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Development of Anti-red Tide Material by Activating Red-mud
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2o AEZREH A7 BZd 3 AZFAAZA L 71430 vgte dF3HY. JEE B
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nmZH, 529 Az I AZx7A 285 ST A3}, FAEEL pH 53], v F pHel| ]
gt o) 5% AT Z, Prorocentrum minimum Z Alexandrium tomarense?) 734, AX &
Al 90% o4& el of 308 Fole A9 100%9] 7i7he: T+AEEE HAo M, HHETL ¢
g Az g $53 TAAZAY H58E AABEL A

FQ0 1 Az, HE, GHHE, H274 &8, &2

ABSTRACT : The study is to determine the feasibility of activated red mud as an anti-red tide
material. The red mud, a byproduct of Bayer process for the production of alumina from bauxite,
contained hematite, boehmite, calcite, sodalite, quartz, zircon, anatase and an unknown phase. In the
adsorption study of the red mud, its adsorption efficiencies for heavy elements were close to 100%
except 92% in As. These results seem to be attributed by the high adsorption ability of iron oxides for
heavy elements. As a result of leaching tests with the red mud at various pHs (pH 1~13), the high
leaching efficiencies for As, Cu and Zn at low pHs (at acidic condition) were obtained. It indicated
that removal efficiency of heavy elements could be excellent in acidic treatment of red mud. The
activated red mud, red mud reacted with acid, contained hematite, boehmite and so on, and desorption
of heavy metals from the activated red mud increased with increasing temperature. The grain of the
activated red mud was tens nm in size. The removal efficiency for 5 types of plankton was generally
in inverse proportion to pH, especially to final pH. Of five plankton types, Prorocentrum minimum and
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Alexandrium tamarense promptly were removed more than 90% as soon as the activated red mud was
sprayed and 100% afier 30 minutes. These results indicated that the activated red mud seems to be a

promising anti-red tide material.

Key words : red tide, red mud, activated red mud, removal efficiency of red tide, leaching
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Fig. 1. Flow chart of the production of red mud.
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‘ Starting Material "
Washing ' - 150g/1L

‘ Filtration " ~ 3000rpm/10min.
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Alkaline solution
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Jj — 3000rpm/10min.

Neutralization : pH=4

Filtration & Drying }} 3000rpm/30min.: 80°C

Anti-Red tide
Powder

Fig. 2. Experimental procedure for the production of Anti-Red tide powder.

(®)
Fig. 3. Equipments for the production of activated red mud. (a) Extraction of NaOH from red-mud. (b)
Water bath for the activation of red-mud or the production of activated red mud.
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Table 1. Chemical composition of red mud

G-

Major components (wt.%)

AlLO; Fe, 03 SiO; TiO; Ca0O NazO

18.0 38.0 8.5 9.5 6.5 6.2

Cu Pb Zn Cd Cr As Hg Ni

Heavy metals (ppm): by standard test for soil pollution
0.1 0.9 0.0 0.1 2.8 0.0 0.0 0.7
Heavy metals (ppm): standard of drinking water
1 0.05 1 0.01 "0.05 0.05 0.001 -
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B :Bohmite (ARD3 H20} C :Calite {CaC0O3)

NMH{Non-magnetic and high density)

§ :Sodium aluminum silcate hydrate (1.0Na20 Al203 1.688102 1.73 H20) N : Sodium calcium aluminum oxide (Na2xCa3-xAl206)
T tAnatase (TIO2} Z :Zircon (2r5104)

Q :Quartz {§i02)

z
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Hm: Hematits {Fe203)

Un: Unknawn mineral

NM{Non-magnetic and medium density)
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Fig. 4. XRD patterns of red mud. NML, NM and NMH are samples separated by magnetic separator and
shaking table. (a) red mud, (b) NML: non-magnetic and lower density minerals, (¢) NM: non-magnetic
and moderate density minerals, (d) NMH: non-magnetic and heavy density minerals.
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Fig. 5. Mineral identification of red mud by magnetic separation and shaking table. Abbreviations:
NML= non-magnetic and lower density minerals, NM= non-magnetic and moderate density minerals,

NMH= non-magnetic and heavy density minerals.
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Table 2. The results of adsorption experiment for red mud

Adsorption of heavy metal

Elements Pb As Cu Cd Zn
Initial (ppb) 11275.0 13413 15577.2 13145.8 11192.8
Final (ppb) 1.5 992.5 434 8.0 9.2
adsorption (%) 100.0 92.4 99.7 99.9 100.0
Table 3. The results of the leaching test for red mud with pHs (unit : ppb)
H
Elements p
1 4 10 13
As 970 1099 66 212
Cd ND ND ND ND ND
Cu 496 183 3 4 20
Ni 49 ND ND ND ND
Pb 9 4 ND ND ND
Zn 561 289 ND ND ND
Cr 1156 551 851 884 882
Table 4. The leaching test of activated red mud according to temperatures (unit : ppb)
T (C) As Cd Cu Cr Ni Pb Zn
25 2105 1 744 9026 448 1589 5543
25 1870 1 625 8250 421 1538 4910
80 8566 0 706 18270 33973 1818 16086
80 7996 0 743 17817 33460 1749 16600
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Fig. 6. XRD patterns of (a) red mud and (b) activated red mud.
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Fig. 7. SEM images of (a) red mud and (b) activated red mud.

Table 5. Removal efficiency of activated red mud for plankton (concentration of samples in solution:

| wt.%)

No. Duration (min.) pH No. Duration (min.) pH

0 10 30 60 Ini. pH Fin. pH 0 10 30 60 Ini. pH Fin. pH

Cochlodinium polykrikoides Alexandrium tamarense
PO-17 92 97 99 100 -0.47 -0.28 PO-17 99 100 100 100 -0.47 -0.28
PO-09 78 80 81 91 -0.23 -0.16 PO-09 98 100 100 100 -0.23 -0.16
PO-18 85 93 95 95 -0.57 -0.11 PO-18 97 100 100 100  -0.57 -0.11
PO-01 54 61 68 8l -0.03 -0.04 PO-01 9 99 100 100  -0.03 -0.04
PO-07 56 79 82 83 0.11 052 | PO-07 98 100 100 100 0.11 0.52
PO-08 85 94 98 100 0.19 082 | PO-08 96 99 100 100 0.19 0.82

Prorocentrum minimum Gyrodinium impudicum
PO-17 97 97 99 100 -0.47 -0.28 PO-17 56 8 92 98 -0.47 -0.28
PO-09 94 99 99 100 -0.23 -0.16 PO-09 39 46 66 79 -0.23 -0.16
PO-18 93 96 99 100 -0.57 -0.11 PO-18 46 52 80 87 -0.57 -0.11
PO-01 89 9 96 99 -0.03 -0.04 PO-01 43 45 63 63 -0.03 -0.04
PO-07 86 94 94 98 0.11 0.52 PO-07 58 68 76 86 0.11 0.52
PO-08 94 96 97 99 0.19 082 | PO-08 43 49 51 78 0.19 0.82
Heterosigma akashiwo

PO-17 91 97 100 100 -0/47 -0.28
PO-09 63 63 68 74 -0.23 -0.16
PO-18 64 68 80 81 -0.57 -0.11
PO-01 58 60 63 67 -0.03 -0.04
PO-07 54 56 58 60 0.11 0.52
PO-08 68 69 71 73 0.19 0.82

— 274 —



HEe A T Az2TAE

pmZ ZAH bk Yo vkgad 9, 2003), AR
FE-SEM 2423, 54 nm WA +% nmdl
Ao E FAHYTt w3 AR A HoFE= v}
s Zo) AEo) wde FYHEY d=E @
A3 2E F4 nme Fujgy Aot

BYHE OE H2AHE

Az7AELY 34 A, g4 ZRAES
Cochlodinium polykrikoides, Prorocentrum mini-
mum, Heterosigma akashiwo, Alexandrium tam-
arense, Gyrodinium impudicum 5 5%0)%1.0.9,
el FF ol %”3454 FEE 1 wt%

th & SN HelFE e Ro] ofF Zaa
Eo o ;Lzm%L g% g4 AeE
ot pH 5 W T pHO| whelelaict

Cochlodinium polylmkozdes, Heteroszgma akashiwo
9 Gyrodinium impudicum® 735, AEE 14
7&% 71202 pH7L AT m}ﬁ‘r 7v7}: 81~
100%, 60~100% = 39~98%2] FA| &S K
Ao}, Prorocentrum minimum B Alexandrium
tamarense®] 733, X ZA] 90% o]AS 27
I 9 308 Fole A9 100% 7H7He FAE

59 BezH, FRHES o) 2o g
58 FAANZAS 54 ANFATHE 5)
3 g

HEZHE d43td G4HEY dist HAx
TAAZA LY 7] st Aysddc. A
ET FTAFEY FEAT HonlolE, 44,
Wal A, AgEolE, ohved R Ao FoE
T AN

Co., As, Pb, Cu, Cd © Znol| &+ 24
A}, As (92%)S xﬂsqa EE F552 AHY
100%9 7}7+e- =& FFES EYoh o3
A g A g 52 %Z}%—.Oﬂ 7]
AE AR HABEUY Fe AHN o3
Fzto] I Ydold Aoz *}ﬁﬂq.

AEo] BAARAGAZTAM | 7}5AS grlIA
kgt pH (pH 1~13) M9 8288 43
St 2AAI, g e Lo r Zde
5 3549 §£859 ~7}H;’i°tﬂ, 53] 44
9 &QMW As, Cu B Zn7t 2 s 2ad
web AES 4AE 3L @E Wl &

A Mgel o a7

9 3359 AARHZ Astel, BAYAAZ

b b5 AR Aoz ArBLh
Y, FHAEE H34, Bolo]E U o

UgA 502 7499 Atk 2445 2E

of g &E4F 23 exe FTEE P29

>

T 6|
F8 a9lojy, %“”—‘1&4 Az A AFEY
Fa&ol AAEE FAstgtt. FHHE
571 4 nme] 5%“]%‘ ol it
Cochlodinium polykrikoides, Prorocentrum mini-
mum, Heterosigma akashiwo, Alexandrium tam-
arense, Gyrodinium impudicum & 559 T#4
o g AzTA 2ge £HF AW, 7A
2&2 pH 53] w33 pHol uiujzsidct
Cochlodinium polykrikoides, Heterosigma akashiwo
9 Gyrodinium impudicum®] 735, AEXZ 1A
7}0 71& 0.2 pHe| wa} z 74 81~100%, 60~
100% 2 39~98%°] TAEES BHoLl, Proro-
centrum minimum % Alexandrium tamarense 2]
BE, BE A 0% ol 27 oF 30%
e A 100%) 7M7hE FAEEE BY
RN, BYIHET ol Hzxd dF
TAARZA Y 7FedS AL Atk

AT (2000) SRS HzAs) WA YT edATE
& A3 Az FEO 4T =7RE AZAE, 11-
27.

WAL, BA4 (1998) 54 AdAFAdE A
AU o] o] AT, hIF7EF 35 A, 20, 543-556.
Add, Ard, WA=, WA, FEZ, FAS
(2003) #7338t @Y FEA 9T Hz7A

A8, A4S AAA, 36, 557-561.

FLES (1976) ##l & B8R, NEHRRHER
K&, #ez Rk e, BE

Apak, R., Atun, G., Guclu, K., Tutem, E. and Keskin,
G. (1995) Sorptive removal of cesium-137 and
strontium-90 from water by unconventional sorbents.
J. Nuel. Sci. and Tech., 32, 1008-1017.

Choi, J.K., Sun, X., Lee, Y. and Kim, EK. (2002)

- 275 —



A

Synergistic effect of sophorolipid and loess com-
bination in harmful algal blooms mitigation. | 3
3 AzgA Zsd B A AEAE, 85-90.
Ho, G.E. (1989) Overcoming the salinity and sodicity
of redmud for rehabilitation and reuse. 43rd
Purdue Industrial Waste Conference Proceedings,
Lewis Publisher Inc., Michigan, 641-649.
Namasivyam, C. and Chandrasekaran, B. (1991) Treat-
ment of dyeing industry wastewaters using Fe'/
cr* sludge and red mud. J. I[AEM., 18, 93-99.
Shiao, S.J. and Akashi, K. (1977) Phosphate removal

A - WA

fS3

from aqueous solution from activated red mud. J.
WPCF., 280-285.

William, F.S. and Hamdy, M.K. (1982) Induction of
biological acivity in Bauxite reside. High Metal-
lurgy, 249-263.

Zouboulis, A.l. and Kydros, K.A. (1993) Removal of
toxic metal ions from solutions using industrial
solid byproducts. Wat. Sci. Tech., 27, 83-93.

20053 12€ 1Y Yard<E, 20059 129 10 A=<

— 276 —



