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Quality Characteristics and Environmental Impact Assessment of
Alkali-Activated Foamed Concrete
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The present study tested 5 concrete mixes to develop reliable mixing proportions for the sustainable alkali-activated(AA) foamed
concrete as a thermal insulation material for the floor heating system of buildings. The AA binder used was composed of 73.5% ground
granulated blast-furnace slag, 15% fly ash, 5% calcium hydroxide, and 6.5% sodium silicate. As a main variable, the unit binder content
varied from 325kg/m’ to 425kg/m’ at a space of 25kg/m?’. The test results revealed that AA foamed concrete has considerable potential
for practical applications when the unit binder content is close to 375kg/m’, which achieves the minimum quality requirements
specified in KS F 4039 and ensures economic efficiency. In addition, lifecycle assessment demonstrated the reduction in the
environmental impact profiles of all specimens relative to typical ordinary portland cement foamed concrete as follows: 99% for
photochemical oxidation potential, 87~89% for global warming potential, 78~82% for abiotic depletion, and 70~75% for both
acidification potential and human toxicity.
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AA ZBIHE et = BXiE(source material)= 125201
(ground granulated blast—furnace slag, GGBS)0|0H, Z2+0|0f
H(fly ash, FA)Z7} x| Z&xH 29| 15% x| 2= AULCH GGBSL|
2 NE2 45%2| Ca0, 31.5%2| Si0, Ll 13.8%2] Al,O;Q1 HBFH,
FAS| = MEL2 577%9| Si02 28.6%2| Al,O30|CHTable 1),
GGBS2} FAQ| HIE2 212t 292} 2.20|H, 0| AM=Q| H|EHA
© 247+ 4400 cm?/gt 4.200 cm?/gO|Ch EAMEIRRE 5%9

Table 1. Chemical composition of selected source materials
(% by volume)

Mztl:rl_ Si0; |ALOs|Fex0s| CaO |MgO | K20 | TiOs | SO5 | LOI

FA |57.70|28.60| 5.08 | 4.70 | 0.67 | 0.57 | 1.53 | 0.68 | 0.1

GGBS |34.70(13.80| 0.11 {44.60| 4.38 | 0.48 | 0.74 | 0.95 | 0.24

* Loss on ignition.

Ca(OH),2} 6.5%2] NaSiOs0| AF2E[RAC} NapSiOs2) EHIL
0ICt Ca(OH)2t NapSi0s2] HIE2 Zt2t 2. 2424 1.560]|CH A1
£ Q5 A= J|ZX o ZRNES MEY 78] |XI0] r
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Table 2. Details of prepared concrete mixes and summary of test results

Composition of AA binder by Results of fresh
. . . Results of hardened concrete
Designed Unit weight (%) concrete
Specimens VfO‘(iEIIEC I(J://I)? Cb;;l:i:nrt Actual foam Flow Dry Compressive Thermal
. K 3, |GGBS | FA | Ca(OH): | Na;SiOs |volume ratio density | strength (MPa) | conductivity
ratio (%) (kg/m”) %) (mm) & g/mg) (W/mK)
i 7 days |28 days
B-325 75 325 76 225 325 0.39 0.50 0.088
B-350 73 350 73 220 346 0.78 0.92 0.091
B-375 71 40 375 735 | 15 5 68 195 399 1.18 1.54 0.099
B-400 69 400 67 205 429 1.28 1.75 0.114
B-425 68 425 68 245 444 1.49 1.84 0.12

Note] Specimen notation refers to the unit binder content.
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Unit binder content (kg/m?*)

Designation
> 350 375 400 423
Gel pores : ¢ 10 nm (%) 0.83 208 196 g44
Micro capillanies © 102 ¢<50 mm(%s) 14.28 10.19 17.51 17.20
Macro capillaries : 50 nm< ¢<50 pum(%)  43.08 36.26 25.12 17.97
Autificial aur pores © 50 pumz=¢ (®a) 9207 824 7.89 6.94
Total porosity (%s) 67.24 57.68 5247 50.57
16
14 Gel pores | Micro Macro |- Artificial
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Fig. 1. Effect of unit binder content on pore size distribution

Fig. 2. Effect of unit binder content on air-void structure
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Fig. 3. Relationship of dry density and 28-day compressive

strength of foamed concrete
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Fig. 4. Product cost ratio of AA foamed concrete relative to
typical OPC foamed concrete

Table 3. Commercial unit cost of each constituent material

*

Material OPC | GGBS | FA | Ca(OH), | Na;SiO; | VFA

Unit cost

(1.000V/ton) 75 444 | 29.6 106.5 690.8 1480

" VFA: vegetable-based soap-typed resin foaming agent
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Table 4. Environmental load inventories of each specimen calculated from LCA procedure

Environmental load inventories (kg/m3)
S Emissions Primary energy use
CO, co SOX NOX NH; Antchorzlmte Bltu(::;rllous Nz;t;lsral C:;Iie
B-325 4.55E+01 | 2.20E-02 3.85E-02 1.60E-01 2.61E-03 3.21E-01 2.44E-03 1.01E+01 5.09E+00
B-350 491E+01 | 2.37E-02 4.16E-02 1.72E-01 2.81E-03 3.44E-01 2.63E-03 1.09E+01 5.50E+00
B-375 5.25E+01 | 2.54E-02 4.45E-02 1.85E-01 3.01E-03 3.70E-01 2.82E-03 1.17E+01 5.89E+00
B-400 5.59E+01 | 2.71E-02 4.74E-02 1.97E-01 3.20E-03 3.94E-01 3.00E-03 1.24E+01 6.27E+00
B-425 5.40E+01 | 2.76E-02 4.91E-02 1.54E-01 2.67E-03 2.10E-01 2.46E-03 8.91E+00 6.30E+00
OPC 4.12E+02 | 3.58E+01 2.28E-01 8.67E-01 5.92E-02 3.04E+00 7.21E+01 3.25E+00 1.15E+01

\

\
3 Abiotic depletion
H Eutrophication

E Human toxicity

O Global warming
Acidification

Photochemical oxidation

Reduced percentage relative to
OPC foamed concrete (%)

w

-325 B-350 B-375 B-400 B-425

Specimen

Fi

g. 5. Reduction ratio of each environmental impact profile of
AA foamed concrete relative to the typical OPC foamed
concrete
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