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SYNOPSIS

The cddroess conteins dstcils of the di.ensions of sinterin~ nuehines, uad also
covers the principel techiaological conditions on which lurge sinter plaats cre Tun,
xuclitetive paurticulars cure siven of the fluxed sinter heceuury to produce hih :
outputs from blust furncees,

INTRODUCTION

Since the first sinter plant was brous™t jate operation the buaaie principle ol
the methods used for luoping ore fines hwas reveined wnehanced; it is that of :iﬁtezlq%
conceatrate by sueking cir tirov :h 4 loyer of the iznited mixture i1 eoitinuous=getion
conveyor=type nmachines; the recson lies in the sinplicity of the ~etlod ard its hish
technicel sad ecoaonie indicea, ‘

Slatering technoloyy is contiaually beiy; improved, and siateria: ‘:;mizine suction
area and output are nll t.e tie risincy rechendzition wad autoution are being ap%iité
to coatrol of the process and equixient, ,

The cir is sucied downwurds throuh the layer of cixture. 1In pelletizing,
however, in the coolin; stage the cir is usually blow: upwerds, the ot sir beiag
subsequently used {., the dryin. cnd prehecting at:i es by suciay itedownwirds,
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The extreiely procisia: rethod which is colled vacuu-=blust concentration “us
not yet oeen developed oo wi industrial secle; this nethod consists of blowin- the
wir upwerds, wod it is t us possible to sinter wit: ¢ thie  bed,

o devhod of producit pellets fror fine co.ceutrates widely used in the Us. is
thet in whie' they cre rocsted on conveyor belt niaeines of sinterin- rachiue type,
in whie however the _oses wre recirculated,

The production oi pellets fron [ine concentrates is ot the industrial development
stuie i the sSoviet Union. The roastih; of pellets haus o technieal or econonie
wdvonte os over sinverin: ©s ¢ method of luoivg flae=;vuined ore fines (concentrate),

<08t Dlast furaaces ii e soviet Unfon rua on si.ter, the meun proportion of

sicter in the ore content of the stoer being 70,7 per cent in 1961,

TeRLs 1

PRODUCTION OF SINTER
(i nillion tons)

Countries P ; , f
; ' { 19%7 1958 19995 1960 1 1961 1362
Soviet Union 33 L5 | 5600 | 651 | 7002 | 8440
Yo ; 243;2 25.9 { .0 ‘*gcg o %X.0 -
Vest Gernany D6 | 1a5 1 | 19,2 | 21,2 -
Grewt Brituin Ged 246 ? -1106 15«0 % léta -
Jukn ; e S5¢8 i 6,8 8,2 ! 13,4 -
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The output of a sint.s plant s ovemmed bWyt awmber of sinterin. michines

insvallaed nnd tleir sinterin Arvis, tie “nount o. ryoopateried aveitable, the
effieiency of the technolojicnl proecss, nnl Mechenization rad cutemation oi aki its
sections and equipment,

The number of sinterins machines to install 24 individual ore mining and
enrichment combiues is not calculeted on the basis of the wnount ef sinter required
by the blrst furnsee bay nt one oris,

A sinter plant must bo equipped wita not less thnn two o/ t'.: new larce machines
(of 204G m2 Or more); even if there are {re machines, 5¢ per ceut of the totul capacity
is at onee out of mction vaen repairs ere necessery.

The number of everere sized (125.15G “g) sintering machines whieh should be
installed at ons sinter plent is not more tina 12y but these should be in twe separate
sintering beys, 4 bay siould not contnin more than o machines, for more then this
number invelves difficulties in orgeaizing the supply ol materials to the meehines and
in handling the finisied produect,

Initial rev matericl quality can be subdivided, accordiag to its efteet on
sintering meehine output, inte three eotegories,

1. Sinter ore a:id dry coarse concentrates of optirum granulation,

2, Pine concentrates produced by wet magnetic sepiration from finely fmprognatod
quartzites of Xrivei dog type,

Under equiv-lent conditions, wvlen sintering these five concentrates cutput ia
33 per cent lover than when sinterin; geod sinter oros,

If, however, tle mrteriels arc slicetively prepnred, by franulation and
introdueiny intensifying agents, rood output i urcs can nlse be seifeved when
sintering fine eoncentirates, |

3. The most widely encountered case o mixtures of good ores and fine cencoutrates,

I, Stntcrig cachine Suction aren and Outnut
A great many sintering meckines it suction arens of 2,5 x 3, - 7% n? (the a2a75)
&re used in the Soviet Union, The ‘w2e30 machine is already obselete, since most of
these muchines have been medified to increase the rreq to 2.3 2 23 - 62,5 m':.

; ¥
Lengthcued machines of 265 x 5C - 125 n° g o3 X 0L - 15G 7, bhased on the
£~2-75 machine, are bein: produced ond are now in <.

*
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BOP ey sid s maelines o0 dirensions . ox TH 31007 (these are ealled UG m=
MECLINnes) are Loy in ' staoe of coustruction tnd instell~tion.

Smabl o siat rinc reetiines ore #1580 no low sy bein,: constructed cbroad,

nost of e nev tre tnes hnve pollews 205 rowide and are 3u=56 m lon;g,

Jewy dnrse sintering maehiaes with sintering creas of 156G=273 mg, their pallet
widih 3,590 my, ore now bein: built end used ja (e Usey Belgium, Australia and Canada,
Some neehinesar: bein: buiit it pellets o mowide,

The easiest pethod oy tnere-sin: sintering machine apeo is to lemgihen them,
and this enn even he done ot existing siater plants,

The use of pellets 2,5 m wide hos been theroughly mestered, and this can be
reserded ss e minimun pellet width for pew nachines,

The cdvintage of sreater pallaﬁ widt!: lies not only in the possibility of
increcsing, sintering nrecy but rlso in the fact thet the lower D 3 ! ratio reduces
the relative useless amount of air sucked through unit suetion areca; another advantaoge
is thet the wronortion of lowep quality sinter preduced nt tie sides of the machine
is lewer,

The pallets are still 1,0 o long, =nd this length can be considered optimum,

In the Y«’.75 muenine tle pallet sidec ore 330G mm deep. Since the Sas-permeability
of mixtures is not yood enouzii, however, the ideal thickness of the mixture on the
prllets is only 250 mp, (

Tie ehuracteristic side deptli of the types of pi.llet used abroad is about .
356450 mri,

<ost sinter plants in the 1S4 forn the mixture into larie lumps, and the machines
rin on deep loyors, almost ns deep ny the sides,

It is extremely desircble to increcse layer depth, sinece in this way output can
be rrectly raiscd, ‘ ;

Inerersing the depth of the layer is conducive to improving the structure, strength
and lump composition of the ainter, nlso te raising the vield of good sinter and
reducing wenr oa the machines through lower pallet specdst as a result of improved
rereneration of hLieat there is o suving of fuel, and nean grots temperature is lower,

Ze Sinteriu\; Mechiue autgut

Suction aren dimensions and sintering machine output must be greatly inerensed,

~wehines brsed on the l{.é-’}“ﬁ machine nnd lengthened to 50-75 m are now in use}

tiese meetiines could be mado ur to 140 m long, The pallets of the X~2-75 machine can
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wvidened to 2,5-3 ~ bv tilizing the projectin: brockets -t the =iiv, 0 oroeline with
4+ m wide pellets is bein- brou it into dse,  This 113 inererse suection fresoas followss
2¢5 X 75 - 153 mz (at nr~panda)
3 X 75 . 225 0 (pomsible)
4 X T8 = 312 - feelled the 00 m’:*' type)
4 x 106 = 400 m~ (possible)

Inerensing the siuction area three or four tines provides t'.c «ime senle of
increase in output,

The output of o A=2=75 mrehline running on ¢ mixture of ore ami conceontrotos is
up to 2500 tons day,

The output of the 312 m° meeaine mey be more tlan Lo, U, tons dey,

The daily output of the 120.175 p~ mechines used in the '/ (et Pittsburg, Gary, :
Sautz Torks, Indinng Harbour, ctc,) {a Up to 1506 tons (the mixtures ure not indiented),

A number of sinter plants in the soviag tnion are producing up to 8 millien tons
of sinter n year; the sinter is rooled in the mrehines at these plants,

If machines are not more than 3 r long, only the sintering proccvas is performed
in the suoction creas  'ith longer machines (5G.7% o lon:, or aven up te 166 m), both
the sintering end eooling processes nro carried out in the muctioy rea,  Sirce more
than half the suction trea is required for eoolin: the sintor ful Ly, sintering rachine
output should be relnted to sintering cron, ring indieatin: she cooling aAres,

3. ?regzrim sixture for Sinterin:

Uniform preparation, using en tecurately bate'..] ¢ eiiiciently mixed and

nodulized mixture, ia g guarnntee thi-t sinterin: rrehine output will be Mrh and sintep
quality good,

If the composition of th;e mixture on suecossive nollets is uniform, the sintering
Process follews nn even course, aad =11 the Vinks in the preduction process in the
machine can be regulated rutometiesl ly.

Uniformity of mixture coriposition is ensured by blemiing the ores efficiontly et
the ore beds cnd by merns of autematie equipment for fecding weighed batehos of the
componeats of the mixture,

There is ¢ tendeney ot Present, in the Seviet ‘nion and abiroad, to use twoestage
mixing, and te lengthen the mixing drums of existing mochines, The more effactive
nodulizing of the mixture in elongnted drums is rn extramely effective mensure when
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sinterin: normel, wut fine, sinter oces, hen sintering tUine concentrates which
nave been nodulized by the ordinury metiods, and vhieh heve poor ras=permeabilities,
however, it is insafticient meraly to loosen un toe mixture,

The besis of successul sintering, using fine concentretes, in sintering
moehines lies in coarse nodulizing, cnd in aranulnting the mixture to 3-8 mm,

IThe produetion of yrenulated sinter is more economic thon pelletizing,

The initdal  elemnciats of neyw or reconstructed rlent must be trough- or drun-type
mixers, with serew convevors in whiel the mitericls ~re mixed without increasing
their moisture content,

The mixture must be wetted and gronuleted in long drums or disc-type
gronul- tors,

Drums 12,2 m long ~id 3,66 m in dir, are widely used in the USi. Drum
revolutions oro regulated, and sometimes the angle at which the drum is tilted is
clse repulnted,

Drums are universally used for nodulizing multi-component mixtures. The grains

whieh thuy previde nen not, however, of uniform dimensions, ond there is o large

proportion of fincs, A

The other friling of long drums is that they cocupy o great denl of space; .
only 1U-15 per cert of the space inside the drum is token up by the mixture,

The vdveatees of dise~type preanulaters inelude the tollovings groins of » g
uniform %<3 rm nre producod, with a lowor moisture content than with drum nodulizirg,
end this is olso vory immortant os rezards sintering; the~grannlar structure of the
sinter is nlso i form, Dise nren is more than 5C per cent utilized; the granulators
require mueh less work sw.ce than long drum granulators.

Lt is ensy te apply holf the fuel to the yrain surfaces in the dise granulators,
The process and its output con ensily bhe regulated by nltering the tilt of the discs,

he revolutions, nnd their side heirht, ’

The friliang of the disc-type granulators is that the maximum possible dise
&i&meter of 5,5 m iwm comparstively smell, and this means that & large sintering macnine |
regiires not less thnn two srandleotors; cnotler dianﬁvan@nge is thet the construction
(inclined roteting dise) is less durcble then vhe drum type,

("hen producin;; 815 mm pellets, however, even o amall machine requires not less
than three lon: nnd three short (for npplying the coating to the groins) drums; there

mu.t clse be o sereening snd recireul: tion cycle, These nre Dovid Yorks details),

Tee troushetyne mixers follewed by r single 5,5 m dic. dise granulntor are the
)

STLCTY eleie e usod for A n" mrenines ot Uleveland in the USa,
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o doy, are eqel sorve! by {wo dise oanuletors, Tia rangiators fre locate! varglled

to one another, and the ninture i« sopplred to ther 1o ponas of g rototing channel,
From the granuletors thie minture lows DY onrav iy Viroie v Puael onto t

slewable corvevor helt recodor, whielh roeoks sorizontally nad aistribites the mixture

across the -widvll of t,.e sinteriag machine,

Iu every case, the flux an! fuel used {o: sranuleting requive to be moro
finely pulverized,

The granulated sinter has a Li:'. bulk density, wad its strength is zool,
AN 4

e Addition of burnt:liwn

Burnt lime is included in the sinter mixture used in the Soviet Unien today
on a large scale, )

Burnt lime is an extremoly effective intensifier of the sintering process for
all known types of ore, since it possesses g combination of many useful properties,
It is & powertful intensifying agent not only ftor siéﬁering acid ores, but nlwe fop
sintering fluxed concentretes, even if thev are higlily basie,

The addition of burnt lime to the ore in railway trucks prevents it From freezing
in winter, The addition of lime to the ore beds groatly improves the frea-tlowing
properties of wet or demp concentrates, and makes thon easier to trausport and foed
into the hoppers,

The mixture is prehented before sinecring by the lavae amount of hoet evolved
when the lime is slaked,

The sintering rate is greetly increased, bocause the Bixture in axtremely well
and strongly lumped and its initial'gas;perﬁﬂahility increaned,

Lime tends to increasec the neisture capmcity of the mix nres and is condueive

to "gqpor-&cistening” of the lower levels in the mixture,

de know thet Vime bas o cementing action, thus tending to meke the lumps stronger, g

Then unfluxed concentrate is sintered limo exerts a particularly vigorous +flact, '
since it teands to reduee the high initial softening temperature of rich acid ores;
lnwenﬂm%iing and more fluid,melten substances are formed and this enables s ntering
to be conducted for lower fuel consumptions,

In the casc of some ores the thickness of the viscousaplas'ie region, with gaar‘
ges-permeability, also tiwe viseosity of the molten substance, are reduced, wiile in
the case of oth.r ores the sintering ze.ae widens to the optirun width and the

streagth of the cnke is inproved,
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The addition of line when sintering fluxed concentrate and raw limestone is also
extremely oiveetive, since the evenly distributed, disnersed sleked lime enters into
chemical conmornds with the ore grains besorce the limestone, even in the solid whrag;
this is conducive to the prodnetion oi a prirwry lignid phose of more suitavle
compesition and propertics (caleium verrites).

There is a0 need to use wilned iluxes, even when sintering highly basic
coneentrate, since the nddition ol lime is quite suftficiently effective,

Adding Vime improves the strength of the sinter bv generally improving the courso
of the proecess and reduci iy the fuel coasumption,

In the S52 limestone is re~sted in special ecircular rotating kilns; air is
sueled throuyh o eircular layer of mn ignited mixture of pulverized limestone and
coke, (0ePaile Ziln),

Befove roasting, the limestone is pulverized (in a hemmer mill); the 3-1C mm
fraction is separated from the primary product and despatched for reasting'; the 3.8 m.
fraetion is used ftor fluxing the concentrate, and the ~1C mm fraction is returned for
repulverizing,

The D.Pyls kilns cre included in the production line, and the hot, roasted
granuleted lire is fed diveet oato the mixture batoh conveyor, The lime is slaked os
it mixes with the green mixture ond while it is being damped and lumped.

If the limestone is pulverized to between =8 mm and 3-10 mm, with the consumption
of earbon rboul 5.5-0=5 ner eent and diseiinrge beyond the cireular grate offective
there is up *o 9C per cent decarburization during romsting, The figure when the
limestone is nulverized to 150G mm is chout 75 per cent,

Kiln outnut is about HL-350U tons & day.

5.

Devices for Yeedi the dxture

The grﬂater'iﬁe width of the nnllets the more diffieult does it become to feed
and spread the mixture onto them,

Verious types of foeder have been considered end developed for mhiﬁu with
pallots 2,5 m or mere wide; these include tilting, vibrating and drum types, nlse

combinations of these,

BT
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The type most widely used in the Sovict Union rnil the (S, which is olso the

most rational type, is r combination oi o siuuttleatype distributer and o drum Foedor,
his combination distributes the mixture evenly enough aeross the pachine without

the large greins gathering togother to cay great sxtent. This type ol equipment is
suitable eitler for 2.5 1 wide machines or for the newy, wider (3,00me, 0 m wide),

machines, The shuttle-type fecders distribute tho mixture unitormly across tic

drum- feeder hopper, cnd consequent)y also across the machine,

The rate at which the drum fecder rotot. -~ is synchronized with the speed of thu
pallets, The dopth of the slot obove the drum feeder is regulatedl by nenans of o hande
operated gate valve, while the depth of the luyer fed onto the sintering mechine is ;
regulated by adjusting the level of the lower edge of the baffle plate, :

o, Gos Suctionv§¥ptems

In the case of long, wide sintering machines with the usunl method of gus suction ;;
from one side, the flue system mey hbe slowed relative to the axis in the dirceetion
of suotion, and the current of gesos drewn through will not be uniforn across its
width,

Ges suction from batl sides is widely used in the !SA. .he advantages of this

method ere that the air is move uniformly distributed neross the mechine, there iy n
leas comglfcated sysvem between the sintering nnd return prths of the pullets, and ,
there is no deecrease in the inelinction ¢f the vecuum chanber walls, i

The gases ove sucked tarough from both sides oitaer through ges mrins directod :

at both sides clternately, or by splitting up eli the vacuum chermbers nlong the cxis

of the machine énd fitting two gos offtakes from encl vacurm: chomber , with this asysten
the outgoing gases enter two coIlectora on either side of the machine, then preceading
to two exheusters,

Locating two collectors in#his manner aleng the mechine is clse extremely
effootive in the case of long (2.5 x 7% ) meclines in waia‘ the siite. is cooled,

hecording to the technicel perticulers, as fitted to the [=2-75% machine the
D~11-6306 sxhaustar provides a suction delivery of A7 rjfmin/mz of pellot aren, nt
15¢°C end 1000 mmwg,

This, however, is nlso insufficient for well rrevared mixtur: s, The tyvnes of

exhauster used in the USi snd Britrin, nlseo with the lorge sintering manhines now
A . \ 3 2
being brought into use here, hove specificd deliveries of 96-11G m /min/m”,
As mixture preparation improves, exinuster canccitios shonld be reviewed, the

tendency being to incrense them,
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[ Cooling oi Sinter

Cooling the sinter is highly desirable, since il this cen be done in the
sinteriny machine the sinter can be supplied direct to the blost furnaces on the
rubber-covered convevor belts, If cold sinter enn be supplied by conveyor belt
to the furncces there is nc need for expensive rail transportation systems, and
manual labour on discharging the sinter is avoided; working conditions at the
bunkers are improved, and blast furnace charging apperatus 1ife is lengthened,

In spite of the grent technieanl end economic rdvoutages of using cold sinter,
however, in proectice cooling it is mn extremely complex operation,

The cirecular sinter coolers mountcd beyond the sintering mechines, whieh are
employed here and abrond, have not justified themsclves, since their efficiency
is low, the npparatus is cumbersome, nnd they break up the sinter even more,

Even when air is blown or sucked through the sinter by means of powerful
flue gas pumps, cooling is slow and ineffective. The sinter cannot be transported
by rubber~covered conveyor belt becnuse the rubber strips are frequently burned
through,

When air is blown through a 2 m deep layer of lump sinter, with a relatively
small cooling surface {and moreover n hich heat content and low thersal
conduetivity) in cirecular coolers, the nir tends to pass through the wide channels
botween the lumps without penetrating into the numerous pores in the sinter; as
n vesult cooling is cxtremely slow, The temperature of the alr sucked through
is low, while the amount required is immense.

In nddition, as the temperature of the sinter frlls more and more air must
be sucked through for each successive °C of cooling, since for convectivnal heat
the eoefficient of heat transfer is proportional to the difference betwsen the
first powerr of the temperatures (Tosintar - Toait)’ while for radisnt heat it is
proportional to the difference between the fourth powers of the temperatures
(quintar - Tquix‘)'

The primary stage of cooling, down to about 400—30038, is therefore a less
complicated and more effective operation, Further cooling the sinter down to
90-60°C is extremely slow, end requires a vast amount of air and equipment with

large capncity.

iy i T e e g
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It is an accepted fact that, in the sinterin- Process, the upper lever of
sinter is automatically cooled by the air being suckeld through at the same time
as the lower layers are beiny sintered,

Only the lower ineandescent layer of enke requires further cooling, Un the
basis of what has been stated above it is much more effeetive, from the thermal
and technicul points of view, 'to cool the lower pert cf the eoke, which is at o
high temperature, in the sintering mcehine than to eool o mixture of cold and hot
sinter in a cooling machine.

Of all the possible methods of cooling, efvoling the eake in the sintering
machine jtself (by the air suction method) is the mosat cffective weans of
utilining cir, ulso thefmethod with which air consumption, in m}/ﬂﬂ, is lowent,
since with this method all the large surface arer of the channels between lueps,
and of the pores in the cake, is cooled sirmltaneously,

On the other hand, however, if the sintering machin is used tor this
purpose it becomes an extremely costly plant,

In the Soviet Union, the sinter is cooled in severnl sintering maehines
with sintering areas of 75 mz (elongated K-3.75 machines); these are elongated
by 20-30 m by ineluding a cooling nrea of 50-7% nzg the total air suction area
is 125-150 ma. Alr is sucked through the sintering area by n D-1I-6500 exhauster,
and through the cooling area by & sepornte collector with n D-21,5 X 2 flue gam
pump (ite delivery according to the technienl particulars is ;50 000 mJ/h at
150%).

It has been found in practice at IGUK and the Dzcrzhinsky Works, where the
machines are lengthened by 20 By that the sinter is only fully cocled if the
cooling area is ocqunl to the sintering arern,

At the scme time, the clectric motor driving the flue gas pump does not run
at full load, the power rending being on the left hand side of the characteristie,
at a vacuum of about 400 mwg,

At the Keragonde Works, where the machines have bven lengthened by 3C m to
provide a total suction area of 130 mz in order to include a cooling area, the
sinter is effectively enough cooled,

The rcason is obviously that nt the low vacuun of less than 100 mrwg developed
by the flue gns pump the gasepermenbility of the cake itmelf is low; the suction
area must therefore be incrensed.

A better expedient is to instal n sceond deep vacuunm exhruster in the first,
het, cooling stage, followed by flue ¢ns pumps at¢ the end in the region in whiel
the gas-permeability of the cake highe
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LT IR
SINTER ULLITY

.8 repurds its m.agcnese ond phosphorus contents, blost furncce sinter is
subdivided into open heerth (0il) wnd econverter sinters according to the type of s
iron for steelmeling produced.

The mangenese content of the OH sinter is roised to 1.5-2 per cent, vhile the
phoaphorus content is the saome.

The mengonous ore (KRIVCT log type) is added te the mixture in the iron ore
beds; it ecn also be added directly to the mixture.

To improve the [(ree-flowing properties of viscous moist mongonous ores, clsec

to increase the cmount whieh con be introduced, it is recommended that the mangonous 3
ore should be mixed with dry (hot) dust from the furncco throat in the stockyard i
(on the bed). q

The oddition of lean manganous ores increases the silicon dioxide comtent of
the sinter; on the other hand the sintering process is to some extent intensified,
ond this tends to reduee the hich temperature ot which Krivei Rog type iron ores
begin to smoften,

1. Sinter Besicity

Sinter with a basiecity of 1.3-1.4 is alrecdy being produced from magnetite
ores ond concentrotes with high maturel besicitios and relatively low silicen
dioxide contents; this has entirely eliminaoted the neceseity for including
limestone in blest furnace stock,

In spite of the mueh greater amount of flux consumed when sintering acid
Krivei Rog ores in the Ukraine, the bosicity of the sinter is atill 1.1-1.2. The
factor preventing basicity from being increased to o figure at which limestonme need no
longer be used in the blast furnaco charge is the considerable brittleness (small
grain size) of sinter produced from the Krivei Rog or similar ores.

The basieity of tho sinter used abroed is much lower than in the Soviet Unionm.

The produetion of stronp fluxed concentrate from acid ores is an important
factor in the task of improving the tecknical ond oconomic figures for blast furnaces.

2 Sinle o

Sinter for OH furnaces is already being produced ot meny works, and is proving

n successful substitute for the scarce rich lump hematite ores.
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The cdvantages of this sinter inelude tho fret thet it con be fluxed 1o o
basicity of 1.5-2.5, zcad that the rew limestoune need not be used in 04 turnaee
charges; the magnetite ares can be oxidized during sinterino end the sulphur
removed from them. Rich ores cnd concentretes in fine dust form ecun be lunped.

Scale is included in the mixture for the OH sinter wa en enrichin: edditive,

The necessary provise for the sinter to be utilized in OH furnsecs is that
it should be in lump form and contain no fines.

The sinter is siven exceptionally high strength by eddiw 10-20 per cont of
pure iron chips to the mixture.

When the iron, silicon and manpanese in the chins are oxidized, this being
accompanied by an incresse in volume, the sinter acquires a finc-grained, seound
and strong structure; & considerahle amount of heat is evolved when the chips
are oxfdized. ;

The smount of coke required for sinterin; is thus so greatly roduced that, if the !
mixture contains 23-30 per cent of chips, sintering can be eondustod without adding |
any fuel.

If the chips are dirty or rusty, this has no great effeet,

4® & means of improving the granulation, it is rcecommended that there should ;
be wider gaps in the grates for screening out materinl for reprocessing, also that
& secondary secreening of the sirter should be carried out,

Strengthening the sinter by introdueing marnesian additives is not o suitable
process for sinter intended for OH furnaces.

3. ginter Quelity Indices

The quality of fluxed sinter is charaetorized by its basicity, chemieal
analysis wniformity, end mineralogieal composition; the latter poverns the strength
of its structure, its lump composition, and its redueibility.

The iren eontent of sinter is governed by the richness of the ore sintered.

Fluxed sinters have charactoristieally high reducidilities and meller mean
lump sizes,

The strength and lump composition of sinter is bost gauged by its granular
composition found fron samples taken at the OH furnace bunkers.

The drum test on fluxed.siuter does not provide a sufficiontly securate
pieture of its physical properties, since the test is madec on lumps, while the main
mass of the sinter is made up of 25-12 mm frection "nuts".
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The "drur. number"” of the 5,0 im frection indicates the test strength of the
sinter (its fusibility), ond that of the 25 mm fraction its impact strength, i.e.
the brittleness of the sinter. The "drum number" depends to a grect extent on the
size of the lumps, and there heve been cases in which stronger lump sinters have

provided worse figurcs.

and its Pffcets on Strength end ReduciRility

Fluxed, sinter has enabled the reducibility of =inter to be greatly improved,
but the incrot.se in brittleness hes resulted in deterioration in its strength and
lump composition.

In spite of the large amount of additional heat required for the endothermic
roaction of the disseociation ¢f limestone, the fuel consumption on sintering hes
not only not increased, but has on the other hand even dropped slightly. '5

The recsen for this lies in determination of the heat of siliecate formation, |
and meinly in decrease in the meximum temperature in the zone caused by the
formation of o lower-melting liquid phase. Tho FeO content of the sinter decreased
considerably.

Increase in the fuel consumption causes more ligquid phase to form, eand increases
the fusibility of the cake.

¥hen, on the other hand, optimum fuel consumption has been reached, sinter weer
strength, or "drum number" only deereases slightly, while sinter reducibility
deterioretes cbruptly, and mean lump dimensions become very asuch smaller owing to
the development of brittlenecas.

Most sinter plants in the Soviet Union run on low fuel consumptions, with a
view to producing casily reducible sinter even at the ecost of reducing its strength
and the output of good sinter enke.

The productior of cesily reducible and at the same time strong fluxed sinter
is an extremely important factor in running blast furnsces efficiently, improving
their cocfficients of utilization of useful volume and reducing coke consumption.

Although this problem is extremely complex, practical methods of solving it
have already been found. Detailed study of the mineralogical composition of sinter
and the offects on this of variations in & number of technological factors, conducted
in rocent years, have contributed to this,
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Industrial fluxed sintcer produced frot: hrivei ice homatite oros, the aid
gengue in which consist: of tinely impreanatod quert. nd the besicity of which ix
0.9<1.<, consists of the minerals uagnetitc end henetite, whieh form o tinely -branched
skeleton structure with numer~us bonds. The =lag binder consists of terrocaleium
olivanes (saturated with lime to different extonts), unreerystalliz.d olass, and
o smell amount of caleium ferritos. There are elso snall amounts of ecalejum
silicates, and rosidual free quartz,  The strongest structurel components are the
magnetite and hematite, also the olivenes and ecleium ferritos.  The calcium milicates
end inelusions of free lime greetly reduce the structural atrenpth,

The minerclogicel compositions of fluxed concentrates produced from ores
the gangue of which conteins eluminjiun oxide, ecarhonates, silicates, man;snese oxide
end various other minerals, is mor. complex, but these mainly aiso consist of
megnetite and homatito with o slep binder consisting of iron-ealeium and mugnesium _
olivanes, clumirosilicates, unreerystollized glass, and olso primary usmelted greins '
of ore.

The greater the amount of fuel used, und the higher tho basicity of the sinter,
the groater the amount of liquid phase and slag binder, while at the same time the
amount of primary unfused greins of the mnixture deercascs,

The extent to which the quartz is utilized in the molten substance inereases
(olivines), and caleium silicntos start to appeer in the structure.

4t basicities of 0,5-9,0 the substance mostly formed is dicaleium silicato =
2Cu0 - 8i0, (bellite). Triealeium silicato im only formed when the basicity is
high, )

Calcium ferrites primerily form in the solid phese, and are unstable compounds.
They only erystallize out of the molten substanee in large quantities if the
basieity is high and the amount of fuel amall,

However well the flux and fuol are pulverized, they arc distributed at
dispersed points in tho mein ore econtent of the mixture; for this reason, the
sinter is structurelly s highly heterogencous substence, end clementary volumes in
the primary grains of coke and limestone contain inclusions of free lime &nd ealecium
silicates formed at high temperatures, also evon metellie iron, while primary
hematite and quartz which’ undergo no physical/ehemicel chang.s are elso present,

Diealeium silicate, or bellite, is worth special attention in view of ita
bed effect on sinter strength.
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while bellite is being preeipitated from the molten substance and the sinter
is conling, the bLellit. may undergo o number of polymorphous transformetions,
these being its o, £ wnd ¢ modificetions.,

The transforfmt'io:z of :" -bellite f =2Ce0 = 8102) into Y =-bellite
( 3 -20n0 - Si0,) is eceeconpenicd by on 11 per cent increase in its volume; this
crentes internai stresses in the strueturc end cracks the sinter; the result is
that the lunns break un durine trensportation and storarge.

We know that il megnesium oxide is nresent, or if it is added to the mixture,
this is eonducive to stubilizing the [ -modifieation of bellite, and the result

of this i3 o pgreat improvement in the strenpth end stebility of the sinter. (31'203
'

P,05, ote, oro also condueive to the stabilization of A -bellite. .,j
Sinters produced from rich ores cre stronger, since they contain lurger §'
smounts of the strong structural components hemetite nnd mepnetite, while less : ;fg
silicates and brittle unreerystellized glass arc formed.
The highly basie sinters sre stronger, sinee they contein a strong torrite- i

esleiun slag binder, also hecause they only eontain a smoll omount of dicaleium
silicate; triesleium silieato, whieh is not subject to polymorphous transformatisns,
iz formed insteed of the diealeium ailieate.

Extrenely strong sinter, only containing & small emount of lower oxides and
highly redueible, can be produecd from fine rich concentrates with extremely low
earbon consumptiona of not more than 3 per eent. The reason for this is that the
primery magnetite is oxidized and recrystallized, the latter process being
acecompanied by prain growth and the development of numerous bonds.

The redueibility of sinter produeed from Krivoi Rog ores improves in proportion
to dcercase in the consumption of earbon and the FeO content, and to increase in
the degrec of basicity,

5.

The addition of 2-3 per cent of magnesium oxide to the mixture, which tends to
stabilize the # -bellite modifieation, is nlready the proctice st o number of
sinter plants in the Urels; this has boen found greatly to reduce the brittleness
of fluxed sinter. The magnesium oxide is added in the form of dolomite screenings.
The addition of magnesium oxide to mixtures ineluding Krivei Rog leen and acid
ores, the gangue in whieh eonsists of quartiz and does not contain any components so
favourazhle to the nroperties of blest furnaece slapgs es cluminium oxide and magnesium
oxide, is particularly importent. ..t many works in the Ukraine, dolomitized limestone

i< introduced dircetly into bleost furneece cherges, particularly when melting low-

SAnCL il se 1TONE,
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Ihe introduetivn of Celemitiged Huestone imo sinte~ mix‘ures i= not only
cerdieive to dilution of tae blust furnace slupg, but alse proncly atrengthena the
sipter “tself, lengtnens its live in storege, wnd inproves its lurp comnposition.

Thuu lunp «ize of sintuer conte ining mignesivm oxido i extroniely consiastent
“od duege, mnl it ocan le ::tcre,d for lon; oeriods w.thon: breockin: up.

Yhon mugnesium oxide is adde: o the mixture, sint. = neehine cutput drops
slirhtly becouuo the cinteriny rote ia lower; the Yield of zounl lump sinter is,
hovever, extremely aigh.

The larse seale adoption of this me’hod hes Loen veterded by the =lightly
-cwer cutput of the sintecing mechines, a'so b the principal diffieulty which lies
i pYrerizirg and foeda- ¢ the lwe “rocs of limestone at oxistin: vorks, where
“heia is o shestage of available aaniling cupacity and bunkors.

The edditicn of pagnesium oaide 4o fluxed sinter produced from lean aeid ores
provides grest apportunitics °nr irproving sinter sirength and grain size -
eompoaition); it rlao, consoquenily, provides prospects for raising the basieity
“v w« vedue at whieh rav limcatone need 1ot bo used in the tlasi furnaee stock.

6. Sintexdng Jwp Ivoes of Sipter

It hes “eer proved that fluxed siater of preciscly the basicity (1.3=1,4)
reaiivel to Pera o norme) alee in blest furnaces has the worst grein size
camposition. Fiwied sinter with ¢ basieiiy of 0.i+0.i is the strongest, and lump
siee is thoe optirmm and betier then that of unfluxed sintoer,

P hly beaste <inters (iron=f1ux) 190 have satisfretory grain size compositions.

For this zcnson the iden of sintering tvo types of sinter, with low and high
bicreitica, atrultsmeously her now been advineou; these two types both have good
g-ein slze eonp.sitions, and the fuggesticn iz that they should be used together
ip Lizst furnace stoek.

Tue tudition of quiecklin not cnldy intensifior the sintoring process, but alse
irviover the quslity o “he gintes. 7o prevent inelucions from forming, however,
e granvicr lime should e well roastad, sitked °nd mixed.

If noceasary, the lime should be groun’.

Effective mixing of mixtures cortrining many componcnts is the basic faetor
ia »redueing sinter of consistent commoaition and good atrength,

In the “irst stepe, mixing is best if the mixture i3 not vetted, while in the

second tiage welting an? lumping provide the best rerults.
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7. Fuel for Sintering

To prevent the process of silieate formation frca developing and the
reducibility of the sinter from deterioreting, clso to reduce the mean lump size,
the consumption of fucl {eoke) must be at the low optimum level.

The size te which the eoke is ground is 2180 very impo;tnnt; ve know that if
the coke size is large the lower layer of the cake is over-fused, the (mean) FeO
econtent inereases, and redueibility deterioretes.

If the seme emount of eoke in dust form is used the FoO content is reduced,
while the sinter eontains fine pores and is less rused.

Pulverizing to 3-0 wm is only suitable for sintering coarse-grained mixtures,
When sintering fine econcentrates (ond granulating them), the coke must be pulveriged
to 2-0 mn.

amothor no leas important faetor is that the fuel and mixture should be well
nixed, also that it should be "adjusted", i.c. that when the mixture 1s deposited
on the pollets the proportion uf fucl should deerease downwards through the layer
of mixture.

With the normal method, however, in which the mixturc is deposited on the
pallcts in a single layer, the fuel is uniformly distributcd throughout the layer,
while the vroportion of fuel may even be higher at the lower levels, if the large
lump coke sogregates downwords towards the grate.

If the fuel content is uniform throughout the loyer of mixture, higher
temperaturea are developed in the combustion zone in the lower levels, and these
lovels will always be more fused end stronger then the upper part of the cake.

¥o know that the reason why the temperature in the lower layer sintering zone

is higher, end why this layer remains incendescent for longer, lies in the regeneration

of the heat conveyed downwards by the air being sucked through the mixture.

 To keep the temperature consistent throughout the depth of the layer of mixture,
also consequently to ensure thet the mineralogical strueture is uniforn throughout
the cake, there must be 30~:0 per cent more fuel in the upper layer than in the
lower.

Uniform fusibility through the cake ran be achioved if the mixture is pourcd

onto the pellets in two layers, the carbon content of the upper leyer being 30 per
cent higher than that of the lower.




R R R e e SRR

B oWl G b

STEFL SYMP, 1903,
Teehnical Papor,.i,0
page 19

Aaceording to deta from abroad, pouring the mixture on to the pallets in tvo
loyors reduces the totsl amount of fuecl used by 10-15 per cont. The two-layer
method of epplying the nixturc, however, requires considerabloe capitel outlay on
inétalling two feed systems and prepering two different mixtures,

The two-layer method hos the fodling that the benufiein) segrogntion of
largo grains of mixture downwards towerds the grate docs not take place. 4 viscous
mixture, which impeirs the gis-permeability of the cake as o whole, accumulates in
the ‘upper level of the lower leyer,

This method wes st ono time widely used in Vestern Furope, but is not now
being installed at new sintor plants.

The carbon contont of tho lower layer ageinst the ;rote ecan also be redueed hy :
employing s thick bed layor.
The ignition of the mixturo is an important operetion, which governa the ]
entire further course of the sintering process and the quality of the sinter.

If the length of the hearth is 1.25-1.75 m and the temporature 1000-13%0°¢,
the surface of the mixture is only ot theme temperaturos for at most 20=40 mee;
thereafter it i, rapidly cooled by cold air sucked through,

The reason why the hearths are so short is that they arc run on gas with a
low calorific value and producing a lerge volume of products of combustion; as e
result it is impossible to meintain the required temperaturc end a simultaneous
high excess of air,

Simply lengthening the hoarth without mointaining an oxcess of air in the
gases might result in slower combustion of the solid fuel in the layer of mixture,

The mixture must, Vh@ovev'er, be ignited not onl by lighting the fuel at the
surface, but also by introdueing cdditional heat fro.. above, this heat meking up
for the lack of rogenerated heat in the upper layer.

At presont natural @as with & high celorific velue is used on & large seale
in industry; this mekos intenasive oxidizing ignition of the charge in longer
hearths quite possible, and means that the required additional heat can be introduced
from above into the upper layer.

Hoarths have been adapted for high calorifie value gas, and lengthenod, at
nany sinter plants bqth in the Soviet Union and abroad.
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Praetiec hes proved thet if higt calorifie volue ges is uscd with an ¢xcess
of nir the surfeee nocd cnly b bencath the hearth for 90 sce to ensurc efficivnt
irnition (this is cquivalent to 3.0-3.5 n long hearths).  The surface is ef%ccti‘rely
strongthened ond the yicld of pood sintor and giatering neehine output are raised.

The change-over to using hizgh ealorific valuo pes has cnabled hearth depth to
boe reduced and simplificd hearth doesign,

It is adviseble, to maintain o consistont temperature and steady execss of air
at the surface, to use 4 large number of =mell "Tube within a tubc" type burners,
arranged in scveral rows.

In this typc of hcarth the temperature is maximum at the surface of the cake,
while the tenperature of the low roof does not exceed 1100°C and atands up to
prolonged uso,

No water-eooling is neccssery, sinec the hearth walls extend beyond the asiden
of the pullets emd rest on the moving ecarriage.

9, ain Size Sipt ¢y ‘

The grein size composition of the sinter {s basically pgoverned hy the strength
of the minter eake. |

The lower limit size of the sinter can be raised, however, and lv;rgurlﬁm:

L] £
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serconed out for reprocessing, by means of o larger spacing between the bars of the
fixed werocen, |

Fhen brittle fluxed sinter is being produccd, on the other hand, to avoid
sonsidorable losses of sintering machine output the spacing betweon the bars must
not be greater then 12-16 pm.

i pood mothod of meking sercening more effeetive is to instal thin (but strong)
bars, in order to inerease the useful umening‘area from 70 to 60 per cent. E

Mochanieal sercens arc widely used for separating out fines for reprocessing;
the more offoctive thi scrcening process the more can the spacing between thé bars
be redueed. Mechanicel screons arc, however, less dursble and roquire additional
maintenance.

Two-stoge scroening of the ceke is now being used, the two stages being a
fixed sereen followed by a mechanical onc. B

The two screens ean be installed successively, first the fixed one then the
mechaniedl one; eny remaining fines are sercened out in the second stage.

% better type of instaliation is, however, one in wvhich a vibrating sereen

ia installed immediately below the fixed screen.
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