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JNTRODUCT ION

The word "sintering” has a number of meanings in the metallurgical
industry all of which are variaticns of the generzl ‘heme of
agglomeration. In the metal {oriing industry powder metallurgical
teohniques are finding an 1ncreasing evplication, Dssentially this
oomprises the forming of definite shapes in a mould using metallic
powders which are subjected to heal and pressure. ‘his process is
frequently referred to as sintering.

In the extractive metallurgical industry 1t is usually necessary to
subject the ores to one or more preliminary treatment stages before
the metal producing stage can be operated successfully. One of the
most important metal producing processes 1s the blast furnace and

the nature of this unit is such that a lump charge is highly desirable,
The process of agglomerating ores or concentrates into a form suitzlle
for a blast furnace is generally termed sintering and 1t is this
process which is the subject of this paper, with special reference to

the production of sinter for the Imperial Smelting Furnace.
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2. THE SINTERING PROCESS
2.1 Qeneral

In the non-ferrous extrestive metallurgical industry the
sintering process is well known and widely used but it is only in
the last iweniy-five years that it has gained recognition as an
important process in the preparation of iron ores and concentrates
as feed for the iron blast furnace. (7t should be noted that there
is a current trend towards the use of pellsts in the iron blast
furnace but tiese are produced from the ve.y fine portion of the ore
and it i3 probable that the optimum furnacc operation of the future
will result from a mixed burden of raw lump ore, sinter and pellets
and that pellet prcductiorn will never completely repl we sintering).
The broad objectives of sintiering are:-—

(i) the drying, calcinirg and/or roasting of fine ores or

concentrates
(i1) the agglomeration of fire ores or concentrates which
could not be smelted economically otherwise, and

(iii) increased blast furnace productivity
The raw muterials for non-ferrous sinteri;lg are usually fine
sulphide concentra‘es and the sintering process involves de-
sulphurication as well as agglomeration. ‘'the roasting reaciions
involved are exothermic and the heat generated is used for
agglomeration. DecAause the sinter mrchine capacity is dictated by
sulphur eliminat.on rather than lump recovery or output ionnage
there is a hipn incentize to use the maximum fuel 1.e. to burn
the maxinum sulphur. In che ferrous industry there is no inherent

fuel in the raw materials and coke has to be added 2s a source of
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hoat. The machine capacity is diotated by lump recovery and in
order to keep coats to a minimum considerably less seleotivity is
exercised on the output sinter and the returns to raw materials
ratic is kept much lower.

S8ince there are often many other components in the sinter machine
foed besides the copper, lead or zinc sulphides e.g. fluxes and
secondary materials, the chemistry of the operation and the
oonastitution of the sinter may be quite complex. Ferrous cintering
tends to be more straigntforward.

There is also the question of the composition of the sinter gases,
The off-gas from a ferrous sinter plant wsually contains liitle or no
chemical values or obno:ious oompounds and can be released to
stmosphere afier cleaning to remove any entrained dusts. On the other
hand, the exit gas from a plant sintering non-ferrous concentrates
oontains considerable quantities of Pb and Cd bearing fume which is
yemoved and retreated and elso up to 8l sulphur dioxide which is
obnoxious and in many cases quite valuable. Current practice is

t0 use this gas for the production of sulphuric acid. For reasons
of acid plant operation the sulphur dioxide conien. of this gas
should be as high as possible and the attainment of this level has
8 considerable bearing on the sinter plant operation.

The scale of operation is another difference between the two sides
of the industry. 3inter strands of over 300 m2 effective area
producing upwards of 6,000 tons per day are in service in the
ferrous industiry wh:reas the largest non-ferrous sinter machine

to date is 132 n2 effective area producing about 850 tons per day.

This is a further reflection of the difference in returns ratio
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already mentioned.

One final but vitally important difference is that in the
sintering of lead concentrates, and to a lescer extent of copper
and zinc, the hygiene aspect is of great importance and the |
precautions taken can involve a cepital cost of up to one third
the total plant cost.

Two besis methods of draughting a sinter machine are availeble
namely downdraught and updraught. UYithout eweption, ferrous
sintering employs the downdraught technique while non-ferrous is
showing an increasing trend towands updraughting, particularly
in operations involving lead. All sinter plants associated with
Imperial Cmelting Furnaces use updraugit sintering praciices based

on principles developed at tne Avonmouth Swmelter of Imperial

Smelting Corporation Lim:ted, although the original idea of
updraught sintering goes back to 1898 when it was used in the
Huntington % Heberlein sinter pots. Yhen the continuous sintering
process was developed 1t was found difficult to work with updraught
mothods and the downdraught process became common practice for many
years. ‘‘he cred.t for the original development of updraught
sintering as it 1s now must be shared between B.H.A.S., Port Pirie
(1.2) and Lurgi Gesellschaft (3).

2.2 Sulphide Sintering

As previously stated, non-ferrous sintering usually involves the
use of sulphide concentrates and it seems appropriate at this stage
to oonsider sulphide sintering i1n more detail,

The sintering process may be divided 1nto four major stages, vis:-

(1) conditioning of the raw materials
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(14) mixing of the sinter machine feed

(441) sintering

(iv) handling the sintered naterial

The raw metal bearing malerizls are generally flotation
“oonoentrates. These are finely divided and due to their nature

a8 oertain amount of agglomeration can taxe place during storage

which must be broken down or else poor sulphur elimination will

be achieved during sintering. ‘he high sulphur content of the

concentrates (15-33% per cent depending on concentrate type)

precludes its direct use on a sinter machine since the high fuel

contant would result in excessive bed temperatures. This would

cause slagging of the material to take place and imperfect sulphur

elimination would ensue. ‘lherefore the sulpnur in the concentrates

is diluted by the addition of sintered product (re*urns) in order

to obtain a mixture which will combine high sulphur elimination

with the requisite degree of fusion to give a good quality,

cellular siructured product. The preferred machine feed sulphur

oontent varies slightly with the type of sinter being produzed but

is usually within the range 5-[ per cent.

Depending on the draughting method employed, either the whole feed

(in downdraught sintering) or a thin "ignition" layer {in updraught

sintering) 18 placed uniformly across the sinter machine which is

essentially an endless moving grate. “he bed passes under an oil,
gas or coal fired ignition stove and the surface 1s ignited. In
the oase of updraught sintering the "main" layer of feed is added
on top of the ignition layer after the ignition stage. The bed

then passes over a series of windboxes and air is either drawn

UV P
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down or blown up through the bed thus propagating the ignition

layer. As the hot reaction sone moves up or down through the bed
the matcerial is progressively reduced in sulphur while the gas
becomes increasingly richer in sulphur dioxide. OSinter is
discharged from the end of the sinter machine containing 0.4-0.8
per cent sulphur,

The gases from the discharge end of the sinter machine teud to be
relatively lower in 302 and can be recycled. The gas from the feed
end of the machine contains 5-7 per cent 802 and 18 passed to a
sulphuric acid plant or, if economics and government regulations
permit, can be blown to atmosphere after scrubbing.

During sintering the feed becomes fused together and is discharged
from the sinter machine largely in lump form.

Subsequent handling depends on the requirements of the following
reduction process but invariably the sinter is screened with the
undersize providing the "returns" and the oversize product for

future treatment.
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3. DEVELOPMENT OF UPDRAUGHT ZINC/LEAD STNTERING

31

The Wind of Change

At the Avonmouth and iwansea Vale 5Smelters of "mperial Swmelting
Corporation zinc was produced originally by the Horizontal
Distillation Process. In 1933, as the result of e:pansion, a
New Jersey Vertical Retort Plant was commissioned at Avonmouth.
Neither of these processes are blast furnoce type and hence a
relatively fine feed of ziuc oxide was required. This was
produced on straizht line downdraugnt sinter machines each 2 m
wide by 20 m erfective length. ‘he SO2 bearing gas was passed to
a contact sulpharic acid plant.

Although the iorizontal Distillation plants have since been shui-
down, sinter 1s still produced for the Vertical Relorts on the
Avonmouth machines.

However, [.5.C. were not satisfied with either zinc process. The
Horizo.tas Distillation Process was intermittent in operation and
a heavy corsumer of fuel. Additionally the vast number of retorts
required a high labour force working in hot and arduous conditions.
The Vertical Retort Process w's a considerable 1mprovement because
it was a continuous process. However 1t was small unit nperation
requiring a special quality coal and invelving high capital and
maintenance costs.

It was decided to investigate the possibilities of zinc production
by other methods, preferably one based on the blast furnace since
this would have the benefit of large unit contiinuous operation.

Some small scale work was carried out at Avonmoutn before ithe war

but work did not commence in earnest until 1946. Thic development
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3.2

of the Imperial Smeltinz Frocess created a demand for a sinter
suitable as a direct feed to a blast furnace.

"Hard" Sulphide Sintering

A primars requirenmen: for such a sinter was that it should be

free from "fines" {i.e. — " material), preferably in the size range
1 in. to 4 in. a2nd should be resistant to 3res.zdo.m during handling
and smelting. initially it was iried to agglomerate (“harden")
conventional sinter for the Vertical Zetort and iiorizontal
Distillation Plants ('solt" sinter) by increases in the sulphur
content of the feed mix and by aiditions of silica {(in the form

of sand) and the sinter m-cnine oulput was passed over a 5 in,
screen. “he ~. in. fraction was crushed to reiurns sizing and
recycled and returns stocl maintained by addit.ons of soft

sinter and ‘or undersize sin:ter returned from the [.3.F.

Apart from this supplementation of the recirculatling returns load,
general operation remained basically similar to that of the

normal soft sinter process. Silica content of output was normally
sbout 6 per cent.

Continuing [.5.F. development resulted in an increase in the
complexity of tne demands made on the Sinter Plant. It was being
realised on the furnace that slag composition was of great
importance to continuity of operation and alszo that the furnace
could produce lead as well as zinc. ‘Theretisre 1% became

necessary to incorporate limestcne as well as lead and zino

bearing secondaries from the 1.S.F. and ultimately, lead in oxcess
of the recirculating residual load (the latier being equivalent to

about 5 per cent lead in output sinter) into the hard sinter mix. i

]
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Whilet the addition of lime and lead io th: mix tended to assist
slagging and hence the production of lump, their nresence rendered
the task of sulphur elimination much more difficult. The sulphur
oontent of such sinters was often in the range 1-2 per cent, well
in excess of the I[.S.F. requirements at that time. A further
disturbing feature in the production of this type of uinter was

the marked tendency to form a persistent scale on the machine grate,
accompanied by an increase in *he burning raie of grate bars,

Pallet bar life decreased from approximately 9 monihs (standard
soft sinter) to 5 weeks despi.e modifications to pallet bar deaign.
Burning of pallet webs also became apparent and ccntinual loss of
sound barc from the grate took place.

The increased hardness of sinter necessitated the installation of

a prong breaker at the tip end of the sinter machine at about this
time. At this stage sinter# had been made containing up to 17 per
cent lead, 7 per cent silica and 9 per cent lime wiih zinc content
about 35 per cent. Output per day was about 250 (long) tons + % in.
Acid make as 1005 H.,30, was 100-105 tons/day.

24
Coke Sintering

In 1955, in order to produce sinter of good hardness combined with
low sulphur content containing appreciable quantities of lead,

lime and silica in addition to zinc, "coke" sin*ering was developed.
This process involved a primary desulphurising pass over a sinter
machine of a mixture of zinc coucentrates and crushed zinc/lead ore

with afpropriate quantities of returns. Ko attemp. was made Lo

harden this sinter and zll output was crusined to revurns sizing.

The procuct, called "nrimary" sinter, contained up to 13 per cent
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lead, 50-55 per cent sinc and appreximately ! per ecemt sulphur,
Primary sinterinz was normallv carried out at the Swansea Vale
tforks where there was available sinter machine capacity.

Primary sinter was then recintered at Avonmouth with additions

of limestone, silica, leads residur’s and "aels calcines (a material
containing 45 per cent zinc and 10~12 per cent lead made bv treating
vertical retort and nnrizontal resort plan’ residues in a Waels
Kiln), using dried antaracite slurry as a fuel. ¢~-bon conteat of
the sinter @i~ was approximately 4 per cent. A siandiard sinter
machine was used, but nachine gas was exnausted L0 aimosphere after
passage throuch a Beth 4~ filler plant and neutralis=ing ‘ower.
Outpu* sinter was screened ard -j in. materizl crushed and
recirculated as in "hard” culphide sintering. U7 this method it
was found possible to produce ver; hard sinters of similar
compositio:. to the "hard” sulphide sinters previously made, but

with output sulphur analyses of 0.; per cen:. or leas.

The problem of crate scaling remained, however, and the
difficalties arising from excessive burning of pallet bars became

acute.

To avoid these difficulties, the No. ! sinter machine was modified
in 1956 to enable sinter to be made by the updraugh® method.

The modifications were made in such a way as to permit the machine
to be operated, by re-arrargenent of gas main blanks and igniter
stoves, on eitner coke Or sulphide sintering by either the
updraught or downdraught method, as desired, a period of 12-18
hours being required to effect the conversion from one method to

the other.




After aa initial dewvelcpment peried, satisfastery odis siater we
sade by the updraught sethed.

Updreught Sintering
Miilst good quality hard einter could de preduced by the updraught

oocke sinter process without the operating difficulties
experienced on downdraughting, the process was not economioally

attrect.ve die to the nenessity for two sintering operatioms,

first a desulphurising sintering, followed Ly the coke sintering

operation.

Attempts were therefore made %o produce a satisfactery sulphide
sinter by the updraught method, thus comdining effective
desulphurisation, incorporation of all addit.ses, &and lump sintler
preduction into one operation, osuccesaful resultls were

obtained in 1957, and production »f sinter by ine updraught
sulphide method ensued. Mis method 18 now being prectised at

sloven plants associated with [mperial Caeltiing Furnaces,
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4.

DESCRIPTION OF UPDPAUSHT ZINC/LTAD SINTERING PROCESS

T™he Imperial Smelting Prosess requires a charge of lump material ith
low total sulphur content. To achieve this the sinter plant must

sisul taneously des:lphurise and agylomerate the machine feed comprising
the sino, lead and/or mixed materials togsther with any secondary
materials arising from the sintering and other procoss planta, such as
the fume removed from the 5C, rich gas from tae sinter m.chine,
ventilation dusts, blue powder, dross and also such flu es A8 are
required to produce an essentiall; seif-flu.ing sin‘er.

4.1 Intake Hindlinz and Proportioning Plant

Bew materials needed for the sintering process should bde free

from lumps and ..ized as follows:-

Sulphide Concentrates 100 - 1
Flurxes 1002 - 2 =m
Oxides 100% - 5 =

It is desiradle that the moisture content of these materials shewld
2ot exeed 3L 1n order to facilitate accurate weiching in the
proporiining section located before the sinter machine. ‘heme
oenditions are acnieved by suitable bulk storage facilities and

e provision of equipment for breacing up agglomerates in the
oiTeult servicing the proportioning 3ssction,

8imoe a sinter of constant chemical composition 1s required for the
Blast furnace, the storage bunkers must be designed to minimise
bold-up of ma‘erials in ‘he buncers and also to ensure free flowing
discharg.. (o mainta.n the correct froportions of malerials,

bankers 2re fitted with independentl; controlled roistant weizh

feeding devices, all of which are ganged together 3o that the
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required proportions can be maintained at different production rates.
Maitionally the extractor mechanism for each bunker is fitted with
& low flow warning alam device.

Special care 13 taken tc smootn out the flow of feed from each
weigh delt on to the ccmaon collector delt in order to maintain

8 ocheaically homogeneous mix,

Machine returns arising during the sinter process are also added

to the feed to the sinter machine from a storaze bunizer fitted

with a constan: weigh foeder device ranged to the other feeders.
Normally the combine”’ raw materials contain more sulpnur than can
be eliminated 1n one pais over the sinter macrnine and these
“natural” finss, after crushing to a suitabdle size, are i1deal for
diluting the sulphur to an acceptable level, viz. 5.5 - 6.5%.

Since the sulphur 1s normally the fue' for the & Zlomerating
process, this value sust ve carefill; con'rolled and 1t 18 usually
WeCessar; Lo crush some ou'pui lump sinter in order to obtain
sufficient fines.

OGooasionally the combined raw materials coupled with the naturally
wourring fines do not contain enough sulphur for the aggiomerating
process to work satisfaciorily. Ia this case a con'rolled addition
of coke treese aus: be made .0 the machine feed to raise the fuel

oontent to a satisfactor:s level,

Peed diing and “onditinning

BDefore being ‘ed to the sin‘er machine the machine feed noreally
posses thro.gh a two-sidge mining and conditinuing cireuit te
prepare it for simlering. [% is important tha' the material 1s
sompletely miced and that e feed acquires & cerlain Boisture

eontent. [f a miming drum is used for the f.rs: stage, mifing i®
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enhanced Yy the installation of s paddle shaft. A second unit is
imstalled to enable a final water addition to de made and also teo
promote nodulising to product a feed with a sisze renging from ! mm
to 6 mm. ‘he water content of machine feed is vital for good
operation and therefore is automatically controlled.

sinterine

Since upiraught sintering techniques are used the conditioned feed
sust be divided into two fractions. A representative sample of
approximately 104 of the feed must be diverted into a small
ignition layer feed hopper, the backplate of which can be adjusted
to give 8 layer of material 2515 mm thick on the sinter strand,
Provisions are made to prevent any +2% mm saterial from falling inte
the hopper. . his +25 mm material can )am against the levelling
plate ‘heredy disripting the ignition laser and posiibly causing
serious damage 'y dragging ‘ne feed hopper from its aupports.

As the machine mcv 3 Lhis layer passes under an igniticn 3tove and
the hot products of combustion are drawn down through the bed which
is therehy .mited. To ensure ignod ignition the achine speed
should te such that ai least one minute is availab.e for Lgnitioa.
Becsuse of tne relatively thin ignition layer, thare 1s consideradble
spillage into the downdraught ignition windbox. o redce the
Quantity it 18 desiradle that tha ~oarser fraction ¢f the feed
mmterial should rill to the bottom of the layer. ipillage must be
eontinuously exiracted froa tne winddox to preven: binckage., 1o

prevent condensation in the windbox arl «3sociated £as aal ns, ibe

€88 temperature is «#pt A8 Righ Al possible by Rinims.ng the

ingress of cold air and by irsulating the windoor and sssociated




 gee maine.

™e Bulk of the feed is nov laid en top of the Mot ignition layer
&8 it passes under the main laser feed hopper. This hopper is
designed to hold abou: one—and-a-half minutes supply 57 feed at
dosign rate and therefore must be kept free from build-up at all
times. io facilitate the itransfer of ignition on reversal of the
drought, 1t 18 necessary that the main layer material in the
iaterface “e fine, herce the direction of rilling in the hopper is
iaportant.

T™he sinter strand now passes over a series of wirdboxes inte whieh
fresh air 1s bdlown. This air passes i through the sinter bed and
the sulphides present are sonverted to otides and sulphur dioxide
is releaced. ‘ther reactions result in the f m=tion of complex
silicates, ferrites and fusible oxites, and tre hea. froc the
exidation reactions causes l-cal meiting to take place and this
is the basis for the asz.omeration process,

T™he sinter strand 1s covered with & Aood and suses rich in sulphur
disxide are druwn from this hood, cleaned and converted inte
sulphuric acid.

Towards the discharge end of the strand the desulphurisation
process is virtually complete and the gases in the hood are lew
ia sulphur dioude. . he3e zases are witlhdrown from the hood and
reoirculated up lurough the sinter bed above tnc discharge ead
windbozres. he recir~ui2tior of these gas resulis 1n an I1ncrease
in the sulpnus di0ude content - the paz '~ ine Aoid blant,

T™he hood rases above iie first . drwuent windor are a2 o low inm
saiphiar 1. oride acd o2 s rec reulcted Lo tae lischrrze oo

windb res, Troce S3:05 ave &' ‘cw Levperat.re o4 apre high oo
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Stisture and therefere the offtake is kept as short as peesidle

%7 dringing the recirculation gas offtake frem the discharge end
to the fecd end of the sinter machine hood.

ﬁgter Crushing and e reenirg

Sinter cake tips "rom tne end of the sinter machine in sassive
lumps, and at an aversge tempermture of up to T(D-&OOOC. To reduce
the lumps to the 3i3e required by the [.5.F., the sinter caxe firat
passes through a prong oreaker lorated a't the end of the sin‘er
machine. ‘his re‘uces the sintsr caxe tc less taan 2°0 mm. “he
sinter then falls on to a vibrating screen  ceder. . he undersise,
say -60 mm, falls directly on io a pan conve  r wnile ‘e oversise
is fed into a erusher which 13 designed to produce the minimum
quantity of fine (- 25 mm) materiai. The purpose of this erusher
is %o control the to, :ise of the product sir ¢r, this veing of
the order of B0 mm. .1e crusier product rejoins e uwxiersise
ssterial on i pan conveyor and .he sinter is now con/ered Lo &
soreening unit where it 18 divided into twe frections:-

(a) =25 m

(b)) +2% mm
T™e oversise fraction is transporied to the blast furnace stegk
%in(s) or d.verted to the Sinter Plaat crushing circuit through
the corriyated rolls crusher.
The undersise material (-25 mm) from tho soreening unit, the
eorrugated rolls srusher product and the undersize from the furnace
hot s.in'er screerz -J mm, are conveved to a cooling dra and
thence %o a smooth mlils erucher, Alternatively the smooth rolls

erusher can precede the cooling drum.

The cocling of the hot mmterials in the cooling drum 1s achieved
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%y sludges such as those from the gas cleanin3 plant, the hygiene
ventilation eJuipment and "blue powder” from the blas: furnace
sugmented by waler 1f necessars. Jince an even mo:sture content
ia re.urns 1s an iapcrian’ opera:ing parcmeter, the flow of returns
into the coolirny drum mus+ be kepnt constant and an automatic
Moisture ~ortrel provided.
The purpose »f ‘he smooih roils crusher is o reduce the returns
%0 &a minimua >@nunt of +9 miu ma‘erial,
Returns sizinz 1s another imuorisn! operating paruaeter and
therefore mi3t bLe checked freTuently and corrective action taken
&8 required. .o minimize wear on the roll tyres due to uneven
feedin~, ‘he roll 1is fed b; . feeding device which gives a
ribbon width eTial to the roll widih and located at a heignt above
the roll such that the speed of the feed fallir~ in‘o “he mlla
mmiches the roli peripheral s;sed. The crusned and ~s0led returms
are conve ed 5/ belt corivesor(s) to the machine returns stook
Bunker in the sinter proportioning section, thus completirg the
eirouit.
Additionally, provision is sade to emadle lump sinter and/or
Mmachine returns to b resoved to dump from the cirouit and to b
returned o the circuit from dump.
Ceneral
T™he process lends 1iself to a high degree of automation and is
operatel from a centril ~2-nir.l room which can alse be the Acid
Plant coiml room if s desired,
Pumes and d.u3sls arising in the - erstion are aigh in lead and

thereflnre - .- wircin® rr ¥ |~ gust be maintained hronghs:t
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the plant. In particular, equipment handling or conveying hot
sinter must be adequately hooded and ventilated.

To facilitate maintenance, good access is provided to all major

items of equipment.
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21uc/LEAD SINTERING TECHNOLOGY

Over the years much investigational work into sintering has taken
place both on a laboratory pallet scale and on a full plant trial basis.
Much of this work has been done at Avonmouth and at the Cockle Creeck
Works of Sulphide Corporation Pty. Limited (7) N.S.W., Australia, but
nearly every sinter plant has contributed something to the "ari".
The requirements of the Imperial TJmelting Furnace for sinter quality
are:-
(a) 5mall variation in chemical composition
(b) Hardness - to minimise the guantity of —% in.
material entering the furnace shaft
(o) Low total and sulphate sulphur
(d) High porosity
(e) Minimum size range
The factors exerting greatest influence on the sintering conditions are:-
(1) Sulphur content of the sinter machine feed
(2) Intensity of draughting
(3) "Returns" sizing
(4) Efficiency of mixing
(5) Moisture in sinter mix
(6) Chemical composition of sinter (8,9)
It is proposed to outline ho:r the above factors exert an influence on the
requirement for sinter.

51 Sulphur Content of the Jinter lach'ne Feed

ihe sintering process 15 governed by the desulpaurisation of zino
and lead concentrates. “he main reaction occurring are exothermic
and proceed autogenously once initiated. The heat generated by

these reactions causes partial fusion of the ganzue material
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resulting in the agglomeration of the mix.

As sulphur level in the machine feed is the fuel lewel it is
important and fairly critical. It has veen found in
practice that there is a ma 1mum quantity of sulphur which can be
eliminated per pass over the sinter machine which i3 4.25 - 5.25%
depending on the degree of conditioning achieved. OSince a low
sulphur in sinter 1s rejuired, the sulphur elimination achieved
dictates the sulphur content in the machine feed. This is normally
about 5-6.50.

The sulphur level in new mix, i.e. zinc, lead and/or bulk
concentrates, fluxes and secondaries generally is in the range

of 17-23. sulphur. This is considerably in excess of the level
vwhich can be tolerated on the sinter machine and therefore it is
the practice to dilute the new mix with machine returns, (2-3,) 8)
until the desired lewvel in machine feed is attained. This results
in a returns: new mix ratio in the region of 4:1.

The optimur sulphur in machine feed depends on operational
requirements. A higher rucl level tends to give a higher 802 content
in the gas to the acid plant but higher fume production. Sinter
hardness will increase but the sulphur elimination will drop and

residual sulphur in sinter will rise with detrimental results on

I.5.F. operation.

Intensity of Draughtirg

The cavecity of the sinter machine itself is dict-ted by the
sulphur eliminztion rate achieved, To improve sulphur

elimination rates it is essential to keep the draught intensity as
high as possible, particulaily at the feed end of the sinter

machine. .h1s :s5 achieved by good mixing and conditioning of the
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sinter machine feed and even spreading of the feed across the
machine. Also compaction of the feed on the machine is minimised.
The result is a mix of uniform porosity allowing the maximum
overall dreught intensity without fluidisation.

If a high lead sinter is being produced, say +20) Pb, a high draught
intensity at the tip end of the sinter machine is 2lgo desirable.
During the sintering process, some metallic lead is produced and
some of the sinter bed 1s either in a liquid or in a plastic state.
Unless the draught intensity is kept high the weight of the sinter
bed ca.usgs; 1t to sink and a very dense sinter results.

In addition to the increaszed sulphur elimination and therefore
higher produciion rate, a high draught intensity is beneficial in
producing a high porosity sinter.

Returns Sizing

High draught intensity and high sulphur elimination are the result
of good sinter machine feed mixing and conditioning.

Returns ore virtually ineri in respect of sulphur content and
therefore the object of the feed mixing and conditioning atages is
to coat the new, high sulphur material on the ouiside of a returns
"nucleus" where desulphurisation can take ploce most easily., If
the returns sizing is too coarse there are insufficient "nucleii"
for good mixing and a patchy feed is obtained. Alsc segregation
of sizes takes place in the feed hoppers and uneven sintering
results. On the other hand very fine returns give an excessively
dense bed and slow sin‘ering rates. Current aims are to have
returns 1005 - & ™ with a winimum of -1 @m but this is rarely
achieved in practice.

Laboratory tests show that a ciiange in return sizins has no effect
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on lump production and that the only effect on hardness was in
interactions with other variables.

Efficiency of Mixing

This is closely connected with the particle size of the individual
components in the feed., The object of mixing is to produce
chemically homogeneous mix with a particle size rarjing from about

1 to 6 mm. ‘he latter 15 preferable to a aniform pelletisation
since it promotes increased strength resulting from 2 greater

number of points of contact. Concentrates are inherently moist

and have a tendency to ball up 80 it 13 considered unwise to perform
any pre-mi<ing of raw materials only. Iwo stage mi:ing :s usually
adopted, the first stage being the mixing stage and the second stage
the conditioning or nodulising stage. An overall mizing plus
conditioning time of five minutes 1s corsidered necessary.

Moisiure additions are made during the mi.«ng siages and it 18
important that any added moisture is thoroughly digested into the
mix.

Moisture in Sinter Mix

Moisture in sinter mix, which is dependent on the nature of the new
feed, returns: new feed ratic, and the returns sizing, has a
oonsiderable influcnce on the permeability of the sinter bed and

is normally in the 4-7 per cent region. This level is associated
with good bed permeability which 1s readily indicated by the back
pressure across the first updraught windbox. A drier mix will give
a higher back pressure resulting in blow holes in the s:nter bed

and uneven sintering while a wetter m1 x tends to promote opuild-up

in fed chutes and hoppers and maxes ignition difficult.,




9.6 Chemioal Composition of Sinters
M“m
Chemical composition of sinter Plays a very important part in

producing hard sinter by the updraucht method comdining effective
desulphurisation and luzp production into one operation. [t has
already been mentioned that this type of sinter 1s utontul)’ self-
fluxing and the fluz additions are smade tn the sinter miz,
Sinter is composed mainly of compounds containing Zn, Pb, Cald, 3102.
FeO with 1igC and “20) ln minor quantities. T[he sintering parameters
which determine tne sinter.ny performance and the quality of sinter
are sinter hardness, lump production, bed temperatures, total
sulphur and sulphate sulphur. [t is proposed to outline the effest
of the different chemical constituents on these parameters. |
56.1 Zinc
Sinter for the [.5. Parmnace contains up to 45 per oent sine
(in both zinc o.1de and zinc ferrite forms). [t has been
found that the quality of sinter does not depend on the amount
of ginc present in sinter. For reasons of furnace contrel
however the zinc in sinter should be maintained at a steady
level.
5.6.2 Lead
lead is an important constituent in hard sintering and it

influences directly all the sintering paremeters.

Sinter Hardnesas

This means simply the ability to withstand plant handling.

Both plant erperience and laboratory tests support the view

that the effective harderning agen's 1ir. ‘his ‘ype of sinter

are l=a1 and s:lica, sinter haprress increas.ng with an
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jasrense ia lead temer. Unfortunsiely, due to the
valatilit; of lead sulphide nad oxide at temperatures belew
e peak tesperntures norwally emcouniercd there is a
Swdetantial vapour iransfer Sf lead in the gas sireen, and
his constitutes a consideradle recirculatin® load.

m Recovery

Lamp production .ncreasee very slightly vith increasing lead
fenor bul this parameter s far wore suscen'.'!s to other
faptors such as f.el iavel, ignition and bed pcresadiliity,

&Tape rature

Bod tempersiures decrease with .ne increase in lead. As he
Tate of lead volati| sation is dependent on peak bed
temperatures, these variaiions of poas Lenpersure w.in
SOmposilion have a waring on the wolatilisation of lead
from sinter,

Jotal and Culprate sulprar

Sulphate sulphur content of simter oAXe iNOTeases wita tive
inoreass of lead level due 17 incressed lead sulphate
formaiinn at nigner lead leveiw and iower sulpnate
deoomposi tinn At the iower peax temperatires,
Desulphurisation 18 independort of lead levels.

Limestone

Although haii sinters are essentially self-fluzing seme

additional hard burmt lime is added to the charge at the

blast furrsse in orier to control slag c mposition. ‘The
lime level in hart sinter depends on the iime: siiica ratie

required but is generali, ir ‘he 4-8 per cer’ regzion.
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Iasrease in line incresses sinter hasdnces al though the
offest diminishes above 7.5 por oent lime o besems
iasignificant,

m !mang

T™is is independent of 1ime lewvel.

u sz:r.!sn

Lime addition redices peak bed tenporataure,
Mﬁt in Tinter

A higher s.iphate sulphur in sinter 1s usually ebtained at

Bigher line levels. Mhis is dus t¢ enhanced cal-1um

Suiphate formation when the msrisus peak temperalare 19

depressed,

Silice

831108 is an 1dportant comstituent in produc.ing quality hard

siaters. For economic considerstions a low slag fall in the

Blaet furnace is required and 80 the silica 1s asuall; kept

6 & minimum, this varying from 2.0 - 6.0 per cent depending
On the res materials used and th- lead content of sinter, %
I8 is someiimes necessary 1o add silica sand ' the feed in

order to obtain the required silica content in sinter.

m Hardne ss

Bilics, iite lead, is & hardening agent for this tyse of

Sistering. "¢ relationship between sinter Aardness and
BLiled .3 i.near, the Dar'ness .ncreas Az vi.n incressing
®ilies comtar: in 2. nter. Tince inireai. g leatl nas a

Siniiar 7ot i 8 AL ra ' & %A oeate a3t iow s:ilioa

wowd k- W PR B, BN, . w4 L e T S A




i

5.6

sinisise the gangee eentent in e siater.
jomp Recovery
A slightly higher lusp output results from the imevease ia
sinter hardness obtained at Righer silica lewels,
T rature
Poak bded temperature is redwed Wy imereased siliies.

Sulphur in 3iater
Both sulphide sulphur and sulphats sulphur ineresse with

tmoreasing silica. The effect on sulphate sulphur 19 dae
%0 decreased peax bed temperature with increased 3ilica.
Nere slag vol e st hiz.er silica can resuit in inc-eplete
desulphurisation of the sulphide bearing concentrates which
Pocome embedded i1n the sisg before the exothermic reaction
oehses.

Aren

The iron content in sinter varies from 6 to '8 per ceat

depending on the concentrates use!. [f very low irom

oemoentirates are availadle i1t sa; »e necessary 1o add ire; in

the fore of burnt pvrites to the feed in order to tring the

fron in furnace sliag within the required range.  his i not

coammon pract.ce however,

It is found in iaborator; tests that there i1s no significant

difference Le'ween sin'ering paraseters and .ron level whea

the iron leve. 13 below ' per nent level.

The hardress of nigh iron sinter 7., - 1% Fe) 19 prefoundly

$afisenced o, he cremical comzinaticn .n which irom 13 added

%0 the aiz; when iror is added ss silphide there 18 &
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aslesete Sssline in hardness with inereasing iren centent,
Put vhon iron is added as durnt pyrites the decline o asve

masked and oxtremel; low hardmess values are obtained at

higher iron levels.
Do definite charye in sulphur econtent ia euiput sinter 4o
found with changing iroa lewel.
£¢ 19 quite evident that the magnitude of the effest of iren
OB sinter is devendent on tne form 1n which lron 19 preseal
12 the rew materisls. This sucgests the desirsbility of
Enowing tha amineralogical fore of irom preseal in &u O7¢ oF
osnoentirate.

wllnge
Alamina 18 normail/ a miner comstituent of sinter Lhe
typioal level being 0.5 per cent. 3ome erperimental work
oa & laborater; sar'e has been performed but results were
gemerally inconclusive although satisfactory sinters were
preduced.
Magnesvis

Nagnesia i1s also s minor conati‘uent around the 0.9 level.
The level of magnesia in siater is more important frem its
offeot on the firnace slag than on sin‘er bit 1t would appear
Shat increasin? sagnesia content results in decreasing

hMardases dut has no effect on the sulphur ia sinter or the

poak beod temperatare.




™ dasic requiressats feor [.5.7, einter somain the same ol though
in seme cases the tolerances hawve deen tightenesd i.e. the

@osirable sise range is } in. -~ 2 in,

™e flowsheat of every plant is similar te that deserided in
Seotion 4, but there are, of ourse, individual variations between
the eleven piants,

Bvery proportioning system has constant weight feeders installed
and it 15 generall; agreed that these are essential if any degree
of metallurgical contrml 1 to be achieved,

T™e old plants rave only one miring unit butl the most regent plants
Mave twi, he eguipment isunlls emplojed is a dra but at Neorelles-
Cedault, rrance 2 disc 19 used for the second stage miver and tals
is found Lo be very surcessfal, . he Tecule “reec, Australia, plant
is the emepiion because on this plant the feel i1a split into the
igaition and sa.n lajer fractions before ai.ing and hence two
Bizing srvtems are 1nstalled,

Pood splitting 18 one [ the regions of greatest variation between
plants although there 1s universal agreement on the objective,
Sorew sp.ittars, backet splitters, reversing conveyors, table
splitters, a trelley chute and 8 simple pivoted chnute are all
eaployed with varying degreea of success. Xo one system can be
eomnidered ideal howsver,

Distridution of feed across the sinter machine is done everywhere
emept 2’ Kabwe, [ambia and Swansea Vale by reci;rocating feeders.
T™he sinter mach.nes saployed are essentially the same although

different manufacturers nave slightly difiering designs. 1be
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offestive areas wary nerasusly hewever deponding en age of mashine
ond smount of sulphur to Yo slimintted. The sealing arrengement
19 & sliding grease seal in all plants with the emeption of
Sumiko, Japan and Relledune, Canada where the apring-loaded grease
seel principle is employed. his system is not so satisfactory when
high gas strength 13 required but 1s frequently used in the ferrous
industry.
T™e suxiliary fuel used for ignition purposes is generslly a heavy
or medium o1l but natural gas is used at Copsa Mica, Rumanis and
Town's Gas at Miasteciso, Poland with equal success,
To ensble tne ~pltimus sise of sinter to be delivered to the [.3.F.
sinter sereening 1% carried out on double deck sereens at
Machinohe, Japan and Avonmouth, all other smeliers employ single
dack screening.
Sinter cocling is performed just before or just after the final
erusher (smo~th rolls, .t all plaats except Lwansea Vale whare the
original de=.gn incorporated & cooling table at the tip end of
the machine. “his has the disadvariage of cooling all the sinter
oake and not ust the returns fraction. 7ockle Creex also have a
eooling table but located (ust dbefore the smootn roils. Utherwise
drums find universal application for cooling returns. Hot crushing
1.0, smooth rolls erusher before the cooling drum, 13 practised
at Berseli.s, {, Cerwman;y and Eelledune,

6.2 Process
There are very few 4i1ff{erences in the process msthods of the various
plants and these are mainl, due to limitations imposed b, the

available equipment. Cas recirculation i1s practised at all plants
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with the emeption of Noyelles-Oodault and Kadbwe. This latter aethod

of operation results in a greater sulthur elimination per unit of

grate area but a slipntly losar sas sirength,

Due to the versing natures of the raw materials available at the

different smmlters ‘ne typical analyses of the sinter produced are

widely difference 1.60.

m B
Avonmou th 42.5 20,5
Belledune 31.0 20.0
Perselius 46.0 18.9
Cockle Creex 46.0 20.0
Copsa liica 38.0 18.0
Hachinohe 44.5 20,0
Maasteczko 42.5 20.5

Noyelles-Godault 46.0 17.5

Sumiko 47.5 16.0
Swansea Vale 45.0 19,0
Kabwe 27.0 22.0

Fe0
9.0
21,0
10.0
10.0
12,0
10.5
9.0
1.0
95
9.5
15.5

ca0 810,
4.5 3.5
1.5 5e5
4.0 3.0
4.0 2.5
8.0 5¢5
4.0 3.0
6.5 6.0
4.5 3.5
5.0 3.0
5.0 3.5
12.0 7.5

s

1.5
1.2
0.7
0.6
1.2
0.7
1.0
0.3
0.7
1.1

009

It is to the credit of the I.S. Furnace ihat it (usually) manages to

digest so varied a diet.
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T. WTURE DEVELOPMENTS - ' | p

T.1

7.2

New Processes

The sintering process as applied to the Imperial Smelting Furnace
embraces both desulphurising and agglomersting and it is difficult
to envisage an alternative process which achieves both these
functions at one time. However, there is the possibility that two
stage processes could be enployed.

Roastiag of zinc concentrates in fluid bed roasters is already a
well established process and it is quite probable that the
resulting calcines could be pelletised to form a feed suitable for
the furnace c.f. the ferrous industry. One of the nrime advantages
of the Imperial Gmelting Process is its ability to handle charges
with up to 255 Po and o date it is eytremeiy difficult to roast
materials containing more than 10-12 Pb except on a sinter machine,
hence roasting and pelletising as an alternative to sintering would
ocertainly be less flexible and probably require more capital
expenditure.

As an alternative to pelletiscing, the oxide materials could be
briquetted. Again, the limitations with lead will apply to the
roasting stage but incorporation of secondary materials should be
more easily accomplished with briquetting. [t is doubtful, however,
if there is any overail capital advantage.

It seems therefore that the [.S5. Furnace will always have to be
agsociated with a sinter plant if the flexibility of the furnace
prooess i3 to be fully exploited.

Improvements in Sintering

Essentially these must be aimad at producing a better quality sinter
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for the furnace to enable higher draughting rates to de achieved with
more efficient utilisation of coke. Coupled with this the sinter
plant must achieve higaer production rates to match the increasing
demand of the furnace.

For reasons of sinter plant control and to achieve optimum sulphur
elimination a constant sulphur in the feed to the sinter machine is
highly desirable and continuous monitoring of this parameter with
automatic correction of the raw feed: returns ratio to maintain a
constant sulphur would constitute a major step forward.

Zinc, lime »nd silica analyses should also be constant for good
furnace con <l. Due to fluctuations in the sintering pricess
itself this is virtually impossihble but on-stream analysis of
machine feed for these components would minimice any variations,
Sinter machine feed permeability 1s another i1mpouritant factor in
sintering since 1t allows higher sintering rates, i[here is scope
for consideravle investisation i1nto the machanisms of feed
preparation in order to cLiain the optimum mix.

Sinter machine operation 13 quite well established and highly
automated. However, one advance woul” be to blow the whole of the
updraught area with fresh air and have no ges recirculation. Ihis

is being performed already at !oyelles-GCodault and has resulted in

a 40,3 increase in sulphur elimination per unit area »f grate.,

A growing awareness of the importance of sinter sise on furnace
operation means that 1n~reasinziy more attention will be paid to
the handling of the sinter ccke between the t.p end of the sinter

machine and the furnace. A sma.l size range is considered highly

benaficial and therefore tne equipment in the sinter crushing
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section must be oapable of producing the maximum quantity of sinter
within the optimum range from the sinter cake tippins from the
machine.

finter returns are cooled normally by the returm of procese slurries.
These are of variable solids content and the solids have a varying
analysis. While the added solids corstitute a small proportion of
the recirculating load, on stream analysis and density control

will help in the production of a sinter of uniform chemioal

oomposi tion.
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8. OWCLUSION
The updraught sinc/lead sintering process used to produce sinter for the
Imperial Smeliing Purnace is well established, being operated currently
at eleven smelters with three more either under design or construction.
By 1972 it is estimated the Imperial Smelting Furnoces will be producing
800,000 tons of zinc and 500,000 tons of lead '’ annually. This will
yequire the production of some 2,500,000 tons of sinter of a continuously

improving quality. Clearly, although a well established process, there

remains room for much improvement in this field.
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