WO 2010/ 003653PCT/ EP2009/ 004937 1 VACUUM SOLAR THERVAL PANEL W TH A
VACUUM TI GHT GLASS- METAL SEALI NG ***** The present invention rel ates
to a vacuum 5 sg)l ar _thermal panel and a nethod for the production o

f
sai d vacuuffP<81°%2"%Sher nal panel accorgi ng to the prea TP n

cl ai ns. Evacuat ed tube sol ar panels are nornally obtai ned by
connecting in parall elfﬁgﬂ §WW| RREEIMikRyhgat absor ber
fins attached thereto, T T gl ass tubes.

Thi s design has the dr VAGUUN BIGHET oGLASSMETAN | SERIAING dead space in
bet ween heat absorbers as well as hgyi,ng a significant portion of the
heat 15 transfer fluid circuitry outside vacuuminsul ation. To

overcone these |imHeat pedsent! ainvesuichsatelatdwer mal paneksubave
been devel oped conpr.i si n%Va flat vacuum t'hght envel ope with a gl ass
plate trafspat@iR® t'd* 3T iRdH & TeAars: iF6R. tPRsPYEYEETLAR
vacuum envel ope ddiel &y ahfinfistnesed nkeal1abseehebecandiagPtecgat ering
and exiting the envel ope connected to the heat absorbers. The sol ar
radi ati on entRfeaNe &y dhep@aimy 6dghmehe gl ass plate, is absorbed by
the heat absor ber%‘%ﬁg} %@dcor\?{ﬁg edsd 0 Neate) whi ghoi s brang{erred
to the pipe and to t e ther ma fGTI uid Jﬁt ow ng Th t he %i pg. H‘?g{ﬁﬁvacuum
is kept insidebtainashveyopwraregtdsiongin hpaediedbswmBeinslcanbdeghe pi pe

connect edh Nerslg. |05 0Rd5ledo BEEXENL, Nodl! T ARES6ARI DRotELLNe 90

external env n neans of ¢convecti on. and EP
1706678 di scles=led viac uumiisdldaralt kewrabtpdngllassnpobssng two paral | el

gl ass plates and nmetal lic spacing frane, for sypporting the,glass
plates in a spaceg[r‘a}ﬁar fiegrlfggnggﬁﬁntthe drawback P ' providirlg

significant dead space iﬁ between heat absorbers as
well as having a significant portion of the heat
15 transfer fluid circuitry outside vacuum insulation.
To overcome these limitations, flat wvacuum
solar thermal panels have been developed comprising
a flat wvacuum tight envelope with a glass plate
transparent to the visible solar radlation. Inside
20 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, is absorbed by the heat absorbers and
25 converted intc 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 escaéing to the

30 external environment by means of convection.
US 4,332,241 and EP 1706678 disclose a wvacuun
solar thermal panel comprising two parallel glass
plates and a metallic spacing frame for supporting

the glass plates in a spaced-apart arrangement.
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W)2010/ 003653PCT/ EP20091004937 2 Surface portions of the glass plates
have a netallic coating, in order to allow soldering to the netallic

spacing frame, thus providing a vacuumtight sealing between the
gl ass pl at WO 28WPOEE 5 netal lic spacing frame. Furt her niffEEP2PPQ04937
spacing frame preferably conprises deformabl e bars or ribbons nmade of

| ead or soft | .to 0 red-to e i in f the
gl ass pl at es,é’rl&énﬁ%cr%erg ) ][c%r%t e tslﬁ(lf]esgf‘.ls%lduc ]d‘glﬁ)%ét hlgag? ass- 10
nmetal seal bymétwerIdd expaisgpn iandpiessuse adilbierssbisring to GB

2259732 di scl oses ther mal _insul ation panpel vvith.td\zvo paral | el plates
and a flexi bl E*pels H & "Dor bV BECGH9L1 P Boti2Fi¥Ber 15

or polysul fideightt aldaQwng nbyenesah afhd hglakat gs14@dat iave t eheach
ot her due to the thermal expansion of the gas cont ai ned inside the
panel . Both tPRes®LYechiBP64Pes HedRe seTBFEDERIPTAsi the nPPAFiBds.

Most sof t metlgnd i - Sref&eh1 Ar ec&g%ﬂse%o 2 S AR5 &1S ek S5 begom ng

nmore and nore restricted. Metallization of glass relies on surface
coat i ngs whi chikkonsenads opht depdelerf &ntfdr matad bid kbemseliareddue to

the fact thated hencexiand anl Vebot fevcal i Laxecs o Qrddie oLher

hand gl ues, silicon er or polysulfi oW gds per rfeation
over tinme, bevadese 6b theit othanistressstindieregds, inhhushepr elass+ ng

hei I hi.gh | ' . An ,obj f th
or esent 1 Mot B <581 3050y oFRBRIE L hoRBoR IO | DAY by BPBUTai ng

vacuum sol ar dhefemingenel conprising a long lasting and reliable
vacuum envel ope. - aappA T okl e BESRET LISTLLRR, ° €0
panel with two parallel plates and a flexible
peripheral seal, preferably made of silicon rubber
16 or polysulfide, to allow a movement of the plates
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
20 and their use is becoming more and more restricted.
Metallization of glass relies on surface coatings
which can detericrate much faster than bulk
materials due to the fact that they extend only for
few atomic layers. On the other hand glues, silicon
25 rubber or polysulfide allow gas permeation over
time, because of their organic constituents, thus
preventing their wuse for long term high wvacuum
applications.
An object of the present invention is to
30 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



WO 2010/ 003653PCT/ EP2009/ 004937 3 due to atnospheric pressure and
differential thermal expansion of the panel constituents when heated

during the bake-out cycle. Anot her object of the invention is
to provi deW8 2819003653 yacuum sol ar thermal panel with t woPGQHER0§9404937
pl at es. Anot her obj ect of the indention is to provide a flat

vacuum sol ar thernpl panel w.th.enhanced efficjency ratures
above 200C. 1T flrjg?hel’atglﬁfsm% rcl)f% therelsnS\}lg:n iOanmIPS figkﬁ‘%g%géa;
met hod for obilairnalg euphnaisacwdm siod apanker mdngranalents whdhe

present invention w |l be re fully understood and appreciated from
the foll ow ng‘%%tdémlé@ gg&ﬁ%@r&ﬁtt Ek'grslue'r n conjunction with the

attached draw ngs andthét Wbjddtd.ofl SHOWShPeRErGPers | ﬂ@gt@%&@é a
vacuum sol ar thermal panel according to the invention; Fig. 2 shows
an expl odéd A ddaf R lanFhergal3preRehs "Athr 5YS BagaibAlof the
peripheral wali;Qfs the vacuum sol ar thermal panel; Fig. 4 shows an
enl arged cross section of the peripheral wall of the vacuum sol ar
thermal panel, shéwotdex riticiedd dfulkhel Breemetcl kseat¢ haevhdet he 25

cige o e I Ehier ety CHRSUIS e ghars il scpAgiplg 9 o
cross secti oreffid driaysta tanempesecareseabodin2d® °©f t he peri pheral
10 A further object of the invention 1is to
provide a method for obtaining such a vacuum solar
thermal panel.
The present invention will be more fully
understood and appreciated from the following
18 detailed description taken in conjunction with the
attached drawings, in which:
Fig. 1 shows a perspective wview of a vacuum solar
thermal panel according to the invention;
Fig. 2 shows an exploded view of the panel;
20 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 vacuum solar thermal panel,
showing a matched bulk glass-metal seal, having the
25 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
30 wall of the wvacuum 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 emboediment of the



30 wall of the vacuum sol ar thermal panel, show ng a conpression bul k
gl ass-netal seal, having the edge of the peripheral belt enbedded in
a ribbon of frit glass joining the peripheral belt to the gl ass
pl ate, accBPHHYPESa second enbodi nent of the WO PCT/EP2009/004537
2010/ 003653PCT/ EP2009/ 004937 4 i nvent i‘on. The vacuum sol ar
t hermal panel, according to the invention (fig. 1 and 2) conprises a
vacuum envel onrévefg”tPé'f'i ning a sealed volune, able to 5 wi thstand
at nospheri c pressuge whesuemacalaed, théiha bt pheadt scddddiingl abe 1
made of gl ass transBarent to the vjsible radi ati on. A Be 13

|

ol ar i
for the thernd?®f FHVENWPR atftieched ﬁﬁlldti%\ ecﬁ’g‘ﬁ’trl58§oraoe?’§c§‘2 in

good thermal g£opdBGle WAN HREiPARB PhPesésldd ernhmazed wBlkhetyacuum
envel ope to avoid heat transfer to the environnment due to convection.

Sai d pi pe 513 ehthgRnthd @ARhame PHEFFHEnYELSpEVagUERrgughithe exit
ports 20. O €OUfSes{TOL erl hap Bﬂ&té“?hméd@' Bg %%a@%”t?gn%%i@ﬂ%-

15The vacuum envel ope 30 can have a first and a second parallel plate
1 and 2, bothteratleeobigibde, solaay fiaddatpbat e Al pirsedel bf Lot atbe and a

second pl ate e of netal ent '! -a nt by
a chassis 18,.1?%3%%?% L}lgi éﬂ} hl%e h%r?s&%gggf’% E%%\t%eg%gﬁgggggat es 1
and 2, and a periphegved fulemrmmd GSantthchasstls t8earsdmrtehepigss | pher al

(12,3 S8, 238, PUPPOL PRLLS GhoLl BLRS IS AnaL e s eryglope 50
sol ar thernal tpaeterd SSo the environment due to convection. Said
pipe 13 enters and exits the vacuum envelope 30
through the exiﬁ ports 20. Of course more than one
such a pipe 13 can be present.

15 The vacuum envelope 30 can have a first and a
second 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

20 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.

25 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 'peripheral belts 4 and 5

30 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



flat. The vacuum envel ope 30 of the panel conprises a first and a
second plate 1 and 2, nade of glass, and a netallic peripheral frane

3. It also corr@rises two netallic peripheral belts 4 and 5 30 each
one j oi ni NYORAW/YI53s plates 1 and 2 with the netallic BeVFEHE 041937
frame 3. If the above plates are made> of gl ass, the solar panel has

two active surfaces oubl.e sided fl.at pangl)., one | | ecti t he
sol ar radi at i 3G rE ]([jlr%f:q:f]rriﬂnttq}?e Sﬁh?raﬁc?cﬁ‘ﬁél%re%gecged 89 a
2010/ 003653PEAHFRONO/MIM BT/ (noat hdfoweolineghengigheesol ar radi ati on
reflected by a suitable mrror (not shown in the figure

. . I
case the first plat®e $28folP8 e nrddP RSl hsShardd: e )s‘%%%ﬁhdoﬁl atne 2

of nmetal the spigs anBangle Wukondep3bRgl & Shéethetiale. tivd t BoPREY One
si de capable of collecting solar radiation. Wien the second plate is

made of met alpantk periphdral singhe cdslase di rect Wytpoiady tenehe
w thout the. pridencaraPie” i SEpt 28ELTE, Sear e L ol |
figure 6 sai dtiper sphendl phebeae i3Anald mbrrepikbcethet berhphsesdnd
metal plate Zfiame can be directly joined to the second plate by
means of conventional metal-metal soldering,
10 without the presence of a flexible peripheral belt,
or as shown in figure 6 said peripheral frame 3A is

in one piece with the second metal plate 2A.

Glass plate composition should be chosen such
as to maximise transparency (transmission

15 coefficient 2 0,91).

Moreover, it 1s commonly 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

20 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

25 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. -

30 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



G ass plate conposition should be chosen such
ast omaxi m setransparency(transm ssion 15 coefficient0, 91).
Moreover, it is conmmonly known to the experts in the field that by

appl yi ng aV@a8t%%¥Sto the glass pl ate, as it reduces t HECTYFRI81/004937
transparency, it WI Il also reduce the® anount of soI ar energy 20

enterlngthe an t hus the el eff| ordln tothe
i nvention, 65%’}3]@5 CEHe S é%i%%/tw(?enl 'f act (ﬁyf An

infra red | om@m tthag ©oating (g&helCpptoathrgi maer és}tai@l@‘ éfhe
gl ass pl ates,_ even redggi 3% transm,ssion in the, 25 visible part of

t he sol ar spe?cﬁff dm ¥PH V& efty l&ﬁrﬁher%ngml%l%crf&é?bdt%? hi gh

tenper at ure hecauss Rfrddie gaedeinrant, sefhfieebnof reduction of
radi ati on | osses deri vi ng} romthe heat absorber infrared em ssions.
g

30To get this resditt hasheaasw &pind i Hipte oat Fagting cheserdintg steh a
way: that thedef{aeddidy A%Wﬂ%@tmecﬁ éissﬁf%ﬂf&?@y & and 6

m cron (corresponding to a t erature range of 200-400C nor e
than 0,9 and 24faiC tdfe marendhiagsi3®% for WD

2010/ 003653PCT/ EP%%%%/%H 37 6 ‘é’ﬁ%elﬁ%’iﬂio%o iﬁgg b tsvgeg}? %25 and

1 micronis nore t anél "operating Tor exarrp €
woul d have anfaunid athed etmesmmme‘]r opttheiberay ahmorber peakiesrat 5.4

m cron. 5|t haS een n t hat. a Coat| n ccor d] n h | nvent| on
e e it o Terihd W an el B A SN L 5 08

According to e dunentsionfdde hes @h@Ogbaeg@ IBDélﬂQsI hath 1 § hee pRRe!
efficiency may be further 10 increased by ap a second coating

(1B, 2B) to t¥R&tdit%er R&iMGacé oFOETW@néVasé‘SEFiat égnghF§f§%‘E’6hﬂe
coating bei ng-gytcagonly used anti reflective coating.

According to the invention it has alsoc been
16 found that, in the case of a single sided panel,
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 therecf are separated, in
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



According to the invention it has also been 15 found that, in the
case of a single sided panel, the efficiency may be further increased
by applying a third coating (flg 6) to the inner surface of the

met al pl atWoRBI08HEF its emissivity. This third coati ngPQFERFH0H084937
exanpl e a conmonly used 20 electrodep65|ted copper | ayer.

Addi tionally, gI ass sho h rmal I stressed f| ed to
i nprove saf etzy and rfedut eacteh a&)ngrss IrX*aBH% gé of " gheﬁ {fl
pre-stressed ;@ﬁﬂ;ﬂre&iaearbeélﬁﬁad i o f]iamtlrglﬁ% Sh&arﬁdnskm@ﬁsfa@f 25
gl ass pl ates shou%ld be about % en_consi derl n% a chassjs 18 with
support structré sp%%ﬁﬂpll‘%al MEm dpa¥tth Fidy. YaCuRBuwstsHt

expl oded vi ewfait-hetRaneseal 6 Wiereid the fqlgeneslisahaerve%n@re
separated, in 30 order to be better identified. 3, 4 and 5

show a crdss Kbt ofthnel st pird areqrnd ﬂa%%dﬂm‘%ﬁﬁﬂﬁenl{@ ope,
sai d peri pher | ¢ QRRLA S| h ppe i ng
the two plat ea;H 1V?orb}§01 |Ilrl1§f(?g : ea&g%[h ]\@/\Déﬁé Euﬁﬁﬁgﬁas§l&9&9ﬁ
2010/ 003653PC$H&§P280G913@04%F1’Q 2 5i) naadsﬁaced apart arrangenent, and
the two peri phera elts 4 ¢ar 10 % B 5%18?9 5569%1{36 ér?e he
peri pher al frarre i'th a vacuim ti g { e Sea 16 in
Fig. 5) and Ztandisijng redliasst pdafter 38 anﬂpeeteddbglasﬁraxh@tzs 1,
101 and 2, by neans .of a vacuy tight I k gl.ass-mat al. seal 8h<§ 108 in
Fig. 5) afld gomPrisipg, ags Shaohe sPaBES s ey |t
conprising a fQiAss disateF bdtsupper medabyparipageallf 18ne0BMraming a
single nmetallic piece providing the functions of both the metal

peripheral fridife IRHRR t RIHA t otfipl AW 28 FRPESthaskth 18X for
supporting thayfassny ahe Ig&a%@,dg@arttesmf ahBephiPs 48 eRd L heat

absorber 12 (not shown in ure 15 connect ed t hereto.
13 and the heat absorber 12 (not shown in figure 6)

16 connected thereto.

The peripheral frame is connected to the glass
plate by a metallic peripheral belt 5A as described
above. A controlled expansion alleoy with 48% Ni
content (NiFe alloy 48) is preferably used for the

20 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 wvacuum
tight it should be understood following: a seal or

25 component is generally considered to be vacuum
tight, if 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,

30 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



The peripheral frame is connected to the glass plate by a netallic
peri pheral belt 5A as descri bed above. A controlled expansion all oy
with 48% Ni content (NiFe alloy 48) is preferably used for the 20

peri pher al WOO/M3@Ad 5, because of the close match bet MeRRPA0§004937

t hermal expansion coefficient and thaf of soda-line gl ass In the

ol Tovi ng: o GEAT O coRpbnbnt e GBReral 19 EoRSdrea bo B8

vacuum ti ght,and mqwﬁtecb@m@af@iaumrpe@ke&msawemr opeger
| eak detector, shows | eakage rate_ of Iess than 10E-10 cnB s-1 By

t he expressi o?f“befﬁﬁllp%l e netdge sehfr gllgp 6Figpog ) va%ﬁurﬁjfl?ght

seal between ge@gi@esrl abe1d, 42 05, 1Qpsand 2 YS! ike RefiPhenal belt
4, 5 or 104 is neant, conprising ﬁ?gl ass 14 or 114 (fig. 5) enbedding

an edge 16 19_3@9(5’”@4:5)1 dhseredyl |3dhgied | pRerdie bepriphesadr 104.
The vacuum ti £ bul k WD 2010/ 003653PCT1EP20091004937 8 gl ass- net al
seal 8, 9, 108 I1s obtained by fusion and subsequent solidification of
t he gl ass 14, 114 TéTﬁbe«dfchmgn tthiegletd gleulli6, gld$s{éttpl Sjeak che be

peripheral belt 4, 5,104 in0.or ?gr e% dqmke, L h%]S el assmltf&{ g%%ébul .

directly adhete 90 the peri phera vacuu
gl ass- net al ssatorhrenedifmetnino df nde, :La@:remtcﬂong tesphetivesy: or to

the secong, enbodi rent of & Ng LOYERLLOY1 2SR VYh1 8 having
the edge 16 of the peripheral belt 4 embedded in
the glass material 14 resulting from local melting
and subsequent solidification of the glass plates
1, 2 (fig. 4);

15 b) it can be a compression glass-metal seal 108,
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.

20 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

25 always made of glass, whereas in the second
embodiment the glass material 114 is 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

30 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



10 a) it can be a matched gl ass-netal seal 8 having the edge 16 of

t he peripheral belt 4 enbedded in the glass material 14 resulting
fromlocal nelting and subsequent solidification of the glass plates
1, 2 (fig. WaRNoM3a3y it can be a conpression gl ass- met RCEERPOIDHE37
having the edge 116 of the peripheral ?belt 104 enbedded in the gl ass
material 114, .resulting fromthe neltjng of the.frit_ glass teria
101 i ng the {1 pREPEEI6RI { SL04CPS (HHATH Aot 109 (Fpg. LH05)
I'n both enbodig®itls.c haighasalmpketi al até, athdeadhehesnéiniecséty to
the metallic peripheral belt 4, 104. In_the first enbodi nent the

gl ass nat eri dCPALZEDaF SNt RE iRt IpRST ePEatRhilch Fecabizgdays

made of gl asgy) er®asi di iNeosesah e olh MM g t fife ObasspRat £l | al
114 is sonme added frit glass formng_a meniscus at the edge of the
met al | i ¢ er igfidy dlogsdiher) @4 thwibe glgeasplpratatia hemaperatyrxef|rst
becones 30 sqfqt ce [ an uhseguen Lts melts at
a hi gher terrgélroasféurgobe%g%‘i nq‘géﬁerggégégéﬁ?hsggﬁ o I%\é’% %Itufm ched
gl ass-net al gwEint8 ((fflog. 4pdehdimebegisg ofoaute ddfe O€)t heThe

peri pheral belt .4,and 010/ 003653PCT/ ER2009/,.004937 t he .adhesi on
of the glass pr?artléjﬂeﬁallg%%ct elﬁeggﬁpi ct/uﬁfé:r%leﬁhehreaal elgiel e'AP'arbey

achi eved by nEahs-tdforl)ocabbzed thesi ghast tsef tgimasyy ptampedathoeal i zed

glass fusjon js ohtajped. by heating the, peripheral 5 belt together
with the Iaséa%pﬂ%t ebﬁ_ﬁ a%enpje’?%éf%f%‘;cllgg@ 125Ut PHate edcebdl ng,
the gl ass sofdiitng1pei nim (f201d sedantiaB1gl asscahaidd 728 Qlidihe

peripheral belt 4 is then further heated eé%. @gghi nducti on) above

the gl ass soffsfichgleamératerd FOTERBSGHSB i H5aee et i TR gl ass

plate 1 for ahoutopky21Mmpand eyeotuadl vy ebhachedsto paklaw if usgd
glass to forma meniscus at both sides of the peripheral belt.

Eventual |y, tdvicjtlasscppbed Lo sirdiek| fheooteahined ndteestress
required B e-sly8ss f.ljoﬁllo%‘i‘ﬁ , Fkghhﬁwggﬁégggggjté e&zin%g t enperi ng.

In the conpreéssionl glass-netal sSea i ddi ng of the
edge of the nigt athéc cosprpheiah A dreintetanid séwel adh8si(@ig.o The

metallic perhﬂﬂfraémggééi&g4 ake qﬁggevggggy 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+*10"7 K!, a frit glass with A around 75*1077 K1
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



20 nelting a frit glass having a nmuch | ower softening tenperature
conpared to that of the glass plate, and by joining the peripheral
belt 104 to the [g]l ass plate 101, once solidified. Frit glass, either

vitreous oWOROWPRSEying, coul d be chosen to have a 25 YEHEEPR{P/004937
expansi on coefficient (X) slightly | oler than that of the conponents

to be sealed, _in order t rovide sone additional conpression to the
seal . In the 288e2oPuibaRlFi fR15FAEs &RE RPPECAFI By A8CSROPHOREYI ng
t her mal expansh@nampefddsiand) A X% WnkOnGdesl ridbbhni brokasstweth A
around 75*10-7 K-1 could be used. The conpression gl ass-netal seal
104 is obtai ¥ B§iehtsendppiifithy 0@ eRciCihaat €Lasht BLARE, biFhANXi ng
frit ol ass powgeroydiis gy idiaie: MRA0L0HANIEIIPCT: BPRO09/ 094937 10
and a suitabl e solvent (Tor exanple nitrocellulose and anyl acetate)
as a contihuoR3sSEe phdrbwt abuthen famgighihecang¢aliiged asseoblyf a

gl ass pl ate, i tyd t i | el t .l id trit gl ass
5 paste ri bbo%gggdp%(%éen H%Bpnga t%@t%%e???@%gg?eﬁ%ﬁ:??téggf %‘égét her
by a suitabl essippore steructure, in a suitable oven. In particular it
has been found advIamt ss before

ageous 1o _dr he r.ibbon_of frit, gl
inserting 10 the per%i%%é?]éffu%%ﬂ} thlgr? t%eeprf aégu?ﬂea&v%g aﬁFﬁP% W th
the dried ribbondup- sirde ribomndft qudhi ngldse bepordgenskrthag
Phen firi i HES rEarrRRtr SLaSRLYy Fhot HES onbace | RreLEh S wa) tho 15
frit glass ribben ©ngeadiied aaiERS s sTRlet idagnt arpetahidhenyi Lthefl ow
down al ong both sides of the peripheral belt thus realizing a
perfectly synheR r§amf Hebgetdqierddniosdls keptt AR Blass hetal seal

such as that geprasent edidddydd 94keuatug® FiAd fiddmg fals}%d gLl ow
usual thermal cycle as déscribed in material datasheets (for a

typical frit ¥fabssediasagnpbnpératiiiee aydn. r Bachugb0aC yay tbeut 30
m nutes). Thef?i‘lppﬂfa%rgfi})}%ﬁ shpuLd ﬁ? e %fhit@%et fepiRgNSate

for thernmm expansion erence wt respec (0] remal nrng

assenbl y conposreprsatuiis svinply Heowackivwverl droy lexampseddy ofathei ng a

support Strucﬁé%f%ﬁgrgf ri%%l%ig’thgsa s%g§f¥¥f%g a perfectly
symmetric and homogenecus meniscus for the glass
metal seal such as that represented in figure 5.

20 Frit firing should follow usual thermal cycle as
described 1in 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

25 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 AISTI430) and to dimension it in

30 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



steel (for exanple AISI430) and to dinension it in 30 such a way that
It reaches the desired dinensions at the frit nelting tenperature and
in that at this ten?erature It stretches the peripheral netal belt 5

5A 104 and"Ba1%%E3 such belt in the desired | ocation iTEYERPVO04EY
the glass plate 2 while WD 2010/ 003653PCT/ EP2009/ 004937 11 keepi ng

it in contact, with the fused frit. . cording.to,.a further aspect
of the invent$%ﬁ§%%i:ﬁhﬁ%légggggﬁéﬁgﬁhsgﬁ gg%egef%ﬁgantageously
i nproved if at | edsicditEmetal « dpahent sepeedded bhenihbentibh gl ass

I's oxidized prior tq,creating such bul k gl ass-netal, seal; sai

oxi dation bei fif plbéﬁér a‘éf§15§ﬂﬁﬁt"ﬁ‘£ pﬁ?ﬁuc‘éa’an %p?ﬁfﬁﬁ?@??uﬁﬂﬁ orm

and stabl e oxifierdaxerifAatSB R otidrBhet ¥ I egdbShehh ERbekAess and
preferably al so such to inprove 10 bond strength of glass to netal by

at | east FowithelhRedStitedIbysa sifeapxidsted Priogyitp preeakiagtion

of the metal gompopank heldus RiAlArably f eabigebyadaty pLifigating
in an oven at a tenperature suitable to grow a uniform 15 oxide |ayer
on the netal rRopraENty sirdhade fodingr ¢, appirerimpsalmennsiconl d be

e, | TR o I S ") DA e
in thickness and preferably also such to improve
10 bond strength of glass to metal by at least 10%

when measured by a shear test.

Said pre-coxidation of the metal component
being preferably realized by means of heating in an
oven at a temperature suitable to grow a uniform

15 oxide layer on the metal component surface. Of
course, other treatments could be envisaged,
including for example heating in oxygen enriched
atmosphere.

The compression bulk glass-metal seal can also

200 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

26 sides of the peripheral belt 104. Said ribbon of
frit glass is subsequently melted and solidified
again to obtain the glass-metal seal. This latter
technique is more complicated than the one
described here before, and the presence of a ribbon

30 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



20 be obtained in a less preferred way by first placing the

peri pheral belt 104 (fig. 5) on the surface of the glass plate 1 and
subsequent addi ng the ribbon of frit glass paste 114 on top of the
surface of“%ﬁ@ 0358 plate 1 at one or_ both 25 sides of PGHEP2009/004937
peri pheral belt 104 Sai d ribbon of fHt glass |s subsequently mel t ed

and solidifie £o,0 S This, latt
technique is %R)&%?c%%p ic g{lgﬁpisﬁfgt?%@ %ES%ET st gtéoc}:me?]ed%%fSEe, and
t he presence mériphdiionb80t of Epbixty gtesian oﬂoﬁn}t&ﬁeortmcml.dle efdéhe

peri pheral bel.t render the gl ass netal nore fragile. Both
mat ched and ¢ m‘@gsﬁ% § gFA8Eehet §FCBeas B%d%ﬁé‘e cafBe r&P¥f orced

by means of Scbuﬁg?dli:ﬁng\/\Qr?cQ1@6&@355515’51E}?Zgggﬁggl‘}ggzmﬂagrgﬁﬁfé! resin

encapsul ation at one or both sides of peripheral belt. Epoxy resin

for the vacuu sPEREBHERI 42 BRE CHOERALRRE h2 B2 ke Pl eCYely Kbwe-
out gassi ng angh géﬁgxgt 3Risli ht Ykr?gwrh' ngf'tﬁe'EHQr Uddrrc all N e oE O

| ater withstand a bake-out cycle (i.e. an epoxy resin known wth the
commer ci al narfCwT Sepdy bySalrienVepnahe aaﬁdbe used). The

thi ckness of 't he herJ pherakn el t o2, A0 ssbauld be Breferabl yyghosen

in the range 0,1 - SUCh as to avd Ssuring - un
at nospheri ¢ ‘pglessid é)e mdferra@dlycidn@sehennatheondugéi onl duri ngn

| di t f t I, h t
coul o mak? s B e motdhor B VAL UL T ORT RS 1P PaRbu AFBRSTBTELE | nat

according to ptﬂfeessunegntwm@ hﬁedimctﬂ’nd | th@etia Phesadudel én | guedng i nuous
i.e. welded to ]égtrm a conti nuous belt vacuumtight and it corrprl ses

at |east one 8% al & dBFSVFRBI ¢RF19%Nn Hei & Qeatg?-%%%’fm?ba

el astically dafr rr&hthie;rsugh thah idodedi figkd hatichh@elYl kgl Rsss met al
seal gets damaged and is no nore vacuumtight when subject to the

evacuat i on priod8® FL%%i-d envel ope and the thermal treatnents of the

panel andist he potenti aholggl PEOCAL gé&plg.%e{re t S
pl ate and the joined rretoal l'ic perl%hera %E%Ogﬁlga 06 dne
invention the metallic peripheral belt is

continuous i.e. welded to form a continuous belt),
vacuum tight and 1t 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



It should be noted that the wording "thermal treatnents” cif the
panel refers both to the glass netal sealing process and to other
treatnents such 30 as a bake-out thermal treatnent of the panel

per f or ned WP ZABO&%Hhan 200C in order to | ower i nter nal PG R2a1{024937
while limting cleaning requirenents Por the panel by neans of

pyrolisys. Th v nt | d_at ast elastically. .

2010/ 003653P /%%%@%&%Soﬁcgg@ﬁ??dekgfmbﬁgf po!P i on 10, r&‘i%\%]fl‘% he
metal | i ¢ perigshdicierad] thbellt 54, 134 iX0Qr esepakifgrabliyeastt béastically
def ormabl e such that .i.it permts el ongatign of ,said belt of 0,1 -
0.3 mmvi th SYASEIee o SREARPEDhRT peHh cUIAY t 45 hBSERALS Hii e.
Accordi ng to aadrgddien aspecsand tWead neentppn t-he oyst alhi Cwith

peri pheral belt 4; 104 conprises an internediate portion provi ded

bet ween a®fi rESPATE atP0 dBcoRH HoRSHILBILGHIAF nEPal Fhe beldss said
first portiorb]jaqjen_i ng the first glass plate 1; 101 and conprising the
vacuum ti ght "bul k glass netal seal 8, 108, said second portion of
said nmetallic bel Aegortdagj sPnangurhbepepspher adt f therel Bverpibn 5

conpri sing a.,vac i I | B, ; le one
el astically CF\&%O;&HW%%%%E{S% E.E%%bﬁg?%g ;?%g\?cl dgﬂ %égséﬁg&%rﬁ%&sm@dﬂg ate
portion. Accandienpeiddadef porfiepnappevidefl bhtweanveat fonst hendita | east

one el astj cally defornmabl e portion 10 0,110 conprises preferably at
Teast. onclino RetE] [PTBRoaPE GRie MeSRtneBRiEr ettt hat HEr Iy

curved part Qoratidreafdimirey rthdi dar@, diks Thisté i bbi n@110and 10 is
preferably of semcircular form has, a radi us conprised hetween 2 and
4 mm runni nFPRHG O RhoY 21 ERgERIBE PR Xp&lEsRemft el Fe2l

When pl ates X anthe, asgidotBcHRdepBltdbASSE tfa Pafddhariad held is
attached thereto by nmeans of a bulk vacuumtight glass-netal seal. I|f
the first pld/e 1145 ndeenbrd gl 58S apgriRbesaéondrpmgte 2 i sand

15 comprising a vacuum tight metal-metal seal 6, 116;
the at least one elastically deformable portion
being provided in said intermediate portion.

According to a further aspect of the invention
the at least one elastically deformable portion 10,

20 1190 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

25 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 wvacuum tight glass-metal seal. If the first
plate 1 is made of glass and the second plate 2 1is

30 made of metal; a wvacuum tight metal-metal seal,
obtained for instance by conventional soldering,
welding oxr brazing, can be directly provided to
join the peripheral frame to the metal plate, or as

described before the peripheral frame and the



30 nade of netal; a vacuumtight netal -nmetal seal, obtained for

i nstance by conventional sol dering, welding or brazing, can be
directly provided to join the peripheral frame to the ngetal or
as descri b®8 BEBE3t he peri pher al frﬁne and the WO PéT?’EPZB)&%‘%”
2010/ 003653PCT/ EP2009/ 004937 14 bottom netal plate may be realized in

one single e Th u I he .s
accordi ng tgar% et%vlgﬁﬁ%nﬁal}ég% %@%Wgeggglg%ﬁ%i %él gérgéortgfﬁg%e
typi cal | y madeetfl gpicemper tube, connected to a vacuum punp (not

shown). After evacyation of the_vacuum envel o t he punpin rt 19
mmy be seal ed by pilch- G700 t SPYEE P Tt Rbd dda 110141 i BePEti on

circuits. 10Ancextdimprio thepiicaldntivadaleb aompatibkess pteplingube 20
or bellow,_bringing heat absqrber pipe 13 outside the vacuum envel ope
30, thr ough (R per pHafACAangas® R o CRPRER FRRG. hEGTTPTERRT or 1o
the same shoutdl al $achemPpefment (nctSAMREEr PETEY OdvAQYEL d1y PSf MY
al so be present inside the vacuum envel ope in order to _continuously

punpi ng any reks dUaFUBEs SV oFfe nBRADPETBRBEPIRVITF of P ndliive Bfes.
The inventiong Péa“%lg:tn gﬁnbﬁ-afﬂst hod {955 the aRdpceduptign pf a

vacuum sol ar ther nal ! conprising a Vacuum envel ope defining a
seal ed vol unerefbigenad iwin lesitravd tatnospheri c pressure, when

cuacuat o a0 M0 Blr | BESE, ? STl B BRI BLa o5
gl ass-net al ssidelbetwben 2theogl dssl jphvat ebtingdingOhemid ahsoneénl |ic
peripheral belf &2 ol %had G5 Palthuh® hI21858598! LAYSAL) Ofhe 91 @SS
peripheral frame 3, while minimizing heat transfer
to the same should also be present.

15 A getter pump of known type may alsc be
present inside the wvacuum envelope in order to
continuously pumping any residual gas with the
netable excepticn of noble ones.

The invention also relates to a method for the

20 production of a wvacuum solar thermal panel
comprising a wvacuum 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



material 14, 114 is disposed close to the edge 16, 30 116 of the
peri pheral belt 4, 104. Said glass material can be part of said first
plate 1 or_sone added frit glass material 104. Said glass naterial

14, 114 i sSVRSMAESHhove its nel ting tgnperature and s uFESGrepP{0)937
cool ed bel ow said tenperature to make™ WO

2010/ 003653PCT/ EP2009/ 004937. | ass [ ri t he
peri pher al bgg%e a SJ“lbir&?ﬁegrllaf]ft%&%%%Sa%ﬁﬁ?atééi?&bvﬁﬁgg%é %ddi ng
t he edge of tdmd peféihiaiql el tto Thilse canldes obphated 1 twoilays:

said glass materigl, 5 positjoned close to the edge. of e peri pheral
ol ¢, rrol ¢ o0 SF L AT e F8 B8 S5aFRa T caR BorhEs bt he

gl ass plate gfei torg@nneRNeihr ogwd ridpon dfaify i y1akassmpast£al whi ch,
when the peripheral belt is disposed with its e gs on the 10 surface

of the gl &s ypstteloned rdoppaced dthebofAISi RS dhet heepePhprl al

bel t 104. el gl agss UMMy téﬂu%swu%ngll?s%amﬁaﬁkiésaégﬁncoemg from
the glass plate 1 (matched gl ass- metal seal), the net hod can be
descri bed by ¢dnre 15rém| [thei rlaiepplate herglidsscyph aceng ifydieated to

a tenperature Ghose to: buf ot exgeedingsids SoffaN ngf&PegRl ure:
peripheral belt is disposed with its edge on the
10 surface of the glass plate 101, is placed at both
sides of the peripheral belt 104.

When glass forming the bulk glass-metal seal
is coming from the glass plate 1 (matéhed glass-
metal seal), the method can be described by the

15 following steps:

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

- the ©peripheral belt 4 1s heated to a

20 temperature above the glass plate 1 softening
temperature;

- an edge 16 of the peripheral belt 4 1s pressed
against the surface of the glass plate 1 in
order to achieve localized fusion and to

25 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

30 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



t he peripheral belt 4 is heated to a 20tenperature above the gl ass
plate 1 softening tenperature; an edge 16 of the peripheral beIt 4
is pressed §al nst the surface of the glass plate 1 in order

achi eve | o? P PEP%8si on and to 25 |n£ et the edge into ?T{Eng?gé@é”"
plate 1, so that the edge 16 of the peripheral belt 4 is enbedded by

the glass 14 of the t?i S %%ﬁtl%fl]érial fbell% peripheral belt 4 is

retracted fromthe g ass orma neni scus at both 30si des
of the edge 16 of When thepf'galrﬁs bébtmilng tthn@ gblaB}s plate-theaad t he

peri pheral belt_ 4 are coal ed beI ow. B ad:.'s3 %‘p ate. softeni Eg

tenmperature, Provi dPnGoRNEc hflé 885 Stet Hit & 2Bt REEARt he
gl ass plate 1(adfbidesidDd g@&@éQ@éﬁéﬁP@EéEPZOQ&/eOGé&?Hoc{chéﬁet Bklic
peri pheral beIt 4. \When the gl ass form n he bul k gl ass-netal seal

i s coni ng §roRescritgdPoithe ifold) (conpr essi on
gl ass-netal sgal};tt g Jzat %t@%&ﬁpﬁ%ﬁf&@f@ QYaé@emfa%lrQMng

steps: a frit glass paste conprising frit 'glass material is provided,
said frit gl ak% pHeVedpdi ngadbt dinidd BlaTH xPagte o@@!—h@r optpéngdr of

frit glass ”%ﬁrrhﬂln%fét LS aapgp cP—;'f"'%%r e txﬂ !m%&%&%éi paste

is placed on the top e surfa t he asspate fo'forma
cont i nuous ridbomiverdiemidwe gogsldrre ways of prosecuting the nethod
are pOSSiRJe:the frit glass paste is placed on the top of the
surface of the glass plate 101, to form a
continuous ribbon;
then two possible ways of prosecuting the method
are possible:
15 ~ 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
20 - the edge 116 of the peripheral belt 104 is
inserted in the ribbon of the frit glass paste
contacting alsc the surface of the glass plate
101;
- the frit glass paste is heated and melted to
25 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
30 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



15- the ribbon is dried, then the glass plate 101 with the dried

ri bbon is placed upsi de down on the peripheral belt 104 touching t he
edge 116 e pheral belt 104, kept in place by a suitab

suppor t st\ty wu@?{g% the edge 116 of the peripheral belfccT/E]@ﬁ"WOQ“””
inserted in the ribbon of the frit glass paste contacting al so the

surface of th&fg_g[_slsegg a_tgrég)gm n he %HF gl:@?éaf tezb%h{gﬁggd and

nelted to 25 orma neniscus o use asSs bet ween e §ide of
t he peri pher akhiks ttHdmartdbd heors pifcahes iofy Bheogtbaessp:bat glabi- the

frit glass is_coo]ed and solidified thus providing vacuum_t i ght

bul k gl ass- rreT%‘fé)JSegﬁa 0b&YP ]cej e BP& s 8t 201D alLihe Phital lic
peri pheral bettrd$4. of d’]l’et%snephlaﬂef(irs peREledded a (imkcheth the

gl ass-netal seal is_preferred when thermal pre-stress of glass plate

i's requir ey, %"i‘?\%eoft sEzathéigfpigiéFsdur iSigcendt requires much
2010/ 003653P@'é£&2(}_(é9{{m317re17 pre-stress treatnent at practically
zero-cost, while the nmethod for producing a conpression gl ass-netal
seal shoul d be d8edPNRan CFﬁﬁetsner(FFﬁ[th?ést@éss:QﬂPr@lS@é@npl glasps

envisaged (1 faedf) L0815 cae ofi 3t AhLihed Asslo Bl NaGd pequires

much | ower tenperature. I'n cases matc ed or conpression
gl ass-net al sezlnfaetwedy| BYs meara gfalsuddabdet epodie eti riner ced by

means of ﬁ)u' tk?tplh? CRAES a&fon@r‘le peripheral belt as described

above.

OCne advantage of the present invention is that
it provides a soclar thermal panel provided with a
vacuum tight envelope having a glass-metal seal

15  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

20 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.

25 A further advantage is 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

30 other. This refers in particular to following
inventions:
al) a wvacuum solar thermal panel comprising a
glass-metal seal realized according to claim 1 and

preferably comprising one or more of the features



10 both sides of the peripheral belt as described above. One
advant age of the present invention is that it provides a solar

t hermal papel gqr/ovi ded with a vacuumtight envel ope havi nﬂ a
gl ass- met alYORYY3%3 very sinple to reglize and yet ver yPGRERZEH084937
The peripheral belt is nade deformabl e by the presence of ribbing.

This al |l ows '%@%H@e& G%b%tét%%%%%hic&%li&%dzi-% the gl ass-netal seal by
|

the pressure erence between the inside ahd the 20 outside of the
envel ope duriad) ezamedhpdn fofr tthedmmaral bycwdin f sobat | ahethat nal
expansi on of fhe panel conponents during t mal _treatnents t he
panel and in aa??fcu?%?oﬁ Ak e- %ﬁt SEE at te%%ra?ﬁ?geﬁﬁgk 200C.
25A further achantiaging oridhalr e cewielthee ciakas pp-25e of toxic or

dangerous /materials. It is finally to be noted that many of the
i nventi on® dektrithedafitght 4 nc rhﬁﬂnéﬁedp‘?%e]a VEERESEEar tRanel

i ndependent | yf@quddPB 1 ke3P r R¥farabtictrilehgr polrBiBAr becdhaint o
follow ng inventions: al) a vacuum sol ar therml panel corrgrl sing a
B

gl ass-netal skalcheggcitegdsgeeokdi Agiato €hai Mataddd greeeinbeyal

conprising ongpf fre Obnihg,beat#8Svalhim tight belt, and it
2010/ 003653PCT/ EP2009/ 004937
comprises at least one elastically deformable

10 portion being at least elastically deformable such
that it avoids that the bulk glass-metal seal gets
damaged and becomes non vacuum tight when subject
to the evacuation process of the envelope and the
thermal treatments of the panel and the potential

15 reciprecal displacements of the glass plate and the
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.

20 «c¢l) 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

25 red mirror coating. It is to be noted that this
coatings comprise preferably alsc the features
described in the characterising portion of attached
claims 14-16.
c2) a method for increasing the efficiency of a

30 wvacuum 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



18 described in attached clainms 2-6, a2) a nmethod for producing a
vacuum sol ar thermal panel according to claim 21, and prefer abI y
conprising_one or nore of the clains 22-25, 5 b) a vacuum sol

thermal pa@2WAHHP? sing the features, of the pre char aclf(“e]ypszpq?émwn
portion of clai m 1 characterised i n tH"at the metallic peripheral belt

IS a continu cHaEUURd OhbcRGAT coiikbsC iRl Least one
el astically de ormab e 10 portion being | east” el astically

def or mabl e sudie t bhepst daﬁclrdQEdhatn ttHee bghargd:*a%:smmqal Pse’aioget S
darmaged and beig Jon, vac #Jrh t2|6g5t8 when subject to the evacuation
process of t he enve ope and the “thérmal treatments of the panel and

t he potentialdil5 a ecmp‘rg)]&al sdicksjal amaramm’trs abltlre ghassapl apenahd t he
j oi ned rretalllc heral to be not.ed that this bg

conpri se ref%?% gg& %‘?e alf"’f%tefréaﬁjlﬂgesp&ég&f’f‘be in the

attached cI ai ¢ha ik0- 113. EBQ:IC|ﬁur¢h\é&CU|¢l@n®Q|1%IinbheéWaneﬁam6| feanPri sing
on the inner side of its glass plates (1, 2) an infra red mrror

coating and/ ofe®niagk eifer Nt si BdSGR t hEOHPEESLRY at £OR anthe

reflective cqadiijher@Nd SFann 3 Nghd MEkoiEle RbtA DOLi0M HEt Bhe Pl at e
and infra 25 red mrror coating. It is to be noted that this coatings

conpri se prefRaibly al so the features described in the characterl si ng

portion of, até)ac%egu }gékg‘;s{‘#u&@u £2),a éﬁ&&lﬁd%g{ td e“ %@%mkhe

efficiency of a uum sol ar thermal pan
appl yi ng ant isalsft eptaneé aamktamrdirrg r &cedther rpre coharagsennsim out er

and/ or inner sOuI[glaoces ectively ofret;h aghassrgn oL 4on. 1 heai nner
side of a botX¥om et al® pI a ea(lfl 1R ﬁ)r t i §°Fo 68" Wi
2010/ 003653 PG iERAAIGO/ 00=HI3AL {for example AISIA30) and

dimensioned in such a way that it reaches the

15 desired dimensions at the frit melting temperature

.and in that at this temperature it stretches the

peripheral metal belt and position such belt in the

desired locaticon in respect to the glass plate,
while keeping it in contact with the fused frit,

20 f) a wvacuum solar panel having a vacuum 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

25 produce an approximately uniform and stable cxide
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.

30 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



19 noted that this method conprises preferably also the steps
described in the characterising portion of attached clains 26-28. d)
a single sided vacuum sol ar thermal panel 5 according to the

re
char act eri B9 %8P on of claim 1 and_further conprisinﬁFE@ﬁ@@ﬂW“”7
frame realized in one piece conprisinajboth t he peripheral franme 3

and a bottom pelale bl ale,of \LOE.PRRSL, oLRef) BoSURBREL SLLYGIHELS Of
firing gig for a vacuum sol af pane accorﬁlng £6 t he pré
charact eri si ngnpisdged, ofindlaiding, heeténablin r eadvigeed enrackadt abl e
steel (for exanple Al51430) and di nensioned in such a way that it
reaches the lﬁﬁﬁhﬁﬁn%ﬁﬁdinensions at the frit nelting tenperature and
inthat at this tenperature it stretches the peripheral netal belt
and position such belt in the desired location in respect to the
glass plate, while keeping it in contact with the fused frit, 20 f) a
vacuum sol ar panel having a vacuumtight glass-netal seal, made using
a glass based frit in which at | east the netal conponent enbedded in
the frit is oxidized prior to creating such bulk glass-netal seal;
sai d oxidation being preferably such to 25 produce an approxi mately
uni form and stabl e oxide | ayer approximately regular in thickness and
preferably also such to inprove bond strength of glass to netal by at
| east 10% when neasured by a shear test. 30Said pre-oxidation of the
met al conponent being preferably realized by neans of heating in an
oven at a tenperature suitable to grow a uniform oxide |ayer on the
netal conponent surface (for NiFe alloy 48 typically 10' at 5600 . It
is WD 2010/ 003653PCT/ EP2009/ 004937 20 further to be noted that other
treatnments could be envisaged, including heating in oxygen enriched
at nosphere. 21



Claims 1. Vacuum sol ar thermal panel conprising a vacuum envel ope
(30) defining a sealed volune, able tg.w thstand the atnospheric
pressure when evacuated, at |east one heat absorber (12) being

di sposed i nside the vacuum envel ope (30), a pipe (13) entering and
exi t iGlgimmke envel ope (30) and being in contact with the heat absorber
(12),, said vacuum envg{fgpe (30) conprising a first plate (1; 101)

. 101
made Tof VFUIER solap iherpd rRandal (Gomprisiyg @ ¥pedwn euriers(PA) defiaing: Aesealed

. : | _ Yy . j 4

e T e

ts_ai ﬂta’nsbg:beri @ 2pé)!eir_rg1disaf>sb?Iimsigg;th?®é¢UMi el}y/ef[tmﬁ (mmi)gipiﬁac{w'?enﬁ]ﬂng and
i nd hei ng j,0in o the firs ass . e (1; a o the

per | RO T SrebIBhe faah angibeing i gaftelt 30 Beaneqtoatissatenl oy Said vacuum
- ! ! ! td ot I ) .

T A 08 6L AAD 01 PSS RS i

vac uulispasgiat suhgtantigliy s -the tpgripbenyt of the fieBplate ¢hpt 0¥ agngtadiksperipheral belt

obt aithesy 1ol me ARt e Gl HeFRCaTRlsN 1, 02k s magaitc PrBReral
nat erjeit (4 104) By, continlfus Antihalcuem shHTRINY bdie Flgﬁ%@ It fred fiﬁéﬁgbs%ibc!)?te (1;

104) conprises at | east one elastically deforna ortion (1

bei nd0di) ardste Eraadrarivhiersgl frams dybmeansc Bf t & ataduumtightissedl al8; $68;d6; 7),
bul kc‘?{ﬂiﬁéf@fs?d i?}eﬂ'{at(& 108) gets damaged and is no nore vacuum
t | ec 0

tigh en su t he evacuation process of the envel ope and the

t her redaid veatiuvartight gkal betwearesaidndetalie perigriraldbelt i 1049eRd said first glass
di spl acenent s of thec%l ass plate ( and t he jﬂoi ned netalli

er | phpa- 501715 & cluip foRt Bukdlassriess) see Bed G comTRIisg: Blgeai material
e BT b, SSREAGAGIIS Mot alaBeim il Sefll 6.0 1118} Heidl dokdined 8 sifion and

116) sobseteentealigifieation bébaid(glassldélerial 314;Velel)um sol ar t her mal panel
SO0 e eI BB etk bR Al BR S ke Ghkicany
adherd%ﬁwam@tﬂa)rﬁdrdfﬁ)ﬁm 0)seing tatlidas é?@ét‘cahﬁ H@'forchﬁéaﬁie Ghch Jtﬂé%it iar\]/f}ids that

Vacuum sol ar thernmal panel according to claim1l racterise

Ithat lsgiad @%@Lﬂﬁsrnetglhseaglu(& @D&)setlst 3arfnagatl &igJ i$ swolomcaianmmmyn Itight when
. . Leaitsgatl. ) 12
of ¢ B 4 M B AN RPR BT b e tiatesd shd Tt tndti Geriments onbe panel

(4). ana-th&mymimb@iprédwrdna:hackmﬁ@rht,saﬁqraé@a& plate [ BTN ahd the joined metallic
characterised in that said vacuumtight bul k gl assnetal seal

conpiiesiebetal pei(4&id 189 frit glass (114) at both sides of the

met algl i i .1 0} i t he j. el ral.

bol ¢ 2 1Al SR el prhdCbaMfe ' B cRRsaliSe i, fHHE Sbic glass
t her medterian@l4; adﬂgbﬂ}h’ﬁgva(?%m aigmbau{u|k<§{1@s?mawl Ii%:ﬂ |($;|mf{8)a§trrrl]lbéc]ics antedge (16;
conprises,. a secon at e , substantia arallel to the firs

pl g}t)é"@i))f th%p‘%ﬁmg'tl?ﬂb%éioﬁ)-a flat solar yt lﬁer mal panel, the heat

b o i : i .St te.
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metal l'ic peripheral belt Is at l'east elastica

def ottighbbelksglassmetal seal {Brisiobéainad dlydetalseddusiomaand subseqLaind sbédification

o) ar ot BERY mgretial TRl od B0 R 1 D) SRsfls el SRS o 4 pifnarl Bt ).
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an internedi ate portion provided between a first and a second portion
tight bulk glassmetal seal comprises a meniscus of frit glass (114) at both sides of the

metallic peripheral belt (104) and joining the metallic peripheral belt (104) to the first glass
plate (101).



12. Vacuum sol ar thermal panel according to claim2, characterised in
that the edge (16; 116) of the periphesgal belt (4; 104) enbedded in

the vacuumtight bul k glass-netal seal (8; 108) is approximately
perpendi cular to the glass plate (1, 2). 13. Vacuum sol ar thermal
panel6. dacaudi sglat therhreal mahel aterdingeni daich | pchaectéfiseddn ithbakit abnpeises a

4; 104) has .a thickness. conprigsed between 0,1 and 1 14, Vacyum
gol ars‘efyi)“\'(‘-)‘ii @Z#te;@gew%;&%aﬁwﬁgarﬁﬁelctpaﬁ%ﬁlvﬁﬁt 8%55‘1% z@ir dp i%rgg} fhobigip & figt solar
frit f ' " lirsesd '

2"t n T gohtiing heal BpKaer 1) fihg it dechaeefiane it BBl Epiate
pl at €1,(2)daidaribe vatalini enveddpe (3004) to be sealed. 15. Method for the

duct i f | h | | di ng . laim 1 and
b onprr SatuE salel SetiRrarL acsaidine 8 iim B eBnisteriats indhak safl second
seal %tégizyﬁ&naa@begmswriég’%eaftﬂhw@am@méa%orsrr%ﬁ@r.e when

evacuat ed, sai d envel ope ( 23 conprising a first plate (1; 101)
made SofVagiuaiss saled therrealapane) gusorgingrtal claie 11, chharacteyisedaindthatvtheuainkeast

the. BT PR AR el dRanC oot 11 S aheTat Bl eelleefonipi s 3P s o
nat enédt ddgtical} Yefbsnable paspdthek aspeinits Ba cldge: térmblioh off sdildelt of at
peri pheral belt (4; 104), heated above its nelting tenperature and

subs AR s 1 {re ydthe@spechisl Bnaxigingrrendieylar o he 9'%390?'@ (Yo all ow the
| . _ Pl . > .
nert SnHcEUf splef dherridd paftl UeSifing do et ; ChardctelRel Alifat {f metalic

1ﬁ4) pedphael f(;)iett)ts(tfl; ED&}! elolmb;ri.séﬁhh inlérmd\eﬁahthc?br&on@r?l\iidgd lb;etwéah & first and a

characteri se . e 10 st eps.. - t e, |_rSt, ass, te |

ot Sgoou Bortiatbel s Detaltis DS SERc s b RioRuRig tee Tiedidlass hlste'(: 101)
TP QPP R DOkl mel 185 651 158) AAPEBESR Htfon of sad

above the rst tenperature;, an edge o
per i pretabic bedl(¥; (24) joinipg ¢ periphpahffamen8),fandscompprsiag @Yaduunotight metal-

t hi I ' f usi d i t. the edge. (1 [ th .
(e efiRbael (G 116 the, o leaRL Sk glepisal SrroeoBurTfE g, Tl ey pravided
enbegdssidiiptermedHtepsrtiokd) of the first plate (1); the first plate

(1) and the peripheral belt (4) are cooled to below the first plate

(1) 48 Mesuug selap&hermal @anst aecending o s@inhbdacharagterisadyin that the at least

Ders DRBrafSsay oeghndtis e, 0. o8 cgfiisBs dedl o foR Tedlibkfi oag or
i n t haleadt bag at heast pagtidiyouradd phe, edadesdtonefibiing (Per110)er al bel t
(4) into the first glass plate t he peripheral belt (4) is at

1), / -
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a frithe gerastiserpbbéle conprising frit glass material and a binder is
the fri aced on the top, of the surface

bt 1t e Mepuvmpralehelng) pate 4pinal (o s b harpiRised it haldge sace (16
{18 BEAMRASH Bt 1 0 Wi 368004 AR ol o
(101108} is approximately perpendicular to the glass plate (1, 2).
13. 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.
14. Vacuum solar thermal panel according to claim 5, characterised in that the frit glass
(114) of the vacuum tight bulk glass-metal seal comprises a thermal expansion coefficient
slightly lower than that of the glass plate (101) and metallic belt (104) to be sealed.
15. Method for the production of a vacuum solar thermal panel according to claim 1 and
comprising a vacuum envelope (30) a vacuum envelope (30) defining a sealed volume,

able to withstand the atmospheric pressure when evacuated, said envelope (30)



- the frit glass paste is heated and nelted to forma neni scus of
fused frit glass on both sides of the,peripheral belt (104) ; the
frit glass is cooled and solidified thus providing a conpression
vacuum ti ght bul k gl assnetal seal (108) between the first plate (101)

and tdoenprisiggd bifrstoelateera@1) bedde 6&@]@)53 gkl a Medthnid p’@@l@ﬁéﬁhl"ﬂ@iﬂ(@r ¢ha), said
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gl assnetal seal (108) between the first plate (101) and the netal
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seal digst plate (1) and the metallic peripheral belt (4).
17. Method according fo claim 16, characterised in that after the insertion of the edge
(16) of the peripheral belt (4) into the first glass plate (1), the peripheral belt (4) is at least
partially retracted from the first plate (1) to form a meniscus at both sides of the edge (16}
of the peripheral belt (4). '
18. Method according to claim 15, 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 on both
sides of the peripheral belt (104) ;
- the frit glass is cooled and solidified thus providing a compression vacuum tight bulk
glassmetal seal (108) between the first plate (101) and the metallic peripheral belt (104).
19. Method according to claim 15, characterised by the following steps:

- a frit glass paste comprising frit glass material and a binder is provided;
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- the frit glass paste is placed on the top of the surface of the first plate (101), to form a
continuous ribbon;

- the ribbon is at least partially dried,

- the plate (101) with the dried ribbon is placed upside down on the peripheral belt (104)
touching the top edge of said peripheral belt, said ribbon being unable o flow over said
peripheral belt because of said previous ribbon drying step,

- the frit glass paste is heated and melted so that it may at least partially flow down along
both sides of the belt and form a substantially symmetric and homogeneous meniscus of
fused frit glass on both sides of the peripheral beli (104),

- the frit glass is cooled and solidified thus providing a compression vacuum tight bulk
glassmetal seal (108) between the first plate (101) and the metallic peripheral belt (104).
20. Method according to claim 15, characterised by:

using a support structure for positioning an edge (16; 116) of the peripheral belt (4; 104),
close to the glass material (14; 114) and by heating of said glass material above its melting
temperature, said support structure being dimensioned in such a way that it reaches the
desired dimensions at the glass material melting temperature, said support structure at this
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.

21. Method according to claim 15, characterised by using a frit glass paste (114)
comprising a thermal expansion coefficient slightly lower than that of the glass plate (101)
and metallic belt (104) to be sealed.



