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Development of a High-efficiency Phosphorus Recovery
Method using a 2-tank type Fluidized-bed MAP Reactor

by Kazuaki SHIMAMURA, Hideyuki ISHIKAWA, & Toshihiro TANAKA

A highly efficient, phosphorus recovery method, featuring the use of a 2-tank type fluidized-bed, MAP (Magnesium, Ammonium,
Phosphate) reactor was developed. Standardizing the MAP particle size in the reactor worked to enable high-efficiency recovery. A

saving on chemical cost, for treating wastewater containing high concentrations of phosphorus, was achieved by the combined use of

low-cost magnesium hydroxide and sulfuric acid. Performance tests were conducted using a pilot plant (treatment capacity:20 m’/day)

and an anaerobic digestion supernatant. The phosphorus concentration in the treated water (10 - 25 mg/l) was found to be significantly

reduced, compared to that in the supernatant (about 300 mg/l). A phosphorus recovery exceeding 90% was attained.

Keywords: Phosphorus recovery, Crystallization, Fluidized-bed, MAP (Magnesium ammonium phosphate), Anaerobic digestion supernatant, Seed
crystal, Particle size
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VT 7Y NOREEREE —EICRD, 1) 77 1
AL )T I RFTOD, KERAEIENT S, 2
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IKEEAL = 77 % ¥ 7 2D $ 12 < I, ZefiliCTd % o
ZZTIE, D AMBEEEA300 mg/l, TvE=THERIE
BEAS1000 mg/l & i ERE K EZ g & LT, Kb~
AT AHMTH L2 aE, KR(bx 7 Ao at
pH MBI OB % OF)H L7236 0 2 7320w TLE
e % g L 72,
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ERESOBRMEORIZE 5 TY 727 % NOMAP RN
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Table 1 Calculating formulas
HH AL A A7
Ttems Unit Calculating formulas Formula No.
0 Al e (%) ((T=Plgy = (T=P)py) / (2)
P recovery ratio 0 (T = P) gy % 100 a
) AR . -
Volumetric P load (kgP/ (m*d))| (T = P)gy X Q/V (b)
AEAEL - R,
St ion (=) | (O NHIMED K, | ©
VAZALFN (m/s) Ut = o ‘ @
Allen’s equation {as 1(4/225) X (pe pp)*a*/pr u|"° Dy
<YL MAP i >
<Amount of
recovered MAP>
VAl
T k| kD | QuxCxR,x @65/3D) (e1)
HTNT
Sub reaction tank (kg/d) | Q,x CxR,x (245/31) (e-2)
<MAPLH 7Y O F >
<Mass of a MAP particle>
A MAP 5
Recovered MAP (kg/fH) | 4/3% 7 X1?% pg (£-1)
HiH MAP ,
Seed MAP (kg/fl) | 4/3 % 7 X1’ % pg (£-2)
ﬁfiﬂgl\f/{?\% (kg/M) | 4/3% 7 X158 % pg (£-3)
<piFen>
<Amount of growth>
ALYNT IS 3 3
Main reaction tank (kg/d) | 4/3% 7 x (" = 1,") X p X A (g
HTIT sy 3 3
Sub reaction tank (kg/d) | 4/3%x 7 % (' —rs’) X p,x A (g-2)
LR
Symbol
A REEEE (E/d) RTERw L UK
Amount of crystals Subscript Rw Raw water
C : YAME (kg/m®) W Tw 0 DK
P Concentration Subscript Tw Treated water
D, : MAP®}#E (m) w71 o [EXMAP
MAP paticle size Subscript 1 Recovered MAP
K, . R (mol/1") N2 o RS MAP
Solubility product Subscript 2 Seed MAP
Q : JEUK¥EE (m'/d) RT3 D MAP
Flow rate of raw water Subscript 3 Fine MAP
R @ B () RTm AL YT
P recovey ratio Subscript m  Main reacton tank
ol AR (m) RT s L HTIT s
Radius of crystal Subscript s Sub reacton tank
T-P: &Y Vi (kg/m®) [ 1 TOEVEYE mol/l
Total P Mole concentration

u - MAPODOLREEME (m/s)
Sedimentation velocity of MAP
V 1 MAP#HHFEH (m®)
Volume of MAP particle layer
ps - MAPDEWE (kg/m°)
Density of MAP
pr - OEE (kg/m’)
Density of water
w o BORERE (kg/m-s)
Biscosity of water

EEATHWA2M#X) 727 5 oK 2 E 11258
Fo 2/ 77 7L, BIROXHIITAL )T HE
HTVT I hbe ALYV TIIEFTYTIH
1z, BFUKKOEBRAKIZ Y 7 27 7 IKERA & LI Tk
L7z0 MUBROKIE, BERH O3 & REKO—EB % 5
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Use of magnesium chloride
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Fine MAP | IR
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NaOH
° Air
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(e}
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—»\ o
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MAP [

MAP recovery

1 2/ 72 %
Fig.1 Two-tank type reactor
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BTV T 7y IR EARL, _n%@ﬁvx £ )7
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FHE S & —BIHED T DT E 22 MO )13
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pHFED =D DKEALF bV T A% ) T 7 ¥ JEERIC
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WL 72 %EﬁDT‘ IKBAL~ 7 % ¥ 7 A B IEBRIKIC
mmTét%KE’%@%%MLto%@%%MT%E

&, KBIL<Z 2T LOBETLELRT T 37 A
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7 ZHNOPHA81 L4 5b & HITHHEL 72,

AA )T 2 ZTHEIL 72 MAP O RIS 2513 215K
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Fig. 2 One-tank type reactor
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EBEMHE2R2IT8T. WThoEED, ) ARKA
#3823 kg/ (m’-d) T—wEL L7z, Y ARMAMDHE

ﬁ%%lw)ﬁ:ﬁ?oit,U779F%@ﬁ%
FEIELSRY)BELV LT, FUKEIEERKIEA
72HEEDOPOLP BB L4150 mg/l LB L9 aﬂﬁ}/ﬂﬂﬁ
DIz, WO LARHEIL, TLyOXrLRD
MAPK T OkBEREOBBLR1/1I00HEEE Lz 7
LyoXzE#L (A 1TRF,

FEBRA L FEERB THW 2K, RMBEK % B
L72MBKICD ABRL A ) 7 A2 RIMLT, T-P (&0
A) H100 mg/lE b X HIZHEEL 2 N LEEKRE v
720 HUSDPHIX85& L7zo FEEBTIE, V7275 HND
MAPHR DKL THRE)AEL %5 & E 2, HHKE
EHoDLOMR Lz, EBRCEERD OKKIE, TK
WLERS; DB AL L 72K A TH Y, T-Pid# 300
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1000 mg/l & E T LD MHENE L bRV E )
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Table 2 Experimental conditions

e vigey FERA FEERB FEiC FERD
Run No. Run A Run B Run C Run D
DV 40% /iy 21K 1A 1724
VT8 |\ VT %
Type of reactor 2-tank 1-tank 1-tank reactor
reactor reactor
ST ELIN
Source of magnesium MgCl, Mg (OH)
pH F %5

Source of pH adjustment NaOH NaOH =L H:S0,

<BEAKDYEIR & BB G >
<Raw water properties and
reaction conditions>

J5K T-P (mg/1)

Raw water T-P 111 78 281 276
Eéj\;f;?agr PO,P mal | g 586 259 243
Eﬁﬁﬁ NHN mg/l) | 17y 145 1030 1040
{’i’;’& Svfater ss (mg/h) | g 269 260 173
}J%Eclt)ign pH | ss 85 88 8.1
ﬁg;ﬁ%ﬁiﬁm =) 15 14 10 13
<AL INT >
<Main reaction tank>

7% 3,
D i 0| 23 23 2
e v .
gi(fv rate Ea/{:/ Water(m o 6.7 105 23 25

Rk wi/d) | 221 124 125

Circulated water

W o MAP P24 (mm)

MAP particle size 09~121] 079~30| 04~10.| 04~10

MAP ##E (m) 9 9 2 9
Height of MAP particle layer
<$7T)TI 8>
<Sub reaction tank>
i JEK (m?/d) 03 - - -
Flow rate Raw water ’

Wk ) [ B B B

Circulated water

22 NMOy hTT7 NEE

2-2-1 B =

JLFEE 20 m®/d (FK D ABREEIEZAI 300 mg/l) @24
RKVT725040y bTI5 0 bEMEY Y —IZiE L
FAERB 21T o 720 M7 0 —%R3 IR, 0 ABIY
DFAEHALTHIR Z m OB L7 A e Lz LBIKIE
KALBE RN R L 7ze EBRIZ~ 7 4 v 2K b~ 7
AT AERCEE KRB 7 AT T AR WY
BDO2HFICOVTER L 720 pHREH & LCIX,
b= 7% LV EIEKBiEF M) Y A%,
KL= 74 ¥ A% 7235 SRR 2 i L 72
2-2-2 KEFEEFEM

WAL= 7 2 v 2 6% EE5R 1, Kb~

2 NERCIEAERER2 L L.
FEEREEZE 4 K EARERS IR, EHRLI,
BRIl b~ 7 8 v A &R L pH AR o Kb
TR LEL) T 7 S EEICHAG Lc, FEBR21E, &
JRFEIZKERIL~ 7 0 ¥ A LR Z RN L, BREE OGN
HAXEMA O pH THIME L 72 MR oA RKEIZ3H &
LC, #7077 ZNTHERLMEIE3HIZ1HOM
ETERAAL V)T 7 HICB%R L, BRI T TS
IR L7227 ) 7 bR TRV, FEOB%KE
FREIZ, A4 2727 % REETRELTYSHMMAP
YTV T 7 G E NS, MAPOREIUX, x4~
V77 7P L2277 VR T ERHWTIHICL
W4T 5720 1HY%720) MAPORIUEZ Y 7 7 & FolED
10%L352LT, MAPTREE S —EIRo72. €

AL IBEK % e
Digested sludge OB Dewatered sludge
' Centrifuge '
I Al
Supernatant

-

D AL

P recovery

MAPIHIX
MAP recovery

v
TRALELRA

Water treatment process
3 M Ta—

Fig. 3 P recovery process

3 iEfbAk

Table 3 Equipment specifications

AL )T | RIRES HE (cm) 35
Main reaction Reaction portion Diameter
tank -
= (m) 99
Height i
VLIS [ERE (cm) 30
Setting portion Diameter
S (m)
Height 18
77 ME B (cm) 65
Airlift pipe Diameter ’
FTVT Y S HfE  (cm) 25
Sub reaction Reaction portion Diameter
tank (5 DILREE) BE |,
(Including the setting portion) | Height .
77 ME B (cm) 40
Airlift pipe Diameter :
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AL T8
Main reaction tank

W

MAPHIY
MAP recovery

JEK

Raw water

DNaOH

O L= 7 Ay 2% L E

Use of magnesium chloride

QRBAL~ ATy 2R L2 E

Use of magnesium hydroxide

“ HTVT sy

Sub reaction tank

-———————-—d

-

DONaOH

OMgClz
Air | @Mg(OH)z+H2804

HLEK

b Treated water

L
4

>

R

Circulated water

R

Dissolving tank

X4 NA4my bTFI b

Fig. 4 Pilot plant

JLER KA

Treated water tank

g4 M uv bTI U b OERSEE
Table 4 Experimental conditions
Fehi 1 £
Run 1 Run 2
S/ AN
Source of magnesium MgCl, Mg (OH),
pH e 5
Source of pH adjustment NaOHI 1,80,
<JFIKDPER & SRS >
<Raw water properties and
reaction conditions>
K T-P (mg/I)
Raw water T-P 270 260
JEKPO,P (mg/1)
Raw water PO,-P 236 230
JEK NH,-N (mg/1)
Raw water NH,-N 971 999
JKSS (mg/1)
Raw water SS 8 217
B pH (=)
Reaction pH 81 8.1
Mg/P Bt (=)
Mg/P by mass 10 10
<AL NTIE>
<Main reaction tank>
) AERART (kg-P/ (m*-d))
. . 18 17
P volumetric loading
pihes JEAK (m*/h)
Flow rate Raw water 05~08 05~08
BRI (m*/h)
Circulated water 10~16 1L0~16
MAP HHiE &5 (m) 29 23
Height of MAP particle layer ' :
<KBTIVTIE>
<Sub reaction tank>
i JEK (m®/h)
Flow rate Raw water 0.06 0.07
[IES (m*/h)
Circulated water 0.12 0.14

DOMOBAEN B, RO PMEBROK L L L & L7z,
FEBGM 2 RAITR T, WEBI, B O KE R
T3 870 5 DAL, 1 Z D OB — & Lz, &
KovERix, W E b JEKT-PI1Z# 300 mg/l, NH-N
#1000 mg/lTH %, KFAKRIZ05 m*/hdH b \i308
m’/h T, fEEAKEIGEARRICH L 2/E Lz 7
T2 DFEKREFAAL V)T Y OFEKEA05 m*/hD
AT, 006~0.07 m’/h & L7z

3. RREREEE

3-1 FimEER

3-1-1 2ERXUT7 V2 E1EXY 77 ZONIEBHBED LR
(RERA EKERB)

FBRA ORILKE e CRARZALZ B 5 128 T, JiK
T-P13#100 mg/I T, WEAD T-PiZBEE120 mg/l
VIF, WMIEKPOPIZBBLA10 mg/ILLFTH - 72,
F9 2 MR RIS LT, WEAKTPAEATHI L%
CRELIMIEAT) SN TE, ALY TN
DO MAPFEHR X, 09~12 mmTEEL T\ H
TVT 7 hbMIE (BX203 mm) O %E
G L7722 &, )77 ZIEED» S RN KA ED MAP
ZHIL72Z &2k 5T, FHNENITFHELLIZEEZ
55,

200
S
Eo§150
:;100 —W‘:@
E;ESO
0 1 1
60
—O— TP
< 35 50
N —O— PO:-P
25
Rt
EE
£ = Q
3.5 20 Q
(=
.| 88 08—/ \ s
0 . :
4
g8 3
Em
@i
0 1 1

0 5 10 15
HARHE (d)
Elapsed time
5 JLERA OMLPLRER

Fig. 5 Treatment results of Run A
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FERB OB E K R AEZALZ R 6 1R T K
T-Pi3#100 mg/IT, MHEKD T-Pi, #HKHE25H
i tBBEL4230 mg/lPLN, aliAkHE25 HELETH
40 mg/l &7 Y, K oOfEE & TN % @A 5
N7z )77 ¥ NOFHRAZRL, EEBHERA079 mm,
7H#%A%1.8 mm, 25HLEDS3.0 mmPAETH Y, KEH
O & ITEINT 2 Sz,

FHO Y AREZ, RI7ICRT L) ICERAT

200
SN
E: § 150
Siwo———tf*%f:
= £
O 1 1 1
60
S5 0 o
© 5 0 |l —o—rop @
g RS
= = 30
£ 5
2 - 2
g =
0
0 L I L
4
—~ QL
0 1 1 1
0 10 20 30 40
K H % (d)
Elapsed time

6 FERB ORISR
Fig. 6 Treatment results of Run B
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Fig. 7 Comparison of P recovery tatio

87%, EEBT65% ThHo72o 22T, KKHEEE2 m
(AR 0035 m®), MAPOEEED 1T g/cm?®, &
HENL0 g/ecm® OHED ) 7 7 & NS RIERE % 5
T5 &, EEBRAOYATIZRAES L0 mmTI26 m*& 7%
%o EBBOYAETIE, K079 mm TI159 m? HifE
1.8 mmT70 m? HifE30 mmT42 m*& %0, KD
B & R SRR BB LA L v < FEBRA
&, V77 S NOFHRED L0 mm TRELTED,
WK & 2 KIAE (126 m*) 2RO 2 L TE 72720,
85% LI E DL Z MiFF T 5 2 AT E 2o THITHL,
FERB X, FRIORGE & PR AL -2 & T
WREFE2 WAL, F2EKILL7-MAP 5] & kv 7:
& TR ASIRA L, )T 7 & N BOGFETAE DS
D L7z, REBOWD TEEMIIMAPEKMIH2) DD
ARSI L, BHIMAP S EEAETHIETH A
FEIMET Lz E 2 5 b, T2, WEOHMITIH
BIRREDSEAL L, KDY 3 — hS A% X o TR
WHIMAP2SAEL7-C E b ERE L TEZONS,

Db, RAEZ FHEAL, K& iRk
RS 5 2, WERRE O A )s IR MERE O
TEtECThH D 2 L DR TE 2 2RV 727 713148
KU T 7 FIHAKED ISR R 2 &0 5,
DABYEREZ B HERFCE 72 E R Do

3-1-2 KEME~ T x>V LERAOKRE (KBRC LEBD)

FBC KOV FEERD O JUS pH K LUK E 2L % R 8
WZRT . EBCTIE, FKDOpHS2IZH L, WHAD
pH (V727 %A®pH &I3ITHE—) 388 F TLHL .

FBiC FEERD
Run C Run D
» P

9.5
— —— Jil/K Raw water
L 9.0 —O— MLHIJK Treated water
% 85

8.0 ®

75 . . .
S 5 ——Tp
w g 390 —0—PO:P
E =
= 300
2 s
S E 20
Sl
=900
<y 190 ——TP
I 8 ||
s 120 f —O—PO0s-P
g 3
== 90
2Z 60 .v‘
X = 30
35 ) —O=—=0=0=00—

- 0 50 100 150 200 250
K HE (d)
Elapsed time

R8 FiBEC M U°D DRI R
Fig. 8 Treatment results of Run C and Ran D

IoNF R No. 206 (2005-1)



AU @ MAP ) 7 7 712 X 2 R ) AU, B o GE

JEK T-Pix281 mg/l, Ji/KPO+PIE259 mg/I T, WLEL
KD T-PiE50~130 mg/l, WHKPOPIZ6 mg/ILLT
Tholeo EEDTIX, B/KpHS2IZH L, MEKpH
381 TH o720 FKT-PIZK 276 mg/l, FHAKPOPIE
243 mg/I T, WHKD T-P1X20 mg/IVL F T T L7z,
MHIKPOPIIFEERC EZE D ST 6 mg/ILTTH o720

R9IZ) ABERDILE ZIRT . ) AR, FEE
COWETT3%, W%z M L729BD 0¥ET99%5%
THY, BEANV22EAL Y MEIPo72,

HHLT 2k B L, MAPDRIGICE S 2 %850
REOR (IMg*], [NH,], [POS ] ; &5 OTHK
Tk [OH ] 3&® % U4+ UL w)) HEn
B, BRI L 5T, KInEREORELD
HIBASTEETHLELTWD, 22T, FKFARDA
F R L BRER (10770 ¥ olba@dfafiEL e LT,
#1 (CO) McHEoSEHM L7, HEAIERIL, FBC
23433, FEERDH118TH Y, RIHIIHEHIZL HR3T7H
o lze EBRCIZPUSpH A8 & Fiv: T & Tl
Whm =y, Mz MAPDYS bl LC, MLBike
IHIL L 72720120 ARPERE o2 EZ R
o TIICH LEED T, WMMEICX > TpH EHZH
Z5HZLT, EBBMEICRD LR, MHlle MAP
ONTMEIIZ 2 Z e TELD, D ARELS LA L
I2EEZbNL, L2AHAT, EBDIZ IO 77 ¥
THHIZHDHb5T, HIPEEA0%LLEE oz,
COHME LTIE, BiRLO L) IEEFEL AR
72, V77 HNOMAPKZFE%E 1 mmblFIZfR- 72
Z&, BKY AREDSECHIERE BTS2 s
BETF 5N L, MAPREAN T mm Pl ETld, FEERBIH

100

95

90

85

30

75

P recovey

70

D AR (%)

65

60

55

50

FEERC FEERD
Run C Run D

9 b AR
Fig. 9 Comparison in P recovery

BRI, MIPEEMET LT s n s,

HEATET D B LA R KRIL~ 74 T A%, ) AR
JEA300 mg/l & HIREOBKICET T 254, Mgz
PEHT LI LT ARPEREZERTSEL 2 LR FHT
X5 LG nrols

3-1-3 28X 7V 2 ORKPEREDIKE

1) =7

FERB R OERCTIE, i MAPAHTHIL, €h
DITMBEIR & ILTHM L, BIPERSEAL 2oz, FEERA
ROEBRD T, A4 )77 5 NOREZBREES
HrnwZ e, BEAEEZKIR>Z LT, Ml MAPO
FEAREZIZ OGNz, BB Z A5 7201203,
MAPZSHE S S &%, MhOKETH 2% MAP
ML EDVEREL L L, AL V)T 75 THK
ENDEMAPOBBELRI0%DY 7)) T 7 % THEE L
TS OKETHH L, 102K ABA MAP & %% > 725
B ae b &1, MAP@MITBIR 2 ET ML L 72,

2RV 72 5 DETFVERIIOICRT, COETIVE
UIFICHMHY 5,

DAL V775 THEBEBMMAP ML, V7
7% FETHE LTWwb, M MAP R ZiIdr; mm &
ERAR

A YVTIY
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ALBHIK
Treated water

HrVTr Y

Sub reaction tank

JUBLVIS

DHER=W:
@B ER=Wske/d Treated water

Amount of fine MAP
PHIMAPHIEE = r; mm

Size of fine MAP
TAIMAPE %M % = Afd/d
Number of fine MAP
AP [T » OMHIMAP
Fine MAP P gl Fine MAP
@ % =W, kg/d |
Aiog:lf of seed MAP Y 2=Rs%
’Tﬁﬁﬁﬁfﬁ =TI mm Recovery ratio
Size of seed MAP
il A AR = AE/d
i Number of seed MAP Hi
Seed MAP Seed MAP
J

1Y =R, % A

Recpvery ratio

[HXMAP
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Qsm3/d

A
Qmm?/d
(OMAP|ILE =W, kg/d
Amount of recovered MAP
K [FUXMAPH;£E = r; mm
Raw water Size of recovered MAP
Qm¥d XM AP §=AfH/d
C kg-P/d Number of recovered MAP

10 2/INRE)) 72 ¥ ' TV
Fig. 10 A model of the two-tank type reactor
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QMMMAPIZH 7 727 7 TR LKE S 2%,
AL )Ty ZICHEE LTHBT 5. BRI,
mmé&3 54,

G MAP (%, Hi5h & 5K CRAT L7z MAP &
T 5, HIXMAPK AL, mm &3 5%,

OMHIMAP O —H 24 ) OFEME, FEHO—HY4D
OBEME, BUXMAP O —H 4 ) o [alUE i A /d
TH—& 9 %,

AL )T 75O ABEIER, (%), 77T
7500 AMPERIZR, (%) & LT, Ry&RJAIFA—&
The ok, EBRHEETIE, RAFRLICHSEHIOKRAL ~
MEWZ EPHERR S NS, ET VOO R, O R,
EREFE—ET 5,

(2) BEAREIZOWT

AL YNT 7Y OWENEEE DL, WHDY AL
e MAP O ERIZIBIBGRE 25, ) AKRERE,
MAPHE®IZHIEL T (e-1) X GHERIZE IR
TRT LD TED, /2, MAPOEERIE (g1) X
TEITIENTED, (e1) & (g1) NFHFELLA
HDT, A4 YT 27O (1) Rehb,

Qun X CXR,x (245/31) =

4/3%X X (r2=1°) X p XA ceeeeeees (1)
FRICH T 77 2 OWHEIE R LB L, (2) NEk b,
QX CXRyx (245/31) =

4/3 X 1 X (r23_r33) XpXA ......... (2)

Qm: A4 ¥ 72 &tk (m/h)
Flow rate of raw water in the main reaction tank

Qs : H 7V T 7 ¥R (m3/h)
Flow rate of raw water in the sub reaction tank

ry - EIXMAPHAE (mm)
Recovered MAP paticle size

1y - AR AR (mm)
Seed crystal particle size

15 /
m /
5 // -
—

1 15 2 2.5 3
rl/rz( -)

Qm/Qs (—)

11 1/r, & Qm/Qs@Fﬁgﬁ*
Fig. 11 The relationship between r;/r; and Q,,/Qs

1) K& @ KzEHTLE 3) XNEhsd,
Qn/Qs = (rlg - r23> / (rzs - r33) """ (3)
ZIT, 1<<n<nThh, rnzEHTLE, 3) X
@) K&k s,
Qm/Qs = (r1/1‘2) 3 _ T ceeeeereeeneieaa (4)
(4) REHZEKTEFILE R D, K112 5, HIY
MAP & FF ORI (r1/1) OBINIEY, Qu/Q 78
K& b,

ST, 48y NIV MNORKGIE]RERD B
MM MAP #5270 7 2 % T3 H S RUG %479
L, BXZ03 mm (=r,) BEFTERETLIENGHR
S TWw5 Y LT 5 MAPREIX, 24 YU T 25N
OROGFEMFE, HEPRER 2B LT, 06 mm (=r)
E35. (W) RWCZoEMERATLE, Q/Q=7L
%5
COMRIIEDSE, NMuy FT TV DORUKGTER
ALY T s TYT s =7 1k LT
32 NAMOy T2 MRR
3-2-1 EREEE
MBFERZR 1212, FHOKEEZRFITRT, M12
X0, EB1LER2OKEKPpHIZ78~82TH Y, WL
KOpH L, FEEIX1DBEDT8~83, FEEIX 25380
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Fig. 12 Changes with the elapse of days
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2R EE MAP Y 727 212 &

2 FANE ) AT i O MR

x5 M0y 7T MUBKE
Table 5 Treated water quality of pilot plant

SR IR 2
Run 1 Run 2
o Eal'v; water - 80 8.1
%r}fayttd water - 8.1 8.1
ﬁ)tz{baﬁ(:lity Eaﬁ water (me/D 3230 3330
%Iiﬁd watel(rmg/l> 2790 2890
> RE;:JV; water e/l 248 217
%r}iﬁd Watef’mg/l) 217 158
o l’iﬂ\:f water ms/D 270 260
’Iﬂ‘riémizd watel(rmg/l> 157 17.1
rort Rgadv; water el 236 230
%Lr}iﬁd Watex(”mg/l> 6.4 6.9
NH,-N Eai(/ water (mg/D) 071 999
&T&féﬁd Watel(’mg/D 3438 862
]?r/;cl%[\lzj ratio @) 94 93

~82TH o720 JEAKDT-PIF250~300 mg/l, POPiZ
200~250 mg/I T o 720 MEERIXIZHB VT, WHIKT-
P12 10~25 mg/l, WeFLK PO,Pix3~10 mg/I TH - 720
#7180 H [ flin L Cd, WHKD AREDOZESH I
EAERLNT, L TUATZ I LN TE,
505, D ABIEIZER] T4%, FEB2TI3%
ThY, MIERE HITEBIEREHERT 5 2 LT E L,
F7z, KBIL= 7 A Y 7 A& YA THHEE & B
THZET, Bt A2y aEHWEELR%EDD
AR ZG5 2 EDTHETH 5 T L BSFERE S L7z,
AL UNT Iy ORFEE AL E, K129 5, EBR1K
OFEER2 TMAP PRI BB H1R04 mmTH ) &5
LT/, KON X912, 1MW) 72 4T
(&, KB 3B TR 2 mm RSN L 220 S
W72 2fX) T 2 v TR, EBREATHRARAZLHE, F
TVT 7y CHEEERL, FhEAL YT 7523
HICIRMER L7222 &, MAP BRI a0 TR 2 3T,
WM EOKELZMAPZ1H1ELEH L2 LT,
AA )T 7 8 NOREITHEALL, ®EIEEZHERT
&7

BAb= 7 2 ¥ A THR L7z MAP & Kb~ 7 % ¥
TATHERLIEMAPOEE2 ZNENEEL1 L EE2

WZRd

3-2-2 EZ/IZ MR

HREFEHEELER6IIRT . HAKPO-PIX250 mg/l,
Mg/PEEIIZ1 & Lz, FEMMHEIX, Hk~xr Aty
T AFROLGEITE, 727 LHET0.25 kg-
Mg/m?®, KEE{LF F VU 7 4757028 kg-NaOH/m* T -
Too KEAL=Y 7 AT 7 AFROYEIE, 74237 A
1450025 kg-Mg/m®, il 0.88 kg-H.SO,/m®> TH - 72,

05-08 01/206

BE1 bt~ A3 A THEELE MAP
Photo 1 MAP using magnesium chloride

05-08 02/206

BH2 KL~ 7 AT A THEE L MAP
Photo 2 MAP using magnesium hydrixide

®6 iR

Table 6 Amount of chemicals

E3 31 FehR2

Run.1 Run.2
MgCl, * (kg-Mg/m®) 0.25 -
NaOH (kg-NaOH/m?) 0.28 -
Mg (OH),* (kg-Mg/m®) - 025
H,SO, (kg-H,SO,/m®) - 0.88

% Raw water PO,-P ; 250mg/l, Mg/P by mass ; 1.0

IoNF R No. 206 (2005-1)



AU @ MAP ) 7 7 712 X 2 R Y AU i o KGE

R13ICWHD T A ML AR L7z BIEER 1 m® % e
T23A ML, HILY 7227 2084 T1641/m?,
KEBIL~ 72 Y7 AOYETR6EIH/m> Th -7 B
ERTEICHN, MAFOER I A P TRIETEZ 2 L8

/]3\75)0 720
4. £ ¢ O

BESMEFEAL O BT %2 X502, DR & HERE T RE T,
HOoHma X PRI L 720 AR Y 27 A DRFE % 1T
o0 PWEBKEO S Oy VEEEI T ZAUT
DHAE SN2,

RRUES

(1) 148X 727 Z 3R ofR# & 352 ) A B DS
KT 2MBICHLDIRL, 2/KX) 727 5130 Al
PERPMET T2 E R LRE LB ZIT) ZEHNTE
720 2MK D 7 7 #%, KRR L CR IR &
RHITHLIENTE,

(2) KEIL~Z7 %> ADSHEAW R Y AT AR ER
L7z&2h, mlREPEHTIE, BEKD ARE =300
mg/l & EIEEREAKICBWTHRINEREZERT SRS &
e SR RETdH %o

N4 1y b FEER

(1) FEIKT-PA250~300 mg/ I THADIZXL, DA
FCRE, b~ 274 v o KRBT B A% v
e, KBIL= 7 3 A L RB R WIS E 0w
NIZBWTH 0% ETH o7z, MHKEIFKE KL

PO,-P; 250 mg/I

200 0O H.S0,
o 164 0O Mg (OH),
e 160
g NaOH @ NaOH
T S 140
E MgCl,
=2 120 0 MgCl
54 100l o it .l
og Unit price of chemical
2 —1 148 .
#® 80 MeCl, 63 MgCl, : 5921 /kg-Mg
60— [ -+ NaOH :56//kg-NaOH
21 H,S0, 3
10 Mg (OH), : 166 /kg-Mg
42 | H,S0, : 24 /kg-H,SO,
20—
. Mg(QH)z
0 Febr1 £
Run 1 Run 2

R13 #Hama X b
Fig. 13 Comparison in chemical cost
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