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Refinement of Low-grade Clay using Iron-reducing Bacteria (1] :
Comparison of Traditional Ripening and Biotechnological Ripening
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The traditional ripening method of clay was analyzed. An advanced refining method of clay using enrichment cultures of iron

reducing bacteria was developed.

After the traditional ripening, the whiteness of the clay was increased due to removal of

iron impurities by inhabitant dissiimaltien with iron reducing bacteria. Other characteristics of the refined clay such as
viscosity, plasticity, and strength were also improved by iron reducing bacteria. An advanced method of clay refinement with
anaerobic enrichment cultivation of iron reducing bacteria supplemented with an exira carbon source such as glucose was
suggested. When the clay was treated by the advanced method. the refinement time could be reduced to 1/6 of that
required by the traditional method. The physical properties of the refined clay by the advanced method were better than

those of the traditionally refined clay.
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Figure 1. Time profiles of leached iron, pH, and concentration of
TOC and protem dunng traditional npemng of the clay (Symbols:
(@ x Fe"; w: R @: ol iron, (b) i pH, (¢) T} TOC; I}
protein).
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Figure 2. Iron removal from the clay by the enriched culture of iron
reducing bacteria.
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Table 1. Comparison of viscosity and chromaticity.
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Figure 5. Degree of strength of firing clay samples which ripened by
different methods. (Symbols: A: raw clay, B: traditional ripening, C:
biotechnological ~ripening (without mixing), D: biotechnological
ripening (with mixing and washing), E: biotechnological ripening
(with mixing and without washing).

B Characteristics Raw clay Refined clay by traditional ripening Refined clay by advanced ripening
Viscosity (cP) 350,000 750,000 800,000
Whiteness 58.52 60.01 62.07
Chromaticity Redness 7.34 5.64 4.16
Yellowness 25.70 21.79 19.00
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Figure 6. Degree of shrinking of firing clay samples which ripened
by different methods. (Symbols: A: raw clay, B: traditional ripening,
C: biotechnological ripening (without mixing), D: biotechnological
ripening (with mixing and washing), E: biotechnological ripening
(with mixing and without washing).
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Figure 7. Distribution of particle size for clay samples. (a) raw clay,
(b) traditionally ripened clay, and (c) biotechnologically ripened clay.

col HATE 7bzb 64.07%% 4.16%0]%tt YwiEo g
HATy vy MATy 58 HEES Ao HER FHiF
stoz, AEFs B8 w49l o8 A HE/F A

0] 2o} 2 A

Aol Wyl ofs Aeld ARt F

eE D AESPYS BTENE VD %
98 ol8d BueE AATAFigwe 17 Fgure 343
EANsES FY B o, @ aTN ALd FRUAT
saorle olgels PESPEE AFAY AR S0
gel Al A7ESAE oF 16 FEoISHILONE B
2 4 ogle W o AEAC) WHETH O 48 HE
o g4% AT 4 At PHYL APt EP UE &
Hzplow TEGH L BaUS ATIUEST 34

wt%) H7HE & 5A7IHEek] HE oGS i 123 A

[e]
© o) 33, AHE 4ES 4 A9 d 13 559
o P
=

wEAoz Agdel 99 AR F4YE HHHes
FREAL, BBAATY PR L 0§ YT
£4 ol8% A% UE S4PPe aTHAt 45
2 Algslo] 2R FHpEol oJ@ HEY S4e B2 nAg
B Ko

=
=90

Korean J. Biotechnol. Bioeng., VYol. 15, No. 2

(o] ]2
Reg =

| g gFHE 77

Kol
dERE AAdd A4 $9Ad B ohet HES

393 7kad 2 AEE FUATe AW S € T
AATE JESAL AIAAT wIdN s de PR
AAEAT, JEA g29S HAs F F714 284 ¥

s o8 FE £A W AN 4
/V‘" ﬂ%zﬂ 7H"*%jl:; % ]

%
-
%
A

o

ER

ok

= el
%lah HEZHH HBLES vy adxezn AAY
AYE Wk opjel MEAQ WRTE E4o] 5T

F9157} Fesigck

H

| E=Re 19979E BEStENEAG AR

lo,
o
£
r2
-
i)
32
o

(2]

REFERENCES

. Korea Resources Co. (1994), Mineral statistics of Korea,

Seoul.

. Povlov, V. F. and V. Meshcheryakova (1983), Reducing

the coloring effects of iron oxidis in porcelain bodies,
Glass and Ceramics, 40, 50-152.

. Ratzenberger, H (1988), The influence of the mineralogical

composition of structural ceramics and heavy clay materials
on kiln scumming and efflorescence, Ziegelind Int., 41,
99-105.

. Stepkowska, E. T. and S. A. Jefferis (1992), Influence of

microstructure on firing color of clays, Appl. Clay Sci., 6,
319-342.

. Ryu, H. W, K. S. Cho, Y. K. Chang, S. D. Kim, and

T. Mori (1995), Refinement of low-grade clay by microbial
removal of sulfur and iron compounds using Thiobacillus
ferrooxidans, J. Ferm. Bioeng., 80, 46-52.

. Nealson, K. H. and D. Saffarini (1994). Iron and manga-

nese in anaerobic respiration: Environmental sugnificance,
physiology, and regulation, Annu. Rev. Microbiol., 48, 311-
343.

. Curtis, C. D (1985), Clay mineral precipitation and trans-

formation during burial diagenesis, Phil. Trans. K. Soc.
London, 315, 91-105.

. Stucki, J. W (1988), Structural iron in smectites, In Iron

in soils and clay minerals, J. W. Stucki, B. A. Goodman,
and U. Schwertmann Eds.; D. Reidel Publishing Co., Bo-
ston, pp 625-675.

. Hints, L, S. Kiss, P. Papacostea, D. Radulescu, and M.

Dragan-Bularda (1977), Application of microbiological me-
thod for diminution of Fe;Os content of kaolins, In 4th
Symposium of soil biology, Rumanian National Society for
soil Science, Bucharest, pp387-391.



Rvu, H-W., Refinement of low-grade clay using iron-reducing bacteria( [ )

10

Furman, N. H. (1975), Standard methods of chemical an-
alysis, 6th ed., R. E. Krieger Publishing Co., Huntington,
New York.

Lovley, D. R. (1991), Dissimilatory Fe(lll) and Mn(IV)
reduction, Microbiol. Rev., 55, 259-287.

. Robert, I. L. (1947), Reduction of ferric hydroxide by st-

rains of Bacillus polymyxa, Soil Sci., 63, 135-140.

. Jones, I. G., S. Gardener, and B. M. Simon (1983), Red-

uction of ferric iron by heterotrophic bacteria in lake sed-
iments, J. Gen. Microbiol., 130, 45-51.

Lovley, D. R. and E. J. P. Phillips (1988), Manganese
inhibition of microbial iron reduction in anaerobic sedim-
ents, Geomicrobiol. J., 6, 145-155.

15.

16.

17.

207

Balashova, V. V. and G. A. Zavarzin (1980), Anaerobic
reduction of ferric iron by hydrogen bacteria, Microbiol.,
48, 635-639.

MacDonell, M. T. and R. R. Colwell (1985), Phylogeny
of the Vibrionaceae, and recommendation for two new
genera, Listonella and Shewanella, Syst. Appl. Microbiol,
6, 171-182.

Caccavo, F. Jr, R. P. Blakemore, and D. R. Lovley (1992),
A hydrogen-oxidizing, Fe(IIT)-reducing microorganism
from the Great Bay estuary, New Hampshire, Appl. Environ.
Microbiol., 58, 3211-3216.



