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Abstract: Mg®" and PO,*" were added into the synthetic wastewater, leading to the dissociation of the complex ions in the
wastewater, and resulting in removal of copper and ammonia therein. The effects of agents addition amount, pH, and reaction time on
the removal efficiency of copper and ammonia were investigated. In particular, two-sectional struvite formation (TSSF) process was
established for copper and ammonia removal. MgCl, and Na,HPO4 were added by following 90% addition in the first section and
remained 10% in the second during the TSSF process. Compared with one sectional struvite formation, TSSF possessed much better
performance. Under condition of n(NH;3-N):n(Mg):n(P)=1:1.2:1.5 (molar ratio), pH=9, and reaction time of 30 min, the removal
efficiencies of copper and ammonia were 98.9% and 99.96%, respectively. The enhanced performance of TSSF is explained by the
competition of ammonia by copper—ammonia complexes and struvite. The dissociation of copper—ammonia complexes is further
demonstrated by thermodynamic equilibrium analysis, on the basis of calculations and establishment of predominance phases
diagram. Moreover, XRD and EDS analyses further confirmed the formation of struvite and precipitation of copper, which prove the

transmission of copper and ammonia from liquid phase into solid phase.
Key words: struvite; copper—ammonia complex; ammonia removal; heavy metal wastewater; precipitation

1 Introduction

Ammonia is one essential nutrient that can lead to
water eutrophication when it is present in excess [1—4].
Meanwhile, ammonia is a versatile ligand capable of
forming complex compounds with many metal ions such
as Cu(NH,);", Co(NH;);" and Pd(NH;);" [5,6].
For example, the wastewater from mineral extraction
industries contains heavy metals and ammonia [7-9].
Copper and ammonia are frequently found in the
effluents of tannery, explosives, and timber industries
[10,11], with ammonia present at concentration ranging
from 0.4 to 380 mg/L [12]. Spent etching solution with a
high concentration of both ammonia (500—2000 mg/L)
and copper (100—3000 mg/L) is formed after printed
circuit board (PCB) etching [13,14]. The -chelated
metal-ammonia ions are quite stable in solution and thus

are difficult to decompose, which imposes a great
challenge for efficient as well as simultaneous removal
of metal and ammonia from the complex wastewater.
Previous studies mainly focused on removal of either
heavy metals [15—17] or ammonia [18]. Only a few
researches investigated simultaneous removal of heavy
metal and ammonia from their chelated solution. For
example, SUN et al [19] studied the simultaneous
removal of beryllium and ammonia nitrogen by
biological aerated filter. PRESSMAN et al [20] used
nitrifying biofilm to remove ammonia and copper
simultaneously. ZHANG et al [21] used a dual chamber
microbial fuel cell to recover ammonia—copper complex
from wastewater. However, these biological methods
either had no satisfactory efficiency, or had long
treatment period arisen from  the microbial activity
inhibition caused by heavy metals.

Struvite formation method is a kind of chemical
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precipitation method to remove ammonia from
wastewater, which is typically realized by precipitation
of magnesium ammonia phosphate hexahydrate
(MgNH4PO,4-6H,0, also denoted as MAP) by adding
magnesium salts and phosphates to wastewater [22—24].
Generally, the chemical struvite formation method could
efficiently avoid the inhibition caused by heavy metals.
However, there is seldom report about the simultaneous
removal of ammonia and heavy metals by struvite
formation method, which might be due to the cost of
extra addition of magnesium and phosphate.
Nonetheless, the struvite is not so thermostable thus it
could be thermalized, so the magnesium and phosphate
could be recycled for further precipitation of ammonia,
which was confirmed by many researchers [25,26]. From
this perspective, struvite formation method can actually
be an economical method for heavy metal and ammonia
removal from wastewater. So, it is quite meaningful to
study the struvite formation method as a promising way
to remove heavy metal and ammonia from wastewater.

The objectives of this study are to establish the
struvite formation method for treatment of copper—
ammonia complex wastewater and to dissolve the tricky
problem in dissociating copper—ammonia complex.
Firstly, the effects of the influential factors including pH,
agent dosage, and reaction time on removal efficiency
were investigated. Secondly, the thermodynamic analysis
toward the struvite formation process was conducted
based on the detection of the precipitates by SEM, XRD
and EDS analyses in order to elucidate the transmission
of copper and ammonia from solution to solids.
Especially, the two-sectional struvite formation (TSSF)
process was further established and investigated with
much better performance.

2 Experimental

2.1 Materials

All the reagents were of analytical grade and were
used without further purification. Ultrapure water
(18 MQ-cm) was used in all experiments. Concentrated
sulfuric acid (H,SO,), ammonium chloride (NH4CI),
magnesium  chloride  hexahydrate (MgCl,-6H,0),
disodium hydrogen phosphate (Na,HPO,), copper sulfate
(CuS0,) and sodium hydroxide (NaOH) were purchased
from the Sinopharm Group Chemical Reagent Co., Ltd.

2.2 Synthetic wastewater

The copper—ammonia complex wastewater in the
present study was in-situ prepared with the total copper
of 200 mg/L and ammonia of 500 mg/L, namely by
adding CuSO, (containing 0.08 g Cu) reagent into NH,Cl
solution (containing 0.2 g N), and then diluting it with
ultrapure water to 400 mL, and the pH of the wastewater

was adjusted to 9.0 by dosing 0.2 mol/L NaOH solution.
Results showed that the dark blue solution was formed
under alkaline condition (pH 9.0).

2.3 Procedures

The 400 mL synthetic wastewater was measured
and introduced into 500 mL-scale beaker. The MgCl, and
Na,HPO, reagents were separately dissolved to volume
of 30 mL. The reagent solutions were added by
peristaltic pump at a velocity of 50 mL/min, and the
addition volume was precisely controlled by the
peristaltic pump. The addition for the first section was
90%, while the remaining 10% for the subsequent second
section. pH adjustment was conducted when addition of
MgCl, and Na,HPO, reagents began. After addition of
reagent and pH adjustment, the time for precipitation
process was precisely controlled. The second section was
continued after accomplishment of the first section, and
the remaining 10% reagent solutions were added into the
beaker. Other conditions were the same with that in the
first section. Effects of pH, addition amount of MgCl,
and Na,HPO,, and reaction time were investigated. The
pH values from 3—14 were selected, and addition amount
of MgCl, was chosen in accordance with molar ratio
n(MgCly):n(N) from 0.8:1 to 1.5:1, based on
n(Na,HPOy4):n(N) at 1.1:1, while the addition amount of
Na,HPO, for investigation was selected according to
molar ratio n(MgCl,):n(N) from 0.8:1 to 1.5:1, based on
n(MgCl,):n(N) at 1.2:1. Moreover, the time for TSSF
method was investigated from 5 to 40 min.

2.4 Analytical methods

The determination of ammonium concentration was
carried out following the standard methods (APHA,
1998) [27]. Copper concentration was tested by
inductively  coupled plasma  atomic  emission
spectrometry (ICP-AES, PerkinElmer Optima 5300 DV).

The precipitates obtained after filtration were dried
for further experiments. The surface characteristics of the
precipitate were examined by a JSM—6360LV scanning
electron microscope (SEM, JEOL Ltd., Japan). The
elements in the precipitate and their distribution
condition in the precipitate were evaluated by EDS
spectra on the JSM—6360 scanning electron microscope
equipped with an energy-dispersive X-ray spectrometer.
The X-ray diffraction (XRD) patterns were obtained
using Rigaku D/Max-RB diffractometer with Cu K,
radiation (4=0.15406 nm, 35 kV, 40 mA).

3 Results and discussion
3.1 Performance of TSSF process

3.1.1 Effect of MgCl, addition amount on ammonia and
copper removal
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MgCl, and NaHPO, were added into the prepared
wastewater followed the molar ratio of n(NH;-N):
n(Mg):n(P)=1:x:1.1. The x therein was set at 0.8, 0.9, 1.0,
1.1, 1.2, 1.3, 1.4 and 1.5, respectively. pH 9.0 was chosen
preferentially, as would be further discussed in the
following thermodynamic equilibrium analysis. The
reaction time for both the first and second sections was
controlled at 20 min.

The residual concentrations of copper and ammonia
nitrogen are shown in Fig. 1(a). With increasing addition
amount of MgCl,, the residual concentration of ammonia
nitrogen and copper decreased firstly, and increased
afterwards. For  n(NH;3-N):n(Mg)=1:1.2, namely
p(MgCl,-6H,0)=8.70 g/L (mass concentration), it was
the minimum point of the residual concentration. At this
point, the residual ammonia was 60.8 mg/L, with
removal efficiency of 87.84%, and the residual copper
was 16.40 mg/L, with removal efficiency of 91.80%. The
trends of copper and ammonia nitrogen removal were
basically similar. The slight decrease in removal when
further increasing addition amount of MgCl, was
probably caused by acceleration of magnesium ions
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combination with phosphate in the solution to form
newberyite (MgHPO,-3H,0), bobierrite
(Mg3(POy),-8H,0), cattiite (Mgz(PO4),-22H,0), and so
forth [28,29].
3.1.2 Effect of Na,HPO, addition amount on ammonia

and copper removal

Based on the optimal point of MgCl, addition
amount mentioned above, p(Mg”") of 1.03 g/L with
n(NH;-N):n(Mg)=1:1.2 was selected. The pH and
reaction time were maintained at 9.0 and 20 min,
respectively, which were the same with the former
condition. The addition amount of Na,HPO, was a
variable, with molar ratio of n(NH;3-N):n(Mg):n(P)=
1:1.2:x, and x therein was maintained at 0.8, 0.9, 1.0, 1.1,
1.2, 1.3, 1.4 and 1.5, respectively. The results are shown
in Fig. 1(b). The residual concentrations of ammonia and
copper continuously decreased as the addition amount of
Na,HPO, increased. When n(NH;-N):n(P)=1:1.5, namely
p(POZ’):5.14 g/L, the residual ammonia and copper
concentrations were 4.6 mg/L and 0.02 mg/L
respectively at this point, which was far lower than the
limit value in Chinese discharge standard of pollutant for
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Fig. 1 Effect of addition of Mg*" (a), PO?[ (b), pH value (c), and reaction time (d) on copper and ammonia removal performance of

TSSF method
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municipal wastewater treatment plant (GB18918-2002).
With continuously adding Na,HPO,, the residual
concentration of ammonia decreased quite slowly.
3.1.3 Effect of pH on ammonia and copper removal

The addition amounts of PO;  and Mg®" were set
at 4.46 g/L and 1.03 g/L, respectively, and reaction time
was maintained at 20 min. pH value was functioned as
variable, to investigate the removal efficiency of copper
and ammonia under different pH values. The results are
shown in Fig. 1(c). Under pH value of 8—10, favorable
removal efficiency of copper and ammonia can be
achieved. It had the best removal at pH 9.0, with the
residual ammonia and copper concentration of 13.6 mg/L
and 0.21 mg/L and corresponding removal efficiency of
97.28% and 99.90%, respectively. However, when
pH>10.0 or pH<8.0, the removal of copper and ammonia
decreased. This could be arisen from the decrease of
MgNH4PO,-6H,0 formed in the solution, under these
two kinds of pH conditions. This demonstrated that the
optimal pH value was around 9.0.
3.1.4 Effect of reaction time on ammonia and copper

removal

The removal performance of copper and ammonia
under different reaction time was measured by
maintaining p(POi’) =4.46 g/L and p(Mg*")=1.03 g/L.

The results are shown in Fig. 1(d). The removal of
copper and ammonia nitrogen increased as time passed.
The ammonia nitrogen removal efficiency reached the
peak value after 35 min, while copper removal reached
earlier: it came to peak value at 25 min. These results
showed that the removal efficiency of copper was greater
than that of ammonia. This indicated that the low
concentration of ammonia in the solution hardly had any
chelation with copper under TSSF process. So, from this
perspective it suggested that TSSF method was quite
effective in the dissociation of copper-ammonia
complexes.

3.2 Optimized performance of TSSF

On the basis of what mentioned above, it was
concluded that the optimal conditions of the facile TSSF
process were as follows: pH 9.0, the molar ratio
n(Mg):n(P):n(NH3) of 1.2:1.5:1, and reaction time of 30
min. Under these conditions, experiments upon the
treatment of wastewater samples containing different
initial copper and ammonia concentrations were carried
out (Table 1).

As seen in Table 1, the TSSF method had great
performance in simultaneously removing copper and
ammonia from wastewater, under optimal conditions.
Although the residual concentrations of copper and
ammonia slightly increased under relatively high initial
concentrations, the results showed that they were still
less than the prescribed limits in the standards. For
example, for the water sample with initial copper and
ammonia concentration of 500 mg/L and 1500 mg/L, the
results after treatment of TSSF method showed their
residual concentration of 0.18 mg/L and 7.7 mg/L
respectively, which were satisfactory for wastewater
treatment.

3.3 XRD, SEM and EDS characterization of

precipitates

Figure 2 shows the comparison of XRD patterns
(including first section and second section) of the
precipitate from TSSF method and MgNH4PO,4 6H,0
powder from the Joint Committee on Powder Diffraction
Standards (JCPDS) card (No. 15-0762). By comparison,
all the relative diffraction peaks can be indexed to
MgNH4PO,-6H,0O (struvite). It can be seen from the
XRD pattern that precipitate MgNH,PO, 6H,O had
several intensive diffraction peaks that were sharp and
symmetrical, which indicated that the precipitate
possessed high degree of crystallinity and relatively great
crystallite size [30,31]. In SEM and EDS observations,

Table 1 Performance of TSSF process upon different initial copper and ammonia concentrations under optimal condition

Initial NH;-N Cu
Sample concentration/(mg-L ") (After treatment) (After treatment)

No. NH-N Cu Residual concentration/ Removal Residual concentration/ Removal
3 (mg-L’l) efficiency/% (mg-L’l) efficiency/%

1 50 10 1.240.1 97.6+0.2 0.03+0.01 99.704+0.10
2 200 100 2.3+0.2 98.9+0.1 0.04+0.02 99.96+0.02
3 300 200 3.3+0.4 98.9+0.1 0.05+0.02 99.97+0.01
4 500 200 4.6£0.4 99.0+0.1 0.05+0.03 99.97+0.02
5 700 300 5.3+0.6 99.2+0.1 0.11£0.04 99.96+0.01
6 800 400 5.8+0.5 99.3+0.1 0.13+0.03 99.96+0.00
7 1000 500 6.2+0.3 99.4+0.0 0.16+0.04 99.97+0.00
8 1500 500 7.7+0.6 99.5+0.0 0.18+0.05 99.96+0.00
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two types of precipitates were identified, namely the big
prism-shaped materials and the fine particles attached on
them (Figs. 3(a) and (b)). Mg and P dominating in the
prism-shaped material with low copper content
(Fig. 3(c)) confirmed the struvite crystal, which was also
in accordance with the hypothesis based on the XRD
analysis that the struvite possessed high degree of
crystallinity and relatively great crystallite size, as
mentioned above. Whereas, the fine particles attached on
the struvite crystals contained a strong peak of
copper (Fig. 3(d)). Combined with the thermodynamic
equilibrium analysis in the following text, it could
be deduced that the fine particles mainly consisted of
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copper hydroxide. Besides, the comparison of XRD
pattern with the first section precipitate showed that the
second section precipitate had lower peak intensity
(Fig. 2), indicating the probably lower degree of
crystallization, which can be further illustrated by SEM
(Fig. 3(e)) that there were more relatively small and
irregular crystals. It could be arisen from the relatively
much low ammonia concentration in the second section
of TSSF, which might influence the crystallization
property of struvite. It can still be clearly seen in
Figs. 3(f) and (g) that there was no significant copper
detected by EDS, and no small copper hydroxide
particles attached on the struvite (Fig. 3(e)). This
suggested that the copper was almost removed in the first
section. For example, for the optimum condition of
n(Mg):n(P):n(NH;3-N) of 1.2:1.5:1, and original ammonia
and copper concentrations of 500 mg/L and 200 mg/L,
the residual ammonia concentration in the first section
was 32.6 mg/L, while the copper concentration was only
0.4 mg/L, indicating that the struvite formation has great
potential in decomposition of [Cu(NH;),]*", which leads
to the further precipitation of copper.

The  above elucidated  the
transformation of copper and ammonia from solution
phase to solid phase after adding Mg”" and POi_ , and it

observations

further confirmed the dissociation of copper ammonia
complex under pH 9.0. The addition of Mg*" and POi_
enhanced the dissociation of ammonia ion from the
complex in the solution, and it was captured to form
precipitate MgNH4PO4-6H,O (Eq. (1)). Thus, the
released Cu”" was hydrolyzed to form copper hydroxide
under the alkaline atmosphere of the solution (Eq. (2)).
Finally, the copper hydroxide co-precipitated with
struvite under certain interactions between them,
resulting in the high removal of both copper and
ammonia. Further investigations on the co-precipitation
interactions and mechanism of the simultaneously high
copper and ammonia removal performance are still being
conducted.

[Cu(NH;), > +4Mg*" +4PO; +6H,0 —>
4MgNH, PO, -6H,0 { +Cu*" (1)

Cu?*+20H™ — Cu(OH), ¥ )

3.4 Removal performance without struvite formation

From the aforementioned performance results, it
was confirmed that the ammonia and copper could be
efficiently removed from their chelated wastewater by
adding Mg*" and PO?[ into the system. The copper and
ammonia removal seemed to be quite relevant to the
decomposition of copper ammonia complexes in the
solution. In order to elucidate this point, some

investigations have been conducted, including the studies
on the removal efficiency without addition of Mg”" and
PO?{ , and the thermodynamic equilibrium analysis upon
the system after addition.

The residual copper content was tested under
different pH values, based on no addition of MgCl, and
NaHPO,. CuSO, solution was selected as the control
group, and the test results are shown in Fig. 4.
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Fig. 4 Effect of pH on copper removal in CuSO, solution and
in copper—ammonia complex wastewater in complex solution
atpH of 6

As shown in Fig. 4, the copper removal efficiency
in copper ammonia complex wastewater was quite low,
only except for the condition at pH=6.0 (with efficiency
of 58.1%). As pH increased, the copper removal slightly
decreased when pH was lower than 6. There was no
obvious copper removal when pH was higher than 9.0,
suggesting that the copper still existed in the form of
complex in the solution. As to CuSO, the copper
removal efficiency reached 83.4% under pH=6, and it
slightly rose up as pH increased. The removal efficiency
reached 96.1% when pH was 9.0. As to the complex
wastewater, the performance in pH 6.0 seemed to be
abnormal, but it can be explained by stability decreasing
of copper ammonia complex in relatively low pH values.
The stability of copper—ammonia complex declines as
pH decreases, so it is less stable in the pH range of 5-6
than under pH higher than 7.0 [32]. As a result, the
copper hydroxide would be formed to precipitate the
re-ionized copper. Thus, 58.1% of copper removal in
CuSO; solution and in the copper—ammonia complex
wastewater was realized in the complex solution under
pH of 6.0. It can be concluded from the results that a
large content of copper existed in the form of complex,
which was enhanced as pH increased. pH adjustment
could not enhance the removal of copper—ammonia
complex ions, but even enhance the stability of complex
under higher pH values. After comparison, it is clear that
the addition of Mg*" and PO?{ is the key point for the
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treatment  efficiency. For further confirmation,
thermodynamic equilibrium calculations were conducted
subsequently.

3.5 Thermodynamic equilibrium analysis

The species possibly existing in the system mainly
included Cu®*, NH,, [Cu(NH;),*", Mg®", PO3", H',
OH, H,PO;, HPO’", MgPO;, NH;-H,0, MgHPO,,
Mg3(PO4),, MgNH4,PO,, Cu(OH),, Cu;(POy),, and
Mg(OH),. The equilibrium relations between the ions
and the solids are listed in Table 2 [33,34].

Table 2 Thermodynamic equilibrium data for struvite
formation system

No. Chemical equilibrium —lg kp
1 Mg>'+PO;” +6H,0—MgNH,PO,-6H,0(s)  13.26
2 [Cu(NH;),]*"(aq) —Cu®"+4NH;(aq) 12.59
3 Cu?*+20H —Cu(OH)s(s) 19.66
4 3Cu*"+2P03" —Cus(PO,)y(5) 36.85
5  Mg“+HPO? +3H,0—»MgHPO,3H,0(s)  5.51

6 3Mg?+2PO} +22H,—Mgs(PO,), 22H,0(s) 252
;
8
9

Mg*'+20H —Mg(OH),(s) 11.16
H;PO,—H"+HPO;~ 2.15

H,PO; —H'+HPO;~ 7.2
10 HPO?” —H'+PO3" 12.35
11 NH; +H,0—NH; H,0(aq)+H" 9.24

In order to simplify the thermodynamic calculations,
kesp1s koo, kesp3, Kopa, kin are used as follows:

Mg?*"+PO; +NH, " +6H,0 — MgNH, PO, - 6H,O(s)
kg, =c(Mg?")-c(PO}")-c(NH;)=2.51x107" (3)
3Mg?" +2P0;~ +22H,0 — Mg, (PO,), - 22H,0(s)
ke, =[c(Mg* )P -[c(PO; )] =10.4x107% (4)
Mg?** + HPO;™ +3H,0 — MgHPO, - 3H,0(s)

kg, =c(Mg>")-c(HPO; ) =031x107 (5)

3
Mg?*" +20H™ — Mg(OH), (s)
ke, =c(Mg*")[c(OH ) =0.69x107"! (6)

Ammonia in the water has the following chemical
equilibrium (ky) [35]:

NH, +OH~ — NH; - H,0(aq)

_ ¢(NH})-¢(OH")

- =1.8x107° 7
N ¢(NH,-H,0) @

It can be deduced from Table 2 that

c(HPO; ) =10">"H (PO ") (8)

c(H,PO; ) =10"*P" c(HPO; ") ©)
c(H;PO,) =10* P ¢(H,POy) (10)

It can be drawn from the formulas listed above that
HPOi_ is the main form existing in the solution within
pH of 8—11.

3.5.1 Analysis of existence of MgHPO,

Assuming that the precipitates contained MgHPO,,

the solubility equilibrium can be expressed as follows:

kg, =c(Mg®")-c(HPO; ™) =

3

c(Mg®")-c(PO;7)- 107277 =

2.51x107PH38 11 41x 107148
¢(NH;-N)

an

Then, ¢(NH;-N)=8.10x10"P""%8 +455x107°%,

Thus, the following conclusion can be drawn from
the above equation: when pH >5, ¢(NH;-N)<1.28x107
mol/L, and when pH=9.0, ¢(NH;-N)=2.0x10"" mol/L.
Then, this conclusion absolutely failed to conform with
the fact that the ¢(NH;-N) adopted in our study was
3.57x10 2 mol/L. As a consequence, there will be no
MgHPO, in the precipitates, when pH>5.0.

3.5.2 Analysis of existence of Mg(OH),

Assuming that there existed precipitate of Mg(OH),,
according to the aforementioned equations, it is easy to
draw the following formula in assuming condition
pH<9.5:

kspmeon),) = c(Mg*")-[c(OH ) =
10%PH-28 (Mg ) =0.69x107"! (12)

Then, ¢(Mg®")=6.9x10""2P > 69x10>mol/L .

But this value is far larger than concentration of
Mg in the solution of our study, so there will have no
precipitation of Mg(OH), when pH<9.5.

3.5.3 Analysis of existence of Mg3(PO,),

Assuming that there was only MgNH,PO,4-6H,0 in
the precipitation (namely precipitation of Mg;(POy), is
excluded), and supposing that x mol/L ammonia entering
into precipitation MgNH,PO,4 6H,0, we can deduce the
following formulas:

107" ey,

— -3
sp, —m(357x10 —x)-

[c(Mg) —x][c(P)—x]=2.51x107"3 (13)
kg, =101 k2 [e(Mg)—xT [e(P)—x] <10.4x10%

(14

+ 3-
_eM)e(PO) _ 4510713 (15)

*Ps ¢(HPO?")

where 35.7x107> mol/L indicated the initial ammonia
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concentration.

It can be inferred from Egs. (13), (14) and (15) that
c(Mg)< 35.7x10"* mol/L.

The calculation results indicated that the molar ratio
of Mg”*" to ammonia should be lower than 1. But for the
actual situation, the molar ratio of n(Mg):n(NH;-N) was
always kept higher than 1, demonstrating that the above-
mentioned conclusion should be false. In other words,
MgNH/PO,-6H,0O and Mg;(POy4), coexisted in the
precipitates under the tested conditions. This indicates
that when Mg*" and POi_ were simultaneously added
into the solution, formation of Mg;(PO,4), would
inevitably occur. This phenomenon was considered to be
not favorable for struvite precipitation since the effective
source of Mg and P for struvite precipitation could be
decreased. Thus, the performance of struvite formation
could be negatively influenced when the co-reaction and
precipitation of Mgz(POy), occurred.

3.5.4 Predominance diagrams at optimal pH value of 9.0

Based on the analysis above, existence possibility of
some species can be excluded from the system, and

MgNH4PO4 : 6H20, Mg3(PO4)2, [CU(NH3 )4]2+,
Cu(OH),(s), CuzPOy4(s) were taken for further
predominance species analysis. The predominance

diagram of copper compounds has been drawn at

(a)
4} Cu(OH),
o
= 3k
E | CulOH)+CuNH)}*
=
T Z} )
Cu(NH,);*
1 2 3 4 5
~lg[cy o, /(mol-L™)]
(c)
4_
L
'—-'O 3Lk Cu(OH),
)
=
oy
=
T 2Ff
CU(OH):+ Cu(NH 24
Cu(NH,)?* u(NH,);
1 2 3 4 5

lg[crc,/(mol-L7)]
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different Mg and P concentrations. The pH value was 9.0,
which was optimal for struvite formation method as
mentioned above. The results are shown in Fig. 5.

As shown in Fig. 5, predominance diagram had
shown three predominance areas, including Cu(OH),,
[Cu(NH;),]*", Cu(OH), and [Cu(NH;)4)*". The specific
predominance area of Cu(OH), and [Cu(NH;),]*" means
the pure existence. For circumstance without addition of
Mg and P (Fig. 5(a)), there was a wide predominance
area for [Cu(NH;),]*", and the single Cu(OH), can exist
only under very low ammonia content (with high —lgern
as shown in Fig, 5(a)). The predominance diagrams
varied significantly when Mg and P were added into the
system. The molar concentration from 1.0x10° mol/L to
1.0x10™" mol/L would create regular changes to the
diagrams. With increasing molar concentrations of Mg
and P (—lg cumeip decreased as shown in Fig. 5), the
predominance area for single Cu(OH), remarkably
increased, and the area of single [Cu(NH;),]*" was
significantly reduced. This phase diagram analysis
suggested that the addition of Mg and P would probably
decompose copper ammonia complex, and transform the
copper therein into Cu(OH),. In particular, the
predominance area for [Cu(NH;);]*" is quite small

(b)
4l
Cu(OH),

2
=) 3k .
E | Cu(OH)+Cu(NHy)}'
T af Cu(NH,)?*

1 2 3 4 5

“lgler ¢/(mol-L )]

(d)
4 L
E
S 3t
£ Cu(OH),
=
&
=
T 2r
Cu(OH),+Cu(NH;)3*
/ Cu(NH;)7'
H 1 1 4 1
' 2 3 4 5

-lg[cr cy/(mol-L™)]

Fig. 5 Predominance diagram for addition of Mg and P at pH 9.0: (a) Without addition of Mg and P; (b) —lg[cmgp/(mol/L)]=3.0;
(c) —lg[emg+p/(mol/L)]=2.0; (d) —Ig[cmg+p/(mol/L)]=1.0 (crx and cr, ¢, indicate the original total ammonia and total copper contents in

the solution, cyg+p is the sum of the molar concentration of Mg®* and POi‘ added into the system)
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(Fig. 5(d)) under 1.0x10™" mol/L of Mg and P, suggesting
that the addition of Mg and P could possess favorable
treatment ability of copper ammonia complex.

4 Conclusions

1) TSSF method has great efficiency in removal of
copper and ammonia from copper—ammonia complex
wastewater.

2) Compared with single sectional struvite
formation method, TSSF method can enhance the
removal effect. Factor experiments were conducted and
the experiment under optimal conditions was also
conducted. It was found that the maximum removal
efficiencies could reach 99.0% and 99.97% for ammonia
and copper, respectively, which indicates that TSSF
method is quite a promising way in the treatment of
copper—ammonia wastewater.

3) The thermodynamic equilibrium calculations
were done to further confirm the dissociation of copper
ammonia ions in the solution. Precipitate characterization
including SEM, XRD, and EDS further prove the
transmission of copper and ammonia from solution into
solids.

4) The superiority of TSSF method is explained by
competition of Mg3(PO,), and MgNH4PO,.
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