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OPAQUE POLYESTER FILM AS SUBSTRATE 
WITH WHITE COATINGS ON BOTH SIDES 

[0001] This invention relates to a polyester ?lm, and in 
particular to a White polyester ?lm Which is suitable for 
imaging. 
[0002] Polyester ?lm has been used in a Wide range of 
imaging applications. White polyester ?lm has been used, in 
some cases as an alternative to paper, for the application of 
photographic images, for Writing on, in printing applications 
such as thermal and laser transfer printing, ink-jet printing, 
photocopying etc. Unfortunately, eXisting White polyester 
?lms are of relatively loW opacity such that some light can 
pass through the ?lm and interfere With the vieWing of any 
image applied thereon. This can be a particular problem 
When imaging of both sides of the White polyester ?lm is 
required, ie an image applied to one side of the ?lm can 
frequently be seen through the other side of the ?lm. Thus, 
knoWn White polyester ?lms do not have the opacity 
required to enable images to be applied to both sides of the 
?lm Without one image interfering With the other. The 
opacity of a ?lm can be increased by increasing the con 
centration of the Whitening or opacifying agent, ie ?ller, 
present in the ?lm, or by increasing the thickness of the ?lm. 
HoWever, there are practical limits on hoW much ?ller can 
be incorporated into a ?lm, and increasing ?lm thickness 
Will correspondingly increase the cost of the ?lm and may 
make it unsuitable for the particular intended application. 

[0003] Another problem associated With imaging both 
sides of White polyester ?lm is that the tWo surfaces of 
eXisting White ?lms are different, eg can have signi?cantly 
different surface roughness, Whiteness and/or gloss values, 
Which can be aesthetically displeasing to the ?nal consumer, 
as the same image applied to the tWo surfaces of a ?lm can 
have a different appearance. 

[0004] We have noW devised a polyester ?lm Which 
reduces or overcomes at least one of the aforementioned 
problems. 
[0005] Accordingly, the present invention provides a poly 
ester ?lm comprising an opaque core layer having an optical 
density greater than 2.0, having on both surfaces thereof, a 
White outer layer. 

[0006] The invention also provides a method of producing 
a polyester ?lm Which comprises forming an opaque core 
layer having an optical density greater than 2.0, and apply 
ing on both surfaces thereof, a White outer layer. 

[0007] The core layer and/or White outer layers of a 
polyester ?lm according to the invention may be formed 
from any ?lm-forming, polyester material. Suitable thermo 
plastics polyester materials include a synthetic linear poly 
ester Which may be obtained by condensing one or more 
dicarboXylic acids or their loWer alkyl (up to 6 carbon 
atoms) diesters, eg terephthalic acid, isophthalic acid, 
phthalic acid, 2,5 -, 2,6- or 2,7-naphthalenedicarboXylic acid, 
succinic acid, sebacic acid, adipic acid, aZelaic acid, 4,4‘ 
diphenyldicarboXylic acid, heXahydro-terephthalic acid or 
1,2-bis-p-carboXyphenoXyethane (optionally With a mono 
carboXylic acid, such as pivalic acid) With one or more 
glycols, particularly an aliphatic glycol, eg ethylene glycol, 
1,3-propanediol, 1,4-butanediol, neopentyl glycol and 1,4 
cycloheXanedimethanol. A polyethylene terephthalate or 
polyethylene naphthalate ?lm is preferred. A polyethylene 
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terephthalate ?lm is particularly preferred, especially such a 
?lm Which has been biaXially oriented by sequential stretch 
ing in tWo mutually perpendicular directions, typically at a 
temperature in the range from 70 to 125° C., and preferably 
heat set, typically at a temperature in the range from 150 to 
250° C., for eXample as described in GB-A-838,708. 

[0008] In a preferred embodiment of the invention the core 
layer and White outer layers of the polyester ?lm comprise 
the same polyester material, more preferably polyethylene 
terephthalate or polyethylene naphthalate, and particularly 
polyethylene terephthalate. It is also preferred that the core 
layer and/or White outer layers comprise crystalline and/or 
semi-crystalline polyester material. 

[0009] The opaque core layer and/or White outer layers of 
a polyester ?lm according to the invention may be uniaXially 
oriented, but are preferably biaXially oriented by draWing in 
tWo mutually perpendicular directions in the plane of the 
?lm to achieve a satisfactory combination of mechanical and 
physical properties. Formation of the ?lm may be effected 
by any process knoWn in the art for producing an oriented 
polyester, ?lm, for eXample a tubular or ?at ?lm process. 

[0010] In a tubular process simultaneous biaXial orienta 
tion may be effected by extruding a thermoplastics polyester 
tube Which is subsequently quenched, reheated and then 
expanded by internal gas pressure to induce transverse 
orientation, and WithdraWn at a rate Which Will induce 
longitudinal orientation. 

[0011] In the preferred ?at ?lm process a ?lm-forming 
polyester is eXtruded through a slot die and rapidly quenched 
upon a chilled casting drum to ensure that the polyester is 
quenched to the amorphous state. Orientation is then 
effected by stretching the quenched eXtrudate in at least one 
direction at a temperature above the glass transition tem 
perature of the polyester. Sequential orientation may be 
effected by stretching a ?at, quenched eXtrudate ?rstly in one 
direction, usually the longitudinal direction, ie the forWard 
direction through the ?lm stretching machine, and then in 
the transverse direction. ForWard stretching of the eXtrudate 
is conveniently effected over a set of rotating rolls or 
betWeen tWo pairs of nip rolls, transverse stretching then 
being effected in a stenter apparatus. Stretching is effected to 
an eXtent determined by the nature of the ?lm-forming 
polyester, for eXample polyethylene terephthalate is usually 
stretched so that the dimension of the oriented ?lm is from 
2 to 5, more preferably 2.5 to 4.5 times its original dimen 
sion in the, or each direction of stretching. 

[0012] A stretched ?lm may be, and preferably is, dimen 
sionally stabilised by heat-setting under dimensional 
restraint at a temperature above the glass transition tempera 
ture of the ?lm-forming polyester but beloW the melting 
temperature thereof, to induce crystallisation of the polyes 
ter. 

[0013] Formation of a polyester ?lm according to the 
invention may be effected by conventional techniques, for 
eXample by laminating together a preformed opaque core 
layer, and preformed White outer layers, or by casting the 
White outer layers onto a preformed opaque core layer, or 
vice versa. Conveniently, hoWever, formation of a composite 
polyester ?lm according to the present invention is effected 
by coeXtrusion, of the three layers (outer/core/outer), either 
by simultaneous coeXtrusion of the respective ?lm-forming 
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layers through independent ori?ces of a multi-ori?ce die, 
and thereafter uniting the still molten layers, or, preferably, 
by single-channel coextrusion in Which molten streams of 
the respective polyesters are ?rst united Within a channel 
leading to a die manifold, and thereafter extruded together 
from the die ori?ce under conditions of streamline ?oW 
Without intermixing thereby to produce a multilayer ?lm. 

[0014] The core layer is opaque, by Which is meant 
exhibits a Transmission Optical Density (TOD), measured 
as described herein, of greater than 2.0, preferably in the 
range from 2.5 to 10, more preferably 3.0 to 7.0, particularly 
4.0 to 6.0, and especially 4.5 to 5.5. The aforementioned 
TOD ranges are particularly applicable to a 60 pm thick core 
layer. The core layer is conveniently rendered opaque by the 
incorporation therein of an effective amount of an opacify 
ing agent, such as carbon black, or a metallic ?ller such as 
aluminium poWder. Carbon black is a particularly preferred 
opacifying agent, especially carbon black knoWn as Furnace 
type carbon black. 

[0015] The opaque core layer preferably comprises in the 
range from 0.05% to 10%, more preferably 0.1% to 5%, 
particularly 0.2% to 4%, and especially 0.3% to 1% of 
opacifying agent, by Weight based on the Weight of the core 
layer polyester. The opacifying agent, preferably of carbon 
black, suitably has a mean particle diameter in the range 
from 0.005 to 10 pm, more preferably 0.01 to 1.5 pm, 
especially 0.015 to 0.1 pm, and particularly 0.02 to 0.05 pm. 

[0016] The opacifying agent preferably has a BET surface 
area, measured as described herein, in the range from 20 to 
300, more preferably 50 to 200, and particularly 110 to 160 
m2gm_1. 
[0017] The opaque core layer is suitably grey or black, and 
preferably exhibits a CIE laboratory colour co-ordinate L* 
value, measured as herein described, in the range from 10 to 
60, more preferably 15 to 50, particularly 20 to 40, and 
especially 25 to 35. 

[0018] In a preferred embodiment of the invention, the 
opaque core layer additionally comprises at least one Whit 
ening agent, as described beloW. It is particularly preferred 
that the opaque core layer comprises the same Whitening 
agent(s) present in the White outer layers, ie the opaque core 
and White outer layers comprise at least one common 
Whitening agent. The opaque core layer suitably comprises 
in the range from 5% to 99%, preferably 25% to 97%, more 
preferably 60% to 95%, particularly 70% to 90%, and 
especially 75% to 85% by Weight of Whitening agent, 
relative to the Weight of Whitening agent present in the White 
outer layers. 

[0019] The thickness of the opaque core layer is preferably 
in the range from 0.5 to 150 pm, more preferably 5 to 100 
pm, particularly 30 to 80 pm, and especially 50 to 70 pm. 

[0020] The White outer layers preferably exhibit a Trans 
mission Optical Density (TOD) in the range from 0.4 to 
1.75, more preferably 0.5 to 1.2, especially 0.6 to 1.0, and 
particularly 0.7 to 0.9. The aforementioned TOD ranges are 
particularly applicable to a 45 pm thick outer layer. The 
outer layers are conveniently rendered White by incorpora 
tion therein of an effective amount of a Whitening agent. 
Suitable Whitening agents include a particulate inorganic 
?ller, an incompatible resin ?ller, or a mixture of tWo or 
more such ?llers. 
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[0021] Particulate inorganic ?llers suitable for generating 
a White outer layer include conventional inorganic pigments 
and ?llers, and particularly metal or metalloid oxides, such 
as alumina, silica and titania, and alkaline metal salts, such 
as the carbonates and sulphates of calcium and barium. 
Suitable inorganic ?llers may be homogeneous and consist 
essentially of a single ?ller material or compound, such as 
titanium dioxide or barium sulphate alone. Alternatively, at 
least a proportion of the ?ller may be heterogeneous, the 
primary ?ller material being associated With an additional 
modifying component. For example, the primary ?ller par 
ticle may be treated With a surface modi?er, such as a 
pigment, soap, surfactant coupling agent or other modi?er to 
promote or alter the degree to Which the ?ller is compatible 
With the outer layer polyester. 

[0022] Suitable particulate inorganic ?llers may be of the 
non-voiding or voiding type, ie by voiding is meant com 
prises a cellular structure containing at least a proportion of 
discrete, closed cells. Barium sulphate is an example of a 
?ller Which results in the formation of voids. Titanium 
dioxide may be of the voiding or non-voiding type, depen 
dant upon the particular type of titanium dioxide employed. 
In a preferred embodiment of the invention, the White outer 
layers comprise titanium dioxide or barium sulphate, or a 
mixture thereof. 

[0023] The amount of inorganic ?ller incorporated into the 
White outer layers desirably should be not less than 1% nor 
exceed 50% by Weight, based on the Weight of the outer 
layer polyester. Particularly satisfactory levels of Whiteness 
are achieved When the concentration of ?ller is preferably in 
the range from 5% to 30%, more preferably 15% to 25%, 
and particularly 18% to 22% by Weight, based on the Weight 
of the outer layer polyester. In one embodiment of the 
invention, the outer layers comprise a mixture of titanium 
dioxide and barium sulphate particles, preferably present in 
a Weight ratio in the range from 3 to 04:1, more preferably 
2 to 0.811, and particularly 1.5 to 1:1. 

[0024] The titanium dioxide ?ller particles may be of 
anatase or rutile crystal form. The titanium dioxide particles 
preferably comprise a major portion of rutile, more prefer 
ably at least 60% by Weight, particularly at least 80%, and 
especially approximately 100% by Weight of rutile. The 
particles can be prepared by standard procedures, such as 
using the chloride process, or preferably by the sulphate 
process. 

[0025] In one embodiment of the invention the titanium 
dioxide particles are coated preferably With inorganic oxides 
such as aluminium, silicon, Zinc, magnesium or mixtures 
thereof. Preferably the coating additionally comprises an 
organic compound, such as fatty acids and preferably 
alkanols, suitably having from 8 to 30, preferably from 12 to 
24 carbon atoms. Polydiorganosiloxanes or polyorganohy 
drogensiloxanes, such as polydimethylsiloxane or polym 
ethylhydrogensiloxane are suitable organic compounds. 

[0026] The coating is suitably applied to the titanium 
dioxide particles in aqueous suspension. The inorganic 
oxides are precipitated in aqueous suspension from Water 
soluble compounds such as sodium aluminate, aluminium 
sulphate, aluminium hydroxide, aluminium nitrate, silicic 
acid or sodium silicate. 

[0027] The individual or primary titanium dioxide par 
ticles suitably have a mean crystal siZe, as determined by 
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electron microscopy, in the range from 0.05 to 0.4 pm, 
preferably 0.1 to 0.3 pm, and more preferably 0.2 to 0.25 
pm. In a preferred embodiment of the invention, the primary 
titanium dioxide particles aggregate to form clusters or 
agglomerates comprising a plurality of titanium dioxide 
particles. The aggregation process of the primary titanium 
dioxide particles may take place during the actual synthesis 
of the titanium dioxide and/or during the polyester and/or 
polyester ?lm making process. 

[0028] The inorganic ?ller, suitably aggregated titanium 
dioxide and/or barium sulphate, preferably has a volume 
distributed median particle diameter (equivalent spherical 
diameter corresponding to 50% of the volume of all the 
particles, read on the cumulative distribution curve relating 
volume % to the diameter of the particles—often referred to 
as the “D(v,0.5)” value) in the range from 0.1 to 1.5 pm, 
more preferably 0.2 to 1.2 pm, particularly 0.4 to 1.0 pm, 
and especially 0.6 to 0.9 pm. 

[0029] It is preferred that none of the ?ller particles 
incorporated into the outer layers according to this invention 
should have an actual particle siZe exceeding 20 pm. Par 
ticles exceeding such a siZe may be removed by sieving 
processes Which are knoWn in the art. HoWever, sieving 
operations are not alWays totally successful in eliminating 
all particles greater than a chosen siZe. In practice, therefore, 
the siZe of 99.9% by number of the particles should not 
exceed 20 pm. Most preferably the siZe of 99.9% of the 
particles should not exceed 10 pm. Preferably at least 90%, 
more preferably at least 95% of the ?ller particles, are Within 
the range of the volume distributed median particle diameter 
10.5 pm, and particularly 10.3 pm. 

[0030] Particle siZe of the ?ller particles described herein 
may be measured by electron microscope, coulter counter, 
sedimentation analysis and static or dynamic light scatter 
ing. Techniques based on laser light diffraction are preferred. 
The median particle siZe may be determined by plotting a 
cumulative distribution curve representing the percentage of 
particle volume beloW chosen particle siZes and measuring 
the 50th percentile. The volume distributed median particle 
diameter of the ?ller particles is suitably measured using a 
Malvern Instruments MastersiZer MS 15 Particle SiZer after 
dispersing the ?ller in ethylene glycol in a high shear (eg 
Chemcoll) mixer. 

[0031] By an “incompatible resin” is meant a resin Which 
either does not melt, or Which is substantially immiscible 
With the polyester, at the highest temperature encountered 
during extrusion and fabrication of the White outer layers. 
Such resins include polyamides and ole?n polymers, par 
ticularly a homo- or co-polymer of a mono-alpha-ole?n 
containing up to 6 carbon atoms in its molecule, for incor 
poration into polyester ?lms. Preferred materials, particu 
larly for incorporation into polyethylene terephthalate outer 
layers, include an ole?n polymer, such as a loW or high 
density homopolymer, particularly polyethylene, polypro 
pylene or poly-4-methylpentene-1, an ole?n copolymer, 
particularly an ethylene-propylene copolymer, or a mixture 
of tWo or more thereof. Random, block or graft copolymers 
may be employed. 

[0032] Dispersibility of the aforementioned ole?n poly 
mer in a White outer layer may be inadequate to confer the 
desired characteristics. Preferably, therefore a dispersing 
agent is incorporated together With the ole?n polymer soft 
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ening agent. The dispersing agent conveniently comprises a 
carboxylated polyole?n, particularly a carboxylated poly 
ethylene. Suitable carboxylated polyole?ns include those 
having a Brook?eld Viscosity (140° C.) in the range 150 
100000 cps (preferably 150-50000 cps) and an Acid Number 
in the range 5-200 mg KOH/g (preferably 5-50 mg KOH/g), 
the Acid Number being the number of mg of KOH required 
to neutralise 1 g of polymer. 

[0033] The amount of dispersing agent may be selected to 
provide the required degree of dispersibility, but conve 
niently is in the range from 0.05% to 50%, preferably 0.5% 
to 20% by Weight, based on the Weight of the ole?n polymer. 

[0034] The amount of incompatible resin ?ller present in 
the White outer layers is preferably Within the range from 2% 
to 30%, more preferably 3% to 20%, particularly 4% to 
15%, and especially 5% to 10% by Weight, based on the 
Weight of the outer layer polyester. 

[0035] In one embodiment of the invention, the White 
outer layers comprise an optical brightener. An optical 
brightener may be included at any stage of the polyester or 
polyester ?lm production. Preferably the optical brightener 
is added to the glycol, or alternatively by subsequent addi 
tion to the polyester prior to the formation of the polyester 
?lm, eg by injection during extrusion. The optical brightener 
is preferably added in amounts in the range from 50 to 1500 
ppm, more preferably 100 to 1000 ppm, and especially 200 
to 300 ppm by Weight, relative to the Weight of the outer 
layer polyester. Suitable optical brighteners include those 
available commercially under the trade names “Uvitex” 
MES, “Uvitex” OB, “Leucopur” EGM and “Eastobrite” 
OB-1. 

[0036] The components of the opaque core layer and/or 
White outer layer compositions may be mixed together in 
conventional manner. For example, by mixing With the 
monomeric reactants from Which the polyester is derived, or 
the components may be mixed With the polyester by tumble 
or dry blending or by compounding in an extruder, folloWed 
by cooling and, usually, comminution into granules or chips. 
Alternatively, masterbatching technology may be employed. 

[0037] The external surface of the White outer layers 
preferably exhibit an 60° gloss value, measured as herein 
described, in the range from 30% to 60%, more preferably 
35% to 55%, particularly 40% to 50%, and especially 42% 
to 46%. 

[0038] The external surface of the White outer layers 
preferably exhibit a root mean square surface roughness 
(Rq), measured as herein described, in the range from 100 to 
1000 nm, more preferably 120 to 700 nm, particularly 130 
to 600 nm, and especially 150 to 500 nm. 

[0039] The thickness of the White outer layers is prefer 
ably in the range from 5 to 150 pm, more preferably 10 to 
100 pm, particularly 15 to 50 pm, and especially 20 to 30 
pm. 

[0040] The polyester ?lm according to the present inven 
tion preferably has the folloWing CIE laboratory colour 
co-ordinate values for L*, a* and b*, measured as herein 
described. The L* value is preferably in the range from 90 
to 100, more preferably 93 to 99, and particularly 96 to 98. 
The a* value is preferably in the range from —3 to 2, more 
preferably —2 to 1, particularly —1 to 0.5, and especially —0.8 
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to 0.2. The b* value is preferably in the range from —10 to 
5, more preferably —5 to 3, particularly —3 to 1, and 
especially —2 to 0. 

[0041] The polyester ?lm preferably exhibits a Whiteness 
index, measured as herein described, in the range from 80 to 
120, more preferably 85 to 110, particularly 90 to 105, and 
especially 95 to 100 units. 

[0042] The polyester ?lm preferably exhibits a Transmis 
sion Optical Density (TOD), in the range from 2.5 to 10, 
more preferably 3.0 to 8.0, particularly 4.0 to 7.0, and 
especially 5.0 to 6.0. 

[0043] The polyester ?lm according to the present inven 
tion is a multilayer structure comprising, in order, White 
outer layer/opaque core layer/White outer layer. The tWo 
White outer layers may be different as regards chemical 
composition, thickness etc, but are suitably the same, ie a 
symmetrical structure is preferred. In a particularly preferred 
embodiment of the invention, the external surface of each of 
the tWo White outer layers are similar or substantially the 
same, by Which is meant the difference in the 85° gloss value 
for the tWo surfaces is in the range from 0 to 3%, more 
preferably 0 to 2%, particularly 0 to 1%, and especially 0 to 
0.5%. In addition, the difference in the Whiteness index for 
the tWo surfaces is preferably in the range from 0 to 3, more 
preferably 0 to 2, particularly 0 to 1, and especially 0 to 0.5 
units. Further, the difference in the root mean square surface 
roughness (Rq) value for the tWo surfaces is preferably in the 
range from 0 to 100 nm, more preferably 0 to 50 nm, 
particularly 0 to 20 nm, and especially 0 to 5 nm. 

[0044] The overall thickness of the polyester ?lm accord 
ing to the invention is preferably in the range from 12 to 350 
pm, more preferably 50 to 250 pm, particularly 100 to 200 
pm, and especially 100 to 175 pm. The thickness of the 
opaque core layer is preferably in the range from 10% to 
80%, more preferably 20% to 65%, particularly 30% to 
60%, and especially 40% to 50% of the thickness of the 
polyester ?lm. 

[0045] Apolyester ?lm according to the invention may be 
coated on one or both surfaces With one or more additional 

coating, ink and/or lacquer layers, for example to form a 
coated ?lm Which exhibits improved properties, such as 
handleability, antistatic or adhesion promoting, compared 
With the uncoated ?lm. Suitable coating materials include 
?lm-forming polymeric resins such as acrylic resins, copoly 
esters, styrene copolymers, acrylic copolymers, functiona 
lised polyole?ns, polyvinyl alcohol, polyallylamine, cellu 
losic materials such as nitrocellulose, ethylcellulose and 
hydroxyethylcellulose. Blends or mixtures of any of the 
aforementioned polymeric resins may be employed. 

[0046] Aparticularly preferred coating layer comprises an 
acrylic Copolymer comprising 35 to 60 mole % of ethyl 
acrylate/30 to 55 mole % of methyl methacrylate/2 to 20 
mole % of methacrylamide, and especially comprising 
approximate molar proportions 46/46/8% respectively of 
ethyl acrylate/methyl methacrylatelacrylamide or methacry 
lamide, the latter polymer being particularly effective When 
thermoset, for example in the presence of about 25 Weight 
% of a methylated melamine-formaldehyde resin. 

[0047] Prior to the deposition of a coating medium onto 
the polyester ?lm, the exposed surface thereof may, if 
desired, be subjected to a chemical or physical surface 
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modifying treatment to improve the bond betWeen that 
surface and the subsequently applied coating layer. A pre 
ferred treatment is corona discharge. Alternatively, the sur 
face of the polyester ?lm may be pre-treated With an agent 
knoWn in the art to have a solvent or sWelling action thereon. 
For a polyester ?lm, a suitable material includes a haloge 
nated phenol dissolved in a common organic solvent, eg a 
solution of p-chloro-m-cresol, 2,4-dichlorophenol, 2,4,5- or 
2,4,6-trichlorophenol or 4-chlororesorcinol in acetone or 
methanol. 

[0048] The coating medium may be applied to an already 
oriented polyester ?lm surface, but application of the coat 
ing medium is preferably effected before or during the 
stretching operation. In particular, it is preferred that the 
coating medium should be applied to the polyester ?lm 
surface betWeen the tWo stages (longitudinal and transverse) 
of a biaxial stretching operation. 

[0049] The layers of a polyester ?lm according to the 
invention may, if desired, contain any of the additives 
conventionally employed in the manufacture of polymeric 
?lms. Thus, agents such as dyes, pigments, voiding agents, 
lubricants, anti-oxidants, anti-blocking agents, surface 
active agents, slip aids, gloss-improvers, prodegradants, 
ultra-violet light stabilisers, viscosity modi?ers and disper 
sion stabilisers may be incorporated as appropriate. 

[0050] The polyester ?lm described herein can be used in 
a Wide range of applications, particularly Where high optical 
density is required. The polyester ?lm is especially suitable 
for use in imaging applications such as photographic imag 
ing, for Writing on, in printing applications such as thermal 
and laser transfer printing, ink-jet printing, lithographic 
printing including digital off-set lithographic printing, pho 
tocopying etc. Aparticularly preferred application is ink-jet 
printing. Any of the knoWn ink-receiving layers may be 
applied to the surface of the polyester ?lm according to the 
present invention, to form an inkable sheet suitable for inkjet 
printing. 

[0051] The aforementioned ink-receiving layers are Well 
knoWn in the art, and are generally hydrophilic, highly 
absorbent materials and may be formed from a Wide range 
of polymeric materials, such as an acrylic, polyester, cellu 
losic resin, polyvinyl pyrrolidone, polyvinyl alcohol, or 
mixtures thereof. 

[0052] The invention is illustrated by reference to the 
folloWing draWings in Which: 

[0053] FIG. 1 is a schematic sectional elevation, not to 
scale, of a polyester ?lm having an opaque core layer and 
tWo White outer layers. 

[0054] FIG. 2 is a similar schematic elevation of a ?lm 
shoWn in FIG. 1, With adhesion promoting layers on the 
surface of each of the tWo White outer layers. 

[0055] Referring to FIG. 1 of the draWings, the polyester 
?lm comprises an opaque core layer (1) having a ?rst White 
outer layer (2) bonded to a ?rst surface (3) of the core layer, 
and a second White outer layer (4) on the second surface (5) 
of the core layer 

[0056] The ?lm of FIG. 2 additionally comprises a ?rst 
adhesion promoting layer (6) on the surface (7) of the ?rst 
White outer layer (2) remote from the core layer (1), and a 
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second adhesion promoting layer (8) on the surface (9) of the 
second White outer layer (4) remote from the core layer 

[0057] In this speci?cation the following test methods 
have been used to determine certain properties of the poly 
ester ?lm: 

[0058] Transmission Optical Density (TOD) of the 
?lm Was measured using a Macbeth Densitometer TR 
927 (obtained from Dent and Woods Ltd, Basingstoke, 
UK) in transmission mode. 

[0059] (ii) L*, a* and b* colour co-ordinate values (CIE 
(1976)) and Whiteness index Were measured using a 
Colorgard System 2000, Model/45 (manufactured by 
Paci?c scienti?c) based on the principles described in 
ASTM D 313. 

[0060] (iii) 60° gloss value of the ?lm surface Was 
measured using a Dr Lange Re?ectometer REFO 3 
(obtained from Dr Bruno Lange, GmbH, Dusseldorf, 
Germany) according to DIN 67530. 

[0061] (iv) The ?lm surface root mean square roughness 
(Rq) Was measured using a Wyko Optical Pro?ler over 
a ?eld of vieW of 09x12 mm. 

[0062] The invention is further illustrated by reference to 
the folloWing examples. 

EXAMPLE 1 

[0063] Separate streams of a core layer polymer of 
polyethylene terephthalate comprising 3% by Weight, rela 
tive to the Weight of polyethylene terephthalate, of Furnace 
type carbon black having a mean particle diameter of 23 nm 
and BET speci?c surface area of 150 m2gm_1 (measured by 
multi-point nitrogen adsorption using a Micromeritics ASAP 
2400 (Micromeritics Limited, Dunstable, UK)), and (ii) tWo 
outer layer polymers of polyethylene terephthalate compris 
ing 15% by Weight, relative to the Weight of polyethylene 
terephthalate, of rutile titanium dioxide having a volume 
distributed median particle diameter of 0.7 pm, Were sup 
plied from separate extruders to a single channel coextrusion 
assembly. The polyester layers Were extruded through a 
?lm-forming die onto a Water cooled rotating, quenching 
drum to yield an amorphous cast composite extrudate. The 
cast extrudate Was heated to a temperature of about 80° C. 
and then stretched longitudinally at a forWard draW ratio of 
2.911. The ?lm Was passed into a stenter oven, Where the ?lm 
Was dried and stretched in the sideWays direction to approxi 
mately 3.4 times its original dimensions. The biaxially 
stretched polyester ?lm Was heat set at a temperature of 
about 220° C. Final ?lm thickness Was 100 pm. The opaque 
core layer Was 15 pm thick, and the tWo White outer layers 
Were both 42.5 pm thick. 

[0064] The polyester ?lm Was subjected to the test proce 
dures described herein and exhibited the folloWing proper 
ties: 

[0065] Transmission Optical Density (TOD)=4.1. 

[0066] (ii) L*=94.06 (difference betWeen the tWo White 
outer layer surfaces=0.3). 

[0067] 

[0068] b*=-0.43. 
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[0069] Whiteness Index=87.76 units (difference 
betWeen the tWo White outer layer surfaces=0.91 

units). 
[0070] (iii) 600 gloss value=53.0% (difference betWeen 

the tWo White outer layer surfaces= 

[0071] 0.1% 

[0072] (iv) Root mean square surface roughness (Rq)= 
175 nm (difference betWeen the tWo White outer layer 
surfaces=7 nm). 

[0073] The ?lm Was suitable for imaging on both surfaces 
thereof. The ?lm Was Written on using a black marker pen, 
and the Writing could not be seen through the other side of 
the ?lm even When the ?lm Was held up to the WindoW or 
to a bright arti?cial light, eg on an overhead projector. 

EXAMPLE 2 

[0074] The procedure of Example 1 Was repeated except 
that the core layer comprised 2% of carbon black, and ?nal 
?lm thickness Was 175 pm, the opaque core layer being 18 
pm thick, and the tWo White outer layers being both 78.5 pm 
thick. 

[0075] The polyester ?lm Was subjected to the test proce 
dures described herein and exhibited the folloWing proper 
ties: 

[0076] Transmission Optical Density (TOD)=4.9. 

[0077] (ii) L* =96.38 (difference betWeen the tWo White 
outer layer surfaces=0.02). 

[0078] 
[0079] b*=-1.96. 

[0080] Whiteness Index=80.02 units (difference 
betWeen the tWo White outer layer surfaces=0.97 

units). 
[0081] (iii) 60° gloss value=53.1% (difference betWeen 

the tWo White outer layer surfaces=0.1%). 

[0082] The ?lm Was also suitable for imaging on both 
surfaces thereof. 

EXAMPLE 3 

[0083] The procedure of Example 1 Was repeated except 
that the core layer comprised 2% of carbon black, the White 
outer layers comprised 18% by Weight, relative to the Weight 
of polyethylene terephthalate, of barium sulphate having a 
volume distributed median particle diameter of 0.8 pm. The 
opaque core layer Was 10 pm thick, and the tWo White outer 
layers Were both 45 pm thick. 

[0084] The polyester ?lm Was subjected to the test proce 
dures described herein and exhibited the folloWing proper 
ties: 

[0085] Transmission Optical Density (TOD)=2.6. 

[0086] (ii) L* =93.61 (difference betWeen the tWo White 
outer layer surfaces=0.07). 

[0087] 

[0088] b*=-3.23. 
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[0089] Whiteness Index=101.96 units (difference 
between the tWo White outer layer surfaces=0.04 

units). 
[0090] (iii) 60° gloss value=52.15% (difference 

betWeen the tWo White outer layer surfaces=1.1%). 

[0091] (iv) Root mean square surface roughness (Rq)= 
335 nm (difference betWeen the tWo White outer layer 
surfaces=70 nm). 

[0092] The ?lm Was also suitable for imaging on both 
surfaces thereof. 

EXAMPLE 4 

[0093] The procedure of Example 1 Was repeated except 
that the core layer comprised 0.3% of carbon black and 16% 
of rutile titanium dioxide, and the tWo outer layers com 
prised 20% of rutile titanium dioxide. The ?nal ?lm thick 
ness Was 100 pm, the opaque core layer being 50 pm thick, 
and the tWo White outer layers being both 25 pm thick. 

[0094] The polyester ?lm Was subjected to the test proce 
dures described herein and exhibited the folloWing proper 
ties: 

[0095] Transmission Optical Density (TOD)=6.2. 

[0096] (ii) L*=95.85. 

[0098] b*=—1.80. 

[0099] Whiteness Index=99.80 units. 

[0100] (iii) 60° gloss value=43.6% 

[0101] (iv) Root mean square surface roughness (Rq)= 
257 nm. 

[0102] The ?lm Was also suitable for imaging on both 
surfaces thereof. 

EXAMPLE 5 

[0103] The procedure of Example 4 Was repeated except 
that the ?nal ?lm thickness Was 175 pm, the opaque core 
layer being 87.5 pm thick, and the tWo White outer layers 
being both 43.8 pm thick. 

[0104] The polyester ?lm Was subjected to the test proce 
dures described herein and exhibited the folloWing proper 
ties: 

[0105] Transmission Optical Density (TOD)=6.5. 

[0106] (ii) L*=97.12. 

[0108] b*=—1.04. 

[0109] Whiteness Index=98.66 units. 

[0110] (iii) 60° gloss value=49.0% 

[0111] The ?lm Was also suitable for imaging on both 
surfaces thereof. 

EXAMPLE 6 

[0112] The procedure of Example 1 Was repeated except 
that the core layer comprised 0.25% of carbon black, and the 
tWo outer layers comprised 15% of anatase titanium dioxide. 
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The ?nal ?lm thickness Was 100 pm, the opaque core layer 
being 50 pm thick, and the tWo White outer layers being both 
25 pm thick. 

[0113] The polyester ?lm Was subjected to the test proce 
dures described herein and exhibited the folloWing proper 
ties: 

[0114] Transmission Optical Density (TOD)=5.55. 

[0115] (ii) L*=87.74. 

[0116] 

[0117] b*=—6.97. 

[0118] Whiteness Index=106.29 units. 

[0119] (iii) 60° gloss value=47.5% 

[0120] The ?lm Was also suitable for imaging on both 
surfaces thereof. 

EXAMPLE 7 

[0121] The procedure of Example 1 Was repeated except 
that the core layer comprised 0.2% of carbon black and 
12.5% of rutile titanium dioxide, and the tWo outer layers 
comprised 15% of rutile titanium dioxide and 1000 ppm of 
optical brightener. The ?nal ?lm thickness Was 100 pm, the 
opaque core layer being 50 pm thick, and the tWo White outer 
layers being both 25 pm thick. 

[0122] The polyester ?lm Was subjected to the test proce 
dures described herein and exhibited the folloWing proper 
ties: 

[0123] Transmission Optical Density (TOD)=5.03. 

[0124] (ii) L*=93.0. 

[0125] 

[0126] b*=—3.70. 

[0127] Whiteness Index=103.00 units. 

[0128] (iii) 60° gloss value=41.7% 

[0129] The ?lm Was also suitable for imaging on both 
surfaces thereof. 

EXAMPLE 8 

[0130] The procedure of Example 7 Was repeated except 
that the tWo outer layers comprised no optical brightener. 

[0131] The polyester ?lm Was subjected to the test proce 
dures described herein and exhibited the folloWing proper 
ties: 

[0132] Transmission Optical Density (TOD)=5.03. 

[0133] (ii) L*=93.8. 

[0134] 

[0135] b*=—1.80. 

[0136] Whiteness Index=94.6 units. 
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[0137] The ?lm Was also suitable for imaging on both 
surfaces thereof. 

EXAMPLE 9 

[0138] This is a Comparative Example not according to 
the invention. Apolyethylene terephthalate mono?lm com 
prising 18% by Weight, relative to the Weight of polyethyl 
ene terephthalate, of barium sulphate Was produced accord 
ing to the general ?lm making procedures described in 
Example 1. The ?nal ?lm thickness Was 100 pm. 

[0139] The polyester ?lm Was subjected to the test proce 
dures described herein and exhibited the folloWing proper 
ties: 

[0140] Transmission Optical Density (TOD)=1.05. 

[0141] (ii) L*=96.90. 

[0142] a*=0.28. 

[0144] Whiteness Index=98.34 units. 

[0145] (iii) 600 gloss value=43.9% 

[0146] The ?lm Was unsuitable for imaging on both sides. 
An image applied on one side of the ?lm With a black marker 
pen, could be seen through the other side of the ?lm When 
the ?lm Was held up to the light. 

1. A polyester ?lm comprising an opaque core layer 
having an optical density greater than 2.0, having on both 
surfaces thereof, a White outer layer. 
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2. A ?lm according to claim 1 Wherein the core layer 
comprises in the range from 0.05% to 10% by Weight of 
opacifying agent, based on the Weight of the core layer 
polyester. 

3. A ?lm according to claim 2 Wherein the opacifying 
agent comprises carbon black. 

4. A ?lm according to any one of the preceding claims 
Wherein the core layer comprises a Whitening agent. 

5. A ?lm according to any one of the preceding claims 
Wherein the outer layers comprise in the range from 5% to 
30% by Weight of a Whitening agent, based on the Weight of 
the outer layer polyester. 

6. A?lm according to either one of claims 4 and 5 Wherein 
the same Whitening agent is present in both the core layer 
and the outer layers. 

7. A ?lm according to any one of the preceding claims 
Wherein the thickness of the opaque core layer is in the range 
from 20% to 65% of the thickness of the polyester ?lm. 

8 A?lm according to claim 7 Wherein the difference in the 
Whiteness index for the tWo outer layers is in the range from 
0 to 3%. 

9. A ?lm according to any one of the preceding claims 
additionally comprising an ink-receptive layer suitable for 
ink-jet printing, on at least one surface of the outer layer. 

10. A method of producing a polyester ?lm Which com 
prises forming an opaque core layer having an optical 
density greater than 2.0, and applying on both surfaces 
thereof, a White outer layer. 

* * * * * 


