Iranica Journal of Energy and Environment 7(2): 184-192, 2016

& Iranica Journal of Energy & Environment
v
— Journal Homepage: www.ijee.net
BUT IJEE an official peer review journal of Babol Noshirvani University of Technology, ISSN:2079-2115

A Novel and Rapid Harvesting Method of Microalgae Using Saw Dust Coated
Polypyrrole

S. Hena*, N. Fatihah, H. Awang

School of Industrial Technology, University Sains Malaysia, George Town, Penang, 11800, Malaysia

PAPER INFO ABSTRACT

In this study a simple and rapid harvesting method using electro conductive polymer coated saw dust
has been presented as a new coagulant for separating Chlorella vulgaris from a diluted suspension.
Polypyrrole (PPy) coated saw dust as a novel coagulant was prepared via in-situ polymerization of
pyrrole (Py) monomer using FeCl; oxidant in aqueous medium in which saw dust particles were
suspended. The zeta potential of coagulant and C. vulgaris and X-ray photoelectron spectroscopic
(XPS) analysis of coagulant were characterized. PPy maintain predominantly positive charge over a
wide pH range (2-10) with an isoelectric point 10.4 while, C. vulgaris maintained negative surface
charge from pH 5 and onward with isoelectric point 3.8. The microalgae showed the highest separation
efficiency at pH 10. The maximal recovery efficiency reached more than 90% for microalgae at a
stirring speed of 120 rpm within 7 min. The maximal adsorption capacity of C. vulgaris was 28.8 mg
dry biomass/mg-saw dust coated PPy. The concentration factor obtained is higher than 32 which save
energy and time associated with microalgal harvesting and allows a reduction in the equipment size
necessary for biomass dewatering and improves the feasibility of using these microorganisms in
biofuel or wastewater processes.
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INTRODUCTION

Microalgae have received significant global attention for
the production of numerous value-added products, such
as pigments, steroids, pharmaceuticals and biofuels [1].
Moreover, the research interest in oil-accumulating
microalgae renewed since past few years are due to sharp
rise in non-renewable fossil fuel prices [2] and air
pollution [3]. Microalgae are considered as one of the
most promising candidate for biodiesel production
among others biodiesel feedstock.

Growing algae as renewable energy source; a
substantial reduction in the processing costs is needed in
every steps of upstream and downstream process.
However, the ongoing debate on the production of the
microalgal biomass is due to its weak economic viability
[4]. In fact, despite of the remarkable efforts to reduce the
costs of algae production and processing up to date, there
remains a major price gap between microalgae-derived
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biofuels and fossil fuels, especially the harvesting costs
of microalgae which are very high [5].

The efficient microalgae biomass harvesting is one of
the expensive step of algal biofuel production which
accounts more than 30% of the total cost in case of algal
production in open ponds and the main reasons are their
small cells size (range vary from 5 to 50 um) and their
electronegative surface charge which enable them to
survive as stable suspension in culture media [6]. To
overcome the above mentioned limitations several
methods have been developed for harvesting microalgae
to reduce the cost of energy production [7].
Centrifugation process involves centripetal acceleration
to separate algal cells; and water is separated by draining
the excess medium. The use of centrifugation for
harvesting the relatively low concentration of total
suspended cells in the pond culture is restricted by the
high cost of energy required in handling large quantities
of media [8]. Moreover, processing large quantities of
culture consumes a lot of time and exposure of microalgal
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cells to high gravitational, and shear forces reduces the
cells integrity [7], and consequently might affect the
production of biodiesel. Gravity sedimentation process
allows suspended cells to settle down at the bottom of
media under the influence of gravitational force, and
form concentrated slurry and left the clear culture media
above. It is highly energy efficient method [9], however,
it is a very slow process [5] and consumes a lot of time,
which is the main hurdle in its popularity. Filtration
process allows culture media to pass through filters,
which hold back algae. In spite of being an effective
method of recovering biomass it has extensive running
and pre-concentration costs. Moreover, processing large
quantities of culture consumes a lot of time and blocking
in filter causes fouling. Flocculation process allows algae
cells to join together with flocculant (chemical and
biological) via charge dispersion mechanism to form
aggregates called floc [5], the bigger and heavier flocs
helps in settling microalgae cells [7].

The cationic polymers and polyvalent cations
coagulants are being used to neutralize the negative
charge of the algae cells to get flocs. Additionally, in
most of the algae cell harvest system low acidic pH are
required along with the high dosage of costly coagulant
to achieve a satisfactory result [10].

However, most of the heavy metal salts especially
aluminium salts, caused cell lysis [11] and poses a
carcinogenic effect [12]. In electrolytic process,
polyvalent cations are released from the anode such as
A" and Fe?'/Fe**, and form positively charged metal
hydroxides by reacting with water molecules, which
neutralized the negative surface of the microalgae cells to
aggregate the biomass. The electrical energy input of the
electrolytic harvest approach is quite high, especially for
fresh water microalgae and consequently the high cost of
energy required in handling large quantities of culture.
Flotation process the microalgal cells are attached with
upward gas bubbles in flotation, and collected on top of
the media layer. There are two types of flotation methods
depending upon the size of bubbles (a) dissolved air
flotation (DAF), (b) dispersed flotation (DF) [7].
However, a common problem associated with dissolved
air flotation systems is that oversized bubbles break up
the floc [8]. While dispersed flotation process is an
expensive process [9].

H* H*
H;0 + MO-0” = MO-OH = MO-OH;
OH- OH™

Magnetic process is relatively new technique; both
the microalgal cells and the magnetic particles have
negatively charged surfaces in aqueous medium, which
may undergo protonation/deprotonation as per the
following reaction [13], where MO refer as metal oxide.
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The magnetic particles and microalgal cells are
incorporated through direct linking or electrostatic
interactions. The limitation of this technique is low pH
requirement. Moreover, processing large quantities of
culture consumes a lot of acid to recover the biomass and
again need to neutralize the water before discharge.

To minimize the cost and energy consumption of

harvesting microalgae, an integrated approach is needed
[14]. So it is necessary to develop cost-effective
technologies that would permit efficient harvesting.
In order to recover targeted microalgae biomass from an
aqueous culture media, saw dust waste can be improved
by using functionalized polymers to enhance surface
reactivity. Electroactive conducting polymers (ECP)
such as Polypyrrole (PPy) is a subject of intense
investigation of many research groups worldwide. PPy
only exists in a neutral reduced state and a positive
oxidized state, however, PPy can exchange the ions
present in electrolytic solution with its counter ions
depending upon their characteristics. The ion exchange
behaviour of PPy also depends upon the polymerization
conditions. During polymerization reactions, PPy
receives positive charge on its matrix due to the
contribution of positively charged nitrogen atoms present
in the polymer matrix and simultaneously to maintain the
charge neutrality of the PPy matrix counter ions are
combined into the growing polymer chains as dopant
[15].

The existence of positively charged nitrogen atoms in
PPy provides a good opportunity for its applications in
biomass recovery by attachment with negative charge
possessing algae cells. With increasing pH of solution
(pH > 10), polypyrrole doped with chloride ions (PPy/Cl)
become undoped (forming emeraldine base), and then
less negative charges is available to attached with PPy
surface [16]. In this study, polypyrrole coated on saw dust
PPy/SD particles were encapsulated by polypyrrole
(PPy) to achieve a well dispersed particle that can be
separated and has a high capacity to recover microalgae
biomass. The objective of this current study is to develop
an efficient method for recovering the algal cells of
Chlorella vulgaris by low-cost PPy/SD. The operation
parameters in this microalgal harvesting process such as
stirring speed, solution pH and dosage were
characterized, and the adsorption mechanism of PPy/SD
particles was investigated.

MATERIALS AND METHODS

Materials

Pyrrole (Py) and ferric chloride (FeCls) as oxidant were
purchased from Sigma—Aldrich, Germany. Py was
distilled under reduced pressure prior to use. The saw
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dust was ground and sieved through 30-50 um mesh

before use. All other solvents used, were of analytical
grade and were freshly distilled before use.
Preparation of saw dust coated polypyrrole
particles

The saw dust coated polypyrrole particle (PPy/SD) was
synthesized via in situ chemical oxidative polymerization
of Py monomer in the presence of oxidant, FeCls as
shown in scheme 1, where y = n x m.

Oxidation

\N) m FeCl3

Scheme 1. Polymerization reaction of polypyrrole.

The polymerization of Py took place on the surface of
suspended saw dust particles. The precipitating PPy
moieties encapsulate the suspended saw dust particles as
discussed earlier [16]. For polymerization of Py, 0.1 g of
saw dust particles was added into 30mL deionized water
in a conical flask and ultrasonicated for 10 min for better
dispersion of saw dust particles into water. A 3 g of
FeCls, oxidant, was added into the de-ionized water
containing saw dust particles and was shaken for 10 min
and followed by addition of 0.5 mL of Py. The reaction
mixture was kept under constant shaking for 2.5h at
ambient temperature. Finally, the acetone was added into
the reaction mixture to stop the reaction. The black
powder obtained was filtered and washed with distilled
water until the filtrate became colourless and finally
washed with acetone. Then the PPy/SD particles were

dried at 80 °C for 5 h under vacuum, until the total mass

became constant. The total weight of the saw dust coated
polypyrrole particles was 050 ¢, determined
gravimetrically. The weight ratio of saw dust particles
and conducting polymer PPy were obtained as 1:2.

Microalgae source and cultivation

The fresh water microalgae C. vulgaris UTEX2714 was
obtained from the University of Texas at Austin, USA.
The culture was maintained in 250 mL flasks containing

150 mL BG11 medium of culture at 28 °C with an

irradiance of 120 pmol/m?/s and L:D cycle of 14:10 h for
14 days. The photo bioreactor was supplied with 1.5%
(v/v) CO; enriched air with flow rate of 100 mL/min and
continuous stirring at 120 rpm in photo bioreactor,
(Model: INFORS HT Minitron). The initial biomass
concentration was 0.1 g/L dry cell weight of C. vulgaris.
The final maximal microalgal biomass concentration was
1.1 g/L dry cell weight.
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Coagulation-flocculation-sedimentation
experiments

Coagulation-flocculation—sedimentation ~ experiments
were carried out by jar test using 250 mL of glass beaker,
after 14 days of cultivation of microalgae in BG11
medium, when culture reached to its stationary phase.
The beaker were filled with 50 mL of microalgal
suspensions of a defined concentration (DW = 1.0 g/L).
Specific amounts (6-30 mg/L) of PPy/SD particles were
added in microalgae cells culture and mixed by stirring at
120 rpm for 2-3 min and left undisturbed to favour flocs
formation and settlement. An interphase had appeared
with time. After the formation of interphase the flocs of
microalgal cells associated with PPy/SD particle were
further separated from the medium by decantation.

Recovery efficiency

Biomass recovery was calculated from the absorbance
ratio at the clarified zone after attaining constant
interphase height (concentration factor) against the
absorbance of homogenous culture at the beginning of
the experiment using Eq. (1);

Recovery% = 22>~ 9Pt 100 6

where ODty is the optical density at time zero and ODt is
the optical density of the sample taken at time t. The
absorbance of the supernatant (3 mL) was measured at
750 nm and all experiments were performed in triplicate
and presented results are mean values with standard
deviation.

Concentration factor

After 14 days of cultivation of microalgae in BG11
medium, 50 mL of microalgal suspensions of a defined
concentration (DW = 1.0 g/L) was taken into 250 mL of
beaker. Specific amounts (5-32.5 mg/L) of PPy/SD
particle were added in microalgae cells culture and mixed
by stirring at 120 rpm for 2-3 min and shifted it into
calibrated glass cylinder 0.20 m height by 0.05 m
diameter (h/D = 4) and left for flocs formation and
settlement. An interphase had appeared with time and the
concentration factor was calculated as the height ratio of
the total liquid to the interphase height.

Zeta potential

The Zeta () potential of PPy/SD particle and microalgae
cells was analysed by Zeta Potential Analyser (Beckman
Coulter Inc.) at 25 °C in the culture medium. All samples
were measured three times and presented results are
mean values with their standard deviation.

Recovery and reusability of PPy/SD particle
For recovery of PPy/SD particle, 2g of harvested
microalgae cells associated with PPy/SD particle were
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dried at 60 °C for 24 hours for extraction of lipids. Lipids
were extracted with hexane in a Soxhlet apparatus
operated at 80 °C for 10 hours [17]. After lipid extraction
the cell debris with PPy/SD particle was treated with 25
mL of water at different pH values (from range pH 2 to
12) for 30 min. After recovery, the ability of the PPy/SD
particle to coagulate microalgal cells was again tested
using similar procedure as described in section 2.4. The
pH was controlled by adding 2M NaOH or HCI solutions.

Integrity of C. vulgaris cell wall

Cell integrity was determined by the Evans blue [18] and
lipid extraction methods. For Evans blue method, 0.1 mg
flocculated biomass of algae were treated with 2M NaOH
solution to remove the PPy/SD particle and the re-
suspended cells collected from the supernatant. The cells
were treated with 100 uL of 1% Evans blue solution and
incubated for 10 min at room temperature [11] then
washed twice in deionized water and observed under
light microscopy. While, for lipid extraction method the
same procedures were repeated as described before
except 2g of recovered biomass of microalgae was
treated with 2M NaOH solution causing microalgae cells
to detached from PPy/SD particle and goes for
suspension again, the re-suspended biomass of algae was
collected and dried at 60 °C for 24 hours. A 1g dry weight
biomass of re-suspended microalgae was taken for
extraction of lipids and compared with the amount of
lipid obtained from 1g dry weight biomass of microalgae
harvested by filtration process. Lipids were extracted
with hexane in a Soxhlet apparatus operated at 80 °C for
10 hours.

Study of stirring speed on recovery efficiency

To analyse the effect of stirring speed on recovery
efficiency of microalgae 26 mg/L) of PPy/SD particles
were added in microalgae cells culture and mixed by
stirring from 60 to 140 rpm for 2-3 min and left
undisturbed to favour flocs formation and settlement.

RESULTS AND DISCUSSION

The objective of this research was to develop an efficient
method for the recovery of microalgae biomass based on
electrostatic aggregation—sedimentation operations. The
developed method was found useful for various strains
and showed quick electrostatic aggregation —
sedimentation operations with high concentration factors.

Characterization of the PPy/SD particlebiomass
PPy/SD particle tested in this work was consisting of saw
dust with average diameter of 40um. The polymer coated
as a very thin film on the surface of saw dust was allowed
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to dry at 80 °C for 5 h under vacuum and sieved (35-50

mesh size). These features indicate that the micro
dimensional saw dust particles were embedded in the PPy
matrix, forming a core-shell structure. In this study, the
main interest was focused on the proportion of positively
charged nitrogen atoms in PPy/SD particle. Kang et al.,
[19] has reported that the PPy synthesized by oxidative
polymerization have a proportion of positively charged
nitrogen atoms in the range of 25 to 30%. Here, XPS
analysis was used to analyse the oxidation states of
nitrogen in PPy. PPy only exists in a neutral reduced state
and a positive oxidized state can be achieved by applying
an oxidant during the chemical polymerization [16]. The
N atoms in the PPy structure may exist as; imine (==N-
), amine (—NH-), and/or electron deficient nitrogen (N¥).
With reference of Fig 1, it was concluded that 29.5% of
positively charged nitrogen atoms (N*) contributed the
polypyrrole structure while rest of the nitrogen was
amine (-NH-), however no signal for imine was
observed.

(-NH-)

Intensity (a.u.)

(N7}

394 396 398 400 402 404 406

Binding Energy (eV)

Figure 1. XPS spectrum of PPy/SD particle.

Effect of PPy/SD particle dosage

The effect of PPy/SD particle doses on harvesting
efficiency of C. wvulgaris was investigated. Different
concentrations of PPy/SD particles were investigated at
initial concentration of 1g/L microalgal suspensions at 27
°C. From Figure 2 it was observed that, the percentage of
microalgal suspension removal increased from 15.9 to
90.8% with an increase in PPy/SD particles from 6.0 to
30.0 mg/L for C. vulgaris respectively. The removal of
microalgal suspensions were analysed as optical densities
which decreased with increase in PPy/SD particles dose,
also referred as harvesting efficiency. Even in low dose
the total time consumption in algae harvesting were 7
min, which are supposed to be as the rapid harvesting
method, comparing to other harvesting process as listed
in Table 1.
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Figure 2. The effect of PPy/SD Particles dose on harvesting
efficiency.

The effect of microalgae biomass concentration
onrecovery

Microalgae can grow with different rates under different
conditions of culture and thus possessed different
biomass to harvest. The effectiveness of PPy/SD for
microalgae  recovery  with  different  biomass
concentration was therefore evaluated. Several
mathematical models have been used in description of the
equilibrium relationship between the amount of PPy/SD
particles or adsorbate per unit of settled microalgae or
adsorbent (Qe) and suspended biomass or equilibrium
biomass concentration (Ce) of algae after achieving the
constant concentration factor. Among these models,
Langmuir and Freundlich models are the most popular
ones due to their relative simplicity and reasonable
accuracy [13, 20, 21].

The adsorbent which fit with the Langmuir
adsorption isotherms are consider as possessing
homogenous surface consists of small adsorption unit
which carry equal level of energy. The Langmuir Eq. 2
was followed during the adsorption of microalgae cells
onto PPy/SD particles to achieving the equilibrium state

@)

where Ce is the equilibrium concentration of
microalgae in supernatant (g/L) and Qe the amount of
microalgae adsorbed on the PPy/SD particles (mg/mg-
particles), Qo (mg/mg) is the maximum monolayer
adsorption capacity, and b the equilibrium Langmuir
adsorption constant related to the stability of the
combination between microalgal cells and PPy/SD
particles surface (L/g). The isotherm data Qo and b were
calculated and reported in Table 2. The high value of
correlation coefficient (R? = 0.999) indicate a good
agreement between the parameters and confirms the
monolayer adsorption of microalgae cells onto saw dust
coated with polypyrrole surface.

Ce/Qe = 1/Qgb + Ce/Qo
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TABLE 2. Adsorption isotherms parameters of PPy/SD articles
at 25 °C and pH = 10.0.
Langmuir Model

Freundlich Model

Microalga Qo b Ky
e (mg/mg (L/g RZ  (mg/mg by R?
) ) )
C. 0.99 0.33 0.95
_ 288  7.02
vulgaris 9 1 5

The Freundlich isotherm describes the heterogeneous
surface energies by multilayer adsorption [21] and is
expressed as Eq (3)

In Qe = In K + brIn Ce (3)

where Ce is the equilibrium concentration of
microalgae in supernatant (g/L) and Qe the amount of
microalgae adsorbed on the PPy/SD particles (mg/mg-
particles), Ks is Freundlich equilibrium constant, and bs is
an experimental parameter which describe the intensity
of adsorption related with heterogeneity of the adsorbent
surface. The adsorption is considered as favourable if the
value of br lies in between 0.1-1 [22].

Freundlich model hints towards the conclusion that

the adsorbent deals with the multilayer adsorption
process due to the presence of energetically
heterogeneous adsorption sites. The related experimental
parameters were determined and listed in Table 2. The
closer the values of bs towards 1 better is the favourability
of adsorption.
From Table 2, the Langmuir adsorption isotherm model
yielded the best fit as indicated by the highest R? values
compared to the other model for microalgae, showing the
adsorption of microalgal cells on the PPy/SD particles
were homogeneous and monolayer in nature. The
maximum adsorption capacity (Qo) of the PPy/SD
particles for C. vulgaris (28.8 mg-dry biomass/mg-
PPy/SD). As discussed earlier [20], that higher the values
of b better is the binding affinity for the absorbent and
algae cells. From Table 2 C. vulgaris possessed high
value of b indicated that C. vulgaris cells formed the
strong bond with PPy/SD particles, and consequently
favours sustainable floc.

Concentration factor and zeta-potential

To obtain comparable results all experimental trials
were performed at the same initial biomass concentration
of 1.0 g/L and over the same time. Concentration factor
is a parameter to evaluate the degree of harvest. It is the
ratio of the liquid to the interphase height, after
aggregation—sedimentation operations thus concentration
factors allow a reduction in the equipment size necessary
for biomass dewatering. This parameter obviously
depends on PPy/D particles
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TABLE 1. Comparisons of harvesting methods for microalgae.

Time required for

Recovery

Microalgae Method of recovery L References
recovery efficiency (%)
(Al)lzlgé(g:slilatlon-sedlmentatlon using 2 hours 80 :taglaz[lll]
Chlorella minutissima - . . . . '
(ii) Flocculation-sedimentation using .
Fex(SO)s 4 hours 80 Papazi et al. [11]
(i) Gravity sedimentation 1 hour 60 Ras et al., [28]
Chiorella vulgaris (||) qucculation _ - 95 Ras et al., [28]
(iii) Bioflocculation 11 min 83 Ohetal., [29])
(iv) PPy/SD particles 7 min 90.8 Present study
(i) Electroflocculation 30 min 93.6 Xu et al., [30]
Botryococcus braunii g::});ﬁ%;o{g;o;)latlon-Dlspersed ar 14 min 98.9 Xu et al., [30]
(iii) Magnetic separation 2-3min 98 Xu et al. [20]
dose. The concentration factors were measured at various )
PPy/SD particles dosages. It was observed that 0 - C. vulgaris
in the absence of PPy/SD particles, no interphase formed . 35
in microalgae culture and the concentrations were 2
homogenous throughout the culture. When PPy/SD f 301
particles were added, flocs or aggregation of algal 2 27
biomass started appearing within 4 min and interphase g 20 1
was clearly observed in 6 min after the addition of g 15 -
PPy/SD particles. The interphase height diminished with S 10 -
time which became constant in total 7 min for C. vulgaris 5 |
after addition of PPy/SD particles. From Figure 3 it was 0 . . .
clear that the variations in height slope was directly 0 10 30 40

proportional to the dosage of PPy/SD particles for
microalgae sample. Data in Figures 2 and 3, showed that
for C. vulgaris 30 mg/L PPy/SD particles was optimum
to achieve the highest biomass recovery as 90.8 % while
the concentration factor was reported as 30.5. The
concentration factor further enhanced by almost 15 %
with increase of PPy/SD particle (32.5 mg/L) although
the biomass recovery was same as it was at 30 mg/L,
however both biomass recovery and concentration factor
decreased when PPy/SD particles dosage was increased
more than 40 mg/L for C. vulgaris (Data not shown).

The results indicated that overdosing of PPy/SD
particles resulted in dispersion and charge re-
stabilization. Similar results were obtained by other
researcher [23]. The zeta potentials of the microalgal
suspensions before flocculation were -18 mV for C.
vulgaris, while at optimal dosage of PPy/SD particles it
was +0.92 mV. However, the zeta potential increased to
+14.02 mV for at excess of 7.5 mg/L of PPy/SD particles.
These analytical data pointed out those PPy/SD particles
were adsorbed on the surface of the microalgae cells
resulting surface charge neutralization which caused a
reduction of surface potential. Eventually adsorption
beyond the point of charge neutralization due to excess
of PPy/SD particles caused charge reversal and re-
stabilization or re-suspension of microalgae cells.

In order to further understand the impact of pH on
PPy/SD particles and microalgae interactions, zeta
potential measurements of the PPy/SD particles and
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PPy/SD particles (mg/L)
Figure 3. The effect of PPy/SD particles dose on concentration
factors.

microalgae were carried out (Figure 4). Zeta potential
measurements were performed to study the electrical
properties of PPy/SD particles and C. vulgaris. The most
noticeable effect of pH was that the zeta potentials of the
PPy/SD particles, maintain predominantly positive
charge over a wide pH range (2-10) with an isoelectric
point at pH 10.4 (Figure 4). The C. vulgaris shows
negative surface charge over a wide scale of pH (3.5-12).
It was also previously reported [20, 24, 25] that C.
vulgaris cells maintain predominantly a negative surface
charge over a wide pH range. However C. vulgaris
showed positive surface charge at low pH or in highly
acidic condition with isoelectric point at 3.8. The
microalgae showed the highest separation efficiency at
pH 10 as represented in Figure 5. These findings
confirmed the electrostatic attractions between
microalgae and the PPy/SD particles.

It was noticed that the most prominent difference
between zeta potentials of the algae cells and PPy/SD
particles results in the strongest electrostatic interactions
and so contributed to the highest separation efficiencies.
Less separation efficiency below pH 10, might had
happened due to stabilization of algae cells with the
hydrogen ions and protonation of PPy matrix (scheme 2)
at low pH [26]. The attractions between PPy/SD particles
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and microalgal cells were highest at pH 10, just below the
isoelectric point of PPy/SD particles, ensuring a strong
electrostatic attraction and subsequently high separation
efficiencies.

100 === Ppy/SD  e==lll==C. vulgaris

50

Zeta potential (mV)

15

-50
pH

Figure 4.
pH.

Zeta-potentials of PPy/SD particles as a function of

100
@iy Chlorella
vulgaris

80 -
60 -
40 -

20 -

Recovery of biomass (%)

0 T T ]
0 5 10 15

pH
Figure 5. The effect of pH on algae biomass recovery.

Basic condition
R

Acidic condition
OR .
At high pH
Atlow pH hp!

Scheme 2. Protonated and deprotonated phase of PPy matrix
under the influence of acid and base.

The positive zeta potential of PPy/SD particles over the
range of pH 2-10 was due to the presence of positive
nitrogen atom in PPy matrix, while with increasing pH of
solution (pH > 10), PPy/Cl become partially
deprotonated or undoped (forming emeraldine base), and
consequently less negative charges are available to
attached with PPy surface [26]. While few existing
positive nitrogen are neutralize by hydroxide anions by
forming H bonds [16], which might be strong enough to
be replaced by microalgae cells, resulting less biomass
recovery at high pH.

Effect of PPy/SD on cell integrity

Generally the harvesting processes caused algae cell
disruption and thus affect downstream processing and
lipid production [23]. In order to assess the impact of
PPy/SD particles on the microalgal lipid production, the
direct effects of PPy/SD particles on the cell wall of C.
vulgaris (Figure 6) were observed using light
microscopes. Figure 6 shows the state of microalgal cells
after harvesting with PPy/SD. The integrity of the
microalgae cells were tested with Evans blue solution,
cells with broken cell walls should appeared blue, as
Evans blue solution diffused in the protoplasm region and
stained the cells blue. In present study the microalgae
showed no any blue stain, advocating PPy/SD as a safe
and appropriate for recovery of microalgae biomass. The
effect of PPy/SD on lipid production of microalgae was
analysed by comparing the lipid obtained from
microalgae harvested by filtration process and by
PPy/SD particles. Table 3 showed that there were no
losses in lipids obtained from the microalgae harvested
by PPy/SD particles

TABLE 3. Comparison between amounts of lipid extracted
from microalgae harvest by two methods.
Lipid content (% of dry weight)

PPy/SD particle
19.62+1.19

Microalgae

Filtration
20.02+1.23

C. vulgaris
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Effect of stirring speed on recovery efficiency of
microalgal

Biomass recovery of microalgae harvesting was
influenced by the stirring speed as shown in Table 4. The
biomass recovery efficiency of PPy/SD particles increase
with increase of agitation speed from 60 to 140 rpm for
Chlorella vulgaris. Increasing speed enhanced the
dispersion and homogenized the availability of PPy/SD
particles in system to be attached with microalgae cell,
however after 120 rpm of stirring speed it shown
declination in biomass recovery efficiency, which might
had happen due to disruption of the PPy/SD particles-cell
aggregates by high-speed stirring [20]. The time span
also affects microalgae recovery efficiency, longer than
3 min did not improve microalgae recovery efficiency
further for C. vulgaris (data not shown).

TABLE 4. Effect of stirring speed on recovery efficiency of
microalgae.

Recovery efficiency (%)

©

2

©

<] ¢

-§ 60rpm  80rpm 100 rpm 120 rpm 140 rpm
@

S 65.22+  77.9% 85.61+ 90.82+ 84.73+
3 191 2.16 1.88 271 2.02

o

Recovery of PPy/SD particles from microalgae
biomass

The ability of regeneration of used PPy/SD particles
material as recovery of algal biomass is an important
factor to evaluate the cost effectiveness and
environmental friendliness of a coagulant. The harvested
microalgae cells associated with PPy/SD particles were
treated with hexane in a Soxhlet apparatus operated at 80
°C for 10 hours to extract lipid from the algal cells.
Recoveries of PPy/SD particles from the residue left after
extraction of lipid were performed at different
concentrations (0.1-1.0M) of NaOH solution and were
separated by micro-filtration. The PPy/SD particles were
recollected from the filtrate and examined the percentage
of recovery as well as second and third cycles of algal
biomass - PPy/SD particles recovery. The recovery of
PPy/SD particles was 96.8-98%, while the efficiency of
biomass recoveries in second and third cycles was almost
same as its original (Table 5). The efficiency of biomass
recovery in second and third cycles reflects PPy/SD
particles were stable at 80°C during lipid extraction.
Cassignol et al., [27] had mentioned that Polypyrrole is
thermally stable till 172 °C.

CONCLUSIONS

Saw dust particles coated with electro-conducting
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TABLE 5. Recovery and efficiency of PPy/SD.

First cycle Second cycle Third cycle
&
=2
@
<] A B A B A B
S
=
S 90.80x 9812+ 9021+ 97.11+ 8954+ 96.81%
s 2.32 1.89 211 1.42 2.16 2.35
o

Where A = Biomass recovery efficiency
B = Recovery of PPy/SD

polypyrrole comprises a remarkable potentiality to
recover high biomass from microalgae culture. PPy/SD
particles provide a cost effective and environmental
friendly process for biomass recovery. Low dose
requirement, short settling time, high concentration
factors and cell integrity of microalgae are significant
advantages of PPy/SD particles over many other
frequently used coagulants. The recovery of microalgae
biomass also depends on the speed and time of stirring.
The data for adsorption equilibrium of microalgae was
found well fitted with Langmuir model and the
mechanism behind the adsorption was considered to be
mainly due to the electrostatic attraction between the
PPy/SD particles and microalgal cells.

More than 95% of the PPy/SD particles was
recovered after the extraction of lipids with the treatment
of NaOH solution at pH 12 and retained almost the same
microalgal biomass recovery efficiency as the newly
synthesized ones, confirming the reusability of the
nanoparticle for microalgae biomass recovery.
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