briquettes or
char in the low shaft furnace?

Have any magnetites been used with the low shaft
furnace ?

Have the investigators wused agglomerates or
briquettes containing non-coking coals and magne-
tites or other iron ores in the low shaft furnace?

What is meant by producing “richer gas” from
the low shaft furnace? Is it high B.T.U. gas or
svnthesis gas for liquid fuels?

Dr. H. Malcor (Author): We have not so far tried
lignite or brown coal at Ougree.

Magnetites have not been used but we intend
trying them in the near future.

We tried to use agglomerates made from a mix-
ture of coal and lean iron ore (minettes), extruded
in a vacuum machine. These researches are referred
to in my paper; they proved unsuecessful; the
furnace was blocked a few hours after the agglo-
merates reached the hearth; we assumed that they
crumbled into dust and choked the fire. The coal
used for these trials was a coking coal but we
see no reasons why nen-coking coals would do
better; we therefore gave up the idea of trying
them.

So far the trials with oxygen enriched blast gave
a gas with a B.T.U. content 50%, higher only to
that of the wusual blast furnace gas; we never
tried yet to reach enrichments leading to the
production of synthesis gas.
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