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Low-temperature Aqueous Oxidation of Titanomagnetites: Changes in Mag-
netic Properties of Pseudo-single Domain Particles

Dongwoo Suk*
Deparmment of Earth and Marine Sciences, Hanyang University

Titanomagnetites, the primary magnetic mineral in submarine basalts, generally has undergone some degree of
low temperature oxidation to cation-deficient titanomaghemites. Synthetic analogues of natural titanomaghemite
have been prepared by the removal of iron mechanism employing a low-temperature aqueous oxidation method.
Along with the low-temperature oxidation of titanomagnetite, magnetic properties of titanomagnetite change sensi-
tively, The results show that as the degree of oxidation increases, the Curie temperature (Tc) increases from 166°C
to 400°C, saturation magnetization (Ms) at room temperature decreases from 126.30 kA/m (25.26 emw/g) to 16.55
kA/m (3.31 emu/g) menetonously, and coercive force (He) and coercivity of remanence (Her) increase from 6.13
kA/m (77 Oe) and 23.24 kA/m (292 Oe) to 38.83 kA/m (488 Oe) and 47.03 kA/m (591 Oe), respectively. Low
field susceptibility (x) decreases from 2023 X 10751 to 84 X 107°S1. Based on the results of this study, it is inter-
preted that the NRM intensity variations of the oceanic crust of presemnt day to 30 Ma is due to the formation of
titanomahemites of various degree of oxidation by the low-temperature aqueous oxidation of titanomagnetite, while
the magnetic intensity changes of the oceanic crust older than 30 Ma is presumably caused by the combined effect
of the formation of titanomaghemites and subsequent inversion of titanomagnemites. Detatled causes of the varia-
tions of NRM intensity of the oceanic crust may be revealed by systematic studies of the oceanic-floor basalts in
the future.

Key words : titanomagnetite, titanomaghemniite, aqueous low-temperature oxidation, removal of iron mechanism
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Fig. 1. Thermomagnetic curves of titanomagnetite oxidized in solutions. Ha=79.58 kA/m (1000 Oe), P=107% torr, dT/
dt=10°C/min.. Sample numbers are (a) 5-34 (pH3.5, 30hrs), (b} $-30 {pH.3.5, 60 hrs), (c) S-12 (pH3.0, 18 hrs), (d) S-5
(pH2.5, 12 hrs), () S-4 (pH2.5, 18 hrs), (F) $-1 (pH2.5, 24 hrs), (g) §-31 (pH2.0, 12 hrs), and (h) $-28 (pH2.0, 36 hrs).
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Table 1. Properties of oxidized titanomagnetite and concentration of Fe and Ti in solution.

00 0 200400 800

Treatrent Te {°C) Oxidation Cocentration in solution
Sample # o a, (A)  Ms (kA/m) parameter

at 150°C heating cooling @) Fe (ppm) Ti (ppb}
starting none 8.479 126.30 166 166 0.00 - -
§-34 30 hr, pH3.5 8.466 92.00 258 515 0.40 0.1 0
S-32 44 hr, pH3.5 8.432 90.20 258 514 0.54 032 0
5-30 60 hr, pH3.5 8.430 83.35 262 522 0.58 0.80 0
§-12 18 hr, pH3.0 8425 85.65 312 514 .52 30.1 0
S-15 30 hr, pH3.0 8414 74.55 318 554 0.63 26.04 |
5-16 42 hr, pH3.0 8.409 65.10 321 551 0.68 26.6 1
5-19 72 hr, pH3.0 8.404 54.15 338 369 0.72 263 2
S-5 12 hr, pH2.5 8.410 65.60 345 572 0.62 99.6 1
S-4 18 hr, pH2.5 8.392 55.75 368 578 0.76 97.3 3
8-1 24 hr, pH2.5 8.384 43.65 368 585 0.81 103 4
S-31 12 hr, pH2.0 8.383 33.10 393 581 (.81 238 8
5-27 24 hr, pH2.0 3.374 26.60 394 587 0.86 232 6
S-28 36 hr, pH2.0 8.363 16.55 400 589 0.90 251 4

a,: cell parameter, Ms: saturation magnetization, Tc: Curie temperature

1655 kA/m(3.31 emu/g)=, 8.470A%NN 8365408 7t
it M2 oE ERRE Zde 3 JFEis
€ Wehiis dE4e sgs|nio|E Alge] dapy

i [e]
ZHE

Fig. 19 =Askdel S 1= Het 253
Z1H(Herye 433 o|AY Agelde zH2t 613
kA/M(77 Oe)st 23.24 kA/m(292 Oe)9l HHbA 2| o)
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Table 2. Hysteresis properties of oxidized titanomagnetite.

Sample # et He (KA/m)  Her (kA/m)  Her/Me MisMs  x (X10°SI)
starting none 6.13 2324 379 042 2023
$-34 30 hr. pH35 1201 2093 1.69 028 434
$-32 44 br, pH3'S 1393 2141 1.54 025 404
530 60 hr, pH3.5 1552 2203 1.48 026 366
s-12 18 hr, pH3.0 1878 2578 137 0.54 474
§-15 30 hr, pH3.0 23.24 30.64 132 054 297
5-16 42 b, pH30 25.39 3135 1.24 058 254
5-19 72 b, pH3.0 26.74 34.54 192 057 194
s 12 hr, pHZS 2523 3366 133 0.9 329
54 (8 hr, pH2.5 3167 3995 1.26 0.60 314
5-1 24 br, pH2.5 39.39 46.39 118 071 184
531 12 b, pH20 35.33 44.56 126 049 163
s-27 24 b, pH2.0 37.56 45.76 122 053 19
5-28 36 br, pH20 38.83 47.03 121 061 84

He: coercive force, Her: coercivity of remanence, Ms: saturation magnetization, Mrs: saturation of remanence, : magnetic sus-

ceptibility

A R z=09F 2= HEHAs|o|ENME 3883
kA/m(488 Oe)2l 47.03 kA/m(591 Oe)= Z7I3I5ch
FE AR (S 20231070 Skl 84 1075512 4F
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Fig. 3. Results plotted on the contours of (a} Readman and
O'Reilly (1972) where straight dotted line represents Ti
content x=0.6, and (b) Nishitani (1979).
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Fig. 8. (a) Coercive force (He) vs. oxidation parameter (z),
(b) coercivity of remanence {Her) vs. z, (¢) He vs. magnetic
temperature (T/Tc), and (d) Her vs. T/ Tc.
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