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8 Apéndice

Tabela 8.1 - Dados cristalograficos dos 6xidos e hidroxidos de ferro.

Compound Crystallographic Space Stacking of Unit cell dimensions z

system group close packed nm

anions a b c I/

Goethite * Orthorhombic Pnma ABAB [001] 0.9956  0.30215 0.4608 4
Lepidocrocite * Orthorhombic Bbmm ABCABC[015] 0.3071  1.2520 0.3873 4
Akaganéite Monoclinic 12/m bee 1.056 0.3031  1.0483  90.63 8
Schwertmannite  Tetragonal P4/m 1.066 0.604
Feroxyhyte Hexagonal P3ml ABAB [001] 0.293 0.456 2
&-FeOOH Hexagonal P3ml ABAB [001] 0.293 0.449 1
HP FeOOH Orthorhombic Pn2ym 0.4932  0.4432  0.2994 2
Ferrihydrite Hexagonal P31c; P3  ABAB[001] 0.2955 0.937 4
Hematite Hexagonal R3c ABAB [001] 0.5034 1.3752 6

(Rhombohedral)
Magnetite Cubic Fd3m ABCABCJ111] 0.8396 8
Maghemite Cubic P4432 ABCABC|[111] 0.83474 8

Tetragonal P4,2,2 0.8347 2.501 24
Wiistite Cubic Fm3m 0.4302 (high Fe)

0.4275 (low Fe)

&-Fe,0; Orthorhombic Pna2, 0.5095  0.879 0.9437 8
Fe(OH), Hexagonal P3ml 0.3262 0.4596 1
Bernalite Orthorhombic Immm 0.7544  0.7560  0.7558 8

Tabela 8.2 - Parametros Mdssbauer dos 6xidos e hidroxidos de ferro.

Oxide Recording Isomer shift Quadrupole splitting Hypetfine field
temperature ) AEg By
K mm s~ mm s~ T
Goethite 295 0.37 -0.26 38.0
4.2 0.48 -0.25 50.6
Lepidocrocite 294 0.37 0.53 -
4.2 0.47 0.02 45.8

4.2 0.25 0.02 45.49
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Oxide Recording Isomer shift Quadrupole splitting Hyperfine field
temperature d AEg By
K mms! mms~’ T
Akaganéite 295 0.38 0.55 -
0.37 0.95 —
4.2 0.49 -0.02 48.9
-0.24 478
—0.81 473
Schwertmannite 295 0.39 0.64 -
4.2 0.49 -0.37 45.6
6-FeOOH 295 0.45 0.12 35
4.2 52.5
HP FeOOH 480 0.03 -0.13
295 0.37 —0.13 35.2
10 0.49 —0.118 47.2
Feroxyhyte 2959 0.37 -0.06 41
4 0.48 ~0 53
~0 52
Ferrihydrite, 6-line 292 0.24 0.72 -
4.2 0.25 -0.06 50
Ferrihydrite, 2-line 295 0.24 0.79 -
4.2 0.24 —0.01 47
Bernalite® 295 0.382 —0.006 43.1
4.2 <10.011 56.09
Hematite 295 0.37 -0.197 51.75
4.2 0.49 0.41 54.17
&-Fe;04 295 0.21 -0.07 26.2
0.38 -0.00 395
0.39 -0.06 45.0
0.37 —0.19 45.2
Magnetite 295 0.26 =10.021 49
0.67 0.00 46
Maghernitc b) 295 0.23 =10.021 50.0
0.35 50.0
4.2 0.40 =10.021 52.0
0.48 =10.021 53.0
Wiistite 295 0.95 0.44 -
0.90 0.79 -
Green Rust —SO,,” 15 ~1.3;~05 ~2.8: 0.4 -
Fe(OH),9 300 1.05 2.98
4.2 1.4 3.06 ~209
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Oxide Atomic coordinates Ref.
X Y z
Goethite Fe 0.145 1/4 -0.045 1
0, -0.199 1/4 0.288
0O, -0.053 1/4 -0.198
H -0.08 1/4 -0.38
Lepidocrocite Fe 0 -0.3137 1/4 2
O 0 0.2842 1/4
0, 0 0.0724 1/4
H 0 0.514 0.366
Akaganéite Fe, 0.858 0 0.341 3
Fey 0.339 0 0.141
0, 0.663 0 0.290
0, 0.657 0 0.030
05 0.293 0 0.357
Oy 0.039 0 0.332
Cl 0 0 0
Feroxyhyte Fey 0 0 0 4
Fe, 0 0 1/4
O 1/3 2/3 0.246
H 1/3 2/3 0.510
Hematite Fe 0 0 0.3553 5
O 0.3059 0 1/4
Ferrihydrite, 6-line 6
Defect-free phase Fe 1/3 2/3 0.136
0O,0H, 0 0 0
0,0H, 2/3 1/3 1/4
Defect phase Fe, 1/3 2/3 0.163
Fe, 1/3 2/3 0.337
Fe, 1/3 2/3 0.663
Fey 1/3 2/3 0.837
O,0H; 0 0 0
0,0H, 2/3 2/3 1/2
Magnetite Fe, 1/8 1/8 1/8 7
Fe, 1/2 1/2 1/2
O 0.25468 0.25468 0.25468
Maghemite Fey 0.9921 0.9921 0.9921 8
P4332 Fe, 0.8650 0.6150 7/8
Fey 3/8 1/8 7/8
O 0.861 0.861 0.861
0, 0.372 0.377 0.876
Maghemite Fe, 0.7421 0,9921 0.03903 8
P4,2,2 Fey 0.2579 0.0079 0.2057
Fey 0.4921 0.7579 0.1224
Fey 0.6150 0.6150 0
Fes 0.385 0.385 1/6
Feg 3/8 0.135 0.08



DBD
PUC-Rio - Certificação Digital Nº 0721395/CA


PUC-RIo - Certificacdo Digital N° 0721395/CA

135

Oxide Atomic coordinates Ref.
v z
Maghemite Fe; 0.865 5/8 0.0867
P4,2,2 Feg 7/8 0.365 0.003
Feo 1/8 1/8 0
O 0.611 0.861 —=0.0047
0, 0.361 (.889 0.0787
05 0.389 0.139 0.162
(0N 0.122 0.377 0.0003
Os 0.877 0.378 0.0837
O 0.878 0.623 1/6
O+ 0.374 0.628 0.0007
Og 0.128 0.126 0.084
Oqg 0.626 0.372 0.1673
Oqp 0.373 0.376 0.0843
Oy 0.624 0.627 0.0843
045 0.124 0.873 0.001
Wiistite Fe 0 0 0 9
0 1/2 1/2 1/2
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Tabela 8.4 - Distancias interplanares de alguns compostos de ferro.

2@/ deg

18.287
30.080
3543
37.062
43.069
47.145
hi 41
hb 944
hb 944
62.530
bh.74b
66799

2@{ deg

36135
41_969
60.855

20/ deg

241562
33169
3b.641
39277
40.869
43519
49.470
h4.0M
hb.176
h7.465
h7.5691
62.450
64.021
bb.043
69.596
71937
12278
75.200

Magnetita (Fe;O4)

df ¥

4.84743
2.96843
253149
2.42372
2.09900

1

— ot ot ommh ok o

42617
71383
-61581
-61531
48422
A1918
-39933

di ¥

2.48376
215100

1

52099

H

0N = 0 WM =~ @ G =~ I & o @

Wiistita (FeO)

H

K

M- FE R — I R L. A L e - BT Rt

K

L

[N S R — I NI L e e - Y v I T R — |

Hematita (a-Fe,0s)

d? ¥

3.68189
2.69956
2.61700
2.29200
220629
2.07787

1

R B R B R R R T

84085
.69466
.63606
.60240
hamy
48591
A5319
41351
.34978
31150
30616
26248

H

Lo - S o™ B — B & B TS IR — R — R 1 IR & B — R 'L R

K

(AL — e AR T I — R LB - IR LI L R LI — R Lt

L

T —]

2@/ deqg

70937
73972
74973
78934
81.869
81.869
86.717
89.613
89.613
94.440
97.349
98.323

2@/ deg

72.863
76.671
91.487

20/ deg

75h.480
77762
77.752
78.799
79513
80.608
80.717
82.950
04.468
04.958
88.200
88.578
91.383
93.703
96217
95707
96.846

d; 1

32752
26038
26574
21186
17568
17568
121896
09307
09307
04950
02573
M6

R . R T R e R A Y

d; T

1.29710
124188
1.07550

d} T

.2b8s0
22730
22730
21359
20448
19086
18953
6308
14600
14064
10689
0314
07645
0551
04298
03894
02973

R R R R T T T e R R e A
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b = = MDD M= D M= O =0 MN =W =0 O MN M- = = O MNoo = O M- o0 = O = O = =

2@/ deg

14.997
18.395
231.816
2b.128
30260
32143
33933
3b.b44
37.286
3jo.468
40.398
43.323
44727
44727
416.097
416.097
47.437
48748
h0.033
h1.29%
h3.7b4
h4.955
he.138
hb 138
h7.306
h7.306
h9.596
ha.h36
60721
62935
64.026
64.026
65106
65106
66.177
67.240
6294
69341
69.31
711413
72.439

Maghemita C (y-Fe,O3)

df ¥

b 90250
4.81937
373307
340781
2.95125
2.76247
2. 63968
2.b1b84
2.40969
2.1156156
2.23094
208685
2.02454
2.02454

1

P R R R B R R R R e R e R R e A e T B B A

6750
6750
1502
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82155
27967
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.66948
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.hh007
.bhoo?
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47563
A5310
45310
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2@/ deqg

72.439
72.439
73.460
74.47%
75h.485
76491
7649
77.493
79.485
80.476
81.464
81.464
81.464
82.449
62.449
83.432
84.114
84.414
85393
85.393
85b.393
87.349
88.326
88.326
89.302
90277
50277
92.230
§92.230
93.207
93.207
95.164
96.144
96.144
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97127
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97127
38111
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30364
30364
248803
27297
.2hi42
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23076
20484
19249
14050
18050
18050
16887
16887
5758
14660
14660
13594
13594
13594
11547
10564
10564
09607
08674
08674
06878
06878
06012
06012
04342
03537
03537
03537
02749
02749
02749
01980
.mz227
.mz227
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h3.233
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69.687
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72.215
73.232
74974
75138
75.846
76481
76.550
76.851
77.558
77.958
78.598
79.059
79.754
79.895
81.446
02.628
83928
84.043
84.617
86.118
86.216
86.277
86.571
86.681
87.189
87.2bb
89.4156
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90.392
91.470
52.0M
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95143
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N R B T T T R e R R e e T B R R B R T R T T e R e e e R R e R e . ]

d; ¥

30714
29147
26573
26337
25332
.24450
.24356
.23942
22989
22455
21620
21026
20145
19969
801
16448
15200
1601
14436
12823
d2720
12656
12348
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1711
11643
09497
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07566
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05272
05210
04545
04360
02946
02447
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01336
01037

138


DBD
PUC-Rio - Certificação Digital Nº 0721395/CA


PUC-RIo - Certificacdo Digital N° 0721395/CA

K

[— — N — I — R — R — R — R — R - —RE R R R I — R — R — R — T — R — R — R — T T —— R —— B —— R — I — R — R — B — R — ]

L

Ll - T — N - - Y. Ry P R S S X o B X B X BN IR U N L R FU I LR L R i — - V- S LR L I - R I T - — R — I LR NI U LU LU I o I — ]

20/ deg

16778
16.902
14.603
18.803
23.902
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2h 470
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30.656
30663
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33929
34186
3h.022
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N2
31N
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d? ¥
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h 24150
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1

e R R B B B R
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20/ deg
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52.968
53.560
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hi.628
54.992
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hh. 342
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hh 8356
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55961
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61.673
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63.634
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40349
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39087
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30395
26873
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22230
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14000
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05482
03987
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