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INTRODUCT ICK

Efforts to develop commercially acceptable direct reduction
(IR) processes during the last quarter cemtury are possibly a
revival of efforts made in this direction some two centuries ago.
Though the production of iron and steel in anciant times was based
on reduction of iron oxide at temperatures below the melting
temperature of iron and gangue materials, the early processes of
solid state reduction did rot have any significant impact oo the
iron and steel industry,mainly because of the develomrents ir the
blast furnace process. Some of the major reasons for the renewed
interest in the direct reduction process during xecent years are
the dependence of the blast furnace on tlie exclusive use of
metallurgical coke, the non-availavility of good quality coking
coal and increasing costas of coking coalj availz::lity of other
reductants in many countries; the growing problems of residual
elements in s:eel scrap together with the wagaries of scrap market
which have accelerated the search fcr an alternative melting stock;
and the need for installing smaller capacity plants to suit the

specific requirements of market and resources of many countries.

The term direct reduction has te:n generally euployed to
denote all irormmaking processes other than the blast furnace
irrespective of the +ype and nature of the product. Some of these
processes produce iram (in mclten or sclid state) for prcductiam
of steel, while others provide pre-treatment of iron tearing raw
materials and v stes and the products obtained are utilised as
feedstcck for iron smelting plants, For the purpcee of this

vaper, however, the ciscussiqps are cenfired only to sucn IR




processes which have reached the stage of camcercial significance
for the production of highly metalised solid product, referred t.
as direct reduced ircn (IRI), %o be used as malting stocc in

electric arc furnaces,

It may be mentioned that while a great deal of published
information (1 to 65) is available on the technolagy, flow shect,
energy requirements and plant description of the various IR
processes, the infomation on the envircnmenial aspects is
scantye The details of pcllution and its control presented in
this paper have teern specially obtained in mest of the cases from
process suppliers/plants (67 to 75) and their ccoperation in this
regard is gratefnlly acknowledged.

DR FRCCESSES OF COMMEECIAL SIGNIFICANCE

The DR processes which have found industrial applications
grouped under twe heads accarding to the type of reductant used, .
are given n Table-i, The table indicates type of reduction unit
and a list of industrial installations of each process. The
processes ave briefly described in Appendix-1 and their world wide
installations are shown in Figure 1, The flow sheets of d.n’ferént
processes are shown in Figures 2 to 10.

Gaseocus Reductant Processes

From Table-1, it will be noted that there are six ccmmercially
significant gaseous reductant processes -~ Aixmco, FIOR, HIB, HyL,
Midrex and Purofer, These processes use three different types of
reduction units, namely retort, shaft furnace and fluidised bed.
The shaf% furnace is adopled by three processes, namely Armcoy
Midrex and Purofer. The HyL process - the first modern DR process
and the only one using static bed reactors ~ has recently annnounceal
the develomment of HyL III process which is a shaft furnace process
exploiting the advantage of the inherent efficiency of the counter
current flow moving bed system. Thus, soor enough, the gaseous
reductant processes may constitute shaft furnaces and fiuidised

bed units.
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The:. shaft furmaces and retorts utilise either sized iron cre
and/or rellets as the feed material and the fluidised bed processes
utilise either natura: ore fines or conceatrates. Thus, from the
oxide feed viewpoint, the fluidised bed processes offer the possibi-
lity of utilising a cheaper material. While %the shaft furmaces
produce DRI in cold or hot state which can in neneral be :sed as such
as melting stock, the product obtained from fiuidised bed reactors
has necessarily to be briguetteu before use, In all these processes, B,
reformed natural gas is used as reductant. BEither steam or recycled
top gas is used as the refomming agente.

From a review of the industrial operations, it appears that
at present the Midrex is the most established shaft furnace process.
The industrial units adopting Ammce and Purofex lprocesses are not in
"operation at present. The retort process, HyL, has found wide appli-
cations The first industrial units, one each of the two fluidised
bed prccesses, HIB and FIOR, have been built but till recently these
units have been under modification.

Solid Reductant Processes

Though the Hoeganaes and Weiberg processes have been in ;
industrial use for about 70 and 30 years respectively, these have
not beea inclwi2d in this paper, as no new plan*s of these processes
have been bui’: :o1 quite some time nowe It is noted tliat most of
tl2 modern :n.id4d = Jductant processes utilise the rotary kiln for the

reduction unit. Amongst these, the SL/RN and CODIR processes are in
industrial operation.

The ACCAR process has becen tried out for a very short period
at Sudbury Metals Company, Canada in 1976, but the plant h-<s since
been shut down. The plant was based on the use of natural gas in a
rotary kiln orilginally installed for use of coal.

The Kinglor Metor proc#ss, utilising retorts, has been indus-
trially operated for a very short duration in a plunt in Italy before
being shut down. It is reported that anotier plant of this process
has been recently 82t up in 3uraa. A 8inilar process, Echeverria
developea in Spain has had a short span of industrial 1ifz of about

7 years, be’ore being closed down in 1965.
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a few others which are poised for industrial application. A briaf
mentiop of these processes may be of interest., These include the
following:

Gaseous reductant Solid reductant
processes processes
gyL III ACCAR
NSC DRC

These processes are also described in Appendix-1. Both the
gaseous reductant processes, HyL III and NSC, are based on the use
of the shaft furnace and high top pressure, No plants based on these
processes are reported to be under constru~tion at the moment.

It is reported that the HyL III process has been txried out at
Monierrey by modifying a comventional HyL unit (24). In this (HyL III)
process, the conventional (HyL I) four-reactor unit is replaced by a
‘wo=zone single shat't rea.ctbi'.. The upper part of the shaft reacteor
is the reducing zone and the lower part is the cooling/carburising
zone. Taese are separated by an isovaric zone. The shaft operatas

at high pressure (4 atm and higher). The top gas i3 recycled to the
reduction zone

The NSC process, developed by Nippon Steel Corporation, has
been tried out in their demonstiration plant at Eirohata, which is
now smt down. In this process, ‘tha reducing gas iz generated by
steam reforming of natural gas, and the top gas after cleaning,
cooling and removal of 002 i3 recycled iuto the shaft fmrmace after
reheating. The shaft operates at a top pressure of 3 kg per sq em g.
In the pilot plant the product was cooled in an isolated chamber and
for commercial plints hot discharge of products is proposed.

Both the emerging solid reductant processes, ACCAR and DRC,
utilise rotary kiln as the reduction unit. The ACCAR process as
installed as Sudbury Metals was based on the use of natural gas only.
A new plant (150 000 *ons/yr) based th's process to utilise non-coking
coal and fuel oil is now under constmection in India. The 13e of coal

23 reductant has been tried out st the ACCAR pilo*t plant in Niagara
Falls, Canada.
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The DRC process was developed on the basis of the experience
gained in processing ilmenite and a demonstration plent with capacity
of 30 00C/50 000 tons per year wis built in Rockwood, USA in 1978.

A 795 00 tons per year capacity plant is now reported to be under
construction in Soutn Africa. '

Unit Sizes

The unit sizes of the industrial DR plants for different processes
are also shown in Table-1. It will be observed that the most common
unit size adopted by the shaft furace processes is about 350 000/430 000
ton3 per year capacity. The largest shaft size in operation and under
construction is of about 600 000 tons per year capacity. The Midrex
process standardises its units om two sizes, designated as Serie. 400
and Series 600 mudule units.

The conventional HyL process utilising static bed reactors have
four standard mcdules designated as A, B, C and D corresponding to
anmial production capacities of 290 000, 412 500, 515 000 and 625 000
tons respectively at 8% metallisation.

The fluidised bed plants are of different capacities; the FIOR
plant is of 400 000 tons capacity, whereas the HIB plant is of
1 million ton annual capacity.

The commercial installation of rotary kiln processes vary widely
in their unit sizes rangiag between 350 COQ and 400 000 tons per year
capacity. Bowever, the operating experience in units larger than
150 000 per year capacity has been marginal. The Kinglor MMetor process
uses a standard module of 20 000 tons per year capacity.

RAW MATERIALS

The two major raw materials required for DR processcs are the
iron oxide feed and the reductant. In the gaseocus reductant processes,
nomally natural gas s used. Though there is a possibility of using ,
gas obtained {rom other fosail fuels, in industrial practice so far,
only gas generated from heavy fuel o0il has been utilised. In the solid
reductant processes different types of coal are used. Besides, these

processes require dolomite or limestone as a desulphurising agent.
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The genexal characteristics of the cxide feed materials and

the reductant used in the different processes are discussed below:

Irocn Oxide Feed Material

The iron oxide feed material used in DR processes varies
considerably and iis selection depends on the requirements dictated
by the %type of the reduction prccess, the troperties required to
maximise the proce s efficiency and the gquality needed to optimise
the utilisation of the product in the subsequent steelmaking

operations.

The reduction efficiency in a moving packed bed or in a
static bed is greatly influenced by the bed permeability, higher
permeability pramoting the gas to solid contact. Therefcre, in
these processes the size distribution of the feed materiazl, the
ability of the oxide feed to resist degradation as well as
decrepitation, and the physicél behaviour during reduction at
elevated temperatures are of iuportance. Preferably, the oxide
feed material should be of rarrow size range, and higia amounts of
fines are undegsirable., DMaterials tending to stick, cluster and

swell during reduction are to ne avoided.

In the rcotary xiln processes, materials of a wider size range

ctr

han theose fcr srhaf% furnsces can be accepied since the reactiaon
rates zare not influenced by %he bted permeapility. HZcowever, the
materials should not genmerate fines eitker by degradatich or
decrepitation,as these would leave the kiln with the flue zas.
Tendency to stick or to fom cluster adversely affect the kiln

operatian due to accretion.

The fluidised bed processes require fires with ccnsistent
and appropriate size distribution., A high percentage of very fine
material and narrow size distribution are not desirable. lict all
types of ore fines are suitable for the fluidised bed processes;

for example, fines tending to stick and forming agglomerates

during reduction are to be avoided.




From the steelmsking view—)jint, the chemistry of the oxide
feed material is important. It should preferably have a higher
Te content (between 56 to 63 ter cent) witk low contents of gangue,
chosphorus, sulphir and residual elements (Pv, Cu, Zn, Cr, Co).
The limit of tke Zangue ccatent would devend on the propoertion cf
DRI to be used, With only 5@ DRI in arc furnace charge, the
(SiOg + Alzci)/Fe ratio can %e between $.05 to 2.0%9, while fer
high DRI charge (.,C¥ or aare) it should te below C.05. The 2
content should be less than 0.C%%5. The residual elements rarely
constitute a problem. The S content, however, can present a
problem. From the IR process viewpoint, to prevent éatalyst
poisoning, the S content in the oxide feed stock shoula be below
0.015% for the Midrex standard flow-sheet and velow 0,024 for
Midre: alternate f{ .cw-sheet,

Keeping the above factors in view, it would be evident that
for all tke DR processes other than *he fluidised bed processes,
sized high grade iron ores .and pvellets with appropriate physical
and chemical properties need to be utilised. Tywical analyses of
some of the peilets and ores utilised in the different DR processes

are given in Table-2.

The general trends in the use of cxjde feed in the different

industrial TR processes are summarised below:

a) The 9yl process started up with the use of 100
per cent ore., Later it switched over to 100 per
cent pellets and the present industrial practice
is based on the use of pellets only.

b) The Armco process operated mainly with pelletsy
however, in certain periocds,limited use of one
type of sized iron ore has been made.

¢) The Midrex process w.3 developed with the use of
100 per cent pellets. Iuitially,only pellets
obtained from a few specified sources were
acceptable, Today, however, the process has
shown 1t5 cnapability of utilising varied precpor-
tiong of sired ore (7 t> 170 zex ceny) wita a
wide range of pellets. A part of fines (3 to
6 mm) which were earlier rojected as screened
out waste, are now acceptable as feed material
in certain propcrtions.

4/ THe Pur>fer process operated in Brazil with 100
per cent iron ore and in Iran with 100 per cent
pellets.




e) The fluijised bed processes have sc far used
only Venezuelan ore fines, :

£) The rotary kiln plants (SL/RN and COTIR)
generall; use sized ore., The SL/RN plant
has also used pell-ts and titeniferous
magnitite corcentrate.

The seleciion of the feedstock for a rtarticular trocess is
subject to conducting inivially appropriate tesis in the laboratozy
and later by testing in actual ogerations, Nomally, the process

suppliers carry out the tests. For rotary kiln process, however, ize

demonstration plant set up dy the Goverament ~f{ India at Paloncha. Xcthagudem,

India, with ®IDO/UNDP assistance offers opportunities for large
scale testing of raw materials to determine their suitability.

The stipulations generally made by different processes with
regard to the characteristics of the oxide feedstoek are summarised

in Tavle-%,

Reductant

Natural gas: In-'the gaseous reductant processes, mainly natural
'gas is used as reductant. There has Qéen so far only cne plant in the
world, Cosigu.. in Brazil, which operated with gassified heavy oil but
tiis plant ras now ceased working.

The natural gas has to be reformed %o wmroduce %he reducing zas
required for the process, The technology of reforming and the
equipment used vary from process tc process. ©On the basis of the
technology of reforming, the gaseous reductant processes may be

classified as follows:

a) Processes using steam reforming - ByL, Armcc,
HI3, FIOR and H3C.

b) Processes using top gas reforming - Midrex and

Purofer.

411 tne reforming rrccesses —se a catzlyst., The stecm as well
as the %op zar .2formers (Midrzex) utilise a nickel-sased cz*alyst.
~evending on the reforming tecnnology adopted, the processes stipulate

the linits of the sulzrur content in <he natur=al gas, tecause the




sulphur 5C1s0ns the catalyst. The other undesiratle ccnstitu:nts
of natural gas are COp and niirogen. The cnaracteristics specified
by some of the DR prccesse; a the natwal gas qualily axre given in
Table-4.

Coal: Co2l ie used as a reductant in the solid reductanz

processes. The suitacvility of coal is judged I{rom the viewpcints of
reactivity, ash content, zsh fusion temperature and swelling index.

The SL/BN plants are operating with sub-bituminous coals, ezcipt the
unit in New Zealand which is utilising lignite char. The CODIR process
uses anthracite coal as reductant ané sub-bituminous coals as fuel.

The characteristics of coals used in the rotary kiln plants are given
in Table-5.

Keeping in view the larger reserves of coal (compared to natural
gas) and the great.r success achieved in th» gaseous reductant processes,
atte. _cs are now being made to utilise gas generated from coal as
reductant. Pilot plant tri;ls have been made with the use of ccke oven
gas as reductant. The development and commercial acceptance of these
tecktmologies would be largely govermed by'the relative costs of gas

generataed from coal and natural z=s.

PLANT PFERFCMANCE AND PROTUCTE

Industrial excverience indicates that with a new prccess, ccnsiderzble
efforts are needed to achiasve sustained production of the desired guality of
product at the rated output level as well as to master the tectmology.

Trese processes are also highly sensitive to the quali*y of feed
materials. Therefore, the gestatior periods hz—ve varied dcpending on
the local conditians and the status of industrial exgerience of the
relevant DR technology. Most of the first IR plants adopting a new
technology also have had to undergo significant modifications tefore

achieving commercial success.

The Midrex plants have shown their capability of achieving the
rated capacity within reasonable time at different locations. Tt must,
nowevar, nct be forgotten that a gZreat deal of efrort had to ve put in
at the inicial plants before they would reach rated output levels.

The Armco unit at Houston took more than two years to reach 70 % rated
capacity level and subsequently, it has ndc been operating. The Purofer
units were operated for shert duraticns and failed to achieve their

rated annual capacities,




The Zyl plants in Mexico have shown their capabiiity of producing
at the rated and even above the rated capaciiies. Similar success has,

however, no% deen reported from the plants elsewhere.

HIB process has still not got over its problems, though nearly
ten years have elapsed since its start-upe. The FICR plant is imrroving
its performance and has achieved about 5% of the annual nroduction

capacity.

Performance of the rotary kiln plants have also followed a trend
siﬁilar to the gZaseous recductant units. The New Zealand plant achieved
its rated output level in 5 years. The Brazil plant has achieved a
8% productian level in about 6 years. The South African plant is
reported to be operating at 8C% capacity level.

Tne industrial experience on the XKinglor Metor process has been
limited and the plants have not operated long enough to establish

their performance capability.

The product qualities in respect of the degree of metallisation
and the carbon content are governed by the process technology. Of the
different processes discussed above, the HIB nrccess produces the lowest
metallised DRI - about 7%, which is not suitable for steelmaking. This
is followed by tiue HyL process, generally achievirz 89 to 87% metallisa-
tion. All cther processes normally produce 90/9%4 me<allised product.
The degree of metallisaticn and the carbon contenis generally achieved

in different processes are indicated in Table-5.

Energy is required in two-forms: gas/coal and electric power. The
energy requirements of different processes depend on the type of
reduction unit utilised, the quality of the feed material used and the
quality of product. The general levels of energy consumptian as achieved

in industrial plants are indicated for different processes in Table-5,

The water ccnsumption of TR plants depends on the process
tecnnology, tne rywe of equiczent used and the local conditions. On the
one nznd there are pl-=n~s u~n s the Arcco ar Zows ton where a2 'cnce-
flow' system is adootel zu-ise -{ The abundant availability of wzater
and ar such, the water consumrcizn is nigh. On the o%ther, there is
also a plant like the one in Gatar, where water-to-water heat exchangers
are adopted for cooling of circulating water, and the system losses are

minimum.
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The general requirements of water for differeat processes are
also indicated in Table—6.

SNVIRONMENTAL IMPACT

Whernever an indvstrial plant is established on a greenficid
site, it disturbs the ecolecgical balance in the area. This distrr-
bance is generally described as pollution of the envirzonment. The
pollution can be due to discharge of material waste in the form of
gas, liquides, solids or in the form of gemeration of heat, noise and
odour: it can also be aesthetic. There hus been a general trend all
over the world to combat industrial pollution and guidelines have
been established laying down the permissible level of pollutants that
may be discharged by an industry into the surroundings.

While a great deal of published information is available on the
environmental impact of the conventional iron and steelmaking processes,
the magnitude and extent of pollution by the DR processes is not well
documented. This is possibly because of the prorrietory nature of
these processes and their application predominantly in developing
countries where envirommental control regulations are not siringent.

In a IR plant, pollution is cansed by several agents. Pollution
of air is caneed by dust generated from handling and processing of
raw materials, and by emission of dust and gases from process equipment.
Water used for equipment cooling and process requirements gets
polluted. The effluent discharged is contaminated by suspended matier.
Noise associated with the rmnning machinery and relative motion
is another source of pollution. The source, type and extent of pollu-
tion in a DR plant is dependent on the process technology and the
equipment utilised. |

A DR plant includes facilities for oxide feed storage
preparation and handling; reduvctant storage, preparation and
handling; reduction; and product handling, storuge and screening.
The oquipment and facilities irnstalled vary from plant to plant,
depending on the type of feed used, the process adopted and the
mode of utilisation of the produce. The elements of Dk technology/
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plant operations which have inrerent potential for adverse environmerntal
impact 2nd the measures taken to control polliution are discussed zelow
for each major section of the plant., The sources of pollution in

typical DR processes are shown in Figures 11 .o 19,

Tmissions, Zffluents and Wastes and Thejr Treatrment

Customarily, the oxide feed storage, preparatior. amd handling
system cowmprise equipment such as conveyors, bins and screens. The
screening of the oxide feed is carried out mainly to separate the
finer fractioas. In some cases, the plant way also include crushing
tacilities for luwp ore, and rarely, concentration/beneficiation
fac: .ities, Gerwerally, therefore, the pollutant from this section
is the oxide dust. The amount of dust generated depends on the type
and characteristics of the feed and the oxtent of preparation
facilities at the plant. Dust is collected mostly in bag filters
and sometimes througk wet cleaning system. The dust thus collected
is not gsuitable as such for use in the DR plant, and is generally
dumped.

The finer fractior of the oxide feed stock separated out at
the screening v.iant has also to be disposed off, At locations closer
to integrated steel plants, these fines could be sold as sintier feed,
In other-cases, they may have to be dumped., Hecently, the Midrex
process has started using a part (3 to 6 mm) of the finer fraction as
charge material to the shaft., This reduces the problem of disposal,

In the plants using solid reductant, the equipment used for
the preparation and handling of reductant is similar to that used
for oxide feed. The main pollutant in this section is dust and
facilities similar to those discussed for oxide feed are utilised to
combat it,

In the gaseous reductant plants, the common fewture of all
processes is the reforming facility, In addition, depending on the
quality of patural gas, other pretreatment facilities such as those
for desulphurigation are installed. The flue gas of the reformer is
a pollutant, However K the particulate emissions from this flue gas
are generally low, because natural gas and clean recycle g=s are used

as fuel., No facilities far cleaning the flue gas are, therefore,
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provided. Since the wvaste heat of the flue gas is also ‘recovered, .

there is lov thetmal pollution. A possible source of pollution can,

however, be the SO; content in the flue gas in some processes like

the Purofer, For example, if the matural gas contains high sulphur

(no pretreatment would be required for use in Purofer process, wkere

high temperature is used for reforming) the reformer flue gas will '
contain SO02. EHowever, to combat pollution, in this case, desulphnri-

sation of matural gas has to be carried out,

The desulphurisation facility depends on the %ype and content
of sulphur in the natural gas and the acceptable limit of the sulphur
in the natural gas and the acceptable limit of the sulphur in the
treated gas for the UR plant. Bog iron ore, zinc oxide and activated
carbon are the common desulphurising agents. Wwhere the sulphur
content of the natural gas is high and the process requirements (for
the processes using steam. reforming) are stringent, desulphurisation
is carried ouat by mono—ethanol amine (MEA) wash followed by absorption
of sulphur in zinc oxide. The bog trun ore and the zinc oxide have to
be replaced periodically. The used up bog iron ore has to be dumped
or us'ed ag sinter fe ' or in some cases regenerated. The zin~s oxide
is regenerated by the mamfacturer. From the MEA treatmeant plant,
MEA gludge is obtained as a waste., This sludge is normally dumpe-.
Otherwise, it can be incinerated or treated by bio-degradation before
disposal,

— —

For the plants using steam reforming, the blaed off £ "he
toiler feed water treatmeni plant and the boiler blow dr
obtained as effluents, These have to be neutralised tel —~scharge
to the industrial and sanitary sewerage systen.

In the csse of gasecus processes, :he gas coming out of the
reduction unit is reused. This exit gas :ontains dust and is
cleaned in wet scrubbers prior to recycliny,

In the solid reductant processes, the exit gas from the
reduction unit is led to a chimmey stack and discharged i~to the
atmosphere after cleaning. Various types of gas cleaning facilities
are utilised, The flue gas from the rotary kilns contain SO; ~rnd
305, and the concentration of these depend on the S input. The
scrubbing of the flue gas also removes gsulphur sxiies to a certain

extent,
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Per all wet ges cleaning systems, the contaminated water ic
treated threign crarifier and in most cases, the slurry from the
£

thickerer is filtered. The water reccvered is recycled and ke

sludge/filter cake is dumrped.

_ 'Tust is generated a2t the sponge ircn discharge point as well
as during storage, screenirg and conveying. wet gas cleaning
facilities are installed for atating the dust toilution. In tre
80lid recductant processes, Wwastes in the form of nor-megretic
materials such as ash and doicchar are obtained. These have +o

ve disposed off in dumps.

The metallic fines caanot be used as such for steelmaking.
Plants with small capacity tend to dump these fines. The possible
uses of these materials are as feed to sinter plant, 2nd in steel-
makin« firnmaces, afte_r briquetting. Attempts are now being zade to

meunatically convey these fines for injecting into the arc furnaces.

Due to condensation-of E,0, there is an excess water in the
process water circuit. This wzter, an overflow from the clarifier,
is discharged as an effluent with high content of dissolved and
suspended solids. In addition, to mzintain the quality of tke
circulating water, tke blow down from the cooling towers is discharged

as 2n effluent to the storm water drainage system,

The *ypes cf pollutants, the general measures to cambat
pollution and the levels of particulate emissions before and after
cleaning are given in Table-7. Detailed information cn pollution
and pollutian control for the various DR processes are given in

Aprendix-2,

Noise Pollution

The noise levels in the DR plants vary considerably. Whereas
in the gereral DR plant area, it can be about 80 to 100 dB(A), the
noise levels are considerasbly higher at the campressors, fans,
lowers etc, ranging frcm 100 to 130 dB(A). In mosi casea, the
cempregsors are located inclosed rooms., Special mention may be made of

trhe Midrex plant in Emden where the noise levels have been brought




Jdown considerably by providing adiitional sound~preofing facilities,
This was necessitated due to habitation rear the DR plant, The noise
levels of different DR processes are given in Table-8, Tke rnoise
levels of a typical SL/RN plant is shown in Figure 16.

Investment on Polluticn Cortruvl Facilities

Investmen* on the pollution control fagilities varies derending
on the process and the anti-pollution laws prevailing at tne location.
Data on the magnitude of investment for pollution contrcl facilities
is not readily a-ailable. This is part.y because a substantial part
of the pollutivn control equipment is in-built in the DR process
technology, specially in the gaseous reductant processes, It is
reported that for and 880,000 tons capacity Midrex plant with a total
outlay of about IM 430 million (66), the dotal investment for pollution
control could be around DM 5 million, of which about 66 per cent conld
be attributed to the waste gas cleaning systems and 33 per cent to the
water treatment facilities. In the rotary kiln processes, this could
be in the range of 10 to 30 per cent. For example, for SL/RN and
CODIR, it is about 10 per cent and far DRC, 22 %to 28 per cent of the

plant cost.

Operating Costs

Egtimation of operating costs for the envirommental contrnl
facilities in the DR units is somewhat complicated, specially for
the gaseous reductant processes, This iz because, as mentioned
earlier, the gas cleaning units are essentially required for the
process purposes and are integral with the process equipment,
However, some approximation is possible frv the solid reductant
plants, for erample in rotary kilns where the gas cleaning facilities
are not integral with the process equipment. The Sponge Iron India Ltd
estimates the operating cost of these facilities at about fs 30
(equivalent to about US $ 3.4) per ton DRI.

Furture Possibilities

The major areas of future development for environmental protection
are expectes td be in che fields of recovery of waste energy to reduce

thermal pollution and the utilisation of solid wastes,
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The possibility of recovering of waste energy is considered
feasible in rotary kiln processes., The heat content in the waste
gasss and kiln discharge amount to about 35 per cent. The heat in
waste gases can te recovered by a heat exchanger system upsirear
the after-burning chamber; and the chemical heat in the non-magmetic
kiln discharge can be recovered in a pulvarised coal firing system
(for example boiler). In this way total thermal efficiency can be
increased from 40 to 60% (78). In some gaseous reductant processes
there are similag possibilities as has been proposed for the

integrated ref~rmer for ithe HyL processes,

Utilisation of wastes are expected to develop primarily for
the iron oxide fines and dnsts.. Cold briquetting of dusts and
fines for reuse in the reduction furnmaces is one such possibility.
DHI fines are alreaedy teing briquetted and the other alternative of
injecting it into electric arc furpaces will be posaible orly in
plants integrated with steelmaking facilities, The oxide and
metallic fires obtained from DR plants are accepiable in sinter
plants of integrated steel plants; however, this moue of utilisation
is not universal, The possibilities of using che sludge collected
from water treatment facilities néed to be investigated and suitable

processes developed.

APPLICATICN FOR DR PROCESSES IN DEVELOPING COUNTRIZS

Limited market demand and financial resources, non-availability
of coking coal and availability of'alternative re ‘uctants, as well as
the vagaries in the interrationmal scrap market favour the inastallation
of DR plants in developing courtries. Such plants have been installed
mainly from the viewpoint of domestic consumption of the DRI for
production of steel. Some DR plants may be set up to meet the regional

requirements of metallic charge.

The developing countries are already playing an important role in
perfecting DR technologies on a commercial scale., It will be evident
trom the Table-1 that most of the DR pl .nts are located in developing
countries though all the process technologies, except one (HyL),
originated in the industrialised countries. It may te noted that

che plants based on Purofer process and the fluidised hted units are
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all locaied in developing countries, In the field of solid reductan:

processes, the plants in regular operation are only those which are

lncated in developing countries, The first installations of the

emerging processes, namely EyL IIT and ACCAR (using coal) are also in '

developing countries,

location and Capacity

A review of the location of the existing and under comstruction
plants will indicate that the DR plants have been installed with the
vse of locally available epergy. It is,; therefore, likely that in
developing countries also a similar trend may prevail for future
plants.

From Table~1, it will be noted that most of the gaseous reductant
plants which have been installed are in the capacity range of 350 000/
400 000 tons per year, though some units with larger capacity of up te
600 000 annual tons have also been built. In respect of the solid
reductant plants, it would be noted that their capacities vary widely
from plant to plant. It may also be mentioned that till date, the
operating experience for reasonable period of time is available only
for kilns up to about 150 000 tons per year capacity. The selection
of plant capecities will have to‘kéép thes£ in view,

The selection of location &nd capacity of the DR plants im
developing countries will also be influenced by the availability of
rav materials and location/demand of the copsuming centres of DRI.
Therefore, DR planta could form a part of either an integrated mini
plant, or a captive source to supply a number of mini planta in the
country/region. The poseibility of setting up DR plants for exporting
the product will have to be judged from the viewpoints of domestic
energy resources, market and other lccational factors., It may be
mentioned that in the recent past, the feasibility of overseas trans-
portation of DRI has been reasonably established, DRI obtained
fram & number of procesaes have been transported over long distances
including overseas locations, The experience in shipping indicates
that though there are hazards in transportation, these could be
overcome with appropriate precautions. In this context, it may also
be mentioned that till now the trading in aponge iron has been carried
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out only as an interim measure from such scurces where adequate
steelmaking capacity is lagging berini the TRL czracity. The

stability of the DRI will %e an important factor in storaga ard
handling for expcrt. ZFrom these cci:siderations, dbrigquettes are

favoured.

Raw Materials

ron ore rescurces suitable for producing IRI of steelmaking
quality are plentiful in the world. Therefore, in the long run,
problems of availability are nct foreseen. Brazil is the mest
important suptlier of naturai ore ané is sxpected to comtimme to
do sojsbecause of its large reserves of marketable oxide feed in
different forms. Guinea, which has a rich iron ore deposit, is
expected to emerge as an importznt supplier. Venezuela kas natural
ricn cres, but a large part of the produce womld possibly he
required to meet the domestic demand. The suitability of tke

South Africar ores for use in DR plants will have to be established.

In addition to the above-mentioned natural rich ores, IR
plant feed may be obtained by bereficiating ircn ores fi:om varicus
sourcegs. These sources include Brazil, Sweden, Peru, Iviry Coast,
Indié, Liveria, Canzda etc.

Vaj

rom the viewpoin+t of the immediate future, however, there
may be prcblems of obtaining suitable gquality feed material., It
is mainly from this viewpoint that the different DR processes are
trying to widen their oxide feed materials bases by trying ocut
sized ore and pellets from different sources. It may, however, be
mentioned that it is somewhat difficult-to predict the situationm
of the feed materizl for IR plants, beceuse there has been
considerable time lag between the arncuncerent and completion of
DB plants on cne hand and a somewh2t corfused situation in resrpect

of the development of pelletising capacity,on the other.

From the viewpcint of rzductant, as menticned earlier, lcf:z'_l
resources are generally expected to be utilised. Of ccurse, there
are instances, such 23 2t Hamburg ard Emden, where pipeline gzas
from other countries are usgsed in DR plants. 3Similarly, the use of

imported coal cannot be ruled out.




Environmental Considerations

The envirormental control facilities inetalled in trhe I&
plants in develsping countries vary significantly. As the statutory
raquiremerts for enviror.iental protection are not striagent in
developing countries and tke fact that additional cosis (installa-
tion and operation) are involved. there may be a sertain reluctance in
installing these facilities. EHowever, the general consciovusness in
these countries for protecting the s2nvizcnment is als) growing.
Therefore, the extent of pollution control facilities installed
much depends on the entrepreneurs of the precjects. To give an
example, at Paloncha, where the stonge iron plané nas been put up
by the Governmens of India in collaboration with UNIDO, the IR
plant is provided with most up-to-date environmental protection
facilitieds which are described in Appendix-3. In the vicinity of
the same plant,there is a ferro-silicon plant which is emitting
large volume® of unclieaned smeltar gas. Recognising that the '
recovery >f by-rroduct and its use can only make pcllution cantrol
economically attractive; Sﬁoﬁge Iron India Ltd plant is now carrying
out investigations to identify the 'possible use of the sludge
collected from tke dust cleaning facilities of the materials handling
system and the reduction unit as a construction material. In the
Zageous reductant processes, however, treatment and cleacing of
gases is a part of process tecnnology and therefore, these are

installed in 211 plants at all locatiams.

A conventional integrated steel plant discharges a large
volume of waste products,which contribute in a big way to
environmental pollution.’ The bulk of this polluticn is cormected
with the primary production of iron and steel, The more important
and the major unresolved problems in the area of controlling
emisc’on in a convertional steel plant are resulting fram coke
oven operations. This step is totally eliminated in the IR croce-s
rovte. To control particulate emissions in modern blast furnace
and BCF ccnverter sheps, extensive use of special pollution abate-
Tant systens such as Jume exiraction in c23t ncuse and local
2xhzust system3 in various goints,are essen-i2l, 3Similerly, in

-~

respect of tne effluenta frce the coke ovans, the discharge water
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zets contaminated with toxic compounds such as phenols, thiccymates
and azmmonja., These need bio-cnemiczal treatment fcllcwed by biological
treatment of the effluents. Compared to these, the pollution frcm 2
DR based plant will %e ccnsiderably less, though the pollutiam
problems encountered in raw materials handling and preparation are
scmewhat similer in both., In this ccntext, it may be mentioned

that many industrially advarced countries have teen considering

the possibility of shifting the primary overations of iran and steel
production to developing countries, to avoid the protlems of environ-

mental pollution in their own coun*ries.

Thus, i* may be said that the market, energy and otber resources,
as well as the environmental considerations are more favourable for

the installation of DR based plants in developing countries.
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TABLE | - D2 PROCENSES OF COMMEECTIL smrcm_csy
Type > Pirst industrial
Progess —aedyctioy naqt = _unit setup iy Existing Ipdustrigl Dlggts __C_auc_-\%_
] 7000 tona/yT
G4SEOUS 2EDUCTLNT
1mc e Shaft Aumace 1972 imco Ina., Bouston, Texas (GSA)Y 330
Fior ee Fluidizd bed reactor 1976 Pior ds Vensmusla Si, Matanzas 400
{(Venezuela)
o3 oo Fluidised bed resctor 1971 Minerales Oxdaz Ci, Minorca, uerto 1,000
Ordas (Venezuela) .
SyL es Bssstor 1960 ZyLSA, Monterxwey (Maxico) = mi’/ 100
- 270
- 450
EylSA, Pusdla (Mexioso) = 1P 335
-2 700
TiM34, Vera Crus (Mexioo) . 280
USIBA, Salvador (Brasil) - 328
+? Krakatan Steel, Cilegem (Indonesia) 515
State -:/:: Iron & Stesl Klor—ile s
Zadair ( = .
SIIOR, Venemsla -~ 1% 1x 360
. - n;!’/ 3. 600
Midrex e Shaft fumnaoce 1969 Oregon Steel Mills, Portland (USa)Y/ 2 x 200
Georgetown Ferroduction, South 400
Caroling (US4)
Emburger Stahlwerks Gabd, Hanburg (FRG) 400
ACDIDAR, Tills Constitution (irgentina) 420
Jalaine Siderca (irgentina) 330
Sidbec Dosco I, Contrecceur (Cansda) 400
3idbes Doseo IT, Cantrewcoeur (Canada) 600
QUSCO, Uom Said (Qatex) 400
Iron & Steel Compeny, Point Lisas 420
(Trinided & Tobago)
Britiah Stesl Corporation, Hunterstan (IX)¥ 2 z 400
SIIOR I, Orinoco (Venszusls) 400
SIIOR II, Matanzas (Vemnezuela) 3 x 425
EMOEN (FEG) 2x 440
Purafer «s Shaft furnace 1978 Cia Side de Cusnabara, Cosigua 360
(Brazi])R
NISIC, ibvas (Irsn)d/ 360
SOLID REDUCTINT
ACCAR .o Botary kiln Sudbuz) Metale, Ontaric (Cenada}Y/ 260
cnme e« Botery kiln 1973 Dmswvart Tron & Steel vorks, Bemomi 150
(Sor~=a Afriocs) . .
or Metor .. §$
Kingl 11icon aarbide shalt 1976 mg m ‘_c:' Spa, Cremons (Imy)*/ gg
SL/RN +e  BRotery kiln 1969 Hew Zealand Steel Ltd, Gleenbroak 125
' (Nev Zealand) A
zm Bickel Mines, Palconbridge 400
docos Pinos Piratini, 84., Porto Alegre 65
(Braail) ‘
Heala ) Co+, Casa Grande, Airizona 65
(USL) ! .
The Steel Co. of Criffith Mines, 350
Ontario (Caaada)l
SIIERPERT, Chiabote (Peru) 100
SIIL, Zothagudem (India) 30

0 s ‘

For produstiom of DRI for steelmaking.

b/ Pleat preseatly not im operatica.

o/ Converted to HyL III (Shaft).

4/ Converted te ACCAR pruoess using natural gas.

& lo




PELLETS

CVED, Brazil e
Samarco, Srazil .e
Carol lake, Canada ..

Hiltan, Canada .o

Sidbes - Nomine, Canada

Wabush, Canads .o

Alzada, Mexico .o

Pn&landa.xuim‘

Hierroperu, Peru .o

LKAB, Swsdea .e
MPS, Sweden .o
MPR, Swedan - .e

Savage Pilna, Tasmania
0SKOL, USSR .

L OBS ORE FINES
Aguas Qaras, Srazil

CVRD Luap, Brasil ..
Espranca, Brazil .,
Flejao, Brazil .o

Mutuca, Brazil .o

Ironsend Concentrate, New Zeland.®'®/

TABLE 2 - TYDICAL CU. ICAL ANALYSTS OF IRNN OXIDE FEED STOCKS

Carzo 3alivar, anonuln_b/ .

Elpao, Venssuela ,,

Sen lsidro, Venemualad/

Kromdral, South Africa

Postmasburg, South Africa

Sisnin, 3outh ifrica

Bayaram Ore, India ,.

NOTES)
"3/ Contain 8% T102.
b/ Ore finss.

Fe

58,00
66,50
65.26
67.08
67,00
64.03
67.22
66,00
67.30
68,13
66,00
88.1¢
67.10
66,79

67.81
68.46
69.98
68.25
67,50
58.00
65.14
66,53
66,41
67.30
65.37
67.16
61.%0

TSED 7Y DR PLANTS
1,46 0.79
3.00 0.75
5.73 0.33
2,18 0.25
2,50 0.50
2.78 0.27
1.28 1,03
.09 0.84
1.40 0.58
1.53 C.74
4.00 0.60
1,22 0.36
1.50 0.35
3,32 0.19
0.65 0.9
8,70 1.18
0.39 0.i5
o.M 0.72
0.90 1.50
4.00 4,00
0.57 0.60
2,18 1.02
0.32 0.42
0,60 0,30
3.62 1.4%
3.9 1.12
5.70 3.50

ca0
ES

0.66
0.34
0,22
0.15
1.49
1.97
0.34
0.12

0.51

0.05

0.05

0.10

100

0,01
0.12
0.01
0.50
0.20

0.02

0,04

4.‘,

0.047
0.07
0.012
0.005
0.02%
0.009
0,052
0.041
0.006.
0.009
0,015
0.00%
0.008

Q.008

0.041
0.042
0.008
0.08
0.0%
2,07
0.11%
0,025
0.049
0.04
0.026
0.029
0.019

0.006
0.05
0,002,
0.006
0,006
0.005
0.020
0.016
0,005
0,002
0,005
0.0c5
0.03

0,005

0.009
0.045
0.005
0.0
0.09
0,005
0,027
0.005°
0.03%
0.14
0.012
0.011
0,06
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TAELs 3 - CHARACTERISTICS NF OXTDE FEED USED IN DR PROCRSSES

Shaft furnace: Reactor Fluidised bed Rotary kiln !
A, CHEMICAL ANALYSIS -

Sulpmr, max .o 1) o.o15$é/ 0.15% Preferable Preferably
(for standard (preferable) below 0.03% . low in view
1 owelieet) of steel-

11) 0,025 (for ' maing

i Ltemative ’
flowsheet)

Phosphorus .o Bo limitation in regard to process but preferably low

. , 0.07% max in view of steelmaking.
Sio, . ee . A high silica content results in lligh slag volume during

steelmaking, Howe~ .o, a very low silica content may
result in excessive decrepitation, swelling and sticking
‘during reduction.

A1203 .s K.t impartant for reduction, but preferably should be low
- toobtai.nlovvol*meorslagins‘edmld.ns .

—

e e .

3. PHYSICA, CHARACTERISTICS

Screen analysis .e 6 =5 m 5 -« 50 mm- Generally (less 5 = 25 mm
’ with 12,7 - than 12,7 mm v
50 mm at with =325 mesh
least 25% (44 microns)
less than 20%
Compressive strength .. 250 kg min 20 kg min = Not relevant 218 kg min
per pellet per pellet ' per pellet
ASTM Tumble Index (+6 mm %)
- Pellet . 90 %0 Not applicable 55
- Ore ve - 90 20 Not applicable 80
 Reducidbility under .. 92 .95 Not applicable Preferably
reducing condition .o _ - more than 90

NOTS

; This level of sulphur indicated is relevant for Midrex process. Pov- processes
using steam reforming, the sulphur level may be up to 0.19% in the oxide feed.
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TABLE 4 - CHARACTERISTICS OF NATURAL GAS

Midrex

HyL

CH4 oo oo _ 80% maxX g 88% min

CZHS oo oo m maXx ) ) '
Csﬂy ee o ' 10% maxX g 2% mx

c.5, ¥ oo )

410 e 8% mx

cH, Y . ) | . 0.5% mx

oY .. . - 15% max 1,5% max
'Nz oo oo 15% max -

d)2+H2 .e e ' 20% max -

Total aulphu:rﬁ/ ' .- . 15 ppm 8.5 mm3/

st . e e Not impartant 53 ppm max .
CH3S ' . : e ' |
ws¥ .. 3 s 3 ppa *
Net calorific value (xwl/m3) 6,900 min : 8,600 min

NOTES ; :

a/ Heavy hydrocarbons should be preferably low.

b/ Higher C02 content requires higher capacity process gas compressors,

fans and hlowers,
</ If sulphur is oresent in appreciable quantity as COS, speeial
treatment is required. for its removal,
4/  In case of high temperature reforming such as in Purofer, where

reforming process is carried out at i2000C te 1400°C Sulphur
level up to 200 ppm can be tolerated,

The sulphur limit in the reformer is 0.5 to 0.6 ppm. Up to 8 ppm
sulphur level in natural gas, simple desulphurising facilities
such as activated carbon hed iz adequate. with sulphur higher than
8 ppm, elaborate desulphurising facilities such as MEA system to
be employed,

o
'\



Ao

Chemioa) Analysis (Wet %)

Pixed ocarden
Volatile matter
dsh .e
Moisture .e

Sulphur .e

3., Neot Ha.ntlnﬁ “alue

~

e

Calorifie valus, xoal/xg

Other Properties

Ash softening point, °C

Heacotivity

D. Type .e

NOTES)
i; Char produced fros this is wsed as rvductant.
b/ Initia) deformation temperature,

X3

TABLE § - GKABACTEH;STICS OF O0ALS UBKD IR ROTARY

Valkato, New Zeplana®

18
0.3

663
1270

Mentte

KILR PLANTS

Chgrgueandga, Brazi}

36

2)

32

9

0.4

¢ 4 600

Above 1 250
High
Bub-biliuminous

Bingereni, Indip

22
24
1

0.4

6 000

1160

Koderate

Bub-bituminous

Duff, Bouth gfriog

53
24
1%

0.7

6 300

115

Moderate

Bub-bituminous

Anthraofte, South Africy

»

1 260

Moderate

Zituminous

JForest Burx, Conndg

33
33

21
0.37

5 915

1 116%/ o

Higt:

Bub-bituminous

'

¢ stow



TABLE 6 - PLANT PERFORMANUE AND PRODUCTS OF SELECTED DR PLANTS
ByL - I Armoo Midrox  _Purofer FIOR SL/RN CODIR
Type of oxide feed Pellets Pellets and Pellets gnd Pellets or Fines Pelleta or Pellets or
lump orxe lump ore lump ore lump ore or lump are
(10% max) 50%) oconcentrate
Eergy mquirodzy._)n DRI
Natural gae, G Cal 4.11(") )_1(2) 2.1(22) 5.,()1) 4.0(2) _ _
Coal, G Cal - | - - - - 4.75(2) 4.0(2)
Kleotric power, k¥h 40 w(® 125(22) 130031 10002)  5590(2) 55(2)
water required, ou m/ton DI 2-3(%) 2.0(2) 1.5(2) 1.0(2) 5.5(2) 23,6070 4520
Product ‘ 3
Metullisation, ¥ 85-87 90-92 92-94 92-95 90-94 89-96 90-94 '
c, ¥ 2-2,2 2.4-2.8 17 £ 043 14043 1203  0.2-0.3 0.2-0.3
Briquetting
required - X of
totul production 243} 2-3 5~10 100 100 10-15 10-15




Seurce of poljutant __ ___Pollutant

'S w Mt a » P
1) Ozid Ore /

Screening atation, storegs silos
s conveyor trensfer polnts

11) Cosl
Crushing and screening station,
conveyor trensfer points

111) Botura] ges treatment

ey lpharisation seotion

TABLE T - MAJOR POLLUTARNTS IN B

ELECTRD DR PROCESSES

Method of Sresiment

Dust

1) 8olid waste

1i) 8ludge

Flue gas

Disposal/smisnion levels .

Dry or wet dust collection aystem

Dry dust collection syatea

Spent activated oarbon or aiao
oxide catalyst or bog irva with .
sulphor deposits are dispoaed of to
vaste dump.

Disposal 'of mono—sthanolamine (KEA)
sludge to waste dump.

Ko treatment ea particulate emis-~
sion 1s low and is vented to
ataocsphere.

Duat loading in weste geanst

B~ a7~

Ridrex ..

BLl .. 4,%0 150
:,': 1nr .. 10,000 50

. 5,000 . 100
yioR .. 100
e .. 1,000
CODIR .. 160

D3 ve Upto 0.5% plans ' Be visible emis-
feeds

sion from bag-
heuse

Dust loading Ln weste gust

8L/RN .e ese
CODIR .r see 120
DRC .. Upto 0.5% plant Bo visible sais-

faeda

5 mg of sctivated gu-bon/l-’ of gea treated
€ mg of Zn0 per Ea’ of ges treated
V & of h(OE), per Wnd of ges treated

1.5 mg of MEA gludge generstilon per et of
gse treated

sion (rom baghouse

Oxide feed hendling sid pre-
parstion systea is mote or lass
simtlar trreapective of type of
DR process, Bowever, there may
be some sdditions]l olsenifica-~
$ion ’acilitiea fer oxide feed
depending oa the apeciflie process
requireasnias,

In case of sativated cerben or Zn0
or 'o(OH)j sre adopled, ‘he orme
1s regeanerated, Hovever, sfter
several regensratior, the mbterisl
loses {iis absorption proj. ety ond
ia discarded,

_OE_

L oTqeg




Source of pollutang

C. Badugtiop Unit

Reductica onit including charging
and discrarging systes

D P | [ Fye
yotem
1) Produot

Screening station, storage
silos and conveyor tranafer
polinta

11) Briquetting

—Pollatant = ___ Method of treatmept
Duat Dry or wet dust collection system
Dast «. Dry or wet dust collection eystem

Duat Dry or wet dust collection syates



' Digposel/eniesion Javels

. Dust loading in waste gas:

Befo treatms

Nidrex .. 100,000
BLI ., 4,500
ByL IXXI ,, 10,000
nsc P 5,000
riOR .e ees
sL/em ., ves
copir .. cee
DRC we 10,000

Dust loading in wvaaste gaam

B L1119
ng
Midrex ., 30,000
ByLI ., 4,500
HyL 111 .,
s8¢ .
8 .e
CODIR .o vee
DRC .e 10,000

Dust loading in waste gas:

Be atme
ag/Ma
Midrex ., 30,000
HyL I ve 4,500
YIOR .e .o

Afte atoen
ng
50
150
50
100
144
50
50
Afge atm
ng
50
150
120
fot vimible
ealssion

ng
" 50
150
92

Product hendling and preparstion
system le aore or leus seas in Ve
sll the DR processsa, Howewer,

in case of so.id reductant based (
proresnsns megnetio anpsration le
required in addition to storsge
convaylng end screening fsailities
In thoae processes wviiere hot

aponge is producsd, .re produot

fte elther direatly t.vpaferred

to SM3 or hot brinuetted,

Cold briguetting techaique eaployed
by the various direct reduotion
planis im esssntislly ssme far
both gas and solid bnaed processes,
The proceas parsmetecs sre
governed principally by the
extent of landling required,
Thua, the gensration of dust at
the briquetting plant !m expacted
to be same for all proceuuss
producing vold epange,
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Source of pollutant Pollutent Mathod of tresiment Digpgnal)/fe Remarky

8. Process Water Tieatment apd Colling
Systes
1) Boller fsed water treatment Woate vater Discharged to sewer after neutrelisatfon Helavent only in ateam
seation reforming proceas,
11) Direat cooling water (DCW) a) Waste wvater Excess wvater generated in the process {is fAigh TDS and low suspended solide
circuit discharged 1o sever after treatsent in content in discharged water.
olarifier . .
b) S0l1d wastes Trastment of DCW in olarifier folloved by = Eatlaated quantity of sludge to bhe
sludge treatment facilitiea including dumped le 20 ~ 40 kg/ton of aponge
devatering of sludge which is dispowed of irem,

to Wwaste dump

111) Cooling tower blowdowm Yaste wvater Certain samount of circunlating weter con-
teining mainly high TD8 la disposed of
ta sever to maintain the quality of
circalating water.

F. Bolge lave} I (V)]
n
Belt conveyors, dedusting systes, Hoine Generslly no sound pollution control system Approximate noiae lavel datal )
screvning stetion, vidbrating is adopted, However, depeiding on anti-
fesdera, compressors, briquetting pollution regulation previiling in diffe- Midrex .o T4 to 135 4B (a)
station eto. rent vountries, equipment emitting high ByL .« UOpto 110 dB (l%
noise level are elther provided with usG .. 100 to 105 dB (A)
silencers or kepv in sound-proofl buildings. 8sL/um . aoe
cobpIR .e 89 dB
pac . 75 vo 83 aB (4)
4
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PABIR 8§ - NOISE LEVELS OF DIFFERENT DR PROCESSESS’

Main air fam

Compressors
Preheaters

Waste gas fan

Xiln drive
Bag houses

et dedusting

¥OTS:

a/ Without sound cc.2r/silencing etc.

-

dB(A)
BT Midrex
133
92107 13
. 88-93
130
93110
92-96 9799

xsC CODIR _DRC
100-105
85 7>
. 8023
87
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OF COMMERCIAL SIGNIFICANCE

This review is confined to such direct reduction (DR) processes
which have reached the stage of commercial significance for the
production. of highly metallised solid product, referred to as direct
reduced iron (DRI) to be used as melting stock in electric arc
furnaces, There are several DR processes which have been tried out
industrially and a few others are poised for commercial application.
The processes in both these categories grouped according to the type
of reductant used and indicating the type of reactor used are listed

below:

Type of Processes tried Processes poised for
reductant Tyve of reactor out indugtrially comm, applization
Gaseous Retort " HyL _

Shaft furnace Armco HyL III
Midrex NSC-DR
Purofer k
Fluidised bed Fior
313
Solid Rotary kiln SL/RN Accar 2/
CODIR DRC
Retort - Kinglor Metor
Note:

é/ Accar process has a plant based cn gaseous reductant which was
converted from a solid reductant rotary kiln unit, No other
gaseous Accar plant is reported under consideration, therefore
it is not included under gaseous DR processes.
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4 great deal of published information (1-865) are availadle
on technology, flowsheet, plant descriptions of ithese :trocesses.,

Therefore, these processes are briefly discussed telow:

HEYL PRCCESS

Hojalata~y-lamira SA, Mexico (Zylsa) developed the EyL
process and rilot plant of 30 tons per day cavacity was set up in
1955. The first commercial plant of 2CC tons per day capacity was

installed in 1957 at Monterrey, Mexico.

Process Description

The HyL process uses a reducing gas obtained oy steam
reforming of desulphurised ratural gas over a nickel-based catalyst,
The reformed gas amlyses generally 7% Z5 and 13% CO0. The steam
is condensed and the reformed gas is brought to a temrerature of 87C°C
to 1,030°C, The reduction'iéucarried out on batches of high-zrade
oxide feed neld in fixed bed reactors. The reduction »rocess is
basically a 4-step batch operation. In order is provide continuity
of gas flow and its effective utilization, four reactors are used,

eacnh rassing through a 4-step cvcle as follows:

Clean out 2rd charging: Inptying the reactor of final reduced
rroduct and charging it with fresh unreduced oxide feed.

Secondary reduction: GHeating of the fresh charge 2and partial
reduction by preheated exit gas from reactor under primary
reducticn.

Primary reduction: Further reduction of the partially reduced
charge by the preheated strong reducing gas from reactor under
cooling.

Cooling: Coolirg of hot sponze iron after primary reduction,
by fresh reducing ges from reformer,

This arrangement envisages that at any instant, each of the 4
reactors is in cre of the four stages of the cycle., & flowsneet of

the ZyL orocess iz given in Figure 2,
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Appendix-* (contizmed)

The ga8 coming out of eaca reactor is scrubted. It is heated
in a prebeater vefore entering the primary and secondary redaction

reactorse.

Sveeial Features )

The traditional EZyL process (now referred %o as JyL I) as sased
on operation of 4 static bed reactors through a -ycle time of 12
hourse. 'The process employs Pullman-Xellog type r=former using steam
as the reforming agent. This has made the reformer independent of the

reduction operation and has rendered a great flexibility in using high
sulplmr feed siock.

In general, th2 DBI produced in HyL process is of 85 to 87 per
cent metallisation and carbon content varies between 1.8 and 2.2%.
The cold sponge iron after screening is stored either in covered [
stockpile or in bins for subsequent despatcn to steelmelt shop.

Plant in Operation and Under Construction

At present there are 20 HylL units with total anmuel capacity of
about 9 million tonse. Of these, only 9 were understood to be in regmnlar
operation in 1980-81 and the total production of HyL DRI in 1980 was
about 2.26 million tons.

Three units in Iran were under construction and their completion
has been delayed. An unit scheduled to be installed at TIXKA, Zambia,
i8 now reported to be abandoned. The units installed and under
construction are given in Table 1-1 on th; next pagee.

Energy Re rements

The energy consumption of the HyL units is of the order of 4.0 Geal
in tems of natural gas and 40 kWh of power for one ton of producte.
Depending on the extent of use of steam drivea, the power consumption
could be varied from O to 100/120 kWh.

. Major Equipment and Facilities

Due to the process requirementis, the 3screening facilities of HyL
plant requires four size clasasification of oxide feed l.e. =5 mm, 5-12.7 mm,
12.7-50 am and +50 mm. The fraction 12.7-50 zm 13 charzed at the bottom of

the reactor followed by S-12.7 am. The -5 mm and +50 mm fractions are

not usede




Appendix-1 (continued)

TABLE 1-1 - WORLD-WIDE 7L INSTALLATTONS

Installed No. of
Country and Company in units Annuatl capacity
tons

Ao, OPBRATING/INSTALLED
Brazil -

Usina Siderurgica de Bahia, SA 1974 a1 300,000
Simoes Filho, BA (USIBA) ‘
PT Krakatan Steel, Cilegon, 1978 1 575,000
West Java ' 1980 1 575, 000-.
1981 2 1,150,0005/
4 2,300,000
Irag
| 74 o
State Company for Iron and 197 4 1,485,00
Steel, Knor Al-Zubair
‘(exico .
Eylsa, Monterrey, L 1957 1 95,0 og/
1960 1 270,00
1974 1 475,000
Hylsa, Puebla 1969 1 315,000
| 1977 2 700,000
Tubos de Acero Mexico SA 1967 1 235,000
(TAMSA), Vera Cruz _
1 2,090,000
Venezuela
CVG Sidernrgica del Orinoco 1977 1 420,000
SA (SIDOR), Matanzas 1979 -3 2,100,000
' : 4 2,520,0009/
B. UNDER CONSTRUCTION '
Iran
National Iranian Steel
Industries Co., NISIC, Ahwaz 3 1,000,000
NOTES: ’

Expected to be commissioned in December 1981.
b/ Not being operated.
</ Sht-down.
4/ Reported to have been converted to HyL III with an increased
annual capaclty of 300,000 tons.

i
\
\
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na Zyl reformer ig of Pullmen-rellos desism znd uses rickel
Sased catalyst for reforming of naturzl gas w.oth superneated sieam.

rs lined with refrzciory

o]

There are four ideriical reduction reactt
Tricks. EZach reactor vessel is provided with individual charge
hopper and rotary loading chute as well as discharge device, Zach
reactor 1s equipped with a gas prenheater and a dehumidifier, The
product is cooled down to zbout 5C°C in the cooling cycle by using
cold reducing ges. The product is screened and the undersize (-3 mm)

is either dumped or briguetted.

Raw Materials

Though the first commercial plant at Monterry commenced
production using sized Z1 Fncino lump ore, later it was found tkat
the use of pellets significantly improve the performance of HyL
process, 4% present all the Eyl plants are operated with pellets
only. Alzada, Pema Colorade, CVRD and dolomitic LZAB pellets are

being used in different dyl plants.

Product

The sponge iron obtained is of the same form as that of
material ckarged., Typical analyéis”of sponge iron generally

produced at Hylsa plants is given below:

Fe total .. | B87.2%
Carbon .. 2.2%
Residual oxygen .. 3.7
Ca0 .e 1.9%
Gangue - 4.3%
Metallization ee  B85.1%

Recent Developments

HyL II: In 1979, Hylsa proposed a modification to the
conventional HyL I process with a view to reduce energy
consumption, This new scheme was identified as EyL Ii. The
ma jor differences between HyL I and HyL II are:

1) The instellation of integrated reformer in HyL II
wherein the reformer and the gas preheaters are
integrated through systems of waste heat recovery,

instead of incependent reformer and preheaters in
HyL I.
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(continued)

Installation of 2 centrzlised constant semperature
Jiv.cess g£as preneaters utilizing mainly the zeat iz
refomer flue gas compared tc 4 indevendent fuel
fired zas preneaters each coupled wiih one reactor.

iii) Clustering *he four reactors with a centralised
charging and discharging system in HyL IT instead
of irndependent crarging and discrarging facilities
with each reactor in the conventional design.

iv) Replacing a considerable part of steam drives of
ZIyL I by electric motor drives in HyL II,
This process has not been tried out and can be considered as

abandoned.

HyL III: In 1980, Zylsa announced the emergence of HyL III
process which is basically a shaft furnace process designed for
nigh pressure overation. It is a continuous process like any other
shaft furnace process. The upper profile of the reduction reactor
is same as in conventional HyL static bed reactor. The ma jor changes

are in the reduction facilities 2s given telow:

~ One moving bved countes cuvrrent flow reactor instead of
four static ted reactors.

- Cne gas preheater and one scrubber operating continuously
instead of four operating intermittently.

- o air heater or combustion chambter.
- digh pressure (4 %o 6 atm) operation.

-~ In-built cooling zone like other shaft furrace
processes,

The reformer for EyL IITI is integrated and coupled with
pre-neater, a flowsheet of the HyL IZI process has been shown in
Figure 3, An advantage claimed by the process promoter is that
HyL III reactor can te retrofitted to an existing HyL I module.
It is reported that the 2M unit at Moriterry has been retrofitted
to HyL III in early 1980 and is in operation.
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oxidation of natural zgs
for utilizing natural gas reformed by the trocess off-gas in Febbdle
Stoves. The first industrial scale unit with a caracity of 1,CC0C fons

per day was commicssicred 2t Zouston, Texas.

Process Descrintion

o

The reducing gas for the Armco procaess is gererated by the

catalytic refcrming of desulphurised ratural gas with steam at

(]

318-955°C, The itemperature of the reducing gas tefore enterinc the
1o}

reduction furnace through tuveres a2t the bottom of the shaft is
ad justed to 750-612°C oy the addition of off-gas which has Zeen

clezned 2nd cooled %o remove water varour. The counter-currezt flow
of the gas in the shaft accohplishes the preneating and reduction of
tne descending pellet bed. About 60 per cent of the off-gas drawn
out of the firmace into a downcomer, z2{ier teing cleaned in a wventuri
scrabter and cooled to remove water vapour, is used for firing the
reformers. The telapce, after béing conpressed and recooled, is used
for mixing withk the reducir s gas to control iis temperature ard for
cooling the reduced DRI pellets in the conical section at the boftom
of the furmace, The DRI pellets are cooled to ambient temperat-ure
before being aischarged through a gas-—sealing device onto an apron
conveyor. The DRI fines generated can be cold briguetted. A flowsheet

of the Arince process is given in Figure 4,

Svecial Features

The counter-current shaft furnace is provided with a2 central
insert for injecting reducing as well as z=coling gas. The process
employs Foster Wheeler raformer using steam in the stoichiometric
proportion as reforming agent. Tnis has made *the reformer
independen* of the reduction overation and has rendered a great

flexipility in using high sulphur feed stock.

The cold spongze i1on after acrecning is stored in storage

81los for subsequent despatecn to steelmelt shop.

P




Appendix-1 (continued)

Plant in Creration ard Under Consiruciion

Today there is only one unit in operaticn al Zouston tased
on the irmco process, with an annual czracity of 330,0C0 zomns.

Yo rew module is under construction.

Znergy Requirements

From the operation of Zouston unit, it is observed that
the average energy consumption is about 3.7 Gecal of natural gas

and 35 k%h of power per ton of sponge iron.

Masior Faniprent and Tacilities

The raw material kandling ard screening system is similar
to other shaft furrace process. The preferable size range for
the oxide feed is 6-32 mm., The reformer is of Foster-Wheeler
design ard uses = nickel oxide catalyst for catalytic reforming

of desulphurized natural gas with steam.

Armco process employs a shaft furnace of circular cross-—
section comprising of reduction zone and ccoling zore, 7Tre
reducing 25 enters the furm2ce Shrough refraciory-lined
turveres from the tustle nipe as well a2s through the central
inserts. A feed hopper at the top of the furmace receives
the oxide feed which is fed into fhe furnace through distri-
tution pipes. A steel apron conveyor located immediately telow
the discharge tute con%iols the rate of pellet movement tnrough
the shaft furnace,

The product is discharged oy ~“reaker tolls to a tuce

equipped with gas-sealing devices.




Raw Materizals

The size range of oxide feed (ore as well as pellets)
used at Houston is 6=32 mm. The oxide feed mix used at
Houstorn consists of 80 per cent pellets and 20 per cent lump
ore. The chemical anzlysis of Pee Ridge pellets from
Missouri amd graded Brazilian ore used at the Houston plant'

is given below:

Pea Ridge Brazilian
Pellet Ore
Pgr cent Per cent
Fe (total) .o 67.1 69.5
S5iG» .o 2.46 0.56
41203 .. 0.45 0.34
Cao .o 0.34 0.08
P .o 0.088 0.036
S .o 0.001 £.004
Mz0 .o c.21 0.05
Mn .o 0.025 0.036
Nuo0 oo 0,727 0.0M
K20 .o 0,028 0,005

Product

The sponge iron produced by the Azmco process is of the
same form as that of the material charged., Generation of sponge
iron fines is about 5 per cent. Typical anzlysis of DRI produced

at Houston is given below:

Fe (total) ee G1.5%
Fe (metallic) .. B4.2%
c - oo 2.4%
Residual oxygen .. 2.3%

Metallization e 92%
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MIDREX PROCESS

v

Trhe Midrex process was develoved at the Toledo plant of she
Surface Combustion Division of the Midland-Rcss Corporationm, USi |
in 1967. The first full-scale prototype plant of 2CC,CC0 %ons ger |

year caracity was installed at Portland, Oregon (TSi) in 1969,

Process Jescriviion

The Midrex process is a continuous process in which oxide
feed is continuously charged at the top of the shaft and the product
is discharged from the bottom. The reducing gas is gererated in 2
catalytic reformer using a mixture of ﬁatural gas and furnace top
gas. The reducing gas is nearly 95 per cent hydrogen and carbon
monoxide with a ratio of H2 to CO of 1.5 to 1,6, which is maintained
vy controlling the H,0 saturation temperature of the cooled process
gas. The temperature of the reducing gas leaving the reformer is

controlled by means of a by-pass containing a gas cooling unit.

The Midrex direct reduction furmace is divided into 2 zones.
The upper section is the 'reduction zone' and the lower section is
the ‘'cooling zore'. The reducing sas erters the furrace at tae
tottom of the reduction zome and is withdrawn at the top of the snaft.
Zris %top g2s is then cooled 2nd washed in a scrubver, condensing the
water vapour and removing pariiculates, ard is mainly used for
reforming te produce fresh reducing gas., The talance is used 25 a
supplement fuel to heat the reformer, The descernding metallised
material is cooled to less than 50°C by cooling gas tefore it is

discharged. The Midrex process flowsheet is shown in Figure S,

Special Teatures

The residence time of the charge in the shaft furnace iz about

6 hours,

The orocess uses reformer of Midrex design. It utilises the
reduction. furnace top gas as reforming agent. This restricts the
acceptable sulphur content of feed stock to prevent poisoning of
nickel catalyst used in the reformer %t1tes, This shortcoming ras

teen overceme by 2dopting an altermate flowsheet,
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Appendizx-1 (continued)

In general, Midrex DRI is of high metailiisation with an average
degree of metallisation of 92 and carbon content varying from 1.3 per
cent to 1.7 per cent.

Plarts in Operation and Under Construction

At present there are 16 Midrex units of which 13 are understood
to be in operation. The total installed capacity of Midrex DRI is
about 7 million tons and the total production in 1980 was about 4
million tons of the 14 units under construction, three unita in Iran

are delayed. The units installed and under corstruotion are xiven in
Table 1-2 on the next pagee.

Energy Requirements

The average specific energy consumption ranges ’oetween 2.6 and
248 Geal wich electrical energy consumption varying between 110 and
140 kWhe

Major Bquipment and Facilities

The oxide feed used is generally in the size range of 6 -~ 50 mm
and the under size as well as the over size fractions are rejected.
However, in some plants the 3 to 6 mm fraction is being recovered and
charged in the shafte.

The Midrex process bacically employs a shaft furnace where the
oxide feed 1a heated and reduced by an ascending stream of hot
reducing gas on the principle of counter-current flowe The shaft
fumace has a circular cross-section comprising a refractory~lined
reduction zone extending for more than one-half the height of the
furnace and an inverted conical cooling zone. A conical hopper at
the top of the furnace receives the charge material and feeds it to
a chamber for uniform distribution through a number of feed pipes.
For smooth descent of the burden, feeders are provided at three
levels of the shaft furnace. The top of the fumace is sealed to
prevent escape of reducirg gas and infiltration of air. Each
reduction furnace is provided with top gas and cooling gas scrubters

and compressors for process gas and cooling gas.
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Acirdar-Industria icgentina de
icaras, Si - Villa copstitucion

Deimine Siderca, Compana

Catnads
Sidbeo~Dosce Ltd.,, Contrecoeur

Zepublig of Germany
Hamburger Stahlwerxe GabH, Hsaburg
Norddeutsche 7errowerke GabH, Raden

atar
Qatar Steel Co Ltd, Uma Salid

Trinidad and Tobago

Iron and Steel Co of Trinidad
and Tobago Ltd, Point Lisas

United Kinsdom

.

.o

3ritish Stael Corporation, Bunterson, Ayrshire

United Statas

Xox?f Industries Inc. Georgetown
Perro—-reduoction, Georgetomn, SC

Oregon Steel Mills, Portland OR

Venemisla

CVG Siderurgisa del Orinieca 84,
_SLO0R), Matansas '

..

National Iranisn Steel Iudustries Co (NISIV)

¥igerig
Pedexal Ministr, o) Industry, Warr

£

bis:

Seudi irabia Industrial Development Co, il-Juball

x

L 38
Sabab Iron & Steel, Lebun Island, Ssbah

USSR

Ministry for Iron & Stesl, Kursk
Trin Tob

Iron and 3teel Co of Trinidad &
Tobago Ltd, Point Lisss '

MOTES,

y; Not being apersted.

2/ Reported to de under ocommiszajoning.

.o

Delayed rpd expected to be in oparatiom by 1984.
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me reformer ig of Midrex desism «nd zes furnmace top g2s as

refcrmins 2gent. The nickel bazsed catazlyst g racked in reformer

tukes arranged in rows, The sensitle hzat of reformmer flue g2s is

recovered Dv & recuperzior system.

The cold product discharged from the coeling zone is first
stored in product storage silos under controlled atmospnere and
then screened., The undersize is generally briquetted.
ilterpatively, the fines can be injected into the electric arc
furnace by pneumatic lance, The practice of the pneumatic injection

system is yet confined to trial runms.

Raw Materials

The lidrex process started with the use of 100 per cent pellets.
At present these plants are using & mixture of pellets and sized ore.
The exftent of ore use varies from plant to plant and is of trhe order
of 40 to S0%. Pellets, like CVRD, LXAB, SIDBEC Normine, Fire Lake,
Waoush etc and lump ore such as Aguas Claras, Mutuca, Feijao, CVHD,

Esprance etc have been successfully used.

Product

Midrey process generally produces sponge iron vith degree of
metallisation of 92% and above with carbon content varying from 1.3
to 1,7%. Typical analysis of Midrex sponge iron using CVRD and LEAB

pelleis are given below:

From From
Chemical CVRD LKAB
amalysis %_llets pellets
‘%
Fetotal e 92046 930 83
3102 ] 1 L] 71 1 . 1 6
Al203 .o 0.91 0.88
Ca0 .o 0.65 0.40
Mg0 .o 0.28 0.25
P .o 0.017 0,0
S .e 0.003 0.008
Cu .o Trace Trace
Metallisation 33,0 93,1
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Midrex nave developed = massivation technique called 'Chemaire
-rocess'. The first commercial plent with Chemaire process is now in

overation at Zmden,

Recent Teveloovment

The m2 jor recent develorments are; the alternate f{lowsheet,
briquetting of sponge fines which has been adopted in operating
plants such as SIDBEC, ACINDAR, SIDOR, the extra reforming capacity
by insitu reforming, prerneating of feed and process gas, oxide fines

briquetting, and the use of screw compressor for inert gas.

PUROFER PROCESS

The furofer process was developed by Thyssen Purofer GmbH,
Yest Germany. 'A semi-commercial shaft furnace plant with & capacity
of 500 tons per day was constructed at Oberhaussen, West Germeny in
1970. The first two commercial plants, each with a capacity of
350,000 tons per year, were put into operation in Brezil and Iran, in
1977 and 1978 respectively., At the plant in Iran, the reducing gas is
generated by cﬁtalytic reforming of natural gas with process off-gas,
whereas 2t the plant in Brazil, gasification from heavy oil by Texaco

reformer was employed for generation of reducing g2s.

Process Description

'The Purofer process uses shaft furmace for reduction. Tke
reducing ges is fed in the furnace at a temperature of atout 1,070°C,
The product is disc! irged hot into special cortainers at about 800°C
temperaiure, The charging of oxide feed is similar to that of blast
furnace.

When using natural gas, the'process cff-gas from the shaft
furnace is cleaned and cooled to remove water vapour, and about
one-third is then mixed with natural gas in stoichiometric proportions
to reform the natural gas for gereration of reducing gas. There are
two reforr ers which are alternately under heating and reforming.

The reducing gas contains about 95 per cent H2+CO (B2/CO about 1.4).
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Special Features

In the Purofer process. the main features are zs follows:

The produnt is discharged and if used as such offers
the possibility of saving electrical power for stieel

making.
Priquettes produced from hot sponge are very stable.

Uses regenerative principle for reforming. Eowever.
the time lag in switching on and off of reformers
ceuses loss of vrocess gas by about 20/25%.

Beczuse of high temperature reforming process (1200~
1400°C) sulphur level of feed gas even up to 200 ppm
does not reguire any desulphurisation and also there
is no restrictior on sulphur in feed stock.

The reformer does not require a large volume of cata-
lyst like other process; sometimes only nickel ceramic
pebbles inserted in the joint of refractory bricks are
adequate, In case cf high sulphur feed gas, some of
the refractory bricks zre coated with a catalyst.

The hot sponge nroduced in the Purofer that is generally of
90% and above degree of metallisation with carbon content in the

vicinity of 1%.
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Planta ig Ovaration and Under Construction

Two commersial Turofer plants were installed during 1976-T77,
each with a capacity of 330,000 tons Fe per year in Brazil and in
Iran. The unit at Brazil (based on the use of heavy oil) is now
abandoned and the Iran plant is not in operation. No plants are
under construction.

Energy Bequirements : -

From the limited operation of Iran unit, it can be irnferred
that the average gas consumption is of about 341 Gecal and power of
the order of 110/120 kWh per tom of sponge iron.

Ma,or Bquipment and Facilities

The oxide feed used in this process is in the range of 6.3 to
30 mm. PFines (-6.3 mm) need to be avoided and a screen is provided
after the oxide day bins. The reformer system consists of two
rSgenerating which are altermately used for reforming and reheating.
The Purofer process employs a refractory-lined shaft fumace of
rectangular cross-section (with vounded comers) widening progressively
from the top to the bottom to prevent sticking of the charge. The raw
materials are fed into the furmace from the top by a double-bell
charging system similar to that of a blast fumace. Two scrapper
bars provided at the bottom remove the hot reduced prodnct from both
g8ides of the shaft and the hoct reduced product is transported in these

containers either to the briquetiting plant or directly to the steelmaking
furnace for hot charging. )

Baw Materials

The Purofer process can be operated with either pellets or
lump ore. While pellets and sized ores from various other sources
have been tested in the pilot plant, commercially, Fiezao ore was
used in Brazil and Swedish pellets in Iran.
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no commercial NXEC-DR plant.

Process Descrittion

The NSC-DR process employs a shaft furnace which is operated under
high top pressure of about 4 to 6 atmospheres, Tre oxide material is
fed into the shaft furnace from tne top by mezns of a2 system of & gzte
valve and ges seals, The material is reduced by the counter-current

flow of reducing gas, generated by steam reforming of natural ges.

The natural gas after being desulphurised is mixed with steam
wonich is generated in the heat recovery section of the reformer. The
mixture is then catalytically reformed in preserce of nickel tased
catalyst in the reformer tubes. It is reported that XEC-IZ proposes
use Topsoce reformer, It needs to be mentioned that in the demonstration
plent at Hirohata works, reducing gas was gererated by cracking heavy
fuel o0il in lexaco gasification unit. Topsoe reformer was not used
for generation of reducing gas for the Hirohatz plant. 4 flowsheet
of the NSC-DR process using naturﬁingas as reductant is giver in
Figure 7. Like the Purcfer process, NSC-DR now advocates production
of hot sponge. The DRI product is discharged from the furnace through

gas-sealed collection hoppers into sealed steel containers. This was

also not tried out at Hirohata,

Special Features

The special features of NSC-DR are:

- Feed gas pressure of up to 6 atmospheres.

- Partial use of top gas as recirculated reducing gas in
the shaft furnace,

- Addition of soot (unburned carbon) for preventing raw
materials clustering.

- Double seal valve system for charging and discharging.

~ Hot briquetting of sponge iron (which was not tried
out in the pilot plant),




Arpendix~1 (continued)

Plant in Cperation 2nd Under Construction

At present, there are mo commercial NSC-IR units. Currently
the Government of Malay=<ia is considering for setiing up a $C0,CCO

tons per year NSC-DR module at Trengannu,

Energy Reaquirements

The average energy consumption achieved at Hirohata was of
the order of 3,95 Gcal per ton of sponge iron, based on use of oil

for generation of reducing gas in Texaco reformer.

Major Equipment and Facilities

Material handling system is similar to other shaft furnace
processes., For steam reforming Topsoe reformer will be used, which
is similar to Pullman-Kellog reformer in principle, The cleaned
off-gas is desulphurised, CO, washed, reheated (in a heat exchanger)
and mixed with the reducing gas before entry into the shaft furnace.
The top of the shaft is equipped with a double-lock hopper ckarging
system which is pressurised with irert gas to prevent air infiltra-
tion and reducing ges leakage. A table at the bottom of the reduction
shaft supports the burden and scraper bars mounted in a gas-tigct
chaster surrounding the bottom of the shaft, scrap the reduced
material off the table and drop it into a conical section that
funnels into sealed %o0% discharge containers through gas-sealed
collection hoprvers. 3Iriquetting plant for hot briquetting of sponge

iron is proposed without the use of binders,

Raw Materials

In the demonstration plant only 5 types of pelléts, CVRD, IXA3,
Carol lake, Wabush, Samarco and Granges Strassa {Sweden), and 3 types
of lump ore CYRD, MBR and Mount MNewran were tried out. There are no
limitations in the sulphur contents of the ore feed as the recycled
top gas is desulchurised during carbondioxide removal by the MZA

orocess before tz2in; used {n the shaft.
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Product Quality

The product quality achieved at the pilot plant generally had
a degree of metallisation about 94%. The total carbon content
varied between 0.7% and 3.654 devending on the type of oxide feed,

operating temverature, gas composition etc.

FICR PROCESS

The FIOR (Fluid Iron Ore Reduction) process was develored by
Zsso Research ard Engineering Company. A semi-industrial scale
demonstration plant was commissioned at the Imperial 0il Enterprises
Ltd, Dartmonth, Nova Scotia in October 1965 with a caracity of 320
tons per day and was abandoned in end 1969. The first industrial
unit was installed in Venezuela in 1976.

Process Description

The FICR procéss uses a reducing gas rich in hydrogen for
reduction of iron ore fines in a series of fluidised bed reactors.
The hydrogen-rich make-up reducing gas is produced by steam
reforming of natural gas over a nickel based catalyst packed into
the reformer tubes. The natural gas feed is desulphurised in zinc
oxide beds prior to reforming. The reformed gas is {nen shift-
reacted using an iron oxide catalyst where CO and steam react to
produce additional hydrogen and carbondioxide. The exit gas from
the shift converter is further treated in a COp removal wunit wrere
a hot carbonate solution in circulation absorbs the CC2 and males

the exit gas from this unit rich in hydrogen.

The dried ore fines (-12 mesh) from the dry ore storage bins
are discharged into a lock-hopper system and pressurised to the
reactor system overating vressure (1) atmospneres 2t 880°C), Tre
cressurized ore is then metered %o tne uppermost reactor wnere it
is preneated to the red .ction temperature by comtustion of ratural
25 anrd preneaved 2ir, %nus removing the L.O.I. 2nd 2 major vortion
of moisture in the flue zases, The flue gases are quenched 2nd
scrubzed L0 remove any iron ore fines, 2nd are depressurised Selore

letting off to tre atmogprere,




Tre Tluidised and r—e aztcd iron ore from the prehe
is steam-siripped to remove enirzizned 2ir, 2nd iz int—oduced into
the first of the 3 fluid ted reducinsg reactors, wnere it flows 2own-~
wards bty gravity and is reduced by the ascending reducing gzs. The
process off-gas leaving the upcermost reducing reactor is cooled,
scrubbed, compressed and rerneated vefore being reused in the lower-
most reactor. The reduced iron ore fines from the lowermost reactor
are depressurised through a product let-down system into the
briquetter feed drum, operating at atmospheric pressure. The
briquetting is done at temperatures owver 55C°C. The flowsheet for

the FIOR process is given in Figure 8.

Snecial Features

The FIOR process is suitable for use of oxide fines (-4 mesh
with maximm 20% by weight - 325 mesh). The DRI product must be
arglomerated tefore use in steelmaking furnmaces and the dense FIOR
briquettes can be stored and shipped as merchent products without (

any pretreatment similar to Purofer briquettes. {

Plant in Ooeratién and Under Construction

~ There is only one commercial plant in operation at Matanzas,
Venezuela. The annual capacity of the unit is 400,000 tons. The
rlant produced about 220,000 tons in 1980. No FICR unit is under

construction,

Ma jor Equipment and Facilities

The ma jor equipment required in the FICR process are:

i) Ore drier, for remcval of surface moisture in the ore.

ii) lock-horpers, for pressurising the ore fead to the
preheat reactor operating pressure.

iii) Preheat reactor, for removing bound moisture and for
raising the ore femperature to the reducing reactor
temperature.

iv) Three reducing reactors, in series, for redustion cof
the ore in contact with the counter-current reducing
gas.,

v) Natural gas reformer and shift converter, for converiing
natural gas to a hydrogen-rich reducing gas by means of
steam and catalysts.

vi) Briquetting machine, consisting of double-roll presses,

Briquette cooler, where the hot briquettes are cooled
on a circular grate and passivated with air,

‘ ‘
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Saw faterisls

Tre idezl feed for +the TIQZ nrocess is of rizh-zrade nmaturs
ore firec wrich conizin less than S5 szncue 2nd can pass threoush 2
! mesh screen., The size shnouwld Te such thzt it contains

2074 by weight minus 325 mesh material,

Fines 2nd concentrates having more than 2C% by weight of
minus 325 mesh meterial are considered too fine for direct use in
the FIOR process, but still can be used. if semi-acglomeration (size
enlargerent) is added to the ore preparation circuit. Agglomerzted
materials used only sufficient strength® to withstand and deterioration

in the fluidised ted reactors.
Cerro=Bolivar ore fines are used in Venezuelz,

Froduct

The DRI product fremu the FIOR process bvefore briguetting is in
a powdered form containing 24-25 per cent less than 325 mesh. The
rICR briquettes produced in Venezuela plant were generally of metal-
lisation more than 92 with carbon content between 0.5 and 2 per cent,
The briquette produced has high density in tﬁe range of 5 gm/cc and

can be easily stored in open in d;ilﬁeather;

HIB PRCCESS

The 3IB (High Iron 3riquette) process is a modified version of
the Nu-Iron process developed by the US Steel Corporatioa during
1953-56, The first HIB plant was constructed in 1971 at Puerto Ordaz,
Venezuela with an 2mmual capacity of 1,000,000 tons of sponge iron.

. Process Description

The HIB proc;ss is based on reduction of iron ore fines in a
fluidized bed with reducing gas generated by steam reforming of
desulphurized natural ges. The ore fines of minus 12 mm size are
dried in a rotary kiln and then ground to minus 10 mesh (=2 mm),
The fine ore is then transported to the first stage of a 2-stage

fluidized bed preheating system by an inert gas pneumatic 1lift,
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1y

The first stage preheals the ore with the off-gas from the second stage
to about 32C°C, The second stage heats the prereated ore %o about 3870°C

by direct combustion of natural gas in the bed.

Reduction of Fepl3 to FeO is acccmplished in the first stage by
contact with the spent gas from the second-stage, Reductica of FeQ to
Fe is accomplished in the secornd stage by contact withifresh hot
reducing gas introduced at the tottom of the reactor at a prassure of
about 4 atmospheres. The hot fine DRI from the reactor at about 700°C
is hot briguetted in brigquetting méchines. The hot'briquettes are
cooled to approximately 65°C before storing. The flow sheet of EIB

process is given in Figure 9,

Special Features

The HIB process, by virtue of its teing a fluidized bed process,
accepts ore fines as.tae charge material. Degrere of metallisation of
che DRI is generally low about 75 per cent and is, therefore, suitable

foxr use in ironmaking,

The TIB trizuettes are dense and can te easily stored in open

in all weather.

Plant in Cperztion 2nd Under Construction

The onl;- HIB direct reduction plant in operation is located at
Puerto Crdaz, Venezuela, No new plant is reported to te under

construction.

¥aior Zoguivment and Facilities

The HIS process utilises ore fines and as such raw material
nandling and preparation system are vrovided with crushing, grindicag,

sevaration and drying facilitizs., The size =i ore f{ines should te of

1) mesh,

The =I3 procezs employs . two stage preneaters for preceating tre
ore fines to reduction reaction temperature, Tre reduction reaction

15 carried out 2150 in a 2-3%2ce reactor, which is a tall refractcry

1in

ed steel vessel of 6,7 m diameter and 50 m in height.

QD
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The reducing gas is generated in a stear reformer, ard as such

is provided with heat recovery system for gererstion oI Steamws

The entire ZI3 product is to te essentially rfot triguetied at

about 7C0°C like FIOR process. The plant at Venezuela is provided

with three hot origuetting machines,

Raw Materials

Rich iron ore fines of minus 12 mm size, containing >8.5 per
cent Te and & per cent moisture is ground o minus 10 mesh (-2 mm)

size to be charged into the fluidized bed reactor,

2roduct

The HIB briquettes are of following characteristics:

Size, mm .. 80.9 x 40.6 x 20.0
Weight of briquette, .. 2C6.3
gm

Tensity, toas/cum .. 5.0

Degree of metallisation 75-80%

A typical chemical amlysis of the HIB bricuettes produced a2t

Puerto Jrdaz are given telow:

Fe (total) .. B86.5%

Pe (metallic) .. 60.5%

Si02 .. 1.83%
A1203 vo 1.93%
Ca0 .. 0.29%
g0 .. N.2TH
S .o n,02%

P .o CL13L
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SL/BN PRCCESS

The SL/3N process vas jointly developed by the Stecl Company of
Canada, Lurgi Chemie, aepublic Steel Corporation and the National Lead
Company in 1969. It is a combination of the BN process developed
between 1920 and 1930 for bemeficiation and heat treatment of ores withk
a low iron content, and the SL process developed.abont 1960 for produc-
tion of high-grade sp;:ngs iron for steelmaking furraces.

Process Description

The SL/REN process employs a rotary kiln for the reduction of iron
ore/pellet, with solid carbonaceous materials such as coal or lignits.
The flowsheet for the SL/BN process is given in Figure 10. There are
2 major steps in the process correspcnding to the two major zone. :f
the kiln: the 'preheat zone'! where the charge is heated to 900°C -~
1,100°C; and the 'metallization zone® where the temperature is held
fairly eonstant at 1,050°C - 1,100°C,

At the start-up of the operation, it is necessary. to fire the kiln
vith the central burmer using a fluid fuel, for bringing the charge
materials to the reaction temperature. After a steady state is attained,
the heat produced by the combustion of a portion of the fuel charged with
the burden is sufficient to raise the teuwperature of the incoming material
to the required temperature.

The charge consisting of a mixture of iron oxide pellets and/or
lump ore, limestone and/or dolomite and high-volatile coal or lignite
are introduced into the jreheating zone of the kiln where the moisture
is driven off, and Hz and hydrocarbons are formed by the thermal
dissocistion of the coal. A portion of the combustible gases from the
coal is buwred on the freeboard above the charge by controlled quantities
of -air introduced through air pipes spaced evenly along length of the kiln.
Tae cnmbustion of these gases radiate heat to the surface of the bed of
material and to the exposed surface of the kxilm refractory lining.

Dvring rotaticn of the kilmn, the lining trausiers the heat %o the solid

materials by conduction.
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The off-gases {rom the xiln are drawm out at 900°C - 1,000°C at
outlet end. Theae are passed through a coarse dust settling chamber,
and then into an after-bummer wvhere the combustible gases and then the

soct are bumed. The gas is then coocled, cleaned before exhansting it
to the stack. ) !

Ths hnt kilm discharge about 1,000°C is then fed directly through
an enclosed chute into a rotary cocler which is extsrnally ocooled with
wvater sprays. The discharge from the cooler is subjegied to acreening
and nggnetic separation, to obtain sponge irom, char and rejects
containing as® and calained flux. A flowsheet for rotary kiln process
is given in Pigure 10.

Spec FPegtures

In SL/BN process, generally the kiln is long and assuch the
maintenance of temperature profile is not easily achieved, The
performance of the kiln is extremely sensitive to type of oxide feed.
SL/FS kiln is operated at high temperature. The product is of lower
carbon (of the order v.” N1.2%) and of high metallisation at about 1,100°Ce

The proportion of fises in the metallised product from the reduc-
tion kiln would depend uron the nature of raw materials used, especially
the decrepitating characteriatics of the lump ore. In general, the
proportion of fines generated in the rotary kiln processes for production
of sponge iron is about 100 = 150 kg per tom of product (about 10 per
cent to 15 per cent.

Plants in Operation and Under Construction

At present there are six SL/RN plants for production of steelmaking
grade sponge iron as given in Table 1-3 on tne next page of which two are
smtdown. The unit sizes vary widely from 30,000 to 360,000 tons per
year, the operating experience 1is limited to 125,000 ton units. The
production in 1980 was about 233,000 tons from an installed capacity
of about 750,000 toase.
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TABLE 1-3 - WORLD-WIDE SL/EN INSTALLATIONS

Installed No. of

Country and Company in units  Apnual capacity
Tons
OPERATTRG / INSTALLED
Brazil
Acos Finos Piratini SA

Charqueadas, RS ‘e 1973 1 65,000
Canada
The Steel Co of Canada Ltd _a_/

Red Lake, Ontario .o 1975 1 360,000 |
India |
Sponge Iron India Ltd |

Paloncha, Kothagudem,AP «e 1960 1 30,000 |
New Zealand
Now Zealand Steel Litd, Glembrock 1969 1 125,000
Permn ,

Empresa Siderurgica del Peru,

Chimbote oe 1979 1 100,00C
JSA s/

Hecla Mining, Casa Grande, Arizona 1975 1 65,000 |
Total . § 745,000
NOTE:

a/ Not being operated

Major Bquipment and Facilities

The main wnit of the SL/BN process is the refractory-lined rotary
kiln ranging in size from 2 m to 6 um in diameter and 50 m to 125 m in
length, inclined downwards from the feed end to the discharge end by
245 per cent to 3.5 per cent. The kiln can be rotated at a variable
speed ol 0e¢3 -~ 0.9 rpme. The kiln shell is provided with air pipes made
of heat resistant steel, spaced evenly along its length for temperature
and process control. A central burner is located at the kiln discharge
end for supply of air during normal operation and for supply of light
fuel during start-upe.

The exit gases are handled in a dust settling chamber and then
in a 2-stage afterbummer before scrubbing and exhausting it to the
ata.cko
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The hot kiln discharge is cooled in a horizental rotary cooler
w'th external water sprays on the upper suiface, and the lower surface
is immersed in a water trough. The size of tke cooler may vary {rom
2mto 4 m in diameter and 20 m to 60 m in length, depending on the
plant capacity. Tne cooled material is subjected to screening and

then to magmetic separation.

Raw Materials

The principal burden materials from the process are iron ore
and/or pellets. Iron sands are used commercially in the plant in
Bew Zealand. Pellets are used in Peru and Brazil and sized ore is
used in India.

Semi-bituminous co0als and lignite char are being used as reduc-
tants in commercial installations. Limestone and dolomite are used as
desulphurising agent.

Product

The quality of sponge iron produced at selected commercial SL/BN
direet reduction plants is given below:

Degree of
Company metallization Carbon content
Per cent Per cent
New Zealand Steel ee 89 (miniomum 0.60
Acos Finos Piratini .o 91 (minimum 0.14
Sponge Iron India Ltd .. 90 (avecage 020

Recent Developments

Rrcent experiments indicate that if air is admitted through the
ports below the bed in the preheat zone when utilizing coals containing
more than 15 per cent volatile matter, it will burm some of the gases
that would othervise legve the kiln unburmt and would result in a less
waste of energy. It is claimed that the admission of air through such
a system may also permit the use of lignite with up to 60 per cent
moisture without preliminary drying. The volatiie matter in coal is
burnt at 300°C - 800°C directly within the charge and transfers the heat
of combustion to the raw materiais to be preheated. This technique of
Submerged Air Injection is expected to improve the efficiency of the
process by shortening the preheat time.
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In tne exasting SL/RN kilns in the areas of inserts like air
tubes/nozzles, sample torts ard thermocouples, castablag are used
as refractory limirg. Modern kiins to be installed would incorperate

1CQ per cent castable linirgs.

CODIR (XRUPP) PRCCESS

The CCDIR (Ccal~Cre-Direct-Ircn-Reduction) process was
developed from the Krupp-femm grocess, and the only commercial
installation till date started sperating at the Dunswart Iron amd
Steelworks Ltd., Benomi (South Africa) since 1973 with an anrmal
capacity of 150,000 tons of DRI. This Jrocess is very similar in
equiprent features and operational characteristics to SL/RH rotary
kiin process, except some minor variatiors in the hardware. o
CCDIR 'dln for the preduction of snorge iron for s"eel:rucx.ng is

either in construction or o.anned.

ACCAR PRCCESS

The ACCAR (allis Chalmers Cortrolled Atmosphere feduction)
process was developed by the Allis Chalmers Carpcration, TSA and
a demcnstration plan: of 359,300 tons per year cagacity was instailed

by iiagzra Metals Ltd, Canada in 1973 at its Hagara Jails worhs.

Process Description

The ACCAP. pfocess employs a rotary kiln with ports for produc-
tion of DRI. It provides a preheat stage in the unported zore and
an active stage in the ported reduction zone. The ore and coal are
screened to a unilorm size range, and delivered to the reactor at
a controlled rate. The incoming bed of ore ard coal is neated by
courterflow process gases tc aoout 1,000°C. Fluid nydrocarben :uel
is injected intc the ore turousn radial ports situnted urder tne Dbed.,
Intinate contact with the hot charve causes tne fuels to rasify and
disscciate into reducinr ceagonents Wwaica exirast oxyren ‘rom the

ore. As the ports pass over the bed, they admit air to combire with

tne reducing gzses leaving the charge. The resultant product discharges
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from the reactor ixto an unlined rotary drum cooler whers it is
coaled to about §0°C with exterral water sprays ard fed to th
product system. The recuced precduct is then magnetically cleared
of coal ash, screened and delivered to storage. Process off-gases
are quencied and scrubved before releasing fo the atmoscheve

through a stack.

Soecial Features

The rotary kiln is provided witn fuel as well es air injection
ports, thus offering the advantage of recovering the thermal value
of axcess reducing gas enabling close control of the temperature
profile of the rotary kiln, The air and fuel injection poarts are
situated beyond tne prehead ng zonse.

Retention dams are provided for maintaining a desired bed
depth in the reduction kiln. Carbon of the product can be increased
up to 2.5% by adjusting the air to fuel ratio along the lergta of
the dln.

The process so far was operated industrially with nydrocarbon

cuel, Very limited campaign was made with ccal Tirirs in the

demcnstraticn viant at Haesra Tails,

Plarts in Coerztion arnd Urder Construction

In 1976, the SL/RN kiln at Falconbridge was corverted to ACCAR
but was operated only for a limited period ard finally smut down in
1978. In India a 150,000 ton capacity ACCAR kxiln is under construction
and is expected to be ccmmissioned very soon. This kiln is designed

tc be operated with 1C0% coal c}:arg/e.

‘Energy requirements

From The operation of the demonstration plant at Niagara falls,

it may be said that with coal and oil the energy consumpticn was of
the order of 3 Gecal per ton of sponge.
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122 major facilities are basically same as other rotery kiln

-

Raw Materials

The requiremernt of physico-chemical characteristics of oxide

feed and ccal are essentially same as in other rotary kilr processes.

Product

Carbon ccntent in the ACCAR ironm is idjustable to specified
levels tetween 0.01 -~ 3 per cent by adjusting temperatures, fuel
imput and fuel distribution in the reactor. Other characteristics
of ACCAR iron are similar to the produce obtained in SL/RN or CCDIE.
ACCAR iron is stable in storage and during transportation by snip,
targe, rail or truck.

DRC PROCESS _ |

The DRC process was developed by the Direct Reduction Corperation,
C.S.4A. from a method of prccessing ilmenite ccrcentrate to obtain ORI
A demorstration plant of 50,000 tons per year cazpacity tased cr the
02C process went irto operation at Rockwood, Tenressee, USi.in 1672,
fecertly in Harch 1981, DRC has been awarded a contract for instelling
a 75,0C0 tons per year plamt at Scaw Metals Ltd., Scuth Africa, wnich
is expected to go into operation in 1983.

like the CODIE process, the equipment features and the opera-
tional characteristics of the DRC process are similar to the SL/RN
rotary iln process, ' fdowever, there is one sigmificamt variation -
the DAC kiln is fatter and is provided with more rumber of =2ir {ans

ccmpared to other rctary dlns.

KINGIOR-METOR PROCESS

The Kinglor-Metor process was developed by Danieli and Company

S.p.A. at Butrio. A pilot plant of 20,000 tons capacity was set up
in 1973.
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Process Description

The precess utilizes vertical shait [rneaces made of silicon
carbide which are neated from the extericr oy gasecus or liguid
fuels. Weighed batches of lump cre or cellets are mixed with
approximate amcunts of reductant (fine coal and char) and lime-stone,
ard charged into the top of the shaft through a feed btin. The charge
is raised to a tvemperature of BSOOC in the preheetirg zone at the toD
of the shaft, The reduction section is heated by the camhustion of
natural gas (or ¢il) in the burners located in several rows of the
anmular space between the silicon carbide shaft and the outer shell
to a controlled temperature of 1,05000. The precess is cortinuous,
but the procduct is discharged in batcnes due to the cooling system
design. The product is discharged from the cooling secticn at about
50°C amd is screered, if reguired. Tne DRI is magnetically separated
and the char is recycled.

Special Featureg {

Can be installed in modular ccncert oi 20,CC0O tons of sponge

iror per year from each zodule.

1,
"y

Requires a corsiderable juantity of cil or raturza 7as ‘o

heatirg the retorts from outside. The cverzi= censuzmpticn cf Pl

in tae pilot clant at Buttrio was 134 kz/hr.

Requires more maintenarce and the operatirg cost of the small
modular ccncept plant is imvariably much higher campared to the
contimuous process like rotary kilns.

Plants in Overztion and Under Ccnstruction

The first commercial plant based on this process went into
operation in 1976 at the Ferriere Arvedi and Company S.p.A., Cremona
(Italy) with an annual capacity of 40,000 tons consisting of 2 modules
of 20,000 tons capacity each. At present these units are abandoned
and offered for sale. It is reported that one module of 20,000 tons
annual capacity has already been commissioned in Burma. Another
module of 20,000 cons Is alsc being planned to be set up at the same

location in Burma.
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Acpendix-1 (continued)

Major Zguipment and Facilities

Tre Kinglor-Metor rreocess employs a retort in whicn the reduction
section is a vertical rectangular shart =nade of silicor cartide with
6 reactors. The shaft tapers cutwards at the boticm. The shafi is
surrcurded by a refractcery-lined steel furnace, slighti.y larger, sSut
following the szme comtcur as that of the shaft and thereby providing
an anmular space which is used as a combustion chamber. The heat
trovided by radiant burrers in the anmlar chamber is transmitied to
the charge through the silicon carbide walls of the shaft.

The uprer section of the shafi, which is tke prehezting zcrne,
iz zade of refractory steel. Inert gas from the reduction zone is
cooled ard cycled thrcugh the cooling secticn, located below the
reduction zone. The DRI product is discharged thrcugh a lock horper
for screening and zagnetic separation, and the char is recycled.

Raw Materials

The Kinglor-fetor process uses screened lump ore, iron ore
cellets or briguettes in the size range of 6 — 25 mm coal and recycled
2wy are employed as reductant, ard if necessary, limestone is used

desulphurizing agent.

croduct

From the operation of demonstration plant, it is cbserved that

LKL oroduct has an average metallization cf GO per cent ard the carvon
content of the order of 1%.




Type of
Process pollutant

Source of genergtion

APPENDIX ~ 2

DR PROCKSS - KNVIEONMENTAL FOLLUTION AND MIEIR famumaue(6s) to (75)

Detailas of pollutants

Mothod of tregtment Level prior to treatment Leyel gfter tregtmen$

A GAS BASED

Hyl Oore/
pellet
dust

Ore/
pellet
dust with
process
gases
causing
water
pellution

Zino
oxide
and
sulptur

Stuan

Caxbon~
dioxide

Discharge to pelletd
silos

Discharge to
reactors

Conveyors and juno—~
tion houses fox
handling of ore/
pellets

Seactorsy Reformers

Desulphurizars

P~ocess

B ducing gas

Dust parcicle aise distribu-~

tion (Wt X)s
DAl

Range
in wicrons) pellets pellets

Less than

2.8 0 5.5 .. 41.0
5.5 to 110 .. 24.0
11.0 to 22.0 .. 2.0
22,0 to 440 .« 9.0
44.0 t0 62.0 .. 1.5
62.0 to 176.0 _ 2,%

100.0

tha effluent from the
(Wt. %)

Less than 44 ..
4, to 105 .e
105 to 149 .
Above 149 .

Quantity very low

Iron
oxide

28.8
22,2
25.9
18.1

5.0

]_QQ.O.
Size distribution of solids in

reactor

MEe %
65.0
8.1
5.5

214
100.0

Hot very hazardoua from the

Lygenio point of view

Duat axtraotion system with
bag fllters and cyolone

separators .
Direoct water zprays fn the Water analysims of bolilex This water may be
reformer and reactors: blcw downs neutralined with HCl or

quench towers. The pollu~
tants are passed off to P;”"“"" . 23 ‘;"‘ mired with 3.7 cu m/hr
water ofrouit and reoir- ; D.8 ° 3 °500 of BYW treatment plant
culated in the plant with sl =s 2200 pim bleed off which is con-

3102 e 25 ppm
t « This
claxtfier Chlorides .. 50-150 ppa :;:;E:ﬁtn::,r:toul’orc,

Qantlty oo 1.5 cum/he T dered to be a

pollutant und may be
collected i{n the indus-
trial or sanitary cewurs
without any further
treatment

other acids and then

Removed from the desul-
phurizers in every two
yoars (approx 10 tons of
sino oxide)

Lat off to the atmosphere

Carried away along with the  Approx. 7 per oent

‘water apray in the soxubbers

Benarks

The iron oxe fineu ocolleo—
ted in the sswer contatn
Fo203, FPelC and gangue.
The ocake alsao ocontalns Pa,
YeO, Fo3C and gangue. Both
thess affluantes may be
seni. to a pelletiazing or
sintering, or can be sold
to the cemont industries

2ino oxide and sulplr
may be sent to catalvst
sanufaoti rexas for fts
reguneration

Prequnce of 002 lowers the
pH value in the water oir-
culte. 250 ppm of 002 in
the water aut the direst
reduction plant at SIDOR
ruvwulted {n ths lowering
the pH value to 3.% from
the ncmal level of 7




Type of
pollutant

Procoss

Source of genargtion

Detalls of pollutants

Mathod of treatment

A. GAS BASED (Cont'd)

Noine

NMIDREX Exhanst

gases

Parti-
culate
emission

Yaste
wvater

411 aajor equipment
such as beli ocon-
veyora, morubbers,
reactors, reformers
etc and pipelines

Shaft fumace,
stack, screening
station, ailos,
transf{er points

Stack, dust oolleo~
tion systeas, sto-
rage and losd-cut .
ocollection system,
screening dust
ocolleotion system

Surface waterj
sanitary watarg
industrial wvaste
water

About 3,000 N cu m/ton cf Fe

at 400°0 containing 12.9X 002,
C 02, 65.7% N2, 17.4s H20
¥Oox+3 ~ nil). Dust content

is about 4 mg/M cu m (12 gms/
ton of Fe)

For a 400,000 tons/yr module,
the partioulate emissions
for between 3-5 kg/hour
Point source emissions tc
the gir (kg/ton DRI)s
Parti-

Qulataes
Material
handling 0.001 0.001 0.002

Combustion
ayatem

Dust ool-
lection
system

502 _NOx

0.012 0.035 0.172

0.016 Trace 0.001
Depending on the oooling
water arrangumeat:

0.9 cu nf¢
of Fe

Avg.suspended 50-150 ag

Avg.olari~
fire water

solids in per litre
sffluent

vater

Solida from 40-70 kg/t
olarifiex of be

Point socurce emissions to wgyter:

Enolosing the noise goenera-
ting equipment in housings
and ocaaings, and by insula—
tion of pipelines

Wet scrubbing is emplayed
for all wvaste gases. The
waste gas from the plant
stack doess not need any
further cleaning. Sorub~
bers are loocated at exit
of reduction fumaos,
soreening stations and
product silom

Dedusting systeus

Surface water cleaned by
rail buffer bin, sand filter
and back-washing rankj sani-
taxy water oleaned by a blo-
logical sewage treatment
before being discharged to
the main waste water pipe
stationy industrial waste
water 13 oleaned by an
automatioc gravity filser

Suspended
solids Flow
ag/1it o =/t DRI
Process water
blow down 9 0.15
Clarifier
blow dowm 100110, 0.26
sfflu=-nt oo
plaunt 15 Vei=0en




Lovel prior to tregtment

ﬂl;il}
Shaft furmaoce .. 100
Stack .e 15
Screening station 30
81loa .o J
Transfer points 30
Burface Max.400 mgs/
water 1itre solidm
Sanitaxy Biologiocal
vater vaste
Indus~ 50 mgs/1itre
trial solids
wvaste
water

Lovel pfter tregtaent

Remgrks

85 dB (4) maxisum

8haft farnace

Stack .o
Soreening station
8ilos .o

Transfer pointa

ks/bx

Btack . 0.5
Dust oolleotion

aystems .. 2.5
8torage and load-

out ocollection

systema .. 1.0
Soreening dust

ocalleation

systoms .. 1.0
Hur face 5 mgu/litre
water solidms
Sanitary BSBS 25 mgw/
vatex litre
Indus- 5 mgn/litre
trial. solida
rvnate
wvater

Invertment costs for
wvaste gas oleaning for &
plani. of 660,000 tons/yr
ia DM 3.32 million

Dedusting syatems are
designed in order to
limit dust emissions
to atmosphere at

150 agn/N ou m under
normal operating
conditions

Inve stment costa for a
plant of 860,000 tonsfyr
is IIM 1.6 willion

8luirry of iron oxide
collected in the dust
collecting system i
devitered and then
either s0ld or agglo-
wernted and used as
feuwintock

.1uos) ~XxFpUSsidY




Typs of
pollutant

Process

Source of generation

L. oAS HaSSD (Cont'd)

Naoise
NSC-DR Solide
dater

Copn-.eyors, scrubbers,
fesdars, fana, ocom-
pressors, reformaer,
screening station,
puaps, air stations

Top gasj pressure
equalizing gasj raw
materiale soreen

Scrubbing wvater

Boiler water from
tha demineralizer
and the boller
drum

Detglls of pollutants

Method of treatment

Providing housings on
conveyorsj noise pro-
taction hooda, and
buildings on machi-
nuryi insulation of
pipawork

Wet sorubbers

Thickener

Meutralization



- Lavel prior to treptment Leye) aftear treptment Hemarks
Wlthcut casi or hous Inafde housfag 2he nolte levels outside
Belt conveyors 74 dB (A Natural gus the howiiing are approx.
Wat dedusting  97-99 aB{a) reduning 20 aB (1) lowwr
Vibrating atation 104 dB (4)

feesders 100 4B (A Briquetting
Voiie gan fan 110 dB gli plant . 94 4B (4)
Main air fan 133 4B (4 Sorvening
Process and station 88-96 4B(4)
woling gas Process gus
COmpressOrs 130 dB (A) and cooling
gan ssation 106 dB éﬂg
Pump station 98 4B (4
Main alr '
station 105 4B (a)
Inatrument
air statlion 99 4B (a)
Mith ogaing
Vibrating
fesders 91 4B (A
Vasts gan fan 100 4B 2A
E&’ E'Q" Main pollutsats are the
solldas contuined the top
:::.:::‘ b 5 :2“5““:. . 0.01 gas. This gum should be 3)\
equallzing equalizing inevitably be sorubbod
gas .. 5 cas o 0.10 busically for reuse/ |
Raw materiala Rav materials reoirculation, and not

for pcllution control

screen .o 5 soreen .. 0.10
1,000 pm (average) 100 ppm 30lidn transferred from
the tup gas to the scrub-
pH 6-11% M7 blag water should be

removnd for reciroulation
of the water, In this
asenae, {nvestment for
facillties wuch as the
top gas morubber or the
thickiess for sorubbing
wat' ¢ are considured as
requirements for the main
direct reduction pracess
and nat for pollution
ocontral. Therelore,
magnitude of ilnveutaent
for the pollution control
facllities (s not large

‘

PONUTIUGS ) pe=xTPusddy

{
{




Type of
pollutant

Process

Source of gerergtion

Dotails of pollutants

A. GAS BASKD (Cont'd)

Notlee

Parti-
oulate
Jmisaions

ARMO Exhaust

gascs

Vaate
watar

Gas recarculation
compressox

Cre drier, orxe
.rushing, ore ato~
rage and feed
system, ore Zeed
look hopper, preheat
reactor, let—down
scrubber, quench~
drua sarubber, bri-
quetter ventilation
and brigunetter
cooler

Shaft furnaoce, stack,
screening station,
product silos,
transfer points

Mostly from msorubbers

Ore drisr, ore orushing, )

ore storage and feed
system, ore feed lock
hopper, prebaat
reaotor

Let~down sarubber,
quench—drum scrubber,
briquett.r ventila-
tion and onoler

Parti-
culate
type

Iron
oride

): T
duoced’
iron

About 3,200 B ocu a/t of Pe.
The gas oontains no NOX or

8. Dust ocontent is about

30 cun (100 gas/ton

of Fe

Borubbing watex



Mathod of tregtment Level prior to trestment

Installetion of silenoer

100-105 4B (A)
and/ox sound proof ocovers .

411 theas partioculate
offlr nta are procqssed
through qyalones and/or
wet sorubbers. A olosed
ciroult water sysiem
utilisl. 4 seitling pondas
servioces and the wet
sorubbers

Venturd sorubbar

Clarifiex

Leyel gpfter tregptment

© 85-95 dB (1)
Partionlate
Bourde loading

gnaflinl

Ore drier .. 0.7068

Ors crushing 0.28272

Ore storage '

and feed .

. ayat.m . 0.28272

Ore feed

lock hopper 0.28272

Reheat reactor 0.7068

Let-dowm

sccubber .. 0.7068

Quench—drum

sorubber .. 0.7068

Briquetter

ventilation ' 0.7068

Briquetter

ocoolex «s 0.70C68
5.0882_6_

?0 ng/M cu m of duat
(100 gea/ton of Te)

Avg. olari~ 1 om =/ton
fier water of Fe

Avg., suspen—~

ded molids in

offluent

water 93 ag/litre

Nanarks

T™he levels of discharge
enissicn fall well below
typloal. environmantal
limits such as those in
forca !n the United
States. To achieve thess
levels, low capital ocont
squipmint is ntilized,
wuch as wet sorubbers
and cyslones

O
O

Bused on published
informution

(pemuTiuce) 2~ITpusddy



Procssas

SL-0d Duat

taste
ganes

Waste
wvater

Nolwe

Type of
pollutant

B. COAL BASKD

Source of generation

_Detalls of pollutants

Method of treatment

Handling of raw mate—

riala (iroa oxide,
coal and limestons,’
dolomite)s handling
of produots {ohar,
iron fines, dolo-
ohar); dust in dry
ocondition separated
from wvastes gas

Botacy kiln

Dedusting and waste
gas systsasj oooler

41] major equipment

Undexr oconditions of FIXi, the
dont load should be limited
to 8 mg'on m. Opcrating data
on SIIL indioats generation
of 0.2-0.3 ton of sluige por
ton of DRI produced. The
sludge (pH 9-11) froa the
dedusting system ocontains
0.07 to 0.11 gus/litre of
suspended solids

Should be maximum 150 mg
Ausd/ou m ab the stack.
Tomperature of flue gas
about T0°C. 4Analysis of
the flne gas 002 - 28X,

02 -~ 2.84%, N2 — 6T7.T484.
Cenarates about 0.6 ton of
sluige per ton of DRI

p oduced.

Dust and waste gases gensra-
ted as above. About 2.25 cu m
of water per ton of DRI pro-
duced is conmumed at SIIL

Inplant dedusting oystim
inatalled in each plant to
which all transfer points
and speaially dust producing
machinery are oconnscted.
Separation of dnst from the
alr stresm ocan be effected
by sorubting, electroatatio
preoipitation, baghonses or
multicycloues, depsnding on
the environmsntal regula-
ticus or avallable funds
for investment B

Treatment of aolid and
gaseous ocabustibles by
oxidation under contmlled
oonditions, cooling and
ssparation of dusts in
several consemtive steps.
Gas cleaning after oooling
by similar equipment as for
inplant dedusting needs to
be deaigned at a higher
operating temparature level}

Thickener; neutralisation

Hilencer aandfor sound
proof ocovers



Level prior to tregtnmeny

Analysis of oludge (X)s

Te {¢t) .. 1824
o203 e 28-34
Cad s 15-62
8102 e 32234
41203 s 12-14
L.0.I . 67

pH value of waste gas
sysmtea mludge before
neutralization ~

2e) - 445

125 aB (a)

Levo] gfter tregtment

Remarks

8ludge contalas 0.07 to
0.11 gaa/litre of suspen-
ded 501148 at tha kiln
aperating at 8IIL (India).
Under Gemam oonditions,
limited to 8 mg/ou m

hoospted level ia
150 cam

pH value after
neutralization +. 5-7
80114 content of waste
gam system sludge

disposals
Suspended
solids
pl?lltn
Clarified
water .. 0.14-0.39
Sealed water 1.97-2.74

108 a8 {a)

Separuted dust is duaped
either in the form of
slurry ¢r a puste, depen-
ding on the equipment
ochoonan, The amount of
waste m,tartal gemerated
depends on type of plant
and the reductant waed.
If the ish content is
high, all the dust and
non—wmagretic product
goneratod ocan be consi-
dervd ait wvamte material

Chet of opexration of
dedvsting «nd vanta gas
aystens at SIIL ia about
fa 30 pe:r ton of PRI

Salplar is washed down by
water to a cartain extent

s
Inveotuint coat of dedust-
ing und wvaste gam oleaning
syston s about 10 per cent
of the total investmesnt for
mechanival and eleotrical
equipment

(panuTinoe) p-xTpusday



Type of

pollutant Jource of genergtion

Process

B. COAL BASED (Contt'd)

ocopIiR Dust Material soreening

squipsent and trans-
fer points of mate-
rial transportation
system

Vaste Kiln

gas

Yastc Soxubbimg

water water

—Detalls of pollutente

Dust of ore, coal, dolomite,
spongs iron and ash deve--
loped during material hand-
The air in, cese-

ling.
veloaity of extraation

pointa abouk {1 m per second

Contain hydrocarbon com—
pounds, oarbon and ooal

dust

Slurry from wet ayolone

or wet sorubber

Matho tre ent

Leyel prior to tregtment

Leve) gfter tregtment

Dust developed during material
handling ie extracted at numer-
ous looaticns of the plant by
maans of fans which draw dust-
bearing atmosphere through bag
filters. The dust oollected {n
filters snd respeotive bins is
sither discharged in dry status
into tankers or moistened ia

sorews before being discharged

into trapspoxtable eontainers

Vaste gas from kiln process
dust settling chamber ‘s after-
burnt for combusting the hydro-
ocarbon compounds, oarbon

monox de and coal dust. After
oo.ling eithex in waster heat
boilers, by water-spraying of
the gas, in bag filters or by
electrostatio precipitators.
D.ast precipitated in filters

‘a wither discharged in dary
status {nto tankers or wois-
tened in sorevs bdefore being
discharged into transportshle
oontainers

Vaste gas of scoling drum is
separately extraoted, it
direot coeling by spray water
le applied. Gas passes through
wvet eyesloudes or wed sorubbexs
before being relessed to the
stack, Slarry s discharxged
inte oenteiners for tranaporta-
tion. Ia oase of indirectly
ocoled rotary coolers, the gns
snters the maln gas stream of
the kiln. Ne ether contaminated
watsr oirouid does exist in

the glant

Amount of uh md dunt svn-u-
’

. tad per ton of DRI (Dxy

Ash - B5 kg/toa DRI

Dast in waste gas filter ~
110 kg/ton DAI

Dust in other dedusting
esquipment - 2 kg/ton DRI

About 50-60 gm/f cu m with a
ocogpoaition ofs

r.C. - 24~
Y. -

.Ash - 65-75%
b - 408

8ise diatridbution of the
&ust (1n miarens)s

Leas than 10 - 208
10-30 - 2%
J0-100 - 2%
More than 100 - v 3

About 2,750 ¥ oa m/ton
Po (dry). Gaa composition as
followss

C02 -~ 25-26%

co - 0.5-0.6¢
02 - 0.50.8¢
cH4 - 0.8% max
H2 -~ 0.4% max
302 - 0.07% max
N2 - PMalance

Dust in waate gaa filter is
sbout 110 kg/ton of DAX. The
exhanst gas temperature ia of
the order ¢f 850°C

3low—down of open-~cooling
water oircuit for indirectly
ocooled rotary ocoolers amounts
to.1 cu a/ton of DRI contaln-
ing abous 60-80 mg/litre eof
muspended solids

Lbon‘ 50150 -g'l ca m

with the following size

Adatzivutio= (1n

nioronas)s

Leat than 10 - 2%
10-30 - 564
30-50 -
More thm 50 - »n

About 3,250 E ou m/ton

Yo. Clean gas ocomposi-

tion s as followes

Co2 - 20-22%
0 - 0.4%

02 - 4N

CHY{ =~ 9 & max
B2 ~ 0.4% max
802 ~ 0,00X max
n2 - Balance

Max. 50 ng/¥ cu m.
Blarry from indireotly
oooled cooling drum is
about 40 kg/ton of DRI
with 1 kg nf dry sube-
tance per ton of DRI

iovlgx‘kl

Mignituds of invest-
ment f ¢ pollytion
ool faoilitiew
normally installed
ringes between 8-10
por cant of the total
lnvestaent costa

(pemuriuco) -XTpuSddy



Type f
pelletant

B. 00AL BASED (Cont'a)

Procass

Molee

Vaste
san, dust

Noise

Souroe of genseratiocn

A1) major equipment

Rav material
storage and in-
plant material
bandling (at all
transfsr points)

Produod mw,
sorsening and
separation

Iiln off~gus

Klln of{-gas fan,
kiln produot,
general plant
grounds

Details 1 ts

Ngitive eniasion

Ngitive emissions —~ ocal
ash, ocarbon and limestone
fines; gas volume set
depending on the equipment
seleocted )

Gasj the suspended sclids
oomprise ocal ash, ixon and
iron oxide fines, oarbon
and limestons, the ocoal
fxiabllity determinse the
dust loady the gassous
componants are unburred
hydroocarbons snd conten-
g'ble hydrvcarbons )

Hethod of treatment

8ilencer and/er soundproof
covers

Vater spray (wet suppression)
for raw materials reoeiving
and sutdoor stookpiles) bag-
houses foxr plant bins,
feeders and transfers

Beghouses

Method It Oomplete after—-
burming of the wnburnt
hydroocarbons, direct gas
quenching with water up to
250°0, and oolleotion in
insulated baghouse

Hethod IIs Coaplets after-
buming of hydrocarbons,
ocoling and heat recovery by
vaste heat bollers up to
30°C, direct gas quenching
wvith vater up to 250°C, and
insulated baghouse:

Fan discharge silencers on
small baghouses



.

Leye) prior to ¢xegtmept

Up to 0.5 z=x oend of tbo‘
total planc foed

Abcat 100 kg/ton of
eI

Folidm 109200 kg/ton
of DRI

' )

Unamed hytrcoarbons and
oondéensibla hydrocarbons
up to 2,000 ppm

Gas to-potnun - 1500

Yolume - 5.82 l-jﬂ:‘
emal feed

Laye}) gfter tregtment

Moise levels ats

2 metros fromkiln
arive ~ 87 4B (A)

Noise smission proteote’,
fans (wunte gaa — A% u8(d)
md shell fans)

No visible emiamion from
the uaghouses

No visible emission

8c1idss Less than
50 l‘/cﬂ n

Gasss (treatamt by
Method II)s

Less than 250 y;pm S02
Lesa than 15 ppm 803

Kilm off-~gas
tan - 75 43 (1)

Kiln produat - 80-83 4B(4)

General plant
grownds -~ 60-80 4B (A)

Average - 75 48 (1)

Installed ocost fex
pollution control faocili-.
ties tn abeut 22-28 per
coat of plant installed
cost

Weat scruboers of elec-
trostatio precipita~
tors ocould replace bag-
houses, 'hese devices
may, howvever, prove
unreliable and uneco-—
nomical in the loag~run

-
[

(pouuTIue0) 2=xTPusddy



wrElOY - 3

POLILTIC: SCihCOL TACILITIZS AT

SPChGE IRCH IMDIA LTD.. INLIA

wWaste Cas Treztment Svstem

The waste gas leevirng the rotery kiln is subjected to waste gas
treatment in the following sequence before releasing the gases to
atmosphere through the stack:

- After burning of the gases
- Cooling
- Cleanirg

The system is designed for the wet cleaning the gases to a
cleanliness of 150 mg/Xo3.

Ir the after burning chamber (4BC) all the combustibles are
burnt ocut; hydrogen and GO ar~ comverted to CO; and S is
burnt to SG. The temperature of the gases leaving the 4BC is g

controlled by spray of water through the nozzles.

There is an emergency cap on top of ABC which opens sutomatically
if the temperature of gases entering the waste gas cleaning system
exceeds 80°C.

The cooling ani clearing of waste gases is done in e radiel
flow scrubber. Coaling is carried out by sprayirg water through a
set of three nozzles located at the top ¢f the scrubber., There is
an additional nozzle to provide arcund 5 cu m/nr water at event of
any increase in the ges temperature beyond 70°C. If, however, the
temperature of gases goes beyond 80°C, the demper at the inlet of
the fan closes and emergency cap opens.

Waste gases cleaning system consist of the following
facilities:

- After burning chamber
- Dust removing facilities under ABC (wet scraper conveyor )

- Emergency cap on the stack over ABC




Appendix~3 (continued)

= Badial flow scrmbber
- Waste gas fan
- Stack wvith water cyclone

Water Consuuaption

The waste gas cleaning system is provided with three water.
Spraying nozzles to spray 100 cu a ;:.f water i;er hour, The under-
flow water, which is in the formm of slurxry flows down to a slurry
basin ~ it is then pumped into a thickener. This water is nentraliged’
by lime as it is acidic in nature. Clear water is collected in a
tauk and recirculated in the system.

De—dnsting System
In the raw material preparation plant, the fines gemerated !
during crushing and sizing is removed by washing in a scxubber.

From the reductlon area as well as from the material handling system
the dust from the transfer points and the discharge points are

connected t¢ the centralised de-~dusting system. The dust ocllected
from the various points are separated in a scrubber and discharged
in the fora of a slurry.
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