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Symbol Description 
C3S Tricalcium silicate  (Alite) 

β – C2S β – dicalcium silicate   (Belite) 

C3A Tricalcium aluminate 

C4AF Tetracalciumaluminoferrite 

OPC Ordinary Portland cement 

B Bentonite 

B-250˚C Bentonite fired at 250˚C   

B-500˚C Bentonite fired at 500˚C   

B-800˚C Bentonite fired at 800˚C   

K Kaolinite clay 

MK Metakaolin 

XRD X- ray diffraction 

DTG Differential thermal gravimetric 

TG Thermal gravimetric 

SEM Scanning electron microscope 

CSH Calcium silicate hydrate 

CH Calcium hydroxide 

CAH Calcium aluminate hydrate 

CASH Calcium aluminate silicate hydrate 

(C3A.CaCl2.11H2O) Mono chloro aluminate hydrate (fredil salt) 
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I 

Hydration Characteristics of Different 

Cementitious Materials in presence of Some 

Heavy Metals 

Abstract: 

The hydration characteristics of different cementitious 

materials in absence and presence of Ni(II) or Cr(III) as chlorides 

were investigated by determination of compressive strength, 

combined water content, free lime content, XRD analysis, thermal 

analysis and microstructure investigation at different time 

intervals from 1 up to 90 days. In addition, the immobilization of 

nickel and chromium ions in the hardened OPC and blended 

cement pastes was examined. The different cement pastes used in 

this study were neat Portland cement, Portland cement blended 

with 20% bentonite caly and 20% bentonite fired at 250˚C, 500˚C 

and 800˚C. Also, kaolin and metakaolin were used as blending 

materials with the ratios of 20, 40 and 80%. One ratio of each 

heavy metal ions (1.0%) of solid was used. The used metal salts 

caused acceleration effect for the hydration of most of the 

investigated cement pastes. The results of compressive strength, 

combined water, free lime contents and X-ray diffraction analysis 

were correlated to a good degree. The degree of immobilization 

of the added heavy metal ions is evaluated by determining the 

leached ion concentration after time intervals extended up to 30 
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II 

days. The leachability experiments are carried out by using the 

static mode of leaching process. It has been noticed that all the 

investigated cement pastes showed a high degree of 

immobilization for Ni
2+

 and Cr
3+

 ions. 

Key words: Portland cement, heavy metals, hydration 

characteristics, Immobilization and leachability.   
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