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Refining steel to below 0,01 per cent carbon by
oxy-hydrogen lance without argon

by W. BLELOCH*

SYNOPSIS
In the process described, hydrogen is used to generate high-temperature steam and oxygen in the molten bath.

Steel is decarburized to Iow levels to produce a pearlite-free steel suitable for deep drawing.
The process makes use of the favourable thermodynamics in the reactions between steam, carbon, and iron,

as well as providing high-temperature oxygen for the decarburizing reaction. The process can easily be incorporated
in existing BOF (basic oxygen furnace) plant but can also be contemplated as a greenfield process.

SAMEV A TTING
In die proses wat beskryf word, word waterstof gebruik om hoetemperatuurstoom en -suurstof in die gesmelte

bad te ontwikkel. Staal word tot lae vlakke gedekarburiseer om 'n perlietvrye staal te lewer wat geskik is vir diep-
trekking.

Die proses maak gebruik van die gunstige termodinamika in die reaksies tussen stoom, koolstof en yster en
voorsien hoiHemperatuursuurstof vir die dekarburiseerreaksie. Die proses kan maklik by 'n bestaande BSO (basiese-
suurstofoond) -aanleg ingesluit word, maar kan ook vir 'n aanleg wat van die grond af opgebou moet word, oorweeg
word.

Introduction
The production of low-carbon, pearlite-free steels for

deep drawing (Le. a carbon content of less than 0,01 per
cent) can be done by a variety of processes. Modern dual-
top and bottom-blowing techniques, as well as oxygen-
inert gas methods such as argon-oxygen decarburization
(AOD) and vacuum oxygen decarburization (VOD) are
able to produce steels with low contents of interstitial
elements.

During the 1960s, more than 6 Mt of steel were pro-
duced in a bottom-blown steam-oxygen converter by the
Steel Company of Wales. This steel had excellent metal-
lurgical properties, but the complexity of the converter
bottom and the short refractory life (about 30 heats) led
to the eventual demise of the process.

At present, there are over 80 semi-continuous and con-
tinuous wide strip mills in the USA, the EEC, and Japan.
These mills have an output of over 120 Mt/a of hot-rolled
plates and coiled strip with carbon contents between 0,05
and 0, 12 per cent. The low-carbon (0,02 per cent) silicon
steel (2 to 4 per cent silicon) produced in these mills
amounts to some 6 to 8 Mt/ a. The lowering of the car-
bon content of these steels to the pearlite- free region
would have substantial advantages in power consump-
tion, heat treatment, control of strain aging, and form-
ability.

The technique proposed in this paper makes use of the
favourable thermodynamics in the reactions between
steam, carbon, and iron, as well as providing high-
temperature oxygen for the decarburizing reaction. The
process can easily be incorporated in existing BOF (basic
oxygen furnace) plant but can also be contemplated as
a green field process.

* Private consultant, 17 Rockridge Road, Parktown, Johannesburg
2193.

@ The South African Institute of Mining and Metallurgy, 1987. SA
ISSN 0038-223X/$3.00 + 0.00. Paper received 11th November,
1985.

Outline of the Process
Top blowing with oxygen and steam in a Linz-

Donawitz (LD) converter is impossible because the steam
would condense on the strongly water-cooled lance, while
bottom-blown steam-oxygen mixtures form the subject
of another process, Le. the Creusot-Loire-Uddeholm
(CLU) process for the production of stainless steel.

The use of hydrogen to generate high-temperature
steam and oxygen in the molten bath has the following
advantages.

(l) The flame has a low carbon monoxide content, which
favours the thermodynamics of the decarburizing
reaction (compared with a flame generated by the
combusting of a hydrocarbon, which could be con-
strued as an alternative to the generation of a steam-
oxygen mixture).

(2) The high flame speeds allow for a stable high-velocity
flame with good penetrating (high momentum)
power. For example, a flame with a hydrogen-to-
oxygen ratio of 2 to 1 would have a flame speed! of
3200 m/s and an oxygen speed of mach 3.

(3) The high flame temperatures (approximately 2800 K
at stoichiometric ratios, Le. hydrogen-to-oxygen
ratios of 2 to I, and 2600 K at 200 per cent oxygen
stoichiometry, Le. hydrogen-to-oxygen ratios2 of 1
to 1) gives rise to
(a) high-temperature oxygen and steam, which

favour carbon oxidation, especially in the pre-
sence of alloying elements e.g. chromium;

(b) high rates of decarburization.

Thermodynamics
The decarburization of steel with steam can be explain-

ed by the following relationships:

2 H2 + °2 '" 2 H2O ilG~ = - 493 240 +
111,8 T (1)

and
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2 Fe + °2
.,. 2 FeO ~G~ = - 518738 +

125 T. (2)

The oxidation of iron by steam is given by

Fe + H2O - H2 + FeO, (3)

and the Gibbs free energy change, ~Go, is given by

~G~ = 12749 + 6,6 T

at 1873 K (1600°C)

~ G~ = 387 J per mole of H2.

The relevant data have an accurac~-5 of :t 12,5 kJ.
Thus, the oxidation of iron by steam is minimal. How-
ever, the reaction of steam with oxygen is thermodyna-
mically more likely to occur and is derived from the
oxidation of carbon and hydrogen as follows:

2 C + °2
.,. 2 CO ~G~ = - 223212 -

175,1 T, (4)

and

2 H2 + O2 .,. 2 H2O ~G~ = - 493 240 +
111,8 T (5)

gives

H2O + C .,. CO + H2 ~G~ = 270028 -
289,9 T. (6)

Thus, at 1873 K

~G~ = 273 kJ per mole of steam.

A comparison between the values of ~G~ and ~G~ at
1873 K clearly indicates the preference for reaction (6)
over reaction (3). Although it is most probable that higher
temperatures will be encountered, temperatures ap-
proaching the theoretical flame temperature6 (3100 K)
are unlikely, so that the accuracy of the thermodynamic
data should not be severely compromised.

Experimental
The philosophy of the process is to provide a highly

penetrating high-temperature flame to facilitate decar-
burizing. Therefore, much of the experimental work in-
volved the investigation of nozzle design, as well as the
correct ladle design and jet penetration7. Because of the
need for intense water cooling of the lance, steam as a
primary decarburizing agent (as pointed out earlier) can-
not be considered. Thus, the only alternative is the use
of hydrogen to generate steam outside the lance.

The design used in the initial tests incorporated a nozzle
through which oxygen was piped down the centre, while
hydrogen was piped through the outer annulus of a con-
centric nozzle arrangement (Fig. 1).

Several tests were done on charges of 60 kg, and these
provided practical results on which the final design was
based. Typical results obtained are shown in Table I.

The results in the second series of these tests indicated
that the process was feasible and also solved a number
of the engineering problems related to water cooling, jet
penetration, and required gas pressures.

These and other tests showed that, for sufficient pene-
tration, a velocity greater than mach 1 would be required,
and that it should be the oxygen gas that is given the
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All dimensions in mm

Fig. 1-lnitial design of the lance nozzle
(a) 2 mm H2-O2 nozzle
(b) 3 mm H2-O2 nozzle

momentum through a converging inwardly-diverging an-
nulus. The results were sufficiently promising to justify
more extensive testing.

It is essential to keep the overall ratio of hydrogen:
oxygen to 1,7: 1 or lower for reasons of safety. The ratio
1,2 to 1,0 corresponds approximately to 25 per cent
oxygen and 75 per cent steam in the flame.

The final design for the large-scale tests was based on
the following requirements:

. fail-safe operation

. correct ladle geometry

. high velocity of oxygen gas to provide penetration of
the bath.

Fail-safe Operation
The control system was designed to eject the lance when

the following unsafe conditions occurred:

(1) low water flowrate
(2) low water pressure
(3) high water temperature
(4) low gas pressure (oxygen or hydrogen).

All the systems were designed to extinguish the flame
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Series I Series II

Item 1 4 8 3 4

Mass of charge,
kg 60 60 50 25 25

°z
pressure,

kPag 440 1100 770 450 450

°z
flowrate at

n.t.p., lImin 360 855 510 310 310

Hz flowrate at
n.t.p., lImin 360 2140 1100 300 to 700 300 to 700

Height of orifice
above bath, cm 12 6 12 12 2

Cooling rate,
lImin 11 11 140 140 140

Duration of
blow, min 4,3 1,5 1,0 7 7

Initial C con-
tent, % 0,4 0,3 0,5 5,75 4,3

Final C content,
% 0,17 0,10 0,23 0,006 0,003

Ratio of bath
diameter to
bath depth 1,0 1,0 1,07 2,0 2,9

Remarks Lance Melted with oxy-fuel
failed burner as energy source

TABLE I
RESULTS OF THE PRELIMINARY TESTS

n.t.p. is defined as 273 K and 101,3 kPa

as the lance is ejected. A photograph of the complete rig
is shown in Fig. 2.

Ladle Geometry
Special attention needs to be given to ensure optimum

penetration without damaging the refractories. As shown
in Table I, ratios of bath diameter to bath depth of
between 1 and 3 were tried, and it can be seen that the
best results were obtained with ratios of about 3 to 1.
Fig. 3 gives the internal ladle dimensions used for the
larger-scale work conducted at a major steel producer.
The ladle had a monolithic magnesite lining 100 mm
thick, and a lid (steel sheet) was used after the first test.

Nozzle Design
The nozzle used in the final tests is shown in Fig. 4.

The main features are a straight-through concentric pipe
in the centre through which the hydrogen passes while
oxygen passes through the converging-diverging annulus.
Oxygen converges inwardly towards the hydrogen at
speeds approaching mach 3. Good mixing occurs and,
on ignition, the flame stabilizes and burns close to the
burner tip.

The equation defining the oxygen flowrate at the throat
is given by Anderson8 as

(
2

)
1+1h-l

WZ = A2 . p
'P "V - . g

'l tool
"(+1 '

while the mass flowrate in the expanding region is given as

Fig. 2- The large-scale lance-injection system

w: ~ A;' P. . Po . ~ (~) [1 - (=J
u,

]

(;:}h . g,

where Wt - mass flow of oxygen at the throat at t
degrees kelvin

We = exit mass flow of oxygen
Po = density of oxygen
Po = pressure of oxygen at throat
"( = ratio of specific heats (Le. Cp/Cv = 1,4)
g acceleration due to gravity

At = throat area
Ae = exit area of nozzle.

The dimensions given in Fig. 4 enable the nozzle to use
up to 26 m3 of hydrogen and 13 m3 of oxygen per
minute.

The lance itself was constructed of concentric copper
tubes, and the nozzle was attached to the inner pipe.

Large-scale Tests
These tests were carried out at a major steel producer,

where large volumes of oxygen were easily available. This
venue also provided the infrastructure for material
handling and metal analysis.
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Fig. 3-Design of the ladle used in the large-scale tests
O2 pressure = 400 kPag Q = 2,15m3/min
H2pressure = 310 kPag Q = 4,95 m3/min

150 kPag Q = 2,15 m3/min

H=250mm

FN - 0,312 x 58 -J - 3,14 - 5,8

Penetration = 178 mm

The source of hydrogen was of some concern, and
caused a number of problems throughout this investiga-
tion. Hydrogen is usually supplied in high-pressure cylin-
ders at 16800 kPag (2500 psi) but, owing to the low den-
sity of the gas, each cylinder contains only 0,3 kg of gas
or 6 m3 at normal temperature and pressure. Thus, to
obtain sufficient quantities at the rates and ratios need-
ed, banks of cylinders were required for each melt.
Further, the flowrates were so rapid at times that the regu-
lators could not handle the flow.

The metal was melted in an electric-arc furnace, the
ladle being preheated with a gas burner and further heated
by the reladling of hot metal. Metal for decarburizing was
then tapped into the ladle. The mass of metal poured was
measured, and the ladle transported to the decarburizing
site. Before the start of decarburizing, all the flow pres-
sures were checked. The metal was analysed for its car-
bon content during the course of the blow, and the gas
ratios were adjusted as required. The total time of blow-
ing was also recorded.

Results of Decarburization Tests
The results of the large-scale experiments are shown

in Fig. 5 and Tables 11 and Ill. Fig. 6 clearly indicates
the intense decarburizing reaction of the process.

It is clear that the method is capable of producing very
low carbon contents (less than 0,01 per cent), and that
the rates of decarburization are somewhat faster than in
the LD converter, i.e. of the order of 0,35 to 0,4 per cent
carbon per minute, compared with LD rates of 0,25 to
0,3 per cent carbon per minute.

The removal of silicon presents some problems, al-
though there is evidence to show (melts 13/10 and 19/11)
that silicon can be removed. The starting carbon in heat
19/11 was 0,38 per cent and the silicon 0,35 per cent,
while the ratios of oxygen to hydrogen were higher, at
1 to 1,7. However, as far as the process is concerned, the
removal of silicon should not be a problem since it is en-
visaged that the process would follow a normal LD blow
during which the silicon content would be reduced to re-
quired levels.

Very small losses in mass were recorded (between 1,5
and 3 per cent).

The material obtained in heat 19/11 was remelted in
an induction furnace, and electrolytic chromium was
added to give the final composition shown in Table IV.

This steel was cast into slabs, cold rolled, and submit-
ted for corrosion and metallurgical tests. The results of
these are shown in Tables V and VI.

Weld tests were also conducted. The weld joint is
shown in Fig. 7, and a photomicrograph of the fusion
boundary is shown in Fig. 8. The presence of pearlite is
due to the use of filler material of a higher carbon con-
tent. No filler material of comparable carbon was avail-
able. Hardness tests indicate that no embrittlement of the
parent metal occurred.

Corrosion tests were conducted in two different elec-
trolytes, and curves of potential versus time were plot-
ted. A 1 per cent sulphuric acid and a 3,5 per cent sodium
chloride solution were used, and the material was com-
pared with a 304L stainless steel, 3Cr 12 (11,5 per cent
Cr) steel, and a mild steel. All the specimens were sur-
face ground on an 80-grade silicon carbide paper, de-
greased in alcohol, and left in a desiccator overnight.
Potential measurements were started immediately after
immersion in the solutions at 295 K using a standard
calomel electrode (SCE).

The metallurgical results indicate that the material is
indeed pearlite free (Fig. 9) and has low strength suitable
for deep drawing (Table V). The material is easily weld-
able. There is no evidence of hydrogen embrittlement but,
as no hydrogen analyses were done at the time, the ac-
tual hydrogen values are unknown.

However, this phenomenon is unlikely to cause prob-
lems since hydrogen embrittlement for low-carbon steels
will occur far beyond the yield point, if at al19.Further,
only small amounts of argon would be needed to flush
out hydrogen from the melt after decarburization, as oc-
curs at present in the CLU process.

From a corrosion point of view, the material is superior
to mild steel (Table VI) but does not compare favourably
with other higher-chromium steels (except with 3Crl2 in
1 per cent sulphuric acid).

200 JULY 1987 JOURNAL OF THE SOUTH AFRICAN INSTITUTE OF MINING AND METALLURGY



Hydrogen

Oxygen

Nozzle centre
support

Fig. 4-Design of the final lance nozzle
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TABLE II
PARAMETERS OF LANCE DESIGN

Blowing Nozzle Total

Melt °2
annulus H2 orifice °2

pressure H2 pressure time °2 flow - H2 flow height blowing Water flow.

no. mm2 mm2 kPa kPa min m3/min m3/min mm time, min l/min

28/9 37,58 7,07 500 500 8 2,1 2,1 120 10 270

800 2 2,5

1110 37,58 7,07 700 380 5 3,0 1,2 240 8 270

700 2 3,0 2,2

1100 I 3,0 3,5

9/10 6,32 4,91 450 300 4 0,31 0,31 120 7 146

700 3 0,31 0,72

13/10 37,58 7,01 700 380 4 3,0 1,2 240 7 270

700 2 3,0 2,2

1100 I 3,0 3,5

15/10 37,58 7,07 700 380 4 3,0 1,2 240 7 270

700 3 3,0 2,2

1100 I 3,0 3,5

19/11 37,58 11,34 700 600 I 3,0 3,0 240 5 270

920 2 3,0 4,5

1000 2 3,0 5,1

.The rise in water temperature in all cases was less than 10°C

TABLE III
RESULTS OF THE LARGE-SCALEEXPERIMENTS

Charge Final Initial Final Ratio Metal analysis.

Melt mass mass temp. temp. of H2

no. kg kg °C °C to O2 C Si Mn S

28/9 1,0 3,2 0,58 0,60 0,66(1)

350 345 1580 1650 1,0 0,022 0,49 0,13 0,060(2)

1/10 0,4 3,02 0,74 0,61 0,067(1)

300 295 1580 1700 0,73 0,006 0,53 0,11 0,056(2)

1,17

9/10 1,0 4,3 carbon eq. (I)

25 nd nd nd 2,3 0,003 C (2)

13/10 0,4 3,0 0,44 0,49 0,046(1)

300 290 1560 1700 0,73 0,011 0,19 0,13 0,040(2)

1,17

15/10 0,4 3,2 0,93 0,71 0,040(1)

250 246 1520 1720 0,73 0,006 0,89 0,11 0,03 (2)

1,17

19/11 1,0 0,38 0,35 0,49 0,021(1)

250 245 1530 1700 1,5 0,006 0,Q2 0,08 0,02 (2)

1,7

.Phosphorus showed no change and varied between 0,06 and 0,09 per cent (1) Initial (2) Final nd Not determined

TABLE IV

COMPOSITION OF LOW-CHROMIUM, LOW-CARBONSTEEL

Element 070 Element 070

C 0,009 Ni 0,10
Mn 0,09 Mo 0,02

Si 0,14 Cu 0,04

S 0,015 Al 0,137

P 0,024 Sn 0,017

Cr 3,12 V 0,006
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l

Fig. 6-Decarburization of the 300 kg melt

Fig. 7-Macrograph of the weld,
showing the hardness values-

Vickers HV 10 (2,5 x)

Fig. 8-Fusion boundary zone of
the welded low-chromium steel (70

x etched)
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96,0 x 106 0,2241

70,2 x 106 0,1639

102 x IOJ] 0,0052
2,2 x 106

1,08 x 106 0,0025

4,0 x 106 0,0089

173,58 x 106 0,4046

12,25 x 106 0,0286

161,33 x 106 0,3760

TABLE V
RESULTS OF THE METALLURGICAL EXAMINATION OF

LOW-CARBON, LOW-CHROMIUM STEEL

Conditions
Gauge length
Diameter
Yield load
Ultimate load
Extension

mm
mm
kN
kN
mm

Results
Yield stress MPa
Ultimate stress MPa
Elongation %
Reduction of area %
Hardness: Rockwell 13-HRB

Brinell

50,00
14,40
26,10
49,40
25,80

160,26
303,33

51,60
82,60
33
69

(23 243 psi)

(43 994 psi)

Bend test-180° bend at a radius equal to the thickness of the speci-
men: No cracking

Weld bend test-180° bend at a radius equal to the thickness of the
specimen: No cracking

TABLE VI
CORROSION TESTS

Eeorr. (V SCE)

Specimen 1% H2SO4 3,5% NaCI

Mild steel
3% Cr steel
3Crl2
304L

-0,570

- 0,490

-0,484

- 0,382

- 0,646

-0,582

-0,358

- 0,330
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T ABLE VII

COST OF ELECTROLYTIC HYDROGEN AT 51 000 NmJ/h

Rand per
annum

Rand per
NmJ

1. Capital cost R400 x 106
24% of annual capital charge

2. Cost of utilities
a. d.c. + a.c. electric power

230 MW at R25/kW/month
b. Cooling water 30,4 mJ/h
c. Feed water 45 t/h caustic potash

3. Manning

4. Maintenance (1% of capital cost)

Total cost

5. Oxygen credit at R40 per ton

Overall cost

Economics
The process economics are essentially related to the cost

of producing hydrogen since oxygen is readily available
at most steel-producing sites, either in bulk liquid form
or from an on-site plant. Modern techniques of hydrogen
production are reliable and can produce significant
amounts at a reasonable price. A breakdown of costs of
a hydrogen-production facility is shown in Table VII.

Thus, with a hydrogen cost of RO,376 per cubic metre,
the cost per ton of steel (on the basis of a starting carbon
concentration of 0,4 per cent) is Ri7 ,29 for the hydrogen
and approximately Ri ,00 for the oxygen. Other factors
such as faster decarburization rates and a greater recovery
of iron must be assessed. Credit for oxygen from the
hydrogen plant is minimal unless it is on a green field site
or other commercial factors prevail.

Fig. 9-Micrograph of the
chromium steel indicating
the pearllte-free structure

(100 x)
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Conclusions
(1) The oxy-hydrogen process can decarburize steel to

low levels to produce a steel suitable for deep draw-
ing.

(2) The process can be used in tandem with existing LD
steelmaking processes. Problems related to steel
chemistry such as sulphur and phosphorus removal
are therefore easily resolved.

(3) The practical result appears to be fairly well described
by the thermodynamics, although further tests on a
larger scale are required to allow for greater con-
fidence in process control.

(4) The steels so far produced are pearlite-free and
suitable for deep-drawing. Low-chromium, low-
carbon steels also show improved corrosion resistance
over mild steel while still maintaining the low strength
and high ductility of mild-steel.

(5) Further large-scale tests are now required so that the
results obtained initially can be confirmed and the
costs determined more accurately.
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Wear in the mineral industry
The Engineering Committee of The Institute of Metals

and the Tribology Group of The Institution of
Mechanical Engineers are organizing, under the Chair-
manship of Dr Peter J ost, an international conference
to be held in London at The Royal Society from 20th to
22nd September, 1988. Under the title ANTIWEAR '88,
this combined conference-workshop will consider solu-
tions to problems caused by wear in the handling and
transportation of minerals in the coal, gold, quarrying,
iron ore, and related minerals industries.

Wear is responsible for excessive costs and production
losses, often followed by plant breakdown, during the
various stages involved in transporting materials from the
cutting faces to processing operations. There is an urgent
need, therefore, for greater understanding of the real
causes of plant failure and their elimination through im-
proved machinery design. As a result, greater knowledge
is required of the engineering facets underlying tribo-
logical design-design to minimize wear-and on the in-
creasing role of materials technology in design and oper-
ation.

All aspects of wear will be dealt with by ANTIWEAR
'88 under the following main headings:

. Materials developmentin minerals handling and
transportation

. Developmentsin designof operational systems,plant,
and machinery for reliable handling of minerals. Wear in hydrometallurgical processes

. Wear failure and damage control and preventative
measures

. Condition monitoring and surveillance methods and
equipment

. Unfulfilled needs and the promise of new materials
design

. Management for wear control.

Since these problems are worldwide, it is expected that
operators and engineers from many countries will attend
ANTIWEAR '88, which is expected to be one of those
rare conferences where the cost of attendance will be
recovered in weeks rather than years. Researchers, de-
signers, and operators wishing to submit papers should
contact

The Conference Manager
The Institute of Metals
1 Carlton House Terrace
London SWIY 5DB
England.
Telephone: 01-8394071. Telex: 8814813.

JOURNAL OF THE SOUTH AFRICAN INSTITUTE OF MINING AND METALLURGY JULY 1987 205



A pplied rock engineering
CARE '88-Conference on Applied Rock Engineer-

ing, organized by the Institution of Mining and
Metallurgy and the Department of Mining Engineering,
University of Newcastle-upon- Tyne, in association with
the British Geotechnical Society, the British Tunnelling
Society, the Institution of Mining Engineers, and the
Society of Petroleum Engineers, will be held from 6th
to 8th January, 1988, at Newcastle-upon-Tyne, England.
It will be devoted to the presentation and discussion of
papers by international experts in the field of rock
engineering.

The topics will be as follows.

Laboratory and field measurements
. Rock strength indices
. Novel methods of measuring rock strength
. In situ measurements of stress
. Hydrofracturing techniques
. Monitoring of rock mass performance
. Instrumentation

Rock drilling and excavation. High pressure assisted cutting techniques
. Shallow drilling
. Exploration drilling
. Oilwell and geothermal drilling
. Water wells
. Blasting techniques

Underground openings and structures
. Designof tunnelsand undergroundstructures

Silver
'Silver-Exploration, Mining and Treatment', an in-

ternational conference organized by The Institution of
Mining and Metallurgy in association with the Camara
Minera de Mexico and the Silver Institute, is to be held
in Mexico City from 21st to 24th November, 1988.

In addition to the technical sessions, at which there will
be simultaneous translation into English and Spanish,
field and plant visits will be made to silver operations in
Mexico. A programme of local sightseeing tours will be
organized for registrants and accompanying persons.

The Organizing Committee welcomes the submission
of abstracts of papers intended for publication in the
preprinted volume of papers (Silver-Exploration,
Mining and Treatment, which is to be published in
September-October 1988) and for presentation at the
technical sessions. Abstracts in English (250-300 words)

. Support re.quirements and roof design. Roof bolting. Pre-mining state of stress

. Subsidence

. Case studies

Computer methods and modelling
. Stress determination around structures
. Hydrofracturing and prediction of fracture length and

direction
. Modelling

Surface mining operations. Slope design

In addition to the three days of technical sessions, a
programme of field visits and social events is planned,
together with an exhibition of relevant products and
serVIces.

Full details of the Conference and its associated events
will be given in the Second Circular/Registration Form,
which will be sent in September 1987 to those who re-
quest it from the following address:

The Conference Office
The Institution of Mining and Metallurgy
44 Portland Place
London W1 N 4BR
England.
Telephone: 01-580 3802. Telex: 261410 IMM G.

should be submitted before 1st October, 1987, to

The Conference Office
The Institution of Mining and Metallurgy
44 Portland Place
London WIN 4BR
England.

The completed manuscripts of selected papers will be
required to be submitted before 1st April, 1988.

All enquiries in connection with the Conference should
be addressed to the Conference Office of the Institution
of Mining and Metallurgy (telephone 01-5803802, telex
261410 IMM G). Copies of the Second Circular/Registra-
tion Form (to be issued in April-May 1988) will be sent
to those who request it.
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