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P. L.aertens,

Furnace Division, Esperance-Longdnz and Co.,
Seraing, Belgiun

When calculating the value of ore~-blending pnlant one should not overlook the fact
that the function of furnaces is to produce pig-iren and that agglomeration is enly a
means to this end,

A decision to operate nll the furnaces of an iron works on 100 per cent agplomerate
may stem irom confusion over means and cads, as the cost price per ton of pig-iren
produced may be adversely nffected by adoption of this precess,

There is much sound literature on operating with 100 per cent agplomerates in
various countries of the world and the consumptien of cokc per ton of pig-iren can be
forecast with sufticient accurscy., This documcntation alse has helped to demonstirate
the increased production madc »ossible by blending, provided the agglomerate is well
prepared,

The fact that even the best-cquipped works operate on 100 per cent agglomcerate
under certain circumstances only shows that cconomic as well as technical considora-
tions must determine the advisability of sgmlomoration. The furnace manager of a fully-
equipped works may charge more agsilomerate in some furnaces and less in others in order
to avoid operating at anbout 5 per cent blend which is more heterogensous and more
difficult than operating with cither under 30 per cent or over 7O per cent of blend,

The physical and chemical properties of the ore, its smitability fer enrichment
and whether iv lends itsclf easily to screeninpg must decide the ndvisability of the
agplomerate to be used in n works.

100 poer cent crushing and blending are rarely an economie proposition in the caxe
of an ore that is easily screened.

_ The desirability of screening lthe crushed ore to 0/Bam and then blending muat be
studied when some furnaces in a plant are operating on 70-100 per eent vlend and others

on crushed ore.
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This depends on local conditions which must be known.

(1) 1s the crushed mineral elean or, in other words, is there too much

powder present?

(2) Can this ore be broken dowmn tc best possible granulemetric preportions?

(3) Does the mineral not swell over-much in the furnace prior to reduction?

If the above conditions are not met, the cost of screening the crushed ore must be
caleulated accurately and weighed against inoreased preduction resulting from total
blending.

# later diagram will show the consumption of furnace coke per ton of pig-iren
under different conditions of fusion bed. But the economic considerations invelved
may be seen from the example below. issuming that nroduction of one ten of pig-iron !
requires 2.4 tons of mineral plus additionsi-

Thorough crushing of the ore will cost 24 ¢./t x 2.4 = 58 ¢.
Preparation will eost 12 0./t x 2.4 =_29 9,
or, per ton of pig-iron : = 87 e.

AR

Blending the ore on a 1,500 ten per day grid will cost:-
80 e¢./ton of fuel (gas or solid) k
60 c./ton for labour, maintenance and electrical energy
80 ¢./ton for depreciation
2,20 dollars/t x 2.4 per ton of pig-iren = 35,28 dollars.
The overall costs of prcparing the ore therefore will be more or
less six dollars per ten of pig-irén,

There is, however, a saving of coke in the furnace. The censumption of coke per
ton of pig-iron falls from 830 kg. to approximately GO0 kg., representing a gain of
approximately 250 kgs. of coke per ton of pig-iron. ;

The economy realizebie through blending in any situation can be calculated
according Lo the price of coke and the coat of gas for the furnace, being less in the
socond case.

Economie consii.™. "r.8 generally do not tavour blending vhich can be justified

only where it makes increased production possible., The crushed ore must be studied
before deciding to blend it in cases where the blending of powder cannot be avoided.,
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The above’considerations show that considerable etfort is requirced to achieve
top~quality blending of perfect physical and chemical properties at as low a cost as
possible, without nevertheless vishing to blend evorything. The importance of
blending,suitable for each plant, must be ealeulated with this in mind,

I~ 1HE CONCEPT CF BLUNDIAG

(a) Row saterials

The grooulomeiry of the materials en entering the blending plane is an important
factor, and while mineral eoxceeding Bmm does not blend there cannot be more than 30 per
cent of material of less than lmm without risk of secing the productivity of the plant
decline,

Some low-grode ores with fusible malrix blend woll even if they centain some
powder, but this is not the cuse with high-grade ores,

On the other hand, experiments in blending high-grade haemutites show it is
deaircble to have ores of low magnetiie content avcilable to obtain a coherent blend,
The struecture of the blend varies considerably, in fact, according to the iron centent
while the slag serving to bind low-prade hlends is replaecd by an interlocking of
crystuls of haematite and magnetite in very high-grade blends. The even admixture of
very fine limestone assists formation of ferrous carbenntes, a very desirable con-

stituent in blends of high iron content,

To nchieve good blending it is essentinl that the raw mixture ve homogencous before

firing and the best way to ensurc this homogeneity is preparation with o weigher belt,
Correctly adjusted, this is accurate to 2 per eeni,which suffices in moat cases. Bul
greater regularity can be achieved by using homogeneous beudings, especiclly where
different orea are utilised., The proxiuity of built-up areas and loeal rainfall level
will decide whether the machine and its recovery upparatus should be covered or not,
This bedding makes a cone superfluous and ensures a very honogeneous blend. But the
costs of operating and wmeintaining the machiae have to he weipghed apainal this,

(b) Preparation of materials

viaterial chorged musi be eighed ax the combustible material and limestone added
must be in very siriet proportions. ‘the same apnlies to the humidity of the mixtur-

which must be kepnt below approximately 0.5 per cent,




ST L SYiP.1963 /
Technieal Paper/i.1]
page 4

these factors nusi be exactly controlled, for o slight lack of water reduces
porosity of the mixture and cuis production. in excess of water clogs the main-
tennnce apparatus and causes condensation in the mixture, thus impeding the blend-
ing process,

3imilarly, too little coke in the furnnce results in o crumbly blend while too
much reduces the quality of the broduct - quit: apart {rom being costly in iiself,
krrors in the order of .5 per cenl in the rolutive weights of water, combustible
and primary malerials can be permitted - which shows that considerable care must be
devoled to the weighing and homogenity of the mixturo,

the materinls are fed into onc, two or three mixers in series. .after weighing,
water is introduced into the machine at the same timo us "powder waste", that is,
the fraction from the plant that is considered too iine for use in the furnace and
fed back, These powder wastes can be used to guod effect when warm, although thay
are often unusuble cold,

Some complexes are equipped with a graining drum or pelletiug discs, Use of this
equinment is debatable becouse it is difficult to adjust according to variation in the
qu:lity of the raw materials, as the granulometry ranges from 0-10mm, and also because
grains from 6-8mm destroy micropellets in process of formation. Results are seen in
certcin special c’reumstances oaly, This "micropelletisation" is vory different from
the granulation of fine ores to create pellets,

Yhe londing of matorial on to the bed also must be carried out with great care
ns over pucking will put up electricity consumption for the ventilator by 10 io 20

per cant,

No idenl loading device exists and o compromise, but practical solution, must be
ﬂdﬁptﬁd . *

(e) Liring

We shall not go into the technology of this process because the problem can be
of interest to a small aumber of specialists only. ’

(d) Overution of t

The nermal criterion of productivity for a blending machine is its daily pro.-

ducoion per square metre of bell and should be from 20-30 tons. A 100=-square meir
mreltine therefore will produce approximately 2,500 tons per day. Slow operation is

ryouncconomical because of the constant cost of labour and elecirieal energy.
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Conversely, hiph-speed operaiion is only nossible with raw material of medium
granulometry (not more than 30 per cent of the matericl being smaller than lmm). .y
sneedup will be at the cost of higher cousumption of coke and o lesscning of the
reducibility oi the blend,

(e) Cooling f»hg blend

In principle the cooling nnpuratus should be of the same surfoce area ar the
band aad be chorged withoul sepocniion. Cireular coolers are also Lo be recommended,
The end aggregate must be eliminated belore the cooler, and ii is advisable to
recuperate the wurm air - heated o 300 degrees at the bepinning of the eccoler - and
lead it back to the band,

Some have suggesied dispensing with this aroorstus and londing the so-called
"hot" blend into lhe furnacc., This method nresents ditticulties in handling by bolts,
inscreening and in choarging the furnace,

Introduction of hoi matter into the charging bell already ot a higher iempora~
ture hurms the mechanical spropertics ol the materinl, ‘the most common remedy is io
sprinkle the charging bell with water, but this technique is not lo be recommended,

It is desirable io screen the hlend as close ns possible 1o the spot where it
is charged into the furnace; homogenous granulometry heing an impevative for perfeet
furnece operation.

If, as often happens, furnace tests using pellets nre more successful than results
obtrined with blends, it is beenuse the pellets nre gronulometrically nearly identical
(10-120m) .

aport from eliminating dust it is ndvaniogoous to charge medium and coarse
blend separately,which leads us to a study of the hlended stute (see figure 1},

It is inadvisable to load apglomerate on wnggons or to use mechanical shovels
as its granulometry deteriorates with handling. aggregates are besi made right next
to the furnaces, making i4 pessible to charge the cones withou ;Qrinr handl ing,
whatever the granulomectiry requirved,

This arrangement nlso simnlifies the problem of returning the noi-inconsiderable

crushed coke and ngprogote as well as gos nowder fo the hlending plant,
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(f) automated blepding

Numerous iuctors afiecting productiviiy, and the qualily and cost of the
produci, have been indicated soveral times in the course of this paper. Prepara-
tion oi the materials and their proporiions ore of importance in operating the plant,

“he problem is not that of introducing computers into the muchinery, but rather
of kee.ing a constant check on the water céntent, the degree of oxidation etc,, with
sufficient accuracy to provide usable data.

apulomeration on a large capacily drum makes first steps towards full automa-
tion possible as well as installation of a control apparatus. This is quite apari
Ivom economic considerations discussed below,

Considerable funds have heen made aveilable in various parts of the world to
securc means of permanent control over the humidity of the mixiure, coke requirements,
the drum operating svced in relation to the advance of flame in the bed during
agglomeration, the coke-content and powder waste,

.ietronomy remains ihe basic problem and progress is still slow.

This automation aims at securing a constant quality, the highest poamsible
production and considerable saving of fuel rather than economy of skilled labour,

Furthermore, o powerful ag;lomerating plant can be fitted with devices to drav
ol'f dust wherever nccessary.,

Plant of this type is very oxpensive and cen only poy of{ if production is high,
in passing, it should be noted that cleaning of such apparatus may iavolve from
200 to 300 hours work every month - and this cleaning is illusory so long as flying
dust is not drawn off,

1T - PROIUCT STS OF BLENI ’
Production costs are made up of the following three prinecipal factorsi-
Consumptiont gas, electricity and combustible fuelsj
operating costs: labour ffr cleaning, operation and msintenance,

replacement of parts, etcy

depreciationt 1in this respeci large complexes may be compared with others,

(a) Qonsumption
The solid combustible to be introduced into a blend depends on the ore to be

agelomerated and the process used. F¥rom 45 to 110 kgs, of combustible are needed per

ton of agglomerate,
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The firing can be done with the cheapest locally-available combustible and the
combusuible solid in the mixture can be reduced by increasing the burner or the
system for pre~heating the air.

The larger the capacity of the plant, the fower kWh per ton of agglomerate
required. The docunentation refers to electricity consumption as from 16-25 kW per
ton in agglomerates produced on drums of over 100 square metres in areas The
ventilator alone uses between 5C and 70 per cent of this energy.

(b)  Operuting costs

The operation of a modern complex is very centralised and plant of this type can
work with two or three spccialists per shift-gang. Personnel for eclectrical congfol ‘
and naintesanee will be very sinmilar whatever the importance of the machine and the
same applies for the cleaning staff. This means that almost all these costs remain '
practically constant and operating costs fall as the production unit grows,

Figure 2 plots nperating costs per ton in relation to the importance of the
machine - with 24 tons/100 square metres/day as a lLase.

(¢) Dgpreciation

The fact that the price of the machinery is far from being proportionate to its
production is the most tangible advantage of the modern complex. %he graph in
Figure 2 illustrates the advantages of large capacity units, With a 7 per cent
interest rate on capital invested, the depreciation costs per ton - assuning the
machinery is worn out in ten ycars - Are scen from the table belows-

—— "

Area of drum Production over 10 yvars Depreciation por
ton of agglomerate

11 me I 720,000 T. T 2850 1

2 ets,
90 mz 6,900,000 T, 1 & 25 cta,
140 M, 10,750,000 T, 96 cts,
180 m, 13,800,000 7. 80 cts,
210 m 16,100,000 T, 75 ctis.

Figure 2 totals up the threc curves to show that the cost of producing aggregate
can double in passing from a blend of 210 square metres to one of 60 squarec metres,
The figures above provide an indication only and depend on local conditions such as

iabour and power costs.
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Il = USF OF BLEND IN FURNACES

Fnviag seon the coste entailed in production of aggregates. il is important to
ice what is gained from this process as is shown in t‘igure 3,

The vertiew) axis represcnts coke cunsumption per ton of pigeiron while the
lioizental anis shows the oporating speed of tho furnace axpressed in kgs, of ocoke
contumcd per cubie metre of nvailable volume.

This rlgure imaediately shows the specific production of nach furnace by dividiag
ths s-oxis value of the appropriate point by its roading mn toe Jenxis.

The figure shows thatte

',é (1) Increasing the epeod pushes up coke .naunptien per ton of pig-iron
] in a eonstunily )ess-economical mammer. .

(2} Duckepressurc melies it cconomienlly possible to raach higher spacds.
(3} 4o hipher the iron content of the charme the iovor the consumpticn ef colte.
14)  Tho iwsteri operational speed and lowest consumption of colke ere achioved

togevhor with agpregate fusion beds, although eperegates of fusible
hemaltitos huve nlso given good results (in Japan),

The firure shawe thc pein thac may be counted unon fron agglomeration ef “he opo,
‘toew 90 cuppleted by the nddilion of other operating results internolated in the
wrarta shown ‘

ite aggiowareilon of an ore genoerally raLderi a gadn of 200 kps. in normal furnacer
riat w 10=20 poe cont inerease in the coke consumed. Ii results ia 30-10 per eant
Lisher production put the poini of departure and target must be charted on the greph
{4 ench narticular erse to bo sure of achieving major economios.

ch more attractive rosulis are obtained by using pcllets_ rather then aggregates
v iu indleated in ‘he figure,

This observation merits four commentst-

) These two processes of ore-processing complement one another rather

than corpele, the first being suitable for very fine ores, while the

saeend is for orea from U=10mm. The vein itselt theroforo dccides which

~hould he used, , °
(2) ihe gain irom pellets results, generally speaking, from thei- very

fiae oonuloaoiny, [ is liaely that comparable results would be

achicvol 17 the swme ecare were taken with the aggregates bLut this

caniait be Gone.
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(3) Granulatiun can be carried out most casily ot the mine while it is
gonerally desiraple for blending vo be done close to the furnnce,

Figure 4 ahows the pronerties of the pip-iron ohtained frew the ratio of

Ca0/8402 in the basic slag and demonsirates the possibility cof lowering this index
when the charge of ore {8 well prenaved.

The quality of the pig-irvon is shown by the produet of sulphur by the sguare root
of silicon.

This corresponds to use of u slight amounti of carbonate in fummaces and brings
about ensuing enricl ~ni,

v - CONCLLSIQLD 5 iﬂ
The agglomeration and granula.ion of éreé afe complementory processes, Study of ”
the voin and the possibititics of handling i1 suggest the correct docision with
respoct to its treatment,

agglomeration should take place close to the furnace, wherover pomsible, to

avoid transportation damaging the merchandisc wnd facilitate incorporation into the
aggregate of powder wostes frum the furnce s,

The capacity of the plant must be calculated in vhe knowledge thot it is
generally uneconomical {o crush » reducible ore simnly iu erder to blenl i .

It must also Lo understood thai the more vowerful the maghinery the lower

the cost of the aggregate produced,
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