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UTILIZATION OF CEMENT DUST IN BLENDED CEMENT
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Cement plants generate cement dust durin g the manufacture of portland cément. The present work aims to study
the utilization of this waste product to prepare some blended cements. The results revealed that the substitution of
portland cement clinker as well as slag with cement dust decrease the hydration and mechanical properties of portland

and portland slag cements.
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Introduction

The utilization of by-products, from the various sectors
of industry, is a present-day concern involving the problem of
energy and sometimes even ecology. The cement industry
usually uses mechanical collectors, electrostatic precipitators
filter baghouse collectors, or combinations to control the
particulate. In fact, approximately 12% of the kiln fecd exists
from the kiln with the gas throughout the industry, roughly
73% of the kiln dust is recycled to the cement-making process
[1].

Cement kiln dust blends with slag fly ash were investi-
gated by Bhatty [2]. Compressive strength, slump and initial
setting time were measured. The amounts of sulphates, vola-
tiles, free CaO as well as CaCO, affected the properties of the
blends.

Daugherty and Funnell [3] investigated a variety of slags,
fly ashes, and kiln dust in combination with normal portland
cements from a number of cement plants. The object of the
study was to determine the effect of cement quality when low
levels of by-product additives are incorporated into portland
cement. ,

The effect of 10% kiln dust on the properties of {ly ash-
slag portland cement blendeds were examined [4]. The kiln
dusts used were categorized as low alkali-low chloride-high
sulphate, and high alkali-high chloride-low sulphate. The
blends were studied for strength, shrinkage, autoclave expan-
sion, sulphate expansion and alkali aggregate expansion.

The aim of the present work is to study the effect of
cement dust as an ingredient for the preparation of blended
cement. The blends were prepared from portland cement
clinker, granulated slag, cement dust and raw gypsum. The
hydration as well as the compressive strength were investi-
gated.

Experimental
The materials used in this work were ordinary portland
cement clinker, cement dust, granulated slag and raw gypsum.
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The chemical composition of these materials is given in
Table 1. The surface area of the cement clinker, granulated
slag, cement dust and gypsum were 3200, 3380, 3180 and
2750 cm? gt respectively. The determination was carried out
by the air permeability according to ASTM method [5].
Blended cements were prepared from the above materials as
shown in Table 2.

TaBLE 1. CuemicaL OXIDE COMPOSITION OF STARTING
MATERIALS, % (Wt).

Oxides, %
Material Si0, ALO, Fe, 0, CaO MgO SO, LOI
P.C.Clinker. 2140 5.10 320 6380 250 150 0.90
S.R.Cement. 20.90 4.02 5.14 64.10 190 236 0.60
CK. Dust*. 16.16 4.71 2.83 53.85 218 479 9.10
B. F. Slag 35.00 13.00 0.0 45.00 260 050 020
Gypsum 2.00 180 0.20 33.00 0.70 40.00 20.00

*Sol.salt K,0 and Na,O 3.66%, C1 8.70% and free lime 14.12%.

TABLE 2. Mix CoMpOSITION OF DIFFERENT CEMENTS,
% (BY WEIGHT).

Syslc}n O.PClinker C.Dust G.Slag Gypsum
L1 95 00 00 5
1.2 80 15 00 5
L3 75 20 00 5
L4 65 30 00 5
1.1 60 00 35 5
11.2 - 50 10 35 5
11.3 40 20 35 5
1.4 30 30 35 5
.1 65 00 30 5
1.2 65 10 20 5
1113 65 15 15 5
114 65 20 10 5
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Each dry mix was homogenized for 1 hr. in a porcclain
ball mill using two balls to assurc completc homogencity. The
mixing of the paste was done as described in a previous work
[6]. The pastes were mixed using 0.28 W/C and moulded in
one inch cubes. The moulds were cured in ahumidity chamber
at23+1° for 24 hr. then demoulded and cured under water until
the time of testing.

The kinetic of the hydration was followed by the deter-
mination of free lime as well as chemically-combined water
contents after 3,7, 28, 90, 180 and 360 days. The compressive
strength was also determined at these intervals. After measur-
ing the compressive strength the hydration was stopped [6].
The free lime content was determinced as described clsewhere
[7]. The combined water content was cstimated by the ignition
loss of the dried sample at 1000° for 30 min. The combined
water contents of the hardened cement pastes containing
cement dust were corrected.

% Combined water content = Ignition loss of hydrated
sample — ignition loss of raw mix.

Results and Discussion

Substitution of portland cement clinker with cement dust
in portland cement. This series deals with the cffect of cement
dust on the hydration characteristics of portland ccment paste.
The combined water contents of kiln dust blended cement
pastes are graphically plotted as a function of curing time in
Fig. 1. The chemically-combined watcr contents increases
gradually with increasing curing time for all ccment pastes.
The results illustrate that portland cement paste gives the
higher values of combined water. On the other side, as the
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Fig. 1. Chemically-combined water for different cement pastes im-
mersed in tap-water up to one year, %.

cement dust increases, the combined water contents diminish.
This is mainly due to the decrease of the amount of cement
clinker with increasing the cement dust. Accordingly, the port-
land cement phases such as C,S, B-C,S, C,A and C,AF arc
diminished. These phases with their hydraulic characteristics
certainly influence thechemically- combined water. The cement
dust on the other hand has no hydraulic characteristics, it
consists mainly of CaCO, with some alkalics and quartz [8].

Although the combined water content has been used to
study the kinetics of hydration of blended cement pastes, inter-
pretation of the results on the basis of liberated free lime during
the hydration has been found to be complex. In such cements,
pozzolana (quartz) rcacts with calcium hydroxide, therefore,
the Ca (OH), content at any time is not only dependent upon
how much portland cement has been reacted, but also upon the
extent of pozzolana interaction. There are two oppossing
processes, one tends to increase calcium hydroxide content
(hydration of silicate phases) and the other tends to decrease
(rcaction of pozzolana with lime).

The results of free lime contents of the blended cement
pastes as a function of curing time is represented in Fig. 2. The
free lime contents increase with curing time for all cement
pastes. Atagiventime, the free lime content decreases with the
increase of cement dust in the blends. This decrease is mainly
due 1o cither the decrease of the amount of clinker which
liberates the lime during hydration or to the interaction of the
liberated lime with the cement dust.

Knowledge of the degree of hydration is an essential step
towards understanding the rate of strength development. The
compressive strength of the hardened cement pastes cured
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Fig. 2. Free lime content for different cement pastes immersed in tap-
water up to one year, %.
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under tap water up toone year isrepresented in Fig. 3. Portland
cement paste cxhibits the higher valucs of compressive strength

at all ages. As the cement dust increases, the compressive . :?i ii

) - 3 o~ aAfIX. Ll.&
strength falls. This is duc to the replacement of cement clinker ' i 13
which is mainly responsible for the strength development with Szontl oMix. L.

cement dust. In addition, the larger amounts of chloride
present in cement dust cause a sort of crystallization of the
hydration products which result in a opening of the pore

1100 /
-
system of the paste leading to a reduction of strength.,

900 |- ///
The chloride ion takes part in chemical reactions similar /// //
to those of involving the sulphate ion and yields chloroalumi- L § /// g
nate hydrate 3Ca0. AL,O,. Ca Cl,. 12H,0 which is analogous r ///
t0 3Ca0. ALO,. CaSO,.12H,0 [9]. However, the action of the o A//
chloroaluminate is different from that of sulphoaluminate in

Compressive Strengtn,

that the former docs not causc expansion but softening [10]. a s : i ) ! | |
Therefore, the compressive strength of kiln dust blended ce- 3 7 @ SR a6
ment pastes decreases. Also, the reduction of the compressive LR U T davs = _

strength of the paste is due to the decrease of clinker portion in Fig. 3. Compressive strength of different cement pastes immersed under
the blende. Imam et al. [11] reported that in the presence of tap-water up Lo one year, kg. cm™.

alkalies the microstructure of CSH phases becomes heteroge-
neous and that lowers the strength. The formation of chloro-

aluminate hydrate can be scen in the XRD patterns of the p &

hydrated samples of mix 1.2 cured in tap water up Lo one year = = 35 3 Days
inFig.4. The XRD patterns illustrate the formation of calcium Fx gy IL ow
chloroaluminate hydrate with ettringite at three days. The MNU

unhydrated B-C.S and C,S decrease with curing time whercas
the intensity of Ca(OH), enhances. The formation of chloro-
aluminate hydrate is mainly due to presence of chloride in
cement dust.

Substitution of portland cement clinker with cement dust 28 Days
in portland slag cement. This scries is composcd of constant
proportion of granulated slag (35%) with variable amounts of w
portland ccment clinker and cement dust. The combined water f
contents of the blended cement pastes are plotted as a function ey
of curing time in Fig. 5. The combined water contents of
granulated slag cement pastes (11.1) increase gradually with {
curing time. The amounts of hydration products due to the hy-
dration of cement compounds in addition to the hydration of rA}"Wl

slag in the pressence of librated Ca(OH), activator increase.

As hydration proceeds, Ca(OH), is liberated and rcaction
occurs which removes the acidic film formed on the slag j MM
particles and this promotes the hydration process. Therelore, M

the combincd water contents increases.

As mentioned before in this part, the contribution of ce- MM
ment dust to the kinetic of hydration is negligible when '
1 1 1 1
28 20

CH

7 Days

30 Days

Intensity

WK

180 Days

360 Days

comparcd with those of cement clinker phascs. Thercfore, the h T T T
combined water is reduced with the addition of increasing . a %
amounts of cement dust instead of portland cement clinker at 26 (Degree)
all ages of hydration.
The free lime contents of the hardened blended cement year.

1 1

L
LA

Fig. 4. XRD patterns of hydrated pastes of mix 1.2 hydrated up to one
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pastes are plotted in relation to curing time in Fig. 6. The free
lime contents increase with the increase of curing time for all
cementpastes. Atagiven age, the free lime decreases with the
increase of cement dust. This can be duce to two factors, first,
the presence of slag which reacts with free lime, so, the amount
of free lime decreases. The second factor is that the increase of
cement dust with the decrease of cement clinker results in the
reduction of liberated Ca(OH), during hydration.

The compressive strength values of these blended ce-
ment pastes are plotied as a function of curing time in Fig. 7.
The strength increases with curing time (or all blended cement
pastes. Generally, the addition of cement dust reduces the
compressive strength. The strength development depends
primarily on the formation of calcium silicate hydrates as the
main hydration products which precipitate in the water-filled
space to form a more compact body. It is well known from the
hydration kinctics that cement dust has no hydraulic proper-
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Fig. 5. Chemically-combined water for different cement pastes im-
mersed under tap-water up to one year.
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Fig. 6. Free lime content of different cement pastes immersed under tap-
water up to one year, %.
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tics. Therefore, the hydration products are reduced progres-
sively with the increase of the substituted amounts of cement
dust and accordingly the strength decreases. Also, the dust
contain alkalies which form compounds with low strength
[2;11].

Substitution of granulated slag with cement dust in
portland slag cement. This serics is composcd of a constant
amount of cement clinker (65%) with variable proportions of
granulated slag and cementdust. The combined water contents
of the blended cement pastes were plotted as a function of
curing time in Fig. 8. Generally, the combined walter content
incrcases gradually with curing time for all cement pastes.
Cement paste (I11.1) gives higher values of combined water
than those of other blends in the same serics. The substitution
of cementdust for cqual amounts of slag reduces the combined
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Fig. 8. Chemically-combined water of different cement pastes cured
under tap-water up to one year.
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Fig. 9. Free lime different blended cement pastes cured under tap-water
up to one year.

water contents at all ages. As mentioned before, the contribu-
tion of cement dust to the kinetics of hydration is negligible
when compared with that of clinker or slag. The latters have
the greatest influence on the extent of hydration and accord-
ingly on the combined water content with respect to cement
dust.

The results of free lime contents of hardened blended
cement pastes arc graphically rcpresented in relation with
curing time in Fig. 9. The results show that the frec lime
content increases with the increase of curing time for all
blended cement pastes. At a given age, the {rce lime content
increases with the increase of substituted amount of cement
dust at the expense of granulated slag. Granulated slag con-
sumes some Ca(OH), in activation but cement dust has no such
hydration characteristics. Therefore, the replacement of dust
for slag tends to increase the amounts of free lime. So, the free
lime is accumulated and its amount is increased with substitut-
ing more amounts of slag with cement dust.

The compressive strength of hardened blended cement
pastes in relation to curing time is plotted in Fig. 10. The
strength increases with curing time for all cement pastes.
Cement dust is added to replace equal amounts ol granulated
slag. Generally, the addition of cement dust reduces the
compressive strength of the pastes. When cement dust with no
cementing propertics is substituted for slag, the amounts of
hydrated calcium silicate are reduced progressively with the
increase of substituted amounts of cement dust. Cement paste
without dust (I11.1) shows the higher compressive strength at
later ages than those made with cement dust (I11.2, 111.3 and
I1I1.4). This increase is mainly due to the higher rate of
hydration of granulated slag at later ages [12].

Conclusion
From the above findings, it can be concluded that: (i)

oMix. I11.1

-2,

Amix. 111.2
- &vix. I111.3
1500 - o ix. II1.4

o

k3.

1100

300 |-

00 | 7
s %
500 - ré

1
5 7 28 90 180 360

comorcssive Strength,
T

- Curing Time. Days -

Iig. 10. Compressive strength of different blended cement pastes cured
under tap-waler up to one year. :

Addition of cement dust to either ordinary portland or portland
slag ccment certainly adversely affects the physico-mechani-
cal as well as chemical propertics of the cement pastes. The
magnitudeofthiseffectis generally proportional to the amounts
of substituted dust. (ii) Production of blended cements con-
taining cement dust must confirm to strict specifications
bearing in mind the expected daily changes in chemical and
mincralogical compositions of cement dust especially its
contents of alkali sulphates and chlorides which imposes
certain limitations on its production. (iii) The amount of
cement dust must not exceed than 5-8% of portland cement.

References

1. R.F.Smith,J.E. Levinand A. T. Kearney, EPA-67012-
75- 043, Cincinnati, OH, 44 (1979).

2. M.S.Y.Bhatty, Rock Prod., 88,(10), 47 (1985),

3. K. E. Daugherty and J. E. Funncll,, ibid., 5, (1), 14
(1983).

4. B. Muhammad, Chem. Abstr., 109, 97855n (1988).

5. ASTM Standards on Cement, ASTM Designation:
C 204-55, Amer. Soc. Test. Mater., Philadelphia, 201
(1966).

6. H. El-Didamony, M. Y. Haggag and S. A. Abou-El-
Encin, Cem. Concr. Res., 8, 351 (1978).

7. R.Kondo, S. A. Abou-El-Encin and M. Diamon, Bull.
Chem. Soc., Japan, 48, 222 (1975).

8. W.I. Abdcl-Fattah and H. El-Didamony, Thermochem-
ica Acta, 51, 297 (1981).

9. J. Bensted, World Cem. Technol., 8, 171 (1977).

10. L.Biczok,Concr., Corrosion and Concr. Prot. (Akadim-
iai Kiado Budapest, 1972), 8th ed.

11. J.I.Imam andJ. Skanly, Cem. Concr. Res., 8,37 (1978).

12. F. M. Lea, The Chemistry of Cement and Concrete
(Edward Armold Ltd., 1970), 3rd ed.



