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Abstract— In this study, the effect of the polycarboxylate-based superplasticizer (PCE) main and side chain length variation on the 

admixture requirement to provide the target slump-flow value (27±2 cm) and the time dependent slump-flow performance of mortar 

mixtures with different C3A content was investigated. For this aim, a total of 12 mortar mixtures were prepared by using Portland cement 

with four different C3A ratios (2%, 3%, 6%, 9%) and three different main and side chain lengths PCE. According to the results, 

generally, the PCE requirement for target slump-flow value increased by an increment of the C3A ratio. The admixture requirement for 

the mixture containing PCE with medium main and side chain length for target slump was 28-41% and 7-12% lower compared to those 

containing PCE having a long main chain and short side chain and the PCE having a short main chain and long side chain, respectively. 

On the other hand, time-dependent slump flow performance of mixtures containing PCE having medium main and side chain lengths; 

compared to those containing long main chain and short side chain and short main chain and long side chain, in the range of 6-22% and 

13-30% lower, respectively. 

 

Index Terms—C3A, PCE, main and side chain length, time-depending slump flow. 

 

I. INTRODUCTION 

Polycarboxylate-based water-reducing admixtures (PCE) 

are used for purposes such as increasing workability in 

cementitious systems, increasing strength by reducing the 

water/cement ratio, or decreasing the cost by reducing the 

amount of cement in the similar water/cement ratio [1,2]. 

However, in addition to these positive effects, PCE 

utilization in cementitious systems can sometimes lead to 

undesirable negative effects which can be expressed as 

cement-PCE incompatibility [3-6]. In cement-admixture 

incompatibility, PCE utilization may cause adverse effects 

such as set retardation, low consistency retention, and 

increased risk of drying-shrinkage in cementitious systems 

[6-8]. 

PCE-based parameters affecting cement-PCE 

compatibility can be listed as PCE main chain length, side 

chain number and length, molecular weight, intermolecular 

bond structure, chemical composition, density, pH, and 

adding time to the mixture [9-11]. Cement-related parameters 

affecting the cement-PCE compatibility are the chemical 

composition of the cement and the amount and structure of its 

main components (the amount of C3A and C4AF and the 

crystal structure of C3A), cement fineness and alkali content, 

and the amount and type of calcium sulfate (gypsum) added 

to the clinker during cement production [6,12]. It is known 

that C3A is one of the most important parameters affecting 

cement-PCE compatibility. Since the amount of hydrated 

C3A and ettringite reduce the amount of water in the mixture 

until to the setting, it negatively affects the fresh properties of 

cement paste [13,14]. In this context, the interaction of C3A 

and PCE chain properties is vital for cement-PCE 

compatibility. 

In this study, the effect of PCE main and side chain length 

variation on the PCE requirement to provide the target 

slump-flow value (27±2 cm) and the time-dependent 

slump-flow performance of mortar mixtures with different 

C3A content was examined. 

II. MATERIAL AND METHOD 

Within the scope of the study, Portland cement, prepared 

from the same raw material, has C3A content in three 

different ratios and complies with EN 197-1 Standard, was 

utilized. Some physical, chemical, and mechanical properties 

of cements are shown in Table I. C3A ratios were taken into 

account in the denotation of the cements.  

The properties of the synthesized PCEs are shown in Table 

II. Besides, a schematic drawing of PCEs with different main 

and side chain lengths is shown in Fig. 1. The method 

specified by Altun et al. [15] was applied in the synthesis of 

the PCEs. The denotation of all PCEs was based on the main 

and side chain lengths. For example, the PCE containing 17 

nonionic groups, and a side chain length of 3000 g/mol, was 

named SP17k-3000. 
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The mortar mixtures were prepared in accordance with 

ASTM C109, and CEN standard sand conforming to EN 

196-1 was used. In all mixtures, the w/c ratio, sand/cement 

ratio and slump-flow value were kept constant as 0.485, 2.75 

and 27±2 cm, respectively. The denomination of mortar 

mixtures was performed according to the cement and PCE 

type. For instance, the mixture containing C2 cement and 

SP17k-3000 admixture was named as C2SP17k-3000. 

The PCE requirement to provide the desired slump-flow 

value was determined in accordance with ASTM C1437. 

Besides, time-dependent slump-flow performances of mortar 

mixtures were measured at every 15 min for 1 hour. 

Table I. Chemical, physical and mechanical properties of 

cements 

Table II. The properties of PCEs 

Properties 
SP17k- 

3000 

SP40k- 

1000 

SP21k- 

2400 

Density (g/cm3) 1.10 1.09 1.08 

Mw (Molecular weight- 

g/mol) 
57.000 56.000 56.000 

Molar ratio 3:1 3:1 3:1 

Main chain length 17k 40k 21k 

Side chain length 

(g/mol) 
3000 1000 2400 

 
Fig. 1. Schematic drawing of PCEs: a) SP17k-3000 

 b) SP21k-2400 c) SP40k-1000 

III. RESULTS AND DISCUSSION 

Time-dependent slump-flow value and relative PCE 

requirement for target slump-flow value of all mortar 

mixtures were given in Table III.  

Table III. Time-depending test results of mortar mixtures 

Mixtures 

Relative 

PCE 

ratio 

(%) 

Time-dependent slump-flow 

value (cm) 

0 

min. 

15 

min. 

30 

min. 

45 

min. 

60 

min. 

C2-SP17k-3000 0.3 28 25.2 24 22.7 22 

C2-SP21k-2400 0.26 26.8 19.2 18.8 17.6 17.5 

C2-SP40k-1000 0.34 27.5 23.5 21.5 21.1 20.7 

C3-SP17k-3000 0.32 27.7 24.8 23.6 22.9 22.5 

C3-SP21k-2400 0.26 27.8 20.9 19 18 17.7 

C3-SP40k-1000 0.36 27.2 22.3 21.6 21.2 21 

C6-SP17k-3000 0.32 27.7 24.8 23.6 22.9 22.5 

C6-SP21k-2400 0.27 27.9 21 19.1 17.9 17.6 

C6-SP40k-1000 0.38 27.4 21 19.8 18.5 18.3 

C9-SP17k-3000 0.4 27.5 22.5 20.1 19.4 18.7 

C9-SP21k-2400 0.39 28 20.8 18.8 17.3 16.8 

C9-SP40k-1000 0.5 27.6 21 19.8 18.4 18.1 

Regardless of the PCE type, the PCE requirement for 

desired slump value increased with the increase in C3A 

content in the mixtures. The increase in PCE requirement is 

more evident in the mixtures prepared with C9 cement. 

The PCE requirement of the mixtures containing 

SP21k-24000 for target slump-flow was 28-41% and 7-12% 

lower compared to the SP40k-1000 and SP17k-3000. Due to 

the bridging effect, the PCE requirement was increased as 

PCE adsorbs more than one cement particle [16-17]. With the 

increasing PCE requirement, more PCE in the system may 

increase the possibility of entanglement of polymer main 

chains. Similarly, the presence of a larger amount of 

SP17k-3000 in the system to achieve target slump-flow 

caused the polymer side chains to intertwine decreasing the 

spreading performance [15,18]. 

Time-depending slump-flow of the mixture containing 

SP21k-24000 exhibited lower performance in the range of 

6-22% and 13-30% compared to SP40k-1000 and 

SP17k-3000, respectively. Since the mixtures containing 

SP40k-1000 and SP17k-3000 PCE requirement for the target 

slump flow more than SP21k-2400, there is more PCE in the 

system. The presence of more PCE in the system increases 

the amount of non-adsorbed PCE and thus the 

time-dependent slump-flow performance [8,19]. 

IV. CONCLUSION 

In this study, the effect of the PCE’s main and side-chain 

length variation on the PCE requirement for desired 

slump-flow and the time-dependent slump-flow performance 

of mortar mixtures having different C3A content was 

investigated. The results are listed below: 

 Cement type 

Chemical 

Properties 
Unit C2 C3 C6 C9 

C3A % 2.1 3.6 6.8 9.05 

C3S % 58.9 47.6 52.9 48.42 

C2S % 9.8 20.2 16.7 21.25 

C4AF % 16.8 16.1 12.5 10.07 

Physical 

Properties 

 

Specific  

gravity 
 3.21 3.20 3.17 3.1 

Specific surface 

area 
cm2/g 3786 3754 3659 4259 

28-day 

compressive 

strength 

MPa 48.5 48.4 51.0 50.7 
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Regardless of PCE type, increment in C3A content 

generally adversely effect on PCE requirement and 

slump-flow performance of mortar mixtures. 

PCE having medium main and side chain length was the 

best PCE in terms of PCE requirement in all mixtures. On the 

other hand, time dependent slump-flow performance of 

mixtures containing PCE having medium main and side 

chain length was lower than mixtures containing other PCEs. 

For further studies, it is recommended to examine the PCE 

conformations with different chain lengths and their 

time-dependent adsorption and conformation behavior. 
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