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HE OBJECTIVE of this study is to investigate the possibility of 

utilizing bagasse ash to improve the cement immobilization of 

chromium (VI). It was concluded that the blended cement which 

contain 15-20% bagasse ash can be used effectively for 

immobilization of concentrated waste Cr (VI) solutions (≈13000 ppm 

Cr (VI)) after being mixed with the blended cement in water to cement 

ratio of about 30%. The immobilized cement paste will set at about    

4hr and gain satisfactory compressive strength of about 450 kg/cm2. 

The immobilization efficiency ≈ 90% under this conditions. 
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Chromium is one of the heavy metals that has both beneficial and detrimental 

properties and is generated from many industrial processes such as electroplating, 

leather tanning, paints and pigments, textile, steel fabrication and production of 

chromium chemicals. Chromium usually exists in its compounds in the forms of 

trivalent chromium [Cr (III)] and hexavalent chromium [Cr (VI)] in the 

environment. The later is the most important one because of its toxicity, solubility, 

mobility characteristics, strong oxidizing and carcinogenic nature 
(1-3)

 . In recent 

years, large quantity of Cr (VI) containing wastes that lead to serious 

environmental problems and hazardous risks are discharged into the environment. 

Chromium contamination up to 130,000 mg/kg has been reported 
(1,4)

. Cement-

based solidification–stabilization  (S/S) treatment technology combines two 

interrelated processes that occur simultaneously to produce a material that will 

have reduced environmental impact when disposed or reused. Solidification 

process involves encapsulation of the waste within a solid cementitious matrix to 

produce a solid product with improved physical properties, primarily strength. 

Stabilization process involves binding of the compounds of a hazardous waste 

stream into a stable insoluble less mobile and less toxic form since the solubility of 

many pollutants is severely reduced by the high pH environment within a cement 

paste 
(5)

 .The US Environmental Protection Agency (EPA) has identified S/S as the 

best demonstrated available technology for 57 listed hazardous wastes 
(6)

. 

 

T 
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Bagasse ash is the waste generated by the combustion of bagasse. Apart from 

silica which is the major component, it contains other metal oxides as well as 

unburned carbon 
(7) 

. Around 0.005-0.066 tons ash is generated per ton of sugarcane 

crushed 
(8) 

. This waste is typically disposed off in pits, it is also applied on land for 

soil amendment. In Egypt, there are more than 12 sugar refinery plants producing 

huge amounts of bagasse ash annually. Limited portion of these wastes has been 

recycled primarily as soil amendment. However, the rest of bagasse ash due to its 

abundance is useless and currently being disposed to open landfills causing serious 

environmental impact. Bagasse ash used as an additive for production of building 

bricks 
(9)

 and as a cement replacement 
(10)

. Bagasse ash was found to improve the 

mechanical properties of cement mortar 
(11)

,   normal concrete 
(12) 

,  self compacting 

concrete 
(13(

 as well as conventional hollow concrete 
(14)

. Bagasse ash also was found 

to improve the durability of concrete under aggressive environment 
(15)

. The use of 

bagasse ash as a cement replacement for immobilization of heavy metals not only 

marks a novelty in the immobilization technology but also assists in alleviating 

disposal problem of bagasse ash heaps in Egypt. 

 

Many investigators have analyzed the effect of Cr (III) and (VI) on the 

different Portland cement phases 
(16-18)

 and its solidification in cementitious 

matrix 
(19-21)

 . Immobilization of chromium affects the pore formation mechanism 

causing a wide variety of pore diameters to appear (with the small 0.01μm 

diameter pores dominating) indicating involvement of chromium in silicate 

formation in the C-S-H matrix 
(22,23)

. The addition of Cr (VI) may retard 

hydration reactions 
(24, 25)

 as a result of the reduction in permeability caused by 

precipitation of calcium chromate and coating on cement grain surfaces 
(26 , 27)

 . 

The addition of Cr (VI) increased the setting times of cement, inhibits cement 

hydration and reduced the compressive strength of the solidified cement 
(2) 

. The 

addition of Cr (VI) increased the setting times of cement and impairs the strength 

development of marble dust blended cement 
(28)

 . The addition of Cr (VI) retards the 

hydration and reduces the compressive strength of limestone blended cement 

especially at early ages 
(21)

 . The accelerating effect of some chromium compounds 

(chromates, chromium chloride, nitrate) on the reaction of the main cement phases 

with water is known 
(29,30)

. The addition of Cr (VI) may accelerate hydration 

reactions without significant changes in the hydration mechanism 
(31)

. This effect is 

explained by precipitation of calcium chromate and the increased demand for Ca
2+

 

ions in the cement pore solution. As a result, unhydrated cement fractions satisfies 

the increased demand of Ca
2+

 ions and accelerates hydration of C3S 
(32, 33)

 . 

 

It was found that immobilization of Cr (III) in cement paste is excellent 

regardless of the type of cement due to the Cr(OH)3 precipitation mechanism 

while that of Cr (VI) depends on the type of cement because Cr (VI) occurs in 

the form of relatively soluble chromates 
(34)

 . The mechanism of Cr (VI) 

immobilization in cement paste is not fully explained 
(35, 36)

 . Most treatment 

methods have failed to reduce the leaching of Cr (VI) to meet the toxicity 

characteristics leaching procedures (TCLP) extraction limit of less than 5 ppm 

because of the complexity of chromium chemistry 
(37 , 38)

 .   
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During cement immobilization of chromate, the moderately oxidizing 

environment provided by cement preserves chromium in form of chromate 

(oxidized state, Cr (VI)) rather than chromium ion (reduced state, Cr
 
(III)). The 

high pH of the pore solution of hydrated cement paste may result in formation of 

poorly ordered structures of calcium chromate precipitate Ca2CrO5.3H2O 

(detected by XRD) or formation of amorphous structures in cement pastes 
(33 , 39) 

(not be detected by XRD). Physical adsorption of chromate ions may occur due to 

attraction of chromate ions in the pore solution to the surfaces of cementitious 

products of unsatisfied surface charges. Chemical adsorption of chromate ions may 

occur due to affinity and specific adsorption of cementitious products to chromate 

ions 
(40, 41)

 . Occlusion or encapsulation of chromate ions in the lattice structures of C-

S-H may occur during precipitation of cement hydration products 
(42, 43)

 altering their 

crystallinity, particle size and solubility 
(44)

 . Calcium chromate precipitate may 

be incorporated in the tetrahedral silicate sites in the C-S-H matrix 
(45)

.  

 

The formation of modified Cr-ettringite, 3CaO·Al2O3·3CaCrO4·32H2O,
 (46-48) 

which may occur due to substitution of SO4
2-

 in ettringite structure by CrO4
2-

 
(49)

 

is one possible mechanism involved in immobilization of chromate in cement. 

However, this mechanism may require a high concentration of chromate ions 

present in pore solution, being in equilibrium with solid. Also, the 

immobilization of chromate can be related to the formation of Ca–Cr aluminates 

and the formation of phases such as Ca4Al6O12CrO4 and Ca6Al4Cr2O5 
(16 , 17)

. It 

was reported that at elevated pH (approximately 12.8), the formation of calcium 

aluminosilicate hydrates CAS and CSH is mainly responsible for Cr (VI) 

immobilization based on the use of quicklime and fly ash through surface 

sorption, inclusion and physical entrapment 
)50( 

or through the formation of 

pozzolanic compound 3CaOAl2O30.5CaCrO40.5CaSO4.nH2O 
(51-53)

 .  

 

It was found that the mechanism by which Cr (VI) is bound to cementitious 

matrix influences the leaching mechanism 
(54)

 . The leachability of Cr (VI) from 

solidified cement mixtures depends on the initial Cr (VI) concentration and the 

leaching time 
(2)

 . The leachability of Cr (VI) in fly ash cement mortars greatly 

depends on leachant pH, carbonation of cement mortars increases the leaching of 

chromium ions and addition of ground granulated blast furnace slag decreases 

the leaching of Cr (VI) from solidified fly ashes 
(55)

 . The cement immobilization 

of Cr (VI) improved by blending cement with limestone 
(21)

 and marble dust 
(28)

. 

The incorporation of polycarboxylate-based superplasticizer was found to 

decrease the leaching of Cr (VI) significantly during cement immobilization of 

chromium residue generated from chromate plant and metallic chromium 

production. Sodium and organophilic bentonite were found to improve the 

immobilization of tannery waste containing chromium using Portland cement 

type II and the best treatment conditions are obtained when both additives are 

used 
(56)

. 
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Materials and Experimental 

 
The raw materials used in this work are OPC [CEM I (No.42.5)] and sugar 

cane bagasse ash. OPC purchased from Beni-Suif Cement Co., Egypt. The sugar 
cane bagasse ash sample used in this study was collected from the boiler of 
nearby sugar factory in Minia Governorate, Egypt. According to previous study 
(57) 

it was found that the optimum calcination condition that enhances the 
pozzolanic activity of bagasse ash is 700-800

o
C for 3 hr. Calcination of bagasse 

ash was carried out in an electrical muffle furnace with a heating rate 10 
o
C/min 

at 700
o
C for 3 hr. then recharged from the muffle furnace and cooled to room 

temperature in desiccator. To avoid any possible influence of the fineness of the 
calcined samples, calcined bagasse ash was ground to pass 90 μm sieve. An 
analytical grade K2CrO4 (Aldrich Co.) was prepared and used to investigate the 
cement immobilization of Cr (VI). 5 % K2CrO4 solution (wt/volume) was 
prepared (13000 ppm of Cr (VI)) in distilled water. Six mixes were prepared by 
replacement of OPC with 10-25 % bagasse ash. The mix composition of blended 
cements is shown in Table 1.  
 
TABLE 1. Mix composition in wt % of bagasse ash blended. 

 

Symbol OPC Bagasse ash 

C 

B1 

B2 

B3 

B4 

100 

90 

85 

80 

75 

0 

10 

15 

20 

25 

 

The water of normal consistency and the initial as well as final setting times 

were determined using Vicat apparatus according to ASTM Designations C 187-

98 and C 191-01a , respectively 
(58 , 59)

 . Mixing of dry cement mixes was carried 

out using the required water of standard consistency. In case of immobilization 

of Cr (VI) in cement, before mixing, 60 ml of 5% K2CrO4 solution were 

completed  to the same water to solid ratio as in the hydration step and added to 

220 g blended cement. Hence ratio of Cr (VI) 0.36% or 1.36% as K2CrO4 were 

used, by weight of solid binder. Moulding of the cement pastes was carried out 

in stainless steel (2 2 2 cm) mould. Immediately after moulding, blended 

cement pastes were cured at about 100 % relative humidity, demolded after 24hr 

and cured for 28 and 90 days in closed humidity chamber without mixing of 

hydrated cubes with water to avoid leaching of chromium. Bulk density was 

determined using Archimedes principle 
(60)

 . 

 

The compressive strength measurement was carried out using a manual 

compressive strength machine using set of three cubes according to ASTM 

Designation C 109-80 
(61)

 . Determination of free water content is carried out by 

microwave technique using domestic microwave oven (Olympic electric model 
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KOR-131G, 2450 MHz, 1000 W) 
(62)

 . The determination of combined water 

content (Wn) was carried out using samples of hydration stopped specimen after 

ignition in porcelain crucibles at 1000°C for 1 hr in a muffle furnace and cooling 

in a desiccator. The total porosity of the hardened cement paste is calculated 

according to Copeland and Hayes
(63)

 . The Cr immobilization efficiency after 28 

and 90 days of hydration was carried out in accordance with the standard 

procedures prescribed by the United States Environmental Protection Agency, 

toxicity characteristic leaching procedure (TCLP) method 1311 
(64)

. Cr (VI) 

concentration of the leachate was determined using Perkin-Elmer Lambda 35 

UV/VIS Spectrometer using diphenylcarbazide 
(65)

 .   

 
The X-ray diffraction (XRD) analysis was carried out with the aid of Philips 

X-ray diffractometer PW 1370, Co. using Ni filtered CuKα radiation (1.5406 Å) 
under 30 kV operating voltage and 24 mA emission current. The step-scan 
covered the angular range 15-60° (2θ). The Mineralogical composition of the 
investigated samples was identified by the aid of the PDF standards. The X-ray 
fluorescence (XRF) analysis was carried out by the same apparatus. The 
thermogravimetric analysis (TGA) was carried out with the aid of Shimadzu 
Corporation thermo analyzer with DTG-60H detector. About 5 mg of finely 
powdered sample was put in an aluminium cell and heated with 10 

o
C/min 

heating rate, under nitrogen atmosphere at 40 ml/min flow rate, the hold time at 
the appropriate temperature is zero. The Fourier transform infrared (FTIR) 
spectra were measured by the spectrometer Perkin Elmer FTIR system Spectrum 
X. Samples were prepared by mixing 1 mg of the sample in 200 mg of KBr. The 
spectral analysis was performed in the range 400-4000 cm

-1
 with spectral 

resolution of 1 cm
-1

. Scanning electron microscopy (SEM) was investigated by 
the aid of Jeol-Dsm 5400 LG apparatus to examine the morphology and 
microstructure of selected samples by mounting on stubs and coating with gold 
prior to analysis to make them electrically conductive. 

 

Results and Discussion 

 

Characterization of raw materials 

The chemical composition of the OPC and bagasse ash calcined at 700
o
C for 

3 hr determined by XRF analysis is shown in Table 2. The chemical composition 

of bagasse ash illustrates that bagasse ash contains high amount of SiO2 (75.23 

wt %) in addition to small amounts of CaO, Fe2O3, Al2O3, MgO, Na2O and K2O. 

The sum of SiO2, A12O3 and Fe2O3 equals to 85.89 wt % which is in good 

agreement with the requirements (>70 wt %) stated in ASTM designation: C 

618-89 
(66)

 for natural pozzolana. The phase composition of OPC, wt % 

according to Bouge's calculations is ; 47.78% C3S, 23.83% β-C2S, 10.73% C3A, 

9.68% C4AF and 0.914% LSF. Figure 1 is the XRD patterns of bagasse ash 

calcined at 700
o
C for 3 hr and illustrates that bagasse ash contains amorphous 

silica as indicated from the heap in the range 15-35 2θ in addition to quartz, 

tridymite and christobalite. Figure 2 is the SEM micrograph of bagasse ash 

calcined at 700 for 3hr and illustrates that silica aggregate may appear as dark 

grains (a) and residues may appear as white small particles (b).  
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TABLE 2. Chemical composition wt % of OPC and bagasse ash. 

 

Material SiO2 Al2O3 Fe2O3 CaO MgO SO3 Na2O K2O L.O.I Total 

OPC 20.88 6.08 3.18 63.00 1.50 1.60 0.22 0.24 2.35 99.05 

Bagasse ash 50.69 13.56 11.78 10.57 4.24 0.04 3.06 0.49 4.41 98.84 

 

 
 

 

Fig. 1. The XRD patterns of bagasse ash calcined at 700oC for 3 hr. 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 2. SEM micrograph of bagasse ash calcinated at 700 oC for 3hr. 
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Hydration characteristics of blended cement pastes 

Figure 3 illustrates the water of consistency, initial and final setting times of 

bagasse ash blended cement pastes. The water of consistency increases linearly 

with bagasse ash content may be due to that bagasse ash markedly increases the 

amount of surface water which related to the specific surface of the system 
(67)

. 

The setting time elongates with bagasse ash content may be due to increasing the 

amount of mixing water 
(68)

 as well as decreasing clinker content which has 

shorter setting time 
(69)

 . The elongation of setting time also may be due to the 

formation of a layer of bagasse ash particles around anhydrous cement grains 

which delays the hydration of C3S. The thickness of this layer increases with 

bagasse ash content hence the rate of hydration of cement decreases 
(70)                        

(Table 3). 
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Figure (3): The water of consistency, initial and final setting times of bagasse ash 

blended cement pastes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(4): The combined water content of bagasse ash blended cement pastes 

hydrated up to 90 days. 

 

 

 

 
Fig.3. The water of consistency, initial and final setting times of bagasse ash blended        

cement pastes. 

 
TABLE 3. The water of consistency, initial and final setting times of bagasse ash 

blended cement pastes. 

 
 

Sample 

Water of 

consistency, 

% 

Initial 

setting 

time, min 

Final 

setting 

time, min 

C 27.5 85 210 

B1 29.5 140 275 

B2 31 175 295 

B3 33 195 420 

B4 35 240 480 
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Figure 4 and Table 4 represent the combined water content of bagasse ash 

blended cement pastes hydrated up to 90 days. The combined water content 

decreases with bagasse ash content may be due to that bagasse ash at lower 

substitution level acts as a nucleating agent for hydration products enhancing the 

cement hydration while increasing bagasse ash content makes a dilution effect. 
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Figure (3): The water of consistency, initial and final setting times of bagasse ash 

blended cement pastes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(4): The combined water content of bagasse ash blended cement pastes 

hydrated up to 90 days. 

 

 

 

Fig. 4. The combined water content of bagasse ash blended cement pastent hydrat. 
 

 
TABLE 4. The combined water content of bagasse ash blended cement pastes 

hydrated up to 90 days. 

 

Sample 
Combined water content, % 

3 days 7 days 28 days 90 days 

C 10.44 11.30 12.72 14.65 

B1 9.82 10.20 12.37 14.89 

B2 9.34 9.80 11.67 14.22 

B3 8.67 9.10 11.00 13.45 

B4 7.98 8.20 9.84 12.78 

 

 

Figure 5 and Table 5 represent the bulk density and total porosity of bagasse 

ash blended cement pastes hydrated up to 90 days. The bulk density decreases 

while the total porosity increases with bagasse ash content due to the dilution 

effect of bagasse ash by reducing the amount of OPC, hence the amount of 

hydration product reduced and as a result the bulk density decreases and the total 

porosity increases. The bulk density decreases with bagasse ash content may also 

be due to that bagasse ash have lower specific gravity than OPC. 
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Fig. 5. The bulk density and total porosity of bagasse ash blended cement pastes 

hydrated up to 90 days. 

 
TABLE 5. The bulk density and total porosity of bagasse ash blended cement pastes 

hydrated up to 90 days. 

 

Sample 
Bulk density, g/cm3 

3 days 7 days 28 days 90 days 

C 2.2083 2.2132 2.2248 2.2350 

B1 2.1240 2.1316 2.1401 2.1475 

B2 2.1101 2.1191 2.1248 2.1407 

B3 2.0368 2.0452 2.0568 2.0668 

B4 1.9759 1.9811 1.9886 2.0080 

Sample 
Total porosity, % 

3 days 7 days 28 days 90 days 

C 40.12 37.90 33.91 32.16 

B1 41.15 39.25 36.43 33.97 

B2 42.37 39.97 37.16 34.90 

B3 42.91 42.39 39.22 37.55 

B4 43.51 42.81 40.81 38.77 
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Figure 6 and Table 6 show the compressive strength of bagasse ash blended 

cement pastes hydrated up to 90 days. Blended cement pastes have low 

compressive strength at early ages of hydration then the rate of strength 

development enhanced at later ages. Bagasse ash at the early ages of hydration 

acts as a filler then at later ages of hydration it acts as pozzolana and reacts with 

portlandite CH (accumulated in the pore of hydrated cement pastes as a result of 

hydration of clinker phases) giving additional calcium silicate hydrates. The 

compressive strength decreases with bagasse ash content because of the dilution 

of hydrated cement pastes by decreasing the OPC content.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6. The compressive strength of bagasse ash blended cement pastes hydrated up 

to 90 days.  

 

 

TABLE 6. The compressive strength of bagasse ash blended cement pastes hydrated 

up to 90 days. 

 

Sample 
Compressive strength, Kg/cm2 

3 days 7 days 28 days 90 days 

C 659 744 772 794 

B1 443 518 678 744 

B2 414 461 612 716 

B3 358 405 537 659 

B4 301 377 452 584 
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Figure 7 illustrates the XRD patterns of bagasse ash blended cement pastes 

hydrated for 90 days. The amount of unhydrated clinker phases C2S and C3S 

decreases with bagasse ash content because of dilution of cement by bagasse ash 

and due to that bagasse activates the hydration of cement. Portlandite decreases 

also with bagasse content because of the previous reasons in addition to 

pozzolanic activity of bagasse ash which consumes portlandite forming 

additional C-S-H. 

 

 

 

 

 

Fig.7.The XRD patterns of bagasse ash blended cement pastes hydrated for 90 days. 

 

Figure 8 illustrates the FTIR patterns of bagasse ash blended cements 

hydrated for 90 days. The absorption bands of carbonate increase with bagasse 
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increase with bagasse ash content, which in turn increases the rate of carbonation 

of hydrated cement pastes. The absorption band of C-S-H at 978 cm
-1

 (stretching 

vibration v3 of SiO4
4-

) shifts to higher wavenumber values with increasing 

bagasse ash content. This may be due to that C-S-H formed by the pozzolanic 

action of bagasse ash differs (in its nature and water content) from that formed 

by hydration of OPC. The absorption band of silica which appeared at 462 cm
-1

 

corresponding to bending vibration of O-Si-O arises from the replacement of 

OPC with bagasse ash. The ettringite band at 1124 cm
-1

 disappeared due to that 

SO4
2-

 ions were probably replaced by CO3
2-

 ions in case of bagasse ash blended 

cement pastes. The absorption band observed at 3640 cm
–1

 which is due to O–H
-
 

stretching of Ca(OH)2 increases at high bagasse ash content. This may be 

attributed to that bagasse ash has a low pozzolanic activity because higher 

amount of portlandite accumulated despite the dilution effect of bagasse ash. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8.The FTIR patterns of bagasse ash blended cements hydrated for 90 days. 
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bagasse ash forms a coating layer around anhydrous cement grains, hence, the 

degree of hydration and formation of hydration products decrease and as a result 

the total porosity of bagasse ash blended cement paste increases.  
 

 
            

Fig. 9. SEM micrographs of (a) OPC and (b) B2 hydrated for 28 days. 

 

Cement immobilization of chromium (VI) 

Figure 10 and Table 7 illustrate the initial and final setting times of bagasse 

ash blended cement pastes hydrated with 5% K2CrO4 solution. The water to 

cement ratio used is the same as in the hydration course. The setting time of OPC 

paste hydrated with 5% K2CrO4 solution is longer than that hydrated with water 

due to that addition of Cr (VI) increases the setting times of cement 
(2,28)

. The 

setting times of bagasse ash blended cement pastes hydrated with 5% K2CrO4 

solution are shorter than those hydrated with water due to that the incorporation 

of pozzolana may improve the hydration of cement in presence of Cr (VI) as 

well due to that addition of Cr (VI) may accelerate hydration reactions in 

presence of pozzolana due to precipitation of calcium chromate and the increased 

demand for Ca
2+

 ions in the cement pore solution. As a result, unhydrated 

cement fractions satisfy the increased demand of Ca
2+

 ions and accelerate 

hydration of C3S 
(32, 33)

. The setting times elongate with bagasse ash content may 

be due to increasing the amount of mixing water, decreasing clinker content as 

well as  the formation of a layer of bagasse ash particles around anhydrous 

cement grains which delays the hydration of C3S.  
 

Figure 11 and Table 8  illustrate the combined water content of bagasse ash 

blended cement pastes hydrated with 5% K2CrO4 solution. The combined water 

content of bagasse ash blended cement pastes hydrated with 5% K2CrO4 solution 

is higher than those hydrated with water due to that addition of Cr (VI) may 

accelerate hydration reactions due to precipitation of calcium chromate and the 

increased demand for Ca
2+

 ions in the cement pore solution. Unhydrated cement 

fractions satisfy the increased demand of Ca
2+

 ions and accelerate hydration of 

C3S. The combined water content decreases with bagasse ash content due to that 

increasing bagasse ash content makes a dilution effect.  

a b 
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Fig. 10. The water of consistency, initial and final setting times of bagasse ash 

blended cement pastes hydrated with 5% K2CrO4 solution. 

 
TABLE 7. The initial and final setting times of bagasse ash blended cement pastes 

hydrated with 5% K2CrO4 solution. 
 

 

 

 

 

 

 

 

 

 

Fig. 11. The combined water content of bagasse ash blended cement pastes hydrated 

with 5% K2CrO4 solution. 

Sample 
Initial setting 

time, min 

Final setting 

time, min 

C 105 225 

B1 135 240 

B2 140 255 

B3 150 275 

B4 170 305 
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TABLE 8. The combined water content of bagasse ash blended cement pastes 

hydrated with 5% K2CrO4 solution. 

 

Sample 
Combined water content, % 

3 days 7 days 28 days 90 days 

C 11.55 12.19 13.81 15.61 

B1 10.25 11.80 13.10 15.22 

B2 10.51 11.90 12.73 15.01 

B3 10.40 11.53 12.32 14.66 

B4 10.08 11.22 11.95 14.40 

 

Figure 12 and Table 9 represent the bulk density and total porosity of bagasse 

ash blended cement pastes hydrated with 5% K2CrO4 solution. The bulk density 

of bagasse ash blended cement pastes hydrated with 5% K2CrO4 solution is 

lower than those hydrated with water because chromium addition affects the pore 

formation mechanism 
(22 , 23)

 causing a wide variety of pore diameters hence the 

bulk density of cement pastes hydrated with K2CrO4 solutions decreases. The 

total porosity of bagasse ash blended cement pastes hydrated with K2CrO4 

solutions is lower than those hydrated with water due to formation of calcium 

chromate precipitate which fills some of the open pores in hydrated cement 

pastes hence the total porosity decreases. The bulk density decreases while the 

total porosity increases with bagasse ash content due to that bagasse ash makes a 

dilution effect and have lower specific gravity.  

Fig. 12. The bulk density and total porosity of bagasse ash blended cement pastes 

hydrated with 5% K2CrO4 solution. 
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TABLE 9. The bulk density and total porosity of bagasse ash blended cement pastes 

hydrated with 5% K2CrO4 solution. 

 

Sample 
Bulk density, g/cm3 

3 days 7 days 28 days 90 days 

C 2.2074 2.2123 2.2192 2.2314 

B1 2.1212 2.1252 2.1336 2.1464 

B2 2.0663 2.0712 2.0800 2.0955 

B3 2.0437 2.0414 2.0521 2.0711 

B4 1.9759 1.9789 1.9866 1.9950 

Sample 
Total porosity, % 

3 days 7 days 28 days 90 days 

C 31.52 31.10 30.39 30.05 

B1 37.41 36.00 34.48 33.23 

B2 38.22 36.72 35.30 34.33 

B3 39.56 37.15 35.83 34.91 

B4 40.21 38.32 37.61 36.38 

 

Figure 13 and Table 10 represent the compressive strength of bagasse ash 

blended cement pastes hydrated with 5% K2CrO4 solution. The compressive 

strength of bagasse ash blended cement pastes hydrated with 5% K2CrO4 

solution is lower than those hydrated with water because chromium addition 

affects the pore formation mechanism and reduces the compressive strength of 

the solidified cement especially at early ages. The compressive strength 

decreases with bagasse ash content because of the dilution effect of bagasse ash 

and the retardation effect of calcium chromate layer.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13. The compressive strength of bagasse ash blended cement pastes hydrated 

with 5% K2CrO4 solution. 
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TABLE 10. The compressive strength of bagasse ash blended cement pastes 

hydrated with 5% K2CrO4 solution. 

 

Sample 
Compressive strength, Kg/cm2 

3 days 7 days 28 days 90 days 

C 461 556 697 763 

B1 339 424 518 631 

B2 311 395 490 603 

B3 292 358 471 574 

B4 247 330 424 518 

 

 

Figure 14  and Table 11 represent the efficiency of Cr (VI) immobilization of 

bagasse ash blended cement pastes hydrated with 5% K2CrO4 solution. The 

efficiency of Cr (VI)
 
immobilization increases with bagasse content up to 15% 

bagasse ash content then decreases with further bagasse ash addition. The 

incorporation of bagasse ash may improve the hydration of cement in presence 

of Cr (VI) as well due to that addition of Cr (VI) may accelerate hydration 

reactions in presence of bagasse ash due to precipitation of calcium chromate 

which accelerates hydration of C3S. The efficiency of Cr (VI) immobilization 

decreases with bagasse ash content because bagasse ash enhances the water 

demands  of hydrated cement pastes, decreases clinker content as well as  

leading to formation of a layer of bagasse ash particles around anhydrous cement 

grains which delays the hydration of C3S.  

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 14. The efficiency of Cr (VI) immobilization of bagasse ash blended cement 

pastes hydrated with 5% K2CrO4 solution. 
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TABLE 11. The efficiency of Cr (VI) immobilization of bagasse ash blended cement 

pastes hydrated with 5% K2CrO4 solution. 

 

Sample 
Immobilization efficiency, % 

28 days 90 days 

C 78.68 86.78 

B1 82.53 89.46 

B2 83.23 89.17 

B3 82.64 86.95 

B4 82.06 85.91 

 

 

Figure 15 illustrates the XRD patterns of bagasse ash blended cement pastes 

hydrated with 5% K2CrO4 solution.  It was observed that the immobilization of 

Cr (VI) by cement progress with bagasse ash content as indicated from 

decreasing the intensity of CaCrO4 and untreated K2CrO4 with time. The content 

of CaCrO4 decreases with bagasse ash content may be due to dilution effect of 

bagasse ash which replaces part of OPC. Bagasse ash consumes part of 

portlandite by its pozzolanic activity, hence the alkalinity of hydrated cement 

pasts containing bagasse ash decreases. As a result, the rate of precipitation of 

CaCrO4 decreases with bagasse ash content. The immobilization of Cr (VI) by 

cement progress with bagasse ash content may be due to that formation of 

additional C-S-H as a result of the pozzolanic activity of bagasse ash encapsulate 

Cr (VI) ions as detected from decreasing the content of K2CrO4 as bagasse ash 

increases.  

 

Figure 16 illustrates the FTIR patterns of bagasse ash blended cement pastes 

hydrated with 5% K2CrO4 solution. C-S-H absorption bands at 978 and 1644 cm
–

1
 decrease with bagasse ash content due to that bagasse ash forms a coating layer 

around anhydrous cement grains reducing the rate of hydration of cement hence 

cement immobilization of Cr (VI) decreases with bagasse ash content. 

 

Figure 17 shows the SEM micrographs of OPC and blended cement paste 

containing 15 % bagasse ash  hydrated with 5 % K2CrO4 cured for 28 days. The 

SEM results illustrate that immobilization of Cr (VI) in bagasse ash blended 

cement paste was improved because of the pozzolanic activity of bagasse ash 

which reacts with CH and refines the microstructure of hydrated cement paste. 
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Fig. 15. The XRD patterns of bagasse ash blended cement pastes hydrated with 5% 

K2CrO4 solution. 
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Fig. 16. The FTIR spectra of bagasse ash blended cement pastes hydrated with 5% 

K2CrO4 solution. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 17. SEM micrographs of (a) OPC and (b) B2 hydrated with  5 % K2CrO4 cured 

for 28 days. 
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Conclusions 

 

The main conclusions of this investigation are: 

 

1- XRD, FTIR, TGA and SEM techniques illustrate that bagasse ash contains 

amorphous silica.  

 

2- At the early ages of hydration, bagasse ash acts as a filler whereas at later 

ages it acts as pozzolana. Increasing bagasse ash content makes a dilution 

effect, require, higher water demands and forms a layer of bagasse ash 

particles around anhydrous cement grains which delays the hydration of 

cement.  
 

3- The incorporation of up to 15% bagasse ash improves the hydration of 

cement in presence of Cr (VI) due to that addition of Cr (VI) may accelerate 

hydration reactions in presence of pozzolana due to precipitation of calcium 

chromate and the increased demand for Ca
2+

 ions in the cement pore 

solution. The situation is reversed with increasing bagasse ash content may 

be due to increasing the amount of mixing water, decreasing clinker content 

as well as  the formation of a layer of bagasse ash particles around anhydrous 

cement grains which delays the hydration of cement.  
 

4- According to this investigation, it was recommended that the blended cement 

which contains 15-20% bagasse ash can be used effectively for 

immobilization of concentrated waste Cr (VI) solutions (≈13000 ppm Cr 

(VI)) after being mixed with the blended cement in a water to cement ratio of 

about 30%. The immobilized cement paste will set at about 4 hr and gain 

satisfactory compressive strength of about 450 Kg/cm
2
. The immobilization 

efficiency will be more than 90% under this conditions. 
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 دفن الكروم السداسى فى عجائن الاسمنت المخلوط برماد الباجاس

  
 احمد محمد الروضى ، محمد احمد طنطاوى و علاء احمد على سالم

 .مصر  –المنيا  –جامعة المنيا  –كلية العلوم  –قسم الكيمياء 

 
 

الهدف من هذا العمل هو دراسة إمكانية الاستفادة من رماد الباجاس في تحسين 

طبقاً للنتائج توصي هذه . ثبيت الكروم السداسي في عجائن الأسمنت ت/تصليب

من رماد  ٪ 02-51الدراسة بإمكانية استخدام الأسمنت المخلوط الذي يحتوي على 

الكروم تركيزات من تثبيت الملوثات المحتوية على /الباجاس بفعالية في تصليب

ت المخلوط باستخدام بعد خلطها مع الأسمن( جزء في المليون50222≈ )السداسي 

ساعات  4تتصلب عجينة الأسمنت في أقل من .  ٪ 02أسمنت حوالي /نسبة ماء

سم/كيلو جرام 412وتكتسب قوة تحمل ميكانيكي مرضية لا تقل عن 
0

وفعالية  

 .تحت هذه الظروف  ٪ 02احتواء الأسمنت للكروم السداسي لا تقل عن 

a 


