NS NS NS NS NS N TN NS N N NS N N N N N N N N AN AN X

=X

it | o ek | S
@ ASUNET

et | i ekl | S
(o pSetel | (i ) G gl

@ ASUNET
HANAA ALY

oA DEAD DA ADEEADEDEAE AN EADE=

SN NN N NN NN NN AN N NN/

Y7
12

N AN AN A AN AN A AN AN NN NN EAEEANEENEAE N




BRSES CSED P EEo N EE0 N STON STON STON SEON SEON ST N STV SEONSEEN SEONSEONSEON SEON SEON SEON STV ST SE0 N

=X

it | o ek | S
@ ASUNET

et | i ekl | S
(o pSetel | (i ) G gl

“|

5
*

* &

Uy

df

| il gdugal

@ ASUNET
le

la

ds2
ol
.

(el
HANAA ALY
ceAEEAEEAEEAEEAEEAEEAEEATE AT AT A A AN

SN NN N NN NN NN AN N NN/

Y7
12

PR AR A A A A A A A A




BRSES CSED P EEo N EE0 N STON STON STON SEON SEON ST N STV SEONSEEN SEONSEONSEON SEON SEON SEON STV ST SE0 N

=X

il o ==
@ ASUNET

et | i ekl | S
(O el 1§ w3 G ol

Al

b

*

b ey

2al) Gal j3Y) sla Jadad

* ® o0

Al Bala) o aglial) Allly

s

19 ol § bl d| ot el
(o=t

»

@ ASUNET
N]
Loy daa

(ol
it

b ogd cane 28 daasal) (ol 31 oda o
HANAA ALY

»

)
A g
i
okl e
—

<

oA DEAD DA ADEEADEDEAE AN EADE=

SN NN N NN NN NN AN N NN/

Yo
12

N AN AN A AN AN A AN AN NN NN EAEEANEENEAE N




I

T
Ain Shams University

AIN SHAMS UNIVERSITY
FACULTY OF ENGINEERING
Design and Production Engineering

Thermomechanical processing and deformation behavior of dual
phase steel

A Thesis submitted in partial fulfillment of the requirements of the degree
of

Doctor of Philosophy In Mechanical Engineering
(Design and Production Engineering)
By
Hany Abd AL Rahman Khalifa

Master of Science In Mechanical Engineering
(Design and Production Engineering)
Faculty of Engineering, Ain Shams University, 2013

Supervised By
Prof. Dr. Mohamed Ahmed Taha
Prof. Dr. Taher Ahmed EL-Bitar
Dr. Gamal Mohamed Megahed

Cairo - (2021)



I

T
Ain Shams University

AIN SHAMS UNIVERSITY
FACULTY OF ENGINEERING
Design and Production Engineering

Thermomechanical processing and deformation behavior of dual
phase steel

By

Hany Abd Al-Rahman Khalifa

Master of Science in Mechanical Engineering
(Design and Production Engineering)
Faculty of Engineering, Ain Shams University, 2013

Examiners’ Committee

Name and Affiliation Signature

Prof. Dr. Mohamed Ahmed Taha
Design and Production Engineering Department,
Faculty of Engineering, Ain Shams University.

Prof. Dr. Iman El Mahallawi
Department of Metallurgical Engineering oo
Faculty of Engineering, Cairo university

Prof. Dr. Ahmed El Sabbagh
Design and Production Engineering Department,
Faculty of Engineering, Ain Shams University



Statement

This thesis is submitted as a partial fulfillment of Doctor of Philosophy in
Mechanical Engineering, Faculty of Engineering, Ain shams University.

The author carried out the work included in this thesis, and no part of it has
been submitted for a degree or a qualification at any other scientific entity.

Signature

Hany Abd Al-Rahman Khalifa
Date:



Acknowledgments

First and foremost, praises and thanks to the God, the Almighty, for
blessings throughout my research work to complete the research
successfully. This dissertation would not have been possible without the
guidance and help of several persons who contributed and extended their
valuable assistance in the preparation and completion of this study.

I would like to express my deep and sincere gratitude to my research
supervisor, Prof. Mohamed Ahmed Taha for providing invaluable
guidance throughout this research. His dynamism, vision, sincerity and
motivation have deeply inspired me. He has taught me the methodology to
carry out the research and to present the research works as clearly as
possible. It was a great privilege and honor to work and study under his
guidance. | am especially thankful and grateful to my thesis supervisors
Prof. Thaer Elbitar for his technical support.

Unlimited thanks to Dr. Gamal Megahed for his constant help, guidance
and the countless hours of attention he devoted throughout the work in this
thesis. | am extremely grateful for what he has offered me during working
under his management in EZZ steel plant. | would also like to thank him for
his friendship, empathy, and great sense of humor.

| am extremely grateful to my mother for her love, prayers, caring and
sacrifices for educating and preparing me for my future. I am very much
thankful to my wife and my daughters for their love, understanding, prayers
and continuing support to complete this research work.

Finally, my thanks go to special people who have supported me to complete
the research work directly or indirectly, especially:

Professor Heinz Palkowski and Dr. Mohamed Soliman (Clausthal
University of Technology) for their unlimited support in the technical issues
as long as performing experiments by the facilities of the Technische
Universitat Clausthal.


https://scholar.google.com/citations?view_op=view_org&hl=de&org=6460442480232834169
https://scholar.google.com/citations?view_op=view_org&hl=de&org=6460442480232834169

Researcher Data

Name : Hany Abd Al Rahman Khalifa
Date of birth : 02/04/1975

Place of birth . Beheira governorate

Last academic degree . Master of Science

Field of specialization . Materials Engineering
University issued the degree : Ain Shams University

Date of issued degree . August, 2013

Current job :Rolling mill manager, EZZ steel,

Sokhna, Egypt.



Abstract

The current work developed two grades of direct hot rolled ultralow carbon dual
phase steel, ferrite bainite dual phase “FBDP” and ferrite martensite dual
phase "FMDP” steel with high ductility values. The alloy design and production
route cope with a compact slab production CSP plant. Ultralow carbon alloys
were determined within the pre-peritectic region from phase diagrams plotted by
Thermo-Calc 2020. The chemical compositions of the alloys are 0.045% C, 0.28
Si%, 0.91% Mn, and different Cr weight contents of 0.59%, 1%, 1.56%, and 2%.
These alloys were used to develop FBDP steel. Analogous to "FBDP" steel, the
martensitic dual phase steel is developed using ultralow carbon alloy and the only
difference is the addition of niobium. The chemical composition of FMDP steel
is (0.045 Wt.% carbon, 0.04 Wt.% niobium, 0.59 Wt.% chromium, 0.9 Wt.%
manganese, 0.28 wt.% silicon) . These alloys were melted and cast into blocks,
and then a certain thermomechanical schedule was applied using the actual data
obtained from the log files of a CSP plant. The cooling schedule was designed
with the aid of CCT and TTT curves plotted by JMatPro. The designed
thermomechanical processing scheduled was performed by two methods. In the
first method physical simulator "Baher TTS 820" is used. This device allows to
perform physical simulation of direct hot rolled dual phase low carbon steel by
varying the metallurgical temperatures and deformation parameters of to simulate
compact slab production plant CSP. The second method is the pilot scale rolling
and salt bath heat treatment, this route is used to develop FBDP steel under
specific conditions determined from the results of physical simulation of the
thermomechanical processing. The niobium was added to the FMDP steel to
enhance the ductility of the martensite DP steel, since the current work aims to
get high ductility values of DP steel, while lower carbon content is enough to get
high ductile FBDP steel. The micro alloying affects the hot deformation flow
behavior of the steel and the final microstructure. Consequently rheological curve
characteristics under different rolling conditions are predicted using data of
compact slab production log files and the phenomenological hyperbolic
sinusoidal Arrhenius mathematical model. The Practical values of high strain
rates reaches to 100 S~1 along with the practical deformations temperatures of
an industrial hot strip mill plant are used. Mean flow stress, non-recrystallization
temperature and microstructure grain size are investigated. The results show that
hot rolled FBDP steel contains a substantial amount of bainite from 10 to 28%
and negligible martensite. The increase in Cr led to an increase in the bainite
volume fraction and an increase in the yield strength and tensile strength, while
the elongation decreased slightly. The strain hardening exponent (n-value)
reached values ranging from 0.28 to 0.36, while a value of 0.18 was found in the



literature for martensitic DP steel. Stroke-force curves plotted from the Erichsen
test achieved high Erichsen index values from 14 to 18mm. The results of FMDP

steel shows that the increase of finishing rolling temperature from 780°C to 840

“C or decreasing either of step cooling duration at ferrite bay from 7 to 4 seconds,
enhances yield and tensile strengths, all due to more martensite volume fraction
formation. The yield and tensile strengths also increase with decreasing coiling
temperature from 330°C to 180°C, which is explained due to the increase of
dislocation densities resulted from the sudden shape change during martensite
formation at the lower coiling temperature in additional to the self-tempering of
martensite formed at higher coiling temperatures which soften the dual phase
steel. The numerical analysis of flow behavior shows that predicted values of
mean flow stress and non-recrystallization temperature are in a good agreement
with the values obtained from the straightforward method by mathematical
integration of the flow curves predicted by (BahrTTS820) thermomechanical
simulator. Predicted grain size shows good agreement with industrial rolled
specimen microstructure. Predicted flow curves show good agreement with those
directly plotted from physical simulation data.

Keywords:

Dual phase steel, Thermomechanical processing, Hot Rolling, Isothermal
holding, Physical simulation, bainite, martensite.
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