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by

Dr. A. B. Chatterjea, B. R. Nijhawan,
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SUMMARY

In comparison with the rich deposits of high grade iron ores spread in differ-
ent parts of India, proved reserves of high grade metallurgical coking coals are

not only limited bit are also located in a narrow Bengal-Hihar telt, However, ‘re

provad reserves 1. India o+ non-cokings and gemi-coking cou's are abvindant.  Such

an inbalance leads to the Lnevitable necessity of iron gmellins wilh non—

metallurgical coals ard lTigites in resions whero the latier and hi crade iron
A £ & 39

ores aboimd. The establichment of small and mediam 1ron pradictior clants in ihe

country 13 hised on the use of sub~-standard raw materials, such =5 .ron ore fires

and fuels «nsuitable for iron smelting in the conventional large-=ized iron blust

furnace. The low shaft small blast furnace pilot plant proje:l was utarted at the

ao

National Metalluryical Laboratory of India abo.t a decade back during which extensive

pilot plant scale trials nave been conducted on sub-stancurd paw malerials including

the extensive sc of low-temperature carbonized coke maide from NnoN-,0K1Lg coals.

* Thig is a summary of a baper issued under the same title an iD/WG.l4/33.

1/ The views an@ opinions expressed in this paper are thoge of tne authors and do
not necessarily reflect the vViews of the socreturiat of UNIT,  The document is
presented as submitted by the authors, without re-editing,

1d.68-109.¢
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The low shaft small blast furnace pilot plant of the National Metallurgical
Laboratory has an attached briquetting plant, hot blast and gas cleaning units
along with liquid fuels (oil or naphtha) injection system, the integrated opera-

tiens of which have yielded valuable results. The low shaft small Llast furnace

with a capacity of 15 tons per day of iron production has a heartin dimmeter of

2

Y

1300 mm und effective height of 2.6 m and total volume of 7,3 ;.

A review is presented in this paper of typical operational recultbs including
effects of different iron ores including high titania iron orss, dolemitic flux,
particle uize analyses of the raw materials, slag basicity factors on the analyses
of slag and metal vis-a-vis iron production, fuel raotes and slaz volumes. The
physical nnd metallureical characteristics of the row material. cmployed were sub-
standerd,  The reducibility of the iron ores, dissociation chuvotorintics of
fluxer and the veactivity of the fuels employed wers sifaificantly Aifferent in
the verious trials conducted. Apart from the chanpges in tne ~hominsl ol physical
characteristics of the row materials, chances in the oper.'ion.] corniisions were
additionally imposed for comprebensively ctudying the smesbisns paremetars. The
particle rize classification of the iroa ore, flux and the ¢l covered wide

. / 4 ol . -
ranges. Iron or: fines (526, =12 + 3 mm, 487 <2 mm) wero Susceraul Ly smeltedd,

The utilization orf non~-coking couals for iron gmalling was wternled in three
difrerent ways, vis. 1) by making a singie component rupden of ool f=Iaxiar
briquettes contuining fine particles of iron ore, limestore and the a0n—-coking
coaly ii) employment of lumpy row non~coking coinl in bheddod Corm of hurdening,
aad i.i) prior carbonization of the non—cokine =0al ot Jow temperstore producing

char or soft roke of infepior phyainnl etrensth,
Ml )

The terhnolegical Gifficulties f making strony brigquettes suficiently
stable to withstand the temperature wad IToadiag conditions in b - fnace and
the unfuvourable eronomics due to the additional cost of binders ety Loyed for
briquetting made the procese commercially mattractive, The emnloyment of non~
coking coals of very low esking index in vedded form of burden lod to serioug
operational difficulties and wide suings in tho chemistry ' the pis iron pro-
duced and cunnot be adapted e iron selting in 1 low vhaft furn use. vecides,
the non-recovery of potential by-products from tic coal was economically dis-—
advantageous. Low temperature carvonization of nuin=coking coual o Mordg

utilizution of by-products, while elimination of moisture and major amount of
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volatile matter yields a better fuel for iron smelting, The physical strength
of low temperature carbonized coke ig significantly inferior to the blast furnace
coke. The reuctivity towards carbon dioxide or oxygen is higher and accelerates
the "solution loss™ reaction affecting the fuel rate adversely. The use of low=
temperature carbonized coke for iron smelting was characterized by smooth descent
of the burden, regularity of the operation with the production of desired erade
of pig iron. Fine grained ores can be smelted directly i: industrial low shaft

furnaces of appropriate design for optimum indirect reduction and transference
of heat.

The generation of the dust and the fuel rate depended on the physical and
chemical characteristics of the low-temperature carbonized coke, the latter was
related to the chemical analysis and the nature of the coal. Tt was observed
that all non-coking coals would not yield "Char" suitable for iron smelting in

low shaft furnaces.

The employment of high sulphur coke was limited by the nartition of sulphur
under the cperational conditions. The utilizaticn of high tltania (157 TiOQ)

ore depended on the viscosity of slag, which was related to its basicity degree.

Summarizing the effests of variation of the operational conditiong, it was
concluded that the inlierent sharacterisiics of the Tow shaft furnace led t- high
top gzas temperatire, nigh QO/CO? ratio indicating poor indirect reduction and
poor exchange of heat both of whish nontribute towards hich fuel rate. The top
gas temperatire depended on the nature of tne fiel and particle «ize of the raw
materials,  The {‘\’\,/CO,j ratio and top gas temperatire were lower:d by the decreuse
in particle uize of iron ore with consequent lowering of tne fuel rale, Due to
the limitailon of the gaseous indirect reduction, the effect of tie reducibil ity
of tre ores on the fuel rate was margiral.,  The normally low carton naturation
of pis ilron was improved by raising the tasicity desree of the sluyr op by the
presence of Mpd in it. ‘the presence of 3 — 109 MgO in the high siwnina slag
assured adequate fluidity. The acid smelting lowered the fue. rate hLut adversely
affected desulphurization and carbon saturation. The fiel rate (257 ash in
fuel) decreasad by 50 kg/ton of pig iron with 50% rise in blast temperature
between 400 —~ 60000. Increase in silicon by 2% necessitated 300 kg/ton of
fuel additionally.
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From the extensive trials, it emerged that ore fines can be smelted with
non-metallurgical fuels of poor physical characteristics and the process is
technically and economically acceptable despite the slightly higher cost of

production in low shaft furnaces.

Depending on the limited market demand and non-availability of suitable
grades of raw materials for iron smelting in the highly capital intensive clas-
sical blast furnace, the low shaft furnace technique of smelting iron can be
adapted in developing countries and regions possessing scanty resources of

metallurgical grades of coking coals in relation to non-coking coals.

General economies of iron production in a low shaft small hlast furnace
have been comprehensively discussed particularly under Indian conditions of

marketing foundry grades of iron, based on which recommendations have been made

for the establishment of small iron production plants on a regional basis in India.
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APPLICATION OF LOW-SHAFT FURNACE
FOR IRON MAKING WITH SUB-STANDARD
& : ‘ RAW-MATERIALS -
by '

*A.B.Chatterjea and **B.R.Nijhawan
ABSTRACT

In relation to classical reserves of high grade iron ore regionally
dispersed in India, reserves of good metallurgical grade of coking coals are
extremely limited and that also confined to a narrow Bengal-Bihar belt.
However, resources of non-coking coals are abundant in India. The establish—
ment of small and medium scale iron and steel production plants is based on the
use of substandard raw-materials, such as ore fines and fuels unsuitable for
smelting in the conventional large sized iron blast furnaces. The Low Shaft
Furnace Pilot Plant at the National Metallurgical Laboratory, Jamshedpur
(India) has now been in operation for almost a decade to develop suitable
techniques for iron producticn using sub-standard raw-meterials such as
friable iron ores, iron ore fines and non-metallurgical coals including low=

temperature carbonized coke made therefrom.

A great variety of raw-materials have been smelted on a comprehensive
scale. The physical and chemical characteristics of these ingredients were
relatively inferior and unsuitable for smelting in blast furnace. The reduci-
bility of the iron ores, dissociation characteristics of limestones and
reactivity of the fuels employed for smelting were significantly different.

It has been established during the National Metallurgical Laboratory trials

*Dr.A.B.Chatterjea, M.Sc., B.Met., D.Phil.(Sc.), A.I.M. (Lond.), A.M.I.E.,
Officer-in-Charge, Low Shaft Furnace Project (Ferrous Production Technology
Division), National Metallurgical Laboratory, Jamshedpur, India.

**Dr,B,R.Ni jhawan, B.Sc.(met.), Ph.D(Sheff.), F.I.M. (Lond.), F.N.I., Director,
National Metallurgical Laboratory, Jamshedpur, India when the investigations
were conducted upto May, 1966.
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that non-coking coals used directly for iron smelting in a single component
burden comprising of ore-fuel-limestone briquettes is totally impractical
adjudged on technical feasibility or production economics. The operational
complexities and non-recovery of potential by-products prevented the direct
utilization of lumpy non-coking coals as bedded charge. Iron smelting with
low temperature carbonized coke (L.’I‘.C.) made from non-coking coals gave good
operational results in terms of uniformity of composition, consistent output
and optimum coke rates. The particle size classification of the iron ore,
ilmestone and the fuel covered wide ranges. Iron ore fines (520 =12+3 mm,

48% -3mn) were successfully utilized.

Deliberate changes in the furnace operation were made to study their
effects on fuel rate, slag rate, productivity, carbon saturation and de-
sulphurization etc. Operational economics and integrated capital costs have

been outlined.

It has been shown that iron smelting in a low-shaft small blast furnace
with iron ore fines and low-temperature carbonized coke can be successful ly

adopted in developing countries where raw-materials conditions so warranted,

INTRODUCTION

Conventional iron-making in the blast furnace depends on smelting lumpy
or agglomerated iron ore burden employing hard metallurgical coke as the
reductant and source of heat supply. In India, iron ore deposits (21,000
million tonnes) are more or less uniformly dispersed and abundantly available.
Scanty reserves (1500 million tonnes) of metallurgical coking coals are
localised in liengal-Bihar belt, while non-coking coals (103,00Q million tonnes)
and lignite are abundantly available and more or less evenly distributed.

The occurrences of these raw-materials in India apeshown in Fig.!. The
disposition of these essential raw-materials focussed the necessity of con-
ducting intensive research and pilot plant investigations on iron making with
non-coking coals in the Low Shaft Furnace Pilot Plant of National Metallurgi-
cal Laboratory, Jamshedpur, India. A large number of reduction plr'ocessesl
have heen developed for iron smelting without metallurgical coke, Amongst
these the low-shaft furnace closely resembles the blast furnaoeg. The con-

ventional big iron blast furnace i1s absolutely dependant upon the use of coke
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of high physical strength as it is subjected to compressive stressee and
friction at high temperature. The shaft height of the low-shaft furnace is ad-
justed to suit the inferior physical characteristics of raw-materials employed.

-13

The aspect of low-shaf't furnace smelting with non-cokiug coals, 3 tow tempe-

3’4767']7

rature carbonived coke mude from non-metallurgical fuels sub-s12e nut

3,4,14-17,03, 17-21

coke lignite coke have been reported. Amongst 'hese, the

low-shaft furrace plant at Calbe 1n East Germany is successfully operating with

18=22

low grade iron ore and chiefly with lignite coke briquettes 1n the fuel

burden.

The reported investigations were intermittantly conducted in a low-shaft
furnace .uring a period of 8 = 9 years. The furnace has a hearth diameter of
1300 mm, effective height of 2,6m, useful volume of 7,3 m3, provided with
four tuyeres (45 = 100 mm dia). ‘The iow-shaft furnace pilot plant has facili-
ties for pre-heating the air blast by burning clean furnace gas in a metallic
tube recouperator and wet gas cleaning. The burden 1s transported to a
weighing hopper and 1s charged in the furnace by a belt conveyor. The details

3,4

of the plant equipment have been reported. The sections through the shaft,

hearth and the profile of the furnace are shown in Fig.2.

CHEMICA!, AND PHYS1CAL CHARACTERISTICS
OF RAW-MATERIALS EMPLOYED

Chemical analyses of i1ron ores and fluxes collected from the different
parts of India and their particle size are given 1n Tables I and II. The
different varieties of low temperature carbonized coke ditfer significantly in
their physical characteristics, but none possessed the high impact strength and
resistance to abrasion characteristic of a good blast furnace coke. Reducibili-—
ty characteristics of the ores were determined with h,ydrogen24 and the results
are summarised in Fig.3. The fuslon point of the ores is high and the porosity
of some ores 1o low. ‘I'he dissociation behaviour of the limestone is shown in
Fig.4. Due to the limited time for smelting in the low-shaft turnace stack,
reducibility of the ore and dissociation characteristics of the limestone are

relatively more important than for the conventional blast furnace. The proxi-

mate analyses of coking and non-coking coals, their caking index are given in
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Figure )

Reducibility Characteristics of the iron ores
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Figure 4
Digsociation Characteristicsg of limeatone
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Table III. The analyses of coal ash are recorded in Table IV. The particle
size, proximate analyses of nut-coke and low temperature carbonized coke
(made from wholly non-coking Indian coals), their agh analyses etc. are given
in Tables V and VI respectively; these fuels have high ash contents which
analysed over 50% $i0, and 25% A1,0,.

TABLE II - Analyses of limestone and dolomite, %

, . Particle
Location Ca0 SlO2 1\1203 Mg0 size, mm
f l. Birmitrapur 44,80 6,96 1,60 3,57 35%-25+12
: (Orissa) b) -12
: 2. Warrangal 32,20 0,30 0,56 25,00 624-254+412
1 (Andhra Pradesh) b) -12
3. Salem 54,31 0,88 1,23 1,01 904-75+12
(Madras) b) -12
4. Rajur 47,28 6,68 0,85 3,45 T15%-25+12
(Maharashtra) 20%-12
5. Dabok 54,80 1,24 1,22 2,00 50%-50+12
i (Rajasthan) 506-12
6. Bimmitrapur 32,60 3,90 1,60 20,40 36%-25+12
(Orissa) b) -12
; T Jalpaiguri 31,30 0,63 0,40 20,70 87%~25+12
(Assan/West Bengal) b) -12
| b = balance
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TABLE III - Proximate analyses, caking index of
non-coking and coking coalg
sl. . Mois- Caking
No. Golliery ture V.M. F.C. Ash index
% % B.S.S.
l. Jambad (Raniganj) 3,50 39,94 41410 20,50 2
2. Samla (Raniganj) 4,50 34,00 47,50 14,00 2
3. Ghusick-Muslia 4,50 31,10 38,80 25,60 6
4. Ja$§3¥%§a?ﬂgniganj) 3,20 35,00 41,00 20, 50 2
5. Birka (Bokaro) 3,50
Ranigan j-Karanpura 30,80 49152 19,70 2
6. Saunda - do - 3,70 31,00 51,50 9,80 2
7. Khaskenda - do - 6,60 35,90 45,20 12,30 2
8. Real Jambad -do - y70 33,60 43,90 17,80 2
9. Bankola (Raniganj) 4,00 32,00 44,56 19, 40 2
10. Kargil (Bokaro) 1,20 30,00 56,60 12,20 24
Washed coking coal)
11. New Sitalpur 1,50 36,30 49,30 12,90 20
(Diserga.rh coking coal)
12. Central Satgram 3,40 36,00 43,00 17,60 7
(Raniganj)
13. Saltore (Raniganj) 2,50 36,40 48,80 12,30 9
14. Ghughus (Maharashtra.) 9,70 34,40 42,80 13,10 2
15. Kamptee Kanhan 5,00 34,00 37,80 23,40 2
(Maharasht ra)
16. Hindusthan Lalpeth 5,30 32,70 45,80 16,20 2
( Maharashtra)
17. Singareni (Andhra) 7,10 26,10 49,50 17,50 2
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TABLE IV - Analyses of coal agh contents, %
No. Origin sio, A1203 Ca0 Mg0 Fe 1(3' S
in coal)
l,  Jambad 57,85 22,28 - 2,90 6,94 0,59 0,40
2. Samla 62,96 22,82 4,56 1,63 5,09 0,60 1,01
3. Ghusick-
Musila 63,73 21,93 1,09 2,40 5,43 0,15 -
4. Jaipuria 53,28 23,00 5,43 1,63 9,18 0,51 0,39
5+ Sirka 54,26 27,26 2,74 1,05 6,57 0,50 0,63
6. Saunda 61,20 31,90 2,70 3,10 2,70 0,46 0,54
T. Khaskenda 49,04 24,93 2,44 1,33 4,37 0,5 0,48
8. Real Jambad 61,50 27,80 2,10 2920 4,40 0,33 0,31
9. Bankola 56,30 24,46 10,42 0,93* 4,59 0,377 -
10. Kargali 46,30 29,70 3,92 3,35 5,88 0,33 -
11, New Sitalpur 54,40 25,30 6,60 2,50 4,10 0,90 -
12, Central Satgram 58,12 25,74 3,07 1,27 6,44 0,61 0,44
13. Saltore 50,00 30,52 6,60 312 3,47 0,29 0,53
14. Ghughus 57,80 35,00 3,70 2,80 0,59 - -
15. Kamptee 55,00 34,90 2,90 3»20 2,90 0,11 1,30
16. Hindusthan 42,80 47,00 3,80 2,30 1,80 - -
Ldlpeth
17. Singareni 65,60 22,80 1,30 1,40 6,30 0,058 0,21
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TABLE VI - Ash analysis of carbonized fuels,%
Fuel $i0, A1,0, Cad Mg0 Fe E S
2 273 (Coke)

1. Nut coke 52,10 33,00 3,80 2,10 6,00 0,43 0,51
2, Pearl coke 55,28 25,10 4,85 2,50 17,80 0,40 0,35
3. Kolsit(RRL) 62,07 22,72 1,59 2,18 7,60 0,11 0,26
4. L.T7.C.(CFRI) 56,31 22,00 3,45 2,20 1,61 0,50 0,27
5« L.T.C. (CFRI) 53,80 28,00 5,68 1,88 4,60 0,14~ 0,23
6. L.T.C. (R.R.L) 0,21

Wardha Valley -0 31,02 9.47  Tr. 6,20 0,14 0,3

T L.T.C. (CFRI) 65,36 26,60 3,26  Tr. 4,46 0,30 0,30

Talcher
8. Coke(Assam) 50,88 27,60 4,76 0,80 10,08 0,28 1,20
9. ‘(“;,féﬁ;dih) 52,80 34,20 3,40 4,70 4,10 0,135 0,50

SMELTING TRIALS

The investigations were sub-divided into several campaigns which were
conducted under widely different physical and chemical characteristics of
raw-materials. Additionally various alterations of operational conditions
like particle gigze classification, charging sequence, depth of the burden, hot
blast temperature, blast rate, basicity degree of the slag, dolomite addition,
analyses of pig iron, oOxygen enrichment, injection of fuel o0il or light
petroleum napththa with or without the enrichment of the blast with oxygen on
the smelting characteristics were evaluated. The results given are based on
the attainment of reasonably steady state of smelting. Normally the burden was
oalculated to result in basicity degree % of 1,2 to 1,3,

The non-coking coals were utilised (i) vy briquetting with iron ore fines
and limestone making a single component burden, (ii) lumpy form of burden and

(iii) after carbonization at low temperatures to yield char or soft coke.

Nut coke (-35 + 12 mm) and pearl coke (-25 + 6 mm) that are unsuitable for

iron smelting in conventional iron blast furnace, were also extensively employed
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in the low-shaft furnace, particularly for studying the variations in physical

characteristics of raw-materials and operational conditions in relation to
smelting efficiency,
Based on the extensive trials, voluminous data have been collscted. For

the sake of brevity, only the calient points will be described.

Smelting of Briquettes containing Ore-Flux and Coal

One mode of utilizaiion of non-coking coals for iron making depends upon
the smelting single component briquette burden comprising iron ove iines,
limestone and non-coking coal fines. ''hese ingredients are crushed and screened
%0 0=5 mm 1n size mixed in proper proportions and briquetted in roller briquet—
ting machine with the addition of 4% molten coal-tar pitch and 4% sulphite lye
as binders. The carbonization and smelting of briquettes conslsting of ore-
flux and ceal ir 12 t.p.d. experimental furnacc was considered as sum;essi‘ul.B—B
Based cn 1t smelting trials exclusively, with briquettes in a commercial furnace
of rectangular cross section (2 x 4m) and 5e5m effective height were unsatis—

9

factory” due to disintegration of the brigquettes in the furnace. In view of

large resources of non-coking coals in India, the suitability -t the process

3 4e
was thoroughly investigated at the National Metallurgical Laboratory. S14454 1

The briquettes contuined 18-29% iron ore, !7-19% limestone and 59-64%
coals Noamund: 1ron ore fine: (Table I, 1V) were always used, while non-
coking coals from Central Satgram (Table 171,12), Saltore ( Table 111,13).
Bankola (Table U1I, 9), Sirka (Table II1,4) and Maharashtrs (Table [11,14) were
employed; an addition of 25-40% coking coval (Table I11,10) was 1ndispensable
for developing adequate high temperature strength. Maharashtrs coale (Table IV,
14,15,16) did not yield satigfactory briquettes even with 50% addition of coking
coals The caking characteristics of coal largely determined high temperature
under load stability of the briquettes within the furnace. During the smelting,
the permeability of the burden column was not affected in a mixed burden con=-
sisting of briquettes and nut coke. However, the disintegration of the
briquettes with heavy dust formation constituted the major diificulty in the
utilization of briquettes exclusively. Considering that the wind velocity may

possibly influence the operational conditions, during smelting exclusively with
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self-fluxing briquettes, the wind rate was altered by increasing the effective
tuyere diameter from 60 mm, through 7% mm to 100 mm in steps with consequent
increase in the daily output from 7 tonnneg through 9 tonnes to 11y? tonnes and
a8lteration in the fixed carbon consumption per unit hearth nrea per hour from
605 kg, through 846 kg to 1081 kg inclusive of the 'lue duut lToga, which was

about ]O% of the burden. However, ‘he top gar ©0/00 ratia, fuc! rave and

2
slag volume increased =t the higher rates or blowing. Although intimate
contact of the fine grained ore particles with the reductant 1n tie briquette

was expected to promote reduction and lower the fuel rate, the latter was in

effect, higher compared to a burden conslsibing of nut coke and optimum sized
lumpy iron ore; the higher fuel rate was distinetly due to the heat require-
ments for the carbonization of coal present in the briquettes in the upper
region of the furnace. The amount and auaitby of coal-tar reccvered during
the process of gas c¢leaning could not be employed as binder for briquetting.
Apart from the impossibility of obtaining briquettes of adeiuate strength and

furnace stability containin besides other constituents non-coking conls
y 39 &

exclusively, the operational difficultics encountered during their cmelting
and the higsh cost of binders adversely affected the production economics;
these factors precluded the commercial adaptation of thesingle sluge one compo-
nent burden process. In subsequent trials, the utilization of non=-coking
coals was, therefore, attempted in different Ways, and the procegg of single

component burden was abandoned.

Non-coking Coals - Lumpy Bedded Burden

Attempts were made for the direct utilization of lumpy (50 to 100 mm)
high volatile (26-40%), high -sh (16-24%) non-coking coals of very low coking
indices, such as Saunda (Table III, 6), Singareni (Table II1, 17), Roul Jambad
(Table III, 8), Khaskenda (Table IIT. 7). Maharashtre (rable III, 14, 15, 16),

and Samla (Table ITI,2) introduced in bedded form of burden. The particle
size of the iron ores varied from 35% to 95% below 12 mm and for 1limestone
80 to 90% below 25 mm. Details of the raw-materials and operational results
are summarised in Table VII. It was found that totally non-coking coals of
very low caking index, non-friable in nature and which did not form a
sintered mass on carbonization could be employed, but the process cannot be

adapted on commercial scale owing to poor permeability of the stack, highly
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irregular descent of burden leading to erratic furnace operations and wide
fluctuations in composition of the pig iron smelted. The potential by-product
values of coal cannot be recovered and credited for calculating the cost of pro-
duction of pig iron. As such, this process of lumpy non-coking coal charge

for iron smelting was cons:dercd to be impracticable.

Smelting with Naturally Burnt Coke

The porosity of the naturally burnt coke was low and the alumina contents
in its ash was high. During smelting with medium size ore (Table I, 2) and
limestone (Table 11, 1) the combustion of the coke in the tuyere :one appeared
to develop inadequate temperature and the smelting was extremely irregular
causing frequent tendencies for chilling of the hearth. [t was considered that
lack of porosity, sluggish combustion and high alumina cortents in its ash did

not enable its use for iron smelting.

Smelting with Low-temperature Carbonized

Coke Made From Non-coking Coals

As direct utilization of raw non-coking coals was technically and economi-—
cally impracticable, 1t was connidered that low-temperature carbonization of non-—
coking coals to yield low-temperature carbonized coke or 'char" with partial
removal of volatile matter, increase in the fixed carbon content and recovery of
potential by-products yielding clightly improved phyvsical characteristics, will
be suitable for iron smelting in suitably designed 1ow-chaft furnace. The
smelting technique will closely resemble the blast furnace process and will be
distinctly economical than the processes based on the direct utilization of raw-

non-coking coals.

Fxtensive smelting campaigns3'4'6 were conducted with 'kolsit' ( Table V,3)-
a low temperature carbonized coke made exclusively from non-coking coal
(Singareni Collieries, Andhra Pradesh, (Table ITI, 17) in internally heated
Lurgi " Spulgas" carbonization pilot plant at the Regional Research Laboratory,
Hyderabad. 'Followlng the successful utilization of 'Kolsit', smelting trials
were conducted with low-temperature carbonized cokes (Table V, 4) made exclusive-

ly from a large varieties of non-coking coals of Raniganj field by carbonization

in externally heated ovens at the Central Fuel Research Institute, Dhanbad.
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Low temperature carbonized coke made from Talcher (atC.F.R.I.) and Maharashtra
non-coking coals (at C.F.R.I. and R.R.L.) were also employed. The physical
properties of these soft cokes were significantly inferior to those of metal—
lurgical coke; rcactivity of the former towards oxygen and carbon dioxide was
higher (Table V) in comparison with the latter. The high reactivity towards
002 will promote "solution loss" reaction in the furnace stack and lower

the ef'ficiency of carbon utilization.

Smelting operations were conducted on ores of different chemical and
physical characteristics under different operational conditions. The results
are given in Table VIII. ‘The smeiting trials with L.T.C. (ReR.L.), L.T.C.
(C.F.R.1.) and L.T.C. mude from Talcher coal were characterised by smooth
descent of the burden which fed adequately prepared burden to the smelting
zone and thereby led to uniform furnace operations and consistent analyses
of pig iron produced. Due Lo the poor physica! strength, the low-temperature
carbonized cokes made t'rom Wardha Valley coals were not suitable for iron
smelting. [t was considered that poor physical strength and high suscept tbility
to degradation of some of the low-temperature carbonized cokes (such as Wardha
Valley coals) were serious deterrants to their employment in industrial !ow-

shaft furnace, but by and large such product can be utiligzed {or iron smelting,

Smelting with Nut-coke

It is well known that exclusive use of -35mm sub-size nut-coke is highly
detrimental to the working of the normal sized conventional blast furnace. The
utilization of surpius sub-size nut coke ot ¥ mm to 35 mm size available from
the integrated iron and steel plants in smal!l blast furnace and low shaft
furnace operations 1s highly attractive in view of its lower price structure
as also from technical stand point. "The objectives of using nut-coke in the
Low Shaft Furnace Pilot Plant were (i) for ascertaining the’ smelting character—
istics of hitherto unknown raw-materials in the initial stages, (11) as
corrective dose for regulating the smelting operations, (II1) as mixed fuel

with either non-coking coals or sell=fluxing briquettes, (j.v) for smelting of

, 2
raw-materlalg from the regions possessing no coal resources 3 and (v) for
studying the effect of operational variables on smelting efficiency. The
short stack height of the N.M.L. low shaft furnace does not enable adequate

exchange »f heat between the descending burden and ascending stream of gas and
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results in high top gas temperature. The effects of matching the particle size
¢f the furnace burden constituents, mainly of the ore on the lowering the
temperature of top gas vis-a~vis smelting characteristics were comprehensively
investigated. Pearl coke (60% below 12 mm) was successfully employed. The
results of these trialc are summarised in Table I[X. It is considered that
foundry and special premium grades of pig iron can be economically produced

in small blast furnaces or low-shaft furnaces employing surplus nut coke and
pearl coke as fuel, thereby relieving the large blast furnaces 1n an integrated

iron and steel plant for the production of basic iron meant for steel making.

Smelting with High Sulphur Coke

The tertiary coal of Assam contains 8% ash and 3 to 4% sulphur and pos—
sesses fairly good caking properties. The sultability of the coke containing

2 Assam coal in the blend was assessed by smelting with iron ore fines
Yy %

(Table I,3) in the range of A7% =12mm +6mm balance —6mm and limestone

(Table 1I, 2,3). The fuel burden consisting exclusively of lcw-temperature
carbecnized coke (61,5% F.C., 4,1% V.M., 8,5% H,0, 25,% ash and 0,23% S) was
progressively replaced with 2%5%, 704 and ]OO% Assam coke (Table V,8). At the

.

basicity degree %%% of" about 1,1, the sulphur contents in pig iron increased
to 0,071%, 0,083% and 0,13% in the three stages of smelting with Assam coke at
an average partition coefficlient Eg%i of 18. The exclusive utilization of
Assam coke will necessitate better partition ratio by increasing the basicity

degree of the slag.

Smelting of Titaniferrous Ore

lron ores containing high amount of Ti02 are not normally used for iron
smelting in blast furnace, The smelting of titaniferrous ore deserves con-
sideration for a) for producing a slag containing high 'I"lO2 for further
processing, (b) for making special grade of pig iron containing small amounts
of titanium,and (c) the necd to make iron in the context of non-availability
of titania free orc. High fuel consumption during smelting and formation of
a highly viscous slag are chief objections against high titania ore. In the
N.M.L. trial, the maximum permissible amount of high titania ore in the ore

burden was investigated. On the attainment of steady state of smelting with

Deulgaon ore (Table [,10), Rajur limestone (Table I11,4), and nut coke, 25% ore
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in the ore burden was replaced with equivalent weight of high titania

(15% T'102) ore (Table I,11), in the initial stage and 50% in the next stagej
such partial replacement with titaniferrous ore resulting in 5% TiO2 in the
slag in the initial stage did not specifically contribute to any irregularity
in smelting operations. In the next stage, the T102 contents of the slag was
about 10%. The slag was viscous. 1n the presence of ’I‘iO2 in the slag, the
viscosity was observed to depend upon the basicity degree and TiOP decreased
the viscosity of acid slag. The carbon rate increased from 1,2 éonnes in the
base period to 1,24 with 25% high titania ore and to 1,30 with 504 of high
titania ore. The carbon saturation i1mproved from 2,6% to 3,44% at 0,54%
titanium content in the pig iron. Despite the acidic nature of the slag, the
presence of titanium in pig iron contributed to the absence of iron oxide in
the slag and 1ts low oxygen potential favoured desulphurisation leading to low

sulphur in the pig iron,

Smelting trial was conducted with low temperature carbonized coke (C.F.R.I.)
(Tablc V,5) with identical observations. [t was concluded that smelting of high

titania ore was commercially unattractive.

STUDY OF OPERATIONAL VAR}ABLES

Particle size of Iron Ore and Flux on Top

GCas Temperature, CQ/CO? ratio and Fuel Rate

The effective height of commercia! low-shaft furnace is about 4 - 5 m.
Whilst this restricted height enables the ulitization of raw-materials of
inferior strength for smelting, 1t obviously reduces the passage time and
smelting period of the burden in furnace. The particle size of the ore and
flux has to be properly adjusted to ensure optimum transfer of heat, thereby
keeping the top gas temperature within reasonable limits.26 The steep tempera-—
ture gradient and limted gas-solid contact do not afford optimum indirect
reduction as evidenced by the high CO/CO? ratio. Coheur17 accounted for 16%
higher fuel rate due to higher CO/CO2 raélo in the top gas of the lnternational
Low Shaft Furnace. From an average CO/CO2 ratio of 6 in the top gas of com—
mercial low shaft furnace at Calbe, East Cermany, Struve and Rvbert
mentioned that the optimum degree of indirect reduction was 30% in comparison

with 55 = 60% in a conventional blasti furnace, which was partly reflected in
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high fuel rate. Ludemann and Struvez2 mentioned that at times indirect
reduction was as low as 26% in Calbe furnace. In view of higher throughput
time, the only possibility to improve the indirect reduction was by reduction
of the particle size of the raw-raterials. Due to the limited scope of
employing fuels of different particle size ranges, the effects of variation in
the particle size of the ores and limestone on the smelting parameter were
investigated. Two different varieties of crushed iron ore were used and either
nut coke or low temperature carbonized coke was employed as fuel. As the
size of the fuel cannot be reduced to below 12 mm, optimum voids in the burden
depended on the particle size of the other components of the burden. The
effects of the mean particle size of the ore (Table 1 y7) on the CO/CO ratio,
fuel rate, top gas temperature and slag volume employing nut coke as the fuel
are shown in Fig.5, while with another ore (Table I,9), the effect of the
particle size of the ore on fuel rate, CO/CO2 ratio, slag volume and daily
production is shown in Fig.6. These trials clearly demonstrated the improvement

in smelting efficiency by ad justment of particle size of the ore.

The progressive replacement of lumpy limestone (~75+25mm) by fine grained
limestone (97% below, -6 mm) appreciably lowered the fuel rate and increased
the daily production whilst unfavourably increasing the flue dust losses. It
was observed that coalescence of the superficially reduced iron ore particles
limited the flue dust losses, but fine particles of limestone were carried away
by the gas stream. The utilization of the iron ore fines also depended upon
the characteristics of the fuel employed for smelting, as for example ex-
ceedingly fine grained ore was incompatible with the low temperature carbonized
coke, but the smelting was satisfactory with nut coke. For restricting the
top gas temperature within reasonable limits, the enrichment of the blast with

3,4,14-17

oxygen was not necessary”'’ and the top temperature was controlled by

using iron ore fines in the ore blend.

Smelting under almost identical operational oonditions and employment of
identical raw-materials with the exception of fuel, indicated that the fuel rate

largely depended on its physioal properties and chemical analysis and reactivity.
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Effect of Hot Blast Temperature on Fuel Rate

1

g o

_ NOW 9id 4O INNOL /9N
SAVN(HEY o4 $T) 134 NI NOILONONN

400

HOT BLAST TEMPERATURE °C




(%5 3A08VY ) NOMI 9id NI ®/os ANILNOD NODITIS
t 3 4 $€

ID/WC.14/22

Page 31

sz s
¥ I ! ¥ ¥ »
[ -]
e
- )
o
|3
’
-
[
"
- 08 m.
%
1t
-
mm
4 oos m..
8
W.
Q
osy

938y Tong UG S3U9jUO) UOOITIS JO @oUeniJul
8 aITd Ty




ID/WG.14/22
Page 32

Hot Blast Temperature and Silicon

Contents in Pig Iron

The benefit of high hot blast temperature on lowering the fuel rate is
well known. Fig. 7 shows that a variation of hot blast temperature between
400 to 60000 at BOOC intervals demonstrated that the fuel rate (?9% ash in
fuel) decreased by 200 k&/tonne on raising the temperature from 400 - 600°C.
Fig. 8 shows that an increase in silicon content from 1,5¢ to 3,5% necessi-
tated 300 kg/tonne of additional fuel (25% ash). These factors also account

for the high fuel rate observed in some campalgns.

Smelting Under Different Slag Basicities

The fue! rate in a low shaft furnace is higher than in a conventional big
blast furnace primarily due to the limited indirect reduction as indicated by
the high CO/CO? ratio and high top gas temperature. Decrease 1in slag volume
by lowering its basicity degree can lower the fuel ratezz. With the ob ject
of reducing the slag volume aund consequently the fuel rate, the basicity
values of the slag were maintained at different levels and were increased by
0,2 from 0,6 to 1,4 with appropriate flux additions. In three different trials,
nut Céke (Table V,1), low temperature carboniced fuel (CoF.R.I.) (Table V,4),
and Kolsit (Table V,3) were employed as fuel without variation of other
operational conditions. The somewhal poor carbon saturation in the low
shaft furnace pig iron further deteriorated under acid smelting. The smelting
characteristics were satisfactory upto a CaO/SiO? ratio of 0,60, below which
the slag became abnormally viscous. The flux an& fuel rates substantially
decreased with decreasing CaO/SiOP ratio and the production increased, but the

partition of sulphur and carbon contents in pig lron was adversely affected.

Carbon Saturation

Regardless of the chemistry and particle cize of the fuel employed for
emelting, the carbon saturation of the iron produced in low shaft furnace
was lower in comparison to pig iron made in blast furnace. In the Internat-
ional Low-shaft Furnace at Liege, the difficiency in carbon saturation was
partly avoided and the carbon content was raised by restricting the particle
size of the fuel to below 25 mm in size or by the addition of coke breeze to

1 _ . .
the charge. Coheur T reported distinct improvement in carbon contents on

decreasing the mean particle size of the coke. In the smelting of self-fluxing
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briquettes at the National Metallurgical Laboratory, the particle size of fuel
was O - 5 mm, but despite its exceedingly small size, the carbon saturation

was poor. The average carbon content of foundry grade pig iron produced in a
battery of commercial low shaft furnaces at Calbe, East Germanyg? s 3,45%.

It is, therefore, to be considered that the short stack height with steep
temperature gradient, poor indirect reduction and predominant direct reduction
of iron ore in the lower bosh and hearth regions afford limited scope for
carburization of iron. The carbon saturation also depends on the basicity
degree of slag and silicon contents of pig iron. Paschke and Ha.hnel27 noticed
the decrease 1n carbon contents from 3,706 to 2,80% on decreasing the

CaO/5102 basicity degree of the slag from 1,59 to 0,36. The carbon saturation
decreased by 0,07% on lowering the basicity degree by 0,1. During smelting

of foundry grade pig iron in low-shaft furnace with change in lime basicity
degree CaO/S102 from 1,2 to 0,69, Struve noticed that carbon saturation
decreased by about 0,2% due to the lowering of the basicity degree by 0,1.
These two examples indicate that carbon saturation in low shaft furnace largely
depends upon the basicity degree of the slag. Based on the extensive data with
variation in the chemistry and the particle size of the fuels and ores employed
for smelting, it was observed that the carbon content of pig iron was largely
dependant upon the basicity degree CaQ/5102 of the slag, as shown in Fig.9,
higher basicity degree facilitated due to carburization of the iron. The
addition of dolomite to the burden resulting in 7 - 10% MgO in the slag in the
basicity range CaO/SiO2 = Plof 1,0 - 1,4 was found to increase carbon content
of pig iron. The exclusive employment of a dolomitic 1imestone (32% Ca0,

23‘ Kﬁ» resulting in a slag composition of 32% Ca0, 29% SiOz, 16% A1203 and
226 Mg0 was associated with optimum carbon saturation of 3,5%. Additionally
the CO/CO2 ratio was lowered to 4 - 5 and the slag became exceedingly fluid;

the saturation of carbon was attributed to all these associated factors.

Addition of dolomite to the burden

High alumina in the slag increases its viscosity. 1In order to improve
the fluidity of the slag, the MgO contents in the slag were varied from
9 -~ 108, 13 - 15% and 17 - 19% in three stages maintaining the lime basicity
ratio between 1,15 - 1,25 by the dolomite addition. The presence of a minimum
of 7 - 8 Mg0 in the slag considerably improved its fluidity and Mgo'contents upto
198 did not adversely affect the smelting operetion. The influence of increasing
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the MgO content of the slag was found to improve carbon saturation in pig iron.

Partition of Sulphur between Metal and Slag

The sulphur content of pig 1ron should conform to the desired specifi=-

cations. In the absence of external desulphurization treatment, the sulphur

input trom the raw-materials should be partitioned between the slag and the

metal, so that the slag holds ma jor amount of it. The desulphurization in the

blast furnace depends on the basicity degree of the slag, silicon contents of

the metal, temperature of the metal and slagy, Fe0 contents of the slag and its

volume. Due to relatively higher fuel rate, the sulphur input in the low shaft

furnace is higher and the slag volume is also higher. By and large, the higher

silicon content should favour desulphurization. Despite thesc factors

S

the

1

sulphur partition index g was found to be lower in the
m

low shaft furnuace.

It is considered that the thermal conditions, poor indirect reduction and lower

retention time in low shaft furnace adversely affect sulphur partition as shown
in Fig.10.

It was observed that the technological aspects of iron smelting in a low-
shaft furnace are not exactly identical to the blast furnace smelting, the dif-
ference is contributed by the operational conditions of faster descent of the

burden to the smelting zone and the temperature gradient.

The extensive developmental investigations with raw-materials differing

widely in their physical and chemical characteristics have evolved a cohegive

pattern of their utilization in industrial scale for the economic benefit of the
developing countries.
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Figure 10 |
Basicity Degree of Slag and Partition of Sulphur in Laboratory
Tests, Blast Furnace and Low-Shaft Furnace
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INDUSTRIAL TEST WITH LOW-TEMPERATURE |

CARBONIZED COKE MADE FROM TALCHER COAL

An industrial low-shaft blast furnace with a hearth diameter of 235 m,
both diameter of 3,0 m, effective height of 10,20 m provided with o tuyeres of
120 mm dia. is 1n commercial operation with nut coke (=35 + 15 mm), iron ore
(-25mm + 10 mm) containing 60-61% Fe, limestone (+29 mm -5, ~2%mm balance)
containing 50% Ca0 for the production of foundry grade pig tron (2,45 - 3,50 S1)
with a hot blast volume of 17,000 NmB/h at a temperature of 800 - 860°¢. 14
produces 90 - 100 tonnes pig lron/day with a coke rate of 1,90 kg/tnnnc of pig
iron, associated with top gas CO/CO? ratio of 4 and slag volume of {H0 kg/tonne
of pig iron. It was employed for cénducting industrial scale trials to deter—
mine the technical feasibility and commercial acceptability for the utilizat-
ion of low temperature carbonized coke made from washed Talcher non-coking

coal 1n continuous vertical retorts at the Central Fuel Research Institute.

The coke was screened tc remove =12 mm fraction and particle si1ze composed of

45% + 25 mm balance +10 mm. The basicity degree Q%%%MEQ was 1,14 to 1,37,
2
The chemical analyses of raw-materials employed, physical characteristics of

the fuel and the operational data are summarised in Table X.

No operational difficulties were experienced. A maximum coke consumption

of 1,35 t/tonne was observed. As the phosphorus content in pig iron was

0,112 - 0,160%, it can be used for making malleable iron and special iron

castings. Despite the short duration of the test and the height of the shaft

of the furnace, it was considered that the employment of low-temperature

carbonized coke made from Talcher coal can be considered for iron smelting in a

suitably designed low-—shaft furnace.

Based on the tests conducted at the low-shaft furnace pilot plant of the
National Metallurgical Laboratory (Table VIII) and in an industrial furnace,
an industrial complex at Talcher for the production of coke, pig iron, and

fertilizer has been proposed.29

»
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TABLE X - Industrial Trials with Talcher Coke

Chemical Analyses of Raw-materials, %

1. Iron Ore

Fe 8102 A1203 8
61,0 2,5 7,0 0,06
2. Limestone
Ca0 MgO 8102 A1203
41,0 0,9 11,0 1,0
3. (i) Low Temperature Carbonized Coke
(Talcher) %
F.C. Moigture Ash V.M. g
69,1 514 16,9 8,6 0,30
3.(111 Low Temperature Carbonized Coke Ashjﬁ
SiO2 A1203 Ca0 Fe
65,36 26,60 3,26 4,46
4. Physical Properties of Low Temperature
Carbonized Coke
Bulk density (dry basis) - 540 - 600 kg/mB
Micum Index (-40 + 20 mm) - 68 - 19
5« Analysis of Pig Iron %
c Si S P
3,70-4,02 2,44~ 0,012~ 0,112~
4,88 0,065 0,116
6. Analysis of Slag %
8102 A1203 Fe0 Ca0 Mg0

28 - 33 26 - 29 0,3 - 0,6 33 - 38 4-5

0,085

0,7 - 0,9
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ECONOMICS OF IRON PRODUCTION IN THE
INDUSTRIAL LOW-SHAFT BLAST FJRNACE

It is considered that pig iron producec in blast furnaces of highly capital
intensive integrated iron and steel plant should be converted into stecl, while
foundry and special grades of pig iron be produced either in low-shaft furnace
or medium shaft blast furnaces. The chief technical requirements ot the blast
furnace for its dependance on strong metallurgical coke and tumpy o agelomerated
ferrous burden are well known. Iron ore fines can be agelomerated butb problem
remains for the medium ore sizes viz + 3/8" or co which are too coarse for
sintering but are unsuitable for direct charging in biast furnace.  The low—
shaft furnace can smelt such orec satisfactori Ly with inferior srade of fuel.
The chief objection raised against the small units, 1s perhaps the adverse
econemics ot iron production in small scale. Admittedly the fuel rate in  the
low shaft furnace will be slightly higher than in the blaat furnice; but the
costs of the inferior grades of raw-materials cmelted in the Former will be
reasonably lower than the regular large blast furnace raw-nmaterials, ond are

expected to balance the relatively higher cost of product ion.

The coefficient of heat utilization in the low-shaf*t furnace of the
National Metuallurgical Laboratory as reckoned by the top gas temperature and
its CO/CO? ratio was unsatisfactory due to the restricted shaft height of the
furnace. .For iron smelting with either low temperature carbonized coke or
sub—-size coke, the effective height of the furnace can be appropriately in-—
creased. The temperature of the hot blast can also be raised. The i1nerease
in furnace si1ze, higher hot blast temperature, consistency of smelting operat—
ions with uniformity of raw-materials will appreciably reduce the fuel con-
sumption. In fact the trials conducted in a 100 tonnes per day industrial low-
shaft blast furnace with small lumpy iron ore (-5 to +5mm), limestone
(=40 + 20 mm), the fuel rate with low temperature carbonized coke amounted to
1350 kg/tonne, while with screened nut coke employing =29 + 12 mm fraction
exclusively, the coke rate (dry) was 1000 kg/tonne for producing pig iron con-
taining 4.0% 51, even when the alumina content of the slag was abnormally high
at 30%h. Tt is, therefore, reasonable to conclude that for industrial scale
operation in a furnace of 100 - 150 tonnes dally output, the consumption of low—

temperature carbonized coke will be about 1300 - 1400 kg per bton or iron, whilst

with graded (=25 + 12 mm) coke size, the fuel rate could be brought down to less
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than 100C kg per ton or iron.

For improving the over all economice of iron production, the surplus top gas,
slag, flue dust should be properly utilized. Besides, the availability of
regional raw-materials and other ancilliary facilities such as water, electric
power in the vicinity of the iron works will largely determine the ultimate
economics of the iron smelting in low-shaft blast furnace. The 1initial capital
investment for an iron smelting unit without high degree of mechanization

or automatic controlling devices, which may be somewhat unsophisticated in
comparison with a large, modern blast furnace, will be lower per annual tonnes.
The capital cost will largely depend on the provision of facilities for the
carbonization of the fuel, associated with the by-products recovery plant.

It is considered that surplus nut coke available from the integrated steel
plants can usefully be employed for iron smelting in small furnaces.30’3]
The commercial success of its utilization has been proved and the firm has
installed two more 120 tonnes per day furnaces and facilities for generating
12 M.W. of power from surplus top gass For a 100,0CC tonnes annual output
two 150 tonnes/day low-shaft blast furnaces can be installed as shown in

tentative layout of the plant in Fig.1ll.

The consumption of raw-materials and approximate production cost estimates

for annual production of 100,000 tonnes of pig iron are given in Table XI.

Based on exhaustive studies, calculations, quotations and enquiries
from different overseas and internal suppliers, the tentative capital cost

structure is given in Table XII.

It is further emphasised that on the face of non-availability of satis~
factory grade of raw-materials for blast furnace iron smelting, the slightly
increased cost of production of pig iron in a low-shaft furnace through the

utilization of regional raw-materials can be attractive in developing countries.
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TABLE XI - initial production cost estimates per tonne of
pig iron based on an annual output of 100,000
tonnes of pig iron.
Required per Cost per
Description tgnng of tgnng of Total cost
pig iron pig iron r tonne of
inclusive p: iron
of freight, p1g
etc.
l. Materials
(Suitably screened and sized)
i) Iron ore 1,50 Rs. 18,00 Rs. 27,00
ii) Limestone 0,75 Rs. 16,00 Rs. 12,00
iii) Low Temperature 1,3-1,4 Rs. 100,00 Rs. 140,00
Carbonized coke tonnes
Production cost calcu~
lation have been made
on the higher coke rate
of 1,4 tonnes per tonne
of pig iron.
Total Materials Cost Rs. 179,00
2. Power requirement:
i) Power expenses including the
chief power consuming
factor i.e. air blast
blowers and other
auxiliaries. Rs. 18,50
3. Utility services, shop
requirements and common
work expenses such as
steam, water etc. Rs. 5400
4. i) Depreciation and interest
on capital (at 10% of
capital) Res, 47,00
ii) Wages, overheads, etce Re, 15,00
5 Provision for refractory relining Ra. 00
Gross production cost of one tonne of Rs. 269,50

pig iron

(Carried over)

s
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Table XI (Continued)

(Brought forward)
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Gross production oost
of one tonne of
pig iron.

6. Credits

i) Low Shaft Furnace gas
available to other
shops having a calori-
fic value of 1250-1350
kcg.l/nm3 at Rs. 8,50 for
10” Kcal.

ii) Slag and flue dust
Gross credit/tonne of pig iron

NET COST OF PRODUCTION/TONNE OF PIG IRON

ks,

269,50




ID/WG.14/22

Page 44
TABLE XII - Estimated Capital Cost Equipment for 100,000
tonnes pig iron plant. (exc],uding customs duty,
insurance, ocean and rail transport charges,
port hondling charges, etc.)
Foreign
S1.No Equipment exchange Rupees
o stated in
equivalent
rupees
Rs. Rs.
1. Low Shaf't Blast Murnaces,
gas cleaning plant, pig casting
machine including erection. 8,312,500 15,900,000
2e Soil investigation - 125,000
3. Foundations, Civil Engineering
and Building Works tor (1) 758,100 7,620,000
de Electric Blowing Plant including ,
Erection and Civil Works. 3,165,400 1,460,000
Se Works services, plant water
services Lncluding erection and
civil works, raill track, roads,
office, fire lighting equipment,
locomotives and vehicles. 452,200 4,880,000
6. Maintenance, Workshops and
Equipment including erection
and civil works. 1,197,000 1,300,000
Te Engineering services 1,662,500 200,000
Total 15,547,700 31,485,000
Grand total (including foreign
exchange and rupee expenditure) Rs. 47,032,700

or 4,7 crores of rupees
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SUMMARY AND CONCLUSIONS

The imbalance between the well dispersed classical deposits of iron ore
and the relatively small localised occurence of coking coal, the extensive
deposits of non-coking coals and lignite, stimulated comprehensive investi-
gations on the production of plg iron with non-metallurgical fuels in a low-
shaft furnace pilot plant. It has facilities for briquetting, generation of hot
blast and gas cleaning. The 12-15 tonnes/day furnace has a hearih diameter of

1300 mm and effective height of 2,6 m and total volume of Ty3 m3.

A large varieties of raw-materials were smelted during the extensive trials
to develop an appropriate technique of iron smelting with inferior raw-materials
particularly fuel. Apart from the changes in chemical and physical characteri—
stics of raw-materials employed, alteration in operational conditions were ad—

ditionally imposed for comprehensive assessment of the smelting parameters.

The utilization of non-coking coals for iron smelt ing was attempted in three
different ways, viz. i) by making a single component burden of self-fluxing
briquettes containing fine particles of iron ore, limestone and the non-coking
coalj ii) emnloyment of lumpy raw non-coking coal in bedded form of burdening,
and iii) prior carbonization of the non-coking coal at low temperature producing

char or soft coke of inferior physical strength.

The technological difficulties of making strong briquettes sufficiently
stable to withstand the temperature and loading conditions in the furnace and
the unfavourable economics due to the additional cost of binders employed for
briquetting made the process commercially unattractive. The employment of
non—-coking coals of very low caking index in bedded form of burden led to serious
operational difficulties and wide swings in the chemistry of the pig iron pro-
duced and cannot be adapted for iron smelting in a low—shaf't furnace. Besides
the non-recovery of potential by-products from the coal was economlcally dis-
advantageous. Low temperature carbonization of non~-coking coal affords full
recovery and utilization of by-products, while elimination of moisture and major
amount of volatile matter yields a better fuel for iron smelting. The physical
strength of low temperature carbonized coke is significantly inferior to the
blast furnace coke. The reactivity towards carbon dioxide or oxygen is higher

and accelerates the "solution loss" reaction affecting the fuel rate adversely.
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The use of low-~temperature carbonized coke for iron smelting was characterised
by smooth descent of the burden, regularity of the operation with the production
of desired grade of pig i1ron. Fine grained ores can be smelted directly in
industrial low-shaft furnace of appropriate design for optimum indirect re-

duction and transference of heat.

The generation of the dust and the fuel rate depended on the physical and
chemical characteristics of the lLow-temperature carbonized coke, the latter was
related to the chemical analysis and the nature of the coal. It was observed
that all non~coking coals would not yield 'Char' suitable for iron-smelting in

low=shaft furnace.

The employment of high sulphur coke was limited by the partition of sul-
phur under the operational conditions. The utilization of high titania
(15% Ti02) ore depended on the viscosity of slag, which was related to its

basicity degree.

Summarising the effects of variation of the operational conditions, it
was concluded that the inherent characteristics of the low-shaft furnace led
to high top gas temperature, high CO/002 ratio indicating poor indirect re-
duction and poor exchange of heat both of which contribute towards high fuel
rate. The top gas temperature depended on the nature of the fuel and particle
size of the raw-materials. The CO/CO2 ratio and top gas temperature were
lowered by the decrease 1in particle size of iron ore with consequent lowering
of the fuel rate. Due to the limitation of the gaseous indirect reduction,
the effect of the reducibility of the ores on the fuel rate was marginal.
The normally low carbon saturation of pig iron was improved by raising the
basicity degree of the slag or by the presence of MgO0 in it. The presence
of 8 - 10% MgO in the high alumina slag assured adequate fluidity. The acid
smelting lowered the fuel rate but adversely affected desulphurization and
carbon saturation. The fuel rate (29% ash in fuel) decreased by 50 kg/tonne
of pig iron with 50% rise in blast temperature between 400 - 600°C. Increase

in silicon by 2% necessitated 300 kg/tonne of fuel additionally.

From the extensive trials, it emerged that ore fines can be smelted with
non-metallurgical fuels of poor physical characteristics and the process is
technically and economically acceptable despite the slightly higher cost of
production in low-shaft furnace.

T

e




ID/WG.14/22
Page 47
Depending on the limited market demand and non-availability of suitable
grade of raw-materials for iron smelting in the highly capital intensive
classical blast furnace, the low-shaft furnace technique of smelting iron can
be adapted in developing countries and regions possessing scanty resources of

metallurgical grades of coking coals in relation to non-coking coals.
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