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CLAIMS 

 
 

1. A core @ layered double hydroxide shell material having the formula 

Tp  @ {[Mz+
(1-x)Mʹxy+(OH)2]a+(Xn-)a/n�bH2O�c(AMO-solvent)}q      

wherein T is a solid, porous, inorganic oxide-containing framework 

material, 

Mz+ is a metal cation of charge z or a mixture of two or more metal cations 

each independently having the charge z; Mʹy+ is a metal cation of charge 

y or a mixture of two or more metal cations each independently having the 

charge y;  

z = 1 or 2; 

y = 3 or 4; 

0 < x < 0.9; 

b is 0 to 10; 

c is 0.01 to 10; 

p > 0; 

q > 0; 

Xn- is an anion; with n > 0; 

a = z(1-x) + xy-2; and 

AMO-solvent is an organic solvent which is completely miscible with water. 

 

2. A material according to claim 1, wherein T is a molecular sieve material 

selected from silicate, aluminium silicate, vanadium silicate, iron silicate, 

silicon-aluminium phosphate (SAPO) and aluminium phosphate (AIPO), 

preferably an aluminium silicate having a silicon:aluminium ratio of from 1 

to 100, more preferably of 1 to 50, most preferably 1 to 40. 

 

3. A material according to either claim 1 or claim 2, wherein the aluminium 

silicate has a framework structure selected from zeolite types LTA, FAU, 

BEA, MOR and MFI and preferably the aluminium silicate has a framework 

structure containing non-framework organic and/or inorganic  
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cations, more preferably the non-framework organic and inorganic cations 

are selected from NR4
+, where R is an optionally-substituted alkyl group, 

Na+, K+ and Cs+.   

 

4. A material according to any one of the preceding claims, wherein the 

aluminium silicate is a crystalline aluminosilicate zeolite having a 

composition in terms of mole ratios of oxides as follows: 

α Mn+
2/n O : Al2O3 : β SiO2 : γ H20 

 wherein Mn+ is at least one cation having a valence n, α = 0.9 ± 0.2; β is 

at least 2 and γ is between 0 and 40.   

 

5. A material according to any one of the preceding claims, wherein Mʹ is Al 

or Fe and/or M is Li, Mg, Ca, Co, Cu, Ni, or Cr or a mixture of two or more 

thereof and/or Xn- is selected from CO3
2-, OH-, F-, Cl-, Br-, SO4

2-, NO3
- and 

PO4
3-, preferably from CO3

2-, Cl- and NO3
-, or a mixture of two or more 

thereof.  

 

6. A material according to any one of the preceding claims, wherein M is Mg, 

Mʹ is Al and Xn- is CO3
-.  

 

7. A material according to any preceding claim, wherein the core @ layered 

double hydroxide shell material has the general formula Id  

Tp@{[Mz+
(1-x) Mʹy+

x(OH)2]a+(Xn-)a/n�bH2O�c(ethanol)}q     (Id) 

wherein, 

T is; i) an aluminium silicate with a framework structure selected from 

zeolite types LTA, FAU, BEA, MOR or MFI; ii) an aluminophosphate; iii) a 

silicoaluminophosphate; or iv) a mesoporous silicate, wherein the 

aluminium silicate has a silicon:aluminium ratio of from 1 to 50, more 

preferably of 1 to 40, most preferably of 1 to 30; and the aluminium silicate 

has a framework structure containing non-framework organic and/or 

inorganic cations, more preferably the non-framework organic  
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and inorganic cations are selected from NR4
+, where R is an optionally-

substituted alkyl group, Na+, K+ and Cs+; 

Mz+ is selected from Li+, Ca2+,Cu2+, Zn2+, Ni2+ or Mg2+, and Mʹy+ is Al3+ , 

Ga3+, In3+,  Fe3+; 

0 < x < 0.9; 

b is 0 to 10; 

c is 0.01 to 10; 

p > 0, 

q > 0; 

Xn- is is selected from CO32- or NO3-; with n > 0 (preferably 1-5) 

a = z(1-x) + xy-2. 

 

8. A method of making a core @ layered double hydroxide shell material 

according to any of the preceding claims having the formula 

Tp  @ {[Mz+
(1-x)Mʹxy+(OH)2]a+(Xn-)a/n�bH2O�c(AMO-solvent)}q      

 wherein T is a solid, porous, inorganic oxide-containing framework 

material, 

 Mz+ is a metal cation of charge z or a mixture of two or more metal cations 

each independently having the charge z;  Mʹy+ is a metal cation of charge 

y or a mixture of two or more metal cations each independently having the 

charge y; 

z = 1 or 2; 

y = 3 or 4; 

0 < x < 0.9; 

b is 0 to 10; 

c is 0.01 to 10; 

p > 0; 

q > 0; 

Xn- is an anion; with n > 0; 

a = z(1-x) + xy-2;  and  

AMO-solvent is an organic solvent which is completely miscible with water;  
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which method comprises the steps: 

(a) contacting a metal ion-containing solution containing metal ions Mz+ 

and Mʹy+ and particles of the framework material in the presence of 

a base and an anion solution; and  

(b) treating the product with AMO-solvent and recovering the solvent 

treated material to obtain the core @ layered double hydroxide 

material.  

 

9. A method according to claim 8, wherein T is a molecular sieve material 

selected from silicate, aluminium silicate, vanadium silicate, iron silicate, 

silicon-aluminium phosphate (SAPO) and aluminium phosphate (AIPO).  

 

10. A method according to either claim 8 or claim 9, wherein T is a molecular 

sieve material which is an aluminium silicate having a silicon:aluminium 

ratio of from 1 to 100, preferably 1 to 50, more preferably 1 to 40. 

 

11. A method according to any one of claims 8 to 10, wherein the aluminium 

silicate is a crystalline aluminosilicate zeolite having a composition in 

terms of mole ratios of oxides as follows: 

α Mn+
2/n O : Al2O3 : β SiO2 : γ H20 

 wherein Mn+ is at least one cation having a valence n, α = 0.9 ± 0.2; β is 

at least 2 and γ is between 0 and 40. 

 

12. A core @ mixed metal oxide material having the formula  

Tp @ {[Mz+
1-x Mʹy+

x Ow]p Ÿ] 

 wherein T is a solid, porous, inorganic oxide-containing framework 

material, Mz+
1-x Mʹy+

x Ow is a mixed metal oxide, or mixture of mixed metal 

oxides, which may be crystalline or non-crystalline, wherein Mz+ and Mʹy+ 

are different charged metal cations; Mz+ is a metal cation of charge z or a 

mixture of two or more metal cations each independently having the 

charge z; Mʹy+ is a metal cation of charge y or a mixture of two or more 

metal cations each independently having the charge y; z is 1 or 2; y is 3 
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or 4; 0 < x < 0.9; w > 0; p > 0 and q > 0; Ÿ is the residue of an Xn- anion in 

which n > 0.  

 

13. A method of making a core @ mixed metal oxide according to claim 12,  

 which method comprises subjecting a core @ layered double hydroxide 

shell material having the formula 

            Tp  @ {[Mz+
(1-x)Mʹxy+(OH)2]a+(Xn-)a/n�bH2O�c(AMO-solvent)}q      

 wherein T is a solid, porous, inorganic oxide-containing framework 

material, to heat treatment wherein 

 Mz+ is a metal cation of charge z or a mixture of two or more metal cations 

each independently having the charge z;  Mʹy+ is a metal cation of charge 

y or a mixture of two or more metal cations each independently having the 

charge y;  

 z = 1 or 2; 

 y = 3 or 4; 

 0 < x < 0.9; 

 b is 0 to 10; 

 c is 0.01 to 10; 

 p > 0; 

 q > 0; 

 Xn- is an anion; with n > 0; 

 a = z(1-x) + xy-2; and  

 AMO-solvent is an organic solvent which is completely miscible with water.  

 

14. A method according to claim 13, wherein the core @ layered double 

hydroxide shell material is subjected to heat treatment at a temperature of 

from 250 to 750oC.   

 

15. A method according to either claim 13 or claim 14, wherein the heat 

treatment is carried out in specific atmosphere, preferably in air or a 

nitrogen atmosphere or hydrogen atmosphere. 

 


