
J O U R N A L  OF M A T E R I A L S  S C I E N C E  25 (1990) 1813 1815 
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Cr-substitution in 7-FeOOH takes place with changes in the unit cell parameters and a marked 
decrease in crystallinity. The 7-FeOOH structure is maintained up to 5.0 atomic % with a pro- 
gressive diminution of crystallite size, as shown by X-ray line broadening analysis and electron 
microscopy. The dehydroxilation of the Cr-substituted oxyhydroxide to 7-sesquioxides and the 
phase transition 7 ~ c~ sesquioxide take place at lower temperatures than in 7-FeOOH, due to 
the lower crystallinity. 

1. Introduct ion 
Trivalent metal substitution in iron oxyhydroxides has 
been extensively studied in synthetic goethite [1-3] 
as there are various isostructural oxyhydroxides 
(e-A1OOH, c~-MnOOH) with the goethitc type struc- 
ture. In these studies, an increase in crystallite size 
with increasing manganese or aluminium substitution 
in goethite was evidenced by X-ray diffraction line 
broadening analysis. 6-FeOOH-type solid solu- 
tions have also been prepared with compositions 
Fe~_, MxOI_,.(OH)t+A. (M: Ca, Mg, Cd and Zn) [4, 5] 
with M ions in octahedral sites. For lepidocrocite 
these studies are less frequent, although some trivalent 
cations give isostructural phases. This is the case 
of chromium which has a green isostructural 7- 
oxyhydroxide [6]. 

In this paper, the preparation of chromium- 
substituted 7-FeOOH is described. Additionally, it is 
known that crystallinity has a significant effect on the 
thermal behaviour and decomposition products of 
),-FeOOH [7-9]. Thus, crystal imperfections in Cr- 
substituted lepidocrocite and its thermal decomposi- 
tion products are also studied. 

2. Experimental  procedure 
Synthetic lepidocrocite was prepared according to the 
method reported by Giovanoli and Brutsch [10]. Cr- 
substituted samples were obtained in the presence of 
known amounts of CrC13 by the same procedure. The 
precipitates were washed by centrifugation until 
chloride ion was undetected and dried at 80 ~ C. 

Atomic Cr/Fe ratios were determined alternatively 
by electron microprobe and atomic absorption spec- 
trometry measurements. X-ray diffraction was carried 
out with a Siemens D500 apparatus provided with 
CuK~ radiation, graphite monochromator and digital 
processing unit. The determination of unit cell par- 
ameters was effected from the 020, 021, 151 and 132 
diffraction lines. Line broadening analysis was carried 
out from profiles recorded by the step-scan procedure 
(step-size 0.02~ Differential scanning calorimetry 
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(DSC) traces were obtained with a Mettler TA3000 
apparatus previously calibrated with an indium metal 
sample. The electron micrographs were obtained with 
a JEOL 200CX microscope with side entry stage. 

3. Results and discussion 
The XRD patterns of the products obtained with Cr 
contents x (100.Cr/(Cr + Fe)): 1.2, 3.0, 5.0, 7.0 and 
9.0 are compared with that of lepidocrocite in Fig. 1. 
As Cr content increases up to 5.0, a progressive 
change in peak position and broadening is detected 
although the patterns can be indexed as an orthorhom- 
bic phase analogous to 7-FeOOH. The diffractogram 
for a value of x = 7.0 shows significant differences as 
the absence of a clear 020 reflection and the occur- 
rence of other lines close to spinel phase reflections. 
For x = 9.0, the product is almost amorphous but 
maintains highly-broadened reflections probably 
belonging to the spinel phase. These results show that 
the presence of chromium contents higher than 5.0 
may inhibit the formation of a 7-oxyhydroxide phase, 
probably due to the higher tendency to form spinel 
ferrites. 

The analysis of the diffraction data yielded the 
parameters shown in Table I. The evaluation of unit 
cell parameters was only possible for those samples 
with x = 0 and x = 1.2 since an important broaden- 
ing of the lines occurs at higher chromium contents. 
This fact may mislead the values obtained for the 
cell dimensions. The values in Table I show that the 
Cr-containing sample has higher a and lower b 

T A B L E  I Unit cell parameters and crystallite size for Cr- 
substituted 7-FeOOH 

a (nm) b (nm) c (nm) V(nm 3) Crystallite size (nm) 

(020) (02I) 

0.0 0.308s 1.2457 0.3879 0.1492 6.7 9.8 
1.2 0.312, 1.2356 0.3887 0.1502 6.4 8.9 
3.0 - - 5.1 8.0 
5.0 5.2 6.3 
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Figure l X-ray diffract ion pa t te rns  of  the products  of  ~/-FeOOH 

prepara t ion  in the presence of  Cr( I I I )  ions. 

parameters, while the differences are less pronounced 
along the c axis. On the other hand, the cell volume 
increases slightly with Cr-content as a consequence of 
the larger ionic radius of Cr(III). These changes may 
indicate that Cr-substitution has taken place in ~/- 
FeOOH. Additionally, the undetectability of other 
phases in the X-ray diffractograms of Fig. 1 and the 
results of the electron microprobe analysis showed a 
high uniformity in chemical and phase composition 
below x values of 5.0. 

The results of X-ray diffraction line broadening 
analysis showed a clear and progressive increase in the 
values of full width at half maximum (FWHM) and 
integral breadths (/~) for all the crystallographic direc- 
tions studied. This behaviour is in contrast with alumi- 
nium [1, 2] and manganese [3] substituted goethites 
that show an increase in crystallinity as substitution 
increases. This fact may reflect the lower stability of 
7-CrOOH as compared with the rhombohedral e and 
orthorhombic/? phases. On the other hand, the ratio 
FWHM/fl is close to the theoretical value for a lorent- 
zian profile. This fact reflects that line broadening is 
mainly ascribable to a low size of the coherently dif- 
fracting domains [11]. The values of crystallite size 
computed by the Scherrer equation (Table I) show 
that Cr-substitution inhibits progressively the develop- 
ment of y-oxyhydroxide domains, probably originated 
by the difficulty for accommodating the chromium 
ions in the lattice. The electron microscopy observa- 
tion of the samples (Fig. 2) is in agreement with the 
above results. Substituted samples show lath-like 
domains composed of ~ 15 020 lattice planes. These 
crystallites do not show additional contrast effects that 
could be ascribed to stacking faults or dislocations. 

The evolution of these samples with temperature 
was followed by the DSC traces of the 7-oxyhydroxide 
samples (Fig. 3). These data showed that the peak 
temperature of the endothermal dehydroxylation of 
y-FeOOH initially lowered with Cr-substitution, in 
contrast with other metal substitutions [2, 3]. This 
cannot be ascribed to a change in the dehydroxilation 
product as the X-ray diffractograms of the decom- 
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Figure 2 Electron mic rog raph  o f a  Cr-subs t i tu ted  y -FeOOH sample  

(x = 1.2). 

posed products at 290~ (Fig. 4) are indexable in a 
y-sesquioxide phase with a limited content in s-phase, 
behaviour commonly found in 7-FeOOH [12]. The 
decrease in crystallite size with Cr-substitution may be 
responsible for the decrease in temperature by facili- 
tating the loss of hydroxyl groups. 

On the other hand, previous studies on the thermal 
behaviour of 7-(Fe~_xCr,.)203 [13, 14] show that the 
7 to c~ transformation temperature increases with 
Cr-substitution when no other effect is present. How- 
ever the DSC curves in Fig. 3 show that the peak 
temperature of the exothermal 7 to c~ phase transfor- 
mation is lower for substituted samples. Again, it 
should be emphasized that crystal perfection may 
play an important role in the thermal evolution of the 
y-mixed oxides [7-9]. Fig. 4 shows the progressive 
diminution in the crystallinity of the 7-sesquioxide 
below x = 7.0. This effect and the stabilization of the 
7-phase by Cr-substitution may condition the observed 
temperature sequence for x = 0 to 5.0. For Cr con- 
tents higher than 5.0, the pattern changes, and an 

100 300 500 o C 

Figure 3 DSC curves of  Cr-subs t i tu ted  p F e O O H .  A: x = 0, B: 

x = 1.2, C: x = 3.0, D: x = 5.0. 
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Figure 4 X-ray diffraction patterns of Cr-substituted 7-FeOOH 
after thermal treatment at 290~ *Probable ~-sesquioxide 
reflections. 

amorphous  product  is found at x = 7.0, and an e- 
phase at x = 9.0 as a consequence  o f  the inhibit ion o f  
the occurrence o f  7-oxyhydroxide.  
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