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Abstract; Study was conducted on the phosphorus (P) recovery of magnesium ammonium phosphate ( MAP) crystal collecting reactor from anaerobic-
digested piggery wastewater under aeration condition through MAP crystallization. The results showed that it was feasible to recover P through MAP
crystallization when pH value of anaerobic-digested piggery wastewater was raised by aeration. The saturation index (SI) of MAP was the polynomial
function of piggery wastewater pH value, with the optimal pH value of 8.5~9.0 for crystallization. The piggery wastewater pH value would raise to 8.5,
when the aeration period was prolonged to be 180 min. Under room temperature (25 °C ), the reaction kinetics order (n) of P recovery by MAP in the
reactor was 1.98, with the rate constant ( K,5) of 7.04x10™* L+mg™'»min~!. With the single operating cycle of 270 min, the average P removal efficiency
was around 82%. The MAP crystal could be formed on the collecting reactor within one cycle and would gradually grow as the reaction cycle increased. The
component and structural analysis by scanning electron microscopy and X-ray diffraction indicated that the crystal was high pure MAP crystalline.
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1 5|5 (Introduction)

JRE K I 8 2 R T R B AT U R A R
TR 1Y BLY5 YL IR 2 — (Saidou et al., 2009;
Karakasheva et al., 2008) ; [F]Bs} B 7 S —Fh A v
FRAE TR, Tz N T ol Aol A 7= b f v (R
Ak£x%, 2011; CEEP, 2001). A bk, MR K 5 BR
A WOR , B AT DL 3K B0 R 97 3R 52 Y B ARG, SCRE ik 2
BEIR ISR (GBR R A%, 2007) T 4F K, 7R |
AR S5 b o Wt 1) 7T 457 82 1) B0 5 1S AT b oA e
Z A ( Massey et al., 2010).

HAT, K b 26 BR 7 AR 22, B 4 1k 2
DURETE | B 73 855 | B 1 5S40 06 TN 45 i 5 4% (Hao
et al., 2008; Palma et al., 2002; Jorgensen and
Weatherley, 2003; 4% # %5, 2013; Jordaan et al.,
2010) . MAP £ fi i i I 7K Hp 25 I AR [T sg il 118 —
FhEAR H S 200 42 R J5 7 (Zhang et al., 2009) , [H]
Wiy MAP & R B 3¢ 2 05018, AT )3z i
TEEZY AT AR U, I TR 4 R i AR
Y3 N W DS A A S A DS B | % N7
2009; Forrest et al.,
2008) . A T MAP 45 f i 4 7 92 5% 3 ( Strickland,
1999 ; Arakane et al.,2006; Bhuiyan et al.,2008) .4
HHT bR K A P F v | B 255 7% 1 MAP
A A TCTE A3 89— 7 T, SE DR AR —
WP EAIAR TES AR 2 EH mg- L7 BER R
Y TE) BF 5 A K & 19 Bk B2 MR ( Grossl and Inskeep,
1991 ;Song et al., 2002).Williams ( 1999 ) HI Stratful
55(2004) WFFE KRB  ZEBR R, CO, RIS 2
VAR pH (EZA8 Thisy . IR R v, T T 11 Y
PRGN 52 B 40 ] R AR EE ER i IR R T, i
TRA AT ) MAP fh A 55— 5 T, 7 3R T Ak R
T A B MAP A LA /NSOR, 82 200050 32,
[E6] Y 7325 TR M 3 AN T £ 2 B0 MAP i R % ™
B NBCRAK (Hirasawa et al., 2002).

X IR P BT R & e ROK R
D HRE R ASBFGEIE A T — B T R K Tl
MAP @A A SO0y i , 38 2ok g SORETI CO, $ K 7K
pH (B, NS A A A A, 3 R R 38 | [] i) ]
SV e P RR AT 4R 4% B AR MAP ik it — D4
MAP AR R 53 B 3508 A GE 0 B 102 % 5
TAL2F 25508 26 F , MAP f AT B2 B2 7 2 X0 3 3%
PRATH AU P B MSCICR

( Warmadewanthi and Liu,

2 #P57HE (Materials and methods)

2.1 RBEEKE

MAP SRS 4 S i S — B TR R I, A 4K
HR6 L, NHE LA Z A 22 I (G AR 0.062
m® ) AR AR B SR AR i s SR L
T TR L R B T ROV AR ISR (& 1) 3k
g AR H Bl K 7 =, B RkiK 6 L, ik 2
Ja PR IR B RN 150 L-h™' &4 i 17 B 4y
N4 A BE K (10 min) 5 B (180 min) ;37T
TEMA (60 min) ; HEZKII (20 min).

g

1 MAP RHEREFREE
Fig.1 Diagram of MAP crystal collecting reactor
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Table 1  Major components of anaerobic-digested piggery wastewater

S gm0
pH 6.98~7.86 7.40
COD,/(mg-L7") 420~1023 719.6
NHI-N /(mg-L™") 720~995 834.4
PO"-P /(mg-L™") 36.7~64.5 40.5
Ca?*/(mg-L7") 86.8~133 106.3
Mg/ (mg-L7") 40~60.6 50.9
BEUJEE (LA HCO5 ™31, mmol -L7") 65~87 73.0

22 WAEAKITE

MAP 25 5 i FE A 2 0 UL (1) (Li and Zhao,
2003) :

Mg* + NH;+ HPO; + 6H,0 <>

MgNH, PO, - 6H,0 + H* (1)
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| A0 N B 8 8 ( Saturation index , SI) A] #1348 Jz
NS ZR T MAP (93 7 R RE ( E AR S, 2006)
IAP (2)

X (2) H TAP FI K 53500 »&(451'43 MAP 4 52519
ﬁﬁa%?ﬁﬁ%ﬁ%ﬂ*ﬂﬁ%{ﬁﬁ ALY ST = 0,%
WAL T ERRZS ;24 ST < 0, I WAL T AN FIR S,
TCAE RN R 24 ST > 0, IR IAL Tt M AR ZS
Zh SN RE A R HEAT
23 HAFIHE

MR (1) B TER M ALRES T, Mg N <P 1Y
JEE SR U A pH (B MAP &5 fi 2 0 0 5 B 2 80 AE
N BT MAP SRR A WRORE R ) 25 B
A F ST 4 o R AR KBS MAP 25 5 3l 1 A R
(3)FR .

S_

dc

- KC" (3)
A, dC/de UTTE SN 3R 5 C R ¥ T i 1) TR
(mg-L™") ;¢ AW A A] (min) 3 K R 2 W 3 R 5 4L

n BN XS TR (3) O AT 4%
dC
- log o nlogC + logK (4)

TR (4) AT, log (dC/dt) 5 logC M2k M 5
R, HEIMRER N R HREL n, B LR 0 #E T
E K.

24 T EMNLE

IKEEG BT B3 ME XSGR R RRE 1
CRFUZ K i 73 M7 7 ) (2002) #EAT. IEBRIR R HY
DU SR FH AR BE BT 43 D0 0 B k5 45 86 n I e R K
AW ( HAS S e, AA-6800) .

25 b YR AR Ly 43 B . A SEM-EDX (%
Cambridge S-360; League-2000) Fil XRD ( H 43 #f
2L Dy -RB AL X5 B 19 2R 50 [ AR S R AT
I3H.

3 R 51318 (Results and discussion)

3.1 BAE A R EE R pH {E A MAP By

SI{H 1y %

MAP St AR ) A BTV pH AN 3L i
JE I R e R AR R 2 R Kl [ A 2 7 A 2R v % 0L
FELER T T (Ali, 2007) FEBES 54 F, CO, )
BT B W pH B T =, AT B K B0 o e 12 A
RIS, A Al T MAP 54 K 4 il ( Stratful et al.,
2004).

S R E MRS RO 150 Leh' BRI R
MAP fh R B s s A RS AR pH (E 5%
i UL & 2. 07 LA Y, 60 A4~ 52 Ry JEL 1, B st 1) 5
FE IR LT pH {52 X ROG R 5 Bt 5 R AR 1]
B8N, 353 R AR AR TR Y pH (AT BTG G 7.4 22
A B2 8.7 A4 AEBE S BLE 120 min NAEIHIR
FIHILH pH (BTSRRI 70% A1
BUJE B ASN pH A BT S50R B Wi B AR, 24 i <R
[E] >4 180 min A 4% 37 IR 40T ALV pH (BT 3K 8.5
RN H] 2 360 min B4 37 IR S0 TH AL W pH {E 7T 5
ARFGETE 8.7 2247, ;X Uk B Bl 4 W <RI ZE K, CO,
WXHJEVEJ%XG‘Z%‘%B%’%TFWH& pH E A $& THRICR 1% 7
RERARG. PRI | 30 s e < IS ] 4 52 MAP B B 455 ) 1) 11f
5t pH {E%%.%fir”%%a_ﬁxﬁimaé%l %
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Fig.2 Effect of aeration time on pH value of anaerobic-digested

piggery wastewater
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Fig.3 Effect of pH value of anaerobic-digested piggery wastewater
on the SI value of MAP
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MAP [ ST {E 5% W16 pH 2 28R EOCR.
Bt w1 4G pH (AT 5, MAP 9 ST {H 2T &5
FEARA S, H MAP %5 i fefd: pH (68 8.7 &£ 15.
%fﬁ;&ﬁﬂtiﬂﬁizﬁ FERE K PAE AL MAP PR
HZE A IE AL pH (H T2 M 8.5 ~ 9.0 ( Elisabeth

and Keith, 2001) . 75 55 bR 4% 373 2 K Kb B v, S b 2%
W& 180 min J& , B /K pH {ERIAT #2155 2] 8.5~9.0
(FE2) . ik, 854 MAP S Al 8 B vy 8 193z 47 1
&0 BEAUNHA] A 180 min, % TEHE /K TTVELL KN
TR T, BEE RV A A~ 217 8 A 270 min.
3.2 MAP & R4 & K & B % 37 R £H LR

BB R

TR R B RN pH B9 22 A6 53 51 %5 MAP iy
AT 2 IO i Il 19 2 o ] A0 6 S0 B 52 )
gERLILIE 4. 0T LA 7R 60 A SN JE 1 ) B
I 180 min PN, 4 375 DR 480 TH A0 U Hh it vk J32 TR PR A1
DU [l o G T 7 92.8% ; B A L I 1Y)
YRS WU ZZ R AR, 300 min J5# TH5E , B
Y LBRFRL R 82%.
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Fig.4 Effect of aeration time on rate and efficiency of MAP

crystallization reaction

AT A A S I SN R A R IR R
SR T8 B A A T b 75 1. R AR A G 454 T, MAP
TS 5 N7 2 [0 0SB %) 2 I 4 B () R B 6 B
(Kys) Xy i B R AT 8 J1 2 i 5% (181 5) ek [m]
VA P A 90 R AT 7E 25 °C TR, 60 /N S JE
W5 MAP KW Y F- 34 S0 080 (n) Ry 1,98, 453
2, HREHE(K,) M 7.04x107* L-mg " min~".

DLt — 2 2R B, MAP Jfi 46 I ] 7 RS
180 min i, BV AT SZE MAP f A% i v 255 [T g

¥ % Mk
0 —
0.4
3
g 08
%
2
ok =1.9802x-3.1522
R?=0.9861
16 L L L J
0.8 1.0 1.2 14 1.6
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5 25 CTHBRAEULBE S MAP SRR NZEHMR
Fig.5 Reaction kinetics of MAP in anaerobic-digested piggery

wastewater at 25 °C

3.3 MAP &4 & R 8 B & R AE

— RN ISR G WS LB Ak s
HHZE ) Bt A S 7 J 1 %) 38 e 4 #8 B0RIR
PRI I 3 2 R0 Sk AT 1 AN H (60 A~
o JEIA) I, 3 O s g s e AR A 4
FHREIRE PRy, I H AT B A A, 45 R
2. LA RO s AR R T TE ) 91.2 g, H
gl 4 2% 1 Il Ui AR S TOYE R B
35. 4% . FULTE = i N AORIE T MAP, 38 i
N.P Mg By S840 (3R 2) A4 B Il
FEMIR ) 91.2% 0 MAP | 17 21 i e 350 14 181442 7= 4
H MAP R 64.7%.

E6 MAPRiEHERMZEWEERA
Fig.6 Micrograph of the crystal obtained from MAP crystal

collecting reactor

F2 0NREEHE ,MAP REHERMRPHNRETE
Table 2~ Mass balance of phosphorus within MAP crystal collecting

reactor after 60-reaction periods

T
g ﬁﬁg/g

FRLENTIE S 32.3 3.93
S A IS R 58.9 5.81

=il

HET

91.2%
64.7%
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AR RN AT d AR 2 AR i A it A T
SEM FI XRD RAE, 25 5% WL 7. WAl 48 5 L [l g ™
Yy SEM & F (I 7a,b,c) W LA H, B 853
AR (AN | Bl A R 8 B R 3 m, & ik
KN 50 pwm B8 K ZE 200 pm. Booram 45 (1975) B
AETS KA BT B ) & R A R B, 4@ 3R im
FIVE R S 3 TUTE ) 1 1 T 3 K, (e S 2 A 1Y)
A1 Doyle 55(2002) BFFEINN 76 KW #% 38 1 1)
AN TAE N A AT EME E MAP SR AE K R
RS R SE . Shimamura 2% (2003 ) | FH 48 /N80 MAP
VE R SRR BN 2 S g e, 12 d i & B AR A K
i 0.79 mm ¥ K ZE 1.18 mm. H I, S ELSFE

EHT=8.50 kV
50.0 um

L=SE1 WD=29 mm

EHT=8.50 kV WD=29 mm

50.0 pm

L=SE1

WD=29 mm

EHT=8.50 kV
200.0 pm

L=SE1

2T Y S AR J5 S 45 e R R R
HIA XRD S48 57 LA (18] 7d e, 1), B
Yyr A7 55 1 3 5 3R 8 T B 7 b & (Zhang et al.
2009) B MgNH, PO,- 6H, O H)H5 M 177 55 (&1 3% Wy 45 %5
I, W LAGIEBA [0 4 32 22 MAP @R, 8% HAP
(¥ K,,(4.7x1075%) [k MAP f§ K, (1072¢) Z/MRZ
HS I HAP Lt MAP 485 kA UUTE O, (H i T
IR A TE AR e — FP & 22 A, e R R
A Ca™ Mg™ .COY FINH] FZFE 7 ANHE T2
6] S AT FI SN (6 5 MAP 435 ft i [l WSe gl A o 2
FEY AR fS 432 4 (Karak and Bhattacharyya, 20115
Huang et al., 2011).Cao Al Harris( 2008 ) fiff 53 2 HH
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Fig.7 SEM(a, b, ¢) micrograph and its respective XRD(d, e, ) of the crystal under different reaction periods
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£ pH=9.2 #i COT FAAEMSMT, R4l HAP
TUUE BV AH H, HAP T3 IR 3% 5 SR IR T 29
86% ,C0O5 . # &l T HAP Jx . [A] i}, Song %
(2007) A, CO3T X MAP 7 ¥y B fi (A2 25
I K B COY e BERG N2> Wi Y 22 B i
REAIS. TRt , 7658 5 DR AU AL IR & o, Ca™ Tl COY
(A IR R A FH T A 8 8 AT 7 & BRI A7 AR B X MAP
O P 5 M R 3 0 AN () s 7 ) 401 9 4 g I ol
BYLH 3 oA DR AR M) F BT R & i 5 MAP
FIEIS IO R S Xt (8 3) el R E I, k=
P IC R & AR AT T MAP [EE & i, )W
TERE R B UTIE Y 1 2 W MAP i AR 2 38 5% 1 AN
K, I ELBRERE SO R 01 B 38 A, [ il MAP A 4t
.

R3 ARAEMBAHRTHESR EEWFWME MAP IREE
Table 3 Chemical composition of the pure MAP and crystal obtained

under different reaction periods

R p Mg N Ca
2 >S5 9 [l W 4 MAP 12.34% 9.14% 5.17% 1.62%
4 A~ S JE A DI Y MAP 1227% 9.12%  5.16% 1.59%
60 > SR JE I [l i i) MAP 12.18% 9.08% 521% 1.38%
MAP g T HE H & H 4 12.64% 9.80% 5.71%  —

4 &2 (Conclusions)

1) AR g 8 & N AR & pH (E #E 1T
MAP 25 f [B] e 2 5¢ 42 v 47 19 5 W ASCR ] 4 180
min , JE 3R E ALY pH (H 0] $2 5 = 8.5, B il F
BB 82% A A

2) A MAP (1 ST {H- 5K pH {H 5 £ 30
KRBOCHR 45 R B pH {H8 8.5~9.0; %
TR (25 °C) , g5 N MAP [T 4 52 i 5 17 2
MR N R E n Ry 2, B H B Ky A 7. 04 X
10" L+mg "*min~".

3) TEM IR AR &, Ca™ Fil COT 1Y
PN FIAE FH AT A 2508 AT 79 5 B0 A7 AE B X MAP J g
BRI

4) FHEERNT MAP @A AR 4 1 B AR ROR
£E4% E I MAP 775, 22 SEM XRD 1% 3% = AE L
FAR2E AT E S Al i A

EEEEEN: RAL(1967—), 8 B+, xR, -4
TP, EENERT REH AN K.
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