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Abstract

In this study, the applicability of CaCO; as a seed material for crystallization reaction was tested. CaCOs was ground to lesser
than 425 mesh and was made to media mixed with binder. Batch experiment was to investigate the PO,*-P removal efficiency
of different parameters such as CaCO; dosage and binder ratio, size, type and mass of media. In addition, the effect of
phosphorus removal from wastewater was tested using a lab-scaled crystallization reactor. At the results of the batch test,
phosphorus removals were improved with increasing CaCO; dosage and media mass but were decreased with increasing
media size. Moreover, phosphorus removals were influenced by specific surface area but media type. The average T-P and
PO.*-P removal efficiency in alab-scaled crystallization reactor with CaCOs media for wastewater were shown to be 60.2%

and 60.3% for 18 days of operation time.
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Table 1. Wastewater characteristic used in the lab-scaled
crystallization reactor

ltems . Concentration
Min. - Max. Avg.
pH 72 - 83 7.8
Alkalinity (as CaCOs) 208 - 382 299.5
T-P (mg/L) 7.040 - 9.820 7.933
POS-P (mg/L) 6.360 - 9.500 7.399
TCOD¢ (mg/L) 357 - 522 439
SCOD¢ (mglL) 249 - 427 345
T-N (mg/L) 786 - 1164 86.1
NHs-N (mg/L) 64 - 885 60.3
NOs-N (mg/L) 08 - 16 12
TSS (mglL) 822 - 222 169.2
VSS (mglL) 68.2 - 168.5 1235

1m WD 10.2mm

Kyonggi U.

Fig. 2. SEM image of CaCOs.
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Fig. 1. X-ray diffraction patterns of CaCOs.

Intensity




A EHRIE 0|88t Bl of M 517
23 SR —
A AT ddZE F AT T 3 FEGol ——
Qo AEN BHUEE BA F ALE G 425 Gac0, meda ~— T — —f —
W4 olste waZEdt By weldg 97 wgE &9 @
T EE HEste FEAF 1L em, 2 cm, 4 cm)F, 19 = - .
(A8 3 cm, &0 3cm WA 1 cm) B FAS AF Wastewater =iy ™ Fiow cresion :;;dm,
(Fig. 3)3te] 48rIztol g AZ3TH Gpflow
U StZdES oFFd vSAI7IH JASHA] & Fig. 4. Schematic diagram of the lab-scaled crystallization
I B/aA He dAEC i = Ss7t FokAv] 9 reactor.
2o @ALES vl THete DAsteld AgeA
om, gaZEEAE 2% @aZed wide gsls, A7 2BES FFS WASAS
82 739 Wz B3 T AASAT. HAg= 4459 ANAEA Sazeel Beaetd 44e et s
W AW EQE TENE AWMES FoTHHRS A7t o] XRD, EDS, SEM(Scanning Electron Microscope) £41&
(SOy), ASLTHE(AIO), AH8HE(Fe0s), A 3](Ca0)%t TP em A5 £2F4 2 Standard Methods (APHA,
TFAREL HSZAN Hgo|E(AEE EE)ga B 1998)¢} A L AF YA AW (A, 1999) A Esk3ith
£ gRol oF A FeN wE AWE)Y B zdt
of ¢4 B F AgaGEd NP9 W ANES 27 3. 2t H uHE
@ S g3 gEE B4 2 2401 ¥4 9
o] U7} Aoken] BAAZI Gold FHol Atk 31. ERAMED 27| HiQICio| S0 mE gE
§HgETS 7] vlg e EeH|d wE IS THotst
< 7] 98l 919 2715 % 50 mglL, £ 20°C, pH 859 =
Ao B @iZEH vkl E 8515, 82, 7:39 H|&
g 2 E3sted AF 1 cm, 2% 100 g3l HAE A At
= 24775t )l AAES AWE AI(Fig. 5) SAHZFEY
Hgo] £&55 Q AALE F7hste RS2 et
ol 4 ()X BE e} 2ol 1L TR T35 PO -P
e glo] @AY Ca'9} whgsta]l S =EA|oHEE
(Hydroxyapatite, Cai(OH)x(POs)e)S AA T o] 7] &Ql
24 M8 A EMEHH Aol x| ZFEFHE FAH AAHE FHEd #3
garzgel <l AA 548 Fotatr] A FEAAH 2 B3l AARI] dEel AN caTY wgol 1 AA
3} ANGANSEE o8 A% AL FPaRch 3 B9 FadA gAY e Aoz gdan.
4 492 KHPOE ©l83te] 50 mgLyl &= &<
Azstd] EE8 1 Lol BAE @A F Shaking  10CE + 6PO7 + OH < Cau(PO:)s(OH): | @)

Incubator

A FL(20°C), pH 85 ZULZ 24A7F E9
g ¥ 9 BES FFSAT Fo JPAARE BAT
%7 %71 wiQIE o E, xﬂ«l 47 2 @AFH, &
A Aol B2 I 1 s}oa FA st
A8d 4 Fig. 491 vehd uhsl

A% age)
2ol A=AFE, pump, ?HEM gom o

=
=

0
(@]
=
'U
m
)
i}
1o
o
Ol'J
o?.:

o] A7t H

1:/~1€§ A3 wiQlg 9 w7k UE 9
Z37] W2 =FAE Al "a‘
32 g LR stn @

Z+
2}
A

'\_

—e— CaCO3Binder = 8.5:1.5 |
—a— CaCO3Binder = 82
—a— CaCO3Binder=73

PO =P (mg/L)

200 400 600 00

Operation time (min)

Fig. 5. Effect of CaCO; dosage and binder ratio on phos-
phate removal.
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Fig. 6. Effect of media diameter (a) and types (b) on phos-
phate removal.

TAEN stnE&sts|X| mM25A A45, 2009

GAZe B2 TS FF0] 1 om FILAT B4
Fee BART o AARe] BA Uehkor 4 om 73
FAE 949 Fe9 gANT G2 AARE Y,
949 FHY AL Azl BE AAZ Felx QA
W 470 2 omel THRAY 9ok fAR A AALS
£ A% QoA QA AA SEE 0447

< Uitk BE

AA HUAd A= Jesth Fig 69 2R & o <l
AAEL A9 FeHEIE TA sizeo] wE nHjEHFe
LS o ve Aoz #AuHY. F AFo] e gAY
T& HIEHEH] AXA HA $£F59 AF §hget=d 2
o fE57] WEel AAgel FUtse ALSE woHTh
FYE 2A AA HAE vzHFY dovle A4 4
cn 78 A5 12 E o A3 2 cme 168, F7Z 1 cm
= 2654], 28 FHY FA= &F 1y F AS=E 4
1337 =

3.3. Efxle| Mgk mE &

HA 9 A mE FFS sty st FIEA Y

A8% A" g4 27 2 7 5 FA

st AZS 71&Y 2u6je) 200 go® AT F Aol
Ei

kD
N
o
rlo

AR 1, 2, 4 cm¥ Wl 27} 95%, 50%, 40%= e
A% 100 g9 A% vnd 4 F+F 1 cm A FS
Ql A AEo] &k 50%9H B%E < 1.9, +F 2 cm B
A9 AS A AMALo] % 30%H 50%= °F 1.7H, T
F 4 cm BAY B A AAL] & 8%elA 40%= <F
58 F7tetach Sd 2A Y Z$ 400 min o] = H
Pee =2t Ex AEHoF AAATL dojteH
24779 AFA AAEC] 2 60%= Vet ZFH 100 g
o Hlgte] Q1 AAge] oF 214 F7tskATh

GAAFY Z7te w2 A AALY Fte 5L
FoA Aol FAL&FE HFEHAC] Friste WeEHA
g FE5 0] ol wet Q AALC] FUtske AT
U FaoA Ao] FUhE wet d=st
% o

an

50

40

30

P (mglL)

PO,

200 400 600 80D 1,000 1,200 1,400 1,600
O peration time (min)

Fig. 7. Effect of media types on phosphate remova a 200
g of media mass.



EIANZE EHAIE 088 Ml of XA 519
OOMedia mass 100 g 12 —a—[nfluent T-P 0
1001 E Media mass 200 g Avg removal efficiency —+—Effluent T-P 50
10k ~——a—Removal Efficiency
s %0 | {70 ~
Z 60 8 I . . 4 60 &
E — (‘*\i‘) \ E
- ) 150 &
POl E 6F 2
=) B 41 a0 =
20 & §
4 130 o
0 P
2 4 Rasching ring 1 20
Diameter {em) 2 10
. . A ffluent T-F .
Fig. 8. Effect of media mass on phosphate removal. ol b e L
1 2 3 4 5 6 7 8 9 101112131415 16 17 18
34, HHHUIST|E 0|88 ABAl MEAD Opersiontine (40
FA ST E 0] &3 ¢l AALEL Fosy] YA BT Fig. 9. Variation of T-P remova with operation time.
e ET eIt & 85:1.59 HEE2 g #@4ld FH
9] G = vl Z=2]§] 2= Zo] HrE = 10 S0
tlx'ﬂ = \_].'07] Oﬂ ?71(_]_ 0}0:1 Y ‘9_-,—]13" o-’] o T = ﬂ Avg removal efficiency __:F__:.':::.:I;;:-;:;;
£539402 FUsel A5 o FES Ptk e L
- N = - 8 r K Y | =
Bach A@AANAE 47 4 omZ AT TI A A o\ LA LN R
& ~ = ~ e 3 B b R S H
7 AAGNA BA8EHY gARY e aRH e L N S "l IRl
- - = E s < [
Aoz uehgou wAAY golde wstd 2¥e - 3
= - = L = “, 40
ol&sta] (A BAE AAL F e AAY JHY 7 g 4 B
- ‘_ - 30 A
AE & dFdA= AHESHATH dy
- 20
Aze ATANE AN W Fo JTAAERA 2| -
Avg effluent POP conc. 4 10

pH, €¢ZY %, 2% 5o #ste] B AFE FIHA
A5=d Wt Y pHE 6.0~-7.012E 5

HA oz 80-9.09 HMARHEE 5, 1995 Yim and Kim,
2004)E AAISEL Aed pH 7 S71ETE A AAZES
Z7lEE AoE Bty glon G4 e e A
= AR} 257t FUMEFE Ql AAEL FUtete
Ao g BuHI JeHFEHR 241, 2001). kAT & AF
e B ZE HAE AFAH FF0] ohd AA AYAA
of &S W A& goldS A3t 7[E AFH
o e FRIPIAES AfF oz 25 A AARE
& I7HAIIIA &AL e 71EY He J4E 2R /A
stk sk w2 ATl Table 1914 Hinke}
Zo] pHe 7.8, ¢ZT =& 9F 300 mglL, 22 195°CE
Hgo] s &5t ARg FIsHAT
mg/L ~9.820 mg/L)°ol 2™ Fig. 994 HE ule} Zo] 18
Y7 2R7EY FETY FAEEE 3162 mglLE
B 60.2%° AAEES JehlAoh H A TS E|
U8 POsP 5= HA 7399 mg/l (6360 mglL ~
9500 mg/L)el1e™ Fig. 10014 H& uHie} Zo] A7)
HEote] fE5 FFdEEE 2949 mglLE BF 60.3%2
AAEES YePH ATH

35 7|& g7Zuete| HlWE S EMEES X
M HE
oo Tm—T—

B d7oAM dAgdAz ASS gized HE87bs

1 2 3 4 5 6 7 8 92 10111213 14 15 16 17 18
Operation trme (day)

Fig. 10. Variation of POs-P remova with operation time.

7V 2 AFAEY Adxe] mEt o)t AP AL ¥
A i FEUt AS F Aoy AAEE B o 4F
2 kA Q AAge] UA vehd A= < 30%H,
E2 AAES Uil FSE 5%0l4e a8% HIHI
o dutgogx= oF 50~80%th9 AAES UEd 7
71 E-EQ Aoz #udH

B AFNAE Bz FAE AAAGA L H LT
o 7Mse 71E A 2AES U= /A7 f& 3
A Az Z2ARAZES vtolte] E84], A H3E,
FH 2 FZMwe 2Fs A 27 I8 A9
AMe @A AR el wt A AAEo] < 30~95%,

A& AFAFHAINE A AALO
ok 60%E FAME STh

2 AFeA 2AE gadsE gAY < AAgS 7E
2AGNN A7E FAR WgAAe Q AAETH v
g o fFASAY 2 old AALES Yehfe] 2 A
Tl A ARG B ZFol FMARA F

=

Journal of Korean Society on Water Quality, Vol. 25, No. 4, 2009



520

Z1
=

27| - 4xjE - ol A

2E=
- FESB

Table 2. Phosphorus remova effect of various materias as seed materia for crystallization process

Material

Researcher

Wastewater type

Reaction type

Experimental  condition

Ci (mg/L)

P remova (%)

Converter

Kim et al.
(2005)

Synthetic
solution

Continuous

pH: 6.0~7.0

Calcium: 200 mg/L
Slag dosage: 1% (W/V)
Slag size: <0.074 mm
Operation time: 40 d
Solution quantity: 9 L

105.9
(as POsP)

60.9

slag

Lee and Jang
(2004)

Synthetic
solution

Batch

pH: 7.5

Slag dosage: 0.2~0.3 g
Slag size: <0.074 mm
Operation time: 48 hr
Solution quantity: 200 mL
Temp.: 20°C

15~40
(as POsP)

50~60

Furnace
slag

Lee and Jang
(2004)

Synthetic
solution

Batch

pH: 7.5

Slag dosage: 2.0~3.0g
Slag size: <0.074 mm
Operation time: 48 hr
Solution quantity: 200 mL
Temp.: 20°C

15~40
(as PO.-P)

50~60

Cow bone

Jang and Kang
(2001)

Synthetic
solution

Batch

pH: 8.0~9.5

Cow bone dosage: 0.1%
Cow bone size: <0.5 mm
Operation time: 6 hr
Temp.: 10~35°C

Calcium: 20~200 mg/L
Alkalinity: 0~300 mg/L

35

60~100

Kim et al.
(1998)

Seefood
wastewater

Batch

Oyster shell size: 53~400 um
Temp.: 20°C
Volume: 2 L

25.4
(as T-P)

88

Continuous

Oyster shell size: 53~400 m
Oyster shell dosage: 10 g
Temp.: 20°C

HRT: 24 hr

Volume: 10 L

25.4
(as T-P)

30

Oyster
shell

Kim et al.
(1997)

Synthetic
solution

Batch

pH: 5.4

Oyster shell dosage: 10 g
Oyster shell size: 0.60~4.76 mm
Operation time: 18 hr

Temp.: 5~30°C

Solution quantity: 300 mL
Alkalinity: 0~200 mg/L

50
(as PO,- P)

55~86

Kim and Yoo
(1997)

Synthetic
solution

Batch

pH: 8~10

Oyster shell dosage: 1 g/L, 5 g/L
Oyster shell size: 0.535~0.864 mm
Operation time: 8 hr

Temp.: 25~30°C

Solution quantity: 1 L

Calcium: 50 mg/L

30~95

Continuous

pH: 8~9

Oyster shell dosage: 500 mg/L
Oyster shell size: 0.599~0.853 mm
Operation time: 110 d

Temp.: 20~25°C

Q: 24 L/d, 48 LM

Calcium: 60 mg/L

76~80

Zeolite

Kim et al.
(1998)

Seefood
wastewater

Batch

Zeolite size: <45 um
Temp.: 20°C
Volume: 2 L

25.4
(as T-P)

86

Eggshell

Kim and Kang
(2004)

Synthetic
solution

Batch

pH: 8

Eggshell dosage: 0.005~0.2%
Eggshell size: <0.42 mm
Operation time: 3 hr

Temp.: 25°C

Calcium: 50 mg/L

Solution quantity: 200 mL
Alkalinity: 100 mg/L

3.5 mg/lL
10 mg/L
(as POsP)

94~99

Swine
wastewater

Batch

Eggshell dosage: 0.025~0.5%
Eggshell size: <0.42 mm

20 mg/L
100 mg/L
(as POA-P)

64~more than 90

TAEN s=E

s ss|X| X253 HM4s, 2009



EHlZE RIS 0188t Huiel of M 591
42 = 185, AU, FRI(1995). A2LAIE o8 D
el JBAA. FAFEAFRES =27, D FAE
AEQ Hold WAHT Qb BALES DA $51l, BIALIOL)
el AAE AT FAFe FLE o FHANz E87ls 34(19%). 2 29 AHALL 18T d0F <
QAAS AT THEA 8w W 9 #87ks AAN HE QAT AR =R, AEA AL,
4E AYE 23 b9 2ES =& A=A, $97A(1997). 2AZY AL E o839 T
1) eibgsst F7] vkl el me JFe ARG %9 QA AA. THE F4 FedFPEY =EZEF,
2% 9% 447 5L AU W A AALL B S #8438, pp. 67-70

1} ey
9 EF7t S7HEFE AA SAAZET vRIg Y v
7} 85:15, 82, 7:34 | Z+7} 55%, 50%, 38%=E FAFE At

2) gA 2E 4 gAFH M2 FFE A A9 5
Aot 270 FA 9 HAFo] F FALFE vEHY
of AXA HA FF9 AF wgstEd 2ok #f838H]
2ol Q1 MAE] F7tste ALz Akt 3 G
o] el W2 Ql AALEE FolstA vEbg oy FA
A7l w2 HEHFHY Tl o & Aoz ggdr

A 4cm T8 A i FYH A AA I3

HEEA divls A4 2cem, 1om, BHY FEIb

T 168, 2554, 174) o 2 A2 JEgion old m

AAEE 247k 174, 3.8, 2.18) =A etk

AF 2 T2 5L 2NN ZFo] F7}

A AALES =A Yebged 8¢ 27004 &

o] 100 gollAl 200 g2 2v] F7kgtel wet Q1 AAE

AZe wet 1.7-58] S7tske ALSZ YERgTh

FAYZY FFHFFE Y2 FANSIIE ol&

AFAF pH 7.8, ¢z = <F 300 mglL, F

e INE FARE FEA POsP

2 2AANEL FF 60.3%Y AALEES U

0

[o]

=

o +

w
=

A

t Lo

K=
fo o < rlo o ﬂeh oft rfe N p® N
),

2
0O
i
_O'L
iy

o

olo Ao

S MAANZ = AE AL

5) 324 AdZ2% FA9 AR FeHsel w2t A AAE
= oF 30~95%, FAIWSVIE °l&F ALY LdIEH

AAEL F 60%=2 YER 7|&d FPHJE o2

AL Aol

I
]

Ik

&=, A TFEl(1998). HEAZ2 2 Al
G FAEIME HFAFA FF AT
BHEE F4 JedFPRs =EZ2F, NI FES

]

AR, 252004, dF4E ol &3 HFFe
#F AT, Y=, 18(2), pp. 174-180.
ez, 943, F45(1997). LA EF FHAEA
HFZA2 AE&d @ AT, dFFF A I,
23(4), pp. 133-138.
AFHl, 5, olgAl, XX (2005). GA=FY
FAEUN XA nET AZELYIE o] &3 IFE

. FEEY FFEIF ], 21(1), pp. 59-65.

A A A

A(2007). FFY B EF
¥ Mg s,
uh£1(1989). ZEA 2] 9 Afol&, 4t T
<8, F33H2004). AF A2 D 12 &IPS o] &7 UA
71l T 71 2ATF. FetTESS ], 18(2), pp.137-144.
, A E(2001). BALEAEY BAAZA 2w &8

T AT FHEH FFEF 3 A, 17(4), pp. 517-524.
SEF, 94, 9AZ, 2L (003). AFHESd 2
FrAA B 712 FERA. FEFA G PEI =
24, ¢ EFA T -t ddstr =8 E, pp. 131-134
HFH(1999). +FLHFFIAIEY, B &.
F3A7(1994) AZEH2E o] & FALAHY FFAA

o #d AT MAS A =E, S,

R fEE (1992). kS E B, PR R,

APHA, AWWA, and WEF (1998). Sandard Methods for the Ex-
amination of Water and Wastewater, 20th Ed., Washington, DC.

Donnert, D. and Seckler, M. (1999). Elimination of phosphorus
from municipal and industrial wastewater. Wat. i, &
Technol., 40, pp. 195-202.

Eggers, E., Dirkzwager, A. H., and van der Honing, H. (1991).
Full-scale experiences with phosphate crystalization in a
crystallactor. Wat. Sci. Tech., 24(10), pp. 333-334.

Kaneko, S. and Nakagima, K. (1988). Phosphorus removal by
crystallization using a granular activated magnesia clinker.
J. of WPCF, 60(7), pp. 1239-1244.

Lee, S. H. (1998). Preliminary study on the application of stel
industry slag for phosphorus removal in constructed wetland.
J. of Civil Engineering, 12(2), pp. 203-210.

Lee, S. H., Vigneswaran, S, and Ahn, K. H. (1997). Phos-
phorus remova using steel industry by-products. effects of
agitation and foreign materia. J. of Korean Society of
Water Quality, 13(4), pp. 353-361.

Momberg, G. A. and Odlermann, R. A. (1992). The remova
of phosphate by Hydroxyapatite and struvite crystallization
in South Africa. Wat. Sci. Tech., 26(5-6), pp. 987-996.

Roques, H. (1991). Phosphorus removal from wastewater by
half-burned dolomite. Wat. Res., 25(8), pp. 959-965.

Seckler, M. M., Bruinsma, O. S. L., and van Rosmalen, G. M.
(1996a). Phosphate removal in a fluidized bed-l. Identi-
fication of physical process. Wat. Res., 30, pp. 1585-1588.

Seckler, M. M., van Leeuwen, M. L. J, Bruinsma, O. S. L.,
and van Rosmalen, G. M. (1996b). Phosphate remova in a
fluidized bed-1l. Process Optimization. Wat. Res., 30, pp.
1589-1596.

van Dijk, J. C. and Braakensiek, H. (1984). Phosphorus remo-
va by crystalization in a fludized bed. Wat. Sci. Tech.,,
17, pp. 133-142.

Yim, S. and Kim, E. H. (2004). A comparative study of seed
crystals for the phosphorus crystallization process. Environ.
Technol., 25, pp. 741-750.

Journal of Korean Society on Water Quality, Vol. 25, No. 4, 2009



