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Abstract

Dispersion and its mechanism of hydrophobic fumed 

silica particles in aqueous system

Kim, Hyun Ji

School of Chemical and Biological Engineering

The Graduate School

Seoul National University

Dispersions of hydrophobic fumed silica particles were investigated in various 

aqueous systems to understand its mechanisms. For this purpose, model systems 

are designed in a range of polar organic solvents with water, including various 

alcohols, polyethylene glycol and glycerin to change the hydrophobicity of the 

medium. Both hydrophilic and various hydrophobic fumed silica particles which 

have different surface properties were used as well

The effect of affinity between particles and mediums are studied by observing 

changes of rheological behaviours and microstructure of the dispersions. 

Hydrophilic fumed silica particles form stable dispersion with low viscosity in 

water and other solvents. On the other hands, water shows difficulties in 

dispersing hydrophobic fumed silica particles without other polar organic solvents 
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presents in the medium with water or alcohols. Hydrophobic fumed silica particles 

flocculate into colloidal gels in the mediums such as propyl alcohol in water. The 

extent of flocculation and gelation of the dispersions is different according to the 

hydrophobic alkyl chain length and number of OH of the polar organic solvents. 

Moreover, the alkyl chain lengths and concentrations of polar organic solvents in 

water both show influences on the extent of flocculation. 

Keywords: fumed silica particles; colloidal gel; dispersion; rheology; flocculation; 

hydrophobicity; affinity

Student Number: 2016 - 21023
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1. Introduction

Colloidal dispersions are widely used in many industries since its diverse 

applications including food, cosmetics, electronics, pharmaceuticals and polymer 

composites. [1-4]In these dispersions, surface properties of the particles to be 

dispersed and the medium are often controlled to obtain desirable properties of the 

products. [4, 5] And silica is considered to be the particles in these dispersion. [6, 

7] Silica is known be used as a viscosity enhancement. And gelation is a common 

method for increasing mechanical properties of polymers. [8] However, native 

silica particle with hydrophilic surface properties is known to be unable to form 

gel in polar organic liquids such as alcohols, polypropylene glycol and acetone. 

But they rather form stable, low-viscosity sols with long-term stability. [9-11] And 

hydrogen bonding between silanol (Si-OH) groups on the surface of silica and the 

medium is responsible for this sol formation rather than gel. [6, 10, 12]

On the other hand, hydrophobic silica particles in aqueous system can undergo 

gelation unlike hydrophilic silica particles. However, it is difficult to disperse 

hydrophobic particles in water without aids of surfactants or other organic liquids. 

[13] This dispersion exhibits shear-thickening behaviour. [5, 6, 10, 12] And this 

ability to form gel is due to direct hydrogen bonding between surface of silica. 

Such interactions induce the flocculation into cluster and then to form a three-

dimensional (3D) fractal network. [6] However, gelation point has been studied by 

focusing on the volume fraction of particles in other studies. But in this study, it is 

found that by controlling the interaction between the particle and the medium, gel 

can be formed with different rheological properties. 

In other studies, it is explained that this gelation is expected to be the formation of 

hydrogen bonds between silanol (Si-OH) groups on silica units [9] Stability of 
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silica sols has been correlated with a short-range repulsion between silica surfaces 

in aqueous system. [5, 11] And the main driving force for silica gelation is the 

formation of hydrogen bonds between silanol groups on silica. However, this is 

not observed in this study with hydrophilic fumed silica particles. Hydrophilic 

fumed silica shows inability to form gel state dispersions but rather sol state. Only 

the dispersions of hydrophobic fumed silica particles show gelation with 

frequency-independent storage modulus which is an indication of gelation. 

In this study, various alcohols are used to disperse hydrophobic fumed silica 

particles in water and to alter the hydrophobicity of the medium. Due to different 

numbers of alkyl on various alcohols, minimum amounts of alcohols required in 

water to disperse hydrophobic particle are different. Isopropyl alcohol with three 

alkyls is required less amount compared to methyl and ethyl alcohols. However, 

the dispersions with the same concentrations of alcohols show different 

rheological properties. The dispersions with isopropyl alcohol show lower storage 

modulus, G’ indicating less strong gel formation. And these differences are more 

obvious as the concentrations of alcohols increase. Above 90 vol% of alcohols, 

there are sudden decreases of G’ in the dispersions with isopropyl alcohol unlike 

two other alcohols. And these differences can be also appeared in the structure of 

the particles in the aqueous system from the microscope images. 

This behaviour can be observed with the minimum amount of water that is 5 vol%. 

Without water in the medium and only alcohols, the dispersions show very 

different properties without any flocculation formed. This appears to be due to 

hydrophobic effect between the particle and water. [14, 15] When only small 

amount of water is present in the medium, the particle surfaces tend to aggregate 

in the aqueous solutions. This explains as the concentrations of alcohols decrease, 

of course, the amounts of water in the medium increases. This causes more 

aggregations formed and then into network structure of the fumed silica particles. 
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However, with hydrophilic fumed silica particles, none of these behaviours is 

observed. There is no change of rheological properties in the dispersions when the 

alkyl chain lengths of alcohols, concentrations of alcohols, or the amount of 

particles are changed. Microscope images also show well-dispersed particles 

throughout the medium. 

In this study, the microstructures and ultimately colloidal interactions in the 

dispersions are probed and rheological analysis is performed and visualisation 

with microscope images. The interactions are carefully controlled by altering 

numbers of alkyl chain of alcohols in the medium so that the microstructure of the 

dispersions can be clearly elucidated. The dispersions of fumed silica particles in 

aqueous system can be categorised into two groups: 1. Sols with no flocculation 

and 2. Colloidal gels. Then the fundamental mechanisms responsible for these 

different behaviours of these colloidal systems are attempted to understood. 
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2. Experiments

In this study, various fumed silica particles which have different surface properties 

through surface modifications are used. Fumed silica particles have an amorphous 

form of silicon dioxide (SiO2) and high purity. They are produced through a flame 

hydrolysis process. This type of particles shows unique properties due to its 

structure which consists of branched aggregates of spherical particles (less than 

10nm). And this aggregated structures cannot be disrupted by shear. [12] Fumed 

silica has trade names ‘Aerosil’ manufactured by Evonik industries and Dow 

Corning. 

From Evonik industries, Aerosil 200, abbreviated here as E200 is the native, 

hydrophilic fumed silica particles with unmodified surface of silanol (Si–OH) 

groups. BET surface area is ~200 m2/g. Since it has hydrophilic surface properties 

due to silanol groups, it is wetted by water readily. However, Aerosil R202, 

abbreviated as ER202 has hydrophobic surface properties as its surface was 

treated with polydimethylsiloxane. The BET area is ~100 m2/g. It has highly 

hydrophobic nature and cannot be wetted by water at all. From Dow Corning, 

VM-2270 Aerogel particles, abbreviated as VM is silica silylate and have surface 

area of ~800 m2/g. It is less hydrophobic compared to ER202 but has high 

porosity. All three Aerogel particles have size of 5 to 10 μm. 

Various liquids are mixed with water as the medium of the dispersions, listed on 

Table 1. The liquids are all Newtonian liquid and their viscosities at 25 ºC are in 

Table 1. The mediums of the dispersions are all pre mixed with magnetic stirrer 

over a day. Then the medium is added to the particles and mixed with ultra-

sonication VCX-750 Watt, amplitude 30% pulse mode for 1s on and off for 4 

minutes. The dispersions are re-dispersed again before any tests are performed 
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since it is important to the flocculation capabilities of fumed silica particles. [12]  

The rheological properties are measured using a 60 and 40mm parallel plate 

fixture at 25°C using a stress-controlled type rheometer (AR-G2, TA Instruments). 

Pre-shear is applied for 1 min at 100 s-1. The gel and sol states are determined by 

the Newtonian viscosity in liquid-like state and by the plateau of elastic modulus 

in solid-like state.
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Table 1. Properties of liquids used in the experiments

Liquid (MW) Molecular structure
Viscosity 
at 25 ºC 
(mPa.s)

Water H2O 0.89

Methyl alcohol CH3-OH 0.5

Ethyl alcohol CH3-CH2-OH 1.0

Isopropyl alcohol (CH3)2-CH-OH 2.0

Polyethylene glycol 
(PEG), 200g/mol

HO-(CH2-CH2-O)n-H 50

Glycerin CH2-OH-CH-OH-CH2-OH 1000
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3. Results and discussion

3.1 Rheological properties

To investigate the effect of hydrophobic fumed silica particles dispersed in the 

medium, mixed with alcohols and water, rheological properties are measured. 

Steady shear viscosity of the dispersion is measured with and without particles at 

different alcohols concentrations. In Figure 1 (a), the medium without particles 

show Newtonian liquid behaviour with a constant viscosity over all shear rates. 

They exhibit a low-viscosity Newtonian plateau. Without particles, alcohol 

concentrations do not show much effects on the viscosity of the dispersions. But 

when particles are dispersed, the dispersions show different trends in viscosity.

Their viscosities increase as the concentrations of alcohols decrease. As shear rate 

increases, the viscosity decreases rapidly, showing shear thinning behaviours over 

a wide range of shear rates. The magnitude of the shear thinning behaviours effect 

increases with decreases of alcohols concentrations. The dispersions of particles 

without water (alcohol 100 vol%) show similar viscosities with the medium 

without particles at high shear rates. However, there is no difference in viscosity 

when different alcohols are present in the medium with the same amount of the 

particles. Figure 1 (b) shows viscosities of 3 wt% ER202 dispersed in the same 

amount of alcohols, methyl, ethyl and isopropyl alcohols. They all show similar 

rheological behaviours for all alcohols at the same concentrations. 

To further investigate the rheological properties of these dispersions, frequency 

sweep has been performed at various concentrations of alcohols with methyl, 

ethyl and isopropyl alcohols. Figure 2 shows 3wt% of ER202 dispersed in 30, 50, 

80 and 90 vol% isopropyl alcohols with water. They all show plateau G’ over all 

frequencies. This indicates that the dispersions show gel-like properties with 
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network structure formed. When G’ is frequency-independent, it is assumed that a 

colloidal network has been formed. [6] But at different concentrations of alcohols, 

G’ are also different. As amount of alcohols increases, G’ of the dispersion 

decreases. This suggests that as alcohols increase and water decrease in the 

medium, fumed silica particles form less strong network structure. As higher 

amount of water is in the medium, strong hydrophobic effect is assumed and 

higher degree of particle flocculation. This behaviour is also observed with 

different alcohols as well.

However, when there is no difference in viscosity between the dispersions in 

different alcohols, they show different G’ values. Since different alcohols have 

different minimum amount required to disperse particles, comparisons are focused 

on the dispersions with alcohols higher than 80 vol%. But also at 50vol% of 

alcohols dispersions, the dispersion with ethyl alcohol show higher G’ than one 

with isopropyl alcohol. The dispersions with methyl alcohols also show the 

highest G’ out of all three alcohols at 80 vol% alcohol volume. As number of alkyl 

chain in alcohols decreases, stronger gel-like dispersions are formed with higher 

G’. Over 90 vol% of alcohols, the dispersions with isopropyl alcohol show sudden 

decreases in G’ unlike methyl and ethyl alcohols. However, it is still much higher 

than the dispersions with 100 vol% alcohols without any water in the medium. 

This tells that the dispersions with even small amount, at least 5 vol% water in the 

medium show gel-like properties. It confirms that the hydrophobic effect causes 

hydrophobic fumed silica particles to aggregates and as alcohols decrease, they 

form a gel network structure. Without water in the medium, particles are well-

dispersed throughout, forming a stable sol instead of gel. 
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Figure 1. Steady shear viscosity as a function of shear rate for the dispersions (a),
(b) ER202 3wt% dispersed in 50 vol% alcohols (ethyl and isopropyl alcohols) and 

(c) in 80 vol% alcohols (methyl, ethyl and isopropyl alcohols) with water
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Figure 2. Storage modulus, G’ as a function of frequency of 3 wt% ER202 
dispersed in various concentrations of isopropyl alcohols with water

frequency [rad/s]
10-1 100 101 102

G
' 

[P
a]

100

101

102

103

IPA 90vol% 
IPA 50 vol% 
IPA 80 vol%

IPA 30 vol% 



11

alcohol volume percentage [vol%]
75 80 85 90 95 100 105

G
',

 G
"

 [
P

a
]

(a
t 

2
.5

 r
a

d
/s

)

10-2

10-1

100

101

102

Methyl G'

Ethyl

Propyl

Methyl G"

Ethyl

Propyl

Figure 3. Storage modulus, G’ at 2.5 rad/s frequency as a function of alcohol 
volume percentage of the dispersions 3 wt% ER202 dispersed in various 

concentrations of alcohols (methyl, ethyl and isopropyl alcohols) with water
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Figure 4 compares the dispersions of hydrophobic fumed silica particle ER202 

and hydrophilic fumed silica particle E200 in alcohols with water. The dispersion 

of hydrophobic fumed silica particle ER202 shows a plateau G’. On the other 

hand, the dispersion of hydrophilic fumed silica particle E200 does not show such 

behaviour. Its G’ also increases as frequency increases, indicating different 

dispersion states to hydrophobic fumed silica particles. Hydrophilic fumed silica 

particles do not form a gel dispersion in aqueous system unlike hydrophobic 

fumed silica particles. Moreover, hydrophobic fumed silica particles dispersions 

show changes in G’ as alcohols volume percentage changes in the medium. 

However, hydrophilic fumed silica particles dispersions are independent on 

alcohols volume percentages. Even though amount of alcohols in the medium is 

decreased, there is no increase of G’ in hydrophilic fumed silica particle 

dispersions. This indicates that hydrophobic and hydrophilic fumed silica particles 

are dispersed in different ways. Since hydrophilic fumed silica particles do not 

require alcohols to be dispersed in water, it will form direct hydrogen bonding to 

water and is dispersed. Therefore, its dispersion exhibits a stable sol state unlike 

hydrophobic fumed silica particles dispersions. 
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The amount of particle in the dispersions is also controlled. There has been a 

claim that there is a certain amount of particle required for the dispersions to be a 

gel. [9] Above results are all measured with the dispersions containing 3 wt% of 

particles. Since fumed silica particles have very low density, this amount is very 

large when converted into volume. Figure 5 shows different amount of 

hydrophobic fumed silica particles ER202 dispersed in the medium. They all 

show frequency-independent G’, indicating a gel structure. This tells us that 

hydrophobic fumed silica particles form dispersions with gel-like properties 

regardless of the amount of particles dispersed. However hydrophilic fumed silica 

particles cannot form such dispersions like hydrophobic fumed silica particles 

regardless of the amount of particles. Even though the amount of particles is 

increased, the dispersions cannot exhibit a gel structure with hydrophilic fumed 

silica particles. Both hydrophobic particles ER202 and VM exhibit a gel structure 

dispersions with G’ increasing as the amount of particle dispersed increases. Since 

surface of VM is treated with silica silylate and ER202 is treated with 

polydimethylsiloxane, ER202 has more hydrophobic properties. The dispersions 

with ER202 form a stronger gel structure compared to the dispersions with VM. 

Moreover G’ of the dispersions change more aggressively. From this, it can be 

deduced that conditions for gel structured dispersions to be formed is hydrophobic 

fumed silica particles, hydrophilic medium and the interactions between them. 

Direct hydrogen bonding interaction between hydrophilic fumed silica particles 

and water induce ‘solvation layer’, forming a sol rather than gel. 
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3.1 Turbiscan

Turbimetric method has been performed to quantify sedimentation and 

aggregation tendency. Figure 5 shows transmittance and backscattering curves for 

the dispersions of hydrophobic fumed silica particles ER202 in ethyl alcohols. 

The sedimentation tendency of the dispersions is different depending on the 

concentrations of alcohols and the presence of water in the medium. The 

dispersion in 50 vol% ethyl alcohols exhibits gel properties with particles in 

network structure. There is no increase in transmittance value overall. It shows 

almost no sedimentations and aggregations of particles over hours. On the other 

hand, the dispersion in 100 vol% ethyl alcohols show increases in transmittance 

and sedimentation. It indicates that the sedimentation proceeds with time and 

aggregations are formed during the sedimentation. We believe network structure 

formation of the particles leads the dispersions to a stable gel state when sol state 

dispersions exhibit instability to sedimentation and aggregations over time. 
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(a)

(b)

Figure 6. Transmittance and backscattering curves for the dispersions of 3 wt% 

ER202 in (a) 50 vol% ethyl alcohols.in water and (b) 100 vol% ethyl alcohols

aggregating
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3.2 Microscope images

Figure 7. shows optical microscope images of 0.5 wt% ER202 particles dispersed 

in various concentrations of ethyl alcohols. In figure 7 (a), ethyl alcohol is 50 vol% 

in the medium and the particles form a network structure. Figure 7 (b) shows 90 

vol% ethyl alcohols and flocculation of particles instead of a network structure 

where particle flocculation is connected. Figure 7 (c) is 100 vol% of ethyl 

alcohols which shows totally different dispersed particles. Particles are not 

flocculated, rather well-dispersed throughout the whole sample. These optical 

microscope images match with the rheological analysis as well. Particles with a 

network structure formed show high G’ independent on frequency, indicating gel-

like properties. To compare difference between different alcohols and alkyl chain 

length, the dispersions of 0.5 wt% ER202 in various alcohols at fixed volume 

percentage of 95 vol% in figure 8. The dispersions with methyl alcohols which 

has the smallest number of alkyl on alcohols show connected particle flocculation 

in large size compared to the dispersions with ethyl alcohols. Ethyl alcohol still 

cause particles to be flocculated but each flocculation size is much smaller than 

those in methyl alcohols. However, in isopropyl alcohol particle flocculation 

cannot be found unlike two dispersions. It shows particles well-dispersed 

throughout the whole sample. This explains a sudden decrease of G’ shown in the 

dispersions of 95 vol% isopropyl alcohols from rheological analysis. We can 

assume that as alkyl chain length of alcohols increases, hydrophobic effect 

between particles and water is also minimised, causing less flocculation of 

particles. Moreover the dispersions of hydrophobic fumed silica particles at 

various alcohols concentrations also show the same behaviour. As alcohols 

concentration decreases, the amount of water in the medium will be increased and 

thus it will result in stronger hydrophobic effect between the medium and the 

particles. And these different states of particle dispersions also appear in 
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rheological analysis. 
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(a)    (b)

(c)

Figure 7. Optical microscope images of 0.5 wt% ER202 dispersed in various 
volume percentage ethyl alcohols (a) 50 vol%, (b) 90 vol% and (c) 100 vol%
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(a) (b)

(c)

Figure 8. Optical microscope images of 0.5 wt% ER202 dispersed in 95 vol% 
alcohols (a) methyl, (b) ethyl and (c) isopropyl alcohols
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Conclusion

In this study, properties of the dispersions formed with hydrophobic fumed silica 

particles in aqueous system are investigated. For this purpose, different alcohols at 

various concentrations are used with water in the medium. To compare, both 

hydrophobic and hydrophilic fumed silica particles are used in the experiments. 

Two particles with different surface properties are dispersed in the medium in 

different states, sol and gel. Hydrophobic fumed silica particles form gel structure 

dispersions. And this dispersion’s rheological properties are altered when the 

compositions of the medium are changed. The structure of the gel is stronger 

when alcohols with small alkyl chain are used at the minimum concentrations. 

This is because hydrophobic effect from water and hydrophobic fumed silica 

particle cause the formation of gel structure and alcohols just allow hydrophobic 

fumed silica particles to be dispersed in the aqueous system. This effect still 

shows even when very small amount of water, at least 5 vol% in the medium is 

present. These dispersions have different structure when hydrophobic fumed silica 

particles are dispersed in the medium of 100 vol% alcohols without any water. 

This gel structure formation is only possible with hydrophobic particles whereas 

hydrophilic particles form dispersions of sol state. Even though amount of 

particles are increased, it does not show any effect on the structure as well as 

rheological properties. In this study, we suggest the way to disperse hydrophobic 

fumed silica particles in the aqueous system and to control the structure and 

rheological properties of the dispersions. 



23

References

1. Lunter, D.J., Evaluation of mesoporous silica particles as drug carriers in 

hydrogels. Pharm Dev Technol, 2017: p. 1-6.

2. Li, Z., et al., Mesoporous silica nanoparticles in biomedical applications.

Chemical Society Reviews, 2012. 41(7): p. 2590-2605.

3. Morishita, C. and M. Kawaguchi, Rheological and interfacial properties of 

Pickering emulsions prepared by fumed silica suspensions pre-adsorbed 

poly(N-isopropylacrylamide). Colloids and Surfaces A: Physicochemical 

and Engineering Aspects, 2009. 335(1–3): p. 138-143.

4. Zhang, Q. and L.A. Archer, Poly(ethylene oxide)/Silica Nanocomposites:  

Structure and Rheology. Langmuir, 2002. 18(26): p. 10435-10442.

5. Király, Z., et al., Van der Waals attraction between Stöber silica particles 

in a binary solvent system. Colloid and Polymer Science, 1996. 274(8): p. 

779-787.

6. Zheng, Z., et al., Direct Evidence for Percolation of Immobilized Polymer 

Layer around Nanoparticles Accounting for Sol–Gel Transition in Fumed 

Silica Dispersions. Langmuir, 2015. 31(50): p. 13478-13487.

7. Hanns Peter, B., The Chemistry of Silica. Solubility, Polymerization, 

Colloid and Surface Properties, and Biochemistry. Von R. K. Iler. John 

Wiley and Sons, Chichester 1979. XXIV, 886 S., geb. £ 39.50. Angewandte 

Chemie, 1980. 92(4): p. 328-328.

8. Camenzind, A., W.R. Caseri, and S.E. Pratsinis, Flame-made 

nanoparticles for nanocomposites. Nano Today, 2010. 5(1): p. 48-65.

9. Raghavan, S.R., H.J. Walls, and S.A. Khan, Rheology of Silica Dispersions 

in Organic Liquids:  New Evidence for Solvation Forces Dictated by 

Hydrogen Bonding. Langmuir, 2000. 16(21): p. 7920-7930.



24

10. Raghavan, S.R. and S.A. Khan, Shear-Thickening Response of Fumed 

Silica Suspensions under Steady and Oscillatory Shear. Journal of Colloid 

and Interface Science, 1997. 185(1): p. 57-67.

11. Khan, S.A. and N.J. Zoeller, Dynamic rheological behavior of flocculated 

fumed silica suspensions. Journal of Rheology, 1993. 37(6): p. 1225-1235.

12. Negi, A.S. and C.O. Osuji, New insights on fumed colloidal rheology—

shear thickening and vorticity-aligned structures in flocculating 

dispersions. Rheologica Acta, 2009. 48(8): p. 871-881.

13. Lee, G., S. Murray, and H. Rupprecht, The dispersion of hydrophilic and 

hydrophobic flame-hydrolysed silicas in short-chained alkanols. Colloid 

and Polymer Science, 1987. 265(6): p. 535-541.

14. Kronberg, B., The hydrophobic effect. Current Opinion in Colloid & 

Interface Science, 2016. 22: p. 14-22.

15. Sun, Q., The physical origin of hydrophobic effects. Chemical Physics 

Letters, 2017. 672: p. 21-25.



25

국문 초록

본 연구에서는 분산계의 미세 구조 및 유변 물성에 입자와 분산액의 친

화도가 미치는 영향에 대해 알아보았다. 다양한 산업에서 입자가 들어

간 용액이 사용되며 점도와 같은 유변 물성은 공정에서 영향을 미친다.

실리카 입자는 다른 물질의 점도를 높이는 재료로 사용되기도 하지만

본래 실리카 입자는 친수성의 표면 특성을 가지고 있어 한계가 있다.

이때 표면 계질을 통해 소수성의 표면 특성을 가진 실리카 입자를 사용

하게 되면 보다 효과적으로 유변 물성 조절이 가능하다. 그러나 수계

시스템에 입자 분산 자체가 어려움이 있어 이 또한 한계가 있다. 때문

에 이러한 한계를 극복하기 위하여 본 연구에서는 소수성 실리카 입자

를 수계 시스템에 분산을 하며, 이때 용액에 알코올을 첨가하였고 이러

한 알코올의 구조와 함량에 따라 입자의 분산 상태를 조절하며 분산액

의 유변 물성을 바꿀 수 있었다.

본 연구에서 알코올의 함량이 줄어들면서 물의 함량이 늘어났고, 이에

따른 입자와 분산 용액의 친화도가 조절되었다. 이에 따라 입자의 분산

구조가 바뀌고 점도, 저장 탄성율과 같은 유변 특성 또한 변화하였다.

소수성의 입자를 사용하여 젤 구조를 보이며 높은 점도의 분산액이 제

조가 가능하였으나 이는 친수성의 특성을 가진 실리카 입자로는 어려움

이 있었다. 입자의 함량을 증가시킴에 따른 변화 또한 친수성 실리카

입자의 분산액에서는 관찰하기 어려웠다. 연구 결과를 통해 소수성 표

면 특성을 가진 실리카 입자의 분산이 수계에서 가능하였으며 알코올의

종류와 분산 용액의 조성을 바꿈에 따라 입자의 분산 구조와 분산액의

유변 물성을 조정할 수 있었다.
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본 연구를 통해 입자와 분산 용액간의 상호 작용을 이해하고 이에 따른

입자 분산 구조와 분산액의 거동 변화를 알 수 있었다. 이를 이용해 실

리카 입자를 사용하여 보다 효과적인 점증 효과를 나타낼 수 있으며 사

용 목적에 알맞은 원하는 조성과 유변 물성을 가진 분산 용액 제조가

가능할 수 있다고 생각한다.
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