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ABSTRACT

The conventional method to produce ammonia employs the Haber-Bosch

process at high pressure and temperature with aid of iron or iron oxide catalyst. These

working conditions not only consumes tremendous amount of energy, it has higher

safety risk, in addition to not achieving very high conversion and yield. OneBaja project

offers a new method to synthesize ammonia which is via microreactor at ambient

operating conditions with the aid of magnetic induction and facilitated by catalyst. Prior

to study on microreactor, it is essential to understand the hydrodynamics of flow in

microchannel. This study aims to investigate the hydrodynamics of the mixing of

nitrogen and hydrogen gases in various geometry configurations of a microchannel in

order to embed the catalyst for the ammonia synthesis at the uttermost optimum

location. Computational Fluid Dynamics simulation will be employed to simulate the

mixing of nitrogen and hydrogen gases whereby the results from will serve as a stepping

point to design a microreactor for the ammonia synthesis.
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CHAPTER 1

INTRODUCTION

1. INTRODUCTION

Elemental nitrogen, N is an essential component required by all living organism to build

proteins and DNA. However, nitrogen exists as a diatomic molecule. Two nitrogen

atoms are bonded by a strong triple bond making it relatively inert. In order for living

organisms to be able to use nitrogen, N2 gas must first be turned into a molecule that can

be assimilated readily by plants (Schrock, 2006). Hence, the molecule is called

ammonia, NH3. Ammonia can be converted into ammonium, NH4+, nitrite, NO2, nitrate,

NO3 or organic nitrogen such as urea, NH2CONH2 (Harrison, 2003).

Ammonia was first commercially synthesized in 1870 through the Haber-Bosch

process. This synthesis method was patented by German chemist, Fritz Haber on

13 October 1908 and applied in the industry by his colleague Carl Bosch in 1913. Haber

process involves the reaction between nitrogen and hydrogen at elevated temperature

and pressure in the presence of a catalyst consisting of a mixture of iron and iron oxide.

Due to the technology at that time was unable to cater the high temperature and pressure

required by the process, Carl Bosch succeeds in inventing an apparatus that was capable

to handle such condition. His innovation led to the development of high pressure

reactors. Ammonia synthesis via Haber-Bosch process requires a working condition at

pressure of 200-400atm and temperature of 400-600°C. Worldwide, the Haber - Bosch

process is used to produce more than 500 million metric tonnes of ammonia of which

80% is being used to produce fertilizers (Potashcorp.com, 2013).



Due to the high-pressure synthesis condition required by Haber-Bosch process, it

consumes tremendous amount of energy. The process consumes an estimated of 1% of

the world energy consumption (Schrock, 2006; Visionlearning, 2003). Besides that,

Dr. Jttrgen Korkhaus, Head of Materials Engineering at BASF SE explains, "Even

today, the industrial production of ammonia is still operating at the limits of the

possible. The challenges for the material and technology of the production plant are

enormous under these high pressure synthesis conditions," when he compared the

present with past practice (BASF SE, 2013). Not only Haber-Bosch process impose

high cost to produce ammonia, the high pressure working condition also requires extra

safety and control regulation in operating the plant. Moreover, due to the exothermic

nature of the reaction, the operating temperature for the reaction was compensated such

that it only yield approximately 30% conversion of reactants into products.

Due to these issues, OneBAJA program was introduced to investigate a new method for

synthesizing ammonia and urea. This method, called green urea production aims to be

more economical, energy saving and lower operational risk. This method involves

design of a new synthesis route that could enhance the process and performance,

respectively. In this program, ammonia will be synthesized at ambient operating

condition by the means of magnetic induction zone to produce a higher ammonia yield

compared to the conventional Haber-Bosch. Thus, catalyst plays an important role to

facilitate the process. This reaction would be conducted inside a microreactor. In this

project, Computational Fluid Dynamics (CFD) will be employed to design this new

reactor.

On the other hand, as the application of microfluidic technology is still relatively new,

there is no definite way of designing microreactor. Before proceeding to fabrication of

the new microreactor, an optimum design of microchannel that is capable of effective

mixing is required. As ineffective mixing might occur in microchannel due to the

laminar flow behavior of the fluid in microfluidic device, studies must first be conducted

to identify the parameter that affects its mixing ability. Adequate mixing is an essential



requirement for propulsion devices designed to provide chemical reaction and heat

release in streams ofgas and fuel (Yan and Farouk, 2001).

As the current stage disregards the reaction between nitrogen and hydrogen that lead to

the synthesis of ammonia, the objective of this project is to study the hydrodynamics of

mixing between the two reactant gases in various geometry configurations of a

microchannel. The purpose is to determine a suitable location to embed the catalyst for

ammonia synthesis, which is what the next stage ofthe project will commencer

The simulation covers the hydrodynamics of the mixing behavior of the two reactant

gases in various geometry configuration of the microchannel in microfluidic

environment. The simulation is conducted through the use of ANSYS CFX 14.5

software. The parameter of the microchannel that is varied is mainly the geometry

configuration. It is expected through this study, an optimum design will be achieved that

will predict optimum mixing behaviour that will enable the localization of the catalyst in

the microreactor for reaction producing ammonia.



CHAPTER 2

LITERATURE REVIEW AND THEORY

2. LITERATURE REVffiW AND THEORY

2.1 Microtech nology

The prefix "micro" generally designates chemical systems fabricated with techniques

originally developed for electronic circuits (Jensen, 2001). Microfabrication for

chemical systems is a field that started by using fabrication techniques developed for

microelectronics to construct sensors and actuators, but now encompasses a wide range

of materials and fabrication methods (Jensen, 2001). Microfluidics can have a

revolutionary impact on chemical analysis and synthesis, similar to impact of integrated

circuits on computers and electronics (Nguyen and Wereley, 2006). With microsystems,

it is possible to increase the yield in certain chemical reactions dramatically and at the

same time reduce the realization ofbyproducts (Koch et al., 2000).

Mixing is the central process of most microfluidic devices for medical diagnostics,

genetic sequencing, chemistry production, drug discovery and proteomics (Jensen.

2001). Mixing is a transport process for species, temperature, and phases to reduce in

homogeneity (Nguyen, 2008). It leads to secondary effects such as reaction and change

in properties. There are three established terminologies for mixing which are

macromixing, micromixing and mesomixing. Macromixing refers to mixing governed

by the largest scale of fluid motion, while micromixing is the smallest scale of fluid

motion and molecular motion. Mesomixing, on the other hand, is the scale between

macromixing and micromixing.



Turbulent flow is generally preferred in a channel if intimate mixing is desired between

two streams (Mills et al., 2007). At a macroscale level, mixing is conventionally

achieved by a turbulent flow, which makes possible the segregation of the fluid in small

domains, thereby leading to an increase in the contact surface and decrease in the mixing

path. Mixing in microfluidic devices is generally achieved by taking advantage of the

relevant small length, which dramatically increases the effect of diffusion and advection

(Capretto et al., 2011).

Microfluidic devices are not merely a miniature version of their macroscale counterpart

because of many physical characteristics, such as surface area-to-volume ratio, surface

tension and diffusion are not linearly proportional from large to small devices.

Microfluidic mixer should be designed in such ways that leverage the physical

characteristic of the mixing in a confined space (Capretto et al., 2011).

One of the operating parameters paid attention to in study of micromixing is the

Reynolds Number which represents the ratio between momentum and viscous friction.

The Reynolds Number is defined as:

PvDh
Re =

(1)

Where

v = flow velocity;

p • fluid density;

Dh = hydraulic diameter;

u, = dynamic viscosity.

For microfluidic systems, Reynolds number, Re are typically smaller than 100 and the

flow is considered essentially laminar (Nguyen and Wu, 2005). This characteristic has a

direct consequence on mixing within microfluidic devices. In an environment where the

fluid flow is restrictedly laminar, mixing is largely dominated by passive molecular

diffusion and advection. Diffusion is defined as the process of spreading molecules from



a region of higher concentration to one of lower concentration by Brownian motion,

which results in a gradual mixing of material (Capretto et al., 2011).

The aim of microfluidic mixing schemes is to enhance the mixing efficiency such that a

thorough mixing performance can be achieved within shorter mixing channels, which

can reduce the characteristic size ofmicrofluidic devices (Lee et al., 2011). Micromixers

are generally designed with channel geometries that decrease the mixing path and

increase the contact surface area. Common channel widths are on the order of 100 to

500 um while the length could be a few millimetres or more (Nguyen, 2008). Designing

micromixers relies on manipulating the flow using channel geometry or external

disturbances (Nguyen, 2008). General requirements for micromixers are:

• Fast mixing time

• Small device area

• Integration ability in a more complex system

There are two types ofmicromixers as categorized by Nguyen and Wu (2005) which are

active and passive micromixers. Passive micromixers do not have moving parts and

hence, do not require external energy. The mixing process relies entirely on molecular

diffusion or chaotic advection. In active mixers, moving parts are involved. It utilizes

disturbance provided by external fields for mixing process. Generally, active mixers

have higher efficiencies. However, due to requirement for integration of peripherals

such as actuators and power source it is more complex and expensive to fabricate. Thus,

passive mixers are more favourable to be applied in microfluidic systems.




















































































