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ABSTRACT

In this paper, the preparation of nano silica sol was used TEOS hydrolysis. Slica sol was used to compound the
S02 sol / polyacrylate with acrylate monomer emulsion polymerization, the effect of sol amount and feeding
methods of polyacrylate stability and other property of SO2 / polyacrylate were studied.
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INTRODUCTION

Nano inorganic/organic polymer composites has becanvery important method for the preparation ofvne
materials, will be the future focus direction oetbomposite material, and related research topicedent years,
research in the field of materials are very actNano inorganic/organic polymer composite materials keep the
advantages of organic polymer easy to processigalso with the nano materials of high strengightrigidity,
and its excellent characteristics of multifunctibclaaracteristics [1].

Acrylic emulsion has the following outstanding peojies: wide range of choice monomer, monomer caitipa
can design well. The comprising of lipophilic moremimydrophilic selectivity are wide single glasarisition
temperature range of options and the like. Acrylatnomer generally is less toxic or slightly tof®j, so the
acrylic emulsions is excellent environmental parfance. Good film-forming properties of acrylic esiah,
mainly in: film speed, fast dry time and good filjloss, high transparency, uniform emulsion latexige size
distribution, good water resistance film, and loater absorption excellent performance. So morenama acrylic
emulsion is used and development.

PREPARATION OF NANO-SILICA SOL /ACRYLATE COPOLYMER EM UL SION COM POUND

THE PREPARATION OF NANO-SILICA SOL

With ethyl orthosilicate, Silone coupling agent Kéfband hydrochloric acid as raw material, use éshjdrolysis
of ethyl silicate prepared nano silica slurry. Thigthod is mainly using ethyl orthosilicate hydtayreaction,

generating nano silicon dioxide [2].The silica npaicles dispersion is one of the most importarabfem.

Reunion, hydrolysis reaction generated nanopastiessily happened cause the growth of the nanolesrsize and
dispersed unevenly. Different dispersion solvespéision effect of silica nanoparticles have veagy difference,

then examines the five kinds of dispersion soleispersion effect of nano silica [1].

Ethyl orthosilicate in acidic and alkaline conditgoare easy to hydrolysis, and product sol undetraleconditions
extremely unstable, nanopatrticles easily happeogether. In alkaline conditions, hydrolytic condatien degree is
large, resulting in response of the uncontrolled.tihe same time considering the next step for &erdilsion
polymerization system, and so is the hydrolysisethfyl silicate reaction use hydrochloric acid solutas the
catalyst [3].

In this article, ethyl silicate hydrolysis reactisnas follows [4]:
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(1)SiO4(OC2H5) + 12H2G> Si504(0H)12 + 12C2H50H
(2) Si504(0H)12— 5Si02 + 6H20

(1)+(2) SiO4(OC2H5) + 12H20> 5Si02 + 12C2H50H

THE PREPARATION OF NANO-SILICA SOL / POLYACRYLATE COMPOSITE EMULSION

In order to improve the stability of the emulsioolymerization, at the same time improve the emulsiavater
resistance, hardness, latex film bibulous rateh sixcperformance, you must first determine the simulsystem is
ethyl silicate and Silone coupling agent A - 17ddiag ratio.

Determine the optimal ratio of silicon compounddieg method is: first set amount of ethyl silicated A-174
Silone coupling agent is 2% of the total monomehgnging TEOS and silicon coupling agent A-174 added in
the mass ratio of the polymerization system to stigate its effect on the stability of polymerizatiand the degree
of cross-linking the film. Because of the importanbperties of the water, the water absorption, filtex film, and
the film hardness are closely related to the degfemoss-linking, the polymerization stability abg testing the
degree of cross-linking of the film in differentgportions of the silicon compound can be determitied best
emulsion excellent silicon compound feed ratio [5].

Tab. 1 The effects of the content of TEOS and A-174 on the polymerization stability

MreosiMa-17: 8:1 4:1 2:1 1:1 1:2
Cur/% 047 054 076 105 1.58
The cross-linking degree of the film/% 34.2 82.3 .484 88.9 90.7

The data in table 1 shows that increasing the obwiteA - 174 is helpful to increase the emulsidm fcross-linking
degree, but the stability of the emulsion polymetitm, at the same time reduce the content of &4 ibcrease
ethyl orthosilicate TEOS content, although the padyization stability increased, but the cross-ligkidegree
reduced obviously. So comprehensive consideratiggys as the best proportion ofymy7, = 4:1.

RESULTSAND DISCUSSION

EMULSION POLYMERIZATION RATE AND CONVERSION RATE

Emulsion polymerization of polymerization rate iseoof the important indicators to measure polynation
controllability; polymerization rate too fast omtglow can cause polymerization controllability.n@ersion rate is a
measure of degree of polymerization of importadidators. So the study of polymerization rate aodversion
rate is very necessary. Table 2 is the influencgosfaige of silicon compounds on conversion, figuie the effects
of dosage of silicon compounds on polymerizatida rasults.

Tab. 2 The effects of the content of silicon compounds on the converion

The amount of silicon compounds/%  Theoretical sotidtent/%  Theoretical solid content/%  Theoretsmdid content/%

0 50.3 50.2 99.9

1 49.6 49.5 99.7

2 49.5 49.4 99.5

3 49.2 49.7 99.4

4 48.4 49.1 99.7

5 48.7 48.2 99.9
100 i

T
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Fig. 1 Effects of the content of silicon compounds on rate of polymerization
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Figure 1 shows that the result of the dosage @osilcompounds on the polymerization monomer caigarare
effect is very small, can close to 100%, and whendosage of silicon compounds in the range of 4%P4, the
polymerization rate increased with the increaseilidon content is accelerated, the bigger the gesaf silicon
compounds, the higher the monomer conversion naderthe same reaction time; But when the dosagdicdn
compounds increased to 4% when begin to decline iBhbecause as you progress through the polyatanz
reaction [5], A - 174 in the event of A free radicapolymerization of siloxane group generated pgrblysis of
silicon hydroxyl at the same time, the hydrolydiFBOS also happen to generate hydroxyl silicaicasi hydroxyl
and condensation reaction between the hydroxgiosili

THE STABILITY OF EMULSION POLYMERIZATION

Emulsion polymerization is the emulsion stabilityush first research various performance indicatdfsthe
emulsion polymerization stability of the emulsioolyomerization process is not stable, repeatablealyiléy is poor,
cannot be used in production. Table 3 is a siliommpound dosage effect on the stability of the palsization [7].

Tab. 3 The effects of the content of silicon compounds on the polymerization stable

The amount of silicon compounds/%  Theoretical satidtent/%  Theoretical solid content/%  Polymer #itsf9o

0 50.3 50.2 0.20
1 49.6 49.5 0.31
2 49.5 49.4 0.45
3 49.2 49.7 1.56
4 48.4 49.1 6.00
5 48.7 48.2 3.78

cur,%
™~
¥

TOES content/%

Fig.2 Effects of the content of silicon compounds on the polymerization stable

The figure 2 shows that with the increase of dosafgglicon compounds in system, polymerizatiorbgity, floc
formation rate increases, polymerization stabiiecreased, and the dosage of silicon compoundsased to 4%,
the floc formation rate is maximum, but when theatpe of more than 4% silicon compounds, aggredgabglity
and reduced.

LATEX FILM HARDNESS

Tab. 4 The effects of the content of silicon compounds on the cross linking index

The amount of silicon compounds/%  Cross-linked eotite  Cross-linked content Include sketone and hydrazine systerfo

0 16.8 84.5

1 65.5 92.3

2 81.9 98.3

3 86.2 99.7

4 91.3 Solidified after half an hour
5 95.6 Solidified immediately

Indicate: In thetable 4, including sketone and hydrazide systemis mean to add diacetone acrylamide and the adipic dihydrazide in the emulsion,
and the additives accounted for 2% of the total units.

High hardness of emulsion latex film made aftertioga can improve the scrub resistance of coat[@yjsmade
from wood coatings can improve the resistance oftgarface wear resistance.

Data in table 4 shows that with the increase ofadesof silicon compounds in milk poly system, enauisfilm
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hardness increased obviously. When the dosage pfittddhardness is up to 2 h and when the dosageased to
4% film hardness of 4 h. This can explain, TEOS wasgied out in situ hydrolysis in the process ofuésion

polymerization, the generated hydroxyl silicon naawicles on the silicon hydroxyl and carboxyl obss-linking

acrylate polymer structure, the formation of Si - 8i evenly dispersed in the polymer, inorganitwoek formed at
the same time Si - O - Si inorganic network withyparylate molecular chain between each other witited. The
cross-linking structure of the space network isatiyeimproving the film hardness.

THE EMULSION PARTICLE SIZE AND DISTRIBUTION

Emulsion particle size and size distribution dileetffects the performance of polymer emulsionsusion color is
closely related to the particle size and distritatigeneral small particle size of emulsion pare tilght. The smaller
the emulsion particle size, coating with bettersgl@nd transparency is higher. Table 5 and 3, casply are
silicon compound dosage on the average particteasid its distribution influence results.

Tab. 5 the effects of the content of silicon compounds on the particle

The amount of silicon compounds/%  The averageg@amize/mm  The average particle size/+nm  Polyd&pelndex

0 154 3.5 0.005
1 154 2.6 0.009
2 158 54 0.005
3 171 1.8 0.056
4 193 4 0.097
5 201 14 0.215

220
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180 /
170
160 «————i———"‘/

140

Mean Diameter/nm

0 1 2 3 4 5 &
Content of TEQS/%

Fig. 3 The effects of dosage of silicon compounds on the Mean Diameter of particles

Table 5 and figure 3 show that with the increasdasiage of silicon compounds in emulsion polyméioraesystem,
increasing average particle size of latex partitie, particle size of dispersion index increasdragareduce the
trend, and the dosage of silicon compounds was 2% aispersion index to obtain the minimum valuandimeter
Si02 generated this is because, in the latex f4¢pntains a large number of silicon hydroxyl, thesage, the
emulsification effect, but the dosage of silicommmunds increased to a certain amount, the inciaase number
of silicon hydroxyl generated, latex particles ¢ tsurface of the hydration layer thickness in@sasppear
coalescence phenomenon, make particles easieumiteren the surface of the latex particles, whiekulted in
increased size, at the same time, with the increasi®sage of silicon compounds, increased riskatax particle
aggregation, increase floc, is also another reafemulsion particle size increases [9].

In this article USES the soap-free emulsion polyration of emulsion was prepared by the emulsionigla size
around 150~200 nm, conform to the architecturaiXa@nd the application range of the antirust eroalsi

In figure 4, we can see that with the increaseasfage of silicon compounds, film cross-linking @onitincrease,
namely the increase of cross-linking degree. Eneketene. Hydrazine cross-linking formulation, wiltie increase
of dosage of silicon compounds, emulsion crossidgkmaterial content in the membrane is also irszda
obviously. We suggest that the addition of TOESyptiog agent A- 174, under the synergy of hydrdysias

generated with silicon hydroxyl silicon nanometé@2Sor hydroxyl groups grafted in acrylate copolyrs@le chain

formed on the junction [6].
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Fig. 4 Effects of the dosage of silicon compounds on the content of cross-lined polymer

THE EMULSION MINIMUM FILM-FORMING TEMPERATURE

Table 6 data shows that the minimum film-formingperature of the emulsion basic has nothing to o kow
much dosage of silicon compounds, and the genehgtxyl silicon, in the water before volatile iarfront of the
coating is dry, cross linking basic did not ocdnrestigation of six kinds of the minimum film-foing temperature
of emulsion dosage of silicon compounds contairsiigon emulsion test results are the same 14(18and the
blank sample emulsion of the minimum film-formirentperature of 20C.The influence factors of the minimum
film-forming temperature are: glass transition temgure, emulsion particle size, film forming agedty
conditions and storage time, etc [8]. Due to the fkinds of emulsion in addition to the content énabvious
different silicon compounds, the influence factofother conditions are consistent, this is dusitioon hydroxyl
and siloxane condensation reaction occurred at#inge time, also generates small molecular substangeh as
ethanol and methanol.

Tab. 6 The effects of the dosage of silicon compounds on the MFT

The amount of silicon compounds/%Minimum film forming temperature MFTZ
20

14-18

14-18

14-18

14-18

14-18

O~ wWNEF O

VISCOSITY OF THE EMUL SION POWER
Table 7 is the dosage of silicon compounds in thalsion viscosity and its viscosity changes affaetoutcome.

Tab. 7 Effects of the dosage of silicon compounds on the viscosity of latex

The amount of silicon compounds/% 0 1 2 3 4 5
od 337 312 265 255 293 36.6
15d | 339 315 27.0258 311 383

Emulsion viscosity/mPa.s| 30d | 345 32 273 26.2 335 404
45d | 36.4 324 276 265 375 420
70d | 37.3 333 278 271 39.6 453

It can be seen from table 7 and figure 5, the cait@@mulsion viscosity increased after 70 days thel increase
was small, present the target store emulsion lHestand the dosage of silicon compounds have littipact on
stability [8]. And silicon compound dosage increfséhe viscosity increased slightly. The siliconmmmund
emulsion viscosity average of the dosage of 3% muni, dosage of silicon compound emulsion viscoslitgnge
with 2% minimum, dosage of silicon compounds for 6f4he average viscosity of emulsion, the largest the
largest viscosity change with storage time is 5% 4%b.

THE WATER ABSORPTION OF FILM

Table 8 is silicon compound dosage O %, respegtivido, 2%, 3%, 4%, 5% of latex film bibulous rate
determination results.
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Fig. 5 The effects of the dosage of silicon compounds on the viscosity of latex

Tab. 8 Effects of the dosage of silicon compounds on the water absor ption of film

The amount of silicon compounds/% 0 1 2 3 4 5
Water absorption/% 223 19.1 175 17.1 15.01.2

The data of table 8 shows that with the increasdosfige of silicon compounds, film bibulous ratéoiser, that
with the increase of dosage of silicon compourittg, dross linking degree increase, water resistamoeased

THE EMULSION CALCIUM ION STABILITY

Calcium ion is used to evaluate the emulsion gtghib resist the ability of the because of solubdt in the
packing material, also known as chemical stabilimulsion stalling 48 h of CaCl2 solution, if nogal, without
stratified phenomenon, the stability of calciumdoiable 9 shows the emulsion stability of calcidetermination
results.

Tab. 9 The stability of Ca*

The amount of silicon compounds/%  The stabilitCaf"
0 Uniform and stable
Uniform, stable
Uniform and stable
Uniform and stable
Uniform and stable
Uniform and stable

O WNPEF

DILUTE EMULSION STABILITY

PH value represents the system of hydrogen ionesuration, the lower the pH value, the greaterhydrogen ion
concentration. Hydrogen ions and other captioresyph lower negatively charged the stability ofldtex particles
of polymer emulsion. Table 10 is acid alkali on tlegermination results of composite emulsion sitgbil

Tab. 10 The stability of dilution

Sample Shake and observe Still observed after @ksho
Take emulsion 5ML and neutralized to PH =1  Stalplé non-hierarchical Homogeneous and no precipitati
Take emulsion 5ML and neutralized to PH =12  Stablé non-hierarchical Homogeneous and no precipitati

CONCLUSION

This paper, by means of soap-free emulsion polyragan, the preparation of nano silica/acrylic estmpound
emulsion, the study of the performance the follapdonclusions

1) In the presence of reactive emulsifier, dire¢tlythe oxygen ethyl orthosilicate, methyl acrylgybpyl silane

three oxygen radicals (A - 174) soap-free emulgiolymerization with acrylic ester monomer, can bepared by
in situ hydrolysis method of the stability of thano Si02 sol-gel/polyacrylate composite emulsiorheW the
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dosage of silicon compounds is less than 5%, @igilgy can be obtained from nano Si02 /polyace/labmposite
emulsion, and the introduction of acrylate polyrsédica particles side chains to form potential jime can be
coordinated to improve water resistance and hasdogthe acrylate copolymer. When added to thermehzation

system is ethyl silicate and the proportion of ¢bepling agent A - 174 for faos Ma.174 = 4:1, the stability of the
emulsion polymerization is best.

2) Compound content is higher, the polyacrylatesnsiticon dioxide composite latex film of the grerathe degree
of cross-linking, bibulous rate is lower, the gezahe hardness. When the dosage of silicon cong=oumn2% ~ 3%,
the dosage of coupling agent A - 174 for TEOS usd@®%, the hardness of the composite can reach than 2 h,
and water resistance performance and so on, thanpolkzation stability and storage stability caniaeh ideal
result.
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