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INTERREGIONAL SYMPOSIUM ON

PRACTICES IN THE IRON AND STEEL Teehnieal Peper/i.li
WDUSTRY TO DEVELOPING COUNTRIES 13 September 1963
1-26 NOVEMBER 1983 Jriginal:  FNGLISH

ING PRACTICE (N LARGE SCALE:
CeNTINUCUS STRAND PLiNTS

Ly

G, Srandes and L, Q. Choudhﬁry,
Federal Gepuilie of Geranny

Due to larger integrated iron and steel iastallations nnd the positive
influence of sinter on Llast furnace operation, high enpaeity sinter plants are
desirable. Continuous sinter machines of strand type nre prefernile, To
meet the requirenents of inereased production, the size of siuter nachine has leen
enlarged progressively up to over 3.0 sq., frow 75 sqin. which wns standord sise
hitherto, Sinter machines have helped to reduce investment eosts. Aneillinry
equipment such as mixing units, sinter coolers, ete. have cen desigoed to suit the
higher capaeitics. autonaticu of lurge plaats helpa to avoid errors and maintain
constant quality of production with cheaper operoting costs, Sintering tests are
very important and should forn the first step in planning new plants, Sising and
stabilising of the finished sinter as well as continuous quality ecantroel -rc esseantial
to satisfactory sintering to cchieve esononie Llnst furnace operation,
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INTR. ON

It is now more or less generally recognized thot under normel conditions
fntegrated stecl plants of larye capacities both in respeet to investment and
The increased number of !last furnace
9 = 1) meters is one indication, Not long
Fig. 1 shows how

operation costs cre more econonienl.

installations with hecrth diameters of
ago such sizes would have v een considered to be uareslizatle.
the costs (1) per ton of ingot steel cre decreased with increasing eopacity of the

plent. 'n many countries now engagod {n building up their heavy industry, tor

oxcaple India, integrated steel planrts of eapucities of 1 nil, ton per year and more

have been or are ueing irstalled.

small iron or stesl plants, however, have their own case.
as notional eeounouy, welfare considerations, transport eonditions, raw naterial eon~
ditioas may justify the {nstallation of & plant of conparatively smaller capocity.
Agnin quoting the example of Indie, installation of many 10C,00C tons per aanum
pig iron plants end 3.y tons per anaua special steel plants spread over the

Othor factors such o

continent is being considered and pleaned.

The conecntration of very large capaeities at one ploce has resulted in

inerecsed sises of plants for ore preparation and handling. Sinter plants have

“.een especinlly affected Dy this developuent, more beecause the percentage of sinter
in the last furnace ‘urden has “cen on the inerense (toble 1) (2) during the past
fow yenrs and todey in mony plants 1C0 % sinter burden is used,

Sintering was initially odopted to agglomerate, for charging

furnace naterials such as flue dust, mill scole, etc,, forming o recirculating
Small amounts of fine ores were also aiiligod;

into the blast

lond in an iron and steel plant.

(1) .Y, Dastur, ReD. Lalkakn, Layout of Large Int Steelwvo: preprints
Symposium on Iron and Steel uoking, Jemshedpur 4th=3th Feb. 1963, 3/7, Costs
were estinated under Indicn conditions and include freight and custom duty as
well as costs for ore and limestone mines ucud the township.

(2) Statistisches undesant. subenstelle Disseldorf., Eisenw St istik,

Statistische Vierteljohreshefteo.
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With the greater deriaad for ircn ores due to the rise in piyg iron production (2)
(Pig. 2) the nmounts of fines eontaincd in the ores supplicd to the. steel plants
have increased, At the same timc, more attention is being paid to physienl
burdening necessitating erushing and sizing of lump ores at the works which gives

‘rise to additional amounts of fines, Again it is verv often neecssary to

beneficiate the ores where the concentrates are o'tnined as fines., These factors
and the positive influence of sinter on the 'last furnnce operation have contributed
to the enormous rise in the world sinter production as shown in Fig. 2.

Nunmerous exaples are already kinowi of the positive influence of sinter on

‘kbls_‘t furnace operation. Use of sinter contributes to inereasing output and

deoreasing ecoke consumption, Results (3) obtaoined in some of the vlast furnnees

‘are reproduced in Fig. 3.

The use of sinter in the blast furnace can be mode nore effeetive Ly eharging
sized sintor. Fig. 4 1llustrates the results (4) obtained in an Australian lost
furnace, The sised sinter wos produced there 'y stobilizing. By the ume of
sereened sinter of norrow size range similar good results have " cen o'tained in the
blast furnaces at Appleby-Frodingham, (5)

It ocould be inferred generally from the above example that sinter plants are
a comparatively cheaper means for inerensing plg iron production considering thnt
she investuent costs (6) for o blast furnnce plant cnount o chout D 20L,m= pur
year ton pig iron capacity as compared to only Dil 40, == per yvar $on pig iron for
sinter plants. This is especinlly oppliesble to plants using ot present no or

_ very little sinter.

(‘2) Statistisches Bundasamt. AuLenstelle DUascldorf. Lisen=_und Stehlstatiutik,

Statistische Viertel johreshefte,

(3) BH. Jendeborn : ~ ; ) . .
Jzon, reprint from etallgesellse ¢ netivities, No, 1

(4) K.J. Piggis, P.E. Charke, 3last Furnnce Practice in Australin, “lrst Purnuce
and Stesl Plant, 1183, December 1962,

(%) N.D. .inedoncld, The Effect of Scrrened Sinter on Furance Productivity, Journul
of the Irun and Steel fns“tuze, preprfnt ) 1061

(6) Priedrick Luth, Flenuag und Bau vou HUttconwerke
Auflage, Springer-Verlag, Derlin, ngen/ie

fi, Zvelte neuearieitetse
cliory (1958
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24 Size of Sinter achine

Sinterin; is earried cut on o grate wvhieh can e stationary in the form of o

pan or of the euntinuous straaod type nceording to the Dwight=Ll yd system (Fig. 35).
In reeent years continuous strand type sinter plants have been geaerally recognized
os nore suitable fur lerger capacities scy for excmple from 3{. tons per day upwards,
Jsaly eontinuour type sinter nachines hove Lecn atle to successfully meet the ohp.llenge

of the demand fur high capaecity. (

For fulfilling thc requirement uf lorge capeacitics due to the factors deseriled
nbove, ig sinter machinea were developed and put into operstion, "hereas until
1945 sinter machine having on offeetive sinter or suetion area of 75 nZ was considerec
tuo be a normal standurd size, o sinter riochine with o suction area of IXC sqens is
now available, Fig. 6 illustrnates the developnent in the sise of sinter mochines,
The largest sinter nochine (7) in the world, alreaedy in operction sinee 1962, hes o
suetiun area of about 225 n:, as shown in Fiy. 6, for construeting bigyer sinter
machines the width of the pallet wos increased over many years step Ly step fronm 1 m
to 4 . '

With the design of large sinter nachines nany technieal details were inmproved,
To quote « few examples, the drive of the machine was simplified (Fig., 7), the pallet
senl “etween the nioving vellets and stationary wind boxes (Pig. 8) wus node moro
effeetive and o pivoted dischorye end wns designed to automatically take up the
expansion in the chain of pallets due t. heat (Pig., 9) ete.. ,

Fize 10 shows how, sesides the irprovement in engineering, the design of lapger
sinter nachines has helped to reduce the reletive investment casts. The curve in this
figure nakes easier the decision vhether the required output of sinter should be met
sy the installation of n single or o number of sinter machines. In this respeet the
following fretors have to e taken iato eonsiderations

1, lavestnent custs

v Stages f eonstruction of the works
3¢ Flexi’ility in the produet

we uxisting foeilities

5. Spoee oveile'le

Jones and Loushlin stort sintering ‘achine at Aliguippas Blast Purnace and

‘*twl Pl:’i !t, -.5')" :(h;, erch 1961
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3. asucilliary cquipuaeat
To eope with the high material throughput required 'y hi b sinter outputs,
ancilliary equipnent to the sinter machioe hud to ¢ redd signed, For exswmle on g
sinter mackine with a suetion area of 4.5 i as wlready in operation in USa, 7o
800C tons sinter per dny can e produced dependi. -ra the physicnl nnd chenical

characteristies of the ores to be sintered. Sueh en anvunt of proaduction requires

g
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{ntensive nixing, wettiny and rerolling of a out 1° tons of rew noterinls per winute,
Tue mixiag units sueh as drums, dises ete, hove ceen designed to neet such large
capacities (Fig. 11, Fig. 12).

Plant trials (8) in various works shuwed that 'y ehurging s.if fluxing sinter

into the blast furnece, ndditional odvantoges ia its operctica eann ¢ aechieved, ;
In such cases the Hurdea evasists often of 1o, sinter, This developuent has t
transferred the responsibility of eorreet Llending of warious noteriols for the

burden to the sinter plant, whieh neecssitutes nccurate discharge of various naterials

f from the raw moterinl 'ias or ut least correct proportion of flux to the ore to Reep

the Lasic acid rotio cunstant and within the required 1inits, This requirenvnt is

mot by the installation of coastant weight feeders (Fig. 13) under the bins.

;f In order to reduce uperating cousts and to sinplify handling the siater is

conveyed Ly l.elts to the hlast furnnee Hins or in rodern works even to the top of the

~last furnaces. To cchieve this eicling (9) of sinter hod tu e dw«l&ped and i

now econsidered necessary t> the nodern sinter plaats, Cooling of siuter ua ocvolers

) is affected Ly drawing or foreing nir through o .ed of siater, T neet the various

: lacal conditions regarding layout of the pluat three @ifferent desigus f cudler ,

have bean developed. These arcs : . 4
Straight eccoler (Fig. 14) |
Cireular cooler (Fig. 15)
Cellular cooler (Fige 16) ; o 7
All the three types arc Luilt os suetion or foreed draught eoolers, In une
special oase u stationary cooler (12) wrs uilt o the prineiple of ti.» eellular
)" cooler. Cn the co.ler the siater is cuoled t5 such pa ertent thet it ean e eonveyed

on normal lLelt conveyurs,

(8) J.S..ic ichan, Expericnce with sclf fluxiig sioter nt the Stecl Co, of Ceanadn, Ltd,
Blast Furaace and Steel Plant, 373=375, 97-+9- (1354,

(9) G.3randes end L. ende.orn, Sinter Co-lin
sinter pleat, Reprint Stahl und Eisen, 693-077

(10) New Siater Cosler iu lpcration, -lnst Furaase aad fteel Plect, 1., (Jeausry 196 )
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‘Vith the inereasing quantity of sinter in the Lurden more attention has to le
pnid to the quality of sinter produced, educihility, size and physical strength
are the main factors for determining generelly the sinter quality. Unfortunately,
until now, no stondards for sinter quality are existing. In most plents quality is
judged Ly physieel strength only, for which agein the methods ond evaluation of
tests vary from place to places Continuous sampling equipment for testing sioter in
large plants has heen nlready designed ond should be ineluded in such plants. In
connexion with the quclity of sinter, sizing aund sto'ilizing is cf particular impore
tance, By prcper crushing and sta>ilizing, sinter of zood strength and in narrow
size range is pr.oduced. Stobilizing is based on the prineiple that the Lreakage
of sinter pieces is reduced cosiderably with progressive stressing and one method
consists uf rumbling coroled sinter in o drum followed by sereeninge

The desire for o clean plant and clean working areas has led to the introduetion
of electro=filters os dedusting unite in the sinter plaants, This has been especicll
the eose for plants built in the viecinity of inhabited areas. Elektrofilters have
been installed in recent years for dedusting Loth the waste goses as well as the dust
laden air at transfer points and ot other sources of dust in the plant (room
dedusting). 3y introduetion of such filters (Fig. 17) sinter plants have iaoan
freed of the red Lrown discharge.

Tt is, however, pointed out that if o dust diseharge of about 0.3 g/r3 can be
permitted in the arca around the plant, eyelones (Pige 18) may be used for the wnste
gos dedusting, For the room dedusting, however, cleotrofilters ara to be preferred
beeaude the dust load for the roon dedusting amounts to about 20 g/m compared to
ded g/n in the waste gases,

4.  vperational Control of the Fluont ,

For the operationnl control of the plant, it is necessary that os many varisbles
as possible are continuously neasurcd in order to toke necessary corrcetive steps
without delay if volues devicte from ucrnel, Therever necesscry thesce varialles
should e recorded to nllow letor checks,

‘hercas smoller plonts say up t. - espaeity of alout 1530 tons simber per day
can o operated manunlly, the development of larger plants nade it neccssary to
somewhnt refine the interlocking system and iatroduee sutomation of the plant cuatrol.
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Electrical interlocks in such plants prevent moterial jams in ¢ase of a failure of

any uait in the nmoterinl trausport systeri, Lleetrienl interlocking avoids this by

automatically stopping cll units preceeding the e which hns friled.

Automation in hig sinter plaats not :nly helps in saving le’our, which is an

impaftant fustor for countries where lalour is ecustly ‘ut clss is n necas for achieving

eonstant product quality, autumation should elininate cerr rs oand wherce neccssary

make corrections automaticslly as quickly as possi. le,

Por automsotic plent (11) eontr.l in modern instnllations the various operations
involved are grouped i:it, independent opernting oyeles. kaeh cyele is e.ontrolled

Ly the vorialle which is the deciding and nuat ifuportant in the eircuit. The i

sutomatie operation of those cyeles ia dnserided us under: ‘é

(a) The discltarge end scetion of the sintering mochine is equipped with o deviee '
vﬁiih indicates the corpletion of the siniering process and which regulates,
if necessary, the speed of the sintering machine a» thnt 44 suits the required
lintaring tine, The supﬁly of row notericls and removal of finished sinter
is adjusted to muit the specd of the sinter nachine,

(L) Continuous check is kept n the casunt of materinl eontained in the hearth layer
surge bin shove the sinter muchine and, if necessary, the eontrol device switehes
ia the serecas and elt conveyors fur the hecrth layer supply.

(o) Without disturhing the previously fixcd ges/air proportion, the supply to the
burners of ignition hood is mo reguluted that o constant teaperature is
maintained in the hood,

511 the measuring and oontrol instruments ns well as switches of the plant are
1n¢orparnied in a eontrol punel (Figs 19) instelled nt o eentrally lueated puint ot
the plant.

3. [Elaming e New FPlout

It is outside the sc.pe of this poper ti denl with this matter to full justificom

tion, Only the few nicst inportent p.ints whieh src 5 “e considered for plonning
a new plant will ‘e discuss.d.

(11) .intthies Nievelstein, Die degelun, v.n Soadsintercalogen mit Telepermi.
Siemens~Zuitschrift, 373=377, ay 1961

eplern,
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It has clready Bcen indiected alove, that the sinter output of en nre depends
o1 its physiral and chemicul characteristics. Uafortunctely these charaeteristics
connot be evoluated theorcticclly for deternining the sintering (12) propertics of
the ore. These ecn o studied only "y tests with actunl samples. The first
stop fur planning o aew sinter plent, cfter i1vestigating the requircnients on the
quantity of siater fur the required pig ir.an production, is therefure the eondueting
of sinter tests with r-prosentetive sanples of the row riaterials, Suppliers f
sinter plants punernlly pussess sucin freilities for carrying cut sinter tests and
they have the exporiéncc of evaluating the results for laying out the plenk.  Sinter
tests prior to the designing £ the plant are to be recommended even if the plont is
vased on voarying ore supply. In such cose u certnin Laosie mix should hbe taken as
the Losis which would e probably used ia the sinter plant during at least the initic)
periods after start up. Fron the test work, such datn es is most essentisl for
designing, is evoluated, such as the specific utput which eann be achioved with the
mix, the mixing methods, the return fines load to be rec'irculcted, the cuke ¢ usum=
pticn, the optimun bed height of the mix and the application of special sintering
process such as nixed firing, stabilizing cte. From the test results the sises
of the individusl nachines of the plant are deternin.d and o layout is worked out to
suit the spoee availoile.

Fig, 20 shows o perspoctive view of the layout of o sinter plant with a doily
enpaeity of 250u tuns sinter, This plont is eonplete with oro erushing, sereening
and ore mixing Ledse The ores supplied to the plant are erushed below 50 mm in
two stages and in the final sercening the fine ores below 1C mm are sereened out and
conveyed to the row material storage bins vin the mixing bLeds. The ore fraetion
10 mm to %0 mm is cherged directly into the blast furnaces .ixing Deds are provided
for nchieving uniformity in the ehemical naclysis of the ores. Self fluxing
sinter is produced in the plant. The sinter mechine has o suction aresn of 100 n
and is equipped with n mixed firing hood. The sinter is sorecned hot and the

hot return fines are conveyel by a pan eouveysr to the raw naterial storage bins to

é

Le returned to the proccess, The siater es.ler is eireular in type having o eoulin,
area of 134 n° aad works on tho prineiplc f forced draught. The sinter is sereencd
cefore it leaves the plaat. For dedusting the waste goses and for roon dedusting
clectro=filters are ploiaeds

(12) He Wendenora, siaterine s o ohysiewl 1¥.cussy cymposiwn o sinter, specinl
rep ot Now 93 of The Iroa ool ~tool Tnstitute, Loondan, lsd, .reh 19%%
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A modern plant recently started is shown ia Fig. 21, This plant is desipned
for a sintering eapucity of 3000-10, )00 tons per day and is cquipped with two sinter
maehines ench having o suetion arva of 182 1, Cellular ecolers are provided for
¢ooling the siater, The pieture ulso shows the cleetromfiltoers for dedusting,

Fige 22 shows o fluw sheet for the stabilizing of the siater, Properly erushed
aod eocled sinter, ofter hearth layer sercening, is tubled in a drum, Lfter
tumbling the product is reescreened ot 6 m and the fincs returned t. the sinter
procest,

Pig. 23 shows o fliw sheet for sninpling sod testing the strcagth of thu finished
produet, Sanples ot repgular intervuls ore drovm ot o teunsfew point in the findshed
produet eonveying eireuit aru carried cither tu the grinding or the strength testing
sireuis, Por testing the strength n weighed sanple is suljeeted ¢, stressing for
5 ninuten in o drum 1 n lung, and 1 @ in din, rw;}ving at o specd of 23 RePais
The amount of fines so produced during this rwibling, indicates the sinter strength,

In elosing shis poper the authors emphasize thut sizing, stebilizing ad cluse
quality control as deserited avove are now engoging the attention of meay large plant
operators s it is reanlized how very important these fuet.rs are tu the eccaonic
operation of s blast furnace.

]
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Figure 12
Disc for a capacity of 200 tons per howr

Pigwe 11 ‘
Mixing deum . capacity 650 tons/lw mix .

Figure 13
Constant weight feeder







F%&fe 15 Flgun.' 16

Circular cooler Cellular coolet

Figue 17 (a) |  Figure 17 (b)
Sinter plant with electro filter , Electro filter for waste gas dedusting







Figwe 19

Figwe 18
Cyelones for wasnte gas dedusting
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. PERSPECTIVE VIEW OF & SINTER PLANT "ine

Figwe 21
Geseral view
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