Use of activated carbon and natural zeolite as support
materials, in an anaerobic fluidised bed reactor, for
vinasse treatment

N.Fernandez*, F. Fdz-Polanco**, S.J. Montalvo*** and D.Toledano****

* Renewable Energy Technologies Study Center (CETER), High Polytechnic Institute José Antonio
Echeverria (ISPJAE), Ave 127 s/n Marianao, CP 19390, Ciudad Habana, Cuba.

E-mail: nfernandez@mecanica.ispajae.edu.cu

** Department. of Chemical Engineering, University of Valladolid, 47011, Valladolid, Spain.

E-mail: ffp@siq.iq.cie.uva.es

*** Renewable Energy Technologies Study Center (CETER), High Polytechnic Institute José Antonio
Echeverria (ISPJAE), Ave 127 s/n Marianao, CP 19390, Ciudad Habana, Cuba. E-mail: silviomm@yahoo.es

**** Processes Engineering Study Center (CIPRO), High Polytechnic Institute José Antonio Echeverria
(ISPJAE), Ave 127 s/n Marianao, CP 19390, Ciudad Habana, Cuba. E-mail: davidt@quimica.ispajae.edu.cu

Abstract In Cuba, the alcohol distillation process from cane sugar molasses, produces a final waste
(vinasse), with an enormous polluting potential and a high sulfate content. Applying the anaerobic
technology, most of the biodegradable organic matter can turn into biogas, rich in methane but with
concentrations of sulfide above 1%. The present work develops two experiences with anaerobic fluidized
bed reactors (AFBR) using both Cuban raw material, activated carbon and natural zeolite, as support media,
with the purpose of obtaining high organic matter removal rates and keeping sulfide and ammonium
concentrations in the permissible ranges. The reactors were operated during 120 days, achieving an organic
loading rate of 10 kg COD/m3 day, with COD removal above 70%, and a methane production of 2 L/d. The
activated carbon and natural zeolite used support materials in anaerobic fluidized bed reactors, and showed
good results of distillery waste removal.
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Introduction

In Cuba, one of those byproducts of the sugar cane industry is the alcohol, which is pro-
duced from the cane sugar molasses. The acohol distillation process produces a final
waste, vinasse, with an enormous polluting potential.

In Latin America, some of the most polluting industrial wastewaters are malting-
brewery and distillery wastes. It is known that, for example, 450,000 kg of COD of
distillery wastesaretreated daily.

In Cubathereare 15 distilleries, with an a cohol production of the order of 50,000 litres/
day per distillery, that implies the necessity to evacuate some 1,500 m3 of vinasse a day.
Taking into account that the average of organic matter concentration of distillery waste can
be higher than 70,000 mg COD/L and considering that the equivalent contamination per
personisof 80 g COD/day, it can be stated that the popul ation equivalent from the vinasses
is equal to 1,300,000 inhabitants. This figure indicates that the environmental impact of
vinasse, issimilar to that of 10% of the Cuban population.

The vinasse also has a high sulfate content and that provokes an environmental impact
and the need to restrict biogas use due to the appearance in the biogas of sulfide concentra-
tionsabove 1% [Noyola, 1996].

Anaerobic intensive processes such as the anaerobic fluidized bed, have been used for
purification of wastewater with high organic matter content, as distillery waste, but in this
case care must be taken with the conversion of sulfates to sulfide which is a natural

sioyine ay pue Buiysignd YA T00Z @ 9-T dd ¢ ON # oA ABojouyda] pue 82uaios Jalepn ‘



‘e 18 zapueuiaA'N

consequence of sulfatesanaerobiosis[Condeet al., 1993]. It wasfound that this conversion
can bereduced by using activated carbon [Montalvo and Almeida, 1994].

It is good to highlight that, in fact, the type of support material used in AFBR is the
physical factor that has more influence on this kind of reactor. The support material con-
stitute one of the aspects of more economic influence on the reactor initial investment and
operational costs [Speece, 1996]. For that reason it is very convenient to look for media
from national productionthat, in general, are cheaper.

The objective of this paper isto study the behaviour of AFBR, in the vinasse treatment,
using both activated carbon and natural zeolite as the support materials. The conversion of
sulfatesto sulfide and al so the quality of produced biogaswere determined.

Materials and methods
Laboratory-scale reactor system
Two different |ab-scale AFBRS, were used.

A schematic diagram of both reactorsisshowninFigure 1.

a) AFBRwith activated carbon as support material.

Thereactor consisted of acylindrical acrylic tube 6.5 cm internal diameter with 750 mL
of effectivevolume.

The support used for the immobilization of the biomass was the activated carbon pro-
duced from coconut shell, with the following characteristics: size of particles around
0.5-0.8 mm, density 1,600 kg/m?3, porosity 0.63.

b) AFBRwith natural zeolite as support material.

The reactor consisted of acylindrical acrylic tube 6.5 cm internal diameter with 1 L of
effective volume. The used support was the natural zeolite in a range of particle size,
0.5-0.8 mm, density of 2,128 kg/m?3 and porosity of 0.58.
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Figure 1 Schematic diagram of reactor



In both experiments wastewater wasfed to the reactor by means of a peristaltic pump.

The control and monitoring of reactors were carried out daily, by controlling the
fluidization level, theinfluent and effluent pH and the temperature.

The biogas produced was collected in agas collector system placed in the upper part of
thereactor and itsflow was measured by liquid displacement.

Wastewater
The characteristics of the wastewater used in the experiment are summarized in Table 1.
As can be observed in the experience with natural zeolite, two different vinasse sample
were used.
Therelationship COD/N/Pvaluesof wastewater for all experienceswerewithintheadequate
range recommended for the good devel opment of anaerobic processes[Chernicharo, 1997].

Inoculum sludge source
The AFBR with activated carbon as support material was inoculated with 250 mL anaero-
bic sludge obtained from an industrial-scale UA SB reactor treating vinasse from beet sugar
mol asses that had a specific methanogenic activity of 0.3 g COD/gVSSd.

The AFBR with natural zeolite as support material wasinocul ated with 350 mL anaero-
bic sludge from a lab-scale reactor treating piggery wastes with a specific methanogenic
activity of 0.25g COD/gVSSd.

Analytical method
Influent and effluent liquid samples were analyzed two days per week. Chemical Oxygen
Demand (COD), Total Kjeldahl Nitrogen (TKN) were determined according to Standard
Methods, ammonium (N-NH,*) and sulfide in the liquid (S%) using selective electrodes
[Standard Methods, 1995].

The methane produced was measured by displacement of 0.1 N sodium hydroxide solu-
tion. The hydrogen sulfideinthe gaswasanalyzed in aTutweiler burette (Fernandez, 2000).

Results and discussion
Reactor start-up
Both reactors were filled with the amount of inoculum described above and dilute vinasse
was added to reach the reactor total volumes. A concentration of 1 g COD/L was kept
in the reactors for 30-day batch processes. Total and continuous recircul ation was carried
out. After this procedure both reactors were continuously fed with an organic load of
1gDQOIL d, at ahydraulic retention time (HRT) of around 8 h for the reactor with activat-
ed carbon and at aHRT of 11 hfor thereactor with natural zeolite.

The reactors were operated in continuous regime at OLRs from 1 to 10 g COD/L day
over a120-day period. The OLR wasincreased step by step aswill be explained later.

Table 1 Average influent composition

AFBR (activated carbon) AFBR (natural zeolite)
Vinasse 1 Vinasse 2
pH 4.1 3.9 4.2
COD (mg O,/L) 79,220 56,170 83,000
TKN (mg N/L) 6,020 556 1,333
$-50,72(mg S/L) 2,935 1,150 1,228

P-PO,3- (mg P/L) 737 114 175.7
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a) Behaviour of reactor with activated carbon as support material

Initially the OLR was increasing in a progressive way by increasing feeding COD at con-
stant HRT, but there were some problemsthat did not allow the flow to be kept constant and
for that reason it was decided to vary the flow, keeping aconstant influent COD.

During the 120 days of continuous operation several parameters were analysed, see
Figures2,3,4and5.

In Figure 2 can be observed that in spite of the COD influent increase, the values of COD
in the effluent stay stable, at around 8 g/L. The trend for COD removal efficiency was to
stabilise at values between 75 and 78% (Figure 1). The increasing of methane flow in
correspondence with the organic load increase (Figure 3).

Performance of sulfur and of nitrogen specieswasalso studied (Figures4 and 5). Sulfate
conversion was always higher than 95% and hydrogen sulfide was not detected in the gas.
Thesulfide productionin theliquid wasalso very small.

Figure5 shows TKN valuesof influent and effluent from AFBR, aswell asthe ammoni-
um concentration in the effluent, during the whole period. In this representation a certain
anomaly isobserved, because TKN intheinfluentisnot similar to TKN in the effluent.

b) Behaviour of reactor with natural zeolite as support material
Figure 6 shows the COD values in the influent and in the effluent and the COD removal
efficiencies. On the other hand Figure 7 shows the reported val ues of methane production
during the operational period, aswell asOLR.

In order to increase OLR values, the COD values were increased progressively without
varying HRT.

Themainresultsareshownin Figures6 and 7.
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Figure 5 Nitrogen species in liquid phase



10 100 2500 - 14

o
9 - 20
AA AA AR A : 12
s AAAA R Y k- 2000 | ]
A ° a 10
7FTARA 5 0P o - -
g6 2a Coo 2 S 1500 | oMy 2
g s o ¢ w3 5 ? oé'l o}
; | (&)
o 4 g°oooq’o°° 140 2 £ 1000 oooﬁ : 2
3 o Yo 30 4
2 830 ° 12 500 0% I 3 )
1 a .10 B
! BB Tt 0 o9 o . SRR
0 20 40 60 8 100 120 140 160 0 20 40 60 80 100 120
time(d) time (d)
© COD(gA)inf OCOD(gh)eft A% CODrem BmLCH4/d  OOLR
Figure 6 Performance of organic matter Figure 7 Performance of methane production and
OLR

It can be observed that in spite of the COD increasein thefeeding (increase of OLR), the
COD effluent values stay around 1 g COD/L. At the beginning COD efficiency removal
stays in the range of 50-70%, and from day 50 these values were increasing until they
reached stability around 70-90%, with a prevalence of removal values higher than 80%.
Figure 7 shows that the reported values of methane flow were increased, corresponding
with theincrements of organic load rates.

In this experience the performance of sulfur and nitrogen species was also studied
(Figures8and9).

Figure 8 showsthe behaviour of sulfur species, it being observed that the sulfur increas-
esintheform of sulfateinthefeeding, however, the sulfur valuesin the effluent stay stable
and very near to 0 ppm. Inthe case of the sulfur inthe gas, althoughthereisacertaintrendto
increase, the percentage of H,Sthat was achieved are extremely small.

Figure9 showsthe nitrogen speciesval ues. It can be observed that the behaviour of TKN
in the reactor is similar to the behaviour observed in AFBR with activated carbon.
However, when TKN increases with feeding, the TKN and ammonium valuesin the efflu-
ent decrease. This phenomenon did not correspond with the values of fed nitrogen and that
means that there was a nitrogen amount that could not be detected.

This could be due mainly to two phenomenon: first, that the biota or biomass are incor-
porating nitrogen for their growth [Speece, 1996], secondly, elementary nitrogen may be
forming and some nitrogen may beleaving the AFBR with the biogas.

In this representation it isimportant to highlight the evolution of the ammonium in the
reactor, it can be observed that the trend of the ammonium is to decrease gradually at the
beginning of the experimentation, registering values, from day 100, closeto 0. Thisbehav-
iour is contradictory with the ammonium formation process that should usually happen in
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the anaerobic digestion. Although it is certain that the support can be influencing this
behaviour (ionic exchange and/or absorption), the effluent ammonium concentration must
increasewith an OLR increase.

As can be observed, in the system with activated carbon, as well asin the system with
natural zeolite, thereisan uncommon evol ution of nitrogen and sul phur speciesin thereac-
tors, which could bejustified by two facts:

a) That in the reactorsammoniaand sulfate removal seemsto follow abiological mech-
anismthat it is possibl e from the thermodynamic point of view [Fdz-Polanco et al ., 2000]:

SO,z +2NH,* - S+N,+4H,0 (AG® =—47.8k¥mol)

b) The sulphur and nitrogen species have been retained in the support (in both reactors) and
were assimilated for biomass growth.

This analysis has served as a basis for new experiments that are being carried out at
present, with the objective of studying the possible evolution paths of these species in
greater depth and arriving at more conclusive results.

Conclusions
Thefollowing conclusions can be drawn from theresultsin this study:

The use of the activated carbon and the natural zeolite, both Cuban raw material, as
mediain AFBR, allowed us to obtain good results in the purification of highly polluting
organic wastes.

In both systems, operating with OL R of 10 kg/m?3.day, removal of organic matter above
70%, as COD, and amethane production of 2 L/d werereached.

In the system with activated carbon, effluent ammonium concentration around
800 mg/L wasobtained. Thesulfidelevels, asmuchintheliquid asinthegas, areworthless.

In the system with natural zeolite, effluent ammonium concentration smaller than
1 mg/L was obtained. The sulfide levels in the effluent are worthless and in the gas are
smaller than 0.1%.

The uncommon evolution observed in the nitrogen and sulfur species, in both systems,
could bejustified by two facts: the occurrence of the biological mechanism:

SO,2 +2NH," - S+N,+4H,0 (AG° =-47.8kJmol)

or that the biomassisincorporating this speciesfor itsgrowth.
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