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DEFINITION OF SPECIAL TERMS

Alpha, Beta and Gamma: The three types of calcined gypsum or plaster of Paris.

Anhydrite:

Ball clay:

Beneficiation:

Biscuit/Bisque:

Boiling:

Blend:

Blunger:

Body:

Calcine:

Ceramic:

Cottle:

A variation of gypsum rock without two molec&leof water of
crystallization.

A highly plastic clay, usually greyish icolour, it forms the basic of
many potting bodies.

A process of conditioning obtained sample(s) to suit the usgs&grin

this case, foexperiment.

A porous unglazed fired pottery.

The periods that plaster in theven turns into sergaseous states
usually referred to as first and second boiling.

A systematic mixture of two or more materials.

A machine used for stirring and mixing ceramic materials, usually the
ingredients of a clay body and watboroughly in form of a slip.

The natural clay of which a pot is formed, materials mixed together for
the formation of pottery, or the main part of the pot as distinct from the
glazed.

Purification and preparation of materials by the actb heat, usually

in the region of 700 to 906C but in the case of plaster between
120°C and 186cC.

A word formed from the Greek word Keramos, meaning clay. A word
for all pottery processes. Also used currently in connection with such
as glassnd cement.

A wall of stiff expendable card, plastic, wood or clay to conlajoid

plaster until it sets.
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Deflocculation:

Earthenware:

Electrolyte:

Fettling:

Feldspar:

F.G.D:

Fluidity:

Former:

Glaze:

Greenware:

Gypsum:
Kaolin:
Kiln:

Levigation:

Marking:

The addition of electrolytes (e.g. soda ash and sodium silicatégyto

slip reducing the amount of water required to miakeurable.

Low temperature ware. Pottery made of porous body usually covered
with glaze (about 1000°C).

Alkaline substance, usually soda ash or sodium silicate introduced into
a clay slip to increase fluiditgnd prevent settlo

Smooth trimming of rough edges or seams of cast wares and finishing
of greenwares.

A group of minerals that contain alkalis plus silica and alumina.

Flue gas desulphurization. A process whereby a synthetic gypsum is
produced.

The property of a liquid to be able to flow or move freely without the
hindrance of friction.

A natural mould which is usually a one piece mould.

Ceramic glaze is a special form of glass in its lower thermal expansion
alumina cotent.

Unfired ceramic piece

The raw materiafor producing plaster of Parigor CaSQ.2H,0).

Pure clay also known as China clagAl ,03.50,.2H,0).

A furnace made of refractory clay materials for cergonaduction.

The process of passing a thick slurry through a mesh wineteeavier
particles are strained while the finer particles overflow.

Traditional way of determining when liquid plaster is ready for pouring
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Mesh Interwoven theads or wire producing theoretically square holes in
between and measured by the number of threads per linear inch, used

for sieving ceramic materials.

Model: A prototype shapdo be copied or reproduced, usually in clay or
plaster
Mould: A hollow form, wually made of plaster of Paris, containing a hollow

negative form.

P.O.P: Otherwise known as Plaster of Paris, is a dseydrated calcium
sulphate

Ratio mix: The normal ratio of plaster and water

Seam: A line of junction between two edges of a cottle.

Settle: The periods after the two boiling periods during plaster production

usually referred to as first and second settle.
SlakingTime: Soaking period given plaster in water before stirring usually between

two to five minutes.

Slip: A homogenous mixturef ceramic raw materials and water used for
casting.
Stoneware A high-fired ware with slight or no absorbency (temperature is about

1200°C to 1300°C).
Synthetic gypsum: Gypsum not naturally mined but a derivation from industrial
production. For exampl&.G.D.
Thixotropy. The property of slip to change fluidity, if left undisturbed becomes more
viscous.

Throwing The action of making pots on a rotary potters' wheels,
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Temperature A means of describing heat and is measured in degree centigrade (°C) or
degee fahrenheit (°F).

Undercut: A part of a casting mold that may prevent dastpiece from dropping out of
the mould after draining

Viscosity: Resistance to flow of liquid due to internal friction

Vitreous: Like glass or glassy
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Abstract

The raw mineraused worléwide in the production of plaster of Paris is gypsurhis is
available in Nigeria. Constant importation of plaster of Pewisstitutesa drain on national
economy and an added cost on ceramic mass produttsoavailability has prompted the
central direction of this project to analyse, in a comparative way and to see the possibility of
local usage which is likely to cut down cost of ceramic production.

Gypsum was obtained from three locations, Wurno and Dange in Sokoto State and Weppa in
Edostate. The three samples obtained were labelled and transportesitéstm the Ceramic
Section, Department of Industrial DesjgAhmadu Bello University, ZariaThey were
beneficiated and calcined at the Industrial Development Centre (IDC) at theraeumpef

17dC. This was done for the threamples from thedecatiors. Various tests were carried

out and they includkabsorbency, shrinkage, compressive and density tests. These tests aided
in determining performance of processed plaster of Paris for ceramic mass production.
Results showed that the ratio mix of-85 plaster/water ratio mix were suitable for ceramic

slip casting process. 65 and 70 plaster/water ratio mix were better used for casting models
and press moulding process. The processed plaster of Paris from the three |0gatrons

Dange and Weppa were used in the production of ceramic moulds which were used

for production of ceramic wares. The wares were fired and glazed. This showed that gypsum
obtained from the three locatiomsin be use for ceramic application. Howevekeppa
sample was the best of the three locations in performance and collowefi by Wurno.

Dange was good but showed early signs of wedgdtigue Wurno and Dange samples were
identified as anhydrites Ca3ZH,0O while Weppa sample was identified as gypsum
CaSQ.2H;0.
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CHAPTER ONE

INTRODUCTION
10 Background to the Study
The normal production processes involved in ceramic design and practice is often times
tedious and demanding. The necessities for faster mode of prodsatibnas the use of
plaster of Paris mould have become imperative for ceramic production process in recent
times. The production and use of moulds in their various forms seem to bring relief and
solution to initial production methods that seem more streswaduaccomplishing mass
production. Although there are various types of moulds, the plaster of Paris mould appears to
be the type common with most ceramic mass prodwstidaramic moulds are made from
plaster of Paris produced from gypsum. It iiest developed in MontmartreFrance around
1770, which gave rise to its name plaster of Paris and the discovery revolutionised mass
production by slip casting. Gypsum is a rock or natural mineral that is mined from the earth,
usually referred to as hydrous calcium sulphatéCaSQ.2HiO). When gypsum is exposed
to heat treatment, 75% of water loss is record@tis changs it to hemihydrates
(CaSQ.»2Hi0O). In other word, gypsum + heat = plaster (and % water which evaporates).
The making of plaster is done by grinding gypsum, aed theating it untithe chemically

bonded water partially evaporates from %Déo about 188C.

It is evident from past studies that gypsum is available in Nigeria. Researchers and writers
alike have tried to establish this fdodm their findings Examples of such reports can be
found with the Ministry of Solid minerals Developme2z000, and Mohamme8ani, 2002
According to Akpakip, (1993), moulds may come in various forms but the medium gdnch
bestbe adaptedor ceramic production is gypsumagker. This is so because moulds made

from plaster have the ability or tendency to absorb large quantity of water from casting slip,



thus making it a cheapnd reliable medium for ceramic production thatnzdrior now, be

substitutedvith other media.

Generally, moulds may be produced using other media such as metal, camedt,
earthenwaresilicone gel, polyvinyland so on(Sullayman, 2006, Akomolafe, 1991). Moulds

of different types are often used to execute both small and large projects. THdseatu

well for nonclay processes and allied disciplines but not with ceramic mass production due
to the peculiarity of its production. This may be due to the fact that most ceramic productions
use clay in wet state (plastic or slurry) or such mateft@samic boaks) that form or dry on
plaster moulds. An exception is when other mechanical processes like dust / granular

pressing, isostatic pressing, tape casting, and rain preasithgp orare involved.

However, the fact remains that whether mosldade in a single one piece, tpiece, three

piece or multiplepiece form, its production helps in replicating art, craft or other industrial
products exactly, either in relief an-theround In other words, to attain accuracy,
uniformity in weight, ste andfinishing, mouldmaking andts usage are desirable. Akpakip,
(1996) worked on using gypsum in the area of plaster of Paris production. The major thrust of
this study is to analyse the composite nature of gypsum vdaicbe used as guide toward

producingceramicplaster.

There are somandeniable facts about the importance of mould in ceramic production that
should be addressed and discussed at this stage. The first is that moulds are good for
precision and replicatiofor the productioreither ingeneral art/craft works (in the form of
household utensils or decorative wares), or in the minute scientific ceramic productions such
as dentures and other medical body part replacement. Secondly, availability of mould and its
use reduces time spt on the job and conserves energy whieim be directed toward

production of more ceramic wardsastly, the introduction and use of moulds in ceramic



production process must be acknowledgsdthasmade an otherwise unaffordable ceramics
available and affordable to everyone. These factamong othersare the reasons why

production and use of plaster, ipso facto moulds should be encouraged and sustained.

The constant requirement and demand for gypsum for production as raw material by cement
and other allied industries in Nigeria served as a parameter for investigation of the
availability and location of gypsum within the nation. However in 1995, duringeilga of
General Sani Abacha, the military Head of State from 1993 to 1998, pdauoad onthe
importation of gypsum into the country. This was due to the fact that some geological surveys
revealed that Nigeria is rich in gypsum mineral (Mohami8adi, 202). The availability of
gypsum in commercial quantity made it imperative for industrgalist harness the
information to the advantage of cement manufacturing, classroom board chalks and plaster of

Paris.

Holding this thought in mind, it is pertinetdt state that one of the focal points of this study is

to locally source and mingypsum Thethree locations namely; Wurno and Damgé&Vurno

and Dangelocal Government Peas of Sokoto State, and Weppa in Agenebode Local
Government Area of Edo Stalaveprovided the sites. There is nedfurther investigate

the samples collectedseertain their propertiesuch as their chemical and mineralogical
constituents and then process them into plaster of Paris that can be suitable for ceramic
purposesA compaative analysis of thearious types of gypsum obtained and plaster of
Paris processed will be assessed to deter their comparative strengtis the making of

mould formed with selected ratio mixes in line with the existing acceptable stan{id&is,

20@2; British Geological Survey2006; Guler and Cigdem 2012 and Singh, 2013).

The study is expected to contribute towards broadening the scope for creative interest and

knowledge of material exploration, processing and analyses. It is also evident fitablava



literature that there are ample amount of gypsum deposits at Dange and Wurno areas of
Sokoto State, and Weppa in Agenebode of Edo State as contained in Moh&eammned
(2002), Ojo, (1995), and Ministry of Solid Minerals Development, (2000). Accortting
Sullayman, (1991), Arayela, (2006) in the factories and industries where various ceramic
wares are producethoulds are used as convenient mode of production, whether slip casting,
jiggering, jolleying or dry pressing. It answers the question of stdrs@dion, uniformity,

time and material management in factories.

Although the studio potter and the traditional practitioredrpotterymay be sufficient with
throwing and their making standards, industmahss production can only suffice with
moulds.It is alsoproduction fromfactory or industriallyproduced wares that mdascilitate
exportationof indigenous cerami¢cgherdy improvingN i g e foreigndbexchange capacity
and giving the country a chance to compete favourably with other countries wbthd in
production and exports of ceramic goodeherefore mould making is important in the mass

production process of ceramics for profitabilitpst effectiveness and time management.

1.1  Statement of the Problem

Ceramic ware production @taditional level within local communities in Nigeria are both
historical and immemorial. Contemporary concept of production in Nigeria started from the
early twentieth century to the meD"™ century when Mr. Micheal Cardew introduced the
contemporary carept of ceramic practice along with an already existing traditional method
at Suleja near Abuja. Ahuwan, (2003) and Fawowe, (2004) posit that coupled with
introduction of ceramics into school curriculum, eventually, industries emerged amidst the
very favouable production environment such as access to importation of raw material,
functional infrastructural facilities and strong monetary base (Naira) that could be used for

importation of goods and services.



With the political dispensation of the civilianradhistration in the 1980s there emerged an
upsurge in the economic stability of tbeuntry which had a significant negative implication
on Nigeriabs economy and industri al gr owt h.
exchange rates, difficyltin importation, power instability and collapse of infrastructures. All

these affected industrial developments including ceramic manufacturing.

It is true that imported ceramics have purchase advantage over locally made ones, which
might have been due tmethod of production. The methods of production overseas are
through mass production which encourages industrial production and growth. The
consistency in design with perfect use of gypsum plaster (plaster of Paris) arising from
emphasis put on product sign of preto-types before working moulds are produced fro
models. This aspect of ceramic production is a shortcoming to local ceramic production in

Nigeria which invariably translates to higher cost of overhead in production cost.

It is obvious that Nigeria has large geological deposits of Gypsum which could be used to
produce plaster of Paris but this has been undermined significantly when compared to other
countries like Canada, United States of America and Mauritania. Theseriepumive
developed their gypsum for the production of plaster of Paris. The importation of this
commodity into Nigeria as a country has become very expernsive for cottage level utilization
hence the need for local research like this to boost local usgefian gypsum for industrial

use. This study there is to inquire into the chemical and mineralogical properggssoim
depositsobtained fromWurno, Dange and Weppa as raw materéaald their comparative
suitability for the production of ceramic plast The study will also endeavour to establish

the characteristics of plaster made from the gypsum obtained, determining the water plaster

ratio suitable for ceramic mould making and carrying out the comprehensive comparative



analyses required from the d#er deposits, using approved or acceptable parameters for the

analysis.

12  Aim of the Study

The aimof this study is to process and assesssthtbility of local gypsum depositfrom

Wurno, Dange, and Wepaeaswith a view toapply them in ceramimouldmaking This

will be done through the processing of the gypsum into plaster and undertaking comparative

analyses of gypsusamples from the three sites mentioned above

13  Objectives of the Study

The objectives of the studye to:

1. sample andassesghe chemical properties of gypsum obtained from Wurno, Dange
and Weppareasdy means of xay fluorescence specpbotometer (XRF)

2. assesshe mineralogical properties of Wurno, Dange and Weppa plaster by means of
x-ray diffraction (XRD)

3. proessWurno, Dange and Weppa gypsum into plaster of Paris for ceramic mould
making, using @ailablestandard process,

4, produce test bars of various plaster / water ratio from samples of processed plaster for
expected tensile strength and absorbency tests

5. carry out physical performance tests such sisrinkage testabsorbency test,
compressive strengtist,density test andhould release test

6. producemoulds from the best water / plaster ratio mix from test bars, and make
comparative analysis of the behaviour of plasters obtainedtiierthree sites along
the path ofslip casting, press moulding and so torascertained andstablishtheir

performancevariations



1.4 Research Questions

1. Using Xray Fluorescence Spectrophotometer (XRF), what the chemical
propertesdifferentia among gypsum obtained from Wurno, Dange and Weppa?

2. Using X-ray Diffraction (XRD), what are the mineralogicptoperties of plasters
obtained from Wurno, Dange and Weppa gypsum samples?

3. What is the casting performance of Wurno, Dange and Weppa plaster when standard
water/plaster ratio is applied?

4. How responsive is the plaster/water ratio mixes in relaticioted water absorbency
of the processed plaster from the above mentioned three locations?

5. How effective are the shrinkage, absorbency and compressive strength capacity of the
plaster performance to mould release?

6. Are there any significandifferences in the outcome of the final cast wares from the
mould produced using plaster of Paris processed from the three study areas for this

study?

15  Justification for the Study

The absence of locally processed plaster has resulted in high cosamiceroduction in
Nigeria because of high cost of purchasing imported plaster of Paris. This study seeks to
harness the locally available gypsum for manufacturing of indigenous plaster of Paris such
that the dependence on importation could be drasticaiyced and subsequently impact
positively on the cost of ceramic mass production in Nigeria. It is also to provide a good data
base for all findings such as information on gypsum locations, chemical composition of

gypsum and procedure to produce plastién the material from the varied locations.



16  Delimitation
The study is delimited to gypsum obtained around Wurno, Dange and Weppa in Sokoto and

Edo States of Nigeria, for ceramic plaster processing.

1.7  Limitation of the Study

Thereare materials in terms oliterature on this study area but detailed information on the
processing ofocal gypsumfor the three sites in this project are rmrstent.Availability and
accessibility of places for analyses of mineral or mateasied limited, hereby time
consuming The presentsecurity situation in Nigerigposed a bigchallenge, especially in
selecting the locations of gypsutm accesswithin Nigeria, especially in th&lorth Eastern

Nigeria.

18  Significance of the Study

The significant of the studig to provide a comprehensive data base for practical information
on all tests and analyses carried out within the study. It erplahd horizon of indigenous
technology into development of locally processed plaster of Raripdttery and ceramic
purposes The studyrevealedthe potentials of the local gypsum mined in Nigenidh
potentials in contributingo the economic development of the natidnwould providelocal
substitutes for plaster which could be maderuygenous industries and investors who may

want to turn the results of the research into weaiith useable products

19  Scope of the Study
The study covexrthe identification of the different properties of gypsum, process of plaster
production technalgy and comparative analyses thie various gypsuns obtained and

eventual utilization of processed plaster of Parisrfouldmaking forceramic manufacture.



1.10 Basic Assumption

This study assumes that the raw gypsum rock obtained from these locationsdispldgt
sufficient characteristics that will make thesuitable for all the processing into plaster
mouldsand also pass the intended tesigable to accomplish this study is also assumed

that sufficient electricity supply would be available during the cause of plaster processing.



CHAPTER TWO

LITERATURE REVIEW
20 Introduction
A study of this nature necessitates the need to inadstignd establish exisginstudies
already carried out and available in theeaof raw material sourcing and plaster of Paris
manufacturing The existingiteratures on useable gypsum vahye tothe various fields or
discipline of study It is fact thatnative or rawgypsun is useful at differenpresentable
stages, either asaw mineral gypsum rock, crushedor calcined as each case may. be
However, literatureeviewon gypsum will also be in areas such as various natures and forms
of gypsum andon plasterof Paris A geneal discourseo address the topic proficientig

reviewed under thist of subi topics drawras follows:

Introducing gpsum

History and process of making plaster of Paris.

Information on various tests necesgé#or this study

General information on slipnd @sting

21  Conceptual Framework

From all that has been said, gypsum plaster or plaster of Pdmsmighydrate of calcium
sulphate or(CaCQ, %2 H,0O) a product from the natural mineral gypsum (Ca38,0).
Gypsum rock is peculiar in nature wheompared with other earth minerafsthat when
gypsum is crushed and heated to temperatur®C1206d above but not beyond 200 75% or

¥ loss of water of formation is recorded. This process of heating gypsum powder is called
calcinations. However, whethis calcined powder is mixed with water, the water of
formation lost is replaced as plaster reverts to the solid state before calcinations. It is this

attribute of gypsum thahakes itvaluablefor mass productiom ceramics
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Researchers who have experimented with gypsawve done sawith intent to achieve
specific ends. Gypsum usee vast and extensias available from various literatures, USG
(2002), @°C (2014), Kumar, Saini and Sameer (2013); BSG (2006) and Elsen (2@06) et
Gypsum is useful in general and art production, building, construction/architectural
engineering, agricultural and medical use erthopaedicdenture and pharmaceuticaie

this asit may, the concern of this study is the use of gypsum plasterould-making for

ceramic production.

Pusukumtanand Watanopas, (2001), Guler and Cigdem, (2010) agree there are three types
of gypsum plaster namelgipha, beta andjammaor U , b, 2 variations.
sources alpha plaster is produced at’C6@ is said to be high in natural strength, low in

porosity and low in expansion. Beta plaster was said to be high in porosity, low expansion

and low in strength.

Pfeifer, Wang and Eyerer, (2013) and Lokuliyana, Perera and Gunawardena, (2013) produced
ceaamics from moulds of different types. Pfeifet al (ibid) used a mixture to achieve
porosity in mould for ceramic products whereas Lokuliyanal (ibid) studied and produced
plaster of Paris from discarded moulé8asterof Pariswhen mixed with water, reverts to
previous state of CaSQ@H,O or gypsum chemically and structurally. Therefore, this
attributeof used moulds was exploited in that investigation by ligknaet al (2013. Used

plaster moulds were crushed and calcined in temperatuf€ 186 two hours in an open

atmosphere.

A similar study was also carried out by Chandara, (20@58d ceramic casting mould was
also exploited in this study. In the R o of eCatalystin Effecting Morphologicaland
Mechanical Characteristiosf High Stremth Alpha Gypsumn P | a shy &ingh (2013)

synthetic plastewas used for the study by the name phosphogypsum. In this report U.S.

11



Gypsum CompangindHydrocal Gardenefthese are gypsum manufacturing comparaes)
also mentioned to have exploited the use of synthetic gypsum for the production of plaster of
Paris. Theexperimentwas carried out in an open kiln for 30n2hrs. The aim was reducing

calcinations period from the normal7®ours to about two hour period.

In Akpakip (1993) and Oren Plastering Company (2014), natural gypsum was used in
producing plaster of Paris for ceramic production and as building/construction material
respectively. Oren plastering (2014) is silent on temperature range but agreekpaktipA
(ibid) on calcinations for roasting of gypsum rock for plaster of Paris. Agpékid)
exploited the use of kiln with temperature ranging from°’C2® 18GC for three hoursThe

thrust of this study is to exploit the experience garnered fronatiter and such as presented

by Akpakip (1993) to achieve the expected aims and objectives of this investigation.

2.2  History and Process of Making Plaster of Paris

Plaster according to Oren Plastering Company, (2014) is one of the most ancient media used
by ancient men in handicrafts as well as building. Historical evidences show that primitive
man plastered mud over a framework of sticks and reeds to enclosediygaEucture to

keep out the natural elements e.g. rain, sun, etc. Another instance is that of the Pharaoh of
Egypt who used plaster surfaces in their palaces and pyramids. It has been observed that the
plaster work and the decorations on it were domeenthan four thousand years ago. The
plaster surfaces still appear in hard and durable state today, even after so many years. The
ancient hieroglyphics were often painted on smooth plaster surfaces, according to Oren
Plastering Company (2014). An examen old Greek architecture where stone and plaster
wereused in the interior of an ancient building. Another ancient architectural structure is the

Weis Church built in 1754.

12



The study of ancient Greek architecture reveals that plaster was used®neghks at least

500 years before the birth of Christ. I nci de
came TheGr eek word transl ated in Engl thssamewoul d
meaniy wi th fAto pl dewewenr reseaicm badhowg lor isditated that,

principal tools, process of developing plaster and various ugesopractically identical to

those of modern dawpplications Study has also shown that the finest plasterwork
accomplished by the ancient Egyptian was madglasgter produced from calcined gypsum

(gypsum made into powder by heat action) or roasted gypsum, very much like the way plaster

of Paris is made in todayods .world. (Oren Pl a

According to Singer and Singer (1971) plaster is useceramic industry for three related
purposes as stated here; faj model making (b) for making moulds for pressing and
jiggering shapefrom plastic clay, and (c) Making moulds for slip casting wares. This author
favours 78 parts by weight water to 108rts plaster and 90 parts by weight water to 100
parts plaster for casting moulds, or better put in this way 100:78 and 100:90. In this
presentation, it is important to note that plaster is stable at 100 part whereas water is varied. It
is interesting to ate that Singer and Singer (ibid), Hamer (1975) both agree to this principle.
Hamer believes that ratio mix affects setting time, final strength and absorbency of the set
plaster after it has dried. Hamer (1975), Singer and Singer (1971), USG (2002),pAkpak
(1993) all agree that the closer the water rate to plaster, the more porous and weaker the mix.
While Hamer (1975) says a fresh plaster in good condition should give 3 (three) to 6 (six)
minutes of pouring time, Singer and Singer (1971) suggests fre@® Ibinues of setting

time.

Nelson (1978 says plaster setting time is from 3 to 4 minutes while plaster hardens in about

20 minutes. Whatever the setting time, these authors record is correct because Hamer (1975)
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andSinger and Singer (1971) advisefirst testing plaster to determine setting time. The dry
mould has twice the strength of a wet plaster (Singer and Singer, 1971). It is also noted that
using hot or high temperature to dry damp or wet moulds is not advisable but mould should
be dried in mderate temperature not exceedind@5This way mould life can be prolonged.

Therefore drying of moulds each time they are used is advisced.

Like in some other profession, there are risk/hazard factors in practice of plaster production,
fine gypsum powdeconstitutes health hazard when a veris unprotected. It is useful and
advisable for all producers and users of plaster to be armed with knowledge on how best to

handle plaster of Parisitfp://www/inchen.org/dag¢ This especially is true during the period

of plaster processing and use because during the stirring/turning plaster from one container
into another, loose plaster powder fill the air. Plaster is not to be infgdeditive skins and

eyes are not to bexposed to plaster. Smoking ought not to be engaged when plaster dust is
presentedlf inhaled, it could induce cough, redness of the eyes, if eyes are exposed to plaster
powder. For this reason, use of protective gloves, wearing of safety goggles/sgectacl
breathing protection/nasal cover afatial masks are strongly aded when working with

plaster of Paris.

23  Gypsum Rock, Types, Uses and Theories of Formation

Several studies have been carried out on botlpltysicaland chemical environment that
favoursnatural formation ofjypsum and anhydrite, the replacement of one mineral rock by
another. Anhydrite is a mineral verymuch like gypsum but without the water of
crystallisation, and with chemical formula C@a¥, it is found most frequently in evaporate
deposits with gypsumrhe name anhydrite was given by @. Werner in 1904 becausé

the absence ofvater of crystallization in cdrast to the presence of water in gypsum

(en.wikipedia.org/wiki/Anhydrite)Based on these studies, many theories or concepts have
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been put forward in an attempt to try and explain the various thick deposits of gypsum found

around the world.

According to available literature, tifermations of earthy or nemetallic minerals tad a
period of thousands and hundreds of yedmwrever, it is assunteby some writers that the
wordgypsumi s from t he Qmealk i wagr d cfhgsypksndgcalciuml ast e
sulphate)generally occus as sedimentary deposits and tisscommon in much of the
geological recordsevidert from literature. Gypsum igampant among carbonate rocks
especially dolomite and do occur in saline lakadact, gypsum is commonly formed in the
marine environment of semater as opined by DeeHowie and Zussmar1962), Palache,
(1951), Wright Hastings, Jones and Willianf$985) and also arouncdbxide portion of ore
deposits However, two of the three authors state tipgdsum could bdéormed in volcanic
environments associated with metamorphic rodksanother submission, Gypsum Supply
Co.(2014) States that early use of plaster dates back to 4000 \Bheb. the Egyptians
appliedgypsum plastelike substance to the interior and exterior of pyramids. It was also
noted from this same source that, @snjamin Franklin brought gypsum to the United State

in the midi 1700s as soil additives.

Read and Srebrodolsky as reported in Akpakip, (198&)laim that there some varieties of
native or raw gypum, namely; selenite or crystaéld form, alabaster wi¢h is afine-grained,
compact snowvhite or lightcoloured massive variety. The third and last variety is the satin
spar or fibrous variety which has a silky lustre. In colour, the hue of gypsum ranges from
colourless to white, and sometinfesm ydlowish hueto red. The hardness of gypsum rock

in light of the various opinions of most writers ranges between 1.5 and 2. This hardness can

be scratched witanadult fingernail (Akpakip, 2004.
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It is important at this time thdahe existence of another type of gypsum be established in
order to balance the discussion on the different types of gypsum. GY¥RSUM (2007)

the factsheet on gypsumys,thatgypsum industry is working towards building value for the
society by offeing safe, economic and recyclable products for the home owner using
substitutes to natural gypsum whenever possibles isin order to reduce pressure on
natural resourcesAccording to this source, an intelligent alternative is the gypsum derived
from the flue gas desulphurisatiofirGD). This is the end product of wet purification
procedure with naturdime thatessentially forms according to the same laws as natural
gypsum, but this time, in a speededip process taking onlg few hoursas opposed to
natural gypsum that is formed ovewvo to four million year period of timaccording to

British Geological SurveGS (2006),United State$sypsumUSG, (2002)

It is purported also that the FGD or synthetic gypsum has a higher pugiypsfim content

of 96 percent than most natural gypsum of 80 percent. Apart from flue gas desulphurisation

(FGD), there are other types of synthetic gypsum namely, Phosogypsum, Titanogypsum,

Atrogypsum. It is however important to observe that the just meedi synthetic gypsum

may not be the only known synthetic gypsum, as it is also acclaimed by the same source that
some amount of gypsum are recovered by the production of some organic acids e.g. Tartaric,

Lactic, Formic, and Oxalic Acid88GS (2006) and US (2002)

Even though the issubat has to do witlsynthetic gypsum has just been discussed, it is an
exercise done to bring variety in knowledge so as to enrich the study. It is an academic
exercise;therefore this study wilin no waydeal moreextensively in the area of synthetic
gypsum other than what has been discussed so far. This is so because syntheticsgypisum

essential to the core subject of this study.
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Gypsum as posited by Kumar, (2013) is one of the important industrial mideralsydrous
calcium sulphate (CaSQH,0) having a composition of 79% calcium sulphate and 21%
water. Gypsum in its natural forso finds applications in the manufacture of hydraulic
cements, ammonium sulphate fertilizer, sulphuric acid sodreclanation for agricultural
purposes. Whenrushed andalcined into powdeform it is plaster of Paris and enriched

with additives like accelerators, retarders, fillers and binders, the use of gypsum are varied
and extensive. The calcined gypsum or plaster of Paris is used in buildimgineering /
architecture pottery, cerami and orthopaedimedicine acording toplastergrades British

Geologcal Survey 2006)

However in Nigeria, accordg to available publicatiors, Ministry of Solid Minerals
Development, (2000and Mohammedanni, (2002pypsiferousshales are reported from the
upper Cretaceous Dukamaje Formation and the Paleocene Bangationis available in
the Sokoto area. The 14Willion tonne gypsum deposit at Wurradso in Sokoto State is
currently being mined by smadcale miners to supplthe Sokoto cement plant. Other
gypsum prospectare reported from Nafada/Bajoga in Gombe State, at Fika ire Goate,
Weppa area of Agenebode in Edo Stated at Guyuk/Gwalura iAdamawa State (Ministry
of Solid Minerals Development 2000kypsum is anatural mireral which has the formula

CaSQ.2HiO. Gypsum is a soft, transparent or translucent mineral composed of crystallized
calcium sulphatéCaSQ), found naturally primarily in sedimentary deposits. Gypssiosed

for themanufacturingof various items e.gvall boards, paper, pds, plasterscementetc

According to Gypsunirecycling International (2007), in total 80 million tons of plasterboard,
wallboard anddry wall is produced every yeaAccording to literaturghere is gypsum in
Nigerian soil, Mohamme&ani, (2002) claims there is in an occurrence of gypsum in Mutwe

area of Yobe State, Nigeria. In yatother developmentt, is also stated byribisala and
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Adegbesanin (Ministry of Solid Minerals Development 2000)he reserve ggmate of he
Sokoto phosphate deposit &out 5 million tonnes The Raw Materials Research and
Development Council (RMRDC) hatherefore set up pilotplants for the mining and
processing of phosphate rock in Sokoto State (Ministry of Solid Min&aissbpment

2000. Mining is currently ongoingccording to thisource

Many researchers and writers, USG, (2014), Naturesway Resources, (2014), Office of the
Deputy Prime Minister, (2006) including Mohamm®édnni, (ibid) and Akpakip, (ibid)
agreed thaplasterusage couldoe multii purpose for the production of plaster of Paris which

can be used for diverse purposes, ranging from orthopaedic, dental, wall/roof spraying,
plastering or decorations, and production of ceramic moulds for pnegdsction puposes as
presentedy Akpakip, (1993), supports the use of plaster of Paris in ceramic mould making
for mass production, while Okojie, (8B) favours the use of plaster moulds for slip casting;
Sullayman, (1991) used plaster moulds for jiggering and joletechniques and Lest al,

(2012), used plaster moulds for a modified slip casting methods as in the case of denture
casting (Giordano and Mclaren, 2010). Theretbere seems to be a consensusheruse of

plaster of Paris for ceramic mould making.

The industrialised nations account for the largest share of gypsum production in the world,
while the United States of America is rated the highest consumer of gypsum. There are other
nations that are engaged in the exportation of gypsum, chief amongsi@amada. There

are other Countries that also export gypsum in substantial amount includes Spain, Poland and
Germany. The annual consumption of gypsum in the United States of America ranges from
three to five million tonnes. This is procured from fiftyywo mines where gypsum occurs
mainly in Silurian strata, in the eastern states. The Silurian strata is a geologic period and

system of reading the time of geological findings, this time period is said to be that which
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extends from about 443.4 + 1.5 millioyears ago (mya). (en.wikipedia.org/wiki/Silurian).
Canada is said to exports gypsum in the form of crude rock. (MohaiSared, (2002),

(Euro: Gypsum, 2007).

Sikombo in Mohamme&anni, (2002) reports that; Zambia obtains a form of gypsum by
neutralizirg the sulphuric acid effluence from the electrolytic copper refineries with calcium
carbonate (CaCip. Such a byproduct of gypsum is only suitable for cement manufacturing.
In Nigeria however, gypsum consumption and production for industrial applicationthe
range of between 6,000,000 to 8,000,000 tonnes per year. The Nigerian gypsum production
capacity in comparison with the available record of production in the United States of
America is very low. The US oydut is to the tune of 20,000,000 to 19000,0000 tonnes

per year (AfricMining Co, 1996). In some places however, gypsum is used aspaoolyct

of scrubbers used in cefited power stations. In North America, an extra 0.7 metric tonnes
of by-products of gypsum is consumed. On the other hahdf 6.0 metric tonnes of gypsum

is procured as bproducts from other industries and interestingly, in Eastern Europe, gypsum
consumption follows the similar pattern. The type of gypsum introduced (synthetic gypsum)
is relevant to the discussion, irathit will present an occasion for the researcher to determine

the desired nature of gypsum sul&for this study.

Holding this thought in mind, it is pertinent to state that one of the focal points of this study is

to procure locally mined gypsum frotwo locations namely; Wurno, Dange area of Sokoto
State and Weppa in Agenebode Local Government Area of Edo State. This is to further
investigate the samples so collected, to ascertain property constituents as gypsum and process
them into plaster of Parthat can be suitable for ceramic moulds. It is the intention of this
study to also make comparative analysis of these various types of plaster of Paris processed

from the two chosen locations within the studyis is todetermine their individual and
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comparative strengths at selected ratio mixes within available and acceptable parameters and
produce plaster moulds from these two locations to determine their suitability for use in
Ceramic mass production. Akpakip (1993) and Mohamfaa, (2002), both cla

availability of gypsum in Sokoto and Yobe States of Nigeria.

This study aims at investigating these claims, processing the gypsum for ceramic plaster
moulds, and by effecting comprehensive comparative analysing of the findings originating
from the stug. This will establish and justify the claims and contribute to knowledge in the
area of ceramic materials sourcing, processing and production. Gypsiferous shales are
reported from the upper cretaceous Dukamaje formation and the paleocene Dange Formation
in the Sokoto area. The l-dllion tonne gypsum deposit at Wurno in Sokoto State is
currently being mined by smadcale miners to supply the Sokoto cement plant. Other
gypsum prospects are reported from Nafada/Bajoga in Gombe State, at Fika in Yope State

and at Guyuk/Gwalura in Adamawa State (Ministry of Solid Minerals Development,.2000)

It is also evident from available literature that there are ample amount of gypsum deposits in
Dange/Wurno areas of Sokoto State and Weppa in Agenebode of Edo Statgaased in
MohammedSanni (2002) and Akpakip (1993), while in Mohamr&ahni, (ibid) the
location is called Fika site, Akpakip (ibid) calls it Grujika. Obviously, from
investigations, the general name for the larger area of where the gypsum rallynatu
deposited and located is called Fika while the specific mining site or base from where
gypsum collected was mined was located at Grujaja area of Fika situated in Yobe State of
Nigeria. Afric Mining Corporation was the company or body that mines gypsek from

this specific area according to both sources.

Another area of investigation will be on thethenticated@laims of different types of gypsum

either as crystallites, selenites, gypsite, alabaster, etc. It will be expected of this investigation

20



that the character of gypsum rock obtained for the study from these two locations be
ascertained before production of plaster of Paris for this study commences. There are mainly
two sources of gypsum according USG (United States Gypsum), (2002), EuraiGypsu
(2007); and British Geological Survey, (2006), in Factsheet Natural Environment Research
Council,. These other sources are, the naturally mined gypsum and the synthetic gypsum, the
latter was briefly mentioned or introduced above. Even though thisesyntiypsum is not

the focus of the study, the mined or naturally mined gypsum is the material selected for the
study, attempt shall be made to briefly discuss the synthetic gypsum so as to enrich and bring

the study abreast with topical issues relativdisgussion within this study.

As earlier mentioned, the United States of America and most industrialized nations of the
world appear to be the highest consumers of gypsum. The gypsum industry as contained in
Euro: Gypsum, (2007) is working towards build value for society by offering economic

and recyclable products for the home owner using substitutes to natural gypsum whenever
possible, in order to reduce pressure on natural resources. An intelligent alternative
(according to this source) is the gyps that comes from the flue gas desulphurisation plant
otherwise, known as FGD. It is the end product of a wet purification procedure with natural
lime, which essentially forms gypsum. This is according to the same laws that form natural
gypsum but this o occurs in a very fast period or speededprocess taking only a few

hours. It is an important supplement to the supply of natural gypsum.

The origin of gypsum has been debated for over a period of over fifty years, an incorrect
assumption of gypsum origin for etafl908)xra mpl e
Germany whictpresented the idea that perhaps calcium sulphate is primasyangin. This
presentation, according to further investigasiomas found to be based on an incorrect

assumption, due to the fact that hemihydrates which is calcium sulphate Wtihalf)
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moleculeof water or (CaS04.221D) is actially formed at dour-phase equilibrium point at
42xC (forty - twoi degree) centigradeA situation like the one above demands careful

investigation in respect of all intellectual topics or discourse, so that an incorrect fact might

not be taken for a fact, throwing a largopulation of people to believe in error.

According to Sullayman, (1991), Arayela, (2006) in the factories and industries where
various ceramic wares are produced (or manufactured) moulds are used as a convenient mode
of production, whether slip castingggering, jolleying or dry casting, moulds answer the
guestion of standardisation, uniformity, time and material management in the factory. Though
the studio potter and the traditional practice may be sufficient with throwing and making
standards, indiigal production can only suffice with moulds. Generally speaking, mould
making is important in the production process of ceramics. The importance of gypsum in
making moulds cannot be overlooked because naturally mined gypsum is the universally
accepted ntarial used in the production of plaster of Paris and with plaster, ceramic moulds

are made.

Arayela, (2006) in a lead paper at the conference of Ceramic Association of Nigeria (CerAN)
stated that in ceramics of today, forming techniques have grown in leaps and bounds, from
the traditional forming and throwing techniques to forming by using @lashoulds.

Ceramic forming techniques are actually ways of making objects using ceramic materials and
this has been employed in the making of everyday utilitarian wares, engineering ceramics,

medical ceramics and ceramic fibre optics in the telecommiomdaidustry etc.

Apart from these mentioned areas, ceramics is also useful in automobile application because
of their unique heat, wear, and corrosion resistance, light weight, with electrical and heat
insulation properties. Spark plugs, insulators glags windows in cars, numerous ceramic
electric motors are used in modern cars as.dramiccomposite brake rotors which are
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standard equipment on formu@ne race carsre now being offered on selected high
performance passenger vehicles. The conpdsiake rotors reduce vehicle weight by more
than ten pounds; resist heatluced fading and lasts as long as the vehicle. In electronics, the
use of ceramics is becoming popular as ceramic super conductors allow the flow of electricity
with little or noresistance and no heat loss. All these products of ceramics are standardized in
production and therefore use moulds as a matter of necessity. Some high temperature
ceramics are either very tiny or delicate and therefore difficult to handle during thedormi
process; or the material mix or combination is very low in plasticity, and as such, requires the

use of moulds in formation process.

The growth of ceramic practice in forming shapes is such that different techniques have
evolved over the years. Fronrfieing with hands (otherwise known as hand building), which
includes pinching, coiling or slabbing metho
(1991), Akpakip, (1993) and Arayela, (2006) present a ceramic technique used in the
production of massugntities of commercial quality, this process or technique is the use of
plaster mould as presented in Akpakip, (ibid) and Sullayman (ibid), slip casting in Arayela,
(ibid). The process though presented differently by both researchers is one and the same
thing, which is the use of mould for slip casting technique, a process of mass production in
ceramics. This process relies on the use of plaster moulds to cast with slip, otherwise called
slip casting. By this, the slip could be liquid clay or a mixturélend of different ceramic
materials e.g. feldspar, ball clay, kaolin, etc, in water in specified percentage. For high
temperature ceramic e.g. porcelain and general mass production for commercial purposes, the
use of plaster mould is expedient. It is mnfant to mention that apart from the process of
using moulds for slip casting, moulds are also used for pressing or ram extension, jiggering

and jolleying and granular pressing.
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It is therefore imperative to highlight that gypsum is the universaljyeaerally accepted raw
material for plaster of Paris, which in turn is the material necessary for the production of
mould for ceramic mass production. This is considered important piece information
especially seeing that ceramic is gradually becoming nmbeedisciplinary. More so, now

that ceramic production techniques are used even in dental replacementdarttureas

evident in Guler and Cigdem, (2012); Lee, Lee, and Lee, (2012).

As there is greater need for ceramic products, there is an equahdemn the ceramist to
supply those demands through new approaches and targets. One way of achieving new targets
is acquiring necessary information and using such information for sustainable development,
in the areas of material development and processiagailable raw materials. This study is

a follow-up to an earlier research wottkat had been done in the area of development of
plaster of Paris with gypsum from (Grujdjka of Yobe State of) Nigeria by Akpakip,
(1993) Thereis need to equally carrgut a research on the possibility of developing plaster

of Paris from other places such as Sokoto gypsum. Earlier studies by Moh&anied
(2002), Harem, (2011), and Ojo, (1995) indicate that there is gypsum in Wurno and Dange
areas of Sokoto State. Ageddy mentioned, it is one of the focal points of this study that
gypsum will be obtained, investigated and processed into plaster of Paris for ceramic
production and findings from this study will be analysed and compared with that done on

Grujajafika gypsum sample from Yobe State by Akpakip, (1993).

24  Temperature Options and Heat Treatmentin Plaster Processing

Different categories of temperature suggestions have been made by some authors and
researchers, the different suggestions may be due enthese othe plasterproduced. For

an example, as earlier mentioned in this study, gypsum could be calcined for various end uses

like cement production, orthopaedic casts, and building or construction purpodast,
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Singh, (1992) posits that plastef Paris or gypsum plaster is widely used for a number of
things beginning from building, manufacturing of sulphuric acid, pottery/ceramics and
Portland cement. According to this source, there are three crystalline folth® ahdo or
alpha, beta andammagypsumplasterTh e mo st ¢ o mmioforth whiclnis radle i s
by heating gypsum or CaaHiO at about 13@C - 16(xC in an open kettle or rotary kiln

The making ofalphaplasteris made bywhich consists of heating gypsum in a saturated
steam atrasphere for six hoursdrying and then grindingAdditives to produced plaster
which accelerates or slows down setting time include gum Arak2é4)l soda ash, lime or

litharge.

Pusukumtana and Wattanopas, (2010) calcined used plaster mouldsx@t Bsilish
Geological Survey (BSG), (2006) posits from #6600 16%C, Chandara(2007) suggests
that plaster could be dehydrated at a temperature as low as fro@ DA6GC. While
Mohammed, (2010) subjectegdound or milledgypsum to elevated temperegtexposure for
the purpose of the study omesidual compressive strength testaibjecting gypsum to
temperature ranginffom 10«C, 20C, 30C, 50C, 70xC and 90&C. Most writers
agree on the importance appropriateéemperaturananipulationand controlled humidity of
immediate calcinations environmenuithin the kiln compactmentin a similar situation,
Akpakip, (1993) chose to use »Dand 1804 as desired temperaturdt is the aim of this
studyto evaluate all suggested temperaturestaldish the particular one which is best suited

ard reasonabléemperaturéhat may assist in achieving desired and expected results.

A more reent publication as presented in British Geological Survey (BGS), (2006) that
gypsum (CaS{2HiO) is first ground to powder and heated atX5@o 16%C. Kumar, Saini
and Sameer, (2013) suggest aroundxC2@ 16&C. Euro Gypsum (2013)grees with BGS,

(ibid) on grinding of gypsum before calcinations or heating and on temperature choice.
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Kaplan, (2013 advices that plaster should be stored in airtight food service container to keep

away moisture. No specific mention of tesngture is made by this author.

Some literature acknowledge the periods of boiling and settling of plaster. For example, Euro
Gypsum, (D13), BSG, (2013)agree orthe factthat plaster, during calcinations boils during

the hoursin the kiln or oven. These writers also attest to the fact that after each period of
boiling the plaster settles before another period of boiling resusesdvised by Akpakip,

(1993) that calcination of each batch or feed of plaster shauttideharged. In fact, Singer

and Singer in Akpakip, (1993osit thatthe continuous stirring of the plaster charge, the size

of the chargethe ventilation system of the calciner to keep the humidity of the air
surrounding the material sufficiently high is capable of producing good plaster. Therefore it
could be understood that, production of plaster does not depend on temperature alone but on
the efficiency of stirring and ensuririgat thesurroundingof the charge in the kiln or oven

hasadequate water vapour pressure.

Gypsumis importantfor the production oplaster moulds, wall/ceiling decorations, sculpture,
and cement productioit.is used for the production of Plaster of Paris (P.O.P) and classroom
chalk, etc. A strategy for largecale mining of gypsum used in the cement industries is
urgently required to sustain existing plants and meet future expansion. Current cement
productionis put at 8 million tones per annum while the natiomaljuirement is 9.6 million
tonnes. About one billion tames of gypsum deposits are spread over many states in Nigeria.

(MohammeédSani, 2002)

There is no recordfdirst or ancient use of plaster Nigeria,but early worls of arts, such as
somesculgural worksof Enwonwu and Demas Nwokmay be close enough evidence of
plaster use in Nigeridf there was any ancient use of plaster in Nigeria, evidence could have

been left for posterity. The fadhat there is noexcavationor ancienthistorical finding
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pointing towards such is indicative of absence of ancient plaster use in Nigerideing as
it may classroom chalk has been in Nigersechools as early as when the colomaperial

system ofducation came into the country.

Another evidence of plaster use could be traced to the birth of contemporary art practice as
mould making was part and parcel of contemporary ceramic art practice. Therefore, apart
from plaster featurig in mould making eher in scubture production or classroom chalk
production, there is also that possibility of early use a$tplain mould making in the egrl

days ofcontemporary eramic in Nigeria(Ahuwan, 2003 and Fowowe, 2003)

It is gathered from varioulteraturesthat hydrate calcium sulpha{€aSQ.2H,0) or raw
gypsum when heated to 1’7 looses 75%seventyfive percent) water of formation during
calcinations to become Cag@H,O which otherwise is known as plaster of Patiss also
understood from literature thglypsum from site isrushed to finer particles at different
stages until when gradually plaster is ground into what appears to be-lil@itexture.
Knaauf, (2013) suggests firddrying it out (that is ground gygum otherwise called land

plaster) béore it is fed into théettle or rotating cylindefor calcinations

During the period of calcination, the powder is constantly mixed by huge rotors or sweeps
within kettle structure, such thdemperature is keptiniform. This process is carefully

monitored to ensure the correct or exa@ter removal from gypsurwas sustained and
achievedOtherwise, should the kettter containeand plaster get overly heated or prolonged

beyond 208C. The end product may resutt whatisk nown or t er medhotas i de
good enough for plaster of Paris but maybe for cement, e.g. Keene c&mger and

Singer, (1979) saysjn plaster production a lot depends on temperature control as well as
efficiency in stirring and war vapour pressure management within tike during

calcinations The kilns available in the Department of Industrial Desigkhmadu Bello
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University, Zaria has no thermocouple for temperature cona®mentioned in Singer and
Singer, (ibid) kilrsin a Federal Government parastgtablustrial Development Centre D.
C.) in Samaru, Zariavas sourced for and permission granted the researcher tbeusin

available therdor this study.

25 Information on Various Tests Suitable for this Study
Varous tests that are suitable for this study are as follows:

- XRD (X7 rayDiffraction)

- XRF (x71 rayFluorescenc&pectrophotometer)

- Compressive strength test

- Absorbency test

- Shrinkage test

- Density test

- Practical Casting and Mould Release Test

Thereare dfferent types of scientifidestsrecommended or suggested as capable tests for
materials and minerals of all typdsereare some topical testXRD (otherwise kown as x

ray Diffractions), XRF or x-ray FluorescenceOf these tests, the first twoeaselected, along

with modulus of rupture, porosity/absorption test and mould release test, for use and

completion & this study.

25.1 X-ray Diffractions (XRD)

Thechemicalproperties of a materiaan often be linked back to the arrangement of atoms

its crystal structure. Xay diffraction (XRD) is a nowestructive analytical technique which
can yieldunique fingerprint associated with a crystal structure of such material according to
Braggequation According to Brauwer, (2010) and Gauglizal, (2004 a crystal structure

can be regarded as something being built of layerslameg, of which each acts ssmii
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transparent mirrorX-rays with a wavdength similar to the distances betwebese planes
can be reflected such that the angle of otiteé is equal to the angle of incidencehis

behaviour is normally called, Adiffractiono,

Analysis of the diffraction pattern allows the identification of phases with a given sample.
With that achievedit may be possbl e t o quanti fy each phase pr
sample, the crystal structure and their lattice parameters, crystal size and strain and all

information that can be vital in mai&l characterisation and quamlicontrol.

X-ray Scattering &chnique: This is an-say diffraction pattern formed whenrays are
focused on a crystalline material-ray scattering techniques are a family of tu@structive
analytical techniques which reveals information about the crystal structure, chemical

compaition, and physical properties of materials

25.2 X1 ray-FluorescencegXRF)

When a primaryX-ray excitation source from aXrray tube or a radioactive source strikes a

sample, theX-ray can either be absorbed by the atom or scattered throughatbgal. The

process in which an xray is absorbed by thaectronby transferring all of its energy to an
innermost electron is called the Aphotoel ect
ray had sufficient energy, electrons are ejectednfthe inner shells, creating vacancies.

These vacancies present an unstable condition fagléogron As theelectronreturns to its

stable condition, electrons from the outer shells are transferred to thesivalisrand in the

process giving off a d@racteristic xray whose energy is the difference between the two
binding energies of the corresponding shells. The emitieyx produced from this process

are calledX-r ay Fl uorescence, 0 or XRF. The process
X-rays i's cafay-€HdudrXescencTae XRR méthod is svidedy used to

measure the elemental composition of materials. Since this method is fast adebtrantive
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to the sample, it is the method of choice for field applications and industr@duigiion for
control of materials. Depending on the application, XRF can be produced by using not only
x-rays but also other primary excitation sources like alpha particles, protons or high energy

electron beams.

25.3 CompressiveStrength
The compressive strength test is daimeascertain the compressive strength of a material.
This is especially administered on samples of earthern minerals, and ceramics especially

minerals that lack tensile strength and capaéitgster of Paris fall into ihdescription.

25.4 Shrinkage Test
Some minerals are known to shrink or reduce ie &i@m wet to dry state, clay and other
earth mineral inclusive. The shrinkage level in plaster should be minimal and therefore

inconsequential to the size of finadoduct.

25.5 Density Test
The density of an object is the state or quality of conmaesst or closely, set of that object or
mineral. In calculations, it is expressed as mass per unit volume. The density test is the

enquiry to know the compactness anevlabosely set processed plaster is

25.6 AbsorbencyTest
The capacity or ability of a material to absorb moisture and to what percentage, is the reason
absorbency test is carried out. Processed plaster from the three lovatrerstibjected to

absorbency tests and the results is presented here.

25.7 Practical Castingand Mould Release Test
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As indicated bythe topic, processed plaster will be used to produce ceramic slip and dry
pressing moulds. This exercise should determine tastable theoroduced moulds from

processed plaster is.

26  General Information on Mould Making and Slip Casting

Mattison, (2006) specifies hump moulds, tpart moulds and mulpart moulds and defines

a mould asa plaster of Brisformer in which clay can be pressed or slip cast to create forms.
Mattison (ibid) and Wensley, (2002) statthat slip casting was developed for mass
production of pottery wares but contemporary work shows increasingly inventive
interpretation. Slip castinutilizes the ability of plaster to absorb water from liquid clay slip
when it is poured into a plaster mould. As water isocabed from the clay slip, it begins to
form a layer of solidifying clay on the inside surface of the mould. When this layer has
reached the required thickness, excess slip is poured out, leaving the formed or deposited
layer to harden or stiffen and shrink away from the mould. Prepared slip for casting should be
without lumps, it must be smooth. If lumps are present, then it isnmeemded that slip

should be sieved @ blunger be used in bending slip smooth.

According to Zakin, (2001) the mould forming process has many similavities print
making, just as printmaking firsbecame popular as an economi@y to create two
dimensional images, slip castiigegan as an economway to create thredimensional
forms. Agreeing with this concept, Akpakip, (1993) stated that muichportant in the
production process of ceramics. The mould comparatively the@otter what lineut or

film negativeis to the pririmaker or photographer. Therefore, the researcher concluded, the
advent of mould, filrmegativeand linacut not only made more people able to purchase the

now accessible wares but also made produoctjuicker, easier and cheap£akin, (2001)
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speaks of sprig as a form of mould unlike other authors who choose to discuss sprig as

another form of decoration.

Many authors and researchaggee thatri evaluating the existing moutgpes, plaster mould
made from gypsunrstill performs the best for ceramic skipsting.Zakin, (2001) and Gukas
(1985)in Akpakip, (1993) posit that clay mixed to a homogenous consistency may produce
slip but that will make a poor slip for ceramic castifighe normal clay and water mixture
cannot be used as a casting ddgcause it will quickly saturate thmould, bringing slip
casting tosudden stop. In addition to thpoblem of saturated mould, the clay particles
within the slipwill settle, causing heavigase and crack3 herefore the ceramist uses a slip
that is specially formulated for the slip casting process. From various literatures, ceramic
casting slip should contain deflocculaiit(the deflocculan} breaks the natural bonds that
hold the clay togtherand changes a stiff clay or clay body intbaid or fluid slip. For this
study, Kankara and Bomo clays aansidered for use in slip castin¢aplan (2010suggest

the purchase of slip for castingelieving it is difficult to formulate. A simple composition as
contained in Apakip, (1993will make a good start. It is as follows; 50 percent Kankara, 50
percent Bomo and 50 percent weight of dry material for watarthe deflocculant, it is it

aratio of 1:3 sodium siliate and sodium carbonate
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CHAPTER THREE
MATERIALS AND METHODS

3.0 Research Design and Procedure
It can easily be deduced from literatutkat gypsum is the raw material oyck used in
developing manufacturing or processingaster of ParisThe method employed for this
investigation is experimentaapproach which involves controlling and manipulating
conditions that will prevail in the study.
This chapter is sulivided into stage# order tosystematially carry outthe researchas
shown below:

e Fieldtripsandcollectionof material (gypsum3amples

e Physicalpropertytestsof gypsum

e Laboratorytestsandcharacterizatiof gypsum

e Pilot study

e Comparative analysis ofaterials (gypsum).

3.1  Preparations for Field Trip
The journeyembarked upon for the purpose of fledd trip was guided byariousliterature
dwelling on theon locatiors of raw gypsumat largescale quantity. Mohammedi Sani
(2002) FederalGovernment RepofR000)and Rock for Crops (2013) indicates thigtpsum
could be foundat Wurno, Dange and Wepp@rujajafika was thesource of gypsum used by
Akpakip, (1993)for the Development ofplaster of Paris frongypsum forceramic mould
making in Nigeria The two countreasos that the location of Grujajiika was exempted
from the chosen locations for this study are as follows;

e Thosetwo studies have been carried out on Fika or Grijkfa gypsum site by

several researchefeom different areas of specializationhey are Akpakip, (1993)

and Mohammedbani, (2002)ywho areCeramist andseologist respectively.
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e The current security situation in tieeuntry (Nigeria), especially in th@orth eastern
part of Nigeriamade it unsafe for botthe indigene and outsiders to \ishe sitesor

research purposes they face life threatening risks consitan

Due totheabove stated reasons, Grujéilea was not considereas one of thetudy location
Dange and Wurno in Sokoto Stated Weppa in Agenebode of Edo Statere selected as

locations from where raw gypswwere collected

In Akpakip, (1993) it is reported that an unstructured interview was carriedb oelicit

r e s p o nduleetimes anchow to access theneral deposit antheir responsegjave a lead

to locationswhere gypsum could be found and possitijlected According to this report,
there were five (5) prospective locations amak (9) out of fifteen (15) respondents selected
Yobe State, they were closely followdxy four (4) people who named SdkoState as
(another) locatiorfrom where raw gypsum could be procured amilectedfrom. As was
discussed earlier, because of the reasons given above, Sokoto State was paatkrred
selectedas preference oveYobe State. Therefor8okoto gypsum locateet Wurno and
Dangewereused Another location of interestasin Edo State, Weppa in Agenebode local
government area. Thefl@eelocationsmentioned above werelected for obtaing gypsum

for this study.
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Fig 1: Geological map of Nigeria

Source: Department of Geology, Ahmadu Bello University, Zaria
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3.2  Field Trips and Prospecting of Material

The process of mining gypsum in Wurno as well as Dange sites wassugnuitar to the
process ngorted by Akpakip, (1993)n that account, it is the bulldozers ding the digging

at the mimng pit exposing the raw massiggpsum. The excavatovasthen used to extract
raw gypsum (with other sotlirt, for examplestones, déssils, soil clay, and so oh Raw
gypsum mixed thus with stones and soil dirdsthen left in a heap to be manually sorted by
trained labourersThe labourersvereemployed hands, whaere constantly there on site to

sortoutthe gypsum.

The gypsumsamplewasobtained fromthelocation as the researcher radter interesin the
mineral (gypsum) known to the interpret@hich wastranslatedin Hausato the contact
persoms in both locationsOnce substantial quantity ofineral was obtainedeach bagvas
labelledwith a marker This wasdoneso that the gypsum from teetwo locations(Wurno
and Dangejvould not be mixed upn transit from Sokoto to Zaridhis was how thegypsum
was obtainedand transported back from Sokoto ttee Department ofindustrial Design
Samaru Campusf Ahmadu Bello University, Zaria. Somgamples were then seledtfor
the Physical Laboratory Testsat the Department of Geologhmadu Bello Universy,
Zarig, with assistance of DrAlagbe who is a lecturem that Depament. The first
assessment of gypsuabtainedfrom the two locations in Sokoto, there was much sand
(or) earth in the gypsum fromdketwo locations Wurno and DangeBefore any crushing
activities were conductedgypsum was washed and spread outitp Sample at Weppa

(gypsun) was obtainedvith mucheaseor this study

The importance of the physicakts for minerals cannot be ovemphasizedThisis because
these testare necessaryor the identification of the minemland in this contexgypsum

The physical tests include streak, cleavage, hardness, colour, tenacity; form, or shape,
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specific gravity, and lustre. Although the physical tests could be more than these, Akpakip,
(1993 in her report had seven (7) as against the eight donesisttidy. The tests done by
Akpakip, (ibid) is the normal expected physical tests carri¢doumineral for identification

The inclusion of tenacityest increasedhe physical test done by the researcher by one,

making it eight (8)n the decision of tis researcher.

3.3  Physical Gypsum Tests

33.1 Streak Test

This is oneof the simplest physical tesind yet equally very important. The streak of a
mineral is the colour of its powder which may be very different from that of the mineral in
massive formThis means that the streak of a mineral is the colour of the fine powder of that
mineral produced when it is rubbed orapped against a streak plate. A streak plate usually
is a whitish unglazeghorcelain flat tile (plate) used in determining the stredKpowder

colour) of any mineral.

Experiment:

Raw gypsum was used to carry out this experiment.

Test Instruments:

The instrument used w&ireak PlatéFrom Department of Geology, A. B. U. Zaridr) this
experiment, the streak plate was obtained from the Department of Geology, Ahmadu Bello
University, Zaria The gypsum sample was rubbed against the surface of the streak plate until
fine collection ofgypsumpowder was achieved. the experiment, he streak produced was
white as indicated iravailable literatureThe streak test was carried out for gypsum fthen

three locations of Wurnd)angeand Weppane after the other
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3.3.2 Cleavage Test

The cleavage of a mineral is the clean, smootheasy parting of layer in that naral. A
cleavage plane therefore is the line of natural weakness in mineral structure along which the
layer of mineral could beemoved.The experiment and instruments for the experiment are as
listed below.

1. Raw gypsum

2. Ranr blade, or finger nail

With eitherthe razor or finger nail, the procured gypsum was subjdotetbavage test by

using both to attempt tracing the top layer of gypsum from the lower. [Alies came off

peeled offthe lower layer Procured gypsunsourced were both ofelenite and fibrous

varietieswith perfect cleavage.

3.3.3 Hardness Test
Akpakip, (1993) and Gribble, (2004tatethat hardness of one minerdiffers from one
anothersignificantly The det er mi nati on of a minethal 6s

important tess in identifying mineral characteriss. The hardness of gypsum was measured

on the Mohds scale of mi ner al hardness.
334 Mohdés Scale of Mi ner al Har dness:

1. Talc

2. Gypsum.

2.5 Adult fingernail
3. Calcite.
4. Fluorspar.
5. Apatite.

5.5 Window glass and Pen knife blade
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6. Orthoclasd~eldspar
6.5 metal file.
Quartz.

7. Topaz

8. Corundum

9. Diamond.

Source: Hamer, (1975)Akpakip, (1993)Gribble, (2004)

The samples used for dbetests aretalc and calcite The Fingernail was used by the

researcher.

The hardness of gypsum was deter mi ned by
procedure. The fingernail of the researcher was successfully used to scratch the surface of
gypsumrepeat edl| y. Gypsum is second (2nd) on Mc
gypsum was rubbed against the surface of talc and it scratch@d the other hand, when

gypsum was used to rub against the surfac&caltite, it could not scratch that surface

instead calcite dented the surface of gypsum, from both locations. To further establish

gypsumé s hardness on MohOos Stead nemberithred(3)nvile a | H a

talc is number one (1) and the sof s @lsst mi ne
procedur e i S known a s gypfuen| throughnthid éxpenindent of Ther e
elimination occpies the2™ positonon Mo ho6s Scal e of Mineral Har

3.3.5 Colour/Optical Properties
Colour of a mineral remains one of its most striking fegg@and quality, Akpakip, (1993)
posits that relying on mineral colour could be misleadBmmetimes gosum is transparent

and at other time® translucent in coloufThey can also vary fromolourless to whitand
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influenced by impuritiesThe colourof gypsum mayalsovary from yellow tan, pinkto blue

andbrown Other colours areeddish brown, grey black or colourless in transmitted light

3.3.6 Lustre

The lustre of a mineral is the character of light reflected by it. The lustre of gypsum is
vitreouson examinationkor this experim