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The cutting mud refers to the wastewater produced in the fabrication of ceramsite aerated
concrete (CAC) blocks. To reduce the production and environmental impacts of these wastes,
this paper puts forward a reuse plan that partially replaces the fly ash in CAC fabrication with
the cutting mud. The dried powders in the mud of different concentrations were selected to
replace an equivalent amount or a fewer amount of fly ash. The difference between the
amount of dried powder and that of the fly ash being replaced was defined as the conversion
coefficients. Then, the CACs fabricated under the equivalent replacement and under the
converted replacement were compared in fluidity, compressive strength and dry density. The

comparison shows that the CAC prepared when the cutting mud concentration is below 22%
and the conversion coefficient is between 0.75 and 0.85 satisfies the production and quality
requirements. Therefore, the wastewater produced in CAC fabrication can be treated
effectively by replacing the fly ash with cutting mud. The replacement can reduce the harm
and quantity of hazardous wastes, making them more recyclable.

1. INTRODUCTION

The ceramsite aerated concrete (CAC) block is a new self-
insulating wall material made from ceramsite, cement, fly ash
and foaming agent [1]. These raw materials need to be
prepared at a certain mix ratio, and go through mixing, pouring,
curing and cutting, before forming CAC blocks. The CAC
block has many advantages, such as lightweight, high strength,
heat insulation, fire resistance, low shrinkage, and strong
impermeability. It is a green energy-saving building material
that is non-toxic, non-polluting, non-radioactive, and
beneficial to the environment and human health [2-3].

Despite the said advantages, the fabrication of CAC blocks
produces lots of cutting muds, which are often treated by
natural sedimentation, plate and frame filter, or improper
discharge. These treatments not only require long time and
high cost, but also harm enterprise production and the
surrounding ecology [4]. According to incomplete statistics,
CAC block manufacturers on average produce over 40 ton of
cutting muds on each cutting line. The traditional treatment
approaches are too time-consuming, labor-intensive, and slow
in water circulation to process the mud produced in the cutting
operation. Against this backdrop, it is imperative to develop a
method for CAC block manufacturers to effectively process
cutting mud.

After visiting relevant manufacturers and reviewing the
literature, the author discovered that the reuse of cutting mud
in CAC block fabrication has neither been widely
implemented by engineering technicians nor discussed in-
depth by scholars at home and abroad. Therefore, this paper
attempts to disclose the effects of replacing fly ash with cutting
mud over the CAC performance, and provide guidance on how
to reduce the harm and quantity of cutting mud, making it
more recyclable and applicable.
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2. EXPERIMENTAL
EXPERIMENTAL PLAN

MATERIALS AND

2.1 Experimental materials

(1) Ceramsite

The Grade 400 ceramsite was adopted for the fabrication of
CA5.0B07 ceramsite CAC blocks. The technical parameters
of the ceramsite are listed in Table 1 below.

Table 1. Main technical parameters of the ceramsite

Tvoe of Bulk 1h water Compressive
ceépmsi te density absorptivity  strength of concrete
/(kg m3) 1% cylinder /MPa
Spherical
Grade 400 320 2.04 1.3
(2) Cement

The cement in our research is Conch ordinary Portland
cement 42.5. The technical parameters of the cement are given
in Table 2 below.

Table 2. Main technical parameters of the cement

Mixture Loss _ Init_ial Fiqal
yield o on SO3 MgO Fineness se_ttlng se_ttlng
1% ignition /% 1% 1% time time
1% /min /min
15 2.76 241 1.29 2.4 145 320
(3) Fly ash

During the production of CAC blocks, the cement is
partially replaced with fly ash to save cost and fill up the gaps
[5], making the products denser. Here, the Grade II fly ash
produced from Quzhou Juhua Thermal Power Plant is adopted



for our research. The chemical composition of the fly ash is
shown in Table 3 below.
(4) Foaming agent

This research uses the high-efficiency composite foaming
agent produced by a catalyst plant in Shangyu, southeastern

China’s Zhejiang Province. The main technical parameters of
the foaming agent include the pH between 6 and 7, the stability
of 40 s, the bubbling times of 3.6 and the density of 1130
kg m?.

Table 3. Chemical composition of the fly ash

Chemical composition  SiO2  Al20O3

Fe203

CaO MgO K20 NaO Others

Content /% 50.26 27.51

1.82

778 051 063 125 10.25

Table 4. Physical parameters of the mud

Specific gravity of mud /(kg m™3)

Mud concentration /%

Powder content /%

1090
1110
1126
1140
1153

16% 15.7%
18% 17.73%
20% 19.80%
22% 21.95%
24% 24.05%

Table 5. Chemical composition of the dried powder

Chemical

composition Si02  AlOs

Fe203

CaO MgO KO NaO Other

Content/%  42.32 21.04

4.73

459 134 127 178 22.93

(5) Cutting mud

The cutting mud was obtained from the wastewater, which
is generated from the cutting of CAC raw materials, through
sedimentation, slag removal, filtration, and stirring. The
physical parameters of the mud are presented as Table 4 and
the chemical composition of the dried powder is displayed in
Table 5.

As shown in Table 4, the content of dried powder can be
considered as the concentration of cutting mud, because of the
high similarity between the two figures. Previous test results
show that 85 %~95 % of the water in the mud are in free form,
and the remaining 5 %~15 % are adsorbed [5]. Comparing
Table 5 with Table 3, it is clear that the dried powder of cutting
mud have basically the same chemical composition as the fly
ash, except a 14 %~15 % reduction in the content of active
matters like SiO,, Al,03 and CaO. Since fly ash mainly acts as
fillers in the CAC, it is theoretically feasible to replace the fly
ash with the dried powder of cutting mud.

2.2 Experimental plan

The mix ratio of CA5.0B07 ceramsite CAC blocks was
designed for the raw materials according to the mix ratio
design method in the Technical Specification for Lightweight
Aggregate Concrete (JGJ51-2002) and the requirements in the
Ceramsite Aerated Concrete Block (JG/T504-2016). The mix

ratio was taken as the benchmark mix ratio (Table 6a and
Table 6b).

Table 6a. Benchmark mix ratio

Dosage of raw materials/(kg m3)

. Water-
Ceramsite  Cement Fly Water Foaming binder
ash agent -
ratio
275 235 170 182 0.4 0.45
Table 6b. Technical parameters
Stump Compreils\;l\lgeastrength Dry density /(kg m?)
/mm Measured Standard Measured Standard
value value value value
120- 6.16 >5.0 708 <750
150 ' - -

In light of the benchmark mix ratio, the dried powder of the
cutting mud with the contents of 16 %, 18 %, 20 %, 22 % and
24 % were selected to replace an equivalent amount of fly ash,
at the water-binder ratio of 0.45. The mix ratios in these
experiments are listed in Table 7.

Table 7. Mix ratios in equivalent replacement experiments

Mud Dosage of raw materials in the CAC /(kg m™)

concentrat c . Fly Cemen Foamin
. eramsite  Cement

ion /% ash t g agent

16 275 235 135 217 04

18 275 235 130 222 0.4

20 275 235 124 228 0.4

22 275 235 119 234 0.4

24 275 235 112 240 0.4

Considering the loss of active matters and free water in the
dried powder of cutting mud, the mud concentration of 20 %
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was selected, and the dried powder of the mud was used to
replace fly ash. The amount of fly ash being replaced is 0.55,



0.65, 0.75, 0.85 and 0.9 of that of the dried powder,
respectively. These ratios are known as the conversion

coefficients between dried powder and fly ash. The mix ratios
in these experiments are listed in Table 8.

Table 8. Mix ratios in converted replacement experiments

Conversion coefficient

Dosage of raw materials in the CAC /(kg'm™)

Ceramsite  Cement Flyash Mud Foaming agent Water-binder ratio
0.55 275 235 144 228 0.4 0.43
0.65 275 235 140 228 0.4 0.43
0.75 275 235 135 228 0.4 0.44
0.85 275 235 131 228 0.4 0.44
0.95 275 235 127 228 0.4 0.45

The raw materials were weighed accurately by the mix
ratios. Firstly, the cement was mixed with the fly ash. Then,
the mud and foaming agent were blended into the mixture.
After that, the ceramsite was added, and the mixture was
stirred well for workability test. Next, the mixture was poured
into a 150mmx150 mmx550mm test mold, and then subjected
to vibration and curing. After mold removal, the solidified
concrete was cut into 100mmx100mmx100mm blocks for
compressive strength and dry density tests.

3. EXPERIMENTAL RESULTS AND DISCUSSION
3.1 Effect of mud concentration on CAC fluidity

The CAC mixtures were prepared by the mix ratios in
Tables 7 and 8, respectively. The experiments on these
mixtures show that the CAC achieved required workability,
cohesiveness and water-holding capacity. The slump of
fluidity in equivalent and converted replacement experiments
are presented in Figures 1 and 2, respectively.
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Figure 1. Effect of equivalent replacement on fluidity
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Figure 2. Effect of converted replacement on fluidity
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It can be seen from Figure 1 that the fluidity of the CAC
mixture increased before decreased with the growth in mud
concentration. At the beginning, the slurry became thicker as
more mud was added. In this case, the bubbles produced by
the foaming agent could exist stably [6], pushing up the
fluidity. When the mud concentration surpassed 20%, however,
the fluidity was reduced due to the decline in the percentage of
free water. As shown in Figure 2, the CAC mixture was
increasingly fluid with the growth in the conversion
coefficient. Initially, the dosages of fly ash and dried powder
were reduced with increase of the conversion coefficient,
making the slurry thinner and the water-binder ratio greater.
After the conversion coefficient exceeded 0.75, the fluidity
still stayed above the slump required for the benchmark mix
ratio, and no segregation or bleeding was observed.

3.2 Effect of mud concentration on the compressive
strength of the CACs of different ages

The CAC blocks were prepared by the mix ratios in Tables
7 and 8, respectively, and subjected to compressive strength
tests. The compressive strengths in equivalent and converted
replacement experiments are displayed in Figures 3 and 4,
respectively.
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Figure 3. Effect of equivalent replacement on compressive
strength

As shown in Figure 3, the compressive strength of the CAC
exhibited a decline with the rising concentration of the mud.
In the early phase, 3d and 7d CACs were weaker than that of
the benchmark mix ratio, while the 28d CAC was close to the
latter in compressive strength. The compressive strength
plunged deeply when the mud concentration surpassed 22%.
The huge loss of strength in the early phase is attributable to
the relatively few active matters in the dried powder, which
replaced more and more fly ash with the growth in mud



content [7-8]. In the later phase, the compressive strength rose
again, for the adsorbed water released from the mud promoted
cement hydration. It can be seen from Figure 4 that the
compressive strength of the CAC increased with the reduction
in the conversion coefficient. This is because the mud dosage
was gradually falling, although the growing dosage of fly ash
made up for the loss of active matters in the dried powder.
Therefore, it is an economic and rational way to fabricate CAC
blocks whose compressive strength meets the requirement of
the Ceramsite Aerated Concrete Block (JG/T504-2016) by
setting the conversion coefficient in 0.70~0.85.

. —=— 3d
6. 0+ —s—7d
5. 51 28d
[
%5. ]
4.5
N
£ 3.5] i
230 = Py
2 9.5
8204 ¥——— ;
8 1.5 : : s
1.0 —
0.5 0.6 07 0.8 09 10

Conversion coefficient

Figure 4. Effect of converted replacement on compressive
strength

3.3 Effect of mud concentration on the dry density of the
CAC

The CAC blocks were prepared by the mix ratios in Tables
7 and 8, respectively, and subjected to dry density tests. The
results of equivalent and converted replacement experiments
are shown in Figures 5 and 6, respectively.

It can be seen from Figure 5 that, with the increase in mud
concentration, the CAC dry density approximated the dry
density of the benchmark mix ratio through an unobvious
growth, and fell within the allowable range. This trend took
place because the total amount of the raw materials did not
change; almost all water in the mud participated in the cement
hydration, while only a few was volatized in the curing process
[9-10]. Figure 6 shows that the CAC dry density had an
obvious negative correlation with the conversion coefficient,
because the dry density fell in the allowable range when the
conversion coefficient was above 0.70, after the dry ash was

added to supplement the lack of active matters in dried powder.
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Figure 5. Effect of equivalent replacement on dry density
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Figure 6. Effect of converted replacement on compressive
strength

4.CONCLUSIONS

Focusing on CA5.0B07 ceramist CAC blocks, this paper
explores the effects of partial replacement of fly ash with
cutting mud over the CAC performance under constant water-
binder ratio and actual mix ratios. The experimental results
show that the CAC prepared when the cutting mud
concentration is below 22 % and the conversion coefficient is
between 0.75 and 0.85 has similar fluidity, compressive
strength and dry density with that prepared without adding any
mud. Under these technical parameters, the mud recyclability
is relatively high, and the requirements in the ceramist Aerated
Concrete Block (JG/T504-2016) can be satisfied. Thus, it is a
feasible and rational technical and economic approach to
replace the fly ash in the fabrication of CAC blocks with
cutting mud, which sheds new light on the thorny issue of
cutting mud treatment. This approach turns bane into a boon
and waste into treasure, reduces the harm and quantity of
hazardous wastes, making them more recyclable, and
effectively prevents the secondary pollution of mud to the
environment
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