REDUCTION OF

IRON ORES

USING NON-COKING COAL
AS THE REDUCTION AGENT

Introduction

Coke made from metallurgical coal using conven-
tional coking processes is still the main reagent for
producing pig iron from iron ore in the blast furnace.

However, the required coal grades are available only
at certain points on the earth, and the resources of
some deposits are limited. Metallurgical coke prices
exhibit a rising trend.

Substitute materials such as natural gas, fuel oil,
naphtha, etc. are employed in the blast furnace pro-
cess to reduce the specific coke rate in relation to the
ton of pig iron produced. Again, reduction gases made
from these substitute materials are also being used on
an increasing scale as the basis of modern direct
reduction processes (sponge iron production).

The increasing use of these maferials has led to
progressive scarcity and a rising price trend.

In contrast, almost unlimited quantities of non-
coking coal are available all over the world; these
cannot be treated using conventional coking pro-
cesses.

It is therefore an unavoidable fact that metallurgists
must bring their knowledge to bear on the hitherto
scarcely utilized possibilities of employing non-
coking coal as heating and reduction materials for the
production of pig iron and steel:

This paper is intended to constitute a contribution
towards the solving of the attendant problems.

Dr. Horst Konig

Development and Metallurgical Research
Department, DEMAG Aktiengesellschaft
Duisburg, Federal Republic of Germany

Non-coking coal as reduction agent for
direct reduction processes

Commercially employed processes for removing
oxygen from iron ore require solid carbon or the gas
components CO and H: as reduction agent; the latter
can also naturally be won by gasification of the car-
bon.

It is therefore expedient to consider the use of non-
coking coal, firstly on a direct basis, secondly as a
gasification agent for the production of reduction
components CO and Ha.

Direct reduction processes using soli@ carbon bearers.

Retort processes

Naturally, the simplest method is to mix the iron
ores with carbon bearers and sulphur-binding substan-
ces such as limestone or dolomite in vessels and apply
heat to the latter from the outside to attain reduction
temperature. Given sufficient time, very high degrees
of reduction can be attained. After discharge of the
vessels, magnetic separation is applied to collect the
iron. This indirect heating system and the required
process time involve a considerable calorie consump-
tion rate, which limits the application of the processes
both in scale and profitability; thus, for all practical
intents and purposes, they are suitable only under
special conditions. Two of these processes are briefly
discussed by way of example, i.e. the Hoganas and
the Echeverria processes.
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With both processes, iron ores are mixed with solid
carbon bearers and reduced by heating.

Rotating cylindrical furnace processes

The disadvantages of the discontinuous retort pro-
cesses as discussed earlier, particularly as regards
energy consumption, are in high degree climinated by
ithe rotating cylindrical furnace processes.

SL/RN and Krupp sponge iron processes

The principle of the rotating cylindrical furnace
process is that lump, pelletized, or agglomerated iron
ore is mixed with lump or fine carbon bedrers; heating
‘is normally effected on the counter-flow principle to
generate hot gases. The reduced burden is discharged
‘hot from the cylindrical furnace with a degree of pre-
reduction of up to 95—98%, and then ccoled in a
separate, smaller rotating cylindrical kiln.

The gases leave the cylindrical furnace with a rela-
‘tively high temperature. Under favourable conditions,
some of the waste-gas volume can be used for pre-
heating, sintering, pelletizing, or the production of hot
-air.

Further details would exceed the scope of this paper.

GHH-Freeman process

This is a rotfating cylindrical furnace process based
specifically on the use of the uniflow principle (Fig 1).

As shown by Fig. 1, the fine coal, e.g. lignite, Is
;pneumatically conveyed on the ore charging side. The
wolume is air used is metered to the point where a
reducing atmosphere is .created. Temperatures are
«controlled and a reducing atmosphere created over the
entire length of the furnace by burning coal fines. with
metered air volumes over the full length of the fur-
‘nace.

As compared with cther rotary cylindrical furnace
processes, the furnace has.a-shorter length, .which
results in high waste gas temperatures and waste gas
losses (waste gas temperdtures approx. 1100 °C).

The principle of the GHH—Freeman process, and
also the explanation for the short furnace length. “is
the preheating of the burden to about 1000°C -on-a
travelling grate of the appropriate size. '

As illustrated in Fig. 1, the furnace gases travel in
the same direction as the charge of pellets heated to
approx. 1000 °C, the product being cooled to below
200 °C in a cooling drum to prevent reoxydation, in
the same way as with the other rotary cylindrical: fur-
nace processes.

From the very outset, the temperature in the reduc-
tion chamber is 1000 to 1100 °C, which explaing the
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shortness of the cylindrical furnace. For this reasom,
the furnace also has a higher degree of filling than is
true of the other processes of this type, i.e. almost
40%.

In view of the special features of the process, which
employs inexpensive lignitiferous coal, a material
which appears to be particularly suitable for this
process, it is thought that a furnace baving a length
of 30 to 40 m and an inside diameter of approx. 6.5 m
is sufficient for the production of 1 million tonnes of
sponge iron; this could yield appropriately low invest-
ment costs. :

The calorie consumption rate is above 4 Geal/t Fe.

Gas reduction processes on the basis of
non-coking coal

It is rather interesting to examine coal gasification
as the basis of gas reduction processes. Of course, not
all types of coal gasification processes can be discuss-
ed in this paper. Only such possibilities are discussed
as have been the subject of publications made recently
in connection with direct reduction processes.

Table 1 shows the material and heat transformation
values applicable when using various gasification
media.

Gasification of carbon bearers using carbonic acid
gas is seldom applied, since the heat input of the
heavily endothermal gasification reaction including
heating of the carbon bearer and the recycle gas as
carbonfc acid gas bearer to reduction temperature
incurs difficulties.

Water vapour as a gasification agent is in the main
used only for cooling oxygen gasification or creating
and enriching the H: content in these processes, dis-
regarding the old principle of water gas production.

The gasification of carbon bearers using oxygen or
air is a feature of interesting new developments. The
increasing shortage of fuel oil and natural gas, and
the resulting tendency towards rising prices in this
sector make the gasification of solid carbon bearers
for the production of reduction gases for direct reduc-
tion processes an interesting subject. The modification
of the existing process principles as involved by con-
version to carbon gasification is discussed later.

Production of reduction gases from non-coking coal
Flame gasification processes

. One problem attending the gasification of solid car-
bon bearers is the handling of the ash components,
especially at temperatures exceeding the softening point
of the ash. Work aimed at solving the difficulties of
gasifying baking coal has led to the “uniflow gasi-
fication processes”. These processes are virtually a
transition to the flame gasification processes in which
crack gas is produced from gaseous or liquid hydrocar-
bons and in which similar facilities are employed.

The basic principle of these processes is that the
medium to be gasified and the gasification medium
always move in one and the same direction, ie coal
dust and gasification medium flow though the gasifier
in the same direction.

High reaction temperatures are a prerequisite. Ths
degasification products are almost completely cracked.
Consequently. these processes can also be used for
cracking heavy fuel oil and natural gas. Usually, these
processes employ oxygen as the gasification medium
to attain the high temperatures needed.

Table 1

Stoicheiometric gas compositions and reaction enthalpies in the gasification of carbon bearers
using various gasification media ‘

Gasification Reaction Stoicheiometric Volume Reaction
medium formula gas composition in Nm? enthalpy
% CO % H: % N: kg. C AHzes in

kcal/kg

" Oxygen C+12 0,=CO 100 — — 1.865 -2 450
Atmospheric C+1/2 0,=CO 35 — 65 5.371 =2 450

oxygen

Water vapour C 4+ H,0=CO0O+H, 50 50 — 3.730 +2 511
Carbonic acid gas C+C0o,=2C0O 100 — —_ 3.730 +3 346
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Some of these processes employ low pressures, some

high pressures.

Fig. 2 shows a principle diagram of a Koppers

Totzek gasifier.

Fig. 2

PRINCIPLE DIAGRAM OF A KOPPERS

mediately commences (flame gasification).

lined and features a high temperature, gasification im-

The danger of an explosion of the dangerous mix-
ture of oxygen and coal dust is prevented by controll-
ing the process in such a way that the flow velocity in
the feed pipe is higher than that of ignition, which
means that conversion does not take place until the
gasification chamber proper is reached.

Coal dust explosions can be prevented by filling the
bins with nitrogen, the latter then also being available
for conveying purposes.

Water vapour with (atmospheric) oxygen, which is
also used as an additional gasification agent, is blown
through an annular nozzle in such a way that it enve-
lops the reaction zone between coal dust and oxygem

(protection of

cation reaction).
Ash components which do not leave the generator
in the form of dust, which is collected in a cleaning
system, are granulated in liquid form and discharged
‘(approx. 50%).
Attention is drawn to the need for a fully efficient

In this process, the gasifier is of horizontal design;
from both sides, mixtures of the material to be gasi-
fied are first fed in with a particle size of less than
0.1 mm through nozzles together with oxygen. After
entering the gasification chamber, which is refractory

the refractories). (Endothermal gasifi-

control and measuring system; and in particular for
adjusting the proportions of coal dust, oxygen, and
water vapour.

Table 2 shows examples of gas analyses obtained
using this process.

TABLE 2
Analyses of gases produced from various fuels using the Koppers-Totzek process
TIPE OF FUEL Powdered Coal Powdered Coal Powdersd Puel 011 Naphta ¥atural
High dsh Low 4dsh Coka Gas.
(Medium (¥on=-Coking)
Coking)
FUEL ANILYSIS-DRY
c-% .. Sk e oo o O ok 55.18 74.30 79.9 84.60 84,11 f"z""”
B-% it e E e s e 3.18 4.75 1.0 11.30 14.34 ' -1.0%
B-% 40 v s be se s oo ee o 3.82 13.30 1.5 0.13 = c8,~98%
-4 s wes 85 ss as se ww ss ew 0.96 71.05 0.3 0. 40 1.42 -
o P R R R 0.76 0.95 0.8 3.50 0.12 -
Ash% as g4 wEl e R e we e 35.10 4.64 15.5 G.07 - _
Gross C.YF.-Btu's/lb e we e ww 9820 12990 12150 18770 20700 275 peracy
Gross C.T.~Therms/Ton ve e de ae 220.0 291.0 272,2 420.5 463.7 514.2
AF4LYSIS OF TOTZEKE GAS
i R R RS 1.9 11.8 11.8 4.5 4.7 3.6
co-% *v se se ss s es we s 55.3 57.6 65.5 48.4 43.7 34.0
L T 31,1 29.0 21.0 45.4 50.7 61.5
l_?-ﬁ ssges 88 se se ss es a0 we 1.2 7.2 0.9 0.8 6.8 1.0
CH ~% o B e e o a.1t 0.7 0.1 0.1 0.1 0.1
ﬁ?s-f 0o s wa as s 8% we we 0.3 0.3 0.3 0.8 Trace -
Total=% oo wo ov s 2s we b6 s 100.0 100.0 100.0 100.0 100.0 100.0
Uross C.F.=Btu’s/3cf «u. oo oo oo o» 276.8 278.0 278.5 303.6 301.0 304.6
8pe Gravity (Air=1) o oo oo oo oo 0.755 ‘0.774 0.846 0.587 0.538 0.437
¥0-p.p.m. se EE (b Ew aTe e aa &w 4.5 4.5 4.5 Lese. than f |Lesg than 1 | Less than !
Organic S-grains/100 scf ov o & 21.9 21.9 21.9 43.7 - -
Gas Iteld per ton-scf sv se ss se 56600 75100 70450 109700 121300 2610/ 1000ac)
Steam Generated
Tons per ton of fuel .. oo ss os 1.06 1.42 1.40 2.0 2.20 2.46
Lb.per 1000 scf Totxek (@8 +o oo o 41.93 42.35 44.5 40,85 40,64 40.0
Consuxpttons par {000 scf Totzek Gas
Ozygen-sef e e ES eie) NE) e we 360 350 370 277 274 274
Powver (excluding oxygen) kih .. .. 1.48 1.32 1.58 0.4 0.4 0.37
Steam (low pressure) lb. to oo as 12.5 4.65 12.8 16.0 15.7 4.9
Fater 'make-up'-gallons ee oo e 17.5 12.5 17.5 1,7 17.7 11.7
*THERNAL EFFICIENCI-% e 71.3 71.7 72.1 79.2 78.7 81.3
C converston ratfo-% .. .. +: oo o- 96.0 97.7 95.4 95.6 87.3 99.3




High-capacity plants of this type are at present
being erected ‘in India for the manufacture of fertili-
zers on the basis of coal (oxygen gasification).

Attention is also drawn to a process which operates
on the same principle and which utilizes waste heat
in a combined waste-heat boiler (dust gasifier Babcock
and Wilcox Co.).

This process, which has similar gas analyses and
consumption values as the coal-dust gasifier just des-
cribed (flame gasifier) has also been utilized in big
units (up to 7000000 Nm* CO+-H:/day).

Fig. 3
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High-temperature Winkler process

With the object of reducing the considerable costs
of grinding coal, fluidized bed processes have been
developed for gasifying fine coal for the production of
rich gases (CO+Hs). On an industrial scale, they
generate crack gases with low methane contents as
the basis for synthesis gases (particle size approx.
0—8 mm).

Originally, these processes were designed for gasi-
fying large surplus volumes of fine coal unsuitable for
solids generators.

The principle of these fluidized bed process is that
the fine-grain materials are suspended in a similar
way to a liquid by a rising flow of gas.

A very important factor with these processes is the
intensive heat exchange between gas and fluidized bed,
resulting in an almost uniform temperature through-
out the latter.

One of the most important fluidized bed gasification
processes is the Winkler process. The principle is
shown in Fig. 4. '

High-capacity generators have been built (up to
70,000 Nm®/h.) Normally, oxygen and steam are used
as gasification media. The illustration shows that the
actual carbon bearer layer has a very low height.

The Technical University of Aachen has refined the
Winkler process in a particularly characteristic way
for hard coal and ligniferous coal, which to date have
proved difficult to process in the Winkler generator.
The further-developed process is known as the high-
temperature Winkler process.

One feature of this refined process is that atmosphe-
ric oxygen can also be used as a gasification medium
instead of pure oxygen as required for the original
Winkler process. :

The process air is preheated to approx. 650 °C
(using heat from the process) before being fed into
the fluidized bed (coal particle size 0—8 mm). Since

Fig. 4
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no other heat consumers such as steam or carbonic
acid gas are present, the temperature rapidly rises
with combustion of part of the coal to 1400 to 1500
i 65

In order that the ash components do not disturb
the process, sufficient limestone is added by injection
to increase the basicity of the ash to the point where
it remains dry and can be easily discharged (reduction
of the volume of friable components). At the same
time, the high lime content of the fluidized bed ensu-
res an adequate degrees of desulphurization.

In view of the high temperatures and the high re-
action rate, the equilibrium conditions between H:0
and CO: are so favourable that their proportion is
less than 1%.

(Results of a semi-industrial plant at the Rhenish-
Westphalian Technical University Aachen — Depart-
ment of Ferrous Metallurgy).

The possibility of marketing the friable slag —
which as a factor of the ash content and chemical
analysis is held to provide an excellent clinker for
cement production — has a favourable effect on pro-
fitability.

Table 3 shows the analysis of the gases obtained
from various carbon bearers in the high-temperature
Winkler generator.

Fig. 5 shows the cxbodicncy of the high-temperature
gasification method through the less than 1% of CO:
at temperatures above 1300 °C.
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Fig. 5 Dry gas analysis relating to gasification of

pre-carbonized Rhenish lignite with air using the
Winkler process at various reaction temperatures
( lignite carbonization temperature 300 C)

Process possibilities based on coal reduction gas
Direct reduction process possibilities based on
coal reduction gas

As shown in Table 1, oxygen gasification yieids in
theory a pure CO gas.

As compared with reduction gases having higher H:
contents, this incurs the following problems:

Table 3’
Composition and calorific value of the gases generated wsing various solid fuels at a gasification
temperatare of 1400—1500 °C and adding 200 kg limestone/kg fuel.

Verga- Gasanalyse Helzwers
sungs- Gas analysis (kcal/tmd) :
brenn- co, co Hy CH, N, 5 Calorific| value
stoff (vol.-x | (vel.-%) | (Vol.-%) | (vol.-%) | (vel.-%) | (a/loo mn’é. ||Pet “§I‘OSS
by yol. by Mol. #|by vol. xXxR
Coke traces traces
Koks 0,6 34,0 0,5 Spuren 64,8 | Spuren 1039,7 | lo42,1
:g;:l\iuu- ént}ln*ac itic traced tracos
(85% £1. g 3.8 5.8 | spiren | 59.5 | spuren  [1170,4 |1198,3
Beatand- ( 85
teilel | yolatjles)
Bitumindse | Bitunfinous !
Steinkohle | hard bo 1 traces traces
f16% f£1. ?.g I E!l .0 8,4 Spuren 59,3 | Spuren 1152,9 | 1193,2
Bestand- ( %
saiie) volatfiles)
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(a) As indicated by Fig. 6, higher hydrogen con-
tents in the reduction gas yield better utilization
factors at higher temperatures in accordance with the
equilibrium formulae (Bauer—Glaessner), i.e. lower
surplus volumes are required or lower reduction
temperatures can be employed.

(b) - With recycling of the tail gas, the oxydation
product of the reduction, H:O (steam), can easily be
removed by condensation, especially as the tail gas is
normally cooled anyway in connection with dust
collection.

" In contrast, removal of the carbonic acid gas of the
reduction — where it is not used as a gasifying me-
dium, which is difficult in coal gasification — is a
costly procedure. The carbonic acid gas scrubbing
plant involves a considerable investment and operating
cost outlay.

A further problem is briefly mentioned in this con-
text. Naturally, the profitability of direct reduction
plants, particularly when charging prereduced ores into
conventional pig-iron producing facilities (blast fur-
nace) is governed in substantial degree by the plant
size; these should be in the order of more than 1
million tonnes per annum.

With shaft furnace and also retort processes, diffi-
culties are to be expectéd with large inside diameters
as regards uniform distribution of gas through to the
furnace centre, since in the reactor of the direct reduc-
tion processes, as compared with the blast furnace
shaft, the readily reacting coke is missing as a binding
agent between the ore charge components.

New developments are concerned with positive gui-
dance of the reduction gas in shaft and retort process
to permit uniform gas flow also in big units with the
correspondingly higher and more uniform degrees of
reduction then possible.

The use of reduction gases obtained from non-coking
coal in shaft furnace process,
Existing shaft furnace processes.

Some shaft furnace processes operate on the basis
of the gasification of natural gas with top gas carbon
dioxide as gasification medium. This produces a rela-
tively hydrogen-rich igas. After condensation of the
majority of the water vapour, sufficient top gas carbon
dioxide is recycled as required as a gasification me-
dium to supplement the consumed reduction gas (in-
cluding recycling of the components CO-+H: not
consumed). The remainder of the top gas is used to
help cover the heat requirements for the heavily endo-
thermic gasification and heating of the components.

About 70 per cent of the top gas volume are recy-
cled, after condensation.

The difficulty of applying coal gasification to these
processes lies in the mentioned use of the top gas.car-
bon dioxide as the gasification medium in coal gasi-
fication.

Thus, with both regenerative and recuperative gasi-
fication of coal with top gas carbon dioxide, it is ap-
parent that the gasification processes based on natural
gas must be entirely re-designed. Mention is also
made of the fact that lower utilization coefficients are
to be expected when tthere is a heavy percentage in-
crease in the proportion of carbon monoxide. A cer-
tain control of the proportion of H: permits the use .of -
steam and/or the moisture in ‘the coal.

New shaft furmace processes.
ZEE process

Fig. 7 shows a flow sheet relating ‘to the ZEE pre-
cess.
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Fig, 7

This process is based on the gasification of volatile
coal in the fluidized bed of the Winkler high-tempera-
ture generator with atmospheric oxygen. The exother-
mic heat of reaction of the gasification process pro-
vides the required sensible heat for reduction work in
the shaft. The top gas, which is not suitable for recy-
cling as a gasification medium in view of the high ni-
trogen content stemming from air gasification (there
is no economic method of removing nitrogen), can be
employed for power generation. The high melting point
of the coal ash in the Winkler generator, as obtained
from the limestone addition, permits dry discharge of
the same. The friable ash is a welcome component for
mjxing with cement production materials. These pro-
duction components give the ZEE process its name.

ie., Z = Zement (cement)
E = Eisenschwamm (sponge iron)
E = elektrische Energie (electric energy)
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DMK process

This process is in fact based on gasification using
technically pure oxygen. A line diagram of the process
is shown in Fig. 8.

Fig. 8
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Gasification is carried out in a flame gasifier, in the
same way as with the Koppers-Totzek process. The
gas is introduced into the shaft at the required tem-

perature and with the required surplus volume. The
temperature is obtained from the exothermic gasifi-
cation.

The top gas is not employed as gasification medium;
after condensation separation of the water -vapour of
reduction, the reduction carbon dioxide is washed out
using one of the known scrubbing processes. This
yields a cold recycle gas with an analysis similar to
that of the fresh gas, since it carries the unused CO
and H: components on an almost complete basis.

The cold recycle gas is introduced into:'the sponge
iron discharge, cooling this and protecting it against
reoxydation. At the same time, it is itself warmed and
mixed with the new charge of fresh gas.

The actual reduction gas consumption rate is only a
little above the stoichiometrically required gas volume.
Oxygen consumption and scrubbing costs are economic
factors which must be included in calculations.

The use of reduction gases obtained from non-coking
coal in the fixed-bed process
Existing fixed-bed processes

With the HyL process, the tail gas leaving the retort
after final reduction (FeO—Fe) has an appropriately
higher content of H:0 as compared with  CO: (from
reduction), in accordance with the higher hydrogen
contents of methane gasification with water vapour.
This fact permits use of the tail gas in reduction stages
Fe:0: — Fea(s FeO after condensation of the
water vapour and reheating (recuperative and partial
combustion).

However, if the proportion of CO is very high
through application of coal gasification, and if only
small volumes of water vapour are condensed out,
then the reduction capacity of this gas may under
certain circumstances no longer be adequate for pre-
reduction purposes.

The following table demonstrates this fact using a
simplified flow sheet.

TABLE 4

Simplified flow sheet of the redaction

components in the HyL Process for

various gasification modes

Natural gas gasification

CO H, CO; H;0
Assumed reduction
gas Nm?/t Fe 226 12718 — —_
Reduction FeO - Fe -60 =340 +60 +340
‘Condensation -340
Tail gas for
prereduction 166 938 60
Proportien
CO 4+ H; as % 5—e95.8_5‘{6

Coal gasification

total | CO H, CO; H,O0 total
1504|1128 376 — —_ 1504
+ 400 +300 -100 -300 100 +400
-100
1164|828 276 300 1404
= 78.63 %




Even though this example is greatly simplified, it
does indicate the possibility of the reaction power no
longer being adequate for prereduction, especially with
the retort processes, when taking into consideration
thinhing of the gas by nitrogen of partial combustion
and the residual carbon dioxide from gasification.
Solutions worth looking into include washing out the
carbon dioxide and the development of new gasification
processes.

New fixed-bed processes
Bharati process .
Fig. 9 shows the flow sheet of the modified process.

The basic principle of the process is that ores char-
ged into chamber retorts are brought up to reduction

lemperature by waste gases of combustion or by hot

Fig. ¢
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air ascending through the charge, and then reduced
by rising reduction gases. During both process periods,
the burden remains stationary in the chamber (retort).

. There is also a plant for outside heating of the ore
(shaft furnace, drum), so that the preheating period
in the chamber retort can be eliminated. Preheating of
the reduction waste gases is to be carried out on a
recuperative basis using the waste gas heat.

The reduction gases, made using a conventional
Koppers-Totzek 'generator with oxygen as the gasi-
fication medium and coal dust, for example, as the
gasification material, are condensed together with the
recycle gas for removal of the reduction water vap-
our; they are also scrubbed for removal of the redue-
tion carbon dioxide, so that the product is virtually a
cold reduction gas with a very high concentration of
CO+H: (ratio CO:H: approx. 7:3). This cold gas is
preheated recuperatively using the hot reduction waste
gases, and then flows into the reactor chamber for the
reduction process. Heating can be effected by burning
the waste was with air affer utilization of its sensible
heat and after regeneration. The combustion gases of
the heating gas preheat the dried ores, and enter the
stack.

The fundamental feasibility of the process has been
successfully tested in two pilot plants.

The addition of chamber retorts as required will
permit the building up of integrated plants of high
capacity without having to fear complications as the
capacity is increased. The production rate can be varied
as required by shutting down or starting up the rele-
vant number of chamber reforts.

This example is to be viewed only as a possibility
of the Bharati process.

E.RXK. Process

Mention be made of a new process which is of in-
terest in view of its specific characteristic with relation
to the coal gasification system, too. Ths is the ER.K.
process. It is also conceived as a shaft furnace pro-
cess, and its principle eliminates the discussed diffi-
culties of recycle gas thinning with the HyL process
in that the recycle gas has two circuits. Part of the
tail gas is subjected to condensation and carbon dio-

“xide scrubbing for use as a cooling gas; it is heated

during the rising phase, in a similar way as with the
DMK process, and is then a full reduction component.
Parts of the tail gas use the top gas carbon dioxide as
a gasification medium after condensation. As compar-
ed with the DMK process, the large-scale carbon dio-
xide scrubber plant is substantially less costly. The
fresh gas plant is also smaller as compared with the
other processes, since the cooling gas is used directly
as the reduction gas.
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Fig. 10 shows a line diagram of this type of process Fig. 11
principle (basis CHi-CO gasification).
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1 Blast furnace, standard design
_UNE_DIAGRAM OF THE E.R.K, PROCESS. Tuyeres

Possibilities of fluidized bed processes working
.on the basis of non-coking coal

The fluidized bed processes, which work with very
- rapid gas circulation, normally require very high hy-
drogen concentrations, and this for two reasons:
firstly, high hydrogen contents permit operations with
relatively low reduction temperatures, which is of im-
portance with regard to preventing the caking of the
ore fines in the charge; secondly, high hydrogen con-
tents, which as oxydation products of reduction mainly
have only water vapour, permit simple regeneration
of the tail gas by condensation. Thus, the employment
of carbon monoxide rich gases creates difficulties.
Naturally, there is the possibility, though costly, of
converting the carbon monoxide to hydrogen using
water vapour and then remove the carbon dioxide so
formed by scrubbing. CO+H:0= CO:+ Ha.

Infroduction of reduction gas from non-coking coal
into the blast furnace

In contrast to the problem of charging sponge iron
into the blast furnace, mention is made of an equally
competitive development of the blast furnace process,
namely the injection of reducing gases above the tuyere
level into the bosh of the blast furnace.

Fig. 11 shows a line diagram of such an arrange-
ment.

2
3 Top gas line
4 Gas scrubber
5 Clean gas pump
6 Recycle gas collecting chamber
7 Introduction of hydrocarbons
8 Gas mixing line
9 Cross-connexion to temp. control
1 Ceramic gas cracking furnaces, with pebble
filling
12/13 Crack gas line
14 Gas line
15 Reduction gas feed
16 Slag taphole
17 TIron taphole

It is believed that the blast furnace coke rate can
be cut to less than 300 kg coke/t pig iron, with an
appropriate capacity increase.

In the extreme case, the coke charged into the blast
furnace is employed only for providing coke carbon
and thermal heat. The drop in carbon monoxide is
balanced by the use of a reducing gas (CO and Hi).

Proposals have already been made to exhaust low-
nitrogen boundary gas and use this in part as a gasi-
fication medium on the recycle for gasifying fuel oil
or natural gas.

10/1

The missing quantity of sensible heat of the tuyere
gas is made up by feeding in the reduction gas with
raised temperature. Thus, we virtually have a sponge
iron process inside the blast furnace. Investigations
using small blast furnaces with hearth diameters of
1.5 m have yielded coke rate cuts to about 320 kg/t
pig iron. Part of the nitrogen-low boundary gas drawn
off using special exhausting appliances, dedusted, and
reformed to reduction gas oy mixing in natural gas
and top gas carbon dioxide. With coal-oxygen gasifi-
cation, the carbon dioxide can be scrubbed out and
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the recycle gas then mixed with the hot reduction gas.
The nitrogen balance can be maintained by partial
combustion of the boundary gas. With air gasification,
tuyere gas and reduction waste gases can be drawn off
together. The calorific values of the top gas is increa-
sed accordingly.

Possibilities of using nuclear heat with processes
employing gasification of carbon

Carbon gasification using water vapour and/or
carbon dioxide incurs heavily endothermic gasification
reaction heat and thus requires the contribution of
substantial quantities of heat. The possibility of using
electric power (approx. 900 kWh/ t Fe) as with the
Wiberg Process is too expensive for almost all loca-
tions.

Fig. 12 shows the utilization of the sensible heat of
the helium circuit for a coal gasification process using
top gas carbon dioxide (two-chamber process)

Fig. 12
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D NUCLEAR REACTOR

E TURBINE

F HEAT TRANSFER.

As shown in Fig. 12, the top gas carbon dioxide of
part of the tail gas from the reduction apparatus
(approx. 77 per cent) is employed in a carburator as
a gasification medium for the gasification of coal. The
required quantity of heat is obtained by using the
sensible heat of the helium circuit of a nuclear reactor,
this being effected on a recuperative basis. The residual
sensible heat of the helium behind the carburator is
recuperatively employed for the generation of steam
and electri¢. power. High temperatures are required for
almost complete gasification to CO. This heat is to be
providéd 'on the one hand by the nuclear reactor (He
initial temperature 1200°C), and materials-
withstand such temperatures recuperatively, particu-
larly as the expensive helium must be returned to the

“which -

nuclear reactor in perfect condition. Plans are also
held regarding the accelerated .use of catalysts (e.g.
Na:COs). s

-Silicon carbide or MMO matcnals are to be envi-
saged for recuperators. Pressurized operations (approx.
40 bar) are envisaged to reduce the recuperator cross-
sectional dimensions. To counter pressure losses, seal-
ing tubes of soft iron are inserted into the tubes. At
the moment, neither the helium outlet temperatures of
1200°C nor the recuperator material aspects have been
fully clarified from the operating technology viewpoin.
This also applies to the use of intermediate heat car-
riers, e.g. lead baths.

The use of nuclear reacfor heat can also be of in-
terest for the generation of reduction gases on a coal
basis for injection into the blast furnace shaft..

Manufacture of briquettes and/or coke from non-
coking coal, experience ga‘ned charging such
materials into the blast furnace

In countries with surplus non-coking coal or insu-
ficient coking coal, prereduction is doubtlessly not the
sole solution: as a result of extremely promising new
developments, fthe possibility of manufacturing bri-
quettes or formed coke to replace conventional blast-
furnace coke must also be taken inte consideration.

The basis is the agglomerating of non-caking coal
unsuitable for normal coking procedures to make for-
med bodies which are then degassed. Accordingly
coke-like bodies definitely suitable for the blast fur-
nace can be made of almost all grades and sorts of

. ‘coal.

All these new processes share a common feature;
in contrast to the conventional coking process, which
15 discontinuous, they are continuous in operation.
This is extremely suitable as regards adopting mea-
sures aimed at prevention of air contamination; the
processes may thus be termed progressive as regards
protection of the environment,

. A condition for the use of such coke in the blast
furnace is the availability of adequate abrasion
strength and fracture strength, limitation of the residua
content of volatiles, adequate reactivity, and adequate
voidage.

Methods of manufacturing formed coke

As already mentioned, the basis of formed coke is
the agglomeration of coal fines to obtain a solid body,
which is then degassed. These bodies cab be made by
briquetting or pelletizing. This can be effected cold,
using some binder, but also by adding caking coal
at temperatures between 400 and 500 °C. |

Accordingly, the following processes are arrived at:

hot briquetting

hot pelletizing

cold briquetting

cold pelletizing

283
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Hot briquetting process

This is described on the basis of the BF Lurgi hot
briquetting process. Fig. 13 shows a line .diagram
of this process.

The prime feature of this process is the elimination
of the following coking operation by mixing.in a hot
mixer the fine-particle carbonizing coke (0—3 mmy
obtained in the fluidized bed or using the LR low-tem-
perature carbonizer. Mixing is accompanied by the
addition of dried caking coal. The coking coal is de-
gassed by the effects of heat. The generated low-tem-
perature carbonizer. Mixing is accompanied by the
5000 kcal/Nm® (that from the fluidized bed approx.
1500 kcl/Nm®). Condensation components of the
gas cooling phase are returned to the mixer.

A pilot plant with a capacity of approx. 100 tpd
has been in operation for a number of years; an in-
dustrial plant rated at 300 tpd is under construction;
a further plant for 650 tpd is to be built. Project work
is be'ng carried out for plants with capacities of up
to 3 million tonnes of hot briquettes per annum. Eli-
mination of post-coking proper keeps the investment
costs low. The hot briquettes can also be coked, re-
ducing their content of volatiles to approx. 1%.

Cold briquetting
Fig. 14 shows a line diagram of this process.

The fundamental cons‘deration behind this process
is the briquetting of non-coking coal, particularly
weak and medium-caking coal, using tar pitch. The
product is then degassed in a rotary kiln. The flow
sheet illustrates the arrangement.

In contrast to the conventional coking process, rapid
heating (to 20°/minute) is advantageous in the case
of weak caking coal. Coals with higher contents of
volatiles call for shorter heating times. The heating
time is a yardstick for the size of the coking facility.

Apart from the selected example, the following co-
king facilities are also in use: shaft furnaces, chamber
furnaces, sintering grates, rotary hearth units.

Hot pelletizing process

In this process, the caking coal is pelletized in a
“rotary coker” at temperatures of approx. 450 °C on
the basis of the plasticity of the excluded volatiles
and small additions of binders such as tar. The pellets
have a non-uniform shape. They are subsequently
coked (process of the Consolidation Coal Company,
USA).

Cola pelletizing process

Coal fines are conventionally pelletized using cold
binding agents such as bentonite, sulphite liquor, etc.
A good proportion of self-caking coal is expedient. In
this case, it is expedient to dry the pellets prior to
the actual coking phase. Coking can be effected in one
of the ways described above.

Fig. 15 shows a flow sheet of one of these processe?.

“and the charging of formed coke or hot

Experience gained with .formed coke in the blast
furmace

A range of Tavourable results have been obtained
with formed coke in the blast furnace. Table .5 shows
a list of results obtained using formed coke relating -to
their charging into blast furnace, some of higher ca-
pacity, in the amount of more than 30000 t.

Most of the results show that formed coke is in cer-
tain respects a full substitute for normal metallurgical
coke. Of special interest are the results obtained for
hot briquettes, i.c. without subsequent coking; these
can be processed without difficulty in spite of having
a proportion of volatiles in the order of more than
7%. Lowering of the top gas temperature and a desi-
rable increase in the calorific value of about 100 kcaly
Nm® top gas were the special points .of hot briquette
charging. No detriment to the gas system by the con-
densation of tarry components was noted.

There can be little doubt that the charging of certain
grades of formed coke made from non-coking coal can
attain significance in future, especially if there is any
shortage of normal metallurgical coke.

Summary

A review is given of the possibilities of reducing iron
ores on the basis of non-coking coal. Direct reduction
on the basis of reducing gases obtained from such coal
briquettes
made from such coal are the available possibilities.

Brief indication is given to.the possibilities of using
nuclear energy in future times.

Decisions regarding the selection of the most suit-
table of the discussed methods should be made on the
basis of a Feasibility Study and industrial tests. These
should compare both the commercial and the technical
aspects of each process.

Brief mention is made of the problems involved

when converting to gas reduction processes.
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