Contents

LISt Of FIZUIS ittt iX
S e 1= o] LSRR Xi
e 2] = [l =TSR Xii
Chapter 1 Introduction and literature review........cccceeveevveecveennee. 1
1.1 Raw materials for steelmaking.......cccccoeveviiiiriiiiniiiieieceesreeseeeens 2
1.2 Historical developments in steelmaking.......c.ccoccevvvivinieniieenieenieennens 3
1.3 Fossil fuel consumption and CO; emission by steel industry............. 5
1.3.1 Global initiatives at controlling the environmental damage .......cccecevevvvevennene 6

1.4 Use of hydrogen for green steelmaking ........ccoceeveeveevieniienienieniiennens 7
1.5 Use of biomass for green steelmaking.......cccccovveveeniernienienieniieniiennens 8
1.5.1 Blast furnace - Basic oxygen furnace (BF-BOF) route.......ccccccevevevienenereneeenne. 10
1.5.2 AILEINATIVE FOULES ..uiitiieieeetretete ettt sttt sttt et 12

1.6 Objective of the present WOrkK.......cccevvueenieiniiiiniecieeseeseenee e 19

Chapter 2 Selection and characterization of biomass species for

IFONMAKING .ottt st s 21
P20 I [ 0t o Yo LU et u o o IO TP PRUPRUPOPRORRPN 21
2.2 EXPEriMEeNtal...ccccucoiieiiiiiieeieeeieere ettt 23

2.2.1 Procurement of raw Materials ......ccocvivirienninineieeec s 23
2.2.2 Characterization Of DIOMASSES ..o 23
2.3 Results and diSCUSSION....cccuevieriirieieneeeeeese et 27
2.3.1 ProxXimate analySis ......cccevvierieniininieieniineeiesese sttt et et srsese st sbe s s ensenees 27
2.3.2 UIEIMALE @NAIYSIS cvviiiiiriirieienierecteteste sttt es e st vt esbesbesbesssenseneas 28
233 Thermal stability tESt ..o e 29
234 Specific gravity @and POrOSITY ...oveveiiinirieicinesieretccse ettt 30
2.3.5 COMPressiVe SErENGth.....cccciviiiece e e 30
2.3.6 SEM @NAIYSIS .ottt sttt sttt sttt st na e 31
2.4 CONCIUSIONS ..ottt sanesree s 33

Chapter 3 Characterization of charcoals produced from Acacia,
Albizia and Leucaena for application in ironmaking........cc.ccceue... 35

Vi



3.1 INEFOAUCTION ettt e e e e et eeeeeeeeeeeeeeesaaaaeeeeeessennnnnaaaeens 35

3.2 EXPerimental ...t 38
3.2.1 Preparation of Charcoals ... see e sseseens 38
3.2.2 Characterization of CharCoals ... 39

3.3 Results and DiSCUSSION ....couerierienieniienieenieesieesieesieeie e 42
3.3.1 ProXimate @NalYSiS ....ccuivivirerieirinienieiseneseteestesieseeessestessesesestessesseseesessessensenes 42
3.3.2 UIIMALE @NAIYSIS .ottt sttt s 43
333 Van Krevelen diagrami. ... ettt sttt 44
3.34 ChArCoal YIBIA ..ottt sttt 45
335 VOlIUME SHIINKAZE. ..ttt ettt 46
3.3.6 COMPressiVe SEreNGth.. ..o 48
3.3.7 SEM @NAIYSIS .ottt sttt st 49
3.3.8 Fourier transform infrared SPECIrOSCOPY ..vveerivieriererienenieeeesesieseeeeesresseseenes 51
3.3.9 RAM AN SPECIIOSCOPY.cuviriirierieeieeieete et st e stesteeteetestestesbestesbesaeesaeesnsesnsesnee 53
3.3.10  Charcoal FEACTIVITY ..eiiiriiriireeieiesie ettt ettt et st sas et st sbeessebesbesaaensensens 55

3.4 CONCIUSIONS cueeiiiiieeee ettt ettt et e e eeire e e e e e bae e e e eeabreeeeeeasaneeens 57

Chapter 4 Reduction behavior and kinetics of iron ore-charcoal

composite pellets for sustainable ironmaking .........c.ccceceveenenee. 59
4.1 INErOdUCTION ittt 59
4.2 EXPerimental. ..ot 62

4.2.1 RAW MALEIIAIS ..ottt 62
422 MEENOAS ...ttt 63
4.2.3 Characterization Of DRI......ccoiiiieeeneeereetetee et 65
4.3  Result and DiSCUSSION .....uuveeieeirieeeeccrteeeeecree e eeerre e eeerre e e e e arree e e anes 67
431 o (<Te W Y A O @ I =Y o 67
432 Effect of charcoal type and carbonization temperature........ccocevevenereneeenne. 70
433 Effect of reduction temperature and time......ccccevvevnerneennenneeereeeenee 71
434 Reduction KINELICS ..o 75
4.4 CONCIUSIONS ..uviiiriiiiiiiniicei e 79

Chapter 5 Exploration of the use of the DRI in steelmaking........ 81
5.7 INFOAUCTION w.couiiiiiiicieieeeeeeeee e s 81
5.2 EXPerimental...cccccocieiiiiiiiecie ettt 82

5.2.1 Preparation of DRIIN DUIK.....ccoecieireineeeeeeree e 82



5.2.2 V111 g o Lo =SOSR RTRRRT 82

5.3  Results and DiSCUSSION ....ciivieiiiiiiiiiieeiiee et ssree e e sree e svaeessvne e e 85
5.3.1 Electric resistance furnace MeltiNg......cccveveverinenieinieneneneeneseseeeee e seeeens 85
5.3.2 Electric arc furnace MeltiNg ....cccvevveveineneneinireeeseseseeee e ns 87

5.4 CONCIUSION ittt s sbe e sae e sbeesaaeesaseenaneens 89

Chapter 6 Overall conclUuSIONS....cccviiiiiiniiiiieceereec e 91
Chapter 7 FUTUIE SCOPE ...iiviiiiiienieeerieesiee st sreesineesree e 94
RS (=] £=] g Lal TSR 95
List Of PUBIICAtIONS ...eeeeeeieeeeeeee e I

viii



