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Abstract : Fluoride removal by acid and heat treated red mud were studied in batch and column system regarding contact time,
initial concentration, pH, adsorbent dose, and filter depth. The results showed that acid treated with 0.8 M HCI, had highest
adsorption capacity of fluoride and adsorption capacity decreased as heat treatment temperature increased. Sorption equilibrium
reached in 30 min at a initial concentration of 50 mg-F/L but 1 h was required to reach the sorption equilibrium at the initial
concentration of 500 mg-F/L by 0.8 M acid treated red mud (0.8 M-ATRM). Equilibrium adsorption data were fitted well to
Langmuir isotherm model with maximum fluoride adsorption capacity of 23.162 mg/g. The fluoride adsorption decreased as pH
increased due to the fluoride competition for favorable adsorption site with OH™ at higher pH. Removal percentage was increased
but the amount of adsorption per unit mass decreased by adding the amount of 0.8 M-ATRM. It was concluded that the 0.8 M-
ATRM could be used as a potential adsorbent for the fluoride removal from aqueous solutions because of its high fluoride adsorption
capacity and low cost.
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Fig. 1. Schematic diagram of column experiments,
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o] 19.04%2 v i shar ok’ ER B A7
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Red mud®] A 2] 240 2 Z2EALS ulotslr]
3lo] dxg] 347 22 red mud (NTRM)S} 0.2 M-ATRM,
0.4 M-ATRM, 0.6 M-ATRM, 0.8 M-ATRM, 1.0 M-ATRM-&
100 mg-F/LO] E8l3} 2447k HHS & A7 &2 Fig. 2
oF Zro] YepQlet. Ztzke] &8-2 NTRMo| 0.40 mg/g, 0.2
M-ATRM 0.53 mg/g, 0.4 M-ATRM 0.75 mg/g, 0.6 M-ATRM
0.88 mg/g, 0.8 M-ATRM 1.58 mg/g= HCI®] H=7} 0.2 M
oA 0.8 ME F7FelHA E40 ThdFgT FaFo| T
7Val A ek 1.0 M-ATRME 1.18 mg/g .2 0.8 M-ATRMo]|
vlato] Fakeko] Faskalrt. AbA o] wheha] red mud<
zheFo] F7hshe A2 APAT+e] A} red mudo)
Ak ele] w2 FHA F7ket nlAlEg=e] W] 7]l A
oz gtE ) E3F Red mudo) HCl 28] Fe)0s, CaO,
Na,0, ALO;E FeCls, CaCl,, NaCl, AICL; 59] d3}= &)
2 #stelo] ) Abael AFHE F& ASHE WUl ¢3tE §
o] A= AA 54 o]0 §&H o B4t 3t
dES FAsto] F2to] Srlske 2o watdEch 1.0 M-

Table 1. Chemical constituents of nascent red mud determined
by XRF analysis

Element wt, (%)

AOs  Fes0s SiOz TiO2 LOI Total
Redmud 1904 5446 1360 1101 1.89 100
3.0
254
2.0 4
T

Adsorbed (mg/g)
o
L

0.5

0.0 T T T T T T
NTRM 0.2M-ATRM  0.4M-ATRM  0.6M-ATRM  0.8M-ATRM  1.0M-ATRM

Fig. 2. Effect of different acid treatments on the removal of fluo-
ride (Initial concentration: 100 mg-F/L; pH: 7.0; Dosage
amount: 1 g; Reaction time: 24 h; Agitation speed: 100
rpm; Temperature: 257C).
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N
—e—

0 T T T T
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Heat treatment temperature (°C)
Fig. 3. Effect of different heat treatment temperature on the re-
moval of fluoride by 0.8 M-ATRM (Initial concentration:
300 mg-F/L; pH: 7.0; Dosage amount: 1 g; Reaction time:
24 h; Agitation speed: 100 rpm; Temperature: 25C),
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Fig. 4. Kinetic adsorption data and model fit for fluoride remo-
val by 0.8 M-ATRM (pH: 7.0; Dosage amount: 1 g;
Reaction time: 10 min~24 h; Agitation speed: 100 rpm;
Temperature: 25C).

Table 2. Model parameters for pseudo first-order and pseudo
second-order model obtained from kinetic sorption ex-
periments using 0.8 M-ATRM

Initial con- Pseudo first order model Pseudo second order model
centration Qe K Qo Ko
(mg-F/L)  (mg/g) (/) (mg/g)  (g/mg/h)
50 0516 16818 0336 0.524 0.015 0599
500 6535 7435 0570 6.840 0.070  0.806
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Fig. 5. Equilibrium adsorption data and model fit for fluoride re-
moval by 0.8 M-ATRM (Initial concentration: 50~4000
mg-F/L; pH: 7.0; Dosage amount: 1 g; Reaction time: 24
h; Agitation speed: 100 rpm; Temperature: 25C).

Table 3. Model parameter for Freundlich and Langmuir model
obtained from equilibrium sorption experiments using

0.8 M-ATRM
Freundlich model Langmuir model
K (L/g) /n R Qnmglg) K (mg) A
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L 0.5602.2 0.8 M-ATRMQ} E47+o] 733t Aglo] FAH
Ao wbE k™ Langmuir Welo e w9 A
=40 HFAHOmO] 23.162 mg/gC = LpERREAL, 2
A K 1316.240 Limg 02 Urebytth 2 ol tof| Al A A
2k 0.8 M-ATRM & Z|tff S22 7]& dFtoll 4] AAE red
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2 LR TR 23539 o]0 0.8 M-ATRMS- 22 & A o] &t
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pH 73} 90| A= 7+ 2.046 mg/g, 1.063 mg/g?] F2HFS X
Aok upxgte 2 pH 1194 = 0.793 mg/g2)
Efio] 84| pH7} o5 E4x0] FAFE0]
a5 Adch =2 pHoﬂA1 0.8 M-ATRM ]
2 7 7 a9e® AiE 4 Qloh WA
red mudo] &2 ligand exchangeo] 23l &2}

oot o

s

il
rlo
oo T
»N@a

o g @ 3 3
ol
g
O
1r
m-1m ML oy 11101’
Bobop R
o gy 2

x
4>
2

Adsorbed (mg/g)
N
—e—|

] T T T T T

Initial pH
Fig. 6. Effect of solution pH on fluoride adsorption capacity of
0.8 M-ATRM (Initial concentration: 300 mg-F/L; pH: 3~
11; Dosage amount: 1 g; Reaction time: 24 h; Agita-
tion speed: 100 rpm; Temperature: 25<C).
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—8— Adsorbed (mg/g)
—A— Removal percentage (%)

L 40

Adsorbed (mg/g)
N
Removal percentage (%)

0 T T T T T 0
1 2 3 4 5

Dose (g)

Fig. 7. Effect of adsorbent dose on fluoride adsorption capacity
and removal percentage of 0.8 M-ATRM (Initial concen-
tration: 300 mg-F/L; pH: 7.0; Dosage amount: 1~5 g;
Reaction time: 24 h; Agitation speed: 100 rpm; Tempe-
rature: 25C),

o] 2(OH)o] WEE 1L =4 o]2o] FAH =t &2 pH =
AR E Astel 2(0H) 0] HA HEFHA %—?%E}.””” E
3t red mud= thE 5 H(point of zero charge)S 712 3%
=9 E3E2Z A hematite (7.8), maghemite (6.7), gibbsite
(5.0), boehmite (8.2), 18] quartz 2.0)2.2 Z}Z+ T} & &
AAE 27 ok o) SHH oldkel pHolAE Aol &
WS S5 Leho] pH7t Z7ketoll thebd red mud
= SAEE WA 1 SHskel B ol AR vl
| Elo] H271H Fato] raabA Hep S

0.8 M-ATRMO] 3:9]2k2 -5 g0 2 | g Z7}AA B4
HERS AR, 1 S Fig. 7ol e itk
0.8 M-ATRM2] Z9]ko] | go 4] 5 goz Z7}ate2 7
A& Z+7F 22.73%, 31.69%, 42.90%, 50.68%, 53.16% %
Z7keholch vk Thol A S 2,05 mglg (1 g)olA
0.96 mg/g (5 g2 Fastqct o]& §3l 0.8 M-ATRM
o) %ol S71shd B4 AASE oAU B 4

o

X,

o
m[o|v

08 MATRME] $4 A5 42 A4 2 o
3

M-ATRM—g =,
A7 AT % i7} siaie) ARag e, 9A7 A
T FETY B vhe 1Y 529 50%0 o]=Fit 0.8
M-ATRME Z} 1 cm (22 g), 3 cm (66 g) SXgF 74 A
o1 A% 242 1AL 914 5 47 3pakEl7) Aol

I, 1547 & B4 s 7Y 559 50%] =
upzjato @ 0.8 M-ATRME 5 em (110 g) 3 J‘;} Z__._Eg—g
10417 F 47} Shabe9ln, A FRAZ Bl
St 49 59| 50% ofsfolgirh
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0.8M-ATRM 3 cm
0.8M-ATRM 5 cm

— e —
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Fig. 8. Breakthrough curves for fluoride concentration with regard
to 0.8 M-ATRM filter depth (Flow rate: 0.5 mL/min; Co-
lumn height: 30 cm; Column diameter: 5 cm),

Table 4. Column experimental conditions and results for fluo-
ride removal using 0.8 M-ATRM

Mass Red mud Influent Flow M Re
ofred depth/column concentra-  rate (rrtlmg; (?;’Ia; %)
mud (g) height (cm)  tion (mg/L) (mL/min) 9 9 °
0 0/30 10 05 72 348 483
22 1/30 10 05 72 501 696
66 3/30 10 05 72 486 675
110 5/30 10 05 72 639 888
29 Agel we Saad B4 A7 Table do] e}

Witk 0.8 M-ATRMS 1 em (22 g) 2715H9S o E49]
A A ZH( Qo) 5.01 mgol_’, AAE(R)Z 69.6%F LFEFH
al, 3 em (66 g) X oS W E40) AATH AASS
7} 4.86 mg, 67.5%% 1 cm, 3 cm ZZH}o] 2Ho]E Ko
A ATk SHAIRE 5 em (110 g) T3 Alofl= &4 AIAFS
6.39 mg, A|AEL 88.8% 2 7131t

4. 42

B AT AL dRlE AL A ARYRARES
red mud®] A el 2 AXe] 20 BE Baol B &
22 Hlwsta, §3 E4L SIsterh o2 giste] B
sha SAEA, By SHEA, $90 pH L FHA 24
ool whE FAEA, vixmoz A%A] ZA Al i
52 EALS AR Red mude= 0.8 M HCIZ A& 3}
28 o Y Bh G deitisia, WAl e

o &z 50 mg-F/LE 308, 500 mg F/LOﬂHL 1A 7 o
Hyo| xFstct HPZ 2 A A= 25 2e 7HA
3t Langmuir & o] F-315] Z2H(Qm)©] 23.162
mg/gC 2 7|E FAET A YEth 9] pH7t ST

shwl Aol rashs B4 BYXL, Tl F7H
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F5 AAES oA &9 AFY FAFS
A etk A54] 2049 24 AASEE

2 A7} 0.8 M-ATRM®] %7 0|7} 1 em, 3 emd g &
29 AALL 7 69.6%, 67.5%= Z 2o]S UERA] @k
Ak, 5 em FX Alofli= AlAEC] oF 88.8% % °F 21% 7t
sh= 23S dERlth & - A3 red mudo] 2GR A
Aels B4 2 528e STHIA 5 =4 Al v

Ao AgE & e JoR BeH
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