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& Co.Ltd,, 5 ;
Stockport, U.K.

The ‘growing appreciation of the benefits of blast
furnace burden preparation in the post-war years had led to a
demand by the Iron and Steel Industry for greuter Sinter production.
This has been the stimulus of process development work and of
rescarch into the lundamentals of ihe sinteriang process,

The importance oi such studies was first realised
by the industry in 1962 when B.l.5.R.4,, togethcr with the
experimental department of one of the large British Iron and Steel
menufzcturers, wxertook a joint programme of laboratory and
plant scale cxperinents which resulted in the elucidution of many
physical factors contrelling the sintering process. 4 symposium
incluiing this work was held 1 London in 1953, und inberest grew
rapidly, uatil it became of a uaiversel nzture. HMany of the Iron-
and Steel monufacturers in Greal Brituin end zbroad now devote o
proportion of their resecarch and development resourge to further -
studies in this field, ani several nztional metallurgicul orpani-
sations of other countries include sintering problems in their
research progremmes.

(')  Papér for pressntetion at the Symposium oa Pilot Plants in
Metallurgical Researca awd Developrent - 15th to 13th February
1950, Jamshecpur.

Not to be reproduced in any media. (C) National Metallurgical
Laboratory, Jacshedpur.
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Huntinpton Hekerlein Sinterin: Hossorch and var*lo,nr" ot Seciion

. This sceti n wus cstablished in 1953 axd is now an
integral pert of the Simen Cuves rescarch Gepsrimsnt, ot Cheadle
de:zth south oiff Menchcster. Tads criolec of location mekes aveilable
to us the resourccs of th: researeh and enalyticul section of Shmon
Carves, thc pureni cocpuany, The eintering; secticn consists of a
comple.e pilot siatering plunt, housed in the samc building @s a
laboretory type experimental sistering pol uait, and DOJSSS&OS many
items of ancilliry ccuipment used in the cxperinental procedure.

Ine oilet plint censists or a movin: pallet strande
type mochine of 1% sguere lect eifective grate areca, driven in the
same mcaner &8 ¢ lirge scale achine, by means ol o reduction geared
variable speed drivc at the feed end of the machine.

T1 pullets which cach have a grate area of 9 in. by
18 in., have cas: stecl side plates allowing & raximum bed height of
9 in. They move ovor grooved wearing stripg vhich, vhen greased,
provide an efficicnt seal, : i

The sintering air on leuving the bed, passes down
four uindboxes to a 10 in. diancter gas mzin, in which there is an |
orifice platc -wu thermocouple for ilow mecsuring purposcs, and thon \
to 2 large suctlon fean, ' y .

The methol of ‘feeding the raw nix ls by vibrating |
Velofceder cgainst ¢ cut oif plate so as tc sirulute large scale I

plant operation nrocess. @ e |

i ' i) - . i

- — - sada 2 i

The ieniter vhileh woe orlginally a sillimanite brick |

§ rediat lon=type burner supplicd by premixed towns gas and air, has I

boen recently reploced Ly 1 igniter uith concentric tube type |
burners similar to thet unich our conpany installs on lts plants,

Alter the irolier, alony the strund, there is a |
preheator hood wiich is I'iticed with four boiler typo burners. .

The rov misc v supplicd lo thc Voldiceder by conveyor
from & larpgc surge ho. :mr, vomote Lrom the machine in a yepurate
mixine bay. Bencoth this hopper ¢ disc pelletiser of 4'6" diemeter,
hes been installed for use in pellctlsaiion studies. 1t is also
proposed to iacorporasts i vie feed sysicm, o drua pellctiscr of ‘
5 t. divgeter. It will then be possible to comperc the behaviour of ‘\
untrezted and pelletiscd 1:ixes on the stread, ' !
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The mixing of raw materials and the addition of water
to the mix is done in 2 cement mixer in batches which are loaded in
to the feed hopper prior toc a-test., The feed from this hopper .is
.controlled by a further Velofee@er. ' "

i The énd of sinterlng is measured accurately by means
) six Chromel &lumel Thermocouples evenly spaced in the last two
wind-boxes, temperatures being measured by a six point temperature
indicator-recorder.

- The laboratory scale sinter pot unit consists of a
2 ft., square windbox with provision for interchangeatle cover plates
to acconmodate various types of:sinter pots. Thesc pots range from
6 in, diameter to 1 ft. diameter, circular, together with 1 ft.square
pots and.a segregated feed bex, the latter being a further attempt to
standapdise loading, and to simulate strand conditions., All these
pots are menufactured from mild steel, but for.future work, a
rvefractory concrete lined segregated feed box is being manufactured.
If in the manufacture it is possible to pebble-dash the inside faces
of the tox, perhaps certain edge effects may be minimised. Sintering
aipr is measured by means of an orifice plate and pressure tappings
in a 6 inch diameter wind main between the windbox and the fan, bed
suction being regulated by means of a bleed-in valve in the line.
- Waste gas temperaturcs are measured by a Chromel 4lumel thermocoupk
inserted in the 6 inch main immedistely after the windbox.

Other instrumentation includes a suction pyrometer
for the measurement of high gas temperatures (during ignition or
the use of preheat for example), omi a CO/COg meter of the
katharcmeter type for deternlﬁing the efficiency of fuel combustion
in the sinter bed.

Investigation of ths Sintiering Process:

In practice the sinter mix has & mean partlcle sige
helow 10 mn and the depth of bed employed is in the range 30-40 cms.
This means that a pot test can be made on a vertical section of an
actual plant mix so that, in interpreting the results of such tests
there are no problems of scaling up involved.

From this aspect of scale there is little advantage
in using the experimental strand rather than the pot and the choice
tetween the two test units is generally governed by the quantity of
raw material availatble.

Pot tests are far quicker and require only 90-100 1bs
of mix if a 1 ft. dismeter pot is Used. It is usually preferable to-
use them for all initial work and to employ the strand to verify the
results obtained on a larger scale,

There are the following differences between conditions
in pot and strand tests:
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(2) The ratio of bed periphcry/bed arec is 4 ¢ 1 for a
1' diameter pot and roughly 1.33 for the cxperimeatel strend. In
consequencc there will te a greatcr peripherzl lecokage of air in
pot . tests and, since the strand has an efficicnt seal between the
moving pallets en¢ the windboxes, the mecasured waste gas volume per
ton of rew mix tends to be higher in pot tosts, =s does the proport-
ion of return firnes, This trend tecomes morc marked as the mix
growe courscr in size, .

As orevioucly montioned it may be possible to reduce this
cdge effect by pebble deshing the interior surfuce of the pot.
Meanwhile an empirical rclotionship btetween the waste gas volume
recorde¢ in pot tests and the volunc to e cxpeeted in practice has
been established and iz sufficicntly accur:ztc for the caleculation
of fen recuirements, '

(k) The experirert:cl ctrami gives t-c same Lypé of bed
scgregetion in terws of puarllcle size a«~¢ coke content as does a
full scale plont cherged by « swinging spout or vibretory feeder.

In & normal pot Lest segregetion is largely a funciion of
the method of cherging vhich must be stendirdised., To-climinate
this difficulty BIoia have developed a 2 ft. square segregeted feed
box, waich gives pliat tyoe serregation and greatly improves the
reproducitility of sintcr tests. We have citempted to use a 1 ft.
squore segregcted foed box to lessen the cuentity of mix for e test,
but we have foun’ thet excessive e¢ir leakzge and cooling st the
4 corners resulte in low sinter yields. It is hoped that the
relractory lined segrcegeted foe@ box now boing. made will overcomé  °
this difficulty,

(c) Corparative Coke tetess For & number of mixes coke
consumption firures arc available for pot tests, experimentel strand
tects and norval nlant operuilon. When thesc results are corrected
for variations in coke ash ¢né moisture it is found that the coke
rate for pot tesis is very close to thut obteining in prectice,while
the experinentzl strz¢ gives a slightly lower [igure,

ointer Pot Test Procucure

The nix ingrecicnts normally consisting of ore fines,return
Zines and coke breezc with possilily blust furnace flue dust, mill
scaele, turnings,ete., arc carefully weighed out ond hund mixed on the
floor in the {rr state. Wotcr is sorayed until the nixis of the right
consistency ( 2 handful of the mix should zdhcre when squeezed without
cny sign oi' surplus noisturc) and « sample is taken to determine %
noisture.

The mix is then reweighed amd charged into the tecst pot in a
sto~derd manncr. :
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After starting the suction fan e unit pressure
gradient is applicd to the bed and the air flow is calculated from
the pressure drop across the orifice plate. This enables the
pre-=ignition permeatility to be worked out in L.P.U.

If desired the air flow can also be measured at
another lcvel of suction and then the avercge bed particle size can
be calculated according to the following equatvions “iven by Manson

Porosity, E = 1D (_J_._OO+ m (d"l)J
6250 d

{

S ‘ =

Surface Area,s-lil-éé(% o R
: Uyl g - Ty)

Mean particle dizneter. D'm - 6 (1 =E)
\- S
where D. - bulk density, lbs/cu.ft. d = Specific gro.v:.ty of bed
' j _poterial.

S - surface area sq.cms/U. h = bed height in inches

and Pg = suction " WG. and Uy, Uy are the r,orrespomling
air flow retes in ft/ninute.

Such 2 measurc of particle sife and surface area is & useful check
on the effectiveness of mix conditioning, {or example by -pelletﬁ.si.ng.

The suction is then au;u.m.ed 80 that. during ignition
t.he volume of waste gases drawn from thc bottom of ‘the bed equals or
only slighlly exceeds the volume oi the combusted ig‘u.t.ton gas with
the volatiles driven off from the upper part of the bed. This
~econdition of 'neutral® ignit:.on has been shown by LISRA to be the
most effective. (Ball, D.F. uncublished paper). Ignition flow is
regulated to give @ heat input of around 3,000 B.T .U./S(,.ft. over a
period of one minute. ‘ AR

After ignition the suction is altered to the d'esired
. test level and is thersafter kept constant unless bed resistance
decreases greatly et the end of sintering when there may be an
unavoidatble falling off in suction, due to fan limitations,

Throughout the test, readings of air flow and waste gas
temperature cre teken and the pesk value of -the latter is adopted as
the criterion of the end of sintering.
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After cooling, the sintercd charge is dropped from o
standurd height and screened ot 10 ma. and 6 mm., The vurious size
frections -are weighed anc the4 10 mo. meterial is tested for
strength in a stendord shotter crum. Samples mey elso be sent for
chemical analysis of FeO content, ctc, '

Expegpimentz] Desien in bintox Test Works

The reproducibility of smell scale sinter tosts hes
been investigated by LISRL, some of whose results are summarised

telow.
Coefficient of Varlance - Standurd Devistion %
M%an
Ai;,ftsgtgn nix ¢ sverage permea- & Sinter time
bility L.P. X, niputcs
Jormz1 bed 649 12.7 % 10,3
Segreguted fecd bed &7 649 4.9

These figurcs illustrote the improved reproducibility
obtecined with controlled segrepated charging particularly in the
measurement of permeability =nd its deperdent variable time.

Lvcn with the preatest core therc is =sn inevitable
gcatter in test resulls and this fact coupled with the relutive
speed with which & test cen be performed hdas led to ¢ growing use of
statistically planned series of tesls. A further advantage of the
statisticel epproach 1z that there nre & large number of veriables
involved in sintering cg. fuel, moisture und rcturn fines content,
bed depth, sucticn, pirticle size of mix, additions, ignition,cte.,
and some oi these interaet on one another,

s tpleul investigation might involve say, the effect
of 4 variatbles, bed suction, % return incs, % lime addition and %
moisture, on the sintering time. If these vuriebles are cach taken at
two levels then the full 2% factorial dosign uill be as given belows

*e
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High % Returns g Low % Returns

- High & Hy0 §7Low:% 50 ; High % HZOi Low % Hy0

o .. High gLike |- ot
High Suctlon Low % Lime ' L

Low Suction & 1 iLine
o7 Low % Lime

Lven wit quplicatlon this involves only 32 tests.

Furthermore by selection of the uppfOprlCtU hﬂlf of this factorial
design it is possibleto deterine the magnituic of 211 the chief
. effeets and the more important intercctions.: The remeining half
can then be completed later if the initial results warrent it.

Useful es the statistical epproach is, it is necessary
to excorcisc grezt carc in the choice of devgls for the varicbles
involved. When the expeeted reletionship is nom-linesr, it is
necegsary to choose at least 3 levels ol the variable in question,
Another danger of the statistical epproach, is the tendency to draw
the best straight line through the plotted results, when it is
obvious on thoorcticcl grounds that the relationship will ke none-
lingar. In ¢ recent oxample, sinter yield wcs plotted zgainst fuel
contentilof the mix, in this way up to 6% fuel with @ linear extre-
polation up to 8% fuel: In fuct the yield must inerease proportion.
ately less ot highor ccke coatcnts, since therc is always a certain
minimum of returns -provided in the process of breaking up the cake
of sintcr.

Howetrcr, thesc criticisms apart, the proper design
of sinter experiments will yield far more useful informetion,
particulerly when one is seeking minor effects oaly slightly greater
than the testing errors. Such minor efficts, when epplied in
practice mey meke o ¢ nsiderable scving ia opersiing cosis; for
example on a plant makiasg 500,000 tons of sinter-a year a 1%
reducticn in coke coansumpticn corresponds to an annual coke saving
of about 400 tons.

Fron ¢ very feu tests, 'nz"opcrijr‘ carricd‘out it is
possible to derive much 1ni'omatio'1 about the sintering character-
isties of the material studied. _
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(a) The appropriate proportions of return fines and
coke for 'in balanca'! opsration may ke determined, together with the
optimun moisturc contcnt of the raw mix.

(b) The output rote of cither 4+10 mm, or + 6 mm.
sinter to tc expected on & plant Oper“ting at any suction can be
calculated, To take the example of & 12" bed of mix weighing 80 lbs.,
sintered 1n a 1' diamcter pot (cross sectionnl arca, 0,786 sq.ft. )
at 12" suctiony if the obszrved sinter time is 15 minutes and the
yield of sintcr 40 1lbts. then the output in tons por 24 hours ner

squire foot of grate wrea s 40 X 60 X24 £ 1 . = 2.18
15 2240 0.786

It has been found thot the weste gus volume per ton
of raw mix 13 conztont for a given mix and that the volume drawn:
through the ted in unit time is proporiionsl to ( p_)n where S is

the suctiony'h' the bed height end 'n! is a eomtmt gnerally about
046.

Thus, if a pleat hos to be designed to produce 60 tons
of sinter pcr hour with a 15 bod at 20" suction, the ou\.put per
square foot of gratc erca will o

0.56
2418 X (?p x %ﬁ) = 2.59 tons/24 bhours.

The oficctive grate arcu needed for the plant is thus

60 x 24 & 555 sq.ft. .,
2.59

(¢} From the measured wzste gas volume, applying a
factor for oir leakaps, the volume of wuste geses per minute can be
calculated for a given output, This figurc, uith suction speseified,
enables thc fan dimensions to be fixed.

(d) If the siater strength and quality do not appcar
satisfactory, changes in the orc mix, such as lime addition may be
recomrmcnded.

(c) The permeability of the mix before and after
igniltion mey be poer. 7This will indicate the noed for some
conditioning of the mix og. by pelletising, in order to reduce the
sizc of machine necded to give the desired output. g

(£) Lastly, any spociel paculiarn.ties of the material
such us excassive shrinkage may be noted to sve if they will roquire
modifications of the sinter plent design.

-
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The preceding remarks will give somc ides of the
routine tost work for the desipn of ulntcr plents, The more interest-
ing type of work iz that cowe’rﬂei vwith .now variations of the
cintering proccss or with unupuwl mnterluls and 2 few examples will
now be discusscd, ;o1 :

(&) The Sinteri

Iﬂitlal'ulﬁtbr hou tests uith hluorupur finc§
resulted in 2 low yield of the order 20% 43/8" of the TGN mix input.
The main rcason for this was the corly collupss of the bed of
Fluorsper aund subsequent loss in permcability. After considering the
possiblc usc of cinders, it was decided to add limc to the sinter mix.
This proved successful in thet the deud fines of the mix werc
“floceed" and the averuge purticle size of the resulting mix was

. sincrcased, . thus imprcvmnb the bed permeebility. It was also thought
©- that the lime addition: contributed to better flame front progress

down the bed. The yield of + 3/8" sintercd Fluorspar wes of the
order 53% of the raw mix input, efter using as little as 3% lime in
the mix, With a 6. lime addition a more "[,las,;ﬁ' Sinter was obtained.
Control of, water addition to the mix appesred to be criticdl., Analysis
of samples of sintercd Fluorspar showed thenm to be within the gspoci~
ficetion rccuired by the .:to\,ﬁdking Industry, J&monst.rata.—on tests
were then comucted on the Pilot sintering machine with ¢ view to
designing a lurger scole plant for prouur.,tlon purpo.aas.

(B) ;ntegm;’ Ghrome Ore Concentrotes:

In this instonee lhe problenm wes to produce from chrome
‘v ore concentrctes a strong sgegregete which tould: be tranmortable
! without breakdown and L<, within the specification, laid down by the
refractories industry,

The . concontrates were 80% - 10 mesh and consisted
meinly of & chrome rich chrome spinel. Due to the zbsence of any low
melting phases the initial tesis geve sinters of poor strength, even«
when the coke content was raised to k.

Palletising with subseguent heat hardening was
considered as an nlternstive to sintering but the concentrates cculd
not be pelletised without grinding to lacreass the quantity of =200
mesh material.

: Lime additions up to 2% were foumi to raice the
strength to a satisfectory figure but the Linal solution proved to he
the use of coerser ccke, namely 5" A% .  With this fuel,

it
permeacbility and output were improved and the fuel consumption per ton
of sinter wes reduced to £ cwts. The grester strength obtained was
attributed to the higher tempcriturce attuined in the locality of the
coarscr coke grains and to ¢ better matching of the velocities of the
heat fromt and combustion front.
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(C) Doukle r Sinteri

This patontcd process is designed to cconomisc in
coke when sintering low grade carbonctc ores. The sinter mix is
charged onto the strand in tuo layerss the lower consisting of raw
low gradc orc and possibly flue dust, which 1= culecined by the waste
heat from the upper sintering layer, This upper layer consists of
cireulatin:, calelned 1lOwer layer product togcther with return fines
from the upper layer and fuel,

Sinter pot and experimental strand tests indicated
that & fuel saving ol about 20% could ve achiecved, elthough the high
circulating load led to a reduction in output per unit gretc area,

The process wad incorporeted in a scheme for a
proposed sinter plent to be loested neor a low grede ore ficld. The
ore conteining 20% iron wue limey, with much combinvd water, and on
sintering the loss in weight wes o;[‘ the order of 30-35%. With these
conditions the double leyor process would scve both coke and the cost
of trunsporting the volatiles in the orc.

Incidental adventgges of the process are

(1) a lower average westc gas temperature giving
cconony of fan power.

(11) a reduced tempercturc of finished sinter permitting
it to be handled without specicl cooling equipment.

(D) Iho Sjintering of Prcheated Mixess -

Hoating the mix to 60-70°C boforc ignition hes been
roported to inprove the cintering rate by increusing the permeability.

An investigation of this eficet wos mode using a low
{’,I’ddﬂ orc uvhich had = poor sintering rate.

The outputs achieved in toze of 44" sinter por squere
foot of gratc arca ot 18" suction were wc follows

Cold Hand=- Cold selletised liot Hand- - Hot Pellet-
mixed Charge . Charge , mixed Cherge  ised Churge
Lah 1.75 242 249
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The hot charges wore hested by the use ol hot return
fines and the striking gain in output is duc to the effect which
heating the charge has on permcability. Permeability collapscs aiter
the ignition oi' cold mixes, but retcins a much higher value when a
hot mix is used. The reason for this inprovement is not fully known,
but it is supposcd thet a higher boed temperature prevents condcnsation
of moisturc in the lowcr pert of the bed. The benefits obtuined by
heating the mix in this way will of course depend on thc ore used end
will te greatest wherc « high molsture content is neccssory to give a
rcasonzblc initizl pecrmeability.

(&)

winter pot tests have been the chief method of investi-
gating the fundamentels of sintering, such es heat transfer. Apart
from the work mcationed cbove, we try to do somc more busic investi-
gations ofter first discussing our ideas with BIoRA to ensure that
there is no duplication of cffort. The zspects of sintcring now
occupying our attention are o5 follows:

(1) The role of rcturn Iines as they uffcet permecbility

end cokc consumption. When opcrating in balance the level of return
fines will clearly be a function of the fuel content of the mix =nd

will approach some minimum value coymptoticelly as the lucl contont

inercases,

Retura fincs will ¢loo affcet permeability (and honee
at u given suction, the output) by inerecsing the avemuge perticle
sizo of the sinter mix.

Cnee these relationships have boen established by mcans
of pot tests it should be possible to oxpress all tho sintering
varicblce in torms of fuel input.

For examplc the sinter yield Yaos a of the rew mix
- 100 - R« L whore R w 4 rcturns and L w % sintering loss.

Inturn L = LOO M +LcC

where 0, C ard M cre the percentuges of orc, coke ond moisture in the
mix eand Lo and Lg crc the lgnition losses lor ore and coke rcspect-

ivcly .
Also 0:100-1.‘—0-1’1-

oon Ba 1006 R e L {1005 Be 0= Bielf i
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Putting R - £+ (C)

. ¥ - (1-Lo) (200 - rl(c')) = G (LigmLo)4i(1-Lo)
Similarly if pormocbility, P = £2(R) = £ l:r"(c)]
Sintcer time T, is proportional to
inter tis P . F}T (G)]

With such equations optimum Operating points can be sclccted
zecording to onc of the rollowing critcriu.

(2) Minimum fucl concumption : ie. C/Y to be a mini.mum

(t) Moximum output ie. Y - ¥ f [i‘ (¢ ):[torbo 2 méximum
T

(¢) Maximur hedony ie. Output -1 fz [r" (c)}i
Fucl consmnptmn o St

to be o maxinum.

The uophcatma of. this work might rcveal that many
plants werc' hot:operating ut the Lest level of ret.urn i‘im.s to -achicve
,thc:.r objeetives.

Wiy = The utilis:tion of fupl in the sintor mix. Work b
I.Re3,I,D, has rovecled thot there is n signiiicant proportion of CO
in the waste goses lecving the sinter bed. The quantity of CC is
wifected by tuc .,uction, the coke sizc amd it.a mac‘c.lvity. ;

o We have rocently i‘)ut dlcd a GO/ COs ncter on the
waste gus main from thc sinter pot cnd we intend to follow up this
rrench resesreh by secking waeys of minimising the % CO and thorcby
increasing the elflcicney of fucl utilisation. W e

i

(111) The effccts of heating a sinter bed eithcr before or
efter ignition: <Supplying hot cir or combustiion products to the
sinter bed #fter ignition hss beon shown to save, fuel, particularly
when sintering low grude orce containing carbonates and comhimd
weter. In oddition =5 previohsly stoted, werming the mix to 60°C
before ignition inerecses the sintering rate. Wwe propose to investi-
gate the cficet ol more intensc heating of the bed prior to ignition,

using an incrt gas %rovont pre-combustion of the coke. We hava
2lso studied the ro.ﬂ of post ignition heating on both low grade

and high rrcde sintsr nixes, Although ccke savings are less with
rich orcs thcy are still significant and, &5 with low grade ores the
Leneficicl influcnec of precheat is not only confined to the upper part
of the de.
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CCCLULI0MN:

The sintering proccss which at first seoms no more
complicated than the smoking of a pipe, his yetl to be fully
cluciduted, dospite the rupid progress of the lost few yoars. It
involves such problems ¢s heet transfer, high tompcraturc reaction
Idnetice, ond registance %o cir flow. The purposc of this paper
has been to illustrote the usefulness of sinter pot test work,
both for schicving o better undorstonding of the sintering
mechunism and for providing the dote for the design of sinter
plints.
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