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PETG + colorant pellets 

i 
Heated to melt 

l 
Extruded to form a fiber 

i 
PETG + colorant fiber blended with 

natural fiber, e.g., cotton 

l 
Blended fiber heated to 140°C to melt the PEI'G 

without damaging the fibers 
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ANTI-MICROBIAL PRODUCTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a divisional and continu 
ation-in-part of co-pending Ser. No. 09/565,138 ?led May 5, 
2000, now US. Pat. No. , Which claims the priority 
of the following provisional applications: Ser. No. 60/136, 
261, ?led May 27, 1999; Ser. No. 60/173,207, ?led Dec. 27, 
1999; Ser. No. 60/172,285, ?led Dec. 17, 1999; Ser. No. 
60/172,533, ?led Dec. 17, 1999; Ser. No. 60/180,536, ?led 
Feb. 7, 2000; Ser. No. 60/181,251, ?led Feb. 9, 2000; and 
Ser. No. 60/180,240, ?led Feb. 4, 2000. All of said appli 
cations are incorporated herein by reference as though set 
out at length herein and also a continuation of Ser. No. 
10/655,330, now US. Pat. No. , divisional of said 
Ser. No. 09/565,138 ?led May 5, 2000. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to Woven 
and non-Woven ?brous products and plastic sheet, ?lm and 
formed products of coherent con?guration such as garments, 
home and institutional furnishings, Wipes, diapers, ?lters, 
adsorbent pads, bandages, trays, pallets, baskets, bags and 
the like and inde?nite form products, such as rolls of sheet 
form material, batts and the like used in making such 
coherent products and for other purposes, and, more par 
ticularly to such products incorporating as all or a portion 
thereof materials using anti-microbial, anti-mold and/or 
anti-fungal properties Which remain after repeated launder 
ings/uses and the like. More speci?cally it provides such 
products made up in Whole or in part of (a) a Wholly or partly 
synthetic ?ber and multi- or mono-component anti-micro 
bial and/or anti-mold and/or anti-fungal synthetic ?bers, 
alone or integrated With other synthetic or natural ?bers, 
using various thermoplastic polymers and additives and/or 
(b) plastic sheets, ?lms and formed parts similarly having 
anti-fungal properties through additives on or near one or 
more of the surfaces. It may be a bi-component product 
having either a core-sheath, side-by-side or co-eXtruded 
con?guration or other con?gurations (e.g. pie-Wedge). One 
arrangement uses micro- or multi-component binder ?bers, 
Which are staple ?ber or ?lament. 

[0003] The present invention further relates to products 
made Wholly or in part of such ?ber or sheet, including 
clothing and linings, garments, footWear, home furnishings, 
personal care products and industrial products. 

[0004] The garments and like articles preferably have 
anti-microbial properties for general or athletic or medical 
uses and for people Who are incontinent. Such garments and 
articles include underWear, pajamas, personal care products 
including feminine hygiene products, Washable and/or dis 
posable diapers as Well as linens, and bed pads for bed 
ridden patients, to prevent bed sores. Such garments and like 
articles may be made of Woven fabric, knitted fabric or 
non-Woven fabric. 

[0005] The industrial, personal care and home furnishing 
products include gas (and aerosol) and liquid (and suspen 
sions) ?lters. These include an air ?lter embodiment Which 
relates to vehicle and aircraft cabin air ?lters, that are made 
of a Wholly or partly synthetic ?ber that can be either mono 
or multi-component in nature and have anti-microbial prop 

Oct. 28, 2004 

erties and can be used With other synthetic or natural ?bers 
to form a variety of fabrics and materials. Such invention 
provides for ?lter materials that are resistant to bacterial and 
fungal groWth as Well as to the deterioration of the ?bers 
contained in these ?lter materials. The home, business and 
transport ?lters include ?lters of drinking and beverage 
making Water and ?uids. 

[0006] The personal care products include a dressings 
embodiment Which relates personal care products including 
Washable and/or disposable diapers and feminine hygiene 
products to Wound care materials and burn dressings formed 
of ?bers and/or fabrics made of a Wholly or partly synthetic 
?ber that can be either mono- or multi-component in nature 
and has anti-microbial properties and can be used With other 
synthetic or natural ?bers to form a variety of different types 
of fabrics and materials suitable for these uses. These 
products suppress bacterial and fungal groWth, and related 
risk of infection or irritiation, 

[0007] The various groups include a fabric embodiment 
Which relates generally to fabric construction, and, more 
particularly, to fabric having qualities imparted to it Which 
remain for the life of the fabric, such as eXcellent color 
fastness Without the need for a dye bath. 

[0008] There is a footWear components embodiment that 
relates generally to the footWear art, and, more particularly, 
to footWear components having anti-microbial properties. 

[0009] The invention includes insoles and other shoe 
products components. 

[0010] The invention includes laminate materials, and, 
more particularly that are made of a Wholly thermoplastic 
stiff reinforcing multiple laminate moldable into compound 
shapes and bondable via a thermoplastic hot melt adhesive 
to a carrier surface to be reinforced and suitable for foot 
Wear. 

[0011] The invention includes Wide sheet materials that 
are made of a Wholly or partly synthetic material and having 
anti-microbial and anti-fungal properties. Such sheets can be 
used With other synthetic or natural materials to form a 
variety of different end use products. This invention pro 
vides for sheet materials for end use products that are 
resistant to bacterial and fungal groWth as Well as to the 
deterioration of the agents contained in these materials. The 
sheets can be made of multi-component (typically tWo or 
three layer laminates) by various methods but preferably 
co-eXtruded. 

[0012] The invention further includes bed sheets, pilloW 
cases, mattress pads, blankets, toWels, drapes, bedspreads, 
pilloW shams, carpets, Walk-off mats, napkins, linens, Wall 
coverings, upholstered furniture, liners, mattress ticking, 
mattress ?lling, pilloW ?lling, carpet pads, upholstery fabric 
and the like. It includes fabrics and materials, and also 
support substrates and products constructed using generally 
a Wholly or partly synthetic ?ber (Which may be miXed With 
natural ?bers) that can be either mono- or multi-component 
in nature and has anti-microbial properties. These are for use 
in the home, or in institutional settings such as hotels and 
motels, adult communities, of?ces, hospitals, nursing 
homes, and prisons. 

[0013] There is a medical-healthcare embodiment Which 
relates to medical/healthcare Wipes possessing anti-micro 
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bial properties, more particularly, to such Wipes made of 
materials and fabrics composed of a Wholly or partly syn 
thetic ?ber that can be either mono- or multi-component in 
nature and having anti-microbial properties and can be used 
With other synthetic or natural ?bers. The invention provides 
Wipes for suppressing bacterial and fungal groWth, and the 
related risk of infection. Such Wipes are usually disposable 
but can be made in Washable/recyclable forms. 

BACKGROUND OF THE INVENTION 

[0014] There is a growing interest today in products, 
Which have anti-mold, anti-microbial and anti-fungal prop 
erties. This includes the areas of nosocomial (hospital, e.g. 
staph’) infection and SARS (severe acute respiratory infec 
tion) and other infections Which have little to no antibiotic 
response. There are a number of additives, ?bers and prod 
ucts on the market, Which claim to have these properties. 
HoWever, many do not have such properties, or the proper 
ties do not remain for the life of the product, or they have 
adverse environmental consequences. 

[0015] Various materials have been used in the past to 
provide anti-microbial and anti-fungal properties to ?bers 
and fabrics. 

[0016] Examples of some organic types of anti-microbial 
agents, are US. Pat. Nos. 5,408,022 and 5,494,987 (an 
anti-microbial polymeriZable composition containing an 
ethylenically unsaturated monomer, a speci?c one-, di- or 
tri-functional anti-microbial monomer and a polymeriZation 
initiator Which can yield an unreleasable anti-microbial 
polymer from Which the anti-microbial component is not 
released), US. Pat. No. 5,709,870 (a silver containing 
anti-microbial agent Which comprises carboxymethylcellu 
lose, a crosslinked compound, containing silver in the 
amount of 0.01 to 1% by Weight and having a degree of 
substitution of carboxymethyl group of not less than 0.4 and 
the anti-microbial agent being a silver salt of carboxymeth 
ylcellulose, Which is insoluble to Water), U.S. Pat. No. 
5,783,570 (an organic solvent-soluble mucopolysaccharide 
consisting of an ionic complex of at least one mucopolysac 
charide and a quaternary phosphonium, an antibacterial 
antithrombogenic composition comprising organic solvent 
soluble mucopolysaccharide and an organic polymer mate 
rial, an antibacterial antithrombogenic composition com 
prising organic solvent-soluble mucopolysaccharide and an 
inorganic antibacterial agent, and to a medical material 
comprising organic solvent-soluble mucopolysaccharide). 

[0017] Examples of some inorganic types of anti-micro 
bial agents are: 

[0018] Japanese Patent No. 1246204 (1988) Which dis 
closes an anti-microbial thermoplastic article With copper a 
compound added to the melted polymer just before extrud 
ing, in Which the anti-microbial material is said to be 
resistant to Washing. 

[0019] Us. Pat. No. 5,180,585 Which discloses an anti 
microbial With a ?rst coating providing the antimicrobial 
properties and a second coating as a protective layer. Ametal 
having antimicrobial properties is used including silver 
Which is coated With a secondary protective layer. 

[0020] Japanese Patent No. 2099606 (1990) Which dis 
closes a ?ber With anti-microbial properties made of a liquid 
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polyester and inorganic micro particles of Zinc silicate, both 
being added to the melted polymer after polymeriZation and 
just before extrusion. 

[0021] The use of anti-microbial agents in connection With 
thermoplastic material is knoWn from Us. Pat. No. 4,624, 
679 (1986). This patent is concerned With the degradation of 
anti-microbial agents during processing. This patent states 
that thermoplastic compounds Which are candidates for 
treatment With anti-microbial agents include material such 
as polyamides (nylon 6 or 6,6), polyvinyl, polyole?ns, 
polyurethanes, polyethylene terephthalate, styrene-butadi 
ene rubbers. 

[0022] Japanese Patent No. 2091009 (1990) and Us. Pat. 
No. 5,047,448 disclose an anti-microbial thermoplastic 
polymer With copper or Zinc compounds and ?ne particles of 
Al, Ag, Fe and Zn compounds and a liquid polyester, in 
Which the anti-microbial material is said to be resistant to 
Washing. 

[0023] Japanese Patent No. 2169740 (1990) discloses a 
thermoplastic ?ber such as PET Which uses silver, copper or 
Zinc as an anti-microbial agent. There is a cellulose com 
ponent Which reduces the amount of thermoplastic With 
anti-microbial agent and reduces the cost. 

[0024] Examples of inorganic types of anti-microbial 
agent Which have Zeolite With silver is disclosed in US. Pat. 
Nos. 4,911,898, 5,094,847, 4,938,958 (use of Zeolite With 
exchangeable ions such as silver and others), U.S. Pat. No. 
5,244,667 (an anti-microbial composition Which involves 
use of partial or complete substitution of ion-exchangeable 
metal ion such a silver, copper, Zinc and others), US. Pat. 
No. 5,405,644 (an anti-microbial ?ber having a silver con 
taining inorganic microbiocide and the silver ion is stated to 
have been supported by Zeolite, among other materials, the 
purpose being to prevent discoloration). 

[0025] Various products have been made using anti-mi 
crobial ?bers. US. Pat. No. 5,071,551 discloses a Water 
puri?er having a secondary ?lter doWnstream of its primary 
?lter for removing microorganisms and antimicrobial means 
disposed betWeen the tWo ?lters. 

[0026] Japanese Patent No. 6116872 (1994) discloses a 
suede-like synthetic leather With an anti-microbial agent. It 
discloses the use of anti-microbial Zeolite having an anti 
microbial metal ion. It uses tWo ?ber types and includes 
PET. 

[0027] US. Pat. No. 5,733,949 discloses an anti-microbial 
adhesive composition for dental use. The composition Was 
made by blending of a polymeriZable monomer having 
alcoholic hydroxy group and Water to a dental composition 
containing an anti-microbial polymeriZable monomer and a 
polymeriZable monomer having acidic group, and With a 
polymeriZation catalyst. Such composition has capability to 
improve adhesive strength betWeen the tooth and the restor 
ative material to prevent microbial invasion at the interface 
and kill microorganisms remaining in the microstructure. 

[0028] US. Pat. No. 5,876,489 discloses a germ-removing 
?lter With a ?lter substrate and an anti-microbial material 
dispersedly mixed into the ?lter substrate. The anti-micro 
bial material is an ion exchange ?ber bonded With silver ion. 
In the ion exchange ?ber, silver ions capable of killing living 
germs through an ion exchange reaction. 
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[0029] US. Pat. No. 5,900,258 discloses a method for 
preventing a microorganism from growing and the break 
doWn of urea to ammonia on the surface of skin, Wall, ?oor, 
countertop or Wall covering, or in absorbent materials by 
incorporating an effective amount of naturally-occurring 
and/or synthetic Zeolites. The absorbent materials are dia 
pers, clothing, bedsheets, bedpads, surgical apparel, blan 
kets, ?lters, ?ltering aids, Wall coverings, countertops, and 
cutting boards, etc. Use of Zeolite preventing bacterial 
infections and rashes in mammals may compromise cell Wall 
processes including basic transport processes. Zeolites may 
capture or neutraliZe electrons and inhibit electron transport 
through key enZymes of the electron transport chain such as 
cytochrome oXidase. 

[0030] US. Pat. No. 6,037,057 is for a bi-component 
core-sheath ?ber in Which the cross sectional area of the 
sheath is less than 30% of the total cross sectional area. It 
also discloses the use of a slickening agent and use of an 
anti-microbial agent Which is an inert inorganic particle 
having a ?rst coating With the anti-microbial properties, and 
a second coating Which has protective properties. 

[0031] One of the disadvantages of some of the prior art is 
that the anti-microbial additives are organic and many 
organic materials either act as antibiotics and the bacteria 
“learns” to go around the compound, or many of them give 
off dioXins in use. 

[0032] Also, many such additives are applied topically to 
the ?bers or fabrics and tend to Wash off or Wear off over 
time and become ineffective. Also, by Washing off the 
additives are placed into the Waste Water stream. 

[0033] There are many patents and other forms of pub 
lished information Which are available concerning garments 
and other articles intended for use for incontinent persons. 
Many of these deal With the problem of moving body ?uids 
aWay from a person’s skin to prevent the type of problems 
created When such ?uids remain in contact With the skin for 
long periods of time, such as rashes and other skin eruptions. 
Absorbent layers are provided behind the layer Which 
touches the skin. 

[0034] HoWever, there is the danger of infection due to 
bacterial and fungal groWth in urine-soaked fabrics and the 
overall discomfort caused by Wet clothing. 

[0035] There has been little attention to a problem Which 
remains even When the ?uids are moved aWay from the skin. 
This is the problem caused by microbes Which attach to the 
outer layer Which touches the skin even When the ?uids 
move into the absorbent layer. These microbes cause a 
variety of problems. 

[0036] The University of Minnesota Extension Service, 
Waste Education Series published an article in 1998, “Infant 
Diapers and Incontinence Products: Choices for Families 
and Communities by Gahring et al relating to this subject 
(hereafter “UOM Article”). This article indicates that the use 
of disposable diapers and incontinence products have been 
Widely adopted for babies and for adults With certain prob 
lems. There is an estimate that there are at least ten million 
adult Americans Who are incontinent. One of the problems 
is rashes and skin irritation. 

[0037] Moisture absorbing incontinence products are pro 
duced in various manners including plastic ?lm or coated 
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nylon for a Waterproof backing, paper ?ber, gelling material, 
or cotton gauZe; ?annel for a middle absorbent layer and 
nonWoven or Woven or knitted fabrics made of polyester, 
ole?n, viscose or cotton for the coverstock. 

[0038] This article discusses health issues for babies relat 
ing to the condition of the skin and to the transmission of 
infectious diseases. Prolonged contact With urine and stool 
is a major cause of diaper rash. 

[0039] There are environmental problems associated With 
the large use of disposable products of this type. And this 
Will increase as the number of elderly people in our society 
increases. While disposables are placed into land?lls 
together With other trash, it appears that many people do not 
empty the contents of disposables into the toilet, and a study 
has shoWn that diaper Wastes represent a signi?cant health 
haZard in land?lls. While many such products claim to be 
biodegradable, this is not alWays correct and there is some 
dif?culty in making the moisture impervious layers of the 
plastics used in such products, biodegradable. Also it has 
been found that super-absorbent disposable diapers are more 
effective than cloth diapers With separate Waterproof pants/ 
Wraps. The transmission of infectious disease is a major 
concern for care, outside of the home. The fecal containment 
of disposable diapers is found to be signi?cantly better than 
that of cloth diapers With plastic pants. 

[0040] Fluid (gas and liquid) ?lters may present ideal sites 
for coloniZation/groWth by microorganisms, leading to clog 
ging or other undesirable changes of ?lter characteristics and 
infection of the doWnstream ?uid products. Examples 
include food and chemical/biotech processing installations, 
home and institutional Water supplies for drinking and other 
uses, ?lters for recirculation systems such as vehicle and 
aircraft cabin air, sWimming pools, Wash installations and 
laboratory or high QC manufacture facilities (electronics 
and pharmaceutical manufacturing. 

[0041] The vehicle and aircraft cabin air ?lters are vul 
nerable to the seeding of bacteria and fungi from outside air 
sources and air conditioning systems, thus providing hospi 
table sites for their inhibited groWth. The latter is especially 
true since these ?lters often recirculate cooled air from 
air-conditioners. Thus, these materials Would bene?t from 
having antibacterial and anti-fungal agents incorporated into 
them. HoWever, most prior art approaches of coating ?bers 
or materials With anti-microbial or anti-fungal agents have 
limited effect. There have been complaints about the “musty 
air” smell, Which is noticed When air conditioning equip 
ment is turned on in such cabins. This smell is caused by the 
groWth of mold and bacteria Within the air conditioning 
system. 

[0042] Similar needs attend several of the various ?lter 
systems cited above. 

[0043] There eXists a need to develop fabrics and other 
effective material for use in air ?lters for vehicle and aircraft 
cabins that do not cause the development of resistant bac 
terial strains. There also still eXists a need for these ?lters to 
have substrates-anti-microbial agent systems that are resis 
tant to being Washed aWay, thus maintaining their potency as 
an integral part of the ?lters into Which they are incorpo 
rated. 

[0044] US. Pat. No. 5,876,489 mentioned above, 
describes use of a cation eXchange to provide a ?ber bonded 
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With silver ions, usable in a germ removing ?lter for 
sterilizing air for a sterile room such as is used in the 
manufacture of food products. A problem With using silver 
Zeolite ?ne particles for such a ?lter is that the particles fall 
out and generate dust, thereby deteriorating the function of 
a HEPA ?lter With Which it is used. When other methods are 
used in Which the Zeolite particles are tWo microns, With 
?ber ?lament having a diameter of 8-15 microns, insuf?cient 
Zeolite particles are available on the surface of the synthetic 
?ber ?lament. 

[0045] Wound care dressings can introduce pathogens that 
increase the danger of infection due to bacterial and fungal 
groWth into the Wound tissue because it is necessary to 
changing these dressings frequently. As a result of the 
constant re-exposure of the healing Wound to the air, the 
dressings used to cover these Wounds are suitable for the use 
of anti-microbial and anti-fungal ?bers during their manu 
facture. In addition, the use of these anti-microbial materials 
could alloW these dressings to be used for longer periods of 
time before they need to be changed or even to possibly be 
reusable, although they are usually considered disposable 
after one use. HoWever, most prior art approaches of coating 
such ?bers or fabrics With anti-microbial or anti-fungal 
agents have had limited success. 

[0046] Burn dressings are used to prevent infection due to 
high potential for introducing bacteria and other pathogens 
into the burn tissue due to the fact that the normal protective 
barrier of the skin has been grossly disrupted. The possibility 
of bacterial and fungal groWth in the burn tissue during 
healing is one of the major dangers to recovery. Also, as a 
result of the constant re-exposure of the healing burn tissue 
to the air during the changing of dressings, the materials 
used to protect these burns are suitable for the use of 
anti-microbial and anti-fungal ?bers during their manufac 
ture. In addition, the use of these anti-microbial materials 
could alloW these burn dressings to be used for longer 
periods of time before they need to be changed. 

[0047] One instance, among others, of challenges to dress 
ings is in regard to decubitus ulcers and other non-healing or 
sloW healing conditions leading to complications such as 
circulation blockage at vasculature near the ulcerous areas. 

[0048] Several patents describe anti-microbial materials in 
Which the anti-microbial agent is resistant to being Washed 
aWay. Similarly, US. Pat. No. 4,919,998 (1990) discloses an 
anti-microbial medical fabric material for use in surgical 
goWn and scrub suits, steriliZation Wrappers and similar 
material that retains its desirable properties after repeated 
institutional launderings. US. Pat. No. 4,226,232 discloses 
a Wound dressing Which provides many desirable properties. 
HoWever, there is only brief mention of the use of anti 
microbial agents, and there is no discussion of providing 
such agents onto the surface of the ?bers contacting the 
Wound to provide the best ef?cacy of anti-microbial agents. 

[0049] Us. Pat. No. 5,098,417 for a cellulosic Wound 
dressing With an active agent ionically absorbed thereon has 
the anti-microbial or anti-fungal agent applied to an already 
prepared fabric. 

[0050] Us. Pat. No. 5,147,339 for a dressing material for 
the treatment of Wounds has an anti-microbial applied to the 
already formed fabric as a coating. 

[0051] Us. Pat. No. 5,219,325 for a Wound dressing has 
a top layer and a loWer layer (Which contacts the Wound) 
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connected together by a ?brous layer. The loWer layer has an 
anti-microbial applied after the layer is formed. 

[0052] Thus, there still exists a need to develop metal 
containing anti-microbial agents that do not cause the devel 
opment of resistant bacterial strains for incorporation into 
?bers that are used to make a variety of materials. There also 
still exists a need for these anti-microbial agents to be 
resistant to being abraded or Washed aWay, thus maintaining 
their potency as an integral part of the ?bers into Which they 
are incorporated. 

[0053] PETG as used herein means an amorphous poly 
ester of terephthalic acid and a mixture of predominately 
ethylene glycol and a lesser amount of 1,4-cyclohex 
anedimethanol. It is knoWn that PETG can be used in 
polycarbonate blends to improve impact strength, transpar 
ency, processability, solvent resistance and environmental 
stress cracking resistance. 

[0054] Udipi discloses in US. Pat. Nos. 5,104,934 and 
5,187,230 that polymer blends consisting essentially of PC, 
PETG and a graft rubber composition, can be useful as 
thermoplastic injection molding resins. 

[0055] Chen et al. in Us. Pat. No. 5,106,897 discloses a 
method for improving the loW temperature impact strength 
of a thermoplastic polyblend of PETG and SAN With no 
adverse effect on the polyblends clarity. The polyblends are 
useful in a Wide variety of applications including loW 
temperature applications. 

[0056] Billovits et al. in US. Pat. No. 5,134,201 discloses 
that miscible blends of a thermoplastic methylol polyester 
and a linear, saturated polyester or co-polyester of aromatic 
dicarboxylic acid, such as PETG and PET, have improved 
clarity and exhibit an enhanced barrier to oxygen relative to 
PET and PETG. 

[0057] Batdorf in US. Pat. No. 5,268,203 discloses a 
method of thermoforming thermoplastic substrates Wherein 
an integral coating is formed on the thermoplastic substrate 
that is resistant to removal of the coating. The coating 
composition employs, in a solvent base, a pigment and a 
thermoplastic material compatible With the to-be-coated 
thermoplastic substrate. The thermoplastic material, in 
cooperation With the pigment, solvent and other components 
of the coating composition, are, after coating on the ther 
moplastic substrate, heated to a thermoforming temperature 
and the thermoplastic material is intimately fused to the 
thermoplastic substrate surface. 

[0058] Ogoe et al. in Us. Pat. No. 5,525,651 disclose that 
a blend of polycarbonate and chlorinated polyethylene has a 
desirable balance of impact and ignition resistance proper 
ties, and useful in the production of ?lms, ?bers, extruded 
sheets, multi-layer laminates, and the like. 

[0059] Hanes in Us. Pat. No. 5,756,578 discloses that a 
polymer blend comprising a monovinylarene/conjugated 
diene black copolymer, an amorphous poly(ethylene tereph 
thalate), e.g. PETG, and a crystalline poly(ethylene tereph 
thalate), e.g. PET, has a combination of good clarity, stiff 
ness and toughness. 

[0060] Eckart et al. in US. Pat. No. 5,958,539 disclose a 
novel thermoplastic article, typically in the form of sheet 
material, having a fabric comprising textile ?bers embedded 
therein. The thermoplastic article is obtained by applying 
































































