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Abstract

In order to recycle magnesium ammonium phosphate (Mg®4-6H,O: MAP) obtained from MAP process, which is one of the at-
tractive processes for removal of aqgueous ammonium and phosphate from wastewater, ammonium elimination from MAP to magnesium
phosphates and ammonium incorporation into the magnesium phosphates have been investigated in the present study. It is confirmed tha
magnesium hydrogen phosphate (MgHP@ favorably obtained from the ammonium elimination from MAP at temperatures greater
than 353 K, although magnesium phosphate 4{®§y)>) and magnesium pyrophosphate (MgO7) have been suggested as possible
candidates. Based on the dissolution—precipitation mechanism for the removal of aqueous ammonium with magnesium phosphates, three
magnesium phosphates were employed for the removal of aqueous ammonium. The order of the removal rate of the agueous ammonium was
MgHPO, > Mg3(POg)2 > MgoP>07, as expected from the solubility of those magnesium phosphates. The removability of the solid ob-
tained from ammonium elimination of MAP is also confirmed. The present results show that MAP can be employed as an advanced material
for the removal/recovery of ammonium, although it is generally accepted that an excess of MAP obtained from the wastewater treatment can
be only used as a slow-acting fertilizer.
0 2005 Elsevier Inc. All rights reserved.
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1. Introduction scale is now in operation in Fukuoka, Japan, partly due to
the employment of MAP as a slow-acting fertiliZ6t. How-

As one of the attractive processes for the removal of phos- ever, another utilization of MAP should be developed since

phate and ammonium from wastewater, the MAP process an excess amount of MAP is continuously precipitated from

has been received attentifin-5]: the process. Stefanowicz et fl] and Inoue and Hayasf8]
Mg2* (aq)+ poz— (agq)+ NH; (aq)+ 6H20 showed that aqgueous ammonium can easily be immobilized
— MgNH4PQy4-6H,0. (1) with the solid obtained from ammonium elimination of MAP

to regenerate MAP, indicating that MAP may be used as are-
cycling material for the removal-recovery of ammonium. It
should be noted that MgPO4)> was suggested as the solid
obtained from ammonium elimination of MAP by the for-

Since magnesium ammonium phosphate (MgR&,-

6H,0: MAP) is hardly soluble, aqueous phosphate and am-
monium, both of which cause eutrophication, can be effi-
ciently separated from wastewater. A plant on commercial

mer group,
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while MgHPQ; was suggested by the latter groups without
any experimental evidences:

MgHPOs + NH3 + 6H,0 — MgNH4POs-6H,0. ©)

Magnesium pyrophosphate (ylg,O7) may be also one of
the candidates,

Mg2P207 + 2NH3 + 13H,0 — 2MgNH4PO4-6H,0, (4)

since M@P»O7 can easily be obtained from the dehydration
of MgHP Oy,

2MgHPQ: — Mg2P,07 + H,0. (5)

In the present study, ammonium elimination from MAP
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stirred for 20 min at 298 K. Then MgPOy)2 (4.08 mmol,
particle size 10.7 pum), MgHP&BH,O (8.15 mmol, particle
size 150 um), MgP>O7 (4.08 mmol, particle size 16.9 um),

or magnesium phosphates obtained from ammonia elimina-
tion of both commercial and synthesized MAP (8.15 mmaol,
particle size 17.0 and 21.0 um, respectively) was added into
the solution stirred at 298 K. It should be noted that atomic
ratio of N/P in the aqueous solution was adjusted to be unity.
Therefore the amount of those magnesium phosphates was
adjusted to be the same molar number regarding P. During
the ammonium incorporation into magnesium phosphates,
the solution pH and the reaction temperature were controlled
to be constant. After a specified period of time, the solu-

to magnesium phosphates together with ammonium incor-tion was filtered and the filtrate was analyzed with ICP for
poration into the magnesium phosphates to MAP has beenMg?+ and P(j— and ion chromatography for NH (Shi-

investigated to afford information on the recycling of MAP
for the removal-recovery of ammonium.

2. Experimental

All the chemicals were purchased from Wako Pure

madzu PIA-1000). The removal rate of IjHvas calculated
from the concentration before and after the removal experi-
ment (CpeforeaNd C after, respectively), as follows:

The solids recovered after the filtration were analyzed with
XRD.

Chemicals, Osaka, Japan and used as supplied. Standard

solutions for inductively coupled plasma analysis (ICP;

Seiko SPS 1500) were obtained from Kanto Kagaku, Tokyo,
Japan. The preparation procedure of MAP was essen-

tially identical to that reported previousf®]. Into aque-
ous solution (100 ml) containing I\g-|(50.2 mmojL) and

PO}~ (46.0 mmo}L) as NH,Cl and HsPQy, MgClp-6H,0

3. Resultsand discussion
3.1. Ammonium elimination from MAP

In order to recycle MAP for the removal/recovery process

(1.127 g, 5.55 mmol) was added and stirred at 298 K and of aqueous ammonium, it is evident that the solid obtained

pH 10 for 0.5 h. The XRD pattern of the solid thus obtained
was matched with the reference date for Mg/#dy-6H,0O

(JCPDS 15-0762). Powder X-ray diffraction (XRD) was
recorded with a Rigaku RINT2500X using monochroma-
tized CK« radiation at 40 kV and 100 mA. Particle size

from ammonium elimination of MAP should be character-
ized. However, the formation of MgPOy)> and MgHPQ
from the ammonium elimination was suggested from two
research groups without any experimental evidejic8].
Based on the reverse reactions described in E2s.(4),

of each phosphate was measured in ethanol solution by awhich corresponded to the ammonium elimination from

laser diffraction/dispersion method (Microtrac FRA, Nil-
liso, Tokyo). Commercially available MAP (hexahydrate)

was also employed in the present study. In order to ex-

amine ammonium elimination from MAP, commercially

MAP, the candidates for the solid are suggested to be
MgHPO, and Mg P,O7. The formation of Mg(POy), from
MAP itself is essentially impossible, as shown in Eg),
while the stoichiometric addition of Mg(OkRl)to MAP re-

available MAP was calcined for 3 h at various tempera- sulted in the easy formation of M@POy), after the calci-

tures and the solids recovered were analyzed with XRD.

nation at 473 K as shown iRig. L It should be noted that

Since amorphous phases were detected from some soliccontinuous addition of Mg(OH)is needed for the recycle

samples with XRD, solid statd'P magic angle spinning
nuclear magnetic resonancé® MAS NMR) was also em-
ployed (Bruker AVANCE DSX300) with an external ref-
erence of (NH)2HPO, at 1.33 ppm and a spinning rate
of 7 kHz. Differential thermal analysis—thermogravimetric
analysis (DTA-TGA) of MAP was performed with a ther-
mal analyzer (Rigaku TAS-100). The ammonium incorpo-

removal/recovery system for ammonium if M&Oy)2 is
employed as one of the candidatEgy. 2shows DTA-TGA
curves obtained from the decomposition of commercially
available MAP. Decrease of the weight corresponded to
the elimination of HO and NH; from MAP to MgHPQ,
observed at a temperature of approximately 500 K. The
employment of a decomposition temperature higher than

ration into magnesium phosphates, that is, the removal of 500 K appears to result in the dehydration of MgHPO
aqueous ammonium with magnesium phosphates, was exMg>P,O7 described in Eq(5). In order to characterize the

amined as follows. Aqueous solution (100 ml) containing
NH; (8.15 mmol) as NHCI together with NaOH for ad-

justment of initial pH was introduced into an automatic titra-
tor (Metrohm-Shibata 718 STAT Titrino). The solution was

solid after the decomposition, the solids were calcined at
373-1073 K for 3 h to be analyzed with XRPi¢. 3). The
decomposition at 373 and 423 K resulted in the dehydra-
tion from hexahydrate to monohydrate (Mghiy-H>O,
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