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6.2 GIBBS PHASE RULE

annAnaEIanasinlautana lianunsansuaNguRus T Iang  (P)
(phase) NauNsaRlfNan1zannaluszuL AMuIUNANgATIFINaN (C) (component)
dJ o ¥ a dl 1 ?:/ o a
TANTONN AR LLNdIY  wazsrALT89ANINEAsE (F) degree of freedom)

o o o—ij/ 1 dsj a [
ANANN UG 3 aeinedlazileuiuannislugy
P + F =20C + 2

dl % oA . dgl o a @A o o
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dl dl a [ a %:/ 7 dl a dl
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(Phase Diagram of Binary Systems)
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lussuUaNAa183816) 2 579 i%uﬁfag_j 5 LAY

1.95UUANTa=A8LdY (Solid Solution System) Lﬂmwuﬁiwzﬁ?@ﬁm%\maq
ﬁimmumemWﬂﬁuﬁnﬂﬁmmuﬁﬂuamwmmmmmm@mﬁq

2.95UUgARN (Eutectic system) Lﬂuizuuﬁ‘ﬂamﬁﬂﬁﬂﬁgﬁmmﬁhmmwﬁu
Ifdndauluaninaasman usuaniuatnaanaialuaninaeuds

3. szuunANITwINAsazaetetds wazszuugmain Wuszuuiilavsviesg
%mmﬁm@mmﬁu%’nﬂzﬁvmmuslu@mwm@qmm uazazanaiulftinluan waesuds

4.izuuﬁ'Lﬁmqnﬂﬁ'ﬁ?mm@?mﬂﬁﬂ (Peritectic reaction) fuszunfilanzside
anavegasazaraddeilldluanmaeavan wazudefmNLgNFaweTmnFn

5.a191senauseudnglany (Intermetallic compound) ussuunlanzvizasie

Nagagaranedniulsunaluan naeaawan wazsausuilulsenaulugninaaguda

6.4 STUUFITASREUDY I,L“‘ilssi

(Solid solution system)

be

\HaazaaNaa3eIs 2 aiavisaninnansansaniunatailuaesnanniiiameniu

waziinluaninzaasudeBendnaisazaterednds  s1aNNezRaNetuINEENNGIFRYIN

q
]

azantl (Solvent) azaANNazAaNatNINEaNd1 fagnazans (Solute)
a3azasaedidannld 2 anwozAe
6.4.1 mmzmﬂ“ﬂﬂ\‘iLL?‘"]QTmﬂmiLmuﬁ (Substitutional Solid Solution)
@zmuﬁfagﬂ@zmm:Lmuﬁ@zmuﬁwimmwimmq FANIN LAANBEABNTES

515 2 11 (Cu uaz Ni) Tnaazmauneunazidn lununenasaesting

MNN 6.3 LAAIANTAZAELLL Substitutional
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6.4.2 anazant1ealdalnenisunanga (Interstitial Solid Solution)
azpandagnazatazidnlilunsnsataiundnessid e nay

FNNNATANY AININ ALARNTAIANTLAULNINFANTENINALARNLIUAN

@ Carbon

r=0.075 nm

# Iron
r=0.129 nm

NINY 6.4 LAPIRITASALLLL Interstitial
. = v v ) < o Ao o =
2AAN 7] Pmaniuuananailuansasanareaudeasidadiunania Nuns
sruuwntiunamnsniuasaraaasudsldnndnadiuaassinntnuNanty

! v
Cu-Ni Unfudnsne Ni azdnlinanluansazarsaesudeliinesduauniiaringi Ml

]
X =

Amansazaneveudeniausn (Primary solid solution) deiilassa¥rawanmilewiulans
fidusnrinazans 81mn816) Ni 2986y Cu ’Lu@j”mﬂmuﬁqﬁu azifawalvaiuan
uazillaseareunnsineanniiin Bendnansazangvesudenieiiaes (Secondary solid
solution) Faduiisturnnansazaneveudeasdidebindnaueteiu
WHLAMIBINNATRNTILANTAYANedeH  AzuansnaadiiugTTing
AVUNANTBY 2 AN9YTD 2 578 ANNA (A uaz B) LAz dlennuuini 1
usstmA wazazenfedayaarnununmmndusalunnsanednandes angldl 7.4
Hugtuansliuuunmmadusiazedlanzugs A uaz B delave A uaz B lulans
2 gilafiindluansazanresds Geduann A = 100% fegniedaiielldmianie
aunszia A= 0% ln B aznfludadauiuann B = 0% mednaileldaanileaunszi B

=100%
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Liquid

——————x

[emperature (°C)

[} 1Ir1.-"!r 1-1,‘[] W P I
A Weight fraction of B B

4 @ o '
AN 6.5 WAASLHUNINNNFLEUADITAUSHANTLUING A LA B
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a
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Foe I seawaafiaznaneiuzecudiamnudaanminfias dlanznaumadadoud
NYUe ensvatay AndIunantans A = 80%, B = 20% Lﬁ'ﬂ@mgmmﬁmmﬁq T,
agfilavznsdouans@nesnin uazazANEANeanINHNTLEeY g LazANWANYLAT
gl T,  anmiufanawiellauigunging aziiuldinbidwsdannlangi
Andqunanle 7 Aldludnwznanndie o i ﬁﬁuﬁq@ﬂmmﬁiﬂimmmﬁmmmmmm
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(Relative Amounts of Phases)
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Lever Rule T9411170ANUIUIAAININT 6.8
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6.6 TEUULNNAN
(Binary Eutectic Alloy System)
dl A i’/ I [ % o ! 1
Wusruuntanevizasiaivasssiwazaraiulinndndonluaninaeaunan usiay
uwenfuetufnraluanmaesudy arsnanazet lussuugmngn Cooling curve 289
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So
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'
= a

Ae wivdangamnieas Tansivassriinaziinlasaieaduiuaeielanzszing A
= 1 ¥ a [ % dl
uar B FndnlAsaaNgmnan uaAIAININD 6.9
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WIUIUHUN NN AANAATeNsz LR NeanTlW 4 awiuniA (Phase field) As N1A
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R 100k | e 144 °C
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. ]
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NN 6.9 URAILAUNINANARTRILAUSNANTENIN Bi WAz Cd
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L P a £ = Ql' A ~
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Tuszuvaealanzia Cd-Bi daunaN1agmnAnAs Cd = 40% Uaz Bi = 60%

nauFRaInINgNRUE Aldngresau (Lever arm rule) MLFNNRIBITRUMAUAY

113U UIRIUDI LT

6.7 STULNANTZTWINTZULATATAEUDIRTINLSZULENNAN
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1 v
azazaelAiieaudauianatsan niuaeudy uNUNINANAANIATBITELLTLARY
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Aansnnlavenand C, adursamaiannfian a Wennliduaan b
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fndangniinTiiduassaliauifindiqn ¢ Aaziinvesudawnnay uasdounas
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point) wazaavwAdEMNANTdeunaN C, fiazudeinllzes o NgmuugiiaeidaiEendd
a a dl 1 d”d 1 aaa a . . dl
gy mnGEn ; Te nadsumatuilFandnUfjisangmnsn (Eutectic reaction) @9
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Ufisengwnanluszuuil uananng
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[Haa9 A nAN HLANAIMNALAY  HIUUNNAIBNAAAY  BIAAZITIUANAKIT
6.10 91n3aza1eFnaes B T A (Wazaes A lu B) anauileanguniaing T, uas

%

B Mnuldfazansrnauaanuiimeanliduay wazdrunanfaziiulinuidy Solvus

wradunisazansggaoznanaed B Minulifarliavately o @siell Ngnumgiisn

u

ninfazldaaueenuniluezaen B 13gns mezaunviulugl A awnsnazanalu B

A Aiupznauaes B fieanunfiazidugiuuuaes B
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Proeutectic o = 24% 100% Ligquid Eutectic o
;’_O/ Liquid = 76% Y
9
9@
\ Alloy 2
P x
. -r J'/
Liquid 327 "‘“\\\ Solidus | |
= & S0k /
:N"‘ 300 ~/ Ligquidus ™ i ”/
1
/
. ! /f |.|||\u\\lu\
= / \
&) L)
Proeutectic a 2 2 — 8
= 51% 5
51 g N
£ Eutectic point :"' Solvus
= '
I
I
|
" 2 i
Procutectic a |
{ 50 I
/ 9 97.5
[ 1 L]
0 a0 90 100%
Sn

) Weight percent tin
Eutectic 8

Eutectic «

NN 6.11 LAAUAUMNANARTBILAUSHANTEUINFAYNAUAZA

AIDENIN 2

1 v v 1
WRAzinasi1e < MieIuIanf1eT faldiaeslansuanssudnemun-nena
q ]

FILAAIFININD 6.11

(a)ﬁ Eutectic composition ﬁ@muqﬁ[ﬁﬁﬂdﬁ 183 ,C (eutectic

temperature)

(b) N9/ ¢ 71 40 % Sn uaz 230 ,C

=

(c) Nqm d #

(d) Nam e
P a0

(a)  Eutectic composition NYUNNAINTGT 183 ,C

Phase persent : alpha

Compositions of

Phases : 19.2%Sn in
Alpha phase
Amount of 975-61.5 100
97.5-19.2
Phase :

=45.5%

40 % Sn WAz 183 C + AT

40 % Sn uaz 183 C + AT

beta

97.5%Sn in

beta phase

61.9-19.2 8
97.5-19.2

100

=54.5%
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(b) N19m ¢ 71 40 % Sn uaz 230 ,C

Phase persent :

Compositions of

Phases :

Amount of

Phase :

liquid
48%Sn in

liquid phase

40 -15

———x100
48 —-15

=76%

(c) M19m d 71 40 % Sn uATRIUUYH 183 C+ T

Phase persent :

Compositions of

Phases :

Amount of

Phase :

liquid
61.9%Sn in

liquid phase

40 -19.2

——————x100
61.9-19.2

=49%

(d) N19m e 11 40 % Sn uaz 230 ,C - T

Phase persent :

Compositions of

Phases :

Amount of

Phase :

liquid
19.2%Sn in

alpha phase

97.5-40

————x100
97.5-19.2

=73%

alpha
15%Sn in

alpha phase

48 — 40

———x100
48 —-15

= 24%

alpha
19.2%Sn in

alpha phase

61.9-40

——————x100
61.9-19.2

=51%

beta
97.5%Sn in

beta phase

40 -19.2

—————x100
97.5-19.2

=27%
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