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ABSTRACT 
Blended cement ware by mixing portland cement clinker and bag house dust in 

deferent proportions with granulated blast furnace slag separately. Hydration ware 
studied in presence and absence of 5wt% gypsum by employing different techniques. 
Heat evolution profiles have shown the blast containing PCC &BHD hydrate in a 
similar manner but with a deferent rate and the gypsum contains hemihydrate and 
anhydrite phases. Free lime determinations have indicated that Ca(OH)2.coming out 
from PCC activate GBFS whereas alkalies other than Ca(OH)2 coming out from BHD 
are responsible for activating GBFS. Compressive strength values in both types of 
blendeds are comparable and the cements can be used as a masonry cement at a 
much lower cost. 
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INTRODUCTION 
In recent years considerable amount 

of work has been done on the formulation 
and hydration behavior of blended cements 
(1-4). High performance concretes, with good 
workability in the fresh paste and high 
durability in service, can be made by a 
judicious choice of blending components and 
concrete mix proportions. Recently we used a 
bag house dust as blending components to 
portland cements and found interesting 
results. In this communication the hydration 
behavior of portland cement blended cements 
with GBFS in deferments proportion have 
been compared with the hydration behavior 
of non portland blended cements i.e. bag 
house dust (BHD) blended with GBFS in 
different proportions in presence and absence 
of gypsum. 

EXPERIMENTAL 
Bag house dust (BHD) a particular 

matter of calcium carbide furnace was 
obtained from Bhutan Carbide and Chemical 
ltd. (BCCL) Pasakha BHUTN. Portland 
cement clinker(PCC) was produce from a 
shoft kiln. Gypsum was procured from 
RSMDC, Rajsthan. Granulated blast furnace 
slag was obtained from Indian Iron and Steel 
Co Ltd. Burnpur. The chemical Composition 
of the materials are given in table 1 

PCC, GBFS, BHD and Gypsum ware 
ground separately in a laboratory ball milk 
and bulk samples mode. These ware than 
mixed in different proportions to make 
blended cements. The composition of 
blended cements with their number is given 
in table 1. 

Blaine surface area of the components 
ware determined by air permeability method 
using using blaine areas matter. The densities 
of some of the components ware also 
determined with the help of Helium 
pykometer. 

Table 1 - Composition of blended cements 
and their normal water consistency

 
Water consistency, setting times and 

compressive strengths ware determined in 
accordance with test method prescribed in 
Indian standard specifications IS4031;1988 
(methods of physical test for hydraulic 
cements) chemical testing was done s per IS 
4032;1985(methods of chemical test for 
hydraulic cements). Hydrations of blended 
cements (w/s=0.5)ware allowed to continue 
for different intervals of time and ware 
stopped with isopropyl alcohol and ether. Het 
of hydration of some of the cement ware 
determined at 20* C with the help of 
conduction calorimeter at w/s=0.5 X-ray 
diffractions patterns and scanning electron 
microscopic pictures of some of the 
anhydraus and hydrated blende ware 
recorded. 

RESULTS ND DISCUSSION 
In order to understand the hydration 

process in blended cements, heat of hydration 
some blended with and without gypsum was 
determined. The rate of heat evolution during 
the hydration of blendeds 105 and 205 are 
given in Fig. 1. In both the cases the rate of 
heat evolution increases with time when the 
blends come in contact to water giving a peak 
at around 1h of hydration and rate of heat 
evolution is higher in blend 205 than that in 
105. This difference may be due to presence 
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of free lime and reactive carbide phase in 
BHD. after the first peak, the rate heat 
evolution increase with the time in blend 105 
with a broad maximum between 15-30h of 
hydration. This peak may be due to hydration 
of silicate and aluminte phases of the PCC in 
the blend. However, in the blend 205, after 
the first peak, the rate of heat evolution 
decreases and become constants up to 20 h. 
after 20h, there is again is rapid heat 
evolution with a sharp peak at around 50h. 
This may be due to hydration of silicate, and 
other phases present in BHD. However, this 
peak at longer time of hydration may be due 
to lower contents and less reactive silicate 
phase present in BHD and sharpness of the 
peak may be due to high reactivity of 
different phases present in BHD. 

In presence of 5% gypsum, the rate of 
heat evolution and total heat evolved in 
blended cements 302 and 304 are given in 
fig. 2. In the blend 302, there are two peaks. 
The first peak is due to rapid reaction of 
aluminate phase with gypsum forming 
ettringite whereas the second peak may be 
due to hydration of silicate phase, activated 
GBFS and conversion of ettrigite of 
monosulphate. The lower values of heat 
evolution may be due to lower reactivity. In 
the blend 304, there are three peaks at 
arounds 1h, 20h, and 85h of hydration. The 
peaks may be due to the reaction of 
aluminate with gypsum, hydration of silicate 
phases and conversion of ettringite to 
monosulphate including the hydration of 
activated GBFS. The higher value rate of 
heat evolution may be due to higher 
reactivity of different phases present in BHD. 
The total heat evolved at a particular time in 
blends 302 & 304 are much higher than the 
corresponding blends 105 and 205 without 
gypsum. It appears that gypsum is probably a 
mixture of hemihydrate and anhydrite which 
evolve much higher amount of heat during 
hydration.    

As the composition of the blends 
(belends 101-105) changed, the free lime 
values at 3 days of hydration also changed. 
With the increase of PCC in the blends, the 
free lime values decreased linearly. It appears 
that at lower concentration of PCC , smaller 
amount of Ca(OH)2 will be liberated and may 
react with GBFS to a lesser degree. But as 
the concentration of PCC in increased, more 
and more Ca(OH)2 will liberate which will 
react more and more with GBFS and hence 
there will be decrease in free lime  values 
with the increase of PCC in the blends. 
However the free lime with blends 201 to 
205 after 3 days of hydration increase from 
blend 201 to 205. It appears that Ca(OH)2 
coming out from BHD is not sufficient to 
react the GBFS till 3 days of hydration It is 
possible that the alkalies other than Ca(OH)2 
coming out from BHD are activating GBFS. 
The values of free lime in presence of 
gypsum (blends 301-304) after 3 days of 
hydration slightly decreased from the blend 
301 to 302 but after 28 days of hydration the 
decrease is much higher from the blend 301 
to 302. This clearly shows that with the 
increase of PCC in the blend, more Ca(OH)2 
will i formed which will reat with GBFS at 
longer period of hydration. In the blends 303 
and 304, the free lime values are almost 
constant showing that it is not used up by 
GBFS and probably alkalies other than 
Ca(OH)2 coming out from BHD are used up 
in activating GBFS. 

 The variation of the setting times in 
both type of blends show that at 40% PCC or 
BHD the setting times are lowest. X-ray 
diffraction patterns of blends 302 and 304 
(anhydrous and hydrated for 28 days) show 
that blend 304 hydrates faster. The scanning 
electron microscopic pictures of blends 302 
and 304 hydrated for 28 days show that 
larger amount of hydration products are 
formed in the blend 304 containing BHD. 
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 Variation of compressive strengths 
with hydration time and composition of 
blends are shown in Figs. 3 and 4. The values 
increase with composition and hydration time 
except at 1 and 3 days of hydration in the 
blends containing 50% BHD or PCC. The 
compressive strength values of blends with 
BHD at 1 day of hydration were higher than 
those blends containing PCC. It may be due 
to higher amount of highly reactive C, A 
phase in BHD and BHD might be acting as a 
filler during this period of hydration. In 
presence of BHD in spite of higher degree of 
hydration, the compressive strengths are 
lower at longer period of hydration (3, 7 and 
28 days). This may be due to difference in 
the nature of hydration products and amount 
of silicate phase in BHD and PCC. 

CONCLUSIONS 
 Heat evolution studies have shown 
that blends containing PCC and BHD hydrate 
with a different rate and in presence of 
gypsum, the total heats evolved are much 
lower. Results have shown that in the blends 
containing PCC, the Ca (OH)2 formed is used 
up in activating GBFS whereas in blends 
containing BHD, alkalies other than Ca(OH)2 
are responsible for activating GBFS. The 
compressive strength values of the blends 
containing BHD were found slightly lower as 
compared to the blends containing PCC at 
3,7 and 28 days of hydration. From the 
overall results it is concluded that BHD 
obtained from calcium carbide furnace is and 
effective cementitious material when used as 
a component of blends cements without 
Portland cement clinker. 

 
Fig. 1 Rate of heat evolution with hydration time 

 

 
Fig. 2 Rate of heat evolution with hydration time 
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