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1. Smepals
The development of the sinter process after World War 11, ‘he great
sdvantages offered by high~pereentages of sinter with regard to the output of
blast furnacos. The preparation and bemefieiation of ore as an important faetor
in the modern practice of blast furneee. Ore tosts vith view to the aptitude of

sintering and best suited processes, The most essential factors for producing
sinter of good consistency and high porosity, The treatment of finished xinter

and determination of ita quality, Eximple given for aseertaining the best sulted
fuels (i.e gases, eokes, or coal), and moisture required. ihe expected output

ond possibility of inereasing the output by admixtures of lime or dolumite, Results
of such tests in a pilot plani with view to sintering plants. Determination of the
projeet size to be ehosen on the basia of sintering qualities of a single ore type
and of a mixture consisting of various ere iypea, ‘ccommendations teo developing
countiries to start with suall plants afver the pan systom which can be oxtended to
a certain sise by joining farther machinery units. The advantage of sintering

esch pan individually, thercby aveiding to a great extent a loss of productien,

The project's sime and iimit of output. The Greenawalt system as
intermediate phase for belt sintering. 7The importance of sintering by belis for
countries intending to inecrease their pig iron produetion or to build large plantis,
Consideration from the economical view-point of sintering plants operating after the
belt system with highesi output., .advantages and disadvantages of the different
sintering systems, |
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2. Introduetion

In the years aiter %World %ar 11 the ¢:velopmoni of the sinter process has
mide suck ropld siridrs in comparizon with previous times that in the medern
blost=furnaec plnni: 6f todey all over t.o worid an average of 40-50% of the ore
burden consists o agilomoratos wnile formerly the moximum rate was 10=20%. It
wvas not iho fault of the siniuring proecss ihat this development was first a slow
ono; tho repid Inerenco in ‘he burden was erused by new metellurgieal knowledge
about tho roductior oo croed, ij*;}e«xi:?.ll,y of sizver, in the blast lurnace, The
beneficial «ffect of & hirh sin“er role on coke corsumption and efficiency was the V
rea~on for using a naxiuum wtount of ngplomerstos. Jnother factor wis the
enoraons expansian of the iven and sle:l industry threugbout the world and thﬂ
necessity for develepinz nev are donosits, Thir in turn resulied in larger
quantitios of lump ores agpearing on ‘ha markst with a corresponding smount of fine
ores.

the groal smieeenpes @hiwed in the blustefurnace practice could be enhanced
furttor whan the lmportarce of reduelng ths slay volume in the blast furnace was
vorlized, because the uso of richor ores resulted in a further saving of ceke., Oge
properaticn ovd eoneo tration are therefore necessary, especlally where the
disteuee bowwioa procueing point (ore mine) and consuming point (blast furnaes) is
agreat and thu, lovelves high freight costa. In the reverse case, ore concentration
or ore grading ean bo dizmensed with, vhea the ore Is mwwlted in the ixmediate
aeigtzﬁmrheaé of the ore mine., This requires careful metsllurgiesl and economie
dalibemtima, &9 @hy provess precudicg .he blast furnace ealls for sapital and

inorosses the arc enute,

ihe question whotler as ore {a to be "prepared" or "sgglomerated” bas to be
decided in the sease thati "preparation”, that means crushing, sereening, and
congentention, (hoold {ake lae ot 4 s, yleracs "egalomeration” or "sintering®
should be carried it at ihe blastefurnasee plant, The concentration by physieal
means only moxes serrse whore cue o espeet cost cdvantages on the ore markets. The
aeceessity for sintering the Uines In the ‘rmediate neigkbourhood of the blast-furnace
plani is due to the lov strongth of the matericl. Sinter is pot an artiele for

[N
g
expos.,
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3. 3election of the ores

The eholee of the sintoring process is deiermined by fhe ehemical and

minerclogieal ecomposition oi tho ores, as hematites (Ii'.»‘O,‘) Mive poorer sintering

properties than nagnetites (i ,(44). af g result of the eoarser latiiee structure

the firstementioned ore types only yield a sinter of low steength, beeause the
‘fomtiﬁn of fayalite (2 FeCo310 ) nnd of hedenburgitc (Cad,te0,2 S0 ) when adding
time is impeded, For ores of th;s type. whieh are fo be aintered wit;;m;t uny
sdmixture of magnetite oroes, the §ptitude For sint.ring hus to be deborminod by
sintering tests, If the results are poor, 1t will u¢ belter to poiletize the ores
1] %0 83 to make them muitable for the blast furnnce. Purc hemulite concentrates can
‘ only be sintered, if mo-called "green pellets” are producod with the addition of
bindors and then burnt on the sintering beli or in kilns. ihe sullobility of an
ore for the sintering process must de detormined in u pilet plant or in the big

L

laboratories of the firms construeting sintor planta, Other spoakers om the subject
of "sintering" will doseribe the importance of sieh {nvestigations in their papers,

4 lissalduzaiesl gspocts

Sintering is by no means a simpl: proeess of combustion, but a complieated

chlicgl process which dependa upou a wmunber of faectors, ff:!'i*{a components of the
feed must always Lo in balance to nchicve 2 good sinter guality. These are: ore,
fuel and water., If thest materials are properly coutrolled, a uniform rate of
ignition and o high effielency will be assured, The speed with which the flame
front murges through the sinter eake is the criterion of the sintering process,
Yhen this speod is aluw on mceount of the composition of the mix and its density,
aff&imy deorcases. "hen the spocd is increased veyond an sptimum value, the
wi‘y of the sinter ‘daterior&tas and the cireulating loud inereascs, Fuel and
vater additions, which are predetemmined by tusts, are kept econstant and are only
sltered when thero oceur ehonges in the qualily or moiswure of the ore. The only
variable is the speed with which the flame front passes through the foed till the
maximun waste-gas temperature bus been reachod which marks the end of the sintering
and thus the sintering time (rig. 1).

In modern sinter practice the whole sintering process is automatieally

controlled by the maximum temperatur. of the wuste gases, *
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To make this nessible, the cherqet.risties of theomix omust b clossly
controlled:

(a) The moistur: o1 the mix may enly vary within nerrew limits,
(b) . eonstant or iz compesition. must b onsured by sereening,
(e) . uniform corposition vi the f.cd mast Lo guaralteed,

It is advisalle to mix the ~aterial by ore hedding to smeoth out the non=uniformity
in the eomposition of the runenfemip. ore,

The importane: of keeping thes: fuctors consiunt has induced meny experts in this
field to investipuie the effini of the physiesl propertics of the fced on the
permeability of the sinter Led to the air flow. 11 investigators have eonfirmed
that the moisture of the mix has the greatsst influenec on permcability, This is due
to the faet that the water eontent causes o film formation both on the ore and the
fuel, whieh, as a resuli of surfaec tension, leads to the formation of sall balle in
the rotating drum, The volume is inercased and the aip gets & freer passage, The nix
is made more permeabl: and eombusiion takes place at a fasterp speed, lierman researceh
workers have investigated the relationship between the resistanec to the air flow and
the water content (Fig, 2). '

They have found that the influenece of the water eontent is zreater with a fine~
sgroined material than with g coursc=grained one, .11 ores ond cven their various
fractions have, as has been confirmed by British investizators, an optimum moisture
eaﬁtént. which should, if poasitlc, not be undereut er ¢xeeeded (F;g‘ 3)e .

This important diseovery has led to the instollation of speefal reiating drums
beforc the mix is fed on to the sintering belt, so as to increase the effeet of the
ball formation. In many eases the coagulation is also assfsted by the use of lime in
which ease lime hydrate is being formed, The larger volume gained from the locsening
of the mix must be naintained after this has becn fed to the grate, Therefore, the
drop between {ccd hopper and grats shenlq be Hept ws low as  possible. Too high a
drop can couse the balls te disintegrat- and thus reduee the permeability to the air
flow by 30,

iR Control of the sinter Fanlity
L

I huve only outdined thos. peinis which arc nost important for the preparation

2y the ks the sther speakers will cive turther details on this subjeet, However,

£
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Suy e dew words aboat the t{reatment of the finished sinter, In many

Conttrios othods for tesiin, tre qunlity of sinier have been developed, which enable
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us te compare sinter quuliiics. 1he shaitier test, *h. tumpler tost, and nlse the
sieve test showiug ths x,z7. distribation of {ines, ar all used te determine the
quality., There is a: ve. uo ‘niernationally acceptea standard value for the sinter,
~» taetor deiernining tihs sinter str.ngth is the poreentage of fuel in the mix,
1f it is too low, a friable sinter resulta, too hith a percentoge on the. other hand
causes slagging on the gret-, ihe ash content ol tae fucl, whieh should be as lew

os possible, is incorporated into the sinter and roeduces the iron eontent., ¥ithin

certain limits, however, the fuel inercases the stremgth, liigheosh fuel should,
therefore, not e used, On the basis of the fixed carbon content, lowevolatile coal
and lowstemperature eoke fra:iligaite are wquivalent to highetemporature coke, The
more finely ground the fuel, the lower the fuel corsumption. ‘the optinum mize is
1e3m,

The finisbed sinter is, even if ¢ maximum strength has been obtained, s
extremely britile material, whieh must be transportea to the blast furnmce with great
eare, This brittieness, particilarly in hot condition, implies that the sinter ean
only be eooled by air. enching with water must in any ease be avoided, as this
wvould lead to & complete dismintegration sud make fun of the sintening process. In
plant practice eireular coolers or, where localoencdtdons pernit cheir appliecation,
pan conveyors bave rendered good service us air oolers, Because of the low stremgth
of the sinter, the shortest transport route and as little handling as poasible should
- be chosen. ‘here the sinter cannot be handled with the requived eare, {t will be
advisable to sieve it again et the top of the blast furnasee before it is charged into
the furnsce, s0 that the permcability of the burden Lo the biasti will not be redueed
by the fines.

6,

I lheuld like to illagﬁraﬁn tha iapsrtaat prvr@quisxtea for n good preparation
of the mix deseribed by me before, by way of an example for tu- sintering aptitude of
e single ore grude, c Swedish oro: so as to show how the fuel rate, the optimum

moisture eontent and the sinter output can be arodieted from the results of the

preliminary tests,
For the test o Swedish ore eoneenirate with an iren eontent of 64,47 was available, |
The very fincegrained ors with a high proporiion of fines of abeut 763 minus 0.2 me can ;

aceording to Figs. 4o and ib be readily sintered with the low fuel rate of 3% C, but

the sintering time is such that the ocutput would 5¢ too low.
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The inerease of the fuel rate to 4/ C resulted in r decreasec of the sintering
time and an inerease of the output, i further increase to 5% C &ave even better values;
but the sintering time became longer and the output declined because of a high
slagging ruto. The moisture content of -he mix detormined at the same time waa
roughly 8%, liolsture contents below this figure resulted in inndequate coagulation,
Above this figure the excossive moisture caused o disintegration of the fine balls,
AV an addition of 47 C and &% 820 the determined optimum sinter output of 16 t{hz

suction ares every 24 hours is not very high, This ts dye to the high fineness o
$he oxe. The sintering time was 22 minutes, as is shown by Fig, 3. The unsatisfactory
output ecan, however, be improved by adding burnt lime or dolomite to the mix;, wo as to
inerease the permeability to the air flow. The addition of 4% Cad deereased the !
sintering time to 10 minutes (Big, 6). |
The touporature in the mix rises faster, the waste gas volume inereases and the
power requirements for the suction droft become lower as & remult of the loosening caused
by the addition of lime. %ie better permeability accelerated the sintering process,
and the production of finished sinter inercnsed to 38.4 t/az' in 24 hours. By the
addition of dolomite (gM)ati inerease to 26,7 t,’mg in 24 hours was obtained,
beeause the hydretion is lower with dolomito than with lime, 4ll output figures are
based on tho test pan, so that, as is known from experionee, for largee-seale
production o deuuction of 10 = 1% must be made. This example shall serve as an
i1lusteation of how the sintering eharactoristics of an ore are dotemined by tests
vith a view to avoiding misenleulations in production, ' ' ‘
Theso tosts also furnish the basic cata for the construction of new plant, as |
the sinter output of o full-seale producing plant can in this way be determined for
a specific ore. However, if a plant Is to be cunstrucied for ores of different
physical properties, it must be designed in such o way as to meet all operational
requiremente, This im~llos n lorgs vipoe of adjustment end o maximum fan power,
Davies and litehell give the following naximunm and minimum values for the planning.

Suetion <U=7C inches water gauge

Total air consunption 14,000-3C,0CC eu,ft. per ton of feed
Flame front speed V.e25=-1.50 inehes per min,

Bed height 10=~17 inches '

Circulating load S5=457" of feed,
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This table indieates thot the suetion of the fan is detormined by the ore with
the highest degrec of finencas and that the range of adjr swment is oxtremedv wide,
The power requirements for the 1an are delermined by the propertics of the ore, .
poor aptitude for sinterinyg may therefore cause o progressive rise of the costs, whieh
will be all the steeper the smaller the plant is planmned. The influenee of the
sonversion eosis on the total sintering costs us o funetion of the bolt length has
been determined by VOICE for the ronditions prevailing ot .ppleby=Frodingham
(Fig. 8). |
according to this diagram plants with a mmall groto aren or o short belt length
bave higher costs thau bigger plants where the conversion costs show o valling traué, .
e’pui&ny as o remult of the lower power roquirements,
7.

This wlaﬁmship ia af im;xgrt&aea Yor ihe plunning of o new plant, The wolle
known faet that the specific cosis in industrial plants will only deersase ati high
outputs olmo applies to sintoring planmts. But the discovery that th. eosts of a
plant depend upon the sizo of a machine, in this ease the fan, nakes At worth
sonsidering whether this unit should with smuller plaats not be divided up into o
number of single unitas, You are going to hear d-talls about this point in the
following papers. In this symposiun it appears importont ‘v me to think of these
couniries which have no iron Induitry of thoir own and want to start with a sintering
plant of amall eapacity. ,

1 would recommend to build units which can systorintieally be extended in
secordanee with the sintor needs without any interferenee with the produetion, In
this ease pan plants ought to bo chosen the nunber and sime of which ean then be
adapted to tho desired pig-iron production. Eash pun would noed o fan for generating
the suction, or two pans could be served by one fan, fThey form o unit, The sise of
the pans con he tixed in necordameo with the preveiling eonditions. With the pan systons
that are known today in the world, thc Greenawalt pan systen or the Swedish ael.B,

system, which is built by o German firm under o liecnee, it is possible to install
pans in sizes of between 5 and 30 m2. By installing sevoral sueh units with the

Regersary grate surface it will theorctieally be possible to achicve any desired

output,
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Practice has, however, shown that for reasons connected with the mechanical side
of the process there is an output limit ‘o the pan procoss. Aecording to the
experience gained with pan plunts all over the world this limit is of the ordor of
1500 - 1800 tons per day on the anmicl average. These are meximun outputs. On the
whole not moro than 1200 tons per day are nttained on the anmual average, expecially
with plants working after the Swedish system. Tor plants with a sintering surface,
vhich eonrists for cxample of 12 pans, cach of 3 m’, an efficiency of

,l = rosults, ‘
or, as the eyele time from cutput to output consists of standing tiae + ehanging tine,

~ /
of ‘ ' '

(8 Standing dine T ohanglng tlwe % 100
At 20 ninutos stonding time and 1.5 ninutes ehanging time au effieiency of

4. * X +1.5 0= ¥4 results,

It ecan ha secrn from this example that the effieiendy of the pm tﬁ too high,
A margin of Tffa will not bo mffiaiant to coupensate other disturbances, ﬁt& this
piant with o pan type of 5 m and 12 pans, equal to 60 m3 grate surfaec, and g
speeifie output of 20 t/ta ond day, the cutput of 1200 t/day would be too high., In
thia casc o smalier number of pans with a lorger grate surfoee ought to be ehosen ;
but the sintering propertics of the ore are deternining for tho eorreet rating,

The great advantage o the pan sinter lios in the netallurgicel field; for each ‘
sintéring eyrie is an individual onv, which means that it is only typieal for the
mix resting on the grate., By observing the rtﬁ of tho wasteegos tomperature til11 it
has reaeched its maximum, tho end of the siat;rna ean elearly be diseerned. .iny
irregularity of the mix, whieh is due to difforences in grain size, moisture or fuel,
énn be compensated by varging the sinterfng time agcordingly. It has however been
observed, and this is o disadvantage, that, when an individual pan with a poor mix
has o long mintering time, the rhythm of tho pan changes is disturbed, so that the
working cyele as o whole is alweys detcrmined by the pan with the longest sintering
bime,  The size of the pans should therefore be so choscn as to inelude a suffieient
reserve in the ehanging tinme, so that o smooth operation will be assured. . plant
with 6 - 4 pans and an output of up to 1000 tons of sinter per day appears to be the

mesc ceonomic urit tor a plant workine after thie Swedish system,
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With the much bigger pans working af‘er the Creenawalt systemqhighvr nu{puts
can be achieved, as the gratc surfoee is, as a rule, at least 25 0, [t will
howover not be advisable to install more than 6 pons,  the disadvantase with this
plant {s that tho size of the pen melies it ncee sary to install two suction stations
and that tho sintoring cannot alwnys be uniform throughout the whole grate arca,

For this reason it will be more difficult to eontrol the sintering time for people
who are mot mo skillud. Yith the inexeasing size of the pans the sintering process
becomes more difficult. The differenee in the suetion in the ease of 2 suetion
stotlons may adverscly affeet the sinter quality as the eoncevirical surfaec
sintering becomes irregulnx. ‘ ,

n bighly industrialized ecountiics whore prople have had teehnieal training for
genorations the belt sysiem is today proferrod unless the ores ruat be pellotized on
secount of thoir speeifi: propertics, It is truc thai nlso a belt system will aftor
a eortain poriod of running=in yield good results., Bui with tho pan procoss it
will always bo simplor to moke o somplotely untroined erew familiar with o now
dooinded procoss. “ith a Swedish pan o misearried sintoering process means o loass of |

¢ = 3 tons of matuorial., When the roquared sintering tonperature s not observed with
a belt plant the loss of production will be ten times us high, Figs, cud 10 slow a
pan plant working after the Swudish systom,

- Thoy show the furacec bay of the plant, Eig 11 illvatrater the sintering
process on a 17 zsz pan,

Buth with tho pan and the belt system the owput per Ama depunds solely upon the |

ore mix, It eun be the same with or without the nddition of lime or dolomite. The
maller the plant, the better the pan nroeess and the higher the required sintev
produstion, the mor: advuntagoous the belt systous.
8, e e , ¥
i:nx}em blast-furnace plont consists, irrespective of iis size, of two

divisions, if the furnace is worked on modern metallurgieal prineiplea, One division

is the burden preparation wiih grading and sintcring plant, whiie the furnaco
operation proper with {ts pertinent machinery forms the main part. The bur. en
preporation is again divided into an orc crushing ond serecening plant and =
sintering plant. The ore zrading plant cun be orceted on the mine, beewuse it must
not necessarily be at the site of the blastefurnace plunt, ihe sintering plant, on
the other hand, must be erceted in the immediate neijhbourhood of the blast furnace,

i
|
!
This question of sitc is imvortont. é
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The size of ~ blast furnace depends upon the planned production, The ultimato
expansion of the blastefurnace plant must be taken into consideration, which means
that onc starts with onc or two blest furnaces and adds further furnaces later on,
The construction of a sintering plant should be started on similar lines, so that
larger sinter quantities will becume available when the plg=iron production is
inercased. This means that the future development must be taken into aecount for
the sintering plant. Yhen a sintering plant is planned, the ultimate sige of the
buildings, belts and bins must already hc fixed, bocause the cost of extonding these
foeilitios at o later stage would be mueh higher, This coneurns the preparation of
the mix,

Pan plants ean be exiondod atep by step, as the extension ean tnke place without
interruption of the produetion, when the plant has the necossary eapacity for the
preparation of the mix. Belt plants, on the other hnd, must be shut down for o
longer period of tine to be able to longthen the belt, This is o disadvantage, If
8 new belt was erceted instesd of tho extension, there would be no mtermﬁnﬁ af the
production, but the output will be doubled,

4 pan plant ean be extended gradually, and it offers the possibility of
individual sintoring, which is advaniageous for the sinter quality. But the advantage
of & pan plant only exists up to an annual produetion of 300,000 tons., hen the
desired sinter output is highor, sintering pravtics all over the world has shown
that the belt process is suporior both in terms of output and eosts,

The costs for a nev plunt dopend upon its size and loeation, ‘hey are
indepondent of the system chosen, The eupital costs, related to the annual tun of
sinter produced, are highoer wijth snall plants than with big ones. lLecording to
cost caleulations of German sintering planis the capiial costs for mmall plonts amount
to 13 « 14 U8y per ton of ngrlomerate produced per year. Yith larger plants this
amount deoresses to 11.5 = 12.5 USe3. The high investment costs require a high
capital service, which is the maln cost factor in the conversion costs. In Germany
it amounts to 387, while 237 are aeecounted for by the maintenacnse costs of the plant,
225> by energy costs and 157 by personnel eosts, The general overhead costs have been
disreparded beenusc of the differeont strueture of the various iron and steelworks,
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This figure shall only scrve ns an indieation., 1 do not went to
speak for or agcinst a apeeliic sintering systera no- to Aot tforth all
advantages and disadvantagcs. L. the fcﬂ,lnwin.g pipers oy idesa will be
dealt with in greater detail. '

It has boen my tosk to give w. introduction {nto the problen and to
outlino the great importance of sinter for the modern blastefurnace

practice,
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