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Foam glass was prepared with fly ash and glass powder as main raw materials, sodium
carbonate as foaming agent, and trisodium phosphate as suds-stabilizing agent. The influ-
ence of the amount of fly ash and sodium carbonate, foaming temperature and foaming
time on the compressive strength, flexural strength, apparent density and thermal conduc-
tivity of foam glass was studied by orthogonal experiment and the optimum technological
conditions for preparing foam glass were obtained. The pore structure, morphology, pore
size distribution, morphology and crystal precipitation of foam glass were investigated by
means of Occhio Scan v750, Nano Measurer, SEM and XRD. The result shows that the
amount of fly ash has a significant influence on the mechanical and thermal conductivity
of foam glass, the foaming temperature has the greatest influence on the apparent density,
and the influence of sodium carbonate content on the average pore size is the most
obvious. The pore numbers of 9 sets of samples are approximately normal distribution
with the change of average pore sizes, and the average pore sizes of 0.1-2.0 mm exceed
85% . There is a certain amount of crystal precipitating inside the foam glass and the
major and secondary crystalline phase are nepheline and diopside respectively.

Keywords: porous structure, foaming temperature, foaming time, foaming agent, fly
ash, foam glass.

ITeHocTEeKIO IIPUTOTOBIEHO HA OCHOBE JieTyuell 30Jbl M CTEKJSHHOI'O IIOPOIIKAa ¢ 100aBKa-
MK BCIEHHBAIOIIEro areHra KapboHara HATPUSA U CTAOMIM3UPYIIEro IeHooOpasoBaHUE TPU-
"Harpuiihochara. Banauume KouamuecTBa JeTyuell 30Jibl U KapOoHaTa HaTpUA, TeMIIEPATypPbl
BCIICHVBAHWS M BPeMEHU BCI€HMBAHUS HA IPOYHOCTb K CXKATHIO M HA W3rud, ILIOTHOCTL U
TEILIOIPOBOIHOCTE IEHOCTEKJA HCCIEeIOBAJINA € IIOMOIIBI0O OPTOrOHAJBHOrO ILIAHA DKCIIEPHU-
MEHTa, B IIPOIlECCe KOTOPOT0 YCTAHOBJEHBI OIITHUMAJbHBIE TEXHOJOIMMUYECKUE YCIOBUS €ro
nonyuenusi. Ilpumensa Occhio Scan v750, Nano Measurer, SEM u XRD usyuena crpykrypa
mop, MopdoJorus, pacupegesieHne IOP IO pasMepaM u o0pasoBaHWe KPUCTANLINYECKON (hasnl
IIEHOCTEKJJa. YCTAHOBJEHO, UTO HA MEXAHWUYECKYI0 MNPOYHOCTb U TEILIOIPOBOJHOCTH IIEHO-
CTEKJIA OKA3bIBAET 3HAUHUTENbHOE BJINAHNE KOJUYECTBO JIeTydel 30JbI, a4 HA ILJIOTHOCTb —
TeMIIepaTypa BCIeHMBaHUsS. [[OKA3aHO, UTO CPeIHUU pasMep IIOP BaBUCUT OT CONEPIKAHMI
KapOonaTa HaTtpus. B 9 Bumax o6pasioB paciupemeseHne o0Ilero KoJyecTBa IIOp IO pasme-
paM COOTBETCTBYET HOPMAaJLHOMY, YMCJO IIOP cO cpexHuMu pasmepamu 0,1-2,0 MM mnpessbi-
maetT 85% . Buyrpu meHoOCTeKJa HAXOAUTCS OIMPENEIEHHOE KOJNYECTBO KPUCTAIINYECKOTO
Marepuajga, IpUUYeM OCHOBHASA M BTOPUYHAS KpHUCTAJLINYecKUEe (Pashl ABAAOTCH HeeInHOM
U IHOIICHIOM COOTBETCTBEHHO.

Onrumizanis mpomecy mHiAroTOBKM Ta aHAJI3 TeXHIYHHX XapaKTePHCTHK IiHOCKIA 3
aetwouoi 3oxu. Zipeng Qin, Gang Li, Yan Tian, Yuwei Ma, Pengfei Shen

ITiHocKI0 BUrOTOBJIEHO HA OCHOBL JIETIOUOI'O IIOIENY i CKJSHOI'O HOPOIIKY 3 I00aBKaMI
KapboHaTy HATpilo y AKOCTL areHTa mJsd CIiHIOBAaHHA 1 TpuHaTpiiidocdary, mo crabimisye
ninoyrBopenHs. Bmiume KinbpkocTi Jieriouoro momeny i KapbGoHaTy HaTpim, TeMmieparypu i
yacy CHiHIOBAHHSA Ha MIiIHIiCTH 10 CTHCKY, T4 BUI'MH, IIiJbHICTH i TelIonpoBigHicTs miHockiIa
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TOCHIIKEeHO 3 BUKOPHUCTAHHAM OPTOTOHAJBHOTO IMJAHY eKCIePUMEHTY, Y IIpolleci SKoTo BCTa-
HOBJIEHO OTITHMAJLHI TeXHOJOTiUuHI yMOBHM Poro orpmMmanHd. 3a momomoroi Occhio Scan
v750, Nano Measurer, SEM i XRD BuBueHO CTPYKTYpPYy IOp, Mopdosaoriio, posnoain mop 3a
posMipaMu Ta cTBOpeHHa Kpuctajiuxmoi dasm minocknaa. BeramoBieHo, 1o Ha MexaHiuHy
MiIHiCTE 1 TEMJOMPOBiAHICTL TiHOCKJA 3HAYHO BIJINBAE KiJLKICTHL JIETIOUOTO IIOTENY, HA
UIiABHICTEL - TeMIlepaTypa CIiHIOBAHHS, a cepefHill posMip mop 3aieXUThH Bif BMicTy Kapbo-
HaTy Hatpio. ¥ 9 Bugax 3paskiB posmominm BsarajpHoi KiJTbKOCTi mop 3a posmipamu
BifOBila€ HOPMANBLHOMY, YMCJAO MOpP i3 cepexuimu posmipamu 0,1-2,0 mm nepesurtye 85% .
VYcepenuni niHockJa 3HAXOAUTHLCSA II€BHA KiJAbKicTh KpucTajiyHOro MaTepiany, NIPUUOMY
OCHOBHA i BTOpMHHa Kpuctaniuni dasm ¢ Hedesinom i guoncuaoMm BignosigmHo.

1. Introduction

Fly ash foam glass has been widely used
in the fields of building, water conservancy
and traffic roads as heat insulation mate-
rial, light filling material, sound insulation
sound absorption material and lightweight
concrete aggregate. This porous lightweight
material is made of fly ash and glass pow-
der as the main raw material by firing
through stages of preheating, melting,
foaming, foam stabilization and annealing
[1-4]. Fly ash foam glass has the advantages
of high mechanical strength, small thermal
conductivity, nonflammable (grade A non-
flammable material), high softening tem-
perature, good thermal stability and chemi-
cal stability, good sound insulation effect,
strong corrosion resistance, and free from
insect pests, etc. [5-11]. However, due to
the improper control of material mixing
ratio and firing process in the production of
foam glass the pores in the products are
unevenly distributed, the average aperture
is very discrete, the number of communica-
tion pores is large and the surface are rug-
ged and many other defects, and these de-
fects will seriously affect the physical and
mechanical properties of foam glass [12,13].
Therefore, the optimization and perform-
ance analysis of the preparation process are
of great significance to the production of
high-quality foam glass.

Bo Chen et al. [14] showed that the sin-
tered fly ash foam glass at 800°C had excel-
lent comprehensive properties. Zipeng Qin
et al. [15, 16] considered that the amount of
fly ash had great influence on the strength,
apparent density, porosity and thermal con-
ductivity of foam glass, while the foaming
temperature and foaming time had remark-
able influence on the pore structure and po-
rosity distribution. Shuai Qian et al. [17]
showed that the pore structure of foam
glass with 70 mass % fraction of municipal
solid waste incinerator ash and CaCOg as
foaming agent become uniform and the ap-
parent density decreased in a certain range
with the increase of firing temperature. The
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aperture of foam glass gradually inereased,
the apparent density decreased with the
foaming agent content increased from 0.5%
to 2.5%. The change trend of compressive
strength was basically consistent with the
pore structure and apparent density. Yin-
gliang Tian et al. [18] showed that insuffi-
cient cooling rate in the process of rapid
expansion could not make the surface ten-
sion and viscosity of glass melt react with
each other, which does not match the glass
melt and gas expansion or contraction and
resulted in foam glass surface depression.
Yu Zhou, Huan Shi et al [19, 20] showed
that the pore size of the foamed glass in-
creased with the increase of sintering tem-
perature, increased first and then decreased
with the increase of the content of alumi-
num nitride. It is easy to form large pores
and connected pores in the products with
the increasing temperature and the increas-
ing foaming agent content, and the degree
of crystallization and crystal type had great
influence on the strength of the sample.

In this paper, the compressive strength,
flexural strength, apparent density and
thermal conductivity were taken as the ex-
perimental indexes in designing of L9(34)
orthogonal experiment to optimize the
preparation process and to investigate the ef-
fects of different factors on the properties of
foam glass from fly ash and glass powder,
N32CO3 (foaming agent) and Na3PO412H20
(stabilizer). The research can provide some
reference for the production and engineering
application of fly ash foam glass.

2. Experimental

2.1 Experiment raw material

Fly ash produced in Xinjiang Tianye
(Group) power plant. The raw material of
glass powder is the waste flat glass col-
lected from a glass shop in Shihezi and it
was thoroughly dried and placed into a
roller ball mill for ball milling over 2 hours
after washing, and was filtered through 200
mesh screens (aperture 0.074 mm). The
chemical composition and physical indexes
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Table 1. Chemical composition and physical indicators of fly ash and glass powder

Designation Mass fraction, % Fineness, [Loss on ig-
) % nitio, %
SiOo Al,O4 Fe,O,4 CaO MgO K,0+Na,0
Fly ash 59.84 30.77 3.30 1.84 2.35 1.90 4.70 4.90
Waste glass 72.33 1.40 0.15 8.62 4.72 12.78 -

of fly ash and glass powder are shown in
Table 1. The foaming agent is made of so-
dium carbonate (analysis pure, Na,CO; content
is 99.5%), produced by Tianjin Zhiyuan Re-
agent limited company. The stabilizer is so-
dium phosphate tertiary (analysis pure,
Na;PO, 12H,O content is above 98%), pro-
duced by Tianjin Zhiyuan Reagent limited
company. The mold discharging agent is Boron
nitride parting spray (model: JD-3028AAA).

2.2 Sample preparation

The fly ash, glass powder and sodium
phosphate tertiary were weighed according
to a certain proportion, and then were
stirred into the cement mortar mixer to stir
2~3 minutes. The prepared sodium carbon-
ate solution was weighed and added slowly,
and the mixture was put into the mold after
stirring for 2~3 min. The mold was placed
on the vibrating table of the concrete and
was vibrated about 8 minutes, and then it
was dried in the oven to obtain the body of
foam glass. 1.0~1.5¢m refractory sand was
laid on the bottom of the resistance furnace
to make the body heated uniformly. The
temperature control of the firing process
was divided into 4 stages as follows[22].
Preheating stage: the temperature is in-
creased from room temperature to 400 °C at
a rate of 5~8°C/min and the temperature
was maintained for 20~30 minutes to re-
move the binding water and adsorbed water
in raw material, so as to prevent the influ-
ence of water vapor on foaming during
heating. Melting stage: The body was heated
to 650~750°C at a rate of 8~10°C/min, which
softened the body rapidly and reduced the
gas escaping as much as possible. Foaming
stage: the temperature was increased to
850~870°C at a rate of 10~15°C/min, and the
foaming time was 20~30 min, which caused
the foaming agent to react rapidly and pro-
duce a large amount of bubbles. Bubble sta-
bilization and annealing stage: the tempera-
ture was reduced to 500~600°C at a rate of
15~20°C/min and was kept for 20~30 min to
settle down the formed bubbles quickly and
maintain the just formed pore structure of
the foam. Then the furnace was turned off
and the sample was taken out after the sam-
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ple temperature was naturally reduced to
room temperature in the furnace.

2.3 Instrumental analysis

Phase analysis of the sample was carried
out using a D8 ADVANCE X ray diffrac-
tometer produced by Brook AXS company,
the scanning rate was 5°/min and scan
range (2 theta) was 10~80°. Occhio Scan
600 was used to scan the pore structure of
20x20 mm?2 area on the geometric center of
the samples and particle size analysis soft-
ware Nano Measurer was used to calculate
the number and size of apertures. S-4800
type scanning electron microscopy produced
by Hitachi was utilized to observe the mor-
phology of foam glass, and some samples
were observed with this scanning electron
microscope after they were corroded in
2% HF solution for 45 s. The apparent den-
sity of the samples was determined by Ar-
chimides method. The compressive and
flexural strength of the samples were tested
by NY-60 hydraulic pressure tester and
TYE-6A cement mortar bending test ma-
chine, before the test, the compressive and
flexural specimens were respectively cut
into 40x40mm?2 and 40x40x160 mm3 sizes,
and the same sample was tested 3 times and
the average value was taken as the test re-
sult. The thermal conductivity of samples
was measured by JTRG-III heat flow meter
type heat conduction instrument produced
by Beijing Jiantong Century Environmental
Technology Co Ltd.

2.4 Orthogonal experimental design

The content of fly ash, the content of
sodium carbonate, foaming temperature and
foaming time were selected as the main fac-
tors that were respectively expressed as F,
C, T, and S, and the compressive strength,
flexural strength, apparent density and
thermal conductivity were taken as the test
indexes. The factors and levels of L9(34)
orthogonal test are shown in Table 2.

3. Results and discussion

The results of Lg(3%) orthogonal test are
shown in Table 3.

Functional materials, 25, 3, 2018
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Fig.1 Effects of the factors on properties of foam glass samples. (a) Effect of various factors on
compressive strength; (b) effect of various factors on flexural strength; (c) effect of various factors
on apparent density; (d) effect of various factors on thermal conductivity.

3.1 Analysis of factors affecting performance

The compressive strength, flexural
strength, apparent density and thermal con-
ductivity were taken as test indexes and the
range analysis method of orthogonal experi-
ment was used to analyze the factors affect-
ing the performance of 9 groups of foam
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glass. The relationship curve between the 4
factors of the content of fly ash, the con-
tent of sodium carbonate, the foaming tem-
perature and the foaming time and the average
values of the corresponding test indexes at 3
levels was drawn as shown in Fig. 1.

The influence of 4 factors that were the
amount of fly ash, sodium carbonate, foam-
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Table 2. Factors and levels of orthogonal experiment

Level Factors
/% Foaming temperature ,'C Foaming time, min
Fly ash Na,CO4
1 20 2 850 20
2 25 4 860 25
3 30 6 870 30
Note: o is mass fraction.
Table 3. Results of orthogonal experiment
Sample| F C T S Compressive Flexural Apparent den- | Thermal conduc-
No. strength, MPa |strength, MPa| sity, grem 3 | tivity, w-(m-k) 1
Z1 20 2 850 20 3.18 0.29 0.37 0.056
Z2 20 4 860 25 3.23 0.32 0.42 0.055
Z3 20 6 870 30 2.70 0.30 0.41 0.050
Z4 25 2 860 30 5.61 0.56 0.54 0.058
Z5 25 4 870 20 7.45 0.65 0.61 0.063
76 25 6 850 25 7.05 0.45 0.62 0.062
z7 30 2 870 25 8.63 0.90 0.72 0.077
Z8 30 4 850 30 9.64 0.73 0.67 0.069
Z9 30 6 860 20 7.72 0.53 0.65 0.067

Note: F, C, T and S are fly ash, sodium carbonate, foaming temperature and foaming time, respectively.

ing temperature and foaming time on com-
pressive strength, flexural strength, appar-
ent density and thermal conductivity were
quite different according to Fig. 1. When
the compressive strength, flexural strength
and thermal conductivity were used as the
test indexes, the 4 factors were basically
consistent with the above 3 test indexes.
The amount of fly ash had the greatest in-
fluence on compressive strength, flexural
strength and thermal conductivity. The
compressive strength, flexural strength and
thermal conductivity increased with the in-
crease of fly ash content. Compressive
strength, flexural strength and thermal
conductivity are less affected by the other 3
factors. When the content of fly ash was
20%, 25% and 30%, the average values of
compressive strength were 3.03 MPa, 6.70
MPa and 8.66 MPa, the average values of
flexural strength were 3.03 MPa, 6.70 MPa
and 8.66 MPa and the average values of
thermal conductivity were 0.054 w, (moK),
0.061 w, (moK) and 0.071 w, (moK). The
content of fly ash was on the basis of 20%,
when the content of fly ash increased by
5%, the compressive strength increased by
120.75% and 29.24%, the flexural strength
increased by 82.42% and 30.12%, and the
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thermal conductivity increased by 13.67%
and 16.39%, respectively. When the appar-
ent density was used as the test index, the
influence of foaming temperature was the
biggest, followed by the amount of sodium
carbonate, and the smallest influence was
the amount of fly ash. The influence of the
4 factors on the apparent density of foam glass
at 3 levels was firstly increased and then de-
creased, and the apparent density fluctuated
between 0.37 g/em? and 0.72 g/cm3.

Taken together, foam glass products with
high strength, light weight, good heat insu-
lation performance and low production cost
could be obtained by adopting the prepara-
tion process with fly ash content of 25%,
sodium carbonate content of 4%, foaming tem-
perature at 850°C and foaming time of 20 min.

3.2 Pore structure analysis

The instrument of Occhio Scan 600 was used
to scan and analyze the pore structure on the
area of 20x20 mm? at the geometry center of the
9 samples, and to characterize the pore structure
of the sample as shown in Fig. 2.

It could be seen from Fig. 2 that the
morphology of pore structure from the 9
groups were quite different and it was indi-
cated that the content of fly ash, firing

Functional materials, 25, 3, 2018
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Fig.2 Pore structure diagram of foam glass samples.

temperature, amount of foaming agent and
foaming time had remarkable influence on
the pore structure. The pore walls of sam-
ples (Z1 and Z2) were quite thick, the num-
ber of macroscopic pores (visible to the
naked eye) was very small, the pore struc-
ture distribution was relatively uniform
when the firing temperature was 850~860°C,
the amount of sodium carbonate (foaming
agent) was 2~4% and the foaming time was
shorter 20~25 min. The pore walls of sam-
ples (Z3~Z9) was thinner than Z1 and Z2,
and the number of pores was also increased
obviously with the increase of firing tem-
perature, sodium carbonate content and the
extension of foaming time. If the amount of
sodium carbonate was more or foaming time

Functional materials, 25, 3, 2018
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was longer when the firing temperature
reached 870°C, the number of connected pores
in the sample (Z3, Z5) would increase signifi-
cantly. If the amount of sodium carbonate was
decreased and the foaming time was shortened,
the number of connected pores would decrease.

The pore sizes of these samples were statis-
tically analyzed by particle size analysis soft-
ware Nano Measurer. The aperture was divided
into 6 grades interval that were d>3mm,
2mm<d<3mm, Imm<d<2mm, 0.5mm<d<lmm,
0.1mm<d<0.5mm, 0.01mm<d<0.1lmm. The
number of apertures in each range was
counted, and the standard deviation of total
pore diameter, average pore diameter and
pore size were calculated as shown in Table 4.
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Table 4 Statistical results of pore sizes of foam glass samples

Sample No. Z1 Z2 Z3 Z4 Z5 76 Z7 78 Z9

Aperture 1 d>8mm 1 0 1 4 4 4 2 1 0

UMby | omms<d<Smm | 6 17 | 5 | 10 | 9 1| 11| 4
3 Imm<d<2mm 46 24 49 46 55 48 37 46 33

4 0.5mm<d<1lmm 79 72 66 94 68 78 91 92 60

5 |0.1lmm<d<0.5mm | 66 54 15 113 99 25 21 35 21

6 10.0lmm<d<0.1lmm| O 0 0 0 1 1 0 3 0

Summation 198 154 148 262 2387 165 152 188 118
Average aperture/mm 0.799 | 0.73 | 1.11 | 0.72 | 0.82 | 0.99 | 0.84 | 0.89 | 0.89
Standard deviation/mm 0.50 | 0.43 | 0.59 | 0.57 | 0.70 | 0.65 | 0.45 | 0.52 | 0.46

As experiment showed, when the firing
temperature was 850~860°C, the amount of
sodium carbonate (foaming agent) was
2~4% and the foaming time was 20~25 min,
the average pore diameter and standard de-
viation of pore size counted from samples
(Z1, Z2) were relatively small. The average
pore diameter and the standard deviation of
pore size of samples (Z3~Z9) increased in
different degrees with the increase of firing
temperature, the increasing amount of so-
dium carbonate and the extension of foam-
ing time. When the firing temperature was
870°C, the content of sodium carbonate was
6% and the foaming time was 30min, the
average pore size of the samples reaches the
maximum that is 1.11mm, and the standard
deviation of the pore diameter was close to
0.60mm. The influence of the amount of
sodium carbonate on average pore size was
also significant. When the amount of so-
dium carbonate was 6%, the average pore
size of samples (Z3, Z6 and Z9) reached
1.11lmm (870°C), 0.99mm (860°C) and
0.89mm (850°C) respectively.

The distribution of the por the relation-
ship curves were drawn between aperture
levels and number of corresponding pores as
shown in Fig. 2.

As shown in Fig. 3, the number distri-
bution of pore sizes was approximately nor-
mal distribution within 6 grades interval.
The number of pore sizes from all samples at
3, 4 and 5 grades was above 85% and it
showed the pore size of the sample was mainly
distributed in the range of 0.1~2.0 mm.

Average pore size is an important pa-
rameter to reflect the size of pore structure
and quality of foam glass[23]. The average
pore size was used as the evaluation index
and factors that affected the average pore
size of foam glass from 9 groups were ana-
lyzed by range analysis of orthogonal ex-
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Number

Aperture grades

Fig.3 Pore size distribution of foam glass
samples

periment. The relationship curve between
the 4 factors of the content of fly ash, the
content of sodium carbonate, the foaming
temperature and the foaming time and the
average values of corresponding index at 3
levels was drawn as shown in Fig. 4.

As shown in Fig. 4, the influence of the
amount of sodium carbonate on the average
pore size was the biggest, followed by the
foaming temperature, and the influence of
the amount of fly ash on the average pore
size was the least. When the dosage of so-
dium carbonate was 2%, 4% and 6%, the
average pore diameters were 0.78 mm, 0.81
mm and 1 mm respectively. The average
pore diameters increased by 38.85% and
23.46% with an increase of 2% when the
amount of sodium carbonate was on the
basis of 2% . The decomposition reaction of
sodium carbonate had already occurred at
850°C, in theory, each of the decomposed
sodium carbonate particles produced a tiny
blowhole. Therefore, the amount of sodium
carbonate increased, the number of sodium
carbonate particles increased, and the num-
ber of pores increased. However, when the
amount of sodium carbonate increased to a

Functional materials, 25, 3, 2018



Zipeng Qin et al. / Optimization of preparation ...

10 r
/ —— Average pore diameter
] § /'
=
25 o9t / . / N
L = \ /
oo 8 L ‘\‘//)' \ / /
o o N\ '/4/
G g
28 08} /
< 3
O-T 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
20 25 30 2 4 6 850 860 870 20 25 30
F/% C/% T/'C S/min
Fig.4 Effect of the factors on average pore sizes of foam glass samples
400 - 400 -
— 78
— 72 1 , :
1 Nepheline NaAlSiO, ! Nepheline NaAlSiOg
300 .p ) ) 4 300 - 2 Diopside CaMgSiyO,
2 2 Diopside CaMgSiyOg 12
5 5 i
< 200 © 200 1,
12
100 100 [
0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
20, deg 20, deg

Fig. 5. XRD analysis of partial foam glass samples.

certain extent, the distribution of sodium
carbonate particles in the body was rela-
tively dense and the pore spacing was
smaller after the decomposition reaction of
sodium carbonate particles occurred. The
pore wall formed by the reaction was thin-
ner and the pore wall was easy to break
under the action of the gas pressure. Thus,
the sizes of the connected pores were en-
larged, so that the average pore sizes of the
samples increased, the number of pores de-
creased, and the pore structure changed.
Since the distribution of sodium carbonate
particles in the samples was random, the
above process was stochastic as well. The
randomness was reflected in the macro-
scopic physical and mechanical properties of
the samples, which leads to the discreteness
of the physical and mechanical properties of
the samples.

3.3 Microstructure analysis

In order to determine the crystallization
degree, crystal type and the influence of
various factors on the phase of foam glass,
XRD analysis on 2 sets of samples (Z2 and
7Z8) was carried out as shown in Fig. 5.
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According to Fig. 5, there was a certain
amount of crystal precipitation in the proc-
ess of sintering, and the main phase was
nepheline (NaAlSiO,), the second phase was
diopside (CaMgSi,Og).

In order to investigate the crystal precipi-
tation in fly ash foam glass, some of the
samples were scanned by electron microscope,
and the scanning Fig.s were shown in Fig. 6.

According to Fig. 5, there are granular
and blocky crystals in the sample of foamed
glass samples. Thermogravimetric analysis
of the literature [24] showed that the ther-
mal stability of fly ash was excellent, and
the chemical reaction did not happen at
room temperature to 1200°C, but the fly ash
had obvious chemical reaction at 789-859°C
after adding sodium carbonate. When foam
glass was fired at 850°C, a large number of
hollowed-out fly ash particles were found in
the samples as shown in Fig. 6 (a). This
phenomenon indicated that the fly ash had
been involved in the chemical reaction at
850°C. The main chemical compositions of
fly ash used in the test were Al,O5; and SiO,
whose total amount to more than 90%, and
the fly ash was mainly composed of mullite
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10.0um

Fig. 6. SEM photographs of partial foam glass samples. (a) Incompletely reacted fly ash particles (Z8); (b) A
small amount of granular crystals (Z2); (¢) A large number of granular crystals (Z8); (d) Massive crystals (Z8, after

acid corrosion)

(AlgSiO43) crystal phase and aluminosilicate
glass phase. The sintering temperature used
in the experiment was 850-870°C, the solid-
solid reaction occurs in the material at this
temperature and SiO, did not participate in
the reaction in the solid state [25], there-
fore, the main chemical reaction formula of
fly ash and sodium carbonate is as follows.

2NaAlSiO, + 4NaAlO, + 3CO, T

Reaction between mullite and sodium
carbonate in fly ash at moderate tempera-
ture from the above equation produced
nepheline whose crystals were gathered to-
gether to form granules as shown in Fig. 6 (c).
Fig. 6 (d) was obtained by scanning electron
microscopy after corroding the Z8 sample
with 2% HF solution for 45s. A large number
of massive crystals were present in Fig. 6 (d),
which greatly increases the strength of the
sample. Compared with Z8, the sintering
temperature of Z2 had been increased by
1.18%, the amount of fly ash decreased by
33.8383%, the foaming time was shortened by
20%, the amount of sodium carbonate was
consistent, however, the mechanical
strength of Z2 decreases obviously. From
the performance analysis in the above 2.2
section, we can see that the amount of fly
ash had the greatest influence on the me-
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chanical properties of the samples. The
amount of mullite in the body is less due to
the small amount of fly ash in Z2 samples,
and the lack of mullite content resulted in
its failure to respond adequately to sodium
carbonate. As we can see from Fig. 6 (b),
only a small amount of granular crystals
were observed in the Z2 sample, and a small
amount of bulk crystals were found after
2% HF solution corrosion for 45s. These
granular crystals in Z2 samples did not
grow sufficiently to form as many crystal-
line crystals as in Z8 samples. Therefore,
the mechanical properties of Z2 samples
were lower than that of Z8 samples.

According to the above macro and micro
analysis, the mechanical properties of foam
glass could be improved remarkably by the
increase of fly ash content. But the thermal
conductivity of the sample would increase
significantly after the content of fly ash
increas

The influence of the amount of fly ash,
sodium carbonate, foaming temperature and
foaming time on compressive strength,
flexural strength, apparent density and
thermal conductivity were quite different.
Foam glass products with high strength,
light weight, good heat insulation perform-
ance and low production cost could be ob-
tained by adopting the preparation process

Functional materials, 25, 3, 2018
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with fly ash content of 25%, sodium -car-
bonate content of 4%, foaming temperature
at 850°C and foaming time of 20min.

The influence of the amount of sodium
carbonate on the average pore size of the
samples was the most significant. The aver-
age pore diameters increased by 3.85% and
23.46% with an increase of 2% on the basis
of the amount at 2% . However, when the
amount of sodium carbonate was continu-
ously increased, it was easy to form large
holes in the samples, which resulted in the
increase of average pore size, the decrease
of pore number and the change of pore
structure. The distribution of sodium car-
bonate particles in the sample was random,
and porosity and pore structure change were
random as well. The randomness would be
reflected in the macro physical and mechani-
cal properties of the samples, which made the
physical and mechanical properties of the
sample have a certain discreteness.

There was a certain amount of crystal
precipitation in the process of sintering.
The main phase was nepheline and secon-
dary crystalline phase was diopside. The
production of crystals greatly improved the
mechanical properties of the sample. The
increase of the content of fly ash could in-
crease the amount of crystal precipitation,
but the thermal conductivity of the samples
would increase significantly after the con-
tent of fly ash increased continuously, which led
to the decrease of the thermal insulation prop-
erty of the samples. The control of fly ash con-
tent was more suitable at 25% after analysis.
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