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• II II 

tJW~fl1:lW::9iH ., 'lJfl.:JN.:J 1"'11:: Yi~::ijN",m::'YI1J9ifltJWfllVi'IJfl.:J;;'U.:J1,.nr'U 

iJ1::flfl1J~1t11iJ1H fll11J"'::Lfltl~ fll1m::~lt1'IJ'U1~ fll11J '11""~ ff1J,j~'YIH1flij fll11JV~'~ u"':: 

ff1J,j~1'Ufll1fl1JNUfl 

1tliH N.:J l"'11::~N~91 flflfl1J1m~ijliJ1H'~11"'lfl11"'1t1 1'li'U fl"'1J U1J'U 11"'1t1 

l11~tl1J 11"'lt1fl1J 11iflijliJ1H1~ ., 1"'11::~ijliJ1H'~~.:J~'Ufl~ti1Jm11J1~~1.rl'Ufll1N~91N.:J
• .. .. '" d ,cS..::t d 0 1" Q ~ ~ U'U 'U fl'U ~::lfll::911fl'U ~U'IJ.:JU H'YI q~ ~.:J 1111J1::'YI~::'U 11J1 'tfN"'91llJ'U'tf'U.:J1'U 

II II 

ft11'IJO::18U91 1'U fllnhN.:J 1"'11::1J1Nfi911~'U;;'U.:J1'Ul!'U'IJ'Ul~'lJfl.:JN.:Jmnh1,r1n~ 
~ .1 I .1 , J/ 1 I ..:. J/ , I I.. • 1J/ , 
lJty11lU"':;~lJff11fl911.:J ., 'IJ'U ~ ~m'l1Vi1::fltlHM fIl'IJ'U1~'lJfl.:JN.:J 1J1'Y11fl'U ~::'YIl 11fll11J 11'" 

'~'IJ fl.:J N.:J '~~~.:J~::"'i11 ,rfll1Nfi91ff::~~U"'::~~,j~ ~.:JJ'Ufll1 i'~fl111,r N.:Jij'IJ'U l~lvi 1ti'U nfl'U 

,h'iJ1,".:Jilm~'U1~fl'Hhtity'IJ'U19l'IJfl.:JN.:J~1111J1::~::,h'iJ1~fll1~::ij'IJ'U1~flg1'U'li1.:J45 - 150 

'1Jfl1fl'U ~.:J"'.Ifl111fl'U~1t191::UflHn1~91::UflHL1Jfl{ 100 - 325 'IJ'U1~'lJfl.:JN.:J~l111J1::~:: 

,h'iJ1~.:J1'U~q~flfl 'IJ'U1~ 100 '1Jfl1fl'U 

J/ 1 ... • 1J/... .....,
ftl1n1::;nU'll'U191 fIlN.:J "'11::'YI'U 11J 1 'tf1Jfll1m:: ~lt1'IJ'U1~~.:J~::1JN",m::'YImH 

II • 

fll11J'11'" '~'lJfl.:JN.:J fll11JV~ '~'lJfl.:JN.:J 111J'iJtl.:Jfll11J11'U1Ull'UU"'::ff1J,j~'YIl.:Jfl"''lJfl.:J;;'U.:J1'UYi'~ 
II • • 

~.:Jl!'U~.:J'~fll11~N.:J 1"'11::Yiijfll1m::~lt1'IJ'U19l~.:J l!'Uflfl ijN.:J'IJ'U1~~H ., iJ::iJ'Ufl~fllfl~lti'Uflg 

1J1flln'U'iJ fll11~flfl1~N.:J~ij'IJ'U1~1fl~lfitl.:Jti'U fll1m::~lt1'IJ'U1~ij'~1J1fl 

ft11'IJ'''O'R' N.:J 1 "'11:~ijfll1' 11"'~1~~::ff11J1Hl' 11"'1~lti1Vi1.:J~1~'U'lifl.:J1H 
J/... d '.1 I 1 .1,~... .6

'lJfl.:JU1J1J11J'" ~9lU"'::119ll11 ff11J11rlC)fflflC)ffl'U lJ9111JC)fflfl9111J~1J 91H ., 'lJfl.:J ViHU1J1J'U "~C)f.:J 

• ~ J/.t ' d ... 
~: 'YIl111 1~'tf'U.:J 1'U flflfl1J 119111 U1J1JiJ1::W91l'JflC)fflfll'Jfl~1J 

tl''IJ,mnHlfti1 ~l~tll~fl.:J~'~Unfl111J1Jiq'YIt'IJfl.:J 1"'11:; iJi1J1W'lJfl.:Jflflfl 'C)f~~ 
, , II • 

t1V1J1,riJ:iJ'U vg'~ u",::iJi1J 1WIi1~ v'UYiiJ:iJ'Uvg 1~t1'~ri.:IN,,,m :'YI1J~VfJWtl1Vi'IJ V.:J;;'U.:J1'U Yi'~ 

fl11'lJ891'A' 111J1t1tl.:JiJi1J1911 'IJ V.:JN.:J nv'U ~ flV~1111~lt1iJi1J 1911 'IJ V.:J N.:J ~Q flV~ 
, "!II ~ 4" ~.. -=I' ~ Go' ,Go'

~'U 9l11J'U'tf'U .:J1'Ul1 tl1J1 VtlUnl C)f.:J~::1Jffl'U1fltllVi'Ufl1Jfll1m:: ~lt1'IJ'U1~ U"':liJ1 H'lJV.:JN.:Jfll11J 

d .t ..., J/ .1 I .. .... , J/ ...... A .. ~.t ... l! ~ ... 
U'IJ.:JUH'lJV.:J'tf'U.:J1'U'YI ~~::'IJ'UVgfl1Jfll1V9l911 ~'lJV.:JN.:J N.:J'YI~L1JVV~11J'U'tf'U.:J1'U11t1U:lVtlUnl~:1J 

iJi1J19111~'U 2 l'U 3 'lJV.:JiJi1J1911nV'UV~ 

ftl18UN-Un 1~'Ufllni11,rN.:J1"'11:iJ1:ff1'U~~ti'U~1t.lfll11J!V'U fll1m:;~lt1 

tJW11tJ~flltl1'UN.:J1"'11:1~'U1~V.:J~~htity ~.:JJ'U1"'11:N.:J~m::~1t1tJW11tJ~'~~lrtmh'iJNfi911~'U 
.t , J/.t ...... d d J/ .t , J/ • 
'tf'U .:J1'U ~:: ~'tf'U .:J1'U'YI1JfJWfllVi fll11JU'IJ.:JU"':fll11JU'IJ.:JU Hq~'YI1t1'IJV.:J'tf'U .:J1'U m~ ~ ~lflfll1'U1 

II 
... '.1.1" .1 J/ J/ I .... .. ~ J/
'If'U.:J1'U lJlJ11JlJ~ .:JfJWfllVi9l1t1fll11J1V'U 1'tf'U fll1'Jt1J U"':fll1 fl1Jfl'U91111J'U91'U 
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.cu=t ~ c;' 
lfinl'UlaflPH1D11:: (Methods of Producing Powders) 

il.:lu~·:h 1~""::lJfl'lfiipHI::ff11J1'H)fi11Mvd''U1tJ~V.:I1~""::H.:Il~u~~ijvdhj~'lfiiPl 
II 'J II ,	 II II 

lfhu'U fiU11J1~'U1tJl~'U;r'U.:I1'U 1~""::H.:IfiiiV1JU11J1H~~L~'U;r'U.:I1'U~1viiijijvd2 mj1J flV 

,d 1 1 ' 0', 1 ' • .1 AI ~ ~ 
1	~,..,:: 1'Uflq1JLl1~fl U~:: ~,..,:: 'Uflq1J'YlV.:IUPl.:l H.:I'YlV.:ItI'iV'UCJfff1'U ""~'I::'U11J1~'UtlJLlJ'UUtlH 

, ... d • .l ~.:, d ..... 1 ....
ff1'UH.:I'YlV.:ILl1~V.:IU~::H.:ILl1~fl'U11J1~'UltJLlJ'U'If'Uff1'U~'U1PlL~fl~V.:ILmV.:I'ImH.:I ~""::'If'UPl V'U 

tJ 

'1 l,r'Uiif1Ln~ i~'U l1.:1ffl~'U u~::V::~ijLijV1J QflU11J11~''Ufll'iH~~;r'U.:I1'UL,r'UL~v1n'Uu~v~''U 

1.:1~lnPlil.:lu~11'1::Qfl' ~.:I1'U v~' 'U1~~lnPl u~~ijfl111J~hfl~' 'U1.:1fll'i 1~,..,::m'i 1J'lfiiPlH.:IV~1J1fl 
...... 
'YlLPlV1 

fll'iH~~ 1~""::H.:IU~~::'lfiiPl m'l'~m'i1Jii~u~miHn'Uvvfl1tJ djV.:I'I1f11~,..,:: 
, 

, ......... ... ~ .. .....' ...... ........ , tI, .. 1 ..., tI
 
U~~::'If'UPl1JfJtu~fl'llW::'Yl1.:1Lfl1JU~::nffflff L1JLl11JV'Ufl'U m'i1J11i'Yl 'If 'Ufll'iH~~ ~""::H.:I1J ,.., 

, tJ , 

... '" I ~.cf. 'ItJ'" 4I:lto 1 ~ 4 4 lI:llct.ct., tI 1 ... , tI
L~Vfl 'lfV~""~lV11i LPlUfl fll'iH~~H.:I ~""::~1VLmV.:I1JVfl~ 11i'U'I:: PlH.:I ~""::'YlflV'U~H""Vltl 

~'b'U' ,..,qjiiv1J,en'Ufll'i H~~H.:IU1JflijL';V1J fll'itlPl 1Plv'~Lfl~V.:ItlPlUtltl~H '1 ~L~'Uiifll'i~' en'U 

.. 1 .4.. ~,y."" ,..	 .. .. 
fll'iH~91H.:I ~""::CJf~LmV~t1Pl'Yl 'lJ1JV~""~lVUtItI l'lf'U LmV~t1PlUtltI""1d'U LmV.:ItlPlUtltlm::LPlV~ 

.4 , ~ tI...... 1 ~ ... .: I ..., ~...... .. 1 .........6.4.., tI... 1A 

CJf~ 'If LPlPlfltl ~""::'Yl1Jl'UV LlJ'i1:: fll'iUPll1'U L1J'U11ifll'iH~91H.:j ~""::Vfl11i""'U.:ICJf.:j'UV1J 'lffltl ~,..,:: 

1 I.0' QI d. QI Q lI:ll Q QI lI:ll.ct. 'c:I QI.cIc:I	 "" 

'Yl1J ~Pl""~V1JLl1 ~1911 L'If'U ~:: fl1 Pl'lJfl ff .:Ifl:: ffU~::V::~1JL'UV1J 'U6fl'llfl'U 'U11ifll'il1'U'UV.:Iff11J1UI 

U1'tJ,en'Ufll'iH~~H.:Il""~fl~ijfll{t16'UHff1J6~''UtJ~1J1tu\l.:j'~~1V 

iifll'i ~Pl'Yl6'U (Reduction Method) L~'Um::t11'U fll'i'Yl HLflij~ ff11J lUlU 11J1 

AI ",tI, .. 1 1l]tI.4 ,tI, ltl1 ~1l]tI~ 1 ... .,f... ~tI
lJ'i::~fl~ 'If 'Ufll'iH~91 ~""::H.:I LPlCJf.:l'l:: 'If 'Ufl'itu'Yl~6.:1fll'i ,.., ~""::H.:I'Yl LPlLlJ'U ~,..,::t1'i1I'Yl1i 

tJ	 , , 

iifll'i ~Pl'YlV'UU'Ufi1 '~1PlVfll'iU 166fl'CJf~~6.:j1~""::1Jlfi1tJ~mVlntln1CJf!6'Ufi~w,..,fJij~ 1fl11 

: AQ-Q ci J , ~ CIt. .:f~d':CIt.	 ,. 
~Pl""~61JLl1~1~6.:11~""::'U'U tJ{]mV1'YlLf1Pl~'U 'I:: Pll~,..,::t1'iff'YJ1i'Yl1JL'UVl11'U66fl1J1 L"JI''U fll'iH~91 

d d , 0' • d , 0' tI 'AI' ,... I 1~ ~ ... 
H.:jLl1~fl 'I1f1L""~fl66fl CJfPl 'I::'U1Ll1~fl66fl CJfPlL~l lJLH1 'UL~l""1d'U 'i11JfltlH.:Im'U f1fl'Yl~W""fJ1J 

.1 0 0' <!l .. ~ " d , 0' ... ... ~ 
lJ'i::1J1tu 1050 C fll'itl6'U'I::Pl.:l Lm66flCJfL'I'U'Yl6~ 'ULl1~fl66fl CJfPl66fl1J1'i11J~1fl'Ufl~lm1J'U 

~ 0' , , 0'.4 .1 ' '.1.1"'"	 ... d .. .,f
fllCJffll'itl6'U Pl66fl CJfPlCJf.:j'l::QfllJ ~6V66fl lJ'Yl1.:jlJ~6.:j 6lffV~6.:jl~llH1 'I::L,.., ~6Ll1~fltl'i1I'Yl1i 

" d ~, tI.1 ... .: ..........~ .. .l 1 ~ '.1 ... ~ 
6~mv 'Ul~l Ll1~fl'Yl Pl'U'I::1Jl'U6l11'U tJ{]mVlLfl1J'YlLflPl~'Umv 'UL~lllJ'U lJ~l1Jff1Jfll'iLfl1J'Yl 1.2 

2FeP3 + 3C ---+ 3C02 i + 4Fe (1.2) 

(millscale) (coke) (pure iron) 

4 cl CIt. J " Ad~'tI tI... 1 CIt. AQI CIt. A1~""::6'U'YlH~91~'UPl1Vm'i1J11i'U Pl tJ'i::fl6t1Pl1V 'Yl.:lffl~'U 1J~t1Pl'U1J 'Uf1Lfl~ 
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4 

• tJ I • • 

I ......, J/, tJ.oClto .cI QI.::t, .cI " iii "" , .oClto o.ct tJ
VtlHfll'tH) 'l1 f1'lf\H1U1Iff1l1.J~~H~111'Y1~V~n1'JU~:: l'lf~U'rJU Um'H~~~~l'Y1"lfl mff11JlHl 

... 'lJ/ 1 cI A.cI "'''., I Imvn l'lfN~ ~'l1::1'VW~'lfUfllfltl1U~1 f1fJw~n'l!lW::~l~'l 'UV~N~ l'lfU m~m::~1t1'UU1f1U~::VU'l 

4 ,..l J/ .1 I ~ J/ ° 1 ~, '" 1 ... '"d, 0
~1111~VU 'U'YI~v~m~'rJnlJ~::m~ n 1I~11IJU~V~U1N~ ~'l1::uu tJNff1ln1.JN~ ~'l1::'l1~VN~1ff~ 

~U'l fin U~N~1~'l1::'lfufl'fI'lfUfI'l1,1~1~t1~mh~1~t11~::ijfJW~n'l!lw::~h~'1 '~ffvflfI~V~n1.Jfn111 
J/ .1' " ~ "J/ -tI
~v~m~'UV~l~l'rJnlJ~::m~ 1I11~::lIJUfl1111 'l1~ fI f11111'l1U1UUU m~m::~1t1'UU1f1 ~~ 

. " 
~11~U~ V~U1N~ 1~'l1::'l1 ~1t1'lfUfl1I1Nff1lnUl~V' l1"~fJW ~n'l!lW::l 'l1 ~lU~~ ~n1.Jfl1111~V~m~ 

"" ,'" 'I '" J/ , J/1 ... , J/ ".11...... J/
uvn~lnuu lU1.JHflHl~lVl~~v~m~ 'l1 ~'l1::'YI f1Vvn1Jlvg UllJ ~'l1::I~V'l1H)~V~m~Nff1l 

'" 4..l, , 1 ,. 1 4 '" J/ , J/ ~ 1 d ~ ...
1ff~vu'YIvguvnmJ1I ~'l1::~~ lJl'VWtJ~1.JtJ1~fJWfll'nfl1U f1f11U'l1U~ f1t1lU'n1:: mIJUVnff11'l1~ 

d.d" A:I 1" A.4 0 1 .oClto " Q,I" •
'l1U~'YI~V~1Im~Nff1lN~ ~'l1::n1.JN~'lfU f1VU m~u 1N~ ~'l1::'l1 ~lt1'lfUfI 1I1Nff1lfl~mfl~lnU~V~'YI1 

, U~~1'l1111::ff1l1~vilv~nu ,~, l1'N~ 1 ~'l1 ::lflflVVneJ11fl,fU 'l1iVN~ 1 ~'l1 ::lnflm~ li1t1'l11t1ldv~ ~ln 

, um~u 11~'l1::N~1I l~UltJl~U~U~ 1U t!u ~V~Nff1lN~'UV~ff1~,f1t1'l1~v~u~~,tJ 

" .i .cI cS<Cll.l.., 4'"'' ~ f11t1lff1lVl'nV~f1U~ ~lfftlfl'YI1U'YILn f1'UU n1.JU1.J1.Jfl1t1lm::1'nV 'l1 ~ 1t1~ vm~ ('J VfI'lfU ~ 1Uvvn ~ 1nu1.J1.J 

fl1t1 ff1~,f1t1'l1~V~U~Utl1I'~f1V mflffl~t1in i;litl1lff1~tI1~~ u~::N~um1vMlrlvl~itl1lN~ 1~'l1:: 

'l1iVNff1lN~ 1~'l1::'lfUfI~1~'l ~111ffflri1u~~v~m~litl1.J!VtlU~1 ~~::U1N~,fU1I11,j'1~m::1.J1Um~ 

~UltJ1~'l1::N~1~U~U~lUijvd 'l1~lt1n ~~~v'tJrl' 
..... 1 '.1 '" , ~ ° ~ , J/0 d

fl11f)~ N~ ~'l1::~::('JnU1 lJVfI Ul11.J1.Jfl1t1CJ1~~::'YI1111~ln1'l1~nnrllflltl ~f11111.. 
~UtJ~::1I1W 14-1400 11ln::'rnfffll~ N~ 1~'l1::VVUff1111~m)f1'~Vth~~1f11~11l~::,~~V~'~f11111 

'" '" 'J/ ~ 1 d J/ J/,J/ '" IflU ~ ~1I1nUnll~mllJUN~ ~'l1::U'U~m::1.J1Um~ ~::'lf1~~U~::~V~ 'lffl1111f1U~~ f11111'l1U 1UUU 

d .: .I, ., ., el, J/, ... '" I' J/ I, ... 
U~::f11111U 'U~'UV~'lfU ~lU ~::'UU vgn1.Jfl1111 f1U'YI 'If U'UW::lfltl1nUfIl 'lf~1t1 U m ::1.J1U m~ N~~ 

.1 ,,,,..l'J/~ 'J/': ..l'J/""..l
~::~ ~'UU~ 111f1lfl1111fI U 'YI 'lfV'11t1 f11111'l1 U 1UUU "lfl 'YIltl'U V~'lfU ~ 1U 'YI fI ~ ::1IfIlltJ ~t1U utJ ~~~ 111 

f11111~U 

'" 1 'J/~'"" o'J/ ...... I 'lJ/'"
m~VflN~ ~'l1:: 'l11IJU'lfU~lU'YI'1 f1'l1~1t111J l'lfU m~ l'lf'l11~Vm~1:: (Punch) 11~:: . ", 

U1.J1.Jfl1t1 (Die) 'U~tJ-ri 1.2 Ufffl~m~Ni;~;ru~lu-riij~n'l!lw::m~t1f1u1.JuVitl'YI1~1~t11.. 
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~lfWIU'k! 

Ufl'k! 

~tl~ 1.2 f)l'H-lill'l;U ~lU ~iJ ~fnlU!~ f)l'Hj~UlUUYiff'l'11-:j!~fJl
 

6hn :http://enghome.eng.psu.ac.th/rnne/staffllek_files/ceramic/u64-1.htm, 4/1 0/2550)
 

QJ et J r;J Qr-t J'
m'mYlUUU't1~'k!l'HlrJ~ (Centrifugal Compacting) f11'J'UU~tJI'l1t111imHlm1~~~ .., , 

\jmhlJ11riluuuu \)If)tr'U't1lJ'UmlfJ-:j~'Ulnl'lfllllJ~\J'Yim~'I'1l~mH In'l1~l.h~lJ1U! 3 IlJf)~'WlbY 
'jI. 'jJ ~ 

fI1~ i1iiJi,*'~~tlUl~'l1~'ViiJmllJth~~ll'Wl~bY~1'lf'U ~-:jbYll'l'UfI1fl lJ'f1 'U~ml1f)tr'U:jf'U~l'U 'l~ y B~ 
'" 

.:I 
m'H)U~'k!fl (Sintering) 

& ::l1 0 i iJ 'i .d , .1 Q ~ iJ 
f11'J ~1I ~'U m lJ'U mnl1'U f11Hn 'l1 ~~ I ~ 'l1~'V1 ~1'U f11'J'UU nl!1]\o!'}l''U ~l'UlJ1U~ 1 .. .. '" , 

ih ~ bYl'U ~fl tl'WIrJ 'WI i1 fll~ t11~ lfJfllllJ r B'U 1fl fJ f) n 14 1;'U ~ l'U' tl ~u i 'U Ii'll ~1I 'ViiJ f)l'HI11Hl]J .. . 
un fJlf11fffllfJ i 'U Ii'll f11llJr~'UfllfJ i 'U!1'l1~~'I'1-1 i '11~~ 1~'l1~ IVlJ IrJ 'U bY~ I'l~ fl tl'U flU! 'l1 f)1i'Vii~l 'U f)l'i. . '" 

flll~i1mYl'l1fll~~ l(l'l1~'}l't1fl~l~ "l UbYl'l~~~i'Ul'll'Jl~~ 1.5 
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.., 
1i.1'~ t2w".uiJ (0C) 

... 
11D1 ('U1t1) 

.... ~ 

'YIfl.:l11~.:I 'YIfl.:l1'l1 ~ fl.:l11~:: 1.J'i fl'U 9f 780-900 10-45 

d d 'vJ ~ 
1'l1~m1~::111~m1m ~ 1000-1150 8-45 

... ... 
'Umn~ 1000-1150 30-45 

d 'JI''JI'"
1'l1~nn~l 'iff'U1J 1100-1290 30-60 

V~ii1f'lti~~fltJ ('~fil11~1'l1~nfll1'i) 1200-1300 120-160 

1vJfl{1'i~ 1200-1500 10-600 

... rt ..
'YI.:1ff1~'UfI1'i 1.J~ 1430-1500 20-30 

11J~1.J~U1J 2050 120 

li.:lff1~'U 2350 480 

... 
11'YI'U 'YI1~1J 2400 480 

'il1n~1'i1.:l~ 1.5 'il::1M'U 11fJWl1lJij~'~' 'Unl'ifl1.JNUn l~l1::1.J1.:1"ii~fld' 'U~1.:1~ 
, 'JI 0'" ~ ,_1";'" , 'JI ,~ '1 ... 'JI , 'JI

ffl1J1'ifl "1~lfl1.Jffll1'i1.J.:I1'UfJ~ffll1m'i1J'YI1lJ'YI1J~ltJ 'U'YIfl.:l~~l~ ~ 11~ ~l1::1.J1.:1"'U~~fl.:l " 

... " ..s ..;, 'JI1 4 ~ d ... ~ '1'J1 'JI .... , 'JI 
f2Wl1lJ1JrJ.:I1J1n ff1'U 'U1'ifl.:l~fl.:ll1~1'YI " 'Unl'ifl1.JN'Un'U'Un1J~.:I11~ "l1~l'UfltJ'l flfl "n~l 

lJ'i::1J1W 10-45 'U1ll ffll1i'1.J 1~11:: ''Un~1J1'l1~mm::l~l1::''Un~1J'YIfl.:l11~.:I 11~nl'ifl1.JNi1n1~11:: . . 
1.JH"ii~~fl.:l'~n~1'U1'U11~ltJoi111J.:I 1~'U li.:lff1~'U 11~::11'Y1'U'YI1~1J 1~'U~'U 1~lfl1.Jll'~1'Unl'ifl1.J 

II I II "1 

NUn;'U .:I1'Ullfi1'il1n1~11:: N.:IU'Ui'jfldl1 ~ltJll1.J1.J 11~' 'U ;J'il~,j'UiM11~'U nl'i N~~1li'jlJi1J1W1J1n '1 
... ,'J1 • ..s 

'il::'UtJ1J "l~lfl1.J111.J1.J~fl1'U fl.:l 

nl"8Aff)'U (Hot Pressing) 
.1 ... J _I 4 0 ,_ I 'JI ..... 0 

m ::1.J1'U nl'i 'U 'il:: 'i11J1mnl'i fl~~'UllJ1m:: nl'i fl1.J N'U n1J1'YI1 lJ~ 'ifl1J n'U C]f.:l 'il::'YI1 

, 'JI'''': cI Q ci cI d 4 41:1 d lei" 0 .elQ,I 

11 ~"'U .:I1'U 'YI~'U1~1Jfl111J1'Y1tJ.:I~'i.:l rJ.:I 1Jfl111J11~.:I11 H~11~::1Jfl111J11 ~.:IrJ.:I 11~1J~fl'il1n~fl~'Y1 

I , 'JI ,..s ..;, 'JI'" ~ , 'JI ~ 
fI1 "'il1tJff.:l 1'U fl.:l'il1m11.J1.J~ltJV1 "1J'i1fl1U~.:I 'i11JV1.:1m:: 1.J1'Unl'i l1fl111J'1fl'U11~::nl'ifl11.Jfl1J 

- . 
... I ..;, 'JI' , '0 ...~ ,..s',.I ~.. 

1.J'i'itJ1nlff1Jfl111J~.:ItJ1n 111.J1.J~ltJ'YI "ff1'U l1ty'il::'YI1'il1nllm n~9f.:j'iJ::1JlJty111 'U1'ifl.:lfl111J 

d "" 0QII I .,1 Q,I" d"~ c1Q ,'J1
l1~.:Im.:l ~1tJ~fl'il1n~~l.:l'l ~l1~l'Unl'ifl~'ifl'U'il.:l 1J~lJ'U'YI'UtJ1J " 

... " .1'.1
nl"f)'lJN'UnA1r.1n11UDtlUU1::~(Spark Sintering) 

~ ..; ... J I 4 ,_ I 'JI ...0 

llJ'U m::1.J 1'U nl'i'YI 'i11J1mnl'i fl~~'U1t 11~:: nl'i fl1.JN'U n1J1m::'YI1 lJ~'ifl1J n'U 

..;, ~ ... J 4 1 'JI 1 ...... ~ .:... ~ ... ...
n~l'YI "L'Unl'ifl~~'U~lJ11~::fl1.JN'Un l1N.:I ~11::~~n'U1lJ'U1'Ufl1~tJ1'U'UlJ'i::1J1W 12-15 1'U1'YI nl'i 
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o 1" 1.1 ""... ... .1 '.1 ' •.I_~ .. "'... ~ .1 I'YIl '11 N~ ~'11:: lJ'i::: 'f'fltJ~~mH):::fl1fftlfll'i lJ~ fltllJ'i::: ~ 'Ufl~ 111'11'YI1J'rf~~~ ltJ ~ ~C]f~lJ~flt11J l~ln 

" mj1J ~';u~'U tJ 'i::: ~ fll'i tJrlfltltJ'i::: ~ ~:::fh 1 M'N1'Ufl~ 1 ~ '11 :::L~1JLrJtJ 'f'f:::9J~~ ntJ LrJ tJu 'Yi~1'I1ijfltJ n'U 

""'" .s ..,,,, " 1" , "" 1 ~ 0 1" ,11ifll'i fl'UNtJ n'YI ~n~111J lU~1 '1HLH ~ln ~~'ifl~nn~~~'UtJN~ ~'I1:::C]f~~:::'YIl 'I1fl111J'I1tJ lUtJtJ 
"I I " 4Clo dol.dldo" ., 0 ~QlQII 

'Ufl~'I1tJ~ltJ'YIfll~~fHf11'Y1~fl~fll'i ~m:IW:::fll'i'Yll~ltJ'Ufl~m:::'U1tJfll'i fll'i~~~~'I11~flm~l::: u~::: 

I " ... .s" .1'.1 "''''' 1"'" 1U'U 'U~ 1tI 'U fl ~ Lm fl~ fl 'U NtJ n~ 1t1f1l'i lJ ~fl t1lJ 'i:::' n 'i::: 'U 1tJ fll 'i tJ tJ t11J 'I1n 'U N~ ~ '11::: ~ 
0 1'rf1n 

"" '" "d d",,, "" fl:::\11JLtJtl1J 'YIfl~U~~ 'YItH'U'ifltJC]f L'I1~n u~:::1'I1~nn~1 'i'f'ftJ1J 

"" ..., i 'i1.2.4 'U'IfI.nWarJillfll'i:I'H:::N.:I (Metal Powder Products) 

"" ... " .. ,,, 0 1 ,.1..1. 1~ '" ~ • , , ~ 
N~~flWC)1'Y1 ~~lnnW\Jl ~'I1:::N~ lJ'UtJllJtJtJ1J1Jln1JltlC]f~'f'f1tJ 'I1ty~:::LUtJ 

" • I " 

;ftJff1tJ'Ufl~Lflifl~~m U~:::Lflifl~ 1'11~H ., ~:::Nii~flfln1JlltJ ~m:IW:::;ftJff1tJ1T1Lh l~t1'~~fl~ 
o ,.1..1 .1'" ''''''' -'... ",.s '" d ~ '" , " '~~.I ~ tJ1 lJ 'UtJ llJ '11 'i fl U~ ~N1~ 1 tilfl 'i fl ~1J fln ~ flnO ~1J n LutJ L'rf tI ~ 'f'f1tJ tJ fltIL'YI1tJ tJC]f ~ lJ 'i:::nflm'l1t1 

, I d.o 1 '" d ,
ILNUn10.:l (Filters) UNtJmfl~'YI'Y1l~ln ~'I1:::N~~:::1Jfl111JU'U~UHU~:::'YItJ'YIltJ~fl 

fll'i;r~ff'A~~n'h~'til~ln LC]f'i lijn 'f'f11J1'io'ti11M'ijfl111J'rf1tJ 'AO~ 80 LtJfl{L~tJ~ 
.cjI 04 .. 0... ~ "~o,"
lI~ni:l.:llli:l:::II1.J1.J~UJ(Cutting Tools and Dies) 'YI'Y1l~ln'YI~'f'fL~tJf11'i L'U~ C]f~'YIl ~ 

l~t1fllnhN~ li~'f'fL~tJf11{1'U~ 1J1N'f'f1Jn'UN~1fl'Ufl~~ uft'1v~~tJltJ~11J11i~nrl111Jluft'1 
w 

IYlO.:llli:l:::l1.J'n~'Uo.:lifli (Gears and Pump Rotors) ff1tJ1Jln'til~lnN~1'I1~nN'f'f1J 
... , ,,-' ... ..1 ".I '" "d" ... 0

n'UN~um n~ L1Jflfl~'UtJ1tJu~1LtJtl~:::1Jfl111J'rf1tJtJ'i:::1J1W 20 LtJtl'iLC]f'\J~ 'I1~~~ln'Yllfll'itl'U 

" tJ'i:::'f'fltJuft'1~1 'tJU'J11'\J~ l~tJrifl'\J~ l'tll'11~ltJ ~:::'1htl~~Lfftl~~~1tJ'Uw::: 1'11~ltJ'A 

.1 ' .. ""..I 1"'" "1" ...IIlJ1.:101U (Brushes) 'YIN~~'U'\J1Jl 'I1n'U1JtlL~tl'i~::: 'I1N~'YItl~U~~N'f'f1Jn'UN~ , ,, ... "" ~ '" ,d" -"..:. " ~ um n~ 'I1'i tlm~L~1JN~~:::n1U ~:::~'lJn~~ tJL~ntJtltIL'rftl'l11t1L'rf1Jfl111J~1'\J'YIltJ fll'i lln'l1'itl 

1I1.J~.:I (Bearing) ff1'\J1JlnNii~~lnN~'YItl~U~~N'f'f1JntIN~~'lJnu~:::N~um'n~ 
., Q,I.I .d.:S"" 0""" :0 1:01

'11 ~~~ lntl~'UtJ 1 tJU~:::tl'UNtJ m'i t1'U'itltlU ~1 ~::: tJ 1 tJU9l~ 1 '11 '~'UtJ l~ ~ lntJ tJtJ l'tJU'l11tJ tJ 11JtJ 

" .I': o~.s "d"flltl1~ 'f'ffll'rflItytylfllff fl111J'rfl tJ'Utl~LtJ tl'l1tJ ~ ltJ 'f'fl1Jl'iO'YIl '''O~ 40 LtJtl'i LC]ftJ ~ 

usJl'HDn01l1 (Pennanent Magnets) 'til~ln l~'I1:::N~'I1~ltl'l1,j~N'f'f1JntJ h~uri N~ 

d ... "" '" "" "" 1 " 1 '" I d ... ""1 1 " 1~'I1~nN'f'f1Jn'U N~fl:::~1JLtJtl1J N~tJmn~ U~:::N~ fl'Utl~~ tJnHu'Utl~U1J1'I1~ntl~tJ n~::: 'I1N~ ~'11:: 

I 4Clo .~.a d., .Qd. 

Ufl 2 'I1tJ~ L'YI1'\JtJ fltl N~1'I1~nn'UN~tl:::~1JltJtl1J 

.: , 0..., ' •.l_~ ..I .1 " 1 ..'UUi:rlUi:rl'H11.J.:I1U nl11 (Electrical Parts) ~ltJ'UtJ1lJ~1t1 ~'I1:::N~L'I11Jl:::'YI~::: 

" I

~l1Jl 1'11Nii~;ftJ ff1tJ 1T1'11i''U~ltJ'n~l L11tl~~ln1tJ fll'iNii~'f'fl1Jl'iO~ lN~ 1 ~'11 :::'I1,j~9h~., 1J1N'f'f1J 
• I " 

fl'1mflft'lntJ l~t1ViiJ~'f'fl1J1'ioi'm:11'f'f1J,j~Vi~'YI1~'n~l'1"A tJ tln~lnijiJ~'f'f11Jl'iOtJi''UtJ1 ~ 1M'ij 
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fll1lJl'l'Wm'W~tlf11~irf)'\ntJ l'l'Wfll1lJj'tl'W hJ'Ylj'tllJ '1 n'IJf11~ !lIml1t.J11~vh~~~-:ll[111 ~~t1VlJ'l~ 
" " 

Vl19f'W ril'W'Yllf)ihh~f)tl'IJ'fi'lV ~-:ll'ltl-:lUfI-:l ~[l'lJ ~-:lYl-:l [1'b\91'W ~-:l Yl-:l ml9l'W ~[l'lJ ~-:l1 fl'IJ tJ [11'1 ~-:lYl-:lm,,'I.J 

~ [l'lJ ~-:l !~'W ~-:l !~'W ~ [l'lJ ~-:lllJ il 'IJ ~ t1lJ U[1 ~ ~-:ll'l tl-:l Uf1-:l ~ [l'lJ ~ -:l t1 f1! fl [1 n 'IJ ~-:l Yl-:l ml9l'W 11l'W?1'W 

([l'lJ!fiV~~, 2544) 

Ferro-TiC 

Ferro-TiC lll'W 1[l'f1 ~[l'lJ~!lJl'l ~ f)CJf~hj) 1f) 1[111 ~ 'j) ~iitl'Wfl1fl f)[1lJ'lJtl-:lll'l!l'l! i1 VlJ. . 
m{l 'lJf1~ tl{lJI'11tlV'IJ'W ~hl[l'f1U[1~111 't lm~lJ1h ~ iYl'ltfll1lJ!~Vfll'l1'W~lU[1~iifll1lJl!~-:lTI'-:lf)':h 

~ ~. 
., ~ <I dol/] <l1~'l d , & J
l'l-:lml9l'Wm~ l'IJfI !l1lJ1~l'l'j)~'I.J1 11hh~Vf)19I "If !'I.J-:l1'Wl'll'l'Wl9ltlf11~TI'f)11~tl Fero-TiC TI'llJ1~tl'IJ'W~1J. 

" 
~ 

" lf1vf11mi'i-:l !'j)1~ l1~tlnfl !1I'W?1'W 't'I.Jm~'lJl'Wf11~ HIP U[1~~'Wl9ltl'Wf11~tl'IJcitl'WU[1~l1~-:l'jl1f)t1'W 

o "''l~I/]~ oj
'j)~l'l1f11~ heat treatment !'Yltl 11 Iflfll1lJU'IJ-:l 68-72 Rc 

. , 

. " . 
~'lJfi 1.3 1'11tlV1-:l9f'W-:l1'W Ferro-TiC (~lJ1 http://etrade.daegu.go.kr/co/kuksung/GC0I021738/ 

CAOI021759/Ferro-TiC.html, 4/10/2548) 

fJruTI'lJU~'lJtl-:ll[1l1~~[l'lJFe-TiC WC-Co U[1~ Steel fl-:lUTI'f1-:l'l'WI9I1~l-:l~ 1.6 

UTI'f1-:l 'IM!~'W ii-:lfh~l-:l'l !9f'W fJru TI'lJU~l'l1-:l'fi'1'Wfll1lJU~-:l 'IJ tl-:ltl'4fl1fl fi1fll1lJU~-:l~fJru11 iJlJ'lffl-3 
" . . 

1![1~fi1fll1lJU ~-:l'IJtl-:l9f'W -:l1'W ~tlru 11 fllJ TI' -:l ~f)flru~~1Ji1-:l fll1lJl1'W 1Ut-J 'I.J ~lJ1J~~ iYl'lTIf11~'lJV1VI'11 
q QJ qJ cu 
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... u ...... " 

1.3 fl11AllQltlfliJl1UD::nUlQDYlIflDl"tH 

A. Saidi, A. Chrysanthon, J.Y. Wood U~:: J.L.F. Kellie (1997) '~ffml1il~nl'i 

"'... d lIJ '" "lIJ" " " 1 .
L~ 'i tl1J 1ff~ FH'l'1J 111 ~ n- LVII VII 'U tl1Jf11'i L1J ~ ~ 1t1m::1J 1'U nl'i VI H fl111JHJ'U f1 tlVll nl'i F1ff1J F1~ 

lIJ '" d .. d • ..."" .... lIJ.1 ... 1"
LVII VlI'U tl1J F1~ I,.., ~ n II~ ::f11'i 1J fl'U U1J ~ n 1l~::Vllnl'i fl~l '\I1f11t1n'U 'U 1 L1J 1F11 ~ ~'i:: 11J~ flltl f1 

rd.. ... dl "1 lIJ" '1 ' 0 1 ' 
1J'i'itllnlf'l''\Ifl~nlC]fm'infl'U ~W""fJ1JVI 'Jl' 'Unl'iIWI L'I1fl~ 'U'Jl'1~ 1600-2620 C 'Ull~~::nl'i 

VI~~fl~ U~::ffnlllilnUl~m'i1Jnl'i LF11'""~'\Ifl~~1mh~~F1ff1Jn'U F1~m::Vl1J'\Ifl~m::1J1'U nl'i ~l1n 
.1'" ... ... .. , lIJ '" ~.. 1 "d ... .I 

nlmIJ'iF1'UU~~~'Jl''''l'il1Jl~fl'iff1'UF1ff1J'\Ifl~ LVlIVlI'Utl1Jf11'i 11J~ ll~:: flHff'iHVlLn~'\I'U 

• ... d ... .l, ...... 1
A. Saidi (1999) 'YI1nl'if'l'nlllF1~VlLn~'\I'U 'Unl'iF1~~1ff~F1ff1J Fe-(W, Ti)C 'Unl'i 

II • 

VI~~fl~i1~::ffnll1iJ~mtl1 2 iJ~mtl1 ;ifl uiJ'iN'U~1Lffi1JUH(Ti, W) 1f1t1hr~111JVlin~(Fe) fl~fi 

U~::UiJ'iN'UL1JVlin~1~tI'lf~1Lffi1Jm~fl~~ ~~ff1Jnl'i~ 1.3-1.4 

Fe + xW + y(Ti) Fe-(W.Tiy)C (1.3) 

x(Fe) + 0.25W +0.75Ti + C Fe.-(WO•2S' TiG.7S)C (1.4) 

U1F1~~1mh~~ F1ff1Jn'U 1Jl'tllnl'iV~~'UliJL~'U:i'U~1'U Vi1nl'i 1F11~1t1m::1J1'Unl'i 

1'" ~ tI "I" Q ~ tI~ • ~QI

SHS flltl ~fffll1::'\Ifl~nlC]fmmfl'UL~F1~~flwcnl1J'U1ff~F1ff1JFe-(W, Ti) C flfln1J1U~::'U1'Jl''U~1'U 

~'tliJ1Lm1::11~1t1 XRD U~:: SEM 

• lIJ '" ~ ..d"'1 " ...D.W. Lee U~:: B.K. Kim (2003) 'U1Iff'Ufl LVlIVlI'Utl1Jf11'i 11J~Vl1J flHff'i1~'i::f1tJ 

'U11'U ~ff~Lm1::111~tlm::tJ1'Un1'i Liquid-Magnesium Reduction '\Ifl~ ff1'i~::~1t1 TiC14+CC14 ~~ 

ff1Jn1'i TiC14(g) + CC14(g) + 4Mg(I) = TiC(s) + 4MgC13(I) fl'4fllfl TiC '\I'U1f1~:LVtl~QnF1n~1f1t1 

iJ~mtl1'\1fl~nl'iiJ~~iJllfltlfl::~fl1J Ti U~:: C nl'iVi11'Ufffll1::tytyty1n1f'1'li4fl 'lll-nff'\lfl~ MgC14 
II • 

U~:: Mg ff1'ULn'Uflfln'iJ 11inl'ii1~::'~ TiC fiii 1l~~~'Jl''''1'i1ijL~fl{0.43267 'U11'U11Jf1'i 'n~n1J 

'\I'U1~1J1~'iJ1'U U~::'\I'U1~F1~niJ'i::1J1W 50 'Ul1'U11J~'i 
, 

~ .cS QI ClIo .. 

G.A. Swift un:: R. Koc (1999) "nll1Lntl1ntJnl'iLn~ TiC ~lnn1'iLfl~fl1J C 1J'U 

0 Q tltJ .c:I .cS QI , ..1
Ti02 1~tI'YI1n1'i1Lm1::""f11t1 DSC TGA XRD SEM U~:: TEM ~tI~:1Jnl'iI~'itl1J~1fltl1~flfl 

... ... 1 ...... .1,,, ... rd 1 ...'" d 0 .6 
F1ff1JF1~U~::Lfl~fl1JF11 f1t1nl'ilfl~fltJF11'U ~~lnn1m~n~1'\1fl~nlC]f "''i'''~'U VI 600 C C]f~ 

.. , ...1. cSQ ~ cI tI d. cI 

f11'i1Jfl'U~:: IJlfl~fltJVlF11'\1fl~ Ti02 ~'Um::VI~m 33.2 wt % C f11'i1Jfl'UVllfl~fltJ~::1Jl"'1'UU~:: 

• I '... '" 1 1" .. d .6 ... ,. I ...
lIJ'i1~flfftyJ1'U 1~'itl1JF1ff1JF1~ ~tI 'Jl' Ti02 U~::f11'itJfl'UlltJ~nC]f~L~1J IJ~'UfI~ 33.2 wt % C 

II II II 
Go' Q,I .cS QI 0 , .. 1 QI tI tJ "1" 

~ln'U'U1J~F1ff1J 38 flH'1 ~:: 20 'U1V1 ~ln'U'U'U1 IJff~lm1::""~1t1m::1J1'Un1'ifl1'i 1JLVlm1Jfl~ 

i~n'i'Uli4fll,..,'~ TiC flfln1J1 



~l!Jl1ll?l,.J"l ' 
'. 

flnnHlj,:mi'l-:) 'f)~~ nn'j'~1'C,iu\" ;,--. 20 
~ ~ 

o ..:t d Q.I' 4Ci ~ It'dK.I.Parashivamurthy LLll::f1W:: (2001) 'YI1fll'Hl'fl1l1LfW1fl1J VU'VIL\HJ1JfIl'i L1JfI'VI 

LrJU~1LrI'i1JUH t U1r1'fI~rI'1J1M~fl ~.:jijm::1J1Ufll'i~Uflfl~h.:jtiu ~.:jUrl'fI.:j 'unl~ 1.4. -

TiC - steel composites 

I r 1 
Powder metallurgy method In-situ production of dispersoids Liquid metal particulate 

mixing 

1--1--1
 
Combustion synthesis process The XD 

1M
process R.G.I. process 

.... .... d''''!'llI " t.I 4
. 

'VIL'VILUtJ1Jfl1'i L1JfI3 T11.4 UrI'fI.:ju~Utll'..m'i::1J1Ufll'i~n911r1'~~rI'1JLMnfl-

L. Tong un:: R. G. Reddy (2005) U1LrI'UtlL~tJ1ti1Jfll'i1Lm1::11'Y11.:jL'VItlf11J 
, .... "..... ... 4 ....... ", ... ~" 1
flU 11Jflrl' LU fll'i'VI ~::M 1r1'tl11::'VILM1J1::rI'1J L.... tl'VI~:: rI' .:jLm l::M~.:j 'VIL'VILUtJ1JfIl'i L1JfI'lJU1f1U1 U 

ttl oCllllCi oC:ll cal J .. ~ oC:ll,l cal _'I ." oC:ll 1 
fl1tJ11i .... n1r1'1J1 .:j1U1~tJUrI'U I~~nm::'VI1J'VILflfl'IJU ~lfltl91'i 1fll'ilJtlUun::tlfl'i1r1'1UL'IS.:j 1Jn ~lfl 

.. "d , ~" '" !'llI"" ....... .1 ...I ... 
~nfll'i'VIflntl.:jUrl'fI.:j IMLMU11~.:j 'VIL'VI1UtJ1JfIl'I L1JflrI'l1J1'iflrl'.:jLm l::M Lflfl1tJ11iU un::'IJU1f1LU ntJ 

, ... ~" ... '" 1 1.... I ... , " ~ 'IJtl.:j 'VIL'VILUtJ1JfIl'i L1JfI 1J'lJU1f1UtltJfl11 100 U1 UL1JfI'i fltJfl1tltJH'VI 'IS~::L1JU Ti + CH (g)4

TiC + 2H2(g) 

M. Razavi un:f1w: (2006) 't;'fl1'itYfl1l1~.:jfl111JL~U'tJ'~'IJtl.:jfll'iL~1JtltJtl1f1 
, ... ...-." 1.4 .... "" ...... .l d.4 ~ ...."'VIl'VILU tJ1JfIl'i L1JfI'lJU1f1U1 U C]f.:j rI'.:j lm1:M fl1tJfll'i1JfI ~rI'1JL 'IS .:jfln lULU tlLMnflC]f.:jL1JUI1J'VI'iflll)f 

tT1Mi'1Jfll'i L91i tJ1J''VIL'VILijtJ1JfIlf11J~ 'ti11f1 tJUl''VIL'VILijtJ1J~~lUfll'i1JflLrJunn1 5 'lS1J.Li4tl t ,rU' 
'IJU1f1 < 50 L1J'IS un:fIl'i1JtlU 'IJU1f1 < 250 L1J'IS 1JfI~rI'1Jtl1tJ 911J'i'itJ1flltl'fllC]ftll'ifltlU 'VI 12 IS " '" ~" ... 

.... : 0'_I .... " "....... 4 .."''', ... ",",~ un: 20 'lS1J. Mn.:j~lflUUU1 lJrI'.:jLfI'I1:Mfl1tJ11i SHS L.... tl 1M fI 'VIL'VILUtJ1JfIl'i 1JfI~: 9'1 

, ... ~" 1 0 I 1 1 ...., ... '" "... , " .. .l'VIL'VILUtJ1JfIl'i L1JfI'lJUHIU1 U un::'VI1fll'iMntl nM: fltlLfl1J 'VIL'VILUtJ1JfIl'i 1JfI'VI flM IULUtl 

d ~"QI , deal '!"ItJoQ"': d' .a 0' 0
LMnfl l'lStlfl'i1r1'1U 0.96 wt. % TiC 'VIrI'.:jLfIl'i:M Lfllfl1Jn.:j LULUtlLMnflMntl 4 wt. % C L1JtlU1 tJ'YI1 

d.c:. ,1 ci,,, ... ,oC:ll It' I I 4 

fll'i11m 1::: M....1J11f11f1111JU'IJ.:j ~:::L""1J'lJU un:f1111JLrI'tJfI'VI1U'VI fI ~:1JfIlnfln.:j 

N.J. Welham (1996) 'ti1fll'itYfl1l1~.:j~nm:'VI1J'lJtl.:jnn11Jflun:rI'tl11::tUfll'i 

4 .. "... .1 1 0 ....," I ....Mntl1J L.... tlM1UU1'V1H IU fll'i ~U 1m:::1J1Ufll'i IMfI'lJU fltJ'VI1fll'i1JfI~rI'1JtlnL1J U91un::mUMU 

LrJunn1 2 10 50 un:: 200 oi111J.:j ~~WMtJ~,rtl.:j .... 1J·hnnl~t.nUfl1'i1JfI~~~lIflfitl 2 oi111J.:j 
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~~~:: '~'U'U1~'UV'H)'4.fllflV'f1L1J' 'U~ th::1J1W 0.5 11Jfl'iv'U LL'f1::\h' tJ'I1::'f1::'f11mi4v 1,n~L11'Udso 

Ti02 VVfl1J1 ff.fll'Vifll'i'f1::'f11V LLff~~1M'1~'Uil~fl111JL11'U' tJ'~'Ufll'i~~::lvi1Jt1W.fll'Vi'UV~ Ti02 1M' 

.1 , "1"'~ '" '1 d 1" " 1 1"..10 "" ff~'U'Ufl11m::1J1'Uflln1 'I1VVlJ~~1J'U VVH 'ifl~l1J fll'i 11fl111J'iV'U 'Ufll'i'YI1 11111fflfl~fll'i 
QQ. 

0' '" ~ 1" , "dI ....... ,.,;..1 1

~V'i1J~1 L1J'Uff1L'I1~ 11 Ti 'f1::'f11V tJ'UVV~~1J Ti 'YIL11'f1VV~I'Vi1J'U'ULL'f1::fl111Jff11Jl'i\1 'Ufll'i'f1::'f11V 

N. Setoudeh, A. Saidi LL'f1:: N.J. Welham (2005) Vi1fll'ifYfllllm::1J1'Ufll'ifl1111J 

0'"" .. '" '" , 0'.. ~,.. """ 0' 0 "" "1 1" L'YIV'i1Jfl 'i~fl'l1'U'UV~V::'U11'Y1ffLL'f1::~ 'YI'f1'Y1~::fl'f11m1J'U 'YIl'Y11'UV1Jfll'i L1J~ VIlfll'i11fl'i1::11 ~v '11 . . . 
1"0# ""1" 1 .cIGoI"'"1.ct.1Thennogravimetric LL'f1:: XRD 'I1~1VVH'YIN1'Ufll'i1J~1J1LL'f1150 '111 1J~ U'f1::~1VVH'YIV~ 1J ~1J~ 

o ... ~ do Go' 1"" '" , 0' • do'"" 'U11J11lJ'i V1Jl'Y1V1Jfl'U ~ 1flfll'i'YI~'f1V~ 11fl111J'iV'Ufl1Jl 'YI'f1V::'U 11'YIff 'Vi1J11~::1J'U'U~V'U'UV~fll'i 

~v11Ji1L11'U ''YIL'YILUV1Jfllll1J~ ~~LLff~~ l'Uff1Jfll'i~ 1.5-1.6 

.,;. " L'i1J~'U Ti02 + 2C TiC + 2CO (1.5) 

.4 0 '" 0' ,.11"" .., " 0 .L1JV'U1 V::'U1L'YIffNff1Jfl1Jfl1'i1JV'U LL'f1::'U1 lJ 11fl111J'iV'U U'f1::N'f1'Y1 ~~lfl XRD'Vi1J11 

~ 800°C V::'U1L'YIff ~ l''YIri' 

~ 870°C V::'U11'Y1ff ~ 'i' 'YIri'Q 

~ 970°C 'i' 'YIri' ~ Ti40 7, Tis0 9Q 

~ 1400
0 

C TiP7 + 11C ~ 4TiC + 7CO (1.6) 

lrtmh l''YIri'Nff1Jn1Jfll11Jv'U U'f1::\h'tJ1M'fl111J!V'U U'f1::N'f1~'~~lfl XRD'Vi1J11 

~ 800°C ~''YIri' 

~ 870°C l''YIri' ~ Tis0 9 

~ 970°C ~''YIri' ~ TiP7' 

~ 14000 C l11'U'tJ~~ff1Jfll'i~ 1.6 

P. Persson, A.E.W. Jarfors U'f1:: Steven Savage (2002) Vi1fll'ifYfllllil~fl111J 
. " " " 

lr1'U'tJ'~'Ufll'iNii~ MMCs 1~V~11ffi1Jm~ViVi1fll'ifYm:l11'Ufli'~UflV TiC ~lfl~1'U1~Vij~::ij 

u'U1'Y11~1'Ufll'i'YI~'f1V~ 2 VIl~flV LPS (Liquid-Phase Sintering) U'f1:: SHS (Self-Propagating High

Temperature Synthesis) ~lfln LPS 'Vi1J'j, m::1J1'Ufll'ifl11Jt11J'~~lVU'f1::;'U~1'U~'~VVfl1Jlij 
"" . .

fl111Jl11'ULi1VL~V1n'U~ ~~ LPS U'f1:: SHS ~:: '~1ff~Viijfl111J'Vi~'U~~1J1fl l~vVil'Vi~'U 1'U11 LPS 

~::'f1fl'f1~ '~ti'lijfll'itJi'1JltJ~ v'Ufhi1UtJ'i1JHi1 u~hh11i'1Jn SHS l11'U'tJ'~ '~L'f1v~~::Vi1fll'i'f1~ 
.. "" J

'i'Vi'i 'U 'YI m fl 'U 'U 
Q • 
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P.V. Ananthapadmanabhan U":: P.R. Taylor (1999) hl'fffl~lfll'ilrn'Yt"lff1J1 

.1 .. 1 ° ... d 1 ... ~ .. ";1"'" ... 1 1" ,... 1" ~ ff1lJ'iV '\.,Ifll'i'YI11ff~Nff1J l'M"fl- 'YI1'Y11'\.,1V1Jfll'i l1J~ 'YI 'I11f1ml1JN1 ~v 'I1N~11HI"l1J '\.,I~11"::fllll)1 

ij1'Y1'\.,1l'\.,1m::1J1'\.,1fll'i 'ri1fll'i11fl'i1::M~~fl~W::'IJtHN11f1~t'l1JA1mfl~tH XRD 11":: SEM 'Yt1J11 

JJ .Q 44 Q.,CI Q .Q.l.:s. dtl1fI'i ~ff'i H'lJt'l~N11f1 "t'l1J1'11t'l1J;\~fl'\.,l~ 1m::1J1'Vq'\.,llfl~'IJ'\.,I1'YtV~1"fl'\.,l t'lV 

o ~ .4 ., tI., d 1 ... 
S. Niyomwas (2005) 'YI1fll'i"fl~lmfll'iff~1fl'i1::'M1ff~Nff1J l'M"fl- YI1'Y11'\.,1V1J 

~ .. 1 ...... "1 .............. 1" ~.. l' ...fll'i l1J~ ~V11lfll'i 1J1'Y1'i1Jm~fl'l1'\.,1mV ;\1J'i'iV1fllff'IJt'l~fllll)1t'll'iflt'l'\.,l '\.,I'I11~f2W'MfJ1J 1300

1500
0 

C l~Vt'llffV'M~flfll'i'Yt~~~l'\.,1nmf~llI~ l'\.,1fll'iti1'\.,11wtJiimm~ln~~'\.,I U,,::\hN~~fiwct1~ 

1A1tJ11fl'i1::MA1mfl~t'l~ XRD 11":: SEM 11J"~~ l'\.,1~1'\.,11~V~\)::'ri1fll'ifffl~1~tl;\'i1ff1'\.,1Nff1J1;~
... 1 tItil I., 

'IJt'l~t'l"11J '\.,I;\~t'lfll'i1Jt'l'\.,l1'Y11fl1J1:4 1:5 11":: 1:6 

S.-R. Wang U"::f1W:: (2005) 'ri1fll'ifffl~lflWff1Jlliifll'iiYfl""jt'l'IJt'l~1ff~Nff1JAl.. ... 
Mg-Si l~Vtl~'1.h 1"'M::m"1 (Al-Mg) ,,~1tJl'\.,11i7t'l Si 'Yt1'\.,1 -riN1'\.,1fll'i1;\~V1J l~Vfll'i1J~3N4 3N4 .. .. 
Nff1Jn1J9i11~1JU"::t'l1JNi1fl-ri 1400

0 
C 1i1t'l1,n1l1ff~Nff1J AI-Mg- Si3N4 \)lfl,r'\.,l;~,j1 AI-Mg

Si3N4 ~N~;\ 1Il1tJ'YI~fft'l1Jfll'ifffl'M'it'l111J1JU,r~~1Vm::~1~'YI'i1m1Jt'l{ 360 ~11Hfl~ 25 50 75 100 

... ... d ... .,; ... ..6 1"
125 U,,:: 150 '\.,11;\'\.,1 f1111J1'i1'it'l1J 1400 'it'l1J/'\.,I1'Y1 'YIn"l 5 10 15 U,,:: 20 '\.,I1'Y1 1l)1~\):: ~'i::V::'YIH 

1'\.,1fll'i1f1~t'l'\.,l~1' ..hn1J 200 400 600 1m:: 800 11J;\'i N"\)lflfll'i'YI~fft'l1J'Yt1J'h ~tJ~1J1W Si3N4 ~~ 
~ ., ~ ~.l 1".4 I " 'Go' d 1. I 1" 0 .cI Q Q I
1IJ'\.,I~11ff'i1JUH1'Yt1J'IJ'\.,I 'YI1 'Mfll'ifffl'M'it'l1Jfl1'\.,1t'lV"~ Uff~~11;\11ff'i1J11H'YI1~1J"~ lJff~N" 'M 

d ......" .......1
f1111J11'IJ ~U"::ff1J1J;\fll'i;\l'\.,1 'YI1'\.,1 fll'i fffl'M'i t'l~'IJ'\.,I 

W. ling 11":: W. Yisan (2007) fffl~lfll'iN~;\1ffPJNff1J1'Y11'Y11ijV1Jfllfl1J~1~v 
Cll _ICll~" c::ICllc::l 4 

fll'i1fl~lJtlmm~1V;\'\.,I1t'l~ 1J11lfll'iflt'l Nff1JN~ 28 Wt.%Ti, 7.2 Wt.% C U,,:: 64.8 Wt.% Fe 1J~ 
• , •• II 

~1mfl~t'l~1J~-ri 180 'it'l1J~t'l1'\.,11-ri l~'\.,In"l 24 i111J~ ,j1N~-ri11l1J1tl~1~'\.,I;'\.,I~1'\.,1'IJ'\.,I1~1d''\.,IN1'\.,1 
tI Cll Cll Q Q tJ 4 Go' Cll .cI.d Go' 0 

~'\.,IVfl"H 16 1J""11J~'i tT~ 10 1J""11J;\'i ~1mfl'it'l~t'l~'YIff'YIH1~V1'Y111H~'\.,I 350 11Jfl::'Yt1fffll" 'YI1 
• 'JI. II. o

fll'it'l1JNi1fl-ri 1360-1440 C ii~1~ 1 i111J~ ,j1;'\.,I~1'\.,1-ri1A1tJfffl~1~ 1f1'i~ffJHll1v SEM \)lfl 

fll'ifffl~ l'tnfi1f1111J'M'\.,I111tl '\.,I 'Yt1J11 f1111J 'M'\.,I1Utl '\.,1;'\.,1 ~ 1'\.,11fi1J~'\.,I1rl t'lf2W 'MfJijl '\.,I fll'i t'l1J Ni1flLfi1J 

.1 ~, .1 ....,; ° 4 .,; "'1 ... ~ .1
tT ~'IJ'\.,I11":: \):: 11J '\.,I 1'11'\.,1 '\.,I \)'\.,1 fl ~'YI 1420 C t'll\'l1'\.,1 tH 1J l\'llfl'YI f2W 'M fJ1J '\.,I fll'i t'ltl N'\.,I flL'Yt1J'IJ'\.,I 

' ..1 .,; ~ ..6 ~ ...... 1~ ... .1
f1111Jff11J1'ifl1'\.,I fll'i 1 vm::'M il 11~111ff'YI1IJ'\.,I'lJt'l~m"1U":: TiC ll)1~lIJ'\.,I ;\11ff'i1JUH tl~fl'Yt~'\.,I1'IJ'\.,I 

~~ln~fll'i11tl'\.,l~1'IJt'l~t'l'4mfl TiC ~ln~fll'i'M "t'l1J~111"::\)::ff~N"1,rij~1'\.,11'\.,11vtff'IJmm"1 
~.1 ~ °1" , ~.1 '1 d ... .,;~.1 ~ 1"'"

1'Yt 1J'IJ '\.,I 1IJ'\.,IN"'YI1 'M f1111J 'M '\.,11'\.,1 '\.,I1'Yt1J'IJ '\.,I t'lVH '1 fl;\ 11J fJW 'M fJ1J1J 'YI1'Yt1J'IJ'\.,I1IJ'\.,I ff11 'M91 'M lfl~fll'i 

fl"lm~'\.,I1t'l'IJt'l~ 1"'M::~~1~'\.,IN"'ri1,,r1n~'tft'l~1Hmt"'\.,1;'\.,I~1'\.,1~t'ltINi1fl1rlt'l;'\.,I~1'\.,11n~'tft'l~1H 
, ... °1" 1'" ~.1 ~ " 1" ~ .1"Imv '\.,I \)~'YIl 'Mfl111Jff11J'ifl '\.,Ifll'it'l~1'Yt1J'IJ'\.,I1IJ'\.,Ifll'i'l11Vff ~N" 'Mfl111J'M'\.,I111'\.,1'\.,11'Yt1JtT ~'IJ'\.,I~1V 
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Y. Wang u~::tlw:: (2000) 't;'m'jfin'l!llL~tr.ln'UL'Yltliitl 'lJm'j'Hrifl~'oNNi;~L~lJ 

N1'Ht11'UfI"I1ff~Nff1J~ijL'H~m~lJ~1'H~n	 1~v't;'m'jfin'l!l1~1f1ti1"1~'oN.yh~b1ff~Nff1J 3 ')fii~fifl 
"" .ct ... J/.I • <ll 1FeA1 0] Fe-Zr0 u~:: Fe-TiC CJ1"11Jtl111J'HlJ1'UfI"IN1'HlJ1lJ'j::1J1W 2-3 1J1J. mm'jfl'UNlJn ~wm'j2 2 
,~	 ~ ~ ~ 

L~1JN"I zr02 Alp] TiC .yj'Uinw~b'Ht11;\J"I1\JU~::fhm'jfl'UNUn ~lnUlJ~lmrlJ~"I"h;lJ"I1lJ'tJ 
• • tJ"" 4. , oIII::ll .td Go'	 ,'0 ... 

'Yl~fffl'U 1tlHff'j1"1~1mmfl"l SEM .... 'U11f1'4flltlLCJ1'j11Jn1Jm'jm::~lV~1f1tJ1"1ff1J1Lff1JflfllV lJLlJfI 

.,;... J/ .ct J/ J/ , .ct I J/ .,; I J/ J/1~'H:: 'YlN1'HlJ1'UfI"I Fe-TiC 1Jtl111JL'U1J'UlJ'UfI"I 'YlL'YlLlJV1JtlfllJ'U1"1m'Yl ff1lJtl111JL'U1J'UlJ'UfI"I 

1mLijV1J 11Ji;'U~u1Ju~::iimn~ijm'j m::~lV~1L~V"IL~nt1flV ii;fL'H1J1::~~::,h'tJ Ni;~~lJ ~hlJ ~ 

N1L~lJ1ff~Nff1J'j::'H11"11~'H::-LCJ1'j1~n 

Y.Chen, J.S.Williams u~:: B. Ninham (1997) ..hm'jfin'l!lltl111JU~n9h"l'UfI"I 

tJamV1L;"In~'Yl1"1Ltlij'j:: 'H 11"1V~L1J' lJ ~u~:: N"Iti 1~ , lJ 'j::'H11"1nn'U~""~"I"I1lJ ~ "I , lJ 'UW:: ~ V~L1J 
, 0' .1 ~ <ll d <ll , 0' 1 ..1" .,;

lJ ~ ~ n ~~ IlJn ~ 1m1J lJ N~ n 'U fI"I L'H ~ n N~ n'U fI"I fI fI n CJ1~ 'U lJ 1~ lJ1 lJ u~:: L11 fffl ffqJJ llJ 'Yl 

~ " d' J/. , ... ICll "" 4, Q" I -Cll " 
~W'HfJ1J'HfI"I N~'Yl lJ1Lm1::'H~1mmfl"lXRD U~::1Lm1::'Htl111JU~n~1"1'Yl1"1~W'HtJ1J'llJ1	 ~1V 

4 
Lmfl"l DTA 

Y.-C. Woo, H.-J. Kang U~:: D. J. Kim (2007) 't;,m'jfin'l!llm'jNi;~fI'4flltl 

, 'YlL'YlLi1V1Jtl1{' 'U~~1vm::'U1lJm'j tl1{1'UL'Ylfl{1JfI~i~nilJ 'UfI"I' 'YlL'YlLi1V1J ''lflfln 'CJ1~ '~Qn 

• ~ .r 1"	 0'... • .1..........,; 0 ~
 mm'jnn'l!ll'UlJ ~vm'jNff1JnlJ'U6"1Ti0 U~::tl1'j'UfllJL'jCJ1lJ 'Yl1lJ{)mV1 'Yl 1500 C L1JlJn~l 02 

.ct,J/ ~ 0' 1 .,;,~.!. '.1'" 0'J/ 4
45 lJ1'Yl fllV ~'U'j'jV1mf'l'UnCJ1m'jnfllJ ~VN"I'Yl ~lJ~::lJ1 lJ1Lm1::'H~1mmfl"lXRD U~:: SEM 

.... 'U11ijm'j'H ~fl1JU~::n1J~1nlJfld'lJ'J11"1 500-1000 lJ11 lJL1J~'j 'H ~"I~ln't;,tJani V1ff1J\I'j or 
I "" .1 .ct ., ~ ~ ':.ct ., .,;

'j::'H11"1 Ti CJ1"1Qn~~llJu~:: C ~::1Jm'jm::~lV~1'UfI"I TiC L1JlJL1JlJLlJflL~V1nlJ 'Yl'UlJ1~tJ'j::1J1W 

80 lJ11lJL1J~'j 

MMCs L~lJ1ff~Nff1J~ijtl111JU~"IUH~"IU~::'YllJ~flm'j~n'H'jfl,~~ L'H1J1::'lJ 
tJ •• 

mnh1J1 loN' lJ "I1lJ ~~ff1'H m	 'j1J L'lilJ ;lJ~hlJ 'UfI"ILtlifl"lijfl.yj~fI"I'YllJ~flm'j ~n'H'j fI 'Hifl'lJ "I1lJ 

~ J/., d,.ct (llJ 0'4 d • J/";~" 
mmf'l'V1lJL1JlJ ~lJ 1ff~Nff1JL'H ~ n- 'YlL'YlLlJ V1Jtl1'j L'U~L lJ fI"I ~lnL'H ~ nff11J1Hl 'Yl1'HlJ l'YlL1JlJ ~1 

tJ'j::ff1lJ ,~~ u~::,h'tJloN"I1lJ '~flti1"1n11"1'U1HU~::' 'YlL'YlLi1V1Jijtl111JU~"IU 'I "IU~::'YllJ~flm'j rrn 

'H'jfl',;'~L'H1J1::~~::,h'tJ'oN"I1\J 
tJ 

~lnnufin'l!l1""'U111~wtJn~' 'YlL'YlL i1 V1Jtl1{1 'U~~:: ~n Ni;~;jlJ1~ viimn;, 

tJamv11~w~H'j::'H11"1, 'YlL'YlLi1V1J '~flfln 'CJ1~'Ui~'Yltn'Uum' ~~ fllV'~~qjty1mf'l'~~W'HtJ~ 

ff "Iit"I 1900-2900
0 

C 'lJm'j Ni;~1ff~Nff1JL'H~n-, 'YlL'YlLi1V1Jtl1fl'U~ ~111N"I' 'YlL 'YlLi1V1Jtl1fl'U~1J1 
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l1.J1Y1v{ijfl;~fli'U 't1~V1ifll'Hf"'1JFm't1~fl H,:j'Y1LYlLijV1JUl1::fll{lJV'UUlJ~m,j'lA1vti'U \h'tJv~ 
.1 .1 ~ .: 'I" r3" ,
"'U1lJLlJ'U'r'U,:j1'UUl1::1H1tllV L~lJnmnlff"V,:jnlCJfVl'1nV'Unl1't1l1V 11l1::m::lJ1'Unl1 SHS 11l1:: 

" , • II 

LPS "'lJ11,j'V~VV"V,:j1il't1rl1ijfiv 1~Q~lJnlcNij1 1fl1~ ,:jLi1tl,:j'llfl~V,:j 1cNff11~,:j~'U L~'U ff11 

Q cf .c:I 0 II tid ~ .qclfl ..1 , 'I ~ ",........
 
lJHIYlli 'l,:jYll L't11Jnl1nmn1li L't11J'l"'U1J11'r'U nl1 L'r1li..,l11ff1J1fl111J1V'U 'Unl1ff,:jlm1::'t11ff~ 

~ Q , 4d, ... .., I Q ~ 44 .:.: d'" 14" 1
Hff1J1't1l1fl- Y11Y11'UV1Jfll1 lJ~'llflff'UU1Vl111J 'U~ 1li'U'r'U,:j1'UYI ~VVfl1J1~1L~1J~'UfJ'U 'Unl1 

~11ij'U,:j1'UrJ,:j 

d~'" 1 ...... .11 d, ...0 ........
 

CJf,:jllJ'UYl1J1"V,:j flH,:j1'U1'lV'U flV'l::YIlfln ff,:jLm 1::111ff~Hff1J1't1l1fl- Y1LYlL'U V1J 

~ ~ '4 '''1 ........1 "Q cI eII....:!i ~ "
Q

fl11 LlJ~'llnff'UU1Vl1L1J 'U~ ~V1lifll1 lJ1Y1V11Jm~fl'r'U l'UV,:j'llflff11~,:j~'U"V,:jm::lJ1'Unl1 

... ,,, 'I ...,,, 'I'" ... .4 0' 'I"
ff11JHIHl1~ ~IV,:j L'UtJ1::1Y1fflm::1J11fll\lfl'r1Vl1~fl'UfJ'U L'Unl1 Hl1fl ff11J11 flHl1fll..,V'U 1 tJ L'r,:j1'U 

1'U f2~ ff1't1 m 11J~ 1,:j'l I~VYI~l1Y1'U nlnl11,j'1 'llfl~1,:jtJ1::1Y1ff 

.4... ,.. ..... 11 0 '.1'1 " " 1" l1JVVl111J 'U~\lflHff1J111JfllJfl11lJV'U11"C11'U1 lJ Ll1fl111J1V'UtllV ~lJnmnlff 

r3 .. 'I' ... ° 1 ... "1"mnlCJfV11flV'U L'U'r1,:jf2Wl1lJ1J 1200-1500 C H,:j l111::Hff1J"V,:j Fe-TiC 'l::Qflff,:jlm1::'t1 ~V1li 

fl1{1lJ1Y1v{ijfl ;~fli'U ~,:jff11J11m~v'Ul1fv~l'U1tJ"V,:jtJ~rnV11flij111J11 

FeTiOl (s) + 4C (s) ~ Fe (s) + TiC (s) + 3CO (g) (1.7) 

" l'Uth~lJ;r'U"V,:jnl11n~tJ~rnV1fl1{11.J1Y1v{1JVl1 0l111J''U~'l::Uflfl~11~'U FeO 

... ...~ 1I..li ... .1 0.1 ............ '''~ I I11l1:: Ti02 Y1f2W't1IJ1J~111"C11L1JVf2W't1IJ1J~,:j"'U FeO YIllJ{)mmfllJ C ~llJ'U Fe ff1'U Ti02 'l::H1'U 

" ;r'U~V'U"V,:jtJ~rnV1nl1l1~ltJ"V,:jVVfl 'CJf~ 1~'U Tips 11l1:: Ti20 l 11f{1tJ11fl{)I~'Ul-Wff~~,;'lVfiv 

TiC l 'Unl1 fffl~l1tJ~rnV111l1::ffn lffOV1 ~f2W 11IJij~H'l ff11J 11fl11m 1::l1'Y1Hf2W 11"'l1ff1ff~{ 1~v 

VlffVl1iiflnl1"V,:j..,ii,:j,:j1'UnlJtf~1~~ ~,:j'l::'~11tJ~mV1~ij..,ii,:j,:j1'UnlJri'~1~~'llfltJ~rnm~I~'U 
" " , tJ'~';,:jl11J~'l::ln~riv'U l1l1::H~fltlwcti'"v,:jtJ~mm\!'U '1 'l::ijfl111JLffOV1 Y1H~W 't1"'l1ff1ff~{rJ,:j 

~~~ ~,:jHl1'llflnl1 ft1'U1W ~ '~i'lJ1J l11ff~,:j l 'U1tJm 1-Wfl111Jff1J~l1"V,:jff1'UHff1J1'U1::lJlJ~ 

~Wl1lJij;1H'l ~,:jl1ff~,:jl'UltJ~ 1.5 "'lJ11~ f2Wl1lJij~lfl11tJ1::1J1W 1000
0 

C FeO fhtJ~rnmtilJ C 

oln~I~'U Fe 11l1::~tJ1::1J1W 950-1300 C Ti02 l1~ltJL~'U Tips 1m:: Ti20 l ~,:j~V1Jn;,tJ~mmtilJ 
o

C 11l1::riV1tJl~'U TiC ~ 1300-1500 C fhl1fff11J 11 fl ff,:j1m1::..1 Fe-TiC ~f2W't1lJijtJ1::1J1W 
° .4 .1 I 1" d... 1 ~.. d,,, ...

1500 C 11l1::11JVlJl1VV 't1W'U~1l1,:j 'UlJnV1nlff"V,:jnlCJftll1flV'Ufl'l:: ~1ff~Hff1J Fe-TiC fl11J 

"d •.1 ... ..... I 'I I ... 1 
~V,:jnl1 CJf,:jff1Jnl111l1::flnnl1ff~,:jfl111Jff1J"''Uli"mff1'UHff1JtllV L'U1::lJlJ~H'l ~Hl1ff~,:j 'U 

ff1Jnl1~ 1.5-1.1811l1::1tJ~ 1.6-1.16 
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mol 

4.!! 

4.0 

3.!! 

3.0 

2.!! 

2.0 

I.!! 

1.0 

o.!! 

,.,.. I 
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'""'- CO(g) 

1/--
\/ 
J 

Feli03 ~\ Fe 

-~~ llo~k- llC 

FeO llO.-l\.. '--~ "Thmperature
0.0 

o 

• .1 .., .., l' ~ , 
G'JJm1I1D::n11nllD'~~tll1JJG'JJTtUIi'U8~G'lUNG'JJIlUIIU1::1J1JflH' 

lI'lhNUtRJJ1W'f1If1IUtlJJ'~88n'CIf~ 

mol
 
8
 

7 

6 

4 

3
 

2
 

1 

C 

~ 
'\ CO(~ 

I 
J 

li02 liC 

A r-
FeliOJ Fe 

Fe~ fi"---- "Thmperatureo 
Co 1000 1!!iOO 2000 

3t.1~ 1.6 ml~f1111Jff1Jt;J(1'UV'HY1'UHff1JfI1(lh.l'i::1J1J 

FeTi03 (s) + Ti02(s) + 7C (s) -) Fe (s) + 2TiC (s) + 5CO (g) (1.8) 



26 

mol 
11 

C 
10 

9 

\
8 

CO(g)\
7 

\/
6 

\ /
S
 

4
 

J\ liC 
J 

li02 
2 

FeliOJ FeIX 
L

o 
o 

mol 

IS 

10 

S 

o 
o 

......l.....;.;Fe;,;;;O-:><:IIIIIIIlii:;....;:::::::::=_.l....__L.../_\..::~~iiiiiii;;; ...J 1emperalure 

C500 1000 1500 2000 

1t.1~ 1.7 ml-Wfl111Jff1J~n'l.ltl~ff1'\.HH,.1Jm[JhJ'j::'U'U 

FeTi03 (s) + 2Ti02(s) + lOC (s) ~ Fe (s) + 3TiC (s) + 7CO (g) (1.9) 

C 

\ 

CO(g)\r 
liC~'A 
FeFeliOJ 

Fe<»<::::"" / ,," 1emperalure 

2000 C500 1000 1500 

1t.1~ 1.8 fl·n-Wfl111Jff1J~n'l.ltl~ff1'U~ff1Jm[Jl'U~::'U'U 

FeTi03 (s) + 3Ti02(s) + BC (s) ~ Fe (s) + 4TiC (s) + 9CO (g) (1.10) 
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mol 

Co 500 1000 1500 2000
 

1t1~ 1.9 mlvJfl111Jff1J~~'\IV'HY1'UFH"1J.flltlh.l'I::1J1J 

FeTi03 (s) + 4Ti02(s) + 16C (s) ~ Fe (s) + 5TiC (s) + IICO (g) (1.11) 

C - \ CO(g) 

r 

\/
) liC 

--"110... 

~ Feli03 Fe 

I ~ 1empcra'urc 

S 
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IS 

20 

10 

mol 

o 500 1000 1500 2000 C
 

1tJ~ 1.10 mlvJfl111Jff1J~~'\IV~d1'UNff1J.flltll'U'I::1J1J 

FeTi03 (s) + 5Ti02(s) + 19C (s) ~ Fe (s) + 6TiC (s) + 13CO (g) (1.12) 

C , 
CO(g) 
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f 

\/ 
liC 

li02 -- /" 

Feli03 ~ Fe 

FeO ~ 1empcraturco 
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20 

15 
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CO(g) 
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1000500 

500 1000 1500 

lt1~ 1.11 ml-nfl111lffll~""fl~ffTUNffllfl1V'1J';j::'U'U 

FeTi03(s) + Fep3(s) + 7C (s) ----» 3Fe (s) + TiC (s) + 6CO (g) (1.13) 

28 

lt1~ 1.12 ml-nfl111lffll~""fl~ff11JNffllfl1V'1J';j::'U'U 

FeTi03(s) + 2Fep3(s) + lOC (s) ----» 5Fe (s) + TiC (s) + 9CO (g) (1.14) 

C 

~203 

~0"'li02 

C 
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~203 /AI ~ 
~1I03 "-IQ/\ i'.. lIC1102 
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15 t-----i\-----i-----r--=::::::;:;;:=='f 

10 1-------+--------'\--+-----+-------+----

5 M:CB------+---,f-A--+-~----t------t__----____I 

500 1000 1500 2000 
~ 

C 

mol 

15 

10 

5 

o 

Fe 

lIC 

CO(g) 

15001000500 

3t1~ 1.13 n·Hnfl111lffll~(l'IJf)'Hh'\.HH"1lfl1tJ''\.A~::1.J1.J 

FeTi03(s) + 3Fep3(s) + BC (s) ~ 7Fe (s) + TiC (s) + l2CO (g) (1.15) 

Fe203 

Fell03 

C 

o 

nd 
20 r-------~-----..,..._-----..,...-----..., 

c 

1t1~ 1.14 ml'"f1111lffll'J(l'IJf),Hh'\.A~ffllfl1tJ''\.A~::1.J1.J 

FeTi03(s) + 4FeP3(s) + 16C (s) ~ 9Fe (s) + TiC (s) + 15CO (g) (1.16) 
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nd 
20 

C 

IS 

10 

l1C 

Sf--------+r-f:I--'f---\------t------+--------l 

1--------+---\------:;;o,;L-----+-------+--------J 

I--------+-------\f-~~---+------+--------l 

....---------,-------r------...,..-------, 

oL::===:::::3lk:s::~!!i::=t:::::==:::;;:::l:::i~=s===~TenprWure 
o 500 1000 1500 2000 C 

1tJ~ 1.15 ml-nfl111Jff1J~11~V.Hh'UNff1Jfl1flhn::1J1J 

FeTi03(s) + 5Fep3(s) + 19C (s) ~ lIFe (s) + TiC (s) + 18CO (g) (1.17) 

nd 
2S 

C 

20 

15 

10 

51-----------1-+1:f-Pr----t----+------+--------j 

TICl10Z 110 
TenpnWreo co 500 1000 1500 2000 

1tJ~ 1.16 ml-nfl111Jff1J~11~V.Hh'UNff1Jfl1fl''U'I::1J1J 

FeTi03(s) + 6Fep3(s) + 22C (s) ~ 13Fe (s) + TiC (s) + 21CO (g) (1.18) 
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1.4lftQ'lh::i.T,ui'U6~lfl1~m1 
Go'	 -,., " Q4 cf.,. cf Q 1" 

1.4.1	 ff~If1'.i1::'H1ff~Hff1J Fe-TiC ~1V11ifl".i L1JI'YIm1Jfl~"fl~ fl~l1J U;\ 

l'H~flflflfl1C)f~ ll~::1 'YI1'YIIUV1J 1~flflfl 1C)f~ 
~ Go' ... 1 dd, I., cfw 

1.4.2	 fffl't:l1;\111lJ'.i'YI1JH~m::'YI1J;\flfll'.iff~If1'.i1::'H1ff~Hff1J Fe-TiC 

1.4.3	 fffl't:l1ff1J,j~1;~fl~"fl~1ff~Hff1JFe-TiC ~ff-31f1'.i1::'H1~ 

"'IVI.S 'U8'lJl'Uft'U6~mll;)rJ 

" " , , " 
fli'-3U 1~ffmn~111 tJ'.iVilnv1,1fl-3~-3U 

1.5.1	 tJi1J1Wl'H~flflflfl1C)f~~1~1J~-31tJ1utJ6mv1 ~ 1-611J~ 

1.5.2	 tJi1J1W 1'Y11'Y11UV1J1~flflfl1C)f~~1~1J~-31tJ1utJ6mv1 ~ 1-5 11J~ 
QcLc:I	 I., cf., d 1 ~... .. 

1.5.3	 ~W 'H tJ1J'YI1J H~m ::'YI1J;\fl fll'.iff -31f1'.i1:: 'H 1ff~ Hff1Jl'H~fl- 'YIl'Y11UV1Jf11'.i 11J~ 

0~ 1200 1300 1400 U~:: 1500 C 

, 
1.6	 'lh::lrJ'tJ,1nflurj1;)::'~1'lJ 

ff11J1'.imh1ff~Hff1J Fe-TiC ~1'.i1Vi1fll'.iffmni~v 1l~::Vi1fll'.i'YI~fffl1Jff1J,j~'YI1-3 

fl~1 tJ1onUfll'.i Hft;\';Ufhu~~fl-3fll'.i'YIU~flfll'.ifffl'H'.ifl 'Hifl1Ulfl~fl-3ijfl~~lUflU ~-31r1U fll'.i Hft~ 
.I ,. 1 ." '.1
"U.fllV	 U lJ'.i::l'Y1ff 1l~::'YI~ ll'YIU fll'.iU 11"1~lfl;\1-3lJ'.i::l'YIff 
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<=t 

lJrIrI 2 

1TIfll'H~j rJ:}.J1bYfINbYlJl'I1 ~fl- hllUrllJf11{llJ~l~mL1J.;jLlI'U 2 mru f1'tHl'lh ~'U1J1lJ1W I'Vl1'VUUrllJ l~• 
~ Q./Q d c''j) ~ ~ ~ 

tHlfll"lf~1l'O~1l1J'jN'U 1J 'llJ1Wl'I1 'OfltHlfll "lf~ 'W 'j tllJ'Vl.;j m ~lJJ'U fll 'j'lf~ '0 ~ -olrl fll'j 'tI'U ~1J'lf'U'Vl~ bYtllJ 

U'0 ~ fll 'j 'Vl ~ bYtllJ bYlJ1J~'Vll.;j fl '0 I fi'll fi bYlJ 1J~ fll 'j vi'l'U 'Vll'U II H fl ~ fll 'j'Vl ~ bYtllJ fl J 1ml ~.;j II '0 ~ fll 'j 

'iJ ~ cl \I] '" "'\I] '" \I] '" "'\I] "''''1 !'VlI'VlI'UrllJf11'j !lJ~ !'VlI'VlI'UrllJf11'j !lJ~'Vl~'jJllbYtllJ flHbY'jl.;jll'Ofl1fl'tltl.;jJbY~NbYlJl'l1'Ofl- ll'O~. . 
5.;jlml~'I11¢l' 

2.1 1'iJVJ!!{,l~'iJ1'l!f1ijffi,n'U'HU1~tJ 
QQJ ~.1d. 'j), d.G ~'j) 4 

l'U.;j l'U J 11 rlfl H 'U lJ flul 'lfll 'j II 'O~ bYUlfllJlll 'U bYl 'j ~.;j ~ 'U 'I 'U fll'j 'Vl ~ '0 tl.;j CJf.;j 

32 
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~ ~ I..r.::::t. lIJ d'~ d''J,J

m':iN'YI 2.1 'l1~lJ1UHn~'l1~~f1tl'lJ1'\.m~VflllJ l'U\'l1lml~11Wd(J X-ray fluorescence spectrometry 

(XRF, PHILIPS PW2400) 
, 

o V "" 
i:ll~tJ'YI ij'l':ith~m)tJ 

1 AlP3 

2 Si02 

3 CaO 

4 Ti02 

5 Cr20 3 

6 Mn02 

7 Fe20 3 

8 Nbps 

v v 
fl1UH'UlJ'U'W 

(%) 

0.42 

0.82 

0.24 

56.22 

0.20 

4.32 

37.31 

0.47 
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jtJ~ 2.4 fll'WthlJ SEM Uff~'1~m,:jru~'tJU'lH'Hl1{'UU'W(Activated Charcoal LR) .. 
'l1f)'U~E1'Vl Laboratory Rasayan 
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m:::;1J1'W fll'JGJl':::;f1:::;mV)Jfll'J i~m~ lle11fl'Jf1f1tl~m~'W'l1~f) 1'W fll'JGJl'~f1~mv l~v 

1~lle11fl'Jf1f1tl~f) (HCI) f111lJl~lJ~'W 37% 1)1f)1J~'!J'Yl Merch llf1:::;t.JllhJil\~m~l~tJ~l'Wm~fl1El 

2.2.11~1Im'fJru'l1fJiJ~~ (Tube Furnace, CARBOLITE, CTF 18/75/600) 

. ". 
~'I.Hl 2.6 II f1'fl~~f)Elru~ fll'J~fll'1~'l'itlf119ffi' ~bYl'l1 i'1Jf111JfJlJ1J 'j'jVl fllf1'fll V'l'W1~1 



---
• • • • • 

36 

~ y 

Jl1'VHl ~Hl~f)l'j~~~'H)iJmtUlw fHJ tHl';'W ~ 1'W 1~ tlf)l'j iJrie:wn19fV1 {fHl'Wt<Ul1iJ. 
. .
~ 

fi~~H ~~tiJfi 2,7 

heating elements mullite tube 

samples

regulator 

~l2Sl 
- tiDl~ 

bubbler controller 

. ~ ~ 

~tJi12.7 ttH'Wfll'VHtLY~~f)l'.i~~~~'QiJmtU''Wfl1'.i1Hl';'WHW (Niyomwas, S. (2005)) 

furnace 

• • • 

to lab exhaust 
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~ jJQ.J~ ~ OJ '0 d ~ eJ

~,j'YI 2.10 llff~,mJlfl~'tJ'Ut1J'lf'U~1tltll.:l 'V111l1flll1{1fllmfl.:llJtl SKDll 

'jI I " 

'tJ'Ul~Itl''U~1'Ufj'Utlfl{11.:l 1.5 9flJ. 
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_I"; ..,; 
~lJ'Yl 2.13 !l~~-:j!mtl-:j'Yl'fl'(H)1J!lHfWl Hounsfield Model HIOOKS, Serial No. 0068... 
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., 
v ~q 0 ~ ~v 

2.3 'lJUVltlUU't1~lfiVll!UUfll'11~t.l 

" UR'W~~,j''W\Pl~'Wh.lfl1'jl;ijtJ 1'f1tfll~uti~tll'W 2 mOl ¢i~ U1h~'Wtl1)Jltl.ll'Yl!YI!ihJ1J 

'l'f1~~fllC)$~u~~utl'j~'W!l1~fl~~fllC)$~1'W1{f~WfflH'Y!~fl-l 'Ylt'YltumJm{lll~ ~~!lMl~ 1htttl~ 

2.14-2.15 

--1-

~ +-.-

. " '11Hi 2.14 U{f'f1~UR'W ~~,j''W\Pl~'Wfl1'jl;ijtf1'WmOlutl'jH'Wtl~)Jltl.ll'Ylt'YltUtJ1J l'f1U~fllCJ1~ 
'lJ 
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'U~ "" l_11_~_fl_fl_flfl_1_C]f_Pl_"_----'I 1mmJ1"
L.-__ __fl_11_..1.J_fl_'U_--'

--1-

. " 
lt1n 2.15 11ffPl {I UN'U F7{1,j'U~fl'Ufl111~V 1'Um WU1.hF7'UtJi1l1W111~flflflfl 1 C]fp)' 

I .......... d 1 '" "1" I ~
, 

'U ff1'U 'U fl{l fll1 ff{llfl11:::111ff~Nff1l111~fl- 'YIl 'YIl'U Vllfll1 l.JPlU 1.J~11J'U 2 

'" ~ 4 ~ * I .... * I"" 1 '" 1 1" d 1'1 .. ..: '" I ....mWnfllllflfll'lfl1l1fl11UlJ1N'UlJ11l1W 'YIl'Y11'UVll Plflflfl C]fPl 11~:::111~flflflfllC]fPl'YIllN~~fl1ff~ 

d 1'1 '" ~ .. 
Nffll111~fl-1'YIl'Y11'U Vllf111 11.JPl 

:, .., " ""III'" ~" 2.3.1 'U\4f1tl\4m1a~lfl''n:::'t'llfl11:::'t'lI't'lan-lnlfll\4U1Jfl111tJ~
 

IIU~liJ\4 2 ,l\4Pltl\41't'lqi, ~~~
 

2.3.1.1 m111t11N\4t111J1W'nlnIUU1J'~tltln'.~
 

Vilfll1 LN1N{I V~lll i 'U~ 1 'YIl'Y11UVll iPlflflfliC]f~u~:::f11i'm)'U~l.JPll~~Vll
i 1'1 'U 

ffPlff1'U ~{IUffPl{l''U~111{l~ 2.2 ~~W111Jij 1500
0 

C lPlm~1l~W111Jij'!lfl~W111Jij,rfl{l~1Vtl~11 

lOoC ~fl'U lfi ~ 11ltl~ 11fll11~1l'Ufl{lflW 11 flij~{I1tJ 2.16 u~:::$hVtl~11fl11 1 11~ Nl'U 'Ufl~ nlC]f. ..; .. 
1tI <Q'.cIo QI r:I .. 

fll1flfl'U 3 ~~1~fl'Ul'YI ffl1111.Jfll1LNl 'U1.J11Vlflli'1'Ufl{lfllC]fmmfl'U 
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m1n~i.u)~ 

FeTiO) 

FnTC 1 1 

FnTC2 1 

FnTC3 1 

FnTC4 1 

FnTC5 1 

FnTC 6 1 

nFTC 1 1 

nFTC2 1 

nFTC3 1 

nFTC4 1 

nFTC5 1 

nFTC6 1 

.., , 
D'~D'1'" (mole) 

C Ti01 Fe1O) 

4 0 0 

7 1 0 

10 2 0 

13 3 0 

16 4 0 

19 5 0 

7 0 1 

10 0 2 

13 0 3 

16 0 4 

19 0 5 

22 0 6 

2.3.1.1 m1U1hN,..tA1J1Wl"an6tln'.~ 

Vilfl1'HN1N~ fl~1ll 1'U~ 1'Hgflflflfl'C)f~l1~::fI1{tJfl'U~tJ~1~ivll1-n'Uff~Hh'U ~~ 

l111'~~''U911'IH~ 2.2 ~~W'HtJij 1500
0 

C 1~V1~1l~W'HtJij\llflfJW'HtJij'lffl~~lVti~'I1 10°C 9lfl'Ul'n 

~11lti~'I1fl1'Il~1l'l.lfl~~W'HtJij~~1'lJ 2.16 11~::~lVti91'I1fl1'I 1'H~N1'U'I.Ifl~n1C)fm{flfl'U 3 ~~nifl 
dO"" ld"

'U 1'Y1 11'1'H 'I tJfl1'I lN1 'UtJ'I'I V1fl1ff'l.lfl~fl1C)fm'Iflfl'U 
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-U \o
\ -

\ ilitlfll 

\ \ um~lQ19flWH'JUHf)1 

" 
.... ...... -.... 

1 i,lbn 

Uin 

ltJ~ 2.16 fIl,mff~,.ni~nfll'H~1J'UmfJW,.1tJijn1J'li1~L1tll'\Jfll'HFoll 

.. 
2.3.2 oUUfl8Un11 "::1:I::i:mJ 

o d 1 .. ~ ....; '" ~ " "".. "" 0 .:1. \J1FH111tlfl 'YI1'Y11\Jtl1Jfll~ 11J~'YIff~lml::111~\llfl1~'Ul~~\J 1Jl'YIlfll~ 'If::tl::tlltllf1l1\Jij 

l11gflijijfll~t1u'li '\Jffl~tl::tlltl 10% Hel i~i~H~fJWl1tJijM'ij~1~\J L1tll 24 i111J~ ~~Uff~~'\J 

~t1~ 2.17 

2. 'tilfll~mij~ffl~tl::tlltl~1~ Utl::,jlff,,~fl'Hijd1J\Jm::~nlmij~'tilfll~~Hm~ ~~ 

LLff~~'\J~t1~ 2.18 Utl:: ,j11t1ij1J'M'mf~ 
o QI .d", ~ 0' ... 1 ttI.dI I 

3. \Jl~1ijtlH'YIflHfl~::~nlmij~ff~11fl~1::l1ff"1J~::flij1J~1mfl~ij~XRD Utl:: ~ 

"" .1flHff~1~~1mmij~ SEM 
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.. .. 
.c! _I""

2.3.3 fllj'UU~1J'lfU"llU'flmH)'U 

o d II] "" "'II] ",,d., ~ 'iI 0 .,.1 ?I ~ 
'U1 H'I!'\1 Cl fl ! 'VIl 'VI!'U fJlJfll'j ! 'U~'VIbY ,ml'n ~'11 l~ 1..1 1'V11f11 H)~ 'UlJ t lJtlJ'U \}flJ'Vl~ bYD'U 

'jI • 

0'lJlJ1~t~'U~llJfl''U6mn~ 15 1JCli)UJI?l'j bY'I 20 1JCli)!l..Il?l) 'il1fl'l1'U'W11lJtl'UHiifl'YimUl1f11J 1550 C 
'U 'U ~ eu 

'Wfl H!~'U nm 2 4111..1'1 lJcitlfJ1 M!V'U~l'illJ ~'Itlru '11 n1JMtl'll?lllJBI?l)lf11) lvilJ'Utl'loru'l1 n1JYl'l)<J~ 
q e:u q 'U 'U 

2.19 l~tl'W 11lJ'VI~ bYtl'U bYlJ1J~1l~'IflCl~tl1 1J 



44 

-u \o
\ ., -

\ ilftlill 

\ Ii1ttftlindfllUn~JiiHtn 
'\. 

" " ..... ...... 

UiU 

1t.1~ 2.19 UtYPl~V~':ilfl1'H;i1J'Uv~~w'HtJijfitJ'Ih~L1(11'\Jfl1'HltJ~i1fl 

2.3.4 

..- II 
2.3.4.1 fll1f1~iJ8tU''lItJflfll1f11'Ufll'UU'Hfl~ ......." 1 " ...fl1':i'YIPltYVtJtY1JtJ~fl1':i~1\J'YI1\JUHflPl Pltlfl1':i'YIPltYVtJPl1r.nfl'jV~ HOUNFIELD 

II 

TEST EQUIPMENT Model HlOOKS, Serial No. 0068 A1Vfh~;r\J'YIPltYVtJ~:ij~fl'i:lW:LrJ\J 

'YI':i~m:tJVfl filfl1':i'YIPltYVtJ~~W'HtJij'l1'v~1~W'~f1111JL~1'\Jfl1':iflPlLyhfitJ1.141J1J.li\Jl;; ,~ 
1" , '... II 

.1 ,.... .." .... ..1lj':ium1J Qmat \Jfl1':itJ\J'YIfl'UV~(1 Plf11 llHflPl (Force) U(1:f11':i::tI::tlPl (Extension) ~lfl\J\J~~ 

\11 1tlutl(1~lrJ\J fil f1111JU~~U H'\J fl1':i flPl (Compressive Strength) Li4v'nNv~ LrJ\Jfl':ilvJ 

nJi tltJ I;; tltJ':i:'H'il~~l\J 1\J11J(1'Uv~tYl':i~1~1J(1~1tlfitJfhf1111JLl~~U':i ~, \J fl1':i flPl 

2.3.4.2 fll1f1~iJ8tJflll'l1u;j~ 

, d.... d 1 .. ~ .. ,,,.... .... ~ 

\J fl1':i'YIPltYvtJ f1111J U'U~'UV~1tY~~ tY1JL'H (1 fl 'YI L'YIL\Jtl1Jf11':i LtJPl '1111i fl1':i 1Pl9'11 tI 

.,j d d .. ..;" I 1 ,,,: .... 
Lf1':iV~'YIPltYVtJf1111JLl'U~utJtJ':iVf1n(1(1 tI'HV Hollywood 1\J FR-3e Pltl 'I1\Jl'H\JflflPl 60 kilos. 

tYlfl(1 A 
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U'n'n 3 

3. NDm1f1~nltH 

.., ~.., ~ ~",...

3.1 NDVlnm1tJ.:Ilft11::'t11tJi1NinJl't1Dn- f11f11,"rJ1Jft1111J~ 

, ........ d, ........... , ......
~ ..l 
\Jm'H",:jlf1'i1::11"H"~FH"1JI"Hm- 'YI1'YII\Jtl1Jf11'i ltl~lltl,:jVVm1J\J 2 mOl f1V FU1'Y1 

, " tI ... tI... , ... ........ ..l, " tI ... tI... d , ..

~\llnnl'ill Hf\J 'i1J1Ol 'YI1'YII\Jtl1Jfll'i ltl~ 11l1:: Hl1'Y1 ~\llnm'ill 'iH\J 'i1J1OlI11l1nVVn C]f~ 

tJ • 

1~t1ff~ff1\J\lV,:j ff1'i';,:j~\J l\Jm'i'YI~l1v,:j ff11J1'i()llff~,:j 'rA'~,:j~1'i1,:j~ 2.2 
, 

Q.., II ........ ' Q.., J
 
NDn1::f11J"6.:1~W't1.Q1Jm1tJ.:Ilft11::'t1 f11Jft6NDflIlWllJ1 

't;'m'i11f1'i1::,.;'H,:j';1mh,:j FeTiO)+4C rA'1t1 DTA, TGA I~V~tJ\lUf1111J1~\J'tI 

'rA'l \J nl'i ln~tI~nitil 111~\JI,s\JI~t11ntl'YIH'YI'l'l!la11~V'~Hl1~ '~\l::llff~,:j~,:jlt1m1~~ 3.1 
tJ • 

II ff~,:j ti1f1111J ff1J i \J;'i:: 111H fJOl 11 tJ~ n 1.1 ItI V{l~\J ~,j 111,rn\l V,:j ffl'i ~ 111 t1' til \J 1I~ l1:: ,s1,:j 

0
fJOl 11 tJ~lrlV~ \l1'i Ol l.,lV~ l1~'rA' \llnm 1~'V4t111~fJOl11 tJ~tI'i ::1J1Ol 900 C ff\Jii'l!l J1\J 11~1\l::ln~ 

...... , ..... ~ d , .. , ... , .. ..l ... 
nl'i ffl11 t1'V4 \J 1i:: \I V,:j V l111J \J~ Ln~ l1J \J 11111 nv vn C]f~ 11ft:: 'YI1 'YI1 \Jtl1J vvn C]f~ 11l1::'YI fJOl 11 tJ 1J 

0 d ,.........." .. '" ~ d l..l ...
tI 'i::1J1W 1091.73 C 111l1nVVn C]f~\lm~1C]f~1t1fll'itlV\J ~11J\J1'I1l1nVVn1J1 ff1\J'YIfJOl11tJ1J0'''''' .. 0 tI............ .. ~ 0 , "... ~, ...
tI 'i::1J1Ol 1258.1 C 'YI1'YII\Jtl1J ~vvn C]f~'YI1 cmtl1ntlfll'itlv\JC]f,:j{J1\l'YI1 11tn~l1J\J 'YI1'YII\Jtl1J 

.........1 ,.}'..l ... .1 
fll'i ltl~\I\J1J1 'f'l'YIfJW11tJ1J\J 

105 

100 

95 
-. 
~ 90 
~ 

85i..... 
Q,l 

80:t 
is 
70 

65 

0.5 TGA 
,,,"'1~, 

DTA" 0.04 
~, ,I

, I 0.3I , 
I ~ 

~~ 

I 
I

I 
0.1 U 

-.. '"I 

'~ ' 
~ 

0.1 ~ 

0.0 
1258.1 DC 

-0.1 
0 200 400 600 800 1000 1100 1400 

Temperature (DC), 
It.1n 3.1 m1~ DTA 11l1:: TGA \lV,:j FeTiO) + 4C 
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3.1.1 Fn';)ltltll'U'lhN'"tR'lJ1W'''L''liitl'IJ'~f)f)tl'cni1'"tll,i~I'''1::,{1D'~ND''IJ 
• 14 .... lI'IiI" 

l"i.'Itl-I"IfII'"tI'IJfl111'lJ~ 

nlfll':H1~ Lm 1::M1ff~~ffll LM ~fl-hwruutill fllfhJ,l 1 'ltllltJ':i ~\J tJi1l1W hu'rl 

.... 1 1"'" "..,; '" ° '" " !IIL\Jtlll 'lflflfl CJf'lU'f1::ff~Lml::M'rltJWMtJll12001300 1400 U'f1:: 1500 e U'f1::1Lml::M 'l1t1 XRD 

1~~'f1~~1tJ~ 3.2 L~\J~'f1~1~~lflfll':iff~Lml::M~tJWMtJiI1200
0 e U'f1:: 1300

0 e ...nJ';htJ~mtll 
'" .1 1 ' " '" '" ".... .... ..1.1 ~ • ... d 1 !IILfl'l'IJ\J llffll\!':iW Lfl'lfl\J l~mllL'ltl'rlLl1ff'IJ\JLlJ\J~1\J1\J1l1fl 'l~ ~::LM\J 'l~lfl 

, \Jmw ~ijfll':iUtJ':i~\J~1L~1l~flWMnil 1200°e , \Jfll':i'rl'l'f1fl~~ 2 (L~ll 1 'rlL'rl. .. 
LU till 1'l flflfl 1CJf,l'f1~ 1 tJ 1 111 'f1) ~ii~fiw c:n~ 1~ ~::fl flfl1l1fl~' \J 1 tJ'lJfl~ 1 'rlL'VILU till 1~':i flflfl 1CJf,l 

hU'rllUtl1l1'lflflfl1CJf,l U'f1::LM~fl U'f1::'\Jfll':i'rl'l'f1fl~~3 (L~1l1'rlL'rlLUtl1l1'lflflfl1CJf,l'f1~1tJ 211l'f1) 

, •.1 d.......' .1 • .1 1 .... 1 1 ",!II d .1 
.... 'IJ 11Ll1ff'IJfl~LM'f1fl~::llff'lff1\J 'f1'l'f1~U'f1::~::lJ':i lflt)Ll1ff'IJfl~ 'rlL'rlL\J till 'lflflfl CJf'l MLM\J1l1fl'IJ\J 

, II t I 

Vh~\JL'li\JUL'ljfl~1l1~ lfl'\Jfll':i'rl'l'f1fl~Vi 3 ijLoWff'IJfl~ 1 'rlL'rlLU till1'lflflfl1 CJf,lfl~1l1flfl11fll':i'rl~'f1fl~ 

..,; ....1 '!lid 1!11... ,.4 ~ t!ll"'; '" 0''rl 2 ~~lJ':ilflt) MLM\J ~'tr~L~\J1l1flfl11CJf~llJ\JloWff'IJfl~ffl':i~~~\J 'rltJWMtJll 1300 e \Jfll':i'rl~'f1fl~ 

~ 2 ~ii~fiw c:n~ 1~~:: flflfl1l1fl~' \J 1 tJ'lJfl~ LM ~fl 1 'rlLVILU till 1~flflfl1CJf,l 1 'rlL'rlLU till 1~':i flflfl 1 CJf,l 

.... ~'" ..,;. I • .1 1 .... ...!"I" .1
U'f1::1'rlL'rlL\Jtlllfll':i 1'IJ~ U'f1:: \Jfll':i'rl~'f1fl~'rl 3 ~::lJ':ilflt)Ll1ff'IJfl~ 'rlL'rlL\Jtlllfll':i L'IJ~'tr~L~\J'IJ\J 

.0\ ..., , .... 1 1 "..,; '" 1 ~ t !II .... '" .;..1 '" ~ 
l\Jfl~~lflff~ff1\J'lJfl~ 'rl L'rlL\J till 'lflflfl CJf'l'rlI~ll'f1~ tJ1lJ\J ffl':i~~~\JlltJ':i1l1WL""1l'IJ\Jfll':i Lfl~LlJ\J 

.... ~ "....... .1 , .....,; '" 0' ..,; '" ... ""';1~1VIL'rlL\Jtlllfll':i 1'IJ~~~1l1l1fl'IJ\JL'tr\Jfl\J 'rltJWMtJll 1400 e \Jfll':i'rl~'f1fl~'rl 2 U'f1:: 3 ~'f1~nwcn'rl ViI 

~::flflfl1l1fl~' \JltJ'lJfl~ LM~flU'f1:: 1 'rlL'rlLUtlllflli'i 'IJ,l U~~::""'IJ"h'\J fll':i'rl~'f1fl~~ 3 ~::tJ':i lflt)LoWff 

'IJfl~ 1 'rlL'rllUtlllflli'i'IJ~"'lI~\Jfl11fll':i'rl'l'f1fl~~2 L~fl~1l1~lflff~ff1\J 'IJfl~ 1 'rlL'rlLUtlll1~flflfl 1CJf~~ 
'" 1. I ~It t !II ..... I"" .;..1 '" ~It 1 .... ~ "....... .1 , ...
 
L~ll 'f1~ lJ LlJ\J ffl':i~~~\JlllJ':i1l1WL""1l'IJ\J fll':i Lfl'l LlJ\J 'rl L'rlL\Jtlllfll':i 1'IJ~~~1l1l1fl'IJ\JL'tr\J fl\J 

'\Jmw~ijfll':iutJ':i~\JtJWMtJiI '\Jfll':i'rl~'f1fl~~2 (L~1l 1'rlL'rlLUtlll1~flflfl 1CJf~'f1~ 

1tJ 1 11l'f1) ~tJwMtJiI 1200
0 e ~ii~fiwc:n~1~~::flflfl1l1fl~'\JltJ'lJfl~LM~fl 1'rlL'rlLUtl1l1~flflfl1CJf~ 

.... 1 1" ... 1 ,......1 1 .... ~ ".1 .1 , !II d"'; '" 
U'f1:: 1 'rlL'rlL\Jtlll ~'iflflfl CJf~ U'f1::tI~ 1l1lLl1ff'IJfl~ 'rll'rll\Jtlllfll'i 1'IJ~lJ'ilflt)'IJ\J1l1 MLM\J 'rl~WMtJll 

° 1"" !"I "",.1.0\ ..,; ",.1 ..,;. ,!II.... ... 
1300 e .... 'IJLOWff'IJfl~ 'rlL'rlL\Jtlllfll'i L'IJ~Lfl'l'IJ\J L\Jfl~~lfl'rl~WMtJll\J~~""fl'rl~::'rll MllM'f1~~l\J 

• ,!II '" ~ 1 .... ~ ".1 1!II ..,; '" 0.1 ' • .1
1l1fl.... flm Mlfl'lLlJ\J 'rlL'rlL\Jtlllfll'i 1'IJ~'IJ\J1l1 ~ U'f1::'rl~WMfJ1l1400 e lJ'ilflt)U~LU""l::Ll1ff'IJfl~ 

d 1 .... ~" .0\ ","'; ., !II. I "'...... , '" ~ 1 ....
LM'f1flU'f1:: 'rll'rlL\Jtlllfll'i 1'IJ~ L\Jfl~~lfltJWMtJll~~""fl'rl~::m MlJt)mtll \Jfll'iLfl~LlJ\J 'rlL'rll\Jtlll 

flli'i'IJ~ijfl111lffll\!'iW '\Jfll'i'rl~'f1fl~~ 3 (L~1l1'rlL'rlLUtl1l1~flflfl1CJf~'f1~1tJ 2 11l'f1) ~~WMfJiI 
° "'... ""';1 !II ".1 d 1 .... 1 1" '" 1".4 1 !II1200 e ~'f1~nwcn'rl ~~::flflfl1l1fl~ \JllJ'lJfl~ LM'f1fl 'rlL'rlL\Jtlll ~flflfl CJf~ U'f1::fl'f1Lll \J~CJf~ ~1l1 

t!ll"'; '" ° ' .... 1 .... ~" ~. .4.0\ ..,;
~lflffl'i~~~\J 'rl~WMtJll 1300 e .... 'IJ1111 'rll'rll\Jtlllfll'i 1'IJ~flflfl1l1LlJ\J~1\J1\JM\J~L\Jfl~~lfl'rl 

",.1 ..,;. ,!II.... ... • '!II '" ~ 1 .... ~ ".1 1!II ..,;
tJWMfJll\J~~""fl'rl~::m MllM'f1~~1\J1l1fl""fl'rll MLfl~LlJ\J 'rlL'rlL\Jtlllfll'i 1'IJ~'IJ\J1l1 ~ U'f1::LoWff'rl 

~ t!ll d, 1 ..,; '" ° ' 
IlJ\J ffl'i ~~~'\.J 'IJfl~ 'i:: 'IJ'IJfl~::flfltl"l 'f1~'f1~ tJ 1l'f1:: 'rltJWMtJ1l1400 e tJ'i 1flt) U~ IU.... l:: LoWff'IJfl~ 
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d , ... ~ .. 4..... ........ I~'" J/ 4 ..
I 

L'H"IflLL"I:: 'VIL'VIL'Utl1Jfll~ l1J~ Clf'H)::1JV'UL~m1JL~tl'VIV~L1J'U ff~ff1'U'UVtl1Jln L'U V'Hlln~W 't1 fJ 1J\1~ 

.ci 0' J/.I......' .. ~, ... ~.. I J/'" .. 4 ~ ,.1
..,V'VI~::'VIl 't1lJ{)mtll 'Um~Ln~L1J'U 'VIL'VIL'Utl1Jfll~ l1J~11"1::flV'U'UH1Jfl1l1Jff1J\!~WClf~L1J'U lJ 

~11JmwJfl1l1Jff1J~"I'UV~ff1'UHff1J.flltl' 'U~::1J1J~~11ff'H' 'U1tJ~ 1.5-1.10 

.i::'
OS 
Q,I=
 -
~ 
Q,I ...: 
.s 
&! 

• F~ • Ff'TiO] V TiC • F~O 

o Ti0
2 o T~O] • F~.C 

vV 

FuTC ~ (1"'OOoC) 
l V V •ILi 

V 

FnTC2 (1"'OOoC) 
0 ! 

FuTC3 (1300°C)0 v 
•0 00 

FuTC2 (1300°C)O
 

0
 

0FnTO (1200
0
C)

0 .% •• O• 

10 20 30	 40 50 60 70 80 
2 Theta (degree) 

....	 ... d,... ~ ....: ...1t1n 
~ 

3.2 H"Im~1Lml::'t1ffl~tJ~::nV1J'UV~1ff'1Hff1JL'H"In- 'VIL'VIL'Utl1Jfll~ l1J~'VI11tJ~H'U 

0tJ~1JlW ''VIL'VILUtl1J'~VVn 'Clf,l l~tlvhm~ff~Lml::M~ 1200 130011"1:: 1400 C 

.J. 0' 0 ~~~ QI ~ , .. , ..., ,.. .. .4

L1JVfll~1JV'U'VIltJ{)mtJln1JV"IL1J 'U~ 'VIL'VIL'Utl1J ~vvn Clf~11"1::fll~1JV'U ~~~:: 

Lfi~tJumtllm~"IPlltJ' tJL~'U	 L't1~n 11"1::''VIL'VILUtl1Jfllf"l1J,ll~tlff1J\!~W~~W't1 fJ~ 1500°C ~~~Iln .	 ~ 

H"Im~1Lfl~1::Ml~tl1~ XRD ~~11ff~~''UltJVi 3.3 "'1J';h''U't'JnV~~lff1'UL;~l1J"I'UV~fflHi~~'U 
.1"""'" .. 1 .., J/ .. ... ....: ~ ... d, ...

FeTiO/fiO!C lJ{)mtJlLn~ ~tlff1J\!~WU"l:: 't1H"I~tlWtVI'VIL1J'UV'4.fllfl1ff'lHff1JL't1"1n 'VIL'VIL'Utl1J 

~.. ....	 .... 'J/I ,... ~ .. ..: 
fll~ l1J~ ~llnm~1Lfl~1::'t1 'VIH~W't1"'''If'flff~~ ffl1Jl~(}V1i1Jltl ~11V'4.fllfl 'VIL'VIL'Utl1Jfll~ l1JPl 'VI 

r ,l.cl .cI .d ~	 .cI QI.d Q .cI QI0'	 ~ d I'
nVltJ'U'U~::1Jfl1l1JLff(}tl~\1~'VIfJW't1tJ1J 1500 C 'U'UW::LPltl1n'U'VIfJW't1fJ1JL~tl1n'U'U L'H"InV~ 'U 

J. Q QI old QI I Q" d.d d 0 "d 
ff.fll 1:: 't1 "IV1J"I:: "Iltl L1J VH"I~tl WtVIW'U ~ 1"1~ \1fJW't1 tJ1J 't1V~ L't1"1n'VI't1 "IV1J "I:: "Iltln~:: 'VIl 't1'U 1'VI 
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FnTC6 

• Ff' 

v v V TiC 

10 30 50 70 

2 Theta (d,.~rtt) 

.. Q 0' .... d ~o'd,
3t.1Y1 3.3 N~fl171lfl11::11ff171.h::m:I1J'IV'r;)ff~Nff1Jl"Hlfl- 'YIl'YIl'UfJ1Jfl17 l1.J~ 

~1l1.hN'UtJ;1J1W ''YIl'YIlUfJ1J '~VVfl 'G)1~ 1P1fJ';1fl17ff'llfl71::,.f~ 1500°C 

lrlV';1fl17ff~lfl11::,.f~1mh'J~~Wl1l.Jij 1200
0 

C 'n1.J';htJ ~mfJ1ln~~'U '~ff1J\l7W 
!lid 1 d • .1 ..., 0' , d' , 0' d ... o'd d 

N~'1V'J XRD llff~~ l1ll1'U111JlTtff'lV'JV~l1J 'U91 'YIl'YIl'UfJ1J ~VVfl G)1~ ll1~flll~:: V'Ul91V71Jl~fJ'YI 

'l~ffln~~'U1Jl~'li1'J~Wl1l.Jij~'Jflrl11 ~~W 11I.Jij 1300
0 

C tJ~mfJ1~J'Jln~ '~ff1J\l7wl'li'Un'U';11,f 
... d, d ~ 0' ~ .1 1 • .1 ...; ~ ~!II ~ ,_1
lfl~ l~ ff'l V'J111 ~fl 'YIl'YIl'U fJ1Jfl17 l1.JPll'n1J'I'U1J 111~::m31Jl Ttff'YIllJ'U ff1791'J91'U~:: l71J111fJ lJ ll~:: 

ij'Ul91V{ijl~fJ'YIl~ff~J'JijtJ71fltl~'U1J1Vfll~'U1.JH'ti1'U~~W11I.Jij 1400
0 

C tJ~n;fJll~1Jijfl111J 
0'. 1 !II ... ..1 d , d ~ 0' d'" o'd d • .1 1 !II 

ff1J\l7W 'YI1 l1lflPll~'nl::lTt ff'lV'JI11~flll~:: 'YIl'YIl'UfJ1Jfl17 l1.J~ ll~:: ~::1JV'Ul91 V71Jl~fJ'YI1TtffV~1.J1'J 

1l~tJ71fltl '~i~l~'U ll~::~~W 11I.Jij 1500
0 

C 'n1.J11fl17';ltJ~n;fJln'Uijfl111Jff1J\l7W';11 ,fln~ 
d , d ~ 0'. ~...; ... ~ d 1 ...;, Id

l~'nl::l~ff'lV~ l11~flll~:: 'YIl'YI1'UfJ1Jfl17 11.JPll'YI1'U'U'YII11~VllJ'Ul~fflffIW7tl1fJ 'U7::1.J1.J 1~fJ'YI 1J1J 

l~ff'lm ff17~'U 1Jll~vtJ'U ~'Jllff~'J11~~W11I.JijiftJ~m m~::ln~~'U mh'J ff1J\l7 W ~'Jll ff~~ 1'U 91171~ .
 
d 

'YI 3.1 
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VI11H~ 3.1 Uff~.:jN~~'~~lflfll'i1tfl'i1::M~1Vlfl~tHXRD 

mlfliCJ1~) 

TiOz(mole) Product phases 

12000C 

Product phases 

13000C 

Product phases 

14000C 

Product phases 

15000C 

0 - - - Fe, TiC 

1 Fe, Tip3' Ti02 Fe, TiC, Ti20 3, 

(Fe,C) 

Fe, TiC Fe, TiC 

2 FeTi03, Ti02, Fe Fe, TiC, TiP3' 

(Fe,C), FeO 

Fe, TiC Fe, TiC 

3 - - - Fe, TiC 

4 - - - Fe, TiC 

5 - - - Fe, TiC 

ff1t 'H ~~ tH 1J 'i1fl{) fll 'i orij 
~ 

m~ ff11J1 'i f;) fli1.J1tJi ~~ 1mi'
~ 

\J ~ fl \J' \J fll'i tn~1Jfi m tJ1 

fll{11.Jt'VIfI{1JfI~ 'i~fli\J ~fJW'HtJij~l.:j '1 ~1J'i::lJlW 500 - 10000C V~t1Ji\J~ U~fl~1A1tJfl111J 
J/ .1 J/" ~ , .I""""".J <I .J "" ° 0 

'ifl\JU~::\Ifl~~llJ~1tJfll'i1.JfI\J ~lfl ~.:jUff~.:j \JlJ{)fl'itJ1'V1 3.2 f;).:j 3.4 'VIfJW'HtJ1J 1300 C Ti02 'VI1 

<CIl.et.Q Q,I .5, ~ i"'~ Q,I JJ J 4 <CIl.et.Q.c::S", d 
1J{)fl'itllfl1.J CO t'Yiflflfll1J11J\J f1f1fl CJ1~'VICJ11.JCJ1f1\J1J1fl~\Jflfl TiP3 (1J{)fl'itJ1'V1 3.6) CJ1.:j~f11J1fl~:: 

\Ifl~~11J~1tJfll{1.JfI\J ~fJW'H1Jij~.:jfl11 1400
0

C t~fJflfll1Jl~\J TiC (1JfinitJ1~ 3.7) U~::'\J 

~W::l~tJ1n\J~ 14000C Ti02 1.J1.:jt'h\Jfh1Jfimtlln1.Jfll{1.JfI\Jl~f1rifll1Jl~\J TiC (1Jfimtll~ 3.8) 

0u~::ln~1JfimtJ11~tJff1J\!'ior~ 1500 C 

t'llfli1.J1Vl 'H ~hij
~

fffl~fl ~f1.:jl~\J mjH~n1.Jfll'i fffl't:l1'V1 HfJW 'H 'Yi~ff1ff~{U~:: 

ffn1J'i::flmJ~11m1::'H1~~lflNl;~tlWen 1~tJ1~ XRD ~.:jUff~.:j'\Jl1J~ 3.4 d1'Hi'1.J'i1tJ~::lVtJ~ 
~ ~ 

'Ii'\J ~f1\J fll'i ln~1JfimtJ1fll'i~~11JfJ1~1~tJ\Ji~~.:jij 

FeTi03(s) + 4C(s) ----» Fe(s) + TiC(s) + 3CO(g) (3.1) 

FeTi03(s) ----» 0.5Fep3 (s) + TiOis) (3.2) 

FeTi03(s) + C(s) ----» Fe(s) + TiOis) + CO(g) (3.3) 

FeTi03(s) + CO(g) ----» Fe(s) + Ti02(s) + CO2(g) (3.4) 

C(s) + COig) ----» 2CO(g) (3.5) 

2Ti02(s) + CO(g) ----» TiP3(s) + CO2(g) (3.6) 
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Ti02(s) + 3C(s) ---» TiC(s) + 2CO(g) (3.7)
 

Ti20 3(S) + 5C(s) ---» 2TiC(s) + 3CO(g) (3.8)
 

• Fe • Ti02•	 ... TiC + Ti20 3 
x Fe 0 32
o Fel' 

o	 20 40 60 80
 
2Theta (degree)
 

... ""'..	 ... d ... ~ ..1ltJTI 3.4 N1l1Iml:;'I1ffl'StJ'S::nV'U~V~1ff~Nff1Jn111n- 'YI1'YII\Jfl1JfI1'S L'UPl 

41 J/ ""'1 ... .. 0'YI 'I1~W'I1 fJ1J \Jn1'Sff~lml::'11 1300-1500 C 

'1 J/	 d 'I ... "1"1 .1 ...m'VHl1fl f1Hff'SH'YIH'llmfl~V~I'lH,n L'YII'YII\HJ1JfI1'S 'UPl Plflm'Sl!lJ'SN\J 

tJilJlW1'YI1'YIlij fl1J 1Plvvn1CJ1~ 'llnm'Sff~ Ifl'S1::,.;'lPlfl1~fI1{1'U I'YIV1JVll'i~noi\J ~~ llffPl~ 1\J 1tJ~ 
tJ • 

3.5 'l::1~N~~1V~1~1\Jlin\lW::lm::'S11J~1ti\JI~\Jn~1J~V\Jij-W\J~1fi~1~'S::'llnm'S'S11J~1~V~ 

V'4mfl~\J1PlI~n~1\J1\J1Jlnij1tJ'YI'S~~',jU\J\JV\Jllll:;ijm'S~PlIn1:;ti\J~V~V'4mfl 
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_lei '1 'j)'I'U'Yl 3.5 UbY~~i1l'VH;)lt1 flH'ff'jHV1WiH'li1lfl (a) FnTC1 (b) FnTC2 (c) FnTC3 
~ q 

(d) FnTC4 (e) FnTC5 Ul1~ (f) FnTC6 
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~u~ 3.5 (gjel) U1:Y~\lflll'lrilt11m\l1:Yhrvn.:j~ofllfi (a) FnTCl (b) FnTC2 (c) FnTC3 

(d) FnTC4 (e) FnTC5 Uo~ (f) FnTC6 
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~ if <V ~ G) ') 9J <j} .c:::.d 

~Hl fll'j 1Im1:t'VI fll 'H1'.i:t 'l1t11'l1'IJ tl\l ']1'W ~li 11PJ ItJ 1m 'I 'ff'j 1'1 ~ ~il1 fl~ 1t11li X-ray 

mapping ~\lll'ff~\l'tJt'Li~ 3.6-3.7 'l1f11'11tl~l\lf11'j'Vl~~tl\lFnTC2 v-J~'l1f1f11'j1Im1:t11~1t11~ X

ray mapping 'l:tll'ff~\lii \lf11'jm:t'l1t11'11'IJtl\l']fU~li11PJ1l1fi~~li11PJ~tl~ltJ1m \l'ff~1\l~~fllfl'IJtl\l1'ff~ 
Q l!l ", o'li] 0' 'Q l!l ", o'\IJ 0'", '" , ~ 

v-J'ff:lJl'VI~f1-I'VlI'VlltJtI:lJf11'j !'lJ~ 'Vl'lJ11l'V1~f111~:t b'VlI'VlltJtI:lJf11'j !'lJ~:lJf11'jm:t'l1t11'l1tltl1\l'ff:lJlI'ff:lJtl 

I iJ • 91 

l-11 olftJ \lltJ 'Li~:lJl ru:lJl f1Utl £.I'll tl\lli 11PJ ~'II f11PJ 1~ 'l1 f1fl11W 'll:lJ'lJ tl\l fll'Vl , tJ Yi i1 fr'IJ 11'11:lJ1t1ii\l 'Li ~:lJ1ru 
~ ~ 

li11'l1Jfl11W'll:lJ:lJ1f1'tJ'lJ~ nruutJ if~l'11:lJ1t1i1\l hili li 11'l'tJ'lJ ~ 11ru 't!tJl~ £.I 1~ tJlYi t1'lJ nmhlmJ 'I 'IJ tl\l 
q q 

1~'ff1fi1\l"1~\l'Li'j1f1~ ltJ.fll'Vlri1t1 SEM 

:;1:~"-3IJ;f ,F' rr-·~
 

: ~r' :~)!-;rr~.:~c·· -f1~ ~l:er::.E-~-_... -~ ;:~cu:),·=>;neerro9 =:I..l
 
.,:t ;ts· )-".:.c-

co:. =,.-·:·211:IIJ..:J; :::€ I
 
;cO---,--------------------------------, 

-

Ti4I:r--= 

-

;D---::: 

-

:D--= 

-

JD---= 

-
F~Ti(' .-\l~i Ca l\;!PJ~ F~it 

! ,I) 

I • jI • 

1tJil 3.6 v-J~ f11'j1Im1:t11']fU~'IJtl\lli1IPJYiln~~tJ'tJ 1'ff~v-J'ff:lJl'VI~f1-1'Vl1'Vlli1t1:lJfl1flmfYilif11'j 

1l'Li 'j ~tJ'Li~:lJlru 1'Vl1'Vlli1 tIlJ 1~ tltl f1 1C}f~ 
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3.1.2 Fnl;11flfl11U,hNUtA'lI1W1'HDfltltlfl'CIf~i1Ufl11i~lfl11Z,"la~ND''lI1'Hafl

, fl1'rJ1Utl'llflli'1ml 
. '" '" d' ... ~ "'1 . I '" • I.... d , '" 'YI1mHr~1fl'i1::'H1'HClfl 'YIL'YIL'UV1Jfll1 L1J~ ~WL1lJ1H'UlJ11J1W111ClflVVfI Clf~ 

ff~1fl'i1::11~~tu'HtJij 1200 1300 1400 Lm:: 1500
0 

C ';lm1ff~11fl'i1::11 XRD '~HCl~~ltJ~ 3.8 

, ..; ° ° .1............ .....1,' '" ........ "'... ... ..1.1 ~ 
1m:: 3.9 Vi1J11'Y11200 elm:: 1300 C lJ{]mV11f1fl\l'U 1Jff1J'lJ1W 1f1flV'U191V11J1~V'YI111ff\l'U11J'U 

. '" d,,,
'l1'U1'U1J1f1 ~~'l::L'H'U fl~lf1 

''Umw~ijm1utJ1N'U~1L~1J ~~W'HtJij 1200
0 

C ''Um1'Y1flClV~~ 1 (1~1J1'Hgfl 
, '" ,_1 1 , ..;.... d , '" '_1 1 ,.... '" "'..;VVfI Clf~Cl~ lJ 1 1JCl) llCl:: 'Um1'Y1flClm'YI 2 (1911J111ClflVVfI ClfflCl~ lJ 2 1JCl) Vi1J11HCl9lflWCfI'YI 

" ".1 d"; .... 0' ..; .... '" "'..;,~ ,
~\l::VVfl1J1V~ 'U1lJ\lV~L'HClfl 'YI~W'HtJ1J 1300 C 'Um1'Y1flClV~'YI 1 HCl9lfltuCfl'YI ~\l::VVfl1J1V~ 

' ff1'U' 'U m1''U1tJ\lV~ 111gfl llCl::ijL~ff\lV~' 'YI1'Y11i1V1Jfllfl1J~tJ11f1{]~'U1J1' ~1~'U1~'U1JHff1'U 
..; d '" .1,;,. "" d, "'..;.... ,_1 ~ 

'YIflClV~'YI 2 \l::tJ 11f1{J1~ ff\l V~ l'HCl f1'tffl1 \l 'U \I'U 1'U V~ \llf1fffl ff1'U \I V~111 ClflVVfI Clffl 'YI1911J Cl~ lJ11J 'U 

::" ....... ,,;..1 ... , ... ""'" '"d''' " , ....ff1191 ~91 'U 1J tJ 11J 1W1Vi1J \I'U llCl::1J 1~ff 'YI1 'YI1 'U V1JfIl1 1JfltJ11f1{] 'H 111 'U 'tf~ 1\l 'U 'U VVCl ~ f1111fl1J 

4 ., ~ tJ c: 0' ".... ~, ~ JI lCI II ..:I o'cJ .. .,.,
1'UV~\l1f1fffl ff1'U \lV~ff1191~91 'U 'YI \l::'YI1 'H 1f1fl11J 'U 'YI1'YIL'U V1Jfll1 L1J~1J'U VVCl~l1JV1'Y1 V1Jfl1Jffflff1'U 

d ..; ... ,,;..1 ~ '_1, '" ... "'..; .... ° 
\lV~111Clfl'YI1J1Vi1J~~\I'U 1m::1IJ'U lJ 'UClfl'Htu::1~V1f1'U'YI~W'HtJ1J 1400 C 

''Umw~ijm111tJ1N'U~tu'HtJij ''UflU'YIflClV~~ 1 (1~1J111gflVVfI'Clf~Cl~'tJ 1 

0
11JCl) ~ ~tu 'H tJij 1200 C H~91 titu en~' ~ \l:: VV f11J 1V d' 'U 1tJ\I V ~ 1'H g fI 11 Cl:: J~ hj ij 1~ ff\lV ~ 
, ... ~ "'.1 .1 , "d"; .... ° ..1 , ... ...-. "'.....1

'YI1'Y11'UV1Jfll1 L1JfllJ11f1{]\I'U1J1 'H111'U 'YI~W'HtJ1J 1300 C Vi1J111ff\lV~ 'YI1'Y11'UV1Jfll1 L1Jfl1f1fl\l'U 
I • II • 

1J1~ff1'U lljV~\llf1Vi~tu 'H tJiji1~ ~VivVi \l::';1'~ij'H~H1'U1J1f1ViV';1'~1nfl1~'U''YI1'Y11i1 V1Jfllfl1J~ 

.1 , " ..; .... ° _I • .1 , ... ...-. """ d ,~ '" .1\I'U1J1 ~ llCl::'YI~tu'HfJ1J 1400 C \l::lJ11f1{]ll1ff\lV~ 'YI1'Y11'UV1JflU L1J~ 'H111'U ~'tffl1\l'U1J1f1\1'U 

f1111~1J ''Um1'Y1flClV~~ 2 (l~1J111gflVVfI 'Clf~Cl~'tJ 2 11JCl) ~~W'HtJij 1200
0 

C H~91titucn~'~\l:: 

VVfl1J1Vd''UltJ\lV~ 111gfl ~~tu'HtJij 1300°C Vi1J11ij, 'YI1'Y11i1V1Jfllfl1J~VVfl1J11~'U~1'U1'U'H~~ 
,;,. ..; .... .1 ..; a,,,,,, '" . , ".... ~, ... ...-. ",.1 ,~ 

1'UV~\l1f1'Y1~W 'H tJ1J'U ~~ViV'YI\l::'YI1 'H1J'HCl~~1'U1J1f1ViV'YI1 'H 1f1fl11J'U 'YI1'Y11'UV1Jfll1 L1J~\I'U1J1 ~ 

UCl::'YI~tu'HtJ1J
..; .... ° .1 , ... ~ """d ,"'" .1, .... '"• .11400 C \l::lJ11f1{]ll1ff\lV~ 'YI1'Y11'UV1Jfll1 L1Jfl 'H111'U fl'tffl1\l'U1J1f1\1'Ufl111fl1J fl~ 

llfffl~''UltJ~ 1.11 - 1.16 



..

55 

-

IlFTC2 (1"'OOoC) 

f-.""""W" 
... ,,« .. ... 

-

° IlFTCl (1"'00 C) 

nFTC2 (1300°(') 
-

rt' 

llFTCl (1300
0
C) 

-
I""" 

- nFTC2 (1200°(') 

I" 

- IlFTCl (1200
0
C) 

... 
r 

•
 
V V • 

.~. I.oo~ .... II ,.."J 

V 
II. W 

J. 

i 
1 

• Ft' 

V TIC 

•

L 

1

1. 

.... , 

A. 

A 

I I I I I I I I 
10 20 30 40 50 60 70 80 

2 Theta (degree) 

3tJ~ 3.8 Fol~fIl':i11fl·.i1::,"1'I'1nh::ml1J'UfJ~11'1'PlFol1'l'1ln1gn-'111111\jtlllflli11.J~~U1.hN\nJi1l1W 
d ,"1. QI"4 0

n1~nfJfJn C)f~ ~t1111f1l':i1'l'~1fl'j1::'I111 1200 1300 U~:: 1400 C 

4 ... 0 _I......... ....1 ... 1" 4' " ... ..

l1'JW'H1Jll 1500 C lJtlmf.l1Ln~'U'U1'I'1l\!':iWl11 'I1Fol~l1 ~~lnfll':i11fl'j1::'11 XRD 

ij-nfl'UfJ~n1gnu~::'111111\jf.lllflli11.J~~i~1~'Un-:hl'U fIl':il1~~fJ~~ 1-3 U~::''UfIl':il1~~fJ~~ 4-6 

.eI' d f~QJ • .Q :" • .c=. , ...d 01""'!:Il
~::llU~1~1'I''UfJ~1'11~m111'U'ULn~'U'Ul'UfJ~~lnll':i1l1W1'l'1':i~~~'U flfJ fJ~lll 'U~11 ~::111 '11 Ln~11J'Ul~1'I' 

QI QI 

'UfJ~ 
, 

111111'Uf.lllfll':i
.. ~ 

L1.J~'U'U1l1'l'~1'I'1'U'U 
.. : .. I " 

fJf.llllfJll1f.l1.Jn1.JU1.Jflm
.0\.. 

11'U'Vf
.... 

fl C)f~m~1l1.J1~1'I'1'U
~ .. '1 

~'U1.J~111
..,. 

'I ", I • .1 , .. ~.. I , " I ..." QI .. , .. ~.... I

L'I1 1l'Vf1.Jln1'l''UfJ~ 111l11'Uf.lllfll':i L1.J~ U~~::'Vt1.J ~11fl111l~HU~1f.l~1l 111111'Uf.lllfll':i L1.J~n1~fJfJ~ 

1~f.ll1~~'U1~~ln' 111111\jtlllflli11.J~~n1~fJfJ~fl1f.l'Ha~'ri1f1l':i~::~::~lf.l ~~U1'I'~~ l'U~l':iH~ 3.4 

-_ _._---------------- 
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• Fe

vne 
• 

• 
nFTC6 

.lFTC-4 

IlFTC3 

IlFTC2 

10 30 50 70 

2 Tbe-fa (der;ne-) 

3tJ~ 3.9 FH'lm'J11m1::,.;'ff1nh ::mnJ~{I,:rjffP1FH"1J1'H~f1-1't11't11utJ1Jfl1fttl~~U\hFl\,l1Ji1J1W 

d 1 ~ 1 0 .... ~.,; 0 
1'H~f1{1{1f1 C)j'~ ~tJ't11m'Jff,:j1m1::'H't1 1500 C 
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Fe10 3(mole) Product phases 

1200
0

C 

Product phases 

1300
0

C 

Product phases 

1400
0

C 

Product phases 

lS000C 

1 Fe Fe, TiC Fe, TiC Fe, TiC 

2 Fe Fe, TiC Fe, TiC Fe, TiC 

3 - - Fe, TiC 

4 - - Fe 

5 - - Fe 

6 - - Fe 

fll 't't ti1 tJ 1f'l1 ~ tYf1 ~\'11 ~, 'Clfllf'l"{J ~L 'H g fl 1 \'1 L\'1 LUtJ1J f'l111 tJ ~1 ~ tJ fl11 11tl1 NU 
.1'" d ' ''1 .....j/ .......1 ..... ...... 1 .1";

lJ11J1WL'H'Clfl{J{Jfl 91~ ~tJm::tJ1Ufll1tY~Lf'l11::'H~1tJ1tim1 tJL\'1{J1J{J'Cl1~fl'tfU ~~utY~~ UllJ\'1 

3.10 't'ttJ11{J\.ifllf'l FH ~1mh~ ij -nflll W::Lfll::111J tiUL~U fl~1Jn'{JUU'Cl::ij n'{J U fl 'Cl1J Lg fl'1 m:: \lltJ{Jd 

~~m~11n'{JUfl'Cl1JLgfl'1 if\l::L~U {J\.ifllf'l"{J~L'H gfl~Ln~fll1'H 'Cl{J1J~1~tJW 'H fJii fJ ~';l 1,rLn~fll1 ~tJ 

~1L~U n'{JU11'Cl::V~~{JtitJ{J\.ifllf'l"{J~' \'1L\'1LU tJ1Jm{1tJ~~~ij -nflll w::~1J11~~ '1.iullu{JUij -nflllW:: 

... ..;..... . ... ... '.1
L'H1J{JUU"U Lfll::LfltJ1U'Cl::\ltJtJ~~{JLU{J~flU lJ 
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nFTC2 

~t1~ 3.10 fll'V'lciltJ 1m-'HY~1~'Vl1~~~fllfl (a) nFTCl (b) nFTC2 (c) nFTC3 

(d) nFTC4 (e) nFTC5 U~~ (f) nFTC6 
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nFTC4 

(t) nFTC6 

·n.J~ 3.10 (vi~) fll'WG1U If1H{1'h~'Vll'l'iHUllfl (a) nFTC 1 (b) nFTC2 (c) nFTC3 
~ .
 

(d) nFTC4 (e) nFTC5 U~::; (f) nFTC6 
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fI1t1l1~~mnil Point Scan ~'U~nw~t'fh..!A~~m'llJ'lJfl~~il~fl\Uovlll1~f)-ll'Yl!'YltiJmJ 
fliJ tid o"ll1 3J 'd .d ~ J ;: ~ d d & ~ w ~ )IQ.I 

fl n A'U ~'Yl (Y ~Afl'j 1~11 !f! Yi'U 11Al!~ f)(ll!'Yltf1f!'lJ 'I..!'I..!A'U'I..!AlJ~'lJ fl ~1l1 (If) C)$ ~Af)~ m 'j 11 (I fllJ\?1 lA'U'I..! f) fl'l..! 

f)(llJ~m.ul1f))J{Y~ ~~u{y~~''I..!'jtJ~ 3.11-3.12 
q q, q, '\I 

<90 

-

40~ 

-

300--: 

-

~oO--: 

-

100--: 

-

~f ~i Ti 
f~·
j\ 
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~ d QI L:::'l, q '1 <JJ <JJ ..:::-.::::1, 

vH'l fll)" 11m 1~11 fll1Wj ~ 1l1t1\Pl l'Ut}'J'lf'lHl 'Ii 119J I'U Ifl'j'l 'ff)" 1'1 ~ 1:Ifllflf) lt11'1i X-ray 

mapping ~'Jll'fff)'Jl'U1.l1~ 3.13-3.14 'Ut}'J~1t}~1'JflWVlf)1:It}'J nFTC3 1'11:I1l1flfll)"1Im1~11~·:ltI11l X

ray mapping ll~ll'fff)'Jii'Jfll)"m~'il1t1~1'Ut}'J'lfiJf)'li1I9JllIPi1:l~'li119J~t}~1'U 1m'1 'ff~ 1'J~1:Ifllfl'Ut}'J1'ff~ 
d b] c:1 ~ <I ~ fj} OJ' tq<JJ <jJ dd.::t 

1'1 'ff:lJ 111 1:1 fl- IVUVU'UtI:lJfll)" rlJf) 11 )":lJlW:lJl fl'U t} tI'Ut} '1 'Ii 1\Pl 'ff'Jlfl\Pl If) 1l1flfl1 1:lJl~J:lJ 'U t} 'lfll'V'l l'U 'Vl 'U 'ff. . 
'U 1111:lJltlii'J11~:lJlW 'Ii l\Pliifl 1 1:lJ I,r:lJ:lJlfll 'UtJ ~ ld Tll tT

~ 

'U iY~ 111:lJ 1tlii '1 lliii 'Ii l\Pll 'U tJ ~ ldW tT
~ 

'U l1:l tI 1 f) tI. .
 
III tltJ tltJ 1'111111t1 'J'Ut}'JI'Yl 'ff1Pi 1'1"'] ~'J11)" 1flU1'Ufll'V'l ri 1t1 SEM ll~'V'ltJ fll)" m ~ 1l1t1~1'Ut} '1111 ~ fl1l1:l ~ 
lI] "" "'lI] '" "i c$ "" Q,O ~ '1J '~ 11" 19Q,Ol'Vll'Vll'UtI:lJfl1)" ItJf) If)tlt}'U'4fllfl'Ut}'J1111:1flll~:lJ1:Ifl£lW~I1J'Uflt}'Ufl1:l:lJm~1l1t1\Pllt}~'VllLJ I'U 

l'VlI'VlltJtI:lJfllflllf1 

cOO-
Ti 

15G-

100-

,C-

C'a('OF. 
A 

, • )I , 

~tH13.13 1'11:Ifll)"1Im1~11'l$iJf)'Ut}'J'lill9Jlllf1f)~'U l'U 1'ff~1'I'ff:lJ ll1 ~fl- l 'Vll'VlltJtI:lJfllflllf1lllJ fll)" 

"I I'" c$ lI] '"Q,O nIILJ)"I'I'ULJ)":lJlTllIl11:1flt}t}fl lCoJff) 
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3.2 ND~l~lnnl1VZDZQlb 

3.2.1 UtJ1N~tJ1"'1Q1''nl'nl;]b''''~tJtJn'.~ 
G' 0 QI • JI JI JI 1J1 QI ci 

'I1ft.:j~lnVl1m'I'Jj'ZftZ(11tJ ~1f)tJH~1tJm~ HCII'U1J'UU 10% ~N(1 ~.:j~l'IHVI 3.3 
~ . 

fll1H'n 
..i 

3.3 Ilff~.:jm'I l1.1i tJ1J1VitJ'U\h'l1un'Uf).:j 1'VIl'VI1U tJ1Jfl111 'U~Viu9i(1zm'I u1.1'I NU1.111J1W 

u , 
ftltJbH 

•• u, 
'Ul11'UnntJ'U vzaZDlb (g) 

•• u u 
~l11'Un11Q~ VZDZQlb (g) 0/0 TiC 

FnTCI 2 1.204 60.20 

FnTC2 2 1.460 73.00 

FnTC3 2 1.549 77.45 

FnTC4 2 1.622 81.10 

FnTC5 2 1.650 82.50 

FnTC6 2 1.767 88.35 

100 

90 

80 

70 

60 

~ 50:.e0 

40 

30 

20 

10 

0 

FeTi03 + (n-l)Ti02 + (3n+ I)C ~ Fe + nTiC + (2n+1 )CO (3.9) 

Analysis of reaction products 

..... ---... _ -- --.--- ---- .. ---- .... --- -. 

o 1TI02 2TI02 3T102 4TI02 5T102 

mole added 



63 

GI 0 , II II '11 .ciGI II GI 

'HH\llfl'VIlfll~ ')f::~::~ntl~1t:ltlH~1t1flHI HCII"1J"'U 10% ~N~ p!~~ln:J'VI 3.4 . " . 
f111Hii 3.4 utY~~fll~ 1mt1'U1fitl'U'l11'H oJfl"t:l~ , 'VII'VIlij t11Jf11fl'U~ fi11~~:: fl n mh ~'U 1J~1J lW I'H ~fl 

t:lt:lfl 'tJf~ 
..... , 
flltltlH 

... .....,
'I.Ill't1'Unntl'U ,,::a::altl (g) 

.. 
111't1,rn't1D~ ,,::a::aUJ(g) % TiC 

nFTCI 2 0.511 25.55 

nFTC2 2 0.309 15.45 

nFTC3 2 0.285 14.25 

nFTC4 2 0.152 7.6 

nFTC5 2 0.122 6.1 

nFTC6 2 0.112 5.6 

.4 ..... 1 d , .. ..:..1 ·1"""\l::'Vi 'U1111Jt:l'VIlfll~ 1~1J \l1'U 1'U 1J~"t:l~1'H ~ flt:lt:lfl tJfP!I'Vi1J"'U \l::'VI1 'H tY~ tY1'U "t:l~ 

1tJTI 3.16 mlvJ11tYP!~fl111JtY1J'Vi'U 1i~::'H 11~fll~ 111J~ N'U 1J ~1J1W1'H ~flt:lt:lfl tJfP! 

"t:l~ ''VI1'V11ijtl1Jf11fl'U~~~~~ ~l1JtY1Jfll~~ 3.10 ~~11tY~~ ,n'U11J~ 3.16 

FeTi03 + n Fe20 3 + (3n+4) C -----) (2 n+ 1 ) Fe + TiC + (3n+3 )CO (3.10) 

Analysis of reaction products 

100 

90 .~ • • 
80 ~ 
70 

60 

i 50 I;~~J 
-ae 

40 

30 

20 

10 

0 

~ .-----. 
• • 

Fe203 2Fe203 3Fe203 4Fe203 5Fe203 6Fe203 

mole added 

ci GlG'tI, GI lClo d 1" 

... 1J'" d , ... rl"fl'U ~1J1W1'H~fllm:: 'VII'VII'Utl1Jf11~ 'UP! 
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d lIJ .. ""1 ........." "".. ,1 1"': ..... "".1,,, ..

l'IHlfl- lVllV1l'l.HJ1Jfll'i l1J~VI ff .:11m 1::: 'lHl1t111i'lHI::: Plfll'U l11'UflVllfl~~'U fl'C11fW.:I 

il1J'YI1.:1V1(j'l!l~ ~.:IUffPl.:l 1~'UltJ~ 1P1t1ml~''U,b.:lmml:::UffPl.:lN'C1~V.:I1'I1~flU'C1:::13.17 VllV11Utl1J 

""1 .... "".1.... ... "" lIJ .. lIJ lIJ.... "" lIJ .. lIJ
fll'i l1J PI VI ':I:::1flPl~'U 11 'C1.:1 ':I lflVl1fll'i UtJ 'i N'UtJ 'i 1J lW lVllVll'Utl1J lPI VVfl lC]1P1 VI fll'i lfl1J lVllVll'U t11J lPl 

lIJ" • , "".1"" lIJ.. ""1" "" .1 ,"".... "" lIJ ..
VVfl lC]1P11Jlfl':l:::'YI1 111J lJ'i 1J1W~V.:I lVllVll'Utl1Jfll'i l1JPllflPl~ 'U1J lflfl1l1J'inwVl1J fll'i lfl1J lVllVll'Utl1J 

lIJ lIJ"" " "" d d , d.,J ... ... "" lIJ .. ""1 ....
lPlVVfl lC]1P1'UVtlfl1lff1'UtJ'i1J1Wl11'C1flfl':l:::f1VtI'l1.... 1J~'UUtJ'i NflN'U fl1JtJ'i1J1W lVI LVI l'U t11Jfll'i l1JPlVI 

"" .1 , I ... d lIJ .. ~.... "".1... • .1'" 
lflPl~'U 'U 'J11.:111 'C1.:1 ':I::: UffPl.:lN'C1~ V.:Il11 'C1flU 'C1::: lVllVll'U t11Jfll'i l1JPI VI ':I :::1flPl~'U 11 'C1.:1 ':Ilfl'Yl1fll'i UlJ 'i N'U 

.1"" d lIJ" .. "" d lIJ" .1 • , ".1"" d "" .14
lJ'i1J1Wl11'C1flVVfl lC]1P1 Vlfll'ilfl1Jl11'C1flVVfl lC]1P11Jlfl~'U ':I::: VI 1 11lJ'i 1J1W~V.:Il11'C1fl1flflWV:::~'Ul'i VtI'l 

d QlQI.Q ... .cS ~"'.cS OQl4Q.Q d ... t! 
C]1.:1 ':I:::UtJ'i Nfl N'U fl1J tJ'i 1J lW lVllVll'U t11Jfll'i l1J PI VI ':I::: 'C1P1 'C1.:1fll1J 'C11Pl1J l1J Vlfl1JtJ 'i 1J1Wl11 'C1 flV Vfl lC]1P1 

'C1.:11tJ,'UtJ~mtI11~1J1Jlfl~'U 

Analysis of reaction products 

O+--"""T'""-"""T'"---r---.--r---~-"""T'""-"""T'"---r---........-r------, 
5T102 4TI02 3TI02 21102 TI02 0 Fe203 2Fe203 3Fe203 4Fe203 5Fe203 6Fe203 

mole added 

4 ." ... I d lIJ .. ""1 .... lIJ" lIJ.l. 
l1J V'U l~ V\l 'C1 ffPl ff1'U ~ V.:Il11 'C1 fl11 'C1::: lVllVll'U t11J fll 'i l1JPI VI lPI ':Ilflfll'i VI PI 'C1V.:I llJ Vll 

fll'ilm t11Jlfitl1Jil1Jfh~1~':IlflfllHh'U1W1P1t1'~1tJ'ium1J HSC 1~V~f11l1Jl~'U1tJ1~''Ufll'ilnPl 

tJ~mtl1 ~.:IUffPl.:l1~1tJ~ 3.18 .... 1J'hLrtV't;,fll'iUtJ'i~'UtJi1J1W 1V11V11Utl1J 1P1VVfl 1C]1~ffPl'tY1'U~V.:I 
d QI I "I ~ tI ~.l .. 0 d4 QI.Q 

111 'C1fl':l:::'C1P1'C1.:1U'C1:::ffPlff1'U ~V.:I lVI LVI l'U t11J fll'i l1JPI ':I:::1.... 1J~'U U'C1:::11JVVllfll'i UtJ'i N'U tJ'i 1J1Wl11 'C1fl 

"It! 'QI' d.d..l QlI "I .cS ~tI OQl

VVfl lC]1P1 .... 1J1lffPlff1'U~V.:Il11 'C1fl':l:::1.... 1J~'UU'C1:::ffPlff1'U~V.:I lVI LVI l'U t11Jfll 'i l1JPI ':I::: 'C1P1 'C1.:1fll1J'C11Pl1J 

100 

90 

80 

70 

60 

i 50r;e 

40 

30 

20 

10 

1~%Fe_Th80. 

1-%TIC_Th80. 

I; ~~~~~:~._ 
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hW~V2;Jfl~ 1~~lflfll'J'YI~flfH ...nyhd~I'\J 1-ul'\J 'YIl"1l~[J1n'\J n1Jfh~ 1~ ~lfl1 -u'Jum1J HSC Ufl::ij 

u'\J111J~lfl"'lfl[J"In'\J 

Analysis of reaction products 

100
 

80
 

40
 

20
 

O+---.,.----r-----r--r---""T"""-"""T""----,.--~-.........,...____..._II......,
 
STl02 41102 31102 21102 1102 0 Fe203 2Fe203 3Fe203 4Fe203 SFe203 6Fe203
 

mole added 

1 
~""Fe HSC 
-""TI(:_HSC 
-. '''''Fe_Exp. 

I...... ')I..!I~=~J9l-' 
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_I"; 1I ~ 
~lJ'YI3.19 Ub1'~.:j.f)l'rHlltJ m.:jb1')l.:j~(jmf1'Ufl.:j (a) TiCl (b) TiC2 U~::: (c) TiC3 
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Synthesis at leaching 

1500 
0
C 

TiCFe-TiC 

. ~ 

~t1n 3.20 UbY~.:lU~'Um'W.,j'U9Hl'Ufl1·ilf)~1J~f)~tJl 

200 ruu 100 "Ill5UO IlIU ; X3000U :\611000X 15UtJtJ 

~t1~ 3.21 UbY~.:lm'WriltJ TEM 'tIU.:lIPl";WV1.:ll'YII'YIltJtJ1JmfltJtf1 

(a) X15000 (b) X30000 U~::: (c) X60000 
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lrl floW 1N.:j ~1fl tiH ~Vi 1tll'.i ff.:j lfl'.i 1::..r1 ~11.1 ~ '.i 1 ~ 11fl'.i 1::..r'H 1~'U 1~ m~ tl1fl~1tJ 

4 "I " I 1 I "I .4 1"'''1'' ... "I I ,
1fl'.ifl.:j LPSA ~:: l~fll~fl.:j~'U1flfl'4tllflflflfl1J1'U'H'U1tJ 11Jfl'.ifl'\.JCl1.:jfll'YIlflm~1Jfl111J 11JU'U'Ufl'U 

1iifl.:j1J1~lfl~ 1flti1.:j~ '~l~'U N.:j~.:j 1M'flllW:: ~1.1'Y1'.i.:j~11J1111'U fl'U ti~1tll:: Ull:: ~1.J '.i 11J~1n'U1~'U fi'fl'U 

" . " 
~.:jir'U ~'U 1~ Vi '~flflfl1J1m ~1 ~'U ~'U 1~~ fl.:j fl'4 tllfl1fl tJ'.i 11J';.:j ti'fl'U m ~ '1Jl'tifi 1~'U 1fl ~fl.:jU~ ll::1~ ~ 

"I .Q ~ a' '::"1 tJ .d A 0 d'I QI Q 

fl'4tllfl 1'YI1'Y1l'UtJ1Jfll'.i 11.Jfl fll'YI Iflflflfl1J1~.:j~l'.i1.:j'YI 3.5 1l1l::11Jfll'.i1'Y11tll'.i11fl'.i1::'I1~'U1flfl'4tllfl 

'\'l~tJ 1"''''''''tffll'YI ~~lfl XRD 1J1fll'U1W'H1~'U1~Nllfl~fl.:jfl'4tllfl~::""1.J11fll'YI4 ''''''' 1'Utll'.i'YI~llfl.:j'YI...0 I ~ll~ll.:j 

I ~ J 1 ... '_12 Ull::~::flfltJc:'J1""1J~'U 'Utll'.i'YI~llfl.:jt:1~ lJ 

, . . 
.q 0 .:s," ....•

"'11Hn 3.5 llfffl.:j~'U1flfl'4mfl ~lfltll'.ifl1'U1Wfl1'Y1 ~~lfllfl'.ifl.:j XRD 1l11:: LPSA 

Sample Crystal size (om.) Particle size (p.m.) 

TiC I 28.8 12.8 

TiC2 21.6 33.3 

TiC3 21.6 33.5 

TiC4 28.8 16.1 

TiC5 34.6 10.3 

TiC6 43.2 23.2 

..
3.3 n~n.T81.Ji.nJ1J",nHnD 

" . . 
tll'.i'YI~fffl1.JVi1tll'.iV~;'U.:j1'U FnTCl1~fl'H1~W'HlJijVi1M1J1::ff1J1'Utll'.ifl1.JNiJfl 

~.:juff~.:j1'Ul1.1~ 3.22 .... 1.J11t.1'lVi1tll'.ifl1.JNiJfl1~tJu'ti'1'1~'Unll1 I 'tf1J. fi1 Compressive Strength 

.Q ~ J Q.et.d 0 ~ Q.d 0 1'" tJ~ .d Q I 

~::1Jtll'.i1""1J~'U~11J~W'HIJ1Jfl1.JN'Ufl Ull::'Y1 1600 C ~::11J'U~W'HIJ1J'YI'YI1 'H fl'tf'U.:j1'U'YI1Jfll 
•• • II 

Compressive Strength ~.:jVilI~ 1l~lijfll'.i1'Y1~llfl.:jVi1tll'.ifl1.JNiJflVi~W'HfJij1550
0 

C ll'tiVi.:j'1'1~'U 

nll1 2 'tf1J. f11 Compressive Strength ~::1.;i1J~'U~lfll~1Jl~'U1,h~1lrlfllVitJ1.Jn1.J~~W'HlJijl~tJ1n'U 
" ."

~.:jir'U~.:j~flff'U1 ~l~flfl 1~~w 'HfJijfl1.JNiJflVi 1550°C ull::u'tiVi.:j11' 2 'tf1J. d1'11 i'1.Jtll'.i'YIflllfl.:j 
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100 

10 

as 100.. 

~ 
.c... 70 
til ..r:::

10 

•
~...
..
 110 
~ 
•..
• 40~ 

D

E 
300 

0 

20 

10 

0 

....-sin tar 1hr 
____ sinlar2hr • 

1350 1400 1450 11100 1 SSO 1600 1150 

T.m p.ratur.(°C). .
_I'" •.1 • ~ .. .. ... , ..I 

l'U'n 3.22 mTrtL1J'HJULYWU Compressive Strength 'VIU~Cl::fJW11t.J1J 'Unl'HlUN'Ufi 

o ~ I I.I'" ~,..~, ~ 
'VIlnl 'j nfi'l!I1fl1f1111J 11 'U lU'U 'U UCl:: lJ 'j 1J l~ 'j ~ fl.:j L11 Cl fiUCl:: 'VIL'VI L'U tJ1Jfl1'j U~ 

A... o' .1'_1, tI, .r .1.:' , '.1" ..... 0 ,tI,• 
LVffl'VI~::'Ulfl1L11Cll'U lJ 'M 'Un1'j~'U1lJ'M'U'VI~H"flU~fl lJ Clf.:j~::UffflnYifiUfl1'U1W 1 'U 

tllflN'U1fi hw~::'~fh~.:jL1ff~.:j''U~l'jl.:j~ 3.6 

ft11'n~n'8.:j % mSJlft1 

.. 
.11an 

% mSJlft1 

''nI'n.iitlSJflli'1tJ~ 

mSJlft1'nH 

... 
'nq~.g (ml) 

, 
flllSJ11....1U........'nH 

... 
'nq~.g (gIml) 

FnTCl 36.90 63.10 19.26 6.01 

FnTC2 22.62 77.38 31.41 5.59 

FnTC3 16.31 83.69 43.56 5.41 

FnTC4 12.75 87.25 55.71 5.30 

FnTC5 10.47 89.53 67.87 5.24 

FnTC6 9.74 91.12 80.02 5.19 
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. " 
fldVi1J~:1J1W 35.5% Relative Density ''Ull~l\:fll~'VI~l\fl~ 'H-n~~1fl1~n;'fll~IN1fltlN;:jfi;r'U~1'U 

o , "11) ~ ,.: .. , .c:..r .. ,,'_1
~:'VI1 'H 1~fl111J'H'Ul11'U'U'Ufl~'tl''U~1'U1Jfl11'rnJ'U'U~1fl1~1J fl~ 'U'tl'1~IJ~::1J1W 38-43% Relative 

'd .. ~ cI'1lJ .. """ .. .c:..r, ,.: dWi l' ..
Density lm::'ntl11'V111Jm lCJl''U;\ L'VIl'V11'U V1JfIl~ LtI~I'n1J'U'U fIlfl111J'H'U 1U'U'U 'Ufl~'tl''U~l'U 'VI L~~::1J 

tid tI~J, d I OGI 4 .d.cll 

l1JmLCJl''U;\I'n1J'U'U 'Ufll~'VI~l\fl~'VI 2 1ll\:flflV'll\~l\~~l1Jl\l~t1 CJl'~fll~'VI~l\fl~'VI 2 ~::1Jfl1f1111J 
• ~.l ci 4 del . . 

'H'U111'U'U~::I'n1J'U'U1J1fi'VI",!~ flfl 42.8% Relative Density Ul\:fin'VI~l\fl~'VI1JfIlfl111J'H'U1U'U'U 

~ .I " d 4 .d d dO' jlQI • ~ ,
L'n1J'U'U'UflV'VI",!~flfl fll~'VI~l\fl~'VI 6 1J 38.7% Relative Density ff11'H~'VI'VI1 'H;\1flVH'tl''U~1'U 'U 

fll~'VI~ l\fl~~ 3-5 ijti1f1111J'H'U111U'U 'H -n~fltlN;:j mvi1J~'U ~ 1fl1~1J L~1J 1fi':;fim ~1iifl~1J 1~ 1fi1Ji1J1W 

.: d.cia, " 4 d "I d ~ tid ...c:\ I QIGo'.ell

'Ufl~1'UflL'H l\fi'VI1J fl~'U flV l1Jfl1'V1Vtlfitl1J ~ 1J 1W'U fl~ L'VII'VIl'U V1JfIl~ Lt1~ ~~ lf1~fll ~'H l\fl1J/U'U 'U ;\1'U fl~ 

~ i" ", ,4 d Go' ,::l.c:I_IA d ,
1'H l\fi ~'U flVfi1111Jfl1 'VIVtlfitl fll~ 'VI~l\fl~'VI1JIJ~1J 1Wl'H l\ fi1J 1fifi11 

!.:;: b~fOr~ ;i~ter I, 
l~afte~s!nJl:!rJ 

48 

~40•c 
-3 
~38 
::I 
.!! 
!.,.38....- +- -t- -+ ........ -+
 

34 

32 

3O+----..,....----r----...,------"T-----..r-----., 
65..3 

TIOz (mole) 

2o 

• JI 

3Un 3.23 m1v1f1111Jff1J..;'U,r~::'H,h~fl111J'H'Ul11U'U'Ufl~;r'U~1'U Fe-TiC ''Ul1~l\::fll~'VI~l\fl~ 

...... Sf •
3.3.1 n11Y1Ai.TtJtltTlltlfln1'1f11UYl1UUHnA Compressive Strength 

o.! dQl,l .cI ", '10 I 

'U l'tl''U~l'U'VIfl~'U'U l1Jul\::fltlN'Ufi11l\1 L1J'VI1fll~ 'VI~fffltl'H 1f1l Compressive 

Strength lmVtllViVtln'U''Ul1~l\::fll~'VI~l\fl~ ~~11ff~~~~m1v111J~ 3.24 'ntl'hti1 Compressive 

.. ,.c:..r, d ..s,,~ .. """ .. .c:..rcI'1lJ d
Strength ~::1Jfl1L'n1J'U'U 'Ufll~'VI~l\fl~'VI 2 lm::l\~l\~I1Jfll1JmlCJl''U~ L'VI1'V11'UV1JfIl~ LtI~L'n1J'U'U CJl'~ 

~ Wi' d Go' QI QI tI , .c:l~1I ,tel.4 d" 0
LlJ'U L1J 'U 'VI Hl~V1fitlfl111J ff1J'n'U 1i'Ufl~fl111J 'H 'U 1U'U'U 'VIllJ'U 1'tl''U 'U fl1 ~1 'U fl ~1J 1~1fl1 'H l\fiCJl'~'VI1 
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" ..; ~ '" '" 4 i '" .! .... 1... "... ,.1"; '" "'.Ii' ... ~" 
11'Ul'YIllJ'U~1nWPl 'U1ff~Hff1J'U 1JlJ'i1J1W'Ufltl1fl'U lJ'YI~::U'YI'ifl~11'1l1 lJ 'U 'YI1'Y11'UV1Jfll'i L'lJPI• 

~.:Jih;fl'H W::l~ 1.... ' 'U ~·:nh i ,r;'U.:Jl'UlflPlfll'i i''lJg~n'U hJ~l'rh~fl1'i '1J'YI'U ~ml 'i.:J fl~~m ::'rh~fl 
" 

;'U.:Jl'U'thi ,rlfl~fll'i U~fl'I1fl '~41V 

50 -green density i 70 
...... sinter density J' 

45 ~ compressive strength 

60 

Ii
SOD. 

!. 
~ 

lit 
40 c 

II 
~ 

" II 

30 'j 
II 

l5. 
20 ~ 

(,J 

40 

35 
l;' 
.~ 30 
II 

"Cl 

~ 25 
;; 
.! 
l!!2O 

'f1. 
15 

10 

10 
5 

0 0 
0 234 5 

T10z (mole) 

3t1~ 3.24 m1fJuff~.:Jfh % Relative Density (green density and sinter density) Ufl:: 

Compressive Strength 'Ilfl.:J Fe-TiC U~fl::fll'i'YI~flfl.:J 

" .
111~1mh.:J;'U .:Jl'U .yhhfll'i'YI~fffl'lJ fll'i fl~ , tJ11fl'i1::M'1fl'i .:Jff!l.:J'iflVll~flflflfl1Jl 

GI.ci I A ~ GI 4' d.cl": , , " I,~d
~.:JltJ'YI 3.25 .... 'lJ1111Jfl'Jf'U .:Jl'U'i'lJU'i.:Jfl~~'Umfll'1l1'U.:J'YI'Jf'U .:Jl'U 1Jffl1Jl'i{l~::~l'U 'YIl'Ufl~ 9'lfl~:: 

d "" lfl~ fll'i U~ fl'I1flCJf.:Jtifl'H W:: fll'i U~fli 'U;'U ~1mjHij~::1~'Ufll'i ll~m ::111Hfl'4fl1fl'll fl.:J H.:J1l1 gfl

, 4 ~ d'll::Lci .d.d Q Q GI ~ ..: 4.cl i " d 
'YI1'YI1'UV1Jfll'i L'lJPI'YI1Jfll'i lfll::1flV11'Jffl1JVPI~~fl'UllJ'U 'Jf'U1P1V11tJ'YI 3.25(a) II ff~.:J 11111'U'iflVll~fl 

...... .: ..;0"'..:..1 i"d4", i 
'lJ'il1WH1'1lfl'lJ'Ilfl.:J'Jf'U.:Jl'U ltJ 3.25(b) 'YIfllfl.:J'IlVltl1.... 1J'Il'Ullff~.:J 11111'Umflfl'HW::'iflVll~flmv 'U 

" . " 
;'U.:Jl'U 1tJ-ri 3.25(c) ~::ff.:Jlfl~ 1,1'U tifl'HW::fll'ig~lfll::n'U'Ilfl.:Jfl'4mflmVi'U;'U .:Jl'Ullfl::ihflVU~fl 

lfl~~'Ufldmvi'U.yhi,rfl'4mfl~gPl~~n'Ulfl~fll'ilWfl~1flflfl~lfln'U 
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PSU 3453 lOkV lOOum xl 50
 

. . " ,
"aH13.25 mY~-:j lm-:jbYrWiJ(1.fllfl'tlO-:j<HltIUI9lf1~'U-:jl'UY1~l'Wfl1'jVl~bYO'1Jfl1'jBlfl 
~ 

(a) X150 (b) XIOOO U(1~ (c) X5000 
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~ ..
3.3.2 m1Y1~i:rt)'lJi:rSJ'lJ,.tlllSJll'U.:i Hardness Test 

0':'" .,d, QI .. ,1'0 '" d
1..1 1'lf'U ~ 1fl tlH'YI Foll'U fll'i fl~l1~::1Foll fl1J Fol'U f1 'U'U1tJ tJ 'YIlfll 'i 'YI ~fffl1J 1~ fl1l1J II 'U.:i 

I " ~ I d,d,..1 ~ ... '" '" '_1'Yi1J1l ~ 'Ufll'i'YIPl~£!.:i'YI 2 fllfl1l1Jll'U.:i\1::1'Yi1J'U'U1Jlf1'Y1 ~~l1~::\1::1Jfll~~~.:i &'Ufll'i'YI~~fl~(l~ lJll~:: 

... 1"',d,..1 ... " ~ ~ '" " ~ ~~,,:
\1::1Jll'U1 'U1J1'Yi1J'U'Uflf1 &'Ufll'i'YI~~fl~'YI 5 ll~::fll'iYl~~fl~'YI 6 ~~l1ffPl~ &'U~tJ'YI 3.26 Y111J'U1'lf'U'U 

4 iii .d d .d .. 0 ".d QI ... ICll	 4 

m \111..1 fl~1Jl\llf1 ~ 1..1 fll'i 'YI ~~ fl~ 'YI 3-6 111~ f1'Y11f1~ fll 'i 11 ~ fl1J ~::~ ltlCJ1 ~'YI111 1..1 1'YI1ff1J fl'U ~1lJ 'i:: ffl'U 

"'''' ,... ~.. ...... '" ,, ... ~...,
111f11Jfl\jtllfl 'YI1'Y11'Utl1Jfll'i l1J~ 1'Ufll'i'YI~~fl~1JtJ'i1J1W'Ufltl~~ 1J1'Yitl~'Yi fl1 1..1 fll'i'YI \1::1~1J~~ tJ1'U 

'WJf1~'Ufl~l'Yil'U' 'YI1'Y11ij tl1Jfllfl'J~~ijfld1~'U~1'U 11..1 1J lf1 fll'i~ \1::'t;,111'fl\jmfl1ii~fll'i V~i1ti'U \l~ 
... '" , "	 0 " '" , d ~, '" , '" 1J'Ufltlf11l &'Ufll'i'YI~~fl~mf1'l 'YIl &11fllfl1l1Jll'U~'YI ~~PI~~~l1J '1J~1tl 

Hardness Test 

30
 

25
 

20
 

10 

5 

O+----_----r-----__-----.r-----__---_ 
o	 1 2 3 4 5 6 

TlOz (mole) 

1tJ~ 3.26 mlvJfl1l1JtY1J'.~·'U ,;''Ufl~fl1l1Jll ~~~ 11~~::i119i1J' 'YI1'Y11ij tl1J'PI£! flf1' CJ1~ 



,...
 
1J,","4 

111 fl fl1 H'l ~HHHvn.rh 11'l1J1Hl'rhfl1 ~ ff~1 m 1:: l1n1 ~ fl , \'11\'11ihJ1J fI1 fl tJ ~~1 Viii 
..,. .. "'........,. • I .... • I'" , "" ,.. d , ~.I''' 

fI1~ ItJL\'1fl~1Jfl~~P!fl'tl'\J I~Wfl1~U1J~~\J1J~1J1W \'11\'11\JV1J Plflflfl GJl'PlU~::111~flOflfl GJl'Pl 1"1 GJI'~ 

'ntJ -h1J~niVl~ '~l1::tifl\J.wl~11'1J\I~W1nPl1;j\J111~fl-, \'11\'11UV1JfI1fl tJ~~~w 11lJij 1400°C U~:: 

1J~mvlijfl111J111'~V~tl1'n'\Jfl1~ff~1ml::;~~W11lJij 1500
0 
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II 
4.2 'lItlliJ'UtlU'U:: 

........ ~ 1.1 .1'" d IIJ ... .., ........
 
~lfH1 'U 'HW'YInflll11J WnJ 11 fll'i 'lI'U llJ 1ff~ FH'l'1J llHlfl 1'YIL 'YIL 'U tl1JfIl 'i 1J ~'YI1J 

~ ' 1 ,,,..... ....,.1.,j......1 ... ,!1
fll'inflll11J1 ff1'Uhn\j~:: ~1Yi Hot Press 'HHI HIP 'Ufll'i'll'UltJ L'Utl-:J~lfl1Yifll'i'U~::1Jfll'i 'H 

... .1 .<t 0' !I ... oJ 0' !I' y.t ......... ...
'i11JLtllfllHI~'lI'UltJUll:: tl1J~'Ufl1J1'Y1l tJ~'itl1Jfl'U C]f-:J~::'YIl 'H PI~'U -:J1'U 'YI1Jfl111JL'YItI-:J~H\'l -:J 1J 

d... d oJ ... , '_1" ..~ ..... 
f1111JU'lI -:JUH ~U ll:: f1111JU'lI -:J \'l -:J C]f-:J ~::1Jfl111JL 'H 1J1:: ff1J 'U fll 'i 'U

0

1 lJ1LfI'i 1:: 'H "flll1 ff1J 1J ~ 'YI Hflll 

" ~ .1, !I..... ... .1 .1" "'!I .4, .. y.<t 0 .t ... ,y
U~ 'Ufll'i 'YI~lltl-:JflH'U ~1Yitl~'lI'U1UlJ1J1J'YIff'YIHL~tl1~1mfl'itl-:J S~'itlllmU11~-:J'U1~'U-:J1'U 'YI PI 

JJ • • 

, tJtl1J~ijfl i'U -:J1'U fi '~tlnijfl111JU ~'U i1Ull:: i'1JV~i1ti'U'lItl-:Jtl'4 fllfl '1JL~tI-:J~tl Ll1tl-:J ~ 1fl 
• II, • 

~tl ~lti~'lI tl-:JLf1i tl-:J1itl tll uil',ri'U -:J 1'U fi'~ tltlfl1J 1 '1Jijfl111J L'H 1J 1:: ff1J Lfhfi f11'i' 'U fll'i ~ 11J 1 
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o ,	 ~ d _~ ...,co,....
fl11.l1\,11W111fl1fllUJ11\,11I1\,1\,1'UfJ.:Il11i:1fUli:I:: Y11Y1I\,1tllJfl111'lJi1l1i:1::lJ11J1f'11Y1HYlq~~ 

...i ....... d "I '" ~ ..

f'l11HYI Nl Uff'J.:Jff1J'U~\Itl.:Jl"""flU"::L'YI1'Y11UtJ1JfI1'I L'U'J 

, OJ' 

fll11J11\,11I1\,1\,1 (n11J/1.Ii:I.) 1Ji111i:1fJlJl11Dl 
.. 

11111,",n11JIDQD 

Fe 7.86 1535 55.847 

TiC 4.93 3170 59.911 

D=MN,V=M/D 

1.	 FeTi03 + 4C ~ Fe + TiC + 3CO 

tJi1Jl~'I'YI1.:J'YIqllii \Itl.:J Fe fitl (55.847n.86) = 7.105 l.Ii:I• 

... IQ .c:I ... 
lJ'I1J1~'I'YI1.:J'YIqlltl\Itl.:J TiC fltl (59.911/4.93) = 12.152 lJD•
 

... I~ 4 ...
 
lJ'I1J1~'I'YI1.:J'YIqlltl\Itl.:J Fe-TiC fltl 7.105+12.152 = 19.2581Ji:I. 

.1.... "'''' · " ...% lJ'I1J1f'1'I Fe 'YI1Jtl~ U Fe-TiC fltl (7.105/19.258)*100 = 36.896 

.1.... "''''· " ...% lJ'I1Jlf'1'I TiC 'YI1Jtl~ U Fe-TiC fltl 02.152/19.258)*100 = 63.104 

t .4 4.	 u 
fl111J,..,U1UUU'YI1.:J'YIqlltl \Itl.:J Fe-TiC fltl (55.847+59.911)/19.258 = 6.011 n11.1/1JD. 

2.	 FeTi03 + Ti02 + 7C ~ Fe + 2TiC + 5CO 

tJi1J1~'I'YI1.:J'YIqllii \Itl.:J Fe fitl (55.847n.86) = 7.105 lJD. 

tJi1J1~'I'YI1.:J'YIqllii \Itl.:J TiC fitl «2*59.911)/4.93) = 24.3051JtI• 

... I~ .c:I 4
lJ'I1J1f'1'I'YI1.:J'YIqlltl \Itl.:J Fe-TiC fltl7.l05+24.305= 31.410 lJD. 

.1.... "'''' · " ...% lJ'I1Jlf'1'I Fe 'YI1Jtl~ U Fe-TiC fltl (7.105/31.410)*100 = 22.620 

_I.... "'''' · " ...% lJ'I1J1~'I TiC 'YI1Jtl~ U Fe-TiC fltl (24.305/31.410)*100 = 77.380 

I .cI 4	 u 

fl111J,..,U1UUU'YI1.:J'YIqlltl \Itl.:J Fe-TiC fltl (55.847+(2*59.911))/31.410 = 5.593 n11J/lJD. 

3.	 FeTi03 +2 Ti02 + 10C ~ Fe + 3TiC + 7CO 

tJi1J1~'I'YI1.:J'YIqllii \Itl.:J Fe fitl (55.847/7.86) = 7.1051JD. 

tJi1Jl~'I'YI1.:J'YIqllii \Itl.:J TiC fitl «3*59.911)/4.93) = 36.4571JD• 

... I~ .cI 4
lJ'I1Jlf'1'I'YI1.:J'YIqlltl \Itl.:J Fe-TiC fltl 7.105+36.457= 43.562 lJD. 

.1.... "'''' · " ...% lJ'I1Jl~'I Fe 'YI1Jtl~ U Fe-TiC fltl (7.105/43.562)*100 = 16.310 

.1.... "'''' · " ...% lJ'I1J1~'I TiC 'YI1Jtl~ U Fe-TiC fltl (36.457/43.562)*100 = 83.690 

I .c:I 4	 cv 
fl111J,..,U1UUU'YI1.:J'YIqlltl \Itl.:J Fe-TiC fltl (55.847+(3*59.911))/43.562 = 5.408 n11.1/1Ji:I. 
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4. FeTi03 +3 Ti02 + 13C --» Fe + 4TiC + 9CO 

.... IQ .cI.a 
lJ~1Jl~~'YI1~'YIqloltl'UtN Fe flfJ (55.847n.86) = 7.105 'liD. 
_14 4 .a 
lJ~1Jl~~'YI1~'YIqloltl 'UfJ~ TiC flfJ «4*59.911)/4.93) = 48.609 'liD. 
.... IQ d ... 

lJ~1Jl~~'YI1~'YIqloltl'UfJ~ Fe-TiC flfJ 7.105+48.609= 55.714 'liD. 
o 

.1"" dd "'I ...
% lJ'i1Jl~'i Fe 'YI1JfJ~ L'lJ Fe-TiC flfJ (7.105/5S.714)*loo = 12.753 

o 
.1"" dd " ...

% lJ'i1Jl~'i TiC 'YI1JfJ~ 'lJ Fe-TiC flfJ (48.609/SS.714)*100 = 87.247 
, .ct.a u 

fl111J'H'lJ1LL'lJ'lJ'YI1~'YIqloltl 'UfJ~ Fe-TiC flfJ (SS.847+(4*S9.911)/SS.714 = 5.408 n1'l1/'lID. 

S. FeTi03 +4 Ti02 + 16C --» Fe + STiC + 11CO 

tJi1Jl~'i'YI1~'YIqlola 'UfJ~ Fe flfJ (5S.847n.86) = 7.105 'liD. 
... IQ .cI ... 

lJ'i1Jl~'i'YI1~'YIqloltl'UfJ~ TiC flfJ «S*S9.911)/4.93) = 60.762 'liD. 
.... 14 .ct ... 
lJ'i1J191'i'YI1~'YIqloltl'UfJ~ Fe-TiC flfJ 7.IOS+60.762= 67.867 'liD. 

o 
.1"" dd " ...

% lJ'i1Jl91'i Fe 'YI1JfJ~ 'lJ Fe-TiC flfJ (7.IOS/67.867)*100 = 10.469 . 
• 1"" dd " ...

% lJ'i1Jl91'i TiC 'YI1JfJ~ 'lJ Fe-TiC flfJ (60.762/67.867)*100 = 89.531 
t c:I.a u 

fl111J'H'lJ1U'lJ'lJ'YI1~'YIqloltl 'UfJ~ Fe-TiC flfJ (SS.847+(S*S9.911)/67.867 = 5.237 n1'l1/'lID. 

6. FeTi03 +S Ti02 + 19C --» Fe + 6TiC + 13CO 

tJi1Jl~'i'YI1~'YIqlola 'UfJ~ Fe flfJ (5S.847n.86) = 7.105 'liD. 

tJi1Jl~'i'YI1~'YIqlola 'UfJ~ TiC flfJ «6*S9.911)/4.93) = 72.914 'liD. 
_IQ .cI ... 

lJ'i1J191'i'YI1~'YIqloltl'UfJ~ Fe-TiC flfJ 7.IOS+72.914= 80.019 'liD. . 
• 1"" dd " ...

% lJ'i1Jl~'i Fe 'YI1JfJ~ 'lJ Fe-TiC flfJ (7.IOS/80.019)*100 = 9.744 
o 

... IQ .cI.cI " ...

% lJ'i1Jl91'i TiC 'YI1JfJ~ 'lJ Fe-TiC flfJ (72.914/80.019)*100 = 91.121 
, .cI.a u 

fl111J'H'lJ1U'lJ'lJ'YI1~'YIqloltl 'UfJ~ Fe-TiC flfJ (SS.847+(6*S9.911)/80.019 = 5.190 n1'l1/'lID. 
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