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The objective of this research was to study pretreatment process for rice straw
degradation by applying ultrasonic with frequencies greater than 20 kHz. In this
research, structural and compositional alterations and biochemical methane potential
(BMP) of rice straw were studied when pretreated with ultrasonic combined with
boiling. Corresponding results were compared with those of ultrasonic pretreatment,
boiling and steam treatments.

Results showed that an application of ultrasonic coupled with heat by boiling
reduced structural size of rice straw and increased its porosity obviously indicated by
FE-SEM and remaining hemicellulose analysis. Initially, rice straw contained
hemicellulose 41.70% but pretreating it with boiling for 10 and 20 min, steaming for
15 min, ultrasonic at 37 and 102 kHz and combination of ultrasonic at 37 and 102 kHz
and boiling for 10 min resulted in hemicellulose reduction to 35.13%, 34.95%,
34.67%, 30.95%, 33.02%, 32.72% and 33.80%, respectively, which correspond to
percentage reduction of 15.76%, 16.19%, 16.86%, 25.78%, 20.82%, 21.53% and
18.94%, respectively. Obviously, use of ultrasonic reduce hemicellulose content in rice
straw and the efficiency increased when combined with boiling, showing a potential

for rice straw pretreatment.



Tested with BMP, rice straw pretreated with ultrasonic wave combined with
boiling had greater BMP values than those of untreated one. Pretreatment with boiling
for 10 and 20 min, steaming for 15 min, ultrasonic wave at 37 and 102 kHz and
ultrasonic wave at 37 and 102 kHz combined boiling for 10 min resulted in BMP
values of 248.83, 255.27, 256.13, 250.36, 243.79, 266.03 and 258.07 mL CH4 g VS added
at STP during 45 days, respectively. These increased from untreated sample (205.30
ML CHa g VSatsed) by 21.20%, 24.34%, 24.76%, 21.95%, 18.75%, 29.58% and
24.76%, respectively. Among them, ultrasonic wave combined with boiling for 10 min
showed the greatest BMP value with percentage increase of 29.58%.

Results on methane accumulation at various conditions (power: 120-200W,
treatment time: 10-30 min; frequency: 37 and 102 kHz) were used for analysis of
relationship between ultrasonic wave power and pretreatment duration using response
surface model (RSM) with central composite design (CCD). Results showed that adj.
R? values were 0.96 and 0.90 for methane accumulation obtained from an ultrasonic
wave pretreatment at 37 and 102 kHz, respectively.

Test of biogas system operation using ultrasonic wave coupled with boiling as
pretreatments at organic loads of 0.9, 1.20, 1.81 and 3.61 kgVSaddea m3d? had
efficiencies in eliminating volatile solid ranging from 24.54 to 37.22% and COD in the
range of 36.08-44.37. The efficiencies of methane production ranged from 181.75 to 244.06
LCH4/KgVSadded, With the highest value found at an organic load of 1.2 KgVSaddea m=>d™.

The corresponding system biodegradation kinetic (k) value was 0.1435 d.
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