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The coating of sinter particles with magnesium chloride rendered a less reducible material at 
low temperature, and simultaneously enhanced mechanical strength. The joint use of scanning 
electron microscopy (SEM) and energy dispersive analyses of the X-rays (EDAX) emitted by 
the solid revealed the magnesium atoms to be almost uniformly distributed on the sinter sur- 
face. However, X-ray photoelectron spectroscopy (XPS) provided an extremely useful tool for 
understanding the chemical reaction, largely confined to the surface, when the sinter was 
heated at high temperatures. A model which assumes solid-state reaction between MgO and 
Fe203 to form a surface spinel-like MgFe204 compound has been proposed to describe that 
process in both salt-coated sinter and salt: physical mixture sinter preparations. 

1. Introduct ion 
It is generally agreed that reduction of iron ore con- 
centrates and agglomerates in blast furnaces at low 
temperatures, e.g. 550 ° C, causes a detrimental effect 
on the charge resistance with the subsequent perme- 
ability losses to the reducing gases and the increase of 
coke consumption [1]. Such a degradation lies essenti- 
ally in the transformation, to a certain extent, of 
haematite, mostly secondary, to magnetite which 
is accompanied by a volume increase, thus giving 
rise to the appearance of structural strains in the 
agglomerates [2]. 

To minimize this difficulty, several alternatives have 
been put in practice. Among them the use of small 
amounts of other inorganic additives, was frequently 
used. Without doubt, the best performance of sinter 
during blast furnace operation is being achieved by 
impregnating those materials with diluted solutions of 
alkaline earth halides, i.e. CaCI2, MgC12, etc. [3]. 

Upon heating to 600 ° C, the added halides decom- 
pose through complex solid-state reactions, mainly 
confined to the sinter surface, and react with iron 
oxides to form mineralogical species able to inhibit the 
advance of haematite to magnetite. 

Many efforts have recently been made to under- 
stand the inhibition of the sinter degradation after 
spraying or impregnating the iron ore sinter with 
dilute solutions of calcium, or magnesium halides [4]. 
However, to date no convincing explanation has been 
put forward. It is, therefore, the purpose of this work 
to give experimental evidence for the inhibition of the 
reduction of haematite to magnetite and also to pro- 
pose a model to account for this phenomenon. For this 
two working hypotheses have been used: (i) alkaline- 
earth halide favours the shift of the Boudouard 
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reaction to the formation of carbon, and (ii) a solid 
state reaction between halide and haematite. To con- 
firm the first hypothesis, the reduction of the sinter 
was conducted under a hydrogen gas stream in an 
MgC12 treated sinter bed, whereas a detailed X-ray 
photoelectron spectroscopic (XPS) study was carried 
out either on physically mixed (MgCI2 + sinter) or on 
MgC12-impregnated sinter samples. 

2. Experimental  procedure 
Three different industrially available iron ores, A1, A2 
and A3, were used in the present study. Their chemical 
composition and basicity index are summarized in 
Table I. Aliquots of these samples were coated with 
magnesium chloride either by aqueous impregnation 
or by physical mixture. Salt-coated magnesium gran- 
ules were prepared by impregnating the raw sinter with 
a 10% MgC12 solution for 3 h, then drying at 110 ° C. 
These samples will be designated B1, B 2 and B 3. 

Another MgC12 :physical mixture sinter was also 
prepared by mixing the dry components in a blender. 
This last preparation will be designated B4. 

Reduction experiments were conducted according 
to the ISO standard test [5]. The procedure and equip- 
ment are extensively detailed in that test. It basic- 
ally consists in the reduction at 950 ° C of a static bed 
of the iron ore sinter, by a 30% (vol/vol) CO:N2 
(151 (STP)/min) mixture. The reduction index usually 
obtained is the reduction rate at a 40% reduction of 
the sample (dR/dt)4o. The final reduction degree of the 
samples is obtained by determining the amount of 
oxygen already combined with iron from chemical 
analysis before and after reduction, according to the 
equation 

R = (OT -- OF)/OT X 100 (1) 
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TABLE I Chemical analysis (wt %) of raw sinter samples 

Sample Fe z F e  z+ CaO MgO A1203 SiO2 MnO Na 20 K20 CaO + MgO* 
SiO 2 + A1203 

A t 56.32 8.06 6.86 1.65 2.21 
A 2 56.98 7.98 8.86 2.65 1.15 
A 3 57.63 7,63 8.07 1.23 !.72 
B l 56.30 8.20 7.02 1.77 2.11 
B 2 56.31 8.39 9.10 2.79 1.10 
B 3 57.49 7.60 7.84 1.32 1.67 

6.01 1.16 0.051 0.205 1.03 
6.14 0.72 0.070 0,048 1.58 
5.66 1.21 0.065 0,097 1.26 
6.00 1.15 0.035 0,173 1,08 
6.23 0.72 0.094 0,051 1.62 
5.92 1.15 0.061 0.120 1.21 

* Basicity index. 

where OT and OF are the overall and final oxygen 
amounts, respectively, in the samples. 

Low-temperature degradation tests (RDI)  were car- 
ried out according to the ISO standard test [6]. Briefly 
it consists of  the following steps. A 500 g sinter sample 
is heated within a stainless steel reactor (7.5 cm dia- 
meter x 35.0cm long) up to 550°C in a dry nitrogen 
flow (151 (STP)/min) and then stabilized for 0.5 h in a 
30% (vol/vol) CO: Nz gas mixture flow. After cooling 
to room temperature in a nitrogen atmosphere, the 
abrasion test was performed in a 20 cm long x 13 cm 
diameter drum at a rate of  30 turns per minute for 
0.5 h. Finally, the product was sized, and the fraction 
with sizes below 3 m m  was taken as the R D I  index. 

X-ray powder diffraction (XRD) patterns were 
obtained with a type PW 1010 Philips unit with nickel 
filtered CuKe radiation (2 = 0.1582 nrn) and using a 
Debye-Scherrer powder camera type PW 1024. Scann- 
ing electron micrographs (SEM) were taken with a 
Jeol x 50 electron microscope at an accelerating vol- 
tage of 20 kV on 2 mm thick pelleted samples. Good  
resolution was obtained at magnifications of  x 600 to 
x 900. The space distribution of  a given element was 
obtained by imaging the Ke radiation of  the a tom of 
interest. 

X-ray photoelectron spectra (XPS) of Samples were 
recorded on a Leybold Heraeus LHS 10 spectrometer 
interfaced to a data station which allowed spectra 
accumulation. The X-ray tube of the spectrometer was 
provided with an aluminium anode (h v = 1486.6 eV) 
operated at 120 W. The kinetic energy of the electrons 
emitted by the samples was measured on a hemi- 
spherical energy analyser (HEA) at a pass energy of 
50eV. The residual pressure within the analysis 
chamber was below 8.3 x 10 12 atm. The powdered 
samples were first pressed into small 8 m m  diameter 
cylinders and then mounted on a long rod which 
allowed fast entry into the analysis chamber. To elimi- 
nate sample charging responsible for the XPS line 
broadening and the shift of element peaks to higher 
binding energy (BE), CIS photoemission at 284.6eV 
was considered as reference. The surface composition 
of the sample was determined using elemental sensitiv- 
ity factors and the peak area intensities recorded for 
each element present in the sample. 

3. Results 
3.1. K inet ics  and e q u i l i b r i u m  of  reduc t i on  
Kinetic reduction curves by CO under isothermic con- 
ditions (950 ° C) for three untreated sinter samples (A~, 
A2, A3) and for their corresponding magnesium 
chloride-coated partners (B~, B2, B3) are summarized 
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in Fig. 1. From these results, it is clear that the reduc- 
tion process is fast enough as measured by the rela- 
tively short times of ~ 100 min required to achieve 80 
to 90% overall oxygen removal, whatever the supplier, 
and hence the history of preparation of  the sinter 
samples. For  a better comparison of the samples, 
the reduction rate at a 40% overall oxygen removal, 
(dR/dt)4o, and the reduction degree after 60 min from 
the beginning of reduction (R60), were calculated and 
are summarized in Table II  for both clean (series A) 
and salt-coated (series B) samples. As can be observed, 
both (dR/dt)4o and R60 parameters depend only 
slightly on the type of sinter samples. An interesting 
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Figure 1 Kinetic reduction curves at 900°C in a reducing (CO) 
atmosphere for three sinter samples. Full lines denote uncoated raw 
sinter, and dashed lines correspond to salt-coated sinter. 



T A B L E I I Reduction parameters and RDI index of sinter samples 

Sample Reduction rate, Extent of  reduction, RDI Fe 2+ (%) 
(dR/dt)4 o (%02 rain t) R60 (%) (% < 3 ram) 

A I 1.37 75.31 35.61 12.6 
A 2 1.02 67.22 27.34 12.5 
A 3 1.43 78.97 35.54 9.51 
B l 1.12 69.50 1.57 8.32 
B 2 0.99 64.93 3.32 8.47 
B 3 1.34 76.37 2.3 6.70 

phenomenon to be examined is the inhibiting effect of 
magnesium salt on the reduction behaviour of the 
oxidic species, and especially of Fe 2÷ , in salt-coated 
sinter samples (see Table II). The chemical modifi- 
cation, largely confined to the sinter surface, implies a 
noticeable improvement in the mechanical properties 
of aggregates as revealed by the drastic decrease of the 
RDI index (compare data for the untreated A series 
and for the salt-coated B series in Table II). A simple 
interpretation of this phenomenon will be depicted 
below on the basis of the magnesium and/or iron 
surface composition (s) as revealed by the X-ray 
photoelectron spectroscopy. 

3.2. Microscopic  and microanalytical data 
In order to understand the role played by magnesium 
halide on the mechanical strength of sinter to degrada- 
tion, a microscopic and microanalytic (SEM EDAX) 
study of the sinter particles subjected to different treat- 
ments has been carried out. For this purpose, an 
untreated AI raw sample and its corresponding salt- 
coated partner B~ sample were used. 

X-ray diffraction (XRD) patterns of both prepara- 

tions were essentially the same, with the only exception 
that the diffraction line at 20 = 47.2 ° corresponding 
to the reflection of Fe304 species was slightly more 
attenuated in sample BI than in sample AI. In order to 
determine whether the amount of magnetite had been 
altered by the magnesium halide coating, the magnetic 
susceptibilities were measured for both untreated A~ 
and salt-coated B~ samples. The amounts of equiv- 
alent magnetite thus determined (Gouy method) were 
40.5 and 40.46% for samples A~ and B~, respectively. 
It must be emphasized that the dilution effect by the 
MgC12 addition was considered for B~ preparation in 
that calculation. 

Noticeable changes either in texture or location of 
elements in the sinter particles were revealed by the 
joint use of SEM-EDAX analysis. In a gross observa- 
tion with the optical microscope, the salt-coated sam- 
ple B~ showed an unexpected higher proportion of 
ferrites than that on sample A~. As observed on a 
relatively flat and low porous surface (Fig. 2a), a 
possible attack of ferrites by the magnesium halide 
might be expected; however, the mapping of chlorine 
atoms (Fig. 2b) and of magnesium (Fig. 2c) (obtained 
by imaging the Ke emission of these elements), indi- 
cated that chlorine atoms are mainly localized in the 
porous regions of the sinter (whereas magnesium is 
more uniformly distributed). The working hypothesis 
adopted as a possible explanation is that during 
heating of the impregnate a fraction of the halide can 
be decomposed by water (or hydroxyl groups), thus 
generating HC1 in the gas-phase and MgO which 
remain highly disperse and in intimate contact with 
the sinter particles. The extent of such decomposition 

Figure 2 (a) Scanning electron micrograph ( x 1248) of  salt-coated 
sample BI. (b) and (c) Mapping of the C1Ke and MgKc~ emissions, 
respectively, from the same field area as in (a). 
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is moderate because rather short times and relatively 
low pretreatment temperatures were used. As descri- 
bed below in Section 3.3, the halide decomposition in 
the absence of  water is strongly inhibited in an MgC12: 
sinter physical mixture up to ~ 500 ° C. 

The texture of a sinter sample subjected to the 
degradation test (RDI) is substantially different to 
that observed in the fresh preparation (Fig. 3a). In this 
case, porosity is largely developed and the presence of 
chlorine and of magnesium, especially in those porous 
regions, is also patent (Fig. 3b). It must be emphasized 
that an important fraction of magnesium was still 
present in the raw sinter; consequently the preferential 
location of magnesium in the pores is not so clear as 
in the case of chlorine. The fact that the remaining 
chlorine (Fig. 3b) and magnesium (Fig. 3c) distribu- 
tions run essentially parallel can be taken as indicative 
that in such conditions they should be associated as 
MgC12. Possible redistribution of the salt during the 
RDI test cannot be fully excluded because the vapour 
pressure of MgC12 at 550°C begins to be important 
(melting point 712 ° C). As stated below, such a redis- 
persion was indeed observed in an MgC12 :physical 
mixture sinter subjected to increasing temperatures 
(cf. Fig. 7). Only temperatures as high as that involved 
in the ISO test of reduction (950 ° C) rendered chlorine- 
free sinter particles. 

3.3. X-ray photoelectron analysis 
For a better understanding of  the processes largely 
confined to the surface of sinter aggregates when 
exposed to a reducing (CO) atmosphere, a detailed 
study by XPS has been carried out on a salt-coated 
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Figure 3 (a) Scanning electron micrograph (x 384) of salt-coated 
sample B~ after the RDI treatment. (b) and (c) Mapping of the C1Kc~ 
and MgKc~ emissions, respectively, from the same field area as in (a). 

sinter sample. As stated above, and in agreement with 
published work, it has been shown that noticeable 
enhancement of the mechanical strength of sinter 
particles can be easily achieved by impregnating the 
sinter with aqueous solutions of  alkaline or alkaline- 
earth halides. Detailed work conducted in our labora- 
tory showed that almost the same properties would be 
attained with a physical mixture of the halide and sinter 
particles. To account for this, an MgC12 : physical mix- 
ture sinter was prepared and pretreated subsequently 
in a reducing (CO) atmosphere in the temperature 
range 25 to 550 ° C. For comparison purposes, another 
salt-coated sample prepared by conventional wet 
impregnation was also analysed. 

3.4. C 1 S levels 
Fig. 4 shows the core level signals for the C 1S for the 
MgC12 : physical mixture sinter pretreated in the 25 to 
550°C temperature range (sPectra a to g), and for a 
conventionally impregnated sample (spectrum g'). As 
can be seen, a photoemission peak at 284.6 eV, asso- 
ciated with surface contamination, is common to all 
the spectra, and another line shifted 2.8 eV toward 
higher binding energies (BE) is also observed in those 
samples pretreated at the lowest temperatures (spectra 
a to c). In the sample pretreated at ambient tempera- 
ture this latter peak becomes more intense than that of 
contamination; its intensity decreases drastically at 
increasing pretreatment temperatures but it is not 
fully removed even at the highest temperature. It must 
be noted that spectra c to g' show asymmetric left- 
hand wings due to the contribution of  carbon species 
responsible for the C 1S photoemission at higher BEs. 
This last peak is characteristic of C = O species, arising 
presumably from the atmospheric CO2 chemisorbed 
on the basic salt-coated sinter surface. Such an assign- 
ment is consistent with the work done on simple 
carbon-containing model compounds [7, 8] or on coal 
surfaces. Possible contribution to this high BE shoulder 
arising from the shake-up satellites associated with con- 
jugated carbon structures may be excluded, because 
their abundance must be very low [9]. 

3.5. Mg 1 S level 
Photoelectron spectra of  the Mg 1S core level of the 
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Figure 4 C 1S core level signals of a MgCI 2 :physical mixture pre- 
treated at different temperatures: (a) room temperature; (b) 100 ° C; 
(c) 200°C; (d) 330°C; (e) 400°C; (f) 490° C; (g) 550°C; and (g') of  
a salt-coated sinter prepared by conventional wet impregnation and 
pretreated at 550 ° C. 

MgC12 : physical mixture sinter pretreated in a reduc- 
ing (CO) atmosphere in the 25 to 550°C temperature 
range (spectra a to g) and of a salt-coated sample 
prepared by conventional impregnation are shown in 
Fig. 5. The BE value of 50.9 eV was essentially the 
same for all preparations, but the intensity varied 
substantially. In this respect, it is important to keep in 
mind that the Mg 1S core level intensities are not 
comparable because the number of accumulations 
also varied. An inspection of the spectra showed that 
the full width at half maxima (FWHM) of the Mg 1S 
level was not constant, e.g. it increased with increasing 
temperature. To account for this, the FWHM have 
been measured and plotted in Fig. 6 as a function of 
pretreatment temperature. As can be seen, the FWHM 
did not essentially vary at temperatures below 330 ° C; 
it increased, however, at higher temperatures, reach- 
ing its maximum value at 550 ° C. Such an increase 
might be taken as indication of the appearance of new 
magnesium-containing species at the surface of sinter 
particles. 

3.6. Fe 2p levels 
Photoelectron spectra of the Fe2p3/2 and Fe2pl/2 
levels of the MgCl2 physical mixture sinter pretreated 
in a reducing (CO) atmosphere in the temperature 
range 25 to 550 ° C (spectra a to g), and of a salt-coated 
sinter sample prepared by conventional impregnation 
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Figure 5 Mg 1S core level signals o fa  sinter sample. Preparation and 
pretreatments were the same as in Fig. 4. 

(spectrum g') are given in Fig. 7. Above 100 ° C, the BE 
values of 710.9 and 724.8eV for the Fe2p doublet 
were roughly the same whatever the pretreatment, and 
the small differences of ~ 0.3 eV were within experi- 
mental error. Note that the BE value of the Fe2p 
doublet closely corresponds to that reported in the 
literature for ~Fe203 [10-13]. The presence of 0~-Fe203 
phase in the sinter particles is expected because this 
phase is the most common iron oxide, with the more 
uniform corundum structure, in which the oxygen 
ions adopt a hexagonal-close-packed arrangement 
and the Fe 3+ ions are distributed throughout two- 
thirds of the octahedral sites generated in this struc- 
ture. Another important fact to be taken into account 
is that the sample pretreated at 400°C (spectrum e) 
displays the clearest shake-up lines which decline 
again at higher temperatures (spectra f to g'). This can 
be due to a partial transformation of ~-Fe203 in 
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Figure 6 Dependence of  the FWHM of  Mg 1S core level signals and 
the pretreatment temperatures for (m) a MgC12 :physical mixture 
sinter, and (m) for conventionally impregnated sinter sample. 
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Figure 7 Fe 2p core level signals ofa sinter sample. Preparation and 
pretreatments were the same as in Fig. 4. 

magnetite by CO and, therefore, decreasing the num- 
ber of Fe 3+ responsible for those shake up lines. 

When samples were pretreated in the temperature 
range 25 to 100 ° C (spectra a and b) there is an impor- 
tant shift of the Fe 2p doublet towards higher BE. This 
is probably due to an enhancement of  both multiplet 
splitting and shake-up which are known to occur in 
high-spin iron oxides having a formal oxidation num- 
ber of three, containing an excess of chemisorbed or 
physically adsorbed water [14, 15]. 

As an approach to a better understanding of the 
relative abundance of magnesium and chlorine atoms 
on the surface of sinter particles, the M/O (M = C1 
or Mg) ratios have been calculated and are represen- 
ted in Fig. 8 as a function of temperature. For this 
calculation, the sensitivity factors, taking f~s = 1 as 
standard according to Wagner et al. [16], have been 
used. 

As shown in Fig. 8 the surface concentration of 
chlorine atoms increased with increasing temperature, 
reaching a maximum at ~ 500 ° C and then drastically 
decreasing. A similar behaviour was found for mag- 
nesium, although the maximum was smoother than in 
the case of  chlorine. Finally, small M/O ratios were 
found in a conventionally wet impregnated salt-coated 
sinter sample pretreated in a reducing (CO) atmosphere 
at 550 ° C. 

4. Discussion 
4.1. The role of the halide 
The coating of  sinter particles by magnesium chloride 
partially inhibited the rate and the extent of iron oxide 
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Figure 8 XPS surface composition (M/O, M = C1 or Mg) as a 
function of the pretreatment temperature: (D) C1, (O) Mg (symbols 
have the same meaning as in Fig. 6. 

reduction by CO (Fig. 1) and substantially enhanced 
their mechanical strength (Table II). The working 
hypothesis adopted as a probable explanation of these 
facts is the formation of an interfacial compound 
between the halide and the sinter surface through 
complex solid-state reactions. One would expect that 
X-ray diffraction patterns would be a good method 
for identification of that compound; however, we were 
unable to detect, presumably due to the intrinsic lim- 
itation of this technique, crystalline phases of size 
< 4 nm. The SEM-EDAX data were, however, more 
conclusive. As observed in Figs 2b and c, the mapping 
of Ke radiation arising from chlorine and magnesium 
atoms indicated that magnesium was almost uniformly 
distributed throughout the sample, whereas chlorine 
was mostly concentrated within cavities or pores of 
the sinter particles. This is to be expected, because an 
important fraction of magnesium was already present 
in the uncoated sinter sample and only a small fraction 
was associated with chlorine as MgC12. The important 
decrease of chlorine atoms in the sample which had 
been subjected to the RDI test can be interpreted as 
due to a partial transformation of the halide bond to 
the surface in MgO and HC1; the latter should be 
present in the gas-phase. The hydrolysis reaction 
should be confined to the surface hydroxyl groups (or 
remaining chemisorbed water) in those aggregates, 
e.g. in Fe203. 

Consequently, the MgO species so formed would 
chemically interact in the same centre where anchored, 
and hence no apparent migration should be expected 
upon thermal treatment at high temperatures. During 
this treatment the sample was newly heated to 550°C 
and hence a large progress of the reaction should be 
expected (Figs 3b and c). 

Photoelectron spectra were also conclusive. Notice 
that the F W H M of the Mg 1S core level signals for an 
MgCI2 :sinter physical mixture sample increased at 
higher pretreatment temperatures. Taking as reference 
a value of about 3.7 eV for the F W H M of those sam- 
ples pretreated at the lowest temperatures where a 
very low halide-sinter surface interaction should be 
expected, such a value becomes nearly 1 eV below that 
found on the conventionally impregnated sinter 
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sample. Therefore, it is indicative that strongly per- 
turbed, or new, magnesium-containing species 
appeared at the sinter surface. This interpretation 
is still strengthened by considering the left-hand 
asymmetric wing of the Fe 2p3/2 core level peak (spec- 
trum g'). In this latter case, iron-containing species 
with higher BE than that found in the samples pre- 
treated at much lower temperatures, would be present. 
From these data, it is inferred that a partial trans- 
formation of the surface Fe203 species, according to 
the solid-state reaction Fe203 + MgO ~ MgFe204, 
might be involved. It is finally emphasized that such a 
process should be mostly confined to the surface 
region; therefore, no significant change of magnetic 
susceptibility should be expected in the salt-coated 
sinter sample pretreated above 500 ° C. 

4.2. General coat ing mechanism 
The above coating mechanism is also valid for the 
physically mixed MgC12:sinter samples; however, 
the overall description is much more complex. The 
untreated physically mixed MgC12 : sinter sample con- 
tained large MgC12 crystals which interacted little with 
the sinter particles, but important changes already 
take place at increasing pretreatment temperatures. 
Turning our attention again to Fig. 8, it results clear 
that the increasing Mg/O ratio, and especially the 
C1/O ratio, with pretreatment temperature must be 
due to an increase of the surface exposure of mag- 
nesium (or chlorine) atoms in the sinter particles. 

Such an increase may lie in a partial vaporization of 
MgC12 from the starting MgC12 crystallites and its 
further anchorage on to the free-salt sinter surface 
(Fig. 9). Notice that MgC12 vapour pressure begins 
to be important in the temperature range 300 to 
500 °C (m.p. = 712°C). This vaporization-adsorp- 
tion phenomenon leading to better dispersed phases 
has recently been described for MoO3 deposited on to 
zeolites [17] or on to alumina [18], pretreated at much 
lower temperatures than the melting point of the oxide 
(MOO3). 

The further decrease of exposed magnesium (or 
chlorine) atoms above 500°C (Fig. 8) indicated a 
partial removal of these atoms from the surface 
through solid-state reaction with Fe203 particles, 
presumably assisted by the remaining surface hydroxyl 
groups, to form a spinel-type MgFe204 species and 
HC1 gas. These MgFe204 species which, in turn, are 
much less reducible than Fe203 oxide itself, would be 
responsible for the inhibition of CO reduction of the 
salt-coated sinter samples (Fig. 1) and also for the 
steady increase of FWHM of the Mg 1S core level 
(Fig. 6) in that preparation. The extent of formation 
of the MgFe204 species should be mostly confined to 
the surface region (monolayer); however, progress to 
a few layers in depth would be expected if sufficient 
MgO species remains available on the top-most layer 
(Fig. 9). The formation of spinel-type compounds at 
the interface of a trivalent oxide, namely A1203, when 
impregnated with salts of divalent metals and calcined 
at temperatures of ~ 500 ° C is a well-known phenom- 
enon exploited in catalysis to decrease the reactivity 
of that oxide. Notice also that the conventionally 
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Figure 9 Proposed coating mechanism for MgC12 : physical mixture 
sinter. 

impregnated sinter sample pretreated at 550 ° C shows 
a slightly lower Mg/O ratio, than that found on the 
MgC12:physical mixture sinter sample. This high- 
lights the important role played by the halide disper- 
sion on the extent of formation of the MgFe204 phase. 
The extent of formation of such a spinel-type structure 
and the further diffusion within the sub-surface layers 
should be greater in the conventionally impregnated 
samples than in the physically mixed MgC12 :sinter 
preparations. 

5. Conclusion 
Coating of sinter iron ores with magnesium chloride 
has been shown to produce a certain inhibition of the 
sinter reduction at low temperature and an important 
improvement of mechanical strength. The same proper- 
ties can already be achieved if magnesium chloride is 
physically mixed with the sinter iron ore. This interest- 
ing behaviour has been explained in the light of the 
X-ray photoelectron spectra and of the scanning elec- 
tron micrographs combined with the energy dispersive 
analyses of the X-ray (EDAX) emitted by the solid. It 
has been shown that magnesium chloride interacts 
strongly at the surface of Fe203 particles and only 
decomposes to MgO (with some participation of the 
hydroxyl groups) at increasing temperature. The MgO 
species would then react with Fe204 to form a spinel- 
like MgFe204 compound. Such a species, mostly con- 
fined to the surface of Fe203 particles, may be able to 
diffuse into the subsurface sintcr layer at thermal 
treatments above 500 ° C. 
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