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Abstract 

The st udy prepared seven t ernary Ni - B- Ti  all oys wit h varyi ng co mpositions  of  tit ani um 

and one bi nary Ni - B all oy (control  sa mpl e).  It  also det er mi ned t he soli dificati on pat h and phase 

for mati on of  t he all oys,  their  mi crostruct ures  and t heir  mechani cal  properties.  This  was  wit h a 

vi ew t o det er mi ni ng t he effect  of  varyi ng a mount  of  titani um on t he mi crostruct ure and so me 

mechani cal properties of the Ni- B syste m.  

 The co mponents  of  t he alloys  were pure Ni,  bi nary Ni - B cont ai ni ng 18. 3wt %B and pure 

Ti. The co mponents  of  each all oy were accurat ely wei ghed and t hen mel ted usi ng an el ectric 

furnace.  The sa mpl es  were quenched i n air  after  melti ng.  Di fferential  Ther mal  Anal yzer  ( DTA) 

was  used t o st udy t he soli dificati on pat h and phase f or mati on of  t he al loys.  The heati ng and 

cooli ng rat es  ranged from 10- 20o C/ mi n.  Scanni ng El ectron Mi croscope (SEM)  equi pped wit h 

Ener gy Di spersi ve X-ray Anal yzer  ( EDXA)  and Opti cal  Mi croscope ( OM)  were used t o 

charact erise t he struct ures  of  t he all oys.  The sa mpl e f or  SEM and OM i nvesti gati ons  were 

polished,  t hen sli ghtl y etched wit h an et chant  consisti ng of  5g Fe Cl 3 +10 ml  HCl  di ssol ved i n 

50 ml  H2 O. Instron machine was  used t o measure the co mpressi ve strengt h of  t he all oys  whil e t he 

hardness  val ues  of  t he alloys  were measured with a  mi cro-hardness  t est er  on t he Vi ckers  and 

Rockwell- C scal e. 

Mi cr oscopi c and t her mal  i nvesti gati ons  of  t he all oys  reveal ed t he presence of  t wo maj or  pri mar y 

phases  [ Ni(α),  τ]  and other  bi nary and t ernary eut ectic struct ures.  Mi crosegregati on was  not 

observed i n t he quenched all oys  due t o t heir  very hi gh soli dificati on rat es.  Upon subj ecti on t o 

sl ow cooli ng,  t he mi crostruct ures  of  t he all oys  beco mes  co mpl ex due t o solid-state reacti ons  and 

large undercooli ngs  i n t he all oys.  The additi on of  titani um t o t he Ni - B syste m l ed t o a shift  i n 
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mi crostruct ure of  t he alloys  from t he hypoeut ectic t o t he hypereut ectic regi on duri ng sl ow 

cooli ng.  Soli d st ate (eutect oi d)  transfor mati on of t he τ  phase was  observed i n all oys  wit h l ow 

titani um cont ents.  But  such transfor mati on was not  observed f or  all oys  wit h hi gh tit ani um 

cont ents.  The hardness  val ues  and Stiffness  val ues  of  t he Ni - B- Ti  matri x increased wit h i ncrease 

in titani um cont ents. 

 The st udy concl uded t hat Ni- B- Ti all oys whi ch were suitabl e as coati ng materials to 

sol ve wear and abrasi ve pr obl e ms i n t he engi neering i ndustries coul d also be applied t o make t he 

mat erials harder and stiffer. 

Key words: Titani um Sol ute / Mi crostruct ural /Mechani cal behavi ours / Ni- B All oys / 

Engi neeri ng i ndustri es 
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CHAPTER ONE 

I NTRODUCTI ON AND BACKGROUND TO THE STUDY 

1. 0  Introducti on 

Most  pure met als  when subj ect ed t o use are mostly unabl e t o meet  t he need of  engi neers  f or  t he 

particul ar  pur pose t hey are used f or.  The i nabilit y of  pure mat erials t o meet  t he desired need of 

engi neers  has  resulted in t he dopi ng of  parent  mat erials wit h ot her r e-enforci ng agent s 

( mat erials)  so as  t o get  t he desired pr operties  needed f or  engi neeri ng pur poses  by engi neers.  Thi s 

‘ marriage’  bet ween mat erials i ncreases  or  decreases  certai n pr operties  of  t he mat erial  such as 

wear  and corrosi on resistance,  ductility,  hardness,  compressi ve strengt h,  t ensile strengt h,  l ow 

ther mal expansi on etc. This has led t o t he concept of “all oys”.  

     The gradual  det eri orati on of  met allic co mponents  i n i ndustrial  pl ants  i s  observed due t o 

corrosi on and wear  pheno mena.  The gradual  det erioration of  co mponents  results i n l oss  of  pl ant 

efficiency and so meti mes  it  may cause a pl ant  shut down.  The more al ar mi ng fact  is  t hat,  if 

corrosi on and wear  pheno mena  are co mbi ned,  t hese may cause much hi gher  mat erial  l oss  t hat 

can be caused by each of  the m separat el y.  Corrosion and wear  often co mbi ne t o cause aggressi ve 

da mage i n a nu mber  of  industries  such as  mi ni ng,  mi neral  processi ng,  chemi cal  pr ocessi ng,  pul p 

and paper  pr oducti on,  petroche mi cal,  energy producti on,  et c.(Shakoor  et  al.,  2014).  I n many 

applications  t he surface of  t he co mponent  i s  subj ect ed t o vi gorous  mechanical  forces  and sol vent 

attack.  Therefore,  i n such cases,  modifyi ng t he surface pr operties  has  pr oven t o be an effici ent 

and econo mi cal  way rat her  t han i mpr ovi ng t he bulk pr operties  ( Shang et  al.,  2008).  The surface 

pr operties  ( hardness,  wear,  abrasi on and corrosion)  can be successfull y i mpr oved by many 

techni ques  li ke carburizing,  nitri di ng,  carbonitri ding,  fl a me  har deni ng,  l aser  hardeni ng,  i nducti on 

hardeni ng,  i nt ernal  oxi dation,  che mi cal  vapour  depositi on,  physi cal  vapour depositi on,  et c.  It  i s 
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known t hat  oxygen pl ays a  vital  rol e i n wear  and corrosi on and t he r ol e of moi st ure i n wear  and 

corrosi on cannot be under-esti mat ed ( Aj ao, 2009b). 

     One  of  t he basi c components  of  t he Ni ckel -based hardfaci ng all oys  accordi ng t o Aj ao 

(2010b)  are t he Ni - B hard phases.  Aj ao ( 2010b)  went  f urt her  t o posit  t hat t he hardfaci ng all oys 

are speci all y devel oped to sol ve t he pr obl e ms  of  wear  and corrosi on i n petroche mi cal,  gl ass, 

aut omobile,  aerospace,  nucl ear  and ot her  rel ated i ndustries.  These  all oys  are usuall y used as 

coati ng mat erials whi ch are deposited on engi neering mat erials by different  coati ng t echni ques. 

The hard all oys  usuall y consist  of  ni ckel  as  a  base met al  while titani um,  vanadi um,  chr omi u m,  

tungst en and mol ybdenum are used as  met allic additi ves  and bor on,  silicon and carbon as  non-

met allic additi ves ( Knot ek et al., 1981 i n Aj ao, 2010b). 

 

1. 1 Concept of All oys 

Al most  every mat erial  we coul d ever  want  i s  l urking some where i n t he planet  beneat h our  feet. 

Fr om t he gol d we  wear  as  j ewelry t o t he oil  t hat  powers  our  cars,  Eart h' s storehouse of  a mazi ng 

mat erials can suppl y virtuall y every need.  Che mi cal  el e ments  are t he basic buil di ng bl ocks  from 

whi ch all  t he mat erials insi de Eart h are made.  There are 90 or  so nat urally occurri ng el e ment s 

and t he maj orit y of  t he m are met als.  But,  useful  though met als  are,  t hey are someti mes  l ess  t han 

perfect  for  t he j obs  we  need t he m t o do.  Take iron,  f or  exa mpl e.  It  i s  a mazingl y strong,  but  it  can 

be quite brittle and it  also r usts  easil y i n da mp air.  Or  what  about  al umi num.  It  i s  very li ght  but, 

in its  pure f or m,  it  i s  t oo soft  and weak t o be of  much use.  That  i s  why most  of  t he " met als"  we 

use are not  act uall y met als at  all  but  all oys:  met als  co mbi ned wit h ot her  ele ment s  t o make t he m 

stronger, 


