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400 °C for 60 minutes showing the presence of REEs such as
dysprosium (Dy), cerium (Ce) and precious metals such as

gold (Au) and silver (Ag) in the chlorination residue.
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No.
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XRD patterns of as-received TiN powder and the residues
after chlorination at 400 °C for 15 and 30 minutes.
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the residue of low-temperature chlorination determined by
ICP-OES analysis.

Figure 4.67: FT-IR spectrums of (a) high-purity TiCl4 (Johannesen et al., 230
1954), (b) TiCly synthesized in the present research and (c)

commercial TiCly.
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LIST OF SYMBOLS

Symbol Description

AG Gibbs free energy changes

°C Degree centigrade

% Percentage

wt% Weight percent

D Molecular diffusion coefficient (mz/ s)

g Gram

L Litre

K Kelvin

kJ Kilo Joule

atm Atmosphere

kPa Kilo Pascal

pm Micrometre

b Stoichiometric coefficient

Ca Concentration (mol.cm’3 )

D Molecular diffusion coefficient (mz.s'l)
t Time (minute)

T Total conversion time (minute)

ks Surface reaction rate constant (minute™')
kq External diffusion-controlled rate constant (min™")
k; Internal (pore) diffusion-controlled rate constant (min™)
km Mixed-controlled rate constant(min™)

Ro Initial radius (cm)

XX



OB
Qap
Ma

Mg

Wi
fo

fc

fn
for

foo,R

XN

ppm

kt

Fraction extracted

Molar density (mol.cm™)

Apparent activation energy (kJ/mol)
Temperature (K)

Pressure (bar)

Collision diameter, a Lennard-Jones parameter (Angstrom)
Diffusion collision integral, dimensionless
Molecular weights of TiCly

Molecular weights of Cl,

Final weight of sample

Initial weight of sample

fractions of oxygen

fractions of carbon

fractions of nitrogen

Total fraction of oxygen

Total reducible oxygen

Extent of reduction

Extent of nitridation

Part per million

Activation energy

kilotonnes
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LIST OF ABBREVIATIONS

Abbreviation Description

ADMA

ANOVA

ASTM

BET

BJH

CHNS

CP1

CP2

CSIRO

CTRN

CV.

DOE

EAF

EARS

EDO

EDX

EMR

ERMS

FBR

FESEM

FFC

FFD

FT-IR

Advanced Materials

Analysis of Variance

American Society for Testing and Materials
Brunauer-Emmett-Teller
Barrett-Joyner-Halenda

Carbon Hydrogen Nitrogen Sulphur
Commercially Pure grade 1

Commercially Pure grade 2

Commonwealth Scientific and Industrial Research Organisation
Carbothermal Reduction and Nitridation
Coefficient of Variance

Design of Experiment

Electric Arc Furnace

Enhanced Acid Regeneration Separation
Electrochemical Deoxidation
Energy-Dispersive X-ray Spectroscopy
Electronically Mediated Reaction

Enhanced Roasting and Magnetic Separation
Fluidized Bed Reactor

Field Emission Scanning Electron Microscopy
Fray-Farthing-Chen

Full Factorial Design

Fourier Transform Infrared
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