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Continual improvement to the worldwide standard of living has led ex&raordinary and

rapid increase in the levels of sludge being producsdveraindustrial sectors. How these
sludge materials are managed disposed of affects both the environment and industry
balance sheets. In addition, environmental standAedsare increasingly more restrictive

are making the treatment and disposal of wastewater sludge more and more expensive for
municipal treatmenplants. With total solids contents typically below 15%, municipal and
industrialsludgesare mostly water. Econaically removing as much water as possible from
thesesludgesmakes their disposition both easier and less expensive. This thesis describes
work that explores the potential of enhancing traditional sludge dewatering processes by

applying highpower ultrasand or a combination of ultrasound agldctrokinetics
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1. SLUDGE DI SPOBRINDIPERISS | BLE
SOLUTI ON

Sludge is composed of agic and inorganic materglvith ahuge fixate of plannutrients,

a small number of different trace elements, organic chemicalsd pathogen$ne of the
extensive sourceof sludge is conderedsludgesrom the wasteater plant and the solids
from the septageWaste from human, residential, industrial spital, runoff streets and
farmland are the sources of slud@ee countries aroundh¢ Baltic Sea annually generated
3.5 million tons of dry solidswhich expected to increase to 4 million tons ®2@ The
sludge is highly classified for esas a ferlizer, because ofheinorganic chemical inthe
sludge, whiclcan be very dangerous ftbre human body[1]

1.1 Theimportance of sludge management in keeping the
environment and human health safe

Sludge containsmany pathogensyadioative contaminants, and heavy metéhat are
dangerous for human healffhe US General Accounting Office (GA@)ported that this
radioactivecontamination of sewage nextto be controlledE.P.A and Uepartmenbf
Agricultureresearh on riskassessment Béounda personananimal, or plant that is highly
and chronicallyin the worst situationdue to sludge pollutantsReduction of lanithg
degradation causds/e to severmillion hectaresof fertile landis being lost every year
worldwide.[2]

Landfilling of sludge ighemostcosteffectivesludge disposal methodandfilings | udge 6 s
containsheavymetal and chemicaubstance, whichan leab into the soil ad ecosystem,
food contaminantand waterThewastewagr industryhas limited control of theolume of
sludge producedut it is clear sludge is not going anywhere.

Continual population growth fahenext 50 years witlan increasing infrastructure grdwt
sludgemanagemenbecome a big challenge ftine UK. According to UK water report
80.3% sludge of UK after recycling going to the land and d8%ispose with théhermal
destruction method. Around @6 of sludge directly disposed to landfill withoutyan

filtration. [3]
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1.2 Reducing weight and volume, reducing disposal costs, and
mitigating environmental and health issues by dewatering sludge

Separating liquid and solid conterfrom sludge for waste minimization is known sludge
dewatering. Sludge dewatering is necessary to keegnthieonment safe and increase cost
efficiency in sludge disposabludge management creates potential savings of economic
resources destined for Ipiic health, especially to treat waterborne diseas®s reduction

of chemical use of fertilizer for cropgduction.Public and private sectors need to dispose
of sludge in a manner that approved by regulatory ageénapany wasteatertreatments
plants, sludge managemesystemsarenot availableSludgeis just air dried, disposeaf or
discharged withoutrey treatmentwhich is harmfuko thehuman body, plant, giand soil.
Today,energy production from dried beconsasommon interest in many countries. London
isanideal example of producing energy from seealyidge as a renewable and environment
friendly source of energyBecause of havinghe economic and environmental benefit o
energy production from sludge is becomargdentical source of energy production.
Wastewater treatment plant transpaftdgein different places to dumb under the ground
or land spreading whichave legal restriction and causing excessive cosap$portation.
According to EPA (American Environmental Protection AgendVTP send 4@60% of
spend their total budget on handlisigdge. [4]

According to[5] coagulation chemicals used to enhattoe efficiency flocculants aids.
Chemicals such as iron or aluminum salts is added to reduce the consumption of them sludge
dewateing. Various research project going on for developing thelewatenng techniques
avoiding chemicals, howevenprovingthe mechanical and electrical operation. Dry solid
content isaround19% and 30% after applying dewatering techniquésing different
techniques for dewatering this percentage of dry solid content sshf$oraiseto 40%.
Considering the chamber filterrgss technologycan provide higher solid content by
conditioningwith lime. Two another most popular dewatering methaergrifugeand belt
filter press used for dewaterimgunicipalwaste due to theefficient operation and cheaper

option.
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1.2.1 Parameers influences dewatering

Different types of parametensfluence sludge dewatering to make the dewatering process
easier.

Concentratior{g/l)

The oncentration of sludge measured in (gfhe @ncentration of sludge is in cooperation
with theflocculent Mixing sludge in a viscous solution dcculentwill be hader if the
concentration of sludge is highéfo make the mixing process easier, pdifition of
flocculent, injecting the flocculentpstream, multiple injectianof the flocculent, use an

online mixer used][6]

Theorganic matter contel(to)

Percentage of Volatile solid contefuS) in sludge is the organic matter conteBludge
containing higher organimatter content is more difficult to dewatés a resli, the dryness
of sludge will beminimum same as mechanical properties. On the other hand, flocculent

consumption will be highThickening step is done when the VS is higher in the sly@ge.

The colloidal nature ahesludge

Colloidal nature of sludge makes dewatering of sludge more difficult. Higher colloidal
nature of sludgé more difficult to dewater-our factors will affect the colloidal nature of
sludge [6]

1 The origin of sludge

: Digested Fresh Digested . :

1 The frediness of sludge: Freshness of sludge of is measured by colloidal nature of

thesludge which increasgwith thelevel of fermentation.

Low colloidal nature High colloidahature

1 The origin of wastewater: Sludge coming from dairy and brewelpstto increase
the colloidal nature of sludge

1 The sudge returs. Because ofthe failure of the control system by sludge
management sludge coming from that system incseadi@idal nature.



12

1.3 Dewatering enhancement using a&ombination of high-power Ultr asound
and Electrokinetics

The main idea of thithess is to enhanced sludge dewatering using frequency contrel high
power ultrasonic transducevith electrokinetics Modifying a conventional dewatering
process by developing new technologies to decreasegy needs, increase yields also
improve dryness

The ultrasonic transdec is a generator, which creates higher frequency vibration from the
source of energy. From the three main types of transadfieee have used piezoelectric

transducefor dewatemg.

ERitiniiininininininininininimm

Fig 1. The combination of Ultrasonic and efmkinetics

To enhance the dewateritechnologywe have designedsystenthatcombineaultrasonic

with electrokinetics Seefigure 1 In our designed systemve will apply ultrasonicand
electrokinetis at the same timéifferent range of transducer wile operated here for
certainperiodwith the electrokinetics. Later we will compare the result which transducer
provided better dewatering result. The transducer will be running at$lonance freqoey

by a power amplifier. DC source wiklate tothe ultrasonic system for electrokinetics. To
minimize energy expenditure basic theories of dewatering and drying related methods are
discussed. To introduce ultrasonic transducer theane types of diérent transducer also

their effectiveness in drying drdewatering are discussed.
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1.4 An experiment plan designed to answer seven questions about
the commercial practicality of Ultrasound- and Electrokinetics-
enhanced dewatering.

In ourthesis,we will answe seven question to determine the practicality of @sighed
dewatering system. The seven question are given below:

1 Is it possible to dramatically enhance dewatering by adding ultrasound and/or

electrokinetic®

1 Can this method of enhaed dewatering bpractically applied and scaled up to
industrial sizes?
How dry will the sludge be after applying this enhanced dewatering approach?
What is the estimated cost per kg per %TS of this enhanced dewatering?

What would be the estimated releticost of an enlmeged dewatering system?

= =/ 4 =4

Which option will be more effient using transducer in before dewatering, during
dewatering or after dewatering?

1 What is the percentage of dryness of different types of sludge after experiment?

1.5 The structural roadmap of the thesis

Section 1 contains a short description of the th@$is section contains information about
sludge, parameters that effect in sludge dewatering with the achievement and goals of this
thesis Different types of technologies are used@watering and nst popular technologies

are being discussed in sect@rin subsectioyvarious types athetransducethathave been

used in dewatering are discuss8eéction 3 is about the control system tioe ultrasonic
transducer. Traditional ctnol system with he control system we hawhosenfor our
experiment wih reason is available in subsectiddsasdocked loop control system is used

in our experiment and what is the working principle of every sectidheafontrol system

is discussedhere. Designing othat control system and the equipment is used tohan t
control system with all related information is being discussed in section 4. Section 5 and 6
is about the whole setup thfe experiment and resulte have got in our experimeiastly,

in summary s brief about the outcome of this thesis and futureorgment.
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2 SLUDGE TYPES, TICOONNMEWATERI NGND
THE WORKI NG PHRS NCH IPRA S O UAN\DD
ELECTROKI NENHGBSCED DEWATERI NG

2.1 Six sludge types

2.1.1 Wastewatersludge

The source of the primary slgé is the primary treatment process results in suspesaliels

and organicshatc an 6t be s ol vTaidtype of slidgetlsa leugevpeartemrtage

of organic matterdjke faces vegetables, fruitdextiles, paperetc. with 93% and 97% of
waterbehavedike a thick fluid. Dewatering ability of primmg sludge is excellent because it

has very low level of solidontent, whichs 55% b 60%.[7]

Escherichia coli (Ecoli) was investigated in primary sludge particuldf@SP)according to

[8]. Primary sludge is regularly coming from household waste and toilets whiolasted

from the primary sedimentation tank8] According to[10] in cropland, strip mines and
public parks in some are@nunited stateprocessed primary sludge iswidelyused. ud ge 6 s

from organic sourcéncrease the primary sludge (PS) disinfection.

Fig 2: Ultrasonic disinfection of E. cePSP complex for 3minutes[11]

According b [11] E. coli presented in PSP protecfenim ultrasonic disinfection while the
unentrapped cells were nethich is presented iigure 2. Using the energy of the ultrasic

disinfection protection of unentrapped cells caminimized. From their researcheth
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found that the ultrgonication (20 kHz) can overcome the entrapping RS&ddition to by
competingdisinfection of entrapped E. coli complex has been complstelttered.

2.1.2 Biological sludge

The mixture of the naroorganism from the biological trsaent plant is known as the
biological sludge. Different types of microorganisms are available in biological sludge such
as bacteria, amalgamate in bacterialc$lohrough the synthesis of exolymer. This

microorganisntan separate very easily from thedgje by simple decantatidi]

Parameters Biological
sludge

pH 6.9

EC (electrical conductivity) (uS/cm) 7.2

TS (%) 1.51

OM (%) 53.40

SS (%) 9600

VSS (%) 7170

TN in sludge’s supernatant (mg/L) 40

TP in sludge’s supernatant (mg/L) 64

Capillary suction time (s) 49.8

Particle size (um)

Surface weighted mean D [3,2] 21.32

Volume weighted mean D [4,3] 67.21

d (0.1) 12.87

d (0.5) 52.01

d (0.9) 144.3

Table 1: Characteristics of biological sluddg]

From researchl3] found that an extensive vol@nof biological sludge originate from the

plant where the wastewater being treated, which contains such parameters presented in Table
1. To minimize the consumption of organic pollutants of wastewater concomitant
microbial growth biological wastewatdreatment process is being used. The excessive

amount of sludge needs to be disposed of in a feasible way and which brings a serious
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problem. To solve this problem the excessive sludge is mainly assdiliapplication,
landfill, combustion and ocean dumg which cost 50% of totals cost of the wastewater
treatment plant. Bio sludge contains microorganism, organic and inorganic. In
microorganism there are macromolecules compounds such as polysac¢chestean
cellulose, lipidacids,esters etc[14] According to[15] to prepare bio flocculants this
excessive biological can be used. From their resgdnep found that from biological sludge
99.5% for 4 g/L kaolin claycan be acquikwith a bio flocculantsconcentration of 3.0%
(v/v) at pH 10.5Herethe main component is polysaccharide found from the analysis.
Biological sludgehasdifferent properties such as

1 Extensivevolatile solid conent (VS is 70% to 80%)

1 Lessdry solid content (7 g/l td0 g/l) mostly needed to us&tep by gravity belt

dynamic thickening
1 Medium dewatering abilityHigher the solid content harder $eparatavater from

the sludge).

2.1.3 Mixed sludge

Combination of primey and biological sludge results mixed sludgéaste ativated sludge

is produced from the system of biological nutrient removal and activated sludge which
containshigh nitrogen and phosphoriBeriesof steps are being used to dewdler sludge

such asanaerobic and anoxic sludge tanks, sludge holding tamkrifuge and belt filter
press or dewatering tanks whiatethen dried and disposed.
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Metal contents (mg/kg, dry basis) Range Median
Arsenic 1.1-230 10
Cadmium 1-3410 10
Chromium 10-99 000 500
Copper 84-17000 800
Lead 13-26 000 500
Mercury 0.6-56 6
Molybdenum 0.1-214 4
Nickel 2-5300 80
Selenium 1.7-17.2 5
Zinc 101-49 000 1700
[ron 1000154 000 17000
Cobalt 11.3-2490 30
Tin 2.6-329 14
Manganese 32-9870 260

Table 2 Metal content in municipal sludg&6]

Mixed sludge contains sevdnaetal contats like as presented in TableRudge § mixed
to increase the efficiency tiie sludge dewatering proceddixed sludge always required
conditional chemicalsontaminantsvhich playbig role inthickening or dewatering because
mixed sludgebehaves like secondary sludge. The conditioning amdepéend on the
equipment used and the percentage of primary versus secondary dltige.
Mixing ratio of sludge is often dsllows:

1 Mixed sludge contains primary sludgeound35% to 45%

i Biological sludge percentage in rei sludge5% to 55%

2.1.4 Digested sludge

After biological stabilizatiorsludgescomes is known as digested sludge. Digested sludge
from sewage is just dumped on land or sea which added more coah&pdrtation to

remove it.

Properties of digested slgd
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{1 LessVolatile Solids contenis around 50%During digestionmineralization
occurs.
Around 20 g/l to 40 gAiry solid material in digested sludge.

1 Dewater ability is much better compared to others

2.1.5 Physio-chemical sludge

Physichemical sludge redsl from the physiocchemical treatment. By doing
physiacchemical treatment primarily separates colloidal particles. This type of sslids
visible inthenaked ge which can be separated by the influesfogravity, flotation depends
on the relative densitseofsolids and water. The size of colloidal partidgefess them 1um
have high stability[18]

Physiecchemical treatment mainly removedprimarily the colloidal partles whichare
done by addingnadditional chemical

2.1.6 Mineral sludge

Sludge containing minimumlevel of associated water (sand, silt, slag, scalpstallized

s a | t Bhé jeason behind the name is this type of sludge produced doeingneral
process. In mineral sludgé also includesydrophobic natter that hasnoughhydrophilic
matter ensuring theredominance of the latter has adwerse effect during dewatering.
According to[19] from various research projeadund that seage sludge ashes (SSA)
contain calcium, dgiica, and an alumina rich mineral which canpossess &zzolanic
properties Becausg@roduce clinker of cement pozzolanic mateftiaim sewage sludge will

be the best option to usehe way taminimize hienegative impacbn theconcrete industry
using supm@mentary cementitious materidlg avoidingexplosive materialf20]. Sewage
sludge inthe construction industrynight be the best alternative of cem§tit]. In addition

to as a filler to producesahalt concrete, bricks, and tiles said[Bg]. Adding lime in the
mixture of the Pozzolanic materizdnincrease the mechanical properties accordirig3p

Based or{24] adding several pozzolanic minerals (such as BFS, metakaolin, fly ash, and
lime, etc) and alkaliactivator helps to improve the property of sewage sludge ashes based

concrete Enhancing the pozianic properties of sewage sludge ashes by mixing sludg
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admxtureswhere different types of several minerals composed with the gePeriddnd
cement and Portlarf@ozzolaniccement descrilsan their research worf25].

2.2 Conventional dewatering technologies

2.2.1 Screw presgechnology

From various industrial application to material handling like dewaterihgu dsgrewdess
technologyused Sludge is fed into the overhead screw which turns pushes between the
screw and a stiaer and the water is drained o®olid wastéhascollectedanotherside of

which later dried to produdariquettes Thebriquetteshecome a source of solid fuel ansl i
calorific value is comparable or better than that of @mersolid fuel like coalwood, etc.

In India screw press technology is gucanmon for oil crashing. Loveost screw press
technology is used for separation of solid waste ftbesludge of the biogas plants to
produce briskets as a source of fire, whicdmsidered as good sultsite firewood. The
horizontal continuous operation dtgs of screw press technologg/used for dewatering or

solid separation adwide range of product§26]

FLOC
TANK

SCREW PRESS

TaL

G % _ 4mmPOLYMER
< ,
” 1
Y DEWATERED SLUDGE FEED
BIOSOLIDS

Fig 3: Screw press Machine [24]
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According to [26] screw press machine is designed ¢pasate the solidor producing
briquettes from the slurry by extracting water fromefiresergdby figure3. The parameters
hereare2 tones/hr. with 8 rpm, with a factor ofafety of 2.5.To get the 40% of total solids
thediameter of thénoleis testel here is 3.00 mm.

In screw press dewatering machines flocculated sludge pumped a@ytondrical screen
where auger is rotating in slow speed. The diameter of the augeinshedisesowards the
end of the basket and the gap between its figliecrases.Auger forwards the thicker
sludge to annular clearance whichs acircular opeimg with adjustable discharge cone
therein. To maintain thsludge pressure in dischargela pneumatic cylinders pressed
against the opening dhe cone. Separateduglge water came outrttugh the filter.The
filter is cleaned by the scrapers tbk screw. Stationary spray bar backwashes the filter

periodically without interpreting the dewatering procd2¥]

2.2.2 Rotary fan press technology

Rotary fan press dewatering technolgmesented in figure & best for municipal and
industrial sludge dewatering because of ¢ntinuousimprovement and R&D. fAis
technology requires less superois compared to other dewatering technology due to its
reliability and simplicity. It is one of the safest technaésgor the standaloneautomatic
operation which can be monitored and operated by remote control. The reason behind the
wide using ofthis technologyis its low operating cost,asy operation, mimum power

consumptionand low maintenanc§28]

To operatehedewatering fronbiosolidsands | u drgtaryfpress technology is considered
a very simple option. Becaa of usingarotating screen diilter plate water geextracted
from the sludge with least resistan@fter that stageewatered sludge travels through the
pneumatically adjusted restrict@ue to the restrictort creates back pressure on the solids
forming a plug of dewatered solidsor different typesludge dewatering require different
pressure amh time profiles to get optimum dewatering efficiency. Rotary fan press
technology is considerdtie most effective for dewatering becautsgives usthe option to
maximize of produdbn capacity. Having varies advantages afperation,i t h&dsome

negaive sides also. Such as dewatering raw material f@eggn materials like plastics,
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hair, rocksetc. In that caseve need to extract those by addafgter beforethedewatering

unit.

According to[29] parameterwhich areresponsibldor the performance ofherotary press
1 Selectionof polymer

The rate of polymer dosing

Sludge with the mix of polymer

Sludge age

The thoudpt put speed and pressure of the sludge pumped inBy#tem

The otation speed of the filter plates (screen); and

= =4 -4 -4 - -

The restriction applied to the cake solid

SEA|
SEAL

OUTER SPACER

Fig 4: Rotary Presslewateringnaching30]
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2.2.3 Centrifuge Technology

LtauIn HELICAL ScRrOLL
\ SOLIDS / RUTMIHG BowL

LY

- ///////ﬁ '

|

CovEeRr I I

T

LIQuiD DISCHARGE S0LID DISCHARGE

Fig5: Schematic of decanter centrifugd ]

For sludge dewatering centrifuge dewatering method is considered very common dewatering
technology. Running the centrifuge is considered very expensive dewatppnggaeh
becaise of its high energy consumption. The reason of usiaggtechnology very often
because of its high productivity. The mechanism of its high productivity is its high
centrifugal force on sludge. The applied pressure on sludge is from 2@00Q0G.The
centrifuge dewatering method used to separate twoasudes with different densitiesich

as solidliquid, liquid-liquid, solid-solid. The biggest advantage of using the centrifuge
dewatering method is its simplest installation process. Figsinewn theschematic diagram

of centrifuge dewatering process. mi@uge dewatering system chamber large liquid
capacity which allows to work it with more concentrated slurry. The problems with this
systemrequirehigh maintenancenostly the rotating pa Centrifuge system creates very

high noise and vibration whenmuing at high forces.
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2.2.4 Belt filter press Technology

= :

. Tracking rollers
. Belt washing system
. Filtrate discharge

[ @ @
o [ 5 3
== ; o
& = 1. Sludge feeding tank
(o] amo o 2. Sludge feeding
o = 3. Drive rollers
a - e o 4. High pressing rollers

5. Low pressing rollers
6. Eelt tensioning rollers
T
g
9

——

Fig 6: Belt filter press dewatering machif&2]

Another most commonly used dewateritgghnology is the belfilter press technology
presented in figure.@n beltfilter press machine, there is a tank for sludge feeding to the
machine. From tank sludge is fed into the belt. Belt is rolled by the driver motor. arkeere
three main rollers hich used to appliedressure and tensile of belt. There a one high and
low-pressure belt for application pressure to the sludge. For cleanirtsekhéhere is a
washing system. After sludge passing through the belt the water got released from the sludge
and the dry solid isaome out from the outlet. To get better dewateringltrése flocculent

is added to the sludge to avoid the accumulation of the solid particles. Gravitational drainage
of the sludge can be improved by adding flocculants on the sl&dgelewatering sluay

content which inserted into the baltdr press shold be 34% of Total solid
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2.2.5 Filter press technology

For treatment of the municipal and industrial sludge filter press dewatering technology
become veryeliable and eftient dewatering metid. The basic mechanical design of the
filter press malgine is consisting of several filter platésfilter press there is pressure of 16
bar on the sludge by filter plateknis filter plates arg@lacedvertically on and between tw
sidebarsor in the werhead support beanthefilter press name differs asaing to the
mounted of filter plates. If the filter plates mountasidebar known as sidebar filter press
and filter plates mounted with overhead support beam is known aseadefilter press
preented in figurer. In filter press machine they useaand 60 to 80 filter plates which

dimension is about 1.5 m* 1.5 mto 2 m * 2[88]

FILTER PLATE

SIDERARS
. CLCAING WOVABLE AE SHIFTER PACK
CONTROL HEAD HEAD .."Pss['-amirl.? ¢ o
PANEL
m /

HYDRALLIC
RAW CLOSLAE il
P, H

-

HVORSLLIC
POYER =
PACK [
o e "
PR 4\
4
Sl cone) o | e SS
SUSPENCED
TELL™ BEAW
PLATE SHINCR FILTER PLATE
CLODNG MOYABLE K
HEAD HEAD /'GHU"LE PACK

PANEL K\ =
HYDRAVLE

~~5E Tl

el lcar S
PVEP
PArw

g
CONTRCL L;/ - 1/
N

T : allle

CVERHEAD FILTER PRESS

Fig 7. Schematic diagram of Filter pre§s}]
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2.2.6 Rotary drum vacuumfilters

Rotary Drum Vacuum Filter
Scraper Discharge

Vacuum
Pump Rotation
o O T One
Filter Drum Compartment
Filter
Valve
J Filtrate Pipe
Vacuum T o .
. Knife Blade
Receiver Filtrate
Slurry Level \
-— ‘ | Filter Cake
Slurr
Filtrat Fee
iltrate .
Pump Filter Vat

Fig 8: Rotary drum vacuum fir [35]
For industrial sludge dewatering the rotary drum vacuum filter mostly used. The rotary drum
vacuum filtershown in theifjure 8 has a tank where the sludge fed itntd@he quarter area
of the drum is into the sludgente The drum rotated continuously by a drivérthen the
drum rotates it particularly submerged in the feed slurry. A vacuum pump is connected to
the drum toapply vacuum. Drum surface is used to rethm solids. The vacuum system
removes the moisture fno the sludge when the drum rotates. At the end the slurry cake is

removed from the drum to next st¢p5]

2.3 The working principl es of Electrokinetics

To enhance thperformance of dewatering with conventional presdiltetion usingan
electric filedto become an emerging technology. This technology the potential to
improve the percentage of dewatering from slu@®yaolen M., Kaffar, A.[36] Says that
the interfacial electrokineticsphenomeno can enhancéhe dewatering performance of
solidHliquid mixture sludge, which is kawn as electrasmosis An external DC current is
applied to thesludge. The electric double layer passes thrqagficles of solid surface also
the liquid in the materialSeveral advantges of electrokineticsdewateringmake it an

effective dewatering ethod compaito the other conventional mecheal dewatering
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method. Electrokineticsdewatering methogbarticularly very effective for fine particle
sludge, biesludge ad chemical sludge, which is very hard to dewater using mechanical
dewatering method.

According tq [37] electrokineticsdewatering method can dewater more water from the
sludge. The reason behind the high potential of elddtretic dewatering because it has
higher dewatering rate and minimum water conietaithe sludge [38]

2.3.1 Working Principle of Electrokinetics

When an electrical poteati difference applied to the sludge cathode and anmsdesa
reaction which dlows the sludge to release water from it. The directidrihee pore water
movementdepend on thenet transfenf momentumby both cation ad anions within the
pore water.Due to the nature of clay formation, which results negaly charged clay
particle.Here the figire 9 shows the water behaves oaific results the water moves from

the anode to cathode.

Cath

Fig 9: Sludge dewatering using electrokinetig9]
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2.4 Ultrasonic mechanisms that pertain to dewatering

2.4.1 Ultrasonic spongeeffect

Ultrasonic transducer used to enhance the mass transfer of the unit operation by different
sound technology such as direct and indirect effect. The difect ef ultrasonic transducer

is known as the spongefedt. Continuous compression angarsion happen in the tissue

of the material causes phenomenon called sponge squeezed and release. This phenomenor
helps to keeps the micro channels and pores easyetk which facilities the mass
transformer. The indact effect of the transducer in diye is the formation of micro channel

by acoustic cavitation.

Sponge effect allows to break the water from the sludge and suck the water from sludge. In
order to getbetter sponge effect and drying we must drive the dweer matching with

impedance.

Good impedance matching:
Sponge effect and better drying

Vibrating structure

Fig 10: The sponge effect hyltrasonictransducef40]
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2.4.2 Ultrasonic Cavitation

The active reaction of ultrasound in the wetlglel results ultrasound cavitation presented in

11. Dueto ultrasoniccavitation the pressure on sludge increases and the ultrasonic waves.
There are some factors, whighrasoniccavitation depends such a&stperature, tension on

the surface, viscosity ndaum, pressure, etc. The cavitation results the elitinaf the gas
bubbles in the sludge. The susceptibility of the liquid to the process increases because gas
bubbles elimination by cavitatioj41l] The production, developent, and breaking of
microscopic bubbles hyltrasoniccavitation results high heat energy with shock waves. The
high heat energy, shock waves and micro jets creates turbulence and forces on the sludge
resuts mass transfer. The resultant pressure antbyethe cavitation are can be up to
several thousanddb and kelvin[42]

Compression Compression Compression Compression Compression

Rarefaction Rarefaction Rarefaction Rarefaction Rarefaction
© - 0 o Qo Q@O
Bubble forms . Bubble Bubble Bubble
grows over ” reaches " collapses
many cycles unstable

size

Fig 11: Ultrasoniccavitation[42]

At first stage the bubbles started to form at lower frequency such as 20 kHziZEhis
frequency has large resonance with power fulsband shockwaves. On the other hand, the
frequency size from 1000000 kHz has smaller resonance but can producellaegat . T h a't
why 1000 kHz frequency is has lower cavitation and normally usesdphisticated

electronics equipment cleanifg?2]
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2.4.3 Ultrasonic atomization

Ultrasonicatomization is the phenomenon where liquid breaksfine droplets presented

in figure 12 due to the vibrating surface of the ultrasoiansducer. Therare two
hypotheses proposed to defitheultrasonicatomization whichs known as capillary wave
hypothesis and cavitation hypothesis. The effeailhsonic wavelength on the size of
droplet is basic theory of capillary wave hypotke€avitation hypotheses is mostly applied
to liquid where the liquid bubbles are producpti]

Ultrasonicatomization occurs when thebvating plate vibrate at resonance frequency and
proper amplitudeWhen the transduceumning at resonance condititime capillary waves
geneates on the shell of the droplets. To increase the faster injection process, we need to
increase the resonanceduency of the water particle. The figur2 used to describe the
atomization process. éfle a drop of water with 8 mm thickness is vibratingfized

frequency. The amplitude is increased to induced¢benanceondition.

Fig 12: (a) Drop of water, (b) wave effect on drop of water, (c) statypaad azimuthal
wave impact on the dropd) wave transformation after long time, (e) more efééct
ultrasonic wave, (f) atomization
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2.4.4 Disintegration effect

Sludge disintegratioprocess the cell walls by breaking them to enhance the microbial
decompogion also for biogas recovery. Sludge disgration influences thamountof
content in the dewatred sludge cake by liberating water from cellular material.
Disintegration by ultrasonicis considered a reliable method for sludge disirateégn.
Ultrasourd waves createompressioimn period with hesludgerarefaction

Description ofultrasonicdisintegration takn by DDcod taken as the dependent variable.
Due to the sonication time or densityulfrasonicresponsible to the sludge disintegration.

Power function model according to thleown in Eq 1

0Q,s p Eﬂﬁ? (1

Herefrom the equation 2

C = Sludge concentration in g/l
E = Ultrasonic Density Wm/I

t = the sonication time in minute
| = sludge concentration

m = ultrasonicdensity

n = sonication time

k = reaction ra¢ constant

Ge—— &E Ja#g [ad Tad )

Ultrasoundrequency is most effective in waste activated sludge (WAS) at lower frequency,
l.e. 20 kHz. Comparing thelegree of disintegration with the figgncy range from 41 to
3217 kHz it is found thahe disintegratioms more efficient is lower frequencifigure 13
demonstrate that the degree of disintegrati2indqod)is highest at 41 kHBy breaking the
microbial cell release the intercellular matewdich increases the degree of disintegration.
On the otherhand, increase of ultrasonic frequency decre#lse efficiency of sludge

disintegration.
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Fig 13. Degree of disintegration sludge with the frequency resp@ige

In addition to by varying sonication time will lpeto get better result from the experiment.
Changing the sonication time to 30, 60, 150 minutes will improve the micrattaity.
Microbial growth occurred due to the dispersing the agglomerates intieisomats. Fig 14
represents the changing of ritsiof volatile solids and biogakue to chage of sonication
time with constant sonication frequency 41 kH#5]

Figure 17 presents the howiltrasonic disintegration enhancéhé results of anaerobic
degradation of the wastetavated sludge After doing the disintegteon on waste activated
sludge figl7 (a) shows what percentage of volatile solids removed from there. In addition

to fig 17 (b) represents the production of basgfrom waste activated sludge and how it is
rising.
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Fig 14: Disintegrated sludge (aplatile solid reduction (b) Improving Biogas Production
[45]
When the sludge sonicated for 7.5 min it causes floc DE agglomerationoancklh
disintegration. From the table shows thathe biogas production was slightly texdd
because sludge sonication for only 7.5 minleken DD increased results the percentage
of methane gas increase in the biogasalyzing the data from the tableis cleared the

methane in biogas is constant thfe disintegrated sludge which meang tmethane
production is constant.
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Disintegration time (min)

Control 7.5 30 60 150
Disintegration
Degree of disintegration DD¢op (%) 0.0 0.0 4.7 13.1 23.7
Oxygen utilization rate (%) 100 110 80 65 23
Volatile solids degraded (%) 21.5 227 27.3 314 33.7
Gas production
Total biogas (1) 293 2.79 3.39 3.83 4.15
Biogas/VS degraded (kg ") 483 434 441 433 436
CH, (%) 62.8 63.5 65.9 67.3 68.9
CH,4/VS degraded (1 kg") 303 276 291 291 300
Digester effluent supernatant
CcOD (mgl_') 215 202 240 250 622
Acetic acid (mgl") 11 21 9 11 11
C5-C¢ VFA (mgl™") nd* nd nd nd nd
NH,-N (mg 11 516 471 558 560 638
P total (mg 17") 19.0 19.0 19.3 24.7 20.7

ND = Not detectable

Table 3 Waste activated sludge disintegration and subsequent anaerobic difgEstion
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2.4.5 Ultrasonic wavesimpact on pH and temperature

Time of sonificatiorand densityof ultrasoundare the main factor ggh. If the sonification

time is longemwith higher density results higher pH reductsirown in figure 15When the
sonificationtime is 30 minuteswhich resuts morepH, subtractioncompared tdime of
sonification 1 minuteln addition to, temperature increase in due to ultrasonic wave causes
less pH reductionPH of sludge decreases due to ultrasonic wave50\87ml to 2.5w/ml

and after 30 minutes of ogion it decreased to the minimulavel 6.92 w/ml.Figure 8
represents the pH behaves with the sonication time.

76

=4=UD=0.375 W/ml

=f=UD=0.75 W/ml
UD=1W/ml

et UD= 1.3 W/ml

wesppe UD= 2.5 W/ml

6.9
Time (min)

Fig 15: Due to time of sonification time and densityubfrasonicpH variation[46]

Ultrasonic processcauses catation and implodes oNano bubblegesults increase of
temperature and it increase with the duration of time intensity of ultrasmmifttation
time. Temperature was higheshen the sonification time 80 minutes and least in 1mieut
Temperature wa81.8 C in 30 minutes duringltrasonicdensity moves to 0.375 W/ml to
2.5 W/ml. How the temperature varies with the sonication time represented by fi§Gure
This characteristic of sonification time amdtrasonicdensity is confirmed byanother

research dne by Augustina in 2011 and Feng in 20d@8]
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Fig 16: Variationof temperature respect to time of sonification time and density of
ultrasonic[46]

Dry-solid content percentage in sludge is ceggible to increase of temperature. Long time
treatment is also another effective reason to rise the temperature. Huge quantity of sludge
absorbed great amount of energy which results enhancement oficavavitation creates
obstacle of movement intthe sludge guaranteeing results increase of temperature to
ultrasonic transduceiSludge temperature raised significantly with the ultrasonic vessel
becauseof not havingcooling systemIn addition to longtreatment time allows the
temperature increaseofn 5° C to 60° C[47]
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2.4.6 Particle size distribution

Ultrasonictreatment results decrease of sludge particle Simgribution of sizes of the
particle ofs | u dngessdreshfter theultrasound experiment tleffectivenes®f ultrasound

on sludge particle measured. Major partinfreatedsludge flocparticlesize is range from

400 to 700 um which decrease due uitrasoniceffect shift towards 100 pmUltra-
sonicationtime is an important factor of particle size retion. Ultrasonicationtime
lengthenedo 30 minutes where peakatound100 um and lower peak atound500 pm.

on the othehand,after 60 minutes ofanification time the result isetterthanthe prevous

result. Now there are two peaksabundlO00um and around00-350 um. longer sonication

time results re flocculate of the particles makes them so small which not detected by
measurement statusigure 17 showsthe how patrticle size effected by thérasoundwith

thedifferentperiod

Fig 17: Paricle size efécted by the ultrasound with tddferentperiod[47]

Sludge particle size decreasedJdtsasonicatiortime is increased which also state by some
otherresearchike (Chu et al. 2001; Mao et al. 2004; Dewil €t2006; Fenget al. 2009b).

in first few minutes ultrasonic transducer is more effective on particle size. According to
Gonze et al. (2003) and Mao et al. (2004) sludge patrticle size were most effdatgdbin

minutes of sonication timé47]


























































































































































































