VACUUM SO AR THERVAL PANEL W TH A VACUUM TI GHT
GLASS- METAL SEALI NG The present invention relates to a

wo a@omesdl ar thermal panel and a nmethod for tPET/EP2009/004937

10

15

20

25

30

production of said vacuum sbl ar thermal pane
according to the preanble of the main clains
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SuUppor ticldovercome these limitations, flat vacuum

solar thermal panels have been developed comprising
a flat wvacuum tight envelope with a glass plate
transparent to the visible solar radiation. Inside
the wvacuum envelope there are disposed heat
absorbers and a pipe entering and exiting the
envelope connected to the heat absorbers. The solar
radiation enters the envelope through the glass
plate, 1is absorbed by the heat absorbers and
converted into heat, which is transferred to the
pipe and to the thermal fluid flowing in the pipe.
High wvacuum is kept inside the envelope enclosing
the heat absorbers and the pipe connected thereto,
in order to prevent heat from escabing to the
external environment by means of convection.

US 4,332,241 and EP 1706678 disclose a vacuum
solar thermal panel comprising two parallel glass
plates and a metallic spacing frame for supporting

the glass plates in a spaced-apart arrangement.

CONFIRMATION COPY
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the glass plates in a spaced-apart arrangenent. Surface
portions of the glass plates have a netallic coating,

frame, thus providing a vacuumtight sealing between
the glass plates and the netallic spacing frane.
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relative to each other due to the thermal expansion
of the gas contained inside the panel.

Both these technologies have severe intrinsic
limitations. Most soft metals (i.e. lead) are toxic
and their use is becoming more and more restricted.
Metallization of glass relies on surface coatings
which can deteriorate much faster than bulk
materials due to the fact that they extend only for
few atomic layers. On the other hand glues, silicon
rubber or polysulfide allow gas permeation over
time, because of their organic constituents, thus
preventing their wuse for 1long term high wvacuum
applications.

An object of the present invention is to
overcome these limitations by providing a wvacuum
solar thermal panel comprising a long lasting and
reliable vacuum envelope.

Another object of the present invention is to

reduce the stress applied to the glass-metal seal
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expansi on of the panel constituents when heated during
t he bake-out cycle. Another object of the invention is
t dlugr oviale a tilospheaticum pokasurher raald padal feireh tiad

pasgligh PhALSHs oL eT D Spel, CORIRNID Lacle

enkareed Rfrfing emfe/teetké—amer@wl@s above 200 0C . A
further object of the invention is to provide a nethod
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appreci ate romt e fo description
t@llanteisn conjunction with the attached drawi ngs, in

whi ch: % 1Magrﬁectlvewewofavac

sol ar tl\F?Q CGeebr 4PfAg WWQ%\F&tF%nprﬁl"édez
shows1 ap exRhaded syi1ew Of:héﬁﬁa@anﬁénef' %ith SBAWANnRed
cross section of the peripheral wall of the vacuum

s@lféﬂql@@mlatpd?r%flpeﬁfgirels sHowse aZhO(érﬂ: arged cross

sectio of th eri pher wal | of thev umsol r
t her ma panelt%eghovﬁ% at %che‘gh%ul ?aséoﬂeta?

s@@ovﬂm@vlawgnéheo@dgerotabttb&ngelrgi mﬁrrala behtuanbeddag
in thg@gl ass pI ate, according to a first enbodi ment of
t FESrRm@entie®®l Fig. 5 and 6 show an enl arged cross

secti oppaf %axfésre?ntt and . secod erppd }S‘Enthf:et h?ully

peri pher al of the vacuum sol ar thermal pane

s lnowienrg tacchnpared si appbatkagkedss-imetmal Seal , fhadvbrgng

t%%t%q éd description taken in conjunction with the
attached drawings, in which:
Fig. 1 shows a perspective view of a vacuum solar
thermal panel according to the invention;
Fig. 2 shows an exploded view of the panel;
Fig. 3 shows a cross section of the peripheral wall
of the vacuum solar thermal panel;
Fig. 4 shows an enlarged cross section of the
peripheral wall of the wvacuum solar thermal panel,
showing a matched bulk glass-metal seal, having the
edge of the peripheral belt embedded in the glass
plate, according to a first embodiment of the
invention;
Fig. 5 and 6 show an enlarged cross section of a
first and a second embodiment of the peripheral
wall of the vacuum solar thermal panel, showing a
compression bulk glass-metal seal, having the edge
of the peripheral belt embedded in a ribbon of frit
glass Jjoining the peripheral belt to the glass

plate, according to a second embodiment of the
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of the peripheral belt enbedded in a ribbon of frit
glass joining the peripheral belt to the glass plate,

vacuum sol ar thermal panel 4ccording to the invention
(fig. 1 and 2 ) conprises a vacuum envel ope 30
defmivieinrig.cen .seal ed vol ume, able to withstand
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irst plate 1 , made of glass, and a second plate 2 ,
made i gevrdl ,thepal ncanspatedvidgar thar rsamgenehpe byl sa
chassi s 18, .di sposed_inside the envel ope 3Q be%ye N+
tﬁélcélogtee T "an , Vand & p&ﬂ"&ﬁé’lpael frams '3+" SaFd
chassisTel8 mndHdecpel tphesat duanto3ceaneatsonsuppart

parts of _the pipe 13 inside the envel ope 30 and the
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3 . It _also conprises imo al lic peripheral pelts 4
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t RRcond parallel plate 1 and 2, both made of glass,
or a first plate 1, made of glass, and a second
plate> 2, made of metal, kept in a spaced-apart
arrangement by a chassis 18, disposed inside the
envelope 30 between the plates 1 and 2, and a
peripheral frame 3. Said chassis 18 and the
peripheral frame 3 can also support parts of the
pipe 13 inside the envelope 30 and the heat
absorbers 12 connected thereto.

As shown in fig. 1 the solar thermal panel is
flat. The vacuum envelope 30 of the panel comprises
a first and a second plate 1 and 2, made of glass,
and a metallic peripheral frame 3. It also
comprises two metallic vperipheral belts 4 and 5
each one joining the glass plates 1 and 2 with the
metallic peripheral frame 3. If the above plates
are made of glass, the solar panel has two active
surfaces (double sided flat panel), one collecting

the solar radiation directly from the sun and the
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nmetallic peripheral frame 3 . If the above plates are
made of gl ass, the solar panel has two active surfaces

radi ation directly fromthe sun and theot her
collecting the solar radiation reflected by a suitable
mattmr (et letiowng i the heolagurefiatinncaed lelded tgt a

pl at. shoul d be de of gl ass d the second plate 2
oS RS b Tar paner "0 | bENE| RAPBIel ded, i e

with onlry easesitéie capabtepahteol] eghblddSBdmade of
radi ati on. When the second plate is nade of netal, the
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pr esence exr bl e peri pheral
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one piece with the second netal plate 2A. d ass plate
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Moreover, it is commonly known to the experts in the
f imgdahs hatofoy sppiveintg cnadoat imed atlomaia lgl aso Ldeatiag,

i d he gl . it.will _al
SR i e S8 sokr 2oRRRIBLE: sbk b i
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i nvention, the opposite can be achieved. In fact, by
appl VAR RiF Gtk eeh e oteepidt MagatoBt frRE E2C, 20) to

the inner, & dg) of tESmgb%ﬁ%i%ats%?ouﬁ%%‘ef AHGERY such
transmssionin the visSible part of the solar
spect runp t henatimtsency fartdmmpanegtl | s (tmansased ian

¢ R ORGTE raciadi bn L osses deriving from the heat.

absor befoddfver,edi €M §SicRifonly known to the experts
in the field that by applying a coating to the
glass plate, as it reduces the glass transparency,
it will also reduce the amount of solar energy
entering the panel and thus the panel efficiency.
According to the invention, the opposite can be
achieved. In fact, by applying an infra red low
emitting coating (1C, 2C) to the inner side of the
glass plates, even reducing transmission in the
visible part of the solar spectrum, the efficiency
of the panel is increased at high temperature
because of the predominant effect of reduction of
radiation losses deriving from the heat absorber
infrared emissions. .

To get this result, the low emitting coating
is chosen in such a way: that the reflectivity for
wavelengths comprised between 4 and 6 micron
(corresponding to a temperature range of 200-400°C)

is more than 0,9 and that the transmission for

one col | ecting t hePGDER2009/004937
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in such a way: that the reflectivity for wavel engt hs
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| b | ef
5 al so beenfaund. g dxlﬂa'fo{nﬂﬁ Ranel efddelf gr[ﬂ{ {3?%68%?% to

further increased by applying & Secon
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c%ét?’ g:g A&?&%dtﬁba o3aq?1e invention it has al so been
found 'A%brdﬂhgt h@oca@f% of ndefitNBhe & dadspapelo bhen
efficiency may be further increased by applying a
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ing el n cormon
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the efficiency may be further increased by applying
a third coating (fig. 6) to the inner surface of
the metal plate to lower its emissivity. This third
coating being for example a commonly  used
20 electrodeposited copper layer.

Additionally, glass should be thermally pre-
stressed or stratified to improve safety and reduce
thickness. In the case of thermally pre-stressed
extra-clear soda lime float glass, the thickness of
25 glass plates should be about 5 mm, when considering
a chassis 18 with support structures spaced 120 -
160 mm apart.

Fig. 2 shows an exploded view of the panel,
wherein the elements thereof are separated, 1in
30 order to be better identified.

Figs. 3, 4 and 5 show a cross section of the
peripheral wall of the wvacuum envelope, said
peripheral wall comprising the peripheral frame 3,

supporting the two plates 1 (or 101 in fig. 5) and
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wherein the el enents thereof are separated, in order
to be better identified. Figs. 3, 4 and 5 show a

envel ope, said peripheral wall conprising the
peripheral frame 3 , supporting the two plates 1 (or
161 iim fiag. PIcethErarnt a apaeedenpatt afpdngéhent two

and _t. er4.pheyal he (of. 104-in_fig. 5 ) and
S%Qgﬁﬁzlgtﬁ\g% lt[iﬁ:'gelt%herjlI pﬁ%?ahb?rgﬁe%% ?Eh) aa{llgcau O%Lf%ﬁit
metbal thet apesephebalor fidmei N3 Fivphttd )a aR@chuandtight
joined to the first and second glass plates 1 ,

101
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ed sol ar panel conprising a g
sapgord,edopymeaahsapE 21 veanpmi siighta suhgl glassaheital

pi ec rovi di ng the functions, of both the netal
pEFPph ra(?iggref‘%b %@'ag@_ taﬁéé]b%ttom plate 2A, and a
chassi $i38A for sHRPr td nasihe1 g assapbat gol Aranganel
parts of the pipe 13 and the heat absorber 12 (not

s FOMPLils gy @ @le9s cokieet B sweperbedThe pefipher 3iL

fr 1S, 5 nect e t I p b etal | i
pePMBRaRATher: AL (BT BEbEe "kl cane
exXparnsiionsaldfoypotit htH8%dNta L o enphé o Fef ahihey 348ands
preferably used for the_peripheral belt 4 and_5_,
b&ESus PVt The RIDS® mafeh BECGweéh i$@3Fkf mal A for
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the present” contest with the termvacuumtight i
sAguladidoé henderastt cdes d0de W g nat seladwor inofipgnert 6i)s
gener alclt%dc nsirdeq:r ed to be vacuumtight, if when
t €SP8F “ona el urﬂ'peaked mass spectroneter | eak

det ect ghe PhaviphedLakagend al€ &nnected to the glass
plate by a metallic peripheral belt 5A as described
above. A controlled expansion alloy with 48% Ni
content (NiFe alloy 48) is preferably used for the
peripheral belt 4 and 5, because of the close match
between its thermal expansion coefficient and that
of soda-lime glass.

In the present contest with the term vacuum
tight it should be understood following: a seal or
component 1is generally considered to be vacuum
tight, 1f when tested on a helium-peaked mass
spectrometer leak detector, shows a leakage rate of
iess than 10E-10 cm3 s-1

By the expression “bulk glass-metal seal” 8,
9, 108 a vacuum tight seal between a glass plate 1,
2 or 101 and a metallic peripheral belt 4, 5 or 104
is meant, comprising glass 14 or 114 (fig. 5)
embedding an edge 16, 116 (fig. 5) of the metallic
peripheral belt 4, 5 or 104. The vacuum tight bulk
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| ess than | OE-10 cnB s-1 By the expression "bul k
gl ass-netal seal”™ 8 , 9, 108 a vacuumtight sea

peri pheral belt 4 , 5 or 10 is nmeant, conprising
glass 14 or 114 (fig. 5 ) enbedding an edge 16, 116

( bilgss5metefl tﬁ@ahet8al | 9c B&BI pher gbthaneds by 5fgsion
104 Th cuum t a t ,

[ t5a1 negI u%gg # %E%ééq%&nﬁjgolfiﬁ?lc%tro%&%f

tléﬁlb@'d@ﬁﬁlgl"r trile14 eadeddiigy tha6edg(a?11§5 196 (6F9g. the)
of the perlpheral belt 4 |, in order to nake

t RergPassaly beili dir et | yl%hell@ tFdeie Her iMHes althe
b%%kssThﬂvacuMn SEEANE t*i‘ﬂ) K 9h@§§ NES a't}ﬁabe‘i@ h%?a‘if

i nds, "accordi ng t Irst or to e sec
eleddi.nent of the |nvent|on respectively: a ) it can

be a ched | ass- net al havi ng t edge 16 of

e pothendaeLghy G brbBd Ged Ay ST i et hb SERaP®
14 espbt 'thqcfsf OMaleealaingy t tBY &l FuhsequUERt to the
solidification of the glass plates 1, 2 (fig. 4); b))

i tse@mob@népo@dmretssiforﬂg@ sV et kPN s e spestivalkyng

s ML

tmhéredg@laSs<ﬂﬁt€heabqnmphdmaﬂhbepermpmmm%d&@dt1n
104 to the glass plate 101 (fig. B . I'n both ,
eth&di &S m%%%rb?%s§4néﬁﬁﬂkﬂl?&1 o/ bRt eelting

dbﬁ@nédbééh&$@tn%b@”df%ﬂ@?ﬂﬂ&@réf Qﬂt Hasd081:kRs

he first enbodi nent the glass material 14 is part of
tﬂe Qlﬂingpléne 1, which is always nmade of gl ass,

wheregs L0 the, second enbodigent Lhe_glasy MBLETi 3hg,
having the edge 116 of the peripheral belt 104
embedded in the glass material 114, resulting from
the melting of the frit glass material joining the
peripheral belt 104 to the glass plate 101 (fig.
5).

In both embodiments, the glass material 14,
114 adheres directly to the metallic peripheral
belt 4, 104. In the first embodiment the glass
material 14 is part of the first plate 1, which is
always made of glass, whereas in the second
embodiment the glass material 114 1is some added
frit glass forming a meniscus at the edge of the
metallic peripheral belt 104.

When a glass plate is heated, it first becomes
soft at a certain temperature and subsequently it
melts at a higher temperature becoming liquid or
fused.

In the matched glass-metal seal 8 (fig. 4) the
embedding of the edge of the peripheral belt 4 and
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and subsequently it nelts & a higher tenperature

becom ng liquid or fused. In the nmatched gl ass-netal

séake gaghegion )Otfhetél@begdlaﬁg ofnattleeﬂ@dge 14f the the

per r.al bel.t .4 andt esion the.g
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aQ'Ebic%\le:ebN feaisnofofl oenei zadddispoatef 1thergkasszed
plate 1 . Localized glass fusion is obtained by
h&agisig ﬁ%%r%%h@?gﬁlﬁéﬂt Yo eaatenay Ehe t ﬁ@rgpa§§al

playe r I t.e

R S A Tl e
7%(10&@ )to, Tbatpemmph@m:leebh]rtg 4 tlset herafsur shétening
heat.ed (e. i ndycti on) —above the gl sqQf teni
té’fﬁ}é’ttat dlfgr( a)é8 g&@eoc 25Shsé ﬁ?@ | &ds plq‘glﬁe
16004 prRed Ised oy and e&’f%}‘iuﬁhkfhé%t fl@“elt%i‘it a(%l OWy
fused glass to forma neniscus at both sides of
pénidpiedriain) beabovavetﬂn@alquasa h@0§|t@slgq§1 atempejgture

q Kl ed 10 in ere re S
0 TdoBt ofPBu g st BRdaTa oD LEY o0 ePTRES T RE
camme;ssuea g&uaSSamt aﬂveer&aiaﬂm (Htradtdd t he allow
enbeddi ng of the edge of the netallic peripheral 104
bélutseéln@ éd’né‘sﬁ% 3 d'TheS Figt aﬂlleog]ér ?bﬁ@?anbélhte

& a8 a1 ayed: byE%h‘th‘éﬂl‘é’zof Mifde gb%%s Vidig a mygh

wer softenl ng tenperature npared to that of the
glqassmlyat erbed Byo j ainnliucg t blee perdphereal pektst@4siso

o g lats ik e ol il o Faloslsse.

hawe *@hé h@bﬂ‘@re@éﬁ@ﬁﬁl @Maggeﬁétguerﬂedl yoslightdy 5)
l%ﬁzr embedding of the edge of the metallic
peripheral 104 belt and the adhesion to the
metallic peripheral belt 104 are achieved by
20 melting a frit glass having a much lower softening
temperature compared to that of the glass plate,
and by joining the peripheral belt 104 to the glass
plate 101, once solidified. Frit glass, either

vitreous or devitrifying, could be chosen to have a
25 thermal expansion coefficient (A) slightly lower
than that of the components to be sealed, in order
to provide some additional compression to the seal.
In the case of soda-lime glass and NiFe alloy 48,
both having a thermal expansion coefficient
30 A=90*1077 K!, a frit glass with A around 75*1077 K
could be used. The compression glass-metal seal 104
is obtained by first applying a thick paste,

obtained by mixing frit glass powder with a binder
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than that of the conponents to be sealed, in order to
provi de sone additional conpression to the seal. In

having a thermal expansionlg¢oefficient |=90*10 ~7 K 1,
a frit glass with | around 75*10 7 K 1 could be used.
Tla@dc m]mle's’sehlohe gbadyemst alf weadxdi@l ¢ snobtraicrdd Wdpse
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conti nuous ri bbon of about mm hei and wi dth on
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S Wpar tt csfertied murkey arsuuswblabsEppuen stmupautecuhara
it hask§§§n f ound advant ageous to dry the ribbon of

f % Y&ore inserting the peripheral belt, then

to plagg thergl assapl atee H\éé hb*e%% Ofd@gly 1 'ag%ﬁtlé@'e%'u%e
down and touching the top edge of the peripheral "belt,

képt dny pltaee lbyblaosuptfabflelfsupyi@lsts sve feter 6 nssd timen

f|r|n t he real sed. ass in the oV suc
ﬁ%:?lpqe %sge%?bbg once ikt E%E%c%e% g?gsﬁe 99&&

t edmef ainy Gdr\Meld F1seo o 81 @8gdbehhasddesuehihlge the

peri pheral belt thus realizing a perfectly Xnnetric

af@Fh &I o U GreRf SERIC F L PREC gl 5§§tnéf1ap 8€8 byuéh
a% Rk fePry %@ﬁﬂﬁd 'sncrf A& S and™ idh e “f&&l%*éoult%e

OM/usuaI cyc e as described 1 n mater al
daEﬂéhEEKB #$oemalyypircathé r ovegl.asky biachng way the

|1 h 450 OC f bout 30
B8 st TS St 4 The redehescn 148 | Beiting

CQ@@@@%ﬁﬁhﬂéﬂwif@rﬂﬁbwe&@ﬁﬂydﬂbdﬁfﬁéﬁﬁn§ﬁd@btbf the

respect to the remaining assenbly
peripheral belt thus realizing a perfectly
symmetric and homogeneous meniscus for the glass
metal seal such as that represented in figure 5.
Frit firing should follow usual thermal cycle as
described in material datasheets (for a typical
frit glass, firing temperature will reach 450 °C
for about 30 minutes). The support structure should
be made such as to compensate for thermal expansion
difference with respect to the remaining assembly
components.

This may be achieved for example by realizing

a support structure or firing gig, in a suitable
steel (for example AISI430) and to dimension it in
such a way that it reaches the desired dimensions
at the frit melting temperature and in that at this
temperature it stretches the peripheral metal belt

5 5A 104 and position such belt in the desired

location in respect to the glass plate 2 while
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conmponents. This may be achieved for exanple by
realizing a support structure or firing gig, in a

it in such a way that it rdaches the desired
dimensions at the frit nelting tenperature and in that
atkeeping emelrratm@taftt s¥iel chles fhéeéefrpher al netal

|bg|c21t Isg%%o#o L %p SIJI;- th ch Bg%gt 8@ EW%I i ern%lon
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| ttHen b@rlkactglwstshméhalf usedlifrddn fkca:oeduvra@tfa@e@usly
further aspect of the invention the bul k gl ass-netal

éﬂpw%elﬁdﬁént]a%%%%swel ﬁ“;?rtcﬁ/ledC@IflP%@ePEaﬁ“bﬂ@@ed
MELAl ¢ faMPanaNt g@%’%%dd cfl n@r%ésst Sc‘Pé' glé%d
g uI Kk ass-

prior to creati such tal sea
oduwtdt i bnlheig@amﬂﬁetabl }sealch taigr ammtamn belng

i mat.e i f t abl i de. | 4A, .
Iy ol r P aCuet e aBPERg | BREE LY amy oy
SuGty to dme w&@@nﬂa%f engt hspf a9b§§§1h9t€§ga|re@\ﬁl%tr

| east 10% when neasured by a shear test. Said
prigr okhdakneasofanchepetakabdapones® Beichy e eflapaisiie

r%§>era?t9¥ng ?3% 29?%@%‘“&)'&e%g OW? %E al ast 10%

ure row a unl oXl de ayer on

t%mmamwta ssltﬁéaﬁeteﬁ cour se ot her
treatments coul d be envjsaged, includi n% for exanple
F

heat | ngaid oBFFEPEIHAEHI a?hospRgr emetape component
CHMIRS el ! Péélf@é&' b§eﬁéaﬁ§no§' ﬁeabagngbtlal ned

in a l'ess preferred way by fitst placing t
pemqoheaal abetemp@datrg. shiijtadn ¢ h‘eosmgrrfoaceaoﬁmtllf@rm

ol satP! 365t 20d suhecsient |y addlagide Jyion, o o

glass qd at eothat oner&dtiits could be envisaged,
including for example heating in oxygen enriched
atmosphere.

The compression bulk glass-metal seal can also
be obtained in a 1less preferred way by first
placing the peripheral belt 104 (fig. 5) on the
surface of the glass plate 1 and subsequently
adding the ribbon of frit glass paste 114 on top of
the surface of the glass plate 1 at one or both
sides of the peripheral belt 104. Said ribbon of
frit glass 1is subsequently melted and solidified
again to obtain the glass-metal seal. This latter
technique 1is more complicated than the one
described here before, and the presence of a ribbon
of frit glass on only one side of the peripheral
belt would render the glass metal seal more
fragile.

Both matched and compression glass-metal seals

8 and 108 can be reinforced by means of suitable

(for exanple Al SI430) and to dPGERB10091004937
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gl ass is subsequently nelted and solidified again to
wobilaiomseshe gl ass-netal seal. This |atter techPCT/ER2009004937

nore conplicated than the dde descri bed here before,

and the presence of a ribbon of frit glass on only one
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sicHd ISIseding RNEheeed stekidd tho qrravkél%ryemswrature,
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order to ater w t hst an e out cycle .e. an
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I Var.i wan be, used) The t hi ckness of the
& |%|S§|alb % @rlafb4 Caé’hotlﬁ d*$9bref erabl y chosen

ln theTh@ng@li)c]lnesé- BP SteE gediprameid bessurd 9104
under atnospheric pressure, while reducing t her nal

coheudd & dwre fingakdividhpsan pmew@%trﬁ@gelﬁglof f ham
10 g%%%%lﬂ%gﬂ §§a|aV§FaChfl §fE%K£SU| ﬁggpﬁgrlc

mor e vacuum t | t "shoul ed tﬁa
a@@@séum@tcwnim9|ﬂeentnﬁg th@nmakﬂd¢mﬁm&%i@@eaaklng
belt i.s continuous i.e. welded to forma conti nuous

b¥PLFingac Ul t PERVERAd NE2EREri 8&s APel edd@sSsnmetal
elsagtli calhycrlef ar mhle ponibonhel nguah least no more

elastlcally def ormabl e such that 1t avoids that e
bwkkugimags-amgt.al seal gets damaged and is no nnre

ts YacUumLl OTL YR B SELCAO, LhEseaRUBLLaR P gEeo R
invention the metallic peripheral belt is
continuous i.e. welded to form a continuous belt),
vacuum tight and it comprises at least one
elastically deformable portion being at least
20 elastically deformable such that it avoids that the
bulk glass-metal seal gets damaged and is no more
vacuum tight when subject to the evacuation process
of said envelope and the thermal treatments of the
panel and the potential reciprocal displacements of
25 the glass plate and the joined metallic peripheral
belt.

It should be noted that the wording “thermal
treatments” of the panel refers both to the glass
metal sealing process and to other treatments such
30 as a bake-out thermal treatment of the panel
performed at more than 200°C in order to lower
internal pressure while limiting cleaning
requirements for the panel by means of pyrolisys.

The above mentioned at least one elastically
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panel and the potential reciprocal displacenents of
the glass plate and the joined netallic periphera

treatnments” of the panel rd8ers both to the gl ass
metal sealing process and to other treatnents such as
adedlogmadptl et hepmatloneat]rﬁa,nt dflOt heO@anéJheper fnetaédlla;t

mor e .t han 20 r/lor er 3 ower ter%taL ure

WREEAE A o 6F e ns 1 A0 rEeRES TPEPoENe Bandf sy
meaas tafapyrol u@mrmﬂbe. caabgwehrerhia@ned tat pb%ﬁﬁttson@n
el asti cal | ydef or mabl e portl on 10, 110 of the netallic

periopRetalonhePt 4saig :bedd | f prfkr abl ;P at Feastith
%@% e%ill¥odeggrnggﬁgtSggggggﬁﬁcgﬁgger tﬂ% Blass

ation of said respect
t plameaxi s perpendicular to the glass pl at e Accor di ng

to a further aspect of_the invention the tallic, .
per | phBFEPIBRIT £0 304 TgI | S8eeah Phi BhReaTEEEt ion
Pehtl e P PV{ deghhaimrania bbist g/ndiassecapst Padd i an
of said netallic belt, said first portion joining the
fulmterglle@?s@tpﬂ @toe:t];on Toavded opprveemgat ﬁérsécaunh a
u $ 108, d seco
98% taI fa Sbér}etscai‘llclo}ﬁe?%(nlsnagl flrSt

p@blrmh@hal j cﬁi@ﬂf@g 3 theanfh £0PKilaIsRY Blawsuam ti @ht and
netal -nmetal seal 6 , 116; the at |east one elastically
dEPBIPFASIE I oFE oMaBEFAg TV dealkn ddaiss imekr bedrate

partig, Agﬁﬁ?&d's%%otn% %cﬁf‘l{fﬁ oi‘sl‘%%%i jﬁ?ﬂé‘fl belt

i nvention the at | east ‘one el asfi cal or mabl e
parti olr0410,jdziﬁlogrrpml"s—?es pesiphabhﬂz atErIaeast 3)ne aonl
rectili,near part_ or at

cGrvea pare & wSveRstiBRE rREBIRGeIGT Str This X6
the at least one elastically deformable portlon
being provided in said intermediate portion.

According to a further aspect of the invention
the at least one elastically deformable portion 10,
110 comprises preferably at least one non
rectilinear part or at least one at least partially
curved part or at least one ribbing 10, 110. This
ribbing 10, 110 is preferably of semicircular form,
has a radius comprised between 2 and 4 mm, running
for the whole length of the peripheral belt.

When plates 1 and 2 are both made of glass,
the peripheral belt is attached thereto by means of
a bulk vacuum tight glass-metal seal. If the first
plate 1 is made of glass and the second plate 2 is
made of metal; a wvacuum tight metal-metal seal,
obtained for instance by conventional soldering,
welding or brazing, can be directly provided to
join the peripheral frame to the metal plate, or as

described before the peripheral frame and the



ri bbing 10, 110 is preferably of semicircular form
has a radius conprised between 2 and 4 nm running for
wo beombssse | ength of the peripheral belt. \Wenrp@l/apmey/ 104937

and 2 are both made of gl ads¢, the peripheral belt is
attached thereto by neans of a bul k vacuum ti ght
ghassometmetabaplaltie theyfbestrephized il nuue sfingle
glaz and the second plate 2 is nade of netal; a

&h PG5 et al - net al seal , obtained for i nst ance

by comreﬂ@tl oméuml d%hiv‘éa,opél?| dbRg @hebr agdTwh Caanke
directly provided to join the peripheral frame to the
n@p@or,g\yl@ge torthes Hesntber defor eONRELIBEFi pheraping
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ngl e I ece vacuum éen ope o e Sol
panela atzaondmn@utn@ t eot ngkotvhon alfsxen:oaamd:saslan of

punpi n ort 19, typically nade of a co ube,
c&kﬂﬁec\g% UEE £ ﬁ%‘e( n%&lmg-h%%)P Fé mdy be

e\vaGuald op fp&'ﬂ%h“%‘f‘fum GNVekaea 1t h%lel%%@é! NG R t 149
may be sealed by pinch-off, a typical nmethod used in

r@ﬁrfrg@@taltm@mlqmmstsm exit port, typl cally nade

of a s |nles ste be.20.0r bhe brin heat
10 absor b(%\‘rrl p? :?Ogect mggp%ﬁ%l\?/%{c%n% en\%l opeg§3 nless
t krrewgh thBepex(d pher abeflane orimpihe Medtm absgrbeat
transfer. to the same should al so be present. A getter

p BRSOl K oVP AGFpe- iy 3 wam bR pe befit 3P nsFhEopRE the
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gas wt e not abl e exceptio e ones.
The iteerstamen stlao d e ld@soe rresethod for the

1o BrOGUCk) onOF 2 vRGHAM 30 2%t oL cRensL SO
present 1inside the vacuum envelope in order to
continuously pumping any residual gas with the
notable exception of noble ones.

The invention also relates to a method for the
20 production of a wvacuum solar thermal panel
comprising a vacuum envelope defining a sealed
volume, able to withstand atmospheric pressure,
when evacuated, and having at least a first plate
1, 2, 101 made of glass, a metallic peripheral belt
25 4, 5, 104 and a vacuum tight bulk glass-metal seal
between the glass plate 1, 2, 101 and the metallic
peripheral belt 4, 5, 104.

According to the ©present invention, glass
material 14, 114 is disposed close to the edge 16,
30 116 of the peripheral belt 4, 104. Said glass
material can be part of said first plate 1 or some
added frit glass material 104. Said glass material
14, 114 is heated above its melting temperature and

subsequently cooled below said temperature to make
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vol unme, able to wthstand at nospheric pressure, when
evacuated, and having at least a first plate 1 , 2

104 and a vacuumtight bul H5gl ass-netal seal between
the glass plate 1, 2, 101 and the netallic
perhiepherad s beétenial 5 adhed4 ngAdoorihegpevipherplededtt
i nvention, gILass.gat f(g.ri al_.14, 114 is dj sgose cl o%le lto
t PR %edgP I G 161 0f £Re &S pHfr3ds b t3%°, 104, “&dil§
OlcdedllRy itte C@ydeoPathe OpesapHethl Shepkat €hlsOlcan
some added frit glass material 104. Said gl ass .
micer ioRtained 141 s theat @@ YatovEaiids @desiSngmaterial,
t r.at a bseque y e el sal.d .
B Pl T R Fhel S8R T sy BeSipberad
pérdlphemad] teed taradhds plos aqugnt iyt sol hdifli adsaphdhe tan
whi | e epbeddi ng the edge of the peripheral belt, This
c&PMe BBPRI el i HLRTD WS sAF d 11 253" nECE afrom 2

pasigdaned, £ 0gei 0 HhasedgeLftd, he perdmwher ghehel tthe
nel ted and subsequently solidified again, can cone

f remitthe ngilasbepraties odisposad curkd fiben ®ddebbon ¢he
frit glass paste, i ch, en peripheral . belt i
s vt nthes e wlTre 10 hde B gRas oty
plaiR sl tise placashatabosdlsi des. of the peri pheral
belt 104. When glass form ng t he bul k%ﬁl%gsss-rret al seal
i s com§Tf rohRthe fIQrasaPpl Bee Puliat gresahersrl
seal ) mgt hy ' y ' ow -
ste%psc?orwltq%e gl ggsgﬁa?ga%%?gékgggeg tg{%t%kg%r%ey%{é%rse
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_§653$V$}$dghs%;al belt 4 is heated to a tenperature
a 1%9sP Dl ate 1 softening

- the glass plate 1 is heated to a temperature
close to but not exceeding its softening
temperature;

- the ©peripheral belt 4 is heated to a
temperature above the glass plate 1 softening
temperature;

- an edge 16 of the peripheral belt 4 is pressed
against the surface of the glass plate 1 in
order to achieve localized fusion and to
insert the edge into the glass plate 1, so
that the edge 16 of the peripheral belt 4 is
embedded by the glass 14 of the glass plate 1;

- the peripheral belt 4 1is retracted from the
glass plate 1, to form a meniscus at both
sides of the edge 16 of the peripheral belt 4;

- the glass plate 1 and the peripheral belt 4
are cooled to below the glass plate softening
temperature, providing a vacuum tight glass-

metal seal between the glass plate 1 and the
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tenperature; - an edge 16 of the peripheral belt 4 is
pressed agai nst the surface of the glass plate 1 in

edge into the glass plate 16, so that the edge 16 of
the peripheral belt 4 is enbedded by the glass 14 of
t he gl as3gilldte pjer;iphetm@l peelphéral belt 4 is

retracted fr | ass plate 1 to form meni Sc
at bot HESc s SHEPSaseTIa g FHE JTongsar uct o3
; sedihei gl asmiplaterdm agd dibdrer bpherale b@iésé padte

cooled to below the glass plate softening erature,
pr &ﬂmr@%%c@hwsr@ﬁtaél Fset.al t@@almedétqrfrsgeﬁaﬂ hée

t an t pheral belt 4 . Wen
tlﬁ%%gi as%of bgym ng %:lr%%ﬁl%%l%g%g%mt al seal is comng
freonfadit i l‘_;B)aBsofpa‘srtid gbmpmpaage frdanpg ksss omaterial

gl.ass-net al seal) nmet hod can be descri bed by .the

f s d\ﬁ%@l%%pssaédf rﬁ%ltgl 9585Fadtde tonp? e n@bfttallf“ed

9hRS $niNBLRY | Ogé&aé’f i gdegiesabe Frit ahééé B@%%%lal
bei'ng obtal ned by m xi ng together a powder of frit

gleass Iivetrdy iaald aa Wsigldeent and a binder; the frit gl ass

paste is.placed on the to t he, surf f the_gl ass
PRHES 461" B8P 5T har ontEndoas o bbnEnEnIP vgt - cie
pessiftice Ways othpr osgcdd ngplaeenetibag arie possihl ea
- the ribbon is dried, then the glass plate 101 with

t FOTGAINSPYS BHGPqy pI aced upS| de down on the

D%H ef@% %ﬂgsﬁﬁﬁ% ﬁggg' P?ogggﬁtlk %hﬁethod
peri phera elt in prace by a suita
S @weo o sstitct ur e

~ the ribbon is dried, then the glass plate 101
with the dried ribbon is placed upside down on
the peripheral belt 104 touching the edge 116
of the peripheral belt 104, kept in place by a
suitable support structure

- the edge 116 of the peripheral belt 104 1is
inserted in the ribbon of the frit glass paste
contacting also the surface of the glass plate
101;

- the frit glass paste is heated and melted to
form a meniscus of fused frit glass between
the side of the peripheral belt 104 and the
surface of the glass plate 101;

- the frit glass is cooled and solidified thus
providing a vacuum tight bulk glass-metal seal
between the glass plate 101 and the metallic
peripheral belt 104.

The method for producing a matched glass-metal

seal is preferred when thermal pre-stress of glass

plate is required, since it can be applied during
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- the edge 116 of the peripheral belt 104 is inserted
in the ribbon of the frit glass paste contacting al so

paste is heated and nelted1fo form a neni scus of fused
frit glass between the side of the peripheral belt 104
amratsEmaas ackredtnhatgl &ds ppraetiodlly t Reroricost,

gl ass is.coaled and.solidified thus providing a vacuum
U e EhSherdf ebartEipbeancPhe 5haedrnaias®
1ktnd tBei1mesnbhia pesi pheidl wheht A4.thdendet hack-
for producing a matched gl ass-netal seal is preferred
wHdiF asfer Al Prasst Pdsdcof 1§l winaged i dir8quitedthe

. . . i . et T
oA o | St e T L ORLReE, N T RS S R
a loomr essapmratassnet al seal shoul d be used when no

thernalégrestress of a{agéggéate is envisaged (i.e. in
the CHsePFNstTARTT i eld Byt . i nEETRY S5 ATY e MATER
| guBra 1t eBRanat UtBe |dn 04 hneasas cEBICNEJUPH then be
conpression glassnetal seal) the glass netal sea

coidh fidrmedbebyeimdansedhyswibablef engnabré eposy oat
NI Besst des phot NG pariphe A bal L as, deseribed,

above . € "advant age resent Tnvention-is
I tagqyvavi des a sol ar thermal panel provided wth a

vacuum ti ght envel ope having a gl ass-netal seal very
si npPBet GIEAN G and ydre VveF§SeRf i dfventaypn 1s that

Pard Aeseladel b Ishimdec et AL MBRLachY d8 Ri&sensenoly

ribbing. This allows [owering the stresses i1 nduced in

theughagstdgh&l seablbpethbaving a glass-metal seal
very simple to realize and yet very reliable.

The peripheral belt is made deformable by the
presence of ribbing. This allows lowering the
stresses induced in the glass-metal seal by the
pressure difference between the inside and the
outside of the envelope during evacuation of the
same and by differential thermal expansion of the
panel components during thermal treatments of the
panel and in particular a bake-out cycle at a
temperature above 200°C.

A further advantage 1is that the envelope makes
no use of toxic or dangerous materials.

It is finally to be noted that many of the
inventions described might be incorporated in a
vacuum solar panel independently one from the
other. This refers in particular to following
inventions:

al) a vacuum solar thermal panel comprising a
glass-metal seal realized according to claim 1 and

preferably comprising one or more of the features

- the friPCHER2089/004937
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pressure difference between the inside and the outside
of the envel ope during evacuation of the sane and by

during thermal treatnents d8 the panel and in
particul ar a bake-out cycle at a tenperature above 200
OGescAitgd Her addvaitieeciainphat-0he envel ope makes no

e ot AP ArERy G CReT Ry oht (G st Hbba Chebme L

beanrqor pocededihd atvacusa sl aplpanednd ndpperdeablly
one fromthe other. This refers in particular to
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claim1l and preferably conprisirg one or re of” the
f datadeste 4T ithed prre athacheteriaing Robtiaf) od madbhaod

f duci ng. | ar th | | i
td cPhrRFSTeT ARG bheraity dOtphr MY Tate BFEABRE®
t 16l aigTes 2do#BinRohs anac Wit afidierpal + paggh it

conprising the features of the pre characterising
pEOMPFE S6fS clali m 1eahbr acher i shiedblyt hdeferapbile

. L b . . . . L.
PERISE pid 48 pE8E TS SO AR EOHL AT, Bk
pahlaiton hedngi dé tleast takastildaldyasefrstmbl eeslchets

that it avoids that the bul k gl ass-netal seal gets
d&RIGEG R HebsrEBS oM APachBn g it Ste i’ Reb) eBPIEST

the eMacuallena Pl grest e ddec £NYRLORG NG e hher Rl

treatnents of the panel and the potential reciproca
ditdgirmednenteaiofente gifasshel pareindnchetlioi petential

oA £ LISl e o Ag! B 0P 00k Pt e
joined metallic peripheral belt. It is to be noted
that this belt comprise preferably also one or more
of the features described in the attached claims
10-13.
cl) a vacuum solar thermal panel comprising on the
inner side of its glass plates (1, 2) an infra red
mirror coating and/or on the external side of the
glass plate an anti reflective coating, and or on
the inner side of a bottom metal plate and infra
red mirror coating. It 1is to be noted that this
coatings comprise preferably also the features
described in the characterising portion of attached
claims 14-16.
c2) a method for increasing the efficiency of a
vacuum solar  thermal panel characterised by
applying anti-reflective and/or infrared mirror
coatings on the outer and/or inner surfaces,
respectively of the glass and/or on the inner side

of a bottom metal plate(l, 2, 1A, 2A). It is to be
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of the features described in the attached cl ai ns
10-13. cl) a vacuum sol ar thermal panel conprising on

red mrror coating and/or dn the external side of the
glass plate an anti reflective coating, and or on the
i medecsi deabf t‘ehlbiat m@ﬁh@élt afoppaiseandraferzakbly also

THOrs G9BL Aokl L0 Deyot ol LRI £ g0BtAgR

conprise so t he 7f eat ur escri

C loar @(ttt%rdk@mg:mrnts @6{118 attached clains 14-16. c2) a
met hod f or |ncreaS| ng the efficiency of a vacuum sol ar
therm@ Al ehatie@r i $EUB) applyrngthermal Panel

a%tdcorr%ilél/%gt lwe apd/ Opfr' N EALed TSRl r‘{‘c_;o

a
outer an i nner surfaces, respective gj the gI ass
arq:d,/a(inn ol t lkend nniBrrtSheke octoxapbmsinm net atneplaat e fichme2

2 t b ted that th th [
SRIZR, hign”t fBet OB e 13 e DSEHP t2E°
'ﬁﬁé’ﬂ%ﬂl’@ﬁasl' Nek- 430 t 3 0An8f aatdaahed kded Mmsp 28t 28ofd thea

singl e sided vacuum sol ar thermal panel according to
tI@@r}ﬁ'le characterising portion of cI aim1 and further

risip [ fr r eal C
r% s% ngpgo?ﬁ%t%ﬁe Ctglﬁ%phéea?aﬁ?r a andé)g %otvtagr%mn
n”etoalaxpl pbeemf dbeopdhnyf, €o) t&q@um@rtchalracltelresdmg

firin g f or acuum sol ar ane accor to.the

prRE L ctqefrl s‘?ajr?gl“bor{n onPB? Pﬁﬁ’l reBSéF Aapiy 2
reliitzg@d d n asgadf abl grgteel e(ﬁé?ﬁpleé(a”pﬂxfsf\h%ﬁ%) adked
di mensi oned in such a way that it reaches the desired

didimegisdienest tihe Bpch nel tvay tEmper dttur ecasdesn that

a%égyf% K ﬁgﬁgfgﬁé'gtsEHg(¥¥i letlng temperature

-and in that at this temperature it stretches the

peripheral metal belt and position such belt in the
desired location in respect to the glass plate,
while keeping it in contact with the fused frit,
f) a wvacuum solar panel having a wvacuum tight
glass-metal seal, made using a glass based frit in
which at least the metal component embedded in the
frit is oxidized prior to creating such bulk glass-
metal seal; said oxidation being preferably such to
produce an approximately uniform and stable oxide
layer approximately regular in thickness and
preferably also such to improve bond strength of
glass to metal by at least 10% when measured by a
shear test.

Said pre-oxidation of the metal component
being preferably realized by means of heating in an
oven at a temperature suitable to grow a uniform
oxide layer on the metal component surface (for

NiFe alloy 48 typically 10' at 560°C). It is

its glass plates (1, 2 ) anrCTEP®09/004937



peri pheral netal belt and position such belt in the
desired location in respect to the glass plate, while

wheapiongsst in contact with the fused frit, f PCHEP2009/004937

vacuum sol ar panel having abvacuum ti ght gl ass-netal
seal, made using a glass based frit in which at |east
t Hentiteal wonponeatedntibaded then herd¢atmentss oxpdidede

AR R I TR oL L

apRsoRRiel .y uniformand stable OXIde | ayer
approximately regular in thickness and preferably also

such to inmprove bond strength of glass to netal by at

| east 10% when neasured by a shear test. Said
pre-oxidation of the netal conponent being preferably
realized by neans of heating in an oven at a
tenperature suitable to grow a uni form oxide | ayer on
the netal conponent surface (for N Fe alloy 48
typically 10" at 560C) . It isfurther to be noted that
ot her treatnents could be envisaged, including heating
i n oxygen enriched atnosphere .CLAIMS 1 Vacuum sol ar

t hermal panel conprising a vacuum envel ope (30)
defining a sealed volune, able to withstand the

at nospheric pressure when evacuated, at |east one heat
absorber (12) being disposed inside the vacuum

envel ope (30), a pipe (13) entering and exiting the
envel ope (30) and being in contact with the heat
absorber (12), said vacuum envel ope (30) conprising a
first plate (1; 101) nade of gl ass, a peripheral frane
(3) disposed substantially at the periphery of the
first plate (1; 101), a netallic peripheral belt (4, 5
; 104) joining the peripheral franme (3) to the first

pl ate
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(1; 101), characterised in that said netallic
peripheral belt (4; 104) is joined to the first gl ass

gl ass-netal seal (8; 108), 2tonprising glass materi al
(14; 114), said vacuumtight glass-netal seal (8; 108)
b&GIRIMbt ai ned by f usi on and subsequent solidification

of, Sa'%a%;assgygégghqﬁaé Cﬁ&é&l cgmgﬁyggH nls%lguum

t Her mal pan A aracteri se

t Ratveslaigk g1(399 n@é.eihiihg( 14, sbh&)edOfvbiDﬂméacuabﬂél it
bul k gl ass-netal seal (8; 108) enbeds an edge (1
11'61)tfb?t%r‘rfé b phBPAPhEEIC RECSIHUE @henvaé'@@mastadar

tl%”@'ea%%nebnéccﬁégtngagf o£b&EM &y 5) ChR; eﬁ'l%%@)s'e'?i
that sard glass materia 114 of sal acuu
tiigteideul kil assacmiml semél(nse 108p) di rect Ipylp@dhe(rle?a

to the net al | e heral belt Vacuum

AT e e Rt SeveboBeatdp] and peltg!dR
Cr&fr?@é@i' fedni tHdahesai hyackun ti@aht buééﬁld vacuum
gl ass-netal seal (8) is obtained by | ocal i sedf usi on

arfh vl udat) so¢©@Pfl§aDgoﬁioﬁlqﬁéssphﬁt@rlal (1401)
f 4 f t 1) t
gerl eerg{sélEFg(i)g &éﬁgﬁu%%%so ar %he@ﬁa? pa eg%d

acmmszha"rg:ﬂa)uq} abt khe qiswmm@rysed itthd hﬁirsai hlate
vacuun1ti ht bul k gl ass-netal seal nErlse

meli‘scti8l b farllf‘e'@?%ééc(?fé)lﬁh&qﬁ%g 13 n@t'al pic104)
p%@ﬂﬂEﬂé“tH@”ﬁeffﬁH@rap fpﬁmé'r 5% EBaEﬁe(¥Q%%t plate

Vdacuum sol ar thermal panel accordlng toclaim1 ,
ch@r;actltl)sed ¢hax¢mﬁesn$€dnﬁtalItbapersphdrama@@hilc

HodGHaFPREED Bl 5934 o8 CLblag (0,chdOk e
glass plate (1; 101) by means of a wvacuum tight
bulk glass-metal seal (8; 108), comprising glass
material (14; 114), said vacuum tight glass-metal
seal (8; 108) Dbeing obtained by fusion and
subsequent solidification of said glass material
(14; 114).

2. Vacuum solar thermal panel according to claim
1, characterised in that said glass material (14;
114) of the vacuum tight bulk glass-metal seal (8;
108) embeds an edge (16; 116) of the peripheral
belt (4; 104).

3. Vacuum solar thermal panel according to claim
1, characterised in that said glass material (14;
114) of said vacuum tight bulk glass-metal seal (8;
108) directly adheres to the metallic peripheral
belt (4; 104).

4, Vacuum solar thermal panel according to claim
1, characterised in that said vacuum tight bulk

glass-metal seal (8) 1is obtained by 1localised
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elastically deformable. 7 . Vacuum sol ar thermal panel
according to claiml1l , characterised in that it

to the first plate (1), in2rder to obtain a flat
sol ar thermal panel, the heat absorber (12) being
pliasédrbetamen shJeSEqngntan@qhieils‘@mcm atef(1glasp

R ankl hotbr Ay Lo 87 aPheTS, (ariiies | Eaa e

t Ralges 16 SQiﬂ)rﬁjjdﬂ[jgr_e_LE(h?éraB wae oai gI ass, in order
to have a double sided sol ar panel . . Vacuum sol ar
t Rer malV aFaE] SHeDF dF}ﬁ@rﬁlélcPé‘Flﬁﬁll acc‘&ﬁﬁlafé,q eEPs&daih

t hat Eﬂgrgﬁicék':éh%dpe{ﬁph&{aaé bek b I\?’a@u‘]‘.ﬁgntﬂlwsb%ﬁ(}i(

vaduum t1 and it conprises at [east
elgasatsseaieltyalde‘emrmhh@mes an 10d0jisddh) obeifmgtaglass

t el astl cal .y defaor e such that VOI t
A 1 e G A T bt SeahRGeae hnbieTE g Odor 50
VQ@lléurﬁltrlsg;ht 1een ﬁuqu lect to the evacuation process of
t he envel op e and t thermal treatments of the panel

ared thé’ammémscallalf etlngrr@@él paineg| mﬁ@%ft@h@élaa@s
Pt el des S dpPOdaL 18 ) QLEdSORLA €, PRI PRELILLRELY

acuum SO ér nal ~panel acco
t(beQJtal M A 10¢hacaniariissed ath Lbabtt Imleatri@lasmgoneo
el astl cally defornabl e Eortl on (10, 110) of

th
metl&))] |Hta‘ﬁe’f9 phetdl meEpl g Psriphespl datt| 8851 104)
e'e@%ts't%@alﬂyd‘?i‘ecfrdﬁpi Such that it permts an elastic

el ongation of said belt of at least 0,1 mMmwith
r dspecVacouan sxdiar pehpendl cobaelt aadmrdiasstpl atleim

gﬁ%l c%arag %%ggé%plgg ttergaujpaQ%%@%%§g§hng tecond
plate (2), substantially parallel to the first
plate (1), in order to obtain a flat solar thermal
panel, the heat absorber (12) being placed between
the first and the second plate (1, 2) inside the
vacuum envelope (30).
8. Vacuum solar thermal panel according to claim
7, characterised in that sald second plate (2) is
made of glass, in order to have a double sided
solar panel.
9. Vacuum solar thermal panel according to claim
1, characterised in that the metallic peripheral
belt is a continuous and vacuum tight belt, and it
comprises at least one elastically deformable
portion (10, 110) being at 1least elastically
deformable such that it avoids that the bulk glass-
metal seal gets damaged and is no more vacuum tight
when subject to the evacuation process of the
envelope and the thermal treatments of the panel

and the potential reciprocal displacements of the

substanti al |y pRCHEPHI09/004937
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9 , characterised in that the netallic peripheral belt
(4; 104) conprises an internedi ate portion provided

belt, said first portion j@ning the first glass plate
(1; 101) and conprising the vacuumtight bulk glass
metl@ssseablaBe 108), shi d sedondhsortiehned saegallic

?%ea}:lilpgl%&ba I tbe(lAE _ ﬁép@ jﬂ(ﬂ ng the peripheral frane

na conmprisi hg @ vacuumtight netal -netal seal

(8,0.118kcudie s6ldeasheonalelpasialcadyotief og mabl €laim
portion (10, 110) being provided in said internediate
poht i oRNa2CteREEaAA soitar theFnalthraneRtacckfdFhg ©&e

cl_ai char ri i n . the l e 0
eleaaléa{gltgﬁa\lyﬂge?%trfﬁafg\%gqgor Plbghﬁzﬁfo (ila%) %%(?T)pr irkg%s tgte
| eettaldniec nparipberbilnégsltpald, & atO# padis oae dteast

| east partially curved part, or at |east one rihbin
(FI e 00 ARRARIARIG arudllr 12 tpandi ~ REZGHdihg
clAidethid LTeupset 26h s sRibhale1tthe i Hbi 1826200, 11N
is of semcircular form has about 2 nmmradius, and
r Wi oresprChbP eahengills dFfendrngiedilherbp bapt 91Bss

Vi sgl,ar thermal panel according to claiml ,
cﬁ)gllrégtcr% e@'l)s'ed in that it conprises on the innerside of

t hda gl azsyimatesl{d, tReymah ipahed rackdomd g tbi ”daim
coat i n191 (1C, 2C) and that said coating is chosen_in
sieh & é\é??tﬁﬁéﬁefihelﬁ‘ efibet | W?y erotrai/ﬁv"m €ﬁ§tlﬁ§1€ral

CRrd S§d ;bei peen LRPE: e B CIPN iing JAARIINAN BoP ARG
that the transm ssion for wavel engths conpri sed
betnwesiey] 26etiwden @ cfbnsts amor ea t baico®d7. pdst i®ac®dm

R BT Aot FROEhG  eReyiade LA P81BAPEr Fhe

sifdesaoMeiases Plaid i (nefl eotliyve ageat cdtyprising the
vacuum tight bulk glass metal seal (8, 108), said
second portion of said metallic belt (4; 104)
joining the peripheral frame (3), and comprising a
vacuum tight metal-metal seal (6, 116); the at
least one elastically deformable portion (10, 110)
being provided in said intermediate portion.
12. Vacuum solar thermal panel according to claim
9, characterised in that the at 1least one
elastically deformable portion (10, 110) comprises
at least one non rectilinear part, or at least one
at least partially curved part, or at least one
ribbing (10, 110).
13. Vacuum solar thermal panel according to claim
12, characterised in that the ribbing (10, 110) is
of semicircular form, has about 2 mm radius, and
runs for the whole length of the peripheral belt.
14. Vacuum solar thermal panel according to claim

1, characterised in that it comprises on the inner



(1B, 2B) . 16. Vacuum sol ar thermal panel according to
claim 14, characterised in that it is a single sided
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plate (2A) with its interna# side conprising a | ow
em ssivity coating (2D) to enhance reflectivity for
wavielee oy hSheorgjraissaedpb@t@\éer(M ahd anmia:rfma 1gd. low
Vacu n1so|ar t her mal

SR nbt 2R 3R T Fabe PPRF i Ddcddn

s@rl@rsetrlhemalsmeb GRAYpY | $hag acnet Ae firede viea) | zeg
in one piece conprising both the peripheral frame (3)
aW@VteH@nlﬁiétftSorrPﬁﬁpéllssﬂat]@e'@Q?en 8. avdcubmmsigizgn  is

ﬁb?gfLe & ge @1%or%?§? ?LZ“%E%.D era%ﬂﬁggibﬁedfoQ

1@@We&mmgth§iddmpfmsa@chenweegho Bol lkargl assmiretah is
seal 108 |s approxi mately perpendicular to the
gW§§§ 6@5{@ 7+ 2 ) 19. Vacuum sol ar thermal pane

aqeQr diag it 4R 1t he fHAT apEBENS@EddrdR) EBeclaim
peripheral belt (4; 104) has a thickness conprised

bétdwe erh@r AC @l aemmnzothamc tHre solass t pdarel qaranelts
acc rd i ng char act eri,sed_i %ﬁt at

PRA O de arBhpr RH8L AR HC R TLANEL V8L GofRihe

vaawym2ie)yght bul k gl ass-netal seal (8; 108) conprises
an approxi mately uni form and stabl e oxi de | ayer (4A,
5B -apYREKFatEI VAT eBlPERAL nPERRK R RHdIDr tal §daim
sygh reng f t al by
o e PO R easur S by o Sroas TaLt. "1 EhetAoy
f@mcMhm.m@iﬁnﬂthnrmﬁlzpan&iunmmmiaﬁlm@eanmbtpénpﬂate

CO(%r)iSiwri%h Cuuninetnevrerlla? eélsgg comprising a low
emissivity coating(2D) to enhance reflectivity for
wavelengths comprised between 4 and 6 micron.

17. Vacuum solar thermal panel according to claim
1, characterised in that it is a single sided flat
vacuum solar thermal panel comprising a metal frame
realizéd in one piece comprising both the
peripheral frame (3) and the bottom metal plate
(2).

18. Vacuum solar thermal panel according to claim
2, characterised in that the edge (16; 116) of the
peripheral belt (4; 104) embedded in the wvacuum
tight bulk glass-metal seal (8; 108) is
approximately perpendicular to the glass plate (1,
2)

19. Vacuum solar thermal panel according to claim
1, characterised in that the peripheral belt (4;
104) has a thickness comprised between 0,1 and 1
mm.

20. Vacuum solar thermal panel according to claim
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defining a sealed volune, able to withstand the
at nospheri c pressure when evacuated, said envel ope

and a netallic peripheral B&lt (4, 104), said nethod
providing a vacuumtight glass-netal seal (8, 108)
belt,vve:éwrtah:etefnirﬁd pilrattehqtl_ atlol.l_e)aahdthﬁemﬁéaél bogtion

perd pher a| |t ; terl in_that the

g SR Pl (a2 itly) enBORnat b Y% o g0 n S ase
(b@lkllG@l@éstxh@t@EH%%qal be}t (48)104ombpedsed an
above its nmelting tenperature and subsequently cool ed

t GRRRIORATSdied t ewpefariir @nd nsbrlabe ©FislE olrYRE dHdss
4 t ]
T e GOy  QoahaEe 10 ANBIRA c/or a1oo

p estuigbh erca | 1 mped dv 4t:he10d<)ndi osthenfthsofpgabes(tp heipl

22. Met hod accordl g to claim?21, characterjsed by the
EM i G St pd® t Wul?%%s‘@?%‘ﬁ%l%t%h%i? FSSheat ed

tg1a t @Rl Uf8r0|t‘?1%e bPolUEtRBh r&Achi %dd@m solar
softening tenperature; - the peripheral belt

hé&dteghatlo Qan@&peﬁgmgresabgveat h@CfLiLrHst emval@p(el)
t enmper at an. -edge e ri bel
&% flann ng eé"f_ed Votlhurlg%l rSP 51 a‘? (A%I: acanée tt

S presse agai nst In order

a%Mn@&{dl"maﬂd zecke § sistONwaBd te@zadmﬁafdd t hgaﬁdgen@zéabpe
into the first plate (1), so that the ‘edge (16) of the
pe‘ﬁ%heﬁﬁmpﬁéﬁtmw)al & igitfed®d@ten the gf%lsé @ege ot

t dds sty d:’laatn%t(a@llc ;B@J_el hési1 P%@i@ (1 @P?rtéPgald

ripheral belt (4) are cooled to below't
plnaattélo(dl) psofienngg & enpenatnur e gipt o\gldi sayree treak clved 1

;gwqdégh e9&833 %%tmflrE% é?gtbetweeq&fB ah&SEhe
metalllc peripheral belt (4; 104), characterised in
that the glass material (14; 114) is disposed close
to the edge (16; 116) of the peripheral belt (4;
104), heated above its melting temperature and
subsequently cooled to below said temperature, in
order to allow the glass material (14; 114) to
adhere to the metallic peripheral belt (4; 104) and
join the metallic peripheral belt (4; 104) to the
first plate (1; 101).

22. Method according to claim 21, characterised by
the following steps:

- the first glass plate (1) 1is heated to a
temperature close to but not reaching its softening
temperature;

- the peripheral belt (4) is heated to a
temperature above the first plate (1) melting
temperature;

- an edge of the peripheral belt (4) is pressed

against the first plate (1) in order to achieve
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(1) and the netallic peripheral belt (4) . 23. Method
according to claim?2l, characterised in that after the

into the first glass plate2¢1), the peripheral belt
(4) is at least partially retracted fromthe first
placa l(ired of ioieom aamdnitscusnaerbothesiatie of 16 he iadge

( of. t he ripheral belt (4 24. th accor ding
t%gézﬁ%ﬁ%ﬁqggﬁggagﬁzri§%ﬁ %éa%hghﬁof¥P@ ngpg%eBS:%ée
f Helr ighss 1pasé Bt cQapr iy ngmibédded! ass vl egiabsand 43
binder is provided; the frit glass paste is placed on

t € tthe dFfinste Biatfaacellof the first plate (101), to
farma nt j S JyiQhon; .t h g 1 :

per i phéc(r?]a nggyl(?}a}t% [ %Ser t%erggi ﬁhtéhg)%%}gé;r% tbﬁelt
fridt) glaass pastilesd comnd adbehgw al sbet héisatf apéaak t he)

glass plate 101; the frit glass paste is h atc?d and
TS VG of FPACHBRPEEuS RAOTABEE f Ai (M1 SARY bYCHE

t g @itdeyfs - heeer | phgr al ghelde k) @ne Ehessuphace

of the first plate (101); the frit glass is cooled and
sdlli)diafmide d hteh ure v o @i pry- Eoleeirk éeel bn (dhcuum ti ght

Do SRR Yl O BRI B LS BLSLS o

Methaad afeor dithg timsdst ivRlofchataceagesed dy dhethe
following steps: a frit glass paste conprising frit
glPeds Phtterl Aieldnd( R piMeerthe piooFdedass phaterild) .

fhass pRSiDrg aspln e oh b Lheasyr | peecatunte
retracted from the first plate (1) to form a
meniscus at both sides of the edge (16) of the
peripheral belt (4).
24, Method according to claim 21, characterised by
the following steps:
- a frit glass paste comprising frit glass
material and a binder is provided;
- the frit glass paste is placed on the top of
the surface of the first plate (101), to form a
continuous ribbon;
- the edge 116 of the peripheral belt 104 is
inserted in the ribbon of the frit glass paste,
contacting also the surface of the glass plate 101;
- the frit glass paste is heated and melted to
form a meniscus of fused frit glass between the
side of the peripheral belt (104) and the surface
of the first plate (101);
- the frit glass is cooled and solidified thus
providing a compression vacuum tight bulk glass-
metal seal (108) between the first plate (101) and
the metallic peripheral belt (104).

PET/EPZ049/004937



the ribbon is at |least partially dried, the plate
(101) with the dried ribbon is placed upsi de down on

wo baopessspheral belt (104) touching the top edper/@bP2009/004937
sai d peripheral belt, said2fi bbon being unable to flow

over,.sai ri.pheral helt because q% sai,d_previous

1 bBan disPRBULAEE R reE Y Y s pher e B FaPLSednby
mel thd go6l10bBatngt steypsat | east partially fl ow down

al ong both sides of the belt and forma substantially

syniet ri @ ahdlhonSgescouPafdifl s TR@d FFit gPAh3ss
betwgggﬂ?g shde ;0% it e perd g%g@ildt /t 104 and the

surface of the glass plate 1 e frit glass is
footed ahdesdlridi fdbuss hpsspeovisdimpeedoapr édsi oop of

vacuum t | bul k _gl assnet.al  se 108 tween the
fi rlé eplséigrgﬁa(cl%lffan Th lﬁgttalﬁ%é%er(i)lgﬂzr’al 1?Bel orm &
(104pnt 26uclkt hedbaegording to claim 21, characterised

by applying on the inner side of the glass plate (1, 2
) an infFaSredPPel éfi efi ﬁ@a@é:aﬁaﬁgtl(a%ém@}rlmrng

chosen sugh thatcLhe gt} eckivitycpl saldegoatipaohor ;s
wavel engt hs conprised between 4 and 6 mcron is nore
1@ hapl8ced9 grwli ddatdawme bnansme s gieon gdharratav ekeéngt K$04)

conprised be en 0, 25 and m.cron is .nore th 0, 7..
57, CREE ROBOaEEEr PRy LS oo Mere MRSt} dea f ' <41
thatipbhenglrsisnpl aheplel,t@ Fien idveeXkandal pst deheral
conprise an anti reflective coating (2B, 1B) .28.

Met PRHC deeerEPAgOfoSalidi Mres iogtsarrada sk ing tHeapPi t

5 or Sk SRR L BRSO el LR e
15conpnasi iy malowtelessityiphy tdedtliyng (@D)ddvon enhamgeboth
reflectivity for, vavel engths, ponprised betyeen 4 and, 6,
symmetric and homogeneocus meniscus of fused frit
glass between the side of the peripheral belt 104

and the surface of the glass plate 101,

20 - the frit glass is cooled and solidified thus
providing a compression vacuum tight bulk glass-
metal seal (108) between the first plate (101) and
the metallic peripheral belt (104).

26. Method according to claim 21, characterised by

25 applying on the inner side of the glass plate (1,
2) an infra red low emitting coating (2C 1C) being
chosen such that the reflectivity of said coating
for wavelengths comprised between 4 and 6 micron is
more than 0,9 and that the transmission for

30 wavelengths comprised between 0,25 and 1 micron is
more than 0,7.

27. Method according to claim 26, characterised in
that the glass plates (1, 2) on its external side

comprise an anti reflective coating (2B, 1B).



29. Method according to claim21, characterised by
performng after the glass-netal sealing a bake-out

wo b@nedess r eat ment on the panel, at a tenper at BCEEPR{009/004937
above 200 0C . 30. Method agcording to claim 21,

h t b t, st f . .
chas et SLERLCOSURND JUPROLL LT L Oy coq in
t hetrdgeitl6s 216)inefld he qeer i uher afabehh §412208hermal

and the heatlng of said glass material above its _
nel PPAGLt eAPBPALSFIEI sai d "Uifdor tPAtuct (#R) bevagh its

di mepsiongd i nssdeh g itdhaly ity feach% theeﬂfégﬁsgty

di mensions at the glass naterial el ti g tenperature

%aldosUpp9K2D$tm@cEWMQmmetﬂuﬁidqﬂmnwtuLﬁ@msWaeethngghs
t he er| hera% 5A, 104) and positioning
such %@F ﬁggagglreénl A ST respect to the
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20 temperature stretching the peripheral metal belt
(5, 5A, 104) and positioning such belt in the
desired location in respect to the glass plate (2)
while keeping it in contact with the fused glass
material.

25 31. Method according to claim 21, characterised by
oxidizing at least the peripheral metal belt (5,
5A, 104) portion embedded in the vacuum tight
glass-metal seal (8; 108) prior to creating such
bulk glass-metal seal; said oxidation being such to

30 produce an approximately uniform and stable oxide
layer (4A 5B) approximately regular in thickness.
32. Method according to claim 21 characterised in

that said oxidation 1is such to improve the bond

strength of glass to metal by at least 10% when
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measured by a shear test.
33. Method according to claim 21, characterised in
that the pre-oxidation of the metal portion is
realized by means of heating in an oven at a
5 temperature suitable to grow an approximately
uniform oxide layer on metal component surface.
34. Method according to claim 21, characterised in
that the oxidation treatment is made in an oxygen
enriched atmosphere.
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