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Abstract: The use of microalgae as a feedstock to produce hydrocarbon fuels using high pressure catalytic pyrolysis was 

studied. In this study, freeze dried microalgae species Nannochloropsis oculata was studied as the biomass source for py-

rolysis in a micro-reactor. Algae sample was characterized by thermo gravimetric analysis (TGA) as well as FTIR analysis. 

To augment the hydrocarbon fraction, the effects of temperature and pressure were studied by varying the temperature from 

500-800 
o
C in 100 

o
C increments and pressure 0-150 psi in 50 psi increments. When the sample was heated from 500-800 

o
C 

the volatiles were mainly hydrocarbons with small percentage of oxygenated and nitrogenated species. It was found that the 

gases evolved within 100-500
o
C were mostly oxygenated, nitrogenated and sulfided species.  
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1.Introduction 

Algae has attracted much attention as a renewable bio-

mass energy source due to number of reasons such as its 

remarkable growth rate as compared to their terrestrial 

counterparts, their capability of producing significant 

amount of lipids which can be easily translated to hydro-

carbon-rich fuels, the ability to grow in non-arable land that 

is otherwise not suitable for any productive agricultural 

activity and its ability to use saline (sea) water that is vastly 

abundant on the surface of the earth[1-3]. Additionally, a 

renewable species like algae which is capable of reducing 

greenhouse (GHG) gasses like CO2 is a prime elixir to avert 

an energy and environment crisis [3, 4]. 

There are various processes both chemical and biochem-

ical that are under investigation, to convert algal biomass 

into fuels (fig. 1)[5, 6]. Up until yet, much of the algal 

conversion research has been focused on biodiesel produc-

tion via isolated algal lipids [7-9]. However, the production 

of gasoline grade hydrocarbons via thermochemcial con-

version of algae has not yet picked up much attention 

[10-12]. Nevertheless, the high lipid content makes algae a 

prime candidate for thermochemical conversion to produce 

hydrocarbons [2, 13].  

 

Figure 1. Main steps in algae conversion technology.(Reconstructed using 

information given in [3]). 

For example, N. Oculata micro algae, a marine 

fast-growing eukaryotic unicellular flagellate with the size 

of about 2-4 µm, were found to contain 44% long chain 

polyunsaturated fatty acids [14]. Accordingly, this study is 
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focused on assessing the suitability of Nannochloropsis 

oculata micro algae as a biomass feedstock for the produc-

tion of gasoline grade hydrocarbons via catalytic pyrolysis at 

different pressures and temperatures. 

2.Materials and Methods 

The microalgae used in this study (Nannochloropsis 

oculata) were lyophilized by freeze drying. Algae pyrolysis 

was done using high pressure CDS pyroporbe 5200 mi-

cro-reactor (CDS analytical, Oxford, PA, USA) that has 

been retrofitted with a secondary reactor to use catalysts. An 

algae sample of ~4mg was placed in a one-inch long micro 

quartz tube. The sample was secured using quarts wool. The 

quartz tube with the sample was placed in the probe’s fila-

ment where the sample was heated at 700
o
C. The probe’s 

filament was fired for 20 seconds and the products were 

passed through the secondary reactor that was packed with a 

catalyst (~15 mg). Zeolite molecular sieve ZSM-5 

(SiO2/Al2O3 :30)( Zeolyst  International, Conshohocken, 

PA , USA) was used as the catalyst. The secondary reactor 

was maintained at different temperatures ranging from 500 

to 800
o
C in 100

o
C increments. The products that exited the 

catalytic reactor were purged through a Tenax adsorbent gas 

trap for 3 minutes. The reactor pressure was controlled by a 

backpressure regulator from 0  to 150 psi guage pressure in 

50 psi increments. A steady helium flow rate of 30mil/min 

was maintained in the reactor.  Following the adsorption 

run, the products were desorbed by purging the trap with gas 

chromatograph’s (GC) carrier gas (helium) at 300
o
C and 

routed into the GC inlet. Desorption of the trap and initiation 

of the GC-mass spectrometer (MS) run was automatically 

synchronized. The GC-MS analysis was performed using 

Agilent 7890 GC coupled with Agilent 5890 MS detector 

(Agilent Technologies, Santa Clara, CA, USA). The column 

used for the MS analysis was Petrocol DH (L-100 m, 

ID-0.25 mm, df-0.5 µm). The FTIR analysis (Thermo 

Scientific IS10) was done to obtain the absorbance spectra 

of the algae sample using diamond ATR crystal. Thermo 

gravimetric analysis (TGA) was done using TA instrument 

Q50 (TA instruments, New Castle, DE, USA) to determine 

the volatile fraction and the fixed carbon content of algae. 

The experiment was conducted as a full factorial design. 

Results were analyzed at α = 0.05 significance level using 

Design-Expert software (Stat-Ease, Inc. Minneapolis, MN, 

USA).  

3.Results and Discussions 

Like plant cells, algal cells are composed of a cell wall for 

protection against desiccation, pathogens, and predators.  

The cell surface consists of a lipid bi-layer which is rich in 

peripheral proteins. This membrane particularly consists of 

different regions which has its own structure as carbohy-

drates and lipids. The carbohydrate domain of the membrane 

is as a result of the side chains of the membrane bound 

glycolipids and glycorpotiens [15]. An IR spectroscopic 

study was conducted to get an idea about the membrane 

bound groups of N. Oculata . The membrane bound glyco-

lipids and glycorpotiens  have  ~2920 cm
-1

 stretching 

bands in the IR spectrum as shown in fig. 2.  

 

Figure 2. IR spectrum of algae and cellulose. 

According to fig. 2 the carbohydrates in the membrane 

closely match the cellulose spectrum which was used as a 

reference to pyranose ring structure of carbohydrate. In 

addition to the carbohydrates and lipids, the interaction of IR 

radiation shows the presence of amines (~1643 cm
-1

 ) and 

–OH groups (3000-3600 cm
-1

).  

3.1. Elemental Analysis 

Algal biomass consists of six major elements such as 

carbon (C), oxygen (O), hydrogen (H), nitrogen (N), sulfur 

(S) and phosphorus (P) and they account for nearly 90% of 

its total weight. The rest mainly consists of calcium (Ca), 

potassium (K), sodium (Na), chlorine (Cl), magnesium (Mg), 

iron (Fe), and silicon (Si). The elemental analysis conducted 

on N. Oculata algae sample indicates the presence of C : 

33.81%w/w, H:4.59%w/w, N:3.83% w/w,O: 32.23%w/w 

and minor amounts of alkali and alkaline metals. Under 

pyrolysis conditions these metals are responsible for the ash 

content of the sample. 

3.2. Thermo Gravimetric Analysis 

A N. oculata algae sample was subjected to thermal 

deocomposition in a thermogravimetric (TGA) analyzer. In 

this study, the algal sample was heated in N2 environment 

until 100
o
C at a rate of 100

o
C/min and kept isothermal at 

100
o
C for 2 min. Subsequently, the temperature was ramped 

to 800
o
C at a rate of 100

o
C/min and kept isothermal at 800

o
C 

for 5min. Thereafter, the sample was combusted at a ramp-

ing rate of 100
o
C/min until 1000

o
C in a gas stream of 40% 

N2 and 60%O2. Here, the sample was kept isothermal at 

1000
o
C for 3mins.  

According to the thermogravimetric plot which is de-

picted in fig. 3, five key regions can be identified. The region 

“A” which shows a 4.285% drop in weight is attributed to 
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the evaporation of adsorbed water. When the sample was 

heated beyond 100
o
C up to 800

o
C there are two regions that 

can be distinguished. The significant difference in the 

change in the gradient indicates that they belong to two 

different reaction regimes. 

 

Figure 3. Thermo gravimetric analysis of the algae sample 

In order to understand the reactions that may have taken 

place in region “B” and “C” the respective temperature 

regimes were simulated in the micropyrolyzer and the ga-

seous samples that evolved were analyzed with the GC–MS 

system. The area count for each product in the chromato-

gram was taken as a proportional representation of its con-

centration. The composition of the evolved gas is given in 

fig.4. According to the information given in fig. 4 (A) , the 

46.46% weight loss in region “B” in fig. 3 can be attributed 

predominantly to the loss of oxygenated, nitrogenated, and 

sulfided compounds. The production of hydrocarbons in 

region “B” is marginal and according to the fig. 4(A) this is 

about 6.88% of the total area of the chromotogram. This 

observation can be related mainly to the thermal degradation 

of glycolipids and glycoprotiens at the temperature range of 

100-500
o
C.  

The evolved gas composition from region “C” was sig-

nificantly different that from region “B”. According to fig. 

4(B)  significant drop in sulfur and nitrogen containing 

compounds as well as oxygenated compounds were ob-

served. Interestingly, a dramatic increase in alkanes, alkenes 

and aromatic compounds which amounts to 64.37% was 

observed. Therefore it can be inferred that more hydrocar-

bon products were generated in the region “C” of the TGA 

plot. When the sample was kept at 800
o
C for 5mins, no 

significant change in sample weight was observed. This is an 

indication of the presence of coke (free carbon) and ash in 

the sample.  

In the subsequent run where the sample was heated at 

1000
o
C in an oxygen-rich environment, this free carbon got 

burnt off. The region “D” in the fig.3 represents the weight 

loss due to free carbon. It indicates that there was 6.655% of 

free carbon in the sample. All the alkaline and alkali metals 

remained in the sample are depicted in region “E”. Ac-

cording to the analysis the ash content of the algae sample 

was 17.45%. 

 

Figure 4. Composition of evolved gas in TGA at different temperature zones: 

(A) the temperature range 100-500oC, (B) the temperature range 

500-800oC. 

3.3High pressure pyrolysis 

The algae were pyrolysed in a sample tube at 800
o
C at the 

rate of 1000
o
C/min under flash pyrolysis conditions in the 

micro-reactor. A high ramping rate was selected to com-

pensate for the high temperature gradient resulting between 

the sample and the heating filament due to glass barrier.  

It was noticed that the pyrolysis product composition 

obtained under flash pyrolysis condition changed signifi-

cantly compared to what was observed in region ‘B’ and “C” 

in fig.3. Further, it was also observed that the algal pyrolysis 

products were significantly different to glucose pyrolysis 

products (Fig. 5). Gulcose pyrolysis products primarily 

comprised of furan and low molecular weight oxygenated 

species as glucose is rich in oxygen where its atomic com-

position of C, H, O is 25%, 50% and 25% respectively. Due 

to its high lipid content algae pyrolysis products contain 

more hydrocarbon products. 

 

Figure 5. Aromatic yields after subjecting algae to catalytic pyrolysis at 

different temperatures and pressures. (a) Benzene, (b) Toluene (c) Ethyl-

benzene (d) Xylene 
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The algal pyrolysis products primarily comprised of 

oxygenated, nitrogenated  and sulfided products. However, 

catalytic pyrolysis products were primarily hydrocarbons. A 

catalytic conversion to hydrocarbons (HCs) would involve 

oxygen removal ( deoxygenation), nitrogen removal (deni-

trogenation) and sulfur removal (desulfurization) reactions.   

In an idealized case, these three reactions can be 

represented as depicted in Equation 1-3. The HZSM-5 is the 

most widely used catalyst in these three reaction categories. 

The acidity of HZSM-5 which determines the proton dona-

tion ability, is critical for these reactions[16].  

R R

O

H2O +  HC

Deoxygenation

  (1) 

R

NH2 NH
3
 +  HC

Denitrogenation
(2) 

Desulfurization

H
2
S +  HCR

S

R
(3) 

In order to augment the hydrocarbon yields from this 

reaction, the effect of pressure and temperature was inves-

tigated. The effect of the two variables, temperature and 

pressure, on overall efficacy of hydrocarbon yield is de-

picted in fig.5.  In this study the practical limitation on the 

high-end values of both temperature and pressure is dictated 

by the strength of the reactor.  Within the selected temper-

ature and pressure range, the benzene, toluene, ethylbenzene 

and xylenes (BTEX) yields did not pass through a maximum 

or a minimum. According to the analysis, benzene produc-

tion is favored at high temperature and high pressure whe-

reas toluene, ethylbenzene and xylenes production is fa-

vored at low temperature and low pressure. At 150 psi and 

800
o
C, the benzene yield was as high as 29.68(µmoles/gram 

of algae). A previous study conducted on methanol deox-

ygenation on HZSM-5  closely matches the trend of ben-

zene yield where it was reported that the highest benzene 

yield was obtained at  high temperature and pressure [17]. 

BTEX are important components of gasoline where it 

accounts for a large percentage of the volume. Typically 

gasoline is composed of alkanes 4-8%(v/v) , alkenes 

2-5%(v/v), isoalkanes 25-40% (v/v), cycloalkanes 

3-7%(v/v), cycloalkenes 4%(v/v) and total aromatics 

20-50%(v/v) [6]. According to algae pyrolysis in the pres-

ence of HZSM-5 catalyst, it was observed that 62.8% of the 

total area accounts for gasoline grade hydrocarbons. 

4.Conclusions 

Microalgae species N. Oculata used in this study had 

4.285% of moisture, 6.655% of carbon and 17.45% of ash. 

Further , 71.61% of the sample comprised of volatile com-

ponents that included oxygenated, nitogenated and sulfide 

products. The FTIR analysis of dry algae clearly indicated 

the presence of surface bound lipid groups, amine groups 

and carbohydrate groups. Analyzing the evolved gases 

generated when the sample was heated from 100-500
o
C 

indicated a significant presence of oxygenated, nirogenated 

and sulfided compounds. When the sample was heated from 

500-800
o
C, the volatile component significantly comprised 

of hydrocarbons. Pyrolysis of N. Oculata in the presence of 

HZSM-5 clearly reduced the oxygeneated, nitrogenated and 

sulfided species indicating that deoxygenation, denitroge-

nation and desulfurization reactions occur in the presence of 

the HZSM-5 catalyst. Performing the reaction at high pres-

sures and temperatures indicated that such conditions favor 

benzene production while low temperatures and pressures 

favor production of methylated aromatic products. 
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