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rSTEOIXJCTIOR

E ffo r ts  to develop commercially acceptable d irect reduction 

( IS )  processes during the la s t  quarter century are possibly a 

re v iv a l o f e f fo r ts  made in  th is  d irection  some two centuries ago. 

Though the production of iron  and s tee l in  ancient times was baaed 

on reduction o f iron  oxide at temperatures below the melting 

temperature o f  iron and gangue m ateria ls, the ea r ly  processes o f 

s o lid  3tate reduction did not have any s ig n ific a n t impact on the 

iron  and s te e l industry,mainly because o f the developments in  the 

b last furnace process. Some o f  the major reasons fo r  the renewed 

in te res t in  the d irec t reduction process during recent years are 

the dependence o f the b last furnace an t'ue exclusive use o f 

m etallurgical coke, the n on -a va ilab ility  o f good quality coking 

coa l and increasing costa o f coking co a l; a va ils  i l i t y  o f other 

reductants in many countries; the growing problems o f residual 

elements in scee l scrap together with the vagaries o f scrap market 

which have accelerated the search fe r  an a lte rn a tive  melting stock 

and the need fo r  in s ta llin g  sm aller capacity plants to su it the 

sp ec ific  requirements o f market and resources o f  many countries.

The term d irec t reduction has be.*n genera lly  employed to  

denote a l l  ironmakiag processes other than the b last furnace 

irrespective  o f the type and nacure o f the product. Some of these 

processes produce iron ( in  molten or so lid  s ta te ) fo r  production 

o f  s ree l, while others provide pre-treatment o f iron bearing raw 

materials and w jjtes and the products obtained are u t ilis ed  as 

feedstock fo r  iron smelting p lan ts. For the purpose of th is 

paper, however, the discussions are ccn fired  only to such IR



processes which have reached the stage o f ccnmercial sign ificance 

fo r  the production o f  highly m etalised so lid  .product, re ferred  t^ 

as d irec t reduced iron  (E R l), to he used as m alting stocr in 

e le c t r ic  arc furnaces.

I t  may he mentioned that while a great deal, o f  published 

information ^5) i S availab le on the technology, flow sheet,

energy requirements and plant descrip tion  o f the various HE 

processes, the in fom ation  on the environmental aspects is  

scanty* The d e ta ils  o f pollu tion  and i t s  control presented in 

th is  paper have been spec ia lly  obtained in  most o f the cases from 

process suppliers/plants th e ir  cooperation in  th is

regard is  g ra te fu lly  acknowledged.

DR PROCESSES OF COMMERCIAL SIGNIFICANCE

The DR processes which have found industria l application » 

grouped under twc heads according to  the type o f re duc tant used, . 

are given n  Tab le-1 . The table ind icates type o f  reduction unit 

and a l i s t  o f  indu stria l in s ta lla tion s  o f each process. The 

processes a:e b r ie f ly  described in Appendix-1 and th e ir  world wide 

in s ta lla tion s  are shown in  Figure 1. The flow  sheets o f d iffe ren t 

processes are shown in  Figures 2 to  10.

Gaseous Reductant Processes

From Tab le-1 , i t  w i l l  be noted that there are s ix  commercially 

s ig n ific a n t gaseous reductant processes -  Armco, FIOR, H1B, HyL, 

Midrex and Furofer. These processes use three d if fe r e n t  types o f 

reduction units, namely re to r t , shaft furnace and flu id ised  bed.

The shaft, furnace is  adopted by three processes, namely Armco,- 

Midrex and-Purofer. The HyL process -  the f i r s t  modern DR process 

and the only one using s ta tic  bed reactors -  has recen tly  announce! 

the deTClopnent o f  HyL I I I  process which is  a shaft furnace process 

e x p lo it in g  the advantage o f  the inherent e f f ic ie n c y  o f  the counter 

current flow  moving bed system. Thus, soon enough, the gaseous 

reductant processes may constitute shaft furnaces and flu idised 

bed units.



The. shaft furnaces and. re to rts  u t i l is e  e ith e r  sized iron  ere 

and/or r e l le t s  as the feed m aterial and the flu id is ed  bed processes 

u t i l is e  e ith e r  natural ore fin es or concentrates. Thus, from the 

oxide feed viewpoint, the flu id ised  bed processes o f f e r  the poss ib i­

l i t y  o f  u t i l is in g  a cheaper m ateria l. While the shaft furnaces 

produce DEI in  cold or hot state which can in  /general be used as such 

as m elting stock, the product obtained from flu id is ed  bed reactors 

has necessarily  to be briquetted before use. In  a ll these processes, 

reformed natural gas is  used as reductant . E ith er steam o r recycled 

top gas is  used as the reforming agent*

From a review o f  the industria l operations, i t  appears that 

a t present the Midrex is  the most estab lished  shaft furnace process. 

The in du stria l units adopting Armcc and Purofer processes are not in  

operation a t present* The r e to r t  process, HyL, has found wide app li­

cation* The f i r s t  industria l units, one each o f  the two flu id ised  

bed processes, tfLB and FIOE, have been b u ilt  but t i l l  recen tly  these 

unit3 have been under m odification .

So lid  Eeductant Processes

Though the Ebeganaes and Veiberg processes have been in  

in du stria l use fo r  about 70 and 30 years re sp ec tiv e ly , these have 

not been included in  th-? a paper, as no new plants o f  these processes 

have been biu-1 ; ¿or quite some time now*. I t  is  noted tliat most o f 

the modem ?oild r  iuctant processes u t i l i s e  the rotary  k iln  fo r  the 

reduction u n it. Amongst these, the SL/RN and CODIE processes are in  

in du stria l operation*

The ACCAS process has been tr ied  out fo r  a very  short period 

a t Sudbury Metals Company, Canada in  1976, but the p lant bus since 

been shut down. The plant was based on the use o f  natural gas in  a 

ro tary  k iln  o r ig in a lly  in s ta lled  fo r  use o f  coa l.

The K inglor Me tor process, u t i l is in g  re to r ts , has been indus­

t r ia l l y  operated fo r  a very short duration in a plant in I t a ly  before 

being shut dovn. I t  in reported that another plruit o f this process 

has been recently 3et up in 3uma. A sim ilar process, Echeverria 

developed in Spain has had a 3hort span o f industrial l i f e  o f about 

7 year3, before being closed down in 1965.



Baergi'ng Processes
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a few others which are poised fo r  indu stria l app lica tion » A b r ie f  

mention, o f  these processes may be o f  in te re s t . These include the 

fo llow ing:

Gaseous reductant So lid  reductant
_____processes processes

HyL I I I  ACCAR

NSC DEC

These processes are also described in  Appendix—1. Both the 

gaseous reductant processes, HyL I I I  and NSC, are based on the use 

o f  the shaft furnace and high top pressure* No plants based on these 

processes are reported to be under construction a t the moment.

I t  is  reported that the HyL I I I  process been tr ie d  out at 

Monterrey by modifying a conventional HyL unit (2M). In  th is (HyL I I I )  

process, the conventional (HyL I )  fou r-reactor un it i s  replaced by a 

two-zone s in g le  shaft reactor» The upper part o f  the shaft reactor 

is  the reducing zone and the lover part is  the coo ling/carburising 

zone» These are separated by an isobaric  zone* The shaft operates 

at high pressure (4 atm and higher) • The top gas is  recycled  to the 

reduction zone«

The NSC process, developed by Nippon S tee l Corporation, has 

been tr ied  out in  th e ir  demonstration plant at Hirohata, which is  

now shnt down» In  th is  process, the reducing gas is  generated by 

steam reform ing o f  natural gas, and the top gas a fte r  cleaning, 

coo lin g  and removal o f CO 2 i3  recycled la  to the shaft furnace a fte r  

reheating* The shaft operates at a top pressure o f  3  kg Per sq cm &• 

In the p i lo t  p lant the product was cooled in  an iso la ted  chamber and 

fo r  commercial plnnts hot discharge o f  products is  proposed.

Both the emerging so lid  reductant processes, ACCAR and DRC, 

u t i l is e  rotary  k iln  as the reduction u n it» The ACCAR process as 

in s ta lled  as Sudbury Metals was based on the use o f  natural gas only.

A new plant (150 000 tons/yr) biased this process to u t ilis e  non-coking 

coal and fuel o i l  is  now under construction in India» The rse o f coal 

as reductant has been tried out at the ACCAR pilot plant in Niagara 

Rall3, Canada.
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The LHC process vaa developed, on the basis o f  the experience 

gained in  processing 11 men 1 ta and a demonstration plant with capacity 

o f  30 000/50 000 tons per year vaS b u ilt  in  Rockvood, ÏÏSA in  1978«

1 75 000 tons per year capacity p lant is  now reported to be under 

construction in South A fr ica .

Unit Size3

The un it s izes  o f  the indu stria l DR plants fo r  d iffe ren t  processes 

are also shown in  Table—1. I t  w i l l  be observed that the most common 

u n it s ize  adopted by the shaft furnace processes is  about 350 000/400 OOO 

tons per year capacity. The la rges t shaft s ize  in  operation and under 

construction is  o f  about 600 000 tons per year capacity. The Midrex 

process standardises i t s  units on two s izes , designated as Series 400 

and Series 600 module units.

The conventional HyL process u t i l is in g  s ta t ic  bed reactors have 

fou r standard modules designated as A, 3, C and I) corresponding to 

annual production capacities o f  290 000, 417 500, 515 000 and 625 000 

tons resp ec tive ly  at 89J6 m eta llisa tion .

The flu id is ed  bed plants are o f  d if fe re n t  capacities ; the FI0H 

p lan t is  o f  400 000 tons capacity, whereas the HlB plant is  o f  

1 m illio n  ton annual capacity.

The commercial in s ta lla tion  o f  ro tary  k iln  processes vary w idely 

in  th e ir  un it s izes  ranging between 30 C00 and 400 000 tons per year 

capacity . However, the operating experience in  units la rger than 

150 000 p er year capacity has been marginal. The K inglor Me to r  process 

uses a standard module o f  20 OOO tons per year capacity.

raw materials

The two major raw materials required fo r  DR processes are the 

iron  oxide feed and the reductant. In the gaseous reductant processes, 

nonnally natural gas is  used. Though there is  a p o s s ib il ity  o f  using t 

gas obtained from other fo s s il  fuel3 , in industria l practice 30 fa r , 

on ly gas generated from heavy fuel o i l  has been u tilis ed . In the so lid  

reductant processes different types o f coal are used. Besides, these 

processes require dolomite or limestone as a desulphurising agent.



The general ch aracteris tics  o f the oxide feed m aterials and 

the reductant used in  the d iffe ren t processes are discussed below:

Iren  Oxide Feed M ateria l

The iron oxide feed m aterial used in DR processes varies 

considerably and it s  se lection  depends on the requirements dictated 

by the type o f the reduction process, the properties required to 

maximise the piece :s e f f ic ie n c y  and the quality needed to optimise 

the u t ilis a t io n  o f the product in the subsequent steelmaking 

operations.

The reduction e ff ic ie n c y  in  a moving packed bed or in a 

s ta tic  bed is  g rea tly  influenced by the bed perm eability, higher 

permeability promoting the gas to s o lid  contact. Therefore, in 

these processes the s ize  d is tr ibu tion  of the feed m ateria l, the 

a b i l i t y  o f the oxide feed to re s is t  degradation as w e ll as 

decrepitation , and the physical behaviour during reduction at 

elevated  temperatures are of importance. P re ferab ly , the oxide 

feed material should be o f narrow s ize  range, and h ig '.i amounts o f  

fin es  are undesirable. M aterials tending to s t ick , c lu ster and 

swell during reduction are to  be avoided.

In the rotary k iln  processes , materials o f  a wider s ize  range 

than those for shaft furnaces can be accepted since the reaction 

rates are not influenced by the bed permeability. However, the 

m aterials should not generate fin es  e ith er by degradation or 

decrepitation,as these would leave the k iln  with the flue gas. 

Tendency to stick  or to form c lu ster adversaly a ffe c t  the k iln  

operation due to accretion .

The flu id ised  bed processes require fine3 with consistent 

and appropriate s ize  d is tr ibu tion . A high percentage o f very fine 

material and narrow size d istribu tion  are not d es irab le . Mot a l l  

types o f ore fines are suitable fo r the flu id ised  bed processes; 

for example, fines tending to stick  and forming agglomerates 

during reduction are to be, avoided.



From the steeimaking view -slat, the chemistry o f the oxide 

feed material is  important. I t  should preferably have a higher 

Fe content (between 66 to 69 per cent) with low contents o f gsngue, 

phosphorus, sulpfrir end residual elements (?b , Gu, In , Cr, Co).

The lim it of the gangue content would depend on the proportion c f 

ESI to be used. With only 3 d  EEI in arc furnace charge, the 

(S i02 + AI2C3) /5e ra tio  can 'ce between 0.05 to 0 .09, while for 

high LEI charge (0C& or mare) i t  should be below 0.05. The 1J 

content should be less than O.G^i. The residual elements rarely 

constitute a problem. The S content, however, can present a 

problem. From the EE process viewpoint, to prevent catalyst 

poisoning, the S content in the oxide feed stock should, be below 

0. 01^  fo r the Midrex standard flow-sheet and below 0.03  ̂ fo r 

Midrer alternate f  .cw-sheet.

Keeping the above factors in view, i t  would be evident that 

for a l l  the EE processes other than the flu id ised bed processes, 

sized high grade iron  ores.and pe lle ts  with appropriate physical 

and chemical properties need to be u tilis ed . Typical analyses o f 

some o f the pe lle ts  and ores u tilised  in the d iffe ren t EE processes 

are given in Table-2.

The general trends in the use of ex ile feed in the d ifferen t 

industrial DE processes are summarised below:

a) The HyL process started up with the use o f 100 
per cent ore. Latex*f i t  switched over to 100 per 
cent p e lle ts  and the present industrial practice 
is  based on the use of pe lle ts  only.

b) The Armco process operated mainly with pelle ts  j 
however, in  certain periods»lim ited use o f one 
type of sized iron ore has been made.

c) The Midrex process was developed with the use o f 
100 per cent pelle ts . In it ia lly ,  only pe lle ts  
obtained from a few specified sources were 
acceptable. Today, howevsr, the process has 
shown its  capability of u t ilis in g  varied propor­
tions of sired ore (C t j 120 per cent) wj_tn__a 
wide range of pellets . A part of fines (3 to
6 mm) which were earlier rejected as screened 
out waste, are now acceptable as feed material 
in certain proportions.

2d) The Furbfer process operated in 3razil with 100 
per cent iron ore and in Iran with 100 per cent 
p e lle ts .



a) The flui.ii.sed bed processes have sc far used ' 
only Venezuelan, ore fin es.

f )  The rotary k iln  plants (3L/RN and C033IH) 
generally use sized ore. The SL/HN plant 
has also used pellets and titaniferous 
magnitite concentrate.

The selection of the feedstock for a particular process is 

subject to conducting in it ia l ly  appropriate tests in the laboratory 

and la ter by testing in actual operations, "oraa ily , the process 

suppliers carry out the tests . ?or rotary kiln process, however, the

demonstration plant set up by the Government o f India at Paloncha. Kothagudem, 
India, with uNHO/UNDP assistance o ffers  opportunities fo r large 

scale testing of raw materials to determine their su itab ility .

The stipulations generally made by d ifferen t processes with 

regard to the characteristics o f the oxide feedstock are summarised 

in Table-3.

Reductant

Natural aas: In 'the gaseous reductant processes, mainly natural

gas is  used as reductant. There has begn so far only one plant in the 

world, Cosiguu- in B razil, which operated with gassified heavy o i l  but 

this plant has now ceased working.

The natural gas has to be reformed to produce the reducing gas 

required for the process. The technology of reforming and the 

equipment 'used vary from process to process. Cn the basis of the 

technology o f reforming, the gaseous reductant processes may be 

c la ss ified  as follows:

a) Processes using steam reforming -  HyL, Armcc,

HX3, FIOR and NSC.

b) Processes using top gas reforming - Hidrex and 

Furofer.

A ll the reforming processes -’se a catalyst. The steam as well 

as the top gar * a formers (hidrex) utilise  a nickel-based catalyst, 

lepending on the reforming technology adopted, the processes stipulate 

the limits of the sulphur content in the natural gas, because the



sulphur pcisocs the ca ta lyst. The other undesirable constitu-itits 

of natural gan are CO2 and nitrogen. The characteristics sp éc ifié ! 

by some of the 3E processes an the natural gas quality are given .in 

Table-1.

Coal: Coal i? used as a reductant in the so lid  reductant

processes. The su ita b ility  of coal is  judged from the viewpoints of 

reac tiv ity , ash content, ash fusion temperature and swelling index.

The SL/HN plants are operating with sub-bituminous coa ls, except the 

unit in New Zealand which is  u t ilis in g  lign ite  char. The CODXR process 

uses anthracite coal as reductant and sub-bituminous coals as fu el.

The characteristics o f coals used in the rotary k iln  plants are given 

in Table-5.

Keeping in view the larger reserves of coal (compared to natural 

gas) and the greater success achieved in th i gaseous reductant processes, 

atte. _,rs are now being made to u t ilis e  gas generated from coal as 

reductant. P ilo t plant tr ia ls  have been made with the use of coke oven 

gas as reductant. The development and commercial acceptance o f these 

technologies would he la rge ly  governed by the re la tive  costs of gas 

generated from coal and natural gas.

PLANT PSBTCJtKANCB AND PRODUCTS

Industrial experience indicates that with a new process, considerable 

e ffo rts  are needed to achieve sustained production o f the desired quality o f 

product at the rated output level as w ell as to master the technology.

These processes are also highly sensitive to the quality o f feed 

materials. Therefore, the gestation periods have varied depending on 

the local conditions and the status o f industrial experience o f the 

relevant DR technology. Most o f the f i r s t  DR plants adopting a new 

technology also have had to undergo sign ifican t modifications before 

achieving commercial success.

The Midrex plants have shown their capability of achieving the 

rated capacity within reasonable time at different locations. It must, 

however, not be forgotten that a great deal of effort had to be put in 

at the in itia l 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 noc been operating. The Purofer 

units were operated for short durations and failed to achieve their 

rated annual capacities.



T ne nyu pxanss xn nenco nave snown scexr capaoxxiry ox producing 

at the rated and even above the rated capacities. Similar success has, 

however, not been reported from the plants elsewhere.

HTB process has s t i l l  not got over its  problems, though nearly 

ten years have elapsed since its  start-up* The 7I0R plant is  improving 

its  performance and has achieved about of the annual production 

capacity.

Performance o f the rotazy kiln  plants have also followed a trend 

similar to the gaseous reductant units. The New Zealand plant achieved 

:ts  rated output le v e l in 5 years. The B razil plant has achieved a 

85% production le v e l in about 6 years. The South African plant is 

reported to be operating at 9C% capacity le v e l.

Tne industrial experience on the Kinglor Metor process has been 

lim ited and the plants have not operated long enough to establish 

their performance capability.

The product qualities in respect o f the degree o f metallisation 

and the carbon content are governed by the process technology. Of the 

d ifferen t processes discussed above, the HIB process produces the lowest 

metallised BRI -  about 75^, which is not suitable for steelmaking. This 

is followed by the EyL process, generally achieving 85% to 97% m etallisa­

tion. i l l  other processes normally produce 90/92% metallised product.

The degree of m etallisation and the carbon contents generally achieved 

in d ifferen t processes are indicated in Table-o.

Energy is required in two forms: gas/coal and e le c tr ic  power. The 

energy requirements o f different processes depend on the type of 

reduction unit u tilis ed , the quality of the feed material used and the 

quality of product. The general leve ls  o f energy consumption as achieved 

in industrial plants are indicated for d ifferen t processes in Table-6.

The water consumption of BR plants depends on the process 

technology, the r-ype of equicment used and the local conditions. On the 

one hand there are plan'.-iwoo as the Arcco at Hois ton where a ' cnce- 

flow* system is adopted --use ■ f the abundant availability of water 

an.d a r. such, the water cars av.pc ion is high. On the other, there is 

also a plant like the one in Qatar, where water-to-water heat exchangers 

are adopted for cooling of circulating water, and the system losses are 

minimum.



The general requirements o f  water fc r  d if fe r e n t  processes are 

also indicated in Table—6«

5N7IB0NMESTAL IMPACT

Whenever an industria l plant is  established on a green fio id  

s it e ,  i t  disturbs the eco log ica l balance in  the area« This distur­

bance is  genera lly  described as po llu tion  o f  the environment« The 

po llu tion  can be due to discharge o f  m ateria l waste in  the form o f  

gas* liqu id es , so lids  or in  the form o f  generation o f  heat, noise and 

odour: i t  can also be aesthetic . There has been a general trend a l l  

o ver  the world to combat industria l p o llu tion  and gu idelines have 

been established lay in g  down the pemnissible l e v e l  o f  pollu tants that 

may he discharged by an industry in to the surroundings«

While a great deal o f  published information is  ava ilab le  on the 

environmental impact o f  the conventional iron  and steelmaking processes 

the magnitude and extent o f  p o llu tion  by the DR processes is  not w e ll 

documented« This is  possib ly because o f  the p rop rie to ry  nature o f  

these processes and th e ir  application  predominantly in  developing 

countries where environmental control regu lations are not stringent«

In  a DR plant* po llu tion  is  caused by severa l agents* Po llu tion  

o f  a ir  is  caused by dust generated from handling and processing o f 

raw m ateria ls, and by emission o f  dust and gases from process equipment 

Water used fo r  equipment cooling and process requirements gets 

po llu ted . The e fflu en t discharged is  contaminated by suspended matter. 

Noise associated with the running machinery and r e la t iv e  motion 

is  another source o f  p o llu tion . The source, type and extent o f pollu ­

tion  in  a DR plant is  dependent on the process technology and the 

equipment u t ilis e d *

JL DR p lan t includes f a c i l i t i e s  fo r  oxide feed storage 

preparation and handling; reluctant storage, preparation and 

handling; reduction; and product handling, storage and screening.

The equipment and fa c i l i t i e s  in s ta lled  vary from plant to plant, 

depending on the type o f feed used, the process adopted and the 

mode o f  u t i l is a t io n  o f the produce. The elements o f  DR /technology/



plant operations which have inherent potential fo r adverse environmental 

impact and the measures taken to control pollution are discussed ie iov  

fo r each major section o f the plant. The sources o f pollution in 

typ ical DR processes are shown in  Figures 11 to 15 .

Fmissions. Effluents and Wastes and Their Treatment

Customarily, the oxide feed storage, preparation and handling 

system comprise equipment such as conveyors, bins and screens. The 

screening o f the oxide feed is  carried  out main ly  to separate the 

f in e r  fra c tion s . In some cases, the plant &iay a lso  include crushing 

f a c i l i t i e s  fo r  lump ore, and ra re ly , concentration/beneficiation 

fac . i t i e s .  Generally, th ere fo re , the pollu tant from th is  section 

is  the oxide dust. The amount o f  dust generated depends on the type 

and characteris tics  o f the feed  and the extent o f preparation 

f a c i l i t i e s  a t the plant. Dust is  c o lle c ted  mostly in  bag f i l t e r s  

and sometimes through wet cleaning system. The dust thus co llected  

is  not su itab le as such fo r  use in  the DR plant, and is  generally 

dumped.

The f in e r  fractior. o f the oxide feed  stoch separated out at 

the screening plant has also to be disposed o f f .  At locations closer 

to  in tegrated  s tee l plants, these fin es  could be sold as s in ter feed. 

In other-cases, they may have to. be dumped. Recently, the Midrex 

process has started using a part (3 to 6 mm) o f  the f in e r  fra c tion  as 

charge m ateria l to the sha ft. This reduces the problem o f disposal.

In  the plants using so lid  reductant, the equipment used fo r  

the preparation and handling o f  reductant is  s im ila r to that used 

fo r  oxide feed . The main pollutant in  tn is section  is  dust arri, 

f a c i l i t i e s  s im ilar to those discussed fo r  oxide i'etd are u t ilis ed  to 

combat i t .

In  the gaseous reductant p lants, the common feature o f a l l  

processes is  the reforming f a c i l i t y .  In  addition , depending on the 

quality  o f natural gas, other pretreatment f a c i l i t i e s  such as those 

fo r  desulphurisation are in s ta lled . The flu e  gas o f the reformer is  

a po llu tan t. However, the particu la te  emissions from th is  flu e  gas 

are gen era lly  low, because natural gas and clean recyc le  gas are used 

as fu e l.  No fa c i l i t ie s  fa r  cleaning the flu e  gas are , therefore.



provided. Since the waste heat o f the fin e  gas is  a lso  'recovered, . 

there is  low thernml po llu tion . A possible source o f  po llu tion  can, 

however, be the SO2 content in  the flu e  gas in some processes lik e  

the Purofer. For example, i f  the natural gas contains high sulphur 

(no pretreatment would be required fo r  use in  Purofer process, where 

high temperature is  used fo r  reform ing) the reformer flu e  gas w i l l  

contain SO2 . However, to combat po llu tion , in th is ca.se, desulphuri- 

sation o f  natural gas has to be carried  out.

The desulphurisation f a c i l i t y  depends on the type and content 

o f sulphur in the natural gas and the acceptable l im it  o f the sulphur 

in  the natural gas and the acceptable lim it  o f the sulphur in  the 

treated gas fo r  the DR p lan t. Bog iron ore, zinc oxide and activa ted  

carbon are the common desulphurising agents. Where the sulphur 

content o f  the natural gas is  high and the process requirements ( f o r  

the processes using steam, reform ing) are stringen t, desulphurisation 

is  ca rr ied  out by mono-ethanol amine (MEA) wash fo llow ed  by absorption 

o f sulphur in  zinc ox ide. The bog iron  ore and the zinc oxide have to  

be replaced p e r io d ic a lly . The used up bog iron ore has to be dumped 

or used as s in te r  fe- 1 o r  in  same cases regenerated. The zinc oxide 

is  regenerated by the manufacturer. From the MEA treatment plant,

MEA sludge is  obtained as a waste. This slndge is  normally dumped.. 

Otherwise, i t  can be incinerated or treated by bio-degradation before 

d isposa l.

For the plants using steam reforming, the blaed o f f  f  he 

b o ile r  feed  water treatment plant and the b o ile r  blow dr 

obtained as e fflu en ts . These have to be neutralised bel ^ ch a rge  

to the indu stria l and san itary sewerage system.

In  the esse o f gaseous processes, uhe gas coming out o f  the 

reduction unit is  reused. This e x it  gas contains dust and is  

cleaned in  wet scrubbers p rio r to recyc lin g .

In  the so lid  reductant processes, the ex it gas from the 

reduction unit is  led to  a chimney stack and discharged ir to  the 

atmosphere a fte r  cleaning. Various types o f gas cleaning fa c i l i t i e s  

are u t i l is e d .  The flu e  gas from the rotary k ilns contain SO- ~nd 

S03, and the concentration o f  these depend on the S input. The 

scrubbing o f the flue gas also removes sulphur o x iie s  to a certain  

ex ten t.



?cr a l l  wet gas cleaning systems, the contaminated, water is  

treated thrcigh c la r i f ie r  and in most cases, the slurry from the 

thickener is f i l t e r e d . The water recovered is recycled and the 

sludge/filter cake is  dumped.

lust is generated at the sponge iron discharge point as w ell 

as during storage, screening and conveying. Vet gas cleaning 

fa c i l i t ie s  are insta lled  for abating the dust pollu tion . In the 

so lid  reductant processes, wastes in the form o f non-eagnetic 

materials such as ash and doiccbar are obtained. 'These have to’ 

be disposed o f f  in dumps.

The m etallic fines cannot be used as such for steelmaking.

Plants with small capacity tend to dump these fin es . The possible 

uses o f these materials are as feed to sinter plant, and in  s te e l-  

making furnaces, a fte r  briquetting. Attempts are now being made to 

pneumatically convey these fines fo r  in jecting into the arc furnaces.

Due to condensation of H2O, there is an excess water in the 

process water c ir c u it . This water, an overflow from the c la r i f ie r ,  

is  discharged as an effluent with high content of dissolved and 

suspended so lids. In  addition, to maintain the quality of the 

circu lating water, the blow down from the cooling towers is  discharged 

as an effluent to the storm water drainage system.

The types o f pollutants, the general measures to combat 

pollution and the leve ls  of particulate emissions before and a fte r  

cleaning are given in Table—7. Detailed information cn pollution 

and pollution control fo r  the various DR processes are given in 

Appendix-2.

Noise Pollution

The noise leve ls  in the DR plants vary considerably. Whereas 

in the general DR plant area, i t  can be about 80 to 100dB(A), the 

noise levels are considerably higher at the compressors, fans, 

blowers etc, ranging from ICO to l30dB(A). In most cases, the 

compressors are located inclosed rooms. Special mention may be made o f 

the Kidrex plant in Emden where the noise levels have been brought



down considerably by providing ad d ition a l sound—proofing f a c i l i t i e s .

This was necessitated due to habitation  near the DR plant. The noise 

le ve ls  o f d iffe ren t DR processes are g iven  in  Table—8. The noise 

le v e ls  o f a typ ica l SL/RH plant is  shown in  Figure 16 .

Investment on Po lln tion  Control F a c i l i t ie s

Investment on the po llu tion  con tro l f a c i l i t i e s  varies depending 

on the process and the an ti-p o llu tion  la «s  p reva ilin g  at tne loca tion . 

Data on the magnitude o f  investment fo r  po llu tion  control fa c i l i t i e s  

is  not read ily  a va ilab le . This i3  p a rtly  because a substantial part 

o f the pollu tion  con tro l equipment is  in -b u ilt  in  the DR process 

technology, sp ec ia lly  in  the gaseous reductant processes. I t  is  

reported that fo r  and 880,000 tons capacity  Midrex plant with a to ta l 

outlay o f about DM 43O m illion  , the t o ta l  investment fo r  po llu tion  

con tro l could be around EM 5 m illion , o f  which about 66 per cent could 

be a ttribu ted  to the waste gas cleaning systems and 33 per cent to the 

water treatment f a c i l i t i e s .  In  the ro ta ry  k iln  processesv th is could 

be in  the range o f  10 to  30 per. cent. For example, fo r  SL/RST and 

C0DIR, i t  is  about 10 per cent and fa r  DRC, 22 to  28 per cent o f  the 

plant cost.

Operating Cost3

intimation o f  operating costs fo r  the environmental control 

f a c i l i t i e s  in the DR units is  somewhat complicated, sp ec ia lly  fo r  

the gaseous reductant processes. This is  because, as mentioned 

e a r l ie r ,  the gas cleaning units are e s s en t ia lly  required fo r  the 

procesa purposes and are in teg ra l with the process equipment.

However, some approximation is  possib le ic  the so lid  reductant 

plants, fo r  example in rotary k ilns where the gas cleaning f a c i l i t i e s  

are not in tegra l with the process equipment. The Sponge Iron India Ltd 

estimates the operating cost o f  these f a c i l i t i e s  at about Rs 30 

(equivalent to about US % 3*4) per ton DRI.

Furture P o s s ib ilit ie s

The major areas o f future development fo r  environmental protection 

are expected to be in uhe f ie ld s  o f recovery o f v^ste energy to reduce 

thermal pollu tion and the u t ilis a t io n  o f so lid  wastes.



The p o s s ib ility  o f recovering o f waste energy is  considered 

fea s ib le  in  rotary k iln  processes. The heat content in  the waste 

g&sbs and k iln  discharge amount to about 35 per cent. The heat in  

waste gases can be recovered by a heat exchanger system upstream 

the after-burning chamber; and the chemical heat in  the non-magnetic 

k iIn  discharge can be recovered in  a pulvarised coal f i r in g  system 

( fo r  example b o i le r ) . In  th is way to ta l  thermal e f f i c i  ency can be 

increased from 40 to 60% ^ 8 ) .  j n some gaseous reductant processes 

there are sim ilar p o s s ib il it ie s  as has been proposed fo r  the 

in tegrated reformer fo r  the HyL processes.

U tilis a t io n  o f wastes are expected to  develop prim arily fo r  

the iron  oxide fin es and dusts. Cold briquetting o f dusts and 

fin es fo r  reuse in  the reduction furnaces is  one such p o s s ib ility .

DHI fin es  a ie  already being briquetted and the other a lte rn a tive  o f  

in je c tin g  i t  into e le c t r ic  arc furnaces w i l l  be possible only in  

plants integrated w ith steelmaking f a c i l i t i e s .  The oxido and 

m eta llic  fin es  obtained from DR plants are acceptable in  s in te r  

plants o f  integrated s te e l  plants; however, th is mode o f  u t il is a t io n  

is  not universal. The p o s s ib il it ie s  o f  using ¿he sludge co llec ted  

from water treatment f a c i l i t i e s  need to  be investigated and su itab le 

processes developed.

APPLICATION ?0R DR PROCESSES IN DEVELOPING COUNTRIES

Limited market demand and fin a n c ia l resources, n on -ava ilab ility  

o f  coking coal and a v a i la b i l i t y  o f a lte rn a tiv e  re luctan t*, as « 1 1  as 

the vagaries in  the in ternationa l scrap market favour the in s ta lla t io n  

o f  DR plants in  developing countries. Such plants have been in s ta lled  

mainly from the viewpoint o f domestic consumption o f the DHI fo r  

production o f  s te e l. Some DR plants may be set up to meet the reg ion a l 

requirements o f  m eta llic  charge.

The developing countries are already playing an important ro le  in  

perfectin g  DR technologies on a commercial sca le. I t  w i l l  be evident 

from the Table-1 that most o f  the DR pi .nts are located in developing 

countries though a l l  the process technologies, except one (HyL), 

orig inated in the industria lised  countries. I t  may be noted that 

¿he plants based on Purofer process and the flu id ised  bed units are



a l l  located in developing: countries. In the f ie ld  o f so lid  reductant 

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

located in developing countries. The f i r s t  in sta lla tions o f the 

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

developing countries.

Location and Capacity

A review  o f  the loca tion  o f  the ex is tin g  and under construction 

plants w i l l  ind icate that the DR plants hare been in s ta lled  with the 

use o f  lo c a l ly  a va ilab le  energy. I t  is ,  th ere fore , l ik e ly  that in 

developing countries a lso  a s im ilar trend may p reva il f o r  future 

plants.

Prom Table-1, i t  w i l l  be noted that most o f  the gaseous reductant 

plants which have been in s ta lled  are in  the capacity range o f  350 000/ 

400 000 tons per year, though some units with la rger  capacity  o f  up to  

600 000 annual tons have a lso  been b u ilt .  In  respect o f  the so lid  

reductant p lan ts, i t  would be noted that th e ir  capac ities  vary w idely 

from plant to  p lan t. I t  may a lso  be mentioned that t i l l  date, the 

operating experience fo r  reasonable period o f  time is  a va ilab le  only 

fo r  k ilns up to  about 150 000 tons per year capacity. The se lection  

o f plant capacities  w i l l  have to  keep then; in  view.

The se lection  o f  location  and capacity o f  the DR plants in 

developing countries w i l l  a lso  be influenced by the a v a i la b i l i t y  o f  

rav m aterials and loc&tion/demand o f  the consuming centres o f  DBI. 

Therefore, DR plants could form a part o f  e ith er  an in tegrated  mini 

plant, o r  a captive source to supply a number o f  mini plants in  the 

country/region. The p o s s ib il ity  o f settin g  up DR plants fo r  exporting 

the product w i l l  have to  be judged from the viewpoints o f  domestic 

energy resources, market and other lcca tion a l fa c to rs . I t  may be 

mentioned that in  the recent past, the fe a s ib i l i t y  o f  overseas trans­

portation o f  DEI has been reasonably established. DBI obtained 

frcn  a number o f processes have been transported over long distances 

including overseas loca tion s . The experience in  shipping indicates 

that though there are hazards in  transportation, these could be 

overcome with appropriate precautions. In  th is context, i t  may also 

be mentioned that t i l l  now the trading in sponge iron has been carried



out only as an interim, measure from such sources where adequate 

steelmaking capacity is lagging behind the SRI capacity. The 

s ta b ility  of the SRI w il l  be an important factor in storage and 

handling for expert. From these ccusideraticos,briquettes are 

favoured.

R?.w Materials

Iron ore resources suitable fo r  producing SRI of steelmaking 

quality are p len tifu l in the world. Therefore, in the long run, 

problems of a va ila b ility  are not foreseen. B razil is  the most 

important supplier o f natural ore and is  expected to continue to 

do so»because of its  large reserves o f marketable oxide feed in 

d iffe ren t forms. Guinea, which has a rich  iron ore deposit, is  

expected to emerge as an important supplier. Venezuela has natural 

ricn  ores, but a large part of the produce would possibly be 

required to meet the domestic demand. The su ita b ility  of the 

South. African ores for use in DR plants w ill have to  be established

In addition to the above-mentioned natural rich  ores, SR 

plant feed may be obtained by benefic iating iron. ores f::om various 

sources. These sources include 3 ra z il,  Sweden, Peru, Ivory Coast, 

India, Siberia, Canada etc.

From the viewpoint of the immediate future, however, there 

may be problems of obtaining suitable quality feed material. I t  

is  mainly from this viewpoint that the d ifferen t SR processes are 

try ing to widen the ir oxide feed materials bases by trying out 

sized ore and pellets from d ifferen t sources. I t  may, however, be 

mentioned that i t  is somewhat d iff ic u lt*  to predict the situation 

o f the feed material for DR plants, because there has been 

considerable time lag between the announcement and completion of 

SR plants on one hand and a somewhat confused situation in respect 

o f the development o f pe lle tis in g  capacity,on the other.

From the viewpoint of rcductant, as mentioned ea rlie r, loca l 

resources are generally expected to be u tilised . Of course, there 

are instances, such as at Hamburg ard Emden, where pipeline gas 

from other countries are used in DR plants. Sim ilarly, the use o f 

imported coal cannot be ruled out.



Snrtjongental Considerations

The environmental control fa c i l i t ie s  in sta lled  in the 12. 

plants in developing1 countries vary s ign ifican tly . As the statutory 

requirements for environmental protection are not stringent in 

developing countries and the fact that additional costs (in s ta lla ­

tion and operation) are involved, there may be a certain reluctance in 
in s ta llin g  these fa c i l i t ie s .  However, the general consciousness in 

these countries for protecting the environment is a ls 3 growing. 

Therefore, the extent of pollution control fa c i l i t ie s  installed 

much depends on the entrepreneurs o f the projects. To give an 

example, at Paloncha, where the sponge iron plant has been put up 

by the Government of India in collaboration with UUISO, the IB. 

plant is  provided' with most up-to-date environmental protection 

fa c i l i t ie s  which are described in Appendix-3. In  the v ic in ity  of 

the name plant,there is a fe rro -s ilicon  plant which is  em itting 

large voltme» o f  uncleaned smeltwr gafl. Recognising that the 

recovery of by-product and its  use can only make pollution control 

economically a ttractive , Sponge Iron India Ltd plant is  now carrying 

out investigations to identify the possible use o f the sludge 

co llected  from the dust cleaning fa c i l i t ie s  o f the materials hand! fng 

system and the reduction unit as a construction material. In the 

gaseous reductant processes, however, treatment and cleaning of 

gases i3 a part of process technology and therefore , these are 

insta lled  in a l l  plants at a l l  locations.

A conventional integrated s tee l plant discharges a large 

volume o f waste products, which contribute in a b ig way to 

environmental pollution. The bulk of this pollution is  connected 

with the primary production o f iron and s tee l. The more important 

and the major unresolved problems in the area o f controlling 

emission in a conventional 3teel plant are resu lting from coke 

oven operations. Thl3 step is to ta lly  eliminated in the DR process 

route. To control particulate emissions in modem blast furnace 

and BCF converter shops, extensive use o f special pollution abate­

ment systems such as fume extraction in cast house and local 

exhaust systems in various points, are essential. Sim ilarly, in 

respect of the effluents from the coke ovens, the discharge water

—  2 2  -
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/yets contaminated, with toxic compounds such as phenols, thiocynates 

and ammonia. These need bio-chemical treatment followed by b io log ica l 

treatment o f the effluents. Compared to these, the pollution from a 

LR based plant w il l  be considerably less , though the pollution 

problems encountered in raw materials handling and preparation are 

somewhat similar in both. In th is context, i t  may be mentioned 

that many industrially advanced countries have been considering 

the possib ility  o f sh ifting the primary operations o f iron and s tee l 

production to developing countries, to avoid the problems of environ­

mental pollution in their own countries.

Thus, i t  may be said that the market, energy and other resources, 

as w ell as the environmental considerations are more favourable fo r  

the installation  of DR based plants in developing countries.
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SSSD J  DB PLAJT5

P a S 1 0 2

T ~
C a O

T
P 3

P E i B T S •

C Y B 3 ,  B r a z l l •  • ¿ 8 . 0 0 1 . 46 0 . 7 9 0 . 6 6 0 . 0 4 7 ' 0.006

S a a a r c o ,  B r a s i ! *  • 6 6 . 5 0 3 . 0 0 0 . 7 5 ... 0 . 0 7 0 .0 5

C a r o !  L a i c a ,  P a n a r i a  . . 6 5 . 2 6 5 . 7 3 . 0 . 3 3 0 .5 4 0 . 0 1 2 0 . 0 0 2

H l l t o n , •  • 6 7 . 0 8 2 . 1 8 0 . 2 5 0 . 2 2 0 . 0 0 5 0.006

S i d b a o  -  B o r m l n e , P i a d a • • ¿ 7 . 0 0 2 . 5 0 0 . 5 0 ... 0 . 0 2 5 0.006

C | O g d 4 •  « •  • 6 4 . 0 5 2 . 7 « 0 .2 7 0 . 1 5 0 . 0 0 9 0 . 0 0 5

A l l a r i a ,  M a x i  c o •  • •  • 6 7 . 2 2 1 . 2 8 1 . 0 3 1 . 4 9 0 . 0 5 2 0 . 0 2 0

P « a  C o l a r a d a .  K a r l  o c •  • 6 6 . 0 0 2 . 0 9 0 . 8 4 1 . 9 7 0 . 0 4 1 0 .0 16

H l e r r o p a r u ,  P « r u •  • •  • 6 7 . 5 0 1 . 4 0 0 . 5 8 0 . 3 4 0 . 0 0 6 0.005

U C A B ,  S c a d a c i a • •  • 6 8 . 1 5 1 . 5 3 0 . 7 4 0 . 1 2 0 . 0 0 9 0 . 0 0 2

K P 3 ,  S a a d a n •  • •  • 6 6 . 0 0 4 . 0 0 0.60 0 . 2 0 0 . 0 1 5 0 . 0 0 5

M P B ,  S a a d a n • •  • 6 8 .  K 1 . 2 2 0 . 3 6 0 . 1 4 0.005 0 . 0 C 5

S a v a n e  P i n a ,  T a a a a n l a •  • 6 7 . 1 0 1 . 5 0 0 . 3 5 ... 0.006 0 .0 5

O S S Q L ,  0 S 3 B •  • •  • 6 6 . 7 9 3 . 3 2 0 . 1 9 0 . 3 1 o.ooe 0.005

lchp gas ma ohb russa

tgaaM Qaraa, Srazil . .  67.31

C7HD Luap, Brasi! . .  . .  Sa. 46

Espiane», Braall . .  .. 69.98

Pl»Jao, Brasi! . .  .. 68.25

Mutuaa, Brazll . .  . .  67.50

Iw iM fiii Concentrata, Ke* Zelandj/ìì/ 56.00

Carro 3ojLiTar, Tanapiala£/ .. 65.14

Slpan, Variamela , .  .. 66.58

San Iaidro, VanemalaJ>/ .. 66.41

Kzcadral, South lir ic a  .. 67.50

Poataaaburf, South lir ic a  .. 65.57

Sicilia, South lir ic a  . .  67.16

Bayarma Ora, India . .  . .  61.50

0.65 0 .96 0.05 0.041 0.009

0.70 1.18 . . . 0 .042 0.045

0.59 0.15 0 .05 o.ooe 0.005

0.71 0.72 0.10 o.oe 0.01

0.90 1.50 . . . 0.05 0.09

4. CO 4.00 1.00 0 .07 0.005

0.57 0.60 0.01 0.113 0.027

2.18 1.02 0 .12 0.026 0.005

0.32 0.42 0.01 0.049 0.035

0 .60 0.30 0 .50 0 .04 0 .14

3.62 1.45 0 .20 0.026 0.012

3.29 1.12 0 .02 0.029 0.011

5.70 3.50 0 .04 0 .019 0 .06

HOTESi
y  Contala flK T102» 
b/ Ora flaaa.
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TAEL¿ 5 -  CHARACTERISTICS O? PUDE HEP USED IR DR PROCESSES

Á. CHEMICAL AHALYSIS 

Sulphur, oar

Hjoaphorus

SiO2

Shaft furnace Reactor Fluidised bed

1) 0.0159^ 0.1596 Preferable
(fo r  standard (preferable) below 0.05/6 . 
flowsheet)

i± ) 0.02^3/ (fo r  
; Itenaative 
flowsheet)

So lim itation  In regard to  process hot preferably low 
0.03% sax In r ie v  e f  steelmaking.

A high s i l ic a  content results in  high slag volume during 
srteel waking. However, a very low s il ic a  content may 
resu lt in excessive decrepitation, 3walling and stick ing 
during reduction.

R t  important fa r  reduction, but preferably should be low 
to  obtain low volume o f slag in steelmaking. *

Rotary k iln

Preferably 
low in view 
o f s tee l— 
making

physical characteristics

Screes analysis . . 6 — 50 nm

Compressive strength . . 250 kg min
per p e lle t

ASTM Tumble Index (+6 mm 96)
-  P e lle t 90

-  Ore 90

Reducibility under . . 92
reducing condition . .

5 - 5 0  mm- 
with 12.7 -  
50 mm at 
lea s t 25^

Generally (less 
than 12.7 nm 
with **525 mesh 
(44 microns) 
less  than 2096

5 — 25 nm

200 kg min Rot relevant 218 kg min
per p e lle t per p e lle t

90 Rot applicable 90

90 dot applicable 80

95 Rot applicable Preferably 
more than 90

NOTE:
I T  This leve l o f sulphur Indicated is  relevant for Midrex process. For processes 

using steam reforming, the sulphur leve l may be up to 0.136 in the oxide feed.
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TABLE 4- -  CHARACTERISTICS OF NATURAL GAS

• • • •

Midrex 

80^ max

HyL

j 88^ min 

)C2H6 • • • • 20i»  max

v ? • • • « 10^ max j 2$> max

)• 6
"  ]

0 *aax

O j H , ^  ■ • • - ) 0.5^ max

00^/ • 9 • • 15^  max 1.5# max

•H2 • • • • 15^  max

C02+* 2 • • • • 2o£ max -

Total sulphur .s/ 15 PP*> 8.5 ppm-S/

V • • l Not important 3 ppm mar
CHjS # • . .  )

o o s l/ • • « m 3 ppa 3 ppm

Net c a lo rific  value (Kcal/Nn^) 6,900 min 8,600 min

Heavy hydrocarbons should be p re ferab ly  low.
Higher 002 content requires higher capacity process gas compressors, 

fans and blowers.
I f  sulphur is  present in  appreciable quantity as COS, specia l 

treatment is  required fo r  i t s  removal.
In case o f  high temperature reforming such as in Purofer, where 

reforming process is  carried  out at 1200°C to  1400°C sulphur 
le v e l  up to 200 ppm can be to le ra ted .

The sulphur lim it  in  the re fo rmer  is  0.5 to  0.6 ppm. Up to  8 ppm 
sulphur le v e l in  natural gas, simple desulphurising fa c i l i t i e s  
such as activated carbon bed is  adequate, with sulphur higher than 
8 ppm, elaborate desulphurising fa c i l i t i e s  3uch as MEA system to 
be employed.

NOTES;

sJ.V
«/

>/



T A B U  5 -  CHABACTKblST irS  O f  001LS UBKD IM  ВОТАДТ A I  IB  P L A T S

Waikato. Maw ZaalnnW OharouoadaBi B m ill Sincere u i. India Duff. South A frica Anthracite. Sooth A frica Forest bur*. Canady

A. Ch anioni Analysis (Wat %) 

fix ed  oai'->oo • • 40 >4 44 55 75 3»

T e la t ila  «a tta r  . • 50 23 22 24 9 55

lab •• • * 4 52 24 16 9 7

M diltttia aa «• Ю 9 10 7 9 21

Sulphur •• • • 0.5 0.4 0.4 0.7 0.75 0.37

1. Hat Uaatlnx °e lee

Calori f i e  Talus, koal/k< . . 6 451 * 4 6 0 0 6 000 6 50 0 7 100 5 975

C, Other Properties 1

A ah ao ftan in i point, *C . > 1  2 7 0 lb  о T« 1 230 1 16 0 1 150 1 260 ъ/ IO 
1 13QZ/ со

H eeotlr lty  • • Hl«h High Moderata Mo áa rata Modarata Ulgt, '

D. Tjrpe •• *• ^ ign ita Sub-blfumlnoua Bub-bituainoua Bub-bltuninoaa £ltuainoue Bub-bltuainona

AIOTSSi
Char produced i  го* th is la  aaed as rodeo tant, 

b/ In i t ia l  daforaetlon taaparataxe.

T
ab

le 
5



TABLE 6 -  fL ^MT PBWOHMANOB AND PROMJOTS OF SELECTED DR PLANTS

Type o f  oxide feed 

i^ter^y ruouired/ton M I

P e lle ts

Natural gas, G Cal

Coal, G Cal mm

E leotrlc  power, kWh 40

Water required, ou »/ton M I 2 - 3 ^
Product

M etallisation , Ji 85-*7

c, % 2-2.2

Briquetting 
r*quirud -  % o f 
to ta l produotion 2 to 3

in o o Midrox Purofer

P e lle ts  and P e lle ts  and Pa lle ts  or
luap ore 
(1CJ4 aax)

luaip ore
(50*)

luap ore

,.,< *> 8 .7 «** ) j . j « 51)

- - -

40«*) « } < * * ) 130*51*

2 . 0 ^ 1 .5 ^ i . o ^

90-92 92-94 92-95

2.4-2.8 1.7 1  0.3 1 i  0.3

2-3 5-10 100

FIOH SL/fiN OODIB

Fines P e lle ts  or 
luap ore or 
ooncentrate

P e lle ts  or 
luap ore

• o fO

Me 4.75«*) 4 .0«*)

ieo^2) 50-70*2* 55( 2)

5 .5 «*) 2 .5-3«5*7' 1.5^2'* 1
90-94 09-96 90-94

1 ±  0.3 o .2-0.3 0. 2-0 ,.3

100 10 -15 10 -15



T1BU T -  HIJO» PQLUfATS I »  BILBCTU) M  P80CIS3P

_____________ Soorq* e t POllutent_________ __

*■ E»» H »te r l« l  Hcodltmc »od Preparai loo

l )  Oxida fard (O ra 'p e lle t)

3cr««ninc station, stormi« « I l o »  
• ui ooQT«for t n u f i r  potata

u) £^*1

C ruh ln i and aorNolnc station , 
ooarajor transfar potata

U t )  S to rs i gas tesa inani

I-»t lphorlaatlon aaotlon

B. 8#f : : l;luy

Pollutaat _________Hethod o f  t mateen!_________  __________ P l lg m l /w l t l l gB U n i i Swart»

Dnat

Dut

Dry or M t  i m i  o o lU oU o t t| itM

Dry duat oo llaotlon  ayate*

D u a t  l o a d l n g  I n  « m a t a  ( e a l  

N f o r a  t n i t i u l A f t e r  t r m a t e e n t

¡ • 7 5 3

H i d r a s •  • 5 0 , 0 0 0 5 0

B j l  I • • 4 , 5 0 0 1 5 0

So1 " 1
• • 1 0 , 0 0 0 5 0

«  # 5 , 0 0 0 1 0 0

F I O ! •  • • • • 1 0 0

• L / U •  • 7 . 0 0 0 t « (
C O B I ! •  • «  • • 1 6 0

D U • • I p t o  0 . 5 JÌ p l a n i  
f o n d a

f a  r l e l b l a  a n t a -
e l o a  f r a «  b a g -
b a u a a

D u a t  l o a d  l o g  i n  « m a t a  g a a i  

P t f O f t A f U t

8 L / R 8 ( # 7 , 0 0 0 • a a

C O D I ! # , • • • i t o
D B C ** O p t o  0 . 5 ) 4  p l a n t  

f a a d a

f a  r l a l b l a  e a l a -  
a l o n  f r o a  b a g h o u a a

Oxido food hendllng end J i»-  
permtlon ayate* la aoro or laaa 
a la i la r  lrrmapeotlre i>f typ* o f 
NI prooaaa. Bowerer, therm aay 
ba som  tdd ltlon e l o ltaa tfloa - 
tlo o  ’a o l l l t ls a  fa r  oxida food 
dependlng oc tha apoolfla  prooaaa 
n fu ln a r a U ,

I
LO0
1

;  ■ ) o f  aottratad carbon/fa’  o f <aa traatad In caao o f  aotlratad carbón or ZoO
< ■ ( o f  ZnO par f a ’  o f  (ma traatad or Fa(OH)} «m  adoptad, ‘ Ha aaaa
1 (■  o f  Fa(OE). par f a ’  o f  (ma traatad la  raganarmtod. Boaatar. a ita r

5 aererai raganaratlor , Uva a tto r i al
loaaa Ita  abaorptlor, provai ty  and 
la dlacardad,

11) 81udgo Dlapoaal o f  mooo-athanolaalna (HUt) 1.5 a ) o f  HEt aludga (anaratlon par f a ’  of
aludga to waata dump. gaa traatad

l )  Solld amata 8pant moti ratad oarbon or aldo 
oxido oatelyat or bog Iron wlth 
aulphor dapoalta ara dlapoaad o f  to 
«mata dump.

F io « (ma lo  treatment aa partícula te eale-
aloa la lov end la rmoted to 
ataoapbarm. L 

•!<
«,



____________ Sourc« o f poilutngt___________  Pollutant ________Hotho4 o f tro «t»«p t________

c. â tuotiop cbit
ltductloa ualt InolodlAc charging Dost Dry or wot dust oo llootlon  i j i t t a
usd di»OUr|lD ( 1 7 1 U 1

p. Predict ^ o d llo g  *nd FioparmtUi 
S y f

L) Prod got

Scro«ning station , storage Dost Dry or wet dust co llec tion  eyetea
■ iloa  tod convajror trmn«f«r
point«

l l )  Brlquattin^ Dost № 7 or M«t dust oollootlon  «ja t«B



D;«P0t » l/ «» l» iU a  U w l«

Dual loading la m i U  goal

Bafora t n . t u n t
—

* » « r  nt 
■ g / ^

Hidrex • • 100,000 50
HyL I • • 4,500 150
RjL I I I • • 10,000 50
■SO « • 5,000 100
n o i • • • a • 144
8L/RI • • « • • • • •
CODIt • • a « # 50
DBG « • 10,000 50

Dual loading i® vaata gaai

Bafora traaU an t
i7 S a >

* f t « r  t iy tm a n i 
■ « / ¡a 5

Hidrex , . JO,000 50
HyL I  . . 4,500 150
HyL I I I . .  a . • •
■SC • • • • • •
8L/M • i • • a •
CODIi • • • 120
DSC 10,000 lo t  v la lb le

•e iaa lon

I
Product handlLog and preparation 
ayataa la t o r t  o r lana a a i  in
• 11 tha DH prooaaaaa, However, 
in caae o f  ao«14 reductant baaed 1 
prooaaaaa aegnatlo  auparmtlon la 
requ ired In add ition  to atorego 
conveying and aoraanlng fa o l l l t la a  
In thoaa procaaaaa whore hot 
aponga la  produced, .ha prodoot 
la  e ith e r  d ir e o t ly  t:noafarred  
to SMS or hot b riquetted .

Dual loading la  vaata gaai Cold b riqu ettin g  teclualque employed 
by the various d lra c t reduo11on

g * I m i f t t r  Irea teea t planta la  e a a a n tla ily  fo r 
both gaa and ao lld  boeod procaaaaa
Tha procaaa par?aatara are

Hidrex . . 50,000 50 governed p r in c ip a lly  by the
HyL I  . . 4,5oo 150 axtant o f  l.tnd llng n a a lra d .
n o a 93 Thai, Uia generation  o f duat at

to  ba a an. a fo r  a l l  procmiuaa 
produoing gold  apong*.

a.



Sonrc» o f pollutant Pt luteal H*tho4 o f tw tM B >

b.. P ro c »» «  W af r  T i « > f  ant *nd Co I H m  
§1%ii i

l )  S o lla r  f » « 4  wfttar t r a * t » «a t  
Section

I t )  D lraot coo lin g  « 1 »  (DCV) 
circuit

H u U  water

a ) Vesta water

b) Solid! M i t i i

111) Coollog tower blowdown Vaete water

1'. Botes U ra l

Belt conveyors, deducting eye tea, Boise
screening station , ribrating 
feeders, compressors, briquetting 
station eto.

Discharged to aawer a fte r  neutralisation

Kroeas water generated In the prooeae la 
diecharged to eewer aftap treataent In 
o la r l f l e r

Treataent o f  DCV In o la r l f le r  followed by 
eludge treataent fa o l l l t le a  lnolndlng 
dewatering o f eludge wbloh la  dlapoaed o f  
to Vesta d a |

Certain amount o f  o lroa latlng water con­
taining mainly high TDS la dievoead o f 
to eewer to aaintala the quality  o f  
c ircu la ting  water.

Generally no sound pollution oontrol system 
la adopted. However, depending on an tl- 
pollutlon  regulation prevailing In d i f f e ­
rent uountrlee, equipment emitting high 
nelae le v e l are e ith er provided with 
ailanoera or kept In sound-proof buildings.

J
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TfRTg S -  50ISE IEVELS О? РПРБВБИТ DH PROCESSES^
dB (à)

ftrL I MIdrez ÎBC сш ш DSC

li&in a i r  fan  . . 133

Соагогеазогз . . 92-IO 7 130 100-105

Preheaters . « 88-93

feste  gas fan  • • T30 85 75

product •• ' 80-ез

Z H a  d rire  . • 87

Bog booses . • 93- l iO

tet dedusting . • 9 2-9 6 97-99 *

у

SOTS:
a/ Without sound cc ¿г/ sllen c in g  etc.



APPEHDIX -  1

a S T IS f OF T5S DIRECT HPTiUCTIOS PROCESS 
OF COMMERCIAL SIGNIFICANCE

T h is  re v iew  i s  c o n fin e d  to  such  d i r e c t  re d u c t io n  (DR ) p ro ce s se s  

which have reach ed  the s t a g e  o f  com m erc ia l s ig n i f ic a n c e  f o r  the  

p ro d u ction - o f  h ig h ly  m e t a l l i s e d  s o l i d  p ro d u c t , r e f e r r e d  to  as  d i r e c t  

reduced  i r o n  (D H l) to  be used  a s  m e lt in g  s to c k  in  e l e c t r i c  a rc  

fu r n a c e s .  There a re  s e v e r a l  DR p ro c e s s e s  w hich  have been  t r ie d  out  

i n d u s t r i a l l y  and a  few  o th e r s  a r e  p o ise d  f o r  com m ercial a p p l i c a t io n .  

The p ro c e s s e s  in  bo th  th e se  c a t e g o r ie s  g rou ped  a c c o rd in g  to  the typ e  

o f  re d u c ta n t  used and in d ic a t in g  the  typ e  o f  r e a c t o r  u sed  a re  l i s t e d  

b e lo w :

Type o f  
re d u c ta n t Tyne o f  r e a c t o r

P ro c e s s e s  t r i e d  
out in d n s t r i a l l v

P ro c e s s e s  p o ise d  f o r  
comm, a n n l ic a t io n

Gaseous R e to rt

i

HyL

S h a ft  fu rn a c e Armco HyL I I I

M id rex NSC—DR

P u r o fe r

F lu id is e d  bed F io r

313

S o l id R otary  k i ln SL/RN A ccar ^

CODIR DRC

R e to rt  - K in g lo r  M eto r

N o te :

a /  A c c a r  p ro cess  has a  p la n t  based  cn gaseou s  red u c tan t which was 
co n v e rte d  from a  s o l i d  red u c ta n t  r o t a r y  k i ln  u n it .  No o th e r  
gaseou s  A cca r p la n t  i s  r e p o r te d  under c o n s id e r a t io n ,  th e re fo re  
i t  i s  not in c lu d ed  under ga seou s  DR p ro c e s s e s .



A p p e n d i x : - '  \.c o n t i n u e d )

A g r e a t  d e a l  o f  p u b lis h e d  in fo rm a t io n  (1 -6 5 )  a re  a v a i l a b le  

on tech n o lo gy , f lo w s h e e t ,  p la n t  d e s c r ip t io n s  o f  th ese  p ro c e s s e s ,  

t h e r e fo r e ,  these p ro c e s s e s  a re  b r i e f l y  d is c u s s e d  b e lo w :

HYL PROCESS

H o ja la ta -y -L a m in a  SA, M exico (H y ls a )  d e v e lo p e d  the HyL 

p ro c e s s  and p i lo t  p la n t  o f  30 tons p e r  day  c a p a c it y  was s e t  up in- 

1955» The f i r s t  com m ercia l p la n t  o f  200 tons p e r  day  c a p a c ity  'was 

i n s t a l l e d  in  1957 a t  M o n te rrey , M e x ic o .

P ro c e s s  D e s c r ip t io n

The HyL p ro ce s s  u se s  a  re d u c in g  g a s  o b ta in e d  by  steam  

re fo rm in g  o f  d e su lp h u r is e d  n a t u r a l  ga s  o v e r  a  n ic k e l -b a s e d  c a t a ly s t .  

The re fo rm ed  gas a n a ly s e s  g e n e r a l ly  72% Hp and 13% CO. The steam  

i s  condensed and the re fo rm ed  gas  i s  b rou gh t to  a  tem peratu re  o f  87C°C 

to  t ,Q 3 0 °C . The r e d u c t io n  i3  c a r r i e d  o u t on b a tc h e s  o f  h ig h -g ra d e  

o x id e  fe e d  h e ld  in  f i x e d  bed  r e a c t o r s .  The r e d u c t io n  p ro cess  i s  

b a s i c a l l y  a  4 -s te p  b a tch  o p e r a t io n .  I n  o r d e r  to  p ro v id e  c o n t in u ity  

o f  gas  f lo w  and i t s  e f f e c t i v e  u t i l i z a t i o n ,  fo u r  r e a c t o r s  a re  u se d ,  

each  p a s s in g  through a 4 -s t e p  c y c le  as  f o l l o w s :

C lean  out and c h a r g in g :  Emptying the r e a c t o r  o f  f i n a l  reduced
product and c h a rg in g  i t  w ith  f r e s h  unreduced  o x id e  fe e d .

Secondary r e d u c t io n :  H ea t in g  o f  the  f r e s h  ch arge  and p a r t i a l
re d u c t io n  by p re h e a te d  e x i t  g a s  from  r e a c t o r  un der prim ary  
re d u c t io n .

P rim ary  r e d u c t io n :  F u rth e r  r e d u c t io n  o f  the p a r t i a l l y  reduced
charge  by the p reh ea te d  s tro n g  re d u c in g  g a s  from  r e a c t o r  under 
c o o l in g .

C o o l in g : C o o lin g  o f  hot 3ponge i r o n  a f t e r  p rim ary  re d u c t io n ,
by  f r e s h  red u c in g  gas  from re fo rm e r .

This arrangement envisages that at any instant, each of the 4 

reactors is in one of the four stages of the cycle. A flowsheet of 

the HyL process is given in Figure 2.



A p p e n d i x - 1 (  c o n t i n u e d )

The gas coming our or eacn reactor 13 scrubbed, i t  is  heated 

in  a preheater before entering the primary and secondary redaction 

reactors .

Special Features

The tra d it ion a l HyL process (now re ferred  to as HyL I )  as based 

on operation o f  4 s ta t ic  bed reactors through a cycle time o f  12 

hours. 'The process employs Pullman-Zeilog type reformer using steam 

as the reform ing agent» This has made the reformer independent o f  the 

reduction operation and has rendered a great f l e x ib i l i t y  in  using high 

sulphur feed stock .

In  general, ths LSI produced in  HyL process is  o f  85 to 87 per 

cent m eta llisa tion  and carbon content varies between 1.8 and 2.296.

The cold sponge iron  a fte r  screening is  stored e ith e r  in  covered 

stockp ile  o r in  bins fo r  subsequent despatch to s te e la e lt  shop.

P lan t in  Operation and Under Construction

At present there axe 20 HyL units with to ta l annual capacity o f  

about 9 m illion  tons. Of these, only 9 were understood to be in  regu lar 

operation in  1980—81 and the to ta l production o f  HyL TlRT in 1980 was 

about 2.26 m illion  tons.

Three units in  Iran were under construction and th e ir  completion 

has been delayed. An un it scheduled to be in s ta lled  at TUT A, Zambia, 

i s  now reported to be abandoned. The units in s ta lled  and under 

construction are g iven  in  Table 1-1 on the next page.

Energy Requirements

The energy consumption o f the HyL units is  o f  the order o f 4.0 Gcal 

in  terms o f  natural gas and 40 kWh o f power fo r  one ton o f product. 

Depending on the extent o f  use o f  steam drives, the power consumption 

could be varied  from 0 to 100/120 kWh.

M a jo r  Equipm ent and F a c i l i t i e s

Due to the process requirements, the screening fa c ilit ie s  of HyL 

plant requires four size classification of oxide feed i .e .  -5 mm, 5-12,7 mm, 

12.7-.S0 am and +50 am. The fraction 12.7-50 am i3 charged at the bottom of 

the reactor followed by —12.7 am. The - 5  am and +50 am fractions axe 

not U3ed.
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TABLE 1-1 -  wORLD-VIDB HTL INSTALLATIONS

In s ta lled K O • O

Country and Corroany in units Annual cacacit v
tons

A. operating/ installed

B raz il

Usina Siderurgica de Bahia, SA 197 A 1 300.000
S lianas P ilho , BA (ïïSIBA)

Indonesia

PT Krakatau S tee l, C ilegon, 1978 1 575,000
Vest Java 1980 1 575.000-y 

1.150.000^1981 2

4 2,300.000

Iraa

State Company fo r  Iron and 1978^ A 1.48*5.000^
S tee l, Khor A l-Zubair

Mexico

Hylsa, Monterrey, N1 1957 1 95,000^
270,000^I960 1

1974 1 475,000
Hylsa, Puebla 1969 1 315,000

1977 2 700,000
Tubos de Acero Mexico SA 
(TANSA), Vera Cruz

1967 1 235,000

2 2.090,000
Venezuela

C7G Siderurgica de l Orinoco 1977 1 420,000
SA (SIDOR) , Matanzas 1979 1 2.100.000

A 2.520.000^/

B. UNDER CONSTRUCTION

Iran

National Iranian S tee l 
Industries Co., NISIC, Ahwaz 1 1.000.000

NOTES:
a/  E rp ec ted  to be com m issioned in  December 1981. 
b/  Not b e in g  o p e ra te d .  
c/ Shut-dow n .
d/ R eported  to have been  con verted  to  HyL I I I  w ith  an in c re a sed  

annua l c a p a c ity  o f  3 0 0 ,0 0 0  t o n s .



L reformer is  o f Pullman—E e llo r  desivn and uses nickel

There a r e  fo u r  i d e n t i c a l  r e d u c t io n  r e a c t o r s  l in e d  w ith  r e f r a c t o r y  

c r ic k s .  Each r e a c t o r  v e s s e l  i s  p ro v id e d  w ith  in d iv id u a l  charge  

hopper and r o t a ry  lo a d in g  chute as  w e l l  a s  d is c h a rg e  d e v ic e .  Each  

r e a c t o r  i s  equ ipped  w ith  a  gas p r e h e a te r  and a  d e h u m id if ie r .  The 

product i s  co o led  down to about 5C°C in  the c o o lin g  c y c le  by  u s in g  

c o ld  r e d u c in g  g a s .  The product i s  s c re e n ed  and the ’u n d e rs iz e  ( - 5  mm) 

i s  e i t h e r  dumped o r  b r iq u e t t e d .

Raw M a t e r ia ls

Though the f i r s t  com m ercial p la n t  a t  M on terry  commenced 

p ro d u c t io n  -asing s iz e d  E l Zncino lump o r e ,  l a t e r  i t  was found th a t  

the u se  o f  p e l l e t s  s i g n i f i c a n t l y  im prove the  perform ance o f  HyL 

p ro c e s s .  At p re sen t  a l l  the EyL p la n t s  a r e  o p e ra te d  w ith  p e l l e t s  

o n ly . A lz a d a ,  Pena C o lo ra a e , CVRD and d o lo m it ic  LEAS p e l l e t s  a r e  

b e in g  u sed  in  d i f f e r e n t  HyL p la n t s .

P rod u c t

-h e  sponge i r o n  o b ta in ed  i s  o f  the same form  a s  th a t  o f  

m a t e r ia l  c h a rg e d . T y p ic a l  a n a ly s is  o f  sponge i r o n  g e n e r a l ly  

produced  a t  H y ls a  p la n t s  i s  g iv e n  b e lo w :

Recent Developm ents

HyL I I : 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 I I .  The 

major differences between HyL I and HyL I I  are:

Pe t o t a l  
Carbon
R e s id u a l oxygen

Gangue
M e t a l l i z a t io n

CaO

87.2#
2 .2%
3.7%
1.9%
4.3%

8 5 . 1 %

i )  The i n s t a l l a t i o n  o f  in t e g r a t e d  re fo rm e r  in  HyL I I  
w h ere in  the re fo rm er and the ga s  p reh ea te rs  a re  
in t e g r a t e d  through  system s o f  w aste  heat r e c o v e ry ,  
in s te a d  o f  independent re fo rm e r  and p re h e a te rs  in
HyL I .



i i )  Installation of 2 centralised constant temperature 
process ¿as preheaters u tiliz ing  mainly the heat in 
reformer flue ¿as compared tc 4 independent fuel 
fired gas preheaters each coupled with one reactor.

Clustering the four reactors with a centralised 
charging and discharging system in HyL I I  instead 
of independent charging and discharging fa c ilit ie s  
with each reactor in the conventional design.

iv ) Replacing a considerable part of steam drives of 
HyL I by electric motor drives in HyL I I .

This process has not been tried out and can be considered as 

abandoned.

HyL I I I ; In 1930, Hylsa announced the emergence of HyL I I I  

process which is basically  a shaft furnace process designed fo r  

high pressure operation. It  is a continuous process like any other 

shaft furnace process. The upper p ro file  of the reduction reactor 

is same as in conventional HyL static bed reactor. The major changes 

are in the reduction fa c ilit ie s  ?s given below:

— One moving bed counter current flow reactor instead of 
four static bed reactors.

— One gas preheater and one scrubber operating continuously 
instead of four operating intermittently.

— Ho a ir  heater or combustion chamber.

— High pressure ( 4  to 6 atm) operation.

— In-built cooling zone like other shaft furnace 
processes.

The reformer for HyL I I I  is integrated and coupled with 

pre-heater. A flowsheet of the HyL I I I  process has been shown in 

Figure 3. An advantage claimed by the process promoter is that 
HyL I I I  reactor can be retrofitted to an existing HyL I module.

It is reported that the 2M unit at Monterry has been retrofitted  

to HyL I I I  in early 19S0 and is in operation.

Appendix—1 (continued)
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p i lo t  p la n t  w ith  a c a p a c ity  c f  -ip tons p e r  day was put in to  o p e ra t io n  

in  hay 1 9 6 1  a t  t h e ir  -a n sa s  C ity  W orks, M is s o u r i ,  'cased on p a r t i a l  

o x id a t io n  o f  n a tu ra l gas  by  a i r .  The p i l o t  p la n t  was m o d ifie d  in  196 

f o r  u t i l i z i n g  n a tu ra l gas  reform ed by the p ro cess  o f f - g a s  in  P e b b le  

S to v e s . The f i r s t  i n d u s t r i a l  s c a le  u n it  w ith  a  c a p a c ity  o f  1 ,C0Q tons  

p e r  day was commissioned a t  H ouston , T e x a s .

P ro c e s s  D e sc r ip t io n

The red u c in g  gas f o r  the Armco p ro ce s s  i s  g e n e ra ted  by the  

c a t a ly t i c  re fo rm in g  o f  d e su lp h u r is e d  n a t u r a l  gas  w ith  steam a t  

915 -9 5 5 °T . The tem peratu re  o f  the  re d u c in g  gas  b e fo re  e n te r in g  the 

r e d u c t io n  fu rnace  th rough  tu y e re s  a t  the bottom o f  the s h a f t  i s  

a d ju s t e d  to  750 -cnO°C by  the a d d it io n  o f  o f f - g a s  which has been  

c lean ed  and coo led  to  remove w a te r  v a p o u r . The c o u n te r -c u r re n t  f lo w  

o f  the g a s  in  the s h a ft  accom p lish es  th e  p reh ea t in g  and re d u c t io n  o f  

the d e scen d in g  p e l l e t  b e d . About 60 p e r  cent o f  the o f f - g a s  drawn  

out o f  the f\nraace in to  a downcomer, a f t e r  be in g  c le a n e d  in  a  v en tu r i  

s c ru b b e r  and cooled to remove w a te r  vap o u r , i s  used f o r  f i r i n g  the 

r e fo rm e r s .  The b a la n c e , a f t e r  b e in g  com pressed and r e c o o le d ,  i s  used  

f o r  m ix in g  w ith  the red u c in g  gas to c o n t r o l  i t s  tem peratu re  and f o r  

c o o lin g  the  reduced DRI p e l l e t s  in  the c o n ic a l  s e c t io n  a t  the bottom  

o f  the fu rn a c e . The DRI p e l l e t s  a re  c o o le d  to  am bient tem peratu re  

b e fo re  b e in g  d isch a rged  th rough  a  g a s - s e a l in g  d e v ic e  onto an ap ron  

co n v e y o r . The DRI f in e s  gen e ra ted  can be c o ld  b r iq u e t t e d .  A f lo w sh e e t  

o f  the  Annco p rocess  i s  g iv e n  in  F ig u re  4 .

S p e c ia l  F ea tu res

The c o u n te r -c u rre n t  sh a ft  fu rn a ce  i s  p ro v id ed  w ith  a  c e n t r a l  

in s e r t  f o r  in je c t in g  red u c in g  a s  w e l l  as  c o o lin g  g a s . The p ro cess  

em ploys P o s t e r  W h ee le r  re fo rm er u s in g  steam in  the -s to ic h io m e tr ic  

p ro p o r t io n  as re fo rm in g  a g e n t . T h is  has made the re fo rm e r  

independent o f  the re d u c t io n  o p e ra t io n  and has ren d ered  a g re a t  

f l e x i b i l i t y  in  u s in g  h ig h  su lp h u r  fe e d  s to ck .

The co ld  sponge i io n  a f t e r  s c re e n in g  i s  s to red  in  s to ra g e  

s i l o s  f o r  subsequent despatch  to  s te e lr a e lt  shop.
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Plant in Operation and under Construction

Today there is only one unit in operation at Houston cased 

on the Armco process, with an annual capacity of 530»0C0 "ons.

Ho new nodule is under construction«

Energy Requirements

Prom the operation of Houston unit, it is observed that 

the average energy consumption is about Gcal of natural gas 

and 35 kWh of power per ton of sponge iron.

ffa.jor Fouioment and Facilities

The raw material handling and screening system is similar 

to other shaft furnace process. The preferable size range for 

the oxide feed is 6-32 mm."The reformer is of Poster-Wheeler 

design and 'uses a 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 cooling zone. The 

reducing gas enters the furnace through refractory-lined  

tuyeres from the bustle pipe as well as through the central 

inserts. A feed hopper at the top of the furnace receives 

the oxide feed which is fed into the furnace through d istri­

bution pipes. A steel apron conveyor located immediately below 

the discharge tube controls the rate of pellet movement through 

the shaft furnace.

The product is discharged by breaker ro lls  to a tube 

equipped with gas-sealing devices.
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Haw Materials

The s iz e  range  o f  o x id e  fe e d  (o r e  a s  w e l l  a s  p e l l e t s )  

u sed  a t  Houston i s  6 -32  nun. The o x id e  fe e d  mix u sed  a t  

H ouston c o n s is t s  o f  80 p e r  cen t p e l l e t s  and 20 p e r  cen t lim p  

o r e .  The chem ica l a n a ly s is  o f  Pea  R idge p e l l e t s  from  

M is s o u r i  and g rad ed  B r a z i l i a n  o re  u sed  a t  the H ouston  p la n t  

i s  g iv e n  be low :

P ea  R idge B r a z i l i a n
P e l l e t Ore
P e r  cent P e r  cen t

Fe ( t o t a l ) 67.1 6 9 .5

S i0 2 2.46 0 .5 6

A l2G 3 0 .45 0 .3 4

CaO 0 .3 4 0 .0 8

P 0 .088 0 .0 3 6

s 0.001 0 .0 0 4

MgO 0.21 0 .0 5

Mh 0.025 0 .036

N a20 0 .°2 7 0.011

K20 0 .028 0 .0 0 5

P rod u c t

The sponge i r o n  p roduced  by the  A raco  p ro c e s s  i s  o f  the  

same form as th a t o f  the m a t e r ia l  ch a rg e d . G e n e ra t io n  o f  sponge 

i r o n  f in e s  i s  about 5 p e r  c e n t . T y p ic a l  a n a ly s i s  o f  DRI produced  

a t  Houston i s  g iv e n  be low :

Fe ( t o t a l )  . .  5 1 . 5ft 

Fe (m e t a l l i c )  . .  84.2% 

C • . . 2 . 4 »  
R e s id u a l oxygen . .  2.3%  

M e t a l l i z a t i o n  . .  J2%



A p p e n d i x - 1  ( c o n t i n u e d )

K U R aC  PROCESS

The M idrex  p ro ce ss  was d eve lo p ed  a t  the T o led o  p la n t  o f  the 

S u rfa c e  Com bustion D iv is io n  o f  the M id la n d -R c ss  C o rp o ra t io n , USA 

i n  1 9 6 7 . The f i r s t  f u l l - s c a l e  p ro to ty p e  p la n t  o f  2CO,COO tons p e r  

y e a r  c a p a c ity  was i n s t a l l e d  a t  P o r t la n d , O regon (USA.) in  15 6 9 .

P ro c e s s  D e s c r ip t io n

The M id rex  p ro ce s s  i s  a  con tinuous p ro c e s s  in  w h ich  ox ide  

f e e i  i s  c o n t in u o u s ly  ch arged  a t  the top  o f  the  s h a f t  and the product  

i s  d is c h a rg e d  from the bo ttom . The r e d u c in g  g a s  i s  g e n e ra ted  in  a  

c a t a ly t i c  re fo rm er u s in g  a  m ixtu re  o f  n a t u r a l  g a s  and fu rn ace  top  

g a s .  The red u c in g  gas i s  n e a r ly  95 Pe r  cent hydrogen  and carbon  

monoxide w ith  a  r a t i o  o f  H2 to  CO o f  1 .5  to 1 .6 ,  which i s  m ain ta ined  

b y  c o n t r o l l i n g  the i^Q  s a t u r a t io n  tem peratu re  o f  the c o o le d  p rocess  

g a s .  The tem perature o f  the red u c in g  g a s  le a v in g  the re fo rm e r  i s  

c o n t r o l le d  by  means o f  a  b y -p a s s  c o n ta in in g  a  ga s  c o o l in g  u n it .

The M id rex  d i r e c t  r e d u c t io n  fu rn a c e  i s  d iv id e d  in t o  2 zones.

The u p p e r  s e c t io n  i s  the  'r e d u c t io n  z o n e ' and the lo w e r  s e c t io n  is  

th e  ‘ c o o l in g  z o n e '.  The re d u c in g  gas  e n te rs  the  fu rn a ce  a t  the 

bottom  o f  the r e d u c t io n  zone and i s  w ithdraw n  a t  the top  o f  the s h a f t .  

T h is  top  gas  i s  then  c o o le d  and -washed in  a s c ru b b e r ,  condensing the 

w a te r  vap ou r and rem oving p a r t i c u la t e s ,  and i s  m ain ly  used  fo r  

re fo rm in g  to  produce f r e s h  red u c in g  g a s .  The b a lan c e  i s  used as a  

supplem ent f u e l  to  heat the re fo rm e r . The d escen d in g  m e ta ll is e d  

m a t e r ia l  i s  coo led  to  l e s s  than 50°C by c o o l in g  gas  b e fo r e  i t  i s  

d is c h a rg e d . The M id rex  p ro cess  f lo w s h e e t  i s  shown in  F ig u re  5»

S p e c ia l  F eatu res

The re s id e n c e  time o f  the charge in  the sh a ft  fu rn a ce  i s  about  

6 h o u rs .

The o rocess  uses re fo rm e r o f  M id rex  d e s ig n .  I t  u t i l i s e s  the 

red u c t io n , fu rnace  top  ga s  a s  re fo rm in g  a g e n t . T h is  r e s t r i c t s  the 

a c c e p ta b le  su lph u r con ten t o f  feed  s to ck  to p reven t p o iso n in g  o f  

n ic k e l  c a t a ly s t  used in  the re fo rm er tu b e s . T h is  shortcom ing has 

been overcome by a d o p t in g  an a l t e r n a t e  f lo w s h e e t .
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In  general, Midrex M I  is  o f  high m eta llisa tion  with an average 

degree o f  m eta llisa tion  o f  9296 and carbon content varying from 1 «3 per 

cent to 1*7 per cent.

Plant3 in  Operation and Under Construction

At present there are 16 Midxex units o f  which 13 are understood 

to be in operation . The to ta l  in s ta lled  capacity o f  Midrex M I  is  

about 7 m illion  tons and the to ta l production in  1930 was about 4 

m illion  tons o f  the 14 un its under construction, three units in  Iran 

are delayed. The units in s ta lled  and under construction are given in  

Table 1-2 on the next page*

Energy Requirements

The average s p e c if ic  energy consumption ranges between 2.6 and 

2.8 Gcal with e le c t r ic a l  energy consumption varying between 110 and 

140 kWh.

Major Equipment and F a c i l i t ie s

The oxide feed used is  gen era lly  in  the s ize  range o f  6 -  50 mm 

and the under s ize  as w e ll as the over s ize  fractions are re jec ted . 

However, in  some plants the 3 to 6 ora frac tion  is  being recovered and 

charged in  the sh a ft.

The Midrex process b a s ica lly  employs a shaft furnace where the 

oxide feed is  heated and reduced by an ascending stream o f  hot 

reducing gas on the p r in c ip le  o f  counter-current flow * The shaft 

furnace has a c ircu la r  cross-section  comprising a re fra c to ry -lin ed  

reduction zone extending fo r  more than one-half the height o f  the 

furnace and an inverted conical coo lin g  zone. A conical hopper at 

the top o f  the furnace receives the charge m aterial and feeds i t  to 

a chamber fo r  uni form d is tribu tion  through a number o f  feed pipes.

F o r  smooth d e sc en t  o f  the bu rd en , fe e d e r s  a re  p ro v id e d  a t  th re e  

l e v e l s  o f  the s h a f t  fu r n a c e . The top o f  the fu rn a ce  i s  s e a le d  to 

p rev e n t  escape o f  re d u c in g  gafl and i n f i l t r a t i o n  o f  a i r .  Each  

re d u c t io n  fu rn ace  i s  p ro v id e d  w ith  top  gas and c o o l in g  g a s  s c ru b b e rs  

and com pressor's f o r  p ro c e s s  g a s  and c o o l in g  g a s .
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The reformer is of Fidrsx design end uses furnace top gas as 

referring agent. 'The nickel 'cased catalyst is racked in reformer 

tubes arranged in rows. The sensible heat of reformer flue gas is 

recovered by a recurerator system.

The c o ld  product d is c h a rg e d  from  the c o o lin g  zone i s  f i r s t  

s to re d  in  product s to r a g e  s i l o s  under c o n t r o l le d  atm osphere and 

then  s c re e n e d . The u n d e rs iz e  i s  g e n e r a l ly  b r iq u e t t e d .

A l t e r n a t i v e ly ,  the f in e s  can be in je c t e d  in to  the e l e c t r i c  a rc  

fu rn a c e  by  pneum atic la n c e .  The p r a c t ic e  o f  the pneum atic in je c t io n  

system  i s  y e t  c o n fin ed  to  t r i a l  ru n s .

Paw M a t e r ia ls

The K id re x  p ro c e s s  s t a r t e d  w ith  th e  u se  of. 100 p e r  cen t p e l l e t s .  

At p re s e n t  th e se  p la n t s  a r e  u s in g  a  m ix tu re  o f  p e l l e t s  and s iz e d  o r e .  

The e x te n t  o f  o re  use v a r i e s  from p la n t  to  p la n t  and i s  o f  the o rd e r  

o f  40 to  50%. P e l l e t s ,  l i k e  CVHD, LKA3, SIDB3C Norm ine, F i r e  Lake, 

Waous'n e tc  and lump o re  such as  ¿guas C la r a s »  M utuca, F e i j a o ,  CVHD, 

E spranca e tc  have been s u c c e s s fu l ly  u s e d .

P rod u c t

M id rex  p ro ce s s  g e n e r a l ly  p rodu ces  sponge i r o n  w ith  d eg ree  o f  

m e t a l l i s a t io n  o f  92% and above w ith  c a rb o n  con ten t v a ry in g  from  1.3  

to  1 .7% . T y p ic a l  a n a ly s is  o f  M id rex  sponge i r o n  u s in g  CVHD and IXAB 

p e l l e t s  a r e  g iv e n  b e lo w :

From From
C hem ica l CVRD LKAB
a n a ly s is p e l l e t s p e l l e t s

% %

F* t o t a l •  • 92.46 93.83

F et o t a l e • 86.12 87 .47

SiÜ2 •  • 1.71 1 . 1 6
A I 2O3 •  • 0.91 0 .8 8
CaO •  • O .6 5 0 .4 0
KgO •  • 0 .2 8 0 .2 5
P •  * 0 .017 0.01
s •  • 0 .003 0 .008
Cu •  • T ra c e T race
M e t a l l i s a t i o n 9 3 .0 93.1

1 - 1 3



Xidrex have developed a passivation technique called 'Chemaire 

-process’ . The f irs t  commercial plant with Chemaire process is now in 

operation at linden.

Recent Development

The m ajor re c e n t  developm ents a r e ;  the a l t e r n a t e  f lo w s h e e t ,  

b r iq u e t t in g  o f  sponge f i n e s  w hich  has been  adopted  in  o p e ra t in g  

p la n t s  such a s  SIDB.EE, ACINDAR, SIDOH, the e x t r a  re fo rm in g  c a p a c ity  

by  i n s i t u  re fo rm in g , p re h e a t in g  o f  f e e d  and p rocess  g a s ,  o x id e  f in e s  

b r iq u e t t in g ,  and th e  u se  o f  sc rew  com pressor f o r  in e r t  g a s .

PUROFER PROCESS

The P u r o fe r  p ro c e s s  was d e v e lo p e d  by  Thyssen P u r o fe r  GmbH,

'Vest Germany. A sem i-com m erc ia l s h a f t  fu rn a c e  p la n t  w ith  £ c a p a c ity  

o f  500 tons p e r  day  was c o n s t ru c te d  a t  O berhaussen , V e s t  Germany in  

1970. The f i r s t  two com m ercia l p la n t s ,  each  w ith  a  c a p a c i t y  o f  

350,000 tons p e r  y e a r ,  w ere put in to  o p e r a t io n  in  B r a z i l  and I r a n ,  in  

1977 and 1978 r e s p e c t i v e ly .  A t the p la n t  in  I r a n ,  the re d u c in g  gas i s  

gen e ra ted  by  c a t a ly t i c  re fo rm in g  o f  n a t u r a l  gas  w ith  p ro c e s s  o f f - g a s ,  

w hereas a t  th e  p la n t  in  B r a z i l ,  g a s i f i c a t i o n  from heavy  o i l  by Texaco  

re fo rm e r  was em ployed f o r  g e n e ra t io n  o f  red u c in g  g a s .

P ro c e s s  D e s c r ip t io n

The P u r o fe r  p ro c e s s  u se s  s h a f t  fu rn a c e  f o r  r e d u c t io n .  The 

red u c in g  gas  i s  fe d  in  th e  fu rn ace  a t  a  tem peratu re o f  abo u t  1 ,0 0 0 °C .  

The product i s  d is c !  urged hot in to  s p e c i a l  c o n ta in e rs  a t  about 800°C  

tem p era tu re . The c h a rg in g  o f  o x id e  fe e d  i s  s im i la r  to  th a t  o f  b la s t  

fu rn a c e .

When u s in g  n a t u r a l  g a s ,  the p ro c e s s  c f f - g a s  from  the s h a f t  

fu rn a ce  i s  c le an ed  and c o o le d  to  remove w a te r  vap ou r, and about  

o n e -th ird  i s  then m ixed w ith  n a t u r a l  g a s  in  s to ic h io m e t r ic  p ro p o r t io n s  

to  re form  the n a t u r a l  g a s  f o r  g e n e ra t io n  o f  red u c in g  g a s .  There  a r e  

two r e f o r r e r s  which a r e  a l t e r n a t e ly  under h e a t in g  and r e fo rm in g .

The reducing gas contains about 95 per cent H2+C0 (H2/CO about 1 .4 ) .
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The p ro c e s s  f lo w s h e e t  u s in g  n a t u r a l  gas  i s  g iv e n  in  F ig u re  6 . 

When u s in g  o i l  (a s  in  E r a z i l )  the raw  gas  produced  from  p a r t i a l  

o x id a t io n  o f  heavy  f u e l  o i l  a t  1 ,400°C  i s  c o o le d  and sc ru b b ed  f o r  

rem oval o f  s o o t ,  s u lp h u r  and COp. I t  i s  then m ixed w ith  a  p o r t io n  

o f  the p ro ce s s  o f f - g a s  w hich  has been c o o le d  to  remove w a te r  vapour  

and a ls o  sc ru bbed  f o r  CC>2 rem ova l. The m ix tu re , b e fo r e  b e in g  

in trod u ced  in to  the s h a ft  fu rn a c e , i s  h e a ted  to  about '!,0 0 0 °C  in  a  

gas h e a te r  f i r e d  by a p o r t io n  o f  the p ro c e s s  o f f - g a s .

Spec i a l -F e a t u r e s

In  the P u r o fe r  p ro c e s s , the main fe a t u r e s  a r e  a s  f o l lo w s :

-  The p ro d u ct i s  d is c h a rg e d  and i f  used a s  such o f f e r s  
the p o s s i b i l i t y  o f  s a v in g  e l e c t r i c a l  power f o r  s t e e l  
m aking.

-  B r iq u e t t e s  produced  from  hot sponge a r e  v e r y  s t a b le .

-  Uses r e g e n e r a t iv e  p r in c ip le  f o r  r e fo rm in g . E ovever. 
the tim e l a g  in  sw itc h in g  on and o f f  o f  r e fo rm e rs  
cau ses  lo s s  o f  p ro cess  gas by  abo u t 2 <T/25?o.

-  Because o f  h ig h  tem peratu re  re fo rm in g  p ro c e s s  (1 2 0 0 -  
1400°C ) su lp h u r  l e v e l  o f  fe e d  gas  even  up to  200 ppm 
does not r e q u ir e  any d e s u lp h u r is a t io n  and a l s o  th e re  
is  no r e s t r i c t i o n  on su lp h u r  in  fe e d  s to c k .

-  The re fo rm e r  does not r e q u ir e  a la r g e  volume o f  c a ta ­
l y s t  l ik e  o th e r  p ro c e s s ; sometimes o n ly  n ic k e l  ceram ic  
p e b b le s  in s e r t e d  in  the j o in t  o f  r e f r a c t o r y  b r i c k s  a re  
a d eq u a te . In  c a se  c f  h igh  su lp h u r  fe ed  g a s ,  some o f  
the r e f r a c t o r y 1 b r ic k s  a re  co a ted  w ith  a  c a t a l y s t .

The hot sponge p roduced  in  the P u r o fe r  th a t  i s  g e n e r a l ly  o f  

90% and above degree  o f  m e t a l l i s a t io n  w ith  carbon  co n ten t  in  the 

v i c i n i t y  o f  1%.
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A p p e n d i x — 1 ( c o n t i n u e d )

Plan-fca -?n O p e ra t io n  and U nder C o n s tru c t io n

Two commercial rn ro fe r  plants were in s ta lled  during 1976-77» 

each with a capacity o f  330*00° tons Fe per year in  B ras il and in  

Iran » The unit at B ras il (based on the use o f  heavy o i l )  is  now 

abandoned and the Iran plant is  not in  operation» Ho plants are 

under construction*

Energy Requirements

Proa the lim ited  operation o f  Iran  u n it, i t  can be in ferred  

that the average gas consumption i s  o f  about 3*1 Gcal and power o f  

the order o f  110/120 ktfh per ton o f  sponge iron .

Ma.,or Equipment and Pac i l l  t ie s

The oxide feed used in  th is  process is  in  the range o f  6.3 to 

30 am» Pines (-6*3 mm) need to be avoided and a screen is  provided 

a f t e r  the oxide day b ins» The re fo m e r  system consists o f  two 

regenerating which are a lte rn a te ly  used fo r  reform ing and reheating.

The Purofer process employs a re fra c to ry -lin ed  shaft furnace o f  

rectangular cross-section  (w ith  rounded coiners) widening p rogress ive ly  

from the top to the bottom to prevent s tick in g  o f  the charge. The raw 

m ateria ls are fed  into the furnace from the top by a double-bell 

charging system s im ila r to that o f a b la s t furnace. Two scrapper 

bars provided at the bottom remove the hot reduced product from both 

sides o f  the shaft and the hot reduced product- is  transported in  these 

containers e ith e r to the b riqu ettin g  p lant or d ir e c t ly  to the 3teelmaking 

furnace fo r  hot charging»

Raw M aterials

The Purofer process can be operated with e ith e r  p e lle ts  o r  

lump o re . Vhile p e lle ts  and sized  ores from various other sources 

have been tested in  the p i lo t  p lan t, commercially, Fiezao ore was 

xised in  B raz il and Swedish p e lle ts  in  Iran .
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The NSC—DR p ro c e s s  was ie v e l  

and a 1 5 0 ,0 0 0  ten s p e r  y e a r  demons 

E iro h a ta  works o f  N ippon  S t e e l  Cor 

in t e r m it t e n t ly  t i l l  J u ly  1??5 and 

no com m ercia l NSC-DR p la n t .

eyed by the N ippon S t e e l C o rp o ra t io n ,

i r a n ie n  p la n t  was s e t  up a t  the

p o ra t io n  in  A p r i l I??? which o p era ted

is since dismantled. Today there is

P ro c e s s  D e s c r ip t io n

The NSC—DR p ro c e s s  employs a  s h a f t  fu rn a ce  w hich  i s  o p e ra ted  under  

h ig h  top  p r e s s u re  o f  abo u t 4 to 6 a tm o sp h e re s . The o x id e  m a t e r ia l  i s  

fe d  in to  the s h a ft  fu rn a c e  from the top  by means o f  a  system  o f  a  ga te  

v a lv e  and g a s  s e a l s .  The m a te r ia l  i s  redu ced  by the c o u n te r -c u r re n t  

f lo w  o f  re d u c in g  g a s ,  g e n e ra ted  by steam  re fo rm in g  o f  n a t u r a l  g a s .

The n a t u r a l  gas  a f t e r  b e in g  d e su lp h u r is e d  i s  m ixed w ith  steam  

w hich  i s  g e n e ra te d  in  the heat re c o v e ry  s e c t io n  o f  the re fo rm e r . The 

m ixtu re  i s  then  c a t a l y t i c a l l y  re form ed  in  p resen ce  o f  n ic k e l  based  

c a t a ly s t  in  the r e fo rm e r  tu b e s . I t  i s  r e p o r te d  th a t  NSC—DE p roposes  

use  Topsoe r e fo rm e r . I t  needs to be m entioned th a t  in  the dem on stration  

p la n t  a t  E iro n a ta  w o rk s , red u c in g  gas  was g e n e ra ted  by  c ra c k in g  heavy  

f u e l  o i l  i n  Texaco g a s i f i c a t i o n  u n it .  Topsoe re fo rm e r  was not used  

f o r  g e n e ra t io n  o f  r e d u c in g  gas f o r  the  E iro h a ta  p la n t .  A f lo w sh e e t  

o f  the NSC-DR p ro c e s s  u s in g  n a tu ra l  g a s  a s  red u c ta n t  i s  g iv e n  in  

F ig u re  7 . L ik e  the P u r o fe r  p ro c e s s , NSC-DR now a d v o c a te s  p ro d u ction  

o f  hot sp on ge .  The DHI p roduct i s  d is c h a rg e d  from the fu rn a c e  through  

g a s - s e a le d  c o l l e c t i o n  hoppers  in to  s e a le d  s t e e l  c o n t a in e r s .  T h is  was 

a l s o  n o t t r i e d  ou t a t  H iro h a ta .

S p e c ia l  F e a tu re s

The s p e c ia l  f e a t u r e s  o f  NSC-DR a r e :

-  Feed gas  p r e s s u re  o f up to  6 atm ospheres.

-  P a r t i a l  use o f  top  gas as r e c i r c u la t e d  re d u c in g  ga s  in  
th e  s h a ft  fu r n a c e .

-  A d d it io n  o f  so o t  (unbum ed c a rb o n ) f o r  p re v e n t in g  raw  
m a t e r ia ls  c lu s t e r in g .

-  D ouble  s e a l  v a lv e  system  f o r  c h a rg in g  and d is c h a r g in g .

-  Hot b r iq u e t t in g  o f  sponge ir o n  (w h ich  was not t r ie d  
out in  the p i l o t  p la n t ) .

*



A r p e n d i x - 1  ( c o n t i n u e d )

P la n t  in  O p e ra tio n  and Unde r  C o n s tru c t io n

At p re s e n t , th e re  a r e  no com m ercia l NSC-DR u n i t s .  C u r re n t ly  

the Government o f  M a la y s ia  i s  c o n s id e r in g  f o r  s e t t in g  up a  600,CC0 

tons p e r  y e a r  NSC-DR module a t  T rengannu .

S n e rgy  Requirem ents

The a v e rage  en e rgy  consum ption a c h ie v e d  a t  H iro h a ta  was o f  

the o rd e r  o f  3#5 G c a l  p e r  ton  o f  sponge i r o n ,  b ased  on use o f  o i l  

f o r  g e n e ra t io n  o f  re d u c in g  g a s  in  Texaco r e fo rm e r .

Ma.jor Equipment and F a c i l i t i e s

M a t e r ia l  h a n d lin g  system  i s  s im i l a r  to o th e r  s h a f t  fu rn a ce  

p r o c e s s e s .  F o r steam  re fo rm in g  Topsoe re fo rm e r  w i l l  be u sed , which  

i s  s im i l a r  to  P u l lm a n -K e l lo g  re fo rm e r  in  p r i n c ip l e .  The c le an ed  

o f f - g a s  i s  d e s u lp h u r is e d ,  COg- washed, r e h e a te d  ( i n  a  h ea t  exch an ger)  

and m ixed w ith  t te  r e d u c in g  ga s  b e fo r e  e n t ry  in to  the s h a f t  fu rn a c e .  

The top o f  the s h a f t  i s  equ ipped  w ith  a  d o u b le - lo c k  h o p p er ch a rg in g  

system  which i s  p r e s s u r i s e d  w ith  in e r t  g a s  to  p rev e n t  a i r  i n f i l t r a ­

t io n  and red u c in g  g a s  le a k a g e . A t a b le  a t  the bottom  o f  the re d u c t io n  

s h a f t  su p p o rts  the bu rden  and s c r a p e r  b a rs  mounted in  a  g a s - t i g h t  

chamber su rro u n d in g  the bottom  o f  the s h a f t ,  s c ra p  the redu ced  

m a t e r ia l  o f f  the t a b le  and drop  i t  in to  a  c o n ic a l  s e c t io n  that  

fu n n e ls  in to  s e a le d  hot d is c h a rg e  c o n ta in e r s  th rough  g a s - s e a le d  

c o l l e c t i o n  h o p p ers . B r iq u e t t in g  p la n t  f o r  hot b r iq u e t t in g  o f  sponge  

i r o n  i s  proposed w ith o u t  the use o f  b in d e r s .

Haw M a t e r ia ls

In  the d em on stra tion  p la n t  o n ly  5 typ es  o f  p e l l e t s ,  CVRD, LKA3, 

C a ro l  la k e ,  Vabush, Samarco and G ranges S t r a s s a  (S w e d e n ), and 3 types  

o f  lump o re  CVRD, MBR and Mount Hewran w ere t r i e d  o u t .  There a r e  no 

l im it a t io n s  in  the su lp h u r  co n ten ts  o f  the o re  fe e d  as  the r e c y c le d  

top gas  i s  d e su lp h u r is e d  d u r in g  c a rb o n d io x id e  rem oval by  the MSA 

p ro ce s s  b e fo re  b e in g  u sed  In  the s h a f t .
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A p p e n d i x - }  ( c o n t i n u e d )

P ro d u c t  Q u a lit y

The product q u a l i t y  a ch iev ed  a t  the p i l o t  p la n t  g e n e r a l ly  had  

a  d e g re e  o f  m e t a l l i s a t io n  about 94/6. The t o t a l  ca rbon  con ten t  

v a r ie d  betw een 0.7% and 3*65% depend ing on  the type o f  o x id e  fe e d ,  

o p e ra t in g  tem peracure , g a s  com p o sit ion  e t c .

FIOR PROPass

The FIOR (F lu id  I r o n  Ore R e d u c tio n ) p ro c e s s  was d ev e lo p ed  by 

2sso R esearch  and E n g in e e r in g  Company. A s e m i - in d u s t r i a l  s c a le  

d em on stra tion  p la n t  was com m issioned a t  th e  Im p e r ia l O i l  E n t e r p r is e s  

L td , Lartm onth , Nova S c o t ia  in  O c to be r 1965 w ith  a  c a p a c ity  o f  3^0 

ton s  p e r  day and was abandoned in  end 1969* The f i r s t  in d u s t r i a l  

u n it  was i n s t a l l e d ' i n  V en ezu e la  in  1976.

P ro c e s s  D e s c r ip t io n

The FIOR p ro c e s s  u se s  a  red u c in g  g a s  r i c h  in  hydrogen  f o r  

r e d u c t io n  o f  i r o n  o re  f i n e s  in  a  s e r i e s  o f  f l u i d i s e d  bed r e a c t o r s .  

The h y d ro ge n -r ic h , m ake-up red u c in g  g a s  i s  p roduced  b y  3team  

re fo rm in g  o f  n a t u r a l  g a s  o v e r  a  n ic k e l  b a s e d  c a t a ly s t  packed in to  

the re fo rm e r  tu b e s . The n a t u r a l  g a s  fe e d  i s  d e su lp h u r is e d  in  z in c  

o x id e  beds p r io r  to  re fo rm in g . The re fo rm ed  gas  i s  then s h i f t -  

re a c te d  u s in g  an  i r o n  o x id e  c a t a ly s t  w here CO and steam  r e a c t  to  

produce a d d it io n a l  hydrogen  and c a r b o n d io x id e . The e x i t  gas from  

the s h i f t  c o n v e rte r  i s  fu r t h e r  t r e a t e d  in  a  CO2  rem oval u n it  where  

a  hot ca rbon ate  s o lu t io n  in  c i r c u la t io n  a b s o rb s  the CC2  and makes 

the e x i t  ga3 from  t h is  u n it  r i c h  in  h y d ro gen .

The d r ie d  o re  f i n e s  ( -1 2  mesh) from  the d ry  o re  s t o r a g e  b in s  

a re  d is c h a rg e d  in to  a  lo c k -h o p p e r  system  and p r e s s u r is e d  to the 

r e a c t o r  system o p e ra t in g  p re s su re  ( 1 0  a tm ospheres a t  8 8 0 °C ).  The 

p re s s u r iz e d  o re  is  then  m etered to the upperm ost r e a c to r  where i t  

i s  p reh eated  to the r e d u c t io n  tem peratu re  by com bustion o f  n a tu ra l  

¿as and preheated  a i r ,  thus rem oving the L .O . I .  and a m ajor p o rt io n  

o f  m o istu re  in  the f l u e  g a s e s .  The f lu e  g a se s  a re  quenched and 

scru bbed  to remove any iro n  o re  f in e s ,  ar.d a re  d e p re s s u r is e d  b e fo r e  

l e t t i n g  o f f  to the a tm osp here .
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i s  s te a m -s tr ip p e d  to  remove e n t ra in e d  a i r ,  ar.d is  in tro d u c ed  in to  

the f i r s t  o f  the 3 f l u i d  bed re d u c in g  r e a c t o r s ,  where i t  f lo w s  down­

wards by g r a v it y  and i s  redu ced  by the a scen d in g  re d u c in g  g a s .  The 

p ro cess  o f f - g a s  le a v in g  the upperm ost red u c in g  r e a c t o r  i s  c o o le d ,  

sc ru bbed , com pressed and re h e a te d  b e fo r e  b e in g  reu sed  in  the lo w e r ­

most r e a c t o r .  The red u ced  i r o n  o re  f in e s  from  the low erm ost r e a c t o r  

a r e  d e p re s s u r is e d  th ro u gh  a  p rod u ct le t -d o w n  system in to  the 

b r iq u e t t e r  fe e d  drum, o p e ra t in g  a t  a tm osp h eric  p re s s u re . The 

b r iq u e t t in g  i s  done a t  tem p e ra tu re s  o v e r  550°C . The f lo w s h e e t  f o r  

the FIOR p ro cess  i s  g iv e n  in  F ig u re  8 .

S p e c ia l  F ea tu res

The FIOR p ro c e s s  i s  s u i t a b le  f o r  u se  o f  o x id e  f in e s  ( -d  mesh 

w ith  maximum 2CP6 by  w e ig h t  -  325 m esh ). The DRI product must be 

agg lo m era ted  b e fo r e  use in  .stee lm ak in g  fu rn a c e s  and the dense FIOR 

b r iq u e t t e s  can be s t o r e d  and sh ipped  a s  m erchant p ro d u c ts  w ith ou t  

any p re trea tm en t s im i la r  to  P u r o fe r  b r iq u e t t e s .

P la n t  in  O p era tion  and U nder C o n s tru c t io n

There i s  o n ly  one com m ercial p la n t  in  o p e ra t io n  a t  M atanza3 , 

V en e zu e la . The an n u a l c a p a c ity  o f  the  u n it  i s  4 X ,0 0 0  to n s . The 

p la n t  produced about 220,000 tons in  1980, No FIOR u n it  i s  under 

c o n s t ru c t io n .

M a jo r Equipment and F a c i l i t i e s

The m ajor equipm ent r e q u ir e d  in  the FIOR p ro cess  a r e :

i )  Ore d r i e r ,  f o r  rem oval o f  s u r fa c e  m o istu re  in  the o r e .

i i )  L o ck -h o p p e rs , f o r  p r e s s u r i s in g  the o re  fe e d  to  the  
p reh eat r e a c t o r  o p e ra t in g  p r e s s u re .

i i i )  P reh eat r e a c t o r ,  f o r  rem oving bound m o istu re  and f o r  
r a i s in g  the o re  tem peratu re  to the red u c in g  r e a c t o r  
te m p e ra tu ie .

i v )  Three re d u c in g  r e a c t o r s ,  in  s e r i e s ,  fo r  r e d u c t io n  o f  
the o re  in  c o n ta c t  w ith  the c o u n te r -c u rre n t  red u c in g  
g a s .

v )  N a tu ra l ga s  re fo rm e r  and s h i f t  c o n v e r te r , f o r  c o n v e r t in g  
n a t u r a l  g a s  to a  h y d ro g e n -r ic h  red u c in g  ga s  by means o f  
steam and c a t a ly s t s .

v i )  B r iq u e t t in g  m achine, c o n s is t in g  o f  d o u b le - r o l l  p re s s e s .

v i i )  B r iq u e t te  c o o le r ,  where the hot b r iq u e t t e s  a re  coo led  
on a c i r c u l a r  g r a t e  and p a s s iv a te d  w ith  a i r .
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Paw Materials

The ideal feed for the FIOR r.rocess is of high-grade natural 

ore fines which contain less than S?o gangue and can pass through a 

1 mesh screen. The size should he such that it contains less than 

fcy weight minus 325 mesh material.

F in es  and c o n c e n tra te s  h av in g  more than  20% by w e ig h t  o f  

minus 3 2 5  mesh m a t e r ia l  a r e  c o n s id e re d  to o  f in e  f o r  d i r e c t  use in  

the FIOR p ro c e s s ,  out s t i l l  can he used, i f  s e m i-a g g lo m e ra t io n  ( s i z e  

en la rg em en t ) i s  added to  the o re  p r e p a r a t io n  c i r c u i t .  A gg lom era ted  

m a t e r ia ls  u sed  o n ly  s u f f i c i e n t  s tre n g th "  to  w ith s ta n d  and d e t e r io r a t io n  

in  the f l u i d i s e d  bed r e a c t o r s .

C e r r o -B o l i v a r  o re  f in e s  a re  u sed  in  V en e zu e la .

P rodu ct

The DRI p ro d u ct from  the FIOR p ro c e s s  b e fo re  b r i q u e t t in g  i s  in  

a  powdered form  c o n ta in in g  24-25 p e r  c en t  l e s s  than  325 m esh. The 

FIOR b r i q u e t t e s  produced  in  V enezue la  p la n t  were g e n e r a l ly  o f  m eta l­

l i s a t i o n  more t t e n  92% w ith  carbon  co n ten t  betw een 0 .5  a-nd 2 p e r  c e n t .  

The b r iq u e t t e  p rodu ced  has h igh  d e n s it y  in  the ran ge  o f  5 gm/cc and  

can be e a s i l y  s to r e d  in  open in  a l l  w e a th e r .

H I3  PROCSSS

The S IB  (E ig h  I r o n  B r iq u e t t e )  p ro c e s s  i s  a  m o d ifie d  v e r s io n  o f  

the K u -Iro n  p ro c e s s  deve loped  by the US S t e e l  C o rp o ra t io n  d u r in g  

1953” 56 . The f i r s t  HIB p la n t  was c o n s t ru c te d  in  197*1 a.t P u e rto  O rdaz , 

V enezu e la  w ith  an  an nua l c a p a c ity  o f  %0CQ,000 tons o f  sponge i r o n .

. P ro c e s s  D e s c r ip t io n

The HIB p ro c e s s  i s  based  on r e d u c t io n  o f  i r o n  o re  f i n e s  in  a  

f l u i d i z e d  bed w ith  re d u c in g  gas g e n e ra te d  by steam re fo rm in g  o f  

d e su lp h u r iz e d  n a t u r a l  g a s .  The o re  f i n e s  o f  minus 12 mm s iz e  a re  

d r ie d  in  a  r o t a r y  k i ln  and then ground to  minus 10 mesh ( - 2  mm).

The f in e  o re  i s  then  t ra n sp o rte d  to  the f i r s t  s ta g e  o f  a  2 -s t a g e  

f l u i d i z e d  bed p re h e a t in g  system by an i n e r t  gas  pneum atic l i f t .
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The f i r s t  s ta g e  p reh ea ts  the ore  w ith  the o f f - g a s  from  the  second s ta g e  

to abo u t 32C°G. The second s ta ge  h ea ts  the p reh ea ted  o re  to abo.ut 870° 

by d i r e c t  com bustion  o f  n a t u r a l  gas  in  the b ed .

R ed u ction  o f  F e 2C3 to  FeO i s  accom p lish ed  in  the f i r s t  s ta g e  by  

con tact w ith  the spen t g a s  from  the s e c o n d 's t a g e .  S e d u c t io n  o f  FeO to  

Fe i s  accom p lished  i n  the second s ta ge  by  co n tac t w ith  f r e s h  hot 

re d u c in g  gas  in tro d u ced  a t  the bottom  o f  the r e a c t o r  a t  a  p re s s u re  o f  

about 4 atm osp h eres. The hot f in e  DRI from  the r e a c t o r  a t  abou t 700°C 

i s  hot b r iq u e t t e d  in  b r iq u e t t in g  m ach ines. The hot b r iq u e t t e s  a re  

co o led  to  ap p ro x im a te ly  65°C b e fo r e  s t o r in g .  The f lo w  sh ee t  o f  E I3  

p ro cess  i s  g iv e n  in  F ig u re  9>

S p e c ia l  F e a tu re s

The H I3  p ro c e s s , by v i r t u e  o f  i t s  b e in g  a  f l u i d i z e d  bed p ro c e s s ,  

ac ce p ts  o re  f in e s  a s^ tn e  ch arge  m a t e r ia l .  D egree  o f  m e t a l l i s a t io n  o f  

She DRI i s  g e n e r a l ly  low  about 75 Fe r  cent and i s ,  t h e r e fo r e ,  s u i t a b le  

f o r  use .in  ironm ak ing.

The HI3 b r iq u e t t e s  a r e  dense and can be e a s i l y  s to r e d  in  open  

in  a l l  w ea th e r .

P la n t  in  O p e ra tio n  and Under C o n s tru c t io n

The o n ly  RIB d i r e c t  r e d u c t io n  p la n t  in  o p e ra t io n  i s  lo c a te d  a t  

P u erto  O rd az , V en ezu e la . No new p la n t  i s  r e p o r te d  to be under  

c o n s t ru c t io n .

M a jo r Souioment and F a c i l i t i e s

The H IS p rocess  u t i l i s e s  o re  f in e s  and a s  such raw  m a te r ia l  

h an d lin g  and p re p a ra t io n  system  a r e  p ro v id e d  w ith  c ru s h in g , g r in d in g ,  

s e p a ra t io n  and d ry in g  f a c i l i t i e s .  The s iz e  o f  ore  f in e s  shou ld  be o f

‘ J . I lU  O 4 * •

The HI3 p rocess  em p loys.tw o  s ta g e  p reh ea te rs  f o r  p reh ea t in g  the 

ore f in e s  to  re d u c t io n  r e a c t io n  tem peratu re . The re d u c t io n  r e a c t io n  

is  c a r r i e d  out a ls o  in  a 2 - s tage  r e a c t o r ,  which i s  a t a l l  r e f r a c t o r y  

lin e d  s t e e l  v e s s e l o f  6 .7  m d iam eter and 50 m in  h e igh t .
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The re d u c in g  gas i s  g e n e ra ted  in  a  steam  r e fo rm e r ,  and as  such  

i s  p ro v id e d  w ith  heat r e c o v e ry  system  f o r  g e n e ra t io n  o f  s te a rr ;

The e n t i r e  TIB  p roduct i s  to  be e s s e n t i a l l y  hot b r iq u e t t e d  a t  

about 7C0°C l i k e  FIDR p r o c e s s .  The p la n t  a t  V en ezu e la  i s  p ro v id e d  

w ith  th re e  hot b r iq u e t t in g  m ach ines.

3aw M a t e r ia ls

R ich  i r o n  o re  f in e s  o f  minus 12 am s i z e ,  c o n ta in in g  38.5  p e r  

cen t ?e and 8 p e r  cen t m o istu re  i s  g round  bo minus 10 mesh ( - 2  am) 

s iz e  to  be ch a rged  in to  the  f l u i d i z e d  bed r e a c t o r .

P roduct

The H IB  b r iq u e t t e s  a r e  o f  fo l lo w in g "  c h a r a c t e r i s t i c s ;

S iz e ,  am . .  80 .9  £ 40 .6  x  2 0 .0

W eight o f  b r iq u e t t e ,  , .  2C6.3
sm

T e n s it y ,  ton s/cu  m . .  5*0

D egree  o f  m e t a l l i s a t io n

A t y p ic a l  ch em ica l a n a ly s i s  o f  the  HIB b r iq u e t t e s  produced a t  

P u erto  G rdaz a re  g iv e n  b e lo w :

Fe (to ta l) . .  8 6 . 5/3

Fe (metallic) . .  6 0 . yo

Si0 2 . .  1 . 83/0

AI2O3 1.93#
CaO . .  0.29*

KgO . .  0 . 27#

S 0 .0?o

P * • 0 « 13/ j
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SL/BN PBCCKSS

The SL/2N process was jo in t ly  developed by the S teel Company o f 

Canada, Lurgi Chemie, republic S tee l Corporation ’ and the National Lead 

Co Dip any in  1%9« I t  is  a combination o f  the BN process developed 

between 1920 and 1930 lo r  b en e fie la tion  and heat treatment o f ores with 

a low iron  content, and the S I process developed about i960 fo r  produc­

t ion  o f  high-grade sponge iron  fo r  steelmaking furnaces.

Process Description

The SL/BN process employs a ro ta ry  k iln  fo r  the reduction o f  iron  

o re/ p e lle t, w ith so lid  carbonaceous m aterials such as ooal o r l ig n i t e .

The flowsheet fo r  the SL/BN process is  given  in  Figure 10. There axe 

2 major steps in  the process corresponding to the two major zone. ; f  

the k iln * the 'preheat zone' where the charge is  heated to 900*C -  

1,100*C; and the 'm eta lliza tion  zone1 where the temperature is  held 

f a i r l y  constant at 1 , 050*0 -  1^100*0.

I t  the start-up o f  the operation, i t  is  necessary. to f ix e  the k iln  

with the cen tra l burner using a f lu id  fu e l, fo r  bringing the charge 

m ateria ls to the reaction  temperature. A fte r  a steady state is  attained, 

the heat produced by the oombustion o f  a portion  o f  the fu e l charged with 

the burden is  su ffic ien t to ra ise  the temperature o f the incoming m aterial 

to the required temperature.

The charge consisting o f  a mixture o f iron  oxide p e lle ts  and/or 

lump ore, limestone and/or dolomite and h igh -vo la tile  coal or l ig n ite  

are introduced into the preheating zone o f  the k iln  where the moisture 

is  driven  o f f ,  and and hydrocarbon* are formed by the thermal 

d issoc ia tion  o f  the coa l. A portion  o f  the combustible gases from the 

coal i s  burned on the freeboard above the charge by controlled  quantities 

o f - a ir  introduced through a ir  pipes spaced evenly along length o f the k iln . 

The combustion o f  these gases radiate heat to the surface o f  the bed o f  

m aterial and to the exposed surface o f  the k iln  re fra c to ry  lin in g .

During rota tion  o f the k iln , the l in in g  transfers the heat to the so lid  

m aterials by conduction.
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The off-gases from the k iln  are drawn out at 900*C -  1,000#C at 

outlet end* These are passed through a coarse dust se ttlin g  chamber, 

and then into an after-turner where the conhustitle gases and then the 

soct are busied* Bae gas Is  then cooled* cleaned before exhausting i t  

to the stank*

The hot k iln  discharge about 1,000*0 Is  then fed d irectly  through 

an enclosed d a te  into a rotary oooler Which is  externally oooled Kith 

water sprays* B a  discharge ikon the oooler is  subjected to screening 

and magnetic separation* to obtain sponge Iran* char and rejects  

containing ad* and calolaed flu x* 1 flowsheet fo r rotary k iln  process 

Is  given in  figure 10*

Special features

In SL/BI proeess* generally the k iln  is  long and as such the 

maintenance o f temperature p ro file  is  not easily  achieved* The 

performance o f the k iln  is  extremely sensitive to type o f oxide feed* 

SL/BS k iln  is  operated at high temperature* The product is  o f  lo v e r  

carbon (o f the order o f  0*2%) and o f  high m eta llisa tion  at about 1,100*0*

The proportion o f  fin es  in  the m etallised  product from the reduc­

tion  k iln  would depend upon the nature o f  rav m aterials used* e sp ec ia lly  

the decrep itating ch aracteris tics  o f the lump ore* In  general* the 

proportion o f  fin es  generated in  the rotary  k iln  processes fo r  production 

o f  sponge iron  is  about 100 -  150 kg per ton o f  product (about 10 per 

cent to 15 per cent*

Plants in  Operation and Under Construction

i t  present there are s ix  SL/BN plants fo r  production o f  steelmaking 

grade sponge iron  as given  in  Table 1-5 on tne next page o f  which two are 

shutdown* The unit s izes  vary w idely from 30,000 to 360,000 tons per 

year, the operating experience is  lim ited  to 125,000 ton un its . The 

production in  1980 was about 233»000 tons from an in s ta lled  capacity 

o f about 750,000 toas•
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TABLE 1-5 -  WOBLD-WfflB SL/HN INSTALLATIONS

Country and Company
In s ta lled

In
So* o f
units . Annual capacity 

Tons

OPER ATIBG/ISST * T,T.T?n 

B razil
A cos Pinos P ir a t in i  SA

Charqueadas, BS , . 1973 1 65,000
Canada
The S tee l Co o f  Canada Ltd 

Had Lake, Ontario • • 1975 1 360,000
In d ia
Sponge Iron India Ltd

Paloncha, Kothagudem,AP • • 1980 1 30,000
l e v  Zealand
New Zealand S tee l Ltd, Glenbrook 1969 1 125,000
Peru
ifapresa Siderurgiea de l Peru, 

Chimbota *• 1979 1 100,000
JTSA
He c l  a Mining, Casa Grande, Arizona 1975 1 65.000

Tota l • • 6 74.5.000

NOTEi
* /  N ot b e in g  o p e ra te d

Major Equipment and F a c il it ie s

The main unit o f  the SL/HN process is  the re fra c to ry -lin ed  ro tary  

k iln  ranging in  s ize  from 2 a to 6 m in  diameter and 50 a to 125 m in  

length, inclined  downwards from the feed end to the discharge end by 

2*5 per cent to 3*5 per cent* The k iln  can be rotated  at a variab le  

speed ox 0*3 -  0*9 rpm* The k iln  sh e ll is  provided w ith a ir  pipes made 

o f  heat res istan t s te e l,  spaced evenly along i t s  length fo r  temperature 

and process control* A central burner is  located  at the kiln discharge 

end fo r  supply o f  a ir  during normal operation and fo r  supply o f  l ig h t  

fu e l during start-up*

The e x i t  g a s e s  a re  hand led  in  a  d u st  s e t t l i n g  chamber and then  

i n  a  2 -s t a g e  a f t e r b u r n e r  b e fo r e  s c ru b b in g  and e x h a u s t in g  i t  to the 

s ta c k *
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The hot k i l n  d is c h a rg e  i s  c o o le d  in  a  h o r iz o n t a l  r o t a r y  c o o le r  

w ith  e x te rn a l w a te r  sp ray s  on the u p p e r  s u r fa c e ,  and the lo w e r  s u r fa c e  

i s  immersed in  a  w a te r  t ro u g h . The s i z e  o f  the c o o le r  nay  v a ry  from  

2 m to 4 m in  d ia m e te r  and 20 m to  60 m in  le n g th ,  d epen d in g  on the  

p la n t  c a p a c i t y .  The co o led  m a t e r ia l  i s  s u b je c te d  to s c r e e n in g  and 

then  to  m agnetic  s e p a r a t io n .

Haw Materials

The p rin c ipa l burden m aterials from the process are iron  ore 

and/or p e l le t s .  Iron  sands are used commercially in  the p lan t in  

Hew Zealand. P e l le ts  are used in  Peru and B razil and s ized  ore is  

used in  India.

Semi-bituminous coals and l i gnite char are being used as rt.¿ac­

tants in  commercial in s ta lla t io n s . Limestone and dolomite are used as 

desulphurising agent.

Product

The qu a lity  o f sponge iron  produced at selected commercial SL/HN

d irec t reduction plants

Company

is given  below:

Degree o f  
m eta lliza tion Carbon content

Hew Zealand S teel • «

Per cent 

85 (minimum)

Per cent 

0.60
A008 Finos P ir a t in i • • 91 (minimum) 0.14
Sponge Iron Tndia Ltd • • 90 (average) 0*20

Recent Developments

Hr cent experiments ind ica te  that i f  a i r  is  admitted through the 

ports below the bed in  the preheat zone when u t i l iz in g  coals containing 

more than 15 per cent v o la t i le  matter, i t  w i l l  b u s  some o f  the gases 

that would otherwise leave the k iln  unburnt and would resu lt in  a less  

waste o f  energy. I t  is  claimed that the admission o f a ir  through suoh 

a system may also permit the use o f  l ig n it e  with up to 60 per cent 

moisture without prelim inary drying. The v o la t i le  matter in  coal is  

burnt at 3O0*C -  800*C d ir e c t ly  w ithin the charge and transfers the heat 

o f  combustion to the raw m aterials to be preheated. This technique o f  

Submerged Air In je c tion  is  expected to improve the e ff ic ie n c y  o f  the

process by shortening the preheat time.
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in  the e x i s t in g  ¿L/Bct k i ln s  in  th e  a r e a s  o f  in s e r t s  l i k e  a i r  

tu b e s / n o z z le s ,  sam ple p o r t s  and therm ocoup les, c a s t a b le s  a re  u sed  

a s  r e f r a c t o r y  l i n i n g .  M odem  k i ln s  to  be i n s t a l l e d  w ould  in c o m c r a t e  

1C0 p e r  cent c a s t a b le  l i n i n g s .

CODHt (KHUFP) PROCESS

The CCS IB. (C c a l -Q r e -D i r e c t - I r o n -R e d u c t io n )  p ro c e s s  was

d e v e lo p e d  from, th e  Krupp—Harm p ro c e s s , and th e  o n ly  com m ercial

i n s t a l l a t i o n  t i l l  d a te  s t a r t e d  o p e ra t in g  a t  th e  Qunsw art I r o n  and

S te e lw o rk s  L t d . ,  Benoni (S o u th  A f r i c a )  s in c e  1973 w ith  an an nu a l

capacity o f 150,000 tons o f DRI. This process is  very  aim-il ?r in

equipm ent f e a t u r e s  and o p e r a t io n a l  c h a r a c t e r i s t i c s  to  SI/RN r o t a r y

k i l n  p ro c e s s , e x c ep t  some m inor v a r ia t io n s  i n  th e  h a rd w are , 'io
»

CCDIH k i l n  f o r  th e  p ro d u c t io n  o f  sponge i r o n  f o r  s te e lm a k in g  i s  

e i t h e r  i n  c o n s t ru c t io n  o r  p la n n e d .

ICCAB PRCCBSS

The ACCAH ( A l l i s  Chalm ers C o n t ro l le d  Atm osphere R ed u ction ) 

p ro c e s s  was d e v e lo p e d  b y  th e  A l l i s  Chalmers C a rp c ra t io n , ISA and 

a  d em on stra t ion  p la n ;  o f  5 9 ,COO ton s p e r  y e a r  c a p a c i t y  was i n s t a l l e d  

by  ’N ia g a ra  M e ta ls  L td , Canada i n  1973 a t  i-ts  -dag -era  f a l l s  w o rk s .

P ro c e s s  D e s c r ip t io n

The AC CAP. p r o c e s s  em ploys a  r o t a r y  k i l n  w it h  p o r t s  f o r  p roduc ­

t i o n  o f  D R I. I t  p ro v id e s  a  p re h e a t  s ta g e  i n  t lie  u n p o rted  zone and  

an  a c t i v e  s t a g e  i n  th e  p o r t e d  r e d u c t io n  zo n e . The o re  *»nd c o a l  a r e  

sc re e n ed  to  a  u n ifo rm  s i z e  r a n g e , and d e l i v e r e d  t o  th e  r e a c t o r  a t  

a  c o n t r o l le d  r a t e .  The incom ing bed  o f  o re  and c o a l  i s  h eated  by  

c o u n te r f lo w  p ro c e s s  g a s e s  cc abou t 1 ,0 0 0 °C . F lu id  hydrocarbon  fu e l  

i s  in je c t e d  in t o  th e  o re  to ro u gn  r a d i a l  p o r t s  s i t u a t e d  under the b ed ..  

In t im a te  co n ta c t  w ith  the  hot charge  cau ses  the  f u e l s  to  g a s i f y  -ana 

d i s s o c ia t e  in to  red u c in g  components which e x t r a c t  oxygen ■from the  

o r e .  As th e  p o r t s  p a ss  o v e r  th e  bed , they  adm it a i r  to  combine w ith  

the  re d u c in g  g a se s  le a v in g  th e  c h a rg e . The r e s u l t a n t  p rodu ct d is c h a rg e s
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from  the r e a c t o r  in to  an u n lin e d  r o t a r y  drum c o o le r  where i t  i s  

c o o le d  t o  about 90 °C  with, e x t e r n a l  w a te r  s p ra y s  and fe d  to  the  

p ro d u c t  system . The red u ced  p ro d u c t  i s  th e n  m a g n e t ic a l ly  c le a r e d  

o f  c o a l  ash , sc reen ed  and d e l i v e r e d  to  s t o r a g e .  P ro c e s s  o f f - g a s e s  

a re  quenched and sc ru bbed  b e fo r e  r e le a s in g  to  the  atm osphere  

th ro u gh  a  s ta c k .

S p e c ia l  F e a tu re s

H ie  r o t a r y  k i ln  i s  p r o v id e d  w ith  f u e l  as  w e l l  a s  a i r  i n j e c t i o n  

p o r t s ,  thu s  o f f e r in g  th e  ad van tage  o f  r e c o v e r in g  th e  therm al v a lu e  

o f  ex cess  re d u c in g  gas e n a b lin g  c lo s e  c o n t r o l  o f  th e  tem peratu re  

p r o f i l e  o f  th e  r o t a r y  k i l n .  The m 'r  and f u e l  i n j e c t i o n  p o r ts  a r e  

s it u a t e d  beyond  th e  p re h e a t in g  zon e .

R e ten tio n  dams a r e  p ro v id e d  f o r  m a in ta in in g  a  d e s i r e d  bed  

depth  i n  the  r e d u c t io n  k i l n .  Carbon  o f  the  p ro d u c t  can b e  in c re a s e d  

up  to  2 .5 *  b y  a d ju s t in g  the a i r  t o  f u e l  r a t i o  a lo n g  th e  le n g th  o f  

th e  k i l n .

The p ro c e s s  so f a r  was o p e ra te d  i n d u s t r i a l l y  w ith  hyd roca rbon  

f u e l .  V ery  l im it e d  cam paign was made w ith  c o a l  f t r i e r  in  the  

dem on stration  p la n t  a t  N ia g a ra  f a l l s .

P lan u s  in  O p e ra tio n  and Under C o n s tru c t io n

In  1976, th e  SI/RN k iln , a t  F a lc o n b r id g e  was c o rv e r te d  to  ACCAR 

b u t  was o p e ra te d  o n ly  f o r  a  l im i t e d  p e r io d  and f i n a l l y  shut down i n  

1978. In  In d ia  a  150,000 to n  c a p a c i t y  ACCAR k i l n  i s  under c o n s t ru c t io n  

.-?nri i s  e xp ec ted  t o  be com m issioned v e ry  so o n . T h is  k i l n  i s  d e s ign ed  

t o  be  o p e ra ted  w ith  1CQ* c o a l  c h a r g e .

E nergy  requ irem ents

TFom^fEe operation o f  the demonstration plant at Niagara fa lls ,  

it may be said that with coal and o il the energy consumption was of 
the order of 3 Gcal per ton of sponge.



Appe m i x - 1 (  c cnt in u e d )

-  63 -

U .  - ____ T ? _________ * ___________ j .
M iU lU 'U iC IU ;

The m ajor f a c i l i t i e s  axe b a s i c a l l y  sane a s  o th e r  r o t a r y  k i l n  

p la n t s .

Raw M a t e r ia ls

The requ irem en t o f  p h y s ic o -c h e m ic a l c h a r a c t e r i s t i c s  o f  o x id e  

fe e d  and c c a l  a r e  e s s e n t i a l l y  same as  i n  o th e r  r o t a r y  k i ln , p r o c e s s e s .

Product

Carbon  co n te n t  i n  th e  ACCAR i r o n  i s  a d ju s t a b le  t o  s p e c i f i e d  

l e v e l s  be tw een  0.01 -  3 p e r  c e n t  b y  a d ju s t in g  te m p e ra tu re s , f u e l  

in p u t and f u e l  d i s t r i b u t io n  i n  th e  r e a c t o r .  O th er c h a r a c t e r i s t i c s  

o f  ACCAR i r o n  a r e  s im i la r  to  th e  p roduce  o b ta in e d  i n  S I/R li o r  CODIE..

AC GAR i r o n  i s  s t a b le  i n  s to r a g e  and d u r in g  t r a n s p o r t a t io n  by  s h ip ,  

b a rg e ,  r a i l  ar t r u c k .

PRC PROCESS

The DRC p ro c e s s  was d e v e lo p e d  by  th e  D ir e c t  R ed u c tio n  C o rp o ra t io n ,  

C .S J l .  from  a  m ethod o f  p r o c e s s in g  i lm e n it e  c o n c e n tra te  t o  o b t a in  DR I.

A d em on stra tion  p la n t  o f  50,000 to n s  p e r  y e a r  c a p a c i t y  b a sed  cr. th e  

DRC p ro cess  went in t o  o p e ra t io n  a t  Rockvood, T en n essee , USA.in. 19'7? . 

R ecen tly  i n  March 1981, DRC h as  been  auarded  a  c o n t r a c t  f o r  i n s t a l l i n g  

a  75,GC0 to n s  p e r  y e a r  p la n t  a t  Scav M e ta ls  l t d . ,  South  A f r i c a ,  w hich  

i s  exp ec ted  t o  go in t o  o p e ra t io n  i n  1983.

l i k e  th e . C0DIR p r o c e s s ,  th e  equipm ent f e a t u r e s  and th e  o p e ra ­

t i o n a l  c h a r a c t e r i s t i c s  o f  th e  DRC p ro c e s s  a r e  s im i l a r  t o  th e  SI/R^  

r o t a r y  k i l n  p r o c e s s .  However, th e re  i s  one s i g n i f i c a n t  v a r i a t i o n  -  

tiie DRC k i l n  i s  f a t t e r  and i s  p ro v id e d  w ith  more number o f  a i r  fa n s  

compared to  o th e r  r o t a r y  k i l n s .

KTTCOLOR-METOW pwnrres

The K in g lo r -M e to r  p ro cess  was deve loped  by D a n ie l i  and Company

S .p .A . a t  B u t r io .  A p i l o t  p la n t  o f  20,000 tons c a p a c ity  was se t  up 

in  1973.
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P ro c e s s  D e s c r ip t io n

The p ro c e s s  u t i l i z e s  v e r t i c a l  s h a f t  fu rn a c e s  made o f  s i l i c o n  

c a rb id e  w h ich  a re  heated  from  th e  e x t e r io r  by  ga seou s  o r l i q u i d  

f u e l s .  W eighed  b a tch es  o f  lump o re  o r p e l l e t s  a re  m ixed w ith  

ap p rox im ate  amounts o f  re a u c tan t  ( f i n e  c o a l  and c h a r )  and l i n e - s t o n e , 

and c h a rge d  in t o  th e  to p  o f  th e  s h a f t  th rou gh  a  f e e d  b in .  The ch arge  

i s  r a i s e d  t o  a  tem perature o f  350°C  i n  th e  p r e h e a t in g  zone a t  th e  top  

o f  th e  s h a f t . The re d u c t io n  s e c t io n  i s  h e a te d  by  th e  ccm hustion  o f  

n a t u r a l  g a s  (o r  o i l )  i n  th e  b u rn e r s  lo c a t e d  i n  s e v e r a l  rows o f th e  

an n u la r  sp ace  betw een  the  s i l i c o n  c a rb id e  s h a f t  and th e  o u te r  s h e l l  

to  a  c o n t r o l le d  tem peratu re  o f  1 ,0 5 0 °C . The p ro c e s s  i s  co n tin u o u s ,  

b u t  th e  p ro d u c t  i3  d is c h a rg e d  i n  b a tc h e s  due t o  th e  c o o lin g  system  

d e s ig n .  The p ro d u c t  i s  d is c h a rg e d  from  th e  c o o l in g  s e c t io n  a t  about  

50°C  and i s  sc re e n e d , i f  r e q u ir e d .  The DRI i s  m a g n e t ic a lly  s e p a ra te d  

and th e  ch a r  i s  r e c y c le d .

Special Features

Can b e  i n s t a l l e d  i n  m odular concept o f  20,CCQ to n s  o f  sponge  

i r o n  p e r  y e a r  from  each m odule.

R e q u ire s  a  c o n s id e ra b le  q u a n t i t y  o f  o i l  o r  r a - u r c l  gas f o r  

h e a r in g  th e  r e t o r t s  from  o u t s id e .  The a v e r s , ccr.3vmpt.Icn c f  IP  1 

i n  th e  p i l o t  p la n t  a t  But t r i o  was 134 k g / h r .

R e q u ire s  more m aintenance and th e  o p e ra t in g  c o s t  o f  the sm a ll  

m odu lar con cep t p la n t  i s  i n v a r i a b ly  much h ig h e r  ccn pared  to  the  

co n tin u o u s  p ro c e s s  l i k e  r o t a r y  k i l n s .

P la n t s  i n  O p e ra t io n  and Under C o n s t ru c t io n

The f i r s t  com m ercial p la n t  b a sed  on t h i s  p ro cess  went in to  

o p e ra t io n  in  1976 a t  the  F e r r ie r e  A rv e d i and Company S . p . A . , Cremona 

( I t a l y )  w ith  an »nmutl c a p a c ity  o f  40 ,000 ton s  c o n s is t in g  o f  2 modules 

o f  20,000 ton s  c a p a c ity  each . At p re sen t  th e se  u n it s  a re  abandoned  

and o f f e r e d  fo r  s a le .  I t  i s  r e p o r te d  th a t  one module o f  20,000 tons  

annimi c a p a c ity  has a lre a d y  been com m issioned in  Burma. Another  

module o f  20,(JUU cons 13  a ls o  b e in g  p lanned  to  be se t  up a t  the same 

lo c a t io n  in  Burma.
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Mai o r  Scuinnent and F a c i l i t i e s

The K in g lo r -M e to r  p ro c e s s  em ploys a r e t o r t  in  whicn th e  r e d u c t io n  

s e c t io n  i s  a  v e r t i c a l  r e c t a n g u la r  s h a ft  made o f  s i l i c o r  c a rb id e  w ith  

6 r e a c t o r s .  The s h a ft  t a p e r s  outw ards a t  the bo ttom . The s h a f t  i s  

surrounded  by  a  r e f r a c t o r y - l i n e d  s t e e l  fu rn a c e , s l i g h t l y  l a r g e r ,  b u t  

fo l lo w in g  the same conn cu r a s  th a t  o f  the s h a ft  and th e re b y  p r o v id in g  

am annul a t  space which i s  u s e d  a s  a  com bustion  cham ber. The h e a t  

p ro v id e d  by  r a d ia n t  b u rn e rs  i n  the  a n n u la r  chamber i s  t ra n s m it te d  t a  

th e  ch a rge  th ro u gh  th e  s i l i c o n  c a rb id e  w a l ls  o f  th e  s h a f t .

H e 'u p p e r  s e c t io n  o f  th e  s h a f t ,  w h ich  i s  th e  p re h e a t in g  zone, 

i s  made o f  r e f r a c t o r y  s t e e l .  In e r t  g a s  from  th e  r e d u c t io n  zone i s  

c o o le d  and c y c le d  th rough  th e  c o o l in g  s e c t io n ,  lo c a t e d  be low  the  

r e d u c t io n  zon e . The DRI p ro d u ct i3  d is c h a rg e d  th ro u gh  a  lo c k  hopper  

f o r  s c re e n in g  and m agnetic s e p a ra t io n ,  and th e  chair i s  r e c y c le d .

Raw M a te r ia ls

The K in g lo r -M e to r  p ro c e s s  u se s  sc reen ed  lump o r e ,  i r o n  o re  

p e l l e t s  o r  b r iq u e t t e s  i n  th e  s i z e  r a n g e  o f  6 -  2 5  mm c o a l  and r e c y c le d  

char a r e  em ployed as r e d u c ta n t , and i f  n e c e s s a ry , lim esto n e  i s  -used 

d e su lp h u r iz in g  a g en t.

P roduct

From th e  o p e ra t io n  o f  d em on stra tion  p la n t ,  i t  i s  o b se rved  t h a t  

DEI p roduct h a s  an ave rage  m e t a l l i z a t io n  c f  90 per cen t and the ca rb o n  

co n ten t o f  th e  o rd e r  o f  156.
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м  раооаа -  ш уню нкш таь polldtio» ато тикха тыярсат(66) to (75)

Тур« o f
Ргосеее pollutant Зоагсе o f  ^operation D eta il« o f  po llu tan t« Method o f  tr«etaant Level p rio r  to treatment

A » GAS BASED
HyL Or«/

p e lle t
d u e t

Discharge to p « l l « t
e lloe

Discharge to 
reaotora

Conveyor« and Junc­
tion hooeea fo r  
bundling o f  or«/ 
p e lle ts

Or«/ Beaotorsj Reformer«
p e lle t
duet with
p recess
gases
о abusing
water
pollution

Duet p a rtic le  else d ie tr ibu - 
t lo a  (Wt %)i

Iron
Range DU oxide

( in  alerone) P fllO te  p e lle ts

Lose than

Duet extraction eye ten with 
bag f l l tara and ayolone
separatore

2 * 6  t o  5 * 5  * • 4 1 . 0 2 0 . 0

5 . 5  t o  1 1 . 0  . . 24 . О 2 2 . 2

1 1 . 0  t o  2 2 . 0  . . 2 2 . 0 2 5 . 9

2 2 . 0  t o  44. О  . . 9 . 0 1 0 . 1

4 4 . 0  t o  6 2 . 0  . . 1 . 5 5 . 0

6 2 . 0  t o  1 7 6 . 0 2 . 5 -

100.0 10Q.Q

9 1 s *  d i a t r i b a  t l o a  o f  s o l i d *  l a

t b s  e f f l u e n t  f r o *  t h e r e a o t o r

(wt. JO*
B a n « «  ( i n  m i c r o n s ) W t .  %
L e e s  t h a n  4 4 • • 65.0

t o  105 •  * 0 . 1

105  t o  1 4 9 •  • 5 .5
A b o v e  1 4 9 • » 21,4100.0

Dlreot water sprays in the 
reformer end reaotors- 
quenoh tower«« The pollu­
tants are passed o f f  to 
water o lrou lt end reo lr- 
oulated in the plant with 
o la r i f la r

Water analysis o f  b o ile r
blew downs

Phosphates . .  
pH • •
T.D.3 ••
3102
Chlorides •• 
Quantity ••

50 pp. 
to .5
1,500 pi» 
25 P i»
50-150 рри
1.5 cru ./hr

Zino
oxide
and
sulphur

De sulphurIters

3 team P "oceas (Risati tjr very lo *

Carbon-
dioxide

Ri duolng gaa lo t  very hazardous froi 
lygen lo point o f  view

Некого! from the deeul- 
phurisers In every two 
years (approx 10 tons o f  
slno oxide)

Let o f f  to the atmosphere

Carried away along with the ipprox« 7 per oeot 
water spray In the eorubbers

Level a fte r  treatment

This water nay be 
neutralised with HC1 or 
other acids end then 
nixed with 5*7 ou n/hr 
o f  BJV treatment plant 
bleed o f f  whioh le  con­
sidered neutral« Tills 
e fflu en t is ,  therefore, 
not considered to be a 
pollutant and nay be 
oo lleoted in the Indus­
tr ia l  or sanitary oewers 
without any further 
treatment

Bern arks

The iron or« fineu oo lleo ­
ted In the sewer contain 
Po2G}t FeJC arid gangue.
The oake also contains Pe, 
?eOa fe )C  and gangue« Both 
these e fflu en ts may be 
sent to a p e lle t is in g  or 
sin tering, or can be sold 
to the cement industries

Zina oxide end sulpfcxir 
■ay be sent to catal'rst 
aanufaoti rers fo r  its  
regeneration

Preiienoe o f 002 lowers the 
pH value in the water a ir— 
cull.s. 2*>0 ppm o f 002 in 
the water at the d lreot 
reduction plant at SIWH 
resulted Ln the lowering 
the pH value to f r o m  
the ricusai le ve l o f 7

I
cb

1 \

A
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dix



fruca»* Da t »11 a o f  pollutant« Hathod o f  traatinant
Typ* o f  

pollu tant Sourca o f  reparation

i .  GlS BlSSD (Coat'd) 

kola»

MIDKta Krhauat 
gaaaa

P a r t l -
oulata
aalaalon

Waata
watar

111 aajor aqulpaant 
ouch aa ba it oon—
tayora , aorubbara,
reactora, ra foaa ra  
»to  and p ipelin e»

Shaft fumaoa, 
a tack, aareanlng 
atatlon, a iloa , 
tranafar poluta

Stack, duat oo llao- 
tloa  ayataaa, ato- 
raga and load-oat 
oo llaotloo  ayataa, 
acraaning duat 
oo llaotion  ay atm

Surfaca water| 
aanitaxy water) 
Inda a t r ia l  waata 
watar

Skioloalng tha nolaa gana ra­
tin g  aqulpaient In honalnga 
and oaalnga, and by Inoula— 
tlon o f  plpallnaa

W a t  a o r u b b l n g  l a  a i a p l o y e d  

f o r  a l l  w a a t a  g a a a a .  T h a  

w a a t a  g a a  f r o a  t h a  p l a n t  

a t a a k  d o a a  n o t  n a a d  a n y  

f u r t b a r  o l a a n l n g .  S o r u b -  

b a r a  a r a  l o o a t a d  a t  a x l t  

o f  r a d u o t l o n  f u p n a o a ,  

a o r a a n l n g  a t a t l o q a  a n d  

p r o d u c t  a i l o a

tor a  400,000  t o n a / y r  n o d u l a ,  D a d u a t l n g  a y a t e v a  

t h a  p a r t i o u l  a t »  m l a a l o n a  "

f o r  b a t w a a n  3 - 5  k g / h o u r

Point aoqroa aalaalon» tc 
tha a i r  (k g / to n D ft l)l

P a r t l -

o u l a t a a  S 0 2  M O x

Mata r ia l
h a n d lin g  0 .0 0 1 0.001 0.002

C o a b u a t l o u

a y a t w a  0 . 0 1 2  0 . 0 ) 3  0 . 1 7 2

D u a t  o o l -  

l a c t l o n

ayatan 0.01& Traca 0.001

D a p a n d l n g  o n  t h a  a o o l l n g  

w a t e r  a r r a n g m a n t i

k v g . o l a r l -  0 . 9  c m  a / t  

f i r »  w a t a r  o f  P a

d r g . o u a p a n d a d  5 0 - 1 5 0  a g  

a o l l d a  I n  p a r  l i t r e

a f f l u e n t  

w a t a r

S o  1 1  l a  f r o a  4 0 - 7 0  k g / t  

o l a r l f l a r  o f  f a

Point aourca aalaalonB to water»

Suapeudad
aollda Flow 

a g / l l t  o n  a / t  D E I

Proceee w*ter
b l o w  d o w n  5 0  0 . 1 5

C l a r l f U r

blow down 100x10 0.2b
Srflu-rnt .fn>i 

p i  J » l  1 5

Surface watar oloened by 
r a i l  bu ffer bln, a and f i l t e r  
and back-washing rank| sani­
tary water oleaned by a bio­
log ica l eewago treatment 
before being dieoharged to 
the aain waete water pipe 
etatlon i induatrla l waete 
water Is  oleaned by an 
autoeatlo g ra v ity  f i l t e r

A b o u t  5 , 0 0 0  I  o n  m/tou c f  F e  

a t  400*0 c o n t a i n  l a g  1 2 .S & 4  0 0 2 ,

S 02, 65*7# M2, 17*4» H20 
O x + 8  -  n i l ) .  D u a t  o o n t a n t  

l a  a b o u t  4  a g / H  cu ■  ( 1 2  g a a /  

t o n  o f  l b )

0.5-o.d



L o t s I  p r i o r  t o  t r S A t a s n t Uyal a f t «  r  t r a a t a a n t R a m  i r k s

8̂  88 (i) amt Inn

D u a t  . D u a  t  ,

tma/Bmi n £ » s / W n

S h a f t  f u m a n a  . . 1 0 0 S h a f t  f  a m a c a 50
S t a n k  • • 1 5 S t a n k  . . 1 5

3  e r a s  n i n e  s i s t l o n 5 0 S o r a a n i n g  a  t a t  I o n 5 0

S l l o a  . . 3 0 S l l o a  . . 5 0

T r  a n a  f a r  p o l n t a 5 0 T r a n s f a r  p o l n t a 5 0

fe&/fe£
S t a c k  . .  0 . 3

B o a t  o o l l a o t l o n

■}>Uii .. 2.5
8  t o  ruga and l o a d -  

o u t  o o l l o o t l o a  

a y a t a a a  . .  1 . 0

S o r a a n i n g  d u s t  

o o l l a o t l o n

ayataaa . .  1.0

I n v a i i t a o n t  o o a t a  f o r  

w a i t  1 g a s  o l a a n l n g  f o r  a  

p l a n i ,  o f  6 6 0 , 0 0 0  t o n a / y r  

l a  I d i  J . J 2  a l l l l o o

D a d u a t l n g  a y a t a a a  a r a

d a a i i n a d  i n  o r d a r  t o  

H a l t  d u a t  a a l a a i o n a  

t o  a t a o a p h a r a  a t  

1 5 0  a g a / M  o u  a  u n d * r  

nomai operating 
c o n d ì t l o n *

I
fh - 1

S u r f a o a H a x .400 m ga / S u r f a o a 5  n g a / l l t r a

w a t a r l i t r o  a o l i d a w a t a r a o l i d a

S a n i t a r y B i o l o g i c a l S a n i t a r y B S B 5  25  mga/
w a t a r v a s t o w a t a r l i t r o

I n d n a - 50 n g a / l l t r o I n d u s ­ 5  n g a / l l t r o

t r l a l s o l i d a t r i a l s o l i d a

w a a t a ► " ■ s t o

w a t a r w a t a r

I n v c  s t M e n t  c o s t a  f o r  a

p l a n t  o f  8 6 0 , 0 0 0  t o n a / y r  

I s  l iM  1 . 6  a l l l l o a

B l u r r y  o f  I r o n  o x l d t  

c o l l e c t e d  I n  t b s  d u s t  

c o l j '  A c t l a f f  s y s t s a  I s  

d t w a t s r s d  a n d  t h a n  

•  I t l i e r  s o l d  o r  a g g l o -  

u e r n t o d  a n d  u s e d  a s  

f u t o i l o t o c l c

Apf’sn
d
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(oon



Process D e ta il«  a f  p o llu tan ts Method o f  t re a inaptType of
[>ollutapt Scuro« o f generation

A. CAS BlSSD (C oa t 'd )

S o la « CoD’.eyore, scrubbers,
f « «d a rs »  fane» ocua- 
pressore» re fo o ae r ,
•creeping station» 
puepa, s ix  stations

P rov id in g  bouslugs on 
oonveyorsi noise pro­
te c tio n  hoods» and 
bu ild ings  on machi­
n ery ! in su la tion  o f  
pipework

NSC-ha Solids Top gasi pressure Wet scrubbers
equ a lis in g  ga s \ raw 
■ ¿ ta r la la  soreen

Water Scrubbing water Thickener

B o ile r  water f r o *  
tbe d en in e ra llM r  
and the b o i le r
drum

N eu tra liza tion



Laval p rio r  to traatnent L a y !  af t « r  treatnapt Baa arts

Without earning o r housing

Balt ooan yon  
Wat daduating 
Vibrating 

feeders 
V ^ .e  gaa fan 
Main a ir  fan 
Process and

74 dB (1) 
9 7 - 9 9  d B ( l )

100 dB 
110 dB 
1JJ dB ii!

q u o  l in g  gaa
oonpressora 150 dB (A)

Inalda housing

Matuxal (U  
reducing 
atatlon 

Briquetting 
plant

borsening 
station 

Prooeea gaa 
and cooling 
gaa aaotlon 

Pump atatlon 
Main a ir  

atatlon 
Inatrumant 

a ir  atatlon

104 dB ( i )

94 dB (1)
aa-96 dB(i)

106 dB ( l )
98 dB (A)

105 dB ( i )

99 dB ( a)

Zb* aa lia  le ve le  ontalda 
tha homing are approx. 
20 dB (h ) louer

ess/urn*
T o p  f a i  a •  5

Proaauco
•q u a ilt in g
g a a  • »  5

Raw aatvrla la
■ c r * « n  • •  5

with o a a l n g

Vibrating 
faadara 

Waata gaa fan

Top gaa . .  
Praasura 

equalizing 
gaa

Bau natarlala
aoraan ••

91 dB ( a) 
100 dB ( a)

0.01

0.10

0.10

Main pslluti-nta ara tha ^
solids contained tlia top 
gaa. Tills gaa should ba 
Inevitab ly  ba aorubbod 
buolcslly for reuse/ I
reolrcu latlon , and not 
fo r  pollution control

1,000 p|a (avaraga) 100 pt*

pU 6-11 pB 7

Solidu transferred froa 
tha t<ip gaa to tha scrub­
bing oatar ehould ba 
ranovud fo r  raclroulation 
o f  tho water. In thla 
aenaa, Investment fo r  
fa o l l l t t a a  such as the 
top f u  aorubbar or tha 
thliJcoasa fo r  aorubblng 
wati r ara coca Ida rod as 
requirements for tha aaln 
d irec t reduction process 
and net for pollution 
oontrol. Tliarefora,
■ agnltude o f Lnvautaerit 
fo r  the pollution control 
fa c i l i t ie s  la not large
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Typa o f
Procaaa pollutant Souroa o f  «auaratlon D ata li* o f  Dollutanta

A » ClS BISKS (Cant’ d)

Vole* Gaa raoircttlatlon 
ooapraaaor

pioa Parti- Pro d ria r, ora P a rt i-
oal at a ruahing, t r *  «to - culata
jaisaiona raga and faad tn>*

i/ t t «a f o r « faad
look hoppar, prabaat 
roaotor, la t—dowi 
• orubbarf quanob- 
drum aorabbar, b r i-  
quattar van tlla tloa

Or* d ria r, or* ornahiog, 
or* atorag* and faad 
ayataa, or* faad lock 
hoppar, prabaat 
raaotor

Iron 
o r i da

and briquattar 
ooolar Lat-down aorubbar, a »-

quanob-dnai aorubbar» , duoad'
b r lq u a tt.r  Tuntllar- 
tlon  and ooolar

Iron

ARM JO Brhauit
ga**a

Shaft furoaoa, a tack, 
acraaning atatlon, 
product a iloa , 
transfar point«

About 5,200 M ou a/t o f  Pa. 
Tha gaa contain» no MOx or 
S. Dust oontant la about 
50 ou ■ (10 0  gua/ton 
o f  Pa)

V iflt*
watar

Moatljr fro *  aorubbar* 80rubbing votar



Kathod o f  treataant LotoI  p rior to troataaont Laval a fto r  treatment Deaarka

I f i i t t lU t lo a  o f  i l l m m  
and/or sound proof OOT«rS

100-105 dB ( a ) 85-95 dB (A)

i l l  thaaa partloulata 
affl*» nta arc prooqaaad Sourd#

Partloulata
loadlmr

Tba l«n*ela o f  discharge 
enlselon f a l l  wall below

through qyolonaa and/or 
Mat aorubbara. A oloaad 
d r o o l t  Matar syatea 
u t ll la L .^  aa ttlln c  ponda 
aarrloaa and tha wat 
aorubbara

Ora drlar . .  

0 »  oruablnc

Ora atorada 
and faad 

. ajratai . .

gna/M.J

0.706 8

0 .28 272

0 .2 8 2 7 2

typ ica l environmental 
1 1* 1 1 a such aa thoaa In 
forca Jn tha United 
Statea . To aohlave thaaa 
lavala, low cap ita l ooat 
aqolpmont la a t l l l ie d ,  
auch an wat aorubbara 
and cyolonaa

Ora faad 
lock hoppar 0 .2 8 2 7 2

Babaat raaotor 0.7068

Lot-do mi 
aorubbar •• 0 .706a
Qjonob-droa 
aorubbar •• O.7O6S

BriquotUr
ven tila tion ' 0 .706 8 1

Brlquattar 
ooolor •• 0 .7 C68

5.08896

o\

1

Venturi aorubbar 50 me/H cu ■ o f duat 
(100 s»»/ too o f  Fa)

Baaed on published 
lnforantlon

C la r lf la r Arg. o la r l-  
f la r  Matar

1 ou a/ton 
o f Va

Arc* auapaiv. 
dad aollda In 
afflnan t 
Matar 9} nc/lltra

6•0
3



Type o f
Propesa p o llu tan t Sporca o f  generation  D a ta li«  o f  p o llu ta n t»

B. ODIL BiSKD

SL-M Duat Haadllng o f  raw aata­
r la la  (iron  oxIda, 
ooal and I la *  a tona/ 
doloa lta ) | h a n d ily  
o f  produota (char, 
Iron fin ta , dolo* 
ohar)| duet in dry 
oondltlon aaparatad 
froa vasta gae

Undar oondltlooa o f IDO, tha 
dost load should ha U n ited  
to 6 a ¿/on a . Operating data 
on 31IL  IndioAta generation 
o f  0 .2 -0 .} ton o f sludge per 
ton o f  DU produced. The 
sludge (pH 9 -1 l) froa  the 
dedusting system oontslna 
0 .0 7  to 0.11 gas/litxe o f  
suspended solids

v.asta Botjry fciln
gasas

Should ba aarlaon 150 ag 
duat/on a  s t tha stack. 
Tenparatnre o f  flua gas 
about 70*0* Analysis o f 
the fin s  gas 002 -  2$t,
02 -  2.8«(, *2 -  67-7-Oi.
C e n e r a t e #  a b o u t  0 . 6  t o n  o f  

S l u d g e  p e r  t o n  o f  D U  

p o d u c e d .

Vasts
water

Dedusting and waste Dust and waste gases genera-* 
g&a systeasi pooler ted as above. About 2.25 ou a 

o f  water per ton o f  DU pro­
duced Is  consumed at SI1L

Nolee A ll aa jo r equipment

Method o f treatment

Inplant dedusting system 
Insta lled  In each plant to 
whioh a l l  transfer points 
and apeolally  dost producing 
machinery ace connected. 
Separation o f  dnat from tha 
a ir  stream oan be e ffected  
by scrubbing, e leo tros ta tio  
p rec ip ita tion , bsghouses or 
■u ltloy  clone*, depending on 
the environmental regula­
tions o r  available funds 
fo r  investment

Treatment o f  ao lld  and 
gaseous oombustlhles by 
oxidation under controlled 
conditions, oooling and 
separation o f dusts in 
several oonseantlve steps. 
Css olssuing a fte r  oooling 
by sim ilar equipment as fo r  
inplant dedusting needs to 
be designed st a higher 
operating teaperature le v e l

Thickener) neutralisation

Sllenoer and/or sound 
proof oovers



HonarkaL w i l  p rio r  to t m t o a t  La ro i a fte r  treatment

Slndgt oontaiue O «07 to 
0.11 g * j/ l lt r e  o f  anapan- 
dod aollda at tha k iln  
oparatlng at BIIL (in d ia ) 
Ondar Ganun oonditiona, 
llm itad to 0 mg/aa a

Saparwtod dont la  duapad 
alther In tha font o f 
Blurry e r a  paata, dapan- 
dlng on tha a qui paon t 
ohooiaa>, Tha aaount o f 
waata a.tarl jlI ganaratad 
daponda on typo o f  plant 
and tha raduotant aaod.
I f  tha nab contant ia 
high, al l  tha dnat and 
non-«agliatlo produot 
gonaratid a an ba oonal- 
darad an waata notaria l

Anal y  a la o f  aladga ()t) I Aooaptad loial la Cost of operation of

la (t)
1 5 0  ag/cu ■ deducting end waste gas

.. 1 8 - 2 4 ayateae at S 1 IL ia about
Ta2 0 J .. 2 8 - ) 4 fc 30 peir tan of JMU
CaO .. 1 5 - 6 2
3 1 0 2 -  3 2 - 5 4 Salphar la washed do m q  by
1 1 2 0 ) a. 1 2 - 1 4 water to a oartaln extent
1 .0 . 1 .. 6 - 7

1

pH valua of waata gaa pH raluo aftar

, 1
C i

Investaitnt coat of deduet-|
•/■tea sludge before neutralization .. 5 -7 ing and wilts gaa oleanlng
neutralisation - ■/■tea about 10 per cent
2 *) - 4 .5 Solid contant of waata of the total Inycatnent for

gaa ayato* aludga aeahonloal and electrical
dlapoaall equipment

thiapendad 
so 1 Ida 

gna/litra

C la r i f ia i
watar . .  0 .14-0.J?

Seal ad watar 1.97-2.74

io a  da ( a)129 dfl (A)
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Froctu
Тур« o f

pollutant Sparo« o f  w n T it lo a D ota li» o f  pollutant«

B. 00 IL  BASSI) (C o n f a )

OODIl Dust Notarial aoresning Dust o f  ors, oosl, do 1 c i t e ,
squlpnent and trana- «ponge iron and aah deye-- 
fa r  pointa o f  aate- loped durlng no taria l hand- 
r la l  transportation lln g . Tba a ir  liv.rasa-
eyataa yeloo ity  o f  axtraotloa

pointa about 1 a poc aaoond

Vasta E lla  Contain h fln o a ito a  o c
Caa pu un da, oarbon and ooal

dust

Vaatc 
aata г

S o n b b la f
water

Slurry fro  a «a t  07 olona
or vat aorubber

Hatbod Of traataant Baa arts

D u t developed during aatarla l 
h.sdUny la  extracted at n a ie -  
oua looetione o f  tba plant by 
■Sana o f  fona tdiloh draw duet— 
bearing atnoaphere through bt< 
f i l t e r s .  Tba dust oollootod In 
f l l t a r a  and r a ip io U n  bins la 
s ithar discharged In dry status 
Into ta d n r i or nolatanod in 
aorova bafora being diseharged 
Into troooportablo oontalnora

Vasta gas froa t l ln  prooaaa 
duat e a ttlia g  ohaabar a fto r­
ba rn t fo r  ooebustlng tba hydno- 
oarbon ooapouads, oarbon 
aonoi' da and ooal duat. A ftar 
00̂ lln g  a lib a r In vantar baat 
b o ll ir à ,  by veter-apraylng o f 
tha gas, In bag f l l t a r a  or by 
o lootroo tatlo  praolp lta tara . 
D.\st praolpltatad In f l l t a r a  
'-a althar diaobargad I n  dry 
atatua lato tankara or nola- 
tanad In Barava bafora balng 
diaobargad lnto traneportaMe 
oontalnara

Waste gas a f  sealing drua la
separately aztraotod, I f  
d ixaot ooal lng by spray vatar 
la  applied. Can passes through 
vut q i l w o i  o r  aat aorubbsra 
before being released to tba 
atook. Slurry Is  discharged 
Into aantalnara fo r  transporta­
tion . la  oasa a f In d irectly  
00оlad rotary ooolara, tba gas 
an tare tha aaln gas atraaa o f 
the k iln . So other oontaalnatad 
vatar o lrou lt doaa ax ia t In 
the plant

Lavai p rior to troataent Laval a fte r  troataant

inount o f  aah aid duat genara-
tad par ton o f  DSI (Dry) I

Aah -  85 kg/to.i DS!

Duat In vasto gas f i l t e r  -  
110 kg/ton DSI

Dust la  other dedusting 
equipeant — 2 kg/ton DSI

About SO-i0 gn/S on ■ with n 
ooupoaltlon o f i

Г.С
ТЛ
Ash
Га

« 5 - 7 5 *

40*
81m  distribution o f  tha 
dust ( in  nlarena) 1

Lass than 10 -  20* 
10 -5 0  -  2 9 * 
JO-100 -  29* 
More than 100 -  5<9*

A b o n t  5O - 15O  n e / *  o n  к  

w i t h  t h «  f o l l o w i n g  » 1 m  

dlet^ibutiur (in 
n l o r o n a ) I

!>•« than 10 - 2%
10-J0 -
3 0 -5 0  -  1 &
Horu that 50 -  9*

Magnitude o f  lnvest- 
■imt T к pollution 
onn..ul f a c i l i t ie s  
norually insta lled  
riingua batvaan ft-10 
pur cant o f  tha to ta l 
lnyeatnant ooata

About 2,750 Я ou m/ton About J.25O Б ou м/tou
Г . (d ry ). Css oosposltlon as f a . Oltan gss ooaposl-
fo llow s 1 tlon la as followsi

002
00
02
СИ4
H2
302
М2

-  25-2é*
-  0 . 5-0 . e*
-  0 , 5-0 .9*
-  0 .4* >ax
-  0 .4* sax
-  O.O7*  sax
-  Balança

002
00
02
CB4 -
B2
SO 2 -  
М2

20-225*
0.4*
4-9*
0 4 * usx
0 .4 * eax 
О.ОФ* usx
Baiane'«

Dost In vasto gas f i l t e r  Is
about 110 kg/ton o f DSI. Tba 
axhanst gas t  e p a  ratura la  o f  
tha ordar c f  050*0

)I < 
I

Slov-dovn o f  open-oooling 
vatar o lrcu lt for ln d lrso tly  
ooolad rotary ooolara Mounts 
to i  ou n/ton o f  BRI contain­
ing about £0-00 ug/ litre  a f 
suspended solids

Max. 50 ag/l cu 
Slurry fro * Lndlrootly 
ooolot cooling; dxoa 1« 
about 40 kg/ton o f  nkl 
with 1 o f  dry auba- 
tanoa par ton o f DBI

A
pp*n
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Datalla a f  pollatanta fl«tfa9<i 9f tmftwal.
Typ« ) f

Pipo « » »  pollatant Spurga o f aanaratlon 

B. 0011 BiSKD (Cont *d)

Molli 111 najor aquipaant

BBC Dont tau aata r la i
ato raga and in - 
plant aa ta r la i 
handllnc (a t  a i l  
tranafar pointa)

Froduot handilua, 
aoraaolca and 
aaparatlon

Waata E lln  o ff- fa a
gaa, daat

fum iti »a  amlaaim

ltt| lt lia  w laa lona  -  ooal 
aah, oarbon and llaastona 
f in a l i  f u  roluaa aat 
dapandlng on tha aqnipaant 
aalaotad

Oaa| tha anapandad aollda 
oonprlaa ooal alh , lson and 
lron ox ida fin aa, oarbon 
and lina a ton a, tha ooal 
f r la b i l i t jr  da ta raina a tha 
daat load| tba (a llou a  
oonponanta ara nnburr.ad 
hydro oarbon a a d  oonJan- 
q 'b la  hydro carboni

Molai I l ln  o ff-gaa fan ,
k lln  produot, 
( lu ir a i  plant 
(rounda

Sllanoar and/ar aoundproof
covara

Watar apray (wat mippxaialon) 
fo r  raw natarla la raoa lv ln ( 
and autdoor a tookp llii|  ba (- 
hooaaa fo r  plant bina, 
fa ldara and tranafara

Ba^houaaa

Hathod I I Oonplata a ft«r>  
bum lnf o f  tha anbnxat 
hydrooarbona, dlxaot |M 
qaanohlnf wlth watar np to 
250*0, and oo llaotlon  in 
lnaulatad ba(houaa

Hathod I I I Oonplata a fta r- 
burodng o f hydrooarbona, 
ooo lin f and haat raooTiry by 
waata haat bollara up ta 
)60*C, d lraot (aa qnanohin( 
wlth watar np to 250*0, and
in an 1 ata d bagho'iaa

fan dia char (a  allanoara on 
anali ba(honaaa



U t» 1 prlojp io  t m t — nt Beeerte

9) te 0.5 per m t  o f tiio 
total piare: fa t i

Abbai 1 0 0 -M  kc/ton o f
n i

B o llis i 100-200 kj/too 
o f  M I

B n b a m e A  h j - t r e a a r b o n a  u t  

o o n d e n e l b l e  h y d z o a e r b c D S  

iif io 2,00« ppa

Cab tta p a m u n  -  150*0

Toluae -  5-^2 Mm^/kg 
eoo}, feed

M o l a *  l a v a l i  a i a

2 H t n i  (  realti la  
«r iva  -  87 AB (A )

M o i n a  w a i a a l o n  p r o t a o t a « *  

f a n a  ( « a n t a  f a *  -  A ?  

a n d  « h a l l  f a n a )

l o  v i a i b l a  a a l a a l o n  f r o n  

t h a  u a f h o u a a a

l o  v l a i b l a  a a l a a l o n

S o l i d a »  L o i a  t h a n  

50 ac/cu a
G a J * a  ( t m t a a n t  b y  

Hafchod Z l ) l

L a a a  t h a n  2 3 0  £  p a  S 0 2  

L a  a  a  t h a n  1 3  p p n  S O )

I n s t a l l a *  o o a t  f a r  

p o l l a t i l a  o o a t r o l  f a o i l l  

t l a a  l a  a l > n w t  2 2 - 2 8  p a r  

c o o t  o f  p l a n i  I n a t a l l a d  

o o a t

V a t  a c r u b o a r a  o f  a l a o -  

t r o a t a t l o  p r a c l p i t a -  

t o r a  o o u l  1  r a p l a o a  b a f ~  

h o u B t a .  f b a a a  d o r i c a a  

■ a j f »  h o v a r a r ,  p r o v a  

u s i r a l  l a b i  •  a n d  u o a o o -  

n e m i c a i  l a  t b a  l o a f - r u n

E l l a  o f f - f a a

f * a  -  75 «  ( a )

I t i  I n  p r o d u o t  -  8 0 - 8 5  d B ( A )

G e n e r a l  p l a n i  

| tg m li — 60-80 AB ( i )
£

A r e r e t e  -  75 A B  ( a )
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Waste Gas Treatment System

The w aste  g a s  le a v in g  th e  r o t a r y  k i l n  i s  s u b je c te d  to  w aste  g a s  

treatm en t i n  th e  f o l lo w in g  sequence b e fo r e  r e l e a s in g  th e  g a se s  to  

atm osphere th ro u gh  th e  s ta c k :

-  A f t e r  b u rn in g  o f  th e  g a s e s

-  C o o lin g

-  C le a n in g

The system  i s  d e s ig n e d  f o r  th e  wet c le a n in g  th e  g a se s  to  a  

c le a n l in e s s  o f  150 mg/tia^.

In  the  a f t e r  b u rn in g  cham ber (ABC) a l l  th e  co m b u st ib le ^  a r e  

b u rn t  o u t ; h y d ro gen  and Co a ro  co n v e rte d  to  COg and S is  

b u rn t  to  SO?. The tem p era tu re  o f  th e  g a se s  le a v in g  th e  ABC i s  

c o n t r o l le d  b y  sp ray  o f  w a te r  th ro u g h  th e  n o z z le s .

There i s  an  em ergency cap on to p  o f  ABC w hich  opens a u t o m a t ic a l ly  

i f  th e  tem peratu re  o f  g a se s  e n t e r in g  the  w aste ' g a s  c le a n in g  system  

exceeds 8 0 °C .

The c o o l in g  and c l e a r in g  o f  w aste  g a se s  i s  done in  a r a d i a l  

f lo w  s c ru b b e r .  C o o lin g  i s  c a r r i e d  out by  s p ra y in g  w ate r  th ro u gh  a  

se t  o f  th re e  n o z z le s  lo c a t e d  a t  th e  to p  d f  th e  s c r u b b e r .  There  i s  

an a d d it io n a l  n o z z le  to  p ro v id e  around 5 cu m/nr w a te r  a t  e v e n t  o f  

any in c re a s e  in  th e  gas  tem p e ra tu re  beyond 7 0 °C . I f ,  how ever, th e  

tem peratu re  o f  g a s e s  go es  beyond 8 0 °C , the  damper a t  th e  i n l e t  o f  

th e  fa n  c lo s e s  and em ergency cap  opens.

W aste g a s e s  c le a n in g  system  c o n s is t  o f  th e  f o l lo w in g  

f a c i l i t i e s :

A f t e r  b u rn in g  chamber

Dust rem oving f a c i l i t i e s  under ABC (w et s c r a p e r  c o n v e y o r )  

Em ergency cap on th e  s ta ck  o ve r ABC



Appendix-) (continued)

-  Radial flow  scrubber

-  Waste gas fan

-  Stacie with, water cyclone

Water Consumption

The waste gas cleaning systea is  provided with three w a te r . 

spraying nozzles to spray 100 cu a o f  water per hour* The under­

flow  water, which, is  in  the fo ra  o f  s lu rry  flow s down to a s lurry 

basin. — i t  is  -then pumped in to  a th ickener* TM«» water is  neutralised 

by l in e  as i t  is  ac id ic  in  nature* C lear water is  co llec ted  in  a 

tank and recircu lated  in  the systea*

De—dusting System

In  the raw m ateria l preparation p lan t, the fin e s  generated 

dur i n g  crushing and s iz in g  is  removed by washing in  a scrubber*

From the reduction area as w e ll as from the m ateria l system

the dust from the transfer points and the discharge points are 

connected to the cen tra lised  de—dusting system* ‘frr* dost oc llec ted  

from the various points are separated in  a scrubber and discharged 

in  the fora  o f a slurry .
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FROM STOCKYARD
I------* - ------- iT

LEGENO

I REACTOR

2 REFORMER

3 BOILER

4 QUENCH TOWER

5 GAS PREHEATER

6 AIR PREHEATER

7 AIR COMPRESSOR 

6 SILO

FIG.2, H/L PROCESS FLOW SHEET



PROCESS GAS
r » - -

TAIL
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AIR AIR GAS

V STEAM
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. - HOT 
REDUCING

GAS

FROM STOCKYARD
i

LEGEND

1 CHARGING DEVICE

2 REDUCTION FURNACE

3 DISCHARGING DEVICE

4 REFORMER

5 REFORMED GAS QUENCH TOWER

6 GAS PREHEATER

7 TOP GAS QUENCH TOWER

8 PROCESS GAS COMPRESSOR

» COOLING GAS QUCNCH TOWER 

10 COOLING GAS COMPRESSOR .
-•4-4

SPONGE 
IRON

FIG.3, HyL DI PROCESS FLOW SHEET



FROM STOCKYARD

EXCESS TOP OAS 
TO FLARE

k
SPONOE IRON

7

V
FIG. 4. ARMCO PROCESS FLOW SHEET

LEGEND

1 REACTOR

2 REFORMER FURNACE 

9 VENTURI SCRUBBER

4 TOP ORS COOLER

9 TOP OAS COMPRESSOR

5 COMPRESSED OAS COOLER 

7 SILO

J C l
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s t a n d a r d  flow  s h e e t

LEGEND

REFORMER

REFORMED GAS COOLER 

REDUCTION FURNACE 

SEAL GAS COOLER 

PROCESS GAS COMPRESSOR 

FLUE GAS FAN 

MAIN AIR SLOWER 

COOLING GAS COMPRESSOR 

SEAL GAS COMPRESSOR 

RECUPERATOR 

TOP GAS SCRUBBER 

COOLING GAS SCRUBBER 

PROCESS GAS COOLER

ALTERNATE FLOW SHEFT

FIG. 5. MIDREX PROCESS FLOW SHEETS



1 IRON ORE /  I’ ELLET BIN

2 SCREEN
3 FINES BIN
4 SHAFT FURNACE

5 REFORMER

6 COMPRESSOR

7 TEMP. EQUALIZING CHAMBER 
B TOP GAS SCRUBBER

9 BRIQUETTING MACHINE

FIG.6. PUROFER PROCESS FLOW SHEET



L E G E N D

1 RAW MATERIAL STORAGE

2 CHARGING EQUIPMENT
3 SHAFT FURNACI;

4 HEAT EXCHANGER 
3 GAS HEATER

6 DUST REMOVER
7 C02 ABSORBER

B GAS REFORMING FURNACE 

9 BRIQUETTING MACHINE ,
CJU
H
I

FIG.7. NSC -DR PROCESS FLOW SHEET



FROM CRUSHING PLANT 
i--------------------
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ii

FIOR BRIQUETTES

FINE ORE BIN 

PREHEAT REACTOR 

REDUCING REACTOR 

REDUCING GAS GENERATOR 

COMPRESSOR 

GAS PREHEATER 

WASTE HEAT BOILER 

GAS SCRUBBER 

BRIQUETTER FEED DRUM 

BRIQUETTING MACHINE 

PASSIVATION UNIT

LEGEND

FIG. 8. FIOR PROCESS FLOW SHEET



f
A

OFF GAS

FUELGAS ^

L E G E N D

1 ORE PREHEATER
2 NATURALGASREFORMER
3 QUENCH TOWER

4 REFORMED GAS PREHEATER 
i FLUIDIZED BED REACTORS
6 TOP GAS SCUBBER
7 BRIQUETTING MACHINE l i j  

(

STEAM
METALLISED
BRIQUETTES

FIG. 9. HIB PROCESS  FLOW SHEET



L E G E N D

1 ORE/PELLET, COAL, FLUX & CHAR BINS

2 REDUCTION KILN

3 ROTARY COOLER

4 SCREEN

5 MAGNETIC SEPARTOR 

G TAILING k CHAR BINS

7 SPONGE IRON BINS

8 WASTE GAS COOLER

9 STACK

FIG. 10. ROTARY KILN PROCESS  G ENERAL  FLOW S H E E T
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L E G E N D

1 PELLET  SCREENING STATION

2 HyL REDUCTION UNIT

3 c o n t r o l  ROOM

4 g a s  PREHEATER

5 QUENCH TOWER

6 AIR PREHEATER

7 COMPRESSOR HOUSE

8 DESULPHURISER

9 CLARIFIER 

10 FILTER UNIT

|| BOILER FEED WATER TREATMENT PLANT

12 GAS REFORMER

13 PRODUCT SCREENING STATION

14 PRODUCT STORAGE BINS

15 BRIQUETTING PLANT

DUST/SLUDGE/SOLID 

E  WASTE WATER 

O  GAS

FIG. I,. T Y P IC A L  HyL  P L A N T SOURCES OF POLLUTION



FIG .12. T Y P IC A L  H y L  Ш  P LA N T
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L E G E N D

1
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SCREENING STATION 
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MIDREX REDUCTION FURNAÇE 
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GAS REFORMER 
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RECUPERATOR A STACK 

CONTROL ROOM 

DESULPHURISER 
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E  WASTE WATER 
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L E G E N O

| SCREENING STATION

2 SHAFT FURNACE

3 PRODUCT SILO

4 RRIQUETTING PLANT

5 BRIQUETTE STORAGE

6 NATURAL GAS PREHEATER

7 DESULPHURISER 

S REFORMER

9 GAS SCRUBBING l  COMPRESSOR PLANT

10 C02 ABSORBING EQUIPMENT

11 GAS HEATER

12 THICKENER

13 WATER TREATMENT FACILITIES

14 COOLING TOWERS

15 CONTROL ROOM

H  d u s t / s l u o g e / s o u d

E  WASTE WATER 

o  GAS

FIG. 14. T Y P IC A L  N SC -DR  P L A N T SOURCES  OF POLLUTION



1 RAW MATERIALS BIN S

2 REDUCTION KILN
i

3 ROTARY COOLER

4 PROOUCT SCREENING AND MAGNETIC 
SEPARATION

3 PRODUCT STOCK BINS

6 HOPPER FOR UNREDUCED SPONGE IRON

7 HOPPER FOR SPONGE IRON

8 PRODUCT BY-PASS STOCK PILE

9 WASTE GAS CLEANING SYSTEM

10 FUEL OIL STORAGE

11 WATER TREATMENT FACILITIES

L E G E N D

d u s t / s l u d g e / solid

H  WASTE WATER 

GAS

FIG.15. TYP ICAL  SL/RN PLANT  -  SOURCES OF POLLUTION



NOISE LEVEL REDUCTION IN CONSIDERATION 
OF HEMISPHERICAL PROPAGATION

P W L f i i  = EFFECTIVE SOUND POWER LEVEL

SO U N D  PROPAGATION

F IG . 16. NO ISE  EXPO SURE  AND SOUND PROPAGATION  
IN A TYP ICAL  S L /R N  P L A N T
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