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Abstract: Blast-furnace slag (BFS) is a finely ground, nonmetallic, rapidly chilled silicate melt material that
separated from molten iron in the blast furnace; it consists essentially of glass with crystalline silicates and
aluminosilicates of calcium and other cations. The chemical composition of a slag varies considerably depending on
the composition of the raw materials in the iron production process. Slag forms shard-like particles that are usually
larger than cement grains. This work aims at studying the activation of ground granulated blast-furnace slag
(GGBFS) by cement kiln dust (CKD) in the presence of rice husk ash (RHA). GGBFS was replaced by 30 and 50
wt., % CKD. In order to studying the effect of RHA on the consumption of free lime, 5, 7.5 and 10 wt., % RHA
were added to the blend containing 50 wt., % CKD. The results showed that, the CKD has a good impact on
compressive strength development. The free lime content increases with the increase of CKD %. The results also
showed that the RHA has a positive impact on the reduction of free lime content. These facts are confirmed by X-
Ray Diffraction (XRD), Thermo Gravimetric analysis (TGA) and Differential Thermal analysis (DTA) and scanning
electron microscopy (SEM) techniques.
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1. Introduction 2.2. Preparation of Mixes
Portland cement manufacture is considered as GGBEFS is firstly passed through a 2mm diameter
one of the most industries which contributes in air sieve. Also, it is passed through a magnet to remove
pollution. Davidovits'" stated that one tone of ordinary any contamination of iron melt, then ground in steel
Portland cement (OPC) generate one tone of CO, gas. ball mill to pass through sieve 45 um. Different mixes
So, there is a great need for environmentally friendly were prepared from GGBFS, CKD and RHA (as
alternative cement production. Several authors addition). The details of dry mix composition are
replaced OPC by supplementary cementatious shown in Table (2).
materials (SCMs), in order to minimize the cost and
environmental pollution **. Rice husk ash is Table 1. Chemical Composition of The GGBFS,
categorized as pozzolanic material, which consumes RHA and CKD
the free lime liberated during OPC hydration Oxide contents GGBFS RHA CKD
SCMs can directly activated by alkaline solution to SiO, 36.67 71.81 7.44
produce geopolymer cement [10-141 * Alkaline solution is ALO; 10.31 0.21 2.39
very little and expensive. This study aims at producing Fe,0; 0.50 0.47 2.51
economic — activated slag using cement kiln dust as CaO0 38.82 1.81 60.40
activator. MgO 1.70 2.10 1.31
. Na,O 0.48 0.19 0.94
;-f"ll;gz“;;::::ials K,0 1.03 879 |3.95
GGBFS is provided by Iron and Steel Company, iO(; é é; g;g
Helwan governorate, cement kiln dust (CKD) obtained 2 - m _1_2“2 -
from El Suize cement company and rice husk is P20s 0.0 20 0.05
. . . . L.O.1 0.12 1.37 11.40
obtained from rice mill, Elmansoura city, then burned
at 700 ° C for 2hrs in order to produce rice husk ash SN 4.04 0.13 0.11
(RHA). The chemical composition of the GGBFS, Ba0 3.28 — —
RHA and CKD is shown in Table 1. SrO 0.18 — -
Cl- -—- S 5.01
Total 99.90 99.89 99.89
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Table 2. Composition of The Investigated Mixes,
wt%

Mix Notation GGBFS RHA CKD
B50-5 50 5 50
B50-7.5 50 7.5 50
B50-10 50 10 50
B50 50 0 50

2.3.Methods of Investigation
2.3.1. Compressive Strength Determination

At each time interval, compressive strength tests
were performed on the hardened pastes using three
cubic specimens at each curing time and the average
value was recorded as kg/cm’.Compressive strength of
hardened pastes was carried out using five tones
German Briif Pressing Machine with a loading rate of
100 kg/min. The resulting crushed specimens of the
hardened pastes were ground and the hydration
reaction was stopped.

2.3.2. Free Lime Content (Ca0,%)

The free lime content, CaO (%), was determined
by using the glycerol/ethanol extraction method and
the mean value of the two independent determinations
was recorded. It is based on treatment of the hydrated
material with hot mixture of absolute dry glycerol and
absolute ethyl alcohol.

Free CaO present in the sample will react with
dry glycerol with the formation of calcium glycerate.
This glycerate is titrated with an alcoholic solution of
ammonium acetate. The dried sample (about 0.5 g)
was poured in 40 ml of glycerol/ethanol mixture (1: 5
by volume) together with a small amount of anhydrous
barium chloride (about 0.5g) as a catalyst, and
phenolphthalein as an indicator. The mixture was kept
in a conical flask, fitted with an air reflux, heated on a
hot plate for 30 minutes (the color becomes pink). The
contents of the flask were titrated with a standard
alcoholic ammonium acetate solution till the pink
color just disappeared. Heating was repeated again and
if the pink color reappears, the titration was completed
with ammonium acetate solution until no further
appearance of pink color occurs upon heating.

3. Results and Discussions
3.1. XRD- Patterns

Figure (1) represents the XRD-patterns of B50-
10 mix at 1, 7 and 28 days of curing. It is shown that,
the CSH peak intensity increases with time. In
contrast, the CH peak intensity decreases with time.
This may be explained by the consumption of CH,
resulted from the hydration of CaO in CKD, as a result
of GGBFS/RHA activation. This is in a good harmony
with the results of chemically combined water, free
lime, water absorption and compressive strength.

Figure (2) illustrates the XRD-patterns of B50,
B50-5, B50-7.5 and B50-10 mixes at 28 days of
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curing. Clearly, the XRD-pattern of B50-10 mix
presents the highest CH peak intensity. This is due to
the reaction between CH and amorphous silica in
RHA, forming CSH in GGBFS-CKD matrix. The peak
intensity at ~ 29.45 20 decreases with the addition of
RHA. This may be attributed to that the possibility of
atmospheric carbonation decreases with RHA content.

3.2. Thermogravimetric Analysis

Figure (3a&b) displays the TG & DTG -
thermograms of B50-10 mix at 1,7 and 28 days.
Obviously, the weight loss and endothermic peak
intensity around 450 °C decrease with time. This is
due to the continuous activation of GGBFS/RHA
hydration by CH with the increase of time. In contrast,
the weight loss and endothermic peak intensity in
range of 70-200 °C increase with time, suggesting the
successive CSH and CASH hydration products with
the increase of curing time. The TG/DTG analysis is
in a good agreement with compressive strength results.

Fig. (4a&b) show the TG/DTG thermograms of
CKD-GGBFS blend (B50) containing 0, 5, 7.5 and 10
wt, % RHA at 28 days. Obviously, as the amount of
RHA increases the weight loss increases. This is due
to the successive CSH formation with RHA content.
The CH endothermic peak intensity decreases with the
increase of RHA, %. This confirms a good
pozzolanicreactivity of RHA.

3.3. Compressive Strength

Figure (5) shows the compressive strength of
B50, B50-5, B50-7.5 and B50-10 mixes. The addition
of RHA has a positive effect on the compressive
strength development. The higher the RHA content,
the higher the compressive strength values at all ages.
It is clear that the addition of 5, 7.5 and10% of RHA
leads to increase the compressive strength value by~ 5,
13 and 18%, respectively as compared with control
sample (with no RHA) at 90 days of curing. This
proved that the free lime consumption enhancement
with RHA, leading to the formation of excessive CSH
content.

3.4. Free Lime Contents (Ca0%)

Figure (6) shows the free lime content of B50,
B50-5, B50-7.5 and B50-10 mixes. A noticeable
decrease in the free lime values have been observed in
all mixes containing different proportion of RHA at all
ages of hydration from 1 up to 90 days. This fact
should be related to the consumption of free lime by
the interaction with active silica in RHA forming
CSH. Besides, the addition of 5, 7.5 and 10 % RHA
leads to decrease the free lime content by ~ 45.49,
55.04 and 67.16 %, respectively as compared with the
control sample (B50) after 90 days of curing.
3.5.Scanning Electron Microscopy (SEM)

Figure (7) shows the SEM- photos of B50-10
mix at 1 and 28 days. The microstructure at 1 day is
less ordered than that of at 28 days. This is due to the



Nature and Science 2016;14(8)

http://www.sciencepub.net/nature

RHA has a low hydration rate at early ages of curing,
causing the formation of silica gel, which coat slag
grains and therefore, decrease its hydration rate. The
RHA needle can be observed in the microstructure at 1
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day and disappeared at 28 days. This is due to the
continues of RHA hydration and its reaction with free
lime, forming additional CSH content in the matrix.
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Fig. (4): (a) TG and (b) DTG-Thermograms of B50, B50-5, B50-7.5 andB50-10 at 28 days
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Fig (5): Compressive strength of GGBFS-CKD-RHA  Fig (6): Fee lime of GGBFS-CKD-RHAmixes
mixes
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Fig. (7) Shows the SEM- Photos of B50-10 Mix at 1 and 28 Days
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Fig. (8): SEM- Photographs of B50, B50-5, B50-7.5 and B50-10 at 28 days
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Figure (8) shows the SEM- photographs of B50,
B50-5, B50-7.5 and B50-10 mixes at 28 days of
curing. The compaction of microstructure enhances in
direction of B50-10 > B50-7.5 > B50-5> B50. This is
mainly due to the formation of additional CSH content
in the matrix resulted from the reaction between RHA
and free lime. The needle crystal can be observed in
B50-10 microstructure, meaning that all free lime has
been consumed by RHA.

4. Conclusion

Several findings can be concluded as follows:

1-The free lime increase with the increase of
CKD contents.

2-The compressive strength increases with CKD
content.

3-The addition of RHA has a good impact on
mechanical properties of GGBFS-CKD blends.

4-The XRD, TG/DTG and SEM confirmed that
CKD induce the GGBFS hydration. Also, confirmed
the positive impact of RHA on the compressive
strength development and free lime consumption.
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