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Preparation and Properties of Foam Insulation Material by Alkali-activate Recycled
Powder-ground Granulated Blast Furnace Slag
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Abstract: A foam insulation material was prepared by a wet foam mixing method with recycled powder and slag as main raw
materials. The effects of alkali activator CaCl,-6H,0 dosage and the preformed foam on the performance of foam insulation materials
were investigated via testing the stabilization time of the foam, the condensing characteristics of the slurry, as well as the compressive
strength, dry density, porosity and thermal conductivity of the specimens. The pore structure and reaction mechanism were analyzed
by image analysis and X-ray diffraction. The results show that the compressive strength of the specimens firstly increases and then
decreases with the increase of alkali exciter, and it reaches the maximum value at 5% of alkali activator, but the dosage of alkali
activator has little effect on the porosity and dry density. The addition of CaCl,-6H,0 significantly shortens the setting time of the
slurry, thus favoring that the slurry and the prefabricated foam reach a better matching state, effectively refine the pores and improve
the compressive strength and thermal inertia of the specimens. Different density grades of foam insulation materials can be prepared
at different amounts of foam admixture. The pore size distribution becomes wider and the compressive strength and thermal
conductivity decrease with the increase of foam admixture. The activity of both slag and recycled powder can be effectively
stimulated, which can play a coordinating and complementary role to achieve the effect of synergistic utilization of solid waste.
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Table 1 Chemical composition of raw materials W/%

Raw material SiO, CaO AlLO;  Fe,04

SO; KO TiO, P,0s Na,O  MgO SrO Total

Recycled powder (RP)

Ground granulated blast furnace slag

(GGBS)

29.03 3836 15.17 0.37

40.79  30.66 18.83 4.03

2.63 1.75 0.91 0.11 99.71

290 047 1.34 0.9 10.7 99.24

W is mass fraction.
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Fig. 1 Particle size distribution of recycled powder and GGBS
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Table 2  Activity index of GGBS and recycled powder

Sample Compressive strength at 28 d/MPa Reactivity index
Control 48.83
GGBS 58.24 119.42%
RP 21.36 43.79%
(b) GGBS

K2 JEAEHR XRD %
Fig.2 XRD patterns of raw materials
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Table 3 Properties of preformed foam

Drainage rate

\ Vo Vo/V Foam-breaking time
Smin 10 min 30 min
25mL 500 mL 20 7%  15%  34% 52 min
1.3 #l&

WA &SRR R E AR T
RP 5 GGBS (3t 700 g)B A7KEH A FEALH, DA
30 r/min #EFE 60 s RAIIET. BRI K FIBRECAR 7
LA 120 r/min (PREFERFE 120 s $) % &R
SRJE R TR R AR I AR LD 30 v/min 4
30 s. KB UK KRR 40 mmx
40 mmx160 mm [PANHIBLE N, FEFRHETRY RN TR
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Fig. 3 Foam expansion multiplier calculation diagram
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Table 4 Mix proportion of Alkali-activated recycled
powder-slag(AARS) foam insulation material

m/g
Sample GGBS RP NaOH CaCl,,6H,O Foam Water SP
1 210 490 21 0 15 560 3.5
2 210 490 35 0 15 560 3.5
3 210 490 49 0 15 560 3.5
4 210 490 63 0 15 560 3.5
5 210 490 77 0 15 560 3.5
6 210 490 35 35 15 560 3.5
7 210 490 35 7.0 15 560 3.5
8 210 490 35 10.5 15 560 3.5
9 210 490 35 14.0 15 560 3.5
10 210 490 35 10.5 5 560 3.5
11 210 490 35 10.5 10 560 3.5
12 210 490 35 10.5 20 560 3.5
13 210 490 35 10.5 25 560 3.5

Note: SP is polycarboxylate superplasticizer.
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Fig. 5 Effect of CaCl,-6H,0 dosage on properties of slurry and foam insulation material
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Fig. 6 Effect of foam content on properties of foam insulation materials
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Fig. 7  Schematic diagram of AARS foam insulation
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Fig. 8 Effect of NaOH dosage on the pore size distribution of foam insulation materials
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Fig. 9 Effect of CaCl,-6H,0 dosage on the pore size distribution of foam insulation materials
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Fig. 10 Effect of foam content on the pore size distribution of foam insulation materials
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Fig. 11 Influence of different factors on the cumulative frequency of pore structure
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Fig. 12 Influence of different factors on the pore parameters
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Fig. 13 XRD patterns of different specimens
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