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ABSTRACT 
 
A new process has been developed as a joint collaboration between PETRONAS Research 

and QUILL, and covers the removal of mercury from natural gas feeds. The process utilises ionic 
liquids to provide a novel active site for mercury capture. The approach incorporates two key aspects: 
(i) custom design of ionic liquids with a dual functionality to both oxidise and capture mercury, and (ii) 
impregnation of the ionic liquids on an inert porous support as solid-supported ionic liquids, SSILs. 
This allows them to be used directly in existing MRU plants without requiring any changes to process 
operation, or additional costs associated with plant modification. The efficiency of the SSIL has been 
explored in direct comparison with commercial sulfur-impregnated activated carbons and, in laboratory 
trials, increases in bed life-time of up to five-fold have been observed. 

 
 



TABLE OF CONTENTS 
 
i Abstract 

1 Mercury in the Petroleum Sector 

1.1 Mercury compounds and speciation in oil and gas streams 

1.2 Mercury removal technologies 

2 Ionic liquids in the petroleum and petrochemical industries 

3 Ionic liquids for mercury removal 

3.1 Batch screening from hydrocarbons 

3.2 Reactive extraction using ionic liquids containing oxidising anions 

4 Scrubbing elemental mercury from gas streams with SSILs 

4.1 Heterogenisation as solid supported ionic liquids (SSILs) 

4.2 Bench-scale testing of SSILs for mercury removal 

5 Outcomes 

 

References 

1. List of References 

2. List of Figures 

3. List of Abbreviations 



MERCURY REMOVAL FROM GAS STREAMS USING NEW 
SOLID ADSORBENTS 

 
1   MERCURY IN THE PETROLEUM SECTOR 
 
1.1   Mercury compounds and speciation in oil and gas streams 

Most naturally-occurring hydrocarbons contain low levels of mercury.1 Depending on the 
geological locations, mercury normally exists in natural gas in small quantities as either elemental 
mercury or mixtures of volatile elemental and organomercury compounds with typical concentrations in 
the range 0.1-200 µg m-3. However, levels as high as 4400 µg m-3 have been reported. Mercury is 
harmful to human health and the environment, destructive of process equipment through corrosion, 
liquid metal embrittlement of aluminium heat exchangers, and also acts as a catalyst poison. Even 
though the concentrations of mercury can be very low, accumulation within process units via 
condensation, chemical reactions and amalgamation can occur.  

 
1.2   Mercury removal technologies 

Mercury removal from natural gas streams is becoming more challenging because of the need 
to reduce elemental, ionic and organomercury species to very low levels.  A number of technologies 
are commercially available to reduce mercury contents in hydrocarbon feedstocks and products to 
meet the specifications for downstream processing.2 The most common of these for treating petroleum 
gas and liquid feeds use packed beds of activated carbon impregnated with a catalyst, e.g. sulfur (for 
gasses) or iodide (for liquids).  Alternative processes include metal sulfides on alumina, and molecular 
sieves incorporating silver.  However, not all systems are capable of treating the full range of mercury 
species in a single treatment.  

The reactions by which mercury is removed are usually rapid, and high levels of mercury are 
absorbed into the packed bed. However, there are drawbacks: 

 
• Elemental sulfur is soluble in hydrocarbons, particularly in aromatics, which restricts the use of 

sulfur-impregnated carbons to gas scrubbing. 
 

• Potassium iodide impregnated carbons are sensitive to the presence of moisture, requiring 
careful plant control and placement of drying units before the mercury removal unit (MRU).  

 
More recent developments have looked at inorganic routes for the removal of mercury from 

gaseous and liquid hydrocarbons based on the reactivity of mercury with some mixed-valence metal 
sulfides to form mercury(II) sulfide. These inorganic materials are more expensive than traditional 
activated carbons, but have a number of advantages including: 

 
• The spent mercury absorbent can be recycled through metal smelters.  

 
• There is little risk of sulfur migration by sublimation or dissolution.  

 
 
2  IONIC LIQUIDS IN THE PETROLEUM AND PETROCHEMICAL INDUSTRIES 

 
Ionic liquids3 are liquids composed solely of ions (see Figure 1), in contrast to conventional 

solvents comprised of covalent molecules, and these, combined with their resultant electrical 
conductivity,4 are the defining characteristics of ionic liquids.  Their other general properties, such as 
little or no measurable vapour pressure, have provided the impetus for the investigation of ionic liquids 
as solvents and catalysts for green chemistry.  Most ionic liquids possess a majority of the following 
properties: 

 
• Wide liquid ranges (typically over 300 °C) 
• High thermal stability 
• Non-volatility at room temperature 
• Non-flammability of the bulk liquid 
• Controllable co-miscibility with a range of fluids and gasses (including, by design, immiscibility 
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