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Removal of Fluoride Using Thermally Treated Activated Alumina
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Abstract : In this study, sorption characteristics of thermally treated activated alumina (AA) for fluoride were investigated. Sorp-
tion experiments have been conducted in equilibrium and kinetic batch conditions. Also, effects of solution pH and anions on fluo-
ride removal have been observed. The properties of thermally treated (700°C) activated alumina (AA700) and untreated activated
alumina (UAA) were compared using field-emission scanning electron microscope, energy-dispersive spectrometry, X-ray diffracto-
meter (XRD) analysis, and Brunauer-Emmett-Teller (BET) analysis. From the experiments using AA thermally treated at different
temperatures (100, 300, 500, 700°C), it was found that at high fluoride concentrations (50, 100, 200 mg/L) the sorption capacity
of thermally treated AA increased with increasing thermal treatment temperature. At an initial fluoride concentration of 200 mg/L,
the sorption capacity of AA700 was 3.67 times greater than that of UAA. The BET analysis showed that the specific surface area
of UAA was about 2 times larger than that of AA700. The XRD analysis indicated that UAA was composed of both boehmite
(AIOOH) and bayerite (AI(OH)s) while AA700 was Al;Os. The reason that fluoride sorption capacity of AA700 increased despite
of decrease in specific surface area compared to UAA could be attributed to the change of crystal structure. The kinetic sorption
test showed that fluoride sorption to AA700 arrived at equilibrium after 24 h. The equilibrium test demonstrated that the maxi-
mum sorption capacity of AA700 was 5.70 mg/g. Additional batch experiments indicated that fluoride sorption to AA700 was the
highest at pH 7, decreasing at both acidic and basic solution pHs. Also, fluoride sorption to AA700 decreased in the presence of
anions such as phosphate, nitrate, and carbonate. This study demonstrated that thermal treatment of AA at high temperature could
increase its sorption capacity for fluoride.
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Fig. 1. Preliminary experimental results for fluoride adsorption ca-
pacity of various adsorbents,
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Fig. 2. Fluoride adsorption capacity of activated alumina ther-
mally treated at various temperatures,
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Fig. 3. SEM images and EDS patterns of untreated alumina (a, ¢, e) and activated alumina treated at 700C (b, d, f). [bar=200
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Fig. 5. Kinetic adsorption data and models for activated alu-
mina treated at 700°C .

Table 1, Model parameters for pseudo first-order and pseudo
second-order models obtained from kinetic sorption
experiments (activated alumina treated at 7007C)

Pseudo first-order Pseudo second-order

Initial ) model model
concentration
(mg/L) e k1 2 Qe k2 2
(mg/g)  (1/h) (mg/g) (9/mg/h)
50 0568 0213 0970 0697 0311 0954
300 1704 0518 0954 1924 0354 0990

20
(€)) 5 =
__ 16 1
(=2}
g 5 1
E 12 4 } 50 ppm
°
§ 08 | a 4300 ppm
@
< 04 | . * t
-
¢ *
0.0 —— - v ——T—
0 1 2 3 4 5 6
Time"2 (hr''2)
16
| (b)
=3 = y=05172x+0.3523
E R2=0.997
T 08 -
a2
2 1 50
S 04 { *OUPPM y=0.1315x
4300 ppm / R*=0.940
0.0 ————— ,
0 1 2 3
‘nmeiﬂ (hrUZ)
Fig. 8. Intraparticle diffusion model for activated alumina treated

at 700C: (a) full x-scale; (b) initial step.
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Fig. 7. Equilibrium adsorption data and models for activated
alumina treated at 700°C .
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Fig. 8. Effect of solution pH on adsorption capacity for acti-
vated alumina treated at 700°C .
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Fig, 9. Effect of adsorbent dose on adsorption capacity of
activated alumina treated at 700C .
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