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illumination unit, attached behind the actual LCD cell

20 with the polarization films. Between the illumination
unit and the LCD cell, use is often made of diffuser
sheets which distribute the 1light needed for the
display uniformly across the LCD cell.

25 Sheets suitable for this purpose and encompassing
| mixtures of particles are known per se. For example,
the publication JP 4-134440 describes rear-projection
screens which will encompass particles with different
refractive index. This gives Dbetter colour-shade

30 reproduction.

Furthermore, JP 8-198976, JP 5-51480 and JP 2000-
296580, by way of example, describe sheets of this type
which can be used for optical applications.

35
The abovementioned sheets which comprise scattering
media may in principle be used as a diffuser sheet.
However, known sheets do not have a balanced property

profile. .



media may in principle be used as a diffuser sheet.
However, known sheets do not have a bal anced property
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20 i nhonogeneity. The diffuser sheet should provide
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temperatures therefore produce, inter alia, measurable
inhomogeneity. The diffuser sheet should provide
maximum uniformity of properties despite these severe

variations.

Many diffuser sheets are moreover highly susceptible to
scratching. After installation this property may
possibly appear relatively insignificant. However,
increased preventive measures have to be taken during
the assembly of the visual display screens in order to
eliminate scratches. Visible scratches result in

inhomogeneity in the light diffused over the LCD cell.

In the light of the prior art stated and discussed
herein, it was therefore an object of the present
invention to provide diffuser sheets for LCD
applications which can give a particularly balanced
property ©profile,. The diffuser sheets should in
particular permit high luminous efficiency together

with a very high level of scattering action.
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property profile. The diffuser sheets should in

particular pernit hi gh | um nous? ef fici ency together

with g h [ evel of scattering action. - 3 The
d|f?ﬁ§er éﬁgEF I'shBlfatfor 8808t dpeMeEPABRE obe capable of
proguetngiagscat t eced tlirght WhigHt | Syt | cid ardyreicularly
neurtnreal:r 2nth ng col our ihlftdﬂggf colgars pr oduced

her 5By Phe LEDReM% SROGRE ‘o dMS SPLgHES produced
chahgee Bbvashe LEBUkteldfs Eﬂnnﬂmhhnm&engvldﬁlynﬁﬂlght change

nothes pbkast oF tOfBLEsent LOyentign consisted in

20

provi di ng user s appPrgatrons whi ch
have particularly unrfornrbrrghtness di stribution. 10

Thenflbthtserosheat soshquld peegayer i &r% m&@nﬁlsted in

mechani cal stability Scratches on the astics s

herRX SRbet 9 béi%erHSsﬁIbr ghgetenl 05| iLgh | 9PPﬂ-éFEIté0nF'n which

parhaesdl part denbgel ghonl dohaver Dght86s8NEY s8ki BAtE 1 0AD

effect on the brightness distribution of the nonitor

provided with a diffuser sheet. Another object on

whi Bhe t hdifAverti orshest shasstbwibd t morpooetrde hadivief Uselximum

sh I| r pabl

pa?ﬁ%%%ééﬁCéi%;S%% elgrglugflon &$%§ |ffﬁ%gr%9a%tlF§ sheet
shB¥ei eaﬂtir afnvheileier erberdapapl egbtly visible. In

pr oskhet 1 ORI DY, e)ﬁe&ﬁ&g&n sHRAld e L0k eﬁB of of-he ﬂ}?seé"flght

ion was to ovide 25 diffuser sheets W%

pro%%{??/ ploalflii_'lée r&ﬂl‘r}t,‘_ngslsgh@.?trlbutlon of the monitor

t enpesal de@-wetrisid i g fdder resedt . is to provide LCDs

whi ch can be used in autonobiles, for exanple. Another

obj ect of the present invention consisted in 30

pr cvialilteyr delps eser oshedtishwidse Eﬂv&ntﬂmhsmagebaaad was to

ew%ﬂa%%&aa&ﬁ@fﬁgeiosh%%%bf%@?“ﬁtn'é %P?Héglgﬁ 1c are

be possible to use very inexpensive p cesses, sudl
capable of particularly simple production. The dlffuser

sheets should in particular therefore be capable of

production by extrusion.

Another object of the present invention was to provide

25 diffuser sheets whose property profile is only slightly

30

35

temperature-sensitive. The result is to provide LCDs

which can be used in automobiles, for example.

Another object of the present invention consisted in
providing diffuser sheets whose size and shape can
easily be adapted to requirements. It should therefore
be possible to use very inexpensive processes, such as
laser cutting systems, for operations on the diffuser
sheets,

Another object of the invention consisted in providing
diffuser sheets with high durability, in particular

high resistance to UV radiation or weathering.
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in the range from 0.02 to 0.2, and from 0.5 to 59.5% by
weight, based on the weight of the light-scattering
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polymethyl methacrylate layer, of spherical particles
(B) whose median size Vs; is in the range from 10 to
25 150 um and whose refractive index differs from that of
the polymethyl methacrylate matrix by a value in the
range from 0 to 0.2, where the total concentration of
the spherical scattering particles (A) and particles
{(B) is in the range from 1 to 60% by weight, based on
30 the welight of the light-scattering polymethyl
methacrylate layer, and the spherical scattering
particles (A) and spherical particles (B} have a
different median particle size Vso, where the
transmittance of the diffuser sheet is in the range
35 from 20 to 70% and its scattering power is greater than
0.2, and having a very good, balanced property profile
can be provided if the ratio of the square of average
surface roughness of the polymethyl methacrylate layer
Rz to the third power of the size of the spherical
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i nvention have particularly uniform brightness
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20 invention have particularly uniform brightness

distributiocn.

» The diffuser sheets of the present invention moreover

have high mechanical stability. Scratches which may

25 be present here on the sheet have no, or only slight,

effect on the image produced by the LCD cell.

» The diffuser sheets of the present invention may

moreover also be used in LCDs which are exposed to a

30 particularly high level of temperature variation.

35

These temperature wvariations have only slight effect
on the brightness distribution, the transmittance or

the scattering power of the diffuser sheets.

» The diffuser sheets of the present invention can
moreover be produced in a particularly simple manner.
The diffuser sheets can in particular be produced by

extrusion.



These tenperature variations have only slight effect
on the brightness distribution, the transmttance or
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20 methods of production, it is also pogsible that

particles with some other shape may be present, or that

the shape of the particles may deviate from the ideal

spherical shape.

25 The term spherical therefore means that the ratio of
the largest dimension of the particles to the smallest
dimension is not more than 4, preferably not more than
2, each of these dimensions being measured through the
centre of gravity of the particles. At least 70% of the

30 particles are preferably spherical, particularly
preferably at least 90%, based on the number of
particles.

The median size Vsy of the scattering particles (a) is
35 in the range from 0.1 to 40 um, in particular from 0.5

to 30 um and particularly preferably from 1 to 15 um.

The light-scattering PMMA laver encompasses from 0.5 to
59.5% by weight, preferably from 1 to 20% by weight and
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The spherical scattering particles (A) preferably
encompass crosslinked polystyrene, polysilicone and/or
crosslinked poly(meth)acrylates.

One group of preferred plastics particles which are
used as scattering agents comprises silicones. By way
of example, particles of this type are obtained by
hydrolysis and polycondensation of organotrialkoxy-
silanes and/or of tetraalkoxysilanes, these ©being
described by the formulae

RSi (OR?), and Si (OR?%) .

where R' is, by way of example, a substituted or
unsubstituted alkyl group, an alkenyl group or a phenyl
group, and the radical R’ of the hydrolyzable alkoxy
group is an alkyl group, such as methyl, ethyl or
butyl, or an alkoxy-substituted hydrocarbon group, such



30 silanes and/or of tetraal koxysil anes, these being
described by the fornulae R Si (OR2)3 and Si (OR2)4 35

where R is, by way of exanple, a substituted or
unsubstituted aIkyI group, am & kenyl group or a

phen iy the radlcal R2 of the hydrol yzable
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bl) from 25 to 99.9 parts by weight of monomers which

20 have aromatic groups as substituents, for example
styrene, o-methylstyrene, ring-substituted
styrenes, phenyl (meth)acrylate, benzyl

{meth)acrylate, 2-phenylethyl (meth)acrylate, 3-
phenylpropyl (meth)acrylate or vinyl benzoate:; and

25 also
b2) from 0 to 60 parts by weight of an acrylic and/or
methacrylic ester having 1 to 12 carbon atoms in

the aliphatic ester radical, these being
copolymerizable with the monomers bl), and mention
30 may be made here of the following by way of

example: methyl (meth)acrylate, ethyl {meth) -
acrylate, n-propyl (meth)acrylate, isopropyl
(meth)acrylate, n-butyl (meth)acrylate, isobutyl
(meth)acrylate, tert-butyl (meth)acrylate, cyclo-

35 hexyl (meth)acryvlate, 3,3,5-trimethylcyclohexyl
{meth)acrylate, 2-ethylhexyl (meth)acrylate,.
norbornyl (meth)acrylate or isobornyl {meth) -

acrylate;
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letures r 6m Whi Ch Re pl astics particles are
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of _divinyl benzene. The production o cross |n
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pr oduced enul sion polynerization, for exanple as
des‘grujb%‘é%% PYEPEA 342 283 or EP-A 269 324, and very

particularly preferably via organic-phase
pOl@(ﬁfgrlﬁ_ﬁ&d@&ierr of crosslinked plastics particles is
20  known to those skilled in the art. For example, the

scattering particles may be produced by emulsion

polymerization, for example as described in
EP-A 342 283 or EP-A 269 324, and very particularly
preferably via organic-phase polymerization, for

25 example as described in the German Patent Application
P 43 27 464.1. The last-mentioned polymerization
technique gives particularly narrow particle size
distributions or, in other words, particularly small
deviations of the particle diameters from the average

30 particle diameter.

It is particularly preferable to use plastics particles
whose heat resistance extends to at least 200°C, in
particular at least 250°C, with no intended resultant
35 restriction. The term heat-resistant here means that
the particles are not subject to any substantial
thermal degradation. Thermal degradation causes
undesirable disceoloration making the plastice material

unusable.



25 exanpl e as described in the German Patent

Application P 43 27 464.1. The |ast-mentioned

pol ynmeri zation technique gives particularly narrow
particle size distributions-ok0 in other words,
particularly small deviations of the particle
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enconpasses fromO0.5 to 59.5% by weight, preferably

fr oS Seas0erbponabaphtiaies ;ﬁar)tldndcari]gecbr efesabt ymay be

fromé&stoh@DI BYa VB OBt iR the form of a mixture of two or
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The light-scattering PMMA layer encompasses from 0.5 to
59.5% by weight, preferably from 5 to 40% by weight and
particularly preferably from 8 to 25% by weight, of
25 spherical particles (B), based on the weight of the
light-scattering polymethyl methacrylate layer.

The particles (B) to be used according to the invention

have a median size Vg in the range from 10 to 150 um,
30 preferably from 15 to 70 um and particularly rreferably

from 30 to 50 um. When the refractive index of the

particles is measured, the refractive index n, measured

for the sodium D line (589 nm) at 20°C differs from the

refractive index ng of the matrix plastic by from 0 to
35 0.2 units.

The particles (B) may likewise be obtained
commercially. The materials from which these particles

are produced may be the same as those from which the



25 spherical particles (B), based on the weight of the
light-scattering polynethyl nethacrylate |ayer. The
particles (B) to be used according to the invention
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30 preferably from 15 to 70 gm and particularly
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the particles (B) being larger than the scattering
particles (A). 25 Laser extinction nethod nay be used

todg! el ANRc between the median size Vsg of the

20 scattering particles (A) and of the particles (B) is

25

30

35

preferably at least 5 um, in particular at least 10 um,
the particles (B) being larger than the scattering
particles (A).

Laser extinction method may be used to determine the
particle size, and also the particle sgize distribution.
Use may be made here of a Galay-CIS from L.O.T. GmbH,
the test method for determining particle size, and also
particle size distribution, being given in the user

manual.

An X-ray sedigraph may be used to determine the size of
inorganic particles. A MICROSCAN II device from
Qantachrome may be used for this purpose. The MICROSCAN
IT is an automatic test device for determining the
particle size distribution of powders in suspensions
with a measurement range from 0.1 to 300 um. The
measurement principle of the MICROSCAN II is

sedimentation with X-ray detection. For this, the
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pI astics matrix which conprises
The light-scattering layer encompasses, alongside the
spherical particles, a plastics matrix which comprises

polymethyl methacrylate (PMM2Z). The light-scattering
polymethyl methacrylate layer preferably encompasses at

25 least 30% by weight, and in particular at least 40% by

weight, and particularly preferably at least 50% by
weight, of polymethyl methacrylate, based on the weight
of the light-scattering layer.

30  Polymethyl methacrylates are generally obtained via

free-radical polymerization of mixtures which comprise
methyl methacrylate. These mixtures generally comprise
at least 40% by weight, preferably at least 60% by
weight, and particularly preferably at least 80% by

35 weight, of methyl methacrylate, based on the weight of

the monomers.

Alongside this, these mixtures for preparing polymethyl

methacrylates may comprise other (meth)acrylates which
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glyvecol di{(meth)acrylates, such as 1,4-butanediol

25 {meth)acrylate,

30

35

(meth)acrylates of ether alcohols, for example tetra-
hydrofurfuryl {meth)acrylate, vinyloxyethoxyethyl
{meth)acrylate;

amides and nitriles of (meth)acrylic acid, for example
N-(3-dimethylaminopropyl) (meth)acrylamide, N-{diethyl-
phosphono} (meth)acrylamide,
l-methacryloylamido-2-methyl-2-propanol;
sulphur-containing methacrylates, such as ethyl-
sulphinylethyl (meth)acrylate,

4-thiocyanatobutyl {(meth)acrylate,

ethylsulphonylethyl {meth)acrylate, thiocyanatomethyl
(meth)acrylate,

methylsulphinylmethyl (meth)acrylate,
bis{(meth)acryloyloxyethyl) sulphide;
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2- hydr oxypropyl (nmeth)- acrytalé; -glyco
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a'@?&ﬂ&ﬁﬁ§ﬁgé§¥%ﬁg¥j halogenated styrenes, such as mono-
20 chlorostyrenes, dichlorostyrenes, tribromostyrenes and
tetrabromostyrenes;
heterocyclic wvinyl compounds, such as 2-vinylpyridine,
3-vinylpyridine, Z2-methyl-5-vinylpyridine, 3-ethyl-
4-vinylpyridine, 2,3-dimethyl-5-vinylpyridine, vinyl-
25 pyrimidine, vinylpiperidine, 9-vinylcarbazole, 3-vinyl-
carbazole, 4-vinylcarbazole, l-vinylimidazole,
2-methyl-i-vinylimidazole, N-vinylpyrrolidone, 2-vinyl-
pyrrolidone, N-vinylpyrrolidine, 3-vinylpyrreolidine,
N-vinylcaprolactam, N—vinylbutyrolactam, vinyloxolane,
30 vinylfuran, vinylthiophene, vinylthiolane, vinyl-
thiazoles and hydrogenated vinylthiazoles, vinyl-

oxazoles and hydrogenated vinyloxazoles;

vinyl and isoprenyl ethers;
35 maleic acid derivatives, such as maleic anhydride,
methylmaleic anhydride, maleimide, methylmaleimide; and

dienes, such as divinylbenzene.
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peroxide, l,1l-bis(tert-butylperoxy)cyclohexane, 1,1-
bis{tert-butylperoxy)-3,3,5-trimethylcyclohexane, cumyl
hydroperoxide, tert-butyl hydroperoxide, bis(4-tert-
butylcyclohexyl) peroxyvdicarbonate, mixtures of two or
25 more of the abovementioned compounds with one another,
and also mixtures of the abovementioned compounds with
compounds not mentioned but likewise capable of forming

free radicals.

30 The amount often used of these compounds igs from 0.01
to 10% by weight, preferably from 0.5 to 3% by weight,
based on the weight of the monomers.

Use may be made here of various poly({meth)acrylates
35 which differ, for example in their molecular weight or

in their monomeric constitution.

The matrix of the light-scattering layer may moreover

comprise other polymers in order to modify its
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po y yethers, ers, car bgnat es

5and¥€% @@? fmgﬂlé¥¥£e8ar? %% aﬁiYyﬁE7 Yetgswd 80 000
|ndtw|duaDDy000 primbhe forbtaf a mbXtuierehdaad itrdsultant

al s here to use copol yners which are
der?% §€§é$+%%1the abovenenti oned pol ynmers. The

wei ght - average nolar mass M of the honp- and/or

COQQAYHEéSp%9t§%u§%§dé%ﬂaaﬂﬁéﬁkt&%tpﬁe &%%%%h%nfﬁ%entlon
the 10 matri x_ pol yner tggv % in a an
in

20t net il arma k¥ ustll |y FebEnegats eriag nt @@e@nethyl
usenétithdvy1dte nodgecef pfasa:e%tngl@%stthe TeHl db9  weight,

co osferég&y‘ at least 80% by weight, and particularly
preferably at least 090% by weight, of polymethyl
methacrylate, based on the weight of the matrix of the

25 light-scattering layer.

In one particular aspect of the present invention, the
poly (meth)acrylates of the matrix of the light-
scattering layer have a refractive index in the range

30 from 1.46 to 1.54, measured for the sodium D line
(589 nm} and at 20°C.

The moulding compositions for preparing the light-
scattering layer may comprise conventional additives of
35 any type. Among these are antistatic agents,
antioxidants, mould-release agents, flame retardants,
lubricants, dyes, flow improvers, fillers, light
stabilizers, uv absorbersg and organophosphorus

compounds, such as phosphites or phosphonates,
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However, it is generally in the range from 20 000 to
1 000 000 g/nol, preferably from50 000 to 15 500 000
g/ mol and particularly preferably from80 000 to 300
000 g/nmol, with no intended rekUltant restriction. In
one ﬁartlcul ar enbodi nent of the present invention,

20 RHEOHRETI x FPARETIGht - Skt BHIHES poPyfet mﬂ;astluzers
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pr ef at. | east 80% nd art| ul ar |
or e]f%ir% gn ‘i:o ec b%t,/ezeé %:g g fﬁy' the light-
rretmtfydamleg baseﬁermyt hefvvelt@bzt @foltyllr@trmztjfl Xnesﬁhetcmylate
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the present I nventio cry ate
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refé@&édVedfnd%dlntf\F@sraﬂﬁgsgo fcf éal46 %90% gg&es are

rreasur ed for the sodiumD |ine
The"SRFTT Ny SoRpore$ohs S#?&f-ll;sire arl i hé'errwghﬁmall The

scain@ring ba¢8énﬁay iGpnpthee @.@.Iﬂf\f@@ﬂéironaéh@éiﬂi :bfes impact
of p se are tistati.c agents
antrla%éo% an%g %ngﬁlr&%%gl g&%e gaen(t’ SPIRE & ef Br dants, 0 113
| u3&ant®; Ad9e§22f BOW,i mF-Gv eér 465 i 04®rapdl EBha 0 683 028
st r orher ho

abid.i ¢ %he%f%% 195 o gg Qéggh% TR _cqptent of

compounds, such phosphi t or at €s,
pi GERE: W@Qﬁ-ﬁé?i—’ﬁg igy abhiei dafsuged mheatsi xer preferably

FbVlﬁlsﬁirlc%ﬁ'@% ﬁﬁ@urgi ﬁgxgﬂgfélt;diﬁz%bﬁxg@m%é?%ﬁg "ﬂ)retferably

ion to i nt ended u

éta[ig‘brgﬁ W&E&t@ﬂ fww%mypr%?ﬁa%m a‘i@% 4% by
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The,ogmmuits present in the diffuser sheet of inpact

Particularly preferred moulding compositions for
producing the plastics matrix are obtainable
commercially from Réhm GmbH & Co. KG.

The thickness of the Ilight-scattering polymethyl
methacrylate layer is generally in the range from 1 to
100 mm, preferably in the range from 1 to 10 mm and

. particularly preferably in the range from 2 to 5 mm.

According to one particular aspect of the present
invention, the concentration of the spherical
scattering particles (A) c¢pa, the thickness of the
light-scattering polymethyl methacrylate layver ds, and
the size of the spherical scattering particles (A) Dpa
is selected in such a way that the ratio of the product
of concentration of the spherical scattering particles
(A) cpa @and thickness of the light-scattering polymethyl
methacrylate layer to the third power of the size of

the spherical scattering particles (A) cpa*dg/Dpa’ is



10 nodifiers described by way of exanple in EP-A 0 113
924, EP-A 0 522 351, EP-A 0 465 049 and EP-A 0 683 028
shoul d therefore be only very small. The content of

i mpact nodifiers in the diffusk® sheets is preferably
restricted to' a maxi num of 20% by wei ght, preferably

15 H@@gwmghf-nan&hﬁartﬁ%%rI@/r?ﬂ*ef r@@w f tom 4%5% by

by w@@g@mmmﬁbr diing borengupart | CMRr AREE @b 1he3y by
present pventlpn di ffuser sheets of the present

i nVERtY o BRf ¥ cul arly preferably enconpass no i npact
modi fiers. 20 Particul arl y preferred noul di ng

co Si ns 9] he plastics matrix are
Sob{%?nab 2 c%%%%F%Faﬁ# aRohH’l H QT LR® Fyastics
Th@%%ﬁ&l\%ﬁ%s“@osﬁweswght\fsﬁc&ts emnngtlpel yreetdwy| from 6 to

met facy| atgc&@mngs ggnepall ypgﬂt&laglgéngg .E%m%@ 140 che

100 mm prefera I'n the range from
parRT SR | y1IBVEREL GBIy e herahhge Pfomthe o ErﬂﬁfPCt of

30 Asasri R {oh ope @Hétbﬁblé@icé§pgéht€tar&ﬂ% P88 es (A)
I nvention, the concent r%tl on of he Sp erical

scafipt“er‘—iuh% RAHGESES (RF e tjﬁ‘éﬁt 1 RIGTERE G19 t e lymethyl
| i gittscattsrtienglpokbymeichythaet-hdekly | pdwet aper s 8hde of

e 8l 280l Lhe SPRRLLCal s AEAt beLL D0 par i g] e, (M PP 5

I's selfecte n SUch a wa Pat 1’0’ of “*Fhes
pr cfigfteradil e onigent Flag | onawget hérephefi 68L5scabt ei.f§% by

parv&él‘bll'ﬁcs*rrm(@mmp%éf‘glé@l&%fﬁsSpr‘gfetlféﬁalg from (?125 to

ht-scatterin ynethyl “ethacrylate |ayer to t
15t hit-d Goviey 6F1¢ @ﬁ“é’émofan‘ih’ée§bh§ﬁr‘éapuéé§ﬂﬁfeRrﬁféerably

paritri dles g PSS/ DRAS it -0 IB1s Qiyefv%ﬁﬂﬁ/*ﬂuﬁ‘/ﬁrhae

range from0.0001 to 0.5% by wei ght*nmm n8B,

particular fromO0.0025 to 0.3% by weight* mﬂrTB . 5 If

t hdiscatheri myataira ngs ednedipr i ssepl astomsripart ieloeganic

WNORS 1S AR VOPhbSel Bie Fangg frgmg do range from 0.1 to

20 5 um then according to one particular aspect of the

present invention the ratio of the product of

concentration of the spherical scattering particles (A)

cpa and thickness of the light-scattering polymethyl

methacrylate layer to the third power of the size of

25 the spherical scattering particles (&) cpa*ds/Dea’ is

preferably in the range from 0.015 to 0.5% by

weight*mm/um’, in particular from 0.025 to 0.3% by
weilght *mm/ um?.

30 The concentration of the spherical particles (B) Cgps,
the thickness of the light-scattering polymethyl
methacrylate layer ds and the size of the spherical
particles (B) Dps may be selected in such a way that the
ratio of the product of concentration of the spherical

35 scattering particles (B) cpg and thickness of the light-
scattering polymethyl methacrylate layer to the third
power of the size of the spherical scattering particles

(B) cpa*ds/Des’ is preferably in the range from 0.000005



30 m according to one particul ar aspect of the
present invention, the ratio of the product of
concentration of the spherical scattering particles
(A) 10 CPA and thickness of th&9light-scattering

pol¥nethyl nethacrylate Iaygr to the third power of
t heSi 2 Ut® Phe wiiedt "M/ B at tiey | pgrparcuileresyon 0.00005

CpAtdsbDpA% by w@ﬁgh@“ﬁﬁVMnPn the range from 0.0015 to
0.09% by wei ght *mm1i nB, " partlcularly preferably from
0.0025 to 15 0.06% by wei ght*nm nB8 and very

par Theukarhy pﬁet@@ﬁ@gﬁaﬁdWdﬂuhvéﬁ&gefiﬁ&ﬁ&t@oﬁoﬁ§hness of

0 b ' | f th atterl ng e i.a used
Comor P RERGET, e pAaraaE ARG B2 EGHR PR r g pover
rangé folem 9idet @fzotbse rrspnenrlazedors@hr@.ctkesonels) Rz®/Dpg’may
par%ke§5§5b§§peraofI{heth@re§%%b d Ny Ihonotaﬁo?atmﬂll to

roduct of concentration of t spherica

scaPté?BHg”ﬁawUEﬂ%ﬁﬁ%@QlYCﬁ%@%n@ @ﬁkaM@Bs 50 Oh&900 um™

I lhgbfjl sgakteeumgrDOEyaﬁt hgl S%Ute}]hgﬁale alee :oamotc{ 0 ¢ and

thir owe e spherical_,scattering
]ibarPF8E8§a% Eﬁﬂpdﬁfégﬁg PR 50l (§‘¥% the range

fromO0. 015 to 0. 5% by m5|ght nmm nB, in particular

fro 5. 1.0 DY,

cong%g?géin tgf%i eigb erlca H$ %gnfof fBe §hget of

t hi ERfegy asfenttheinvghticoat tére ngap@byrmﬁ hgbncentration of

nethﬁ@rygﬁhsraaxﬁr géa@e@rahg Sbé%tQElbge %@Hefkﬁg' to the

EJtpartlcles ) DpB_may be sel écted in such
higkngsgf t hefpr ool‘a*é&‘i3 of teeenteakrevied thepolymethyl

sprneéthabr%aséauhgern@spagAt/ld@I €8 (B) tepBrande from 0.2 to

th f th ht-, scatt I'ynet h
RART o B/ T (e ST S Hior SEPT - 31 20 of0F by

thewepghthmL scattering particles (B) cpB*ds/Dp33 is
preferably in the range from 0.000005 - 19 to 0.04%
by wei ght*mm n8, in particular from0.00005 to 0.02%

20y &E@@ﬁ@iﬂﬁiNED TRE r @Eivdishilige egpeceé obfavehagediffuser

surfrpegr roughnesseof present invention, the ratio of

concentration of the spherical particles (B) cpg to the

thickness of the light-scattering polymethyl

methacrylate layer dg cpe/ds is greater than or egual to

25 2.5% by weight/mm, in particular greater than or equal
' to 4% by weight/mm.

The ratio of thickness of the light-scattering
polymethyl methacrylate layver dg to the size of the
30 spherical scattering particles Dpy d¢/Dpn is preferably
in the range from 5 to 1500, in particular from 10 to
1000 and particularly preferably from 100 to 600, with

no intended resultant restriction.

35 The gloss Rgse of the light-scattering polymethyl
methacrylate layer is preferably smaller than or equal
to 60, in particular smaller than or equal to 40 and

particularly preferably smaller than 30.



5 the polynethyl nethacrylate layer Rz to the third
power of the size of the spherical particles (B)

Rz2/ DPB3may preferably be in the range from 0. 0002 AM
-1 to 0.1300 gm1, preferabty2from 0.0009 gm-1 to

0900 . in artlcularfromo 0006 gm-1to .
ggﬁ ;El%iuﬁﬁ‘a pf@eﬁrtéf eCdbl 1% oRARVOUB giwverbion, in

o opaﬁtgnularAa:h@r dJlrmltt—@dértﬁteﬁﬁrﬂg @31&%@{&3@! ﬁf@ﬂlﬁa@fylate
the the ratio o

t of  Jhe present ent
concegggat DRV i tJSpLﬁ]ear‘Jf Beghy erslcﬁélt&]{lrt i tfeistance.
(A) 2epArdanghetads olheckpastszocﬁlahe dsgbttscaft ethag present

201 L ope BassyL gl | uat g, Ml Seule LIS eing <

fr oRPHCS P& BGUFIFL v%l‘?gm:/mcﬁl porpecotdrngft @etomest 0.7 N
paréﬂaaub&ﬁst@m@tﬂ@f ﬁf‘@fé’fiﬁl?ebf sheelo0f the) y [ gre not

present fvent he ratio concentration of
sph%Jr?%%ir Yart %"r%%t%%ecpml&f& hel'©t hi Ekherdedf t%sultant
| i gh¢ssecatteohng pol ynethyl nethacrylate |ayer ds

10CPB/ds is greater than or equal to 25 2.5% by

i5

25

30

35

wei ght/mm in particular greater than or equal to 4%
by Welgherratcliheasdsicanc mkiyckresdevériheed to DIN 53799

|'i ght 4 sasfrf ergnng 43@' R}Et UXFugEt hggégggltngnlcaygf.e DF%maged

the size of the erlca scattering partic

ds/ PR R<E pr éer a%élﬂyagﬁf nbeRagr dgeudhonmabous 18002 idiamond

parjdeuh@r o r e 19ut Pacd 0RO RNGa PRI AL CHORAELY
preferably from 100 to 600, with "~ no intended

resultant restriction. 35 The gl oss R850 of the
| i gtesoddner itng quad ypr&i-hy&:ulmat E&!bb)ﬂllﬁte@ltl ayer th® present

pre mall,er than or equal._ to npartlcula
{rf&&?t%%ar?] or &qual aetr %o H&faﬁfrtlrgﬁﬁéf’ { the
pr eflegelb| §ssmaldiaraiian B0. thEZ(Ianthae firdrhiusercsheet gm, in

f gdee present rigyent | ‘tgn'25' rhmp A1 hfrom 6, to 35 um
I i ght-scattering polyne acry ate ~ | ayer, "have

20parat ¢ B i Béo?lé?%%rflﬂélsl(s@é?meﬁ to 30 pm.

The average surface roughness R; may be .determined to
DIN 4768 using a Talysurf 50 tester from Taylor Hobson,
Rz being the average roughness depth calculated from
the averages of the individual roughness depths from
five successive individual measurement traverses within

the roughness profile.

The surface roughness R; of the sheet is generally the
result of the selection of the particles (B). This
value may moreover be influenced by varying various
parameters which are dependent on the nature of the
production process.

Among these are the temperature of the melt during the
extrusion process, a higher melt temperature giving a
rougher surface. However, a factor which has to be
considered here is that the temperature of the melt

depends on the precise constitution of the moulding



According to one particular aspect of the present 5

i nvention, scratches produced on the sheet using a
force of at nost 0.4 N, in particular of at nost 0.7 N
and particularly preferably of 24t -nost 1.0 N are not

visual |y detectable, with no intended resultant
resFPf“?%iS&Fr.loilo THhe SePReEAtues sfankle niplbe is generally

det ennmithed ragigd N3 930 anl DA EN ﬁﬁ@f@ﬂaﬂi%uﬁh the range
asses surface, the damage bei ng

nment, .of_ a ed t he
br oLBAL: géj&tt%y?%g%?aﬁhaseaEFwﬁsrsﬁuFﬁé G RASeM 1o the
var yengetretoeeslbfAtter diclg ba diechakftyeC fram the die.
£nbodi nent of the present invention, the average
surface roughness RZ of the sheet is preferably in
t heTRENFE RS FAWIBESH My pasei bel af fecwmds tim 25he gap

gm bpeRbenabiye f LM AD 33gM 30 GNd; par tegq%u' ahk¥ts. For

referab fraqm 6 tq .30 .gm The average surface
P UBHAEBL Rz g B IERE (R SRR 4 Sk e, Tollers
Tal yaueh 50 at:asdrﬁjedrﬁérﬁtﬂ) T\a}?ié@% mgS?@UIdgglg?ﬁd&ﬂaémion is
ve hness th cal cul ate rom e

10 or a0aECEFY e Tharuf dS4F rotighnbBs dgt neSFFeRr mojder 1
suceBgsroélpndRyrddala sneasil-aBO® wragyensemdvidliler 2, the
thegtgughpesscpr OfxchJﬁ.'eerTg? su&ﬁﬁfeg?w%gne%s E%Zolofs%ﬁlgse the

sheet  is generally t resu e sél ection _
t heSPafRFEfes IfB)Ehergap vhrtiverny nedrleave? aed roller 3 is

i nf hagngedaby ovamy NthMHALHUS oPaALARELELS NGl X latpering
dependent . on the nature of the production process. 3
LoAnoRgt Fhede® ard t ﬁget e%%%?%t Fretere nerferr efiigchginke the

extmaist br, pmekeay, thchighefadel hotenpel akbHes . gifd RE eve a
a_factor_which has

coner epSh’ BaFE=cE" T rieponpe SR LAY < AGOHBEEA to be
depesrieviont t herpeecits@rconse i thicknest tdfe timell dhagt- to be
21 produced, the relevant value frequently being in the
20 range from 0.1 to 2 mm above the thickness of the
sheet, preferably from 0.1 to 1.5 mm above the
thickness of the sgheet, with no intended resultant
restriction. The surface roughness is also affected via

the particle size and the thickness of the sheet, the

25 dependencies being shown in the examples.

The light-scattering layer may be produced wvia known
processes, preference being given to thermoplastic
shaping prccesses. Once the particles have been added,
30 light-scattering layers can be produced from the
moulding compositions described above via conventional

thermoplastic shaping processes.

According to one particular embodiment, a twin-screw
35 extruder is used for the extrusion process or for the
-production of pellets of moulding compositions
comprising scattering beads. In these processes, the
plastics particles are preferably converted into the

melt in the extruder. By this means it is possible to



conposition. The tenperature of the nelt is generally
in the range from 150 to 3000C, preferably in the

range from 200 to 290C. These tenperatures are based
on the tenperatures of the fe2% on discharge fromthe
die. 5 The surface roughness may al so be affected via

t hePgRPIbBEMEEN HHEN FFARr g1V eghegtFoMbstse heransmittance

shegeg spaFoicueXampl Bighf a polishing stack enconpasses

three rollers in an L arrangenent, where the noul di ng

18]

conposition is 10 conducted fromthe die into the gap
bet Ween didiffiererl shadtsolHeere 2mand Ias pr6Qud8a Wap a two-

ar o ol ler t he ap..be enroller 2 and roller.
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10 o) EREATRI B3 edient Py OBe
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?Lgﬁ%ﬁ%g & fEiq_rf]le's:!e.rt 0 g‘héet[_‘gn an \6?1 thxgare\téj?rllrg?létnltezgﬁtgilt of

matri x, making the

he i
i 7 Per&AGELlpES high

, Wwth no T ntended resultant 1

Thessatterengougheests i s viso aftflestdbdiavi a wihk  moulding

parddfbss st Z6nangh theut hickpess: 9 bhgasheet, the 25
dependenci es bei ng shown in the exanples. The

3 | ght-scattering | ayer may be produced via known

pr oress€sal Poepessbeebebngagiryeuto at hamyuRl-addde process

shapi ng_.prqcesses. Once the parti.cl have been added, ..
4 oIS TR g PEguPei el BE oAU T o | nd i dstics
noupali e besposkdi wie deskt i beleabplece asodgsatibadl in a

ﬁqﬁﬂéggéﬁ .J§éfwgﬁﬁiﬁﬁs'wﬁ%ggrg£§§¥éﬁﬁgggﬁs has a

parficul ar embodi ment, a twWw n-screw 3

20yus edPvip? L $RM e e fs Wit piistens ig1g f gnithe (producnébn pump)
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of peldiet 3 Of 1 pREkILRE1GONMPOSI &k @8S by the extrusion die,

which extrudes a sheet product. Surprisingly, the means
described above can give diffuser sheets with a

particularly low yellowness index.

The diffuser sheets may moreover also be produced by
injection moulding, in which case, however, the
selection of the process parameters or the injection
mould is to be such as to give a surface roughness in

the inventive range.

The compounding of the matrix with the scattering
particles preferably takes place wvia a twin-screw
extruder, and the actual sheet extrusion can also use a
single-screw extruder, with no intended resultant

restriction.

The transmittance of the diffuser sheet of the present

invention is in the range from 30 to 70%, in particular



conprising scattering beads. In these processes, the
pl astics particles are preferably converted into the
nmelt in the extruder. By this nmeans it is possible to

22 obtain nelts which can-gi¥e-sheets whose

trapsmttance is particular&f hi gh. The di ffuser

shet®sther E2prE¢ BEOBY dduded 7

% a4 \RRr 5l et lgel privceferably

i n A eRet hengxt FUsnOROOEot Bggfoil or sheet in a

singl e-screw extruder is carried out downstream of an

i nventive sidefeeder conpounding process in a

t wi Thecr gwledwriadey anddent ergedi ahe peltmidgati @heet is
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rovi W th pa i"gh Op

scatm@iiny bbadsprnekiad it di0nphd tho ngrigthmeled resultant
di ffyuserishegts wth varying content of scattering

beads via blending with nmoul ding conpositions w thout
scattering beads. 15 It is also possible to carry out

a shngl pagtagalRroeaED>dienithich the gorpeuadi RGRk of the
t he sgher cal plastic art cies into the nelt takes

L0y RE

35" HesEYFBEGOn MRS 13 HAS¥PER BXERAYEY WS greater

whetleaappropedqas e, taslhe 20 idowparteatdlar greater than or
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Lﬁ%@#éf_%€0%§68ing unit (e.g. nelt punp) which is

at e ol owed by the extrusion die, which

extrudes a sheet product. Surprisingly, the means

d Lb ean ol dif u S it h
esghd begh abave: £an Gy difd user g%@?ﬁgﬁ%if?ﬁeet of the

particul arly | ow yell gwness i ndex.

user
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i nventive range. The conpounding of the matrix with

ectjon mould s to

paRve o
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tt“hé%@@&fﬁéngo one preferred empodiment, the surface of
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the inventive diffuser sheets has a matt appearance
under reflected 1light. Gloss measurement using a
reflectometer to DIN 67530 may be used for
characterization. The gloss of the sheets at an angle
of 85° is preferably below 60, particularly preferably
below 40 and very particularly preferably below 30.

There is no limit on the size and shape of the diffuser
sheets of the present invention. However, the shape of
the diffuser sheet is generally that of a rectangular

plate because LCDs usually have this type of format.

According to one particular embodiment, the diffuser
sheet has particularly high weathering resistance to
DIN EN IS0 4892, Part 2 - methods of exposure to

laboratory light sources: Xenon arc sources.

The inventive diffuser sheets are generally highly

resistant to weathering. The weathering resistance to



particles preferably takes place via a tw n-screw
extruder, and the actual sheet extrusion can al so use
a 35 single-screw extruder, with no intended resultant
restriction. The transmttanee2éf-the diffuser sheet

of the present _invention is in the range from30 to _
70901¥n &7 cdffgroress) iqf t peefangeds rdhs hosen Bbmets is

andtparktedbactyipastesabbynolipst he range from40 to
65% The yell owness index of the diffuser sheet is 5

preferably smaller than or equal to 12, in particular
smaTher mbHaduer cfqualadl diky W f hthe mBt.edded to ISO 527-2

esult ricti rticul ar embodi of
| hotfi PRoEer It or SpRE 2 p i unc T ARG e 1east
haIQ@aolﬂPénswnyhanglengﬁeaeérrehahtenteqaatruot15p in
particul ar greater than or equal to 25. The

scattering power of the diffuser sheet of the 15

pr eRERPTHATENt FBNn PREgrR@afeiCihah orSkewhl @6 Ootle jpresent

par i heshaiod! ey e Ofi LEUSErt @HRAR Whre a long term
(Partlcularlg referably g%eate t han 85 equal to Q.

LO0AccBPHY MGt GEBRETBIEEST © §§ﬁiﬁﬁ%%n§ Fhe1§uﬁﬁ§5§9Hlar at
20 uaastnwem-’tcr ve Teief f Losy- sbert ssdmsi de Mlshpapeeai@NCes in
Lrfetheeted | LRty O 08S ARASHLEBILIUST0R wnicn che

ref er to may be used
chadaﬁf@ﬁézat EbaetFhehgivess b@fent hersideates] .at Bre angpreg-term

Of gér#§c@rggﬁ§@PE¥u?§|QWHQQatggrEﬂaﬂfaaﬁéﬂgﬁﬁﬁgqgl%ﬁuch

bel ow 40 and very_ particularly preferablg bel ow 3
15ﬂ%ﬁ¥@?saﬁ5qqrﬁtnﬁﬂbﬁﬁeQﬁzgoﬁﬁa sidife otffpeer sheets do

di ffivsefiefshget s of the present invention. However,

the shape of the diffuser sheet is generally that of

a rectangul ar 30 plate because LCDS usually have this

t ypet othkeorsmte Adwmer, ditigeded sheepar raflaasbly have a low

0GL PENL 5 o P, g Ehggagl aheehsnas , Pad S 3l Ahgergo

meatﬁerlng resi s
20 longitudinal expansion of at most 0.55%, in particular

at most 0.3%, orn1 heating by at least 20°C, in

particular at least 40°C.

The inventive diffuser sheets may be used for other
25 optical applications, for example as rear-projection

sSCreens.

Examples and comparative examples are used below for
more detailed description of the invention, but there
30 is no intention to restrict the invention to these

examples.
A} Test methods

35 Average roughness R; was determined to DIN 4768 using

Taylor Hobson Talysurf 50 test equipment.

Transmittance 1Tpgs,ze was determined to DIN 5036 using

Perkin Elmer Lambda 19 test equipment.
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DIN EN | SO 4892, Part 2 - nethods of exposure to 35
| aboratory light sources: Xenon arc sources. The
inventive diffuser sheets are generally highly
resistant to weathering. The w&at-hering resistance to
- 24 DIN 53387 (Xenotest) of preferred diffuser
sheets is therefore at |east 5000 hours. The nodul us

of edBBdigdsy pﬁdéiaerggfp,% d'w%% td%tle@@ﬂ:@l%%f %o %ﬁl\? 6167 using
pref er.abl yg\frp | east in particular at |east
2

500
000F VPR FE N ‘% nﬁ%dt?%’%u?@%wm‘?’égt riction.

Accordi ng to one particul ar aspect of the present

sl Nventd o eferre dlffuse eet.s have

°10 Ig%e%w ge ?énp%r at‘%re or?“}ﬁ I egst%t%o lﬂﬁﬂag??%hl yeing a
at laasatqOf. rghkedomgeter nfsenvibce Jt@mg)er ature is in
particular a result of the materials fromwhich the

diffuser sheets have been produced. The long-term
serSF&le-eehper aPeer| ndiedt eslalvedrémyenatitive agngle were

Whi gdx; e dibi ieve@ne @f belr gopenigtngf ahevr s, 1608 divdf Urkliometer
sheets do . not deform At the sane tine, these sheets

10pr gf®fabi3 i have a low coefficient of thermal
expansi on, and therefore under go 20 | ongi t udi nal

ex . %‘%ﬂ?l ngﬂ%)?/ af E?Pe(yg %?ar‘% uileFtl ?LI gﬁsgt

Ieast 40C. The inventive diffuser sheets may be used

foroddercs 35 0ptical @pplications; for exanple as

rear-projection screens. Exanples and conparative
exanpl es are used below for nore detail ed description

of tdepireparti Othe b@bhbh@b@ﬁoplés@pcé nb%&ttll%rletso use was

restr ct the invention to .exa S. Test
55 sty P Y SRE e T e e | e izer

476:&&151@ Iﬁgylmxed-_lqj:jsmtﬁai ysnofm 0 unestiequsphphbte and
soda solution directly prior to starting the actual
polymerization. To this end, 16 g of Al;(S04}3;, 0.032 g
of complexing agent (Trilon A) and 0.16 g of emulsifier
{emulsifier K 30 obtainable from Bayer AG; sodium salt
of a C;5 paraffinsulphonate) were first dissolved in
0.8 1 of distilied water. A 1IN sodium carbonate
solution was then added, with stirring and at a
temperature of about 40°C, to the aluminium sulphate
dissclved in water, the resultant pH being in the range
from 5 to b5.5. This procedure gave a colloidal

dispersion of the stabilizer in the water.

After the precipitation of the stabilizer, the aqueous
phase was transferred to a glass beaker. 110 g of
methyl methacrylate, 80 g of benzyl methacrylate, 10 g
of allyl methacrylate, 4 g of dilauryl peroxide and
0.4 g of tert-butyl 2-ethylperhexancate were added into
the beaker. This mixture was dispersed by a disperser
(UltraTurrax S50N-G45MF, Janke and Kunkel, Staufen) for
15 minutes at 7000 rpm.
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Transm ttance 'tD6si 20 was determ ned to DI N 5036

using Perkin El nmer Lanbda 19 test equipnent. - 25

Yel | owness i ndex TD65/100 was determned to DIN 6167

using Perkin El mer Lanbda 19 Z@st equi pment. 5 R85

gl oss_was, determned at 85 to DIN 67530 using a

| abBP At BV ing ettt G L4e ore DEheptngéheSemaariany mixture

pOV\ﬁés aBHabgk¥edol RLEeNSiEby:-+3Rg! §HARNE hUeURIdH %ﬂé’ated to
5036 usi ngra GO T- 1500 .LMI' goni oneter 10 tes

un| B p) SBPERRF 4B F6n GFAFFASE cSPRATPEES p%t.f’c@’c and
parpaa]:jmerBtédlSWiTﬁh prepareithe F@@@r i ﬁ@hhm@@t | &Sout  80°C
ar an. alum nj_um r oxi

P kR PR aBC 188 CIRES RLLPR el e Pihbon Ho bferiz-
al u@rth(blulmtsluﬂlqﬂhat é am@lsts-'odacsmmlt mi'ramh r ety poldowed at

to ghanti ngséhe ﬁ%é‘ﬁjl 20 @é}hq | 0, TOp LRI, 8N, 5 £ oy
16 g of Al2(SO4) 3, 032 conpl exi'ng agent
(Tr§Pohing i (#51"63:9 é‘\heenﬁfiéb#ﬂ-éﬁer( eviabsi ¢PryeRE8d into

0btﬁ&f@¥¢§biu@ﬂéBQYQﬁlﬁE%mSQQRBHhﬁélby %Edﬁn@l%o strength
1 gPar af%[l nsul phonat.e) re first dissol ved . of

104i sTHHRY tat 8F1dA IS oofRits c’é(?E@nd‘foer]‘%i s‘éPuPVoande%erlng
t herhaddedsuiittdntst i Buispgnaidnat ahrbagner 3 Ur &eddmercially

0 um Qi um sul di ssol ve
vvatéje‘? 4:?%%1% estfﬁl;(teC Eﬁt ﬁl%e Ag ?lﬁgt He P dHge 2% g% % tfor =24
5. homrg sllpr@d@%i@t@dg@aﬂelraetol | oi dal di spersion of

the stabilizer in the water. 30 After the

preC| itation of the stabilizer, the_ aqueous phase
4% ahbFer FédtrébutaPRs afeakieidiad 0Py dRsewetamiinction.

rfﬁmwmbatan l&ﬁzge Wsobﬂl‘%ygh'gem@ﬂlﬂl@se,véa]@ 4. gg The
a t at 0 il aur er oxXi an

Lfy %ﬁlfe g%ﬁ%t gbﬁp er}cgtlhﬁlﬁé?%ex%%ogf]@rﬁér eifgefetected.
| ntNJa thadmdakdon Thcsuntafiur erheas rédsapeased Byr@icles are
d'§§§ﬁﬁgﬁ plastics particles Bl below.

Plastics particles B2)

Plastics particles according to DE 3528165 C2 were
prepared, the constitution of the particles being in
essence the same as that of the plastics particles B1l)
described above.

The size distribution was studied by laser extinction.
The median size Vs of the particles was 40.5 pm. The
beads had a spherical shape, no fibres being detected.
No coagulation occurred. The resultant particles are

termed plastics particles B2 below.
C) Examples 1 to 6

Various diffuser sheets were produced by extrusion. To
this end, various compounded materials comprising
scattering beads and composed of plastics particles B1,

plastics particles B2, plastics particles based on



(UtraTurrax S50N- A5MF, Janke and Kunkel, Staufen)
for 15 mnutes at 7000 rpm - 26 5 Following this
exposure to shear, the reaction m xture was charged
to the reactor, which had beenZ2preheated to the
approgriater,eaction pol ymerized with stirring _
t enpEYafiife ‘ch(@OOVfrOpn?lé? @ol §herFzelidnum, obtainable
tenpembu{:_ﬁhlflyr uéihmﬁmét e:g:aa{emgggc t@m{@ahpcfﬁymer SBX-8 from
post.-feaction ase .then abau j nt erna _
PenEr LB e T BBSE n g LAICE | HEOSEAKT] 2dFofad median
80Csiand vabout i80Cabépol Arepinz- dothomerdlat adowe3 barium

ft rt i t.er- bl Lnium sul_ phat e
oy SAPAREE P oy SR SpRhETRRRHT, ST manen
wer Bowbikag gpmpystiiivar ohgathebles fircantRédws s e Co. KG
t hr ougBo2yREIMRICIRI Vb a¥al baP! Bt eeihl g fil

Bgtygoc for h%urs (‘%In a ﬁeat egllyg'ak?}éngelfa.rc%date and

drying .
Theggi D¥ WRLBhthefi Bthyd Scraled By Wwarserfiwgt st wided to

Thegiredi apl s ZEc Viheadt s he s t in6lie8inaS d8mBofi tTBBs here
sha .bres bei ng det ect ed,

bzt g oh0sticnl shate: 1o HloLes 919 Ggferady, ..,
t erpetdaphablecsiypant iCdbes Bh IBRARWER 2@ 4 asid cextruder was
parﬁé&ﬁ?STﬁg)temperature of the melt on discharge from the

die was generally 270°C. The setting of the polishing
stack was generally such as to achieve maximum surface

15 roughness.

Table 1 shows. the proportion of particles in the
polymethyl methacrylate matrix and the thickness of the
sheets.
20

Table 1

Example 1 | Example 2 | Example 3
Thickness [mm] 0.5 0.5 2
PMMA matrix g2 82 86
[parts by weight]
®SBXS 6 6 4
[parts by weight]
BaS0, 0 0 0
[parts by weight]
Plastics particles Bl 0 12 0
Iparts by weight]
Plastics particles B2 12 0 10
[parts by weight]
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20 Table 1 Exanpl e 1Exanpl e 2Exanpl e 3 Thi ckness

[mMM 0.50.52 PMVA matri x828286 [parts by wei ght]
(r)SBX8664 [parts by weight] BaSO4000 [parts by

wei ght] Plastics particles Br03220-[parts by wei ght]
Plastjcs particles B212010 [parts by weight] - 28
Tabf@ g gontinuation) Exanpl e 4Exanpl e 5Exanple 6
Thi ckness [ ] 222 PMVA natri x788779 [parts by wei ght]

&é SBX8400 Tparts by mE|gh E¥5%§H@¥dd,g£arts by 1Examp1e 3
Pl pstansmpacbhekbe$ssB2181018 [p@ruﬂ by mergmtj4The 52.3
dif%giﬁéwﬁgggtigagtalned were gééed N accaor dange %.46
Wi | Bds descfi be ove| the tist
r es@l tss/100t ai ned being given in Table 2. - 29 Table
2 Bxagple-1Rxappl e 2Example 3 o 0.6 0.87
o
Halved-intensity angle 43 49 83.4
y [°]
Rg 25.4 7.6 20.2
[pum]
Gloss 4.6 8.6 5.7
R85 © ]
Cpa*ds/Dpa’ 0.00505 0.00505 0.01347
[$ by weight*mm/um’]
Cpe*ds/Deg’ 0.000090 0.00093 0.00030
[$ by weight *mm/um?®]
Rz”/Dps’ 0.00968 0.00416 0.00613




Transm ttance [% 73. 1471. 3452. 3 Yel | owness
i ndex4. 865. 36.46 G (ti D65/ 10) Scattering

power 0. 560. 60. 87 a Hal ved-intensity angl e434983.4 y
[0] Rz25.47.620.2 [nM] d 0ss4-68065.7 R850
CPA* ds/ DPA30. 005050. 005050. 01347 [ % by wei ght * mm n8]
CPBTa8LBP330 CODBAITe taeM9I30. 00030 [ % by wei ght * nm nB]

Rz 2/ DPB30. 009680. 004160. 00613 - 30 Table 2
(cpntinuation) Exanple 4EX e SExanpte 6
TrEpgnjttangg [ 0] 50 556 7564%8ADYE |hynEsample S [ Example 6
i ndexdns4i89%4néd G2(TD65/ 10) Sgattering 56.75 54.88
powngr0.890. 7/60..8 6 Halved-{ntensitTy angreg4/7. 078. 47y
[l %Q%Pﬁf?ézé?@eﬂm G obo0. 98.512. 0|AB54- 32 4.73
CPAGAS/sDRA30. 013470. 04800. 480 [ % by \wei ght * m1 ng]
*
Crpsdst PRe$9,0837420. 00030D. 009524 0.76 .8
a
Halved-intensity angle 84 77.0 78.4
Y [°]
Ry 33.7 21.3 28.0
[pm}]
Gloss 0.9 8.1 2.0
RB5°
Cpa*ds/Dpa 0.01347 0.0480 0.0480
[$ by weight*mm/um’]
Cop*ds/Dps” 0.000542 0.00030 0.000542
[% by weight*mm/um’]
Rz’ /Deg’ 0.017102 0.00680 0.01184




o

[ % by wei ght*nm nB8] Rz2/Dp] 3 30.0171020. 006800. 01184

WD 2005/ 02245 - 31 - PCT/ EP2004/ 005058 Patent C ai ns

1. Diffuser sheet for LCD applications enconpassi ng

at Weag005ne224Bht-scattering pol ynmet hyl pér/rp2004/005058
met hacryl ate | ayer which conprises a pol ynet hyl
rretﬁ@b@yta‘f-‘éamiﬂl x and also fromO0.5 to 59. 5% by

wei ght, based on the weight of the light- scattering

pol net hacryl ate | ayer, of spherical

sca ten%’g 1&?‘?¥cl%§@(tA) fQkod&Thedbahi 2ot spre VST dmpassing
Indt hedr?ifage flgéHBtOtﬁ Fﬁeﬁot %m @@dsca\eeéﬁlﬁgffagdl\gﬁnethyl
i ndex di rs from 0 e

met hacr YAt TaY 7 %€ byt & Sfal WEic tﬁ@mPFéﬁaé f& ool Yo thyl
to 0.2, Ia@tdhaﬁdi:oﬁl@té maths%nay al\w gﬁ’!rfom basedtensbhes by

wei ght e |ight 1 scatte hyI _
nmet hacry %htf aye?) ? sﬁher ]3 8‘7 % B) tRRosdight
medi an S$<2@t1:,6101m£$ [ mnoliylmetr}aﬂge fneohadzﬁyﬁatéso Dagend of
whose r r at the :
eél'lg met hacr yl ate rrbl{{ ri éa%rtgwl‘ég éﬁ[ n h}hose median

poI ymet h a val u

10 ange fr%lrﬁ%) Yep t b5 0ip, Wﬁ%réaﬂﬁé tfatom @ohcént rl i pm, and

of theI v&@ﬁ’@él%@'fr&@:%:ﬂv%r|ﬂ9d@1@][@1‘f|f%%ts(/‘\ﬁ66@/fﬂg that of the
articles is in the range from o 60% by

\a/el ght , ]séﬁ'gtw}tﬂﬁta@fzﬁm‘gb'? IR 9 HPY s @atteeiishgin the
pol ymet hr;,dngaérefhamr yl.ate dayerz, aaﬁdt hf&oﬁpftera céd 59 5% by
scatteri par S d_ spheri p t| ~
(B have&gl&%lffeir)é% 8 n)an tg%lrtlgfeé gll ze C%r‘s erc-—:‘L ight
15t he tr v temaimee o@qlh@edtﬁlﬁ/‘flusemeSheeryiLsten theyer, of
range fraipeddi do 719a4?@i@léé5 §F%ﬂ§£%%(ﬁ’ﬁ%rsi Veg is in

greater than 0.3, characterized In e ratio
of the stc}l%rﬁa%geﬁépﬁ'gel%uw aéeOlr @tﬁgrﬁ%swb@whéefractlve
pol ynet hirlddret hagrykake |ayeh RaHse thert hidih PeWelmethyl

B
of the sizg Al e SRS Sl PArticles (B ive range from o

20 to 0.2, where the total concentration of the

25

30

35

spherical scattering particles (A) and particles
(B) i1s in the range from 1 to 60% by weight, based
on the weight of the light-scattering polymethyl
methacrylate layer, and the spherical scattering
particles (&) and spherical particles (B) have a
different median particle size Vs, where the
transmittance of the diffuser sheet is in the
range from 20 to 70% and its scattering power is
greater than 0.3, characterized in that the ratio
of the square of average surface roughness of the
polymethyl methacrylate layer R; to the third
power of the size of the spherical particles (B)
R;/Dps’ is in the range from 0.0002 to 0.1300 um™>.

2. Diffuser sheet according to Claim 1, characterized
in that the ratio of the square of average surface
roughness of the polymethyl methacrylate layer Rj
to the third power of the size of the spherical



Rz2/DPB3 is in the range from0.0002 to 0.1300 gm|.
35 2. Diffuser sheet according to Claiml,
characterized in that the ratio of the square of
average surface roughness of BBe-pol ynet hyl
methacrylate layer Rz tq the third power of the size
of the sph&ticales. @ ParPexl ds (B) Re2g/ BRBYS stxom 0.0009
the rangeof nome@000@9:, to 0.0900 gm 1. 3. Diffuser
sheet according to Claiml or 2, 5 characterized in
that the ratio of concentration of the particles (B)
cP|B3to thl:neftfhisﬁkrnes?léﬁtlthaccbf@mhgsc;'ttd er¢nNgim 1 or 2,
ol ynet net hacr. te |ayer cPB/ds is greater .
‘fhan or ééﬁgf’lcttgr#§aobjyn &E‘F&h%ﬁi‘ﬁn r3pig. %G fFoRepntration
sheet acodrdilrg paranyles t(Be precedi nghe ckhiibkness of the
char act egi; [ .t he f th
i ght CLeLiBEe, %Sa‘ﬁg%r%‘ hy%m%f ot Betlpsryiase  laver
smal | er €hatrsdfseciml queat®Er 130N Dokf usenadhesp 2.5% by
accor di nget gnanymof the preceding clains,
1 characterized in that the ratio CPA *ds/DPA3 is in
% he range from0.0025 to 0.3% by weight*mmn2 . 20 6.
Di f 2user D$hcabeaceaditngatCor@in®f tbheapy e6editdd preceding.
cl ai ns, tacterized in that_.the ratio B *ds/ DPB
isin thétjfgéﬁéé 8 60T 018, O%@%tby%ﬁe gfoss Rgso of
wei ght *nhaR 1ight7 scBittkursey shdetmegdydr dieithdaaytof layer
the precedi - Al char i zed,kn that the
thicknesggogﬂ?%gggl?gﬁ?-ggaggggﬁnggpgpynethyI
I%wethacrylate layer is in the range from1l to 10 nm

5. Diffuser sheet according to any of the preceding
claims, characterized in that the ratio cpy *dg/Dpa’

is in the range from 0.0025 to 0.3% Dby

welght *mm/ um?.
20
6. Diffuser sheet according to any of the preceding
claimg, characterized in that the ratio cpg *dg/Deg
is in the range from 0.00005 to 0.02% by
weight *mm/ pum?.
25
7. Diffuser sheet according to any of the preceding
claims, characterized in that the thickness of the
light-scattering polymethyl methacrylate layer is
in the range from 1 to 10 rmm.
30
8. Diffuser sheet according to any of the preceding
claims, characterized in that the spherical
particles (B) encompass crosslinked polystyrene,
polysilicone and/ox crosslinked poly {meth} -
35 acrylates.
9. Diffuser sheet according to any of the preceding
claims, characterized in that the scattering

particles (A} encompass BaSO,.
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30 8. Diffuser sheet according to any of the preceding
clains, characterized in that the spherical particles
(B) enconpass crosslinked polystyrene, polysilicone
and/ or crosslinked poly(nmeth)-335 acryl ates. 9.

D ffuser sheet according to any of the preceding
clains, characterized in that the scattering

par1®0|e§1ffﬁs§90%ﬁ%@¥5é%ﬁ%¥ﬁln 330 Ly %D$E%cedlng
15 2013. 2514. 3015. 3516. D'ffuser sheet accor

any of tﬁ%aﬁP%ce&hﬁfaQQﬁf%ﬁﬁdch%ré%ﬁetlEEQ|W@Q#%ﬁ of the

thehnatr}Xgnﬁléh&ttﬁrgﬂé §§@?ﬁ@&?§g ﬁ@h&ﬁ%&ﬁibte layer has
met hacry] at a as_.a refr ive in

Tonee 1 ront SEharhvEitnglx Thl Bk, ongR B duidints 1-54.
l'ine (S%mmra@dfm PBE. dodifrsed dhesd &B686r dinllg taAd at
any of thegopreceding clains, characterized in that

the average surface roughness Rz of the sheet is in

the range from6 to 30 gm Diffuser-sheet according

to gny obitheserecading a&!&la’%g Céér ackerdg e@hten ﬁxf@éedlng

the nmedi ap size V50 of the spherical particle (B)
gr eat er s | gherastgrieRdn ihd-haddi B ﬁesﬁféﬂﬁgﬁlﬁyrface

scatterifgughness R, of the sheet is in the range from 6
to 30 um.

12. Diffuser sheet according to any of the preceding
claims, characterized in that the median size Vg
of the -spherical particle (B} is greater by at
least 5 um than the median size of the scattering
particles (A).

13. Diffuser sheet according to any of the preceding
claims, characterized in that the median size Vs,
of the spherical scattering particles (A} is in

the range from 2 to 15 um.

14. Diffuser sheet according to any of the preceding
claims, characterized in that the median size Vsg
of the spherical particles (B} is in the range
from 15 to 70 um.

15. Diffuser sheet according to any of the preceding
claims, characterized in that scratches produced
on the sheet using a force of at most 0.7 N are

not wvisually detectable.

16. Diffuser sheet according to any of the preceding
claims, characterized in that the long-term

service temperature of the sheet is at least 60°C.



particles (A). D ffuser sheet according to any of the
preceding clains, characterized in that the nedian
size V50 of the spherical scattering particles (A) is
in the range from2 to 15 gm3D $#fuser sheet
according to any of the preceding clains,
chatéct ePi £8UsSER et hecoruiltrg stee a0 obf thiee precedlng
spherlca&laéﬁglCleﬁakﬁbtb§1hedth§nfa% Bt fkﬁﬁllﬁgi
gm Diffuser sheet accor to any the prece
clai ns, EhaFhtfakyzed Fﬁetﬁg?e§ciﬁtéﬁe%eﬁﬁéd@@86 MBﬁ
t he sheet using a force of at nost 0.7 N are not
vis IIy detect abl Di ffuser sheet according to any
fo pPEEERFRG Semma SRS o Py et nof hatid fFeceding
Iong terﬂiasmSVIC@h&fﬂ@é@ﬁiﬂ@é ointhéhaheewhes Bdngitudinal
| east 60 4 1 i ff c to an
of the p%% % ?%%n ZIfal lé;%harac é%l?édﬂl %gt Q% least
modul us %@Oceias@tcm@ytoﬁgthe sheet is at |east 2000
MPa. 5 18. Diffuser sheet according to any of the
preceding, _clains, characterized in that the _
lq(n&ﬁtudghgfus%&p§ﬁ§ﬁﬁwQﬁcQ#QF@%eEP dae’ tof hé&e myeseding

at | egstclﬁﬂﬁsl S @haﬂ‘@&%e&%zego 19 Q:Iﬁétlserth%he%&eatherlng
accordin ecedin
characte??%%%g?%c?hg% ?H ﬁ&ﬁ@ﬁ %91 fﬁQQ%s?ﬁﬁcésoﬁt least

the shee®06® BDbN-S53 387 is at | east 5000 hours. 15
20. Diffuser sheet according to any of the preceding
clainms, characterized in that the transmttance of

15t he2 Ghed?i fEuser t BESRANFCIITHINMD to 6596 Of. thef farereding

sheet acepsdhag &@aﬁa&teilges @heEﬁgtn%hefoHﬁEdE%tance of
characterized in that the | owness index of th

sheet i s*ReefPeftthanidrtl u%?nQ% fvom 40 to 65%.

o
O

21. Diffuser sheet according to any of the preceding
20 ‘claims, characterized in that the yellowness index
of the sheet is smaller than or equal to 12.

22, Diffuser sheet according to any of the preceding

claims, characterized in that the halved-intensity

25 angle of the sheet 1is greater than or eqgqual to
15¢°.

23. Diffuser sheet according to any of the preceding
claims, characterized in that the scattering power

30 of the sheet is greater than or equal to 0.45.

24. Process for producing a diffuser sheet according

to any of Claims 1 to 23, characterized in that a

moulding compeositioh encompassing polymethyl

35 methacrylate, spherical scattering particles (A)

and spherical particles (B) is extruded.

25. Use of a diffuser sheet according to any of Claims

1 to 23 in optical applications.



22. Diffuser sheet according to any of the preceding
clains, characterized in that the halved-intensity 25
angl e of the sheet is greater than or equal to 15.

23. Diffuser sheet according-t3 any of the preceding
clainms, characterized in that the scattering power 30

of the sheet is greater than or equal to 0.45. 24,
Proggess 1oL p j a diff : ~Sheet ordi - :
any of C$ains&§g?gag%? cﬁgragﬁgﬁrieggin%ﬁﬁangﬂgTd6%GCtlon
moul di ng®To#Pdsi ti on enconpassi ng pol ynet hyl 35

nmet hacryl ate, spherical scattering particles (A and
spherical particles (B) is extruded. 25. Use of a

di ffuser sheet according to any of Clains 1 to 23 in-
optical applications. - 35 26. Use according to Caim
25 as rear-projection screen.



