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Table 1 Foam characteristics of ionic foaming agents and its effects on foam concrete

Foaming agent Type

Foam characteristics or concrete properties

Anionic
foaming agent respectively.
1% sodium dodecyl benzene sulfonate
(LAS) anionic foaming agent!"” respectively.
1% -a-olefin Sodium sulfonate (AOS)
anionic foaming agent'®! respectively.
0.3%O0RS41 anionic foaming agent
0.3%B-100 anionic foaming agent!'”
Alcohol ether sulfate (AES) anionic
foaming agent!"®!
Nonionic
foaming agent  foaming agent!'”!

0.2 W/(m'K).

0.3% N-lauryl - L-glutamate sodium!™  Foaming ratio, settling distance and bleeding water reached 35 times, 35 mm and 80 mL in 1 h,
Foaming ratio, settling distance and bleeding water were 32 times, 38 mm and 140 mL in 1 h,
Foaming ratio, settling distance and bleeding water were 46 times, 9.9 mm and 106.2 mL in 1 h,

Initial foam volume was 92mL, and the half-life of the foam was 20 min.
Initial foam volume was 48 mL, and the half-life of foam was 18.5 min.

Thermal conductivity of foamed concrete with dry density of 4401 500 kg/m® was 0.120—
0.421 W/(m-K).

Polyethylene glycol fatty acid nonionic ~ Surface tension of the prepared foaming agent solution was as low as 25 mNN/m, resulting

in a stable foam. Ensure minimum strength above 2 MPa and thermal conductivity below
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Table 2 Effects of protein foaming agent on foam characteristics and foam concrete properties

Foaming agent Type

Foam characteristics or concrete properties

Animal protein Bovine hemoglobin protein foaming

foaming agent  agent(H)®!

Bovine hemoglobin improves thermal conductivity and creating a regular cellular structure.

The thermal conductivity in the case of a composite with H/C ratio equal to 0.5 and with 3

min of mixing after the introduction of hemoglobin is 0.627 W/(m-K).

An animal protein foaming agent*”)

Defoaming in 1h, the amount of bleeding water and foaming ratio of the animal protein were

36%, 8.5 mL, and 42 times.

Protein foaming agent prepared from 20-30 g Foaming ratio reached 13.7 times, and the stabilization time reached 90 min.

cow hoof horn®*!

Protein foaming agent prepared by 20 g pig's  Half-life of bubble was 47 min, the foaming height was 6.4 cm, the foaming volume was 510

foot horn and 0.1% gelatin

mL, and the stabilization time was 30.33 h'®”’. The dry bulk density (from 772 kg/m’ to 581

kg/m®) and compressive strength (from 6 MPa to 3 MPa) decreased with an increasing foam

content (from
1 050 mL to 1250 mL), while the water absorption increased from 19% to 28%

[30]

Plant protein Foam powder for caramel grains

foaming agent ~ Canola meal protein foaming agent”®"!

[29]

Foaming degree was up to 560%.

Foaming height was up to 110 mm, and stable foaming time was 47 h.
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Table 3 Types, foam characteristics and foam concrete properties of synergistic foam stabilizer

Type Foam characteristics or concrete properties

0.5% modified silicone polyether =~ Compared with the blank test, the foaming ratio increased from 16.80 times to 17.08 times. The half-life extended to

Emulsion (MPS)"”

216.81 min from 20.10 min. When the foam content was 2, 4 mL/g and 6 mL/g, the dry density of FMOC (Foamed

magnesium oxychloride cement) prepared by MPS decreased by 6, 16 kg/m’® and 4 kg/m’, and the strength increased by

0.81, 0.19 MPa and 0 MPa, respectively.

Compared with the blank test, the foaming ratio increased from 16.80 times to 17.89 times, and the half-life increased to

1.5% nonylphenol
polyoxyethylene ether
(TX-10)5"

Tea Saponin (TS)?*”)

diameter.

50.69 min from 20.10 min. The mold collapse phenomenon occurs in the low density of foam concrete due to its large

Compared with the blank test, the foaming ratio increased from 16.80 times to 17.25 times, and the half-life increased to

34.45 min from 20.10 min. The addition of tea saponin had no significant influence on the strength of concrete. While,

the dosage of was 0.4% and 0.6%, the dry density of concrete decreased by 33% and 40%, respectively

0.8% silicone amide*”!

Alkyl alcohol amidel™!

[56]

Strength increased by 31% with 0.8% stabilizer compared with the blank test.

Foam concrete prepared with 0.5% alkyl alcohol amide obtained good fluidity and the minimum drop height.
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Table 4 Foam characteristics of thickening foam stabilizer and its effects on foam concrete properties

Type Foam characteristics

Effects on concrete properties

1% gelatin (GA)P”)

Foaming ratio was 16.75 times, and the half-life extended from More than 90% concrete pore size was in the range of 50 um to
20.10 min to 55.10 min. 200 pm.

0.6 g/lL Compared with the blank test, the foaming volume was
Polyacrylamide increased from 850 mL to 890 mL, and the half-life extended
(PAM)¥! from 390 s to 19 min.

Hydroxypropyl

methyl cellulose

Foam density increased from 50 kg/m’® to 65 kg/m’, and the When the content is greater than 1%, the dry density was stable at
foam began to bleed after 30 min®®*). about 570 kg/m’. The 28 d strength increased from 2.46 MPa to 2.90 MPa
as HPMC increased from 0 to 0.1%.

Addition of XG increased the compressive strength of foam concrete
by 34%!%,

Compared with the blank test, the surface tension decreased Compared with the blank test, the strength increased from 2.48 MPa
from 31 mN/m to 28.68 mN/m, the foaming ratio increased to 3.58 MPa, the water absorption decreased from 30.2% to 23.4%,
from 18 times to 21 times, the bubble population density and the film thickness increased from 20 pm to 39 pm!®,

Minimum bleeding volume was 34 mL with 4.5% (in mass) Maximum fluidity of foamed concrete with 0.5% CMC-Na is 225 mm,
CMC-Na, minimum settling distance reached 9 mm with 6% and the maximum 28 d compressive strength of foamed concrete

with 0.1% CMC-Na is 2.67 MPa, which is 7.66% and 21.62% higher
[60]

(HPMC)

Xanthan gum(XG)  Foam drains little to no water for 80 min with 0.45% XGlo,
decreased from 56.7 kg/m’ to 47.5 kg/m’, and the bleeding rate
decreased from 13.8 mL to 8.6 mL in 60 min!®*,

Sodium

carboxymethyl
cellulose CMC-Nal™,
(CMC-Na)

than that of the base group, respectively'” .

Foam concrete reached the maximum mobility as CMC-Na Maximum value of 28 d strength and specific strength were increased
dosage was 0.3%, which was 18.3% higher than that of the by 70.1% and 47.9%, while the thermal conductivity decreased by
blank test'®", 16.3%. Besides, the dry shrinkage value of 28 d decreased by more

than 1mm/m, the water absorption decreased by 18.4%, and the

softening coefficient increased by 11.8%!°".

Sodium hydroxide™ It had a good improvement on the bleeding amount but no

significant improvement on the settling distance.
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Table 5 Types, foam characteristics and effects on concrete properties of nano-solid foam stabilizer

Type

Foam characteristics Effects on concrete properties

Nano-silica (NS)

Foam density increased from 65 kg/m® to 80 kg/m’*t**. Strength of 28 d increased from 3.61 MPa to 6.52 MPal*.,
Foam viscosity increased from 2.0 mPa's to 9.5 mPa's, the
sedimentation rate decreased from 2.50% to 0.63%, and
bleeding rate increased from 57% to 59% with 10 g/L NS\

F-pH9(Use 5x10°mol/L Ca (OH), to adjust the pH value of Compressive strength of 7 d and 28 d were 2.2 MPa and 3.1 MPa,
the solution to 9 and mix with the foaming agent) sample respectively. While the water absorption of 28 d and dry shrinkage
group was the best, with 5 min water flow, 60 min water of 90 d were 4.7% and 2.79 mm/m, the density ratio of bottom to top

flow and liquidity of 1%, 43% and 172 mm, bubble viscosity was 1.12, and the ratio of aperture diameter (100 pm<d<<500 pm).

Ca(OH),"""
and bubble strength of 0.263 Pa‘s and 29.84 Pa, and liquid
film thickness of 49.52 pm, respectively.

Silica fume!”! Foam was 25% higher than that of the blank test in 270 min.

5% (in mass)

nano-alumina (NA)!*”!

F1 (adding silica fume at the liquid foaming stage) can effectively
promote the stability of the foam and the ratio of compressive

strength to density than that of FO (without adding silica fume).

There was almost no collapse of foam within 60 minutes. Concrete strength increased from 2.2-3.4 MPa (without NA mixing)
Surface tension was reduced from 30.85 mN/m to 27.83 mN/m, to 3.1-5.2 MPa

and the foaming ratio was increased from 27 times to

35 times

10 g/L Graphene (G Surface tension increased from 31% to 50%, and the Thermal conductivity increased from 0.126W/(m'K) to

sedimentation rate increased from 2.5% to 19.0%.

Hydrophobic Starch
Nanoparticles
(H-SNP)?!

decreased by 8% in 5 min.

6% Wet-ground waste
limestone

powder( WGWLP)"  bubbles.

0.185 W/(m'K).

Compared with the blank test, the foam displacement Compared with the blank test, the compressive strength and water

absorption increased from 2.35 MPa to 2.77 MPa and decreased
from 21.3% to 10.5%, respectively. The dry shrinkage decreased
from 2.72x107 to 1.74x107 at 90 d. Percentage of concrete
aperture distributed in 100-500um increased to 63.2%.

Compared with the blank test, the foam density increased Strength of specimens with 6% WLP was 7.21 MPa, with an
from 65.38 kg/m’ to 66.24 kg/m*. WGWLP refined the small increased by 12.2% compared with reference. The maximum density

ratio of 1.03 was lower than that of the reference group of 1.09.
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0.166. 0.139 Pa-s £ 0.177 Pa's. 28 d /558 E 75
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1.83 MPa f1 2.75 MPa.
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SAC is sulphoaluminate cement. OPC is ordinary portland cement. MPC is magnesium phosphate cement.

B2 KR e 5 B R B o s A i )

Fig. 2 Influence of cement on thermal conductivity and micro-properties of foam concrete
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Table 6 Influence of admixture on foam concrete performance

Mineral admixture

Influence on concrete performance

Fly ash (FA)

Silica fume (SF)

Metakaolin(12%)

Attapulgite(3%)

Incorporation of FA reduced the ratio of compressive strength to thermal conductivity!®),

When the fixed content of FA is 40%, the maximum compressive strength of concrete is 0.54 MPa, the maximum splitting tensile
strength is 0.169 MPa, the maximum thermal conductivity is 0.059 6 W/(m-K), and the porosity, average pore size and pore shape
factor are the minimum, which are 85%, 655.07 um and 1.25, respectively“m].

SF increased the density of foam concrete by 55% and reduced the water absorption by 67%. SF increased the concrete strength by 4.4
times. Addition of SF increased the thermal conductivity of foam concrete by 37%!'%!.

Compared with the blank test, the compressive strength and average pore diameter increased from 0.11 MPa to 0.22 MPa and 967 pm to
1156 pm, respectively!®).

Maximum compressive strength was 3.33 MPa and the maximum specific strength was 6 488 N-m/kg, which were 148.5% and 127.5%

higher than those in the blank test, respectively'®'.

Recycled powder (RP) Addition of recycled powder resulted in little impact on both the wet and dry density of foam concrete. Compressive strength of foam

Palm oil fuel ash
(POFA, 20%)

concrete decreased with the increasing content of the recycled powder. Incorporation of recycled powder reduced the thermal

conductivity of foam concrete. Porosity and maximum pore diameter of foamed concrete increase with increased recycled powder

content””,

POFA had low compressive strength due to its non-volcanic particles, high LOI (Loss On Ignition) content and porous nature!'*. It has

low water absorption and porosity!'").

2.3 WUEAREM R/ RBEYM R TR T35y 552 kg/m®, FRIE N 0.08 MPa; T
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B, BRI R e A L AT DA R VL A Y g L o
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Table 7 Pore structure parameters for geopolymer foam materials

Sample No. Mass fraction/% Mean pore Most probable  Average roundness Communication
MSW fly ash Slag Activator size/mm size/mm value porosity/%
al-20 C 40 60 10 0.65 0.62 2.14 6.81
cl-20C 40 60 20 0.84 0.81 1.88 8.42
al-30 C 40 60 10 0.67 0.62 2.06 7.01
b1-30 C 40 60 15 0.92 0.90 1.91 7.73
al-40 'C 40 60 10 0.67 0.61 2.07 6.74
a3-40 C 60 40 10 0.91 0.85 2.01 8.01
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Research Progress on Foam Performance and Matrix Materials for Foam Concrete

SONG Qiang, ZOU Yingjie, ZHANG Peng, BAO Jiuwen, XUE Shanbin
(Department of Civil Engineering, Qingdao University of Technology, Qingdao 266033, Shandong, China)

Extended Abstract

Foam concrete can be used as a non-load-bearing structure material due to its low density, high porosity and heat and fire
resistance, and foam concrete consists of a foaming agent, water, cement, sand and admixture. Air bubbles generate the pores in foam
concrete, and the hydration products of the cement, sand, and admixture form a supporting structure. Foam concrete often involves
foam collapse, low product strength and susceptibility to cracking during its preparation and practical use. This review was to reveal
the foam property of foam concrete and the influence of the matrix materials on the structure and performance. This review also
summarized the types and amounts of foaming agents, foam stabilizers, matrix materials, fibers, and additives, and clarified the
correlation mechanism between macro- parameters and performance/microstructure.

The property of foam concrete is closely related to its foam performance and matrix materials, and foaming agents and foam
stabilizers have a dominant impact on the foam performance. At present, foaming agents mainly include physical foaming agents and
chemical foaming agents. Physical foaming agents refer to surfactants or active substances with a high activity, forming bubbles via
reducing the surface tension of the liquid and producing a double electrical layer on the surface of the liquid film. Physical foaming
agents mainly include rosin resin, ionic, protein and composite. Chemical foaming agents produce bubbles via chemical reactions by
adding chemical reagents (i.e., H,O,, Zn and NaHCO;, efc.). Rosin resin foaming agents are the earliest and most commonly used
foaming agents, but they have problems such as a low foaming ratio and a poor foam stability. Ionic foaming agents increase the
bubble foaming ratio. Protein-based foaming agents have higher strength and stability, but have shortages such as higher foaming
costs. Compound foaming agents are the fourth-generation foaming agents with synergistic effects and take into account ionic
foaming agents. The foaming agent has some advantages like high foaming multiple and good stability of protein foaming agent.

As the single-use of foaming agents produces a poor stability of foam and results in a low strength of concrete, the foam stability
is used to promote the performance of foam concrete by the foam stabilizing agent with its thickening and increase the viscosity of the
liquid film and block drainage. Foam stabilizers can be divided into three categories, i.e., synergistic foam stabilizers, tackifier foam
stabilizers, and nano-solid foam stabilizers. The mechanism of action of the synergistic foam stabilizer is to enhance the adsorption of
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surface molecules, increase the strength of the liquid film, and reduce air permeability, thereby improving the stability of the foam.
Viscosity-increasing foam stabilizers are used to increase the liquid phase viscosity of foam to reduce the bubble drainage rate, extend
the half-life, and improve foam stability. Based on the adsorption of nanoparticles at the gas-liquid interface, nano-particles have a
good foam stabilizing effect. Nano particles transform the original "gas-liquid" foam into a "solid-liquid-gas" three-phase foam,
hindering bubble drainage, thereby improving foam stability and refining bubble size.

The matrix mainly composed of cement, mineral admixtures and alkali-activated cementitious materials/geopolymer materials is
an important factor affecting the performance of foam concrete. Comprehensive consideration of the cement grade and type, the type
and amount of mineral admixtures, and the ratio of activators and solid waste materials of alkali activating materials and geopolymer
materials is a key to preparing a matrix with a high strength. In addition, the water-cement ratio (W/C), fiber dosage and admixtures
are also a key to improving the performance of foam concrete.

Summary and prospects The superior performance of foam concrete has promising applications in the fields of building energy
saving, roadbed and mine filling. Although the effects of foaming agents and foam stabilizers on the bubble performance are
investigated, the bubble performance by different matrix materials and slurries still needs to be further improved, achieving a
synergistic enhancement of matrix and bubbles. The large-volume utilization of solid waste matrix materials in foam concrete is a key
to realizing the promotion of foam concrete considering the wide range and low price of solid waste materials. The durability of foam
concrete still needs to be systematically discussed. In addition, it is also necessary to conduct in-depth exploration of the green
multi-purpose application of foam concrete to provide theoretical and experimental supports for the high-quality development of
building materials.

Keywords foam concrete; foam performance; matrix materials



