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Abstract  

Hydrothermal liquefaction (HTL) is a process technology suited for converting wet biomass, like microalgae, into 

biocrude oil. This study investigates the effects of temperature and reaction time on the mass yield and the properties 

of HTL biocrude oil such as higher heating value (HHV) and composition. Spirulina platensis, a microalgae species, 

is used as feedstock. Slurry prepared at 30% dry weight is processed in 5-mL mini-reactors. Temperatures are set at 

2800C, 3200C, and 3500C using a temperature-controlled sandbath. Reaction times are varied at 15 mins, 30 mins, 

and 45 mins. Biocrude oil is produced and separated using dichloromethane (DCM) as solvent. The mass yield of 

biocrude oil varies depending on temperature and reaction time ranging from 29.6% to 44.8% by mass, dry ash-free 

(daf) basis.  Higher mass yield is observed at the lowest temperature setting of 2800C. The HHV is measured using 

bomb calorimeter and calculated using Dulong's formula. The HHV ranges from 31.5 MJ/kg to 37 MJ/kg. Highest 

HHV is obtained for biocrude oil at 3500C and 45 mins reaction time. The highest energy recovery is 76.8%, which is 

attained at 2800C and 45 mins. Elemental analysis and GC-MS analysis are conducted to analyze the composition of 

biocrude oil produced. The N/C and O/C ratios of HTL biocrude oil are reduced in all experimental conditions. 

Nitrogen content is lowest at 3500C and 30 mins to 45 mins reaction time. 
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1. Introduction 

Fossils are still the source of the crude from which the fuels used in the world today is derived.[1] 

Though it is continually formed, it is considered as non-renewable resource due to its long period of 

production. With the high demand and continually increasing demand for fuels, crisis on fossil fuel 

shortage is inevitable. Overdependence on it even brought other problems like environmental pollution.[2] 

So, alternatives to fossil fuels are studied to cope with the present and future demand.[3] This is the rise 

of studies on biofuels, which are fuels that come from biomass.[4] Biomass is abundant and is renewable 

energy resource.[5] The early rise of biofuels considers biomass that is used in food sectors. Biodiesel 

produced from terrestrial vegetation and animal lipids makes up just 3% of the total diesel consumed and 

it occupies a large land area and competes with food supply, which leads to other issues.[6] Thus, the 

increased interest on microalgae as the biomass source for fuels.[7] Microalgae is a microscopic 

photosynthetic organism that is considered as versatile biological cell factories. It has faster growth rates 

and high area-specific yields. It is photoautotrophic organism that directly converts solar energy into 

chemical energy. In this process, high photosynthetic efficiency and short cultivation cycle can be done 

for microalgae.[8] Microalgae is primarily comprised of proteins, carbohydrates, fats and nucleic acids in 

varying proportions. It can grow in saline or freshwater or in agricultural wastewater. It can also be 

cultivated in non-arable lands so there is potential for a lower environmental impact and little competition 

for food.[2] Microalgae usually has very high water content of around 80% 90% by weight.[8] 
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Thermal processes are significant in converting biomass to biofuel.[4]

 

Depending on the type of 

biomass, a suitable process must be carried out. Since all parts of microalgae can be processed and 

converted to biocrude oil, drying is no longer needed. Using lipid extraction and trans-esterification 

technologies used in the production of biodiesel from a wet biomass are energy intensive. Wet process 

like hydrothermal liquefaction (HTL) is found to be suitable in converting wet biomass like microalgae 

into biofuel.[9]

 

HTL has the potential to lessen the energy required in processing as drying is 

eliminated.[10], [11]

 

It is considered as a promising technology for converting wet biomass to 

biofuel.[12],

 

[13]

 

HTL is a process of converting biomass in sub-critical water into biocrude or bio-oil. 

HTL is carried out between 280 to 370 deg C and high pressures of 10-25 MPa.[5]

 

Under sub-critical 

conditions, depolymerization and repolymerization of complex molecules occur to produce biocrude.[14]

 

Among the species studied in past researches include Botryococcus braunii, Nannochloropsis oculata, 

Chlorella vulgaris, Porphyridium cruentum, Spirulina, Desmodesmus sp., Tetraselmis sp, Dunaliella 

salina, Dunaliella tertiolecta

 

among others. [8]

  

In

 

this study, Spirulina platensis

 

is the microalgae species used as biomass. Cultivation of Spirulina

 

has a high yield. It has around 60% protein by dry weight. [15]

 

Investigation on the effects of temperature 

and reaction time on the yield and properties of HTL biocrude oil will help in the further development of 

the biocrude oil production. 

 

 

2. Methodology

 

2.1 Materials and set-up

 

Microalgae feedstock is acquired from Superfoods Inc., a local supplier of Spirulina powder. 

Proximate analysis is conducted according to modified ASTM D1762 to determine the ash, moisture, 

fixed carbon and volatile matter content of microalgae. Ultimate analysis is carried out by combustion 

method (LECO Organic Application). The oxygen content is calculated based on the determined 

composition of C, H, N,

 

and S.   Ash and moisture are accounted for the dry ash-free basis calculations in 

the yield of biocrude. Dichloromethane (DCM) is the solvent used for product separation after HTL. The 

choice of solvent is based on the affinity to dissolve the biocrude resulting to separation from polar 

aqueous products of HTL. The reactors used are stainless steel Swagelok 316 unions and caps assembly. 

Volume capacity is 5mL. A fabricated sand bath made of stainless steel and insulated with ceramic fiber 

and equipped with 2kW incoloy heater is used in the HTL process. A temperature controller with 

automatic and manual control option monitors and controls the heating of the sand bath based on set 

temperature. Type K thermocouple sensor is used to measure the temperature. A data logger is also 

included in the setup to monitor and record the temperature readings. 

 

 

2.2.

 

Procedure

 

Microalgae slurry is prepared by adding deionized water to a measured powdered microalgae. Target 

concentration of slurry is 30% by weight. The loading is selected based on the expected range of yield, 

the amount needed for testing and analysis and the capacity of the reactor used. All weights of reactors 

used before and after the slurry was put in are accounted. Reactors are made sure to be tightly

 

closed to 

avoid leakage and spillage during HTL.

 

The sandbath is first heated to the target temperature (280, 320, 

or 350 deg C). Once the target temperature is reached, the reactors with the microalgae slurry are buried 

and heated in the sand bath. The temperature of the reactors is continually monitored and recorded by the 

data logger. Once target temperature is reached, monitoring of reaction time at particular temperature 

condition is started. The reactors are removed after the target reaction time is reached (15 mins, 30 mins, 

or 45 mins). Since reactors are extremely hot, tongs are used to take it out of the sand bath and then are 

quenched in water at ambient temperature. The reactors are allowed to cool down at least for an hour 

before proceeding to product separation. Expected products of HTL are biocrude oil, aqueous products, 

solid residue and gaseous products. Due to limitations of reactors used, the gas products are not collected. 
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After opening the reactors, the gas is just carefully released. The solid residue, the aqueous product, and 

biocrude products proceeds to filtration. Whatman 41 Ashless filter paper is used in the filtration. Solid 

residues are trapped as the products inside the reactor are poured into the funnel with filter. Since the 

produced biocrude oil is viscous, it does not easily flow out of the reactor. Small aliquots of DCM solvent 

are added to dissolve the biocrude and wash the reactor. The biocrude oil dissolved in DCM is then 

poured
 
and allowed to pass through the filter to remove any remaining solids. DCM washing is continued 

until a clear solvent is poured out from the reactor, which means all biocrude oil is removed. The reactors 

after washing with DCM are dried and weighed to make sure as well that all products are removed.
 

The residue remains in the filter and is dried. The collected products after removal of solids are the 

aqueous and biocrude with DCM. These products are separated by liquid extraction since the two do not 

mix due to polarity. The aqueous phase is on top of the biocrude oil with DCM. After separation of the 

aqueous phase, the biocrude with DCM is further separated by evaporation of DCM in the fumehood. 

Testing and analyses are performed with the biocrude oil product.
 

 

2.3 Analytical methods
 

2.3.1 Mass yield determination
 

The % mass yield of biocrude is calculated using the mass of biocrude oil product and the mass of the 

dried and ash-free feedstock.
 
[16]

 
The following formula is used.

 

% 𝑚𝑎𝑠𝑠 𝑦𝑖𝑒𝑙𝑑 =
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑏𝑖𝑜𝑐𝑟𝑢𝑑𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑚𝑖𝑐𝑟𝑜𝑎𝑙𝑔𝑎𝑒 𝑓𝑒𝑒𝑑𝑠𝑡𝑜𝑐𝑘 𝑖𝑛 𝑑𝑟𝑦 𝑎𝑠ℎ − 𝑓𝑟𝑒𝑒 𝑏𝑎𝑠𝑖𝑠
 𝑥 100%

 

 

The percent weight of moisture and ash content of Spirulina
 

is determined during feedstock 

characterization. This percentage is multiplied to the weighed amount of microalgae feedstock and the 

values obtained are subtracted to the amount of feedstock used during the slurry preparation. The mass of 

biocrude product is determined from the constant weight of biocrude after all DCM has been evaporated. 
 

 

2.3.2 Elemental ratios
 

Using the weight percentages of the elements C, H, O, N and its corresponding atomic weights, 

elemental ratios are calculated. Equations below are used.
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2.3.3 Higher heating value (HHV) determination
 

 
HHV is specifically defined as the amount of heat that is released when the fuel undergoes 

combustion and the products have returned back to 25 deg C temperature. It takes account the latent heat 

of vaporization of water in the products of combustion. In this study, a Parr 6200 Bomb Calorimeter is 

used to measure the HHV of biocrude oil. 
 

The elemental composition of the biocrude samples is also analyzed using combustion method. Using 

the carbon, hydrogen, and nitrogen (C, H, N) weight percentages obtained from analysis, the weight 

percentage of oxygen (O) is calculated, assuming that sulfur (S) content is negligible.[17]
 
HHV is 

estimated using Dulong’s formula [18]
 
as written below:

 

𝐻𝐻𝑉 = 0.338𝐶 + 1.428 (𝐻 −
𝑂

8
) +  0.095𝑆

 

The calculated HHV is compared to the measured HHV.
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2.3.4 Energy yield 

Energy yield is defined as the amount of energy recovered by the biocrude product relative to the 

original energy content carried by the amount of feedstock that goes through the HTL process. The 

calculation is done as follows: 

% 𝑒𝑛𝑒𝑟𝑔𝑦 𝑦𝑖𝑒𝑙𝑑 =
(𝐻𝐻𝑉 𝑜𝑓 𝑏𝑖𝑜𝑐𝑟𝑢𝑑𝑒 𝑜𝑖𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡)𝑥(𝑚𝑎𝑠𝑠 𝑜𝑓 𝑏𝑖𝑜𝑐𝑟𝑢𝑑𝑒 𝑜𝑖𝑙)

(𝐻𝐻𝑉 𝑜𝑓 𝑓𝑒𝑒𝑑𝑠𝑡𝑜𝑐𝑘) 𝑥(𝑚𝑎𝑠𝑠 𝑜𝑓 𝑓𝑒𝑒𝑑𝑠𝑡𝑜𝑐𝑘, 𝑑𝑎𝑓)
 𝑥 100 

2.3.5 GC-MS analysis 

Gas chromatogram-mass spectroscopy (GC-MS) is performed to analyze the chemical composition of 

the biocrude oil product.[11] Preparation of biocrude samples is done prior to injection to the GC-MS 

equipment. The clean biocrude oil is washed with DCM, allowed to pass through high purity silica gel 

and dried using nitrogen gas. It is then analyzed in Shimadzu GC-MS equipment. Hexane is used as the 

solvent to dilute the biocrude sample during GCMS analysis. Settings of GCMS are as follows: injector is 

set at 280 deg C, initial temperature is at 50 deg C (held 1/min) at constant rate of 10 deg C/min until 250 

deg C. Split ratio is 1:0, holding time is 9 min, column flow of 1.4 mL/min, 40 to 450 m/z MS detector 

scan, solvent cut time of 3 mins, ion source and interface line temperature at 200 & 300 deg C, 

respectively.  

4. Results and Discussion 

4.1 Effects of temperature and reaction time on mass yield 

The yield of biocrude oil ranges from 28.5% to 46.2% based on the runs performed at various 

temperature and reaction time. The lowest average %mass yield value is 29.6% ± 1.6%, obtained at 350 

deg C and 15 mins reaction time.  The highest mass yield observed is 44.8% ± 1.9% at 280 deg C and 

30mins. It is observed that at set temperature of 280 deg C, the biocrude yield is higher compared to both 

that of higher temperature settings of 320 deg C and that of 350 deg C. This can be seen in the plot of the 

yield vs time at different conditions in Figure 1. 

It can be observed that at the same reaction time, yields at 280 deg C have the highest yields. Across 

time, span of 15 mins to 45 mins reaction time, there is not much difference on the biocrude yield at 320 

deg C and 350 deg C. This can be inferred from the overlaps of the error bars of yields at 320 deg C and 

350 deg C. Only the yields of biocrude at 280 deg C vary with the reaction time. One reason for this 

observation is probably because at higher temperature, the biocrude is thermally converted to gaseous 

molecules. Polymerization may not be the dominant reaction at 320 deg C & 350 deg C thus conversion 

to other components in aqueous and gaseous phases may have been favored. Another study showed that 

above 300 deg C, the critical temperature of water, lesser biocrude are produced.[18]  

 

Figure 1.
 
Mass yield of HTL biocrude oil at different conditions
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Figure 2 shows the distribution of HTL products at different operating conditions.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The aqueous product and the gaseous products are added since some of the aqueous products 

evaporated during the separation process. Horizontal axis labels correspond to temperature of 280 deg C 

and reaction times of 15 mins, 30 mins and 45 mins; 320 deg C and reaction times of 15 mins, 30 mins 

and 45 mins; and lastly at temperature of 350 deg C and reaction times of 15 mins, 30 mins and 45 mins, 

respectively. The % mass yield of products shown

 

at vertical axis is in dry ash-free basis. The average 

biocrude yield ranges from 30 to 45% mass yield. High biocrude yield is observed at low temperature. 

The residue yield ranges from 10% to 21% by weight. More residues are observed at lower temperature 

than at higher temperature. Total yield of gaseous and aqueous products amounted to 30% to 60% by 

weight. Gaseous and aqueous products are produced at higher temperature. The reactions forming more 

gases and compounds soluble to aqueous phase seem to be favored at higher temperature.

 

 

4.2 Effects of temperature and reaction time on HHV and energy yield

 

Greater

 

HHV is desirable for fuel products. HHV of biomass can be improved by further processing. 

Drying or removing the moisture or water content of the material increases the combustibility of the 

material thus a higher HHV is expected. However, a balance on the mass yield of product and the HHV of 

the product must be considered to have an overall positive contribution or impact. Higher yield with 

greater HHV

 

is targeted. With this, energy yield is calculated. 

 

HHV is measured using a bomb calorimeter. This is performed for the biocrude products. Due to 

limitations on the amount of biocrude sample analyzed in bomb calorimeter, the measured HHV values 

are compared to that of calculated HHV. This is to at least see that the HHV obtained and considered in 

further calculations is acceptable. Based on the results, HHV measured for the biocrude ranges from 27 

MJ/kg to 37 MJ/kg. It is found to be comparable to that of calculated HHV. Assumption that the sulfur 

content of produced biocrude oil is negligible is also justified by a very small difference of 0.06 MJ/kg or 

0.16% to 0.19 % in the HHV calculated. Initial amount of sulfur in the feedstock is 0.632 % by weight. 

So for the HHV calculation, insignificant contribution of sulfur is considered. 

 

Figure 2.

 

Distribution of HTL products at different conditions
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Table 1.

 

Calculated HHV and energy yield of HTL biocrude oils produced at different conditions

 

Temperature

 

 

C

 

Reaction time,

 

 

mins

 

HHV 

 

MJ/kg

 

Energy Yield, %

 

280

 

15

 

31.72

 

54%

 

280

 

30

 

31.49

 

75%

 

280

 

45

 

33.18

 

77%

 

320

 

15

 

32.82

 

62%

 

320

 

30

 

32.38

 

61%

 

320

 

45

 

33.73

 

59%

 

350

 

15

 

33.13

 

56%

 

350

 

30

 

32.11

 

65%

 

350

 

45

 

36.99

 

61%

 

 

Table 1 shows the HHV and the energy yield of HTL biocrude at different operating conditions. It is 

observed that at 15mins reaction time, there is no significant difference between the HHV values

 

at 320 

deg C and 350 deg C. Looking at the reaction time of 30 mins, there is also no significant difference on 

the HHV values of biocrude processed at 280 deg C, 320 deg C,

 

and 350 deg C. At 45 mins reaction time, 

HHV of biocrude at 280 deg C and 320 deg

 

C have no significant change. However, the HHV at 350 deg 

C and 45 mins shows a large significant change in HHV. It is important to note that this is at the highest 

temperature and longest reaction time. The lowest HHV value is possessed by the biocrude processed at 

280 deg C and 320 deg C, both at 15 mins reaction time. 

 

At medium temperature condition, the energy yields of biocrude oil across time, 15 mins to

 

45 mins, 

are almost the same. It has the same effect across time. It can be observed also that the energy yields for 

biocrude at 30 mins and 45 mins reaction time are almost the same for biocrude processed at similar 

temperature. Implication for this is when processing at the same temperature, since the impact of 320 deg 

C is the same as at 350 deg C, going for the 30 mins reaction time condition is enough. The high-energy 

yields are observed in the biocrude subjected to temperature of 280 deg C and at 30 mins and 45 mins 

reaction time. Since there is not much difference on the HHV of the biocrude at different times but has 

significant difference on the mass yields in favor of lower temperature, the overall impact as reflected in 

the energy yield is big at lower temperature condition which is 280 deg C and the longer time of reaction 

which is at 30mins

 

and 45 mins. Energy yield of biocrude processed at 280 deg C is observed to be 

increasing, as the reaction time takes longer. This is supported by the trends of mass yield and HHV for 

280 deg C.  Across time, mass yield may have no significant difference but the HHV is greater at longer

 

times. Thus, resulting to higher

 

energy yield for biocrude processed at 280 deg C at longer reaction times.

 

 

4.3 Effects on composition based on elemental analysis

 

 

Percent composition of carbon in all biocrude is higher since carbon is the most possible component 

retained in the biomass product during the process. Hydrocarbons are the bulk of the components in the 

biocrude. Spirulina has 45.40 %w/w carbon. The biocrude produced by HTL have increased % 

composition of carbon.

 

Carbon also has high contribution to the higher heating value of the biomass. The % 

composition of nitrogen is significantly decreased in the produced biocrude oil via HTL. It is then 

reduced after HTL in all conditions. Highest nitrogen composition analyzed is 4.73 %w/w at 280 deg C 

and 30 mins reaction time. Lowest nitrogen composition is observed in the biocrude produced at 350 deg 

C and 30 mins

 

and 45 mins reaction time, which is at the highest temperature and longest reaction time 

conditions. Possible

 

reaction is the conversion to compounds soluble in the aqueous phase or to gaseous 
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products, which is favored at higher temperatures. The % composition of hydrogen in the feedstock is 

6.82% w/w. For the biocrude, % composition varies from the 9% w/w to 11.6% w/w. Lowest 

composition of H is found in the biocrude at 280 deg C and 30 mins reaction time. The highest %w/w of 

H is in the biocrude at 350 deg C and 45 mins. The higher value of H may give the fuel better quality, as 

high ratio of H/C is preferred for fuels. Source of hydrogen for the reactions that possibly occur during 

the hydrothermal liquefaction is the water medium used. Oxygen composition in all biocrude oils is also 

reduced. This is expected as the process of converting the biomass to biofuel would mean reducing the 

amount of present oxygen thus giving a lower O/C value for fuels, which means better quality of fuel. In 

the biocrude oils analyzed, low oxygen composition is observed in the biocrude processed at 350 deg C 

and 45mins.  

 
The van Krevelen diagram is a good way of showing the relationship between the elemental ratios of 

biocrude components. The diagram shows the H/C vs O/C and the N/C vs O/C of HTL biocrude oils. [11] 

A reference H/C, N/C, and O/C of petroleum and the feedstock Spirulina are also plotted. It has a value of 

1.532 H/C, 0.008 O/C and 0.005 N/C. [2] Ideal fuel has high H/C, low O/C and low N/C.  

From Figure 3, it is observed that the raw Spirulina has high nitrogen and high oxygen content. After it 

goes through HTL, the biocrude oils produced have reduced O/C and N/C. This means that the nitrogen 

and oxygen are removed from the biocrude products. Possible reactions that occur during hydrothermal 

liquefaction that results to these findings are the decarboxylation and deamination of amino acids 

produced from protein hydrolysis. The reduced amount of oxygen maybe attributed to gasification. This 

possibly dominates at high temperature allowing decomposition of compounds into gaseous products. 

However, the present N and O content of the HTL biocrude oils are still higher than that of the 

commercially used fuel. Thus, further upgrading processes must still be done to the biocrude oil. From the 

GC-MS analysis of the biocrude oil, it is observed that lots of nitrogen and oxygen containing compounds 

are present in the biocrude. This supports the O and N content of HTL biocrude oil.  From the graph of 

H/C vs O/C, it is observed that the H/C of all formed biocrude products have higher values than that of 

the petroleum. However, the amounts of oxygen are all much higher. The high oxygen might be coming 

from the formation of ketones, esters, phenols and other oxygen functional groups. The highest H/C with 

the lowest O/C is observed in the biocrude oil produced at 350 deg C and 45 mins of reaction time. The 

H/C value is almost 2 while the O/C value is 0.2. Looking at the N/C plot, generally, most of the biocrude 

oils have higher nitrogen content than the commercial petroleum. It can be noticed as well that there are 

conditions at which the nitrogen content of the biocrude is lower or almost similar to that of commercial 

petroleum crude. This occurs at the highest temperature setting, 350 deg C and at longest reaction times, 

which are 45 mins and 30 mins. Also from the graph, it can be noticed that at 280 deg C, biocrude oil 

Figure 3 van Krevelen diagram, left: H/C vs O/C, right: N/C vs O/C 
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produced by HTL has higher nitrogen content.  Although the H/C of biocrude at 350 deg C and 30 mins is 

high and the nitrogen content is low, it is observed that the O/C ratio is still high.  

 

 

4.4 Effects on Composition based on GCMS Analysis

 

 

Determining the components in the biocrude oils produced by HTL will give hints on the chemical 

properties of the biocrude oil produced. Biocrude oil products analyzed across reaction time are those 

processed at 280 deg. At this temperature, high mass yields are observed. Samples analyzed across 

temperature are biocrude oils processed at 30 mins. It is observed that the energy yields at this reaction 

time are comparable. Based on the details of compounds reported, Table 2 shows the major compounds 

that are found in the biocrude oils at different conditions. 

 

Table 2

 

Most abundant components in HTL biocrude oil at different conditions

 

280 deg C

 

280 deg C

 

280 deg C

 

320 deg C

 

350 deg C

 

15 mins

 

30 mins

 

45 mins

 

30 mins

 

30 mins

 

Heptadecane

 

Hexanoic acid, 

morpholide

 

Heptadecane

 

sec-Butyl

 

nitrite

 

sec-Butyl nitrite

 

Hexane, 2-nitro-

 

Heptadecane

 

Hydroperoxide, 1-

ethylbutyl

 
2-Hexanone, 3,3-

dimethyl-

 
 

2-Hexanone

 

Hexanoic acid, 
morpholide

 
Hydroperoxide, 1-
ethylbutyl

 

sec-Butyl nitrite

 

Heptadecane

 

3,3-dimethyl-, 
Heptadecane

 

2-Hexanone, 3,3-

dimethyl-

 

sec-Butyl nitrite

 

Hexanoic acid, 

morpholide

 

Hexadecanamide

 

Hexadecanamide

 

N-

Methyldodecanamide

 
Octadecanamide, N-

butyl-

 

N-Methyldodecanamide

 

2-Pyrrolidinone, 1-

butyl-

 

Eicosane

 

N,N-
Dimethyldodecanamide

 
N,N-
Dimethyldodecanamide

 
N,N-
Dimethyldodecanamide

 

Eicosane

 

2-Pyrrolidinone, 
1-butyl-

 

Octadecanamide, N-

butyl-

 
N-

Methyldodecanamide

 

Eicosane

 

Hexanoic acid, 

phenyl ester

 
  

2-Hexadecene, 

3,7,11,15-tetramethyl-, 

[R-[R*,R*-(

 2-Hexadecene, 

3,7,11,15-tetramethyl-, 

[R-[R*,

 2-Hexadecene,

 

3,7,11,15-
tetramethyl-, [R-[R*,R*-(

 
N-
Methyldodecanamide

 
  

Hexadecanamide
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To better understand the properties of the biocrude, the components are classified according to its 

corresponding organic functional group. The same group classification exhibit similar characteristic 

properties. The functional groups of the compounds are hydrocarbons, which include alkanes, alkenes, 

aromatics; nitrogen containing compounds like amides, amines, nitriles and nitrites; oxygenated 

compounds like carboxylic acids, esters alcohols and ketones. The relative percent peak area of the 

components reported from GC-MS is plotted in Figure 4. This shows the abundance of each group of 

components. 
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It is observed that hydrocarbons are abundant in all biocrude oils

 

at different conditions. This is a 

major component in biofuels. Fatty acids are also observed in the biocrude. Higher yield is observed at 

lower temperature. The high viscosity of the biocrude oil produced is attributed to the presence of long 

chained fatty acids and the long chained hydrocarbons.[4]

 

Alkenes are observed to be decreasing as the 

temperature is increasing. Probable reason is the breaking of bonds forming other compounds. Phenols 

are produced at temperature setting of 320 deg C and 350 deg C. Phenols are converted by HTL from the 

carbohydrate content of microalgae. Another possible mechanism is formation via glucose first before 

transforming into phenols. Also at temperature above 300 deg C, aromatic compounds are found in the 

biocrude. Aromatic compounds contribute the heavy fuel portion of the biocrude.

 

At higher temperatures, 

polycyclic aromatic hydrocarbons are usually observed. At the lowest temperature and time setting, 

nitrites are not yet formed but as the time and temperature go higher, nitrites increased. Amides are 

remarkably high in all conditions. This contributes to the high nitrogen content of biocrude oil. However, 

it is decreased at 320 deg C and at 350 deg C. The thermal decomposition of amino acids may produce 

other nitrogen containing organic compounds. For oxygenates, the carboxylic acid is significantly 

decreased. Reduction of the carboxylic acids may have occurred. Ketones increased at higher 

temperatures. Oxygenates contribute to the relatively high oxygen of content in HTL biocrude oil. The 

knowledge of the N and

 

O containing compounds present in the biocrude oil helps in the approach to 

upgrading the biocrude oil to reduce the N and

 

O content. 

 

 

5. Conclusion

 

Hydrothermal liquefaction of Spirulina platensis

 

produced biocrude of yields that range

 

from 30%

 

to 

46% by weight.  Temperature is found to have significant effect on the mass yield of biocrude while 

reaction time does not have significant effect. Higher mass yield of biocrude is found to be consistently 

high at the lowest temperature condition tested. Biocrude yield is lower at higher temperature settings. 

 

HHV is highest at higher temperature and longer reaction time. Across tested temperature, there is no 

significant difference found in the HHV values of biocrude. Reaction time however has significant effect 

observed especially at lower temperature condition. Higher energy yield is observed at lower temperature 

and longer reaction time.

 

As for the composition, the biocrude produced has significantly lower oxygen and nitrogen content 

compared to raw feedstock. However, it still has high O and N content when compared to commercial 

Figure 4.

 

Components in HTL biocrude oil
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petrocrude. At higher temperature, formation of oxygen-containing compounds is observed. Nitrogen 

content of biocrude is reduced at higher temperature. 
 

It is concluded that temperature and reaction time conditions have certain effects on the mass yield, the 

HHV, energy recovery,
 
and the composition of the biocrude oil produced. The information gathered from 

the research could be used in further development of the HTL process of biomass. 
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