A,
lo‘éﬂﬁ'é‘u‘%‘u‘é‘n‘ P ‘ul&ﬁ.&ul@ln‘é‘ﬁ' A o O3 A PR, P f=ow—) A lo'é‘o%‘b‘%u‘é‘u‘%%%
\_ .
)
o

A UN‘ T
dnalad) cilaglnal 204

e N o NS e N NS ...c.._)\/’\y..a.a@/..o..\(f\\/_.o..w.o»@(-a-@m—)@(-m-%o-)@/—o—\@/«o
- o




LY

-ﬂou—@-—-ox—w—-on— S i O - —tor—@—tm—-@—mx—w—-m—
g '
!

¥

sy A oy -y - A, A
Mo Alo'm.él.o'%‘o‘é‘.o'%‘o'?o‘é‘.o'»@-‘\/nln‘y\\/Y‘0‘§lo'§ﬁl B'Y>‘r|lal|§no'§.|5‘ AR, " Sm—, S o) @ Ly, () A= WoN_

! |
v A Y

© ASUNET

)
T ! irke ! e

Aap A

g.ls
Oa B

P)EY\ PR

la

o ) 2 -Q—W—-Q.W—(o—w-o—w—iobw—toﬁ
X »
a.u.n
-

Y s

L
U.'.‘; Axa
ally (9 5
o
55 Wi s a5 Al Balall o audiadl Al
8

@ ASUNET

PR -

dagia YO—YO

-

it ) il ol |
asdayg

To be Kept away from Dust in Dry Cool place of

b ogs cuel

-~

:\*wﬁ‘\.l

i

E
.'L
-

-

(ke
R¥

<

> .

15-25- ¢ and relative humidity 20-40%

%t .—Y. (e

&-—:m—ﬁ—-an—@—n-— 2 —o-—&-—-o-— 2 -D-bﬁ-o-w—-m—- N

&-—:on—-

o O e

pr—
lﬂ'@ln'@lc'élo'gn'?u' Y T AP AT -, Lo (AT (- T (AT AT, lo'@llc' 4 w.u)
N



N EN D DS DNV DN SN AN DN DN AN EOEX)

all

<la glaall
(=9 RSy

'@ ASUNET

Lal
95l

:L\&A
g
&

o»

!
>
) W
B
A
>
|
V < tﬂﬂ
&»
> N
o {
N
-\
n.w
y
A
y
A
>
A
>
A
>
A
>
!
>
;i
>
N
y

b qo»mcpmo-.)@(‘o-—mopmowqowqa_ﬁdohyo@(a,)@(qa-mo_;@@‘op)@.ﬂpmo;




TRi
Tt W i ] A

!

@\.ﬂi& EEAEEANEAACAAEAEINEENENE

@ ASUNET

S AEAETOESNE

'@lc' @lo’?o'éulonl/@.\lnrl Ty e

¥



e O O )

-:o:-W—-o-—W-QW—IQ-W—IOFW-':-W‘Q;—W—Q—-W-Q-— ol O -

%




410

RECYCLING OF MILL SCALE WASTE IN STEEL MAKING PROCESS

A THESIS
SUBMITTED TO
CHEMISTRY DEPARTMENT

FACULTY OF SCIENCE —-CAIRO UNIVERSITY

BY

RAAFAT MOHAMMED ABDEL WAHAB FARAHAT

L

B.Sc., MENOUFIYA UNIVERSITY, 1996 -

IN PARTIAL FULFILLMENT FOR THE REQUIREMENTS OF
THE DEGREE OF MASTER OF SCIENCE
(CHEMISTRY)

2010

TN

L EN



APPROVAL SHEET FOR SUBMISSIOM .

Title of the M.Sc. thesis:
Recycling of Mill Scale waste in Steel Making Process

Name of Candidate: Raafat Mohammed Abdel Wahab Farahat
This thesis has been approved for submission by the supervisors:
1 Prof. Dr. Amin Mahmoud Baraka

Sigw_w' gd/rwtﬁ‘w

2  Prof. Dr. Mamdouh Mahmoud Eissa

Signature: H*‘\N“J o

' partment

Faculty of Science, Cairo University



Examiners Names

1. Prof. Dr. Dorte Stachel |

Address: Friedrich-Schiller-Universitat Jena
Fraunhofer straBe 6
D-07743 Jena - Germany

Fax: (03641) 98502

E-mail: Doerte.stachel@rz.uni-jena.de

2. Prof. Dr. Amin Mahmoud Baraka
Professor of physical chemistry,
Faculty of science

Cairo University

3. Prof. Dr. Fouad Taha Abde- Halem
Professor of physical chemistry.
Faculty of science '

Ei-Menia University



Abstract

ABSTRACT
Name: Raafat Mohammed Abdel Wahab Farahat

Title of the M.Sc. thesis: Recycling of Mill Scale waste in Steel Making Process
Degree: (Master) thesis, Faculty of Science, Cairo University, 2010

Mill scale is a laver of iron oxides formed on the steel surface due to continuous exposure of hot
metal to air. It is one of the by-products produced during steel processing and its generation is about
19-40 kg/ ton of hot rolied product, depending on the process used. The global production of steel
during 2008 was 1125 million tons and the mill scale produced was estimated to be around 33
million tons. Mill scale is considered a rich source of iron {up to 74% Fe) with minimal impurities.
Extensive research is being carried out for the recovery and utilization of iron oxide from the mill
scale. Mill scale Is used for magnetic storage, polishing, manufacturing of chemicals as well as
pigment and for biomedical applications. The production of sponge iron from mill scale could be
considered a highly profitable method of beneficiation. In this study, the reduction of composite
peliets produced from mill scale using anthracite coal has been investigated. Laboratory trials were
conducted to study the effect of amount of reducing agent, reduction temperature and reduction time
on the reduction process. The trial results show possibility to use mill scale as raw material in blast
furnace or in direct reduction plants to produce sponge iron containing up to 84% total Fe, 82%
metallic Fe and metallization more than 97%.

Recveling of mill scale in electric arc furnace by charging scale/coal mixture into EAF in the charge
mix is the highest beneficiation method since it needs no new process. Pilot plant experiments were
conducted using a 5Kg submerged electric arc furnace to determine the percent of required reducing
agent. Semi industrial trials were also carried out using one 100KVA electric arc furnace (capacity
100 Kg) to investigate -the extent of mill scale recveling in EAF steelmaking process. The trial
results-show possibility to use mill scale in EAF up to 20% of the metallic charge. The best carbon
percent for reduction was found to be around 20%.

Kev words: sponge iron; mill scale; metallization; steelmaking; electric arc furnace: composite
pellets.

Supervisors: Prof. Dr. Amin Mahmoud Baraka

Prof. Dr. Mamdouh Mahmoud Eissa H a,.«(] =20

Prof. Dr. Mohammed Ahmed Badawy

Faculty of SeiencesCai ersity



Acknowledgments

ACKNOWLEDGMENTS

1 am deeply grateful to EZZ FLAT STEEL Company for the supporting of this study.

1 am deeply grateful to Professor A. Baraka and Professor M. Eissa for their excellent guidance,
close supervision and continuous encouragement during the course of this study.

I give my honest thanks to Dr G. Megahed for the guidance and continuous support during the
course of this study.

1 would like to thank Dr. S. K. Paul and Dr. A. Fathy for revising the thesis and the fruitful
discussions during the study.

1 would like to thank Mr. Omar Bazaraa for the great assistance and encouragement.

1 am extremely appreciative of Mr S. Fadeel, Mr Tarek Latif, Mr Ehab Nabil, Mr. M. Bakry, Mr.
A.Kamel, Mr. M. Mekhzangy, Mr. Kamal and Mr. Shaban for their guidance and setting up of the
facilities.

] express my deep thankfulness and appreciation to Mr. M haridy, Mr. M. Kader, Mr. A. Labib, Mr.
A. Wahed for their help and for their suggestions in the thesis.

1 would aiso like to thank Mr. A. Ibrahim, Mr. M. Bassan, Mr. A. Zakarva, Mr. E. Arabi, Mr. A.
Mohsen, Mr. A.Gamal, Mr. M. Shaban, Mr. M. Labib, Mr. A. Taha, Mr. S. maghrapy. Mr. M.
Zohdy, Mr. E. Salah, Mr. W. Raafai, Mr. A. Sayed. Mr. F. Mohamed for their help in sett'm.g up of

the facilities.



Qualifying Examinations

Beside the work carried out in this thesis the candidate "Raafat Mohammed Abdel Wahab Farahat”
passed successfully a qualifving examination for partial fulfillment of. the award of M.Sc. degree

(2008) in the following courses:

—

Metallurgy

X-Ray and Thermal Analysis
Catalysis and Colloids
Electrochemistry
Thermodynamics

Statistical Thermodynamics
Cyclic Voltammetry

Electrode Kinetics

woee N e b

Adsorption

10, Quantum Chemistry

11. Nuclear Chemistry

12. Malecular Struciure Elucidation
13. Chelatimetry

14. Inorganic Reaction Mechanism
15. Advancéd Inorganic Chemistry
16. Advanced Analvtical Chemistry
17. Physical Chemistry of Polymers
18. Solar Energy

19. Group Theory

20. German Language

R Ahmed Badawy

Chairmanrof Chemis hartment

Faculty of Science, Cairo University



J
*

LIST OF CONTENT

LIST OF CONTENTS

Subject - Page No

ACKNOWLEDGMENTS

ABSTRACT

LIST OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

NOMENCLATURES

LIST OF PUBLICATIONS DURING MASTER COURSE

Chapter 1 Introduction ........oceeve. eerereeersstasieratienteee e nsa R R AR R e s a e va S bhbL e b bnne 1
Chapter 2 Literature Survey.. ORI OO — 4
2.1 Formation of mill scale .............. ............... reeseessesnbbsssis s sssne e e aeneas 4
2.1.1 Scaling of Steel During Reheating ..o 4
2.1.2  Scaling Rate and Quan.tir}-’ of Mill Scale Generated ..o 6
2.1.3 Factors Affecting Quantity of Mill Scale Generated ..., 7
2.1.4  Scale COMPOSITION ..iciceiiiiisisrcrrissentrsmissie sttt aststssssar s asse s st s ss s A TR T 0 spanaseasanans 8

2.1.4.1 Morphology of Oxide SCale ... 9

2.1.42 Chemical and Phase Anatysis OF Ml SCAIE . eevr oo e 9

.2.1 4.3 Physical Properties of Mill Scale ... J TN 10
2.2 Usage of Mill Scale .o OO OT PO TO TP 11
221 MAnEtie STOFAZE ov vt et et s 11
222 POHSHITIZ oottt eme e et b e e e 1
2.2.3  Chemicals ManUfacturing ..ot 11
2.2.4  Pigment Manufacturing . ..o.ocoooriiiec e e s 12



LIST OF CONTENT

225 BioMedical APPHCAEONS cooosevocoreresoeoesesessssers oo issss s sesanesie oo 12
2.3 Recycling of Mill Scale into Tron and Steef Making Process..ciesscsannns .13
2.3.1  1ron Making Process . risriessciiereeisiaessessassassamssnas s sssarscssst biitats isstsanssesasnassnssessnses 13
2311 AGEIOMETALION. .ottt e 13
2.3.7.2  ReAUCHOM coociiiiiiie e ste s e ree e s c e s st e a2 ar st st 14
2.3.1.3  Blast FUMAEE .o oo e eer e s ot s e s s s ra s em e st 14
2.3.1.4 Direct Reduction .......... T 14
2.3.2  Steel Making Process ... . btsritesissssssessssssaressarasns 15
2.3.2.7  Oxygen Steelmaking ..o e D 15
2.3.2.2 Electric Arc Furnace Steelmaking.....coooevviioioein e 16
2.4 Comparison Between Iron Ore and Mill Scale .o, 17
2.5 Recvcling of Mill Scale Waste in Iron MaKing Process ...t 18
2.5.1 Pelietizing of Fine Iren Oxides...... eetetessessiensisreheiib st is s b esane e s be pa st e an R nn R 18
2.5.1.1 History and Application of Cold Bonded Pelletizing..........cooooniiniicn 18
2.5.1.2 Factors Affecting the Properties of Cold Bonded Pellets .o 18

2.5.13 The Role of Caicium Hyvdroxide in the Production of lron Oxide (Mill Scale)

PRILEIS 1ovoiriiiisis oot e e s 20

2.5.2 Reduction of Mill SC2IE ...t rnsessermte s s cves s nerns st bas i an s 21
2.5.2.1 Kinetics of Reduction of Iron Oxides by Carbon........ooiis 21
2.52.2 Thermodynamics of Reduction of Iron Oxides by Carbon ..o 23
2.5.2.3 Reduction of lron Oxides in Sohid Wastes Generated by Steelworks .............. 23
2.5.2.4 Effect of Mechanical Milling on Reduction Rate of Mill Secale ... 26
2.5.2.5 Effect of Carbon Content in DRI/Reduced Mill Scale on Steelmaking Process 26

2.6 Smelting Reduction of Mill Scale ., 27



LIST OF CONTENT

2.6.1 Slag Foaming in Smelting Reduction and its Control With Carbonaceous Materials ...... 27

2.6.2 Foamy Slag Formation & Various Additive Materials .......coooevvminnince
2.6.3 Characteristics of Foaming Slag in Smelting Reduction Processes.....ccvvrvmenncnnns
2.7 Reduction of Mill Scale in EAF and Slag COmMPOSITION ....cvcrmerercncssnssnssnnns s 30
271 The Role of SEag ..o 31
2.7.2 Foaming Index for Smelting Reduction Slag ..., 32
2.8 Mill Scale/Coke Contaminants......ocuceniinrnivienseeerenssassessrersrarsissns rrressssssnesnsaraanias 32
2.9 Oxidation of Carbon ......eeeennnneens retsteasrsteasat st e e st E T e TR OO SO b AR e LR 33
Chapter 3 EXPErimental .......ciiiisriniristrssisssessesss st sssssssssssss st ssssssssrsesreseseses 35 .
3.1 Raw Materials Reduction and Melting Equipments.... i, ............ 35
311 MUFTIE FUIMACE oottt bbb b s ss e na e s s 35
3.1.2 Submerged Arc Furnace (Plot). ... 35
3.1.3 Electric Atc Furnace ......coooovviniininnnns .......................................................................... 35
3.2 Raw materials preparation eguiPmMeERTS ... ... eeiircreicescsisessrases sttt sssssssresssnsssresss 36
3.2, VIBrating Mill oo e 36
3.2.2 Briguetting MACRIE ...ttt et s 36
3.2.3  Vibratory S1eve SBaKET ..o e 36
324 DIEVING OVEI oottt e e e e 36
3.3 Raw Materials Analysis EQUIpDmMeENtS..nvrrvrveeeiecrceseeccreece rettiessnsessensnsssasaas 36
3.3.1 Total Carbon Analyzér ...................................................................................................... 36
3.3.2 Carbon and Subfur Analyzer. ... e 37
333 Oxvgen and Nirogen Analvzer ... 37
334 X-ray Fluorescence SPECrOMELET ...t snrrars s 38

335 X-ray Diffraction SPeCIrOMELET ..ot 38



LIST OF CONTENT

3.3.6  Optical Emission Spectromerter ..o icicenncecs e nteat et e 38
3.3.7  Wet Chemistry Method .ot e 38
3.4 RaAW Materials cnrcrcnssssennii ittt tssr s s srsassasses samssenna st s sasssns s e s s s e na s 39
FA.T VI SOAIE oeeeree ettt et it e e e et en et oo oAb d s e R s e R et 39
3.4.2  ANHIACIE COBL coiiiiiiis e eeeeee et e et et e e e s shessemes e em s en s dan e 40
343 BUIMEE LTI ettt ctiieee s e e e oo e s eae s e ae e e e em e ke st sbbassas e s s s p s e s s man s e e am e er s st 490
344 STEEL SCIAP oottt et s 41
3.5 Experimental Waork Execution Program ....cnemsnisesesssasssansasssnees 42

3.5.1 Studving the Effect of Amount of Reducing Agent, Reduction Temperature and

REAUCHION THIME cocueeeeeecicsssnmssmsinisnrsssesnrseerssssssasssssssssssasstassasasenssnassnssnrssnsas i bibs ks sassnannss 42

3.5.1.1 Effect of Amount of Reducing Agent, ..........c.ccoiiiiiivinininieionnene e s 42

3.5.1.2 Effect of Reduction TemMpPeratlire. . .. oot ettt s s 42

3.5.1.3  Effect of Reduction TIME .ot s 43
3.5.2 Determination of the Optimum Carbon Percent Required for Reduction......ccooocoviinenn 43
3.53 Amount of Mill Scale to be Added with Charge Mix ..o, 43
Chapter 4 Results and DiSCUSSIONS wcoviiieoinnrrrersssenseresnsscsssessmrassrs e e sississsisssssssss s sssasssenns 45
4.1 Reduction of Mill Scale (production of reduced iron from mill scale) cueeriererenene 45
4.1.1 Effect of RedUcing AZEnt. ..ottt 46
4.1.2  Effect 0f TEMPEIAIUIE ..ot oieieireiriee e s e s e et es bt ra s 49
4,13 Effectof Reductior; THITIE vt teee e et ereeeees e e sretns e e e sesas b e bt s et e b b e men b eanae e 52
4.2 Recvycling of Mill Scale into EAF ettt 57
421 Determination of Anthracite Coal Percent Required for Reduction of Mill Scale ........... 57
422 Determination of Percent of Mill Scale Used Along with Scrap in EAF Charge Mix ... 59

423 ECONOMICAl ASPECLS .ottt reeee st e 64



