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(57) Abstract: This invention relates a solar energy absorptive coating for absorbing sunlight energy is, wherein the coating com-
prises a multilayer stack with following stacking sequence: At least one first absorbing layer for absorbing an absorption radiation of
a certain spectrum of the sunlight; at least one transmission dielectric layer for a transmission of the absorption radiation; and at least
one second absorbing layer for absorbing the absorption radiation; wherein at least one of the absorbing layer materials has an ab -
sorbing layer material refractive index na for the absorption radiation, which is selected from the range between 1.5 and 4.0, and an
absorbing layer material extinction coefficient ka for the absorption radiation, which is selected from the range between 0.8 and 3.0;
and the transmission dielectric layer material has a dielectric layer material refractive index nd for the absorption radiation, which is
selected from the range between 1.0 and 3.0, and a dielectric layer material extinction coefficient kd for the absorption radiation,
which is selected from the range between 0.0 and 0.2. The certain spectrum of the sunlight ranges from 350nm to 2500nm. Moreover
a method for manufacturing the arrangement is provided. For an attaching the multilayer stack on the substrate surface of the sub -
strate a thin film deposition, e.g. sputtering is used. The arrangement is used in a power plant for converting solar energy into elec-
trical energy.
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Descripticon

SOLAR ENERGY ABSORPTIVE COATING, ARRANGEMENT OF THE COATING ON
A SUBSTRATE, METHOD FOR MANUFACTURING THE ARRANGEMENT AND USE OF

5 THE ARRANGEMENT
BACKGROUND OF THE INVENTIOCON
1. ¥Fisld of the Invention
10
Thiszs inventicon relates to a solar energy absorptive coating for
absorbing sunlight energy, an arrangement of the coating on a
substrate surface of a zubstrate and a method for manufacturing
the arrangement. Moreover a uses of the arrangemsnt is provided.
1)
7. Description of the Related Art
A sun energy collecting unit of a sun field powsr plant bazed on
the concentrated solar power technigue
20 trough with parabolic mirrors and a heat receiver
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receiver tub
mirrors the suniight iz focused to the heat receiver tube, which

is filled with a heat transfer fluid, .g. & thermo-oil. Via the

Cabe the energy ¢f the sunlight is coupled into the

t
=5 heat transfer fluid. Scoiar gnergy iz converted to thermal energy

In order to maximize an efficiency, with which the energy of the

sunlight is coupled into the heat fTransfer fluid, a sclar ensergy

apbsorptive coating is attached on & surface of the heat receiver
30 tube. Such an abszsorptive coating commonly comprizes a multilaver
stack with =zeguentially deposited thin film lavers having
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rent optical characteristics.
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An eszential overall optical characteristic of the abscrptive
coating 13 & high =olar absorbance {low zolar reflectivity} for

wavelengths of solar spectrum {(abscrpticon radiation}.

oy

Additionally a low emiszivity {high refiectivity) for infrared

5 radiation is advantageous.

Arn absorptive coating with abszscorbing layvers having absorbing
layer materials is known from IS 5,523,132, The abzcorbking layers

compriss cermel as abscorbing layer materials. The cermst iz a
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iz formed by at least one composzsite matrix material which is a
dielegtricmaterial. A zecond phase i1z formed by at least cne kind
of metal particles. The amount of the metal particlies distributed
within the compezite matrixz material 1

s
tinction coefficient of the abscorbking laver
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An ex
material increases with the fiiling factor of the metal

particles. Az a conseguencs the absorbance of the abscrbing layer
of the £illing factor, too (a laver

rer ig the same) . Additiconally these

20
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ectromagnetic waves cof the infrared region.

SUMMARY OF THE INVENTION

=5 It is an cbject ¢f the inventicn to provide an efficient
absoryptive coating for sclar energy. The coating should have a
high solar absorkance for sunlight and a low emisszivity for
infrared radiation. Thesze optical characteristicz should be

O

fulfilled at high temperaturesz of 300°C - 50
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It is anpnther abject of the invention to provide an arrangsment

with the sclar energy adzsorptive coating.
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of the inventicn are a method for manufacturing

and a use of the arrangement.

Thezse ochiects arve achieved by the inventions specified in the
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oy absorbing sunlight ensrgy

sed, wherein the coating compriges g multilayer stack
1

o
with following stacking szeguencs: At lesast one first aksorbing
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radiation of a certain spectrum of the
sunlight; at least one transmisgsicon diglectric layer with at
least one transmission dislectric laver material for a

tranzmission of the abscrpiion radiation; and at Ieast one sscond
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absorbing layer with at least one second absorbing layer materia

Fh

for absorbing the absorpticon radiation; whersin at lesast one o
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20 layer material extincticon cosfficient k., for ths absorpticn
radiatiaon, which iz selected from the rangs hetween 0.8 and 3.0;
and the transmizsion dieleciric layver material has a disleciric
layer material refractives index ny for the absorption radiation,
which is zelected from the range between 1.0 and 3.0, apnd a
=5 dielectric layvery material extinction coeffiicient kg for the
absoyption radiation, which iz selected from the range hetween
. The certain spectrum of the sunlight rangs=s from 358

nm Lo 2560 nm. A relation of the optical characteriztics
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gquation &2 = 1 — T. By the multilayer s
dezcribed ztack seguence the zunlight isefficien

the multilaver stack and trapped within the multi layer stack.
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de the sclar energy abscerptive coating an arrangement of the

zolary energy absorptiv trate surface of a
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subistrate 1s dizclosed, wherein onge of tThe abzorbing layers is
attached to the substrate surface. This absorbing laver is

ched to the substrate surface. The
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trate surface preferably comprizes an infrared iight

w
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reflecting surface. For instance the infr

surface is impiemented by a thin layer with Coppsr (200 nmp on

a body, e.g. a heat receiver tubs. Other metais ifiks Silver ox

10 Aluminium or alloyzs of the metalz are alsco paszikhile
Irt a further preferred embodiment an anti refiective coating for
the sunlight is attached on a side ¢of the multilayer stack, which
is averted to the gsubsitrate zurface of the subztrate. By this the
15 lasz of sunlight for the coupling into the heat tranzfer fiuid

is reduced. Neariy all sunlight resaches the opticaliy active
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adzorphive coating. The anti reflective coating compri
instance Aluminium Oxide or Bilicon Oxide. Other materials or a
mixture of different materialz is possikbls, ton. A thickneszs of
20 the anti refiective coating iz selected from the rangs betwsen

rom the rangs betwsen
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In a preferred embodiment the substrate iz a part of a receiver
=5 tube of a powsr plant for converting zolar snergy into electrical

abzorbed sclar energy {(sunlight) isz converted into thermal energy
of the heat transfer £luid. With the f the abscrptive coating

ight is efficiently coupled into the heat
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Inn order to solve ths problemsz additiconslliy a method for

manufacturing the arrangement is provided, comprising fellowing

A

steps: a) providing the subsztrats with the substrate surface and
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sulistrate surface <f the zubstrate a thin film depozition
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technigque iz preferably used. The thin film depesition technigue

rom the group consizting of atomic layer depcsition,

chemical vapor deposzsiticn and physical vapor depositicon. In a

preferred smizodimsnt & sputtering is uzed as the physical vapor

deposition. The spubtering can by a EF sputte:

utttering is preferably carvied sut by the

ring methad. The

aid of a DT power

supply. A DO sputtering iz pozsible foy metal containing targets.

For electrically insulating targets BEF sputtering is used.

Finally a usz of the arrangement in a zun field power plant for

converting zolar energy into electrical energy iz described,

wherein an abzcrbing ¢f the sunlight energy is

carried out with

the aid of the arrangsment. For instance the substrate of the

arrangement iz formed by & heat regeiver tubs

collecting unit of a sun field powsr plant. The hes

of & =zolar

is arvanged in a focal line of the parabolic mirrors of a trough.

By the mirrors the sunlight is focusad to the heat receiver tube,

which ig £1
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coupled into thes heat transfer fluid.

The mualtilayer zatack

hermo-0il or a melted thermo-=zsalt.

filled with a heat transfsr filuid. The heat Lransfer
T

Via the heat

unlight is coupled into the heat
vy fluid. Due o the zolar ener adsorptive cecating on the

gy is efficiently

srofile of the abzorptive

e

coating. Thereby the lavers are directly attached to one another.

X

-

Adiacent lavyers of the stack cover each other at least partially.

In particular a layer covers the subjacent layver completely.

The individual abszorbing lavers abhscorb the abscerption radiation.

In contrast to that the transmission dielectri

‘e layer is
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fransparent or nearly tranzparent for the abzorptiocon radiation.

The stacking of theze layers lsads to a very effic

coating with overall good optical characterist

application in a sun field powsr plant. At temperatures of more

5 than 30472 the abscrptive coating abksorbs nearly a1l the sunlight
radiation. In additicon the emiszivity for infrared radiation at

theze high temperatures 13 very low. Az g result, the absorbed

4

energy can aimost completely be transferred Lo the heat transfer

liguid.

10
The multilaver zstack can consist of only these three layers. But
it iz advantageous Lo ztack more than these three lavers. This
leads to a higher =selectivity of the absorptive coating.
Therefore, in a preferred embodiment the multi layer ztack

i5 comprises at least one further transmiszion dielectric layer wit
a further transmission dielectric laver material, whersin the
further transmiszicn dielectric layer material has a further
dielectric layer material refractive index ng: for the absorption
radiation, which is selected from the range betwsen 1.0 and 3.0,

Q0

20 and & further dieliectric layer material extincticon coefficisnt
kge for the abscorption radiation, which is zelected from the range
between 7.0 and 0.Z; and ths further transmission dieslectric

layer is directly attached to one of the abazorbing

1
that this abscrbing layer iz arrangsd beitwesn Tthe transmissicon

=5 dielectric layer and the further transmizsion diglectric laver.

In a further preferrsed embodiment the multi layer stack comprises

addivtionaily at leazt one further abzorbing laver with at least

one further abscorbing layer material, wherein the further
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g layer material has & further absorbhing layer material

refractive index n.r for the zbzorption radiation, which is

absorbing layey material extincticon coefficient kg for the
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fhe range between
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0.8 and 3.8¢; and the further abzorbhing layer is dirsctly attachsd

further transmiszicn dielectric layer iz arranged betwesen the

firzst abscorking layer and the further absorbing laver, or the

[$)

further absorbing layer is directly attached to the further
tranzmizsion dielectric layer such, that the further
ftransmisszion dielectric layer is arranged between the second
absorbing layver and the further abzorbing layer. Rs a resuliit of

1, 3

the described alternatives, abzorbing layers and dieslectric
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are alternately =ztacked.
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st one of the ahksorbing layer

In a preferr
materials 1s a cermet. Thereby to oy more absorbing layers can

comprize cermets. A cermel comprises a composite having

i5 trix with at least one dielectricmatrix material and
cles with at least one metal, wherein the mstal
particles are distributed in the compozitematrix, The dielectric
matriz material is preferakly selected from the grouvp consisting
of Aluminium Oxide (21:0:), Biilicon OF (510, Titanium Oxide
Q0

24 {Tid.} and Zirconium Oxide {Zr0
too. The cermet matrix materialis o the i SYE absoring

s
layers can be the same. Butbt dif ¢ atrix materials of the

=5 Aluminium Oxide 13 a transparent matsrial and can be used as

fransmission dislectric layer material or as further

matrixz materials of the absorbing lavers can be used as

ce of thermal stress due to
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differaent thermal expanzion coefficients ig reduced. Therefore,
preferakly the transmizsion dielectric laver material is
selected from the group consisting of Aluminium Oxides, Silicon

SOxide. It 13 advantagsous,
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Ear the abscrbhance of the abksorbing lavers the content of metal
particles iz decisive. The mstal particles lead to a high

refarred embodiment the metal is selected from
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the group counsisting of Molybdenum, Tantalum and Wolfram. Other

metals 1ike Copper, Platinum and Silver or metal alloys of metals
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12, teoo. The abzorbing layver materials of the different
alpsorbing lavers can comprise metal particles with Che zame metal

cormetal alloy. But different metals crmetal allaoys are possible,
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e ing factor {(metaliic volume fracticon per total
voiume} the higher the abscorbance. In a preferred embodiment a
t of the metal particies in the compoasite is selscted
from the rangs betwesn 25 vol.% and 50 vel.$% and preferably
selectad from the rangs betwesn 30 vol.$ and 45 vol.%.

260 ot

20 Higher or lower fractions are possible, too. Thereby
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factorz of the different absorbing layer materi
identical or nearly identical. But different £illing factors are

poszsible, toso.

=5 Additionally the thicknesses of the layers ars important for the
optical characterizstics of the individual layers and therefore
important for the overall optical characteristics of the

in a preferred embodiment at l=ast cne of the

B

apbsorbing lavers comprises a abszsorbing laver thickness selected

30 from the rangse between 1 nm and 100 nm and particularly zelscted
from the range bheitwesn 5 nm and 58 nm. The abszcorbing layers can

have the same absorbing layer thicknsszses. Buf in a preferred
embodiment the absorbing layer thickneszes differ. By this the

~all coptical characteristics of the adsorptive coating are
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optimized. In particular the absorbing layver thickness of at
1

least one of the absorbing lavers iz zselscted from the range

between 5 mm and 30 nm and the abscrking layer th
T

et

cknesz of at

leazt another one of the abscorbing layers is selected from the

5 range betwsen 3¢ nm and 50 nm.
BRIEE DESCRIPTION O THE [DRAWINGS
Further featurss and advantages oif the invention are produced
10 f exemplary embodiments with reference to
Figures 1 shows a cross ssction of a example of an arvangement of
the sclar =nergy absorptive ceating on a substrate surface of a
15 substrate.
Figure 2 zhows a cross zection of a second example of an
arrangement of the selar energy absorptive coating on a substrate
surface =¥ a substrate.
20
Figure 3 shows an overall optical reflisctivity of the of a scelar
energy adscorptive coating based on the first example.
DETATILED DESCRIPTION GOF THE INVENTIGHN
Z5
Given is an arrangement 100 of a solar ensrgy abzorphive coating
I onaszubstrate surface 14 of a substrats. The substrate 1s formed
by a healb receiver tube 10. Inside the heat receiver tube a heat
transfer fluid 11 can be arvanged. The heat transfsr fluid i=s a
30 therms-oii. In another embodiment the heat tranzfer fluid is a

The healt receiver tube is ceated with a8 diffusion barrier laver

RN

and an infrared light reflecting layer 13. The infrared light
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ot 200 nwm anpd consists

comprizes Silicon Dxids

Gxide. The thickness of the diffusion barrier layer

oy Aduminiug

1 N -

amcunts about 160 nm. The diffusion barrier layer, which is

5 arranged between the wall ¢f the heat regesiver tubes and the
infrared light refiecting layer, stops the diffusicon of Copper

of the infrared light reflecting layer 13 into the wall of the

heat receiver ifTube.

140 The infrared light reflecting laver 13 forms the substrate
surface 14 on which the zolar energy absorptive coating 15 is
attached to.

Fxamples 1.

15
The zclar energy absorptive coating for abeorbing suniight energy
comprises amultilayer stack 15 with £following stacking seguence:
One first absorbing layer 16 with a first absorbing laver
material, a tranamission dielectric layer 17 with 8 transmizsion

24 dielectric material and a second aksorbing layer 18 with a s=scond

abzorbing layer material. The abzorbing layer materials are
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layer} amcunts about 45%. The first absmsorbing layer materi

340 refractive index n, for the abssrption radiation ranges from 1.5

to 4.0, The first abgsorbing layer material extinction goefficient

characteristics. Concerning alternative smbodimsnts the
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characterigtics of the first and the zecond absor

different, &.g. thicknesses of thes layers, filling factors,
matriz materials and metal material of the metal particlies. These

different characteristics le=ad to different optical propertiss

831
Q
Fh

the absorbing layers.

The intermediate Lransmission dieleciric laver has a

refractive index ng for the absorpiion radiation, which is

140 selectaed from the range between 1.0 and 3.0, and a dieleciric
layer material extinction coefficient kg for the abscorpticon
radiation, which is selected from the range between .0 and 0.2,
The thickneszs of this layer is about 20 nm. The Lransmission

i5 dielegtric material is Aluminium QOxide.

Completed is the multilayer stack by an anti reflecting layer 19,
which iz averted £o the substrate surface of the substrate. The
of thiz layer is about &0 mm. This laver conzists of

Q0

20 Siiigon Oxide. Alternatively this laver consists of Aluminium

For the manufacturing of the multilaver stack on the surface of
the heat receiver tube a zputitering technigue is carried out.

=5 Thereby for metal containing targets DO sputtering iz used.

In figure 3 the calculated wavelength dependency of ths

refilection of the zolar snergy abscrptive coating can be seen.
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A further fCransmiazssion dielesctric layver 20 is attached on the
second abzorbing layer 18 zuch, that the zecond abscrking layer

18 is arrangesd betweern The transmiszion layer 17 and the further
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The further transmissicon layer has the

the transmi=zsion layer 17. This means
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5
Additiconaily a further absorbing layer 21 is attachegd to the
further transmizsicon dielectric laver 20 zuch, that the further
transmission digelectric layer iz arranged between the zescond
abeorbing laver 18 and the further absorbing layver Z1. The further
10

tan. The characteristics of
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- at least one first absorbing laver {
firzst abscorking layer material for absorbing an abscrption
radiation of a certain spectrum of the sunlight;

— at lgazt cne Lransmizsion dielectric laysr {(17) with at least

one transmiszion dielectric layer material for a tranamission of

bt

the abzorpticon radiaticn; and

at least ¢ne =z=cond abs

irlxing layer (15, 16} with at least one
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zorbing layer material for abkscrbing the abscrption
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at least one of the absorbing laver materials has an aksorbin

I s

layer material refractive index n, for the absorption radiation,
which is selected from the range bhetween 1.5 and 4.0, and an
absorbing layey material extincticon coefficient kg for the

a6 e

20 abzorption radiation, which is seglected from the rangs betwesen

- the transmissicn dielectric layer material has a dielectric
layery material refractives index ny for the absorption radiation,
elected from the range between 1.0 and 3.0, and a
1 cient kg for the

|,,| .

ayey material extinction coeff
absoyption radiation, which iz selected from the range hetween

.0 and CG.2.
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absoyption radiation, which iz selected from the range hetween
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0 ! 3.9, and a8 further dielectric layer material extinction
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i. T3¢
cosfficient ki for the abzorption radiation, which i zelescted

from the rangs betwesn 0.0 and 0.2; and
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gy absorptive coating according to

the multi layer stack comprises at least one

layer (21} with at lsast one further abscrbing lay

- the further abszorbing laysyr material has a further abhscrbing

15 nye for the absorption radiation,
range between 1.5 and 4.4, and a further
notion goefficient k. for k©
elected from the range bstween
20 directly attachad to the further

zuch, that the further
iz arranged beiween the firs

1, 1

her absorbing layer, or the further

abzorbing layer iz directly attached o the further transmissicn

j

Q
=5 dielecgtric laver such, that the further transmission dielsctric
layer is arrangsd betwsen the second abscrbing layver and the

further abscrbing laver.

4., Seolar energy abscrpitive coating according Lo ons of ths
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previous claims, wherein at least one of the aksorbing laver

materials iz a cermet.

5. Snlar snergy absorpbive coating acoording to claim 4, wherein
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he cermet comprizes a compozite having a composzite matriz with
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at least one dielectric matrix material and metal particles with

zazt one metal, wherein the metal particlies are distributed
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the composite matrix.
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ide and Zirconium Oxide.

7. Seolar energy abscorptive coating according to claim 5 or &,
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§. Solar energy abscrptive ceoating according to one of the

previosus claims, wherein a metal content of the metal particles
in the composite is selected from the range between 25 vol.% and
5% vol.% and preferably selected from the range ketwesen 30 vwol. %

and 45 vai.s.

9. Sclax snergy abzorptive coating

according to one of the

previocus claims, wherein at least on=z of the absorbing lave
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=d from The rangs

between I nm and 100 nm and particularliy selected from the rangs

between 5 nm and 59 nm.
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iG. SBeolar energy abszorptive cocating according claim &, wherein

neses of at least ocne of the abscrbing

layers i3 selected from the range betwsen b nm and 20 nm and the

abeorbing laver thicknesz of at least ancther one of the absorbing

lavers is selected from the rangs bketween 30 nm and 59 npm.

il. Arrangement (11} of the solar energy absorphtive coating

acoording to one of the vlaim=s 1 €to 10 on a substrate surfacs {14}
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of a substrate {1, 18}, wherein cocne of the absorbing layers is

directly attached to the substrats =zuriace.

12, Arrangement according to claim 11, wherein the substrate

flecting zurface.

o
w
&
Fh
o]
W
)
%
@
';)
w
i
wn
o]
jnd
I_.I
i3
a1}
1
o]
s
q¥
o
|“A
},l
U:.}
et
]
0}
I,’

13. Arrangement accordil

[
V,,
Ul
ot
s
QJ
ot
m
[0)]
[
[
I"h
Q
i
ety
ot
s
i
[
]
it
[
st
-t
v

r-
e
pid
Fy
et
o
bat

9]
il
4
mn
3
o
G

3
Q
I,J
s
e
ot
O
5
b}
L]
o
o
0}
&}
'__J
58]
I_.I
=3
&
[
[ -
it
b}
1953
W

-
=
£
m
[/
D
l_]
3

rt
o
n
o
o
[0
ot
[}
(i
et
T
|_|
1]
8]
&
|"\‘
-+
9]
h
s}
g
)]
3}
ot
I
[{)]
(1
{h
P:'
b
I
us
o
o
M
o]
I
%)
i
9]
=
{h
[}
o]
F«l
(i
]
it

for converting asclar energy into =elechtrical energy, wherein the

15  healt receiver tube can garry & thermal liguid for abkzorbing the
zunlight ensrgy.
15, Method for manufacturing an arrangsment according to one of
the claims 11 to 14, the method comprising feollowing steps

Q0

20 a} providing the substrate with the substrate surface and

b}l attaching the muliiti

ayer stack on the substrate surface of the

16, Method according to claim 15, wherein for the attaching the

=5 substrate a thin
cording to ciaim 1é&, wherein the thin film deposition
selected from the group consisting of atomic laver
30 chemical va deposition and physical vapor

depoziticon.
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i, Method according to claim 17, wherein a zputiering is used

i
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the physical vapor depesition.
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