2256037; A GLASS- MELTI NG FURNACE Fi el d of the Invention This invention
relates to glass-nelting furnaces, especially to furnaces suitable for use
L ;nethod of treating toxic waste including toxic waste resultingsfgoem 5
i eration of industrial or donmestic refuse. Background to the Invention
‘gsent Application is divided from co-pending UK Patent Application No
/6 the content of which is incorporated herein by reference. 10 .
st#3al and domestic refuse are conventionally destroyed by burning
aII the refuse in incinerators. The gases produced in this incineration
contiain. a variety of toxic materials which nust not be released into the
atrisphere "and these toxic materials are therefore 15 filtered from
t he i'nci nerator gases using precipitators and scrubbers. The waste
naierlal extracted from the precipitators contains organic poisons such
as dioxins, as well as heavy netals. The quantities of the heavy netals,
chl ori des and sul phates present in this waste material are 20 such t hat
the hedgvy netals may be | eached fromthe waste material by water in
concentirati ons which frequently exceed the concentrations permtted to be
rel eased in the environnent under environnmental regulations in many
countrijes. 25 The heavy netals which are present in this toxic waste
material in quantities such that the heavya nenassviElTiee FuknNmcded from
the waste material in concentrations above perm tted environnental
regul ations, are particularly zinc, cadmium nercury, nickel, copper and

| ead: Other heavy netal§3&i§ﬂ£§uﬂ£§i¥£ﬂ£ﬂﬁigepresent inthe toxic 5
<resulting from qmyyd nefRLbRP: oRf férgﬁﬁé' o a@@a@%“ﬁéi%&nbEf%ﬁinaces

®n, chromum titanium__vanadium berylliumand arfsenic.
- especially to furnaceés suitable for use in a method of

treating toxic waste including toxic waste resulting fron
5 incineration of industrial or domestic refuse.
Background to the Invention

The present Application is divided from co-pending UR

Patent Application No 2 228 476 the .content of which is
incorporated herein by reference.

10 Industrial and domestic refuse are conventionally

destroyed by burning all the refuse in incinerators. The

- gaées produced in this incineration contain a variety of

toxic materials which must not be released into the

_ atmosphere and these toxic materials are therefore

15 filtered from the incinerator gases using precipitators

and scrubbers. The waste material extracted from the

precipitators contains organic poisons such as dioxins, as
well as heavy metals. The gquantities of the heavy metals,
chlorides and sulphates present in this waste material are

20 such that the heavy metals may be leached from the waste
material by water in concentrations which frequently
-exceed the concentrations permitted to be released in the
environment under environmental regulations in many
-.countries. |

25 The heavy metals which are present in this toxic waste
material in quantities such that the heavy metal will be




Because this toxic waste material cannot be disposed of in the environnent,
attenpts have been nade to treat it in 10 order to render it safe for -

di sposal in the environnent. For exanple attenpts have been nade to di spose
of the toxic waste material by incorporating it with cement to formsolid

bl ocks which are then placed in land fill sites. However it has been found
that the sol ubP@ShEd EFPB, thes WRBTE  MeFerdalof iRhSORCRRLETARIANS | BReWeout
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the surrounding soil. Attempts have also been made to
render the toxic heavy metals safe by forming the toxic
waste material into a glass. However when .the toxic waste
material is incorporated in a glass~forming batch and

20 melted in a furnace a large proportion of the toxic heavy
metals present (60% by weight or more) 'is lost by
vaporisation and must be trapped in the furnace flues,
recovered and fed again to the furnace. An alternative
method which has been used to convert the toxic heavy

25 metals into a glass is to put the material through a
plasma arc to form a glass. Losses of the toxic heavy
metals by vaporisation in excess of 40% by weight are
common in this process and again the .vaporized heavy
metals must be trapped in a flue and re-circulated. -

30 In both these methods the need to trap substantial

" | quantities of vaporized heavy metals and recirculate them
'has meant that neither method has been considered to be a
viable solution to the problem of rendering toxic waste
materials harmless.

35 The presence of the hea\iy ‘metals such as .zinc, cadmium,
mercury, nickel, copper and lead in the toxic waste
material has therefore so far proved an insuperable
obstacle to rendering the toxic waste material safe. In
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therefore a major problemin the refuse disposal business 5 I n know ng
what to do to contain this toxic waste material or to render-it safe for

di sposal. In co-pending UK Patent Application No 2 228 476 there is

descri bed and clained a nethod of rendering toxic waste material containing
heavy netal s harnmnl ess eeding a bat ch conprising toxic waste

mat eri al aR@RGRIVENCS rﬁ"&?&%’%ﬂ?%@ iR EheoFrgfugs RdEpOsaihduSinas® toxic
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solid vitreou y an nvi,ronnent al
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volatiles passing throug -the unmelted feed batch above

‘the molten vitreous -mass, and thereafter cooling the
molten vitreous mass to prov:.de a solid v:.treous mater:.al
containing the heavy metals U _

20 In this solid vitreous mate_ria-l_, -__'the' heavy_- metal
elements .are' combined in such a way: t'hat_ the heavy metals
are not leached significantly from the solid vitreous
materiai by -contact with water, . and eﬁvirohmental
regu-latioas ' with‘ regard to the releéSe of he-ayy_._ metals

25 into the environment are not contravened. | | _

In order to ensure that no volat:.llsed heavy metals or <7
_ heavy metal compounds are conta:med in the gases th.ch -
pass through the unmelted feed batch it is necessary to
maintain a batch blanket over the _mol_ten. _vitreoys ‘mass

30 substantially thicker than the batch _b_la_nket t_h_ickness- of
approximately 150mm which is normally used' in cold-top
applications. . In accordance with the claimed ;ne_thod of UK
‘Patent Application: No 2 228 476 a feed batch blanket
thickness of at least 500mm of solid feed batch. sho_uid be

35 maintained to ensure that . the heavy l'_n_etals," . become
incorporated in +the solid vitreous m’ateria-l formed in the
‘cold-top melter. - _ :

: The said co-pend:.ng UK Patent Appl;.catlon No 2 228 476
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further clains met hod "of rendering toxic waste material containing heavy
netals harmess by feeding - a batch conprising toxic waste nateri al

with sufficient glass- forming materials including silica and lime to form
ab vitreous materi al dovvn a substantially vertical feed colum in

whi ch the batch is heated andi*&nolten vitreous massqiis, formed, cooling
gases eni ttedfd{ﬁ'i’rﬁff%t"f\’a‘t‘?o  Bethed & W%ﬁ%u@%s‘”%?tﬁa@?itﬁﬁl?ﬁe
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unnel ted feed wa:tmigh S| nauﬁfacmedtowptﬂﬁe)mthenugtneisedWﬁete&thzhtczh dépt h
of unnel §gd f qe %]bféé%'éoﬁﬁt@xsbgﬁ vhoWil n@éit{aﬁe AW aégss f° 8 e |

t enperature whi tan Ial 'y anbrent tenperature, exanpl e
[err]. Perfor S@&%&S ot hbenecagded| alfedtha tunmekiad cFaRchdbIFChK Pat et

Appl i cation Neetwpéshthie ewﬁaﬁtﬂlm VERRET S eehdle aVih 8Bt BbSdShs S ANN
rretai_‘,corrpounds escape frocn%# %’g%e? t he mel ted, feed bat{;.;rE all the
heauy” 30 | moltEREEFA e diF TR e TP RA CTSERES (P Rothe GRRSS.
mechani sm by \aimdctt:dsdﬂlmg necheparal tem oltrbeubemassnetal prontidet e solién

gl ass taggs o] ct%ettah%ss Nl LSVE artB#} fﬁe'ﬁe%ﬁg%aigat t he pressure

devel oped~benea € unne feed forces nma orlfy of the
vapori sed 35 fagvydepthl 9fanmmeh1;§d mEead mnﬁéinﬁﬁén§él Phore | Bhehe
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‘whi ch are carrjed away I n the wast e
from thé co d top of the unmelted feed batch are at a
temperature no higher than 100°C. With a 500mm depth of
20 unmelted feed batch, escaping gases were generally at a
temperature below 50°9C. Preferably a one metre depth of
unmelted feed batch is maintained over the molten glass.
With such a depth of unmelted feed batch it has been found
that the escaping gases are at a temperature which is
25 substantially ambient temperature, for example 20°C.
' -Performance of the method claimed in the said co-—pend:.ng
UK Patent Application No 2 228 476 ensures -~that no
. vaporised heavy metals or heavy metal compounds escape
from the top of the unmelted feed batch, all the heavy
30 metals being incorporated in the molten glass formed. The
mechanism by which this incorporation of the heavy metals
- into the molten glass takes place has not been proved, but
‘it is thought that the pressure developed beneath the
unmelted feed batch forces the majority of the vaporised
35  heavy metals and heavy metal compounds into solution in
the molten glass. Any of the vaporised heavy metals and |
heavy metal compounds which are carried away in the waste
gases condense on the unmelted feed batch and are
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gases condense on the unnelted feed batch and are 4. .automatically refed

to the nelting zone. The said co-pending UK Patent Applicati‘on further
clainms nmethods in which the feed batch conprising toxic waste nmateri al
~which contains heavy netals is pelletised to 5 provi de routes through

whi ch gases evolved during nelting of the batch may pass thereby avoiding a

bui | d-up clutpmssicaliy zeflad tbotbebmadatihgt Benkeed bat'ch bl anket to an

Because the T bet o0 eenarfi PkCreBffl ABPE1chsoRt sBEPHER Clathl. o 1o
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gases NMustmP@assial ORthicH Ochhtains0UhB8aket WaeBaide ¢! lhI edidd €0 nig'so
t he ses COOlJC%]d heavg rrﬁt al volatiles in the ase condense 15 on the
c

pel | et s WwHTV LT r FOLRE ,qaege%a% SHELRG | PeAEiBgne. 1t
is pr ef er reeftl -ithat bhecheatapatpdsshatheredlyl ehven.dﬁngn a4 houiadgag r oth 8nm
di anet er ' e I | ] | er
than this range %he 26 E;aaaéél v?%glr?at%h séhz?el éu@é{:‘g}g #f%,{,%%éwﬁb
condensat &n't [Rrtenyyiwhigh anCWb@r neabl @aﬁﬁ9é¢>u§el Qwi\/\hlehdgaSOpr epsure
will  builggipd £5¢li ng to violent” eruptions which, as already explained,
shoul d, be avoi ded. .If the %I |l et size is_substantially larger than the

rangé-drent | SIREPUTHetlBptesd bateh b pehlepired: st ?Eegiﬁa‘f‘%rdéﬁﬁcithe
escape rowmscd ofotrhgasgsses ezcape dron aﬂgae meMt tto: the atxﬁésbherehat

Suf 1161 ont TPV tin i HE BB BRE t8ReaythG (1 JHE A MEpRIge 858

Al t er nat i el yortuonsccoptebbetwaeghtths pebless anfatich ddimge sdethel t en o
zone in th‘fa@ dOP mtﬁéa@?ym@eai e%‘ié@i’leérhfnd%ﬂé'béﬁsé@%@ﬂ&éhééc heat:

ant factors in ensuring condensation of the -

of the peI ets are al:so i
heav} he pellets whlch carry the condensed volat:.les back

into the meltlng zone. : _

It is preferred that the feed batch has a- pellet size in
the range from S8mm diameter to 25mm dlameter. If the
pellet s1ze is substantlally smaller than. thls range,,the

20 ‘gaps between the pellets may be filled- by condensates thus’
providing an i’mpe-rrheable layer below which gas pressure
will build up leading to violent eruptions which, as
already explained, should be avoided. . If the pellet size
is substahtially' larger than the.-range..m'e'ntioned,-_ the gaps -

25 petween the pellets are greater and the escape routes for

 the "Q’ases are too " large, with the  result - that the .
volatilised heavy metals end heavy metal compounds may not
cool - sufficiently to condense before escaping. into the
atmosphere. Alternatively ari unacceptable height of feed

30  patch above the molten zone in the cold-top melter may be

. required. ' _

The ‘density and specific heat of the pellets are also
important factors in ensuring condensation of the heavy
metal volatiles. The density of the .--pe-l'.--let .a-f;-fects-' the

35 ability of the pellet to absorb heat from the gases and it
| is "also important in. connection with. the strength and
" ability of the pellet to' hold its  shape in mechanical
systems before the pellet is charged into the cold-top

5.
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metal volatiles. The density of the pellet affects the 35 ability of the
pellet to absorb heat fromthe gases and it is also inportant in connection
with the strength and ability of the pellet to hold its shape in
mechani cal systens before the.pellet is charged into the cold-top 5.

melter. As volatiles in the gdSes passing through the*unmelted feed batch
condense on thelpeld.ets, there is a tendency for this condensate to act as

an adhesi ve causi.n e , ' €Lth h ﬁﬁ%ggg

for the 5 pe%e?’s&{}gta éer}éﬁcél:?l‘gr g?tﬁeg(i%é%%ﬁgt{s: ggﬁgfﬂ r?éi%t o%e't er d
acr oss .a. whol £epddthptesh t Rendergebarc hth@opelikdspel thare z4fe asFeNRNGY

E ort hO'f~—‘br i d'ggoirs él@igﬁ%r]c)ﬁméi{éd:fﬁmtw té&ﬁlloh@ é;??%@hehﬁidrdgr;egﬁﬁlﬁgt hend eed
atch noving dowy into_.the nelting zone. su ridge. were_to

formit woul dPeﬁe§§corx&an§§ h%&%‘?ﬁ‘onﬁu‘ﬂ} adti gtéa’}adr?r}% fRQF ofthe

col d-topSnel t pedlelte Wwkeaihers ngam neshhhi ¢al pedlets adhexniorg ttogetstenf a

mechani cal - pokar Jausied, ki @uglathe e theP3ddl | BafifiChpbeb Rl ddieing doe

woul d inevitably "prove a difect route for . escape of heavy netal
vol atiles. Thenesscofthmtres BewNE L porédges ish £pamete whirshadamsn i icthdien

mel ting a bat ghel KddlN0ah@XipredRttd e a¢eBdaRARHM hdving Uboher e ure
clainmed in the said_cq-pending UK Patent Application No 2 228 476, the .
bui l d- 20  uph8f "glEANGg&Me -t he feed batch is prevented by applying

i nfra-sollifd energy sastlosa biredgecdidasd ctoi Hoiite Mereoubd, f dad amdardance

Pr ef bly the.infra- ' pplied at .a f ' t
_zéeiif‘esyper R R
i nf Pt sound hhe PFokerhaisiriga méchashaal cabkeryi bHavewgrf ithet wpet IRE & r
and then the ﬁ@};@%&%&#@&@:f usHRE tHhafkmh haldetid kel |61 oddiss to

br eaki ng the es w thout enabling heavy netal volati]es to escape
t hrough the fBEgakaftéye bridge would inevitably prove a direct route for
15 escape of heavy metal volatiles. The use of a mechanical

poker is therefore impracticable when melting a batch

including toxic waste. _
In accordance with a further feature claimed in the said
co-pending UK Patent Application No 2 228 476, the build-
20 yp of a bridge in the feed batch is prevented by applying
infra-sound energy across the feed batch in the vertical
feed column. Preferably the infra-sound 'is applied-at'a
frequency in a‘ range from 10 to 25 cycles per second at a
level of the order of 140 decibels. Such infra-sound has
the effect of mechanically vibrating firstly the air and
then the volatiles which £ill the spaces between the
pellets thus breaking the bridges without enabling heavy
metal volatiles to escape through the feed batch.
The infra-sound may be applied continuously or
30 intermittently and, if applied intermittently, the
intermittent applications of infra-sound would
‘conveniently alternate with the feeding of batch
ingredients to the cold-top melter by mechanised devices.
Molten glass from a cold-top melter is normally passed
35 from the bottom of the melter via a throat, a riser and a
| forehearth from which the glass ‘is poured and quenched.
As the molten glass according to the present  invention
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The infra-sound nmay be applied continuously -or 30, intermttently
and, if applied intermttently, the intermttent appl i cations of
i nfra-sound woul d conveniently alternate with the feeding of batch
ingredients to the cold-top nelter by nmechani sed devices. Mlten glass from
a cold-top nelter is normally passed 35 fromthe bottomof the nelter via
a throat, @ontadnsarfhen voiahddet thefavom mateh medegliads.i sthese ewiddd

quenched PSadie y”&ééﬁﬁegkﬁéé %ﬁ%%@inﬂgphéreh%hl%@@ﬁmthen %tf' 2 &he
contains the volatil eav¥'Prreta materirals, thesew |l rea escape into

the at nospfRFeheAFBugiPT hethBof TAPYEREINTheatHEngre. th‘éec%‘éﬁﬁ-/ent'qhén )
furnace besfvaetotrpe vofs: aakpandsoehdexoanﬂﬁaaﬁd au&hm@ctlse@lt&m@g ofeating

of 5 the fur pa fro coId dur i eratian V|rtuaIIy
|rrp033| bl e*% cafl%r%af:gr [‘r}:n Ol% a%éj t ‘gr%'ggr a8P8F9t18§ seﬁ'l

cracks |nvin’eualbfreﬁcmgsmhalereftel ycatar nforarshisx padivenent Eaf:htherre a
crack or 2Rpesty |ds | Nod iy Ol Nerheisheps! Pene/ Ol oty | 5@ 10

rel eased |nto t he at nosphere. A possible solution 1s to suspen

wat er - cool BRF@b¥%ed abRFIRCTIRE SFPRYLRNtand EaghdtHimef 2 ﬂ?@c’? PENEEPL h,

t hus preseﬂﬁp@@rﬁnihm’ﬁﬂé Ao E£0bE thee fp@hasritt) thelaelinds | ws1di be
conde ré—qv)m&/e Hgﬁg Lé'ﬁe t| s{lgr%ory, because 15 the wunderside of
t he oxes qU'r Paﬁ éansing, and any dust released into

t he at nospheke msslbje hisghuycimxrts Seomengpendt vaterarnaled | boxesor dance

wth the Pagiseat LaweniLagehncongl casarnl 88 kgl akblenchotl) el ten

glass into the atnosphere on exit urnace i s prévente -
provi di ng W%%@E“ﬁﬂl ?Pnémmﬁﬁiha*éé ﬁﬁi@hfﬁ&'g HHOEnWN)?Bdtb@nf’?&ﬁ*—é&??t Yy Nt

wi thin-thegfur nmdedéw MHdwavest t kBAKS T8t Qfﬂs’ﬁtilﬁalﬁ:cﬁrﬁﬂseﬂebaugé” from
the mebting.Zong g 1Gd U 82°° Ll © Bokes ' "G1T1°! SR FN BonCUREY:

cleans:.ng‘, and any dust released into the " atmosphere will

Eani

- be highly toxic.
Summarl of the Invent:.on .

In accordance w1th the present. 1nvention the release of

20 - volatiles form .the molten glass ‘into the atmosphere on
exltn.ng from the furnace is prevented b_y. _ prov_:._dlng a
glass-melting furnace which has an.enclosed central cavity

: within_-t'he- furnace, the molten vitreous material being
caused .to exit from the melting zone of the furnace into

25 the enclosed central cavity. | . _ -

According to the present inVention therefore there is W
provided a _g-lass'-melti'ng furnace._ . which. c_ompz_'_ise_s a
substantially - circular wall o_f_ , ref’ractory material
defining a vert:.cal column, a refractory base const:Ltuting'

30 a floor to the vertical column, ~means for feeding
pelletised batch material to the top of the \iertical_
column, electrode means for heating._batch mater_ials at a'
lower part of the vertical column  to form _ ai _molten
vitreous mass near the floor of the' furn-ace,' and a

35 refractory furnace exit .construction at a central part of
the. floor of the furnace ~within the vert:.cal column and
defining, with-:Ln _the_ vertlcal column,_ a s_p.ace which is
closed against wupward or sideways mo%;_eme_-n'_t of gaseous

7.



According to the present invention therefore there is provided a
glass-nelting furnace which. conprises a substantially circular wall
of refractory material defining a vertical colum, a refractory. base
constituting 30 a floor to the wvertical colum, nmeans for feeding
pel l eti sed batch naterial t oy the top of the vertlcal col umm, el ectrode
means for heatl;r‘}I g ter? I's at | owe 5 the_ vertical

colum to . fBR ﬁ"\nt ouSP aﬁ&ss_-“h@a re%‘ﬁ@‘:tPFgorfuﬁf‘athee"it
f ur nace, andcan%&rumﬁiomctm\y:.rigjr naaklexi withnstr uglwrality oeft rekipart

of the. &l oor ?%E}Hg g [ﬁrﬁg&'%t hlﬁe\t?\% l}\éﬁ%‘@fpal fggl U'&éﬂ%ﬂﬂ\%mdﬂglten

wi t hi n the ver ace cl osed agal nst up
si deways noveHdEresusyRakrBial fr°ﬁatt@ﬁ| dlurnagg t Hatapake unper rRa¥HCcesry

furnace exit eaa%mqusfaa Spaddld andhdanaV £k li’ea@it‘xﬁ athé YwaPis &%l the
channel s pas the through for, deI ivering nolten vitreous materi al

fromthe furna® 4 he encl osed space, and neans for
heati ng the wal Psetﬁ-ar‘abé.yf uthe.c e€xristtomystfunaas . eRl ef eroii:dntud‘lﬂ.on is

refractory fu age ¢ & L diGt i f f | n
cylindrical égp% or%lﬁtt %erﬁé&c’l gcb*i:ﬁﬂ'sh% eé*b?] tgéﬁg%gg%?aég 61% %bl y
the material semiheirculan @@aﬁmri:mc@@ﬁ'tsmnuct ion is electri cal |y

ﬁgpdugtn 't \é|e| ang PB@f%E%ﬂl&Od&QEﬁB%eE&ﬁﬁer&ﬂﬂ eosaﬁarfrae%o%yplwﬁ{aw ea‘git
4 Yy

refractory rra?@Pg%?"e‘g: IPGHCt rot?eliesggfﬁl’gg?'ycrﬁggagcgtggﬁfc :?:“gigl h \t,\fg'e"t’mde
gl ags-nel ti ngméansac_préﬂéfhbnyl neompessesans fpammﬁlty nQE£i rt&dsﬁizmﬁallly
hove e o caEBbhELHS LT BebBlnh Aalllide PlelnBaXEhe it W,
228 476 i ncl udefracgpaymmaseried idafiningithe mmt’@rpa/lwremermteru al is
delivered througbegXirk®1yt hd SPEESsHELEing furnace further includes
means for applying infra-sound energy across pelletised
batch material in a part of the vertical column above the

. electrode means. . _ |
The said co_—pending UK Patent Application No 2 228 476
includes a claim to a method in which molten vitreous
material is delivered through exits into a space which is
enclosed on all sides and above by a lower part of the
vertical column within 'w'hich the molten vitreous material
is being formed, and thé molten vitreous material is

L - immediately quenched in water.

A convenient and cheap source of silica for hééting with
the toxic waste material is the fly ash obtainable as a
waste product from a normal power station. The feed batch
for the glass-melting furnace fherefore may comprise toxic
waste, deri{red from the precipitators in the flues of
- refuse incinerators, and a greater quantity of powdered
fly ash. Preferably the toxic waste and powdered fly ash
are melted together with lime in the form of either
ca_lciu:h oxide or calcium carbonate. Alternatively the
calcium compound of the glass may be provided by using the
toxic resides from the scrubbers in the flues of refuse
incinerators where compounds such as calcium hydroxide or
calcium carbonate have absorbed acid gases and heavy metal

8.



encl osed on all sides and above by a | ower part of the vertical colum
within which the nolten vitreous material is being forned, ‘and the nolten
vitreous material is imedi ately quenched in water. A convenient and cheap
source of silica for heating with the toxic waste material is the fly ash
obt ai nabl e as a maste1$roduct froma normal power station. The feed batch

for the gl¥¥atietes ngifthadb@vehePassed rrﬁﬁ?ecoﬁﬂ?‘?:%%lt oxtectERstatigri ved
fromthe ry:&m:rpi'@éws I nTh hesddwescaﬁesr efthee molitear avotsecasd: nasseat er

quantity b, Pref he,t.0X vvas.t and po d fly
ash are n&fqﬁntf\@ hell.’gn@%hn % B o?’r%t%ofbgl Fum@% e or
cal ci um ca:réa‘mh&%s dmt:ererhtfm wzmmtetms o@mbcﬁmmmetﬁe gl ass mayile
provisded by f5i B0 tReakfthe &8 UESxid Omatgesqwb%és d¢ila§£fauéiefﬁ of -

refuse incinerators _where conpounds such_.as .cal ci.um hydroxide or calcium
car bonat e TWFRECHsSF bEBea@r&%s“a‘fﬁf“FPe%"\’/ytﬁﬁt dpcdusion, 9f,1a3galiyhich
have pasarstalf hQindéé | admore) ecthdstadded Prglass< fotiing | Mmateehargses

the nol ten, vitr nNass me cant s..much as. 72% hy i ght of
toxic resiThfA%Ye eve?i"?ﬁ'%?‘ébr g‘g]iqa?f?at Sor igﬁgegcr% a*r]sty 5°Q g\ﬁf%{%
t r eat nent meftaloxoxidest esucht &g gbafeunél i ghieurbeadias ofaste, punakcbe _
i nveppi on us X ng 1dde. ﬁf@&‘ic
gl ass- formgr%der{% er?g S fSah %@Hbe av%cliud%d th\ﬂlFQgD Ilmted quantity- of
al kal i nec@itadneshs, thechPrRserce opfd grephert guantiklias pfy pbkabl
accepted n@t%l Box £dés SHALL OLMorbasal ens ralskSHr MREAE matd Bl Neding t he

presence r%eéﬁ(ﬂéjaﬂ{ltles of _alkali metal oxides will increase the .=
ri sk of ﬂ’@zﬂ%’ HPIWBRREPIISM t he gl ass product. In carrying owl
a process ofirt remtiying omiit wagimdess df trebtisg ntbkmgwfasrbeadenlm
e Sae S LT SRS PSSt dngd g PN AR, .
claimed in the sa:.d UK Patent Appllcation the 1ngred1ents
of: the SOlld v1treous materlal obtained are preferably
selected such that the Bas1c1ty Ratlo or Ba51c1ty Factor
which is deflned as the aggregate “of the _we:.ght
20 percentages of calcium OXide and‘magnesium oxide divided
by the aggregate of the welght percentages of silica and
aluminia, lies between 0. 90 and 1.10. ' '
A glass hava.ng a Bas:.city Factor of the order of 1.0 is
strong in that 1t has a high crushlng strength is hard in
25 that it has a hlgh polish factor and- has a high density. |

A preferred glass havmng a Ba5101ty Factor of 1.0 is a

glass composition approximating to:
' 45% Cal
| | ' 30% Si07
30 15% ‘Al203 L :
the balance being Fe03, TiOz, 'a little alkali etc.
The high strength hardness and high dens1ty ‘of this glass
will. be substantlally unchanged by the 4inclusion of a
percentage of Mg0O ‘provided. that thére - is a corresponding
35 reduction.in'the percentage of Ca0 presént in ‘the glass.
If the toxic waste material is, for example;:SOme-kinds of
asbestos, as much as 24% MgO may'befincluded; in which
case the Ca0 content is reduced to 21%. However, about 6%

9.



sel ected such that the Basicity Ratlo or’ Ba5|city Factor, which -is
defined as the aggregate of the - "‘weight" 20 percentages of cal cium
oxi de and nmagnesi um oxi de divi ded by the aggregate of the weight
percentages of silica and alumnia, |lies between 0.90 and 1.10. A gl ass
having a Basicity Factor of the order of 1.0 is strong in that it has a
hi gh crushi ng ¥8Pendy®h Praferred n bs-augeaithiis hpsodupegh pol febrivictbow

and has a hi ghvdensktity §1REalanmemH QJsaS:"éala&\i o Ly, Factor of 1.0

agla conposi tion approxi matin 30%err
TSRS e LW ﬁ&gxm'{ér*?eth%dwmﬁ L300 EP, the, So-pRndiing, UK

strengty har dHatenanmﬂp]gdcaianmtyooﬁ 2hBs4gbass V\bahtclbevmsb&h@dél apl Yas
unchangedsby t Rheg_j [ r f e iS a
correspondi ng ggsa? éc?’ﬁeggllﬁ ?’E‘ %&%‘ g’%t g‘geml%;% Sﬁégé%e“ﬁ{]aﬁ %I%%s.
If the toxic mesgéaﬁat@eilﬁringsfuroﬁcexampp@dimnﬁ:mrth@s pafemmntzﬁ&n

much as 24% Myghyey begi fH?' %@@_ﬁdb Méiﬂeeaséoﬂ\ﬁfl%c%t @Hh t%r{tfi d’f}ges

to 21% However, about 6% 9 MjO preferred, because |s pr o

afairly |ow VeEESSPEy {red sFoRHmaL ‘?%W‘P e@lﬂllF;‘ pthe abREch n%arﬁ%ﬂ n§Po® a
met hod accordlneatﬂnghezoh'e peRASERY 1K Bat afledOPid CEurdAdE dsPA§ +Hrboh

b h d.th Il e d d
Chen fed 10 o SESeERRdrer ng har FAEE HLCHAAMNG T IR RS ERE m@'@%% giped
which is a col¥ilbphbeeldescrbedi dnngdaetaibsiateiraliny vhet ispaciffdes tdairnum
down whi ch t herhgt ph1ischeda! BaddiPald HerQls M §Qa%§n§or.§l %ter' R

usi ng .carbon 10 e€lectro he construct]on o ter used
wi | 1™Be descriPeaneredetaid temeerphurfie ofpdddqt i Fhe TRelg eItPEt medcFer

batch is neltegdsda \heat d:Bﬁstﬂul:’ﬁédeEQChéivé BuEBaeRnatoAprd FIIgA oHet nftre

Lerr] Thelgold _‘Eop en glass with one metre of unmelted feed batch

above the molten glass. The gases emitted in the furnace

passed up the feed columh through the unmelted pelletised

feed batch where they were cooled to a temperature

substantially below the condensation temperatures of all

20 the vaporized heavy metals and heavy metal compounds..

Accordingly the gases emerging .at the top of the feed

column contained no heavy metals, the heavy metals being
incorporated into molten glass formed in the furnace.

A pressure drop is created between the surface o¢of the

25 molten glass in the cold-tap melter and the atmosphere

' over the unmelted pelletised feed batch because of the

tortuous path which the gases are obliged to follow in

passing through the unmelted pelletised feed batch to

atmosphere. The back pressure thus created at the surface -

30 of the molten glass forces volatile heavy metal compounds

‘into solution in the molten glass.

The gases emitted in the furnace and emerging from the

top of the feed column were passed through a flame at a

temperature of 1300°C which destroyed dioxins given off

35  during heating in the furnace. A continuous sample of the.

emission was taken, and analysis showed that, prior to the

flame treatment, the content of dioxins in the emitted gas

was 18 nanograms per cubic metre, but after flame

10.



k]

used was constructed to have a colum conprising one netre 15 of nolten
glass with one netre of unnelted feed batch above the noltem gl ass. The
gases enmtted in the furnace passed up the feed colum through the unnelted
pell etised feed batch where they were cooled to a tenperature substantially
bel ow t he condensation tenperatures of all 20 t he vaporized heavy netal s
and heavy tRaatmehpdiitls divsdani hgdy brengasubstantdpidyat enhiéredy of the

feed col UgeSyEdedtRErdeBEYnge aks, thia @.ﬂV%ﬁ@é&@%‘@Qd&Bﬁ@ﬁgor at ed

into nolten gl ass f_orrrgd in_the furn%%%. A pressure drop_is created between
the surfaé’?’%fc‘fi?‘ljéc StrGoPEedof asS PR S HPR oMt LS ekidencanaither

at nospher e \oirldiine nyes tid yed | @tisetbhieefirbat thebeagnaeeof the tortygus

pat hgwhi ch the 9gs¢ | ged f.ol | ow in passipg.ihrough the unnelted
pel | Stised famy g%?%ﬁa%g a nib‘gp%é’%g‘?%hiegbée& p%%%%g]?%&t W &Eat ¥8%at the
surface 3@ouxgd thelient al JR8OOG cints wateri| anded ysobidl vitopousds into
sol uti on asieyeht Gh 0b38FaghDAREESL A bF WeciliBaGHAWagTer 0i NY
fromthe t.-g)p- of the feed colum were passed through a ,Ilame at a

t enper at uPP¥AA%E ] which destroyed dioxins given off. 35  during heating
in the furndrdef Aaxmtiptivis efinghe Mfawihwgen ssi.on was taken, and

anal ygi s shquwe Jyiarta.the fl atpept, the contept of dioxins
in the em t? edgé:taeg% v%;fs 8%&5)%8&91&%%% p%rgec%élgc'Sfﬁgf?-e',negﬁfngf-t _Yr??ﬁ?re 10.

t r eat nent ackkendiisg rike hbke bpresenbstamengion edtlil elow destdesedibeder e

bei ng | esgyt hgay0. de NARRAAR 0k 8h0X4 dfe PEACEUNS TRES e?&éo y;];xggere was

little evidence either qof chlorine gas in the em ssions tromthe nace..~5

The vi t r eBF&WHRGS f drhethdiGhthe el ectric furnace was poured nolten at [end
into water, Fdgtir@ SDI i€ & 1 ££Q8S cFess -Weldtidhalvefoge BE @ 1@l €gpof 3
cubi g sms m\é\@.%e%bt glﬁnegf.‘,chrfeli -Ilcge sv?:“:l‘[x)t 'Ry g f at__sq_)%_c;l%: age" g%hg _present

invention, and -

iFigure 2 'is a diagrammatic plan _view of the cold-top
melter of Figure 1. '

Description of the Preferred Embodiment = .

20 Referring to Figure 1 of the drawin_g’s'-,-'i pelletised batch
1 is fed vertically to a heating zone of a c,d_‘ld_-’éo_p _'me'lter.
tYpe of furnace in which a molten vitreous material or
glass 2 is formed. The cold-top melt_e:r_:'_ha.s a conventional
circumferential side wall 3; and a. b_a,s_e,_g.4._ which is

25 substantially modified from the conventional furnace base
for incorporating heavy metal-é into a molten vitréous mass W
by a method according to the .co-_pepding.. UK. Patent
Application No 2 228 476. - o o

Within a central part of the base 4 of the cold-top

30 melter, there is created an enclosed space 5___.which is
surrounded on all sides and above by a r.é_af_r_a:cto_ry'_ furnace
exit construction 6. A plurality of exit c_hanhéls 7 pass
through the refractory furnace exit construction 6  from
positions near the floor of the furnace to positions near

35 'a ceiling 8 of the enclosed s-pace.. 5. Means is _pi‘é)vided
for heating the fefractory. ma-terial- of the refractory
furnace exit co’nstr_uc-tion 6. This refrac;j;o‘ry matex_'ial may
be electrically conductive, for example '.ca'rbc.m, so that

11.



10 A preferred enmbedinent of the  glass-nelting furnace according
to the present invention will now be described, by way of exanple, wth
reference to the acconpanying drawings, in which:- Figure 1 is a side
cross-sectional view of a cold-top 15 melter in accordance with this
aspect of the present invention, and Figure 2 is a diagranmatic plan view

of the cold-t melter of Fiqure 1. .Description of the Preferred Enmpodi pent
20 Ref er r?ﬁﬁ t5EP %Pé:y 1%tetrﬁgld|p}\$\ntﬁ%s ,ﬁrﬁ’@qegﬁ?e% PR UCTOR
vertical |l y t omayhéermgpazinebfithe coldeubh fiett beatipyg dhef hatahe withimn ch
a noltermvitr Sﬁ?%g' I éﬁﬁi‘. : e z pn@# Sfas a
convenf4-énal gq%eu ereclf]é'?i gﬁ&g e c\%'/a‘ﬁ ggéng%&te? %ggg%ﬁgm céze:?as#ZS
subst anti al | ySHERI f3Rd IGEARGMMERH et LdhuFtratadc dirgeampatieablBordi ng
heavy netal s Figara ) t AL tetri£OiPelPSTHRY réfra€tboyd ey idiingoft cchd he

the base 4 off tRRSER] BX0%0 SUCTCRY: 6 (haY cops bpEaPLdelf R i ace
5 which is supyoimndudténnal | sides and above by a refractory furnace exit
construct!on 0 1n/rBlUdl bl &iliofd@Nisace fwPfhfn' RhBURI iR 1o G OF Y
urnace exit construCtion 6 frompositions near the floor of the furnace to
posi ti ons neafuBmace;constnuptan isecénd FFusgrreniral \gharei Husr W ded
for heating tdeulefl adiednatificy dbe 0bf BheedritfdaCt 6FY chlinagdceli tshape
constructi-on 6. . This refractaqr terial may be electrically conductive,
for exanple c&FLBAVesB ?ﬁﬂ%‘fi?¥uq%Fh§hF@Fr&§t&ﬁfﬁﬁﬂﬁﬁqE%°Qﬁ the furnace
exi t construct i The 6 heating nofartheofrefcactoryi mafterisdatofigthee hatrEce
Arrangeront | 1SEF Ut GHELER |80 TRL) PheQddaaty MTel Peevelel by
refractory ne$@}{@ificatpen of the molten vitreous material in the exit
channels 7. The molten vitreous material delivered from
the channels 7 into the enclosed space 5 is poured
directly into a water bath 9 where the material is
quenched and a frit is formed.

Because the space 5'is enclosed on all side and abdve by
the furnace construction, the volatiles cannot escape into
the surroﬁnding atmosphere. Also the build-up of partial
pressure of volatiles in the atmosphere of the enclosed
space 5 will tend to limit subseguent veolatilisation.

Referring to Fig_ure 2 there is shown diagrammatically

W, _ the_cold—top melter of Figure 1'in.which the refractory
material of the furnace exit construction 6 is used as one
electrode in providing the electrical current for heating

. and melting the batch materials. The'electrical'current
flows between horiZonfally'disposed electrodes 10 passing
through the cylindrical side wall 3 and the furnace exit

- ‘construction 6. The horizontél mounting of the electrodes
10 ensures that all gaSes_escaping from the melt must pass
through the pelletised feed batch and thus follow a
tortuous path during which the gases are cooled and
volatiles are condensed out. Substantially all, more than
95%, and in most cases as much as 99%, by weight, of the
toxic heavy metals are thus incorporated in the glass, and
oniy minimal fecovery of toxic heavy metal salts from the

12,



furnace exit construction 6 may be susceptible to heating by induction. In
Figure 1 the enclosed space within the circle of the furnace construction
is of a frusto-conical shape but it could alternatively be of a conical or
cylindrical shape or have a sem -circular shape in cross-section. The

heating of the refractory material of the furnace exit construction 6 is

necessary flee b$e¥@ﬁ?lraﬂy solidification of the nolten vitreous materi al

in the exit gbpapelSg7 GWiA0! @) ViEhEaes Meteriglagdel i d Wt he
channels 7_into the enclosed space 5 |g oured |rec?€§ |E§%§a &bter bath 9

where the ¢&E%ﬁ?@WaF§°ﬁﬁ%¥chtﬂ Eﬁdf%9?$|t ts M ndd M seIPRET¥8ce 5 is
encl osed cinfitrd-sodrdandvekovatby tfmdwmeoeonﬁructzmruyér@sv b&tll.as

d Ls | d- |
o a, g ond! 0y Bo1300] 8RThRE ALUDBRIS! ° rhs Snkls-Bined 18 ShaPTl
to linmt slibsepeebplredattid izastesl ®asingi Ad mmIWngQuﬁsimereflthehown
di agrammtéffémféfsnepéﬂ keReTRIdhar PfE %@ecﬂordlee!a GRa1tler T 857 g6t Ory

materi al of the furnace exit construction I's used as. one electrode In
provi di ng ¥he RASKt. PircaFeEGiLVéntl‘F%?aTl"é%‘t“i‘ﬁg W%Fﬁrﬁ@%ec&aﬁ%ar
mat eri al s.apdieusdect rpoiltibriddnt oplposs teet V\Bﬁé hodngeméal | irli spased

I d h h I, d th f

oxi v 1O ns e Pretteldl PEoRo RE1 1Y S Bl b (HevEl cof B oS eBh  oc
that all gpbessescBpéndgntremtomesndi2 andt 1Basnaliudaighschklabdrst LSed feed
batch and dhuis 161 | @Mk an ! LALRUSaBR! Na gy rﬂgt%@&(:hashe gAagarBE" gagl ed and

vol atil es are condensed out. Subst antla nore t I'N NDS#E~
cases as mﬁﬁﬁ%¥9§9ﬁPtﬁﬁﬁﬁlgﬁﬁraoﬁopmgtWﬁN%Sh§§F9um9x$%?aPEm?ﬁ§§d )

i ncor por at;%h.léltis”@dgké&&, BRYEO N ycdrtéd rrabtwe@ﬁvainé O{nfﬁiﬁoﬁ@@VXZWEt al -
saltslg‘romtéml?}z flue .is required. e
Some unmelted pelletlsed feed batch w1ll '£ill the.
entrance to each hlnfraffone 12 and 13 and provide
protection for the oscillators 15 and 16 against the heat
from the melting zone of the furnace. 'The'infraFfones 12
20 and 13 are.sealed' and no escape of volatlles can take
place through infra- fones 12 and 13. - '
The appllcation of infra-sound waves by the 1nfra-fones
12 and 13 prevents adherence of adJacent pellets of-
unmelted pelletised feed batch to one another as -a result
25  of condensation forming on the pellets. '

In use of the glass—meltlng furnace of the present A\

invention to render harmless toxzc waste mater1al

containing'heavy metals, it 1s preferred to form a glass

1ncorporat1ng the toxic waste whlch has the following
30 properties:-

(i) _Low melting temperature,
: about 1,300 to 1,3500C
(ii) Low viscosity when molten,
o about 10 to 50 poise _
35 (1ii) Sufflcient content of elements or compounds

which provide- nucleating "seeds".
In selecting a melt:.ng temperature J.t is des:.rable to
keep this as low ‘as possible in order to limit the

13.

-



Ref erring again to Figure 1, there are shown diagranmmtically
infra-fones 12 and 13 which generate infra-sound waves at a frequency of
15 - 20 cycles per 5 second at a | evel of 140 decibels. The infra-fones
12 and 13 are bolted to a steel casing 14 on the outside of the
circunferential side wall 3 oﬁﬂthe cold-top nelter sgsas to pass or receive
i nfra-sound w2t beahienr chvsr thpetenpesatupesnupénbs hégbosnoughoie
another in t5§hﬂébe gmr@@@ﬁ@mg@élakhgbdghm?hh 3 above the | evel of the

| t | Th f f I 1 15
Whi ch Saen:acth MY REraTYY abofBhe, abBss MeTeEeE| $he Pigageot the

infra-§etind wasmspdhzmtsh muahumnﬂthd pméletlsedoteagmxnmiximgatddrlng

bet ween tde i es; 12 t ed ti
baton wit  AITEIRCoLn, d8saraPle’ padlite MATRAET yiSueg 806 1EEG
provi de protesMaxkable imecmwi'ai-@nsan@ thdroeghgainingt urhegt melsanghe

mel ting zone Qfjfhedudnass. ouﬂhéohéféﬁ tR8e§at2aBP1itgNd 13 are sealed,
and no escape of_volati|es can take place through |nfra-fones 12 and_13.

The appli cation Bf ifif AesdF@hdeatiadt hgst UG9S PeRsibie of,(thg zglass
prevents adhefcaie®d Ofhoalliacea @.ﬁféﬁ:ﬁll@édunﬂﬁétedhﬁ@|Q§ri66d1‘f:eeds

batch to e ot result 25 of condensation form

pell ets. chn ugd;e o;\‘]]%l?{ge gl% ssUHEl T % Furfidts O?on[x%onepnfé%e Q%ichveﬁflggrzide
render harnl esslaaking seede. nBowderedcdivaiasing whbaly het ekemplified
preferred to fpims, ghass '8?8580% r@oﬁx?@nléx%' Solf2eke ¥ E;Eagésmakﬁﬁg

foll,om ng 30 properties: - Low nelting tenperaturé&, about
to [efr] (ii)materiaks W%@oEPF’lflﬁHéﬁr%I oEn Sidism 16 1D Gompeyad which

(iii) - Sufifd Girsun cwtmvmeeépmi_sl@éw@ﬁpw@ds whi ch provide
nucleatl see . In selectlngla el t Lenqﬁgature it is deiarabletto
keep th| ' I B3I BHs SPPL %Q$§NYﬁ$ t o7 TG PHRC§sS may be was

products_ from other manufacturing processes, and therefore

the method of rendering toxic waste materials harmless as
herein described may be a relatively inexpensivé process.

Inert solid viscous material of suitable viscosities may

20 be formed into products such as grit, blocks and tiles
which may be used without causing environmental pollution.

14.



volatilisation, but the tenperature nust be high enough—te—aechieve an _
econom cal through-put. A low viscosity for the glas H&ﬂg# Ees t he m xi ng

of the conponents wthin the nelt. Thorough mxi HH!”"”
melting is desirable because toxic wastes are

conposi-ti-on and thorough. n xing during neltlng will equalise out *sorfe of
the variability. It is désirable that as nuch as pOSSIb|e .of. the gl ass
formed should be crystallised. To this end. .it. is 10 desirable to
use one or nore conponents which. provide nucleatlng seeds Powdered fly
ash, which is exenplified herein as a cheap and cenveni ent source of .
glass maki ng materials and particularly of_ silica,.- is a conpound mhlchhgs
known to provide cystallisation seed. E AIMSThe nmaj or components used in
t he process nmay be maste products from ot her manufact uring -processes, and

therefore {he metpogy é’ rSEf%ihﬁgfh%h%e"‘@i&%hggé%ﬁ Zﬁhgo ghg%%a%%ﬁir

descri bed “may be a eXpensrve praoc VI SCOUS
naterual<ﬁirmulamnwatls@ﬁsrefegcnayyzmateséaiodﬁﬁdningoapweamdpglsuch as

grit, bl ocksyamg, ta! Eéfi“@bﬁbrﬁ%a@é Eéﬁgt%h'&%b aaﬂbBS} ‘Bv th%” yeitdlcal
poIIutlon 14. Al V5 1. ur pace I.C rlses a

substamnEEQ%P%Pde?%PSMEPF SPeﬁéPgaEFiiﬁtﬁﬁﬁgrPQFCHeFPﬁpﬁga& ¥er
colum, a dfffmt%y‘tbﬁﬁh colginh| uemagtaoaéomeahs £be Hneatiag bavictym,

T oL P Aokt S5ARRSb AR BE A, yhRshARy Shaflnl D YRR ST
vertical<nﬂl¢#ntvﬂtnequa nQSSenearttheuglnassoﬁe&hetﬁurhaoeu end lae -
furnace, %@f@aé@‘éﬁ‘%&fﬁa&éraﬁﬁ e&&e&a&&w&oa ébn%r%ﬁnb%.% B2 lenf
the floor of the furnace wthin the vertical colum and defin
floor of the furnace within the vertical column and defining,
within the vertical column a space’ which is closed ‘against
upward or sideways movement of gaseous material from the space,
 the refractory furnace exit construction having walls with a
'plurality of exit channels passing therethrough for delivering
molten vitreous material from the furnace into an upper part of
the enclosed space, and means for heating the walls of the
furnace exit construction. '
2. A glass-melting furnace according to Claim 1 in which
the refractory'furnace exit construction is of a frusto-
conical, coniCal'or cylindrical shape or has a semi-circular,_
shape in cross-section. : -
3. A glass-melting furnace according to Claim 1 or Claim Z&y_
in which the material of the refractory furnace exit
'construction is electrically conductive and in which the
electrode means comprises a plurality of horizontally disposed'
electrodes passing through the circular wall of refractory
material defining the vertical column.
4. A glass-melting furnace according to any one of Claims 1
to 3 whiech further comprises means for applying infra-sound
energy across pelletised batch material in a part of the
vertical column above the electrode means.
5. A glass melting furnace constructed and arranged to
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within the vertical colum, a space which is closed against
si deways novenent of gaseous material fromthe space, the r m@im“mll”“l
furnace exit construction having walls with a plurality of exst cchannelss = =
passi ng therethrough for delivering nolten vitreous naterlal fromthe

furnace into an upper part of encl osed .s

wal I's of the ‘Pﬁ?ﬁg}gﬁ 52‘35%8 ﬁé‘%pﬁé’t 2&n. efeln%e%%r §1 5§58 ri,fél é&??\l!a‘%:fyréx{&
accordi ng to tbathelaccowprolinkge drafriagisory furnace exit construction is
of a frusto- conical, conical or cylindrical shape or has a sem -circular
shape in cross-section. 3. A glass-nelting furnace according to Caiml
or Clatm 2 in which the material of the refractory furnace exit
-construction is electrically conductive and in which the el ectrode neans
conprises a plurality of horizontally disposed el ectrodes passing through
the circular wall of Fe#Fae%eFy—ﬁa+e+ra%—de#rﬁrng-rhe-verrrcaf col um. 4.

A glass-nelting furnace according to any one of Cains 1 to 3 which further
conprises neans for applying infra-sound energy across pelletised batch
material in a part of the vertical columm above the el ectrode neans. 5.

A glass nelting furnace constructed and arranged to oper at e
substantially as herei nbefore described with reference to the acconpanyi ng
~drawi ngs. 16
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