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Abstract

The biochar produced from biomass is carbon rich biochar. The production of biochar from biomass relies
on pyrolysis, a process of anaerobic combustion or minimal thermal combustion. Biochar is usually used to
reduce many environmental problems such as reduction of carbon dioxide in the atmosphere by sequestering
carbon in the soil. It is also used to improve agriculture soil due to its high surface area and high porosity which
can help to retain the water and nutrients in the soil for plants. In addition, biochar can solve water pollution
problems by absorbing substances or heavy metals into its structures and pores. Owning to its various
applications and a low-cost production, biochar is an interesting material for further development to be the
promising products used in many applications. This review paper presents the synthesis, characterization and

applications in present and future of biochar.
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Figure 1 Benefits of biochar in soil fertility

management [3]
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Figure 2 The structure and composition of biochar [5]
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Figure 3 Pyrolysis process [6]
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Figure 4 Modification of biochar [13]

4. mangatiendneaivadlulevns
Tngunfgdinsesiendnunivedlulewn ey
Ifemanuanunsalunsidnuafivnionisuszondld
nuidy 4 meneilanaauaresdusznouditiy
Tunisviuneransznuvesiuleviidedeuindox
uanani winlanedadsunsiseniululewsdetuiuen
pH 19U (1) nthiiveslulewsazuandeiudl pH sng 9
2) loveuvedlanzyudoufavuusiuniy pH 1Wuiy
Audnvazamzimdivedlulemiuandsauanu
Tun1sidusgaduiifivszansamgedmividauaiv
dulngludu wadanisesieilulesnidueg fu

Taseadne ny e duvunuis wasn153AI181s19

paAUsznav [14] Tulagtu dnallamsimsgsiniiuade
winuredmsuiigaiiondnuaivaslulowis wanalu
Figure 5 19U mAlla FTIR SEM XRD TG NMR Brunauer-

Emmett-Teller (BET) uazn1531AT121i570)

Characterization of biochar

I Physicochemical l [ Sllrfat‘fl I Slmclummalecular]
@ SEM TGA
(Morphology) (Thermal analysis)
pH Surface area
L FTIR & Raman TEM & XRD
CEC :i“'.";':'ﬁ‘:" (Functional groups) (Structural arrangements)
Fectrical Bulk deasicy SEM-EDX NMR & Raman

conductivity ) (Surface elements) (Aromaticity)
Pore size

Figure 5 Characterization of biochar [6]

4.1. Fourier-transform infrared spectroscopy (FTIR)

nyilsifuuuiuiiveslulessaunsansiaaey

Tneldmada FTIR wanslu Figure 6 Falumaianisdu

sa o

vodluana Inenyilsiduvuiuinvesiulonsfisubuie
Wnaud@nisgadu leun vija1suenddn (COOH)
nilensonda (OH) nyuwodiu ualud wazvyuaalain
Hadevdniiiavinasonyilsituvuiuioveslulons de
wilnasiuauavgungil [15] e fiaudRsu q wu pH

HuARwazANungwinduidlonavitlivgfled duvuy
ilulorsanas nglulewsindniigaumgiisnaiuiaed

nyilanduuuiuiaunndeiueg1edlideddsy wenainil

wad wmadatadesuunwinslawuudadninsalnd
(Nuclear magnetic resonance: NMR) Adanansaldiiie

Beswinmyilaidunivuiuiavesaululewsia

Transmittance (%)

T T T
3400 2300 1400

Wavenumber (cm™)

Figure 6 FTIR spectra of biochar from oil slag burned

at different temperatures [16]
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4.3. Scanning electron microscopy (SEM)
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Figure 7 FESEM micrographs at 2000x magnification
of biochar undergoing pyrolysis at various

temperatures [18]

4.4. MIRYAUUTEBND X-ray diffraction (XRD)
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Figure 8 XRD pattern of biochar [19]
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Figure 9 TG curves of MBH biochar [21]

4.6. 15 As1zURIemaila Nuclear magnetic
resonance spectroscopy (NMR)

Tassasreveslulevnsaiunsansiadeulalngly
wada NMR Ganyfladduuuiialulonsazdediindes

solid-state NMR 1ivesyyUssnauvilaidunsueu sxdvihin
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ruwmuuelsundnuaglassaiailuvestuanalulovs
malssuiisumueiiosiasUsnuasveuvesiuless
# 9 Aanansansavaeuldlagld NMR wWufwaios NMR
uanslu Figure 10 [22] Toidevanveunaiin NMR @ 13
sidumeslswunuinludiululevsorstadmas

q

yeu2uras NMR uae lulewnsiinanlaelnlsladagaumgl

€

@ 3

welwensdudygasodygyiusuniue (signal-to-

i)

e

noise ratio)

Figure 10 NMR spectrometer [22]

4.7. MmsAnseinlewmeiaenussWlndidnaseu
dwnlnsalnt (X-ray photoelectron spectroscopy: XPS)

wausdlnlndidnaseuaiunlnsalnd (XPS) agld
Anwilasiadiauaznisdnesedlulonsdainiui
gavgiinng q uagdaudaiivainnats awsald xps
(wanslu Figure 11) ilousnuezuas Tamyiladdunazsin
pefusznauituguuululens naudsuuiasomy
flarduifisnoondiau mnefs mnuadosvedlulens
Tuszezdu uonani xps Jaldiiemdnsidruluans

0/C fiaadushunuuananuanesvadiulavns [23]

Sample : P4 Mg¥e 1253 6eV

Figure 11 X-ray photoelectron spectroscopy [23]
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Usgdngamnisgadulaneniings dAndluindnuas
auaunsaluniswaniUasulessuuinvedlulevisas
ananile pH vesdwfivdu Auilufludelulemsedl
Fneawlunsnidaneninunniy Wy Anududuves
Tangndnnan azis waadlen wasnowwns Juualdy
anadlufuiiiunsuulgsselulons Jandaunailily
nsuanlulewsioviauafiveunis toun wandos
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uaz -COOH wagn1sindntuegiuyinuesdiuauay pH
Jundn laedl pH 6.0 - 7.0 n1sMdnaziAinainnis
waniasulessu luvasd pH ludae 7.0 - 9.0 nalnnas
fdaaziAnanadedeuvuiufauaznisiagadg i
afin U nsindnlanslasifloniiAngegail pH 2.0 dau
nsm¥ansianugegail pH 5.0 uaziile pH gedu
auaansalunsazatsveslans s anaiednuianis
\ndeudiveslavglufiu
venanldluloniifutangaduiiievinuaiv
dur3dluiuuan dianunsaldnidnuaivedunidesnain
anmuandeuiifuihlée lulowsdauilunisiia
asuafvitazarsludléfu wu aunsamdagisden
sonninldaulfedadussansam fvanetladeiidwa
AoUszdnsamnisiidn wivsunaveslulevsifutlade
Adyan 1ATeduIuLInTIsIuIInsiLUTIN

lulawridieiunismdalavenin uenaind Arungu
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voe lulewnidedananonisgadulans e nyilandun
Suiingaulunismdnnzta (Pb) waglasileon (Cr) fe
lonsonTauazasuendian An1suvsdudniunisdu
Tangszninalanzsing 9 Lﬁmﬁﬁmﬁaqmﬂmﬂ'ﬁﬂﬁ%’uﬁm%’u
nsgadulaveiiaumilouiuniauni HansenuveIng
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5.2. N153AN15YaHBLazn1sUNUAUNEe
A15U52NaULATlFAS1ERINUIULINTAUNLIY

MON58RYAANYNNYTININ asalldunseiwaniine i

N6 oA a Ada

wpidluaywd [28] wazidufivioqdunid fivuazdditin
3u q Tudsuindeou n1sdesaatuaisusenoy bio-
recalcitrant a1313av 1A lagldnszuauAIsMTend
catalytic ozonation process (COP) [29] e1ululeavs
Inanansdunaifilassairafugnuuasdnyilaidy
wu flusdnuazlansenda T dufuseufAzedunusi
[30] lunsdesaaisansUszneudunidiianumumiu
oA ddousuandin 198 duns Tunsyuiunisisaujizen
lolau

Tulew§ifutaguandefifiiuiifiouargngugs
autRmaiieilihuldlunsiidadiidelasaziia
maimeznduiuremaivuuiuiavedlulevivilminde
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v v

weulunisvidninde venanidmuinmsditedude
mglulorsagininnisidauiuiusuazdeldndeanulu
n196E0 (6.1 Mi/kg) #ndan1sudnaufudud (97
MI/kg) sretiululowdsuinaulasnndmsuldedunis
fdnarsfvluinazdnds defdofiansanionis
Uaseufaseunszan nisldndsnunagaunulunisudn

e [31]

5.3. NsAnivATTUaU
nswdsuudasgliennieiliiiaanuinauin
Fulunisannisvdesuiianisveulneanled (CO,) dtu
uss81na Audlunumdrdgluigdnsaisusuidaug
nsgnulagasranisiudsunlasaningieinia n1sin
Wuasvewduisniuwildulunisannisuass Co, Tu
Au [32] lWlewsunuazligndevaatslauydunidla
Winaanilaseadrawalswudn aaiululavisdsdining
Iseulunmstnfiumsueuluiu msvilidunsenglu
Aunateiduuseznuannlupuiifiaueauauysali uaz
naindunsansveurzgilufuifivinnanisuougade

a v a dAa a 3 °

WiguiuAunTuSInamsuausn
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a = v a | s ~ X
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nsefudiy Arsusunldindouiazusinglududu
LAWIUNIN [33] AstunseSeasusumeanisialulewis
Fegendimsueunudeseanuiilesainn1svinliiinus
Asusuvilandouils nswaveslulevsnenisiniiu
Arsvaudbidmau nafilaazuandradulumulssnn
9898159 awaran1Izvedlnlslada Wesananiy
nlslagaiinansenusgrauinaeaudaniaaiinignin
vaslulav1sFagududaaninuaniuduiussening
dannzufnsernazdninaveslulesisnenisiniiv
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5.4. N13AUANNANENNBINTA
51899UNSANYILAINUTINIA 19U NINATNBU
Yndonaziednildudnarululovnswasldidusisgs
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a1u130gnAAkUINIINIEAIMUTEN1LATILE Taens
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DULADHTLBNUN fufnvedluleniiiuoondiausuds
a1918adouveafsaUjAsufinouauessiiafy
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5.5. nMsgadusinemisuazdevanudesti

uideTruruannuansliiuinlulevsd
Angnnlunisgadusineris [35] [36] lulewsanldls
Fananiigamad 900 °C finrwanansalunisgadulue
saUsTIIM 1.2 mg ¢! %qqnﬂfhmuﬁ’uﬂuﬁ (0.9 mgg™
(3] egelsfiniy arwainisalunisgadusine1nisi
mnuieItesetegeiefuanifivesiulons Fsusney
$he pH myjilsrdunsauuiiuiy wagnisuanivdsulessy
[37] [38] fiussdrduanlunisianudlanalnly
n13gAdUsIMeIms nalnfleSuisaiuanunsalunisge
%“Umaqaﬁﬁlﬂu%maziﬂLﬂu%ﬁ]zLr“im%’aaﬁ’umiqm%’u
n13.Ad (chemisorption) Feusznaudae hydrophobic
bonding, m-n electron donor-acceptor interactions i
Anarnlassadrsuelsua@nfivasudeudiu uasiuse
lelasuitliunfuuuseu [3]

uenaniddadinsdnuuiesnisuseyndld
Tulewsiludevanudesd (slow-release fertilizer) [39]
ﬁy’nﬁmiwﬂﬂamﬂﬂLﬁmLwi%@m%’uaﬁlﬁwhﬁmwi G
audAlunismenisgadulddndie osndinszuaunis
e 9 MAgteaiuussinems nMsmuauamdudy
vos51mp1sluiu msiinsmemslussuuiniw lag
Fosfiansandadoiifidvninadonisanudossinems
wu viavediu Jagau anglnlslada waznisussendld
Tulewsene Saudseseauin fusinadlulons o, 1,
5 waz 10% YanUasusinweanesalavindu 36, 37, 39
wag 41% muddu wenainil nudi Ing4 biochar %1
s lnlsladauuuiiigamadl 400, 500 waz 600 °C
Uanudeeveanesad 32, 28 uay 69 me kg™t auadu [3]
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el dUselomigeandndudosdnuifiudulnesjaiy
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ganuniulevsuagiu wwu nsimszsilelelny (3]
venani lulewidsdianuannsalumsgaduen
snusasazansiefiinndseglufuenlilulaseansldan

g LRI NI NUNRILaYINUES [40]

5.6. MsUFulsauasiuniu

Tulensgnuanififieudlusaninzve sansuadiv
sunisuarlangndnlufu nisuAudelulownsdau
Ingrinunisgadu [41] nalnnisgadululeysvutanin
Fudouvesituin ustlelnsiau ussisgavasluiliado
dunsiservesnsa-ua [42] lulewsdaunsagadulaa
lrunazalniuualgfeuluiulstisannisveaisves
Traunlgunaz Jalnsuualefoy [43] 9annslssuiisy
[44] wunnmsiululevslifinanenisvearsvesinaliian
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wil/menmdiuandnsiuvesansieuadiv n1sidalnd
lynanuelsuudnlalasaniuou (PAHs) egnsfidedaydy
wulgndsannsdualulonsitliantidosuar i
$12873 usin1sida PAHs anasegsiiduddniledy
Inetelonasiufiu nansinnisgesaateonisdining
ununarrglunisdesaais PAHs nasiululevis
@11150d0a3NN15YuYeI9AunTSlufiu PAHs 7
ininluanagefianudiuniudenissesanisnig
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Figure 12 Environmental applications of biochar [25-32]

99

6. AMUNanudwIndauvaslulawns
YonIINNTaREsSUNSITlulavnseg1aninaulng

wa7 1AM MuaulanansEnuATUaUN Is e EwInA Dl

v A v a

#e auadesunildluaudidfyfissosiiansanie
lulewsluldtuaandon sgnfinsusuilulows
dnilngjazUszneudielaseadeniuou Tnevialuudy
Aanesveslulems nuneds Amnuaiysvelaseasig
Asuen mnudulelsuudnuagseauanudunelsuufn
Hughudlasiadrannsveuveaslulonnd egralsinng
anuatesvesiulevsdinsdediinnuaulamsglulens
finsfursdaudimaniimeninsnaiu
fisnsuieafunisazatevesarsdunidesn
Mnlulonsluguvesansidedoulansuiinidesainai
Liadosvedlulews uazarsdunsdivenadninn
Ju welsuadin anuafesuazaiiusiiuniugs dle
vnolulensldldlugunisvidanwasings Y
arsveuluundsinerafiniuiissannnisvanddes
asvauanlulenns uenaini lulewdavdsenaudes
Tanznilnlaganisiilalulesnifildainninayneu 3
Ia'vwLwéwﬁawgﬂﬁuz51&114531/1'57aﬂﬁzmumiﬂwﬁmﬁ’w
wazthderliinuafivainlansnin wazidleldlulews
Judussfisen muatiesvesiassufizeinazanas
nasanldaulunaneseu audsnigveslaseasng
voslulovsonafuaummuileiviilimnuaiiosvesiass
UfATeanas Madupruatosvesdululenifeiing
Feuloslaenssiuauaminaznstiminde
TnvasuanuiaiesvesiulaviinadAgysonis
Uszynddiudsunden feduisduiufesinsinu
dinduiiensisasuaruaiosvedlulewslueuian
1nn1TRasutan1sinlsladadinanoUsuiu
ansusunarlasiade fafudedndudemmanudusiug
sywinanuaiesveslulemnsivannizlnlslada
UBNAINANUETETUAL FamrsArdefieaandu

¢ 1 ¢

fyienainTuainlulewsnagdunsdee [45] Isne9u

a

7 Tulevsludsunasidaasunisyinauveaulasives

' %
< oA

aunigludu Jeusrinlulevisludsunasilifianuiy

[
a ' =

fiwdogdunid wivialifTutvydadauaafivumiey
Jululewrsdie wu lulemsanldlnfiauduiiveie
wane Tuvaeiilulewsnlaandueguluusuinugeh

IhAnfiuseaduayiugnasuiiiiulddn



a

NITIMEIeansuarmalulad unnIneduguasnsntl U0 25 atuil 1 ReuunIIAN-wwIeY 2566

7. wudlduluaunan
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1nune [13] [46] [47] lnganizagneda Tuaunsinuss

waznsUsuUssRulilianuaunsalunisesaan sueuliia

a a
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