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Abstract

Leonardite is the by product from lignite mine. It was the deposit of soil, remain
and lignite for a long time. Leonardite is known as natural sources of humic substances.
Humic substances are the components of humus for agriculture. Humic substances
can be subdivided into three major fractions that are humin, humic acids and fulvic
acids. These subdivisions are extracted by using solution to adjusted different acid
alkaline (pH levels). Humic substance was extracted from leonardite of lignite Mine in
Thailand by using base-acid treatment. Extracted humic substances was characterized
by SEM/EDX, CHNO analysis and XRD. Furthermore, humic acid was characterize by
CHNO analysis, FTIR and UV-Vis for chemical and structural characterization. In
research, we study the effect on extraction of humic substance from leonardite and
their applications for environment and agriculture. Humic substances can be extracted
from Thailand’ s leonardite with purity. The result indicates that particle size, time,
temperature and base concentration have effect on chemical and structural structure
properties of humic acid. Humic acid from the extraction was used as soil conditioner
for study effect on the rice growth. From SEM result, the morphology of humin is non-
conductive bulk material with few porous structures. It can be used as adsorbent for
dye adsorption or heavy metal and use as catalyst supported. Humin from the
extraction was improved their pore structure via carbonization for adsorbent

applications.

Keywords : Leonardite, Humin, Humic acid, Porous materials
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AIdgveamilos wudrludyaduluauiu M3endniedndn “dlounlad (Leonardite)” i
asrvsznoumdulselovulunianisinunsegnauin Inuliosrusenounan 3 sia fAs NsAFL

a a a a =t P a A & &
1A NIAYaIA G warilanydy 9 anvilupsAlsenau



2.2 d@15Usenaudadia (Humic substance)

[V
Y

amsinfiauszneusenguuesansuvdussinnidinalianags vieroutnegs viiiAn
nn1sulsaninuazduasieisniifuiuulndeesansilalddada (Nonhumic
substances) lassadalaanavesansddafiunuvedugiu laiflsusraiiutiuou finaned 1w
Ao dthena aufshenad wansaudfduaisaeances lasfoyniavuiniduniy
Audnanauszanas 3 - 10 uiluas wazduesdusznovdnlngjuesdunieingfavaunndng

a o w 1

aglufu FaildvSnadAgdeaudivianisnienn il uastalvessiu [22]
a1ssriinazatstnlatssunnusuisdiuazanslaluatsazateMiunsanazang a1
Auanusalunisazaelaluaisazatgsanarnduinasm anuisanuansusenaudiiialondu

3 Usuian

2.2.1 n5a323A (Humic acid)

nsadNiA (Humic Acid) F9azateluaisazanennaiaeand waztiansazaieasnanalea
JULIANAZNDUMENIAL IARENaUYRINIABHNA LBl NIABINALNENAMILDaND TR ndIU
Tiazane Ae nsalaulmuanda (Hymatomelanic Acid) 3elengnaunsndifinuaralasie
1 v a a c 6 v a a A 1 Q‘I 1 &
A9 Lanfudianinslad (Electrolyte) aglanznauvesnsndilinding d@ruilinnnzneau fs

v
o

aa
1M18 UdIN

a A

ASANIAEY

Y

v v Y

nsndafimduarsdunieNilassadradu Polyphenol Mialesumasududou Fainain
£y = U a a a (3 al & @ ¥ a a =
M3 daneivesmniveindniluau wulaluiin anlud tazusdlowladidusu ningadindl
1 1 [ a 1 4 1 6 a
d1u UsenauroengAisuanaa (carboxyl group) ywuea (phenolic group) AN UDUA
' I3 ; ! ¢ a ~ 8
(carbonyl group) n3joanagea (alcoholic hydroxyl group) wagsanduuuadue din
wiinluananaue Weendn 1,000 audia 100,000 nsndiliaaiunsaavaielaltuansavaienieue
liazargluloansged nindallatesnlsznouaesnIsusu (C) 00nLau(0) lalasiau(H)
iuzdy (S) lulasiau (N) waz swmduqdnianiies nisadansedfiauuluniuediannsainla
Inglyansazanefignsiluns wu a1savats ludeulansenled nsndafinazgnadadiun
g i < a a S o av v &
avangeglutuvesansazargaadulufeudiun mndudaisasaelauanazneulmy
nsngadianIenIange 1nen15UsU pH vesd1sarats Ueeni1msewinnu 2 waziluiiaTes
WRBIlaReNAzNauYeINIAdlineanu fwddnnsedlinazluilydeudniinisununldsuiu

Jowniliitouseleviilun1suiuusaduie nemenmuaznnaail
2.2.1.1 audAn1enenw

nsndiinvzsnwilassainwesiuliduiiuasszuisonealan lusyniAvesRuniaIy

& a =] a 1 1 1 [ P = PN = 14
Lﬂumumumqa%wizﬁw’mLLazﬂisﬁgauaqamwumuu VI’]lWiJLLiQEJ@L‘MUEJ’J?ﬂQ NGRAGIRG

a

Aull anuaziBeanazauvuiutuin Jaduguassedifgydessuusnvesiviiazgaduus

Y



5199113 wazi nIndrliaanunsausulpRuilaudufunieigutesaniulasadn
Tuanavesnsndrlaiinygaisuenda Jeazluasrsiussiveuniauszquaniuaunianuidu

Auntledgs wazvinane usadawmilerseninuszauiniaslsygaueenainiu Fafagvinlidu

v o
Yo U

AuiiauluseY danaliin wazen1evyulguaemlafvy BenINUUNIAFINAAINT

a

Joatulallmirszmeluaniu Saduanaudideudfy Sdmduauisanuduiu
Wil funste werAuluiufuiuds dliannsnaseaduinlild doRuitdnumeding
fulsudnadne Yszquaniinsadaiialdnadulizaiisiussfuuszgau vesiide
pondiau duvszquanindesglutidelslasiautufiesaiunsnadrsiusslelasaui
svmauvasoondaulululianadustedly shlshsemeeananfutiosanoausadu

19 1nTuLuLe9

2.2.1.2 auvananadl
a a 4 a a o A A ! ! g.J/ 14 !
nsndlialiuszaninmlunisgadusinemsiienazlanUaessinemvnsimaitiuliun
- A A v o Y v o v a a A
iy Wenvzlahasivaiuinlduseloviluaunisasoyiule n1sesnaenaenta na1Ae
n3ndadla a1u1sadauszauInvess e nsEtuNglianenluazarUanUdess1nemng
s = v wa & A a a a gy Y a A
wiantiuidle annzwisuld meguandiiiliensefiainfouniilulnausiinsnvesity 39
FPUUTINTIvasdl Uszaau wansimemnsiasumantunazgnuassainiuanavesnsngafiawdi
Igszuusiniiv & orvnanlainsndifiafianudidgedrsunlunisiludeaisnisandes
519 msanAullg snfie eglsidinuasnsasiansanlvseunsuinazidenldnsndilia
yialaiennumgan vesan iy vlavesiguaznsuiul T auluvesivionn
nandueivensagafiafivats vila Twsazeiandusuunsadifiaunnaisiuesnlusus 1-

o

25% satuismsiiadaszlerud lasusazmnuduaivesmdnsiadindenlddudidyse

COooH

Aromatic carboxylic acid

Aromatie hydroXo

Quinone

Tyr Amino acid

5UN 2.2 lasaasnsvesnsndnia [24]



2.2.2 nsayada (Fulvic acid)

v
Ll

nsawada (Fulvic Acid) avazangnasainnisvinlmdunsalunisannningiia Tune

a A wa

nsaNadnanasaazatlanslunsawaseng nsanaladnuaudinaendeiunIngila wdl

q

lssassluanaimanniuasianudunsauinnii

COOH OH

Ui 2.3 Taseadrevesnsnylainn [25)

2.2.3 g3y (Humin)

a a < ! a a ay & ' ax 8 o !

Friluludiwvesansusenevdilanldaunsaavarenslunsauaglusine fdaadvmse
wenay Shwvidnluanags

1%
a

a15Usenauns 3 viiad dnuaudiadgadsiulunismuauauaudfvesdiu Wy a1
andn wazianildeudszauinlas uenananuusnasiulumsazaelang Tagmlunudin

a < 1 a a6 aa o = | v ° a v I 1
nsayalaiunguvesansdunidusainmidulaliuanadifereutian  lagladedinegluda
500 - 20,000 masu @wnsegadiadumnifnaluanagindifie Useaia 10,000 -
100,000 Aadiu viseunn31 dwsudidiutulutagtunuirdwlngidumnnsndliafidug
luanaas Meililiosainesdusznousng 9 Tauvsdivgilenduuua (Functional group) Tu
Tuanavesansnsdedindifissiu win1sngfiuliasangluinaiidenns Wewinaisdsnanign

o w 1

andallogamnisauiulageuninfuindiAy wu winumtdesy sdulunisfnwisssuiflag

Y 9

anvRvesansslindruunIusuanzdumdunsngiie waznsaaln dwmsudaiiufeind

anvdlnamesluniansediia

2.3 N52UUNISHNAET5USENauddn (Humicfication)
AsulsaninvesansdunsdluiduansrfiaidunszuiunisnivatetunausiuiulLas i

nsiinldvainvang JULUUTLEYUBIAUTZNOUTRIETAUNSE an nuIndeulasauN3Ien

¥
P

Aeates nszvunsiinaisiilianeagule 4 nszuiunsnsil
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nsEuuNIsl 1 Aendniiu Jagndesaanemeqdunidluiu  lnevsliniswaey

lassasiwemguvenda (Methoxyl sroup; ~COH ) 1Juealn-lansendiiuea (o-Hydroxy
3

phenols lsidulwaiuea (Polyphenol) uazidsuseilumyansuandan (Carboxylic group;

—~COOH) masantuesiunuldsaulinsnsliia
nsEUIUNIST 2 anfluaanediduailuy (Quinone) waldesiuiulusiulinsnsia

d' d! Ly 1 = [} d' [~4 a Y =2 [y}
N3EUINNTSN 3 waglaadeaaiediguieatunssuiunsi 2 1Wuadluy wiidesuiu
TsAulsnsaddia

a a H ) a Y a a
ASLUIUNISA 4 1HnanuanasunulusAulinsasldia

Lignin Cellulose and other
Non-lignin substances
Attack by g
microorganisms l
Phenolic aldehydes Uwten by
and acids microorganisms
Further utilization by Polyphenols
microorganisms and Phenoloxidase
oxidation to O, enzymes
Quﬂwnes
Amino s Amino
compounds compounds
’

r 3
Humic acids < Fulvic acids

5UN 2.4 nsyurunisiinansuszneudiiia [26]

2.3.1 AN UAYR9a15USENaUdIdnA
wiaeninveansndifinanunsawialinuunaueqaunse A
2.3.1.1 nsndafiafiAinarnnisdesarsdunidfegdunidvialienia (Aerobic

microoreanism) Tunstesansdunss leun nsadrfeluvssindesuaznsadnfialuiu

a 6V

2.3.1.2 N398710AMANINN1SE8aTDUNIAaaunssuda bilda1na (Anaerobic

q

microorganism) Tun15898@159UN3d lauA NTnd1dAlUTEYUINIBINITIANEIURAY LYUAY

1 a

g LazNIn %’Jﬁﬂiumumqmm lown dnlug dyilda weunsiled
a 6 YV

2.3.1.3 ﬂﬁ@e’il'lllm/lLﬂ@‘ﬂﬁﬂﬂ’]iﬁ@ﬂﬁ’]i@ﬂ%iﬂ qe9aunsgvdalaoinia wavydaldly

q

anelunisgesansdunss leun nsasaflaluuvasin wu seneulivia wavunasiiidnves

Ulwsidey
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2.3.2 asAuszneumaasiuazvglanduluansdaiia

asdiedednilvgusznousonsadifiauaznsnyainiiaifueu (C) uazeendiau (O)
Husmesiusznausuiufielszana 90 wWesidudlnetmiin daudu 4 10 wWeosiud 1aun
lalasiau (H) lulnsiau (N) Faues (S) uazsndu q Fuandlunsed 2.1 WewFeudisui
nsnyada lnevinlunuinnindriliadesdusznouvesaiiueu (O mnniuAUTNIMYDs
28N (0) duuildndesnindmnldsiudainas (S) srewdaigasiouiianaEmpirical
formula) Imma?iasuaaﬂm%aﬁﬂLLazwuaiﬂ 1 f8ulatdu CioHL0sN wag CyoHy,O9N
iy nednsidiuves asuaululnsiou (CN) aveglugie 10 - 12 : 1 adaudnsad
dmsuesdusznavvesdialusiu [27]

dnwaziidfgiiioidesivesdusznounaslnssaamaniivesanssaiinfe myileddy
(Functional group) 3NM1sAnwmuIluanavesaserdading deidu wnunefifleandiau
(0) uazlansenlud (OH) 1ussdUsznoUNAnAd Ayuaziluiniignovyaisuendan
(Carboxylic, ~COOH group) wagnaililansenyiuedn (Phenyl or phenolic, ~C4HsOH
group) %Qﬁgmamyjﬁjﬁwmwﬁﬁmmﬂ@iammmmiﬂumiLLaﬂL‘U?iaulaaaumﬂ (Cations
exchange capacity; CEC) wazauansalunIsEIuIuNsIUasuLUasie e si (Soil
buffering capacity) mﬂ'ﬁﬂﬁﬁﬁuﬁﬁmmamm laun viyueanagas (Alcohol, ~OH) Buadn
(Enalic, ~CH=C-OH) waga3uaila (Carbonyl, =C=0) Fsdulnajoelugu Ailuy (Quinone)

warAlny (Ketone)

M191991 2.1 Usinaessailussdusznouluansdilia

USuad (Wosidus)

516)
g nIngiA nInYaln

& 53.8 - 58.7 40.7 - 50.6

O 32.8 - 38.3 39.7 -49.8
H 3.2-6.2 3.8-17.0
N 0.8-43 09-33
S 0.1-15 0.1-36

2.3.3 Taseaielananavensngaila
luanavesansgrfinadududeunin lassadrdhddundnuasldisuuuunuiueu
(Amorphous) fawfiaziinsfnwiuauinninansseudinau uandslianunsomgnsuwas

lassasduananuiusulagasasduduilioly Metliliosnluudazluanaveansdiia g
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swliflmfloutuaeiiien uazdosaduvusiassiauslnutiningman susasvinuiuuys
wansnsfunnaituuIRlumsAnwkar e [28] uenantumsiinaisdafialae
nszUIuNsTEeniEfifledy (Humification) Wunszuiunismediaiifiadududou e
Usgneudenszuiunmsnaiedunouwasiainuaisda (Pathway) lnefianssuvesqdunisiy
fu fnfussduseneunaslnsiadrevesansiiiiauenanavadududousnnudadeiundsldunn
HosTufuunaafiunazesduszneuipuvedunioans 918 LardunaueInIseudany
paoRILANNLINd LAz AUnTdluAuTIAaTeq
oglsfmuannisAnumyilsitulazasnaniasisng q Aldnmsgdesamenuan
Aunsldmaiiacng o nisadnlnsalal (Spectroscopy) 1u sansilalatan (Ultraviolet;
UV) 8uns1L50 (Infrared; IR) Biannseualuislaiuud (Electron spin resonance; ESR)
suvsmsannsldmatamaiandssuunuinislouuud (Nuclear magnetic resonance;
NMR) uazlnlslada-wuaaiunlnsalal (Pyrolysis-mass spectroscopy) Jaguudaauiiiu
aonadoatuinlassaiisiiuguiiduununans (Core structure) vasnsndnia egnstiosassios
Usznausie elsufnnediues (Aromatic polymen) 3ainannnisarustuvesanselsiufin
Uszianla w3e ns-lemsenda fuea (Di- or Tri-hydroxyl phenol) Weulesieiusslels
~ woALAU (~o- (CH,),-) teilumfianil (-NH-) eflunfient (-N-) lsledwmas (-s-) vievjdu
g Faflvauoantlas (-C=OH) uaz MUY (0=C,H,=0) T0geY [29]
IMnanuufigenndesiudingtn Igdnsiauesuuulasead1swesdisiiatusnvans

1@ o ¥ al

sUkuusingmdegililavseuwdudsuwuudianiiiauelag Stevenson Tud f.6.1982 di4

9 U

1% v Ao o

wanslugun 2.2 laussydnwueidrAyvesnsagrfialidsudiazasuniulagilaseasia

3 o
o

Uszneusgnyilinduituedn (-OH) vsiiludassuariviniuselalasiau (H-bond) fumiae

aulassaivasmiluy fussBadoulusmelulnslauuazeanBiausiunaamivendaniile

e

nlureseglswAnnediues
1 - Y o ' & ° = I % aav v °
agulsieny lassasidinariduwuuinasstsanudulilaaunguinlaannisiie
aaAUsEneumiegosvamylululues (Monomer) 13 9 umukiudaulesiu lneanudu
FFUAINITANNITAIVLLULYDINEAWNES (Condensed polymerization) anusazRulBEoy
gouindulauinineviateguhuu  (Combinations)  @senfisgmsuitiuuiaslaluusay

Tuana wissudnsznsluluanaderiuveinsndriadadvualvg fnu

2.3.4 Uselgwivaansagadia [30,31]
2.3.4.1 iWALdFUIa0N - /1 FEUTa9ANEUNGNIUAINLAIAALAR
2.3.4.2 finadenauiinIanIen nveny

2.3.4.2.1 yinlAAainAY (Granulation)
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23422 %mjuiéfa (Plasticity) m'iaﬂgfma (Cohesion) =18
2.3.4.2.3 fAranugaudugs (Water holding capacity) 9aglsaudinnsgutiilés
wazduildnnlilduandslunisugniiefisiy
2.3.4.3 fanuannsalunsuanideulseqge
2.3.4.3.1 Tauaninsouaniasuuszqge 2 - 30 Winvesiuwmile@aing
2.3.4.3.1 flanuaunsaluni1sne (Adsorbing power) aalufosay 20 - 90 ve4
AULS
2.3.4.4 \WisIBinausinemsiiiuusslovdsodiv
2.3.4.4.1 Jufthedusinemns Tasmemsudn LazsIMDIMITTOTIDgluAY
wazannsaldwialulvity viliivanunsagaduonluldusslovilade
2.3.4.4.2 HreifiunsgaduansUszneudunidluiy
2.3.4.4.3 anunsauaniduuszquanlyiegluguidulsslovinofidlad

2.3.4.4.4 Ysznaumesine1mshulasiau Weanesa dawes (N, P, S) wazqaso

2.3.4.4.5 gansaviliusvanUaessinemsoanuila

2.3.4.5 Hrapruauamdunse - ardduduilinuliannzmuizdunisaiyiivle
YDINY

2.3.4.6 \Jufenssdesuvedlansmiinlunu

2.3.4.7 gansaraedvansie wu wealudleludy luih

2.3.4.8 \Jushewannzneulanyniinluii

2.3.4.9 Tnasluamnsdniidusivietesiulsaludnd

2.3.4.10 IiﬂumimﬁmmLﬁaqmﬂmmamﬂaaﬁ’uiﬂﬁlﬁmsﬁwdmaé wazldifuimsas
densdmindesiulailifiomdsgaduansie [Hdusmsiaduiioguam

2.3.0.1 WiduYanuaodu (Orilling mud) Tun1syaizainsu (OiL drilling)

1’4 4 .

2.4 ASTUIUMSHENEA18AIBAIUSDU (Pyrolysis)

< A o £4 a a6 oA W < ! <

Wunszurunsnvinliansusznevdunidauialng Neenuduaisldenuansenlu
lananfivuiadnamsesdetuluaglenduas lnegndevaaieniuaiinieaiuiou o
gaungilas o Tuinduemeausimaineendiau gaumgiinldlunszuiunisuenaaienieniny
Souaglutaasening 400-700 asewallva nssuIunstwanasiunszuIunsnfiadug
(Incineration) Tutmiun sisthwsznisiniislusmdunszurunisdunvuuulfisene
anueulaeasiivena winiswendanemeauioulunszuiunsuuuliiseigamny

o Ay 9] o I3 ) P I3 1 = I3
3@‘“‘”@]@@15{1@')71]3@“LUUW@\NWULW@LLﬂﬂ@ﬂﬂﬂigﬂ@‘Umqﬂ ] VIVSITLNY ﬂaqﬂLﬂu‘l@a@ﬂﬂqﬂ
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4158un38 Fawdadudnlasziduarsusznauiiiqueainin Yjaseamaaiiiinduluy

[

nszUILNSKenaatemsaNsaug lWasidusadl [32]

Uinsenyagu
ANTOU
ANToUNIY > LAd + Voanad + 61UT3 (2.1)
U51AIN0DNTLAU

UN381589
CO,+H, *> (O +H,0 + A usou (2.2)
C+HO > (CO+H,-anusou (2.3)
C+CO, > 200-anuiou (2.4)
C+0, > O, + ANUSDU (2.5)
C+2H, >  CH,+AnuSeu (2.6)

2.4.1 nalnnisiian1suenaanednenuiou

2.4.1.1 FRNNDUNMTUENFAIUALAUTOU (Pre-pyrolysis)
Tugsgamgfiann 120-200 esriwaifes 123tagiimsdnesduseneunisluingiv Tvside
sFusznouth luingAuazsameeenluiinisianeiussluluanavesinghivuiedau uas

a

Sufloyyadase (Free radical) Windu sauvadafinisifnnyensusiia (Carbonyl group) ny
A15UBNTA (Carboxyl group) LLaW;‘ijLaImiL‘tJaifa@ﬂlsdﬁ (Hydro peroxide group) u ilon
maldsunnuouiiguuaiin (deenin 200 samwaldes) Wunaiu Tassadansluves
Fanaaziinaivasundas lsinansusifladanuunnesiundnsusinldainnisuenaany
shseaudouingiuriafieatu wilifivasdeunsusnaansdsanudou fuiuduneunes
Pasroumsuenaaediearmiou Suiarwdity denszuiunsiavin
2.4.1.1 Tamsaansaiuiduveuds

Jutumeundnuasnszurunsifinnisusnaaiedieaiuiou duneudazdidngniaifinis,
1N wazaziliAnndnfusiveanszuiunsuenaatssmenufeulnefiguvnfiiivanzas
pEj5¥INe 300-600 asrwaidea TunsidsuuUamanaiiiu Tuanafifuuelng)duaeld
81798 ANNSRANAITDNUEE C-C, C-S kazC-O niauAunIsinaIsNankasenineaUjizen
(Intermediate) a'ﬁmammaméwﬁ%ﬁﬂa‘lmwumﬂmsﬁ'uLLé”mé"uéhLﬁmﬂﬁﬁ%mwaémaﬂi
waulddnldnluvaefidnidlifinufiser fagnaedudunsliluiigadefivgumd

397 WuMSagIUNSEUIUNTWANGT (Cracking) wazgniibiluuiadandnsde Smu

lalasau wazAsuauuauanlynmaly
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2.4.2 nanfaeiaInnsEuILNISHEndatanienNsau
NAnAueiRlENNsTUINNST Wty 3 du Ao

2.4.2.1 uwfia: lun1svirarewusylngainufouniadilddiulngasusznaudae
asuaulaoonlusfosas 53 Tnthwiin asusunsuenlusiosar 39 netwein ansuszney
lelasaduaudesas 6.7 Insvmin wazlslasiaudosay 4 nevmin auannydeulsd
ponlildndndnuamduufaun wwdnsfueiniaaslulufnsaidae ievinldaniueu
vsdAnnsinlag vlrlaufaannnisnluduiniy wagvinliiAnudanausening
lolnsiau fuadueuneuenlosunasiionuianauidin “uladaunsies (Synthetic gas)”
dmiunszuiunsidsussiuszneunaed Tnemuseuioliliuiadudulngfigonin

“whaiiadu (Gasification)” nszurun1suiagiinduaziinuneungiigeuseuin 1,500-

= v a

1,600 aeA@aldea JanodineInN1AnIesandiaudnluusdiuieinwan el
=% a A A % ¢ a aaa ) a 5
ge9dla ansdun3gndesAausenavvesarsveulziinuiseniueendiau lod uas

Asusulaeenlen laudademaadundnsusingn

2.4.2.2 99987 : vauUaINLAINNA1TIIa189UsEA18AINTaUTTDLSaNI YTy
= « " A NV .1 9 = v H a a6 o |
NN “Pyrolysis oil” %158 “Bio — oil” U8%MaIuUT¥NauUAIUT LaTEISEUNTY FIATULY
98NN1AINNTLUIUNIT WaNIINTUesUsEnoumeaglad wazdniu Famgaoonain

° ) = & | A a
nszUIUNSalagn1TIEie dusuaniizReulaiaglidennianisineondiauaslussuy
)~ v o ) o ~ & = o Y a o ed o o PN
wazdnislianudouivssuuludniigs uasisy Iohlalendndaunituindudinimanian
Sennszuiunsidsunlasesausgneulneanussuiielilandnsusiduveanandudiu
Ingitidn nsuenaatenlsAuTou
< & av v ° o o & = ! ¢

2.4.2.3 ¥93ud9 : vosllflaannszuIunIsYateiusylneausoutlaziienin 13
(Char) davslinauantlndifssiuansveu dedeulvannsimuizaune luiinslveiniavse
Teondauaslussuuiaziionsinisiirnuieussiedng wavaiausiludunausuiuves
msvililassasiedisngu nevihbiAansuandmaniivesansnlidldansveu (wu lelasiau
gandiau lulnsiaw) sanunluzurewia Arsueudaseilegresiudiniluguvesns Juiln

a (% ¢ al

9 = = =~ A & A o 2 &
Tanan AN Uuvewdaun Sennseuiun1smsasudasasrusenauiiialilavawdadu

dulvgiil

o

TnwaeaamlUl

A o

- gdnwasn (Uniformly black)

1 “asuauluwdu (Carbonization)” ¥sAlaannszuIunIsAISUBUlUTUATSH

- Weving dauminasdiafidudu (Shiny surface)
- Uaneiivinazivianau (Sharp)

- USIARINNIR LA TN
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57leanTuneuNsasueluduiiiinuaunsalunisgadua msigdnmsviiliinets
ayldaaumgiuseanns 400-600 asrwadea BedsnsiiuniumsnnAegnieluyesing (Pore)
=€ o “fJ 1% o

wsaingegn1uid Jnludesiiluiunssuiunmaiaunlasaialulufianaseadiunis

Anensusluedu wie Afensvin1snszAutLeY

2.4.3 UselevuiuadnaniaeiannnssuIun1sLendatanlenl1uday
NANN NN LP1NNTEUIUNSHENaaemeAUsauaunsasrlulsUselevula sadl

(% ¢

- NN N

ufta : Anaufeurewfaildfiingafiouldfudemamansvinauis
il dudemadls

- WdnAusiveaviad : antvesiuiuiinmilldannisuenaniedoanufeuiinaand
otfsgvinindufiss wazthifun nanfe manudiadums arumila warnsndudiy
dnlndifssiuiduiies lurnefinuendeusoulndidssiuidum willusinadaues
tooniniuiun fsanmnsnthlUlfdundsnulmlls

a o L3

- nAnduaivads : Idusmgeduld lnedesihwsnldinmsnsesudnasmianou e

iLNunRLagiinUsEansanlun1sgadu

2.5 msai"]LLunmmﬂgwgumummgm IUPAC (International Union of Pure
and Applied Chemistry)

anansaduungnsuliilu 3 Yseian laud

sngudszianusnie “lailasnes (Micropore)” Wugnguidivunanunhdliiiy 2 n
Tuiwns Tassadregngu wuululasnestidegsuaumnnazdmalitan dndniuunaiuiiin
Fumzgann unefsiuiiivesianilanalaqansadhslddemhsiminvesantu)
uaziosanemniavessngunuy lilasnesivunedilaninvunvedaanasill lsiundn
wafinuanfe wWelluanalaq wdouiidnneglugnuudluanamartiuazanagnels
ANTNAYDINTITUATATLIIINNTIVBITNTU LI UTHNUTIBUATNTEN i “wsauwneianed

(Van der Waals interaction)” Waglsshautnasnadiiesiilvlassasisgnsusuululasnes

[y

[ [ a Y o2 ) 3 1 a A o A s
anansadninulianaviiaelila dadudsslevdegadaleTanniisnsusuululasnes

o o [ = o 1 aaa Q‘SL

luuszendlumalulagnisgadu (Adsorption) w3e Jand miuniegudaisaufisenad

9 Y

[y 1 A ¢

AdgeuTanniignguluedn UnidednagyaduaiudAy lWUinsduaseignuauialy

q Ua ] g9

1% '

[y ] v A

Tasnesidundn Weswhedenisiiinvuaiuiifidinigvesian whluiegmeswigadud
flvwavesgdululasnes fe Tlelad (Zeolite) [33, 34]
snsuUsEianiaestelivungnguininendiAe dvwinaundialugag 2 e 50 unly

a oA s ’ I a P~ s I
wns 13831 “dlanes (Mesopore)” Tagianigagnedegngy wuuiilanasvuinéan (vu1n
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AUNTIBETENIN 2 B9 10 uluiung) aziiuseloviaaneiuingy wuululaswesluaiu

auannsalunisininuluanalasenizegidduanavuialngdninalstaluanaiiy

a

¢ N A & v = = I Y
oulysl v3e Adwe Wuduiliessn astiluanalasunivualuanaiivglussauunlu

a 1

wns Juhbiksawuneinadanudvedilanes Sinsiisninaseluianavuialngiviani
nafinuuviiilassadsgnsuuuilenesvwadndndidnenmlunisiniivansdiluana

! ay Y 1 a v % % 1 = o 14 a 55 o a
mmuimﬂuamm AIEANYULAINGNIFIVLALATIASS EW?NLLUUNT‘U‘W@?U‘UNﬂQﬂUH&J

o (% IS

dldludandmsunisasaguioulel [35] dmsugnsusuuilanesvunaivg (uiaalnm

Y 9

aa

A9AauA 10 wluwng) fregransgaduiifivuiavesgdudlewes laun Fan1iaa (Silica

gel) praliunaa (Alumina gels) avilluGAinanznzaas (Aminosilicate catalyst)

a

snsuUTEIANTaLAe “uualaswes (Macropore)” wangde sNIuUNlvLIAAIIUNINS

9

[ (%
=]

Aausl 50 wiluns Yuld wuiluefntulassaisgnsusualvavanil (aillawesvunalvgy
wazwuAlasnes) lulasuanuaulauindn wesanlilaildiutiolngnsanonistiuuunfiud

AIdunzvesiagnIunniinsiivuiaaunisesgnsuning niluananiliuin(vaie

= o

v 1 v 4 aa a 1 dy 1 @ 1y U a v
Feuwin) Fihliuswiunainadliddnsnaniglugniunaii sglsidludagiuinide

= o w

auTanniigngulaysnnuddyludinisiogrelaseaiiegnyuanintugivaiiluian

Y 9 9

¥/ [ 1 IS

o ¢ & 1 v 3 1 o a
Luaﬂ'ﬂﬂﬂiﬂiﬁﬁi’]ﬂﬁ/\liu G]\‘iﬂa’]'JlI“LJ'iﬁiﬁlsljULUu@EJ’Nll’]ﬂIUWWUﬂWiLUu%@\‘WI'N ALagIYUIN

Y 9

Ingidmsunisindeuivediuanasieg Wdgnguuuulalag wesiflawadnninlideway
901597 L1839 1NYIBAAAUAIUNIUTAATINATT WNSHIUFHIUVRILLaNaveTelval

Ao ule [36-39]

2.6 NTEUUNIQAYU (Adsorption Process)
mi@@%’uLﬂuﬂizmumiﬁLﬁaﬁmﬁ’umsazauﬁmmmi PYIDANULIUVUVBIANTN
USNUNURINIBTEMIN9RIMLN (Interface) NSEUIUNNSTANNSLAANUSIURIELEETEINe 2

anazle 9 Wy veanaiiuvenual uiatureaval wiatuveuds vsevesralIfuvaauds

o

lnglulanavisensaaseagnaadusenit @13gnaadu (Adsorbate) duansivimiinfgadu

Y Y Y Y

138071 @139AtU (Adsorbent)

2.6.1 NAlNYAINTLUIUNIIAARAR
NM3YARARY (Adsorption) HUNTEUIUMIANIINAITALAIENSDATUUIUADEVUIALANT

azatvegluunlieguuiivedasdnslianis Ineiarsazalenieaswuivasy vuIaLanil

a ! a a !

158N Adsorbate @29 dINIRNTIUNNETUYENTanAARALSENI1 Adsorbent n139A

Y Y

a a Qg‘/ [ a 1 1 5 a ' '
FAKIUILLTUNITAARALUUTENINEDIUE (Phase) A9 eaIuanIuy Ao U9ual (Liquid)

wia (Gas) waz VBITe (Solid) TaillAMaLUU VDUNAT-VBUNAT LAA-VDINAD WAF-VDILTS

a =

< & < .. .
LAY VDLW TI-VBILLUS I@IEJIUV]U'“USW"UWiﬂJ']ﬂ\TLQW']SLL‘U‘U VBILWAI-VBILU (LIqUId-SOLId
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Interface) Tun1sgafnfiiluanavesansazaenioansuriuasenazgnindneenaniiuazly

[y

inefneguuiigadu luanavesansalugasinzduegiviinelulnswesiigaduuasdl
WiesdutosintuiinizegNiinieuen nsaewluanaainiilumdgeduiinvulaauis

aunalmgn o geauna ANududuveduianaluiiasmiedesinszluanadiulgy

[ YY) o

wnaeunluinzdvegiuigadulaglun1sinizAnazdl Driving Force ¢ 2 WUU Ap N139ATU

Y

NWAYATN LLﬁSﬂ’W@@‘?ﬂjJUVl’]QLﬂﬁ

2.6.2 UszLanvaan13nady

{Jﬁ]%’aﬁwé’miuﬂﬁi‘uaﬂﬂjﬁ@ﬁumﬂiw’mmi@m%’wzﬁf\mmmﬂL.Liqﬁm‘wﬁmswdw

o

'
= v v a o 1%

Tuanafignaaduiviivesansgadu dussBamiendunsauiumesanad (Van der Waals

Y Y

o

Forces) aziunisgadunienienin (Physical adsorption) widusadaunieaviliminiuse

'
v v oa

a 1 a (4 a 1 o IS .
Lﬂlli%%ﬁﬂ\ﬂ;llLaQﬁWQﬂQW%Uﬂ‘UN'J‘U@Qﬁ']i@@%“l.lﬁ]%ﬁﬁlﬂ?q ﬂ’]'ﬁ@ﬂsljUVl’NLﬂiJ (Chemical
adsorption)

o

2.6.2.1 NMIQATUNNNILAN

HumsgaduitAnannussisgasznindianasgagou fe usswaunesad (Vander
Waals Forces) a1ina1nn1553uusd 2 8ia fio wsans2a7e (London dispersion force) wa
usdluvradng(Electrostatic force) n1sRsgadsusiiisaurinlintsgadudssanifindsny

n13ANEANTeUABUYNTBY A M1Nd1 20 Alagaseluauayaiuisaiinn1sHuNaUYes

o

I = g v oA & Y o v v =
nsruIUnstade Baduted nsizanunsanulaninvesiigaduladienie arsngnaadu

Y

anansainzegseu q AvesasgatulivangtuMultilayer) vieluusazduredianagnsgn

Anduazinegivtuvediuanavesarsgngaduluduneuntil Tned wiutuasdudadiuiv
AIANTUYDIANTYNATU LA ITLTINNTURIUANULTNTUNGWUYBIRIQNaz aelu
asarany

2.6.2.2 MIgatunaAll

v U v v o

nsgadulszianiiiinduilemgnaaduiudigaduinuiitenaiiiu fedamwaliinnig

Y Y
A a

WaruuUameaiivesfignanduias Aelin1syinangusiganileisenineesnauniengd
a Y a o a 2 = Ry N2 o I
azmaufiuLaiin1sTalTesernauluiluarsusenaulvaddu lnedlusziaddaduiuseq

I A o Y] d' o o 8 v o o A a
SNINIYSN NWﬁQQWUﬂﬁﬁG}UL“UWNWLﬂﬂ?m@ﬂwqblﬁﬂ"]']lliauﬁﬂaﬂﬂqiaﬂsﬁ‘Uﬂiﬂqaﬂﬂiguﬁlm 50-400 ﬂIa

Y
Y v o

Jasialua nu1eANdINIsAIdRdgnaadueanaINRIFInnduazinlaen Aeldaiunse

Y

AnufAsedunauld (reversible) waznisaaduussianiiazidunisgadunuutuiien

Qe

=

(Monolayer) Wintiu @4n13QadunianenImkaznIuaiidvauansaiuvaIeeg
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M13199 2.2 UAAIAILLANAINTENINNTAATUNNENNLAENILAT

Auus N13AATUNINILAN nIAtuNaLAdl
1. A1AUTOUTDINIIAATY Weenin 20 Alagasieluns 20 Nlagasieluns
2. guvndiAnnsged i g9
3. W3PagATERIaliena LIIUABI A WuswiAll
4. N3RuUNAUTEIU A3 runaule anilng/laiiundu
5. MIAdUULLIaTD DY WAnldiAaunnyie LAARNITUNTEUY
6. Waanunefuiudly laiiAendes \Aedes
NITUIUATNA
7. EULLUU%uGU’eNmi@Jﬂ%JU monolayer kag multilayer monolayer

2.6.3 lalomaunsgadiu

magaduiduujisermeaiuien Yadeniinasenisgaduiie arusuvsenududuy

£ [

vo9iagngady gamgll viavesansgnandunazaisgady duiulunisgaduasdesiileis
Haduimaniise Tnevhluinagmueilfguunivasnisgaduliine uasfnwaiuduius
sEriaUTinawewhgngeduiuanufumsomududuesansazateiianizaugaveanis
aadu Tneidunsiiuansanudiiusdsnarisonin “lelemen (sotherm)” auanslugui
2.5 Jadunisduunlelumennisgadunianiusyuy IUPAC Taglelemen 5 wilausn (Type
| §4 Type V) lé’gﬂﬁquuﬂﬁéﬁm U a.A. 1940 lawiinineardns 4 vnu lawn S. Brunauer,
L.S. Deming, W.S. Diming and E. Teller n3oonaisannisinuunlalamon 5 yausnIndu
NS9UUNAUKUUVEY BDDT

Type | LﬁulaI%Lwamaﬁw%’UﬂWiQﬂ%UﬁLﬁULLUU%uLﬁ 87 (Monolayer adsorption) %38

= s

al 1 . < A a I L3 1Y a (=]
bIYUAITLUULAILNYT (Langmuw) LU‘HLLUUVN’]EJ‘V]E?@ L‘U‘L!‘Ui’mé]ﬂ’]imﬂ’]ﬁﬂﬂsﬁUsUaﬂﬂ’ﬁ‘V]limJ

= I3

Aung visedsnguruadnduaiuiunn wu awdusiud viedlelad wurislunisgadu

9

&

'
N = v s

WAL LAZNITANTUNIINIEAIN mﬂ%mmmi@@%’U%Lﬁwﬁuaé’mmL%aﬁmm@fué’mwm

Y

(Relative pressure) singe) wazfiauAudivsgs 1iilnd 1 aziinsgaduiintuiisndniioy
Type Il lalawnaugusaiea (S-shaped isotherm) sinagifinfuiannldinununsed

mmwwmmmimyj (Macro-porous) ﬁﬁgmﬂawnﬂv\l (Inflection point or knee of isotherm)

1
1J o 1 1 o a

udundaniimtignaguiuutuifignfevanysalual Waiiuaiusuazi linisgadu

Y 9
14 ' [ [
v Y (2

Aeduninniniledudsdunisgadunuuidndunisgaduwuunaisdu (Multilayer

adsorption)



20

a

Type Il uleluneudilifigarldounsvl I3usiadienszanii lelumeunuuillides

[

wunnninazndunisgaduiilindouse Lﬂuﬂ’li@@‘i‘mﬁLﬁﬂﬁuﬁU%aﬂLL%ﬂﬁlﬁﬁ INU
(Nonporous solid) wagwaaudaiifignguvuiadnidudlvg uidumnfifussiagaszning
fgadu uaziagnaaduiliudeusainligadulddes iAanisgaduuuutuieniiniudy
Suindein uiidonmagaduiuunanstuaniaussiegnseninafignaadudeiuosi s
anduldnTufiaududinivditege

Type IV (ulelumoniimusnnlutagifsngudnluaidusniusuinanats (uingngu
seming 2-50 ulung) Tutasusndaddanududuimsadulelumenazmiloudulele
wewsiadl 2 Mntunisgaduiiinduedanaiuienududuinsgdud osniinms
AILLULATUeaN3 (Capillary condensation) %uiugwqu Favh WiAn Hysteresis loop Tutaa
Desorption ?fa%’agammmnﬁmmammﬂﬂus&wLmﬂaﬁmmiam 1IFIUIUMINITNTZANY

=

YUIAVBIFNTU (Pore size distribution) Tuvewdsniisniusuianaidld msaruuwiuualans
MY Desorption HUTHagAtUTgeNIINIsAN1sARtuTIA LAY

Type V wiloulolawmenwiia Type IV sinsfuiieainnisauiiulugngy @ Hysteresis
loop) lelemennuuilagnuliivesiin

) Y & & [

Type VI [ Wulslewmennuudutule (Stepped isotherm) lolameuuuvilazwulives
CY P o & ) P P v [ [y |
1n nsunnnuluszuunidunisgaduiuutusetuuuinuiiinaeudsndieiu (Uniform) lag

sUswvadlelawmenasiuegiussuy wazaamgiilunsgadu

Y

acific amount adsorbed n
-

Spe

Relative pressure p/p”

sUii 2.5 lelemaunisgadu [39]
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2.7 1717

911 (Oryza sativa L.) 13 Poaceae %30 Gramineae T1dufiwdugnaszganaiuas

Y

] I

Fonduieludsansn Aaunsaduwanld aduseuna 23 wia wadliieellifsdanununlaly

v A A

v 3 [ a = v @ 1 e v 6
nszdgn Irudusyienanfystianisvedlan wasduluunatemsiliansiulawsn

o

[ a{' & U L4 ! = ) a ¥ [ [ U
LL@%‘W@\‘N’]‘UW‘U’]LUUﬁ’]%iUNH‘HEJ lnaninasswmivesUssnslanuslandiidunan amsu

Uszinalnedriduiinesegia fawsamselilasnaisuaudiuuimdsussmdlvedaug

Ugniavseann 62 duls lonandnUagussann 36.5 ausut1idden [40]

2.7.1 dnwazdAgy vt

o Ao o v ' Y & @ a ) a a ) PN
aﬂwmgﬂa’]ﬁﬂ]jsﬂ@ﬂﬂquLUﬂ@@ﬂi@LﬂuaﬂwmgmLﬂﬁl’JﬂUﬂqiLﬁ]imL@UI@ NS AR AT
¢ o X

LWNEINUNITVLIINUS 91

9

2.7.1.1 dnwagiinganunsasgaule anvuznlaNdRusiunIssyAulnvoInu
112 lauA 590 anau wazlu dwsnsgvesiunadaunzlisonlunduaiunn dusnsgvesdu

nan Faniglmsanlunivaaan [41]

'
1 a I a a a

(1) 570 Wudrunedlanifu Woaarsuduau e ldlidudy wau1easiAds ey

Y

a

' [
= 1 =) = a

ATt Feegmtlatiufiunie audilddsinum uillsin desunnuauanszaneeglarsiu

Y

mewaisnves 413ddldegfnunnaniuiafiu udazuwwes sndegazdisinuugeu 510

k4

Y939UT1IUENAINIY IiaTlAuRULE SINe1Ainunvedseglanuuas aglatme Aut1ily

TINAMFUYALEIBIMTIINAY BIMTVBIRUTIIUTENBUMIEY WITINAY WAzl 91mMsinail

srgnadluily Wewdeudunds InedSnsfiisendy duasziua

4 IS

3 [ I 1 ) 1% Y g."/ I 2
2) anau Janwauzidulnswmsinatsiaziuseonidulansy lnefidenuszninsass Ay

£1U99UABIUULANFNNY 1UIUUABIILVIINUIUILTUVDIAUL UnAdUTEU 20-25

v =

Uaee Uaeadaagiilaudu azduniuasnuiniivaes deegiaievesnisu uenanil Udesd

¥
v 2/ o

agilauaziivunlandivdes Negnssdinvate eniiudnvuth neesdanulias Weilidn

Udoswasdmdudienunn wazddesiieglndiiaii aglandnegdnadluluinnde Fadudiun

Y

1 o v

wusasueenluddesy uu dan dunsuasgivineenulunie Jeasnilnn waveg

agduiulvandenisludndenils Fvestaiunnaneiuly auyinvesiustn F9nvazidud

9

R

Ly £

s =
NWUTAUTIISU

dlallcz\lyl

Wided WI0aUALA druANe1ITeIUaDItU ﬁLL%ﬂﬁ?ﬁlU@?N%ﬁﬂ%aﬂﬁu

>N

Udosemnimiugauie sudngniereniulu Swmililianunsoueaiudisu nieddeves

2V ¥

sudluszezunnne wisudniinsgaddugilussegeonsae wansansiuaauls fu

INNNAWNDN AUYNINAWDN
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(3) Tu dudndlulidmsunmnisdaasisriuas ioludsunssis 91113 11 was

Asusulaeenles Tidunds wWisldlunsasadvls wavasrandavesdudn Tuusenaume

1 Aa Y

nulusasiauly nuly wazwivly Wedndumedesevestlu nulu e diunfnediute

VoA wazvievuiutlY winzdeiliiewilamuluminuu wiuly fe diuietmile Jase

o

w1y fdnwauz luuiuwuuuieg fugdusasiugaziianuen anuning U519 dvesly
masntansvyuvadtuivatfulimileudy uenant Audulurestnuisiug Alvunselid
v 4 9 v o ' o vee & | o A o yee o v
yueae Weldleduwsiulundvy agddninlutdulitey uwiudulunlidfivy aw3dnSeus Tuta
IS | 1 (% a v 6 Y v el 1 1% )
fywnguiauanaeiuly auelinveaiugdn waruisiugiiuiuluniyunite viienyuuay

fuandu dulurestnueaiulate anduuuveaweuly duluazvunudu szt ndudie

a o

winludeaned Tutnd luaavng Fawneds luiegdniusiatnd Sendd Tuse Uniluseasd

A a

dnwazdu wasyuivaliu wand19anludug Negd1aans ndedevesly Fududiu

\ v
a o [ 4

Fouseszninanulu wazurulu fdnvazedne s Audefinuuisdudiieeniduudess) uagd

—

U t%4 1

Tonovedlull Hferutiy wazWeriuuuasinegsie Weltuuuadassdu anvauziluy

Y
AdNeMIINTyIen Anegdnsazsuvasdeseveslu dnudedutnuty Jouwdes Tanvasidu
wHuuneY egailurasiaravastly wasusenuiinegivaidu Wweiuduivuauazdunneing
[ a v Y ! < ' P =1 v A a 1 [%
fuly auvtinvesiug?dny egielsinig Tuwie e1alifiweliuuiauniednegiae insizld
Fevauludsuds duddudeionsunnesndunislml Ussana 5-15 wie mislniiiunn

28N11 ETNUIULULRENINPULINVDNTY tazu1eriaoialufisi

2.7.1.2 dnvazineriunsveneiug dutniimsveisiudmemaadainainniseay
TEMIUNATHIE wazinasially imsizaviy dnwaeaAgieltuns veneug taun 539
ABNT17 WAZILAAT1Y EIUANI DT @IUANNVBITITN [T]

(1) 539 unede Yanenveddn? (inflorescence) BaLinUunvevosUdosdugninevenu

e

17 SreEIEnINTesuuNYeIUidugavng fudasavadluse 138031 ABTIE AIllL ADTINRY

o
[ A 1 4 Y ¥ !

dur3een geuduegiusrersenintateduuurssldesanineiudese vadluse v1iuly

Y

a a

aeldiAuiRninmeunss fanudesnsazugnin vdaidaesisen wivnudiiuiden
ety liedsdinuenvesrenaas wenani fidesuuuvesuiesduaniness
Fondnegnanilein g1uvesTs viegnuvestenen usinUszneumeiusulvgsieainae
$299ulU uduanuLILUUTELealuAUT1UEe (racemose mode branching) aanluunnane
Tnousasdevesiusulngunnuuueaniudenii wwuafivils (primary branches) wavusias

JovosuwauINnils azunnuyusoonludniluuausiaos (secondary branches) aand12
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IS4

(spikelets) IMunan Fu3endn wiAlwa (pedicel) ANBYNUYUINABIVBITINU dNuL
Y971 LU AT FUTI AUDIVNDITDVDIUUUIVTOTEUS ARDATILUYBINITUAN

wrwsoaniuduwvusiniuazuunafiaeatiu wnnaiuly auiaveiugdn nsiideves

WULINNTN BazuULINae9Ddy 1Sun11 s2udd vnlnds uiunensesiunn sadudnuazvad

U I

wgtnarlvindnnags aend1 aend1d
(2) aantn3 nunghs dunilinasiiuazinas sulledmsunauiug aend1iusenauniy
Wienuenlvajaswsiudszanuiu ievieviudiunegnisluld iwdenuenlvguruuen Sund

@ (lemma) dudenuantugunuly 15801 wide (palea) MiaoaUdonid AMvusnves

[
(=]

ffusiativu uselifivunls ddeniluilvu Aluvestuftnagludvulazinuseuse 7

1 1 [

Uansgavesudenuenivguduuen sslidnwasidulatsuaudusanui 3en31 e (awn)

<

[y

5 v U e & v e v saa ) a1y o § v
HUFT1IUIRLGEMEY Uaiugivneeny Wugnivnneend Wudnwaenlisesns msevinly
2 a & vy v Ve . o e a SEZ a
Auie kazwingn wenanil eramigiinluinuinguiadusnaniuiimvdsladg Tvae
AuasvelFeNUaningvaeHulINTY MUsEauRnfuaguuiugus) NSendt T1%aan
(rachilla) hagNAIUUUTDITITAAIHY TUHUUIIT @0UHUIUIAYIG AU NIt TsAuTe
Wienuennsadeuruiing1y WaviseUals wxuu1eq gesuduil Sundt lafaad (lodicules)
a a a A = | I3 i a a !
151U1943130a192HUABNUNY BNABILNY VUIALANNINANNT kaznLEY waziigusia

Aoudve1 UsenuegiigiuveUdenuentug 15end1 wWienuenidn (sterile lemmas) 347

o

Uangduanvenddonuenianiazusvarufiniuegsous do Mm3endn shiwuni3 ngud

Y

=

(rudimentary glumes) sisasunfasiduitunen Jsfneguuiufiaesnsisiadnn duie

eze e

amelugadenuenlvavieviul iy laun tnasday (stamen) waginasiile (pistil) wnasea

Uszneusig nssil1snasiy (anther) [Wudivdes daneluliavessnasiy (pollen grains)

PWAENIINNN Nz zlifneguuiugd Send1 Tauud (filament) uaziloudney

Y

LY

Auguvesnan lunandiudazaen xdnTel1ginasAIEIIUIY 6 BU drunasAIlely

Ao Y

UsenNaunig NSuasosunaseiag (stigma) BelldnwagAdenIaNIEIanTUIAEGN J1UIUAST

v a [

9u wiazduliu (style) Weudnagiusely (ovary) Tusaliasily Wegnuaunasuaiae

& < 19 I3 a aa i ¢ = o
naneduin aendlunenyiniieonin aenauysalna (perfect flower) Ws1zdnasen
A wazinasiudle egluneniiieniu astu nswaunas (pollination) dulvgjdaduwuunis
NAUAILDY (self-pollina- tion) waZINITHALLAATILUUTINAU (cross-po- llination) Wuawu

Po8un K3aUsEUN 0.5-5% Lintu Unfinisuaungs nndunielunaniiednu Tuagi
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wagneuldenueningazuiuesnidntiaunand17asEuuIINUanesn awglauuessas
Pruarsmieagldnaidssann 7 Ju welvinenyneenliuiu waslinisnaunas

(3) Wwénd1? nueds drunduundeiisenin Wulaadsy (endosperm) wagdiud

Hu v‘INﬂ wamifﬁmmﬂaaﬂuaﬂimwaaqu,mu L’e]uiﬂﬂL‘UﬁllL‘UuLLﬂQWLi’l’Uﬂﬂﬂ Annzidu

] v

mu 79 LLa”\‘l’eJﬂ’e)E]ﬂiJ’]LﬂUG]usU’]’lLllE]LE)’]IUL‘W’]“ Lllﬁﬂ‘ﬂ’]’] mamm ﬂ’]i‘VI’ﬁ“’e)ENLﬂﬁﬁWJN

Y

ANAIUUNSUAYRUNATURLNATAITEUY (38771 NMTHALLNAT WAIIINNTHNENNESIANTIDY
avoaunasiminazsenadlluiiu vesisuazesunas weazlduiindearinazosanase
A aslunan Tnesauiaiuly wastinedeadun sy duedeanlasiudiiuly azasyivle
I 1Y 1 a al av v v v a a A W @ a a < =
Dufnny drudiiedeantasmsnuiueiesadus (polar nucle) Aaziasgaulmdunds 9
= 1 @ as [ [y @ 1% =3 1 I a =3 a
5971 Wulaallsy ndInAsHaunas Ussuna 30 Ju wandifagun wiouaztiuie)
16 Welawnzidenuenlugvesudadideniiiiuiiennn azlamadadnn NiSenin 41ndes
(brown rice) wantnanasadinazifudtiniageus wazvdior1dnudadnassoonauaing
81U ANYIANwMUEYRLIUEE19aEIBEA AENUIN WaRYTIINARIUTENDUAIY (HaTULBNUIIY
138097 wedAswaLeed (pericarp layers) 91U 3 9u WodUNaIIUNnRTeY 139071 1Win
1Y (tegmen) wazidatuluuieg Bnuilatu 1Sendt ezglsuiaiues (aleurone layer) o3
Asmawesiludthnia wandrandesnagiludiima wazdunesarsmawesiluiung wan
dnndesnazidudiune druneluifuuts ssfidneandundaduvseola Wuawudesann
Pfiwdaduduns drmidersiudadudugu dudrdadutslanin egrelsinu Awlawes
& v 1Y) = = | a & Ay v a & @MY= a T N A
AT 9198AFYITUANTUNAIUTI YFEATINANVBANEAN A TN Tieald 13e

7199Ua1%7 (chalkiness 138 white center) [42]

2.7.2 1715803
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o ¢ = 3 fY Al v v v YR ' v P
6{]’]315%1@3 (rlceberry) LTJUWUﬁsUTUV]VLWNWQWﬂﬂ'ﬁﬁ\lallWUﬁsU']ﬂJaﬁlﬁlwuq ITNRINVILAN

9 9

veullatiniutivinenugd 105 nmsiauiugtilsdivesslngaudinermansdnn

wﬁ‘wmé’amwmmam%LLazlé’%’umWmiamﬁamﬂﬂmzﬂisumﬁ%’aLL‘M'W@ (1%.) 1ialile

[ v sa

bUANNUTN mﬂ']W(ﬂLLﬁ‘”IVTUﬁ"’IEJGUan?{ﬂLLﬂN“U'ﬁIﬂﬂ ﬂiuﬁfLI‘UML@UW']Q@WUIJVUU’]W]TU@Q“U’]'J

]

1s91ue3 Aodlansiuoyyadasyas taun waualsiiv, wnuulelseiuea, Imaud, wnuily,

Y

[

denzduazlviangs wonINTFviiaan1-Urunans mmﬂﬂmammau UINANAL LY
iuﬂizmumaLasmqummwm anALdsean1siiulsaugSelaud nensunndd

lUlmnan S g staruuIUabe
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5UN 2.6 913lsdiuess

TuansdisvesivenuzaddaliansUsznauiiandyine "weulvlvendu’ Jslnnaudd

—

Juanssedueuyadasznnuuinlusuuniasnguy Inendriveunzddda wu d1ilsdues
Aflanstlegunaeuiu arsweulnlyefuiniiludrilsdiued aunsatislunisannisvge

[

399 BANTNVDIAUNY kazIgTMAUNLAILIIY SINKULTITS wazaeliaanlraisunau
Uostupaldlidulaeie faglisienmeutuse aunmewasggeuninie

NSeNUNNITeveIUsEmagUulunegeuasaulnleedunud ausanseeu
nsiasaoaduntlasTue 2 wihnasdenefinussdnsainlunsnisueadiu Yaeanns

dniavvaniiede Psannisgaduvedladulududon Hredesiulsaiumiiu gl

@
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| PR ¢ PR 2 v ) a v ¢ A @
‘W‘U’J’mﬁﬁmﬂ’]iﬁ/mﬂizia“dumwsmﬂﬂ%ﬂiuﬁiumaﬂﬁun WQUUﬂqicUiIﬂﬂGUTJVLiSULUE]ﬁ{\NLUu

b2

anmadenfingeuamsunsilguamsenenfaanae [43]

2.7.3 ANHAIENINEITINY1V89917 (Physiological trait)

2.7.3.1 8931N15:35Y V0N (Crop growth rate; CGR)

v

sns1nstasgivle (CGR) Wudvlivsuonisdnsinisavanimidnaesfivnofufifuse

wimulnal TuneiiglsdnisldaifuannlunisfineinsasyiAvlavesin laesnsinig

a U v [ 6

WTYHULY VoI BTUBYAUTAIINITAUATIFINAT UATNITHUATIEYRAINUAZUN NS B tBY

[ 1% ' (% '
o & =

wegiununly wisddnunly (LA) Fududydnvsvendauiunanunlunenianieiiu

. 2D

Ny FepvinunluinuaAynonszuIunSEuATIERLEweiY snTn1siasgAulaves

NyazuNUsotesIusg NUNUNTUNTITIUNNSANATIZIILES a1RenTasdnuRluunngauiilania

Y

Nagdunamarduasiziwadliunn wifonvazliduutuanely Melivuediunisses

= a 1 I3 1 ¥ a % Y dl' & A = N
Y3ty ‘Vi’]ﬂllﬂ'ﬁLiENlllLVI@J’]SﬁlIﬂ’ﬂZﬂEﬂ‘ViLﬂ@ﬂWiUQLLﬁ\ﬁﬂ‘Ui‘U’E]L! WUVIGL‘UQSNWWLU@EJULLU@\‘]‘I‘U

mueny lnensidsunlastiasinnvisetesastusgiussesnanidlunisugnuastadeaug
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MLNZAUAEWANANULUMUITAVDIRTANUANINBINADUAABAVUAINULIU LA T99TINa

IneasINUanIINITaTeAule (CGR) vasiwsusiazyiln [44]

2.7.3.2 dntinuitg (Dry matter)
Hhviinuwiadusindafiannsaldvavensedunisiadyiivlavesiy dudnuiadunadnsi
Aatuanmsdaasiueas wasthrinuidiietuilasinavietes saunsafiansanvie
fnlfansnsnsasandule (CGR) Tnsvilufivdisl CGR gedeslvithuiinuiegssneg uazd
annsalddusiiivenieszsunslinananlddomwuiu dTmdnukdifiutusziinnuadey
fufnenmnslyinandnd1n snfivazlinandnige fivazdesiinisiaiyiiuln viemsazan

TUTNIINUINND

2.7.3.3 silAuiien (Harvest index; HI)

U oA & A a o

yiuies (H) Wudadruvesanaslunadinminaisundurandanisasegiadud

vanasuszansnanlunszuiunsduasizinasluiieg (partitionting efficiency) a1nduuaglu

o | =

(source) lugsduiaiolunandansodiunigniiuiien (sink) drdadiunieusuiuves
NaRAaN1aTINNUAsuLUam I unandaunTuilerdsiiiuifeanagiinysuueady

WU
2.8 LASD9IULAZNATLANISIN

2.8.1 wadAN5IRAUVRSIEDNYLSE (X-ray diffraction, XRD) [45]

o

1wl A./.1895 W.C. Rontgen laAunusadiond (x-ray) Faduaunnsuvesnisu$ed
wilmdnluigaands fanueirduegluyie 0.1 - 100 A w39 0.01 - 10 nm $3@8ng3AI

Juunaamndsnundaylunsfinwimadnenmansvane qegresnaniiglasusieialuivalina,

Y

[ %
Y

wanevinu Jedundundnw gt vautRuarnsiindunsizeess@Snduaan sy
nsinsunsAsenvessdondivaarsiunsliiinUsingnisalsnge gy innsaasuns
¥ila (emission) N159ANAY (absorption) N13n32L34 (scattering) n38LAn N1TLRLIUY

L3 (%

(diffraction) \Uusiu Usingnmsalivanibudneaziane (characteristic) ¥89 udazansnia
-] a L3 a Yo dyd
aunsathunieszimaeiilansiae
1. 193As18meAUsenouvees I lu (elemental analysis) isluigenmnn
(qualitative) kagusunau (quantitative)
2. M@Anwimlasaasnediannseiind (electronic structure) Faaunsalidoya WAeafiu

nsiAnRuszLAll (chemical bonding)
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3. ldAnwnlaseadrandn (arystal structure) vissluianavesansamiemalianisiieiuy

a s 6 @ = =

598809 (x-ray diffraction) Tunisanwipssidlaldinaianisiaeaiuussdond iednu

o

[

lassademdnves duseuisenlans msinsieaisitedialagldimalinnisideduused

aa A <

Wndidudsnsnsnaznsasulady Iva1susunudes azainkazinis) Weanuseddnd

o

Ao o [y Y 1

asluds ansfegalasdiAimnuenefuikuueu Inem nuayuisdnnnssnuiuansfiiegng

! v '
a o = )

WuUIUNSFazviauoeNUIIANNITUNI NADATATUNNIAEIBUAMT Feaunsainean
s 1

Tneldflduanegunsenaiuinies diffractometer Y nfewdunsinanuduiusszniing

[

ANNTNYDIT I ENAY D UDBNUILAZLNTLA S HUUIINUWIIRY Teaglaannsuvesansdiegns

o

UNAIAMULTNVBITIENdzIoURDNU1 A1AILE1IAFUVBITIEDNT wazAyuTIAEILUY
TNAUIUMAIANNNLNYBITURENYRIEN SN SaEO NG lURNNTENULAT dxisundunsenn d-
spacing b# Bragg lauanin1siinfnunsndusuiilosannnisaziouniaseuu (hkl) el

SLYLWIVBITZUNUWINAY  d AaLanglunIng 2.7

x40
d
NZ
5
dsin® dsin®

a 1% v a & 6 = o o | | v
SUN 2.7 N98ENBUTD959dLDNTINNTEUNUNANNVUIUNULAL TEULUINUBITEUIUWMNNY d

v

(Fn: http://www.cefns.nau.edu/geology/naml/Meteorite/Book-GlossaryB.html)

v Aa

i 2.7 dlsigusnnsznunazyudnunsndusiiu 0 Sddvunsnduasiin ns

v
a o

LNSNFDALUULASUAS1ILA L UN TN AULANANIYDITEHZNIINTLAUNNVDITIAN 2 LAU (LEY

1 1az2) dandus uufuminvesanueinau Tuas

2dsin@ = nA (2.7)
aunsiiienit WeoulunsAvuvsnduaes Brage lneflaunisiaviintulaide A < 2d

Felun1snnansazinyuiinszideanannuuisdiin Jazdaiiu 20 wansinmi 2.8
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Incident beam —

Beam from menochromator

JUN 2.8 MsTayunmsidenuussdiand

Tunrsneassazlansinszninemutuvesseding duatny 20 Fansnlaann

3

'
=

Ipseiayszysznudaduavdail miller (hk) 13 aannsananansarwinmen d ud dld
ANUIMNIATAINLaRTe (lattice constant) saag1u Tulassadramdu wwnelnuea
(hexagonal phase) @ansaAwInmA d laainguns
A A Ao LY U N & & A & & a A &
\AT0slaNian1sIaelUuYISIdELOndAaLATaaNGLSIANUNSAlATnDS (X-ray
Diffractometer) laafinann1svinaufe Welasunszuainludsianalng daduiduainl

anuseu wWebildnasnioudunielindinugme vilididnasoundanugmaneanuiain

[

nalvasaznadisunelun Judulansfivhanudouldd (ansdeulddutiwelunde

L =

a au g v [ P EY 2N PN <
noguaazluduAty Inevaaniildnesunsssiluwnainiiauasiiangauiundnuiagn
A o i A a Ao o w = A s Aa A oA
wIedvuaviigwadiveg duluduatumngdmsuninvunalungvsenaniinisgand used
englea) Fevilidianasewdlungnoenun Wedidnaseutuduinluunufieasineadiing

o v o ¢ o Y a0 @ & v o ¢
LL@IU@"\]gﬂqﬂwaﬂﬂqu@@ﬂmﬂ,uzﬂﬁﬂﬁL@ﬂ"?] LaeAIMUIDUISHADINUTNNADLY U Imﬂm'ﬂfﬂiﬂﬁl@ﬂ‘?ﬁ

) ‘:ll = s

LANTUIALUSUI 1 % VDINANIUNAIEDDNUITINUA SIFLDNTNA18DNUITNITIA LD NG

a

LuURNIZaa (Characteristic) Ml KAl waz KB antudslduriunsesuasdadusiganiu

AnueTAdUNlifens Mineriiaves KB eenluiielindesidiondninisideiiuuazgn

v v A q\ly 1

nsialaefmnnes (Detector) Feanusadnsednszideld a yusinag vinlivnen 20 14

4 | 1 v

innasenuandlugunsvauduiussznieraudy (Intensity) Wazayy

'
Y

v a
oy ai
Y
20 Tnvansusavelinagliguuuunisideiiuuressadengiiuand1aiuly lngaiuisaviinis
ATIREeUIULUIUNSRgIUNTRsTdendilalnensuiluiSsuifisuiuteyaunsgiuiieslu

wiludaya joint Committee on Powder Diffraction Standard (JCPDS) druusenoutidfay

YaaATY (X-ray Diffractometer) hanens3y
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Area Detector(s)

S0ke¥
Electrons

Focussing Mirrors
(or Monochromator)

Primary X-ray Beam
Rotating
Anode (Cu)

4-Circle Gonoimeter { Eulerian or Kappa Geometry)

5UN 2.9 drulszneurediaTes XRD

(Fin: https://anic.kaust.edu.sa/Pages/Facilities.aspx)

2.8.2 watiayeinsunesu dunsusaaiuningalnt (Fourier Transform

Infrared Spectroscopy, FTIR) [46-4T7]
A v aa -] Y a r.:l' o )
ﬂ’]i@@ﬂanﬂﬂau‘WiWLi@]“UENﬂ’ﬁ Vl’]IMLﬂ@ﬂ’]’iL‘UaSuLL“LJﬁ\‘iWﬁN']MIUﬂ’]iﬁU‘U@QI@JLaqa

= 1 [

dunsusa Hudrmiswesaunasuroinsunsdudivanluidsiiavadu (Wave number)
aglugaaUszun 12,800 9 10 cm? ¥38939A31081IAAUAIN 0.78-1000 Km Y2998
dunsusauusladu 3 ¥efe

1 Ya \ [ 1 a [ 2% 1 aa a 1 =

Y9N aduNTNIA (Near IR region) tWugasieglnanuiinidida nudaunisganau
(Absorption band) Nlarautea Jusylevilunisiaseiasusznausslsunin (Aromatic
compounds)

929na199unIsA (Middle IR region) 29flutseantiu Group frequency region agj
5¥%919 4000-1300 cm* FeanunaTuilaludildwlnglaarnnanuyileddu (Functional
groups) wilillvilassadrevedluiananiauusaliag Finger print region ag5¥1319 1300-200

1 o A ! ag"l 1 a ¥ d‘ ¢ o 5 B

cm ! awnasuitlatugadidmlvgiinainlassasisvedaananauysal dauaiunasunlads
ADUUNNENEIN NTIATIENRRIldIBTsuTsUAualUnASuveIaN TAINTIUTATIAT U

Y19lnadunsse (Far IR region) dafllireulaly lunsimsziidesananasuaaed
invziinaINMsduvedlassasavseinn suyuvesuana Fallegsening 200-1000 cm'™
o [ 1 a g v 6 a o‘gj [ 1 a I 1 oA
dmsudrvavedunldusslovilunisimsizidu Wudrnarsdunsusaludiulug A
4000-400 cm ' NTEUIUNMIANGULAIBUNTIA TaNATasETITAANTURABUNTIIAlARBY
NAnuaY WaraNITUNIZEY AD

1. S@vsouasuazdoslindsunownzned Nazvinlmnanugtu



30

[ '
[ [y 0 A

2. fofinn13aAIU (Coupling) waRseninvawulninannnmsuasedivansiu el

[ (%
& C

a Y] % o Y a i = v & a
ﬂqiﬂ@ﬂauwaﬂﬂquLLa'J‘US‘VHI‘ViLﬂﬂINLNUWGUQQGU@QINLaQGUULUaSUIU@NUULN@LL?N'E]‘U‘V\I?']Liﬂ

shudnlUlulianavesanslafinny wdnfausngnisaiiassedrstsuuiFonansdui IR
active flalfinsBsunladlumuidaguansiiansiudu R inactive fodildfinnspandu
wasdurlsnsn dfimaBuuadusuidadunagléfinunuganiugs duvdsundasiosas
Iefiauaugandush
2.8.2.1 UssinnvearsesdunsisaaUnlnsaled
\nsesdurlsusnaninsinlpdinesudsesnifu 2 uuu e

1) wsesdunsusaauninsinladines Aldszuunsyatauas (Dispersive infrared

. o \
= a v o a

spectrophotometer) HeivsauaAYT (Single beam) Wazvllnauase (Double beam) U
Suasgifutaioaiildsuanadouuinnin wasnudiulasnaldinsizuvannsoy
(Background) Tiinanufaluussennedy wiansueulaeenlys uagloth sznuedymld

2) \n3eaiTosnsrunesy dunsusaaunlaiines (Fourier Transform Infrared
Spectrometer, FT-IR) Tneifluin3osiiontsaiunlnsalad dusnldndnnisnszatouaves
anasy nsundaduimanindludisiiaula Wuddmvue wu Tutiawesdunsisasad
naINEs nmstufinavesiiaudiduveuaonud vieruspauddldaeni
JuanesusSenia Frequency-domain spectrum é’ﬁﬂuﬁu@gj w3 nsinanelulay
Jarnudufuresuamiomdmweuainnuenaaunafuegiweadeafisuiunansenii
Time-domain spectroscopy wielaeiialuiSen Fourier Transform Spectroscopy Faaglii
awnasudildainnisinnisganduasiinanudsisgnieudumne Feifueanusadaelinng
AsedsIngatu msuen (Resolution) Aindu wserfunisyinld Sienal-to-noise ratio A
NI1755354AN

fedveanisliinediayiFesnsanosy Miulddngide trelnsineinionsin
ainnsuvesasiregnsrnldisininededunsusaauninsinlndnedsssunivaneiy

v Y d' [ v A a o A a0 1 1 A
LNTIENITINAYLATDITTIUANLLUULUUINNALANUD @3 FT-IR IPVNAINUOR N DY NADLUD

[
a o 1

wananldsanunsatielinsiiasieiing wazaenINTumenIsldnauiImasAIuAL

e dudade fe FT-R Wuasesdieniisnaung uagsaadsningesnuigd



31

2.8.3 mAlAnaasganssAUdLANAsoUKUUABINIIA (Scanning Electron
microscope, SEM) [48]

Humeiafiinanmsaafuionmuiuszansamlunsusaiuinguosndesgansse
THanunsauanuasseazidenvosniwlduntuniniy Tnenisussgndinerdidnasenly
anusanInuasTIsasdeavesn widinntuninfy ifvandudunieduiamnldunuadu

wasnagldiaudaunlvdnuunuaudnszan waslifinsiatafazandudyaudidnnsoud

o
U a

a o ag a o 1 & Y] a;' v
Lﬂﬂ"ﬂ']ﬂﬂ'ﬁ'iflaqﬁLaﬂ@]i@u1ﬂﬂ53%UN')m'ﬂ@Eﬂﬁ Q']ﬂu‘lﬁﬁ]SNQ‘UﬂimIUﬂ'ﬁLLﬂaﬂaiyﬁyﬂmVlléﬂﬂ

Lﬁué’agfgmmwﬁﬂmﬂguma%fumwsialﬂ waladdnislgnuegrsniendunaigaan
Wy Yanaans lulasdidnnselin s3dAnen 32Anen uagnisunng Fadlgaiauiiddey 3
Usenis loun (1) anansalsinmdisiaanudadnga (High Depth of Field) (2) anansaliinds
LenUWEELTage (High Spatial Resolution) (3) anusaldsiuduinafindu ¥y Energy
Dispersive Spectrometry (EDS) itag Wavelength Dispersive Spectrometry (WDS) Wiendu
Toyaduni lnoinsosilofld 3oni1 ndeaganssmiBidnnsounuudesnsin (Scanning

Electron Microscope)

2.8.3.1 BBNNISNIIUVDY SEM
PANNITVNIUVATEI SEM AzUsenausmeunadniiadidnasau (Electron Gun) @9
o v A a a d A Y I a av v I o a Y
MutNNandianaseuiateulnnussuy Imaﬂqual,aﬂmawvlmmLmaqmLungﬂmms

awlwil 9ndunguiidnmseussiiuaudsiusiussd (Condenser Lens) sviutifiusu

<

a191anmseu (Electron Beam) ivunanavad Waldunsifidauduvesdiannseuanty

v
1 1 ¢

adidnnseudrisgilesasiuauding (Objective Lens) Falivihilunisusuadiannseu
Uguafilitigalniauuiafedaned uwazadidnaseuinnnsznuiivingrsedisg1sazivuig

Tugae 5 89 200 wrluiuns laedynunainniuAun1sdedns1a (Scanning Coil) YadE

'
= [y

didnaseu iutiilun1sruANAAIINISLAREUTIVEIBLaNATOUUUNURINTEA U991 lR
Hnnsuanlassdygiavtingnse) aanun
o av v o a a ! A a X A
doyanantaandyaaudidnaseusiame ity fie

o a a a [d I a s [
1. deygrauninandianaseunienil (Secondary Electron) lUUNQUBLANATOUNGIUY

a da

suszana 3-5 Banasouliad aniRaszaulddn (WiAu 10 wilwues) eefindusandus

a

IAMTYINAIDLENATOUAN

A7)

[ a a [ < I a s
2. FYYIUNINIINDLANATOUNTLLIINAY (Backscattered Electron) lunaueLanasou

a A v

Mdgndeulinvezaeuluduanuiiigauisdintaznszidnduesnin Jalindanugenin

'
a 4 a v = I

a a a d a v o Aa
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3, Fyaanmainssdidng slefidussddndames Wurduwivdnluiinfiinain
Bidnasounndulaesinludununid wasdosaamdanungluiosnndidnasouiignian
uwuiindanugendn nensUanddeendanudiufuesnunlugunauudmanli ifesi
LA N1 IULINNEIUNEABONINI9TTeRNNT VinlBidnasaudessnwaunaves

Tassasaneluszpan lnen15a988nn50UINTULATERLULILILNUN LAaSADIaANEI9Y

LY [ J

- a a{' =2 A ! v
Aelufiendianaseungnasuiwnuidsedundanuganit lnenisanuasendsany
druiusenuitugurduwiwaninii ieviliduesdndsuwidudulaasiduwnud 39

cs' - S = ' = ° Y a ¢
pauwwan N idaueeduamgluudazsiy eeunsadnunldusslenilunsineei

ﬁmmmﬁﬂﬁuwé’qmwmﬁaaamlﬁﬁql,%dﬂ%mmuaz@mmw

2.8.3.2 @rulsenauuee SEM

drulsenauveIndesganssAtdiinnTounuUdeInTIn uandanmd 2.13 uagd
duuszneuddgeyluviegayyinie Tnewthilvesddseneuusiaysuliseasdondl

1) wiasiniadidnaseunuuBudidnasou (Electron Gun) Ineviluldunaavisainy
didnaseuildlundesgansimiBidnasounuudesnie fe Slannsouingzids
nauuazBianaTeuRugl

¥

2) 1audsIKse (Condenser Lens) yutfidedulisiannsoutiounn wazaududuy
wanzautuiaegs Wilelldnmidaianfiindmeneiideants msanuuinuesdididnnseu
Jrthefinuavresmaens

3) YpaIndInsunIsdeIngIn (Scanning Coil) ¥mtfidsrulndidnnsoundouly
LN UDULATLNUSIUL TN VYD I0E1S

4) auding (Objective Lens) ilutaudiivinlididnnseufinamdugu ondesiung
aunuliuavauuudivgn @aunsausuasumdwensanuaudavesninls Tnenisusu
Usunanseualnihlussaawimaninds ielfinnsiuasunlaiammumunuuuresidunss
willndn

<

5) fns19indlannseu (Detector) fldsudygradianaseulndudyaulninvie

Fryeyraunm lneiudyaausasgaaindanedidnaseu Usingudunmuuaann
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‘i—'!! electron gun

electron beam

i“l il scanning coils
objective lens

&"ﬁ L detecter

P

specimen stage

chamber

JUT 2.10 d1uUTENUTBINADITANTIAUBIANATEULUUADINGIA

(ﬁm: http://www.mfu.ac.th/center/stic/index.php/micro-analysis-instrument-

menu/item/96-scaning-electron-microscrope.html)

2.8.4 wadAUdN (Brunauer- Emmett-Teller Method, BET) [46-49]

WUNART (Surface Area) 18915 LHuandanisanamniaudrfgynenisululy
Usznaunisfiarsaniiediasuuluimuniundedugiaie adaunimaiuiisesnisnse
MINTNIRTFIUNAMU N13innunRIngluianniianunswilalaenisinwinisaaduves

whalulasiursenfadundvunndn wu ensneu tngldusslevinnlelameuvainisgadu

adaaa

N19N18AIN %3350 (BET 6911370 Brunauer- Emmett-Teller Method) figaungilves

a

wiawad (uniilugamgiivedulasiaumaivionisnoumad) Tavuegiunsgadu lneay

Y

(%
a o (3 a

mwuliananldiielinn1saduwuutuies 3999 ianansnauIsaAILININUNARY

aeluld Magadures N, fgu asialasalugiusnineasiiunIuauiy aunsensdge

q

(%
1Y

WaguwUas (funus B) Fudunsinagsnu kandfeusingn1saiinisnaduuuiuiawuuty

e asfanisaukiuesiulasaulugnsuyh livsunsveansgaduiudueg1ssans,
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T
N

F'F

JUN 2.11 nein1sTanuninlagisnisgaduresianedsi

aunsildeuliogluguvainsnidunss Y = a + bx el X U P/Po, Y vlu PAV( Po-
P), afogadiaunu Y 10u 1/V,,C wasmen b At 1 (C-1) / V,,C ntwinisilisunsiw

Mlannmsmuaduglidunsivesaunsddin degy 2.17

Y

Slope = (C-1)/ VO

ViF P

e It~ IVC

JUN 2.12 nsinlaainmsawinluguidunssvesaunistan

NENN15VeITBN aunsaAIAINURRITIIIEYesEsle tnetiUSunsuaduia
lulpsnuildlunismauiiavesans wsean V., fldaun1s 2.9 awiumdwiuluanaves
uwialulasiaungngaduluanin 1 ulmana uaidahlumuwiumiuniidmnzlagldaunis

[y

i
Sep = Npimax:So/ W (2.10)

Tnen

1% '
aa

S fp Mutdwmzyedans mhedumsaunssensy)
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Ny fie wvenlanilas (6.02x1023) (mibeduluanasiensulua)

ame P IWILANaveLiangnaaduluanin 1 Fulaana (wiiy

V../22414)

So e Mufiiavihdnvesluanavesuiaiignaady (1.62x10-20) (mine
Jumsnauns)

W fe dnthuesensvdesgady (ineduniu)

2.8.5 miﬁnmﬂ%mmﬁmé’aﬂ%’ﬁtaneﬁ (Energy Dispersive Spectrometry,EDS)

2.8.5.1 ¥aNNIINIUVDY EDS

a L4 14 v a & o [ a 6 . .
N133LATIENTINAIYIIFLDNDY d1UTU SEM luszuuiiAs1gRuuy Energy Dispersive
Spectrometry (EDS) f%ann153uAs1e9i Ao Loa1diinasaunasaiugaadouditigu
a & 1 & & [ a | [y v I
danasoulurclpaslutuvesesnon 19y Tu K vie L wdninnisansloundssuliun
a Ya @ & av fo [ [ [ P 1Y X a [ =< a
diinaseu mlididnaseulutunlasundsnudendifindsnug@uiy wasnugamie,
(Binding Energy) vestulaasiengnaandinitlaasuazyinbiliniinsvesddnaseulutulaes
MNNUUerRNTNlAsTudnlUITanIEAUNGsUauN IR A UNS Ul realaas
A a al a < [ I [ | a v a c 1 Y a v
MmAnNdveBiannseu mgnsudesndanudiuiuluguressad@and uaiaiannseuazidn
UWNUNNSINUEIUAUTINA NI ULYIIAUANNUANANVBITLAUNS I UTARTE AN TY
TnasvaeBlanasou wazanzvesiniueg Judldwasnuemessn Bonssdidndaiiniiin 98

3 o = £9 Ya vaae 1 v v PN
LDAYLANIEAY "?NLLﬁ@]\‘iﬂi%G!UI‘VTLﬂ@iQﬁLEJﬂ"?ﬁLQW']SGYJﬂ(‘IE‘U‘VI 2.13

Electron kmocked fromm K-shell Displacing electron

/

Nucelus -shell

L-shell M-shell

E. L. M are synonymmous with the n = 1, 2, 3 quantarn designation
Electron transitions
L =K Produce Ke radiation

M --—--=K Produce Kp radiation

JUN 2.13 msnszauliinssdondianizimlagldadiannsou [50]

1% v a & 6 v v v a

lusguumsimseisinaleSeddnduwuy EDS wineandeyldlulagiu Aevinded

q

U [

WUU Si(Li) Fauunzamsunisinsadidndanizsnindsaulutag 1 89 20 Aladidnnseau
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Tad vive Wrinvianesuiounnuuignsgs (Hish Purity Germanium, HPGe) &4@13150

Ynsedanizeiluyianinede 3 09 200 Aladidnmsouliad el InSI@BNTMaRILUY A2

WasuwUaanadanuvess @i dudgyaraliinlugdvesdndlnii Inevuinvesdygiadni

o oA

N1999NV0IHINILRUINUATITUNSNUVDITIFNANNTENUUUIIIN 2INTUNITVIELUY
\ a = | 2 o o o | o A 1 B
YaungIIevateYosziivdyyruliinaniiialuniisaudifegasluaies uwas
LARINANITIATIERVNIBn Nl UTsaUna S nFouINaN1TIATIETIUTI e
A laglusunsudnsagy
2.8.5.2 MTBATILIEW
dmsunsieseisIgmessdiendiuu EDS anwnsansgvinle 3 35fe
a & 1 dy ~ . = a a o = &
1. NMFIATILNADINTIRNIZNUN (Area scan analysis) #IB138NBNDEI1INTIINBNYLTE
a . = 1 a S Yo aa 1 X a o 1
wuuls (x-ray mapping) @saziun1siaszilagldaididnasoudeansInuUNURIAI 881
Juiuiiang Tnemnunitevesiunduiunawenenld dnvarnisdesnsiaduiuiaindie
TUv1 4agaINUEEN MNALAINNITIATIERLLAAIAN BAIENITNTTIILVDITWUUNUNTIUY
a & 1 1 1 . < a v |
2. MTNATIZNEDINTINAIMLUILEU (line scan analysis) LTuNTAATzAlaeldn1sdeq
NI1PAIBLANATOUALLLIVLAI pg R sILvtsaula tiotaauidnvessaddndlanizsn

PoulylunsfiNnAnINITILIVIUIRVD TR NI DLNAVDILATIAS

' ¥
v A A a

3. MRTzianzyn 1unisieseinlid8ildnaseunsenued Tatunuuiuig
i 2

#1981 M599A717 09n1531A3 13N IaAUT U FID ndlaniznsagaTideanisFedidnd

LNIEAINANIINAIDES

2.8.6 UV-VIS Spectroscopy

UV-VIS spectrophotometer Huesesilefildlunisnsiaausuiauamazen intensity
Tnendendnnisgandussdvesatsiieglurag Ultra violet (UV) wazVisible (VIS) A28
AAuUTZL0) 190-1000 wilwuns drulnajazduasUseneuiledon, a1sdunie wazansed

2
v aa

a = = ! a A oA | A A ' Y}
UNIY V]QV]llﬁLLagllllla I@BaqiLL@aSﬂju@zﬂg@,@ﬂalﬁﬂﬁiusﬁaﬂﬂ'}qmquﬂaumLL@ﬂ@qQﬂULLaS

(%
% ¥ U

UAINULYHUYDIETUU [51]

£
o

ﬂ%mmmiaﬂﬂﬁuﬁ?{ﬁ%uasﬂj
FenuaNURluNIIAANAULAIURIANTH0LANAYDIIE1NYNABA LA ANAIY

va a & 9 a ! Y Aa
wzauzlvdianaseunislusznauiinnisgandukaiwaidsy aaugliaglugund
izé’uwé’wugmdwLﬁammii’mﬂ%mmmamaﬁ NUVSALYIDULINNFAIBE 1B UNULAIRIN
WiaNIATNIANNYIARUAT F199AUNG YRS Beer-Lambert AMNNIAANGUIEAY (absorbance)
Yo3a 3wl sHUiuIILlIanNaniin saanaulas Aeudseunsaldnadatlussuriiouag

Usuravesarsaneiflegludiageld Ingnanilaainnisimseiaiomaiinliavuans
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ANUFNTUTTENINNAINITAANAULEAY (Absorbance) WagAIAIINENIRGN (Wavelength) T

138031 Spectrum #agy

2.5
—— Blank
2.0 —5uM
' —— 10 uM
Absorbance ! —— 15 uM
25 uM
0.5
0 ] |
200 400 600 800

Wavelength (nm)

SUTl 2.14 UV-VIS spectrum [52]

2.8.6.1 giJLLUUﬂJENLﬂ%aQ UV-Vis spectrophotometer

(1) a@nnslnlafitnasuuuanuaned (single beam spectrophotometer) Liie
waspanINLUaIn LA (light source) wdq azn1ulalulasimesniduinsnig (grating)
Waza13A18E19 (sample) MUAIU kaINUgdAInTIaTudeysyras (detector) napaLEUNIY

Ka a o a ¢ - a =~
Yasauasiiawaanen Jasen aunlasinladwesusennilinwuuaiwaanel Wesanawn
Inslile Swesusznnilldauwasiismnfedriiuainiululasamesivdaisazaneiidosnis
5’@LLazLﬁwéﬁamiaaﬁué’mmmeaa FINUNITINIINDIIA 2 ATI §9T [53]
I Iz I = & W o 1 Oy Y] v A

- AFIINYATUTIWUAA (blank) Baludmiazaevesiieg 1 nadesnsiadioan

1 I3 U d' b4 1 « o‘”
wasr s Usuiaseslviaglumiumis “aud” (set zero)

- dIUATIMERIUTTIATATa18TRBINTTIA (sample) LAIRelAa LA UEad A1
LANAIITENINNITAANGURAIVBINT 2 ASsazUs1nguuntndaiinesaintuiaiuisain
fogrsnanuuduaue) aelulalas laglinssnauluinuuasian

- MSUAYUANLENIARY EADIALUAIALILNATY
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Movable prism or diffraction grating

EEEEEEEEEEEREES
\\ ™
. : 5,
\\r 1 i
light source
- Slit

Selected wavelength

JUN 2.15 awninsinladiwesuuuaiuadaed

(2) anlnsinlndimasuuuaruass (double beam spectrophotometer) dloan
LA INUMAINUTALAIBBNIINYBILAIDBN (exit slit) uiIanasazlugaunsalinaiuas
(beam chopper) @saznntiifiasiouainadluriuansiegng (sample) Tuvazsouiay
axviouauaslunuans8nsds (reference) Fsfimouvasiiiuies Insftauasisaesaziny

v I

LAY UNBUNALHIUAITHIDE19U30E15971994 Llpawasivasstlunnnsenuuui

ATIIVAYYIU ATULANANVOIAINULTULEINEIINHIUAITAIDE 1IN 019919899

ﬂawLﬂuﬁhmiamﬂﬁuuawaﬁaaﬂm

SR
A

— e— St

Selected wavelength

Beam splitter

o P

Display __'5: . Lo, N
“\-.\\\T :\L_m Detectors N\'is%’\
T

- B — o
T P

UM 2.16 anlnsliladiwasiuuaiuase
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(3) aUninsinlafinediifilalene fisdidudansaadudygyin
(spectrophotometer wuu diode array detector) LJun1snsiadudyaa lneinnis
gandAuvesual Wulisarvanlnstnlafiinevily fsausnisidudoyaildninfuies 1
vide 2 Auemeduwhiiy wiansofudeyaldfuiimennuenedu Affeseiannsn
Fonlst Tagldnanfiesdafen Wosnaunsodenn anuemeduldlunanfontu mmzen
wiumafiuteyaiiduaunndy videdesnsiamunisidsuiainsganduesansivane

AMUYIIAAU

@ apectmum gt

i
)

\\‘T _," diffraction grating
W P
o y

Datector array

JUT 2.17 awninsliledinesiiilalonensisdidusnsiadudyaya

av o d %

2.9 9UYNNYIVDY

ndlananluluanuduniuazaiudidyvesnuiddeluung 1 919du el
wnAntun1sihAuluauiu (Leonardite) Miundndusiudefisainmsvinuilosusanlunly
Uszwelneg inldlifauselond Ingagvinnsannansusenauafineenainfuduaiuiiuniey
NSYUIUNSANAMNIALALLUE tiskenansusznoudfimeonilu 3 ssrusenaunanlaun 81
fiu nsndila waznsanaiameRoulviwangay londinulssuaziitunouligeen way
o ° a a 4 19 Y a ¢ ] va o
WaunstasuseneudiliaiuentaunUssyndldiiiinUselesiimunzausonuands 119
NMeuUnERnINTTunldnsagafinlun1stienisasgAulanvesdnlsdiuess waznsduasizi
Tanniudmiugaduaingldiu Melludiunguiuarnanni1sdwesiurinangasidend
WNetesiunuiIdeiiiioaunsain luusuldiuauide wu nszurunsadaansusenaudadia

nfuduaiuiuy Jadusnegfdwmadanisainansusenaudalia nssuiun1suseynaly
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o o

asUszneudiialiielnuasnIsy waznszUILNIELATIE AU ATUIINKERSsian
Auduauiu udy

TuunAuwes Robert E. P. [6] ladin1sferuaiuniigvssarsusenaudidia (Humic
substance) 1311 ansuszneudifinfearsiifivesdussnovvesdiianioasuseneudunied
fuweinlananags fanaudiveuth flassaseiiliuiveu Sanauifmslwibdivarnvans
Fannandfimdrddmaliarsusznoviafinaunsniludszendldldedmainuans
peAUIENaUNILAlvDsa1TUsENOUBIAYSENBUlUAIY ANSURU Bandlau lalasiau
Tulnsiau wazdaules WousdetuseRussvessuouiidulassadiswuuansly 40% uaz
lassadneuuueglsunfinansuou 60% LAsias1amnaaliassaisusynaudiinuseney
Tnssaseglsininlng Fadeusetuielassaiiedensneg wu nsaeilu (Amino acid) ane
Tgvasimna (Aliphatic sugar) waz wWulng (Peptide) LLazé’J’qﬁmﬁﬂigﬂawawgWqﬁ%’uﬁﬁ
Audunsn W wyansuadan (Carboxylic group) wagvyiuea (Phenol group)

arsUsenaudifinanuisaseneeniidudiulseneuiididy 3 vlinfe $diu (Humin)
n3Adfia (Humic acid) wag nsasain (Fulvic acid) @vasnsasuunliannauaudinig

'
= [y

avangluan1eNnneiuwesans

A A

25U (Humin) Aeaepdsenauvesasusenaudilianiauaudintiaiuisaazaeluan

q

] 1

< = v P3 g v a aa swv
Anuuniala Alassasiewunaltng dmtnluaanagedian lassasimeaiivasianddsly

Y 9

'
P

aunseazildediswiusuy TaedrfivAessdusznauiduiuvesaisuszneudifingudu
lassaiengnihanelaeinga

nsA825A (Humic acid) AvasRUsenauveddalsusenaudlliafluaiunsaazanaly

aAa = ° v P 1% a I '

ansaranendaanudunsagi lassasrausenaulumelaseasnsezlsunfnesuaukasansld

Y

AsuauAuANdladI AnAuantRnIsazatedsRunIagIlinaiusannagnauniele
Ao @ ° 1 P ) [y '3 a a =y
a1sazarenliannnudunsadini 2 iWeinsduasginingidinageonunluslveunie
YININBINANIDLNADS UM
nsayadna (Fulvic acid) AvasAlseznouvesasusenaudilinfiatuisoazaislaly
arsazanglurmnudunsalag flassadvunnanigalussdusznouie 3 win laseasng
maaiivsznavlualsansldnnsuaununndilaenazlassastseslsunfnasuoududiu
UeeilleligufiunIndndafiiiun1suenanauiiapey Ivyilaiduyes -COOH wag COH
mmmﬁﬂi@%ﬁﬁﬂ%qﬁﬂﬁﬁmmmLﬂuﬂmgq
PnAuaNTRnITaza1efinatNaY nudasusenaudifiava 3 yilallnuauding
c{'d 1 I cl' 1 [ uady a
azangluansavaneniAinudunsnnaneiu anaAuantAtnssUIUNTHENEITUTENBUEN
TpA9kNSweNmgaNsaraNensAwasiud (Base acid treatment) F9UAINAANLVUADULAY

nszUIUnsTisnsiueeniy Tl 2012 Shozo K., Akira W., Kazuhito |. uae Shigemitsu A [15]



a1

IiinnsAnuinszuaunisnsdunaseinsndifiauaznsayainaniu lauinsAnyile
W3sunszurumsdauasiziasusznaudadefisinisldodaunsvans 2 nszuaunislaun
ATEUIUNTITVDY Nagoya University (Nagoya method) hagnszuiuni1sved International
Humnic Substances Society (IHSS) Tngaaninszurunisidudnnisiieafulunisuen
arsuszneudaifinfe nisldasazarsnsanazivaiiousnaisusznaudifadu 3 vda und
FuneuLaLnTEUILNSANaUS I

N38UUNMT Nagoya svSudulpenisiifegaiuiifeinisuennauiuaisavateLuad
aududu 0.1 Twarsudainistduniunaunisldussernialulasiau (N, atmosphere)
Mt whnsiivansavaneladiennaslas (Nac) 3 wandluansiognaudinnstumies
mﬂm%aqaLﬁaLwﬂmﬂau%aﬁuaaﬂf\mmiazaw ndud shasazanefidesussneues
ﬂi@%aﬁﬂLmzmmja%uﬂﬁqmaﬂ%’uﬂ'wmmLﬁuﬂimﬁi’mé’hEJﬂ’]i@mmiazmal&ﬂmma?ﬂ
(HCV 3 Twarsvnstumuduian 10 89 16 $alus wdwhnistusissenaznounield
ussendlulasiaularisinmInssaLenazneureInsndiinesnainansazate nsndafiad
siun1suenaggnédsfeasazaneluiounaslad 3 luasuazyinisouldnaduiielils
nIngaiialugUranIngaiin

Tudhuesnszuauns IHSS agiududiemevinlimegisiuiauudandsenisusu
Andunsamwasiulimingu 1 senstunuiegisiundeutvaisazarensalalasaasdn
1 Ium%mﬂﬁ?ﬁqﬁﬁmsﬂmﬁmmwm%aquﬁaLLaﬂmzﬂauaaﬂmﬂmiazma YinznouRud
wenliuausuatsazaneua 0.1 Tuarsudhnistduniuneldussenmealulasuduna 4
Flus mndusinstusisafiewsnayneudifiusenainaisazans asavaneildainnns
wenaznaugninanuiuAanudunsaliviniu 1 drgarsararglalasaasdnituty 6 luans
mstuniudunan 10-16 9alu9 LLazﬁwmﬁjum"ﬁmmmL%aqaLﬁmwﬂmﬂawamw%a
firoenanansazansuaznseuldrruduiiolildnindfelugunaninaii

MnmsAnwisiuansaasuliinnssuaunsiddgruesnisuenasusznousniade
ASTUIUNISLENGIUAITATaNBLUALAZaTaza18NTA (base acid treatment) Faaunsauen
ansUszneudiinauvdnoenainiiedeiuld yenainnisineinszuaunisiunisuen
arsUsznoudifiaudrlunuidedlngidunisinudadosineg fidmane A1fevavves
nandadila (% vyield), onsdrulalasiauseaisueu (H/C), 9ns1d1u0anTLAURBAISUBU
(0/C) uay Adesazveanyflaiduresnsndaiia (functional group) 1 wiaveauadildly
N15911UHATE7, AUTNTUYDIEITATANELUE, naildlunisnszuaunis, qmmﬁmﬂu
ASEUIUNS 150 Aududuresasazansailaldlunszuiunis Wudy

UI8Y09 Garcia D., Cegarra J., Abad M. [5] laduasngrinsagifinananuiudnlug

wazdloulad Inevinns@nwUade @15099UY9NISwen YUAVDIANTALAULUE LAY AL
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Wutuvesansazanoiva Aldlunszuviunsdaunsesinsadaia Ingazvinisdnwinisien
asuszneuBifieilliviavasmsaransuszanuiduduiiansasaesistufideuladiolud
0.1 M NaOH, 0.1 M KOH ua 0.25 M KOH sausisansaganeiuaiiiininfivaisazanoinnsy
Todeulnlsranma (NagP,0,) Saufvansazaewaiiouluswelul 0.1M NaP,0; uas 0.1
M NaOH/ NaP,0; wa133i1n153asnzvinadislae snsrdrulalasiauranisuau (H/O),
gns1dIueanTiausiea1suau (0/0) uag A1Teuazvemylanduveinsndliia (functional
group) ¥eansadadia A nnsanwmuIeiauasauduturesaisazaevaildinase
%yield voensaBrfindild (Uil 2.18) nuddeldenududuresansazansiuaniniu (Ui
2.18 B uay 3U7 2.18 O a¢liidorazvosnandnvesnindadiailéarnnisueniiuiniy ud
ogslsAmunsliduiaveuaiisnaiu (Uil 2.18 B uaz U7 2.18 O) lullfdawangradud

% 1 ¥ a

YLAAADID8ATUDINANANUDINTATINATNLA

o

C
Extractants
Hl nuuic acins FULVIC ACIDS

sUTl 2.18 nar¥egazvemananildvesansusznoudafiafiinunisusnananlus (Lig) uas
alounlad (Leo) dredoula (A) 0.1 M NaOH, (B) 0.25 M KOH, (C) 0.1 M KOH, (D) NagP,0-
wag (E) 0.1 M NaOH/ Na4P,0-

UBNINLUNUIN @15AIAUVDINITHYN TUAVDIAITALANYLUA AT ANULTUTUYDS

~ ' & ~ A a A ) ~
A1982a78LUd UNARD0IAUSENDUNINALUDINTATINANHIUNIS LY NLAAIAIAISIN 2.3 1ae
NUNIAFINATNNIUNITAINAlauN ladaziA1SesazanudunsUsuNAInILaz A0 A
I = | A a a v a ¢ < 1 Py a v =
anudulalasiauiginiinsngiiaiuenlaaindnlud Fsdanalvial H/C degeninnie F9en

H/C Dlananadenudulassadrsanslagveslasaasiansnsiiia lnawiaa H/C dA1unTu
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[ |
a a1 = 1 [y =

wanelInlassas1anelalunsadiialiAunTuLsuny T991999b9a1nnNa1uIFeVee JHA.

(%

Butler kag Ladd J.N. [53] wenainilen N/C anunsaldlunisiiasegidmidnluianavesans

a a 1

(% A 3 ! a a I ca 1 a Aa
gdald 91nR15197 2.3 azLiuan N/C wpensadafinanndleunladiiageninnsagiiingin

Y

v '
a )

anlud Fauanalatednsadalinnainaleun laddumidnluananieusunaveinsadiiai

1nnINIeFNaNleananludtuLea

A15199 2.3 peAUsENaUMaAiitasnsagafinfiuenananlua (Lig) wazdlaunlad (Leo) fae

Roulysing
Extractants Carbon Ash C H OphsS®* N H/C® O/C" N/C!
0.1 M NaOH Lig 073 548 368 407 079 806 558 1.23
Leo 050 571 470 366 1.58 989 482 2.37
0.1 M KOH Lig 084 60.7 3.16 352 098 624 434 1.39
leo 072 594 452 345 L6l 914 436 2R
0.25 M KOH Lig 137 569 3.85 378 144 812 499 2.17
Leo 1.14 555 454 386 .37 981 521 2.12
0.1 M Na,P,0, Lig 1,23 53.6 351 420 083 786 587 1.34
Leo 079 531 450 410 1.43 101.8 380 231
0.1 M NaOH /Na,P,0, Lig 144 523 3.62 433 079 831 621 1.31
Leo 094 531 458 4l.1 1.25 1035 580 2.03

* By difference.
P Atomic ratio X 100.

UITeve9 Saito B. waz Seckler M. M. [54] l@fins@nwitlasefidsnanousuiu
a158uv3¢ (Total organic content, TOC) luansusenaudafiafidasieiainunaaiuiu
Usemausa@a 1aevinsineiaiuiuanniavan 4 uis taun Fraga Rizzo, Darci, Florestal
Lag Kurt UonadldvinnsAnuinavesaaududud 0.5, 1.0, 1.5 wag 2.0 1uais 89
ansazarelnunadoulonsonlesuasnavosiaildlunszuiunisuend 12 waz 24 4219
PNNIFNE MU e s IR uauAui Y MswenansUssneufiaiinase
USunsansBunisuazasosaznananvasnsndifafiduaszils 99nas1ed 2.4 uansuSuna
ansduvIduarUsunaansusenousiiinvesduiuainuasidans 4 e wuinauiudia

USunuansdunsdunnuazansuseneudifinuinAea1usiuain Fraga Rizzo daduanuiuii

AunmInAfigatunshnaiauenansuseneudliia



M19197 2.4 MINATIEIUTINAENTBUVSSuarUSnaasUsEnaud lALiaUauanaAun N

YDIDNUAUINNLABIN DA NA19TY

a4

Peat Organic content HSs Nentral inorganics Salt content Quality
content content

Fraga Rizzo + ++ + + High

Darci + ++ ++ + Low

Florestal +++ + ++ + Médium

Kurt ++ ++ ++ + High

1n3U7 2.19 lfuansusinaasdunidvesnsadaiiaiidanszsidiodoulunaiuas
anuduturesasazansafisnstunuin Yinaasdunisvesnsadifialdaananiioiiu
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FuiaAnnsTavnemsnisiatusesewindnunadounaransusenoudifia Tnglumnuised
anududuresansaranawaiunzadlunsdinszinsadfiafeasazanslnunadoule
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K S * » | Darci & ) ‘¢ & Darci
E A Florestal 19 A Florestal

1 1

A # Fraga Rizzo . # Fraga Rizzo

o 1 2 3 4 5 o 1 2 3 4 5
K20/ TOCseen (%) K20/ TOCrep (%)
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Abdelghani T., Aurore R., Jacqueline D., Philippe D., Philippe T., hay Marc O. [56] 17
Anwinisduasizianssznoudafinainalounladuazinds (andfill leachate) dae
nszUIUNTENAnIEnsalazivd lneldasazarslnunadoulansonlanninuutu 3 luais
Tudunoumsafageaiielfiinnsannzneureasiiiu wdnduianhasazaeiid

aadusznavreInIndfiakansnalnUsumaudunsaasliiindu 2 deaisazaiense

a a

Taflasn (H,50,) WislAiansanaznaulaensadilia taeaisuseneudilandansizrilaay

ONILASILNAILNALA HPLC, IR, UV/Vis lkag NMR INAITANEUNALA UV-Vis NUIn

Y

I a

asUszneudilalinsganiuuadafianiiniue1iedu 200 unlunsiawandlusui 2.21 &
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Jugienisganfuuasresiussg C=0 uasiusy C=C 109390lsu1An wandliinlasaasng

nanvesasusenevdiliauseneulumeiiuser C=0 uatlasaasiaseslsufin C=C

a b !
Leachate Leonardite
25 LHS —LH& ---—-- EFA — — LOM 2.5
HHS — HHA - HER ~ HOM
20 20
b h
s 515 4\
H ] \
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= H ]
] 2 \
O H Y
L : B
05 1% 05 1, e
\\'- A % ™
J g
O —
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JUN 2.21 nvinsgandukasvasasuseneudilianaialianinideuasdleunlad

wananillatiAin1saandusandluainug1iniy 254 waz 365 UILULUAT kavAINIS
AnnduwansluAINg1INAY 465 AT 665 nm ANFIWINNIEATIAIY E2/E3 way E4/E6
AINAIRY (WARIFINTIN 2.5) Feendnsrdrumaitanansalduansenuininluanawage

[d a a a 4 [ ! a LY
anuluezlsunfnuesaisusznoudrdiale lnednsndqu E2/E3 way E4/E6 lmuusuniuiu
Auusglsanfnuesas Ween E2/E3 uay E4/E6 fiA1anas (<5) wanainainnuduesls
WIANYBIEN LAz IMTINLLANaYRIETHANINTUTLEY 21NMITI9T 2.5 NuTINTAFEa (LHA
wag HHA) fianmnudueglsundnfininniinianada (LFA waz HFA) 1llosa1nlaseasnaves

a a o !

nanainaeiidndrudulassasnuwuuansldnsueuninnilassaieslsinfinansueu
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A1319% 2.5 INTIEIUNTRANGULEIDIENTUTENDUE A

Parameter Leachate Leonardite

LHS LHA LFA LOM HHS HHA HFA HOM

E2/E3 439 356 469 6795 279 273 536 6.72
E4/E6 3.1 30 44 7 29 28 54 76

E2/E3 ratio of'absorbance at 254 and 365 nm. E4/E6 ratio of absorbance
at 465 and 665 nm
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JUN 2.22 nsmlawnnsy FT-IR vesansusenevdilaadinainindsuasalowlad

Fothasusenevileiiduaszildnniidoussalowladuiinszisemaia FTIR
Wefnwinsduvesiusy wazmyiladduresansuszneudadia wuihansUseneudafintieany
yiatiiduanesinniidouasalouladisuuuuresanasuilndifestu dasuil 2.22 oy
Tuansdaiiu (OM) uaznsesfaia (FA) imsiianisduvesiussdilndidssiulugie 3300-3400
cm (Wananenusy H maaﬁyjﬂqﬁ%’uﬁﬁ OH groups wae N-H stretching), infifumils 1400

"(L@madie O-H deformation, CHs bending, C—O stretching of phenolic OH, L& ¥
COO- anti-symmetric stretching) AATRIWMLY 1110 cm™! (wamada C-OH stretch of
aliphatic alcohol) wagfiafidiunis 617 cm! (wanadla deformation of ~COOH n3e the

Si~O vibration ¥@@&an") 31NFUN 2.22 wudialugie 617 wag 1100 cm? TAnsaanaud
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unnilunsedaiiauazansdaiiu esanlassairsvesnsaainiiuszneusmemils iduans
anFanuazlpseasrsanslensuau (aliphatic carbon) wilunsadadia (HA) léAnfian sdu
Yoeuszlugae 1580 e Fafugasnisduvesiusylu aromatic C=C, C=0 way COO-
unnilunsayain wansldfeUnamedassaiserlsindnlunsndafiatuies
nuiTedrsuazifiulainmaiia UV-Vis uaz FTIR @1u150U8n89AUTENauUNIg

(%

lassadevesansusenaudliala wedamaidelougniiunldlunsinsgiesadseney

a [ 6

N19lATIAs19909a715UsEnaUB AN duAs IsalgauluNenedu wananiinaianis

=

Aes1eiuSinuasueu lelasiau sandiau wazlulnsiau (CHN analysis) dadudninaiia
A11150978AS1ERIAUTENAUNLATLAE N ARSAS19UBIaNsUSENaUBa ale Tuauddy
284 Aly A. Helal, G.A. Murad wag AA. Helal [57] lavi1n15An®In153tAS18ANULANAS
seIa1sUsEnaUd ITANsa uYdaf e nAla CHN FTIR wag UV-Vis LliNalga1wunA31y
WANAIINNBIAUSENBUNIUATILAL NI LANTAS19989d715USENaUENA 1A8N15ILAT) £R8
wadla CHNO dadunisieszidldvavenusunavessigrisueu lelasiau lulasiaunay
29NTLIUYBIATTAIBEI IINNITANBINUTY @15878U NIAFalla uaznsarladaiiuIunm
& A i Py ) A a A a a1 v

ANSUBU Lalasiau pandau wazlulpsiaunlnaldeaiu Tngaissriiutasnsnsifiniinsouay

@ [ 4:1' 1 a [ ::1' ::4' a a o a a ::4'
anuduarsuauiuInnInsarainfinsen 2.6 luvagiinsaralaliusuinesndiaud

1NNNINNTABINALALENSTINA TIdanARRINULASIES19MILATIYRIdNSUSENaUEINA

i a ¢ ¢ P~ a a
A9 2.6 HANTIAATIENDIAUTZNBUNINLANVDIEITUSENDUTIUA

Sample Yield (%) Elemental composition (%)  Atomic H/C Atomic O/C Atomic C/N

ratio ratio ratio

C H (8] N S
FA 0.32 5.5 5033941211195 117 0.57 28.5
HA 0.75 56.2 448 3490 2.60 1.82 096 0.47 25.2
Humin 1.08 57.6 457 3374 234 1.75 095 0.35 25.7

wenanifevarnisiiegresnisueu lalasiau eendiaukarlulasiauvesasilaein

a 6 vV a o a '3 6 v
A5ATIZIAEWALA CHNO d@uisatnlulglunisinseresnusenaunalasaasnavedans
19 TnanisihanSesazvessailiuanalumdadiuesnauszning H/C O/C waz N/C ;
FeAdndruarmaumatausalauauankullue99IAUsENaUNILATIE519U89aN5 ke AN
H/C @11150U9UNINAIAINUNUILULYDINUSESENINIANSUaULas balasauls wlae1 H/C &

Ageaznandlafensiidndiuveddasiasianslgmisueuy (aliphatic) lulassairavesansuin
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Tudhuvesdr N/C annsalivavesimidnluanavesasld lnawdlothniinluanavosans
fhetnanndssaliuSinadagiuoznen N/C anntutes :1nms1edl 2.6 wuiinsayaiadian
H/C wnninlunsadidiauazansdiliu arunsadiasedilaniglulasiairevesnsaaind
dndrvedassaiaiiluaeldunnitlunsndfiauazanséafiu Jeaonadostunuidedild
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UDNINWANANIT AT LA NAUIT199U NITILATIEREmATA XRD [Wudnmnadl
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a a

anusaldiuunanuLanaaLazdIsudunNUIansvesasUsenauiiliandua el
Tuauide9es A Naidja et al. [58] ladin1sAnwinisitasiziansusynaudifiaviea sy

nsndrilalagnsaiainnlewmaila FTIR, UV-Vis Wag XRD JUT 2.23 uanans1vn1sideauy

v a &
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pafUsznevvesiuluasRIFuRANNSIALIULT 4.25, 2.23, 2.12, 1.98, 1.82, 1.67, and 1.54
A° G§QL?JUﬂWSL§83LquusquU (101), (100), (111), (200), (112), (201), (202), waz (211) VB9
AoRT LasifinNSAgIULR 7.09 and 1.54 A° Fadunsidsnunluszuiu (002) uay (060)
V0IAanlIn uamawmﬁganWﬂgﬁﬂﬂﬂiL?:aaLuuﬁ 10.06, 4.48, 3.19, 2.58, uaz 1.98 A° Fady
Madsauuluszuv (001), (114, (110), (131) 10498109 uAlunTIWANSEs LIRS ELE N
Y09n398230A (HA) wunfinvesidinauazmendlsmeluanlasadrwesnsndaia esen
aQﬁUwﬂaumaaaum%%wuL%Iaugﬂﬁﬁﬂaaﬂfﬂ’mm'iﬂizﬂauéaﬁﬂiﬂiugﬂmaqmi%aﬁul,t,é’a
e

nnATeiAgtesiildnanandsaunsaaglldidlen laduiofuvusuiudy
ansBuvRdsssumAngsansotu i duansdsfuresnisdunseiaisuseneudiiale Tne
a1sUszneudiliaUseneumeesdusznaudes 3 vlialaun a1583iu nsndidla uaznsayaia
Faaunsnduwunliannauaniinisazarsluaisazaredidarnnudunsndisiisnsiy
nszUIuNINMSlATEiasUsznaudiliaanAutudiuiui s dunuanifvasnisavaied
lagldnszuaunisananlIsnsnuLaziud (Base-acid treatment process) Tunisannuen
asusenaudilialluasrusenau 3 d@ruanauduaiuiu Inglunseulunisuenmignsauay
waduidadusnsgiidiase Afosazvesnandniild (% yield), snsdrulalasiaude
Asuau (H/0), dnsdiueendiausieaisuau (0/0) war A1seuavvemyilanduvainIndiia

a [ aaa

(functional group) ¥asansUsenaudilia 1y Jadgliauazgungivmeyinujisen Jady

Y
yiauaranuduturesEsaraenIauanldluufiten SIununaniLaygueaNTaafy

a 6 1

Judu Tngansuszneudalafiiiunisainainnssuiunisninaiaggninsiziaisesa

ee

msuau lalasiau sandiau wazlulpsiaumewmaila CHNO Tinsieninisduveiussiasny

o a =

Haddusismata FTIR WagiAsiznnisganaulasmemaia UV-Vis nstmatafing
naMuteRutuansalilieseiddnidaahmaaiinaznanignmyesasusenau
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3.2 N15M38UA2D819AUUUATUAY

3.2.1 gunsal

1. Ins3umans (Mortar)

5UN 3.2 Inseumans

2. ﬁau (Oven)

U7 3.3 gau

3. LASDIANTUINBUNIAKUULYEN (sieve shaker analysis)

5UN 3.4 1AS0sARvUINOUNIA
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4. Foudnans (Spatula)

17 18 19 20 11 3

5UN 3.5 daudinans

3.2.2 TaAuazaIsLAll

1. $vg9Aulua Uy (Leonardite)

SUN 3.6 AuluaUAY

U

3.2.3 UABUNNTNAADA

1. ity wewluld sinlivdeduiliouseniia

2. ¥maudshutudwiulidutourunndn wdwhmssuldaudulugeud
gaumall 90 exrwadeaduan 48 fla

3, thegeuluduiiuiivsaanautuuslvasdundudedeaiudeings
UAENT

4. usnvumeYNATIBLAesAATLIRBYMALUUIEIALY 3 i TeuA teenin
125 luaseu s¥wing 125-180 luasau way 180-500 lumseou

v & a J a A v a
5. QﬂLﬂ‘U@u‘U‘ua’m‘Mu‘VlN’]Uﬂ’]iLLEJﬂ‘UU']ﬂEJHﬂWﬂLLﬁ’ﬂ‘Lm']‘U‘u%‘Uﬂ



54

<125 Um 125-180 Im 180-500 km

SUN 3.7 AUUUEUIITIHIUNTHENTUINDUNIAKA?

3.3 N15LENE15UTZNBUTINAINAUUUATUARY

3.3.1 gunsal

1. Onnesumuazdninaswadiwas (Beaker)

5UN 3.8 dnines

2. vaendnsudumisswuuiiniUa (Centrifuge tube)

3U# 3.9 vaeatuinies



3. Foufnans (Spatula)

17 18 19 20 I 1
71 i

JU# 3.10 Fousnans

4. \AseINIuaIsazatenseulinuday (stirrer)

JUN 3.11 ip3edlvinnusou

5. uwyiswwdntuniuans (Magnetic stirrer)

JUT 3.12 wisudwanduniuans
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6. ﬁau (Oven)

U 3.13 fou

7. viapaneaw (Glass dropper)

U7 3.14 naeaveaum

8. 1A3PIU9aN5LAIl (Balance meter)

5UM 3.15 iaTeadaans
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9. inatunBwmnagNauAILEIgY (Centrifuge)

5UN 3.16 asestiunisannaznau

10.4ANBIATULUVAAANAU (Buchner Funnel filter)

5UT 3 17 YANT09ETWUUAAANNAY

3.3.2 Jaauaza1sLal

1. UUUAUAUARIUNTHENTUINBUATA (Leonardite)

5U# 3.18 Audunuiiu
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2. 1UsAnUse (De-ionized water)

5UN 3.19 Usimanysey

3. Tnunadeulansenlan (Potassium hydroxide, KOH)

U 3.20 Tnunadeulansonlys

4. Tmpeulansonles (Sodium hydroxide, NaOH)

Ul 3.21 Toifesilensenles



5. nsalalasaas3n (Hydrochloric acid, HCL)

6. 8¥RLeU (Acetone)

U 3.23 axdlay

7. anuea (Ethanol)

;sﬂﬁ 3.24 LlaMuea
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3.3.3 JUABUNITNAADS
mMsuenansUsznaudafinnnauluswiiulasldissnnuszadiuiaiazans
1. w3suasaranelnunadelensenleslyilideulvanududussi 0.05, 0.1,
0.25 way 0.5 luand Usuims 400 fadansaslufninesusuins 500 fadans Tneldvhusiea
U3¢ (DI water) {udvhazane
2. FadhegausiimsunasidenuazuenuuineynaLdUiinm 40 nfilunivuy
JTu1ms 250 Uaddns
3. wandegansdsliaddudninesiussgasazarslnunadeslansenledainy
Wadumuieuly udwhmstuniulidntu
4. Junmuansazanemeuvidmdnuuwiulianudeu waglinnudouvaziiing
aftniideulvgamgfisedl 0 °C, gamgiivies, 40 °C uag 60 °C

5. vnnstuniuaisazarenelaneulanansad 0.5, 1, 2, 3, 6, 12, way 24 2l

JUN 3.25 nslunudududmuiiluansazaieiva

6. Wethinuasmuleulunariideansudy thansazaeussyluvasadmiuiu
wissazidnduaiesduniss lnevnstdumiedinuidaseu 5000 seuseuiinield
Goulvnaniafu 15 widl

7. @1388a19eEiANITANAZNBY Y1IN1SNTBINENOUBBNINNEITAYANEMENTLAY
N509UUA 45 luATeu

8. nznaufildannisnseshnisevldanuiuiigumgd 90 ssriaidea 1y
an 24 Falu

9. aglaensdrliuoeninluuuuuiou
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JUN 3.26 ansfiunruniseuldnnui

10. thansazaefivhnisnsesnznausenudildludninesuazyiinisusuainiy
Junsa-arsmneasararsnsalalasnassnanududu 3 wans Wasavaredaranudunse
WiAu 1

11. Junmuasazanglidnsuseuiaivandunan 15 wid

12. Ussaqmﬁazmaaﬂuwaamﬁm%’uﬁum’%m waztduesesduies Inevhnis
Juisefinnudaseu 5000 seusewd mMeldioulunavindu 15 undi

13. fhegniilsaziinnisnnazneuiedumiowdd n1snsesmsnausenain
A158¥aN8MIINTEAIYNTDIVUIA 45 luATau

14. ﬁmzﬂauﬁlﬁmﬂmﬁﬂﬁaqﬁflmiaulaimm%uﬁqmmﬁ 90 erwaTya 1Tu
an 24 F3lug

15. azldnsngadalusunslnunaideudiin

5UN 3.27 Inuna@eugiuniiiuniseulaninuiu

16. ¥NN15FUNTNFI0E19A8LATDITIANUALLIEA 4 ALAULNDYINNITAIUIN

s & a a = a Y
LU@iL%uﬂ@ﬂﬁ'ﬂNULLagiwLLVlﬁL"?J’EJiJ@'JL@JGW]‘L@
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l | FNSR=ANEHUA

NS=UAUNISULENAISTINUAN

=5
ngadLna

- . , A15393U ]
alaunlaffoaansa=anenng LENA=NAU

Y

ey -
A158=AHNNDIALS=Na LD
a a a
NSAFINALLA=N Qﬂﬂuﬂ')ﬂ

l r'c’ﬂ‘i‘ﬂxﬂﬁﬂﬂ‘i‘ﬂ

Ns=UAUNISLENNSAFINAAIN

=5
naadLne

NsAaINA p £
LEnNf=NauU ﬂiﬂuqiﬂmﬂr)ﬂﬂqﬁ'ﬂxﬂqﬂﬂgﬂ

5UN 3.28 duneunisuenningiiiauardiliuansuluauiiy

n1suenansusznaudatinanndulugiuiiulasldiiisaainussuasarsazany

a a ¢

< @ o
AUNIYLUUNINIATANY

1. wisyansazarelnwnaeulansanlonlididouluanutudy 0.1 Tuans tngly

fvhazarelu dsimanuszgiuieniueatazinusaanyszgivesdlay ludeuly

3
(%

gnsasEIINIUTIFIINUsERURYhasaedunsdluliceuly Aall 9:1, 8:2, 7:3, 6:4, 5:5,
4:6, 3:7, 2:8 uag 1:9 TulSunsans 400 Jaddns

2. FaegrausimimsunaziBenuazienvunneynaudiUiuna 40 nsaludnin
a5USuIng 250 Hadans

3. nanfegusideladudninesiussamsaraneTnunadeslensonlas udwi
mstuniliiniu Tnedunuamsazaefewissivinuuwidianuiou uazlinudou
yauzvhmsadafideuly guuaiivies melddeulunan 3 Halus

4. Wotumuasmuleulunaidesnsud thansazangussgiunasndmiuiu
wigaazindnaIostumies Tngvinsdumlesfinanusaseu 5000 seudewriinnglé
foulunawviidy 15 wil

5. @1382a1898AAN1IANAZNBU Y1NIINTOINENBUDINIINANTALAIAIUNTZATY

nsesun 45 luaseu



63

6. nznaufildarnnisnsesihinisevldanuiuiigumgd 90 ssriwaidea Yy
a1 24 Tl

7. gliansgfiueanunluguiuuna

8. tansavaneiivnsnsesmznausenudildludninesuazyhnisusumanudy
nsA-AamaIsazaensalalasaaasnaududy 3 lwais Wansavaneiiaianudunsa
WiAu 1

9. Yumuansazanslidfumewisdmandunan 15 und

10. Uiiﬁ;mﬁazmaaﬂwaamﬁm%'uflumf’im wasidaiostunios Tnevns
Juissfinnuidaseu 5000 seusowfinelddeulaanviatu 15 wi

11. fhegniilaaziinnisnnaznawietumiowda ¥n1snsesnznausenain
A15aYANUMIBNTTANYNTEUIN 45 MRS

12. ﬁmzﬂauﬁlﬁmﬂmiﬂiaqﬁwmaauldmm%uﬁqmmﬁ 90 perwaLdya 1Tu
AN 26 Falug

13. aglansndrilialugundnuvadeudiiun

14, ymstehvtingaedsdeirdesdimiuaziden ¢ dmumdadiovinisiiuam

¢ & a a = a v v
Lﬂ@iL“ﬁu%@ﬂﬁﬁMULLagiwLLV]ﬁL?JEJlI@'JL@JGWIbLﬂ

3.4 N15ASIABAZIATIZAEITUSENBUTTANLENANAUUUD 1WA

a 8% 1% fa & 1 .
3.4.1 N15AATILNAIUNED9aNTIAUBLANATIULUUHDINTIA (Scanning Electron
Microscope, SEM)
AN3ANANIUIMET (Morphology) 184M18819928Nd8IqanssALBIANATOURUY
4930379 1081081997 N1LARIUMIENDIETS Sputtering NBUNAZINNITIA Lo lANURY
o A ° ) Y} o g v a a o o o= A A o
vosieg1sinisthlndudevinnisinagiilvnuindanuautalunisnsiain Fedeulanvi

ANFIALEAIIY AN 3.1

A15199 3.1 waulvlunisiwmsizriale SEM

Scanning electron microscope FEI Strata 235DB dual-beam FIB/SEM
Magnification 1000X, 3000X and 5000X
Element mapping and energy dispersive

Microchemical analysis
X-ray spectrometry (EDS)
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EVO MAI0}

JUN 3.29 ndeaganssAmiBiinasouLuUdeINTIn

3.4.2 Myasearemaiian1sifenuuesssdidnaisd (X-ray Diffraction, XRD)

n1s@nwianudundn (Crystallinity) esdUsznausInkazaIsusznauioglu

A15U52NUTINANLENAINAUUUATURUNIANLTTAN L NUITALIWNIZVBIE1SUSENBUEINA

enls Inskaulanlglunisimsizinandly 915199 3.2

An5197 3.2 Waululunisimsisinng XRD

X-ray Diffracteometer
26

Power

Increment (Step size)

Scanspeed (Step time)

Bruler model AXS, d8 Advance
5 - 85 degrees

40 kv, 40 mA

0.02 degree

05s

JUT 3.30 iA3esinn1sidgduuvessadionaisd
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3.4.3 M3Aaenalemaliayitesnsunesy dunsusaaiuninsalnt (Fourier
Transform Infrared Spectroscopy, FTIR)
sy ilsiu (Functional group) Uuituinvesiaegns Taglunsinaziins
3Bt sudunausal
(1) U uD99nag 1UANENAUNS Potassium bromide (KBr)
(2) vwsiviinswasilude (1) ludnfeededlalngan Wuna 5 unit tieTuguli

RV

=

Fadoulvlun1sIeszyt wanIRInIs19n 3.3

A15199 3.3 waulvlunismsizviane FTIR

FTIR Spectrometer Thermo Scientific Nicolet 6700 FT-IR
Spectrometer

Measurement mode Transmission

Wavenumber range 400-4000 cm™

JUN 3.31 Teanisesnsuvlesu Bususaanlvsalnd

3.4.4 A15ASIzIIASUBY talasau ulnsau 9andau AleLAsas CHNO Element

Analysis

= 3 3 a U 1
nsAnweAUsEnausInAIsUeY lulnsiau lelaslaukareandiaulumedie lng
TEnsmwagInsenusnusmnuiandndue fadeulunldlunisinssiuaninimisng
3.4

A15199 3.4 waulvlunisiwmsizriale CHNO

CHNO Element Analyser LECO, CHN628
Analysis temperature 900°C
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1
=

JUN 3.32 ipTediasziiasuen telasiau lulasiau eendiau

'S =

3.4.5 MSAATITHAANAULES A8LATBY UV-Vis spectroscopy

Y

nsiAsEiaematingTvaninsalny (UV-Vis Spectroscopy, UV-vis) @nwn

UseAnBamnisgandunduiaesansaraieinumadondauun itelifiesgvidmiinluiena
wazAuluezlsunfin (aromaticity) vesansusznoudaiia lnglunsiasigninisinion
Frog el

(1) wisnasararelofeuluaisuaiun (NaHCO,) A3NMLTuTY 0.05M u@avi
avarea1sUsznaulnuyadangiun

(2) $msarsusznoulnuvaldeudiunazatslusaviiazatefindeulidredu (40
mg/L)

(3) yNsUuNIUANTaZaNeRI8819IULAI DI aRS e TN

'
=

Fadaulunlelun1sAT1EMLanInImIsIen 3.5

A15197 3.5 waulvlun1saasizviaae UV-Vis

UV-Vis spectrometer T92+, PG instruments
Analysis wavenumber 280, 360, 465 and 665 nm
Solvent NaHCO, 0.05 M
Concentration Humic acid 4 mg/L

UM 3.33 1AT993ATIEVIN1IQANTULAS
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3.5 MISAUATIRIIEAINTUIMNETTTIY
yn1snaaeanisdaasigiiangnuanaissriu dadunisdussdvsznevues

9

d15Usgnaudiliafinnisuenannauduaiuiu lneldnssuarunisiwinigldussennie
Lulasiau (Pyrolysis) maioulusingg wetlunisusuugslassadnamnanieninua znieadl

YDIA5TINU

3.5.1 gunsal

1. Ins9umans (Mortar)

sUf 3.34 Tnsaunans

2. AYULIIANE1USUIETS (Ceramic boat)

5UN 3.35 Avuzesin
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3. NOAMIDYF NS ULNIATS (Quartz tube)

U7l 3.36 viemow

4. LN UULULAUBU (Horizontal Tube Furnace)

JUN 3.37 IHLUULUILEY

5. Tausinans (Spatula)

17 18 19 20 21 9

sUN 3.38 Yousinans
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3.5.2 Januaza1sall

1. 838U (Humin)

U7l 3.39 Bl

3.5.3 YUABUNITNAABY

ASAUATIZHIEATNIUIINTATUABNTZUIUAISLHT (Pyrolysis

1. shnsusansBaduiiumseuldanudiuselngsunans

2. Fashetnaansiriuisihunmsuauds 3 n3u Tdlumvuziesiingunsaiedmsu
W1EN3

3. dnwurussadifiuldlumsnuuineuyihnmswididiuniegamgi 300, 500,
700 uay 900 asriwailea Wuan 2, 3 wag 4 Falus meldussemdlulasiay

4. \iusegeianansvenanndfiuldlunvus Undoniiedosiuainuy

_ ( g |

.

74

JUN 3.40 fegeTangaduaindrluiiniunszuaun1swii 900 esrwaides 1Wuan 2

I3
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3.6 NMTIATIENANITAUATIZTEQINTUIINTITUALNTLUIUNITN

o

AN INTUIMNETUANIUNTTUIUNTNILAINEYNIAATIENINWEUEAUF I YUIABUNTA
wazmInsengfmnasuly waesmavasunladassasavyilaiduvesans mmﬁﬂmmﬁlug

NTUVDIIARINTUIING WU

3.6.1 NM53LATILNRIENADIYANTIAUBLENATOULUUEBINTIA (Scanning Electron
Microscope, SEM)

N3ANYENILIMET (Morphology) 184/18819928NE8I9aNIsALBIANATO KUY

1%
a

4930579 108081997 NNIARBUMIENDIRNEIS Sputtering NauNAzinNTIn Lo THNURA

2995198195158 A 9N N5 TRy lviiuRR A uALtalun1sA5IYR Fakdauluiivin

nsiauandlu #191997 3.6

A1519% 3.6 Waulvlun1saaszifnaeg SEM

Scanning electron microscope FEI Strata 235DB dual-beam FIB/SEM
Magnification 1000X, 3000X and 5000X
Element mapping and energy dispersive

Microchemical analysis
X-ray spectrometry (EDS)

JUN 3.41 NADIYANIIAUDIANATOULUUABINTIA

3.6.2 M3AATEnaewmatiayiFesnsunesu sunsusaaiuninsalnt (Fourier
Transform Infrared Spectroscopy, FTIR)
nsAnwmL et (Functional group) uuiuiIvewiiegne Inslumsinaginig

LWSHUAIBENINNUIUNDUAIT

(1) YH9YDIAIDENUANANAUNS Potassium bromide (KBr)



(2) dmsivinsuanlude (1) WUdaseinsadlalasdn Wuan 5 widl dieTugUl

RV

=

Fadoulvlun1sIAsIzyt waRIRInNS19N 3.7

An519% 3.7 Wwaulvlun1saasiziinaeg FTIR

FTIR Spectrometer Thermo Scientific Nicolet 6700 FT-IR
Spectrometer

Measurement mode Transmission

Wavenumber range 400-4000 cm-1

JUN 3.42 1TeeniSesnsuvlesy Buvlsusaanlvsalnd

3.6.3 N1531AT129ABWMANA Brunauer-Emmett-Teller (BET)
n3ANEINUNEY (Surface area) wazAuTugngu (Porosity) YaeiaLseUfnzen
languuisesumiveudiuia mensinnisaadu medunialulasiauresitegne lagly
a ¢ Yo oA g s Y dawo & Y o i
nyinseagldfmagneiiuns vssgadumadumnidnuasdunseiy uwdvinisla
AUTY (Degas) Wierndnlulanavasiteananniiog nowinn1sinsey sadeulenldly

a ¢ ) A
ANFIATIZWLLEANININITINN 3.8

A1519% 3.8 Wwaulvlun1simsizidne BET

\A384 Brunauer-Emmett-Teller Quantachrome NOVA 2000e
Sample weight 0.1000 ¢

Degas status 150°C, 3 hr

Analysis Point Adsorption 40 point, Desorption 34

point wag BET 11 point

Carrier gas N,
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JUN 3.43 ip3einnsgadululasau

3.7 mMsnageuysEaninmnispaduindvesdidg nsuaingafiu

[

WipmsduaseriangnguaingifiunmiunseuiunswsmeReuludiaud Jadrian

9

SNFUMAgBUANEINNTlUNSAATUTNATIEUUQ (Methylene Blue) Widwinmasgeu

AANFUKAYBIRIBENNUNTNHIUNTTAATULNBILATIENUTEENEAINNTRATUYBSTANFHTUIIN

9

a

10U

3.7.1 aunsal

1. Onnasuia (Beaker)

JUN 3.44 Unines
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2. 1UsAnUse (De-ionized water)

5UN 3.45 Usimanysey

3. IpsesMmuaTazatunsauliniuieou (Hot plate stirrer)

UM 3.46 aTedlvianusou

4. wianshwianduniuans (Magnetic stirrer)

JUN 3.47 wisiwanluniuans



5. 1A3DIY9a75AL (Balance meter)

SUN 3.48 1A389T985

U

6. Tousinans (Spatula)

5U# 3.49 Gausinans

7. neend mSutumlssunnian (Centrifuge tube)

5UN 3.50 viaandmiutunies

74
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8. N3¥A1¥NTB9a1T (Filter paper)

FILTER PAPERS

4

__Oualitalwe
Circles
150mm Q@
_Cat No 1004 150

5UN 3.51 nszA¥NTos

3.7.2 Taauazasiall

1. TR INTUAINFITUTNIUNTEUIUNTIN

—,
.w-i‘ilﬁlill‘j"’- -

5UN 3.52 TanInguaNgaiiy

2. wiiduug (Methylene Blue)

5UN 3.53 wiiduug

Y
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3.7.3 JUABUNISNAADY
1. w3guansazangddeniunauugaududu 25 dadniusedns
2. YeanAsuouaindidiu 1 niu ldluvasndmsulumies

3. Wnansarareddeuuiauugadlunaeadmiviuiesiiussyiagasusuain

G
4. ymstumnesnegaasseu 3000 rpm tWual 5 widl
sU# 3.55 Uhdwiituugnasinnisnaaey
5. NIDINIIANAISUBUANNGIURDNIINATAT AL ATUNYNYATULAI AIENTEAY
N304

6. thansazaneddouiignaaduwdrinanuaiisalunisaandusassiginaia UV-

Vis Spectroscopy tia3tAs1eiANLaNTaluN1IRAgy



3.8 nsuszenaldasusznaudadialuniaunensnssy

3.8.1 gunsal

1. MULBLUUTENTUA (Petri dish)

UM 3.56 MUNELY0

2. avigudmTuLmIZAUN

5UN 3.57 navqu

3. Aszaaulimatafnuuin 17 497

5U# 3.58 nsznananann

T



3.8.2 JanuazaA1sLAll

[y v

< s s sal
1. LNﬁ@WUﬁq‘U’]'ﬂﬁ‘ULU@ii

U7 3.59 Wwiiniugtn

2. Audmsuimnzdagn

3

U

=)
7

3

3.61 NSATINA

78
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3.8.3 JUABUNISNAADY
¥ ¢ ot
n1suand1alsduass
1. dnudaiuginlsduesudinuazUanndunan 2 fu
° \ & < & Y o < o oA
2. YINANSULNIZLUAALABN15ITBUAR bU1ULNEL T Ba UnR LT uan 3 Junse

UNINTINVBUNANILIONIUAINYTY 3-5 LURUAS

JUN 3.62 AT MIMHIUNTUNIUTINGEN

3. ihdudaladmsuimgugnldadunianquinznandiui 5 01a 4aINIsane
ITINANNQY
o < v Ao 1 o < v o a
4. ddadnnisinentdadiuauinuiuvasag 1-2 Wie Wevin1snaunquau
5. 18R UNA198NAINAUYNILAL 10 WURIATIVINITINUAUNAIAINTLOIUN

P1aulalunsza1awadFunFuNaNaINsEa1e NSEAN9aL 5 AU 918U 12 NSE0N4

3UN 3.63 dhdundfidivuiniinnd 10 wudluesugnasnsyanslng
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n1sNAgaun1sldnsadqfiansalnunadeudnundudnfuludu

1. adudiiieny 30 Jutuainiufinzwinasaianay Jeinisiusiegieiu

2. §rvfunardsanysneanansnuazdfuvesdiudiliiazen
3. st mtnuarauevessin ddu warlu vesdudn wdenduin
a. \ilesudnnileny 30 3u Juhnsldasavanslnuvadenduunadufivveduiig
Joulvaz 3 nsvans Inefideuluseluil
(1) lavihnmsfvasiwuvadeusaium (none)
(2) W slnuadsu N LItLTY 400 Haansunedns (HA)
(3) WLaTNUVALT LN ANUTLTY 800 Hadnsudadng (HA)
(@) Fua T NUATILBINAAUTNTE 1200 Hadnsusiodans (HA)
5. yhnsiduansnunadensiunauieuluiidmuadisiuadunssandudiomgn
73U
6. vinautudaesnsdudnann 14 fu whvimsdaiminiaaauenivessn g
warlu wazvhnisantufinanfierinsiuieuiivunsnasuivlavesdudnaelditoul

A9
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uni 4
NANISNAADILAZILATITANANITNAADY

4.1 nMsAnwnsuenasusznaudqiinanauduaiuiulagldiiusiaainusey

Judavinazane
A33glavinsAinwnisuenansusenaugiinannAuluauANmIENTEUILNTUENGIY
nInLastud (Acid-base treatment) éamﬁumszmumifjumf'immwm%faqq (Centrifugation)
dlevnsuenansuszneudrfinnunmautfinisazatsvesasdsiinanunluundeuntid
TngannwansnaassmuasUszneudiiafianunsausnldanfutuduiiulszneusie 52
fiu warnsedila nsndrliavzeglusuvetayiusvanislnunaBeudiiunnuviinved
asavarouaild JsuTnanandnvesdaifiunlifaduiosas 80 wazUSununandnves
TnunalBeudiunitléifuiosas 20 Tngluauddoliinisdnudadsves surneynia
gamgll aududuresarsazateais wazarildlunisiufserfiinasenisuen

a15UsznaudifinanAulua1uiu Felinanisneasanssalull

4.1.1 NTNAVDIVUINBUNIAVDIAUUUATUNAU
4.1.1.1 nan15aAs1zdsSunananan (Solid yield)

90

i I humin
80 B humic
1 706
70 4 68.9 67.8

60 -
50
40

30

Percentage of Yield (%)

20

10 A

<125 125-180 180-500
Particle size (um)

Y

UM 4.1 Areuazrandnvadifiunaznsngiiafiiunisuenannauduaiuiiu aeldteuly
YUINBYNIATILANAIAUT Yoendn 125, 125-180 uag 180-500 lulasiuns lagyi
nsguruAswenmedaulyANuLduvetansaratea1ed 0.1 luasiduian 3

FIlu9 U Yaunilviad
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a a

N3V 4.1 uansdovaznandnvosansusznauddiafiinunisuenanAuuuiugie
Soulvwuneynavesfuludiiudisneiu anidenuindnsusivesasusenaudaiiafls
NnMsuenFuUuuiuUsEne ey 2 viafe By uazlnunaBondiun Jawananndn
fusneenunlsunniigarediiudadussdusenevvesiuid dlilsiunszuiunsdliailindu

(Humification) ®3anszulunsgasliinalsaifintuwed [60] lnusauasnananvasditunle

a

Aadu 70 % Tudruveinsadriavsalnwnaldeusiunduduasnusenaundnvasalsusenou

a a

SailmausanenoenuilaanfuluauruAntduUs Ul 20 % ML nUSuuves

£
=

asUsznevdifiefifetulufuluduiutudomdessosnalumsiunuuasdesaaeidu
nanuy [61] udidesieassaiuinunuinlumuisedlfuanmiewsanludideny
nsviwiisaiisaua 5 U Jeilidainnssuiunis Humification vasiiuduauiuluyiunu
WEPIIGE
NnnuansAnudadsveseyniavesiuluduiiuiidenisuenaisusznaudaianuiy
doruneymemesiuluiuiiudiumniu vlvassowsninumadeussnnldinniu tas
dleldvunnoyninvesiutudiuiiusening 180-500 lulasiunsaglsiuinaunandnves
Inunaidesdimesnunanniign esanauantinimudwssasusznoulufududiudiu
FauszneufeAuuazusanlud TnousanludiianuudanndsiliiderinsunasiBonisdl
yunoynalug fajuluiududuiuiidauineyniaundsuszneulufeuiinmuueus
dnludlazAuiniunszurumsdesudannnitlufuUudwiuifvunadnnindeinlanse

WD NN UTUUABDNUN L UUS LI UNLINAINTULDS

4.1.1.2 HANTSIATILILATIES19009815898A (Structural Characterization)
a & & % a a ° P & 1)

miaLmqwamﬂizﬂauLLa3Iﬂsqaswwaamiﬂizﬂaummgﬂmmlmwamﬁuimqaiw
LLazmnw%qw%ﬁuaqmiﬂisﬂaué'gﬁﬂﬁmmmLwﬂaaﬂmlé’ Immiﬂizﬂ%%’sﬁngﬂ
a 6 1 I3 ¥ a 1 a a a 1 & & 4 aa
wnsziraudulasaiiseslsundn MmuSuiaeendiau wazdsunamyiliidunisuendan
Tulassasnamewmnaia CHNO, FTIR way UV-Vis 39inaiinsizvinana Uil

\Wi9991na15UsEnaudiimduansusenaudanin Non- stoichiometric Jegn@nyn

asrUsznauuazlastaiveenulusUresmaRdedndiuvesnelussdusenau [62] a1

a

4.1 lowansfosazasdusznaunaniivessis lalasiau lulnsiau wazeanBiauveansng,

a a a

fiafunswenInAuluauiumeReulvrunen1Avend il 31na159NUIIUTIN
PRI REAT Nl RV KON IR T PG e fE U U R R el G TR T T R LR R AT !
#unundu ualiifinnisasunlaseslsuiuiesaslalasiaunazlulasiaudieldaun

auN1AYIRUYLEANNLANA1TY wanaNUSuasesazesRUsEnoUMLATvaIsIR Ll
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IMeseiAdndiuerneuvetaidlsznoumsaivednuna@eudnunluglves H/C,
N/C way O/C Fauandlunisnedl 4.1 Famdndiuszmou H/C anunsaldusuanlasadnemdn
veansndaialg WoAdndiuvesernen H/C faunTunandddanisivsmalasadauy
anelgmuaunn (Aliphatic) Tunnseiuduiieadadiueznen H/C firanasuandlads
Tnseatraveansadrfafiusunalasiadrsuuuiseslsuniin (Aromatic carbon) annauiiutes
[63] uenaniiAdndiuazne H/C SasuonisUsunamiusysewing H uas C Tulassadng
vamydleanduarsuenddnuazasueniin (Carboxylic and carbonyl group) Tugiuvesa
Fndau 0/C 1HuAdndruoznouitannsaldusdusinalasiatreosndaululasiadises
asusznaudiiield Tnawledr o/C fAunnTunanddnivsuiueondiaululassadimwes
ansUszneudifiaunniy [64] 91nHansIATERAdndunsneuvasnIadalalunnsei 4.1
wuindevhmanenaisusznevdifindedoulvonmadiunndu f H/C voslnunaifouasd
Aanas uanddiiusidlelduuinoynialurag 180-500 lulasiunsdenalilassaineues

Inunadeudrunivsunudadiulaseadte aromatic tunTuiiaudulaseaine aliphatic

a

d‘ o a € 1 o [l ! A v a ! a -
anas waglevimalaneiadngdiu O/C wudnileldruineyninvesiuluauiuiuin
Judslvian O/C anasuanelanadn Inunai@audaunfildvuinayninssning 180-500
lulaswesiivsunaeendiaulastassaivanaaiameuiunisidhuduiuiuivuine yuaia

Bntules

a 1% 13 ) 13 a
M13199 4.1 SegaresrusznaumuAiizessiy Asueu lalasiau lulnsiau uazeandilaues
n3AgINATIHIUNITHENIINAUU LA UL I8 RoUlITUInEUNIATLANAAY Lag

ANdREIUDERBNYDIBIAUIENBUNUATYBINIATITA

Particle size %C %H %N %0+S H/C N/C o/C
<125 22.21 2.38 0.99 74.41 1.29 0.04 251
125-180 25.29 2.18 1.14 71.40 1.03 0.04 2.12
180-500 31.78 2.99 1.35 63.88 1.13 0.04 1.51

YBNAIINAITIATIEAANALA CHNO Na1115010U9TIATIas19989a15Usenaudliale

1% a 6 ¥ a vYa (3 1 & o b4 a
a3 NFIAATITUNIELNAUA FTIR E"{’m'lﬁfﬁfmLﬂ'ﬁ’l%ﬁﬁ%ﬂﬁﬂ“UuLLﬁ%Iﬂﬁx‘iﬁ'ﬁN?JENﬁ']ﬁUi%ﬂE]‘US’J

'
al

fialame Tnawiainlnuna@eudiuniniunsuen nAuduiuiuaiigieuluvuineynia
wAnA1aiUALASIEaRemAlla FTIR Tugiag 400-4000 e wudnlwuna@uuduunuansiiail

InatAssiulugas finfl 3400-3300 cm! Faluny -OH stretching Tunylansendavisenis
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a a A

Uata, WAN1680-1490 cm™ Lﬂuﬂyj aromatic -C=C-, -C=0- stretching vJu aromatic
ring V0@, fiAfl 1120-920 cm! \Uuny C-OH stretching -vosaanaleuoaneged waz

finfl 720-550 cm! 1y deformation waany ~COOH [58] Fauansluguil 4.2

TV r—— - P it g
180 um ~ (-~
3750-3600 CM ' VY
- OH groups \ ‘\
\ﬂ f
— vl
B
2 sl M [P St |
o |125-180 um \
2 1680-1490 CM '
] aromatic ¢=c, ¢=o0 \
3=
é -‘." i
@ 1120-920 CM"' — v
E -C-OH aliphatic A
-
125 L™ SN o B W\
720550 CM"
-COOH deformation a 'l
Vi
T X T x T ¥ T € T ' T T v T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

JUN 4.2 N3l FTIR veensndillaiiniskendnnAuduauiusiiseulavuneyniainneg

[

AU

Taaiilothiiafiusinguuns FTIR indiesgianiiudildnsmdauandlunsnd 4.2
wudndlovhnsuenlnunadendimmanfuludwiusoeulvruneymaiiueniniy
waselassauazSinavglsitululnunadeslensonles neillefinislduunoyniai
wntudwmalimanuorlsnin C=C uay C=0 lulassaimasinumadouduunddnnn
Y upgiiduniigaiitasvuineynia 180-500 lilasiins Tuvasiidiuildnsvvesiinng

HlanduauaianlnalfesiulisldruineyniavesiuluauAuLaNA1eiY

AN5199 4.2 ANNUALANSINVRIN N FTIR vaansadidaninswenainduduaiuiusigdauly

YUIRBUNATUANAIIY

Particle size (Um)

Peak
125 125-180  180-500
-COOH deform [610-720 cm] 0.47 0.47 0.48
-C-OH aliphatic [920-1120 cm™] 4.54 a72 a.74
C=0, C=C [1490-1680 cm] 0.71 0.71 0.74

H bond in O-H and N-H stretch

0.26 0.25 0.21
[3600-3750 cm™]
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N15ATIEYIANE UV-Vis gniunldiiedudunaiinsieviesdusenauiazlaseasneves
a1susenaudilia tnelnunadeudrunlagniasigriain saanduadlugieniueiniu
280, 360, 465 Uay 665 wiluuns wavyinsAnaliegluguvesdnsdiunsganiu E2/E3

waz E4/E6 audnu lngadnsidiunisganduainnsaldued anuluezlsunfin dniin

=

Twana wazeaudunsavedlassadavesdnuna@onduunle [65] lnaidlor E2/E3 uay
E4/E6 TiAn (<5) uandléfe msfuTuameseslsnfnlulassadienn Sdwiinluanags
wazsinrndunsas lumsasafuthamne E2/E3 uay E4/E6 flage (>5) wansléitle nnsd
Uhinuveserlmininlulassadaios Sihwiinluanas wasdiarudunings

MU IgAnAuLABINIABIdiansLenIINALULdwiuseReulvruIneynA
Aumnenafuuansianad 4.3 nmslinszsinuiniledevhnsuenlnumaiBendaimnain
uuduiusedoulvmuineynaiunndstuiinadesnuduerlsndn dmdnluana
wazArnudunsaveslassainavednunaondiun Wevinsusnlnunadoudiundie
Fututufiufivuineynianniu Adnmdumsgandusasiidianasansi weldaun

AUAALNINTY dawalriiivTinaeseslsindntulassasiannty vdnluanagadu wasd

ALduNIAFNasdanAa I UNANITIASIEisReImATln CHNO tay FTIR Aldnaniuitndu

A15199 4.3 mé’mqé'gumi@mﬂﬁmt,mﬁumﬂi@%ﬁﬁﬂﬂmwﬂmﬂﬁuﬂuﬁ’mﬁué’wL‘ﬁaulwmm
BUAIATILANAINAY FIAI1N81IAAY 280 wag 360 (E2/E3) Wy 465 uag 665 (E4/E6) unlu

bUAT

Particle size (Km)

Parameters
<125 125-180 180-500
E2/E3 2.2 2.13 1.97
E4/E6 1.7 107 7.33

PANANITAATIERUSUIUNARBALALNI1TILATIZNLATIES 19D L NUNETEUTUURAT &
WwiAtA CHNO, FTIR wag UV-Vis ﬁléfﬂa'nuflﬁi’méfummsaa'gﬂiﬁ'j'1Lﬁasl%'ﬁuﬂufhuﬁuﬁﬁ
vurmoynIauIndudwalviviiunandnveslnunadoudiunuinty wasdenald
Tnunadeudruniuonesnuilgilasadedifivsinaeylsidniiuinay Saanudunsely

lasasananasuidemadingfeidundndusennaisvendanuavaisvetiausinged lny



86

nslAudunuuivuineyniaszning 180-500 lulasiuasiduteuleimunzauigalunis

LU NLNLNALYBULTUURINAUU LU

4.1.2 Inswavesguun)inldlunisvitufizen

4.1.2.1 wan15As1zsUsHnanan (Solid yield)

B Humin
100 + I humic

T _ _ 87.4

Percentage of Yield (%)

oc room temp 40C 60C

Temperature (:C)

Y

JUN 4.3 ASegasnandnvesdillunazningilianiiunisienanauduauiy aelateuly
QUNATNLANAAUN 0-60 DeAgaTYd TaevinTeUIuNSHENAILRaUlYIUIA
aunafl 180 - 500 lulasiuns wazanududuvesansazateansi 0.1 lwarsidu

1281 3 Talag

INFUN 4.3 UandATegasHananveIdIlulaynNIngIlATNIUNTUENIINAUUUE WY

v A aa ] v oA a o aaa  a i a a
ﬂWEJSLG]LQQUIGquMQNVlLLG]ﬂG]'Nﬂ‘LWI WU'J']Lﬂaqmﬂﬂ“mmmgﬂqﬂﬂﬂiﬂqﬂwamgﬂﬁmﬁlmwamammaﬂ

'
a a

Inuna@eugiun lngdleinsldaamgiiiudusunalnwafoudiuaiwenaonunlad

Y
[

USunuanas iesannideiinisldoaumaiigedu (45-110°C) nsadiilmazgnyianeiussuaziin

§ a =

n1sidsunladlassadimuaiilueyiusyiingu [66] vinliluauisaadisiusesiuiu
Tnunadeuld Juilivsinalnumadeudiuniladvsnnananiues lnawdsldoumgily

N5YIUATeN 0 B4 gaungiiviesaglviUsunamandnlnunadeylansonledoanuuinian
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4.1.1.2 NaN153LA1Z9IASIE519909815828A (Structural Characterization)

PNINT197 4.8 uansdevazesfUszneumaniivesnuvadeudiuniiunIsLenInAy
Uuduiiusiodeulvgamnliiunnsaiiu Wm"]ijaqmmﬁiumiﬁwﬁﬁ'%mmm%uﬂ%mm
asvenlulassadvednunadeudiunimanas Tuvasfiadovazlalnsiaunazlulnsioud

€ 1w

AlnalAesiuielinsiudsunlavetaungil Wevinsiasieiad@adiusgnounuin Al
H/C vadlnunaduudiuadaunTudieinislideamgiilun1siuiazenunniy wansladn
n1swentnunaeuioamgiinnaglinandnnivsunueglsuiinlulassasiesnuinniily

gauniige uaznuiIulleldeumgiing@uazier O/C nunTuuansinduiunusendiauly

1AS9AS9NUINTUTULD

a Y] s = s a
M19190 4.4 iaﬂagaﬂﬂﬂigﬂ@‘wﬂﬂﬂLﬂll“U’PNﬁ']ﬁ} A1UBDU VL‘EﬂﬂiL"\]‘U iuimwu LT DNYLAUVDY

nIndlANNIUATITHENINAUUUAIUAUAIaUlY QU TULAN19 T Laze

[

PEIUEAONVDIDIAUIENBUNNNANYBINIASIAA

Temperature(°®C)  %C %H %N %O0+S H/C N/C o/C
0 30.44 2.4 1.36 65.80 0.95 0.04 1.62

room temp 30.58 241 1.36 65.65 0.94 0.04 1.61

40 30.00 IS iieeldl 66.29 8% 0.04 1.66

60 26.06 2.22 i 70.55 1102 0.04 2.03

NFUN 4.4 uanensin FTIR vaenIngriiafinisienanduduauiumeteulvoumal

U

LY

WANFITY WU NG sLFNaLaRIRARTlNALAgaTuluY9 AAT 3400-3300 cm ! Gaiilu

]
= =

y -OH stretching Tunylensandan3eaisueila, WAN1680-1490 cm™ 1Wumny aromatic
~C=C-, —-C=0- stretching 1Ju aromatic ring vasanily, fimfl 1120-920 cm! Wuny C-
OH stretching -wasaanslgueanosed waz finfl 720-550 cm ™ 19y deformation ¥eany

-COCH
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A15199 4.5 ANNUNLANSINYRINTIN FTIR 989n5aF0ANN1SHeNNNAUUUa 1 UAUAeEau LY

gumgRifuAnsaiy
Temperature (°C)
Peak

0 RT 40 60
-COOH deform [610-720 cm!] 0.45 0.22 0.13 0.06
-C-OH aliphatic [920-1120 cm™] 2.21 2.89 2.68 1.86
C=0, C=C [1490-1680 cm™] 0.75 0.56 0.49 0.51

H bond in O-H and N-H stretch
0.26 0.22 0.1 0.1

[3600-3750 cm™]

lagllatfianusinguunsal FTIR u1dasisvaniiuiilansinauwanslumisian 4.5

wudlaynisuweninunadeudiunanfuluaiuiumeReulugm

AANLANANAY HkanD

Y

lassafriasUSunamgilandululnunal@oulansenled lnadelinisldaungiilunisii

UfAsennuntudalirianaduezlsunfin C=C uaz C=0 lulassasrsvadlnunaldon

a =l 1 I a a1 = = £ a o aaa =
FIUUAUANUINANAN Iﬂﬁlﬂ’]ﬂ’)'mLUU@ZI?&J’W]ﬂiJﬂ’]@J’]ﬂVIEj@LM@I?IQQJMQQJIUWHVI’]UQ?WEJ’W] 0

ssmwalled uenannuinileldeumgiilunisvinufasennunnTudsunamy deidu vy C-

OH stretching -vasaeelguoaneged wag deformation ¥09ms] ~COOH dFnanad tiasa1n

lassasaveslnunageudiuniniunisuenigumggeazgnrinatslassaiisuasiuseasqdl

USunauiuseenaglunyilaiduanasauluaieiiues

60C
- OH groups

> 1
~3750-3600 CM

40C

Room temp

Transminttance (%T)

oc

-
1680-1490 CM" 7
aromatic c=¢, c=0

1120-920CM™" ___
-C-OH aliphatic

720-550 CM ' _
-COCH deformation

T —

T : T ) T
4000 3500 3000

Y T i T
2500 2000

Wavenumber (cm'1)

T
1500

T
1000

T
500

UM 4.4 n51 FTIR vensagfianinskenatnduluauiumeeulvgumgiunndiaiu
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91115797 4.6 uARIANSRTIAILNNTRANALLATBINIABAITANTUENAINAUYUAUTiY
sedeulvgamgifiunndnaiy nuiniledovhnsuonimuadosdiunanfududuiiuse
Soulvgnmgifiunnsrsiuinaseanudueslsunin ﬁwwﬂ'ﬂiul,aqa wazAraudunsnves
Tassafsvestnunadoudiun lnedeldgamgilunshuifseflgstudsmaliadnndu

(%
a0

F2/E3 way E4/E6 fiAasdumiy wandladn dusunaweseslsuidnlulassasisuinanas §

Y

5 o ° ~ o, X Y o a ¢ a
u’TVi‘UﬂINLaqaf”naQ LLagﬂJﬂ']']lJLﬂUﬂiﬂ'sj\‘isUua@@ﬂa@ﬂﬂUNaﬂqijLﬂiqzﬁﬂ'ﬂﬂLWﬂu@ CHNO uag

FTIR Ailanaiuntesu

A157199 4.6 ANRIIFIUNTRANAUKAIYBINTABINANITUENIINAUUUAIUTNME Rl
QUNYNNLANFANAY NIAIIULIAAY 280 Uz 360 (E2/E3) WAy 465 uag 665

(EA/E6) UULUNT

Temperature (°C)

Parameters
0 Room temp 40 60
E2/E3 1.47 1.97 2.07 2.1
E4/E6 5.04 5.04 6.59 7.73

NHANTIATIENUTUIUHANEALENITIATIElATIE 19l nunaL T uEILUAA Y
imAdla CHNO, FTIR way UV-Vis Ailsinanundnsfuanunsaaguleinileldgamgiilunisi
UiiSeninntuhliiussuarlasaadsweansndafingnyinansuay luiannsavesulyoglugy
voslnunadeudiunls Isdiudinamananvednunadeudiunianauilofinisldgamaily

o aaa a .«é’ = o a 6 I3 2/ = a
ﬂ’]i‘i/]’]ﬂgﬂifj’ﬁ/l@j\i‘ﬂu Lazlilerinn1sIAszviesAlsEnouLaglAsIds 19l NLNELGuNE L

' ¥

= |

anudnileldoaumgilunisviljisengeaiuszdwmaliilassasisniivinaeslsindniiuin

[

Ju feanudunsalulaseasisiianas wasnyilsidunisvenddngnyatewdieldgmumgias
04 60 ssmwaldya N13ldaumnnilunsyiiugitednn 0 esriwalfeasliuTununandn

Inunadeugiunuin wazivsnueslsunanlulaseairannian uadadlndiAgaiunism

o
[V Y]

Uisenfeamgiiesdsiodunnuwansmaiisndniies daudedadadiunuiagndsnud

Y

a v =

14 nsusnansusznevdadinanfududuitunieldonmngiviesdaduteulviivnzauian

Y
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4.1.3 dnswavesaNududuvasasazalgaenldlunisinufizen
4.1.3.1 wan15As1zRUsNUNanan (Solid yield)
91NJUN 4.5 uansrnFesaznaninveIdlulaznIngIlaNNIuN1SHeNANAUUUA U

MelAaUlYANUTNTUYDIANTAZANEANABANAINY UL IEAMULTNTUYDIESAaTAY

Y v
Y |

ANNEITUATAYIT 0.05 - 0.1 Tuans Usunalnunadeudiuniiuensanuntadusunaminiy

=

wiletiteanuiduduresansazansstauind udnlugae 0.1-05 Tuas wuiiUsuia
Tnunasudiunivonesninladvsunaanas eswndlefinsldanudutuvesasazay
A1aunn yiliiilanavedlnuwnadesinndsinnisaiaiusesenindnuna@eslansonly g
ponulugUvoseyus Halide salt n3elwunaidounaslsdunudiluianaveslnunaidos
lansonlonaziiniussdunsadifiaiionssutdulnunaidoudaunis] dewaliuiunu

NN AR UBUUAT ABAAI LD

100

_ B humin
90 828 83.6 B humic

Percentage of yield (%)

0.05M 0.1 M 025 M 0.5 M

Base concentration (Molar)
JUN 4.5 Adesazkandnvesdiliuuaznsngilinfiniunmswenatniuluaiuiiu anelaleuly
¥ % 1 d' 1 o Qll I3 o
ANMULUUTUVDIANTALAYANALANANAUNA 0.05-0.5 TUa1S LAgyinNTLUIUNITHEN
melaulvvuinayniaf 180 - 500 lulasiuns wae o gaumgiienduian 3

39

4.1.3.2 NAN15IATITALATIAE19909815878A (Structural Characterization)
31NM1599 4.5 wansASeearatAlsTnaUNILALivetsy Amsusu lalasu tulasiau
LALOBNTLAUVBINTABTINANKIUNSHENIINAULUE WAL s R UlYANUTNTUYBIANTAZANe

oA ' ) oA v Y v ! X o N s 1
ANWNLLANEIAY ‘WU’J’]LSJ@I%MWL‘U?,J‘Uwuaﬂmia:ﬁa’]EJWNQNEUWNLLWUN 0.05-0.1 Illa'ﬁ A1
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$p0a%YRIANSUBULANNINTY AL DN EANUILTUYDIANTALAIUANNUINTUDN LY 0.1-
0.5 Tuans WuI1A5agarANSUAULAIanNAY tAUA1SAEAISUAUUDI L NLNALTeUEILUATIAN
~ o ] Y ' ~ ¢ PR ] Y v
winygatiisldanuduturesansazagaen 0.1 lwans luvagndednsldnnududuves

ansazanedsiigedulutag 0.1-0.5 Tuan$ dewaliiedosarlalasauuarlulnaiauiionaus
Junsanaswuuliifiveezddy wazdlovnmslasgiadndiuesnounuin A1 H/C Jan
unfigailoldanudutuvesaisazatoniei 0.05 Tuas warfidlndiAgetuidlevinisiiia
aududuvesansazaty uansléindauiusnnanandn lnunadonduunildisiorinisiy
anududuvesasarateiazanas uilnunaBediundliiusinalasaiseslsundnd

11ANIINIT ANV TUEITALA1EA1IAN

M15197 4.7 Sovaresnusznaumuniivessis Asuau lalasiau lulasau wageendiauves

'
a1

NIAFIMANKIUNITHENINAUV AT URUMEEULY AU UTUVDIEANTAZAUANS

AANA19TY LALANFNAIUDLADUVDIBIAUTENDUNILALYBINTATINA

Base
%C %H %N %0+S H/C N/C O/C
concentration

0.05M 10.28 1.83 0.56 87.33 245 0.05 6.37
0.1M 31.78 2595 565 63.88 1.13 0.04 1.51
0.25M 26.06 222 1.17 70.55 1.02 0.04 2.03
0.5M 25.35 2.08 1.12 71.46 0.99 0.04 2.11

a

INFUN 4.6 wanens 1wl FTIR veensndilianinisuenannauduauiunlsioulugumad

[y

WANFITY WU INLNaG gL LaLanIfalnaLAgai Y AAT 3400-3300 cm! Gailu

a

3 -OH stretching Tunylansondan3aaisuetia, finfl 1680-1490 cm* 1Uumy] aromatic
~C=C-, —-C=0- stretching 10U aromatic ring ¥89an%Y, finfi 1120-920 cm! Huny C-
OH stretching -vasaansldueanesed uag fiafl 720-550 cm ' 18U deformation voewy
~COOH TagannsinazLiiuledn finfl 1680-1490 cm™! —C=C-, ~C=O- stretching 1
aromatic ring ¥848nTu uaz fiAfl 1120-920 cm* 1dumny C-OH stretching -vasanels
weanegediinudusinstuileldanudufuresansazanenisiinnaiu Tnefinfl 1680-1490

cm™ ay 1120-920 cm™ danuiduaananiileldainuiduiuresansarateniei 0.1 M



0.5M

~
~3750-3600 CM '
- OH groups

Transmittance (%T)

0.05M

1120-920 CM'!
-C-OH aliphatic

720-550 CM"'

0.25M g
1680-1490 CM "'
aromatic ¢=c, c=o

-COOH deformation

-

T T .
4000 3500

T -
3000

T
2500

T
2000

T T T
1500 1000 500

Wavenumber (cm")
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JUN 4.6 n319 FTIR v84n3nddaNn1shenanAuluauAuaIedeuly AU dudues

ANT8LANYAILANAIINY

Wethfianusnguunsm FTIR 1ndmsngianunlansmasianslunisned 4.8 wuin

Wevnisuenlnuna@endiunanduluaiuiunigtoulyanuiduduresasazangnnei

wnAeiuiinaselassadsasUsuamylsidululnunadeulansenles Weldainududu

asazauasunTulure 0.05-0.1 Tuans A1Usuna -COOH deform , -C-OH aliphatic way

C=0, C=C TUSu1uUINTU AL DANANUNTUYDIEITALA8A19TUI LY 0.1-0.5 Tuais

Usu1eu -COOH deform , -C-OH aliphatic kag C=0, C=C #Usuuanas FeaonnaostuNa

ATLUSUNURANANLAENAIATIEY CHNO S9INaN9uIU19A Y

A5199 4.8 ANNUNLANSINYBINTIN FTIR 989n5AF0ANNSHeNNAUU U UAUAeEaU LY

AULYUTUYDIATAZANEANTANFAIIUY

Base concentration (M)

Peak
0.05 0.1 0.25 0.5
-COOH deform [610-720 cm™] 0.38 0.48 0.22 0.22
-C-OH aliphatic [920-1120 cm] 2.82 4.34 2.89 2.3
C=0, C=C [1490-1680 cm™] 0.37 0.41 0.56 0.36
H bond in O-H and N-H stretch
0.15 0.21 0.22 0.05

[3600-3750 cm’']
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v 1

HIaATIA1ERIIEIUNTAANGULAIYBINTATITANITHENINAUU UA AU IE & UlY
AILTUTUYBIATALAEANTUANAISTU WU T AN TUAITALA18AIUINTY AN
E2/E3 uay E4/E6 Tanfiunnntunsiiuinniuiisnaniies willandesfigaidloldmnududu

Y99a15aLa18A19N 0.05 Tuans

M13199 4.9 A1BRTIAIUNTAANAULANBINTATIANTSHENINAUTUATUMEReUly Ay
WUTUYDIANTALANYANTLANANAY N1ANNLIAAL 280 way 360 (F2/E3) hay
465 way 665 (E4/E6) UNULUAT

Base concentration (Molar)

Parameters
0.05 0.1 0.25 0.5
E2/E3 1.89 1.94 1.97 2.06
E4/E6 4.73 5.63 5.04 5.27

INNANIFIATIZNUS U UHARNAN AL NITILATIEILATIAS 19V DI NN AT UBUUAAEY
watia CHNO, FTIR wag UV-Vis Nlananundisiuaiunsaaulainanududuvesansasans
| = | a a [ a a A v v v
A19INARBUS U UNANAA WAL LASIAS199B L NLNAGeUBIUN LaeLialdAIUIUTUYD
arsaraneunTulugag 0.05-0.1 Twais Usunalnwnadeudiuniwenoanubadusunaiunn
YU ANUSUIUANAWL DL NUANUIUTUYDIA1TALANUAIIIUYS 0.1-0.5 1115 AItUNISLY
AItuturesalsazateaen 0.1 lwarsdaludeulvivuizaniianaldlunisuen
a15U52NaU1NA TIdanAARINUNANISIATIZALATIAS 1Vl LA suBNURATINUIN oty

Y v N s Y a I3 a 1 3
AMULYUIUYDIATREA8N 0.1 Illa'ﬁf\]giﬁﬂilmmﬂqulL‘Uu@giillr]mﬂLLﬁgﬂqﬂjqﬂJLUUﬂiﬂ LA

USunamyfilaidumsventdnuazasuetanivangauian
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4.1.4 dnswavasatdlun1sinufizen

4.1.4.1 wan15As1zUsNNanan (Solid yield)

- 74

Percentage of Yield (%)

05h 1h 2h 3h 6h 12h 24 h
Time

U ¥

JUN 4.7 Arfevazrandnvensadilaiiiunisuenaniuduauiu aeldReulyiiaii
wANANILM 0.5-24 F3ls TngvinnssuaumsuenmemeulyauineynIaf 180 500

lulasians waganudntuansazateaiei 0.1 lwans o aaunniivie

a Y a IS a A a I a
f\]']ﬂE‘U‘V] 4.7 LAAIANSDEAENANARVDILNUNALTINEILUATMEIUNITUENINAUULE1UAY

amelaRaulunainuanaieiu wudndoinsdiiunainisyiuiselunmsuenaisuseneu

[V T
a A ¥

gafirunTu Inunal@eudaiunnladusuianinundu winstdeldanlunisitujizen
Aaue 3 - 24 FaluanuIUsuiavedlnunasudiuniladlaunniunazidngauna oy

Usnauiiisduiuiaduiissdntesdiedisuivsseznaiiunisviuiise

4.1.4.2 HANTIATIHLATIAS19009815898A (Structural Characterization)

31NM15199 4.10 wansTeuazeInUsenaunIAilvesin Arsuau talasiau lulasau

a o

LA¥DBNTAUYDINTATITATINIUNITLENIINAUYUI AU RaUluIaT USRS
waneeiu wudarlun1siugiseniuendsiuiinaderfesasasuauvednwafey

gl lagensesazasuauvedlnunadusiuniaunigaiiieldiailun1singisen 3

A

FIlue wagiilegfnadnseisesazvaslalasiauiazlulasiaunuindeldinanlunisyi
Ufisennuntudsliisesaslalasausaslulasiauiuiniune uwaslidlnalAssiulleld

Y 1 3

naviuasenlutie 3-24 F9lue WevinsieseaAdndiuesnouuesesAlsenaunIuall



95

nud1A1 H/C dAunduainastdiarlunisyiuasenunntu wadrlndiaeeiulu

97297@7 3-24 979

A157199 4.10 SeuazesAUsenaunauaiivedsts aArsuau balasiau lulnsiau wazeandiau

a

Y9InInFrITATINIUNITUENIINAUULAURUAJwRulaTlun U fAze T

WANANNNIUY WALAANEILEENUVBIRIAUSENBUNNBLALYRINTATITA

Time (h) %C %H %N %0+S H/C N/C O/C

0.5 27.07 2.39 1.31 69.23 1.06 0.04 1.92
1 26.73 2.30 1.28 69.68 1.03 0.04 1.96
2 24.19 2.15 1.20 72.46 1.07 0.04 2.25
3 31.78 2.99 35 63.88 1.13 0.04 1.51
6 26.42 2.74 1.05 69.79 1.24 0.03 1.98
12 2504 2.73 {vlb5 70.19 1.26 0.04 2.03
24 21.67 2.49 0.98 74.85 1.38 0.04 2.59

913U 4.8 uanans FTIR vesnsadaiiaiinisuenaindududuiiudienaiuandig
fu nulnunadendiumuansiailndidosiulugis il 30600-3300 ! Faumg] -OH
stretching lunyflansendavseansueiia, findl 1680-1490 cm 1lumy aromatic ~C=C-,
_C=0- stretching +Ju aromatic ring ¥83dnfiu, AT 1120-920 cm! WUuny C-OH
stretching -vasaasldueanssed uaz fiafl 720-550 cm ! 1 deformation ve1ny
~COOH Tagmnnslaziiulddniiail 1120-920 cm ! 1fumy] C-OH stretching wasaneld &

AMULTNIINTY Walinsiaattun1sinuisenluye 3-24 43l



24h ~
. 3750-3600 CM"
- OH groups
| 12h i L
= 1680-1490 CM"' —
o aromatic c=c, ¢c=o0
o~
e
@
g|en \»_\fﬁ“\\A
=
g -
E| 3N 1120920 M’
2 -C-OH aliphatic
&
= [ E6 T,
W
0.5h 720550 CM oo N\~
-COOH deformation
T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (crn")

JUN 4.8 N5 FTIR veensndilianinisiendamnfuduauiumeRoulunaiiuansdieiu

96

WiethfianusInguuns v FTIR uniesnziaiuiilansivdauandlunisned 4.11 wuin

dieldaanlunsviuisensnndudiunavesmilsidu -COOH deform uag-C-OH aliphatic

fAviunntu Inedinguieldiialun1siuise 6 $alus wassuingaunalugia 6-

24 Fl39 FeaanAAINUNANITIMIEANaRdIUarmal H/C Alenaniuntutisdu Tuvaefan

anudueglsunfin C=0, C=C IU5ualndifsatuiiefinisldailunisinugisenfiuansng

[y

AU

A15199 4.11 ANuUNtANS NUeIns W FTIR 989n5A810ANNNSheNNAUUUE 1 UAUAE

a ~ ' )
HaulvanNumansneiy

Time (hour)
Peak (cm™)

0.5 1 2 3 5 6 12 24
-COOH deform [610-720 cm™] 0.32 0.33 032 038 032 043 044 0.46
-C-OH aliphatic [920-1120 cml] 321 36 34 334 37 a79 411 464
C=0, C=C [1490-1680 Cm’l] 0.6 062 053 068 0.63 0.7 0.65 0.56
H bond in O-H and

0.26 022 028 028 027 021 025 0.23

N-H stretch [3600-3750 cm™]
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A15199 4.12 A1RTIEIUNTAANFULAIYRINTATINANTTHENIINAUL LA uAUM e oLy
Na1uAne1eil 1ANeIARY 280 wag 360 (E2/E3) uag 465 uag 665
(E4/E6) wnluains

Time (hour)

Parameters
0.5 1 2 3 6 12 24
E2/E3 1.96 1.90 1.86 1.84 1.97 2.01 2.05
E4/E6 5.18 5.07 49 4.63 4.88 6.88 7.33

MNA597 4.12 LAAA1EMIIAIUNTYANTULEIVRINTABINANTUENIINAUU LA U
fedeulunarfuaniaiu nuindeldinarlunmsiuiasenfiusnntuluds 0.5-3 $alus
F1 E2/E3 waw A1 E4/E6 Tenanas udillaifiunailunisvinufasenntulugag 3-24 dalu
wuinen E2/E3 waw A1 E4/E6 Tenfindunaziitgauna Tave E2/E3 uay E4/E6 Taniniian
deldnarlunsvifasendl 3 dalus uandlddn fuinaumeseslandnlulassatiann

5 o | < °
umualmaqaqﬂ LazdAUUUNTARIN

IINHANTTIATIBAUTUUNAREAKATNITIATIENLATIE 1Bl N A s ugI LAY
watla CHNO, FTIR wag UV-Vis Milananundnssuaiunsaazuladn nanildlunisiugisen
TnaraUsuanandalnunadeuguue neweldailunsiufiseniuintuasaiaunsowen
Inunadeudiunlaunntu weiidaiiunailunsiiugisenuindulugie 3-24 galusnui
USunalnunaideuduuniladigauna dauemidwiumuuasndsnunisidnalunish
UATe7 3 Flusdadudeulvimunzaunigalunisuenaisuszneudilia wasiilevinnig
a v & ' % o aaa 4 1Y) a A a 1%
Basrelasaasainudnistdiialunsyiugisend 3 dlusdivsunaeslsinanlulasas

Wn uarilUSinamylsiduasuendinuazasuetiananyay
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4.2 nsAnensuenasusznaudqiinanauduaiuiulagldiiusiaaindsey

a/ o

wazansazatedunsaiduniinasans

4.2.1 9331au (Acetone)

4.2.1.1 nan15aas1zdsunamanan (Solid yield)

10

9.4

Percentage of yield (%)

10:0 91 8:2 73 6:4 5.5

Dl:Acetone ratio (v/v)

Y

Ul 4.9 Ar¥evaznandnvesnsadafiafiinunisuenaniuluduiiu Inglderalnuduini
avanesauiuinmnlse Tasfishmdmseninahusnannuszquazosilay
uAnAsTuR 10:0-5:5 fosazlaguTuing laesinszuaumsuensedoulvvue
oymAfl 180-500 lailasiing uaganududuasazaisensi 0.1 Twan e 3

T3 2 Qunilvias

1NUT 4.9 uansAAnSesaznandnveslnunadendiun ikun1sLenINAUU LY
fiu Taelderdlauduiviazarssmiuiusaaniszg laefidasdusenitahlnmmin
Uszquazozdlauunnsineduil 10:0-5:5 Sevazlaguiums wui Welufasnndiuvesoy
Flounntu Vsinawandslnuadeudiuniuenldiviinuanas Wesminamautfnindu
fvinazansveserilou Taedleiuiinmesdlaulusvinazagludnsdmituintuyinlians
gauniln (Organic matter) lulassaisvansadrlingnazanguazgninaneiiusy [67] Jsdwa

TldanansavlesulvieglusUvedinuna@euguunle
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4.2.1.2 HANMTAATILALATIATI9VR9A15838A (Structural Characterization)

Tngidlevhmsnsgivyiladduvesinunadesduuniléshomaina FTIR fauandugy
7l 4.10 wuilwuadosdauauansiinfilndidssiuluts finfl 3000-3300 cm ! Gadumny -
OH stretching lunyjlensensanien1iueila, infl 1680-1490 cm LYumy aromatic
_C=C-, ~C=0- stretching \{u aromatic ring ¥84dndu, AAf 1120-920 cm? Wuny C-
OH stretching -vosaanslgusanesed way findl 720-550 cm ™ 1u deformation veany
~COOH 91nn3 Wl FTIR wuindlednnadutiinameserdlauluinhazaisun annudiiia
Tugafiafl 1120-920 cm™ uag 720-550 cm™! uansldindesiumnaesalaulusviazate
wntuadliaseauninaelulassadsvesnumadeugniasuasiivinaanas uazdor
mMafiudndmTinnesdlaudus A7:3 81 A5:5 wutUiinuerudulesiadiseslsnin

Aelulaseasravadnwnadousiunanautumeny

S5 4 \/J“"\,\N
..3750-3600 CM "

- OH groups
A6:4

e 1680-1490 CM*_ "
aromatic c=c, ¢c=0
A8:2
1120-920CM ™" _ ~
-C-OH aliphatic

——

A9:1 ‘
720-550 CM
-COOH deformation - =
AMW

T ¥ T T T T P T T T
4000 3500 3000 2500 2000 1500 1000 500

Transmittance (%T)

Wavenumber (cm™)

JUN 4.10 319 FTIR va3nsadrfiaiiniswenainduduaiuiiu lngldesdlaududviazae
FudvdUsImInlseq Inendnsidiuseninaiilsmainysyquaresdlau

LANAAU
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4.2.2 an1uea (Ethanol)

4.2.2.1 wan15As1zsUsNuNanan (Solid yield)

1N3UT 4.1 uansenfosaznananyeansndifiafikiunisuenanAuluduiu ngltie
muaaLfluffhﬁf]azmaa’wﬁ’uﬁmi’mmﬂﬂiz@ Imsrﬁé’mfmuizijﬁmmﬁmﬂﬂizﬁ;LLazLa
MuoakANESTUA 10:0-5:5 FeraglagU3uns wuindlefusinudnsduveseniueauin
fu Vsinamandnlnunaideniiunfiuenldivinaanag desnauaiRiangivesen
weadlusviazarefifainnuiifvesiuseiininind Suilddauaunsalunisi
azanglulfisemesnsuenaisusenoudafialdmnin Tnedlevinsidmeniueaadiuly
fvhazagluuAzenuiUsinamandnvesinuadendiunanasie 40% wazillewieudu
Usinasandnveslnunafendiun iiuniswenainfududiuiu Tngldesdlauduii
azandanfuihuTAnnUsey nudinisldesdlandusvihagarssufutiaiunsouen
Tnunadoudauslsinnninislfiemueafiufvinazaissu iesnesdlnuiimanudy

PIVDINUSLUINNI BB ATIULDS

Percentage of yield (%)

10:0 9:1 8:2 73 6:/4 5:5
DIl:Ethanol ratio (v/v)

Ul 4.11 Adovaznandnvesnsnddiafiiiunisuenainiutudiiu Ingldionueaifush
yhavarefmfuiumaanyse Tasfidamauserisumaainyssquas len
usaLANA1ARLA 10:0-5:5 FovazlasUiunas lagvinszuiunisuensioieuly
yumeyAadl 180-500 lalasiuns wazeaduduaisazaneensit 0.1 Tuand 1

w1 3 Talas a0 gaumniivies
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E55
3750-3600 CM™'
- OH groups

E6:4 v
1680-1490 CM™" -~
aromatic c=c¢, c=0

ET7:3

E 82 ’\%N\n
1120-920 CM _— L
-C-OH aliphatic
E 91 w

_ 720-550 CM"'
E 10:0 -COOH deformation

Transmittance (%T)

T » T % T i T i T % T ¥ T i T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

3UM 4.12 519 FTIR w89nsndafiafinisuenainfududuiu lneldeoniuveaidudisiy
azaeunUiUsMNUsey Inedniduseninnhunaanuseguas e

LYOALANFINU

4.2.2.2 HANITAATIZALATIATI9VRA1589%A (Structural Characterization)

TneulevhmsAasgivyilsiduresinumaiodaunildsemaia FTIR fauandugy
71 4.10 wuilnumadeuduauansiinfilndidsstuluts fiafl 3400-3300 cm ! Gadumy -
OH stretching lunyjlensendanian1suoiia, finfl 1680-1490 cm ' LYumy aromatic
~C=C-, —-C=0- stretching 101 aromatic ring ¥89anAY, finfl 1120-920 cm ! Wuny C-
OH stretching -wosaanelguaanesad way findl 720-550 cm " \u deformation e any
~COOH a5l FTIR nudnilednsidauuimnavesieniusalusivhazatenin anuidudia
vowylardunnerednunaleudiuniinnuduanas wandlageusinannuduezlsufn

nyiilaiduasuendinuazaisuaiiaiianas
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4.3 MSANEINITHUATIZHITAINTUINETTEIY

ay vy o v I a a & a ay v
7’07ﬂf}\laﬂ'ﬁ‘m@a@\‘imlﬂﬂaqqm'ﬂu‘ﬁ?%@ 4.1.u8% 4.2 W‘U'J']?J'JNULTJUN'QNam%lﬂﬂqﬂﬂqiuﬁﬂ

v
a a [ b4 a

ansUszneudrilianiivunannniigadndudesas 80 Fulaevnlugifiuaziundniuivieiiy

'
I o

(Waste product) saidundnsiaueiiyasailugaavinssunsnannsndfinainiuluauiu
TurAetlaimsfnwnisihddiuludssyndldiinUselovivasiiuyaa i undndoe

a

wiaeie laeihdrfununszuiunisinlslada (Pyrolysis) Viqmmm 300, 500, 700 kag 900

ssmgadea Wuan 2, 3 war 4 Falus angldussennmielulasiau ieduasieiluians

a a Y 1Y v o ) [ &
wyungliunasUssendldiluTanlunsaeduind tnelinanisnaaessissieluil

4.3.1 Bvawavasaungiilunszuiunisinlslads
1NFUN 4.13 uwansrrSegaznaninvesTaniniuandiiunriunssuiunsinlslada
meReulvgaumginuand iy nuldegamgiilnlslagaunduusunaunananvesiangngy

R
nFrluiladivsinaanas lnudieldaamgiilnlslagan 900 esrwadvanuinandnues
Jagnyumdeies 80 % winnu weililissannliogamgdlnlsladagedu laseadandu

a a6 o 2/ a 14 ! ¢ o s aa o/ a
a1sdunIdImnlassainneslsindnuaglassasimyilanduaisvendanlulasaiiavesds
fugniangas Jeinlvdvsinamandndaniniuiana

100

u —m—2h
96.48
90 o
H .—__‘_——I
° 86.32 Bies) Q)
>
2 80 — 82.69
()]
o
]
b=
@ 70
o
o
60 1
50 T T T T x T J T X T ¥ T
300 500 700 900

Temperature (degree celsius)

JUN 4.13 ArSevasnandnvesianiniuaindiiuiniunssuiunisinlsladanieteuly

gauMAiNuANESAUT 300 - 900 eerwaed Wil 2 Falus
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[

Hevimsileseiiangnguandiiuiniunszuiunsinlsladaseieulvonmgiii
uansnafufemaia FTIR wudn Jangnguandfiuusngfialndidsstudisuva 3400-
3300 cm! Faifumy] -OH stretching lumyflansondandensueia, finfl 1120-920 cm™!
Humy] C-OH stretching -vesaaneltusanesed uay fiafl 720-550 cm™! 1y deformation
voavy] ~COOH Tnedleldgaugiinlsladafiutunuhanuiduvesiinsiefivanguestans
wsungliudanuduanas wanaliilaswaisesuntinuasryfleaidusieludfiugnyiane
deldgamgfinlsladafiasiu lnedeldanma 900 ssmuwaiFeanuiliusingdiadl 3600-
3300 cm ™ waz 720-550 cm! gadufinvemyflaidunsuendanuazasuedalulassaiis
vosTangnyuiildias Jsaenndesfunansiianziviinanandnvesiansnsuniuilingn

q q El

11919914

900C

700C —\\\/fx—"x\/
i
85
& [s00C
£ 1120920cM' "
] -C-OH aliphatic
£ P
£ N
7]
5 3006+ %
— 3750-3600 CM”
L - OH groups

Humin raw

720-550 CM "'
-COCH deformation R v as UL
T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm’')

JUN 4.14 n3wl FTIR vesTaninsuaindifiuiiniunseuiunisinlsladanisfoulugaumgiin

WANFIAUT 300 — 900 perwaldea 1Wuan 2 Falus

31n3UN 4.15 Lanan1n SEM veedansnguaingrfiuiciunssuiunisinlsladacie

q

[y

L'Eiaulsuqmmﬁﬁ (a) 300, (b) 500, (c) 700 wag (d) 900 veALLALTYE MTUANNU W‘U'jna@g

Y

wiuildainnszurunisinlsladavesdrfiuiidnvaziluoyninvuiadnifiiuineguse 1

1

Audugnguiinuiy lnedladiugamgiiinlsladaungfiudmalivuineuniavesiangniu

9

[ =

Ay va i a a A = ) ]
Aladvumanas Inefioamgilnlsladan 300 ssrwadodeuninvesianinuasivuie

3 1] q

< o ' [

Tuguazinisiniznguiuduneu Tuvauenielagamgiilnlsladagangevulugie 500-700

Y Y

aarwaded ayniAvesiannsulinwindnatasiinisnszanefnavy wideliaamagiiln

9
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15la%ai 900 sarwadeanaunUIITUINBUNIATEITENTHIUTIVWIAENAAANNTTIN

9

v A v

< | < v P % v o & a
NUlanwaslJULNULazLdunNau Lu@ﬂ%qﬂauﬂqﬂsﬂuqﬂLaﬂm@ﬁﬂqiaﬂwaﬂﬂquwumq (Surface

energy) UANNITTINFIAUTULDS

L ] 9

JUN 4.15 1 SEM ves Janiniuaingifiuitiunssuiunisinlsladanisieulug aumiin

(a) 300, (b) 500, (c) 700 wax (d) 900 asALwaAea Wual 2 13

o

iledniangnuinieicemaila N, adsorption-desorption wuitgaumillnlsladadl

A Ada a Y] a a o a' c{' a a o
Nase NUNRT USunsuasuungnguvesiangniuandliunuantiinisned 4.13 lnedqdiud
lanfuduauiugedelidimunssuiunsinlslafaiinuniiegfn 25.33 m?g" wsilliendqdiy

HIUNTEUINNTINLS ladanudnTangngundifiuda wuninunndu lagidoiugaumngilln

9

v | | v
IS v 1%

15lagaguluang 300-700 sarwaidua TanFnIuilANUARINUINTY denndesiupa SEM 71

¥ ' ' [
Y

Iesneauludedu iesmnTangnsuiivuiadnaduasiinisnszaemiATdiiufiianundu

9

¥ '
~ I Y

oA a a a = ) =3 1 a av oy
LLG]L&J@LW@JQZU%Q&JIWI?I&‘U?{QQ 900 DIANYRYYFNNUITNUNKNIVD aﬂgwgwlmma@m

[

Wesniianssiudifiuveseuniadaginuiiuies lnedilulazianinuaingifumied

9
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yungngueglusziuuluunsiuandlunisen 4.13 lngdansniuandilivinegluians

q

wwﬂaxmmu‘lawa%’a (Mesoporous materials)

= & da a @ a a o
197997 4.13 WUNKI ‘Uill’miLLﬁBSU‘H’](ﬂE‘WEHSU’EN’Jﬁﬂg‘v\li‘u‘ﬂ’]ﬂﬁ’)iJUVIN’]UﬂiSU’JUﬂ’]ﬂ‘WIﬂﬁ

q

Faeeulugauminuana1aiufl 300 - 900 asrnwadua 1uan 2 99l

Surface area Pore volume Pore size
Temperature

(m?/g) (cm?/g) (nm)

Humin raw 25.33 0.09 3.97
300 29.88 0.12 3.97

500 31.56 0.11 3.69

700 37.45 0.12 3.69

900 16.25 0.07 3.95

NHANTIATIERTIIAUNUTINSEUIULNLS laTa as9reUT Ul e uandRve g tiulvll

'
a

Hunfanuazamlugngunundu lnsgungilnlsladaiinaselassasiamiuail auin

q

aunA fuiiRsazaudusnguresiangniuaindiiiv lnediogungdlnlsladainy
Tuga3 500-700 esrnwaidea Jangniuildaziiiuiiiowasanudugnguuiniy dauie
v { <

< a v aa O o o | ¢ A o = a v
@HﬂqﬂLaﬂLLa%ﬂJﬂqﬁﬂﬁgﬁﬂSWﬂW@ ﬁ'}ﬂ%\?ﬂiﬂiﬂﬁi"lﬁ%aﬂﬂaﬁﬂﬂ%umﬁnLUuLMa@@%@ﬂ@'ﬁﬁl

4.3.2 dNSNAVBNIANIUNTEUIUNIS WIS badia

1NFUN 4.16 wansrSogaznandnvesianInsuaIngrliuiunseuaumsinlsladan

9

a

QauuQl 700 BeANgadyad AigauluIaTuANA1UN 2, 3 wag 4 Falue wudndeanly

[y

nszuunsinlsladatulugig 3-4 Falus USinamandndangnsuinladiusunauanas uaiinig

1Y

' '
a I I a

anawdisainies esneamgilnlsladangeluldvleiindnsinisiaielassaiaes

Y

a1sdunidlulassaiavesdiiuedralulvdfy lnedievinisinseilasea Sreuasny

]

HanduvesTangsnumewaia FTIR dawandluguil 4.17 wudi Jangnguangiiulsngiia

IndlAesiuiidumus 34600-3300 cm ! dallumny -OH stretching lunilansandanseansue
fia, fiAfl 1120-920 ! Wlumy C-OH stretching -vasdanalguaanasad wag fA9l 720-
550 cm ! 1w deformation waany ~COOH Inefinvesarsduvsdlulasasnwesiannguy

Y A

fenuduinngalaldnalnlsladan 2 9ilue wilaifiunalnlsla@atunuitanuduiia
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a AN ea \a P ) v ' ) = v )
Y99a158unsslANanad wadanulnaAeeiulunisitiatludlg 3-4 9alue TedennaRInUNa

A1earnanAnvaian nIunlinaIft1dy

100

—u—700 C
90
= 856 T
2 8o 818 N,
< .
(]
()]
8
c 70
=
7]
o
60
50 T ¥ T T
2 3 4
Time (hour)

JUN 4.16 FrdeuaznananvasianInguINgliunrunseuIunisinlslagameeuluani

WANASUT 2, 3 Uag 4 FIL9 l aaunigil 700 aepLaLTed

4 hours ~3750-3600 CM"

-C-OH aliphatic

-COOH deformation

720-550cM” . ——

v

- OH groups
PAY
e
=
o | 3 hours V &
[} 1680-1490 CM™
% aromatic ¢=c, c=o0
=
E
7] Vv 1
E 2 hours 1120-920 CM™_—"
[

T T T T T T T i T
4000 3500 3000 2500 2000

wavenumber (cm™)

JUN 4.17 0319 FTIR 2asTansnguandrfiuniniunseuiunsinlslagametouluaii

q

T
1500

T
1000

waneineiud 2, 3 uag 4 9alue o gauminil 700 earwALTYE
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U7l 4.18 7 SEM 98¢ Fansnuamndilluiiiunseuiunsinlslagametouly gaumaiv

9 9
[

300 aeAnaduaduna (@) 2, (b) 3 wag (0) 4 Tlue , TanFNIUINTITUAINIY

9

nszuaunsinlsladadieteulveumgin 500 ssrwalduadunan (d) 2, (@) 3

a

wag (f) 4 Hilus, Jansnguandiduithunssuiunsinlslagametoulvomumal

] 3 ]

#1 700 psrwadeaduian (h) 2, () 3 waz () 4 99l uaz Tannguaindriui

9
Id

H1unszuIuNsinlsladameeulvaamgiin 900 s waeaduat (k) 2, (1)

3 way (m) 4 F7lug
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313U 4.18 LananIn SEM vaedansnguaIndrfiuniunssuiunisinlslada w

gaungiiuaziiansinaiu nudndeldnanlnlslagan 2 4alus suniavesiangniulanyue

9 U q
& kY a

v o N a A )
LUUﬂ’eJ‘lJlIﬂ'ﬁ@uﬂ’]ﬂﬂﬁ%%’]ﬂﬁ]')ﬂumﬂ’]%ﬁm wagilaiinnarlunszuiunsinlsladan 3 dalus

o v

sunAvesTannsuiivwinings ianssudinududousuniaruindnuiege uidadinig
nIgAEinmLne witdiaiiiunailunszuiunisinlsladan 4 49lus nudneuninvesians
wiuandrdudvumanas wiianisudituduskiuiazinznguiuluiousyninvuin

v ieanndsanuituia #agudl 4.18(c), 4.18(0, 4.18() waz 4.18(m) Fauanszu SEM vaq

A A

angngundrluitunszuIunsinlsdadalunan 4 $alus o gaumgdl 300, 500, 700
Ay 900 MNEIRY FUUINBUNIALALNIINTEANEFIVDIBYNIAdINasaAILTugNTULaL

WUNHIYeITanINIUINGITY

M19199 4.14 WuVi USuasuasauagniuvesiangnuandifiuiiiunssuiunisinlsla

FameRoulugaumgii 300-900 ssmwaldea wavlianfuanm1aiui 2-4

Al
Time(h) Temperature(°c) Surface Pore volume Pore size
area (m?%/¢g) (cm?/g) (nm)
300 29.9 0.122 %5,
500 31.6 0.113 3.6
? 700 37.5 0.123 3.6
900 16.3 0.068 3.9
300 29.9 0.123 2.9
500 4a2.7 0.197 3.7
> 700 48.0 0.144 3.6
900 15.8 0.063 3.9
300 30.3 0.129 3.9
500 39.8 0.144 3.7
) 700 45.3 0.148 3.6
900 15.7 0.067 3.9

a a0

1INA15199 4.14 UaAINUNRY UTUIRTuasauInInguresianInguangfiuicu

9

nszuunsinlsladanisioulugaumgiin 300-900 oerwalded WagIa1iuaNA1iu 2-4

1% '
ot Sa
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4.3.3 nMsnagauUsEansamnisgaduindvuasTaggwguangqliu
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100 95.44 ' 9842 97.35
E 80 69.49
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=
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= a0
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Temperature (°C)
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80
c
2
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=}
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}‘n 40
20
0
300 500 700 900
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=
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<
<
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Temperature (°ch°
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4.4 msfnwin1sussenaldansusenaudafinlumanensnssuy

nsndaavdelnunadendrundiunldanfuuiuiufenssuiunisuensensauas
\a (Base-acid treatment) fedoulafivanzandadildnanluluidednedu 1agnian
Uszgndliiduagfuudsdudmivnsugniniuslsdiuesd Tnslnuna@ousaiunaiy
Wity 400, 800 waz 1200 fadnsuredns azgniANastufudmiuUgninlsdiuesinng 7
Fu vdsndudnileny 15 Sundsasnszananig lngvhmaiumegisiudnlsduesiiierh
M5IATIEY AuEMITNLarddy tmaansnuard iy uasthminutenuazdsu i

NANISNAARIRIFa U

4.4.1 BndwavasNUduduvasinuaFsuBUnNnan1Tase AUl vaIt b Iduass

40 37
35 32
= 28
<Y 2.
2 25 5324
E B none
18
- 20 17 7/ 400 mg/L
14
< 15 13 12 W 800 mg/L
ao 10
5 10 8 9 m 1200 mg/L
—
5
0

7 14 21 28
Days

JUN 4.21 Han1seTeianueTnvestiuglsdiuesiiieny 7, 14, 21 war 28 Ju
PAIDINYINNISLAN LN AGUTIUS NORTIAN LWUTU O (none), 400, 800 Lay

1200 aansuso ans

JUN 4.21 uanman1siassnaug1Isnvestalsdiuesivauaulnunageudiiuni
8n31A1UINTY 400, 800 ag 1200 HadnSuse Ans nudsnvesiutnlidiuessiianiy
g137uANFNAY aTeuiieuauevewudIfeny 7 way 14 Tundinsialnuwaidey

FupnuInsnaudlsanlasulnuwnadeuiunAuTNdy 400 waz1200 Jadnsusednsd
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Y o v v ¢ ey M 1 a Y Y A Yo a Y v
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Tsdiuasanlilasuansles lagsinvesdudalasulnunai@onsiiunaanuitudu 800

o

fadnsusiedns IAue135nUINNEn sesasnAefudlasulnunaBeudiun ANty

o

1200 Hadn3umeans way AUt laSUlNWNALTIUBUUAANUTUTY 400 Nadnsumeans

AUAIAU

80
70
60

50
H none

4 400 mg/L

30 800 mg/L

20 W 1200 mg/L

Length of shoot (cm)
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7 14 21 28
Days

JUN 4.22 nan13nTIeRiANegIRuYeIdIiuglstiuesnilony 7, 14, 21 uag 28 Tu
PRINMNISANINLNATBUTIUR NONSIAU LWUTU O (none), 400, 800 Lay

1200 Jaansuso ansg
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a o I 1o
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gINLANFAAY IaRNTUIAUT ST UBSINTDY 28 Junaan1sHUlNLNATgUBUUANUIN
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g .
:’ 3500
8 3000
| .
“6 2500 H none
4
- 2000 1774 400 mg/L
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2 1500 = 800 mg/L
; Al 1200 L
< 1000 25754 2 me/
555

E 500 393 31
L 1091592561?6

0
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anlasulnunaeudnunanudutu 800 Tadnsudedng duivinanvessuuiniign
sesaanfedutlasulnwa@sndunadudy 1200 fadnsunedns wae sudilasu

TNWNATUUTUUAAINUINTU 400 TaANSUABANS MIUAIAU

5000 4633

4431
4500

4000 380G
3500

3000
H none
2500 2153, 400 meL.
2000 1730
155 800 mg/L
1500
910" %13 m 1200 mg/L

1000

417408
347
500 195

Fresh weight of shoot (mg)
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JUN 4.24 nanmisinseiivtinansuvestinuglsdiuesiideny 7, 14, 21 uay 28 Ju
PAIDINYINISLRAU NN AR BUTUUR NORSIANU LUUTU 0 (none), 400, 800 Lag

1200 Jadnsumo ans
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TNWNATEUTUUANONTIALLVUTY 400, 800 wag 1200 Jadnsums AN WUINSINVBIAUTIN?
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350

322
— 295
nn 300 284
€
o 250
4+~
8 226
bt 193
L|6 200 o B none
400 mg/L
£ 150 me/
.on 13 = 800 mg/L
Y 100
E_ 66 68 m 1200 mg/L
bl a8 49
o 9 6 5 3 28 *

7 14 21 28
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JUN 4.25 nan1saseiimdnuiennuestaiuglsdiuesiileny 7, 14, 21 uay 28 u
PRIDNYNISLAL NN ALY IUTUUR N9RTIANY LUUTU O (none), 400, 800 La

1200 $adnsume ans

ell a L3 io’ CY 44 ¥ v L% L4 a v A
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159U TUNNUNLIAWANAAY LHBLUS8UMEULINUNLAIUDI AUVDIAUTI LTSN
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1200

1008
1000

757

o
8
ot
]

m none
400 mg/L

B 800 mg/L

8

W 1200 mg/L

200 134

29

Dry weight of shoot (mg)
g

JUN 4.26 nanmsinTemivtinuiiuvestiuglsdiueinieny 7, 14, 21 uag 28 Tu
PRIDINYNISLAL NN ALY UTUUR N9RSIANY LUUTU 0 (none), 400, 800 La

1200 Jadnsumo ans

a

AINHANISILATIENAINUEIITINBATAINUEIIA 1P UVDIA U ST UDSTINANITLAY

salaa a

TWNARUTUUANUIT AUT1ILSBUDTINTNSLAN NN AT YU IUATAINUY1IVDITINLAS AU

a

1nnautTlidnsRuasansle g Wesanluunadeudiusiduasziladlag @i

A & v 1
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(Natural buffering group) [69] MstAnlnwAGENFIUNTIFIBLTLAUEIITALUNTAAN
| v v v & el 1 Yo 1 & a a & o
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a a P & e a X = 1 vy v & A a =
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Y A o a \ A | 'z ¢ aa Y ~ a
ldiinsiuwasanslag iwesnuyilnduaiivenddniulasiasisvedlnuna@eudiium
Hrgfiugnsnsuaniisulossulufuivhliiudsesaninamnisgatinazemisveaivds
M IANIL NI N TEWATIZL AL AL ORTINTALANAITTIUIA (Biomass accumulation) U84
v v & el a X
futlsduassundedu [71]
LAYANNANITANYIBNTNAVDIAMULTNTUVDILNUNALFUTUNANTLADNITLATYLAULR

sl aA'vLy |
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Pradefivanududuvednunai@oudiunan 800 1u 1200 fiadndudedns nuinda
Isfefiidnnaeiydvlafidesas lnsdnlsdueiisnimnasadulamnigaileri
nsiulnnadeudiunanududy 800 fadndusedns wililewinmsdulnunadeals
psenledlutiinuanududumngiuinlidviaeyiuveandosiuuannluiu (Salt
stress) FavnUSunaanniAuaudesnisvesiivenainliminan s duiiviediv wagyilid
UsyAvEnmnsgeduiuazussguesiivanas (72] dewalifeisnsnisasaudaanasiag 39

P lAAMUEILAZ UM NYDITINBALAUVDIN UTI LSTLUD ST ana9ULD



119
unil 5
#5UNan133e

5.1 @3unan1ivnay
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Abstract

Humic substance (HS) is very important for soil agriculture that affects physical and
chemical properties and improves soil fertility. Humic substances are complex mixtures of
polydispersed materials formed by biochemical and chemical reactions during the decay and
transformation of plant and microbial remains. Humic substances were extracted from
leonardite of lignite Mae Mho Mine in Lampang province by using base-acid treatment and
centrifugation. This research studied the effect of time and temperature in base treatment
process and the effect of soils particle size. The humic substance which contain humin, humic
acid (HAs) and fluvic acid (FAs) were extracted by base-acid treatment. Firstly, soil sample
were stirred in base solution and precipitated by centrifugation. The humin precipitate that the
fraction is not soluble in water at any pH value was dried at 90-C. Then, the soluble(HAs and
FAs) were pH adjusted to 2 by using 3M HCl and stirred in room temperature The humic fraction
precipitate were separated by centrifugation and was dried at 90-C. The soluble was pH
adjusted to 4-5 and settled for 24 hr. The fluvic acid precipitate was dried at 90-C. Humic
substances were studied for element analysis and chemical structure by FT-IR and CHNO. The
yields of humic acid were increased at the increase of soils particle size and base reaction time.

Keywords: Humic substance, Humic acid, Fulvic acid, leonardite, soil extraction

Introduction

Leonardite is a natural oxidation product of lignite with brown and coal-like appearance,
associated with near surface mining [1]. It is a rich source of humic acid (up to 90%) [2]
Leonardite is used to condition soils either by applying it directly to the soil as soil fertilizer, as
a stabilizer for ion-exchange resins in water treatment [3]

Mae moh lignite mine from Lampang province in Northern of Thailand is the largest
open-pit lignite mine in Southeast Asia. It is produce 16 million tons of lignite per year for
requirements of Mae Moh's mine-mouth thermal power plants. The mine causes both direct
and indirect environmental impacts on land use, quality of life, forests and wildlife; it has also
caused pollution in such forms as dust, noise, and water contamination, odors from the
spontaneous combustion of lignite and vibration from blasting [4].

Humic substance (HSs) is very important for soil agriculture that affects physical and
chemical properties and improves soil fertility.[5] HSs are known to significantly affect the
behavior of pollutants in natural environments, such as trace metal speciation and toxicity[6-
7], mineral growth and dissolution and redox behavior in soils, improving nutrient uptake,
especially phosphorous, sulfer and nitrogen, improving water holding capacity for better
drought resistance and reduction in water uasage. Recent studies that it may be dynamically
in volved in carbon and electron flow in anaerobic. [8-9]

Humic substance (HSs) can be divided into three mainfractions by solubility in varios
pH: Humin, Humic acid (HA or HAs) and Fulvic acid (FA or FAs). Humin is an organic matter
that is insoluble in water at all pH. These dark brown solids are inhomogenous and their
structures are often vaguely described. HA and FA solution can extracted form soil and other
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solid phase using a strong base at high pH. Humic acids are insoluble at low pH, that they can
precipitated by adding strong acid or adjust the solution to pH 1. Fulvic acid is the materials
that can soluble at all pH and can precipitate by adjust pH to 4-5.[10] Humic substances can
extracted from leonardite, soil and sediment by base-acid treatment process that using strong
base and strong acid solution for precipitation of Humin, Humic acid and fulvic acid fraction.
[11] Humic substance can be extracted by 2 conventional method that are NAGOYA method
and THSS method. NAGOYA method, in base extraction process must be standed in N>
atmosphere for 48 hours and HA solutions was diluted with 50 times the volume of 3% NaCl
solution and were repeated until the acid supernatant became almost colorless. FA fraction was
passed through the cation exchange resin to be transformed to the H+-form and freeze-dried
to get a powder of FA sample. In IHSS method, soil sample must be acidified to pH 1-2 before
extracted. The extraction process must be standed in N2 atmosphere and used column of
Amberlite XAD-8 and ultrafiltation for separate the FA fraction. [12]

This present work is study extraction of humic substance from leonardite of lignite Mae
Mho Mine from Lampang province in Northern of Thailand by using base-acid treatment and
centrifugation. This research studied the effect of time and temperature in base treatment
process and the effect of soils particle size.The objective of this work is to find the obtimize
condition for extraction humic acid from Thailand’s leonardite soil with easy, safty and low
energy process.

Materials and methods

Materials

Leonardite soil sample was collected from lignite mine at Mae moh, Lamphang
province, Northern Thailand since August 2016. The sample was dried at 80°C for 24 hour to
remove water and moisture contents. After that, the soil piece was milled into powder by mortar
and sieved for selection of particle size to 3 section that are over 180 um, between 125-180
KMm and less than 125 pum, respectively.

Humic substance extraction Method

The Humic substance extraction from leonardite had been carried out following the
method by suggest by D. gracia [10], using base-acid treatment in figure 1. Soil extraction
experimental consists of mixing 40 g of dry leonardite powder with 400 ml of 0.01M KOH
solution during 30 minute, 1, 2 and 3 hour at room temperature, 40°C and 60°C. Then, the
soluble containing HA+FA were separated from insoluble fraction containing humin by
centrifuge at 5000 rpm for 15 minute. The humin fraction was dried at 90°C for 24 hour. The
HA+FA solution were carefully removed and adjust to pH 2.0 by adding concentrate HCI. The
precipitates formed at pH 2.0 that conventionally known as humic acid (HA) were separated
from solution by centrifuge at 5000 rpm for 15 minute and dried at 90°C for 24 hour. The
solution containing FA was adjusted to pH 4.5 by adding concentrate KOH and the fulvic acid
(FA) precipitates was formed. The FA precipitate were separated from solution by centrifuge at
5000 rpm for 15 minute and dried at 90°C for 24 hour.

Characterization

The humic substances were characterizing morphology, element composition and
chemical sructure by Scanning electron microscope (SEM), CHN analyzer and Fourier transform
infrared spectroscope (FT-IR), respectively. In FT-IR spectroscopy, One milligram of dried
humic fraction was mixed, ground with 100 mg of potassium bromide (KBr) and then
mechanically pressed to form a pellet.



I JPACCON

The Journal of Applied Science Vol. 16 Special issue: Y-Z [2017]
NsAFINeAENTUsTE NG doi: 10.14416/j.appsci.2017.01.00X

Dried leonardite soil sample + KOH solution (1:10 w/w)
(Particle size : >180, 125-180, <125 um, Temperature : room temp, 40°C and 60°C
Time : 30 min, 1 h, 2hand 3 h)

Centrifugation at 5000 r.p.m. for 15 minu

Precipitate - Humin Supernatant + 3M HCI
dried at 80°C for 24 hour Adjust pH to 1.0, HA precipitation

ntrifugation at 5000 .
for 15 minute
Precipitate - Humic acid Supernatant + 3M KOH
dried at 800C for 24 hour Adjust pH to pH 4-5, FA precipitation

ftrifugation at 5000 r.p]
for 15 minute
Precipitate - Fulvic acid ‘ Supernatant = discard ‘
dried at 80°C for 24 hour

Results and discussion

Scanning electron microscopy (SEM) was conducted to study the morphology of humic
substance. The SEM images in figure 2 indicated to the 3 fraction of humic substances with
different microstructures morphology. In figure 2 (I) is show the morphology of humin which
is non conductive bulk material with few porous structure. Furthemore, in figure 2 (II) and (III)
are show the microstructure morphology of fulvic acid and humic acid, respectively. The HA
and FA fraction morphology are composed of particles with various shapes and sizes
distribution however, HA was homogeneously than FA due to the agglomeration of
small particle .

Figure 2. SEM image of (I) Humin, (II) Fulvic acid and (III) humic acid that extracted from
leonardite soil with 0.01M KOH and particle size at 180 pm for 3h at room temperature

The solid yield result of humin and humic acid are displayed on figure 3. In figure 3(I)
is show several of particle size conditions. The result indicate that the solid yield of humic acid
increase with increasing of the particle size. This is because of the hard mashing property of
lignite composition in raw material can make lignite and leonardite in large particle however
soil particle is normally in small particle. Leonardite is composed in large size ( >180 pm) higher
than small particle leading to higher extraction of humic acid. However, in figure 3(II) show
decreasing of humic acid solid yield with increasing of the reaction temperature and highest at
room temperature reaction condition. Humic acid extracted with higher temperature (40-110
oC) result in cyclic and structure change that affect to soluble and chemical properties [13] In
different of reaction time in base extraction as shown in figure 3(III), the humic acid yield is
increase with increasing reaction time.



The Journal of Applied Science Vol. 16 Special issue: Y-Z [2017]
NsAFINeAENTUsTE NG doi: 10.14416/j.appsci.2017.01.00X

304

— T 55 pumin
I humic 7 I humic
5 4

yield (g)

3.061 2456 2.339
1.4533 1.248 1.2157
0 | 0 !
180 125-180 <125 Toom temp 40 60
Particle size (m) Temperature
25 —_Ihumin
1 I humic
30 [
254
20
z
©
5 15
104
5 |
1.698 1.929 1.989 2.555
I v
2 hr 1hr 2h 3h

Figure 3. Yield of humin and humic acid derived from leonardite with different conditions: (I)
varying the soil particle size with 0.01M KOH for 3h at room temperature, (II) varying base
treatment temperature with 0.01M KOH and particle size at 180 um for 3h and (III) varying
reaction time in base treatment concentration with 0.01M KOH at room temperature and
particle size at 180 pm

=7 1 (c} temp 60C (d) time 3 hr
4 g I "
iy, e \ /1\ | ==\ §

M SV

(a} particle 5ize » 180 m

.- \/ f‘\w {c) time 2 hr
% i 8| (bytempsoc V.- 3 "”\\u BT ,\\/\” Ny
k] g5 v
= L\\,\_,,/’/ \\_\/n - i g //\ \ %
I (b} particle size 125- 180 im \\\JJ b " 5 iy . =g ! £ |(b)time 1 hr
Vi | g A 2
E : S ¥ g e |8 \ e A

|
R -

s i N N
— - b2 B N

(<) paricle wize < 126 ym k/\w TR NV

T T T T
4000 000 2000 1000

T T T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500

|
wavenumber (em) Wavenumber (cm ) Wavenuml ber fom”)

Figure 4. FTIR spectra of humic acid derived from leonardite with different conditions: (I)
varying the soil particle size with 0.01M KOH for 3h at room temperature, (II) varying base
treatment temperature with 0.01M KOH and particle size at 180 um for 3h and (III) varying
reaction time in base treatment concentration with 0.01M KOH at room temperature and
particle size at 180 pm.

The FTIR spectra of humic acid in different conditions recorded in the 4000-400 cm~!
range are presented in Figure 4. The HA spectra bands were similar in various condition. In
addition, the spectra bands around 3400-3300 cm~! (O—H and N-H stretch), 1580 cm™!
(aromatic C=C, C=0, COO-), 1380 cm~! (O-H deformation, CHz bending, C-O stretching of
phenolic OH and COO- anti-symmetric stretching), 1110 cm~! (C-OH stretch of aliphatic
alcohol) and 618 cm~! (deformation of —COOH). These results accord with those reported by
Kang et al [14]. The results indicate humic acid that was extracted from Thailand’s leonardite
is purity product with similar spectra with commercial HA [15].
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Figure 5. CHN element result of humic acid derived from leonardite with different conditions:
(I) varying the soil particle size with 0.01M KOH for 3h at room temperature, (II) varying base
treatment temperature with 0.01M KOH and particle size at 180 um for 3h and (III) varying
reaction time in base treatment concentration with 0.01M KOH at room temperature and
particle size at 180 um

CHN element result of HAs extracted is according with solid yield and FTIR results. HAs
extracted from leonardite was increased of particle size showed increasing percentages of C.
However, in various reaction temperatures showed increasing percentages of C when
decreasing temperatures. Although the solid yield was increasing trend in different time, the
percentage of C is increase with increasing reaction time. Also, If increase the reaction time,
solid yield and percentage of C will increase but not significant and reach a stable state.

Conclusion

The 3 fraction of humic substances are humin, humic acid and fulvic acid which can be
extracted from Thailand’s leonardite soil by base-acid treatment and centrifugation. Humin is
major product from the extraction process. The leonardite sample composition has high soil
content. The yields of humic acid were increased at the higher particle size but decreased at
higher base reaction temperature. Accrording with elemental analysis; the percentage of
carbon was increased when increased the particle size and the reaction time. However, in
different of base reaction temperature, the humic acid yield result was increased with decreased
reaction temperature. The optimize condition indicate the highest yield and purity of humic acid
which is extraction with 0.01M for 3 hour at room temperature and meshed particle size to 180
pm. The method in this work can be extracted purity HSs fraction from Thailand’s leonardite
soil with using general scientific equipment and less chemical, less time and normal
atmosphere. It is lead to easy, safety and low energy process compare with other method.
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Abstract

Humic substance (HS) had consists of 3 fractions humin (HU), humic acid (HA)
and fulvic acid (FA) that can separate by different pH. In this research, HS was
extracted from leonardite of lignite Mae Mho Mine in Lampang province by using base-
acid treatment. Firstly, HS sample was stirred in base solution and precipitated by
centrifugation. Humin precipitate that the fraction is not soluble in water at any pH
value was dried at 90°C. Then, the soluble (HAs and FAs) were pH adjusted to 2. Humic
fraction precipitate was separated by centrifugation and was dried at 90°C. The soluble
was pH adjusted to 4-5 and settled for 24 hr. Fluvic acid precipitate was dried at 90-C.
Humin is major product that over 80% yield of product. Solid yield of HA increase with
increasing of particle size and time but decrease with increasing of temperature. The
morphology of humin is non-conductive bulk material with few porous structures. It
can be used as adsorbent for heavy metal or dye adsorption. This research was studied
effect of carbonization temperature on humin. The result indicate that particle size
and carbon content of carbonized humin were increase with increasing of temperature.

1. Introduction

Mae moh lignite mine from Lampang, Thailand is the largest open-pit lignite
mine in Southeast Asia. The major product of mine is lignite that use as source of
energy for electricity, cement and steam engine industrial [1]. Leonardite is a
byproduct of lignite mine. It is natural oxidation product of lignite with brown and
coal-like appearance, associated with near surface mining [2]. It is a rich source of
humic substance. [3] Humic substance (HSs) can be divided into three main fractions
by solubility in various pH: Humin (HU), Humic acid (HA) and Fulvic acid (FA). Humin
1s an organic matter that is insoluble in water at all pH. These dark brown solids are
in homogenous and their structures are often vaguely described. HA and FA solution
can extracted form soil and other solid phase using a strong base at high pH. Humic
acids are insoluble at low pH, that they can precipitated by adding strong acid or adjust
the solution to pH 1. Fulvic acid is the materials that can soluble at all pH and can
precipitate by adjust pH to 4-5. [4] Humic substances can extracted from leonardite,
soil by base-acid treatment process that using strong base and strong acid solution [5].
Humic substance (HSs) is very important for soil agriculture that affects physical and
chemical properties and improves soil fertility. [6] Humic acid can be used in various
application such as trace metal speciation and toxicity, mineral growth and dissolution
and redox behavior in soils, improving nutrient uptake. [7] However, in previous work
of the author, Humin is major product and 80% of extraction. Meanwhile, humic acid
is only 10% of product. [8] In the reseach, humin is bulk material with few porous
strcture. It can be improve the properties and used as adsorbent for heavy metal or
dye adsorption. [9] This present work is study extraction of humic substance from
leonardite of lignite Mae moh Mine. This research was shown the optimize condition
for extract HS and studied the effect of temperature in carbonization process of HU.
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2. Experimental

Leonardite sample was collected from Mae moh lignite mine at Lamphang
province, Northern. Leonardite was dried at 80°C for 24 hour and was milled into
powder with mortar. Sample powder was sieved particle size into 3 section that are
over 180 pm, between 125-180 pm and less than 125 pm, respectively.

The Humic substance extraction from leonardite had been carried out following
the method by previous research of the author. [9] The method consists of mixing 40 g
of sampler with 400 ml of 0.1 M KOH solution during condition time and temperature.
Then, the soluble were separated from insoluble fraction by centrifugation. Humin
fraction was dried at 90°C for 24 hour. The HA+FA solution were carefully removed
and adjust to pH 2.0 by adding concentrate HCI. The precipitates formed at pH 2.0
that conventionally known as humic acid (HA) were separated from solution by
centrifuge and. The solution containing FA was adjusted to pH 4.5 by adding
concentrate KOH and the fulvic acid (FA) precipitates was formed. The FA precipitate
was separated from solution by centrifuge.

Dried humin fraction was milled into powder and carbonization at 300, 500,
700 and 900 °C for 2 hour in horizontal furnace under nitrogen (N2) atmosphere. The
carbon adsorbent from humin was characterize Scanning electron microscope (SEM)
with Energy dispersive x-rays spectroscopy (EDX) Fourier transform infrared
spectroscope (FT-IR)

3. Results and Discussion

Solid yield of HU and HA (Fig 1.) indicate that HU is over 80% of the product
with gray coloum. Solid yield of HA increase with increasing of particle size and time.
In contrast, it was decreased with increasing of temperature because of with higher
temperature result in cyclic and structure change that affect to soluble and chemical
properties.

humin

I humic

2339

humin 35 - | humin | |
B humic I humic |
30 104
25 25
20 o 20
15 4 15
10 10
L 1.698 1.929 1.989 2565 | | 3.061 2.456
1.4533 1.248 1.2157 :
mik | ; - e . 2 |
>180 125-180 <125 12 hr 1 hr 2hr 3hr room temp 40
Particle size (um) Time Temperature

Fig.1 Yield of HU and HA with varying (I) particle size (IT) temperature and (ITI) time

The SEM image in Fig. 2 indicated to the 3 fraction of humic substances with
different microstructures morphology. The HA and FA fraction morphology are
composed of particles with various shapes and sizes distribution however, HA was
homogeneously than FA due to the agglomeration of small particle. In fig.2(I) is show
morphology of humin which is non-conductive bulk material with few porous
structures.
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Fig.2 SEM 1mage of (I) HU (II) FA and (III)HA extracted from leonardite soil with
0.01M KOH and particle size at 180 pm for 3h at room temperature

Morphology and particle size distribution of carbonized humin displayed in Fig.
3. The result indicates that the particle size of humin was decreased when increasing
carbonization temperature. In addition, on higher temperature observe well-disperse
and non-agglomerate humin particle. Because of decomposed of organic matter in
humin structure on higher temperature accord with FT-IR result.

Fig.3 SEM image of Humin was carbonized at (I) 300, (IT) 500, (ITT) 700 and (IV) 900
°C for 2 hour in N2 atmosphere

% Transmission

| ——o900]
—700
— 500
_——300

40‘00 ' 35‘00 ' 30100 ' 25‘00 I 20‘00 15b0 1000 500
wavenamber (cm’')
Fig.4 FT-IR spectra of carbonized humin with varios temperatures.
The FT-IR spectra of different carbonized humin are show in Fig.4. The spectra
bands were similar in various conditions. In addition, the spectra band around 1005
cm'! (C—OH stretch of aliphatic alcohol), 910 cm'! (=C-H stretching) and 400-1000 cm®
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1 (aromatic band). The spectra around 400-1000 cm! and around 3500 cm-1 (O-H
stretching).had board peak in higher temperature due to decomposed of organic matter
and moisture, respectively.

Table 1 The composition of humin with different carbonization temperature.

Temperature Element (%)
(O] C o) Al Si K metal
Raw 8.83 54.3 11.15 20.20 2.77 2.75
300 9.15 49.15 12.19 22.58 3.34 3.59
500 10.18 42.39 12.39 23.40 6.74 4.90
700 17.50 50.07 10.27 17.21 2.47 2.48
900 20.28 44.56 10.11 18.78 2.22 4.05

The chemical compositions of humin with carbonization temperature were
shown in Table.1. Because of humin is soil composition of leonardite so there structures
have aluminosilicate group and few metals. The results in Table 1 indicate that
percentage of carbon was increase when carbonization temperature was increase.

4. Conclusion

The fraction of Humic substance can be extracted from Thailand’s leonardite
soil by base-acid treatment and centrifugation. Humin is major product from the
extraction process. Humin has few porous structures. Carbonization temperature has
an effect on particle size and carbon content of humin. These results predict the
porosity and adsorbent properties.
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Abstract:

The major product of lignite mine in Lampang province, Thailand is lignite that use as source
of energy for electricity and steam engine industry. Leonardite is a byproduct of lignite mine. It is
natural oxidation product of lignite that associated with near surface mining. It was founded as a rich
source of humic substance (HS). Humic substance consists of 3 fractions of humin (HU), humic acid
(HA) and fulvic acid (FA) that can separate by different pH of base-acid treatment process. This
research studied the effect of base concentration in base treatment process and effect of time during
base-acid treatment process. The method consists of mixing of leonardite with base solution and
stirring during condition time and base concentration. Then, the soluble was separated from insoluble
fraction (humin) by centrifugation. The solution was adjusted to pH 2.0 by adding concentrate HCI.
The precipitates formed at lower pH that conventionally known as humic acid (HA) was separated
from solution by centrifuge. Humic substance was studied for morphology, chemical structure and
element by SEM, FT-IR, UV-Vis and CHNO, respectively. Base concentration and reaction time have
effect to solid yield and chemical structure. Solid yield and percentage of carbon of HA increase with
increasing time and base concentration. Conversely, the oxidize molecule has decrease. This research
provides relative of base treatment condition on humic substance extraction.

1. Introduction varios pH: Humin, Humic acid (HA) and Fulvic acid
(FA). Humin is an organic matter that is insoluble
in water at all pH. Their structures are often
vaguely described. Humic acid and Fulvic acid
solution can extracted form soil and other solid
phase using a strong base at high pH. Humic acids
are insoluble at low pH, that they can
precipitated by adding strong acid or adjust the
solution to pH 1. Fulvic acid is the materials that
can soluble at all pH and can precipitate by adjust
pH to 4-5. * Humic substance (HSs) is very
important for soil agriculture that affects physical

Thailand is a significant producer of
lignite, which is used almost exclusively for power
generation or used as source of energy of cement
and steam engine industrial. Total national lignite
production is around 21 million tons per years.!
Leonardite is a byproduct of lignite mine. It is
natural oxidation product of lignite with brown
and coal-like appearance, associated with near
surface mining?. It is a rich source of humic
substance.®* Humic substance (HSs) can be
divided into three mainfractions by solubility in

© The 2018 Pure and Applied Chemistry International Conference (PACCON 2018)



and chemical properties and improves soil
fertility.> Humic acid is the principle component
of humic substance extraction cuase it can used
in various application. Humic acid are known to
significantly affect the behavior of pollutants in
natural environments, such as trace metal
speciation and toxicity®, used as a natural
feedstuff, it has positive effects on the health of
various animal species. Humic acids are thought
to be complex aromatic macromolecules with
amino acids, amino sugars, peptides, aliphatic
compounds involved in linkages between the
aromatic groups. The hypothetical structure for
humic acid, shown in figure 1, contains free and
bound phenolic OH groups, quinone structures,
nitrogen and oxygen as bridge units and COOH
groups variously placed on aromatic rings.’

Aliphatic
dicarboxylic
Hydroxyacid acid
H QoM
_~COzH —CH
_~CH .
HO,C :@: CH, Co;H
Phenal group
CH
HO,C 3 OH
Aromatic
dicarboxylic

acid

CH,—CH,— CO;H
0.H Aliphatic

Aromatic acid

acid

Figure 1. Hypothetical molecular structure of
humic acid, showing important functional groups
(Duan & Gregor, 2003)

The research is study extraction of humic
substance from leonardite of lignite Mae Mho
Mine from Thailand by using base-acid treatment
and centrifugation. This work studied the effect
of time and and base concentrationin base
treatment process and the effect of base type.
The objective of this work is to find the obtimize
condition for extraction humic acid from
Thailand’s leonardite soil with easy, safety and

low energy process.

2. Materials and Methods
2.1 Materials

Leonardite soil sample was collected from
lignite mine at Mae moh, Lamphang province,
Northern Thailand since August 2016. The sample
was dried at 802C for 24 hours to remove water
and moisture contents. After that, the soil piece
was milled into powder by mortar and sieved for
selection of particle size between 180 to 500 um.

2.2 Method of extraction

The Humic substance extraction from
leonardite had been carried out following the
method by suggest by D. gracia®, using base-acid
treatment. Soil extraction experimental consists
of mixing 40 g of dry leonardite powder with 400
ml of KOH solutions of concentrations of 0.05,
0.1, 0.25 or 0.5 M solution during 0.5 1, 2,3, 6, 12
and 24 hours at room temperature. Then, the
soluble containing HA+FA were separated from
insoluble fraction containing humin by centrifuge
at 5000 rpm for 15 minutes. The humin fraction
was dried at 90°C for 24 hours. The HA+FA
solution were carefully removed and adjust to pH
2.0 by adding concentrate HCI. The precipitates
formed at pH 2.0 that conventionally known as
humic acid (HA) were separated from solution by
centrifuge at 5000 rpm for 15 minutes and dried
at 90°C for 24 hours.

2.3 Spectroscopic measurement

The humic substances were characterizing
morphology, element composition and chemical
sructure by Scanning electron microscope (SEM),
CHN analyzer, Fourier transform infrared
spectroscope (FT-IR) and UV-Vis spectroscope
(UV-Vis) respectively. In FT-IR spectroscopy, one
milligram of dried humic fraction was mixed,
ground with 100 mg of potassium bromide (KBr)
and then mechanically pressed to form a pellet.
For UV-Vis spectroscopy, Humic acid were
dissovled with 0.05 NaHCOs3 (4 mg/10 mL). A 0.05

M NaHCOs solution was used as the blank and
humic acid was detected at a wavelength of 280
nm and 360 nm for E2/E3 and 465 nm and 665
nm for E4/E6 ratio.

© The 2018 Pure and Applied Chemistry International Conference (PACCON 2018)



3. Results & Discussion
3.1 Yield of humic substance

The solid yield of humic acid was displayed
on figure 2. In figure 2(a), humic acid with
different of base concentration were showed.
The result indicates that solid yield of humic acid
was increased with increasing base concentration
to 0.1M but solid yield of humic acids was
decreased with increasing base concentration to
0.5M. Because of with high concentration, the
potassium species in base solution was formed
into metal halide salt (KCl).% In different reaction
time on base extraction as shown in figure 2(b),
the humic acid vyield was increased with
increasing reaction time. However, the solid yield
of humic acid not significant change and reach a
stable state with increase reaction time from 3 to
24 hours.

Humic acid

Solid yield of humic acid (%)

025 M 05M

Base concentration
. b 7727] Humic acid
i 8 7.42
6.96 7.01 T
5 ' 639 770 777 é////
2 %% /// ///// ///7
S 6 o N N
g Ny &y
Es e § o N
= 90
5 T 5 v N ¥
5 ¢ 1 o
3 L
2 1 1 1 @ 1
o 1 N v N
2 N
S > 1 1 N
@ - N N
1 & @ 1 @
ﬂ 1y
. 1P 1 10 1 1
2h 3h 6h 12h 24

Time

Figure 2. Solid yeld of humic acid extracted from
leonardite with various (a) base concentrations
and (b) times

3.2 Morphology and structural of humic

substance

SEM images in figure 2 indicated the three
fractions of humic substances with different
microstructures morphology.

In figure 3. (a), the morphology of humin is shown
which is nonconductive bulk material with few
porous structure. Furthermore, in figure 3. (b)
and (c) are showing the microstructure
morphology of humic acid and fulvic acid,
respectively. The HA and FA fraction morphology
are composed of particles with various shapes
and sizes distribution.

© The 2018 Pure and Applied Chemistry International Conference (PACCON 2018)



Figure 3. SEM image of (a) Humin, (b) Humic acid
and (c) Fulvic acid that extracted from leonardite

soil with 0.01M KOH and particle size at 180 um
for 3h at room temperature.

3.3 Element analysis of humic acids

Element compositions study of humic
substances has been review by steelink (1985).°

Because  humic  substances are  non-
stoichiometric materials they must be
characterized in terms of their average

properties. Element compositions (C, H, N, O plus
S, atomic H/C, O/C and N/C ration) of humic acid
was shown in table 1.

Table 1. Element composition and absorbance ratio of humic acid extracted with various time and

base concentration

Time (hours)

Base concentration (Molar)

Parameters
0.5 1 2 3 6 12 24 0.05 0.1 0.25 0.5
C/% 24.19 26.73 27.07 31.78 26.42 25.93 21.67 10.28 31.78 26.06 25.35
H/% 2.15 2.30 2.39 2.99 2.74 2.73 2.49 1.83 2.99 2.22 2.08
N/% 1.20 1.28 131 1.35 1.05 1.15 0.98 0.56 1.35 1.17 1.12
OplusS/%® 7246 69.68 69.23 63.88 69.79 70.19 74.85 87.33 63.88 7055 71.46
H/C® 1.07 1.03 1.06 1.13 1.24 1.26 1.38 2.13 1.13 1.02 0.99
N/C®b 0.04 0.04 0.04 0.04 0.03 0.04 0.04 0.05 0.04 0.04 0.04
o/c® 2.25 1.96 1.92 1.51 1.98 2.03 2.59 6.37 1.51 2.03 2.11
E2/E3 1.96 1.90 1.86 1.84 1.97 2.01 2.05 1.89 1.84 1.97 2.06
E4/E6 5.18 5.07 4.9 4.63 4.88 6.88 7.33 4.73 4.63 5.04 5.27
2 by different
b atomic ratio x 100
Humic acid extracted from leonardite with hours. Percentage of C is highest at 3 hours

increasing base concentration from 0.05M to
0.1M showed increased percentages of C.
However, percentage of C at higher
concentration was decreased that according with
solid yield result. In different reaction time,
average percentage of C was increased with
increasing reaction time up to 3 hours but
decreased with increasing time from 3 to 24

reaction time due to the reactionis reach a stable
state at higher reaction time. The percentage of
H and N was not significant change in different
condition.

The H/C ratio has also been used to
indicate the degree of aromaticity or
unsaturation (a small value) or aliphaticity (a

© The 2018 Pure and Applied Chemistry International Conference (PACCON 2018)



large value) of materials. 1° H/C ratio is a function
of hydrogen and carbon present in the functional
group; primary carboxyl and carbonyl groups.
The O/C ratio appears to be qualitatively
parameter for comparing the oxygen content of
humic substance. As displays in table 1., the H/C
ratio showed similar ratio with increasing
reaction time up to 3 hours. However, H/C ratio
was increased at higher reaction time. The
oxygen content from O/C ratio was lowest at
reaction time at 3 hours.
concentration,

In various base
the H/C was increased with
increasing concentration up to 0.1M but
decreased with higher concentration (0.1M to
0.5M). The oxygen content from O/C ratio was
lowest at 0.01M.

3.4 Structural and spectroscopic characteristics
of the humic substances

UV-Vis spectroscopy

The value of E2/E3 and E4/E6 ratios is
known to be inversely related to molecular
weight and aromaticity, but proportional to O, C,
and COOH content and total acidity. 12 A low ratio
(<5) indicates a high degree of condensation of
aromatic humic components, high molecular
weight and low acidity. High ratio (>5) indicates a
greater presence of aliphatic compounds, low
molecular weight and high acidity. ** The E2/E3
and E4/E6 values of humic acid extracted from
leonardite was shown in table 1. From
absorbance ratio result indicate that the E2/E3
and E4/E6 values of humic acid extracted with
different reaction time lower than 6 hours was
not significant change but lowest at 3 hours. At
higher reaction time, absorbance ratio was
increased. In different base concentration, the
E2/E3 and E4/E6 values of humic acid was
decreased with increasing concentration up to
0.1M. However, the absorbance ratio was
increased in higher base concentration and
lowest 0.1M. This means that the aromaticity,
molecular weight and acidity of humic acid
extracted with higher reaction time and higher

base concentration was relatively lower than
lower reaction time and lower base
concentration, which accords with H/C and O/C
results and report from Kang et al. 4
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Figure 4. FT-IR spectra of humic acid derived
from leonardite with varios (a) base
concentration and (b) reaction time.

IR spectra spectrometry

The FTIR spectra of humic acid in
different conditions recorded in the 4000-400
cm™ range are presented in Figure 4. The HA
spectra bands were similar in various condition.
In addition, the spectra bands around 3400-
3300 cm-1 (O-H and N-H stretch), 1680-1490
cm™ (aromatic C=C, C=0, CO0O-), 1120-920 cm™
(C—OH stretch of aliphatic alcohol) and 720-550
cm™? (deformation of ~COOH). These results
accord with those reported by Naidja A. et al ©°.
The results indicate humic acid that was

© The 2018 Pure and Applied Chemistry International Conference (PACCON 2018)



extracted from Thailand’s leonardite is purity
product with similar spectra with commercial
HA 13, Table 2. showed the peak area of OH
group, C=C group, C-OH group and COOH group
from FTIR spectra of humic acid product. With
increasing reaction time, -COOH deformation
and C-OH aliphatic was slightly increased but
C=0, C=C and H-bond was similar. For different
base concentration, -COOH deformation and C-
OH aliphatic was slightly decreased with
increasing base concentration. However, C=0,
C=C and H bond was increased but decreased at
higher 0.5M that according with Element
composition and absorbance ratio result.
Acidity of humic acid can be predict by using the
peak area of FTIR spectra (-COOH and C-OH
group). The acidity of humic acid was decreased
with increased base concentration. However,
acidity of humic acid was higher at higher
reaction time (more than 3 hours).

4. Conclusion

Humic substance can be extracted from
Thailand’s leonardite soil by base-acid treatment
and centrifugation. Humic acid was major
product of extraction. Solid yield result indicated
that yield of humic acid was increased with
increasing reaction. But, yield of humic acid was
reach to stable state at higher reaction. In
different base concentration, solid yield of humic
acid was highest at 0.1M and was decreased at
higher concentration. The H/C, O/C, E2/E3, E4/E6
and peak area of functional group can be used to
indicate three degrees of aromaticity, oxygen
content and molecular weight of humic acid.
Acidity of humic acid can be predict by using the
peak area of acidic functional group. From solid
yield, percentage of C, atomic H/C and O/C ratio,
absorbance ratio and peak area of functional
group result can be report that humic acid
extracted at reaction time 3 hours and used base
concentration at 0.1M was the optimum
condition for extract purity humic acid from
Thailand’s leonardite.

Table 2. The peak area of functional group of humic acid acid extracted with various time and base

concentration

Time (hours)

Base concentration (Molar)

Parameters
0.5 1 2 3 6 12 24 0.05 0.1 0.25 0.5
-COOH deform 0.32 033 032 038 043 044 046 0.38 0.38 0.22 0.22
-C-OH aliphatic 3.21 3.6 34 334 479 411 464 2.82 3.34  2.89 2.3
C=C, C=0 aromatic 0.6 0.62 053 0.68 0.7 0.65 0.56 0.37 0.68 056 0.36
H bond in O-H 026 022 028 028 021 025 0.23 0.15 0.28 0.22 0.05

© The 2018 Pure and Applied Chemistry International Conference (PACCON 2018)
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Abstract

Leonardite general know as natural sources of humic substance. Humic substances are
the components of humus which are high molecular weight compounds. Humic substances can
be subdivided into three major fractions humin, humic acids and fulvic acids. These sub
divisions are extract by using solution adjusted to different acid alkaline (pH levels). Humic
acid is the principle component of humic substance extraction cuase it can used in various
application. Humic acids are thought to be complex aromatic macromolecules with amino
acids, amino sugars, peptides, aliphatic compounds involved in linkages between the aromatic
groups. The research is study seperation of humic substance from leonardite of lignite Mine
from Thailand by using base-acid treatment. Humic substance extracted from leonardite
characterize by SEM, EDX and FTIR. Humic acid that extracted from leonardite with optimum
condition was shown spectra band of O—H and N-H stretch, aromatic C=C, C=0, COO- and
—COOH. The amino group and carboxylic group attached to natural buffering group for the ion
exchanged in soil agriculture. From SEM/EDX, elemental composition of humic acis consist
of C, O, N, Al, Si and KCI. Humic substances was used to condition soils either by applying it
directly to the soil as soil fertilizer. This research on the impact of short-term humic acid
application on rice berry growth. The results show that addition of HAs and leonardite was
beneficial to leaf and root growth of rice berry compared with the control.

Keywords: Leonardite, Humic substance, Soil fertilizer, Rice growth, Potassium humate

1. Introduction

Humic substances (HSs) are the components of humus which are high molecular weight
compounds that together form the brown to black hydrophilic, molecularly flexible,
polyelectrolytes called humus [1]. Humic substance are organic compounds that occur
everywhere in soils, sediments, water, and landfills [2]. Abundant natural resources of humic
substances in Thailand are Leonardite that available in lignite mine from Lampang province in
Northern of Thailand [3]. Leonardite is a byproduct of lignite mine. It is natural oxidation
product of lignite with brown and coal-like appearance, associated with near surface mining
[4]. Humic substance from leonardite can can be divided into three mainfractions by solubility
in varios pH: Humin, Humic acid (HA) and Fulvic acid (FA) [5]. Humic substances can
extracted from leonardite, soil and sediment by base-acid treatment process that using strong
base and strong acid solution for precipitation of Humin, Humic acid and fulvic acid fraction
[6]. Humin is an organic matter that is insoluble in water at all pH. These dark brown solids
are inhomogenous and their structures are often vaguely described. HA and FA solution can be
extracted form soil and other solid phase using a strong base at high pH. Humic acids are
insoluble at low pH, that they can precipitated by adding strong acid or adjust the solution to
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pH 1. Fulvic acid is the materials that can soluble at all pH and can precipitate by adjust pH to
4-5[7].

Humic substance is very important for soil agriculture that affects physical and
chemical properties and improves soil fertility [8]. Humic acid is the principle component of
humic substance extraction cuase it can used in various application. Humic acid are known to
significantly affect the behavior of pollutants in natural environments, such as trace metal
speciation and toxicity [9], used as a natural feedstuff, it has positive effects on the health of
various animal species. Humic acids are thought to be complex aromatic macromolecules with
amino acids, amino sugars, peptides, aliphatic compounds involved in linkages between the
aromatic groups. The hypothetical structure for humic acid, shown in fig. 1, contains free and
bound phenolic OH groups, quinone structures, nitrogen and oxygen as bridge units and COOH
groups variously placed on aromatic rings [10].

Applications of HA also showed improved plant growth, seed germination, and fruit
quality [11]. Humic substances can serve as nitrogen, phosphorus, and sulfur reservoirs;
improve soil structure, aeration, and drainage; and increase buffering and exchange capacities
by natural buffering group (-COOH) [12]. This research is study extraction of humin and humic
acid in leonardite from of lignite Mae Mho Mine from Lampang province in Northern of
Thailand by using base-acid treatment and centrifugation. The optimum condition was used in
extraction process. The objective of this work is separate humin and humic acid from leonardite
with optimum condition and improve their agricultural application by study effect of humic
acid on plant growth. Furthermore, humic acid is use as soil fertilizer for rice berry growth

2. Experimental
2.1 Materials

Leonardite soil sample was collected from lignite mine at Mae moh, Lamphang
province, Northern Thailand since August 2016. The sample was dried at 80°C for 24 hours to
remove water and moisture contents. After that, the soil piece was milled into powder by mortar
and sieved for selection of particle size between 180 to 500 pm.

2.2 Method of humic acid extraction

The Humic substance extraction from leonardite had been carried out following the
method by suggest by D. gracia [6], using base-acid treatment. Soil extraction experimental
consists of mixing 40 g of dry leonardite powder with 400 ml of 0.1 M KOH during 3 hours at
room temperature [12]. Then, the soluble containing HA+FA were separated from insoluble
fraction containing humin by centrifuge at 5000 rpm for 15 minutes. The humin fraction was
dried at 90°C for 24 hours. The HA+FA solution were carefully removed and adjust to pH 2.0
by adding concentrate HCI. The precipitates formed at pH 2.0 that conventionally known as
humic acid (HA) were separated from solution by centrifuge at 5000 rpm for 15 minutes and
dried at 90°C for 24 hours.

2.3 Humic acid characterization

Humic substances were characterizing morphology, element composition and chemical
structure by Scanning electron microscope (SEM), Energy Dispersive X-Ray Spectrometer
(EDX), Fourier transform infrared spectroscope (FT-IR). In FT-IR spectroscopy, one
milligram of dried humic fraction was mixed, ground with 100 mg of potassium bromide (KBr)
and then mechanically pressed to form a pellet.

2.4 Plant growth
Riceberry seeds were soaked in water for 2 days and placed inside a Petri dish on a
moist paper towel for seedling of Riceberry. The Riceberry seeds with 1-cm. root was place in
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nursery tray for seedlings. After 7 days, rice seedlings were moved to plant pots five seedlings
per pots. Humic acid 1000 mgL™! was treated to Riceberry every 7 days after 30 days. Every
14 days, the lengths of root and shoot and the weights of root and shoot were measured.

3. Results and discussion

3.1 Extraction of humic acid
Element analysis of humic acids

The chemical compositions of leonardite and extracted humic substances were shown
in Table.l. Due to humic substances are non-stoichiometric materials they must be
characterized in terms of their average properties [14]. On the other hand, humin is soil
composition that separated from leonardite so their structures have higher aluminosilicate
group, oxygen content and few metals than humic acid. Conversely, humic acid has higher
carbon content than humin due to their structure is complex aromatic macromolecules with
organic carbon content [10]. Moreover, the composition of humic acid consist of potassium
(K) and Chloride (Cl) because the potassium species in base solution was formed into metal
halide salt (KCl) and was supported on humic acid surface [6]. Humic acid with potassium
halide salt in solid state general called potassium humate [15].

Morphology and structural of humic substance

SEM images in fig. 2 reported the fractions of humic substances extracted from
leonardite with different microstructures morphology. In fig. 2. (a), the morphology of humin
is shown which is nonconductive bulk material with few porous structure. Furthermore, in fig.
2. (b) show the microstructure morphology of humic acid. The HA fraction morphology are
composed of particles with various shapes and sizes distribution. SEM image of humic acid
with potassium halide salt of potassium humate was showed in fig.3. The result indicates that
humic acid from leonardite that extracted with potassium hydroxide observe well-disperse and
non-agglomerate of metal halide salt. The potassium salt particle was supported on humic
surface and form humic acid into solid state [15].

Structural and spectroscopic characteristics of the humic substances

IR spectra spectrometry was used to characterize structural of humic substances. The
FT-IR spectra of leonardite and extracted humic substances are show in Fig.4. The spectra were
recorded in the 4000400 cm ' range. The IR spectra bands were similar in various
composition of humic substances. In addition, the spectra bands around 3400-3300 cm ™! (O—
H and N-H stretch), 1680-1490 cm™' (aromatic C=C, C=0, COO-), 1120-920 cm ™! (C-OH
stretch of aliphatic alcohol) and 720-550 cm ™! (deformation of —-COOH). These results accord
with those reported by Naidja A. et. Al [16] and indicate humic acid that was extracted from
Thailand’s leonardite is purity product with similar spectra with commercial HA [17].

From IR spectra indicate that humic acid has higher intensity of another functional
group than humin and leonardite, respectively. According with peak area result in Table 2
showed the peak area of OH group, C=C group, C—OH group and COOH group from FT-IR
spectra of leonardite, humin and humic acid extracted from thailand’s leonardite. The results
indicate humic acid has higher peak area at 1680-1490 cm™! (aromatic C=C, C=0, COO-),
1120-920 cm™! (C—OH stretch of aliphatic alcohol) and 720-550 cm™!' (deformation of
—COOH) than humin and leonadite. Because of aromatic structure and carboxylic group of
humic acid was separate from leonardite that according with Hypothetical molecular structure
of humic acid [10]. In contrast, humin and leonardite showed higher peak area at 3400—3300
cm ! (O-H stretch) than humic acid according with elemental composition result. From the
result can conclude that humic acid extracted from leonardite has carboxylic acid functional
group and aromatic carbon on their structure and higher than humin and leonardite, but humin
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and leonardite has higher oxygen content and aluminosilicate group on their structure due to
soil composition.

3.2 Effect of potassium humate treated on rice growth

Plantlet height

Potassium humate (K-HA) from leonardite was treated to Riceberry every 7 days after
30 days old plantlet and collected plantlet every 14 days. Fig.5 showed a significant difference
between control (black bar) and potassium humate (gray bar) effect on rice berry plantlet
height. In Fig. 5(a) and 5(b), Length of root and shoot in rice plantlets that were collected at 37
days wasn’t significantly change between K-HA and untreated. Conversely, lengths of root and
shoot in treated Riceberry was higher than untreated at more than 44 days old plantlet.
However, potassium humate applications increased root and shoot lengths compared with
untreated ones. The absorption of potassium humate into Riceberry plantlets has a positive
influence on plant germination and plant development; resulting in higher plant growth rates.

Fresh weight

Fig. 6(a) and 6(b) were show effect of potassium humate on weight of Riceberry
plantlet. According with results of root and shoot lengths, weights of root and shoot in
Riceberry plantlets that was collected at 37 days wasn’t significantly change between K-HA
(gray bar) and untreated (black bar). But weights of root and shoot in treated-Riceberry were
higher than untreated ones at 44 days old plantlet. Therefore, potassium humate uptake has
beneficial to biomass production of Riceberry growth. Because of humic substances improve
water absorption and stimulate biomass accumulation [20].

Potassium humate uptake was beneficial to leaf, body and shoot growth of Riceberry
compared with the control. While humic substances promote plant growth through improving
water uptake, influence the soil's structure, release of plant nutrients from soft minerals,
increased availability of trace minerals, and in general improved soil fertility at indirectly effect
[18]. One stimulative effect of humic substances on plant growth is enhanced uptake of major
plant nutrients: nitrogen phosphorus and potassium [19]. For directly effect, changes of plant
metabolism that occur due to the uptake of organic macromolecules (humic substance)

4. Conclusions

Humic substance can be extracted from Thailand’s leonardite soil by base-acid treatment and
centrifugation. Humic acid that extracted from leonardite with optimum condition was shown
spectra band of O—-H and N-H stretch, aromatic C=C, C=0, COO- and -COOH. The amino
group and carboxylic group attached to natural buffering group for the ion exchanged in soil
agriculture. The composition of humic acis consist of C, O, Al, Si and KCI. Humic substances
was used to condition soils either by applying it directly to the soil as soil fertilizer. This
research on the impact of short-term humic acid application on rice berry growth. HAs and
leonardite was beneficial to leaf and root growth of rice berry compared with the control.
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Figure 1. Hypothetical molecular structure of humic acid, showing important functional groups

Figure 2. SEM image of (a) Humin and (b) Humic acid 0.01M KOH and particle size at 180
um for 3h at room temperature

Figure 3. SEM image of potassium humate

Figure 4. FT-IR spectra of humin and humic acid derived from leonardite

Figure 5. Effect of potassium humate on length of (a) root and (b) shoot of rice berry growth

Figure 6. Effect of potassium humate on yield of (a) root and (b) shoot of rice berry growth

Table captions
Table 1. The composition of leonardite and humic substance derived from leonarsdite

Table 2. The peak area of functional group of leonardite and extracted humic substance
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Tables
Element (%) leonardite Humin Humic acid

C 16.54 11.89 19.53

O 53.32 49.59 32.85

Al 9.95 11.13 6.96

Si 16.73 22.26 11.93

Cl 0.01 0.01 12.09

K 1.38 2.94 13.03

Other metal 2.07 2.19 1.56

Table 1
Composition
Functional group i A : 3
leonardite humin Humic acid

-COOH deform 0.2 0.23 0.38
-C-OH aliphatic 2.67 2.83 3.34
C=C, C=0 aromatic 0.09 0.65 0.68
H bond in O-H 0.31 0.31 0.28

Table 2
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Abstract

Leonardite is the by product from lignite mine in northern Thailand. Leonardite general know
as natural sources of humic substance. Humic substances can be subdivided into three major fractions
humin, humic acids and fulvic acids. These sub divisions are extract by using solution adjusted to
different acid alkaline (pH levels). Humin is major product that can extracted from Thailand leonardite.
It's is over 80% yield of product. The morphology of humin is non-conductive bulk material with few
porous structures. It can be used as adsorbent for dye adsorption or heavy metal and use as catalyst
supported. This research is study synthesis of porous carbon from humin via carbonization process.
Humin was carbonization in various temperature and characterize by SEM, FTIR, UV-Vis and BET.
Porous carbon from humin was use in methylene blue dye adsorption. The result indicates that the
particle size of humin was decrease and observe well-disperse and non-agglomerate in higher
carbonization temperature. The adsorption capacity of humin was increased with increasing of
temperature up to 700°C and decrease at 900°C according to surface area and porosity result. Although
the carbon content of humin was increased in higher temperature but the function group that used as
adsorbent was decompose.
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1. Introduction

The presence of dyes in effluents is a major concern due to their adverse effects to many forms of
life [1]. Dyes are very stable organic compounds refractory to chemical or biological degradation. It is
estimated that 10%-15% of the overall dye produced is released into the environment via wastewater
[2]. Industries such as textile, leather, paper, plastics, etc., use dyes in order to colour their products and
also consume substantial volumes of water. As a result, they generate a considerable amount of coloured
wastewater. The pollution of water effluents with dyes causes environmental and health problems.
Recently it was shown that dyes and products of their degradation can be toxic and in some cases even
carcinogens to humans and animals [3]. Adsorption is considered to be an attractive technology for the
treatment of wastewaters owing to its simplicity of design and ease of operation. Adsorption is a well
known equilibrium separation process and an effective method for water decontamination applications
[4]. It has been found to be superior to other techniques for water re-use in terms of initial cost,
flexibility and simplicity of design, ease of operation and insensitivity to toxic pollutants. It also does
not result in the formation of harmful substances [5]. The efficiency of removal dyes by adsorption
from solution depends upon the nature of dyes (cationic or anionic dyes), pH of adsorbate solution, pzc
of the adsorbent and its surface functionalities, as well as surface area and porosity of the adsorbent.
The use of different adsorbents like clay, silica materials, zeolite and activated carbons for removal of
dyes has been extensively studied [6]. Activated carbon (AC) has been popular choice as an adsorbent
for the removal wastewater but its high cost poses an economical problem. Therefore, there is a need
for the development of low cost and easily available materials, which can be used more economically
on large scale. Due to the problems mentioned above, research interest into the production of alternative
adsorbents to replace the costly activated carbon has intensified in recent years. Attention has focused
on various natural solid materials, which are able to remove dyes from the contaminated wastewater at
low cost [7]. It may also be defined as a by-product or waste material from the industry and needs
additional disposal cost.

Thailand is a significant producer of lignite, which is used almost exclusively for power generation
or used as source of energy of cement and steam engine industrial. Total national lignite production is
around 21 million tons per years [8]. Mae moh lignite mine from Lampang, Thailand is the largest open-
pit lignite mine in Southeast Asia [9]. Leonardite is a byproduct of lignite mine. In general, Leonardite
is a rather complex material predominately made of carbon (55% by weight) [10], natural leonardite
has a wide range of organic compositions (20—70%). During the carbonization process, the organic
substance can be converted to activated carbon [11]. Leonardite know as natural sources of humic
substance. Humic substances are complex and heterogeneous carbon macromolecules resulting from
the physical, chemical and microbiological transformation and decomposition of plant and animal
residues. They occur naturally in the environment, particularly in soils, sediments (fossils), natural
water and landfill [12], and control various biological and physico-chemical processes that directly or
indirectly influence plant growth and environmental adaptability [13]. Humic substances can be
subdivided into three major fractions humin, humic acids and fulvic acids. These sub divisions are
extract by using solution adjusted to different acid alkaline (pH levels). Humin is an organic matter that
is insoluble in water at all pH. These dark brown solids are in homogenous and their structures are often
vaguely described. Humic acids and fulvic acids solution can extracted form soil and other solid phase
using a strong base at high pH. Humin is major product and It is over 80% yield of product. Meanwhile,
humic acid and fulvic acids are only 10-20% of product [14]. In the research, humin is bulk material
with few porous structure. It can be improve the properties and used as adsorbent for heavy metal or
dye adsorption [15].

In this research, dye adsorption using humin adsorbent obtained from lignite mines in Lampang
province, which is in the northern region of Thailand, has been studied. Methylene blue (MB) was
chosen as the model dye in this test. The effects of temperature in carbonization process and adsorption
capacity of humin were studied in this work. The adsorbent was characterized by Scanning electron
microscope (SEM), Fourier transform infrared spectroscopy (FTIR), Brunauer—Emmett-Teller (BET)
surface area, and pore volume.



2. Experimental

Leonardite soil sample was collected from lignite mine at Mae moh, Lamphang province, Northern
Thailand. The sample was dried at 80°C for 24 hours to remove water and moisture contents. After that,
the soil piece was milled into powder by mortar and sieved for selection of particle size between 180 to
500 pm.The Humic substance extraction from leonardite had been carried out following the method by
suggest by D. gracia [16], using base-acid treatment. Soil extraction experimental consists of mixing 40
g of dry leonardite powder with 400 ml of KOH solutions with concentrations of 0.1M solution for 3
hours at room temperature. Then, the soluble containing humic acids (HA) + fulvic acids (FA) were
separated from insoluble fraction containing humin by centrifuge at 5000 rpm for 15 minutes. The
humin fraction was dried at 90°C for 24 hours. Dried humin fraction was milled into powder and
carbonization at 300, 500, 700 and 900°C for 2 hours in horizontal furnace under nitrogen (N)
atmosphere. The Humin were characterizing morphology, chemical structure, pore volume and BET
surface area by Scanning electron microscope (SEM), Fourier transform infrared spectroscope (FT-IR)
and Brunauer—-Emmett-Teller (BET) respectively. For the adsorption experiments, lg humin
adsorbents and Methylene blue (25mg/l) were added to centrifuge tubes. The tubes were centrifuged
(3000 rpm) for 5 min, and the humin adsorbents were filtered through filter paper. The color removal
of MB dye solutions was analyzed by measuring the absorbance with a UV-Vis spectroscopy.

3. Results and Discussion

The SEM image in Fig. 1(a, b) of humin 1000x, 2000x magnification at room temperature indicated
to morphology are composed of particles with various shapes and sizes distribution.  As a result of
the mechanical force, the structure breaks down lead to the agglomeration of small particle in some
areas. The humin is non-conductive bulk material with few porous structures and nonuniform. In fig.1(c,
d, e, f) Morphology and particle size distribution of humin was carbonized at 300, 500, 700 and 900
°C for 2 hour in N, atmosphere. The result indicates that the particle size of humin was decreased when
increasing carbonization temperature. In addition, on higher carbonization temperature observe well-
disperse and non-agglomerate humin particle. Because of evaporation of water and decomposed of
organic matter in humin structure accord with FT-IR result.

The solid yield of humin in Fig. 2 indicate that solid yield of humin was decreased when increasing
carbonization temperature. As a result of thermal degradation causes water to evaporate and
decomposed of organic matter (Shows in FT-IR result).



Fig. 1. SEM image of (a) Humin of 1000x magnification (b) 2000x magnification at room temperature
(c) Humin that extracted from leonardite soil via carbonization process at temperature 300 °C (d) 500
°C (e) 700 °C (f) 900 °C for 2 hour in N> atmosphere.
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Fig. 2. Solid yeld of humin that extracted from leonardite soil via carbonization process with various
temperature for 2 hour in N, atmosphere.

The FT-IR spectra of humin via carbonization process at different temperature for 2 hour in N»
atmosphere recorded in the 4000400 cm™' range are presented in Fig. 3. The spectra bands were similar
in various conditions. The spectra band around 3700-3500 cm™'(—OH stretching), 1005 ¢cm!(C-
OH stretch of aliphatic alcohol), 910 cm™'(=C-H stretching) and 1000-400 cm'(aromatic band). The
spectra around 400-1000 cm!(aromatic band) of humin was carbonized at 300 °C was slightly increased
compared to the humin at room temperature. In addition, The spectra around 3700-3500 cm™ (O-H



stretching) decomposed at 500 °C due to the evaporation of water. However, The spectra around 400-
1000 cm!(aromatic band) and around 3700-3500 cm™ (O-H stretching) was decreased when increasing
carbonization temperature due to decomposed of organic matter and moisture.
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Fig. 3. FT-IR spectra of humin via carbonization process with various temperature for 2 hour in N,
atmosphere.

Table 1. Physical and Adsorption Properties of Humin with various temperature for 2 hour in N,
atmosphere.

Temperature BRL foré Pore size
) surfac;e area volunge Nord)
(m’/g) (cm’/g)
300 29.880 0.123 3.968
500 31.560 0.112 3.694
700 37.450 0.123 3.687
900 16.250 0.068 3.950

High specific area, Sger values (1200-1807 m?/g) were obtained for all the AC materials. The results
BET surface area of Humin prepared at different temperatures (300, 500,700 and 900 °C) area shown
in Table 1. indicate that BET surface areas quite lower to commercial activated carbons. BET surface
area values were higher, in cases that increasing carbonization temperature from 300 °C to 700 °C and
decreased at carbonization 900 °C. On the other hand, Pore size of humin slightly decreased when
increasing carbonization temperature. Nevertheless, Pore size increasing at carbonization 900 °C. In
addition, Pore volume was estimated from nitrogen adsorption at a relative pressure of 0.95 which
similar from 300 °C to 700 °C and decreased at 900 °C. This can be explained in terms of contraction
of some pore wall which could block and/or reduce the pore size.
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Fig. 4. Methylene blue adsorption capacity of Humin that via carbonization process at different
temperature for 2 hour in N, atmosphere.

Carbonization of Humin was performed at various temperatures (300, 500,700 and 900 °C) for 2
hour. From Fig. 4, it can be observed that the adsorption amount of the Methylene blue (MB) on
carbonized humin increases with increasing carbonization temperature from at room temperature to 500
°C. Over 500 °C, the adsorption amount of MB decreases gradually.The result can be explained from
BET surface area and pore volume (Table 1.) of the carbonized humin. This is because the adsorption
efficiency increased with thermal treatment.This is presumably due to the treatment at higher
temperature of humin leading to the increased surface area and pore volume of the adsorbent (Table 1.)
and the greater numbers of adsorption sites. Hence, it was found that MB adsorbed on humin carbonized
at higher temperatures increased gradually with increasing surface area, pore volume and the formation
of activated carbon.

4. Conclusions

Humin is major product of the extraction process from Leonardite that is the by product from lignite
mine in northern Thailand. Humin is major product and over 80% yield of product. It is non-conductive
bulk material with few porous structures and nonuniform while higher carbonization temperature
observe well-disperse and non-agglomerate humin particle. Carbonization temperature has an effect on
particle size, surface area values, pore volume and carbon content leading to adsorption efficiency of
humin. These results predict the porosity and adsorbent properties. In the following studies it is
beneficial to find adsorbent for dyes adsorption in effluents.
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