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Development of a Novel Process for Recovering Phosphorus
from Anaerobically Digested Sludge using a Crystallization Reactor

by Kazuaki SHIMAMURA, Asei MIZUOKA, Takao HAGINO, Hideyuki ISHIKAWA, Yuichi FUCHU, & Izumi HIRASAWA

The authors have developed a novel phosphorus recovery process for recovery of MAP (Magnesium Ammonium Phosphate), as well
as for separation-recovery of crystallized phosphorus from digested sludge in water treatment plants. The process was developed in an
effort to reduce the phosphorus load and increase the MAP recovery amount in water treatment systems. The main components of this
process are a complete-mixing type crystallization reactor and a hydro-cyclone. The crystallization phenomenon of phosphorus in
digested sludge was studied through a preliminary experiment and conditions for suppressing the generation of micro-crystal MAP
determined. A demonstration test using anaerobically digested sludge was carried out using a pilot test system (treatment capacity: 6
m’/day) which was installed in a wastewater treatment plant. Stable MAP recovery, constituting over 30% of T-P in the digested
sludge, was achieved through the 6 month duration of the demonstration test, thus demonstrating the practicality of this process.
Keywords: Phosphorus recovery, Crystallization, Magnesium Ammonium Phosphate, Anaerobically digested sludge, Hydrocyclone, Complete mix-

ing, Scale, Eutrophication, Sewage
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Fig. 1 The form of phosphate in digested sludge
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Table 1 Experimental conditions

Run A Run B Run C Run D

558 PO,-P (mg/L)

230 225 225 227
Raw sludge PO,-P
BRI (min ) | o
fotiminenn min 150, 150 150 150

gitation rate 200
75,

M pH )1 80 80, 80 80
Reaction pH 37
Tl S O TR (g/L) 10,25

50 50 T 50
Amount of seed MAP 50, 100

. ] -

Mg i (mg-Mg/min) 10 10 30 10 ~ 480
Mg supply rate
Mg/PO,P &=ttt (=)

13 1.3 13 1.3
Mg/PO,-P by mass

%2 FHHER

Table 2 Calculating formulas

WAL F, (%) (F-Pyy — F-Py,) / (PO,-Py, — PO,-P,y) X 100
Micro-crystallization of MAP

T-PEULE (%) (T-Py, — T-Poy) /T-Py, X 100

T-P recovery

APHEIREE (%) (AP, -
A-P recovery
HimibE C, (%)
Crystallization

XURT ¢ in E5TR Raw sludge, out MLELTHIE Treated sludge

(»

A-Po) /APy, X 100 3

(PO4P;, = POsPy,) /POsP;, X 100 )
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Fig. 3 P recovery process
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Table 3 Experimental conditions

Run 1 Run 2 Run 3
HER I
%Eﬁ,ﬁ. Ml . 0510~05.11 | 0511~0601 | 06.01~064
Experimental period
M i _ MgCl, | MgCl, | MgOR),sury
Source of magnesium
pH &
NaOH NaOH H,SO
Source of pH adjustment a a e
o e P
J’ﬁﬂ' .ﬁlclil#’x (min ") 300 50 ~ 300 150
Agitation rate
Pre s R =N 3
RIS (m®/h) 024 095 025
Raw sludge flow rate
VT8N
In reactor
TS (g/L) 115
89.8 76.6
(Total solids) (739~150)
VTS (g/L) 34.0
287 26.4
(Volatile total solids) (25.1~419) 8 6
NVS* (g/L) 814
1.2 .2
(Non-Volatile solids) (488~110) 6 %0
SRR ()
26. 19. 22.
Water temperature AV. 63 93 g
RN = g
Hydrocyclone
AT U= =N 3
ES /NN (m*/h) 39 37 39
Inlet flow rate
— N 3
=\ (m*/h) 31 28 30
Overflow rate
T i (m*/h)
0.8 09 09
Underflow rate
5 |4 (m*/h)
15 15 1.3
Withdrawn flow rate
FANVS (g/L) _
Inlet NVS conc. 15.6~35.3 215 155

% MAP (g/L) =2.0 x NVS(g/L) — 6.2

FREEH & LT HSO, W % VT, Run 2 & OLEVERE
2 L7z,
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L CalMili L 720 &Rtz midok2 (2) (3) (4)
2R,
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Fig. 4 The constituents of phosphorus in digested sludge
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AbiMb, pH3SNH 201K T S5 MFETIX, D AR
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BETIEIMgREIZILL aho/zl &h b, BBtk
AUER Felil kO ) ADEIN L7z ZE 25N 5, L
DFEENS, FPIEpH2THMT L) ADRELRDT,
F-PIZMAPHIRD D AWK 40%, Al Feliiko
DADKI60% EHIHTE %,

AT 7 7 & TR T O K POP &5 AL L,

HHIRE mg/L
Soluble ion concentration in treated sludge

K5 KpHIZBIT LA A+ v OFLiRE
Fig. 5 The relationship between pH and soluble ion
concentration in treated water
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Fig. 6 (1) The effect of agitation rate
Reaction conditions : pH=8.0, Amount of seed MAP =50 g/L,
Mg supply rate=40 mg-Mg/min
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Fig. 6 (3) The effect of seed MAP amount
Reaction conditions : pH=8.0, Agitation rate=150 min *,
Mg supply rate=80 mg-Mg/min
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Fig. 6 (2) The effect of reaction pH
Reaction conditions : Agitation rate=150 min ',
Amount of seed MAP =50 g/L, Mg supply rate=40 mg-Mg/min
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Fig. 7 Daily varitions of the test results during continuons
operation
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Fig. 8 (1) The relationship between Inlet NVS concentration
and A-P recovery
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40%, 20 g/LCT35%, 30 g/LT30%& -7z, X8 (2)
X0 =R & #E LRI 2N 20%, 90% TEALIX
GhrolzZ b, APEIEEAMET LB ML, 4
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WA A 70 F —n"h ot L, G E TP
ENTTDEEZONDL, ZOEND, Y AEIEE
BB TOIIZAET A 70 AT 5 MAPEE X
BV EHFEF LW L35 D o7, —HTR6 (3) I
ARL72EDE, @Y 727 Y Nofls (=MAP) DR
ERWIEEFE LYo T, W) 727 8 NOHIRE A
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Bk,
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G RO A-P & H#E3# ) 300 min~ '2*5 100 min~ ' 124K
T a2 METITZMN RSN T 400 mg/LTH - 72
iz 8 50 min~ ' CIXLEE S EAL L TRLERTB R D A-P
12500 mg/L &7 o7z RIQI i EE & M, b
b=, Mot D MR 2 B L7z, A-P IR, B
[H] #53 E A3 100 ~ 300 min~ ' TIZZALIZ R S N34 38%
TH Y, MEEHEES0 min® ' TIX18%F T T L7z, %
ML= & e 22, 100~300 min~ ' T15%
& 90%, 50 min~ ' T70%& 90%TH Y, 50 min~ ' TH
LD LS Lzs BLRA LA LzDIg, H6ﬂ)

DEBTELZ L2 L 91, MEEEEI/ NS WY

100
ot O—0—m0—o0
80 T @ A-P recovery
70 O G
o5 60T AFy
£
ea& Or
=L
Ay 40 +
30
20
10
1 1 1
0 100 200 300 400

FEAR LR HE  min™

Agitation rate

9 BEFRIim R & KEE O BR
Fig. 9 The effect by the agitation rate

WRIR AR FERIR A, M2 MAP 2SS Eibr i L
TelebbEZOND, —FEAER LM 7% MAP XA
YA 70y TRHIENZWOT, ) ARPEKIIET T 5%,
D ABRE B 57201213, HORERR FORENR
B2 U T A2 EEET, Zofay VT

YR TIEA % LD EAFREEE A 100 min ' PLEE T
VBN D5,

(3) Mgiioi® (Run 3)

Run 3%, Mgifi&LTMgCL &I 2T Mg (OH),
AT =% H\vize Mg(OH), AT 1) — ZHALHIRICH
WT%EpHiLﬁTé®T )7 7 5 NOpH % 8IZHE
F9 % 72012 H,SO, % on-off il THM L 720 7 ;Ib,
‘dﬁlﬁ-"‘ﬂ‘/f?ﬂ/@?x)\NVS 38520 g/L, FEHEmI%HE
100 min " 'PLEELT, W@?@@A@ﬂl%b:&ﬂfj‘?ﬁg
BRI L 7. K7 XD, EHGRO A-P600 mg/L 12
XL, ALBEHRO A-PI1E380 mg/LTHhVY, 3 HM
KREBEAD RS RE LM EIT) T LA TE,

FK41ZMglIZ MgCL & % 72354 & Mg (OH),
AT =% WA OMBEREZ LK L72. &8, Run 2
DOFEFNZMFEFEEES0 min ~ ' DOF — 7 ZBRWTEE L7z,
Run 213575 T-P 825 mg/L 2k LLELHG RO T-P
13566 mg/L, T-PRINEIL31.4%, A-PRINEIX36.7%
THo720 Run 3FEIHIRD T-P 741 mg/LIZxF LALEE
HRD T-P1x510 mg/L, T-PHULEEIX31.1%, A-P R

R4 HHLILEER ORI R
Table 4 Treated sludge quality

Run 2 (MgCl,) Run 3 (Mg(OH),)
JEGE | ALBEYE | BUGIE | LB
Raw Treated Raw Treated
sludge sludge sludge sludge
pH (-) 79 8.1 8.0 82
M7 AAVE {mg/L) |y gq 2800 3500 3290
Tatal alkalinity
TS (g/L) 17.0 16.6 16.6 15.3
VTS (g/L) 117 116 118 110
NVS (g/L) 5.3 5.0 43 4.3
T-P (mg/L) 825 566 741 510
AP (mg/L) 645 408 578 378
PO,-P (mg/L) 223 24.1 178 288
NH,-N (mg/L) 776 715 895 780
- VEA
T-P [a] L= (%) 314 311
T-P recovery
A-P [LEE (%) 367 346
A-P recovery
o4 22
Rl o) 89.2 811
Crystallization
11/ S
fniﬁﬁﬂﬂ 2 o (%) 161 67
Micro-crystallization
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mHTHA 2 O 22T e 5 0 ) A G RPN 7 1 & 2 D%

L 346 % Td > 720 WIEET T-P IR A-P L
AR ONT, ERHOEWIZL S ) ABPERIZRIE
THEBIRON P72, 1 m*OMALHREZLHT S
DICLELIEHIA P2 KT 5 &, MgCLBHROEA
207 M/m®, Mg (OH), A5 ) —O¥E47H/m* TH b,
Mg (OH), A 7V — O3 1/4 DA X FTdh o7z,
WLBRPERE DS S T I A FAVR S W LS, Mg
(OH), A5 ) —Z W27 O ALY EHWTHL L
HWTE %,

X101, REGMOELEZR LT, W d 50 %1%
PHE120.12 mm THY, ZLIIASN LG0Tz — &I
AT Z IV 2 E IR T 5 0T, KRR O
el & IR EL LMD H 5o SRR LD

100
90 | —®— 200511

g
S 80 —O— 200601
£
X 3 0 —a— 200602
ERs
® 2 —%— 2006.03
E 5 50
fE § 40
= 2 0r
S
Z 201
E o
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0 1
0.01 0.10 100

FiE mm
MAP partcle size

10 AEEE5 AT OFE H 2L
Fig. 10 Particle size distribution curve

07-56 01/215

BHE EHAr — IV OFEIFRREE
Photo Full scale plant

SN/ BHELT, MBEKE LRI 7 ur il
2 X DA D BFEAEIIRIB IS oo 72720 8 E 2 H A,
WA A 20 AT A MAPEEZE L LA
L2, BIENEEHEEA50 min 'O AERE, K70k
AEF6fE H D720, HALERF O Y ADHN30%LL
A MAPOEETEZEL THIT A Z L TE .

4. EZr—IVDEIRE

BUE (2007.2), MLFLE 50 m®/d DERER 7 — v DFEGE
REREAT o TV b, WHRERE 2 BEITRT . FHA
o — IV DFEFERERE T OMIIVEREIX, & Z Tk
PR LS ETH Y, HICKEE L Tw2. Hloks
A 2TV EE LTV A,

5. &8

RESCTIE, BEEPEEACRE 2 55130 7240758 %
S0, WALHIRAIAEAET 5 MAP & LG RSB
LTWw2 ) A%, kA 70 v 2/MAAZZENY 72
& TR 5 SISO W THGEE L 72/ B2 nw T
et L7z

(1) HALHRFOEYVAZ W LI2EZ S, SR T
HDYAIX36%, HR T HDYAIZ14%, POLPIX28%
ZERTW, B FHOYAIEMAP THY, Mk 1
HFODAIIMAPDIZ), AIERFeliloTwiz,

(2) P72 MAP Z AT &8 % W &5 2 &k icow
THET L 72225, $5120 7278 ORI EE DMKV &
R Mg e 3 BE D333 4 70 & M BUSHER I 22 ) %
L, WY b2 BT HUEND D LG D572

(3) EREDTHREZ LML TH-> T, MY
Ty LAY A 2y OMAGDOEHMICEY, HR
Ho) AERRESE S EITHBE L7720 AZTGRY
SOMEEINTE 5 2 & 2R 72,

(4) WFHE6 m®/dOEFRUHEAREIT o725,
HALTHRF DY AD 9 H30%LL L% MAP & L CHILT
&, RIFRWHMRLE I ENTE, 72, Mgl
2%l 7 Mg (OH), A T V) — & v 72554 T b B RE
LTS5 2 LR B TRETH - 726

6. & & (C

SH, BWFERREY ATEZRA L T 08
% olze EWFMILY AT, BRRIREICAR S &5
PHICEY AF N7 ) ADRFHERMANEL T 20T, B
SN CHEI LD ADPMAPZEE L, A7 —
M TN ERITHRAPRESIN TS, KT7TEAD
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TR & T 72 S ETHAL T e 5 5 0 ) AGRRIT 1 & 2 0 %

AL JEPOPREEIX30 mg/LUTETITLTED,
THALTEIE 2 K L 72K A o ) AR R S5 % 1)
TIET T b0 A7 0t 2DORHTRLBRIZRIET 2

2)
ABRIIEIR T 5. RUBEZRO ) ARAN 2 KT 5 &,
IARD ) AWREAIMET L, FITHRLIRICHAT S )

DARLIETFT 50T, BEAMENILIELCTOMAP R
VRO LG TE 5, 4%, Tk MR 4
REIFLTHE 20,

B R g

KER D DI ) A P ERBEL TS 5
PR FAEE, OGRS A0S EEOEE
.
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