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Introduction 

Mercury, both elemental and in compound form, has been detected and reported in petroleum fluids 

from a number of locations, particularly the Netherlands and Germany, but also in Canada, USA, 

Malaysia, Brunei, and latterly in the North Sea and Australia. This can give rise to both toxicological and 

equipment corrosion problems. Under certain conditions mercury may react with aluminium process 

equipment, forming an amalgam, which can lead to corrosion [1]. It is therefore important, if the 

conditions leading to corrosion are likely to be encountered, to be able to predict, for a given gas or gas 

condensate stream, when liquid mercury will be present and how much liquid mercury will form as it is 

the presence of sufficient quantities of liquid mercury that causes corrosion. 

Infochem, now part of KBC Process Technology, has been involved in mercury modelling since 1995 

when we carried out a study for a North Sea development where we looked at a number of units in the 

process and carried out flash calculations to determine how the mercury will partition. The objectives of 

that study were: 

 To estimate the levels of mercury in the gas leaving the platform and to assess the partitioning of 

any organic mercury compounds between the gas and condensate. 

 To examine the likelihood of mercury forming a separate phase in the gas pipeline or in a JT system 

or a turboexpander. 

The mercury model was originally developed using open literature and proprietary data on mercury 

solubility in gases, hydrocarbon liquids and water. The model includes elemental mercury and two 

organo-mercury compounds: dimethyl mercury and diphenyl mercury. Since then we have further 

developed the model and its parameters in the course of many similar projects for oil companies and 

contractors. One high profile application was when we worked as expert witnesses for the CATS 

consortium in their litigation with Enron. We commissioned new measurements during that work in order 

to model partitioning with TEG. The fate of mercury in the TEG dehydrator was one of the topics that 

we modelled. 

More recently we have extended the model to include BTEX compounds and MEG. There is data for 

BTEX but we had to estimate parameters for MEG based on molecular structure group contributions by 

analogy with DEG and methanol. 

The main features of the Infochem/KBC mercury model for predicting the mercury solubility and its 

distribution between natural gas, condensate and water phases include: 

 How much mercury will be present in a gas or gas condensate at given conditions of temperature, 

pressure and composition? 
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 The temperature at which mercury will drop out of a gas or gas condensate at a given pressure and 

composition. 

 How much mercury there must be in a gas or gas condensate, at a given temperature and pressure, 

before a separate liquid or solid mercury phase will form. 

The development and validation of the model are discussed in the following sections. 

Model Development 

In order to predict the solubility of mercury in natural gases and condensates, and the distribution of 

mercury between gas, condensate and water phases, a model has been developed based on an 

equation of state (EOS). The Infochem mercury model can be used with three different equations of 

state since Multiflash 4.2: RKSA (Redlich–Kwong-Soave “Advanced”), PRA (Peng-Robinsson 

“Advanced”) and CPA-Infochem (Cubic Plus Association). All of these equations of state are in-house 

optimized models of the standard RKS[8], PR and CPA models [9]. 

Each of these equations of states is more suitable in specific conditions. For example, for mixtures 

containing polar compounds or significant amount of water, the CPA-Infochem model is the most 

suitable model. This thermodynamic model is more appropriate for describing aqueous systems, while 

keeping the good performance for gas and condensate phases. The standard RKS and PR equations 

are widely used in the oil and gas industry and the advanced form allows adjustment of one of their 

parameters (the a  parameter) to reproduce correctly the vapour pressure of the pure components in a 

mixture. Correct implementation of these equations of state models has been checked against a variety 

of data during standard Quality Assurance procedures. 

The Infochem Multiflash package [2] has been developed and tested over the last 25 years and is widely 

used in the oil and gas industry. Multiflash is unusual in being a multiphase program, which means it 

can handle simultaneously any number of phases of any type. The phases may be vapour, hydrocarbon 

liquid, aqueous, liquid mercury or solid mercury or other solids, and the software will determine which 

phases will be present under any set of input conditions and the amount, composition and properties of 

each phase. The phases may have widely differing properties but Multiflash allows each to be described 

by a different thermodynamic model. This, combined with the ability to carry out flash calculations for a 

wide range of input conditions, means that Multiflash™ can be used to tackle some of the more 

intractable industrial problems. 

Natural gases are made up of several different components present in differing amounts and are 

therefore commonly referred to as multicomponent mixtures. Each of the components will interact with 

the other compounds in the mixture and these interactions will determine how the gas behaves under 

different conditions, e.g. different combinations of temperature and pressure. In order to develop a 

model that can describe how the gas mixture behaves as a whole, each possible binary pair of 

components is considered in turn. Experimental data for each binary pair is sought from the literature 

or measured if necessary. The model is then used to calculate the behaviour of the two component 

mixture. If it does not do this accurately then factors (numbers) are introduced which can modify the 

model predictions until they do match the experimental data. Such adjustable parameters for 

thermodynamic models are often referred to as binary interaction parameters and, in mathematical 

descriptions of the model, by the notation kij. The process of adjusting the model to represent accurately 

the experimental data is referred to as fitting or regressing the data. The model then combines these 

binary “building blocks” to predict properties for the total mixture. 
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For the normal components of natural gas the interaction parameters which allow the model to represent 

its behaviour have already been determined and stored as part of the Multiflash software. However, in 

order to calculate the solubility of mercury in natural gases and gas condensates the model must first 

be fitted to experimental solubility data for possible binary mixtures likely to be encountered e.g. mercury 

with pure hydrocarbons and water. This fitting procedure provides interaction parameters, which when 

used with the equation of state, correctly reproduce the experimental data. In the development of the 

Infochem mercury model only data for binary mixtures obtained under controlled laboratory conditions 

were used for fitting. Provided sufficient experimental data for the solubility of mercury in pure 

hydrocarbons are available for regressing the interaction parameters, this should enable reliable 

predictions to be made for mercury solubility in multicomponent gas and condensate streams. 

Proprietary field data for multicomponent oil and gas systems, made available to Infochem as part of 

the model development programme, were used to validate the model by comparing predicted and 

measured data. 

Mercury in Petroleum 

Some comments have been found in the literature regarding the proportion and mature of mercury 

species in petroleum fluids. Carpenter [13] states that “most of the mercury in gas is elemental mercury, 

while most of the mercury in condensate is oraganomercury compounds and entrained liquid mercury”. 

Phannestiel et al. [3] report that most if not all mercury in natural gas is the elemental form and no 

natural gas processing plant problems are suspected to have been caused by organic or inorganic 

mercury compounds. Bingham [40] reports that mercury reacts with iron oxide, in the presence of H2S 

as a catalyst, to form mercurous sulphide which is absorbed onto the wall of steel pipes. Bodle et al. [1] 

report that all the mercury in the natural gas to an LNG plant in Sumatra was in elemental form, in a 

gas which had up to 70 ppm of H2S. Phannestiel et al. [3] report that 2 to 5 percent of total mercury in 

American natural gas was organic mercury. Sarrazin et al. [5] state that mercury in natural gas in 

generally in metallic form, while mercury in condensates is present in elemental, ionic and 

organometallic forms. Tests on a proprietary North Sea condensate showed that elemental mercury 

was 56 weight percent of the total. Suspension of inorganic mercury salts such as mercuric sulphide in 

produced water from a highly sour well has also been reported. 

It is generally agreed that mercury in natural gas is almost all in elemental form, but in condensates and 

petroleum liquids organomercury compounds are significant and may be the predominant form of 

mercury. Sarrazin et al. [5] report that most of the mercury in a South East Asian condensate is in the 

naphtha and kerosene fractions (boiling point 36 to 170 oC). Carpenter [13] reported that mercury 

accumulates in condensate and in liquid gas-treating chemical because of its greater solubility in higher 

molecular weight streams. During processing of Gronigen natural gas, more than half of the gas phase 

mercury accumulates at the bottom of the glycol absorber. 

Experimental Data 

Pure Component Data 

In order to incorporate mercury and its compounds into a predictive EOS model, some basic physical 

property data are required, essentially the vapour pressure as a function of temperature and the critical 

pressure and temperature. Mercury is available in the DIPPR databank [7] as its properties are well-

defined, and the relevant parameters were obtained from this source. The ability of the RKSA equation 

to reproduce the experimental vapour pressure data is demonstrated in Figure 1. 
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Solubility Data Literature Search 

A literature search was conducted for experimental data for the solubility of mercury in hydrocarbons. 

Such data provide the framework for fitting binary interaction parameters (kij) for the EOS model. 

Generally solubility data for mercury in hydrocarbon systems were sparse and covered only a limited 

temperature range. Some the mercury solubility experimental data used in model development are 

summarised in the following sections. 

Mercury in Liquid Hydrocarbons 

A reasonable amount of data for the solubility of elemental mercury was obtained, from the International 

Union for Pure and Applied Chemistry (IUPAC) data series [6]. This series collects together solubility 

data for a wide range of systems and the data is then reviewed by an expert and an overall set of data 

recommended. Unfortunately no data are available for solubility in any liquid hydrocarbons lighter than 

n-pentane. Binary interaction parameters (kij) were fitted for mercury plus n-pentane, n-hexane, n-

heptane, n-octane and n-decane. A comparison of the fitted data to experimental information is shown 

in Figures 3 to 7. 

The fitted kij (kij set 1) were plotted as a function of molecular weight (Figure 8). A smoothed curve 

through the points was used to estimate kij for lighter alkanes and for heavier alkanes and petroleum 

fractions. 

Mercury in Pure Gases 

Data for the solubility of mercury in gases are also limited [6] and often do not cover wide temperature 

range. Data for nitrogen and argon at 45 C were fitted. Data for propane and butane only cover a high 

temperature range but the pressures are consistent with those for the typical process. No data were 

found for methane or ethane, which are the most important components for natural gas calculations. 

A plot of kij against molecular weight for alkanes, argon and nitrogen, shown in Figure 9, was used to 

estimate a second set of values for kij of light gases (kij set 2). When generating this second set of 

parameters it was assumed that there is a change of slope for the vapour-liquid-equilibrium (VLE) region 

(i.e. mercury in gases), compared with the liquid-liquid equilibrium (LLE) region (i.e. mercury in liquids). 

This set of binary interaction parameters are the most conservative as they predict the lowest solubility 

of mercury in methane. This leads to the calculation of the highest drop out temperatures for mercury, 

which leads to the lowest concentration of mercury needed in the inlet gas for drop out to occur. 

Solubility of Mercury in MEG/TEG/DEG/Methanol 

A Literature review has been performed to determine any available measurements for solubility of 

mercury in MEG and TEG. So far as we are aware, no one has ever measured the solubility of mercury 

in MEG. Measurements have been made for the solubility of mercury in water, methanol [10], DEG [11] 

and TEG [12]. Since no measurement was found in the public domain for mercury and MEG, therefore 

it was required to create a model for mercury partitioning into MEG. We have used the UNIFAC model 

to estimate the likely solubility of mercury in MEG. UNIFAC is an activity coefficient model which is 

usually used to model any combination of polar and non-polar compounds including those exhibiting 

very strong non-ideality. The UNIFAC model may be used for vapour-liquid, liquid-liquid and vapour-

liquid-liquid calculations. In this model phase behaviour is predicted based on the molecular group 

structure of the components in the mixture. 
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In order to use UNIFAC for mercury-MEG mixture, a model has been set up with mercury as an own 

group, which been fitted to solubility data for mercury in methanol and DEG. Methanol, DEG and MEG 

have been defined with some common UNIFAC group structures in order to be have similar chemical 

basis. The groups (CH3, OH), (CH2, OH, CH2O) and (CH2, OH) were used to define methanol, DEG 

and MEG respectively. Since methanol, DEG and MEG have some common group structures therefore 

it was possible to predict the mercury-MEG solubility which is then used to fit interaction parameters of 

chosen EoS models to simulate Mercury-MEG data. 

Figures 11 to 13 show the model predictions for the solubility of mercury in pure TEG and also in TEG 

and water mixtures. Figures 14 and 15 show the Comparison of experimental data for the solubility of 

mercury in pure DEG with calculations using the RKSA model. 

Solubility of Mercury in Natural Gas 

Very little information is available for the solubility or dropout temperature of mercury in natural gas. 

The Groningen field in the Netherlands is rich in mercury, with wellhead gas at 100 C and 334 bar 

containing 180 microg/m3. It was discovered that when the gas temperature was lowered to -12 C at a 

pressure of 72.6 bar, mercury condensed out [1]. The exact composition of Groningen gas referred to 

is not available, but typically it contains about 85 mole% methane and 5 mole% ethane. Using the binary 

interaction parameters based on VLE as well as LLE data, a mercury dropout temperature of -8.7 C 

was predicted. This is consistent with the Groningen observations as predicted mercury drop out 

temperatures represent the theoretical limit at which a separate mercury phase will form. In practice an 

observable amount of mercury will need to be present before a drop out temperature is recorded. 

As a natural gas is processed operational conditions are likely to occur, e.g. raised pressure or reduced 

temperature, which will cause the gas to split into two phases, a gas and a liquid. If mercury is present 

in the original gas it will now distribute between the gas and liquid phases and the Infochem model can 

describe this distribution. Infochem was unable to discover any laboratory data, i.e. data measured 

under controlled laboratory conditions, for mercury distribution between gases and condensates 

(liquids) nor were any detailed descriptions for field data found in the public domain. However, 

confidential proprietary data for some fields were made available to Infochem by several companies for 

comparison with model predictions. Figure 10 shows a plot of vapour-liquid K values (the ratio of gas 

mole fraction(Hg)/liquid mole fraction(Hg)) against pressure for proprietary field data obtained at 

temperatures within 20 C  10 C. This proprietary field data consists of measured amounts of mercury 

in gas and condensate, assumed to be in equilibrium. The experimental measurements vary 

considerably even for the same sample studied over a period of time. 

Calculated vapour-liquid K values using Multiflash, for elemental mercury in a typical North Sea 

condensate, are shown for comparison. The model predictions for pressures above 20 bar are very 

reasonable. 

Figure 10 shows model predictions rising rapidly at low pressures. This behaviour is not specific to the 

Infochem model but is caused by incorporating a fundamental law of thermodynamics which would be 

reflected in any model - as zero pressure is approached the K value tends to infinity. At pressures below 

20 bar, the experimental data shows a very wide scatter (up to two orders of magnitude) but the model 

predictions lie within the range of the data. 
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Thermodynamics, Dynamics and Kinetics 

All thermodynamic calculations using Multiflash assume that equilibrium is reached. In practice this is 

the most conservative assumption. The initial process units constitute a fairly simple process. Provided 

that thermodynamic calculations are carried out for the boundaries of likely operating conditions and 

these are not hugely different then it is unlikely that at intermediate operating conditions the properties 

under consideration would be discontinuous and other than intermediate to those at the boundary 

conditions. 

Thermodynamic calculations assume, for instance, that immediately the conditions for mercury drop-

out are reached, mercury in solid or liquid form will nucleate and be present as that phase. This takes 

no account of the kinetics of the process - how long the phase will take to form. In many such processes 

there is a degree of super-saturation. For this particular process there is also the factor of low mercury 

concentration and the need for any nuclei to coincide to form any significant amount of mercury. 

Conclusions and Recommendations 

In general, based on the feedback of the projects that Infochem was involved in mercury distribution 

modelling, Infochem mercury model predictions for gas/condensate mercury partitioning seem 

reasonably consistent with experimental measurements and field data, given the large degree of 

uncertainty in most of the reported measurements in the literature. 

As far as we know no experimental data have been published for the solubility of mercury in methane 

or ethane, the main components of natural gas. The binary interaction parameters for these are 

therefore based on our correlation.  

It would be enormously beneficial for laboratory scale experiments to determine the solubility of mercury 

compounds in well-defined hydrocarbon fluids to be carried out. Field measurements have some value 

but are relatively expensive, may not be at equilibrium and are prone to fluctuations with time. Data for 

the solubility of elemental mercury in liquid hydrocarbons are already quite substantial, but 

measurements for solubility in gaseous methane and ethane would be invaluable. 
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APPENDIX - FIGURES AND REFERENCES 
 

 

Figure 1: Comparison of vapour pressure of mercury as represented by the RKSA equation 
of state to the experimental data from the DIPPR databank 

 

 

Figure 2: Comparison of experimental data for the solubility of mercury in water with 
calculations using the RKSA model, data from Clever et al [6]. 
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Figure 3: Comparison of experimental data for the solubility of mercury in pentane with 
calculations using the RKSA model 

 

 

Figure 4: Comparison of experimental data for the solubility of mercury in hexane with 
calculations using the RKSA model 
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Figure 5: Comparison of experimental data for the solubility of mercury in heptane with 
calculations using the RKSA model. 

 

 

Figure 6: Comparison of experimental data for the solubility of mercury in octane with 
calculations using the RKSA model 
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Figure 7: Comparison of experimental data for the solubility of mercury in decane with 
calculations using the RKSA model. 

 

 

Figure 8: Interaction parameters for mercury with alkanes based on liquid-liquid equilibrium 
data only (kij set 1) 
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Figure 9: Interaction parameters for mercury with alkanes based on liquid-liquid and vapour-
liquid equilibrium data (kij set 2) 

 

 

Figure 10: Calculated K values for gas/condensate (RKSA) compared to field data 
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Figure 11: Solubility of mercury in TEG, water and hexane 

 

 

Figure 12: Comparison of experimental data for the solubility of mercury in pure TEG with 
calculations using the RKSA model 
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Figure 13: Comparison of experimental data for the solubility of mercury in pure TEG/Water 
mixture, 96%/4% by volume with calculations using the RKSA model. 

 

 

Figure 14: Comparison of experimental data for the solubility of mercury in pure Methanol 
with calculations using the RKSA model 
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Figure 15: Comparison of experimental data for the solubility of mercury in pure DEG with 
calculations using the RKSA model 
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About KBC 

KBC Advanced Technologies is a leading consultancy and software provider to the global hydrocarbon 

processing industry. With over 30 years of experience, KBC combines industry leading technology with 

experienced engineers and operations personnel using robust methodologies to create personalised, 

sustainable solutions for its clients. 

For more information, visit www.kbcat.com. 

To contact any of our offices, please visit http://www.kbcat.com/locations. 
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