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Mineralogy and Chemical Properties according to Particle Size Separation
of Hwangto (Reddish Residual Soil) used in Feeding of Cattle
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ABSTRACT : Mineral composition and chemical properties of Hwangto (reddish residual soil) that used in
feeding of cattles at lksan, Jeollabuk-do, Korea were examined according to particle size separation such
as gravel, sand, silt, coarse clay and fine clay. Mincral composition analyses reveal that gravel and sand
are mainly composed of quartz and feldspars and that kaolin mineral and illite are dominant in clay and
silt. Iron oxides are mainly included in fine clay. According to chemical analyses of major elements, Al
Fe and H.O contents are increased with decreasing of particle size. This trend well agrees with increase
of clay minerals in smaller particles. Chemical analyses of trace elements indicate that contents of Zn, Rb,
Sr, Ba, Pb significantly differ with particle sizes. Ba and Sr are included in feldspars since these elements
are abundant in sand containing abundant feldspars. Pb and Sm are abundant in sample before particle
size separation, but the contents are¢ significantly decreascd after separation. Thercfore, most of these
elements appear to be cxisted as removable phasc. Nb, La, Th, Ce are morc abundant in silt. The contents
of all the other trace elements tend to be increased in smaller particles containing more clay minerals. The
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contents of exchangeable cations and leachable clements in acid and alkali solutions are high in clay
samples. All the above results indicate that using the portion of smaller particle of Hwangto for livestock
feed rather than bulk Hwangto can improve cation exchangeable capacity, ion leaching capacity and

sorption properties.

Key words : hwangto (reddish residual soil), mineralogy, chemical composition, livestock feed, particle

size separation, clay mineral
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Table 1. The colors according to particle sizes of

Hwangto
Particle sizes Hue Value / Chroma
Bulk 7.5 YR 7/8
Gravel 10 YR 8/3
Sand 10 YR 8/ 4
Silt 7.5 YR 778
Coarse clay 7.5 YR 6/8
Fine clay 10 R 5/8
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Fig. 1. Light absorbance for estimating turbidity of
supernatant solution after mixing of Hwangto and
dispersing agents.
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Table 2. Mineral composition according to particle
sizes of Hwangto

Pa?“"'e Quartz Feldspar Illite K? olin Irlon
sizes mineral oxides
Bulk ++ + + ++ + +
Gravel 4+ +
Sand - -+ + +
Silt ++ + ++ ++

Coarse clay + o +

Fine clay ++ ++ + 4t

HIV : Hydroxy interlayered vermiculite.
+++ : Abundant, ++ : Moderate, + . Rare.
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Fig. 2. X-ray diffraction patterns after various treat-
ments  of clay fraction separated from
Hwangto. Spacing are in A. E.G: Treated with
ethylene glycol, K, 25: K saturation and air-dry, K,
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300: K saturation and heating at 300, K, 500: K
saturation and heating at 550C.
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Fig. 3. DSC curves of coarse and fine clays sepa-

rated from Hwangto.

Table 3. Major element compositions according to

particle sizes of Hwangto (Unit : wt%)
Elements Bulk Gravel Sand sile Codrse  Fine
clay clay
Si0;  59.19 94.05 70.89 53.57 44.64 41.78
ALO; 2245 249 1553 2659 3129 3033
FexO; 550 090 323 531 870 1435
K20 438 1.16 6.16 445 322 175
TiO, 067 023 069 0385 046 047
CaO 0.03 0.01 004 0.04 0.11  0.13
MnO 002 0.01 001 0.02 0.04 0.08
MgO 054 0.05 025 0.69 087 095
Na,O 018 0.08 042 049 0.66 031
L.Ol 659 047 287 734 1006 984
Total  99.55 99.45 100.09 99.35 100.05 99.99

Fea05: Total Fe.
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Fig. 4. A diagram showing variation of major
elements according to particle sizes of Hwangto.

Table 4. Trace element compositions according to

particle sizes of Hwangto (Unit : ppm)

Elements Bulk Gravel Sand Silt Coarse  Fine

7 clay  clay
Cr 57.13 15761 6627 3822 71.13 161.03
Co 1090 240 513 12,16 4256 2334
Ni 3291 7261 2569 19.75 2026 87.10
Cu 21.08 1439 2498 1854 4655 49381
7n  187.18 91.88 112.15 147.90 219.95 268.77
Rb  280.76 46.64 246.73 30593 32429 116.20
Sr 94.82 3146 186,58 51.76 31.61 18.69
Y 1892 1.70 468 12.87 4276 5234
7r 3382 779 11.01 2533 125.83 112.15

Nb 19.84 783 1958 24001 1453 1475
Cs 895 0.62 0.52 864 17.19 216
Ba  797.04 256.67 1508.92 450.79 420.45 144.49
La 5469 989  20.29 126.63 80.71  82.95
Hf 290 096 095 227 465 632
Ta 412 214 372 440 257 275

Pb 30750 105.86 10807 58.04 67.72 1758l
Th 2210 393 902 2330 595 LI
U 291 076 180 322 303 408
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Table 5. Rare earth element compositions according

to particle sizes of Hwangto (Unit : ppm)
Elements Bulk Gravel Sand  Silt Coarse  Fine
clay clay

Ce 88.65 1898 37.72 163.09 115.60 136.40

Pr 10.38 212 529 1692 1575 20.21

Nd 3645 743 1590 5501 5790 76.39

Sm 63.22 125 237  8.04 1125 1596
Eu 148 030 08 176 256 4.04
Gd 6.17 223 222 644 1136 1647
Tb 0.75 .11 023 079 1.50 231
Dy 351 048 107 325 7.61 1192
Ho 064 008 0.15 053 142 217

Er 1.64 023 042 137 386 585
Tm 0.23 0.03 005 018 054 0.82
Yb 1.54 028 040 120 341 5.4
Lu 0.21 003 006 0.17 049 0.73
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Fig. 6. A diagram showing variation of rare earth
elements according to particle sizes of Hwangto.

Table 6. Cation contents extracted by 0.1 N HCI

solution (Unit : ppm)

Blements Bulk  Sand  silt o Fine

clay clay

Pb 0.004 N.D. N.D. N.D. N.D.

Cr N.D. N.D. 0.002 0.002 N.D.

Zn N.D. 0.011 0.004 N.D. 0.002

Mn 0.001 N.D. 0.003 N.D. 0.003

Fe 0.104 0.103 0.039  0.069 0.330

Ba N.D. N.D. 0.004 N.D. N.D.

Si 5.197 2.764 2213 7.270 19982

Al 12.017 3.428 4804 14347 39277

Ca 0.018  0.006 0.064  0.054 0.080

K 0268  0.012 N.D. ND. 0.524
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Table 7. Cation contents extracted by 0.1 N NaOH

solution (Unit : ppm)

Elements Bulk Sand Silt C:lir;e Ellar:;
Pb 0.039 0013 0.038 0.104  0.200
Cr 0.003  0.001  0.001 0.001  0.002
Zn 0.042  0.062  0.069 0.085  0.129
Mn 0.094 0.030 0.044 0.077  0.247
Fe 0.186 0289 0.259 0.388  0.801
Ba 0214  0.091 0.244 0420  0.159
Si 0.734 0958 0.626 2408 5222
Al 4960 1925 1458 4.887 14.926
Ca 1.305 0.880 1.739 3.109  4.553
Mg 0.545  0.182 0418 0.7t6  1.187
Na 0.844 4013 10.888 16.988 11.648
K 0990 1.044 0.740 0.521  3.776

N.D. : Not detected

Table 8. Exchangeable cations and cation exchange
capacity according to particle sizes of Hwangto

Particle Exchangeable cations (meq/100 g)  CEC
sizes Ca Mg K Na (meg/100 g)
Bulk 9.58 8.04 5.38 1.10 30.70
Sand 5.25 1.40 5.73 0.35 12.07
Silt 14.61 5.54 4.11 0.94 24.10

Coarse 3,85 676 617 138 4342
clay
Fine 4530 2143 2085 098 8834
clay
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