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OFF GAS TREATMENT

ABSTRACT: A research was carried out to developighdsic biological
reactor able to clean the gas effluents polluteddigtile organic compounds
(V.0.C). Initially, Rhodococcus erythropolit 902.1 had been selected on the

basis of its capacity to degrade isopropyl-benZ&vi).
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The effect of gas flow and IPB concentration onlifeelegadation of IPB was
evaluated.

The results show that the use of silicon-oil alldarge quantities of IPB to be
absorbed within the medium of biological abatemént.the other hand, the
biodegradation rate is directly correlated to thiketi flow of IPB. Thus, the
reactor presents interesting opportunities in tfedogical treatment of gas
effluents.

1 INTRODUCTION

A research is carried out within the framework asgous treatment. It aims to
develop a biphasic reactor "water / silicon- oi5ilicon-oil is used to allow a
better biological abatement of the aromatic orgaoimpounds by improving
their solubility within the two-phase bioreactonitially a bacterial strain
(Rhodococcus erythropolis T 90R.Wvas selected on the basis of its good
capacity to degrade isopropyl-benzene (IPB), a @amg selected as a model
for the family of benzene. Various research wasopered in order to improve
degradation of VOC in gas effluents, particularly improving the mass
transfer of VOC within the reactor. Yeom and Daigy(2001) (1) recommend
the use of a biphasic biological reactor whose migphase (hexadecane)
constitutes 1/3 of the reactional medium. Hexadegaesents the property to
be slightly toxic for the micro-organisms. A simmilg@rocess showed its
effectiveness on the biodegradation of a mixture oofanic pollutants

(B.T.E.X.) by aPseudomonas sptrain (2a ; 2b).
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Van Edeet al (1995) (3) showed, by the theory called Filmislle Holdup
(F.V.H.) model, an enhancement in the gas tranktarks to the presence of a
dispersed octene phase

Moreover, it could be shown that the transfer eatd the biodegradation of
apolar pollutants in biological waste gas treatmastwell as transfer rate of
oxygen, can be enhanced by a dispersed organiergol/FC40, 10 % V/V).
Theoreticaly, it could be shown that the additiohsolvent has a more
significant effect on the enhancement of transéée i case of poorly water-
soluble compounds compared to moderately watebbohnes. (Teresat al,
1997) (4).

On the other hand, Nielsen al.(2003) (5)showed an increase of the oxygen’s
solubility within the system by the addition of laelecane. This increase
provides a potential for enhancement of oxygen’saieansfer rate.

Dumont and Delmas (2001) (6) reviewed the geneyatept of oil-in-water
systems. This was supposed to demonstrate thayadilian immiscible oil
phase to influence the possible way for transfemfrthe gas phase to the
aqueous phase.

An other way to enhance oxygen gas transfer ratpraposed by using
soybean oil-in-water dispersion (7).

In this context, silicon oil can also be used foroeluce the effect of a solvent.
Thus, Budwill and Coleman (1997) (8) developed @ilber with silicon oill

addition that improves hexane biodegradation. Meeeo Gardin et al.
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improved the biodegradation of xylene and butyta@eeby using an aqueous-
silicon oil two-phase system.

Finally, Aldric (2001) (9) showed the value of thse of the silicon oil in a
proportion of 10 % in a two-phase bioreactor. Sii®il allows an important
improvement of the gas retention into biphasic mexlii.e. the volume of gas
retained within a volume of reactional medium ldjuiFurthermore,
coefficient of oxygen mass transfer is not decréasempared to an agueous
medium. These aspects show the possibilities plicgtion in the field of the
off-gas treatment. Indeed, the silicon oil alloavsignificant solubilisaton of
volatile organic compounds. The object of this gtuthus consists in
specifying the influence of silicon oil on the bemgtadation of IPB, selected as
model for the B.T.E.X. compounds.

2 MATERIALS AND METHODS

2.1 Strain and chemicals

The Rhodococcus erythropolstrain was obtained from the collection of the
Walloon Center for Industrial Biology (C.W.B.I.; Bgum) (10 and 11).
All substrates and other chemicals were purchas®ed ¥WR internationnal

(Leuven, Belgium) or Aldrich (Bornem, Belgium).

2.2 Bioreactor and assembly

The stirred bioreactor used for biodegradation (LEBalafitte BL06.1, Saint

Germain en Laye, France) was described by Aldrie0{2. Its reactional
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volume reaches 4.5] and the stirring speed wastaaed at 600 rpm. The
assembly is schematized in figure 1.

The IPB concentrated gas is generated by strippitign a thermostatized
glas bottle. The gas flow is permanently controldgdh flow meter.

The concentration of IPB in the gas coming in thedactor is controlled by

an adjustable mixture between polluted gas and air.

2.3 Experimental design

Doehlert design (12) was selected to evaluate fileeteof two factors on the
biodegradation: gas flow and IPB concentrationntét gas. The values of
concentration and flow corresponding to the expental points are selected
so that the pairs concentration-flow are locatedhat angles of a perfect
hexagon in bidimensional space "Concentration ivFlo Nevertheless, the
adjustment of the parameters to their fixed valgedifficult because of the
technical constraints. The statistical analysithefresults thus requires to take
into account the real average values of the twdistuparameters. The shifted
points obtained in experiments are indicated oaré. The area defined by
the Doehlert design is a circle in a two dimensicsace. 5 levels were
retained (mg/Nm) for the "concentration" factor and 3 levels farctor
"flow" (I/min).

The 10 performed experiments are included and cterazed in table 1.

Shaded experiments represent the repetitions afehtal experiment.

“Nm®: n? under normal conditions of temperature and presg@s°C — 101325 Pa)
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Statistical analysis of the results was carriedvath the software SASI .
The Doehlert design (12) permits to establish aorsg@cdegree regression

model with interactions of the second order

2.4 Sampling and analytical methods

Gas samples are regularly taken from each bubbtawipling as well as in
the liquid reactional medium. IPB concentration vestimated thanks to a
Perkin Elmer headspace sampler HS 40 XL (for ligsganples) and a gaz
chromatograph Hewlett Packard 5890 equiped witHItdh INC. Deerfield
EC-WAX column and flame ionisation detector (for sgammples).
Temperatures of the injector, column and detectnewespectively 153, 150

and 250 °C.

2.5 Implementation of the biomass

The culture ofRhodococcus erythropoli;n 868 medium (glucose 20g/l.;
casein peptone 20 g/l; yeast extract 10 g/l) isdsted after 64 hours (optical
density 600 nm =1.4). The inoculum for the biotagireactor is obtained by
centrifugation of 2.25 L of this culture. The peltebtained is washed twice
and diluted in 200 ml saline water (6g/l NaCl). eTimoculum is then

introduced into the bioreactor where the medium foodegradation is
composed of silicon oil (10% V/V) and agueous mediM284 (90 % V/V)

whose composition is : Tris-HCI 6.06g/l ; NaCl8gd ; KCI 1.49g/l; NHCI
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1.07g/l ; NaSO, 0.43g/l; MgCh. 6H,0 0.20g/l ; NaHPO, 2H,O 40mg/l ;
CaCb. 2H,0 30mg/l ; Fe(ll)NHcitrate 4.8mg/l. ZnSQ7 H,O 0.144 mg/l ;
MnCl,.4 H,0O 0.1 mg/l ; HBO3; 0.062 mg/l ; CoCGl6 H,O 0.19 mg/l; CuGl2
H,O 0.017 mg/l ; NiGl.6 H,O 0.024 mg/l ; NgMoO,.2 H,O 0.036 mgl/l;

ethanol 1g/l.

2.6 Determination of concentrations and flows

Only the data corresponding to a stabilizationhef tPB concentration within
the liquid medium is retained. The following reatiis indeed correct because
IPB consumption by the biomass (term to the leftgqual to the transferred

guantity (term to the right):

(Q-QuiEK.aC-C.)

where Ka is the total coefficient of mass transfer for IPBN™); Qi and Q.
are respectively the inlet flow and outlet flow tH#B (mg IPB/min.| of
reactional medium); & = saturating concentration of IPB in the biphasic
liquid medium (mg/Nm) ; C.= equilibrium concentration of IPB in the
biphasic liquid medium (mg/l).

Inlet flow and outlet flow of IPB are given by thalowing equations:
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__ConclNmeax flow
vol

QN

_ ConcOUT . x flow

QOUT — mean
vol

conc  mean =

Z Conc ix(ti—ti-1)

i=1an Lot

whereConcpean= Weighted average of concentrations during an dayuilin
phase (mg/Nr).

Cong = specific concentration (mg/Ndnmeasured by gas injection at time
t=i.; flow = flow of gas effluent loaded in IPB;= time (h) and Vol= the

volume of the reactional medium.
2.7 Determination of the biodegradation rate

The biodegradation rate can be easily calculatetthiéyollowing formula:
Biodegradation rate = 100 x {Q Qou) / Qn Where @ and Q. are described

above.
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3 RESULTS AND DISCUSSION
3.1 Follow-up of the IPB biodegradation in a gas effitie

Previously, Rhodococcus erythropoli§ 902.1 showed good potential for
biodegradation of aromatic compounds (benzenegn@wand xylene) in liquid
medium. Moreover, this strain has very interestprgperties to produce
starter culturess, specifically due to drying pohge. The industrial
applications are thus possible (10).

More specifically, this strain contains a catabgliasmid conferring it the
aptitude to degrade toluene and the other arongatmcpounds such as the
IPB, selected as model within the framework of tesearch (11).

In this research, this strain was implemented iw@phase bioreactor which
was developed to degrade IPB in gas effluents.uBeeof the silicon oil is the
originality of the proposed two-phase reactor. Tphsise is used to improve
the transfer and the biodegradation of the IPB faffygas.

A laboratory scaled two-phase reactor was develtpastudy the influence of
the IPB concentration and the flow of gas (fig.1).

The device permits generation of a polluted efftuaiith a flow and a
specified IPB concentration. This device is folla®y sample points within
the reactional liquid medium, at the entry and ¢lé of the bioreactor (see
description, fig. 1). The follow-up makes it pddsito determine the rate of
IPB biodegradation and the loading capacity ofldlweeactor for the various

values of the studied parameters (flow and IPB entration). Moreover, in
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order to follow the two studied parameters, Dodldesign was implemented
as explained previously (see paragraph 2.3). Theererents included in
Doelhert design were monitored during 3 days. Ascdeed previously, the
measurements taken into account to determine tteanaders (biodegradation
rate and loading capacity) are those corresponding stability of the
concentration in the liquid medium (consumed qugnrtitransferred quantity)
The evolution of IPB concentration in inlet gastleugas and within the
liquid medium is given, as example, in figures 2 & for the two most
significant experiments corresponding respectitelya low flow and a high
flow of IPB (mg/mini)

Figure 2 shows the evolution of the IPB concertratis described above. The
experiment presented at figure 2 corresponds t®@ idg/min.l IPB flow of
reactional medium. Both concentration within thguld and concentration in
outlet gas of bioreactor are very low, what repnesea very good
biodegradation yield.

The experiment presented at figure 3 correspontsetbighest loading of IPB
(9.47 mg/min.L) and shows the evolution of the IP@&centration for this
experiment. It is obvious that the concentrationoutlet gas is high (1727
mg/NnT on average) but comparatively to concentratiomliet gas and to the
gas flow, the biodegradation yield remains veryeptable.

These two examples show that the IPB biodegradatyaihe selected strain is

important, including for high loads of IPB (moreth9 mg/min.| ; 540g/fbh).

10
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In order to define the potentialities of the progabsbioreactor, the
biodegradation rate (% of IPB degraded by the bsshand the loading

capacity (mg/min.l) were given for each experiment.

3.2 Biodegradation rate functions of flow and concetitna

The biodegradation rate is the relationship betwidenquantity of polluant
degraded by the biomass (mg/min.l) and the flowpoflutant entering
bioreactor (mg/min.l). It expresses the efficierafythe bioreactor for each
pair (concentration - flow).

For each experiment of Doehlert design, the bicaldgfion rate of the IPB

was calculated as indicated below:

- _100Qn—Quur
O

whereT is the biodegradation rate of IPB (%).

Qin and Q. are respectively the flows of IPB entering andgoutg from the

bioreactor (mg/min.l). The biodegradation ratefB Ifor each experiment and
each day is shown in figure 4. The biodegradatiatesr are high in all
experiments, except for experiments 5 and 7. Initl@emented range of
flow and concentration, the biodegradation rateeser lower than 53 %
except for the first day of experiment 8. After quaring the biodegradation
rate according to the days of experimentation, sit observed that the

biodegradation rate is often the highest at the @nthe experiment (third

11
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day). This can be explained by an adaptation plohshe biomass to the
presence of IPB.

As described previously, the objective of this egsh is to evaluate the effect
of the gas flow and the IPB concentration on thieatifzeness of the proposed
bioreactor, i.e. on the biodegradation rate. Wiy a statistical analysis of the

results was carried out.

3.3 Statistical analysis of the results

The statistical analysis of the results, accordiogthe response surface
method, is carried out in order to establish a seategree regression model
between the biodegradation rate and the two chpseameters: gas flow
(I/min.) and IPB concentration (mg/Nijn

Considering that the cells must be adapted, ordyviidues of biodegadation
rate corresponding to the third day are taken adoount for the statistical

analysis.

For this purpose, the values of biodegradationmegasured were transformed
by the arcsinus square root transformation. Thaslitional transformation

permits to observe the conditions for applicationthe analysis of the results
according to Doelhert (12). On the basis of aboeationed considerations, a
second degree regression model can be proposed:

arcsin'I =1.987-0.216Q - 14*10*Cong, + 112*10*Qx Cong, + 997*10°Q* + 129*10°Con¢,

R? = 0.9399

12
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I represents the IPB biodegradation rate (%)

Q is the inlet flow of gas (I/min) - first factor.

Cong, is the IPB concentration of inlet flow (mg/Njn second factor.

For each estimated coefficient, table 2 presentalype. As shown in table 2,
the first degree coefficient of the flow (0.00178) highly significant. The
factor flow (Q) is thus most influential on the Begradation rate. In addition,
figure 5 permits visualization of the combined etfef flow and concentration
of the effluent on the biodegradation of the IPBeTontours of second order
equation indicate the "concentration-flow" pairsr fevhich the same
biodegradation rate is observed. By means of tlagrdm, it is possible to
estimate the biodegradation rate for a flow-conegiain pair. The shape of
the diagram indicates that the variation of thevfioduces a strong variation
of the biodegradation rate. On the other handiHersame flow, the variation
of effluent concentration slightly influences thedegradation rate.

These observations can be explained by the fatthkawo-phase bioreactor
is able to transfer and absorb great quantitiespafutants only if the
superficial gas velocity, generated by a high flasvnot too high into the

bioreactor.

3.4 Loading capacity for the experiments

The biodegradation rate characterizes the effigieria process. However, it
is also important to determine the limits of therbactor. Therefore, the

loading capacity can be defined as the absolutatfyaf IPB degraded by

13
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the biomass per unit of time and unit of reactiomallme: Q = Qn - Qout
(mg/min.l). Figure 6 presents the described loadiagacity. The loading
capacity is logically correlated with the flow d?B from inlet gas (mg/min.l).
However, the limit seems to be reached in experirbenith a 7.5 mg/min.|.
loading capacity (450g/frh). This limit can be explained by figure 7 which
shows the IPB concentration in the biphasic liquedium. Experiments 5, 7
and 9 (fig. 7) show that the concentration in thguid medium reaches
approximately 1200 mg/l. This concentration withine liquid medium (©
seems to be a factor limiting the mass transfehefPB. Indeed, when thg C

concentration increases, the potential of tran&&rC, ) decreases.

3.5 Evolution of cellular concentration in the bioreact

The initial cellular concentration within the biactor is standardized.
However, the evolution of the biomass is variablenf one experiment to
another. It is thus important to discuss the infeesof the cell multiplication
on the effectiveness of the biodegradation. Theluttam of cellular
concentrations is presented in figures 8 (four tigpes of the central
experiment) and 9 (other individual experiments).

The variability of observed growth for a repetitiohthe central experiment
(fig.8) does not permit to highlight a relation Wwetn the quantity of brought
pollutant per unit of time and the cellular muligaition. However and
generally, an adaptation phase of microorganisnafserved at the beginning

of the experiment (24h). The cellular concentratinareases then slightly

14
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during experiments. This observation must be camatexl to the increase of
the degradation rate functions of time. It shoukl toted that the cell
multiplication is minimal for experiments corresjamy to the lowest flows of
IPB (respectively 0.57 and 0.11 mg/min.l; exp. @& &). For small quantities
of added carbon substrates, the cell multiplicat®then very low. On the
other hand, growth is observed during the experimenth higher potential
carbon sources.

In addition, the quadruple repetition of the celngsgperiment (fig.8) allows to
compare 4 identical experiments and to show that niost significant
biodegradation rate (82%; experiment 3) is obtaingden the cell
multiplication was the highest. The cellular corication thus plays a role in

the effectiveness of the bioreactor.

3.6 Conclusions

The obtained results show that the use of a tweglhgoreactor with silicon-
oil as second phase allows absorbtion of large tifienof IPB and its good
biological degradation with appropriate microorgami The analysis of the
results shows that the biodegradation rate seeins telated mainly to the gas
flow (I/min.) comparatively to the IPB concentratigmg/Nn?) in the gas
effluent.

A limit of concentration in the liquid medium cams@ be suggested, what
leads to a transfer limitation of the IPB from pidld gas towards the liquid

medium by a reduction in the potential of trangfg} —C,). Otherwise, it was

15
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shown that an increase in the cellular concentraluring experiment
improves the effectiveness of the bioreactor.

Thus, in the tested configuration, the two-phasedaictor is able to degrade
7.5 mg/min.| of reactional media (450g/im).

It is also shown that an adaptation step of thenbss is necessary to reach
substantial rates of abatement. However, the bisngamaintained and even
increases during the experimentation.

The bioscrubbers usually used in the off-gas treatmare able to treat a
polluted effluent concentrated with 1000 mg/Nat a flow of 1.5 I/min.|
(90nt/m3.h). This corresponds to a flow of 1.5mg/min.| afdzrubber (13).
The proposed reactor presents interesting oppdiganin the biological
treatment of gas effluents polluted by aromatic pounds in high
concentration. The suggested process might be eabph the range of
concentration and flow where thermal oxidationas expensive (between 1

and 7 g¢/Nm3).
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