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Claims  

 

1.  A process for the preparation of a zeolitic material having an MWW framework 

structure and comprising boron and titanium, the process comprising 

(i) providing an aqueous synthesis mixture comprising a silica source, a boron 5 

source, a titanium source, and an MWW templating agent, at a temperature of the 

aqueous synthesis mixture of at most 50 °C; 

(ii) heating the aqueous synthesis mixture provided in (i) from the temperature of at 

most 50 °C to a temperature in the range of from 160 to 190 °C within a time 

period of at most 24 h; 10 

 (iii) subjecting the synthesis mixture obtained from the heating according to (ii) to 

hydrothermal synthesis conditions under autogenous pressure in a closed system 

at a temperature in the range of from 160 to 190 °C, obtaining, in its mother liquor, 

a precursor of the zeolitic material having an MWW framework structure and 

comprising boron and titanium; 15 

(iv) separating the precursor of the zeolitic material having an MWW framework 

structure and comprising boron and titanium from its mother liquor; 

(v) calcining the separated precursor of the zeolitic material having an MWW 

framework structure and comprising boron and titanium obtained from the 

separating according to (iv), obtaining the zeolitic material having an MWW 20 

framework structure and comprising boron and titanium 

wherein neither prior nor during (iv), the precursor of the zeolitic material having an 

MWW framework structure and comprising boron and titanium is treated with an 

aqueous solution having a pH of at most 6, as determined by a pH-sensitive glass 

electrode.  25 

 

2. The process of claim 1, wherein the aqueous synthesis mixture provided in (i) is 

prepared by adding the silica source to an aqueous mixture comprising the boron 

source, the titanium source and the MWW templating agent. 

 30 

3. The process of claim 2, wherein the aqueous mixture comprising the boron source, the 

titanium source and the MWW templating agent is prepared by adding a mixture 

comprising a portion of the MWW templating agent and the titanium source to an 

aqueous mixture comprising a portion of the MWW templating agent and the boron 

source, wherein preferably, the mixture comprising a portion of the MWW templating 35 

agent and the titanium source does not contain water.    

 

4. The process of claim 2 or 3, wherein after adding the silica source, the aqueous 

synthesis mixture is stirred at the temperature of at most 50 °C for a time period in the 

range of from 45 to 180 min, preferably from 60 to 120 min, more preferably from 80 to 40 

100 min.  



   

   

46a 

 

5. The process of any of claims 1 to 4, wherein according to (i), 

 the silica source is selected from the group consisting of fumed silica, colloidal silica, 

silicon alkoxides, and a mixture of two or more thereof, preferably from the group 
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 consisting of fumed silica, colloidal silica and a mixture thereof, wherein more 

preferably, the silica source is fumed silica; 

 the boron source is selected from the group consisting of boric acid, borates, boron 

oxide, and a mixture of two or more thereof, preferably from the group consisting of 

boric acid, borates and a mixture thereof, wherein more preferably, the boron source is 5 

boric acid; 

 the titanium source is selected from the group consisting of titanium alkoxides, titanium 

halides, titanium salts, titanium dioxide and a mixture of two or more thereof, preferably 

from the group consisting of titanium alkoxides, titanium halides and a mixture of two or 

more thereof, wherein more preferably, the titanium source is a titanium alkoxide, more 10 

preferably titanium tetrabutoxide; 

 the MWW templating agent is selected from the group consisting of piperidine, 

hexamethylene imine, N,N,N,N’,N’,N’-hexamethyl-1,5-pentanediammonium ion, 1,4-

bis(N-methylpyrrolidinium)butane, octyltrimethylammonium hydroxide, heptyltrimethyl-

ammonium hydroxide, hexyltrimethylammonium hydroxide, and a mixture of two or 15 

more thereof, preferably from the group consisting of piperidine, hexamethylene imine 

and a mixture thereof, wherein more preferably, the MWW templating agent is 

piperidine.  

 

6.  The process of any of claims 1 to 5, wherein the aqueous synthesis mixture provided in 20 

(i) contains 

 the boron source, calculated as elemental boron, relative to the silicon source, 

calculated as elemental silicon, in a molar ratio in the range of from 0.18 : 1 to 5.2 : 1, 

preferably from 0.5 : 1 to 3 : 1;   

 the titanium source, calculated as elemental titanium, relative to the silicon source, 25 

calculated as elemental silicon, in a molar ratio in the range of from 0.005 : 1 to 0.15 : 

1, preferably from 0.01 : 1 to 0.1 : 1;  

the MWW templating agent relative to the silicon source, calculated as elemental 

silicon, in a molar ratio in the range of from 0.4 : 1 to 4.2 : 1, preferably from 0.6 : 1 to 2 

: 1;  30 

the water relative to the silicon source, calculated as elemental silicon, in a molar ratio 

in the range of from 1 : 1 to 30 : 1, preferably from 2 : 1 to 25 : 1. 
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7. The process of any of claims 1 to 6, wherein the separating according to (iv) comprises  

(iv.1) washing the precursor of the zeolitic material having an MWW framework 

structure and comprising boron and titanium, preferably with water until the pH 

of the water having been used for washing has a pH of less than 10, as 

determined by a pH-sensitive glass electrode;  5 

(iv.2) drying the washed precursor of the zeolitic material having an MWW framework 

structure and comprising boron and titanium, preferably at a temperature in the 

range of from 10 to 150 °C, preferably from 20 to 140 °C, more preferably from 

30 to 130 °C, preferably in an atmosphere comprising oxygen. 

 10 

8. The process of any of claims 1 to 7, wherein prior to (v), the precursor of the zeolitic 

material having an MWW framework structure and comprising boron and titanium, 

obtained from (iii), is not treated with an aqueous solution having a pH of at most 6, as 

determined by a pH-sensitive glass electrode, and wherein after (v), the calcined 

zeolitic material having an MWW framework structure and comprising boron and 15 

titanium is not treated with an aqueous solution having a pH of at most 6, as 

determined by a pH-sensitive glass electrode.  

 

9. A process for preparing a molding comprising
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(vi) shaping the zeolitic material having an MWW framework structure and 

comprising boron and titanium obtained from the process according to any of 

claims 1 to 8 thereby obtaining a molding;  
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(vii) optionally drying and/or calcining the molding obtained from (vi). 

 

10.  A zeolitic material having an MWW framework structure and comprising boron and 

titanium, obtainable or obtained by a process according to any of claims 1 to 8, wherein 

at least 99 weight-%, preferably at least 99.9 weight-% of the zeolitic framework 5 

structure consist of boron, titanium, silicon, oxygen, and hydrogen, and wherein the 

molar ratio of boron, relative to silicon, is in the range of from 0.05 : 1 to 0.15 : 1, and 

the molar ratio of titanium, relative to silicon, is in the range of from 0.017 : 1 to 0.025 : 

1; wherein the zeolitic material is in its calcined state. 

 10 

11. The zeolitic material of claim 10, having an MWW templating agent content of at most 

0.5 weight-%, preferably at most 0.2 weight-%, more preferably at most 0.1 weight-%, 

based on the total weight of the zeolitic material, said MWW templating agent content 

being determined as the total organic carbon (TOC) content of the calcined zeolitic 

material. 15 
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12. A molding, comprising the zeolitic material according to claim 10 to 11 and optionally at 

least one binder. 

 

13. Use of a zeolitic material according to claim 10 or 11 or the molding according to claim 

12 as a catalyst, preferably as a catalyst for an oxidation reaction, more preferably for 5 

an oxidation reaction wherein hydrogen peroxide is employed as oxidation agent, more 

preferably for an oxidation of an alkene wherein hydrogen peroxide is employed as 

oxidation agent, more preferably for an oxidation of a cyclic  alkene wherein hydrogen 

peroxide is employed as oxidation agent. 

 10 

14.  Use of a zeolitic material according to claim 10 or 11 or the molding according to claim 

12 as an at least bifunctional catalyst, more preferably as an epoxidation and ring-

opening catalyst or as an epoxidation and etherification catalyst or as a ring-opening 

and etherification catalyst, more preferably as a trifunctional catalyst, more preferably 

as an epoxidation and ring-opening and etherification catalyst. 15 
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