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Abstract

Zircon is one of the most important among the heavy minerals occurring in
the beach sand along the coastal belt of Bangladesh. The prescnt work
attcmpts to make chemical and mineralogical eharaeten7..ation of zircon
benelkiated at the Cox's Bazar Pilot Plant of Bangladesh Atumk Energy
Commission (BAEC). The mineral is investigated by means of chemical
analysis, optical microscopy and X-ray diffraction (XRD). Potentiality of
Bangladesh zircon as a raw material for zirconia, opacilier and re1i:actury
brick production is also examined. From the chemical analysis it is found
that Bangladesh zircon has 95.88% purity. The main impurity in Bangladesh
zircon is titanium oxide (3.01%). This is followed by iron oxide (0.42%).
Tnlce amounts of other oxides are also found. From the mineralogical study
it is found that Bangladesh zircon have an elongated, prismatk shape with
pyramidal termination in half of the grains and the rest are more or less
rounded. Some fractured and irregular grains arc also found. Bulk sample of
Bangladesh zircon in the as-received condition shows golden yellowish
brown color. However, individual grains were found tu be almost colorless
an d tnmsperent under polari7ed light. XRD study confmned good
crystallinity in the sample. Under the microscope, it is found that in
Bangladesh zircon, zircon grains constitute 94% and tutal impurities amount
to 6%. This result agrecs fairly well with the chemical analysis resuIL~.The
main impurities in thc prcsent sample of Bangladesh zircon are found to'be
oxides of titanilUTl(both rutile and ilmcnite). This is also consistent with the
finding~ uf chemical analY8is. Further, monazitc was identified as an
important impurity under the microscopc. Most of the impurities found in
Bangladesh zircon exist as discrete minerals. As a result, it should be
possible to remove these impurities fairly casily by physical mineral
processing methods and thereby impnwe the grade of Bangladesh zircon.
The iron bearing coating found on ,orne zircon grains can be removed by
acid washing. In the disintegration cxperiments, it has been found that the
heating pcriod of 30 minutes is not sufficient to result in eomplele
di8inlegration of Bangladesh zircon into zirconia even at the highest
temperature (1500"C) and the largest sodium oxide concentration (30%)
used in the present 8tudy. Practical experiments have demonstrated that
Bangladesh zircon i~ quite 8atisfactory for preparation of zircon flour in
ce"lmic indmtries. Zircon flour made from 13angladesh zircon can
effectively replace imported zircon 110ur, if adequate size reduction and
purification is earned ouL Bangladcsh zircon can also be used successfllily
ji,r preparation ofrelmdory bricks for high temperature use.
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Chapter One



1. INTRODUCTION

- -

Zircon is one of the most important among the minerals occurring along the coastal

belt of Bangladesh. The reserve of Zircon in the Bangladesh coast is roughly

estimated to be one million ton [1]. Zircon is a ~aluable mineral used as a raw

malerial in v.mous industries including foundry, ceramICS, refractories ele [2-3]. In

Bangladesh approximately three hundred tons of Zircon flour is consumed every

year in ceramic industries; the entire amount being currently imported. However,

zircon occurring in the Bangladesh coast has so far not been utilized.

Little work has been done on beach sand rircon of Bangladesh. Naher and Haseeb

[4-5] attempted a preliminary chanlcteri7.alion of Bangladesh zircon and investigated

its usc as molding material in steel foundries. Zircon sand as extracted at the Beach

Sand Exploitation Center, Cox's bazar is found to be very suitahle for steel casting.

Use of Bangladesh zircon is found to eliminate various surface defects in cast steel

spares. In order to explore the full potentiality of Bangladesh zIrcon in foundry,

ceramics, refractories and other industries it is necessary to make an in-depth

characterization of this mineral and study its various physico-chemical properties.

So, the objectives of the present work is to characterize Bangladesh zircon,

particularly to find out its impurity content and state of impurity and ways to remove

the impurities from Bangladesh zircon. Attempts have also heen made to investigate

the suitability of Bangladesh zircon in the manufacture of opacilier for glaze and in

the production ofrcfraetory bricks. The out come of this study ISexpected to provide

a scientific basis for the use of Bangladesh zircon in ceramics and refractory

industries.
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2. LITERATURE SURVEY

2.1 CHEMTCAL CHARACTERIZATION OF BANGLADESH ZIRCON

2. L1 Introduction

Elemental analysis [6J is the first and routine work for the characterization of

chemical compound. From the analytical data the empirical formula of the

compounds can be easily deduced. To determine different elements present in an

unknown zircon sample, highly sophisticated instruments were used. Absorption

spectroscopy IS one of the most useful instrument available to the laboratory for

quantitative analysis. Here for this purpose a Spectrophotometer of model UV -2201,

Shimadzu, Japan and Flame photometer were used.

2.1.2 Theoretical Aspects of Molecular Spectroscopy (UV-Vlsible)

Beer's Law:

The amount of monochromatic radiation absorbed by sample is described by the

Bccr-Bouguer-Lambert Law, commonly called Beer's Law. Consider the absorption

of monochromatic radiation of radiant power Po which Passes through a solution of

an absorbing species at concentration C and path length b, and the emergent

(transmitted) radiation has radiant power, P. This ",dlant power is the quantity

measured by spectrometric detectors. Bouguer and Lambert recognired that when

electromagnetic radiation is absorbed, the power of the transmitted energy decreases

in exponential manner as transmitted.

P=PoIO"

P
~>--

P,
10.fh = T----------- (i)



Where 'K' is a constant and T' is called the transmittance, the fraction of radianl

Logarithmic form of/he equation is:

P
Log T = Log

Po

In 1852, Beer and Bernard, each stated that a similar law holds for the dependence of

'T' on the concentration, C

P
T~

=> Log T

j 0 -K" c ( iii)

Log~=K'c-------(IV)
Po

Where K' is a new constant. Combining these two laws Beer's Law is ohtamed. It

describes the dependence of T on the path length and the concentration of the

absorbing species as,

T =~=1O-''''--------------(v)
p,

wbere 'a' is a combined constant ofK and K'. The logarithmic form of equation (v) is

P
LogT = Log

P,
= - abc ----------------------- (vi)

It is more convenient to omll lhe negative sign on the right hand side of the eq"ation

and to define a new term, absorbance:

1
A =-LogT=Log

T
= Log

P
= abc ---- ••• (vii)



Where, A is the absorbance. This is the common form of Beer's law. It is the

absorbance that is directly proportional to the concentration. Thc pmh length 'b' in

equation (l'li) is expressed in centimeters, the concentratIon C is in gram per litre.

The constant 'a' is then called the ahsorptivity or extinction coefficient. 'C' is

expressed in mo1esJIitre; 'b' in em, the constant 'a' is replaced by E and the Beer's

Law is written as

A = Ebe (viii)

This ne\V quantlty, E is known as molar absorptivity. Since A is unitless, E has the

unit of htre mor' em". Molar absorptivity and absorptivity arc dependent on the

nature of the absorbing mmerial and the wave length of measurement. Beer's Law

holds strictly for monochromatic radiation, since the absorptivity varies with long

wavelength.

Application of Beer's Law:

Beer's Law is the basis of all quantitative application of UY-Yisible spectroscopy.

Generally a method of calibration or standardization is used for determining the

concentration of the analyte.

Beer's Law will generally hold over a \vide range of concentration if the structure of

the coloured ion or the coloured non electrolyte in the dissolved state does not

change with concentration. Small amounts of electrolytes, whleh are chemIcally

unreactive with the coloured components, do not usually affect the light absorption;

large amounts of electrolytes may result in a shift of the maximum abSOrptl0n, and

may also change the value of the absorptivity. Discrepancies are usually found when

the coloured solute ionizes, dissociates, or associates in solution, since the nature of

the species in solution will vary with the concentration. Thc Law does not hold when

the coloured solute forms complexes, the composition of which depends upon thc

concentration.



The procedural detail includes the follov,ing steps for analysis [6]

a) Selection of wavelength:

Spcctrophotometric absorbance measurements arc ordinarily made at a wavelength

corresponding to a highest absorption peak because thc change in absorbance per

unit of conccntration is greatest at this pOIllL Under thesc circumstances, good

adherence to Beer's Law can bc expected.

b) Variables that influence Absorbancc:

Common variables that influence the absorption spectrum of a substance include the

nature of thc solvent, the pH of the solution, the temperature, high electrolyte

concentrations and the presence of interfering substances. The effects of thcsc

variables must be known conditions for the analysis must be chosen such that the

absorbance WIll not be materially innuenced by small, uncontrolled variations III

thcir magnitudes.

Determination of the Relationship betv,een absorbancc and concentration:

After deciding upon the conditions for the analysis, it is necessary to preparc a

calibration curve from a series of standard solutions. These standards should

approximate the overall composition of the actual samples and should cover a

reasonable concentration range of the analyte. For thIS purpose suitable quantities of

the constituents within the linear range were taken and treated in the same way as the

sample solution for the measurement of absorbance at the optimum wave length.

The absorbance was plotted against the concentration, a straight line was obtained

which obeyed the Beer's Law. The curve then used for quantitative determination of

the eonstitucnts lmdcr thc same experimental conditions.



2,1.3 Theoretical Aspects of Flame photometry:

The facts that sodium and several other common elements impart characteristic

colors to the Bunsen flame and that the brightness of the flame varies with the

amount of sodium or other clement introduced have been known for a long time [7].

Flame photometry is concerned with the emission of characteristic radiation in

flames by individual clements and the correlation of the emission intensity with the

concentration ofthese elements.

The method of excitation in the flame is as follows, A small volume of the solution

of the sample is placed in a cup of an atomizer: air or oxygen and a combustible gas

arc fed to the atomizer at controlled rates of flow, and the solution is vaporized in a

special bumer. The following events occur in rapid succession when the solution is

sprayed into the flame:

(1) the water, or other s,?lvent, evaporates, leaving minute particles of the salt

or mixture of salts.

(2) At the high temperature of the flame the salts or their decomposition

products vaporize, and they may also dissociate into the constituent

atoms or radicals.

(3) The vapors of the metal atoms or of the molecules containing the metal

atom are then excited b} the thermal energy of the flame. The resulting

emission spectra may be of several types: these include those consisting

of lines originating from excited atoms or ions, and banded spectra arc of

main interest; spectra arising from ions may be produced at high

temperatures and at high concentrations of the atoms in the flame.



2,2 PROPERTlES OF MINERALS

2.2.1 Introduction

A mineral lS a naturally occurring homogcncous solid, inorganically formed, with a

definite chemical composition and an ordered atomic arrangement [8].

2,2.2 Physical Propcrties of Minerals

Minerals possess certain physical properties [9] that arc considcrcd in the following

order:

I. Certain charactcrs depcnding upon light, such as color, lustre, transparency,

phosphorcscence and fluorescence.

2. Characters depending upon certain senses such a those of taste, odor and feel.

3. Characters depending upon the state of aggregation such as form,

pseudommphlsm, polymorphism, hsrdness, tenacity, fracture, cleavage, and

surface tension effects. Crystallography,- the study of crystals.

4. The specific gravity of minerals

5. Characters depending upon heat, magnetism, electricity and radioactivity,

2.2.2.1 Color. Lustre, Transparency etc,

Color - Color depends upon the absorption of some and the reflection of othcrs of

the colored rays or vibrations which compose ordinary white light. The color of a

mmeral is often its most striking property. Unfortunately for purposes of

identification, however, the colors of minerals vary vcry greatly. Even in the same

spccies specimens are found having very dIfferent colors. The streak of a mineral is

the color of its powdcr and may be quite different form that of the mineral in mass.

For instance, blaek hematitc gives a red powder. Change of color is a somewhat

similar phenomenon extending over broader slJrfaces, the succcssion of colors being

produced as the mineral is turned. Some crystals (anisotropic mmerals) display



different colors when viewed In different directions by transmItted light. 'Ibis

property called pleochroism,

Lustre- The lustre or minerals differs both in intensity and kmd, depending upon the

amount and type ofrefleclion of light that takes place at their surfaces,

There are six kinds oflustre:-

I. Metallie- The ordinary lustre of metals.

2. Vitreous- The lustre of broken glass,

3.' Resinous-The lustre orresin.

4. Pearly-The lustre ofa pearl.

5. Silky-The ICl,treof silk.

6. Adamantine-The IClstreof a diamond,

When the surface of a mineral is sufficiently brilliant to reflect obj eets distinctly, as

a mirror would do it is said to be splendent. Whcn the surface is less brilliant and

objects arc reflected indistinctly it is described as shining. When the surface is still

less brilliant and it is termed glistening and minerals with no lustre arc described as

dull.

Transparency and Tran.~lucency-A mineral is transparent when the outlines of

objects secn through it appear sharp and distinct. A mineral which, though capable

of transmitting light, cannot be seen through is translucent. When no light is

transmitted the mineral is opaque,

Phosphorescence and Fluorescence-Phosphorescence is the property possessed by

some substance of emitting light after having been ,ubjected to certain conditions

such as heating, nlbbing or exposure to electric radiation or to ultra violet light.

Some minerals emit light whilst exposed to certain electrical radiations. This

phenomenon is best exhibited by nuor-spar and for this reason is called

fluorescence,



2.2.2.2 Taste, Odor and Feel

Tasle- The characters of minerals dependent upon taste are only perceptible when

the minerals arc soluble in water.

Odor- Some minerals have characteristic odors when struck, rubbed, breathed upon

or heated.

Feel- Smooth greasy or unctuous, harsh or meagre or rough are kinds of feel of

minerals that may aid in their identification. Certain minerals adhere to the tongue.

2.2.2.3 Siale and Aggregalion

State- Minerals can be any state e,g. solid, liquid or gas.

Form- Under favorable circumstances minerals assume certain definite geometrical

forms called crystals, the recognition of which is a valuable aid in the identification

of minerals. Minerals assume various indeterminate forms that are not necessarily

dependent on crystal character.

Pseudomorphism- Pseudomorphism is the assumption by a mineral of a form other

than that which really belongs to it.

Polymorphism- It has already been mctltioncd that two minerals of markedly

different physical properties, sllch as color, hardncss, crystal form, specific gravity,

etc., may have identical chemical compositions. Such substances arc said to be

dimorphous and illustrate the general property of polymorphism.

Hardness- Hardness varies very greatly in minerals. Its determination is one of the

most important tesls used in the idenllfieation of minerals and may be made in



several ways. The scale in general use, and known by the name of Mohs' Scale of

Hardness is given helow.

MORS' SCALE OF HARDNESS

Hardness,,,,,,,
",
W

Smndard Mineral
Talc
Rock ••all, Or gypsum
Calclle
Fluor-spar
Apahte
Orthoclase felspar

"",~
Topaz
Corundum
Diamond

TUllacity- Minerals possess certain properties dependent upon their tenacity, of

which the following are the most important:

(a) Sectility- A mineral is said to be sectile when it can be cnt with a knife and the

resulting slice breaks up l.mdera hammer, Examples: graphite, steatite, gypsum,

(b) Malleability- A mineral is malleable if a slice cut from it flattens out under a

hammer, Examples: native gold, silver and copper,

(c) Flexibilily- Flexibility is the property of bending,

(d) F.lasticily- Elasticity is the portion bent springs back to its former position. Mica

yields flexible elaslie plates, whilst the somewhat siml1ar mineral, chlorite, gives

plates that are flexible but not clastic.

(e) Brittleness-Brittleness is the character common to many minerals and is shov<'TI

by their crumbling or flying to powder instead of yielding a slice. Examples-iron

pyrites, apatite and fiuor-spar,

Fracture-It is very important to note the characters oflhe fractures displayed on the

broken or chipped surfaces of minerals. Fracture is said to be:

(I) Conchoidal-The mineral breaks with a curved concave or convex fracture.

(2) Even- The fracture surface is flattish or nearly flat, as m chert.

(3) Unevell-The fracture-surface is rough by reason of mmute elevations and

depressions. Most minerals have an uneven fracture.



u

(4) lIackly- The surface is studded with sharp and jagged elevations, as in cast-iron

when broken.

(5) Earthy- As in the fr<lclureof chalk, meerschaum, etc.

Cleavage- The tendency to split along certain definite planes-the cleavage planes-

possessed by many minerals is closely related to CTySla1lincform and the mternal

slmcturc of the crystal [10). So, cleavage may be defined as the ever-present ability

of a mineral to separate into smaller and smaller particles bonded by smooth surfaces

parallel to the directions of faces of possible crystal forms. Cleavage is frequently

acts an instance distinguishing properties of minerals. Unfortunately, many minerals

show little or no cleavage. If cleavage is well developed, however, a mineral may be

identified at times by this property alone. Some minerals separate only occasionally

or break along planes of twilllling. This may be callcd parting. Cleavage lS a

crystallographic feallJre and may bc discussed in terms of direction, Cleavages in

one, two or three directions are frcqucnt; fluorite and diamond cleave in four

dircctions, while sphalerite cleaves in six directions.

Cleavage in one direction' A nlJDlber of mincrals have a single plane of cleavage,

muscovite and topaz being examples, In thin section, crystals showing one direction

of cleavage usually exhibit systcms of parallel hnes. Occasionally, a cleavage plane

may be almost parallel to the section, in which instance practically no cleavage line

will appear.

Cleavagc in two directions' Several common mincrals develop prominent cleavage

in two dircctions, The pyronenes, amphiboles, and feldspars are olJlslanding

1l1ustrations,

Cleavage in three directionS" The types produced due to cleavage in three directions

vary considerably. One of the simplest lype is that produced by cleavage parallel to

the faces of the cube.

Cleavage in four dirycUQn' Onc common mineral, fluorite has cleavage in four

direction parallel to the faces of an octahedron.

Clcavm;:;e in six directions: Sphalerite is one of the few minerals with cleavage

parallel to the six different directions of a dodecahedron.



Surface Tension Effect: Thc diffcrcnce in adhesive power of various liquids to

dIfferent minerals has fonned the basis for numcrous processes of ore separation and

concentration. The various Flotation Processes depend on surface tension property.

2,2.2.4 Density and Specific Gravity

The two terms density and specific gravity are often used interchangeably, although

strictly speaking there is a distinction between them. According to the convention in

English-speaking counlnes, the density of a substance is the mass per umt volume,

and it is therefore necessary to specify the units used-generally grams per cubic

centimeter or pounds per cubic foot. SpecIfic gravity, however, is a number-the

number of times heavier a body of any volume is than an equal volume of water; in

other words, It is the ratio of the density of the substance to the density of water. The

density of a substance is primarily determined by its crystal structure and its

chemical composition, Density will vary somewhat with varying temperature and

pressure, since changes in these factors cause expansion or contraction. Thus the

density of a pure substance with a fixed chemleal composition and crystallizing in a

speCIfic structure should be constant at a stated temperature and pressure, The

density of a substance therefore reflects the nature of the atoms in the structure and

the manner in which they are packed together. The density of a crystalline substance

is a fundamental properly and lS characteristic for that substance. Thus, it is a

valuable diagnostic properly.

2,2,2,5 Characters Dependenr upon Heat. Magnetism, Electricity and Radioactivity

Fu.,.,'bility- The relative fj.Isibliily of certain minerals is a usef"l character as an aid in

their detenninalion by the blowpipe.

Magnetic Properties- Only a few minerals are ferromagnetic, that is, strongly

attracted by a SImple bar or horseshoe magnet. Of these the commonest arc

magnetite, Fc,O" pyrrhotite, Fe,_,S, and a polymorph ofFSO" maghemile, Minerals



which are slightly repelled by a magnet are said to be diamagnetic, those which are

slightly attracted arc said to be paramagnetic. Minerals containing iron are generally

magnetic, but not necessarily so, and the degree of magnetism displayed does not, in

all cases, depend on the iron content. Minerals containing no iron may also be

sufficiently magnetic to penmt of their separation from non-magnetic materials, for

example, monazite and some other cerium-bearing minerals. The electromagnetic

separation 01 minerals is an important ore-dressing process. By varying the strength

of the electromagnet, minerals of varying magnetism can be separated from one

another. Examples of such separations arc the purification of magnetite from apatite,

etc. The separation of pyrites from blende, siderite from blende, wolfram from tm-

stone, and monazite from magnetite and game\. It is sometimes necessary to roast

the ore is order to convert feebly magnetic materials, such as pyrites and siderite,

into strongly magnctic materials. A small electromagnet is used in the laboratory to

separate the heavy residues obtained by the use of heavy liquids into magnetic and

non-magnetic portions.

l1iKhly magnelie -Magnetll<" pyrrhotite

Modera/ely magne/ie-Siderite, iron-garnet, chromite, ilm~nite, hematite, wolfram.

Weakly magne/ic- Tourmaline, spinels, monazite,

Non-magnelic-Quartz, calcite, felspar, topaz, corundum, cassiterite, zircon.

Eleerricity- Electricity may he developed in minerals either by friction or heat, and

in the latter case the mineral is said to be pyroelectne. Tourmaline is an exalJlple ofa

pyroelectnc mineral. The degree of electrification varies widely among minerals,

and this variation is applied in the Electrostatic Separation Process. In one lype 01

this process the finely crushed and dried ore is dropped on to a rotating iron cylinder

which is electrically charged. Good conductors become charged and are repelled

from the cylinder, bad conductors arc repelled to a less degree, and hence the shower

of ore is separated out into several minor showers which can be separately collected.

For example, blende a bad conductor, is separated from pyrites, a good conductor, in

thiS way.

Good conduclors- Native metals, graphite, sulphides(except hlcnde)



Rad Conduc/ors- Blende, quartz, calcite, barytes, nuor-spar.

fnsu ii!tors -Zireon.

Radioactivity- Many minerals containing elements of high atomic weight are

radioactive, and emit an emanation which affects a photographic plate and may be

rendercd visible by mcans of a scnsitive phosphorescent screen. The chief

Tadinactive elements are radium itself, uranium and thorium. Pitchblende is the most

importont n>dioactive mineral, others being autunitc, monazite, thorite and carnotite.

2.2.3 Optical Characteristics of Minerals

Now somc optical properties of minerals can be considered. When a mincral is

illuminated with light there are several processes thaI can occur as a rcsult of the

interaction between the light and the material. Some light may be Inst and the energy

transformed into heat in which case it is absorbed. Some, ho"'ever, may pass

through without loss, i.e., transmitted, or scattered back from the surface nf the

material, i.e., rel1acled.

By using all of these optical behavior, optical characteristic of the minerals can be

detemlined under a microscope. The examination under the illlcroscope consists of a

group of operations, namely, those earricd out by using (1) ordinary light (2)

polarised light, (3) crossed nicols.

(I) Ordmary ligh\- In this case both polariser and analyser arc removed. Ordinary

light can bc used to determine color, transparency, inclusions, cleavage, crystalline

fonn and refractive index.

(2) Polarized light- In (his case the lower nical or polarizer is put into place between

the mirror and the stage. The following may be observed:



(a) Pleochroism- Pleochoric mincrals show a change in the quantity or quality of

their color, this change dependmg upon the direction followcd by the polarised light

as it traverses the mineraL Pleochroism is observed by rotating thc polariscr.

(b) Pleochroic Halos-The presence of Pleochroic halos-small spots more strongly

Pleochroic than the main part of the mineral-may be observed by rotating the lower

nicol, They are characteristic of certain minerals.

(c) Twinkling- The phenomenon of twinkling is well seen in calcite. In calelte the

refractive index for the ordinary ray is 1.66, for thc cxtraordinary ray 1.49. The

refractivc index of balsam is 1.54. If a granular mosaic of calcite is examined in

polarised light, it is obvious that some grains will transmit the ordinary ray and some

the extraordinary ray. Those grains transmitting the ordinary ray have a refractive

index ml.lch greater then that of balsam, and therefore their borders will be wcll

marked; those grains transmitting the extraordinary ray have a refractive index a

little lower than that of balsam, and their bordcrs will not be so strongly marked.

Hence, when the polariser is rotated beneath thc slicc of calcite, certain grains have

alternately strongly marked and slightly marked borders, and a twinkling effect is

noticed.

(1) Crossed Nicols-For the examination of mineral between crossed nicols both

polariser and analyser are inserted, and the nieols are so arranged that thcir vibration

planes are at right angles to onc another, or are crossed.

(a) Isotropism and Anisotropism:-all sections of isotropic transparent minerals

are black between crossed nicols. Such minerals belong to cubic system. Minerals of

thc other crystal systems are anisotropic, but it must bc noted that basal sections of

I.lniaxialminerals are black between crossed nieol.

Many important optical materials however, such as single crystals are anisotropic.

Atomic and hence dipole density vary with crystal direction and as a result the



polarization is electric field direction dependent. Then the refractive index will be

dcpcndcnt upon the plane of polarization of the light. This is an important

phenomcnon and onc which is utilizcd in many optical devices, It is termed

birefringence and occurs naturally in somc materials. Birefringence may be

enhanced by the application of external forces such as clectric and magnetic fields

and cven indnced by the same means in other" •.ise non-birefringent materials.

(h) Extinction: Extinction may occur when the particular crystallographic

direction makes an angle with the cross-wires, This is obhque extinction, and the

angle made betwcen thc crystallographic direction and the cross-wires-thc angle of

extinction is of dIagnostic value. Again it may be noted that a doubly refracting

crystal, mincral plate, or grain, when dark between crosscd nicols, is in the posltion

of extinction. Extinction angle is usually determined in terms of the slower of the

two rays or the one having thc greater index ofreihlction.

Parallel Extinction: If the mineral becomcs dark between crossed nicols, with thc

cleavage parallel to the vibration directions of the two nicols, the eX\lllction is said to

bc parallel.

Inclined Extinction: Many minerals extinguish between crosscd nicols when

cleavages or crystal boundrics lic at oblique angles to the planes of vibration of the

two nicols. These are said to have inclined extinction.

Symmetrical Extinction: Many minerals become dark between crossed nieols when

the planes of vibration of the nicols are parallel to the diagonals of the rhombic

patterns. Extinction of this type is described as symmetrica1. Several mincrals

forming crystals with square outlincs may also yield symmctrical extinction.

(c) Twinning: TWInning can bc best seen between crossed nicols. Plagioclase

felspar is usually twinned, and between crossed nicols an apparently homogcneous



crystal shows two sets of twin lamella, each set extinguishing in a different position

from that of the other.

Alteration - alteration can be observed in ordinary light, but its nature is bcst seen

between crossed nicols. An altered, mineral is usually turbid or eloudy, and

alteration products may be developed along cleavages, cracks or othcrwise. Bcl\.vcen

crossed nicols, altered minerals usually show aggregate polarisation, because the

originally homogeneous crystal has been converted by alteration into a multitudc of

irregularly arranged crystals ofthc alteration product.

~ElongallOn- some minerals occur as elongated crystals. The Slgn of elongation

can be determined by producing compcnsation with a quartz-wedge ",ith the mineral

in the 45" position between crossed nicols. Tf the vibrations along the e1ongation-

direction are slow, the mineral is said to have positive elongation, if fast, negative

elongation.

2.2.4 Mineralogical Properties of Zircon:

2.2.4.1 Important mineralogIcal properties a/zircon as collected from lzterature are

given helow:

Chemical Composition: ZrO, SiO, [11]

S~'stem: Tctragonal

Habit: Euhedral; prysmatie; bipyramidal; Prisms usually square or elongated in the

direction of the principal axis, then tcrminated by p)Tamid faces (111)

Twinning: Rare

Structure: Crystalline

Cleavage: Absent

Fracture: Conchoidal

Hardness: 7.5 in Mohs' scale ofhardncss

Specific Gravity: 4.5-4.7glc,c.



Lustre: Adamanite, vitreous

Color: Colorless, yellow, brown, pink, mauve, purple, and rarely grcen.

Streak: White [12]

Magnetic Property: Non-magnetic

Electric Proper!)': Non-conductor

2.2.4.2 Opl;cal Characlerislics ojZircon:

Relief: Very high, n>balsam.

Refractive Index: Very high, 5=1.991, w=1.936.

Birefringence: Strong, e-(9).055; the maximum interferanee colors are usually

pale tints of the fourth order, but minute crystal shows lower interference colors.

Extinction: Parallel

Pleochorism: Pleochoric in thick crystals and strongly colored ~arities.

Intcrfercnce Figure: The interfcrence figure is uniaxial but may be difficult to

obtain on account of the small Slze orthe crystals.

Distinguishing Feature: ZIrcon ]s distinguished from apatite by stronger

birerringence and higher relief. It may be separated from emshed rocks with

bromoform or other heavy liquids.

Relatcd Minerals: Malacon is the mctamict alteration product or zircon. It is an

amorphous mineralOld.

2.2.4.3 Occurrence:

Zircon is a WIdely distributed mincral in granite and olher granite igneous rocks. In

some syenites it is prominent enough to furnish the llame zircon syenite. Zircon also

occurs in certain metamorphic rocks. It is one of the most widespread and abundant

detrital minerals being unusually resistant to destruction during erosion and

deposition. The forms of 7,;reon crystals observed in sandstones have been

summarized by poldervaart (1955).
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Zircon (ZrSiO,) and thorite (ThSiO,) appear to form a structural series. Zircon also

alters chemically with the addition of U, "Ib, Ph and H,o accompanied by a loss in

silica. Altered zircon may consist of microcrystalline aggregates which become

isotropic and opaque. Minute zircon crystals included in biotite are ollen surrounded

by pleochroic halos.

Zircon is the most common zirconium mineral found in the nature. It occurs mosl1y

as a constituent of acid to intermediate type of igneous rocks whereform it may be

derived by weathering and such natural processes, to form placer or littoral deposits.

Practically alilhe economic resources of zircon, formed in this way, are found in the

beach deposits_

2,2.4,4 Crystal Structure o/Zircon:

Zircon crystallises in tetragonal system and the cryst31s take the form of a

combination of square prisms terminated at either ends by a square pyramid or

pyramids of different inclinations [13]. The prism is LlSltal1yclongated and the habit

of the crystal is prismatic, In certain cases when the prism is small, the crystal

assumes a pscudo-octahedral habit. The atomic arrangements ofzireon correspond to

the formula ZrO,SiO, [14]. The vallie of 'a' being 6.60N and that of 'c' 5.88Ao

[IS]. The usual silica tetrahedra (SiO,) are linked together by Zr'l-' ions in 8

cOOTdinationpattern. But the coordination number of 8 is too high with respect to the

si7,e of Zr"ions (radius O.87KX) and actually thc tctrapositive zirconium should be

close to the border line on the 6 coordination side, rather than the 8 coordination

[16]. "This unnatural coordination number leads to the fact that the crystal structure

of zircon is unstable, Zircon is isotypic with zenotimc (YP04) [17aJ and thorite

(ThSi04) is isomorphlc with zircon [17b]. Hafnium resembles zirconium very

closclyin the chemical properties and ionic size [17cj; that is the reason why it

always accompanies zirconium in nature.



2.2.4,5 Geochenmtry and Metamlclizalion oj Zircon:

Zircon occurs most frequently as accessory sihcate minerals in igneous rocks,

accounting for most of the zirconium present in the upper lithosphere. The crystal

structure of zircon, as has been mentioned previously, appears less stable than is

often assumed. ThIS circumstance, which is due to the fact that Zr4+ions relatively

small in size (radius O,87KX), affects the manner of occurrence of zircon and also

influences the crystallisation of the zirconium minerals in late magmatic stages, Due

to thc unstable nature of the lattice structure, zircon grains frequently show break

down of lattice leading to the dissociation of zircon into zrO, and SiO, either partly

or completely_ As a result, there is some volume expansion of the mineral. The

process of such structural breakdown is known as metamictization [18]. Several

physical and chemical forces of nature and somctimes a feeble but prolonged

radiation dose from associated or neighbouring radioactive sources, (zrO, may ha~e

U& Th compounds in solid solution) have been reported to cause such dissociation

and decay leading ultimately to an amorpbolls product called zirconoid.

The notable physical changes brought about by metamictization is a volume

expansion as a result of which the density and hardness of the mineral is found to

decrease [19]. Cracks and cleavages are often developed through whicb iron bearing

solutions sometimes penetrate to limonitizc the grains. The refractive indices arc

also fOlUldto decrease and the development of pleochoric halos are ohserved within

the grains [20].!n the extreme case ofmctamictization, the grains ofzireon develops

deeper colors (metamicted zircon grains from Ceylon exhihit deep green color) and

become completely isotopic tlndcr microscope.

Dctailed petrographic study of zircon grains from Kera1a Beach, under microscope

re~ealed that there were pnmarily two major groups of zircons, distinguishable on

the basis of physical appearance, all most all grains are fresh transparent grains

without any marked color or ferruginous stains and only a few of the colored grams

included olive green (occasionally deep green) semi-opaque grains and limonitised



brown grains (wIth ferruginous stains) usually semi-opaque to opaque in nature. The

grains belonging to this group were apparently more weathered and rounded and

appeared to be comparatively less hard than the other grains which were mostly

euhedral in shape [2lJ.

Even though changes in several physical properties of calcined grains likc color,

specific gravity, etc. were observed, no mineralogical change could be detected

undcr microscope. At higher temperature some of the grains developed cracks and

cross fractures, nevertheless they maintained their original mineralogIcal identity as

zircon [21].

2.2,4.6 Specific Grawty:

The specific gravity of ZIrcon was meaSLlTedat thc statcd [13J value of 4,68-4.70,

but after calcination it gradually wenl up. This increase in specific gravity indicated

a lattice compaction and consequent incrcasc in density of the matenal. Thus i1

appears that due to its inherenl tendency to decompose, the natural zircon of beach

\~aS slightly affected, probably by the radio-activity of monazite etc., and a less

dense fonn resulted which attained its normal denser state only after calcination, The

specific gravity of greenish grains were found to be significantly higher than that of

zircon. This high specific gravity of the material may be due to the prescncc of a

moderate proportion of huttonite (ThSiO.)' later which was identified by X-ray

analysis [21].

2.2.4.7 Radioactivity:

A comparative study of the inlensity of radiation from the different typcs of grains

by a G. M. COlmter and a Gamma-ray diffractometer showed that the radiation from

greenish zIrcon is fairly strong than the as it zircon. The calcined zircon also showed

feeble radiation. Hence in the greenish grains, concentration of the radioactive

elcments appeared more than in the zircon as such and calcination did not appear to
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have much effect on the radioacli~e nature of the sample.The nature of the radiation

detectable with the available set up was only y-/ype [21]'

The hgh! zircon varieties contain free amorpous silica and also free amorpous

zirconia [22J. Zircons some!lmes contain uranium and thorium [23]. In such cases,

zirconium silicate is decomposed to a significant degree to silica and zirconia,

obviously products of irradiation by the alpha-rays. Possibly, the low density zircon

also are pTodllC1S of a radioactive influence,

Partlcle-cQunling instruments arc frequently used by health physicists [24] to

determine the radio activity orlhe sample taken from the environment, such as an air

sample, or to measure (he activity of the activity of a biological fluid from someone

suspected of being internally contaminated_ Particle-counting instruments may be

very sensitive-they literally respond to a single ionizing particle. They are widely

I.lsed for searching for unknown radiation source. The detector in particle-counting

inSlmment may be either a gas or a solid. In either case, passes of an ionization

particle through the detector results in energy dissipation through a burst of

ion;,ation. This burst of ionization is com-erted into an clcctrical pulse that actuates

a readout dcvice, such as a scaler or a ratemeter, or registcr a count.



2.3 PREPARAnON OF ZIRCONIA FROM ZIRCON

2.3.1 Introduction

As a high refractory material, zirconium oxide for a long time was the subject of

particular interest Soon aftcr the discovery of rich zirconia orcs of relatively high

purity in Brazil toward the end ol"thc 19" century, many efforts were made to utilize

thc "nonfusible" material for the industry of refractories and of whitc cnamel. The

first dependable studies concerning this material were made just before World War I.

Gradually various I"avorable properties of zirconia came to light. With the progress

of time, a growing number of scientists and technologists lent their attenllon to

ZlTComa. Not all attcmpts at its application were succcssful, but all studies

contributed to its knowledgc and its final good use. Zirconium oxide is not a rare

substance by far. Tnthe form of zirconium silicate, or zircon, ZrSiO.,it is widespread

in many igneous rocks and crystalline schists, although in only small concentration.

According to American geologists and mineralogists, the content of ~jreonium oxide

in thc earth's crust is approxlmately 0.02%. W. Vemadsky estimates is to be 0,03%

[25]'

Chemically, ..:irconium belongs to the fourth group of the periodic table, situated

bctween the lighter titanium' and thc heavier hafnium. Thcre is only one stahle oxidc

of zirconium: Zr(JV)O" and its tetravalent derivativcs, Careful investigations [26]

have proven conclusively that the system Zr-O does not show the prcscnee of an

oXHlewith less oxygcn than corresponds to the ratio 1Zr: 20. Therefore, zirconium

monoxide does not exist within the temperaturc range from room temperature to the

melting point of zirconia. Howcver, in the spectra of some stars, the existence of the

bivalent zirconinm ion has been reportcd. In the old crystallographic literature many

and various modifications and forms of zirconia with sometimes fantastic data arc

mentioned. For example, H. Collins enumerates ten modifications of ~.irconia [27].

Zirconium oxide, zrO, exists in three polymorphic forms, i.c. monoclinic (m.),



tcragonal (t-) and cubic (c-); only the m-ZrO, exists as the themodymuuecally stable

phase at room temperature [28]' Thc tcmperaturcs of phasc transformation in pure

zrO, are [29]:

mo.c ,,"'t:- '.""C
Monoclinic 2 Tetragonal ----. Cubic , Melt

"'"c

The monoclinic structure is the stable form of zircoma below about 1100Ge; abovc

this temperature the tctragonal form is stable [30]. The high temperature tetragonal

form can be prepared at low temperatures and may be heated to temperatures as high

as 600°C beforc transforming. A number of explanations, c,g. Refs. 31 and 32, have

been advanced to account for the retention of the metastable tetragonal phase with

heatmg (0 600°C, but gcncral agrccment is lacking [33].

The processing of ~ireonia are is more difficult because it contains a great amount of

silica. A commercial process consists in mclting zircon with coke, in a sufficient

amount to reduce silica, and iron in an electric furnacc, with a simultaneous add,(ion

of calcia in order to obtain stabilized ~,irconia as thc final product of the operation, A

by-product is ferro-silicon, fOffiled from reduced silica and added iron metal [34],

2.3.2 Some Commercially Available Methods for the Production of Zirconia

For the preparation of zrO, powder, the production routes of commercially viable

proccsscs normally use the economically available natural sources, namely,

baddcleyite (ZrO,l and zircon (ZrSiO,). Of the two, zIrcon is more important

because of its wide availability as bcach sand deposits [28]. There arc various

processes for the extraction of zirconia form zircon. They aTeclassificd into several

groups, as described below.



2,3.2,1 PreCIpitation and Calcination Technique:

••

PUTezireoni3 can be prepared from 3 f3vas orc in the followlOg way: finely ground

ore is treated with concemrated sulfuric acid in the proportIon 1:2. Most of the

practically uncombined zirconium oxide is dissolved 3Szirconium sulfate, silic3, and

zircon remaining unaUacked. Thc strongly acidic mixture is diluted with waler, and

the solution is filtered. The filtrate is concentrated' again, and the solution Iii

neutralized, whereby a precipitate of the basic zirconiaum sulfate is formed, The

precipitate is filtered off, and washed. It can be decomposed to free zirconia by

c3lcination, or it can be dissolved, precipitated as zirconilUn hydrate, and calcined

[35 J.

r-
1--3.3.2,2 Chlorination and Thermal Dec()mpositio,? Technique.

-- ~._---~~

A higher purity grade of zirconia can be prepared in another way: The ore mixed

with coke, in an amount sufficient to bind the total oxygen of the ore, and the

mixture is heated in a shaft kiln with a silica lining to a red heaL Chlorine gas is

introduced into the hot mixturc, whcreby a complete chlorinatlOn of the ore takes

place. Zirconium tetrachloride, iron trichloride, titanillm tctrachloride, and so on, are

formed. Silica IS not substantially attacked in lhis operation. All the cWondes

formed are volatile, and sublime out of the shaft. The sublimate is conducted mlo

water, where soluble chlorides and oxychlorides arc formed. The solution is boiled

down, and zirconium oxychloride is precipitated. By recyslallization in strong

hydrochloric acid the oxychloride is obtained in a pure st31Cand in a good yield, It

can be calcined immediately to zirconium oxide, or dissolved in water and

precipitated with ammonia as zirconium oxide hydrate. Aftcr calcination, a heavy

pure white zirconia powder is produced,



An intimate mixture of zircon and carbon is obtained afler milling and pelletizing,

When thlS is directly chlorinated at 800-1200°C in a shaft furnace or nuidizcd bcd,

the following reaction occurs [36, 37]:

ZrSi04+4C+4Cl, ----> ZrCI,+SiCI,+4CO

Zirconia tetrachloride, after being distilled, IS selectively condensed at 150_180°C
•

when the major impurities, i. e. chlorides of silicon, iron, titaniumand aluminium are

separated. After hydrolysls with water, a solution of zirconium oxychloride or

~irconyl chloride (ZrOCI,) lS obtained. The ZrOCI, solution is used for the

preparation of ZrO,powers,

2.3.2,3 Allwli Oxide DeeompusiliorJ Technique:
_._- -

It is wel1 known that zircon is decomposed at high temperature in reducing media

[38]. The decomposition temperature, however, is lowered when the silicate is

mIxed with fluxiug agent such as NaOH [39]. Na,CO, [40, 41J CaCO, or MgCO,

[42,43].

One method [44J consists in the fusion of zircon ore with sodium hydroxide at
•

approximately 600"C, to form a mixture of sodium zirconate with sodium silicate.

Thc mixtur is leached out with water, dissolving the silicate and leaving the

hydrolyzed zirconnate as an insoluble oxide hydrate. The filtered zirconia hydmle is

treated with hydrochloric acid to produce zirconium oxychloride,

•



ZIrcon may be decomposed either with NaOH [45J or Na,CO, [46 J wbich act as the

fluxing agents. In presence of NaOH, zircon decomposes at 600-700°C, fonning

sodium zirconatc, sodium zirconate sihcate and sodium silicate. The degree of

decomposition depends on parameters like partiele size of zircon alkali/zircon molar

ratio, temperature and time of decomposition etc. By caTeful control of the process

parameters, the following reaction products are obtained:

ZrO"SiO,+ 4NaOH ----.. Na,ZrO, + Na,SiO, +2H,O

In presence of J\'a,CO" the conversion occurs at a much higher temperatuTe, e. g.

IOOO_llOO°Cas follows:

ZrO,.SiO, + Na,CO, __ Na,2:rSiO, + CO,

ZrO,.SiO, + 2Na,COj--~' Na,ZrO, + Na,SiO, +CO,

Leaching with water of the decomposed mass removes the soluble sodium silicate

and simultaneously hydroh~es sodium zirconate to hydrated zirconia. The impure

hydrated zirconia is dissolved in concentrated HCI, RNO, or H,S04 at 80°C for

obtaining a zirconyl chloride, nitrate or sulphate solullon respectively,

These solutions are then purified either by precipitation as basic zirconium slllphate

[47-49] or by crystallization as the corresponding zcrconium salt [45, 49]. Further

chemical treatment of the prccipilates or crystals, as described III the subsequent

sections generates ZrO, powders. The NaZrSiO, phase is decomposed by the action

of mineral acids. Silica precipitates out and is separated; the rcst forms an impure

zirconyl salt which is purified [49].



2.3,2.4 Lime Fusion Technique.

When a mixture of ZrSiO" and ca1cia(in differents proportions) is healed at vanOllS

temperatures. Ca1cium zircOlumsi1cate, ca1ciumzirconate and calcium silicate are

formed [36]:

ZrO,.SiO, + CaO -------> CazrSiO,

ZrO,.SiO,+2CaO --" ZrO,+CaSiO,

The second reaction is more suitable because CaSiO, can he rcmoved by a treatment

with lIC!. When dolorna (calcined dolomite) is mlxed with zircon, followed by

heating, various mlxlllres of zirconia and calcium magnesium silicate are produced,

In presence of an equimolar mixture of ZrSi04 and limestone, heated at 1100-

1500°C\3-9h, decomposition of zircon OCCllTSas follows [50]:

ZrSiO, + CaC0.1-- ZrO, +CaSiO, +CO,

From the mixture of zrO, and CaSiO, thllS obtained, CaSiO, is removed first by

leaching with HCI at 90°C followed by treatment with NaOH at 15°(,

2.3,2.5 Plasma Decomposition Technique:

When zircon particles are introduced into a stable argon plasma reactor at a

temperature range of 6000-1500"C and quenched rapidly, dissociation of zircon

occurs with the formation of the constituent oxides, i. e, ZrO, and Sin, [51]. The

degree of dissociation depends on a number of process parameters, e,g. the partie1c



size of zircon, flow rate of Argon gas, arc CLlrrent, feed rate etc. Thc dccomposed

mass is treated with NaOH or H,SO,.

2.3.2,6 ThermalDilisociatiOliTechni~~e:-j~_._-~~ J

Zircon can be thermally dissociated in an arc furnace or an electric reactor [37] when

heated abovc 1750"C (followed by rapld cooling); into its constituent oxides and the

chemical reaction that takes place is essentially as follows:

ZrS10, ---, ZrO, + SiO, (fumes)

ZID, and SiO, are recovered separately as discussed above.



2.4 OPACTFTERS

2,4.1 Introduction

Nonnal gla,es are transparent, they offer a homogeneous medIUm to light rays

which may be reflected at the surface, or refracted on entcring and leaving it. In

opaque glazes the medium is nOl homogeneous, particles are suspended in the

glassy matrix each of which reflects, refracts and diffracts light. The refractive

index of the suspended particle must differ from that of the glass phase, and

irregularly shaped particles are the most effective [52]. The particles may be:

(I) A finely divided raw material that has not reacted and dissolved.

(2) A compound formed in the reactions that is immiscible wlth the rest

of the glass.

(3) Crystallites fonned on cooling.

(4) Minute gas bubbles (this makes the glaze mechanically weak and is

inapplicable).

The opacity of a surface coating is its ability to obscure the color or color

diffcrcncees of the substrate. The choice of the opacifier therefore depends on

the nature of the glaze.

More clearly, Opaque gla~es arc those suffiClently low in light transparancy as to

effectively hide the body from the view. They usually are white, but this is not a

requrement. The more opaque the glaze, the greater the hiding power per ll1litof

glaze thickness [53].

2.4.2 Types of Glazes

According to the mechanism of the opacification, opacifiers can generally be

classified [54J into !via groups: (1) Those whicb remain in the glaze essentially in
•



the same form in which they are added and (2) Those which go into solution and

then crystalh;r,eform thc glaze during cooling.

According to the matunng tempcrature of the glazcs, zirconium glazes can be

classified into three groups (a) glazes maturing at high temperature (b) glazes

maturing at moderatc temperature (c) glazcs maturing at lower tcmperature.

2.4.3 Mechanism of Glazing:

Zircon is classified in that lype of inert opacificrs which remam in the gla,e

essentially in the same fonn in which they are added. The perl"ormanee of an

opacifier of this type depends on the amount present, its particle size and on the

difTerencebetween the index of refraction of the opacifier and that of the glassy

matrix in which it ISpresent.

It was also observed that opacification by zircon is not purely a recrystallization

effect, i.e., all the zircon does not dissolve in thc glaze and precipitate again on

cooling, some zircon does dissolve in the glaze and more opaeifier remains

dissolved in the glaze matrix when zircon is used [54]'

2.4.4 Zircon as an Opacificr

ZIrconium compounds have fOUIJdincreasing use in the development of opaque

glazes. FOffilerlythey were used in glazes mainly in the fonn of zrO, but at present

zircon i. e. zirconilUn silicate is being used for this purpose, primarily, for its low

cost and ",ide availability [55]. At present zirconium opaeifiers are available

commcrcially in the form of pure zirconium oxide, milled zircon, zirCOniumspinel

and double silicates 01"zirconium. One of the opacifiers gained wide popularity and

usage which was made by fusing ~irconwith alkali and removing a part of the alkali

by leaching with waler or a weak acid. It is reported that 5 percent ZrO, gave a

thorough while opaque glaze but necessitated increase in the maturing temperature.



The mam disadvantage of using zrO, as an opacificr is the high cost of its

prodllction by process of removing sJiica from zircon in electric furnaces. Hence

expenments wcrc Ulldertaken to use in opacifiers thc naturally occurring mineral

zircon itself lllstead of ZrO,. C. J. Kinzie and C. H, Commons [56] while discussing

the efTect of zirconium oxide III glasses, glazes and enamels, observed that good

opaque glaze could bc produced by adding 15 per eenl zrO, in the form of

inexpensive pure ;o;iTcon, but the form in which this zircon was to be added required

adjustment. The higher the percentage of opac)fier thc better is the opacity but the

maximum limit is determined by the ability of the glwe to takc in increased quantity

of opacifier without impairing (he gloss and texture or introducing any other defect

like crawling, pmholing, etc [57].

2.4.4.1 Preparation and Purification of Zircon Flour from Raw Zircon Sand

Purification of raw zircon sand ore is based on the chemical resistance of

zirconium silicate to strong mineral acids. The process of purification consists of

two steps, First, thc raw material is subjected to a magnetic treatment in order to

remOVe iron compounds. In the sceond step, thc sand is treatcd with

concentrated sulfuric acid [35]. It is preferable to grind the material before the

benefication process. Mos( contaminants of zirconium silicate arc soluble in hot

concentrated sulfuric acid. After thc treatment thc initially gray-brown material

hecomes bnght and white. After filtering, washing, and drying, thc product may

be of98-99% purity.

Another method of purification uses smelting of the ore Wlth an equal arnou.ntof

alkali-hydrogen Slilfatc (bisulfate) [58]' This method, thus, basically represents thc

same treatmcnt as mentioned above, Aftcr eliminating coarse-graincd gang, mostly

quartz, a product assaying approximately 97% of zirconium silicate is obtained. For

a further refining, the ground product is mixed with a fine carbon powder, jllSt as

much as is needed for reduction of foreign oxides: TiO" Fe,0" etc., and then treated

with chlorine gas at rcd heal. Most of the impurities volatilize in the from of



cWorides, leaving white zircon of99+%purity as the final product. The French glass

company St. Gobain, Chauny et eirey has suggested the preparation of pure

~irconium silicate synthetically from silica and zirconium dioxide in equimolecular

,,,tio. The method is capable of gl,.;ng a vcry pure product indeed, hut it appears to

be too expensive for commercial ceramic purposes,

Chemically, zircon is a very stable substance, especially at lower temperatures. With

respect to acids, zircon is one of the most resistant substances and matenals. Only

concentrdled hydrofluoric acid violently attacks zircon, forming zirconiwn-

oxyfluoride, ZrOF,.2HF.aquous, and silicon tetrafloridc, Phosphoric, sulfuric,

hydrochloric, and nitric acids do not decomposes zIrcon, naturally, not to mention

organic acids. On the contrary, basic substances easily attack and decompose zircon,

particularly at elevated temperatures. The relative stability of zjreon, molecules can

be seen from the reported fact that lithium-ortho-silicate, Li4SiO, dissolves

zirconium silicate, ZrSiO, as a monomolecular substance, without association or

dissociation [59).

The visual color of the zircon is improved in two steps of processmg. The first step

of acid washing probably removed some lighter dusts mixed up with the sand and

some amount of ferruginous matter by solution, which would occur as stains, In the

second step of caleination, the grains become more buff and less greyish in

appearance at 1300°C. The color improved further with the suhduing of the buff

shade at higher temperatl.lres of calcination abovc1350°C. This could have been due

to the fact that on calcination there was an improvement in the degree of crystallinity

of the zircon grains, resulting in the improvement of color and transpereney [21J.

2.4.4.2 Preparalion ojZircon Glazes:

To make a design for a glaze, it is difficult to generalize on the formulation of zircon

glazes since the influence of anyone component of the base glaze depends on the

properties and proportions of the other constituents. There are signposts rather than



specific directions for zircon glaze, because the correct formulation of any zircon

glaze is a compromise between desiderata that sometimes conflict.

During glaze preparation most zircon glazes benefit by fine milling. As zircon glazes

tends to be more viscous in the kiln than tin oxide glazes, the fine milling by

increasing tbe surface area and tberefore the reactivity of the glaze constituents-

reduces the viscosity. The differenee between the texture of an undermilled and a

properly milled zircon glaze is remarkable.

Opacifiers which have been made by over-grinding zircon sand are revealed by the

poor shade wbich they give in white glazes.Whites of inferior, dirty appearance can

also be due to the use of a grade of zircon which is too coarse. More coarse zircon

has to be used in attempting to achieve the opacity which a smaller amount of fine

1.ircon will readily give, and the appearance and tcxrure of the glaze suffer

accordingly.

During gla7e formulation, the amount of zircon which remains in solution and docs

not contribute to the opacity is unknown and will in any case vary form glaze to

glaze, so the base glaze formulations really provide the best means of companng one

glaze with another.

2.4.4.3 Advantages a/Using Zircan Glazes

1. A zircon opacifier considerably reduces the cost of the final glaze as

compared to the one opacified by tin oxide..

2. In addition to their cheapness zircon opaeifiers have their own intrinsic

value of imparting desirable properties to the glaze, such as increased

chemical durability, resistance to abrasion and to crazing. When used in

suitable proportions the ~ircon opacifiers also improve the texture of

glazes making them finer grained.

3. The fuing condition and the kiln atmosphere do not affect !heir



performance.

4. All types of finish can be obtained form them

5. Opacity can be obtained withollt the use of zinc oxide, an ingredient

often giving rise to difficulties with some colors.

6. More stable colors can be obtained with them.

7. Although antimony oxide and titania have the highest values for

refractive index their uses are restricted to low temperature glazes and

enamels only, because antimony oxide has a tendency to volatilize at

glaze maturing temperature and tilania imparts an yellowish tint in

presence of traces of iron or chromium. Natura]]y the field WlISthus left

to zirconium compounds on which considerable volume of work has

been carried out in dirrercnt countries.



2.5 ZIRCON REFRACTORlES

Zircon containing materials which are used in refractories may divided into purc

zircon silicate materials, which in part still contained free zirconia (ZrO,) and

sintercd or fused alumina-zirconia-:;l1iea (AZS) materials, which are mixtllre of

zircon, mlilite, and corundum [GO].

Zircon containing bricks are pres:;ed isostatically, slip cast, shaped by hand, prcsscd

unixally, or compacted by vibration. Brick containing zircon are distinguishcd by

high corrosion resistance against several types of aggressive media, and arc

commonly used III the glass and steel industries [60].

Zircon refractory products may be split bel\veen:

• Dense and sintered materials wlth usually 15% by volume apparent porosity,

variant reinforced with zirconia have apparent porosity of5-9% of volume, and

• Ccramically bonded (porous) materials with an apparent porosity of 15-24% by

volume.

Dense zircon sillicate bricks are installed in glass melting furnaces as soldier bricks

in thc melting and refining areas of borosilicate glass tanks. In electrical tanks, they

arc installed in the bottom and as rcar lining. Owing to the low electrical

conductivity at high temperatures, so called electrode bricks for electric heating are

also manufactured out of dense zircon silicate minerals. Casting nozzle:; may al:;o

be made of zirconium silicate, and in Japan, :;uch bricks are used in steel ladles. AZS

materials contains sintcred and fused synthetic raw materials (corundum, mullite,

and corundum-tirconia) as admixture.

There are three main families of refractory products based on zircon commonly used

m the glass industry:

1. sintered zircon



2. sintered zircon-mul1ite

3, fused cast aluminium-zirconia-silica (AZS)

Sintered Zircon Refractories:

The compositions are based on grog ( ground zircon, fired and crushed), raw sand,

ground zircon and sintering additives (TiD" silica, clays). The raw materials are

shaped by pressing or casting and fired. Machining after firing may be requested on

the joint faces.

Many grades are manufactured and they differ by grain size, residual porosity and

purity,

The top quality is the dense, fine grained, zireon obtained by isostatic pressing or

slip casting, firing at high temperature (up to 1,600°C) and extensively machined,

TheiT apparent porosity is below 1%. Blocks weighmg up to 450kg, lOOx500xl,OOO

mm si7.eare availahle.

~ complete range of larger grain size materials, with an intermediate level of

porosity, is obtained by isostatic or unidirectional pressing and slip-casting, firing

around 1,5500C rollowed by machining. Their porosity varies between 10-15%.

Blocks as well as complex shapes are a~ailable.

The lowest quality grades arc made with sand grains as the larger size fraction and

clay binders. They are pressed lII1dfired around 1500°C and the porosity is 15-20%.

Standard bricks, up to 30kg,-are available, and they are usually not machined,

Specific Properties of Zircon Glass Refractories [60]

1) The solubihty of zirconium in molten silica or silicates is low. For

this reason, materials containing zircon and zirconia are resistant to



the attack by most glasscs. The corrosion resistance of zircon leads to

thcir nain use in the most exposed areas of the furnaces. A fused cast

refactory will have a corrosing resistance around twice as high as

sintered materia!.

2) When comparing the resistance to the atmosphere, zircon is also

generally favorable. Here, dense materials, like fused-cast

rerractories, display only surface reactions. They are more resistant

then porous sintered products, which show penetration and structural

transformation,

3) To the contrary of another highly resistant compound., Cr,O, zircon or

zirconia dos not color the glass when dissolving. This is important for

flat and some container glasses.

4) Regarding defects, tho usc of zircon or zirconia refratones depends

widely on the type of glass, its temperature, and on the type of

refaclory, It is a complex phenomenon.

5) As for the resistance to cracking, dense sinlcrcd zircon are less

resistant than porous sintered rerractorics.

Characteristics: Acid refractory. No crystalline inversions, uniform thermal

expansion curvc (4.5xlO" per °c from 20_5000C) [52]. Good resistance to moltcn

metals except under strongly oxidizing conditions. Exceptional resistance to molten

aluminium which docs not wet it, also liUle alummina dross forms and this is not

strongly adhesive. Resistant to borosilicate glasses, mctaphosphates, sodium

chloride, sodilUn chloride-zinc chloride flux, potassium pyrosulphate, phosphorus

pentoxide, Attacked by sodium carbonate and sodium fluoride, nuorspar, cryolite,

molten barium sulphate, and telrasodium pyrophosphate [G1]. Good therma] shock

resistance,



Uses. Aluminium remelting furnaces. Calcium phosphate fertiliser furnaces. Glass

lanks:for superstruc111res, feeder parts, feeder forchcarths and in the 'balanced' glass

furnace. Crucibles for platinum.

Body Type. Single-component refractory.

Raw Materials. Natural zircon sand. Mieronised zircon, Garvie [62] published some

e'ndenee for improvement in thc mechanical properties of the ZrSi04 with the

addition of zrO,. The two phases arc mutually compatible in all proportions at

temperatures up to the zircon dlSSoelation temperature, 1670°C. Zircon materials

often find applications as refractories becallse of their relative stability to most steels

at temperatures below the dissociation temperature [63]' However generally

sintering ofZrSi04 is difficult, and up to IO%e1ay is added to bond these materials

[64].

Prepration: Natural fine zireon sand _ Partial sintering -.. grog_.crushing

--+ grinding __ blending: 2 parts zircon sand: 1 part micronised zircon, or equal

parts grog-14+72 mesh, sand and micronised.

Shaping: Dry pressing. Slip casting. Ethyl silicate casting [65]. PneUlllatie tamping

[66]. Hand molding, Extrusion,

Firing: 1300ae to over 15000e according to purity of zircon sand. If impure,

resistance to load at high temperatures is increased by firing to 1650-1700"C for at

least one hour.



Chapter Three



3. EXPERIMENTAL

3.1 CHEMICAL ANALYSIS

Chemical analysis of rircon was carried out and the detail procedures for those

chemical analysis are given in Appcndix-A to E.

3.2 MINERALOGICAL CHARACTERIZATION

3.2.1 X-ray Diffraction Study

X-nIY diffraction pattern of as received zircon, was carried ouL In this case small

amount of sample was taken on the agate mortar and grinding of zircon was done

manually. This ground sample "'as ready for X-ray diffraction. X-ray diffraction

pattern was recorded in a mOL, X-ray powder diffractometer using Mok~ radition.

The pattern was recorded between h\'o-theta range of 5-55" at 30 kV and 20 rnA. A

scamling speed of 1°1minute and a chart speed of 5mm!minllte were used with a lull

scale of 4xl 0' cps.

3.2.2 Grain Slide Petrography

Slides of as received zircon, different meshed zircon after sieving, 50%sulphuric

acid treated zircon for 10 hour at a temperature of 110°C, 20%sodium hydroxide

treated ~jrcon at a temperature of 800°C for 2 hours, zircon calcined at 1400QC and

16000C were prepared separately. For the preparation of slides, enough grains of

each type were placed on a glass slide contaming Canada Balsam which acts as a

binder. The slides were then heated to about 120°C and a thin glass cover was placed

over the grains. After that, the slides were cooled down and washed with acetone.

The minerals were identified under the polan.dng microscope.

•



Microscope slides used in this purposes were wheel bnmd, Cat No, 7101, made in

Chllla, 72 pieces, clear glass ground edges 25.4x76.2 mm (lx3 inches), 1-1.2 mm

thick.

Microscope slides cover slips used in this purposes were manufactured by CHANCE

PROPER LTD, S:METHWICK, Warily, England, No 1.5, 22x44mm, BSS 3836-17,

Average contents 100pieces.

3.2.3 Thin Section Slide Petrography

The first step in the manufacturing of a thin sectIOn [48] involves production of a

smooth nat surface impregnated with sand grains suitable for mounting on a glass

slide. For this purposes, equal amount of araldite binder and araldite.resin were

properly mixed with sand grains and then was placed over a glass slide just forming

roughly a rectangular block making a flat surface by covering with a cover slide,,
Tben the block was placed on a flat surface of a glass slide and retained for two days

for adhering purposes. After two days, the block became hard. Then the block was

placed on Precu;ion Thin Section Equipment and gradually cut from the cover slide

side with slow feed. During each cut special care was taken for moving the side

away handle. When the chip was brought to lmm thickness the cutting in this

machine was stopped. The ~at and smooth surface of the slab was mounted on a

clean microscope slide applying aralditc glue (resin and hardencr=l:l) on the

polished surface. Care was taken so as to remove any excess glue and any air

bubbles from the glue. Then it was placed at a room temperature for 72 hours as the

slab become fixed on the glass slide. The free face of the sample was ground on a

coarse grinding lap until light could pass through il. Then it was further ground on a

glass platc using 400 grade and after rinsing 600 grade c~boruodum powder, The

thickness of the sand sample was checked regularly using a polarizing microscope.

The thin slice was kept uniform in thickness during grinding and it was continued

until a thlckncss of about 0,03mm was attained. The thickness of the slide was

controlled through the final stage by the microscope observation of the interference

•



color given by somc known miner"l (zircon in our case) in the section whcn covered

with a film of water. As zircon is frequently prcscnt in our sample the resulting

interferencc color were almost entirely yellowish-gray.

\Vhcn the section was ground to the proper thickness, it was washed free from

~nding powder and dried. Fresh balsam was thcn smeared over the surface of the

slice. It was heated and facedwith a cover glass slide. The slide was then cooled and

excess balsam around the edge of the cover glass was dissolvcd with acetone

followed by a wash with kerosene. The thin section was then covered and ready for

petrography.

3.2.4 Examining the Grain Slides and Thins SectionS

A detail qualitative and quantitative analysis was carried out by using Research

Petrography Microscope (J\fEIJT)model ML-POL-T. The mode of the occurrencc of

each individual detritus and authigcnic components and their relative abundancc

were carefully examined from standard thin section, Proportion of various sand

components in each slide were estimated by using point counter with 500 counts

being made per slide. "SWIFT' Automatic Point counter model F415C was used for

this purpose.

Textural parameter of the sand especially grain size, grain shape, sorting and gain

contacts wcre studied with visual competitors.

Thc step by step cxamination of zircon sample in slide:

lsI stf,ll" To view the specimen in plane polarized light at low magnification; the

magnification may bc increased as nccessary.

Next steD: To view the specimen betwccn crossed poplars, that is with the analysis

most ofthc partieles show up light or colored against the dark background and as the

•



specimen IS rotated all charges alternately between bright and dark. When they are

dark every 90° they are said to be extinguishes, they arc at maximum brightness at

45" from the extinction position. The bright appeanmce of the particles means that

light is travelhng through them perpendicular to a non-circular section of the

indicatrix, this confirms that all are anisotropy and therefore, as we suspected,

crystalline and non cubic.

Detcmllnation of extinction angle of mineral requires fixing a mineral

longitudinally. Under crossed Nicole, the inclination angle was measured, by

rotating the stage of the microscope. The angle was again measured when the

mineral became totally dark. Subtracting the value of these two angles from the

stagc, the angle of the extinction was measured.

Opaquc grains were counted separately. The opaque grains consist mainly of

illuminate, magnetite and hematite, Unidentified grains consist of minerals that ha~e

been altercd to such an extent that their optical properties are impossible to

recogm~e

Determination of Radioactivity

The r<idioactivityof the raw zircon and variously treated zircon were mcasured by a

particle-counting instrument named Geiger Mueller Counter of model Philips

ZP148l, Scalar Griffin Cat. No. XKS-350-0TOF, Britain.

3.3 DECOMPOSlTlON OF BANGLADESH ZIRCON

Decomposition of Bangladesh zircon (ZrSiO.) to produce zircoma (ZrO,) was

attempted by using caustic soda (NaOH) as the decomposition agent. For this

purpose, finely ground zircon of average particle size 5-lOflm was mixed with

NaOH whose amount was varied between 5-30wt. %. The mixture then pressed into

pellet's of size IOmmdiameter and 2-3mm thickness in a compression press under

•
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500Kg cm-'. Beforc the preparation of the pellet an optimwn amolInl of water, found

out by trial and error, was added to each mixmre as binder.

The pelted samples were then heated in a muffle furnace at tempenlture ranging

from 1300_1500°C. Heating time was kept constant at 30 minutes. The pellets were

then furnace cooled and then grounded in to powder. The powdered samples were

subsequently investigated by X-ray diffraction method using MoK" radiation III

order to find out the extent of decomposition of Bangladesh zircon into zirconia.

3.4 BANGLADESH ZIRCON AS AN OPACIFIER

3.4.1 Preparation and Purification of Zircon Flour from Bangladesh Zircon:

Zircon flour was prepared from Bangladesh zIrcon by ball mJiling and purified by

acid leaching. Ball milling was carried out in alumna lined ball milled using alumna

balls as the grinding media. The wet and dry gnnding results after 24hr are given

below in Table 1.

U.S.A. Sieve No. Dry Grinding Wet Grinding
100 24.51g 500mg
200 99.26g 500mg
325 93.68g 63g
400 60.22g 61g
Pm 22.30g 164g

Table 1. Comparison of wet and dry grinding result

From the above table it is clear that wet grinding is suitable for zircon sand. After

2hr leaching treatment the zircon powder had no effect; it remained as the same as

before after grinding. 10hr leaching was more effective. When the concentration of

sulfuric acid increases lip to 80% it gives good result than lower concentration of the

acid and again the time for purification should be a limit othernlse the final product

of the glaze will be rna\.



Preliminary study showed that wet milling is more efficient than dry milling. Ibat is

why wet mil1ing was used in all subsequent expcriments. The vol lIme ofthc pot was

I!OOcc and that of the grinding ball was 270cc. Each charge to the mill consisted of

300g of zircon sand and 400cc of water, The grain size distribution of Bangladesh

zircon was dctcrmined earlier [67] and is reproduced in Table2.

U.S.Sioveno. Weight in grams Percent retained Multiplicr Product
70 0 0 60 0
100 11.34 11.34 70 793.8
140 76.76 76.764 100 7676.4

200 11,58 IU8 140 1621.2
270 0.082 0.082 200 16.4
PAN 0.234 0.234 270 63.18

100 10170.98

Table 2: Grain si~e distribution ofBangladcsh zircon

Milling was camed oul at 78rpm for 240hr. After milling, the mill was discharged

and zircon flour separated which was subsequently dried in a water bath and stored

in sample botlles.

Part of the zircon flour prodlIeed was punfied by leachmg in a custom made

leaching apparatus, Fig. 1 shows the leaching set up which essentially conslsts of a

conical leaching flask (lOOOce) with two condensers in series and a magnetic stirrer

hot plate. The flask was also fitted with a thermometer to monitor the temperature

which was controlled by the thermostatic controller of the hot plate. During leaching

100gm of zircon flour and 500ec of sulfuric aCld was used in each batch. Leaching

tempcrature was maintained at 180GC (approx.), leaching time varied from 2-20

hours and sulfuric acid concentration varied from 10-80mV!. Constant stirring was

used during the entire period. At the end of the treatment, the flask was taken ou!

and allowed to cool, and the zircon flour allowed to settle. It was then washed

thoroughly in distilled water and dried first in a water bath and finally in an oven at

HOGC.
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Fig. 1:Experimenlal setup for the pl.uification of zircon.
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3.4.2 Test of Bangladesh Zircon as an Opac'lfieT:

The suitability of Bangladesh zircon as an opacifier is investigated in some local

ceramic indl.lstrics which includes table ware and sanitary ware manl.lfraturers. For

this purpose, both as-rceeived and purified zircon flour as discussed above "'ere

used. Proprietary transparent glaze of each factory was used as the basco Zircon flour

was added to the base glazc in an amount ranging from 8-12%. For every sample,

400g of glaze was prepared hy milling for 15hours. The prepared glaze was passed

through 200 mesh sieve and its properties recorded. Glaze was then applied onto

ceramic bodies of proprietary compositions, which were then fired at 150"C

temperalUre. The appearance, color and relevant properties of the glaze ",ere thcn

studIed.

The particle size and distribution were determined by Micrometnx Sedigraph 5100.

3.5 PREPARATION AND TESTING OF ZTRCON BRICKS

Refractory bricks wcre made from Bangladesh zircon in a local brick factory using

different types and amount of binder. The size of the bricks made were

63.5x63.5x25.4 cubic rnm whIch were shaped in a compressIon mould under a

pressure of one ton.

The percentage which were varied during brick making include firing tempenltl.lre

(1360°C and 1430°C), grain size of zircon, type and amount of binder. CMC

(Carboxi Methyal Celollose) and iron oxide were used as bindcr. The prepared

zircon bricks wcrc then tested ror cold erushlIlg strength and bulk dcnsity.

••



Chapter Four



4. RESULTSANDDISCUSSION

4.1 CHEMJCAL ANALYSrS

The result of chemical analysis of Bangladesh zircon in the as received condition is

shown in Table 3. The percentage of different constituents as shown in the lable is

an average value obtained in at least three tests. It is seen from Table 3 that the

present sample of Bangladesh 7.ireon contains a shghtly lower percentage of

zirconium dioxide (63.29%) as compared to the theoretical percentage (66%) of the

same in pl.lre zircon. Based on the stoichiometric formula of zircon (ZrSiO,), the

silica content of the present sample (32.59%) agrees well with its zirconium dioxide

content. This means that there should be little, if any, free silica in the present

sample. The main impurity in Bangladesh zircon is found t<:: be titanium oxide

(3.01%). This is followed by iron oXlde (0.42%). Among the alkali oxides, the

content ofCaO is found to be higher than the otheIS.

Table 3: Chemical analysis of Bangladesh zircon.
Constirnent Percentage
Zirconium dioxide (ZrOJ 63.29
Silica (SiO,) 32.59
TItanium oxide (TiO,) 3.01
Iron oxide (Fe,O,) 0.42
Caleil.lm oxide (CaO) .367
Sodium oxide (Na,O) 0.026
Aluminium oxide (AI,O,) 0.021
Magnesium oxide (MgO) 0.019
Sulphur (S) Nil
PotassIUm oxide (K,O) 0.Q1567
Phosphorous penta oxide(P,O,) 0,0067

The chemical analysis of Bangladesh zircon is now compared in Table-4 with that of

some available zircon depOSIts of the world. Analysis of typical commercial grade

zircon is also prcsented in the same table (last colUlllll). It is seen that the zirconium

dioxide content of Bangladesh zircon is lower than that of all other deposits shown

in the table. It is actually slightly lower than the minimum zirconium content of
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Table 4: Comparison of Bangladesh zircon with some available zircon deposit in the world

Constituent Bangladesh Kerala, South Austr Egypt Spaln China Korea Specific

India India [68] -alia [70] [71] [72] [73] commercial

[21] [69] grade [1]

Zirconium dioxide (zr02) 63.29 65.12 65.5-66.5 66 66 64.3 63.54 64.3 64-67

Silica (Si02) 32.59 32.5 31-32 33.3 32.13 32.84 31.17 33.5 32-34

Titanium oxide (Ti02) 3.01 0.71 0.3-2.5 0.1 0.17 0.04 0.44 0.77 0.5

Iron oxide (FeP3) 0.42 0.19 0.1 0.05 0.29 0.14 0.14 0.29 0.5

Calcium oxide (CaO) 0.367 --- --- --- --- 0.02 0.27 - ---

Sodium oxide (Na2O) 0.026 0.16 --- --- --- 0.03 --- --- ---

Aluminium oxide (A1203) 0.021 0.26 0.7 0.15 0.23 0 3.17 0.33 -

Magnesium oxide (MgO) 0.019 0.73 --- --- - --- 0.081 --- ---

Sulphur (S) Nil - - -- - - - -- 0.035

Potassium oxide (K2O) 0.01567 0.03 -- - --- 0.07 -- --- ---

Phosphorous penta oxide (P205) 0.0067 --- 0.5 --- --- - --- --- 0.035

'"



commercial grade of zircon, The main reason for this is the high percentage of

titanium oxide in the present sample. The content of iran oxide, although higher than

that of other deposits, is well within the specified range of the commercial grade.

The removal of titanium oxide and iran oxide should improve the grade of

Bangladesh zircon, Thc ease of removal of these oxides of course depends upon the

state in which they exist. This will be further discussed in the section dealing with

the mineralogy of Bangladesh zircon (See 4.3).

4.2 CRYSTALLINITY

The result of the X-ray diffraction pattern of the as receIved Bangladesh zircon is

shown in Fig. 2, A large number of sharp peaks are observed in the pattern. The

positions of these observed peaks are compared with that of the standard powder

pattern of .lircon in Table 5. It is observed that almost all the peaks in the XRD

pattern of Bangladesh zircon correspond to those of the standard pattern of zircon.

From this pattern it is clear that Bangladesh zircon possesses good crystallinity.

Table 5: Comparison of the observed and standard peak position of zircon.

Plane(hkl) observed peak position standard peak position [74]
(101) 9 9.20
(200) 12 12.36
(112) 16 16.22
(220) 17.2 17.49
(202) 18 18.44
(301) 19.5 19.80
(103) 21.2 21.6
(321) 23.15 23,41
(312) 23.6 23.96
(400) 24.6 24.85
(411) 26.2 26.55
(004) 27.5 27.50
(332) 29.5 29.82
(204) 31.6 30.25
(413) 32.4 33.08
(440) 37.3 35.45
(611) 39 38.86
(532) 39.4 39.21
(325) 41.4 41.56
(115) 42.4 42,77

,,
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4.3 MINERALOGICAL INVESTIGATION

Fig. 3 shows lhe general appearance of Bangladcsh zircon in a microscope under

transmitted light. Elongated prismatic crystal with pyramidal tennination as well as

rolUlded grains arc observed. A typical prismatic and rounded grains are shown at a

higher magnification in Fig. 4a and 4b respectively. Occasionally one or two

pseudo-octahedral crystals were also found (Fig. 5). Haloes were also found (Fig. 6)

in Bangladesh Zircon. Under cross nicol crystal of Bangladesh zircon show parallel

extinction (Fig-7a and 7b) which is typical of zircon mineral. A number of

mineralogical fcaturcs wcre obscrvcd in the sample of Bangladesh zircon. Fig. 8

shows a crystal having concoidal fracture. Tbis type of concoidal fracture is a

characteristic of zircon [11]. Cleavage whIch is rare in zircon was also observed in

one grain (Fig. 9). Although not so common, a tWlllned crystal was also identified

(Fig. 10). The crystals of Bangladesh zircon show pleochoric character under cross

nicol (Fig. 7), as cxpccted. Bangladesh zircon posseses strong birefringence

(Appendix-F). Zoning was also observcd in the sample (fig. 11). A number of

gnlins were found to contain inclusions (Fig. 12). In fact, presence of iuclusions is a

common occurancc. Inclusions arc sometimes arranged parallel to the length of the

crystal, at other times thcsc arc irregularly arranged (Fig. 13). Inclusions within

inclusions were also found. Different types of inclusions have been found in zircon

crystals by different workers. These includes fluid, glassy, gascous, solid (Fig. 14)

minerals such as iron bearing minerals apatite and hematite, monazite etc [11]. Some

crystals show a dusky appearance (Fig. 15). This is thought to be due to the presence

of highly dispersed crowds of inclusion, not decomposition product. Fig 16 shows

the high relief IIIzircon grain, A few crystals show a yellow-brownish tint (Fig. 12),

presumbly due to the presence of an iron-bearing coating on the surface.

The present sample of Bangladcsh zircon contains a nl.lmber of impurities in the

form of discrete particles. Thcse could be identified hy thcir characteristic

appearance. Fig. 17, 18, 19, 20, and 21 show the presence of rutile, ilmenite,

magnetite, monazite, silica respectively in thc present zircon sample.
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Fig. 3: Tht genernl nppearnncc ofBftnglndesh zircon.
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Fig. 4: A typiCllI prism8tic (D) nnd 0 rounded (b) gntin of7jrcon. Plain lighl (",400)
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Fig. 5: Photomicrograph showing the presence of psuedo octahedral crystal in

zircon. Plain light (x400)

Fig. 6: Photomicrograph showing the presence haloes in zircon.

Cross light (x400).



Fig. 7: Photomicrograph showing the presence extinction in zircon. (aJ No extinction

under plain light (x 125) and (b) Parallel extinction under cross light (x 125).
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Fig. 8: Photomicrogmph sooll.ing the presence of conchoidal fracture in zircon

groin. Plnin light (,,400).

Fig. 9: Phntnmicrogruph ~howing ~ presence ofclc:lVllgc in zireon groin.

Cross light (><400).



Fig, 10: Photomicrograph showing a rare twined zircon crystaL

Plain light (x400).

•

Fig. 11: Photomicrograph showing the presence of zoning in zircon grain.

Plain light (x400).
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Fig. 12: Photomicrograph showing the presence of inclusion arranged p,arnlleJ to

the length of onc 1:1')'5141and brol'mish tint in another :tireon crystal.

Plmn light (x400).

Fig.13: Photomicrogroph showing the presence of irregular inclusion in zircon

groin. Plain light (x400).
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Fig. 14: Photomicrogroph showing the presence of solid inclusion in zircon i1
groin in thin section. Plain light (><400).

•

Fig. 15: Photomicrograph showing the presence ofduskr appe:lrllllCC in zircon

grain. Pillin light (><400).

"
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Fig. 16: Photomicrogmph showing high ~Iicf for 7jrcon groin.

Plain lig111(><400).

Fig. 17: Poolomicrogrnph showing the PTl'~cnceof rutik in 7jrcon grain in thin

section. Plnin light (><400).
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Fig. 18: Photomicrograph showing the presence of ilmenite

in zircon grain. Tfilllsmitted light (x 100).

--' --'
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Fig. 19: Photomicrograph showing the presence of magnetite

in zircon grain. Transmitted light (x I00).
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ri~, 20: rhOlOml~r(>gmph showing the presence ofmonazile in lir~()n grain.

Plain light (x400).

Fig. 21: Photomicrograph showing the presence ofsiJica jlllirco~ grain.

Cross light (x400).
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Bulk sample of Bangladesh zircon in the as-received condition shows golden

yellowish brown color. However individual grains were found to be almost colorless

and transparent under polarized light. The color of the zircon improves when it is

calcined. Calcination of as received ,ircon at l400°C gives nearly while color to the

bulk sample.

The analysis of Bangladesh zircon was allempted by the grain counting method

under the microscope the result orwhieh is given IIITable 6. It is seen from the table

that zircon grain constitute 94% and total impurities amoo.nt to 6%. This reso.lt

agrees fairly well with the chemical analysis results given in Table 3. The main

impurities in the present sample of Bangladesh zircon are found to be oxides of

titanium (both rutile and ilmenite). This is also consistent with the findings of

chemical analysis (Table 3). Further, monazite was identified as an important

impurity under the microscope.

Table 6: The percentage of minerals in as received llTConby grain counting method.
Type of Minerals % of Minerals
Zircon (ZrSiO.l 94
Rutile (TiO,) 2
Monazite (Ce, Y, La, ThlP04 1.4
Ilmenite (FcO.TiOJ 1
Gamet 0.6
Magnetite (Fe,04l 0.2
Silica, Hematite (Fe,O,) and others Rest

It should be noted here that most of the impurities found in Bangladesh lircon exist

as discrete minerals. As a result, it should be possible to remove these impurities

fairly easily by physical mineral processing methods and thereby improve the grade

of Bangladesh zircon. The coating of iron bearing mineral on some zircon grains can

be removed by acid washing [21].

It was found in radioactivity measurement that the as-received Bangladesh lircon

exhibits a count rate of 42 counts/minute. The background radioactivity or normal

,

to.



environment is 40-45 counts/min. Thus Bangladesh zircon does not particularly

~how any enhanced radioactivity.

The present minenllogieal study of Bangladesh zircon shows that about half of the

grains arc prismatic and euhedral while the rest is more or less rounded. Weathering

causes the rounding of the graius. Extent of weathering is different in different part

of the world. 7,ireon deposit found in eastern Australia is characterized by suh-

angular to rounded shapcs while zircon from Trail Ridge, Florida is mostly rounded

[75]. Kerala beach zircon (India) is also mostly rounded [21]. Under the actiou of

physical and chcmical agents in nature a~ wcll as prolonged exposure to radiation,

zircon can undergo structural changes. This can lead to dissociation of zircon into

Zr02 and silica SiO}. which is called metamictization. Metamictization results iu

amorphous product and changes the color of zircon into green. Metamicted "green

zircon" have bcen found in Sri Lankan deposit [76]' Indian lircon from Kerala

Beach was reported to contain 2-3% metamicted grain. In the case of Bangladcsh

arcon, the grains werc mo>tly colorless. Green grains of zircon were not fOLindin

this sample. A very faint green tint was found in one sample only. Larger proportion

of prismatic crystals, higher degree of crystalinity (as evidenced by XRD), and

absence of any sib'llificant amount of metamicted grains suggest that Bangladesh

zircon is a relatively fresh minern!, Radioactivity test also gives Sllpport to this

OPllll(ln.

4.4 DECOMPOSlT10N OF ZIRCON;

In this study, the dlect of sodium hydroxide percentage and temperature on the

decompositon of Bangladesh zircon is dewribcd. For this purpose, zircon flour of

average particle size of 8"m was used. The X-ray diffraction pattern' of the

dccomposed samples using 5%, 20% and 30% sodium hydroxide are shown in Fig.

22. In sample decomposed with 5% NaOH, almost all the peaks correspond to that

of the standard x-ray diffraction peaks of zircon, except one peak. This peak is

corresponds to standard peak for monoclinic zirconia from the plane (020). The

intensity of this peak is very weak. The X-ray diffraction pattern of sample

decomposed with 20% sodium hydroxide shows a number of peaks which



correspond to standard peak, of zircon but there are also some prominunt peak.>

which correspond to the standard peaks of the monoclinic zirconia. Thcse peaks are

from (100), (Ill), (112), (022) and (113) plane of monoclinic /jrconia. All these

peaks for plane (100), (III), (112), (022) and (113) were absent in the sample

decomposed by 5% NaOn. il indicates that the use of 20% sodium hydroxide

lncreasres the exlent of decomposition of zircon as compared with 5% sodium

hydroxide at 1500°C. The X-ray diffraclion pattern for 30% sodium hydroxide

decomposed sample is also shown in Fig. 22. In addition with the peaks which

correspood to slandard peaks of zircon, there are also a number of prorninalll peak,

which correspond to the standard peaks of the monoclinic zirconia. These peaks are

from (100), (Ill), (102), (220), (300, 2(2) and (130) plane of monoclinic zirconia.

All these peaks for plane (l00), (111), (102), (220), (300, 202) and (130) were

totally absent in the pattern for thc sample decomposed by 5% NaOH. From these

figures it is clear that thc peak 0 f zirconia for plane (I 11) becomes stronger relalive

to zircon peaks as higher amount of sodium hydroxide is used for decomposition.

Now the cffect of increase in temperature on the decomposition of zircon can be

seen in Fig. 23, The XRD pattern for the sample decomposed at 1300"C shows lots

of peaks. Most of the peaks correspond to the standard peak of zircon and some of

the remaining peaks correspond to the peaks of monoclinic zirconia. Zirconia peaks

arc observed from (100), (\ 11), (021). (022) and (113) plane. The XRD pattern for

the sample decomposed at 1400°C also gives lots of peak,. In this pattern most of

the peaks belong to the standard peak of zircon and some of the rest peaks

correspond with that of the peaks of monoclinic zirconia. These peaks come from

(100), (111), (022), (220) and (130) planes. lior the sample deeompo~ed at 1500"C,

most of the peaks corresponds to the standard peak~ of zircon and some of the peaks

correspond to that of the <;tandard peaks of monoclinic zirconia. The peaks for

monoclinic zirconia come from (l00), (111), (002), (210), (211), (112) and (022)

plane respectively. This is the most decomposed one among the~e three samples;

zirconia peaks comes from seven planes and these peaks are comparatively stronger

than the same peaks in the other pattern. In both cases, there are some peaks which

could not be idcntified. Some symbols are given in Table 7 to identify the peaks that

come Ii"omdifferent plane~ of zirconia and z is using for zircon peak for Fig. 22 and



23. Comparison of the observed and standard peak position of zircon and zirconia

sample using, 5%, 20% and 30% sodium hydroxide at 1500°C are given in Table 8,

9 and 10. Comparison of the observed and standard peak position of zircon and

zirconia of decomposed zircon sample using 10% sodium hydroxide at 1300°C,

1400°C and 1500°C are gi~en in Table 11, 12 and 13.

Table 7: Symbols of the peaks come from difTerentplane ofzirconia

Plane of zirconia Symbol

(100) "
(111) "
(002) "
(02D) ",
(021) "
(210) ~

(112) "'
(211) "
(l02) "'
(112) "'"
(022) ",
(220) "n

(300, 202) ""
(130) '"
(113) ",

from the results described above, it is clear that the heating period of 30 minutes is

not sufficient to result in complete disintegration of Bangladesh zircon even at the

highest temperature (1500°C) and the largest sodium oxide concentration (30%)

used in the present study.
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Fig. 23: X-ray diffraction patterns of decomposed zircon



Table 8: Comparison of the llb,erved and stlllldard peak position of zircon and

~.irconia of decomposed zircon sample using 5% sodiwn hydroxide at 1500°C.

Observed Standard peak Standard peak Plane for Plane for
peak positi~n~7~~r positio~sf;~; Zircon Zi~~~~ia
lJosition Zircon 74 Zirconia 77 hk! hk!

8.8 9.2 - - -- {101 ..
12 12.36 .. 200 .

126 ... .. ------ ..
14 . .. - --- .. ..
15.9 16,23 15.72 112 (020
17.2 17.49 ------ 220
18 18.45 ----_. 202 .

19.4 - ---- --_. - . ... . .

2009 19.81 ------ 301 ----
20.2 .. . ... . . . ...
21.1 21.47 . 103 . ...
22 .. --_. . ...
22.4 . ... . .
23.1 23.42 . ... 321 . .
23.6 23.96 . . . 312 .
24.5 24.86 - - -- 400 ----

Table 9: Comparison of the observed and stlllldard peak position of zircon and

7.irconia of decomposed zircon sample using 20% sodiwn hydroxide at 1500°C.

Observed Standard peak Standard peak Plane for Plane for
peak position ~~~ pOSiliO~r~;l z;;con Zirconia
position Zircon r74 Zirconia 77 hk! hk!
10,9 .. 11,05 ---- 100
12,6 . ... . . ...
14,2 14.4 .. 111
15.4 15.41 ---- 211 .

15.9 16.23 ---- 112 . ..
17.2 17.49 220 . .

18.2 . ... 18.16 ... 112
20 19.81 ._--- 301 .

21.8 - ._-- - --- - - -- -_.-
22.2 .. 22.2 . .. 022
24 23.96 . ... 312 .
24.4 24.86 . .. 400 . .
26.3 26.56 . . . 411 . .
27.4 ------ 27.26 .. 113\
28.6 27.5 ---- 004 .. ..
30.8 30,25 204 ..
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Table 10: Comparison of the observed and standard pcak position of zircon and

zirconia of decomposed zircon sample using 30% sodium hydroxide at 1500"C.

Observed Standard peak Standard peak Plane for Plane for
peak position for position for Zircon Zirconia

~sition Zircon 74 Zirconia 1m hk! Ihkl'
8.8 9.21 110 -- --
10.9 - --- 11.05 ---- 100
12.8 ------ -- -- ----
14.2 -- -- 14,4 -- 111
15.3 15.41 ------ 211 ----
17.3 17.49 ------ 220 ----
18,6 -- -- 18.75 -- 102
20 19.81 ------ 301 ----
21 21.47 - - - 103 ----
22,6 - - - 22.54 -- 220
23.6 23.42 - - - 321
24,2 ------ 24.26 -- 300,202
24,6 24.86 - - -- 400 ----
25.1 - - - - -- ----
25,4 -- 25.02 - 130
266 26.56 ------ 411 -

Table 11: Comparison of the observed lind standard peak position of zircon and

zirconia of decomposed zircon sample using 10% sodium hydroxide at 1300°C.

Observed Standard peak Standard peak Plane for Plane for
peak pOSiti~~;~~ POSitiO~r~;l Zircon Zi;~~ia

oosition Zircon 74 Zirconia 77 hk! hk!
8.9 9.20 ------ 101 ------
11 11.05 - - 100
12.2 12.36 ---- 200 --
12,7 -- -- --- ------ - -

14,1 ------ 14.40 ------ 111
15.4 15.41 - 211 --
15.9 16,23 112 -- --
17.2 ------ 17.56 -- - 021
18.3 18.45 202 -- --
19.7 19.80 301 -- --
21.9 21.47 103 ------
22.3 ------ 22.21 - - 022
23.6 23,42 -- 321 --
24.6 2486 400
26.4 26,56 -- 411 -

27.2 - 27.26 --- - 113

t



Table 12: Compari~on of the observed and standard peak position of zircon and

zirconia of decompo~ed /ircon ~ample using 10% sodium hydroxide at 1400°C.

Obselved Standard peak Standard peak Plane for Plane for
peak position for position for Z}~c,~\n Zirconia
position Zircon 1741 Zirconia r771 hkl hkl

11 ------ 11.05 - 100
12.8 - - ------ - -- ---
14.2 - 14.41 - --- 111
154 15.41 "----- 211 -

16 16.23 - - 112 ------
17,3 17.49 - - 220 ------
18,2 18.47 - - 202 ------
20,2 19.81 - - 301 ------
21,3 21.47 - --- 103 - -
21,9 22,21 - 022
22,4 -- -- 22,54 - - 220
23,8 23.42 - --- 321 ------
24,6 24.86 ------ 400 - ---
25.2 - - - 25.02 130
26.3 26.56 - - -- 411 --
27.6 27,50 - - 004 -

Table 13: Comparison ufllie observed and standard peak pusition of zircon and

zirconia of decomposed zircun sample nsing 10% sodium hydroxide at 1500°C.

Observed Standard peak Standard peak Plane for Plane for
peak pOSiti~~_t~~ pOSitiO~~;1 Z)~c,~\n Zirconia
nosition Zircon 74 Zirconia 7 hkl hkl\

11 ------ 11.05 - --- 100
12.7 ---- - - - - ------
14.2 ---- 14.4 ---- 111
15.5 ------ 15,61 --- 002
15.8 16.28 ------ 112 ----
17.4 17.49 ------ 220 - -

17.8 ------ 17.89 ---- 210
18.3 - --- 18.48 ----- 211
20 19.8 -- 301 -
20.4 ------ 20.31 - --- 112
22 "--- 22.21 - --- 022
22.4 -- ------ - --- -----
24 23.96 - --- 312 ------
24.7 24.86 - - 400 ------
256 - --- ---- ---
26,4 26.56 - - 411 ------



Disintegration of zircon has bccn reported by a number of worker [78] USlllg

NazCO, [78] CaO [70 ], and CaO+MgO [79J as the decomposition agents. [t has

been fOUildthat the cxtent of decomposition brought about by various agents varies.

Ayala ct al [71] fOUildthat at 20% sodium oxide concentration decomposition of

zircon was complete just in 5 minutes at 13500C. Whereas when calcium oxide was

used at a mular ratio ofCaOIZrSi04=1.2, complete decomposition of zircon reqllircd

t""o hours at 1400°C [71]. Use of (CaO+MgO) mixtllre, instead ofCaO improved

the extcnt of decompositiun [79]. It seems that NaOH which was used in the prcscnt

study is not as effective as Na201. Further test are necessar} to compUTe the

cffectiyeness ofNaOH with that ofCaO and (CaO+MgO).

4.5. BANGLADESH ZIRCON AS OPACIFIER

As has been mentioned, the opacilier tcsts were carried out in lucal ceramic

factories. For proprietary reasons, these factorics did not disclose the composition of

thc base glaze and bodies used.

Fig. 24 ~hows three glazed samples prepared in an insulator factory. The base glaze

and the body composition are the same as those used in their production line. The

usual glaze of the factory with the addition of imported zircon Hour is shown in Fig.

24a. Fig. 24b shows the transparent glaze ""ithout the addition of any opacifier. In

Fig. 24c is ,hown the glaze prepared by replacing the imported zircon flour with that

produced frum Bangladesh zircon. Thc zircun flour "".ISproduced from as-received

Banglade,h zircon without any purification. It was fOUild that the glaze prcpared

using as-received Bangladesh zircon posses white color with a grayish tint. Its color

,vas slightly darker than that of the glaLCwith imported 7.ireon (althollgh not very

evident in fig. 24). It was IOlmdhowevcr that the glossyness of the glaze containing

Bangladesh zircon was similar to that of the sample containing imported zircon. Thc

former sample did nol show any tendency to craze. The irregular line in Fig. 24<:was

the result of incomplete sprcading of the glaze caused by inadequate viscosity. The

grayish tint of the glaze containing Bangladesh zircon is believed to be due to

presence of impurities.



Fig. 24: Three gl~ snmples prepared in an insulator factory. (a) the usUtlI

glnze of the factol)' (b) tmrtspcrnnt glll1.ewilhout oddition of opacifier, lind

(c)g1aze p~pared wilh Bangladesh 1jrcon. [In elIch CllSe10 pc~entllge of

7jrconwere used]

Fig. 25: Samples prepllJW in no tllble\'•.nrc factor)', (II) Glaze prepared b)'

purified Bangladcsh zircon (b) the usual glaze of lhe fnclory, [In both= 10

percentage ofrjrcon were used}



In order to remove the impurities. flour made from Bangladesh zircon was givcn an

acid treatment in H2S04 tor 20 hours at 180°C. Zircon flour so purified was then

tcsted as "pacifier in a local ceramic factory producing high quality tableware. This

glaze with the purified Bangladesh zircon is ~hown in Fig. 25a. Fig. 25h shows the

usual gla:<e of the factory contains imported ~ircon. In thesc glazes the zircon

content in Rv.1.%. It was seen that although the color of thc glaze containing

purified Bangladesh zircon flour (Fig. 25a) was comparable with that of the usual

glaze of the refactory containing imported zircon fig. 25h, the later was more

whitish. Glaze containing purified Bangladesh "ireon \vas found to have the same

gloss as the usoal glaze used by the tableware factory. Further, when examined

closely the former did not show any crazing tendency in an oven test. However, the

glaze containing Bangladesh zircon was found to be slightly rougher. It may me due

to thc coarser distribution of grain size.

From thc limited number of test discussed above, it appears that the as-receievd

zircon flour produced from 13angladesh zircon does not providc a completely white

color. With prcsumely removes impurities, improved the whiteness of the glaze.

Although Bangladesh zircon !lour produced adequate glossiness, it was found to

yield a slightly rough surface. This is thought to be linked to the particle size of

zircon flour. In the pre~ent study, flour produced from Bangladesh zircon has peak

particle si:te at 8~m. Particle si~.e could not be reduced due to cxperimental

limitations. It is well established that finer zircon particles, with peak size at arOlmd

2~m, arc for optimum for gla:<.eapplications [80]. The slightly rougher surlacc of the

glaze containing Bangladcsh zircon is thought to be larger particle sizc of the flour.

It is concluded that zircon 110m made from Bangladesh zircon can efTectivdy

replace imported /ircon flour, if adequate size reduction and purification is carried

out.

4.6. ZiRCON BRICKS FROM BANGLADESH ZIRCON

The surface appeamncc of the fircd as received zircon brich fired at 1360"C are

described now. For 1% CMC (carboxi methyal cclollose) binder onc crack was



observed from one end to another end along the Weight near about middle of the

brick. Rougher surfaces of the bricks are observed. The color of these bricks were

whitish brown. Brieks made of 1% CMC and 4% Fe20J, gives good appeanmce,

good surfaee finish and a blaekish color. Bricks made of same composition but lired

at 1430°C gives better fired properties for out look. Bricks made of ground /ireon

gives smooth surface finish and uniform color shade.

The effect of binder on the properties of zircon bricks prepared from as received

Bangladesh zireon is given in 'lable 14. These bricks were fired at 1430°C. For the

bricks prepared with 1% CMC binder and this firing temperature, ("Tushingstrength

and density is found to be 433 psi and 3.1 glee respectively. Bricks prepared \vith

1% CMC and 4% Fc20] gives a crushing strength of2333 psi and density of 3.06

glee respectively. From these results it is clear that with increasing firing

temperature the properties of zircon bricks increases. It is thus found that addition of

4% FeIO] inereases the crushing strength and den~i(yof zircon bricks.

Table 14: Properties of Zircon bricks made from as received zircon fired at 1430"C:

Binder Pm rties
I%CMC Crushing Slreng:h~I~~3psi

Densit : 3.1 ec
I%CMC Crushing Strength:,~1;,;3psi
4% FC20J Dcnsirv: 3.06 "'cc

Initially, bricks eontaining I%CMC fired at 1360°C were tested for cru.<,bing

strength. This firing temperature yields a crushing strength of 370psi. Thus

comparing this result with the cru.~hingstrength of I%CMC briek fired at 1430°C, it

can be said that increasing firing tempendure yield higher strenb>th.

A number of bricks were made using 25% as-received zircon and 75% ground

zircon. The size distribution of the ground zircon is given in TableJ6.

Particle size distribution of as received zircon and grounded zircon making for

refractory bricks arc shown in Table IS,

•
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Table 15:Partieal size distribution of as-received zircon and b'TOunddrcon making
for refractor\' bricks

U.S. Sieve No.

The properties of zircon bricks made from the mixture of as-received and ground

zircon fired at temperature 1430°C are shown in '] able 16. For 1% CMe bricks gives

7739 psi and 3.04 glee crushing strength and density respectively. Use of 1% (Me

and 1% Fe,OJ gives 6029 psi crushing strength and 2.98 glee dew;ily.

Table 16: Properties of Zircon bricks made of ground zircon fired at a temperature
1430°C.
Zircon Binder Pm rties
25% as received l%CMC Cmshing Strength: 7739 psi
75% Ground Densitv: 3.04 "25% as received l%CMC Crushing Strcng~: o6/~~9psi
75% Ciround and 1% I'eJ04 Densitv: 2.98 cc

Comparing Table ]6 with Table 15, it is seen that mixture of as-received and ground

zircon improve the cfU.';hing strength to a higher values as compared with hricks

made from as-received zircon only. The crushing strength of zircon bricks reported

in the literature is 1200 psi and density is 3 g/e.e. [52] The density fi.'r ~jrcon hricks

is not difficult to achie~e becau~e of its high specific gravit}. Only 1% CMC bricks

made ur as received zircon gives the crushing strength below 1200 psi. So, to

produce zircon bricks achieving cru~hing strength will not be a problem.

Refractoriness under luad is one of the most important tests tor refractory materials.

This test should illlve done for the prepared zircon bricks. But it was not possible for

lack uf lest facilities.

•
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5. CONCLUSION:

In this thesis, the characterization of Bangladesh zircon was made

satisfactorily. From the chemical analysis it is found that Bangladesh zircon

has 95.88% purity. The main impurity in Bangladesh zircon is titanium oxide

(3.01%). This is followed by iron oxide (0.42) and traces amounts of other

oxides are also found. From the mineralogical study it is found lhat

Bangladesh Lircon have an elongaled, prismatic shape with pyramidal

termination in half of the grains and the rest are more or less rounded along

with some fractured and irregular grains and posses transparent, brownish

yellow color. XRD study confirmed good crystallinity in the sample. \Jnder

microscope it is found that Bangladesh zircon b'lain constitute 94% and total

impurities amount to 6%. This resull agrees fairly well with the chemical

analysis results. The main impurities in the present sample uf Bangladesh

zircon are fotmd to be oxides of titanium (both rutile and ilmenite). This is

also cunsistent with the fmdings of chemical analysis. Further, mona,.;itewas

identified as an important impurity under the microscope. It should be noled

here thaI mosl of the impluitics found in Bangladesh zircon exist as discrete

minerals. As a result, il should be possible to remove these impurities fairly

easily by phy,ical mineral processing methuds and thereby improve the

grade of Banglade~h zircon. The heating period of 30 minutes is not

sumcient to result in complete disintegration of Bangladesh zircon even at

the higher temperature (l500°C) and the largest sodium oxide concentnllion

(30%) in the presenl sludy. Further tests are necessary to stlldy the



etTectiveness of NaOH for the decomposition of the zircoll. The coating of

iron bearing mineral on some zircon grains can be removed by acid washing.

Practical ceramic experiments have demonstrated that Bangladesh zircon is

quite satisfactory for preparing zireon flour in ccramic indu~trie~. Zircon

flour made from Bangladesh zircon can effectively replace imported zircon

flour, if adequate size reduetion and purifieation is carried out. Bangladesh

zireon can also be used ~ucce~sfullyfor preparation of refractory bricks for

high temperature use. It has been demonstrated that Bangladesh zircon can

be uscd in ceramic industries as opacifier after grinding and subsequent

purification. By grinding zircon in ball mill its size can be reduced 6-8f-Ull so

as to make it ~uilllblefor ceramic industries as opacifier. But ball milling for

grinding zircon i~ not economical. Study should be under taken to employ

zircon flour in ceramic industlies based on Bangladesh zircon. Liter<lture

study has shown that grinding of zircon in a vibrating mill can produce

zircon flour of less than 2 micron size for use in ceramic industrie~. In

Bangladesh different ceramic industries consume abo"'t 200-300tons of

zircon Hour per year aUof which is imported. If Bangladesh zircon can be

processed for using diflerent ind",5trie~then a lot of money will be saved. So,

for grinding Bangladesh zircon for ",sing in ceramic industries immediate

steps should be taken to grind Bangladesh zircon to si7,e :> 2 micron. Ihere

are no refractory brick ""hich is made in our country. Bangladesh zircon

gives quite satisfactory rcsult for the making refractory bricks which ""ill be

suitable for the manufacturing of glass melting fumaces.
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6. APPENDIX

Appendix-A: Scheme of Analysis

The major constituents present in zircon and zircon sand are zirconium dioxide

(zr02) and Silicon dioxide (Si02); however iron oxide (1"1'203), aluminum oxide

(AI:!O)), titanium oxide (ri02), sulfur, phosphorous. sodium and potassium oxides

are often present as minor constituents. The scheme of the present analysis is given

in Fig. 26

Sample
Fusion with

Fusion with Na2C03
Perchloric Fution and Na2B407
acid and with
HF acid Na2C03

I SIlica I VolOl jZr02 IT!

L!C203 I S

I Vol'n
!A.I;O~
i Tt02 S
'p :sl':._
~-.J_Cl.

IC,O fb I

Vol"'
'MoO GlK,o F
I Na20 F --

Here, T = Titrametric method.

S = Spectrophotometric method,

G = Grnvemetric method.

F = Flame photometric method,

Fig. 26: Schematic Diagram Showing the ChemIcal Analysis Procedures Carried

OUIfor the Deterrnmation of Each Component in Bangladesh Zircon,

•



Appendix-B: Preparation of Sample for Analysis

Few grams of the representative sample in a clean agate mortar were taken and

thoroughly grind it to pass thoroughly -200mcsh. The sample were dried in a

weighing tubc in an electrically heated air oven at 105-1 10°C for 2hrs and were

weighed. The process of drying were repeated for another I hr to get a constant

weight. The stupider weighing tubc wcrc kcpt in a desecrator and cool to thc room

temperature. Thus the ~ample wcrc prepared for analysis.

Appcndix-C: Determination of Loss on Ignition

Accurately one grrun of the ground sample was weighed into a platinwn crueible in

a mufflc furnace and slowly Hlises the temperature to 1025+25. After ignition, it was

cooled in a dcsiccator and it was weighted to a constant weight [81]. Thirty minutcs

ignition is usually sufficient.

Calculation: %L.O.L=(W I_W2)1(W1-W)x100

Where, W =Wcight of platinum crucible

W1= Weight ofplatinwn crucible + sample

W)= Wcight of platinum crucible +samplc after ignition

Appendix-D: Decomposition of Sample for the Determination of Zirconium

Dioxide

Reagents __

Sodimn carbonate

80=

Nitric acid

Hydrochloric

Potassium chloride

Citric acid

Sodium Jluoridc

Bromothymal blue indicator, 0.5% (Ill/v) in alcohol

Sodillm hydroxide solution (N/15)-5.5 b'fam NaOH were dis~()lved in two litte", of

water in a plastic beaker and it WU5~tandardized against a standard pota~silUll

hydrogenphthalate.



Wash ~olldion: 120gram KCI and NaF were dissolved in 500ml water and then

diluted to one liter, A few drops of bromothymol blue indicator and a few drops or

HCI (l :3) were added to make the solution just yellow.

Accurately about 0.5 gram of well agated and dried (l05°-1I00) sample ill a

platinum crucible and the mass was heated with 6g of fusion mixture (3g

Na~CO)+3g Na2B~07). The crucible was first heated over a low flame to dull

redness for 10 minutes to get a transparent mixture. The crucible was cooled and

placed it in a beaker containing 100 ml nitric acid (1:1), Tbc beaker was covered

with a watch glass. It was put on a hot plate till the fused mass goes completely into

the solution, The beaker was remove from the hot plate. The crucible was take out

from the beaker and wash thoroughly. The solution was boiled for 5 minutes and

lram,!"erit to a 250 ml calibrated llask and dilme to the mark (stock solution).

Reagenls:

EDTA 50lution (0.025 M)- EDTA solution was prepared by dissolving 9.31g of the

di~odium salt of EDrA in di~tilled ,vater and diluting to I liters. It was Standardi~"ed

b}' tilrating the solution with a slandard zinc solution in acetate buffer (pH 5.3) with

xylenol orange as indicator.

Standard alumina solldion - A portion of polished aluminum foil was washed in

absolute alcohol and dried in a desecrator. Accurately 0.6745 g or it was weighted

and placed it in a 400ml beaker containing 150ml water and 25ml HCI acid. The

~olulion was boiled to dissolve thc metal, The solution was cooled and diluted to

500 ml in a calibrated flask. A working ammonium solution (0.02 M) ,vas prepared

by pipe1itting om 100 ml of 0.05M aluminum solution, transferring il to a 250 ml

calibrated flask and diluting with water to the mark (lml of this solution '"

0.0010194 g AI~OJ)'

Zinc acetate (O.025 M) :_5.5 g of zinc acetate (CH)COhZn.2Hl) was dissolved in

water containing 0.05 ml acetic acid and 20 ml acetate butTer (pH 5.3 ) and diluted

to 1 liter. The zinc acetale solution was ~landanised by ~tandard alumimlm solution.

Standard titania solution _ Accurately 0.5 g titanium dioxide (Ti02) was weighed in

a platinum crucible. It ,vas fu<,edwith 5 g of potassium bi~ullate, The cool melt was

dissolved in 200ml water containing 25 ml of H2S04 by heating over a steam bath.

TI,e solution was cooled and diluted to 500 ml in a calibrated flask. One ml of the

solution'" 1.0 mg TiO~ (solution A). 10 ml of solution A was pipelled into a 100 ml



calibrated flask containing 50 ml H2S04 (1:1) and diluted to mark (solution B). Iml

of solution R •• O.Olmg Ti02.

Standard iron solution _ 0.4911 g of ferrow; ammonirun sulfate, FeS04 (NH,h S04.

6H20. was dissolve in water and 10 ml of HlS04 (1.1) was added. The solution was

heated and diluted to 1 liUer in a calibrated flask. One ml of this solution ••1.0 mg

FelOJ' The ~olution was standardizing by the volumetric potassium dichroIllilte

method.

Uuffer solution (pH5.3) :-21.5g of sodirun acetate with 2ml of acetic acid in 300ml

water and diluted to one liter.

Hydrochloric acid, 3%(vlv)

Hydrogen peroxide, 6%(v/v)

Tylenol orange, 0.1% in water. slightly acidified

Detennination of Zirconia:

25 ml stock solution was pipetted out in a 500 ml conical flask and the calculated

amOUnlof 8 N HNO) was added and also some "'"<Iterwas added to make the volume

up to 40-60 ml to makc its acid strength 3N. The solntion was boiled for five

minutes to deploymerize any zirconyl ions. The solution was diluted to 180ml with

water to bring the acid strength IN. The solution wa~ boiled for two minutes and

was titrated in hot condition (above 90°C) with drop wise addition of 0.025 M

CDTA using xylenol orange (0.1%) as indicator. The end point is indicated by a

sha1Jl change of color from violet to yellow. The percentage or Lirconirun dioxide

was calculated from the EDTA consumed.

Appendix-E: Detcrminatiopn of all other constituents iu as received zircon

sample.

Determination of Silica (Gravimetric method):

Principal: The gravimetric method !ilr the determination of Silica is based on the

insolubilization of silicic acid from an acid solution of a decomposed silicale sample

through debydration and backing.

•



Chemicals: All the chemicals used for the determination of silica were of reagent

grade.

a) Sodium carbonate (Anhydrous)

b) Hydrochloric acid Sp. gr. 1 18

Preparations of reagent:

a) Hydrochloric acid (1 1): 40 ml of concentrated hydrochloric acid was diluted

10 80 ml hy double distilled water into a 100ml volumetric flask.

b) Hydrochloric acid (1:20): 5 ml of concentrated hydrochloric acid was diluted to

100 ml by double distilled water into a 100 ml volumetric flask.

Determination of the Silica from the sample: I gnlm of Ilnely grounded sample was

dried at 110°C in a platinum crucible. The sample was mixed with 6-8 grams of

sodium carbonate. The platinum erucihle was covered by the lid and then placed in a

illuille fUrnace, Then the sample was fused in the muffle furnace at 1000°C. The

sample ",as cooled and then placed into a porcelain basin. When the reaction ceases,

the crucible was washed out with water. The porcelain basin was then placed on

steam bath and the solution was evaporated to dryness until the smell of

hydrochloric acid was no longer detected. Finally the dish was heated in an air oven

and hacked it at 110°C.

The disk was cooled and 10 ml of hydrochloric acid and 40 ml of hot water "'"liS

added to the dish. The dish was covered with \'v"lltchglass and the mixture was

dige51ed on a steam balh for 10 minutes. The e1ige51ed mixture was then filtered

though No.41 what man filter paper or its equivalent. Thc silica was transl"erred to

the filler paper with hot water and the hasin was scrubbed ",ith a rubber-tipped glass

rod. The precipitated was washed three times with hot 1,20 hydroeWoric acid and

then with hot water till free from chloride. The Ijltrate was then preserved.

The paper along with in the precipitale was transferred to an ignited and tared

platinum nucihlc. The crueibk containing precipitate was heated al a low

temperature to remove carbonaceous matter and then heated in the muffle furnace at

1175"-1200"C to conSlant wcight.

"



Calculation:

% Si02 = (W[-W2)X IOO/W

Where, WI = Weight of plat inurn crucible precipitated sample.

W 2= Weight of crucible

W = Weight of sample taken.

lJetennination of Titanium oxide [82]

Preparation of standard litanium solution: One gram of the pure titanium dioxide

was fused with 109 of potassium bisulfate and dissolved, at a low temperature to

avoid hydroly~is, in 200ml of ""<Itercontaining 20ml of ~ulfurie aeid. It WllS cooled

and diluted to IOOOmlin a calibr<lted flask (lml=l.Omg TiO~).

Determination of l"itaniurn: Two 10ml of the stock solution was transferred to a 50

ml calibrated flasks A and B. 5ml of hydrogen peroxide to flask A and dilnte both

the solntions with water to the mark. The optical density was measured at 410 lUll of

the solution in A against in B.

A calibration curve with 0, I, 2, 3, 4, and 5 ml of standard titania solution in 100 ml

flasks mer developing the color in the same way as in test ~olntion in A. The titania

content of the solution wilh reference to the calibration b'ltlph was detelTIlined.

Detennination of Iron oxide by Ammonia Method [821

Principle:

Ammonia reacts with trivalent iron in presence of thioglycolic acid produces pink

color. Depending upon the inlen~ity of pink color, iron content could bc determined

spcctrophotometrically. Thc maximum molar ab,orptivity of the above developed

color was fonnd at 540 nm.

Apparatus:

A spectrophotometer of model UV-220 I Shimadzl.l, Japan was I.lsed for the above

determination.



Chemicals:

All the chemicals used for the detemlination of iron were of reagent grade,

a) Tartaric acid

b) Thioglyeolie acid

c) Ammonia

d) Nitric acid

Preparation of standard stock solution:

0.864 g predrillcd AR ferric ammonium sulfate was dissolved with double distilled

water containing I ml conc. Hel into a 100 ml volumetric flask and diluted unto the

mark. 11produced a solution of iron concentration of I mg/m\.

Preparation of Reagent:

a) Thioglycolic acid: 10 ml thioglycolic acid was diluted to 100 ml by double

distilled water into a 100 mI volumetric flask.

b) Tartaric acid: 10 g tartaric acid was dissolved with water and diluted to 100 ml

into a 100 ml volumetric flask.

c) Ammonia: 1 : I ammonia W<lSused for the purpose.

d) Preparation of standard sample: I ml stock solution of concentration 1 mg/ml

iron was taken in a 100 ml volumctric flask and diluted upto the mark by \vater tv

give a solution of 0.01 mg/ml iron content.

Preparation of a calibration cmve:

1.0 mI, 2,0 ml, 3.0 ml, 4.0 ml and 5.0 ml standard 0.01 mg/ml iron content solutions

were taken into 5 dilIerent 10 ml volumetric flasks, I ml tartaric acid solution was

introduced into each of the volumetric Jlask followed by I ml thioglyeolic acid

solution. Then 3 mIl: 1NH3 was addcd into it and make it unto the mark with watcr

if ncccssary. The solution w,,~mixed thoruughly and the color was developcd

instantly. The absorption's were measured at 535 run in a I em cell again~t a regent

blank and the absorptivn reading were plotted against concentration. A linear

straight line was obtained intcrcepting zero which was used for futliTC sample

determination.



Determination of [ron from the >ample:

5 mI of the sample stock solution was transferred in a 250ml beaker and diluted to

100 mL Into this, 5 mI cone. nitric acid was added and heated for lifteen minutes on

hot plate, It was then transferred qualitatively into a 50 ml volumetric flask and

makc up to the mark. Then the amOlmt of iron was determined

spcctrophotometrkally according to the procedure already mentioned.

Determination of Calcium and Magnesium oxide: During determination of

calcium and Magncsium oxide, British standard methods for analysis were followed

[83]

Determination of Aluminum oxide:

Eriochrome Cyanide R Method [82]

The color of Eriochrome Cyanide R (ER. Sclochrome Cyanide R) (formula, p.51) in

aqueous solution depends on the pH.

ER+ ER EK ER1- ERJ-

pll_O pH_1 pH_3 pH_7 pH_12

pink orange pink-red yellow violet

In weakly acidic medium, Erioehrome Cyanide R reacts ",ith aluminum to form a

violct red, water soluble complex which is used for the spectrophotometric

determination of aluminum. Hill proved that the ratio AI:ER in (he complex is 1:3 in

the presence of an excess of Enoehrome Cyanide R. At lowesl Eriochrome Cyanide

R concentrations, 1:1 and 1:2 complexes are formed.

The absorption spectra of Eriochromc Cyanide R and its aluminum complex at pI!

6.2 are shO\vn in Fig. 5.1. The molar absorptivity oflhe ~omplcx at Am,,=535 run is

_ 6.5x104 (a=2.4). The Eriochrome Cyanidc R method is , therefore, the most

~ensitive speClrophotometrie method for determining aluminum. The optimum pH

for the color reaction lies between the rather narrow limits 6.1-6.2. The absorptivity

of the complex drops rapidly at higher or lower pHvalues.



Eriochromic Cyanide R should be added to an acidic solution or aluminum (pll 1-2)

before an acetate buffcr is introduced. The aluminum complex is unstable at elevated

temperatures; heating the solution (even to 40°C) probably accclerates hydrolysis of

the complex.

Determination of Sulfur [7]

Thc method consisL~ in slowly adding a dilutc solution of barium chloride tu a hot

solution u1"the sulfatc slightly acidi lied with hydrochloric acid:

ila +-'- + S04 - ~ BaS04

The precipitate is filtrated off, washed with water, carefully ignited at a red heat, and

wcighted as barium sulfatc. The percenbge of Sulfur was caleulated from the weight

of barium sulfate. Calculating thc percentage of S04 in the sample, the factor for

converting DaS04 to S is 0.13737 was used.

Delermination ofPhosphorons:

MolybdovanadophosphuDe Acid Method:

Principle:

Addition or molybdate to an acidic solutiun containing urthophosphate and

v,madatc results in the formation of yellow-orange molybdovanadophosphoric

acid having thc P:Y: Mo ratio of 1:1:11.

The absorption mW{lmum of the compouml IS m the ultraviolet at 315run

([;=2.0xlO'). At 4nm,r.=2.5xIOJ (specific absorptivity 0.08). In thc

molybdovanadophosphoric acid method, thc absorbency is measured cither at 315

run (sensitivity as high as that in the phosphomolybdemun blue method), ur between

400 and 470 run (much lower sensitivity).

Apparatus: A spectrophotometer ofmodcl UV-2201 Shimadw, Japan was used for

the abovc determination.



Reagents:

Ammonium metavanadate: 0.25% solution. Dissolve 1,25 g ofNH. VOl in 250 ml of

hot water. Cool the solution and add 10ml of cone. HNO]. Allow the solution to

stand overnight, filter (if necessary), and dilute with water to 500 m!. Store the

solution in a polyethylene container.

Ammonium molybdate: 5% solution. Dissolve 25 g of(NH4)"M07024. 4HlO in 250

ml of water (at ~ 50°C). Allow the solution to stand overnight, filter (if necessary).

dilute with water to 500 ml, and store in a polyethylene container. Standard

phosphorus (V) solution: I mg/ml [37].

Procedure:

To the slighlly acidic sample solution containing not more than 0.70 mg ofP, add

successively 5 ml of nitric acid (1+ I), 5 ml of the vanadate solution, and 5ml of the

molybdate solution, mixing the solution after the addition of each reagent. The

solution was diluted to a volume with water in a 50-ml volumetric flask. After 30

minutes, the absorbance at 400 lUn against a reagent blank solution was measured,

Determination ofNa.O and KlO (flame photomet..,.') [82]

Reagents:

Sodium chloride

Potassium cWoride

PercWoric acid, 60%

Hydrofluoric acid, 40%

Standard Na wlution (200 ppm)-Dissolving 0.2542g of dry NaCI in water and

diluted to 500 ml in a calibrated flask. 1,2, 3, 4 and 5 ppm solutiollS by proper

dilutions were prepared.

Standard K solution (200 ppm)- Dissolving 0.1907g of dry KCY in waler and diluted

to 500 ml in a calibrated flask. I, to 15ppm standard solutions by proper dilutions

were prepared.



Preparation of sample solution:

0.1 g of abated (-200 mesh) and dried (105°.110°C) sample were weighed ill a

platinum basin, moistening with water and adding to it 1 ml of PercWoric acid

(HCI04) and 5 ml of Hydrofluoric acid (HF), The basin was placed on a heated sand

bath and were evaporated until strong fumes of perchlonc acid come Ol.lt.The basins

were collide and another 5 ml of HI' were added to it and were evaporated in (he

~ame \\'ay as before. The ilUlersides of the basin were cooled and washed with "ater

and again e~aporated to dr)'ness on the sand bath. To the dry mass in the basin 5

drops of HCl (I:1) and waler were added. The basin was placed on a steam bath.

Aller 5-10 minute~ the contents were transferred to a 250ml calibrated flask

quantitatively. If the solution is (I.Irbid,it could be filtered or centrifuged.

Determinatinn of Nl\.O;

A few ml of the sample solution 'vere placed in (he cup of a flame photometer

provided with monochromatic arrangement or sodium filter. ['he emission at 589 run

or through the filter against water was measured. Drawing a calibration graph with

It05 ppm of standard sodium solutions, the sodium content of the sample by

referring to this graph could be calculated.

Determination ofKzO;

A few ml of the sample solution were placed in the small cup of a flame photometer

provided with monochromatic arrangement or potassium filter. The emission at 767

run or through a potassium filter against water was measl.lred,Drawing a calibration

graph with lto15 ppm of standard potassium solutions. the potassium content of the

sample by referring to this graph could be calculated.

Appendix-F; Thelnterf"rence Color Chart for Common Minerals is given in th"

next page
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