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Figure 1. Particle Size Distribution for Silver Sulfate Used in Examples Using Horiba LA 
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Figure 2a . DSC of Drawn and Heat set Polymer of Formula I ( Example 15 ) 
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Figure 28. DSC of Drawn and Heat set PET Polymer with only TiO2 and Optical 
Brightener . 
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Figure 2 € DSC of Amorphous PET Polymer 
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Figure 3. SEM Image ( left ) Backscatter SEM Image ( right ) for Fiber of Example 14 . 
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Figure 4. EDX Spectrum Spot Spectrun of Fiber from Example 14 
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Figure 5. Scanning Electron Microscope Image of Fibers 
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Figure 6. Scanning Electron Microscope Backscatter Image of Cut Polyester Fiber 

6134 



U.S. Patent Dec. 17 , 2019 Sheet 9 of 14 US 10,508,188 B2 

Figure 7. Energy Dispersive X - ray Analysis of SEM Cut Fiber Image 
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Figure 8. Rapid Test of E. coli Antibacterial Activity of Different Fiber Compositions 
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Figure 9. Flow Diagram of Method for Converting Fiber to Fabric 
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Figure 10. Effect of Dry Cleaning on Privacy Curtains 
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Figure 11. Antimicrobial Activity Against 7. mentagrophytes 
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Figure 12. Images of Control and 0918121F1 - UW Fabrics After Exposure to T. menta 
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ANTIMICROBIAL AND ANTIFUNGAL cytoplasmic structures , and interaction with DNA bases . It is 
POLYMER FIBERS , FABRICS , AND recognized in the literature that both metallic silver and 

METHODS OF MANUFACTURE THEREOF silver ions are antimicrobial , but that ultimately antimicro 
bial activity is mediated through the dissolution of silver 

CROSS - REFERENCE TO RELATED 5 ions into the bacterial microenvironment . 
APPLICATIONS Silver sulfate is a well - known , commercially available 

material that can be synthesized by conventional aqueous 
The present application is a U.S. continuation patent precipitation methods . The reaction of aqueous solutions of 

application of , and claims priority under 35 U.S.C. § 120 to , silver nitrate and sulfuric acid to form silver sulfate was 
U.S. Nonprovisional patent application Ser . No. 14 / 457,546 , 10 described by Richards and Jones in Z. anorg . Allg . Chem 55 , 
filed Aug. 12 , 2014 , which ’ 546 application published as 72 , ( 1907 ) , and an improvement on the method was pub 
U.S. Patent Application Publication No. US 2015/0044449 lished by Hahn and Gilbert Z. anorg . Allg . Chem 258 , 91 , 
Al on Feb. 12 , 2015 , which ’ 546 application issued as U.S. ( 1949 ) . Silver salts are generally known to be thermally and 
Pat . No. 9,908,987 on Mar. 6 , 2018 , which ’ 546 application , photochemically unstable , forming brown , gray or black 
the application publication thereof , and the patent issuing 15 products . Silver sulfate may be reduced to its metallic state , 
therefrom are each expressly incorporated herein by refer with the corresponding oxidation of chemical elements in its 
ence , and which ’ 546 application is a U.S. nonprovisional environment . It can also be converted to or converted to 
patent application of , and claims priority under 35 U.S.C. silver oxide ( black ) or silver sulfide ( black ) by exposure to 
§ 119 ( e ) to , U.S. Provisional Application Ser . No. 61/864 , air . Silver metal generated by thermal reduction on a poly 
957 , filed Aug. 12 , 2013 , which ’ 957 application is expressly 20 meric substrate will exhibit a UV absorption band at 390 nm 
incorporated herein by reference . which is attributable to the surface plasmon resonance of 

silver . 
FIELD OF THE INVENTION One use of silver based antimicrobials is for textiles . 

Various methods are known in the art to introduce antimi 
The present invention relates , inter alia , to the composi- 25 crobial properties to a target fiber . The approach of embed 

tion and production of antifungal and antibacterial polyester ding inorganic antimicrobial agents , such as zeolites , into 
materials , for example fibers and fabric blends containing low melting components of a conjugated fiber is described 
such fibers . in U.S. Pat . Nos . 4,525,410 , and 5,064,599 . In another 

approach , the antimicrobial agent can be delivered during 
BACKGROUND OF THE INVENTION 30 the process of making a synthetic fiber such as those 

described in U.S. Pat . Nos . 5,180,402 , 5,880,044 , and 5,888 , 
Increasing attention has been paid to the dangers of 526 , or via a melt extrusion process as described in U.S. Pat . 

microorganism contamination from everyday exposures . Nos . 6,479,144 and 6,585,843 . In yet another process , an 
While primarily a concern for a wide range of healthcare antimicrobial metal ion can be ion - exchanged with an ion 
facilities , and food processing and preparation facilities , it is 35 exchange fiber as described in U.S. Pat . No. 5,496,860 . 
also a concern for schools , public transport , the home and High - pressure laminates containing antimicrobial inorganic 
businesses . Healthcare facilities where microbial bio - burden metal compounds are disclosed in U.S. Pat . No. 6,248,342 . 
is a concern include large multi - unit hospitals , specialized Deposition of antimicrobial metals or metal - containing 
clinics , veteran affairs hospitals , long term care facilities , compounds onto a resin film or fiber has also been described 
retirement homes and individual or group doctors or dental 40 in U.S. Pat . Nos . 6,274,519 and 6,436,420 . An antimicrobial 
offices among others . mixture of zinc oxide and silver sulfate on an inorganic 

Drug resistant strains of pathogenic bacteria are being powder support is disclosed in JP 08133918. An antimicro 
identified around the world , and the spread of these micro bial masterbatch formulation is disclosed in JP 2841115B2 
organisms from local to regional to worldwide is well wherein a silver salt and an organic antifungal agent are 
documented . New microorganisms , or more virulent forms 45 combined in a low melting wax to form a masterbatch with 
of existing micro - organisms , especially antibiotic resistant improved mixing and handling safety . More specifically , 
strains , are also being discovered , and can readily spread silver sulfate was sieved through a 100 mesh screen ( par 
worldwide due to the growing ease of travel , and the ticles sizes less than about 149 microns ) , combined with 
developing worldwide market for goods . Microorganisms of 2- ( 4 - thiazolyl ) benzimidazole and kneaded into polyethylene 
concern include but are not limited to bacteria of all sorts , 50 wax . This masterbatch material was then compounded into 
fungi , parasites , and many types of viruses . Although regular polypropylene , which was subsequently injection molded 
cleaning and good sanitation practices can be effective into thin test blocks which exhibited antibacterial properties 
means of reducing microbial bio - burden , it would be ben with respect to E. coli and Staphylococcus , and antifungal 
eficial to provide materials which are inherently resistant to , properties with respect to Aspergillus niger . Similar mas 
or minimize the spread of microorganisms . 55 terbatches are also described in JP 03271208 , wherein a 

The antimicrobial properties of silver have been known resin discoloration - preventing agent ( e.g. UV light absor 
for a very long time . The pharmacological properties of bent , UV light stabilizer , antioxidant ) is also incorporated . 
silver are described in “ Heavy Metals ” by S. C. Harvey and Silver sulfate has been used as an antimicrobial agent in 
in “ Antiseptics and Disinfectants : Fungicides ; Ectoparasiti multiple medical applications . Incorporation of inorganic 
cides by S. Harvey in The Pharmacological Basis of Thera- 60 silver compounds in bone cement to reduce the risk of 
peutics , Fifth Edition , Goodman and Gilman ( editors ) , Mac post - operative infection following the insertion of endopros 
Millan Publishing Company , NY , 1975. The mechanism of thetic orthopaedic implants was proposed and studied by J. 
action of silver has also been described by Clement and A. Spadaro et al ( Clinical Orthopaedics and Related 
Jarrett in Metabolism Based Drugs 1 ( 5-6 ) , 467-482 . Some Research , 143 , 266-270 , 1979 ) . Silver chloride , silver oxide , 
basic mechanisms of action which have been identified 65 silver sulphate and silver phosphate were incorporated in 
include degradation of bacterial enzymes , cell wall degra polymethylmethacrylate bone cement at 0.5 % concentration 
dation , inhibition of cell mitotic activity , degradation of and shown to significantly inhibit the bacterial growth of 
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Staphylococcus aureus , Escherichia coli and Pseudomonas having desirable properties including durable antibacterial 
aeruginosa . Antimicrobial wound dressings are disclosed in and / or antifungal biocidal activity after repeated use and 
U.S. Pat . No. 4,728,323 ; wherein a substrate is coated with washings . 
an antimicrobially effective film of a silver salt , preferably A method for incorporating metallic silver nanoparticles 
silver chloride or silver sulfate . Antimicrobial wound dress- 5 into polyester and other synthetic polymeric fibers is dis 
ings are disclosed in WO2006113052A2 , wherein aqueous closed in U.S. Pat . No. 8,183,167 . However , this technology 
silver sulfate solutions are dried onto a substrate under suffers from the disadvantage that metallic silver nanopar 
controlled conditions to an initial color , which is color stable ticles release silver ions more slowly than particles of silver 
for preferably one week under ambient light and humidity salts such as silver sulfate . In addition , it is recognized in the 
conditions . An antimicrobial fitting for a catheter is dis- 10 literature that metallic silver nanoparticles can be absorbed 
closed in U.S. Pat . No. 5,049,140 which describes a tubular into cells directly and have their own toxicity characteristics 
member composed of a silicone / polyurethane elastomer in separate from that of silver ions . Incorporation of metallic 

silver nanoparticles into the fiber during polymer extrusion , which is uniformly dispersed about 1 to 15 % wt . of an or topically treating fibers or fabrics with metallic silver antimicrobial agent , preferably silver sulfate . A moldable 15 nanoparticles after extrusion , is considered a very different plastic composite comprising cellulose and a urea / formal technology compared to incorporating silver salt particles dehyde resin is disclosed in WO 2005 / 080488A1 , wherein a into the extruded fiber . 
silver salt , specifically silver sulfate , is incorporated to Foss et al . in U.S. Pat . Nos . 6,723,428 , 6,841,244 , and provide a surface having antiviral activity . 6,946,196 disclosed multilayer and multicomponent antimi 

Despite various references to the proposed use of silver 20 crobial fabrics and articles employing preferably silver 
salts as antimicrobial agents in various polymers as refer containing zeolites as antimicrobial agents , for example in a 
enced above , there is little or no disclosure in the art of thin “ shell ” layer on the exterior of the fiber , in a relatively 
methods for preparing silver - containing materials compris low melting carrier polymer ( e.g. PETG ) , or in a latex which 
ing higher melting polymers such as polyethylene terephtha is used as a vehicle for impregnating e.g. a shoe insole . 
late ( PET ) polyester . Even the relatively thermally stable 25 When a low melting polymer carrier is used , the fabric 
silver sulfate salt is converted to metallic silver when heated containing the low melting polymer and incorporated anti 
excessively in an organic matrix at the temperatures neces microbial agent is heat activated to melt the polymer and 
sary to melt and extrude PET , for example in processes for disperse the antimicrobial agent throughout the fabric . 
making polyester ( e.g. , PET ) fiber . Other silver salts such as 
the silver halides and silver nitrate are even more thermally 30 BRIEF SUMMARY OF THE INVENTION 
sensitive than silver sulfate and are thus more prone to 
reduction to metallic silver if processed at high temperature , In one embodiment , the present invention is directed to a 
for example under typical polyester fiber production process novel polyester fiber comprising a high melting polymer 
conditions . ( e.g. , a polymer melting in the range of about 260 ° C. or 

In order to avoid problems with the thermal instability of 35 higher ) which has a processing temperature of at least about 
silver salts during fiber production , various processes have 290 ° C. such as polyethylene teraphthalic acid polymer 
been proposed in which different dispersions of silver salts ( PET ) , nylon 6,6 , or other high - melting fibers described 
in multi - component mixtures have been applied to fabrics of herein , a silver salt of formula Ag , X , Y Za such as a silver 
different compositions as topical agents after the fiber has sulfonate or silver I sulfate , with a particle size of between 
been extruded , or after the fabric has been constructed . 40 800 nanometers and 20 micrometers , a copper salt of for 
However , fabrics in which e.g. silver salts have been topi mula Cu , X , Y Zd , such as copper II sulfate , and a com 
cally applied exhibit poor laundering properties and leaching pounding agent . A nonlimiting list of suitable compounding 
of the topical silver salt from the topical fabric coating . It is agents include one or more of : polydimethylsiloxane ( CAS 
also difficult to control the amount of silver salt topically 63148-62-9 ) , dimethylsiloxane , hydroxyl terminated poly 
absorbed onto the surface of the fiber or the fabric because 45 dimethylsiloxane ( CAS 70131-67-8 ) , amorphous silica 
of the various finishing solutions , dyes flame retardants or ( CAS 7631-86-9 ) , aliphatic petroleum distillates ( CAS 
other agents commonly applied to fibers or textiles . Topical 64742-47-8 ) , or liquefied petroleum gas ( CAS68476-86-8 ) . 
coatings on textile grade fibers or fabrics may have utility in The novel composition also may include additional ingre 
certain settings , but are viewed as a fundamentally different dients , such as pigments ( e.g. titanium dioxide ) , and optical 
technology relative to a textile grade polyester fiber having 50 brighteners such as the commercially available OB1 ( 4,4' 
the antimicrobial agent incorporated into the fiber during the bis ( benzoxazol - 2 - yl ) stilbene ) . In various embodiments , the 
fiber extrusion process . silver salt is dispersed in the fiber ( e.g. polyester or PET 

In addition , the use of metallic silver nanoparticles as fiber ) at a concentration of about 0.05 % to about 1.0 % by 
antimicrobial and antifungal agents in textiles has been weight . The silver salt Ag , X , Y , Z , may have an oxidizing 
attempted but has generally been unsuccessful due to prob- 55 agent such as NalO4 incorporated in it at a concentration of 
lems with clumping and other challenges , and it is been about 0.2 to about 5 % weight of the Ag , X , Y Zd . In various 
difficult to obtain a controlled , uniform dispersion and embodiments the copper salt is dispersed in the polyester 
concentration of the metallic silver nanoparticles in the final fiber at a concentration of about 0.01 % to about 1.0 % by 
textile product . Theoretically , the high surface area of the weight . In various embodiments the compounding agent is 
metallic silver nanoparticles offers an advantage over 60 present in the final polyester at a concentration of about 
micron sized metallic silver particles as antimicrobial and / or 0.01 % to about 0.1 % by weight . The titanium dioxide is 
antifungal agents due to the nature of the ion release present in the final polyester at a concentration of about 
mechanism . The release mechanism involves water or oxy 0.03 % to about 0.6 % by weight . The optical brightener ( e.g. , 
gen mediated oxidation and dissolution of silver ions from OB1 ) may be present in the final polyester at a concentration 
the silver metal surface , which occurs in proportion to the 65 of about 0.01 % to about 0.1 % by weight . Thus , in some 
surface area . However , metallic silver nanoparticles are embodiments , the final polyester could be described by a 
difficult to incorporate into textiles to produce a product Formula I : Ag , X , Y Za ( about 0.05 to about 0.50 % ) + Cua 
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X , Y Za ( about 0.01 to about 0.1 % ) + NaIO , ( about 0.0002 to fibers and fabrics of the present invention are surprisingly 
about 0.025 % ) + compounding agent ( about 0.01 to about active against gram negative bacteria or gram positive 
0.1 % ) + TiO2 ( about 0.03 to about 0.6 % ) + OB1 ( about 0.01 to bacteria . In still other embodiments , the fibers and fabrics of 
about 0.1 % ) + PET ( about 99.85 % to about 98.5 % ) . the present invention are surprisingly able to kill microbes 
Wherein : deposited on the surface of the fiber or resulting fabric , PET is a polyethylene terephthalate polymer including microbes known to be resistant to conventional 
OB1 is an commercial optical brightener antimicrobial agents , including carbapenemase producing 
NalO4 is sodium periodate Klebsiella pneumonia , Methicillin Resistant Staphylococcus 
TiO2 is titanium dioxide aureus , Vancomycin Resistant Enterococcus , MDR 
Ag is silver I or silver II and a is 1 to 4 10 Pseudomonas aeruginosa , MDR Acinetobacter , 3rd Genera 
X , is sulfur ( S ) and b is 1 to 4 tion Cephalosporin Resistant E. cloacae , Acinetobacter bau 
Y is oxygen ( 0 ) and c is 2 to 8 mannii , and Fluconazole Resistant Candida albicans . 
Za is defined as an alkyl group R , or an aryl group Ar and The fibers and the fabrics of the present invention , as 

d is 0 or 1 described herein , are also surprisingly active against fungal 
Wherein 15 microbes of different types , in particular against fungi asso 

R is ciated with Athlete's foot , for example the fungus hydrogen , Trichophyton mentagrophytes ( T. menta ) which is an impor 
C1 - C14 alkyl tant component of the fungi that make up Athlete's foot C3 - C , cycloalkyl infections . 
C1 - C , alkyl optionally substituted by C3 - C6 cycloalkyl , In still other embodiments , the fibers and fabrics of the 
C - C , alkyl optionally substituted by Co - C10 aryl present invention can be washed 25 to 100 times using 
and Ar is Co - C1o aryl optimally substituted by R , halogen standardized washing procedures such as the AATCC 61 

( F , C1 , Br , I ) protocol , and maintain their antibacterial and antifungal 
In another embodiment , the present invention is directed activity , for example as described herein . 

to methods of manufacturing antimicrobial fiber composi- 25 
tions as described herein , wherein the silver salt is exposed BRIEF DESCRIPTION OF THE DRAWINGS 
to a minimal heat history . Such methods incorporate a 
master batch approach , in which the master batch has Further features , embodiments , and advantages of the 
between about a 4 % and about 20 % loading of the silver salt present invention will become apparent from the following 
of formula Ag , X , Y Z? . The silver salt is adhered to the 30 detailed description with reference to the drawings , wherein : 
surface of the high melting polymer ( e.g. PET ) pellet in a FIG . 1 is a graphical illustration of a typical particle size 
uniform manner such that about 10 to about 90 % of the distribution of silver sulfate particles used in the present 
surface of individual pellets , using a mixture of the com invention ; 
pounding agents listed herein , is coated . Polymer pellets FIGS . 2a - 2c are graphical illustrations of DSC character 
such as PET are either round , cubic , or cylindrical , and have 35 istics of various samples ; 
either smooth surfaces or irregular surfaces . This “ com FIG . 3 is a set of SEM data for fibers of Example 14 , 
pounded master batch ” can be described by the following including the normal SEM image and the backscatter SEM 
formula : [ AgaX Y Za ( w / % ) / Cu X Y Za ( wt 2 % ) / Com image ; 
pounding Agent ( wtz % ) / PET ( wt_ % ) ] , wherein the sum of FIG . 4 is an EDX spot spectrum for fibers of Example 14 ; 
the weight percents is 100 % , and the weight percent of the 40 FIG . 5 is an SEM image ( left ) and a backscatter detection 
Ag X , Y Za is about 1 % to about 26 % and the weight SEM image ( right ) of a polyester fiber according to the 
percent of the Cu X , Y Za is about 0.1 % to about 2.6 % and present invention with antimicrobial silver salt ( silver sul 
the weight % of the compounding agent is about 0.15 to fate ) particles incorporated in the fibers ; 
about 3 % , and the polymer ( e.g. PET ) makes up the differ FIG . 6 is an SEM backscatter image of cut polyester fibers 
ence . The compounded master batch is prepared by com- 45 according to the present invention ; 
bining freshly dried polymer ( e.g. PET ) with the compound FIG . 7 is an EDX analysis of an SEM image of cut 
ing agent and mixing thoroughly such that the compounding polyester fibers according to the present invention ; 
agent evenly covers the surface of the polyester pellets , e.g. , FIG . 8 is a graphical illustration of the antibacterial 
by tumbling the pellets in the presence of the compounding properties of the fiber compositions of Table 2 against E. 
agent . Once the pellets are covered , a mixture of the appro- 50 coli ; 
priate amount of Ag , X , Y Za powder and Cu , X , Y Za pow FIG . 9 is a flow diagram of an exemplary method of 
der are mixed together and then added to the polymer pellets converting fiber to fabric ; 
covered with the compounding agent , and mixed until a free FIG . 10 is a graphical illustration of an effect of dry 
flowing mass of coated polymer pellets is obtained . The cleaning on fabric privacy curtains ; 
modified polymer pellets prepared in the described manner , 55 FIG . 11 is a bar graph illustrating the results set forth in 
are subsequently mixed with master batches of titanium Table 12 concerning antimicrobial activity against T. men 
dioxide , OB1 and unmodified polymer at ambient tempera tagrophytes ; and 
ture and humidity , prior to being loaded into an extruder FIG . 12 is a set of images comparing a control fabric ( left ) 
which , in the case of PET , is heated at about 295 ° C. without antimicrobial silver particles and fabric 091812F1 

In another embodiment , the process of the present inven- 60 UW ( right ) after exposure to T. mentagrophytes . 
tion is capable of producing fiber having an off - white color . 
Such off - white fibers can be used to produce fabrics which DETAILED DESCRIPTION OF THE 
can be described as having " limited ” color , in other words , INVENTION 
white or off - white . 

The fibers and the fabrics of the present invention , as 65 All patent applications , patents , patent publications , and 
described herein , are surprisingly able to kill microbes literature references ( including ASTM or other analytical 
deposited on their surfaces . In specific embodiments , the methods ) cited in this specification , whether referenced as 
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such , are hereby incorporated by reference in their entirety . Kevlar ) , poly - m - phenyleneterephthalamid ( i.e. , 
In the case of inconsistencies , the present description , Nomex® ) , and combinations thereof . 
including definitions , is intended to control . Any of the synthetic polymers disclosed herein , having a 

The present invention provides for fibers , filaments , high melting point , e.g. above about 250 ° C. , and as high as 
yarns , fabric , textiles and the like possessing excellent 5 about 310 ° C. ( or higher ) are particularly suitable for use in 
long - term antimicrobial efficacy , even after a substantial the present invention , as it is particularly difficult to process 
number of washings . Such properties are realized by the use such high melting point polymers , containing the anti 
of fibers or filaments having incorporated therein , by the microbial silver and copper salts of the present invention , 
methods of the present invention as described herein , a without thermally degrading in particular the silver salts . In 
particular silver salt and reagents used to incorporate the 10 addition , synthetic polymers suitable for use in the present 
silver salt into the fibers or filaments . invention include polymers which require elevated process 

As used herein and as context allows , the terms “ textile " ing conditions , for example processing conditions above 
and “ textiles ” are intended to include fibers , filaments , yarns about 290 ° C. In order to melt process ( e.g. , melt spin ) 
and fabrics , including knits , wovens , non - wovens , and the polymers suitable for forming fibers in textiles , the process 
like . For purposes of this invention , textiles may be com- 15 ing temperature must be sufficiently high , depending upon 
posed of or made from synthetic fibers or combinations of the additives ( if any ) present in the composition , and / or the 
synthetic fibers and natural fibers . In various embodiments , molecular weight of the polymer , such that the melt viscosity 
textiles in the form of fibers and yarns may be of a size or is sufficiently low to form good quality fibers . Accordingly , 
denier ranging from about 1 denier per filament to about 3 polymers such as PET , which has a melting point of approxi 
denier per filament , more particularly from less than about 20 mately 265 ° C. , are often processed at temperatures ranging 
1 denier per filament to about 2 denier per filament . How from about 290 ° C. to about 310 ° C. in order to achieve melt 
ever , other fiber or yarn sizes may be employed . viscosities sufficiently low to form good quality fibers . Thus , 

It is also contemplated that the fibers or yarns of the polymers requiring melt processing at temperatures above 
present invention may be mono - component , multi - compo about 290 ° C. , for example about 290 ° C. , about 295 ° C. , 
nent or bi - component fibers or yarns , including those that 25 about 300 ° C. , about 305 ° C. , about 310 ° C. , about 315º C. , 
may be splittable , or which may have been partially or fully or about 320 ° C. , inclusive of all values , ranges or subranges 
split , along their length by chemical or mechanical action as there between , and irrespective of polymer melting point , 
well as those of the core - sheath type construction . The fibers are suitable for use in the present invention . 
or yarns may be multi- or mono - filament , may be false The compositions and methods of the present invention 
twisted or twisted , or may incorporate multiple denier fibers 30 are not limited to high - melting polymers , but can also be 
or filaments into one single yarn through twisting , melting applied to other polymers typically used to form fibers via a 
and the like . Fabrics may be formed of any of the foregoing melt - spinning process . Because the process of the present 
fibers and yarns or combinations thereof . For example , a invention reduces the thermal history experienced by a 
fabric may be wholly or partially made of multi- or bi polymer , particularly in the preparation of a masterbatch 
component fibers and yarns . Additionally , the fabrics may be 35 containing antimicrobial agents such as silver salts , the 
made of fibers and yarns of different compositional make present invention is particularly efficacious for preparing 
up , including combinations of natural and synthetic fibers antimicrobial fibers of relatively high - melting point poly 
and yarns , combinations of natural fibers and yarns , or mers such as PET . In some embodiments , the polyester 
combinations of synthetic fibers and yarns . Fabrics may be compositions and fibers of the present invention can also 
comprised of fibers and yarns such as staple fibers , filament 40 include small amounts of polymeric additives , such as liquid 
fiber , spun fiber , or combinations thereof . Furthermore , the crystal polymers ( LCP ) , polyamides , ( co- ) polymers based 
textiles may be comprised of antimicrobial fibers and yarns on acrylics . Such additives , when present in small amount 
in combination with fibers and yarns free of the antimicro can improve the properties of the polyester ( e.g. PET ) , for 

example by forming micro - fibrils in the polyester melt , 
As noted , textiles of the present invention may comprise 45 which can , for example , increase the windup speed of the 

only fibers according to the present invention , or may be PET fibers . The compositions and methods of the present 
composed of or made from a combination of natural or invention may also be suitable for use with lower melting 
synthetic fibers with the antimicrobial synthetic fiber ( s ) of polymers even those which may require lower processing 
the present invention . A non - limiting list of natural fibers temperatures , if the polymers and compositions are ther 
includes wool , cotton , flax , hemp , bamboo fibers , and blends 50 mally sensitive at the temperature required to melt spin good 
thereof . Synthetic fibers include fibers made of , for example , quality fibers . 
polyesters , acrylics , polyamides , polyolefins , polyaramids , The textile substrate may be dyed or colored with any type 
polyurethanes , regenerated cellulose ( i.e. , rayon ) and blends of colorant , such as pigments , dyes , tints and the like , to 
thereof . More specifically , polyester fibers include , but are provide other aesthetic features for the end user . Other 
not limited to , polyethylene terephthalate , poly ( trimethylene 55 additives may also be present on and / or within the textile 
terephthalate ) , poly ( triphenylene terephthalate ) , polybuty substrate , including antistatic agents , brightening com 
lene terephthalate , aliphatic polyesters ( such as polylactic pounds , nucleating agents , antioxidants , UV stabilizers , fill 
acid ( PLA ) , polyglutaric acid ( PLG ) , and combinations ers , permanent press finishes , softeners , lubricants , curing 
thereof , and are generally characterized as long chain poly accelerators , and soil release agents , which improve the 
mers having recurring ester groups . Polyamides include , but 60 wettability and washability of the textile . All of such addi 
are not limited to , nylon 6 ; nylon 6,6 ; nylon 12 ; nylon 6,10 , tional materials are well known to those skilled in the art and 
nylon 1,1 and the like and are characterized by long - chain are commercially available . 
polymers having recurring amide groups as an integral part In accordance with one embodiment , the present inven 
of the polymer chain . Polyolefins include , but are not limited tion is directed towards a novel composition of high melting 
to polypropylene , polyethylene , polybutylene , polytetrafluo- 65 polymer fibers ( e.g. having a melting point of greater than 
roethylene , and combinations thereof . Polyaramids include , about 260 ° C. ) for example polyester fibers comprising a 
but are not limited to , poly - p - phenyleneterephthalamid ( i.e. , conventional polyethylene terephthalic acid polymer ( PET ) . 

bial agents . 
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However , the compositions and process of the present limited to the range of about 0.01 wt . % to about 0.1 wt . % 
invention can also be used to prepare superior antimicrobial so that the physical properties of the polymer component 
compositions of lower melting polymers such as PLA , nylon ( e.g. PET ) and the antimicrobial additives remains unaf 
6 , nylon 6,6 , and polypropylene . The compositions of the fected . In addition , these levels of compounding agent 
present invention further comprise a silver salt AgQX , Y . Za 5 facilitate migration of the antimicrobial particles to the 
such as silver sulfate with a particle size of between about surface of the fibers where they can provide excellent 
800 nanometers and about 20 micrometers , and in particular activity against a wide range of bacteria and fungi , rather 
with particles having a size distribution ranging from about than allowing them to be trapped in the center of the fibers 
1 to about 10 microns with a median of about 5 microns , a which reduces the antimicrobial activity . The titanium diox 
copper salt of formula Cu X Y Z? , such as copper II sulfate 10 ide , if added to the final polymer composition , is present at 
pentahydrate or anhydrous copper II sulfate , and in particu a concentration of about 0.03 % to about 0.6 % by weight , 
lar anhydrous copper II sulfate , and a compounding agent including about 0.03 , about 0.04 , about 0.05 , and about 
comprising one or more of the following materials : poly 0.06 % by weight , inclusive of all ranges and subranges 
dimethylsiloxane ( CAS 63148-62-9 ) , hydroxyl terminated therebetween . The optical brightener ( e.g. , OB1 ) if added , 
polydimethylsiloxane ( CAS 70131-67-8 ) , amorphous silica 15 may be present in the final polymer composition at a 
( CAS 7631-86-9 ) , aliphatic petroleum distillates ( CAS concentration of about 0.01 % to about 0.1 % by weight , 
64742-47-8 ) , or liquefied petroleum gas ( CAS 68476-86-8 ) . including about 0.01 , about 0.02 , about 0.03 , about 0.04 , 
The composition may optionally include pigments such as about 0.05 , about 0.06 , about 0.07 , about 0.08 , about 0.09 , 
titanium dioxide , and a commercially available optical and about 0.1 % by weight , inclusive of all ranges and 
brightener such as OB1 ( 4,4 ' - bis ( benzoxazol - 2 - yl ) stilbene ) 20 subranges therebetween . Thus , the final polyester could be 
from Dalton Clariant . Other optional components include described in one embodiment by a Formula I : Ag X Y Z 
pigments such as Phthalo Blue , Carbon Black , quinacridone ( about 0.05 to about 0.50 % ) + Cu , X Y Za ( about 0.01 to 
violet , etc. , including any pigments dyes , coloring agents , or about 0.1 % ) + NaIO4 ( about 0.0002 to about 0.025 % ) + Com 
brightening agents conventionally used in textile manufac pounding agent ( about 0.01 to about 0.1 % ) + TiO2 ( about 
turing . 25 0.03 to about 0.6 % ) + OB1 ( about 0.01 to about 0.1 % ) + PET 

The silver salt , which can be any of the silver salts ( about 99.85 % to about 98.5 % ) . 
Ag X , Y Za discussed herein , particularly silver sulfate , is wherein 
incorporated into the fiber , and typically dispersed in the PET is a polyethylene terephthalate polymer 
fiber at a concentration of up to about 1 % by weight , such OB1 is a commercial optical brightener 
from about 0.05 % up to about 1 % by weight , or from about 30 NaIO , is sodium periodate 
0.05 % to about 0.50 % by weight , including about 0.05 , TiO2 is titanium dioxide 
about 0.06 , about 0.07 , about 0.08 , about 0.09 , about 0.1 , Ag is silver I or silver II and a is 1 to 4 
about 0.15 , about about 0.25 , about 0.3 , about 35 , X , is sulfur ( S ) and b is 1 to 4 
about 0.4 , about 0.45 , about 0.5 , about 0.55 , about 0.6 , about Y is oxygen ( O ) and c is 2 to 8 
0.65 , about 0.7 , about 0.75 , about 0.8 , about 0.85 , about 0.9 , 35 Za is defined as an alkyl group R , or an aryl group Ar and 
about 0.95 , and about 1 % by weight , inclusive of all ranges d is 0 or 1 
and subranges therebetween . The silver salt Ag , X Y Z , may Wherein 
have an oxidizing agent such as NalO4 incorporated in it at R is 
a concentration of about 0.2 to about 5 % weight of the hydrogen , 
Ag , X , Y Z? including concentrations of about 0.2 , about 40 C - C 4 alkyl 
0.25 , about 0.3 , about 0.35 , about 0.4 , about 0.45 m about Cz - Cg cycloalkyl 
0.5 , about 0.55 , about 0.6 , about 0.65 , about 0.7 , about 0.75 , C.-C. alkyl optionally substituted by C - C6 cycloalkyl , 
about 0.8 , about 0.85 , about 0.9 , about 0.95 , about 1.0 , about C - C , alkyl optionally substituted by C6 - C10 aryl 
1.1 , about 1.2 , about 1.3 , about 1.4 , about 1.5 , about 1.6 , And Ar is C - Clo aryl optimally substituted by R , halogen 
about 1.7 , about 1.8 , about 1.9 , about 2.0 , about 2.1 , about 45 ( F , C1 , Br , I ) 
2.2 , about 2.3 , about 2.4 , about 2.5 , about 2.6 , about 2.7 , In another embodiment , the present invention is directed 
about 2.8 , about 2.9 , about 3.0 , about 3.1 , about 3.2 , about to methods of manufacturing an antimicrobial ( e.g. , polyes 
3.3 , about 3.4 , about 3.5 , about 3.6 , about 3.7 , about 3.8 , ter ) fiber as described herein , wherein the silver salt is 
about 3.9 , about 4.0 , about 4.1 , about 4.2 , about 4.3 , about exposed to a minimal heat history . Typical melt processing 
4.4 , about 4.5 , about 4.6 , about 4.7 , about 4.8 , about 4.9 , and 50 conditions for preparing textile fibers includes forming a 
about 5.0 % by weight , and all ranges and subranges ther masterbatch ( e.g. including antimicrobial agents , pigments , 
ebetween . The copper salt is dispersed in the fiber at a etc. ) in an extruder at temperatures of up to about 300 ° C. 
concentration of about 0.01 % to about 1.0 % , such as about The masterbatch is then blended with additional polymer 
0.01 % to about 0.5 % by weight , including about 0.01 , about ( e.g. PET ) pellets and melt processed , again at temperatures 
0.02 , about 0.03 , about 0.04 , about 0.05 , about 0.06 , about 55 of up to about 300 ° C. to form fibers . Accordingly , typical 
0.07 , about 0.08 , about 0.09 , about 0.1 , about 0.2 , about fiber processing conditions would expose the antimicrobial 
0.25 , about 0.3 , about 0.35 , about 0.4 , about 0.45 , about 0.5 , agent to two heating cycles the first heating cycle in 
about 0.55 , about 0.6 , about 0.65 , about 0.7 , about 0.75 , preparing the masterbatch , and the second heating cycle 
about 0.8 , about 0.85 , about 0.9 , about 0.95 , or about 1.0 % during fiber spinning . In contrast , the process of the present 
by weight , inclusive of all ranges and subranges therebe- 60 invention avoids the first heat cycle ( in preparing the mas 
tween . The compounding agent is present in the final poly terbatch ) , and thus decreases degradation of the antimicro 
mer composition ( e.g. the fiber ) at a concentration of about bial agent , particularly antimicrobial agents such as ther 
0.01 % to about 0.1 % by weight , including about 0.01 , about mally sensitive silver salts . 
0.02 , about 0.03 , about 0.04 , about 0.05 , about 0.06 , about The methods of the present invention incorporate a master 
0.07 , about 0.08 , about 0.09 , and about 0.1 % by weight , 65 batch approach , in which the masterbatch has greater than 
inclusive of all ranges and subranges therebetween . The about a 4 % loading of the silver salt of formula Ag , X , Y Zd 
amount of compounding agent , as described herein , is and in particular a loading of between about 4 % and about 
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25 % and more particularly a loading of about 9 to about 14 % requires that the temperature of the letdown polymer mix 
of the silver salt of formula AgQX Y Z? . Importantly , the ture is sufficiently high such that it forms a melt . For 
particles of silver salt used in the inventive manufacturing PET - based compositions according to the present invention , 
process should be between about 800 nanometers and about an extruder temperature of about 285 ° C. to about 305 ° C. , 
20 micrometers in size , and preferably should have a size 5 more particularly about 295 ° C. is used . The melting step 
distribution of about 1 to about 10 micrometers with a may be a separate step in , or it may be part of the extruding 
median of about 5 microns . Commercially available silver process . When the mixture forms a melt at a sufficiently high sulfate is ground and sieved , using techniques familiar to temperature , it may be extruded using conventional melt one skilled in the art to provide silver salt particles of this 
size . A typical particle size distribution of silver sulfate 10 then be drawn , crimped , cut and spun into a yarn or other spinning devices such as a spinneret . The resulting fiber may 
particles used in the present invention , and in the preparation 
of the Examples described herein is shown in FIG . 1 . fabric depending on the intended end use , and using tech 

niques that are familiar to one skilled in the art of fiber The compounding agent can include one or more of the 
materials described herein . For example the compounding production . Alternatively the fiber can be extruded in a 

continuous filament process . agent can comprise a mixture of a polydimethylsiloxane , a 15 
hydroxyl terminated polydimethylsiloxane , an amorphous In various embodiments , the order in which the various 
silica . Alternatively , the compounding agent can comprise a components of the masterbatch are mixed together can affect 
mixture of aliphatic petroleum distillates . the overall process . As discussed herein above , adding the 

The silver salt particles of the defined size are adhered to compounding agent first to the polymer pellets , and distrib 
the surface of the polymer ( e.g. , PET ) pellets in an even 20 uting the compounding agent uniformly over the polymer 
manner covering about 10 to about 90 % of the surface of pellets before adding the powdered antimicrobial agents 
individual pellets , using a mixture of the compounding provides a free flowing mass of coated polymer pellets 
agents listed herein . The polymer pellets can have any of a which are easily processed in conventional melt spinning 
variety of shapes , including round , cubic , or cylindrical , and equipment . Alternative process conditions , such as that 
have either smooth surfaces or irregular surfaces . This 25 disclosed in US 2009/0068286 , in which the powdered 
“ compounded master batch ” can be described by the fol additives are mixed with the compounding agent first , to 
lowing formula : [ AgQX Y Zd ( w , % ) / Cu , X Y Zd ( wt 2 % ) / form a paste , and then mixed with the polymer pellets , 
Compounding Agent ( wtz % ) / PET ( wt , % ) ] , wherein the sum causes agglomerates that are trapped by the melt filters 
of the weight percents is 100 % , and the weight percent of the present in the fiber spinning process . As a result , such 
Ag , X , Y Za is about 1 % to about 26 % and the weight 30 processes are more difficult to run , and the trapping of 
percent of the Cu , X , Y Z , is about 0.1 % to about 26 % and agglomerates can reduce the overall percentage of antimi 
the weight % of the compounding agent is about 0.15 to crobial additives ultimately present in the melt spun fibers . 
about 3 % , and the PET makes up the difference . Without being restricted to any particular mechanism , the 

The compounded master batch is prepared by combining present inventors have found that amorphous silica is a 
freshly dried polymer ( e.g. PET ) with the compounding 35 particularly efficacious component of the compounding 
agent ( e.g. , a mixture of polydimethylsiloxane , hydroxyl agent , as it acts as a desiccant and tends to absorb moisture . 
terminated polydimethylsiloxane , and amorphous silica ) and This is particularly useful in polyester - based ( e.g. PET ) 
mixing the combination thoroughly such that the compound compositions and fibers , as it tends to reduce hydrolysis of 
ing agent evenly covers the surface of the polymer pellets , the polyester . 
and forms a viscous mass of polymer pellets . In particular 40 The fiber produced as described herein , having a compo 
embodiments , the polymer pellets are freshly dried ( e.g. , in sition of Ag , X , Y Za ( about 0.1 to about 0.50 % ) + Cu , X , Y 
a drying tower ) , and more particularly freshly dried at Za ( about 0.01 to about 0.08 % ) + NalO4 ( about 0.002 to about 
temperature between about 70 to about 90 ° C. Once the 0.025 % ) + Compounding agent ( about 0.01 to about 0.1 % ) + 
pellets are covered with compounding agent and have TiO2 ( about 0.03 to about 0.6 % ) + OB1 ( about 0.01 to about 
formed a viscous mass of pellets , a mixture of the appro- 45 0.05 % ) + PET ( about 99.84 % to about 98.645 % ) can be 
priate amount of Ag , X , Y Za powder and Cu , X , Y Za pow analyzed by ICP - OES ( induction coupled - optical emission 
der are mixed together and then added to the pellets covered spectroscopy ) , ICP - MS ( induction coupled mass spectros 
with the compounding agent . Alternatively the Cu X , Y Za copy ) or AA ( atomic absorbance ) to confirm the overall 
powder is added first and then the Ag , X , Y Za is added , or levels of silver and copper in the fiber . These methods , 
alternatively the AgaX , Y Za powder is added first and then 50 familiar to one skilled in the art , all involve processing the 
the Cu , X , Y Za powder is added . This combination of poly fiber either by combustion or digestion converting and 
mer pellets , compounding agents and Ag , X , Y Zd and heating the residue to form a plasma , and quantifying the 
Cu , X , Y Za powders are mixed until a free flowing mass of elements present in the plasma . Representative ICP - OES 
coated polymer pellets is obtained , which is hereinafter data is reported in the examples provided herein , and in 
referred to as a " compounded master batch . ” The com- 55 general confirm the levels of silver and copper expected 
pounded master batch prepared in the described manner , is from calculations . 
subsequently mixed with freshly dried base polymer ( e.g. , The fiber may also be investigated using standard fiber 
PET if the masterbatch comprises a coated PET pellets ) , and analysis techniques such as Favimat analysis which mea 
optionally a master batch of titanium dioxide and a master sures fiber physical characteristics . Favimat analysis is 
batch optical brightener such as OB 1 from Dalton Clariant , 60 familiar to those skilled in the art of textile fiber analysis , 
or another optical brightener familiar to one skilled in the art and involves measurement of multiple fiber properties on 
of making fiber . The mixing of the compounded master multiple fibers and statistically averaging the results includ 
batch and other master batches can be carried out at ambient ing , elongation up to the rupture point , the force required to 
temperature and humidity , to form a “ letdown polymer . ” The rupture the fiber , time to rupture , and linear density . The 
letdown polymer is melt spun using conventional methods to 65 physical measurements are used to calculate fiber properties 
provide antimicrobial fibers according to the present inven such as tenacity and modulus . Favimat analysis data is 
tion . The extrusion process ( e.g. melt spinning ) itself reported in the Examples and confirms that the fibers pro 

C 
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duced in the embodiments above have Favimat analysis data molecular weight can correlate with melting temperature . 
consistent with fibers that can be used in textile production . The degree of crystallinity of a polymer can be estimated 

In a particular embodiment , PET fibers of the present from the crystallization temperature ( T. ) when compared to 
invention , prepared as described herein , produce Favimat reference samples . DSC data on PET fibers of Formula I 
data substantially similar to that presented in Table 1 and in 5 were obtained on a DSC Q1000 v9.9 instrument using a 10 ° 
the Examples . C. to 325 ° C. temperature range and are reported in the 

TABLE 1 

Favimat Analysis Data 

Property Early Stage SD Example 1 SD Example 15 SD PET fiber SD 

35 107.39 % 43.16 % 
6.03 g 6.58 g 

Elongation 
Force 
Work to rupture 
Tenacity 
Linear Density 
Time to Rupture 
Modulus 

43.19 % 
5.37 g 
2.71 g * cm 
2.60 g / den 
2.21 den 
26.2 sec 

18.08 g / den 

2.51 
0.50 
0.43 

8.54 g * cm 
2.79 g / den 
2.22 den 

64.71 sec 
20.07 g / den 

35 
0.85 
2.51 
0.50 
0.43 

41.35 % 
10.50 g 
4.86 g * cm 
5.21 g / den 
2.06 den 

25.26 sec 
29.11 g / den 

15.48 
1.46 
2.37 
0.77 
0.40 

3.19 g * cm 
3.25 g / den 
2.17 den 

26.17 sec 
19.68 g / den 

20.6 
21 

1.91 
1.15 
0.53 

6.84 6.84 5.72 7.97 

20 Fibers present invention , for example having the compo Examples . The DSC of a sample of drawn and heat set PET 
sition of Formula I may also be analyzed by intrinsic fiber with only TiO2 and the optical brightener as additives 
viscosity which is an indirect measure of polymer molecular is compared to the DSC of a drawn and heat set PET fiber 
weight in the fiber . Additives can cause significant polymer of the present invention ( e.g. , of Formula I ) and undrawn 
cleavage during the melting and extruding processes which 25 amorphous polyester , in FIGS . 2a , 2b and 2c . From this data 
would lead to a weaker fiber not appropriate for textile it can be seen that the melting point ( Tm ) of the polymer in 
production . Intrinsic viscosity measurements , which are fibers prepared according to the present invention is not 
familiar to those skilled in the art of textile fiber manufac lower than that of base polymer with just TiO2 and optical 
ture , can be used to identify fibers comprising polymer with brightener after heat setting and drawing . In addition , it can 
high molecular weight . Intrinsic viscosity measurements 30 be seen by comparison to the amorphous PET that the glass 
involve dissolving the polymeric fiber in an appropriate transition ( T , ) and the crystallization ( T. ) of fibers of 
solvent such as ( for PET ) a mixture of phenol and tetra Formula I has been mostly eliminated by the drawing and 
chloroethane , at a defined concentration such as 0.5 g / dL , at heat setting process , as would be expected . Fibers of For 
a defined temperature such as 30 ° C. , and measuring the mula I , prepared by the methods of the present invention , 
viscosity of the resulting solution generally using a capillary 35 have DSC characteristics substantially similar to that pre 
method . Intrinsic viscosity measurement data is reported in sented in FIG . 2a . 
the Examples and in Table 2 and is consistent with fiber of Because the fibers of the present invention experience less 
suitable quality for use in textile manufacture . In particular heating compared to fibers produced by conventional melt 
embodiments , fibers of the present invention ( e.g. , of For spinning processes ( e.g. , the masterbatch compositions pro 
mula I ) , prepared by the methods of the present invention , 40 vided by the inventive process do not require melt process 
have intrinsic viscosity characteristics substantially similar ing ) , the polymer component of the fibers and polymer 
to that presented in Table 2 and in the Examples . compositions of the present invention exhibit less degrada 

tion , for example as determined by measuring the molecular 
TABLE 2 weight of the polymer or intrinsic viscosity of the polymer 

45 both before and after the melt spinning process . Typically , 
Intrinsic Viscosity Measurements on PET Fiber after melt spinning , the molecular weight or intrinsic vis using Phenol / Tetrachloroethane 

( 60/40 w / w ) , 30 ° C. , at a concentration of 0.5 g / dL cosity of the polymer component of the fibers of the present 
invention , prepared by the inventive process , differ from the 

Example IV +/- 0.02 ( dL / g ) molecular weight or intrinsic viscosity characteristics of the 
50 polymer prior to melt spinning , by less than about 10 % . For 

example , the intrinsic viscosity or molecular weight of the 
polymer component differs by less than about 1 % , about 2 % , 
about 3 % , about 4 % , about 5 % , about 6 % , about 7 % , about 
8 % , about 9 % , or about 10 % , inclusive of all ranges and 

55 subranges therebetween . 
Fibers of the present invention ( e.g. of Formula 1 ) may 

also be analyzed by backscatter detection on a scanning 
electron microscope ( SEM ) . SEM images of the fibers of 
Formula I produced as described herein , show the distribu 

Fibers of the present invention ( e.g. of Formula I ) may 60 tion of silver sulfate particles on or near the fiber surface . 
also be analyzed by differential scanning calorimetry ( DSC ) Backscatter detection allows elements with a higher atomic 
which is widely used for examining the thermal transitions number to show up brighter than particles with a lower 
of polymeric materials . Melting points ( Tm ) and glass tran atomic number ( i.e. silver ( Ag ) with an atomic number of 47 
sition temperatures ( TG ) of conventional polymers are avail will show up brighter than carbon ( C ) with an atomic 
able from standard compilations familiar to those skilled in 65 number of 6 ) . Multiple fiber samples were examined by 
the art , and can be used to show polymer degradation by the SEM and backscatter SEM . SEM data for fibers of Example 
lowering of the melting temperature ( Tm ) , since polymer 14 in the Examples section , including the normal SEM 

1 091812F1 
5 112712A 

10 022113F 
11 022113D 
12 022113G 
13 022112H 
14 0221131 
15 030613A 

PET 
022113A 

0.492 
0.583 
0.489 
0.500 
0.500 
0.493 
0.506 
0.623 
0.494 
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image and the backscatter SEM image are shown in FIG . 3 . silver in the area analyzed . Thus , EDX analysis also con 
Particles of silver sulfate on or just under the surface are firms that silver is incorporated into the interior of the fibers 
easily seen with backscatter detection . These data demon of the present invention . 
strate that the process of the present invention successfully The fiber compositions of Table 2 were tested for their 
delivers small particles of silver salts into the polymeric 5 antibacterial properties against E. coli . The results of those 
matrix of the PET fiber . In addition the observed silver tests are presented in FIG . 8. The results for sample 22113A , 
sulfate particle sizes appear consistent with the size of the which does not include silver particles , are included in FIG . 
particles added ( 1-10 microns ) and the distribution of the 8 for comparison . FIG . 8 shows that all of the fibers tested , 
silver sulfate particles in the fiber appears consistent with other than the control fiber , ( i.e. , all of the fibers according 
amount of silver sulfate added , about 0.36 w % for fiber 10 to the present invention ) display antimicrobial activity 
from Example 14. In a particular embodiment , fibers of against E. coli . 

Fibers , such as polyester fibers , containing the antimicro Formula I of the present invention , prepared by the methods bial metal particles as disclosed herein , can be converted of the present invention , produce backscatter SEM data into fabric by a variety of methods , including any method substantially similar to that presented in FIG . 3 . 15 known in the art . A person of skill in the art will recognize 
Fibers of the present invention ( e.g. of Formula I ) may that the particular method will vary depending on param 

also be analyzed by electron dispersive X - ray analysis eters known in the art , including the types of articles to be 
( EDX ) . EDX can quantify different metals such as silver and constructed from the fabric , the intended use of the fabric or 
lower molecular weight elements such as sulfur . It is a articles constructed from the fabric , the particular microbes 
semi - quantitative method that can provide useful informa- 20 of concern , and other factors known to or readily determin 
tion on the relative amounts of different elements . EDX does able by a person of ordinary skill in the art . An exemplary 
not give direct information on the oxidation state or salt form method of converting fiber to fabric is illustrated in the flow 
of a metal , and is not very sensitive to elements present at diagram of FIG . 9 . 
0.2 wt % or less . However , in the case of fibers of Example The fiber can be produced , for example according to 
14 , since the PET base polymer does not contain sulfur , 25 methods described herein , at any suitable fiber production 
indirect evidence for the existence of silver sulfate can be facility . One such suitable production facility is Palmetto 
determined from the observed ratio of silver to sulfur . Fibers Synthetics . The fiber can then be knitted into fabric samples 
of Example 14 were laid down longitudinally for EDX by any acceptable knitting method , such as those that are 
analysis . A bulk or low magnification spectrum detects very known to a person of ordinary skill in the textile industry . 
little silver ( Ag ) . However , analyzing the individual par 30 Knitting can be performed at a suitable knitting facility , 
ticles ( spot spectrum ) easily detected the presence of silver which may be the same or different as the fiber production 
( Ag ) . For fibers of Example 14 , an EDX spot spectrum ( an facility . One suitable knitting facility is at Gaston College 

Textile Technology Center . The fabric samples can then be isolated silver particle ) is shown in FIG . 4. Gold was used tested for antimicrobial activity . in sample prep as a conductive coating , and is observed in For production into commercial articles , the fabric can be both EDX spectrum , but is not included in the semi stored in a suitable warehouse before spinning the fiber into quantitative information . The w / w ratio of silver and sulfur yarn . Spinning fiber into yarn can be accomplished by any 
for Ag2SO4 is calculated to be 6.7 , while the observed silver method , such as methods that are known in the textile arts , 
to sulfur ratio is 6.4 , supporting the presence of this salt form at any suitable spinning facility . One suitable spinning 
of silver in the fiber of Example 14. In a particular embodi- 40 facility is operated by Beal Manufacturing ; another suitable 
ment , fibers of Formula I of the present invention , prepared spinning facility is operated by Pharr Yarns , Inc. Once spun , 
by the methods of the present invention , produce EDX data the yarn can be produced into fabric of appropriate shapes or 
substantially similar to that presented in FIG . 4 . sizes , for example , by weavers using art recognized weaving 

FIG . 5 shows another exemplary SEM image ( left ) and methods . Alternatively , non - wovens can be produced using 
backscatter detection SEM image ( right ) of a polyester fiber 45 art - recognized methods . 
according to the present invention with antimicrobial silver Fabric can then be finished at an appropriate finishing 
salt ( silver sulfate ) particles incorporated in the fibers . The facility . Finishing can comprise , for example , washing the 
fibers have a diameter of approximately 15 microns , and the fabric to remove weaving lubricants . Depending on the type 
silver salt particles have a particle size of about 1-10 of articles to be constructed from the fabric and the intended 
microns . The silver salt loading is < 1 % . 50 use of such articles , additional finishing steps can also be 

As described above with respect to FIG . 3 , the bright spots carried out . Such additional finishing steps can include , for 
on the right image of FIG . 5 correspond to silver salt example , one or more of adding softener , adding permanent 
particles that are on or near the surface . Notably , very few press , and adding fire retardant . 
of the silver salt particles are on or near the surface . After finishing , the fabric can be shipped to an appropriate 

FIG . 6 shows an SEM backscatter image of cut polyester 55 fabricator and manufactured into finished products , such as 
fibers according to the present invention . This cross - sec fabric articles . Exemplary fabric articles include uniforms , 
tional image shows the location of silver salt particles as including medical such as nurse uniforms , physician uni 
bright spots . This figure shows silver salt particles in the forms , surgical operating attire , military uniforms , and labo 
interior of the fibers , and is further evidence that the silver ratory coats , consumer articles , such as those commonly 
salt particles are incorporated into the fibers , and not merely 60 used in medical facilities , for example bed pads , bed sheets , 
coated on the fiber exterior . pillow cases , drapes , blankets , window curtains , privacy 

FIG . 7 shows an EDX analysis of an SEM image of cut curtains , hospital gowns , face masks , disposable underwear , 
polyester fibers according to the present invention . EDX is and textile or gauze bandages or wound coverings , as well 
an art - recognized method of determining the identity of an as other types of fabric articles where antimicrobial prop 
element . The red line and yellow arrow were added to the 65 erties may be useful . 
image to show the area that was analyzed by EDX . The Some of the finished products can be tested for antimi 
green peak , which was also added , indicates the presence of crobial activity , for example , as a quality control measure . 

35 
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Finished products can then be transported to , for example , weighed out and combined and mixed until evenly distrib 
one or more of a warehouse , a wholesaler , a retailer , a uted solid mixture is obtained . This mixture is then added in 
customer , or an end user . portions to the mixture of polymer pellets and compounding 

Fabric privacy curtains made with antimicrobial fibers agent with continuous stirring . As the silver and copper salts 
were tested after dry cleaning to determine whether the 5 are added the mixture becomes free flowing . Stirring is 
articles retain their antimicrobial properties . A control ( not continued until all of the salts are adsorbed on the surface of 
dry cleaned ) and negative control ( no silver particles ) were the pellets . The resulting pellets have a thin coating of 
also tested for comparison . The results are shown in FIG . 10 . copper and silver salts covering anywhere from 10 to 90 % 
As shown in FIG . 10 , the dry cleaned curtains retain of the surface of the pellets depending on the amount of 

essentially all of their antimicrobial activity after dry clean- 10 compounding agent and salts used . The covered pellets are 
ing . Importantly , this result is consistent with experiments passed through a metal mesh that removes any clumps of 
showing that the silver particles are incorporated into the pellets larger than 5 or 6 pellets . The filtered pellets are then 
fabric , rather than merely coated on the surface . Silver passed over a finer mesh that separates any salt particles not 
particles coated on the surface of fibers could wash off attached to the surface of the pellets . The final pellets are 
during dry - cleaning , which can significantly decrease the 15 stored in a sealed container protected from moisture until 
antimicrobial activity of the fabric . However , silver particles ready to be used in a fiber production run . 
that are incorporated in the fabric's fibers are not easily ICP - OES ( Induction Coupled Plasma Optical Emissions 
washed off , therefore , the antimicrobial activity is retained Spectroscopy ) was obtained at Galbraith Laboratories , 
after dry cleaning . Knoxville Tenn . Samples were ashed , then dissolved in acid 

In another embodiment , the methods of the claimed 20 prior to analysis . 
invention provide fibers with an off - white color . Fabrics Favimat Analysis was performed at Gaston College Tex 
comprising fibers of the claimed invention have limited tile Technology Center , using Textechno Favimat analysis 
color and can be described as substantially white or off equipment . 
white . Intrinsic viscosity measurements were done using Ameri 

The fiber and the fabrics of the present invention are being 25 can Society for Testing Material ( ASTM ) 04603-96 method 
surprisingly able to kill microbes deposited on the surface of which involves dissolving the polymeric fiber in a mixture 
the fiber or resulting fabric . The fabrics and fibers of the of Phenol and tetrachloroethane , at a concentration of 0.5 
present invention are surprisingly active against gram nega g / dL , at 30 ° C. , and measuring the viscosity of the resulting 
tive or gram positive bacteria . solution using the capillary method . 

The fiber and the fabrics of the present invention are 30 DSC data on fibers of Formula I were obtained on a DSC 
surprisingly able to kill microbes deposited on the surface of Q1000 v9.9 instrument using a 10 ° C. to 325 ° C. tempera 
the fiber or resulting fabric , including those that are resistant 
to multiple known antimicrobial agents . These resistant 
bacterial strains include , for example KPC producing Kleb Example 1 
siella pneumonia , Methicillin Resistant Staph aureus , Van- 35 
comycin Resistant Enterococcus , MDR Pseudomonas 091812F1 
aeruginosa , MDR Acinetobacter , 3rd Generation Cepha 
losporin Resistant E. Cloacae , and Fluconazole Resistant Using General Method A. 
Candida albicans . Hot ( 60 to 80 ° C. ) polyester pellets ( PET , cylindrical , 5 

Fabric comprising fibers according to the present inven- 40 kilograms ) were added to a 25 gal mechanical mixer along 
tion , prepared by the methods of the claimed invention , are with 30 g of a 50 % ( w / w ) master batch of TiO2 in PET , and 
surprisingly active against fungal microbes of different 25 g of a 5 % master batch of Optical brightener ( OB1 , 
types , and especially it is active against fungi associated Dalton - Clariant ) . These ingredients were mixed briefly , and 
with athlete's for and especially it is active against the 5 mL of a mixture of 98 % distillates ( petroleum ) , 
fungus Trichophyton Mentagrophytes ( T. menta ) which is an 45 hydrotreated heavy naphthenic ( CAS 64742-52-5 ) and 2 % 
important component of the fungi that make up Athlete's distillates ( petroleum ) , hydrotreated light petroleum distil 
foot infections . lates ( CAS 64742-47-2 ) was added and mixing continued 

The fabrics and fibers of the present invention can be for 3 minutes , until the PET pellets were evenly covered . 
washed 25 to 100 times using standardized washing proce Silver Sulfate ( 18 g , AgMPX , Eastman Kodak ) was weighed 
dures such as the AATCC 61 protocol , and maintain the 50 out along with 2 g of anhydrous copper sulfate ( CAS 
antibacterial and antifungal activity described herein . 7758-98-7 ) , and both were added to the mixture and stirring 

was continued for an additional five minutes . This free 
EXAMPLES flowing mixture was transferred to the hopper of a Varemac 

pilot scale extruder , which had been running neat PET 
General Procedure for Preparation of Compounded Master 55 pellets at 295 ° C. , with an operating pressure of 500 PSI . The 
Batch : extruder was fitted with a 1500 hole mesh spinneret . After 

The compounding agent is weighed out into a metal five minutes the fibers exiting the extruder spinneret were 
mixing flask and combined with a calculated amount of observed as opaque , and were collected in eight separate 
freshly dried polymer ( e.g. polyester or PET ) pellets at a pools of fiber . Collection of the fiber was stopped when the 
temperature of 60 to 75º C. The mixture is stirred for 5 to 60 bulk of modified pellets in the hopper had entered the 
30 minutes , without further heating or moisture protection , extruder . The eight pools of fiber were combined into one 
and with a sufficiently powerful overhead stirrer or other tow of fiber with 12,000 strands , and feed into a pilot scale 
mixer , until the compounding agent evenly coats the pellets , drawing and crimping machine . The draw rate was about 
and there are no clumps of compounding agent surrounded 3.4 : 1 and the dip bath was set to about 170 ° C. The product 
by polymer pellets . The mixture of compounding agent and 65 from the drawing and crimping was collected as loops of 
polymer pellets is a viscous mass at this point , and not free crimped tow and air dried for 2 hours . This material was then 
flowing . The silver salt and the copper salt are independently heat set at 270 ° C. for 20 minutes , allowed to cool to room 
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temperature , and then cut into 1.5 inch lengths of staple inch pieces of fiber . The staple fiber with a weight compo 
fiber . The staple fiber with a calculated weight composition sition of 0.36 % Ag2SO4 , 0.04 % CuSO4 and 0.3 % TiO2 , was 
of 0.36 % Ag2SO4 , 0.04 % CuSO4 and 0.3 % TiO2 , were used directly to make fabric . 
characterized as follows . 

ICP - OES ( Galbraith Laboratories , GLI Procedure 5 Example 4 
ME - 70 ) : A sample of 120.54 mg of cut fiber was combusted 
to leave an inorganic residue , which was dissolved in acid 092812AK - UW 
and analyzed by ICP - OES : Total silver ( Ag ) : 2450 ppm , 
total copper ( Cu ) : 130 ppm , total titanium ( Ti ) : 1870 ppm . The staple fiber from Example 3 was knitted into a 10 cm 

Favimat Fiber Analysis ( average of 21 fibers ) : Elongation : 10 tube using standard textile procedures . The knitted fabric , 
107.39 % ; Force : 6.03 g ; Tenacity : 2.79 g / den ; Linear Den with a weight composition of 0.36 % Ag2S04 , 0.04 % CuSO4 
sity : 2.22 den ; time to rupture : 64.71 sec ; Modulus 0-3 % : and 0.3 % TiO2 , was characterized as follows . 
20.07 g / de ICP - OES ( Galbraith Laboratories , GLI Procedure 
DSC ( Galbraith Laboratories ) Tg : 132 ° C .; Tc : ( not ME - 70 ) : A sample of 255.57 mg of staple fiber was com observed ) , MP : 246 ° C. ( onset : 234.3 ° C./53.1 J / g ) busted to leave an inorganic residue , which was dissolved in Intrinsic Viscosity ( Poly Tech Resources ) : Method : ASTM acid and analyzed by ICP - OES : Total silver ( Ag ) : 2270 ppm , 4603-96 , Solvent : Phenol / Tetrachloroethane ( 60/40 w / w ) , total copper ( Cu ) : 87 ppm , total titanium ( Ti ) : 1740 ppm . Temperature : 30 ° C. , Concentration : 0.5 g / dL , Result : 0.492 

dL / g Example 5 
Example 2 

112712A 
091812F1K - UW 

Method B. 

The staple fiber from Example 1 was knitted into a 10 cm 25 Hot ( 70 to 80 ° C. ) polyester pellets ( PET , cylindrical , 25 
tube using methods standard textile methods . The knitted kilograms ) were added to a 25 gal mechanical mixer along 
fabric was an off - white color and weight composition of with 270 mL of a mixture of 98 % distillates ( petroleum ) , 
0.36 % Ag2S04 , 0.04 % CuSO4 and 0.3 % TiO2 , was charac hydrotreated heavy naphthenic ( CAS 64742-52-5 ) and 2 % 
terized as follows . distillates ( petroleum ) , hydrotreated light ( CAS 64742-47 

ICP - OES ( Galbraith Laboratories , GLI Procedure 30 2 ) . This mixture was stirred for five minutes until the PET 
ME - 70 ) : A sample of 59.2 mg of cut fiber was combusted to pellets were evenly covered . Silver sulfate ( 1000 g , AgMPX , 
leave an inorganic residue , which was dissolved in acid and Eastman Kodak ) was weighed out along with 111 g of 
analyzed by ICP - OES : Total silver ( Ag ) : 2430 ppm , total anhydrous copper sulfate ( CAS 7758-98-7 ) , and both were 
copper ( Cu ) : 166 ppm , total titanium ( Ti ) : 1850 ppm . added to the mechanical mixer and stirring was continued 

35 for an additional 20 minutes . The resulting mixture was 
Example 3 semi - free flowing . This process was repeated seventeen 

times . The coated pellets from seventeen batches were 
092812A combined in the hopper of a manufacturing scale extruder . 

The weighed hopper was set to feed in at a 9.3 % weight loss 
Using General Method A. 40 rate . A second hopper was filled with a 50 % ( w / w ) master 

Hot ( 70 to 80 ° C. ) polyester pellets ( PET , cylindrical , 20 batch of TiO2 in PET and was set to feed in at 0.6 % . A third 
kilograms ) were added to a 25 gal mechanical mixer along hopper was filled with a 5 % master batch of Optical bright 
with 120 g of a 50 % ( w / w ) master batch of TiO2 in PET , and ener ( OB1 , Dalton - Clariant ) , and was set to feed in at 0.3 % . 
100 g of a 5 % master batch of Optical brightener ( OB1 , A fourth hopper was filled with cylindrical PET heated to 
Dalton - Clariant ) . These ingredients were mixed briefly , and 45 80º C. in a polyester drier , and set to a feed rate of 89.8 . The 
20 ml of a mixture of 98 % distillates ( petroleum ) , extruder temperature was 285 to 315º C. The Novatec Dryer 
hydrotreated heavy naphthenic ( CAS 64742-52-5 ) and 2 % temperature was 260-300 ° C. A total of ten , 3002 hole 
distillates ( petroleum ) , hydrotreated light ( CAS 64742-47-2 ) spinnerets were used . The pump speed was set to 3.0 . The 
was added and mixing continued for 3 minutes , until the quench air was set to 38-48 ° C. , and a draw ratio of 3.6 was 
PET pellets were evenly covered . Silver sulfate ( 72 g , 50 used . A 0.3 % L814 finish was applied to the fiber . This 
AgMPX , Eastman Kodak ) was weighed out along with 8 process produced 28 cans of 1.5 denier fiber , and a total of 
of anhydrous copper sulfate ( CAS 7758-98-7 ) , and both 11602 meters of spun tow . This material was then drawn , 
were added to the mechanical mixer and stirring was con crimped , using standard textile processing methods . The 
tinued for an additional five minutes . This process was product from the drawing and crimping was heat set at 270 ° 
repeated twelve times . The individual twelve batches were 55 C. for 20 minutes , cooled and cut into 1.5 inch pieces of fiber 
added to the hopper of a Varemac Extruder , which had been in an 88 % by weight yield . The staple fiber with a calculated 
running neat PET pellets at 295 ° C. , with an operating weight composition of 0.36 % Ag2SO4 , 0.039 % CuSO4 and 
pressure of 500 PSI . The extruder was fitted with a 1500 hole 0.3 % TiO2 , were characterized as follows . 
mesh spinneret . After five minutes the fibers coming from ICP - OES ( Galbraith Laboratories , GLI Procedure 
the extruder spinneret were observed as opaque . Collection 60 ME - 70 ) : A sample of 113.6 mg of staple fiber was com 
of the fiber was stopped when all twelve batches of coated busted to leave an inorganic residue , which was dissolved in 
pellets had entered the extruder . The pools of fiber were acid and analyzed by ICP - OES : Total silver ( Ag ) : 2090 ppm , 
combined into one tow of fiber , with 12,000 strands , and was total copper ( Cu ) : 124 ppm , total titanium ( Ti ) : 1720 ppm . 
fed into a drawing and crimping machine . The draw rate was Favimat Fiber Analysis ( average of 24 fibers ) : Elongation : 
about 3.4 : 1 and the dip bath was set to about 170 ° C. The 65 38.05 % ; Force : 8.93 g ; Tenacity : 5.12 g / den ; Linear Density : 
product from the drawing and crimping was collected was 1.77 den ; Time to rupture : 23.16 sec ; Modulus 0-3 % : 29.83 
heat set at 270 ° C. for 20 minutes , cooled and cut into 1.5 g / den . 
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DSC ( Galbraith Laboratories ) Tg : 124 ° C .; Tc : ( not Eastman Kodak ) , and copper II sulfate ( anhydrous , 7.3 g ) 
observed ) , MP : 241.8 ° C. ( on set : 235.1 ° C./53.9 J / g ) were combined , and then added to the PET pellets . This 

Intrinsic Viscosity ( PolyTech Resources ) : Method : ASTM mixture was stirred for 5 to 10 minutes until the pellets 
4603-96 , Solvent : Phenol / Tetrachloroethane ( 60/40 w / w ) , became free flowing . The pellets were passed over a sieve to 
Temperature : 30 ° C. , Concentration : 0.5 g / dL , Result : 0.583 5 remove unattached salts , and 10.5 g were obtained . The 
dL / g weight of the coated master batch was 429 g . Assuming that 

the collected salt was 90 % silver sulfate , this loading of 
Example 6 silver sulfate on the PET pellets was 13 % ( w / w ) and the 

copper sulfate was 1.5 % ( w / w ) . To produce fiber , 123 g of 
112712K100 ( 112712A Knitted Fabric , 10 the coated master batch described above was combined with 

112712G - UW ) ) 27 g of a 50 % master batch of TiO2 in PET , and 23 g of a 
0.5 % master batch of optical brightener ( OB1 , Dalton Clari 

The staple fiber from Example 5 was knitted into a 10 cm ant ) and 4322 g of PET polyester pellets , mixed for 5 
tube using standard textile procedures . The knitted fabric minutes , then added to a pilot scale extruder as described in 
with a calculated weight composition of 0.36 % Ag2SO4 , 15 Method A. This produced tow fiber that was drawn and heat 
0.039 % CuSO4 and 0.3 % TiO2 , was characterized as fol set as described in Method A. These fibers , with a calculated 
lows . weight composition of 0.36 % Ag2SO4 , 0.04 % CuSO4 and 

ICP - OES ( Galbraith Laboratories , GLI Procedure 0.3 % TiO2 were characterized as follows . 
ME - 70 ) : A sample of 326.39 mg of staple fiber was com ICP - OES ( Galbraith Laboratories , GLI Procedure 
busted to leave an inorganic residue , which was dissolved in 20 ME - 70 ) . A sample of 106.83 mg of fiber was combusted to 
acid and analyzed by ICP - OES : Total silver ( Ag ) : 2260 ppm , leave an inorganic residue , which was dissolved in acid and 
total copper ( Cu ) : 122 ppm , total titanium ( Ti ) : 1590 ppm . analyzed by ICP - OES : Total silver ( Ag ) : 1910 ppm , total 

copper ( Cu ) : 114 ppm , total titanium ( Ti ) : 1910 ppm . 
Example 7 

Example 10 
112712W100 ( 112712M100 - UW ) 

022113F # 34 
The staple fiber from Example 5 was converted into 100 % 

yarn and woven into a 100 % active polyester fabric using The coated master batch described in Example 9 was used 
standard textile processing methods . The woven fabric , with 30 to produce the fiber of Example 10 as follows . 170 g of the 
a calculated weight composition of 0.36 % Ag , S04 , 0.039 % coated master batch was combined with 27 g of a 50 % 
CuSO4 and 0.3 % TiO2 , was characterized as follows . master batch of TiO2 in PET , and 23 g of a 0.5 % master 

ICP - OES ( Galbraith Laboratories , GLI Procedure batch of optical brightener ( OB1 , Dalton Clariant ) and 4275 
ME - 70 ) : A sample of 109.8 mg of fabric was combusted to g of PET polyester pellets , mixed for 5 minutes , then added 
leave an inorganic residue , which was dissolved in acid and 35 to a pilot scale extruder as described in Method A. This 
analyzed by ICP - OES : Total silver ( Ag ) : 2020 ppm , total produced tow fiber that was drawn and heat set as described 
copper ( Cu ) : 113 ppm , total titanium ( Ti ) : 1590 ppm . in Method A. These fibers , with a calculated weight com 

position of 0.50 % Ag2S04 , 0.057 % CuSO4 and 0.3 % TiO2 
Example 8 were characterized as follows . 

Favimat Fiber Analysis ( average of 25 fibers ) : Elongation : 
112712W75 ( 112712M75 - UW ) 30.63 % ; Force : 5.48 ; Tenacity : 3.17 g / den ; Linear Density : 

1.79 den ; Time to rupture : 18.65 sec ; Modulus 0-3 % : 37.53 
The staple fiber from Example 5 was converted into 100 % g / den . 

yarn and woven into a 75 % active polyester and 25 % DSC ( Galbraith Laboratories ) Tg : 92.8 ° C .; Tc : ( not 
non - active polyester fabric using standard textile processing 45 observed ) , MP : 240.7 ° C. ( on set : 227.5 ° C./44.71 J / g ) 
methods . The woven fabric , with a calculated weight com Intrinsic Viscosity ( PolyTech Resources ) : Method : ASTM 
position of 0.27 % Ag2SO4 , 0.029 % CuSO4 and 0.3 % TiO2 , 4603-96 , Solvent : Phenol / Tetrachloroethane ( 60/40 w / w ) , 
was characterized as follows . Temperature : 30 ° C. , Concentration : 0.5 g / dL , Result : 0.489 

ICP - OES ( Galbraith Laboratories , GLI Procedure 
ME - 70 ) : A sample of 102.4 mg of fabric was combusted to 50 
leave an inorganic residue , which was dissolved in acid and Example 11 
analyzed by ICP - OES : Total silver ( Ag ) : 1590 ppm , total 
copper ( Cu ) : 91.3 ppm , total titanium ( Ti ) : 1640 ppm . 022113D # 22 

40 

dL / g 

55 Example 9 Using a general method for preparing a coated master 
batch ( Method C ) , Hot PET polyester ( 60 to 80 ° C. ) , 180 Jg , 

022113E # 34 of 3/8 inch cylindrical polyester pellets was combined with 
2.0 g of a paste made of 70-90 % of polydimethylsiloxane 

Using a general method for preparing a coated master ( CAS 63148-62-9 ) , 7-13 % dimethylsiloxane , hydroxyl ter 
batch ( Method C ) , Hot PET polyester ( 60 to 80 ° C. ) , 360 g , 60 minated ( CAS 70131-67-8 ) and 5-10 % amorphous silica 
of 5 inch cylindrical polyester pellets was combined with ( CAS 7631-86-9 ) . The pellets were stirred with the paste 
6.6 g of a paste made of 70-90 % of polydimethylsiloxane until all the pellets were evenly covered . This provided a 
( CAS 63148-62-9 ) , 7-13 % dimethylsiloxane , hydroxyl ter viscous mass of pellets . Silver sulfate ( 20 g , AgMPX , 
minated ( CAS 70131-67-8 ) and 5-10 % amorphous silica Eastman Kodak ) was added to the PET pellets . This mixture 
( CAS 7631-86-9 ) . The pellets were stirred with the paste 65 was stirred for 5 to 10 minutes until the pellets became free 
until all the pellets were evenly covered . This provided a flowing . The pellets were passed over a sieve to remove 
viscous mass of pellets . Silver sulfate ( 66 g , AgMPX , unattached salts . The weight of the coated master batch was 
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200 g . The loading of silver sulfate on the PET pellets was of the coated master batch was combined with 23 g of a 
calculated to be 9.9 % ( w / w ) . To produce fiber , 168 g of the 0.5 % master batch of optical brightener ( OB1 , Dalton Clari 
coated master batch was combined with 27 g of a 50 % ant ) and 4295 g of PET polyester pellets , mixed for 5 
master batch of TiO2 in PET , and 23 g of a 0.5 % master minutes , then added to a pilot scale extruder as described in batch of optical brightener ( OB1 , Dalton Clariant ) and 4277 5 Method A. This produced tow fiber that was drawn and heat g of PET polyester pellets , mixed for 5 minutes , then added set as described in Method A. These fibers , with a calculated to a pilot scale extruder as described in Method A. This 
produced tow fiber that was drawn and heat set as described weight composition of 0.36 % A82SO4 , 0.04 % CuSO4 and no 
in Method A. These fibers , with a calculated weight com TiO2 were characterized as follows . 
position of 0.37 % Ag2SO4 , no CuSO4 and 0.3 % TiO , were Favimat Fiber Analysis ( average of 25 fibers ) : Elongation : 
characterized as follows . 10 47.79 % ; Force : 5.50 g ; Tenacity : 2.83 g / den ; Linear Density : 
Favimat Fiber Analysis ( average of 24 fibers ) : Elongation : 2.07 den ; Time to rupture : 28.97 sec ; Modulus 0-3 % : 16.52 

42.77 % ; Force : 6.41 g ; Tenacity : 3.81 g / den ; Linear Density : g / den . 
1.83 den ; Time to rupture : 25.9 sec ; Modulus 0-3 % : 31.44 DSC ( Galbraith Laboratories ) To : observed ; Tc : 
g / den . ( 128.2 ) , MP : 240.25 ° C. ( on set : 222.76 ° C./48.04 J / g ) 
DSC ( Galbraith Laboratories ) Tg : 91.9 ° C .; T : ( not 15 Intrinsic Viscosity ( PolyTech Resources ) : Method : ASTM 

observed ) , MP : 240.5 ° C. ( on set : 227.1 ° C./45.42 J / g ) 4603-96 , Solvent : Phenol / Tetrachloroethane ( 60/40 w / w ) , 
Intrinsic Viscosity ( PolyTech Resources ) : Method : ASTM Temperature : 30 ° C. , Concentration : 0.5 g / dL , Result : 0.493 

4603-96 , Solvent : Phenol / Tetrachloroethane ( 60/40 w / w ) , dL / g 
Temperature : 30 ° C. , Concentration : 0.5 g / dL , Result : 0.500 
dL / g Example 14 20 

Example 12 0221131 # 29 

022113G # 24 Using a general method for preparing a coated master 
25 batch ( Method C ) , Hot PET polyester ( 60 to 80 ° C. ) , 2000 

Using a general method for preparing a coated master g , of 3/8 inch cylindrical polyester pellets was combined in 
batch ( Method C ) , Hot PET polyester ( 60 to 80 ° C. ) , 365 g , portions with 18 g of a paste made of 70-90 % of polydim 
of 3/8 inch cylindrical polyester pellets was combined with ethylsiloxane ( CAS 63148-62-9 ) , 7-13 % dimethylsiloxane , 
3.6 g of a paste made of 70-90 % of polydimethylsiloxane hydroxyl terminated ( CAS 70131-67-8 ) and 5-10 % amor 
( CAS 63148-62-9 ) , 7-13 % dimethylsiloxane , hydroxyl ter- 30 phous silica ( CAS 7631-86-9 ) . The pellets were stirred with 
minated ( CAS 70131-67-8 ) and 5-10 % amorphous silica the paste until all the pellets were evenly covered . This 
( CAS 7631-86-9 ) . The pellets were stirred with the paste provided a viscous mass of pellets . Silver sulfate ( 224.2 g , 
until all the pellets were evenly covered . This provided a AgFX , Eastman Kodak ) was added in portions to the PET 
viscous mass of pellets . Silver sulfate ( 36 g , AgMPX , pellets over 20 to 30 minutes . This mixture was stirred until 
Eastman Kodak ) and copper II sulfate ( anhydrous , 4.0 g ) 35 the pellets became free flowing . The pellets were passed 
were combined , and then added to the PET pellets . This over a sieve to remove unattached salts ( 19.2 g ) . The weight 
mixture was stirred for 5 to 10 minutes until the pellets of the coated master batch was 2223 g . The loading of silver 
became free flowing . The pellets were passed over a sieve to sulfate on the PET pellets was calculated to be 9.2 % ( w / w ) . 
remove unattached salts . The weight of the coated master To produce fiber , 177 g of the coated master batch was 
batch was 398 g . The loading of silver sulfate on the PET 40 combined with 27 g of a 50 % master batch of Tio , in PET , 
pellets was calculated to be 8.8 % ( w / w ) and the loading of and 23 g of a 0.5 % master batch of optical brightener ( OB 
copper II sulfate was 0.98 % . To produce fiber , 180 g of the 1 , Dalton Clariant ) and 4268 g of PET polyester pellets , 
coated master batch was combined with 27 g of a 50 % mixed for 5 minutes , then added to a pilot scale extruder as 
master batch of TiO2 in PET , and 5883 g of PET polyester described in Method A. This produced tow fiber that was 
pellets , mixed for 5 minutes , then added to a pilot scale 45 drawn and heat set as described in Method A. These fibers , 
extruder as described in Method A. This produced tow fiber with a calculated weight composition of 0.36 % Ag2SO4 , 
that was drawn and heat set as described in Method A. These 0.04 % CuSO4 and 0.3 % TiO2 were characterized as follows . 
fibers , with a calculated weight composition of 0.26 % Favimat Fiber Analysis ( average of 25 fibers ) : Elongation : 
Ag2SO4 , 0.029 % CuSO4 and 0.22 % TiO2 were characterized 43.19 % ; Force : 5.37 g ; Tenacity : 2.60 g / den ; Linear Density : 
as follows . 50 2.21 den ; Time to rupture : 26.20 sec ; Modulus 0-3 % : 18.08 

Favimat Fiber Analysis ( average of 24 fibers ) : Elongation : g / den . 
61.17 % ; Force : 5.48 g ; Tenacity : 2.56 g / den ; Linear Density : DSC ( Galbraith Laboratories ) To : 112.3 ° C .; Tc : ( not 
2.17 den ; Time to rupture : 36.98 sec ; Modulus 0-3 % : 17.55 observed ) , MP : 241.01 ° C. ( on set : 228.8 ° C./48.72 J / g ) 
g / den . Intrinsic Viscosity ( PolyTech Resources ) : Method : ASTM 
DSC ( Galbraith Laboratories ) Tc : 122.3 ° C .; T .: ( not 55 4603-96 , Solvent : Phenol / Tetrachloroethane ( 60/40 w / w ) , 

observed ) , MP : 240.2 ° C. ( on set : 224.8 ° C./48.97 J / g ) Temperature : 30 ° C. , Concentration : 0.5 g / dL , Result : 0.506 
Intrinsic Viscosity ( Poly Tech Resources ) : Method : ASTM 

4603-96 , Solvent : Phenol / Tetrachloroethane ( 60/40 w / w ) , 
Temperature : 30 ° C. , Concentration : 0.5 g / dL , Result : 0.500 Example 15 

dL / g 

dL / g 60 

030613A 
Example 13 

022113H # 24 
Hot PET polyester ( 60 to 80 ° C. ) , 2500 g , of 3/8 inch 

cylindrical polyester pellets was combined with 390 g of a 
65 paste made of 70-90 % of polydimethylsiloxane ( CAS 

63148-62-9 ) , 7-13 % dimethylsiloxane , hydroxyl terminated 
( CAS 70131-67-8 ) and 5-10 % amorphous silica ( CAS 7631 

The coated master batch described in Example 12 was 
used to produce the fiber of Example 13 as follows . 180 g 
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86-9 ) . The pellets were stirred with the paste for about ten using standard textile processing methods . This fabric has a 
minutes until an evenly distributed , viscous mass of pellets calculated weight composition of 0.36 % Ag2SO4 , 0.04 % 
was obtained . This material was added to a 50 gal rotating CuSO4 and 0.3 % TiO2 . 
mixer along with an additional 18.5 kg of hot PET polyester 
( 60 to 80 ° C. , 3/8 inch cylindrical pellets ) and stirred for 5 Example 17 
about 15 minutes until the PET pellets were evenly covered 
and there were few large clumps of pellets . Copper II sulfate 

030613W75 ( anhydrous , 375 g ) was weighed out and added to the 
rotating mixture in 2 to 3 portions . Silver sulfate ( 3,250 g , 
AgMPX , Eastman Kodak ) was weighed out and added to the The staple fiber from Example 15 was converted into 
rotating mixer in three portions . Mixing was continued for 100 % yarn and woven into a 75 % active polyester and 25 % 
an additional 20 minutes until a free flowing batch of coated non - active polyester fabric using standard textile processing 

metho pellets was obtained . The pellets were passed over a sieve to This fabric has a calculated weight compositio 
remove large clumps of pellets . This process was repeated 0.27 % Ag2SO4 , 0.029 % CuSO4 and 0.3 % TiO2 . 
five times , each time obtaining about 25 kilograms of the 
compounded master batch . Unattached salts and large Example 18 
clumps of pellets were recycled into the next batch . After the 
5 runs , the pellets were sieved to remove unattached salt 030613W75 Ceil Blue Scrub 
particles ( 22 g ) and combined in a storage drum to give 20 
125,055 g of coated pellets . The loading of silver sulfate on 
the PET pellets was calculated to be 12.9 % ( w / w ) . The staple fiber from Example 5 was converted into 100 % 

yarn and woven into a fabric with 75 % active polyester yarn This compounded master batch of coated pellets was and 25 % tencel yarn , using standard textile processing converted into polyester fiber as follows . The coated pellets methods . The blended fabric was dyed ceil blue in a multiple were added to a hopper of a manufacturing scale extruder . 25 step process standard for dyeing fabrics made of polyester The weighed hopper was set to feed in at a 2.78 % weight and tencel . This fabric , with a calculated weight composition loss rate . A second hopper was filled with a 50 % ( w / w ) of 0.27 % Ag2S04 , 0.029 % CuSO4 and 0.3 % TiO2 was master batch of Ti0 , in PET and was set to feed in at 0.6 % . characterized as follows . A third hopper was filled with a 5 % master batch of Optical 
brightener ( OB1 , Dalton - Clariant ) , and was set to feed in at 30 ICP - OES ( Galbraith Laboratories , GLI Procedure 
0.5 % . A fourth hopper was filled with cylindrical PET heated ME - 70 ) : A sample of 102.4 mg of fabric was combusted to 
to 80 ° C. in a polyester drier , and set to a feed rate of 96.1 % . leave an inorganic residue , which was completely dissolved 
The extruder temperature was 295 ° C. The Novatec Dryer in acid and analyzed by ICP - OES : Total silver ( Ag ) : 1590 
temperature was 260-300 ° C. A total of ten , 3002 hole ppm , total copper ( Cu ) : 91.3 ppm , total titanium ( Ti ) : 1640 
spinnerets were used . The pump speed was set to 3.0 . The 35 ppm . 
quench air was set to 38-48 ° C. , and a draw ratio of 3.6 was 
used . A 0.3 % L814 finish was applied to the fiber . This Example 19 
process produced 28 cans of 1.5 denier fiber , and a total of 
11602 meters of spun tow . This material was then drawn , 
crimped , using standard textile processing methods . The 40 112712B 50 % Wool 
product from the drawing and crimping was heat set at 270 ° 
C. for 20 minutes , cooled and cut into 1.5 inch pieces of fiber The staple fiber from Example 5 was converted into 100 % 
in an 88 % by weight yield . These fibers , with a calculated yarn and woven into a 50 % active polyester and 50 % wool 
weight composition of 0.36 % Ag2SO4 , 0.04 % CuSO4 and fabric using standard textile processing methods . This fab 
0.3 % TiO2 were characterized as follows . 45 ric , with a calculated weight composition of 0.18 % Ag2SO4 , 

ICP - OES ( Galbraith Laboratories , GLI Procedure 0.02 % CuSO4 and 0.15 % TiO2 was characterized as follows . 
ME - 70 ) : A sample of 108.8 mg of fiber was combusted to ICP - OES ( Galbraith Laboratories , GLI Procedure 
leave an inorganic residue , which was dissolved in acid and ME - 70 ) : A sample of 102.4 mg of fabric was combusted to 
analyzed by ICP - OES : Total silver ( Ag ) : 2290 ppm , total leave an inorganic residue , which was completely dissolved 
copper ( Cu ) : 124 ppm , total titanium ( Ti ) : 1650 ppm . in acid and analyzed by ICP - OES : Total silver ( Ag ) : 1590 

Favimat Fiber Analysis ( average of 25 fibers ) : Elongation : ppm , total copper ( Cu ) : 91.3 ppm , total titanium ( Ti ) : 1640 41.35 % ; Force : 10.5 g ; Tenacity : 5.21 g / den ; Linear Density : ppm . 
2.06 den ; Time to rupture : 25.26 sec ; Modulus 0-3 % : 29.11 
g / den . 
DSC ( Galbraith Laboratories ) T : 104.24 ° C . ; T : ( 142.91 , 55 Example 20 

0.67 J / g ) , MP : 243.4 ° C. ( on set : 239.8 ° C./52.8 J / g ) 
Intrinsic Viscosity ( PolyTech Resources ) : Method : ASTM 112712B 50 % Cotton 

4603-96 , Solvent : Phenol / Tetrachloroethane ( 60/40 w / w ) , 
Temperature : 30 ° C. , Concentration : 0.5 g / dL , Result : 0.623 The staple fiber from Example 5 was converted into 100 % 

yarn and woven into a 50 % active polyester and 50 % cotton 
Example 16 fabric using standard textile processing methods . This fab 

ric , with a calculated weight composition of 0.18 % Ag2S04 , 
030612W100 ( Not in Hand ) 0.02 % CuSO4 and 0.15 % TiO2 was characterized as follows . 

ICP - OES ( Galbraith Laboratories , GLI Procedure 
The staple fiber from Example 15 was converted into ME - 70 ) : A sample of 102.4 mg of fabric was combusted to 

100 % yarn and woven into a 100 % active polyester fabric leave an inorganic residue , which was completely dissolved 

50 

dL / g 60 

65 
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in acid and analyzed by ICP - OES : Total silver ( Ag ) : 1590 ICP - OES ( Galbraith Laboratories , GLI Procedure 
ppm , total copper ( Cu ) : 91.3 ppm , total titanium ( Ti ) : 1640 ME - 70 ) : A sample of 102.4 mg of fabric was combusted to 
ppm . leave an inorganic residue , which was completely dissolved 

in acid and analyzed by ICP - OES : Total silver ( Ag ) : 1590 Example 21 5 ppm , total copper ( Cu ) : 91.3 ppm , total titanium ( Ti ) : 1640 
ppm . 

112712K10 10 % PT 

10 

The staple fiber from Example 5 was converted into a yarn Example 23 
of 10 % active fiber and 90 % Thermolite fiber , and knitted 
into a fabric using standard textile processing methods . This PURSDC116-8020 fabric , with a calculated weight composition of 0.036 % 
Ag2SO4 , 0.004 % CuSO4 and 0.03 % TiO2 was characterized 
as follows . The staple fiber from Example 5 was converted into 100 % 

ICP - OES ( Galbraith Laboratories , GLI Procedure active yarn , and woven into a fabric of 20 % active yarn and 
ME - 70 ) : A sample of 102.4 mg of fabric was combusted to 15 80 % Trevica yarn using standard textile processing methods . 
leave an inorganic residue , which was completely dissolved This fabric , with a calculated weight composition of 0.072 % 
in acid and analyzed by ICP - OES : Total silver ( Ag ) : 1590 Ag2S04 , 0.008 % CuSO4 and 0.06 % TiO2 was characterized 
ppm , total copper ( Cu ) : 91.3 ppm , total titanium ( Ti ) : 1640 as follows . 
ppm . ICP - OES ( Galbraith Laboratories , GLI Procedure 

ME - 70 ) : A sample of 102.4 mg of fabric was combusted to Example 22 leave an inorganic residue , which was completely dissolved 
PURSDC116-9010 in acid and analyzed by ICP - OES : Total silver ( Ag ) : 1590 

ppm , total copper ( Cu ) : 91.3 ppm , total titanium ( Ti ) : 1640 
The staple fiber from Example 5 was converted into 100 % ppm . 

active yarn , and woven into a fabric of 10 % active yarn and Table 3 Summarizes the calculate composition of the 
90 % Trevica yarn using standard textile processing methods . different types of materials in Examples 1-23 . A visual 
This fabric , with a calculated weight composition of 0.036 % assessment of the color of the different fibers and fabrics is 
Ag2S04 , 0.004 % CuSO4 and 0.03 % TiO2 was characterized also included . The denier of the fibers in Examples 1 , 5 , and 
as follows . 10-15 is also reported . 

20 

25 

TABLE 3 

Examples 1-20 

Example Description Ag2SO4 CuSO4 TiO2 Denier Color 

2.22 den tan 
tan 2 

3 tan 

4 

0.36 % 
0.36 % 
0.35 % 
0.35 % 
0.36 % 
0.36 % 
0.36 % 

0.04 % 
0.04 % 
0.04 % 
0.04 % 

0.039 % 
0.039 % 
0.039 % 

0.30 % 
0.30 % 
0.30 % 
0.30 % 
0.30 % 
0.30 % 
0.30 % 

tan 

5 1.77 den tan 
6 tan 

tan 

8 0.27 % 0.029 % 0.30 % * Off white 

9 
10 
11 
12 
13 
14 
15 
16 

0.36 % 
0.50 % 
0.37 % 
0.26 % 
0.36 % 
0.36 % 
0.36 % 
0.36 % 

0.04 % 
0.057 % 

0 % 
0.029 % 
0.04 % 
0.04 % 
0.04 % 
0.04 % 

0.30 % 
0.30 % 
0.30 % 
0.22 % 

0 % 
0.30 % 
0.30 % 
0.30 % 

1.79 den 
1.83 den 
2.17 den 
2.07 den 
2.21 den 
2.06 den 

Off white 
Off white 
tan 

Off white 
tan 
Off white 
Off white 
Off white 

PET Fiber 
Knit PET Fabric 
PET Fiber 
Knit PET Fabric 
PET Fiber 
Knit PET Fabric 
Woven PET Fabric 
100 % active yarn 
Woven PET Fabric 
75 % active yarn 
PET Fiber 
PET Fiber 
PET Fiber 
PET Fiber 
PET Fiber 
PET Fiber 
PET Fiber 
Woven PET Fabric 
100 % active yarn 
Woven PET Fabric 
75 % active yarn 
25 % polyester 
Woven PET Fabric 
75 % active yarn 
25 % tencel 
Woven PET Fabric 50 % 
active PET , 50 % wool 
Woven PET Fabric 50 % 
active PET , 50 % cotton 
Knitted Fabric 
Yarn 10 % active and 
90 % Thermolite 
Woven Fabric 
10 % active yam 
90 % Trevica yarn 

17 0.27 % 0.029 % 0.30 % white 

18 0.27 % 0.029 % 0.30 % ceil blue 

19 0.18 % 0.02 % 0.15 % white 

20 0.18 % 0.02 % 0.15 % white 

21 0.036 % 0.004 % 0.03 % white 

22 0.036 % 0.004 % 0.03 % blue 
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TABLE 3 - continued 

Examples 1-20 

Example Description Ag2SO4 CuSO4 TiO2 Denier Color 

23 0.072 % 0.008 % 0.06 % blue Woven Fabric 
20 % active yam 
80 % Trevica yarn 

10 
Biological Data : fabric . The results against gram negative ( Klebsiella pneu 

The knitted and woven fabrics were tested against gram moniae ) or gram positive ( Staphylococcus aureus ) or gram 
negative ( Klebsiella pneumoniae ) or gram positive ( Staphy negative Escherichia coli bacteria are presented in Table 4 
lococcus aureus ) bacteria using the AATCC 100 protocol for below . For S. aureus either ATCC strain 33592 or 6538 was 
testing of antimicrobial fabrics as follows . In a sterile petri 15 used , while for K. pneumonia ATCC strain 4352 was used . Fabric was tested against the fungus T. mentagrophytes dish , circles of fabric measuring 4.8 cm in diameter were ( ATCC 9533 ) as follows . A one ml volume of dilute T. inoculated with 1 mL of a solution of 1x105 to 2x106 CFU mentagrophytes spore preparation was used to inoculate ( colony forming units ) of gram negative or gram positive each control and test replicate , which were 5 cm diameter bacteria diluted in a solution of 1:20 Tryptic soy broth circles of fabric . Inoculated carriers were sealed and incu 
supplemented with 0.1 % Triton X - 100 ( wetting agent ) . The 20 bated for 96 hours followed by elution of the fungus from 
petri dish incubated at 36 ° C. for 24 hours with humidity the fabric via agitation in 10 ml D / E broth with 10-20 sterile 
control . After the incubation period , the fabric samples were glass beads . Neutralized samples were vortexed for 20-30 
agitated in 10 mL neutralizing solution ( Dey - Engley broth ) , seconds and the elutent passed through sterile glass wool . 
to remove the bacteria . The solutions of recovered bacteria Filtered samples were enumerated via standard dilution and 
were diluted and plated on agar plates , incubated for 24 pour plate technique and incubated at room temperature for 
hours at 37 ° C. , and then the CFUs were counted using approximately 96 hours . The results reported below in Table 
standard methods . The final CFU counts were compared to 4 were calculated based on comparison to a 96 hour control 
those from similarly treated , time parallel negative control ( untreated ) sample . 

25 

TABLE 4 

Antimicrobial Activity of Fabrics Using AATCC 100 Protocol 

Example Description K. pneumonia S. aureus E. coli T. menta 

2 Knit PET Fabric ++ +++ +++ 

4 Knit PET Fabric +++ ++ +++ 

6 Knit PET Fabric + + 

7 +++ +++ 

8 +++ +++ 

16 

17 

Woven PET Fabric 
100 % active yarn 

Woven PET Fabric 
75 % active yarn 

Woven PET Fabric 
100 % active yarn 

Woven PET Fabric 
75 % active yarn 
25 % polyester 

Woven PET Fabric 
75 % active yarn 

25 % tencel 
Woven PET Fabric 

50 % active PET , 50 % wool 
Woven PET Fabric 

50 % active PET , 50 % cotton 
Knitted Fabric 

18 +++ 

19 +++ 

20 + 

21 +++ +++ 

Yarn 10 % active and 90 % thermolite 
22 Woven Fabric ++ ++ 

23 

10 % active yarn 
90 % trevica yarn 
Woven Fabric 
20 % active yarn 
80 % trevica yarn 

++ ++ 

+ > 99 % ; 
++ > = 99.9 % ; 
+++ > / = 99.99 % ; 
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Fabric from Example 6 was tested against two resistant TABLE 6 - continued 
strains each of seven different antibiotic resistant bacteria . 
The resistant strains and the activity of the fabric from Antimicrobial Activity of Fiber and Fabrics with E. coli in ATP Assay 
Example 6 are reported in Table 5. The activities were 
determined using the same AATCC 100 based textile anti- 5 Example Description Time to 90 % Inhibition 
bacterial protocol described above . 

PET Fiber 30 min 
TABLE 5 11 PET Fiber > 50 min 

12 PET Fiber > 50 min 
Activity of Fabric from Example 6 Against Drug Resistant Bacteria 10 13 PET Fiber 50 min 

14 PET Fiber > 50 min % Inhibition @ 
15 PET Fiber 30 min 

Drug Resistant Bacteria strains 30 min 2 h 24 h 16 Woven PET Fabric 4 min 
100 % active yarn KPC producing Klebsiella pneumonia 

15 17 Woven PET Fabric ND 

20651.023 99.96 > 99.99 > 99.99 lab coat 75 % active yarn 
20651.034 99.88 99.99 99.99 25 % polyester 
Methicillin Resistant Staph aureus 18 Woven PET Fabric 50 min 

scrub 75 % active yarn C - 11-43 > 99.97 > 99.98 > 99.99 
C - 11-14 99.82 > 99.99 > 99.99 20 25 % tencel 
Vancomycin Resistant Enterococcus 19 Woven PET Fabric > 50 min 

112712A 50 % active PET , 50 % wool C - 11-9 99.21 > 99.91 > 99.99 
fiber C - 11-31 57.14 > 99.89 > 99.99 

MDR Pseudomonas aeruginosa 20 Woven PET Fabric > 50 min 

25 112712A 50 % active PET , 50 % cotton 
03 - H - 23 > 99.98 > 99.98 > 99.99 fiber 
03 - C - 102 > 99.99 > 99.99 > 99.99 

21 Knitted Fabric 30 min MDR Acinetobacter 
Yarn 10 % active and 90 % Thermolite 

C - 11-42 > 99.96 > 99.98 > 99.99 22 Woven Fabric Not done 
C - 11-64 > 99.97 > 99.99 > 99.99 

30 10 % active yarn 3rd Generation Cephalosporin 90 % Trevica yarn Resistant E. Cloacae 
23 Woven Fabric Not done 

CL - 13-1 > 99.99 > 99.99 > 99.99 20 % active yarn 
CL - 13-2 > 99.99 > 99.99 > 99.99 80 % Trevica yarn Fluconazole Resistant Candida albicans 

35 
20535.043 
20323.083 

> 99.99 
> 99.99 

> 99.99 
> 99.99 

> 99.99 
> 99.99 

TABLE 7 

Expected and calculated silver salt contents . 

Measured 
Ag 

w / w % silver 
salt 

( calculated ) 
w / w % silver salt 

( expected ) Fabric # 

0.35 % 0.35 % 

Alternatively , fiber was examined for its ability to inhibit 
E. coli using an ATP ( adenosine triphosphate ) detecting 40 
technology . Small samples of fiber or fabric were incubated 
in 1.7 - mL centrifuge tubes at room temperature with ( E. coli , Stage 
ATCC 11229C ) in Luria - Miller broth or 0.9 % saline , con 
taining 0.02 % Triton X - 100 . At various times , 0.4 ml of Development 

Run Bactitre Glo reagent ( Promega Inc. ) were added to stop the 45 
incubation and the level of ATP determined in a Luminom Development 
eter ( Promega Inc. ) as measured in RLUS ( relative light Run 

units ) . RLUs of time = zero control cultures were compared 
to those obtained during the course of the experiment to 
determine percent inhibitions . The data is presented in Table 50 
6 . 

0.33 % 0.35 % 

091812F1 2,430 ppm 
( Example 

1 ) 
092812K 2,270 ppm 
( Example 

4 ) 
112712K 2,260 ppm 
( Example 

6 ) 

Production Run 0.33 % 0.35 % 

TABLE 6 

Antimicrobial Activity of Fiber and Fabrics with E. coli in ATP Assay 

Example Description Time to 90 % Inhibition 

60 

2 
3 
4 
5 
6 
7 

PET Fiber 
Knit PET Fabric 

PET Fiber 
Knit PET Fabric 

PET Fiber 
Knit PET Fabric 

Woven PET Fabric 
100 % active yarn 
Woven PET Fabric 
75 % active yarn 
PET Fiber 

Table 7 shows the expected and calculated silver salt 
content of fibers discussed in the specified Examples . Silver 

55 content was measured by ICP - OES elemental analysis . The 
table shows that the silver salt content of the fibers was very 
close to expected levels . 

The activity of antimicrobial fabrics against a variety of 
microbes was determined by testing fabrics according to the 
AATCC 100 protocol . In brief , the tested fabrics were 
inoculated with about 1x105 CFU / mL of microbe and then 
incubated under growth conditions . Bacteria were then har 
vested from the test articles at specified times in neutralizing 

65 broth and plated on agar . The agar plates were then incu 
bated and the CFU's counted . The results are shown in 
Tables 8 and 9 . 

20 min 
30 min 
10 min 
15 min 
15 min 
50 min 
10 min 

8 > 50 min 

9 50 min 
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TABLE 8 TABLE 10 

Antimicrobial activity of Fabric 092812K Silver Levels Over 50 Washes 

5 

Bacteria killed Bacterial killed White 100 % PT Fabric White 100 % PT Fabric 
Bacteria 2 hr incubation time 24 hr incubation time Number of Washings Measured Silver Measured Titanium 

E. faecalis > 99.9 % > 99.9 % 0 2310 ppm 1680 ppm 
10 

S. aureus > 99.9 % > 99.9 % 5 2230 ppm 
K. pneumoniae 99.999 % 99.999 % 10 2220 ppm 
A. baumannii 97.3 % > 99.9 % 20 2190 ppm 
P. aeruginosa > 99.9 % 99.999 % 25 2190 ppm 1660 ppm 

15 
E. cloacae > 99.9 % > 99.99 % 30 2320 ppm 

> 99.9 % 99.999 % 40 2190 ppm P. vulgaris 
C. albicans > 99.9 % 99.999 % 50 2190 ppm 1700 ppm 

E. coli > 99.9 % > 99.9 % 
20 

TABLE 11 
TABLE 9 Antimicrobial Activity Against S. aureus ( ATCC 6538 ) Over 50 Washings 

Antimicrobial activity of Fabric 112712K 25 White 100 % 
PT Fabric % Inhibition 

of MRSA @ 24 h 

Blue 75 % PT Fabric 
% Inhibition of MRSA 

@ 24 h 
Number of 
Washings Bacteria killed Bacteria killed 

30 

E. faecalis 
S. aureus 
K. pneumoniae 
A. baumannii 
P. aeruginosa 
E. cloacae 
P. vulgaris 
C. albicans 
E. coli 

> 99.9 % 
> 99.9 % 
> 99.9 % 

> 99.99 % 
> 99.9 % 
> 99.9 % 
> 99.9 % 
99.54 % 
> 99.9 % 

99.999 % 
99.99 % 
99.999 % 

> 99.9 % 
99.999 % 

> 99.9 % 
99.999 % 

> 99.9 % 
> 99.9 % 

0 
5 

10 
20 
25 
30 
40 
50 

99.99 % 
99.99 % 
99.99 % 
99.99 % 
99.99 % 
99.99 % 
99.99 % 
99.99 % 

99.99 % 
99.99 % 
99.99 % 
99.99 % 
99.99 % 
99.8 % 

99.97 % 
99.8 % 
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The activity of antimicrobial fabric 091812F1 - UW Tables 8 and 9 show that the tested fabrics have significant against Trichophyton mentagrophytes ( T. mentagrophytes ) , a 
antimicrobial activity against a range of bacteria including S. fungus commonly found in athlete's foot patients . Table 12 

40 shows that the fabric has significant activity against T. 
Tables 10 and 11 demonstrate the effect of washing on the mentagrophytes . Specifically , the CFU counts decrease by 

silver content and antimicrobial activity of fabrics was over 99 % after 96 hours . 

aureus . 

TABLE 12 

Antimicrobial activity against T. mentagrophytes 

% Reduction 
% Reduction Compared to 
Compared to Control at 96 
Time Zero Hours 

Test 
Substance 

Time 
Point 

CFU / 
Swatch 

Average 
CFU / Swatch Microorganism 

1.43E + 04 N / A 7 . 

mentagrophytes 
ATCC 9533 

100 % 
Polyester 

Black Control 3.50E + 06 

Time 1.25E + 04 
Zero 1.60E + 04 
96 3.50E + 06 

Hours Inconclusive * 
96 < 50 

Hours < 50 
091812F1 - UW < 50 99.6491 % 99.9986 % 

tested . The fabrics were washed fifty times according to the The results in Table 12 are displayed as a bar graph in 
AATCC 61 washing protocol . The silver levels and the 60 FIG . 11 . 
antimicrobial activity were determined by ICP - OES and the 
AATCC 100 protocol , respectively , after specified numbers FIG . 12 compares images of a control fabric ( left ) without 
of washings . Titanium dioxide ( a white dye ) levels were also antimicrobial silver particles and fabric 091812F1 - UW 
tested as a control measurement . The results show that the ( right ) after exposure to T. mentagrophytes . Fungus is visible 
silver content decreased by less than 5 % after 50 washings . 65 in the control fabric but not on the 091812F1 - UW fabric . 
Further , there was no significant decrease in antimicrobial Thus , the antimicrobial fabrics have demonstrated anti 
activity after 50 washings . bacterial and anti - fungal activity . 
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The invention claimed is : cycloalkyl ; C. - C , alkyl optionally substituted by 
1. A polymer composition comprising : Co - C10 aryl ; Co - C1o aryl ; C8 - C10 aryl substituted by 
( a ) a polymer ; C - C14 alkyl , C3 - C , cycloalkyl , C. - C , alkyl substituted 
( b ) about 1 to about 26 wt . % of a silver salt having the by C3 - Co cycloalkyl , or halogen ; 

formula Ag X Y Z d is 0 or 1 ; 
( c ) about 0.1 to about 2.6 wt . % of a copper salt having wherein each of the silver salt and the copper salt is 

the formula Cu , X , Y Zd ; and dispersed relative to the polymer . 
( d ) one or more additives ; 10. The polymer composition of claim 9 , wherein the Ag is Ag ( I ) or Ag ( II ) , and a is 1 to 4 ; polymer comprises polyethylene terephthalate , polypropyl each X is sulfur , and b is independently 1 to 4 ; ene , Nylon 6 , or Nylon 6,6 . each Y is oxygen , and c is independently 2 to 8 ; 11. The polymer composition of claim 9 , wherein the one each Z is independently H ; C1 - C14 alkyl ; Cz - C , 

cycloalkyl ; C. - C , alkyl substituted by C - C or more additives includes a compounding agent selected 
cycloalkyl ; C , -C , alkyl optionally substituted by from the group consisting of polydimethylsiloxane , 
Co - C10 aryl ; Co - C10 aryl ; C. - C10 aryl substituted by 15 hydroxyl terminated polydimethylsiloxane , amorphous 
C - C14 alkyl , C3 - C , cycloalkyl , C. - C , alkyl substituted silica , aliphatic hydrocarbons , aliphatic petroleum distil 
by Cz - Co cycloalkyl , or halogen ; lates , and liquefied petroleum gas . 

d is 0 or 1 ; 12. The polymer composition of claim 9 , wherein the one 
wherein each of the silver salt and the copper salt is mixed or more additives includes a pigment . 

with the polymer . 13. The polymer composition of claim 12 , wherein the 
2. The polymer composition of claim 1 , wherein the pigment includes titanium dioxide . 

polymer comprises polyethylene terephthalate , polypropyl 14. The polymer composition of claim 12 , wherein the 
ene , Nylon 6 , or Nylon 6,6 . pigment includes Phthalo Blue . 

3. The polymer composition of claim 1 , wherein the one 15. The polymer composition of claim 9 , wherein the one 
or more additives includes a compounding agent selected 25 or more additives includes an optical brightener . 
from the group consisting of polydimethylsiloxane , 16. The polymer composition of claim 9 , wherein the 
hydroxyl terminated polydimethylsiloxane , amorphous polymer composition is in the form of an extruded fiber . silica , aliphatic hydrocarbons , aliphatic petroleum distil 17. The polymer composition of claim 9 , wherein the lates , and liquefied petroleum gas . polymer is a high melting polymer . 4. The polymer composition of claim 1 , further compris- 30 18. A polymer composition , in pellet form , the polymer ing a pigment . composition comprising : 5. The polymer composition of claim 4 , wherein the ( a ) a polymer ; pigment includes titanium dioxide . ( b ) about 1 to about 26 wt . % of a silver salt having the 6. The polymer composition of claim 4 , wherein the formula Ag X , Y Z pigment includes Phthalo Blue . 

7. The polymer composition of claim 1 , further compris ( c ) about 0.1 to about 2.6 wt . % of a copper salt having 
ing an optical brightener . the formula Cu X Y Zd ; and 

8. The polymer composition of claim 1 , wherein the ( d ) one or more additives ; 
polymer composition is in the form of one or more pellets . Ag is Ag ( I ) or Ag ( II ) , and a is 1 to 4 ; 

9. A polymer composition comprising : each X is sulfur , and b is independently 1 to 4 ; 
( a ) a polymer ; each Y is oxygen , and c is independently 2 to 8 ; 
( b ) about 0.05 to about 0.5 wt . % of a silver salt having each Z is independently H ; C - C14 alkyl ; Cz - Cg 

the formula Ag.X Y Zd cycloalkyl ; C. - C , alkyl substituted by Cz - Co 
( c ) about 0.01 to about 0.1 wt . % of a copper salt having cycloalkyl ; C , -C , alkyl optionally substituted by 

the formula Cu X Y Zd ; and Co - C10 aryl ; C. - C10 aryl ; Co - C10 aryl substituted by 
( d ) one or more additives ; C1 - C14 alkyl , C3 - C , cycloalkyl , C , -C , alkyl substituted 
Ag is Ag ( I ) or Ag ( II ) , and a is 1 to 4 ; by Cz - Co cycloalkyl , or halogen ; 

d is 0 or 1 ; each X is sulfur , and b is independently 1 to 4 ; 
each Y is oxygen , and c is independently 2 to 8 ; wherein each of the silver salt and the copper salt is mixed 
each Z is independently H ; C , -C14 alkyl ; C3 - C , 50 with the polymer . 

cycloalkyl ; C7 - C alkyl substituted by C3 - C6 

35 

40 

45 


