
Improving the dispersity of nano-silica in organic solvents

had caused intensively interesting because nano-silica well-

dispersed in organic solvents could be extensively used in rubber,

paint and plastic industries1-7. In previous investigations, silica

was modified to improve its dispersity in organic solvents by

vinyltriethoxysilane8, oleic acid9, titanate10 and aminopropyl-

triethoxysilane11. These modified products were not well

dispersed in organic solvents yet8-11. Moreover, these modifiers

had two disadvantages: (1) once encountered a polar medium,

these modifiers were easy to be separated from the surface of

silica8,9; (2) their unsaturated bonds could not react with the

surface -OH groups of silica effectively10,11. Therefore silane

coupling agent was considered as a new modifier. Li et al.12

modified nano-silica gel by silane coupling agent and silane

coupling agent was dropwise added. It is found that silane

coupling agent could improve the dispersity of nano-silica in

organic solvents and γ-methacryloxypropyltrimethoxy silane

was the best among all used silane coupling agents12. These

researchers used a modification method respectively and did

not demonstrate that which method was optimum. The objective

of this study was to improve the dispersity of nano-silica in

organic solvents by a new surface modification method. Dibutyl

phthalate absorption number was used as an index of evaluating

the modification effect.

γ-Methacryloxypropyltrimethoxy silane was purchased

from the Nanjing Crompton Shuguang Organosilicon Company

in China. Other reagents were analytical grade.
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γ-Methacryloxypropyltrimethoxy silane anhydrous

alcohol solution (0.5 mol/L, 80 mL) was added in nano-silica

gel in the flask using the following three methods respectively:

(1) It was dropwise added at 3 mL/min by a constant flow

pump12; (2) Half of γ-methacryloxypropyltrimethoxy silane

anhydrous alcohol solution was overall added at first and the

residuum was dropwise added at 3 mL/min by a constant flow

pump; (3) It was overall added. The remaining treating methods

were the same as described above. Three samples from modi-

fied nano-silica gel were obtained.

Nano-silica powders (3 g) and deionized water (30 mL)

were added in a 50-mL flask, heated at 80 ºC in water bath

with stirring at 260 rpm and condensed. Adding methods of γ-

methacryloxypropyltrimethoxy silane in anhydrous alcohol

solution (0.5 mol/L, 80 mL) were the same as described above.

The reactions were lasted for 90 min. The remaining treating

methods were the same as described above. Three samples

from modified nano-silica powders were obtained.

Different modified nano-silica samples (1 g, respectively)

was dried at 105 ºC for 1.5 h and placed on a glass board (170

× 140 mm) and used to determine dibutyl phthalate absorption

number.

Statistical analysis was carried out using ORIGIN 7.5

(OriginLab Inc., USA).

Dibutyl phthalate absorption number is an important prop-

erty of silica. The dispersity of nano-silica in organic solvents

was greatly related to dibutyl phthalate absorption number 2,12.
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So dibutyl phthalate absorption number was used as an index

of evaluating the modification effect in this study. Dibutyl

phthalate absorption number of different modified nano-silica

was listed in Table-1. The optimum method was that nano-

silica powders were chemically modified by γ-methacryl-

oxypropyltrimethoxy silane in anhydrous alcohol solution and

γ-methacryloxypropyltrimethoxy silane in anhydrous alcohol

solution was dropwise added at 3 mL/min. It was due to the reason

that there was no steric hindrance on the surface of nano-silica

powder and nano-silica powder and γ-methacryloxypropyl-

trimethoxy silane could react freely and adequately very much.

When nano-silica gel was chemically modified by γ-methacryl-

oxypropyltrimethoxy silane in anhydrous alcohol solution and

γ-methacryloxypropyltrimethoxy silane anhydrous alcohol

solution was overall added, dibutyl phthalate absorption

number of the sample was the second among these samples. It

was due to that the reaction between sodium silicate solution

and γ-methacryloxypropyltrimethoxy silane greatly promoted

the modification reaction. When nano-silica powder was

chemically modified by γ-methacryloxy-propyltrimethoxy

silane anhydrous alcohol solution and half of γ-methacryl-

oxypropyltrimethoxy silane in anhydrous alcohol solution was

overall added at first and the residuum was dropwise added at

3 mL/min, dibutyl phthalate absorption number of the sample

was the third among these samples. It was due to that there

was less steric hindrance on the surface of nano-silica powder

and nano-silica powder and γ-methacryloxypropyltrimethoxy

silane could react freely and adequately. When nano-silica gel

was chemically modified by γ-methacryloxypropyltrimethoxy

silane anhydrous alcohol solution and half of γ-methacryl-

oxypropyltrimethoxy silane anhydrous alcohol solution was

overall added at first and the residuum was dropwise added at

3 mL/min, dibutyl phthalate absorption number of the sample

was the forth among these samples. It was due to that the

reaction between sodium silicate solution and γ-methacryl-

oxypropyltrimethoxy silane promoted the modification

reaction. When nano-silica powder was chemically modified

by γ-methacryloxypropyl-trimethoxy silane anhydrous alcohol

solution and γ-methacryloxypropyltrimethoxy silane anhy-

drous alcohol solution was overall added, dibutyl phthalate

absorption number of the sample was the fifth among these

samples. It was due to that there was more steric hindrance on

the surface of nano-silica powder and nano-silica powder and

γ-methacryloxypropyltrimethoxy silane could not react freely

and adequately. When nano-silica gel was chemically modified

by γ-methacryloxypropyltrimethoxy silane anhydrous alcohol

solution and γ-methacryloxypropyltrimethoxy silane anhy-

drous alcohol solution was dropwise added at 3 mL/min,

dibutyl phthalate absorption number of the sample was the

sixth among these samples. It was due to that γ-methacryloxy-

propyltrimethoxy silane could not be dispersed in the viscous

nano-silica gel and the modification reaction only happened

in the local place. According to the variance, the effect of the

modification object on the modification effect was greater than

adding method of γ-methacryloxypropyltrimethoxy silane

anhydrous alcohol solution. It was due to that the dispersity

of nano-silica in organic solvents was mainly depended on its

structure. Other researchers did not use dibutyl phthalate

absorption number as an index of evaluating the modification

effect.

TABLE-1 

ORTHOGONAL ARRAY* (DBP ABSORPTION  

NUMBER OF NANO-SILICA: 2.0 cm3/g) 

Sample A B DBP absorption number (cm3/g) 

1 1 1 2.6 ± 0.1a 
2 1 2 2.9 ± 0.1 b 
3 1 3 3.0 ± 0.1c 
4 2 1 3.2 ± 0.1d 
5 2 2 3.1 ± 0.1e 
6 2 3 2.8 ± 0.1f 
K1 (%) 8.5 5.8  
K2 (%) 9.1 6.0  
K3 (%)  5.8  
Variance (%) 0.6 0.2  
*Values are means ± SD (n = 3). Values followed by the different 

superscript letters in the same column are significantly different (P ≤ 

0.05) 

 
Conclusion

The optimum modification method was that nano-silica

powder was chemically modified by γ-methacryloxypropyl-

trimethoxy silane anhydrous alcohol solution and γ-methacryl-

oxypropyltrimethoxy silane anhydrous alcohol solution was

dropwise added at 3 mL/min. dibutyl phthalate absorption

number of the optimum modified nano-silica was 3.2 cm3/g.

These results suggested that the selected optimum modification

method was effective.
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