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ABSTRACT : Artificially crushed sands occupy approximately 30 percent of the total consumption in
South Korea. The demand for the crushed sands is expected to rise in the future. Most manufacturers
use granitic rocks to produce the crushed sands. During the manufacturing process, fine fractions (i.e.,
sludges or particles smaller than 63 microns) are removed through the process of flocculation. The
fine fraction occupies about 15% of the total weight. The sludges are comprised of quartz, feldspars,
calcite, and various kinds of clay minerals. Non-clay minerals occupy more than 75 percent of the
sluges weight, according to the XRD semi-quantification measurement. Micas, kaolinites, chlorite, ver-
miculite, and smectites occur as minor constituents. The sludges from Jurassic granites contain more
kaolinites and 14 Actypes than those from the Cretaceous ones. The chemical analysis clearly shows
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the difference between the parent rocks and the sludges in chemical compositions. Much of colored
componznts in the sludges was accumulated as the weathering products. Particle size analysis results
show that the sludges can be categorized as silt loam in a sand-silt-clay triangular diagram. This result
was furher confirmed by the hydraulic conductivity data. In South Korea, the sludges remained after
crushed sand production are classified as an industrial waste because of their impermeability, and
which 15 caused by their high silt and clay fractions.

Key weords : crushed sand, granite, granitic gneisse, sludge, flocculation agent, clay minerals, kaolinites,
14 A minerals (chlorite/vermiculite), smectite, Jurassic, Cretaceous, particle size analysis,

hydraulic conductivity
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Table 1. Quantification of Mineral Species calculated by Siroquant method due to the XRD peaks of the
sludges caught in the five crushed sand manufacturers (wt.%)

Anseong Paju Yangju Gyungju Namyang Namyang?2
Quartz 30.2 12.7 22.7 28.1 36.2 274
Albite 18.6 26.2 22.6 392 13.4 25.1
Microcline 26.5 221 19.2 235 17.2 22.1
Micas 11.2 14.4 17.8 3.6 16.0 6.3
Chlorite/Vermiculite 3.9/3.0 6.7/3.9 5.1/2.1 0/1.5 4.2/2.8 4.6/2.7
Kaolinite 3.0 3.8 32 2.0 3.8 4.2
Calcite - 3.6 2.7 - 0.7 24
Smectite 2.6 6.6 4.6 2.1 5.7 52
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Fig. 1. X-ray powder diffraction patterns (Cu K & ?ﬂ o3 BESel A dHd YEFERA
radiation) of sludges in the natural state. (AS) el IHERFE SAAoR 2t A
9N FEE AYstae 29ElolER = o) g

Anseong, (PJ) Paju, (YJ) Yangju, (GJ) Gyungju,
and (NY) Namyang provinces. (S: smectites, M:
micas, C: chlorites, V: vermiculites, K; kaolinites,
A: amphiboles, Q: quartz, K-f: alkali-feldspars, PI:
plagioclases).
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L2 - 32

Table 2. Whole rock and sludge analyses from five crushed-sand manufacturers (wt.%)

SiOz AIzO3 F€203 CaO MgO KzO Na;gO TiOz MnO PzOs
Anseong, Gr  72.47 14.76 1.58 1.47 0.53 4.25 3.28 0.26 0.03 0.10
Anseong, Si 64.01 15.40 4.87 2.66 2.13 4.18 2.54 0.62 0.11 -
Namyang, Gr  74.14 13.95 1.66 1.25 0.34 4.19 3.31 0.27 0.04 0.07
Namyang, SI  65.52 17.03 3.09 1.88 0.58 5.05 3.05 0.39 0.11 0.11
Namyang2, Gr 71.83 14.73 1.62 1.26 0.61 5.14 3.62 0.26 0.03 0.09
Namyang2, 1  67.04 14.99 2,93 1.88 1.09 545 2.69 0.32 0.07 0.15
Paju, Gr 70.20 14.33 3.08 2.00 1.14 4.80 2.77 0.44 0.04 0.11
Paju, Sl 61.99 16.46 455 3.11 1.35 537 2.05 0.53 0.16 0.19
Gyungju, Gr 73.63 14.47 1.38 0.29 0.12 5.23 2.63 0.17 0.04 0.01
Gyungju, Sl 67.53 17.56 2.55 0.70 0.31 3.74 4.05 0.35 0.13 0.02
Yangju, Gr 73.05 14.48 1.74 1.36 0.35 4.42 3.43 0.26 0.03 0.07
Yangju, Sl 67.44 16.11 248 2.07 0.53 5.11 3.10 0.37 0.07 0.13
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Fig. 2. XRDL patterns (Cu radiation, E.G. treat-
ment) of five oriented specimens from sludges of
the five areas. (AS) Anseong, (YJ) Yangju, (NY)
Namyang, (PJ) Paju, and (GJ) Gyungju provinces.
(S: smectites., M: micas, C: chlorites, V: vermic-
ulites, K; kaclinites, K-fd: alkali-feldspars, PI: pla-
gioclases).
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Fig. 3. XRD patterns (Cu radiation of five
clay-sized fractions heated in 550°C. (AS)
Anseong, (PJ) Paju, (YJ) Yangju, (GI), (e)
Gyungju and (NY) Namyang province. (M: micas,
C: chlorites, Q: quartz, K-f: alkali-feldspars, Pl:
plagioclases).
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Fig. 4. Particle size analysis of the sludges. a) Qumulative particle size distribution; b) Sand-silt-clay

triangular dagram due to the classification of soil texture.
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Table 3. Values of hydraulic conductivity and several conditions for the measurement in the study

m.t. ho 1 d K

Namyang

588 2% 3 cm 8 cm 3 cm 297 x 10

40% 062 3 em 8 cm 6.47 x 107
NamyangZ.

658 2% 3 cm 8 cm 3 cm 242 % 10°
Paju

368 48% 3 cm 8 cm 3 cm 7.69 x 107

288 0632 3 cm 8 cm 3 cm 131 x 107

298 19% 3 cm 8 cm 3 cm 1.20 x 107
Yangju

588042 3 cm 8 cm 3 em 2.73 x 10®

BE 072 3 cm 8 cm 3 cm 1.08 x 10
Anseong

42 12% 3 cm 8 cm 3 em 533 x 10
Gyungju

398 31% 3 cm 8 cm 3 cm 994 x 10®

*Measuring conditions ; m. t. (measuring time), ho (different height between the level of column and that of
falling-head tube), 1, (length of sample filled in the column), d(inner daimeter of column), and K (hydraulic

conductivity).
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