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A
n ambient self-crosslinking polymer acrylic (ASPA) microemulsion was prepared

by a modified microemulsion polymerization, in which reactive emulsifiers ally-

loxy nonylphenoxy poly(ethyleneoxy) ether (ANPEO10) and ammonium sulphate

allyloxy nonylphenoxy poly(ethyleneoxy) ether (DNS-86) and normal emulsifiers were

employed. The ASPA microemulsions and their paint films were characterized with rota-

tional viscometer, laser light scattering, Fourier transform infrared (FTIR), and differen-

tial scanning calorimetry (DSC). The results of the rheological properties showed that

the apparent viscosity (ηa), consistency factor (K), and zero shear viscosity (η0) of the

soap-free microemulsion containing reactive emulsifiers were increased, compared

with those of conventional microemulsions prepared with normal emulsifiers.

Compared with conventional microemulsions, the soap-free microemulsions showed

fast drying speed and its films presented better water resistance. At last, the particle

size and distribution were characterized. The results obtained showed that the soap-

free emulsions were monodisperse nano-emulsions.

INTRODUCTION

It is well-known that polyacrylate

latex paints present a number of

interesting properties, such as good

film forming property, excellent

gloss, resistance to chemicals,

water, weather, fouling, and stain-

ing, and friendly environment

property, lending them to an impor-

tant commercial application in

paint industry [1]. However, poly-

acrylate latex paints also show

some drawbacks that restricted

their utilization severely: the sur-

face tackiness at high surrounding

temperature and brittleness at low

temperature caused by the thermo-

plastic nature of uncross-linked

latex resins, weak solvent resist-
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ance, and low hardness and so on. To overcome these

drawbacks, polyacrylate latex paints were usually

modified by various cross-linking methods, such as a

bicomponent cross-linking and a monocomponent

self-crosslinking method [2-7]. A monocomponent

self-crosslinkable polyacrylate latex paint has a long

time storage stability, compared to a bicomponent

cross-linkable in which a cross-linker is added. 

Under the volatile organic compounds (VOC) reg-

ulations strengthened from the viewpoint of environ-

mental protection and considering lower cost, the

emulsion polymerization of polyacrylate was

favoured. In emulsion polymerization there is normal-

ly a conventional surfactant, but in our present work

reactive surfactants were employed for the prepara-

tion of polyacrylate microemulsions. Compared with

a conventional surfactant, a reactive surfactant is

chemically bonded to the surface of latex to impart

stronger stabilities [8-10]. Furthermore, the reactive

surfactant can overcome some detrimental effects of

conventional ones on the physical properties of the

final polymer, such as low water resistance [11, 12].

Recently, polymeric nanoparticles have become more

attractive both in research and application [13]. It is

well known that films with better appearance and

mechanical properties could be obtained by applying

nano-sized latex particles [14-16]. Our research group

has synthesized nano-sized latex particles [17].

Usually, microemulsion polymerization is utilized to

prepare nano-sized latex particles [14], but some

obvious disadvantages hinder its application, such as

low solid content and low monomer/surfactant weight

ratio. A modified microemulsion polymerization [18]

was developed accordingly. 

In the present study, the ASPA microemulsions

were prepared by a modified microemulsion polymer-

ization in the presence of only reactive surfactants to

improve water resistance and drying speed. To the

best of our knowledge, little work has been done in

the ASPA microemulsions polymerization in which

only a reactive surfactant was used. Rheological prop-

erties, water absorption, and drying speed of the

ASPA microemulsions and their films were investi-

gated to heighten the latex film resistance to water and

to increase the viscosities and drying speed of the

microemulsion. It is the originality and novelty of our

work that the ASPA microemulsion was prepared with

only reactive surfactants, which we found played a

role on inner emulsion and plasticization. 

EXPERIMENTAL

Materials 

Methyl methacrylate (MMA), butyl acrylate (BA) and

acrylic acid (AA) were purchased from Beijing East

Chemical Industry Factory. Diacetone acrylamide

(DAAM) and adipic acid dihydrazide (ADH) were

supplied by Hangzhou Xinghua Chemical Limited

Co., polyoxyethylated octylphenol (OP-10) came

from Henkel International (German). Allyloxy

nonylphenoxy poly(ethyleneoxy)(10) ether

(ANPEO10) and ammonium sulphate allyloxy

nonylphenoxy poly(ethyleneoxy)(10) ether (DNS-86)

were supplied by Guangzhou Shuangjian Trading Co..

All these chemicals were of industrial grades.

Ammonium persulphate (APS), sodium dodecylsul-

phate (SDS) and ammonium hydroxide (NH4OH)

were of analytical grades from Beijing Chemical

Plant. Sodium hydrogen carbonate (NaHCO3) was of

analytical grade from Chengdu Kelong Chemical

Industry. All chemicals were used as received.

Deionized water was used throughout the experimen-

tal work.

Preparation of Microemulsion

The microemulsion was prepared by a modified

microemulsion polymerization. The recipes of a mod-

ified microemulsion polymerization under various

conditions are shown in Table 1.

Preparation of Seeded Latex Particles
A three-necked flask equipped with a stirrer, a con-

denser and a thermometer was immersed in a water

bath with the temperature carefully controlled at

54±1ºC. The mixture from core in Table 1 was pre-

emulsified under stirring at the rate of 400 rpm for

about 10~20 min.   

A typical procedure for preparation of the seeded

latex particles was as follows: 

A surfactant mixture (about one-half total emulsi-

fier), water (about one-half total water), sodium

hydrogen carbonate and initiation solution (about

one-half total initiation solution), prepared from dis-
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solving APS in water (8 mL) were added into another

vessel, and the mixture was heated up to 74±1ºC.

Then the pre-emulsion was fed continuously through

a dropping funnel into the three-necked flask within

10 min, followed by stirring for about 15 min. This

process provided the seeded latex.

Seed-emulsion Polymerization
The monomers of feed duration were pre-emulsified

just as the seeded monomers. The initiation solution

(1 mL) was introduced into the three-neck flask. Then

the pre-emulsion was fed into the seeded latex in 1 h,

and APS solution (1 mL) was added into the reaction

system when addition of one-third of pre-emulsion

was completed (ca. 20 min), and the reaction temper-

ature was still maintained at 74±1ºC.

Then, the system was kept at 74±1ºC for another 

2 h, and heated up to 81±1ºC and maintained at this

temperature for 1 h. The cross-linker solution was

introduced into the system after the temperature of the

reaction system fell to room temperature and the mix-

ture was stirred for another 30 min, and finally neu-

tralized with aqueous ammonium. 

Finally, a semi-translucent fluid ASPA microemul-

sion with 43~44% solid content was obtained. The

synthesis route is shown in Schemes I and II. 

Characterization and Tests on Microemulsions

and Films

Measurement of Viscosities of Microemulsions
A rotational viscometer (NXS-IIA, Chengdu

Instruments Co., Chengdu, China) was employed to

measure the viscosity of the blended emulsions at the

different shear rates at 25±0.1ºC after the solid con-

tent of each emulsion sample was adjusted to be equal

by adding distilled water. The used rotor was type A.

The following equation was used to calculate the

apparent viscosity and the shear stress, respectively.

ηa = K.α (1)

where ηa was the apparent viscosity of the latex; K

was the constant of the instrument; α was the numer-

ical reading on the instrument.
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Sample A B C D

Monomer

Seed latex

BA(mL)

MMA(mL)

AA(mL)

DAAM(g)

47

17

0~2

1~3

47

17

0~2

1~3

42

22

0~2

0~2

42

22

0~2

0~2

Feed duration

BA(mL)

MMA(mL)

AA(mL)

DAAM(mL)

47

17

2~4

2~5

47

17

2~4

2~5

42

22

2~4

2~5

42

22

2~4

2~5

Emulsifier

OP-10(g)

SDS(g)

ANPEO10(g)

DNS-86(g)

4.5

3.5

0

0

0

0

0.8

7.2

0

0

0.8

7.2

4.5

4.5

0

0

Initiator APS(g) 0.8 0.8 0.8 0.8

Cross-linker ADH(g) 1~3 1~3 1~3 1~3

Distilled water
Seed latex (mL)

Feed duration (mL)

70

70

70

70

70

70

70

70

NaHCO3 (g) 0~1 0~1 0~1 0~1

Table 1. Recipes for ambient self-crosslinking acrylic emulsion polymerization.



The Particle Size and Particle Size Distribution
(PSD) of ASPA Microemulsions
The PSD of ASPA microemulsions were measured

using a laser light scattering (Master Sizer-2000 of

Malvern instruments of Worcester, UK).

Methods for Measurement of Degree of Water
Absorption and Drying Speed
Resin samples A, B, C and D were laid on PTFE plate

and dried for 7 days at ambient temperature.

Thickness of dried film was approximately 50μm. 
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Scheme I. Microemulsions with reactive surfactants.

 

Scheme II. Cross-linking reaction between DAAM copolymer and ADH.



These films were dipped in distilled water, and

then were taken out every 2 h to remove the droplets

of water remaining on the surface of films with filter

paper. Degree of water absorption was calculated by

the following equation: 

Water absorption ratio (Wt%) = [(mt-m0)/m0]×100      (2) 

where m0 is the weight of the dried film, mt is the

weight of the film containing absorbed water at

time t. 

The drying speed was measured by weighing the

emulsion on microscope slide, using an electronic bal-

ance, for 4 h at 25ºC and 60% dampness. All samples

were measured under the same condition.

Drying speed (Wt%) = [(M0-Mt)/ M0] × 100 (3)

where M0 is the weight of the latex, Mt is the weight

of the latex at time t.

Fourier-transform Infrared Spectra (FTIR)
Fourier-transform infrared spectra were obtained with

a FI-RT 670 spectrometer to characterize the structure

of the films of the microemulsions.

Differential Scanning Calorimetry 
DSC test method was used to test the glass transition

temperature of the films of the latex with differential

scanning calorimetry equipment (NETZSCH DSC

200 PC, GER). 

RESULTS AND DISCUSSION 

Rheological Behaviour of the Microemulsions 

Rheological behaviour is very important for emul-

sions. The apparent viscosities (ηa) of samples A, B,

C and D were measured at 25±0.1ºC. The plots of the

apparent viscosity (ηa) versus the shear rate (γ) were

given in Figure 1. 

As shown in Figure 1, the apparent viscosity ηa

decreases with increasing shear rate, indicating that

the flow behaviour of these microemulsions follows

that of shear thinning pseudoplastic liquid. At the

same shear rate the apparent viscosity of the soap-free

microemulsions with reactive surfactants increases,

Figure 1. Dependence of ηa versus γ (A) sample A; (B)

sample B; (C) sample C; (D) sample D.

compared with that of the conventional microemul-

sions with non-reactive surfactants. This phenomenon

is explained according to the Mooney equation [19]: 

ln ηa = ln ηa + KeVi/(1-Vi/φ) (4)

Where ηa is the apparent viscosity, Ke is particle’s

form constant, ηa is the viscosity of the continuous

phase, Vi is volume fraction of dispersed phase and φ
is packed coefficient. The latex particles were distort-

ed and deformation occurred at shear action. The Ke

value decreased and φ value increased after the emul-

sion was sheared, which caused a decrease of ηa. The

observation could also be explained according to the

interaction between dispersed phase and continuous

phase. The molecular chains of the polymer possess a

number of polar groups, such as COO-, surfactant

anion and initiator ion fragment, which can cause the

solvent effect and hydrogen bonding with water. 

This interaction will be more and more weakened

by increasing shear force. As a consequence, the flow

of the emulsion became easy and ηa decreased. In

order to explain the effect of rheology when acrylic

microemulsions were prepared with different surfac-

tants, the rheological property of microemulsion was

analyzed in linear regress equation. According

to Oswald-DE Waele power-law equation [20]: 

ηa= Kγn-1, the following relationship can be
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Figure 2. Dependence of log ηa versus log γ (a) sample A;

(b) sample B; (c) sample C; (d) sample D.

obtained: 

log ηa = log K + (n-1) log γ (5)

Where K is consistency factor which is proportional

to the apparent viscosity, n is flow index, n<1, for

non-Newtonian fluid, n=1 for Newtonian fluid. The

plots of log ηa versus log K are shown in Figure 2.

Values of K and n can be calculated by eqn (5) and are

shown in Table 2. When shear rate (γ) is zero, zero

shear viscosity can be obtained from Cross equation

[21]: 

1/ηa = 1/η0 + (α/η0).γ2/3 (6)

where η0 is zero shear viscosity. η0 was calculated by

eqn (6) and the data are listed in Table 2.

The results in Table 2 show that all four samples

are pseudoplastic fluid with the value of n less then 1.

The n values of flow index of the microemulsions pre-

pared with reactive surfactants decrease compared

Table 2. The n, K, and η0 values for polyacrylate emulsions.

to those of the non-reactive ones, but the pseudoplas-

tic property of samples C and D increase. However,

the zero shear viscosity of the microemulsions made

with reactive surfactants is higher than that made with

non-reactive surfactants. 

The results obtained could be explained by the fol-

lowing assumption that the reactive surfactants are

not physically but chemically bonded to the surface of

latex and thus function as inner emulsification to hin-

der the molecular motion of polymer. On the contrary,

non-reactive surfactants are physically absorbed onto

the surface of latex and play the role of the external

emulsification and promote the molecular motion of

polymer. 

The Particle Size and Particle Size Distribution

(PSD) of ASPA Microemulsion 

The particle size and PSD of samples A, B, C and D

are shown in Figure 3.

Because the emulsions exhibited a skewed distri-

bution function, the logarithmic distribution was used

for describing the particle size of emulsion. On the

basis of the logarithmic distribution, the geometric

mean diameter (dg) was calculated according to the

follow equation [22]:

dg = exp [Σ (ni ln di) / N] (7)

where ni is the number of particles in group i, having

a midpoint of size di, and N = Σ ni the total number of

particles. 

Figure 3. Laser light scattering graphs of latexes (a) sam-

ple A; (b) sample B; (c) sample C; (d) sample D.
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Sample K n η0 (Pa.s)

A

B

C

D

0.033

0.265

0.945

0.072

0.899

0.717

0.582

0.823

0.024

0.114

0.315

0.042

 



Table 3. Particle size distribution of polyacrylate micro-

emulsions.

Particle size distribution breadth (B) was calculated

according to equation [23]: 

B = (D90 - D10) / D50 (8)

where D90, D50 and D10 are the particle diameters for

the 90th, 50th and 10th cumulative mass percentiles,

respectively. 

According to Figure 3 and eqns (7) and (8), the

particle sizes and particle size distribution breadth of

samples was calculated and shown in Table 3. As it is

seen from these data, the particle sizes are all less than

100 nm and PSD for all are also less than 1. The

results show that ASPA microemulsions are monodis-

perse nano-emulsions. The presence of reactive sur-

factants did not change the particle sizes and PSD of

ASPA microemulsions. 

However, when the type and content of the emul-

sifier are the same, the particle sizes of samples A and

B are bigger and particle size distribution breadths are

narrower compared to samples C and D. This indi-

cates that higher MMA concentration resulted in

smaller particle size and better dispersivity. When the

content of MMA increases, more micelles are formed,

and so the particle’s average diameter decreases. 

Drying Speed of the Microemulsions 

As it is seen from Figure 4 the drying speeds of sam-

ple B and C were faster than those of sample A and D.

A possible explanation is as follows: Homogeneous

domains were created within nano-emulsions made

with reactive surfactants, while the heterogeneous

domains were created within nano-emulsions pre-

pared by non-reactive surfactants. Possibly, the 

heterogeneous domains in the latex were more

hydrophilic and may cause lower drying speed. Thus

the evaporation of water in the reactive surfactants

Figure 4. Drying speed graphs of polyacrylate 

microemulsions (a) sample A; (b) sample B; (c) sample C;

(d) sample D.

system was faster as compared to the non-reactive

surfactants system. Higher drying speed may be more

advantageous in application.

FTIR Measurement for ASPA Microemulsion 

A reaction between the carbonyl group and dihy-

drazide cross-linker proceeds at ambient temperature

under acidic conditions via dehydration as shown in

Scheme II. IR spectra have disclosed the structure

change inside the film as shown in Figure 5. The peak

at about 1735.59 cm-1 is assigned to the ketone group

of DAAM, the peak at about 1637.42 cm-1 to the

amide group, and the peak at about 1458.51 cm-1 is

characteristic of C=N bond. Presence of the special

peak of C=N provided the evidence that the reaction

between carbonyl group and hydrazide group took

place. The characteristic bands at 840 cm-1 (C–H

stretch for substituted benzene) confirmed that reac-

tive surfactants participated in the reaction. 

Water Absorption of the Microemulsions 

Figure 6 illustrates the water absorption of films pre-

pared from both latexes. When water uptake was

expressed as a percentage of initial sample weight, it

became clear that the final water uptake was signifi-

cantly higher for the film with non-reactive surfac-

tants. The surfactant molecules can migrate to form

hydrophilic domains at the surface and in the film dur-

Ambient Self-crosslinkable Acrylic Microemulsion ...Meng W et al.

Iranian Polymer Journal / Volume 17 Number 7 (2008) 561

Sample B D(n)(nm)

A

B

C

D

0.688

0.779

0.900

0.956

78

78

71

68

 



ing the film formation process [24, 25]. These highly

hydrophilic domains are able to trap a large amount of

water when the film is hydrated. Because the reactive

surfactant was chemically bonded to the surface of the

polymer particles, it formed a uniform structure upon

drying, allowing a relatively slow penetration of

water. However, the non-reactive emulsifier was

physically absorbed onto the polymer, and it migrated

towards the surface of the polymer during drying,

forming surfactant aggregates that were not well con-

nected to each other. On the other hand, these

hydrophilic aggregates absorb more water than the

isolated reactive surfactant, yielding a higher water

Figure 6. Water uptake curves for polyacrylate films (a)

sample A; (b) sample B; (c) sample C; (d) sample D.

uptake. Water absorption is more desired in practice.

DSC Analysis 

The results of thermal analysis of sample A and B are

given in Figure 7.

Two polymers show a single glass transition tem-

perature (Tg), indicating the formation of amorphous

copolymers. A slight deviation of the Tg for samples

A and B was observed. The Tg of sample A was high-

er than that of sample B. Polymer chain flexibility and

interaction energy between molecules, attraction

forces, have an important effect on Tg. Compared

with non-reactive surfactants, the incorporation of

reactive surfactants to the polymer B increased

molecular flexibility due to the presence of the side

Figure 7. DSC spectra of the emulsion films (a) sample A

and (b) sample B.
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Figure 5. Infrared spectra of sample C (a) before cross-linking and (b) after cross-linking.

 

 



chain –(CH2CH2O)10H, which plasticized the poly-

mer [26]. This indicates that reactive surfactants play

a role on inner plasticization.

CONCLUSION 

In the present study, ASPA microemulsions were pre-

pared by a modified microemulsion polymerization in

the presence of only reactive surfactants. 

The apparent viscosity of the microemulsions pre-

pared with reactive surfactants increased and their

pseudoplastic property was better than the

microemulsion containing non-reactive surfactants.

Therefore, employing reactive surfactants actually

simplified the painting process. Besides, the water

resistance and drying speed were improved using the

film prepared with reactive surfactants. 

Last, we found that reactive surfactants play a role

on inner emulsion and plasticization. 
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SYMBOLS AND ABBREVIATIONS 

ASPA: ambient self-crosslinking polymer acrylic.

VOC: volatile organic compounds.

ANPEO10: allyloxy nonylphenoxy poly(ethyleneoxy)

ether.

DNS-86:     allyloxy nonylphenoxy poly(ethyleneoxy) 

ether.

MMA: methyl methacrylate.

BA: butyl acrylates.

AA: acrylic acid.

DAAM:     diacetone acrylamide.

ADH: adipic acid dihydrazide.

OP-10: polyoxyethylated octylphenol.

APS: ammonium persulphate.

SDS: sodium dodecylsulphate.

FTIR: Fourier transform infrared.

DSC: differential scanning calorimetry.

K: the constant of the instrument.

α: was the numerical reading on the instru-

ment.

K: the consistency factor.

ηa: the apparent viscosity .

η0: zero shear viscosity.

γ: the shear rate.

Ke: form constant of particle.

ηe: the viscosity of the continuous phase.

Vi: volume fraction of dispersed phase.

ϕ: packed coefficient.

dg: the geometric mean diameter.

ni: the number of particles in group i.

di: a midpoint of size.

N: that the total number of particles.

B: particle size distribution breadth.

D90, D50, and D10: the particle diameters for the 90th,

50th and 10th cumulative mass percentiles, respec-

tively.

REFERENCES 

1. Tigli RS, Evren V, Synthesis and characterization

of pure poly(acrylate) latexes, Prog Org Coat, 52,

144-150, 2005. 

2. Jiang SJ, The use of diacetone acrylamide and

hexanedicyl hydrazine in emulsion polymerization

and in post crosslinking, China Coating, 3, 24-28,

2003. 

3. Mori A, Tashiro K, Makita K, Takatani M,

Okamoto T, Development of room-temperature

curing aqueous emulsion-type acrylic adhesive I:

effect of monomer composition on the initial adhe-

sive strength, and development of room-tempera-

ture curing aqueous emulsion-type acrylic adhe-

sive II: effect of monomer composition on the final

adhesive strength, J Wood Sci, 51, 33-37 and 38-

41, 2005.

4. Nakano Y, Murata S, Konishi S, Hotta I, Resin

composition, US Patent 6,770,709, (Aug 3, 2004). 

5. Yamauchi T, Takada Y, Aqueous polymer disper-

sion composition, JP Patent 2,001,164,129, (June

19, 2001).

6. Suzuki K, Origuchi M, Capacity adjusting method

for battery, JP Patent 2,002,010,511, (Jan 11,

Ambient Self-crosslinkable Acrylic Microemulsion ...Meng W et al.

Iranian Polymer Journal / Volume 17 Number 7 (2008) 563



2002).

7. Nakayama Y, Development of novel aqueous

coatings which meet the requirements of ecology-

conscious society: novel cross-linking system

based on the carbonyl-hydrazide reaction and its

applications, Prog Org Coat, 51, 280-289, 2004.

8. Chen YJ, Zhang CC, Cheng SY, Study of self-

crosslinking acrylate latex containing fluorine, J
Appl Polym Sci, 90, 3609-3616, 2003.

9. Fang ZJ, Wang SM, Zhao L, Xu ZX, Ren J, Yang

QF, Wang XB, Preparation and characterization of

acrylic-based luminescent nanomaterials by in-

situ emulsifier-free emulsion copolymerization,

Mater Lett, 62, 1085-1008, 2008.

10. Yang TS, Peng H, Soap-free emulsion copoly-

merization of perfluoroalkyl acrylates in the pres-

ence of a reactive surfactant, J Appl Polym Sci,
104, 2438-2444, 2007.

11. Abele S, Zicmanis A, Graillat C, Guyot A,

Cationic and zwitterionic polymerizable surfac-

tants-quaternary ammonium dialkyl maleates. 2.

Emulsion polymerization of styrene and butyl

acrylate, Langmuir, 15, 1045-1051, 1999.

12. Abele S, Zicmanis A, Graillat C, Guyot A, films

from styrene-butyl acrylate lattices using maleic

or succinic surfactants: mechanical properties,

water rebound and grafting of the surfactants,

Polymer, 41, 1147-1155, 2000.

13. An ZS, Tang W, Hawker CJ, Stucky GD, One-

step microwave preparation of well-defined and

functionalized polymeric nanoparticles, J Am
Chem Soc, 128, 15054-15055, 2006.

14. Jia GW, Xu YS, Tan XM, Cai N, Monomer emul-

sification and polymerization kinetics in styrene

miniemulsion, Iran Polym J, 15, 979-987, 2006.

15. Nodehi A, Moosavian MA, Haghighi MN, Sadr

A, A comparative study on the properties of

ABS/clay nanocomposites prepared by direct

melt intercalation and in-situ emulsion polymer-

ization techniques, Iran Polym J, 16, 185-193,

2007.

16. Li M, Daniels ES, Preparation of

polyurethane/acrylic hybrid nanoparticles via a

miniemulsion polymerization process, macro-
molecules, 38, 4183-4192, 2005.

17. Feng XP, Zhong AY, Chen DB, Preparation and

properties of poly(silicone-co-acrylate)/montmo-

rillonite nanocomposite emulsion, J Appl Polym
Sci, 101, 3963-3970, 2006.

18. Wan JA, Yang WL, Zeng XB, Fu SK, Structure

and properties of poly(methyl methacrylate) par-

ticles prepared by a modified microemulsion

polymerization, J Polym Sci Polym Chem Ed, 42,

733-741, 2004.

19. Wicks ZW, Anderson EA, Culhane WJ,

Morphology of water-soluble acrylic copolymer

solutions, J Coat Tech, 54, 57-61, 1982.

20. Liu GJ, Water Dispersible Coatings, China Light

Industry, Beijing, 2004.

21. Han CD, Rheology in Polymer Processing,

Academic, New York, 1976.

22. Hinds WC, Aerosol Technology, 2nd ed., Wiley,

New York, 1999.

23. Chinwanitcharoen C, Kanoh S, Yamada T,

Preparation of aqueous dispersible polyurethane:

effect of acetone on the particle size and storage

stability of polyurethane emulsion, J Appl Polym
Sci, 91, 3455-3461 2004.

24. Zhao CL, Holl Y, Pith T, Lambla M, FTIR-ATR

spectroscopic determination of the distribution of

surfactants in latex films, Colloid Polym Sci, 265,

823-829, 1987.

25. Juhue´D, Wang YC, Leung O, Goh MC, Winnik

MA, Surfactant exudation in the presence of a

coalescing aid in latex films studied by atomic

force microscopy1 , J Polym Sci Polym Phys Ed,

33, 1123-1133, 1995. 

26. Gauthier C, Sindt O, Vigier G, Gurot A, Reactive

surfactants in heterophase polymerization. XVII:

Influence of the surfactant on the mechanical

properties and hydration of the films, J Appl
Polym Sci, 84, 1686-1700, 2002.

Ambient Self-crosslinkable Acrylic Microemulsion ... Meng W et al.

564 Iranian Polymer Journal / Volume 17 Number 7 (2008)


