First Law

« Energy is conserved.

« What are the forms of energy? Heat, mechanical,
chemical, electrical, etc.

AU =0—Wor dU =0g—0ow

|nternd energy (U) is astate function!

01/2003 laptop c:curso fla/part2.ppt © 2003 André Luiz V. da Costa e Silva



Functions and Perfect Differentials

|f fis afundion of x ondy ondis continuous ond dfferenticde;

of (x5,y) ;. I (xY)
ox dy

df = dy

And:

 Ox

d (df(x,y) ) _ 9 (df(x,y)
dy 0x dy

And, a each paint of the spoce, fis unique:
ab
f(a,b)=f(ab)=|[df =0
ab
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Important relations from the First Law

If dl work is "P dV”, it con e shown that:

ow=P dV=0 = dU=dgq,
i)
c =|—
’ dl ;
|f P is constont:

Sw=P.,dV  dU=dq,-P,dV dq,=dU+P,dV

ext ext

Define Enthdpy cs: H=U+PV

dg, dH
C — —
» T AT dT
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Why is C, important: C, can be measured!

| | |
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Enthaply can be obtained from C, measurements

Hm{ T2
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3. 15, HHcLIauID:

1:T—
2 T-273. 15, HMLBRCCZ_AZ)
— 3 T—

273,15, HHCFSC Al

dH

Cp :ﬁ %H:JdeT
T,
|e,dr=H,-H,

T,
How fo define the integration
constont,

or the “zero” of enthdpy?




Standard Element Reference

* For each element, define Enthalpy of the stable phase at 1
atm, 298.15K as 0.

 This is called SER, Standard Element Refence

SER __ BCC,298.15K latm __
HFe o HFe =0
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Enthalpy of stable phases

| | |
ﬂ 5| =BE 1 BEE 15 EHE =
ToC)
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Enthalpies- a macro

go data

switch—-data tcfe
define—element fe

reject phase *

restore phase bcc fcc lig

get data

go p—3

set—condition t=300 n=1 p=leb
compute—-equilibrium
set—-axis-variable 1 T 298 2000,,,,
step

separate phase

post

set—-diagram—axis x T
set—-diagram—axis y hm(*),,,,
set—label-curve d

plot,,,

back

set—-inter
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Enthapies — Stable phases

go data

switch—-data tcfe
define—-element fe

reject phase *

restore phase bcc fcc lig

get data

go p—3

set—-condition t=300 n=1 p=1leb
compute—-equilibrium
set—-axis-variable 1 T 298 2000,,,,
step

normal

post

set—-diagram—axis x T
set-diagram—-axis y hm,,,,
set—label-curve b

plot,,,

back

set—-inter
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Cp curves- a macro

go data

sw—d ssol

@@ sw-d tcfe

@@ sw—-d bin

@@d these lines are for choosing your database
define—-element fe

reject phase *

restore phase bcc fcc lig

get data

go p—3

set—-condition t=300 n=1 p=1leb
compute—-equilibrium

enter function cpbcc=hm(bcc) .t;
enter function cpfcc=hm(fcc) .t;
enter function cplig=hm(liqg) .t;
set—-axis-variable 1 T 298 2000,,,,
step evaluate cpbcc,cpfcc,cplig
post

enter table cps=cpbcc, cpfcc, cplig;
set—-diagram—-axis x T
set-diagram—axis y CpPS,,,,
set-label-curve d,,,

plot,,,

back
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Enthalpy changes in Reactions

aA + bB= A_B,
T 4T T T
AHreaction _ HAaBb _ aHA a bHB

298.15 298.15 298.15 298.15T
AH?SS = g2o8i1s _ g 2815 _ppy?

reaction A,B,

c 298.15 __ 77SER _ 298.15T __ 7ySER __
298.15 298.15
AH =H
a’™"b

reaction
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A practical Rule (Neuman Koop)

T T T T
T 298.15 __ A,B, . A _ B _ reacao
AHT,. ~AHZS = [cAbaT —q [crdT—b [cPdT= | AcrewdT
298.15 298.15 298.15 298.15

For solid products and reactants, AC,=0

298.15 298.15 0,298.15K
AHSS = H2%5 = AH
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An example (formation of SiO,)

% H reag e prod (JImaol 51020
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Examples:

Mixing can be exothermic (solution.tcm)

S
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“Heat” of mixing

Si added to steel?

r

Refractories can dissolve in Slag

01/2003 laptop c:curso fla/part2.ppt © 2003 André Luiz V. da Costa e Silva



Examples

SHS,
Thermite reaction...

Orther adidoatic tronsformations (actudly dl heat bdonass
cssume H=gconstant
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