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4 (54) Titlee HEAT-INSULATING POROUS GLASS-CERAMIC MATERIAL IN SLABS AND PROCESS FOR PRODUCING

X (57) Abstract: A non-pelletized heat-insulating cellular glass- ceramic material is described, composed of a melting mixture com-
prising at least one first amount Qiof glass from melting of bottom ash from a burning plant of solid urban wastes, &t least one
second amount Q, of sodium-calcium glass and at least one third amount Qs of &t least one binding agent. A process is further de-
scribed for producing such material.
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HEAT- | NSULATI NG POROUS GLASS- CERAM C MATERI AL IN

SLABS AND PROCESS FOR PRODUCI NG SUCH MATERI AL

The present invention refers to a glass-
ceramc heat-insulating material and to a process
for producing such material.

Various glass materials are known in the art
and a base of foaned glass (such as, for exanple
Foand as® and their related production processes:
exanples of such materials and processes are
proposed in UuS4198224, US5516351, US6478993,
JP2012131702 and JP7315953.

In particular:

- US4198224 discloses the process for producing
the Foand as® material;
- US5516351 discloses a process for producing

glass foam from recycl ed gl ass;

- US6478993 discloses a process for obtaining

the foam ng of various materials;

- JP2012131702 discloses porous ceramc and/or

gl ass-ceramc materials wth any shape and their

rel ated production processes;

PCT/IT2014/000179
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- JP7315953 discloses a process for producing
porous pellets starting from bottom ashes of
various nature with the addition of other elenents,
such as gl ass.

5 In general, therefore, the prior art proposes
materials and production processes having one or
nore of the follow ng features:

- virgin raw materials and materials from
recycle are used (as disclosed, for exanple, in

10 US4198224)

- the sizes of used materials are lower than 60
mcrons and the addition of one or nore foam ng
agents is provided, anong which Fe,cs in anounts
ranging from 0.05% to 1% in weight (as disclosed,
15 for exanple, in US6478993) ;
- knowmn materials are made starting from bottom
ashes comng from coal-type electric plants, flying
ashes with treatnent tenperatures |ower than 1100°C
and treatment tines equal to at least 10 mnutes

20 obtaining materials wth comunicating porosities
(as disclosed, for exanple, in JP2012131702 );

- in known processes, no binding agents are used
(as disclosed, for exanple, in JP7315953) ;
- continuous ovens are wused, which require a

25 pre-heating step, making the production process
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relatively long and energetically burdensone;
- known materials are produced as porous pellets
or aggregates of porous particles;
- known material s provi de a mechani cal
conpression strenght as a maxinmum equal to 0.6 Ma;
- known processes require extrenely |ong cooking
steps (from 12 to 24 hours) .

bj ect of the present invention is solving the
above prior art problens, by providing an heat-
insulating glass-ceramc mat eri al having nmacro-
porous structures, wth non-comrunicating, gl ass-
ceramc porosities and nmade starting from non-
danger ous, vitrified special wastes made inert
(such as, for exanple, bottom ashes comng from
burning machines of solid urban wastes) and from
recycled gl ass.

Moreover, an object of the present invention
is providing an heat-insulating gl ass-ceram c
material of a continuous and non-pelletized type,
therefore having properties which can be reproduced
in any point thereof.

Anot her object of the present invention s
providing an heat-insulating glass-ceramic nmaterial
having a higher nechanical strength with respect to

what is proposed by the prior art.

PCT/IT2014/000179
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Mor eover , an object of the present i nvention
i s providing a process for pr oduci ng an heat-
i nsul ating gl ass-ceranic mat eri al W th t r eat nent
and worKking steps which are substantially shorter
5 than what i s proposed by the prior art, removi ng
the pre-heating step for the in-line oven and
al | owi ng a direct i nl et of the di e, at hi gh
t enper at ures
Anot her obj ect of the present i nvention is
10 providing a process for produci ng an heat -
i nsul ati ng gl ass-ceranic mat eri al whi ch does not
provide for the addition of foanming agents.
The above and other objects and advantages of
the invention, as wll appear from the follow ng
15 description, are obtained wth an heat-insulating
gl ass-ceranic mat eri al as clained in Cdaim 1.
Mor eover, the above and ot her obj ects and
advant ages of the invention are obtained with a
process for produci ng anheat -i nsul ati ng gl ass-
20 ceramic rmaterial as claimed in claim 5.

Preferred

vari ations of

matter of the dependent

It is intended that

25 integral part

enbodi nent s

the present

of the present

and non-trivi al
invention are the subject
cl ai ns.
all enclosed <clains are an

descri ption.
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It will be imediately obvious that nunerous
variations and nodifications could be nmade to what
is described, wthout departing from the scope of
the invention as appears from the enclosed clains.

5 The present invention wll be better described
by sone preferred enbodinments thereof, provided as

a non-limting exanple.

The present i nvention therefore refers, as

will appear below in nore detail, to an heat-
10 insulating gl ass-ceram c cel lul ar mat eri al ,
preferably manufactured in slabs, non-pelletized,

produced starting from bottom ashes from a burning
machine of solid urban wastes, mxed with a glass
from recycling bell and at |east one binding agent,
15 such material being advantageously foanmed w thout
the help of external foamgenerating agents, but
t hrough "self-foam ng" reactions, due to oxidation-
reduction reactions of the ferric oxide Fe2c3 to
ferrous oxi de FeQ pr esent inside the glass
20 deriving from nelting of bottom ashes of the wastes
t hensel ves. In particular, the material according
to the present invention is made by exploiting the
oxi dati on-reduction reactions of such iron oxide
Fe,0; at high tenperatures (about 1000-1100 -°©

25 wth the production of gas through the reaction
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Fe,0; -» 2FeO + % 0, that generates the "bloating"

ef f ect, known in the art and, f or exanpl e,

described in:

- C. Rley, "Relation of Chenmical Properties to
5 the bloating of clays", Journal of the Anerican

Ceram c Society, 1951, vol. 34 [4], pp. 121-128;

- C. Tsai et al., "Effect of Si0,-A ,05-flux

ration change on the bloating characteristics of

[ i ght wei ght aggregate mat eri al pr oduced from
10 recycled sewage sl udge, Jour nal of Hazar dous

materials B134 (2006) pp. 87-93;

- B. Corrochano et al., "Characterization of

[ i ght wei ght aggregates manufactured from washing

aggregate sl udge and fly ash", Resour ces,
15 Conservation and Recycling 53 (2009) 571-581.

In particular, the heat-insulating gl ass-
ceramic material according to the present invention
is conmposed of a nelting mxture conprising:

- at least one first amount Qi of glass from
20 nelting of bottom ash;

- at least one second anount Q, of sodium

calcium glass ("glass soda-line") ; and

- at least one third amunt Q; of at |east one

bi ndi ng agent.

25 Preferably, the first amunt Qi of glass from
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nmelting of bottom ash is included between 30% and
60% in weight, the second amunt Q of sodium
calcium glass is included between 60% and 30% in
weight and the third amunt Q; of binding agent is

5 i ncluded between 0.01% and 10% in weight, where Qi
+ Q + Q = 100%

Mor eover, preferably, such first amunt i of
gl ass from nmelting of bottom ash conpri ses
relatively a fourth anmount Q,,, substantially equal

10 15% in weight of calcium oxide, a fifth amount Q,
substantially equal to 55% in weight of silica, a
sixth anmount Q,, included between 3% and 10% in
weight of a iron oxide and a remmining seventh
amount q,, in weight of alumna, whhere qQ,, + Q., +

15 9.3 + @,, = 100% in weight of Q.

Mor eover , preferably, such binding agent is
kaolin.
Advant ageousl vy, glass from nelting of bottom

ash, sodiumcalcium glass and binding agent are
20 inserted into the nelting mxture of the material
according to the present invention in granular
shape, with grain size |lower than 100 m crons.
The mat eri al accordi ng to t he present
invention can therefore be used as heat insulator

25 both for civil and for industrial houses, adapted
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to be applied also in particular industrial sectors
(such as, for exanple, the petrol eum chem cal one) .

In particular, the material according to the
present invention has the follow ng features:

5 - nore than 90% is conposed of recycled nmateri al
(of which from 44% to 50% is material comng from
the treatnment of the bottom ashes of solid urban
wastes) and is therefore ecol ogic;

- is conmpletely water-proof since it is conposed

10 of closed glass celles;

- since it is glass, it cannot be attacked by
rodents and parassites;

- it has a nechanical conpr essi on strength
included between 1 and 2 MPa (approximately twice

15 the strength offered from conparable prior art
mat eri al s;

- since it i's gl ass, it is compl etely
unconbusti bl e;
- it is resi st ant to aci ds (apart from

20 hydrofluoric acid;

- it can be easily worked,

- it can be manufactured in slabs, also wth
sizes which can be changed and adjusted upon user
speci fications;

25 - it is safer than other classical i nsul ati ng
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materials on the market (such as EPS, insulating
materials based on foaned organic foanms) because,
by resisting at high tenperatures, it does not burn
nor is in any way liquefied in case of fire, nor
generates toxic fumes or gases, since it is not
degr aded.

The present invention further refers to a
process for producing an heat-insulating gl ass-
ceramc mat eri al as previously descri bed. In
particul ar, the process according to the present
i nvention conprises the steps of:

a) providing a first amunt Qi of glass from
melting of bottom ash in granular shape;

b) providing a second amount Q, of sodiumcalcium
glass ("glass soda-line") in granular shape;

c) providing a third amunt Q; of at |east one
bi nding agent in granular shape;

d) mutually mxing such glass from nelting of
bottom ash, such sodiumcalcium glass and such
bi nding agent to obtain a mxture;

e) inserting such mxture into at |east one die,
preferably having an adequate shape to obtain the
material according to the present invention shaped
as a sl ab;

f) i ntroduci ng, from a tenperature next to the
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ambi ent one, such die in a oven heated at a
temperature included between 1100 and 1200°C and
keeping such die inside such oven for a period of
time included between 4 and 25 minutes. It can be
5 noted how such step is fundanental for creating
bubbl es inside the material accordi ng to the
pr esent i nventi on: in such step, in fact, t he
odi xat i on-reduction reactions occur for the iron
oxi de Fe,0; at high tenperatures, Wt h t he
10 production of gas through the reaction Fe,0; -> 2FeO
+ 3 0,, and the trapping inside the half-nelted nass
of the glass soda- i ne, whi ch gener at es t he

"bl oating" effect;
g) extracting such die from the oven and |[eaving
15 it cool, wth a decreasing tenperature ranmp, for a
period of tinme included between 55 and 200 m nutes.
Preferably, the first amount i of glass from
melting of bottom ash is included between 30% and
60% in weight, the second anount Q, of sodium
20 calcium glass is included between 60% and 30% in
weight and the third amount Q; of binding agent is
i ncluded between 0.01% and 10% in weight, where @
+ Q2 + Q3 = 100% Moreover, preferably, such first
amount Qi of glass from nelting of bottom ash

25 conprises relatively a fourth anount Q..

10
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substantially equal to 15% in weight of calcium
oxide, a fifth amunt Q,, substantially equal to
55% in weight of silica, a sixth anount Q..
i ncluded between 3% and 10% in weight of a iron
5 oxide and a remaining seventh amount q,, in weight
of alumina, where q;; + Q,, + G, + @,4 = 100% in
wei ght of Q. Mreover, preferably, such bi ndi ng
agent is kaolin.
Advant ageousl vy, glass from nelting of bottom
10 ash, sodiumcalcium glass and binding agent in
granular shape have a grain size lower than 100
m crons .
Preferably, such step a) conpri ses t he
substeps of:
15 al) providing bottom ash, for exanple produc‘ed by
plants for treating solid urban wastes;
a2) melting such bottom ash, for exanple inside a
oven wth nobile sl ab, for a period of tine
included between 20 and 60 mnutes at a tenperature
20 i ncl uded between 1400 and 1500°C;
a3) pouring the nmelted bottom ash into water: in
such step, glass from nelting of bottom ash is
obt ai ned t hr ough a véry qui ck gl ass-form ng
pr ocess;

25 a4) mlling in granular shape such glass from

11
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melting of bottom ash, preferably till a grain size
ower than 100 mcrons is obtained.

Preferably, such step d) conprises the substep
dl) of  honogeni zi ng the mxture, for exanple

5 through a dry m xer.

Preferably, the die in step e) is mde of a
metallic alloy for high tenperatures, such as for
exanple an Inconel 601 alloy, covered wth alumna
powder .

10 It can be noted how step f) of cooking the
material can occur both with a discontinuous oven
(of the nuffle type), and with a continuous oven.
I f such cooking step f) occurs with a discontinuous
oven (muffle type) , between steps d) and f) the

15 process accordi ng to t he pr esent i nvention
conprises the substep of heating such oven up to a
tenperature of 1100-1200°C for a period of tine
i ncl uded between 25 and 65 m nutes.

If instead the cooking step f) occurs in a

20 conti nuous oven, such oven nust be at the working
tenperature of 1100-1200 -°cC

It can be noted how the heating technique
(direct i nsertion in t enperat ure, or "flash"
heating) wused in step f) of the process according

25 to the present invention is a known technique,

12
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descri bed, for exanple, in "Mcro and nmacro-
cel lul ar sintered glass ceramics from waste",
Journal of the European Ceramc Society, vol. 27
[6], 2007 (2415-2422), E. Bernardo.

5 The present invention as described above,
t her ef or e, allows obtaining also the followng
advant ages :

- t he disposal of non-dangerous wastes in a dunp
is avoided, wth consequent |owering of the chances

10 of polluting hearth and water tables, due to the
rel ease of obnoxious substances (eluates containing
heavy netals), reducing the treating and handling
costs of ashed,;

- an insulating material is produced, wth high

15 performances and high added value, wth consequent
reduction of heat |osses by buildings (better
energy class) and/or structures and |lowering of
heating costs both in the civil and in the
i ndustrial environnents;

20 - a new use is provided for wastes, transform ng

them into a "second" raw materi al ;

easily accessi bl e t echnol ogi es are used
(technol ogi es for high tenperature ovens for
treating glass) ;

25 - the use of virgin raw materials 'is strongly

13
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reduced, also reducing emssions due to their
extraction, transport and transformng activities,
for manufacturing glass, since necessary elenents
for wvitrifying ashes are all present in ashes

5 thensel ves, while for producing the material
according to the present invention glass powder is
also used, which does not enit CO0, as instead
occurs for manufacturing glass starting fromvirgin
raw material s;

10 - the reduction of use of virgin raw materials
and the reduction of dunps strongly reduces also
the environmental inpact on the territory, with few
soils dedicated to extraction activities and/or
polluted by a dunp.

15

14
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CLAIMS
1. Non- pel l eti zed heat-insulating cellular glass-
ceramic material characteri zed in that it i's

conposed of a nmelting mxture conprising at |east
5 one first anmpbunt Qi of glass fromnelting of bottom
ash, at | east one second anpunt Q@ of sodium
calcium glass and at |east one third amunt Q; of
at | east one binding agent, said first anount Qi of
gl ass from nelting of bottom ash conprising
10 relatively a fourth anobunt Q,, substantially equal
to 15% in weight of calcium oxide, a fifth anount
Q,, substantially equal to 55% in weight of silica,
a sixth anmount Q,, included between 3% and 10% in
weight of a iron oxide and a remaining seventh
15 amount Qi,, in weight of alumina, where Q,, + Q,, +
Qs *+ Q.. = 100% in weight of Qi, said material
being adapted to be foamed through "self -foam ng"
reactions, due to oxidation-reduction reactions of
the ferric oxide Fe,G to ferrous oxide FeQ
20 present inside the glass deriving from nelting of
bottom ashes of the wastes thenselves.
2. Mat eri al according to the previous claim
characterized in that said first amount Q of gl ass
from nmelting of bottom ash is included between 30%

25 and 60% in weight, said second anmount Q, of sodium

15
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calcium glass is included between 60% and 30% in
wei ght and said third amunt Q; of binding agent is
i ncluded between 0.01% and 10% in weight, where Qi
+ Q, + Q3 = 100%

3. Material according to any one of the previous
cl ai ns, characterized in that said materi al is
adapted to be made by exploiting the oxidation-
reduction reactions of said iron oxide Fe,0; at
high tenperatures with the production of gas
through the reaction Fe,0; = 2FeO + 3 0, that
generates a "bloating" effect.

4. Material according to any one of the previous

claim characterized in that said binding agent is

kaol i n.
5. Process for producing a non-pelletized heat-
i nsul ating cel lul ar gl ass-ceram c mat eri al

accordi ng to any one  of cl ai ns 1 to 4,
characterized in that conprises the steps of:

a) providing a first amunt Qi of glass from
melting of bottom ash in granular shape;

b) providing a second anount Q, of sodiumcalcium
glass in granular shape;

c) providing a third anount Q; of at |east one
bi nding agent in granular shape;

d) mutually mxing said glass from nelting of

16
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bottom ash, said sodiumcalcium glass and said
bi nding agent to obtain a m xture;
e) inserting said mxture into atkleast one die;
f) introducing from a tenperature next to the
5 anbient one said die in an oven heated at a
tenperature included between 1100 and 1200°C and
keeping said die inside said oven for a period of
time included between 4 and 25 m nutes;
g) extracting said die from said oven and |eaving
10 it cool, with a decreasing tenperature ranp, for a
period of tinme included between 55 and 200 m nutes;
wherein said material is foaned through "self-
f oam ng" reactions, due to oxidation-reduction
reactions of the ferric oxide Fe, 0, to ferrous
15 oxide FeO present inside the glass deriving from
melting of bottom ashes of the wastes thenselves.
6. Process according to the previous claim
characterized in that said material is made by
exploiting the oxidation-reduction reactions  of
20 such iron oxide Fe,0o, at high tenperatures wth the
production of gas through the reaction Fe,03 > 2FeO
+ ¥ O, that generates the "bloating" effect.
7. Process accordi ng to claim 5 or 6,
characterized in that said first anmpbunt @ of glass

25 fromnelting of bottom ash is included between 30%

17
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and 60% in weight, said second anmount Q, of sodium
calcium glass is included between 60% and 30% in
wei ght and said third amount Q; of binding agent is
i ncluded between 0.01% and 10% in weight, where o;
5 + Q + o3 = 100% and said first amount Q, of glass
from nmelting of bottom ash conprises relatively a
fourth amount o.i substantially equal to 15% in
wei ght of calcium oxide, a fifth amunt Q,,
substantially wequal to 55% in weight of silica, a
10 sixth amount Q,, included between 3% and 10% in
weight of an iron oxide and a remmining seventh
amount Q,, in weight of alumna, where Q,i + Q, +
@.3 + a.« = 100% in weight of o1.
8. Process according to claim s, characterized in
15 that said binding agent is kaolin.
9. Process according to claim 5, characterized in
that said glass from nelting of bottom ash, said
sodiumcalcium glass and said binding agent in
granul ar shape have a grain size |lower than 100
20 mcrons.
10. Process according to claim s, characterized in
that said step a) conprises the sub-steps of:
al) providing bottom ash;
a2) nmelting said bottom ash inside an oven wth

25 nobile slab for a period of tinme included between

18
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20 and 60 mnutes at a tenperature included between
1400 and 1500°C;

a3) pouring said nelted bottom ash into water to
obtain said glass fromnelting of bottom ash;

5 a4) mlling in granular shape said glass from
nmelting of bottom ash.

11. Process according to claim 5, characterized in
that said step d) conprises the sub-step dl) of
honogeni zing said m xture through a dry m xer.

10 12. Process according to claim 5, characterized in
that said die is made of Inconel 601 alloy and
covered wth alum na powder.

13. Process according to claim 5, characterized in
that said step f) occurs in a discontinuous oven

15 and in that it conprises, between said steps d) and
f), the sub-step of heating said oven up to said
tenperature included between 1100 and 1200°C for a
period of tinme included between 25 and 65 m nutes.
14. Process according to claim 5, characterized in

20 that said step f) occurs in a continuous oven, said
oven being at said tenperature included between

1100 and 1200°C.

19
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