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ABSTRACT

The objective of this work was to investigate effeof sludge conditions serving sludge
ultrasonication JS) First, specific energy inpuE§ plays a key role in sludge disintegration
(DDcop). An optimal total solid concentration of 28 g/L svibund to be convenient for sludge
US pretreatment. Besidesecondary sludge showed the highest disintegrafmlowed by
digested and mixed sludge regardless of tempergiyreontrol duringuS Additionally, pH
adjustment -addition of low NaOH dose (22 - 40ugdrs) could be useful, that significantly
improvedCOD release under subsequé&ls while resulting in a suitable pH value for anadécob
digestionafterwards.

Keywords: alkali pretreatment, sludge disintegration, wastdivated sludge, ultrasonic
pretreatment.

1. INTRODUCTION

Incineration, ocean discharge, land application] eemposting are no longer sustainable
for sludge disposal due to high costs and/or negdthpacts on the environment. Therefore,
anaerobic digestiomAD) of sludge has been applied as an efficient asthmable technology
for sludge treatment. However, hydrolysis, thetfgstage ofAD, is known as the rate-limiting
step of microbial conversion. Therefore, some paptdchniques have been applied in sludge
pretreatment to rupture the cell wall and facitaihe release of intracellular matter into the
aqueous phase to improve biodegradability and ex@haB: biological, mechanical, thermal,
chemical methods, and intense electric fieldsqlL -

In their review, Pilliet al [6] claimed ultrasonic irradiation (US)to be a feasible and
promising mechanical disruption technique for skidgetreatment due to efficient sludge
disintegration [6], improvement in biodegradabilignd bio-solid quality [7], increase in
biogas/methane production [7 - 9], no need for dbalradditives [10], less sludge retention
time [11], and sludge reduction [8]. The ambiennhditons of the sonicated system can
significantly affect the intensity of cavitation@eonsequently affect the efficiency (rate and/or
yield) of the desired operation: gas and partieulatatter, solvent, field type (standing or
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progressive wave), types &S cavitation, attenuation, temperature, externalsgues, and
sample preparatioetc [6, 12, 13].

The objective of this preliminary study was to sapaly or simultaneously investigate the
effects of some key conditions of sludge servif§process: total solid content of sludgg
(12 - 36 g/L), sludge type (mixed, secondary, aigeésted sludge), and prior sludge alkalization
(using 22 - 77 mgoHgrs). The selected values are expected to serve fbseguent
optimization of sludg&JS pretreatment efficacy.

2. MATERIALS AND METHODS
2.1. Sludge samples
Sludge samples (Table 1, 2) were collected frome&ivus wastewater treatment plants
(Toulouse, France) at different periods in relatigth the changes iVS equipment along this

work: mixed sludge (solid form, after centrifugatjo secondary sludge (liquid form), and
digested sludge (liquid form, aft&D process of the secondary sludge).

Table 1 Characteristics of sludge samples from 1st ctiiac

Parameter Value
a b C

Synthetic sludge Defrosted mixed Fresh secondary Fresh digested
samples sludge sludge sludge

(1°-sampling) (1°-sampling) (1°-sampling)
Total solids TS g/L | 28.0 14.0 28.0 14.0 14.0
MeanSCODLQ g/L 2.7 1.5 4.5 1.9 0.4
SCODRQya0H 0.5 M g/L | 185 11.3 22.9 14.0 11.0
Total COD (TCOD) g/L | 36.5 18.3 38.2 19.1 15.0
SCORQ0/TCOD % 50.7 61.7* 59.9 73.3* 73.3

(*Higher ratiosSCORQ,0/ TCOD at low TS might result from higheNaOH/TSratios as same amount of
NaOHwas used).

Table 2 Characteristics of sludge samples froth 2%, and &' collections.

Parameter Value
a b c
Synthetic sludge sample Defrosted mixed | Defrosted secondary Defrosted
sludge sludge secondary sludge
(2"-sampling) (3%-sampling) (4"-sampling)
Total solids TS g/L 28.0 28.0 28.0
MeanSCODLQ g/L 3.4 2.8 4.1
SCODQya0H05M g/L 19.6 22.7 22.1
TCOD g/L 38.9 36.3 39.1
SCORQ0/TCOD % 50.4 62.5 56.5

Mixed and most of secondary sludge samples wergepred in a freezer [14]. Digested
sludge and some secondary sludge were presen@d-at°C (without any freezing). When
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performing experiments, the required amount of gdudias defrosted (for frozen sludge) and
diluted with distilled water to prepare synthefiedge samples with a givérScontent.

2.2. Ultrasound application

Ultrasonic irradiation was emitted by a cup-hortradound unit included in an autoclave
reactor which was connected to a pressurikigdottle (see Figure 1). The reactor had an
internal diameter of 9 cm and the depth of 18 @nafusable capacity of 1 L. A cooling water
stream was used to control temperatdneof the solution at 28 + 2 °C duringS. The solution
was stirred at 500 rpm. 0.5 L of synthetic sludgmgle was used for each experiment. Ulg
equipment includes two generators working at 12 2MdkHz, probe size of 35 mm diameter,
and maximumPys (transferred from the generator to the transduised00 W. DifferentUS
durations corresponding to five valuese8 (7000 - 75000 kJ/kg) were testedeS = (R;s* t) /

(V * TS), where ES specific energy input, energy per total solid gii(kJ/kgs), Pus US
power input (W),t: US duration (s),V: sludge volume (L), andS total solid concentration

(g/L).
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Figure 1 Ultrasonic autoclave set-up.

2.3. Analytical methods

Total and volatile solidTS and VS, respectively) were measured according to APHA
[15]. The degree of sludge disintegratio(DDcop) was calculated by determining the
soluble chemical oxygen demand after strong alkalgtisintegration of sludge
(SCODwaon and the chemical oxygen demand in the superndiefdre and after
treatment $COLy and SCODrespectively):

DDcop = (SCOD — SCOB)/(SCOD\aon - SCOR)*100 (%)[16].

SCODvaon Were measured according to dti al [17]. Besides, totaCOD (TCOD) was
also measured by potassium dichromate oxidatiomadefstandard AFNOR NFT 90-
101). ForSCOD the supernatant liquid was filtered under vacusing a cellulose
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nitrate membrane with 0.2m pore size. ColloidaCOD fraction -between 0.2 and 1
um- was also measured in some cases. The filtegatllivas subjected 6OD analysis
as per Hach spectrophotometric method. The chang@eiSCODindirectly represents
the quantity of organic carbon which has been feared from the cell content and solid
materials into the external liquid phase of slud@8 - 19]. The errors INCOD
measurement were less than 5 %.

3. RESULTS AND DISCUSSION
3.1.DDc¢op evolution
3.1.1. Effect of TS concentration

Five synthetic mixed sludge samples (Table 1.a)2(S324, S28, S32, and S36
corresponding to 12, 24, 28, 32, and 36 ¢/LT&f respectively) were treated at atmospheric
pressure, under adiabatic condition. The stirreedpvas set at 500 rpm. The results, presented
in Figure 2, showed a gradual increas&6ODwith sonication time (0-150 min), but less and
less. The relation betwe&CODandTScontent is not simple because the W¥top was not
found at the maximums.
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Figure 2 Effect of TSon mixed sludge disintegratioBDcop) vs. ES: Bs= 150 W,BP, Fs= 20 kHz,
mixed sludge (Table 1.a), adiabatic conditions, @tmaospheric pressure.

Figure 2 actually exhibits &Soptimal value of 28 g/L in terms @Dcop over the whole
ESrange. This behavior is in agreement with othadiss [6, 10, 14, 20 - 22], and can be
explained by opposite effects. The m@® the more cells and aggregates are in contact with
cavitation bubbles, thus the more efficienflys is consumed. On the other hand, the acoustic
pressure field decreases faster from the emittean tthe reduction of acoustic cavitation
intensity, due to the poor propagation of th&€ wave in a highe'S suspension. These two
opposite effects lead to an optimuh® concentration that could slightly depend on sludge
characteristics, operating conditions, and reactesign, etc Some additional isothermal
experiments on secondary sludge (Table 2.c) atehighessure anBys, presented in Figure 3,
seem to confirm thi§'S optimum not to depend on sludge types, nor pressureR). It is
interesting to note that this “optimum” sludge cenication is close to the actual concentration
of secondary sludge which could be treated directly
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Figure 3 Effect of P, TS andPys on sludgdJS pretreatmentBP, ES= 35000 kJ/kgs, 12 kHz,
secondary sludge (Table 2.c), ahd 28 + 2°C. (a)Pys= 150 W, (b)Pys= 360 W.

3.1.2. Effect of sludge type

The disintegration of different sludge types bytbisbthermal and adiabatic sonication was
investigated withTS of 14 g/L (as digested sludge was not availabl@8ag/L). Figures 4-5
showed higher disintegration degrees (either bawsed COD or SCORQ 0y for secondary
sludge, followed by digested sludge and mixed sldall conditionsAD might have therefore
consumed a fraction €OD which was the most readily solubilized. They alsdicate the
predominance of adiabatidS as compared to isothermidlS in terms of sludge disintegration
[23].
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Figure 4 Effect ofESonUS pretreatment efficacy of different sludge typP®¢op based orsCORQy,01):
Pys= 150 W,BP, s =20 kHz, TS= 14 g/L (Table 1), and atmospheric pressureT @P8 + 2°C and
(b) adiabatic conditions.

As mentioned, different sludge collections weredtarted following the variations &§S
equipment along this work. This part compares thiiferent samples for the same sludge type
(e.g.secondary sludge) when treated at the sd@®eonditions. Results, depicted in Figure 6,
showed that these secondary sludge samples cdllatw@ifferent times of the work resulted in
differentUSdisintegration degrees. Obviously, comparisonsgess sludges efficiency were
then always done on the same substrate.
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Figure 5 Effect of ESonUS pretreatment efficacy of different sludge typB®¢op based omTCOD¥):
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Figure 6 Disintegration degre®Dcop Vs. ES of different secondary sludge samples.
(@): Pys= 150 W,BP, Fs = 20 kHz,T = 28+2C, atmospheric pressure, ahi= 28g/L (Table 1b and 2b)
(b): Pus=50 W,BP, Fg= 12 kHz,T = 28+2C, atmospheric pressure, and TS = 28¢/L (Tablen2ta).

3.1.3. Effect of alkaline addition prior to sonimat

According to previous studies [24 - 25], “alkalisat (using NaOH) followed byJS
pretreatment” procedure was chosen for alkali$experiments. A given amount of NaOH was
added into the fixed volume of mixed sludge to easthe same condition of chemical
application.

NaOH doses of 22, 40, 47, and 77 yq@/drs were added to the mixed sludge solution
(Table 2.a), labelled sol. 22, sol. 40, sol. 44 anl. 77, respectively, and let under stirring at
room temperature for different time periods up tb. Z'he evolutions of pH andDcop of the
samples as a function of time are shown in Tabl&®ording to Kimet al [26], alkaline
pretreatment usually acts faster than other methdieed, in all cases, alkaline treatment
resulted in a fast solubilisation €OD, more than 50% of the maximal observed yield being
achieved within 10 min, followed by a quasi-platediter 30 min. Therefore, a holding time of
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30 min was selected for subsequent experiments io@chlvith US. During this period, the pH
of the sludge samples dropped about one unit agrshoTable 3.

Table 3 Alkaline pretreatment of mixed sludge (Table &ajoom temperature.

Holding time (min)

0.5 10 20 30 40 117

DDCOD (%)
Sol. 22 (pH 9.6) 6.4 7.3 9.5 (pH 8.6) 10.7 12.3
Sol. 40  (pH 10.2) 11.5 13.3 17.0 (pH 9.4) 18.3 21.0
Sol. 47  (pH 11.1) 13.0 15.8 19.3 (pH 10.1) 21.0 22,5
Sol. 77 (pH 12.2) 24.4 26.3 29.0 (pH 11.0) 30.4 33.1

Subsequently, effect dlaOH addition prior toUS was looked into. As expected, Figure 7
showed alkalJS pretreatment to be the most effective techniqueslicdge disintegration, and
the resulting efficacy was nearly the sum of indipal pretreatments when sol. 22 or sol. 40
were kept under isotherm@lS (28 °C). Jinet al. [25] also observed such a result. Alkalisation
also significantly reduced the differences observetiveen isothermal and adiabdtl&. It is
also worth noting that undddS the differences resulting from the addition o§thiNaOH
amounts tended to vanish. As shown in Table. 3hitjeer the pH, the more easily the processes
of natural shape losing of proteins, saponificatibfipid, and hydrolysis oRNAoccur [1, 27].
However, for overall process economy, NaOH additstrould be limited. Moreover, high
concentration of Nawas reported to cause the inhibitionAfD [1] - requiring a narrow pH
range between 6.5 and 8 [24]. According to pH &Blaed-sonicated mixed sludge solutions
shown in Figure 7, addition of a small NaOH dose far sol. 22 or sol. 40) could be indeed
suitable for the whole process. Nevertheless, ab sgnergy effect was observed as the best
performance of the combined treatment was the duheandividual ones.
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Figure 7. Comparison of different methods for mixed sludggntegration {S= 28 g/L, Table 2.a):
Fs= 20 kHz,Pys= 150 W,BP, USduration = 117 min, NaOH dose = 0-77 w§/grs (holding time = 30
min), and atmospheric pressure. Final pH value &iéatment is also indicated on top of each
corresponding bar.

The combined effect of mild alkalization and hydabis pressure on mixed sludge
adiabaticUS pretreatment was also investigated and is predemteFigure 8. The same
conclusions were pointed out regarding the effdctToand alkalisation, but at 2 bar of
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hydrostatic pressure, the overall process wasrsiilfoved: up to about 46 % BD¢op after 2 h

of adiabatidJSfor sol. 40. The final pH of 7.6 was also suitaioleAD.
50
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Figure 8 Mixed sludge disintegration under alkbl& pretreatmentPys = 150 W,BP, 20 kHz,
TS= 28 g/L - Table 2.a, NaOH dose = 4Qmg/grs holding time of 30 min.

3.2. Solubilisation of organic fractions
Four secondary sludge samplésS(of 28 g/L, Table 1.b) were analyzed for proteins

(organicN dosage) and sugars (anthrone test)fotal amounts and in solution after filtration on
1 um pore size membrane:

(Si) Raw sludge
(Sii) US pretreated sludgel60 W, 75000 kJ/kgs, 20 kHz, 2 bar, and 28 + 2 °C);
(Siii) US, pretreated sludgel60W, 75000 kJ/kgs, 20 kHz, 2 bar, and adiabatic conditions);

(Siv) Thermally pretreated sludgeonstant 70C for 2 h, treatment resulting in almost same
SCODas that ofSii).

Results were given in Table 4. The total proteid angar concentrations in these sludge
samples were almost constant, suggesting negligitchemistry [28 - 29]. The release of
organics is due to the disruption of chemical bomdsell walls and membranes [29], the
degradation oEPS (including saccharides, proteins, nucleic acigg] humic acids), and the
release of intracellular matter from the cells vehgroteins are mainly located in [28].

Table 4 Solubilisation of organic fractions.

Solubilisation yield (%)’

Sample Protein Sugar
S 0 0
Sii 61.3 28.0
Siii 70.0 34.3
Siv 42.0 29.1

* = (difference between the (soluble + colloidathaunts in treated and raw samples) / (difference
between the total amount and the initial (solublecHoidal) amount) *100
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In accordance with previol8OD results, solubilisation of proteins and sugars higher
under adiabatidJS (Siii) than under isothermdlS (Sii) or thermal hydrolysisSiy). Table 4
shows proteins to be released the most in all cémasthe different pretreatments resulted in
different yields. For example, protein solubilisatiof Sii was about 46 % higher than thatSi
although almost sam&8COD and solubilisation of sugars. The low solubilizachount of
proteins inSiv could be due to the fact that thermal treatmememperatures lower than 95 °C
mainly affectsEPSwhich are embedded in the sludge floc matrix, ilggdo solubilisation of
carbohydrates and few proteins [28]. Therefore eloprotein solubilisation obivcompared to
those ofSii andSiii indicatedUS pretreatment to be more effective than low tentpeesthermal
hydrolysis (7C°C) in terms of floc disruption and cell lysis.

Additional experiments were conducted to follow thiect of ES on the evolution of
soluble 6COD and colloidal CCOD) fractions of COD. Figure 9 depicts evolutions of
SCOD/TCOD and CCOD/TCOD during US While SCOD/TCOD gradually increased,
CCOD/TCODincreased quickly witiES up to 12000 kJ/kg, then slowed down, and almost
reached a plateau afterwards. Colloilattion was also much higher than soluble ower the
investigatedeSrange (2 to 3-fold).

70
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>

0 10000 20000 30000 40000 50000 60000
ES (kJ/kgrs)

¢ Colloidal COD/TCOD A Soluble COD/TCOD
.

Figure 91.Effect of ESon SCOD/TCODandCCOD/TCODduringUS: Rys= 360 W,BP, k= 20 kHz,
TS=28 g/L (Table 2.c)T = 28 + 2 °C, and atmospheric pressure.

4. CONCLUSIONS

For given external andS parameters, sludge disintegration degree increasanearly
with ES Mixed sludge samples with differefitS contents were pretreated using various
sonication durations, exhibiting an optimal concaton of 28 g/L to get the highe§&OD
release in the aqueous phase. Besittes highest disintegration was found with secondary
sludge, followed by digested and mixed sludge mdgas of temperature control during
sonication. Additionally, pH adjustment -additiofi low NaOH dose, between 22 and 40
Moo Grs- could be useful, that significantly improve2iOD release under subsequen$
treatment while resulting in a final pH value shltafor subseque®D.
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TOM TAT

BUGC PAU NGHIEN CUU ANH HUGNG CUA CAC PIEU KIEN BUN THAI PEN
HIEU QUA TIEN XU Li BANG SIEU AM
Ngoc Tuan LE ?, Carine JULCOUR-LEBIGUE Henri DELMAS’

Truwong Pai hoc Khoa e Tie nhién —=PH Quoc Gia TpHCM — 227 Ngén \Vin Cir,
Phuong 4, Quin 5, TpHCM, Vdt Nam

Université de Toulouse, Laboratoire de Génie ChirajdNP-ENSIACET,
31030 Toulouse, France

"Email : ngoctuan.le@ensiacet.fr : Intuan@hcmus.edu.vn

Nghién eu nim muc tiéudanh gia s b anh hréng aia cacdiéu kién bun thi dén higu
qua tién xir ly bang siéu am. & qua cho trﬁy nang lrong siéu andong vai tro quan éng trong
viéc phan ra bun #. Gia ti t6i vu cia tHng ham irong chit ran la 28 g/L. Trong & hai trong
hop siéu amiing nhit va doan nhiét, bun thr cip cho thy mic do phan ra caodn bun tiéu
héa va bun &n hop (v cip + thr cip). Ngoai ra, \éc kiém héa bun thi (bd sung 22 - 40
MQuzor/Grs ) thlcday manh né sy giai phongCOD trong giaidoan siéu am @#ng nhr ¢am bao
d6 pH thich lvp cho qué trinh i yém khi bun thi saudo.

Tir khoa:bun thii hoat tinh, phan ra bun #h tién xir Ii bun thii bang kiém, tién xir Ii bun thii
bang siéu am.
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