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Abstract : The compounds of ammonium and phosphate ions g mallutants, which contribute to the stimulatioh
aquatic plants growth, microorganism developmend @uwtrophication. This paper presents studies dauarthe
simultaneous removal of ammonium and phosphate foos synthetic wastewaters through precipitatioithw
magnesium sulfate. The laboratory research wasedaout on four types of synthetic wastewaters wihious initial
concentrations of ammonium (0.08-1.6 g/L) and phasp (0.4-8 g/L), at several KigNH,":PO,> molar ratios (1:1:+
2:1:1), and at various values of the pH of the tieacmass (6— 11). The possibility of simultaneous removal of
ammonium and phosphate ions from wastewaters wassaidied on a micro-pilot installation, in theeogiting conditions
established at laboratory scale. The resultinglgmoduct (magnesium ammonium phosphate) was diesirzed in view
of capitalize it as fertilizer, through: chemicaladysis, thermal analysis and X-ray diffractometry.
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1. Introduction the environment, our paper presents studies caotgan
synthetic wastewaters, in laboratory and on a rvpdlat

- . installation. The precipitation with magnesium atdf has
The compounds containing ammonium and phospheﬁz? precip d

. : ) ) e advantage that it simultaneously removes amumoni
lons are major poIIut_ants. They stimulate the aqqai_ant and phosphate ions, which contribute together te th
growth, micro-organisms development and contribiate

hication i |11-3 eutrophication process and are to be found togeiher
eutr(\)/\pl) Ication in general [. 3] . d ohosph different wastewaters. The laboratory studies vwemied
. astewaters containing ammonium and phosphafgy; o, four types of synthetic wastewaters, in vievapply
ions result from swine growth industry, tannery ustty,

dve ind tertil d icinal ¢ this method for different wastewaters, resultingnir
ye Industry, fertilizers industry, municipal waeuse of  gigerent industries. The study on the micro-pilot

detergents with phosphate and ammonium — conteffiiaiation was carried out to establish if thisthod can
agrlcultl_Jre and I|vestpc_k fgrms [4-7]. . ﬁe used for the treatment of large amount of weestens

During _the precipitation process of ammonium ang,, jitferent industrial processes. The produstiténg in
phosphate ons with magnesium sulfate usually teshe ¢ precipitation process was characterized in wéusing
magnesium ammonium phosphate (MAP). MAP is a Whit o5 tertilizer. The method also presents the athge that

inorganic crystalline _Cor_npound which can be l_Jsed e resulting precipitate does not represent awaste, but
fertilizer. The crystallization process dependsnoultiple it is in fact a useful product

parameters such as: concentrations of phosphate,

ammonium and magnesium, pH value, ionic strength of

solutions, N/P ratio [2, 8-13]. 2. Experimental
MAP appears as crystal-hydrates Mg®@,nH,0

(where n = 1, 3, 6, 7). In analytical and technilab The laboratory research was carried out at room
practice  prevails magnesium ammonium  phosphalgmperature using the Jar-Test precipitation methasd
crystallized with one and six moles of water, respely.  ecipitation agent a magnesium sulfate solutios uged.
MAP is a concentrated complex fertilizer, which @ns g, types of synthetic wastewaters with variouisiain
three nutritive elements: phosphorus, nitrogen  andy,centrations of ammonium and phosphate ions used

magnesium. MAP can be used as fertilizer as trist can (Table 1). The samples of wastewater were treaiéfd av
be used to obtain mixed fertilizers. MAP is amohg tew ¢ tion containing 10 gL Mj at several

fertilizers which contain nitrogen under a watesdluble, Mg?:NH,:POS molar ratios (1:1:1, 1.2:1:1; 1.4:1:1:

slowly ~assimilable form. The efficiency of MAP 3 g.9:1:18:1:1 and 2:1:1). The pH of the reactioass
components in soil is higher than the efficiencytef same 4 adjusted to various values (6, 7, 8, 9, 101d)dising
components, but bound in other combinations. MAP& , 100, NaOH solution. All used chemicals were in
also used as fireproof material in fire extinguisfoam, as analytical reagent grade. The pH of the reactiossras

ceramic pigment and for metal phosphating [14]. been measured using a Denver Instrument 250 pHerhete
Taking into account the importance of ammonium angonductivity—meter.

phosphate removal from wastewaters for the prateatif
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The precipitation agent was added to the wategent, a 10 g/L Mg solution, with a flow rate of 0.6 L/h.
samples in the amount requested to reach the desifEhe pH of the reaction mass in tank (3) was adjusiehe
Mg?:NH,":PO,> molar ratio, and the pH was adjusted talesired value using the 10% NaOH solution storehik
the desired value. The reaction mass was stirréld W60 (2). At these flow rates, the reaction mass nediedin
rpm for 5 min (blending and reaction time), thetha0  (contact time) to fill the precipitation tank (3jdito reach
rom for 10 min (flocculation period). The resultingthe settling tank (5) which separates the watemfithe
suspension was immediately filtered and the fitratas sludge: the clarified water going to the dischampees
analyzed to determine the residual concentratiohs oomes out from the top of the settler, while thedgk
ammonium and phosphate ions. comes out from the bottom through a valve.

Samples of clarified water from settling tank (5¢rev
TABLE 1. Initial concentrations of ammonium and phosphateions  collected every 15 min and were analyzed in order t

in the studied wastewaters determine the residual concentrations of ammoniumt a
phosphate ions.
Water type Initial &(Lngen;rl_ation of | Initial gongen;rl_ation of _ The slu_dge resulting in steady-s_tate was dr.iedpissno
T 663 Q‘va air. The solid product was characterized in ordfirtd out
5 0.4 5 if it can be used as fertilizer. The product walsmsiited to
3 08 2 a complex study: chemical analysis, thermal amslgad
4 16 8 X-ray diffractometry.

The TG, DTG and DTA curves were registered using a

The concentration of ammonium ions was determingderkin Elmer Diamond TG/DTA Analyzer in an 8k
through UV-VIS spectrometry at 425 nm, using doublerucible, with a linear heating rate of 10°C/mimdiynamic
tartrate of sodium and potassium and Nessler redgph  atmosphere (air, 100 mL/min), &); as DTA reference, on
The concentration of phosphate ions was determinedsample of ~8ng.
through UV-VIS spectrometry, using vanadomolibdate The X-Ray powder diffraction pattern was recorded o
460 nm [16]. The absorbance was measured with @aWVara Bruker D8 Advance automated powder diffractometer
Cary 50 spectrophotometer. using Mo K, radiation.

The micro-pilot installation used for the studies i
presented in Fig. 1.

3. Results and Discussion

To establish the optimum conditions for the
simultaneous removal of ammonium and phosphate ions
from wastewaters, the dependence of the degree of
separation of ammonium and phosphate ions on diifer
parameters (pH, M&NH," PO molar ratio and initial
concentrations of ammonium and phosphate ions) was
studied.

The degree of separation of ammonium and phosphate
ions was calculated using the relation:

n —N¢
o= 100 Q)
n
wheren; is the amount of ammonium or phosphate present
in the treated water, and; represents the amount of
ammonium or phosphate remained in the solutionltiegu
after the separation of the precipitate.

The optimum conditions of the process are those

which ensure a maximum degree of separation of

Figure 1.View of the pilot installation

1 - feed tank (170 L) containing waste water ammonium and phosphate ions from the wastewaters.

2 —tank (20 L) with 10% NaOH solution for pH adjustme

3 - tank (20 L) for pH adjustement and precipitatiaith agitator with 3.1. Laboratory research

impeller (100 rpm)

4 - peristaltic pump for MgS©solution dosing . .

5 - settling tank (70 L), with agitator with rake béd(2 rpm) The experimental data regarding the dependenceheof t

6 — control and monitoring electric panel degree of separation of ammonium and phosphate ions

respectively, on the pH of the reaction mass andhen
The pilot installation was operated for 240 min &mel Mg?*:NH,":PO,> molar ratio for all four types of waters we
pH value was monitored from the control panel. Thetudied, are presented in Figs. 2 and 3.
wastewater to be treated was transferred from tieekl (1) From the experimental data in Fig. 2 one may notice
with a flow rate of 10 L/h into precipitation andHp that the degree of separation of ammonium ionseases
adjustment tank (3). In tank (3) was added theipitation with the increase of the pH of the reaction mass$ &ith
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the increase of the MgNH,":PO,> molar ratio. Although reaction mass. The increase of the’fMgH,":PQ,> molar

we noticed that the degrees of separation at pH @arg ratio has not an important influence on the inceeafsthe
somehow higher than the ones reached at pH = 16, itdegree of separation of phosphate ions, thereforaot

possible that this increase is not due to the s¢iparof worthy using the precipitation agent MgSi@ excess. We
ammonium in the precipitate, but to the transfoiombf consider as optimum a MgNH,:PQ> molar ratio of
ammonium in ammonia, which takes place at pH values2:1:1. One may also notice that the degree ddirsgipn

higher than 9.25 (p. Therefore, a pH value higher thanof phosphate ions increases with the increase eofritial

10 is not recommended since a fraction of ammonimm concentration of the phosphate ions, but consebuém

lost in the atmosphere, also causing pollution. residual concentration of phosphate also increases.

The increase of the degree of separation of ammoniu  The residual concentration of magnesiions also
with the increase of I\/F@:NH4+:PO43' molar ratio is increases with the increase of the initial conadittins of
insignificant for Md:NH,":PO,> molar ratios > 1.2:1:1. phosphate and ammonium ions, because to maintain th
Therefore is not worthy using the precipitation mge optimum Mg :NH,:PO;> molar ratio of 1.2:1:1, as the
MgSO, in excess. Besides, higher MdNH,:PO;> molar amount of ammonium and phosphate in the water
ratios lead to higher amounts of unreacted®Mgnd increases, the required amount of precipitatiomagéso
therefore to higher residual concentrations of neagmm. increases.

One can also observe that the degree of sepamtion  Taking into account the results of the laboratory
ammonium ions increases as the ammonium ions linitistudies, we consider that the optimum conditionstfe
concentration increases. Obviously, the residugrocess of simultaneous removal of ammonium and
concentration of the ammonium ions also increamed,is phosphate ions from the wastewaters we studiedaapéd
recommended to choose the conditions which ensuoéthe reaction mass of ~10 and aZMgH[:POf' molar
residual concentrations lower than the values pgeethby ratio of 1.2:1:1. Table 2 presents the degreespéstion
the legislation for the discharge of wastewaters. reached in these conditions for ammonium and plaisph

From Fig. 3 one can notice that the degree abns, for the synthetic wastewaters we studied.
separation of phosphate ions increases with thefpthe
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Figure 2. Dependence of the degree of separation of ammoiginsnon the pH of the reaction mass and on th&"NNH,": PQ;> molar ratio
(a) water type 1; (b) water type 2; (c) water t@péd) water type 4.
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Figure 3. Dependence of the degree of separatiphasphate ions on the pH of the reaction massartie Mg*: NH,": PQ; molar ratio
(a) water type 1; (b) water type 2; (c) water t@péd) water type 4.

TABLE 2. Degrees of separation of ammonium and phosphate ions reached in optimum conditions

Water type
lons 1 [ 2 [ 3 | 4
Degree of separation, %
NH4" 90 97 95 95
PO~ 75 94 99 99
3.1. Research on micro-pilot installation ions were also higher. In view of discharge, suesidual

solutions should be submitted to an advanced patiéin.
The wastewater and the precipitation agent wereaix

For the research on micro-pilot installation weided in the reaction tank at the molar ratio ‘Mng[:POf‘ =
to use the wastewater of type 2 (containing 2 gfil;°Pand  1.2:1:1. The pH of the reaction mass was maintafrem
0.4 g/L NH"). For this water we reached degrees othe control panel at ~10, using a 10% NaOH solufidre
separation of ammonium and phosphates ions higditger t installation was operated for 240 min.
for water of type 1. For wastewaters of types 3 4neven The experimental data regarding the evolution rimeti
the degrees of separation were higher than thaseheel of the degree of separation of the ammonium and
for the other two types of wastewater, the residugdhosphate ions and of the pH of the reaction mass a
concentrations of ammonium, phosphate and magnesiyresented in Fig. 4.
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Figure 4. Evolution in time of the degree of sefiaraof ammonium and phosphate ions
and of the pH of the reaction mass

From Fig. 4 one can observe that the degree 8f9%). One can notice that the composition of aodpct
separation of the ammonium ions increases in tiftee is closer to the theoretical composition of Mgl#d,-H,O.
degree of separation of the phosphate ions is &lmhes The studies on the thermal behavior and stabifithe
same during the experimental time. One can als@aot product are significant for obtaining this typefertilizer in
that the value of the pH of the reaction massdiesind the industrial processes. The thermo-analytical curekshe
established value. The small variations are duethto solid product are presented in Fig. 5.
operating principle of the valve which releases the During heating at a constant heating rate of 109€/m
neutralization agent when the sensor detects adserof up to ~1100°C, a decomposition process with mass lo
the pH value. takes place in the sample: up to 400°C the sangdesl

The sampling has begun after the pilot installatio@4.0% in two steps: | — up to 200°C, 17.2% mass, lagth
worked for 50 min. This is the period of time ragagi so maximum rate at 90°C, and endo-thermal effect &C9H
that the suspension reaches the settling tank, evttes - between 200 and 400°C, 6.8% mass loss, with marimu
samplings were made. The pilot installation reactie®l rate at 225°C. This mass loss is probably duedddss of
steady-state after 140 min of operation. At thismaat the moisture, crystallization water and ammonia. Betwd60
degree of separation of ammonium ions was of ~7886 aand 690°C, the sample loses 2.6%. When the temerat
the degree of separation of phosphate ions wa83¥o- increases up to ~1100°C, the mass of the samplaimem
the same and the residue was of 73.4%. DTA cureg/sh
another two effects: an exo-thermal effect at 708A@ an
endo-thermal effect at 1010°C.

The precipitate resulting from the process of During heating of metal ammonium phosphates,
simultaneous removal of ammonium and phosphateiionsseveral overlapping processes take place [17-20]:
the micro-pilot installation was analyzed in orderfind
out if it can be used as fertilizer magnesium amionon
phosphate.

The chemical composition of the product is: NH-
9.1%; PQ* — 61.9%; M§* — 14.6%. The composition of
our product was compared with the theoretical casitjpm
of the magnesium ammonium phosphates crystallizéd w MgNH,PO, —
one and six moles of water respectively, which msult
during the precipitation process: Mghf,-H,O (NH," —
11.6%; PQ*® - 61.1%; M§" - 15.6%) and
MgNH,PO,;6H,0 (NH," — 7.4%:; PQ" — 38.7%; M§* —

3.3. Characterization of the resulting solid produt

- dehydration of the crystal hydrate:
MgNH/POH,O - MgNH,PO, + HO  (2)

- removal of ammonia from the resulting anhydraals s
NH; + MgHPQ 3)

- removal of the structural water:

2 MgHPQ, - M@P,0; + H,O (4)

140



Chem. Bull. " POLITEHNICA" Univ. (Timisoara) Volume 55(69), 2, 2010

100 -
] DTG
e« F O FO =
95 £
| 2 X
. (&) -
Y (D
_ " tl 5
90 Y.L --10  }-05
< " DTA _ %
- 1y L4 <
(7)) 4 . 7
% 85 4 4 ’ E
E b 4 | _20 | lO
1010°C v
80 - 3
k| (]
] 30 L-15
75 - TG
70 - : : : : : : : : : : -40
0 200 400 600 800 1000

Temperature, °C

Figure 5. TG, DTG and DTA curves of the resultingidsproduct

The theoretical mass losses for processes (2)f¢1) alines in the pattern), due to the synthesis comwtiti A
(2) — 11.6%, (3) — 11.0% and (4) — 5.8%. For ounge, crystalline magnesium ammonium phosphate monohgdrat
the total mass loss of 26.6% (up to ~700°C) iseclmsthe can be obtained by adding ammonia solution (in sirop
total theoretical mass loss of MghPD,;H,O (28.4%). under continuous stirring) to a solution containeny 1:1
The difference between the theoretical and experiahe mixture of MgSQ and (NH),HPQ,, at 80-100°C [14], but
total mass loss may be due to the fact that besidEsobtain a crystalline product was not our purpose
MgNH,PO;H,O, our product may contain in small Although the product resulting during the
proportion other compounds resulting during thaimultaneous removal of ammonium and phosphate ions
precipitation process (such as magnesium hydroxideom the residual water was not crystalline anddfme
Mg(OH),). From the thermo-gravimetric data one alsa@ould not be identified by means of X-ray diffracietry,
notice that in the first step of the decompositioocess (up taking into account the chemical analysis and tlaérm
to 200°C) the mass loss is of 17.2%, which meanas$ thanalysis data, we concluded that this product lsasain
besides the crystallization water, the sample dts®s component the magnesium ammonium phosphate
ammonia according to Eq. (3). It is likely that pegses (2) monohydrate MgNEPO,;H,O and it can be used as
and (3) take place together, up to ~400°C. At teatpees fertilizer. This type of fertilizer is not hygrospiz, does not
higher than 300°C, process (4) overlaps: once fdrmdose ammonia during storage, and it is soluble in
according to Eqg. (3), the magnesium hydrogen phateph ammonium citrate and citric acid solution [14].
MgHPQ, begins to lose the structural water (Eq. 4). lan Fi
5 are illustrated the theoretical steps for theodgmosition 4. Conclusions
Of MgNH4PO4H20

The thermal behavior of our product allows us to  Ammonium and phosphate ions can be simultaneously
conclude that if we intend to use it as a fertijz@ the removed from wastewaters through precipitation with
industrial process, during drying and granulatidhe magnesium sulfate. In the present paper were damig
fertilizer does not lose the nutrients phosphoruel a stydies in the laboratory and on a micro-pilotatiation.
magnesium. Depending on the temperature of theeps)c  To establish the optimum conditions which ensure a
which is usually of 180-200°C, the fertilizer maysé a maximum degree of separation of ammonium and
fraction of the Crystallization water and a fraotiof phosphate ionS, the |aboratory research was camigd
nutrient nitrogen as ammonia. Although the completgsing four types of synthetic wastewaters with oasi
removal of the ballast crystallization water représ an jnjtial concentrations of ammonium (0.08-1.6 g/ljda
advantage, this is not possible without partialslasf phosphate (0.4-8 g/L). The water samples were etleat
ammonia, since processes (2) and (3) overlap. with a MgSQ solution at several MgNH,":PO;> molar

The X-ray diffraction pattern of the solid productyatios (1:1:1- 2:1:1) and at various values of the pH of the
showed that the product is non-crystalline (there reaction mass (6 11).
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