PATENT SPECI FI CATION ~ (11) 1556 051 A (21) Application Nos. 35769/75

and 35770/ 75 (22) Filed 29 Aug. 1975- (21) Application No. 24123/6 (22)
Filed tionfiled 17 Aug.-1976 (AA\

Conpl et e Specification published 21 Nov. 1979 (51) INT CL2 “C03B 27/ 00 (52)
| ndex at acceptance C1IM. 410 NA (72) Inventors RAYMOND PETER CROSS and
DEREK EDWARD THOVAS (54) | MPROVEMENTS | N OR RELATI NG TO THE THERMAL
TREATMENT OF GLASS:( 71y We, PILKINGTON. BROTHERS LIM TED, a Conpany in-
cor porat ed. under the:*Laws of Great Britain, of Prescot Road, St. Hel ens,

Mer sey- side’WAI O 3 : -he i nvgn{ion '
we pray that a pat eﬁmw glpe@ﬁm?&@wmet ho@%y‘ Wri%émsi
to be perfo d¢ | described in and by the

fol | ow ng s%m &é;ﬁfﬁ%tﬁzg (;;7:;5{!@75 m%l&ﬁ%ré This invention rs)gEETD;
thermal trealrept) Afplsdis No. m@b/'more(z@ﬁmﬁu@hdnz 1Ry the thermg
of gl ass art]&| @s) Cdnfplet€Sppaibicioh Inld 191a851994 - bent gl ass shefsh
thermal |y t oufyh@meCbntlens Spesitiefion piBihdae21 v, 98¢ singly as o
Wi ndscreen, et &$) AraL: ¢b32/ani nat ed -not or. vehi cl e wi ndscr
| ight or rear. 02)Indexlatgd:ttepthmre(HMm410rNA/eh|cle or for use
construction of (7 InvatreRAY MONIRETERSCEQSS and DERBKCERWARENG T
| oconmotives, or in the cBHOMAScti on of . wi ndows for ships, or f
archltectural uses. Qther glass articles such as pressed or bl own gl ass
articles, my. be t her maf# QR BERATINGITOTHEEHERMAD i on. The

ul ti rrate, tensile strength of a gI aEREATYMENT @FHASSe i ncreased by a. thermal

15 tougheni ng proce in G B‘éﬁ‘.& T(&Eﬁ S#E ted to a t enperature
appr oachi ng i t's J&r;&’téﬁmuim £ ﬁ%@ R E o, Sampa i he
gl ass surfaces to sideCMEE T Edghmb Qo heteb] ddefird ROTACRbA foF whibh e 3] thad ! O

t he thi cknes% of tmngmmslsegrﬂmgtteus, Gheantethodbwadhermsbapﬁfdmed;tcabmed as

the glass is cool ™A }"’i# '%PF P (S?' ing’s ‘Es n co ressi ve
el e oot s e St i",%}%ss,ﬁégm ok ST

tensile stress in Suhbtlreamﬂllyabughﬁfe& glaks shbe ﬂESlEe taﬁseh 20

Usual |y thi slfot her ﬁ% g@ggdmthgachiql%\\;hndsgugn,@sqdn lx%ht tehi ng air
S| 1 38s¢ €

drrect ed uni For nf 2 ‘;Lﬂa e L et ol

to obtain a high C&ﬂ-ﬁteﬁu usks) EElhd'ﬂgrtlé&k B\@h @3 predsbO¥Sloviidst ArtiEIAY rh whe

t oughenitng gl ass smébqrmakbftosghmwdwmkmﬂwd@ftﬂeem&nuditte ts to |ncreaset he

1
degree af toygheni %hgrl“ "r‘gg;{:‘gehﬁgeﬁe lass‘%g‘ea?z{)%rbé%{‘ﬁgdtbﬁét grmal o ‘lbe\év

of cool i.ng alr cang stéplﬁ hill uﬂﬁ@@% v E#J’f‘%ltssurf
of the §l-ass and dsuﬂ“ic@r temparaum [ tHeh €higkinass SofS UeTHeg t he

buffeting action c}lfmm@u@lmd!en g’eawntalnwaaﬂmghemsmbdﬁabuwm twrp . process

a glass sheejg at ac g ?tgﬂt ﬂf’gﬁﬂlg k esso as s ed Iﬁ a
chilling l'iquid,. e g sﬁ:illﬁr ﬁiﬁ&ﬁerﬁﬂﬂt Shelaing Yearritd out uE1
gl ass sheets have dlr@ctbtbumfoealmetibtah 'Slﬂ'fac ntergla@. sheet but it is dlfﬁcult tBG)bt har mal

tougheni ng of a gl °§I§F§e‘{fﬁﬂ enip ﬂ ‘V%‘g’eﬁ’éd\kg 'rr‘\},opmams slaghi ch a
hot gl ass Sheet i Slad iHebionytinbrbasidad isia Sooling °§%°§° Y @ I ng 55
fl ui di sed bed of smtleaﬂqthtytofahmrfaée@bfﬁx@m ad dRMdetion D G sBapR 0P AR GRsNAS NOt

been brought intos mﬁtﬂ%’ bwf nzm foa rof-the @Bhng air, The maj or probl em

whi ch we have foung t’ﬁ@k "gj’iﬁﬁ“ﬁ&ﬁ ‘a‘??be {%@3"‘? e
thermal tougb®ni nghipme 5. tbfll; th@f FEOBFET e .9l ags
sheets during their fl"heratah’@nz llng bhegthésuhdt 8®schisb delen ai-bpaoséd bgci methodfn a gl ass
sheet while being wrﬁ“%@ﬁlﬁshf?“ﬂf drpgrs i Yhahdn practicgi wasce fyesdy- b@bhﬂsought to
be caused b soli icles, for example sand.
y’ Such a process has not been brought into commercial use hitherto.
35 The major problem which we have found when attempting to operate such a 35
bed for the thermal toughening of glass is the high incidence of fracture of the glass
sheets during their treatment in the fluidised bed. The fracture of a glass sheet
- while being quenched in a freely-bubblmg fluidised bed is thought to be caused by
the induction of destructive tensile stresses in the- leading edge of the glass sheet
40 due to non-uniform-. cooling as the leading edge enters the bed of particles in a state 40
of bubbling or aggregative fluidisation. .
- Loss of glass sheets due to fracture is particularly serious when attemptmg to
toughen thin sheets of glass, for example of thickness from 2.3 mm to4.0mm,toa
high stress value, and has been such as to render the process unacceptable for the
45 commercial productlon of toughened glass sheets for use in car windscreens for 45
example. The problem of fracture also arises to a lesser but still commercially sig-
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bed. This, it was thought, woilld not occur in'a quiéscent bed where the particle
movement is less. However ‘it has niow beéen found that unexpectedly high heat
transfer coefficients are obtained between a hot glass article and a cooler bed of
fluidised' particulate material in a qulescent umformly expanded state and havmg
60 selected characteristics. =~ - - 60
It is found that there is thérmal agltatwn of! the umformly fluldrsed partrculate
material at the hot glass surfaces when a hot glass sheéet is quenched in the bed-and
there is greateér rapidity of moyement and turbulence of the fluidised particles in
the region of the surfaces of the glass sheet thai in the bulk of the’ bed. This results
65 - in a high rate of transfer of heat away from the glass surfaces. It is thought' that 65
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=53 result'in the production of a low-amount of toughening stress in the glass, and the 55
dgmoint of toughenmg stress produced increases with increasing particle density up
‘to the ' maximum:density of partlcles of such s1ze that they are still fluidised in said -
qurescent state.”
‘Still- further the mventlon provxdes a method for thermally toughemng a glass
© 60 sheet, comprising immersing a hot glass sheet in a fluidised bed in said quiescent 60
state and cotstituted by particies of mean particle size in the range 5§ zm to 120 um
and apparent particle density in the range 0.3 g/cm® to 235 g/cm?, the. thermal
capacity per unit volume: of the bed at mmrmum ﬂundlsatlon bemg in the range 0.02
cal/cm®*C to 0.37 cal/cm®*°C. :
65 - "The apparent paiticle densny wrthm a. range as’ set out above is the. actual 65
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between the tong poirts. The tongs 7 are suspended from a tong bar 8 which is
suspended from a conventional hoist, not shown, and which runs on vertlcal gu1de
rails'9' which extend downwardly from the oven to gunde the lowerlng and raising of

60 the tong bar 8. - 60

: A pair of bending dies 10 and: 11-are located on elther side of the path of the

glass sheet 6 in a chamber 12, which is heated by hot gas flows through ducts 12a.
The interior of the chamber 12 and the dies 10 arid 11 are maintained at the same
temperature as the temperature of the hot glass sheet 6 as it enters the chamber 12.

65 The die 107is a solid male die mounted on a ram’ 13 and has a curved front face 65



4 1, 556, 051

4 nmeasured density of the-particulate nmaterial taking into account the
cavi t i es—wthia—t+he—partieles—and s to be distinguished fromthe true
density of the material itself By selecting the nean particle size in

relation to the' apparent.particle density, the suitability of particles of
non- conpacted material for constituting the quiescent 5 uni formy
expanded fluidised bed can be assessed. Preferably the nunerical value 5.
of the prodyct -of the -apparent particle density, in g/cnB, and the nean
particle si’ ie/Sn am .should not exceed 22@5,0%e particles may be porous 3
particles of ferr] wgi HBkAs s e HIFRLFDeh b e Urt e 1L A dnbéll PLkiEPPRRCN!

particle dendify 2 maleldfe dahRidIBR str@e PEbUnyedala Babkihg piate WSwhiok ist he 10
bed at m ni num fl umbustad ommrdnelén eﬂcmturahfdhﬂcie:frame 11 matches the curvature of -

h .
10 et anotder o fg&hmg dlﬁ"‘g?@% Ui war%l Apuglnd inf ABES B4l udl flar o s

and apparent parti edfecoenmateyiali in which man@rabant&lgqgéma&stto bé . qaawgtd:rme t he

t her nmal capacr ty pePﬂtEll?:;tuf,%vﬁtetﬂmdl ! flg ]gg $11- epat [rraianen 1s1n1 %;‘gsrigbei ng
in the range s.ﬁlr‘on the g;t:hiﬁ) be dle 10 and 11.
ﬁr& rlﬁé(p

15 Further the par e fmicedvo @ém reg r daain wtart i cI e

size 5 pm and apparderengsaptHi gukee2chetcsdst r@sﬂﬁ k!ihé'heh&emaftbeapam ty .
per unit vol une of %‘%’% 20 ag ﬁ’Fﬁdr‘?F %?Tm %“PrBOC In
anot her enbodlgrent e ke lﬁ,% EE‘& % slcg ec

spger es. of plma;ﬂc t deluﬁlisihg airg/s;ﬁ edta%ﬂgelu 7!5 &t&rré%xlgmdd(préhﬁﬁe p[ er r] m
and appar en_t parti dh mmlﬂsmeyls SO (Fo@stidgte: u1g: g uni t
vol ume of  the bed 4 ([?qu e&"@"@ﬁ’%%ﬁ‘g%[ ﬂﬂﬂ‘a g‘lf‘“ttﬂé ﬁqb‘? VenB0C

to 0.06 caI/cg@OCI @al 1At n

tﬂa&aﬂkarstlt mhifaindd & e ghiewegar borgo
spheres of nean parnhiferinty stpaﬁed&at of] paatichlate fleidisation (harthe uimarﬁjﬂnmdf yirQ. 3

/cnB, the th | ua dbyt b
RIS ﬁj@;“” e escenggﬂgmrrerf = tnﬁéemnﬁgﬁt SR .

be a non-poroas po efarr mm.anafomaa- pPdlié merhlsrass nmowmmt iré Dange 23 25
p[errimto 54 [err] mﬂesam# rYaitefl Kiogstomi Paterg 1’931’11 remwo 2/ gf’g n!dl N@a acity

_rlj_ﬁr unit vol une of dtn:ﬁ%osé ﬂég Wﬂﬁf%} 3fBOC 30
e invention al SO yeftdWY &ﬁ‘é{ arfacusma

medi um f ot t heonal Iayrdtlmjgin iy lchmsbes.heet | corrprr sr ng part | cI es 030
nmean particle size

densi Uy in'the ranfegm'ﬁt% - %éx ,zt‘fé'r?‘; . s;%r&rts; FmmE e,

so selected that t et ghslaetquisﬁmemeweun rmnem R wietm&h a0 gndof
particul ate fi3&idi stbﬁ ﬂmse ahdn Hastaek t her rral ' er, | t voI un:E:
of bed at mi ni mum f1 uiAd® G te atF ng ';f‘m?s% p/w b

cal cn80C. The mveqf,’é s?) Ratdi errra trea ass pro uced by
the nethod of the i nvam'elrm agiin tqOEigire (I:,bthagu:db rh:h@relmhdl o\tmgmem jlians s
sheet producedOby the nmle%anetemmetnm h:}etgtan?:fltg::g er%d lf‘hat t 40
invention may be mﬂs s l Je %‘;61 eet lowered %@opél isﬁ%ﬁfds

t hereof will now bey gsy ld/tﬁ)ed e@maﬁa) a.nmgn by eHectioICE - to t e

acconpanyi ng drawi ngs With l\hhsq;daors-hftlt‘a l9doWered angghqm ‘tggggm-%
a% |

vertical sectifn td?wgﬁjéléﬁ‘a%:ﬁllihe - ag‘f %0 gs
i nvention, 45 into the oven | Whic alintai fé l‘afiu'eS n Figure

1, and ‘ ghenjng sedBlime sicagpiaap Thegascihedtlid ralsdly hd,'m taa t;:hmelatur«erl stic
of a gas-flui cgﬂs ed rtselditq snftenmoe%,cfmxamlﬂadm turg i thg agnee O HY°E 9 p80°C.
I

particul at e fIiidi Ss% {ter elosm t € ape urem {Jsp?éegj Eﬂngm ﬁw l%"v;i%r lﬁ}‘{ﬁi‘t i on®

hoist into posltlon between the open bending dies 10 and '11. The rams 13 and 16

_ ate operated and the dies close to'bend the sheet. When the required curvature has

: been imparted to the sheet the dies open and the hot bent glass sheet is rapidly
‘55 lowered into the fluidised bed in the tank 18 which has been raised to quenching 55

Eosmon by operation of the sclssors-llft table 19 whlle the glass sheet was bemg

eated in the oven 1.

‘When high quality lammated glas dproducts are to be produced mcorporatmg

O thetmally toughened glass sheets produced by quenchin in a fluidised. bed an
60 mprovement in optical quality has been observed when the surfaces of the glass 60

sheet are subjected to a preliminary air cooling just before the glass isimmersed in

the fluidised bed. This may be dachieved t(:iy locating just above the upper.edge of the

“tank 18 shallow blowing frames which direct coolmg air onto the surfaces of -the

) bent glass sheet as it leavés the bending dies and enters the fluidised bed.:

65 The preliminary surface cooling is effective to “set-up” the surfaces of the 65



Referring to Figure I of the drawi ngs, a vertical toughening oven indicated
50 generally at | has S|de wal I's 2 and a roof 3. The side vvaIIs 2 and

t he oven i s open, be|ng deflned by an eIongated aperture 41in a baseplate
- 5 on which the oven 1 is supported. A novabl e’ shutter, not shown, is
ovided in known nmanner to close the aperture 4. A shebt of glass 6 to be
@nt and subsequently thermal |y toughened is 55 suspended in the oven |
tongs 7 which engage the upper nmargin of the sheet 6 - 55 and. are held
by t h856081 ght - bet ween

the tong gagi Hese anﬁhﬁe&syﬁ%ﬂmﬁ.be VRHSRRD ﬂ\eﬁoiersqm&s 4,2BGs Mave 8 Which is
suspende omeﬁmesebeeloahseﬁw hdsloms)t be dwetto sheathermabagtiatidniof ther UNs qnz verti cal

gui de raifl h lgchﬁnsﬂﬂ'elasmq’e:ggss‘gqqede t he™ oweri ng
and ai S'tﬁg n of la l_glq uallt
60 A pair oFrhb tai rtaﬂel w&@eﬁdnolbreihddaag aSi de of the path

of the glramreé lnettal tﬁnsxlnste:mhmms, tbﬁ xawhle(BWGts lm?@thmhbyathot gas fl ows

t hr ough c{i‘? ts:-”f B theflat ‘?“Q‘Fr Is rtg ed| es 10 and 1.1
ar eqgal TS mﬁ‘aﬁmﬁm 5 Bttt .aﬁé‘tfgﬁseisof g ot gl ass
sheet 6 ahedtt enters. the.chanb The’ d| € 10 is a solid

mal edi e m)uﬁihe nedseofahq@sglemehe Ot!!lY lts 1, 556, 051

5 whi ch dffi WE#%‘*#?%%%LQ% s ed‘b%zﬁ‘ eﬁ‘ (ent S sheet. The die
11 iis a rdflﬂﬂa I‘f uﬂgﬁa“dcﬁds 1l £dkb3‘ralt4rerrﬁdﬂﬁ ~on asbacki ng
- plate 15 dnknenthmns trm)bmt thd lower- aige aIWajzﬁ con'fw ﬂmdmﬁt matena)fm tahe die frahe 11
mat ches tgr‘f&s Paﬂfi?fb“?‘a 'c‘t'ﬁe ‘E ‘Q‘s ‘f°“‘} The gui de
ais s G mgmaw.af PRI B SR e b 2t he
bendong u&ﬁseﬂ ela abeiafes fragtref 26 the- gaslefnls of deeﬁiﬁgjwhﬁ(ilais? of martidul ate

refract orf gmamtemltm badn Thikfogéthar with thetaveidanc o m%géﬂ@esheﬂsdneo be quenched.

8§ f'th s
e oot ssnﬂ’ﬁw@fﬁ ek 55‘3*3?%‘%%@ 55‘%3%6,@&@%25@@ e

19 i2§ i n suifzces, am&aﬂk b¥Papid gas- ptpsnstqnm higmet akn oﬂrhg d:ﬂaelqma,nk 1825 s j ust

bel ow theT e"ﬁﬂ? e E)h%trﬁ ; 20, ‘which is
descri becf, hjﬁﬂ‘ “Eet :égf,%% agéﬁ ée b éb&ends across the
base of tdapcniaQlke eo Bt e<e eaeew rah ésamal wéll' areeu{elgheﬁ bet ween a

f1 adde 2hapeoolddcbetomrits sazinl panlf, walnwncmn ssmerity tol eosmnerthetthertratre23 whddkh feor s
t he base ‘B‘F“"f"\’ig &f“gﬁ%‘“""[ﬁ t‘g‘ﬂ:es %’é 'éﬁ e d‘%’tﬁe e?lﬂi gligﬂ‘l"tiﬁé um%i{‘t e 15 20 are
bol t ed tc&"ﬁ,ﬂeﬁ-t ggwhﬁ%\ Alim ngﬁ§rb d" 'fléucet 25°% connected to the
15 pl enum chma‘ngtatxarnof thé nmdisedlmgerhl :[t theSglaumnﬂacesdetiupduhentelhct 25 at as

ofthe,i di sthg air

e ol ’55“; T TR R R

P30 of the bed to
mal ntal n 3 ﬁ:tlb 4 Read sﬂldH&Sﬁﬂﬁf&e téfhote? Ip SYOfQKep

L. sta{e of particul ate

f I UI di sat i orThe et engages thd:faett33clﬁltlwtfamee32raa¢heob0}tonmfeus ldedcentn t he tank 18 is
fai nebere 'Ft‘ﬁ%‘"t!fﬁl clongs 1s °1i;c§ "rﬂl' St‘e%“ 1 st parf culate

fI UI di satd i B ssml %;, B o%e x 1Lif;ged by the porous

menbr ane tB&)scnsH&:}ehfeplm Ebthsrxea framsnmtiaﬁktsuﬁﬁohyd gﬂehel-f ree quiescent

st at andzlﬂlSh et \ah«él n ecne‘ e\n for@pbaeﬁienbemlmmiomoraﬁenmmturfsl ui di sed. 25
A pr ferrfﬁ&idI . Eﬂqug%pof‘p L i n Frsgure 2 and
st the heighi of ¥ ebe’d4124/ 76, Seri al

25 is deSgésit nexsﬂu«ig

No. 1,55 ﬂﬁthanthSns:n rztumn@adw asdmmbad it Exetn lpIZaAeewZ@emm ch has a regul ar

di st |butain6nw :Et b:%’P Jﬁmpr@n@fwmf Brampe 2r aodithd | ed fo provide
s

passages TBRHHY thed 35 kN 0GRS5 2l WRR Beghond over Face _of the
ar gl ns OerIoElk}eUﬁf &ttﬁe fluldlsmg air through the bed-then being sufficient to produce

incipient fluidisation. That 1s, at this-lower-limit of gas veloc:ty the 'y alumma

partleles just become suspended in the upwardly flowing air. . -

55 - Because of the use of a high: pressure drop.and:a. umformly mlcro-porous . 55
membrane of the kind illustrated.i in Figure 2, in which the pressure drop across the '
membrane is in excess of 609 of the plenum pressure, there is uniformn distribution
of fluidising air flowing upwardly from.the upper face of the, .membrane, This high
pressure. drop. across the. membrane: ‘makes possible sensitive regulation of the

-60 velocity :of gas flow upwardly through the particulate material, thereby perinitting 60
regulatlon of the' state of quiescent. fluidisation. of the. ¥ alumma between the
minimum fluidisation state just described and.a'state of maximum expansnon of the
bed:in which dense-phase fluidisation is mamtamed

This sensitive regulation of the gas velogity is. achleved by regulatlon of the
65 plenum pressure in the chamber 23, and as the plenum pressure increases there is 65



- 30 and the flange 22 on the pl enum chanber.

30 A nunber of layers 29 of strong m cro-porous paper are laid on the plate

26 For exan'pl e flflccn Shccfs n'F p:\pnr I’Y‘n\l he 1ised The menbrane i s

conpleted with a woven wire nesh 30, for exarrpl e stainless steel nesh,

which is laid on top of the paper. An upper gasket 31 is |ocated between

the margins of the wire nesh 30 and 35 the flange 21 on the tank. O
22

35 A basket for catching cullet may be Iocat ed near the plate 20, and is
desi gned so, as n_})t tosinterfere with the uniformflow of flui dising air
upwar dl y from'the nenhrane  Referri ng.agai 515§) il gure 1, the guide rails 97

ext end downwar dl y 't onalsudde&i ari di)d&orﬁﬁuous chh@E @Vt Kateha ikl bed. Riths ¢ tR§hids6dni Nate
in the regi on.of theunifg rexw ed efite tofi ghet badkpetssts, as) Qlugtrdi¢dkipFiguradpas the -
indicated at 32 is =" i K “ﬁ% ‘%§W°fﬁ°‘aﬁﬁkwa'sawm?ﬁ‘?é@@éfe@ aheighitof j t s

base to receivesthe | owe thaGghum p@ssﬁleelﬁ§ flﬁh@ﬁarlyl RU¥SEREhId Bidid RE eE(LlH[ngl Sed
bed when the tong baabost § sl ipwianeterjreyyotedobisdree ngGhdlsuefacddf thdquidicins t

Wth the scissors-| | ?‘%95‘"?5%’, “V&P@r‘ééheakmhsmselrtwgs cansidengd ascthgmbamurﬁ in
their 45 | ower most" R udeh g Q | ass
sheet to be bené andposdbie twolgéléﬂﬂa%elh(g ch§ uﬁ%{ré@gfqgﬁéiy%ﬁﬁggege ﬁ‘mﬁ Qbee? thep,

rai ses the suspendedv camroslh@mmammte nmteafthe ﬁhemncgnta&om hat a

tenperature of, for ﬁ{%ﬁ Sur ﬁ%ﬁﬂ} ﬁgﬁw W
gl ass. The gl ass Sheﬁéreb&efv%ﬁ%d?grﬂ A :“@3 %réﬁénﬁ ogll!i

sof t eni ng. poi ntty fors1gnd')camt1ake>aavdrelmﬂ’eatthercﬁpacnyb Be bedBRue ﬂﬂgﬁ)tfslﬂ:eéé%)c
Wien the gl ass sheetglﬁ&s"‘Pé‘&éﬁﬁfdh'&k?fél}%ﬁtsr@(tlamrrperature uni formy; the 50
shutter closing the &Q%eg jngregseio thBB ertb n é'ik PsrsistentdubblingdHwer ed
by the hqi st into PORhLikGH éﬁﬂﬁ%& t‘ﬁ“‘%bgdqwhgg% ﬁ?g‘”l'lﬁ% rams'
13 and 16 are ap)eratedglﬂmdgh eglais aﬁetel ose t en eet

required curvature has aﬂleeﬂbrtt!levm&msIqeeacertthmaddeﬂstaamtheamdnséd”ue hot

bent gl ass sheet |seﬁé V;héfllr'v‘gagﬁ{éer‘ “P hew f: ?SEIF@E‘EPS f&"

'-QE

tank 18 which has .b & Gnae segsm % lof tHo Lty of i f the
sci ssors- lift 2able m@sllvlhlwltda cbimeqxghﬂmsorsﬂmeaftthe/mohemagwhﬂgitw&ses ﬁ\dﬁ empven 25

1. 'When high qualit¥{eB | ass ¢cts are to be roduced
i ncor porating ther mahily id aiﬁﬁh ge% ir% %‘uéﬁingt"ﬁ* %ﬁ? %@bes peit Fggv' na
fluidised bed an 60 velocity iﬂ]ﬂlidbé&ﬁﬁd’lﬁroh Slhof

when the *surfadls offatlg‘reof gt thea@rtsm,etbe aueen laemeetlletdmsay pi tat | pmlaesry ai %0

cooling just before i (g t"{ lfﬁﬁ? o @Ffﬁ?‘ﬁa "‘T"fF s‘g ,ﬂl:gglammtosﬂm be
achi eved by |ocati ngcobma TS ﬁ’eﬁé R Eh bl °"§!fthét ﬁ‘s’ﬁd e e
bl owi ng frames whi chis oaly esmalbd)ﬁﬁdremg balwbemthéset driperasutes, heRSwilp eiit €a ﬂtn gl ass

sheet as it | edVes tg?ethﬁé %] f dhe glagsrandethe effsctWhéeaﬂltmndersmffbedt wiiSbe 35
The prelimnary surf ac %tfsé ﬁaffel?tm%ftﬁe%gﬂ st o ik t"a t%gil 13 ﬁJafa Stae ©
O

the 65 6 particles, and their average heat capacity. In each oflth examples the
6 gl ass sheet . and t h@lmb 1 agloé df thpmuQ@cwfrthatpamnls dnemmy hie $fems,lintl ake megnuC h as

have . soneti md be V HiHhah 220 mhlﬁfheﬂax he pyed| for
agitation of the ffgfl%ﬁd% ?ﬁgm%g dédié?ﬁ En%?#% Nyate U lht ,ﬁ”

Such prelim nary surdpanaeng aﬂohmlmgxt\wndl (bWﬁMﬁi’alQ yraw&u eenp Oye
when the glass,s bei erpmp FOﬁStOughe“ms ofeglasy shentcafitiiekneds 111 amm ZaSmmf hi gh
opt1 cal aual 119" Thae LI ORaPRE Wﬁfﬁmﬁé B T et ur et
for inducing a requlgaedsheamremusﬁeemgl R SunB&Busing a' rﬁa

30C to. 150C, by the water cooling jackets. 34 on the flat Ionger vvaIIs

of the tank 18,. and by controlling the tenperature of the fluidising air
supplied to th_e pl enum chanber. 23. The jackets 34 10: act as a heat sink
whi ch ab%orbs heat transferred through the bed fromthe hot' glass. 10.




sheet. The | ower edge of the hot glass sheet is uniformy chilled along its
whol e length as it enters the horizontal quiescent surface of the expanded

f+ui-di-sed—bed——so—that—there—i-s—nopossibility of different tensile stresses
bei ng generated in different areas 15 of the surface of that edge of
the. glass, such as could lead to fracture. During its 15 descent into the

hbed the | ower edge al ways contacts fluidised material in'a quiescent
yformy expanded. state of particulate fluidisation, and this uniform
Weat nent of the |ower edge, regardless of upward flow of particul ate
matgri al - whi ch-may be-gener.at el‘%s@ﬂslt he. hot gI ass surfaces i mgdi &Lel.y they
enter—tie—26— lrmm Sxsicpvg Y TS v -the-
probl ens of_ deall aEUmPEOIfra rre1ts in. the bed This tQget her
Wi th the, "i. 'Eil dF“’r° &s“ bforgy %fﬁ“g‘ﬁ alumina the propertipsffge . of Shape of
t he gl ass sheets and/ or .damage to the surface quallty, ensures a
com"rerthdn;pamcabize(dyl eld of toughened Gglpmsses -~ Local i sed thermnal
_ agléatl %nlcgest he fl uidised bed takes: pl arc?% the hot gl ass 25
_ surfaces K&PL8by rapid gas .expansiorfih’ Q#Banner akin to The boiling
of a Ilmtcéledeﬂd&y(d)e ‘agitation ensuress ttnag/cxﬁahere i s adequat e heat
transfer _away fromthe glass surfaces into:the bulk of the fluidised bed,
for exar ftén%g%ﬁs“ytransfer coef fici enfs bA#EER the bed and the gl ass sheet
in the range 0.003 gak/cm 2C sec to 002 a1 - - caVcnR0C see are -
obt ai ned. The heat transfer continues-until well after the gl ass 30 has
cool ed BM#tesigl presifieheahi n point, with soffi®kieHe’Cseverity to ensure thdt the
cepgre 206 gradi énts are ‘nai-ntai ned aggt he gl ass
cori)tlss thﬁ%&gﬁ%&%&é’w altﬁl’aggﬁg%?;eugﬁd t he tmghmmaﬂg stresses are devel oped
t hereafter during. the caontinuous cooling of the glass while it is still
i mrer sed/elachy of WQ%HE'QW’I‘HE agl tati on’ - af- th¥ °Msui di sed material at the glass
surfaces sets up currents 1n 35 the%uIE of the bed which ensure
' ontr nual Wigsthe déd @aintained htemrenmt re armsghemﬁgbﬂ‘geass fbetbafd of the heat

gh |§h'él5<‘t°ﬁ5§rt§: Qgﬁg#ﬂﬂﬁﬁ."@z@@“ﬂ #‘H@“Q]B@mepﬁgpt“dﬂ‘m of tshe bed in
the reglrﬁtﬂg iAo W YT g the gl ass sheet. The wat er® cool i ng
jackets. 34, _actin heat sink. . _parts of the bed
cool . The; sh@,ﬁt,amlgages the feet- 33" of heAveiJgammBZ at. the bottomof its
descent, 40 Tempdnwleby rel tess Fhickdees t ongs WnsilElddresd ass sheet 't hen nests
on the frame 32 GRile thd. . 40 (g’l“%\ss sheft 'c_-oétf_l.l_%/'-mﬂ n the fluidised bed. The
glass sheet " Tenagfys In the TT UG ped beduntil ;5T 1s cooled sufficiently to
be handl ed and the tank 18 is Iowered byl 1 owering, the scissors-lift s
platformto expo$®W the filxed fr¥me 32 and the $upported toughened gl ass
sheet whi ch |s t?ﬁp remoyed for,, subsequent cogling to roomtenperature. 45
The nat ure- e qui egcent uri forrrty xpanded”: state of .particulate
45 f1l ui di satl on 630 t he flui di- sedlibed illussz:ated in Figure 3. which is
a plot of pl enumP| )ressur¢, that the pressuzf in the pl enum chanber,
agai nst the -height of the bed |ﬁ5 the tank 18 u ﬁg pal.um na particles as
described in Exasgl e 2, get outidel ow, and W o the tank size. and
fluidisation condltrons ¢f Example 2 ‘and the 50 - terrperature of the bed
at 80-C. I 4% . 50 Wien the
pl enum pressure ggached 15 kN My expansifon of. ghe bed began, the velocity
Unf of the fluidising airf through the bdd-then being sufficient to produce
incipient fluidi&®%ion. That is® at-thig lower?5Finmt of gas velocity the
y. pal um na parti giges | ust becomsg -suspended. i ngs e upwardly 'flowi ng air.

55 Because of th¢ use of a high jpressure drop and a. umfornty

m cr o- por ous 650 55 nmbran® of the } kind Pélustrated in Figure 2, in
whi ch the pressugsg drop gcross phe imenbrjane i'sgd n excess of 60% of the
pl enum pressure, there i$ uniformdistrijpution™of fluidising air flow ng
upwardly from t 5@ upper face of2.Y he nenbr ane. 44Thi s hi gh pressure drop
across the rrerrb; makes pOS%I ble sensitive,_regulation of the 60
velocity of gas Tl ow upwgrdly through tHe part?cul ate material, thereby

permtting 60 670 -10 100

The effective heat tra ysfer coefficient between the bed and the glass sheets lay
in the range 0.01 cal/cm2°C sec to 0.012 cal/cm?°C sec.



regul ation of the state of quiescent fluidisation of the. y alum na between
the mninmum fluidisation state just described and a:state of maxi num

ex pansi-ef—of—=the—bod—-A—which—dense-phase fl yi-disation-is' naintai ned.

This sensitive regulation of the gas velocity is achieved by 'regul ation of

the 65 pl enum pressute in the chanber 23, and as the plenum pressure
i ncreases there is 65 7
1, 556, 051 - . 7 no sudden or discontinuoug

change‘in the state of thé bed. Rather the %ui escent uniformy expanded 9
state of theled persists as illustrated PR qire 3 o—pl-oRtHA—
pressure is i.ncreased to. about 25 kN nREezumpld e bed expands to _a hei ght of
about 102 cmyn tBE tlaltgllgag@:latrf pr;dgg;i%n “%gﬁiﬂ*ﬁ?mwﬁ}fg Fr’lg lﬁ%ﬁ“ﬁ"?ﬂ%‘ﬁ{ 1T st
clearly recogni sab¥imp I o) | : %ﬁﬁ £r, may
be observed bgeakiWg i ?ﬁiﬂﬁ%ﬁtﬁgﬁﬁ "tnﬁbﬁelag%%?gggb%d‘fr_ anfg atlhéi)s vel ocity's
Urb of the fluidising ait may be considered as the m ni mum bubbling

vel ocity. Because Mkatpuidesize@® t he high- pressure . .df® nenbrane 20, it has
been 10 possi pl & %sqzeq n%gr ve that this m nium gubhsgppg vel ocity is not
necessarily the gas f vel'0ci ty produci ng maxi num expansi on of the bed,
and further regul aPirdele ddnsity(®) pl enum pressure up=t 022¥<RN n2 produced a
maxi num bed hei ght 105 cm- While this increasge iRgplgfium pressure up to
27 kN n2 was effec{“g{f"?‘}éj;%s'%rralil bubbl es were obEerg'ggjcﬁo break the bed
surface, but tohe smal | randomplkubbl es were not se 1%l .  significant asl@o

adversely affect the capacity of .th ed for quench h sh of 15
glass, in particul §'F°?fi‘ﬁ"$lbélfim§ﬂ@8't‘%ﬁ’5$ glass. WTh Ei%?’éggsecmo?ﬁlgﬁg pl enum

pressure beyond 27 kN n2, persistent bubbling of the bed occurred and a

t endency “of the be#lehwmpeisimpse to a hei ght bel ow i 26kNfmXi num hei ght of 105
cm was observed. gn thie‘% state the bed was unsuitablggfer 20

t ougheni ng hot gl aS&¥SYfSEpRAcross mem - |

20 In this exanp| epibrsair6y Rrdsdr@emiitadeor m qui esceat 6Xpafipladmpreaatues of t hels
fluidised bed of y alunmna, which was effective for Oé?géﬁqugi ng hot gl ass
sheets is repr-'esen?éﬁ%%“(?féh‘}d&@‘?&-‘ﬁ of the curve of B3 | yi ng bet ween
pl enum pressures Ofyeibeitydfiilisiap alr & bek N mlO0 i n whizch gr3e@in@n sensitive
control of the state of fluidisation was 25 possible, with
consequenti al cont rigmperpturens flyidisgddieth t ougheni ng, =st M%ses induced in 25
the glass. The eff%hké’r@tuﬂﬁﬁkla&_s{tﬁﬂ&fg@r coef ficient @hostibgssb¢ui di sed bed
relative to tdse hot glass is detuottemeage by the peopene-ite67se€ t he fl ui di sihg
gas, usually air, the gas vel ocit% in the ped, the properties of the
particul ate refractRYIerlrmaentidteatleg™ ™ i 30 _  paneg:@loshees of the
particles, the meart particle size the density of the particles 30 and, in
the case when the particles contain cavities, that is have a certain
porosity or hollow.s F‘b?:fff?ﬁﬁ‘ifhg]?éffﬂ%ﬁscm ci brv]t;*(égg»éﬁ?%ﬁdiaaﬂthsﬁ‘a%srﬁ'@eﬁé%i cl es.
The heat transfer dHHFFPIEEIN AL Q&SR o/ Re tEfiper atures of the gl ass
and the bed, gince if there is only a snetampiti®.f erence between these 25

t enperatures, there wilt Lanﬂéigfpl?ﬂ%@og‘gpam %l]{lgh o\gglas'; i'_‘te'@lgld éﬁe"oglgfﬁeggﬁ%of_ t he

alass and the ef f eQhb U RETLAEATR e T S b S bt vely

| ow. Ot her factors @ saﬁg;,m}mt Dottt hluiing Wk Qfed e & Exdaipiell sad@. t he specific

heat of the particles, and.their .ave-g%ge heat. -capacity. |n_-each of the

fol I owing exatfbl es Sizel peikaldingdluidiad bed of the produc® e Mhempydrtse e 30
. . . i . .-_deep o

density, in g/cnB, and the nmean 40 particle sizein [err]is |less than

220. This is a cri tdnumprasdirch may be used for 40 askNasti ng the

suitabili'ty of a particulate materjal, that is its ¢ ility of bein
. y P Pressure drop across mem‘)rane . = lﬁgig/mz 4 9

Pressure drop across membrane o = 65% of plenum pressure
35 Rate of flow of fluidising air = 0.34 m¥min 35
| Velocity of fluidising ai_'r in beci ' =" 6.51 em/fs
Temperature of fluidised bed . : L= 60°C .

Temperature of glass T L 645°Ct0650°C ¢




fluidised by air in a quiescent uniformy expanded state of particulate
fluidisation, operating with anbient conditions of normal tenperature and
pressure. Sone exanwples—ef—tougheningof glass sheets of thickness in the
range 2.3 nm 45 to 12 nm using apparatus as in Figures | and 2, and a
unlformqw escent expanded 45 bed are set out below .In each of t he
owi ng Exanples | to | 1 the edges of the gl ass sheet are f| ni shed by
‘ng rounded using a fine dianond grit wheel. . g -
1,556, ,051 8 Exanple 1. The partl cul ate
refra@tory is.a p formof por oud-5¥ki na the, properties of whilhhdre as

foll ows: - Maﬁ&uﬁﬁé H}nﬁ&% §én¥r§1 {qulle stress mduced in the glgs(g was s fof4 UM 5

Particle fwae-range - : 160 am -_r

5 Particle densi'ty (p) . o =: 2.2 g/cml\/aterlal density
3.97 g/ cm pxd Th"’k“"'ss Ce"“a'T"'EﬂlfSWé?Perl al specific heat

= 0.2 cal/g C 10 . Thermal capaC| ty per unit vol unme of bed at

10 mi ni num f 1 ui di sati on 3.0mm 48MN/m* = - 0:21 -calcnR0C Vel ocity
of fLuidising air in bed, . = 0.54 cm's \%the bed nmi ntai ned at 400C t he
degr 8e of toughening of . ﬁpﬁ'é’b sheets of Rness in the range 2.3 nmto 12
mmwith an initial glasgobamperature i nsOMN/&;S ~ range. 610 Cto 670 C was
as foll ows: - 15- - Initial dass

'(A‘Ver age Cent 'E‘l?e ef%ct%%ew réa t betv?eseg the i)e% ns%he glasis}geto Tensile Stress

0C) lay in the range 0.01 12 cal/cm”C sec.

5

37. 610 E 1 4 _ 12
xample '
23' 51063-0 The partlculate 0@33 atenalpls a porous powdere é}ummosﬁlcate 10 96
material, each pam;; I‘E 13%; by weight alurarga 8.% % silica. The .
650 powdered material b e following properties:i— 4
64 650 ) 75.7 650 8
_ 92. 7 ¢Bgrticle size range 10 = uptolS0um g5 §50.
12 Mean partlcle size (d)99 670 = 60 um 2.3 - - | 44 670
6 75.670 10 . 100 The
ef f et i vePeréiele densiy{¥ er coeffici ent betweeh22#fembed and the gl as sheets
lay in thgefagaRaQy01 callcmi C sec to 0.0} ’3’ b/ cnm0C sec. Exampl e 2.
In a particular productlon run using the s err] formof porous al um na
as in pxd - . = »
Material speciﬁc heat _' B ' = 038 cal/g°C -
Thermal capacity per unit volume of bed at o | . o ) >
20 minimum fluidisation . = 009cdllem*C L e 20

-Velocity of fluidising airinbed ~ =~ = 0.2l'cm/s

With the bed maintained at 46°C,'the-degree of toughening of glass sheets of
thickness .in the range 2.3 mm to 10 mm was as follows:—

" InitialGlass | - - =" |- Average Central

Temperature: - Glass Thickness 1 -: Tensile Stress
co_ | em |
650 - 2.3 30.8 ‘
650 | 4 a4 ‘
650 e 1 e23

650 | 8 1 o
650 10 - 79

25 The effective heat transfer coefficrent between the bed and the glass sheets lay 25

in the range 0007 cal/cm?°C sec to 0.009 cal/cm2°C sec.



Exanpl e 1, bent sheets of glass 2.3 mmthick were toughened. These sheets
wer e subsequently used as a conponent of a |am nated w ndscreen for

aut onobi l-es—S The properti es—of the rnrrl alum na are_as follows: -

5 Mean particle size (d) ' = 64 um Particle size range

30 to 150 ,mParticle den5|ty(p) = 2.2 g/cnB

Mat eri al denS| ty : 3.9 g/cm 10

pxd 141 10 Size of \ (L'
tank hol di ng fI UI d| sed bed = 15 cm x 105 cm deep Pl enu
pressure Aol e — = F%ié-&essw-e—d;-ep—au-e&s—gl
menbr ane . = 15 kN/.n2 15 Exdtigdssure drop across menbrane

=  60% of wlLenum p resﬁs&tzﬁg}?ggn? of aporom?ﬁmpg @mﬁdswalu;]tzlgf-lrsnm:l?n asgtgn s1l3(@

= 0.175 nmB/mn V 19'$ [ POfCUY 301G capping @%ﬂ"""g umin cnds
Tenperature of fl ui ‘bsepd’wd':r'q1 gqthe orowing BIOPEIES0C Tenper ature of gl ass:
top edge 5 Part-'k:lesuﬁSﬂ@etO 6550C 20 = uptol50um ~ = - bottom 5

edge 0,6750C 0 Resulting uniform
central tensile str&@é)affm& Z‘B - P = 38

MV rn2 to 40 MV nr 2paHide @thli§qh)i ve heat transfer coef{poyapt between the bed
and the glass sheets lay in the range 0.01 cal/cMZOC sec.to 0.012 ca)/cn2 C
sec. 25 - xd . Exanmpte %

25 I'n anot her prod sheets of gl ass i-ntendgg g agsconponents of

| am nat ed ai rcraftul\slv:é"'lr‘?gz'{slcd:t"lc"egé,\i s and of thickness 3 mMm ﬁﬂrrm 6 nm 8 nm and

10 mMm were tmjghenﬂqtehﬂsgecmmamrm qui escent expa;tdemzédygchl sed bed. of 10
[err] alumina The same [err]formof porous al umina was used as in Exanpl es

| and 2. 30 . Si Thermgl cpng H?b!"ﬂ'i‘ﬁbmfel"&\"‘dlaéed bed 0.11 callms=C - 45 cm x 245
cmx 150 cm B R eﬂ‘bm pressure L = 30
kN n2 Pressure drOpVél&ﬁt?SSﬂd'HiSﬁgraﬁ‘ﬁEbed : = asn&n/kr\vmz Pressure
drop across nenbrane—— — 5% of —ptenumpressure—35 Rate of
flow of fluidising ai rWthth b d ed t49°C’3§ cﬁﬁé lass tem eraturemtheran e
Vel oci ty of 1 b di smgcamsetm;z:o?mughmtgo R mmm.,geo
fluidised bed 2.3 mm to 10 mm waﬁﬁﬂﬁbllows—
Tenperature of glass - .-+ - .645C to 650C
1, 556, 051 EF
10 Resul'ting uniform cent fé{? g s ed | n was as
fol- lows:- Thickness = - (oc) ntr biia% ‘ﬂlg{ e “e t'%
48 MWN M 5 40— 53 NNILrZ
5 10.0 M 806MN/ r2 THe effective heal transter coefficient
between the bed and the gl aggysheets | ay irltql_t“he range O. OJ,4cachZOC sec to
0.012 caVcnR0C sec. Exanple 4. 10 he part cuI ate refractory
material is a porous powder@d0al umi nosilicate 10 315

630 ’ 6 ﬁ 53

650 23 . 33.7

650 § 4 a3

. 650 e 56
. 650 | 8 | 713
650 : 10 ; 84
. 0 | 23 { 32
(670 oo 8L

The effective heat transfer coefficient between the bed and the glass sheets lay
in the range 0.007 cal/cm2°C sec to 0.01 cal/cm?°C sec.

20 ' Example 6. ' o 07
A “Fillite” powder, which comprises the hollow glass spheres derived from
pulverised fuel ash from power station boilers, was selected to have the following
properties:—



material, each particle containing 13% by weight alum na and 86% silica.
The powdered material has the follow ng properties:- Particle size range

= up to 150 pm Mean particle size (d) = 60—um 15

Particle density (p- ) = 1.22 g/cnB

15 Material density = -2.3.9/cnB8 pxd

= . 73 Material specific heat _ ' = 0. 38 cal / g9C Ther mal
nacity per unit volune of bed at 20 m ni mum f | ui ¢i sat.i on

3420 Vel ocity of fluidising air in bed = ~0.21 cms Wth the

bed 1zmi nt ai ned at -400C, t he deb$%685bf. t ougheni ng of glass shed?s ‘eé -
t hirCKness rn the range 2.3 mmto- 10 m‘nwaa ﬁ IIows - Initial Q.ass
.Aver age BRiFlesFe®@fperature - o - dass o R ss . TensiKgiStress
(00 MeanPartlclesme(deT) o = 77IﬁM\V m: 650 o 2.3
30. 8 650 4 ' 44 650 6
62. 3 650 Particledensity(®) . . g. = 038ghm® 73 650 - 10
79 25 The efk@cti) ve heat transter agoefficient between the bed and
the glass sheets lay 25 in the range 0 007 caVcn0C sec to 0.009 caven0C
sec? M=gip] ity - bglem® 171 Exanpl® 5. Another
f orm of Pipe ROYer ed conposite al UM Rageilg bgat e material was used.
Each par'?vlla(?%{a S° porous and contains 29% by wei ght aI um na and 69% si | i ca.
This por dﬂlsmpbwﬂmtylpasmtthdum@bﬂb@mmg pr opertl - Particle size
‘range minimum fluidisation — up t& 1&9 ?e.ﬁ "°C - . 5 Mean
Particl e /i fidfsdlion velocity of the air in the = 75 amParticle -density (p)
.10 Fillite 1. 21 g/cC p x d - = Ollcms 91 Materi al
density =2 3 gftns 107 Vat erial specific
heat & i@k YRS sheets which were thermally 10 Ther nal
capacity t&%ﬁ?&ge riﬁ(gﬂlmu en(b%dlgﬂ% eeailepfaskd%tdmﬂmee samrage&antrab vensile -
= 0.11 stress /vwl;wﬁ&@s Wedsorsd tiny caniventipugal masmemgmbjhp r4s tSk?é’eiet‘:gd for a - 0. 33
Cmiss Wi aqgngzt‘[gggsgﬁe 6@%(%%78'%?91}%.?1&2% ﬂéer tFﬁeE)tftlﬂ bh@s tengerature in
t he™r angged-at 40°C ar s]fﬁ t ougheni ng of gl ass sheets
of thickness in the range 15 2.3 m"nto 10 mnmm-was .as follows:- Initial
3 ass —Av-et-age—Central— lcllpcl ature
d ass Thi cknes: ;t;ialeftil:;: T=nS| &ass %wkeness (NN rfiyemagyCentral .6
51 610 o 1 | m'g‘s’é < 2.3
-31.5 630 . : 6 : '

610 12 o4 '

630 | 6 | 30

630 12 " 45

650° - 4 - '_ 22.4

650 | 6 3

650 | g8 37 .

650 1 10 l 39 |

650 | 12 | 48.5 :

670 | 6 ' 35

670 : 10 50 :

The effective heat transfer coefficient between the bed and the glass sheets lay
in the range 0.003 cal/cm?°C sec to’ 0 004 cal/cm?°C sec. '



650 2.3 33.7 650 4

48. 3 650 6 56 650

8 71.3 650 16 84
670 2.3 32 670 6
.58 670 « 10" | 81.5 The effective heat

transfer coefficient betvveen the bed and the gl ass sheets lay in the range
0. 007 cal / cnR0C séc to 0. 01 caVcnR0C sec. 20 ‘

Exanple 6, ,3: 1556051 20 A" FI | | i te” povvder1,3

whi ch corprfse 5—UB ; :

from pover station Rol LS Sk S %sm% maté’rﬁl e 1ol 9 TSoBigPer 1 €5: -
Brdpertics:— ot 2

Particle size range = 20 t0 160 [err] Mean

Particle size (d)Meanparticlesize(d) -. 77M m=Par1?Qie11e density.(p)

= 0. 38 g/ s p L = 29 ,I\/ateri aI densit

= 2.6 glc % Whlicte density () : 5 Materi al speC| BYL heat - ¥

= 0.18 cal/gOCMdtatahdelnsltyapam ty per unit vol eme 2éfg/dedd at m ni.num

fluidisation . 4 = 0. 05 caI/crﬁOC The fl uidisation

velocity of the air in the #f - Fillite

= 0.11 cnls Material specific heat - 10 The degree ofistagebeni ng i nduced in

t he gl ass sheets Whl cn were thermally touqhened in th| s fluidised bed can

be represenfoed b l%’mm ﬁ%g‘ ”d'é}‘lf’?l&‘Pe?fé’ﬁ%? stre gj@fwas measur el in

conventi onal” manner ne Yesul ts achi eved for a range gl ass thickness

from4 mmto 12 Mﬂocmdflﬂmdisihgarmrbbdl nitial glass D27cems tenperatures in the
range 6101C to G%Ge-and-wwt-h—fhe—renpemm—ﬁmmmd—ﬁ bed at

400C are_as fol | owsyypliftlidilgabs ¢ ;?e%ﬁure in the range 630°C to 670°C and with the be erage
Central Tenper at Ubut 40°C, stresées fdfice d@@ﬁe%ts of thicknes 6k t210Shth Wefe

(m -(M/r) 610 follows:— . - 40 610.

12 41 630 . o 6 : T 30 630
12 . 456850 ' ' — 22. 4
650 o © .!lgmal Glass 32 653 Average Central - - 8

37 650 e%%;atu_te. _ Glass(zg:)ckness 39 656‘enslle/§t;ess 12
48.5 670 : 6 _ _ 25 7™ 10

50 The ‘effective heat ‘trassfer cdefficiest betwepn theabed.and the gl ass
sheets lay in the range (%3'&)03 caly/ cn20C ssec to 0} 004 c%;/crr_QOC sec.

+*

650 6 | 45.5
650 : 8 51
650 | 10. 63
670 6 48

670. 8 - 53

The effectwe heat transfer coefficient between the bed and the glass sheets lay
in the range 0.005 to 0.006 cal/c®°C sec. _



1, 556, 051 13 Exanple 7. Another grade

of "Fillite" material was used having the follow ng properties:- Man
particle size (d) = 120 ,um5 Particle density
(p) = 0.38 g/cnB, _ 5 Materi al
density = 2.6 glcnB pxd -

= 15 Material specific heat = 0.18 cal/g C Ther mal
ay ty per unit volume of bed at : . 10
10 14 ni mum f | ui di sati on 1,556,051 - = 0.06. cal qu

Vel ocity—of—ft+uorth arTlg d.l et - 02 al

gl ass terrperat es 1n ed at- about
400C, stresgpsw %f(f@gﬁﬁsﬂh ag? ég,gat%éidwﬁghiﬁérﬁ I} sgheéesr?f‘rﬁth kin [0 Mmwére as
follows:- Initial dass Average Cent r al

Tenper at ur e Particle size ra@geass Thi ckness = FenPprm Stress (00C

()Nm &30 .6 . _ 42 630 . .. .

8 % MeanpartlclesvzfédGSO | | = 48,urg o S 45 5
650 Particledensity (p) 8° - = = ©BgbO® ... - 10

63 670 6 48 670 - 8
53 The effective heat YF‘&nsfer coeffici ent bdtfeen the bed and the gl ass-
sheets | ay iMutérhedenazge 0. 005 to 0. 006 cak/ cuf3@femsec. - 1,556, 051

4 Exanple 8.- 14 particulate refractory materi al usoed -was hol | ow car bon

spheres of Meriglwecilichsth. as " Car bosphet es” Rd¢ s#is™Che f ol ['owi ng

pr Oper g es: ThEdlaf dapich ér%ﬁlt’&(ﬁﬁ}g@ofbed at 5 t 010150 [er r]
I\/Eannmamhmm ﬂls = 002cach!9C 48[ err]

5 Particle enS| 0.3 g[err] pxd .

14. 4 Materi F°6‘8’ gﬁ%‘“ga‘rﬁbg" q/ crB MaterTal OSpE®Btic heat . "

0.123 cal/g 'C 10 “Ther mal--capacity per unit-vol une:.of bed at

10 mi ni mum f | uiThk degréeeond t011°ghemng of glass sheets quenched in th@. fi@died\ked] err] Vel ocity

of fluidisi fMyinired;ah abpuy40°C are as followsi— o 33 ¢cnfs The degree of toughening

of gl ass sheets quenched |n th| s fluidised bed mai nt a| ned ‘at about 40 C are

as follows:- Tni tlk% asss . -~ Aver age Central
asg _ : fé ntral
Tenperature Temp |Cl@1§§s31‘hi-ckness l'enﬂ e Js §SS
610 : 10, e “
630 ; 6. ' 34 e
650 4 ; 2%.3
650 6 | 327
650 : 8 40
650 : 10 ? 45
670 S e o .36 -

The effective heat transfer coefficient between the bed and the glass sheets
lay in the range 0.0035 cal/cm*°C sec to 0.004 cal/cm?°C sec.



(00) (rm) (MM 610

10 44 630 6 34 650
4 26. 3 650 - 321
650 8 40 650 10
45 670 + -6 36 670

10 46 The effective heat transfer coefficient between
the bed and the glass sheets.lay in the range 0.0035 cal /cn20C sec to 0.004 1
cal / cn20C sec 15. 1,556, 051 1,556,051 15 Exarrpllfz
9. The paft & ettt ot —rovnter-et—trcke Ty
Lg]e; ol O\IID\Aa)‘r:gI 2[ gpg'élt gf ate r alettolrycllnStenal wass(pm)ous powderedzn%sgl l&)"&?n'she o

5 Material density les—'""' : 8 9 g/cnB pxd

= 12 Materi al sﬁécanfpamclhe!ad(d) o L 5um 0. 106 cal'g0C
Thermal capacitiy p i+ volunme of ‘bed .10  mini | yi di sation state

= 0. 37 cal crr% elfamcgde"s"y{pl’l ©10 Vel ocity of ﬁ%}g} Msi ng air in-bed >

- 0.045 cm's 4 assmaékwﬂéms.qi t hi ckness in the r&ngeng/an’mﬂto 6 mMm at an
initial tenperature of. 650C were quenched in a fluidised bed of this
porous ni ckel powder which wasP¥f a qui escent stdte 2nd was maint ai ned at

about 40 C. The degviggriddfpetine/pdaeni ng 15 . represerny. gecdige@ver age central

tensile stress was Tallls f?l I ov\{s - 15 Aver age Cent raI TenS| |l e
erma capact er unit v c :

%ags Thi Ckne%& minimum ﬂgldlsz't}l)on stateggpzlegfsb Gnﬂ N, m rO%ca%/cm”C 115 -IIR e

ef fective heat tran&ioeﬁyéf@[ﬁﬁfs{nﬁhiemtbebet ween the bed cuaslche gl ass sheets
was 0.02 cal/cnR0C

a non-porous powder ed (ﬁ‘gssﬁl oAb oﬂﬁickness 32@ d?[]mmot mali!an nﬂla rI tla}rleS of
di fferent nean par tdf@i(ﬁc%keq Q‘ﬁhdx ﬁi”cke@ e Was
fol | owi ng conmon priop@niksces: statd%a;utwashxem Sat abo(t#0°C. The degree oftoughenmg

3.97 g/cn9 Vaf2r i- alrerfessated yy average central tensile stress was as follows:— 3 Q7 g/ cn8 25 15
Material specific heat - =" 70.2 calg0oC

25 The a al umi na naterr‘a'l—wa's—ava'r'r'a'b'l'e—l-n— T —Y

of the material and four di f&lQJseﬂ'ickIlis%” di se|
foll ows: -

2.'3_ “ 3 ' 77
. R _ 95
6 . 115

. The effeetlve heat transfer coefficient between the bed and the glass sheets
was 0.02 cal/cm?°C:sec.: -

Example 10.
20 -.. . The particulate material was.a non-porous powdered a alumina. A number of 20
@ alumina. materials of different. mean partlcle size were. used All these matenals :
had the following common propertles— e .

Particle density (p) ' T L 3.'97Eg"/ems

’ Material density = 397 g/cm?
25 Material specific heat = 02calg°C 25

The a alumina material was available in different graded particle sizes of the
material and four dlfferent fluidised beds were constituted as follows:— '



1, 556, 051 16 Mean

Ther mal Thermal Capacity Fluidising a Particle Capacity of
of mnArmum——————¢gas—Atuffa—Stze—{(d— Particle fluidised
bed Vel ocity Bed (Am p x d (cal /1 0OQ) “(cal/cm
(cm's) A 23 92 5 x 10 ~0. 32 - 1.02 B
29\ 116 10 x 10 0. 32 1.62 C 45 180

3; X 1.V0. 32 3.90 D 54 216 66 x 10-9

to 12 mm

o

400C. The i _
670C and t he degl eMeasf

d ass sheets_gof .thickness in the r’-ange‘ 2.3, r
_which are each-ai-a tenpliature of
e—gHass—sheets “o&s-l-n—-t-he range 610C to

EThermal Cepasity l leidising r epr eserided by an

' anlh

aver age ceﬁ Eﬂ tg%‘i@fe §§‘¥Qt ;ﬁqugste edI\/N/ I\/gef:gstyto 104 MN/ 2. The

effective hagl tfagaser I QL) bgd ;i)t he gl ass' sheets

was in the—+argel-0—0062; 4-0—0—9086—-4-&-!—!—9-@-0—@ sec. Exanple 11.
to AAbed} of23s sphePgg known aez" Bal l otini" was

f 1 ui di sed. 1D Py0p st of t bgd 'vve as f()II - Particle size

range B 5P 1 {0 Uy &tr ﬁ/l Meap parfi cle size (d)

= 58 jrmPartigl e45den |180/ P38 x 107 032 - 39(; 2.5 g/cma 15

pxd D : : 15 Ther nal

capacity perPunit V3 un? i mum®PRui di 4 at |56h

= 0. 34 cal/¢c3C Velocrty of TIUICIISI galr Tn pe o= 0.41 cnl's

Sheet s of gI&ss of tPtIhC ness .in th were heated to an

20 20 piidcd ee I Sl s e e @%%%mm ‘%ﬂé‘ﬁs%nd were quenched

in the flmaglasededmaehsumtm angammeltcnmfcnadttaéd r&eemnﬁgmugef of about 400C.
The ¥egr e@el%e gneqqmn@;bso#n ayeregepenteal teghilogiress indhe rangeMdMNImS: - 5 1, 556, 051

17 Initiaf® ﬁy %‘g ral Terrperature
ectlve heat transfer. oefficient betwe bed af ﬁtreagﬂlgs 3 Q&

? gSS Thi ﬁi\’sﬂﬁSﬁe range 00062 zﬂ,‘%ﬁlkﬁ(ﬁs g J @5036 &ﬁ/*ﬁ)wc sec rm) 630 .

630 8 Examplc 11. a@z 2.3
A bed of small solid. glass spheres known as “Ballotin sed. 10

go égo Properties of the bed8“§er6 ggeofollogvs— : 10174w%s %‘5‘6‘ © ' 90

670 Particle size range 2 ' 3 ' = Otodgpg70 6

80 670 ' ' 90 The average effecti Ve

_ ticl
heat transfcam a(r:(l)ce?‘sfze ent bet ween the bed ar‘f‘glthe gl ass sheets was 0.011

cal / cn20 Pardaedendity (p) I ustrate the high i e2fg/loh® unbroken and undistorted
gl ass sheets obt ai ned - 145 15 '

Thermal capacity per unit volume of bed at ' ; o e
034 calic**C

mtmmum ﬂuldlsatlon =
Velocity of fluldlsmg air in bed = Odlcmfs
Sheets of glass. of thickness in-the range 2.3 mm to 10 mm were heated to an - 20

20 initidl température in the range 630°C to 670°C and were quenched i in the ﬂu:dtsed
bed which was maintained at a temperature -of about 40°C.’
The degree of toughening of the glass sheets was as follows:—



5

conpar
fl uidisation,
of thickness 2 mm 6 nm and.

when using a gas-fluidised bed according to the invention in a
qui escent uniformy 5 expanded state of particulate fluidisation,

as
state of -

a nunber of simlar sheets of gl ass of size 30 cmx 30 cm and
‘1 2mm were treated. "The gl ass sheets had an

edge finish in which the edges. of the glass sheets were chanfered using a

10
finish than tat of
finished w 't\-h’_a_dJ_a.lID.D.d_
possi ble even with t

heated to atgnperaturelrm@lﬁqssout
fluidised bed of the [erPPRSfIsHn of

bonded sili<on carbi de grindi ng wheel.
10 the gl ass sheets

Thi
amp

beI ow and t hen

po?BEﬁén {PKIRESna

s gave a rougher edge - A%
es | to 11 which were,

i > eet was
i nrfepsaftlcﬁnﬁﬂlS a
desCPRREASIA Exanpl el. 15

For the purpose of these yiesld tes
a fluidised bed in a qugjgscent $
bubbl i ng state of fluidisation of f
the fluidising gas vel ocit$%bove {
the bed, and an equal nunb@,b of 20
t he bubbllng bed.

di mensi onal | y accept abl e uﬁ'@roken

wii ass sﬁééts,
S as fgllows:-

total nunber of sheets' treated

Yield G ass Tenperat ure Quiescent [Bed .. Bubbl i
95% 526@660 8

80% -d ass thickness gssonm Yi eI d d a;ﬁ Tenper g
Bubbl i ng Bed 640 . .

100% 66 G ass t hi ckness = 12
Tenperature 0OC. o - Qi escen% Bed
80% 40987845

s_sone _hot glags shee

bt at € ag sdescri b
he bed was t her
he val Be produq
het gl ass

20

as

swere_imersed in
ed in‘fxanple 1. A '
produced by i ncreasing

i ng maX? mum expansi on of

sheet sgiére inmersed in
The yiel d- of
a per ¢&nt age of the

d ass
ng Bed
100% 87
ture- escent Bed
% 40% 645
mm Yi ebdd 3 ass -
--Bubbl i ng Bed 635
100%%
g 30 cgo x 30 cm square

4{85 ckness =2 mm

75% Al t hough t he. above exagmpl es weje obtagned usin

sheets of gl ass even—L—evex—-y-a-eJ—d-s—L—t-h—Les-pec-t—t_a_ tortion
result when 5 . treating | arge sheets of glass such as of motor vehicle
Wi ndscreen size in a Mhﬂaﬁ@eﬁeh@edﬂeﬁt&dmh&cboefhﬁeﬂQaatureaslhe béandithd glsss

obt ai ned when trea&he 1I ui escent flui d| sed

S of
bed are at |egst ag, QEI:: gﬂé’ “°§T§gjg,f§ﬁﬁ
é.rﬂcul € flgidisetion, Qﬁérﬁﬁ%ﬂsmﬁﬁh u i er at UI’ e

val ue of the st ressﬁﬁndea
i ncr eases bahid albnblﬂlhzestktbnfﬂiuldlmﬂmh“m e"bés'@ﬁm’heeﬁm Bs °ﬁs‘z’° gher,

10

the stresses in tBi‘E mw Egﬁ 7;%?1% € ;kam slasesheets rather
than toughengg. He ﬂdadb lde f'a‘i.dl héx Mglbfgdié Hig éﬁ‘&%he Sigle
wal I s of the tank ﬂ:ﬁgaeysheew&fﬁ ple3g té NiewHieh iaee Miishedwit a dififorldlgrit Whesed bed

In all the Exanpl ea'htt heenngeea@ acdhighg/icdspossitde even with this rougher, and cheaper, edge
finish

Each sheet was heated to a temperature as set out below and then 1mmersed in
a fluidised bed of the ¥ form of porous alumina described in Example 1.

For the purpose o}} these yield tests some hot glass sheets were immersed in 2
fluidised bed in a quiescent state as described in' Example I. A bubbling state of
fluidisation of the bed was then produced by increasing the fluidising gas velocity
above the value producing maximum expansion of the bed and an equal number of
hot glass sheets were immersed in the bubbling bed. .

The yield of dimensionally acceptable unbroken glass sheets, asa percemage
of the total number of sheets treated was as follows—

15 15

20

20

Glass th:ckness_ = 2 mm

Yield

' Glass Temperature . _ ~ - : '
o ceCc * ‘Quiescent Bed Bubbling Bed -

645 95% . - 5%

660 100% - 80%




commercial soda-linme-silica glass such as is used in the manufacture of

aircraft 15 w ndscreen panel s, autonobile w ndscreens, ship's w ndows
——and archi tectural I5—panels—d-ass—of other caonpositions can be

t oughened or anneal ed in the sanme way using the nethod of the invention.
Also articles other than gl ass sheets, for exanple pressed glass articles
:as insulators or lens blanks, or blown glass articles can be toughened
‘r:g/g neal ed by the' nethod of "the*invention. 20 -~ A fluidised bed
a ding to the invention: may be used for other thermnal. 20, treatnments
f s - - ar the heb?P¥098! of a relatively cold gl ass\giH+cle
prior to a further ‘processi Bhss Bi&RessNC@kint r ansf.er fromthe flurdi sed
material to.the glass which is imersed in the bed being facilitafed

wi t hout damage to tte gt gos,;l‘ eveH— : _ Lained a -
t enperat ure, atci‘é@s'fi‘@é,%m}gs Ssfsceptible to daskhge 25 by irregul ar

forces. oC- . - - 25 The
i nvention may also bé .used for t?l‘é‘?‘sﬁﬁ'lt-PﬁdtngheﬁP‘H’éfngBats-sheets whi ch have
been heated and beglg whil e syipporteggq n-a. rjear-verricar. position, and
advanced al ong a horizontal path, as descriled" in-Uhited Ki ngdom Patent
Application No. 34%88/73 (Sp¢cifictoon No. {1,442, 30%). | n the apparatus
descri bed 30 Nt nar appl Tcatton—the—beddrg—di~es—are-encl osed in a
heat ed chamber which is 30 til'ted froman inclined position to a
position in which the bent Glaastickhieet Retwveen the bending dies is vertical
and can be |lowered vertically into a quiescént flui:dised bed of the kind
descri bed above. Tn anorner processenptoyt e the—Averten a gl ass sheet
may be heat edghys @hperameel MEf-Sing the sheetY$!f a fluidi sed bed which is at
a sufficiently higlb tenperatyre guRse eat {th ass. 1.0 pre-bending -

t enper at ur g AFter—Temovat—F< GRscqiindd ﬁ@k@ﬁfﬂﬁdq bent, and the bent
sheet is then tofdhened by ipEmarsi %t he gl §ss in 4% | ui di sed bed which is

in a quiescent ukormy expgnded te of particulate fluidisation as
descri bed -abowe~—The-gl ass sheet could-be carri.ed B the sane set- of 40
tongs throughout the heating bending and toughening, the tongs being
adj ustably  aMiflough the above examples were ohtairied iiing 20 frt o a0 o i ks 556, 051
19 munt cdnet aBis abAESTELE ISR eIl o ass. 10
anot Rer arife %"e-%heetaeﬂz._lag# Aslsasofimetor vehickUeRBEGETkizk i bubBllgad] ustabl @ tongs
for heati iy At Egels ﬁ%ﬂl‘{gﬁl Z:L?%d% @tm@evhee geing isppdagercitieetnigt bending i n t he
manner deserirfet dbavedni ted KNGt SHeat #9908 ithate Ripthe Fxampies316, the bent
gl asg sheet  Bbe yaipearidagieelsds jndbeed in the Hads @6@ESes38the Bld thApgaohi ch are .
'hlé“{_bélaht_maéﬂbﬁfbubsoome_r-lgétﬂsghe;m’_éss% ?He_owerqgi into the
be Dlovid

1

arralfged dREesiap it F%F : .
n lgjs ﬁﬂ% Titier gﬂggg&mﬁeﬁﬂﬁ@hﬁéﬁf{dr. A net hod of
vidisedBEdL lf]ﬁle x4&h eS_Ftéin ) Elﬁ%gégy\u}w%t ha

qui escent chilik Glesems e _sti
Gpi¥ar

t hermal | ytﬁertempdrﬁtgregafa)%em -

Sucdl 3 tunirormy
xpdrided §§ﬁf§§c§%‘?§?§?ﬁe3¥qm e Criedtrase. think witaws onl tohiekcfuedt heag (ranster
bet ween t Gingii mehbSoidle etidn ?ﬁ?m&‘@%ﬁmﬁﬁ’ﬁé@“ﬁﬁm@ef' al. 2. A

__ oF bldGn Ned btk

met hod of pt@kwd.gﬁé_sht;ti'ctefﬁaush@ug on0¥ len§ BIAAKS)| f"f;ﬂ :g__gl ass to a

gas-f ! ui dic%@elghf sode-linesiticanglase sichl as\iused) il the Infhnifabtufe
e

Rl i ubeshemed, er gonealest byathe medior tof dednvemier sing the glass'in a
gas-T1 ui di;sgde gg“feéﬁ: il A (1o ip %P&Eg iused for iother thormsabi d i porer sion s
i N a qui epeab a fitthePprdtaésidestep, heat i @.% |

felatively gpld glass article ot o
a i th %?f |
f 1 ui di sat glass which is immersed in the bed being facilitated withg&tl%i:i%a; oriigésge,TEt hod accordi ng
Gyai m 2° f"’hg"ﬁél? ﬁ&‘f has aftainerasiamperatyreqt whish & Feedceptibenpdinmgalg heating t he

to
ifre s S A . :
gl ass she ﬁﬁc’m;eﬁ '418)’\% o sl R %Pmagll'- SShS heet into the qui egtent
. n .
uni f or m yhewx e @ehtdie nd e;ﬁaﬁﬂilb_csuf; 8d AL hdaal e sﬁg’;ﬁ&w gg enper at ure whi ch
cool s t heacglpi[@eq alqup| qj|h3y1:|zp_ntal path, as described .in United Kingdom Patent
Application No. 34703773 (Specification No. 1,442,316). In the apparatus described
30 in that application the bending dies are enclosed in a heated chaniber which is 30
:ﬂgeget:ggn__ag_mqlmedtposll_tlog toa _go,?i_ti_on in which the bent glass sheet between
Ing dies is vertical and can be lowered vertii into i t fluidisec
bed of the kind deserbad Chocs d vertically into a quiescent fluidised

. In another process employing the invention a glass sheet may be heate.

35 immersing thé sheet in a ﬂu.i%ised bed which is at a sugfficiently high }t’emperatuge l:g 35
heat the glass. to.pre-bending temperature. - After removal from -the hot bed the
sheet is bent, and the bent sheet is then toughened by immersing the glass in a
fluidised bed which is in a quiescent uniformly expanded state of particulate
fluidisation as described above. The glass sheet could be carried by the same set of

40 tongs throughout the heating bending and toughening, the tongs being adjustably . 40



20 4. A nmethod according to Claim 3, wherein the bed is

mai ntai ned at a 20 tenperature in the range 30 Cto 150 C 5. A

nmet hod according to any one of Cains | to 4, wherein, the particulate
materi al conprises particles of density in the range 0.3 g/cnB to 3.97

and nean particle size in the- range 5 [ERRimto 120, um the material e%
selected so as to 25 be fluidised in said uniform qui escent st atle®

fl ui dfsmg) gas flow ng uni form y [ nls%ﬁ)sghe bed at a vel oci ty in thelgrange
0.045 c . = . |y
t oug e.r}l ng fI it Pf?lh "8!’ th@fbellt

12 mm COWDFISdnBGk ;

6800C, i mrersﬂrhugtcﬂh@ngbﬁssed:maﬁo NIdJI ent glas bbl'ﬂg hged@y! escent
state whisch ha%“ﬁo e:{i g8 whigh ﬂrswrpmed@mordmmtbuhwebeattshapeo ghisq)i mums
f1uidisation iI{RET Wb"ethﬁq scenf) fuidissd bed fpreiusiehigsl / cnBOC, and nmi nt ai ni ng
the fluidised bedvaATavEenpgsmaisie up to 1500C to induce in the glass an
average central tleAsndtisodsdf ltltesmallynrehm glany evhm tM\ElzsﬂxstcontmaanQ 7. A
met hod agcor digayfyidisedrpartisy tedvateyg Bigh fs in dqujesceny qf@y @%ﬁﬁgﬁ t he, 35

gl ass, and i ?g tgglate ludisation o gifect té'af"f sy %"c es of

non- corrpact ed 3%3. pamkthed of eﬁefmwry Ufeenw‘lglﬁbb, dompﬁuﬁmhdahag tliei‘gmsﬁmpar ent
density of thde Bﬂf%tPGIaésvell§ s{rain gointagd lmxremas;ﬂ‘a Iassdemwﬂg:tdwd hedeof mat eri al
forning the p Ed‘L‘F&ai‘@@ ?'Q rgesm ?’P‘F'&f“’@s‘s Boh SYiFEeERtHnifomy £ | ujdi sed
bed in a qui escen AUpk dbr&ago@ slontumermbilyDRidnemibg atgfusd Shekrdli sat i7on,
the material feomprisigg hdatingthe glass shect andithic iqveriag the dotodlass Heetbiew thei ng so 40
selected that Quiseccpeunilormly eumadedbod of pertigniate Bptefiflevhiahis fifeswarabed | s

whijch coo heIPlll%% 1 )
sufficieg to" 4 i GatoE aﬁﬁlﬂ %@mhfrwwaéwee&ﬁ mamtun&: gl ass agy it

=

cools in the be.dper&ureAnrmt fgk HCC 0d smg to a| m 7 thermal |y
t ougheni ng a as? Aghgtkqd g¢ 'rngsq %h@bel‘gﬂ:abs’%ﬁ‘g@el
d;g @ds%es of nmean

1 ui di sed bed e ’f'#ff f‘ﬁf %?@W

particl exsi ze uemu duﬁ%ﬁu ﬂowmgamaﬁ@ﬂﬂ pargs cle
density in thetherh aaOvelbc )"omhetrmgQO:%S P6t h:a/5therrral capaC| ty 45 per

unit vol une of. e ss? i ‘Bﬁd (z)&‘ﬁ'ﬁ Hlytz@fz{{‘ tmg ‘%}gge 0.02
cal/anOC to (f 'ﬁz}te rht Qﬁ,‘erﬁnge 0RE gfgﬁ‘ﬁ ia wherein the

particl eso ar e Hearinusidpfuidsieat @:ateowmyn ah sumtmma capRRtip gaamﬁnt @bl&mslaze 643um and
apparent part mm@mrfbu tklgl g ﬁ:mget%@ §0/cm*°C #tch @3 ¢a|/ ciand per unit

voj ume of the TR Rl ' tE;gs %ﬁ,{%ﬁ 2%@,&@01%%@;" ?:ﬂsf m80C. 10. A

met hod accordl ng 7% £ompBsisy he@tifgahOus form of

ordid @6 @hylod

al um nos34 | catwssrantbmwdrsmjthmml ntalﬂuidsedsbezl@f pattutldsse)f n@m p@aed\m t 03¥5
Arm and apparl’é‘l‘ﬂcclt Pf‘PEfI"é“ jga A &“ \ 1: :he'; g&an
the thermal c ﬁs% f‘luldlse(;epmﬁa}mr£tJ fg?m ify p L
fluidisation tmmdigubm theh@atértih fpemidg parucles adﬂ&e:ﬁ e:utﬁmiggo ca cnB0C.

11. A nethod asele @Ilt Stz)h@taramfﬂ' cagfficient nf theeflui aeﬂlhsﬂ sufficiend fto por o4&

powder ed ni ckédl™ tregsesdn h‘gﬁ{f‘, ! & % £ den5|ty
2.35 g/ cnB. thsamtphaﬁ ] mecg%‘ggmo is?é%zf;m gﬁl&gm@?ﬁt Esc da:finan ni num

flui di sati on 6@nstituted by partjcl€s F/meaal pagivBOEe in the range 5 um to 120 ym and

60 12. A%het ho‘*lgpaféi‘[‘dagﬁ <t 'P%?" q Fﬁ%“glign\?\ﬂm/éf’%‘i"r? égt&%mpé‘i“’cti‘gfné%"a E‘%‘ygl as$>
spheres of medhygmkeins 087 shiAgsidl THe Tange PRSI OB B3 "% A8 hd PAppar ent
particle density 9A nf2thdg agv’oad‘mgtb tt&uﬁh,eﬂﬁ&in tﬁamﬁdl&syrenﬁrouumrtulbsoirune of the

bed at mi_ninu aﬂlllrallnel p%rawcmrtb&ﬁ 64 nmtahd appa épmlqb?eoalvﬂ@rm . 06
cal / CI\/BOé,O ]z: erma capac:ty per unit volime of the bed at minimu gyeattysfemg 0.21 - 50

19 nounted so thab Ahemomwerdhr@ té Qiah@svv&htaﬁuhaaparmaec &b pbigs @BkASS. In
anot her of aluminosilicate material of mean particle size in the range 60 um to 75 um, and
apparent particle density in the range 1.21 g/cm?® to 1.22 g/cm?, the thermal capacity
55 per unit volume of the bed at minimum fluidisation being in the range 0.1 55
cal/cm?°C to 0.19 cal/cm?®°C.
11. A method according to Claim 8, wherein the particles are of porous
powdered nickel of mean particle size 5 um and apparent particle density 2.35
g/cm?, the thermal capacity per unit volume of the bed at minimum fluidisation
60 being 0.37 cal/cm?°C. 60
12. A method according to Claim 8, wherein the particles are glass spheres of
mean particle size in the range 77 um to 120 um and apparent particle density of
0.38 g/cmgq the thermal capacity per unit volume of the bed at minimum fluidisation
being in the range 0.05 cal/em®°C to 0.06 cal/cm3°C.

~ ﬁ beshSSthearm rege 2. 3 mmto
%ﬂ:l nmrd&:;%n %ge 6101C to _

k.

qu J
I




arrangenment each gl ass sheet is suspended from non-adjustable tongs for
heating and is transferred to | ower-edge support during bending in the
manner described in'" -United KlngdontSpeC|f|cat|on*ﬁb-1~ﬁﬁ2*8&6-the bent

gl ass sheet being engaged’ by a second set of tongs
according to the bent shape of the glass,, l m M mﬁﬂﬁ into
t he qui escent fJ uidised bed for quenching. V\HAT V\E nmet hod

of thermally. trigating glass .in. WhICh t hessloass i s' contacted W|th a

gas-fl ui di sed partt cylaheqs TRLUG! qgf esc yni f

expanded state 10 arrﬂ%geﬁa{t‘éhéh aéJdu &E Eﬁg ‘f%ﬁ'@ é ﬁ% fer
bet ween t he.-syt f aces amdlstrhm damslowel@dgraﬁb Aduii gu;b scn dx '
met hod of & he ‘mal |y Uni f" a" e r1:|4é2i.3d stlmb

t enper atGre apove |t§ns§°ﬁﬁ, ° fo% o g;ézsrgst%ﬁeaﬁ 38133% 5

gas-fl uidised bed of partrcu ate terla: eré’ pri ot lf‘% 'said imersion is
In a quiescent.uniformn HIQEI'WE WeIS-st ate of part | cuI ate fluidisation.

15 3. A nethod accordir "t'@e °2m€ ﬂﬂﬂ‘-‘l‘ o P“' h§heet
conpri sing heatjong tﬁ? f;'f“é ‘1’ . meﬁg vﬁﬁeet

I nto the qui escent Uﬁ;h mls@ux,aa part ] cuI at e mat er| al

a tenperature which coo’zskmhéméh»édtctmai |td=h 1g. gBs, compnsmg heating theglhsdo a-

according to Claim 3 ten P‘B‘%‘%F‘Wﬂ%{f‘e & 1s e aa%a:;g??s?f rat ure
in the range 3QsC tof ’ﬁf’sta Thbler R sad g f"b ahy BHE"0 s 1 §e
4, wherein the parti cu atAe rrl&h‘oerab dxfg)ﬁp@luiaes op&fefmﬂlb’&@gﬁémr@%ﬂasﬁs)smeﬂ the

range 0.3 g/cnB to 3C<9!?Drgmematlagt!lersbmh erhrnd thewloyering thnhqtjglassy sheng ént®theer r | m
to 120, um the mater fUFECHbE bed of partigylagematerial whigh FI“&F'B?%%EFel n

ich gogls e
sai d uni form quesceft &ta ftarﬁ, £ 5 Q18 Wik Y 001 Qlied B 125 1 b
bed at a velocity mtatrriperarum ah@raaghﬁaoemtmsoec:s 61 cnis. net hod
according to daim5, faA m ms Pﬂﬁcﬂﬂat dd‘ahelﬂtl paiticilety gl ass
of thickness in the ﬂ:@ﬁ% ’{‘; 7@&%’;@" ss to
a tenperature iy thepd Q&d ntls m 25
fluidised 30 bedtherbed at dvmmtgkcﬁatrar@tams am/a ther rral capacr ty

per unit vol une at ﬂfj’?ﬁﬁ ﬂ%ﬁcggé d%?h!zm dnfor ﬁéﬂ%&éﬁ%{g é" fé:m 0C
to 0.37 caI/nBOC an u to
6%?"(,‘15 oy h P
1 50 C to inducg in témem Ao BB ORe erf SBpaliey Ber' tﬁ:ﬁsvoluﬁhezﬁ

range 22 MV nR to 1lﬁxxdhhumnﬂmdxsiuonAnrmhdwwxgac(xMraﬂl °Cotoam eaiemdfC, @ndi ns I

to 4, conprising heafpifiining ‘dls“'db mpemtyrq ﬁtitegtgrsaes in a
f1ui di sed bed of par B age m@fﬂ eofClax EB&HH dee
which is such t3at tﬁtes,aaa@aqrmsm €1kt ighiss aﬂ asdaaoeab aamessr e-san;sa R0 -
actual density of thmm@mptatewtmhmsn thahdte atwrmﬂmtya:ﬁuwbtredtm{i than

particles constitutethg? a é‘ ¢ form

state of particul at eﬂ?(" la,ll gﬁtﬂ, xal eﬁ.}ﬁ Zﬁg“fé kﬁ& aﬁa fﬁxg% and

tenperature of 4ohe betkc 81t thed hék) transferS@kfEG ai btﬁai& siffigia e r 40
coefficient of the fbradld:psle&!reﬂ)m#gh@lnsuwssemnethtﬂ gtaéﬁ asztloc sanlthedbedlesi r ed

t ougheni ng stresses r:r;,gsgls é“%lm%%s% tna?ﬁn ‘ﬁ‘? %é;?lgl?;nssceﬁ[téstteang
onbtitlite lL o Q I ng

according to Claim 7¢ g,niu@g,z@, $§',,g
i mersing a hot4sgl aSSppeheqiarticmnns‘it ly ifi thé sk G3glcm?io 538 ghont? &emc@h@Qe ands

constituted by partlnflfeaut :FEE ) t‘@t eininym fudisaten bange e [rmg¢]002to 120

Ji d 45
I'man appar cogﬁ% &%x r}xggm Et? %E;%%ba%e %‘raes of

g/ cn8, the thernal caga,g;ng),;f
fluidi sation beiong |memecapa¢ige>eﬂuﬂ2vahaﬂ:e/ dfnﬂe&dtan nﬂmﬁhimd“mwsam eing 02A 50

met hod according to & er n thg are poroufs ppart*i?cl es of
err] alunina of meag algﬁ)meﬁ;;%ﬂgt:mp g{l‘r‘? ol ? aRty 2.2
g/ Cn8, the 50 harpaﬁ tpﬁﬂ@ﬁq suy e rurrgh 2 Lmsr eméﬁ'a nﬂt caamy mm
fluidisation beﬂsng Op¢2 lunit 5@lupw| ¢fcthS M at mmlm fluldlsatlon bemg in the range 0.11 55
cal/em®°C to 0.19 cal/cm?®°C.
11, A method according to Claim 8, wherein the particles are of porous
powdered nickel of mean particle size 5 um and apparent particle density 2.35
g/em®, the thermal capacity per unit volume of the bed at minimum fluidisation
60 being 0.37 cal/em3®°C,
12. A method according to Claim 8, wherein the particles are glass spheres of
mean particle size in the range 77 pm to 120 um and apparent particle density of
0.38 g/emg the thermal capacity per unit volume of the bed at minimum fluidisation
bemg in the range 0.05 cal/cm®°C to 0.06 cal/cm?*°C.

[y



10. A method according to Claim8, wherein the particles are of a porous
formof alumnosilicate material of nmean particle size in the range 60 um
to 75 [err]m and apparent particle density in the range 1.21 S/cnB to 1.22
g/cnB, the thermal capatrty 55— perunit—votume of —ttebedat—mmrmum
fluidisation being in the range 0.11 55 cal/cmOC to 0.19 cal/cnR0C. 11.
A met hod according to,daim8, wherein the particles are of porous powdered
hckel of mean partlcle size S [err]mand apparent partlcle density 2.35
nB, the thermal capacity per unit volume of the bed at i ni rum
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