IWIRINTORUMINGIAY

B

qu%u

nosnwiza AN lny

SIUIMUHRNITIIY

Iﬂ'ﬂﬂWTaiﬂﬂﬂﬁﬁdlﬂﬁﬂtﬁﬁﬁﬂﬂuﬂElﬂﬂﬂ?ﬁﬁq‘rlﬂﬁﬁﬁﬁﬂﬂﬁﬂﬁﬂﬂﬁﬁ‘i

(Bioproduction of butanol from lignocellulosoic biomass)

lap

IA.AT.INT0 (WRBIMNIATY
InedvTlasdouuasdlasad
NINGINY WA odda



nafAnssadszna

- " e - e a8 _ o -
Tﬂ‘swﬂ n13akl LIE ['I-"I'ﬁl{l1ﬂ11:1{u1ﬂﬁuﬂﬂiﬁﬂ‘lﬁlﬂmﬂ YV IANTINN AT ﬁ‘ﬁl‘i"i}lﬂﬂﬁ'

2h

Wasnnlaiumsany FUKYUDANUUM TN AT IENE UM YW TR n W

Anunwgs nasnuirenAsnaulng Dovdszuno 2553 ngaidwasau (Energy Cluster)

=h
§ =

el - L3

= v - = 11. L g o e I .
HIllpvaYaunid 1“,“1.!1"35171 TIAINBUING T'I'Lﬁﬂ'l.'}"l ‘I"I1ﬂ wroEuawusilwl sz lomitadans

- z’ e - L - e il -

30 a3 giavveveuwizqu mmasillendouusdlaned ymaonsol
- e W g al A o e W & al 5 -l w -

uwinganfilianuszaanlunisliiaiofio®in  wandmibinnvie  Avhlinonunside

'uauﬁﬁ'uﬁ'u"'mqma



unArdanis ing

o -~ " - - a -

':ra'[ﬂnmﬂau...n'nmmﬂ:ﬁmmuaﬂmn*mﬁmanmmamnnﬁm

-‘ R A il el e s - - - E [ -

TOFINY..... INATOVNGL MADIUTAT/IA.AY.§9T WAnsuIad/as. Andwud Tnuadia
il - o

Wwaw uaz U Middoada.....nsnginy 2554

L%mﬁﬁ.'1%1mwuﬁﬂﬂwni'aﬁmEa'l'ﬁ'man’ntnm*nﬂm%amﬁmmﬁan fiflssanTuadie
g awaday Wasuiudamisiimwindannuilwiohanslasass Tuaouns
n§ﬂt%ﬂmﬁai'amﬂmni’ﬂﬁmﬁa'i-ﬁ'mqmnnum mswlsanwdrgudaliviinmainsaniu
deafililunszuawnmsninuas mindadamisianmaaniiansi ldannszuannisuyls
anwisamieldniniainsas ﬁ'ﬂfun'ﬁﬂ‘?uEm'm'uaﬁailmﬁnlfﬂﬁdn‘mnﬂmuﬂnhﬁﬂ
ﬁuwmﬁ":ﬁmﬁmﬁmaglaaua:ﬁnﬁu ﬁﬁ'ue!‘lﬁ'tyiian'rm"'iuﬂ*j:ﬁnimwn'miaunmuwnglﬂn
mnamﬂ-nn"l.ﬁlﬂmiHmaTumqmﬁm 'Qﬂﬂ's:mﬁnﬁnﬂaa4'1u’:i’nﬁnmnﬁum:ﬁnimwnﬂ
s lmilasmaivamnizqmdaldmansinsaslauniadas davunsadanld
nsagayindesdiuamwiaqnisliniemsinsasisuntsdevaaoioaglasvasewled
v.é'.nﬂnm"n.li"uHmwﬂaﬁ'ﬂﬁmﬁnT’ﬁ'ﬂwn"mnﬁﬂﬂﬂul-i'n'sﬂ'i'fmﬂ’snﬁaﬂ'\amulﬁnﬂ:ﬁ
MzEY (120 ssmaard s, 5 wiil) Wnandmitena 24.73 nfudedas nassnmitensan
suiowloflinanaaiinia 22,37 nfudaing Qﬁﬁ1ﬂﬂﬂﬂﬁﬂﬁﬁﬂ1ﬂﬁdﬁuﬂﬂu 47.11 niudadas
St IUSuannS nqmﬁﬂl-i’mam'sLnuﬂﬂﬁunmiﬁwﬁnL%amamm‘:mﬁum:ﬁnimwmi
dossmoiwaglassasauloiainizamialinnsineas lﬁlﬂﬁnﬂnﬁmﬂuﬁmﬂahmqﬁ
@7 WASIINMIANEINIHAAT INIHEATTD C. beijerinckii TISTR1461 wudanulagniaz1y
ama Wi lauTumazdlau f2vnues uaslamuaatiy 20.58 niudodns


http:1.dOA.CV
http:LnlJf1.ii

fil
UNARLANIMIDINOY

Project Title  ...... Bioproduction of butanol from lignocellulosoic biomass

MName of the Investigators.. Assoc.Prof. Apanee Luengnaruemitchai/Assoc.Prof Sujitra
Wongkasemijit/ Dr Kittinan Komolpis

Year...2011

Biofuels produced from lignocellulosic materials, so called second generation biofuel,
showed energetic economic and environmental advantages in comparison to biofuels produced
from starch or sugar. There are mainly two processes involved in the conversion routes:
hydrolysis of cellulose to produce reducing sugar and fermentation of sugars to biofuels.
Therefargf pretreatment of lignocellulosic materials to remove hemicellulose and lignin can,
significantly enhance the hydrolysis of cellulose. The main goai of research is to increase the
enzyme; accessibility by improving digestibility of cellulose. Accordingly, dilute sulfuric acid was
used to pretreal com cobs prior to enzymatic hydrolysis. After pretreatment of corn cobs by
dilute acid under the optimal condition (120 °C, 5 min), the highest yield of total sugars of 24.73
g/l was obtained. After enzymatic hydrolysis, the highest yield of total sugars of 22.37 g/l was
obtained and the final total sugar yield reached 47.11 g/l. It can be concluded that dilute sulfuric
acid pretreatment can be successfully applied for cormn cobs to achieve high yields of
menomeric glucose and xylose. In addition, the butanol produclion by C. beijerinckii TISTR1461
was sludied under anaerobic batch cullure. It was found that the maximum concenlration of

acetone-butanol-ethanol products of 20.58 g/l was obtained.
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2. N3EUIUMT fermentation 3INIAYTINIR (biomass)
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Clostridium butylicum W&: Clostridium acetobutylicum '?mlﬁuﬁmfuuumﬁﬁu'luﬂizgﬁﬂi
(WoHER acetone anmsdmanuily Boldfamues o venidiundaimaisay Ale
panuneInmMIMIn. difimuesiildiuinnweaunts Tuilfeadu ABE fermentation i
NI UIUMINIHAD HamInanu 1w Sau dhena gnwiinsunubadud lduaniaiue
NUBR ABNT anaerobic bacteria I IAHANHANAN 3 1A Ao acetone, butanol, ethanol Tu
gadIu 3:6:1 uarlW butyric acid, acetic acid, hydrogen, carbon dioxide \Hunanaauls

1uﬂaﬁﬁumsﬁmmmﬂIuTﬂ'ﬁgn{uﬁ*ﬁﬁ'u‘iﬁm s1UTEM  1T%  Dupont, British
petroleum, British sugar operation Miszimadangs wumnianusulafnwmisniaii
ymuan wanszumslunisedaiudsiiuaudy -l,m:mahuu@lwfmmamﬁﬁ'uﬁw
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N HH“‘FH“J\I'I“L“ETH#W)‘TEH (http:/lwww.efe.or.th)
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| ) nzanw | dwew | ma | S0 | érdn | mdain | waen
| Proximateanalvei® | shita | shi [shifi [$roTwm | SvTom [fratenis Taigany
;.Mo;slura:% 58.60 | 4840 7840 | 4000 | 41.70 | 5940 | 60.00
Ash.% | 203 | 120 070 | 090 | 370 | 150 | 244
Volatile Matter, % | 3046 | 38.70 | 16.30 4542 | 4646 | 31.00 | 2800 |
Fixed Carbon, % | 890 | 1170 | 460 | 1368 | 844 | 81 9.56
';I.Iltimate Analysis | ) [ = I R
Carbon, % 2115 | 2390 10.13] 28.19 | 27.83 | 1876 | 18.60
Hydrogen, % 25 | 304 1125 | 338 | 406 | 248 | 212
Oxygen, % 1634 | 2201 | 944 | 2742 | 2247 | 1750 | 1668
Nitrogen, % | 027 | 056 o007 | 012 | 013 | 032 | 015
Sufr,% | 004 | 006 1ft::~.4::-2 0.03 na 004 | 002
Chlorine, % 016 | na ' 012| 005 | na | 005 | 010 |
‘Ash, % | 208 | 120 070} 090 | 3.70 | 150 244 |
Moistre, % | 5860 | 4840 7840 40.00 | 4170 | 59.40 "]maa.nh !
Other z. |

i_huara_t:teristin:s [ i

Bulk Density, kg/m 380 na | na na na 250 na
:Higher heating value, | 9,196 | 9370 3908 | 11,208 | 11,704 | 7.451 | 6811
kJ/kg

Lower healing value, | 7.240 | 7.556 | 1,760 | 9615 | 9.830 | 5494 | 4917
!‘ﬂ‘? I N | . b U, |
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lun'ﬁﬁ'amﬂ:ﬁﬁ':muaﬂmni’nﬂmﬁaﬁwwn MN8N ﬁ"mqﬂi:aaﬁlﬁaﬂ'l
wagfaﬁlﬁ'ﬁﬂmﬁnﬁama matnsasintesiiwiiena3aad (Reducing Sugar) e
v lUsunszuaummaln (Fermentation) ¥ luuGatiamuaasa’ly

Fuaawd 1 mM3SuRNMWIA0AY (Pretreatment)

Fuaend 2 Iuiusewnswdoudlsbiidwima {Ewﬂﬂnnglﬂa] (Hydrolysis)
W liianmwimnzsfunswinanweanisimmeamsiisdlutudell  Tag3Tmates
ulvaralinsatonuily (Acid Hydrolysis) wialdiewlwl (Enzymatic Hydrolysis) #933ms
'r"'llitau'l-nﬁuﬁmiauuﬂafm:'l.ﬁ’i’ummﬁﬂumnn'hu'.iuaiﬂnn:mnua:m:nﬁﬂﬁ’uﬂu

& o - o s o - w |
PUAEDIUN 1 1urmwﬂuﬂnmmiﬂwammﬂqﬂu (Pretreatment) R b 1C T GELE)

- - e w o e - P
Uiinsnildnauiau (Autoclave) ugznsadiayin Sasznavsio 3 Erundnasii

* m"'mamuquqmﬂﬂﬂ (Temperature Control)

. wanraliauiauiudisanwiununnuiou (Coil Heater with Ceramic
Plate)

e mundanfnict auaniasmAariianunia (Stainless Steel Type 316)

L . = il . - -4 -
VMU N INARIL IS UUNIMUALRSANEIMIRN s ansaudanInaahaa g
[ a . o - = T e
nniaamiafiimansinees dlduioungl v anuduiuwrasniadayin
& o . et — o & o
sunawn 2 lalasledadmenled Waldfnwansnmunzanaintuaeun 1 lums
- ¥ P & P - ot - F
wimbhamaidad nuulddnmlanldienlmilagldfinmanizrasamngl e uazd
W o . & i e & w a w
aTuiuniacis Nd waﬂnmmaumﬁglaa’lm aandslimansinsasiaiiauysoluds

- & -
26 mmuuﬂua:wqﬁ‘[ﬂummnam

1.  Autoclave

2. Incubator shaker
3. Owen

4. Waler bath

5. Glassware

6.

Perkin Elmer Series 200 LC/S/N291N5060508: High Performance Liquid
Chromatography (HPLC) with a refractive index detector using an Aminex—
HFX 87H column (300 mm x78 mm, Bio—Rad Lab, USA)

7. Scanning Electron Microscope (SEM)



"

8. Thermogravimetric Analyzer (TGA)

9. X-ray Diffraction {(XRD)

10. Gas Chromatography {GC)

11. Corn cobs obtained from Belagro company
12. Sulfuric acid (H;S0,)

13. pH meter

14. Citrate buffer

15. Filter paper

16. Enzyme (Movozyme, Genencer)

17. Standard glucose, xylose, arabinose, galactose and mannose

2.7 AGnImaaas

2.7.1 mafuanmwaiuniadan

Wdatnadai waRdrwawi AsenyimsdSuanwlaonsadailain
Waaulu  Autoclave  lasmsuimathdadnlnenunsadaninludandm  1:15 ft
punpivaaiiuam 4 7 lu ua:ﬁnmﬂﬂm-r‘fuiwuaan-swir'mfsnﬁﬂ'nm-ﬁ’uiu 2-10 %
(viv) qoaniifidanmaglusng 100-160 °C szuznmilunimanas 5-60 Wil waanIniu
ﬁ'imﬁmﬁmmwf'lmﬂ'[maqmﬁ'uﬂﬂu m3lfinaitn HPLC

2.7.2 Enzymatic Hydrolysis

= - - - o

lummeasssillddnwiuaouiilavlfiowlod  Celulase  va9udnin

Novozyme Yimmmeadlaphmathuasfiess dviWesludandu 1:30 ussiu
3 ot w r 5 b i i

anmwauiuniadalin pH = 4.8 momasaoiwied (0.05 N citric acid-sodium

= -
citrate buffers) iquiw i 48 °C 150 rpm.
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3.1 danwdsznaunmaailvasdetnalng
myienzResilEnavvasmaiuditilwawed  Binuelwsglamnn

- T 3 - - A P

figafaiauas 42.60 vasiminuiy maaamnalﬁmmmaﬁ?aﬁ uazSundniiufadon

' s . e al
As 39.04 uas 7.56 vanhmnnuiamudny uandluainan 3.1

-ld i o b 3 R
@151 3.1 @mlszneumaniinasdaattedaiialue

Chemical components Dry solid (%)
_-Cerruicse D 59‘64“ o
Hemicellulose 42.60

Lignin 7.56

Ash 2.19

32 anzinzanlunisieivalalaslatmnsasdeininalasldnsadanin

mildnsadayindassasmsiznaudwoandnanisdnluwaglasazdaslily
VSinodimanssy iﬁanwni'ﬂqﬁuﬁ'aniiﬂﬂi:nﬂuiﬁu ANlu  IWN@EU mﬁﬁiaﬁlaﬂ
\waglas ua:'[ﬂﬁuﬁﬂm:ﬁmmm}ﬁuqﬂ wazlasseiouuuadoni vnlWdesssold
BN ifa!.fuﬁaun"mjauamuﬂ"mn'm-ﬁ'ﬂvﬁn Sedniwidasdvwiamnzanusslnsoainen
Whuwdn ﬂnaﬁamﬂun11Lﬁuﬁuﬁlum'sﬁuﬁaﬁ“umwﬁ'mﬁn FamsazaufIneIeL
vinaulassafondulviued

Tunslinsadayiniauiuanuioulu Autoclave Tnsfinwdmmls 3 fouls
Teun rmﬁnmm"mrﬁ'u*ﬁ'ummnm-ﬁ“avﬁn's"mrTum‘m*‘:’awr"'nmu'mamian'm.iaunmu.
mﬁnm*x:u:nmﬁmmzauﬁan'm.iauaa'm'[ﬂul'fr'nsm'i'm;ﬁnhuﬁnﬂ'nufau n
mﬁnmﬁ'uﬁ’u'l.-u"mﬂfmﬁnﬂ'ﬂurﬁ’u-ﬁ'ﬁﬂua: 2-10 lapBuasdaffuies aamdm
swinvmatadindalTinugatnlwarinny 151 e lunsdesssis 560 Wi lan
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ahu'l.mﬁa:l'i'n'm-i'ﬂvﬁnﬁﬁmmﬁu-ﬁ’uﬁﬂiumrﬂau CCRURDLCII RS L pITRT Wasn
n'nl'ﬁ'nwﬁﬁﬂﬂmi'nim:ﬁ:ﬂium‘w
ﬁnuﬂnﬂﬂﬂaaawmi'mﬂHﬁﬂﬁﬂﬂ'miﬂﬂagaqwaa’luﬁm‘naﬂaammﬁa 17.58
niudadas nivnnnliuamwdiininadioniadaninanuiuiuiava: 5, gunnd
71 120 ssmwaduauaznatlumaial§iien 5 wii athelsieny hatalolaanldan
madiusmwasniagayEinanuiuiuiooa: 2 qmﬁqﬁﬁ 120 BRI NTRLTUALAELIAN
lumufinlfisen 5 wifinszmaiuemwsmadayinenudutuiavas 2 qmngﬁ*ﬁ

-l - . il bl 14 kil s
120 EN-'FI""II.“.'IEL'III'.IHlLﬂﬁL']ﬂ'll“ﬂ"lTLﬂHﬂ{]n‘m'] 15 W wunlnaauan inalfvanu

Nalose (g

Nalose (@)

L] il 4 = L} "
Concentrutinn of 1,50, (vA)

Xybase (gl

Kadaze (pl)

1 4 - 5 18 | o 1 4 6 & 1L
Conceniration of 1,50, (viv) ! Concentration of HS0, (viv)

I
|
= — |

|

|

| —— 100 °C —m= 120°C —»— 140°C ...._m:-c]

J : i o ol e
3U7 3.1 haaluanaiiivd o lasludanrosmaaman wisenmaliuanmmlaonsaday
3n (Uunas / 5unes) Avalumatfiadfiden (@) 5 wid (b) 15 wadi, (c) 30 i, uaz
(d) 1281 60 Wi

5 ™ [ [ - o ¥ ol -

Iudrwasraamamdsnmidivamwasininadiihamaluansaoivia
4 ., * v - . )
U9 LTW tl*nmang'ina (Glucose) wasImAn=T 1A (Arabinose) wauaadlua1T1f

T - & A o we . - A -

3.2 uamliimwiieanmuanlanassnmaiuanwlaolinieden  wenanuuds

. - X - T i W -
usaIdnimaANTuasgunnivienduiuveinia  smalitSinmhealuana
wd - A 4 - -~ .ﬂ o "
woainiulasiavnnhmanalasuaniaasznilus Wasnnmulamaznidiu
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EniTuLSu hlWieliwaglasaunsndavsmonmoiiwhaisluanaido)lolasle
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¥ e = - > al -
prImuy IOl ﬁaamnuuwﬂg'[ﬂﬁi:gﬂuaunmuLiflummﬂ'[maqammnglﬂauazazﬂn
Tus (Tludu (Lioyd uaz Wyman 2005)

3.3 wansdnwinstasimaalaalamenlesl (Enzymatic Hydrolysis)

wasnnnszvavmstanwaglassaoauledl  waanad  (Hydrolyzate) #'léann
ni:mumsﬁ’aﬂa"ﬂgn"'im‘r‘n:ﬁmt{wﬂﬂﬂTulﬁqﬂtﬁu1i1w1n 'Ii"'iﬂ']ﬂﬂatﬂﬂ vihenalolaa
Wuau nmmmﬁagﬂﬁ' 2 nauﬁﬂﬁ'\mang'[ﬂaun:ﬁ'wmaﬁm uﬂgaqﬂﬁi'ﬂ’l.fﬂu
Hydrolyzate 18 14.48 niusiafias uas 22.38 niudaaas awdey lannmyliuammw
apnsadayinanududuiaoe: 2 qmnqﬁﬁ 120 AIAITRITUAUALLIAT Mg
\AiaU§iFen 5 wifi wauaaslupifi 3.2

o - - = i v -
M1519N 3.2 mmnlmnqmam nglnauﬂ::azﬂu'[ua'lumwuﬂwaa amaInInmsliu
amwistwalaolinsadau

Sulfuric acid  Temperalure  Time {min) Glucose  Arabinose Total
concentration (°C) {a/) (gl sugar
% (viv) ) (ah)

2 100 30 2.16 6.21 24.93

2 120 5 3.34 317 24,74

2 120 15 342 358 2597

5 100 30 297 531 2573

5 120 5 358 346 2553

5 120 15 4.49 349 2517

10 120 60 263 1.39 8.23
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Glucose (g1)
=
Gilueose (2/)

L 2 4 & i 1 i 1 5 :
Concentration of Ho50, (viv) Concentration of H,50, (viv)

Glucase (p/)
Glucose {2l

L] H 4 ] L] 1L
Concentration of H,50, (v/v)

F | 4 [ ]
Concentration of HyS0, (viv)

¥ = 100°C == 120 °C == 140 °C === 160 °C

i - ) y e : '
3un 3.2 himaluanaidoanglagludiuvos Hydrolyzate wassnnszuaumstay

voag laalaoiawles
25
30 |
=
P {
g 15 |
El
2 10
|
5
0O 10 20 30 40 S0 60 70 80
L Sl Timf:(_hl__ i

N ” G i v
301 3.3 Wnonhmanswueiewlsindaldlwsazsisnm (—) wmanglaaua:
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( === ) dmaninua

31]1"': 3.3 ELH'FHJLﬁu'}mﬁ‘lﬂ’tﬂnﬁ'{ﬂﬂ%’mnﬁﬂEIUL'HﬂEIEtHIﬂH1ﬁEIH1"Hﬂ Cellulase
189 Novozyme ﬁﬂ'::nnnﬁ'wmagmﬂ (Celluase), LaillTagIad (Hemicellulase), ua: B-
glucosidase Iﬂuﬁn‘n:ﬁmm:auﬁqﬂhm:mum‘sﬂammamu'lﬁu'ﬁa nyadanina
\utuisua: 2 qmﬁqiﬁ 120 paaldos uezmlunmsiinliiion 5 wii an
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wd - vt ol e e ' - = " ol
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- & ol al ¥ s - ol W e
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Sumphanvanich et al., 2008
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nandniaranglaef ladluruasunsdaswaalasdouladiun hiuiuiw
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mithiaadiraglsaRaiuraninimanglaandonindasamovesienlal (Redding
et al,, 2011)
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aowianlzadvasmatiuenmdiinwa lildidwisimstiaaiiaaglas

& o - e i, i w & (5 -
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HARAANINILTURNMUAE NIz IUM ST Wl anudney
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3.4 tﬁ"'"l mMuIAIaNIKMNanRIINNIsUTuUaEN W ITN ':IT“ﬂﬂ"Jﬂ NiADaWILAE

NSTUIRNISHD Hmagfaﬂﬁ'wmﬂ'ﬁﬁ (Total Fermentable Sugar)

amanamaai iwannsdiuemwdtnalne 2 Tueen Jasznevlydaodan
nindaw (Prehydrolyzate) usznszuwMIBooag laadoiounlel (Hydrolyzate) HamM3
naassuandluarsnm 3.3 ﬁﬁﬂﬂnsﬂuﬁanuﬁﬁﬁxﬁuﬂmga'lﬁ'uﬁ msUSusnmastalue
ﬁ"mnma'auﬁmwrﬁ'm‘fwmn‘miavﬁn Janaz 2 lanBuesdeSunas ﬁmﬂqﬁ 120
parnIaBus waztalumafialjiien 15 win, anudutuvesniagayiniaoa: 5 7
goannil 120 asmuoaifos uatmlumsiiaUfiton 5 wii {nﬂtﬁﬁ?mmﬁmwngﬁﬂ
waannmMIliuanwaonINaw) ua:m'luu?'n'ﬁ'wnaniﬂ'ﬁ'ﬂvﬁn%’aua: 2 ﬂqmuqﬁ
120 paraldos uazim lumaialjiien 5 win {nﬂ:ﬁﬂ'immﬁ']magaqﬂﬁﬁi:Tm
nszuuntsdaniaaglasdioawland) '[ﬂUﬂuﬁmuﬂuﬁ'ﬁwn’hm’::ﬂmm:auﬁqﬂhnﬂ
Hﬁm'kf'm'mﬁaﬁﬂﬂmi'n'ﬁ'wnﬂamm'fm;ﬁni'aua: 2 ﬁqmm;r:‘.: 120 2IFNTRATUA WAZLIRT
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@15190 3.3 uraalFuronhaannuan leanmidivemwsitnlnedoniadauuaz
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Sulfuric  Tempera- Time Acid Pretreatment Enzymatic hydrolysis Total
acid ture {min) Sugar
concentra- {“C} (g
tion Xylose  Tofal sugar Glucose Total
% (vIv) @ (" (g sugar
_ | (o)
2 120 5 17.05 - 2473 14.48 22.37 47.11
2 120 15 17.57 2 552 12.23 18.79 44 .32
5 120 5 17.41 254897 12.88 211 47.09

3.5 gan1sAnsiasalsznavuyasgit T lnan ann1sUSUaANINAILNTA DD RUASHAY
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nizvIkNsHosaasragladnuionlml

'luﬂuﬁi’uﬁ"lﬂ'ﬁnmm1grutﬁﬂﬂ'vmmfwﬁnwa-ﬁ'q'ﬁﬁﬂﬂﬂ (Weight loss) Han13
naasuandiiiudnmsgyEnlFn aviminuasdatalnafanasethaiuldda s
NNMIMIAVIDFUFMIFD (Amorphous materials) tﬂﬂlﬂﬂ']:l!!ﬁﬁiﬂﬁtﬂﬂ MIFYIEY
1ﬁ:ﬂmxf':ﬁﬁ'n'uaa'ﬁ'ﬁ'ﬁ’ﬂ'[waﬁﬂi'uanmﬁwnmiiﬂuﬁlﬁmmﬁg@ni‘mwﬂ%’uﬂmwﬁw
Wifissethadsfianasidioats  waminesosusasluaned 3.4 dawlSinowes
magtaa‘hﬂﬁ'ﬁhna nssnuanmaliuan st Inedaoniasauiisanndasiuamun
Kostic et al, 2008 mihiaalwaglaslasmaiuanmsiininadoniadou
ﬁinamnﬁaau'[ﬂ'mawmn'sﬂ-i'mﬁn mansounsni W lwiuinvesdatnlne i
#BMIUNIZUIUMT De-acetylation uaz Hydrolysis audau Tevzdawus: P-(1.4)-
glycosidic 'nintmTu'nagﬂﬂEmmutﬂuﬁﬁmﬂ'[umqmﬁnﬂ-ﬂaﬂ (Chen et al, 2011) &%
Lﬁmnﬁmaﬁnﬁu'lﬂ;ignﬁﬁﬂﬂammwzmwu’wmﬂﬂnﬁwﬂuﬁun:-naamiu&u-
miuaululuianavasfiniiu (Pejic et al, 2008)

WA nTsﬁnH’lm’mL'ﬂunﬁnﬂﬂamng'[ﬂﬂ'lﬂum‘ﬂuﬂ 3.4 anuduninvangaglag
Lﬂuﬂmnuuﬁﬁﬁwﬁmﬁinaﬂ'amsﬁ'mu-nuuau‘l-n:ﬂun‘minm-ngha (Mosier et al,
2005) li‘fa‘lfuﬂ'ﬂmﬂ‘l-mﬁﬂlﬂuﬁTﬂa%n’l‘jﬁ'ﬁLf!ﬂﬂﬁ‘lilﬂﬂﬂﬁﬂl\'ﬂﬂﬁ'[ﬂﬂ Lm:tﬁiuga-fmﬁu
Adndmiidusdngmulaoiamzisfivaglasuasiniiu (Gabhane et al, 2010) Tawfls
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myaoins: lalasaunsluussszning nduaglas # sumsisaaiivoe alaalums
ﬂi’uamwﬁhun-ma'aua’mn’lﬁﬁ"nﬁmqmﬂuuﬁngﬁu
WAMIANMIIINNADIRANTIMIBIENATAN (SEM) WUTENBMEMIMBN N
maSusmwenonindon  uinvesdiin IneddneusGouuasl Uawinw s
Flwafdmwmsiuanmaoninson {ﬁmﬂmlugﬂﬁ 3.4) v{uﬁwaa'ﬁh'ﬁﬂwaﬂgwiu
NI Lﬁaa=nnm-iﬁ1i'ﬂa‘1w1n§auﬂanﬂnnuﬁ“l.u‘l-ﬂrﬁag'[na, mrafundd, v (dueu
sananAuiIdeminsntaslunadrfaewledunnin Lﬁaamnﬁ'ﬂq%dn'aﬂﬁﬁuﬁﬁﬁmﬂ
iiu (Gabhane et al, 2010) I.‘Il'.*llEILﬂ!-m'TE‘E!‘:IUH‘I-#HNﬂl"I"ﬁ;’ir'lEﬁﬂﬂnﬂﬁﬂd?ﬂﬂiiﬁﬁﬁlaﬂﬂiﬂu
marndauldhmaiemsimiuia, UTNATUaIINTHIRSTINATDIINTY VDI
TlwatawmaSusmwiaswdimnliurmmeaoniadon  wanldusasluarmed 34
wuinSusnmdaonindan  uasamsiuiuifin  ussnzrasmmlSuanmaaunIa
dau MMINTEIEINIORLAUARIN 0.994 sawaIFany B9 3.87 maueise

N34 (Chen et. al., 2011)
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Compaosition ( Acid

Physical properties

Composition (Enzymatic

Weight j::rﬁitree:trrnannt}h hydruiysis}"
Sample loss = Particle
%) Cellulose Hemicellulose Lignin  Crl BET ) Cellulose Hemicellulose Lignin
2 size
(%) (%) (%) (%) (mig) (%) (%) (%)
(nm)
Untreated - 39.04 426 7.56 29.07 089 7.34 - - -
Acid
= 65 67.63 4.06 2553 3319 3.87 5.85 38.38 3.18 38.53
Pretreatment
Water
s 14.85 42.01 40.36 963 3142 136 .12 38.93 38.33 12.36
Pretreatment

* The sample were pretreated at 120 "C 5 min 2 % of H,SO,

® Each value is the average of three replicates and calculated on the basis of dry weight.
‘el (%) = (logz=lamlooz" 100 where loge is intensity of the 002 peak at 20 = 22.4° and lam i5 intensity of the background scatter at
~ 20 = 18.7° (Kim and Holtzapple, 2006).

“After 48 h of enzymatic hydrolysis
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ABSTRACT

Biofuels produced from lignocellulosic materials, so called second generafion biofuels, shown
energetic, economic and environmental advantages in comparison to biofuels produced from starch or
sugar. There are two main processes involved in the various conversion roules: hydrolysis of cellulose
lo produce reducing sugar and fermentalion of sugars lo biofuels. Therefore, the pretreatment of
lignocellulosic malerials to remove hemicellulose and lignin can significantlly enhance the hydrolysis of
cellulose. The main goal of research is lo increase the enzyme accessibility by improving digestibility
of cellulose. Accordingly, dilute suliuric acid was used lo prelreal corn cobs prior o enzymalic
hydrolysis. Afler the pretrealment of corn cobs by dilute acid under the identified oplimum condition
(120 °C, 5 min), the highest yield of lotal sugars of 24,73 g/l was oblained. After enzymalic hydrolysis,
the highesl yield of total sugars of 22.37 g/l was oblained and the final total sugar yield reached 47.10
g/l. it can be concluded thal dilute sulfuric acid pretreatment can be used lo achieve high yields of
monomeric glucose and xylose from corn cobs,
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INTRODUCTION

Lignocellulosic malerials can be used as substrales for the production of bioethanol because of
abundance, cheapness, and renewability (Gabhane ef al., 2010). Normally, lignocellulosic biomass like
corn, cassava, sugarcane etc. is mainly composed of cellulose (38-50%), hemicellulose (23-32%), and
lignin (15-30%) of biomass material on dry basis along with smaller amounts of extractive and ash.
Corn cobs are the most abundant agricullure wasle around the world and the amount available in
Thailand has been estimated to 3.85 milion tons of corn per year Therefore, com cobs are
considered lo be an afiraclive source for bioethanol production (Chen ef al,, 2011). The most common
processing of lignocellulosic biomass 1o bioethanol consists of four majors; pretreatment of raw
malerials, enzymalic hydrolysis of the pretreated malerials into fermentable sugars, fermentation of
the fermentable sugar into bioethanol, and ethanol separation (Lin ef al,, 2010),

Prelrealment is an important step for enzymatic hydrolysis required to alter the structure of cellulose
and o make it more accessible for enzymatic hydrolysis. Therefore, the main objective of
pretreatment is to remove both hemicellulose and lignin and lo enhance the surface area of
substrates. Pretreatment melhods are either physical or chemical. Among the chemical pretreatment
methods, dilute acid hydrolysis is widely used, since there is the fermentable sugar known xylose after
acid pretreatment in the agueous phase. Moreover, this method is an effeclive and inexpensive
method. (Gabhane ef al,, 2010).

The objeclive ol this work is lo improve the produclion of fermentable sugar (xylose, glucose, and
arabinose) of com caobs, by using dilute sulluric acid pretreatmenl and enzymaltic hydrolysis.

EXPERIMENTAL

A. Pretrealment

The effect of pretrealment condilions (reaction temperature, acid concentration and residence lime) on
the sugar yields in the hydrolysate liquors was investigated. Sulfuric acid concentrations of 2%, 5%,
7%, and 10% (viv) were examined al temperatures of 100, 120, 140, and 160 °C and residence times
of 5, 15, 30, and 60 min.
After pretreatment, the reaclor was cooled. Then, the samples were fillered for solid and liquid fraction
recovery. The liquid phase called hydrolysate was slored lo investigate the contenl sugar. And the
solid residue was washed by tap waler until neulral pH and dried for 24 h al 65 ‘C. The prefreatment
procedure flow diagram is shown in Figure 1.

B. Enzymalic Hydrolysis

The solid residue was transferred fo a 250 ml shake flask and then the pH was adjusted lo 4.8 by
adding 50 mM citrate buffer at 3% (w/v) solid loading. The flask was put in an incubalor shaker. The
enzymalic digestion was carried out at 50 'C and 150 rpm for 48 h.
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C. Ethanol Production

Saccharomyces cerevisiae is a high efficiency ethanol producing yeasl strain. Aclive yeast was mixed
with sugar solulion after adjusting pH from 4.8 to 7 in ratio 1:10 and transferred to an incubator
shaker al 37 °C for 1 day to 3 days. After this process compleled, the solution was stored in order lo
analyze the ethanol concentration by a GC instrument.

RESULTS AND DISCUSSION
A. Dilute Acid Prelreatment

Figure 2 contains four graphs corresponding to each residence time. Each graph shows the
maonomeric xylose measured in the hydrolysate. The resulls showed thal the effect of combination of
lemperature and acid concenlration because the effects of temperature and acid concentration offer
the grealest influence, aboul 25% (Redding ef al., 2011). The highest yield of xylose measured in the
hydolyzate of 17.58 gll was obtained after the sample pretreated with 5% H,S0,, 120 °C, and 5 min
residence lime.

Com cab

v

Presoaked with acid solution
at least 4 b

_'1‘ Solid

[ Diluted acid = Suiid—:Liquid Enzymatic
|_ pretreatment Seperation Hydrolvsis
Elecwmic power (heater) Liquid
_I F
F Xylose rich Glucose rich
hydrolysate hydrolysate

I——r Total sugar +—
Figure 1 Flow diagram of dilule acid pretrealment and enzymalic hydrolysis

Figure 2 also shows xylan oligomer content at the point of the highest total yields when corn cobs
were pretreated with dilute sulfuric acid. The amount of xylan oligomers as a fraction of the total
solubilized xylose was greales! al short pretreatment times, coinciding with the breakdown of the fast
xylan fraction (Esteghlalian ef al, 1997). Afler the oplimum painl each condition was under harsh
conditions, which were loo long residence time and too high reaction lemperalure, carbohydrates are
degraded into furfural and HMF which in lurn are degraded into levulinic acid and formic acid,
respectively (Redding ef al., 2011).



32

B. Enzymalic Hydrolysis

After the enzymatic hydrolysis, the hydrolysate was analyzed for glucose, xylose and arabinose
monomers. Figure 3 shows the monomeric glucose measured in the hydrolysale. The highest yield of
glucose and lotal sugar measured in the hydolysate were 14.48 gl and 22.38 g/, respectively, wilh
2% sulfuric acid at 120 °C for 5 min. The acid pretrealment gave high glucose yields because
hemicellulose is removed from pretreatment.

C. Total Sugar

The total sugars (fermentable sugars) were lhe summalion of the xylose and glucose monomers
found in both the prehydrolysate and lhe hydrolysale. The highest lotal glucose and xylose yields
were obtained with the sample pretreated at 120 °C with a sulfuric acid concentration of 2% and 5

min reaclion time, Al this condition the total sugar 47.11 g/l was oblained.

Xylose (g

] 1 4 L] & 1

Klose (21}

C o—— — g -

L] 1 4 L] * o L H 4 & ] 1w

Concentration of H;50, (v/v) Cansentracion sTHAR O .

|+:oo*\:-|-m=c -u-—ldﬂ't—u—lﬁut]l"tl

Figure 2 Monomeric xylose measured in the prehydrolysate after pretreatment as a function of sulfuric
acid concentration (vfv) and temperalure for (a) 5 min (b) 15 min, (c) 30 min, and (d) 60 min

residence lime.

0. Ethanol Production
After hydrolysis, the sample was fermenied with Saccharomyces Cerevisiae, the highest ethanol yield
of 5.6 and 7.0 g/l were oblained from prehydrolysate sugar and hydrolysale sugar, respectively.
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CONCLUSION
The dilute acid prelreatment siudies described above salisfy and meet some of the more important
requisites for an effective pretrealment process. This dilute acid hydrolysis is to maximize the xylose
conversion and to deslroy the corn cob slructure in order o enhance enzymalic hydrolysis. Our study
shows that there may be opportunities for further process optimization, finding the right pretreatment
temperature, reaclion time, conceniration of sulfuric acid and for enzyme combinations. Moreover,

this research also shows that the ethanol production can be oblained from the fermentable sugar.
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