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ABSTRACT 

Oxidative Hydrothermal Dissolution (OHD) is a direct coal-to-liquids technology 

developed at Southern Illinois University Carbondale (SIUC), with funding support from 

the Illinois Clean Coal Institute (ICCI).  OHD is a novel and environmentally-friendly 

approach for generating high-value chemicals from the complete dissolution of the 

organic material in coal, requiring only liquid water and oxygen.  Complete conversion of 

organics to water-soluble products can be accomplished in short contact times at mild 

(subcritical) temperatures and pressures.  The OHD process offers a new alternative to 

the usual reductive (carbon-rejecting) approaches to direct and indirect liquefaction, 

without the need for expensive or proprietary catalysts, additional solvents, or 

intermediate (gasification) steps.   

Thermaquatica Inc. was established in 2010 to facilitate commercialization of OHD 

technology.  Thermaquatica also holds the exclusive license for the process.  This project 

represented a crucial step forward in the path of commercialization, by developing 

complete specifications and detailed engineering drawings, and construction of a fully-

continuous pilot-scale (5 kg/hr) OHD unit.  This will allow for further studies on the 

essential energy and economic balances of the technology, large-scale product 

generation, and proof-of-concept at the scale required by potential end-users.   

The primary objective of the project, fabrication and commissioning of a pilot-scale 

continuous OHD process development unit, has been successfully completed.  

Observations made and experience developed during fabrication and testing of the unit 

have provided valuable insights that are being incorporated into further scale-up and 

development activities that are currently ongoing. 
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EXECUTIVE SUMMARY 

 

Over the last century, recognition of a strong dependence on petroleum for production of 

both liquid fuels and chemicals, including precursors for polymers, has driven interest in 

development of alternative ways to produce functionally equivalent products from coal or 

other feedstocks.  Much of this effort has focused on technologies such as gasification, 

liquefaction, and pyrolysis, all of which ultimately depend on reductive bond cleavage to 

break up the macromolecular structure of the coal.  Oxidative Hydrothermal Dissolution 

(OHD) is a direct coal-to-liquids technology developed by Dr. Ken B. Anderson at 

Southern Illinois University Carbondale (SIUC), with funding support from the Illinois 

Clean Coal Institute (ICCI).  OHD is novel in its approach and can generate high-value 

chemicals or fuel through complete dissolution of organic material by oxidative bond 

cleavage, requiring only water and oxygen in the process.  This can be accomplished in 

short residence times (normally less than 45 seconds) at subcritical temperatures and 

pressures, requiring no additional catalyst, solvent, or intermediate (gasification) step.  

The approach has the potential to launch a coal-to-liquids industry in Illinois to promote 

further utilization of the state’s vast coal reserves for production of high value products. 

 

OHD reacts insoluble coal with small amounts of molecular oxygen in subcritical liquid 

water at an elevated temperature.  This leads to the break-up of the coal structure via 

oxidative cleavage, generating a distribution of low molecular weight (<500 Da) water 

soluble products.  Under hydrothermal conditions (elevated pressure and temperature), 

the solubility of these organics can be very high.  Coal-derived OHD products consist 

almost exclusively of aromatic products, indicating that oxidation of ring clusters has 

occurred.  The distribution is predominantly aromatic products as mono- and poly- 

carboxylic acids, with added functionality in the form of methoxy- or hydroxy- functional 

groups.  As the process uses only water and oxygen, it is inherently environmentally 

friendly.  No expensive reactor setup is required, and minimal CO2 is produced, an 

attractive feature for emerging technologies in a carbon-constrained industrial 

environment.  No NOX or SOX gasses are released during the OHD process.  Sulfur, 

mercury, arsenic, and other trace elements either remain associated with inorganic 

minerals, or are retained in the liquid phase, where they may then be processed or 

captured using conventional wastewater treatment strategies. 

 

From 70 to 100% conversion, with high recoveries, have been readily achieved at the 

laboratory-scale, where the OHD process has been studied for a number of years.  

Preceding bench-scale research began at SIUC in 2005 by the inventor and lead 

investigator Dr. Ken Anderson.  This was accomplished until 2011 through ICCI-funded 

projects 05-1/5.1A-1 and 06-1/6.1A-1 (Oxidative Hydrothermal Dissolution of Illinois 

Coal), 07-1/7.1B-1 (Environmentally Benign Production of High Value Chemicals from 

Illinois Coal), and 08-1/US-8 (Characterization of Product Streams from the OHD Coal 

Conversion Process).  Preliminary proof-of-concept studies were first carried out using 

micro-scale semi- and fully continuous flow reactors capable of processing from a few 

milligrams to a few grams of coal.  These reaction systems have been used for 

investigating product distributions and effects of key process variables, including 

temperature, pressure, oxidant loading, and reaction time.  At this scale, however, only 
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small amounts of OHD product (milligram to gram quantities) can be isolated from the 

aqueous solution for lab analysis.    

To facilitate further development of the OHD technology, Thermaquatica Inc. was 

established in late 2010 as a spin-off company, with the support of the university.  SIUC 

first filed for IP protection of OHD technology through International (PCT) Patent 

Application No. PCT/US10/23866, based on US Provisional Application No. 61/151,677 

filed February 11, 2009, entitled: “Process for the Dissolution of Coal, Biomass, and 

other Organic Solids in Superheated Water.”  Derived patents are now issued and 

pending in multiple jurisdictions around the world.  Thermaquatica holds exclusive 

licensing rights for the OHD process.  The work herein represents a crucial step towards 

commercialization, through developing and constructing a fully continuous pilot-scale 

OHD plant (up to 5 kg/hr coal feed).  The completion of this process development unit 

(PDU) allows for increased product generation, economic and energy analyses, future 

studies, and proof-of-concept at the scale required by potential end-users.  Useful 

engineering data can be extracted which could be used to design a full commercial-scale 

OHD plant(s), and with quantities sufficient for further testing, development of more 

complex layers (or modifications) to the base PDU model would be possible.  For 

example, strategies for in-situ product functionalization, refinement, and isolation could 

be verified for the recovery of fuels or other high value chemical feedstocks from OHD 

product streams. 

The objective of the current work was to develop and fabricate the base pilot-scale (PDU) 

system for demonstration of the first stage scale-up as well as for the production of raw 

aqueous OHD product (“liquor”) in sufficient quantities for evaluation or refining.  The 

system was designed to maintain steady-state control over all important variables, 

including pressure, temperature, mass flow rates, residence time, mixing, and 

concentration adjustments in feed streams over the desired range of operating conditions.  

Along with the ability to test multiple reactor sizes and configurations, initial water and 

thermal recycle loops were integrated into the fabricated PDU.  Initial engineering 

designs and target specifications for the plant were modeled from previous lab-scale 

models and findings.  It was determined that a 5 kg/hr (11 lb/hr) processing rate of 

Illinois coal would be adequate for demonstration purposes, based on which the pilot unit 

and equipment was sized.  
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