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Ammonium bicarbonate draw solution reuse in
forward osmosis process
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Abstract— Membrane technology is one of the advance
wastewater treatment processes with an aim for treated
wastewater reuse. Forward osmosis is the membrane
process in which the trans-membrane transport was
driven by osmotic pressure of draw solution. Ammonium
bicarbonate is one of the chemicals that can be utilized as
draw solution because of its high solubility and osmotic
pressure properties. Recovery concentration unit in
forward osmosis desalination system is necessary for draw
solution reuse. In this study, thermal process was chosen
for ammonium bicarbonate removal. Heated at 60°C was
provided to the synthetic draw solution with initial
ammonium bicarbonate concentration between 0.05 to 0.5
M, and then ammonium bicarbonate concentration was
measured on an hourly basis. The result indicated that
heat can’t completely removed ammonium- bicarbonate.
The addition of air bubble can increase the removal
efficiency to 40 — 70 %. The optimal heating time is five
hour and the additional heating doesn’t significantly effect
on the removal efficiency. Ammonium bicarbonate is
removed as CO, and NH; gas which can be recovered at
84.3% efficiency of removal
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1. Introduction

Membrane is an advance technology for wastewater
treatment and reuse.The efficiency of the membrane system
depends on porosity size of membrane. It can be classified as:
1.Microfiltration (MF) 2.Ultrafiltration (UF) 3.Nanofiltration
(NF) and 4. Reverse osmosis (RO) [1] Normally,
Microfiltration and Ultrafiltration are used in the tertiary
treatment process for suspended solids organics and germs
removal or can be used as pretreatment unit for nanofiltration
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and reverse 0smosis system.
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Forward osmosis (FO) or Direct osmosis is the
osmotic driving force system owing to property as reverse
osmosis membrane. It can be applied to most solutions except
water. One side of membrane is low concentration feed
solution and the other side is high concentration draw solution.
The osmotic driving force is proportion to the different of
concentration between feed and draw solution. Feed solution
concentration increases while draw solution concentration
decreases when the system is operated. The benefits of
forward osmosis, compared with the reverse osmosis process,
are similar membrane property as reverse 0smosis can be used,
low pressure and low electricity consumption, less dependent
on pump, similar treated water quality as reverse osmosis, and
less fouling [2].

Draw solution is an important composition in forward
osmosis. It is the driving force of the system. Previous studies
used many chemical as draw solution, for example, sulfur
dioxide [4, 8] aluminiumsulfate [5] sugar [6, 7] glycine [7]
potassium nitrate [8] Magnetic nanoparticle [9] and
Methylimidazole-based [10].In this study ammonium
bicarbonate is used as draw solution because it has high
osmotic pressure and high solubility and can be recovery by
heating process.

Used draw solution, low concentration, is normally
sent to recovery unit to separate water and ammonium
bicarbonate for reuse propose. They are many methods, such
as precipitation, heating or reverse osmosis [3, 11] that can be
used to remove ammonium bicarbonate. In this study heating
process is selected. Previous study indicated that heating at
60°C can change ammonium bicarbonate to ammonia gas and
carbon dioxide, however, the appropriate heating time is
unclear. Therefore the objectives of this study are 1.To find
the optimum heating time 2. To evaluate the efficiency of
ammonium bicarbonate removal by heating at 60°C 3. To
determine the capability to collect ammonium bicarbonate for
reuse as draw solution.

Materials and Method

A. Materials

In this paper, Ammonium bicarbonate, reagent grade, was
purchased from Ajax Finechem Pty Ltd. Ammonium
bicarbonate concentrations of 0.05 M 0.1 M 0.2 M 0.3 M 0.4
M and 0.5 M (3,950 mg/l 7,900 mg/l 15,800 mg/l 23,700 mg/I
31,600 mg/l and 39,500 mg/l) was prepared by dissolving
ammonium bicarbonate powder in DI water in 1 L volumetric
flask.
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B. Experimental equipment for thermal
process

The experimental equipment for heating consists of water
bath which can control temperature at 60 °C. (BUCHI Heating
bath, model B-490) (Figure 1.). Ammonium bicarbonate was
contained in the flask. Bubbling tube connected to aerator
(aquarium air pump) was used to add air to the solution.
Reflux unit was set at the top of the flask to reduce water loss.
Gas rubber tube with one end submerge in to DI water was
used to collect outlet gas. (BUCHI Rotavapor, model R-200)
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Figure 1. Schematic of heating process
c. Sampling and Method

The samples were collected before and after heating and
bubbling (Figure 1.) on an hourly basis to determine
ammonium bicarbonate concentration and pH. The ammonium
bicarbonate was measured as nitrogen form by conductivity
meter (Inolab, model 740, WTW TERMINAL). pH meter
(DENVER Instrument, model UB-10, ultrabasic) was used for
pH measurement. pH is used to indicate form of bicarbonate
(pH about 7-9)[12] According to the theory, the backward
reactions occur at temperatures of around 38-60 °C but the
forward reactions are dominant at room temperature.
Ammonium carbamate (NH,COONH,) is formed by the
reaction of carbon dioxide and ammonia in the dry condition
under room temperature and a pressure of 1 atm. while under
moist air the hydration product of ammonium carbonate
((NH4)>CO3) or ammonium bicarbonate (NH,HCO3) are the
dominant forms. The time for react is about 60 seconds. [13]

NH3(g) + CO2(9) + Hz0 (9) <>NH,HCOs(s) (1)

135

NH (I) + CO, () + H,0 (I) <>NH,HCO5(s) (2)
2NH;(g) + CO (9) + H20 (9) <> (NH,),CO3(s) (3)
2NH; (I) + CO, (g) + H,0 (I) <> (NH,),CO5(s) (4)
2NH; (I) + CO, (g) <> NH,COONH, (s) (5)
NH,COONHy (s) + H,0 () <> (NH,),CO;(s) (6)

n. Results

A. Heating and bubbling

The result indicates that ammonium bicarbonate can’t be
removed by either heating or bubbling. Despite temperature is
one of the factors effecting on ammonia solubility, the
concentration wasn’t changed with addition heat or bubble.
The removal efficiency significantly increases when both
heating and air bubbling were applied together (

Figure 2.).
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Figure 2. Ammonium bicarbonate removal efficiency at
variable time when both heating and air bubbling were
applied.

B. Heating time

Heating couldn’t effectively remove ammonium
bicarbonate from the solution and the additional air bubbling
was required. Figure 2 indicates that the ammonium
bicarbonate removal efficiency increase from 10-20% during
the first hour to 40-70% at end of the fifth hour. The
concentration was relatively constant after 5 hours.
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c. pH

The initial pH of ammonium bicarbonate and DI water are
around 7.9 and 6.7. After 5 hours of heating and bubbling, pH
of both used and recovered draw solution was increase to 9. At
pH around 7-10, carbon dioxide reacts with water and become
to bicarbonate. Bicarbonate reacts with NH," to form
ammonium bicarbonate at room temperature.

928 89.7 90.2
84.7
| 773
711 I
0.05 01 02 03 04 05

Initial ammonium bicarbonate concentration(M)

100.0
90.0

@ - ®
o 2 2
o o o

v
<
o

=~
<
o

w
g
=}

Recovery efficiency (%o)

[
o 2
o o

o
=)

Figure 3. Ammonia and carbon dioxide gas recovery efficiency

D. Removal and recovery efficiency

According to the theory, ammonium bicarbonate is
decomposed to NH; and CO, gas when heated. After heating
and bubbling, It was found that the ammonium bicarbonate
removal efficiency of the system after 5 hours is in the range
between 40 -70 %, (average 53.9 %). NH3 and CO, are gas
which can be recovered and dissolved to ammonium
bicarbonate again, similar to stripping column. However, there
are many factors that effect on the removal efficiency such as
NH; loss and CO, trapped. Recovery efficiency was 70 - 90%
in this study (Figure 3.). To increase removal and recovery
efficiency, contact time to form ammonium bicarbonate and
temperature should be increased. The contact time for react
should be about 60 s [13].

iv. Conclusions

This study demonstrated the efficiency of ammonium
bicarbonate removal and recovery for forward osmosis
recovery unit. Simultaneous heating at 60 °C and air bubbling
can increase rate of ammonium bicarbonate removal from the
solution. The optimal removal and recovery efficiency are
53.9% and 84.3% respectively. The suitable heating and
bubbling time is 5 hours. pH of recovered draw solution was
around 9, in which ammonium bicarbonate is the dominant
form?
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