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ABSTRACT

Inverse fluidization particles having specific gravity lessthan one are car-
ried out in the reactor. The carrier particles chosen for this study was
perlite having specific surface area of 7010m?/m?® and low energy require-
mentsfor fluidization. Before starting up the reactor physical properties of
the carrier material were determined. 1mm diameter perlite particleisfound
to have a specific density of 295kg/m?. It was used for the treatment of
digtillery waste and performance studies were carried out for 85 days.
Once the down flow anaerobic fluidized bed system reached the steady
state, the organic load was increased step wise by reducing Hydraulic
Retention Time (HRT) from 2 daysto 0.19day, while maintaining the con-
stant feed of COD concentration. Most particles are covered with a thin
biofilm of uniform thickness. This system achieved 87% COD removal at
an Organic Loading Rate (OLR) of 35 kg of COD/m?/d.
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INTRODUCTION

Among thedifferent anaerobic processavailable,
an anaerobic down flow fluidized bed reactor emerge
asagood dternativefor thetreatment of wastewater.
Inthe classic case of fluidized systems, the solid par-
ticleshaveahigher density than thefluid. In down-flow
(orinverse) fluidization, theliquid specificdensity is
higher than the particle specific density, and thebed is
expanded downward by theliquid flow.

Thedownflow fluidized bed reactor or inverseflu-

idized bed reactor hasbeen described for application
in anaerobictreatment of wastewater™. Intheir descrip-
tion, of down-flow fluidization, particleswith aspecific
gravity smaller than theliquid arefluidized downward
by aconcurrent flow of liquid. The paper described the
application of thedownflow(or inverse) fluidizationtech-
nology for the anaerobic digestion of red wineditillery
wastewater. The carrier employed wasground perlite,
an expanded vol canic rock.

Thebiofilm formation and itseffect on hydrody-
namics of the reversefluidized bed reactor has been
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Figurel: Anaerobicfluidized bed_reactor
TABLE 1: Composition of syntheticwastewater

Glucose 1000mg/I,

KH,PO, 527mg/
Urea 227my/l
CaCl, 0.06mg/
FeCl; 0.008mg/l

described™. Theapplication of inversefluidizationin
wastewater treatment from laboratory to full-scale
bioreactors has been described?. Thebiofilm, grow-
ing on the surface of support particles, increasesthe
overd| bioparticle(support particleplusbiofilm) diam-
eter. It resultsin bed expansion and very slow move-
ment of thelower bed level downward until thelower
bed leve reachesthel ower draft tubeopening and some
of the bioparticlesenter thedraft tubewith theliquid
flow. Theinversefluidized bed biofilm reactor designed
so that the biofilm thickness can be controlled to avoid
theintrabiofilmdiffusonlimitations.

Under thefluidized state, each mediaprovidesa
large surface areafor biofilm formation and growth. It
enablestheattainment of high reactor biomasshold-up
and promotesthe system efficiency and stability. This
providesan opportunity for higher organicloading rates
and greater res stancetoinhibitors. Fluidized bed tech-
nology ismoreeffective than anaerobicfilter technol-
ogy asit favoursthetransport of microbial cellsfrom
the bulk to the surface and thus enhances the contact
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between microorganismsand the substrate. Further it

enhances higher organic loading rateintermsof kg/

cu.m/d over any other bioreactor.

Objectives

e Todeterminetheeffect of operating variableslike
Organic Loading Rate (OLR), Hydraulic Reten-
tionTime(HRT), Particlesize, fluidization velocity
on COD, TSS, TDS removal efficiencies and
biogasyidd.

e TodetermineBiokinetic coefficients.

e Toimproveknowledge and to recognizedesign
criteriafor thedevel opment of microbia process
for thedecomposition of effluent streams contain-
ing high strength organic matter.

e Todevelopbasicresearchwithlaboratory
experimentsto smulatethe behavior of the
systemsand the establishment of kinetic param-
etersof their scaling

MATERIALSAND METHODS

Experimental set-up

Thereactor consisted of column with atotal vol-
umeof 5.031it5(0.08min diameter, Imin height). The
flow distributor and the gas outl et are placed a there-
movabl e cap covering thetop section. The gasoutlet
was connected to gas meter. ThepH inthereactor was
adjusted to 7 with NaOH during the start up period,
and then it wasnaturally maintained between 7 and 7.5
without addition of NaOH. Figure 1 showsaschematic
diagram of the experimenta set-up. Thesubstrateisan
industrial distillery wastewater with aconcentration of
10-30.16kg/m?.

Reactor inoculation and start-up

Thereactor wasfilled withthesolid carrier materid
up 55% of itsactive volume. Thismateria isalight
minerd granular materid mainly composed of silicaand
alumina. Thereactor wasfed with asynthetic waste-
water containing glucoseasacarbon substrate( TABLE
1). Thereactor was monitored for temperature, flow
rate, pH and biogas production. The Total Suspended
Solids(TSS), Total Dissolved Solids(TDS) and Vola
tileFatty Acids(VFA) areroutingly andysed. Theinflu-
ent Organic Loading Rate(OLR) washeldinitialy at
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TABLE 2: Physical propertiesof thecarrier material

S.No. Properties Values
1 Mean diameter (¢) 1 mm
2 Moisture content 43%
3 Specific gravity (G) 1.8
4 Specific dry density (pg) 205kg/ m®
5  Specific wet density (p.) 295kg/ m*
6  Specific surfacearea(S,) 7030m?% m?

6.11kg of COD/m?®/d with aconstant Hydraulic Reten-
tion Time(HRT) of 2.0 days. The OLR wasthenin-
creased by increasing theinput flow rate. The OLR
wascd culated onthebasisof theactivevolume. There
wasno dudgerecycling.

M easur ement and analysis

During the operation of theinversefluidized bed
reactor, temperature, pH, gas production rateare moni-
tored daily. Feed and effluentsaretaken for the analy-
sisof COD, VolatileFatty Acids(VFA), and Totd Sus-
pended Solids (TSS) are carried out once per day. All
determinations are performed according to Standard
Methods'¥. Theaveragebiofilm sizeon particleswas
estimated from diameter measurements. The measure-
ment was performed with an optical microscope. The
diameter was determined for approximately 50 par-
ticlesfor each sample.

RESULTSAND DISCUSSION

Reactor start-up

Theperliteparticlesareanirregular surfacewith
sharp angles and crevices. These characteristicsare
suitabl e because biomass attachment and devel opment
areimproved when particles present irregul arities 8.
TABLE 2 presentsthe observed physical propertiesof
perliteparticles. Perliteisainteresting carrier when com-
pared to otherslike cork, polyethyleneor polypropy-
lene. Minimum fluidizationve ocity for thesematerids
are higher because surface phenomena(hydrophobic
surface) their very low specific density(cork) andinthe
case of polyethyleneor polypropylene, becauseof their
szeof particde. Indeed, in downflow fluidization, biom-
assaccumul ation makesthe particlesheavier, increas-
ing particle density and bed expansion. If thereisan
excess of biomass accumulation, density of the par-
ticlescan attain 1000kg/m?and particles can bewashed
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out of thereactor. Another important parameter ispar-
ticlesize, becauseit indicatestheavailable surfacefor
biofilm attachment and growth®, Particlesizea so & -
fected hydrodynamics: shear, fluidization vel ocity, flow
behavior of the gasbubblesand flow regime?!. Inthis
case, 0.968mm s ze particles enabled ahigh biomass
concentration at low liquid fluidization velocities. Nev-
ertheless, particlesareirregular and nonsphericd, thus
comparisonswith other studies becomedifficult, be-
causemogt availablecorrelationsaremadefor spheres.

Over thefirst 15 days, very few changes occurred
inthereactor concerning the aspect of the carrier par-
ticles. The adjunction of trace elementsand nitrogen
sourceintheinfluent mixturequickly modifiedtheas-
pect of thereactor. First the colour of the particlesob-
vioudly turned from amost whiteto intense gray. Mi-
croscopi ¢ observations confirmed the presence of bio-
massonthecarrier, either aslocal outgrowth colonies,
ether asuniform covering of theparticles. Thebiomass
coverageontheparticleisvery uniform. A large num-
ber of particlesare covered regularly by athin biofilm
of constant thickness. Thismay be dueto their per-
fectly sphericd shapeand to thefriction effectsenhanced
by turbulence.

In 70 days of operation, thefirst 15 days can be
considered as““lost” for the process start-up, because
of thenutrient deficiency inthewastewater used and
thepoor resulting biomassgrowth. Thestart-up period
isdividedinto two parts. Fromday 1to 33, theinfluent
wastewater wastaken from the feed tank without ad-
dition of nutrients, but very few microbial growth oc-
curred and input OLR load had to be kept as6.11kg of
COD/m?/d. Fromday 33, amixtureof trace dements
was added to theinl et together with anitrogen source.
Within 10 days, thereactor had recovered an excellent
COD removal efficiency. Thisincreased from 6.11-
35.09kg COD/m?®/d over thetwo monthsof operation.
During this period the COD removal reached 87%.
From day 46 to day 70, theinput |oading rate could be
increased from 15 to 35 without any noticeable change
inthe measured control parameters. Thefigure2isthe
plot of input organic load(kg COD/m?/d) and COD
removal efficiency. On 21-st day VFA was dropped
down and continues up to 43 day and reached the
lessthan 0.5¢/I and VFA amount dlightly rose up to
3.5g/l. Thefigure 3isthe plot of Volatile Fatty Acid
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(VFA) production and figure 4 represents the Total
Suspended Solids(TSS) removal.

A comparison with previously studied reactors
treating the samekind of effluents can bemade. The
initial start-up issimilar towhat observed withaclass -
ca up-flow fluidized bed working with 384mum poz-
zolanaparticlé*4%3, In the experiment, the OLR was
increased from 2 to 18kg/m®/din 70 days, and the car-
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bon removal varied between 92 and 75%. In an in-
versefluidized bed with adownflow liquid fluidization
with perliteasbiomass carrier, the OLR wasincreased
from 3to 15in 60 days, but the reactor was destabi-
lized and the carbon remova was only 55% at theend
of the experiment and theinput load to be decreased®.
Inaninverseturbulent bed with upflow current of gas
using Extendosphere asbiomasscarrier, the OLR was
increased from 2 to 23.2kg/m®/di¥, Theremoval of to-
tal BOD and COD from the wastewater were gener-
aly very good(80-92% COD removal and 90-96%
BOD removal). The best performance was observed
with a HRT of 4days(OLR of 2.37kg /m®/d).When
detention timewas decreased to 2daysthe efficiency
of the GRABBR(Granular Bed Anaerobic Baffled Re-
actor) dropped, but theremoval rated were still com-
paring good@. In another study, during the start-up
period, OLR was maintained at approximately 1.5kg
TOC/m?/d. Whenthe system reached the steady State,
organic load was increased by reducing HRT. It at-
tained 85% of carbon removal with 4.5kg TOC/md/d
(approximately11.3kg COD/m?/d) without pH regula
tion™. Other ditillery waste studies havebeen reported
using other anaerobic process such asanaerobic fil-
erd® and UA SB reactor!*® with 80% and 83% COD
removal at organicloadsof 12.0 and 13.2kg/m®d and
HTR of 1.4 and 2.4 daysrespectively.

Further investigations could bedone onthiskind of
reactors. For instance, theamount of solid to be used
inthereactor hasbeen fixed here at 55% of thework-
ing volume. Other workersreport that acorrect fluid-
ized statecan beobtained for filling ratesashighas 70-
80%, al themoresincetheminima fluidization velocity
islower for high solidsamount(*?..

CONCLUSION

Thiswork intended to test anew kind of anagrobic
with attached biomass, theinverseturbulent bed. The
applicationtothetrestment of distillery wastewater pre-
sented satisfactory resultscompared to other reactors.
Theinput organicloading rate could beincreased from
6.11 to 35.09kg COD/m?d with in lessthan 75days,
despite 15daysdelay dueto anutrient deficiency prob-
lem. The COD remova waskept around 87% and the
hydraulic retention time could be reduced down to
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0.19day. Theinverse anaerobic fluidized bed reactor
appeared to be agood option for anaerobic treatment
of distillery wastewater. The system attained high OLR
with good COD removal rates and exhibited agood
stability tothevariationsin OLR and HRT.

The carrier material wasfound to beavery impor-
tant parameter, because biomass accumulation brings
about changesin particlevolumeand density, affecting
thewhol e system. Perlitewasfound to begood carrier
for theanaerobic digestion of distillery wastewater in
inversefluidized bed.

List of symbolsand abbreviations

COD : Chemica Oxygen Demand (kg/ n); BOD : Bio-chemical
Oxygen Demand (kg/ m®); OLR : Organic Loading Rate (kg of
COD/m?/d); HRT : Hydraulic Retention Time (d); TOC : Total
Organic Carbon (kg TOC /m®/d); UASB : Upflow Anaerobic
Sludge Blanket Reactor; ¢ : Mean diameter (m); m: Moisture
Content(%); G : Specific Gravity; p,: Specific dry density(kg/
m®); p,, - Specific Wet density (kg/m?®); S, : Specific Surface
area (m?/m?)
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