




3 
 

Another method used for introducing the organophilic silane to the aqueous silicate 

suspension is the solvent exchange method. In this method, the aqueous silicate 

suspension is subjected to an organic solvent capable of dissolving the silane. The 

solvent may be polar organic solvents such as methanol, ethanol, propanol, butanol, 

or pentanol; or ketones such as propanone and 2-butanone. However, the solvent 5 

exchange method involves a complicated process comprising washing and filtration 

process for a few cycles. The use of large amounts of organic solvents in such 

methods not only makes the preparation of the barrier layer composition 

cumbersome, but also increases the cost of manufacturing. 

Accordingly, there is a need to provide a barrier layer composition which not only 10 

exhibits improved barrier properties, but also maintains the flexibility and mechanical 

integrity of the substrate which it is deposited on.  In order to achieve this, an 

efficient method for preparing such barrier layer compositions that overcomes the 

challenges discussed above is also desired.  

Summary 15 

The present disclosure provides a barrier layer composition comprising at least one 

silicate, a polymer emulsion, and at least two silane coupling agents, said silane 

coupling agents being different, and wherein each silane coupling agent is reactive 

with said silicate and/or said polymer emulsion.  

In one aspect of the present disclosure, there is provided a barrier layer composition 20 

comprising: (a) at least one silicate; (b) a polymer emulsion comprising a 

hydrophobic polymer suspended in water; and (c) at least two silane coupling 

agents, said silane coupling agents being different, and wherein each silane coupling 

agent is reactive with said silicate and/or said polymer emulsion; and wherein the 

weight ratio of the silicate to the polymer is 1:5 to 1:20. 25 

Advantageously, the use of at least two silane coupling agents provides improved 

strength and barrier properties to the composition. The use of the two silane coupling 

agents allows extensive bonding to be formed between the silicate and the polymer, 

leading to dispersion of the silicate in the polymer emulsion. The disclosed method 
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therefore allows about 1.0 wt% to about 20 wt% of the silicate to be included in the 

polymer emulsion, based on the total weight of the composition. The presence of the 

silicate advantageously improves the strength and barrier properties of the 

composition.  

Advantageously, although a higher amount of the silicate is present in the 5 

composition, the optical properties of the barrier layer remain unaffected. In addition, 
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the flexibility of the barrier layer formed from the disclosed composition is also 

unaffected despite the presence of the higher percentage of the silicate.  

From a structural perspective, the extensive bonding allows intercalation of the 

polymer between the silicate sheets, allowing the formation of an ordered structure 

when a shearing force is applied to the composition. The formation of the ordered 5 

structure of the composition advantageously introduces high tortuosity to the 

material, and impedes the permeation of gas molecules when the composition is 

applied. The barrier properties of the composition are therefore improved with the 

use of the two silane coupling agents.  

The present disclosure also provides a method of preparing a barrier layer 10 

composition comprising the steps of mixing at least two silane coupling agents with a 

silicate suspension; and adding said silicate suspension to a polymeric emulsion, 

wherein said two silane coupling agents are different from each other.  

In another aspect of the present disclosure, there is provided a method of preparing 

a barrier layer composition, the method comprising the steps of : (a) mixing at least 15 

two silane coupling agents with a silicate suspension; and (b) adding said silicate 

suspension to a polymeric emulsion comprising a hydrophobic polymer suspended in 

water; wherein said two silane coupling agents are different from each other; wherein 

each silane coupling agent is reactive with said silicate and said polymer emulsion; 

and wherein the weight ratio of the silicate to the polymer is 1:5 to 1:20. 20 

Advantageously, the method of preparing a barrier layer composition described 

herein leads to the formation of a uniform composition and overcomes the 

challenges of conventional synthesis methods. The mixing of the two organophilic 

silane coupling agents with the silicate suspension prior to its addition to the 

polymeric emulsion allows the formation of a stable mixture without the need for 25 

additives such as surfactants. This reduces the need for control of the reaction 

conditions which makes the preparation of the barrier layer composition less 

cumbersome. The barrier layer composition is substantially free of additives and 

surfactants.
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The disclosed preparation methods advantageously avoid the need for employing 

polar organic solvents to first dissolve the organophilic silane coupling agents. 

Besides being more environmentally friendly, since organic solvents are not 

necessary, the preparation of the barrier layer composition requires less synthesis 

steps and may be carried out in a one-pot reaction. The barrier layer composition is 5 

also substantially free of organic solvents.  

In yet another aspect of the disclosure, there is provided a laminated film comprising 

a substrate having at least one barrier layer deposited thereon, wherein said barrier 
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Claims 

1. A barrier layer composition comprising:  

a) at least one silicate;  

b) a polymer emulsion comprising a hydrophobic polymer suspended in 

water; and 5 

c) at least two silane coupling agents, said silane coupling agents being 

different, and wherein each silane coupling agent is reactive with said 

silicate and said polymer emulsion; and 

wherein the weight ratio of the silicate to the polymer is 1:5 to 1:20.  

 10 

2. The barrier layer composition according to claim 1, wherein the composition 

comprises a first silane coupling agent and a second silane coupling agent, 

wherein said first and second silane coupling agents are independently selected 

to contain distinct functional groups. 

 15 

3. The barrier layer composition according to claim 2, wherein the functional 

groups are independently selected from the group consisting of alkenyl, alkynyl, 

alkoxy, hydroxyl, thiol, sulfide, nitrile, carboxylic acid, epoxide, amine and halide 

groups.  

4. The barrier layer composition according to claims 2 or 3, wherein the first silane 20 

coupling agent comprises alkoxy and amine functional groups; and wherein the 

second silane coupling agent comprises alkoxy and epoxide functional groups.  

5. The barrier layer composition according to claim 4, wherein the weight 

concentration ratio of the first silane coupling agent to the second silane 

coupling agent is in a range of 1:1 to 1:10.  25 

6. The barrier layer composition according to claim 5, wherein the silane coupling 

agents are provided in a total amount of from 0.01 to 1%, by weight of the 

composition.  

7. The barrier layer composition according to any one of the preceding claims, 

wherein the composition is obtained by adding the first and second coupling 30 

agents sequentially to a suspension comprising said silicate, and wherein the 

suspension is subsequently added to said polymeric emulsion.   
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8. The barrier layer composition according to claim 7, wherein the composition is 

homogenized by physical stirring means. 

9. The barrier layer composition according to any one the preceding claims, 

wherein the polymer is present in the range of 0.5 – 40% by weight of the 

composition.   5 

10. The barrier layer composition according to any one of the preceding claims, 

wherein the silicate is present in the range of 0.1 – 20% by weight of the 

composition. 

11. A method of preparing a barrier layer composition, the method comprising the 

steps of : 10 

a) mixing at least two silane coupling agents with a silicate suspension; and 

b) adding said silicate suspension to a polymeric emulsion comprising a 

hydrophobic polymer suspended in water; 

wherein said two silane coupling agents are different from each other;  

wherein each silane coupling agent is reactive with said silicate and said 15 

polymer emulsion; and  

wherein the weight ratio of the silicate to the polymer is 1:5 to 1:20. 

12. The method of preparing a barrier layer composition according to claim 11, 

wherein the mixing step comprises introducing a first silane coupling agent and 

a second silane coupling agent to said silicate suspension, wherein said first 20 

and second silane coupling agents are independently selected to comprise 

distinct reactive functional groups. 

13. The method according to claim 12, wherein the functional groups are 

independently selected from the group consisting of alkenyl, alkynyl, 

alkoxyhydroxyl, thiol, sulfide, alkoxy, nitrile, carboxylic acid, epoxide, amine and 25 

halide groups. 

14. The method according to claim 13, wherein the first silane coupling agent 

comprises alkoxy and amino functional groups; and the second silane coupling 

agent comprises alkoxy and epoxide functional groups.  
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15. The method according to any one of claims 12-13, wherein the mixing step 

comprises providing the first coupling agent and the second coupling agent in a 

weight concentration ratio of from 1:1 to 1:10.  

16. The method according to claim 12, wherein the introduction step comprises a 

sequential addition of the first silane coupling agent to said silicate suspension, 5 

followed by said second silane coupling agent. 

17. The method according to claim 11, wherein the adding step further comprises 

homogenizing said polymeric emulsion by physical stirring means.  

18. A laminated film comprising a substrate having at least one barrier layer 

deposited thereon, wherein said barrier layer comprises the composition 10 

according to any one of claims 1 to 10; or is prepared by the method according 

to any one of claims 11 to 17.  

 

 15 
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