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Abstract. The effects of two types of recycled micro-powder (concrete 
powder and brick powder) replacing part of cement on the mechanical 
properties of cement mortar were studied. The results show that the 
contribution of recycled concrete powder to concrete strength is slightly 
stronger than that of brick powder. In a certain range of dosage, the 
performance of recycled concrete powder is close to that of pure cement. 
When the content of recycled concrete powder is less than 10 %, the 
compressive strength and flexural strength of cement mortar will not be 
greatly affected: over 20% cement mortar strength will decrease 
significantly. When the grinding content of recycled concrete is 5 %, the 
strength of cement mortar is even increased by 4.5 %.The relationship 
between recycled brick powder content and cement mortar strength is 
almost linear to 20% limit. The more recycled brick powder content is, the 
more obvious the cement mortar strength decreases.  The particle size of 
regenerated powder has a certain influence on its activity. After a certain 
time of ball milling, the activity of regenerated powder can be effectively 
increased, but the ball milling time is too long, resulting in very fine 
particles. The activity of regenerated powder increases slightly with the 
increase of ball milling time, but the effect gradually decreases after more 
than 1 h. 

1 Introduction 
With the acceleration of urbanization in China, the number of construction waste continues 
to increase, accounting for 30 % ~ 40 % of the total urban waste [1-2]. Traditional landfill 
researchers have proposed recycling construction waste into aggregates to mitigate the 
negative impact of construction waste on the environment. However, in the process of 
recycling, recycled powder (RCR) with particle size less than 150 μm was found in the 
mixture of waste sintered clay brick and concrete, accounting for 20 % ~ 35 % of the waste 
mixture [3], which caused great pollution to air and water. However, some researchers 
found that RCR has pozzolanic effect and can be used as a supplementary cementitious 
material to replace some cement, which can promote the hydration rate of cement [4]. KIM 
and CHOI [5] have found that RCRhas a high content of SiO2, and the smaller the particle 
                                                      
* Corresponding author: liuzhiwu645@qq.com 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons 
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).

E3S Web of Conferences 299, 02009 (2021) https://doi.org/10.1051/e3sconf/202129902009
EDEP 2021



size of RCR, the higher its pozzolanic activity. Cement produced by a South Korean 
company using recycled micro-powder from waste concrete has the same strength as 
ordinary Portland cement, but at a lower cost [6]. Xu and Deng research [7] shows that 
recycled micro-powder can be used as the main raw material to produce recycled cement. 
The research on recycled micro-powder in China started late, and the research direction is 
mainly to stimulate the activity of recycled micro-powder, and the impact of the mechanical 
properties, working performance and durability of recycled concrete prepared as mineral 
admixtures [7-8]. Some researchers have conducted in-depth studies on the activity of the 
regenerated micro-powder, and confirmed that its activity can be stimulated by physical and 
chemical methods. The research of studies showed that the regenerated micro-powder has 
irregular particles and uneven particle size, and can be used as an admixture to prepare 
high-strength cement mortar after being ground by a ball mill [9-10]. Due to the small 
particle size and certain activity of regenerated micro-powder, the most researched one is as 
a mineral admixture instead of cementing material [11]. Considering the economic cost and 
energy consumption factors of industrial production of regenerated micro-powder, the 
utilization of resources is relatively high. Therefore, how to effectively stimulate the 
activity of the regenerated micro-powder, replace the gelling material with the best ratio, 
and improve the recycling efficiency of the regenerated micro-powder has high research 
value. 

2 Experiment 

2.1 Preparation of recycled powder 

Use a universal crusher to preliminarily crush the waste concrete blocks, and manually 
crush the initially crushed concrete blocks and broken bricks to small pieces with a 
diameter of less than 40mm, and then use the SP-100x100 jaw crusher (Figure 1) to crush 
the materials and collect them, The recycled micro-powder produced in the screening 
process is RCP (recycled concrete powder) and RBP (recycled brick powder) used in 
subsequent tests.  

2.2 Experiment material  

Recycled micro-powder; cement: Red Lion 32.5R cement; sand: China ISO standard sand 
manufactured by Xiamen Aion Europe; water: tap water. 

2.3 Test objectives and schemes 

In order to determine the effective blending ratio of recycled micro-powder in cement 
mortar (CRM), and the impact of micro-powder particle fineness on CRM performance. 
The test in this paper is carried out in accordance with the GB/T17671-1999 cement mortar 
strength test method for strength determination. 

Two kinds of regenerated micro-powders were prepared with different blending ratios 
in CRM, and 40 mm×40 mm×160 mm cement mortar test blocks were prepared, cured for 
24 hours under laboratory conditions, and transferred to a standard curing box after 
demolding, cured under standard conditions, and measured cement compressive strength 
and flexural strength of glue sand 7 d, 14 d, 28 d. At the same time, a particle fineness 
control group was set up, and the CRM containing the ball-milled RCP and RBP were 
cemented with the same mix ratio. According to the strength test results, the influence of 
the fineness of the fine powder on the performance of the CRM was analyzed. 

2

E3S Web of Conferences 299, 02009 (2021) https://doi.org/10.1051/e3sconf/202129902009
EDEP 2021



size of RCR, the higher its pozzolanic activity. Cement produced by a South Korean 
company using recycled micro-powder from waste concrete has the same strength as 
ordinary Portland cement, but at a lower cost [6]. Xu and Deng research [7] shows that 
recycled micro-powder can be used as the main raw material to produce recycled cement. 
The research on recycled micro-powder in China started late, and the research direction is 
mainly to stimulate the activity of recycled micro-powder, and the impact of the mechanical 
properties, working performance and durability of recycled concrete prepared as mineral 
admixtures [7-8]. Some researchers have conducted in-depth studies on the activity of the 
regenerated micro-powder, and confirmed that its activity can be stimulated by physical and 
chemical methods. The research of studies showed that the regenerated micro-powder has 
irregular particles and uneven particle size, and can be used as an admixture to prepare 
high-strength cement mortar after being ground by a ball mill [9-10]. Due to the small 
particle size and certain activity of regenerated micro-powder, the most researched one is as 
a mineral admixture instead of cementing material [11]. Considering the economic cost and 
energy consumption factors of industrial production of regenerated micro-powder, the 
utilization of resources is relatively high. Therefore, how to effectively stimulate the 
activity of the regenerated micro-powder, replace the gelling material with the best ratio, 
and improve the recycling efficiency of the regenerated micro-powder has high research 
value. 

2 Experiment 

2.1 Preparation of recycled powder 

Use a universal crusher to preliminarily crush the waste concrete blocks, and manually 
crush the initially crushed concrete blocks and broken bricks to small pieces with a 
diameter of less than 40mm, and then use the SP-100x100 jaw crusher (Figure 1) to crush 
the materials and collect them, The recycled micro-powder produced in the screening 
process is RCP (recycled concrete powder) and RBP (recycled brick powder) used in 
subsequent tests.  

2.2 Experiment material  

Recycled micro-powder; cement: Red Lion 32.5R cement; sand: China ISO standard sand 
manufactured by Xiamen Aion Europe; water: tap water. 

2.3 Test objectives and schemes 

In order to determine the effective blending ratio of recycled micro-powder in cement 
mortar (CRM), and the impact of micro-powder particle fineness on CRM performance. 
The test in this paper is carried out in accordance with the GB/T17671-1999 cement mortar 
strength test method for strength determination. 

Two kinds of regenerated micro-powders were prepared with different blending ratios 
in CRM, and 40 mm×40 mm×160 mm cement mortar test blocks were prepared, cured for 
24 hours under laboratory conditions, and transferred to a standard curing box after 
demolding, cured under standard conditions, and measured cement compressive strength 
and flexural strength of glue sand 7 d, 14 d, 28 d. At the same time, a particle fineness 
control group was set up, and the CRM containing the ball-milled RCP and RBP were 
cemented with the same mix ratio. According to the strength test results, the influence of 
the fineness of the fine powder on the performance of the CRM was analyzed. 

3 Mix ratio and strength test results 
In the experiment, the blending ratio of recycled micro-powder is selected to account for 
0 %, 5 %, 10 %, 20 %, and 50 % of the total CRM quality; the fineness control group 
selects the CRM with the micro-powder content of 10 % as the basis, and the ball milling is 
set for 1 h, 2 h for the two control groups, the experimental group settings are shown in 
Table 1, and the particle size analysis results are shown in Figure 1. 

Table 1. Setting table of CRM mortar test group 

Ball milling time(h) Dosage(%) 
0 5 10 20 50 

0 ✔ ✔ ✔ ✔ ✔ 
1   ✔   
2   ✔   

 
The ratio of cement: sand: water in cement mortar is 2: 6: 1. Compare and analyze 

according to the measurement results. The intensity test results are shown in Table 2. 
Table 2. CRM cement mortar mix ratio table 

Micro-powder 
type 

Micro-
powder 
content 

7 d 14 d 28 d 
Compressive 

strength 
Flexural 
strength 

Compressive 
strength 

Flexural 
strength 

Compressive 
strength 

Flexural 
strength 

RCP(concrete 
powder) 

0 16.25 2.60 22.02 3.47 32.33 3.75 
5% 16.85 2.37 24.36 3.43 33.78 3.50 

10% 15.24 2.20 21.84 2.22 31.46 3.28 
20% 14.56 2.08 19.72 2.12 27.01 3.11 

50% 7.54 0.78 9.31 1.50 12.24 1.52 

RBP(Brick 
powder) 

0 16.20 2.12 22.04 2.75 32.05 3.42 
5% 15.42 2.15 20.73 2.58 29.59 3.62 

10% 11.57 2.08 19.29 2.13 25.42 3.17 
20% 10.65 1.98 17.62 2.01 23.35 2.98 
50% 4.71 0.88 6.51 1.07 10.08 1.50 

Ball milling 1 h 
RCP 10% 20.96 2.35 29.71 2.93 35.09 3.70 

Ball milling 2 h 
RCP 10% 21.67 2.42 26.34 2.80 34.09 3.85 

Ball milling 1 h 
RBP 10% 13.02 1.61 21.42 2.60 29.23 3.37 

Ball milling 2 h 
RBP 10% 14.67 2.02 22.32 2.74 24.27 3.42 
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Figure 1-a(1) RCP particle size 

distribution diagram (0h) 

 
Figure 1-a(2) RBP particle size 

distribution diagram (0h) 

 
Figure 1-b(1) RCP particle size 

distribution diagram (1h) 

 
Figure 1-b(2) RBP particle size 

distribution diagram (1h) 

 
Figure 1-c(1) RCP particle size 

distribution diagram (2h) 

 
Figure 1-c(2) RBP particle size 

distribution diagram (2h) 
Fig.1. Particle size distribution of recycled micropowder 

4 Test results and analysis 

4.1 Influence of recycled micronized powder content on strength of cement 
mortar 

 
(a) 7 days 

 
(b) 14 days 

 
(c) 28 days 

Fig.2 Compressive strength of CRM mortar 
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4 Test results and analysis 

4.1 Influence of recycled micronized powder content on strength of cement 
mortar 

 
(a) 7 days 

 
(b) 14 days 

 
(c) 28 days 

Fig.2 Compressive strength of CRM mortar 

 
(a) 7 days 

 
(b) 14 days 

 
 (c) 28 days 

Fig.3 Fracture strength of CRM mortar 

According to Figure 2 and Figure 3, it can be concluded that, as a whole, as the content 
of recycled micro-powder in CRM increases, the mechanical properties of cement mortar 
will gradually weaken. When the content of recycled micro-powder in CRM reaches 50 %, 
cement mortar compared with pure cement mortar, its mechanical properties are reduced by 
more than 60 %, and its properties are seriously deteriorated. This is because the content of 
lime content in the recycled micro-powder that can undergo hydration reaction is much less 
than that in cement. It shows that its hydration activity is also compared with cement. It is 
weak, and some un-hydrated particles in the regenerated micro-powder are wrapped by the 
consolidated mortar and fail to contact with water to react. Therefore, when the content of 
regenerated micro-powder gradually increases, the hydration performance of CRM 
gradually decreases. It can be found from the results of electron microscopy that with the 
increase in the amount of regenerated fine powder, the C-S-H gel produced in the cement 
mortar is significantly reduced. 

In the case of the same content of recycled micro-powder in CRM, the strength of 
cement mortar of RCP is slightly higher than that of cement mortar mixed with RBP. When 
using CRM with RBP content below 10 %, the strength of cement mortar is not much 
different from that when pure cement is used, and the compressive and flexural strength can 
reach more than 90 % of pure cement mortar; when the content is 5 %, it even promotes the 
strength of cement mortar. The experiment shows that the mechanical properties of cement 
mortar are more sensitive to the amount of RBP. When the amount is less than 20 %, the 
strength of cement mortar decreases almost linearly with the content of RBP. The strength 
of cement mortar decreased significantly. 

This shows that the hydration activity of RBP is slightly lower than that of RCP. This is 
because the active ingredients in the brick powder are mostly consumed during the sintering 
process, and the remaining activity is relatively limited. 
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4.2 The influence of CRM on the strength growth of cement mortar 

 
Fig. 4 Chart of compressive strength of 
CRM mortar 

 
Fig. 5 Diagram of flexural strength of RM 
mortar 

It can be seen from Figures 4 and 5 that when the content of recycled micro-powder is 
less than 20 %, the recycled micro-powder can promote the early strength growth of cement 
mortar, and the strength growth from 7 d to 14 d is increased by about 7 %. This may be 
because the regenerated micro-powder particles are relatively fine, and the hydration 
reaction rate in the early stage is relatively fast, and then because the proportion of active 
ingredients in the micro-powder is lower than that of cement, the strength growth in the 
later stage is gradually slowing down. When the amount of recycled fine powder is too 
large (50 %), it can be seen that the strength of cement mortar increases slowly, and it is 
much lower than that of cement mortar without adding fine powder. 

4.3 Influence of Recycled Micro-powder particle size on CRM performance 

 
Fig. 6 Effect of milling time on 
compressive strength of CRM mortar 

 
Fig. 7 Effect of milling time on flexural 
strength of CRM mortar 

In order to explore the influence of the particle size of the regenerated micro-powder on 
the CRM performance, in the experiment, a part of the regenerated micro-powder was ball 
milled to change its particle size. Then, the cement mortar was prepared, and the strength 
changes were measured as shown in Figures 6 and 7. It can be seen from figures 6 and 7 
that changing the particle size of the regenerated fine powder by a ball mill can increase the 
activity of the regenerated fine powder to a certain extent: the CRM containing the 
regenerated fine powder after ball milling is less finely ground, which can improve the 
strength of the cement mortar to a certain extent. it was found that the RCP for 1 h of ball 
milling showed stronger activity than that for 2 h of ball milling, and the compressive 
strength of cement mortar increased by more value. This may be due to the fact that some 
active ingredients in RCP are wrapped by other hydration products, which are exposed after 
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strength of the cement mortar to a certain extent. it was found that the RCP for 1 h of ball 
milling showed stronger activity than that for 2 h of ball milling, and the compressive 
strength of cement mortar increased by more value. This may be due to the fact that some 
active ingredients in RCP are wrapped by other hydration products, which are exposed after 

ball milling, which is easy for hydration reaction to occur. After the outer particles are 
refined, the specific surface area of the material is increased, and it can also improve a 
certain activity; however, when the particles are too fine, it may reduce the density of the 
void filling in the cement mortar, resulting in a decrease in strength. RBP can also increase 
its activity after ball milling, and the activity increases with the increase of ball milling time. 
When it exceeds 1 h, the proportion of activity increase gradually decreases. This may be 
because the activity of RBP is mainly related to the particle size. 

5. Conclusion 
Construction waste regenerated micro-powder has a certain potential activity. The 
regenerated micro-powders from different sources has different activities, and their 
properties are quite different. Experimental research shows that when the activity of 
recycled micro-powder is characterized based on the mechanical properties of concrete, the 
contribution of recycled concrete micro-powder (RCP) to the strength of concrete is slightly 
stronger than that of brick powder (RBP). The activity of the regenerated micro-powder is 
mainly related to its chemical composition, the content of un-hydrated calcareous particles 
and the particle fineness.Within a certain dosage range, the performance of CRM is close to 
that of pure cement. When the content of recycled fine powder in CRM is within 10 %, the 
compressive strength and flexural strength of cement mortar will not be greatly affected; 
when the content of recycled fine powder exceeds 20%, the strength of cement mortar will 
decrease significantly. When the amount of RCP is 5%, the strength of cement mortar is 
even increased by 4.5%; the amount of BRP and the strength of cement mortar change 
almost linearly, the more RBP is added, the more obvious the strength of cement mortar 
will decrease; when RBP When the blending amount is 50%, the strength of cement mortar 
is less than 50% of that without regenerated fine powder. The particle size of the 
regenerated micro-powder has a certain effect on its activity. After a certain period of ball 
milling, the activity of RCP can be effectively increased. However, if the ball milling time 
is too long, the particles will be too fine and the RCP activity will decrease. The activity of 
RBP increased slightly with the increase of ball milling time, but after more than 1 h, the 
effect gradually weakened. 
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