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generation and production thereof frompolyneric materials 5 Field of the
i nvention The present invention relates to a concentrator for
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materials. The inventive concen- 10 trator can be enployed 1n photovoltaic
systens, or nore particularly in solar thernmal energy systens. The
i nventive concentrator enables the efficient concentration of solar
radi ati on ortenas)tecd tsois ulikdr aso lldr selargy effése va t bdis i@ rptsdii St ion

[ rrespect ive of the geORRLLLANGLenl ol ie! Abklrhgl Cxamle, to the
area of a high-performance sol ar "ce P as used in concéntrated

phot ovol tai cs, and equally to an absorber tube which is used in

concent rat eg;g9l@al, ¢ heyamal gRergy 20 systens, for exanple in the context
of parabolic trough technology. State of the art 25 In the utilization of

solar radiation, a distinction is usually drawn between point- and
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The inventive concentrator enables the efficient
concentration of solar radiation onto objects such as

15 solar cells or absorber units, irrespective of the
geometry thereof. This relates, for example, to the‘
area of a high-performance solar c¢ell as used in
concentrated photovoltaics, and equally to an absorber
tube which is used in concentrated solar thermal energy

20 systems, for example in the context of parabolic trough
technology.

State of the art

25 In the utilization of solar radiation, a distinction is
usually drawn between point- and line-concentrating
technoleogies. The  line-concentrating technologies
include parabolic trough technology, which is used in
concentrating solar thermal energy systems, and which

30 concentrates the incident radiation onto an absorber
tube in the form of a line by means of a parabolically

curved reflecting surface (parabolic mirror).

Parabelic trough concentrators are currently being used
35 in solar thermal power plants which are designed for
ocoutputs of, for eiample, up to 300 MW. The absorber
tube is usually surrounded here by an evacuated glass
tube. The reflector or concentrator used is normally

inorganic solar glass. In addition, polymer-based



" tube is usual | y surrounded here by an evacuated gl ass tube. The refl ector
of concentrator used is normally inorganic solar glass. In addition,
pol ymer - based WD 2011/045121- 2 -PCT/ EP2010/ 063065 mrror filns in which

.a polymer fiwgnalbas/peerpiapplied to an_abum ni um pl at®yp /@Yo §) deBdeased
conposite systens or another backing material are used. What I1s common to
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parti cu?é\r i vcegﬁﬁng:t iaﬁéieé:&“}ﬁle?ﬁé?me%%&tﬁpsystem.

Furthermore, the logistics, for example in relation to
transport and mounting of these three-dimensional
mirrors with dimensions of, for example, approx.
25 1.6 * 1.7 m, constitutes a considerable challenge. This
gives rise to a further disadvantage of inorganic solar
glass systems; they are extremely prone to breakage,
which is a problem especially during mounting, cleaning
and maintenance. Furthermore, the systems are
30 gusceptible to extreme weathering influences, such as
storms or hail. Fragments of the solar glass mirrors
which form lead in the extreme case even to marked
secondary damage to absorber tubes and to neighbouring
glass mirror units. An additional factor which cannot
35 be neglected is the resulting critical occupational
safety when working with such systems. A further
disadvantage of established systems is the high weight.

To mount these comparatively heavy sclar glass mirrors,



10 Systens based on al um ni um conposites do not have the necessary sol ar
refl ection, and are therefore suitable only to a limted degree for use in
sol ar power plants. A certain market share is possessed by these reflector
systens in )= i um scal e systegs, for exa Lng 19 their
“wei ght advamgzglﬁzﬁ‘%go%ﬁ mount i ng. Thésgsére enpl oyedé%/c]?r%g%/e(r%a%ol% n, for
exanpl e, of process refrigeration for the purpose of operating air
condi ti oni ngEP sESEENY. BB IYARHIT AP GioF5msCoprTabei EPuagkiésions- bonded
to al um ni unasheaedsdedave to date not becone established on the market.
One di sadvantage is considered to be, for exanple, the conpl ex and
quality-critical lamnation onto the preshaped backing material. In
addi tion, 25chr ofittepolpsed coni r tnorfiehie aybidablimhayveecdefect s
with regard Ongldd e d hesj di P 1 771 687 details
protecti %n o%soct e m%éféor al%gyg?gal é%%{lgmn?ﬁgac?%ﬂ%c%%as;t,ecv%nn%%ooﬁya §) nor e
preci se 30 spaks fivatiemiod tdfs thehndisgyvastagedesidgssrobedirron film
systens are gpe[ﬁsﬁﬁﬁﬂ_f hergi natdeients: 2008/ 0093753 discloses anpregcess for
producing 35 mrror filnms. The protective filmat the sane tine
constitutes SHEEPEking film which is converted to the final form as
early as in the course of production and is then netallated. The netal
coating,i.s in turn ovided with an indeterm nate protective |ayer on the
V0 20137 Bas 1 taPE D eo 610 DhybHY oy EPLBCS g Feriot SEREST bener
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contai ns a W adsorbernaghkdtt k8aingners ceegserpedi becthysadjreifdiengorhe
silver |ayergyafeddN{ R bAR11BY of it @h- dPU B SLLUCLHE S, shbe Jdanen ol ayer
is protected by the outer layer. The silver 10 layer 1n turn was applied
bef or ehand R¥IRPHAR thpbsi YELRLE02dVERbaPgydR FEPYeBOERtRAG- nThessr oduced
by coextrusi:m Ehpisyshenids yengre@IReX £Or Pladhg Qvesal hrandsexhibits
hi gh susceptriebérlij té/ t.0, rrec]t:]ani (‘t%l stress. , ) ,
geration Iox e purpose of operating air condi-

tioning systems.

20 Polymeric mirror films, primarily adhegive-bonded to
aluminium sheets, have to date not become established
on the market. One disadvantage is consgsidered to be,
for example, the complex and quality-c¢ritical lamina-
tion onto the preshaped backing material. In addition,

25 some of the polymeric mirror films available have

defects with regard to long life and adhesive bonding.

EP 1 771 687 details protection of the mirror Ilayer

also with acrylic glass, without any more precise
30 specification of this technology.

Some designs of mirror film systems are presented

hereinafter.

US 2008/0093753 discloses a process for producing
35 mirror films. The protective £film at the same time
constitutes the backing film, which is converted to the
final form as early as in the course of production and
is then metallated. The metal coating is in turn

provided with an indeterminate protective layer on the



15 In order to avoid this problem in US 5,118,540, an abrasi on-resi stant
and noi sture-resistant filmbased on fluorocarbon polyners is applied by
adhesi ve bonding. Both the UV absorption reagent and the corrosion 20
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and UV absorption reagent from one another. WO 2007/076282 details an

alternative structure for 30 better protection of the silver coating. A
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backi ng fil mthased, for exanple, on polyester. Mrror filmsystens,
however, have the di sadvant age thattheadhesi veoperationisintrinsically 15
susceptjr%l e to faults, and that, for exanple, the parabolic trough of a
parabolic tmeugbrdet| ect oavbad tuhire produeed iim ausemmrate, Epm)ce&sl and
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flexible CO@Q&%FVQHQ’iﬁ%tfﬁﬁgégﬁgigﬂ reagent and the corrosion

20 inhibitor are part of the adhesive layer, with which
the film is bonded to the metal surface of the poly-
ester backing film which has been subjected to wvapour
deposition. In this case, the adhesive layer may in
turn, analogously to the (meth)acrylate double coating

25 detailed above, consist of two different layers, in
order to separate corrosion inhibitor and UV absorption

reagent from one another.

WO 2007/076282 details an alternative structure for
30  Dbetter protection of the silver coating. A PET backing
film is subjected to wvapour deposition of silver on the
side facing away from the light, and provided on the
other gide with a poly(meth)acrylate-based (Uv)
protective film. The reverse side of the vapour-
35 deposited silver can be provided either directly with a
pressure-sensitive adhesive (PSA) or, to improve the
corrosion resistance on the reverse side and for better
adhesion of the PSA, subjected to vapour deposition of
an additional copper layer. The teaching that a long-



" the reverse side and converted fl exi bly to the desired 25 form The
concentrator consists, fromthe outside inward, of an acrylic protective
| ayer, the netal |ayer, an optional danping |ayer consisting of a foam and

a backi ng. I bonded to one_anot her wt i er. 30
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Probl em The object of the present inveniion was to provi

concentrator. for ncentration of solar radia- 35 tion, which enables
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art. Mre pdrks dif ardshanirakosicess at or shoul d have | ower susceptibility
to breakgge conmpared to the prior art 5 and hence al so a reduced risk of
secondary damage. In addition, the concentrator should have a | ower
intrinsic weiRfhtBTriGTd *ranPE Pretpesivsi Fitpsohane| s ddsedyantage

subconst ructdlait  BAentbe rSamltdsearthei£ncent r gy oraylisin el Ur aleghave a
long life of_ at I%%%t 20 years, a 10 TI gh reflection performance for sol ar
|

radi ation arftf an Yoved BPREFFEAYELEquiRAN entt i ¢ y steb1lity
envi r onnment alndenf | tleac éanfdommare b oUV headria@n car tand t aas tacidiricher

obj ect ¢f, tQEﬁPr§§fggti@geﬂ%jBgokgction for an adhesive layer or a

backing film based, for example, on polyester.

Mirror film systems, however, have the disadvantage
that the adhesive operation is intrinsically
15 susceptible to faults, and that, for example, the
parabolic trough of a parabolic trough collector has to
be produced in a separate process and the mirror film
subsequently has to be laminated on in a complex and
gquality-critical process step. The same.also applies to
20 other concepts using “concentrators for solar power

generation.

In WO 00/22462, a flexible concentrator is tensioned on
the reverse side and converted flexibly to the desired

25 form. The concentrator consists, from the outgide
inward, of an acrylic protective layer, the metal
layer, an optional damping layer consisting of a foam
and a backing. All layers are bonded to one another
with an adhesive layer.

30

Problem

The object of the present invention was to provide a
novel concentrator for concentration of solar radia-
35 tion, which enables particularly simple mounting. The
inventive concentrator can be used in systems with
photovoltaic uses or more particularly solar thermal

energy uses. Furthermore, this concentrator should have



léAprovide a very sinple production process which, conpared to the prior
art, can be performed in a |less expensive, nore energy-efficient, sinple
and rapid manner, and dermands | ess conplex |logistics. 20 Further objects

_Which are ngjo $loai@gagpal icitly are evident fromt hepﬁ’/%b%i%@{ﬁ?%’ét of

the description, clains and exanples which follow Solution e obj ect

i s achi eved novel pr.ocess for _producing self-supporti congentrators
and the prova}q%i gﬁa3¥ set?glnlv ?Q%uBﬁglPFFﬁéegorﬁ%‘maﬁ%ﬁ r &5 o&g%ygf’éf?ﬁ f or

sol ar power ggneration. 30 Surprisingly, the necessary performance
criteria ar I i on tr st for. sol ar _power
generation,%ggﬁ%gpégf?ﬁglég%gfig% d?é% %%%?%5%% S$E%§fgt?%ﬁecgﬁ§$ﬁtrator
desi gns, by FiePtobig ifoy et o33 wanteadr r spvpacedpdsi t tbe heaskur oara
sel f-suppor timy ROhYEeERH oSt Usd i Cedhi-eBii Srdestrdhed-j ”dgﬁégél I
hereinafter. Mre particularly, the stress criteria are satisfied By
T v e ey 3 hoacd scee o
- i L, il € the DEoPE
conposition and thickness of the |l ymer | ayer facin theesolar ragiation,
however, theé PaITEHivSiT {58t f omngg‘esh%%’P%l a4 be *EnsFABFERFTECPhe terns
"pol yner | ayerst ardunzedki nptayerlohgreifafoerat ntédde pbayesysti ks,
o nct b & ety ot RrLde BRRRg-ARn00) KOR SorRt A Y En TR et
| ayer" in comased eper stt oldaster squovpdset oftapurd tyettad envakboys. The
t hi cknesses ypinttiesie fRldlcdA¥RhpAf& Ineprndent,,of . tihe other layers
detailed belowin the text. 15 In this docunent, the term _
"sel f-supporting” neans that a workpiece, in contrast to a mrror film
Ip To af | ehet B0E Preloranly ar ] past 3G Ao LhE oy en S Eanent a
up to at_Ieas . prefer . an (
condi ti ons, ¥ ex%npwggﬁruﬁéﬁ%ﬁ s.pFﬁgé85ﬁ8PH(ﬁF%ﬁ?TﬁpaWQBSPFC
trough col | estmesied i wRanpriber @xanptan bbapeafpamadplic gedssbry,
once shapedc,pdBIUL A RRdd 1 Lher GPUL AP O edd ANSPONLy o' N2ha! | 25598 and
oper ation of e syst'em o

manner, and demands less complex logistics.

20 Further objects which are not stated explicitly are
evident from the overall context of the description,

claims and examples which follow.

Solution

25
The object is achieved by a novel process for producing
self-supporting concentrators and the provision of such
self-supporting concentrators for systems for solar
power generation.

30

Surprisingly, the necessary performance criteria are
established 1in concentrators for systems for solar
power generation, avoiding the described disadvantages
of existing concentrator designs, by means of a novel
35 concentrator c¢omposition based on a self-gupporting
polymeric structure which 1is described in detail
hereinafter. _
More particularly, the stress criteria are satisfied by

adjusting the required total thickness and flexibility



' 25 The terns "reflector” and "concentrator” are used synonymously in the
context of this document. The object is achieved nore particularly by
provi sion 30 of a novel process for producing a self-supporting

.concentratoryd Qp13ysieim for solar power generation ﬁgnyQ¥033y§k3o 5
concentrator produced by the process according to the I'nvention. The

process accordi tq_the |nvent| consists.of _at least _ the fol] ow_ng
steps: 35a f‘#rjsgﬁge)oﬁ FEPACEy eFCi & co%]fedu%\?qh &0siRer 2 MF peray of
structure dammmqsxﬁnonwﬁm@eUhﬂuhn&aaknﬁfthbepnﬂyMHrrdayer lfayehg

structure is.appkied.a seeond; POl YRR, JAver. « @3@%&4&45121 e%for_
- PCT/ EP2010/ 063065 the am nat e’ t hus roduce conver o a‘use foLm

for exanpl e BpTRE #WUE BldigyPe o - S|nple forn1ng processes,
pref erabky by neans of cold curving, S the shaped, preferably parabolic,
| am nate is |nstalled as ﬁoncentrator into a_system for solar power

generation, Tthe"pEPYmePOLAYET (LRYRE t REY i GHCKSOHH céavarhi grrpin- .

transpar ent .afiGed nindtidé onl atthes ,cobLbnd | atok tebbaidiadt dudmbtheoprocess is

self- support é% based on polymers. Such a layer may in principle

have a thickness between 1 pm and 2 cm.

10 The term “metal layer” in contrast refers to layers
composed of pure metal or alloys. The thicknesseg of
these metal layers are independent of the other layers

detailed below in the text.

15 In this document, the term “self-supporting” means that
a workpiece, in contrast to a mirror film, after the
curving or forming step, retains this form at use
temperatures up to at least 50°C, preferably at least
65°C, and the ambient environmental conditions, for

20 example wind speeds. In connection with parabolic
trough collectors, this means, for example, that a
parabolic geometry, once shaped, is maintained in the
course of transport, installation and operation of the
system.

25
The terms ‘“reflector” and ‘“concentrator” are used

. synonymously in the context of this document.

The object is achieved more particularly by provision

300 of a novel process for producing a self-supporting

concentrator for systems for solar power generation and
by this concentrator produced by the process according
to the invention. The process according to the
invention consists of at least the following steps:

35 - a first polymer layer is coated with a silver
mirror layer structure by physical vapour
deposition,

- on the other side of the silver mirror layer

structure is applied a second polymer layer,



In one enbodi ment of the process, the first polyner 15 layer is provided
with a highly transparent prinmer |layer on the side to be coated with a
metal in the first step of physical vapour deposition. In the case that

.the first pebymeti)eyserzii s the highly tgansparent paapyepsdpyals3ogsd hence
the polyner layer facing the 20 light in the end application, it is

provided with a highlhy t nt | ner._l.ayer, on the_sid o0 ,be coated
with a metal ni rrort£|h>hé t%%ﬁ?ﬁg{é% éct}g{)é o r?ﬁtelxﬁﬁysliScaf:oegﬁﬁﬁ?&dé:&osﬁti on.
25 Optionally, but peefefabhy, fdre skdwepde tshepretbblliaydrrdwgti ,ngbgway
fromthe highly trangsRalentePQliviBle | 8¥8hihg LR vi ded_ w4 tallic
anticorrosion |ayer, preferabl coﬁesi st n.glg %f coppéggr&oér’ aﬁr‘\gﬁg?g% nposed
of chrom um and ni cl¥l MERRSs SEdss queatidid.o what are 30 known as

back-sur§ace nirror $hd NnsRApal] eratieHINOCRESabbhe-backing Jrayer swhi ch
| ater faces away framth Ie:x_l;ght source is coated with the netal - or with
st aft§ of°38=phyerenl lourt dEFESER 0fCEnd t hen

two successive netal*$
t he ot her side of thelwmt goweayefenez-agdatred With, optionally, a prinmer and

a highly transparen ol r._This _process.|eads to,wh are known as
front-surface ni rroﬁ:él.% %%?%?ﬂ/ (}fg%fl %@8}%%0}6?6%3§&HI% geferal ,

t he backing | ayer détiahdivhdésarispastarff.ness and hence is crucial for the
shape. i@ another enbodinent it is, however, also possible that the
difference in the |ayer thicknesses between backing |ayer and 5 highly

t ranspar ent IPoPffelt icayerthis sRFHHEHRH Phyired ohteh btke PBHOSAHEBI ng.

The inventive gengeriupalai iRy have a total thickness between 1 nmand 2
cm preferably between 2 nmand 10 1.5 cm and nore preferably between 3 mm
and 10 mm . Thehi ghly transparent pol yneri spreferably pol ycarbonate,

pol ystyreneIna shyrembahpenmest ald upropelsynerthe BWMAr ppeiemnabl y PMVA

pol yvi A | GRRESFT ukbi R TRVRER. THER iy Pran S SEFORESF E06r PELBFE er abl y
equi pped wi thyaddi onvédesushdas tionhbdi tawateahdwdrh UM sthabali zer sthe
first step of physical vapour deposition. In the case
that the first polymer layer is the highly transparent
polymer layer, and hence the polymer layer facing the
20 light in the end application, it is provided with a
highly transparent primer layer on the side to be
coated with a metal mirror in the first step of the

physical vapour deposition.

25 Optionally, but preferably, the side of the metal layer
facing away from the highly transparent polymer layer

~is then provided with a metallic anticorrosion 1layer,
preferably consisting of copper or an alloy composed of
chromium and nickel. This process leads to what are

30 known as back-surface mirrors.

In an alternative process, the backing layer which
later faces away from the light source is coated with
the metal - or with two successive metals - by means of
35 physical wvapour deposition and then the other side of
the metal layer is coated with, optionally, a primer
and a highly transparent polymer. This process leads to

what are known as front-surface mirrors.



"201n a particul ar enbodi nent, the highly transparent polyner |ayer
consists of various different polyner |ayers, which preferably conprise at
| east one PMVA layer. In this case, the individual additives are

_di stribut edwooppgepepisly and/ or separagely from On%%?gtaﬁgif%sﬁpﬁ%me”

one or nore of these |layers. Optionally, the surface

transparent _pol yner_layer. is,addi.tionally equi pped with a .

scratch-resiIgnt n%%%fbrg]ﬁ%t P&s anog‘taiy%f. %%rﬁﬁ y{:]é‘? §E1fhBeBECki ng

| ayer is preer dncegoly- canbbaat éprpdlhestshagree, I séyoehercepbbyhder, a

pol yester or ' e bl y-B , ition ive |ayers
meMhe MPL S RERLELED! Y1EWMpoda dil a0ld | Of. REBEalYg LA

may optionally be present betweén éach-o eindivid ayers.
2011/ 045121311 0thpCTLEPR0 10T 0ESBSS$&S | shelevdes uppaiting, layért handt he

| ani nat esi s pSigail %}%&?%é&a 1d el drd s prapl € o@ngh §agotRuSahe
converted to tg%al%i nal form by,q'%:ol d shapi}ﬁég - W t%out ﬁea(tj?'ng. 3 cggr di ng
to the i nvedAPd Hutis 5 SP&FY 9 -s 5 achi eved by virtue of the individual
| ayers, especially the two polymer |ayers, being matched to one anot her

with regard Q sté_@fnesg t hi ckngss and ot he% mat eri al oggr_t' es. This
gives rise tot he GratY adSSREEHET6F Ofhd hF oBRES Ecctb‘?‘bﬁgig JCthess

i nvention, o&elkdesimapabmn 18nfi ty ¢mi o monptraeted Haawesersuchmas padabol i c
forms. {p addictign...id ﬁ%!#hg! 1Q, NsUrE L hi il intaining an
exceptional I'y srmotaﬁ{cfsﬁdroﬁféeg%. |r§b|1§' reqwe‘feendf}%I @%&é%p & or par abolic
trough concentrators. Furthernore, the production of the |am nates from

novel 15 polppeeri chhaek)ng apdnbhRi-shing BgkHial s npkes E?é%é%ﬁl he
utilization of new geonetric possibilities and the configuration of very
(cost - ) ef f | BPACAERTE T at RO BFEST%Rct f  gebrEe?s esCopplWBRE, 2

parti cul ar | ¥1uricgldliveir o8ri neinime, t wo=didweitsivonakmat ade andrsubsequent
formng. LS nQ ossible. This too s associ.ated with an additional,

di sti ngjté cogf\ﬁlgﬁ\%fﬁg. Lief Lﬁhtlhoé'?OpaM‘?%gg’e\?vﬁlgch %‘/}r’?s@g‘aﬂ'@r‘f‘ef rBM¥s t hat
of 25 savi ngsnydigemed tid wrigieer g{PVDH )ensi Tiee andighsy| ytirhaspatenai ng
operation w voi da igh pr e atures..In a preferred
enbodi nent, .lira%?gqc%gd;%gee@%&fﬁﬂ% h%q%é%ﬁ%\ﬁanglggfﬁ aéécglo“%ﬁ:‘éen? r asglocr% - i eved
fromthe |igrhiddlnore andd ey S mgadfildtzdusast the following |ayers is
obt ai ned:

200 In a particular embodiment, the highly transparent
polymer layer consists of wvarious different polymer
layers, which preferably comprise at least one DPMMA
layer. ITn this case, the individual additives are
distributed homogeneously and/or separately from one

25  another between one or more of these layers.

Optionally, the surface of the highly transparent
polymer layer is additionally equipped with a scratch-
resistant and/or antisoil coating.

30
The polymer of the backing layer is preferably poly-
carbonate, polystyrene, a styrene copolymer, a poly-
ester or PMMA, more preferably PMMA,. '

35 In addition, adhesive layers may optionally be present

between each of the individual layers.

As a surprising aspect of the present process, it has

been found that the laminate has such a stiffness that



a polyner |ayer conprising U stabilizer and inhibitors, and conprising
PMVA, 35- a silver mrror layer structure with a thickness between 80 and
200 nm a backing layer, preferably consisting of PMVA, WD 2011/045121-

11 - PCT/ EP2G#0AL00306b0s it h the additional feature tfﬁr{hggogg)}&%@%gat or

has been converted to the final formby neans of cold forming. 51n a
preferred enhodi nent sconcentrator - V|e from.,t he ht source -
consi sti ng [)EPEthgsefo Tohi ngEYay ersgis 8b a}'\ﬁ% a i f %‘gl?‘fﬁh‘?shlﬁnth
soi | - r epel | ertmudiidirgscistioh resdslanwlldn‘ﬁmmab@epr opedt ices: Ifhu@a pel yner

layer conprisifg U stabi £héerf1@1%q | Al i ﬁyréolandsr&gm{qs' ng;PNMRe an

opti onal adhesive |ayer priner |ayer ver fLayer wth a
t hi ckness bét8addiBO %%%PH@&% G EE aftVebEEeBi off iy cprepmstst iag of

copper os nlafc%ﬁ'e'\fé]fﬁ[ UMt @ft@hékﬂﬁ§§v9&ﬁé{\§eﬂa}9rﬂm %egeéQmet
preferably ween 20 nd 50 an o%tlonal adhesi ve | ayer -

pol ymeric b ng“? apél YE‘@ESlQ?Y%ﬁSOf BV TR EERERelof e‘él?%rén%h?ﬁat t he

pol yrmer | ayerithasrdipard convettiédnkest he HiidkileforandyotBans mat c€ohd

form ng. properties. This gives rise to the great advantage of

the process according to the invention, cold shapabi-

10 1lity into complicated forms such as parabolic forms. In
addition, it is possible to ensure this while maintain-
ing an exceptionally smooth surface. This is required,
for example, for parabolic trough concentrators.
Furthermore, the production of the laminates from novel

15 polymeric backing and finishing materials makes possi-
ble the utilization of new geometric possibilities and
the configuration of wvery (cost-)efficient concentrator

and collector geometries.

20 More particularly, metallization in the two-dimensional
state and subsequent forming is now possible. This too

is aggociated with an additional, distinct cost saving.

A further advantage which arises therefrom is that of
25 savings compared to an energy-intensive and costly
thermoforming operation with avoidance of high process

temperatures.

In a preferred embodiment, in accordance with the

30 invention, a concentrator - viewed from the 1light
source - consisting of at least the following layers is
obtained:

~ a polymer layer comprising UV stabilizer and
inhibitors, and comprising PMMA,
35 - a silver mirror layer structure with a
thickness between 80 and 200 nm,
- - a backing layer, preferably consisting of PMMA,



25 ﬁurthernnre, the novel inventive concentrator has the follow ng
properties, in conbination as an advantage over the prior art,
particularly with regard to optical properties: the transparent conponent

of the invemp ¥ygrcomeanturator is partigylarly colou&mﬂggﬁﬁ@imgﬁqogges 30
"not become cloudy under the influence of noisture. The concentr ator

additional ly.exhibifs L St LN ather-. ing.resistance and, in the case
of optional % ?rﬁﬁ s |%ga%agﬁa§ﬂg%D%%V% ra“a'cetlélmg/ 5?1% %%I?%Efr&trﬁarnce%’f sﬂ%ﬁt
finish, verypegoodcohvartatl resi stimncdinfedr éxamplleyt owsards ablf 3501d
~comerci al ¢ganngg conpositions. These aspects too contribute to

mai nt ai ni ng solar ‘reflection over a long period. In order to facilitate

cl eaning, the surface has soil-repellent properties. In addition, the

surface 5wo 12051/ 45k e dl ZemBAd {20104 06306ant 82100 | ON@lb¥Yed from

abr asi on- r eyl st il and/or, scrat et esl stant,  Detail ed descripiion of the
iz obtained:
- a surface finish with soil-repellent and
scratch resistance-improving properties
10 - a peolymer layer comprigsing UV stabilizer and
inhibitors, and comprising PMMA
- an optional adhesive layer
- a primer layer
- a silver layer with a thickness between 80 and
15 130 nm
- an anticorrosion layer consisting of copper or
nickel-chromium with a thickness between 10 nm
and 100 nm, preferably between 20 and 50 nm
- an optional adhesive layer
20 - a polymeric backing layer consisting of PMMA.

A further feature is that the polymer layer has been

converted to the final form by means of cold forming.

25 Furthermore, the novel inventive concentrator has the
following properties, in combination as an advantage
.over the prior art, particularly with regard to optical
properties: the tranéparent component of the inventive
concentrator is particularly colour-neutral and does

30 not become cloudy under the influence of moisture. The
concentrator additionally exhibits outstanding weather-
ing resistance and, in the case of optional finishing
with a PVDF surface and/or a scratch-resistant finish,
very good chemical resistance, for example toward all

35 commercial cleaning compositions. These aspects too
contribute to maintaining solar reflection over a long
period. In order to facilitate c¢leaning, the surface

has soil-repellent properties. In addition, the surface



5 The highly transparent polyner |ayer The highly transparent pol yner
l.ayer is conposed of highly transparent polyners. These are preferably
poly- 10 carbonates, polystyrene, styrene copolyners, fluoropolyners
~and/ or PMVAwoPapiicidsapipreference is ghven to PMWARRGESSo{d RGBS YTErs.
The highly transparent polyner |ayer may be conposed of 15 a pol yner or of

bl end of giff Al tiyely, the highl  ent
ol ymor | ayer roa AL e oS ae a E BTt { P ERECPOT Y RErS. One

exanpl e is &p&ttens conposed of pol ynethyl nethacrylate (PMVA) and

pol yvi nyl i dene fluoride (PVDF) |ayers. 20 In general, the highly
transparent pol ymer |ayer is additized to inprove the weathering stability
and surf acePapgraded Sescrmptdnd e they flavenriePerties. 25 According to

t he applgcation, the reflection performance of the solar radiation should
not go below a certain_level. CSP solar power plants using parabolic

t r ough techﬁ%ﬁoéﬁgﬁgauFF@?SP&FQQ§aﬁﬁﬂé?m?bﬁﬁﬁﬁFion of at |east 93%of the
rel evant wavel ength range of solar 30 radiation fromapprox. 340 to 2500
nm Only fo i r |.1-scale solar_thermal energy plants js | ower
reflection Eg%?géﬁgﬁg% ﬁﬁ%ﬁﬁ %f%é%s%ﬁﬁ@?ex‘ Tg?%rgé‘er&P@PPﬁgdre?gvant
wavel engt h haghéyot ressrendsitt mmliyme photDvedd ados psehppabky BODyto 1800
nm 011/ =13 = 06 p pre y in the
ange. T1om 16" pores sk e ararr ab g Aot hE P anUhCF Pom S0 GE o 3 mm
The t hi ckneB8lgmefRe 2R Ry Fiths Radntchy mreiesancs 1s givenatoin

rel ation topuue sefl/eetiram armrree of solar radiation. It may be a

| acquer system a coating, a filmor a sheet, which may have the

t hi cknesses already listed. For optim zation of the reflection of solar

radi ati on, ahbi ghighlyr anrsperenterpolpoipmdByeryehd Wby eoPrebepabey das a

naXinuniéhing%§§m%E %fﬂgf a blend of different polymers. Alterna-
tively, the highly transparent polymer layer may also
be a multilayer system of different polymers. One
example is systems composed of polymethyl methacrylate
(PMMA) and polyvinylidene fluoride (PVDF) layers.
20

In general, the highly transparent polymer layer is
additized to improve the weathering stability and

surface-upgraded to improve the surface properties.

25 According to the application, the reflection perfor-
mance of the solar radiation should not go below a
certain level. CSP solar power plants using parabolic
trough technology require, for example, reflection of
at least 93% of the relevant wavelength range of solar

30 radiation from approx. 340 to 2500 nm. Only for medium-
or small-scale solar thermal energy plants is a lower

reflection performance likewige possible.

In general, the relevant wavelength range of concen-

35 trating photovoltaics is approx. 300 to 1800 nm.

Irrespective of the composition, the highly transparent

polymer layer has a total thickness in the range from



| The' hi ghly transparent polymer layer for front-surface mrrors can be
applied by means of coating or adhesive bonding with an adhesive or the
primer. 15 It is inportant to maintain the required reflection perfornance

.of solar radi@tdoan/odis can be achi eveg; by means ofp@s E@%Iollgpggﬁ%sspf a
particul ar maxi mum | ayer thickness, opti onal |y combined with a multilayer

structure, fopr I i_on_enhangenent 20st ack”. The
stabilizer p%c agg%Flifgr{q{P p?a%‘l%%%?%l)};% éleaﬁyn%%e ﬁ’“bh?‘é HakShar ent
pol ymer | ayer Wg, 280kgypppeerapih v bh@tmmg@nfroﬁpp?@)mmaﬂ:e_ Mupr ot ect i on
for filnms can be found, for exanple, in WO 2007/073952 (Evoni k Rohm) or in

DE 10 2007 029 263 Al. A particular constituent of the UV protection |ayer
30 used in r BRAEENGFE h Afhetay Bdohdy | Eranmpanens apblirer Javieage,

whi ch cost ritutesuddal ong féi@tﬁ@ﬂbt:@ the %@&E@Ewa §>teae§'o|tfmtg¥1c%f dghe

trat st abi ] i zer _package used |
S?gfggtrgnoerye‘_’f‘% ’ﬂ%‘iﬁaﬁﬁd%tgﬁf d‘H‘?Rfe @i &ht ﬁ@uff‘n’véh’FFSH‘ c@néﬁ%‘ttsm@fr t he
fol |l ow ng canpdrdmt spr aa Ustadisor bedhiath thaybe]ﬂbz@érltafa)l e;mlmss@suv

b f i aglk a .Stabilizer refera n
gg?rg{)uﬁcrj ° \%QEEO%LC% a%g%g‘i&ypior Cﬁ#%ﬂg% b%%o%g %ﬁ)o’ﬁ% i gaﬂd can be
used as an igfdiaf do@disfionance orighlyi xtramsparsnt eqs:tl;orrmr UNLagfasor ber
conponend MidrdeEesetly hddien hhahl rﬁrm&% feo qrer | ayer.

onent Cis necessaril resent in t e used i n accordance
&f?ﬁ thEIlﬂﬁgﬁl%%g 1y trgngparent polymer laver for front-surface

mirrors can be applied by means of coating or adhesive

bonding with an adhesive or the primer.

15 It is important to maintain the required reflection
performance of solar radiation. This can be achieved by
means of establishment of a particular maximum layer
thickness, optionally combined with a multilayer struc-
ture, for example to produce a “reflection enhancement

20 stack”.

The stabilizer package (light stabilizer)

The ideally used highly transparent polymer layer is

25 equipped with UV protection. Appropriate UV protection
for films can be found, for example, in WO 2007/073952
(Evonik ROhm) or in DE 10 2007 029 263 Al.

A particular constituent of the UV protection layer
30 used 1in accordance with the invention is the UV
stabilizer package, which contributes to long life and

to the weathering stability of the concentrators.

Ideally, the stabilizer package wused in the UV
35 protection layers used in accordance with the invention
consists of the following components:
e a UV absorber of the benzotriazole type,
¢ a UV absorber of the triazine type,

® a UV stabilizer, preferably an HALS compound.



In‘the case that the highly transparent polyner |ayer 10 consists of
various different polyner |ayers, the individual additives may be
di stri buted honbgeneously and/ or separately from one anot her between one

_or nore of wegeibaysrii 15 More partiqul arly, the geRoesbpds Adsseduced
in accordance with the invention is notable for its significantly inproved
WV stability conpared to the prior art and the associated |onger lifetine.
The inventive material can thus be used in solar concen- 20 trators over a
very | ong péidmmrpreintst Peasidl5Byears, peef usall yasvenanat ihdastidpalyears,

more prefer alinstaindLast 2t Y&@hShuls ST h@S YehBca HasL tigyl %E%érbé‘?:ge

nunmber of sun hours and particularly intense solar radiation, tfor exanple

in the sout EIWSENT UBASEr R%e PESSS4Har a0 THee wdligitdivgt Rrapeeerant of

sol ar rasli atgddmied! evapérf orcong@rnd her il gBEEGKaUSES" Panaas: fram 300
nmto 2500 q:frg The %an%e bce)LI ow 400 n especi al I% gel ow 375 nm 30 shoul d,
however, be 19t ePBdYBEt t 03311 on=Fhe 15% et PHEHPEPRE cofideht r &86r, such
t hat the " efifretbtieomwavel engt h range” from 375 nmor from 400 nmto 2500
nmis preserved. The m xture of UV absorbers and UV stabilizers used in

accordance with the invention exhibits 35 stable, long-lived UV protection
over a broadihaiies engeh shedt ridme (BOGhAN 400mpRreny7 (PRlii# 045428 15

- PCT/ EPR910/0£306% sThe,ssurface s soat d nge Jhen ¢ erﬁ:}:iﬁﬂé{*acfaggﬁéi ngipkn the
context of this invention_ is understood as a collective termfor coat- 5
i ngs whi ch 3P&appiiedd dditbhviee &t abe sHrdtcifuie hnBrBPIeBePrpLBve

abrasi on r esirst/aiC & afe 135 BFoMNbhs0iahot®all Mt wERr MHOVEt heracrat ch
resi stance or. the abrasi on resistance, polysiloxanes, such as

CRYSTALCOATTH NPEF60 18 SFFom SDC Technol ogi es Inc., AS 400- SHP 401 Or
UVHC3000K, both from Monentive Performance Materials, can be used. These

coatin or m tigp_ﬁ- ie far I by neans of.roll-coating,
kni fe- g:(L)%ti %x%r oy\}-acgzlglaatqﬁﬁ}g tglll?hgo?%)régggg%gfr #reocﬁ‘}cg% yl?rgﬁgﬁﬁr"ent 15
pol yner | ayé@nsfe t hwitbncehleat oknverbhphes of f umratledrl euseffolr coateng

technol ogi egsipalrudenYD (physheak vapoust deppsiyi %mrgﬁyﬁi]i cal, ggg.phase
deposition) and CVD plasma (chem cal vapour. deposition; chem cal gas phase
deposi ti on) Prior art and the associated longer lifetime. The
inventive material can thus be used in solar concen-
20 trators over a very long period of at least 15 years,
preferably even at least 20 years, more preferably at
least 25 vyears, at sites with a particularly large
number of sun hours and particularly intense solar
radiation, for example in the south-western USA or the

25 Sahara.

The wavelength spectrum of solar radiation relevant for
“solar thermal energy uses” ranges from 300 nm to
2500 nm. The range below 400 nm, especially below 375 nm,
30 should, however, be filtered out to prolong the lifetime
of the concentrator, such that the “effective wavelength
range” from 375 nm or from 400 nm to 2500 nm is
preserved. The mixture of UV absorbers and UV stabili-
zers used in accordance with the invention exhibits
35 stable, long-lived UV protection over a broad wave-

length spectrum (300 nm-400 nm).



20 More precise details of antisoil coatings can be found in the _
literature or are known to those skilled in the art. 25 The silver mrror
| ayer construction The silver mrror |ayer construction is conposed of one

up to severajo diohf goesrtzaf unctional |ayerss produci bl exday =Ry $h £ 306aPOUr
“deposition (PVD). The presence of the 30 actual mrror layer s

obligatory. ﬁétﬁﬁbﬁggﬁe Jo%céj[n away fromthe solar radiation, it is
- eto

optionally possi app an anticorrosion layer. Between the mrror
| ayer and the polyner |ayer to be coated by neans of PVD, it is optionally

possibl e forma PrR b3ubea33 PEESERhg-! NihNefasGddal,, f ol exgipl e the

hi ghly transparent, polynmer |l ayer iIs coat means o the primer is
on the side ¥&&EHg IhelSoraferaaradi 86. a e Tiiore Bermefbecrieh-

enhancenent isiakwhhayerasér uggirecancberbachyded; ify ddhe ssibyer girror
layer WO 2%&%0%ﬁ51%%_ %%p%gve/Eg Q%QQSSBOESSistance and/or as an
' antiscil coating.
To improve the scratch resistance or the abrasion
resistance, polysiloxanes, such as CRYSTALCOAT™ MP-100
10 from SDC Technologies Inc., AS 400-SHP 401 or
UVHC3000K, both from Momentive Performance Materialg,
can be used. These coating formulations are applied,
for example, by means of roll-coating, knife-coating or
flow-coating to the surface of the highly transparent
15 polymer layer of the concentrator. Examples of further
useful coating technologies include PVD (physical
vapour deposition; physical gas phase deposition) and
CVD plasma (chemical wvapour deposition; chemical gas
phase deposition).
20
More precise details of antisoll coatings can be found
in the literature or are known to those sgkilled in the

art.
25 The silver mirror layer construction

- The silver mirror layer construction is composed of one
up to several different functional layers producible by
physical wvapour deposition (PVD). The presence of the

30 actual mirror layer is obligatory. On the side facing
away from the solar radiation, it is optionally possi-
ble to apply an anticorrosion layer. Between the mirror
layer and the polymer layer to be coated by means of
PVD, it 1is optionally possible for a primer to be

35  present. In the case that, for example, the highly
transparent polymer layer is coated by means of PVD,
the primer is on the side facing the solar radiation.
In addition, a *“reflection enhancement stack” Ilayer

structure can be inciuded in the silver mirror layer



structure. This is an optimzed nultilayer structure of very thin netal
oxi de layers, the use of which can mnimze absorption. The reflection
enhancenent stack | ayers are generally formed by PVD. 5 The word "silver"

in silver mwor@bilzyeyizatructure does Ret i nply thatedeh@phhid AsatRbal nust
“indeed be silver, but instead expresses that silver is used In a preferred

enbodi nent . il .myror | r structure.consistjng of opti.onal

pri ner, nirfﬁguﬁggg%j opﬁ%ﬂéi %%f %%%?%%egn %% %ﬁ%% rs?gﬁgcgﬁﬁeoﬁﬁiona
anti corrosi detlvayehins mateter aigef otapdrby nBansuet phfysiwtdlchvapenr
deposi - 15 t; -The si 1NN ol¢ y CLur ener h

t hi ckness bg?&ggﬁigb %%%8 Bgﬁﬁf ggkilﬁéfzg?ygéﬁy?zt ecéle%ﬁ} %???%r | ayer
structure cafY&rso e ganedRicded fiormas MoEWbf a prefabricated "silver
mrror fglm'. This |ikew se has the above-described | ayer structure,
applied to polymer film (generally polyester), In the case that this

pol ymer 25 &ihle "}é’éx{ nﬁlpvé?%tejd'logt’]l{‘ﬁ SPHETOF  tR¥eEofBFUFEHFEt #8AS it can
be consi der edthemginaftledc asha adrsbirt wentalofmidte Hidpdy beanspaeent

pol yner |ay In. the case that this Lymer .ftil mlayer (e.g. poly- ester)
of the silvgﬁtniﬁﬂ%l%% rn?%p¥%%%?%orgg%§ oﬁlgﬁgrSOIFbvé%ﬁﬁgsig% (fhe side
of the silvereferred smbgctimestf.aci ng away fromthe solar radiation), this
new | aygg can be considered to be an additional constituent of the backing
| ayer and may optional ly be bonded thereto by a further adhesive layer. 35
The pri ner T%/&e 20AY 0251 2P rrPr. PGRER01 6083085 raastsdishierg i neb t he
pol yneri c supstibabe Opxamdiat mful reonponepss, fropriheapol yaeibersyhRstrate
into the silver mrror layer. 5 The materials used here are especially

t hose mhicheﬁﬁéygﬁpeﬁQﬁ%gé 8PqPﬁ??ﬁﬁ%ﬁftGéﬁﬂgoﬁﬁPéhoﬁréﬁ%ﬁ?ﬁaﬁ to the
met al | ayer prefeehabdycofstrhddiebys nefartsheofdgilyisdes 1Whiadar edeppabl e of
nigrat: , gqgnof the highly transparent polyner |ayer. The prinmer nust
natural Ty )

The silver mirror layer structure generally has a
thickness between 80 and 200 nm.

20 Alternatively, the silver mirror layer structure can
also be introduced in the form of a prefabricated
*silver wirror f£film”. This likewise has the above-
described layer structure, applied to a polymer film
(generally polyester). In the case that this polymer

25 film is incorporated on the side of the solar radia-
tion, it can be considered hereinafter as a constituent
of the highly transparent polymer layer.

In the case that this polymer film layer (e.g. poly-
ester) of the silver mirror film is incorporated on the

30 reverse side (the side of the silver mirror structure
facing away from the solar radiatiomn), this new layer
can be considered to be an additional constituent of
the backing layer and may optionally be bonded thereto
by a further adhegive layer.

35

The primer

The primexr acts simultaneocusly as a migration barrier

layer to prevent the migration of gilver from the



10 have simlarly highly transparent properties to the actual polyner
l.Layer. ldeally, the primer serves sinultaneously to pronote adhesion, such
that no additional adhesive |ayers are required to the netal |ayer and/or

to the hi ghp toangpesient pol ymer |ayer. ILn general pckSEbb61pfdd®iss5i S
“applied by means of physical vapour deposition in a |layer thickness

between 1 nm; ] : ti e priner, arises_fromth

adhesi on an lsurécea!y!&roégﬁcfgésﬁ%fﬂ)%%%%gls a@%rra%%dogf OFh aﬁf“éﬁ?y

t r anspar ent GeRERENOsafaom THe 1o ke iy, stlost 2t exampbethbesalvhicn net al
oxi de | ayer mith@ i@y | ayer The mirror layer consists preferably of

silver, gold or 25 alum nium nore preferably of silver. O all
potentially possible nmetal mirror |ayers, silver has the highest

reflectiwityhien hheckghevanusuayvehergt hspealgdaniaf 150! ahd=adi ghian.
Al ternative rrefl%tionl y.ersé% |l um niumor gold jn particular can
optional |y B&S36 pt“iingﬁ%ﬁoﬁ]p W RS T B et ind ghnhakeehert et ack

| ayers. Silver tilse usedali Lhyart hiccknessebebneentbBnapd sX00cme) apaefer abl y

bet ween 70 e f.er ab 5 t ween 80_an 0 nm ., At these
| ayer thi ck%gggésg?mal@rhe éectclr%% bglfeauéé%arﬁjf%lpa?rtolr%n’t HaR" 96& %%et ﬁégé Yar

radi ati on i $TRREPREnEnspe bdnernnd aveh pAbeessr melr metuerti ahatostilar e

avoi dedi @it hh&eSaBBmlifgB1y ViR 04542d5 - P e?rQT": 63065, jhe
mrror |ayer is Rr ef rablr{/ app%?e% usi nf n%%%}tn gtgjio?afl Orésge%%noFggi es,
preferably GSEHGpRPHESE VEYGH- dedirst 1Y onthavphinee hsarweshsdnul he

est abl i shnertanebusery td ghtdhotpackaedesheapgeneausHayess L3adtpeagib! e.
The reverse %:h%es.%]; t;he mrror la er.caa ogti nally bhe coated wi.ith a
second net af“rayér Cas H T antHcor T 5erdheraler thfom _YSF BBEPEE or a

ni ckel - chr ofount 49 &libbyy Thisnseavest f ipiinerasl pretectirdngkaerkhe netal
mrror ye nd dly_fo r hesi on, of _the. backing | ayer or of
18y °tng §§§&89 et e %é& 8 %%anasnt PgorngisbLﬁaanE?éo‘éFe

the pressure-senSitive adhesi ayer.” Suc
appl i ed prefepapiyicn an aydrvey diriesndss isdwed nim mmdad@02anumoor e 15

preferably betweem L0 and 88 MHe primer arises from the adhesion
and surface properties of the metal layer and of the
highly transparent polymer layer. The primer may, for

20 example, be a thin metal oxide layer.

The mirror layer

The mirror layer consists preferably of silver, gold or
25 aluminium, more preferably of silver. Of all poten-
tially possible metal mirror layers, silver has the
highest reflectivity in the relevant wavelength spec-
trum of solar radiation. Alternative reflection layers
of aluminium or gold in particular can optiocnally be
30 optically upgraded with reflectance enhancement stack

lavers.

Silver is used with a thickness between 50 and 200 nm,
preferably between 70 and 150 nm, more preferably
35  between 80 and 130 nm. At these layer thicknesses, a
reflection of usually more than 50% of the solar radiaz-
tion is firstly ensured, and high process and material

costs are avoided at the same time.



The backi ng | ayer The choice of the backing layer, i.e. of the polyner 20
lLayer facing away fromthe solar radiation, is determned by the follow ng
properties which are absolute requirenments: the backing | ayer nust have

sufficient std bbnegsasnd i deally good aghesi on propesdy @294 b fodHERect to
“the bonded silver mrror layer structure. In 25 addition, the backing

| ayer, depe g e r o] of th S|Iver rraor Iayer
structure, 9&%? 8?? b fgf@é gﬁ%eggggﬁgg si & f%apourjdgboglgl5ﬁ or be
able to beIQhWhat%HLﬂntheﬁhgpﬂﬁéﬁeﬁhrr@ﬂﬁﬁanﬁbﬂintuﬁln@rephyhecalshould
be stabi- 3Qddduir t@epB@tbeshNganRg eé%ﬂoa"%{éttq{od ”f#:Hé’”% fog L |east
20 years. Wth respect to the silver mrror layer, there s al'so be no
| oss of adhd§®n Ger VETYong i PBFIBd. P¢%ﬁ@¢%ﬂrﬁﬁ@?g%HQPQﬂuﬂ&aﬁyﬂSayéﬁ serves
to prevent damgeltso the anticorrosion |ayer. However, 35 there is no
dermand for reflection performance. Polyners suitable for use in the
backi ng | ayer have been found to be all polyners which are suitable for
producti on dmaaﬁﬂm&ﬁsaw$ida.bﬁimhne&&nﬁbnﬂldy&mtcaﬂwbﬁei&hﬁﬂ5i2ﬁe 19
- PCT/ EP2010/ es, 4" ester, r.bonat es, styrene
copol yrers, ngﬁggfygéﬁgng%dgé%%&h %elﬁﬁtﬁga ase 28f Iﬁe Pgéﬁprgﬁﬁﬁﬁge
mrror, thelgivarer Fom r egempdyper oft r gopwer | of ormedipkedeetirngifimom t he
backi ng; hayer 1y, . Photsi £ Al VAPOUE ; 08ROST LD hrddk dienf 386: Obnb e

i to t OF fne | ayer

back-surface mrror, the backing ﬂﬂ% pplie e res
structure byiEas %?Y%Hhéélldves%‘é Ry Sercdeg Ry :@dh?ﬁéorleq%ﬁrébel ayer

thlcknesseSkakh&@-baa&eag bayeﬁfaﬂﬁnbekw%%%ugeﬁs@&g1%%v%”1th%E@%éb|y
bet ween 2 ag Sych | ayers are:%fferally Eroduci ext rusion,
casting or ﬁgeﬁér gb WY P Ices e REFr REP ﬁﬁdlgrﬁﬁérﬁﬁ&¥ntlon
in any formimy ahéigﬁﬂduthnohnpsecebstwé@ngeme&ai,ahaejhﬁnkmng hayer is
t he shaping q@%eQ% tW@é%wﬂ éﬁaf5§q9¥orting | ayer of the

concentrato S produ |n accordance wt ‘he invention.

The backing layer

The choice of the backing layer, i.e. of the polymer
20 layer facing away from the solar radiation, ig deter-
mined by the following properties which are absoclute
requirements: the backing layer must have sufficient
stiffness and ideally good adhesion properties with
respect to the bonded silver mirror layer structure. In
25 addition, the backing layer, depending on the
preparation process of the silver mirror layer
- structure, must either be coatable using physical
vapour deposition or be able to be laminated with a
silver mirror film. Furthermore, there should be stabi-
30 lity to weathering and environmental influences for at
least 20 vyears. With respect to the silver mirror
layer, there should also be no loss of adhesion over a
long period. Furthermore, the backing layer serves to
prevent damage to the anticorrosion layer. However,

35 there is no demand for reflection performance.

Polymers suitable for use in the backing layer have
been found to be all polymers which are sgsuitable for

production of a sheet with a thickness of at least



20 The adhesive | ayers Optionally, adhesive |ayers nmay be present between
each of the individual |ayers. Mre precisely, adhesive 25 | ayers may be
present between backing | ayer and anticorrosion |ayer, between silver

mrror |ayemostoucteqsazand highly trangparent polymaicr,ayeil@ndshgsween
“the individual layers of a multilayer polyner |ayer. 30 The adhesive

Compost 11 one 1 BR{ nERHHEE S RO Ttk Dt fh0Rafke iV pene

conposition, fromthe I es of ayer

adhesi ve- bokeP@lygicgre edurrdryrane addi MR- t he adhesi ve systens shoul d
contribute to long-life performance, and prevent 35 adverse interactions
of the adjacent |ayers. Under sone circunstances, the optical properties
are al so of 1gr e5ResiGHH% i @Andehle AdRestveurdpses WhiERr ar éhgsedibethe si de

of the netamikayer Iagéngdheiel® iM0RMD4pEdecddng PEHRP20R0/ 063065
radi ati on %ﬁkge hh%§1¥ raniggnen . _Sui tabl ¢ exanpl es are especially
acryl ate adn8Sives. ~BYE S Pthd &Hicént VEEGHY I accordance with

the inventi @m atlee prefser ably tisedbaskpaualieldec wiongh, cameenbiakong of a
parabolic tr I F, LS p w1 §s particular

advant ageous}?&gg fi%plagﬁ%e%eﬁ%eéﬂ%nrg%g %&gctehses %a ég]f d%’%ﬁu(f%mf%eby

i nvention, WeéRst Bé @dmesiteatemding eird dagvigd .or can be shaped cold into
t he pargahpolic geonetry of the parabolic trough. Thus, it is also possible
to produce slightly curved forns, or to adjust the concentrator to only
slightly 15T8fapegrisene s (bt einfsmigomat et | keekhingt tarenr ase

Exanpl es of beréeappld cat 408S 18 W, t s B BAULEE8SnARE 8L & Nkl esne
mrror coII%ct rs,, heliostat reerctoiiMas eqP oyed i.n sol ar tower

t echnol ogy, “0F i n "$oISH° di $her eBFBEE S 1ini & °duced Dby extrusion,

casting or another shaping process, without restricting

15 the invention in any form by the production process.

In general, the backing layer is the shaping and.hence
principally self-supporting layer of the concentrators
produced in accordance with the invention.

20

The adhesive lavyers

Optiocnally, adhesive layers may be present between each
of the individual layers. More precisely, adhesive
25 layers may be present between backing layer and anti-
corrosion layer, between silver mirror layer structure
and highly transparent polymer layer and between the
individual layers of a multilayer polymer layer.

30 The adhesive systems used for this purpose are deter-
mined, in terms of their composition, from the adhesion
properties of the two layers to be adhesive-bonded to
one another. In addition, the adhesive systems should
contribute to long-life performance, and prevent

35 adverse interactions of the adjacent layers.

Under some circumstances, the optical properties are
also of great significance. Adhesive layers which are

used on the side of the metal layer facing the solar



20 Efficient thermal formng with avoi dance of high tenperatures is used,
for exanple, in the case of curving into a paraboloid structure, as
frequently used in concentrated photovoltaics (CPVs), or in extrenely 25
curved fornerof apiconosrzr at or construchigons i n nedi WeQEPSHRS Jos3e3ke Sol ar
“thermal energy units. WD 2011/045121- 21 -PCT/ EP2010/ 063065 O ai ns

1.P f ' 5 ti
char actori zad Ta Tha Ty BRI e Bona Rt R P S b iGs,

mrror | ayePTS§t ePedialdy mnisiledle ivesposition, 10- on the other
side of the silver mrror layer structure is applied a second pol yner
| ayer, one of the two polyner layers is highly transparent and

faces the sd%&r | ight source 15in |later use, the |lam nate thus produced
is convested to a use formby neans of cold curving, preferably a
par abolic trough, and t he conce t{egct{or. obtained_fromthe process is

, 0
sel f - supportT?lﬁig. Cfnlgreor}%::ersastodﬁgcor%% £ a H m ASCRREFRCE er 2R i AR5 t hat
the first pohyeeticayeries ppoviceblythusedi gty paaaspaient tpoughr | ayer

on the sidecfode caaied Wil 3,aehal 10 LAs bl sl pLepof pbysigal vapour
eposition. 30 3.Process according to Qarm 17 or 2, charact Pfz
purpose, 1t 1s particularly advantageous, as imple-
10 mented in the process according to the invention, when
the concentrator ig cold formed or can be shaped cold
into the parabolic geometry of the parabolic trough.
Thus, it is also possible to produce slightly curved
forms, or to adjust the concentrator to only slightly
15 shaped, otherwise two-dimensional collector structures.
Examples of end applications with these prerequisites
are use in Fresnel mirror collectors, heliostat
reflectors as employed in solar tower technology, or in
solar dish reflector units.
20
Efficient thermal forming with avoidance of high
temperatures is used, for example, in the case of curv-
ing into a paraboloid structure, as frequently used in
concentrated photovoltaics (CPVs), or in extremely
25 curved forms for concentrator constructions in medium-

or small-scale solar thermal energy units.



in that the side of the nmetal layer facing away fromthe highly
transparent polymer layer is provided wwth a nmetallic protective |ayer,
preferably consisting of copper or an alloy 35conposed of chrom um and

ni ckel . 4. Pmocess1iamsardi ng to C ai m-1zicharact eri zedr/Rpt bed /dsR@sbacki ng
“layer which later faces away fromthe light source is coated with the
netal by neanss WO 2011/045121- 22 - PCT/ EP2010/ 063065 of physical vapour
deposition and then the other side of the netal layer is coated wth,
optional |y, 3 #Emer and a highly transparent polyner. 5 5.Process
according to at |east one of the preceding clains, characterized in that
the silver g?rror | ayer %ructure has reflection enhancenent stack |l ayers.
10 6. Process ‘accOrdCRgSt o 9F | RESEUGHRIof t KENSEREERTRF clE/rmssolar
charactesi zed i npchat geheraetian, ohhbhacme&n&@dlametﬂai silver, gold or

al um nium preferably silyver, and 15 the nlrror r h a th ckness
bet ween 50 and 200 nm 5%5F%r§%19ﬂTﬁﬁv&§ rﬁfﬁ. ag @rﬁélggr

according to C aim6, mahapactéﬁwzed Enrzctuhat bhe Ehysecamlrvapoﬁayer
structure consisting gf. gggkg primer, mrror layer and optional
anticorrosion |layer is Porne by means of physical vapour deposition.

10 - on the other side of the silver mirror layer

structure is applied a second polymer layer,

- one of the two polymer layers is highly
transparent and faces the solar light source

15 in later use,

- the laminate thus produced is converted to a
use form by means of cold curving, preferably
a parabolic trough, and
20
- the concentrator obtained from the pfocess is

self-supporting.

2. Process according to Claim 1, characterized in

25 that the first polymer layer is provided with a
highly transparent primer layer on the side to be

coated with a metal in the first step of physical

vapour deposition.

30 3. Process according to Claim 1 or 2, characterized
in that the side of the metal layer facing away
from the highly transparent polymer layer is
provided with a metallic protective layer,
preferably consisting of copper or an alloy

35 composed of chromium and nickel.

4, Process according to Claim 1, characterized in
that the backing layer which later faces away from

the light source is coated with the metal by means



25 8. Process accor di ng to at | east one of the preceding clains,
characterized in that the highly transparent polyner is polycarbonate,
pol ystyrene, a styrene copol yner, a fluoropolynmer or PMVA preferably PMVA

or a fluoromol yoe1/043229. Process accokding to C ai BcE/eshed #deRbkzed in
that the highly transparent |ayer is equipped with additives such as

i nhi bitors and/or Dildz 5 r.acess_according .to im8 or
9, characterized 3%%ﬁa§%¥% ﬁi[%ﬁﬁ% tdgegjn%%e{:&eorﬁ %%ﬁgy(r%élre 9 g%/%‘? %)ﬁ?Fsts of
various differentsigel petheapetsl dadetrhesi gedareduatithddioptiesadie,

distributed honoy WOrRQLLLAA%1 21123, +RGHERIQLY QA3065. geneousl y and/ or

separately from oné anot her betweén éne or nore of ‘these lTayers. 11.
Process according to Claim 10, characterized in 5that the various

differens pel.ynemroayess acemidisty alo |aastene MAPogophai pradebaygr- 12.
Process accordi ng, to_at Ieﬁst one of éhe, regedi n , ¢l ai 1rs,
characteri zed i ntRal Sy he" AP GRAF ¥ F4RS- Fopaf8RE Iig@/‘“er Hdyey mirror
scrat ch-resi st anflaged/ stanttursoiHascoatfhget 18n Rmcessmecor diagkt o at
| east one of thejpreceding clains, characterized in that the polymer of
the 15 backing Iayer i's pol ycarbonate, polystyrene, a styrene copol ymner,
a polyester or PMVA, preferably PMVA. 14. Process according to at | east

one of ifie precegiRgedd clRMBn LY agt erdzad it 9ttﬁ9h§§é¥§d£§§efs may
optionally be present between each of_ the i ndividual |ayers.
claims, characterized in that

- the metal of the mirror layer is silver, gold
or aluminium, preferably silver, and
15
- the mirror layer has a thickness between 50

and 200 nm, preferably between 80 and 130 nm.

7. Process according to Claim 6, characterized in

20 that the silver mirror layer structure consisting
of optional primer, mirror layer and optional
anticorrosion layer is formed by means of physical

vapour deposition.

25 8. Process according to at least one of the preceding
claimg, characterized in that the highly trans-
parent polymer is polycarbonate, polystyrene, a
styrene copolymer, a fluoropolymer or PMMA,
preferably PMMA or a flucropolymer.
30
9. Process according to Claim 8, characterized in
that the highly transparent layer is equipped with
additives such as inhibitors and/or UV stabili-
zers.
35
10. Procesg according to Claim 8 or 9, characterized
in that the highly transparent polymer layer
consists of various different polymer layers, and

the individual additives are disgstributed homo-



15. Process according to at | east one of the preceding 25 clains,
characterized in that the |lam nate has such a stiffness that it is

sel f-supporting, and in that it can sinultaneously be converted to the
final form wo cohd/sdmpiing. 30 16. Process accordi NpdedboktfAsdsdRe Of

t he preceding cl ai ms charact erl zed in that the concentrat or has a total

t hi ckness bet wee 5}1 Pre r%t%la eli n 3 mmand 10 g:"n 35 17.
Concentrator, ch acterl ed |n Rat th concCert r dto™  vPRWed *PPERThe

| i ght source, cofsitgtesofon drasire hef fiolesmi Iaydmyers: - a pol yner |ayer
conprising UV stabilizer and inhibitors, and conprising PMWA, WO

2011/ 045121- 24 -PCT/ EP2010/ 063065 a silver mrror |ayer structure with a
t hi ckness béthweeFESFSHT 200OFMINTa backFhyimay@r, Presfesrtaiizeconsdinsti ng
of PMVA 5and in ttﬂﬁlt Sithe xﬁ&flﬁﬁﬁﬁr@i@febéﬁtbﬁ@ﬂyﬁ@@@é&z@?st QOCP‘E:LE'e”al

form by neans of oI rm . Concentrat or according to CGaim1l
characteri zed i n&hat S?F &?gcpévﬂ’?pf A2 REAFFOm the i ght 10source,

consists of the follow ng layers: a surface finish with soi | -repel | ent

and scratch qresi i ertl on r_layer conprising W
stabilizer and inhi r&l%t%c')ér ;QHCQO dﬁ% tr<|£)5| ngf gﬁ Bb?l Bh&afFeqdhesi ve

| ayer a priner Icaypams,a ShBVéFtaneﬁdV\A i atltahu ckhes&:@ih&eenraﬁsand 130
nm 10 parent layer has a scratch-resistant and/or anti-

soil coating.

13. Process according to at least one of the preceding

claims, characterized in that the polymer of the

i5 backing layer is polycarbonate, polystyrene, a
styrene copolymer, a polyester or PMMA, preferably
PMMA .
14. Process according to at least one of the preceding
20 claims, characterized in that adhesive layers may

optionally be present between each of the indivi-
dual lavyers.

15. Process according to at least one of the preceding

25 c¢laims, characterized in that the laminate has
such a stiffness that it is self-supporting, and

in that it can simultaneously be converted to the

final form by cold shaping.

30 16. Process according to at least one of the preceding
claims, characterized in that the concentrator has
a total thickness between 1 mm and 2 cm, prefer-

ably between 3 mm and 10 mm.

35 17. Concentrator, characterized in that the concentra-
tor, wviewed from the light source, consists of at
least the following layers:

- a polymer layer comprising UV stabilizer and

inhibitors, and comprising PMMA,



an anticorrosion | ayer consisting of copper 20or nickel-chromumwth a
t hi ckness between 25 and 50 nm an optional adhesive layer a
pol ynmeri c backing | ayer consisting of PMVA, and in that 25 the

concentr at owohasibgesscanverted to the fjinal form bbdﬁ%ﬂﬁo%/&s‘%@gs
formng. 19. Use of a concentrator according to aim1l/7 or 18 30as a

parabolic trough in_aaoarsab e trougg col.lector. . 20. Use

of .
concentrator according to O arm 17-6F°Is i]T?YI'—eFeereqr‘J_rﬁtrlf’%ﬁ c%?'?]%ct Brs,
hel i ostat reflectors 3Buickoiss Hitsleagorderdndtaro umits. 21. Use of a

concentrator according tgChai 1131 =18 i'}e%txfa%'ﬁ‘) %ﬁgﬁé\ﬁ%%%ﬂ?f'fn%

medi um or small-scal e solar thernal energy units.~ :
- PCT/ EP2010/ 063065 22.PMfe ofnch igbrideiirator according to G aim 17 or 18

i n parabol oi d form ighe ORCEMIALRE RNOLRUO! tRIES. converted to the

final form by means of cold forming.

18. Concentrator according to Claim 17, characterized
in that the concentrator, viewed from the light
10 source, consists of the following lavers:
- a surface finish with soil-repellent and
scratch resistance-improving properties
- a polymer layer comprising UV stabilizer and
inhibitors, and comprising PMMA
15 - an optional adhesive layer
- a primer layer
- a silver layer with a thickness Dbetween 80
and 130 nm
- an anticorrosion layer consisting of copper
20 or nickel-chromium with a thickness between
25 and 50 nm
- an optional adhesive layer
- a polymeric backing layer consisting of PMMA,
and in that

25
the concentrator has been converted to the
final form by means of cold forming.
19. TUse of a concentrator according to Claim 17 or 18
30 as a parabolic trough in a parabolic trough
collector.
20. Use of a concentrator according to Claim 17 or 18
in Fresnel mirror collectors, heliostat reflectors
35 or solar dish concentrator units.

21. Use of a concentrator according to Claim 17 or 18
in extremely curved form in medium- or small-scale

solar thermal energy units.



WO 2011/045121 - 25 - PCT/EP2010/063065

22. Use of a concentrator according to Claim 17 or 18

in paraboloid form in concentrated photovoltaics.



