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ABSTRACT 
The subject of this paper is to investigate the effect of transition metal oxides 
on the grindability of clinker. As it is concluded clinker containing ZnO has 
the lower grindability while clinker containing MnO or Cr20) has the higher 
grindability. The classification of the added oxides, concerning the clinker 
grindability (descending sort), is: MnO, CrzO3, NizOs, Zro2, CuO, COZO~, 
VzOs, Moos, TiOz, ZnO. The study of the clinker by means of X-Ray diffiao 
tion and optical microscopy confirms the results. 0 1997 Elsevier Science Ltd 

Introduction 

The addition of transition element compounds in the cement raw mix affects the sintering 
process provoking modifications of the structure and properties of clinker (1,2,3,4,5). 

The cement raw mix sintering is a complicated process involving physical and chemical 
operations. The main stage is the formation of the liquid phase which is the means to the 
formation and development of the alite crystals. 

TABLE 1 

Chemical Comp. of the Raw Meal. Mineralogical Comp. of the Clinker (% w/w) 

673 
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TABLE 2 

Transition Metal Oxides Used 

Oxide 1 Sample code 

I Cl 

t 

ZnO I Cl-Zn 
N&03 Cl-Ni I 

co203 

Ti02 
MnO 
Zr02 

Crz03 
v205 

Moo3 
cue 

Cl-Co 

Cl-Ti 
Cl-Mn 
Cl-Zr 
Cl-Cr 
Cl-V 

Cl-MO 
Cl-cu 

The dissolution of additions in the liquid phase modifies its structure and chemi- 
cal/physical properties, provoking important effects on the clinkerization kinetics. Besides, 
the incorporation of foreign ions in the crystal lattice of the clinker minerals causes signifi- 
cant changes of the micro and macro structure of the resulting clinker. 

The behaviour of the clinker during grinding is directly related to the texture and structure 
of the crystals. Therefore, it is interesting to examine the grindability of clinker containing 
transition element oxides. 

Experimental 

Ordinary Portland cement raw meal of industrial origin was used (Table 1). Transition metal 
oxides used are chemical grade. 2% by weight of transition metal oxides were mixed with 
cement raw meal. Table 2 presents the sample codes of the prepared clinkers. Homogeneity 
was ascertained by dosing the added oxide on samples of the mixtures. 

All raw mixes were thermally treated up to 1450°C in an electrical furnace and cooled 
rapidly in air. Sintering and cooling conditions were simulated to the industrial ones. 

The clinker grinding was carried out in a Pascal1 laboratory mill. The specific surface 
area, according to Blaine (Sb), of the ground material was measured at different grinding 
time. 

TABLE 3 

Specific Surface Area (Sb) of Clinker vs. Grinding Time 
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TABLE 4 

Grindability Factor of Cliier 

Cl-Zr 1 0.99 
Cl-Ni 1 0.99 I 

X-Ray dif?raction (XRD) was used in order to identify the mineralogical phases formed 
during the sintering of the clinker and record the differentiation caused by transition metal 
oxides. 

Optical microscopy (OM) was used in order to study the effect of the added oxides on the 
texture of the produced clinker. 

Results and Discussion 

Table 3 presents the results of the grinding tests. Regression analysis was used in order to 
model the specific surface of the ground clinker as a function of the grinding time and the 
added transition metal oxide. The statistical evaluation of the data presented in Table 3 led to 
the equation (S = ai. t + b) where S: specific surface area (cm’/g), t: grinding time (min), ai: 
constant depended on the added transition metal oxide and b: constant (value: 1152). It is 
obvious that the value of ai is proportional to the clinker grindability. 

TABLE 5 

Appreciation of the Clinker Grindability in Relation to the Added Oxide 

MO 
V 

co 
cu 
Zr 
Ni 

low-moderate 

moderate 

Cr 
Mn 

high 
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3b 3’5 4b 

Cl -Mn 

FIG. 1. 
XRD patterns of the samples Cl, Cl-Zn, Cl-Q and Cl-h411 (1 Ca&On, 2: Ca&rSiO& 

In order to compare the grindability of clinker containing transition metal oxide with the 
grindability of the pure clinker the ratio ai/acl (h= 34.6) is used. This ratio is referred as 
grindability factor (gf). Table 4 presents the grindability factors of the produced clinker. In 
Table 5 the appreciation of the clinker grindability, in relation to the added oxide, is given. 
The clinker containing ZnO (Cl-Zn, gf = 0.83) is the most hardly ground while the clinker 
containing CrzOS (Cl-Cr, gf = 1.09) or MnO (Cl&In, gf = 1.11) are the most easily ground. 

The structure of the prepared clinkers was studied by means of X-Kay diffraction and 

FIG. 2. 
Photo of sample Cl (x20). 

FIG. 3. 
Photo of sample Cl-Zn (x20). 
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FIG. 4. FIG. 5. 

Photo of sample Cl43 (x20). Photo of sample Cl-Mn (x20). 

Figure 1 shows the XRD patterns of the samples Cl-Zn, Cl-Cr, Cl-Mn and Cl. As it can 
be seen, new compounds such as Ca$3&Ol~ and Ca$3J012 are detected in Cl-Cr, while in 
Cl-Zn greater peaks of the calcium silicates are recorded. 

The examination of the samples using OM led to the photos presented in Figures 2-5. The 
areas shown were selected to be representative as far as the size and texture of alite or belite 
crystals are concerned. 

The main observations made during the examination of the samples are summarised in 
the Table 6. The above observations explain the experimental results concerning the in- 
creased grindability of the Cl-Mn and Cl-Cr and the decreased grindability of the Cl-Zn in 
relation to the pure sample. 

Conclusions 

The following conclusions can be drawn from the present study: 

The addition of transition metal oxides in cement raw meals affects the clinker 
grindability. 
The classification of the added oxides, concerning the clinker grindability (descending 
sort), is the following: MnO, CrrO3, N&03, ZroZ, CuO, co203, V205, MoO3, TiO2, ZnO. 
The positive effect of the MnO and Cr203 on the grindability is associated with the 
increase of the clinker porosity, the decrease of the melt content and the appearance of 
cracks on the calcium silicate crystals. 
The negative effect of ZnO is connected with the increase of the melt content and the 
decrease of the clinker porosity. 
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TABLE 6 

Textural and Structural Characteristics of the Samples Cl, Cl-Zn, Cl-Cr and Cl-Mn 
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