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The dosage of the foaming agent directly affects the technical performance of ceramsite
aerated concrete (CAC). If the dosage is improper, the CAC will be difficult to prepare and
unstable in technical performance. To improve the quality of the CAC blocks, this paper aims
to disclose how the mix ratio of foaming agent affects the technical performance of the CAC
blocks through experiments. Specifically, the CA5.0B07 CAC blocks were selected as the
research object. The following indices were identified to characterize the technical
performance of the CAC blocks, including workability, dry density, water absorption,
compressive strength and thermal conductivity. Several CAC blocks were prepared with
different mix ratios of the foaming agent: 0.05%, 0.10%, 0.15%, 0.20% and 0.25%. The mix
ratios were determined empirically, and refer to the mass percentage of the foaming agent in
the binding material. In addition, the linear interpolation was adopted to determine the rational
interval of foaming agent dosage for the CAC blocks. The results show that the CAC blocks
reached the technical levels for qualified product in current standards when the mix ratio of
the foaming agent fell within 0.13%~0.23%, and those for superior product when the latter
fell within 0.15%~0.20%. The research results provide a technical guide for actual production
of the CAC blocks, and promotes the application of these blocks in the construction of energy-
efficient buildings.
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1. INTRODUCTION

The ceramsite aerated concrete (CAC) blocks are
manufactured in multiple steps. First, cement and fly ash, as
the binding materials, are prepared into a slurry with foaming
agent and water. Then, lightweight ceramsite is added into the
slurry as aggregate with a volume ratio of no less than 40%.
The mixture will then be subjected to mechanical stirring,
vibration casting, steam curing and cutting [1]. This novel self-
insulating wall material has been favored by the construction
industry, because it is light, strong, highly impermeable,
unlikely to shrink or conduct heat, yet easy to construct [2-4].
With the growing demand for energy-efficient buildings,
many countries around the world have attached great
importance to the development and application of the CAC
blocks [5, 6].

The existing studies have mainly explored the mix ratio of
the CAC and its blocks, especially the ratios of raw materials
like cement, fly ash, ceramsite and water, as well as the
manufacturing technique, production equipment and the
influencing factors of the CAC’s technical performance. The
previous research on the foaming agent of the CAC stops at
the theoretical analysis on the concept, type, foaming
mechanism, performance and applications of the foaming
agent [7-9]. Only a few scholars have tested how the foaming
agent affects the strength, setting time, apparent density and
water consumption for standard consistency of the CAC
matrix [10, 11]. However, there is virtually no report on the
influence of the foaming agent on the technical performance
of the CAC.
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Being a key raw material of the CAC blocks, the foaming
agent directly bears on the technical performance of the blocks,
ranging from dry density, water absorption, compressive
strength to thermal conductivity [7, 10]. In actual production
of the CAC blocks, the mix ratio of the foaming agent is
generally determined empirically. If the mix ratio is too low,
the foaming agent cannot fully give play to the advantages of
the CAC blocks, namely, lightweight, small shrinkage, low
thermal conductivity, strong impermeability and ease of
construction. If the mix ratio is too high, much of the foaming
agent will be wasted, pushing up the production cost and
reducing the strength of the CAC blocks.

This paper aims to disclose how the mix ratio of foaming
agent affects the technical performance of the CAC blocks.
Considering the actual production conditions, the CA5.0B07
CAC blocks were selected as the research object, because
CA5.0B07 CAC is the most widely used type of the CAC. The
following indices were identified to characterize the technical
performance of the CAC blocks, including workability, dry
density, water absorption, compressive strength and thermal
conductivity. Several CAC blocks were prepared with
different mix ratios of the foaming agent: 0.05%, 0.10%,
0.15%, 0.20% and 0.25%. The mix ratios were determined
empirically, and refer to the mass percentage of the foaming
agent in the binding material. Through experiments on the
blocks, the author determined the rational mix ratio of the
foaming agent in the CAC blocks. The research results provide
theoretical and practical guidance on the development,
production and application of the CAC blocks, laying the basis
for the research and design of green, low-carbon and energy-
efficient building materials.



2. METHODOLOGY
2.1 Experimental materials

(1) Ceramsite
The CA5.0B07 CAC blocks were prepared with Grade 400

spherical ceramsite. Table 1 provides the main technical
parameters of the ceramsite.

(2) Cement

The Conch ordinary Portland cement 42.5 was selected to
prepare our test blocks. Table 2 lists the main technical
parameters of the cement.

Table 1. Main technical parameters of the ceramsite

Grain size Bulk density s o Compressive strength of concrete
Type /mm /(kg-m™) 1h water absorptivity /% cylinder /MPa
Grade 400 spherlcal 520 365 213 1.4
ceramsite
Table 2. Main technical parameters of the cement
Fineness/% | Initial setting time /min | Final setting time /min Compressive strength /MPa | Bending strength /MPa

3d 28d 3d 28d

22 145 340 25.7 >42.5 5.7 >6.3

(3) Fly ash save the cost and fill up the gaps in the test blocks. Table 3

Grade II fly ash was added to replace some of the cement to

shows the main technical parameters of the fly ash.

Table 3. Main technical parameters of the fly ash

Fineness /% | Water demand /%

Loss on ignition /min

Strength activity index /%
7d 28d

Water content /%

3.35 86.5 2.78

0.06 78 96

(4) Foaming agent
HTW-1 high-efficiency composite foaming agent was

adopted for our experiments. The main technical parameters
of the foaming agent are displayed in Table 4.

Table 4. Main technical parameters of the foaming agent

pH | Expansion ratio | Density /(kg-m™)

1h settlement /min | 1h bleeding/mL

6-7 35 950-1150

8 17

2.2 Experimental plan

(1) According to the Ceramsite Aerated Concrete Block

(JG/T504-2016), the technical performance standard for the
CA5.0B07 CAC blocks is presented in Table 5.

Table 5. Technical performance standard for the CA5.0B07 CAC blocks

Dry density /kg.m™ Water Strength /MPa
Superior | Qualified s o Superior Qualified Thermal conductivity /W (m-K)!
absorption /%
product product product product
<725 <750 <35 >7.5 >5.0 <0.18

(2) According to the mix ratio design in the Technical
Specification for Lightweight Aggregate Concrete (JGI51-
2002), the mix ratios of the CA5.0B07 CAC blocks were

designed (Table 6). Note that the mix ratio of the foaming
agent refers to its mass percentage in the binding material.

Table 6. Mix ratios of the test groups

Group number | Ceramsite /(kg-m-) | Cement /(kg-'m) | Fly ash /(kg-m~) | Water /(kg-m) Dosage /l:]?;?lnl_?)g a?ve[li: ratio %
1 268 232 169 153 0.20 0.05
2 268 232 169 153 0.40 0.10
3 268 232 169 153 0.60 0.15
4 268 232 169 153 0.80 0.20
5 268 232 169 153 0.10 0.25

(3) The raw materials were weighted accurately according
to the mix ratio of the corresponding test group. First, the
cement and fly ash were dry-mixed for 60s, and then mixed
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with water for 150s. Next, the foaming agent was added to the
mixture and blended for 10s. Finally, the preprocessed
ceramsite was added, followed by a 15s stirring [12, 13]. The



workability of the mixture in each test group was measured,
and a specified number of test blocks were prepared according
to the preset technical indices.

(4) According to the Test Methods of Autoclaved Aerated
Concrete (GB/T11969-2008) and the Thermal Insulation
Determination of Steady-State Thermal Resistance and
Related  Properties:  Guarded Hot Plate Apparatus
(GB/T10294-2008), the test blocks in each group were cured
under standard conditions to the required ages. Then, the dry
density, water absorption, compressive strength and thermal
conductivity of each group were measured.

3. EXPERIMENTAL RESULTS AND DISCUSSION
3.1 Influence of foaming agent on workability of the CAC

The workability of the CAC mixture for each test group was
measured by the slump of fluidity (Figure 1). The results show
that the CAC mixtures of all groups achieved the required
cohesiveness and water-holding capacity.
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Figure 1. Influence of foaming agent on fluidity of the CAC

As shown in Figure 1, with the growing dosage of the
foaming agent, the fluidity slump of the CAC mixture
increased first and then tended to stable, showing an overall
increasing trend. The reason is that, under the constant water-
binder ratio, the bubbles created by the foaming agent work
like balls that reduce the frictional resistance within the
mixture, thus improving the fluidity. The bubbles also prevent
the ceramic particles from floating and the moisture from
descending. In this way, the mixture is less like to get
delaminated and dissociated or bleed water, showing a better
workability [14, 15]. The overall workability of the CAC
mixture was good, with a slump greater than 150mm, when the
mix ratio of the foaming agent fell between 0.05% and 0.25%.
Hence, the mix ratio in this value range satisfies the
requirements of actual production.

3.2 Influence of foaming agent on dry density of the CAC
blocks

Three 100mmx100mmx100mm CAC blocks were prepared
for each test group to measure the influence of foaming agent
on dry density. The dry density was measured according to the
specified method. The measured results are shown in Figure 2
below.

780
760
740

720

Dry density /kg.m”
~
o
S

(o2}

o]

o
1

(o2}

(o2}

o
]

005 010 015 020 025
Mix ratio of foaming agent /%

Figure 2. Influence of foaming agent on dry density of the
CAC blocks

As shown in Figure 2, with the growing dosage of the
foaming agent, the dry density of each CAC block declined.
This trend can be explained as follows. More bubbles are
created with the growth in the dosage of the foaming agent. As
a result, gas content, expansion degree and porosity are all on
the rise. Thus, the test block will expand in size, reducing the
dry density [16, 17]. Through linear interpolation, it is learned
that the dry density of the CAC block reached the level for
qualified product (<750kg-m=), when the mix ratio of the
foaming agent was above 0.09%, and reached the level for
superior product (<725kg-m™), when the mix ratio of the
foaming agent was above 0.12%.

3.3 Influence of foaming agent on water absorption of the
CAC blocks

Three 100mmx100mmx100mm CAC blocks were prepared
for each test group to measure the influence of foaming agent
on water absorption. The water absorption was measured
according to the specified method. The measured results are
shown in Figure 3 below.
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Figure 3. Influence of foaming agent on water absorption of
the CAC blocks

As shown in Figure 3, with the growing dosage of the
foaming agent, the water absorption of each CAC block
increased. This is because the rising dosage of foaming agent
pushes up the bubble size, porosity, and the number of pores



induced by the bubbles in the CAC block. Hence, the block
can absorb more water [11]. Linear interpolation results show

that, when the mix ratio of the foaming agent was below 0.23%,

the water absorption of the CAC block was smaller than or
equal to 35%, which meets the requirements in relevant
standards.

3.4 Influence of foaming agent on compressive strength of
the CAC blocks of different ages

Nine 150mmx>150mmx150mm CAC blocks were prepared
for each test group to measure the influence of foaming agent
on compressive strength of the CAC blocks of different ages.
The compressive strength was measured at 3d, 7d and 28d,
respectively, according to the specified method. The measured
results are shown in Figure 4 below.
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Figure 4. Influence of foaming agent on compressive
strength of the CAC blocks of different ages

As shown in Figure 4, the compressive strength of the CAC
increased with the curing age, owing to the continued growth
in the amount of hydrates produced through the hydration of
cement over the curing period. With the growing dosage of the
foaming agent, the 3d, 7d and 28d compressive strengths of
each test block all increased first and then plunged. The peak
strengths were observed when the foaming agent reached the
mix ratio of 0.20%. This phenomenon is attributable to the
following factors. In general conditions, the ceramsite can
absorb lots of water, while the foaming agent has a certain
water reducing effect on the CAC mixture; when a few amount
of the foaming agent is added, the water reducing effect can
offset the water absorption of the ceramsite, boosting the
compressive strength of the test block; when a huge amount of
the foaming agent is added, the bubble size and porosity of the
test block will increase, reducing the compressive strength [18,
19]. Through linear interpolation, it is obtained that the 28d
compressive strength of the CAC block reached the level for
qualified product (>5.0MPa), when the mix ratio of the
foaming agent fell between 0.08% and 0.24%, and reached the
level for superior product (>7.5MPa), when the latter fell
within 0.15%~0.20%.

3.5 Influence of foaming agent on thermal conductivity of
the CAC blocks

Four 300mmx300mmx=30mm CAC blocks were prepared
for each test group to measure the influence of foaming agent
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on thermal conductivity of the CAC blocks. The thermal
conductivity was measured according to the specified method.
The measured results are shown in Figure 5 below.
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Figure 5. Influence of foaming agent on thermal conductivity
of the CAC blocks

As shown in Figure 5, with the growing dosage of the
foaming agent, the thermal conductivity of each CAC block
was decreasing. The falling thermal conductivity is the result
of the growth in the number of bubbles and in the porosity
within the block, as more and more foaming agent is
introduced [20, 21]. The results of linear interpolation show
that the thermal conductivity satisfied the requirements (<0.18
W-(m-K)™!) in relevant standards, when the mix ratio of the
foaming agent was above 0.13%.

4. CONCLUSIONS

(1)Under the conditions of our experiments, when the mix
ratio of the foaming agent increased from 0.05% to 0.25%, the
slump of the CAC mixture increased first and then tended to
stable, showing an overall increasing trend; the water
absorption of the CAC blocks exhibited an increasing trend;
the dry density and thermal conductivity of the blocks were
both on the decline; the compressive strength of the blocks
increased before a decline.

(2) When the mix ratio of the foaming agent fell within
0.13% and 0.23%, the technical indices of the CAC blocks,
namely, dry density, water absorption, compressive strength
and thermal conductivity, all met the levels for qualified
product in the Ceramsite Aerated Concrete Block (JG/T504-
2016).

(3) When the mix ratio of the foaming agent fell within
0.15%~0.20%, the technical indices of the CAC blocks,
namely, dry density, water absorption, compressive strength
and thermal conductivity, all met the levels for superior
products in the Ceramsite Aerated Concrete Block (JG/T504-
2016).

(4) Compared with other raw materials, the foaming agent
accounts for a small portion in the CAC blocks. Despite its
small presence, the foaming agent is a key influencing factor
of the technical performance of the CAC blocks. Our research
method and results provide a technical guide for actual
production of the CAC blocks, and promotes the application
of these blocks in the construction of energy-efficient
buildings.
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