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Waste concrete powder was used to remove fluoride ions in highly concentrated fluoride wastewater.
92.6% of fluoride in 100 mg F/L wastewater was removed by 1% dose of the cement paste powder that

represents characteristics of waste concrete powder, whereas the removal efficiencies of raw cement and

lime were 47.3% and 96.4%, respectively. The cement paste powder was competitive to lime, common

fluoride removal agent. Various Cabearing hydrates such as portlandite, calcium silicate hydrate, and

ettringite in cement paste slurry can remove fluoride by precipitating CaF, and absorbing F~ ions. In the

experiments using both cement paste and lime, 50~67% of lime can be substituted by cement paste to
satisfy fluoride effluent limitation of 15 mg/L. Since cement paste has higher acid neutralization capacity

than lime, it can be recycled to neutralize more acid and to remove more fluoride. Therefore waste concrete

powder can be more economical and viable alternative for lime in fluoride wastewater treatment.
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R3HA AAT| S8 BARS AFEEka slen, dA

Azl o] fevete] FEAS o R B4 2A

% LCD Az 3749 #Fe vt 3718k ol & Ashed B2 ¥ 8o
] & Qe #Y 9 FH 3 01\3} (Zabban and Jewett, 1967; Benefield et
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o, QIzbo] BAVIEA| o] BAE WIACR A B Foll U BHAY FH45H F AFd so
AG9e W ), 2 s A A A8 2lgo] FAHKA (Talor, 1990 Wang, 1998
2he 2 A7) o4 Yehlle 59 4% AWE  Palmer, 2000; Parkeral, 2003). uwpehr] B Aol
fele B4R d5 l Ba AAE BteA Bed 71E8 B A2AQ 243 E HEAgEsE
T} (Benefield ez al., 1982: Reardon and Wang, 2000) w2 tfH et Aeo A Hrh AHd v/ o5,
EEE AP Y8 A2 nE S B4 A APHEF sn A4H7EY A £ % A%
BT A BaALAE Adele AT BT A4 el B 4 i Yol el AEALT,
o AAE 0 ek oA F2 ALEE wEe
243 (CaOH)y) el 93t Z3 ¢ Adxe2 GFR2 2. AyxizE 3 Uy
ARAAXNA BEAa ABRL A Ase ol th(Boruff,
1934: Culp and Stoltenberg, 1958: Benefield, 1982; 2.1. AEN=
KB K R 22 i, 1995). et &M 3)9 AL ERES U a5 FAAE 9
257} o) & ol mEke] FEL Edlgledol 3lm dto] HEAWMEAY(RFE TEJE AWE, 2003)
0] w2 n}a@l se)A) (o] 24 WAl 2-3u)7h  (Table 1) AMES A}%é}%i, AHE Ho] AEL
WAt ek B S HelAl 243 £4) Bl g E/AME HZE 059 FAAE vEEo] 28Y A
3} e sex Aeve S0l B ERTel 7 % SiveNo. 100 0|3k A7-E3H0] 150um o]3
S50 SIh(Takai, 1996) 8 Basl5ol GiF, 3 9 22e Agade
A e WaElshs o A9 FEEAGL Al Fe Eh EE §92 0.221g9 FF AldrichA}
)0l ol VEFPeRE BAE WMES L] 9.9+ %9 NaF & AabS{4ol £38lA1#A 100 mg/L
T ol & A A7} ol rh(el R T, 2002). as F'2 xdstgon, F71&4A =2 AldrichAl
oo ¥ ApME 712 HAN 245 Ol 9.9+%9 243 (Ca(OH),), F et (CaCly) - A
Ask7) ol el 2 BRI db A8 Segr,
71EQ A EZA EREE BT AR A EA doee o AT SHAF weA Ax T
A wgT e AR AN AEae 2 )R CaA A TS Aol MEe
AN Aldel F&4 Bz Qs o] 5 BAASE T AEY slen, dA HIAe
3te] 2001d= ZAAE 71 & DARE 199%6d HlE] ERS2 AE Caal FAA A g A H 7
°F 400% F7teted 2010w oF 19 2 A3d &2 150um o|st EEE AT
Rog FHAHEAR, 2003). TAE WEHA7NE
2 AGEAA A AR FHE AA AL 9 2.2, AEER 9 Uy
FEHAT, 24 g Edow wAEHE A
FAYNERFEE opg A &8 - AALEA T} glo] # 221 4845
FAERETY Ao &2 ALHAYE Hd A3 2 AgddM e s Aol 12 AejA
i Asfof & ThAojTh 1% BAATE AR A4 &3t EA
HEZIYERTL EFA 2439 CSH(calium o] pH A5 EHE 24 ate AAg Mdoz, a4
silicate hydrate) 7} %o] gf¥lo} 9z & A33t 5 3 Al AHE Ho|~E9 ANHE 8 FUste
g3 Ao viEHAol §& FEE Hol glol F i distd HEST Al FNA 255
Table 1. Chemical composition of the ordinary portland cement
Oxide Ca0 S0, ALO, Fe,0, MgO Na,O K,O SO, LOI
Composition(wt %) 63.41 21.96 5.27 3.44 213 0.15 1.02 1.86 0.78

*Loss on ignition
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Table 2& A HE Ho]~2E T (75um o] 3},
75~150um, 150~425um, 425-1000um)ol} W= Ei
AAEY d3s AHE AxE Jed Holth. 7

Y= 75um odt PAF AAE F 94%, 79%,
8% 2 dA 2717} E4E L &5 JeEidd.
3 o 9 Z Ae5% HERA ] Hel §
2 wo] gAEe] Bao AA o] Folxl Aow
o, 2 vEY 45T 2o A0 BB
YL AT AL ¢ 7 oy AEZINERT F
89 BFYL YFSE B3k @ 5 AT weby
7V AA o] =L Sieve No, 200 o|3tE ¢z}t A7)
2 MAstofof stAIRE, Al AEE AN A
2 FHAA WEsH e HEZIHERTY =st
14
17 112
10
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O 1% Ca(OH)2
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= = pHof 1% OPC paste

Fig. 2. Kinetics of fluoride removal by Ca{OH),, cement and
cement paste. :

Table 2. Various particle size of cement paste

Sieve No, 100 o]3}Z ¥A5 7] u] Fof Sieve No. 200

ol3kst AAL WA 2 FolE

439 H7e] 44H7] AAaT o2e A

HolAl ¢+ 150um
olgtE £ e it Zv|7 AA sy}

| Felzo| me A
o 2 AI2HE ud el AN =
HE Fo|2E FU TS N

—

dPT S UG, E
¢ 500mg/L olde] HuE W BFF
1,800mg/L ©]7 YA &

[e]

14
/
0.04 e —— = -
/ / 12
|
,/ 10
003 /
| .
8
g ! J/ z
. o
¢ ooz | e le
] I /
I / 14
001 .
/
* 12
A A
0 0
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Ca({OH); Dose (mg/L)
— Total dis-calcium —— Total dis-fluoride
- = =Fluorite(CaF2) — - Portlandite

—— Total fluoride — = pH
Fig. 3. MINTEQA2 predictions for removal of fluoride by Ca(OH),

dose.

Sieve No.(size) ~200(~75um)

~100(75~1504m)

~40(150~4254m) ~18(425~1,000um)

Removal Ratio* 1

0.94

0.79 0.78

*Removal ratio is the fraction of removal efficiency of the particle size of each Sieve No. to that of Sieve No. 200
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237} o o4 £35 R ol Aol Lol CaF, o A & g} AolE Holmz FAXQ 1.800mg/LE 7
A A P Felata] ¥ gnjstnz 243 kel HHA|Ql 1,000mg/LE FYFez A8
2 1,800mg/L 01} FUste AL AF FY H= A o
o2 Fgk 3Ao 2A Y] A= Hele] Hrt
3.5. A|lHE Ho|AES Hg U aAs|e} A3}
3.4. oEX|1} AEx|2| H{LL Zvgo| tixgol 2 A
Fig. 45 298 J&X3 HEA & 243 FUF A2X3 Fld e 24 3 Ay FEY WIS
ol }E FEHEE Jehd Aolth A¥XE W BEI 2ddy JdEX9 Add) o3 A E H
522 st B ¥E(Ceq)E WA F 242 o2 AMIE ¥o]2E $£Y%FS 1,000mg/LE 2% s}
o2 Byl AN Fe]l 4L o thh Aol gk 27] pH7E 3ol EAFEF 100mg/Le 1
2 Ro|7l sht AwrACl EarEs Z¢ v Wi Hed AWME HolA~E 1,000mgs FUT A7 H
Agfo] o 2|7} Y ete A4S AU 2719 o F BAEE) STmg/LE oF %] BA AAES
Zx 2 4@ 9 Aol thE W 01‘:‘%9] EAqe]  wgen, ZFARE (Ad Hprt ddeld 73
98] o] &A= 7t FIVSIHA o] & = A9 A pH 1112 widn S 2318 & Sle 58] s
o] 7} A = 3171 W&ol o (Lin and Huang, 1994), &= & #F F At o] AZHE B3 AME FHo|x
3 2HH Ba BHgetd YAHE GRE #2949 E B2 A7s 2 453 vUe ¢ 5 ageu
(metastable) AFEjo]7] W&o mALE 27 FAE  wjE3 878 mg/L(34 R, 2000)E 35% 7+
2 ZAsle) ARAE AR Feluz AMHA 23 nFEE FA HBR Kt & B4
3 o gz EAs] e} AEAR AP AA 18 dehly] Aane AE delaEd)
zpol2 Hol= Hoz wohEth(Parthasarathy et al, B FUFHojof Fth AT AIME Ho]|2EE 7
1986), wetr Rdag B3 A nsH  F FUM HU o] A weR 23 A
500mg/L7} AA FAFolAw A HEL B & BAE opltnR J1EY F AYAR ASHE &
M3 e dskdgs £ FYste Wl dig e
14 TS ASete A4S Fdatg
4 i Fig. 5¢} Fig. 62 & 24 F9FE FLot st
112
““““““ G 10 400 [ 14
o . A S A
g pH 300 | 110
1s
I '\é: 18 =
=900 |
e L 100 | —— fluoride 14
0 1000 2000 3000 4000 5000 e calcium
Ca(OH), Dose (mgiL) % pH 2
® Fluoride — - F-in MINTEQA2 0 0
o Ca2+ — — Ca2+in MINTEQA2 0 3 50 67 100
X pH — pH Substitution percentage of cement paste (%)

Fig. 4. MINTEQA2 model predictions for fluoride removal by
Ca(OH),.
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Fig. 5. Effect of substitution of cement paste for Ca(OH), on
fluoride removal.
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400 | st Aol #eEn. a8y oF 67% AN B
T2/t Img/LZ w38 4158 v5elA] Al
2 d7e 12 dHe] AEE =dsas she 24
300 o2 A3 Ao|nB 1Smg/LAM 10% o} <3}
) Wele 84 shesiviy dadn}. £33 g 24
%’m _ A R ARE AYE stER 70%7K gAA] 2
§ S AA @S Aoz AuEn, A& Y-S
50-67%2 Tha WA T A& A4 YA 2d
100 |/~ fluoride T AE F9 2 FggE 93 L= ZvtE 9
—&— calcium 3 Az BaAs) o8 497 A 4 9y

- W g o482 w2l d ol

33 50 67 100

Substitution percentage of cement paste (%)

Fig. 6. Effect of substitution of cement paste for CaCl, on Fluoride
removal.
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Table 3. Fluoride removal efficiency by substitution rate with
cement paste

Fluoride removal efficiency (%)

Substitution
percentage (%) Ca(OH), CaCl,”
0 95 76
33 93 93
50 9N 92
67 83 88
100 45 45

*CaCl, doses are equivalent to the Ca®* input by Ca(OH),
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Fig. 7. ANC(Acid Neutralization Capacity) of cement paste with 2 N
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Vol. 19, No. 2, pp. 125-134, 2005 HEZYEL TS o] 8¢ B2t 2l
EAYE & 5 AT pH 4 o8k FAA E& o] 2 (PO) 2,000mg/L, A A+l o] & (NO,)
AAEE Hole olfte Baol2(F)o] $£201&  60mg/L, COD 50-500mg/L, SS 150mg/Lo]T}.

(H")3 2t E854(HF)Z 4317 o] Ad A3 2438 AHE #Ho|~EFE 50% th
i, pH 12 o}Ze] e The 2ol 2(Cl,  3ge o ¥4 ALl 5%y 48 Ana 91%

A

OH, SO;)o] CaF, WA o] w&ol| w2 &3

bt

u| 2 & 74%, 70% HAA 68% AAEGH

o
Tee doA CF, 448 3AA 2oyl W 2124 29 AHRy 247 ok 17%, 16%5 2 4
Jl Aoz AetEvh(Huang e al, 1995 Huangand 7 &S RQtH(Table 4). $& A ALL Hol= 1%
Liu, 1999). 2 9912 7] pH 12614 #F pH 572 vt pH
B da ol 1abdel 2,000mg/L o] R
3.7. HEZIAZERY HE ol Zgol T o5 e FHg 9 Foj ¢
ASANERY SAS dES £UT AEE vt dy) 5o} 3By Y AFutIe 182 Mol 2
Fog dA dr1Er e AEAYERE L £ & oz wddd lwt T 5] H8A] o
Aol HEAA Birh Cahd FAAA AN LA 74%4 66%9] AA&E Holn] 7]g} Az} <l
g HZAERLS Sieve No. 100 0|3tz #7}& S OE CHEAE F3 2 AN oE B
dto] 22 2HelM 48E #9329, HEAYE %Jql Aol AAR 2N FFAQ Atet & 5
T FUG AN Yehd e pH ASEHE o A MEHE d2IUER DY nEEe £
UAT pH 10~-112 £& AF3; 5] &S &4 Bau4s 322 48 Ao Hgx ] B2y v A
T AT, EF AZANERD FN B2 AAE AL Y oz Bl g AP St
T AME #Ho]2ERT % 16% A e o] gy
AL M =& AAEE Bole pHo 2397 382 2F% £F ENAS (WA FH)

102 deksn, EF AlZko] 27 22l DeA FHAN TAsE ddFE B35

E Fihzo] B go| A4Hel HEAe] (HF), 32344 (BHF) S A}438% Oxidation 2
ol kA W HEHAS 2 §7] Wl 3} HFE A} & 3 & CVD(Chemical Vapor
o}, Deposition), Metal, CMP(Chemical Mechanical
Planerization) ZA oA ZAHET}E Oxidaton &>

3.8 Al ®M EHESE 93 ZEFH 02 silicon wafere] BHE 3
3 WA SozRE BEE FYolm CVDE film

381 As® B B4R (HBTA) < FAFER e B oln] Metl2 F&uHE ¢t
e A9 2e UM AATFAA WE & FHo|t} o] HiE 99 2 THAAM wWjEH A
He BAASE Mg ARFAY dere £ zEgsgon AW 2N TYHE FAL @
T2 F4A =X, Wl AF FHAA EE Qo] o€}, Table 5= EAtH S E4S ek
ALz 7t N B HFE TR oM, o] Aoz 27 pH 33, BA0]2(F) 1,150mg/L, B
Ha 27) pH 1.2, E40]&(F) 100-300mg/L, 14+ o] &(Br) Bmg/LOR T e o|d o3 "7}

Table 4. Performance of cement paste for real fluoride wastewater*

Fluoride (F)
Nitrate (NO;”)  Phosphate (PO,) pH
50% substitution 70% substitution
Raw wastewater (mg/L) 118 118 64 2,110 1.2
Treated wastewater (mg/L) 31 38 31 1,150 57
Removal rate (%) 74 68 52 46

*Electroplating plant
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Table 5. Performance of cement paste for real fluoride wastewater*

Fluoride (F)
Bromide (Br) pH
50% substitution 70% substitution
Raw wastewater (mg/L) 1,150 1,150 93 33
Treated wastewater (mg/L) 10 14 63 11.2
Removal rate (%) 99 98 31
*Semiconductor manufacturing plant
< 1F%E orE Tl W A aeF o
B4 A3 At mel 2430 AJE Fo]x 3) AMEFo|2EE 2X3)% F&dte de F
EZ 50% ASAS o 27] pH 33004 pH 112 st} AAF A} wj2 871 ) A4 A7t
2 I e 58 A5 58S Belon, B4 A o9 23 A BAE opr|strE 4AM3|9 oF
A&S oF 9% VERR A3 w& 78S HA 50-70% WAzl FYde o] MY =& 888
o} 3 AHE #Ho|AER 70% WA 98% AA  Holg AlxdHeld wdAg w3 dilugg £
589 Hgod HE4 A% 2% 2o & 8-16%  SPARY AHESHE A 2420 Wg) 254350
Fe AASE YRS oA £ AA B&E leln AF8 FEol ] fEe) 28T E
Boly 4 A91€ pH 450 M2 B4 AAL F  BAZ Heshs ol urk g0l 3 AA Hol}
7heb kol 443 etmingite E CSHej 4 3 25 4) ANC 23 A3 AWE #o|~2Ex CH, CSH
ol efatst FHo| % Aolr], CaF, o) AAE F  CAH 59 53180 g8 & 258t 5o] 74
AR GFE A A7) ARolet BHE. @S ¢ & Qw59 754115 TR A %
& B2 AAES Y. ol F3 Eavre
4. BE pHell 433] J&AdE & F AUA
5) Ba2 A Ao} 2 2PN HA e
E AP AEZIERLS o8¢ BAAs  He AZIYERES AL AdEe #YRe ), A
A2 A& 7FedE oty AT AP S & FAYUERT| AME Ho|2EHT 16% ¥ &8
P A3 o3 22 2ES AU = BYoH, Ay £8 duFd A8 3£
1) AEAY 23 ARE Fo|2Eg 2438 74 ¥ AFART 15% 7HE 52 AAE 21, 1%
7} 22 kg FYIG S W, AYUE Ho]xES B &k &F BN FEA AR o 15% S/ AA
& AAEE %k M%, 2X3E o W6%E AWE J &8-S YRt
ol2E7} AN Agde AHE YERYeH,
Z7] pH 3¢lA] pH 11 o422 F7l3le & A% ARAL
3t eES HowH A EREY Bt A
gA 2o A go] 7Hsotiint. = d7e S MAE, AW
2) 9= A AEE E8) 75um o]&ts} 150um o] S0305110-A01700048-19013011) A gog Eﬂﬁd

ato] Yz e B
A eksk7] w el A 1
HE 9=379 7
150um o] 3}e] v‘i‘—“‘
AA71h A&
AV 8%
o HEagE

& AA %) Zel7} Ag) 1}
EEEDEEL mcw e

i

133

o, ol FAL="Y T

o2

ol A, BAA A fElY (2002) Calcium Chloride 2+
Alum g o] 88 B4 AA, A FE3 2], 24(12),
pp. 21512161



Journal of the Korean Society of Water and Wastewater
Vol. 19, No. 2, pp. 125-134, 2005

o4 Ae

&
i
(1992) AlNE 88 No. 126, pp. 22.

(2003) EE=xtg, AALAV S AP EAZ AF et

(2004) +AH R A,

KK EEREEA SR (1995) RIKBEKESE(E
&R, pp. 577-578.

Benefield, L. D., Judkins, J. H. and Weand, B. L. (1982) Process
Chemistry for Water and Wastewater Treatment, Prentice-
Hall International, London, pp. 405-406.

Boruff, C. S. (1934) Removal of fluorides from drinking waters,
Ind. Eng. Chemt., 26(1), p. 69.

Culp, R. L., and Swoltenberg, H. A. (1958) Fluoride reduction at
Lacrosse, Kansas, 7AWWA, 50(3), pp. 423-431.

Lin, C. S. and Huang, S. D. (1994) Removal of Cu (II) from
aqueous solution with high ionic strength by adsorbing
colloid flotation, Environ. Sci. Technol., 28, pp. 474-478.

Huang, C.J. and Liy, J. C. (1999) Precipitate flotation of fluoride
containing wastewater from a semiconductor manufacture,
Water Res., 33(16), pp. 3403-3412.

Huang, S. D., Ho, H,, Li, Y. M. and Lin, C. S. (1995) Adsorbing

colloid flotation of heavy metal ions from aqueous solution

ALAME (2003) AHE A1F 4A,
A
e}

), FEf

at large ionic strength, Environ. St. Technol., 29, pp. 1802-
1807.
Park, J. Y., Kang, W. H. and Hwang, I. (2003) Hexavalent

chromium uptake and release in cement pastes, Manuscript
submitted to Environmental Engineering Science.

Talor, H. F. W. (1990) Cement Chemistry, 2nd Edition, Thomus
Telford, pp. 243.

Takai, H. (1996) Environmental management in semiconductcr
manufacturing, in Prec. 5th Int. Symp. Semiconductcr
Manufacturing, pp. 139-142.

Palmer, C. D. (2000) Precipitates in a Cr(VI) - contaminated
concrete. Environ. Sci. Technol., 34, pp. 4185-4192.

Parthasarathy, N., Buffle, J. and Haerde, W. (1986) Combined
use of calcium salts and polymeric aluminium hydroxide fcr
defluoridation of wastewaters, Water Res., 20(4), pp. 443-
448.

Kondo, R. and Ueda, S. (1968) Proc, Sth Int. Sump. Chemistry
Cement, 2, pp. 203.

Reardon, E. I. and Wang, Y. X. (2000) A limestone reactor for
fluoride removal from wastewaters, Environ. Sci. Techno.,
34, pp. 3247-3253.

Wang, S§. Y. (1998) Effectiveness and limitation of
bioremediation and immobilization in treating chromiumn
and naphthalene waste, A Ph. D. Dissertation.

Zabban, X. and Jewett, H. W. (1967) The treatment of fluorice
wastes, Proc., Twenty-Third Purdue Industrial Wasre
Conference, pp. 706-715.

134



