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This paper deals with the foaming of four commonly used anionic surfactants, such as
sodium o-alkenyl sulfonate, fatty acid polyoxyethylene ether sodium sulfate, sodium do-
decyl benzene sulfonate LAS and sodium dodecyl sulfate K12, which were used as the
foaming agent mother liquor. And the new liquid silicone foam stabilizer and car-
boxymethyl cellulose sodium were used to modify the mother liquor. With the increase of
fly ash content, the appearance of foam concrete in the air-cooled group has no obvious
change, and the appearance can be kept intact. The appearance of the water-cooled group
is obvious. With the increase of fly ash content, the appearance of foam defects are more
serious.
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HUccnenoBano BCeHUBAHNE YETHLIPEX OOBLIUHO MCIIOJb3YEMbIX aHUOHHBIX ITOBEPXHOCTHO-AK-
TUBHBIX BeIeCTB, TAKUX KaK O-aJKeHUJCYJb(OHAT HATPUA, MOJUOKCUITUJICHOBBIH odup
JKHUPHOII KUCJOTHI, cyab(ar HaTpud, gomenuiabensoscyiabdorar Hatpud LAS u mogenuiicyib-
dar Harpuda K12, xoTopble HCIOJB3YIOTCS B KAauecTBe IIeHOOGPa30BaTeNd OCHOBHOI'O PACTBO-
pa. HoBblll :Kuakuii CUIMKOHOBBIN cTa0MIN3aTOP IIeHBl 1 KAaPOOKCHMEeTHJIEII0I03a HATPUA
OBLIM KCIIOJNB30BAHBL A MOAMGUKALIULN PACTBOPA.

ExcnepumeHTanbHe BHBUYEHHS BIUIMBY XiMiuHHX J00aBOK HAa MeXaHiuHi BJIACTHBOCTI
nino6erony. L.Gao.

Hocaig:keHo cIIiHIOBaHHA AHIOHHUX IIOBEPXHEBO-aKTUBHUX PEYOBUH, IO YACTO BUKOPHUC-
TOBYIOTBCS, TAKUX AK CyJb(poHAT HATPiIO O-alKeHiB, cyabdary HATPiO HONIOKCHETHUIEHOBOI'O
edipy KupHOI Kuciaoru, pogenuiabersoncyiabdorary LAS ta gogenmicyabpary marpio K12,
AK1 BUKOpHCTOBYBaJuCHd SAK IIiHOyTBOpPIOoBaui posumuy. Hoeuit pigruii crabinisarop cuiiko-
HOBOI IIiHM Ta KapOOKCHMETHJIIIENI0/I03a HATPi0 BUKOPHUCTAaHI g mMoxudixallii posuuny.
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1. Introduction

Foam concrete is a kind of porous con-
crete, because it contains a large number of
closed pores, so that it shows light, high
strength, energy saving, insulation and
other excellent physical and mechanical
properties [1, 2]. There are two kinds of
foam concrete production and use. One is a
kind of on-site preparation, in situ pouring,
when the commercial concrete can be con-
centrated, and irrigated. And the other way
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is that a wvariety of foam concrete building
components and products are prefabricated in
the factory, and then used for construction [3].

Almost all of the early foam concrete
used aluminum powder as a foaming agent.
The aluminum powder and other compo-
nents of water and concrete were put in the
mixer simultaneously then the foam was
finished in the process of static stop after
the gradual completion [4, 5]. The chemical
reaction between the aluminum powder and
alkali is affected by various factors, such as
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alkali concentration and ambient tempera-
ture in the system. With the evolution of
foaming agents from the aluminum powder
to organic surfactants and to proteins, the
technology and quality of foam conerete are
also improved accordingly [6]. The effect of
different additives, such as nonionic surfac-
tants, cationic surfactants and water-soluble
macromolecules on the concrete foams, was
analyzed by using anionic surfactants [7,8].
Through the theoretical and experimental
results of the analysis of the different per-
formance of the foam, a suitable compound
law for the concrete foam agent was found.

In this paper, by comparing the foam
properties of different anionic surfactants,
the optimal foaming substance and its dos-
age were determined, which was defined as
the foaming agent mother liquor. The ef-
fects of temperature change on the foam
properties were determined by single-factor
and orthogonal tests. The optimal ratio of
the foaming agent was determined by dif-
ferent factors. Based on the Griffith frac-
ture mechanics and composite theory, the
relationship between strength and the pore
structure of foam concrete was quantita-
tively analyzed and modified. The related
mathematical model was established to re-
veal the relationship between foam concrete
porosity and pore size.

2. Experimental

2.1 Raw materials

The P - I142.5R grade Portland cement of
Nanjing Cement Co., Ltd and grade I fly
ash in Jiangsu were used. River sand was
used, and according to building materials
testing standards "Building sand”
(GB/T14684-2007) [9], the sand was used;
the test results are shown in Table 1. The
monofilament polypropylene fibers which
were surface pretreatment and produced by
Nanjing Institute of Building Materials
were used. Laboratory tap water, which was
in line with the "concrete water standards”

Table 2. Chemical raw materials

Table 1. Physical properties of sand

Num- | Detect content Standard Test
ber indicators result
1 Performance >2500 2550
density, kg/m3
2 Bulk density, >1350 1570
kg/m3
3 Void content, % <47 38
4 |Grain composition] Grading °C
qualified |standard
5 |Fineness modulus >2.8 3.0
6 Clay powder <3.0 1.0
content, %
7 Clay lump <1.0 0
content, %
8 Strong quality <8 0.2
loss, %
9 Chloride, % <0.02 0.0074

(JGJ63) requirements was used. The chemi-
cal raw materials are presented in Table 2.

2.2 Preparation and performance testing
equipment for foaming agent

A cement paste fluidity tester; a NDJ-1
type rotary viscometer; a foam concrete spe-
cial mixer; an HN101-3A blast oven, and a
DRY-300F thermal Coefficient tester were
used.

2.8 Test methods

Preparation of foam concrete and test
block conservation

At present, there are two kinds of foam
concrete preparation methods: one is the
pre-bubble mixing method, including three
processes: the preparation of the base mate-
rial, the stabilization of the foam prefabri-
cated, and mixing the foam and base mate-
rial. Another one is known as the mixing
bubble, which is characterized by the prepa-
ration of slurry and foam simultaneously,
and it includes three steps: the preparation
of the blowing agent base, prefabricated
pouring and static stop of the foam. Com-
pared with the mixed foaming method, the

Silicone stabilizer

Hydroxymethyl cellulose

n-butyl alcohol

Designation Function

SDS sodium dodecyl sulfate Blister
Sodium alpha-olefin sulfonate Blister
SDBS sodium dodecyl benzene sulfonate Blister
Fatty acid polyoxyethylene ether sulfate Blister

Foam stabilization

Foam stabilization

Hydrotropy
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Fig. 1. The production process of foam concrete.

foam concrete slurry prepared by the pre-
blister mixing method has good fluidity and
can be pumped at a long distance, and the
amount of the foaming agent is small.
Therefore, the pre-foam mixing method is
used to prepare high density foam concrete.
Taking fiber reinforced high density foam
concrete as an example the preparation
process is shown in Fig. 1.

Determination of thermal shock resis-
tance

Thermal shock resistance, also known as
resistance to rapid cooling-heating, mainly
refers to the capacity of the material to
withstand a certain degree of rapid changes
in temperature and structure until it will be
destroyed. Determination of the thermal
shock resistance of foam concrete is mainly
based on GB/T 3298-2008 "Test method of
thermal shock resistance of ceramics for
daily use”. The specific method was ad-
justed according to the actual situation of
this experiment: the standard curing con-
tinued to 28 days aging, foam concrete
specimens of 40 mmx40mmx160 mm size
were used, acute and emergency heating at
20° and 80° was carried out 10 times in
order to observe the appearance of the
specimen and determine the quality and
strength loss rate. In this test, there were
three types of water cooling and air cooling.
Three sets (one group of three) of speci-
mens, one of which was kept in the stand-
ard room until the test was completed for
comparison; two of the group were water
cooled.

Determination of drying shrinkage

The test method of dry shrinkage of
foamed concrete is carried out according to
the industry standard JGJ/T 70-2009
"Basic performance test method of building
mortar”. The foamed concrete is molded in
the 40 mmx40 mmx160 mm mold, and then
placed in the standard curing room. After
three days conserving in the test block, the
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Fig. 2. The influence of chemical additive on
the compressive strength of foam concrete.

specimens were placed in the drying shrink
room at the temperature 20+2° and relative
humidity is 60+5 % to determine the initial
length. As the porosity of the foam concrete
is large, the linear shrinkage value is rela-
tively large. Therefore, the measurement
time interval is short and the moving time
is calculated as the aging zero point. The
length change is measured according to the
time interval of 1, 3, 7, 14, 21 and 28 days.
The each time the length is measured, the
mass is also weighed at a time.

3. Results and discussion

3.1. Effect of chemical additive fineness
on foam concrete strength

In order to study the effect of the fine-
ness of limestone powder on the strength of
foam concrete, and to understand the influ-
ence of different fineness on the strength of
foam concrete, three kinds of limestone Ipl,
1p2 and 1p3 were selected. The specific sur-
face area was 520 m2/kg, 812 m?2/kg and
1280 m2/kg, respectively. BO5 grade foam
concrete and a reference group of B05 grade
foam concrete were prepared at 20 % dos-
age, as shown in Table 8. The compressive
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strength was tested after curing to the
specified age, and the test results are shown
in Fig. 2.

Figure 2 shows the effect of different
fineness of chemical additive on the com-
pressive strength of foamed concrete. It can be
seen that there is a similar trend in each group
as the time changes. Specifically, in the early
stage, the strength of the foamed concrete
mixed with limestone powder after 3 days was
larger than that of the baseline group. The
strength of the foamed concrete in the p3
group was the largest, 0.83 MPa, and fol-
lowed by that of p2 group. With the in-
crease of time, the strength of each group
of the foam concrete mixed with limestone
powder gradually increased, but it was less
than in the age group. It is worth noting
that the aerosol concrete with 1p2 group of
limestone powder has the highest strength
intensity after 28 days, 2.35 MPa, which is
larger than that of the concrete with Ipl
and 1p3 limestone powders.

3.2. Effect of chemical additive on drying
and shrinkage of foam concrete

In this study, the B05 grade foam con-
crete was prepared by using the 1p2 group
of chemical additive and the A type foaming
agent at different water/material ratios.
The drying shrinkage wvalue at different
aging times was measured, and the test re-
sults of the corresponding period of the
quality loss are shown below:

Fig. 8 reflects the relationship between
the content of the limestone powder and the
shrinkage and mass loss of the foam con-
crete at different water/material ratios.
This relationship is not the same at differ-
ent water/material ratios. Specifically, the
drying shrinkage over the whole process is
increasing at the ratio of water/material
from 0.5 to 0.6, shown in Fig. 4a, and the
growth rate of the first 7 days is slightly
larger than that in the later stage.

The dry shrinkage of each group contin-
ued for 28 days, and for the L30I group
with limestone powder content of 30 % it
was the largest.
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Fig. 3. The relationship between chemical ad-
ditive and the dry shrinkage and quality loss
of foam concrete.

3.3. Effect of chemical additives content
on thermal shock resistance of foamed con-
crete

The thermal shock resistance perform-
ance is different for foam concrete with dif-
ferent contents of chemical additives. It is
noteworthy that the use of water treatment
when the limestone powder content is more
than 20 % results in more obvious loss of
quality.

Fig. 4 and Fig. 5 show the effects of dif-
ferent chemical additive contents, different
cooling methods after quenching and emer-
gency treatment. It can be seen from Fig. 4
that the mass loss rate and the strength loss
rate of the foamed concrete treated by the
water cooling method are higher than these
characteristics at the air-cooled method

Table 3. Mixture proportion of the test for the influence of limestone powder on the strength of
foam concrete

Number| Ratio of water to | Cement, % Limestone Water Early strength | Foam, L/kg
material flour, % reducer, % agent, %
PO 0.5 100 0 1 1.5 1.5
P1 0.5 80 20 (Ipl) 1 1.5 1.5
P2 0.5 80 20 (Ip2) 1 1.5 1.5
P3 0.5 80 20 (Ip3) 1 1.5 1.5
Functional materials, 26, 4, 2019 805
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Fig. 4. The influence of chemical additive on
the quality loss of foam concrete.

with the respective chemical additive con-
tent. In addition, it can be seen from Fig. 5
that independently on the kind of cooling
treatment, the foam concrete quality and
strength loss rates increase with the in-
crease in the chemical additive content. But
it is worth noting that the quality loss and
strength loss rates at the air-cooling treat-
ment of the chemical added foamed concrete
is slower than under the water-cooling.

4. Conclusions

In this paper, the durability of foam con-
crete with chemical additives is discussed in
detail. It mainly deals with the compressive
strength, dry shrinkage, thermal shock re-
sistance and so on of the foam concrete
added with limestone powder. The optimum
content of each material was determined by
the orthogonal test. The composite foaming
agent was named as a GL-1 type foaming
agent, and the effect of temperature change
on its foam performance was studied. In the
process of preparation of the low-density
foam concrete, the use of chemical additives
and slag complexes can stimulate the contri-
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Fig. 5. The influence of chemical additive on
the compressive strength loss of foam con-
crete.

bution of strength of the foam concrete.
This allows the maximum degree of cement
hydration while to ensure strength. In addi-
tion, an animal protein foaming agent should
not be used in low density foam concrete.
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