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Aqueous phase

Proposed Goals and Solutions

→Optimize AT-HTL reaction: C:O ratio, residence time, 
reaction temperature

→ Characterize AT-HTL products: TOC, elemental 
analysis, GC-MS; check carbon balances 

→ Test effect of catalysts on yields: 2 % NaCO3, 5% 
FeSO4
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In the Classroom

Elements of this project will be used 
throughout the year as a real-world 
example for a variety for topics:

→ Conservation of mass: How much SS 
needs to be converted to fuel a car? 

→ Separation of mixtures: How can we 
isolate bio-oil from a mixture?  

→ Ideal gas law: How much gas is 
formed in this process? 

→ Empirical formulas: What is the 
composition of bio-crude that is 
formed through AT-HTL?  

✓Renewable
✓Easily available
✓Affordable
✓Ubiquitous 
✓Net-zero carbon 

emissions
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Challenges to valorization of 
biocrude

→ Traditional methods of HTL require drying SS (energy 
intensive process)1 

→ SS contains a high percentage of ash (40-60%wt, 
corrodes reactors and interferes with bio-oil yield)2

→ Catalysts have not been tested in AT-HTL or after 
pretreatment of SS to remove ash

These challenges all need to be addressed in order to 
make this a scalable and valorable process. 

AT-HTL 
products

SS and H2O2

250-350 C, 10-90 min

Bio-oil and char

Next Steps

→ Experiments with catalysts to 
improve yield

→ Experiments with pre-
treatment/filtrations of SS to 
reduce ash 

Biocrude yield via AT-HTL does not seem to be 
impacted significantly by temperature or 

residence time.  

Considering the increased energy requirements 
and mass loss at 350°C,future experiments will be 

run at 250°C for ten minutes (pending carbon 
balance data). 

References 
1. R S Badrolnizam et al 2019 J. Phys.: Conf. Ser. 1349 012108
2. Zhang, J., Shao, J., Jin, Q., Zhang, X., Yang, H., Chen, Y., Zhang, S., & Chen, H. (2020). Effect of deashing on activation 
process and lead adsorption capacities of sludge-based biochar. Science of The Total Environment, 716, 137016. 
3. Yang, T., Liu, X., Li, R., Li, B., & Kai, X. (2019). Hydrothermal liquefaction of sewage sludge to produce bio-oil: Effect of co-
pretreatment with subcritical water and mixed surfactants. The Journal of Supercritical Fluids, 144, 28–38. 

SS and 
peroxide before 

reaction 

Bio-oil after 
acetone 

extraction 

Evaporate 
acetone

79.19% 80.86% 79.46%

3.54%
3.08%

3.29%

3.80% 1.63%
1.55%

1.32% 2.63%
2.39%

6.52% 6.42%
6.13%

5.63% 5.38% 7.17%

1 0  M I N  5 0  M I N 9 0  M I N

T=250 °C

Aqueous (%) Oil (%) Char (%) Gas (%) Ash (%) Loss (%)

76.27% 76.86% 78.14%

5.31% 4.82% 4.06%
1.25% 1.48% 1.16%
2.28% 2.39% 2.03%

4.95% 2.31% 4.56%

9.94%
12.14% 10.05%

1 0  M I N  5 0  M I N 9 0  M I N

T=350 °C

Aqueous (%) Oil (%) Char (%) Gas (%) Ash (%) Loss (%)


