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It cones us « surprise, after un iatinate cascelction with the developieat
of sintering practice for uore than half ¢ century, to find thot there is 10 wapect
of the sintering process nore iuportuat thar thot ol hov to swte o high quality
product, unifornly ond consistently. This vus the iwdu proble. 50 yeurs wpop this
is still the mein problen today.

~lthough the remar:s whieh follow ure bused on experience in butch plants, tuey
apply 'lc wll iron ore sinter production units = whethor they opercte continuously or
interunittently =~ produeing larpe, interrmediate or suull tonnsies,

It i3 importaant to remember that the sintgring urt hus chunged, It is ne
longer sufficient to just stic: the uutericl tosothery it is necessury to nu'e o
quulity product. High quality sinter is one {1 which w1l the fines cre renoved by
ecxeful sereening, and ull or o large purt of the linestone required is coaverted
into line, ehenieclly combined with t.c sinter. .

Broadly speaking, sintering is on oxidizing or burning process; therefore the |
volume of cir passfug through the charge is ithe all=inportant faetor, The air
must pess through fast enough to produce the necessury heut, Ii the voloeeity is
iﬁ!fﬁimﬂy rapid, the combustion will tcie place with ¢ blowpine actio thet will
iwﬁf&ly generate thd roéuire& sinterin:; terpercture, but if the flow of uir is
inodequate, the burning wlili‘ba li%e thut of Larning pun: wnd suffieient hest will
not be generated to fornm siater,

. The first condition then, {3 to ouss o« sufficient voluae of sir in ¢ siven
tine, through the charge to jroduce & sintering ternercture in the ress., This
is greatly influenced by twc importcat faetors:s (1) the pore-ity of the elirre ftself

wad (2) the .._ouitud: of the _ressure = in cimt crlasy ooseolbive oressure or suction

applied to force the air curcent throuph the pores of tae charpe,

GE.63-13766
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2OUQITX
The porns.ty of the chur;o is i.fluenced by tha followiag three (3) Liportant

recborss (1) .wisture, (2) retur.ing aat ol sirtered chcrje as "return fines",
and (3) nixin, of the churge,

QIS = Vere it not Tor the fuet thud aoisture wdded to {ine ores inerecses the
porosity of the churce caornonsly, the cinteriag process ua upplied today would be
s ®dnplete faoilure. Tho .pﬁ}‘f)s:‘-f'tj;" of tine, dry ove is s» sncli thet it becomes
improcticct le to pura uir throuth "the eherze in sufiiefient volwne to pruduce o
sintering veupcrsture,  Porturately, hovever, if 4 per cent of,water is cdded to
this scme charge wnd aixed thorou ly, the aerosity is grectly increcsed, If we
continue to 0dd water one per tent ct o tine cnd test the worasity cfter eceh
cddition, the porosity oi the ohur o will inerecse srogressively until o raxioun
hos been reached. 1f, ot that Doint, we continue to udd wuter, the porosity will
decrense until 1t hos been completely destrayed., Th: anount of nolsture used to
obtain muxiimn porosity is usuclly the best proportion of water that should bde used
iu preporing the ehurge for sintering, In wetucl prastice, this denends upon the
character of the ore ond ngy viry from 5 to 12 per eent, 2ot including combined -
moisture. icgnetic ores reguire the least, wnd olayey ores the nost, soount of '
wat 'r cddition to produce opﬁmm eonditions for sinteriny,

Ladll « It is not prmie .1 to conpletely sinter the entire quantity of the
ch'srgad moterial in one operction, The sintered charge way therefore be orushed and
passed over o sereen so that all fine matericl below o fixed size ean be returned
and resintered. The sise of this sereen uey very from 1/4 to 3/4" and the omount
of sinter fines returned from 20 per cent to as mmeh as 30 per eent, In the
internitteont system returns cre rarely nore thon 25 per eent, Jinter fines muke
up the grecter part of the totul returns, so thit the sddition of the former to the
ehcrge greatly helps the sintering unit, Retum: fines inprove the sintering eharge
just os sinter inproves the blast furiuee charge,

LILING OF THE CHABGS = Inercase of the sintering charge porosity may be obteined by
mixiag the fine ores to bo sintercd with flue dust, roll secle, ete, It is also

advuntogeous to mix fine nagnetic eoncetrote with courser ores in the preparation
of the sinteriny charpe, Obviously, this -ethod will be linited by the naterials

aveilable.
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In the irternittent syatew thore his een recentiy developel o riethod for
inereusing the pornechility otf the siutering ehorgze by 2-:iteye oixi. |, In the
first stage, ui excess -oount of woter produces . hipgily agsivuerating ediect siniler
50 that of pudy  1n the second stuge, sufficient dry nteriel Is cddod to restore
in the cherge the amount of noisture nost desirablc tor the siatering process,

~ sintering chasge of uny porosity = optinus or otherwisc ~ will, of eouran,
offer . definite rosistance to the flow of alr throngh it, The avowat of wir that
will pcss through is proportional to the thielwess of the charge and vo the suetion
applied to its under side. The thiciness of tha ehurye is very lnportunt., In
plants using the interunittent syatem, the depth of the ¢hurge varies fron 7" with
fine magnetie coneentrote to 24" with riinus 3/8" fines for ¢ henutite ore,
Zevnmmieally, o thiel eharge hus noay cdvoatoges over o thin cne.  The cost of
igndting and eharging ¢ thiek loycr §s 2o nore than that of o thin lyyer, und requires
less sintering fuel per uadt of produet, The time of sintering = thet is, the tine
raguired for the sinterin: sone to travel fron the top surfuce of the churge to the
orete = varies fron 10 to 18 min, fxooeriwvnce has ahcwn that 13 win. should be kept
&8 & moxiomn, since a churge requiriug uore tine than this to sinter will tena to dry
out on the bottom poriion nsur the grate and slow up tho travel of the dpgnited
sintering sone. The sone should move through the churge et the rote of nhout I
per min,

The shictness of the charge is also dependent upon the suetion applied. In
connexion with the intermittent aysten, we huve been advocuting for years thu use of
powerful fan exhausters erpuble of providing suction of 50" of wates, Fron the
results obteined the wuthor is eonvineed thot hish suction will becorme uecopted
practice nore snd nore in the future. This is espueiilly true for sintering large
tonnages of ore. Reduced fuel will reduce sinter costs and vill clinincte aloost
completely iron silieate foructica An the fiunished sinter, tous contributing to the
produetion of quality sinter, 7

Pig.1, clearly illustrates the positive results thot con Do ebtedied Do wpily bng

inereased suction to o sinteria; wpnerutus. Tura are reoresentod the roeselts

obteined with ¢ serfes nf tests nude from o inr e wronat o ors aresored ta Nve

uniformity in fuel und moieture, 1his lorve efir.e wia thoran ity vixed 90 that

the small individusl char_os taken fron ft were we enr.y ¢ laie o5 sonsible exce(t
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for the suetion., Vertieccl distunces represent the suction aund horizontul distunces

the number of pounds of sinter nroduced, Line :. cpplies to sinter preoduced by

* pleeing the chere direetly iato the paon with sore or less irresular praoingy line B
a

~ siuows production obtadned by cerefully fluffing the eharve so as to zive it the

L grectest amount of porusity possible und the grectest naount of uaiforaity. With 17"

”
‘ of suetion, the increase in sinter production due to better charzing wes 18 per cent,

while with 40" suction, the increcse was 20 Jer cent, By inereusing the suetion

from 17 to 40", the cupweily wus increcsed 145 nor eent, and by inereasing the

i
suction from 17 to 40", cad ot the scme time depositin: the ehurpe into the sintoring

apparctus with the grectest umount ol uniformity cnd porosity, the capecity wos
inecreased 194 per eent, In other words, for every ineh of inoresse in suetion,

' thore wus wn inerecse ir sinterin; eapacity of 6 per eent in the first case and of
" 8 per cent in the second euse. This pronounced inerecas in enpecity has been fully

verified on o lary~ ascele in proctice,

To apply high suction, the sintering apperutus must obviously be airtight from
tae top surfuce of the charge to tlw fun exhauster, so that exhoust funs of sapericr
design are required, i h suction funs, when carefully designed and properly
constructed, can be npercted over loag periods of time without attention exce;t
lubrication, .t one nlent, exhausters capable of producing 30" of water suetion, ‘
wore in use for pver . your without repairs of any kind, cnd at another plunt for
over two years without ropuirs, This ia o recl acecomplishment, when it is
considered that the tip speed of the lmpellers is over 26,000 ft, per min, The
successful operction of these exhuusters is due to seeurate balancing of the
dmpeller cad thorou;h protection of the impeller from heavy dust by o earefully
constructed grate to support the churge, ond an effiefent dust catcher bet reens the
uxheuster and suiie  In the lutest plonts 2 suetion fons ore used in series and
onerated with ubout 80" suction. This has proved very successful in produeing

nigh quality self=fluxi..; sinter,

JalLiGs = Proder dynition of the churge is importent, cnd the *ine required to
cecomplish this alwuld not exceed 20 se¢, ivery squcre ineh of the churze surface
rmust be evenly wad fully ignited,  Loag exposure of the igniting surfcee to fleme
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* dries out the charge cnd produces uneven sintering, & clean, high=temperature and
highly=oxidising flame opplied inetanteaeously to every squure inch of surfoco
produces the best results. For ‘his reason, it is preferable to use high grode

fuel sueh as oil, or natural gas or coke oven gaos insteal of blast furnace or producer
g,

GRZR OPRIINGR = In wiy downdraft sintering apparctus, the grote receives severe
panishment, It should be self-clecning and have an opening equal to ot least 2
per sent of the total grate area, The amount of grate opeaing, however, depends
upon the charaster of the saterial being sintered. Pine orves, lacking cohesiveness,
are readily drawn through the grote by the air blast, and therefore require a grate
viv . smoller openings. It is sdviscble to place o thin layer of soarse material
upon the grate, and when sintering fine ores are added, it 1is ensellent prostice
uMQalwnetmmmptkaMot fuel, as this
iahibits the formation of highly=fused sinter whish froquently fotws nest to the
grete,

C00LEMG - Sinter should be air-eooled sinee red hot sinter, when doused with water,
becomes very brittle and breaks up easily o1 handling, Aiir=sooled sinter is sueh
stronger than water-sooled matericl. 3iater mede from o ehurge sontaining line
should obviously not be moistened,

AR - duljher elimination is of vital importanse in the preperation of ourtain
sulphur bearing iron ores, and this element M“NM“%&"Q&‘R
leas for use in the blast furscee, m-n-wpmnmu-zw
olinination is %0 heep earbon content of the shorge ot & minimms, so that the hent
released by the eombined burning of the earbon and sulpiwr is Just sutfficiont b
produse o sintering temperature, If more cazbon is present, the enygen coubines with
mmnmmmum-uxm.mmmmawmnm
from whioh 16 is extremely difficult to remove the sulphur, The extrens sensitiveness
of this astion is shown bty Toble 1. Increasing the cake from 2.43 to 7,90 per esent
raised sulpbur in the sinter 0,01 per cent with matericl crushed to }/4" and 0,09 o
0.13 per csut with matericd erushed through 3/16" sereen. Fine erushing altv
fovourably affeets sulphur elimination,
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RESULTS OBTAINED IN SIUTERING TESTS iiDE WITH
SIDERITE ORE CONTAINING 2 PER CENT OF SULPHUR

Belows
4 2,90 51,84 0,10
/4 2,43 51,64 0.09
5/16 ) 2,90 32,04 0.13
5/16 2,43 52,04 0.09

BlEL = Coke breese erushod to pass o 10 mesh seresn is cn excellent fuel for miaing
with the eharge to be sintered) anthracite culn when availoble, is olso o satisfoetory
fuel. Bituminous coal is not suitable becauso of its volatile constituents vhich ore
net only wasted but tend to eondense out terry compounds that elog the pores of the
chorge, ond interfere with the flow of cire The fuel must be finely divided to
odtain wniforn dissribution shroughout the ehcrge and cvold intense local temperatures,
Thete is seldon sufficient time to burn lorge partieles of fuel, with the result that
the unbvened fuel is wasted so for o8 the siatering operction is concerned, Ores’ |
containing 6 per cent sulphur have sufficient fuel to produse o sintering temperature.
Blast furncve flue dust alwoys hos an excess of fusl for sintering; in foes, o ton

of dust with 13 per eent of earbon haos enough fuel to sinter 3=1/2 tons odditional of
fine ore or soneentiate, providin, the ehurge is properly arranged and treated with

X31Cal PROREIILE = The object of sintering is to prepure o matericl
She blcst furncee) therefore the chemisal snd physical qualities

of the sinter sre of majer juportance, The full signifiecance of the foet that
sinter may be good, bed or indifferent in the blast furnaee has beeu fully resognised
only within recent years, The cuthor hus besn frequently confused by conflieting
reports regarding the effest of sinter ia the blast furncee, and well remesbers being
t01d that pore than 18% of sinter eould not be used in the furnace without introdueing
operating difficulties, becauss the sintered reterial melted and resched the tuyere
sone without reductivn, icny authorities considered it necesscry ond desireble ‘

to forn iron siliestss in order %o nake & sufficiently strong sinter, This soon
proved to be uadesirable and the problem wos recogniszed as nne of eonverting all (
varieties of ore iato o sintered product with sufficient strungth for blast furnace
use, and without the fornation »f ir~a silicotes,
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The factors which cre involved in the production of such . sinter cret control
of temperature at which sinterin: oecursj the time thct the charge is expored to
that tempercturej uond the gquantity of sintered fines returned to the cnarge.

In the early days of aintering, the sole objective was cgglomerntion.  after
some forty years, it became appcrent that sinter could play an importcnt active role
in the pig iron production process itself, ligh quolity sinter in the blast furnace
burden increcsed the output of o given furnace and, at the some tine reduced coke
roquirements, ¥With the establishuent of this foet, and the determinction thut
burdens could earry miy quantity = up to 100% = of sinter, the sintor process hos
becone of vitel inportonce to every iron production operation, large ond smell,

By means of high suction ond on improved arrangement of the charge to be
referred to loter, the author has obtained sone very interesting results in tiateting
fine red hemctite ore, 3inter, sufficiently strong for bicst furncce use, wus
produced repectedly with 3,5 per oent coke in the charge. .n excellent sinter was

olso node by adding 16 per cent flue dust, so thut the eharge “intered contained oaly
2.84 per eent carbon, This is considercbly less than one=~half the amount of fuel
required heretofore for sintering this are. ' '

Pig, 2 is a photoniercgraph showing erystals of heuatite and magnetite embodded
in glass, ss they appecr on a polished surfase, The metelilc constituents of the
sinter cppear either as mognetite or hematite. The magnetite ocours as o B
reerystallisation product of the origiucl henctite in eluster of ninute octahedral
crystals, The originel fine hemstite powder hos been recrystallised in clusters of
ninate, sharply definited, hexogomal erystals of +he sume naterisl.

The art of sintering has chunged within the lost few years, For the blast
furnuee s self=fluxing sinter is most desirable, & typiesl unnlysis of this sinter
is as follows: -

Total Iron ‘,0) 550“
1'33 ] 4 24.99
31 02 4,82
Ca0 ' 7490

1.0 2.9
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Note the large percentuge of Fe t)3 in tais sinter, It weos node with 12% dolonite,.

2
¥ith 50% of this sinter in the blest furnaee charge, the produetion of pig iron wus
inoreased 20%,

another type of caolciun sinter nede with 50% of limestone in the sintering ocharge

is es followss

Total Iron (Fe) 48,.45%

Fcz 03 0.2

Fe0 5.03

Cal 19,02

341fec (81 0,) 3.%

iago 0. 21 ,

Note the high pereuntoge of Fe 0, ad 1ime, The type of siater nay be espesinlly
usoful in Open Hearth Purnace operation os the time of trectment vill be yreatly
reduced, ~ o

!ie.?haphntomphai'm:m”mﬁt from the same ore and with the send
sustion of 30" of water, The nproduct :hmmihtﬁ@iwuﬁtdﬁ&dpnm
ooke, and i en ideal product for $he blast furnase, completely free from fron
silicctes, Notice the great porosity ond the taimness of the walls of its cellular
struoture, also that ineipient fusiou only wos attained, and not o swelding
temperature, The sinter on the left hand hod more return fines snd 4.5 per et
coke. Here & proucunced smelting or slagging aetion is observable. This sinter
has been fused entirely too much for the most eeononiccl results in the blast
furnase, The extreme sensitivily of sintoring eharges o fuel under high suetion
is ogain olearly {1luatrated by these two exhibits = one shuryge having only one pef
vent more coke than she other. 7

then properly conducted, the sintering process ¢an be eurriesd out with .
extraordinarily hgh termcl effieiency, Fron She thermal point of view, {4 ney .
well rank os the most efficient process in the entire metollurgical fiuld. The
siderite ore referred to in Table 1 eontoined only 2,43 per cent ooke, plus 2 per
cent sulphur as condbustible) yet there wos sufficient heat to bring the entire mass
to the point of ineipient fusion, drive out cll the weter in the ehurge, end
eliminate 31,56 per cent coz. the latter boing an endotherniec reaction, This wes
also true of the hematite ore where 3,% per cent coze wos sufficient to sinter the
cherge ond elimincte about 12 per cent 002. The reason for this high efficlioncy
moy be recdily explained.
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. Consider ¢ sinterin; charge about 16" thici: deposited on wn intermittent
sintering unit., The fzniting fluoe is applied instantancously te overy squeare ineh
of the top surface cnd ncintained for about 30 sec,  The sinverin; zone thon noves
dovnwerd in o plane whose crer is tho size.of the eatire sintering wait purallel to
the grote surface. This sactoring zone - thct ia, the region whore the actual
sintering oscours is very thin = probebly never nore thoa i/16",  Timediately ofter
ignition, this zone is drown beneath the surfree of the cherge, while the incondng
eir ouet peas through inccndessent siuter hefore recching the ignited sintering zone,
By the time the nir reciles the sintering cren it hos cirendy reached o highly heated
condltion, On the under side of the saatering zonc ors the highly hented products of
conbustion possing through the part of the oharge imnedi.toely chead of the sintos :
B0n¢s  AS thede products of combustion filter downward through the pores of the
sharge, their heut is quickly transferred to the charge. Thaus there i not only
prohected oir, but also a hMghly prohected charge providing exeellent oanaitmns
for veononieal esombustion,

In 4pril 1938, the following statement was rend before o neeting of the anerienn
Institute of liiring cod ietallurgienl Magineeres

"The writer believes thet in the “uture the siatering plint will ettuin o

positdon of much greater iaportanece os an edjunet to the blast furncee,

and thet before long, all the fines frow ore will be ‘onverted into

Self-fluxing sinter. Ia the still further diatant fwduro, he enn

* wisuslise the sintering of all ore preporatory to treatwent in the blas’,

furncee, 8o thot only ecoke and sinter will ve fed inte tho furnae-,

"The role of prophet is & preccrious one, but the predistion eun safoly

be sade that the first blost=furnsce superintendent to use 100 per eant

of self-fluxing sinter properly ncde, so os to be coupletely free froo

iron silicotes, will heve & most ?leasant surprisc cwaiting bim, not only

with referenc: to the greatly reduced eoke consunption but wlso §. pegerd '

to the inerecsed ecpocity of the blast furnsee cnd the ;’re“t uniforaity of

the furncce operction,”

This prediction, nede by the cuthor 25 yeors Lo, has been thoroughly proven
on & lerge sccle operation, It n'so zpplies to lr:'xr.ll iron produetion units,

Lo st
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It would he pointiess to drow -y couerissus betwee: the intermitteat ond
the continuous processes. daclh his its cdvanteres -nd spccific creas of nreferred
appliection, The detciled ecomnents on beteh=ty je uloats which follow are given
beeause, cleurly, the internittent sinterin: inrstciletion ay be provided in snaller
cepacities thin the contiruous stroed unit,  This besic distinetion ney be particularly
interesting in the newly deve oping countries, where modest iron nroduction enpucities
noy be the irmedi:ste need, 7This is ot 1o sty thet eosntiwous sinter plents ey not
be designed for sucll toanage output, nor thot internitteat instclletions are not in
operation produciiu; lurge seale queantitioes of sinter,

The firat commercial iron .re sinterin: {fastollotion Jn the steel industry wcs '
s bateh=type plant, dosigned 50 years aoo to use o process und faecilities invented
by the aﬁthor. The scie process, nodified and iaproved with respect to dotails of
aqxvignant‘but fundanentolly unchonzed in prineiple, is still beins used today. There
ere now two intermittent orocesses cvrilable in the industry; the IB (or GHMH) ond
the original Greenewalt process. ..ore then 905 of all bateh=type sintering plonts
instolled have been of the latter tyje, '

The essentinl difference between the two is in the nethod of renoving the
product from tie pan in which it hos been siutered, . In the former, the pen is moved §
by erane to o dumping stetiony in the Groenawelt the pan is stationary, but §
rotating so thot the finished sintor moy be "poured” out into o fixed hopper—duot

beneath the poa.,  For smull plants of 300 to 1000 tons of sinter per dey, the
initial coat of the two internittent instrlletions do not differ greatly,

The internittent process hos the following advantegess ‘5’ 
Flexibility of control produeing o higher quality sinter, %
simple or self-fluxing,

Rolatively low initiel eapitcl eost.

Base of extending oa mitwi::..‘l instolletion to odd cepacity

©8 needed,

Low operctin; and ncintencnce costs, In siall capeeity : . §

, Pleats the operatin; ccsts favour the intermittent systen,
Intermitiont sinter plants nay be desi.mmed with one or more sintering pans or
units,  Five stonderd crate carecs wre ovailable in the Greencwelt pen: 50, 100, 150,

25

0 ond w0U 8quare feet eceh. sans ecan earry oocherge up to 24" deep, from the top

of the pen +o the cutonatic seif=clecaing grote,
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Produetion rutes, cs ncted, jrovern the capeeity of finished sinter for o iven
pan. 'Normallv « charge couatainin @ 45. to 55, Fe will ,roduce 3 tons per square foot
of grote cren per dyuy, This fiqure is bosed on o finished sinter; smerecied over
o nechanieul screen with 1/2" onenings.

For sintering fuel, co'te breeze, onthracite tines or ehurcocl iy be used, but
it is doportunt that they be erushed ond serecned for mexiimm uniforrity ond nindomn
fines, Col.e broeze c.d anthracite fines should .ot o~xceced 1/8" aad ehureocl 316",
Normal consunption of coke or sathrreite cveragzes 30 to 110 pounds per netrie ton of
finished sinter. With choreocl, evasunption veries with csh ond ooisture contents,
In an estoblished operation in Brezil, hish quality sinter is bein; produced ot o
rote of 3 tons per squore foot of instolled srate, using 8% (160 pouads per ton) of
sharooel, with cn cvercge of 2% nuisture, 44 F.Ce nnd epproxinately 3¥ osh,

Ignition fuel noy be o8 or oil, Nunmber 2 fuel ofl or iis equicl is preferr.d,
average consumption is 0,5 zallon per ton of finished sinter,

Bleetrie pover is consuned primarily igx driving the suetion fens, Given an
oir tight suction mysten, 10 to 12 XUh ner ton of sinter is required »lus an
edditioncl 9§ to 6 WL for motericl hondling ond mixing, «nd for dust eolloetion,

The average power consumption ia therafore 15 to 18 *Wh per metric toa of finished
sinter, ’

Well designed internittent sinturin: plonts operste at en oversli yield of

95%.

Pive pen, including supervision, are required per shift, The sane labour forees
oan operate o batoh plunt with four pans s is needed for u one pon Installation,
Purthormore the pan sise has little effect in tho opercting orew that is needed for
the sintering operction,

Figures 5 to 11 illustrote some of the pricary olements of an internittent
sintering plunt, |
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Pig. 2 - Crystals of bematite and magnetite
sabodded in glass, a8 they sppear
oa o polished surface

Large, light gray sagular arees represseat
hematite crystals im reflected light. A fov
doniritic groups of magnetite erystals are
showa at the side.
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