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ELECTRICALLY CONDUCTIVE SYNTHETIC 
FIBER AND FIBROUS SUBSTRATE, METHOD 

OF MAKING, AND USE THEREOF 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 61/842,072 ?led Jul. 2, 2013, which is 
hereby incorporated by reference in its entirety. 

BACKGROUND 

[0002] Intrinsically conducting polymers ?nd wide appli 
cation because of their conductive properties and ease of 
processing. Films prepared from intrinsically conducting 
polymers can be used as electrodes, and prepared into devices 
including electrochromic devices, and the like. 
[0003] Besides ?lms prepared on ?at substrates, intrinsi 
cally conducting polymers can be applied to other substrates 
depending upon the industrial application. For example, con 
ductive types of leather products have been produced using 
carbon black and the conductive polymer, polyaniline. 
[0004] There remains a need in the art for new conductive 
polymeric material-based ?bers and textiles. 

BRIEF SUMMARY 

[0005] In an embodiment is an electrically conductive syn 
thetic leather comprising a synthetic leather comprising poly 
meric ?bers comprising desiccant particles wherein a portion 
of the desiccant particles are located at the surface of the 
polymeric ?bers; and an electrically conductive polymer ?lm 
disposed on at least a portion of the polymeric ?bers and at 
least in partial contact with the desiccant particles. 
[0006] In another embodiment, an electrically conductive 
?brous substrate comprising a ?brous substrate comprising 
polymeric ?bers comprising desiccant particles wherein a 
portion of the desiccant particles are located at the surface of 
the polymeric ?ber; and an electrically conductive polymer 
?lm disposed on at least a portion of the polymeric ?bers of 
the ?brous substrate and at least in partial contact with the 
desiccant particles. 
[0007] In another embodiment, an electrically conductive 
?ber comprising a polymeric ?ber comprising desiccant par 
ticles wherein a portion of the desiccant particles are located 
. '-|'.- '-nv"-' u-'.l'0-l'-- '.v 0' 

ductive polymer ?lm disposed on at least a portion of the 
polymeric ?ber and at least in partial contact with the desic 
cant particles. 
[0008] In another embodiment, a method of making an 
electrically conductive synthetic leather comprises disposing 
an electrically conductive polymer onto a synthetic leather 
comprising polymeric ?bers comprising desiccant particles 
wherein a portion of the desiccant particles are located at the 
surface of the polymeric ?bers and the electrically conductive 
polymer is at least in partial contact with the desiccant par 
ticles. 

[0009] In another embodiment, a method of making an 
electrically conductive ?brous substrate comprises disposing 
an electrically conductive polymer onto the ?brous substrate 
comprising polymeric ?bers comprising desiccant particles 
wherein a portion of the desiccant particles are located at the 
surface of the ?ber and the electrically conductive polymer is 
at least in partial contact with the desiccant particles. 
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[0010] In another embodiment, a method of making an 
electrically conductive ?ber comprises disposing an electri 
cally conductive polymer onto a polymeric ?ber comprising 
desiccant particles wherein a portion of the desiccant par 
ticles are located at the surface of the ?ber and the electrically 
conductive polymer is at least in partial contact with the 
desiccant particles. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a schematic view of a synthetic leather PET 
?ber. 
[0012] FIG. 2 illustrates the ohmic behavior of an electri 
cally conductive synthetic leather. 
[0013] FIG. 3 illustrates the temperature dependent behav 
ior of an electrically conductive synthetic leather: semicon 
ductive below 0° C. and metallic above 0° C. 

[0014] FIG. 4 illustrates the difference between synthetic 
leather with and without desiccant particles and PEDOT 
coated substrates prepared therefrom. 

DETAILED DESCRIPTION 

[0015] Disclosed herein are electrically conductive syn 
thetic leather, electrically conductive polymeric ?brous sub 
strate, and electrically conductive polymeric ?ber, each com 
prising polymeric ?ber which in turn comprises dessicant 
particles, wherein a portion of the desiccant particles are 
located at the surface of the polymeric ?ber. The substrates 
are made electrically conductive by disposing an electrically 
conductive polymer onto the polymeric ?ber where the elec 
trically conductive polymer is at least in partial contact with 
the desiccant particles. Not wishing to be bound by theory, but 
it is believed there is an interaction between the electrically 
conductive polymer and the desiccant particles which allows 
the coated substrate to achieve sheet resistances ranging from 
0.4 to 400 Ohms/ square. For example, it has been found that 
electrically conductive synthetic leather does not require 
expensive metals such as silver to obtain very low sheet 
resistances (1.5 Ohms/square). Commercial silver fabric is 
able to obtain 1 Ohm/square sheet resistance but it is costly, 
being prepared from a precious metal. 
[0016] In an embodiment, an electrically conductive syn 
thetic leather prepared from poly(3,4-ethylenediox 
ythiophene)-polystyrenesulfonate results in a light blue col 
. 1 I I 1 I l _ . _ .. Q!!!.'! g l; i :_ - _ _ 4 i wnlllrlreqnltfrnm 

silver or carbon black. As such, there are many options to 
obtain a larger color variety. 
[0017] In an embodiment, the ?brous substrate is a non 
woven ?brous substrate. In an embodiment, the ?brous sub 
strate is a synthetic leather or a synthetic suede. In another 
embodiment, the ?brous substrate is woven. 

[0018] In an embodiment is an electrically conductive syn 
thetic leather comprising a synthetic leather comprising poly 
meric ?bers comprising desiccant particles wherein a portion 
of the desiccant particles are located at the surface of the 
polymeric ?bers; and an electrically conductive polymer ?lm 
disposed on at least a portion of the polymeric ?bers and at 
least in partial contact with the desiccant particles. 
[0019] In another embodiment, an electrically conductive 
?brous substrate comprises a ?brous substrate comprising 
polymeric ?bers comprising desiccant particles wherein a 
portion of the desiccant particles are located at the surface of 
the polymeric ?ber; and an electrically conductive polymer 
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?lm disposed on at least a portion of the polymeric ?bers of 
the ?brous substrate and at least in partial contact with the 
desiccant particles. 
[0020] In another embodiment, an electrically conductive 
?ber comprises a polymeric ?ber comprising desiccant par 
ticles wherein a portion of the desiccant particles are located 
at the surface of the polymeric ?ber; and an electrically con 
ductive polymer ?lm disposed on at least a portion of the 
polymeric ?ber and at least in partial contact with the desic 
cant particles. 
[0021] In an embodiment, the electrically conductive syn 
thetic leather or the electrically conductive ?brous substrate 
exhibits semiconductive behavior at low temperature (e.g. 
below 0° C.) and metallic behavior at high temperature (e.g. 
above 0° C.). 
[0022] In an embodiment, the electrically conductive syn 
thetic leather or the electrically conductive ?brous substrate 
exhibits sheet resistances ranging from 0.4 to 400 Ohms/ 
square. 
[0023] The electrically conductive synthetic leather, elec 
trically conductive ?brous substrate, or electrically conduc 
tive ?ber can be used as an electrode for devices (electrochro 
mics and sensors), as a resistive heating element, and a 
pathway to ef?cient thermoelectrics. Speci?c uses include, 
for example, shoe and boots applications; heating elements, 
for example heated car seats and fumiture, heated footwear 
and apparel, heated therapeutic pads, hotplates/ ovens, heat 
ing tape, heating blankets, and the like; displays, electrochro 
mic displays, and the like. 
[0024] Exemplary electrically conductive polymers that 
can be used to prepare the electrically conductive synthetic 
leather, electrically conductive ?brous substrate, and electri 
cally conductive ?ber include poly(3,4-ethylenediox 
ythiophene) (“PEDOT”) including poly(3,4-ethylenediox 
ythiophene):poly(styrenesulfonate) (“PEDOT:PSS”) 
aqueous dispersion, a substituted poly(3,4-ethylenediox 
ythiophene), a poly(thiophene), a substituted poly 
(thiophene), a poly(pyrrole), a substituted poly(pyrrole), a 
poly(aniline), a substituted poly(aniline), a poly(acetylene), a 
poly(p-phenylenevinylene) (PPV), a poly(indole), a substi 
tuted poly(indole), a poly(carbazole), a substituted poly(car 
bazole), a poly(azepine), a (poly)thieno[3,4-b]thiophene, a 
substituted poly(thieno[3,4-b]thiophene), a poly(dithieno [3, 
4-b:3',4'-d]thiophene), a poly(thieno[3,4-b]furan), a substi 
tuted poly(thieno[3,4-b]furan), a derivative thereof, a combi 
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[0027] Arti?cial leather can be made from any polymeric 
material such as nylon 6, nylon 66, nylon 610, nylon 12, 
co-polymerized nylon, polyethylene terephthalate, polytrim 
ethylene terephthalate, spandex (polyurethane-polyurea 
copolymer), polybutylene terephthalate, polypropylene 
terephthalate, polyurethane, polypropylene, polyethylene, 
polyester-based polyurethane copolymers thereof, or a com 
bination thereof. The arti?cial leather can be ?nished (mate 
rial having a glossy surface) or un?nished (material without a 
glossy surface). In an embodiment, a desiccant is used to 
prepare the arti?cial leather such that the ?bers of the arti?cial 
leather comprise desiccant particles wherein a portion of the 
desiccant particles are located at the surface of the synthetic 
leather ?bers. 
[0028] The polymeric ?ber and ?brous substrate can be 
made from any polymeric material such as nylon 6, nylon 66, 
nylon 610, nylon 12, co-polymerized nylon, polyethylene 
terephthalate, polytrimethylene terephthalate, spandex (poly 
urethane-polyurea copolymer), polybutylene terephthalate, 
polypropylene terephthalate, polyurethane, polypropylene, 
polyethylene, polyester-based polyurethane, copolymers 
thereof, or a combination thereof. In an embodiment, a des 
iccant is used to prepare the ?brous substrate such that the 
?bers comprise desiccant particles wherein a portion of the 
desiccant particles are located at the surface of the ?ber. 
[0029] Exemplary desiccants include inorganic oxides 
such as silicon dioxide (SiOZ), titanium dioxide (TiOZ), alu 
minum oxide, calcium oxide, or a combination thereof. In a 
further embodiment, the desiccant is in particulate form hav 
ing average particle size of about 1 nanometer (nm) to about 
5 micrometer, speci?cally about 10 nm to about 500 nm, and 
more speci?cally about 25 nm to about 200 nm. 

[0030] The electrically conductive substrate, including 
electrically conductive synthetic leather, is easily scalable to 
high volume manufacture. The electrically conductive poly 
mer can be applied to the synthetic leather, ?brous substrate, 
or ?ber using a variety of different techniques. For example 
drop casting, spray coating, ink jet coating, dip coating, gra 
vure coating methods, and extrusion coating. Another 
approach is a soaking process. Many of these processes are 
easily adaptable to large scale manufacture. 
[0031] These coating techniques generally comprise form 
ing a mixture of the material to be coated with a solvent, 
applying the mixture to a surface of the synthetic leather 
substrate, and removing the solvent to form a thin ?lm of the 
material adheringly disposed on the surface of the synthetic 
leather substrate. The solvent can be water, an organic sol 

nation thereoI, and the like. 
[0025] The electrically conductive polymer can be used in 
an amount of about 0.1 to about 10.0 wt % based on the weight 
of the substrate, speci?cally about 0.2 to about 8.0 wt %, more 
speci?cally about 0.3 to about 7.0 wt % and yet more speci? 
cally about 0.5 to about 5.0 wt %. In the ?ber embodiment, the 
electrically conductive polymer can be used in an amount of 
about 0.1 to about 10.0 wt % based on the weight of the ?ber, 
speci?cally about 0.2 to about 8.0 wt %, more speci?cally 
about 0.3 to about 7.0 wt % and yet more speci?cally about 
0.5 to about 5.0 wt %. 

[0026] The electrically conductive polymer ?lm coating on 
the electrically conductive synthetic leather or the electrically 
conductive ?brous substrate can have an average thickness of 
300 nm or less, speci?cally 250 nm or less, more speci?cally 
100 nm or less, yet more speci?cally 30 nm or less, still yet 
more speci?cally 25 nm or less, and even more speci?cally 20 
nm or less. The lower end of the thickness range can be about 
4 nm or more. 

vent, ur a curiiluiuatiuu ufau organic bUlVCllt curd water. Excur 
plary organic solvents include dimethyl sulfoxide (DMSO), 
dichloromethane (DCM), toluene, N,N-dimethyl formamide 
(DMF), propylene glycol monomethyl ether acetate (PG 
MEA), propylene glycol monomethyl ether (PGME), 
acetone, methanol, and ethanol. 
[0032] The mixture can contain the electrically conductive 
polymer at a concentration of about 0.1 weight percent (wt. 
%) to about 5 wt. %, based on the total weight of the mixture, 
speci?cally about 0.2 to about 4 wt. %, more speci?cally 0.3 
to about 4 wt. %, and still more speci?cally about 1.0 to about 
3 wt. %. 

[0033] In an embodiment, the arti?cial leather, polymeric 
?ber, and ?brous substrate can be plasma treated prior to the 
application of the electrically conductive polymer. Plasma or 
other surface modi?cation treatment can be used to impart 
good wettability and adhesion of the electrically conductive 
polymer on the surface of arti?cial leather, polymeric ?ber, 
and ?brous substrate. In an exemplary plasma treatment pro 
cess, the use of atmospheric pressure plasma (helium, argon, 
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air, oxygen, or a combination thereof) can be used. Other ment, the ?bers can have alargest cross-sectional diameter of 
exemplary surface modi?cation includes exposing the arti?- 5 to 500 micrometers, more particularly, 5 to 200 microme 
cial leather, polymeric ?ber, and ?brous substrate to organic ters, 5 to 100 micrometers, 10 to 100 micrometers, 20 to 80 
solvents with similar solubility parameters as DMSO. Sol- micrometers, or 40 to 50 micrometers. In one embodiment, 
vent treatment can be conducted alone or in addition to the conductive ?ber has a largest circular diameter of 40 to 45 
plasma treatment. micrometers. Further, no restriction is placed on the cross 
[0034] A method of making an electrically conductive syn_ sectional shape of the ?ber. For example, the ?ber can have a 
thetic leather, an electrically conductive ?brous substrate, or CfOSS-SeC?OIlal shape Ofa Cir01e, ellipse, Square, rectangle, Of 
an electrically conductive ?ber comprising disposing an elec- irregular shape 
trically conductive polymer onto a synthetic leather compris 
ing polymeric ?bers comprising desiccant particles wherein a EXAMPLES 
portion of the desiccant particles are located at the surface of 
the polymeric ?bers, onto a ?brous substrate comprising Example 1 
polymeric ?bers comprising desiccant particles wherein a _ _ 
portion of the desiccant particles are located at the surface of Elecmcally conducnve POlyethylene Terephthalate 
the polymeric ?ber, or onto a polymeric ?ber comprising Synthellc LealheriPEDOTZPSg Comparison Of 
desiccant particles wherein a portion of the desiccant par- FImShed and Un?mShed Synthenc Leather 
ticles are located at the surface of the polymeric ?ber. In an [0037] Samples Of ?nished (material having a glossy 5m 
embOdimem, Prior to the diSPOSing Step, the Synthetic leather, face) and un?nished (material without a glossy surface) poly 
the ?bmlls 51113532116, and the POlymer 16 ?ber are surface ethylene terephthalate (PET) synthetic leather were prepared 
treated W_1th a P1215111a treatment, 2‘ SOlvem treatment: or a into electrically conductive synthetic leather. Samples of the 
comblnanon thereOf~ ?nished synthetic leather were cut to 1.5><1 inch swabs. 
[0035] In an embodiment, PEDOTIPSS aqueous diSPBFSiOIl Samples of the un?nished synthetic leather were cut to 2.0x 
is loaded 11110 un?niShed and ?HiShed polyethylene tereph- 1.5 inch swabs. The electrically conductive polymer usedwas 
thalate leather to yield highly conductive leather samples CleviOSTM PH1000 (P01y(3,4_ethy1enedioxythjophene);p01y 
having Sheet reSiSIaIICBS ranging from 0-4 10 400 0111115/ (styrenesulfonate) aqueous dispersion (PEDOTzPSS, Clev 
square. iosTM PH1000 commercially available from Heraeus as an 
[0036] The term “?ber” as used herein includes single ?la- aqueous dispersion, 1-1.3% solids content, PEDOTzPSS ratio 
ment and multi-?lament ?bers, i.e., ?bers spun, woven, knit- by weight:~1:2.5, speci?c conductivity after addition of 5% 
ted, crocheted, knotted, pressed, plied, or the like from mul- dimethyl sulfoxide (DMSO) measured on the dried coat 
tiple ?laments. No particular restriction is placed on the ing:850 S/cm) or CleviosTM P (CleviosTM P aqueous disper 
length of the ?ber, other than practical considerations based sion of PEDOTzPSS commercially available from Heraeus, 
on manufacturing considerations and intended use. Similarly, 1.2-1.4% solids content). The application method was drop 
no particular restriction is placed on the width (cross-sec- casting and 2 point resistances were measured (4 line mea 
tional diameter) of the ?bers, other than those based on manu- surements can also be used wherein current is measured 
facturing and use considerations. The width of the ?ber can be between the outer leads, and voltage drop measured between 
essentially constant, or vary along its length. For many pur- the inner leads). Table 1 contains a summary of the samples, 
poses, the ?bers can have a largest cross-sectional diameter of electrically conductive polymer used, method of applying the 
2 nanometers and larger, for example up to 2 centimeters, electrically conductive polymer, and the results of resistance 
speci?cally from 5 nanometers to 1 centimeter. In an embodi- measurements. 

TABLE 1 

Electrically 
Sample, conductive Resistance 
type polymer Application method measurement 

1—1 ?nished Clevios TM Drop cast, allowed to stand 10 >10 MOhm/square 
PH1000 minutes and then the sample was 

I‘IHSCG WILH water 

1—2 ?nished Clevios TM Drop cast ~1.5 ml, water removed 3 kOhm/square 
PH1000 by heating 70° C. for 10 minutes 

1—3 ?nished Clevios TM P Drop cast ~1.5 ml, water removed 15 kOhm/square 
by heating 70° C. for 10 minutes 

1—4 ?nished Clevios TM P Flow coated to create a thickness 40 kOhm/square = 

gradient of electrically conductive thickest region of 
polymer, water removed by heating coating, most 
70° C. for 10 minutes conductive 

1 MOhm/square = thin 

region of coating 
1—5 un?nished Clevios TM Drop casting ~2.0 ml wicked into 4.5 kOhm/square 

PH1000 sample, water removed by heating (top side*) 
70° C. for 1 hour 8 kohm/square 

(bottom side**) 
1—6 un?nished Clevios TM Drop casting ~2.0 ml wicked into 45 Ohm/square 

PH1000 sample, water removed by heating (top side*) 
with 5 wt % 70° C. for 1 hour 100 Ohm/square 

DMSO (bottom side**) 

*top side is the side ofthe sample where the electrically conductive polymer was cast. 

**bottom side is the opposite side ofthe sample where the electrically conductive polymer was cast. 
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Sample 1-1 was prepared to determine if the CleviosTM 
PH1000 absorbed into the ?nished leather. No wicking 
behavior of the electrically conductive polymer dispersion 
was observed for the ?nished synthetic leather samples. How 
ever, unoptimized resistances of 3 kOhm can be achieved 
with ?lms cast atop the glossy surface of the ?nished syn 
thetic leather samples. Using 5 wt % DMSO results in a 
resistance of 20 Ohms, two orders of magnitude better than 
?lms prepared without DMSO. 
[0038] The un?nished samples showed wicking behavior 
through the thickness of the synthetic leather sample, with the 
top side containing a higher concentration of electrically con 
ductive polymer compared to the bottom side. The electri 
cally conductive polymer wicked the dispersion radially from 
the application point. The wicking behavior is likely due to 
the more porous nature of the un?nished synthetic leather 
compared to ?nished synthetic leather. 
[0039] Using CleviosTM PH1000 with 5 wt % DMSO on the 
un?nished leather resulted in a phenomenal low resistance 
measurement of 45 Ohms/square. With further optimization 
resistance measurement as low as 0.4 Ohms/ square have been 
achieved. It should be noted that good quality Indium doped 
tin oxide (ITO) coatings on polyethyleneterephthalate (PET) 
have 60 Ohms/ square sheet resistance with the absolute best 
being at around 15 Ohms/ square. ITO on glass has its best 
sheet resistance between 8 and 10 Ohms/ square. Side by side 
comparisons with ITO on glass and ITO on plastic were 
conducted, in addition to electrical breakdown measurements 
on the ITO compared to the conductive leather showing that 
the conductive leather can handle higher current and power 
before breakdown. On the unoptimized samples, ITO coated 
PET-quality conductivity can be achieved with the un?nished 
synthetic leather. Color can be reduced by using less PEDOT: 
PSS absorbed in the leather and a lower resistance could be 
achieved through modi?cation of the heat treatment. 

Example 2 

Electrically Conductive Polyethylene Terephthalate 
Synthetic LeatheriPEDOTzPSS, Resistive Heating 

[0040] Additional samples of electrically conductive poly 
ethylene terephthalate synthetic leather was prepared using 1 
to 2.5% by weight CleviosTM PH1000 PEDOTzPSS aqueous 
dispersion containing 5% by weight DMSO. Heating the 
samples at 30 minutes yielded conductive synthetic leather 
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[0044] A single drop was placed onto the un?nished syn 
thetic leather. This drop wicked into the fabric and radially 
migrated approximately the same distance as the diameter of 
the drop. A study was performed in which 1 drop, then dried, 
was compared to two drops, to three drops, and to four drops. 
With each drop, the resistance decreases. After baking at 75° 
C. for 90 minutes, the 1 drop leather was 85, 2 drops was 32, 
3 drops was 28, and four drops was 23 Ohms/ sq, respectively. 
This experiment demonstrates that CleviosTM PH1000 has the 
ability to be delivered drop-by-demand to the fabric to pro 
duce conductive leather. 
[0045] DMSO was compared at 5 wt % and 6 wt % in 
CleviosTM PH1000. The difference in resistance was mini 
mal, with differences being approximately 0.1-0.3 Ohms/ sq 
between samples with 5 wt % and those with 6 wt %. 
[0046] Application of a vacuum of approximately 1 torr at 
90° C. was found to increase the resistance of the samples in 
comparison to samples that were heated to 90° C. under 
ambient pressure. Sample baked under 1 ton pressure were 
between 3.5 to 3.9 Ohms/sq and those baked at same tem 
perature under ambient pressure ranged from 2.4 to 2.8 
Ohms/ sq. 
[0047] Samples baked at 90° C. and 100° C. were less 
resistive than samples baked at 75° C. or 70° C. Samples 
baked at 90° C. and 100° C. were approximately equivalent. 
Therefore, generally, as temperature for the bake increases up 
to 90° C., the resistance of the samples decreases. As the time 
for the bake increases up to 60 minutes, the resistance of the 
samples decrease. Beyond 60 minutes, no change was 
observed. 
[0048] Demonstration of Applicationielectrically con 
ductive synthetic leather as a conductive wire, and as a resis 
tive heating element. 
[0049] An electrically conductive synthetic leather, having 
1.5 Ohms/ square as measured by ohmmeter, was prepared 
with PEDOTzPSS as described above. When connections to 
the electrically conductive synthetic leather sample were 
made there was 4.5 Ohms of contact resistance (contact was 
made via thin copper wire stitched through the leather and 
silver paste at junction), this leather was able to support 8 V 
correlating to a current of 1.076 A of current ?owing through 
the electrically conductive synthetic leather of approximately 
2 inch length and 1 inch width. As a result of this high of a 
current ?owing through the conductor, the temperature lev 
eled at 151° C. It should be noted that the Tg of the synthetic 
leather is 152° C Thus it was posst e to heat the eather 

with relatively higher sheet resistance (200 to 300 Ohms/ 
square), whereas heating at 60, 90, and 120 minutes produced 
synthetic leather of approximately same sheet resistance that 
was lower than that of 30 minutes (60 to 100 Ohms/ square). 
[0041] Samples from above that were heated at 70 C for 60 
minutes and then treated a second time with CleviosTM 
PH1000 and then dried at 70 C for 60 minutes dropped in 
sheet resistance from 60-100 Ohms/ square to 10-20 Ohms/ 
square. 

[0042] Samples that were heated to 75° C. having the same 
weight percent of CleviosTM PH1000 in the synthetic leather 
had signi?cantly lower resistances than those obtained at 70 C 
for the same heating time period. Generally, 60-100 Ohm/ 
square at bake of 70 C for 60 minutes dropped to 4 to 5 
Ohms/ square for 75° C. for 60 minutes. 

[0043] Heating at 75° C. for 30 minutes resulted in higher 
resistances (5 to 20 Ohms/ sq) than those heated at the same 
temperature for 60 and 90 minutes (4 to 5 Ohms/ sq). 

resistively to its glass transition temperature. 
[0050] The temperature was obtained at each different volt 
age and delta T was obtained as a function of the power 
(watts). The sample slowly degraded at 8V; however, was 
stable at 7V wherein 131° C. was achieved with a current of 
0.997 A. This resistive heating leather could be used for 
numerous applications for temperatures ranging from room 
temperature to a delta T of 131° C. 
[0051] One advantage to this electrically conductive leather 
is that the heat is evenly applied to the entire leather since the 
conductor is homogenously dispersed within the leatherias 
opposed to wire threaded in as the resistive heating element 
where local hotspots would develop. 
[0052] As the electrically conductive synthetic leather 
material has a high electrical conductivity, and, in general, 
polymers have low thermal conductivity, this material would 
be ideal for thermoelectrics. The mechanical properties of the 
material are such that the electrically conductive synthetic 
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leather could easily be rolled up, and then rolled out in the 
sun, where the heat of the sun would heat the leather and the 
heat then can be converted to a current. The top of the leather 
surface could be coated with carbon black or other carbon 
aceous material that would absorb most wavelengths of light 
and near infra red. Such a material could also be placed upon 
rooftops, etc. 
[0053] Furthermore, a thermoelectric could be used for 
heat management. As an example, converting heat to electri 
cal energy could be used to convert body heat to electricity, 
such as in sports shoes for example. 
[0054] A sample of electrically conductive synthetic 
leather prepared from PEDOT:PSS was used to demonstrate 
the thermoelectric effect of the material. The sample was 
attached to the surface of a hotplate, and a weight was placed 
atop the sample to ensure contact to the hotplate. A thermo 
couple was placed between the sample and the hotplate. The 
hotplate was set to 80° C., and the reading on the thermo 
couple was 63.3° C., indicating that the temperature at the 
edge of the hotplate is cooler than that of the interior. The 
sample was then draped over an air gap (insulator) and 
attached to a lead block. The initial reading on the lead block 
was 21 .5° C. Thus, with a temperature differential of 42° C., 
the multimeter set on Amps measured —1 .1 microamps. The 
Seebeck coef?cient for the material was calculated at several 
delta T’s and ranges from 12.3 to 15 .4 microvolts/K. Data was 
then obtained for the material at different temperatures and 
listed in Table 2 below: 

TABLE 2 

Hotplate 
Temperature Seebeck 

in C. V (mV) 1 (microA) P (W) Delta T (pV/K) 

22.3 0 0 0 0 
29 —0.1 —0.3 3E—11 7.5 13.33333 
34.5 —0.2 —0.6 1.2E—10 13 15.38462 
49.1 —0.35 —0.75 2.63E—10 27.6 12.68116 
62.3 —0.5 —1.1 5.5E—10 40.8 12.2549 
62.8 —0.6 —1.1 6.6E—10 41.3 14.52785 
85 —0.8 —1.6 1.28E—09 63.5 12.59843 

Example 3 

Electrically Conductive Polyethylene Terephthalate 
Synthetic LeatheriPEDOT:PSS Percolation 110° C. 

. aqueous 0 ispersion evios ' 

PH1000 was applied in various concentrations to synthetic 
leather (polyethylene terephthalate-based), the ?bers of 
which contain SiO2 nanoparticles (~50 nanometers) embed 
ded within and on the surface of the ?bers. Sample prepara 
tion involved soaking the synthetic leather (PET) once and 
dried once. DMSO (5 wt %) in CleviosTM PH1000 was drop 
coated onto all samples, with dilutions of the PEDOT:PSS to 
get values below 2% by weight. Resistance (Ohm) was mea 
sured using a sample holder with ?xed silver probes 3A inches 
apart and the results are provided in Table 3. 

TABLE 3 

% weight ofDMSO Resistance 
Sample and PEDOT:PSS (Q) 

1 0.5 216 
2 0.98 44.3 
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TABLE 3-continued 

% weight ofDMSO Resistance 
Sample and PEDOT:PSS (Q) 

3 1.25 22.4 
4 1.97 16 
5 2.87 14.2 

[0056] A generalized schematic of a PET ?ber of the syn 
thetic leather is shown in FIG. 1 where there are nanoparticles 
of SiO2 embedded in the ?ber (dotted circles) and located at 
the surface of the ?ber (dark circles). The SiO2 nanoparticles 
located at the surface of the ?ber are in contact with the 
PEDOT:PSS coating. 

Example 4 

Electrically Conductive Synthetic LeatheriPEDOT 

[0057] PEDOT:PSS was applied to synthetic leather (poly 
ethylene terephthalate-based) which comprises nanoparticles 
of SiOZ. The sample was capable of passing 8 amps of current. 
The ohmic behavior of the sample is shown in FIG. 2 which 
is a plot of the current in ampere (I (A)) versus voltage (V) in 
volts. The R2:0.9979 and the resistance:0.117§2. 

[0058] The sample further shows temperature dependent 
behavior. Four point resistance is measured as a function of 
varying the temperature and plotted as Temperature in Kelvin 
(T(K)) versus Resistance (R(Ohm)) in FIG. 3. As shown in 
the graph, the sample exhibited semiconductor behavior at 
temperatures less than 0° C. (273.15 K). However, unexpect 
edly, the material exhibits metallic behavior at temperatures 
above 0° C. (273.15 K) as shown in the expanded plot insert 
in FIG. 3. 

Example 5 

Comparison Between Synthetic Leather Substrates, 
with and without SiO2 Desiccant Particles 

[0059] FIG. 4 includes a series of images illustrating the 
differences between electrically conductive synthetic leather 
prepared from synthetic leather free of desiccant particles 
(Column A) and synthetic leather containing desiccant par 
ticles (Column B). 

thetic leather without desiccant nanoparticles. 
[0061] Column B: Grey nonwoven PET un?nished syn 
thetic leather with SiO2 nanoparticles having an average 
diameter of 100 nm with a range in diameter size from a lower 
limit of 50 and upper limit of 150 nm. 

[0062] A1: Top surface view of leather without nanopar 
ticles, 1 inch><2 inch sample size. 
[0063] A2: Side view of leather without nanoparticles, 
thickness 0.8 mm. 

[0064] A3: 5 wt. % DMSO doped PEDOT:PSS droplet on 
top surface of leather without nanoparticles. 
[0065] A4: CleviosTM PH1000 was doped with 5% by 
weight DMSO. The solution does not wick into the PET 
leather without nanoparticles, therefore the sample was 
soaked for 15 minutes. The leather was dried at 110° C. for 
one hour and the weight percent of doped PEDOT:PSS 
remaining on the dried white PET is 6.8%. The resistance on 
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the top surface as measured by two point probe at 3A" ranged 
from 20-40 Ohms. The resistance on the bottom ranged from 
30-50 Ohms. 
[0066] A5: Side view of white PET leather not containing 
nanoparticles with PEDOT-PSS, after annealing at 110° C. 
[0067] A6: Transmission electron microscopy (“TEM”) 
image of PET leather not containing nanoparticles, without 
PEDOT:PSS. 
[0068] B1: Top surface view, 1 inch><2 inch sample size. 
White nonwoven PET un?nished synthetic leather with SiO2 
nanoparticles. 
[0069] B2: Side view of white nonwoven PET un?nished 
synthetic leather with nanoparticles, thickness 0.6 mm. 
[0070] B3: 5 wt % DMSO doped PEDOT:PSS droplet on 
top surface of white un?nished synthetic PET leather con 
taining nanoparticles. 
[0071] B4: Top view of un?nished PET 5.7 wt % PEDOT: 
PSS leather and annealing temperature 110° C. for 1 hour; 
R:0.548 Ohm/ sq and maximum current 3.2 A before break 
down. 
[0072] B5: Side view of PEDOT-PSS treated white PET 
containing SiO2nanoparticles, thickness 0.8 mm. 
[0073] B6: TEM image of untreated PET leather containing 
SiOZnanoparticles without PEDOT:PSS; the nanoparticles 
are clearly visible in the image. 

Example 6 

Electrically Conductive Polyethylene Terephthalate 
Synthetic LeatheriPEDOT:PSS, Resistive Heating 

[0074] A PET leather fabric having a highest melt transition 
at about 57° C. by differential scanning calorimetry was pre 
pared into an electrically conductive polyethylene terephtha 
late synthetic leather using 6.51 weight percent loading of 
PEDOT:PSS. The leather fabric was connected to a power 
source using copper wire and silver paste. The temperature 
change over time was measured after application of a voltage 
(Thermocouple: 5V, 1.15 A (2.2 ohm/square sheet resis 
tance). At time:600 seconds, the power was shut off and the 
sample allowed to cool. The results of the study are provided 
in Table 4. 
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[0075] As shown by the data in Table 4, at 5 volts, a tem 
perature of 200 ° C. (Delta T of approximately 180° C.) is 
achieved in 100 seconds. The fabric can achieve 60° C. in 
approximately 20 seconds or less. The cool down temperature 
is on the same time scale. 

[0076] It is noted that holding the sample at 200° C. for 
approximately 450 seconds resulted in no degradation in 
conductivity. 
[0077] Another sample was prepared with the same syn 
thetic PET leather fabric starting material and using a 3.18 
weight percent PEDOT-PSS loading to achieve a sheet resis 
tance of 3.9 ohm/square. The results of the resistive heating 
study for various applied voltages are provided in Table 5. 

TABLE 5 

Temperature Temperature Temperature Temperature 
Time 2 Volt 4 Volt 5 Volt 7 Volt 

0 18.8 18.9 19.6 19.6 
30 21.7 29.9 37.3 58.8 
60 22.8 35.7 46.5 74.4 
90 23.2 38 51.1 82.2 
120 23.4 39 52 86.5 
150 23.4 39.6 52.2 87 
180 i 40 53.7 86.8 

210 i 40.6 54 87 

240 i 40.4 53.8 88.5 

270 i 40.8 54.5 87.7 

[0078] The lower the sheet resistance, the higher the delta T 
that can be achieved and therefore better resistive heating. As 
shown, at approximately 7 watts, the 3.9 ohm/square sample 
achieves a 70° C. delta T; whereas at 6.6 watts, the 2.2 ohm/ 
square sample achieves a 180° C. delta T. This demonstrates 
a 2.5>< improvement. 

Example 7 

Electrically Conductive Polyethylene Terephthalate 
Electrospun Nano?ber Mat with and without Silica 

[0079] Polyethylene terephalate (PET) electrospun ?bers 
and PET/ silica electrospun ?bers were individually prepared 
as free standing mats having densities of about 0.1 g/ml. 
PET/ silica solution was prepared by dissolving PET solution 
in 50:50 tri?uoroacetic acid:dichloromethane. Hydrophilic 
fumed silica is added and the resulting mixture is shear mixed 
for 15 minutes to result in a 20 weight PET+3 weight silica 

TABLE 4 

Time Temperature 

0 22.8 
30 139 
60 184 
90 195 
120 201 
150 200 
180 200 
210 200 
240 200 
270 203 
300 201 
330 203 
360 201 
420 201 
480 206 
540 202 
600 207 
630 120 
660 56 
690 34 
720 23 

solution. Electro-spinning of the solution was conducted at a 
?ow rate of 3 milliliters (ml)/hour, applied potential: 15 kV, 
collector plate distance: 15 cm, and run time: 4 or 8 hours to 
form a ?ber mat. 

[0080] PET mats without silica were also prepared using 
the same process. 

[0081] After electrospinning, the ?ber mats were dried at 
75° C. in a drying oven for 30 minutes. The dried ?ber mats 
were then plasma treated to provide good wettability and 
adhesion of PEDOT-PSS on the surface of the PET or PET/ 
silica ?ber mat. Plasma etching was performed using a Fis 
chione instruments model 1020 plasma cleaner with a 13.56 
MHZ oscillating ?eld system. Operating parameters were as 
follows; pull vacuum for 2-3 minutes (once instrument indi 
cates a ready-state) while ?owing 25%/75% oxygen:argon, 
apply plasma for 5 seconds. 
[0082] The mats were infused with PEDOT-PSS+5 wt % 
DMSO by using either a drop casting method (“drop cast 
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method”) or by completely submersing the mat in diluted 
PEDOT-PSS+5 wt % DMSO solution (PEDOT-PSS: 1 gram, 
Water: 4 grams, DMSO: 50 milligrams) (“soaking method”). 
After 30 minutes the mats were removed from the PEDOT 
PSS+5 wt % DMSO mixture and allowed to air dry for 30 
minutes. The mats were then annealed for 1 hour at 1 10° C. in 
an. 

[0083] Conductivity measurements of the sheets were con 
ducted using a four-line silver paint contact to measure volt 
age as a function of current. A minimum of 10 voltage/current 
data points were taken to plot l-V at room temperature. Sheet 
resistance was calculated based on the slope of the curve 
(Keithley224 Programmable was used as power source). 
Resistivity was calculated based on ?lm thickness measure 
ments done by scanning electron microscopy (SEM). The 
results are provided in Table 6. 

TABLE 6 

PEDOT-PSS Rs 
Formulation Run time loading (% wt) (ohms/square) 

20 wt PET with silica; 8 hours 3.46 4 
drop cast PEDOT—PSS 
20 wt PET without 4 hours 2.79 20 
silica; drop cast 
PEDOT-PSS 
20 wt PET with silica; 4 hours 3.75 i 
drop cast PEDOT—PSS 
20 wt PET with 3 wt 8 hours 2.16 4.88 (average) 
silica; PEDOT—PSS 
soaking method 

[0084] The singular forms a, an,” and “the” include plu 
ral referents unless the context clearly dictates otherwise. The 
endpoints of all ranges directed to the same characteristic or 
component are independently combinable and inclusive of 
the recited endpoint. 
[0085] While the invention has been described in detail in 
connection with only a limited number of embodiments, it 
should be readily understood that the invention is not limited 
to such disclosed embodiments. Rather, the invention can be 
modi?ed to incorporate any number of variations, alterations, 
substitutions, or equivalent arrangements not heretofore 
described, but which are commensurate with the spirit and 
scope of the invention. Additionally, while various embodi 
ments of the invention have been described, it is to be under 
stood that aspects of the invention can include only some of 
the described embodiments. Accordingly, the invention is not 
to be seen as limited by the foregoing description, but is only 
limited by the scope of the appended claims. 
What is claimed is: 
1.An electrically conductive ?brous substrate, comprising: 
a ?brous substrate comprising polymeric ?bers comprising 

desiccant particles wherein a portion of the desiccant 
particles are located at the surface of the polymeric ?ber; 
and 

an electrically conductive polymer ?lm disposed on at least 
a portion of the polymeric ?bers of the ?brous substrate 
and at least in partial contact with the desiccant particles. 

2. An electrically conductive ?ber, comprising: 
a polymeric ?ber comprising desiccant particles wherein a 

portion of the desiccant particles are located at the sur 
face of the polymeric ?ber; and 

an electrically conductive polymer ?lm disposed on at least 
a portion of the polymeric ?ber and at least in partial 
contact with the desiccant particles. 
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3. The electrically conductive ?brous substrate of claim 1, 
wherein the electrically conductive ?brous substrate is an 
electrically conductive synthetic leather. 

4. The electrically conductive ?brous substrate of claim 1, 
wherein the desiccant particles are SiOZ, TiO2, aluminum 
oxide, calcium oxide, or a combination thereof. 

5. The electrically conductive ?ber of claim 2, wherein the 
desiccant particles are SiOZ, TiO2, aluminum oxide, calcium 
oxide, or a combination thereof. 

6. The electrically conductive ?brous substrate of claim 1, 
wherein the desiccant particles have a particle size of about 1 
nanometer to about 5 micrometers. 

7. The electrically conductive ?ber of claim 2, wherein the 
desiccant particles have a particle size of about 1 nanometer 
to about 5 micrometers. 

8. The electrically conductive ?brous substrate of claim 1, 
wherein the electrically conductive polymer is PEDOT:PSS, 
a poly(3,4-ethylenedioxythiophene), a substituted poly(3,4 
ethylenedioxythiophene), poly(thiophene), a substituted poly 
(thiophene), poly(pyrrole), a substituted poly(pyrrole), poly 
(aniline), a substitutedpoly(aniline), poly(acetylene), poly(p 
phenylenevinylene) (PPV), a poly(indole), a substituted poly 
(indole), a poly(carbazole), a substituted poly(carbazole), a 
poly(azepine), a (poly)thieno[3,4-b]thiophene, a substituted 
poly(thieno[3,4-b]thiophene), a poly(dithieno[3,4-h:3',4'-d] 
thiophene), a poly(thieno[3,4-b]?.1ran), a substituted poly 
(thieno[3,4-b]furan), a derivative thereof. 

9. The electrically conductive ?ber of claim 2, wherein the 
electrically conductive polymer is PEDOT:PSS, a poly(3,4 
ethylenedioxythiophene), a substituted poly(3,4-ethylene 
dioxythiophene), poly(thiophene), a substituted poly 
(thiophene), poly(pyrrole), a substituted poly(pyrrole), poly 
(aniline), a substitutedpoly(aniline), poly(acetylene), poly(p 
phenylenevinylene) (PPV), a poly(indole), a substituted poly 
(indole), a poly(carbazole), a substituted poly(carbazole), a 
poly(azepine), a (poly)thieno[3,4-b]thiophene, a substituted 
poly(thieno[3,4-b]thiophene), a poly(dithieno[3,4-b:3',4'-d] 
thiophene), a poly(thieno[3,4-b]?.1ran), a substituted poly 
(thieno[3,4-b]furan), a derivative thereof. 

10. The electrically conductive ?brous substrate of claim 1, 
wherein the electrically conductive polymer is PEDOT:PSS 
present in an amount of about 0. 1 to about 10.0 wt % based on 
the weight of the substrate. 

11. The electrically conductive ?brous substrate of claim 1, 
wherein the electrically conductive polymer ?lm coating has 
an average thickness of 250 nm or less. 

12. The electrically conductive ?ber of claim 1, wherein 
the electrically conductive polymer ?lm coating has an aver 
age thickness of 300 nm or less. 

13. The electrically conductive ?brous substrate of claim 1, 
wherein the polymeric ?ber is nylon 6, nylon 66, nylon 610, 
nylon 12, co-polymerized nylon, polyethylene terephthalate, 
polytrimethylene terephthalate, polybutylene terephthalate, 
polypropylene terephthalate, polyurethane, polypropylene, 
polyethylene, spandex (polyurethane-polyurea copolymer), 
polyester-based polyurethane, copolymers thereof, or a com 
bination thereof. 

14. The electrically conductive ?ber of claim 2, wherein 
the polymeric ?ber is nylon 6, nylon 66, nylon 12, co-poly 
merized nylon, polyethylene terephthalate, polybutylene 
terephthalate, polypropylene terephthalate, polyurethane, 
polypropylene, polyethylene, spandex (polyurethane-poly 
urea copolymer), copolymers thereof, or a combination 
thereof. 
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15. The electrically conductive ?brous substrate of claim 1, 
Which exhibits sheet resistances ranging from 0.4 to 400 
ohms/ square. 

16. The electrically conductive ?brous substrate of claim 1, 
Which exhibits metallic behavior at temperatures above 0° C. 

17. The electrically conductive ?brous substrate of claim 1, 
used as an electrode, a resistive heating element, or thermo 
electric. 

18. The electrically conductive ?ber of claim 1, used as an 
electrode, a resistive heating element, or thermoelectric. 

19. A method of making the electrically conductive ?brous 
substrate of claim 1, comprising disposing an electrically 
conductive polymer onto the ?brous substrate; 

optionally surface treating the ?brous substrate prior to the 
disposing step, Wherein the surface treating is a plasma 
treatment, a solvent treatment, or a combination thereof. 

20. The method of claim 19, Wherein the electrically con 
ductive polymer is drop cast, spray coated, ink jet coated, dip 
coated, spin coated, gravure coated, extrusion coated onto the 
?brous substrate, or the ?brous substrate is soaked in a mix 
ture of electrically conductive polymer and solvent. 

* * * * * 
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