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POLYMERIC SYSTEMS FOR DELIVERING HYPOHALIDE SALTS 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application claims the benefit of provisional patent application 

Serial Number 61/297,129, entitled "POLYMERIC SYSTEMS FOR DELIVERING 

HYPOHALIDE SALTS" filed January 21, 2010, which application is incorporated 

by reference herein in its entirety. 

TECHNICAL FIELD 

[0002] The disclosure pertains generally to inorganic hypochlorite and 

hypobromite salts and more particularly to polymeric delivery systems for solid 

hypochlorite and hypobromite salts. 

BACKGROUND 

[0003] Inorganic hypochlorite salts such as (sodium hypochlorite and 

calcium hypochlorite) and hypobromide salts such as (sodium hypobromide and 

calcium hypobromide) are excellent disinfecting agents with proven efficacy 

against a broad range of microorganisms and outstanding safety records. 

However, in general practice, these salts can be difficult to handle, store, 

transport, and/or apply. In some cases, these materials have poor storage 

stability, and thus normally have a short shelf life. If exposed to the atmosphere, 

the shelf life of these materials may be measured in days or even hours. In some 

cases, these salts are either dissolved in solution or are in solid particle or tablet 

forms that are not easily used in many applications. 

SUMMARY 

[0004] An embodiment of the invention is found in a method of delivering 

storage stable hypohalide salts in which a material is contacted with a first 

aqueous solution that includes polyethylene glycol epoxide and melamine. The 

first aqueous solution is dried on the material. The material is contacted with a 

second aqueous solution that includes hypohalide salts and is dried. The 
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hypohalide salts in the material are stable for at least three months when 

exposed to atmosphere. In some embodiments, the resulting material retains, 

after three months of atmospheric contact, at least about 90 percent of the 

originally retained hypohalide salt. 

[0005] Another embodiment of the invention is found in a method of 

delivering storage stable hypohalide salts in which a plurality of materials that 

include pre-formed spaces are contacted with an aqueous solution that includes 

hypohalide salts and polyethylene glycol to form hypohalide salt-containing 

materials with pre-formed spaces. These materials are added into a solution of a 

film forming polymer and a solvent to form a film-forming mixture. Evaporating the 

solvent from the film-forming mixture forms a film that contains the hypohalide 

salt-containing materials. The hypohalide salts in the film are stable for at least 

about three months when exposed to atmosphere. 

[0006] Another embodiment of the invention is found in an antimicrobial 

material that includes a first coating that is formed on the material by contacting 

the material with an aqueous solution of polyethylene glycol epoxide and 

melamine. A second coating including a hypohalide is formed on the first coating. 

The hypohalide is stable for at least three months. 

[0007] While multiple embodiments are disclosed, still other embodiments 

of the invention will become apparent to those skilled in the art from the following 

detailed description, which shows and describes illustrative embodiments of the 

invention. Accordingly, the detailed description are to be regarded as illustrative 

in nature and not restrictive. 

DETAILED DESCRIPTION 

[0008] The disclosure provides for improved stability and storage of 

inorganic hypohalide salts such as hypochlorite and hypobromide salts. In some 

embodiments, the disclosure provides water-insoluble polymeric systems for 

stabilizing, storing, carrying and delivering inorganic hypohalide salts. Examples 
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of water-insoluble polymeric systems include but are not limited to fabrics, 

sheets, beads, coatings and the like. 

[0009] The polymeric system includes materials such as articles, 

compounds and/or functional groups that can absorb and stabilize hypochlorite 

salts (such as sodium hypochlorite and calcium hypochlorite) and/or hypobromide 

salts (such as sodium hypobromide and calcium hypobromide). Examples of 

these materials include but are not limited to materials that include preformed 

spaces as well as materials that include resins or adhesives. Examples of 

materials including preformed spaces include substrates, hollow fibers, foams, 

encapsulates, hollow or porous inorganic or polymeric beads, zeolites, fibers, 

non-woven materials and the like. In some embodiments, the materials may be 

cellulosic, synthetic or combinations of cellulosic and synthetic. 

[0010] In some embodiments, fibers may be considered to be networks of 

natural or artificial threads or yarns that are formed by weaving, knitting, 

crocheting, knotting or pressing fibers together. The individual fibers may be 

formed by spinning raw materials such as wool, linen, cotton, nylon, polyester, 

acrylics, polypropylene, polyethylene, polyvinyl chloride (PVC) or other materials 

on a spinning wheel to produce the fibers. Examples of materials including resins 

or adhesives include epoxide resins, melamine adhesives or resins, acrylic 

emulsions or resins, polyurethane resins or emulsions, and combinations thereof. 

[0011] In some embodiments, these materials are dipped into or sprayed 

with solutions or powders of the hypochlorite salts such as sodium hypochlorite 

and calcium hypochlorite, and/or hypobromide salts such as sodium hypobromide 

and calcium hypobromide. Subsequently, the materials are coated, impregnated, 

absorbed, laminated, covalently bonded to and/or mixed with an inert polymeric 

matrix to form a polymeric system for carrying, stabilizing and delivering the 

inorganic hypochlorite and/or hypobromide salts. 

[0012] In some embodiments, the materials including the aforementioned 

articles, compounds and/or functional groups are coated, impregnated, absorbed, 

laminated, covalently bound onto, and/or mixed with an inert polymeric matrix to 
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form a polymeric system that is then dipped into or sprayed with a solution or 

powder of the inorganic hypochlorite and/or hypobromide salts. 

[0013] In either approach, the inorganic hypochlorite salts such as (sodium 

hypochlorite and calcium hypochlorite) and hypobromide salts such as (sodium 

hypobromide and calcium hypobromide) in the resultant polymer systems have 

the same antimicrobial/disinfecting potentials that they have in solution, powder 

or tablet forms. However, the shelf life in the new polymeric systems is 

substantially improved over that of the solution, powder or tablet forms, being 

measurable in weeks or even years. Moreover, the polymeric systems are much 

easier to handle, store, transport, and/or apply/use in many 

antimicrobial/disinfecting applications. 

[0014] In some embodiments, a piece of fabric is contacted with a first 

aqueous solution that includes polyethylene glycol epoxide and melamine, and 

the first aqueous solution is allowed to dry on the fabric. In some embodiments, 

the fabric may dipped into and/or sprayed with the first aqueous solution. The 

fabric may be contacted with a second aqueous solution that includes an acrylic 

material and a hypohalide salt such as sodium hypochlorite, and the second 

aqueous solution is allowed to dry. In some embodiments, the fabric may be 

sprayed with the second aqueous solution. 

[0015] In some cases, the fabric may be contacted with the first aqueous 

solution before being contacted with the second aqueous solution. In some 

instances, the fabric may be contacted with the second aqueous solution before 

being contacted with the first aqueous solution. In some embodiments, the first 

aqueous solution may also include a water-based resin or adhesive. The 

hypohalide salt may be stable for at least three months when exposed to 

atmosphere. 

[0016] In some embodiments, a plurality of porous beads may be 

contacted with an aqueous solution that includes a hypohalide salt such as 

sodium hypochlorite and polyethylene glycol to form hypohalide salt-containing 

beads. The beads may then be added into a solution of a film forming polymer 

and a solvent to form a film-forming mixture. The solvent may be evaporated 
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from the film-forming mixture to form a film that includes the hypohalide salt-

containing beads. The hypohalide salt in the film may be stable for at least three 

months when exposed to atmosphere. 

[0017] In some embodiments, the porous beads may include beads having 

a particle size of about 300 to about 1200 microns and an average pore size of 

about 100 Angstroms. In some cases, the porous beads may include poly(4-

ethylstyrene-co-divinylbenzene) beads. 

[0018] In some embodiments, the aqueous solution may include about 

0.01 to about 30 weight percent of hypohalide salt. In some embodiments, the 

aqueous solution may include about 1 to about 10 weight percent of hypohalide 

salt. In some embodiments, the aqueous solution may include about 10 weight 

percent of the sodium hypohalide salt. 

[0019] In some embodiments, the solution of a film forming polymer and a 

solvent may include about 0.01 to about 40 weight percent of the film forming 

polymer, with the balance being the solvent. In some cases, the solution may 

include about 15 weight percent of the film forming polymer, with the balance 

being the solvent. In some embodiments, the solution may include about 0.1 to 

about 5 weight percent of the film forming polymer. In some embodiments, the 

film forming polymer may include ethylene vinyl acetate and the solvent may 

include dichloromethane. 

[0020] In some embodiments, an antimicrobial fabric such as a cellulosic 

material may include free hydroxyl, amino, amide or carboxylate functional 

groups. A first coating may be formed on the fabric by contacting the fabric with 

an aqueous solution including polyethylene glycol epoxide and melamine. A 

second coating including a hypohalide such as sodium hypochlorite may be 

formed on the first coating. The hypohalide may be stable for at least about three 

months. 

[0021] In some embodiments, the aqueous solution includes about 0.1 to 

about 30 grams of polyethylene glycol epoxide and about 0.01 to about 10 grams 

melamine per each about 100 milliliters of solution. In some embodiments, the 

aqueous solution includes about 2 to about 5 grams of polyethylene glycol 
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epoxide and about 0.5 to about 2 grams melamine per each about 100 milliliters 

of solution. In some embodiments, the second coating is formed by contacting 

the first coating with an aqueous solution of hypohalide salt and optionally an 

acrylic material. 

[0022] In some embodiments, an antimicrobial bamboo fabric may include 

a fabric made from 100% viscose derived from bamboo. A first coating may be 

formed on the fabric by contacting the fabric with an aqueous solution of 

hypohalide salt such as sodium hypochlorite and optionally an acrylic material. A 

second coating may be formed on the first coating by contacting the first coating 

with an aqueous solution of polyethylene glycol epoxide, melamine and optionally 

polyurethane. The hypohalide salt is stable for at least about three months. 

[0023] EXPERIMENTAL SECTION 

[0024] lodometric titration test 

[0025] The durability of sodium hypochlorite in this new delivery system 

has been determined by iodimetric titration. In this test, 0.05 g of the new delivery 

system is dispersed in 40 mL absolute ethanol containing 1.0 wt% acetic acid. 

One gram of potassium iodide is added, and the mixture is stirred for 1 h at room 

temperature under N2 atmosphere. The released iodine is titrated with 0.01 mol/L 

sodium thiosulfate aqueous solution. The same procedure is applied to the same 

amount of the pure cotton/polyester blend fabric to serve as controls. Percentage 

chlorine content (indicating sodium hypochlorite content) was calculated 

according to the following equation: 

Qn, 35.5::(VC1-V0)X1Q-3X0.01 
2 WC1 

j 

[0026] where VQ and V0 are the volumes (mL) of sodium thiosulfate 

solutions consumed in the titration of the sample and the control, respectively, 

and Wei was the weight (grams) of the sample. Each test is repeated three 

times, and the average is recorded 
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Example One 
[0027] A piece (50 cm x 30 cm) of cotton/polyester blend fabrics (60/40) 

was dipped into 100 ml aqueous solution containing 2 g of polyethylene glycol 

epoxide and 0.5 g of melamine for 1 min. The fabric was padded to get 100% of 

pick up, and was then dried at 120 °C to constant weight. After cooling the fabric 

to room temperature, 5 ml of a water-based acrylic coating/adhesive solution 

containing of 2% sodium hypochlorite was sprayed onto the fabric, and then the 

fabric was air dried over night. 

[0028] Immediately after treatment, the fabric was found to contain about 

2000 parts per million (ppm) of sodium hypochlorite using the iodometric test 

described above. After three months of exposure to atmosphere at room 

temperature, the fabric still contained more than about 1800 ppm of sodium 

hypochlorite, indicating that over about 90 percent of the original sodium 

hypochlorite remained. The fabric can thus be used for storage and delivery of 

sodium hypochlorite. 

[0029] As a comparison example, a piece (50 cm x 30 cm) of 

cotton/polyester blend fabrics (60/40) was directly sprayed with 5 ml of 2% 

sodium hypochlorite without an initial step of contacting the fabric with an 

aqueous solution including polyethylene glycol epoxide and melamine. The fabric 

was air dried over night and then stored in open air at room temperature. Within 

three days, over 95 percent of the original sodium hypochlorite that was sprayed 

on the fabric was already lost. 

[0030] These results suggest that the resin approach is very effective in 

prolonging the life time of sodium hypochlorite and a wide range of potential 

applications for storage and delivery of sodium hypochlorite and other inorganic 

hypochlorite salts and/or hypobromide salts. 

Example Two 

[0031] In another example, a piece (50 cm x 30 cm) of bamboo fabric (a 

knit fabric made of 100% vicose obtained from organic bamboo) was dipped into 

100 ml aqueous solution containing 10% of a water-based acrylic 
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coating/adhesive solution with of 2% sodium hypochlorite, and was padded to 

100% wet pick up. Five ml of an aqueous solution containing 2% of a water-

based polyurethane and 1% of the epoxide/melamine resin was sprayed onto the 

fabric. The fabric was dried at 40 °C under vacuum to a constant weight. The 

iodimetric titration test showed that the after this treatment, the fabric contained 

about 580 ppm of sodium hypochlorite. After two months exposure to 

atmosphere at room temperature, more than about 540 ppm of sodium 

hypochlorite remained. This means that over about 90 percent of the originally 

retained sodium hypochlorite remained. The fabric can thus be used for storage 

and delivery of sodium hypochlorite. 

[0032] As a comparison, the same fabric was directly dipped into 2% 

sodium hypochlorite without applying an aqueous solution including 

polyurethane, polyethylene glycol epoxide and melamine. The fabric was padded 

and air dried. After three days in open air at room temperature, greater than 95 

percent of the sodium hypochlorite was lost. 

Example Three 

[0033] Ten grams of poly(4-ethylstyrene-co-divinylbenzene) porous beads 

with a 300-1200 |jm particle size and a 100 A of mean pore size were added into 

500 mL sodium hypochloride aqueous solution containing 10% of sodium 

hypochlorite. One gram of polyethylene glycol (MW: 5000) was added into the 

mixture, and the mixture was stirred at room temperature for 24 hr to absorb 

sodium hypochlorite into the pores of the porous beads. The beads were 

collected by filtration, dried in a vacuum desiccator under dark over night. These 

beads are defined as sodium hypochlorite-containing beads. 

[0034] In one example, 1 gram of the above mentioned sodium 

hypochlorite-containing beads was added into 200 ml of 15 wt% ethylene vinyl 

acetate (EVA) copolymer solution in dichloromethane. The mixture was stirred for 

30 min, and then 10 ml of the mixture were poured into a glass petri dish (10 cm 

of diameter). After evaporating the solvent in a fume hood, the EVA film 

containing the beads can be used for storage and delivery of sodium 
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hypochlorite. The iodimetric titration test showed that after treatment, the fabric 

was found to contain about 2000 parts per million (ppm) of sodium hypochlorite 

using the iodometric test described above. After three months of exposure to 

atmosphere at room temperature, over 90 percent (more than 1800 ppm) of the 

original sodium hypochlorite remained. The fabric can thus be used for storage 

and delivery of sodium hypochlorite. 

[0035] In another example, 1 gram of the above mentioned sodium 

hypochlorite-containing beads was added into 200 ml of a commercial acrylic 

back coating solution in water. The mixture was stirred for 30 min, and then 10 ml 

of the mixture were poured onto and then brushed evenly on the back of a piece 

of acrylic carpet. After drying at room temperature overnight, the carpet can be 

used for storage and delivery of sodium hypochlorite. The iodimetric titration test 

showed that after this treatment, the carpet backing contained about 800 ppm of 

sodium hypochlorite. After three months of exposure to atmosphere at room 

temperature, over 90 percent (more than about 720 ppm) of the originally 

retained sodium hypochlorite remained. 

[0036] Various modifications and additions can be made to the exemplary 

embodiments discussed without departing from the scope of the present 

invention. For example, while the embodiments described above refer to 

particular features, the scope of this invention also includes embodiments having 

different combinations of features and embodiments that do not include all of the 

above described features. 
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CLAIMS 

The following is claimed: 

1. A method of delivering storage stable hypohalide salts, the method 

comprising steps of: 

contacting a material with a first aqueous solution including 

polyethylene glycol epoxide and melamine; 

drying the first aqueous solution on the material; 

contacting the material with a second aqueous solution including a 

hypohalide salt; and 

drying the second aqueous solution on the material; 

wherein the hypohalide salts in the material are stable for at least 

three months when exposed to atmosphere. 

2. The method of claim 1, wherein the resulting material retains, after 

about 3 months of atmospheric contact, at least about 90 percent of the 

hypohalide salt originally retained by the material. 

3. The method of claim 1, wherein the material comprises a fabric. 

4. The method of claim 1, wherein the material comprises cotton, 

bamboo, cellulosic materials or a blend of cellulosic and synthetic fibers. 

5. The method of claim 1, wherein contacting the material with the first 

aqueous solution comprises dipping the material into the first aqueous solution or 

spraying the material with the first aqueous solution. 

6. The method of claim 1, wherein the hypohalide salts in the second 

aqueous solution comprise at least one of hypochlorite salts and hypobromide 

salts. 
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7. The method of claim 1, wherein the second aqueous solution further 

comprises a water-based resin or adhesive. 

8. The method of claim 1, wherein contacting the material with the 

second aqueous solution comprises dipping the material into the second aqueous 

solution or spraying the material with the second aqueous solution. 

9. A method of delivering storage stable hypohalide salts, the method 

comprising steps of: 

contacting a plurality of materials including pre-formed spaces with an 

aqueous solution including hypohalide salt and polyethylene glycol to form 

hypohalide salt containing materials with pre-formed spaces; 

adding the hypohalide salt containing materials with pre-formed 

spaces into a solution of a film forming polymer and a solvent to form a film-

forming mixture; and 

evaporating the solvent from the film-forming mixture to form a film 

containing the hypohalide salt containing materials; 

wherein the hypohalide salts in the film are stable for at least about 

three months when exposed to atmosphere. 

10. The method of claim 9, wherein the materials containing pre-formed 

spaces are selected from hollow fibers, foams, encapsulates, hollow or porous 

inorganic or polymeric beads, zeolites, and combinations thereof. 

11. The method of claim 9, wherein the aqueous solution comprises about 

0.01 to about 30 weight percent hypohalide salts. 

12. The method of claim 9, wherein the solution of film forming polymer 

and solvent comprises about 0.01 to about 40 weight prevent of the film forming 

polymer and a balance of solvent. 

13. An antimicrobial material comprising: 
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a first coating formed on the material by contacting the material with 

an aqueous solution of polyethylene glycol epoxide and melamine; and 

a second coating comprising a hypohalide formed on the first coating; 

wherein the hypohalide is stable for at least about three months. 

14. The antimicrobial material of claim 13, wherein the material comprises 

a fabric. 

15. The antimicrobial material of claim 13, wherein the material comprises 

cotton, cellulosic material, a cellulosic/synthetic blend, or other fabrics that 

include free hydroxyl amino, amide, or carboxylate functional groups. 

16. The antimicrobial material of claim 13, wherein the first coating 

comprises about 0.1 to about 30 grams of polyethylene glycol epoxide and about 

0.01 to about 10 grams melamine per each about 100 milliliters of solution. 

17. The antimicrobial material of claim 13, wherein the second coating is 

formed by contacting the first coating with an aqueous solution of hypohalide salt. 

18. The antimicrobial material of claim 13, wherein the second coating 

includes hypohalide salts. 

19. The antimicrobial material of claim 18, wherein the hypohalide salt 

comprises one or more of sodium hypochlorite, calcium hypochlorite, sodium 

hypobromide, calcium hypobromide and combinations thereof. 
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