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Abstract :

Red mud is formed as a waste during bauxite refining known as Bayer's process. Its main constituents are iron,

aluminium, sodium and silica. The disposal of large quantities of wasted red mud causes a serious ecological problem. In this
study, the red mud wasted from the bauxite refinery was studied for phosphate removal from agueous solution according to
activation methods. The influence of heat treatment, and neutralization with sea water and acid treatment level for the
optimum conditions for phosphate removal have been determined. Heat treatment combined with acid treatment is most
suitable for the removal of phosphate from aqueous solution. The optimal condition was activated with 1N HCl solution after
heating in 600°C during 4 hours. Acid and heat treatment causes sodalite compounds which hinder the phosphate adsorption to
leach out. The adsorption data obtained followed a first-order rate expression and fitted well with the Freundlich Isotherm

well.
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Table 1. Chemical composition of red mud

Component of red mud Composition (wt%)
Si0- 11.5
ALO; 12.2
Fe,0; 50.1
CaO 9.1
NaO 1.4
TiO, 12.5
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Table 2. Analysis methods

Item Method
pH pH meter(550A, Orion co.)
Chemical X-Ray Diffraction, Dmax Rint-2200 (Rigaku co.)
composition | X_Ray Fluorescence, XRF-1500 (Shimadzu co.)
PO,” lon Chromatography (500, Dionex co.)
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Fig. 2. Composition change of Fe, Ti elements in activated
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Fig. 4. The result of XRD analysis for raw red mud.
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Fig. 5. The result of XRD analysis for treated red mud by seawater (not heated).
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Fig. 7. Phosphate removal ratio with heat treated red muds.
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Fig. 8. Phosphate removal ratio with heat treated and
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< o), siol s @487 215L F3EA &
4 A9 o7t gleg & Ut

Fig. 9¢] HCIZ F33 1§ ¢ doM gt b=
400°C, 600°ColA] 85.5, 98%9] A|ALL AYch =, &
agdlde A AAY HA @9 dAE AY 7 200°C
ANME 55% o)de] AAE B AU FA4s= 400°C o]
ol AT Ay wiel i "geditke AE 45
395, Y ALE o 600°C F-EollA 1041 A=
oA 57t He Aoz HAZ

ro

a1

33 AXEIAS] QAIBYo| BT ME ¥y
32004 A Aitoll 93 A3t A Fak8-ol e
Tro wE A3 HrtE s JA KH:PO.Z (Showa,
Ist grade) Q1Z#<4(pH 5.8+0.2) PO,~ = 10ppmE Z‘ﬂfﬁ%}
o 200mle] 914k £F g0 HY 2g& FYsla, 4
200rpm2] YE-LFE 3= P JAwTNAM FEA WY
O F 25°Ct1of|A 24217k <t AAsId e, 7 &80)
F94W 400°C, 600°CY) d4A AHAUZE 0.IN, 05N, IN,

400 degree
100
W v
80 v
/
- ¥
R
o 60+
2
il
K]
]
£ 40
[
4 o
4
—— A HCI 0,1N
201 HCI 0.5N
——-%-—— HCIN
F - HCI 2N
0 v . . . - .
0 5 10 15 20 25

Operation Time (hr)

Fig. 10. Variations of phosphate removal ratio according to
acdified level of red mud with HCL

Operation Time (hr)

Fig. 11. Variations of phosphate removal ratio according to
acdified level of red mud with HCL

2N9] AikgdE 9
e,

400C A4 AYdiAE 0.IN 2 2NoA = 30~50%AA =
9] AALE HAed, ol HY WO AdeiolE 3
B AASA ZAAYG dire #xg F]lo wet Al
Fe *Pi}%(oxide) inner sphere complexolA] &3z #FAE

RO Fero] ML} B3 A INE 30%9] 71 Az

AAE Hel BYEA A=F T PPt T2
%_l F 2tk 05N 2 INA 61%, 87%2] AAES B
o

600°C 44 AY AYNME(Fig. 11) A 2NoA 743
e 58S Mgen, INT 0.5NAA 99.6%, 99%2] # 9]
SE PO437E A HE AL & 4 Ak e HEA
S B o INJA= <F 1A)7L 0.5NojM = 3217 A7)
Fag 702 Ko 600TS AA42%9 INg gilez
gAslste Aol HARY 2AAE ¢ F AUk

7% Fd3A Azxsted ArEs

38 mlo ot r‘*'

r‘i%
o

34. 82 S0 oSt &&s
3304 MRS HHe &4 Whyges Axd HUE
o] g3t FAAY TEE FEF IHEH 4FE T F
4249 e o
9t KH.POsZ(Showa, lst grade) 1FHS(pH 5.8+0.2)
PO,* = 10ppmE A|Z3F}e] 200mle] QakE && £l

AY 05 ~ 2.5g8 FY&L, FA] 200pme] FEEETS
e e AerlolA 3E2A WO 25°CtlofA] 244]
7 Bt AAEAT WA Fig 12¢ 349 Z?J‘“*% =3
23 A FAAGeH, AGdAE FAAY s ut
AAES A5HAY. o] AAE Euz Freundllch 52
FRaoz 48 ¥ Az Fig 133 2L, In
0.17, logk : -2.81,02 ueldth 1/ne] o] >29 wie

AE FRAFE F7
e} FaFo]l 2A AsEY] W] HlEEHod, 1/nd]
Zko] 0.1~059] ASE AEzolx ®Bo) Firlo] wj¢
Aozl ¢#lA YKT. Reynolds et al., 1992).

ZohstelE S8R SAEEI Ashgel

Journal of Korean Society on Water Quality, Vol. 20, No. 5, 2004



472 Zolef - v 22 - Z9H
4o} el g A7E FF FYsioler @ Row 47
30 L 100 Heh
<
(=2
;, 25 95
7 3\1 " p—
g 20- I 90 -.—_g Jéli-——l-’—ﬁ_"on_‘l
H T
2 18 —A— final concentration - =
% ~—&— removatl ratio 5 71?} é}’ O]XH% }A}%‘Q] Z:]L]% o]%;ﬂ' ‘?‘7]%%}%‘]9] }ﬂ
g 101 & f?o, ZAE, J of KSEE ol., 22(11), pp. 2085-2095 (2000).
% 05 Frs & B. A. Manning, S. Boldberg, Clays Clay Miner, 44, p. 609
i o - (1996).
' B. Koumanova, M. Drame, M. Poangelova Phosphate removal
: . : . . 65 N : ; ; ;
05g M 159 2 25 from aqueous solutions using red mud wasted in bauxite
Red mud dosage bayer's process Resources, Conservation and Recycling, 19,
. . . . . 11-20 (1997).
Fig. 12. Adsorption of phosphate as a function activated PP ( ) .
D. Chvedov, S. Ostap and T.Le, Surface properties of red
red mud dosage. . N ) R
mud particles from potentiometric titration, Colloids and
001 surfaces 182, pp. 131-141 (2001).
Enzo Lombia, Fang-Jie Zhaoa, Gangya Zhanga, Bo Suna,
Coefficients: Walter Fitza, Hao Zhangb,Steve P. McGratha, In situ
oefficients:
:?9’(():0;)21'2287”3344 fixation of metals in soils using bauxite residue: chemical
1/6:’.0,1665907938 * assessment,  Environmental  Pollution, 118, pp. 435-443
3 (2002).
é:’” 0.001 4 G. A. Waychunas, B. A. Rea, C. C. Fuller, J. A. Davis,
§ Geochim. Cosmochim, Acta 57, p. 2551 (1993).
H. Genc, J. C. Tjell, D. McConchie, and O. Schuiling,
Adsorption of arsenate from water using neutralized red
mud, J. of Colloid and Interface Sci., 264, pp. 327-334
(2003).
0,0001001 o ; o H. S. Alwndogan, S. Altungdogan, F.tumen and M.Bildik,
' ' 3 Arsenic adsorption from aqueous solutions by activated red
C, (PO,”, mgiL)

Fig. 13. Freundlich Isotherm constants of red mud.

1z e

iy U a5 BA 2mskhel og weE A
HEH raw red mud9} 200°Col e Q4Q1d A A7IFL
Aol gle Aeg vehgen uintER 438 1EelAM
= 9N €A A §2 YAE AU} 200°C7) FHd

o} ol A 30%9] v AALE HAL, 400°C, 600°ColA]
oF 65%9] &% Wt

HCIZ 3¢ 152 400, 600°ColA] 86, 98%2] AAH&

& 4o, HCl INZ 0.5NOA] 99.6%, 99%2] Ao &
£ PO AASQ O, red mude] H37 BAslzHoE
600°Ce] H4AF HC INS HAFsgs, o =A9
Freundlich Isotherm Z3} 1/n : 0.17 logK : -2.812.2 e}

O HCIO ejs) 248 HuE ZsEe FHADa 9
& @ 4 ATk F HClO) 9@ 4R 2 400°C ol
dryoz BHNE AR A9 AY uvel Fihg

s AgRels ikl i Ao, 2 GE
3, gsleinsg gl SEDIE-L

1__

== Ehe| x| M0 F5S, 2004

mud, Waste Management, 22, pp. 357-363 (2002).

J. Prdhan, J. Das, S. Das and R. S. Thakur, Adsorption of
phosphate from aqueous solution using activated red mud,
J.of Colloid and Interface Sci., 204, pp. 169-172 (1998).

Jyotsnamayee Pradhan, Jasobanta Das, Surendranath Das,
Ravindra Singh Thakur, Adsorption of Phosphate from
Aqueous Solution Using Activated Red Mud, J. of Colloid

204, pp. 169-172 (1998).

The Influence of the Chemical,

and

and Interfuce Sci.,
L. Y. Li
Environmental Properties on Settling in Red Muds Derived

Mineralogical and

from Bauxites from Several Different Geographic Location,
Queen's University, Kingston, Canada (1993).
S. Goldberg, C. T. Johnston, J. Colloid Interface Sci.,
204 (2001).
. Reynolds and P. Richards. Unit operations and processes in

234, p.

environmental engineering, 2nd edit. PWS co.,
350-367 (1992).

Thakur, R, S. and Sant, B. R. Utilization of Red Mud: Part I
-Analysis and Utiliztion as Raw Material for absorbents,
Paints and Pigments, Jounal of Scientific and [ndustrial
Reseach, 42, pp. 87-108 (1983).

Wagh, A. S. and Douse, V. E.,
Ceramics of Bayer Process Waste,”
1094-1102 (1991).

William. F. S. and Hamdy, M. K., Induction of Biological
Activity in Bauxite Residue: High Metallurgy, pp. 249-263
(1982).

Boston, pp.

“silicate Bonded Unsintered
J. Mater. Res., 6. pp.



