EngrD 2190 — Lecture 21

Concept: Process Analysis - Graphical Modeling

Context: Combined Mass & Energy Balances for Binary Mixtures:
Enthalpy-Composition (H-(X,y)) Phase Maps

Defining Question: Why are tie lines on enthalpy-composition phase
maps not horizontal?

Bring a Straightedge or Ruler to Lecture 22.
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Inl46]:= PCTL = ¥ 7 1Yd;
Define stream relationships and overall equations

mi47- al=s (1-kl) »a; pl=p+klxaxrl/ (rl+1);bl=b+klxaxl/ (rl+1);
a2=(p+klxaxrl/ (rl+1) -r2« (1-k1) «xa) / ((pctl/ (1-pctl)) -r2);
a3=al-a2; p3=p+klxaxrl/ (rl+1) - (pctl/ (1-pctl)) xa2;
a5 = krem=x a3; b5 = krem« bl; p5 = krem« p3;
a6 =rdx (r3xb5-a5) / (r3-rd);

injszl:- eql = a = fin + a5 - a6 + kr xa3;

inl53):- eq2 = b= b5 - (1/rd) xa6 + kr xbl;
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Inl54:- eq3 = p = p5 + kr % p3;

(1+rl) (-99+99 kr +99 krem + r2)
eorl) + 8 &kl = &&

nlss)- eqd = Fin = 180 xa2+ (1+1/r4) a6+ kp» (a3 + bl + p3); PIUS 6 more pages s o8 (kr+krem) (99 +100 r1)

Solve for A equation

nlss):- redsA = Reduce [eql, a]

out[56]=
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Combined Mass & Energy Balances on Binary Mixtures

Graphical Methods Examples
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Temperature-Composition Phase Diagram fowixtures at 1 atm
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Example 1: Apply the Lever Rule to the Tie Line

L V

I 4 0.70-0.39=0.31 I

1€ I q

[ [ [

N (K 0.70-050=020

< >« >
0.39 0.50 0.70

liquid flow rate = (g'éijxmo mol/min = 65 mol/min

vapor flow rate = 35 mol/min.



We need a graphical method for energy balances on binary mixtures.

Recall our number line for energy balances on a pure substance: H,0.

Graphical Modeling - Energy Balance Lines

Thermodynamic Data:

H,O
boiling point 100°C
AH op 2280 kJ/kg + 41 kl/mol
Cp. liquid 4.17 kJ/(kg °C) [ 75 J/(mol °C)

O v [ 1.94 kJ/(kg °C) [ 33 J/(mol °C)

2697 + 1.94 x (300 — 100) =

4.17 x (100 - 0) =417 kJ/kg 417 + 2280 = 2697 kJ/kg 3085 kJ/kg

i H,0 liquid H,0 vapor :

i [liquid liquid + vapor vapor |
TECxE  50°  100° 100° 200° 30°

P it

L L L L L L L L L L L L L L L L
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000

T energy (kl/’kg)
arbitrary




Create a number line for energy balances on pure G.

Thermodynamic Data:

H,0 G
boiling point 100°C 62.5°C
AH ap 2280 kJ/kg = 41 kl/mol | 23 kJ/moll
Ch. tiquid 4.17 kJ/(kg °C) = 75 J/(mol °C) 80 J/(mol °C
& 1.94 kJ/(kg °C) = 33 J/(mol °C) 50 J/(mol °C)
G liquid G vapor
at b.p. at b.p.
G:
25°C | AH,ap G ‘ 200°C 300 400 500°C
0 10 20 30 40 50
energy (kl/mol)

Arbitrarily set H = 0 kJ/mol for G liquid at 25°C

Calculate H for G liquid at b.p.  H =0+ Cpg jiquia(AT)
=0+ 80 J/mol°C x (62.5 - 25°C) = 3.0 kJ/mol

Calculate H for G vapor atb.p. H=3.0+AH, . =3.0+ 23 ki/mol = 26 kJ/mol

Calculate H for G vapor at 200°C.  H =26 + Cp¢ a0 (AT)
— 26 + 50 J/mol°C x (200 — 62.5 °C) = 32.9 kl/mol

Calculate H for G vapor at 300°C.  H =329+ Cp 000 (AT)
=32.9 + 50 J/mol°C x (300 - 200 °C) = 37.9 kJ/mol



Create a number line for energy balances on pure H.

Thermodynamic Data:

H,O G H

boiling point 100°C 62.5°C 101°C

AH yap 2280 kJ/kg = 41 kJ/mol 23 kJ/mol | 38 KJ/mol |
Cp, tiquid 4.17 kI/(kg °C) = 75 J/(mol °C) 80 J/(mol °C) 120 J/(mol °C)
Cp, vapor 1.94 kJ/(kg °C) = 33 J/(mol °C) 50 J/(mol °C) 80 J/(mol °C)

H liquid H vapor
= at b.p. at b.p.
"~ 25°C | AHoo 1 200°C
0 10 20 30 40 50
energy (kJ/mol)

Arbitrarily set H = 0 kd/mol for H liquid at 25°C

Calculate H for H liquid at b.p.  H =0+ Cpp}iquia(AT)
=0+ 120 J/mol°C x (101 - 25°C) = 9.1 kJ/mol

Calculate H for H vapor at b.p. H=9.1+ Aﬁvap’H =9.1 + 38 kJ/mol = 47.1 kJ/mol

Calculate H for H vapor at 200°C.  H=47.1+ Cp a0 (AT)
=47.1 + 80 J/mol°C x (200 — 101 °C) = 55 kJ/mol



Temperature-Composition Phase Diagram for G+H Mixtures at 1 atm
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Combined Mass & Energy Balances on Binary Mixtures

Graphical Methods Examples

Example 1
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Oheater = 1100 kJ/min

Enthalpy-Composition Phase Diagram for G+H Mixtures at 1 atm
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Tie Line:
total length = 81.5 mm
liquid arm =29 mm

vapor = _29mm. x100
5Smm

=36 mol/min

liquid = 64 mol/min
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