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ABSTRACT: Ferrihydrite is a common mineral found in many near surface environments, especially in the stream
and soil contaminated by acid mine drainage. Ferrihydrite is an unstable mineral and should be transformed to
another stable mineral such as goethite, hematite, or lepidocrocite with time. This study is to experimentally
determine the transformation rate of 2-line ferrihydrite to goethite in an ambient condition. The starting 2-line
ferrihydrite was synthesized in a solution of pH 5 and then allowed to stand to be spontaneously transformed to
goethite in a water bath at 25°C. The aliquots of the reaction mixture were regularly extracted, filtered, and dried.
The filter cakes were scanned with a x-ray diffractometer. The intensity ratios of a goethite peak to that of ferrihydrite
were used to estimate the contents of goethite in the filter cakes. This study obtained X-ray diffraction profiles
of a set of ferrihydrite-goethite mixtures with known mineral compositions and found that the intensity ratio of
(110) diffraction lines of goethite to ferrihydrite is proportional to the percentage of goethite. The goethite contents
in the filter cakes were estimated from their x-ray diffraction profiles with the intensity ratio and revealed that the
transformation was at least a two-step process. The rate constants for the initial and accompanying second step
were 2.31x10™ and 1.37x 10'2/day, respectively.
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Fig. 1. XRD patterns of the synthesized Fr, Gt and FGM (F=Fr peaks, G=Gt peaks).
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Table 1. Intensity ratios of (110) peaks of Fr to Gt as
a function of Gt content(%) of FGM.

% Gt (110) peak intensity (in cm) Inteqsity

Gt Fr ratio

0 0 1.4 0.0
10 1.3 1.5 0.87
30 2.0 0.8 2.5
50 2.1 0.6 3.5
70 2.5 0.5 5.0
100 2.7 0.3 9.0
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Fig. 2. Setting the baseline and measuring the peak intensities on the diffraction patterns.
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Fig. 3. The goethite content (in weight %) in FGM as a function of the intensity ratio of the (110) peaks of Gt to
that of ferrihydrite.
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Table 2. Estimated Gt contents of the precipitates from
Fr-Gt transformation experiment.

ol 4 Stk A 71T P Agele o) 3 Flapedume ntenslly - Estimated
A el o 2HE Gto] T2 A4t o, & 29 ) 6.90%10" L 07%10°
11 ATE AEEkaTt 4 6.62x107 1.03x10™
gl Fr-Gto] W3}l whgo] 12} ¥k-3(first order ; 1'2 e 1'94 o
_ 25% 94%
reaction) o]}, ¥Hg 3 e Fro H|&(F)2 o} 5 . .
o} 2L Akl B4 AN 4= Uk 12 133107 2.07x10
20 2.85%107 4.43x10™
-In(F) =kt ©) 28 6.47x10" 9.84
PFF1(2d) PFF4(12d)

PFF2(4d)

Intensity

PFF5(20d)

20(CuKa)
Fig. 4. X-ray diffraction patterns of the precipitates from the Fr-Gt transformation experiments (F=Fr peaks, G=Gt

peaks).
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Fig. 5. Plot of the negative logarithm of the fraction of
residual Fr versus time in the transformation experiment.
a; the whole data with the line indicating the rate of the
second transforamtion stage. b; the data of the first stage
of transformation with the linear regression line
(broken line).
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