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Table 0-1: Difference between the phases and components of the system.

System Components (C) Phases (P)
Water H.O Liquid
Water + Ice H.O Liquid + Solid
Brine NaCl + H,0 Liquid solution
Ni-Cu Cu + Ni Solid

1-3 The phase rule
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Figure 0-1: The typical regions of a one-component phase diagram. The lines represent conditions under
which the two adjoining phases are in equilibrium. A point represents the unique set of conditions under
phases coexist in equilibrium Four phases cannot mutually coexist in equilibrium when only component is
present.
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Table 0-2: Relation between the number of phases and degrees of freedom for one component.

No. of component (C) | No. of phase (P) | Degrees of freedom (F)
1 1 2
1 2 1
1 3 0
1 4 Forbidden
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1-3-2 Limitations of phase rule
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0-2: Phase diagram of water system,,onexcomponent with three phases.
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Figure 0-3: The phase diagram of CO;, one component with three phases.
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Figure 0-4: lllustrate the name of the process of each equilibrium between two phases.
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1-4-1-3 Homework

Homework 1: How many the number of components, phases, degrees of freedom and

the name of the system of each of the following equilibrium of waters’

phases?

OA oB ocC

Homework 2: How many the number of components, phases, degrees of freedom and

the name of the system of each of the following equilibrium of waters’

phases?

AOB BOC AOC

Homework 3: What is the name of the reversible and irreversible process for the

system of water of each of the following curves.

Curve Irreversible process Reversible process

OA

oB

ocC

Homework 4: It can be disrupted the metastable curve by changing one of the

following:

(a) Tand p (b) p and conc. (c) T or p (d) T and Conc.

The End Of 15t Lecture
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1-4-2 Two component system

QU1 S yghall BaclB Uslao BUS S ¢ = 2 o (53 Gl pliai) 3
F=2-P+2=4-P
3 92 &yoell Glaryd due 0950 Hghall BAeld Wslae uidad die dude d>lg 9 bVl o s J81 5] Lo

F=4-1=3
29 Bylymdl dmyag Jaruall (g Olmsie B Lad 8T g5 @19 3 5 &yadl Olmys sae BT lasM L
gl g Sl 36 S plasnienls A8l 0.0 s O J) Aol e el iy composition (c«SAll)
(Sl yglall 52 9 )bl aT Lo (S5 @ 13] (asHb) Jasuall Jlall Juws e Slpiiall 0o d>T G ok
drloll e Uy olied) ol Jamidll T 1 atm g9 <ol ks i 05 ylill plane 058
Sl &8 o Y cpaae Bl ey J
oSl 3Ll pland) Alsieal) dabiseall UIYI Jakases e gy JUI JSad!

| Two component system

-4 v

Gas-Liquid .
Liquid-Liquid | Liquid -Solid [| Solid-Solid
| Electrolyte |N0n-Electr0b;te
A J
|Completely miscible IPartially miscible Immiscible
| Ideal Solution | Non-ideal Solution

Figure 0-5: Scheme of different phase equilibria for two component system.
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1-4-2-1 Solid-Liquied phase diagram (Condensed system)
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Figure 0-6: Temperature-composition Phase diagram of benzene-naphthalene system (Solid-Liquid).
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Eutectic composition) see9 cuSHL (s o yguodl daail) hlasl cuSHl bl (cduall ghall) lolas
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(1-6) JSadb g LSy o oSl i) gl sl o dd gdl 59Ul JiS (29 C 30,0b 4 309 (
Lgrall Al dipar Ll (S e ] (Savs ccdiaidly cpidl oS5 Jar $ls X gmeal) dawddly
OS2 (1-6) Sl ¢pe e copandl 1 bl (p0 SN (3 sl ol U] Lo (x) A gdl ) 9uSIL 5 (WE%)
A & 0950 Loie Jlial Juow (ad (il oS35 (§ 8oLl hlaelbg cpidl (S35 (§ O] dalia
Al dd 3 (a8Ul @3 19S9 (Xneph = 0.2) 91 20 % O5Sius il dasd O (Xgen = 0.8) 31.80.%
098w (@19 i) dead L3l (Xgen = 0) 91 0 % cpidl dsd I Jguo )l (ed il deas § 83319

ol 1 eredl oo dnsliadl ke Toled (uSall Juaswg o(xnaph = 1) o1 100 %

G epidl Bl I 28LYL ol (alio Lgsd drlgiy ()1 Aabaill Jal (2019 AED dLucall 1 839a0L9
sde OB Wyiseall yghall Bucls Gadas e JUL «2 I Gl Lgad 515bYI due 9555 Co clliadl Sl
[(Homework 5) F = 1 & &= 3] ((Univariant) d=ly I Lglue 0955 Lyl ol

I el sl ) 38LoYL Wliadl clue dalgn G BEF dluwedl I &l HlgbYl sue juisy
Lyml Ol sde JWL 9 2 948 L5409 Al Jawl ddlaiall (3 g sua) il Wl opid) Bilw 3
Lopewd ) dabaiallod euudy .(Univariant) 1 ) ol 0950

Ll cBen + Naph oo $yged! goiedl J1 BLEYL pidl Cluo ope G856 & yguod dlaiidl Hluw I dalaiell
LT Ben + Naph ¢ eI goiall JI 230aYL il Clio oo S5d doygadl Al cper Je
o 568 (bl yalall) E dguedl dasill Jaul dalaiell 3 ©bgSll o o Lo el o3 (1 A ylall
Ll zoselly 098 USJ dduall Baledl Oilghd (S ygmall pamall M-

1055l A5LA dalaiYl o dda) Ll 931 (55400 giiall zudn (1-3) Jgunl

Table 0-3: Examples of simple eutectic systems

% Component (A) | % Component (B) | Eutectic composition Melting point °C
Tin (67.0) Lead (33.0) Solder 183.0
NacCl (23.0) H.O (77.0) Ice-Salt -21.1
Ag (2.6) Pb (97.4) Ag-Pb 303.0

The End Of 2nd Lecture
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1-4-2-1-B Congruent melting point

Syl Of = U 3:Uadl . (Congruent melting point) d&aie ylgsas! Ay Sye OLigSe b O 9Sl!
die Sldl J) clall o sguaiy bodie ALl Dol 3 S duds dubial] Dol 3 oS s lliay
SN AB coldll cabiall Syall 3UsST B 9 A lislall lgsd 2! doladl Dol s () digpan By Ay

.(1-7) M\ L“g G@y Lo§3 @Ua.’i.o)l@;\ a.?-).) Lﬂl.’o’.og

AB-B J5Ludl ;e E daiidl 9 A-AB J5Ludl (o &9Sie € Lot Ol pguo]l Olidais el (1-7) JKad!
AB Syall dsllaiall lguaidl dzyds o (459 AB Syall lguail dlasi Jind ((pdaall Llgdl) D daidl
daadl 0de Lie AB J cdually 5Ll jghall &1 98 duaudll oda & «lly (Congruent melting point)
3l lollas zrsmy (S L) pladdl G158 D 8yl dzys e &S] Aasdlo Sy WSy eI oS o

055 daadl sda OB Wiy 5 AB CSyedl uds e Obgisn Jiludly ediall yglall ope 36 &Y lldg ceuSHI

Liquid phase (melt), P =1

A D A
A J
[
Two phases, P= 2
Solid AB + : Solid AB +
(@) . 1 I t-
% Solid A + (solution) (solution) : (solution)
2 Two phases, P= 2 | 5
@ C (Eutectic point),
g— I Solid B +
2 : (solution)
Solid A Feutectic C :
I E eutectic
. [
Solid phase,!P = 2 Solid B + eutectic E
4 1 1 A 4 1 0
—tt—+—t—+—+—+—+— o%
100% A Composition 100% B

Figure 0-7: Phase diagram for a system in which A reacts with B to produce AB with congruent meting point.

13YE 0985 Dyl il e b Ajiseall yglall Busld g gVl sli] dlads Jind (pg Bakio pE

F = 3 - 3=0, Reduced phase rule

ooyl (309 (B 9 A &l SUSyall Hlgaasl laydS lolad Bausme B)ly> daryd Jied D dbaid) H& eld e Telo
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ol SJg B 9 A (xugSall Hlgsail ilays Bsd qis AB Syl ylguail dlats 5T dlasdle Sy (1-7) Q!
Syl 5lgail Ay Sl ol o @l (5,31 el (§ dadidl 04 O G «LSy0ll guaz ao Gouss Y Al
all BB ¢yl S o o gl (S35 (Y sguaiell Aoy die 0dgS V> 39 [ cnayiell) (i

(1-4) Jsaad! 3 goge WSs cdudad! S50l Lesls 5 Yof sy (S

Table 0-4: Shows the melting point of pure component (A & B), and the congruent meting point of their
compound (AB)

Component | Melting | Component M. P. Component M. P.
A point °C B °C AB °C
Aluminium 657 Magnesium 650 AlsMga 463
Calcium 777 Potasium 790 CaCl.Kcl 425
Gold 1064 Tin 232 Au-Sn 425
Zinc 420 Magnesium 650 Mg-Zn 590

e Jguasdl S YLl oda Jied . Soldl o b dsly S oo AST Lgwd 995 489,20 wYl> cllia
Al 0da Jheg Al LSl 93 Dl Toplae 0550 CSy0 S Sl muaylly S0 S (daall gl
~ehdpusdl gl allas g Fod o e daSladl AseYl e 9 Bdpue Wl 095 (G slodl 9 DI @il
LS (29 lgidasDle ol disllate hlesail Wl (Wlisaie) Al lgSe day) llia cpllaidl i 43 .clol

.FesCls.4H,0 9 Fe2Cls.5H,0 ¢FeyCle.7H20 <FeyCls.12H,0 : b

1-4-2-1-C  lacongruent'melting point

eVl oda Jio & -(Incongruent melting poin) dalaie e Hlgaail dayds CSyell GBSO VLSl
OLSyall bde at (aseudll Hlgasl dzyd g Al b (aSyell Jay AxdiS &5 5Sedl SlgSall 0985
ey il o Jglmally bl Cluo Hsbo Lgie iy Hlgsaddl dzs Cod Bl dayd e Aol B)gum
Adsall HlgbI1 CuSl e Calise S5

e sy @ Bl A g cdilaio pé lguail Az ellied lgh GOS0 gl e e 3lasg
9Benzene-Picric 3l 98 cdalaiVl ¢yo £oill 1o e il oy . JESY Byly doryds L3y eSal
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.NaCl.2H20 9 NaS04.10H20 3 CaF»-CaClz

1-4-2-2 Solid-solid phase diagram

-l plas (§ dud aany OF oSy il plias (3 gl Jalasea) Joaad oy dialyd 3 b O]
Asaa)l- (oloyl allas duwhys g9 alladl 14 e Jle d3T (S 48T JSaw Clsall-Cliall allas e 8yaillg
sl Jied e caball-Cliall plail JUe 509 dadll-goloyll plad jokall halass miss: (1-8) S5l
Aaal (slezs) Hlgsadl dzys Jiesd B ol cpolioy)] g9 (Fdl 09l (slazil) lgsai! 20 A
Qb)) 4 83 o AE (goxiedl Jgb e (il poloy)l slazsil dzys Gl paliay)) J1 diadll 23] dis
85 L5409 Byl A Bl e Eye «Q Al wis Hlguadl Az S8 I Jgos)l a> I ALl
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Figure 0-8: Phase diagram of Pb-Ag system.
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