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Abstract : The fluorine-containing waste water tends to show a higher removal efficiency through the coagulative precipitation pro-
cess with calcium. However the tetrafluoroborate produced from the etching process is difficult to remaval due to it's low reacti-
vity with calcium. The objective of this study is improving the efficiency of fluoride ion removal in tetrafluoroborate through de-
composing. Research on tetrafluoroborate decomposition depending on reaction pH, temperature, and aluminum dosage were con-
ducted, using a laboratory-scale reactor. The result shows that the reaction of tetrafluoroborate with aluminum is faster with lower
pH, higher water temperature, and higher AI/T-F (Aluminum/Total Fluoride) mole ratio. It is found that there was no big change
in concentration after over 120 minutes of reaction. This study is to be able to improve the efficiency of tetrafluoroborate and flu-
oride wastewater treatment by using aluminum.
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Ca’" + 2F = CaF,| (1)
H;BO; + 4HF = 3H,0O + HBF, )
BFy + 4AI" + 3H,0 = H;BO; + 4AIF*" + 3H" 3)

AIF"" + H = A" + HF )

Table 1, The experimental condition of batch reactor tests

Condition of pH (Al/T-F mole ratio 10, 207C)
Mode 1 run 1 run 2 run 3 run 4 run 5 run 6
2 3 4 7 9 11
Condition of Al/T-F mole ratio (pH 2, 20C)
Mode 2 | run 1 run 2 run 3 run 4 run 5 run 6
2 3 5 7 85 10
Condition of temperature (pH 2, Al/T-F mole ratio 8 5)
Mode 3 run 1 run 2 run 3 run 4 run 5
10T 20T 30T 40T 50T

oz AYsgom, 919 Table1o] mEWR HP2AL 1}
ehgict.

Mode 1 pHol| W& E3-54H9 9] &8 £=5 435}
7] §15ted, pHE 243 8 et Fulw +d F
30 4o Bass FH5HTh Mode 2= UF1|
ol FUF Hopo] e 23l s9H& SAs] S5k
AVUT-F F v]o] w2t Qotdfrls #9 F 24 555 5
J5k3AtE Mode 3 W22 23l 58S S4517] 918t
o F2F2E o]&5tq vk 2= 24 5, ol FulES
FUon B FE WSS 2PelA

3124 Aol AHRE UL BAF A Helohs AT
AU U B FEES B0 NaBFS
o g8lo] T-F 200 mglL= ZA|5to] Ao 44 A
2 NaFe} NaBF, & Z+Z} 250 mg/LE2 ZA|5}o] ARE-31%
ok AR ARRE dFulEES AlICLhE, Z4-2 Ca(OH),
S AMgEte] sk TF 242 FgAI@ ] weh A
2% Aol F3 = ZA(HACH DR-4000)E |83t =
R

—
Ch :
(]
AV4
Sampling

port <t
[ |
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Fig. 1. Schematic of batch reactor,

Circulator
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Fig. 2. Continuous flow reactor configuration and chemical dosing location,

Table 2. The experimental condition of continuous flow reactor

system
ltem Process 1streactor ~ 2ndreactor  3rd reactor
Injection chemical Ca(OH), AlCls Ca(OH),
Injection mole ratio 06 85 05
pH 9 2 9
Reaction time 30 min 120 min 30 min
Temperature (C) 20 20 20
gto] E3HaAtES Eaol2or Rafjstglen 33 3}3)
Aol A thA] 2435 st EeE 24 oles AA
akgict.

3.1.1. pHoll I}2 E3t2 A 2o Bt
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= 5 270 e
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Fig. 3. Concentration of T-F with the reaction pH and time
(m: pH 11, 0: pH 9, V: pH 7, A: pH 4, O: pH 3,
®: pH 2),
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A% BoHBAIA Y] B ELS S5
Uetsth AVT-F & H] 594 E3-AMNE AATES 90%
oo g Yertor uj&3]-8- 7|15 mg/L) ojW<] ¢+
2l A& 94 mole ratio 8.5 oo dFu|EE Y
alojof st Ao Uyttt Fig 4= Hald Baksrol
AUT-F & B|o}e] AAE vebdl 2102 AUT-F & H|7}
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Table 4. Concentration of fluoride with the Al/T-F mole ratio and

Table 3, Concentration of T-F with the reaction pH and time time (unit: mg/L)
(unit: mg/L) A/T-F mole

Time (min) > 2 8 4 ! 9 1 Time (min) oo s ’ ’ ! o h
0 2000 2000 2000 2000 2000 2000 0 2000 200,0 2000 2000 2000 2000
30 274 39.0 560 1160 1780 1780 30 1562 1329 1037 878 731 59.0
60 13.1 250 460 1040 1720 1700 60 1361 942 706 535 318 258
90 142 230 440 1000 1680 166.0 90 765 632 396 249 1563 128
120 121 18.0 42 4 980 1680 166.0 120 685 360 182 153 1.0 101
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Fig. 4. The relationship between T-F concentration and reac-

tion pH,
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Table 5, Concentration of T-F with reaction temperature and

time (unit: mg/L)
Jemperature
(c)y 10 20 30 40 50
Time (min)
0 200 200 200 200 200
30 672 614 528 482 36.7
60 336 26.4 197 185 16.6
90 247 213 1.9 99 84
120 175 153 92 85 54
220
200 J:
180 |
3 160 °
g 140 - o °
§ 120
g 100 - : o
. S T
A
40 . v o
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0 Waterqueaht;: standard (15mg/L) | :
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Time (mg/L)

Fig. 5. Concentration of fluoride with the Al/T-F mole ratio and
time (O0: 10, m: 85, V: 7, A: 5, O: 3, @: 2).
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Fig. 6. Relationship between T-F concentration and Al/T-F mole

ratio,
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Table 6. Results of the continuous treatment
(unit: mg/L, %)

Process Raw Ist, Removal and Removal
reactor . reactor .
ltem water (Ca(OH)) efficiency (Ca(OH)) efficiency
T-F 500 2280 54 4 85 98.3
BF4s 250 2198 121 32 98.7
F 250 18.2 927 583 978
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Fig. 7. Concentration of T-F with reaction temperature and time

(m: 50C, Vv: 40T, A 30C, 0: 20T, @: 107C).
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Table 7. In situ effluent fluoride concentration at a company flu-

oride treatment plant (unit: mg/L)
Item Before aluminum After aluminum
Con- injection injection
centration Min,  Max, Ave. Min. Max.  Ave,
T-F 640 3160 1160 53 17.0 92
BF4 535 2950 1050 28 6.5 44
F 105 210 18.0 25 105 53
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Fig. 9. A facility fluoride containing wastewater treatment process.
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