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(pstract 1 aste glass can be transformed into a foam by ad
m”"""l gaseous products by decomposition or re
,mrr(-“f"""ﬁ"g to a viscosity of 10°* Pas). This paper p

litlon of sultable substane o (fiarming agemty which
r‘:‘l/"/"., al temperatures above ity siftening l;'mpurxﬂwu
of improving the Rig“s Joam production process. Some u/" ;I:c‘;"fl! :II;I'I'I(/:;: '{}:;’::;: ,','/‘h‘hf VR Aanaris s Vv Jok
Jass foam prmiuf'lmn are also presented. Some of the new production technic u:!‘v ol g 4
the Nssibili(\' 0[ including other solid waste In the composition of glass ﬁmmlud n:'w’/ulm;un'-.( p gy Wli -
faam mth'd in the Laboratory for glass and ceramics, Institute Jor Technolo p:;':‘” ’l‘ o W'Fm
R Materials, was shown. ot doteadiadedmanty

Keywords: foam glass, recycling, waste glass

.INTRODUCTION

The generation of waste has been growing rapidly with the increase in population. A massive volume of
he waste is disposed in landfills. This is creating significant environmental problems such
contamination of soil, water and air and also impacting human health. It is reported that the world’s wlid
waste is responsible for 5% of the total global carbon dioxide emission, also a more rational solid waste

management would reduce the total global CO; emission by up to 15%. (1]

Approximately, 130 million tons of glass waste is generated annually in the world, about 21% of Paos waste
recycled. Glass is a 100% recyclable material. No matter how many times you_m:)cl«c it, glass never loses its
quality, Glass is made from readily available materials, such as sand, soda ash, limestone, and “cullet” recycled
glass, Over a ton of natural resources arc saved for every ton of glass recycled. One ton of carbon dicxide &

reduced for every six tons of recycled container glass used in the manufacturing process (2],

j “ » i » . .',!"‘.(,Km‘f
(’.lass containers for food and beverages arc 100% recyclable, b’ut r;ot[:::n 3\(::: bt;,: ;ﬁuoti 'zl.:;mm‘
kinds of glass, like windows, OvenWare, Pyrex, crystal, c:ci :r: l:::.: ;‘;:.‘ e -
* i i i . olass containe
If lhesg materials are introduced Into the %AI/‘Ib'st tfgr loes a e ecycl o b e
Pf"?ucnon problems and defective containers. Whale l‘" B O g proees o
desired product, But, most glass can be convcr‘tcg'inu:lb:»:;r:c t N s e o
transformed into a foam by addition of sultabe ® (foaming agent) WhiEL BTN ading to
Products by dgc:;:;(:)(ﬁb:t(::]r? or);cacliun at temperatures aho_vc ::s :utitst:ll“:ﬁ :;\::'2::)«. s ((" omﬁt‘m& o
4 viscosity of 1056 Pas). The foaming agents that are lnusl’ "‘;:b(m d 18 e el sk, o e
%am are: carbonates s'ulfalcs nitrides, carbides and other €
RS ' t and other additives
¥ jns with the miceg Uf‘gm”' fUdl::"S dtl;;.: s;‘m:ring and cuuint:fv
Process of obtaining foam lass DEBIM & 5 Lyction of foams finishes in ,
e 3 . [ ir Ids. ‘The ¥ i o of less than 0.4 mm. If the grains are
at, the mixture is placed in MOWH 4 Goved to
Process, The starting glass mus! be g,round an
267
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¢ will be disabled. Also, very impormnl. llml, the lh:nninu e

2 e soflening temperature, foaming ageng i M be
ground, The mixture is heated above the lass ¢ T sapatiite P L Particleg o fing
by the sofiened glass until the renction or decompositiol I oaming, 4,

« r,
[ 5 Ageng gy P
e 1 releases pases that form pas BN, PPeg
After the foaming agent reacts or decomposes, il releases ¢ Bas bubbleg ) "‘ihq,,
glass. As temperature increascs,

lngs viscosity decreases continuously and as a resyl, the “llrrk xon(,h(
[ glass decreases. The reduction it pston of glass decreases the pressure gy deg g, .l
which favors their growth, and Increnses ¢

1 surfnee te Flhe g
cooling, a materinl that looks like n sponge

larger, (he foaming proce

xpansion and pore coalescence, At the eng of the p;,.‘ h"hmu
is formed, that s foam glass [5-19], o

e

Foam glasses are unfque materfals, ghtwelghty non-flammable, chemically inert, non-toxic, 1. ¢,

O i on of Inseets, rats and bacteria, Due (o their gppeie. 2 ¢ e
to transport and cut, and are resistant 10 the action ¢ : i'l Figh ,“',»"Pccmc ‘ ta
foam glass has found application as thermal and sound insulation materials in construction industry, =" Mes

This paper presents a brief overview of the lntest knowledpe ?l)ollll foam glasses ag e, i

improvements in the production process. Also, foam glass ()l)l(l'lfu.( bul'lhc Institute for Tech Hdn(,.,,‘
.\ | [4 ) P Yo,

Nuclear and Other Mineral Raw Malerials, Belgrade, is shown. To obtain foam glass, bee, bottfec )

used as raw material, and waste calcium carbonate from the sugar factory was used as a foaming a':c),':.fg,e
S,

2. TECHNICAL REQUIREMENTS

The latest research on foam glasses obtained from glass waste, pays the most attention to foam;
Research is focused on finding an eco-frendly foaming agent. .Thc most common foami
currently used in industries are the emission of SOs, CO aqd CQZ into the environment during Sinterin,
These gases are responsible for greenhouse effect and acidification, in contrast to the benefits generate
by the production of foam glass from glass residues. Therefore, NaOH was introduced as an alternatiye
traditional foaming agents [5] to produce low density environmentally-friendly foams. As a result, Naoy
began to be used as a foaming agent in other studies [6]. The authors of paper [7] propose a new chemicg]
route to obtain foam glasses from soda-lime waste glass (float glass) using sodium hydroxide and borax
as foaming and flow agents, respectively. This research aims to investigate the chemical reactiog of
soda-lime waste glass with NaOH and borax during the sintering process. The research results showed
that during the initial-heating stage, the mixture was dehydrated. Between 318 °C to 587 °C, the sample
expanded until its glass transition temperature. The sample shrank due a crystallization process generating
Na,CaSiOg2H,0 and Na;CaSi;Os. Increasing the temperature (at 686 °C), the sample expanded more
than 75%, being the water (from dehydration) the unique expansion agent. Finally, a new crystalline
phase was formed. This foaming process provided a foam glass with 86% of porosity, low permeability
and bulk density of 0.3 g/cm®.

N ageny;
"8 agents

A group of authors from Brazil used waste glass bottles as a raw material for obtaining foam glasses and
as an foaming agent, eggshells [8]. They made several mixtures with different mass contents of eggshells
(1, 3, 6, 9, 15 and 30 wi%), which they heated at 900 °C for 30 min. By comparing the physical
characteristics of the newly obtained glass foams with the characteristics of glass foams in which pure
calcium carbonate was used as a foaming agent, the authors concluded that eggshells can be successfully
used as foaming agents. Thermal conductivity of the glass foams is in the range from 0.035 to 0.177
W/mK and compressive strength is 0.15 to 1.5 MPa. The produced foams have glass structures with
partially open porosity (interconnected pores) in the compositions up to 15 wt% egg shell.

Wang et al. (2016) [9] examined the effect of the addition of KNO; on the bulk dénsity, crystalline phasé,
and microstructure of glass foams, They prepared glass foams by using waste glass and SiC powder &3
foaming agent. The foaming ability of SiC was directly dependent on the content of the oxygen arout

so the addition of KNO; could notably promote the foaming process of glass foam. The decompositic”
products of KNO; are oxygen and K10, both improved the performance of glass foam. Glass foams Wer®

obtained by sintering process at different temperatures, 900, 925 and 950 °C. KNO3 improve the ton s
process which has a great influence on the microstructure and physical properties of glass foams: G 0%
correlation between physical properties and microstructure (size, distribution and interconnectivity
pores) was observed with 1 wi% KNO; addition. The emission of gaseous pollutants (e.g
most used foaming agents can be harmful to the environment,
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o5 of authors invc':sliga' ted the possibilities
g0 oup of American and Thai authors (10] ue Nimal repr .

i i ) ’cd “Ae - ain 1
;p“dass- A iy foaming agent to obtain foam glas Yaste ambe S n th

7 . . S. Ambe
' S nes : mber 4
,&‘, po” from the deteriorating effect of light, such &,"’

&

ecti” ¢ the amber glass is disposed of in and $
P{*‘d 5. Most 50 °C for 600 s, resulted in fo; ndfills anq only a4 naceutical prodyye
w ure of 85V : 0 foam glass with 4 pior tecveled 1o o0 8
& ol [€ascs with increasing the amount of foam apgeny '1(](1? high st ength of 16 ”Y(, . Fastsintering
5:#5,'1)’ = e[11] the f Emclural, physical, and mechanical c'hngt“rfd ,"C}’-Ural streng 102960 Mpa, The
?6&4.11‘ ; a-lime-silica glass a{ld ark FIam shell were yseq N ,‘C;l?llc:; of Wassceramic . ); lhg opposite
4 ﬂw} Ark clam shell (ACS) consists mainly of CaCOy 41 ¢ OAMIng agent, haye be ms, obtained
":f,c&cﬂ " Foam glass-ceramics with varied ar cJ, 3 at 9599 yq0, Wilh, 0 “n observed and
¥, Fer Sr. 4 sintered at 800 °C for 60 min K clam Shc:ll COmpositions ”J)Ul ST minor oxides such
gM a8 agent anstals Los Been discaversd i x;alng s0da-lime-silicy cullet gass %) were wilized 452
é“; ﬂonilc f-,rryystals Htretine. as the ACS cor:;[;o :’r:lalysis, vith cristobalite :::}I/?t::f %:i%olyalitcand
¥ ite y Itlon increase stals decreasing and
o to 9 wt%, th : s¢s from C
.»»:‘s ion grew from 3 i hz:d e linear expansion reduced becayse s 1’ to 9 ?,t%. As the ACS
P jated in th glass matrix had ruptured the pore walls, allowing pores w&m partial pressure that had
” onient maximum total porosity (59.05%) and minimum apparent de be incorporated. At 3 wr
4G ” 0 ecessfully. Furthermore, the lowest compressive strength value (nos '31

= 9 y of 0.6% glem’® were
»‘h‘z ACS which also had the highest porosity value (59.05%) 3MPa) was reached @
;'/ ’ .

¢ ften a mixture of different t :
e £35S 15 V_CFY.O ypes of glass, The differ i iti
:‘::: mixfures significantly affects the process of obtaining glass foam, 'Ic‘:lrx]; E?gmhn lcra‘:dcon}poscnoﬁ;ms e
o glass are, among other factors, related to the need for a precise control o Howagmie 4

. : : 3 f the glass’ ¥
asO[,mpositlonal ﬂuctuat]ons are directly reflected in product quality. During the he?ﬁ; zmpxﬁuo:\,
o waste 81255 and calcium carbonate (the most widely used foaming agent), the decomposition o‘;'

lcium ca;boqme and thcj, formation of QO occur. Also, calcium oxide is formed, which can lead to glass
g)-siallizzﬁm in some mixtures (dependl_ng on the composition of glass). Furthermore, the foaming with
conates is difficult to control, as a rapid release of the gases results in rupturing of the pore walls and
s, in an open structure. K6ning et al. [12] showed that it is possible to fabricate foams glass from CRT
panel glass and C as a foaming agent and Fe,O;s as a oxidating agent, additionally, calcium phosphate was
wed to the powder mixtures to suppress the crystallization tendency of the soda lime silicate
wmpositions. Also, they changed the composition of the mixture, i.e. they added container glass and flat
gss to the mixture and reduced the proportion of CRT glass. This glass foams have the same density or
pre structure as glass foams with only CRT panel glass, by adding up to 50 wt% container cullet or
wt% flat glass to the mixture. The foam samples prepared from the CRT panel glass are amorphous. In
tbe foamed samples with a low content of panel glass, crystals form, resulting in an increased open
porasity, density and inhomogeneous pore structure. The sample prepared from flat glass has a relatively
h,‘”“"geneous porosity while the sample prepared from container glass does not. In this safn.ples the pore
¢ is smaller than in the sample prepared from CRT panel glass. The thermal conductivity decreases
vith a decrease in the density of the samples as well as with an increasing content of CRT papel.g!ass.
Same authors showed that the use of foaming agent/oxidizing agent couples qn'd crystallization m_hxbnt;nx(sj
presents a great potential for decreasing the effect of the glass composition on thf: fon;latlond -
Poperties of the foam glass, thus stabilizing the production of foamed glass. Also, Konig (13] uszc e
G-MS analysis, to show the impact of different oxidation states of manganese on the foaming process.

il i ith different foaming additives:
. xperiments he used, glass powder from obsolete CRT panels mixed wit T e & =

uf ly parti
M.ned charcoal, carbon black, MnOz, Mn;0;3 and MisQs; MaOa 0PY T shifts the foaming to a

Yamin : : S ing process as it
kot BT€action and has a mainly negative impact on the f0;2:1 p%,';s_ and bums out the carbonaceous

Ttem : leading to © ' :
o ¥mperature, increases the mass loss rate lea g » foaming agent 1n an
"Viinilz?ﬁ agent before the sintering of glass particles. anOlg is,:m:,:dobfy;:.jff:c(::mgsphcfc : % s
. "Ng atmos e oxidizing agen Yol R : isrowave absorption
;anng_'s reSearcr;:egt’l z:::dalM[?z(])‘P?cspzlilr]ed a series of novel glass .fo:u:; C:T:g:in'}:éogass gy F:vere
s from soda Jime silica waste glass, C and Fe:%: 7 50 and 800 °C. The glass foams

Yith “d with e sintering temperatures of 740, 750, 760, 7c "of microwave absorption. They showed
fetic crystals were found to have excellent efficiency sorbing properties of glass foam.

: i d ab
Sintering temperature significantly affects the physical "
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i ermal insulation and ¢fe,
functions of th l”""ngnc.
; ic plass foam has the dua o of waste glasses. lie .
The ferrimagnetic Ig :lssI ‘high bty recyeling .
i izes the 1
absorption, and realiz

ami ¢ possibility of including
escarch is also focused on c.\ummi"t‘lildlil(l(l llhc o A W w“_(‘,l!c
A large amount ol‘frus;n .ln“ oo al, [15] were si
in mix am glass. "
waste in mixtures for foam g| iy
starting materials to prepare foam glass. Cot

Other

Pes 0
. i o s ang o O s
Ily available SiC powders with prain Size 3.4 Bhy

sture of the newly obtaineg ¢ 5 fm |

foaming agents. The mncm.smlulllrlcq ! kg/my‘ C(,m“rd_rf’-"n i o

used as high-temperature o R ity of fonm glass I : ‘ el A

typically closed foam structure, The o
s 3 . . y)
0.9829 MPa and porosity is 81.55%.

fluorite tailings are produced, | mai ‘

During the processing of fluorite ore, Iurgt‘vf"::‘c“:;;:s(;;'nl of Muorite tallings in landfilfs ""c:(?nw""”
Ca0, SiOx. Al:Os and Caly. The mnmsmp‘n and China because in the infiltration of residya| ﬁ” Gl
major problems in Mexico, South Amc.n:il resources causes (heir acute contamination, Li¢ (,'an: in
fluorite tailings into land and gnlmn_d"\ﬂ fr{rol‘“ Nuorite tailings, waste glass, calcineq Kaolip |l [I(,|
produced lightweight glass-c?mmlc lod',;]l’" obtained glass-ceramic foams sintered a1 o °C‘ cdlc{“m
phosphate and SiC as a foaming :{g01‘(‘i' i ,\'L,,i[,ut‘iol‘s, low densities and thermal conductivities . jl eg
relali\'cl_v.homogcnc;(msT mrﬁ,z:ﬁ;lncl:)m(lll'bc‘iv“y' compressive sl‘rcnglh, z'md bulk'dcnsity of !h;: r;p}a‘lzh
compressive strengt 15'_ 0.06 W/mK, 1.2 MPa and 0.3 g/cm?, The ﬂuorl(.lc leaching conccmrmi(,n Ohid
glass-ceramic f(;ams \\cr‘c:!d-] od 1.12 ‘mg/L- which satisfied the requirement of fluorine emiizioe
gl&ﬁs-ccm@c om\“su RISO sl'\n;lﬂf d. In this way, fluorite tailings can be successfully recycleq jpy, n
‘conccnlra"ﬂﬁ F:cha,:ebe uscé in the construction industry. Another group of zfuthf)rs exam
meﬂ.ﬁ?:\cvn:f :z;?na titanium-bearing blast furnace slag to ob_tam glass foa{n. T“amUm-bcaringb
rf)lcxjri\s;c:,lsiag is a n;ajor waste produced by the iron and steel mdustr{. In thlsosludy, foam glags ,
waste glass and titanium-bearing blast furnace s}ag with 8 wt%, 10 wt%, 12 wt(f Na;B,0
agent vand NasPO4-12H,0 as foaming stabilizer are Success.ful.ly prepared at 900
e.:perimemal results showed that Na;B407-5H,0 addition ha:s a S{gmﬁcant influence on th
the foam glass. The addition of 10 wt% Na;B40;-5H,0 is suitable for tl'nf prepar.m.g
Iemperam;e of 900 °C. The specimens with 10 .Wt% Na2B4O;-5Hz.O addlthn exhibits
comprehensive properties such as low bulk density (0.52g/cm?), high porosity (79.13
absorption (11.14%) and super compressive strength (8.26 MPa).

ineq the

lasy
Sing
7-5”20 as ﬂuz
°C 17, T,
€ pmpemes of
foam glass at
the excellen
%), low water

Apart from the usual way of obtaining foam glass, it was shovyn that it is also possible to qbtain foam glass
using other methods. Using the replica method, it is also poss1ble' to obtain foam glass. This was shox.m by
Pereira da Costa et al. [18] Using waste glass bottles and benton{te, they. createfi an aqueous suspension iy
which they immersed polyurethane foams. A fter multi-stage heating, during whlclll t.he polyurethane matr:m
is removed, glass-ceramic foams are obtained. The bentonite was u§ed as a plastlclz.er. T}}e glass-ceramic
foams with high contents of a waste glass bottle had a lower porosity. The X-ray diffraction showe.d that
sodium-lime-silicate was the main crystalline phase. Gel-casting technique is known as an eco-fqendly
method for making glass foams by vigorous mechanical foaming. The waste glass is alkaline act{\'aled
(most ofien with NaOH). After intensive mixing, a foaming agent is added to the mixture. The mixture
(activated media) is then dried at lower temperatures, at which the mixture stabilizes (stabilized media)
Finally, the mixture is sintered at higher temperatures, foam glass is obtained [19] . Glass contains
amorphous silica, with a suitable additive, hydration or geopolymerization can be accelerated dunng'lhe
alkali activation. Calcium silicate hydrates are formed by alkaline activation of mixtures rich in caIClt}m
carbonate. Mixtures with a large proportion of AlO; form aluminosilicate products during alkaline |
activation. Therefore, the foam stability is achieved without any other stabilizing agents [20).

2.1. Foam glass ITNMS

i . o mortyr |
Discarded green beer bottle was used as glass raw material. Beer bottle was first crushed in agate mgmin |
into cullet and then pulverized into fine particles, Obtained glass powder was sieved in order to 0

Factory
. 8 um. Sugar beet factory lime (SBFL) was obtained from sugar t;i“ﬁ]
in Crvenka, Serbia and it was used as foaming agent. SBFL was dried in oven at 110 °C, then Cms. an
agate mortar and sieved {o particles size under 48 Hm. Glass powder was mixed SBFL in agate .mor!Jf
it was uniaxially pressed in laboratory hydrayljc press at 20 MPa with addition of 5% moisturé:
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i lectric furn
re 1aced inane ace. Sampl
ots WC : ples were h
¢! oC/min. After the heat treatment the samples f:lCd at T=800 °C for =30 mji
cere removed f =30 min using
rom the

ol P
qbtﬂfni (ate g Fig 11is shown foam glass.
I‘eﬂﬂfhﬂi 0 aifl- i
4 . olass foam with ood :
| ¢ vas 10 obtal? & & physical and chemical characleristi
acleristics while usin
g only waste

e ;_4; w».é»—»—».'-;.g._,{;.,@ S | |
e btained in the Laboratory for gl iz

o [FF0dT glass 0 ry for glass and ceramics, ITN. S
Figur? beet factory lime foamed at 8 00 ;"ésy from beer bottle glass and sugar

3, CONCLUSION
loss Wa e DIOYICes 2 systematic solution for glass-disposal waste management. Glass

wrporation of g‘ 2

ase ight be wielded _for the fabrication o.f foam glass. By using waste glass instead of natural raw

el 0 the production of glass foarp, it reduces the cost of production, the use of natural raw

mmals, and therefore protects the environment. It can be concluded that glass foam obtained from
lation materials in construction devoid of any

qste g1ass can be used as sound and heat insu
spplementary modificates beyond cutting. This paper represents 20 overview of the latest literature
lated to the production of glass foams, new foaming agents and additives, as well as new procedures for

fhe production of glass foams from waste glass.
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