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Interaction between iron oxide colloids and clay minerals and its effect on
properties of caly
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Sciences, Wuhan 430071, China)
Abstract: For Zhanjiang clay, the free iron oxide colloids, amorphous iron oxide colloids and using the selective chemical
solution method by immersion, improved permeameters and flexible wall permeameters, chelated iron colloids in it are
removed. In this analysis, the physical and mechanical properties, mineral composition and structural changes of Zhanjiang clay
are compared before and after removing the iron oxide colloids. The interface activity and cementation characteristics of iron
oxide colloids and their interaction with clay minerals are discussed. The results show that Zhanjiang clay has the properties of

high sensitivity and strong structure owing to the electrical attraction of clay minerals iron oxide colloids and their

cemented connection in pores. The iron oxide colloids have great effects on the properties of Zhanjiang clay, including water
stability, consistency, adhesion, permeability, compressibility, sensitivity and structural strength. The interaction mechanism
between the iron oxide colloids and the clay minerals leads to change of the basic properties of clay, which is not achieved by
changing or destructing the mineral lattice structure, but by controlling the microstructural morphology by changing the
coupling states of soil particles and inter-particle forces. As for the iron oxide colloids, both their effects on the soil properties
and the mode of occurrence are closely related. Besides the free iron oxide, the amorphous iron oxide is the other important
component of microstructural cemented connection of Zhanjiang clay.
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Table 1 Test schemes of removing iron oxide colloids
( )
Fed
Fe, 90 d
300¢g X ZETA
Fe.
4
Feyq 4 D61.8 %0 d
30d
mm>< 20 mm
Fed 2
Fe, 2 D61.8 398 dd
Fe, mm>< 20 mm 1 1
Fed 1 1
Fe, 2 ®50
mm><100 mm 3d 30d
Fe.
2
Table 2 Physical indexes of Zhanjiang clay
wi% 3 3
pl(grem™)  pg/(grem™) G, e wi /% wy/% I I, Ay F/kPa
50.04 1.67 1.092 2.682 1428 6426  32.25 0.56 32.01 0.82 122.36
Feq 52.39 1.62 1.063 2.646 1489 55.60  26.30 0.89 29.30 0.52 64.36
Fe, 54.18 1.63 1.057 2.643 1.500 54.20 26.84 1.00 27.36 0.49 75.69
Fe, 53.00 1.63 1.065 2.655 1492 58.6 30.36 0.80 28.24 0.49 81.36
0,
S0 kPa 0.005 (;3102 (
K >0.05 Coe ot <0.00
0, 0,
(1038 cmsY)  6./% 5% sof% W % 0050005, <02
mm mm um)/%
7.33 47 2.1 0.30 155 1447 1.7 274 3.7 392 8.74
Fey 49.03 58 3.6 0.45 15.12 15.77 1.3 20.7 21.7 56.3 38.62
Fe, 40.60 55 — — 1482  16.36 1.9 24.1 8.4 65.6 42.30
Fe, 24.61 51 — — 15.63  15.55 1.4 25.6 159 57.1 36.22
3
Table 3 Mechanical indexes of Zhanjiang clay
C )
S (&1 Pd Cr Pr Ceu Peu c ,cu ¢ ’cu
/MPa o, /kPa a;/MPa’'  g/kPa ' /kPa /(=) /KkPa /(=) /kPa /() /kPa /()
1.34 500 0.27 175.00 7.0 56.54 10.07 12.73 11.13 67.2 10.20  75.60 12.86
Fey, 0.16 300 0.41 61.31 6.1 17.69  8.63 15.62 8.89 — — — —
Fe, 0.18 290 0.51 67.28 6.1 — — — — — — — —
Fe, 027 350 0.44 94.44 6.3 — — — — — — — —
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Table 4 Chemical compositions of Zhanjiang clay
(B)/% o
SiO, TFe ALO;  TiO, MnO CaO MgO NaO K,0 P,0s ’
60.13 6.22 18.36 0.85 0.09 0.52 1.43 0.56 2.59 9.22 99.97
Feq 64.5 1.52 16.88 1.25 0.2 0.4 1.17 371 293 7.63 99.99
Fe, 65.92 1.76 16.39 1.35 0.09 0.12  0.83 276 3.1 7.65 99.97
Fe, 61.8 1.93 15.15 1.66 0.26 0.55 1.94 4.69 32 1.66 6.25 99.99
pH 0 0 0 0 2,571 2,571
/% (CEC)meq/100 g /% /% /% /(m™g") /(m™g")
6.5 0.52 20.44 0.48 0.07 0.07 138 41.36
Fey — 0.32 24.98 0.25 — — 95.2 12.28
Fe, — 0.30 22.69 — — — 106.3 18.33
Fe, — 0 23.36 — — — 102.6 16.34
5 C )
Table 5 Results of quantitative analysis of material phase
/%
Qtz 11 Mnt Kin Chl-Srp Kfs Mn-Cal Py Hem
41.91 18.06 8.17 153 5.10 4.04 0.77 3.62 3.02
Fey 52.3 15.65 7.36 12.03 3.91 5.57 1.89 0.32 0.96
Fe, 51.98 17.9 6.79 12.26 4.8 4.73 0.96 0.22 0.36
Fe, 48.19 16.39 7.75 14.25 5.3 5.6 1.2 0.25 1.05
Qtz 11 Mnt Kin Chl-Srp - Kfs Mn-Cal Py
Hem
2.1
4.96%
1.92% 0.85% d<0.2 pm
4.02% 0.25% 79.94
0.81 1 1 d<0.005 mm
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Fig. 1 Grain-size distribution of natural clay and iron oxide

colloids-removed clay
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Fig. 2 Plasticity chart of natural clay and iron oxide

colloids-removed clay
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Fig. 3 Curves of permeability coefficient of iron oxide

colloids-removed clay
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Fig. 4 Curves of unconfined compression strength tests on natural

clay and iron oxide colloids-removed clay
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Fig. 5 Compression curves of natural clay and iron oxide

colloids-removed clay

5 6

4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
26/(°)
6 X
Fig. 6 X-ray diffraction patterns of natural clay and iron oxide

colloids-removed clay
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Fig. 7 Change of specific surface area and ion exchange capacity

after removing iron oxide colloids
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Fig. 8 Zeta potentials of natural clay and iron oxide

colloids-removed clay
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Table 6 Results of EDS tests on natural clay and iron oxide colloids-removed clay (%)
>=<1000 %5000 %1000 %5000 %2000 x10000 %2000 x10000
C 0 0 0 0 0 3.7 0 6.03
0 57.17 53.27 72.55 70.64 58.31 54.18 72.7 66.27
Na 0.49 0.56 0.42 0.52 04 0.57 0.35 0.49
Mg 0.49 0.76 0.4 0.66 0.61 0.59 0.5 0.48
Al 8.56 10.38 6.44 8.16 9.8 11.18 7.24 8.11
Si 22.86 19.22 16.52 14.52 24.64 24.44 17.5 17.03
S 0.52 0 0.31 0 0 0 0 0
K 2.27 2.92 1.16 1.58 1.83 1.98 0.93 0.99
Ca 0.15 0 0.1 0 0 0 0 0
Ti 0.31 0.9 0.3 04 0.57 0.4 0.24 0.16
Fe 4.06 7.89 1.47 3.0 0.6 0.59 0.21 0.21
Pd 0.65 0.83 0.1 0.17 0.63 0 0.06 0
Au 2.46 3.26 0.24 0.35 2.62 2.37 0.27 0.24
7
Table 7 Pore sizes and volumes of natural clay, iron oxide colloids-removed clay and reconstituted clay
fem®g™)( 1%)
/(em™g™) d>10 um 1 um<d<10 pm 0.1 pm<d<1 pm d<0.1 um
0.4386 0.0424 0.0244 0.2168 0.155
(9.67) (5.56) (49.43) (35.34)
0.168 0.0996 0.1968 0.0697
0.5341
(31.45) (18.65) (36.85) (13.05)
0.0788 0.0072 0.118 0.138
Fey 0.342
(23.04) 2.1 (34.50) (40.35)
0.0612 0.0084 0.1444 0.104
Fe, 0.318
(19.25) (2.64) (45.41) (32.7)
0.0622 0.0068 0.131 0.12
Fe, 0.320
(19.44) (2.13) (40.94) (37.5)
11 7
0
Tig 1.0 0.1 pm
N iggj:;f(“m) B (X 5000) 50% d<0.1 um
c
K (x2000) R (1000 35%
CaftnaMeB [1AYg | o pg| i Fe po
:1 & A 1 <d<10
m m
J L\ N A B "
‘ s . s s ) d>10 pm

10
Fig. 10 EDS spectra of natural clay and iron oxide

colloids-removed clay
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