Tap chi Khoa hoc va Céng nghé §3 (5) (2015) 625-636
DOL: 10.15625/0866-708X/53/5/4444

SONICATION PRETREATMENT OF SLUDGE: PRELIMINARY
STUDY OF SLUDGE CONDITIONS

1,2,* 2

Ngoc Tuan Le" ™ , Carine J ulcour-Lebigue’, Henri Delmas

University of Science, Vietmam National University Ho Chi Minh City, Vietnam
*Université de Toulouse, LGC, INP-ENSIACET, 31030 Toulouse, France

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

Received: 16 August 2014, Accepted for publication: 1 October 2015

ABSTRACT

The objective of this work was to investigate effects of sludge conditions serving sludge
ultrasonication (US). First, specific energy input (ES) plays a key role in sludge disintegration
(DDcop). An optimal total solid concentration of 28 g/l was found to be convenient for sludge
[/S pretreatment. Besides, secondary sludge showed the highest disintegration, followed by
digested and mixed sludge regardless of temperature (7) control during US. Additionally, pH
adjustment -addition of low NaOH dose (22 - 40 mgy.on/grs) could be useful, that significantly
improved COD release under subsequent US while resulting in a suitable pH value for anaerobic
digestion afterwards.

Keywords: alkali pretreatment, sludge disintegration, waste activated sludge, ultrasonic
pretreatment.

1. INTRODUCTION

Incineration, ocean discharge, land application, and composting are no longer sustainable
for sludge disposal due to high costs and/or negative impacts on the environment. Therefore,
anaerobic digestion (4D) of sludge has been applied as an efficient and sustainable technology
for sludge treatment. However, hydrolysis, the first stage of AD, is known as the rate-limiting
step of microbial conversion. Therefore, some popular techniques have been applied in sludge
pretreatment to rupture the cell wall and facilitate the release of intracellular matter into the
aqueous phase to improve biodegradability and enhance AD: biological, mechanical, thermal,
chemical methods, and intense electric fields [1 - 5].

[n their review, Pilli er al. [6] claimed ultrasonic irradiation (US) to be a feasible and
promising mechanical disruption technique for sludge pretreatment due to efficient sludge
disintegration [6], improvement in biodegradability and bio-solid quality [7], increase in
biogas/methane production [7 - 9], no need for chemical additives [10], less sludge retention
time [11], and sludge reduction [8]. The ambient conditions of the sonicated system can
significantly affect the intensity of cavitation and consequently affect the efficiency (rate and/or
yield) of the desired operation: gas and particulate matter, solvent, field type (standing or
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progressive wave), types of US cavitation, attenuation, temperature, external pressure, and
sample preparation, esc. [6, 12, 13].

The objective of this preliminary study was to separately or simultaneously tnvestigate the
cffects of some key conditions of shudge serving US process: total solid content of sludge 7§
(12 - 36 g/L), sludge type (mixed, secondary, and digested sludge), and prior sludge alkalization
(using 22 - 77 mgu.on/grs). The selected values are expected to serve for subsequent
optimtzation of sludge US pretreatment efficacy.

2. MATERIALS AND METHODS
2.1, Sludge samples

Sludge samples (Table 1, 2) were collected from Ginestous wastewater treatment plants
(Toulouse, France) at different periods in relation with the changes in US equipment along this

work: mixed sludge (solid form, after centrifugation), secondary sludge (liquid form), and
digested sludge (liquid form, after AD process of the secondary sludge).

Table 1. Characteristics of sludge samples from 1st collection,

Parameter VYalue

a b C

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

_ N ___ (I"sampling) | (1%-sampling) |  (1*-sampling)
Total solids (TS) g/L i 280 140 28.0 14.0 14.0
Mean SCOD, Lol 127 1.5 4.5 19 0.4
SCODnaorosy gL + 185 113 229 . 14.0 11.0

Total COD (TCOD) g/l | 365 18.3 38.2 19.1 B 15.0
SCODpaog/ TCOD . % i 50.7 61.7% | 599 73.3% 73.3 _

(*Higher rattos SCODy,on/TCOD at low TS might result from higher NaOH/TS ratios as same amount of
NaOH was used).

Table 2. Characteristics of sludge samples from 2™, 3%, and 4" collections.

_ Parameter Value

| i a b c
Synthetic sludge sample " Defrosted mixed Defrosted secondary Defrosted
| sludge sludge secondary sludge
- | (2*-sampling) (3"-sampling) (4™-sampling)
Total solids (7'S) ) g/L 280 28.0 28.0
Mean SCOD, /L | 3.4 2.8 4.1
SCODNH[‘]H{LjM g,”L 19.6 227 22.1
TCOD g/l | 38.9 36.3 39.1
_SCODwa/ TCOD 1% 50.4 62.5 56.5

Mixed and most of secondary sludge samples were preserved in a freezer [14]. Digested
sludge and some secondary sludge were preserved at 3 — 4 °C (without any freezing). When
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pf:rﬁ:}rming experiments, the required amount of sludge was defrosted (for frozen sludge) and
diluted with distilled water to prepare synthetic sludge samples with a given 7S content.

2.2. Ultrasound application

Ultrasonic irradiation was emitted by a cup-horn ultrasound unit included in an autoclave
reactor which was connected to a pressurized N, bottle (see Figure 1). The reactor had an
internal diameter of 9 ¢cm and the depth of 18 cm, for a usable capacity of 1 L. A cooling water
stream was used to control temperature (7) of the solution at 28 + 2 °C during US. The solution
was stirred at 500 rpm. 0.5 L of synthetic sludge sample was used for each experiment. The US
equipment includes two generators working at 12 and 20 kHz, probe size of 35 mm diameter,
and maximum Py (transferred from the generator to the transducer) is 400 W. Different US
durations corresponding to five values of £S5 (7000 - 75000 kJ/kgrs) were tested: ES = (Pys *1) /
(V * TS), where ES: specific energy input, energy per total solid weight (kJ/kgrs), Pus: US
power input (W), r: US duration (s), V: sludge volume (L), and 7S: total solid concentration

(&/L).
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Figure 1. Ultrasonic autoclave set-up.
2.3. Analytical methods

Total and volatile solids (TS and VS, respectively) were measured according to APHA
[15]. The degree of sludge disintegration (DDcop) was calculated by determining the
soluble chemical oxygen demand after strong alkaline disintegration of sludge
(SCODya0n) and the chemical oxygen demand in the supernatant before and after
treatment (SCODy and SCOD respectively):

DD cop = (SCOD — SCOD;)/(SCOD aor - SCODy)x100 (%) [16].

SCODy.0n were measured according to Li er al [17]. Besides, total COD (TCOD) was
also measured by potassium dichromate oxidation method (standard AFNOR NFT 90-
101). For SCOD, the supernatant liquid was filtered under vacuum using a cellulose
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nitrate membrane with 0.2 um pore size. Colloidal COD fraction -between 0.2 and 1
pum- was also measured in some cases. The filtered liquid was subjected to COD analysis
as per Hach spectrophotometric method. The change in the SCOD indirectly represents
the quantity of organic carbon which has been transferred from the cell content and solid
materials into the external liquid phase of sludge [18 - 19]. The emors in COD
measurement were less than 5 %.

3. RESULTS AND DISCUSSION

3.1. DDC{H) evolution

3.1.1. Effect of TS concentration

Five synthetic mixed sludge samples (Table l.a) (S12, S24, S28, S32, and S$36
corresponding to 12, 24, 28, 32, and 36 g/L of T, respectively) were treated at atmospheric
pressure, under adiabatic condition. The stirrer speed was set at 500 rpm. The results, presented
in Figure 2, showed a gradual increase of SCOD with sonication time (0-150 min), but less and
less. The relation between SCOD and 7S content is not simple because the best DDqop was not
found at the maximum 7§.
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Figure 2. Effect of TS on mixed sludge disintegration (DDegp) vs. ES: Pyg= 150 W, BP, Fy=20kHz,
mixed sludge (Table 1.a), adiabatic conditions, and atmospheric pressure.

Figure 2 actually exhibits a 7S optimal value of 28 g/L in terms of DDcgp over the whole
£§ range. This behavior is in agreement with other studies [6, 10, 14, 20 - 22], and can be
explained by opposite effects. The more TS, the more cells and aggregates are in contact with
cavitation bubbles, thus the more efficiently Py is consumed. On the other hand, the acoustic
pressure field decreases faster from the emitter, then the reduction of acoustic cavitation
ntensity, due to the poor propagation of the US wave in a higher TS suspension. These two
opposite effects lead to an optimum 7S concentration that could slightly depend on sludge
characteristics, operating conditions, and reactor design, etc. Some additional isothermal
experiments on secondary sludge (Table 2.c) at higher pressure and Py, presented in Figure 3,
seem to confirm this 7§ optimum not to depend on sludge type, Pys, nor pressure (Pp). It is
interesting to note that this “optimum” sludge concentration is close to the actual concentration
of secondary sludge which could be treated directly.
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Figure 4. Effect of ES on US pretreatment efficacy of different sludge types (DDcpp based on SCODy,01):
Pyus= 150 W, BP, Fg= 20 kHz, 7S = 14 g/L. (Table 1), and atmospheric pressure. (a) I'=28 + 2°C and
(b} adiabatic conditions.

As mentioned, different sludge collections were conducted following the variations of US
equipment along this work. This part compares these different sarples for the same sludge type
(e.g. secondary sludge) when treated at the same US conditions. Results, depicted in Figure 6,
showed that these secondary sludge samples coliected at different times of the work resulted in
different US disintegration degrees. Obviously, comparisons to assess sludge US efficiency were
then always done on the same substrate.
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Figure 3. Effect of Py, 7S, and Py on sludge US pretreatment: BP, ES = 35000 kJ/kgrs 12 kHz,
secondary sludge (Table 2.c), and T=28 £ 2 °C. (a) Pys= 150 W, (b) Pys = 360 W.
3.1.2. Effect of sludge type
The disintegration of different sludge types by both isothermal and adiabatic sonication was
investigated with 7§ of 14 g/L. (as digested sludge was not available at 28 g/L). Figures 4-5
showed higher disintegration degrees (either based on T7COD or SCODy,qy) for secondary
sladge, followed by digested sludge and mixed sludge in all conditions. AD might have therefore
consumed a fraction of COD which was the most readily solubilized. They also indicate the
predominance of adiabatic US as compared to isothermal US in terms of sludge disintegration
23].
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Figure 5. Effect of ES on US pretreatment efficacy of different sludge types (DDcop based on TCODY):
Pus= 150 W, BP, Fg=20kHz, 75 = 14 g/L. (Table 1), and atmospheric pressure. (a) 7= 28£2°C and (b)
adiabatic conditions. * = (SCODs — SCODJATCOD-SCOD " 100
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Figure 6. Disintegration degree (DD¢np vs. ES) of different secondary sludge samples.
(a): Pys =150 W, BP, F5=20 kHz, T=28+2°C, atmospheric pressure, and 7S = 28g/L (Table 1b and 2b)
(b): Pys =50 W, BP, Fg=12kHz, T = 28+2°C, atmospheric pressure, and TS = 28g/L (Table 2b and 2c).

3.1.3. Effect of alkaline addition prior to sonication

According to previous studies [24 - 25], “alkalisation (using NaOH) followed by US
pretreatment” procedure was chosen for alkaline-US experiments. A given amount of NaOH was
added into the fixed volume of mixed sludge to ensure the same condition of chemical
application.

NaOH doses of 22, 40, 47, and 77 mgn.on/grs were added to the mixed sludge solution
(Table 2.a), labelled sol. 22, sol. 40, sol. 47, and sol. 77, respectively, and let under stirring at
room temperature for different time periods up to 2 h. The evolutions of pH and DDy, of the
samples as a function. of time are shown in Table 3. According to Kim er al. [26], alkaline
pretreatment usually acts faster than other methods. Indeed, in all cases, alkaline treatment
resulted in a fast solubilisation of COD, more than 50% of the maximal observed yield being
achieved within 10 min, followed by a quasi-plateau after 30 min, Therefore, a holding time of
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30 min was selected for subsequent experiments combined with US. During this period, the pH
of the sludge samples dropped about one unit as shown in Table 3.

Table 3. Alkaline pretreatment of mixed sludge (Table 2a) at room temperature.

Holding time (min)
0.5 10 1 20 | 30 40 117
DDcop (%)
Sol. 22 (pH 9.6) 64 | 13 9.5 (pH86 | 107 12.3
Sol. 40  (pH 10.2) 1.5 | 133 17.0 (pH 9.4) 18.3 21.0
Sol.47  (pH 11.1) 13.0 | 158 19.3 (pH 10.1) 21.0 225
Sol, 77 (pH 12.2) 244 1 263 1 290 (pH 11.0) 30.4 33.1

Subsequently, effect of NaOH addition prior to US was looked into. As expected, Figure 7
showed alkali-US pretreatment to be the most effective technique for sludge disintegration, and
the resulting efficacy was nearly the sum of individual pretreatments when sol. 22 or sol. 40
were kept under isothermal US (28 °C). Jin ef al. [25] also observed such a result. Alkalisation
also significantly reduced the differences observed between isothermal and adiabatic US. It is
also worth noting that under S, the differences resulting from the addition of high NaOH
amounts tended to vanish. As shown in Table. 3, the higher the pH, the more easily the processes
of natural shape losing of proteins, saponification of lipid, and hydrolysis of RNA occur [1, 27].
However, for overall process economy, NaOH addition should be limited. Moreover, high
concentration of Na~ was reported to cause the inhibition of AD [1] - requiring a narrow pH
range between 6.5 and 8 [24]. According to pH of alkalized-sonicated mixed sludge solutions
shown in Figure 7, addition of a small NaOH dose (as per sol. 22 or sol. 40) could be indeed
suitable for the whole process. Nevertheless, no real synergy effect was observed as the best
performance of the combined treatment was the sum of the individual ones.
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Figure 7. Comparison of different methods for mixed sludge disintegration (75 = 28 g/L., Table 2.a):
Fe=20kHz, Pys= 150 W, BP, US duration = 117 min, NaOH dose = 0-77 mgn.on/g1s (holding time = 30
min), and atmospheric pressure. Final pH value after treatment is also indicated on top of each
corresponding bar.

The combined effect of mild alkalization and hydrostatic pressure on mixed sludge
adiabatic US pretreatment was also investigated and 1s presented in Figure 8. The same
conclusions were pointed out regarding the effect of T and alkalisation, but at 2 bar of

631




Ngoc Tuan Le, Carine Julcour-Lebigue, Henri Delmas

hydrostatic pressure, the overali process was still improved: up to about 46 % of DDeop after 2 h
of adiabatic US for sol. 40. The final pH of 7.6 was also suitable for AD,
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Figure 8. Mixed sludge disintegration under alkali-US pretreatment: Pyc= 150 W, BP, 20 kHz,
78 =28 g/L - Table 2.a, NaOH dose = 40mgn,0n/grs, holding time of 30 min.

3.2, Solubilisation of organic fractions
Four secondary sludge samples (7S of 28 g/L, Table 1.b) were analyzed for proteins

{organic N dosage) and sugars (anthrone test), i.e. total amounts and in solution after filtration on
] pm pore size membrane:

(51 Raw sludge;
(Si) US, pretreated sludge (150 W, 75000 kl/kgrs, 20 kHz, 2 bar, and 28 = 2 °C);
(Sity) US; pretreated sludge (150W, 75000 kJ/kgrs, 20 kHz, 2 bar, and adiabatic conditions),

(Siv) Thermally pretreated sludge (coustant 70 °C for 2 h, treatment resulting in almost same
SCOD as that of Sii).

Results were given in Table 4. The total protein and sugar concentrations in these sludge
samples were almost constant, suggesting negligible sonochemistry [28 - 29]. The release of
organics 1s due to the disruption of chemical bonds in cell walls and membranes [29], the
degradation of EPS (including saccharides, proteins, nucleic acids, and humic acids), and the
release of intracellular matter from the cells where proteins are mainly located in [28].

Table 4. Solubilisation of organic fractions,

Solubilisation yield (%)

Sample

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

* = (difference berween the (soluble + colloidal} amounts in treated and raw samples) / (difference
between the total amount and the initial (soluble + colloidal) amount) *100
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In accordance with previous COD results, solubilisation of proteins and sugars was higher
under adiabatic US (Siif) than under isothermal US (Sif) or thermal hydrolysis (Siv). Table 4
shows proteins to be released the most in all cases, but the different pretreatments resulted in
different yields. For example, protein solubilisation of Sii was about 46 % higher than that of Siv
although almost same SCOD and solubilisation of sugars. The low solubilized amount of
proteins in Siv could be due to the fact that thermal treatment at temperatures lower than 95 °C
mainly affects £PS which are embedded in the sludge floc matrix, ieading to solubilisation of
carbohydrates and few proteins [28]. Therefore, lower protein solubilisation of Siv compared to
those of Sii and Siii indicated US pretreatment to be more effective than low temperature thermal
hydrolysis (70 °C) in terms of floc disruption and cell lysis.

Additional experiments were conducted to follow the effect of ES on the evolution of
soluble (SCOD) and colloidal (CCOD) fractions of COD. Figure 9 depicts evolutions of
SCOD/TCOD and CCOD/TCOD during US. While SCOD/TCQOD gradually increased,
CCOD/TCOD increased quickly with £S up to 12000 kJ/kgrs, then slowed down, and almost
reached a plateau afterwards. Colloidal fraction was also much higher than soluble one over the
investigated £S range (2 to 3-fold).
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Figure 91. Effect of £S on SCOD/TCOD and CCOD/TCOD during US: P, =360 W, BP, Fg=20kHz,
TS =28 a/L (Table 2.¢), T=128 + 2 °C, and atmospheric pressure.

4. CONCLUSIONS

For given external and US parameters. sludge disintegration degree increases nonlinearly
with ES. Mixed sludge samples with different 75 contents were pretreated using various
sonication durations, exhibiting an optimal concentration of 28 g/l. to get the highest COD
refease in the aqueous phase. Besides, the highest disintegration was found with secondary
sludge, followed by digested and mixed sludge regardless of temperaturc control during
sonication. Additionally, pH adjustment -addition of low NaOH dose, between 22 and 40
menson/grs- could be useful, that significantly improved COD release under subsequent US
treatment while resulting in a final pH value suitable for subsequent AD.

633




10.

11.

12.

13.

14.

15.

634

Ngoc Tuan Le, Carine Julcour-Lebigue, Henri Delmas

REFERENCES

Carrére H., Dumas C., Battimelli A., Batstone D. J., Delgenés J. P., Stever J, P., Ferrer I -

Pretreatment methods to improve sludge anaerobic degradability: A review, Journal of
Hazardous Materials 183 (2010) 1-15.

Kopplow O., Barjenbruch M, Heinz V. - Sludge pretreatment with pulsed electric fields,
Water. Sci. Technol, 49 (10) (2004) 123-129.

Mahmoud A., Olivier )., Vaxelaire J., Hoadley A. F. A. - Electrical field: A historical

review of its application and contributions in wastewater sludge dewatering, Water
Research 44 (8) (2010) 2381-2407.

Pham A. T. - Sewage Sludge Electro-Dewatering, A PhD Thesis. Mikkeli University
Consortium, Mikkeli, Finland, 2011.

{hitp://www.dorna.fi/bitstream/handle/10024/72598/isbn%209789522651693 pdfsequenc
€=2 (assessed 29 Oct. 2013)).

Rynkiewicz M. - Application of constant electric field in simultaneous intensification of

dewatering of wastewater sludge and filtrate purification, Environ. Prot. Eng, 37 (3)
(2011) 93-100.

Pilli S., Bhunia P., Yan S., LeBlanc R. J,, Tyagi R. D., Surampalli R. Y. - Ultrasonic
pretreatment of sludge: A review. Ultrasonics Sonochemistry 18 (2011) 1-18.

Khanal S. K., Grewell D., Sung S., Van Leeuwen J. - Ultrasound applications in

wastewater sludge pretreatment: A review, Crit. Rev. Environ. Sci. Technol. 37 (2007)
277313,

Onyeche T. 1., Schlafer O., Bormann H., Schroder C., Sievers M. - Ultrasonic cell

disruption of stabilised sludge with subsequent anaerobic digestion, Ultrasonics 40 (2002)
31-35

Barber W. P. - The effects of ultrasound on sludge digestion, J. Chart. Inst. Water
Environ. Manage. 19 (2005) 2-7.

Mao T., Hong S. Y., Show K. Y, Tay J. H., Lee D. J. - A comparison of ultrasound
treatment on primary and secondary sludges, Water Sci. Technol. 50 (2004) 91-97.

Tiehm A., Nickel K., Neis U. - The use of ultrasound to accelerate the anaerobic digestion
of sewage sludge, Water Sci. Technol. 36 (1997) 121-128.

Lorimer J. P. and Mason T. J. - Sonochemistry: Part 1-The Physical Aspects, Chem. Soc.
Rev. 16 (1987)239-274.

Thompson L. H. and Doraiswamy L. K. - REVIEWS - Sonochemistry: Science and
Engineering, Ind. Eng. Chem. Res. 38 (1999) 1215-1249.

Kidak R., Wilhelm A-M, Delmas H. - Effect of process parameters on the energy

requirement in ultrasonical treatment of waste sludge, Chemical Engineering and
Processing 48 (2009) 13461352,

APHA, AWWA, and WEF - Standard Methods for the Examination of Water and
Wastewater, 21st ed. American Public Health Association, Washington, D.C., 2005.




Sonication pretreatment of sludge: Preliminary study of sludge conditions

16.

17.

18.

19,

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Schmitz U,, Berger C.R., Orth H. - Protein analysis as a simple method for the

quantitative assessment of sewage sludge disintegration, Water Res. 34 (2000) 3682—
3685.

Li H,, Jin. Y., Mahar R.B,, Wang Z., Nie Y. - Effects of ultrasonic disintegration on
sludge microbial activity and dewaterability, J. Hazard. Mater. 161 (2009) 14211426,

Liu C,, Xiao B., Dauta A., Peng G., Liu S, Hu Z. - Effect of low power ultrasonic

radiation on anaerobic biodegradability of sewage sludge, Bioresource Technology 100
(2009) 6217-6222.

Chang T. C,, You S. J,, Damodar R. A., Chen Y. Y. - Ultrasound pretreatment step for

performance enhancement in an aerobic sludge digestion process, Journal of the Taiwan
Institute of Chemical Engineers 42 (2011) 801-808.

Akin B., Khanal S. K., Sung S., Grewell D., Van-Leeuwen J. - Ultrasound pre-treatment
of waste activated sludge, Water Sci. Technol. 6 (2006) 35-42.

Show K. Y., Mao T., Lee D. J. - Optimization of sludge disruption by sonijcation, Water
Res. 41 (2007) 4741-4747.

Zhang G., Zhang P., Yang J., Liu H. - Energy-efficient sludge sonication: Power and
sludge characteristics, Bioresource Technology 99 (2008b) 9029-903 1.

Chu C. P, Chang B. V., Liao G. S,, Jean D, S., Lee D. J. - Observations on changes in
ultrasonically treated waste-activated sludge, Water Res. 35 (2001) 1038-1046.

Kim J,, Park C., Kim T. H., Lee M., Kim S., Kim 8. W. and Lee J. - Effects of various
pre-treatments for enhanced anaerobic digestion with waste activated sludge, Journal of
Bioscience and Bioengineering 95 (3) (2003 ) 271-275

Jin Y., L1 H, Mahar R. B., Wang Z., Nie Y. - Combined alkaline and ultrasonic pre-

treatment of sludge before aerobic digestion, Journal of Environmental Sciences 21 (2009)
279-284.

Kim D. H,, Jeong E., Oh §. E., Shin H. §. - Combined (alkaline + ultrasonic) pretreatment
effect on sewage sludge disintegration, Water Research 44 (2010) 3093-3100.

Li H., Jin Y., Mahar R. B.,, Wang Z., Nie Y. - Effects and model of alkaline waste
activated siudge treatment, Bioresour. Technol. 99 (2008) 5140-5144.

Bougrier C., Delgenés J. P., Carrére H. - Effects of thermal treatments on five different

waste activated sludge samples solubilisation, physical properties and anaerobic digestion,
Chem. Eng. J. 139 (2} (2008) 236-244.

Appels L., Degréve J., Bruggen B. V., Impe J. V., Dewil R. - Influence of low
temperature thermal pre-treatment on sludge solubilisation, heavy metal release and
anaerobic digestion, Bioresource Technology 101 (2010) 5743-5748.

635




Ngoc Tuan Le, Canne Juicour-Lebigue, Henri Deimas

TOM TAT

BUGC BAU NGHIEN CUU ANH HUGNG CUA CAC DBIEU KIEN BUN THAI BEN
HIEU QUA TIEN XU L1 BANG SIEU AM

Ngoc Tuan LE"?", Carine JULCOUR-LEBIGUE?, Henri DELMAS?

'Truomg Dai hoc Khoa hoc Ty nhién - PH Quéc Gia TpHCM — 227 Nguyén Vin Ci,
Phuong 4, Qugn 5, TpHCM, Viét Nam

‘Université de Toulouse, Laboratoire de Génie Chimique, INP-ENSIACET,
31030 Toulouse, France

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

Nghién ciru nham muc tiéu danh gia so bd anh hmmg ciia cac diéu kién bun thai dén hidy
qua tién xtr ly bing siéu am. Ket qua cho thay nang lugng siéu am dong vai trd quan trong trong
vige phan rd bun thai. Gia tri t6i wru cia tdng ham luong chit ran la 28 g/L. Trong ca hai trudmng
hop si€u am dang nhiét va doan nhiét, bun thi cap cho thay mirc dé phén rd cao hon bin tiéy
héa va bun hén hop (so cap + thir cAp). Ngoai ra, viéc kiém hoa ban thai (bd sung 22 - 40

Menaon/ers ) thic ddy manh mé su giat phong COD trong gial doan siéu dm ciing nhu dam bao
dd pH thich hgp cho qua trinh x(r i yém khi bin thai sau d4.

Tir khoa: bun thai hoat tinh, phén ra bun thai, tién xi 1i bun thai bang kiém, tién xi¥ i bun thai
bang siéu 4m.
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