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Abstract

The study prepared seventernary N-B Ti alloys with varying conpositions of titanium
and one hinary N-Balloy (contrd sanple). It also deter mnedthe solidfication path and phase
for mation of the alloys, their mcrostructures andtheir mechanical properties. This was wth a
viewto deter mningthe effect of varying anount of titaniumon the mcrostructure and sone

mechanical properties of the N- Bsystem

The conponents of the alloys were pure N, binary N-Bcontaining 18 3wt %8B and pure
Ti. The conponents of each alloy were accurately weighed and then nelted using an electric
furnace. The sanples were quenchedin air after melting Dfferential Ther nal Analyzer (DTA
was used to study the solidfication path and phase for nation of the alloys. The heating and
coaling rates ranged from 10-20° @ mn Scanning Hectron Mcroscope (SEN equipped wth
Energy Dspersive Xray Analyzer (EDXA) and Optical Mcroscope (OM were used to
characterise the structures of the alloys. The sanple for SEMand OM i nvestigations were
polished then slightly etched wth an etchant consisting of 59 Fed3+10m HA dissdved in
50m H Qlnstron machine was usedto measurethe comnpressive strength of t he all oys whilethe
hardness val ues of the alloys were neasured wth a mcro-hardness tester onthe M ckers and

Rockwell-Cscale

M croscopic andt her mal i nvesti gati ons of the all oys reveal edt he presence of t wo maj or pri nary
phases [ N(0), t] and other binary and ternary eutectic structures. Mcrosegregation was not
observed inthe quenched all oys due totheir very high solidficationrates. Upon subjectionto
slowcooling the mcrostructures of the all oys becones conplex duetosalid-statereactions and

large undercoolings inthe alloys. The addition of titannumtothe N-Bsystemledtoashiftin
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mcrostructure of the alloys fromthe hypoeutectic to the hypereutectic region during slow
cooling Solid state (eutectaid) transfor mation of the t phase was observedin alloys wthlow
titanium contents. But such transfor nation was not observed for alloys wth high titanium

contents. The hardness val ues and Stiffness val ues of the N- B Ti matrixincreased withincrease

intitan umconterts.

The study concludedthat N-B Ti alloys which were suitable as coating naterialsto
so ve wear and abrasive proble ns inthe engi neering i ndustries coul d also be appliedto nake the

materias harder and stiffer.
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CHAPTER ONE
I NTRODUCTI ON AND BACKGROUND TO THE STUDY

1 0 Introduction

Mbst pure netals when subjectedto use are nostly unableto neet the need of engineers for the
particu ar purpose they are used for. The inability of pure materialsto neet the desired need of
engineers has resuted in the doping of parent naterials wth other re-enforcing agents
(materials) soastoget the desired properties neededfor engi neeri ng pur poses by engi neers. This
‘narriage’ bet ween nmterials increases or decreases certain properties of the material such as
wear and corrosion resistance, ductility, hardness, conpressive strength, tensile strength low

ther mal expansion etc. This has ledtothe concept of “alloys”.

The gradual deterioration of mnetallic conponents inindustrial plants is observed due to
corrosion and wear phenonena. The gradual deterioration of conponents resutsinloss of plant
effidency and soneti nes it may cause a plant shutdown. The nore alar ming fact is that, if
corrosion and wear phenonena are conbined these may cause much higher material I oss t hat
can be caused by each of the mseparately. Corrosion and wear often co imbinet o cause aggressi ve
danmageina nunber of industries suchas mning mneral processing chemical processing pul p
and paper production petrochemcal, energy production etc (Shakoor et a., 2014). In nany
applications t he surface of the conponent is subjectedto vigorous nechanical forces and sol vent
attack Therefore, insuch cases, nodifyingthe surface properties has provento be an efficient
and economcal way rather thani nprovingthe bulk properties (Shang et al., 2008). The surface
properties (hardness, wear, abrasion and corrosion) can be successfuly i nproved by nany
techni ques li ke carburizing, nitriding, carbonitriding, flame hardening, laser hardeni ng, i nduction

hardening, internal oxi dation chemcal vapour deposition physical vapour deposition etc Itis
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known that oxygen plays a vital rolein wear and corrosionandthe roe of noisturein wear and

corrosion cannat be under-esti nated ( Aao, 2009b).

One of the basic components of the N ckel-based hardfacing alloys according to Aao
(2010b) arethe N-Bhard phases. Aao (2010b) went further to posit that t he hardfaci ng all oys
are specially devel oped to solve the problens of wear and corrosion in petroche mcal, glass,
autonobile, aerospace, nuclear and other related i ndustries. These alloys are usually used as
coating naterias which are deposited on engineering materias by different coatingtechni ques.
The hard all oys usually consist of nickel as a base netal whiletitanium vanadium chromum
tungsten and nol ybdenum are used as netallic additives and boron, silicon and carbon as non-

metallic additives (Knotek et d., 1981in Aao, 2010Db).

11 Concept of Aloys

A nost every material we could ever want islurkingsomewhereinthe planet beneath our feet.

Fromthe gold we wear asjewelrytothe oil that powers our cars, EartHs storehouse of amazing
materials cansupply virtuall y every need Chenmical elenents arethe basic buil ding bl ocks from
which all the nmateriasinside Earth are nade. There are 90 or so naturally occurring el e ments
andthe mgj ority of the mare netals. But, useful though netals are, they are soneti nes lessthan
perfect for thejobs we needthemto do. Takeiron for exanple Itisanazinglystrong but it can
be quite brittleandit alsorusts easilyindanp air. @ what about aluminum Itis verylight but,

inits purefor mitistoosoft and weakto be of much use. That is why most of the " netals” we
use are not actually netals at all but all oys: netals conbined wth other ele mentsto nake them

stronger,
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