MANUFACTURE OF FOAM GLASS Thi's invention relates to a method
manuf acturing foam gl ass. Foam gl ass having a bulk density

approximately 0.2 and a relatively high mechanical strength is known as a

good inorganic insulating material. The currently. used nethods of
manuf acturing foam gl ass enpl oy acti vat ed darbon and produce-a foam gl ass
of an unattractive bl ack appearance. The foam glass product also -

tends to be_ dMNEAGEURE OB, EOAM €BbABSe present invention there is

provided a nmethod of manufacturing- foam glass which includes the"

step of
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Is already well. knowmm that the presence of small errant

bl ocks during construction of a glass nelting

as a good inorganic insulating material. The currently
used ﬁethods of méhufacthring foam glass employ activated
carbon and produce a foam glass of an unattractive black
appearénCe. The foam 'glass product also tends tb be

expensive.

According to the present invention there is provided

a method of manufacturing foam glass which includes
the step of contacting a molten glass composition
containing iron with a carbide or. nitride or oxynitride.

characterised in that the molten glass composition

contains at least 0.2% by weight of FeO and sufficient

sulphur to satisfy the Fe*t ion, and has a negative

redox value of at .least -7, and -in that iron is

precipitated during the foaming process and a white

or colourless foam glass is obtained. =~

The preferred métérial for contacting the molten
glass composition is silicon carbide. It is already
well known that the presence of small errant -bieces
of silicon carbide left over.from."dressing" of aluminous

refractory blocks during construction of a glass melting

: gllass. conposition containing iron with a
nitride of oxynitride chargcterised in
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-2-"furnace wll cause bubble in glass produced in that furnace. The

pi eces of silicon carbide appear to have indefinite |ife and the production
of glass s ruined by the bubble appearance with the result that furnaces
have had to be shut down while the pieces, of silicon carbide are renoved.
The present invention is based on the realisation that this property of
silicon-carbide may be utilized with an appropriate nolten gl ass
conposit¥ion to produce violent bubble and a foam gl ass. Silicon
oxynitride and commercially available silicon nitride, which contains the
oxynitride as inpurity, also have the sane property, as do the carbides,
nitrides andforyacériwitbl ofcaider Wit sirsU@lass Cplrodumednd ihunghaen.
The gl ass conpositions used in the process of the present invention are

gl ass conposfmrmmsemhldheMpiegesecdhb811¢obnumﬂnhmde dppeanbdro have
colouration is produced by conplex ions of iron.oxide (FeO and sul phur
conpounds, aimdefinite lkifmughnd tthe pradugkinresef glasse isprouéned

i nventi on proceeds as result of the catalytic action of the carbide or
oxynitride ch¥istheg bhbhbecem@&an@ﬁswwhdtgenreguhtetmath furmageBphur ions

taking up ox en fromthe jron, and_other netals nDre easily reduced than
i ron, thus V1’e| i t§ Den&huberdpwn while, theg Eﬂ‘%%?‘bl ngeﬂli&ﬁan

surphur dioxi g, voicf |, prodcer

k; The present invention is based on the realisation
‘that this property of silicon carbide may be utilized
" with an appropriate molten glass composition to produce
violent bubble and a foam glass.  Silicon oxynitride
and commercially available silicon nitride, which contains
the oxynitride as impurity, also have the same property,

as do the carbides, nitrides and oxynitrides of other

elements such as calcium and tungsten.

The glass compositions used 1in the process of
the present invention are glass compositions which will
-give amber colouration. The amber colouration is produced~
‘by complex ions of iron oxide (Fe0O) and sulphur compounds,
.and it 1is thought that the process of the present
invention proceeds as a result of the catalytic action
of the carbide or oxynitride causing these complex ions
to disintegrate with the sulphur ions taking up oxygen
from tﬁe iron, and other metals more easily reduced
than iron, thus releasing the metal, which is

precipitated, and sulphur dioxide which is préduced



-3- in large volune and foans the gl ass. /M_Xfflnperature of 1505[eﬁﬂ,
0.3%of [err] ion produces 5.4 cubic netres -of-gé&s-per tonne of ghass,
each tonne of gtass having a volunme of 0.4 cubic netres. Because the
process of manufacturing foam glass in accordance with the present

I nvention causes the precipitation of~t§

has application in the treatment of “industrial slags, particularl
steel slags in order to recover the netal, usually iron, which would
ot herwi se be wasted. |In these circunstances the commercial enphasi
may be

gl ass as
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sl ag containing at l'east 10% by weight of [err] conprising the steps o

adj usting dfhegh8doxet O taniROAbEVE Vaddle QfacH t6ARE -of 3d@isRY BAVRH

t he sl ag,

t
I f "necessary, to produce a vitreous slag having suffiC|en$

sul phur t@ salvyidyy éHeo Fe+dubop, meepkacti ng the vitreous slag with a
carbide or nitride or oxynitride whereby a foamglass i's formed wt

precipitation of iron, and recovering the precipitated iron.

Because - the process of manufacturing foam glass
in accordance with the present invention cduses- the
precipitation of ~i:he- iron or other metal, the process
has applicétiQn in the treatment of_'induStrial slags,
particularly steel slags in;que;_pé fécOvér the metal,
usually iron,:which would otherwise”be wasﬁed. In these
circumstances the;“commefcigl emphasis may be on. the
recovery of the metal with the formation of the foam

glass as a useful by-product.

According to this aspect of the present invention
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therefore there is provided a method of recovering iron

from a slag'containing atzleast_loiuby weight of Fe,0,
éémprising the steps of adjusting the redox to a negative
value of at 1_eé_st- -7, adding' s'u'lp_lh-ate to the_;_s‘.lag, if
necessary, to produée a vitreous slag-haVing:sufficient
sulphur to satisfy the Fe*t ion, contacting the vitreous
slag with a carbide or nitride or - oxynitride whereby
a foam glass is formed with precipitation of iron, and

recovering the precipitated iron.

The process of the present invention ~ may

conveniently be carried -out by dropping the molten glass
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The prdcess of t he pr esent I nvention may conveniently be

carried out by dropping the nmolten gl ass 4 conposition or vitreous slag
over a weir into a holding pot or crucible where it is stirred by a silicon
carbide”silicon nitride rod. The foamglass is taken off by a platinum

or other forehearth to machines wherg the foam glass may be noul ded,

bl own, ~pressed, spun or. sinply dropped into water to provide a multiplicity
of protcts. Wien 'the foam glass product is pressed, the density of
the final product can be varied depending on the nould size, the volune of

foamand the defiflolPcYBhCRA PIEPSOhS ETUEd S¥LP BNGTAUI dnchS AMholding

alternative to stirring the nolten glass conposition or vitreous

slag  with p& ol lorcRY AW bidel8i ki da rodiride H?! ke 9l ASh carbide
conposition or vitreous slag may be passed over a portion of a furnace

constructed from sidh Cofi @fdd dgod Or exaNPEas NEl£54 ali LoRsikerd NB£el , bPY
wei ght 70% silicon carbide, 30%silicon nitride. The nol ten gl ass

conposi tion ora ViglrA0Ufurs| ¥ M@thea pEsseticarah atborabenihBsorwHewe ache
spout made of silicon carbide, silicon nitride, silicon oxynitride, or

ot her refract digantagbade, mayt rbelanoul dxyni biodn, phespredserspun nvensimply

will be further understood :

o dropped into water to provide a multiplicity of products.
When the foam glass product is pressed, the density

S’ of the final product can be varied depending on the
mould ‘size, the volume of foam and the depth to which

a press is moved into the mould.

As an alternative to stirring the molten glass
composition or ?itreous slag with a silicon
éarbide/nitride rod, the molten glass composition or
vitreous slag may be passed over a .portion of a furnace
constructed from silicon.carbide,'for example a material
consisting of, by weight 70% silicon carbide, 30% silicon

S - nitride. The molten glass composition or vitreous slag
may be passed over a 'forehearth or down a spout made
of silicon carbide, silicon nitride, silicon oxynitride,

or other refractory carbide, nitride or oxynitride.

~The present invention will be further understood
from the following examples of preferred methods in

accordance therewith.

Example 1
Equal quantities by weight of a fly ash from a



fromthe foll ow ng exanples of preferred nethods in accordance théTEWﬁﬁh.
Exanpl e 1 Equal quantities by weight of a fly ash froma -5- coak, fired
power station (P.F. A ) and of linmestone were nelted together.in a crucible
at a tenperature of 15000C for eight hours. A very dark anber col our &d
gl ass was produced and was found toscontain approximately 1% by wei ght of
[err]. This nmolten glass was stirred wth a rod consisting of 70%
silicon carbide and 30% silicon nitride. The glass foamed soO nucke:

e foam GRisst *ERngHainat COFRES | GorF Aot 8 Tar HBeREATBeclPYS educed
ol 1oy or meithd soReehdfoanud hPETRY 35 S TefbPRE IR BO AT
Silicon Aok aEEn b BT CORo o Rank” omlty, SoTfihg BB wilC, o
{1y ash cBeaed LaPnarab ot el bare andvaud anpPERRERRTEITONTE, L one
The qqa”%EH%ﬁ% gff pulphate Thig molten gldss was stirred with

a fod.consisting of 70% silicon carbide and 30% silicon

nitride. The glass foamed so _muéh that the density

was reduced. to less than 0.2 gms/ép. ) Analysis of the ;i}
foam glass showed thét the iréﬁ-.éontent (Fe,0,) had
been reduced to less thaﬁ 0;04%. aﬁd .tﬁe foam glass
obtained was colourless. | o

An alloy of iron and .chroﬁipml (picked up from
thé refractofiés) was found on the;basg of the crucible.
The rod of silicon carbide aﬁd' silicdh nitride was
unaffeéted by the reaction which tcok plaéé in the
crucible. | | | | |

Analysis of the fly ash used in.this process showed a ﬁ;

that the fly ash contained sulphate and carbon and gave
an 8% loss on ignition. The quantities of sulphate
and carbon present were therefore such as to produce

a high negative redox in the dark amber glass.

‘Example 2

66kg of calcium sulphate and .30kg of carbon were
added to 1 tonne of steel slag containing a kﬁgh iron
oxide concentration (approximately 20% by weight Fe,0,)

and stirred in with a silicon carbide/silicon nitride



< = o
and carbon present were therefore such ‘as to produce a high
negative redox in the dark amber gl ass. Exanple 2 66kg of cal ci um sul phate
and 30kg ‘of carbon. were added to 1 tonne of steel slag containing a high

i ron oxide concentration (approximately 20% by melght [err] and stirred in

with a silicon carbide/silicon nitride 6 rod.- A white foam gl ass was
obtained with precipitation of iron whi ¢h-was recovered as netal. The
white \ﬁban1glass was suitablig:for use as a cenent.:Foam gl ass product s
obt ai ned by nmet hods in accordance with the present invention nay be

used as. buil dingy. bl 4ck 1 {07 FoRfAe1 asi0UpMl Bbralihbl W) ChELORpItAE fon

i nsul ation pur poses at enper at ur e, ctor

material. In gpe nwf%&%@. %ece@écowr@&cqsdaﬁseeawth Thae W BN Foam
invention the raw materials used are waste matter fromindustrial processes

which are cheapjagfdwbbespieadnle ifdrerRidedad Reredm g provi des foam gl ass at
a low price conpared wth the foam glass currently available.

Furthermore the foamglass is white or. colourless.and has a nore pleasing
appear ance than the Foam glg@bssahi cproducts r embitaiaved | atliye. methods in
accordance with the present invention may be used as
building blocks for heat, sound or fire protection,

for insulation pﬁrpoees at bhigh .or 1low temperature,

or as a refractory material.

In the preferred process in accordance with the
present invention_the raw materials used are waste matter
from industrial processes which are cheap, and the present
invention therefore provides foam glass at a low price
compared wifh_ the foam glass currently available.
Furthermore the foam glass is white or colourless and
has a more pleasing appearance than the foam glass which

is currently available.



-7- CLAIMS: 1. A nmet hod of manufacturing foam gl ass mhlch |nclude5’

step of contacting a nmolten glass conposit ' m t“l‘ ”IIIOT“Wth a
carbide or nitrirde or oxynitride characterised | t en-
gl ass conposition contains at |east 0.2% by melght of Feé and suf fici &nt
sul phur to satisfy the Fe++ ion, and which has a negative redox value of
at least -7, and in that iron-71=s precipitated during the foarkng
process and a white or colourless foamglass is obtained. 2. A N
method according to Cdaim 1 characterised in that the nolten glass
conposition is contacted wth the carbide or nitride or oxynitride at a

tenperatﬁFéIH§=the order of 1500[err]. 3. - A nmethod according to
GQaim 1 or Cdaim 2 characterised in that the nolten glass
conposition is contacted with silicon carbide. 4. A et hod accordlng

ol ass composi t Poetned i 5% dipiPed EhiEng CERBR BLa3% sl e TR o1 11 con

carbide afd 3Q%pey | 16PN @bb%h@%1ng a molten. glass composition
containing iron with a carbide or nitride or oxynitride
characterised_ in that the molten - glass cemposition
contains at* lea-st -0.2% by w'eight of Fe0 and sufficient
sulphur to satisfy the Fe** ion, and which has a negative “)
redox value of at least -7, and ;in that iren is
precipitatéd duting the .foémihg process ‘and a white

or colourless foam glass is obtained.

2. A method according to Claim 1 characterised in
that the molten ~glass compositioﬁ is.'contaCted with
the carblde or n1tr1de or oxynitride at a temperature

of the order of 1500°C.

3. A method according to Claim 1 or Claim 2
- characterised in that the molten glass composition is

contacted with silicon carbide.

4, A method according to any one of the preceding
Claims characterised in that the molten-glaés composition
is stirred with a rod comprising, by weight, 70% silicon

carbide and 30% silicon nitride.



<.

== - . D
-8- 5. A nmethod according to any one of Cains cterised
in that the nolten glass conposition is caused to pass over B ”ﬂﬂﬂ"ﬂ,""ﬂ
furnace.constructed fromsilicon carbide. 6. A method ac

Claim % characterised in that the portion of the said furnace i's
constructed froma material consisting of, hy weight, 70% silicon carbide,
30% sridi.con nitride. 7.. A net hod accord Ag to any one of the
preceddag Clains characterised in that the nolten glass conposition is a
vitreous slag forned by adding sulphate to an industrial or donestic slag.

8. A nmeth di th Clai
charactep?seg haCCO 'Wéihﬁﬁn Eé%?%ogﬁbs?Pgo I%§C§ ng}ébﬁénz}a§° 3
formed by addlé}ga %J:P%Ete nd car oglttéotc eq[elltest{ agla% thﬁPmPn§t1 Iten

according to any o aracteri se

gl ass conposi t%ﬁ%%%[ t%r gﬁgy 3\%}[ é}%%tf\%\tg Wigt haa@ug.gltélceﬁlrgﬁgsggg%%gﬁ

of linestone err]?: recovering
industri al “ﬂsffbﬂmgfii@bnb¥a§b§ﬁ%h°d according to any one of the

6. A method according to Claim 5 characterised in

that the portion - - of the said furnace is -constructed

e from a material consisting of, by weight, 70% silicon
carbide, 30% silicon nitride.
7. A method according to any one of the preceding
Claims characterised in that the molten glass composition
is a vitreous slag formed by adding sulphate to an
industrial or domestic slag.
8. A method according to any one of the preceding
it Claims characterised in that the molten glass composition

is a vitreous slag formed by adding sulphate and carbon

to a steel slag.

9. A method according to any one of Claims 1 to 6
characterised in that the molten glass composition is
formed by heating fly ash with an equivalent quantity

of iimestone at 1500°C.

10. A method of recovering iron from an industrial

waste material by a method according to any one of the



l 11111212111211212111212111 * C L M * -9- receding clai.ns -an
including the further step of recoveri ng pr mﬂlu" "II”HIIE .

nmet hod of recoverlng iron froma slag contalnln y melght
of [err] conprising the steps of adjusting the redox'to"a hedat i ve vakue
of at least -7, adding sul phate to the slag, if necessary, to produce a
vitreous slag having sufficient sul%hur to satisfy the Fe++ ion, __

contacting the vitreous slag with a carbide or nitride or oxynitride g
whereby a foamglass is formed with precipitation i ron, and

recoverin th reci |tated r,on. nufacturlng f oam
gl ass sub%lrzfﬁt c@lqo%/ a% ALPRi nlﬁ‘é‘ldore1 nged othe? n% step “of

recovering precipitated iron.

11. A method of récovéring iron from a slég c6ntaining
at least 10%'.by weight of Fe,0, cqmprising' the steps
of adjusting the redox to a neg?tiVe Qalue of at least
-7, adding sulphate to the slag,fif ﬁggessary,'to produce
'a vitreous slag having -sufficieﬁt-'éulphur to satisfy %)
the Fe** ion, contacting the vitréqu;$1ag_with.a;carbide
or nitride or oxynitride whereby a'fgam glass is formed
with precipitatiOn_'.of iron, - apd - recovering the

precipitated iron.

12. A method of manufacturing foam glass substantially

as hereinbefore described.




