FREATAELE L EFAL Y E 23R

TEEN FEATE

3% 5 0 NSC90-2211-E-002-048-

HEHPH I 90£087 01p % 91# 107 317
HEEE: M2 80 E188 EFAT

i SRS &
EpafrA Flaa kW
PEEE R AmT 2w

WA HEIRE
FL i RELFREET SRS
BN AP E VOB AN

POE % R 9RES5! 2



FRRATHFELAEERFALFHE A 5HL
BRRILPL LR -R 2 Y E - B R A

2+ 4 %hEl 1 NSC 90-2211-E-002-048
HEFPR:90F B 1[I1=91=F 7F31[!
EIE R o
TE ge AR REVT S D H[
FiRtEs B o fh B DS ST S

1 fid R
APRFEF RS FRF AR RTIBTEREZBEFEEE e
o UHERRE S B ARATI 0 AL 2 B FEARRMA A
R0 % RS R LR o R 1 AR Y T R A B T g
BB ART PRI R 20§ o A PR Rf L AR el
PIF Frdl A F 2 255 i e A (0.33Watt/ml) AuZ - L A 4fs - @ %
FARLFAm R o X0 ARB YRS ARTEF GrdlAF 207 &
A d Rt I E Y 2 8 e

d

~

Abstract

In this project the polyelectrolyte-flocculated biosolids were pretreated by
ultrasonication in low power level to enhance the digestion performance. Compared
with the previous studies, the ultrasound applied here could not completely disrupt the
floc particles. While monitoring the time evolution of methane production and floc
properties, it is shown that cationic polyelectrolyte floccul ation enhanced the methane
production in the initial stage of biosolids digestion but inhibited in contrary in the
later stage. After treated by low-power ultrasonication (0.33 Watt/ml) for 20 minutes,
the methane production of biosolids largely increased and reduced the negative effects
brought by cationic polyelectrolyte flocculant.
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. Introduction

Anaerobic digestion is a widely used stabilization process for reducing biosolids
volume and producing bio-gas. To enhance its sedimentation rate prior to digestion
process, chemical flocculants are added to biosolids. However, their role on the
anaerobic digestion of biosolids had not been satisfactorily explored. Gossett et al.
(1978) noted the reduction of methane production and volatile solids destruction ratio
of an anaerobic digested wastewater biosolids when the organic coagulants (low MW)
were present. On the other hand, El-Manouni et al. (1998) found that the synthetic



polyelectrolyte not only has no inhibition effects to the biomass activity, but aso
could enhance the metabolite transfer rate and reduce the inhibition effects of
acetogenic and methanogenic bacteria.

In Chu et al. (2001), the ultrasound was noted to completely destroy the global
structure of flocs and release a large part of the organics from the sludge particles.
This process is efficient but must exhaust a huge amount of energy if applied in field.
This work first examined the impact of polyelectrolyte flocculant on the anaerobic
digestion efficiency of waste-activated biosolids, including the methane production
and floc characteristics. In the second part we examined the effects of applying
ultrasound pretreatment in low power level on the floc characteristics of anaerobically
digested activated biosolids using cationic polyelectrolyte as the conditioner. We
demonstrated herein that insufficient ultrasound dosage is not to directly release
insolubles into the suspension, but to make the organics more easily attacked by the
hydrolyzed enzyme. Some comments regarding the influence of floc size on digestion
efficiency are aso offered.

3. Experimental
3.1 TheSamples

Waste activated biosolids were taken from a wastewater treatment plant in the
Presidential Enterprise Co., Taoyuan, Taiwan. The total solid content was measured as
9,390 mg/l and the true density of dried solid in biosolids was 1,470 kg/m®. The pH
value of original biosolids was approximately 6.7.

3.2 Flocculation Conditioning and Sonication

Cationic polyelectrolyte T3052 (cationic polyacrylamide) was provided by
Kai-Guan Inc., Taiwan, with molecular weight of 10’ and charge density of 20%.
Biosolids sample was first put in a standard mixing vessel, and pre-cal culated amount
of flocculant solution was then gradually poured into the mixing vessel with 200 rpm
of stirring for 5 min, followed by 50 rpm for another 20 min. The flocculant dose
adopted in this study is 40 g-T3052/kg-DS, which leads to the floc z potential largely
deviated from the neutralization point.

The origina and the conditioned biosolids sample were sonicated in a 500-ml
beaker with the assistance of a cel-disrupter (SONICATOR XL-2020, Heat
system-Ultrasonics, Inc.) allocated at 2 cm above the beaker bottom. The frequency of
ultrasound was 20 kHz. The sonication power was 0.33 Watt/ml and sonication time
20 minutes. The temperature of biosolids was kept a 25°C in a water bath for
preventing the possible temperature effect. In following section we denoted the
origina biosolids as the sample O; the cationic polymer flocculated biosolids (40
g-T3052/kg-DS), the sample F; the origina biosolids subject to sonication as the
sample OS, and the flocculated sample F after sonication, the sample FS.



3.3 Anaerobic Digestion and Related Tests

All digestion experiments were performed using 25 ml serum bottles in an
anaerobic glove box (Forma Scientific, model 1025 S/N). 5 ml biosolids (original or
flocculated) mixed with 1 ml anaerobes K8 and 4 ml medium were poured into the
serum bottles. K8 was collected from the bottom sediment at some known site of
Tam-Shui River (near Taipei), March 1998 and adapted by adding 0.1 ppm PCB and
medium to 500 g sediment at 14-day intervals under static incubation at 35°C without
light for more than 2 years. Serum bottles were then capped with butyl rubber
stoppers and wrapped in aluminum foil to prevent possible photolysis. These bottles
(over 40 in number for each sample) were incubated at 35°C without shaking.
Methane production was quantified with a gas chromatography (Sigma 3B
Perkin-Elmer) equipped with a packed column (200x0.5 cm, 80/100 porapa Q;
Supecol, Bellefonte, PA) and flame-ionization detector.

4. Results and Discussions
4.1 Methane production

Figure 1 illustrates amounts of methane yield for the origina and the
T3052-flocculated biosolids. As Fig. 1 shows, during the first six days of digestion,
the T3052-flocculated biosolids generate methane more rapidly than biosolids does
the original biosolids. The digestion rate of biosolids flocculated at a dosage above 15
o/kg DS declines with time. Following ten days of digestion, the methane production
curves for the origina and the flocculated biosolids at a dosage under 5 g/lkg DS
converge. The aforementioned experimental results clearly reveal that the presence of
flocculants can enhance the efficiency of the first stage of digestion, but in the later
stages the flocculants inhibit digestion if biosolids is conditioned with a high dosage
cationic polymer. Flocculants take different roles in different stages of digestion.



150 T T T T T T T T T T T T T T T T

4
100 — —

50 — —
Origina dudge
T3052, 5g/kg DS
T3052, 15g/kg DS |
T3052, 40g/kg DS |

Methane yield (g CH /kg DS)
T
|

* 4 » o

0\\\\\\\\\\\\\\\\\\\
0 10 20 30 40

Time (Day)

Fig.1 Methane production amount for anaerobic digestion of biosolids.

Figure 2 illustrates the methane production of biosolids after ultrasonication.
The sonication pre-treatment could markedly enhance both the methane production
rate as well as its ultimate yield. An enhancement of 290% and 480% is achieved.
Meanwhile, the corresponding ultimate yields increase by 104% and 260% for the
original and the floccul ated biosolids, respectively.
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Fig. 2 Methane production amount
for anaerobic digestion of biosolids after sonication.

Therefore, athough the presence of polyelectrolyte in long-term tests could
retard the anaerobic digestion process, the ultrasonic pre-treatment can markedly
enhance the digestion. Furthermore, compared with sample OS, the presence of
polyelectrolyte can further increase the ultimate yield for sample FS by approximately
10%.



4.2 Changesin floc characteristics

Figure 3 depicts the mean floc sizes of the origina and flocculated biosolids.
The floc size decreases as the digestion proceeds, implying the deterioration of the
floc structure. A dramatic size reduction is noticeable for the T-3052 flocculated
biosolids. The size of 40 g/kg DS flocculated biosolids is reduced by more than 55%
during the first ten days of digestion. The size reduction is less significant in cases
with a lower dosage of 5 g/kg DS. Microphotographs showed that the origina
biosolids exhibits aloose floc structure in the presence of filamentous microorganism.
Partial disintegration of floc structure is observed after digestion, but the complete
floc structure remains amost intact. After 30 days of digestion, the entire flocculated
aggregate is largely deteriorated and the flocs resemble the original flocs.

After sonication, Figure 4 depicts that the flocs of origina and flocculated
biosolids were decreased to the size near to the level of original biosolids floc. Also
the floc size decreases as the digestion proceeds. The sample OS and sample FS
resemble each other in appearance. The global structures for original biosolids and for
flocculated sample after digestion have been partially deteriorated, with the former
more readily damaged in structure than the latter. This is probably due to the much
stronger floc matrix by the action of flocculants. After 30 days of digestion, partial
disintegration of floc structure is noticeable, but the entire floc structure has been
retained.
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Fig. 3 Floc size of biosolids during digestion
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Fig. 4 Floc size of biosolids during digestion after sonication

4.3 Possible mechanism

The digestion of activated biosolids, origina or flocculated, comprises of the
following two stages. Before day 10 (phase I), one noted the marked changes in all
process characteristics, and subsequently, al these process parameters gradualy
converge and reach a plateau state, while the remaining 27-37% of methane is
produced in a 20-30 day period of time (phase 11). The phase | digestion could gain
the most of the benefits from the biosolids digestion, regardless of the presence of
flocculants or the application of ultrasound. The presence of flocculant molecules
could enhance phase-I digestion, probably being attributed to the extra carbon source.
In the subsequent phase 11 the flocculant molecules hinder the digestion. Application
of “weak” ultrasound pre-treatment could markedly enhance digestion efficiency for
both original (sample OS) and flocculated biosolids (sample FS). Although the total
ultrasonic energy input is not sufficient to completely destroy the floc interior and to
effectively release the organics from the solid phase, it has satisfactorily enhanced the
subsequent anaerobic digestion processes. This is not consistent with the literature
works suggesting that the pre-treatment process should directly transformed the
available organics into soluble forms (Chiu et al., 1997).

Furthermore, compared with sample OS, the presence of polyelectrolyte can
further increase the ultimate yield of methane for sample FS by approximately 10%.
Notably the polyelectrolyte existed in sample FS is a a weight percent of
approximately 4%. If taking the mass loss for the biosolids digestion as 30-40% of its
original weight, as commonly noted in practice, then the excess 10% methane
production for sample FS could be regarded as to the end-product from the digested
polyelectrolyte. These results imply that the ultrasound apparently not only helps
hydrolyze the biosolids particles, but also leads to easy digestion to the



polyelectrolyte molecules.

5. Conclusions

This study considered the effects of polyelectrolyte flocculants on the anaerobic
digestion of waste-activated biosolids. The cationic flocculant efficiently conditioned
the biosolids, which presented no significant toxicity to the studied microbial
population. In the first stage of digestion (< 6 days) the presence of polyelectrolyte
flocculants enhanced methane production and reduced the floc size. During the
subsequent stage (> 10 days), applying a high dosage (>15 g/kg DS) T3052
significantly reduced the efficiency of digestion. Such a result was attributed to the
much larger floc size of T3052-flocculated flocs and their much denser interior.
Sonication could largely enhance the methane production of both original and
flocculated biosolids, though it could not fully deteriorate the floc structure.

6. References

Chiu, Y. C., Chang, C. N., Lin, J. G. and Huang, S. J. (1997) Alkaline and ultrasonic
pretreatment of sludge before anaerobic digestion. Wat. . Tech., 36(11),
155-162.

Chu, C. P, Lee, D. J,, Chang, B. V. and Liao, C. S. (2001) Observations on changesin
ultrasonically treated waste activated sludge. Vét. Res., 35, 1038-1046.

El-Manouni, R., Leduc, R. and Guiot, S. R. (1998) Influence of synthetic and natural
polymers on the anaerobic granulation process. Wat. &i. Tech., 38(8-9), 341-347.

Gossett, J. M., McCarty, P. L., Wilson, J. C. and Evans, D. S. (1978) Anagerobic
digestion of biosolids from chemical treatment. Res. J. Wat. Pollut. Control Fed.,,
50, 533-542.



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8

