
5 Method for making a polycarbonate multi-layer  structure Field of the
invention. The invention relates to a method for making  a structure with at
least one first polymer  10 layer and a second polymer layer each made from
a polycarbonate polymer based on bisphenol A,  between the polymer layers an
intermediate layer  being arranged, comprising the following steps:  the
intermediate layer is applied at least on a 15 partial region of the first
polymer layer, then  the second polymer layer is placed on the first
polymer layer or the intermediate layer, and the  first polymer layer and
the second polymer layer  are laminated with each other under pressure, at
20 an increased temperature and for a defined time.  The invention further
relates to a structure ob- tainable in this way, to the use of the method
for making a security and/or value document, and  to a security and/or value
document to be thus  25 made. Background of the invention and prior art.
Plastic cards are typically made by lamina- tion of films, which are adapted
as polymer lay- ers. For this purpose, a close connection be 30 tween the
polymer layers is produced under pres- sure at a temperature, which is above
the sof- tening point (glass point) of the polymer lay 2  ers, by that the
polymer chains being movable  above the glass point mix with each other, and



in an ideal case an inseparable, monolithic  structure is obtained from the
polymer layers. 5 These polymer layers may in part be provided  with
additional features, e.g. pigmentations for  optimizing the densities are
included in laser  engraving. Between the polymer layers, additional ele- 10
ments are normally provided, in particular an  intermediate layer, for
instance a printing  layer in the form of security printing elements,  such
as guilloches, microprint and so on or spe- cial inks such as optical
variable ink (OVI) and 15 the like may be provided on one of the polymer
layers and in the completed structure between  the polymer layers. An
intermediate layer may  however also be for instance a film with dif-
fractive elements as a security feature. In par 20 ticular it is also
possible, to integrate a  photographically produced image as an intermedi-
ate layer between the polymer layers. A method  with regard thereto is
described in the document  DE 10 2007 018 450.8. Such an intermediate layer
25 may cover or underlie a part only of the under- lying and/or overlying
polymer layer, may how- ever also be stacked therewith in a coincident
manner. It is common to all these examples that the  30 intermediate layer
may disturb the above process  of the lamination, in particular if the
interme- diate layer is incompatible with the polymer  layers to be
combined. This incompatibility may  



consist in that the intermediate layer obstructs 3  as a separating layer
the process of the mixture  of the softened polymer layers. For instance, it
has been found that print- ing layers will normally excellently adhere to  5
the actual printing substrate, the first polymer layer, in the completed
structure, the adhesion  to the second polymer layer applied during the
lamination on the printing layer is worse com- pared thereto, and
consequently a delamination 10 may occur between the intermediate layer and
the  second polymer layer. The weak point is thus the  boundary layer
between the printing layer and  the applied and laminated second polymer
layer.  This may be particularly critical for full-sur- 15 face printing on
the first polymer layer. From the document EP 0 688 839 A2, polycar- bonates
based on a geminally disubstituted dihy- droxydiphenyl cycloalkane are per
se known. In  this prior art, such polycarbonates are used as 20 binding
agents of silk-screen printing inks.  From this document can also be taken
methods for  making such polycarbonates. This document with  its complete
contents is hereby included in the  scope of disclosure of the present
application. 25 Technical object of the invention. It is therefore the
technical object of the  invention to provide a method for laminating an
intermediate layer being not compatible or only  to a reduced degree, with
polycarbonate polymer 



30 layers between suct polycarbonate polymer lay- ers, which results n a
structure, which secures  a better protectic-i against delamination and 4
consequently a very high integrity and durabil- ity of the produced
structure. Basics of the invention and preferred embodi- ments. 5 For
achieving this technical object, the in- vention teaches a method for making
a structure  with at least one first polymer layer and a sec- ond polymer
layer, each made from a polycarbon- ate polymer based on bisphenol A,
between the 10 first polymer layer and the second polymer layer  an
intermediate layer being arranged, comprising  the following steps: a) the
intermediate layer  is applied at least on a partial region of the  first
polymer layer, b) optionally the interme 15 diate layer is dried, c) the
first polymer layer  is coated on the side, on which the intermediate  layer
is arranged, at least partially with a  liquid preparation comprising a
solvent or a  mixture of solvents and a polycarbonate deriva 20 tive based
on a geminally disubstituted dihy- droxydiphenyl cycloalkane, the
preparation cov- ering the intermediate layer, preferably com- pletely, d)
optionally a drying step is made af- ter step c), e) after step c) or step
d), the 25 second polymer layer is placed on the first  polymer layer,
covering the intermediate layer,  f) the first polymer layer and the second
poly- 



mer layer are laminated with each other under  pressure, at a temperature
from 120 C to 230 C  30 and for a defined time. First of all, the invention
is based on the  finding that polycarbonate derivatives used ac- cording to
the invention are highly compatible 5  with polycarbonate materials for
films, in par- ticular with polycarbonates based on bisphenol  A, such as
for instance Makrofol(r) films. The  high compatibility is shown by that the
layer 5 provided according to the invention with a poly- carbonate
derivative combines with the polycar- bonate materials of the films to form
a mono- lithic structure. A layer boundary between the  materials cannot
optically be detected anymore  10 after the lamination. Surprisingly, it was
found, however, that by  interposition of a layer with a polycarbonate
derivative used according to the invention be- tween the intermediate layer
(already applied on 15 the first polymer layer and well adhering  thereto)
and the second polymer layer, also a  good adhesion of the intermediate
layer to the  second polymer film is achieved, and that in  particular also
for materials of the intermedi 20 ate layer, which are not polymers based on
bisphenol A or of the polycarbonate derivate.  Overall, a structure being
substantially im proved with regard to integrity and durability  is
obtained. 



25 Another advantage of the invention is that  the liquid preparations used
according to the  invention, in particular solutions, can be ap- plied by
printing techniques and can therefore  be employed for the conventional
printing meth 30 ods (e.g. screen, gravure, letterpress and flat  printing,
but also ink jet printing) with the  respective low layer thicknesses.
Commercially  available adhesion systems (e.g. based on epox- ides) can
theoretically also be printed, would - 6  however change color during
lamination or lose  their adhesive properties. In principle, intermediate
layers of arbi- trary materials and arbitrary kind can be used  5 for the
invention. The intermediate layer may for instance be a printing layer, in
particular  comprising a security printing element and/or a  printed
photographic representation, a photo- graphic emulsion, and/or a film, in
particular a 10 diffractive security film. All intermediate lay- ers known
to the man skilled in the art of secu- rity and/or value documents can be
used. In this  context, it has to be noted that the term of the
intermediate layer of course also comprises a 15 plurality of adjacent small
elements, such as  for instance the matrix dots of a printing  layer. The
intermediate layer can be provided over  the full surface on the first
polymer layer. It  20 is however also possible that the intermediate 



layer is provided in a partial region only of  the surface of the first
polymer layer. Equally, the preparation can be applied over  the full
surface of the first polymer layer pro- 25 vided with the intermediate
layer, or only par tially, it is however essential that the inter- mediate
layer is completely covered. The pressure in step f) typically is in the
range from 1 bar to 10 bars, in particular in  30 the range from 3 bars to 7
bars. The temperature in step f) prefe.-ably is in the range from 140  C to
200 C, i particular in the range from  150 C to 180 C, The time of step e)
may be in 7  the range from 0.5 s to 120 s, in particular  from 5 s to 60 s,
is however not relevant for  the invention.  In step d) drying may be
performed at a  5 temperature in the range from 20 C to 120 C,  in
particular from 60 C to 120 C, preferably  from 80 C to 110 C, for a time of
at least 1  min, preferably from 5 min to 600 min, in par- ticular from 10
min to 120 min. In the event 10 that the intermediate layer is for instance
a  printing layer, corresponding temperatures  and/or times can be used for
the optional step  b) , and the temperature may however also be be- low 60
C, for instance 20 C to 60 C, and the 15 time may alternatively also be
below 1 min, for  instance 1 s to 60 s. The layer thickness generated in
step c)  



(before or after drying) is for instance in the  range from 0.1 pm to 30 pm,
preferably from 1 pm  20 to 10 pm, in particular from 2 pm to 5 pm. The used
polymer layers may have thicknesses  in the range from 20 pm to 1,000 pm, in
particu- lar from 50 pm to 300 pm. The intermediate layer  may have a
thickness from 0.1 pm to 1,000 pm, in 25 particular from 1 pm to 50 pm. In
particular  printing layers will typically have layer thick- nesses in the
range from 1 pm to 30 pm. In con- trast thereto, photographic emulsions
and/or  other films, such as diffractive security films, 30 will rather have
lay,=r thicknesses in the range  from 5 pm to 1,000 p:i, in particular from
10 pm  to 100 um. - 8  It is preferred, if the polycarbonate de- rivative
has an average molecular weight (mean  weight) of at least 10,000,
preferably from  20,000 to 300,000. 5 In detail, the polycarbonate
derivative may  contain functional carbonate structure units of  formula
(I), R' R'  * O C O-i'  10 R2 ( ) R2 O X) m  R~ 4  (I)  wherein R1 and R2
are independently from each other hydrogen, halogen, preferably chlo- 



15 rine or bromine, C1-C8 alkyl, C5-C6 cycloalkyl,  C6-C10 aryl, preferably
phenyl, and C7-C12 aral- kyl, preferably phenyl-C1-C4 alkyl, in particu- lar
benzyl; m is an integer from 4 to 7, pref- erably 4 or 5; R3 and R4 can be
individually se 20 lected for each X, and independently represent  hydrogen
or C1-C6 alkyl; X is carbon and n an  integer greater than 20, with the
proviso that  at at least one atom X, R3 and R4 are both al- kyl. 25
Further, it is preferred, if at 1 to 2 atoms  X, in particular at one atom X
only, R3 and R4  both are alkyl. R3 and R4 may in particular be  methyl. The
X atoms in the alpha position to the  diphenyl-substituted atom (Cl) cannot
be dial 9  kyl-substituted. The X atoms in the beta posi- tion to C1 can be
disubstituted with alkyl. Pre- ferred is m = 4 or S. The polycarbonate
deriva- tive may for instance be formed based on mono 5 mers, such as
4,4'-(3,3,5-trimethyl cyclohexane- 1,1-diyl)diphenol, 4,4'-(3,3-dimethyl
cyclohex- ane-1,l-diyl) diphenol, or 4,4'-(2,4,4-trimethyl
cyclopentane-1,1-diyl)diphenol. A polycarbonate derivative used according to
10 the invention may for instance be made from di- phenols of formula (Ia)
according to the docu- ment DE 38 32 396.6, the scope of disclosure of
which with its complete contents is hereby in- cluded in the scope of
disclosure of this de- I5 scription. 



A diphenol of formula (Ia) under formation  of homopolycarbonates as well as
several diphe- nols of formula (Ia) under formation of copoly- carbonates
can be used (the meaning of radicals,  20 groups and parameters same as in
formula I). R R` H  HO< C 50- O R2 CX R~m  Rif/ \R 4  25 (_.a)  Furthermore,
the diphenols of formula (Ia) can also be used in a mixture with other
diphe- nols, for instance with those of formula (Ib) - 10  HO - Z - OH (Ib),
for making high-molecular, thermoplastic,  aromatic polycarbonate
derivatives. Suitable other diphenols of formula (Ib) are  5 those, wherein
Z is an aromatic radical with 6  to 30 C atoms, which may contain one or
several  aromatic nuclei, be substituted and contain ali- phatic radicals or
other cycloaliphatic radicals  than those of formula (Ia) or heteroatoms as
10 bridge members. Examples for the diphenols of formula (Ib)  are:
hydroquinone, resorcin, dihydroxydiphenyls,  bi-(hydroxyphenyl)-alkenes,
bis-(hydroxyphenyl)- cycloalkanes, bis-(hydroxyphenyl)-sulfides, bis 15
(hydroxyphenyl)-ethers, bis-(hydroxyphenyl)-ke- tones,
bis-(hydroxyphenyl)-sulfones, bis-(hy- 



droxyphenyl)-sulfoxides, alpha,alpha'-bis-(hy-
droxyphenyl)-diisopropylbenzenes and their nu- clear-alkylated and
nuclear-halogenated com- 20 pounds. These and other suitable diphenols are
e.g.  described in the documents US-A 3 028 365, 2 999  835, 3 148 172, 3
275 601, 2 991 273, 3 271 367,  3 062 781, 2 970 131 and 2 999 846, in the
docu 25 ments DE-A 1 570 703, 2 063 050, 2 063 052, 2  211 956, the FR-A 1
561 518 and in the monograph  "H. Schnell, Chemistry and Physics of Polycar-
bonates, Interscience Publishers, New York  1964", which with its complete
contents is 30 hereby included in the scope of disclosure of  the present
application. - 11  Preferred other diphenols are for instance:
4,4'-dihydroxydiphenyl, 2,2-bis-(4-hydroxyphe- nyl)-propane,
2,4-bis-(4-hydroxyphenyl)-2-me- thylbutane,
1,1-bis-(4-hydroxyphenyl)-cyclohex 5 ane,
alpha,alpha-bis-(4-hydroxyphenyl)-p-diiso- propylbenzene,
2,2-bis-(3-methyl-4-hydroxyphe- nyl)-propane,
2,2-bis-(3-chloro-4-hydroxyphe- nyl)-propane,
bis-(3,5-dimethyl-4-hydroxyphe- nyl)-methane,
2,2-bis-(3,5-dimethyl-4-hydroxy 10 phenyl)-propane,
bis-(3,5-dimethyl-4-hydroxyphe- nyl)-sulfone,
2,4-bis-(3,5-dimethyl-4-hydroxy- phenyl)-2-methylbutane,
1,1-bis-(3,5-dimethyl-4- hydroxyphenyl)-cyclohexane, alpha,alpha-bis-
(3,5-dimethyl-4-hydroxyphenyl)-p-diisopropylben 15 zene,
2,2-bis-(3,5-dichloro-4-hydroxyphenyl)- 



propane and 2,2-bis-(3,5-dibromo-4-hydroxyphe- nyl)-propane. Particularly
preferred diphenols of formula  (Ib) are for instance:
2,2-bis-(4-hydroxyphe- 20 nyl)-propane, 2,2-bis-(3,5-dimethyl-4-hydroxy
phenyl)-propane, 2,2-bis-(3,5-dichloro-4-hy- droxyphenyl)-propane,
2,2-bis-(3,5-dibromo-4-hy- droxyphenyl)-propane and 1,1-bis-(4-hydroxyphe-
nyl)-cyclohexane. In particular, 2,2-bis-(4-hy 25 droxyphenyl)-propane is
preferred. The other di- phenols may be used individually as well as in a
mixture. The molar ratio of diphenols of formula (Ia)  to, if applicable,
the also used other diphenols  30 of formula (Ib) should be between 100 mol
% (Ia) to 0 mol % (Ib) and 2 mol % (Ia) to 98 mol %  (Ib), preferably
between 100 mol % (Ia) to 0 mol  % (Ib) and 10 mol % (Ia) to 90 mol % (Ib)
and in  particular betwee1 100 -,,ol % (Ia) to 0 mot %  35 (Ib) and 30 mol %
(Ia) tc 70 mol % (Ib). - 12  The high-molecular polycarbonate derivatives
from the diphenols of formula (Ia), if applica- ble, in combination with
other diphenols, may be  made according to the known polycarbonate pro 5
duction methods. The different diphenols may be  linked in a statistical
manner as well as also  block-wise. The polycarbonate derivatives used
according  to the invention may be branched in a per se  10 known manner. If
the branching is desired, this 



can be achieved in a per se known manner by con- densation of small amounts,
preferably amounts  between 0.05 and 2.0 mols (referred to the used
diphenols), of three or more than three-func 15 tional compounds, in
particular such with three  or more than three phenolic hydroxyl groups.
Some branching agents with three or more than  three phenolic hydroxyl
groups are: phloroglu- cin, 4,6-dimethyl-2,4,6-tri-(4-hydroxyphenyl) 20
heptene-2, 4,6-dimethyl-2,4,6-tri-(4-hydroxyphe- nyl)-heptane,
l,3,5-tri-(4-hydroxyphenyl)-ben- zene, 1,1,1-tri-(4-hydroxyphenyl)-ethane,
tri- (4-hydroxyphenyl)-phenylmethane, 2,2-bis-[4,4-
bis-(4-hydroxyphenyl)-cyclohexyl]-propane, 2,4 25
bis-(4-hydroxyphenyl-isopropyl)-phenol, 2,6-is-
(2-hydroxy-5-methyl-benzyl)-4-methylphenol, 2-
(4-hydroxyphenyl)-2-(2,4-dihydroxyphenyl)-pro- pane,
hexa-[4-(4-hydroxyphenyl-isopropyl)-phe- nyl]-orthoterephthaiic acid ester,
tetra-(4-hy 30 droxyphenyl)-methane, tetra-[4-(4-hydroxyphenyl-
isopropyl)phenoxy]-ir3thane and 1,4-bis-[4',4''-
dihydroxytriphenyl)-.nethyl]-benzene. Some of the  other three-functic:ial
compounds are 2,4-dihy- droxy benzoic acid, trimesic acid, cyanuric 35
chloride and 3,3-bis-(3-methyl-4-hydroxyphenyl)- 2-oxo-2,3-dihydroindol. 13
As chain stoppers for the per se known con- trol of the molecular weight of
the polycarbon- ate derivatives are used monofunctional com- pounds in usual
concentrations. Suitable com 



5 pounds are e.g. phenol, tert-butylphenols or  other alkyl-substituted
phenols. For controlling  the molecular weight, in particular small  amounts
of phenols of formula (Ic) are suitable  R 10 (Ic)  wherein R is a branched
C8 and/or C9 alkyl  radical. Preferably the share of CH3 protons in the  15
alkyl radical R is between 47 and 89 % and the  share of the CH and CH2
protons is between 53  and 11 %; also preferably R is in an o and/or p
position to the OH group, and particularly pref- erably the upper limit of
the ortho share is 20 20 %. The chain stoppers are used in general in
amounts from 0.5 to 10, preferably from 1.5 to 8  mol %, referred to the
used diphenols. The polycarbonate derivatives may preferably  be made
according to the phase boundary method  25 (cf. H. Schnell Chenistry and
Physics of Poly carbonates, Polymer Reviews, Vol. IX, page  33ff.,
Interscience Publ. 1964) in a per se  known manner. Herein, the diphenols of
formula (Ia) are  30 dissolved in an aqueous alkaline phase. For mak - 14
ing copolycarbonates with other diphenols, mix- tures of diphenols of
formula (Ia) and the other  diphenols, for instance those of formula (Ib),
are used. For controlling the molecular weight, 



5 chain stoppers e.g. of formula (Ic) may be  added. Then a reaction is
performed in presence  of an inert, preferably polycarbonate-dissolv- ing,
organic phase with phosgene according to  the method of the phase boundary
condensation. 10 The reaction temperature is between 0 C and 40  C The, if
applicable, also used branching  agents (preferably 0.05 to 2.0 mol %) may
either  be presented with the diphenols in the aqueous 15 alkaline phase or
be added dissolved in the or- ganic solvent before the phosgenation. Beside
the diphenols of formula (Ia) and, if applica- ble, other diphenols (Ib),
thus their mono  and/or bis-chlorocarbonic acid esters can also 20 be used,
the latter being added dissolved in or- ganic solvents. The amount of chain
stoppers and  of branching agents then depends on the molar  amount of
diphenolate radicals corresponding to  formula (Ia) and, if applicable,
formula (Ib); 25 when chlorocarbonic acid esters are also used,  the amount
of phosgene can correspondingly be  reduced in a known manner. Suitable
organic solvents for the chain  stoppers and, if applicable, for the
branching  30 agents and the chlorocarbonic acid esters are for instance
methylene chloride, chlorobenzene  and in particular mixtures of methylene
chloride  and chlorobenzene. ::f applicable, the used chain  stoppers and
branching agents can be dissolved  35 in the same solvent.; 



- 15  As an organic phase for the phase boundary  polycondensation serve for
instance methylene  chloride, chlorobenzene and mixtures of methyl- ene
chloride and chlorobenzene. 5 As an aqueous alkaline phase serves for in-
stance a NaOH solution. Making the polycarbonate  derivatives according to
the phase boundary  method can by catalyzed in a usual manner by  catalyzers
such as tertiary amines, in particu 10 lar tertiary aliphatic amines such as
tribu- tylamine or triethylamine; the catalyzers can be  used in amounts
from 0.05 to 10 mol %, referred  to the moles of used diphenols. The
catalyzers  can be added before the phosgenation or during  15 or also after
the phosgenation. The polycarbonate derivatives can be made  according to
the prior art method in a homogene- ous phase, the so-called "pyridine
method" and  according to the prior art method for the trans 20
esterification of molten mass by using for in- stance diphenyl carbonate
instead of phosgene.  The polycarbonate derivatives may be linear or
branched, they are homopolycarbonates or co- polycarbonates based on the
diphenols of formula  25 (Ia). By the arbitrary composition with other di-
phenols, in particular with those of formula  (Ib), the polycarbznate
1.roperties can be varied  in a favorable manner. Ir such copolycarbonates,
30 the diphenols of formula: (Ia) are contained in  



polycarbonate der:vatives in amounts from 100  mol % to 2 mol %, preferably
in amounts from 100  mol % to 10 mol % and :Un particular in amounts - 16
from 100 mol % to i30 mol %, referred to the to- tal amount of 100 mol % of
diphenol units. A particularly advantageous embodiment of  the invention is
characterized by that the poly- 5 carbonate derivative comprises a copolymer
in particular consisting of monomer units Ml based  on formula (Ib),
preferably bisphenol A, and  monomer units M2 based on the geminally disub-
stituted dihydroxydiphenyl cycloalkane, prefera 10 bly of the
4,4'-(3,3,5-trimethyl cyclohexane- 1,1-diyl)diphenol, wherein the molar
ratio M2/M1  is preferably greater than 0.3, in particular  greater than
0.4, for instance greater than 0.5.  For such copolymers it has namely been
found 15 that surprisingly the glass temperature Tg below  150 0C after a
first heating cycle may be in- creased in a second heating cycle, which can
substantially improve the stability of the ob- tained structure. 20 Very
particularly preferred is a liquid  preparation comprising: A) 1 to 30 wt %,
pref- erably 10 to 25 wt %, in particular 15 to 20 wt  %, of a polycarbonate
derivate used according to  the invention, and B) 70 to 99 wt %, preferably
25 75 to 90 wt %, in particular 80 to 85 wt %, of  an organic solvent ox of
a mixture of solvents.  The used organic solvents are preferably 



halogen-free organic solvents. These may in par- ticular be aliphatic,
cycloaliphatic, aromatic  30 hydrocarbons, such as mesitylene, 1,2,4-tri
methylbenzene, cumene and solvent naphtha, tolu- ene, xylene; (organic)
esters, such as methy- lacetate, ethylacetate, butylacetate, methoxy-
propylacetate, ethy1-3-ethoxypropionate. Pre - 17  ferred are mesitylene,
1,2,4-trimethylbenzene,  cumene and solvent naphtha, toluene, xylene,
acetic acid methyl ester, acetic acid ethyl es- ter, methoxypropylacetate,
ethyl-3-ethoxypro 5 pionate. Particularly preferred are: mesitylene
(1,3,5-trimethylbenzene), 1,2,4-trimethylben- zene, cumene
(2-phenylpropane), solvent naphtha  and ethyl-3-ethoxypropionate. A suitable
mixture of solvents comprises for  10 instance A) 0 to 10 wt %, preferably 1
to 5 wt  %, in particular 2 to 3 wt %, of mesitylene, B)  10 to 50 wt %,
preferably 25 to 50 wt %, in par- ticular 30 to 40 wt %, of
1-methoxy-2-propanol- acetate, C) 0 to 20 wt %, preferably 1 to 20 wt 15 %,
in particular 7 to 15 wt %, of 1,2,4- trimethylbenzene, D) 10 to 50 wt %,
preferably  25 to 50 wt %, in particular 30 to 40 wt %, of
ethyl-3-ethoxypropionate, E) 0 to 10 wt %, pref- erably 0.01 to 2 wt %, in
particular 0.05 to 0.5 20 wt %, of cumene, and 0 to 80 wt %, preferably 1
to 40 wt %, in particular 15 to 25 wt %, of sol- vent naphtha, the relative
amounts of the compo- nents A) to E) always totaling 100 wt %. 



Typically the first polycarbonate layer and  25 the second polycarbonate
layer have a glass tem- perature Tg of more than 145 C, in particular  more
than 147 C. The invention further relates to a struc- ture, which can be
obtained by the method ac- 30 cording to the invention. As structural fea
tures, such a struccure may comprise a first  polycarbonate layer, a second
polycarbonate  layer, an intermediite layer arranged between  the first
polycarbonate layer and the second 18  polycarbonate layer and a preparation
layer con- necting the intermediate layer to the second  polycarbonate layer
and comprising a polycarbon- ate derivative based on a geminally disubsti 5
tuted dihydroxydiphenyl cycloalkane, the poly- carbonate layers and the
intermediate layer be- ing firmly bonded with each other. The invention
further relates to the use of  a method according to the invention for
making a  10 security and/or value document, wherein option ally
simultaneously with, before or after the  production of the structure, the
first polycar- bonate layer and/or the second polycarbonate  layer are
directly or indirectly connected with 15 at least one additional layer, for
instance a  carrier layer. Examples for security and/or  value documents
are: identity cards, passports,  ID cards, access control cards, visas, tax
sym- bols, tickets, driver's licenses, vehicle docu 



20 ments, banknotes, checks, postage stamps, credit  cards, any chip cards
and adhesive labels (e.g.  for product protection). Such security and/or
value documents typically comprise at least one  substrate, a printing layer
and optionally a 25 transparent cover layer. Substrate and cover  layer
themselves may be composed of a multitude  of layers. A substrate is a
carrier structure,  onto which the printing layer with information,  images,
patterns a.,d the like is applied. As ma 30 terials for a substrate, all
conventional mate- rials on a paper a-id/oi_ (organic) polymer basis  can be
used. Such a security and/or value docu- ment comprises wi='r.in the total
multi-layer  structure a structure according to the inven 35 tion. Beside
the structure according to the in- vention, at least one (if applicable,
addi - 19  tional) printing layer may be provided, which  may be applied
between the two polymer layers,  on an external surface of the structure or
on an  additional layer connected with the structure. 5 In the following,
the invention is described  in more detail with reference to non-limiting
embodiments. There are: Figure 1: layer thickness measurements at a  layer
produced by printing techniques with a  10 preparation used according to the
invention, af ter one-time printing (Fig. la) and after two- times printing
(Fig. 1b), and Figure 2: process flow of making a multi- 



layer structure with a printing layer, 15 Example 1: making polycarbonate
derivatives  to be used according to the invention. Preferred are the
polycarbonate derivatives  of the Examples 1.3 to 1.5. Example 1.1: making a
first polycarbonate de- 20 rivative. 205.7 g (0.90 mole) bisphenol A
(2,2-bis-(4- hydroxyphenyl)-propane, 30.7 g (0.10 mole) 1,1-
bis-(4-hydroxyphenyl)-3,3,5-trimethyl cyclohex- ane, 336.6 g (6 moles) KOH
and 2,700 g water are 25 dissolved in an inert gas atmosphere under stir-
ring. Then a solution of 1.88 g phenol in 2,500  ml methylene chloride is
added. Into the well  stirred solution, 198 g (2 moles) phosgene are
introduced at pH 13 to 14 and 21 to 25 C. Then 30 1 ml ethylpipericline is
added and stirred for - 20  another 45 min. The bisphenolate-free aqueous
phase is separated, after acidification with  phosphoric acid, the organic
phase is washed  neutrally with water and freed from solvent. 5 The
polycarbonate derivative had a relative  solution viscosity of 1.255. The
glass tempera- ture was determined to be 157 C (DSC). Example 1.2: making a
second polycarbonate de- rivative. 10 In an analogous manner to Example 1, a
mix- ture of 181.4 g (0.79 mole) bisphenol A and 63.7  g (0.21 mole)
1,1-bis-(4-hydroxyphenyl)-3,3,5- trimethyl cyclohexane was reacted to the
poly- 



carbonate derivative. 15 The polycarbonate derivative had a relative
solution viscosity of 1.263. The glass tempera- ture was determined to be
167 C (DSC). Example 1.3: making a third polycarbonate de- rivative. 20 In
an analogous manner to Example 1, a mix- ture of 149.0 g (0.65 mole)
bisphenol A (2,2- bis-(4-hydroxyphenyl)-propane and 107.9 g (0.35  mole)
1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethyl  cyclohexane was reacted to the
polycarbonate de- 25 rivative. The polycarbonate derivative had a relative
solution viscosity of 1.263. The glass tempera- ture was determined to be
183 C (DSC). 21  Example 1.4: making a fourth polycarbonate de- rivative. In
an analogous manner to Example 1, a mix- ture of 91.6 g (0.40 mole)
bisphenol A and 185.9  5 g (0.60 mole) 1,1-bis-(4-hydroxyphenyl)-3,3,5
trimethyl cyclohexane was reacted to the poly- carbonate derivative. The
polycarbonate derivative had a relative  solution viscosity of 1.251. The
glass tempera- 10 ture was determined to be 204 C (DSC). Example 1.5: making
a fifth polycarbonate de- rivative. As in Example 1, a mixture of 44.2 g
(0.19  mole) bisphenol A and 250.4 g (0.81 mole) 1,1- 15
bis-(4-hydroxyphenyl)-3,3,5-trimethyl cyclohex- 



ane was reacted to the polycarbonate. The polycarbonate derivative had a
relative  solution viscosity of 1.248. The glass tempera- ture was
determined to be 216 C (DSC). 20 Example 2: making liquid preparations used
according to the invention. The following different liquid preparations
were made: A first liquid preparation was made from  25 17.5 weight parts
off the polycarbonate deriva- tive from Example 1.;+ and 82.5 weight parts
of a  solvent mixture according to Table I. - 22 - Table I Mesitylene 2.4
1-methoxy-2-propanolacetate 34.95  1,2,4-trimethylbenzene 10.75 5
Ethyl-3-ethoxypropionate 33.35  Cumol 0.105  Solvent naphtha 18.45 A
colorless, highly viscous solution with a  solution viscosity of 800 mPas at
ambient tem- 10 perature was obtained. Further liquid preparations were made
ac- cording to the following Table II. Table II Used substance wt wt wt wt
wt wt wt  15 0 0 o 0 o s 0 0 o o 0 0 0  Solv. mixture of of Tab. I 90 90 90
95 95 



20 Acetone 95  Butanone 95  Example 1.3 10 5 5  Example 1.4 10 Example 1.5
10 25 Example 1.2 5  Example 1.1 5 The preparations of the Table II were ap-
plied on glass plate3 for the purpose of deter - 23  mining the softening
temperatures, so that dry- layer thicknesses of 5 pm resulted. The layers
were dried for 1 hour at 100 C in the vacuum  dry box. Then, the dried films
were separated 5 from the glass plate and examined by means of  Differential
Scanning Calorimetry (DSC). The following thermal conversion tempera- tures
were measured for the films: Polymer Solvent 1'st heating Cooling 2"d
heating Delta 1st heating/  10 from [C] [C] [C] 2"d heating  Example
Hydrocarbon 112.41 113.88 1.47 1.1 mixture 15 Example Hydrocarbon 143.02
144.29 144.28 1.26  1.2 mixture Example Hydrocarbon 128.54 171.56 176.45
47.89  1.3 mixture Example Hydrocarbon 172.45 188.22 191.68 19.23  20 1.4
mixture Example Hydrocarbon 170.39 207.20 207.06 36.67  1.5 mixture Example
Acetone 165.80 155.40 157.22 -8.58  



1.3 25 Example Butanon 174.21 172.20 179.11 4.9  1.3 It is remarkable that
for instance the film  of Example 1.3 has after drying after the 1st
heating-up step a softening temperature of 30 128.54 C. Only after the
cooling-off and 2nd  heating-up steps, the expected transitions at  171.56
or 176.45 C re~!sp. are observed. Due to the fair solubility for instance of
the polycarbonate derivate of Example 1.3 in - 24  halogen-free solvents and
the detected softening  behavior of dried films, this material is excel-
lently suitable to serve as a bonding agent in  polycarbonate-based
structure materials, in par- 5 ticular so-called smart cards. Example 3:
making structures according to the  invention. A polycarbonate film 1
Makrofol(r) 6-2 (thick- ness approx. 100 pm) is covered with an interme- 10
diate layer 3, in the example a printing layer 3 (Figure 2a), for instance
by means of offset or  silk-screen printing. On the left side, a print- ing
layer with a screened print can be seen,  whereas on the right side a
printing layer 3 of 15 a print over the full surface is shown. The  printing
layer 3 is first dried, if applicable.  Then the side of the polycarbonate
film 1 pro- vided with the printing layer 3 is fitted for  instance by
silk-screen printing with a prepara 



20 tion layer 4 of a composition of Example 2, for  instance based on the
polycarbonate derivate ac- cording to Example 1.3 and the mixture of sol-
vents according to Table I (Figure 2b). This can  take place either over the
full surface, or, as 25 shown, partially only, covering the regions of  the
printing layer 3. Silk-screen printing is  made once or twice. Then drying
is made under  air atmosphere at 100 C for 60 min. A layer  thickness of
approx. 2.2 um or 3.3 pm of the 30 dried polycarbonate derivate (Figure 2b)
re- sults. Then the side o: the polycarbonate film 1  with the printing
layer 3 and the preparation  layer 4 is covered with another polycarbonate
film 2 Makrofol(r) 6-2 (thickness approx. 100 pm), - 25  and the thus
resulting structure is laminated  with, if applicable, further stacked
polymer  layers 5, 6, 7 in a conventional industrial  laminating press under
the action of usual pres 5 sures (approx. 5 bars) and at about 160 C (Fig-
ures 2c and 2d). An optical investigation of the structure  did not show any
recognizable phase limit. The  structure is a monolithic block. 10
Comparative experiments were made in a cor- responding manner, however
without the prepara- tion layer 4. Then it was found that a structure
according to the invention is clearly more sta- ble against delamination
between the printing 15 layer 3 and the second polymer layer 2 than in  



said comparative experiments representing prior  art. - 26 - Patent claims:
1. A method for making a structure with at  least one first polymer layer
(1) and a second  polymer layer (2), each made from a polycarbon 5 ate
polymer based on bisphenol A, between the  first polymer layer (1) and the
second polymer  layer (2) an intermediate layer (3) being ar- ranged,
comprising the following steps: a) the intermediate layer (2) is applied at
to least on a partial region of the first polymer  layer (1), b) optionally
the intermediate layer (2) is  dried, c) the first polymer layer (1) is
coated on  15 the side, on which the intermediate layer (2) is  arranged,
with a liquid preparation comprising a  solvent or a mixture of solvents and
a  polycarbonate derivative based on a geminally  disubstituted
dihydroxydiphenyl cycloalkane, the 20 preparation covering the intermediate
layer (2),  d) optionally a drying step is made after  step c), e) after
step c) or step d) the second  polymer layer (2) is placed on the first
polymer  25 layer (1), covering t)je intermediate layer (2), f) the first
polymer layer (1) and the sec- ond polymer layer (2) are laminated with each
other under pressure, at a temperature from 120  



C to 230 C and for a defined time. - 27  2. A method according to claim 1,
wherein  the intermediate layer (2) is a printing layer,  in particular
comprising a security printing  element and/or a printed photographic
represen 5 tation, a photographic emulsion, and/or a film,  in particular a
diffractive security film. 3. The method according to claim 1 or 2,  wherein
the polycarbonate derivative has an av- erage molecular weight (mean weight)
of at least  10 10,000, preferably from 20,000 to 300,000. 4. The method
according to one of claims 1  to 3, wherein the polycarbonate derivative
com- prises functional carbonate structure units of  formula (I), 15 R, R, O
Z = R(X) R in  M R~ R"  20 (I)  wherein R1 and R2 are independently from
each other  hydrogen, halogen, pro'ferably chlorine or bro- mine, C1-CB
alkyl, C5-c6 cycloalkyl, C6-C10 aryl, 25 preferably phenyl, andlC7-C12
aralkyl, preferably  phenyl-C1-C4 alkyl, in particular benzyl, m is an
integer from 4 to 7, preferably 4 or  



5, 28  R3 and R4 can be individually selected for  each X, and independently
represent hydrogen or  C1-C6 alkyl X is carbon and 5 n is an integer greater
than 20, with the proviso that at at least one atom  X, R3 and R4 are both
alkyl. 5. The method according to claim 4,  wherein at 1 to 2 atoms X, in
particular at only  10 one atom X, R3 and R4 are both alkyl. 6. The method
according to claim 4 or 5,  wherein R3 and R4 are methyl. 7. The method
according to one of claims 4  to 6, wherein the X atoms in the alpha
position  15 to the diphenyl-substituted C atom (Cl) are not
dialkyl-substituted. 8. The method according to one of claims 4  to 7,
wherein the X atoms in the beta position  to C1 are disubstituted with
alkyl. 20 9. The method according to one of claims 4  to 8, wherein m is 4
or 5. - 29  10. The method according to one of claims 4  to 9, wherein the
polycarbonate derivative is  based on 4,4'-(3,3,5-trimethyl
cyclohexane-1,1-diyl)  5 diphenol, 4,4'-(3,3-dimethyl cyclohexane-1,1-diyl)
di- phenol, or 



4,4'-(2,4,4-trimethyl cyclopentane-l,1-diyl)  diphenol. 10 11. The method
according to one of claims 1  to 10, wherein the polycarbonate derivative
com- prises a copolymer in particular consisting of  monomer units M1 based
on formula (Ib) and mono- mer units M2 based on the geminally disubsti 15
tuted dihydroxydiphenyl cycloalkane, preferably  of the
4,4'-(3,3,5-trimethyl cyclohexane-1, 1- diyl) diphenol, wherein the molar
ratio M2/M1  preferably is greater than 0.3, in particular  greater than
0.4, preferably greater than 0.5. 20 12. The method according to claim 1 to
11,  wherein the temperature in step f) is in the  range from 140 C to 200
C, in particular in  the range from 150 C to 180 C. 13. The method according
to one of claims 1  25 to 12, wherein the fist polycarbonate layer (1)  and
the second polycarbonate layer (2) have a  glass temperature Tg of more than
145 C. 30  14. The method according to one of claims 1  to 13, wherein the
thickness of the first poly- carbonate layer (1) and of the second polycar-
bonate layer (2) is identically or different in 5 the range from 10 to 1,000
pm, in particular  from 20 to 200 pm. 15. The method according to one of
claims 1  to 14, wherein the thickness, measured in direc- tions orthogonal
to a main face of a polycarbon to ate layer (1, 2), of the intermediate
layer (3)  



is in the range from 0.1 to 1,000 pm, in par- ticular from 1 to 50 pm. 16. A
structure obtainable with a method  according to one of claims 1 to 15. 15
17. A structure comprising at least one  first polycarbonate layer (1), a
second polycar- bonate layer (2), an intermediate layer (3) ar- ranged
between the first polycarbonate layer (1)  and the second polycarbonate
layer (2) and a 20 preparation layer (4) connecting the intermedi- ate layer
(3) with the second polycarbonate  layer (2) and comprising a polycarbonate
deriva- tive based on a geminally disubstituted dihy- droxydiphenyl
cycloalk,Ane. 25 18. The use of a method according to one of  claims 1 to 15
for making a security and/or  value document, wherein optionally simultane-
ously with, before or after the production of  the structure, the first
polycarbonate layer (1) - 31  and/or the second polycarbonate layer (2) are
directly or indirectly connected with at least  one additional layer, for
instance a carrier  layer. 5 19. The security and/or value document ob-
tainable according to claim 18. 20. The security and/or value document com-
prising a structure according to claim 16 or 17. 




