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Chemical Absorbent Composition 

The present invention concerns absorbent compositions which may be useful for removing 

halide species from hydrocarbon process streams. 

Absorbents for use as halide guards have been widely used for many years. US 5,897,845 

5 describes absorbent granules comprising an intimate mixture of particles of alumina 

trihydrate, 0.5 to 2 parts by weight of particles of a sodium component selected from the 

group consisting of sodium carbonate, sodium bicarbonate and mixtures thereof per part by 

weight of said alumina trihydrate and from 5 to 20% by weight of a binder, said alumina 

trihydrate, sodium component and binder being present in such proportions that, after ignition 

10 of a sample of the granules at 900 °C, the sample has a sodium oxide, Na20, content of at 

least 20% by weight. Processes for manufacturing and using such absorbent granules are 

also described. W02007061607 describes a composite sorbent which is the reaction product 

of a solid alkali metal carbonate, rehydratable alumina and water or an aqueous solution of a 

metal salt. The reaction between the components occurs while forming particulates followed 

15 by curing and activation at high temperatures. The composite sorbent comprises 10-25 

mass% of Na20. There is a need for improved absorbent compositions which exhibit high 

capacity for chloride absorption and stability in use. 

According to the invention we provide a particulate composition for use in removing 

halogenated compounds from a hydrocarbon-containing process stream, said composition 

20 comprising a metal carbonate and/or a metal bicarbonate and a compound of aluminium, 

characterised in that the weight ratio of metal carbonate plus metal bicarbonate compounds to 

said compound of aluminium is at least 3:1. 

The weight ratio of metal carbonate plus metal bicarbonate compounds to the compound of 

aluminium may be at least 4:1. The metal carbonate and/or bicarbonate compounds are 

25 present and calculated as solid compounds. The ratio of metal carbonate/ bicarbonates to 

aluminium compounds is particularly high compared with the prior art absorbents and is very 

effective in providing a high capacity for chloride. It is surprising that the relative proportion of 

carbonate and bicarbonate may be so high, since it would be expected that the strength of the 

material would prove to be too low for practical uses. We have found that the compositions 

30 provide absorbent particles which are at least as strong and resistant to attrition as some prior 

commercial absorbents. 

By "metal carbonate" we mean a metal compound in which the anion is a carbonate (CO3) 

anion. By "metal bicarbonate" we mean a metal compound in which the anion is a hydrogen 

carbonate (HCO3) anion. The metal carbonate may be an alkali metal carbonate or an 

35 alkaline earth metal carbonate, in particular potassium carbonate, calcium carbonate or 

sodium carbonate (Na2CC>3), including hydrated forms such as sodium carbonate 
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decahydrate, heptahydrate and monohydrate. Highly hydrated sodium carbonate tends to 

have a significantly lower melting point than monohydrate or anhydrous sodium carbonate 

and therefore these less hydrated forms may be preferred because they are easier to handle. 

The metal bicarbonate may be an alkali metal bicarbonate or an alkaline earth metal 

5 bicarbonate, in particular potassium bicarbonate or sodium bicarbonate (NaHCC>3). The 

composition may contain a mixture of a metal bicarbonate and a metal carbonate. When the 

composition comprises both sodium carbonate and sodium bicarbonate, the sodium 

compounds may be present in the form of sodium sesquicarbonate, which is a natural 

material containing approximately equal amounts of carbonate and bicarbonate. Other forms 

10 of carbonate and bicarbonate materials may be used, including other naturally occurring 

materials and hydroxycarbonate materials. The amount of metal carbonate in the total 

amount of metal carbonate plus metal bicarbonate may be 0 - 75% by weight. In certain 

embodiments of the invention, the amount of metal carbonate in the total amount of metal 

carbonate plus metal bicarbonate may be 30 - 60% by weight. The composition, after ignition 

15 of a sample at 900 °C, may have a sodium oxide, Na20, content of at least 20% by weight, 

and may be at least 25% by weight, especially at least 30% by weight. 

The compound of aluminium is preferably an oxide or hydroxide of aluminium, such as an 

alumina, including a transition alumina, or a hydrated alumina. The compound of aluminium 

may be hydrated alumina, for example alumina trihydrate (AI(OH)3) or AI2O3 3H2O or 

20 aluminium oxide-hydroxide (AIO(OH)) or AI2O3 H2O. Hydrated alumina is available in different 

forms, for example boehmite, Gibbsite, hydrargillite, bayerite, and known by different 

nomenclatures such as Y-AIO(OH), a-AI(OH)3, p-AI(OH)3 and Y-AI(OH)3. Optionally a 

transition form of alumina may be present. Transition aluminas are formed by the partial 

dehydration of alumina trihydrate or boehmite; different transition aluminas being formed at 

25 different stages of dehydration. 

The composition may further comprise a binder. Suitable binders include clay materials, for 

example sepiolite or attapulgite, and cements such as calcium aluminate cement. The 

amount of binder in the composition, if present, may be such as to give a weight ratio of 

aluminium compound to binder of 0.5 - 2 : 1. 

30 As an example of the composition of the invention, we have found that a composition 

comprising about 75%wt sodium bicarbonate, 12.5%wt alumina trihydrate and 12.5%wt of 

attapulgite clay provides a high capacity for chloride removal. Such a composition has a 

sodium oxide content of at least 45%wt by weight after ignition of a sample at 900 °C. 

As a further example of the composition of the invention, we have found that a composition 

35 comprising about 50%wt sodium bicarbonate, about 25%wt sodium carbonate, about 

16.7%wt alumina trihydrate and about 8.3%wt of attapulgite clay provides a high capacity for 

chloride removal. 



WO 2017/021684 PCT/GB2016/052099 

3 

The absorbent composition preferably has a surface area, as measured by B.E.T. methods, 

of at least 5 m2g~1, more preferably at least 10 m2g~1. 

The composition is preferably provided in the form of particles having an average size 

(diameter or equivalent dimension) of at least 0.2mm, preferably 0.8mm, more preferably at 

5 least 1mm. The particle size range is preferably 0.2mm to 10mm, more preferably 2 to 5mm. 

The particles typically have a minimum dimension which is < 10mm, particularly < 5mm. The 

particle size may be determined using conventional methods. The particles may be in the 

form of granules, agglomerates, spheres, cylinders, rings, saddles or another shape. The 

particles may be formed by granulation, tabletting or extrusion. When we refer to a particulate 

10 absorbent composition, we mean that the particles of absorbent include all of the ingredients 

of the composition, and not that particles of each of the ingredients is used separately. 

In one embodiment, the ingredients of the composition, i.e. the solid metal carbonate and/or 

metal bicarbonate compounds, the compound of aluminium and the binder, if present, are 

mixed together in the presence of a liquid such as water to form granules. The granules are 

15 then dried at a temperature which is less than 120 °C, usually in the range 25 - 90 °C, 

especially 30 - 65 °C. The dried granules may be classified, e.g. by sieving, to remove fines 

and over-sized particles. The dried particles may be subjected to a heat treatment, or 

calcination. Such calcination may decompose the metal carbonate or metal bicarbonate to 

form the oxide. If this step is carried out, the calcination temperature is usually less than 
20 600 °C, for example 300 - 550 °C. 

The absorbent composition is useful for removing halogenated compounds from a 

hydrocarbon-containing process stream. The halogenated compounds may be organic 

halides such as alkyl-halides (RCI, where R is a hydrocarbon), or inorganic halides such as 

hydrogen chloride, HCI. In particular the absorbent may be used for the removal or organic 

25 chlorides and/or HCI. The removal of organic halides and/or inorganic halides from 

hydrocarbons is practiced in particular in petroleum refineries. Therefore a preferred 

hydrocarbon stream is a refinery process stream. The hydrocarbon stream may be in the 

liquid or the gas phase. 

The invention will be further described in the following examples. 

30 Example 1 

Granules of a composition according to the invention were prepared by mixing powders of 

sodium bicarbonate, alumina trihydrate (gibbsite) and a binder (attapulgite clay) in the weight 

ratio 6:1:1. The powders were formed into granules using a planetary (Hobart) mixer by 

adding water. The resulting granular material was dried in air in an oven at 25°C (or at 90°C -

35 see Table 1). The granules were then sieved to a size fraction of 2 - 4.8 mm and tested for 

chloride capacity as described in Example 4 below. 
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Example 2 

Granules of a composition according to the invention were prepared by mixing powders of 

sodium bicarbonate, sodium carbonate, alumina trihydrate (gibbsite) and a binder (attapulgite 

clay) in the weight ratio 6:3:2:1. The powders were formed into granules using a planetary 

5 (Hobart) mixer by adding water. The resulting granular material was dried in air in an oven at 

30°C (or at 90°C - see Table 1). The granules were then sieved to a size fraction of 2.8 - 4.8 

mm and tested for chloride capacity as described in Example 4 below. 

Example 3 (comparative) 

Granules of a composition according to the invention were prepared by mixing powders of 

10 sodium bicarbonate, alumina trihydrate and a binder in the ratio 55:45:11. The powders were 

formed into granules using a Hobart mixer and adding water. The resulting granular material 

was dried in air in an oven at 25°C (or at 90°C - see Table 1). The granules were then sieved 

to a size fraction of 2 - 4.8 mm and tested for chloride capacity as described in Example 4 

below. 

15 Example 4: Chloride saturation test 

10 ml samples of each of the absorbent granules made in Examples 1 and 2 were tested 

separately for HCI absorption characteristics by passing hydrogen containing 1% HCI by 

volume at atmospheric pressure and about 20 °C for 22 hours through the sample. The gas 

flow rate was set to 45 litres/hour, giving a GHSV of 4,500 hr1. The samples are then ground 

20 up and tested for chloride content using a commercially available chloride analyser 

(Sherwood Scientific Ltd). Prior to analysis the ground samples are reacted in nitric 

acid/water mixture to prevent the formation of Ag salts which would otherwise interfere with 

the chloride analysis. 

Table 1 

Sample Drying T (°C) CI" (%) 
Example 1 25 40.4 
Example 1 90 28.3 
Example 2 30 39.1 
Example 2 90 33.6 
Example 3 (comp) 25 26.3 
Example 3 (comp) 90 12.7 
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Claims 

1. A particulate composition for use in removing halogenated compounds from a hydrocarbon-

containing process stream, said composition comprising: 

(a) a metal bicarbonate and optionally a metal carbonate, wherein the said metal carbonate 

is selected from an alkali metal carbonate or an alkaline earth metal carbonate, wherein the 

said bicarbonate is selected from an alkali metal bicarbonate or an alkaline earth metal 

bicarbonate, and 

(b) a compound of aluminium selected from an alumina or a hydrated alumina,  

characterised in that the weight ratio of metal carbonate plus metal bicarbonate compounds 

to said compound of aluminium is at least 3 : 1, wherein the amount of metal carbonate in 

the total amount of metal carbonate plus metal bicarbonate is 0 – 75% by weight. 

2. A particulate composition as claimed in claim 1, wherein the weight ratio of metal carbonate 

plus metal bicarbonate compounds to said compound of aluminium is at least 4 : 1. 

3. A particulate composition as claimed in claim 1 or claim 2, wherein the metal carbonate is 

selected from potassium carbonate, calcium carbonate or sodium carbonate. 

4. A particulate composition as claimed in any one of claims 1 to 3, wherein the metal 

bicarbonate is selected from potassium bicarbonate or sodium bicarbonate.   

5. A particulate composition as claimed in any one of the preceding claims, wherein the 

composition contains a mixture of a metal bicarbonate and a metal carbonate. 

6. A particulate composition as claimed in any one of the preceding claims, wherein the amount 

of metal carbonate in the total amount of metal carbonate plus metal bicarbonate is 20 – 

60% by weight. 

7. A particulate composition as claimed in any one of the preceding claims further comprising a 

binder.   

8.  A method of forming a particulate composition as claimed in any one of the preceding 

claims comprising the steps of mixing together   

a. metal carbonate and/or metal bicarbonate compounds,  

b. a compound of aluminium and  

c. optionally a binder,  

in the presence of water and forming the mixture into particles.   

 

9.  A method as claimed in claim 8, further comprising the step of drying the formed particles at 

less than 120 °C.  
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10.  A method as claimed in claim 9, wherein the drying is carried out a temperature in the range 25 

- 90 °C.   

11.  A method as claimed in any one of claims 8 to 10, wherein the mixture is formed into 

particles by granulation, tabletting or extrusion. 

 

12.   A process for removing halogenated compounds from a hydrocarbon-containing process 

stream using a particulate composition as claimed in any one of claims 1 to 7. 


