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Abstract

In this study, the treatability of ammonia from coke wastewater by the air stripping processes was
investigated. The two air stripping reactors were used for finding operation conditions of batch and semi-
batch. Effects of various operating parameters such as initial pH, stripping time, air flow and liquid flow
(semi-batch condition) on ammonia removal with air stripping process were examined. The maximum
removal efficiency in the semi-batch condition was 100%. The values of initial pH, stripping time, air flow
and liquid flow in the air stripping carried out using semi-batch reactor were found to be 12, 14 h, 12 L/min
and 2.5 ml/min, respectively. In the case of batch conditions, maximum removal efficiency of ammonia was
96.7% at the optimum operating conditions (initial pH 12, stripping time of 24 h and air flow of 12 L/min).
During the air striping, the stripping efficiency and mass transfer coefficient in the both semi-batch and batch
conditions increased with increasing air flow and initial pH.
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1. Introduction

Wastewater is generated in coal coking, coal gas purification, and by-product recovery process of coke
factories in iron and steel industries. This wastewater is mostly generated from cooling step after coking
coals at high temperatures (900-1100 °C) and liquid-stripping step of the produced coke oven gas. Coke
wastewater commonly contains ammonia, free cyanide, thiocyanate, sulphite, and many toxic organic
contaminants such as phenols and polynuclear aromatic hydrocarbons [1-6]. Among the pollutants, ammonia
is a major concern and high levels of ammonia are commonly presented in coke wastewater [7-9]. Ammonia
contamination of water bodies is a widespread environment problem. The ammonia water causes a promotion
of eutrophication which is toxic effect to fish aquatic lives (0.2-2 mg/L). In addition to, ammonia a hindrance
to the disinfection of water supplies as well as having an offensive smell and carcinogenesis [10] and
wastewater containing ammonia are often toxic, which makes their biological treatment unfeasible [11].
Therefore, ammonia must be properly removed from coke wastewater before it discharges into aquatic
systems. The ammonia can be removed or decomposed by several methods such as air stripping [12-14],
biological nitrification-denitrification [15,16], breakpoint chlorination [10], struvite precipitation [17,20],
membrane separation [21], catalytic liquid- phase oxidation [22], and selective ion exchange [23].

The air stripping process with relatively low cost and simple equipments is widely used in removal of
ammonia from wastewater and high rates of ammonia removal can be achieved [14]. In addition ammonia
removed by air stripping can be reabsorbed to acid absorption solution. If sulphuric acid is used as an
absorber, ammonium sulphate slurry formed can be potentially used for fertilizer production. So, air stripping
is an effective method for the removal of ammonia from wastewater. There are various air stripping systems
such as packed tower [24, 25], bubble aeration [24], water-sparged aeroclone [26] and micro-fabricated
stripping column [27]. Air stripping is usually operated in a packed tower because it can prove a larger mass
transfer area [25]. However, air stripping in packed tower usually leads to scaling and fouling on packing
because of reaction between CO, in air and some metal ions in water [26]. Other air striping system is bubble
aeration, used for removal of gas contaminators without packing. This kind of air stripping process has a
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number of advantages which does not require any construction, is a simple and is generally inexpensive [24].
In this study, both bubble aeration and packed tower methods were applied to removal of ammonia from coke
wastewaters containing for high concentrations of ammonia. The removal efficiency of ammonia was
investigated for effects of initial pH, stripping time, air flow and liquid flow (semi-batch condition).
Moreover, mass transfer coefficients of both bubble aeration and packed tower process were calculated.

2. Methods

2.1 Characterizations of coke wastewater

The wastewaters taken from coke plant in Turkey were produced for 600 m%d. Its physical chemical
parameters were shown in Table 1.

Table 1. Characterization of the coke wastewater

Parameter Average concentration
pH 10.5
Conductivity (mS/cm) 12.6
COD (mg/L) 6250
TOC (mg/L) 2200
Phenols (mg/L) 1400
NH; (mg/ L) 2500
CN™(mg/L) 210
SCN™(mg/L) 420
S% (mg/L) 1.4
SO;5 (mg/L) 45

2.2 Bubble Aeration and Packed Tower experimental setup

A glass reactor with 1L of volume was used for bubble aeration experiments. A plexiglass column was used
for packed tower air stripping (50 cm height x 5 cm internal diameter) for semi-batch, batch for the liquid and
continuous flow for the gaseous phases (Fig. 1). As the packing material in the air stripping tower, glass
beads were used. All runs were performed at constant temperature (25 °C). The efficiency of ammonia
removal, r7 is defined according to (Eq.1)

n= M Eq.1

Cin

where C;, and C, are the ammonia concentrations (mg/L) in the suspension at the beginning and at any time

(h).

For an air stripping system, the mass transfer rate of volatile ammonia from wastewater in a batch stripping
unit was derived [28] and shown as follows:

Ca Q.H K, aV,
—In —L|==C A 1-exp Lk Eq.2
Ca Vi HAQg
where C, andC, are the liquid phase concentrations (g/m?) of ammonia at any time and at the beginning;
H , is the dimensionless Henry’s constant; K, is the overall liquid mass transfer coefficient (m/min); a is
the interface area per unit volume of liquid (m*m?); V_ is the total volume of liquid (L), Qg is the gas flow

rate (L/min) and tis the stripping time (min). When K, aV, /H, Qg <<1, Eq. (2) predicts as the exit

stripping gas was far from saturation. In this study, ammonia is an easily soluble gas and the exit stripping
gas is possibly far from saturation, so the calculation of the mass transfer coefficient of ammonia removal
was tentatively made according to Eq.(3).
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Figure 1. A schematic representation of used processes ammonia removal from coke wastewater
2.3 Analytical Procedures

Determinations of ammonia, pH, conductivity, COD, TOC, phenols, CN", SCN™, S*, SO5 were carried out by
standard analysis methods [29]. Concentrations of COD, CN", SCN’, phenols were determined by using a
single beam spectrophotometer (UV-VIS, Chebios, Italy). TOC of the samples were analyzed by using TOC
analyzer (Apollo 9000, Tekmar-Dohrmann, USA) Turbidity was measured by turbidity meter (Micro TPI,
HF scientific, USA). pH and conductivity of samples were measured by a pH meter (C931, Consort,
Belgium) and conductivity meter (340i, WTW, USA), respectively. pH adjustments were done by NaOH or
H,SO, (Merck).

3. Results and Discussion

In this study, efficiency of ammonia removal from coke wastewater by air stripping depends on several
operating parameters such as initial pH, air flow, stripping time and liquid flow (for packed tower).

3.1 Bubble Aeration experiments

Removal of ammonia via direct aeration stripping involving forcing air through a reactor resulted in the
release of volatile ammonia to the air. The ammonia in coke wastewater existed in two forms which were
ammonium ions and free ammonia. Ammonia equilibrium in aqueous solution depended on pH and
temperature was expressed in the following equation:

B [NH3 +NH4+]

H+

1+—
K

a

[NH, ] Eq. 4

where [NH;] is free ammonia concentration, [NH3+NH4+] is total ammonia concentration and K, is

ionization constant. pH was the most important parameter in [NH3+NH4+] equilibrium and increased by

addition of the NaOH or lime. Minocho and Rao [30] stated that using NaOH was more beneficial than lime.
Therefore, pH was adjusted using NaOH. Initial pH values were varied in the range of 9.61-13. Experiments
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were conducted at 10 L/min air flow and 24 h stripping time. In air stripping experiments, effects of initial
pH on ammonia removal efficiency was shown in Fig. 2. As seen Fig. 2, as initial pH increased, removal of
ammonia from wastewater increased. But there wasn’t much difference in removal of ammonia between pH
12 and 13. The highest removal of ammonia was achieved in approximately 24 h when initial pH was 12.
Consequently, the optimum initial pH was found to be pH 12. At this pH, concentration and removal
efficiency of ammonia were as 116 mg/L and 95.5%, respectively. The above mentioned literature studies
were related to investigation of the treatment of ammonia by bubble aeration process. Liao et all [24],
investigated ammonia removal from swine manure wastewater by air stripping and obtained high removal of
ammonia at initial pH 11.2. In other study, Basakcilardan [31] examined nutrient recovery from source-
separated human urine by bubble aeration process at initial pH 12 and 98% of ammonia nitrogen was
stripped. The results of present study were similar to the other research results reported in the literature.

Air flow was another important parameter on ammonia removal in air stripping. Especially, high air flow
caused for the increased rate of removal ammonia in bubble aeration process. Figure 3 illustrated the effect
of air flow on removal ammonia in air stripping (stripping time of 24 h and pH 12). The air flows from 8 to
12 L/min in the bubble aeration were varied. Maximum ammonia removal efficiency at 12 L/min and 24 h
was 99%. As seen in Fig. 3, at the 11 h stripping time, ammonia concentration reduced under the 200 mg/L.
In these conditions, calculating mass transfer coefficient was 0.157 L/min.
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Figure 2. Effect of initial pH on removal of ammonia in bubble aeration air stripping (Air flow of 10 L/min,

stripping time of 24 h).
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Figure 3. Effect of air flow on removal of ammonia in bubble aeration air stripping (Initial pH 12, stripping

time of 24 h).
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3.2 Packed tower experiments

Another air stripping method for removal of ammonia was packed tower. In this study, packed tower in semi-
batch condition was operated. The effects of various operating parameters such as initial pH, stripping time,
air flow and liquid flow on ammonia reduction with air stripping process were examined. In addition, liquid
flow as an operation parameter was examined. To determine the effect of initial pH on the removal of
ammonia by packed tower, experiments were conducted at 10 L/min air flow, liquid flow of 10 ml/min and
stripping time of 24 h. Effects of initial pH (9.61-13) on removal of ammonia were shown in Fig. 4. As seen
as Fig 4, removal efficiency of ammonia increased from 53% to 100% as initial pH increased. Removal of
ammonia at pH 12 was almost the same at pH 13. The highest removal of ammonia was obtained at pH 12
and 24 h stripping time. Under these operating conditions, effluent of ammonia concentration was 12 mg/L.

To investigate the effect of air flow on removal efficiency of ammonia in packed tower air stripping was
carried out using various air flows (8-12 L/min). Fig. 5 showed effects of air flow on ammonia removal
efficiency in packed tower. When the air flow from 8 L/min to 12 L/min was increased, ammonia removal
efficiency increased. For 10 L/min and 12 L/min air flows, there wasn’t much difference with result. When
the air flow was 12 L/min, ammonia concentrations at 14 h and 15 h stripping time were 14.2 mg/L and 0
mg/L, respectively.

Another important operation parameter was liquid flow. Effect of liquid flow on removal efficiency of
ammonia was investigated (Figure 6). For these purpose, the liquid flow from 2.5 to 10 mL/min was used.
When the liquid flow decreased, ammonia removal rate increased. Moreover, all of liquid flow values at 15 h
stripping time ran out of ammonia concentrations. In these conditions, calculating mass transfer coefficient
was 0.376 L/min.
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Figure 4. Effect of initial pH on removal of ammonia in packed tower air stripping (Air flow of 10 L/min,
Liquid flow of 5 ml/min, stripping time of 24 h).
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Figure 5. Effect of air flow on removal of ammonia in packed tower air stripping (Initial pH 12, Liquid flow

of 5 mL/min, Stripping time of 24 h).
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Figure 6. Effect of liquid flow on removal of ammonia in packed tower air stripping (initial pH 12, air flow
of 12 L/min, Stripping time of 24 h).

4, Conclusions

Air stripping of ammonia is a widely used process for the pre-treatment of wastewater. Traditionally, this
process is carried out in stripping tanks or packed towers. In this study, removals of ammonia via both bubble
aeration process and pocked tower process were investigated. As a result of experiments, packed tower
process in removal of ammonia was more effective than bubble aeration process. The optimum operation
parameters in removal of ammonia by packed tower process were initial pH of 12, air flow of 12 L/min,
liquid flow of 2.5 mL/min and stripping time of 14 h. Under these conditions, residual ammonia
concentration and mass transfer coefficient was 0 mg/L and 0.376 min™, respectively. In air stripping by
bubble aeration process experiments, optimum operation parameters were initial pH of 12, air flow of 12
L/min and stripping time of 24 h. Removal efficiency of ammonia in these conditions was 96.7%.
Consequently, air stripping processes both bubble aeration and pocked tower for removal of ammonia from
coke wastewaters were fairly effective processes.
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