e 4

Available online at www.sciencedirect.com
“*.° ScienceDirect

Trans. Nonferrous Met. Soc. China 19(2009) 1360-1364

Transactions of
Nonferrous Metals
Society of China

wWww.inmsc.cn

Treatment of nickel-ammonia complex ion-containing
ammonia nitrogen wastewater

MIN Xiao-bo([5] /M%), ZHOU Min(J& ), CHAI Li-yuan(4&37.70),
WANG Yun-yan( -tz #), SHU Yu-de(#7 43 )

School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China
Received 26 September 2008; accepted 2 March 2009

Abstract: Air stripping was adopted to treat nickel ammonia complex ion-containing wastewater in order to remove nickel and
ammonia simultaneously in one technological process. The relationship among pH, the concentration of nickel ammonia complex ion

and total ammonia concentration was analyzed theoretically. Influence of pH value, water temperature, airflow rate and time on air
stripping was studied in detail by static experiment in laboratory. The results show that at pH 11, temperature of 60 ‘C and airflow
rate of 0.12 m*/h, NH; and Ni** concentrations remained in wastewater are less than 2 and 0.2 mg/L, respectively, after blowing for
75 min, which reaches the standard of the state discharge. When the tail gas is absorbed by 0.5 mol/L H,SO, in order to avoid the

secondary pollution, the absorption rate can achieve 70%.

Key words: air stripping; nickel ammonia complex ion; nickel ammonia wastewater

1 Introduction

The wastewater containing nickel-ammonia
complex ion is one of the most important industrial
pollution sources. This kind of wastewater mainly comes
from the industries such as hard alloy, high efficiency
catalysts, coated materials, and multilayer ceramic
capacitor. Nickel and its compounds can greatly harm
humans and aquatic organisms. They are accumulated in
plants and soil and cannot be degraded in natural
environment[1]. With development of industry,
especially electroplating, this kind of wastewater brings
more and more threats to environment. So, it is very
imperative to research on such wastewater.

When the ammonia exists in nickel wastewater,
nickel ion and free ammonia can form metal complex
ion, which makes it difficult to treat. At present, some
treatments to this kind of water merely concern with the
heavy metal pollution, neglecting the ammonia pollution
[2-5]; some aim at removing ammonia after nickel
removal from wastewater[6]; and some only pay
attention to ammonia removal which makes the effluent

not meet the discharge standard[7]. The purpose of this

work is to seek a technology treating the wastewater
containing nickel ammonia complex ion and the
influencing factors. It is expected that the ammonia and
nickel can be removed simultaneously.

2 Experimental

2.1 Wastewater composition

The wastewater was of cyan with pH 9.42. It
contained Ni** of 2.2X 10 mol/L and NH; of 0.118
mol/L.

2.2 Methods

200 mL wastewater was put into a 500 mL beaker
and placed in a water bath to preheat to designated
temperature. The pH was also adjusted using saturated
NaOH solution. After that, an aerator was put in the
beaker to start aerating and the flow velocity was
controlled by an air rotameter; meanwhile, the starting
time was recorded. The beaker was taken out of the
water bath when the appointed time was arrived, and
nickel and ammonia in the treated water were determined
after being filtered. In order to reduce secondary
pollution, the tail gas was absorbed with H,SO,.
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2.3 Analytical methods

Ammonia at low and high concentrations were
determined by salicylic acid spectrophotometry (GB7481
—87) and by formaldehyde titration method, respectively.
Nickel was tested with flame atomic absorption
spectrometer (GB11912—89). pH was measured with
PHS—-3C precise acidity meter.

3 Experimental principles

The ammonia in water exists in two forms:
ammonium ions and free ammonia. The equilibrium
equation is NH,+OH =NH;3+H,0, which is strongly
influenced by pH. The proportion of free ammonia
increases with pH rising[8], and it can be calculated by
following formula[9]:

3 c¢(NH;)
c(NH;)+c(NH})

_ 1

1+c(H")/K,

X'100%

X 100% (1)

where A4 is the proportion of free ammonia; ¢(NHs) is the
concentration of free ammonia; ¢(NHz)+c(NH})is the
total concentration of ammonia; K| is the acid ionization
constant for ammonia, being 5.65X10'%; and ¢(H") is
the hydrogen ion concentration.

Using Eq.(1), we can get Fig.1. It can be seen that
the proportion of free ammonia reaches over 98% when
pH=11. Based on this principle, an air stripping method
is offered, i.e. a large number of air is blown into the
wastewater, and the dissolved free ammonia erupts from
the water and is removed.
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Fig.1 Relationship between pH and proportion of free ammonia

In order to know the distribution of nickel and
ammonia complex irons, the generating function n is
introduced. 7 is the average ligand number of the
central ion in solution. For the Ni?"-NH;-H,O system,

n is expressed as [10]

N
> nle(Ni(NH;),)*"]
= o (N<6) )
c(Ni*")+ Y n[c(Ni(NH;),) "]

n=l1

where 7 is the coordination number.

At a certain temperature and constant iron intensity,
there is a cumulative stability constant 8, corresponding
to the complex of nickel (Ni(NH3)i+) with n=6:

_ c(Ni(NHy);")
c(Ni*") + ¢(Ni(NH;)>")

(€))

n

Substituting Eq.(3) into Eq.(2), we get
N
> nB,c(NHy)"
7= n=l1 (4)

1+ inﬂnc(NHQ"

n=l

where £i=1072, By=10"%, B=10°%5 B,=107", ps=10%*
and f=10**"[11-14].

When pH values are 7, 8, 9, 10,11,12,13 and 14, the
generating function # are calculated by Eq.(4) to be 0.30,
1.50, 3.05, 3.77, 3.89, 3.90, 3.90 and 3.90, respectively.
When pH is 7, there is nearly no nickel-ammonia
coordinate ion in the solution; and pH is over 8, the main
complex ion forms are Ni(NH;)3", Ni(NH;)?* and
Ni(NH,)3".

When nickel ammonia complex ion exists in the
solution, the concentration of free ammonia is influenced
not only by pH value, but also by concentration of nickel
ammonia complex ion:

c¢(NH;)

 X100%=
¢(NH;) +c(NHy )+ nc(Ni(NH;); ")

X100%

1
107PH
+

ﬂnKsp . 2+ E
+ x[c(N1(NH n
K n‘/KiszpH [c(Ni(NH;)2")]
5)

where K,=10"°" | the stability constant of [Ni(NH;),]*;
K;=2.0X10", solubility products of Ni(OH),[11].

As shown in Fig.2 plotted according to Eq.(5), when
the concentration of [Ni(NHz),]*" is 2.2X 10> mol/L, the
proportion of free ammonia increases with pH arising.

1

When pH is over 11, free ammonia is over 98%, meaning
that the effect of such low concentration of nickel
ammonia complex ions on removal of ammonia can be
ignored. So, as long as pH is controlled=11, ammonia
can be removed by air stripping.
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Fig.2 Relationship between pH and proportion of free ammonia
in nickel ammonia wastewater

Nickel can be precipitated as Ni(OH), when pH is
between 9 and 10[15]. For the nickel-ammonia-
containing wastewater, the situation of pH over 11
satisfies not only the ammonia removal, but also the
precipitation of Ni(OH),. In this research, appropriate
conditions are chosen to remove Ni’" and NH; by
simultaneous use of hydrolysis and air stripping method.

4 Results and discussion

4.1 Effect of pH on removal of NH; and Ni**

The effects of pH value on air striping at 60 ‘C and
airflow rate of 0.12 m*/h for 1.5 h are shown in Fig.3 and
Fig4.
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Fig.3 Effect of pH value on removal of ammonia

As indicated in Fig.3, the concentration of residual
ammonia decreases with pH arising. When pH is below
10, the removal rate for ammonia increases gradually;
while pH=11, the residual ammonia concentration is
much less than 15 mg/L which is the first grade of
discharge standard of GB8978—1996; and then the
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Fig.4 Effect of pH value on removal of nickel

removal efficiency of ammonia tends to stable. When pH
is over 11, the change is similar to the ammonia stripping
without nickel ammonia complex ion[16—18]. It can be
seen from Fig.3 and Fig.4 that the residual ammonia
concentration is highly correlated with residue of nickel.
The lower the residual ammonia concentration is, the
higher the nickel is removed. When pH is 11, the residual
ammonia is 2.12 mg/L and the residual nickel is down to
0.26 mg/L. These results show that the effect of
denickelefication increases apparently with pH arising.
This is because nickel ion is free from nickel ammonia
complex ion and then is hydrolyzed under high pH. So,
pH=11 is chosen to be the optimal condition.

4.2 Effect of airflow rate on NH; and Ni?* removal

In intermittent operation, the treatment capacity of
water quantity each time is fixed. The change in airflow
rate equals changing the gas-to-liquid ratio for studying
the effect of airflow rate on air stripping efficiency and
the rule and the change of residual ammonia
concentration at different airflow rates. In order to study
the effect of airflow rate on removal of ammonia and
nickel, an experiment was made at pH =11 and 60 C for
1.5 h. The results are shown in Fig.5 and Fig.6.
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Fig.5 Effect of airflow rate on removal of ammonia
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Fig.6 Effect of airflow rate on removal of nickel
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It can be seen from Fig.5 that the removal of
ammonia basically increases with the increase of airflow
rate. When the airflow rate is over 0.10 m*h (which
equals the gas-to-liquid ratio of more than 750), the
increase of air stripping efficiency of ammonia is slow.
Finally, ammonia concentration is lower than 2.21 mg/L
and the removal rate reaches 99%. As shown in Fig.6,
residual nickel concentration decreases with the
gas-to-liquid ratio rising. A reason may be that a small
amount of nickel ammonia complex ion is destructed
with the decrease of ammonia, which makes nickel
hydrolyzed. When the airflow rate reaches 0.12 m’/h,
residual nickel concentration is almost unchanged (about
0.20 mg/L). So, the best airflow rate of 0.12 m’/h is
chosen.

4.3 Effect of temperature on NH; and Ni** removal

In order to study the effect of temperature on nickel
and ammonia, a experiment was made at airflow rate of
about 0.12 m’/h and pH of 11 for 1.5 h. The results are
presented in Fig.7 and Fig.8.

From Fig.7, we know that as temperature increases
from 40 ‘C to 50 C, the effect of temperature on
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Fig.7 Effect of temperature on removal of ammonia
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Fig.8 Effect of temperature on removal of nickel
ammonia removal efficiency is significant. When
temperature is 50 C, the ammonia removal rate reaches
95% (the evaporization effect has been taken into
consideration in calculating the residual concentration of
ammonia at this temperature,) and the ammonia
concentration is only 2.68 mg/L at 60 ‘C. However, there
is a reverse effect on nickel removal over 60 ‘C. The
optimum temperature is selected as 60 C.

4.4 Effect of time on NH; removal

It is observed that the ammonia removal efficiency
changes with time under the conditions: pH=11, airflow
rate of 0.12 m*h and 60 °C. The results are shown in
Fig.9. The results show that the residual ammonia
concentration decreases fast with time prolonging,
especially in the first 30 min; then the decreasing rate
becomes slow, especially after 45 min. The residual
ammonia concentration can be reduced to 3.80 mg/L
after 75 min, with removal rate reaching 99.81%.
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Fig.9 Effect of time on removal of ammonia

4.5 Absorption of tail gas
In this experiment, the tail gas was absorbed by 0.5
mol/L H,SO, to avoid the secondary pollution. Under
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optimum conditions of pH=11, airflow rate of 0.12 m*/h
and 60 C for blowing 1.5 h and 2 h, residual ammonia
concentration can be decreased to 25.81 mg/L and 5.02
mg/L, and residual nickel concentration to 0.23 mg/L
and 0.25 mg/L, respectively, while the absorptivities of
ammonia are 78.76% and 72.33%, respectively.

5 Conclusions

1) The wastewater containing nickel ammonia
complex ion treated by air stripping meets the discharge
standard of the effluent.

2) The ammonia removal rate increases with the
increase in pH value, airflow rate, temperature and
reaction time.

3) The ammonia removal rate can reach 96%, and
the residual ammonia concentration is less than 15 mg/L
under the conditions of pH=11-13, airflow rate of
0.06—0.14 m*/h and 50—80 °C for 1.5 h stripping.

4) The nickel removal performance is highly
dependent on pH value. It can be decreased to less that
0.26 mg/L at pH over 11. Too high pH will promote
irreversible hydrolysis of nickel.
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