Table of contents

1  General introduction 1
LI MaiZe (Z0A MAYS L.) coeverereeeceeeeee et e sene e seeeeeseesss s ses s esan 1
1.2 Potential and use of MAiZe 1ESIAUES ........cuurververveereereeiereecie e 2
1.3 Biochar production from maize residue via pyrolysis process................ccoeeeune... 6
1.4 Problem StatemMENt..........coeueuerurrrrrerrreresiecectecee e ees s seeas s seesssseeeeees 8
1.5 Objectives and outline of the StUIES .........ccrvvereereerrerrirrrnrenreeriessesiee s 10
1.6 REEIENCES ..ottt st ee e e eneeen 12

2 PartI: Effect of self-purging pyrolysis on yield of biochar from maize cobs, husks

and leaves. 18
2.1 ADSHIACE ...ttt ettt bbb tns 18
2.2 INOQUCHION. ...ttt ettt sae bbbttt ae b s sesasnes 18
2.3 Material and MEthOdS.........c.ocovururrrrerevierecteseiererereree et seesseeseisesvssasanan 20

2.3.1 MaUZE TESIAUES ......cuevevieirieiiensie ettt se s s s sac sttt sasae 20
2.3.2 Pyrolysis reactor and procedure .............oeeueeeecererreeerereeeseseseseseeseeseseresesenns 20
2.3.3 Characterisation of biomass and biochar .............cceceveveerevevrvrereeeeeeeereenne, 22
2.3.4 Design Of EXPErIMENLS.......c.cceuvieemreeriieuenreretereisieeessescseresessesessassessessseeseees 24
2.3.5 Statistical ANALYSIS .........cceeeriereerieieeieiereceteee ettt 24
2.4 Results and diSCUSSION .......c.euvureeueureriririiieieisieeeie e ssss et sesesesess s seseses 25
2.4.1 Characteristics of maize biomass and biochar .............cccecverereneeneerererennnnan, 25
2.4.2 Effect of pyrolysis conditions on biochar yield ............cccceerereereeereererererrennen. 30
2.4.3 Biochar yield from mMaize CODS.......cceueururirurecericeerrereiniciseseseeeesseeeseeseeeseenens 34
2.4.4 Biochar yield from maize husks...........ccocevereririnrreerevneneninenieeeeee e 36
2.4.5 Biochar yield from maize l€aves..........ccoovvvrrrirrereerieereeenisisssieeeeeesesessesesesenas 38
2.4.6 Comparison of biochar yield from cobs, husks and leaves.........c.ccourrereunnenc. 41
2.4.7 Biochar yield from self-purging and nitrogen purging pyrolysis.............cc....... 44
2.5 CONCIUSIONS.....c.cuiueuiuiecniuiieietetrieirtietce ettt bt bbb ess e beeseseaen 44
2.6  Appendix A. Supplementary data............coceeveueuemerererinrerrieieiereerereseneseeseseseseenenes 46
2.7 REIENCES ...ttt ettt baees 47

3 Part II: Characterisation of biochar from maize residues produced in a self-

purging pyrolysis reactor 50
31 ADSHTACE ....cu ettt ettt sttt ettt 50

Bibliografische Informationen E
http://d-nb.info/1221146394 digitalisiert durch 1

BLIOTHE


http://d-nb.info/1221146394

3.2 INrOQUCHION. ...ccuiitiiieieteietieieteitetcet ettt et ea ettt et a e e s e eaesesaens 50

3.3 Material and mMeEthOdS......cccovvcveririririririniisieieteteete e 52
3.3.1 Biomass and biochar preparation .............ceccecevveveerinenicereisseseeesese e 52
3.3.2 Characterisation Of DIOCRATS...........ccecvueveieveieiereeieeee e 53
3.3.3 Design Of EXPETiMEntS. .....c.cccvvrueueririereirireeirieieeeeseessesesesseseseeeesesesseseseseseseseas 54
3.3.4  Statistical @NALYSIS ......ccocveeriririririririetrieieieeete e 55

3.4 Results and diSCUSSION .......ccoueuereirieirieinirinininieteteetetsteie e nes

3.4.1 Characteristics of the maize biomass and biochar samples

3.4.2 Volatile matter content 0f biochars ...........cccouvuevereieieeeceeeeeceeeessne
3.4.3 Ash content of DIOChArS..........ccccocriirirerinicriieieteeeetee ettt seasaens
3.4.4 pH and electrical conductivity of biochars..............cccevrrererererererererererererenenie.
3.4.5 Optimal pyrolysis CONItIONS ..........ccceueurieeucreurieencucererieereinenereetsisesesasaessenaas
3.5 CONCIUSIONS.....ueriierenieeieirteeeintreeesaeteseeesesesese e et st s sesese e s bebessesesenssesensnsans 77
3.6 Appendix A. Supplementary data ...........coeceeevreereereerineeeeeee e 79
3.7 REfEICICES...c.ciiiiiriirer ettt s s nes 83
4  Part III: Phytotoxicity of corncob biochar before and after heat treatment and
washing 87
4.1 ADSITACE ...ttt ettt b et aens 87
4.2 INTOAUCHION.....ceeveteitreeiirieteeetetetetsae et et ese e et ssasseseseseaeseasesesessesesssnsesensasene 87
4.3 Material and Methods..........cccouvueueinirerinineetceeree et 90
4.3.1 Biomass and biochar preparation ............c.eceeeueeeeiereesiereeseeresesesesesseseesessenas 90
4.3.2 Characterisation of cOrncob bioChar ..........cccueeeeureeeeeeiienneeeeseeesenans 91
4.3.3 Treatments of corncob bioChar.........ccoceviveeueieieieiniccieecceeee e 92
4.3.4 Germination teSt......c.coveveuerirrereririeieerieteseseeseseseesesesesesessesesesessesessesesesssesesssneses 93
4.3.5 Statistical ANALYSIS ......ccccovveeiririririniieiririnet sttt e enens 95
4.4 Results and diSCUSSION ........c.ceeveererirenirinisinirinteieistetsieeeieasieseaesstsssessssssnsssssssnsnns 95
4.4.1 Characteristics 0f cOrncob bioChar ...........couevevevriririeirinieieeeeee e 95
4.4.2 Effects of corncob biochar on cress seed germination............coceeveveeeverererennnens 99
4.4.3 Effects of corncob biochar on shoot length...........ccceeeveucureninecnininccninenecnns 101
4.4.4 Effects of corncob biochar on shoot fresh weight.........ccoeveveveereeerenreenennn. 103
4.4.5 Effects of corncob biochar on dry matter content of the shoot biomass......... 105
4.4.6 Phytotoxic compounds in biOChAr ............ccceuvicuruereincucuenrireereiieeeineeeenenns 107
4.4.7 Effects of biochar treatments and application rates .............c.ccceeeeveeereeereenrennne 107
4.5 CONCIUSIONS.....cueuieiiiiiiririirtrietstetstesstesesesetesesstetesesesesesesesssessssnesesesenenessnsasssnnns 110
4.6 REfETEICES.....c.eiiirinieeiieitt sttt ettt 112

ii



5 General discussion
5.1  Self-purging pyrolysis of maize residues..........coevrrreuererererenrneseeeresesesesennas
5.2 Properties of biochars derived from self-purging pyrolysis .........ccccoeverererrrrnecnee
5.3 Phytotoxic effects of corncob biochar treatments on seed germination..............
5.4 IMPACE tO PrACHSE......cvuvuivieieiiecticei ettt eeseae et naeae
5.5  Further research reqUITEMENLS...........oceuveeueueueerunieireriereietsessseseeseesssessssssesssaenes
5.6 REEIENCES.....ouiviiiiiiiceiccieiete ettt see

Summary

Zusammenfassung

Publications

il

118

118

120

122

124

124

125
131
133
135



