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Bio-oil production from fast pyrolysis of Cladophora glomerata in a fluidized bed
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Algae proved that are very good oil resource in recent years. Southern coast of Caspian Sea has good potential for reservoir
of filamentous Macro-algae bearing oils such as, Cladophora glomerata. Among various auto thermal conversion routines
for production of energy from biomass, fast pyrolysis (conversion of a solid/liquid carbon-based fuel into a large number
of energetic components (gaseous component and small quantities of liquid) and solid residue (char and ash) in the
absence of a fluidizing medium) is one of the methods that are receiving more attention from researchers. In this work,
several experiments were carried out to evaluate the qualities of product yields especially bio-oil in Cladophora glomerata
by a fluidized bed reactor. The data obtained showed that an increase in the Reaction time (RT) leads to significant
increases in the gas yield and a considerable decrease in both bio-oil and char yield. The experimental runs also showed
that the reaction temperature (Tp) has an effective role in the quality of the product yields; higher temperature is favorable

for higher gas yield and lower char yield production from Cladophora glomerata.
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INTRODUCTION

In recent years Algae showed third generation of
biodiesel and biofuel reservoir that economically has
more yields than crops. For example proved that
lipid content in algae (% of lipid content by dry
weight), is as good as in other oil crops. In recent
years, interest is growing in the production of bio-oil
and bio-gas from autothermal conversion of biomass
because it is renewable, CO; neutral, and abundantly
available. Another reason is the present energy crisis
due to dependency on fossil fuels and economic
problems. Algae biofuels are important sources of
renewable energy for production clean energy
through auto thermal or biological conversion [1].

Among various autothermal conversion routines
for production of energy from biomass, fast
pyrolysis (conversion of a solid/liquid carbon-based
fuel into a large number of energetic components
(gaseous component and small quantities of liquid)
and solid residue (char and ash) in the absence of a
fluidizing medium) is one of the methods that are
receiving more attention from researchers. The main
purpose of fast pyrolysis is to convert solid
feedstocks into a liquid fuel which contains water,
organic acids, non-polar hydrocarbons and other
oxygenated components [2]. In this process,
feedstock rapidly heated to high temperature in the
range of 500-700 °C to yield: solid residue, 10-15%;
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liquids, 70-80%; and light gaseous components, 10-
15% [3].

The advantages of fast pyrolysis of biomass
materials include availability and simplicity, and it
has been studied by numerous authors using various
kinds of reactors like bubbling fluidized beds
(BFBs), circulating fluidized beds (CFBs), and fixed
beds (FBs). For instance, Ali et al. [4] investigated
the influence of working conditions (particle size,
1.0-2.0 mm and reaction temperature, 360-540 °C)
on the yield of bio-oil from fast pyrolysis of biomass
and concluded that the maximum yield of bio-oil
obtains with a carrier gas flow rate of 11.0 m?¥h.
Pattiya and Suttibak studied the effects of reaction
temperatures and hot vapor filter on pyrolysis
product yields and concluded that the optimum
pyrolysis temperature for production of maximum
bio-oil is about 475 °C [5]. The use of hot vapor also
led to a decrease of 6.0-7.0 wt% of bio-oil yield. An
experimental study for enhancing the vyield of
produced bio-oil from fast pyrolysis of microalgae
biomass was carried out by Miao and Wu. The
authors found that the yield of bio-oil produced from
Chorella protothecoides is much higher than from
autotrophic cells during the process [6].

Most of the studies reported above have been
focused on biomass gasification at different working
conditions and have not considered the influence of
fuel particle size and reaction time, both having a
major influence in the in Kinetics of the fast pyrolysis
process and thus on the yield of bio-oil. Thus, this
work aims to study the effects of hydrodynamic
characteristics on the yield of bio-oil. Given the
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relatively low emphasis on hydrodynamic
parameters, the purposes are to achieve a better
understanding of the fast pyrolysis under different
hydrodynamic conditions, as well as to help
establish the maximum yield of bio-oil from
Cladophora glomerata grown in southern coast of
Caspian Sea.

EXPERIMENTAL
Experiments

The experimental runs have been performed at
the pyrolysis equipment shown in Figure 1. The pilot
plant consists of a feeding system (K-Tron) which
enables to control the algal biomass feeding ratio, a
fluidized bed system (equipped with 150 um gas
distributor), and a hot gas filtering system. The
reactor was indirectly heated by two electric heaters
which enable to keep the pyrolysis temperature
constant. Two K-type thermocouples have been
installed at the outer wall to measure and control the
process temperature.

(8)
i5) (7]

(4)

(3)

Fig. 1. A schematic diagram of fluidized bed; (1) bio-
oil storage tank; (2) Nitrogen gas feeding system; (3) solid
hopper; (4) fluidized bed reactor; (5) filtering system (6)
pressure transducer; (7) gas meter; (8) nitrogen flow
meter system (9) valve (10) feedstock feeding system (11)
thermocouple (12) electric heater.

An solid hopper located at the bottom of the
fluidized bed allows to collect the solid residues of
the pyrolysis process including ash and char. The
nitrogen (inert gas) and biomass feeding rates were
about 20 L/min and 300 kg/h, respectively. The gas

and liquid products were analyzed by a gas
chromatograph (Model Agilent 428A) and a Py-
GC/MS (Model TH-411), respectively.

Raw material

The feedstock used in this work is Cladophora
glomerata which collected from Farahabad Region
(Sari city of Mazandaran, 2016) located in Caspian
Sea, Iran, according to standard method [7-8]. The
Cladophora glomerata belong to filamentous
Ulvophyceae (Chlorophyta-green algae) is the main
and dominant macro algae in the southern coast of
Caspian Sea that has extensive distribution in all
seasons in this region (Figure 2). It mainly grown on
the big stones (usually near to 80-90% covering) and
near sea coast walls. Its appearance is tolerating
permanent change so that it will depend directly on
age, habitat and also environmental conditions. Prior
to the pyrolysis experimental tests, the algae biomass
has been dried under atmospheric conditions for 36
h and then crushed to a particle size below 7.0 mm.
The properties of the algae biomass, such as the
proximate and elemental analysis, and also feedstock
caloric value are listed in Table 1.

Table 1.
glomerata.

Detailed Properties of Cladophora

Proximate analysis (wt %)

Moisture 05.01

Volatile matter 77.71

Fixed carbon 16.94

Ash 0.34

HHV (MJ/kg) 19.97

Ultimate analysis (wt %),

daf?

C 50.26

H 06.72

o] 42.66

N 00.16

S 00.20

@ Dry and free ash

RESULTS AND DISCUSSION

In the first test series, the influence of process
temperature (T,) on product yields and higher
heating value (HHV) was analyzed, where the
particle size (PS) and reaction time (RT) were kept
constant. Metrics can be expressed as follows [9]:

HHV (MJ/kg) = 0.3491C +1.1783H+ (1
0.1005S - 0.10340 —0.0151N — 0.0211A )
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Fig. 2. Cladophora glomerata obtained from Farahabad region of Caspian Sea (November 2016).

Massof fractioni y
Total massin the feed

Y (%) = )

Here Y is the product yield (gas, solid, and oil) in
%.C, H, S, O, N, and A also are the mass of carbon,
hydrogen, sulfur, oxygen, nitrogen, and ash in the
dry biomass. Summarized in Table 2 are the results
of the experimental tests based on various working
conditions during the fast pyrolysis of Cladophora
glomerata. Major changes in the results occurred
with changes made in the reaction temperature. The
highest and lowest bio-oil yields were around 45.5
and 24.2 % which achieved at T, of 360 and 520 “C.
For the gas yield, the highest (24%) and lowest
(7.0%) value are obtained at around 520 “C and 380
°C, respectively (Table 2).

Table 2. Effect of Tp on product yields (PS= 7.0 mm,
RT =10 min)

Yields (%)
Run  Tp  Bjo-oil Char Gas HHV
(MJ/kg)
1 360 26 65.0 9.0 15.28
2 380 59.2 52.2 7.0 14.73
3 400 57.0 475 95 1407
4 420 475 39.8 12.7 13.52
5 440 545 30.1 15.4 12.88
6 460 55.0 26.7 18.3 12.16
7 480 59.1 20.8 20.1 11.72
8 500 62.1 15.4 22.5 11.24
9 520 65.5 10.5 24.0 10.87

Finally, process temperatures of 360 and 520 °C
correspondingly attained the highest (65%) and
lowest (10.5%) char yield. Although the yield of bio-
oil obtained in this work is found to be slightly lower
than those derived from agricultural residue (60-
78%), the result is still higher than those of other
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works (26-43%) which used algae biomass as fuel
for bio-oil production [10]. The results show that the
present process is a promising method as a
sustainable and clean way for the production of bio-
oil; however, there is a relatively high quantities of
char residue which leads to a reduction in the total
efficiency. With increase of reaction temperature
from 360 to 520 °C, the bio-oil production decreased
due to the endothermic reactions occurring along the
fluidized bed.

Table 3. Effect of PS on product yields (Tp = 520 °C,
RT =10 min)

Yields (%)
Run  Tp PS Bio-oil Char  Gas
(C)  (mm)
1 520 7.0 65.5 10.5 24.0
2 520 6.5 65.4 10.3 24.3
3 520 6.0 65.5 10.1 24.4
4 520 55 65.5 10.0 245
5 520 5.0 65.8 09.5 24.7
6 520 45 66.0 08.9 25.1
7 520 4.0 66.3 08.4 25.3
8 520 35 66.8 07.6 25.6
9 520 3.0 67.0 07.2 25.8

Table 3 shows the product yields as a function of
PS. As far as the PS is concerned, this hydrodynamic
parameter has influence upon the product yields and
emissions of the process. As can be seen, PS has a
slight influence on the product yields (which is
associated with a slight decrease in the heat and mass
transfer restrictions); however, the use of small size
particles as a feedstock entails environmental and
socioeconomic benefits. Clearly, between 5.0 and
7.0 mm, the char yield (and thus the char conversion
ratio) suffers a significant decrease, which shows
that for fuel particles above 5.0 mm not only are
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thermal decomposition enhanced, but also are the
char conversion ones, hence increasing gas
production. Note that the effect of PS on the yield of
bio-oil depends on the heating rate of the process;
higher heating rates (smaller particles) favorable
more bio-oil and gas production [11]. Among the
different methods for improving economic aspects
of the process, a reduction in the PS is more
economical than those of other methods because it
allows the reduction of reactor length.

In fact, a reduction in the particle size leads to an
increase in the produced gas quality and a decrease
in the residence time of particles to achieve a higher
conversion of char. Wei et al [12] investigated the
influence of the PS in the pyrolysis process in a free
fall reactor, and they found that pyrolysis of smaller
particles leads to a decrease in the solid residues and
an increase in the yield of product gas.

Table 4. Effect of RT on product yields (PS = 3.0 mm,
RT =10 min)

Yields (%)
Run  Tp RT Bio-oil Char  Gas
(°C)  (min)
1 520 10 67.0 07.2 25.8
2 520 12 68.8 05.1 26.1
3 520 14 69.5 03.2 27.3
4 520 16 67.5 03.0 29.5
5 520 18 66.8 02.8 30.4
6 520 20 66.4 02.7 30.9
7 520 22 64.8 02.5 32.7
8 520 24 64.6 02.3 33.1
9 520 26 64.5 02.0 335
10 520 28 64.0 01.8 34.2
11 520 30 63.7 01.5 34.8

Table 4 shows the product yields as a function of
reaction time in the range of 10-30 min. Reaction
time is another important variable which affects the
gas composition, bio-oil quality and quantity, and
char yield. As observed, with increasing the reaction
time (RT), the yield of bio-oil increases and then
decreases while the syngas yield continuously
increases due to a significant improvement in the
rate of endothermic reactions with increasing RT.
Another reason is the expansion of char conversion
and tar cracking reactions, as the RT improves. In
this sense, Fonts et al. [13] suggested that biomass
pyrolysis rates strongly depend on the reaction time,
and that reactivity of a biomass fuel was related to
the long of reaction time and heating rates.

CONCLUSION

The production of bio-oil from Cladophora
glomerata biomass using fast pyrolysis in a fluidized
bed reactor was studied. Effects of some important
variables such as reaction temperature (Tp), Algae
particle size (PS) and reaction time (RT) on product
yields were evaluated by experimental and analyses.
The data obtained show that an increase in the RT
leads to a significant increases in the gas yield and a
considerable decrease in both bio-oil and char yield.
The experimental runs also showed that the PS has a
slight influence on the product yields; however, it
plays a major role in the economic aspects of the
process.

REFERENCES

1. C.A. Mullen, A.A. Boateng, N.M. Goldberg, 1.M.

Lima, D.A. Laird, K.B. Hicks, Biomass Bioenerg., 34, 67
(2010) :

2. X. Xu, C. Zhang, Y. Liu, Y. Zhai, R. Zhang,

Chemosphere, 93, 652 (2013) .

3. M.F. Demirbas, M. Balat, J. Sci. Ind. Res., 66, 797

(2007) .

4. N. Ali, M. Saleem, K. Shahzad, S. Hussain, A.

Chughtai, Polish J. Chem. Technol., 18, 88 (2016).

5. A. Pattiya, S. Suttibak, J. Anal. Appl. Pyro., 95, 227

(2012).

6. X. Miao, Q. Wu, J. Biotechnol., 110, 85 (2004).

7. H. Hisoriev, P. Korbanova, |. Kodirova, Erfan

Publication, Dushanbe, Republic of Tajikistan, 2015,.

116.

8. A.G. Ebadi, H.H. Hisoriev, Toxicol. Environ. Chem.,

DOI 10.1080/02772248.2017.1323894 (2017).

9. S.A. Channiwala, P.P. Parikh, Fuel, 81, 1567 (2002).

10. M.ALF. Mazlan, Y. Uemura, N.B. Osman, S. Yusup,

J. Physics: Conference Series, 622, 012054 (2015).

11. F. Yan, S.Y. Luo, Z.Q. Hu, B. Xiao, G. Cheng,

Bioresour. Technol., 101, 5633 (2010).

12. L. Wei, S. Xu, L. Zhang, H. Zhang, C. Liu, H. Zhu, S.

Liu, Fuel Process Technol., 87, 863 (2006).

13. 1. Fonts, A. Juan, G. Gea, M.B. Murillo, J.L. Sanchez,

Ind. Eng. Chem. Res., 47, 5376 (2008).

507



A.G. Ebadi, H. Hisoriev: Bio-oil production from fast pyrolysis of Cladophora glomerata in a fluidized bed reactor

IMPON3BO/ICTBO HA BIO-MACJIO YPE3 BbP3A ITMPOJIN3A HA Cladophora Glomerata
B PEAKTOP C KUIIAILL CJION
A.T. Ebamu *, X. Xucopues

Hucmumym no 6omanuxa, pumonozus u 2enemuxa ha pacmenusma, Tadocuxcka akademus na naykume, I1. K.
734017, ynuya Kapamos No27, [[ywanbe-17, Penyoauxa Tadaxcukucman

Tomyuena nHa 15 despyapu 2017 r .; npuera Ha 15 1oun 2017 1.
(Pesrome)

IMpe3 mocIeAHUTE TOAWHE BOIOPACIHUTE Ca JOKa3alH, e ca MHOTO JOOPhP M3TOYHHUK Ha Macia. FOxHOTO Kpaibpexue
Ha Kacnmiicko Mope uMa 100bp TOTEHITHAT KaTo pe3epBoap Ha (MIAMEHTO3HH MaKpO-BOJOPACIH, ChIBPIKAIIA Macia
karo Cladophora glomerata. Cpes pasiuuHiTE HAYMHU 32 ABTOTEPMHUYHA ITPEPAOOTKA 3a MPOM3BOACTBO HA €HEPIHSA OT
Ouomaca, Obp3ata nmposiusa (mpeoOpasyBaHe HA TBBHPAO/TEYHO BBIVIEPOJAHO TOPHUBO B TONSIM Opoil e€HepruiiHu
KOMIIOHEHTH (ra3000pa3eH KOMIIOHEHT M MaJK{ KOJHMYECTBA TEYHOCT W TBBPIAM OCTaThlM (BBIVIEH W IEIEN) B
OTCHCTBUETO Ha (IIYHIHM3UPAIA CPe/a) € €IAUH OT METOIUTE, KOUTO MOJIy4aBaT [0BeYe BHUMAHUE OT U3CIIEI0BATEIIHTE.
B Ta3u paGora 6sixa IPOBEIEHU HAKOIKO CKCIIEPUMEHTA 3a OIICHKA HA KauecTBaTa Ha IPOJYKTa, 0cO0EHO OHO-Macio B
Cladophora glomerata upe3 peakrop ¢ kursii cioif. [TonydeHnTe JaHHA OKA3BarT, 4e YBEJINYaBAHETO HA PEAKIIHOHHOTO
BpeMme (RT) Boju /10 3HAYMTENIHO yBeIWYEHHE Ha J00MBa HA a3 U J0 3HAYMTEIICH Clia/l KakTo B JJ00MBa Ha OMO-Macio,
TaKa W Ha BBIJICH. EKCIIEpUMEHTATHATE TECTOBE CHINO MMOKA3BAT, Ye peaknnoHHata temmneparypa (Tp) uMa edexTrBHA
poJIsl B KQUeCTBOTO Ha MpojyKTa; Ilo-BHCcoKaTa Temrieparypa € OJaromnpusaTHa 3a IMO-BHCOK JOOWB Ha ra3 W IMO-HUCKA
[IPOM3BOAUTEIHOCT Ha 100uB Ha BerieH or Cladophora glomerata
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