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Abstract.This study examined the influence of five widely utilized floccu-

lants—specifically, 12 million molecular weight anionic polyacrylamide, 18 

million molecular weight anionic polyacrylamide, cationic polyacrylamide, 

non-ionic polyacrylamide, and polymerized aluminum chloride—on the proper-

ties of concrete in washed sand. The findings revealed that, with a consistent 

flocculant content, the 12 million molecular weight anionic polyacrylamide ex-

hibited the most significant effect on concrete performance. Furthermore, when 

the flocculant type remained unchanged, an increase in flocculant content corre-

sponded to an enhanced impact on the performance of the concrete. 
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1 Introduction 

The extensive infrastructure development has led to a significant surge in the demand 

for construction sand[1]. Consequently, the utilization of mechanism sand in construc-

tion projects has gained widespread acceptance due to its advantages of abundant 

availability and consistent quality[2, 3]. Most mechanism sand is derived from crushed 

stone or mountain sources, which inherently contain varying amounts of clay and fine 

particles[4]. To achieve optimal quality, it is essential to wash this sand with water to 

eliminate most of the impurities[5]. Flocculants can facilitate the aggregation of so-

lutes, colloids, or suspended particles in aqueous solutions, thereby enhancing water 

purification processes[6, 7]. As a result, numerous sand and gravel production compa-

nies have adopted flocculants to treat sand-washing water, promoting its recycling. 

However, the recycling process often introduces a substantial quantity of flocculants 

into the mechanism sand, which can negatively impact the performance of con-

crete[8~10]. 

At present, there is a lack of systematic and in-depth research results on the effect 

of different flocculants on the adaptability of polycarboxylic acid admixtures in con-

crete to guide the application of engineering practice, so this paper combines the 

problems encountered in the actual use of the process of research on the impact of 

different types of flocculants on the performance of concrete. 
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2 Test Materials 

The cement utilized is southern P.O.42.5 cement; fine sand (S1): Mx=1.4～1.8; 
mechanism sand (S2): Mx=2.4～2.8; small stone (G1): 5～10mm; big stone (G2): 
5～31.5mm. The admixture employed is a polycarboxylic acid-based pumping agent 
(code A) produced by Kezhijie New Material Group Zhejiang Co. 

Additionally, anionic polyacrylamide (P1) with 12 million molecular weight, ani-
onic polyacrylamide (P2) with 18 million molecular weight, nonionic polyacrylamide 
(P3), cationic polyacrylamide (P4), and polymerized aluminum chloride (P5) pro-
duced by a company were used in this experiment. 

3 Experimental Program 

3.1 Preparation of Flocculants Containing Mechanism Sand 

Preparation of mechanism sand containing flocculants: Initially, an aqueous solution 
with a flocculant concentration of 0.5 ‰ is prepared. Subsequently, based on the con-
crete mix ratio for 1m³, 25 kg, 50 kg, and 83.3 kg of the 0.5 ‰ flocculant solution are 
added to three batches of 650 kg of mechanism sand. This results in flocculant con-
centrations in the washed sand of 0.0192 ‰, 0.0384 ‰, and 0.0641 ‰, respectively. 
Five different flocculants are formulated using this method. To fully simulate the con-
crete state applied in actual production, a specified amount of mechanism sand is in-
troduced into the mixer before testing. The prepared flocculant solution is then added 
to the mechanism sand and mixed thoroughly, followed by the incorporation of 
stones, cement, and admixtures. 

3.2 Concrete Test Ratios 

The test concrete mix ratios are shown in Table 1 

Table 1.Concrete test mix ratios 

C S1 S2 G1 G2 W A
3 250 650 330 620 175 7.7 

kg/m3 kg/m3 kg/m3 kg/m3 kg/m3 kg/m3 

4 Test Results and Discussion 

4.1 Effect of Flocculants on the Flowability of Cement Slurries 

The flocculant concentration in Table 2 is the concentration of the flocculant in the 
mixing water, T0 is the initial flow rate, and T1 is the flow rate at 60 min. 

The experimental data presented in Table 2 indicates that the incorporation of five 
different flocculants at a concentration of 0.5‰ results in varying degrees of reduc-
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tion in the flow of net cement slurry compared to the baseline. Among these, P2 ex-
hibits the most significant impact on the flow of net cement slurry, while P5 shows 
the least effect. The influences of P1, P3, and P4 on the flow of net cement slurry are 
relatively similar. Fig. 1 shows the measured net cement flow of the blank and P2 
samples. 

Table 2.Test results of net cement fluidity of different kinds of flocculants  

Samples Flocculant concen-
tration in water C/g W/g A/g Fluidity (T0 /T1 )/mm 

Blank 0 300 87 4.50 244/237 
P1 0.5‰ 300 87 4.50 195/145 
P2 0.5‰ 300 87 4.50 175/145 
P3 0.5‰ 300 87 4.50 199/185 
P4 0.5‰ 300 87 4.50 200/175
P5 0.5‰ 300 87 4.50 220/210

 

 
Fig. 1.Initial fluidity of blank and P2 samples 

To thoroughly investigate the influence of flocculants on the flowability of net 
slurry, flowability tests were conducted at various flocculant concentrations, with the 
detailed results provided in Table 3. The measured initial net slurry flow rates of P2 
flocculant 0.3‰ and 3‰ are shown in Fig. 2. 

Table 3.Test results of cement net slurry fluidity with different concentration of flocculant 

Net slurry flow of different flocculant concentrations (T0 /T1 )/mm 
0.3‰ 0.5‰ 1.0‰ 2.0‰ 3.0‰ 

P1 205/180 195/145 185/130 180/130 160/125 
P2 200/190 175/145 150/100 — — 
P3 210/200 199/185 194/155 175/140 157/113 

P4 220/197 200/175 195/150 170/130 151/110

P5 240/233 220/210 195/190 190/175 175/165
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Fig. 2.P2 flocculant 0.3‰ and 3‰ initial net slurry flow rate 

The data presented in the table indicates that the concentration of the flocculant 
significantly influences the flowability of the net slurry; as the flocculant concentra-
tion increases, the flowability of the net slurry decreases. 

4.2 Effect of Flocculants on Concrete Properties 

To investigate the distinct impact of flocculants on the properties of concrete, this 
study conducted a series of concrete tests utilizing various types of flocculants at dif-
ferent concentrations, with the findings presented in Table 4. The measured plots of 
the state of concrete at different concentrations of P1 flocculant are shown in Fig. 3. 

The experimental results presented in Table 4 indicate that as the concentration of 
flocculant incorporated into the concrete increases, both the slump and extension of 
the concrete exhibit a decreasing trend. Regarding compressive strength, the concrete 
mixed with flocculants P1, P2, P3, and P4 showed a decline in compressive strength 
with higher flocculant concentrations; however, the compressive strength of the con-
crete containing P5 flocculant remained close to the control benchmark. This phe-
nomenon can be attributed to the nature of the flocculants used in this study, which 
are long-chain polymer compounds that achieve flocculation by adsorbing onto ce-
ment particles. The introduction of the polycarboxylic acid water-reducing agent re-
sults in competitive adsorption between the agent and the flocculant, diminishing the 
effectiveness of the polycarboxylic acid and adversely impacting the concrete's quali-
ty. Additionally, the flocculant's significant water-retaining properties reduce the 
amount of water available for hydration, consequently affecting both the fluidity and 
compressive strength of the concrete. 
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Table 4.Test results of concrete performance of different kinds of flocculants with different 
concentrations 

Serial 
number 

Flocculant 
content in 
concrete 
(g/m3 ) 

Flocculant 
content in 

mechanism 
sand 

T0/T1h 
(mm) 

K0/K1h(m
m) 

7d 
strength/M

Pa 

28d 
strength/M

Pa 

Blank-1 0 0 230/230 570/570 30.28 40.66

P1-1 12.5 0.0192‰ 220/185 540/390 30.47 40.21

P1-2 25 0.0384‰ 195/135 475/310 30.54 38.61

P1-3 41.67 0.0641% 200/120 330/- 29.77 37.99

Blank-2 0 0 235/235 560/560 33.78 43.45

P2-1 12.5 0.0192‰ 220/220 435/475 32.85 41.44

P2-2 25 0.0384‰ 220/215 455/425 31.99 40.25

P2-3 41.67 0.0641% 210/210 425/485 30.11 39.66

Blank-3 0 0 230/230 550/540 31.89 41.67

P3-1 12.5 0.0192‰ 215/215 550/530 31.68 41.35

P3-2 25 0.0384‰ 200/200 500/480 29.25 39.17

P3-3 41.67 0.0641% 210/210 520/525 28.38 38.85

Blank-4 0 0 230/230 550/540 31.89 41.67

P4-1 12.5 0.0192‰ 225/220 530/530 30.58 39.98

P4-2 25 0.0384‰ 205/200 480/480 29.37 38.91

P4-3 41.67 0.0641% 195/195 390/380 28.15 38.11

Blank-5 0 0 230/230 550/540 33.71 43.88

P5-1 12.5 0.0192‰ 210/210 420/470 33.15 44.35

P5-2 25 0.0384‰ 210/210 450/420 33.21 44.00

P5-3 41.67 0.0641% 210/210 400/430 33.77 43.14
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Fig. 3.P1 flocculant different concentration concrete state 
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Fig. 4.Effect of different types of flocculants on slump of concrete 
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Fig. 5.Effect of different types of flocculants on concrete extensibility 
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Fig. 6.Effect of different types of flocculants on the compressive strength of concrete 

Figures 4 and 5 illustrate that the mixing of the admixture remains consistent. The 
addition of flocculants after the initial slump results in a notable reduction in the ex-
tension of the concrete's slump. The influence of P1 on the slump extension is most 
significant, with the 1-hour slump extension being less than that of the benchmark 
concrete. As the content of P1 in the sand mechanism increases, the time-dependent 
loss of slump extension in the concrete also escalates; at a content level of 0.0641%, 
the concrete exhibits no fluidity after 1 hour. P5 and P2 significantly affect the fluidi-
ty of the concrete, with their initial fluidity values being lower than those of the 
benchmark concrete. However, as the flocculant content increases, the initial fluidity 
of the concrete demonstrates a trend of first increasing and then decreasing. P4 has a 
lesser impact; as its content rises, the initial fluidity decreases, while the 1-hour fluidi-
ty loss aligns with the benchmark. P3 exerts the least influence on both the fluidity of 
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the concrete and the 1-hour fluidity loss, with its performance being comparable 
across the three concrete states. 

As illustrated in Figure 6, the addition of P1 or P5 resulted in the 7-day and 28-day 
compressive strengths of the concrete falling within the margin of error when com-
pared to the reference concrete, indicating no significant difference. Conversely, the 
incorporation of P2, P3, and P4 led to a decrease in the 7-day and 28-day compressive 
strengths, with the reduction in strength becoming more pronounced as the content 
increased. This indicates that a higher concentration of flocculant significantly affects 
the strength of the concrete. 

4.3 The Effect of Different Kinds of Flocculants on the Admixture of 
Additives 

In this study, the impact of various types of flocculants on the incorporation of addi-
tives was examined, with the findings presented in Table 5. The analysis of the test 
results presented in Table 5 indicates that when the concentration of P1 in the mecha-
nized sand is 0.0384‰, the dosage of the admixture must be increased from 7.7 kg/m³ 
(2.2%) to 9.8 kg/m³ (2.7%) to attain fluidity and strength comparable to that of the 
reference concrete. Conversely, when the concentrations of P2, P3, P4, and P5 in the 
mechanized sand are at 0.0384‰, the admixture dosage needs to be raised from 7.7 
kg/m³ (2.2%) to 8.75 kg/m³ (2.5%) to achieve similar fluidity and strength as the ref-
erence concrete. This demonstrates that P1 exerts the most significant influence on the 
admixture content. 

Table 5.Test results of the effect of different kinds of flocculants on the admixture of additives 

serial 
num-
ber 

A/(kg/m3 ) 
Flocculant 
content in 

mechanism 
sand 

T0/T1h(
mm) 

K0/K1h(m
m) 

7d 
strength/MPa 

28d 
strength/MPa 

Blank- 7.7 0 230/230 580/580 31.56 40.82

P1 9.8 0.0384‰ 230/230 590/600 31.32 40.17
Blank- 7.7 0 230/230 550/550 32.18 42.91

P2 8.75 0.0384‰ 230/230 550/560 32.35 42.36
Blank-

3 7.7 0 230/225 550/540 32.31 41.58

P3 8.75 0.0384‰ 220/225 550/560 33.06 42.21
Blank-

4 7.7 0 230/230 560/560 33.11 42.28

P4 8.75 0.0384‰ 225/225 570/550 33.05 42.61
Blank- 7.7 0 230/230 550/550 33.36 43.24

P5 8.75 0.0384‰ 230/175 550/540 35.91 45.87
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5 Conclusion 

This study, the effects of different kinds of flocculants with different concentrations 
on the fluidity, compressive strength, and admixture of concrete mixed with polycar-
boxylic acid water-reducing agent were investigated, and the following conclusions 
can be drawn from the results of the above studies: 

(1) The presence of flocculant in washed sand influences the performance of con-
crete when combined with polycarboxylic acid-based water-reducing agents to a sig-
nificant degree. Moreover, an increased concentration of flocculant in the mechanized 
sand correlates with a more pronounced effect on the concrete's performance; 

(2) Anionic polyacrylamide with a molecular weight of 12 million significantly af-
fects the flowability, flow retention, and integration of water-reducing agents in con-
crete, while its impact on the compressive strength of concrete is comparatively min-
imal. 

(3) Non-ionic polyacrylamide on the mixing of polycarboxylic acid water reducing 
agent of concrete mobility impact is minimal, but will have an adverse effect on the 
7d and 28d compressive strength of concrete, and the use of the need to control the 
concentration of flocculant content of the mechanism of sand is not easy to exceed 
0.0384 ‰. 

(4) Polymerized aluminum chloride has the smallest effect on the flow of net ce-
ment mixed with a polycarboxylic acid water-reducing agent, and the smallest effect 
on the compressive strength of concrete, but the mixing of polymerized aluminum 
chloride has a certain effect on the flow of concrete. 
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