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Lignocellulosic material provides structural support to plants
and it is found in plant stalks, roots, leaves

It is most abundant renewable material available on the
planet

According to USDA Annually around 1.3 billion tons of
agricultural biomass is available in USA

It consists of cellulose, hemicellulose and lignin

Cellulose and hemicellulose can be converted into
fermentable sugars

Lignin can be used as a solid fuel, manufacture organic
polymers, liquid fuels
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Edward M. Rubin, “Genomics of cellulosic biofuels,” Nature 454, no. 7206 (print

2008): 841-845.

tructure of Lign

10-20 nm

ocellu

OYD'!
ey Hemi cellulose |
0 ~OH
OH
00" 1 oH
OH
0.0 Y o
H
N o i
OH
V Lignin
HO
CH
CH,0H OCH; CH-—

— 0]

HC
CH, H5CO. OCH;
o
OCH, OCH;
CH; 0 H,
HOH,G-C-C 0
H H

S 7 |

H1'C‘.,__\_H C~ L "

e N ~CH,

D o
OCH;

e

“==m Cellulose
HO
H
H
HO.
OH
H7 0
"~
HO
0 OH
OH
H 0 H
H H
H
OH
¢




it
. \ gt
e - Fe
o ¥ ———
~
aane

- e—

Background
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® According USDA report in 2010 around 1.5 MMT of
sunflower seeds were produced

® Sunflower seeds have a good commercial value since 80%
of them are used to produce edible oil and 20% of them
consumed as snack

® However, sunflower hulls are obtained as a waste
product from de-hulling process. They have little
commercial value and become a disposable problem
owing to their low bulk density

® The sunflower hulls were obtained from Dahlgren
Company Inc in Crookston, MN




Biochemical Process:
(Sugars then Fermentation to

Thermochemical Process:
(Syngas or BioOil to Gasoline &
Diesel)




Raw Sunflower Hulls
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Pretreatment Conditions

Sulfuric acid 0.5%, 1.25%,
Concentration 2% (w/w)
Reaction 140, 150, 160 °C
Temperature

Reaction Time 10, 20, 30 min

Run Order

Reaction

Temperature °C

140
160
140
140
150
140
150
160
150
150
150
150
140
150
150
150
160
150
160
160

10
10
10
30
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20
20
20
30
20
20
30
10
20
20
30

Acid

Concentration

1.25
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0.5
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1.25
1.25

1.25

1.25
1.25

1.25
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Why Pretreatment is Necessary?

Native cell wall Pretreated cell wall
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ombined Severity Fac

® The Combined Severity Factor (CSF)

The CSF is an empirical equation combines three factors
reaction time, reaction temperature and acid

concentration

CSF = Log t*exp(

t = Reaction time (Min)
T = Reaction temperature ("C)

_pH
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Xylose Yield in Liquid Fraction
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Inhibitor Products

® There are some inhibitor by products formed during
pretreatment such as acetic acid, furfufral, HMF

®* The ether bonds between lignin and xylan leads to acetic
acid

®* The degradation of xylose leads to furfural

®* The degradation of glucose leads to HMF
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Degradation Products
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Conditions

"Enzymatic Hydrolysis (
Compounds and Conditions m
Biomass 0.1 g of glucan
Sodium citrate buffer of 4.8
5ml
pPH
Sodium Azide 20 mg/ml
Accellerase 1500 (Enzyme) 48, A i @ [retietlnyy o
cellulose
Reaction Temperature 50 °C
Shaker rpm 250

Reaction Time 72 h




B 20mg Loading
140mg Loading
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Structure of the sunflower hulls
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® As the severity factor increased the amount of xylose
liberated in to the liquid fraction. However, at higher
severity factor yield of xylose reduced since xylose was
degrading into furfural

® The concentration of glucose increased with severity
factor after enzymatic hydrolysis. Nevertheless, there
was not much difference between 20mg and 40mg
enzyme loadings

* The degradation products (acetic acid) increased
relatively with increase in severity factor. However,
copious amounts were furfural was formed at high
severity factor
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