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Utilization of recycled concrete fines and powders to produce 

alkali-activated slag concrete blocks 

 

Abstract 

This paper investigated the properties of alkali-activated slag (AAS) concrete blocks 

incorporated with recycled concrete fines (RCFs) and recycled concrete powders (RCPs). 

They were used as the fine aggregates and the binder in AAS concrete blocks, respectively. 

The influence of RCFs and RCPs content on water absorption, apparent porosity and 

compressive strength of AAS concrete blocks was examined. The reactivity of RCPs, mineral 

changes and microstructure of AAS concrete blocks were characterized by the isothermal 

calorimetry and X-ray diffraction and scanning election microscope, respectively. The test 

results indicate that incorporating RCFs and RCPs can decrease water absorption and 

apparent density of AAS concrete blocks, but an excessive amount of RCFs and RCPs has an 

opposite impact on these properties. Compressive strength of AAS concrete blocks is 

enhanced by about 47% when 75% sand is replaced by RCFs. This is mainly attributed to the 

reaction of un-hydrated cement in RCFs and the internal curing through the RCFs. RCPs have 

been proven to have a certain degree of reactivity in the alkaline activation. As a result, 

replacing 20% slag by RCPs can also improve the compressive strength of AAS concrete 

blocks by about 13%. The AAS concrete blocks produced with RCFs and RCPs possess a 

satisfactory physical and mechanical properties required for non-load bearing concrete 

blocks. It is feasible to utilize RCFs and RCPs as the partial replacements of the sand and the 

binder in AAS concrete blocks, respectively. 

 

Keywords: concrete block; alkali-activated slag; recycled concrete fines; recycled concrete 

powders 
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1. Introduction 

Concrete blocks are one of the major building materials used in the construction 

industry and are normally produced with the ordinary Portland cement (OPC) as the binder. 

It is well known that production of OPC consumes intensive energy and emits a large 

amount of CO2. For instance, OPC production is responsible for 74%-81% of total CO2 

emissions in concrete mixture (Rashad et al., 2016). Natural coarse aggregate production is 

another major CO2 emission source in concrete, which accounts for 13%-20% of total CO2 

emissions (Flower and Sanjayan, 2007). Large CO2 emissions worldwide have led to a series 

of climate change induced risks, such as sea level rising, loss of coastal area and occurrence 

of natural disasters (Benhelal et al., 2013). Moreover, concrete production consumes a huge 

amount of natural resources. Producing 1 ton of OPC consumes about 1.5 tons of virgin 

materials (Rashad, 2015). To address the abovementioned issues, one of the promising 

solutions is to reuse waste materials as the substitutions of the binder and aggregate in the 

production of concrete blocks.  

Many kinds of waste materials have been explored to be used in the production of 

concrete blocks. Kumar (2002) investigated the feasibility of producing hollow blocks by 

using class F fly ash, calcined phosphogypsum and mineral lime, and reported that the 

produced hollow blocks had sufficient strength for the application in low-cost housing 

development. Turgut (2010) produced masonry blocks by using limestone powder and class 

C fly ash, and illustrated satisfactory physical and mechanical properties of blocks, including 

strength, density, water absorption and ultrasonic pulse velocity. Poon et al. (2002) 

manufactured concrete blocks through cementing recycled aggregates and fly ash, and 

found that replacing natural aggregate with recycled aggregate at levels of 25% and 50% 

showed a marginal impact on the compressive strength of blocks. In addition, to promote 

the sustainability in the construction industry, it is imperative to reduce cement 

consumption or to substitute cement with an alternative binder. In recent years, 

alkali-activated slag (AAS) binder, as a replacement of OPC binder, has attracted great 

attention due to the excellent properties in terms of mechanical strength (Bakharev et al., 

2002; Fernandez-Jimenez et al., 1999; Krizan and Zivanovic, 2002), sulphate resistance, 

freeze-thaw resistance and high temperature endurance (Abdulkareem et al., 2013; 

Fernandez-Jimenez et al., 2007; Fu et al., 2011). However, there are limited studies focusing 

on the use of AAS in the production of concrete blocks, particularly for those incorporated 

with recycled materials. 

With the rapid urban renewal and urbanization, there is lack of enough natural 

construction materials, e.g. river sand and gravels. It is estimated that the annual global 

demand of coarse aggregates exceeds 20 billion tons and will be doubled in the next 20-30 

years (Behera et al., 2014; Sonawane and Pimplikar, 2013). It is urgent to find alternative 

aggregates to ensure the proper concrete production. In addition, demolition of buildings 
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during the urbanization has generated a large amount of construction and demolition (C&D) 

wastes. There are about 200 million tons of C&D wastes generated annually from the 

demolition of infrastructures in China, which accounts for 30%-40% of municipal solid 

wastes (Xiao et al., 2012). However, less than 5% of C&D wastes are recycled for the 

production of concrete products in China (Guo et al., 2018). As a result, more than 190 

million tons of C&D wastes are disposed, which has been a heavy burden on landfill sites and 

environmental protection. Therefore, it is important to enhance the recycling rate of C&D 

wastes through turning them into concrete or concrete products to conserve the natural 

materials, diminish the amount of landfilled C&D wastes and reduce the carbon emissions. 

Chau et al. (2012) reported that CO2 emissions in the construction of concrete buildings in 

Hong Kong can be reduced by 6-17% when recycled materials, such as recycled aggregate, 

recycled concrete blocks and bricks, are adopted. Asutosh and Nawari (2017) demonstrated 

that the use of recycled materials in the pavement construction reduces CO2 emissions by 

about 12% in the USA. Hence, utilization of C&D wastes in the construction industry can 

significantly contribute to lowering the CO2 emissions, construction cost and natural 

resource consumption (Zhang et al., 2019).   

Most of the existing studies focus on the use of recycled coarse aggregate in concrete 

production. Silva et al. (2014) found that recycled aggregate concrete exhibited equivalent or 

even higher strength, resulting from the self-cementing properties of the un-hydrated 

cement and the better interlock action due to the rougher surface of RCAs. It has also been 

demonstrated that the addition of recycled aggregates could improve the splitting tensile 

and flexural strength of concrete (Andreu and Miren, 2014; Liu et al., 2011). However, there 

are limited investigations focusing on the utilization of recycled concrete fines (RCFs) and 

recycled concrete powders (RCPs) in concrete. RCPs account for 25-30% of the total C&D 

wastes by volume (Kasai, 2004). It has been found that RCPs have a mixed mineral 

composition, consisting of quartz, calcite, ettringite, un-hydrated OPC, calcium silicate 

hydrates, and calcium aluminate hydrates (Rakhimova and Rakhimov, 2015). The microscopic 

analysis of a blend with 20% of Tripoli OPC-based concrete that was hardened for 36 years 

showed that there were approximately 25% un-hydrated clinker minerals in concrete (Sun et 

al., 2017). The presence of un-hydrated cement makes the RCPs as a promising 

supplementary cementitious material. The incorporation of RCPs into cement was 

considered to accelerate the hydration of cement by providing additional nucleation sites for 

the growth of hydration products. Thomas et al. (2009) found that replacing 20% cement by 

RCPs can accelerate the hydration of cement and improve compressive strength of paste 

after heating at 650°C. Incorporating 5% RCPs can also improve the early strength of 

slag-cement paste (Sun et al., 2017). In addition, the use of RCPs in alkali-activated slag can 

also enhance its early strength, although the replacement ratio of slag by RCPs was relatively 

low, ranging from 1% to 7% (Cheng et al., 1991).  

This study aims to study the feasibility of replacing the natural aggregate and binder by 
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RCFs and RCPs in producing AAS concrete blocks. RCFs and RCPs, crushed from C&D wastes, 

are used to replace river sand and ground granulated blast furnace slag (GGBS) in AAS 

concrete blocks at different replacement ratios. A semi-dry manufacturing method which 

enables highly efficient production of concrete blocks is adopted. Mechanical properties and 

microstructures of AAS blocks are characterized and analysed to optimize the mix 

formulation for AAS concrete blocks incorporated with RCFs and RCPs. 

2. Experimental programme 

2.1 Raw materials 

Raw materials used in this study include ground granulated blast-furnace slag (GGBS), 

river sand, recycled concrete fines (RCFs), recycled concrete powders (RCPs), sodium 

hydroxide (NaOH), water glass solution, and tap water. RCFs and RCPs were obtained from 

crushing recycled concrete which was demolished from RC buildings over 20 years old. The 

crushed concrete particles with a size between 0.075 mm and 2.36 mm are classified as RCFs, 

while their particles smaller than 0.075 mm are regarded as RCPs. The gradation curves of 

river sand and RCFs are plotted in Fig. 1. As specified by Chinese Standard JGJ52 (2006), the 

lower and upper limits of cumulative sieving passing percentage for fine aggregates are also 

shown in Fig. 1. In addition, physical properties of sand and RCFs are given in Table 1. The 

RCFs have much lower apparent density and higher porosity as compared with sand. This is 

caused by the structural characteristics of RCFs, which contains many micro cracks and old 

mortar adhered to aggregates. This also leads to a higher saturated surface-dry absorption 

of RCFs that is about three times that of river sand, and may negatively affect the 

mechanical properties of concrete with RCFs.  
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Fig. 1 Gradation curves of fine aggregates 

 

 Table 1 Physical properties of aggregates 
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Sample 

Apparent 

density 

(kg/m
3
) 

Loose 

bulk 

density 

(kg/m
3
) 

Compact 

density 

(kg/m
3
) 

Loose 

porosity 

(%) 

Compact 

porosity 

(%) 

Saturated 

surface-dry 

absorption 

(%) 

Fineness 

modulus 

Sand 2751 1390 1586 38.90 32.79 3.36 1.6 

RCFs 2275 1336 1529 51.44 42.35 10.32 2.2 

GGBS and RCPs were used as the binder in AAS concrete blocks. RCPs with the particle 

size smaller than 0.075 mm were sieved from RCFs. Fig. 2 shows the particle size 

distributions of GGBS and RCPs. It can be found that RCPs have a similar particle size 

distribution as the GGBS. For instance, GGBS has the particle size of D50 at 14.10 μm and 

D90 at 43.19 μm, while RCPs have the particle size of D50 at 14.24 μm and D90 at 72.91 μm. 

The morphologies of GGBS and RCPs particles are shown in Fig. 3. Both GGBS and RCPs have 

irregular shapes with rough surfaces. The chemical compositions and physical properties of 

GGBS and RCPs are listed in Table 2. GGBS mainly comprises silica and calcium with 

non-negligible amount of aluminium and magnesium. RCPs consist of silica and calcium, but 

less aluminium and magnesium.  

Table 2 Chemical compositions of GGBS and RCPs 

Chemical composition GGBS (ms%) RCPs (ms%) 

SiO2 30.78 64.81 

CaO 39.77 19.14 

Al2O3 13.66 7.77 

MgO 9.06 1.54 

Fe2O3 0.46 1.59 

K2O 0.66 2.94 

SO4 4.11 0.00 

Na2O 0.00 1.76 

TiO2 1.81 0.45 

MnO 0.52 0.00 

 



6 

0.1 1 10 100 1000
0

10

20

30

40

50

60

70

80

90

100

P
er

ce
nt

 p
as

si
ng

 (
%

)

Sieve size (µm)

 GGBS
 RCPs

  
Fig. 2 Particle size distribution of GGBS and RCPs   

 

   

 (a)                                     (b) 

Fig. 3 Morphologies of (a) GGBS and (b) RCPs 

Sodium hydroxide and sodium silicate were used to prepare the alkali activator for AAS 

concrete blocks. They were widely adopted for activating the reactivity of raw materials in 

AAS system. Sodium hydroxide in the form of flakes (98% purity) was dissolved in the sodium 

silicate solution which consists of 26.83% SiO2, 8.32% Na2O and 64.85% H2O by mass. The 

modulus (i.e. ratio of SiO2 to Na2O) of the water glass solution was fixed at 3.33. Additional 

water was added to the alkali activator according to the designed water-to-binder ratio. 

2.2 Mix proportions of AAS concrete blocks 

The concrete blocks were manufactured according to the mix proportion described in 

Table 3. An identical alkali activator with 10% Na2O by weight of binder and a silicate 

modulus of 1.2 was adopted for all of the mix formulations. The river sand was replaced by 

RCFs at levels of 0, 25%, 50%, 75% and 100% by weight. The mix formulations in this group 

were named as “BRCF”. In another group named as “BRCP”, GGBS was replaced by RCPs at 

the replacement ratios of 20%, 40% and 60% by weight while river sand was completely 
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replaced by RCFs.  

The mix proportions were slightly adjusted to accommodate the different physical 

properties of river sand and recycled aggregates. For the blocks with river sand, concrete 

blocks can be successfully manufactured under a water-to-binder ratio of 0.39 (i.e. 6.7% 

initial water content). Due to the higher water absorption of RCFs, the water-to-binder ratio 

was increased to 0.44 when all fine aggregates were replaced by RCFs. The water content in 

these mixes was equivalent to 12.5%. In addition, it has been verified that there is no alkali 

solution being squeezed out from the samples during the forming process.  

Table 3 Mix proportions of AAS concrete blocks 

Sample 
GGBS 

(g) 

RCP 

(g) 

Sand 

(g) 

RCF 

(g) 

NaOH 

(g) 

WG 

(g) 

Added 

water 

(g) 

Total 

water 

(g) 

Na2O% Ms 

BRCF0 140 0 560 0 11.56 60.6 15.30 54.71 10% 1.2 

BRCF25 140 0 420 140 11.56 60.6 17.20 56.50 10% 1.2 

BRCF50 140 0 280 280 11.56 60.6 19.00 58.30 10% 1.2 

BRCF75 140 0 140 420 11.56 60.6 20.79 60.09 10% 1.2 

BRCF100 140 0 0 560 11.56 60.6 22.59 61.89 10% 1.2 

BRCP20 112 28 0 560 11.56 60.6 22.59 61.89 10% 1.2 

BRCP40 84 56 0 560 11.56 60.6 22.59 61.89 10% 1.2 

BRCP60 56 84 0 560 11.56 60.6 22.59 61.89 10% 1.2 

Note: WG represents water glass. 

 

2.3 Preparation of AAS blocks 

 AAS concrete blocks were prepared by a semi-dry mixing and compression method. The 

binders and aggregates were first mixed for 2 min before adding the prepared alkali activator. 

To eliminate the heat generated during the dissolution of solid NaOH, the alkali activator 

was prepared one day before the fabrication of blocks. Subsequently, the wet mixture was 

mixed for another 2 min for block preparation. The well-mixed mixtures were then weighted 

and placed into the cylindrical steel mould with a diameter of 50 mm and a height of 80 mm. 

The mixture inside the steel cylinder was compressed by a piston under a pressure of 30 

MPa for 30 seconds (Ahmari and Zhang, 2012). It was reported that increasing the forming 

pressure has a positive effect on the properties of concrete blocks when the initial water 

content is lower than 10%. However, this effect is marginal when the water content is higher 

than 10%. Afterwards, the fabricated concrete block specimens were demoulded and cured 

at room temperature. 
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2.4 Test methods 

The physical properties of RCFs and river sand were measured in accordance with 

GB/T14684 (2011). The compressive strength of AAS concrete blocks was determined in 

accordance with GB/T17671 (1999). The water absorption and apparent porosity of blocks 

were determined according to GB/T4111 (2013). Three samples were used for each test of 

compressive strength, water absorption and apparent porosity. For the microstructural 

analysis, block specimens cured for 28 days were crushed, and fragments were then 

collected and soaked in ethyl alcohol for 3 days to terminate their hydration. Afterwards, 

fragments of AAS concrete blocks were used for SEM and XRD analyses. In addition, heat of 

hydration of AAS pastes was measured by an Isothermal calorimeter according to 

GB/T12959 (2008).  

3. Results and discussion 

3.1 Water absorption and apparent porosity 

Fig. 4 shows the water absorption of AAS concrete blocks against the amounts of RCFs 

and RCPs. Here, the water absorption of blocks cured for 1, 7 and 28 days are plotted in Fig. 

4. At the early ages (e.g. 1 or 7 days), the AAS concrete blocks incorporated with RCFs have 

similar water absorption when the RCFs content is 50% or below. For the AAS concrete 

blocks cured for 28 days, there is a slight decrease of the water absorption as the RCFs 

content increases. It indicates that incorporating RCFs up to 75% has a positive impact on 

the water absorption of AAS concrete blocks. However, further increasing RCFs content in 

the mix increases the water absorption of AAS concrete blocks at both early and late ages. 

This is mainly attributed to the porous structures caused by excessive amount of RCFs. In 

general, longer curing time decreases the water absorption of AAS concrete blocks due to 

the densification caused by the polymerization of AAS. As seen in Fig. 4(a), the highest water 

absorption of AAS concrete blocks with RCFs is smaller than 10%, which satisfies the 

requirement specified in GB/T8239 (2014).  

For the AAS concrete blocks with RCPs, the influence of RCPs content on their water 

absorption at the early ages is negligible. The blocks with 20% RCPs exhibit the lowest water 

absorption around 5%. It indicates that the use of small portion of RCPs (e.g. 20%) can refine 

the porous structure of AAS concrete blocks. However, incorporating 40%-60% RCPs slightly 

increases the 28-day water absorption of AAS concrete blocks. This is probably attributed to 

the lower activity of RCPs, reducing the polymerization products in AAS concrete blocks. 

Similarly, the 28-day water absorption of AAS concrete blocks is much lower than that at 

early ages, resulting from a more comprehensive polymerization. However, this difference is 

reduced as the RCPs content increases, which is caused by the lower reactivity of RCPs in 

AAS concrete blocks. The AAS concrete blocks with 100% RCFs as fine aggregates and various 

amounts of RCPs possess a water absorption lower than 10%, which also meets the 
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requirement specified in GB/T8239 (2014).    
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Fig. 4 Water absorption of AAS concrete blocks with different amounts of (a) RCFs and (b) 

RCPs 
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Fig. 5 Apparent porosity of AAS concrete blocks with different amounts of (a) RCFs and (b) 

RCPs 

Fig. 5 shows the apparent porosity of AAS concrete blocks prepared with different 

amounts of RCFs and RCPs. The apparent porosity of AAS concrete blocks with RCFs and 

RCPs decreases as the curing time elapses. With the addition of RCFs up to 75%, the 

apparent porosities of blocks cured at different ages vary slightly. Replacing river sand by 

RCFs has limited influence on the apparent porosity of AAS concrete blocks. However, 

further increasing RCFs content to 100% causes a sharp increase in apparent porosity of AAS 

concrete blocks. For instance, the 28-day apparent porosity of AAS concrete blocks is 

increased by 24.6% when increasing RCFs content from 75% to 100%. This is caused by the 

porous structure of RCFs. The apparent porosity of AAS concrete blocks at the early ages 

varies slightly with the amount of RCPs content, which is consistent with variation of their 
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water absorption. Similarly, the 28-day apparent porosity of AAS concrete blocks slightly 

decreases when increasing the RCPs content to 20%, followed with a sharp increase as the 

RCPs content further increases to 40%. This indicates that the AAS concrete blocks exhibit 

the refined porous structure when 20% RCPs is incorporated to replace GGBS.  

3.2 Effect of RCFs replacement on compressive strength 

Fig. 6 shows the compressive strength development of AAS concrete blocks with various 

amounts of RCFs as the replacement of river sand. In general, the compressive strength of 

AAS concrete blocks with RCFs is higher than that of control mix. It indicates that replacing 

river sand by RCFs improves the compressive strength of AAS concrete blocks at the early 

and late ages. This improvement can be attributed to the irregular shape of RCF particles 

and un-hydrated cement attached on RCFs. The former enhances the interlocking between 

matrix and aggregate while the latter is able to promote the polymerization in alkali solution 

as well as to improve the bonding between RCFs and paste. As seen in Fig. 6, the 

compressive strength of concrete blocks with RCFs is relatively low at the early age, but 

increases dramatically after curing for 28 days. For instance, the maximum 1-day and 28-day 

compressive strength of blocks with RCFs are increased by about 24% and 47%, respectively. 

This lies in the fact that alkali solution released from pores of RCFs can further promote the 

polymerization through the internal curing, resulting in a denser structure in AAS (Lee et al., 

2018).  

Moreover, the compressive strength of AAS concrete blocks increases with the RCFs 

content, and the highest compressive strength of concrete blocks is achieved at the 

replacement ratio of 60%-80% based on the results of fitting curve. However, further 

increase of RCFs content decreases the compressive strength of concrete blocks, although it 

is still slightly higher than that of the control mix. This indicates that excessive pores of RCFs 

could compensate their positive internal curing effect on strength development. Similar 

findings have been reported in literature although their replacement ratios of RCFs are much 

lower than that in this study. Soutsos et al. (2011) produced concrete blocks with the 

incorporation of recycled concrete aggregate, and reported that the maximum replacement 

ratio of coarse and fine aggregate was 60% and 30% due to the high porosity of recycled 

concrete aggregates, respectively. Meng et al. (2018) also recommended a substitution ratio 

of 20-25% of natural sand by recycled fine aggregate, as excessive amount of recycled fine 

aggregate would decrease the strength. In general, a high replacement level of RCFs can be 

adopted without compensating the mechanical performance of AAS concrete blocks. It also 

indicates that RCFs have a good compatibility with matrix as well as a distinctive internal 

curing effect in AAS concrete blocks over the cement-based concrete blocks. 
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Fig. 6 Effect of RCFs on the compressive strength of AAS concrete block 

 

3.3 Effect of RCPs replacement on the compressive strength 

 Fig. 7 shows the compressive strength of AAS concrete blocks prepared with different 

amounts of RCPs as the partial replacement of GGBS. It should be noted that river sand was 

entirely replaced by RCFs in this group. The use of RCPs to replace GGBS as the binder at a 

low level (e.g. 20% of GGBS) enhances the compressive strength of AAS concrete blocks. As 

compared with the control mix, the 7-day and 28-day compressive strengths of AAS concrete 

blocks with 20% RCPs are increased by about 11% and 13%, respectively. Based on the 

regression analysis shown in Fig. 7, a GGBS replacement ratio of 10%-30% by RCPs is 

recommended as this can achieve a maximum compressive strength for AAS concrete blocks. 

However, further increase in RCPs content would significantly decrease the compressive 

strength of AAS concrete blocks, particularly for early-age strength of blocks with a high 

content of RCPs. The 1-day compressive strength of AAS concrete blocks with 40% and 60% 

RCPs as the replacement of GGBS are decreased by about 30% and 57%, respectively. The 

AAS concrete blocks with 60% GGBS replaced by RCPs exhibit the lowest compressive 

strength of 28.05 MPa. This is mainly attributed to the lower reactivity of RCPs as compared 

with GGBS. Rakhimova and Rakhimov (2015) reported a similar finding that the compressive 

strength of AAS pastes increased with the content of RCPs, followed by a decrease when the 

RCPs content exceeded 10%-15%. However, AAS concrete blocks with 100% RCFs and 60% 

RCPs meet the required compressive strength of 10 MPa according to GB/T8239 (2014). 

With this large replacement ratio of recycled materials, more C&D waste can be properly 

settled through the production of AAS concrete blocks, particularly for those low-value RCFs 

and RCPs.  
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Fig. 7 Effect of RCPs on the compressive strength of AAS concrete block 

3.4 Reactivity of RCPs in alkali activator solution 

 Fig. 8 shows the reaction heat generated for the binders with different GGBS/RCPs ratios. 

Here, CaCO3 is also included as the inert material for comparison. RCPs exhibit much lower 

reactivity than GGBS, and increasing RCPs content in binder gradually decreases the 

cumulative heat of hydration. This is the main reason for the strength reduction for AAS 

concrete blocks with increasing content of RCPs. However, RCPs still possess a certain degree 

of reactivity compared with the reference material CaCO3. Therefore, strength enhancement 

of AAS concrete blocks with 20% RCPs can be attributed to their reactivity and the filling 

effect. The latter is evidenced by the results of water absorption and apparent porosity. It 

can be speculated that 20% RCPs used to substitute GGBS act as pore fillers to refine the 

microstructure of AAS concrete blocks, which is consistent with the SEM results. 
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3.5 X-ray diffraction analysis 

3.5.1 X-ray diffraction of RCPs 

 Fig. 9 shows the XRD pattern of RCPs used for preparing AAS concrete blocks. The main 

mineral composition in RCPs is quartz, which probably comes from the original aggregates. 

Owing to the long-term carbonation of recycled concrete, peaks of calcite are also detected. 

Moreover, un-hydrated cement particles are also observed as indicated by the peaks of alite 

(C3S) and belite (C2S). They can react with water and alkali solution to form calcium silicate 

hydrate (CSH). This verifies the reactivity of RCPs as shown in Fig. 8. It also indicates that the 

surface of RCFs may contain some un-hydrated cement. Therefore, there would be more 

hydration products formed in concrete blocks with RCFs as compared to those with natural 

sand, leading to a denser interfacial transition zone (ITZ) between the RCFs and the binder. 

This enables the AAS concrete blocks with RCFs have better physical and mechanical 

properties.  
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Fig. 9 The mineral composition of RCPs 

3.5.2 X-ray diffraction of AAS concrete blocks 

The XRD patterns of AAS concrete blocks with different amounts of RCFs are shown in 

Fig. 10. The presence of semi-crystalline phases due to alkali-activation reaction and partial 

unreacted phases from raw materials were detected. The XRD data shows that quartz is the 

major crystalline mineral phase, which mainly comes from the fine aggregates in AAS 

concrete blocks. Its content decreases gradually with the addition of RCFs as less sand is 

used. Sodium calcium aluminosilicate hydrate phase (NCASH) and calcium silicate hydrate 

(CSH), as major binding products for strength enhancement in AAS system, are also detected. 

There is a new peak corresponding to CSH phase for samples BRCF75 and BRCF100, which 

has a positive impact on enhancement of compressive strength by acting as nucleation sites 

for geopolymerization. Zawrah et al. (2016) also found that the newly formed CSH has a 

positive effect on the compressive strength of AAS. Meanwhile, the alite and belite phases 
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existed in raw materials are no longer detected, which proves that they were reacted and 

consumed in AAS concrete blocks. This could be beneficial to enhancing the physical and 

mechanical properties of AAS concrete blocks with RCFs.  

10 15 20 25 30 35 40 45 50 55 60

◆

◆

BRCF0

BRCF50

BRCF25

BRCF75

BRCF100
●●

●

▼ ▼ ▼

●

●

●
▼▼

▼ ▼

▼

▼

▼

● ▼

▼

▼

●●

●

▼▼▼
▼

▼

▼▼

▼

▼

●-NCASH◆-CSH■-Calcite

●

◆

▼
▼ ▼

▼ ▼

▼
▼

▼

▼

▼

In
te

ns
it

y

Angle(°)

▼ ▼-Quartz

◆

■

▼

▼

▼

▼

▼

▼

◆

■

◆

■

●

◆

■

 

Fig. 10 The mineral composition of AAS concrete blocks 

3.6 Scanning electron microscopy 

Fig. 11 shows the SEM micrographs of AAS concrete blocks BRCF0, BRCF75, BRCF100, 

and BRCP20 after curing for 28 days. Most of the AAS concrete blocks contain pores and 

cracks except sample BRCP20. With the increase of RCFs content, the microstructure 

generally becomes more compact as there are less pores or cracks. Sample BRCF0 shows a 

looser microstructure with large voids and cracks, while other blocks have a denser 

microstructure with tiny pores and cracks, especially for sample BRCP20. This is also 

consistent with the results of apparent density and explains the change of water absorption 

of blocks with different amounts of RCFs 

The micrographs at a high magnification clearly indicate the bonding between matrix 

and aggregate. As seen in Fig. 11(a), many micro cracks were observed in matrix and at the 

interfaces between the matrix and natural aggregate, which adversely affects the 

mechanical properties of AAS concrete blocks. This is probably caused by the shrinkage of 

AAS mixture in blocks. However, a better bonding between the matrix and RCFs has been 

identified as there are few obvious cracks as shown in Figs. 11(b) and 11(c). The occurrence 

of un-hydrated cement in RCFs as evidenced by XRD results promotes the hydration with 

more reaction products, resulting in a denser microstructure. Rashad et al. (2016) also found 

that the strength of concrete was improved with the use of slag as aggregate. This happened 

as the reaction of slag improved the bonding between aggregate and pastes. Similarly, 

Sanusi et al. (2011) reported that the alkali-activated concrete with 50% recycled concrete 

aggregate had more CSH due to the presence of additional calcium in concrete, which was 

responsible for the increased strength. On the other hand, RCFs have a rough surface and 
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irregular angular, which increases adhesion of matrix to RCFs. This also compensates the 

strength loss caused by porous structure of RCFs to a certain degree. For the AAS concrete 

blocks with RCPs as shown in Fig. 11(d), the microstructure of sample BRCP20 shows a much 

denser microstructure with refined pores and interfaces between the matrix and aggregate. 

This results in a lower water absorption and a higher compressive strength of AAS concrete 

blocks with 20% RCPs. 

  

(a) (b) 

  

(c) (d) 

Fig. 11 Scanning electron microscopies of mixes (a) BRCF0, (b) BRCF75, (c) BRCF100, and 

(d) BRCP20 

5. Conclusions 

This paper presents an investigation on the properties of AAS concrete blocks 

incorporated with RCFs and RCPs. The influence of RCFs and RCPs contents on the physical 

and mechanical properties of AAS concrete blocks is estimated. Microstructural analysis is 

also performed to reveal the impact of RCFs and RCPs on the properties of AAS concrete 

blocks. Based on the test results, the following conclusions can be drawn. 

(1) The AAS concrete blocks incorporated with RCFs and RCPs exhibit satisfactory water 

absorption and compressive strength as required for the non-load bearing concrete 

blocks. It indicates that RCFs and RCPs can be used to produce AAS concrete blocks as 

Cracks 

Crack 

Un-reacted slag 

Pores 

Pores 
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the replacement of river sand and GGBS, respectively. 

(2) Incorporating RCFs and RCPs in AAS concrete blocks first decreases their water 

absorption and apparent density. This is mainly attributed to the filling effect of RCFs 

and the reactivity of RCPs. The optimum RCFs and RCPs contents as the replacements of 

river sand and GGBS are found to be 60%-80% and 10%-30%, respectively. Further 

increasing RCFs and RCPs contents increases the water absorption and apparent density 

of AAS concrete blocks.  

(3) The 28-day compressive strength of AAS concrete blocks with 75% RCFs is about 47% 

higher than that of control mix. It indicates that the use of RCFs as the replacement of 

river sand improves the compressive strength of AAS concrete blocks. Increasing the 

replacement ratio to 60%-80% enhances the compressive strength of AAS concrete 

blocks. This is mainly attributed to the reaction of un-hydrated cement as well as the 

internal curing through the RCFs.  

(4) The compressive strength of AAS concrete blocks slightly increases as the RCPs content 

increases to 10%-30%, which is mainly attributed to the filling effect of RCPs. However, 

further increase in RCPs content decreases compressive strength of AAS concrete blocks, 

indicating that RCPs have the limited reactivity in alkali activation system. 

The overall test results of this study have demonstrated that it is feasible to produce 

AAS concrete blocks with the incorporation of low-value RCFs and RCPs as the replacements 

of fine aggregate and precursor, respectively. This has a high potential to maximize the 

recycling and reusing of C&D wastes. However, further studies are needed to explore the 

economic feasibility before it can be introduced to the construction industry.  
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Highlights 

� Recycled concrete fines (RCFs) show better filling effect than sand in AAS blocks. 

� Recycled concrete powders (RCPs) have limited activity in alkali-activated binder. 

� Incorporating RCFs and RCPs decreases water absorption and density of AAS blocks. 

� Replacing sand by RCFs up to 75% improves compressive strength of AAS blocks.  

� Replacing slag by RCPs up to 20% slightly enhances compressive strength of blocks. 
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