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Abstract

This research aims to study the water defluoridation by activated alumina in the fixed-
bed adsorption column and design the water defluoridation for a small houschold by kinetic
approach. The 2.9 cm diameter of PVC adsorption column which confains 1-2 mm activated
alumina of 30 cm depth and the influent fluoride concentration of 5 mg/l was used in this study.
The adsorption study found that regeneration with 0.1N NaOH and 0.4N HCI resulted in
improved fluoride removal cfficiency of activated alumina. The kinetic approach showed that the
experimental constant of k, and q, were 18.713 l/kgs and 4x10” kg./kg., respectively. The
amounts of activated alumina in water defluoridation system for small households at flow ratc of

30 Vd are 26.45 and 112.7 kg for a continuous using period of 1 week and 1 month, respectively,
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13197 2.1 ﬂ%‘umw!Qaa‘li@‘f‘lumwmmmﬂ?mﬁu (Mecnakshi and Maheshwari, 2006)

Food item F {mg/kg) Food item F (mg/kg)
Cereals Nuts and oil seeds
Wheat 4.6 Almond 4.0
Rice 5.9 Coconut 44
Maize Mustard seeds 5.7
Pulses and legumes 5.6 Groundnut 5.1
Green gram dal 2.5 Beverages
Red gram dal 37 Tea 60-112
Soyabean 4.0 Acrated drinks 0.77-1.44
Vegetables Spices and condiments
Cabbage 33 Ceriander 23
Tomato 34 Garlic 5.0
Cucumber 4.1 Turmeric 33
Lady finger 4.0 Food from animal sources
Spinach 2.0 Mutlon 3.0-3.5
Lelluce 5.7 Becf 4.0-5.0
Mint 4.8 Pork 3.0-45
Polato 2.8 Fishes 1.0-6.5
Carrot 4.1 Others
Fruits Rock salts 200.0-250.0
Mango 37 Arcca but (supari) 3.8-12.0
Apple 5.7 Beetle leaf (pan) 7.8-12.0
Guava 5.1 Tobacco 3.2-38
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(Nigussie et al., 2007)

Chemical compasition Percent (wi, %)
Quartz (Si0;) 39.99]
Kaolin 5.383
Al (504); 1.77%
AXOH): 0.878
CaS0y 0.194
Fea{504)a 0.023
FeaQy 0.001
MgSQ, 0.0{8
Na:5Q, 4.007

K250, Q.005
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& d{ 2PN A o 4 R L R <4
HERIDINUTIFI LAZAT0IWUIgUITH YUY U809 Solid phase U949 Activated alumina %9970
1 i =] @ o
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«AlIOH+ F~ @« AIF+ 0H™
*AlOH; + F~ & = AIF+ Ha 0O
* AlOH + 2F~ & «AlF +0H™

1 ¥
dlovuagaw nsduamwmusan laaems 98 15aza10819 WU NaOH Tavlds
y o aa o o . .
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SAIF+ OH =% AlOH + F-
¥AlOH + H,50, =3« AlH,50, + HOH
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(hr) {ml) {%T) (mg/1)
0 0 0
0.5 90 0.349 0.10
1 180 0.343 0.30
1.5 270 0.329 0.77
2 360 0.326 0.87
2.5 450 0.309 1.43
3 540 0.296 1.87
4 720 0.294 1.93
5 900 0.290 2.07
6 1080 0.292 2.00
7 1260 0.289 2.10
8 1440 0.286 2.20
9 1620 0.276 2.53
10 1800 0.273 2.63
12 2160 0.272 2.67
14 2520 0.270 2.73
16 2880 0.269 2.77
18 3240 0.264 2.93
20 3600 0.251 3.37
22 3960 0.243 3.63
24 4320 0.235 3.90
26 4680 0.213 4.63
28 5040 0.202 5.00

36



37

NNHAVDININABDIAIIT 4.2 Nidas s Ina 1 BV/ar uazdvuanundudy

&0 °y ) a 1 o oA o L= & o 1 Y o

voarlgee lsaluiheonuifiumidy Lo Tadnsudedas Fuiludunasgruvesiges’lsd
¥ x Vo

dwmfuidu sgwud USasnihga Breakthrough A uvify 381 iadans wazwudinlSuias

:’ Py = e & oma 4 g - :’ = 9 g bl o

11719@ Exhaust YA U0 5040 fiadidas Fudugaimireonimanududuvosgon’sa

o = 3 ey or Y 9 o' oy Y A -
wiriumselndifsaiuanudutuvesiges lsaluniudn fe s Tadnswans

o ar 5 A w o dees
4.2.2 Nﬂfn‘iﬂﬂﬁﬂﬂﬂ']5ﬂ1ﬂﬂﬂgﬂﬂ\‘l‘iﬂﬂﬂﬂﬂ$guu1ﬂﬂuuﬂﬂﬂﬂ‘i’lﬂ’l‘ﬂﬂﬂ 2BV/hr

o a :} = = od or LY
'”'l]'lﬂﬂ'lﬁ'ﬂﬂﬁﬂﬂllﬁﬂ’lﬁuﬂ'ﬁ)ﬂi’]ﬂ’liulﬂﬂﬁlEN'H'W'I 2BV/ihr (ﬂﬂtﬂuaﬂﬂmﬂﬁﬁmmn

o aSe o

= A o 4 Y o A @ oA o ar
6 UARAATAIINY ElJE]ﬂ'lﬂ"I'iﬁElHﬂ'liﬁﬁﬁ"IElT\IQB'E]ulﬁﬂﬂ’)']‘JJWWUH 5 UannNsu/ansg wngneauu
r ' A Yy o :’ ar [} n‘.: oS ey 4 = o _ o ' Ay @ o g
BUNMNADIUDI UAAUNUUIAIDYIIATIOE 20 HEAAGAT 1ﬁ°llrJﬂT|E1"Iﬁﬂﬂ H'IﬁTJE]UN‘Iv’Illﬂhl“IJ'JLﬂﬁ'lgH
1

LY aa o A A W e @ w ] o 0
ﬂ@ﬂﬂ‘lﬁﬂﬂﬂﬂjﬁ SPADNS Wﬁﬁ]’lﬂuuu'ﬁlﬂyﬁﬂqﬂWUHﬂ‘ﬂVIﬂ'ﬂNﬁMWU‘ﬁ‘i%ﬁ?N‘]JS‘JJW]'E‘L!']
4 Mt ) oqf b= w " A )
ﬁzﬁﬂﬂ@'ﬂﬂﬂ1ﬂﬂﬂﬂﬂulm$ﬂ'ﬂuHJ'JJ‘UHEUﬂﬁﬂg@ﬂqﬁﬂiuu']'E]ﬂﬂ"lﬂﬂaﬂ'ﬁﬂﬂﬁﬂﬂﬂ\‘ig‘ﬂ'ﬂ 4.3 %3

W o 1 Y 9 o 3’ P o ' = é'
Llﬁﬂﬂﬂlﬁﬂ’il.l')'l ﬂ'ﬂllﬂlll‘ilu‘UENT‘IQ'E]'(‘JUISﬂcluu'lﬂﬂ'ﬂﬂﬁ]’lﬂﬂﬂﬂllu‘Ué‘i‘uﬂ'lﬂﬂﬂ”] qwumm

1 o L

~ 5 e A el = a1 W ol e
szpzminAfon ATt wag nildezgihdulud luamsagadurgea’lsd 1dn

A

v o' :‘ = o 1w q ¥ o g 9 4
ﬂ':]’ullsﬂﬂl'ﬂu%ﬂﬁwgﬂﬂuliﬂiuu1@ﬂﬂﬂ%33]ﬂ111’11ﬂﬂH'iﬂlﬂﬂlﬂﬂ\?ﬂﬂJﬂ'J‘llJL“UlWH"UENNQ@@nlﬁﬂ

ny ~ ¥ ar o
Tuhfinhaedisl

()

A (WN./a)
Lo

lgeols

o
LI THLUI U
[

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 600G 6500 7000

U’%mmﬂl (ﬁtfﬁam)

=y I e ot .

‘ij‘ﬁ 4.3 Hf\ﬂﬁWﬂﬂﬂﬂﬂ]iﬂﬂmﬂﬂﬁﬂﬂhlﬁﬂﬂ’]ﬂﬂx HINUUUA ﬁ @]§1ﬂ'|§111’iﬁ 2BV/hr



38

M99 4.2 Mmagasurgoslsa 2BV/r)

nan | e fganiu | awvlgenlsd
(hr) {ml) (%T) (mg/1)
0 0 0
0.5 180 0.337 0.50
1 360 0.329 0.77
1.5 540 0.329 0.77
2 720 0.322 1.00
2.5 900 0317 1.17
3 1080 0.305 1.57
4 1440 0.303 1.63
5 1800 0.298 1.80
6 2160 0.281 2.37
7 2520 0.272 2.67
8 2880 0.255 3.23
9 3240 0.257 3.17
10 3600 0.243 3.63
12 4320 0.244 3.60
14 5040 0.213 4.63
16 5706 0.207 483
18 6480 0.202 5.00
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a1 | d5nasi aganan | amlgee’lsa
(hr) {ml) {(%T) (ing/1)
0 0 0
0.5 90 0.344 0.30
1 180 0.339 0.43
1.5 270 0.337 0.50
2 360 0.332 0.67
2.5 450 0.327 0.83
3 540 0.325 0.90
4 720 0.319 1.10
5 900 0.307 1.50
6 1080 0.292 2.00
7 1260 0.290 2.07
8 1440 0.286 2.20
9 1620 0.277 2.50
10 1800 0.273 2.63
12 2160 0.264 2.93
14 2520 0.256 3.20
16 2880 0.249 3.43
18 3240 0.220 4.40
20 3600 0.219 4.43
22 3960 0.207 4.83
24 4320 0.202 5.00
26 4680 0.202 5.00
28 5040 0.202 5.00
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nar | d5iasth Aganiu | Mgoo’lsd
(hr) (ml) (%T) {mg/1)
0 0 0
0.5 180 0.347 0.20
| 360 0.345 0.23
1.5 540 0.339 0.43
2 720 0.337 0.50
2.5 900 0.329 0.77
3 1080 0.328 0.80
4 1440 0.317 1.17
5 1800 0.303 1.63
6 2160 0.283 2.30
7 2520 0.276 2.53
8 2880 0.267 2.83
9 3240 0.254 3.27
10 3600 0.249 3.43
12 4320 0.235 3.90
14 5040 0.212 4.67
16 5706 0.202 5.00
18 6480 0.202 5.00
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Al

a T ar i d
A13197 4.1 Asgasurigen lsa (1BV/r)

nm | 5nesh | digendu | Algoelsd
(hr) (ml) (%T) (mg/D)
0 0 0
0.5 90 0.349 0.10
1 180 0.343 0.30
15 270 0.329 0.77
2 360 0.326 0.87
2.5 450 0.309 1.43
3 540 0.296 1.87
4 720 0.294 1.93
5 900 0.290 2.07
6 1080 0.292 2.00
7 1260 0.289 2.10
8 1440 0.286 2.20
0, 1620 0.276 2.53
10 1800 0.273 2.63
12 2160 0.272 2.67
14 2520 0.270 2.73
16 2880 0.269 2.77
18 3240 0.264 2.93
20 3600 0.251 3.37
22 3960 0.243 3.63
24 4320 0.235 3.90
26 4680 0.213 4.63
28 5040 0.202 5.00
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P 1 o a
M1919% 1.2 Amsgaturges 1sa 2BV

ne1 | P3masih fganiu | anlgeslsd
(hr) (ml) (%T) (mg/1)
0 0 0
0.5 180 0.337 0.50
| 360 0.329 0.77
1.5 540 0.329 0.77
2 720 0.322 1.00
2.5 900 0.317 1.17
3 1080 0.305 1.57
4 1440 0.303 1.63
5 1800 0.298 1.80
6 2160 0.281 2,37
7 2520 0.272 2.67
8 2880 0.255 3.23
9 3240 0.257 3.17
10 3600 0.243 3.63
12 4320 0.244 .60
14 5040 0.213 4.63
16 5706 0.207 4.83
18 6480 0.202 5.00
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Maan 4.3 fingaduviges lsaludnin ( 1BV

nm | Usasth | Aigandn awlgonlsd
(hr) (ml) (%T) (mg/1)
0 0 0
0.5 90 0.344 0.30
1 180 0.339 0.43
1.5 270 0337 0.50
2 360 0.332 0.67
2.5 450 0.327 0.83
3 540 0.325 0.90
4 720 0.319 1.10
5 900 0.307 1.50
6 1080 0.292 2.00
7 1260 0.290 2.07
8 1440 0.286 2.20
9 1620 0.277 2.50
10 1800 0.273 2.63
12 2160 0.264 2.93
14 2520 0.256 3.20
16 2880 0.249 3.43
18 3240 0.220 4.40
20 3600 0.219 4.43
22 3960 0.207 4.83
24 4320 0.202 5.00
26 4680 0.202 5.00
28 5040 0.202 5.00
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s v Qs Y o 3
M99 v.4 insgaduvlges lsaduanm (2Bv/r)

nev | Wasih | sgandu | swlgeolsd
(hr) (ml) (%T) (mg/)
0 0 0
0.5 180 0.347 0.20
1 360 0.345 0.23
1.5 540 0.339 0.43
2 720 0.337 0.500
2.5 900 0.329 0.77
3 1080 0.328 0.80
4 1440 0.317 1.17
5 1800 0.303 1.63
6 2160 0.283 2.30
7 2520 0.276 2.53
8 2880 0.267 2.83
9 3240 0.254 3.27
10 3600 0.249 3.43
12 4320 0.235 3.90
14 5040 0.212 4.67
16 5706 0.202 5.00
18 6480 0.202 5.00
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15199 U5 M Breakthrough Test

59

V(ml) Clgm/1) C/C, C,/C C/C-1
0 0 0 0
180 (.200 0.040 25.000 24.000
360 0.233 0.047 21.460 20.400
540 0.433 0.087 11.547 10.547
720 0.500 0.100 10.000 9.000
900 0.767 0.153 6.519 5.519
1080 0.800 0.160 6.250 5.250
1440 1.167 0.233 4.284 3.284
1800 1.633 0.327 3.062 2.062
2160 2.300 0.460 2.174 1.174
2520 2.533 0.507 1.974 0.974
2880 2.833 0.567 1.765 0.765
3240 3.267 0.653 1.530 0.530
3600 3.433 0.687 1.456 0.456
4320 3.900 0.780 1.282 0.285
5040 4.667 0.933 1.071 0.071
5706 5.000 1.000 1.000 0.000
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