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APPENDICES

A p p en d ix  A  S ta in less S teel R eac to r

The reactor is an acid resistant stainless steel w hich can resist the acid 
corrosion. M oreover, this reactor has perform ance to operate under high tem perature 
and pressure. The total volum e o f  reactor 1 L. The reactor system  w as com bined with 
a tem perature control, coil heater with ceram ic plate, pressure gauge, pressure release 
valve and, m echanic agitation to create hom ogeneous system . The figure o f  stainless 
steel reactor and its system  is show n in Figure A 1 .

Pressure
gauge

Stainless steel 
reactor

Tem perature
control

C oil heater 
W ith ceram ic plate

« - —  M echanic agitation

Pressure 
Release valve

F ig u re  A1 Stainless steel reactor.
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A p p en d ix  B R e te n tio n  T im e an d  C a lib ra tio n  C u rv e  o f M o n o m eric  S u g a r an d  
F u r fu ra l  by  H P L C

The quantity o f  m onom eric sugars yield and furfural in ferm entable sugars 
which got from  pretreatm ent and enzym atic hydrolysis process w ere determ ined by 
H PLC equipped with a refractive index detector (Series 200 L C /S/N 291N 5060508, 
Perkin E lm er) using an A m inex-H PX  87H colum n (300 mm x78 m m , Bio-Rad Lab, 
LISA) and a guard colum n (30 m m  X  4.6 m m , Bio-Rad Lab, U SA ) under these 
follow ing conditions: flow  rate 0.60 m l/m in, m obile phase 0.005 M  o f  LI2 SO4  and 
colum n tem perature w as fixed at 60 °C .The retention  tim es o f  m onom eric sugar in 
both ferm entable sugars are show n in Table B l .  It show ed that there are 3 
m onom eric sugars, w hich are glucose, xylose, arabinose, and one inhibitor 
com pound. In order to determ ine the quantity o f  m onom eric sugar, calibration curve 
o f  each m onom eric sugar is necessary. Figure B l show s the calibration curve o f 
m onom eric sugar and furfural.

T a b le  B l Retention tim e o f m onom eric sugar

M onom eric sugar Retention tim e (m in)

Glucose 9.30
Xylose 9.93

A rabinose 10.84
M annose N /A
Galactose N/A

A cetic acid 15.11
Butyric acid 21.15

Furfural 52.35
N /A ; N ot A vailable
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Calibration curve of glucose

Area

Calibration curve of xylose

Calibration curve of arabinose r  1.. .. r  .Calibration curve of acetic acid

Calibration curve of furfural

200000 400000 600000 800000 1000000
Area

F ig u re  B1 C alibration curve o f  m onom eric sugar and furfural in ferm entable sugars. 
Sym bols; (a) calibration curve o f  glucose, (b) calibration  curve o f  xylose, (c) 
calibration  curve o f  arabinose, (d) calibration curve o f  acetic acid, (e) calibration 
curve o f  butyric acid, and (f) calibration curve o f  furfural.
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A pp end ix  c  R eten tio n  T im e an d  C a lib ra tio n  C u rv e  o f A ce ton c-B u tan o l- 
E th a n o l by  G C

D uring the sim ultaneous saccharification and ferm entation step, m onom eric 
sugars w ere ferm ented to acetone-butanol-ethanol by C lo s tr id iu m  B e ije r in ck ii  
TISTR1461 for an optim al tim e and the acetone-butanol-ethanol yield  w as detected 
by Gas C hrom atrography at the petroleum  and petrochem ical college, Chulalongkorn 
University. In order to determ ine the quantity  o f  acetone-butanol-ethanol in product, 
the calibrational curve o f  acetone-butanol-ethanol is required. Figure C l shows the 
calibration curve o f  standard acetone-butanol-ethanol under various concentrations in 
the range 0.5 g/1 to 2 g/1 using propanol as an internal standard.

Calibration curve of acetone Calibration curve of ethanol

Calibration curv e of butanol

Ratio (area butanoharea propanol)

F ig u re  C l  C alibration curve o f  acetone-butanol-ethanol in product. Sym bols; (a) 
calibration curve o f  acetone, (b) calibration curve o f  ethanol, and (c) calibration 
curve o f  butanol.



66

A p p en d ix  D C itra te -P h o sp h a te  B u ffe r

C itrate-Phosphate Buffer; pH range 2.6 to 7.0
(a) 0.1 M Citric acid; 19.21 g/1 (M.w. 192.1)
(b) 0.2 M D ibasic sodium  phosphate; 35.6 g/1 (dihydrate; M.w. 178.0) or 53.6 g/1 
(heptahydrate; M.w. 268.0)

M ix citric acid and sodium  phosphate so lu tions in the proportions indicated 
and adjust the final volum e to 100 ml w ith deionized w ater. A djust the final pH using 
a sensitive pH  meter.

T ab le  D1 C itrate-Phosphate Buffer

0.2 M Na2H P 0 4 (ml) 0.1 M citrate  (ml) pH
14.1 35.9 3.4
16.1 33.9 3.6
17.7 32.3 3.8
19.3 30.7 4.0
20.6 29.4 4.2
22.2 27.8 4.4
23.3 26.7 4.6
24.8 25.2 4.8
25.7 24.3 5.0
26.7 23.3 5.2
27.8 22.2 5.4
29.0 21.0 5.6
30.3 19.7 5.8
32.1 17.9 6.0
33.1 16.9 6.2
34.6 15.4 6.4
36.4 13.6 6.6
40.9 9.1 6.8
43.6 6.5 7.0
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