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SUMMARY

I. Title
“Development and process optimization of an advanced chemical scrubber for the

removal of odorous gases from wastewater treatment plant”

Il. Objectives and Importance

Odorous compounds are generally regarded as nuisance not only because of their
unpleasant smell but also because of several environmental and health-related effects.
These substances are generally emitted from a variety of food, chemical and
wastewater treatment operations. Recently, public concerns regarding the release of
odors from these facilities have increased. Regulation standards have been legislated
by several governments around the world regarding the control and release of these
substances to the atmosphere. The malodorous gases emitted in wastewater treatment
processes are primarily ammonia and hydrogen sulphide. These gases were the
representative nitrogen and sulfur—containing odorous compounds. It is important that
applicable maintaining technology of optimized operation could be ensured from the

evaluation and process optimization of wet scrubber industrialized generally.

1. Research contents and scope

Laboratory—scale chemical scrubbing experiments were conducted to test the
feasibility of NHs and H,S removal from odorous air streams by absorption in agueous
solutions of HCI/HOCI and NaOH/NaOC!| utilizing open—pore polyurethane foam as packing
material in this study. The concentration of scrubbing solution, pH and
ORP were optimized to achieve high NHs and H.S removal efficiency. |t was evaluated
operation parameters such as pressure drop, temperature, liquid and gas flow rates at
optimum conditions. The characterization of the scrubbing liquid salinity,
conductivity and dissolved oxygen were performed with increasing scrubbing operation
time. The mathematical relations to predict removal efficiencies as a function of pH,

OPR and loading rates were made.



IV. Research results

Open-pore polyurethane foam was found to be a suitable packing material for wet
scrubbing of NHs and H,S because of the following factors: relatively inexpensive,
high void space (low pressure drop), corrosion resistant, provides large surface area
per unit volume desirable for mass transfer, light weight (no additional support
material required), physically and thermally stable.

Solutions of HCI/HOCI were tested in a packed-bed scrubber and found to be
effective in removing NHs. A removal efficiency of 98.57% NH; was achieved with gas
rate of 2 L/min and liquid recirculation rate of 7.62 L/min having a pH of 2.12 and
ORP of 263.2 mV.

H,S removal was effectively carried out using NaOH/NaOC| scrubbing solutions. A
removal efficiency of 99.89% H,S was achieved with gas rate of 2 L/min and liquid
recirculation rate of 8.16 L/min having a pH of 11.98 and ORP of -298.4 mV.

Scrubbing liquid salinity increases with operation time because of accumulation of
NH,.Cl and NaCl. Similarly, increase in conductivity with time was also observed
because of accumulation of dissolved ions in the scrubbing solution. On the other
hand, dissolved oxygen decreases with time.

Critical loading rates was found to be 1.0669 g N/m*-hr and 3.5009 g S/m’-hr for NHs
and H:S respectively. Maximum elimination rates of 1.4266 g N/m-hr and 5.6992 g S/m’-
hr was also observed. Mathematical relations for predicting relative removal
efficiencies with respect to pH, ORP and loading rates were generated from the
exper iments conducted.

A compact multi-stage, multi—chemistry scrubber was successfully operatedfor the
simultaneous removal of mixed NHy and H.,S gas streams. Agueous solutions of low vapor
pressure acid, H.S04, effectively remove NHy up to loading rates or 82.69 g N/m*-hr.
Similarly, high H.S removal efficiencies were achieved using aqueousNaOH and NaOCl|
scrubbing solutions up to loading rates of 148.99 g-S/ms-hr. pH and ORP control was
found to be the critical factor that dictates the effectiveness of the scrubbing

system.

V. Application plan
Wet scrubbers are proven to be an excellent odor control technology which can achieve

very high removal efficiencies even at high concentrations of odorous inorganic gases



such as NH; and H,S. Its applicability in removing volatile organic compounds (VOCs)
and odorous organic compounds (e.g. methyl mercaptan, dimethyl sulphide) are yet to
be explored. A multi-stage scrubber having different scrubbing liquids will be
designed to treat mixtures of nitrogen-based and sulphur—based odors. Advanced
scrubbing systems will also be tested such as ultraviolet (UV) enhanced packed tower
system to pre-condition the inlet odorous gases and promote oxidation in the

recirculating scrubbing solution.



