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1  Introduction 

 The existence of a substantial quantity of uncondensed hydroxyl groups in geopolymer matrix, coupled with the 

rich capillary pore structure, imparts conventional geopolymers with remarkable hydrophilicity and water 

absorption. 

 Our previous research found that the incorporation of PDMS and SMS can also reduce the early-stage shrinkage of 

MK-based geopolymer, and reduce the structural stress generated by unsaturated water inside the material.   

 Nevertheless, research on geopolymers after hydrophobic modification with PDMS or SMS has primarily focused 

on synthesis methods or performance analysis within laboratory settings. There is a lack of study on modified 

geopolymers used in real building materials, and their suitability for engineering applications. JZ
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2  Materials and experimental methods 

  The materials of ordinary geopolymer concrete (OGC) including metakaolin, alkaline activator (sodium 
silicate solution and sodium hydroxide solid), water, sand, and CA. The preparation processes of the OGC, 
PGC, and SGC samples were slightly different.  

 The experimental methods include water absorption, chloride transport depth, dry-wet cycles, water contact 
angle, compressive strength measurement, fourier transform infrared spectroscopy, scanning electron 
microscopy and mercury intrusion porosimetry. 

Fig. 1 Preparation processes of OGC, PGC, and SGC samples 

Fig. 2 The measurement procedure for chloride transport 

depth in geopolymer concrete samples 
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3  Results 

  Chloride transport 

depth 

  Water absorption 

behavior 

Fig. 3 Time-evolution of the cumulative water 

absorption of OGC, (a) PGC, and (b) SGC samples 

Fig. 4 Time-evolution of the chloride transport 

depth of OGC, (a) PGC, and (b) SGC samples 
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3  Results 

  Dry-wet cycles 

Fig. 5 Water content change of OGC, (a) PGC, and (b) SGC samples during 32 dry-wet cycles 

 Over the course of 32 cycles, the 

PGC samples maintain efficient water 

repellence. The average water content 

gains of OGC, PGC2, PGC4, and 

PGC6 samples through absorption 

were 7.1%, 5.6%, 5.0%, and 3.0%, 

respectively.  

 Although SGC samples also show 

effective long-lasting waterproof 

performance, the single water 

absorption contents of SGC5 and 

SGC10 samples exhibit an obvious 

increasing trend as the dry-wet cycle 

proceeds.  
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3  Results 

  Apparent water absorption   Compressive strength 

Fig. 8 Water contact angle of the pressed matrix powder 

from OGC, PGC, and SGC samples before and after dry-

wet cycles 

Fig. 9 Compressive strengths of OGC, PGC, and 

SGC samples before and after dry-wet cycles 
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3  Results 

  Porosity characterization 

Fig. 12 Pore size distribution of geopolymer matrix from OGC, 

PGC4, and SGC15 samples before and after 32 dry-wet cycles 

Fig. 13 Porosity of pores of different sizes in geopolymer matrix from 

OGC, PGC4, and SGC15 samples before and after 32 dry-wet cycles 
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4  Discussion 

  PDMS, as an organic polymer, has a stable long-chain molecular structure, 

which can form a uniform hybrid system with the inorganic gel skeleton 

through phase cross-linking. In contrast, it generally cannot form chemical 

bonds with the gel. 

 

 SMS micromolecules feature hydrophobic methyl groups and reactive 

silanol structures, which can be combined with geopolymer gel structures 

in multiple modes. In a system with sufficient SMS, the SMS molecules 

that are grafted or adsorbed onto the gel can also form a dense 

hydrophobic network through selfcondensation to envelop the gel skeleton. 

This leads to modified SGC having excellent hydrophobicity and water 

resistance. 

 

 Notably, the detachment of SMS molecules from the gel network can 

result in structural damage to the matrix. This process causes the gel pores 

of SGC to enlarge, and leads to a significant increase in macroscale 

defects, total porosity, and strength. Fig. 14 Schematic of potential bonding modes of PDMS and 

SMS molecules with geopolymer gels and their evolution 

mechanisms during dry-wet cycles 
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5  Conclusions 

 The experimental results show that the addition of 2%−6% PDMS or the replacement of 5%−15% SMS can 

modify metakaolin-based geopolymer concrete to become hydrophobic, having resultant water contact angles 

ranging from 84.7°−139.0°. The water absorption and chloride transport rates of modified concrete also 

significantly decrease by up to 94.3% compared to unmodified concrete.  

 

 The dry-wet cycle can hardly weaken the hydrophobicity, water resistance and compressive strength of two types 

of concrete because the hydrophobic groups can be tightly bonded in the geopolymer matrix, although their 

microstructure slightly degrades.  

 

 This study lays the foundation for the engineering application of hydrophobic geopolymer concrete in splash and 

tidal zones in marine environments, where such concrete can significantly reduce the corrosion rate of steel 

reinforcement. 
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