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The processes and articles of the present invention use 
thermally stable and loft retentive polymers in sublimation 
printed ?ock ?bers, Which are particularly attractive for 
forming molded and heat laminated articles. The process and 
articles use high, medium and loW energy dyes on the ?bers. 
Apreferred polymer for use in the ?bers is poly(cycloheXy 
lene-dimethylene terephthalate). 
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PROCESS FOR HIGH AND MEDIUM ENERGY 
DYE PRINTING A FLOCKED ARTICLE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application claims the bene?ts under 
35 USC Section 119(e) of US. Provisional Patent Appli 
cation Ser. Nos. 60/574,784, ?led May 26, 2004; 60/586, 
640, ?led Jul. 9, 2004; 60/592,822, ?led Jul. 30, 2004; and 
60/598,969, ?led Aug. 4, 2004, all entitled “Process of High 
and Medium Energy Dye Printing and Molding a Flocked 
Article” and all to Abrams, each of Which is incorporated 
herein by this reference. 

FIELD OF THE INVENTION 

[0002] The present invention is related generally to print 
ing of ?ocked articles and speci?cally to sublimation ink 
printing of ?ocked articles. 

BACKGROUND OF THE INVENTION 

[0003] Flock is used in the manufacture of numerous types 
of articles, such as teXtiles. Such articles are typically 
manufactured by electrostatically depositing the ?ock onto 
the desired surface. In one process, the desired surface is a 
release-adhesive coated sacri?cial carrier sheet. The free 
ends of the ?ock are then contacted With an adhesive. This 
structure, also knoWn as a transfer, is thermally applied to 
the substrate. In another process, the desired surface is a 
permanent adhesive or the substrate itself. This process is 
knoWn as direct ?ocking. The direct ?ocked structure gen 
erally does not include a carrier sheet and release adhesive. 

[0004] Flock ?bers may be either pre-dyed (before appli 
cation to the desired surface) or post-dyed (after application 
to the surface). Post-dyeing may typically be effected by 
sublimation dyeing techniques in Which the ?ock and dye 
are heated so that the vaporiZed dye is transferred to the 
?ock ?ber. A sublimation print in the desired design typi 
cally carries the dye for transfer to the ?ock either by direct 
print (e.g., screen or inkjet) or heat transfer techniques. As 
used herein, “sublimation” refers to a process Where an 
image is printed by turning dye, ink or toner by heat and/or 
pressure and/or dWell time into a gas Which then impreg 
nates itself into a substrate or a coating on a substrate, 
typically by thermo?Xing. 
[0005] The use of sublimation ink printing of ?ock has 
generally not been Widely practiced because it has produced 
a very loW quality product. Some polyester ?ock ?bers, such 
as poly(ethylene terephthalate), can hold the dye but have a 
loW deformation temperature, little loft retention, poor shape 
memory and ?atten out during sublimation ink printing and 
are not heat-settable or soft. Other polyester ?ock ?bers 
typically melt or soften and deform under the high tempera 
tures experienced during sublimation ink printing, losing 
desirable tactile characteristics (soft touch and plushness). 
Nylon and rayon ?ock ?bers, though having loft retention, 
generally are unable to accept the vaporiZed dye consistently 
and/or permanently and therefore produce an irregular and/ 
or unstable colored product and offer designers a limited 
color palette. 

SUMMARY OF THE INVENTION 

[0006] These and other needs are addressed by the various 
embodiments and con?gurations of the present invention. 
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The processes and articles of the present invention use a 
variety of dye particle types in thermally stable and loft 
retentive sublimation printed ?ock ?bers, Which are highly 
attractive for molded resin articles and for teXtiles, including 
upholstery and carpet. 

[0007] The dye particles can be any type of coloring agent, 
With latent dyes such as direct dyes, ?ber-reactive dyes, 
solvent dyes, acid dyes, leuco dyes, natural and synthetic 
dyes, and disperse dyes being preferred. A direct dye is a 
Water-soluble dye taken up directly by ?bers from an aque 
ous solution containing an electrolyte, presumably due to 
selective adsorption. A ?ber-reactive dye is a synthetic dye 
containing reactive groups capable of forming covalent 
linkages With certain portions of molecules of natural or 
synthetic ?bers. A solvent dye is an organosoluble dye. A 
natural dye is an organic colorant obtained from an animal 
or plant source. A synthetic dye is an organic colorant 
derived from coal-tar- and petroleum-based intermediates. 
Disperse dyes are a group of non-ionic dyes With no Water 
soluble groups in their structures and are applied at a high 
temperature. Chemical classes of disperse dyes include aZo, 
nitroarylamine, and anthraquinone. Disperse dyes com 
monly contain amino or substituted amino groups but no 
solubiliZing sulfonic groups. They are commonly Water 
insoluble dyes introduced as a dispersion or colloidal sus 
pension in Water and are absorbed by the ?ock ?ber. Dyes, 
particularly disperse dyes may, be divided into three types, 
speci?cally high energy, medium energy, and loW energy 
according to their application properties. Each type of dis 
perse dye molecule eXhibits different particle siZe-and 
dispersability-to-temperature relationships. 

[0008] The dye particle types used in the present invention 
include not only loW energy dye particles but also high and 
medium energy dye particles. LoW, medium, and high 
energy dyes commonly have differing atomic/molecules 
siZes and require relatively high transfer temperatures, typi 
cally at least about 200 degrees Celsius, and more typically 
at least about 204 degrees Celsius, and as a result can offer 
eXcellent permanence and Wash-fastness. Although loW 
energy dye particles have been employed for polyester ?ock 
?bers, medium and high energy dyes have generally 
required a greater degree of thermal stability of the ?bers 
than polyester ?ock ?bers have heretofore offered. 

[0009] The ?ock ?bers may be any sublimation printable 
material, Which typically is composed primarily of a ther 
mally stable polymer. Examples of thermally stable poly 
mers include crystalline polyesters, poly(phenylene sul?de) 
or PPS, a liquid crystal polymer or LCP, a high temperature 
polyamide, and blends thereof. More preferably, the ?ock 
?bers are composed primarily of poly(cycloheXylene-dim 
ethylene terephthalate) (“PCT”), copolymers include poly 
(ethylene terephthalate co-1,4-cycloheXylene dimethylene 
terephthalate), co-polyesters including PCTATM manufac 
tured by Eastman Chemical Company, polyesters including 
poly(1,3 propylene terephthalate) Which is also called poly 
trimethylene terephthalate (PTT) or CorterraTM, copolymers 
of cycloheXylene-dimethylene terephthalate and ethylene 
terephthalate, polyethylene terephthalate, and blends 
thereof. The ?ock ?bers may be bicomponent ?bers as 
discussed in US. Provisional patent application Ser. No. 
11/036,887, ?led Jan. 14, 2005, Which is incorporated herein 
by this reference. The ?ock ?bers can be of any suitable 
denier or dimensions, With ?ock being preferred, and can be 
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used for a Wide range of applications, including printed 
?ocked articles, carpet, and the like. Particularly preferred 
applications include nonWoven articles in Which the ?ock 
?bers are adhered to a substrate and are free-standing. In one 
application, the ?bers are ?ock and are at least substantially 
perpendicular or normal to the substrate. 

[0010] The dye may be applied to the printable ?ock With 
or Without a carrier. The carrier may include one or more 

meltable or sublimable materials that form a vapor or liquid 
to assist in transporting the dye particles or molecules from 
the printed layer to the ?bers. The carrier may include dying 
assistants to assist in color development on the ?bers. 
Typically, the ?ocking material is a White, clear or slightly 
opaque polyester or other synthetic ?ber and may contain a 
dye or pigment such as titanium dioxide. A suitable dye or 
pigment is applied to the ?ock to cause dyeing or coloration 
of the ?ock after application to the underlying (or overlying) 
layer (depending on the order in Which the various layers are 
deposited). The dyes or pigments include transfer and direct 
printing sublimation inks containing loW, medium and high 
energy dyes (as noted above), acid dye inks, and pigment 
dyes. As Will be appreciated, dye sublimation refers to a 
process in Which specially formulated inks vaporiZe When 
heated and bond With the molecules of the material to Which 
they are being transferred. Dye sublimination is the pre 
ferred technique to provide desired color patterns to the 
design (e.g., ?ock ?ber substrate) due to the superior feel of 
the design. Sublimation ink transfer printing is preferred 
over sublimation direct printing for reasons of cost and 
throughput, the ability to produce certain quality graphics 
and portability, the lack of added “hand” or ink body, the 
cleanness of the process, and minimal set up. As Will be 
appreciated, sublimation ink direct printing, unlike sublima 
tion ink transfer printing, may be more likely to leave excess 
dye on the surface texture of ?bers that must be Washed out 
after printing and requires post-printing heat curing to locate 
the dye in the ?ber. The colored ?bers in the design can have 
as soft or softer feel than ?bers colored using other printing 
techniques or of other compositions. A softer feel is more 
attractive to consumers in many applications. The dye is 
more colorfast in the ?ock ?ber as the dye is absorbed at 
high temperature and ?xed by the ?ber as opposed to simply 
being a surface coat on the ?ber. Unlike sublimation dyes, 
non-sublimation dyes, such as acid dye inks, generally must 
be cured after application, such as by steam curing (Which 
can be impractical and cumbersome). 
[0011] The ?ock of the present invention, When combined 
With the various ?ocking techniques set forth herein, can 
provide a Wide format design inexpensively and in high 
volumes, particularly using sublimation ink transfer print 
ing. Unlike certain other polyesters, the ?ock of the present 
invention can Withstand the high temperatures and pressures 
used during sublimation transfer printing While maintaining 
the loft, ?exibility, resilience, and plush appearance of the 
?bers. Typically, the shrinkage experienced by the ?ock 
?bers during sublimation ink printing, including heat lami 
nation or sublimation transfer printing, is no more than about 
5% and even more typically is no more than about 2.5% in 
length. Such designs are particularly attractive When com 
bined With highly resilient ?ock such as thermally modi?ed 
PCT. When compared to PET ?ock ?bers, PCT ?ock ?bers 
shrink much less, are able to Withstand higher temperatures 
Without deforming, and can tolerate a higher thermo?xing 
temperature range due to PCT’s higher deformation and/or 
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melting temperature. Due to high Wear/abrasion resistance, 
thinness, and color fastness of the printed articles of certain 
embodiments of the present invention, the printed articles of 
the present invention are useful for a Wide variety of 
applications, including application to automotive interiors, 
cellular telephone covers, computer key pad and other touch 
surfaces, membrane-type molded ?lms, and the like. PCT, 
being a type of polyester, can adhere Well to many coatings 
and ?nishes that non-polyester ?bers, such as nylon, are not 
capable of permanently adhering for prolonged periods. For 
example, PCT is able to accept stain-resistant coatings such 
as ScotchgardTM and can accept a softening ?nish. 

[0012] These and other advantages Will be apparent from 
the disclosure of the invention(s) contained herein. 

[0013] As used herein, “vinyls” refer to a compound 
including the vinyl grouping (CH2=CH—) or a derivative 
thereof; “urethanes” to a compound including the grouping 
CO(NH2)OC2H5 or a derivative thereof; nylons to a com 
pound having the grouping—CONH or a derivative thereof; 
acrylics to a compound including the acrylonitrile grouping 
or a derivative thereof; acetates to an ester of acetic acid 
Where the substitution is by a radical; ole?ns to a class of 
unsaturated aliphatic hydrocarbons having one or more 
double bonds; and amides to a class of compounds com 
prising an acyl group (—CONH2) typically attached to an 
organic group “R”, Where R can include hydrogen, an alkyl 
group, and an aryl group. 

[0014] As used herein, “at least one”, “one or more”, and 
“and/or” are open-ended expressions that are both conjunc 
tive and disjunctive in operation. For example, each of the 
expressions “at least one of A, B and C”, “at least one of A, 
B, or C”, “one or more of A, B, and C”, “one or more of A, 
B, or C” and “A, B, and/or C” means A alone, B alone, C 
alone, A and B together, A and C together, B and C together, 
or A, B and C together. 

[0015] The above-described embodiments and con?gura 
tions are neither complete nor exhaustive. As Will be appre 
ciated, other embodiments of the invention are possible 
utiliZing, alone or in combination, one or more of the 
features set forth above or described in detail beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a ?rst process embodiment according to 
the present invention; 

[0017] FIG. 2 is a ?rst ?ocked article embodiment made 
by the process of FIG. 1; 

[0018] FIG. 3 is a second process embodiment according 
to the present invention; 

[0019] FIG. 4 is a second ?ocked article embodiment 
made by the process of FIG. 3; 

[0020] FIG. 5 is a fourth process embodiment according 
to the present invention; 

[0021] FIG. 6 is a fourth ?ocked article embodiment made 
by the process of FIG. 5; 

[0022] FIG. 7 is a third process embodiment according to 
the present invention; 

[0023] FIG. 8 is a third ?ocked article embodiment made 
by the process of FIG. 7; 
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[0024] FIG. 9 is a third ?ocked article embodiment made 
by the process of FIG. 7; 

[0025] FIG. 10 is a third ?ocked article embodiment made 
by the process of FIG. 7; 

[0026] FIG. 11 is a seventh process embodiment accord 
ing to the present invention; 

[0027] FIG. 12 is a seventh ?ocked article embodiment 
made by the process of FIG. 11; 

[0028] FIG. 13 is a seventh ?ocked article embodiment 
made by the process of FIG. 11; 

[0029] FIG. 14A is a ?fth process embodiment according 
to the present invention; 

[0030] FIG. 14B is a ?fth ?ocked article embodiment 
made by the process of FIG. 14A; 

[0031] FIG. 15 depicts the chemical formula of a family 
of polymers including PCT; 

[0032] FIG. 16 is a sixth process embodiment according 
to the present invention; 

[0033] FIG. 17 is a sixth ?ocked article embodiment made 
by the process of FIG. 16; 

[0034] FIG. 18 is a sixth ?ocked article embodiment made 
by the process of FIG. 16; 

[0035] FIG. 19 is a sixth ?ocked article embodiment made 
by the process of FIG. 16; 

[0036] FIG. 20 is a sixth ?ocked article embodiment made 
by the process of FIG. 16; 

[0037] FIG. 21 is a sixth ?ocked article embodiment made 
by the process of FIG. 16; 

[0038] FIG. 22 is a plot of length (microns) (vertical axis) 
against temperature (degrees Celsius) for various polymer 
?bers; 
[0039] FIG. 23 depicts the chemical formula of a family 
of polymers including PTT; 

[0040] FIG. 24 is a plot of length (microns) (vertical axis) 
against temperature (degrees Celsius) for various polymer 
?bers; 
[0041] FIG. 26 depicts the reactions during silicone adhe 
sive curing according to an embodiment of the present 
invention; and 

[0042] FIG. 27 depicts the adhesion mechanism of sili 
cone adhesives to paper. 

DETAILED DESCRIPTION 

Sublimation Printed Articles 

[0043] The various embodiments of the present invention 
utiliZe a thermally stable polymer, copolymer, or polymer 
blend With loft retention as the ?ocking ?ber. Sublimation 
ink printing typically heats and applies pressure to the 
?ocked article to permit dye to be transferred and heat set via 
the vapor phase from a temporary carrier substrate to the 
?ber. Many polyester ?ock ?bers, such as polyethylene 
terephthalate, deform at such temperatures/pressures and/or 
have poor loft retention, because of the temperature and 
pressure required for sublimation dye to sublime, thereby 
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causing an unattractive article and unpleasant surface to the 
touch and loss of orientation (Which detrimentally impacts 
the tactile sensation or experience of softness). Some ?bers 
do not accept dyes relatively permanently, such as polya 
mide ?bers (e.g., various types of nylons) and cellulose 
?bers (e.g., rayon). 

[0044] The polymers, copolymers, and polymer blends of 
the present invention can overcome these limitations. For 
sublimation ink transfer printing, the heat set polymers, 
copolymers, and polymer blends preferably have a melting 
point, deformation temperature, and softening point that are 
greater than and more preferably at least about 5 degrees 
greater than the temperature to Which the ?ock Will be 
heated during sublimation ink printing (and, if applicable, 
molding). This temperature is typically at least about 340° 
F, more typically at least about 410° F, and even more 
typically ranges from about 415° F. to about 450° F. The 
polymers, copolymers and polymer blends preferably Will 
accept dye, and are highly ?exible and elastic With a high 
degree of shape memory (e.g., high percentage of shape 
recovery after compression). These features preferably are 
maintained despite the temperatures and/or pressures expe 
rienced during sublimation ink transfer or direct print ther 
mo?xing. The pressures experienced during sublimation ink 
transfer printing typically are at least about 2 psi, and even 
more typically range from about 2 psi to about 30 psi. 

[0045] In one embodiment, the ?ock comprises a polyester 
having one or more terephthalate groups and preferably the 
repeating unit formula set forth in FIG. 15. With reference 
to that ?gure, “R” represents independently hydrogen or a 
substituted or unsubstituted alkyl or aryl group and “S” is an 
aromatic or nonaromatic cyclic residue Which can include 
one or more heteroatoms. In a particularly preferred embodi 
ment, the ?ock comprises the polyester poly(cyclohexylene 
dimethylene terephthalate) (“PCT”), With poly(1,4-cyclo 
hexylene-dimethylene terephthalate) being preferred and 
PCT polyester, such as ThermxTM or Thermx EGTM, from 
Eastman Chemical Company being even more preferred. As 
Will be appreciated, the polyester shoWn may be modi?ed to 
make a co-polyester by substituting some or all of the 
terephthalate With isophthalate (knoWn as PCTA) or another 
diester and/or substituting some or all of the cyclohexane 
dimethanol With another diol. 

[0046] To provide greatest or optimal thermal stability, the 
polymer should be crystalliZed but have substantial amor 
phous (uncrystalliZed) regions. Typically, the polymer in the 
?ber is at least about 15% and more typically at least about 
50 to 80% crystalline % and at least about 50% and more 
typically at least about 20% amorphous. Even more typi 
cally, the polymer is from about 50% to about 80% crys 
talliZed, preferably the heat set temperature is/are at least as 
high or preferably higher than the maximum temperature 
experienced by the ?ber in later processing, such as subli 
mation ink printing or thermo?xing. More preferably, the 
temperature is at least about 180° C., more preferably at least 
about 190° C., and even more preferably at least about 200° 
C. The temperature is preferably no more than about 300° C. 
This temperature can be important to providing PCT With 
suitable properties for sublimation ink printing to “lock in” 
the resiliency or provide heat resistance and stability. As Will 
be appreciated, during heat setting some crystalline regions 
in the polymer form and groW, making the polymer ther 
mally stable. If the polymer is later heated to a temperature 
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at or above the heat set temperature, these crystalline regions 
Will remelt, thereby adversely impacting the physical prop 
erties of the polymer. It is important not to draW the polymer 
too much to inhibit or restrict the formation and groWth of 
the crystalline regions or at too high a temperature to overly 
crystalliZe the polymer. Typically, the polymer is draWn 
from about 110 to about 500% of its original length during 
the draWing step at a ?ber temperature above the glass 
transition temperature and beloW the melting point of the 
?ber. As Will be further appreciated, additives can be added 
to the PCT, as in the case of ThermxATM or PCTATM, to 
change the deformation and melting temperatures. As Will 
be appreciated, other diacids and/or diols can be substituted 
in the PCT polymeriZation to make co-polyesters, as in the 
case of PCTATM. 

[0047] Additionally, the ?bers can be singed, calendared, 
or embossed. 

[0048] The preferred polymer composition comprises at 
least about 25 Wt. % PCT, more preferably at least about 50 
Wt. % PCT, and even more preferably at least about 75 Wt. 
% PCT. The composition may include other desirable addi 
tives, typically at least about 0.1 Wt % and more typically 
from about 0.5 to about 25 Wt % plasticiZer(s). Suitable 
plasticiZers are knoWn to those skilled in the art. 

[0049] The superior properties of PCT are also amenable 
to ?ock coloration using loW, medium, and/or high energy 
sublimation dyes in ink formulations. As Will be appreciated, 
?ock can be colored by sublimation inks by many tech 
niques, including sublimation ink direct or heat transfer ink 
printing. In such coloration techniques, the ?ocking material 
is a White or natural ?ock and a sublimation dye is added to 
the White ?ock by suitable techniques after ?ock application 
to the underlying (or overlying) adjacent adhesive layer 
(Which may be located on a carrier). 

[0050] To accept the dye effectively, the polymer in the 
?ock ?ber preferably has polar functional groups (such as 
polyesters) and comprises no more than about 5 Wt. % and 
even more preferably no more than about 1 Wt. % pigments, 
such as titanium dioXide, and the ?ock ?ber has suf?cient 
aspect ratio (ratio of diameter to length) to effectively 
Withstand the thermal demands of sublimation ink printing 
and accept the dye. Preferably, the ?bers have a diameter of 
at least about 1 denier and more typically ranging from about 
2 to about 50 denier and a length of from about 0.5 to about 
2 mm. 

[0051] In the various sublimation ink printing or thermo 
?Xing techniques, the sublimation dye is heated until the dye 
enters the vapor phase (by direct conversion of the solid 
phase to the vapor phase). The ?ock ?bers are also heated to 
about the same temperature as the vaporiZed dye. When the 
?ock ?bers are heated above the glass transition temperature 
of the component polymer, the intermolecular distance in the 
amorphous regions of the ?ber increases due to the effects of 
thermal energy. The dye atoms/molecules enter into the 
intermolecular spaces in the amorphous regions, or the ?ock 
?ber accepts the vaporiZed dye, Which colors the ?ock 
?bers. As Will be appreciated, the molecular siZes of the dye 
molecules increases in direct relationship With the energy of 
the dye, With high energy dyes having larger molecular siZes 
than medium and loW energy dyes and medium energy dyes 
than loW energy dyes. The differences in molecular siZes 
causes high energy dyes to require more thermal energy than 
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medium and loW energy dyes and medium energy dyes more 
thermal energy than loW energy dyes to sublime and migrate 
to the ?ock ?bers due at least in part to attraction to the 
polymer’s polar groups. During dye application and, 
depending on the sublimation ink printing or thermo?Xing 
technique, subsequent thermo?Xing under heat, tempera 
tures (typically of at least about 340° F. and more typically 
ranging from about 350° F. to about 440° F. generally or at 
least about 390° F. and more typically ranging from about 
400 to about 410° F. for loW energy dyes, at least about 410° 
F. and more typically ranging from about 420 to about 430° 
F. for medium energy dyes, and at least about 420° F. and 
more typically ranging from about 430 to about 500° F. for 
high energy dyes) and pressure (typically of at least about 2 
psi and more typically ranging from about 12 to about 50 
psi) is/are applied to the ?ock and can ?atten or deform ?ock 
?bers. To resist the pressure applied during sublimation 
transfer printing, it is preferred that the polymer have a 
deformation temperature at least as high as the maXimum 
temperature experienced by the polymer ?ock ?ber during 
sublimation ink printing/pressure application. When the 
?ber is cooled to beloW the glass transition temperature, the 
dye atoms are trapped in the molecular structure of the 
polymer. 

[0052] The PCT-containing ?ock can be applied by elec 
trostatic, gravity, air ?oW, and vibrating techniques directly 
to a substrate or to a temporary carrier for indirect applica 
tion to the substrate. 

[0053] In one con?guration, the adhesive contacting the 
?Xed ends of the ?ock is colored, either before or after 
sublimation printing of the ?ock ?bers, in a pattern matching 
the pattern imparted to the ?ock during sublimation printing. 
In this manner, Wear patterns to the ?ocked surface Which 
dislodges ?ock ?bers are less visible. The adhesive may be 
a ?lm that is colored before sublimation printing, such as by 
including dye, pigment particles, or other colorants in the 
resin during ?lm manufacture. This approach is particularly 
attractive for single color ?ock designs. Multi-color patterns 
could be dif?cult to pre-color using this approach due to 
misalignment or misregistration betWeen the pattern on the 
adhesive and the pattern imparted to the ?ock during sub 
limation printing. For multi-color patterns, the adhesive is 
preferably colored during sublimation printing simultaneous 
With and by the same sublimation inks used to color the ?ock 
?bers. To make this possible, the adhesive is typically 
selected to accept the loW, medium, or high energy dye at 
least about 50% as Well, more typically at least about 75% 
as Well, and even more typically at least as Well as the ?ock 
?bers. The adhesives may also be colored by a pigment. 
Preferred adhesives include thermoplastic or thermosetting 
polyester adhesives, co-polyesters, polycarbonates, acrylic 
adhesives, cyano acrylate adhesives, isocyanate-containing 
adhesives, epoXy adhesives, and one- and tWo-part thermo 
set adhesives, and mixtures, blends, and copolymers thereof. 
Particularly preferred adhesives are cross-linkable thermo 
setting adhesives, such as polyurethane adhesives. The pre 
ferred adhesive can be a solvent adhesive such as isocyanate 
catalyZed adhesives or a pre-formed ?lm adhesives, such as 
a polyurethane ?lm. To sublimation print the adhesive, the 
adhesive and ?ock must each be brought to a temperature 
high enough to effect transfer of the dye to and “molecular 
entrapment” acceptance of the dye by both the ?ock and the 
adhesive. 
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[0054] The ?ock ?bers and manufacturing techniques of 
the present invention can provide a printed article having a 
high degree of plushness. A “plush ?ock ?ber texture” is 
commonly not simply a matter of longer ?ock ?ber length. 
Theoretically, a very long ?ock ?ber coating could still not 
be “plush” if the ?bers are disoriented, density loW, etc. A 
plush ?ock ?ber texture has a high degree of resilience or 
“tactile sensation” or dimension (or “loft”) of the ?ber 
coating. Plushness is typically a combination of the folloW 
ing qualities or physical properties: 

[0055] ?ber type (durometer, softness or hardness of 
the plastic, resilience of the ?ber itself); 

[0056] ?ber diameter (denier or decitex); 

[0057] ?ber density (grams per square meter); 

[0058] ?ber cut length (mm or thousandths of an 
inch); 

[0059] even-ness of the cut (unevenly cut ?bers, 
?ocked together, actually can feel softer than uni 
form cut length); 

[0060] depth into the adhesive the ?bers are planted 
or situated; 

[0061] 
[0062] uniformity of angle of ?bers in adhesive-all 

going in same direction or in diverse directions; 

[0063] softness of the adhesive base resin and/or if 
it’s been foamed (softer) With air; and 

[0064] even-ness of adhesive coating: thicker or thin 
ner in areas. 

angle of ?bers in the adhesive; 

[0065] After thermosetting, at least most of the ?bers 
preferably have a ?ber diameter of from about 0.3 to about 
75 denier, have a ?ber density ranging from about 40% to 
about 80%, have a ?ber cut length ranging from about 0.5 to 
about 2 mm and even more preferably from about 1 to about 
1.5 mm, are relatively evenly cut, have a depth of implan 
tation in the permanent adhesive of no more than about 3% 
of the ?ber length, and have an angle of implantation that is 
substantially perpendicular to the plane of the adhesive 
layer. The permanent adhesive is preferably relatively soft 
and evenly applied over the ?bers and has a thickness 
ranging of from about 1 to about 5 microns (Which depends 
on the ?ber length). 

[0066] Plushness can be important. The “experience of 
softness” is sometimes de?ned as resistance or lack of 
resistance to the touch or to a force—the ability (or resis 
tance to) bending, yielding, and also can relate to slipping 
(longitudinal movement along a ?ber With lack of resis 
tance—easy slipping can make a soft ?ber feel “Wet”). With 
rich texture, plushness, “body”, the perceived value of a 
Wide range of products can be affected—and therefore 
peoples’ Willingness to buy them increases. 

The Process and Article of the First Embodiment 

[0067] Referring to FIGS. 1 and 2, the process and article 
of the ?rst embodiment of the present invention Will noW be 
described. 

[0068] In the ?rst step 100, the adhesive-coated substrate 
104 is direct ?ocked by knoWn techniques using the ?ock of 
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the present invention. The PCT-containing ?ock is typically 
White in color or contains little pigment and can be ?ocked 
by any suitable technique, With electrostatic ?ocking being 
preferred. The adhesive may be applied discontinuously to 
the substrate in a desired (direct) image. 

[0069] The adhesive used in adhesive layer 108 may be 
any suitable permanent adhesive (as opposed to a release 
adhesive) that is thermally compatible With the sublimation 
ink printing temperature used in step 112. “Thermal com 
patibility” depends on the process con?guration. When the 
adhesive is cured (e.g., fully activated, set, cross-linked, 
fused, otherWise fully bonded) 116 before sublimation ink 
printing in step 112, thermal compatibility is deemed to exist 
When the adhesive integrity Will not be detrimentally 
impacted by the later sublimation ink printing temperature, 
such as by softening, tackifying, melting, or matting doWn 
the ?bers. When the adhesive is cured during or simulta 
neously With sublimation ink printing, thermal compatibility 
is deemed to exist When the temperature required to fully 
activate, set, cross-link, fuse, or otherWise fully bond the 
adhesive is at or beloW the sublimation ink printing tem 
perature. When the adhesive is cured after sublimation ink 
printing, thermal compatibility is deemed to exist When the 
temperature required to fully activate, set, cross-link, fuse, 
or otherWise fully bond the adhesive is above the sublima 
tion ink printing temperature. 

[0070] Preferred adhesives can be any suitable adhesive, 
With Water- and solvent-based adhesives and solid being 
preferred. Particularly preferred adhesives include thermo 
set and hot melt thermoplastic adhesives. As Will be appre 
ciated, thermoset adhesives solidify, activate and/or set 
irreversibly When heated above a certain activation tempera 
ture. This property is usually associated With a cross-linking 
reaction of the molecular constituents induced by heat or 
radiation. Thermoset adhesives can include curing agents 
such as organic peroxides, isocyanates, or sulfur. Examples 
of thermosetting adhesives include polyethylene, phenolics, 
alkyds, amino resins, polyesters, epoxides, polyurethanes, 
polyamides, and silicones. 

[0071] FolloWing curing of the adhesive layer 108 in step 
116 (or 112), Which is typically performed using radiation 
(e.g., heat or light) the ?ocked surface can be vacuumed and 
vibrated to dislodge and remove loose ?ock ?bers. This 
removal of loose ?ock ?bers can improve the quality of the 
image in the later sublimation ink printing step and eliminate 
the chance for contamination. 

[0072] In sublimation ink printing step 112, the ?ocked 
surface 120 is sublimation printed and the dye particles 
thermo?xed in the ?bers by any suitable technique to 
provide multi-colored ?ock in a desired design. As noted, 
common Ways of performing sublimation ink direct printing 
include inkjet or screen sublimation ink printing and subli 
mation transfer printing (e.g., using a transfer carrier) using 
devices such as an inkj et dye sub printer, a ribbon-based dye 
sub printer, a hybrid sublimation printer, and a small dye sub 
ribbon-based printer. Other printing techniques include off 
set printing, ?exo printing, gravure printing, rotary screen 
printing, etc. 

[0073] In inkjet (direct) sublimation ink printing, a special 
heat sensitive dye is used in a computer-controlled printer, 
such as an HP 550TM, or Mimaki JV4TM to print sublimation 
ink onto the ?ock ?bers through direct deposit of the ink 
















