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ABSTRACT 

 

Gas hydrates are one of the major problems in oil and gas industry due to its tendency to 

cause plugging in pipelines. However as far as the industry is concerned, gas hydrates also 

brings benefits. Examples of this are the importance of the natural methane hydrates that 

are formed at the bottom of the ocean. This natural hydrate are said to have twice the 

number of the current world reserves which includes fossil fuel, coal and gas. In other 

word it is the new possible fuel energy for mankind. Another benefit of gas hydrate is its 

capability of storing gas for the use of transportation; this is help by the ability of gas 

hydrate to store large volume of gas into a smaller volume. However, due to slow 

formation of gas hydrate, it is difficult to implement the usage of gas hydrates for 

transportation vessel in the industry. The ability to understand the behavior of gas hydrates 

is very important as it could help and tackle the idea to improve the reaction and it is also 

essential to gather more data as not many works have so far been done upon the study of 

kinetics reaction using potassium oxalate monohydrate (POM) as promoter. In this 

project, a total of 8 experiments are done to study the reactivity of POM on the formation 

of gas hydrates. The responding variable is the induction time. The shorter the induction 

time, the faster a fully growth of gas hydrates are formed. Then the experiments and 

observations were compared with some previous works that are done using other 

promoter. In addition to performing and reporting on a brief literature study of the subject, 

a description of the equipment and related experiments in detail are provided 
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CHAPTER 1 

INTRODUCTION 

1.1 Background Study  

This project is related to gas hydrates focusing on speeding up the 

formation kinetics of the solid ice structure in order to use gas hydrate massively 

in the industries. This experiment is essential as the formation of gas hydrates in 

nature takes about 3 days to complete which is considered very slow. Hence the 

method that will be used in enhancing the formation of gas hydrates for this project 

is by adding additive to promote the growth of the structure. Potassium Oxalate 

Monohydrate (POM) will be used as the additive in this experimental project as it 

is believed to enhance the formation in terms of the induction time and initial 

parameters rate. POM is a colorless crystal powder and not influenced by non-

ionic or anionic surfactant properties. In (Zhang, Fan, Liang, & Guo, 2004) 

writing, there are 2 reasons POM is selected as additive. POM contain low 

concentration of salt as well as in the chemical reaction of POM, the K
+
 and OH

+
 

ions enhance the formation of microcavities of the crystal lattice. In this 

experiment, a high-pressure system called the Kinetic Hydrate Batch Reactor is 

used as the main instrument to study the kinetics formation of gas hydrates. In this 

experiment, different concentration of POM solution is used as the manipulated 

variable. It ranges from 100 ppm up to 1500 ppm. Finally, the responding variable 

from this experiment would be the number of moles consumed, the induction time 

and the formation rate. 

 

1.2 Objective 

1. Effect of concentrations of POM on induction time 

2. Effect of concentrations of POM on hydrate growth 
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1.3 Problem Statement 

In today’s world, the depletion of fossil fuels reserves has triggered 

thinkers all around the world to find alternative energy to replace the hydrocarbon 

energy that is extracted from subsurface of earth. The current research estimate 

that the amount of energy stored in gas hydrates is greater by twice the number of 

all fossil fuels (Sloan et. all, 1999). This energy of gas hydrates can be found in 

the bottom of the ocean where the condition is cold and high in pressure. In terms 

of production, currently it is expensive to recover the gas hydrates for usage, 

however due to growing in energy demands, mankind are expected to tap the fuel 

source in nearly time in future (Sloan, 2003). 

Other than as the new possible fuel energy, gas hydrates also comes with 

several beneficial applications for example as gas storage for transportation. With 

the ability to capture large volume of gas molecules and compressed it into smaller 

volume, the usage of gas hydrates is very suitable in terms of transferring large 

volume of gas from one place to another. However, the major challenge to practice 

of using gas hydrates in businesses is their slow formation rates (Bahman & 

Farshad, 2013). 

The natural formation of hydrate takes about 3 days to fully growth. 

Therefore, in order to overcome this arising problem in the growing demand, it is 

required to find an alternative way to enhance the formation of gas hydrates. From 

literature study, using Potassium Oxalate Monohydrate as additive or promoter are 

suspected to be an effective way to speed up the formation of gas hydrates through 

minimizing the induction time. 
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1.4 Scope of Study 

 Literature survey and experimental work of using Potassium Oxalate 

Monohydrate at various concentrations. 

 Literature survey and experimental work of methane hydrate formation in POM 

solution at 55 bars and 273.65 K. 

 Literature survey and experimental work of carbon dioxide hydrate formation in 

POM solution at 35 bars and 273.65 K. 

 

1.5 Relevancy of the Project 

The project is relevant to be conducted as it is currently lots of studies and 

research are done on the development of gas hydrates. This project may help to 

improve the understanding of the parameters involved in the formation of gas 

hydrates and tackle the issue in fasten up the reaction. Although there was previous 

study using Potassium Oxalate Monohydrate (POM) as promoter, this project is 

more likely act as the continuation due to the availability of more concrete 

parameters and specified studies. This project also could be a reference for future 

research that involves POM. In addition, the project can be completed in the given 

time frame of the Final Year Project time frame. 

1.6 Feasibility of Project  

With the guidance and supervision from the supervisor, research assistant 

and the coordinator, the project has become within capability of a final year 

student to be accomplished. The time frame given is adequate and the project can 

be completed within the time allocated as the materials can be gathered easily and 

the experiment is easy to be conducted. In addition, the previous research projects 

with the same general foundation can be used as a reference. This would help and 

ease to achieve the final conclusion. 
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Figure 2.0: Gas Hydrate Structure Figure 2.1: Gas Hydrate Structure 

CHAPTER 2 

LITERATURE REVIEW 

2.1 Gas Hydrates  

2.1.1    What is Gas Hydrates?  

Gas hydrate is a compact slush that is formed in the hydrogen bonded in 

water that stores gas molecules in its capsule. The void spaces formed by water 

molecules are called the “host” and the gas molecules are termed as “guests”. In 

the presence of water and gas molecule such as methane, ethane, propane, etc., the 

gas hydrates can be formed at high pressure and low temperature (Arvind, Jason, 

Sloan Jr, & Koh, 2008). Basically there are three types of crystal structures which 

differ in size and shape; there are I (sI), II (sII) and H (sH) (Zhang et al., 2004). 

These gas hydrates can be found vastly in the ocean seabed or popularly in gas 

pipelines where the condition is favorable for gas hydrates to form. Today, the 

energy utilization by human societies is gradually involved with hydrates. These 

include many technological aspects, for example the anticipation and prevention 

of plugging of oil pipelines for transporting natural gas the formation, the storage 

of clathrate hydrates as cool storage media for home air conditioning and the 

disposal of liquefied carbon dioxide at the ocean (Sugaya & Mori, 1996). Below 

displays the types of structure of gas hydrate taken from an article (Sloan, 2003). 
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2.1.2 Fundamentals of Hydrates  

Gas hydrates are mainly made up from water. Due to this factor, the surface 

phases of gas hydrates are likely to be hydrophilic. Every guest molecules that are 

capsulated in the hollow created by the water molecules is not chemically bonded. 

All three type structures (figure 2.0) will carry similar concentrations of water 

(85% mol) and guest (15% mol) after all the cavities are occupied (Mohammed, 

2006). The gas hydrates formation includes variety of processes such as physical, 

chemical and physicochemical. When both of the gas and liquid water are merged 

soluble in each other, they are limited to macroscopic interface between the two 

fluid phases. The hydrate that once formed may constantly decompose if the liquid 

water and the gas species are not saturated. Hydrates that decompose will release 

the molecules of the guest species which will dissolve in water and eventually 

causing mass transfer process. To maintain the mutual contact, the further growth 

of the hydrate is depending on the penetration of water and guest species across 

the very hydrate phase (Sugaya & Mori, 1996). 

2.1.3 Formation of Gas Hydrates  

The formation of gas hydrate is closely associated to crystallization 

process. There are many studies done on the hydrate formation kinetics, which can 

be separated into two categories: Primary nucleation and the crystal growth 

process. The limelight is given to the hydrate growth and the diameter distribution 

of hydrate pellets. Meanwhile, less research are done on the nucleation rate where 

hydrate formed on the free surface of gas-water contact (Khalik, Vicente, Geert-

Jan, & Cor, 2010). The process of hydrate formation is just like any other 

crystallization process. They are not under the principle of thermodynamic, but 

stochastic (random variable). The key parameters to enlightening the nucleation 

and the growth process are induction time, the driving force and the memory 

effect. The meaning of induction time is the elapsed time for the hydrate nuclei to 

reach a critical size for commencing the hydrate growth.  
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Figure 2.3: Autocatalytic reaction mechanisms for hydrate creation 

Figure 2.1 shows the induction time is calculated by tind - tsol (tsol is the time 

required for pressure to stabilize after small pressure drop due to solubility). 

                  
Figure 2.2: 'Pressure vs. Time' Graph 

After that it is associated with the thermodynamics driving force. The common 

driving force is Subcooling and Supersaturation. Besides the two parameters, in 

kinetics formation of hydrate, the history of the water involved in the formation is 

also important, though some researches claimed that there is evidence of non-

existence of this memory effect (Olivia & Livio, 2014). Since the kinetics of 

hydrate formation is still a current research and not fully understood, a few 

numbers of theories has been brought up to explain the mechanism of kinetics 

hydrate. Another example suggested that gas hydrates form in an autocatalytic 

reaction mechanism (Lederhos, Long, Sum, Christiansen, & Sloan Jr, 1996). 
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2.2 Potassium Oxalate Monohydrate (POM) 

2.2.1  Why we need additives?  

The appealing uses of gas hydrates in industry are stalled down by some 

of the problems it carries such as the slow formation rate. As the natural gas 

solubility in water is potentially low, this has resulted only a thin layer of gas 

hydrates are formed at the interface between the water and gas. Accordingly, there 

are two methods to overcome this problem using chemical and mechanical means. 

By mechanical perspective, the method comprises of stirring technique, spraying 

and bubbling of gas in the continuous phase (O Iwasaki, Katoh, Nagamori, & 

Takahashi, 2005). In term of chemical point of view, this problem can be 

overcome by adding low dose of surfactant to alter the properties of reactant 

system. The function of surfactants are to reduce the gas and liquid interfacial 

tension as well as to enhance the solubility of gas in liquid water. Surfactant such 

as Sodium Dodecyl Sulfate (SDS) is proven to decrease the formation time and 

enhance the gas storage efficiency. Other than that, this surfactant aid in 

minimizing the mass transfer and difficulties in movement during the formation 

phase. Besides SDS and POM, there are many previous surfactants are used to 

study their effectiveness in enhancing the formation, such as calcium hypochlorite, 

linear alkyl benzene sulfonic acid etc. (Sun et al., 2011). 

2.2.2 Background of Potassium Oxalate Monohydrate 

Potassium oxalate monohydrate is also known as Oxalic Acid which 

belongs to the group of dicarboxylic acids. This compound is colorless and 

miscible in alcohol, ether and water. POM’s molecular weight is 184.21 g moles 

and it is the only probable compound with two carboxyl groups joined together. 

This is the factor which contributes oxalic acid to be one the strongest acids in 

organic compounds. It is also promptly oxidized and can merge together with 

potassium to form less soluble salts named oxalates. Oxalates are useful as 

reducing agents for various uses such as precipitation of rare-earth metals in 

processing operations, bleaching agent in textile, and as a reagent in analytical 

chemistry (Chemicalland21, 2013). 
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Figure 2.4: Chemical Reaction Formula in POM aqueous solution 

2.2.3 History of Potassium Oxalate Monohydrate on Gas Hydrates  

POM is an ionic surfactant. This additive is colorless crystal powder and 

severally tested on previous research to study the effect on the formation growth 

of gas hydrates. It is proposed that POM could develop the template of gas 

hydrates formation and termed as ‘templating agent’ which will provide the 

suitable setting for the formation. Basically, there are two reasons why it is 

selected as additive (Zhang et al., 2004).  

 Contain low concentration of salt that may promote the hydrate formation 

 In chemical reaction of POM, the [K+] and [OH+] enchanced the formation 

microcavities of a crystal lattice as well as help the hydrate formation. 

Below is the chemical reaction formula in POM aqueous solution:

 




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CHAPTER 3 

           METHODOLOGY 

3.1 Project Activities  

  

 Figure 3.1 shows the project activities for the project throughout the 

research work period 

  

Literature 
Review

•Selection of topic and scaling down the research work

•Determine problem statements and the objectives

Experiment

•Study on the effectiveness of promoters on the formation of gas hydrates

•Conduct experiment according to the proposed procedure

Analyze

•Collect the analyze the data

•Compare and analyze the result

Report

•Assemble all documents into a reort to represent the objective

Figure 3.1: Project activities 
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3.2 Experiment Procedure 

3.2.1 Solution Preparation 

1. In this project, four concentrations were used which 100 ppm, 375 ppm, 

750 ppm and 1500 ppm 

2. A 100ml of 6000 ppm of POM solution was generated/ready in the lab  

3. This concentrated solution (6000ppm) is use to create the four 

concentrations by dilution method 

4. Pour approximately 20 ml of 6000 ppm POM solution into a beaker 

5. By using special device, eVol® XR hand-held automated analytical 

syringe, a specific volume is taken out from the beaker and dispensed to a 

conical flask 

6. This specific volume is calculated by using M1V1 = M2V2 formula. 

Example are as below for all concentrations 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2: eVol XR hand-held automated syringe 
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Example for 100 ppm: 

M1V1 = M2V2 

(6000)(x) = (100) (100) 

X = 1.6667 ml 

Example for 375 ppm: 

M1V1 = M2V2 

 (6000)(x) = (375) (100) 

X = 6.25 ml 

Example for 750 ppm: 

M1V1 = M2V2 

 (6000)(x) = (750) (100) 

X = 12.5 ml 

Example for 1500 ppm: 

M1V1 = M2V2 

 (6000)(x) = (1500) (100) 

X = 25 ml 

 

7. After that, the conical flask is fill with distilled water till the 100 

ml line 

8. Shake the conical flask thoroughly to mix the solution 
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3.2.2 Experiment set-up 

1. The water bath system was remove from the reactor 

2. The high pressure vessel was unlocked using Hex Key 

3. The reactor was opened and clean inside it using deionized water 

4. After that, the steel reactor was dried using a special oven at 

temperature of 100OC for about 15 minutes 

5. The reactor was taken out from the oven after it was completely dried 

and let it cool in standard temperature for about 30 minutes. 

6. Solution was poured into the reactor, followed by the stirrer. For 

example 100ml of 100 ppm POM 

7. Reactor was sealed tightly using Hex key  

8. The liquid bath system was installed on the reactor 

9. Reactor was prepared for vacuum process 

3.2.3 Reactor vacuum 

1. At the reactor system, the inlet and outlet valve was opened to allow 

circulation. 

2. Switched on the vacuum pump at the vacuum section system 

3. The feed switch was set to open, while the outlet switch was set to close 

4. At the pressure controller system, the power was switched on 

5. Select the external for the feed selection and open for the output switch 

6. The compressor gas pipeline valves was opened 

7. Wait till the pressure become 0 bar (indication of vacuum process is 

complete) 
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3.2.4 Gas Purging 

1. At the reactor system, close the inlet and outlet valve to stop 

circulation of any gas 

2. Switch off the vacuum pump at the vacuum section system 

3. The feed switch is set to close, while the outlet switch is remain 

close 

4. At the pressure controller system, select external for the feed 

selection and open for the output switch 

5. Close the compressor gas pipeline valves 

6. Open the valve for the desired gas to be purged in the reactor 

7. At the pressure controller system, set the pressure at 55 bars for 

methane gas and 35 bars for carbon dioxide gas 

8. Open the inlet valve of the reactor to allow gas to be purged 

9. Raise the temperature to 22oC to aid the purging process 

 3.2.5 Running the experiment 

1. Wait for the pressure to stabilize at 55 bars or 35 bars 

2. While waiting, set the magnetic stirrer at optimum stirring rate 

which is at 300 rpm 

3. When pressure has stabilized, set the temperature at 15oC and wait 

till it stabilizes 

4. Once the temperature has stabilized, press the record button on the 

computer and again set the temperature to 0oC. 

5. After the temperature reach and stabilize, set the temperature up to 

15oC 

6. Stop the recording when the temperature stabilize at 15oC. 
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Figure 3.3: Screenshot of raw data 

3.3 Data Calculation 

In order to estimate the formation kinetics of gas hydrates, several parameters need to be 

analyzed first. The data that was produced from the experiment such as time, temperature 

and pressure were then being used to calculate for latter results. These results which, the 

degree of subcooling, induction time, formation rate and mole consumed were essential 

for estimating and predicting the effectiveness of addictive (POM) on the formation 

kinetic of gas hydrates. 

Basically, a single run of experiment is specifically for a single concentration, for example 

using 100 ppm of POM in methane or carbon dioxide gas. This experiment normally took 

about one day to be completed and done before continuing to next concentration. The raw 

data that was taken from the lab is in LabView format, it is then converted to a viewable 

format such as notepad. These values was then transferred to Excel for analysis and 

manipulation to other figures. 
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Table 3.2: Data in Excel spreadsheet 

The unit for temperature and pressure was converted to SI unit from Celsius to Kelvin 

and Psi to Pascal in order to calculate the number of mole using PV=znRT. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.1: Data in Excel spreadsheets 
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3.3.1 Calculation Results 

Most of the calculations involve in this project was spent on finding the mole at 

every interval of time. After the calculation of mole is complete, the data were 

manipulated against time to find the formation rate and mole consumed. Peng 

Robinson equation of state was used to find the number of mole at every interval 

of time. Below are the procedure, formulas used and as well as an example of 

calculation using 100 PPM of POM (Methane gas), at a single interval time. 

 

Z3 – (1 – B) Z2 + (A – 3B2 – 2B) – (AB – B2 – B3) = 0    equation (1) 
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Figure 3.4: Coding to find roots of equation 

 

The value of A and B was then substituted into equation (1). From this, a cubic 

equation was formed. After that, the roots of this equation was calculated. The 

highest value and ranging from 0.7 to 0.9 was selected. This root fundamentally 

represent the z-correlation which will be used in the equation of state to find 

number of mole. Due to excessively large number of data (at least more than 40000 

data) and the impossibility of solving one by one using Excel, Matlab software 

was used to overcome this problem. A simple coding using the function of ‘For’ 

and ‘Roots’ was built to solve all the equations. Below is the snapshot of the 

coding. 

 

 

 

 

 

 

 

 

 

 

 

After obtaining the root of the equation or Z-value, the number of mole is 

calculated in Excel using the formula n = (PV)/(ZRT). This procedure was 

repeated for other concentration. All of the data, for example the pressure, 

temperature, time and number of mole are used to find the degree subcooling, 

induction time, mole consumed and formation rate. 
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CHAPTER 4 

 

RESULT AND DISCUSSION 

 

In every several steps, there were results to be presented before proceed to further 

step until final result is acquired. Below is the illustration of the results analogy throughout 

the project. 

 

4.1 Data Results  

 4.1.1 Induction Time  

 

Figure 4.1: Pressure vs. Time graph, ex: 100ppm using CO2 

Induction time is the time elapsed during the nucleation processes which include 

formation of gas-water clusters and their growth to stable nuclei with a critical 

size. From pressure-time graph, the induction time can be obtained by finding the 

time difference between time at equilibrium and time hold. Time equilibrium is 

the time taken when system start to stabilize at 0oC, meanwhile time hold is the 

time taken when a sudden pressure drop is observed.  

∆𝑡 = 𝑡𝑒𝑞 − 𝑡𝑖𝑛𝑑 

Data
Calculation 

results 
Graph Analysis

Error 
Identification

teq 

Tind 
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4.1.2 Degree of Subcooling 

 

 

 

 

 

 

 

 

From the above Pressure vs Tempperature graph, it can be observed that pressure 

is directly proportional to temperature based on pressure law when the 

temperature is set to 0oC from 15oC. 

𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒

𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒
= 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

From pressure-temperature relationship, the degree of subcooling can be gained 

by calculating the temperature span between T equilibrium and T induction. 

Normally, in this project the degree of subcooling are slightly around 13oC to 16oC 

for all concentrations regardless of gas surrounding. 

4.1.3 Mole Consumed 

 

 

 

 

 

 

 

Figure 4.2: Pressure vs. Temperature graph, ex: 100ppm using Co2 

Figure 4.3: Mole vs. Time graph, ex: 100ppm using CO2 

Mole stabilizes 

Mole drops 
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The mole-time graph is created to find two parameters which are the mole 

consumed and the formation rate. The mole consumed can be found in the graph 

by calculating the height of Y-axis from the point where mole starts to drop till it 

stabilizes. Mole consumed means the amount of gas has been taken and stored in 

hydrate from the gas surrounding in the reactor. Meanwhile, the formation rate 

means how fast the gas hydrates are formed in term of time. This can be simply 

achieved by divide the mole consumed with time in minute.  

4.2 Result and discussion using Methane gas 

 

 

 

 

 

 

 

 

Based on the experimental using methane gas, the result shows that the degree of 

subcooling for all concentrations are nearly the same at about 14oC to 16oC due to the 

experiment procedure where it is required to use initial temperature at 15oC and cool down 

to 0oC. However, the difference between 375 ppm and 750 ppm in terms of pressure height 

is may be because to the random error or the disability of the reactor to sustain pressure 

in the vessel at certain value. 

 

 

 

 

Figure 4.4: Degree of Subcooling graph for all concentrations (methane) 
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The graph above summarize the pressure-time relationship for all the concentrations 

involved in this project which is 100ppm, 375ppm, 750ppm and 1500ppm. In this graph, 

the curves went down due to temperature decreased as it will obey the pressure law. 

According to table 2, we can conclude that by using 100ppm concentration, the induction 

time is the least by 65 minutes. In other word, it takes 65 minutes for the temperature to 

drop to zero meanwhile for other concentrations take slightly longer time by additional 15 

minutes. However, this could not be accept as a precise answer as there are maybe some 

random error or human error during this project. 

 

 

 

Concentration 

 Time 

equilibrium 

(min) 

Time hold 

(min) 

Time 

Induction 

(min) 

100 ppm 115 50 65 

375 ppm 75 0 75 

750 ppm 90 24 66 

1500 ppm 80 0 80 

Table 4.1: Induction Time table for methane gas 

Figure 4.5: The Induction Time graph for all concentrations (methane) 
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The graph above illustrates the trend of mole-time relationship for experiment using 

methane gas. In the literature review, it was anticipated the trend of the curve should go 

downward instead of constant or increasing. This is because the mole that was calculated 

is the mole for gas that was purged inside the reactor, instead of mole of hydrate. Hence, 

through period of time, when the hydrates are able to store the gases inside the cages, the 

mole of gas should get lesser. This graph was build up utill time 160 minutes where the 

temperature has stabilized at 0oC. 

4.3 Result and discussion using Carbon dioxide gas 

 

 

 

 

 

 

 

 

Figure 4.6: The Formation Rate graph for all concentrations (methane) 

Figure 4.7: Degree of Subcooling for all concentrations (Carbon Dioxide) 
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Based on the experimental using carbon dioxide gas, the graph displays the degree of 

subcooling for all concentrations are approximately similar at about 14oC to 16oC due to 

the experiment procedure where it required to use initial temperature at 15oC and cool 

down the system to 0oC. In this run using Carbon Dioxide gas, it is observed that the line 

are nearly the same for all concentrations. This shows that no error occurred in data 

recording process for this part of test.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3 summarizes the comparison of the pressure-time relationship for all four 

concentrations. In this run using carbon dioxide gas, it is observed that the curve for all 4 

parameters are closely identical compared to the test using methane gas. Both 100 ppm 

and 1500 ppm solution recorded the same induction time around 87 minutes. Meanwhile, 

Concentration 

Time 

equilibrium 

(min) 

Time hold 

(min) 

Time 

Induction 

(min) 

100 ppm 92 5 87 

375 ppm 110 2 108 

750 ppm 106 2 104 

1500 ppm 93 6 87 

Table 4.2: Induction Time table for Carbon Dioxide gas 

Figure 4.8: The Induction Time graph for all concentration (Carbon Dioxide) 
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it was recorded more than 100 minutes for both 375 ppm and 750 ppm. It was checked on 

both 375 and 750 ppm that these both run starts with pressure at 35 bars meanwhile for 

100 and 1500 ppm at 36 bars. 

 

 

 

 

 

 

 

The graph above demonstrates the trend of mole-time relationship for experiment using 

carbon dioxide gas. For this experiment, the trend followed the suggested curve as 

describe in the literature review where the number of mole will decrease with time as the 

gases are trapped inside the cages of liquid molecule. In addition, in this experiment, it is 

easier to determine the mole consumed and formation rate compare to the previous 

experiment using methane gas where the graph shows numerous fluctuations. Table below 

summarizes the rate of formation and the mole consumed. 

 

 

 

 

 

 

 

 

Concentration Mole Consumed 

(mol) 

Time to stabilize 

(min) 

Formation rate 

(mol/min) 

100 ppm 0.069 97.36 0.000708 

375 ppm 0.09 141.22 0.000637 

750 ppm 0.09 106.67 0.000843 

1500 ppm 0.08 94.17 0.000849 

Table 4.3: Summarize of mole-time relationship 

Figure 4.9: The Formation Rate graph for all concentrations (Carbon Dioxide 
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4.4 Overall discussion on result 

In order to choose the best and optimum concentration for both experiments using 

methane and carbon dioxide gas, the screening process have been made. The value of time 

induction must be as low as possible. If the time induction is reduced, it means the 

hydrates formed faster. Hence, based on the result using methane gas, 100 ppm 

concentration generated the least time induction compare to other 3 concentrations. 

Meanwhile for test using carbon dioxide, it was discovered that using 100 ppm and 1500 

ppm produced similar induction time. As noted, the mechanism of the additive 

concentration affects the induction time of hydrate formation required further thorough 

study. 

For the formation rate and mole consumed selection, the graph (figure 15) shows a 

constant mole consumed and even negative trend which are likely different from the 

literature review and the result anticipated for mole-time relationship graph. Unlike using 

carbon dioxide gas as the guest molecules (figure 18), it shows downward curves which 

what as expected. Through this, the mole consumed and formation rate can be found. In 

overall statistic for run using CO2  gas, it shows using 1500ppm of POM solution will 

generate a good mole consumed at around 0.08 mol within 94.17 minute compare to its 

nearly competitive result, which is using 750 ppm solution which produces 0.01 mol 

higher but with a slower time to stabilize. The overall shows 1500 ppm produces 0.000849 

mol per minute (mol/min). As noted, the more the gas molecules are in the liquid phase, 

the more chances they have to collide and trap inside the cages made by hydrate bonded 

water molecules which also helps the formation of hydrate nuclei. 

Hence, in methane gas surrounding, 100 ppm was selected as the best concentration 

because it produces the shortest time induction, however due to the fluctuation on the 

mole-time graph, the result for formation rates could not be achieved as it is treated as 

error in machine. For the test using CO2 gas, the best concentration is by using 1500 ppm 

POM solution as it yields the shortest time induction as well as decent formation rate 

compared to other concentrations. 
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CHAPTER 5 

CONCLUSION AND RECOMENDATION 

5.1 Conclusion 

The experimental run using methane gas and carbon dioxide gas using different 

concentrations were successfully done by utilizing the high pressure kinetic vessel. No 

major accident had occur. As for screening result, it shows that concentration of 100ppm 

for methane gas and 1500ppm for carbon dioxide gas are the best for both of the 

surrounding gas. However, this is also depends on the water solubility of the gas in order 

to get in contact with the water cages. Other than that, the effect of pressure, temperature 

and the stirrer rate also plays important role in determining the results. In overall, this 

experimental study of formation kinetics of CO2 and CH4 gas hydrates in presence of 

additive, Potassium Oxalate Monohydrate, has showed a result that improved the 

formation rate however they are not significant. In other word, using POM would not 

largely affect the formation rate nor the induction time in terms of potentially utilizing it 

in industry as there are other additives would produce better result. 

5.2 Future Work 

The experiment only conducted at one pressure for each gas surrounding which is 35 bars 

for carbon dioxide and 55 bars for methane gas. Pressure can be reflected as one of the 

parameters that need to be given more attention especially when purging the gas in the 

reactor as it would determine the concentration of gas in the reactor. Hence directly 

contribute to the variety of mole consumed data. Other than that, the recommendation 

would be to consider more time frame for completing the project and adding the 

experimental set-up for future works as the understanding of gas hydrates is important to 

industry and more rapid research need to be done. This will also help in term of saving 

time as other student also use the same experiment set up for his project. 
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