| . P E : '3 wi
£ E § E & : g
v : H H :

3 o= - i
" A k 8 < y & £ } B g
e _J S 2 E et R S Y IS SRS B

London 2018




SCIENTIFIC DEVELOPMENT
AND ACHIEVEMENTS

volume 5



Scientific development and achievements

Copyright © 2018 by Bielova O., Shunko Y., Laksha O., Kustova S., Boiko M., Rybalkin M.,
Strelnikov L., Soloviova A., Kaliuzhnaia O., Strilets O., Doroshenko V., Klimova N., Hordiienko
Yu., Levchenko A., Slidenko V., Slidenko A., Bezvesilna O., Tkachuk A., Bilyk O., Kochubei-
Lytvynenko O., Bozhko N., Pasichnyi V., Burya A., Yeriomina Ye., Chepel N., Bandurenko G.,
Chymshyr V., Davydovich O., Palko N., Golembovska N., Slobodyanyuk N., Gul Yu., Ivchenko A.,
Perchun G., Chmeleva V., Kondratenko P., Kambulova Y., Kokhan O., Horobchenko O., Nikolov
0., Kurpe O., Kukhar V., Lugovets V., Galchynsky L., Osipova L., Nemenuscha S., Lysyuk V.,
Phesenko O., Saharova Z., Ruda M., Paslavskyi M., Taras Y., Sokolenko A., Koval O., Trus I., Halysh
V., Fleisher H., Gomelya M., Sirenko L., Uzlov K., Repiakh S., Mazorchuk V., Dziubina A.,
Valevskaya L., Ovsyannikova L., Voloshyn O., Kovaliov D., Zhuravska N., Kulikov P.

ALL RIGHTS RESERVED
Published by Sciemcee Publishing.
LP22772, 20-22 Wenlock Road
London, United Kingdom
N1 7GU
Sciemcee Publishing is part of SCIEMCEE.
It furthers the SCIEMCEE's mission by disseminating knowledge in the pursuit of education,
learning and research at the highest international levels of excellence.

No part of this publication may be reproduced in any manner without the express written consent of
the publisher, except in the case of brief excerpts in critical reviews or articles. All inquiries be
address to Sciemcee Publishing, LP22772, 20-22 Wenlock Road, London, N1 7GU or
publishing(@sciemcee.com.

First Edition: 2018
A catalogue record for this publication is available from British Library.

Sciemcee Publishing has no responsibility for the persistence or accuracy of URLs for external or
third-party internet referred in this publication, and does not guarantee that any content on such
websites is, or will remain, accurate or appropriate.

Every effort has been made in preparing this book to provide accurate and up-to-date information
which is in accord with accepted standards and practice at the time of publication. Nevertheless, the
authors, editors and publishers can make no warranties that the information contained herein is
totally free from error. The authors, editors and publishers therefore disclaim all liability for direct
or consequential damages resulting from the use of material contained in this bock. Readers are
strongly advised to pay careful attention to information provided by the book.

Sciemcee Publishing also publishes its books in a variety of electronic formats. Some content that
appears in print may not be available in electronic books.
Sciemcee Publishing books may be purchased for educational, business, or sales promotional use.
For information, please e-mail the Sciemcee Publishing at publishing@sciemcee.com.

ISBN 978-1-9993071-0-3
Includes bibliographical references and index.

W

SCIEMCEE

PUBLISHING LONDON



CONTENTS

N R O D R O N e R e e T s e
MEDICAL SCIENCES

Bielova O., Shunko Y., Laksha O.
POSTNATAL GROWTH RESTRICTION IN NEONATES WITH VLBW

AND ELBW DURING NEONATAL HOSBEEAL STAY .. .. occiiin s isonsinsie
eyl g (ot s IR R I © . s e R e
BibliocraphiCal TCTEICNCES. - 5. v v amnn s e it i oo e g T B e o

PHARMACEUTICAL SCIENCES

Kustova S., Boiko M.

THE TOPICAL PHARMACEUTICAL COMPOSITION FOR TREATMENT
OFEDIABETIC SKINLBSIONS .. c..ocovntio i e e ieren e e o
CONCINSION. .2 ot sl s S s s o s e ep a8 o M seb o o® o e o s
Bibliographicalzefetences s sicni 1l s Bt e v e S e el (S50

Rybalkin M., Strelnikov L.
MODERN ASPECTS OF CREATING THE ALLERGENS FOR THE
IMMUNODIAGNOSTICS OF CANDIDAMYCOSIS:. ... it b b
s aTel LR T ¢ LRSS ERR R B L s e e L i
Bibliographical tefetencese o s oot o8 ke S 0 Bt e ol il Bt

Soloviova A., Kaliuzhnaia O., Strilets O.
ANALYSIS OF MODERN ANTI-ACNE REMEDIES FOR CREATION
THE COMPLEX BIOTECHNOLOGICAL DRUG FOR ACNE
TREATMBINIE. . e e e
CONC ORI NS 22 it o Thr s i i aa o b b s e S et v I e B U e o
Bibliographical Teferenges: s o s oresha it smaic i oo fo s oty

PHYSICS AND MATHEMATICS

Doroshenko V., Klimova N.
SINGULAR INTEGRAL EQUATIONS IN MODEL BOUNDARY VALUE
PROBLEMS WITH CONICAL GEOMEERNIINE 1 mieb e o piiin s ats
Conelisions s s sy monmia o v Sone e ey Slatsre dpgorion i ieFpa eaiasn Lt
Bibliographical references sk mon cnni SRS temer s s ks Sres somsnrssminin. oy

Hordiienko Yu., Levchenko A.

THEORETICAL ASPECTS OF PHYSICAL IMAGES FORMATION IN
SCANNING MICROWAVE MICROSCOPY .......... s

19
26
27

30
38
39

40
50
50

52
63
64

66
83
83

86



(T aTe) D e TR o o s R e i e s s e e R
Bibliographicalirelere NeEsT e IINIEE T o o it b ol et o e e S s

Slidenko V., Slidenko A.
THE MODELING OF OSCILLATION SUPPRESSION AT HYSTERESIS
| BYaVAL B (S S R A R e - S5 e SRR RS L Rt e B o e B S R e
B ETIS I [ R S e L B e L R e S T R L S SOl B O
BibliogmaphicalieCIeremEeR o vans: s e rrtes - o St D e 2 e e o

TECHNICAL SCIENCES AND INFORMATION TECHNOLOGIES

Bezvesilna O., Tkachuk A.
SCIENTIFIC AND THEORETICAL DEVELOPMENT OF
STABILIZATION SYSTEMS FOR GRAVIMETRIC SYSTEMS AND
MODERN SENSING ELEMENTS FOR MEASURING GRAVITATIONAL
AEEFEERATTIEON S 02, 50 S e B i e Taey It )
ConpluSionThe s 5.0 M5 LA 0 AR e L 2 L S eI L il L e i
Bibhopraphical deterencess: 2 inuniante tire b S SR N T S iL L I 0 LR

Bilyk O., Kochubei-Lytvynenko O.
BREAD PRODUCTS WITH MILK WHEY ENRICHED WITH BIOGENIC
METALS ACCORDING TO THE INNOVATIVE TECHNOLOGY .............
B oncliRion . serm it e RS I L TER I e R s T T e SR
Bibliographicalsteferénees  seliis e n Ml S b e T el e

Bozhko N., Pasichnyi V.
EFFICIENCY OF PROVIDING BIOLOGICAL VALUE OF COMBINED
MEAT-CONTAINING PRODUCTS WITH MEAT OF WATERFOWL........
Sroy o] bty Tt R s e e S b T S s L e e e i
Bibliegraphiealimeferemens: < 8 s o e L

Burya A., Yeriomina Ye.
THE EFFECT OF VARIOUS METALLIC FILLING MATERIALS ON THE
PROPERTIES OF AROMATIC-POLYAMIDE-BASED COMPOSITE
i QD12 PAY e e e e S et e el
Ceonelistony i el il i e s L e e
Bibliograplrical refetenees De s, o atn i Ly e b e I e e

Chepel N., Bandurenko G.
EVALUATION OF ALBUMIN AND CASEIN AS POLYMERIC
NANOPARTICLES FOR FLAVOR NANOENCAPSULATION
BN B U S e e Seavment e e 0 B8 GRS | e e e oo AR
COnCISION M, cathst o e O N NI e an
Bibliographtcal referenices, 1. Uoiini il L Pt TRl oo DR R L S e SRR AR

97
98

101
111
12

115
128
128

130
139
140

142
150



Chymshyr V.
SYSTEM’S TECHNICAL CONDITION ASSESSMENT METHOD AND
DETERMINATION OF ITS OPERATION TIMEFRAME IN
B ERGAINTY. CONDEFTONS i ettt b rias sasins sods il st mtirsh st shamin
L lE g Rt e SR s L e R S
B Osranhical refelenees .. o bl oo teny R SRS o AL S e

Davydovich O., Palko N.

STABILIZATION TECHNOLOGY OF FATS DURING STORAGE...........
AT ST N SECT s s L b SEE R Rl e e e | g T

Golembovska N., Slobodyanyuk N.

FECHNOLOGY OF SEMI-FINISHED FISH PRODUCTS......ccciiviiiiiiieann.
| irE] IETE) 1 B SIS S 5 S et B DRSO R T R SRR TN oS 3
IS e hical e ferENCER S rit i for. e i s e e s it s S PO

Gul Yu., Ivchenko A., Perchun G., Chmeleva V., Kondratenko P.
BASIC PRINCIPLES OF THE NEW TECHNOLOGY PROJECT OF
MANUFACTURING STEEL PRODUCTS HARDENED BY THE COLD

B ORDNMATION. .ov1vs inn s st b b 2 T e L B

T T e e ORI TERE ol Ot e e e Lt L = S0 | SURESTRR R e e T[S

Kambulova Y., Kokhan O., Horobchenko O., Nikolov O.
RESEARCH OF THE EFFECTS OF SUGARS ON THE PROCESS OF

B AMING OF CONFECTIONERNISYSTENIS. S e i s il i iy

B IS IO o e e ey . ooy Sl P e (s

Kurpe O., Kukhar V.
DEVELOPING OF MANUFACTURING TECHNOLOGY FOR HOT
ROLLING COILS (STEEL GRADE S355MC) AT THE WIDE-STRIP
ROLLINGNVAER, 17000 L. R L0 R D CRE SER et Ve D L e ety 0
T (o] S N ne SO R . e S SN e e Y A%

Lugovets V., Galchynsky L.
THE CONCEPT OF SOFTWARE UPGRADE FOR GOVERNMENT

BODIES BASED ON THE DURATION OF SOFTWARE’S LIFE CYCLE...

BB C TS TOTN, 5 iasorsinmsis ol oot s RO RS B 5 L o T e sniaion &

182
195
195

197
105
106

208
222
223

260
267
267



Osipova L., Nemenuscha S., Lysyuk V., Phesenko O., Saharova Z.

FIRE SABETY: IN{THEMWRNEINDUSTRY 1 i i s s 286
Conglusion: ¥ Siicuidis B Ry o o) L N L WA, 301
Bibliographicalieferenes g 3 F 8 50 | o e R SRR N 301

Ruda M., Paslavskyi M., Taras Y.
ECOLOGICAL MONITORING AND DETERMINATION OF
PHOTOSYNTHESIS PARAMETERS IN EQUATIONS OF WOODY

PEANTSS o i s e e e e L L 303
EONCIUSIOm e e s L T UL S e e e e 316
BibliosraphicalitefErences. s sl i il it s s 316

Sokolenko A., Koval O.
PROCESS PARAMETERS OF AEROBIC SYNTHESIS OF

MIIERQEOREGANISNIS - s o Gl (s 319
AN R R S L e e e e R R S B R T 322
TR et B T (o R S e SR B T S e RO S 333

Trus L., Halysh V., Fleisher H., Gomelya M., Sirenko L.
COMPLEX LOW-WASTE TECHNOLOGIES FOR WATER

BURIBIGAEIONFRON IRON-COMPOUNDS. .. e b S0 334
G e i s alin T 346
Bhisegraphicdl references: i L ol L s e i el de v 347

Uzlov K., Repiakh S., Mazorchuk V., Dziubina A.
PHASE COMPOSITION, STRUCTURE AND MECHANICAL
PROPERTIES OF INDUSTRIAL BRONZE BrA9Zh3L ADDITIONALLY

B P R R R T e . 349
€ O SR e e e e S s e P ey 363
Bibliographical telerentes oy . i S ot e e s A B e e s 364

Valevskaya L., Ovsyannikova L.
DEVELOPMENT OF COMPOSITION OF BALANCED EXTRUDED

GRAIN PRODUCT WITH LINEAR PROGRAMMING APPLICATION...... 365
LONCIUSION. Ciii e or e isdmes s i mmiisoias SRS S e B SNt b s o s AT 376
Bibhographicalitelerences: o il v iiitcoi o iima s b s SRS SR I S 376

Voloshyn O., Kovaliov D.
USING E-LEARNING TOOLS DURING THE "DECISION MAKING

THEORGNECOURSE. SN PRESYISITENE T &0 S0 S e R e 5 sl 379
EoielusIEnEmeaTh e e SN UREC Sent e s e e St et L R 389
Bibliographical references. ... o.ooociai s RETERBR R T o o DD R 390




Zhuravska N., Kulikov P.
THERMODYNAMIC CONCEPT OF OPERATION OF SYSTEMS OF

THERMAL POWER OBJECTS OF THE BUILDING INDUSTRY..............



Kurpe O.

Doctor of Philosophy, Chief Expert, METINVEST HOLDING, LLC, Mariupol,
Ukraine

Kukhar V.

Doctor of Sciences, Professor, Head of Metalforming Department, Pryazovskyi
State Technical University, Mariupol, Ukraine

DEVELOPING OF MANUFACTURING TECHNOLOGY FOR HOT
ROLLING COILS (STEEL GRADE S355MC) AT THE WIDE-STRIP
ROLLING MILL 1700

Introduction. Widely known advantages of the rolled product manufacturing
with the use of thermo-mechanical controlled process (TMCP). Increase in the
customer demand for the products, which are manufactured in compliance with the
abovementioned technology, makes domestic producers to master their production.
The product mix, which can be manufactured, directly depends on the producer’s
equipment characteristics and composition, in other words, it is important to
preliminary make technical and technological assessment of the potential for TMCP
technology implementation into production. Indeed, the operating conditions in the
companies manufacturing rolled products [1] can be a very important factor for
increasing competitiveness of steel products in European markets. It should be noted
that the domestic hot rolling coil mills were constructed much earlier than the
thermomechanical rolling technology was widespread. Therefore, this technology and
products are not designed and shall be implemented in a phased manner.

Problem definition. The paper objective is to develop manufacturing technology
for hot rolling coils up to 6x1500 mm (steel grade S355MC) in accordance with EN
10149-2 at PJSC ILYICH IRON & STEEL WORKS OF MARIUPOL (Mariupol),
without equipment upgrading.

Review of recent studies and publications. The diffusion of the thermo-
mechanical controlled process (TMCP) technology in the world commenced during the
1960’s of the last century [2]. In our country, this technology was introduced 10 years
later [3]. During the period of implementation, TMCP technology has evolved, and
relevant equipment has also undergone significant changes [4-6]. Currently, this
production practice presents the greatest potential and is constantly developing.

Nowadays, TMCP is used to manufacture the rolled products for various
structures and construction, presshre vessels, pipelines of plates and coils. The results
of its intensive study are presented in many papers of the international authors [4-18)].

If earlier TMCP was predominantly used to manufacture the rolled products from
low carbon steel grades [14, 15], steels, in which the carbon content is 0.40% [19],
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have become more widely used recently. The development devoted to the in-depth
study of strengthening processes and additional properties of the steels with carbon
content from 0.06% and below [9, 11, 16, 20, 21] has been further evolved. Of
particular interest is the study of the impact of various cooling rates on the structure
and properties of the rolled products [12, 22], when using TMCP, which demonstrates
the influence of significant increase in properties with the cooling velocity
enhancement.

The existing technologies make it possible to manufacture the rolled products with
a yield strength of up to 800 MPa and above. However, processing of materials with
new, higher levels of properties creates new challenges that need to be further explored
Jf13,.16].

At the same time, in addition to the development of technology and in-depth study
of its impact on new properties of the rolled products, the trend aimed at forecasting
technology implementation results through the simulation of microstructure
development and mechanical properties proposed, for instance, by the authors [7, 8]
has gained prevalence.

Among the many scientific papers, which address TMCP technology
introduction, the critical issue remains the combination of objectives with the level of
strength properties of the product mix, which must be mastered on the existing
equipment that has certain limited technical capabilities. However, optimal
combination between the chemical composition of steel, the technology potential and
the obtained strength properties of the rolled products should be taken into account in
order not to manufacture too expensive final product.

The development of TMCP technology for manufacturing hot rolling coils with a
section of 6x1500 mm (steel grade S355MC) for the rolling mill 1700, without
upgrading at this stage, is a crucial task that will enable to produce the coils from the
most common steel grade and meet the needs of the enterprise key customers.

Statement of basic materials. The existing equipment of the rolling mill 1700
currently consists of four reheating furnaces, of which three are of pusher type. The
mentioned three furnaces have been revamped to heat the slabs up to 250x1550x6200
mm. One walking-beam furnace (Stein Heurtey, France) may heat the slabs up to
250%1600x10500 mm. 250 mm thick slab is used for production only in case of
reduction at the slabbing mill. The roughing train includes one two-high stand No. 01
(roughing scale breaker) and 5 four-high stands (1-4, and 4a), of which four are
universal ones (2-4, and 4a). There are also installed heat-saving shields, rotary shears.
The finishing train includes 6 four-high stands (5-10), accelerated cooling unit, which
in turn consists of 14 sections and 3 coils, of which two may wind the coils weighing
up to 9 tonnes, and one, the latter in the rolling direction, may wind the coils weighing
up to 27 tonnes. It is worth noting that 7 descalers with a pressure of 80-140 atm are
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installed at the rolling mill.
Layout of the main equipment of the rolling mill 1700 is shown in Fig. 1.

'0112344a LR R

{ - g o G Y ¢ Lo y ) ——
1 2 3 4 5 6 7
1 — reheating furnaces; 5 — finishing train;
2 — roughing train; 6 — accelerated cooling units;
3 — heat-saving shields; 7 — coilers.

4 — rotary shears;
Figure 1. Flowchart: the main equipment of the rolling mill 1700

According to the project and applicable technology, the rolling mill produces hot
rolling coils weighing up to 9 tonnes, having a thickness of 1.5-9 mm, width of 1000-
1530 mm, depending on the product mix, of steel grades from 08ps (according to
GOST 1050) to 09G2S (according to GOST 19281), S355 of all categories in
accordance with EN 10025-2 and another similar product mix limited to the tensile
strength of no more than 590 MPa.

During the production using TMCP technology, the principal difference is the low
level of chemical elements that provide for the strength properties of the rolled products
(comparison is given in Table 1).

Table 1 Comparison of the values for the products, which are manufactured
under different process conditions
Values / Chemical composition

C max.,| Mn Nb |V max., iy CE | KV-20
%  |max., %|max., %| % |max., %|/max.| min.,J

EN 10025-2] AR; N2 S355J2 12 0.20 1.60 £l Al - 0.45 27
EN 10025-4 TMCP S355ML| 0.14 1.60 0.05 0.10 0.05 |0.39 47
EN 10149-2 TMCP S355MC| 0.12 1.50 0.09 0.20 0.15 - -

* AR — hot-rolled; N — as normalized rolled; TMCP — as TMCP rolled;

' it is allowed to use elements;

2 _ prevailing condition of the rolled products according to this standard.

Steel

3k
Standards | Technology grade

Thus, the major difference of the requirements for rolled products manufactured
using TMCP is the lower level of the chemical elements in comparison with other
methods, and also the addition of microalloying elements. In total, such changes
provide for excellent complex of mechanieal properties.
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For the production of pilot batch of hot rolling coils (6x1500 mm, steel grade
S355MC) in accordance with EN 10149-2, the heat has been melt with the following
chemical composition (see Table 2).

Table 2 Chemical composition of pilot batch (steel grade S355MC)

Mass fraction of chemical elements, %
© Mn Si S B Cr Ni Cu \Y Al 4 Nb
255634-2 | 0.11 | 1.36 | 0.03 | 0.007|0.019] 0.04 | 0.01 | 0.01 |0.004|0.037]0.022 | 0.030

Heat

Nb and Ti are used as chemical composition elements, which make it possible to
monitor the grain sizes during the austenitization and rolling, and also changes in the
properties owing to carbonitride strengthening.

Based on the chemical composition (Table 2), the target thermomechanical values
of the rolling process [2, 23] are calculated, the observance of which, in the future, will
provide the necessary complex of mechanical properties in accordance with
EN 10149-2 (see Table 3).

Table 3 Thermomechanical values of the rolling process

Parameter Unit Parameter value
Slab reheat temperature o 1260 £ 20
Heat time hours-minutes <2-00
Rolling temperature behind the stand 4a € > 1040
Rolling temperature behind the stand 10 SIE 810-860
Coiling temperature A 580-630
Number of sections, which are used for accelerated cooling pcs. 8-14
Cooling rate °Cls 45-55

In order to obtain the process parameters necessary for TMCP introduction, the
target temperature and deformation conditions were calculated preliminary
(see Table 4) [24].

The slab with a section of 250x1550 mm, previously reduced to 140x1500%x5395
mm, has been used as a semi-finished product.

According to these calculations, the operating constraints for the equipment of the
roughing and finishing trains were not exceeded, which makes it possible to apply these
temperature and deformation conditions for the production of pilot batch of the rolled
products.

It should be noted that, when calculating, the required temperature level behind
the stand 10 was achieved owing to the rolling speed adjustment for the metal in the
finishing train.

The pilot batch of hot rolling coils with a section of 6x1500 mm (steel grade
S355MC, heat 255634-2) in accordance with EN 10149-2 and EN 10051 was produced
according to the calculated conditions. During production, the deformation conditions
were partially adjusted from the calculated ones, including by the process control
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automation, resulting in changing main motor load distribution by the stands, Fig. 2.
Changing actual deformation conditions during the rolling from the target (calculated)
ones, Fig. 2, did not result in the overloads of the main motors by stands.
Table 4 Temperature and deformation conditions for coil rolling
(6x1500 mm, steel grade S355MC) at the mill 1700

Values
oy Thickness*, | Temperature, quculated Ma’“m““? Rolling rate, Rici
No. gl oC rolling force, | allowed rolling s power, kW
MNx100 force, MNx100
{re 140
01 120 1260 2073 800 0.85 1343.5
1 90 1237 1217.0 2500 1.26 3758.8
2 60 1213 1508.2 2500 1.36 5046.3
3 42 1178 1260.1 2000 1.78 4676.5
4 32 1138 1039.2 2000 1578 2907.3
4a 28 1074 s, 2000 2.89 2129.9
5 22 934 1736.5 2400 1.36 3846.4
6 16 916 17724 2400 1.87 4714.1
7 12 898 1346.9 2000 2.0 3619.8
8 10 876 1460.3 1800 3.38 4575.2
9 8 856 1274.1 1700 4.27 4127.9
10 6 834 994.1 1500 5.70 3343.1

* thickness after pass
** initial data

9000
8000

7000
6000
5000
4000
3000
2000

Motor power, kW

1000

i fasel 2 g Ao iy Ll 6 i 8 S a0
Rolling stand number

Figure 2. Power of the main motors by stands: (1) allowed, (2) actual, (3)
calculated
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After rolling, the coils were processed at the accelerated cooling unit, see Fig. 1.
Actual thermomechanical parameters of the pilot batch production are shown in

Table 5.
Table 5. Actual thermomechanical values of the rolling process

Parameter Unit Parameter value
Slab reheat temperature o6 1260-1280
Heat time hours-minutes 2-12
Rolling temperature behind the stand 4a o 1105-1117
Rolling temperature behind the stand 10 °¢ 880-887
Coiling temperature °C 623-644
Number of sections, which are used for accelerated cooling pcs. 14
Cooling rate Gl 60.2

Comparison of the target and actual data according to the average metal
temperatures behind the stands 4a, 10, and coiling temperatures are shown in Fig. 3.

1200 1110
4
5 1000
f—; 800
%4
o
g§ 600
T 400
-
200
0
Temperature behind Temperature behind Coiling temperature
the stand 4a the stand 10
™ target value # actual value

Figure 3. Comparison of target and actual metal temperatures based on the
process operations

In fact, the obtained thermomechanical parameters are slightly higher than the
target ones, which is associated with the regulation of parameters during the rolling,
and also the technology refinement. It is worth mentioning that in order to obtain the
necessary mechanical properties, increase in the rolling finishing temperature at the
stand 10 and the coiling temperature were compensated by using maximum number of
cooling sections, which has contributed to increase in the cooling rate of the rolled
products.
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The coils were undergone the additional controlled air cooling to 450°C, which
was carried out using industrial aerators [25, 26]. After this technological operation,
the coils were taken to the warehouse for final ambient cooling.

The technology of additional controlled air cooling of the rolled products
following the thermomechanical rolling is specially developed for the production of
this pilot batch. The deployment of this technology made it possible to reduce the
thickness of air scale, which is intensively built up once the rolling is finished and up
to 450°C, with typical air cooling.

Analysis and discussion of the results. The quality analysis of the obtained
results was carried out based on the mechanical tests and metallographic research.

The samples for evaluation of mechanical properties from coils of the pilot batch
were taken after the final cooling. The mechanical testing results are shown in Table 6.

The results of the mechanical tests are fully in line with the requirements
described in EN 10149-2 for steel grade S355MC. It should be said that the test results
obtained are at the upper level of the standard requirements. Thus, the production
technology can be adjusted towards decreasing microalloyed elements, thus reducing
the product cost. Also, the results obtained show the technical potential for further
development of the technology of thermomechanical rolling of steel grade S355MC in
larger thicknesses, and the development of hot rolling coil production of higher
strength categories.

Table 6 Mechanical testing results for coil pilot batch

Mechanical properties
Heat No. Yield strength, Tensile Elongation, :
MPa strength, MPa o Mandrel bending
255634-2 475 550 30 Without cracking
EN10149-2 requirements . s
for S355MC 2355 430-550 23 Without cracking

For the analysis of internal quality of the rolled products, metallographic studies
of the samples from coils (heat 255634-2) were carried out. The microstructure of the
samples is shown in Fig. 4.

surface axis surface

Figure 4. Microstructure of samples (heat 255634-2) after etching, x 200
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The obtained microstructure of the rolled products is ferrite-pearlitic, where ferrite
grain number is 9, 10, and banding is | point.

The difference in the ferrite grain size between the axis and the surface does not
exceed one number, and the metal has almost the same banding across the cross section.

Such a state of microstructure in thickness of the rolled product and banding
shows that the desired result during the thermomechanical rolling and a sufficiently
effective, for this product mix, cooling of the rolled products in thickness have been
achieved. In order to determine whether the rolled products in larger thicknesses can
be manufactured, taking into account the cooling capabilities of the equipment, further
development study is required.

CONCLUSION

1. The developed technology and the produced batch of hot rolling coils (6x1500
mm, steel grade S355MC) are fully in line with EN 10149-2.

2. The technical capability of TMCP rolling has been firstly confirmed for the
rolling mill 1700 at PJSC ILYICH [RON & STEEL WORKS OF MARIUPOL
(Mariupol).

3. The additional controlled air cooling for coils to 450°C has been firstly
developed and used on an industrial scale, which provides for decrease in air scale once
the thermomechanical rolling is finished and improvement of surface quality for the
customers.

4. There has been established the technical potential for further development of
the technology of thermomechanical rolling of steel grade S355MC in larger
thicknesses, and hot rolling coil production of higher strength categories.
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