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Methods

Pennycress seed was ground in a blender before testing with 20g of seed used for the trials in 200mL of 
deionized water. The trials were done in a Parr 4842 reactor model. The process involved 300 rpm 
stirring and anywhere from 150 (low) psi to 400 (high) psi of pressure by adding steam and nitrogen gas 
in the container. The first set of trials were run for one hour at 150°C, 160°C, and 170°C. After each trial 
was done the extraction of the oils would occur by decating the liquid phase to allow separation of the 
aqueous and lipid phase. The solid layer was collected and at 3000 rpm. The solid layer was saved, and 
the aqueous layer was washed three times—once with 25mL n-hexanes and twice with 25mL dimethyl 
ether. The oil was collected was weighed after the solvent was boiled off in an oven at 125°C. The 
aqueous portion of the samples were then analyzer for sugars on a Thermo Ultimate 3000 HPLC with a 
refractive index detector. Separations occurred on the Agolent Zorbax Carbohydrate column (4.6 x 
250mn 5𝜇)	 iscocratically	with	a	mobile	phase	 of	acetonitrile: water 4: 1 . 
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Hypothesis HTL will be more efficient than cold pressing pennycress to extract oil. 

Abstract

The usage of solvents and physical methods to extract oils from various cover crops is a widely used 
practice in the agricultural field. Reducing environmentally hazardous chemicals will improve the carbon 
intensity of pennycress. To reduce the hazardous chemical usage, hydrothermal liquefication (HTL) with 
water was proposed using a parr reactor at high pressure and temperatures to extract oil. Pennycress 
was put through liquefaction in the reactor with deionized water at various lengths and temperatures. 
The results yielded some promising features of not only oil extraction, but sugar content of the aqueous 
layer.  

            

Results
• Fat was best extracted near the subcritical point in the phases of 150°C to 170°C. The higher 

pressure did not yield as good of results as the lower pressure.
• The 160°C appears to be the best temperature for extracting sugars, specifically monosaccharides, 

to propagate from sucrose. At 170°C degraded the sucrose and the monosaccharides with intense 
heat.

• Protein content was unchanged by the hydrothermal liquefication.
• Solid seed was destroyed in the liquefication process resulting in a loss of solid seed material after 

the extraction. 

Discussions
The experiment done shows the extraction of hydrothermal liquification is a promising way to extract 
oil from cover crop. The process of oil extraction seems to have some downsides. Due to the high oil 
content of the pennycress, not all oil was extracted through the process, probably due to the polarity 
of water at subcritical temperatures. While not all oil was extracted initial tests shows that this 
process is similar to cold pressing the seed and could provide and alternative for oil extraction. 
Protein concentration in the solids remain similar to what is observed in cold-pressed meal. 
These results leads to future research in oil extraction for optimization.
Future Research
• Supercritical water was above the scope of the equipment.  This would include water at 

liquification near 374°C running at 3205psi of pressure. The properties of the fluid are similar to 
subcritical water but has no clear phase. This makes the liquid less polar and may yield more oil. 
However, seed does burn (ash) near 190°C and can damage meal in the process. 

• Glucosinolates are another problem in the seed and meal that may be destroyed at higher 
temperatures. Due to sugars being broken down in the liquefaction process, hydrothermal 
liquefication may be a method to destroy to destroy glucosinolates. 

• Another point of research is to see in if the hydrothermal liquification is a suitable feed stock for  
anaerobic digestion
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Table 1.  oil extracted from process seed after HTL. 

Table 2. Oil extracted from HTL.

Figure 1. Main fatty acids in pennycress oil

Table 3. Amount of protein after HTL of seed.

Figure 2. HPLC of sugars in pennycress

Table 4. Contents of pennycress
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