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NICKEL-ALUMNA COATED SOLAR 
ABSORBERS 

TECHNICAL FIELD 

0001. The present invention relation in general to thermal 
Solar collector systems and in particular to spectrally selective 
coated solar absorbers. 

BACKGROUND 

0002. During the last 30 years, solar energy systems have 
been become more and more commercially interesting. The 
huge amount of Solar radiation that is potentially available on 
the earth constitutes a practically unlimited Source of energy. 
One alternative to make use of the Solar energy is to use 
thermal Solar collector Systems. One very important compo 
nent of a solar collector system is typically the Solar thermal 
collector. Two collector types are dominating the market 
today, flat-plate types and vacuum tube types. The most 
important part of both constructions is the absorber, which 
converts Solar radiation into heat using photo-thermal con 
version. Absorbed heat is typically transferred to a liquid or 
gaseous medium, which flows through a tube connected to the 
absorber. Losses are caused by convection, radiation and 
conduction. Convection and conduction are reduced by cov 
ering the absorbers with transparent glazing and insulating 
the collector box, respectively. Radiation losses can be 
reduced by manipulating the absorber Surface. 
0003. Most absorbers are constructed as fin absorbers and 
consist of a metal plate that has a good heat conductivity and 
high infrared reflectance such as aluminum or copper. The 
plate is preferably coated with a thin surface layer that is 
spectrally selectively absorbing. An ideal absorber should 
absorb all solar radiation but avoid losing the absorbed energy 
as infrared radiation, i.e. heat. 
0004. In the article 1), an absorber having a substrate 
covered by a two thin layers is investigated. The first layer 
covering the Substrate consists of nickel nano-particles 
embedded in a dielectric matrix of alumina. The optimal 
coating had a solution nickel content of 65 Volume percent, a 
thickness of 0.1 um and a particle size of around 10 nm. The 
outermost layer is an anti-reflection layer. The bare first layer 
provided a normal solar absorptance of 0.83 and a normal 
thermal emittance of 0.03. By adding the anti-reflection layer 
the Solar absorptance could be increased to a maximum of 
0.92. According to 2 the optimum anti-reflection layer was 
found to be an alumina layer, while silica and hybrid silica 
anti-reflection layers provided absorptances of 0.90-0.91. 
However, alumina can not withstand necessary accelerated 
ageing tests and can therefore not be used in a commercial 
product. 
0005. Even with such high absorptance values, as much as 
8% of the incoming solar radiation will not at all be absorbed. 
However, most commercial systems would benefit from even 
Smaller losses. In 3, it was concluded that an absorber com 
prising more layers at least theoretically could increase the 
efficiency further. Losses of no more than 5% (i.e. an absorp 
tance of 0.95) were predicted using general knowledge from 
other types of multilayer absorber systems. 

SUMMARY 

0006. A general problem with prior art solar absorbers is 
that they still exhibit undesired high radiation losses. A fur 
ther problem with prior art solar absorbers is that production 
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costs are too high. Yet a further problem is that the manufac 
turing process of leading commercially available solar ther 
mal absorbers utilizes vacuum techniques which are compli 
cated and costly. 
0007. A general object of the present invention is therefore 
to provide improved solar absorbers, in particular concerning 
absorptance. A further object of the present invention is to 
provide such improved solar absorbers allowing for cost effi 
cient and environmentally friendly manufacturing. Yet a fur 
ther object is to provide solar absorbers which allow manu 
facturing avoiding vacuum techniques. 
0008. The above objects are achieved by devices accord 
ing to the enclosed patent claims. In general words, a Solar 
absorber has a substrate covered with at least three thin layers. 
The outermost layer is preferably an anti-reflection layer. The 
most inner layer is composed by nickel nano-particles 
embedded in a dielectric matrix of alumina, with an alumi 
num to nickel atomic ratio between 0.15-0.25, and preferably 
between 0.18-0.23. In a preferred embodiment, also the sec 
ond layer consists of nano-particles embedded in a dielectric 
matrix of alumina, here with an aluminum to nickel atomic 
ratio between 0.8-1.2. The innermost layer has in preferred 
embodiments a thickness of 68-98 nm, while the second layer 
has a thickness of 50-80 nm. The nickel particles have a 
preferred average diameter of 5-10 nm. The anti-reflection 
layer has in preferred embodiments a refractive index in the 
Solar spectrum wavelength interval of 1.38-1.46, e.g. silica or 
hybrid silica, with a thickness of 48-78 nm. 
0009. One advantage with the present invention is that a 
Solar absorber with an unexpectedly high absorptance is 
achieved, where the loss in absorbed incoming Solar radiation 
limited to 3%, i.e. about one third compared to previous 
similar systems and considerably lower than what was 
expected to be possible to achieve. Furthermore, the manu 
facturing can be performed in a cost efficient and environ 
mentally friendly manner in ambient pressure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. The invention, together with further objects and 
advantages thereof, may best be understood by making ref 
erence to the following description taken together with the 
accompanying drawings, in which: 
0011 FIG. 1 is a schematic drawing of a typical thermal 
Solar system; 
0012 FIG. 2 is a schematic drawing of a cross-section of a 
typical flat plate solar collector; 
0013 FIG. 3 is a diagram illustrating the solar intensity 
distribution and blackbody emission; 
0014 FIG. 4 is a schematic drawing of a cross section of an 
embodiment of a solar absorber according to the present 
invention; and 
0015 FIG. 5 is a diagram illustrating reflectance measure 
ment results for an absorber according to the present inven 
tion and for an absorber according to prior art. 

DETAILED DESCRIPTION 

0016 FIG. 1 illustrates a typical thermal solar system 50, 
in which a solar collector 20 according to the present inven 
tion can be utilised. The Sun 41 emits solar radiation 40, 
which falls onto the solar collector 20. A liquid or gaseous 
medium is pumped by a pump 30 through an inlet pipe 31 to 
the solar collector 20, where heat generated by the solar 
radiation 40 heats the liquid or gaseous medium. The heated 
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liquid or gaseous medium is transferred by an outlet pipe 32 
to a heat exchanger tank 33. In a heat exchanger 34, a part of 
the heat content of the liquid orgaseous medium is transferred 
to a liquid or gaseous medium of the tank 33, before the liquid 
or gaseous medium is returned to the Solar collector 20. A 
second heat exchanger 35 uses the heat content of the liquid or 
gaseous medium in the exchanger tank 33 to heat water input 
by an inlet pipe 37. The heated water is provided in an outlet 
pipe 36 to be used for any purpose. 
0017 FIG. 2 illustrates an embodiment of a flat plate solar 
collector 20, in which an absorber according to the present 
invention advantageously can be used. The solar collector 20 
comprises a housing 22 comprising a number of Solar absorb 
ers 1. The solar absorbers 1 are in conductive contact with 
tubes 25 for the heat medium. The solar absorbers 1 are 
typically insulated thermally from the housing 22 by insula 
tion material 23. Convection from the solar absorbers 1 is 
prevented by the provision of a transparent glazing 21 above 
the Solar absorbers 1, creating an air gap 24 of essentially 
non-flowing air. 
0018 FIG.3 depicts a diagram illustrating the solar inten 
sity distribution as a curve 100. In order to utilise the available 
energy in an optimal manner, the absorptance of a Solar 
absorber surface should be high within an interval 104. At the 
same time, all bodies emit thermal radiation corresponding to 
its temperature and emittance properties. A Surface coating 
having a high reflectance in a wavelength interval 105 can 
thereby minimize the emitted thermal radiation. Blackbody 
emittance distributions corresponding to 100° C., 200° C. and 
300° C. are represented by curves 101, 102 and 103, respec 
tively. A spectrally selective solar absorber therefore ideally 
has a high absorptance in the interval 104 and a high reflec 
tance in the interval 105. 

0019 FIG. 4 illustrates a presently preferred embodiment 
of a solar absorber 1 according to the present invention. A 
substrate 2 is covered by a first 11, a second 12 and a third 13 
layer. The first 11 and second 12 layers are main absorption 
layers, while the third layer 13 acts as an anti-reflection and 
protection layer. The substrate 2 is in this embodiment made 
of aluminium, but other Substrates having good heat conduc 
tivity and high infrared reflectance may also be used, e.g. 
copper or stainless steel. 
0020. The first layer 11 comprises nickel nano-particles 
embedded in a dielectric matrix of alumina. The performance 
of the solar absorber 1 is relatively sensitive to the aluminum 
to nickel atomic ratio. A preferred aluminum to nickel atomic 
ratio is 0.2. In the interval 0.18-0.23 of the aluminum to nickel 
atomic ratio, the performance is believed to still be excellent, 
and in the interval 0.15-0.25, the performance is still esti 
mated to be better than expected from prior art predictions. 
The thickness D1 of the first layer 11 is within the interval 68 
to 98 nm with a most preferable thickness of around 82 nm. 
Most nickel particles are in the size of 5-10 nm, whereby an 
average diameter of the nickel particles is in the interval of 
5-10 nm. The particles are preferably essentially spherical. 
0021. The second layer 12 also comprises nickel nano 
particles embedded in a dielectric matrix of alumina. The 
performance of the solar absorber 1 is also in this layer rela 
tively sensitive to the nickel content. A preferred aluminum to 
nickel atomic ratio is 0.95. In the interval 0.8-1.2 of the 
aluminum to nickel atomic ratio, the performance is esti 
mated to be better than expected from prior art predictions. 
The thickness D2 of the second layer 12 is within the interval 
50 to 80 nm with a most preferable thickness of 65 nm. Also 
in this layer, most nickel particles are of the size of 5-10 nm, 
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whereby at least an average diameter of the nickel particles is 
in the interval of 5-10 nm. The particles are preferably essen 
tially spherical. 
0022. The third layer 13 is an anti-reflection layer. Experi 
ments have proven that pure silica and hybrid silica, described 
more in detail below, are useful indeed. However, also other 
anti-reflection materials, having the real part of the refractive 
index in the interval of 1.38 to 1.46, in the solar spectrum 
wavelength interval would operate well. An optimum thick 
ness of the anti-reflection layer in the present embodiment has 
been found to be around 62 nm, and at least preferably within 
the interval of 48-78 nm. 

0023. An absorber with compositions according to the 
above embodiment has been investigated. In FIG. 5, reflec 
tance curves 106, 107 of an absorber according to the present 
invention and an absorber according to 1, respectively, are 
illustrated. The drastic improvement is easily observable. 
0024. In the above embodiment, a three-layer structure is 
utilised. However, also absorbers having more layers may be 
possible, e.g. three absorbing layers covered by an anti-re 
flection layer. It is then, according to the present invention, 
useful to have an innermost layer having the above discussed 
composition. 
0025 Moreover, also the outermost layer in a three-layer 
configuration may be used also for absorption purposes. 
Either, the configuration operates without any anti-reflection 
layer, or the outermost layer could be a layer that simulta 
neously acts as an anti-reflection layer with regards to the 
underlying layers and as an absorbing layer as such. 
0026. The two inner layers of the presented embodiments 
of the present invention are based mainly on the dielectric 
matrix of alumina with embedded nickel particles. However, 
this dielectric matrix may be modified or altered by adding or 
changing to other elements or compounds. The dielectric 
matrix may for example be composed of silica or titania 
instead of alumina or any combination of these matrix mate 
rials. Likewise, it is also possible to tune the properties by 
adding or changing to particles of other elements or com 
pounds. Possible particle elements are C, Al, Mg, Ca, Ti, V. 
Cr, Mn, Fe, Co, Ni, Cu, Zn, Agor Snor combinations of these 
elements. In particular, having an alumina matrix, Mg, Ca, Ti, 
Mn, Ni, Zn, or Snor combinations of these elements could be 
useful and also C could be a possible particle candidate. For 
silica matrices, Al, Mg, Ca, Ti, Mn, Fe, Co., Zn, Ag or Sn or 
combinations of these elements could be useful. 

0027. In the case of nickel in alumina, the aluminum to 
nickel atomic ratio in the first layer should be kept within the 
interval of 0.15-0.25. For other combinations of matrix and 
particle elements, other intervals are applicable, which have 
to be determined from combination to combination. 
0028 Manufacturing of absorbers according to the present 
invention can be performed in different ways, but it has been 
found that solution-chemistry and Solgel processes are very 
suitable. The absorber of the embodiment of FIG. 4 was 
produced in three steps. First, the substrate was coated with a 
Solution containing nickel and aluminum ions. First, an alu 
minum precursor Solution and a nickel precursor Solution 
were prepared, which Subsequently were mixed in the 
requested ratio. The mixed solution was spin-coated onto the 
substrate. The coated substrate was then subjected to a heat 
treatment, forming the first absorbing layer. The heat treat 
ment was performed in an oxygen-free atmosphere in order to 
reduce the nickel ions into metallic nickel. In the heat treat 
ments for the performed test absorbers, nitrogen gas was 
flowing over the surface during the heat treatment. The tem 
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perature was gradually increased up to a maximum tempera 
ture of 450-580° C., in order to remove residual organic 
groups completely. 
0029. The first two absorbing nickel-alumina layers may 
though beheated differently. In order to save energy, time and 
money it could be sufficient to heat them to a lower tempera 
ture and do the final high temperature heat treatment when the 
last anti-reflection layer is added. Alternatively the first two 
absorbing nickel-alumina layers could simply be cured with 
UV-light before a final high temperature heat treatment is 
done with the anti-reflection layer. 
0030 Secondly, a second layer was deposited on top of the 

first layer as a solution of a different concentration of nickel 
and aluminum ions, followed by a heat treatment, in analogy 
with the fabrication of the first layer. 
0031 Finally, an anti-reflection coating solution was 
added on top. The process to create the silica or hybrid silica 
anti-reflection layer, selected for the testabsorbers is based on 
a sol-gel approach, known as Such in prior art. There are a 
number of different solution based procedures to create silica 
or hybrid silica but the employed method for the test absorb 
ers was the following. 
0032 Tertraethoxysilane. TEOS, and methyltrietoxysi 
lane, MTES, were used as starting material. If only TEOS is 
used, the resulting film will consist of 100% silica. Mixing 
TEOS and MTES will generate a hybrid silica film, the higher 
the proportion of MTES in relation to TEOS is the more 
flexible will the resulting coating be. TEOS was first mixed 
with a solvent such as ethanol and then with diluted HCl, in 
order to hydrolyze TEOS. MTES (if any) was then added, and 
a further hydrolysis took place. The solution was spin-coated 
onto the second layer, and after yet another heat treatment the 
anti-reflection layer was formed. The anti-reflection layer 
was heated up to around 300-500° C. 
0033. The embodiments described above are to be under 
stood as a few illustrative examples of the present invention. 
It will be understood by those skilled in the art that various 
modifications, combinations and changes may be made to the 
embodiments without departing from the scope of the present 
invention. In particular, different part solutions in the differ 
ent embodiments can be combined in other configurations, 
where technically possible. The scope of the present inven 
tion is, however, defined by the appended claims. 
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1. Solar absorber (1), comprising: 
substrate (2): 
a first layer (11), coating said Substrate (2), 
a second layer (12), coating said first layer (11); 
said first layer (11) being based on a dielectric matrix with 
embedded particles; and 

a third layer (13), coating said second layer (12); 
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said dielectric matrix of said first layer (11) comprising at 
least one oxide selected from the group consisting of: 
alumina, silica, and titania; 

said embedded particles comprising at least one of the 
following elements: C, Al, Mg, Ca,Ti,V, Cr, Mn, Fe, Co. 
Ni, Cu, Zn, Ag and Sn. 

2. Solar absorber (1) according to claim 1, wherein said 
dielectric matrix of said first layer (11) comprises alumina 
and said embedded particles comprises nickel, and said first 
layer (11) has an aluminum to nickel atomic ratio in the 
interval of 0.15-0.25. 

3. Solar absorber (1) according to claim 2, wherein said 
first layer (11) has an aluminum to nickel atomic ratio in the 
interval of 0.18-0.23. 

4. Solar absorber (1) according to claim 3, wherein said 
first layer (11) has a thickness (D1) of 68-98 nm. 

5. Solar absorber (1) according to claim 2, wherein said 
second layer (12) is based on a dielectric matrix of alumina 
with embedded nickel particles. 

6. Solar absorber (1) according to claim 5, wherein said 
second layer (12) has an aluminum to nickel atomic ratio of 
0.8-1.2. 

7. Solar absorber (1) according to claim 6, wherein said 
second layer (12) has a thickness (D2) of 50-80 nm. 

8. Solar absorber (1) according to claim 2, wherein said 
third layer (13) is an anti-reflection layer. 

9. Solar absorber (1) according to claim 8, wherein said 
third layer (13) has a real part of the refractive index, n, in the 
range of 1.38 to 1.46, in the Solar spectrum wavelength inter 
val. 

10. Solar absorber (1) according to claim 9, wherein said 
third layer (13) consists of silica or hybrid silica. 

11. Solar absorber (1) according to claim 8, wherein said 
third layer (13) has a thickness (D3) of 48-78 nm. 

12. Solar absorber (1) according to claim 2, wherein said 
nickel particles have an average diameter in the interval of 
5-10 nm. 

13. Solar absorber (1) according to claim 1, wherein said 
dielectric matrix of said first layer (11) comprises at least one 
of silica and titania. 

14. Solar absorber (1) according to claim 1, wherein said 
embedded particles comprises at least one of the following 
elements: C, Al, Mg, Ca,Ti,V, Cr, Mn, Fe, Co, Cu, Ni, Zn, Ag 
and Sn. 

15. Solar absorber (1) according to claim 14, wherein said 
embedded particles comprises at least one of the following 
elements: C, Al, Mg, Ca, Ti, Mn, Co., Zn, Ag and Sn. 

16. Solar absorber (1) according to claim 15, wherein said 
dielectric matrix of said first layer (11) comprises at least 
alumina and said embedded particles comprises at least one 
of the following elements: C, Mg, Ca, Ti, Mn, Zn and Sn. 

17. Solar absorber (1) according to claim 14, wherein said 
dielectric matrix of said first layer (11) comprises at least 
silica and said embedded particles comprises at least one of 
the following elements: Al, Mg, Ca, Ti, Mn, Fe, Co., Zn, Ag 
and Sn. 

18. Solar absorber (1) according to claim 1, wherein said 
embedded particles are essentially spherical. 

19. Solar collector (20), comprising at least one solar 
absorber (1) according to claim 1. 

20. Thermal solar collector system (50), comprising at 
least one solar collector (20) according to claim 19. 
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