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Abstract: Buildings’ energy conservation is an important issue in the current world. The inorganic foam material has
become one of main developing directions in the field of energy engineering due to its multi-functions such as thermal
insulation, sound insulation and fire prevention. The preparation technology of geopolymer foamed composite was studied by
introducing industrial waste residue fly ash into Portland cement. The influences of water cement ratio, foaming agent, poly-
carboxylate superplasticizer and alkali compound excitation agent on the forming, density and strength of cement foam were
explored. The geopolymer foamed composite with density of about 0. 8 g/cm’ and compressive strength of 2 MPa has been
prepared successfully by using fly ash and cement as main raw materials, H,0, as foaming agent, polycarboxylate as super-
plasticizer, sodium dodecyl sulfate (SDS) and hydroxyethyl cellulose (HEC) as composite foam stabilizer, Na, SiO, or
KOH/Na,SiO; as single or compound activator, respectively. The formation and enhancement mechanism of geopolymer
structure were discussed. The research provides a new technical way for increasing the strength and operational reliability of
conventional cement foam materials prepared at room temperature.
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Table 1 The chemical compositions of cement and fly ash

Si0, Al, O; Ca0 Fe, 03 Na, O K,0 MgO SO; TiO, Others
Cement 17.32 4.48 58.51 2.88 - 0.49 1.94 4.76 0.28 9.34
Fly Ash 54.37 24. 47 4.85 5.50 1.44 1.71 0.99 - 1.45 5.22
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Fig. 1  Preparation process of geopolymer foamed materials based on fly ash and cement
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Table 2 Foaming condition of different composite foam stabilizer

SDS(g)
0 0.1 0.2 0.3 0.4 0.5
HEC(g)
0 No foams Unstable foams Unstable foams Unstable foams Unstable foams Unstable foams
Ad tely and Ad tely and Adequately and
0.1 No foams Less foams Less foams equately .an equately .an . equately ,dn
finely foaming finely foaming finely foaming
Ad tely and Ad tely and Ad tely and
0.2 No foams Less foams Less foams cdquately an cquately an equately an

finely foaming finely foaming finely foaming
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Fig 2 Foam forming of 3 g H,0, solution with 0.3 g SDS
and 0. 1 g HEC
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Table 3 Effect of water cement ratio on forming and strength of cement foam

0.4 0.45

Water cement ratio

0.50

0.55 0. 60 0.65

Poor fluidity,
difficulty in

Poor fluidity,
difficulty in
Forming

pouring, pouring,

Excellent fluidity,

uniform foams,

Excellent fluidity,

uniform foams,

Slow hardening, Slow hardening,

letel letel
condition incompletely incompletely comp .e o comp .e oy low initial strength low initial strength
X . hydration of hydration of
hydration, hydration, . .
cements cements
low hardness low hardness
Density(g/cm’) - - 0.72 0.77 - -
14 d Compressive

- 0.323 0. 301 - -

strength ( MPa)




136 Hh A e ik

$37 %

TEFHLIRAREI K o KRR, W Z 1K,
YK, R K A B B Ak B A K e R
R, I K YR UREE fik (49 S0 1T R R D MR
P 2 MK S B SO, R B A K e R
T o K YERIURL T BEE — 2 K SE AT, 4 AL 5 1
FEAmIT, 2L AT B K R A OR S B R . N
I, K YRR 22 18] 03 1E 4 Al SOy, K 98 B B4 i
RSZE . BAh, MOKBIARENG, KA S
NGRS, WK EELS . 7KK L 3% hn %)
0.6 LA, by 7K e MRS J5E B 38 1t A Sk v ok 5 A
w5, ERIGTESE TPOY OS8R B AL, 7 E AR
SREESEVERE . RIS SORL S K BN 2, /K5 1 IR A 4 fish T
BUER, WREZ BIK MR 5K T K, IR A AR,

SRR R R ASLE IR, SRR 45
A SR SRR, KK H R 0.50~0.55 B, K-
IRUBFEHL IR 7K T8 2B T sl 4. R A, KA R
SE4

o 4 T2 TR RIR I KR G T A X v TR K U A A L 5
FERRI . 4 nl L, R KN G A ot 3¢
R sh k. (HBUKFIF R L0, SRS R E KK
W, AR SRR S, MR S AE 0. 1%~
0.2% (Ji & /m %) My B R A& LLai K Ie/E R,
HAH, 0, /BRI, TCigE AR K, B2 AR R R
BRI K SRS i, RS R A 2% 8 B AHR A R K K e
HERKPE(0.61~0.77 g/em’ ), {HH 14 d J5 A58 AL
% 0.218~0. 323 MPa,

x4 BEBBUKFRMER @FKIENESEERNZIT

Table 4 Effect of polycarboxylate superplasticizer addition on forming and strength of cement foam

Polycarboxylate 0
superplasticizer ( wt% )

0.2 0.3 0.4

Slightly difficult

Pouring situation

Excellent liquidity,

Good liquidity, Sample collapse Sample collapse

because of over because of over

to pour easy to pour easy to pour liquidity liquidity
Density
3 0.72 0. 63 0.61 - -
(g/cm?)
14 dC
ompressive 0.323 0.284 0.218 - -

strength ( MPa)
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Fig. 3 The effects of Na,SiO;addition on the density and strength of cement foam: (a)No KOH, (b)KOH of 2 mol/L, (c¢)KOH of 4 mol/L
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