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Description

SUMMARY

[0001] Transparent ink-jet recording films often employ one or more image-receiving layers on one or both sides of a
transparent support. In order to obtain high image densities when printing on transparent films, more ink is often applied
than is required for opaque films. However, use of more ink can increase ink drying times, impacting ink-jet printer
throughput. The compositions and methods of the present application can provide transparent ink-jet recording films
that do not exhibit excessive ink drying times. Such films can be free of such visual defects as mud cracking.
[0002] U.S. Patent No. 6,908,191 to Liu et al. discloses and claims methods employing ink-jet media comprising
subbing layers based on sulfonated polyester binders. Liu et al. disclose that ink-jet media employing subbing layers
comprising a sulfonated polyester binder (EASTMAN AQ29 , Eastman Chemical) exhibit better performance than those
employing subbing layers comprising a poly( vinyl alcohol) binder. Surprisingly, Applicants have discovered that ink-jet
media employing under-layers comprising poly( vinyl alcohol) can perform better than similar ink-jet media employing
under-layers comprising sulfonated polyesters.
[0003] U.S. Patent No. 6,623,819 to Missell et al. discloses and claims ink-jet media comprising subbing layers com-
prising 3 to 50 g/m of a borate or borate derivative. Missell et al. disclose that use of lower levels of borate exhibit poor
drying and cracking performance. Surprisingly, Applicants have discovered that ink-jet media employing under-layers
comprising borates or borate derivatives with dry coverages below 3 g/m can exhibit superior drying and cracking
performance.
[0004] Furthermore, reference is made to US 2002 182 380 A1 which relates to an ink-jet recording material which
comprises a light transmitting support, at least one ink-receptive layer provided on one surface of the support and at
least one back-coating layer provided on the opposite surface of the support, wherein at least one of the back-coating
layers contains inorganic fine particles having an average particle size of a primary particle of 5 to 50 nm and a binder,
and a void ratio of the layer is 70% by volume or less.
[0005] EP 1 346 840 A1 relates to an ink jet recording element comprising a subbed polyester support, and an ink
receiver layer containing a cationic compound, wherein between said support and said ink receiver layer there is an
additional adhesion promoting layer present comprising a binder and a cationically modified silica.
[0006] In accordance with the present invention, a transparent ink jet recording film as set forth in claim 1 is provided.
Further embodiments of the invention may inter alia be found in the dependent claims. At least one embodiment provides
a transparent ink-jet recording film comprising a substrate; at least one under-layer disposed on the substrate, where
the at least one under-layer comprises at least one borate or borate derivative and at least one first water soluble or
water dispersible polymer comprising at least one hydroxyl group; and at least one image-receiving layer disposed on
the at least one under-layer, where the at least one image-receiving layer comprises at least one inorganic particle and
at least one second water soluble or water dispersible polymer comprising at least one hydroxyl group, wherein the at
least one under-layer has a borate or borate derivative coverage of less than about 3 g/m2, and the borate or borate
derivative coverage also satisfies the inequality α > 2.01 x10-12 m12/g6, where α is defined as the ratio of the under-
laver borate or borate derivative coverage to the seventh power of the image-receiving coating weight, and the ratio of
the at least one borate or borate derivative and the at least one first water soluble or water dispersible polymer comprising
at least one hydroxyl group is between 25:75 and 90:10 by weight. In some cases, the under-layer may have a borate
or borate derivative coverage of less than about 2 g/m2.
[0007] In at least some embodiments, the at least one borate or borate derivative comprises at least one hydrate of
sodium tetraborate, such as, for example, sodium tetraborate decahydrate. In at least some embodiments either the at
least one first water dispersible or water soluble polymer comprises poly( vinyl alcohol), or the at least one second water
dispersible or water soluble polymer comprises poly( vinyl alcohol), or both comprise poly(vinyl alcohol). In at least some
embodiments, the at least one inorganic particle comprises boehmite alumina. The image-receiving layer may, in some
embodiments, further comprise nitric acid.
[0008] In some cases, the image-receiving layer coating weight can be less than about 54.8 g/m2. In at least some
embodiments, the image receiving layer coating weight may be, for example, about 41.5 g/m2 and the at least one under-
layer has a borate or borate derivative coverage of at least about 0.427 g/m2, or the image layer coating weight may be,
for example, about 45.1 g/m2 and the at least one under-layer has a borate or borate derivative coverage of at least
about 0.992 g/m2.
[0009] In at least some embodiments, the borate or borate derivative coverage may be, for example, at least about
2.61 x 10-12m12/g6 times the seventh power of said image-receiving layer coating weight. In such a case, the image
receiving layer coating weight may, for example, be less than about 52.8 g/m2.
[0010] These embodiments and other variations and modifications may be better understood from the detailed de-
scription, exemplary embodiments, examples, and claims that follow. Any embodiments provided are given only by way
of illustrative example. Other desirable objectives and advantages inherently achieved may occur or become apparent
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to those skilled in the art. The invention is defined by the appended claims.

DETAILED DESCRIPTION

Introduction

[0011] An ink-jet recording film may comprise at least one image-receiving layer, which receives ink from an ink-jet
printer during printing, and a substrate or support, which may be opaque or transparent. An opaque support may be
used in films that may be viewed using light reflected by a reflective backing, while a transparent support may be used
in films that may be viewed using light transmitted through the film.
[0012] Some medical imaging applications require high image densities. For a reflective film, high image densities
may be achieved by virtue of the light being absorbed on both its path into the imaged film and again on the light’s path
back out of the imaged film from the reflective backing. On the other hand, for a transparent film, because of the lack of
a reflective backing, achievement of high image densities may require application of larger quantities of ink than are
common for opaque films.

Transparent Ink-Jet Films

[0013] Transparent ink-jet recording films comprise one or more transparent substrates upon which at least one under-
layer is coated. Such an under-layer may optionally be dried before being further processed. The film further comprises
at least one image-receiving layer coated upon at least one under-layer. Such an image-receiving layer is generally
dried after coating. The film may optionally further comprise additional layers, such as one or more backing layers or
overcoat layers, as will be understood by those skilled in the art.
[0014] A performance characteristic of transparent ink-jet recording films is the presence or absence of "mud cracking."
A film that exhibits mud cracking has a surface with fine cracks that resemble a dry creek bed. Such mud-cracking on
a film’s surface can impact the quality of the rendered image. An observer may qualitatively assess the visual severity
of mud-cracking exhibited by transparent ink-jet films, so their relative quality may be ranked.

Under-Layer Coating Mix

[0015] Under-layers may be formed by applying at least one under-layer coating mix to one or more transparent
substrates. The under-layer coating mix comprises at least one first water soluble or water dispersible polymer comprising
at least one hydroxyl group, such as, for example, poly(vinyl alcohol), partially hydrolyzed poly( vinyl acetate/vinyl alcohol),
copolymers containing hydroxyethylmethacrylate, copolymers containing hydroxyethylacrylate, copolymers containing
hydroxypropylmethacrylate, hydroxy cellulose ethers, such as, for example, hydroxyethylcellulose, and the like. More
than one type of water soluble or water dispersible cross-linkable polymer may optionally be included in the under-layer
coating mix. In some embodiments, the water soluble or water dispersible polymer may be used in an amount from
about 0.25 to about 2.0 g/m2, or from about 0.02 to about 1.8 g/m2, as measured in the under-layer.
[0016] The under-layer coating mix further comprises at least one borate or borate derivative, such as, for example,
sodium borate, sodium tetraborate, sodium tetraborate decahydrate, boric acid, phenyl boronic acid, butyl boronic acid,
and the like. More than one type of borate or borate derivative may optionally be included in the under-layer coating mix.
The borate or borate derivative is used in an amount of up to about 3 g/m2, for example, about 2 g/m2 , on a dry basis.
The ratio of the at least one borate or borate derivative to the at least one first water soluble or water dispersible polymer
is between 25:75 and 90: 10 by weight. The ratio may be, for example, about 66:33 by weight.
[0017] The under-layer coating mix may also optionally comprise other components, such as surfactants, such as, for
example, nonyl phenol, glycidyl polyether. In some embodiments, such a surfactant may be used in amount from about
0.001 to about 0.10 g/m2, as measured in the under-layer. These and other optional mix components will be understood
by those skilled in the art.

Image-Receiving Layer Coating Mix

[0018] Image-receiving layers are formed by applying at least one image-receiving layer coating mix to one or more
under-layer coatings. The image-receiving coating mix comprises at least one water soluble or dispersible cross-linkable
polymer comprising at least one hydroxyl group, such as, for example, poly( vinyl alcohol), partially hydrolyzed poly( vinyl
acetate/vinyl alcohol), copolymers containing hydroxyethylmethacrylate, copolymers containing hydroxyethylacrylate,
copolymers containing hydroxypropylmethacrylate, hydroxy cellulose ethers, such as, for example, hydroxyethylcellu-
lose, and the like. More than one type of water soluble or water dispersible cross-linkable polymer may optionally be
included in the image-receiving layer coating mix. In some embodiments, the at least one water soluble or water dispersible
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polymer may be used in an amount of up to about 1.0 to about 4.5 g/m2, as measured in the image-receiving layer.
[0019] The image-receiving layer coating mix comprises at least one inorganic particle, such as, for example, metal
oxides, hydrated metal oxides, boehmite alumina, clay, calcined clay, calcium carbonate, aluminosilicates, zeolites,
barium sulfate, and the like. Non-limiting examples of inorganic particles include silica, alumina, zirconia, and titania.
Other non-limiting examples of inorganic particles include fumed silica, fumed alumina, and colloidal silica. In some
embodiments, fumed silica or fumed alumina have primary particle sizes up to about 50 nm in diameter, with aggregates
being less than about 300 nm in diameter, for example, aggregates of about 160 nm in diameter. In some embodiments,
colloidal silica or boehmite alumina have particle size less than about 15 nm in diameter, such as, for example, 14 nm
in diameter. More than one type of inorganic particle may optionally be included in the image- receiving coating mix.
[0020] In at least some embodiments, the ratio of inorganic particles to polymer in the at least one image-receiving
layer coating mix may be, for example, between about 88:12 and about 95:5 by weight, or the ratio may be, for example,
about 92:8 by weight.
[0021] Image-receiving layer coating layer mixes prepared from alumina mixes with higher solids fractions can perform
well in this application. However, high solids alumina mixes can, in general, become too viscous to be processed. It has
been discovered that suitable alumina mixes can be prepared at, for example, 25 wt % or 30 wt % solids, where such
mixes comprise alumina, nitric acid, and water, and where such mixes comprise a pH below about 3.09, or below about
2.73, or between about 2.17 and about 2.73. During preparation, such alumina mixes may optionally be heated, for
example, to 80°C.
[0022] The image-receiving coating layer mix may also comprise one or more surfactants such as, for example, nonyl
phenol, glycidyl polyether. In some embodiments, such a surfactant may be used in amount of, for example, about 1.5
/m2, as measured in the image-receiving layer. In some embodiments, the image-receiving coating layer may also
optionally comprise one or more acids, such as, for example, nitric acid.
[0023] These and components may optionally be included in the image-receiving coating layer mix, as will be under-
stood by those skilled in the art.

Transparent Substrate

[0024] Transparent substrates may be flexible, transparent films made from polymeric materials, such as, for example,
polyethylene terephthalate, polyethylene naphthalate, cellulose acetate, other cellulose esters, polyvinyl acetal, poly-
olefins, polycarbonates, polystyrenes, and the like. In some embodiments, polymeric materials exhibiting good dimen-
sional stability may be used, such as, for example, polyethylene terephthalate, polyethylene naphthalate, other polyesters,
or polycarbonates.
[0025] Other examples of transparent substrates are transparent, multilayer polymeric supports, such as those de-
scribed in U.S. Patent 6,630,283 to Simpson, et al. Still other examples of transparent supports are those comprising
dichroic mirror layers, such as those described in U.S. Patent 5,795,708 to Boutet.
[0026] Transparent substrates may optionally contain colorants, pigments, dyes, and the like, to provide various back-
ground colors and tones for the image. For example, a blue tinting dye is commonly used in some medical imaging
applications. These and other components may optionally be included in the transparent substrate, as will be understood
by those skilled in the art.
[0027] In some embodiments, the transparent substrate may be provided as a continuous or semi-continuous web,
which travels past the various coating, drying, and cutting stations in a continuous or semi-continuous process.

Coating

[0028] The at least one under-layer and at least one image-receiving layer is coated from mixes onto the transparent
substrate. The various mixes may use the same or different solvents, such as, for example, water or organic solvents.
Layers may be coated one at a time, or two or more layers may be coated simultaneously. For example, simultaneously
with application of an under-layer coating mix to the support, an image-receiving layer may be applied to the wet under-
layer using such methods as, for example, slide coating.
[0029] Layers may be coated using any suitable methods, including, for example, dip-coating, wound-wire rod coating,
doctor blade coating, air knife coating, gravure roll coating, reverse-roll coating, slide coating, bead coating, extrusion
coating, curtain coating, and the like. Examples of some coating drying methods are described in, for example, Research
Disclosure, No. 308119, Dec. 1989, pp. 1007-08, (available from Research Disclosure, 145 Main St., Ossining, NY,
10562, http://www.researchdisclosure.com).

Drying

[0030] Coated layers, such as, for example under-layers or image-receiving layers, may be dried using a variety of
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known methods. Examples of some drying methods are described in, for example, Research Disclosure, No. 308119,
Dec. 1989, pp. 1007-08, (available from Research Disclosure, 145 Main St., Ossining, NY, 10562, http://www.research-
disclosure.com). In some embodiments, coating layers may be dried as they travel past one or more perforated plates
through which a gas, such as, for example, air or nitrogen, passes. Such an impingement air dryer is described in U.S.
Patent 4,365,423 to Arter et al. The perforated plates in such a dryer may comprise perforations, such as, for example,
holes, slots, nozzles, and the like. The flow rate of gas through the perforated plates may be indicated by the differential
gas pressure across the plates. The ability of the gas to remove water may be limited by its dew point, while its ability
to remove organic solvents may be limited by the amount of such solvents in the gas, as will be understood by those
skilled in the art.
[0031] In some embodiments, the under-layer may be dried by exposure to ambient air. Image-receiving layers may
be dried by exposure to air at, for example, 85°C for 10 min in a Blue M Oven.

Film Visual Defects and Borate/Borate Derivative Coverage

[0032] Visual defects can impact the ability of transparent ink-jet films to provide high fidelity representations of medical
imaging data. Such visual defects may include, for example, "mud cracking" - cracks in the image-receptor layer of the
coated film reminiscent of the surface of a dried creek bed. While not wishing to be bound by theory, it is believed that
at least some visual defects may be caused by stresses developed during the drying stages of the film fabrication process.
[0033] It has been discovered that mud cracking may be diminished or eliminated by providing sufficient borate or
borate derivative coverage in the at least one under-layer of the film, according to the dry coating weight of the at least
one image-receiving layer of the film. In particular, the parameter: 

has been found to characterize the propensity for development of mud cracking. α is at least 2.01 x 10-12m12/g6 to
provide transparent ink-jet recording films that exhibit rapid ink drying rates with minimized development of mud cracking.
In some embodiments α is at least 2.61 x 10-12m12/g6.

EXEMPLARY EMBODIMENTS

[0034] According to the present invention a transparent ink-jet recording film as defined in present claim 1 is provided.
Embodiments of the invention are defined in the dependent claims.

EXAMPLES

Materials

[0035] Materials used in the examples were available from Aldrich Chemical Co., Milwaukee, unless otherwise spec-
ified.
[0036] Boehmite is an aluminum oxide hydroxide (γ-AlO(OH)).
[0037] Borax is sodium tetraborate decahydrate.
[0038] CELVOL® 203 is a poly(vinyl alcohol) that is 87-89% hydrolyzed, with 13,000-23,000 weight-average molecular
weight. It is available from Specialty Chemicals America, Dallas, TX.
[0039] CELVOL® 540 is a poly(vinyl alcohol) that is 87-89.9% hydrolyzed, with 140,000-186,000 weight-average
molecular weight. It is available from Sekisui Specialty Chemicals America, LLC, Dallas, TX.
[0040] DISPERAL® HP-14 is a dispersible boehmite alumina powder with high porosity and a particle size of 14 nm.
It is available from Sasol North America, Inc., Houston, TX.
[0041] EASTMAN AQ29® is an aqueous sulfonated polyester dispersion. It is available from Eastman Chemical Co.,
Kingsport, TN.
[0042] Surfactant 10G is an aqueous solution of nonyl phenol, glycidyl polyether. It is available from Dixie Chemical
Co., Houston, TX.

Example 1

[0043] A series of substrates were coated with under-layer coating mixes consisting of borax, poly(vinyl alcohol), and
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deionized water. The under-layer coatings were dried. Onto these under-layer coated substrates were coated image-
receiving coating layer mixes consisting of boehmite alumina, poly(vinyl alcohol), and water, where the ratio of boehmite
alumina to poly(vinyl alcohol) was 94:6 by weight. The image-receiving coating layers were dried. The resulting coated
films were visually inspected for the presence of mud cracking.
[0044] Table I shows the compositions that were prepared and their mud cracking results. Also shown in the table is
the parameter: 

[0045] Coated films with parameter α less than about 2.61 x 10-12m12/g6 exhibited mud cracking, while coated films
with parameter α at least about 2.61 x 10-12m12/g6 exhibited no mud cracking.

Example 2

Preparation of Under-Layer Coated Substrate

[0046] A nominal 15 wt % polymer solution was first made. 37.5 g of poly(vinyl alcohol) (CELVOL® 203, Sekisui) was
added over ten minutes to 212.5 g of deionized water, which was agitated at room temperature. The agitated mixture
was heated to 85 °C and held for 30 min. The agitated mix was cooled. After returning to room temperature, approximately
1.5 g of deionized water was added to make up for water lost to evaporation. This polymer solution was held for gas
bubble disengagement prior to use.
[0047] A nominal 5 wt % borax solution was then made. 5.0 g of borax was added to 95 g of deionized water and
sonicated at 47 °C. This borax solution was held at 47 °C prior to use.
[0048] A sheet of polyethylene terephthalate was knife-coated with a mixture of 0.88 g of the polymer solution, 5.28
g of the borax solution, and 3.84 g of deionized water, using a wet coating gap of 63,5 mm (2.5 mils). The resulting under-
layer coating had 4 wt % solids and a weight ratio of borax to polymer of 66:33.

Preparation of Image-Receiving Layer Coated Film

[0049] A nominal 10 wt % polymer solution was prepared by adding over ten minutes 25 g of poly(vinyl alcohol)
(CELVOL® 540, Sekisui) to 225 g of deionized water, which was agitated at room temperature. The agitated mixture
was heated to 85 °C and held for 30 min. The agitated mixture was cooled. After returning to room temperature, approx-
imately 1.5 g of deionized water was added to make up for water lost to evaporation. This polymer solution was held for
gas bubble disengagement prior to use.
[0050] A nominal 20 wt % alumina mix was prepared at room temperature by adding 140 g of alumina powder (DIS-
PERAL® HP-14, Sasol) to 560 g of deionized water with agitation over 30 min. The pH of the mix was adjusted to 3.25
by adding 40 drops of a 67 wt % aqueous solution of nitric acid. The mix was heated to 80 °C and stirred for 30 min.
The mix was cooled. After returning to room temperature, approximately 1.0 g of deionized water was added to make
up for water lost to evaporation. This alumina mix was held for gas bubble disengagement prior to use.
[0051] A nominal 17.9 wt % solids image-receiving coating mix was prepared at room temperature by introducing 7.13
g of the polymer solution into a mixing vessel and agitating. To this mix, 41.00 g of the alumina mix, and 1.66 g of
deionized water were added. The resulting image-receiving layer coating mix had an inorganic particle to polymer weight
ratio of 92:8.
[0052] The nominal 17.9 wt % solids image-receiving layer coating mix was knife-coated at room temperature onto
the under-layer coated substrate, using a coating gap of 0,3048 mm (12 mils). The coated film was dried at 85 °C in a
Blue M Oven.

Evaluation of Coated Film

[0053] The coated film was visually inspected for mud cracking or other visual flaws. Also shown in the table is the
parameter: 
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[0054] The results of this inspection are shown in Table II.
[0055] The coated film was then imaged with an EPSON® 7900 ink-jet printer using a Wasatch Raster Image Processor
(RIP). A grey scale image was created by a combination of photo black, light black, light light black, magenta, light
magenta, cyan, light cyan, and yellow EPSON® inks that were supplied with the printer. Samples were printed with a
17-step grey scale wedge having a maximum optical density of at least 2.8.
[0056] Immediately after the film exited the printer, the ink-jet image was turned over and placed over a piece of white
paper. The fraction of each wedge that was wet was recorded by sequential wedge number, with wedge 1 being the
wedge having the maximum optical density and wedge 17 being the wedge with the minimum optical density. In general,
the higher number wedges dried before the lowest number wedges.
[0057] A measure of wetness was constructed by taking the largest wedge number for the set of completely wet
wedges and adding to it the fractional wetness of the adjacent wedge with the next higher wedge number. For example,
if wedges 1 and 2 were completely wet and wedge 3 was 25% wet, the wetness value would be 2.25. Or if no wedges
were completely wet, but wedge 1 was 75% wet, the wetness value would be 0.75. These results are also summarized
in Table II.

Example 3

Preparation of Under-Layer Coated Substrate

[0058] An under-layer coated substrate was prepared according to the procedure of Example 2.

Preparation of Image-Receiving Layer Coated Film

[0059] A nominal 17.9 % solids image-receiving coating mix was prepared at room temperature by introducing 7.13
of the CELVOL® 540 polymer solution of Example 2 into a mixing vessel and agitating. To this mix, 41.00 g of the alumina
mix of Example 2, 0.66 g of a 10 wt % aqueous solution of Surfactant 10G and 1.00 g of deionized water were added.
The resulting image-receiving layer coating mix had an inorganic particle to polymer weight ration of 92:8.
[0060] The nominal 17.9 wt % solids image-receiving layer coating mix was knife-coated at room temperature onto
the under-layer coated substrate, using a coating gap of 0,3048 mm (12 mils). The coated film was dried at 85 °C in a
Blue M Oven.

Evaluation of Coated Film

[0061] The coated film was evaluated according to the procedure of Example 2. Results of this evaluation are shown
in Table II.

Example 4

Preparation of Under-Layer Coated Substrate

[0062] A sheet of polyethylene terephthalate was knife-coated with a mixture of 1.41 g of the CELVOL® 203 polymer
solution of Example 2, 8.45 g of the borax solution, and 3.14 g of deionized water, using a wet coating gap of 0,1016
mm (4.0 mils). The resulting under-layer coating had 4 wt % solids and a weight ratio of borax to polymer of 66:33.

Preparation of Image-Receiving Layer Coated Film

[0063] An image-receiving layer coating mix was prepared according to the procedure of Example 3. This mix was
knife-coated at room temperature onto the under-layer coated substrate, using a coating gap of 0,3048 mm (12 mils).
The coated film was dried at 85 °C in a Blue M Oven.

Evaluation of Coated Film

[0064] The coated film was evaluated according to the procedure of Example 2. Results of this evaluation are shown
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in Table II.

Example 5

[0065] Example 2 was replicated. Results of the film evaluation are shown in Table II. All film samples in Table II that
had α parameters of 2.01 x 10-12 m12/g6 or larger exhibited no mud cracking.

Example 6

[0066] Example 3 was replicated. Results of the film evaluation are shown in Table II.

Example 7

Preparation of Under-Layer Coated Substrate

[0067] A sheet of polyethylene terephthalate was knife-coated with a mixture of 1.06 g of the CELVOL® 203 polymer
solution of Example 2, 6.45 g of the borax solution, and 4.61 g of deionized water, using a wet coating gap of 76,2 mm
(3.0 mils). The resulting under-layer coating had 4 wt % solids and a weight ratio of borax to polymer of 66:33.

Preparation of Image-Receiving Layer Coated Film

[0068] An image-receiving layer coating mix was prepared according to the procedure of Example 3. This mix was
knife-coated at room temperature onto the under-layer coated substrate, using a coating gap of 0,3048 mm (2 mils).
The coated film was dried at 85 °C in a Blue M Oven.

Evaluation of Coated Film

[0069] The coated film was evaluated according to the procedure of Example 2. Results of this evaluation are shown
in Table II.

Example 8

Preparation of Under-Layer Coated Substrate

[0070] A sheet of polyethylene terephthalate was knife-coated with a mixture of 1.23 g of the CELVOL® 203 polymer
solution of Example 2, 7.39 g of the borax solution, and 5.38 g of deionized water, using a wet coating gap of 88,9 mm
(3.5 mils). The resulting under-layer coating had 4 wt % solids and a weight ratio of borax to polymer of 66:33. The dry
under-layer coating weight was 0.88 g/m2.

Preparation of Image-Receiving Layer Coated Film

[0071] An image-receiving layer coating mix was prepared according to the procedure of Example 3. This mix was
knife-coated at room temperature onto the under-layer coated substrate, using a coating gap of 0,3048 mm (12 mils).
The coated film was dried at 85 °C in a Blue M Oven. The dry image-receiving layer coating weight was 41.5 g/m2.

Evaluation of Coated Film

[0072] The coated film was evaluated according to the procedure of Example 2. Results of this evaluation are shown
in Table II. Note that all film samples in Table II that had α parameters of 2.01 x 10-12 m12/g6 or greater exhibited no
mud cracking.

Example 9

[0073] Under-layer coating mixes were prepared similar to the procedure of Example 2, using either an EASTMAN
AQ29® aqueous sulfonated polyester dispersion or an aqueous mixture of CELVOL® 203 poly(vinyl alcohol). The weight
ratio of polymer to borax in all under-layers was targeted to be 67:33.
[0074] Under-layers were coated using a 0,1143mm (4.5 mil) coating gap onto either uncoated ("raw") poly(ethylene
terephthalate) (PET) substrates or onto PET substrates having primer and subbing layers ("subbed"), as described in
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U.S. 2012/088044. The dry coating weights are indicated in Table III.
[0075] Image-receiving coating mixes were prepared similar to the procedure of Example 2, using a 20% solution of
boehmite alumina. The pH of the alumina mix was adjusted to 3.25; the boehmite alumina to poly(vinyl alcohol) ratio
was 94:6; and no surfactant was used. Image-receiving layers were coated using either 0,3048 mm or 0,3556 mm (12
mil or 14 mil) coating gaps. The dry coating weighs are indicated in Table III.
[0076] The mud-cracking of each coated film was visually assessed. Film haze (%) was measured in accord with
ASTM D 1003 by conventional means using a HAZE-GARD PLUS Hazemeter (BYK-Gardner, Columbia, MD).
[0077] As shown in Table III, the transparent coated films prepared using the sulfonated polyester under-layers ex-
hibited worse mud-cracking and haze than similar films prepared using the poly(vinyl alcohol) under-layers. The only
films that exhibited no mud-cracking were films comprising poly(vinyl alcohol).
[0078] Note that films in Table III containing poly(vinyl alcohol) and having α parameters of at least 2.01 x 10-12 m12/g6

exhibited no mud cracking.
[0079] The invention has been described in detail with reference to particular embodiments, but it will be understood
that variations and modifications can be effected within the scope of the appended claims. The presently disclosed
embodiments are therefore considered in all respects to be illustrative and not restrictive. The scope of the invention is
indicated by the appended claims, and all changes that come within the meaning and range of equivalents thereof are
intended to be embraced therein.

TABLE I

ID

Image-Receiving 
Layer Coating Weight 

(g/sq. m)

Under-Layer 
Coating 

Weight (g/sq. 
m)

Under-Layer 
Borax to 

Polymer Ratio

Under-Layer 
Borax 

Coverage 
(g/sq. m)

Parameter 
α (m12/g6)

Mud 
Cracking ?

1-1 29.7 0.26 50:50 0.1300 6.38 x 10-12 No

1-2 38.1 0.26 50:50 0.1300 1.12 x 10-12 Yes

1-3 38.1 0.77 66:33 0.5133 4.40 x 10-12 No

1-4 45.1 0.73 66:33 0.4867 1.28 x 10-12 Yes

1-5 45.1 0.58 80:20 0.4640 1.22 x 10-12 Yes

1-6 45.1 0.79 86:14 0.6771 1.78 x 10-12 Yes

1-7 45.1 0.99 75:25 0.7425 1.96 x 10-12 Yes

1-8 45.1 1.4 80:20 0.9920 2.61 x 10-12 No

1-9 45.1 1.6 67:33 1.067 2.81 x 10-12 No

TABLE II

ID

Image-
Recving 

Layer Coating 
Weight (g/m2)

Under-
Layer 

Coating 
Weight 
(g/m2)

Under-
Layer 
Borax 
Cvg. 

(g/m2)

Surfactant 
in Image 
Recving 
Layer?

Haze 
(%)

Wetness 
Value

α x 1012 
(m12/g6)

Mud 
Cracking ?

2 41.5 0.64 0.427 No 19.9 1.00 2.01 No

3 41.5 0.64 0.427 Yes 22.9 0.50 2.01 No

4 41.5 1.01 0.673 Yes 22.2 0.25 3.18 No

5 41,5 0.64 0.427 No 18.9 1.00 2.01 No

6 41.5 0.64 0.427 Yes 23.1 0.50 2.01 No

7 41.5 0.76 0.506 Yes 24.1 1.00* 2.39 No

8 41.5 0.88 0.586 Yes 24.2 0.25 2.76 No

* Sample 7 had surface streaks after printing, making the wetness value questionable.
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Claims

1. A transparent ink-jet recording film comprising:

a substrate;
at least one under-layer disposed on said substrate, said at least one under-layer comprising at least one borate
or borate derivative and at least one first water soluble or water dispersible polymer comprising at least one
hydroxyl group; and
at least one image-receiving layer disposed on said at least one under-layer, said at least one image-receiving
layer comprising at least one inorganic particle and at least one second water soluble or water dispersible
polymer comprising at least one hydroxyl group,
wherein the at least one under-layer has a borate or borate derivative coverage of less than about 3 g/m2 x and
the borate or borate derivative coverage also satisfies the inequality α > 2.01 x 10-12 m12/g6, where α is defined
as the ratio of the under-layer borate or borate derivative coverage to the seventh power of the image-receiving
layer coating weight, and
wherein the ratio of the at least one borate or borate derivative and the at least one first water soluble or water
dispersible polymer comprising at least one hydroxyl group is between 25:15 and 90:10 by weight.

2. The transparent ink-jet recording film according to claim 1,
wherein said at least one borate or borate derivative comprises at least one hydrate of sodium tetraborate.

3. The transparent ink-jet recording film according to claim 1,
wherein said at least one borate or borate derivative comprises sodium tetraborate decahydrate.

4. The transparent ink-jet recording film according to claim 1,
wherein said at least one first water soluble or water dispersible polymer comprises poly(vinyl alcohol).

5. The transparent ink-jet recording film according to claim 1,
wherein said at least one second water soluble or water dispersible polymer comprises poly(vinyl alcohol).

6. The transparent ink-jet recording film according to claim 1,
wherein said at least one inorganic particle comprises boehmite alumina.

7. The transparent ink-jet recording film according to claim 1,

TABLE III

Under 
Layer 
Resin

Substrt. 
Type

Under-Layer 
Dry Coating 

Weight 
(g/m2)

Under-Layer 
Borate Dry 
Coverage 

(g/m2)

Image-Receiving 
Layer Dry 

Coating Weight 
(g/m2)

Haze 
(%)

α x 1012 
(m12/g6)

Visual 
Appearance

CELVOL Raw 1.57 1.05 46.9 18.5 2.11
No Mud 
Cracking

AQ Raw 1.46 0.98 46.9 20.6
Poor 

Appearance

CELVOL Raw 1.56 1.05 51.4 20.2 1.10
Poor 

Appearance

AQ Raw 1.36 0.91 51.4 21.1
Very Poor 

Appearance

CELVOL Subbed 2.17 1.45 47.9 14.6 2.51
No Mud 
Cracking

AQ Subbed 1.44 0.96 47.9 17.1
Very Poor 

Appearance
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wherein the image-receiving layer further comprises nitric acid.

8. The transparent inkjet recording film according to claim 1
wherein the image-receiving layer coating weight is less than about 54.8 g/m2.

9. The transparent ink-jet recording film according to claim 1,
wherein the at least one under-layer has a borate or borate derivative coverage less than about 2 g/m2.

10. The transparent ink-jet recording film according to claim 1,
wherein the image receiving layer coating weight is about 41.5 g/m2 and the at least one under-layer has a borate
or borate derivative coverage of at least about 0.427 g/m2.

11. The transparent ink-jet recording film according to claim 1,
wherein the image receiving layer coating weight is about 45.1 g/m2 and the at least one under-layer has a borate
or borate derivative coverage of at least about 0.992 g/m2.

12. The transparent ink-jet recording film according to claim 1,
wherein the borate or borate derivative coverage satisfies the requirement that α is at least 2.61*10-12m12/g6 where
α is defined as given in claim 1.

13. The transparent inkjet recording film according to claim 12 wherein the image-receiving layer coating weight is less
than about 52.8 g/m2.

Patentansprüche

1. Ein transparenter Tintenstrahldruck-Aufnahmefilm, der Folgendes aufweist:

ein Substrat:

wenigstens eine Unterschicht, die auf dem Substrat angeordnet ist, wobei die wenigstens eine Unterschicht
wenigstens ein Borat oder Boratderivat aufweist und wenigstens ein erstes wasserlösliches oder wasser-
dispergierbares Polymer, das wenigstens eine Hydroxylgruppe aufweist; und
wenigstens eine bildaufnehmende Schicht, die auf der wenigstens einen Unterschicht angeordnet ist, wobei
die wenigstens eine bildaufnehmende Schicht wenigstens ein anorganisches Partikel und wenigstens ein
zweites wasserlösliches oder wasserdispergierbares Polymer aufweist, das wenigstens eine Hydroxylgrup-
pe aufweist,
wobei die wenigstens eine Unterschicht eine Borat- oder Boratderivatabdeckung von weniger als ungefähr
3 g/m2 hat und die Borat- oder Boratderivatabdeckung auch die Ungleichung α > 2,01 x 10-12 m12/g6 erfüllt,
wobei α definiert ist als das Verhältnis der Unterschichtborat- oder -boratderivatabdeckung zur siebten
Potenz des Beschichtungsgewichts der bildaufnehmenden Schicht, und
wobei das Verhältnis des wenigstens einen Borats oder Boratderivats und
des wenigstens einen ersten wasserlöslichen oder wasserdispergierbaren Polymers, das wenigstens eine
Hydroxylgruppe aufweist, gewichtsmäßig zwischen 25:75 und 90:10 liegt.

2. Transparenter Tintenstrahldruck-Aufnahmefilm nach Anspruch 1, wobei das wenigstens eine Borat oder Boratderivat
wenigstens ein Hydrat von Natriumtetraborat aufweist.

3. Transparenter Tintenstrahldruck-Aufnahmefilm nach Anspruch 1, wobei das wenigstens eine Borat oder Boratderivat
Natriumtetraborat-Decahydrat aufweist.

4. Transparenter Tintenstrahldruck-Aufnahmefilm nach Anspruch 1, wobei das wenigstens eine wasserlösliche oder
wasserdispergierbare Polymer Poly(vinylalkohol) aufweist.

5. Transparenter Tintenstrahldruck-Aufnahmefilm nach Anspruch 1, wobei das wenigstens eine zweite wasserlösliche
oder wasserdispergierbare Polymer Poly(vinylalkohol) aufweist.

6. Transparenter Tintenstrahldruck-Aufnahmefilm nach Anspruch 1, wobei das wenigstens eine anorgatnische Partikel
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Böhmit-Aluminiumoxid aufweist.

7. Transparenter Tintenstrahldruck-Aufnahmefilm nach Anspruch 1, wobei die bildaufnehmende Schicht weiter Sal-
petersäure aufweist.

8. Transparenter Tintenstrahldruck-Aufnahmefilm nach Anspruch 1, wobei das Beschichtungsgewicht der bildaufneh-
menden Schicht kleiner als ungefähr 54,8 g/m2 ist.

9. Transparenter Tintenstrahldruck-Aufnahmefilm nach Anspruch 1, wobei die wenigstens eine Unterschicht eine Bo-
rat- oder Boratderivatabdeckung von weniger als ungefähr 2 g/m2 hat.

10. Transparenter Tintenstrahldruck-Aufnahmefilm nach Anspruch 1, wobei das Beschichtungsgewicht der bildaufneh-
menden Schicht ungefähr 41,5 g/m2 ist und die wenigstens eine Unterschicht eine Borat- oder Boratderivatabde-
ckung von wenigstens ungefähr 0,427 g/m2 hat.

11. Transparenter Tintenstrahldruck-Aufnahmefilm nach Anspruch 1, wobei das Beschichtungsgewicht der bildaufneh-
menden Schicht ungefähr 41,5 g/m2 ist und die wenigstens eine Unterschicht eine Borat- oder Boratderivatabde-
ckung von wenigstens ungefähr 0,992 g/m2 hat.

12. Transparenter Tintenstrahldruck-Aufnahmefilm nach Anspruch 1, wobei die Borat- oder Boratderivatabdeckung die
Anforderung erfüllt, dass α wenigstens 2,61 * 10-12m12/g6 ist, wobei α so definiert ist, wie in Anspruch 1 angegeben ist.

13. Transparenter Tintenstrahldruck-Aufnahmefilm nach Anspruch 12, wobei das Beschichtungsgewicht der bildauf-
nehmenden Schicht weniger als ungefähr 52,8 g/m2 ist.

Revendications

1. Film d’enregistrement transparent pour jet d’encre, comprenant :

un substrat ;
au moins une sous-couche disposée sur le substrat, ladite au moins une sous-couche comprenant au moins
un borate ou un dérivé de borate et au moins un premier polymère soluble dans l’eau ou pouvant être dispersé
dans l’eau comprenant au moins un groupe hydroxyle ; et
au moins une couche de réception d’image disposée sur ladite au moins une sous-couche, ladite au moins une
couche de réception d’image comprenant au moins une particule non organique et au moins un deuxième
polymère soluble dans l’eau ou pouvant être dispersé dans l’eau comprenant au moins un groupe hydroxyle,
dans lequel ladite au moins une sous-couche a une couverture de borate ou de dérivé de borate inférieure à
environ 3 g/m2 et la couverture de borate ou de dérivé de borate vérifie aussi l’inéquation α > 2,01 x 10-12m12/g6,
où α est défini comme étant le rapport entre la couverture de la sous-couche de borate ou de dérivé de borate
et le poids du revêtement de la couche de réception d’image élevé à la puissance sept, et
dans lequel le rapport entre ledit au moins un borate ou dérivé de borate et ledit au moins un premier polymère
soluble dans l’eau ou pouvant être dispersé dans l’eau comprenant au moins un groupe hydroxyle est compris
entre 25:75 et 90:10 en poids.

2. Film d’enregistrement transparent pour jet d’encre selon la revendication 1, dans lequel ledit au moins un borate
ou dérivé de borate comprend au moins une hydrate de tétraborate de sodium.

3. Film d’enregistrement transparent pour jet d’encre selon la revendication 1, dans lequel ledit au moins un borate
ou dérivé de borate comprend du décahydrate de tétraborate de sodium.

4. Film d’enregistrement transparent pour jet d’encre selon la revendication 1, dans lequel ledit au moins un premier
polymère soluble dans l’eau ou pouvant être dispersé dans l’eau comprend de l’alcool polyvinylique.

5. Film d’enregistrement transparent pour jet d’encre selon la revendication 1, dans lequel ledit au moins un deuxième
polymère soluble dans l’eau ou pouvant être dispersé dans l’eau comprend de l’alcool polyvinylique.

6. Film d’enregistrement transparent pour jet d’encre selon la revendication 1, dans lequel ladite au moins une particule
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non organique comprend de l’alumine boehmite.

7. Film d’enregistrement transparent pour jet d’encre selon la revendication 1, dans lequel la couche de réception
d’image comprend en outre de l’acide nitrique.

8. Film d’enregistrement transparent pour jet d’encre selon la revendication 1, dans lequel le poids du revêtement de
la couche de réception d’image est inférieur à environ 54,8 g/m2.

9. Film d’enregistrement transparent pour jet d’encre selon la revendication 1, dans lequel ladite au moins une sous-
couche a une couverture en borate ou dérivé de borate inférieure à environ 2 g/m2.

10. Film d’enregistrement transparent pour jet d’encre selon la revendication 1, dans lequel le poids du revêtement de
la couche de réception d’image est d’environ 41,5 g/m2 et ladite au moins une sous-couche a une couverture en
borate ou en dérivé de borate d’au moins environ 0,427 g/m2.

11. Film d’enregistrement transparent pour jet d’encre selon la revendication 1, dans lequel le poids du revêtement de
la couche de réception d’image est d’environ 45,1 g/m2 et ladite au moins une sous-couche a une couverture en
borate ou en dérivé de borate d’au moins environ 0,992 g/m2.

12. Film d’enregistrement transparent pour jet d’encre selon la revendication 1, dans lequel la couverture en borate ou
en dérivé de borate vérifie la contrainte que α est d’au-moins 2,61*10-12m12/g6, où α est défini comme dans la
revendication 1.

13. Film d’enregistrement transparent pour jet d’encre selon la revendication 12, dans lequel le poids du revêtement
de la couche de réception d’image est inférieur à environ 52,8 g/m2.
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