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A PROCESS FOR PREPARING HIGH INTERNAL PHASE RATIO EMULSIONS AND lA TEXES DERIVED 

THEREOF 

This invention relates to a process for preparing high internal phase ratio 

emulsions and artificial latexes derived therefrom. 

s In conventional emulsions, the dispersed phase contains spheres having a volume 

fraction of less than 0.74, which is the volume fraction of the most compact arrangement of 

• spheres of equal radius. However, for high internal phase ratio (HIPR) emulsions, the dispersed 

phase may have a dispersed phase volume fraction as high as 0.99. The continuous phase in 

such cases forms a thin liquid film that separates polyhedral cells, and the HIPR emulsion is 

10 stabilized by the adsorption of surfactant from the continuous phase on the surface of the cells. 

These HIPR emulsions are kno~n to be useful as precursors to high molecular weight polymers, 

composites, and membranes for separation systems. (See Ruckenstein et al., J. Colloid Interface 

Science, Vol. 133, No. 2, p. 432 (1989). 

The preparation of HIPR emulsions by a continuous process is known. For 

15 example, in U.S. Patent 4,018,426, Mertz et al. disdoses a system for the continuous production 

of HIPR emulsions wherein two precisely metered immiscible phases (an internal phase and an 

inverter phase formed of an internal"in-extemal emulsifier and an external phase) are mixed 

together in a preselected ratio of internal phase to inverter phase of between 95 to 5 and 75 to 

25 weight percent. The system provides a mixing means receiving the separate streams of the 

20 internal phase and the inverter phase and distributing loosely the internal phase in stepwise 

progression into the inverter phase. This stepwise progression is formed by positioning a plate 

containing a plurality of holes of progressively larger size which serve to distribute the internal 

phase stepwise in progressively greater total amount into the external phase before the 

resultant mixture reaches an outlet. Emulsions provided by the system disclosed by Mertz et al. 

25 are described as being useful in the pharmaceutical, food, cosmetic, and firefighting industries. 

It would be an advance in the art to provide a simple means of preparing HIPR emulsions. 

Theabove-dted referencesdonotsuggestthat HIPR emulsions can be used to 

prepare artificial latexes. Artifidal latexes are conventionally prepared by the steps of: 

1) providing a solution of a polymer or copolymer in a volatile organic solvent; 2) emulsifying 

30 the solution with water and an aqueous emulsifier; 3) removing the volatile organic solvent 

from the emulsion; and 4) adjusting the solids content if desired. Preparations of artificial 

latexes are desaibed in U.S. Patents 3,360,599; 3,503,917; 4, t 23,403; and 5,037,864. 

In the emulsification and water addition step of the preparation of the artificial 

latex by a phase inversion process, water and emulsifier are typically slowly added to a polymer 

35 solution with high shear until a prescribed ratio of water to polymer solution is reached, 

generally in the range from 1: 10 to 4: 1. Continuous processes are also known. for example, 

European Patent Application 0283247 A2 discloses a continuous method for dispersing a 
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hydrophobic substance in water at elevated temperature and pressure to prepare ·an artificial 

latex having a particle size of less than 0.5 micron. 

· _ .. ·-- · · · -There remains a-need-to-prepare monodisperse latexes having submicron particle 

size, especially in the field of coating applications, where controlled particle size, minimization 

s of creaming, and improved latex stability are desirable. 

10 

The present invention is a method of preparing a high internal phase ratio 

emulsion without phase inversion comprising the steps of: 

a) continuously merging into a disperser and In the presence of an emulsifying 

.and a stabilizing amount of a surfactant, a continuous phase liquid stream having 

a flow rate R,, and a disperse phase liquid stream having a flow rate R2; and 

b) mixing the merged streams with a sufficient amount of shear, and with R2:R1 

sufficiently constant, to form the high internal phase ratio emulsion without 

phase Inversion or stepwise distribution of an Internal phase into an external 

phase; 

15 wherein R2: R, is tn a range where 'the polydispersity of the high internal phase ratio emulsion is 

not greater than 3. 

20 

In a further aspect, the invention is a method of preparing a high internal phase 

ratio emulsion without phase inversion comprising the steps of: 

a) continuously merging into a disperser and in the presence of an emulsifying 

and a stabilizing amount of a surfactant, a continuous phase liquid stream having 

a flow rate R1, and a disperse phase liquid stream having a flow rate R2; and 

b) mixing the merged streams at a mixing rate sufficiently constant to form the 

high internal phase ratio emulsion without phase inversion; 

wherein R2: R1 encompasses a range, the lower limit of which range being defined by a point 

25 where the volume average particle size of the high internal phase ratio emulsion begins to 

show an inverse dependence on R2: R1, and wherein the upper limit of which range is just less 

than an R2: R1 where a phase inversion of the high internal phase ratio emulsion takes place, 

with the further proviso thatthe mean average particle size is not greater than 1.9 microns. 

Monodisperse submicron particles can be prepared using the process of the 

30 present invention. 

Figure t is a profile of the particle size and polydispersity of particles of an HlPR 

emulsion prepared from the process of the present Invention, as a function of the ratio of the 

rates of the disperse phase to the continuous phase, R2:R1, where the continuous phase is 

water, the disperse phase is ENGAGE"' KC8852 ethylene-octene elastomer (a trademark of The 

35 Dow Chemical Company, 24 weight percent in toluene based on the total weight of the 

copolymer and the solvent), and the surfactant is 4 percent by wetghtsodium oteate, based on 

the weight of the elastomer. 
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Figure 2 is a profile similar to Figure 1, where the continuous phase is water, the 

disperse phase is VECTOR111 4211 D SIS (styrene-isoprene.styrene) triblock copolymer 

· (a trademark of Dexco Polymer, 35 weight percent in toluene based on the total weight of 

polymer and solvent), and the surfactant is 4 percent by-weight DRESINATE•• 214 potassium 

soap of a modified resin (a trademark of Hercules, Inc.), based on the weight of the copolymer. 

Figure 3 is a profile similar to Figure 1, where the continuous phase is water, the 

disperse phase is STYRON'• 680 polystyrene (a trademark of The Dow Chemical Company, 

40 weight percent In toluene based on the total weight of polymer and solvent} emulsified 

with 4 percent by weight RHODAPEX,.. C0-436 surfactant (a trademark of Rhone-Poulenc), 

10 based on the weight of the polystyrene. 

15 

figure4 is a profile similar to Figure 1, where the continuous phase is water, the 

disperse phase Is D.E.R."' 331 epoxy resin (a trademark of The Dow Chemical Company), and 

the surfactant is 4 percent by weight Rhodapex C0-436 surfactant, based on the weight of the 

epoxy resin. 

The HIPR emulsions of the present invention are prepared by continuously 

merging into a disperser and in the presence of an emulsifying and a stabilizing amount of a 

surfactant, a continuous phase liquid stream having a flow rate R1, and a disperse phase liquid 

stream having a flow rate R2; and mixing the merged streams at a mixing rate sufficient to 

form the HlPR emulsion. For the purposes of this invention, the term •continuous phase liquid 

20 strear:n" is used to denote a flowing liquid that becomes the continuous phase. Similarly, the 

term "disperse phase liquid stream" is used to denote a flowing liquid that becomes the 

disperse phase. 

The continuous phase and disperse phase liquid streams are sufficiently 

immiscible with each other to be emulsifiable. In one aspect of the process of the present 

25 invention, R2: R, is defined by a range where the polydispersity of the particles of the HIPR 

emulsion is not greater than 3. For the purposes of this invention, the term •polydispersity• is 

used to denote the ratio of the volume average diameter and the number average diameter of 

the particles, or Dv/Dn. The term •particles• is used herein to denote particles or droplets. 

Referring to Figure 1, point A on the graph represents the point where the 

30 volume average particle size of the HIPR emulsion begins to show an inverse dependence on 

R2:R1 until a virtual minimum, represented at point B, is reached. Point A represents the lower 

limit of R2:R1• The region encompassed by points A and Bon the graph is where the mean 

volume average particle size and/or the polydispersityof the particles of the HlPR emulsion 

decrease with increasing R2: R1• At point B, a virtual minimum is reached, and from point B to 

35 point C, the particle size and polydispersity are substantially independent of Ri: R1· This region 

represents the preferred operating range of Ri:R,. At an R1:R1 greater than the Ri: R, at 

point C, a phase inversi~n takes place, as manifested by the rapid inaease in particle size and 

polydispersity of the HIPR emulsion in the region from point C to point D. The preferred ratio 
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of the disperse phase to the continuous phase for the example illustrated in figure 1 is from 

10:1, preferablyfrom 15:1, more preferably from 20:1, to60:1,more preferablyto SS: 1. 

· · Referringtofigure·2;-the-preferred ratk> of the· disperse phase to the continuous 

phase is from 10:1, more preferably 25: 1, to 40: 1, more preferably to 35: 1. 

5 Referring to Figure 3, the preferred ratio of the disperse phase to the continuous 

phase is from 15: 1, preferably 25: 1, to SO: 1 • . 
Referring to Figure 4, D.E.R. ,. 331 epoxy resin (a trademark of The Dow Chemical 

Company) is used as the disperse phase in the absence ofsolventforthe resin. The preferred 

ratio of the disperse phase to the continuous phase is from 6: 1, preferably from 8: 1, to 14: 1, 

10 preferably 13:1. 

15 

surprisingly, HIPR emulsions are formed by the process of the present invention 

without phase inversion or stepwise distribution of an internal phase into an external phase. 

This process differs from previously desaibed continuous processes for making HIPR emulsions, 

which processes are carried out with stepwise distribution resulting in phase inversion. 

Preferably, R2: R1 is such that the polydispersity is not greater than 2.0, more 

preferably, not greater than 1.5, even more preferably, not greater than 1:2, and most 

preferably, not greater than 1.1. The allowable variance of the rates of each stream depends, 

in part, on the nature of the disperse and continuous phases, and the dispersers used to make 

the HIPR emulsion. Preferably, this variance is not greater than 10, more preferably not greater 

20 than $, and most preferably not greater than 1 percent Preferably, the average particle size of 

the HIPR emulsion is not greater than 2 microns, more preferably, not greater than 1.S miaons, 

and most preferably, not greater than 1.0 micron. 

The preferred ratio, Ri:R,, depends UPon several factors, including the 

composition of the phases, the type and quantity of the surfactant used to form and stabilize 

25 the HIPR emulsion, and the temperature at which the emulsion is formed. 

The continuous phase and the disperse phase are liquids that are sufficiently 

immiscible to form a stable HIPR emulsion in the presence of a sufficient quantity of a 

surfactant. For the purposes of this specification, the term •liquid• is used to mean a 

homogeneous solution that can be pumped through a conduit. The liquid may be neat (that is, 

30 a liquid at room temperature), molten (that is, a liquid at a temperature above room 

temperature), or a solid or unpumpable liquid dissolved in a solvent 

.Preferably, the continuous phase is aqueous and the disperse phase contains a 

polymer and optionally a solvent for the polymer. Suitable solvents include, but are not 

restricted to, toluene, cyclohexane, and methylene chloride. An example of a class of polymer 

35 suitable for the practice of the method of the present invention is a triblock copolymer 

containing a polymer block of an alkenyl aromatic hydrocarbon and a polymer block of a 

conjugated diene. Triblock copolymers are well known and can be prepared by any suitable 

·4-

" 

• 

/ 



' 

' 

W0'613'461 Pcr/USM/06293 

means such as described in U.S. Patents 3, 135,716; 31150,209; 3,496, 154; 3,498,960; 4, 145,298; 

and4,169,11S. 

· · Examples of alkenyl aromatic hydrocarbons include alkyl-substituted styrenes; 

more preferred are styrene, a-methylstyrene, and vinyltoluene, with styrene being most 

5 preferred. Preferred conjugated dienes are '4-Ce conjugated dlenes; more preferred are 

1,3-butadiene, isoprene, 2,3-dimethyt-1,3-butadiene, 1,3-pentadiene, and 

3-methyl-1,3-pentadiene; 1,3-butadiene and isoprene are most preferred. 

Polyolefins such as polypropylene, polyethylene, and copolymers thereof and 

blends thereof, as well as ethylene--propylene-diene terpolymers, are also useful for the 

1 o preparation of Hf Pft emulsions by the method of the present invention. Preferred olefinic 

polymers include linear high density polyethylene (HOPE); heterogeneously branched linear 

low density polyethylene (LLDPE) such as DOWLEX1
• polyethylene resin (a trademark of The 

Dow Chemical Company); heterogeneously branched ultra low linear density (ULDPE) such as 

ATTANE1
• ULDPE (a trademark of The Dow Chemical Company); homogeneously branched, 

15 linear ethylene/a-olefin copolymers such as TAFMER'• (a trademark of Mitsui PetroChemicals 

Company Limited) and EXACT'• (a trademark of Exxon Chemical Company), which can be 

prepared as desaibed in U.S. Patent 3,645,922 homogeneously branched, substantially linear 

ethylene/a-olefin polymers such as AFFINITY,. polyolefin ptastomers and ENGAGE"• polyolefin 

elastomers (trademarksoflhe Dow Chemical Company) which can be prepared, for example, 

20 by a pl'9cessdisclosed in U.S. Patents 5,272,236 and 5,278,272; and high pressure, free radical 

polymerized ethylene polymers and copolymers such as low density polyethylene (LOPE), 

ethylene-aaylicacid (EAA) copolymers such as PRIMACOR'• (a trademark of The Dow Chemical 

Company), and ethylene-vinyl acetate (EVA) copolymers such as ESCORENE"' polymers 

(a trademark of Exxon Chemical Company), and ELVAX,. (a trademark of E.I. du Pont de 

25 Nemours & Co.). 

The preferred substantially linear ethylene/a-olefin polymers have a density 

(measured in accordance with ASTM 0-792) of not less than 0.850, more preferably not less 

than 0.855, and most preferably not less than 0.860 g/cm3 and not more than 0:965, more 

preferably not more than 0.880, and most preferably not more than 0.875 g/cml; a weight 

30 average molecular weight to number average molecular weight ratio (Mw/Mn) from 1.s to 3.0, 

a measured melt index (measured in accordance with ASTM D-1238 (190/2. 16)) of not less than 

0.1, more preferably not less than 0.5, and most preferably not less than 1 g/10minute, to not 

greater than 500, more preferably not greater than 100, even more preferably not greater than 

70, and most preferably not greater than 10 g/10 minute; and an 110/12 of 6 to 20, more 

35 preferably to 14(measured in accordancewithASTM D-1238 (190110)}. 

Other examples of polymers that are suitable for the practice of the present 

invention include di block copolymers of alkenyl aromatic hydrocarbons and conjugated dfenes, 
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such as those described herein; epoxy resins, polystyrenes, polyetherlmides, polycarbonates, 

and polyurethanes. 

Naphthenic and paraffinic-hydrocarbons are also suitable for the practice of the 

present invention. 

5 HIPR emulsions can even be prepared using the process of the present invention 

in the absence of polymers. For example, solvents having low water-miscibility such as toluene, 

methylene chloride, cydohexane, and petroleum ethers, can form HIPR emulsions with water. 

Furthermore, monomers such as styrene or acrylate monomers can be used. 

The continuous and disperse phases are interchangeable. For example, a water 

10 stream and an oil stream merged and mixed together in the presence of a suitable surfactant at 

a water: oil flow rate ratio of 20: 1 may produce an oil-continuous system. On the other hand, a 

water stream and an oil stream merged and mixed together in the presence of the same or 

another surfactant, preferably another surfactant, ata watertooilflowrateratio of 1:20, may 

produce a water-continuous system. Although the continuous phase or the disperse phase is 

1 s preferably water-based, and more preferably the continuous phase is water-based, neither 

phase need be water-based. 

The viscosity of the phases is sufficiently low to be pumped through a conduit. 

Vi~osities of the phases may be controlled, for example, by solvent addition or temperature 

adjustment. For example, a solid or an otherwise unpumpable polymeric disperse phase may 

20 be re~dered pumpable by dissolving the polymer in a sufficient quantity of a solvent for the 

polymer. It may also be possible to render pumpable a solid or an otherwise unpumpable 

liquid by adjusting temperature. 

The surfactant used to form the HIPR emulsion may be anionic, cationic, or 

nonionic, or combinations thereof. Generally, higher surfactant concentrations result in 

25 smaller diameter particles, but surfactant concentrations that are too high tend to 

deleteriously affect the properties of products, such as films, made from the emulsion. The 

surfactant concentration is sufficient to form an emulsion and subsequently stabilize it, and is 

preferably in the range of 0.1, more preferably 0.5, and most preferably 2, to 15, more 

preferably to 6, and most preferably 4 weight percent based on the weight of the disperse 

30 phase. The surfactant may be added initially to either the continuous phase or the disperse 

phase prior to mixing of the two phases, or added separately to the mixing device as a third 

stream. The surfactant is preferably added initially with the disperse phase prior to mixing of 

the two phases. 
An example of a dass of a suitable surfactant is a sulfate of ?in ethoxylated phenol 

35 represented bytheformula: X-4>-0-{CH2-CH2-0)n·S03z+ whereinX isa '6-C1slinearor 

branched alkyl group, preferably octyl, nonyl, or lauryl, more preferably octyl or nonyt, most 

preferably nonyl; +is phenylene, preferably p-phenytene; n is from 4 to 32, preferably from 4 

to 12; and Z is sodium, potassium, or ammonium, preferably ammonium. Many of the 
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preferred and more preferred sulfates of ethoxylated aikylphenols are commercially available, 

for example, poly(oxy-1 ,2-ethanediyl) a-sulfo-w(nonylphenoxy) ammonium salt. 

· · -· -···Other-suitable classes·ofsurfactants include, but are not restricted to, alkali metal 

fatty add salts such as alkali metal oleates and stearates; polyoxyethylene nonionics; alkali 

5 metal lauryl sulfates, quaternary ammonium surfactants; alkali metal alkylbenzene sulfonates 

such as sodium dodecylbenzene sulfonate; and alkali metal soaps of modified resins. 

• Examples of dispersers suitable for the formation of the HIPR emulsion include, 

• 

• 

but are not restricted to, a rotating shaft within a sleeve-type disperser, as described by Warner 

et al. in U.S. Patent4, 123,403; a high-shear stator rotor, an extruder; or a centrifugal 

10 pump-head. 

Latexes Prepared from HIPR Emulsions 

A latex is prepared from an HIPR emulsion by combining the emulsion with a 

suitable amount of the liquid which constitutes the continuous phase liquid, or a liquid which is 

compatible with the continuous phase, but which does not interfere with the integrity of the 

15 particles. Where water Is the continuous phase, the latex is typically prepared by adding water 

to the HIPR emulsion. More preferably, the latex is made in a continuous fashion by directing 

the HIPR emulsion and water through any suitable dilution unit, such as a centrifugal 

pump-head. 

If the disperse phase of the HIPR emulsion is formed by dissolving a solid or 

20 viscous liquid in a suitable solvent, it is usually desirable to remove the solvent after the latex is 

formed. However, if the disperse phase does not contain a solvent, a latex can be formed by 

simply diluting the HIPR emulsion. In this case, the latex is formed much more efficiently than 

by conventional methods, because the steps of removing the solvent and readjusting the solids 

content are unnecessary. 

25 It is also possible to prepare latexes having a multimodal distribution of particles 

30 

by combining HIPR emulsions (or latexes prepared therefrom) of different mean average 

particle sizes. Latexes having multimoda1 distribution of particles are useful particularly when 

it is desired to increase the solids content of the latex, while maintaining low viscosity. 

It is also possible to prepare latexes having a multitude of disperse phases. 

It has been found that useful films can be made from latexes derived from the 

HIPR emulsions prepared by the process of the present invention. For example, a substantially 

linear olefin polymer as described herein is found to form a film having substantially uniform 

thickness across a substrate. This film has useful physical properties, such as a high tensile 

strength, and can be prepared at any temperature suitable for integral film formation, 

35 generally in the range from 25°C, more preferably from 50°C, to 1SODC, more preferably 1 OO"C. 

The latexes derived from the HIPR emulsions prepared by the process of the 

present invention can be used for applications normally associated with latexes. For example, 

the latex may be used to coat floors, wood, cars, metals, fabrics, or paper; or applied to a mold 
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to make a glove or a condom. The latex may also be used for adhesives, paints. sealants, caulks, 

or carpet backing. 

The following example is for Illustrative· purposes only and is not meant to limit 

the scope of the invention. 

5 Example 1 - Process for the Preparation of a Water-Continuous Dispersion 

The ethylene-octene elastomer profiled in Figure 1 was dissolved in toluene to 

make a 24 weight percent solution, based on the total weight of polymer and solvent. Sodium • · 

oleate (4 weight percent, based on the weight of the elastomer) was then added to the 

solution. This solution was the disperse phase. The disperse phase was pumped continuously 

10 1hrough an arm of a 1.27 cm i.d. stainless steel tube fitted to a T, at a constant rate of 

30 g/minute. Concurrently, water (the continuous phase) was pumped through an arm of 

0.318 cm stainless steel tubing fitted to the T, at a constant rate ranging from 6.0 g/minute to 

0.35 g/minute. The two streams were merged and mixed together under conditions of shear 

using an llCA UTl 25 TURRAX'• in-line stator rotor mixer connected to the Tusing 1.27 cm 

. 1 s stainless steel tubing, and operated at 7400 rpm. A useful HIPR emulsion was formed in the 

range where the ratio of disperse phase to continuous phase was 10: 1 to 60: 1 (that is, where 

the flow rate of the water was constant in the range of 0.5 g/minute to 3 g/minute). The HIPR 

emulsion was diluted with water, and the particle size and polydispersitywere measured using 

a Coulter LS 130 light scattering particle size analyzer. The toluene was removed from the 

20 resultant latex by rotary evaporation, and particie size and polydispersity were measured 

again, showing substantially the same results. The solids content was adjusted to 55 percent by 

the removal of water in vacuo. 

25 

30 
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CLAIMS: 

steps of: 

s 

1. A method of preparing a high intemal phase ratio emulsion comprising the 

a) continuously merging Into a disperser and in the presence of an emulsifying 

and a stabilizing amount of a surfactant, a continuous phase liquid stream having 

a flow rate R1, and a disperse phase liquid stream having a flow rate R2; and 

b) mixing the merged streams at a mixing rate sufficiently constant to form the 

high lntemat phase ratio emulsion without phase inversion; 

10 wherein Rz:R1 encompasses a range, the lower limit of which range being defined by a point 

where the volume average particle size of the high internal phase ratio emulsion begins to 

show an inverse dependence on R2: R,, and wherein the upper limit of which range is just less 

than an R2: R1 where a phase inversion of the high internal phase ratio emulsion takes place. 

2. The method of Claim 1 wherein R2:R1 is in a range where the polydispersity 

15 of the particles of the high intemal phase ratio emulsion is less than 3. 

3. The method of either of Claims 1 or 2 wherein R2: R1 is in a range where the 

polydispersity of the particles of the high internal phase ratio emulsion is less than 2, and the 

mean volume average particle size is not greater than 1.9 miaons. 

4. The method of any of Oaims 1 to 3, wherein R2: R1 is in a range where the 

20 mean volume average particle size is not greater than 1 micron. 

25 

5. The method of any of Claims 1 to 4 wherein the continuous phase is 

aqueous. 

6. The method of any of Claims 1 to 4 wherein the continuous phase is non-

aqueous. 

7. The method of any of Claims 1 to 6 wherein the disperse phase comprises a 

copolymer of a polymer block of an alkenyl aromatic hydrocarbon and a polymer block of a 

conjugated diene; an epoxy resin; a poly(ethylene-acrylicacid]; a polystyrene; a 

polyetherimide; a polycarbonate; a polyolefin; or a polyurethane. 

8. The method of Oaim 7 wherein the polyolefin comprises a homogeneous 

30 random partly crystalline ethylene-a-olefin copolymer having a narrow molecular weight 

distribution, or a substantially linear ethylene/a-olefin copolymer having a density from about 

0.850 to about 0.965 g/cm3, an Mw/Mn from about 1.5 to about 3.0, a melt index of about 0.1 

to about 100 g/10 minute, and an l1o/l2 of about6to about20. 

9. The method of Claim 8 wherein the ethylene/a-olefin copolymer is an 

35 ethylene/1-octene copolymer having a density from about 0.855 to about 0.875, and a melt 

index from about 0.5 to about 70 g/10 minute. 

1 o. The method of either of Claims 8 or 9 wherein R2~R1 is in the range of 1O:1 

to60:1. 
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11. The method of any of daims 8 to 10 wherein R2: R1 is in the range of 20: 1 

to55:1. 

12. The method of Claim 7 wherein the disperse phase comprises a copolymer 

af a polymer block of an alkenyf aromatic hydrocarbon. 

s 13. The method of Claim 12 wherein the copolymer of a polymer block of an 

10 

alkenyl aromatic hydrocarbon comprises a styrene.isoprene-styrene triblock copolymer, and 

R2: R1 is in the range of 10: 1 to 40: t. 
14. The method of either of Claims 12or13 wherein R2:R1 is in the range of 

25:1 to35:1. 

15. The method of Claim 7 wherein the disperse phase comprises an epoxy 

resin, and R2:R1islntherangeof6:1to14:1. 

16. The method of Claim 7 wherein the disperse phase comprises polystyrene, 

and R2:R1 is in the range of 15:1 to SO: 1. 

. 17. The method of any of Claims 1 to 16 wherein the surfactant comprises a 

15 combination of surfactants selected from anionic, cationic, and nonionic surfactants. 

18. The method of any of daims 1 to 16 wherein the surfactant is an alkali 

metal fatty add salts, a polyoxyethylene nonionic, an alkali metal lauryl sulfate, a quaternary 

ammonium surfactant, an alkali metal alkylbenzene sulfonates, or an alkali metal soap of a 

modified resin, or a combination thereof. 

20 19. The method of any of Oaims 1to5 and 7 to 18 which further indudes after 

step (b) the step of diluting the high internal phase ratio emulsion with water to form an 

artificial latex. 

20. lhe latex of Claim 19 which is applied to a substrate or a mold to form a 

floor coating, a wood coating, an automotive coating, a steel coating, a paper coating, a glove, 

25 a carpet backing, an adhesive, a sealant, a caulk, or a condom. 

30 
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