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Introduction
Inverse fluidized bed reactor method was suggested for anaerobic 

treatment of wastewater [1]. Particles with a specific gravity less than the 
liquid were fluidized downward by a concurrent flow of liquid. Inverse 
fluidization technology has been adopted for the anaerobic digestion 
of red wine distillery wastewater. It has shown better results compared 
to other biological reactors [1,2] employed ground perlite obtained 
from an expanded volcanic rock and used as carrier material which 
had significant effect on formation of biofilm over carrier material and 
improved the reactor performances. Perlite was found to be effective 
when compared to other carrier materials like cork, polyethylene or 
polypropylene, teak, plastic beads, and thermo cool. 

Karamanev and Nikolov [3] have described the application of 
inverse fluidization in wastewater treatment from laboratory to full-
scale bioreactors. The biofilm, growing on the surface of support 
particles, increased the overall bioparticle (support particle plus 
biofilm) diameter. Under the fluidized condition, each media provided 
a large surface area for biomass growth and attachment. It enabled the 
attainment of high reactor biomass hold-up and promoted the system 
efficiency and stability. Thus higher organic loading rates and greater 
resistance to inhibitors are increased. But there is a lack of information 
concerning biomass growth on carrier material, inhibition on biomass 
growth and washout of biomass from carrier materials.

Hence this work summarizes physical properties of various carrier 
materials, their selection criteria and their performance of the carrier 
material on biomass retention in an inverse anaerobic fluidized bed 
reactor for treating high strength organic wastewater.

Materials and Methods
Carrier materials and their selection

The selection of material for a fluidized bed reactor should have 
many aspects including the sizing of equipment for the biological 
process and the operation of the system [4]. The carrier material 
properties are highly influenced by the reactor hydraulics and biofilm 
thickness [5]. Prior to the selection of carrier materials, both physical 
and chemical characteristics of the media should be considered. The 

physical characteristics included size, shape, particle density, hardness 
and surface area [6].

In IAFBRs the biofilm formation is strongly influenced by the 
surface properties of the support media. Thus, porosity and roughness 
of the support surface play a major role during the initial start-up 
period. Support of the porous or rough surface are very much essential 
and hence recommended [5] for quick start up. One of the most 
advantages of fluidized bed reactors is the large surface area available for 
biofilm formation and attachment, which allows higher concentration 
of biomass. Porous materials such as GAC (granular activated carbon), 
sepiolite, pumice and kaolinite offer internal pores. Surface area is 
increased because of its size and color. This increment could be of two 
or three orders of magnitude [4]. The size of the particle influences 
the available surface for attachment as well as many characteristics of 
fluidization and consequent mass transfer [4]. To reduce the diameter 
over the specific area and the operating costs the superficial fluidization 
characteristics velocity should be kept at low values, forcing the use of 
small size particles, which also provide greater surface area available 
for colonization and recommended sizes ranging between 0.1 mm and 
0.7 mm [4]. Support media for IAFBR should have a uniform size and 
shape, in order to achieve a uniform particle fluidization throughout 
the reactor height without diffusion limitations and channeling effect 
[5]. One of the assumptions made when developing models is that the 
biofilm is uniformly distributed along the carrier, forming a layer of 
equal thickness. Visual evaluation shows biofilm accumulation that fills 
the crevices and voids where shear forces are smaller and bald areas 
where exposure is higher [4]. 

The density of the material is another important variable for selecting 
a medium. This factor affects the hydrodynamics of the fluidized bed 
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to ferment for two days in an airtight container. The fermented solution 
was used as inoculum in this study. The composition of synthetic 
wastewater for the test is as follows (per liter): 12.5 g glucose, 7.12 g 
K2HPO4, 1.36 g KH2PO4, 1.227 g urea, 0.06g CaCl2 and 0.008 g FeCl3.
The reactor was monitored for temperature, flow rate and pH and TSS 
and VFA have been routinely analyzed. The influent OLR was held 
initially at 6.11kg of COD/m3.d with a constant HRT of 2.0 days. The 
OLR was then increased by additional input flow rate. There is no need 
for sludge recycling in this reactor.

Physical properties of carrier materials

Carrier materials such as thermo cool, plastic beads, cork, teak 
wood and perlite were tried in the lab-scale reactor. The physical 
properties of the different carrier materials are furnished in the table 1.

Biomass growth and carrier colonization

The average biofilm size on particles was estimated from diameter 
measurements using an optical microscope. The diameter was 
determined approximately for 50 particles for each sample. Over the 
first 9 days, very few changes occurred in the reactor on the aspect of the 
carrier particles. The adjunction of trace elements and nitrogen source 
in the influent mixture quickly modified the aspect of the reactor. 
Firstly, the color of the particles obviously turned from white to intense 
grey. Microscopic observations confirmed the presence of biomass on 
the carrier, either as local outgrowth colonies, or as uniform covering 
of the particles. The biomass coverage on the particle was uniform. A 
large number of particles were covered by a thin biofilm of constant 
thickness.

The amount of VAS per gram of carrier was measured once a 
reasonable amount was established on the particles. The amount 
of attached biomass on sampled bioparticles from the IAFBR was 
determined by the following modified procedures [8]. Firstly, 15 mL 
of bioparticles were placed in a 50 mL glass flask to dry and be weighed 
at 110°C during 24 h. Afterwards, bioparticles were dissolved with 4N 
NaOH solution, at 110°C for 2 h, and then they were agitated for 20 
min with approximately 5g of glass beads. Finally, they were rinsed 
with hot deionised water and then dried and weighed at 110°C for 24 h.

Results and Discussion
Performance of the carrier material on biomass retention

Different carrier materials were used and their performances 
were evaluated. The diameter, moisture content, specific wet density, 
specific dry density and specific surface area of the carrier materials 
were determined. The performance of various carrier materials used in 
the study such as teak wood, thermocool, plastic beads, cork and perlite 
were studied on the basis of biomass retention. Biomass development 
and attachment were considered to be the vital factors in determining 
the performance efficiency of an inverse anaerobic fluidized bed 
reactor [9]. The amount of biomass retained among the carriers was 
determined by measuring the attached volatile solids of sludge in the 

and has a direct relationship with power consumption process changes 
and economy. The particle density closer to the density of the fluidizing 
liquid, the superficial velocity for minimum fluidization and 20% bed 
expansion becomes close [4]. The hydrodynamic control of the bed is 
difficult. The cost of the material is obviously another aspect to consider 
because it influences process efficiency and economy of the system [4].

The artificial supports, like open pores entered glass, ceramics 
or plastics beads show excellent immobilization properties, but are 
highly expensive. The benefits of such media are controversial, because 
the economic advantages due to the size reduction of the reactor are 
often overweighed by the high support costs [5]. Among the chemical 
properties the most important are chemical compatibility and 
adsorption [4].

Experimental set-up

The reactor set up used in the experimental studies is shown in 
figure 1. This was used throughout the course of this study. The tank is 
made of medium density perfex sheet. It has a nominal capacity of 5.03 
lits, a diameter of 0.08 m and a height of 1m. The reactor was filled with 
the solid carrier material with 55% of its active volume. 

Influent from feed tank is pumped into the reactor with constant 
loading rate of 6.11 kg/m3.d during startup period and gradually 
increased up to 34 kg/m3.d using down flow valve. The HTR was 
decreased from 2d to 0.16 d during operation time. From top of the 
reactor, the influent gets sprayed in down flow mode. This prevented 
the channeling effect and provided the expansion of bed with low 
energy requirements. Flow in the reactor was regulated by rotometer, 
which was placed near the pump. The pH in the reactor was adjusted 
to 7 with NaOH during the start up period, and then it was naturally 
maintained between 7 and 7.5 without any addition of NaOH.

Anaerobic conditions were maintained by spraying nitrogen gas 
into the reactor. The lower part of the reactor was connected to the 
input pipe where the recycle and the nutrient feeding flow together. 
The flow distributor and the gas outlet were placed at the removable 
cap covering the top section. The gas outlet was connected to gas meter. 
The gas produced in the reactor was collected and stored in a collection 
measurement tank. A water column was used to measure the biogas 
production.

Reactor inoculations and start-up

The reactor was filled with the solid carrier materials up to 55% 
of its active volume. The reactor was fed with a synthetic wastewater 
containing glucose as a carbon substrate with rumen as inoculum 
in a ratio of 2:1. Rumen is one of the by products obtained from 
slaughterhouses of cattle, sheep and goat. The most abundant rumen 
bacterial species are the generalists or non-specific such as Prevotella 
ruminicola and Butyrivit fibrosolvens, which degraded into a wide 
range of polymers, Selenomonas ruminantium that utilized a variety 
of end-products [7]. After sampling, the rumen contents were strained 
through four layers of 1 mm nylon mesh. The filter strain was allowed 

S. No Description Thermo Cool Plastic Beads Cork Teak wood Perlite
1 Mean diameter(φ) in mm 5 2 1 2 1
2 Moisture content (m) in % 32 6 45 47 43
3 Specific gravity (G) 1 1.2 0.90 3.1 1.8
4 Specific dry density(pd)  in Kg/m3 90 180 155 200 205
5 Specific wet density(pd)  in Kg/m3 160 200 210 255 295
6 Specific surface area (Sa)  in m2/m3 7010 6090 5010 6085 7030

Table 1: Physical properties of different carrier materials.
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individual carrier material. Attached biomass is expressed as gAVS/gsolid. 
The variation of biomass concentration in different carrier materials is 
represented in figure 2–6 during the start-up phase. 

The start-up operation was conducted over period of 65 days. 
During this period, the HRT was decreased stepwise from 5 to 3 days 
by increasing the OLR from 2.65 to 6.11 kg of COD/m3.d. During the 
reactor start-up of the total gas production, COD removal efficiencies 
and pH were used as performance indication parameters. The biomass 
concentration was measured by stripping off the solids and its volatile 
solids contents.

Variation of biomass concentration on teak: Figure 2 shows 
the variation of biomass concentration on teak with operation time. 
In the first 5 days the biomass development over the carrier material 
was much below the concentration of 0.0017 gAVS/gsolid. After the 7th 
day onwards, the biomass growth on carriers was absent. This might be 
due to physical and other characteristics of this carrier material which 
inhibit the microbial attachment with carriers.

Variation of biomass concentration on thermocool: The 
development of biomass on thermocool with operation time is given in 
the figure 3. Biofilm formation over this carrier was comparatively good 
with that of the teak the during first 15 days with varying concentration. 
The retention of biomass by this carrier was not highly satisfactory over 
the operation time. After the 15th day, the biofilm got itself washed 
out from the carrier. The failure of this carrier material supporting the 
microorganisms might be due to the same reason by which teak failed.

Variation of biomass concentration on plastic beads: The results 
shown by the plastic beads were excellent over a period of 15 days 
with retention of 0.02 gAVS/gsolid. However, it could not sustain over the 
operation time. The variation of biomass growth over plastic beads 
is given in figure 4. On the 16th day, the growth of microorganisms 
sharply decreased to zero.

Variation of biomass concentration on cork: The biofilm 
formation over cork showed very poor performance compared with 

any other carrier used in this study. The growth pattern of the biomass 
curve of cork is depicted in figure 5. The concentration and retention 
of biomass over this carrier was much lower compared to that of any 
other carrier. The washout of biomass from this carrier took place in 
less than eight days.

Variation of biomass concentration on perlite: The performance 
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Figure 1: Inverse Anaerobic Fluidized bed Reactor (IAFBR).
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Figure 2: Variation of biomass concentration on teak.
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Figure 3: Variation of biomass concentration on thermocool.

Time (days)

B
io

m
as

s 
 (g

av
s/

gs
ol

id
s)

Biomass±

±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±
±

±±

±

±
±

±±

±±±
±±±±±

±±±

0        5       10       15      20      25      30       35      40      45      50       55      60      65

0.02

0.018

0.016

0.014

0.012

0.01

0.008

0.006

0.004

0.002

Figure 4: Variation of biomass concentration on plastic beads.
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experimental conditions such as pH, temperature, turbulence and 
wastewater composition. In the earlier stages of operation, very few 
changes occurred in the reactor concerning the aspect of the carrier 
particle. The addition of trace elements and nitrogen source in the 
influent mixture quickly modified the aspect of the reactor. In the 
inverse fluidized bed with a down flow liquid fluidization using perlite 
as biomass carrier, the OLR was increased from 3 to 15 kg of COD/
m3.d in 60 days of operation, but the reactor became destabilized and 
the carbon removal in terms of COD was only 55% at the end of the 
experiment and input was compulsorily decreased [1]. The carrier 
material was found to be a very important factor, because biomass 
accumulation brings about changes in particle volume and density, 
affecting the whole system. 

Perlite was found to be a good carrier in the anaerobic digestion 
of high strength organic wastewater [13]. It allowed a high biomass 
hold-up, with minimum particle wash out, because of its density. It was 
inferred that the biomass was 0.66 gAVS/gsolids on day 65. A comparison 
with earlier study reactors treating the same kind of effluents was made 
[14]. In inverse fluidized bed [15] the quantum of biomass was close 
to 0.2 g / g of solid at the end of 90 days. It was found that perlite was 
mainly responsible for high biomass retention and improvement of the 
reactor performances in short operation time.

Conclusion
A new kind of anaerobic reactor with attached biomass, inverse 

anaerobic fluidized bed reactor is tested. It was found that the carrier 
material played an important role, by bringing changes in particle 
volume and density, affecting the whole system. Perlite is identified 
to be a good carrier for anaerobic digestion of high strength organic 
wastewater over other carrier materials were used in this study. This 
is because of its density and high biomass hold-up, with minimum 
particle washout. In this reactor, microbial adhesion, and a fluidization 
wastewater is greatly influenced by floating solid carrier. In over all 
analysis of various carrier materials, perlite is proved to be effective 
in an inverse anaerobic fluidized bed reactor in the treatment of high 
strength organic effluent.
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