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Resumo

A quantificacdo de goetita, magnetita, martita e
especularita em minérios de ferro foi realizada através de
uma combinacao de analises quimicas e difracédo de raios
X. Observou-se que a intensidade do pico de difracéo
(111) da goetita é constante para uma determinada
amostra, se 0 mesmo porta-amostras é utilizado. Curvas
de calibracdo com um comportamento linear foram obtidas
usando-se as areas do pico (111) e as quantidades de
goetita obtidas através da espectroscopia Mdssbauer e
microscopia Otica. Além disso, a largura integral do pico
(012) da hematita aumenta linearmente com o aumento da
guantidade de martita, permitindo, assim, uma estimativa
dos teores de martita e especularita.
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Abstract

The quantification of goethite, magnetite, martite
and specularite in iron ores was successfully achieved
by a combination of wet chemical analysis and x-ray
diffraction. It was found that the intensity of the goethite
(111) peak is constant for a certain sample provided
that the same sample holder is used. Calibration curves
with a linear behavior have been derived using the areas
of the above mentioned peak and the amounts of goethite
obtained by Mdéssbauer spectroscopy and optical
microscopy. In addition, the integral width of the
hematite (012) line broadens linearly as the amount of
martite increases, thus allowing an estimation of the
amounts of martite and specularite.
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Introduction routine purposes. Recently we have  Alight-reflected microscopy (Leica,

o o undertaken a comparative study of thenodel MPS30) with a magnification of
~ The quantification of the mainiron eqits obtained by both technique00 times was used for the particles
oxides and hydroxides present in moshy,5ye mentioned, and the generatounting. Fractions below and above
iron ores still is a subject of investigation. concjusion was that there is a relatively325 # were used, and at least 500
Besides the knowledge of the amountgy, o4 agreement between both methodgarticles of each phase were identified

of goethite, magnetite and hematite iNge s4 et al. 1999, Torfbio et al. 2001)and counted. The volumetric
the concentrates, it is also important foilyngther important conclusion from this percentages were converted into weight
many processes to know the partition oy, gy was that the room temperaturgercentages using the theoretical
hematite into martite and specularite. vgsshauer spectrum does not shovdensities of each mineral (Ferreira 1993).

s e e e of oty S e 5 s o o o v
microscopy is becoming a usual artite angs ecularitep P obtained in a Shimadzu XRD 6000, using
technique to access the mineralogicaf™ b ' a cobalt tube and iron filter. Preliminary

composition of these ores. An X-ray diffraction (XRD) is another scans were done at 2°/min in the range
experienced operator is able to identifitechnique that is widely used for of 20-60° (B), whereas the scans used
by reflected light all the above mentionedyrposes of identification, bur rarely to construct the calibration curves were
phases, with an uncertainty of roughlyysed for quantification because manydone at 0.5°/min in the regions of 27-29°
5% absolute. The quantification is don&actors such as texture, stress andnd 40-44° (@). The latter measurements
by counting at least 500 particles ancirystalline size can affect the intensitiesvere repeated three times for each
then converting the volumetric of the peaks (Jenkins and Snyder 1996ample, which were mounted in an
percentage into weight using theThe Rietveld method can be used taluminum holder of about 25 mm of
theoretical densities of each phasguantify crystalline phases, but fordiameter and 1 mm of depth. Peaks were
(Ferreira 1993). This technique has somgamples presenting texture effects théitted with a Pearson function after
disadvantages, as for example &rocedure is not straightforward subtracting the background and
relatively long time for the analysis, about(Rietveld 1969, Péllmann and Angélicastripping the Kapattern. The overall
two-three  hours per sample.2002). In addition, the structural time, including the measurement of the
Furthermore, the result is somehowparameters of martite and specularite areaw data and computer analysis, is about
dependent of sample preparationthe same and hence it is not possible ttifteen minutes.
operator, stereological effects, and als@listinguish these phases. In spite of
of the theoretical densities used tothese shortcomings, we have conductegh
convert the volumetric i igati esults and
percentagesa careful XRD investigation of some " .
which is not exactly known for martite. previous well-characterized iron-ore DISCUSSION
Another aspect that has to besamples, and we have found it possible
considered is that there is no otheto quantify magnetite, goethite, martite athod to determine the amount of
technique that can be used to crossand specularite by combining the resultg, o gnetite is certainly the wet chemical
check the results for martite andofchemical analysis and x—raydiffraction.anawsiS which can be used to detect
specularite, and hence the existence of amount’s as low as 0.1 %. For the

systematic errors cannot be excluded. Expe rimental calculation it is assumed that there is no
other source for P& and then the
percentage of magnetite is simply given
EE)y the expression:

The most reliable and sensitive

Another analytical technique that .
is well appropriated to the study of iron The firon-ore = concentrates
pprop y containing different proportions of

compounds is Mossbauer SpeCtrOSCOp¥hagnetite goethite and hematite wer

which can be used to identify and -0 in 4 pilot-plant using the ROM Magnetite (%) = 3.222.FeO(%).

quantify -all iron-be_aring_ pha‘*_’s ore. Typical chemical analysis are:
(Bancroft 1973). The identification is Fe = 63-68%: FeO = 0.2 — 4.7%:

based upon the comparison of theSitota'_

= - 0, = - 0
derived hyperfine parameters with thos ©,=0.9-1.6% ar_1d AD,=0.2-0.3 /0
otal and ferrous iron were determine

The effect of preferred orientation
in the XRD patterns of the present
dsamples is clear seen in Figure 1. In this

listed in literature for well-characterized by titration with potassium dichromate example the ore is essentially specularite,
samples, whereas the quantification is" - "o Ciher elements Wer’f’:md the changes in the relative
based on the relative areas obtained fodretermined by ICP (?ntgn5|tles f_0r the two patterns are
each component. The main advantage ' evident. This same effect was also

of this technique over optical microscopy Mossbauer spectra were obtainedoticed for some lines of magnetite and
is that there is no need to know thein a spectrometer operating at constargoethite, and the first conclusion was
densities of the involved phases. On th@cceleration and with a triangular signalthat it would not be possible to perform
other hand, it usually takes between 5The relative areas were calculateda quantitative analysis. However, after
12 hours to obtain the spectrum, whichconsidering that both ferrous and ferriccareful examination, we realized that the
makes this technique not adequate foions have the same recoil fraction. intensity of the goethite (111) peak
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centered at 42.8° @2 was more or less equation: hematite (%) = [(Fe- 2.33.FeO In order to access the average errors
constant for a certain sample provided 0.628.G) . 1.43], where G is the percentagavolved in the optical microscopy
that the same sample holder was useaf goethite. method we analyzed three samples which
Furthermore, the intensity of this peak were given to three different technicians.
. The next problem to be solved .
was found to have a clear linear " .. These results, as well as those obtained
: . _ — concerns the partition of hematite into .
correlation with the amount of goethite, . : .~ by the present method (done four times
S martite and specularite. Taking into . .
as can be seen in Figure 2. These twg . for each sample) are listed in Table 1.
. : ccount that martite presents a mor . L
plots were made using the mtegrateaa . ﬁ'he first observation is that for the
. . orous structure than specularite, an . :
intensities of the peak at 42.8 degreegOssibl more structural defects. it ispredommamt phases (martite and
and the amounts of goethite asp Y ' specularite) the differences between

determined by Mdssbauer spectroscop OSS'.b.Ie that .the presence in Iar.geE)perators can be as large as 8% absolute
: . . uantities of this phase could result in
(Figure 2a) and optical microscopy

: ag<sample 1), whereas for goethite and
(Figure 2b). The differences in the roadening of the peaks. Ir]deecj’avve{jlmagnetite this difference is of the order
' .~ but still significant linear correlation was

amounts of goethite obtained by usin . . .. of 2% absolute. For goethite, there is a
. . L . “found to exist between the integral width
the two equations given in Figure 2 is . . very good agreement between the
. (or full width at half maximum, FWHM) .
approximately 4% absolute. Thus, th . mounts determined by both methods.
. of the hematite (012) peak centered . .
amount of goethite in a unknown sampl he values for martite and specularite

can be easily determined using one o 8.1 degrees and the amount O]:estimated by the xrd method are different
these two plots.

specularite (Figure 3). Pure specularit . .
showq3ofabout0.14°,Whereassamplegfrom those obtained by optical

Once the amounts of magnetite andtontaining almost only martite show amnicroscopy, bUt. can be considered to be
goethite have been found, and if no otheline width of about 0.28°Thus, this plot within the experimental errors.
phases are present, the percentage obuld be used to estimate the amounts Itis important to emphasize that all
hematite can be calculated by theof martite and specularite. correlation’s found in this work should
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Figure 1 - X-ray diffraction patterns of specularite showing Figure 2 - Correlation between the area of the xrd peak centered

strong changes in the relative line-intensities depending on at 42.8° (Co tube) and the amount of goethite as determined by

sample’s preparation. Mdssbauer spectroscopy (a) and optical microscopy (b). Solid
lines are the best linear fits to the data.

REM: R. Esc. Minas, Ouro Preto, 55(4): 263-266, out. dez. 2002 265



0.32 1 E B =0.27 - 0.0014Esp ( n = 11, r = 0.86)

0.28—- %
n ! o %
0.20—- % %

0.16 1 %

B (26)

T T T T T

T T T
0 20 40 60 80 100

Specularite (%)

Figure 3 - Effect of the amount of specularite on the integral width of the peak
centered at 28.1° (Co tube). Solid line is the best linear fit to the data.

Table 1 - Comparison of the amounts of iron-bearing phases as obtained by optical
microscopy (OM) and by a combination of chemical analysis and x-ray diffraction
(XRD). Numbers between brackets are the standard deviations of three (OM) or four
(xrd) measurements. All values in weight %.

Sample Especularite  Martite Goethite  Magnetite*
AMO1 oM 41 (4) 36 (4) 20.0 (0.5) 3,0(0,5)
XRD 36 (4) 40 (4) 19 (1) 3.4
AMO02 oM 46 (1) 38 (1) 13 (2) 3.0(0.2)
XRD 39 (5) 45 (4) 12 (1) 3.2
AMO3 oM 42 (2) 38 (2) 16.0 (0.4) 4.0(0.4)
XRD 37 (4) 42 (4) 15 (1) 3.6

* Results of only one chemical analysis.

not be used as calibration curves in other
equipment’s because both the integrated
intensities and line widths are
characteristic of a particular instrument.
However, once well-characterized
samples are available, the calibration
plots can be constructed using the above
mentioned methodology.
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