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A view at the present and future of express control of steel

production

In this article, based on the author’'s many years experience in the leading global company Heraeus Electro-Nite, which
produces measuring instruments for various parameters of liquid metals during their production, it is summarised the
current state of things and trends in this matter. The vision of the development of analytical control of steel production,
outlines the contours of a possible solution, initiating significant progress in this matter is formulated. The implementa-
tion of the proposed concept could open new areas of technology, particularly in the spectrometry of metals, in organi-
zation of technological processes of their production.

Despite the continuous improvement of equipment used to perform analytical control of metal at various sites of the
“redistribution”, for several decades, the structure of the organization of control and the arrangement of the measuring
instruments themselves have remained unchanged. Instead of operators manually measuring with probes in the form of
fishing rods, on which measuring sensors or samplers are worn, manipulators are increasingly being used. However, the
basic design of the sensors themselves remains unchanged: a protective cardboard sleeve plus a measuring element
or a sampler head. Measurements are made periodically, lasting from several to tens of seconds, after which the sensor
(sampler), having performed one measurement (in the case of the sampler, having obtained a metal sample), fails. For
the next measurement, another probe is put on the probe, etc.

Since, apparently, qualitative changes have ripened in the implementation of routine analytical control, a lot of research
and development has been devoted to finding solutions to exclude sampling from the analytical control of steel produc-
tion. In this article the author is describing one of the possible solutions to this super-task — usage of optical spectrom-
eter together with set of equipment that provide the excitation of characteristic radiation of analyzed liquid steel and
transferring it to the spectrometer.

Keywords: measuring instruments, parameters of liquid metals, analytical control, spectrometer, measuring sen-

sors, samplers, manipulators.

odern steelmaking is focused on the intensification

of all technological processes in order to increase

its productivity. The growing competition in the

global metal product markets places increasing
demands on the quality of steel, while forcing metallur-
gists to identify reserves to reduce its cost [1].

One of the important tools in the production of quality
steel is its analytical control. The metallurgist is faced with
the problem of how to control the smelted steel and what
means to spend on this to achieve the required quality cri-
teria. Sensor types used at different stages of steelmaking
are listed in Fig. 1 [2].

World experience attests that the most successful met-
allurgical enterprises invest many times more in control
tools than, for example, Ukrainian metallurgists, resulting
in high-quality metal, the price of which, as well as a sig-
nificant reduction in rejects, many times covers the costs
of controlling its parameters [3—6].

It should be noted that despite of continuous improve-
ment of the equipment used to perform analytical control of

metal in various areas of metallurgical process, for several
decades, the structure of the organization of control and
the arrangement of the measuring instruments themselves
have remained unchangeable fundamentally. Instead of
operators performing manual measurements with probes
in the form of fishing rods, on which measuring sensors
or samplers are pulled on, manipulators are increasingly
being used [7]. However, the basic design of the sensors
themselves in most cases remains unchanged: a protec-
tive cardboard sleeve plus a measuring element or the
head of sampler. Measurements are made periodically,
lasting from several to tens of seconds, after which the
sensor (sampler), having performed disposable measure-
ment (in the case of the sampler, having obtained a metal
sample), and then thrown away. For the next measure-
ment, another probe is put on the probe, etc. [8—18].
Typical implementation scheme of monitoring of liquid
steel parameters in basic oxygen furnace (BOF) conver-
tor is shown in Fig. 2. Here, a probe system is used for
measurements, which allows one to determine several
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of its parameters when deepening into a metal: a ther-
mocouple, oxygen activity, carbon content, and take a
steel sample. In order to speed up receipt of the analysis
results by eliminating the delivery of the sample to the
express laboratory, the so-called container laboratory
is often installed on the work site — “in field”. However,
experience has shown that the complexity of container
laboratories and high requirements to their maintenance,
as a rule, lead to their rapid decommissioning, and re-
sumption of functioning through the express laboratory.

Fig. 3 presents the most modern Heraeus Electro-
Nite solution to measure in BOF without its tilting and
making interruption of the process [19].

In this case, a Sublance-type immersion probe takes
a steel sample in an inert gas stream, which ensures
that its surface is not oxidized, as a result of which the
time-consuming sample preparation for analysis proce-
dure is excluded from the analytical cycle. Thus, the just

SUBLANCE

Clean surface
samples

m Typical control of BOF smelting

taken sample is immediately fed to the Quik-Lab Il au-
tomatic optical spectrometer, which is adapted to work
on the steelmaking site under the difficult conditions of

QUIK-Lab Il

/
/

m Control of steel processing in an oxygen converter with Quik-Lab I
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m CasTemp device

the steelmaking workshop with very simple usage and
minimum maintenance.

As for temperature measurement of liquid steel, the
metallurgists worldwide use mainly disposable platinum-
rhodium thermocouples at the different stages of the
technological process. However, for a relatively long
time in modern steelmaking — in tundish of continuous
casting machines, sensors are used to monitor continu-
ously temperature of steel during casting process. The
most successful one is the CasTemp (Heraeus Electro-
Nite) (see Fig. 4), which does not require cooling, stays
and measures in liquid steel during whole series of cast-
ing, replaced together with refractory layer of tundish.
This device has been successfully used for two years in
Ukraine at the PJSC Dneprovsky Integrated Iron & Steel
Works, has passed the trials and planned for use in the
PJSC “ArcelorMittal Kryvyi Rih”.

When melting the charge of an electric arc furnace,
in order to control a moment of the metal scrap melting
point reaching, to save energy and time, a new method
of continuous contact temperature measurement instal-
lation has recently been implemented by feeding fiber-
optic into metal. This device is called CoreTemp and is
shown in Fig. 5.

However, all these devices are related to the steel tem-
perature measurement accelerating and improvement by
direct measurements during steelmaking, but not to its
chemical composition. The multicomponent express anal-
ysis of smelted steel, despite of visible successes in this
matter, still cannot be done without an archaic sampling
procedure, introducing distortions and significant delays
in the production process. Work is underway to improve
the status in this matter, for example, the author used to
conduct research more than three decades ago on the
possibility to analyze hot samples using the atomic emis-
sion method, exploring the possibility of eliminating the
operation of cooling the sample before spectral analysis
[6, 13]. It was proved that it is possible to analyze a steel
sample at its temperature below 200 °C. Recent studies
have confirmed this possibility, but also showed that con-
sidering the temperature of the sample during its “spark-
ing” increases the accuracy of the analysis of the sample
on modern optical spectrometers [19]. Along with improv-
ing quality of the analysis itself, the problem of representa-
tiveness of the sample, i. e. the need to exclude sampling
from the analytical cycle is obvious, but there is still no
possibility to do this. Attempts are being made to monitor
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alternative methods, for example, to control “off gases”.
But this method is completely inaccurate, especially for
multicomponent analysis. That is why, in order to obtain
objective information about the composition of the steel,
you need to get to its representative depth, and, prefer-
ably, take measurements in several spots of the melt.

Using probe measurements in liquid steel, it is pos-
sible today to obtain several its important parameters,
such as temperature, carbon content, active oxygen, alu-
minum, hydrogen content, from a few seconds to a minute
[7, 8]. However, today only the sample analysis gives a
complete picture of the chemical composition of steel.
Sampling is the most archaic element of analytical control
of steel, deliver to steelmakers whole series of problems,
which necessitate to take them into consideration and
minimize. These problems are listed below.

*The chemical composition of a melt is determined not
directly, but indirectly (through analysis of the sample),
which introduces an inaccuracy/error depending on the
"representativeness” of the sample.

*The quality of the “body” of the sample must meet re-
quirements to perform spectral analysis on it.

*Sample preparation introduces an error in the analy-
sis, requires expenses for special equipment.

*The most important drawback of modern multicom-
ponent chemical analysis of steel is the long fulfillment
time. This time consists of the time taken to complete the
sampling operation, to get it out the sampler, to deliver it
to the laboratory (in cases of using the container labora-
tory or Quik-Lab II, it is excluded), preparation for spectral
analysis (with Quik-Lab Il — excluded), analysis itself, and
transferring the results to the metallurgical unit operator.
This procedure takes up to 10 minutes, during which the
manufacturing process is waiting for the required correc-
tive action, which is a net loss of productivity. On large vol-
umes of metal, losses are calculated in colossal values.
Metallurgists must either accept such losses in productivi-
ty or continue metallurgical process without waiting for the
analysis results, what negatively affects the monitoring of
the process and, as a result, adversely affects quality of
smelted metal.
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*All activities mentioned above require significant
capital investment and ongoing technological costs for
consumables.

No one complicated and expensive equipment that
will allow metallurgists to abandon sampling will over-
ride benefits that can occur, if chemical analysis of liquid
steel is significantly accelerated. The Sublance systems
for measuring and sampling in BOFs without their tilting,
container laboratories in the “field” and other measures,
worth millions of dollars, are paid off due to the accel-
eration of the metallurgical process. This obvious need
to solve this problem pushes the search for to find the
opportunity to perform direct multicomponent chemical
analysis directly in liquid steel.

A lot of research and development has been devoted
to finding solutions to this problem. Below is a description
of possible implementation of this “super-task” — usage
of optical spectrometer as part of set of tools that provide
the excitation of characteristic radiation in depth of ana-
lyzed steel and transferring it to the spectrometer [20].

This device provides simultaneous temperature
measurement and chemical analysis directly in a con-
trolled liquid metal environment (Fig. 6). The main points
of its functioning are as follows.

Express-analysis of the chemical composition of high-
temperature metallic melt is carried out in the following
way. By operator's command or automatic control sys-
tem of the device, the supply of an inert gas, in particu-
lar argon, initiated, which is fed to the Switch and then
through Ar channels to the front of the Lance head and/
or through the channel on the Plasma burner of the Im-
mersion lance. The lance immerses into the Metal melt

upright to the representative depth. It immerses only the
head, which is protected by a Refractory sleeve through-
out the depth of immersion, whose edge protrudes for-
ward relative to the front of the Lance head. Thus, the
sleeve, in addition to the protective function, serves as
an inverted cup in the nose of the Lance head, in which
the melt forms a cavity filled with compressed inert gas,
which protects the front of the head and the Plasma
burner from direct contact with the high-temperature
melt. In the cavity, the compressed inert gas is pressur-
ized corresponding to the pressure of the column of the
liquid metal at the depth of immersion. Due to this, the
liquid metal does not touch the inner part of Lance head,
protecting it from destruction and creates favorable con-
ditions for formation of Plasma torch in the cavity. Upon
reaching a given depth of immersion in the melt in an
inert gas environ, measurements of the melt tempera-
ture are performed on the radiation spectrum of the melt
surface, which is transmitted to the Pyrometer through
Light guide. Then Switch stops the supply of inert gas
to the front of Lance head. Inert gas is supplied only to
the Plasma burner, with the gas pressure determined by
the operator. Then, to the stream of compressed gas, a
double-conductor cable located inside the lance is sup-
plied with Current generator, and in a zone limited by
the inner walls of the protective sleeve, Plasma torch is
generated that excite the characteristic radiation at the
melt surface. The intensity of Plasma torch is regulated
by the generator and by the inert gas supply. The radia-
tion flux over the optical fiber is transmitted to the atomic
emission Spectrometer, which decomposes into a spec-
trum and registered. By the values of the intensity of the
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characteristic lines of the spectrum, the content of the
controlled elements in the melt is determined.

In case of the implementation of the described analy-
sis method, the following results will be achieved:

» The duration of the analytical control of the state of
the melted metal (steel) during its production is signifi-
cantly reduced due to the combination of measuring its
temperature and chemical analysis, and, most important,
the sampling excluding.

* Increases the accuracy and representativeness of
the analysis, due to conducting directly on the controlled
metal, but not on its sample.

» There is an opportunity to assess the homogeneity
of molten metal when moving the immersion probe and
performing a series of measurements in various places
of the "bath" of the metal. This broadens the vision of the

* The implementation of such project could signifi-
cantly reduce the costs of monitoring metallurgical pro-
cesses, reduce the load (costs) on factory laboratories.

Direct measurement of chemical composition of lig-
uid metal may open revolutionary new way of steel pro-
duction control and technological process organizing.
Practical implementation of direct measurement method
can be realized with using of manipulators to immerse
the measuring probe into the melt in steelmaking units
(an oxygen converter, a ladle furnace, an electric arc
furnace, a vacuum vessel, a steel refining unit, a steel
pouring ladle), or manually, for small volumes of metal,
for example, in induction furnaces.

Thus, the great prospect for the activities of engi-
neers and scientists in practical implementation of future
analysis of metals in the liquid phase is obvious.

process, makes control “integral”.
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Mornsp Ha cbOroAeHHs i MatbyTHE eKCnpec-KOHTPOSI0 BUPOGHMLTBA CTani

Y naHivi ctatTi Ha OCHOBI GaraTtopi4HOro AocBiny PoboTi aBTOPA Y NMPOBIAHIV CBITOBIV pipmi Heraeus Electro-Nite, 1110 Bupo-
6155€ 3aC006M BUMIPIOBaHb PI3HVX NapaMeTpiB Piakmux MeTasliB rnig Yyac ix BUpOoOHULITBA, y3araibHEeHO Cy4acHWi cTaH peyeri i
TeHAeHUii B gaHomy nutaHHi. CopmyiboBaHO 6aYeHHSI PO3BUTKY aHaliTMdHOro KOHTPOJIHO0 BUPOBHULITBA CTasli, Mo3Ha4Yae
KOHTYPU MOXJINBOIO PILLEHHS, IHILiOI0Y0ro noMiTHUEM Nporpec B LbOMY NUTaHHI. Peanidauis rnpornoHoBaHOI KOHUernuii Mmoria
6 BiAKPUTY HOBI HANPSIMY TEXHIKU, 30KpeMa B CIIeKTPOMETPIi MeTaliB, B OpraHidaLlii TEXHOIOriYHMX MPOLECIB iX BUDOOHULITBA.
HesBaxaro4n Ha nocTiviHe BAOCKOHaEHHSI 00aa4HaHHS, L0 BUKOPUCTOBYETLCS /11 BUKOHAHHSI aHaliTMYHOro KOHTPOJIIO
MeTasy Ha Pi3HUX OisHKax «nepenity», BXe Kiflbka AeCaTUiTb CTPYKTYpa OpraHidalii KOHTPOJIO | MpUCTPI cammnx 3acobiB
BUMIPIOBAHHSI 3a/IMLLIAIOTLCS HE3MIHHUMMK. 3aMiCTb oreparopiB, siki BUPOBJISOTb BPYYHY BUMIPIOBAHHSI 30HAAMW Y BUINISI
BYZOK, Ha SIKi 0AsiIraloTbCsl BUMIpIOBasIbHI gaTynkin abo rnpoboBiabipHUKM, BCE LUMPLLE BUKOPUCTOBYIOTLCS MaHinynatopu. Oa-
Hak, rMpPUHLUNNOBa KOHCTPYKLSI caMunxX AaTYnKIB 3a/IMLLAETHCS HE3MIHHOK. 3ax1CcHa KapTOHHA riib3a rjioc BUMIPIOBaIbHU
enieMeHT abo rosioBka npoboBiabipHuKa. BumiptoBaHHS MpoBOASTLCS NEPIOANYHO, TPDUBAKOTL Bif Ki/IbKOX 10 AECSTKIB CEKYH/,
nicns 4oro Aat4mk (npo6oBiabipHWK), BUKOHaBLLM O4MH BUMIP (B pa3i npoboBiabipHuka — 34006yBLUM Npoby MeTasy), BUXO-
AnTb 3 naay. [1is HacTyrnHOro BUMIPIOBAaHHSI Ha 30H OASraeTbCsl HeproBui AaT4uk, i T. iH.

bo, oyeBnaHoO, B nuTaHHI peanisadjii pyTMHHOr0 aHaliTUYHOr0 KOHTPOJIIO Ha3pisv SIKiCHi 3MiHV, 6araTto A0CiAXeHb i p03p060K
6YJ10 NPUCBSIYEHO MOLLYKY PILLEeHb [J151 BUK/TIOHEHHS Bibopy npob 3 aHaliTM4HOro KOHTPOJIIO BUPOOHULTBA cTasli. Y Lii cTarTi
aBTOP OMUCYE OAHE 3 MOXJIMBUX PILLEHb LibOro Haa3aBaaHHs1 — BUKOPUCTaHHSI ONMTUYHOrO CrekTpoMeTpa pa3omM 3 Habopom
IHCTPYMEHTIB, 1140 3ab6e3rneyyoTb 30YIXKEeHHS] XxapakTePHOro BUMPOMIHIOBAHHSI aHaJ1i30BaHOI piakoi ctani Ta nepega4y vioro
Ha CrieKTpoMeTp.

q 3acobu BuMIpOBaHb, napameTpu piakux MeTasiB, aHaiTU4HWI KOHTPOJIb, CMEKTPOMETP,
KniouoBi cnoBa ; i 6 ;
BUMIPIOBaJIbHI AaTYMKK, NPo6OBIAGIDHUKM, MaHIMyISTOPU.
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