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Abstract

The grindability of cement clinker isinfluenced greatly by the quantity of liquid phase produced. The use of by-products can increase sig-
nificantly the liquid phase content and consequently influence not only the clinker formation processes but al so the grindability of the clinker
produced. Using microscopic methods, this research investigated the influence of FeO; on the potential grindability of cement clinker pro-
duced from raw mix containing metallic particles. It showed that controlled introduction of such industrial by-product could encourage in-
creased formation and growth of microcracks on the mineral crystal surfaces and consequently enhance the grindability of clinker

produced. © 1999 Elsevier Science Ltd. All rights reserved.
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The present scarcity of iron pyrite has prompted numer-
ous investigations into the use of machine building iron
containing by-product—abrasive slurry and open hearth
slag—as cement raw mix components and their effect on
the clinker formation process[1,2].

Grindability of cement clinker to a great extent deter-
mines the economy of cement production. It is influenced
not only by changing conditions, such as temperature, pres-
ence of surface active substances (SAS), etc., in the mill,
but also by the formation and growth of microcracks in the
minerals crystal surfaces during clinker formation. Al-
though the influence of SASis not a subject of this present
research, an attempt will be made to investigate the contri-
bution of the presence of metallic particles and conse-
guently the production of Fe,0;, and of temperature on the
development and propagation of microcracks on minera
crystal surfaces during clinker formation.

The grindability of cement clinker isinfluenced by therel-
ative proportions of the minerals present. The grindability of
clinker containing a high belite and aluminoferrite content is
quite poor due to the high mechanica strength of these min-
erals. Investigation by Buitt et al. [3] showed that for cement
minerals possessing higher mechanical strength, the higher
the quantity of liquid phase produced during sintering.

Investigation into the influence of technical grade iron
oxides on clinker mineral formation processes showed that,
depending on the burning conditions, iron can have valen-
cies of 0 to 3 in reducing and 3 in oxidising environments
[4]. Intensive oxidation of finely dispersed metallic particles
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in abrasive slurry and cement raw mix begins at 450 and
500°C and ends at 905 and 760°C, respectively [2].

The influence of iron oxides on the mechanism of clinker
formation depends on their quantity and valency in the solid
solutions of calcium aluminoferrite, belite, and alite [5-7].
The stability of these compounds depends on the homoge-
neity of the raw mix, ratio of the reacting phases, burning
temperature [8], velocity of cooling, etc. Increasing the
guantity of Fe,O5 in the raw mix could cause destabilization
and disintegration of alite and polymorphic inversion of 8 —
vC,S, with consequent loss in clinker mineral mechanical
strength and hydration activeness [2,9,10].

The use of microimpurities, such as Cr,0; and MnO,, in
the stabilization of clinker minerals and enhancement of its
grindability have been reported [11-13]. There is evidence
to suggest that the presence of FeO, Fe,O;, and other micro-
impurities in optimum quantity could significantly influ-
ence the stability and fixation of microcracks on clinker
mineral crystal surfaces.

This research is aimed at investigating the influence of
iron oxides, produced from raw mix containing metallic
particles and open hearth slag, on the microstructure and
grindability of cement clinker.

1. Experiment

Abrasive dlurry is a by-product of the machine building
industry. It consist of 50% to 60% metallic particles, 22% to
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Tablel
Chemical composition of raw materials
Losson
Material ignition SO, Al,Oq Fe Fe,0, FeO Cao MgO Cr,0; MnO
Chak 39.9 7.7 0.6 49.6 0.4
Open hearth slag 37.2 111 14.6 26.7 23 36 9.3
Abrasive slurry 31 27.0 54 43 6.7 0.8 0.1 18 0.7
Sand 5.6 76.7 6.6 2.8 6.6 12
Abrasive slurry burnt 500°C 132 16.4 10.3 60.5 9.5 13
Table 2
Composition of raw mix and physiomechanical strength of clinker (mass %)
Physiomechanical
Abrasive Abrasive burnt Open hearth strength (MPa)
Sample no. Limestone dlurry at 500°C dag Sand 7 days 28 days
1 81.00 3.30 6.7 9.0 40.0 434
2 79.63 7.56 6.8 9.0 29.3 37.0
3 82.00 2.0 7.0 9.0 336 525
4 80.30 33 7.4 9.0 41.2 56.2
5 82.00 2.00 7.0 9.0 18.3 21.2
6 85.00 5.00 13.0

25% liquid coolant, and 18% to 22% abrasive (electroco-
rundum and ceramic binder). The chemical compositions of
the dry raw materials are presented in Table 1.

To determine the influence of Fe and Fe,O; from indus-
trial by-products on cement mineral crysta morphology,
raw mixes were prepared from the dried raw materials as
listed in Table 2. The raw mixes were ground and prepared
asindicated previously [14]. Part of each mix was converted
to pellets 12 mm in diameter and 5 mm long, weighing

Table3
Chemical analysis and modules values of clinker

Clinker
Sample Chemical composition (mass%) characteristics
no. CaO FeO; AlLO; SO, Totd LSF SR AR
1 64.5 9.6 3.6 21.3 99.0 092 151 037
2 586 174 38 20.2 100 081 095 022
3 66.1 44 44 23.1 980 091 263 1.00
4 65.1 5.8 4.8 23.0 987 088 217 083
5 69.8 5.7 2.7 20.8 99.0 107 248 047
6 629 121 18 232 100 0.84 167 0.15
Table4
Mineral composition of clinker
Sample Mineral composition (mass %) CaOyee @
no. CsS CS C/A CAF Totd 1380°C  1420°C
1 486 256 67 171 98 35 1.0
2 330 330 194 181 1015 O 0
3 56.2 238 42 134 975 04 0.1
4 50.7 277 29 176 989 0 0
5 >82.7 17.3 >100 4.2 24

about 2.5 g, using a hydraulic press for microscopic analy-
sis. The other part was rolled into a ball shape for other
analyses. All sampleswere burnt at 1380 and 1420°C for 30
min in an electric furnace using silicon heating elements
and quenched in air to ambient temperature. The entire mass
of the produced clinkers were ground to a surface area of
3200 cm?/g. No gypsum was added. All samples were ana-
lyzed chemically and examined using optical and electron
microscopes. The physiomechanical strength was deter-
mined for all cement clinker samples produced at 1380°C,
except for sample 5, burnt at 1420°C, according to the Brit-
ish standard (vibrated mortar). The lime saturation factor
(LSF), thesilicaratio (SR), and the aluminaratio (AR) were
calculated using their respective formulae. The mineralogi-

Fig. 1. Optical microscopic photograph of sample 5 burnt at 1380°C.
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cal composition of the clinker was calculated using the Kind 2. Resultsand discussion

V.A. formulaasfollows[15]: Chemical analysis and calculated characteristic values of
_ samples 1 to 4 are presented in Tables 3 and 4. Table 3

ALAR>0.64, CéAAF _ 32,'0645|(:§2|08 _0.64Fe,0,) shows that there is a clear distinction in chemical composi-
AtAR <064 C ?AF = A77Al 6 s 2-3 tion between samples containing abrasive slurry and burnt
_n C4 A = i?(Fe203—157AI 0,) abrasive slurry. The presence of metallic particles greatly

3 ' e 23 increased the amount of Fe,O; in the produced clinker. Ta-

Results are as presented in Tables 3 and 4. ble 4 shows that the sum of C;A and C,AF for samples 1

Fig. 2. (a, b) Electron microscopic photograph of sample 1 burnt at 1380°C.
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Fig. 3. Electron microscopic photograph of sample 6 burnt at 1420°C.

and 2 far exceeded the recommended 18 to 22 mass % value
[3], an indication of the presence of high liquid phase con-
tent during sintering. Investigations using X-ray diffraction
showed the absence of C;A and the predominance of cal-
cium aluminoferrite solid solution lying between C;,AF, and
C,F [16]. Therefore, calculation of C;A based on Kind's
formula could be mideading. However, it shows the pres-
ence of high liquid phase, chemicaly different from the tra-
ditional Portland cement clinker content during sintering.

Earlier investigation of the morphology of cement clin-
ker produced using abrasive slurry reveaed the following:
the effect of high liquid phase content was clearly evident in
the optical photograph of sample 1 burnt at 1380°C. The
alite crystals were large, predominantly 50 to 80 pwm in
length and readily disintegrated with an increase in temper-
ature. The optical photograph of sample 3 burnt at 1380°C
showed the formation of uniformly sized alite of predomi-
nantly 20 to 30 wm in size. However, an increase in temper-
ature to 1420°C led to recrystallization and formation of
larger alite crystal. No evidence of mineral disintegration
was observed at 1420°C [2,17].

Clinkers with high aluminoferrite and glass phase con-
tent are known to possess poor grindability [18]. The use of

Fig. 4. Electron microscopic photograph of sample 4 (18000X).

Fig. 5. Electron microscopic photograph of sample 3 (18000x).

2 mass % abrasive slurry and 7 mass % slag (sample 5) re-
sulted in the production of dite crystals of predominantly
10 to 30 pm in size (Fig. 1). The 18.3- and 21.2-MPa me-
chanical strength after 7 and 28 days of hardening isan indi-
cation of the slow hardening properties of sample 5. The ce-
ment is theoretically expected to possess good grindability
when compared to samples 1 and 2. However, it might not
be economica to sinter, considering the high LSF and low
AR and SR vaues and considerably high quantity of free
CaO content, even at the optimum 1420°C. Calculation of
mineral content showed the possible absence of C;A and C,S.
This probably accounted for the low strength gain with time.

Analysis of mineralogical composition of the clinker
showed that the C;S value decreased with increase in Fe,O;
content, resulting in the formation of more C,S, which is
known to possess poor grindability and produce low physio-
mechanical strength concrete, especialy at the early stage
of hardening (Table 4).

Comparative analyses of electron microscopic photo-
graphs of sample 1, 3, and 6 produced at 1380°C showed
that sample 1 possessed large quantity of pores and many
channels (Fig. 2). The large volume of capillary pore space
is an indication of uneven distribution of the liquid phase.
The dendritic nature of the pores and capillaries shows that
the clinker minerals crystals could easily be dissolved by
the corrosive liquid phase or disintegrated into smaller
grains. The presence of high Fe,O; or FeO content, due to
the use of industrial by-products, in the crystalline lattice of
the clinker minerals and the high percentage of iron oxides
in the liquid phase greatly affected the stability of belite
minera and led to disintegration of C,S.

Thisis supported by earlier results from the optical pho-
tographs and mineral composition of the clinker [17] and
electron microscopic photograph of sample 6 (Fig. 3). The
high liquid phase content of sample 6, consisting predomi-
nantly of Fe,O; tends to corrode and “level out” would-be
obstacles during liquefication and subsequent flow. The ob-
served phenomena might be applicable to samples burnt in
the electric furnace, due to the reducing atmosphere at the
peak of the reaction. In arotary kiln, the possible oxidation
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and reduction kinetics of an already reduced Fe component
in raw mix need to be investigated.

The presence of pores and microcracks are very minimal
in samples 3 and 4 (Figs. 4 and 5). No defined pattern of mi-
crocrack formation or growth was observed.

Analysis of the theoretical and experimental results
shows that the quantity of localized Fe,O;, due to the pres-
ence of metalic particles, could seriously affect the devel-
opment and growth of capillary pores and microcracks, and
consequently enhance the diffusion of cations into the clin-
ker mineral lattices. This seriously affects the morphology
and could be responsible for the observed smooth river
bank-like surface of the clinker minerals.

However, the use of optimum and evenly distributed
Fe,O; content, introduced via pretreatment of some indus-
trial by-product, could enhance the production of clinker
minerals with optimum microcracks and consequently im-
proved grindability.

3. Conclusion

Controlled introduction of industrial by-products con-
taining metallic particles could encourage increased forma-
tion and growth of microcracks on the mineral crystals sur-
faces and conseguently enhance the grindability of clinker
produced.
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