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E=9(74) 3277 final t Brussels, 11 September 1973

Proposals of financial aid for various types of
technical iron and steel resea:n‘qh
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Crig. D
COMEISSION o
OF Ti5 JULY 1974
EURQPEAN CUGIUNTTIES .

ME MORANDUM

on ECSC financial aid, under Article 55 (2¢)
.of the ECSC Treaty, for a research programme on

"BLASTwFURNACE TECHNOLOGY"™

. aia P - -

!

I. INI'RODUC’I‘IOE

The two main factors which are influencing the trend of applied
research in blast-furnace technology are the cost and availability of
enargy sources which can be used for blast furnaces.

The scarcity and rising cost of blast-furnace coke together with the
situation in the hydrocarbons sector are causing blast-furnace operators
to reconsider the whole problem of energy for ironwore reduction.

The proposed research topics include the following problem areas:

(1) Study of rcaction kinetics in blast furnaces in the temperature
" range of 950=1150 °¢ (P 102).

(2) study of the optimization of the properties of briquettes for
use in blast furnaces (P 135).

(3) Study of the behaviour of refractory substances in blast furnace
runners (P 129).

IT. NATURE AND ATMS EE:THE PROPOSED RESEARCH

1, Influence of hydrogen on the reducing behaviour of iron oxides

at o high temperature in the presence of reactive coke

The objeot of the research is to investigete more closely the phenomena
whieh occur in blast furnaces at temperatures between 950 and 115000. This
tempergture‘range has been poorly explored in theory. It is the range in
which coke gasification and wustite reduction take place.
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Preliminary research has shown that a rise in the proportion of
hydrogen in the blast~furnace gas greatly increases the kinetics of the

‘px*ocasa of direct peduction in the furnace. What now has to be established
48 whether this effect is observed when various types of ooke and various

ores are used, It is plamned to inject propertions of hydrogen of up to
20% (remainder CO-and Na). . The tests will be carried out in a test furnace.
It is expeoted to obtain botter knowledge of the reactive process in the
well of the furnace. The results should provide a theoretical basis for
large-scals use jn blast furnaces of hydrogen(generated with the aid of
¢heaper nuclear energy), The results are naturally of particulay intevest
to those Community countries which do not have large supplies of fossil
fuels at their dispesal,

B]

2 Qgtigization of the shape and Brogerties of bricuettes

for uvee in blast furneces

In sddition %o the construction of large coking plants, the use of
continuous ookewproduction processes will became increasingly inportant
as regards energy for blast furnaces .

".L‘here is no need to widerline the adx}antages which ensue from the
raa,d,j availability of raw material. - The briquettes which are to be used
in the proposed research will be produced by the ANGIT method. Brigueites
produced by this method are at present the only type available in quahtities
sujtable for industrial use. '

In the period 1970+1973 this type of briciuette was {ested in emall
quantities in four different blast furnaces. On the one hand the tests
showed that the mechanical properties of the briquettes were very satis-
faotory, On the other hand, the'permeability index declined in every
oa@e, probably owing to the fact that ,the briquette is less 'p'oroﬁaq.

Gonaequen*bly, the objeat Qf the proposed. research project is as
followaz-

- tp determine the optimum shape for brique’t‘bes,

- %0 optimiqe the product from the point of view of abrasion and
porosity.

L
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Threc different coke grades are to be used. Testing should last
3w4 weeks in each case, It is plamned to use one of Thy Marcinelle et
Monceau's blast furnaces with a hear{&h diameter of 5;3 n, A total of
25,000 t of briguettes will be involved, ° ' '

3a Study of the behaviour of refractories in blast~furnace runners

The degree of automation and mechanization in Blsgt furnaces is
generally very high. The drawing of the ore, sinter and coke from the
bunkers, the charging process and the control of the air blast generally
take place without the use of human labour. Exceptions are the opérationé
effected in the casting bay and on the furnace platfom for which no more

than partial mechanization has been achieved so far.

The cobject of the proposed research is to subject refractory sﬁbstancés
used in the blast-furnace runners to systematic testing under the various
' essential structural conditions, It is hoped in this way to arrive at
longer furnace life. This is desirable not only for econmmic reasons but
also for ergonamic and metallurgical reasons, and to achieve production runs
which are as troubleufrée'as possible. | |

The tests will be conducted on a mock-up plant. By using an electrow
magnetic runner it is possiblc to feed 5 t of pig iron to a circuit in which
furnacewrunner sections are incorporated in a size ratio of'1:1. Flow rates
of up to 500 t/h can be achieved, Among other things the tests should show
whether a mechanical leak and re~lining of the runners with refractories is
nmore advantageous than the prefabrication and replacement of all the runners.

III. OPINION OF THE CQMITTEES OF EXPERT S

Aftver, examination by the subwcomittees of experts and the Iron and
Stecl Technical Resecarch Committee, it was decided to make this a top-
priority project and to propose it for ECSC financial aid.
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IV, Eyggg}OK.AND COST CF THE WORK ~ FINANUCIAL ATD PROPOSED

i

bl

Ref. | Title of Project  |Duration| Total Budget Financial Aid
' Years

% Amount .-

e " L) " " - "

P 102 | Study of reaction 2 FFP 522,000 60 313,200
kinetics in blast
furnaces in the
temperatgre range
950=~1150"C

properties of brige
uettes for use in
blast furnaces

P 129 { Study of the beha= 3 ™ 4,885,000 60 {4 1,131,000
viour of refractories
in blast~-furnace
runners

P 135 | Optimization of the 2 FL 32,150, 000 60 §FL 19,290, 000
¢

[ - R‘Mﬁﬂ'J

T

%
i

o

V. CONCLUSION
Lenaae et e

Thé aim of the research on reaction kinetics (P 102) is to investigate
the theoretical bases of the behaviour of a blasf furnace when hydrOgep is
injected in vast proportions. This technology will be of spedial interest
to the Community countries which have little or no fossil fuels at their
disposal. ‘ |

Research into the behaviour of refractories in furnace runners (P 129)
is geared to actual operating conditions. The object of* the research is to
increase the servioce life of the rummers. In addition to its economie
advantages this research is of ergononic interest,

The use of briquettes in blast furnaces (P 135) has not yet been tested
- on a iamge scale, The object of the research is to put the supply of encrgy
tg blast furnaces on a broader basis., The capital costs of a briquette
plant are only about 60% of those of a conventional coking plant of the same
pize, Purthermore, envirommental problems are easioer to cope with,

Enission rates are comparable to those of a power plant and are therefore
puch lower than those of a coking plant.
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The research will be carried out at the following establishments:

P 102 =~  IRSID, Maizilres-lcsiects
P12 =~  VDEh - BFI, Dusseldorf

P 135 - ARBED, Luxembourg

The briguettes will be produced at the Eschweilcr-BergbauwVerein, and
the blast-furnace testing conducted at Thy-iMarcinelle et Monceau.

The Commission of the Buropean Communities proposes granting financial
aid to the programme of research on blastwfurnace technology under Article
55 (2¢c) of the ECSC Treaty.

The funds regquired to cover the Commissionts comtribution to these
three projccts and to the costs of dissemination of information and incidenw

tal expenditure are estimated at 821,312 u.a.
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CQMISSION - Orige D
OF THE
BUROPEAN CQOIUNTTIES
, JULY 1974
Lo i

MEMORANDUM

on ECSC financial aid, under Article 55 (2¢)
of the ECSC Treaty, for a research programmie
on "STEELWORKS RESEARCH"

I.  INTRODUCTION

The Steel Research Programme in the second train of research for 1974
1s made up of eleven research projects which are to cover the following
ficlds:

1. Continuous casting -~ (P 038, P 107, P 118);
2, FElectroslag remelting (ESR) -~ (P 049, P 077, P 0B0);

3. Automation - (P 115, P 117);
L4, Refractories -(PY, P 127, P 138).

In the field of continuous casting, two problem arsas have been
identified:

(a) the problem of controlling the flowrate with an electromagnetic
pouring device;

(b) the probleams of heat transfer at the casting,

In the field of electroslag remelting, detailed studies will be
garried out ons

(a) the structures in various operating modes;
(b) the problems of the fusion phencmon;

(&) the coﬁposition of the slag.

In the field of automation, one proposal concerns the electric aro
furnace and the other the AOD converter.
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The field of refractories has only this year come within the scope of

Community research,

(a) In onc particular case, different ladle linings will be investigated,
in conjunction with various deoxidation techniques, for their shtan-
dards of purity in non-metallic inclusions. This research proposal
could equally well be incorporated in the field of pouring and

solidification;
(b) a further case concerns the oxygen converter;

(¢) +the last case of all is fairly generally concerned with the iron
and steel industry's problems regarding the rate at which plant
and vessels can be raised to the working temperature.

II. NATURE ALND ATMS OF THE PROPOSED RESEARCH

1. Adoption of electromaznetic pouring

devices for continuousw-casting plants

This research work will be carried out jointly by the Aachen Technische
Hochschule and the Brescia firm Innocenti Santenstacchio SPA,

It consists of saue theoretical scientific development work, which will
be performed in Aachen, and the practical testing of the process in an

industrial continuous~bom~casting plant,

The aim of the Aachen cnd of the project is to test, and to optimize
from experiments and theoretical exercises, a controlling or regulating
device capable of heing adopted for solving all pouyring or flowrate=control
problems., Vhen the project has been completed, the aim will be to imsue,
on the basis of the results, some specifications for building such regulating
plants for any given crosswsection (bloons or slabs).

A prototype control devise will be tested in a 30 metric ton experie
mental ingot continuousw~casting plant concomitently with this development.
Should the trials have a successful outcome, the following benefits are
expected: ‘

(a) ith the nced for regulating the stopper eliminated, no large
launder is necessary;
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(b) mnulti~tapping casting presents no problems;

(c) quantity control is straightforward because it stems from varia=
tions in electrical parameters only;

{d) the height of the plamt is less, the meniscus of the steel in
the tundish is below the level of the meniscus of the casting
in the mould;

(e) the working safety is enhanced because leakaze from the tundish
due to an ill-~fitting stopper has been rendered inpossible;

(f) cdasting at a lower temperature is metvallurgically feasible;

(g) noreover, the rumner can be enclosed and put under an inert

atmosphere, as and when necessary,

Bven existing conmtinuous casting plants of other types could readily
be equipped with such a regulating systenm.

2,  Determination of the distribution of the local material

transfer coefficients relating 1o the melt during the

continvouswmcasting process and d_e_vi_r_s_ing of a mathematical

mode}. fror the calculation of the temperature and conceji=

'br?.tijon changes occurring within the mould

An appreciable percentage of the quantities of steel being produced
today is already being made by the comtinuous-casting process, Throughout
the world there are now 200 continuous-casting plants making slabs and 1,200
naking ingots. The casting steel enters a waterwcooled mould from above.
Precise knowledge of the solidifying mode of the molten steel is of vital
importance to the design of such plants, to the throughput of the steecl,
and also to the ‘quality of the product. :

The subject of flow conditions has been disregarded in the work on the
golidifying mode that is to be found in the literature.

The offect that these flow conditions exert on the material transfer
at the phase boundary, and consequently on the congentration fiecld and the
upwards migration phenomena, is largely unexplored terrifory and ought to be
further studied in depth. In order to comprehend the whole phenamenon
taking place in the mould, therefore, it is essential to link up the



-4 - 612=1/T1I~B/74~E

solidification phenomenon with the local convective material transfer which

. occurs at the phase bovndary and is affected by the flowrate.

The mode of flow and the convective material transfer occurring between
the liquid phase and the solid phase will be investigated in a scaledwdown
experinent. Aif will be used as the flow medium and the material transfer
will be simulated with sublimable substances, The paremeters used will be
the length and geometry of the mould, the dimensions of the cast steel and
the speed of casting, The ultimate ain is the devising of a cdmpﬁter rnodel
that can portray the solidifying mode in the mould quantitatively.

The continuous—casting tochnique involves heavy capital investment and
operating costs and its profitability is therefore dependent on the quality:
of its product. The proposed refined continuous~casting~technique computer
rnodel offers prospects of a mors accurate plamming of new plants and an
improvement in quality.

3. Investigations imto the heat-transfer economy -of the

metal casting when it is bein~ continuouslv cast

Research proposals P 107 and P 118 have been harmonized by the proposers
and supplemcnt one another. lWhereas proposal P 107 deals with the phenmmena
in the mould, proposal P 118 is directed towards investigating the heat tranw
sfer mode at the casting after it has left the mould.

The aim of the research project is the same as in the case of proposal
P 107, i.e., the thermodynamic optimization of continuous-~casting plants.
A computer model will be devised which will take account of the whole heatw
transfer ecoﬁcmy of the continuous-casting plant and which will be applicable
t0 all industrial comtinuouswcasting plants.

With this end in view, it is planned first of all to carry out laboratory=
scale trials to identify the hydraulic and also the thermodynamic characteris~

tios of spray nozzles,

Subsequently, an investigation into the relevant heat-~transfer
coefficients will be made along the entire length of the casting.



-5 o 6121/ T1ImB/74~E

Finally, the results obtained will be put to tho test in some
industrial plants, both ingot=casting plants and slabwcasting plants.

4. Investigations into sol;qgfication structures
with the ESR process

Proposals P 049, P 077 and P 080 have been harmonized as to their
objective, The research should help to close the present technological
gap in Burope where the manufacture of large castings is concerned.

The inwworks investigations under research proposal P 049 should yield
jinformation on macrosegregation, primary-grain size and the nature and digm
tribution of the inclusions found with electroslag remelting.

The investigations into primary-grain formation will be carried out in
respect of both heatwtreatability and forgeability.

i

The item of prime inmterest in the investigations into the distribution
of the inclusions will be the nonwoxide inclusions.

Se Thgoreticai and_experinental invéstigations intec the

fusion Egegcmenon found with the electroslgg remeltigg
(ESR) technigue

In the planned investigation the heat flow in the top electrode will
boe studied with particular regard to the fusion phenomsnon. = In this
conneoction, a twowdimensionel differential equation for the heat conduction
will be assumed. '

A particular objective in view is to be able to predict from theory the
shape of the fusing tip of the electrode and the thickness and the'speed of
flow of the fusion film. In the ESR process, the metal is grainwrefined at
the molten metal/slag phase boundary. A knowledge of the extent of this
reaotion area and of the thickness and speed of flow of the film is therefore
of major importance as regards the quantitative portrayal of the reaction
modes,

Pinally, the results should contribute to optimizing the power conm
gumed in the remelting process and thus to reducing the specific remelting

posts.
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6. Optimization of the slag associated withrthe

glectroslag remelting technique

The main benefits accruing fron the ESR project are:
(2) a uniform solidification structure;
(b) purity of the mctal as regards oxide inclusions;

(c) the possibility of achieving a proper desulphurizetion of the

netal,

As slags, mixtures of CaF2 r~ A1203 will in general be used.

In contrast with their admirable grain~refining action'and their good
electrical conductivity, such slags have the disadvantage of a great
affinity for hydroxyl ions, as a result of which the nmetal takes up
hydrogen,

This is one of the main problens in metallurgy which still hamper the

manufacture of larger forgings.

The chief aim of the research is to reduce the amount of hydrogen
takan up in the unfused metal. In addition, the slag should absorb the
oxide and sulphide inclusions to the greatest possible extent. The surface
of the forging nust be smooth.

The starting point in the test series will consist of binary mixtures

of A1203 and Ca0, to which other oxides will beSystematically added,

Te Conceptual model for gpﬁimiggng the elect:;c~arc gteel process

Proposal P 115 provides for the continuance of research that has
hitherto been carried out with success. Many of the results obtained in
the research accomplished to date are already being applied industrially.

The research programme has been executed jointly by the Betriebsfore
schungsinstitut (Operational Research Institute) of the VDEh, where the
first part of the research was carried out, and BISRA {Round Oak Steel Works
Ltd.), where a research project with a similar objective had been scheduled.
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Tt is planned to devise the following five computer programmes:

(a) Programme No, 1 will deal with the problem of optimizing the
power consuned in the steelworks,

(v) Programme No. 2 is concerned with the distribution of the load
between the three arcs in the arc furnace.

(c) Programme No. 3 provides for the devising of a model for working
the electrodes above the nominal impedance-regulating values.

(d) Programne No. 4 provides for improving the programme for calcusw
lating alloying materials that was devised in the previous
research programme, by introducing direct data~tranamission
between the analy-liica.l laboratéry anc. the process computer,

(e) Programme No. 5 is the programme in which it is planned %o
correct not only the energy balance but also the alloying
calculations continuously by evaluating data stored in the mage
netic memory. Further work in this connection is directed
towards the computer-controlled oxygen supply and the conduct of
the slag metallurgy.

The ultimate objective is to discover the optimum conditions for
operating an electric arc furnace, in respect of both the energy consumed
and the quantities of alloying materials used.

8. Automatic combrol of the AOD (A;gon-—()mgen—])ecarburizat ion)

Erocess

The AOD converter is the third steeleproducing facility, after the
eleptric=arc furnace and the LD counverter, to have its automation problems

AY

put forward for solution under an ICSC research projoct.

Oxidation with an argonwoxygen nixture (AOD) in place of pure oxygen
(LD, etc.) has the advantage of a lower chromium oxidation loss., This
tochnique is therefore mostly applied to the manufacture of alloy steels,
The ratio of oxygen to argon is about 3 : 1 at the beginping of the "blow"
and about 1 s 2 at the end., The process is conducted stepwise and is
based on the analysis and temperature of the charge. ’ '
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The objective of the research is first to obiain the reguired data
continuously and then to subject them to dynamic=process updating.

Fcr this objective to be achieved, continuously operating measuring
devices will have to be installed and tested during the initial stage.

In the second stage a correlation be'tween_the aforementioned data
and the carbon content of the charge will then be established mathematically
or by comparative methods, -

Finally, in the third stage, an experiment will be performed on
dynamic control system, with the data automatically adjusting the actual

gas composition,

The currently inevitable = and somevhat lengthy =~ pauses duc o the
stepwiss operating mode for blowing would be eliminated with the autaatic
control of the oxidizing gas canposition. This would mean the plant having

an appreciably higher load factor,

9. Investizations into the types of non-metallic inclusions in forgings

versus the ladie lining

The research proposal has been harmonized not only with the work of
the first and second "Casting and solidification" programmes but also with

the research projects starting up on refractories.

Under this research proposal, forgings of 20 to 50 metric tons will
be examined as to the¢ nature and guantities of their non-metallic inclusions.

Various ladle linings will be the first experimental parameters used.
The choice of the refractories has been hamonized with the CRM (Lidge)

refractories programme now starting up. Studies will bm carried out on:
(i) a fireclay containing 55% A1103;
(ii) a fireciay containing not less than 70% A1203;

(ii}) chromew-magnesite firebricks.
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As additional parameters it is proposed to use various deegidation
routes in which either a vacuum treatment in accordance with the RH procesp
or flushing with argon is planncd as well as adding the deoxidant, The
proposed yroutes are:

(i) Fdin, PeSi + Al + vacuum;

(ii) BSiln, Feln + Al + vacuun;
(1ii) Peln + vacuum + FeSi + Al;

- (iv) FeMn + FoSi + Al 4 argon;

(v) SiMn + Pdin + Al + argon.

The various techniques for the treatment of :t:he molten steel in the
ladle offer forgings sane significant possibilities as regards imbroving
their quality. Vacuum metallurgy and argon-flushing techniques play an
important part in these processes,

10. Measuring with radiocactive tracers the abrasion

sustained by refractory linings in oxygen concerters

The research will be pursued in three different directions.

First, it will ‘aim at providing data on the repercussions of the
properties of refractories on integrity in operation. By carrying
out a study of the abrasion mechanism in greater depth it should be
possible to predetemmine which materials are the best suited to which

zones in the converter.

Secondly, a study of the repei‘cussions of the various steel-making
techniques on the abrasion of the refractories will be carried out in
greater depth. In this way the steelmaker should be enabled to choose
within his givegn metallurgiocal ambit the manufacturing technique with the
lowest a.brasior‘z'. ‘

Thirdly, the optimwm profile of the lining should be ascertained for
various facilities. The aim is to offset the different rates of abrasion
found in the various zones in a converter by installing refractory materials
of different thicknesses and different grades,

, All in all, the useful life of a converter lining should thereby
become appreciably lengthened.
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Reliable and thoroughly proven radioactive measuring methods will
be used for carrying out the trials., Radiocactive point sources will be
installec. in tha refractcry naterial at varying depths frum the surface in
different sites in the converter. It will be possible to detect the
nuclide in question in the wolten steel when the abrasion has reached a
given value. In other instances an activated wire will be embedded with
the aim of deriving from the amount passing into solution the abrasion
sustained per charge.

11. Detgnnination of‘the naximun rate at which refractory

linings in the iron and steel industry can be brought

up to the working temparature

Many refractory-lined facilities in the iron and steel industry have

underron? tremendous capacity expansions over recent ysars.

In the steel industry, subuarine ladles holding 400 to 6C0 netric tons,
plg=iron mixers holding 2,500 metric toms and 400 metric ton Twconverters
are no longer rarities today., In addition, there are the high~napacity
-goaking pits and pusher~type furnaces that are tailored to prescni-day

rolling mill outputs,

With such capital=intensive development, a high plant availability is

naturally of even more importance than before.

The enhancement of the durability of the refractories has not invariably
resuited in the desired extension of the useful life of the facilities,
Considerable store is accordingly set by rapid repair techniqucs and ease
~of replaceability in the design of the refractory lining.

All these ‘efforts not only at enhancirg the quality of the refractories
.but also on the design side are in many instances frusivated by tae faot of
‘being obliged, in the absence of precise information on the strece patterus
_ocourring not onlyjin the individual bricks, but also in the brickwork bond,
to take as long as possible to come up to the working temperature, AA
‘submarine ladle will accordipgly remain out of action for ten days after
‘being relined, A pig-iron mixing vessel will need preheating for aboﬁt
-thirty days before being taken back into service. Even so, there are some
firms which will take such vessels back into service again =.albeit at

their cwn risk and peril after prcheating for ten days.
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The research proposal represents an atterpt to transpose the pre=
heating requirements fram the rule of thumb to scientifically founded
principles. [Experinents will thereforec be carriod out first on individual
brickss A testing procedur: needs to be developed in which it will be
possible to deduce the stress pattern by reference to the temperature
gradiont, At a later stage the studies will be switched from individual
bricks to brickwork bonds, to embrace bricks made of silica, firsolay,
magnesite, bauxite, mullite and corunduz. The onset of cracking will be

detected by sonic emission analysis.

The iron and steel industryts interest in such investigations is
nanifest, The iron and steel industry will in no way, however, be the sole
beneficiary of such research.

1T, COUITTEE OPINTONS

After examination by various conmittees, including suvbcomittees and
the Iron and Stceel Technical Research Committee, it was decided to make

these topwpriority projects and pronose them for ECSC financial aid.

IV, DURATION AND COST OF THE WORK - FTNAICIAL ATD PROPOSED

X

" "
Ref, Subjett Title Durationt Total Budget | Minancial Aid
Years i ‘
% Amount
1. Continuous casting ‘
P 038iUse of electromagneti- 3 Lit 69,360,000 | 60,Lit 41,616,000
jcnlly comtrolled pourw ‘ DM 450,000 (6CiDM 270,000

ing devices in coxtine
ucus~cesting plants

P 107 Distribution of the 3 Il 522,900 }60}IM 313,740
ilocel material transfer
coefficiciis at the
fronidiffcetion front in
crnbtinucus cashing and
the devising of a mathew
natical model ..
P 118 Investigations into the | 3  {¥B 8,000,000 |Gof¥B 4,800,000
iheatwtransfer econony of
the metal casting

<!mm-—
B

N | - 1
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Ref, Subject: Title Duration! Total Budget |[Financial Aid
Years
% Anount
2. Blectroslag romelting
P 049} Investigations into 2 FB 6,000,000 §6GFB 3,600,000
solidification structures
with the EJR process
P O77}Investigations into the
fusion phenomenon M 218,250 60 T 130,950
P 080}Optimization of the slag ™ 400, 200 60f TM 240,120
3. Autonetion ,
P 115 jConceptual model for 22 jm 1,783,000 }60jIM 1,069,800
optimizing the electric
arc steel prooess
P 117iAutomatic control of the 2 £ 58,300 604 & 34,980
/0D process
4. Refractories
PY Investigations into the 3 Fhﬁu 606, 000 5%’U.A. 333,300

P 127 Measurenents of abrasion

P 128

types of non-metallic
inclusions in forgings
versus the ladle lining

in oxygen converters

Determination of the
mexinun rate at which
refractory linings in
the iron and steel
indnstry can be brought
up to the working temp-

erature

F1 10,200,000

o1 1,301,870

60

60

F1 6,120,000

M 781,122

(1)

The Conmission suggests that the borrowerts own contribution should be

45%, This is in line with what the Commission has decided in similar

instances where the other contracting party is not in a member country
of the ECSC.
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V. §§%EARY

1.  The benefits expected to aqcrue‘from introducing electromagnetic
flow control into continuousw-casting plants are & higher plant-load factor
and greater operating safety. This could also be regarded as being a
Tirst step towards autmating these plants.

2, Proposals P 107 and P 118 are primarily concerned with the
optimization of the thermmodynamic problems inherent in the mould (P 107)
and in the casting (P 118). The results of this work are expected to
nake it easier to plan continuous~casting plants and to operate them moreg
efficiently,

3. The proposals regarding electroslag remeliing cover not only the
fields of structure and wpwards migration but also the effects these
phenomena have on the forging process (P 049); the investigation of the
fusion phononenon with regard to an optimum encrgy econamy (P O77) and the
search for new less hygroscopic slags (P 080). The chief metallurgical
problem at present in the melting-down of large ESR ingots is the relatively
high hydrogen content of the metal.

4. Proposai P 115 is aimed at optimizing the energy consumption and
the nost eooncmicél usage of alloying additives. The results of programmes
forming part of the first train of research are already being supplied
industrially with success. Proposal P 117 is aimed at automating the AOD
proéess. The ain is to switch from the current stepwise blowing and
various A/O2 conditions to a continuous mode of blowing where the required
4/0, ratio is contimuously matched to the demands.

5. Proposal PY lies, by virtue of its subject matter, betwean the
fields of "Casting and solidification" and "Refractories". In both fields
it closes a technically important gap, namely, the area of ladle metallurgy,
which has so far gone wnheeded in ECSC research work. h

6. Proposals P 127 and P 128 rclate to top~priority problems, the
solving of which will have direct econmmic repercussions. lUhere Proposal
P 128 is concerned, its interest far transcends the iron and steel industry.

1
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The Comission of the Buropean Communities therefore proposes

granting the eleven recearch proposals financial aid under Article 55 (2¢c)
of the ECSC Trcaty.

The work will be carried out by the following undertakings or estabw

lishmentss

P 038

P 107
P 118
P 049
P O77
P 030
P 115
P 117
PY

P 127
P 128

)]
i~
;

bl

1,  VDEh « Technische Hochschule, Aachen
2. Imnocenti-Santenstacchio, Brescia

VDEh ~ Technische Hochschule, Aachen
CRM, Lidge

Cockerill, Seraing

VDEh = Max-Planck~Institut fur Eisenforschung, Dusseldorf

VDEh ~ Betricbsforschungsinstitut, Dusseldorf

BISRA, Spartan Steel and Alloys Ltd., London
Metalurski Institut "Hasan Brkic®, Zenica, Yugoslavia
ARBED, Luxenbourg

VDEh, Dusseldorf

The funds reguired to cover the ECSC contribution to the work and to

the costs of the dissemination of the information and incidental expenditure

are estimated at approximately 1,667,687 Uo B
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CQMISSION Orig. D

OF THE
EUROPEAN CQIMUNITIES JULY 1974

MEMORANDUN

on ECSC financial aid, under Article 55 (2c)
of the ECSC Treaty, for a research programne on
" STEELWORKS RESEARCH" |

I.  INRODUCRION
The programme for which aid is sought 1s in the field of eleotroslag

remelting, Three applications for aid have already been made in this
particular field under the second train of ressarch.

This application is complementary to the others mentioned in as much
as an attempt is to be made to use electrodes of a different kind, manuface
tured by a powder metallurgzy process, '

II. NATURE AND ATMS OF THE PROPOSED RESEARCH

The aim is the manufacture of a novel type of completely segregation=
. free clectrodes for the ESR process. The elecirodes would consist of a
netal tube filled with a compacted powder,

The method is particularly suitable for the manufacture of electrodes
for special alloys which cammot be manufactured by normal methods (e.g.,
elloys with 15% AL or 7% Ti).

It is first planned to carry out a feasibility study. The first
gtage of this study would be an investigation of the usability limits of
such electrodes, seen from both the progess engineering and econmic

angleg.,

III. OPINION OF THE COMITTERS OF BXPERTS

After examination by a Comittee of Experts and the Iron and Stesl
TPechnical Research Comittee, it was decided to make this a topwpriority
project and to propose it for ECSC financial aid.
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IV, DURATION AND COJT OF THE WORK

Ref. | Title of the Research Duration] Total Budget [Pinancial Aid

Years
% Anount

P 132Manufacture of ESR 2 Lit 100,000,000 } 60{Lit 60, 000, 000
electrodes by a powder
metallurgy process

-

Ve SUMMARY

The research project covers the development for the electroslaz
remcliing process of a new electrode having a metal mantle and a metal

powder core.

Laboratory trials have established that this technique is very appropm

riate for the manufacture of segregation-free small ingots of special alloys.

It remains to be established how far the principle of the technology
is applicable to the manufacture of large forgings and how far elccirodes
manufactured by a powder metallurgy process can compete with those which

have been cas®.

Should these problems be successfully solved, such a technigque would
represent an advantageous variant of the conventional clectroslag remelting
method,

The work is to be carried out at the C3l.
The work is expected to take two years. The funds regquired to cover

the Commission's contribution to the work and to the costs of dissemination

of infomation and incidental expenditure are estimated at 75,483 w.a.
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MEMORANDUM

 ( s

on ECSC financial aid, wnder Article 55 (2c)
of the ECSC Treaty, for a research programue on
"ROLLING MILLS"

I.  INIRODUCTION

The largest share of the EECYs annual crude steel production of 150
million tons is accounted for by rolled products with about 100 nillion
tons, At present, the main problems facing the rolling industry are:

. (a) to reduce production costs;

(b) to reduce energy consumption;
(¢) to improve the quality of flat products.

The research projects outlined below are aimed at solving these
problems and are designed mainly to save water and cnergy {three projects)
and to improve the geametrical properties of flat products (two projects).

II. NATURE AND ATMS OF THE PROPOSED RESEARCH

1o Coun’oer:»deﬂection of T:pwollingw mi}l rolls

The roll separating force tends to cause deflection and flattening of
rolling mill rolls. The major effects of this arcie~

(a) to give the sheet or place s profile different from the active
generaltor of the roll at rest, in most cases making it thicker:
at the centre line than at the edges;

(b) to make it difficult to comtrol the rolling process in order to
obtain dead flat sheet or plate.

The idea of regulating the profile of the active generator of the work
rolls as required by deforming the rolls elastically by means of counterw
deflecting forces applied by hydraulic rams was studied in theory in a
firgt research phase, for which ECSC financial aid was granted under
oanvention No. 6210/71/3/031. '

r
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The very encoureging results of this theoretical study and of the
first tests make it essonmtial %o check out the theoriss in the rolling
nill and to incorporate in an avtomated control system the algorithm and

strategy defined in the first phase,

The new research project will be devoted to this industrial

application.

2. Study and verification of sheet flatness

Sheet production (hot and cold) is of grow.ng econmic importance.
The necd to obtain high eutpul and to improve the precision, gauge uni-
formity and surface properties of the sheet has led to a number of research
projects, Some have been directed towards the study of complete physical
models to Gescribe the phencmenon (force, torzue, etc.) which enable the
rolling trein o be autcmated by prior regulation (i.ez., before the sheet
has entercd all the stands), However, this regulation is not a once only
process and the usual indeterminacy is relative to the distribution of the
total reduction to be obtained over the various stands, i.e., the plan of
intemédiate thicknesses., his indetominacy grnarally causes flatﬁess
defects 2. *lio ghcet, niking additional rclling necessary to obtain dead
flat sheet. “he use of flatness consiraints largely eliminates this
indeterminacy and obviates the need for additional rolling, currently
required for 7% of production. This research project is designed to study
the complete isical mol.i f the flatness of dieet and its application to

autonatic reliing mill coutrol,

3. Optinization of cocling devices in rolling mills

In recent years, cooling problems in rolling.mills have increased in

urééncy and scope., The reasons for this include:;

a (a) the constant increase in rolling speeds, leaving less and less
time available for cooling and involving the use of ever-

3

increasing quantities of water (up to 15,000 m~ per hour in some

cases);

(b)  the current tendency to make inoreasing use of heat and the thermo-
mechanical treatments in rolling mills.

*
i1
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~—" -~ The purpose of this rescarch project is:

() to develop cooling systems sble to dissipate large quantities
‘ of heat in the shortest possible time;

(b) to reduce to a minimum the quantities’ of cooling fluld required
while ensuring homogenous propertiocs;

(o) to solvye the technological problems involved in adapting cooling
systems in rolling mills,

4. Acoeleratgd cooling of strip at the exit of a wide gtrip_mill

A modern wide strip train is generally 800 m long, 150 m of which is
taken up by the delivery table, which is equipped with cooling systems over
a length of 100 me Typical specific water consunption by these systems is

3

at present 1 m” per minute per m2 for a heat transfer coefficient of 2,000

k,cal/mz/h/ °C and an average cfficiency of 10-20 keal/ke cooling water.

In this research project, it is proposed to study a cooling systom of
the "guided jet™ type with a performance of 10,000 kcal/mz/h/ °¢ and an
officiency of 20=30 kcal/kg cooling water. The expected advantages are:

(a) .a redustion in capital costs, as the rolling mill can be shoriencd;
(b) a reduction in water and energy consumption;
(¢) casier control of strip coiling temperature,

III. OPINION OF THE COMIVTER OF EXPERTS

After examination by sub~committees of experts and by the Iron and
Steel Technical Research Cammittece, it was decided to make these top priority
projeots and to propose then for ECSC financial aid,

IV. DURATION AND COST OF THE WORK - FINANCIAL AID PROPOSED

Ref, | Title of Research Duration Total Budget Financial Aid
Year . '
% LAmount
P x |Counter-de’lection of { 3 FF 3,880,000 60| FF 2,328,000
rolling mill roils = : : ‘
second phase
P 052} Study and verification| 3 FF 2,294,000 {60{ FP 1,376,400
. of sheet flatness :
P 083] Optimization of coolint 3 | Bfrs17,000,000 {60 [Bfrs10, 200,000
devices in rolling
mills
P 121} Accelerated cooling at) -2} Lit 82,397,000 60 Lit 49,438,200
the exit of a wide ‘
strip will
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V. CONCLUSIONS

In view of the marked interest in these five research projects, the
Commission of the Buropean Comaunities plans to grant, under Article 55 (2c)
of the ECSC Treaty, financial aid for a rescarch programme in this field.

The programme would be carried out byt=

II1 - (Px) - IRSID, Maizidreselez-lectz
II 2 - (P 052) =~ IRSID, Maizidre-lez-lMctz
II3 - (P 083) - CRHI, Lidge
II 4 - (P121) =~ C8iI, Rome
The funds regquired to cover the ECSC con’éribution to the work and to

the costs of dissemination of information and incidental expenditure are
estimated at approximately 883,273 u.a.
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Orig. F
CAMISSION
OF THE
FURQFEAN CQIMUNITIES JULY 1974 -

MEMORANDUM

on BCSC financial aid, under Article 55(20) of the
ECSC Treaty, for a research programme on

"{EASUREMENT, TESPING AND ANALYSIS"

I.  INIRODUCTION

In the metallurgy of iron and steel, the range of activitics that
oeme under the heading of “Measurement, Testing and Analysis® includes
the "nonwdestructive tests", i.e. tests in which components or assemblies
are examined by a method which will not prevent their subsequent utilizaw
tion,

The techniques mainly employed are:
~ ultrasonic testing;
- acoustio emission;

- neutron radiography/spectrametry(by way of simple example).

The need to develop techniques of this kind arises partly from the
changing methods and techniqgues employed in the making and processing of
of steel, but even more from the increasingly stringent requirements with
respect to quality. Hence the research programma outlined in this paper
is wholly in keeping with the aim of investigation into new methods a.nd/ or
pdaptation of existing methods to satisfy the requirements of industry,

IT, NATURE AND ATM OF THE PROPOSED RESEARCH

1« Sound emission for non«djestructive testiﬁg

Mong the most insidious causes of fraoture in metallic materials are
" fatigue and stress corrosion. Both these types of fracture show a
eharacteristic progression in which three phases can be distinguished:
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(a) 'y ipcipient cracking;
(v) by slow propagation, and

(¢) by final fracture.

During phases (a) and (b), the damage to the test piece is often
hard to detect by the usual methods of non-destructive examination and,
even when it can be detected, there is still the problem of defining the
damage in terms that indicate the proximity or otherwise of the critical
phase(ic)

Acoustic emission seews today to be the most promising approach, as
it is the one likely to be most fru;tful as regards practical applications,
Since the development of this method is a matter of con31derable practical
importance, particularly in connection with the safety of machines and
structures, it is proposecd that ths following programms of research be

carried out:
- analysis of flaw~detection characteristics;

- ‘tests to correlate the sound emission process with conventional
teost methods; ‘

- application of the method to an experimental pressure vesSel of
zreat thickness,

- 2. Metrological study of preferred orientations in

coldwrolled strip

The doldnrolliné of lowwcarbon steels givéé rise to preferred orienw
tations which have a decisive influence on the coefficient of‘anisotropy,
and hence on the technological properties of the steels. It is ihportant,
therefore, to be able to measure the change in these orientations’thrqughw“
out the cold~rolling process so that they can, if appropriate, be influenw
ced in a given manner. Pl -y,

_ The usuwal procedure for radiographic measurement of preferred orientaw
tions consists in examining the reflections projected on a polar hemisphere.
The information obtained by this method requires relatively substantial
equipment:for the'ggnerajign and}measurament of monpchromatic xwrays, and

s - ¥
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.

P . there is also the time~factor. The intemtion behind the résearch progw
R  remme, theyefore, is as followss
= to obtain textures suitable for xwray transmission ueing a system
~of detectors based on energy dispersion;

« to determine thé optimum parsmeters, such as voltage, current
strength and angle of diffraction; '

-~ preparatory work on the development of an 1ndustrial-soale device
which will afford continuous measurement.

3.  Analysis of ultrasonic fields by the ocho
method, using transverse weves

Manj-tésts and a number of theoretical studies = same of them based
on very simple hypotheses = have shown that there is not necessarily a
L constant relation between the size of the flaw and the intensity of the
| echo, Hence any conclusion as to the size of the flaw which is based
solely on the intensity of the eého iniultirasonio testing involves an
element of uncertainty the significance of which has not so far been
satisfactorily determined.

The aim of the research in this comnection is to provide an answer to
three questions;

(1) What are the condifions that a reference reflector must satisfy
in order to ensure qomstant sonsitivity to an echo of the same
intensity;

(2) How can a reference reflector of this type be used to select a
level of sensitivity which is adequate for the detection of
. dangerous flaws? '

(3) what lipitations and souvces of errop have to be taken into
account in the interprotation of the echoe, and what is the
corrélation between these limitations or errors and the gecmetry
of the flaws? ‘

In order to clarify these three points, i$ will be necessary to
examine the reflection characteristios of interfaces with different gecmetry

{finish flet reflection surface notch, edge, cylindrical bapings,etc.) in
the presence of iransverse waves.
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4, Nonwdestructive ultrasonic testing

A very important consideration is that there has been a remarkable

advance in knowledge in the fizld of inwservice behaviour of structures,

and the effect the various types of flaw will have under specified

conditions of use is beginning to be fairly well known.

As a result of these new insights into the fracture hazard, specificaw=

tions are becoming more and more exact in their reduirements, and it is

clear that the non-destructive test will carry a oonsiderable burden of

responsibility. It will have to be capable of determining the exact shape
and dimensions of the defect., The test methods that are being used at the
present time, however, do not always provide a satisfactory solution to this

problem.

The purpose of this study is to apply focussed sensors to actual flaws

in structures which are permcable cr not so permeable to ultrasonic waves,

in order to estimate the accuracy of detraction of such flaws., The procedura

will be as follows:

development of focussed sensors;

investigation of the actual geometry of different types of flaws
determination of the dimensions by means of =

(a) longitudinal waves;
(b) transverse waves,
using the echo or transmission techniques;

construction of a partial-immersion device.

It is hoped that this will result in 2bility to:

determiﬁe the contours of actual flaws to within a few millimetres;
deal individually with discrete flaws of only a few millimetres;
examine test pieces with high ultrasonic absorption rates.

5« Application of "hot" ultrasonic probe tests to
: , -

éhe examination of slabs

A major effort has been made on research into and development of a new

process for the ultrasonic testing of products at high temperature.
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At the present time it is nécéssary’to*carry‘out shop tests using this
method, which should provide the answer to a major problem of productivity
in the slabbing wnit. It is a process, for the automatic deteotion of
ghrinkage cavities, whioh will result in an appreciable stepping-up of
productivity in the hot shearing of offertescing steel slabs. The
practical study is to be carried out at the Hoogovens Ijmuiden works,
where the conditions are particularly favourable as the slabs undergo a

- goarfing operation on leaving the slabbing mill, and therefaore show a free

scale~gurface,

In a first stage, IRSID proposes to carry out a series of laboratory
tests on appropriate samples, followed by a series of probe tests on a
slabbing line,

6. Sampling of molten pig iron or steel (extension)

Under Convention 6210=78/2/021, the CRM has embarked on an invésti=
gation of the sampling of molten steel in a tilted converter, and the
progressive mechanization of this operation. This work has been virtually
completed and the success achieved has been remarkable. So far this
success is still only partial as there are several adjustments to be made:
in particular, the speed of lowering the probes has to be carefully
regulated to take gocount of the sensor in the time-lag, This timewlag,
moregver, will hayve to be reduced to 2 minimum, and there are algo s
number of technelogical problems which will have to be solved in order to
obtain an instrument reliable enough to be handled by pensonnel without
much training in the art,

II. OPINION gF THE GM&I‘I‘TFE @ EXPERIfS

After examingtion by the subweommitteeg of experts and the Iron and
Steel Technigal Research Ocomittee (CRT), these projects were given top
priority classification and it was proposed that they should receive ECSC
financial aid,
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IV. DURATION AND COST OF THE WORK = PROPOSED FINANCIAL ATD

on structures and
machines

P 078 | Netrological study at 3 Imd, 422,000 } 60} TM.
preferred orientations
in coldw=rolled strip

P 079 | Znalysis of ultrasonicf 2% |Ii. 207,518 { 60§,
fields by the echo
nethod using transversy
waves

P 085 | Nonwdestructive ultraw 3 FF, 399,200 | 60}FF.
sonic testing

of
3

P 133 { Application of "hot" 1 465,000 | 60}FF.
ultrasonic probe tests F1H, 151, 000 } 60}F1H,
to optinizec the examim
nation of glabs

P 138 } Sampling of molten pig
iron and steel

s
3

1,175,000 | 60|FB,

Ref, Nature of Research Duration Total :Financialidid
Project in Years Cost
% fmount
P 075} Sound emission for 3 Lit.195, 000, 000 | 60} Lit.117, 000, 00O
non=destructive tests Lit,125,045,000 | 60jLit. 75,027,000

253, 200

124,511

2394520

279, 00"

705,000

&
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V.  CONCLUSIONS

In view of the keen interest in this research, the Cammission of the
Buropean Communities proposcs to grant financial aid under Article 55 (2c)

of the ECSC Treaty to further a programme of research in this field,

This programme will be carried out by:

- II.1, (P 075) = (a) Istitute di Ricerche Breda = MILANO
(b) CH - RAMA

- II.2 (P 078) = HOESCH HUTTENWERKE A.G. ~ DORTMUND
= II.3 (P 079) = Fachgruppe "Zerstorungsfreie Materialprufung
- II.4 (P 085) =~ Sté CREUSOI'=LOIRE = LE CREUSOT

~ II.5 (P 133) = IRSID =~ ST GERMAIN-EN-LAYE
HOOGOVENS = IJMUIDEN

= II.6. (P 138) = CRM =~ LIRGE,



el - 610/11Te174 w 3
¥ . © 4 t

LT

The appropriations which will be réquired to cover the BCSCY's share
. in the research and in the costs of disseminating information and related
expenditures are estimated at approzimately #89.856 u.a.
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COMMTISSTON _
OF TR Orig. F
EUROPEAN COMMUNTTIES
July 1974

MEMORANDUM

on ECSC financial aid, under Article 55(2¢c) of the ECSC Treaty,
for a research programme on WELDABILITY

1. INTRODUCTTON

Community reseéréh contracts for welding projects have so far related
principally to fusion welding using filler metal (coated electrodes,‘MAG,
submerged arc welding) and have not covered electrom-beam welding. It is
true that, at the time the research on weldability sfarte@, the process
appeared limited as regards both its appligaiions‘ana %hé'maiébialg for
which it could be used. -

In only a few years, however, electron~beam welding has developed considerably,
especially since the appearance on the market of weldin6 equipmeﬂx with pressure-
reducing devices, meking it unnecessary to enclose the object to be welded

in a vacuum chamber. Plates up to 50 mm thick can now be welded with this M::
equipnent. The heavy plate fabrlcatlng industry is very 1nterested in the
process, which also has extensive applications in welded steel frames.

Published studies are not very informative on the subject of weldability
and non-destructive testing in relation to the harmfulness of defects
because no very advanced research has been done, priority always haviné
been given to work on welding equlpment (electron guns, vacuum chambers,
etc.). It is therefore desirable to take stock of the propertles the
steel should have, the optimum conditions for the execution and heat
treatmeqt¢of welded joints, the assegsment of mechanical behaviour and

finally methods of weld inspections
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II. JNATURE AND AIMS OF THE PROPOSED RESEARCH

The following programme is proposed for electron-beam (EB) welding:

(a) BReview of existing knowledge on the EB weldability of steels

One of the conclusions of this survey will concern the selection of steels for
the experiments, not only by grade, but also by steelmeking method, in view
of the fact that EB welding involves vacuum melting.

(b) | : 7o AR Vil KHe laneris oY brina
cgﬁraoterigtlcs of tge grocess applled to products about 40 mm thick. The

setiings (current, voltage, speed) providing the best joint properties will
be determined.

, The problem of cracking w111 also be tackledz the type to be studied is
hot craocking in the weld matal zone. -

After this stage of the study, it w111 be possible to select, for each steel
tested, the optlmum welding setting to ensure sound, crackufsaedeposited
metal. '

(c) The Eroggrties of the weld in the as-welded and treated state will

then be studied, in particular'

~- the microstructure in the weld metal and heat~affected zones (optical
and electronic mlorography),

- +the range of hardnesses through the joint at different levels, to
gupplement the miorographic study and facilitate the positioning of
notches or cracks for brittle fracture tests;

ofe
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~ the tensile strength on transverse and longltudlnal test pleces, and the
impact strength;

-~ the brittle fracture properties by measurement of KIC or COD, whichever
is valid, in the weld metal and heat-affected zones. j

(4) The non-destructive testing of welded joints will be studied with a

dual aim: the possibilities and limits of defect detsction (cracks, fine

porosity and above all lack of fusion and an assessment of the dimension

of these defects in relation to the fracture toughness of the metal in which . .

they are found.

(1) Establishment of a list of defects (with position and direction).

(d2) Assessment and 6omparison of the sensiti#ity with which the various
test methods can detect the defects listed. Poss1b111ty of determlnlng the

size of these defects by non-destructive testing.

(43) Comperison of the results obtained with those of the study of the
fracture toughness of the metal in which the defects are found (weld metal
and heat-affected zones). o

The main test methods used (radiqgraphy,ultrascnio testing using L and T
waves, magnetic techniques) will be applied to both faces of the assembled
plate and to longitudinal testpieces. The results will be compared with those

of macrographic examinations.

ITI. OPINION OF TUE COMMITTEES OF EXPERTS

After examination by a Subcommittee of Experts and the Iron and Steel
Technical Research Committee (TRC) it was decided to make this a top
priority project and to propose it for ECSC financial aid.

ofe
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'IV. DURATION AND COST OF THE WORK

Ref. Title of the research project| Duration | Total inancial aid
: budget | % | Amount

P111/2| Electron~beam welding 2 years [FF 850 000 60 [FF 510 000

V. CONCLUSIONS

In view of the intersest shown by the heavy plate fabricating industry in
the development of electron beam welding, the Commission of the European

Communities plans to grant financial aid, pursuant to Article 55(2c) of the

ECSC Treaty, for a research programme on this subject.
ThiS‘pfogramme will be carried out by the Insjitut de Soudure, Paris.

The funds required to cover the ECSC contribution to the work aﬁd +0 the
costs of dissemlnation of informatlon and 1ncidenta1 expendlture are
estimated at approximateky 83.315 u.a.
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CQIMISSION Orig. ¥
OF TA [ . N . . .
EUROPEAN COUMUNITIES : JULY 1974

MEMORANDUM

on ECSC financial aid, under Article 55(2c)
of the ECSC Treaty, for a research programme on
- "WELDABILITY"

I. INTRODUCTION

In many applications, the plate thicknesses and the lengths that
have to be welded are constantly increasing, with the result that it is
necessary, for economic and technical reasons, to employ welding techniw
ques that cut the nunber of welding operations to a minimum by dint of a
high melting speed.

If this were not done, shrinkage distortions would occur and it
‘would be necessary to resort to preheating, which in applications such as
ship-building, bridge construction or_ the manufacture of welded tubing is
regarded as virtually inadmissible,

For plate thicimesses of less than 25 mm, ‘wire-flux combinaﬁons are
'é,\.ra;iiagbie. The tensile strength and dimpact strength of the -deposited
meta‘l"-vsa‘gisfy even the most égtrihgent'jrequirements‘, such'as those of the

ship clussification societies.
For plates of gfea‘ter thickness, .‘hdwev_ker, it a.iways seems to .be more
difficult to meet the requirements with respect to welding metalls impact

strength.

IV, - NATURE AMD ATMS OF THE PROPOSED RESEARCH

In the first instance the research consists of a number of welding
tests on Si-Al killed 52 steel 35 mm thick confoming to the,_EI}‘_quality
specification with respect to cemposition. The test plates are 1.5 m in

- , .

. lengthe: - The width is selected:so that the cooling cor‘zd‘itions' in the weld

are the same as for the very 1axjge plates which are wgldeci in pré,c:l:ical
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application (approx. 0.5 m). The test welds are performed by submergeds
arc welding, using two wires through which an electric current is passed.

The tests are carried out with several wire-flux combinations which
have been approved by the classification societies subject to a limitation
on the plate thickness for which the technique can be employed (Class III)
(minimum three combinations). Along with the combinations speoified by
the manufacturers, further tests are performed (approximately six) using

" interchanged wires in order to determine which wire=flux combination
produces a result that can be provisionally regarded asotimum. The flux
for this combination will “be 'emplbyed preferentially in the subsequent
welding tests, the aim of which is to detemmine the effect of varying the
content of the alloying elements C, Mn, Si, Mo, Al and M (or V),(and
where appropriate Q, P and S) on the structure and mechanical properties
of the weld metal. In the course of the programme, 45 test ‘We'lds. will Dbe
performed and examined.

III. OPINION OF THE COMITTEES OF EXPERTS

After examination by a sub~committee of experts and the Iron and
Steel Technical Research Commntee, it was decid.ed o make this a top-
priority project and to propose it for ECSC flnancia.l aid.

IV. DURATION AND COST OF THE WORK - FINANMCIAL AID PROPOSED

Ref. {Mature of Research {Duration] Total Budget Financial Aid
P 144} Influence of struce | 1 Fl. 235,000 60 {FL. 141,000

1ture and camposition
on mechanical properd
ties in two~pass flud
§ welding s

V. CONCLUSION

¢ In: view of the interest in this research programme, wh:.ch will afford a

o fairly comprehensive idea of. the influenca of the various alloy:.ng elements

and the optimum composition of weld metal, the Conmission of the European
Communities plans to grant f:.nancial a1d for this researoh programme under

- - Article 55 (2c) of the BCSC Treaty. 5
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The programme will be carried out by the Metallinstituut TNO,
Apeldoorn, * e

The funds required to cover the ECSC contribution to the work and
to the costs of dissemination of information and incidental expenditure
are estimated at approximately 43,287 u.a.
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‘ Orig. F
CQMMISSION
OF THE
EUROPEAN COMMUNITIES July 1974

MEMORANDUM

on ECSC financial aid, wnder Article 55(2¢) of the
ECSC Treaty, for a research programme on “CREEP"

I,  INTRODUOTION

Work within the Buropean Community to pramote the collection and
presentation of data on the behaviour of steels at high temperatures on
behalf of the steel industry has been carried out for a considerable time
by individual countries. Froam 1966, work has also been carried out on an
international basis by the British Standards Institution in assessing and
extrapolating data on behalf of ISO/TC 17. This Property Evaluation Unit
is now located at the Swinden Laboratories of the BSC, Rotherham.

As é. result of the work carried out, internationally agreed minimum
yield and proof stress values, and creep rupture properties, have now been
agraed fbr the inost cammon steels' Bor use at high temperatures, some albeit
on a tentative basis. In time it is anticipated that these properties will
also be incorporated in national standards for these steels, particularly \
in Europe, and it is generally accepted that future developments must, of
necessity, be undertaken on an increasingly ocollaborative Buropean and
international basis,

Thus, the Property Evaluation Unit has available to it completed test
data on standard boiler and pressure vessel steels, and it is evident that
there are deficiencies in this data that must be remedied by further testing.
To meet these deficiencies, therefore, it will be necessary to ascertain |
what programmes of testing are in progress or planned in the Euroﬁea.n
Community.
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II. NATUBE AND ATMS OF THE PROPOSED RESEARCH

The object of the proposed research is to establish authoritative
propertiss which are required for the design of plant operating at
elevated temperatures., In the case of creep, and creep rupture prOpefa
ties in particular, it is generally not possible for any single organisaw
tion to mount and maintain the necessary mmber of tests, and the quabtity
of data needed can only be obtained on a collaborative basis, Collaboraw
tion exists both on a national and international basis but it is desirable
that the ECSC countries should have a common approach to work in this
field. A Property Evaluation Unit is needed to collect and analyse the
data and it is proposed that the staff and facilities established by the
UK steel industry for their national activity should be adapted for this
purpose. There is the added advantage that the staff also provide the
Technical Secretariat for. ISO TC 17,

1IT. OPINION OF THE CQMMITTEES OF EXPERTS

After examination by a Subw=Committee of Experts and by the Iron and
Steel Pechnical Research Committee (TRC) it was decided to make this a top
priority project and to propose it fof ECSC financial aid,

IV, DURATION AND COST OF THE WORK

&

Ref, Neme of Research Duration Total Financial Aid
Project in Years Cost Ay
PO57/2 | Properties of steels 3 £196, 200 60 £117,720
for high-temperature
use

V. CONCLUSION

The Commission of the European Commanities wishes to encourage efforts
to disseminate information and to speed up the exchange of existing techw
nical data between the Members of the Community, and to this end it plans
t0 grant financial aid to a research programme in this field, under the
terms of Article 55 (2c) of the ECSC Treaty.
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The programme will be carried out by the British Independent Steel
Producers Association, London.

The funds required to cover the ECSC contribution to the work and
costs of dissemination of information and incidental expenditure are
estimated at about 225,845 wu.a.

2 e wo
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COMMISSION Orig. ¥
OF THRE
EUROPEAN COMUNTTIES » JULY 1974

MEMORANDUM

on ECSC financial aid, under Article 55 (2c)
of the ECSC Treaty for a research programme on

"BRITTLE FRACTURE"

I.  INTRODUCTION

At its 1973 meeting, the European Pipe Research Group decided that
there was a need for a Buropean research programme designed to gather
basic information on brittle fracture in steel gas pipe lines for the -
‘benefit not only of producers and users but also of the authorities and

bodies responsible for inspection.

The full programme consisted of three @hases of investigation to @eet

~the needs of the various groups -cencerned.

IT. NATURE AND ATMS OF THE PROPOS:ED RESEARCH

The joint programme was set out in Doc,III/a-814/73 of June 1973,
The main aim is to determine appropriate steel properties from which the
fracture behaviour of large~diameter pipes can satisfactorily deduced in

practice,

The research is divided into four partsf
(i} laboratory tests on model tubes;
(ii) 1laboratory tests on flat plates;
(iii) tests on large-diameter tubes;

(iv) a study of fracture mechanics with a view to characterizing

steels,

A supplementary programme, proposed in doc.78/IIImA/74 of February
1974, is for the study in greater detail of a number of anomalies which
were brought to light during previous tests.
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It emerged that modifications and improvements were needed to the
existing tes% rig before full~scale bursting tests on large~diameter gas
pipes could be carried out. To achieve this, additional financial aid
is requested for this modification.

III, OPINION OF THE CQIMITTEES COF EXPERTS

After examination by the Iron and Steel Technical Research Committee
it was decided to make this a top priority project and to propose this
research for additional ECSC financial aid.

IV, DURATION AND COST OF THE WORK - FINANCTAL ATD PROPOSED

¥

Iy
X

‘,u

Ref. | Titie¢ of Research Duration Total Finanecial Aid’
, Years |  Budget -
% . dnount
P 063§ Fracture of gas 1% M 345,176 30 | DM 106,253
| pipes . .
V. SUWMMARY

There is clearly a technical and economic need for a prOperix'mder-
standing of brittle fracturc phenomena particularly as the size of .
structures being used is increasing, The Camission of the Buropean
Communities plans to grant additional financial aid under Article 55 (2¢)
of the ECSC Treaty for a research programme in this area. The progfamme
will be carried out by VDEh, Dusseldorf.

The funds required to cover the ECC contributions to the work and %o

the costs of dissemination of information and incidemtal expenditure are
estimated at 33,992 u.a.
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CQMISSION Orig. ¥
F THE -
EUROPEAN CQU{UNITIES - . . . JULY 1974

MEMORANDUM

concerning ECSC financial aid, under Article 55 (2¢)
of the Treaty, for a research programme in the field of
- "HIGH-STRENGTH STEEL PLATES" of medium thickness
(10 to 60 mm)

1.  INTRODUCTION

Within the last decade, there has been considerable growth in the new
family of structural steels for making plates of quenched and tempered

steels,

The market of interest is centred to a ‘la.rge extent on such activities
as the fabrication of pressurized tanks, si;érage tanks, pressurewresistant
piping and also special ‘frame structures such as longwspan bridges and crane

boans.

Production in the Comnunity is behindhand in conparison with that in
the United States and, particulariy, in Japan, which alone produces about
five times (500,000 t) the tonnage produced in the Comunity., Competition
is extremely keen and is liable to become mo;-e and. ﬁore intense on this

narket, from which the Camunity may find itself ousted,

The Community is currently importing 100,000 t of quenched and tempered
steels and will probably consume 250,000 t in 1978. If no effort is made
as regards production, this will only amount to 150,000 ¥+ for the Community.

This market will be completely open.to coapetition from. Japan, since,
although America is a large producer, its production is. entirely absorbed
by its.own domestic market. (America even has to inport from Japan as '
©well),

L
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It is therefore desirable, for a Community-scale effort to,bé made
in this field, both in investing in production and in studying means of
utilization. o

Fran the technical point of view, mmerous specifications and ocodes
now define the characteristics of the existing grades of steel,

We are, "however, witnessing a significant phase of development in
the narket; constructors have not only overcome their reservations about
uging these steels but have become aware of the benefits to be derived as
regards creating structures to meet increased requirements, particularly
from the point of view of load capacity. It is now becaming necessary to
advance beyond this first"generation" of quenched and tempered steels and

develop a second "gencration", better suited to current needs.

II. NATURE AND AIMS OF THE PROPOSED RESEARCH

The proposed raesearch is divided into two main parts:

(a) rescarch on improving existing grades; this work would be
assigned to BSC, CSI and VDEh;

(b) development of new grades (i.e., new as far as the Comunity-
is concerned) to provide a means of combating the virtual world
monopoly of the Japanese in this field; +this work would be
assigned to VDEh and CreusoteLoire.

(a) Rosearch on improvement of exist{% grades
(1) Work proposed by BSC -

The programme proposes that only weldable steels with a strength from
420 to 490 I\T/mm2 ba included, since they represont both the greatest growth
potential and the area in which compotition from outside will probably be
strongest. '

It is assumed that the basic types of steel are already known and
produced, and in consequence the work should focus meinly on the steel |

.. plates 'conimercially produced by a number of European stéurces using available

steels of all strengths made by different manufacturing processes.  An
important charvacteristic of this programme is that it groups steels accordin$
to strength and not according to process. In this way normalized, rolled,
controlled and refined (fully killed) steels with a strength of 420490 §/mm®

PEVPRE SRR
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could be supplied according to thicknese:- - Considering.the linited. quanti-
ties currently being :gsupplied by Buropean steelworks for structural applicaw
tions, it would be hi(’gh],y‘desirable“to_ compare these three processes in
order to be able to d{é’temine the advantages and the performance characterig—

tics of each of them.:

The types of grade that it is hoped to study come under the followi;ng
basic cabtegories:

Grade Manufacturing Mcthod Type of Steel

420 I\T/mm2 Normalized steels V/N steels; V alloyed steels
Controlwrolled steels No~(¥) steels; Nb~V-(lMo) steels
Refined steels V-l steels; Mo(V) eteels

No-{V) steels; boron steels

490 I\T/mm2 ' Refined stcels Vil steels; Mox(V) steels
Control=rolled steels Nbw{¥) steels; boron stescls
Normalized steecls MowVedlo steels

Alloyed V steels

{_I‘_‘lli_._gulmess

It is proposcd that a study be made of the three currént thicknesses,
i.eey 25 pm, 450 mn and a range of thicker steel plates, varying from 50 to
63 nm. These %hicknessm represent the nain tonnage used for structural
appllcat:.ons such as tanks, brldges and merinc platforms. It is thus hoped
that, at a strength of 420 I\T/mm ' normalized steels and refined steels will
be available in all thickness ra.nges and that control=rollcd steel will be
. ava.ula‘ole 1r;‘t‘11c1mess¢=s up to 40 mm. At a strength of 490 I\T/mm , refined
steels and. in certain cases, control-rolled stecls (of limited thickness)
will fulfil the criteria and norualized S‘beels of relatively high CEV
(Charpy Energy Value) will also be available.

Aim_of the proposed programnme

Stecls = The aim of .thig programme is smma**:wed :m the table below,
- which gives the figures to which the bas:.c grades, the manuf‘a,cturlng .
methods and the thicknesses have 10 correspond.
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: o
Grade | Normalized | Thickness | Controlw 'I‘hiolgdess Refined } Thickness | Total
o levels ] rolled levels . levels '
420 2 3 2 2. 4 3 22
490 2 2 1 2 4 3 18"
10 m2 by sheet test ‘ Basioc grades, etc. 40
Number of steel plates 50
tested -

A further feature of this programme is that steels froam several Eurcpea:
gsources may be examined within the 40 different basic forms from the point o
view of grade and thickness. Accordingly, at certain basic grade/thickness
levels, steel plates will be provided in duplicate so that, where necessary,
nominall;fr equivalent pla.tes can be tested - for example, a plate from one
rolling mill in comparison with another from a second rolling mill. The
precise origin and the d:.strlbutz.on of the samples to be tested will be
decided by agreement wi'th the manufacturers involved.

(2) Work Brogosed by CM

The research will concern steel plates 40 mm thick with a strength of
4050 kg/tmn used to construct pressure bo:.lers a.nd petroleun storage tanks,

This should snable a direct comparison to be made between the actual
behavieur of the material in service and its behaviour during the acceptances
testing o’pera'baions required in order to check the quality of the steel plate
supplied. The results of these tests could also be used by the ECSC W.G.
on the standard code for groater ;;x:epision in the current definitions of the
code.

The influence of the natufacturing conditions, i:.e;, ocoldwworking, weld
ing and e,'l;jbenuation treatment, will be determined as a fﬁhction of the final
mechanical properties and of the crackecorrosion resistance of steel plates
of d:.ffererﬁ: original metallurgical structures (refined, normalized, -control-
rolled) " - 1
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‘The 'main' characteristics of the- stee“l plates to be studled arer
thickness = 40 mm3 streng'tn - 49—50 kg/mm s manufacturing condlt:.ons -

refa.ned normalized, -control-rolled,

L

* Samples of these ptates will be subjected to work cycles sizﬁilan to
actual manufacturing conditions, The comparison will be established on
the basis of ordinary mechanical characteristics, lamellar tearing resise
. tance and Fracture toughness tests (initiation and propaggtion) in the
temperature range betwsen-20 anci +250°C. :

1
J

4s alroa,dy men’clcned, resistance to crack corrosion in HZS w:.ll also
be caloulated. . . ‘ Ce

(3) Work proposed by VDEh

It would thus seem to be particularly desirable to carry out systematic
studies on these high=strength steels for which minimum limiteelongation
values are guaranteed, these being in the upper region of .the:,‘values known
at present for the fineegrained structural stecls normally u,sed., ileCey
about 420~490 N/mmz. This would, on the one hand, provide answers 10
questlons of general mporta.nce a.nd, on the other hand, afford wider EXPETw
ience on the basis of which to master the economic processcs o:t‘ oonvertlng
steels of this degree of streng’ch, ’co reinforce the confldenoe of those who

work the steel, and to open up new ways of utll:.zn.ng steels.

i’c is accordingly proposed that testing materials be used consisting
of two ordinary f1no~gra1ned structural stcels with a mlm.mum limitwclongar
tion value of 430 N/mm for a thickness of 30 mm, one having a chemical
ccanpositlon based on N1~V, nomalized and tenpered. at dellvery, and the other
with a chemical composition based on Cr-do-B, quenched and softened in their
a.,s--delivered condition, These two steels should reach the following ninimal

‘values with regard to their mechanical propertics at ambient temperature:
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Steel Heat Elongation} Tensile } Elongation Inpact strength |
Treatnent | . Linmit Strength § at break {Longitudinal Transversal
For 30 mm thickness (Loa 5 do) J J
o ‘
A }900%/
. aid.o o o ,
+6po C 400 560 17 5 31
B |900°%/
wateg '
+650 480 560 17 63 39

Identical testing materials will be available in sufficient gquantity
for the studies t6 be performed within the framework of the British Steel
Corporationts researth project.

(a) Development of new grades

(1.) Work proposed by VDEh

The use of high-strength weldable steels is gaining in imporfance in 4
the construction of superstructures and bridges, of oranes and pressurized
. tanks, as well as in the technique of offwshore drilling. At present,
there is a preference for using flne-gralned steels, whioh when norma.lized
have minimum elongation limit values of up to 500 N/mm « Nevertheless, the
_ pecessity of having weldable steels available which, for such a high strength,
have even better hardness is becoming urgent.. In addition, in numerous
steelwusing fields there is a growing interest in fine-gra‘ined, weldable
structural steels of greater strength which, however, have not suffered any
appreciable decrease in hardness,

This condition seems capsble of being fulfilled if the steels ave first .
quenched in water or oil and then tempered. The increase in strength, by
acting on the structures, has the particular advantage that a high level of
~ hardness is also obtainad.

During the quenching and tempering treatment, however, account must be
taken of the fact that the strength properties depend more on plate thickness"
than in the case of normalized steels. The effect of the plate thickness is
related to the fact that adequate quenching and tempering are only obtained

\
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on the parts of the section where the abrupt cooling of the surface by

the quenching liqﬁid still permits an adequate cooling ratec. With increasw
ing plate thlokness, comple'be through hardening followed by tempering can
only be e,ch:Leved if there is a h:l.gh alloying elements content. On the
other hand, however, the content of carbon and alloying additives is limited

by the degrees of weldability required.

We are thus faced here with two contradictory requirements which,
having regard to the desirable plate thicknesses, necessitate the manu
facture of steels of optimum chemical composition. In the present state
of knowledge, it would be adviszble to study the -influence of the content
of carbon, chramium, molybdenun, nickel and vanadium. . It seems both

indispensable and urgent to undertake systematic research along these lines,

It is proposed that within the framecwork of this researqh progranme
studies be performed on three experimental batches with three different basic
campositions having progressively modified contents of molybdenum and

vanadium,

(2) Wvork proposed by Creusot=Loire

This involves carrying out research, within a thickness range between
10 and 60 mm, to find a class of products which will make it poseible to
~comply with the new requirenents from the economic standpoint. The main
requirements are: an increase in the tensile strength’proper'ties (an ’

) ele,s’c't.c 1init of 6080 kg/mn is amed. at), better resistarice to embrittle=
- ment, better fatigue resistance and greater ease of working, espeolally in
welding. ‘

The proposed research is divided iiito three phases:

~ PFirst of all, study will be made of the characterietios of a |
quenching fecia.i%y operating in a laboratory and enabling products
to be obtained which meet the tolerances defined by the s’candard.so

= The seoond phase will consist in using, 20 kg experimental castu 1gs to
understand -bhe development of tensile characteristics and also service

. properties such as ,brlttleness and weldability.

~ The last phase will regquire the indvstrial production of a small
number of castings for the characterization of these gradses, in order

to verify the quality of the simulations, and a study in depth of the
service properties.
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The research will be performed mainly in the laboratories and work-
shope of the Creusot plant, particularly a8 regards steel production and
platemaking. Plenty of equipment is available in the laboratory for all
fields of the research under consideration. The laboratory specializes |
in the study of struotural steels and their various uses. If necessary,
asgistance can‘be"requaated froa the Iniphy and Unieux rescarch centres for.
certain special investigations such as electiron micro'scopy.

ITI. OPINION OF THE CQMITTEES OF EXPERTS

After examination by a sub-comittee of experts and by the Iron and
Steel Technical Research Committee (CRT), it was decided to make this
project a top=priority in a collective programme and to propose it for
EOSC financial aid. |

IV. DURATION AND COSE CF THE WORK .- PROPOSED FINANCIAL AID

This collective programme (P 050), with the title "Industrial-
development of high-strength steel plates of medium thickness", will be
implemented over a period of three years. ‘

The breakdown of the budget will be as follows:

Total Budget Duration * Financial Aid
(Years) -
% Anount
BSC 8 210,894 3 60 [°& 126,537
oS Lit 142, 280, 000 - }e6o | it 85,368,000}
VDEh Part A b i 867,500 60 § M 520,500 i
Part B ™ 716,400 60 | m 429,840
Creusot=Loire FF 2,337,500 60 } FP - 1,402,500

V. SUMARY

To defend the Community's position in world competition in the field
" of producing and utilizing high-quality stesl plates (quenched and tempered
steels), the Commission of the Buropean Cammunitiesiintends to accord ‘
financial aid, under Article 55 (2c) of the ECSC ‘I'rea.ty.,: for a research
‘progra'@ne in this field. "

pme e 1 Pe a N e
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This programme will be implemented by:

- 2(a) (1) - BSC
- 2(a) (2) « Cc:
~ 2(a; (3) = VDERL
- 2(b}) (1) - VDERn
= 2({b) (2) = Creusot=Loire

The funds required to cover the ECSC contribution to ths work and to
the cests of dissemination of infurpation and incidental expendit-are are
estimated at 883,286  w.a. '
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CQMISSION
OF THE
EUROPEAN CQUMUNITIES ‘ . JULY. 1974

L

MEMORANDUM

on ECSC financial aid, under Article 55 (2¢)
. 6f the ECSC Treaty, for a research programme on
"PHYSICAL METALLURGY®

I. INTRODUCTION

The three proposals submitted for aid in this research field relate
tos

- precipitation hardening steels;
- sgtructural and mechanical properties of low~carbon bainitic steels;
-~ carburization and decarburization of alloy steels.

The first two proposals will provide valuable background information
on the influence of dispersion strengthening additions and of bainitic
microstructures respectively that is needed for the further development of
improved weldable highwstrength steels. The third project deals with the
carburization and decarburization problems that occur in case hardening

steels .and in the heat treatment of constructional and various alloy steels. .

II. NATURE AND ATMS OF PROPOSED RESEARCH

1. Precipitation hardening steels

Research on precipifaiion hardening steels has been supported by the
Conmission since 1966 and this proposal forms the basis of the third cow
operative programme in this field. The work to date has shown the value
of disﬁersed phases on mechanical properties and it is now necessary to
rationalise the use of these additives. A systematic study has been
proposed to investigate the properties of a range of steels to examine the:
effect of such factors as composition with respect to interstitial content
and microalloying addition and heat treatment. The proposed céoperative
programme consists of five paris, to be carried out by the BSC,'CRM, MPI,
IRSID and CREUSOI-LOIRE respectively.

o e
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1a1 ’?«S‘gm Pro ieC‘h
I+ is proposed to Astu.dy high=strength structural steels over a range
of carbon contents with a matrix composition of 1.5% Manganese and cont~
rolled additions of niocbium (0,05 = 0.18 wt.%) and titanium (015 = 0.22 wt.%).
In addition to examining the influence of austenitising temperature,
the microstructural changes during hot rolling will be studied to assess
precipitation and grain=size changess The effects of varying the codling
rate to room temperaturé after hot rolling will be investigated.
Tensile and impact properties will be evaluated together with a
— -detailed optical and electrometallographic stud;j of the resulting micro-

structures,

. The steels and heat treatments selected for investigation are expected
to give properties required-in appliocetions-Ffor high strengtbstxzipm high
gauge plate.

1.2.CRM Project
It is plammed to study the effeét of elements that form dispersoids
on the mechanism of ductile and brittle fracture in structural steels,

A series of carbon-manganese stecls with controlled'a.é.di’cions of
niobium (0,02 = 0.03 wt.%) and vanadim (0,04 = 0,08 wt.%) will be invesw
tigated. ‘

The experimental programme will include:=

-~ hot rolling and various thermal treatments to produce a range of micro-

structures and ferrite grain sizes;
- instrumented Charpy impact tests to assess toughness;
-~ +fensile property evaluation;

- optical and electron metallographis study using scanning electron

and transmission microscopes.

The resulis should enable gquantitative relations to be establisghed
between microstructure (grain size, precipitate distribution) and tensile

and impact properties.
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1.3.MPI Project
It is proposed to investigate two main aspects.ef precipitate “behaviour

in stecls:

= %o determine the maximum content of ALN, TiN-and TiC required for

grain refinement and the maximu temperature at which grain growth

can be prevented;

to study model alloys to determine the mechanism whereby particles

hinder grain growth with the aim of evaluating the influence of

various phases on grain growth,

The experimental work will include a study of carbon-mangsnese steel

(0.2 wte %0, 1.5 wt. % Mn) containing comtrolled additions of Ti, Al and

N.

grain size will be investigated in a range of alloys containing varying

In this way the influence of the austenitising temperature on austenite

Y

amounts of TiN, ALN and TiC,

A study will also be made of model alloys in which the austenite is

- stable at room temperature so that the role of specific precipi’bates on

grain growth can be unambiguously assessed.

1.4, IRSID Project

The proposed investigation will consist of two partste

a study of the influence of elements that influence hardenability,
such as molybdenum, on the precipitation of niobium and vanadium in
carbon-manganese steels (0.1 wt. % C, 1.4 wt. % Mn), together with a
study of resulting mechanioal propertles and

a study of the influence of copper (0.2 = 1 wt. %) on the mecha.nical
properties of carbon-manganese steels to 1nclud.e an exam:.nation of the

precipitation mechanism,

Subsequently, additions of elements which inorease hardenability will

be made, if necessary, to study the effevts of copper in bainitic and

martensitic nicrostructures,

~ 1.5,Creusot-Loire Project:

The results already obtained have shown that the precipitation of

carbonitrides ofvanadium during the cooling of a carbon mangsnese steel
(16Mn 4 type) has a maximum at a specific cooling rate, leading to a mixed
ferrite~bainitic microstructure. |
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Tt is now proposed to examine this phenomenum further in steels of
varying hardenability with or without additions of vanadium. The
influence of other dispersoidwforming alloying elements, e.3., niobium,
on kinetics of precipitation of these carbo~nitrides will be studied along
with an evaluation of the resulting mechanical properties Genéile and impact
tests). '

2. Structure and mechanical properties of low=carbon

bainitic steels

During the course of the last ten years, much research has been
carried out for the purpose of optimizing the propertiss of stecls of
ferrite~pearlite structure. A particular affect of the damands of welda-

bility and toughness has been to cause contents of carbon and alloying

elements in this type of steel to bend downwards.

In view of the importance of these demands, a joint research programme
has been drawm up by ARBED, CRM and IRSID.

The aim of this research is to develop some of the potential applica~
tions of low~carbon bainitic structures in their various fields: +tube

plate, deep~drawing sheets, general-purpose wecldable structural steels,

2.1.Programme IRSID

The aim of the proposed study is to evaluate the development structura/
mechanical properties relationships in connection with the morphology of

bainite and bainite-martensite struciures,

In order to vary appreciably the finemness and morphology of bainite
and bainite-martensite structures in the thermomerhanical treatments

laboratory will likewise have to be employed.
The programnme includes three main sections:

- characterization of the hardenability and bainitic conversion kinetics

as a function of the composition studied;

- comparative study of the microstructures obtained under iscthennal
conditions, during continuous cooling and after thermomechanical

treatment;

w gtudy as tempered of the behaviour of the_sfructures previously

characterized.
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The basic composition will be of the type Ce0.07% Mnwl.4% Mo=0.5%
The hardenability will be modified by the addition of either or both of
chronium and nickel up to 2%, .

2.2,CRM Ppogramme

A study will be made of the effeocts on the formation and properties
of bainite or acicular structures (with the exception of martensite) of
' the following factors: '

- the effect of a deformation occurring before allotropic conversion
during the final cooling-diown. Here two aspects may he considered =
hot deformation (in the austenite phase), or cold deformation before |
reheating in the austenite phase;

- ‘the effect of the heating speed and the temperature reached. These
two factors are capable of considerably modifying the condition of thae
austenite (chemical homogeneity, dissolving of precipitates, grain’
sjze, work-hardening distribution, eto,);

« affect of the cooling speed and the chemical composition of the |

steel. These two factors are capable of being modified to same
extent in order to allow the formation of the required bainitio
structures.

The basic composition will be of the type 0.050% max. « C, D = 1% Mn
end, where applicable, 0,5% max. Cr and B.

2.3, ARBED Programme

A low=carbon steel with MnwMowNb which forms an aciocular ferrite or
bainite structure, and which is used for the manufacture of large~diameter
tubes from hotw-rolled strip, will be studied. 4s in the case of long
products, it will not be possible to exploit the possibilities offered by

Ty e e

_ controlled cooling of coils, Various ways and means of achieving a high ;

fensile strength will be studied:

- ag regards the Mr;-Moan basic formula, the incidence of increasing
. carbon contents, 0,05, 0.10 and 0.15% will be examined;

= As regards the lowest carbon content, an investigation will be
conducted into the effect of the addition of B, either alone in
canbination m.th ;titanitm, which, where appropriate may replace
niobium,

[P
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3. Effect of alloying elements on the carburization and

decarburization procesges in steels during heat treatment

Heat treatments have a decisive effcct upon the grade of ma.nj’ steel
types. ‘

‘

. Thus for the ¢ase~hardening group of steels, a high fsuz-fa.ce hardness
witlh a corresponding core toughness is increasingly achieved via gas
carburization and subsequent direct ‘quenching. Mention should also be
. made of the ha,;c'dening and ’bemperirig of structural mar-aging steels and ,
the hardening and solution heat«~treatment of mar-aging steels, |

In all ’chese technical annealing processes, reactions take place ¢
between the’ gas phase and the steel which may engender to some extent
desirable but to some extent undesirable steel properties, :

Carbon plays a dominant role in these interactions,

By means of a controlled gas-metal rea.c‘t;ion, it is possible to regulate
the ‘quantity and also the distribution of the carbon as desired,. As a rule,
however, it is not sufficient to know mersly the concentration where carbon
diffusion is concerned. The carbon activity, as a function of the ‘fempera-

ture and concentration of the other elements present, must also be known.

The purpose of this research is thiuis to establish exact working
conditions, based upon thermodynamic parameters and phase diagrams, for
the heat treatments of various types and grades of steel. The results
-should give rise to a better yield and improved adaptation of steel to its

service conditions.

The research includes an investigation of steels with additions in':-
controlled amounts of the elements Ti, Nb, W W, Cr and Mo,

ITI. OPINTON OF THE COMITTEES OF EXPERTS

After examination by subwcomnittees of eicperés and by the Iron and
Steel Technical Research Comittee (CRT), it wes decided to make these top-
priority programmes and to propose them for ECSC financial aid,.
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IV, DURATION AND COST OF THE WORK ~ PROPOSED FINANCTAL ATD

Ref. | Title of Research {Durationf Total Financial Aid
Years Budget
% Amount
1P 096 | Precipitation harde 3 M . 520,000 60{IM 312,000
ening  steels FB 10, 000, 000 60 | FB 6, 000, 000
: FF. 833,000 60 {FF 499,800
FF 850, 000 60 {FF 510,000
& 83,750 60 & - 50,250
P 105 { Structure and 3 FF 1,100,000 60 |FF 660, 000
mechanical proper= | FL. 3,000,000 . } 60 {FL 1,800,000
ties of lowecarbon FB 5,000,000 60} FB 3, 000,000
bainitic steels
P 106 } Iftfluence of alloyw 3 M 243,500 60 {IM 146,100
ing elements on the
carburization and
decarburization of
steels during heat=
treatment o

V. CONCLUSIONS . ‘ :
The proposed research into precipitation hardening and low=carbon

bainitic steels will provide the necessary basic information required for

the further develomment of these two important classes of high-strength

structural steels, Ihile steels based upon these strengthening mechanisms

are ‘already used in a wide variety of engineering applications, there is a '

contirmiing need to improve propertiss and to optimize compositions, partis-

oularly in weldable grades. The close relationship between these two

proposed studies is recognized and it is envisaged that the work on both

pi'c;jact’s?’ will be olosely comordinated. '

The third proposal will provide a better understanding of the carburizam
tion and decarburization process which will be most valuable in relation to
. the improvement of both heatwtreatment practice and the resulting properties
of a wide range of engineering steels.

In view of the importance of such potential developments, the Commission '
of the Buropean Camunities plans to grant financial aid for this research
under Artiocle 55 (2¢) of the ECSC Treaty.

e e
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This work will be carried out byi=

P 96 =  BSC (Rotherham)
CRM (Lidge)
MPI {Disseldorf)
IRSID {Paris)
CREUSOT=LOIRE (Le Creusot)

P 105 - IRSID (Paris)
CRM (Lidge)
ARBED (Luxembourg)

P 106 =  DEUTSCHE EDELSTAHLWERKE (Krefeld).

The funds required to cover the ECSC contribution to the work and to
the costs of dissemination of information and incidental expenditure are
estimated at about 744,359 u.a.
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Orig.: F
COMMISSION
OF THE
EUROPEAN COMMUNITIES
S + JULY 1974

MEMORANDUM

on ECSC financial aid, under Article 55(2¢c)
of the ECSC Treaty, for a research programme on

"USES OF STEEL: METAL STRUCTURES"

INTRODUCTION

The development of the uses of high elastic limit steels in metal
structures calls for a definite effort to acquire a better knowledge
of these steels for the purpose of achieving better performances in
metal frameworks.

Moreover, the question of thin walls in box girders and I~beams still
tacks any systematic treatment at the international, or at least at
the Buropean, level.

On the theoretical side, the literature of the subject is very
extensive, but it can be classified under three main headings:

- the German group, which, thanks to the work of Kloppel and his
school, presents a vast collection of cases in the context of the '
linear theory of wall panels and stiffeners;

- the American group, exponents of the Balser and Thurlimamn ,
calculation method, which tends to space the longitudinal »
rigidities of the walls as widely as possible;
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-~ the Swedish group, which has compiled rules enabling thin walls to

be made without stiffencrs with web slenderness ratios exceeding 300.

IT. NATURE AND ATMS OF THE PROPOSED RESEARCH

Te

The stress—stirain diagram for metal frameworks

RC IR I Y e e em sy e we

This coordinated programme comprises:

(a)

(v)

A theoretical study in the form of a numerical computer simulation
of the hehaviour of structures in the elastoplastic zone, It
consists of an approach by finite elements, account being taken of
the residual stresses in the sections, for the purpose of deter—
mining the quantitative effects of the main parameters derived from
the stress—-strain diagram on the plastic redistribution capacity
of the stresses and, on the instability behaviour of steel sections.

In addition, an experimental programme will be launched on a range
of products with elastic limit/tensile strength ratios varying from
0.65 to 0.90. The experimental part is aimed at verifying through-
out the theoretical study the validity of the models under inves-

tigation,

Study of the interaction between the elastic limit/fensile strength
ratio and the total plastic deformation in the presence of
polyaxial stresses. It shoulﬁ thus be possible to determine the
ninimm elongation~at~break requirements as a function of the

Re/Rr ratio and the stress concentrations in the vicinity of crosse

sectional reductions.

.
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The research consists in an arﬁlytical study designed to analyse
by computer the elgstoplastic zone in perforated or notched plates.
The experimental part is aimed at determining the tensile
behaviour of rectangular plates containing stresswraisers.
Different thicknesses and types of steel will be examined.

3
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2 gp_'t_:_igig_azig‘n_og the itj_._f_f;ep_eg‘_s__ip_ _’Q_eams with thin solid wall

As regards the theoretical aspect of the problem, the research

programme comprisess

(a) systematic collection of the more recent and significant theoretical
works, in cooperation with all the countries concerned;

= further theoretical study of post-critical behaviour with a
view to introducing, as in Sweden, regulations on ribless
girders with thin webs for roofing structures which are not
subjected to dynamic loads or to force phenomenas. This process
may be extended to postw~critical behaviour, and this type of

- application is at present being studied.

(v) From the experimental point of view, even though 'a number of
interesting studies exist (some of them already considered classicals
American, Swedish, Belgien), a more systematic study is proposed.
This would be carried out on standard well panels, and would
embrace the following activities:

~ research on the static behaviour of the plane wall in ‘the critical
and post=~critical range up to the point of collapse, after single
and combined stresses (respectively pure bending and bending plus
shearing), as a function of its flexibility and initial
configuration;

.



- - ITI~B/ 620/ 74~E

- evaluation of the effect of welded stiffeners {vertical and
horizontal) on the linear and nonelinear critical behaviour and

recording of the stresses in these stiffeners;

= to experiment with new types of stiffener such as X=shaped
indentations, flanged holes, etc., which offer economic
" advantages over the tfaditional solutions even though' they are
limited to the field of very thin walls.,

ITTI. OPINION OF THE COMMITTELS OF EXPERTS

After examination by the Sub-Committee of Experts and the Iron and
Steel Technical Research Committee (CRT), it was decided to make this
a top-priority project and to propose it for ECSC financial aid.

IV, DURATION AND COST OF THE WCRK «~ FINANCIAL ATD PROPOSED

oy

: ‘ , ; . . PFinancial aid ;
éRef. Research project Duration: Total cost g Amount f

- g
! 1

P.110; Stress—strain

: diagram of steels

i i Tor metal frameworks

RN S

i .
4 P

i

i (12) - 2yre (FL 4400 000 | 60} F1 2 ££0 000
B ‘ ' b i ! . H
; (1b) 2 yrs FL 200000 | 60jFL 120 000!
: : g i
p.136 } Optimization of | : I I i
: gtiffeners in beams ! }
|

: with thin solid walls 2 yrs Lit 40 950 000 60¥Lib 24 570 000
‘ : | i
! ? ; j 5
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CONCLUSION
g st Snsa Pttt

In vzew of the importance of this research in promoting the use
of higher-performance steels and of thln-walled beams in metal
structures, the Commission of the European Communities proposes
to grant financial aid, under the terms of Article 55(26) of ‘the
ECSC Treaty, for a research programme in this field.

This programme will be carried out by:

II{1a), p 100 ARBED, Esch sur Alzette

.y

II{1b), p 110 : TNO, Delft

I1(2), 136

-e

CISIA, Milan.

The funds required to cover the ECSC contribution to the work and to

the cogts bf dissemination of information and incidental expenditure are

1

estimated at about 123,637 . u.a. Lo

5
;
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" COMTISSTON " Orig. D
CF THE

E?ROPEAN C(XVMFINITIES JULY 1974

MEMORANDUM

on ECSC financial aid, under Article 55 (2¢)
of the ECSC Treaty, for a research programme on

WDIRECT REDUCTION®

I.  INTRODUCTION

About twowthirds of today?s steel production is based on pig iron
and about one~third on scrap. Apart from the increasing costs of
metal}.urgical coke, scrap prices in particular are pushing up crude stecl
production costs. Consequently, growing significance is being attached:

to direct reduction as an alternmative to the blast furnace.

Due to the availability of primary energy sources, direct reduction
processes which use a solid reducing agent or are based on the conversion
of solid fuels offer the best long~term prospects in Burope. The SL/RI\T

process is based on the use of unconvertéd solid fuel,

To date, the SL/RN process has not been tried owt on an industrial
scale in Burope. Existing plants in Brazii, South Africa a,nd New Zecaland
use either a completely different type of fuel or special ores such that
the results are not valid for European conditions. ‘

IT. NATURE AND ATMS OF THE PROPOSED RESEARCH

In 1970 energy consmxlition in the European Comnunity was 1,164 million
tces The expected encrgy consumption for 1980 is 1,891 million tce. It
should be remembered, however, that dependency on imports will continue to

- grow and will even reach 98% for some energy sources (e.g. oil).
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The proposed research is therefore designed to inw}eatiéaté whether
highly volatile indigenous coal can be used as & reduging agent in the
direct reduction process. The proposal is to use brown coal.from the
Rhine area, the double advantage of which is its availability (55,000
million t) and its cost (a.pproximately M 11/Geal when dried and
brigquetted).

In preliminary experiments which were carried out in a pilot plant
by the Lurgi capany in Frankfurt, pellets and lump ore have been reduced
with brom coal. From the point of view of both the’ sponge iron quality
and energy consumption the resulis weyé generally very encouraging. The
results cannot, however, be extrapoléted for & fullwscale plant.

There is now the opportunity for a fullescale trial using the SL/RN
rotary furnace belonging to ACOS FINOS PIRA TINT in Brazil which is desige
ned to produce 65,000 t sponge iron/year, as one of the associated meltlng
plants used for steel-making is out of action.

Under the rescarch proposal, therefore, 2,000 t sponge iron sould be
produced; +the existing pellets would continue to be used but the fuel
would be replaced by highiy reactive brown coal briquettes from the Rhine
area. To produce 2,000 t of sponge iron requires an experimental campaign.
lasting from fourteen days to three wecks, In particular, the following
points should be inveatigated:

1«  The transportability of highly volatile brown coal.
¢ 2, Metering the coal in ’che rotary furnace. ‘

3.  Maxinum, 'bhroughpwh to produce spongé iron at 93% metallization,

4. Energy consumption in steady operat:.on. !

5. PFewyield end decamposition behaviour of the coal and ore.

6. Desulphurization in the rotary furnace.

7. Temperature and reduction profile throughout the furnace length,
8. TWaste gas and dust measurements,-

9« Reoxydation behaviour "of sponge iron produced with highly volatile
| reactive coal during-'storage, handling and transportation.

The reduced pellets are to be finally melted down on a "Contimelt™
plant in Bous (Saar area).
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et

The results should also be interesting in connection with the use §f
other cheap highly volatile coals in direct reduction; fTroa an econonic
point of view, English steam coal (approximate price M 10/G cal) and
Imerican lowsgrade coal (approximate price IM 15/G cal) are worth partie

cular meuntion.

III, QPTKION OF THE CAEIITTERS OF EXPERTS

After ecxamination by the Iron and Steel Tochnical Rosearch Committee,
it was decided to make this a top priority project and to propose it for

ECRC financial aid.

IV. DURATION AND COST OF THR WORK = FINANCIAL AID PROPOSED

Ref, % Rescarch Durationt Total Budget Financial Aid
} Years -
! % Anount
. - .
P 146 gﬂse of brown coal for 1 o 2,144,780 60 3 M 1,286,868
direct reduction in a
;SL/RN‘plant
p

Ve  SUMMARY -
Due to the growing shortaze and increased cost of coke and scrap the

direct reduction process is becoming more and more significant,

In this context an investigation should be carried out to ascertain
whether cheap indigenous energy i.e., brown coal can be used in the SQKRN

process,

The total energy consumption is estimated at 4.6Gcal/t sponge iron.
If thc waste gas is exploited, spproximately IM 12 to 13/t can be rccovered
(based on Buropean bcations).

The Commission of the European Comunities recommends this research
for supply and encrgy policy reasons and proposes financial aid under
Article 55 (2¢) of the ECSC Treaty.
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The research is.to be coordinated by Mannesmann AG, Diddeldorf.
Direct reduption tests are to be carried out in Brazil by the ACOS PINOS

| PIRANTINT Company and sponge iron melting tesis by the Bous Stecl and Tube

Works on the Saar,

The funds required to cover the ECSC coniribution to the work and to
the oosts of diesemination of infommation and incidental expenditure are
estimated at 411,667 u.a.





