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Scilab numbering policy used in this document and the relation to the
above book.

Exa Example (Solved example)

Eqn Equation (Particular equation of the above book)

AP Appendix to Example(Scilab Code that is an Appednix to a particular
Example of the above book)

For example, Exa 3.51 means solved example 3.51 of this book. Sec 2.3 means
a scilab code whose theory is explained in Section 2.3 of the book.
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Chapter 1

Introduction to Equilibrium

Scilab code Exa 1.1 Units Conversion Factors and Notations

1
2 clear;

3 clc();

4
5 // Example 1 . 1
6 // Page : 9
7 printf(”Example−1.1 Page no .−9\n\n”);
8
9 // ∗∗∗Data ∗∗∗//

10 m_i = 10; // [ g ]
11 m_w = 990; // [ g ]
12 M_i = 342.3; // [ g ]
13 M_w = 18; // [ g ]
14 // The mass f r a c t i o n i s
15 // ( mass f r a c t i o n o f s u c r o s e ) = x i ( by mass ) =

m i /( sum o f a l l s u b s t a n c e s )
16 x_i = m_i/(m_i+m_w);

17 x_i = x_i *100; // [ i n p e r c e n t a g e ]
18 // This i s a l s o the we ight f r a c t i o n .
19 // The mole f r a c t i o n i s
20 // ( mole f r a c t i o n o f s u c r o s e ) = x j ( by mole ) =
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n i /( sum o f number moles o f a l l the s u b s t a n c e s )
21 n_i = m_i/M_i;// number o f moles o f s u c r o s e
22 n_w = m_w/M_w;// number o f moles o f water
23 x_j = n_i/(n_i+n_w);

24 x_j = x_j *100; // [ i n p e r c e n t a g e ]
25 // The m o l a l i t y , a c o n c e n t r a t i o n u n i t i s w i d e l y used

i n e q u i l i b r i u m c a l c u l a t i o n s , i s d e f i n e d as
26 // m ( m o l a l i t y ) = ( moles o f s o l u t e ) /( kg o f s o l v e n t )
27 m = n_i/m_w *1000; // [ mo la l ]
28 // For s o l u t i o n s o f s o l i d s and l i q u i d s ( but not

g a s e s ) ppm almost a lways means ppm by mass , so
29 x_ppm = x_i *10^(6) /100; // [ ppm ]
30 printf(” s u c r o s e c o n c e n t r a t i o n i n terms o f the mass

f r a c t i o n i s %f%%\n”,x_i);
31 printf(” s u c r o s e c o n c e n t r a t i o n i n terms o f the mole

f r a c t i o n i s %f%%\n”,x_j);
32 printf(” s u c r o s e c o n c e n t r a t i o n i n terms o f the

m o l a l i t y i s %f mo la l \n”,m);
33 printf(” s u c r o s e c o n c e n t r a t i o n i n terms o f the ppm

i s %f ppm”,x_ppm);

Scilab code Exa 1.2 Density dependency of concentration

1 clear;

2 clc();

3
4 // Example 1 . 2
5 // Page : 9
6 printf(”Example−1.2 Page no .−10\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 T = 20; // [C ]

10 d = 1.038143/1000*10^(6);// [ kg /mˆ ( 3 ) ]
11 m_i = 10; // [ g ] mass o f s u c r o s e
12 M_i = 342.3; // [ g/mol ] m o l e c u l a r we ight o f s u c r o s e
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13 // In the p r e v i o u s example i . e . example 1 . 1 the mass
was chosen to be 1 . 0 0 kg , so tha t

14 m = 1.00; // [ kg ]
15 V = m/d*1000; // [ L ]
16 // The mass c o n c e n t r a t i o n i s
17 // m 1 ( mass c o n c e n t r a t i o n o f s u c r o s e ) = ( mass o f

s u c r o s e ) /( volume o f s o l u t i o n )
18 m_1 = m_i/V;// [ g/L ]
19 // The mole c o n c e n t r a t i o n i s
20 // m 2 ( mole c o n c e n t r a t i o n o f s u c r o s e ) = ( moles o f

s u c r o s e ) /( volume o f s o l u t i o n )
21 m_2 = (m_i/M_i)/V;// [ mol/L ]
22 printf(” Mass c o n c e n t r a t i o n o f the s o l u t i o n i s %f g/

L\n”,m_1);
23 printf(” Mole c o n c e n t r a t i o n o f the s o l u t i o n i s %f

mol/L\n”,m_2);
24 // By the d e f i n i t i o n o f the mo la r i t y , m o l a r i t y i s

mole c o n c e n t r a t i o n o f the s o l u t e
25 // so m o l a r i t y
26 m = m_2;

27 printf(” M o l a r i t y o f the s o l u t i o n i s %f
mol/L”,m_2);
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Chapter 2

Basic Thermodynamics

Scilab code Exa 2.1 Calculation of the thermodynamics properties of steam

1 clear;

2 clc();

3
4 // Example 2 . 1
5 // Page : 27
6 printf(”Example−2.1 Page no .−27\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 m = 1; // [ lbm ] Mass o f the steam

10 T_1 = 300; // [ F ] I n i t i a l t empera tu r e
11 P_1 = 14.7; // [ p s i a ] I n i t i a l p r e s s u r e
12 P_sorronding = 14.7; // [ p s i a ]
13 Q = 50; // [ Btu ] Amount o f the ene rgy added to the

system as heat
14
15 // This i s a c l o s e d system and we can apply the

f o l l o w i n g e q u a t i o n s
16 // d e l t a U s y s t e m = sum ( dQ in minus out ) + sum (

dW in minus out ) (
A)

17 // dS system = (m∗ds ) sy s t em = sum ( (dQ) /T)
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i n m i n u s o u t + d S r e v e r s i b l e
(B)

18
19 // From the steam t a b l e s , we l o o k up the p r o p e r t i e s

o f steam at t empera tu r e 300F and p r e s s u r e 1 4 . 7
p s i a and f i n d

20 u_initial = 1109.6; // [ Btu/ lbm ] I n t e r n a l ene rgy o f
the steam

21 h_initial = 1192.6; // [ Btu/ lbm ] Enthalpy o f the steam
22 s_initial = 1.8157; // [ Btu /( lbm∗R) ] Entropy o f the

steam
23
24 // The work he r e i s done by the system , e q u a l to
25 // −d e l t a w = P∗A p i s t o n ∗ d e l t a x = P∗m∗ d e l t a v
26
27 // S u b s t i t u t i n g t h i s i n the e q u a t i o n (A) and

r e a r r a n g i n g , we have
28 // m∗ d e l t a ( u + P∗v ) = m∗ d e l t a h = de l t a Q
29 // From which we can s o l v e f o r the f i n a l s p e c i f i c

en tha lpy
30 h_final = h_initial + Q;// [ Btu/ lbm ]
31
32 // Now , by the l i n e a r i n t e r p o l a t i o n we f i n d tha t at

h = 1 2 4 2 . 6 Btu/ lbm and P = 1 atm , t empera tu r e o f
the steam i s g i v e n

33 T_2 = 405.7; // [ F ] F i n a l t empera tu r e
34
35 // At t h i s f i n a l t empera tu r e and p r e s s u r e we have

the steam p r o p e r t i e s
36 u_final = 1147.7; // [ Btu/ lbm ]
37 s_final = 1.8772; // [ Btu /( lbm∗R) ]
38
39 // Thus , i n c r e a s e i n the i n t e r n a l energy , en tha lpy

and ent ropy a r e
40 delta_u = u_final - u_initial;// [ Btu/ lbm ]
41 delta_s = s_final - s_initial;// [ Btu /( lbm∗R) ]
42 delta_h = Q;// [ Btu/ lbm ]
43
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44 // The work done on the atmosphere i s g i v e n by
45 w = delta_h - delta_u;// [ Btulbm ]
46
47 printf(”The i n c r e a s e i n i n t e r n a l ene rgy o f the steam

by adding the heat i s %0 . 2 f Btu/ lbm\n”,delta_u);
48 printf(”The i n c r e a s e i n en tha lpy o f the steam by

adding the heat i s %0 . 2 f Btu/ lbm\n”,
delta_h);

49 printf(”The i n c r e a s e i n ent ropy o f the steam by
adding the heat i s %0 . 4 f Btu/ lbm\n”,
delta_s);

50 printf(”Work done by the p i s t on , expanding a g a i n s t
the atmosphere i s %0 . 2 f Btu/ lbm”,w)

Scilab code Exa 2.2 Work done in reversible adiabatic steady flow steam
turbine

1 clear;

2 clc();

3
4 // Example 2 . 2
5 // Page : 28
6 printf(”Example−2.2 Page no .−28\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 T_in = 600; // [ F ] Input steam tempera tu r e

10 P_in = 200; // [ p s i a ] Input steam p r e s s u r e
11 P_exit = 50; // [ p s i a ]
12
13 // Because t h i s i s a s teady−s t a t e , s teady−f l o w

p r o c e s s , we use
14 // ( work per pound ) = W/m = −( h i n − h out )
15
16 // From the steam t a b l e we can read the the i n l e t

en tha lpy and ent ropy as
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17 h_in = 1322.1; // [ Btu/ lbm ]
18 s_in = 1.6767; // [ Btu /( l b ∗R) ]
19
20 // Now , we need the v a l u e o f h out
21
22 // For a r e v e r s i b l e a d i a b a t i c s teady−s t a t e , s teady−

f l o w p r o c e s s , we have
23 // sum ( s ∗m in minus out ) = ( s i n − s o u t ) = 0
24
25 // Which i n d i c a t e s tha t i n l e t and o u t l e t e n t r o p i e s

a r e same
26 // We can f i n d the o u t l e t t empera tu r e by f i n d i n g the

v a l u e o f the t empera tu r e i n the steam t a b l e
27 // For which the i n l e t en t ropy at 50 p s i a i s the

same as the i n l e t entropy , 1 . 6 7 6 7 Btu /( l b ∗R) .
28 // By l i n e a r i n t e r p o l a t i o n i n the t a b l e we f i n d
29 T_in = 307.1; // [R]
30
31 // and by the l i n e a r i n t e r p o l a t i o n i n the same t a b l e

we f i n d tha t
32 h_out = 1188.1; // [ Btu/ l b ]
33
34 // Thus , we f i n d
35 W_per_pound = -(h_in - h_out);// [ Btu/ l b ]
36
37 printf(” The work output o f the t u r b i n e o f steam i s

%0 . 1 f Btu/ l b ”,-W_per_pound);

Scilab code Exa 2.3 Estimation of Compressibility factor

1 clear;

2 clc();

3
4 // Example 2 . 3
5 // Page : 38
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6 printf(”Example−2.3 Page no .−38\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 T = 500; // [ F ]

10 P = 680; // [ p s i ]
11 // I t i s r e p o r t e d i n the book i n the t a b l e A. 1 ( page

417) tha t f o r water
12 // We know tha t T r = T/ T c and P r = P/ P c , so
13 T_c = 647.1*1.8 // [R]
14 P_c = 220.55*14.51; // [ p s i a ]
15 w = 0.345;

16 T_r = (T+459.67)/T_c;

17 P_r = P/P_c;

18 z_0 = 1+P_r/T_r *(0.083 -0.422/ T_r ^(1.6));

19 z_1 = P_r/T_r *(0.139 -0.172/ T_r ^(4.2));

20 z = z_0+w*z_1;

21 printf(”The c o m p r e s s i b i l i t y f a c t o r o f steam at the
g i v e n s t a t e i s %0 . 3 f ”,z);

22 // Based on the steam t a b l e ( which may be c o n s i d e r e d
as r e l i a b l e as the e x p e r i m e n t a l data ) the v a l u e

o f z i s 0 . 8 0 4 .
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Chapter 3

The Simplest Phase
Equilibrium Examples and
Some Simple Estimating Rules

Scilab code Exa 3.1 Mole fraction of water vapour in air

1 clear;

2 clc();

3
4 // Example 3 . 1
5 // Page : 52
6 printf(”Example−3.1 Page no .−52\n\n”);
7
8
9 // ∗∗∗Data ∗∗∗//

10 T = 20; // [C ]
11 P = 1; // [ atm ]
12 // From Raoult ’ s law y i ∗P = x i ∗ p i
13 // Rear rang ing
14 // y i = x i ∗ p i /P ;
15 // Here we have t e r n a r y mixture o f n i t r o g e n , oxygen ,

and water . I f we l e t the s u b s c r i p t i s tand f o r
water , we can say tha t
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16 // x wate r = 1−x N2−x O2 ;
17 // but we know from e x p e r i e n c e tha t the mole

f r a c t i o n s o f d i s s o l v e d N2 and O2 ar e q u i t e smal l ,
so tha t we a r e s a f e i n s a y i n g tha t

18 x_N2 = 0;

19 x_O2 = 0;

20 x_water = 1-x_N2 -x_O2;

21 // From any steam t a b l e we may l o o k up the v a l u e o f
the vapour p r e s s u r e o f water at 20C, f i n d i n g

22 p_water = 0.023; // [ atm ]
23 // So
24 y_water = x_water*p_water/P;

25 printf(”The mole f r a c t i o n o f water vapour i n a i r i n
e q u i l i b r i u m with water i s %f”,y_water);

Scilab code Exa 3.2 Roults and Henrys Law

1 clear;

2 clc();

3
4 // Example 3 . 2
5 // Page : 53
6 printf(”Example−3.2 Page no .−53\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 T = 20; // [C ]

10 P = 1; // [ atm ]
11 // From p r e v i o u s example i . e . example 3 . 1
12 y_water = 0.023;

13 // so tha t
14 //y = y N2+y O2
15 y = 1-y_water;

16 // The oxygen i s 0 . 2 1 mole f r a c t i o n o f t h i s mix , so
tha t

17 y_O2 = y*0.21;
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18 // I t i s r e p o r t e d i n the book i n t a b l e A. 3 ( page
419) tha t Henry ’ s law c i n s t a n t f o r oxygen i n
water at 20C i s

19 H_O2 = 40100; // [ atm ]
20 // From Henry ’ s law , we have
21 // y i = x i ∗H i /P
22 // r e a r r a n g i n g
23 // x i = y i ∗P/ H i
24 // so
25 x_O2 = y_O2*P/H_O2;

26 // By the same l o g i c we f i n d tha t
27 y_N2 = y*0.79;

28 // and Henry ’ s law c o n s t a n t f o r n i t r o g e n i n water at
20C i s

29 H_N2 = 80400; // [ atm ]
30 // hence
31 x_N2 = y_N2*P/H_N2;

32 // Now e x p r e s s i n g the d i s s o l v e d oxygen c o n c e n t r a t i o n
i n terms o f the volume o f the oxygen at STP v i z .
taken as 1 atm and 20C

33 // c = ( c o n c e n t r a t i o n o f d i s s o l v e d oxygen i n
e q u i l i b r i u m with a i r at 1 atm and 20C)

34 c = x_O2 *998.2/18; // [ ( mole O2) /(L s o l u t i o n ) ]
35 // V = ( volume o f O2 , STP) /(L s o l u t i o n )
36 V = c*24.06; // [ ( L O2 , STP) /(L s o l u t i o n ) ]
37 V = V*1000; // [ ( ml O2 , STP) /(L s o l u t i o n ) ]
38 printf(” C o n c e n t r a t i o n o f oxygen d i s s o l v e d i n water

at e q u i l i b r i u m i s %f (mL O2 , STP) /(L s o l u t i o n ) ”,V
);

Scilab code Exa 3.3 Composition of Air and Water

1 clear;

2 clc();

3
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4 // Example 3 . 3
5 // Page : 52
6 printf(”Example−3.3 Page no .−56\n\n”);
7
8
9 // ∗∗∗Data ∗∗∗//

10
11 P = 1.0; // [ atm ]
12 p_w = 0.023; // [ atm ] Vapor p r e s s u r e o f pure water
13 H_o = 40100; // [ atm ] Vapor p r e s s u r e o f pure oxygen
14 H_n = 80400; // [ atm ] Vapor p r e s s u r e o f pure n i t r o g e n
15 // From Raoult ’ s law , we have
16 // ( y i ∗P ) = ( x i ∗ p i )
17 // So
18 // For water
19 // ( y w∗P ) = ( x w∗ p i )
20 // For oxygen
21 // ( y o ∗P ) = ( x o ∗ p i )
22 // And f o r n i t r o g e n
23 // ( y n ∗P ) = ( x n ∗ p i )
24
25 // Also
26 // ( y w + y o + y n ) = 1
27 // ( x w + x o + x n ) = 1
28
29 // In a i r , the mole f r a c t i o n o f n i t r o g e n and oxygen

a r e 0 . 7 9 and 0 . 2 1 r e s p e c t i v e l y . So ,
30 // y o / y n = 0 . 2 1 / 0 . 7 9
31
32 // We w i l l t ake the he lp o f matr ix method to s o l v e

t h e s e s i x e q u a t i o n s f o r s i x unknowns
33 A = [0.023 0 0 -1 0 0;0 40100 0 0 -1 0;0 0 80400 0 0

-1;0 0 0 1 1 1;1 1 1 0 0 0;0 0 0 0 0.79 -0.21];

34 B = [0;0;0;1;1;0];

35 X = A^(-1)*B;

36
37 printf(” The c o m p o s i t i o n i n l i q u i d and vapor phase

a r e summarized i n the f o l l o w i n g t a b l e : \ n\n”);
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38 printf(” y wate r \ t %f\n”,X(4));
39 printf(” y oxygen \ t %f\n”,X(5));
40 printf(” y n i t r o g e n \ t %f\n”,X(6));
41 printf(” x wate r \ t %f\n”,X(1));
42 printf(” x oxygen \ t %e\n”,X(2));
43 printf(” x n i t r o g e n \ t %e”,X(3));

Scilab code Exa 3.4 Some Simple Applications of Raoults and Henrys laws

1 clear;

2 clc();

3
4 // Example 3 . 4
5 // Page : 57
6 printf(”Example−3.4 Page no .−57\n\n”);
7
8
9 // ∗∗∗Data ∗∗∗//

10 T = 20; // [C ]
11 x_b = 0.80;

12 x_t = 0.20;

13 // Here we c a l c u l a t e the vapour p r e s s u r e s o f benzene
and t o l u e n e at 20C u s i n g the Anto ine e q u a t i o n

14 // l o g 1 0 ( p ) = A−B/(T+C)
15 // he r e p r e s s u r e p i s i n t o r r and tempera tu r e T i s

i n C
16 // From the r e p o r t e d t a b l e A. 2 ( page 418) i n the

book , the c o n s t a n t A, B,C i n the above e q u a t i o n
f o r benzene have the vaues as

17 A_b = 6.90565;

18 B_b = 1211.033;

19 C_b = 220.79;

20 // So , f o r benzene
21 p_b = 10^(A_b -B_b/(T+C_b));

22 // now from the r e p o r t e d t a b l e A. 2 ( page 418) i n the
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book , the c o n s t a n t A, B,C i n the above e q u a t i o n
f o r t o l u e n e have the vaues as

23 A_t = 6.95334;

24 B_t = 1343.943;

25 C_t = 219.337;

26 // So , f o r t o l u e n e
27 p_t = 10^(A_t -B_t/(T+C_t));

28 // Now we can compute tha t f o r benzene
29 // y b ∗P = x b ∗p b
30 // l e t y b ∗P = p 1 , so
31 p_1 = x_b*p_b;

32 // and c o r r e s p o n d i n g l y f o r t o l u e n e
33 // y t ∗P = x t ∗ p t
34 // l e t y t ∗P = p 2 , so
35 p_2 = x_t*p_t;

36 // Now adding t h e s e two v a l u e s o f benzene and
to lu ene , we have

37 // y b ∗P+y t ∗P = ( y b+y t ) ∗P
38 // i . e .
39 // P = ( p 1+p 2 ) /( y b+y t )
40 // But we know tha t ( y b+y t ) must be e q u a l to one i

. e .
41 y = 1.00; // y =( y b+y t ) sum o f the mole f r a c t i o n s

o f the benzene and t o l u e n e i n the g a s e o u s phase
42 // Hence t o t a l p r e s s u r e i s
43 P = (p_1+p_2)/y;

44 // Now the mole f r a c t i o n o f e i t h e r s p e c i e s i n the
g a s e o u s phase w i l l be r a t i o o f the p a r t i a l
p r e s s u r e o f the s p e c i e s to the t o t a l p r e s s u r e

45 // so
46 y_b = x_b*p_b/P;

47 y_t = x_t*p_t/P;

48 printf(” Vapour p r e s s u r e o f the mixture i n the
g a s e o u s phase i s %f t o r r \n”,P);

49 printf(” Mole f r a c t i o n o f the benzene i n the vapour
phase i s %f\n”,y_b);

50 printf(” Mole f r a c t i o n o f the t o l u e n e i n the vapour
phase i s %f”,y_t);
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Scilab code Exa 3.5 Some Simple Applications of Raoults and Henrys laws

1 clear;

2 clc();

3
4 // Example 3 . 5
5 // Page : 57
6 printf(”Example−3.5 Page no .−57\n\n”);
7
8
9 // ∗∗∗Data ∗∗∗//

10 T = 20; // [C ]
11 x_benzene = 1.00;

12 p_i = 75.2; // [ t o r r ] vapour p r e s s u r e o f the benzene
13 P = 760; // [ t o r r ] P r e s s u r e o f the atmosphere
14
15 // So
16 y_benzene = (x_benzene*p_i)/P;

17
18 printf(” Mole f r a c t i o n o f the benzene i n a i r tha t i s

s a t u r a t e d with benzene i s %0 . 1 f ”,y_benzene);

Scilab code Exa 3.6 Some Simple Applications of Raoults and Henrys laws

1 clear;

2 clc();

3
4 // Example 3 . 6
5 // Page : 58
6 printf(”Example−3.6 Page no .−58\n\n”);
7
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8
9 // ∗∗∗Data ∗∗∗//

10
11 P = 760; // [mm Hg ]
12 x_b = 0.8; // Mole f r a c t i o n o f benzene i n l i q u i d

phase
13 x_t = 0.2; // Mole f r a c t i o n o f t o l u e n e i n l i q u i d

phase
14
15 // We w i l l t ake the he lp o f t r i a l and e r r o r method

to s o l v e t h i s problem
16 // From the t a b l e A. 2 ( page 418 ) , Anto ine e q u a t i o n

c o n s t a n t s f o r benzene a r e
17 A_b = 6.90565;

18 B_b = 1211.003;

19 C_b = 220.79;

20
21 // and tha t f o r the t o l u e n e a r e
22 A_t = 6.95334;

23 B_t = 1343.943;

24 C_t = 219.337;

25
26 T = 82; // [C ]
27 err = 1

28
29 while err > 10^( -3)

30 p_b = 10^(6.90565 - 1211.003/(T + 220.79));

31 p_t = 10^(6.95334 - 1343.943/(T + 219.337));

32 y_b = x_b*p_b/P;

33 y_t = x_t*p_t/P;

34 err = abs((y_b + y_t) - 1);

35 T = T + 0.01;

36 end

37
38 printf(” The tempera tu re at which the g i v e n benzene−

t o l u e n e mixture w i l l have vapor p r e s s u r e o f 1 atm
i s %0 . 3 f deg C”,T);
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Scilab code Exa 3.7 Some Simple Applications of Raoults and Henrys laws

1 clear;

2 clc();

3
4 // Example 3 . 7
5 // Page : 60
6 printf(”Example−3.7 Page no .−60\n\n”);
7
8
9 // ∗∗∗Data ∗∗∗//

10
11 V = 0.25; // [ L ] Volume o f water
12 T_1 = 0; // [C ] I n i t i a l t empera tu r e o f water
13 T_2 = 20; // [C ] F i n a l t empera tu r e o f water
14
15 // From the example 3 . 3 the mol f r a c t i o n s o f oxygen

and not rogen i n water at t empera tu r e 20 deg C a r e
16 x_o = 5.12*10^( -6);// mole f r a c t i o n o f oxygen
17 x_n = 9.598*10^( -6);// mole f r a c t i o n o f n i t r o g e n
18
19
20 // Now we w i l l c a l c u l a t e the mole f r a c t i o n o f oxygen

and n i t r o g e n i n water at 0 deg C i n the same
manner as i n example 3 . 3

21 // From the t a b l e A. 3 ( page 419) , Henry ’ s c o n s t a n t
o f oxygen and n i t r o g e n a r e

22 H_o = 2.55*10^(4);// [ atm ]
23 H_n = 5.29*10^(4);// [ atm ]
24
25 // And vapor p r e s s u r e o f water at 0 deg C i s
26 p_w = 0.006; // [ atm ]
27
28 // Now u s i n g the same s e t o f e q u a t i o n s as i n example
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3 . 3 , by chang ing on ly H o , H n and p w and
s o l v i n g by matr ix method we have

29
30 A = [0.006 0 0 -1 0 0;0 25500 0 0 -1 0;0 0 52900 0 0

-1;0 0 0 1 1 1;1 1 1 0 0 0;0 0 0 0 0.79 -0.21];

31 B = [0;0;0;1;1;0];

32 X = A^(-1)*B;

33
34 // Here the mole f r a c t i o n o f oxygen and n i t r o g e n i n

water w i l l be X( 2 ) and X( 3 ) r e s p e c t i v e l y
35 // So oxygen r e j e c t e d i s
36 M_o_rej = V*( X(2) - x_o )/0.018; // [ mole ] oxygen
37 // Now At STP volume o f the r e j e c t e d oxygen i s g i v e n

as
38 V_o = M_o_rej *24200; // [ ml ] oxygen
39
40 // And r e j e c t e d n i t r o g e n i s
41 M_n_rej = V*( X(3) - x_n )/0.018; // [ mole ] n i t r o g e n
42 // In terms o f volume
43 V_n = M_n_rej *24200; // [ ml ]
44
45 printf(” At e q u i l i b r i u m at 20 deg C the r e j e c t e d

amount o f oxygen w i l l be %0 . 2 f ml\n”,V_o);
46 printf(” At e q u i l i b r i u m at 20 deg C the r e j e c t e d

amount o f n i t r o g e n w i l l be %0 . 2 f ml\n”,V_n);
47 printf(” And t o t a l amount o f the a i r r e j e c t e d from

the water w i l l be %0 . 2 f ml” ,(V_o + V_n));

Scilab code Exa 3.8 Some Simple Applications of Raoults and Henrys laws

1 clear;

2 clc();

3
4 // Example 3 . 8
5 // Page : 61
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6 printf(”Example−3.8 Page no .−61\n\n”);
7
8
9 // ∗∗∗Data ∗∗∗//

10
11 P_1 = 5; // [ atm ]
12 y_n = 0.79; // Mole f r a c t i o n o f n i t r o g e n i n

atmosphere
13 P_2 = 1.0; // [ atm ]
14 M = 55; // [ kg ] Mass o f the d i v e r
15 x_w = 0.75; // F r a c t i o n o f water i n human body
16 T = 37; // [C ] Body tempera tu r e o f the d i v e r
17
18 // At 37 deg temperature , the Henry ’ s c o n s t a n t f o r

N2 from the t a b l e A. 3 ( page 419 ) by the l i n e a r
i n t e r p o l a t i o n i s

19 H_n = 10.05*10^(4);// [ atm ]
20
21 // Now , moles o f n i t r o g e n r e j e c t e d w i l l be
22 // M re j = ( moles o f body f l u i d ) ∗ ( x N2 , 5 atm − x N2

, 1 atm )
23 // So
24 M_rej = (M*1000* x_w /18)*( P_1*y_n/H_n - P_2*y_n/H_n)

;// [ mol ]
25 // At STP the volume o f the r e j e c t e d n i t r o g e n w i l l

be
26 V_n = M_rej *24.2; // [ L ]
27
28 printf(” Amount o f r e j e c t e d n i t r o g e n w i l l be %0 . 2 f

L i t r e ”,V_n);
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Chapter 4

Minimization of Gibbs Free
energy

Scilab code Exa 4.1 Gibbs free energy calculation

1 clear;

2 clc();

3
4 // Example 4 . 1
5 // Page : 67
6 printf(”Example−4.1 Page no .−67\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 T = 671.7; // [R] E q u i l i b r i u m tempera tu re

10 m_steam = 1; // [ lbm ] Condens ing amount o f the steam
11 // Using v a l u e s from the steam t a b l e [ 1 ] , we f i n d

tha t
12 delta_h_condensation = -970.3 // [ Btu/ lbm ] Enthalpy

change o f the steam
13 delta_s_condensation = -1.4446; // [ Btu /( lbm∗R) ]

Entropy change o f the steam
14
15 // Gibb ’ s f r e e ene rgy change o f the steam i s
16 delta_g_condensation = delta_h_condensation - T*
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delta_s_condensation;// [ Btu/ lbm ]
17
18 printf(”Gibb ’ ’ s f r e e ene rgy change o f the steam i s

%0 . 1 f Btu/ lbm”,delta_g_condensation);

Scilab code Exa 4.2 Gibbs free energy diagram for the graphite diamond
system

1 clear;

2 clc();

3
4 // Example 4 . 2
5 // Page : 77
6 printf(”Example−4.2 Page no .−77\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9

10 // l e t we denote g r a p h i t e by ’ g ’ and diamond by ’ d ’
11 // Gibb ’ s f r e e e n e r g i e s o f g r a p h i t e and diamond a r e

g i v e n by
12 g_g = 0.00; // [ kJ/mol ]
13 g_d = 2.90; // [ kJ/mol ]
14
15 // S p e c i f i c volumes o f g r a p h i t e and diamond a r e

g i v e n by
16 v_g = 5.31*10^( -1);// [ kJ /( mol∗ kbar ) ]
17 v_d = 3.42*10^( -1);// [ kJ /( mol∗ kbar ) ]
18
19 // Now from the e q u a t i o n 4 . 3 2 ( page 74) g i v e n i n

the book , we have
20 // ( dg/dP) = v , at c o n s t a n t t empera tu re
21 // where ’ v ’ i s s p e c i f i c volume
22 // l e t us denote ( dg/dP) by ’D’ , so
23 D_g = v_g;// [ J /( mol∗Pa ) ] For g r a p h i t e
24 D_d = v_d;// [ J /( mol∗Pa ) ] For diamond
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25
26 // Now we can take our p l o t from P = 0( =1 ) ,

however , t o t a l p r e s s u r e i s 1 atm .
27 // I f we c o n s i d e r s p e c i f i c volumes o f the g i v e n

s p e c i e s to be c o n s t a n t with chang ing the p r e s s u r e
then g−P curve w i l l be a s t r a i g h t l i n e

28 // So the e q u a t i o n o f the l i n e f o r g r a p h i t e i s
29 // g = D g∗P + g g
30 // and tha t f o r diamond
31 // g = D d∗P + g d
32
33 P = [0:1:30] ’;

34
35 plot2d(P,[ D_d*P+g_d D_g*P+g_g ],style =[ color(”

da rkg r e en ”),color(” red ”)]);
36
37 xlabel(” Pre s su r e , P , kbar ”);
38 ylabel(”Gibb ’ ’ s f r e e ene rgy per mol , g , kJ/mol”);
39
40 printf(” Gibb ’ ’ s f r e e energy−p r e s s u r e diagram f o r

g r a p h i t e−diamond system at 25 degC i s as shown i n
the g r a p h i c window . ”);

41 hl=legend ([ ’ Diamond , s l o p e = 0 . 3 4 2 ( kJ/mol ) / kbar ’ ; ’
Graphite , s l o p e = 0 . 5 3 2 ( kJ/mol ) / kbar ’ ]);

Scilab code Exa 4.3 Gibbs free energy for chemical reactions

1 clear;

2 clc();

3
4 // Example 4 . 3
5 // Page : 80
6 printf(”Example−4.3 Page no .−80\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
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9 // We have the system which c o n s i s t s o f i s o b u t a n e
and normal butane and i s o m e r i s a a t i o n i s t a k i n g
p l a c e between them

10 // The e q u i l i b r i u m c o n s t a n t f o r t h i s r e a c t i o n i s
g i v e n by

11 // K = ( mole f r a c t i o n o f i s o b u t a n e ) /( mole f r a c t i o n
o f n−butane ) = x i s o / x normal

12
13 // For t h i s r e a c t i o n , at 25C,
14 K = 4.52;

15
16 // and
17 // x i s o + x normal = 1
18 // so
19 // K = x i s o /(1− x i s o )
20
21 // s o l v i n g f o r x i s o
22 deff( ’ [ y ]= f ( x i s o ) ’ , ’ y = x i s o /(1− x i s o )−K ’ );
23 x_iso = fsolve(0,f);

24
25 printf(” Mole f r a c t i o n o f i s o b u t a n e i s omer i n

e q u i l i b r i u m i s %0 . 2 f ”,x_iso);
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Chapter 5

Vapor Pressure The Clapeyron
Equation And Single Pure
Chemical Species Phase
Equilibrium

Scilab code Exa 5.1 Application of Clapeyron Equation

1 clear;

2 clc();

3
4 // Example 5 . 1
5 // Page : 89
6 printf(”Example−5.1 Page no .−89\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 T=212; // [ F ]

10
11 // ∗∗∗∗∗∗∗∗∗∗//
12 //From the steam t a b l e , we have
13 delta_h =970.3; // [ Btu/ lbm ]
14 delta_v =26.78; // [ f t ˆ ( 3 ) / lbm ] and
15
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16 // chang ing the u n i t s
17 delta_h1=delta_h *778; // [ f t ∗ l b f / lbm ]
18 delta_v1=delta_v *144; // [ f t ∗ i n ˆ ( 2 ) / lbm ]
19 T=671.7; // [R]
20
21 // We have dP/dT = d e l t a h /(T∗ d e l t a v )
22 // Thus
23 dP_by_dT=delta_h1 /(T*delta_v1);// [ p s i /R]
24
25 printf(”The v a l u e o f dP/dT i s %f p s i /R”,dP_by_dT);
26 // Using the n e a r e s t a d j a c e n t steam t a b l e e n t r i e s f o r

vapour p r e s s u r e , wee have
27 // dP by dT = d e l t a P b y d e l t a T =(15 .291 −14 .125)

/(214−210) =0.2915 p s i /R

Scilab code Exa 5.2 Application of Clausius Clapeyron Equation

1 clear;

2 clc();

3
4 // Example 5 . 2
5 // Page : 90
6 printf(”Example−5.2 Page no .−90\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 p_2 =0.005; // [ p s i a ]

10 R=1.987/18; // [ 1 /R]
11
12 // ∗∗∗∗∗∗∗//
13
14 //From the steam t a b l e s at the t r i p p l e po int , we

f i n d
15 T_1 =460+32.018; // [R]
16 p_1 =0.0887; // [ p s i a ]
17
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18 // d e l t a h ( s o l i d to gas ) = d e l t a h ( s u b l i m a t i o n ) =
1 2 1 8 . 7 ; / / [ Btu/ lbm ]

19 delta_H =1218.7; // [ Btu/ lbm ]
20
21 // Assuming tha t the en tha lpy change o f v a p o r i z a t i o n

i s i ndependent o f t empera tu r e ( a f a i r l y good
approx imat ion i n t h i s c a s e )

22 //we s t a r t with Eq . 5 . 1 0 and r e a r r a n g e :
23 // 1/ T 2 = 1/ T 1−( l o g ( p 2 / p 1 ) ) ∗R/ d e l t a H
24 // So
25
26 T_2 =1/(1/T_1 -(log(p_2/p_1))*R/delta_H);// [R]
27 // Changing the t empera tu re i n f a r e n h e i t
28 T_2F=T_2 -460; // [ F ]
29
30 printf(”The tempera tu r e i s %f R”,T_2F);
31 //BY l i n e a r i n t e r p o l a t i o n i n the steam t a b l e s , one

f i n d s −23.8 F . Because o f i m p r e c i s i o n o f l i n e a r
i n t e r p o l a t i o n , t h e s e v a l u e s a r e approx imate l y
e q u a l .

Scilab code Exa 5.3 Application of Clausius Clapeyron Equation

1 clear;

2 clc();

3
4 // Example 5 . 3
5 // Page : 91
6 printf(”Example−5.3 Page no .−91\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9

10 T_3 =1155.2; // [R]
11 T_2 =652.9; // [R]
12 T_1 =787.5; // [R]
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13 p_2 =10; // [ p s i a ]
14 p_1 =100; // [ p s i a ]
15
16 // ∗∗∗∗∗∗//
17 // Here we can w r i t e Eq . 5 . 9 as r e p o r t e d i n the book

i n the form most o f t e n s e en .
18 // l o g ( p )=A−B/T
19 //Where A and B a r e c o n s t a n t s to be dete rmined from

the p a i r o f T and p v a l u e s above .
20
21 //we s imp ly w r i t e
22 // l o g ( 1 0 )=A−B/ 6 5 2 . 9 ;
23 // l o g ( 1 0 0 )=A−B/ 7 8 7 . 5 ;
24 // We have to s o l v e the above two s i m u l t a n e o u s

e q u a t i o n s hav ing two v a i a b l e s A and B .
25
26 M=[1 -1/652.9;1 -1/787.5];

27 C=[log (10);log (100)];

28 X=inv(M)*C;

29 A=X(1);

30 B=X(2);

31
32 // By s t r a i g h t f o r w a r d a l g e b r a we f i n d the v a l u e s o f

A and B . Thus , f o r 1 1 5 5 . 2 R we have
33 p_3=exp(A-B/T_3);

34
35 printf(” Vapuor p r e s s u r e o f water at g i v e n

t empera tu re i s %f p s i a \n\n”,p_3);
36 // p 3 =3499 p s i a .
37 printf(” I t has been r e p o r t e d i n the book tha t from

t a b l e 5 . 1 we s e e tha t the c o r r e c t v a l u e i s 3000
p s i a . Thus , t h e r e i s an e r r o r o f 16%% i n the
p r e d i c t e d p r e s s u r e . ”);

Scilab code Exa 5.4 The Accentric Factor
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1 clear;

2 clc();

3
4 // Example 5 . 4
5 // Page : 94
6 printf(”Example−5.4 Page no .−94\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 // At Tr = 0 . 7 , we read

10 Pr =0.023;

11 // and thus a c c e n t r i c f a c t o r i s g i v e n by
12
13 w=-log10 (0.023) -1;

14
15 printf(”The a c c e n t r i c f a c t o r based on the g i v e n data

i s %f”,w);
16 // I t has been r e p o r t e d i n the book tha t t a b l e A. 1

shows tha t the v a l u e based on the b e s t data i s
0 . 6 4 5 .

Scilab code Exa 5.5 Estimation of NBP using Antoine equation

1 clear;

2 clc();

3
4 // Example 5 . 5
5 // Page : 94
6 printf(”Example−5.5 Page no .−94\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 //From Anto ine e q u a t i o n we have

10 // l o g ( p ) = A−B/(T+C)
11 // S o l v i n g above e q u a t i o n f o r T, we have
12 // T = B/(A−l o g ( p ) )−C
13 // I n s e r t i n g the v a l u e s o f the c o n s t a n t s f o r the
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water which a r e r e p o r t e d i n the g i v e n book i n the
t a b l e A. 2 ( page 419) ,

14 // and the v a l u e o f 1 . 0 0 atm e x p r e s s e d i n t o r r , we
f i n d tha t

15
16 A=7.96681;

17 B=1668.21;

18 C=228.0;

19 p=760; // [ t o r r ]
20
21 // Thus
22 T=B/(A-log10(p))-C;

23
24 printf(”NBP o f water u s i n g a n t o i n e e q u a t i o n and

t a b l e A. 2 i s %f C”,T);
25
26 // This does not prove the o v e r a l l a c cu racy o f the

Anto ine equat i on , but does show tha t whoever
f i t t e d the c o n s t a n t s to the e x p e r i m e n t a l data f o r
water made them r e p r e s e n t the NBP (100C) very

w e l l .

Scilab code Exa 5.6 Applying the Clapeyron equation to other kind of
equilibrium

1 clear;

2 clc();

3
4 // Example 5 . 6
5 // Page : 96
6 printf(”Example−5.6 Page no .−96\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 T_2=-22; // [C ]

10 // c o n v e r t i n g t empera tu r e i n f a r e n h e i t
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11 T_2F=T_2 *9/5+32; // [ F ]
12
13 // E x p r e s s i n g T 2 i n Rankine
14 T_2R =460+ T_2F;// [R]
15
16 // ∗∗∗∗∗∗//
17
18 // d e l t a h = d e l t a h ( f u s i o n )
19 delta_h =143.35*778; // [ f t ∗ l b f / lbm ]
20
21 // d e l t a v = v water−v i c e
22 delta_v =0.01602 -0.01747; // [ f t ˆ ( 3 ) / lbm ]
23
24 // chang ing the u n i t
25 delta_v1=delta_v *144; // [ f t ∗ i n / lbm ]
26
27 // and
28 T_1 =460+32; // [R]
29 dP_by_dT=delta_h /(T_1*delta_v1);// [ p s i /R] at 32F
30 delta_T=T_2R -T_1;

31
32 // This g i v e s the r i g o r o u s l y c o r r e c t s l o p e o f the

l i q u i d −s o l i d curve at 32F on a P−T diagram .
33 // Here we use P i n s t e a d o f p because n e i t h e r phase

i s a gas , so t h i s i s not a vapour p r e s s u r e .
34 // I f we f u r t h e r assume tha t the s o l i d − l i q u i d curve

i s a s t r a i g h t l i n e , which i s e q u i v a l e n t to
assuming tha t d e l t a h /(T∗ d e t a v ) i s a c o n s t a n t
ove r the r e g i o n o f i n t e r e s t , then we can e s t i m a t e

the p r e s s u r e at −22C = −7.6F by
35 // d e l t a P = i n t e g r a t e ( dP by dT ) ∗dT = ( dP by dT ) ∗

d e l t a T
36 // So
37
38 delta_P =( dP_by_dT)*delta_T;// [ p s i ]
39
40 // From t h i s we can e s t i m a t e the f i n a l p r e s s u r e as
41 delta_P=delta_P +0.09; // [ p s i ]
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42
43 printf(” F r e e z i n g p r e e s u r e o f water at g i v e n

t empera tu re i s %f p s i ”,delta_P);
44 // In t h i s case , the e x p e r i m e n t a l p r e s s u r e i s w e l l

known , because t h i s t empera tu r e c o r r e s p o n d s to
the t r i p p l e p o i n t between l i q u i d and water ,

45 // i c e I ( the common v a r i e t y ) , and i c e I I I , a v a r i e t y
tha t does not e x i s t at p r e s s u r e below about

30000 p s i a ( s e e f i g u r e 1 . 1 0 i n the book ) .
46 // The measured v a l u e i s 30000 ps i a , which shows

tha t our assumpt ion o f a s t r a i g h t l i n e on a P−T
p l o t ( d e l t a h /(T∗ d e l t a v )=c o n s t a n t ) i s on ly
approx imate l y c o r r e c t .
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Chapter 6

Partial Molal Properties

Scilab code Exa 6.1 Tagent Slopes

1 clear;

2 clc();

3
4 // Example 6 . 1
5 // Page : 108
6 printf(”Example−6.1 Page no .−108\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 T = 20; // [C ]

10 m_1 = 0; // [ mo la l ]
11 m_2 = 1; // [ mo la l ]
12 // The data g i v e n i n the f i g u r e 6 . 2 , as r e p o r t e d i n

book , can be r e p e r s e n t e d with e x c e l l e n t a c cu ra cy
by a s i m p l e data f i t t i n g e q u a t i o n

13 //V = 1 .0019+0 .054668∗m−0.000418∗mˆ ( 2 ) ;
14 // Where ’V’ i s ( s o l u t i o n volume , l i t e r s per 1000 g

o f water ) and ’m’ i s the m o l a l i t y o f e t h a n o l i n
water

15 //The p a r t i a l mo la l volume i s o b t a i n e d by
d i f f e r e n t i a t i n g the e x p r e s s i o n o f the ’V’ with
r e s p e c t to ’m’
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16 // v e t h a n o l = dV/dm = 0.054668 −2∗0 .000418∗m
17 // So tha t at z e r o m o l a l i t y
18 m = 0; // [ mo la l ]
19 // the p a r t i a l mo la l volume i s
20 v_1 = 0.054668 -2*0.000418*m;// [ L/mol ]
21 // and at
22 m = 1; // [ mo la l ]
23 v_2 = 0.054668 -2*0.000418*m;// [ L/mol ]
24 v_1 = v_1 *1000; // [ cm ˆ ( 3 ) /mol ]
25 v_2 = v_2 *1000; // [ cm ˆ ( 3 ) /mol ]
26 printf(” P a r t i a l mo la l volume o f e t h a n o l i n water at

z e r o m o l a l i t y i s %f cm ˆ ( 3 ) /mol\n”,v_1);
27 printf(” P a r t i a l mo la l volume o f e t h a n o l i n water at

u n i t y m o l a l i t y i s %f cm ˆ ( 3 ) /mol”,v_2);

Scilab code Exa 6.2 Volume Change on Mixing

1 clear;

2 clc();

3
4 // Example 6 . 2
5 // Page : 109
6 printf(”Example−6.2 Page no .−109\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 n_eth = 1; // [ mol ]

10 W_water = 1; // [ kg ]
11 Temp = 20; // [C ]
12 // For pure e t h a n o l at 20C
13 v_ethanol = 58.4; // [ cm ˆ ( 3 ) /mol ]
14 v_ethanol = v_ethanol /1000; // [ L/mol ]
15 v_water = 1.0019; // [ L/1000 g ]
16 // M o l a l i t y o f e t h a n o l i n water i s
17 m = n_eth/W_water;// [ mo la l ]
18 // We have the e q u a t i o n used i n the p r e v i o u s example
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as
19 V_final_mix = 1.0019+0.054668*m -0.000418*m^(2);

20 // Where ’V’ i s ( s o l u t i o n volume , l i t e r s per 1000 g
o f water ) and ’m’ i s the m o l a l i t y o f e t h a n o l i n
water

21 // V i s the f i n a l volume o f the s o l u t i o n
22 // The volume expans i on on moxing i s
23 V_exp = V_final_mix -v_ethanol -v_water;// [ L ]
24 V_exp = V_exp *1000; // [ cm ˆ ( 3 ) ]
25 printf(”Volume change on mixing e t a n o l and water i s

%0 . 3 f c u b i c cm”,V_exp);
26 // We s e e tha t t h e r e i s a net c o n t r a c t i o n on mixing

o f the volume o f the e t h a n o l added .

Scilab code Exa 6.3 Volume change on mixing

1 clear;

2 clc();

3
4 // Example 6 . 3
5 // Page : 109
6 printf(”Example−6.3 Page no .−109\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 // A l l the data a r e same as i n the p r e v i o u s example

10 // The e q u a t i o n 6 . 5 r e p o r t e d i n the book i s
11 // d e l t a V m i x i n g = V s o l u t i o n f i n a l −V ( s o l u t i o n

and m a t e r i a l to be mixaed ) = i n t e g r a t e ( v i−v i 0 )
dn

12 // Here the i n t e g r a t e d ave rage v a l u e o f v i ove r the
m o l a l i t y range from 0 to 1 i s

13 v_i_average = 0.05425; // [ L/mol ]
14 // and
15 v_i_0 = 0.0584; // [ L/mol ]
16 delta_n = 1.00; // [ mol ]
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17 delta_V_mixing = (v_i_average -v_i_0)*delta_n;// [ L ]
18 delta_V_mixing = delta_V_mixing *1000; // [ cm ˆ ( 3 ) ]
19 printf(”Volume change on mixing e t a n o l and water i s

%f cm ˆ ( 3 ) ”,delta_V_mixing);
20 // Which i s same as the s o l u t i o n i n example 6 . 2

Scilab code Exa 6.4 Tangent Intercept Concept

1 clear;

2 clc();

3
4 // Example 6 . 4
5 // Page : 113
6 printf(”Example−6.4 Page no .−113\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 m = 1; // [ mo la l ] M o l a l i t y o f the s o l u t i o n with

r e s p e c t to e t h a n o l
10 M_water = 18; // [ g/mol ] m o l e c u l a r we ight o f water
11
12 // F i r s t we c o n v e r t m o l a l i t y to mole f r a c t i o n
13 x_ethanol = m/(m + 1000/ M_water);

14
15 // For the low range o f data p o i n t on f i g u r e 6 . 5 (

page 112) , we can f i t an e q u a t i o n
16 // ( S p e c i f i c volume ) = 0 . 0 1 8 0 3 2 + 0 . 037002∗

x e t h a n o l − 0 . 039593∗ x e t h a n o l ˆ ( 2 ) + 0 . 2 1 7 87∗
x e t h a n o l ˆ ( 3 )

17 // This i s a p p l i c a b l e f o r (0 < x e t h a n o l < 0 . 0 4 ) ,
which i s the c a s e we have

18
19 // So
20 v_tan = 0.018032 + 0.037002* x_ethanol - 0.039593*

x_ethanol ^(2) + 0.21787* x_ethanol ^(3);// [ L/mol ]
21
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22 // Now we w i l l f i n d the d e r i v a t i v e o f the s p e c i f i c
volume with r e s p e c t to x e t h a n o l at the known
p o i n t x e t h a n o l

23 // ( dv/ d x e t h a n o l ) = 0 . 0 3 7 0 0 2 − 2∗0 . 039593∗
x e t h a n o l + 3∗0 . 21787∗ x e t h a n o l ˆ ( 2 )

24 // Hence
25 v_derv_tan = 0.037002 - 2*0.039593* x_ethanol +

3*0.21787* x_ethanol ^(2);// [ L/mol ]
26
27 // By s i m p l e geometry from the f i g u r e 6 . 6 ( page 113)

o f the book we f i n d
28 // a = v tan + (1− x tan ) ∗ ( dv/ dx 1 ) t a n
29 // b = v tan − x tan ∗ ( dv/ dx 1 ) t a n
30
31 // We have a = v e t h a n o l and b = v wate r
32 x_tan = x_ethanol;

33 // So
34 v_ethanol = v_tan + (1-x_tan)*( v_derv_tan);// [ L/mol ]
35 v_water = v_tan - x_tan *( v_derv_tan);// [ L/mol ]
36
37 printf(” P a r t i a l molar volume o f the e t h a n o l i n the

g i v e n s o l u t i o n i s %f L/mol\n”,v_ethanol);
38 printf(” P a r t i a l molar volume o f the water i n the

g i v e n s o l u t i o n i s %f L/mol”,v_water);

Scilab code Exa 6.5 Tangent Intercept concept

1 clear;

2 clc();

3
4 // Example 6 . 5
5 // Page : 115
6 printf(”Example−6.5 Page no .−115\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
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9 printf(” This i s a t h e o r a t i c a l q u e s t i o n and t h e r e a r e
no any n u m e r i c a l components . For the d e r i v a t i o n ,
r e f e r to page no 115 o f the book . ”);

Scilab code Exa 6.6 Idea of Tangent Intercept

1 clear;

2 clc();

3
4 // Example 6 . 6
5 // Page : 115
6 printf(”Example−6.6 Page no .−115\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 printf(” This i s a t h e o r a t i c a l q u e s t i o n and t h e r e a r e

no any n u m e r i c a l components . Re f e r to page no
115 o f the book . ”);

Scilab code Exa 6.7 Partial Mass Properties

1 clear;

2 clc();

3
4 // Example 6 . 7
5 // Page : 117
6 printf(”Example−6.7 Page no .−117\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 x_sulph = 0.6;

10 x_water = 0.4;

11 Temp = 200; // [ F ]
12 // In the g i v e n f i g u r e 6 . 8 i n the book , drawing the

tangent to the 200F curve at 60 wt% H2SO4 , we
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f i n d tha t i t i n t e r s e c t s the 0%( pure water ) a x i s
at 25 Btu/lbm , and the 100% H2SO4 a x i s at
−100Btu/ lbm . i . e .

13 h_water_per_pound = 25; // [ Btu/ lbm ]
14 h_sulph_per_pound = -100; // [ Btu/ lbm ]
15 // a l s o m o l e c u l a r we ight o f water and s u l p h u r i c a c i d

a r e
16 M_water = 18; // [ lbm/ lbmol ]
17 M_sulph = 98; // [ lbm/ lbmol ]
18 // Using e q u a t i o n 6 . 2 0 g i v e n i n the book we have
19 h_water = h_water_per_pound*M_water;// [ Btu/ lbmol ]
20 h_sulph = h_sulph_per_pound*M_sulph;// [ Btu/ lbmol ]
21 printf(” P a r t i a l molar en tha lpy o f water i n the

mixture i s %f Btu/ lbmol \n”,h_water);
22 printf(” P a r t i a l molar en tha lpy o f H2SO4 i n the

mixture i s %f Btu/ lbmol ”,h_sulph);

Scilab code Exa 6.8 Differential Heat of Mixing

1 clear;

2 clc();

3
4 // Example 6 . 8
5 // Page : 119
6 printf(”Example−6.8 Page no .−119\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 x_sulph = 0.6;

10 x_water = 0.4;

11 M_i = 18; // [ lbm/ lbmol ]
12 Temp = 200; // [ F ]
13 // From Equat ion 6 . 1 1 as g i v e n i n the book , we have
14 // dQ/ dm in = h i−h i n
15 // where h i i s p a r t i a l mo la l en tha lpy which i s

taken from the example 6 . 7 and h i n i s the pure
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s p e c i e s molar en tha lpy which i s r ead from the
f i g u r e 6 . 8 .

16 // So at 200F we have
17 h_i = 25; // [ Btu/ lbm ]
18 h_in = 168; // [ Btu/ lbm ]
19 // hence
20 dQ_by_dm_in = h_i -h_in;; // [ Btu/ lbm ]
21 // Now
22 dQ_by_dn_in = M_i*dQ_by_dm_in;// [ Btu/ lbmol ]
23 printf(”The amount o f heat removed to keep the

t empera tu re c o n s t a n t i s %f Btu/ lbm o f water added
”,dQ_by_dm_in);

24 // The n e g a t i v e s i g n shows tha t t h i s mix ing i s
exo the rm i c ; we must remove 143 Btu/ lbm o f water
added .

Scilab code Exa 6.9 Integral Heat of Mixing

1 clear;

2 clc();

3
4 // Example 6 . 9
5 // Page : 119
6 printf(”Example−6.9 Page no .−119\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 m_sulph = 0.6;

10 m_water = 0.4;

11 m = m_sulph+m_water;

12 Temp = 200; // [ F ]
13 // Here at 200F we can read the s o l u t i o n en tha lpy

h s o l u t i o n and pure H2SO4 entha lpy h s u l p h such
tha t

14 h_solution = -50; // [ Btu/ lbm ]
15 h_sulph = 53; // [ Btu/ lbm ]
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16 // By ene rgy ba lance , u s i n g h 0 w a t e r from example
6 . 7 i n the book i . e .

17 h_0_water = 168; // [ Btu/ lbm ]
18 // We f i n d
19 delta_Q = m*h_solution -( m_sulph*h_sulph+m_water*

h_0_water);// [ Btu ]
20 printf(”The amount o f heat added or removed i s %f

Btu\n\n”,delta_Q);
21 // We must remove the g i v e n amount o f to ho ld the

t empera tu re c o n s t a n t .
22 printf(” However the book has some mis take i n

c a l c u l a t i o n and r e p o r t i n g −172 Btu”)

Scilab code Exa 6.10 Integral Heat of Mixing

1 clear;

2 clc();

3
4 // Example 6 . 1 0
5 // Page : 120
6 printf(”Example−6.10 Page no .−120\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 x_sulph = 0.6;

10 x_water = 0.4;

11 Temp = 200; // [ F ]
12 // At the 200F we have
13 h_water = 25; // [ Btu/ lbm ]
14 h_sulph = -100; // [ Btu/ lbm ]
15 // From e q u a t i o n 6 . 1 6 ( as r e p o r a t e d i n the book ) ,

r e w r i t t e n f o r masses i n s t e a d o f moles we have
16 h_solution = h_water*x_water+h_sulph*x_sulph;// [ Btu

/ lbm ]
17 printf(” Enthalpy o f the s o l u t i o n i s %f Btu/ lbm”,

h_solution);
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Scilab code Exa 6.11 Application of Gibbs Duhem equation

1 clear;

2 clc();

3
4 // Example 6 . 1 1
5 // Page : 121
6 printf(”Example−6.11 Page no .−121\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 x_b = 0;

10 x_a = 1;

11 // We have
12 // dv a / dx a = 3∗ x b ˆ ( 2 ) +2∗x b
13 // We have the e q u a t i o n
14 // dv b / dx a = −(dv a / dx a ) /( x b / x a )
15 // So
16 // dv b / dx a = −( x a / x b ) ∗ (3∗ x b ˆ ( 2 ) +2∗x b )
17 dv_b_by_dx_a = x_a*(-3*x_b -2);

18 printf(” Value o f the dv b / dx a at x b =0 i s %0 . 0 f ”,
dv_b_by_dx_a);

Scilab code Exa 6.12 Application of the gibbs Duhem equation

1 clear;

2 clc();

3
4 // Example 6 . 1 2
5 // Page : 122
6 printf(”Example−6.12 Page no .−122\n\n”);
7
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8 // ∗∗∗Data ∗∗∗//
9 x_b = 0;

10 x_a = 1;

11 // We have
12 // dv a / dx a = 3∗ x b ˆ ( 2 ) +2∗x b+1
13 // We have the e q u a t i o n
14 // dv b / dx a = −(dv a / dx a ) /( x b / x a )
15 // So
16 // dv b / dx a = −( x a / x b ) ∗ (3∗ x b ˆ ( 2 ) +2∗x b +1)
17 // d v b b y d x a = −x a ∗ (3∗ x b +2+1)/ x b ;
18 printf(” Value o f the dv b / dx a at x b = 0 i s minus

i n f i n i t y ”);

50



Chapter 7

Fugacity Ideal Solutions
Activity Activity Coefficient

Scilab code Exa 7.1 The fugacity of pure gases

1 clear;

2 clc();

3
4 // Example 7 . 1
5 // Page : 134
6 printf(”Example−7.1 Page no .−134\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 T = 220+459.67; // [R] Temperature i n Rankine

10 P = 500; // [ p s i a ] P r e s s u r e
11 R = 10.73; // [ ( p s i ∗ f t ˆ ( 3 ) /( lbmol ∗R) ) ] Gas c o n s t a n t
12
13 // We w i l l f o l l o w the method ’ a ’ as the book has

g i v e n the m u l t i p l e methods to s o l v e t h i s problem
14 // From the e q u a t i o n 7 . 1 0 g i v e n i n the book ( page

132) , we have
15 // ( f /P) = exp ((−1/(R∗T) ) ∗ i n t g r a t e ( a∗dp ) ) , with

i n t g r a t i o n l i m i t s from z e r o to ’P ’
16 // Where ’ a ’ i s known as volume r e s i d u a l
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17 // Let us say , I = i n t g r a t e ( a∗dp )
18
19 // From the t a b l e 7 .A( page 134) g i v e n i n the book ,

the ave rage v a l u e o f a lpha ( a ) i s
20 a = 4.256; // [ f t ˆ ( 3 ) / lbmol ]
21 // so
22 I = integrate( ’ a∗p ˆ ( 0 ) ’ , ’ p ’ ,0,P);
23
24 // Now
25 f = P*exp(( -1/(R*T))*I);// [ p s i a ]
26 printf(” Fugac i ty o f propane gas at the g i v e n

c o n d i t i o n i s %f p s i a ”,f);

Scilab code Exa 7.2 Compressibility factor and volume residual

1 clear;

2 clc();

3
4 // Example 7 . 2
5 // Page : 138
6 printf(”Example−7.2 Page no .−138\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 T = 100 + 460; // [R] Temperature o f the system i n

Rankine
10 P = 1; // [ p s i a ]
11 R = 10.73; // [ ( p s i ∗ f t ˆ ( 3 ) /( lbmol ∗R) ) ] Gas c o n s t a n t
12
13 // From the steam t a b l e , the s p e c i f i c volume o f the

water at 1 0 1 . 7 F , which i s n e a r l y e q u a l to 100 F ,
and 1 p s i a i s

14 v = 0.016136*18; // [ f t ˆ ( 3 ) / lbmol ]
15 z = (P*v)/(R*T);

16
17 // and volume r e s i d u a l i s g i v e n by
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18 a = ((R*T)/P)*(1-z);// [ f t ˆ ( 3 ) / lbmol ]
19
20 printf(” C o m p r e s s s i b i l i t y f a c t o r the l i q u i d water at

the g i v e n c o n d i t i o n i s %f\n ”,z);
21 printf(”Volume r e s i d u a l f o r the l i q u i d water at the

g i v e n c o n d i t i o n i s %0 . 1 f c u b i c f e e t / lbmol ”,a)

Scilab code Exa 7.3 Fugacity of pure liquid

1 clear;

2 clc();

3
4 // Example 7 . 3
5 // Page : 138
6 printf(”Example−7.3 Page no .−138\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9

10 T = 100+460; // [R] Temperature
11 P = 1000; // [ p s i a ] P r e s s u r e
12 R = 10.73; // [ ( p s i ∗ f t ˆ ( 3 ) /( lbmol ∗R) ) ] Gas c o n s t a n t
13
14 // From the f i g u r e 7 . 3 ( page 138) we s e e tha t as P

tends to zero , ( f /P) t ends to 1 , so f t ends to 0 .
The r e f o r e , f a t ends to z e r o a l s o i n the diagram

15 // f u g a c i t y at p o i n t b i s c a l c u l a t e d by the e q u a t i o n
16 // ( f /P) b = exp ((−1/(R∗T) ) ∗ i n t e g r a t e ( a∗dp ) ) , with

i n t e g r a t i o n l i m i t o f p , 0 and P = 0 . 9 5 0 3
17 // We have
18 f_b = 0.95; // [ p s i a ]
19
20 // We a l s o can w r i t e
21 f_c = f_b;// [ p s i a ]
22
23 // To f i n d the v a l u e o f f d , we use the e q u a t i o n
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24 // i n t e g r a t e ( d ( l o g f ) ) T = i n t e g r a t e ( ( v /(R∗T) ) ∗dp ) T
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ( 1 )

25 // he r e ’ v ’ i s p r a c t i c a l l y c o n s t a n t ( f o r a l i q u i d ) ,
and

26 v = 0.016136*18; // [ f t ˆ ( 3 ) / lbmol ]
27
28 // and from the f i g u r e 7 . 3 , we have
29 P_d = 1000; // [ p s i a ]
30 P_c = 1; // [ p s i a ]
31
32 // i n t e g r a t i n g the l e f t hand s i d e o f the e q u a t i o n

with the i n t e g r a t i o n l i m i t s f c and f d and
s o l v i n g , we have

33 f_d = f_c*exp((v/(R*T))*integrate( ’ p ˆ ( 0 ) ’ , ’ p ’ ,P_c ,
P_d));

34
35 printf(” Fugac i ty o f the pure l i q u i d water at the

g i v e n c o n d i t i o n i s %0 . 1 f p s i a ”,f_d);

Scilab code Exa 7.4 Activity and activity coefficient

1 clear;

2 clc();

3
4 // Example 7 . 4
5 // Page : 145
6 printf(”Example−7.4 Page no .−145\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9

10 T = 78.15; // [C ]
11 P = 1.0; // [ atm ]
12 // Here we name e t h a n o l as the s p e c i e s ’ a ’ , and

water as the s p e c i e s ’ b ’ , and name the vapor as
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phase 1 and the l i q u i d as the phase 2 .
13 // Thus vapor p r e s s u r e s o f the pure s p e c i e s at the

g i v e n t empera tu re a r e
14 p_a_0 = 0.993; // [ atm ] Pure e t h a n o l vapor p r e s s u r e at

7 8 . 1 5C
15 p_b_0 = 0.434; // [ atm ] Pure water vapor p r e s s u r e at

7 8 . 1 5C
16
17 // Also c o m p o s i t i o n o f the a z e o t r o p e i s
18 x_a = 0.8943; // Amount o f e t h a n o l i n the l i q u i d

phase
19 x_b = 0.1057; // Amount o f water i n l i q u i d phase
20
21 // Also , f o r an a z e o t r o p e mixture
22 y_a = x_a;// Amount o f e t h a n o l i n vapor phase
23 y_b = x_b;// Amount o f water i n the vapor phase
24
25 // For i d e a l gas , f u g a c i t y i s e q u a l to the t o t a l

p r e s s u r e o f the system , i . e .
26 // f i 0 = P , ( where P i s the system p r e s s u r e )
27 // For pure l i q u i d system , f u g a c i t y o f a s p e c i e s i s

i ndependent o f the t o t a l p r e s s u r e o f the system
and i s e q u a l to the pure s p e c i e s vapor p r e s s u r e
at t h i s temprature , i . e .

28 // f i 0 = p i
29
30 // Now , f u g a c i t y o f each s p e c i e s i n g a s e o u s phase

and l i q u i d phase w i l l be e q u a l
31 // so , w r i t i n g the e x p r e s s i o n f o r both l i q u i d and

gas phase f u g a c i t y and equa t inh them , we have
32 // f a 2 = f a 1 = ( y∗Y∗P) a 1 = ( x∗Y∗p ) a 2

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ( 1 )
33 // f b 2 = f b 1 = ( y∗Y∗P) b 1 = ( x∗Y∗p ) b 2

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ( 2 )
34
35 // We o b s e r v e tha t t h i s system has f o u r v a l u e s o f ’Y

’ , one f o r each o f the two s p e c i e s i n each o f two
phase s .
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36 // Mixture s o f the i d e a l g a s e s a r e a l l i d e a l
s o l u t i o n s and the v a l u e o f ’Y’ f o r a l l the
s p e c i e s i n i d e a l gas phase a r e un i ty , so f o r
above two e q u a t i o n s

37 Y_a_1 = 1.0;

38 Y_b_1 = 1.0;

39
40 // Now p u t t i n g the v a l u e s t h e s e g a s e o u s phase ’Y’ s

i n t h e i r r e s p e c t i v e e q u a t i o n s 1 and 2 , and
s o l v i n g f o r the l i q u i d phase ’Y’ s , we have

41 Y_a_2 = ((y_a*P)/(x_a*p_a_0));

42 Y_b_2 = ((y_b*P)/(x_b*p_b_0));

43
44 // From e q u a t i o n s 1 and 2 , the f u g a c i t y o f each

s p e c i e s i n each phase i s g i v e n by
45 f_a_1 = (y_a*Y_a_1*P);// [ atm ]
46 f_b_1 = (y_b*Y_b_1*P);// [ atm ]
47 // and from the d e f i n i t i o n we have
48 f_a_2 = f_a_1;// [ atm ]
49 f_b_2 = f_b_1;// [ atm ]
50
51 // As we have d e f i n e d above about the pure s p e c i e s

f u g a c i t y , so
52 // For vapor phase
53 f_a_1_0 = P;// [ atm ]
54 f_b_1_0 = P;// [ atm ]
55
56 // For l i q u i d phase
57 f_a_2_0 = p_a_0;// [ atm ]
58 f_b_2_0 = p_b_0;// [ atm ]
59
60 printf(” The r e s u l t s a r e summarized i n the f o l l o w i n g

t a b l e : \ n\n \ tPhase \ t \ t \ t \ t Etahnol , i=a\ t \ t \ t \ t
Water , i=b\n\n”);

61 printf(” \tVAPOR, PHASE 1\n”);
62 printf(” \ t f i 1 , atm \ t \ t \ t %f \ t \ t \ t \ t %f\n”,

f_a_1 ,f_b_1);

63 printf(” \ t f i 1 0 , atm \ t \ t \ t %f \ t \ t \ t \ t %f\n”,
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f_a_1_0 ,f_b_1_0);

64 printf(” \ t Y i 1 ( assumed ) \ t \ t %f \ t \ t \ t \ t %f\n\
n”,Y_a_1 ,Y_b_1);

65 printf(” \tLIQUID , PHASE 2\n”);
66 printf(” \ t f i 2 , atm \ t \ t \ t %f \ t \ t \ t \ t %f\n”,

f_a_2 ,f_b_2);

67 printf(” \ t f i 2 0 , atm \ t \ t \ t %f \ t \ t \ t \ t %f\n”,
f_a_2_0 ,f_b_2_0);

68 printf(” \ t Y i 2 ( assumed ) \ t \ t %f \ t \ t \ t \ t %f\n”
,Y_a_2 ,Y_b_2);

Scilab code Exa 7.5 Fugacities from gas PvT data

1 clear;

2 clc();

3
4 // Example 7 . 5
5 // Page : 149
6 printf(”Example−7.5 Page no .−149\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9

10 T = 220+460; // [R] Temperature i n r a n k i n e
11 P = 1000; // [ p s i a ] P r e s s u r e
12 y_methane = 0.784; // Mol f r a c t i o n o f methane i n the

g i v e n mixture
13 y_butane = (1-y_methane);// Mol f r a c t i o n o f n−butane

i n the g i v e n mixture
14 R = 10.73; // [ ( p s i a ∗ f t ˆ ( 3 ) /( lbmol ∗R) ) ] gas c o n s t a n t
15
16 // In t h i s problem , we need the p a r t i a l molar volume

r e s i d u a l .
17 // We f i n d i t s v a l u e at 100 p s i a by p l o t t i n g the

volume r e s d u a l s at 100 p s i a as a f u n c t i o n o f mole
f r a c t i o n , as shown i n f i g u r e 7 . 9 ( page 150 )
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18 // drawing the tangent to the data p o i n t s at
x methane = 0 . 7 8 4 and r e a d i n g i t s i n t e r c e p t on
the 100 mol% methane a x i s as 0 . 6 f t ˆ ( 3 ) / lbmol

19 // s i m i l a r i l y volume r e s i d u a l i s de te rmined f o r a l l
o t h e r p r e s s u r e s and p l o t them vs p r e s s u r e , as
shown i n F igu r e 7 . 1 0 ( page 151) .

20 // From t h i s p l o t we f i n d the i n t e g r a l we need by
n u m er i c a l i n t e g r a t i o n ( t r a p a z o i d r u l e ) as 290
f t ˆ ( 3 ) / lbmol .

21
22 // Thus , f o r methane
23 // f i / (P∗ y i ) = exp ((−1/(R∗T) ) ∗ i n t e g r a t e ( a i ∗dp ) )

with i n t e g r a l l i m i t s 0 to P = 1000 p s i a
24 // Let I = i n t e f r a t e ( a i ∗dp ) ) and J = f i /(P∗ y i )

, so
25 Im = 290; // [ f t ˆ ( 3 ) / lbmol ]
26
27 // and
28 Jm = exp(( -1/(R*T))*Im);

29
30 // hence
31 f_methane = Jm*P*y_methane;// [ p s i a ] f u g a c i t y o f

methane
32
33 // do ing the same p r o c e s s f o r butane , we f i n d
34 Ib = 5859; // [ f t ˆ ( 3 ) / lbmol ]
35 // so , f o r butane we f i n d
36 Jb = exp(( -1/(R*T))*Ib);

37 // hence
38 f_butane = Jb*P*y_butane;// [ p s i a ] f u g a c i t y o f butane
39
40 printf(” Fugac i ty o f the methane i n the g a s e o u s

mixture i s %0 . 0 f p s i a \n”,f_methane);
41 printf(” Fugac i ty o f the butane i n the g a s e o u s

mixture i s %0 . 1 f p s i a ”,f_butane);
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Scilab code Exa 7.6 Fugacities from gas PvT data

1 clear;

2 clc();

3
4 // Example 7 . 6
5 // Page : 153
6 printf(”Example−7.6 Page no .−153\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9

10 T = 220+460; // [R] Temperature i n r a n k i n e
11 P = 1000; // [ p s i a ] P r e s s u r e
12 x_methane = 0.784; // Mol f r a c t i o n o f methane i n the

g i v e n mixture
13 x_butane = (1-x_methane);// Mol f r a c t i o n o f n−butane

i n the g i v e n mixture
14
15 // From the example 7 . 5 , we found d i r e c t l y from the

PvT data tha t f o r methane
16 // ( f i / (P∗ x i ) ) = 0 . 9 6 1 = ( v i ∗Y i ) = p h i c a p i
17 // So , we can w r i t e tha t
18 v_i_into_Y_i = 0.961;

19 phi_cap_i = 0.961;

20
21 // From S t a r l i n g ’ s t a b l e s o f hydrocarbon p r o p e r t i e s

we read tha t f o r pure methane at t h i s T and P ,
22 // ( F i /P) = v i = p h i i , from which i t f o l l o w s
23 v_i = 0.954;

24 phi_i = v_i;

25 Y_i = phi_cap_i/v_i;

26
27 printf(” The v a l u e o f v i i s %f\n”,v_i);
28 printf(” The v a l u e o f Y i i s %f\n”,Y_i);
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29 printf(” The v a l u e o f p h i c a p i i s %f”,phi_cap_i);

Scilab code Exa 7.7 Fugacities from an EOS for gas mixtures

1 clear;

2 clc();

3
4 // Example 7 . 7
5 // Page : 154
6 printf(”Example−7.7 Page no .−154\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9

10 T_r = 0.889;

11 P_r = 1.815;

12
13 // Using the p r o p e r t i e s o f n−butane from appendix A

. 1 and the e q u a t i o n 7 .W, we f i n d tha t
14 // ( f /P) = v = phi = exp ( ( P r / T r ) ∗ f ( T r ,w) )
15 // Say , f ( T r ,w) = f f
16 f_f = -0.48553;

17 // so
18 v = exp((P_r/T_r)*f_f);

19 phi = v;

20 printf(” The v a l u e o f v=phi f o r n−butane at g i v e n
c o n d i t i o n i s %f”,v);
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Chapter 8

Vapor Liquid Equilibrium VLE
at Low Pressures

Scilab code Exa 8.1 Calculation of K factors

1 clear;

2 clc();

3
4 // Example 8 . 1
5 // Page : 163
6 printf(”Example−8.1 Page no .−163\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 x_acetone = 0.05; // Mole f r a c t i o n o f Acetone i n

l i q u i d
10 x_water = (1- x_acetone);

11 // Using the v a l u e s from t a b l e 8 . 1 ( page 162) as
r e p o r t e d i n the book we have

12 y_acetone = 0.6381; // Mole f r a c t i o n o f Acetone i n
vapour

13 y_water = (1- y_acetone);

14 // We know tha t
15 // K i = y i / x i
16 // So ’K’ f a c t o r s a r e
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17 K_acetone = y_acetone/x_acetone;

18 K_water = y_water/x_water;

19 // and r e l a t i v e v o l a t i l i t y i s
20 a = K_acetone/K_water;

21 printf(”The K f a c t o r o f a c e t o n e i s %f\n”,K_acetone);
22 printf(” The K f a c t o r o f water i s %f\n”,K_water);
23 printf(” The r e l a t i v e v o l a t i l i t y i s %f”,a)

Scilab code Exa 8.2 Liquid phase activity coefficient

1 clear;

2 clc();

3
4 // Example 8 . 2
5 // Page : 165
6 printf(”Example−8.2 Page no .−165\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 P = 1; // [ atm ]

10 Temp = 74.8; // [C ]
11 // Here we need to know the vapour p r e s s u r e p i

c o r r e s p o n d d i n g t i the t e m p e r a t u r e s o f each o f the
v a l u e s i n the t a b l e .

12 // We can e s t i m a t e them u s i n g Anto ine e q u a t i o n by
the he lp o f the v a l u e s g i v e n i n t a b l e A. 2 ( page
418) i n the book

13 // l o g 1 0 ( p i ) = A−B/(T+C)
14 // f o r a c e t o n e the c o n s t a n t s a r e g i v e n as
15 A_a = 7.02447;

16 B_a = 1161;

17 C_a = 224;

18 // So p a c e t o n e i s g i v e n by
19 p_acetone = 10^(A_a -B_a/(Temp+C_a));// [mmHg]
20 // s i m i l a r i l y f o r water the c o n s t a n t s a r e g i v e n as
21 A_w = 7.94917;
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22 B_w = 1657.462;

23 C_w = 227.02;

24 // So p wate r i s g i v e n by
25 p_water = 10^(A_w -B_w/(Temp+C_w));// [mmHg]
26 // e x p r e s s i n g the p r e s s u r e s i n atm
27 p_acetone = p_acetone /760; // [ atm ]
28 p_water = p_water /760; // [ atm ]
29 // Now from t a b l e 8 . 1 g i v e n the book
30 y_acetone = 0.6381;

31 x_acetone = 0.05;

32 y_water = (1- y_acetone);

33 x_water =(1- x_acetone);

34 // Hence the l i q u i d −phase a c t i v i t y c o e f f i c i e n t s f o r
a c e t o n e and water a r e g i v e n as

35 Y_acetone = y_acetone*P/( x_acetone*p_acetone);

36 // and
37 Y_water = y_water*P/( x_water*p_water);

38 printf(” Liqu id−phase a c t i v i t y c o e f f i c i e n t f o r
a c e t o n e i s %f\n”,Y_acetone);

39 printf(” Liqu id−phase a c t i v i t y c o e f f i c i e n t f o r water
i s %f\n”,Y_water);

Scilab code Exa 8.3 Non ideal solution behaviour

1 clear;

2 clc();

3
4 // Example 8 . 3
5 // Page : 167
6 printf(”Example−8.3 Page no .−167\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9

10 x_a = 0.05; // mole f r a c t i o n o f a c e t o n e i n l i q u i d
phase
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11 x_w = (1-x_a);// mole f r a c t i o n o f the water i n the
l i q u i d phase

12 P = 1.00; // [ atm ] Tota l p r e s s u r e i n vapor phase
13
14 // Let us assume tha t the s o l u t i o n i s i d e a l
15 // We w i l l t ake the he lp o f t r i a l and e r r o r methad

and f i n d a t empera tu r e at which sum o f the
computed i d e a l s o l u t i o n vapor phase mole f r a c t i o n

i s 1 . 0 0
16 // For our f i r s t t r y l e t the t empera tu t e i s
17 T_1 = 80; // [C ]
18 // Now from Table A. 2 ( page 418) , the Anto ine

e q u a t i o n c o n s t a n t f o r a c e t o n e a r e
19 A_a = 7.02447;

20 B_a = 1161;

21 C_a = 224;

22 // and tha t f o r water
23 A_w = 7.94917;

24 B_w = 1657.462;

25 C_w = 227.02;

26
27 // Now from Anto ine e q u a t i o n
28 // l o g 1 0 ( p ) = A − B/(T+C)
29 // So , vapor p r e s s u r e f o r pure a c e t o n e at 80 C ( i n

atm ) i s
30 p_a_1 = (1/760) *10^( A_a - B_a/(T_1+C_a));// [ atm ]
31 // and tha t o f water i s
32 p_w_1 = (1/760) *10^( A_w - B_w/(T_1+C_w));// [ atm ]
33
34 // Now from Raoult ’ s law
35 // y i ∗P = x i ∗ p i
36 // so , vapor phase c o m p o s i t i o n at t h i s t empera tu re

i s
37 y_a_1 = (x_a*p_a_1)/P;

38 y_w_1 = (x_w*p_w_1)/P;

39
40 // Sum o f t h e s e two compost ion i s
41 y_1 = (y_a_1 + y_w_1);
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42 // S ince , y 1 i s not e q u a l to 1 . 0 0 , so assumed
tempera tu re i s wrong

43
44 // Now we w i l l assume our t empera tu r e as
45 T_2 = 96.4060; // [C ]
46
47 // Again , from Anto ine e q u a t i o n
48 // l o g 1 0 ( p ) = A − B/(T+C)
49 // So , vapor p r e s s u r e f o r pure a c e t o n e at 80 C ( i n

atm ) i s
50 p_a_2 = (1/760) *10^( A_a - B_a/(T_2+C_a));// [ atm ]
51 // and tha t o f water i s
52 p_w_2 = (1/760) *10^( A_w - B_w/(T_2+C_w));// [ atm ]
53
54 // Now from Raoult ’ s law
55 // y i ∗P = x i ∗ p i
56 // so , vapor phase c o m p o s i t i o n at t h i s t empera tu re

i s
57 y_a_2 = (x_a*p_a_2)/P;

58 y_w_2 = (x_w*p_w_2)/P;

59
60 // Sum o f t h e s e two compost ion i s
61 y_2 = (y_a_2 + y_w_2);

62 // Value o f y 2 i s e q u a l to 1 . 0 0 , so our assumpt ion
i s r i g h t

63 // These a r e the v a l u e s when the s o l u t i o n would
behave as i d e a l , but t h i s i s not the a c t u a l s c e n e

64 // The e x p e r i m e n t a l v a l u e s o f the b o i l i n g p o i n t and
vapor phase c o m p o s i t i o n a r e l i s t e d i n the t a b l e
8 . 1 ( page 162) g i v e n i n book , which a r e

65 T_e = 74.8; // [C ] B o i l i n g t empera tu r e
66 y_a_e = 0.6381; // vapor phase c o m p o s i t i o n o f a c e t o n e
67
68 printf(” Comparison o f e x p e r i m e n t a l v a l u e s to t h o s e

computed by the i d e a l s o l u t i o n assumption ,
x a c e t o n e = 0 . 0 5 and P = 1 . 0 0 atm\n\n”);

69 printf(” \ t \ t \ t Exper imenta l Va lues from Table 8 . 1 \
t \ t \ t \ tVa lue s c a l c u l a t e d assuming i d e a s o l u t i o n \n
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\n”);
70 printf(” E q u i l i b r i u m ( b o i l i n g ) \ t \t%0 . 1 f \ t \ t \ t \ t \ t \ t

\ t \ t \ t %0 . 1 f \n tempera tu r e T deg C\n\n”,T_e ,T_2)
;

71 printf(” Mole f r a c t i o n a c e t o n e \ t \ t%f \ t \ t \ t \ t \ t \ t \ t
\ t %f \n i n the vapor phase ( y a ) ”,y_a_e ,y_a_2);

Scilab code Exa 8.4 Two liquid phase

1 clear;

2 clc();

3
4 // Example 8 . 4
5 // Page : 177
6 printf(”Example−8.4 Page no .−177\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 n_water = 80; // [ mol ]

10 n_butanol = 20; // [ mol ]
11 n_total = n_water+n_butanol;// [ mol ]
12 // Here from the f i g u r e 8 . 1 2 g i v e n i n the book we

can f i n d the mole f r a c t i o n o f the water i n each
phase

13 // Let x f e e d be the moles o f water ( s p e c i e s a ) f e d /
t o t a l moles f e d .

14 x_feed = 0.8;

15 x_a_1 = 0.65;

16 x_a_2 = 0.98;

17 // By m a t e r i a l b a l e n c e f o r water
18 // n t o t a l ∗ x f e e d = n 1 ∗ x a 1+n 2 ∗ x a 2 ,
19 // he r e n 1 and n 2 a r e no . o f mole i n each phase
20 // So ( n 1+n 2 ) = n t o t a l
21 // Thus
22 // n t o t a l ∗ x f e e d = n 1 ∗ x a 1 +( n t o t a l −n 1 ) ∗ x a 2
23 // s o l v i n g f u r t h e r
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24 // n 1 / n t o t a l = ( x f e e d−x a 2 ) /( x a 1−x a 2 )
25 // and hence
26 n_1 = (x_feed -x_a_2)/(x_a_1 -x_a_2)*n_total;// [ mol ]
27 n_2 = (n_total -n_1);// [ mol ]
28 // so
29 n_a_1 = 0.65* n_1;// [ mol ]
30 // and
31 n_a_2 = 0.98* n_2;// [ mol ]
32 printf(” Tota l moles o f water p r e s e n t i n the f i r s t

phase i s %f mol\n”,n_a_1);
33 printf(” Tota l moles o f water p r e s e n t i n the second

phase i s %f mol”,n_a_2);

Scilab code Exa 8.5 Two liquid phase

1 clear;

2 clc();

3
4 // Example 8 . 5
5 // Page : 178
6 printf(”Example−8.5 Page no .−178\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 // At e q u i l i b r i u m on dew−p o i n t the c o n d i t i o n s a r e

g i v e n as
10 P = 1; // [ atm ]
11 y_water = 0.60;

12 // From the f i g u r e 8 . 1 2 d , i f we s t a r t at 130C and 60
mol% water and c o o l .

13 // We meet he dew−p o i n t l i n e at 99C, and at the
same tempera tu r e the bubble−p o i n t curve shows

14 x_water_1 = 0.22;

15 // Doing the same p r o c e d u r e with y wate r = 0 . 9 0 , we
g e t the dew−p o i n t at the r i g h t m o s t s i d e at 98C

16 // In t h i s case , the bubble−p o i n t l i n e i s the
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s t e e p l y s l o p i n g one at hte r i g h t , from wich we
read

17 x_water_2 = 0.99;

18 // S i m i l a r i l y with y wate r = 0 . 7 3 , we g e t tha t two
dew−p o i n t meet at 92C.

19 // Vapour o f t h i s c o m p o s i t i o n i s i n e q u i l i b r i u m with
both l i q u i d phases , as s k e t c h e d i n hte f i g u r e

8 . 1 2 d .
20 // Vapour with any o t h e r c o m p o s i t i o n i s i n

e q u i l i b r i u m with on ly one l i q u i d i . e .
21 // i f y wate r < 0 . 7 3 , then
22 // x wate r <0.65
23 // and i f y wate r > 0 . 7 3 , then
24 // x wate r >0.98
25 printf(” The e q u i l i b r i u m amount o f water i n l i q u i d

at bubble−p o i n t f o r the dew−p o i n t c o m p o s i t i o n
y wate r =60 mol%% i s %f mol%% water \n”,x_water_1);

26 printf(” The e q u i l i b r i u m amount o f water i n l i q u i d
at bubble−p o i n t f o r the dew−p o i n t c o m p o s i t i o n
y wate r =90 mol%% i s %f mol%% water ”,x_water_2);

Scilab code Exa 8.6 Activity coefficient of water and n butanol

1 clear;

2 clc();

3
4 // Example 8 . 6
5 // Page : 178
6 printf(”Example−8.6 Page no .−178\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9

10 P = 1.00; // [ atm ] assumed t o t a l vapor p r e s s u r e
11 // In p s i a u n i t
12 P1 = 14.7; // [ p s i a ]
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13 // From the f i g u r e 8 . 1 2 d ( page 176 ) i n book , the
mole f r a c t i o n s o f water i n a l l the t h r e e phase s
and tempera tu r e a r e known and g i v e n as

14 x_1_water = 0.65;

15 x_1_butanol = (1-x_1_water);

16 x_2_water = 0.98;

17 x_2_butanol = (1-x_2_water);

18 y_water = 0.73;

19 y_butanol = (1-y_water);

20 T = 92; // [C ]
21
22 // At t h i s t empera tu r e we have to e s t i m a t e the vapor

p r e s s u r e o f pure water and n−butano l with the
he lp o f Anto ine e q u a t i o n

23 // l o g 1 0 ( p ) = A − B/(T+C)
24 // From Table A. 2 ( page 418) , the Anto ine e q u a t i o n

c o n s t a n t s f o r water a r e
25 A_w = 7.94917;

26 B_w = 1657.462;

27 C_w = 227.02;

28
29 // and tha t f o r n−butano l a r e
30 A_b = 7.838;

31 B_b = 1558.190;

32 C_b = 196.881;

33
34 // Thus vapor p r e s s u r e o f water and n−butano l a r e

r e s p e c t i v e l y
35 p_water = (14.7/760) *10^( A_w - B_w/(T+C_w));

36 p_butanol = (14.7/760) *10^( A_b - B_b/(T+C_b));

37
38 // f u g a c i t y o f the water and n−butano l a r e g i v e n as
39 // f i = ( y∗Y∗P) i
40 // Where Y i s the gas phase a c t i v i t y c o e f f i c i e n t and

i t s v a l u e i s 1 . 0 0 i n i d e a l gas mixture , so
41 f_water = (y_water*P);

42 f_butanol = (y_butanol*P);

43 // The f u g a c i t y w i l l be same i n both the phase 1 and

69



2
44
45 // Now , l i q u i d −phase a c t i v i t y c o e f f i c i e n t s a r e g i v e n

by
46 // Y i = ( y i ∗P) /( x i ∗ p i )
47 // so ,
48 Y_water_1 = (y_water*P1)/( x_1_water*p_water);

49 Y_butanol_1 = (y_butanol*P1)/( x_1_butanol*p_butanol)

;

50
51 // For phase 2
52 Y_water_2 = (y_water*P1)/( x_2_water*p_water);

53 Y_butanol_2 = (y_butanol*P1)/( x_2_butanol*p_butanol)

;

54
55 printf(” Four a c t i v i t y c o e f f i c i e n t s and f u f a c i t i e s

a r e shown i n the f o l l o w i n g t a b l e : \ n\n”);
56 printf(”\ t Phase \ t x wate r \ t f w a t e r ( atm ) \ t

Y water \ t x b u t a n o l \ t f b u t a n o l ( atm ) \ t
Y butano l \n\n”);

57 printf(” \ t 1 \ t %f \ t %f \ t %f \ t %f \ t %f \ t \ t
%f \n”,x_1_water ,f_water ,Y_water_1 ,x_1_butanol ,
f_butanol ,Y_butanol_1);

58 printf(” \ t 2 \ t %f \ t %f \ t %0 . 2 f \ t \ t %f \ t %f \
t \ t %f ”,x_2_water ,f_water ,Y_water_2 ,x_2_butanol ,
f_butanol ,Y_butanol_2);

Scilab code Exa 8.7 Zero Solubility and Steam distillatation

1 clear;

2 clc();

3
4 // Example 8 . 7
5 // Page : 179
6 printf(”Example−8.7 Page no .−179\n\n”);
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7
8 // ∗∗∗Data ∗∗∗//
9

10 P = 1; // [ atm ] Tota l p r e s s u r e i n the vapor phase
11
12 // S i n c e the two l i q u i d s a r e not s o l u b l e i n each

o t h e r so Raoult ’ s law w i l l app ly s e p a r a t e l y f o r
t h e s e two phase s .

13 // From Raoult ’ s law we have
14 // ( y i ∗P) = ( x i ∗ p i )
15 // Here two phase s a r e i n pure s t a g e s so x i =1 f o r

both phase s
16 // So
17 // y i = ( p i /P)
18 // Wri t ing t h i s e q u a t i o n f o r each s p e c i e s , adding

the eq ua t i on s , and s o l v i n g f o r P , we f i n d
19 // P = summation ( y i ∗P ) = summation ( p i /P∗P ) =

summation ( p i )
20
21 // The t o t a l p r e s s u r e i s the sum o f the i n d i v i d u a l

pure s p e c i e s vapor p r e s s u r e
22 // To f i n d the b o i l i n g p o i n t t empera tu r e we per fo rm

a t r i a l and e r r o r
23 // Let us assume the b o i l i n g p o i n t t empera tu r e
24 T = 89; // [C ]
25 // Anto ine e q u a t i o n c o n s t a n t s f o r water i s g i v e n by
26 A_w = 7.94917;

27 B_w = 1657.462;

28 C_w = 227.02;

29
30 // and tha t f o r n−butano l a r e
31 A_b = 7.838;

32 B_b = 1558.190;

33 C_b = 196.881;

34
35 // Anto ine e q u a t i o n i s g i v e n by
36 // l o g 1 0 ( p ) = A − B/(T+C)
37 // Thus vapor p r e s s u r e o f water and n−butano l a r e
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r e s p e c t i v e l y
38 p_water = (1/760) *10^( A_w - B_w/(T+C_w));

39 p_butanol = (1/760) *10^( A_b - B_b/(T+C_b));

40
41 // Now , vapor phase c o m p o s i t i o n a r e
42 y_water = p_water/P;

43 y_butanol = p_butanol/P;

44 // summing the se , we g e t
45 y = y_water + y_butanol;

46
47 // Value o f y i s n e a r l y e q u a l to one so our

assumpt ion o f the t empera tu r e i s c o r r e c t
48 // So the b o i l i n g p o i n t o f the mixture i s ’T’
49
50 printf(” B o i l i n g p o i n t o f the two phase system i s %0

. 0 f deg C\n”,T);
51 printf(” In vapor phase , mole f r a c t i o n o f the water

i s %0 . 2 f ”,y_water);

Scilab code Exa 8.8 The little EOS

1 clear;

2 clc();

3
4 // Example 8 . 8
5 // Page : 184
6 printf(”Example−8.8 Page no .−184\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 Temp = 68; // [ F ]

10 P = 1; // [ atm ]
11 // Changing the t empera tu r e i n ’K’ and p r e s s u r e i n ’

bar ’ we have
12 Temp = 273.15+( Temp -32) *5/9; // [K]
13 P = P*1.01325; // [ bar ]
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14 // For water from the t a b l e A. 1 ( page 417)
15 T_c = 647.1; // [K]
16 P_c = 220.55; // [ bar ]
17 // Now
18 T_r = Temp/T_c;

19 P_r = P/P_c;

20 w = 0.345;

21 //Now a p p l y i n g the r e s u l t f o r the l i t t l e EOS from
the example 7 . 1 ( page 135 ) , we have

22 // f /P = exp ( P r / T r ∗ f ( T r ) )
23 // From the c h a p t e r 2 o f t h i s book , we have
24 f_T_r = (0.083 -0.422/ T_r ^(1.6))+w*(0.139 -0.172/ T_r

^(4.2));

25 // So
26 f_by_P = exp(P_r/T_r*f_T_r);

27 printf(”The v a l u e o f the f /P f o r water vapour i n the
h y p o t h e t i c a l s t a t e i s %0 . 2 f ”,f_by_P);

Scilab code Exa 8.9 Dew Point Calculations

1 clear;

2 clc();

3
4 // Example 8 . 9
5 // Page : 189
6 printf(”Example−8.9 Page no .−189\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9

10 // Here we w i l l denote e t h a n o l as s p e c i e s ’ a ’ and
water as the s p e c i e s ’ b ’

11 x_a = 0.1238;

12 x_b = (1-x_a);

13 T = 85.3; // [C ] Given b o i l i n g t empera tu r e
14
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15 // We have
16 // x a + x b = 1 and y a + y b = 1
17
18 // The Anto ine e q u a t i o n c o n s t a n t s f o r e t h a n o l from

the t a b l e A. 2 ( page 418) g i v e n i n the book , a r e
19 A_a = 8.04494;

20 B_a = 1554.3;

21 C_a = 222.65;

22
23 // and tha t f o r water
24 A_b = 7.96681;

25 B_b = 1668.21;

26 C_b = 228.0;

27
28 // Thus vapor p r e s s u r e o f e t h a n o l and water a r e

r e s p e c t i v e l y
29 p_a = (1/760) *10^( A_a - B_a/(T+C_a));

30 p_b = (1/760) *10^( A_b - B_b/(T+C_b));

31
32 // Also the a c t i v i t y c o e f f i c i e n t s a r e g i v e n by
33 // Y a = 1 0 ˆ ( (Bˆ ( 2 ) ∗A∗ x b ˆ ( 2 ) ) /(A∗ x a+B∗ x b ) ˆ ( 2 ) )

and
34 // Y b = 1 0 ˆ ( (Aˆ ( 2 ) ∗B∗ x b ˆ ( 2 ) ) /(A∗ x a+B∗ x b ) ˆ ( 2 ) )
35 // he r e A and B a r e Van Laar c o e f f i c i e n t s and t h e i r

v a l u e s f o r e thano l−water system i s r e p o r t e d i n
the book at page 186 ( l a s t two l i n e s ) , so

36 A = 0.7292;

37 B = 0.4104;

38
39 // hence
40 Y_a = 10^((B^(2)*A*x_b ^(2))/(A*x_a+B*x_b)^(2));

41 Y_b = 10^((A^(2)*B*x_a ^(2))/(A*x_a+B*x_b)^(2));

42
43 // Now t a k i n g i n t o account o f n o n i d e a l i t y o f the

g a s e o u s phase , the m o d i f i e d Raoult ’ s law g i v e s
44 // ( y a / x a ) = ( Y a∗ p a ) /P and ( y b / x b ) = (

Y b∗p b ) /P
45
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46 // we w i l l t ake a s i m p l e method
47 // s o l v i n g the above two e q u a t i o n f o r y a and y b

and adding them , we g e t
48 P = (Y_a*p_a*x_a)+(Y_b*p_b*x_b);// [ atm ]
49
50 // So ,
51 y_a = (Y_a*p_a*x_a)/P;

52 // and
53 y_b = (Y_b*p_b*x_b)/P;

54
55 printf(” B o i l i n g p r e s s u r e o f the l i q u i d at 8 5 . 3 deg

C i s %0 . 4 f atm\n”,P);
56 printf(” Mole f r a c t i o n o f e t h a n a o l i n vapor phase i s

%0 . 4 f \n”,y_a);
57 printf(” Mole f r a c t i o n o f water i n the vapor phase

i s %0 . 4 f ”,y_b);

Scilab code Exa 8.10 Pressure specified dew point

1 clear;

2 clc();

3
4 // Example 8 . 1 0
5 // Page : 191
6 printf(”Example−8.10 Page no .−191\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9

10 // This problem i s s i m i l a r to the example 8 . 9 e x c e p t
that , we a r e p rov id ed p r e s s u r e i n s t e a d o f

t empera tu re and d i f f e r e n t l i q u i d c o m p o s i t i o n
11 // Here aga in , we w i l l denote e t h a n o l as s p e c i e s ’ a ’

and water as the s p e c i e s ’ b ’
12 x_a = 0.2608;

13 x_b = (1-x_a);
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14 P = 1.00; // [ atm ] Given b o i l i n g p r e s s u r e
15
16 // We have
17 // x a + x b = 1 and y a + y b = 1
18
19 // The Anto ine e q u a t i o n c o n s t a n t s f o r e t h a n o l from

the t a b l e A. 2 ( page 418) g i v e n i n the book , a r e
20 A_a = 8.04494;

21 B_a = 1554.3;

22 C_a = 222.65;

23
24 // and tha t f o r water
25 A_b = 7.96681;

26 B_b = 1668.21;

27 C_b = 228.0;

28
29 // Thus vapor p r e s s u r e o f e t h a n o l and water a r e

r e s p e c t i v e l y
30 // p a = ( 1 / 7 6 0 ) ∗10ˆ( A a − B a /(T+C a ) )
31 // p b = ( 1 / 7 6 0 ) ∗10ˆ( A b − B b /(T+C b ) )
32 // Adding t h e s e two equat ion , we g e t
33 // ( p a + p b ) = ( 1 / 7 6 0 ) ∗10ˆ( A a − B a /(T+C a ) ) +

( 1 / 7 6 0 ) ∗10ˆ( A b − B b /(T+C b ) )
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ( 1 )

34
35 // Also the a c t i v i t y c o e f f i c i e n t s a r e g i v e n by
36 // Y a = 1 0 ˆ ( (Bˆ ( 2 ) ∗A∗ x b ˆ ( 2 ) ) /(A∗ x a+B∗ x b ) ˆ ( 2 ) )

and
37 // Y b = 1 0 ˆ ( (Aˆ ( 2 ) ∗B∗ x b ˆ ( 2 ) ) /(A∗ x a+B∗ x b ) ˆ ( 2 ) )
38 // he r e A and B a r e Van Laar c o e f f i c i e n t s and t h e i r

v a l u e s f o r e thano l−water system i s r e p o r t e d i n
the book at page 186 ( l a s t two l i n e s ) , so

39 A = 0.7292;

40 B = 0.4104;

41
42 // hence
43 Y_a = 10^((B^(2)*A*x_b ^(2))/(A*x_a+B*x_b)^(2));

44 Y_b = 10^((A^(2)*B*x_a ^(2))/(A*x_a+B*x_b)^(2));
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45
46 // Now we w i l l s o l v e f o r T runn ing the l oop
47 // Let us assume the s t a r t u p tempera tu r e
48 T = 80;

49 err = 1;

50
51 while err > 10^( -3)

52 P_a = (10^(8.04494 - 1554.3/(222.65 + T)))/760;

53 P_b = (10^(7.96681 - 1668.21/(228 + T)))/760;

54 y_a = Y_a*P_a*x_a/P;

55 y_b = Y_b*P_b*x_b/P;

56 err = abs((y_a + y_b) - 1);

57 T = T + 0.01;

58 end

59
60 printf(” B o i l i n g t empera tu r e o f the l i q u i d at 1 atm

p r e s s u r e i s %0 . 4 f atm\n”,T);
61 printf(” Mole f r a c t i o n o f e t h a n a o l i n vapor phase i s

\t%0 . 4 f \n”,y_a);
62 printf(” Mole f r a c t i o n o f water i n the vapor phase

i s \t%0 . 4 f ”,y_b);

Scilab code Exa 8.11 Temperature specified bubble point

1 clear;

2 clc();

3
4 // Example 8 . 1 1
5 // Page : 192
6 printf(”Example−8.11 Page no .−192\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9

10 // This problem i s i d e n t i c a l to tha t o f the example
8 . 9 e x c e p t d i f f e r e n c e i n the b o i l i n g t empera tu r e
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and l i q u i d c o m p o s i t i o n
11 // Here we w i l l aga in denote e t h a n o l as s p e c i e s ’ a ’

and water as the s p e c i e s ’ b ’
12 y_a = 0.6122;

13 y_b = (1-y_a);

14 T = 80.7; // [C ] Given b o i l i n g t empera tu r e
15
16 // We have
17 // x a + x b = 1 and y a + y b = 1
18
19 // The Anto ine e q u a t i o n c o n s t a n t s f o r e t h a n o l from

the t a b l e A. 2 ( page 418) g i v e n i n the book , a r e
20 A_a = 8.04494;

21 B_a = 1554.3;

22 C_a = 222.65;

23
24 // and tha t f o r water
25 A_b = 7.96681;

26 B_b = 1668.21;

27 C_b = 228.0;

28
29 // Thus vapor p r e s s u r e o f e t h a n o l and water a r e

r e s p e c t i v e l y
30 p_a = (1/760) *10^( A_a - B_a/(T+C_a));

31 p_b = (1/760) *10^( A_b - B_b/(T+C_b));

32
33 // Also the a c t i v i t y c o e f f i c i e n t s a r e g i v e n by
34 // Y a = 1 0 ˆ ( (Bˆ ( 2 ) ∗A∗ x b ˆ ( 2 ) ) /(A∗ x a+B∗ x b ) ˆ ( 2 ) )

and
35 // Y b = 1 0 ˆ ( (Aˆ ( 2 ) ∗B∗ x b ˆ ( 2 ) ) /(A∗ x a+B∗ x b ) ˆ ( 2 ) )
36 // he r e A and B a r e Van Laar c o e f f i c i e n t s and t h e i r

v a l u e s f o r e thano l−water system i s r e p o r t e d i n
the book at page 186 ( l a s t two l i n e s ) , so

37 A = 0.7292;

38 B = 0.4104;

39
40 // Now t a k i n g i n t o account o f n o n i d e a l i t y o f the

g a s e o u s phase , the m o d i f i e d Raoult ’ s law g i v e s
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41 // ( y a / x a ) = ( Y a∗ p a ) /P and ( y b / x b ) = (
Y b∗p b ) /P

42
43 // Now can take the he lp o f t r i a l and e r r o r method

to s o l v e the above e q u a t i o n s
44 // In t h i s method , we w i l l assume the d i f f e r e n t

v a l u e s o f P and w i l l c a l c u l a t e the v a l u e s o f x a
and x b from the above two equ a t i on s , t i l l t h e i r
sum comes to u n i t y

45 x_a = 0.6122; // I n i t i a l as sumpt ion o f l i q u i d phase
c o m p o s i t i o n o f e t h a n o l

46 x_b = 0.3; // I n i t i a l as sumpt ion o f l i q u i d phase
c o m p o s i t i o n water

47 P = 0.80; // [ atm ]
48 err = 1;

49
50 while err > 2* 10^( -2)

51 P = P + 0.01;

52 Y_a = 10^((B^(2)*A*x_b ^(2))/(A*x_a+B*x_b)^(2));

53 Y_b = 10^((A^(2)*B*x_a ^(2))/(A*x_a+B*x_b)^(2));

54
55 err = abs((x_a + x_b) - 1);

56 x_a = y_a*P/(Y_a*p_a);

57 x_b = y_b*P/(Y_b*p_b);

58 end

59
60
61
62 printf(” B o i l i n g p r e s s u r e o f the l i q u i d at 8 0 . 7 deg

C i s %0 . 4 f atm\n”,P);
63 printf(” Mole f r a c t i o n o f e t h a n a o l i n l i q u i d phase

i s %0 . 4 f \n”,x_a);
64 printf(” Mole f r a c t i o n o f water i n the l i q u i d phase

i s %0 . 4 f ”,x_b);
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Scilab code Exa 8.12 Pressure specified bubble point

1 clear;

2 clc();

3
4 // Example 8 . 1 2
5 // Page : 193
6 printf(”Example−8.12 Page no .−193\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9

10 // This problem i s s i m i l a r to the example 8 . 1 0
e x c e p t that , we a r e p rov id ed vapour phase
c o m p o s i t i o n

11 // Here aga in , we w i l l denote e t h a n o l as s p e c i e s ’ a ’
and water as the s p e c i e s ’ b ’

12 y_a = 0.1700;

13 y_b = (1-y_a);

14 P = 1.00; // [ atm ] Given b o i l i n g p r e s s u r e
15
16 // We have
17 // x a + x b = 1 and y a + y b = 1
18
19 // The Anto ine e q u a t i o n c o n s t a n t s f o r e t h a n o l from

the t a b l e A. 2 ( page 418) g i v e n i n the book , a r e
20 A_a = 8.04494;

21 B_a = 1554.3;

22 C_a = 222.65;

23
24 // and tha t f o r water
25 A_b = 7.96681;

26 B_b = 1668.21;

27 C_b = 228.0;

28
29 // Thus vapor p r e s s u r e o f e t h a n o l and water a r e

r e s p e c t i v e l y
30 // p a = ( 1 / 7 6 0 ) ∗10ˆ( A a − B a /(T+C a ) )
31 // p b = ( 1 / 7 6 0 ) ∗10ˆ( A b − B b /(T+C b ) )
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32
33 // Also the a c t i v i t y c o e f f i c i e n t s a r e g i v e n by
34 // Y a = 1 0 ˆ ( (Bˆ ( 2 ) ∗A∗ x b ˆ ( 2 ) ) /(A∗ x a+B∗ x b ) ˆ ( 2 ) )

and
35 // Y b = 1 0 ˆ ( (Aˆ ( 2 ) ∗B∗ x b ˆ ( 2 ) ) /(A∗ x a+B∗ x b ) ˆ ( 2 ) )
36 // he r e A and B a r e Van Laar c o e f f i c i e n t s and t h e i r

v a l u e s f o r e thano l−water system i s r e p o r t e d i n
the book at page 186 ( l a s t two l i n e s ) , so

37 A = 0.7292;

38 B = 0.4104;

39
40 // Now t a k i n g i n t o account o f n o n i d e a l i t y o f the

g a s e o u s phase , the m o d i f i e d Raoult ’ s law g i v e s
41 // ( y a / x a ) = ( Y a∗ p a ) /P and ( y b / x b ) = (

Y b∗p b ) /P
42
43 // Now we can take the he lp o f t r i a l and e r r o r

method to s o l v e the above e q u a t i o n s
44 // In t h i s method , we w i l l assume the d i f f e r e n t

v a l u e s o f T and w i l l c a l c u l a t e the v a l u e s o f x a
and x b from the above two equ a t i on s , t i l l t h e i r
sum comes to u n i t y

45
46 x_a = 0.0100; // I n i t i a l as sumpt ion o f l i q u i d phase

c o m p o s i t i o n o f e t h a n o l
47 x_b = 0.9; // I n i t i a l as sumpt ion o f l i q u i d phase

c o m p o s i t i o n water
48 T = 80; // [C ] I n i t i a l g u e s s o f the t empera tu r e
49 err = 1;

50
51 while err > 1/16*10^( -2)

52 P_a = (10^(8.04494 - 1554.3/(222.65 + T)))/760;

53 P_b = (10^(7.96681 - 1668.21/(228 + T)))/760;

54
55 Y_a = 10^((B^(2)*A*x_b ^(2))/(A*x_a+B*x_b)^(2));

56 Y_b = 10^((A^(2)*B*x_a ^(2))/(A*x_a+B*x_b)^(2));

57
58 x_a = y_a*P/(Y_a*P_a);
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59 x_b = y_b*P/(Y_b*P_b);

60
61 err = abs((x_a + x_b) - 1);

62 T = T + 0.01;

63
64 end

65
66
67 printf(” E q u i l i b r i u m Temperature o f the system at

p r e s s u r e 1 atm i s %0 . 4 f atm\n”,T);
68 printf(” Mole f r a c t i o n o f e t h a n a o l i n l i q u i d phase

i s %0 . 4 f \n”,x_a);
69 printf(” Mole f r a c t i o n o f water i n the l i q u i d phase

i s %0 . 4 f ”,x_b);

Scilab code Exa 8.13 Isothermal flashes

1 clear;

2 clc();

3
4 // Example 8 . 1 3
5 // Page : 194
6 printf(”Example−8.13 Page no .−194\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9

10 // Here aga in , we w i l l denote e t h a n o l as s p e c i e s ’ a ’
and water as the s p e c i e s ’ b ’

11 x_aF = 0.126;

12 x_bF = (1-x_aF);

13 P = 1.00; // [ atm ] Given t o t a l p r e s s u r e
14 T = 91.8; // [C ]
15
16 // We w i l l go with g r a p h i c a l approach f o r s o l v i n g

t h i s problem
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17 // This problem r e q u i r e s T − x a diagram at the
g i v e n p r e s s u r e i . e . 1 atm

18 // This diagram i s p rov id ed on page 196( f i g u r e
8 . 1 9 ) i n the book

19 // We w i l l draw h o r i z o n t a l and v e r t i c a l l i n e s
c o r r e s p o n d i n g to the s p e c i f i e d T and x a .

20 // Drawing a h o r i z o n t a l l i n e from tempera tu r e 9 1 . 8
degC and v e r t i c a l l i n e c o r r e s p o n d i n g to the x aF
= 0 . 1 2 6 , we s e e tha t t h e s e two i n t e r s e c t i n the
two phase r e g i o n , which t e l l s tha t our f e e d
c o n t a i n s both l i q u i d and vapour phase

21 // Now l i q u i d phase c o m p o s i t i o n i n e q u i l i b r i u m i s
found by r e a d i n g the x−a x i s where the bubble−
p o i n t vs x a curve and h o r i z o n t a l l i n e
c o r r e s p o n d i n g to T = 9 1 . 8 degC i n t e r s e c t and
v i z .

22 x_a = 0.0401;

23 x_b = (1 - x_a);

24
25 // S i m i l a r i l y vapour phase c o m p o s i t i o n i n

e q u i l i b r i u m i s found by r e a d i n g the x−a x i s where
the dew−p o i n t vs y a curve and h o r i z o n t a l l i n e
c o r r e s p o n d i n g to T = 9 1 . 8 degC i n t e r s e c t and v i z .

26 y_a = 0.2859;

27 y_b = ( 1 - y_a);

28
29 // Now vapour f r a c t i o n i s g i v e n by
30 V_by_F = ( x_aF - x_a )/(y_a - x_a);

31
32 printf(” Mole f r a c t i o n o f the e t h a n o l i n the l i q u i d

phase i n e q u i l i b r i u m at the g i v e n c o n d i t i o n i s %f
\n”,x_a);

33 printf(” Mole f r a c t i o n o f the water i n the l i q u i d
phase i n e q u i l i b r i u m at the g i v e n c o n d i t i o n i s %f
\n”,x_b);

34 printf(” Mole f r a c t i o n o f the e t h a n o l i n the vapour
phase i n e q u i l i b r i u m at the g i v e n c o n d i t i o n i s %f
\n”,y_a);
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35 printf(” Mole f r a c t i o n o f the water i n the vapour
phase i n e q u i l i b r i u m at the g i v e n c o n d i t i o n i s %f
\n”,y_b);

36 printf(” Vapor f r a c t i o n o f the g i v e n water−e t h a n o l
mixture a f t e r the f l a s h i n e q u i l i b r i u m i s %f”,
V_by_F);

Scilab code Exa 8.14 Use of de prester chart

1 clear;

2 clc();

3
4 // Example 8 . 1 4
5 // Page : 198
6 printf(”Example−8.14 Page no .−198\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9

10 P = 100; // [ p s i a ]
11 // Compos i t ion i n l i q u i d phase i s
12 x_a = 0.05; // Mole f r a c t i o n o f methane
13 x_b = 0.40; // Mole f r a c t i o n o f butane
14 x_c = 0.55; // mole f r a c t i o n o f pentane
15
16 // We have to take the he lp o f the f o l l o w i n g

e q u a t i o n s
17 // ( x a + x b + x c ) = 1 and ( y a + y b +

y c ) = 1
18 // ( y a / x a ) = K a ; ( y b / x b ) = K b ;

and ( y c / x c ) = K c ;
19
20 // We draw a s t r a i g h t l i n e a c r o s s f i g u r e 8 . 2 0 from

100 p s i a to d i f f e r e n t t e m p e r a t u r e s l i k e
0 , 5 , 1 0 , 1 5 , 2 0 , 2 5 , 3 0 degF and read the t h r e e K
f a c t o r s
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21 T = [15.8 0.087 0.024;16 0.105 0.026;16.2 0.115

0.03;16.8 0.13 0.035;17.2 0.15 0.04;17.8 0.17

0.045;18.2 0.175 0.0472727];

22 printf(” C a l c u l a t i o n s f o r the v a r i o u s assumed
t e m p e r a t u r e s a r e g i v e n i n the t a b l e below \n\n”);

23 printf(” Temperature \ t \ t y a \ t \ t y b \ t \ t \ t
y c \ t \ t \ t y \n\n”);

24
25 T_b = 0; // [ F ] Bubble p o i n t
26 j=1;

27 for i = 1:7

28 y_a = x_a*T(i,j);

29 y_b = x_b*T(i,j+1);

30 y_c = x_c*T(i,j+2);

31 y = y_a + y_b + y_c;

32 T_b = T_b + 5;

33 printf(” %f \ t \ t %f \ t \ t %f \ t \ t %f \ t \ t %f\
n ”,T_b ,y_a ,y_b ,y_c ,y);

34 end

35 printf(” \n For the t empera tu r e 30 deg F the
summation o f the mole f r a c t i o n s i n the vapor
phase i s c l o s e enough to uni ty , so , bubble p o i n t
i s 30 degF\n”);

36 printf(” And c o m p o s i t i o n s i n the vapor phase a r e the
v a l u e s g i v e n i n the above t a b l e c o r r e s o n d i n g to

the t empera tu r e 30 deg F , i . e . \ n\n”);
37 printf(” y methane = %f \n y butane = %f \n

y pentane = %f”,y_a ,y_b ,y_c);

Scilab code Exa 8.15 Non volatile solutes boiling point elevation

1 clear;

2 clc();

3
4 // Example 8 . 1 5
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5 // Page : 199
6 printf(”Example−8.15 Page no .−199\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9

10 n_sugar = 1; // [ mol ]
11 n_water = 1000/18; // [ mol ]
12 x_sugar = n_sugar /( n_sugar+n_water);

13 x_water = n_water /( n_sugar+n_water);

14 // At 100C we have
15 p_water = 1; // [ atm ]
16 p_sugar = 0; // [ atm ]
17 // and the r e l a t i o n
18 P = x_water*p_water+x_sugar*p_sugar;// [ atm ]
19 // The s i t u a t i o n i s s k e t c h e d i n the f i g u r e 8 . 2 1 i n

the book [ page 1 9 9 ] .
20 // Now f o r the second pa r t o f the q u e s t i o n
21 // To f i n d the t empera tu re at which the s o l u t i o n

w i l l b o i l , we s e e on the f i g u r e tha t we must
r a i s e the t empera tu r e to i n c r e a s e p i to a v a l u e
h igh enough tha t the t o t a l p r e s s u r e P 1 = 1atm ,
with x wate r c a l c u l a t e d above .

22 P_1 = 1; // [ atm ]
23 p_water = P_1/x_water;// [ atm ]
24 // I n t e r p o l a t i n g i n the steam t a b l e [ 1 2 ] r e p o r t e d i n

the book , we f i n d
25 T = 100.51; // [C ]
26 // We may r e s t a t e t h i s tha t the b o i l i n g −p o i n t

e l e v a t i o n caused by t h i s d i s s o l v e d , n o n v o l a t i l e
s o l u t e i s

27 T_eb = T -100; // [C ]
28 printf(” Vapour p r e s s u r e o f t h i s s o l u t i o n at the 100C

i s %f atm\n”,P);
29 printf(” The tempera tu r e at which t h i s s o l u t i o n w i l l

b o i l a t 1 atm i s %f C”,T);
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Scilab code Exa 8.16 Freezing point depression

1 clear;

2 clc();

3
4 // Example 8 . 1 6
5 // Page : 201
6 printf(”Example−8.16 Page no .−201\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 n_sugar = 1; // [ mol ]

10 n_water = 1000/18; // [ mol ]
11 x_sugar = n_sugar /( n_sugar+n_water);

12 x_water = n_water /( n_sugar+n_water);

13
14 // Here we can a s s e r t tha t f o r l i q u i d s o l u t i o n and

s o l i d i c e to be i n e q u i l i b r i u m , the f u g a c i t y o f
water i n the l i q u i d must be same as tha t o f water

i n the s o l i d i c e .
15 // C r y s t a l l i n e s o l i d formed from such a s o l u t i o n i s

n e a r l y pure H2O, with no d i s s o l v e d suga r .
16 // At the low p r e s s u r e s i n v o l v e d here , t h e s e

f u g a c i t i e s a r e p r a c t i c a l l y e q u a l to p a r t i a l
p r e s s u r e s , so tha t

17 //P = x wate r ∗ p wate r+x s u g a r ∗ p s u g a r = p i c e ;
18
19 // but
20 p_sugar = 0;

21 // so
22 p_ice_by_p_water = x_water;

23
24 // F igu r e 5 . 8 r e p o r t e d i n the book ( page 100) shows

the vapour p r e s s u r e o f s u b c o o l e d water and o f
i c e .
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25 //The v a l u e s i n the g i v e n t a b l e from which tha t
f i g u r e were made can be r e p r e s e n t e d by the
f o l l o w i n g t o t a l l y e m p i r i c a l data− f i t t i n g e q u a t i o n
.

26 // p i c e / p wate r = 1+0.0096686∗T+4.0176∗10ˆ(−5) ∗T
ˆ ( 2 )

27 // We e l i m i n a t e p i c e / p wate r by x wate r
28
29 deff( ’ [ y ]= f (T) ’ , ’ y = 1+0.0096686∗T+4.0176∗10ˆ(−5) ∗T

ˆ ( 2 )−p i c e b y p w a t e r ’ );
30 T = fsolve(0,f);// [C ]
31
32 printf(” Freez ing−p o i n t t empera tu r e o f the g i v e n

s o l u t i o n i s %f C”,T);
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Chapter 9

Correlating And Predicting
Nonideal VLE

Scilab code Exa 9.1 Van Laar equation

1 clear;

2 clc();

3
4 // Example 9 . 1
5 // Page : 219
6 printf(”Example−9.1 Page no .−219\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 x_isopropanol = 0.4720;

10 x_water = 0.5280;

11 // From the t a b l e A. 7 ( page 427) r e p o r t e d i n the
book the Van Laar c o e f f i c i e n t s f o r i s o p r o p a n o l−
water system at 1atm a r e g i v e n by

12 A = 1.0728;

13 B = 0.4750;

14 // Van Laar e q u a t i o n s a r e g i v e n
15 // l o g 1 0 ( Y a ) = A∗ x b ˆ ( 2 ) /(A/B∗ x a+x b ) ˆ ( 2 )
16 // l o g 1 0 ( Y b ) = B∗ x a ˆ ( 2 ) /(B/A∗ x b+x a ) ˆ ( 2 )
17 // We c a l c u l a t e Y i s o p r o p a n o l and Y water as
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18 Y_isopropanol = 10^(A*x_water ^(2)/(A/B*x_isopropanol

+x_water)^(2));

19 Y_water = 10^(B*x_isopropanol ^(2)/(B/A*x_water+

x_isopropanol)^(2));

20 printf(” Value o f the l i q u i d −phase a c t i v i t y
c o e f f i c i e n t f o r i s o p r o p a n o l i s %f\n\n”,
Y_isopropanol);

21 printf(” And v a l u e o f the l i q u i d −phase a c t i v i t y
c o e f f i c i e n t f o r water i s %f”,Y_water);

Scilab code Exa 9.2 Excess Gibbs free energy and activity coefficient equa-
tions

1 clear;

2 clc();

3
4 // Example 9 . 2
5 // Page : 221
6 printf(”Example−9.2 Page no .−221\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 // R e c i e v i n g the VLE data from the example 8 . 2 , we

have
10 x_acetone = 0.05;

11 x_water = 0.95;

12 // And the a c t i v i t y c o e f f i c i e n t i s g i v e n by
13 y_acetone = 7.04;

14 y_water = 1.01;

15 // we hve the r e l a t i o n g E /RT = summation ( x i ∗ l o g (
y i ) )

16 // l e t C = g E /RT , so
17 C = (x_acetone*log(y_acetone)+x_water*log(y_water));

18 // Now l e t M = ( g E /RT ) /( x a c e t o n e ∗ x wate r )
19 // So
20 M = C/( x_acetone*x_water);
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21 printf(”The v a l u e o f g E /RT f o r ace tone−water
s o l u t i o n at 1 atm p r e s s u r e i s %f\n\n”
,C);

22 printf(” The v a l u e o f ( g E /RT) /( x a ∗ x b ) f o r ace tone
−water s o l u t i o n at 1 atm p r e s s u r e i s %f”,M);

Scilab code Exa 9.3 Excess Gibbs free energy and activity coefficient equa-
tions

1 clear;

2 clc();

3
4 // Example 9 . 3
5 // Page : 221
6 printf(”Example−9.3 Page no .−221\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9

10 printf(” This i s a t h e o r a t i c a l q u e s t i o n and t h e r e a r e
no any n u m e r i c a l components . For the d e r i v a t i o n ,
r e f e r to page no 221 o f the book . ”);

Scilab code Exa 9.4 Activity coefficient at infinite dilution

1 clear;

2 clc();

3
4 // Example 9 . 4
5 // Page : 224
6 printf(”Example−9.4 Page no .−224\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9
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10 printf(” This i s a t h e o r a t i c a l q u e s t i o n and t h e r e a r e
no any n u m e r i c a l components . For the d e r i v a t i o n ,
r e f e r to page no 220 o f the book . ”);

Scilab code Exa 9.5 Constants in the morgules equation

1 clear;

2 clc();

3
4 // Example 9 . 5
5 // Page : 224
6 printf(”Example−9.5 Page no .−224\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 y_acetone_infinity = 10;

10 y_water_infinty = 5

11 Pressure = 1; // [ atm ]
12 // From e q u a t i o n 9 . L and 9 .M ( page 224) as r e p o r t e d

i n the book , we have
13 // Constant s i n morgu l e s e q u a t i o n b and c as
14 b = log(y_acetone_infinity);

15 c = log(y_water_infinty);

16 printf(” Values o f the c o n s t a n t s i n Morgules e q u a t i o n
f o r ace tone−water at 1 atm ar e b = %f\n”,b);

17 printf(”

and c = %f”,c);

Scilab code Exa 9.6 Effect of pressure changes on liquid phase activity
coefficient

1 clear;

2 clc();

92



3
4 // Example 9 . 6
5 // Page : 225
6 printf(”Example−9.6 Page no .−225\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 P_1 = 10; // [ atm ]

10 x_a_1 = 0.1238; // mole f r a c t i o n o f e t h a n o l at 10
atm p r e s s u r e

11 Temp = 273.15+85.3; // [K]
12 R = 0.08206; // [ ( L∗atm ) /( mol∗K) ]
13 P_0 = 1; // [ atm ]
14 // so
15 delta_P = (P_1 -P_0);// [ atm ]
16 // Mo l e cu l a r we ight o f e t h a n o l and water a r e

r e s p e c t i v e l y
17 M_ethanol = 46; // [ g/mol ]
18 M_water = 18; // [ g/mol ]
19 // Now chang ing the mol f r a c t i o n o f e t h a n o l i n the

wt f r a c t i o n
20 m_a_1 = x_a_1*M_ethanol /( x_a_1*M_ethanol +(1-x_a_1)*

M_water);

21 // From example 8 . 9 ( page 188) we know tha t at t h i s T
and 1 atm and x a 0 , a c t i v i t y c o e f f i c i e n t f o r

e t h a n o l
22 y_ethanol_0 = 2.9235;

23 // Now from f i g u r e 6 . 1 5 ( page 129) , we read tha t at
20C and m a 1 mass f r a c t i o n e t h a n o l ,

24 v_ethanol_1 = 1.16; // [ cm ˆ ( 3 ) /g ]
25 // S i m i l a r i l y f o r mass f r a c t i o n c o r r e s p o n d i n g to

mole f r a c t i o n x a 1
26 v_ethanol_0 = 1.27; // [ cm ˆ ( 3 ) / ]
27 // D i f f e r e n c e o f t h e s etwo v a l u e s i s
28 v = v_ethanol_1 -v_ethanol_0;// [ cm ˆ ( 3 ) /g ]
29 v = v*46; // [ L/g ]
30 // I f we assume tha t t h i s v a l u e i s more or l e s s

independent o f temperature , we can use i t as the
c o r r e s p o n d i n g v a l u e at 8 5 . 3C, and compute
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31 // From e q u a t i o n 7 . 3 1 ( page 225)
32 // d ( l o g ( y i ) ) /dP = ( v 1−v 0 ) /(R∗T) ; at c o n s t a n t

t empera tu re and mole f r a c t i o n
33 // Let d ( l o g ( y i ) ) /dP = C, then
34 C = (v_ethanol_1 -v_ethanol_0)/(R*Temp);

35 // Also we can have
36 // d e l t a l o g ( y i ) = ( d ( l o g ( y i ) ) /dP) ∗ d e l t a P
37 // or
38 // d e l t a l o g ( y i ) = C∗ d e l t a P
39 // and d e l t a l o g ( y i ) = l o g ( y e h t a n o l 1 )− l o g (

y e t h a n o l 0 )
40 // So
41 y_ethanol_1 = exp(log(y_ethanol_0)+C*delta_P);

42 printf(”The a c t i v i t y c o e f f i c i e n t o f e t h a n o l i n the
s o l u t i o n at 10 atm p r e s s u r e i s %f”,y_ethanol_1);

Scilab code Exa 9.7 Effect of temperature changes on liquid phase activ-
ity coefficient

1 clear;

2 clc();

3
4 // Example 9 . 7
5 // Page : 226
6 printf(”Example−9.7 Page no .−226\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 x_ethanol = 0.1238;

10 Temp_1 = 273.15+85.3; // [K]
11 P = 1; // [ atm ]
12 Temp_2 = 273.15+70; // [K]
13 R = 8.314; // [ j / ( mol∗K) ]
14 // From example 8 . 9 , a t t empera tu r e 8 5 . 3C the

a c t i v i t y c o e f f i c i e n t i s
15 y_ethanol_1 = 2.9235;
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16 // From f i g u r e 9 . 5 [ 4 ] ( page 227) as r e p o r t e d i n the
book , we read the v a l u e o f ( h i a v e r a g e−h i 0 ) at

t e m p e r a t u r e s 90C and 70C f o r e t h a n o l .
17 // which a r e r e s p e c t i v e l y
18 delta_h_2 = 0.2; // [ kJ/mol ]
19 delta_h_1 = 1.0; // [ kJ/mol ]
20 // Taking the ave rage o f t h e s e two v a l u e s we have
21 delta_h_average = (delta_h_1+delta_h_1)/2*1000; // [ J/

mol ]
22 // From the e q u a t i o n 7 . 3 2 ( page 225) r e p o r t e d i n the

book
23 // d ( l o g ( y i ) ) /dT = ( h i a v e r a g e−h i 0 ) /(R∗Tˆ ( 2 ) ) ;

a t c o n s t a n t p r e s s u r e and mole f r a c t i o n
24 // So
25 // i n t e g r a t e ( d ( l o g ( y i ) ) = i n t e g r a t e ( ( h i a v e r a g e−

h i 0 ) /(R∗Tˆ ( 2 ) ) ) ∗dT
26 // i t can be taken approx imate l y as
27 // i n t e g r a t e ( d ( l o g ( y i ) ) = ( ( h i a v e r a g e−h i 0 )

a v e r a g e /R) ∗ i n t e g r a t e (1/Tˆ ( 2 ) ) ∗dT
28 // we have i n t e g r a t e ( d ( l o g ( y i ) ) = l o g ( y e t h a n o l 2 /

y e t h a n o l 1 )
29 // So
30 y_ethanol_2 = y_ethanol_1*exp(( delta_h_average/R)*

integrate( ’ 1/Tˆ ( 2 ) ’ , ’T ’ ,Temp_1 ,Temp_2));
31 printf(”The a c t i v i t y c o e f f i c i e n t f o r e t h a n o l i n the

s o l u t i o n at 70 deg C and 1 atm i s %f”,y_ethanol_2
);

Scilab code Exa 9.8 Liquid phase activity coefficients for ternary mixtures

1 clear;

2 clc();

3
4 // Example 9 . 8
5 // Page : 229
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6 printf(”Example−9.8 Page no .−229\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 // In t h i s s o l u t i o n we w i l l g i v e the i d e n t i t y to the

t h r e e s p e c i e s as
10 // a− Acetone
11 // b− Methanol
12 // c− Water
13 // Given
14 x_a = 0.1200;

15 x_b = 0.1280;

16 x_c = 0.7520;

17 Temp = 66.70; // [C ]
18 P = 1; // [ atm ] p r e s s u r e
19 // As r e p o r t e d i n the book tha t from [ 5 ] we g e t the

f o l l o w i n g v a l u e s
20 // acetone−methanol ( a−b )
21 A_ab = 0.2634;

22 A_ba = 0.2798;

23 // acetone−water ( a−c )
24 A_ac = 0.9709;

25 A_ca = 0.5579;

26 // methanol−water ( b−c )
27 A_bc = 0.3794;

28 A_cb = 0.2211;

29 // Now c o n s i d e r the e q u a t i o n 9 . 1 0 ( page 228)
30 // The f i r s t term on the r i g h t o f the e q u a t i o n i s
31 T_1 = x_b ^(2)*(A_ab +2*x_a*(A_ba -A_ab));

32 // s i m i l a r i l y the second and t h i r d terms a r e g i v e n
r e s p e c t i v e l y as

33 T_2 = x_c ^(2)*(A_ac +2*x_a*(A_ca -A_ac));

34 T_3 = x_b*x_c *(0.5*( A_ba+A_ab+A_ac -A_bc -A_cb)+x_a*(

A_bc -A_ab+A_ca -A_ac)+(x_b -x_c)*(A_bc -A_cb) -(1-2*

x_a)*0.00);

35 // thus whole term on the r i g h t hand s i d e i s
36 T = T_1+T_2+T_3;

37 // So
38 y_a = 10^(T);
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39 // f o r t h i s t empera tu r e vapour p r e s s u r e o f the
a c e t o n e i s c a l c u l a t e d as

40 p_acetone = 1.417; // [ atm ]
41 // So tha t we e s t i m a t e
42 y_acetone = x_a*y_a*p_acetone;

43 printf(”The a c t i v i t y c o e f f i c i e n t o f a c e t o n e i n the
g i v e n mixture i s %f”,y_a);

44 // The e x p e r i m e n t a l v a l u e i s y a c e t o n e = 0 . 6 9 8

Scilab code Exa 9.9 Application of mixing rule

1 clear;

2 clc();

3
4 // Example 9 . 9
5 // Page : 234
6 printf(”Example−9.9 Page no .−234\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9

10 T = 85.3+273.15; // [K] Temperature
11 P = 1; // [ atm ] P r e s s u r e o f the mixture
12 R = 8.314; // [ ( Pa∗m( 3 ) /(K∗mol ) ) ]
13 R_1 = 0.08206; // [ ( L∗atm ) /( mol∗K) ]
14 y_i = 0.1238; // mole f r a c t i o n o f the e t h a n o l i n the

vapor phase
15 y_j = (1-y_i);// mole f r a c t i o n o f the water vapor i n

the vapor phase
16
17 // From the t a b l e A. 1 ( t a b l e 417) , the p r o p e r t i e s o f

water and e t h a n o l a r e g i v e n as
18 // C r i t i c a l t e m p e r a t u r e s a r e
19 T_c_ii = 513.9; // [K] C r i t i c a l t empera tu r e o f the

e t h a n o l
20 T_c_jj = 647.1; // [K] C r i a t i c a l t empera tu re o f water
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21
22 // C r i t i c a l p r e s s u r e a r e
23 P_c_ii = 61.48; // [ bar ] C r i t i c a l p r e s s u r e o f e t h a n o l
24 P_c_jj = 220.55; // [ bar ] C r i t i c a l p r e s s u r e o f water
25
26 // A c c c e n t r i c f a c t o r
27 w_ii = 0.645; // a c c e n t r i c f a c t o r o f the e t h a n o l
28 w_jj = 0.345; // a c c e n t r i c f a c t o r o f the water
29
30 // C o m p r e s s i b i l i t y f a c t o r a r e
31 z_c_ii = 0.24; // c o m p r e s s i b i l i t y f a c t o r o f e t h a n o l
32 z_c_jj = 0.229; // c o m p r e s s i b i l i t y f a c t o r o f the

water
33
34 // C r i t i c a l volume a r e g i v e n by
35 V_c_ii = z_c_ii*R*T_c_ii /( P_c_ii *100000) *10^(6);//

c r i t i c a l volume the e t h a n o l
36 V_c_jj = z_c_jj*R*T_c_jj /( P_c_jj *100000) *10^(6);//

c r i t i c a l volume the e t h a n o l
37
38 // Now
39 // f o r k i j = 0 . 0
40 T_c_ij_0 = (T_c_ii*T_c_jj)^(1/2);// [K]
41 w_ij = (w_ii + w_jj)/2;

42 z_c_ij = (z_c_ii + z_c_jj)/2;

43 V_c_ij = ( (V_c_ii ^(1/3) + V_c_jj ^(1/3))/2) ^(3);

44 P_c_ij_0 = (z_c_ij*R*T_c_ij_0)/( V_c_ij /10^(6))

/10^(5);// [ bar ]
45
46 // aga in f o r k i j = 0 . 0 1
47 T_c_ij_1 = (T_c_ii*T_c_jj)^(1/2) *(1 -0.01);// [K]
48 P_c_ij_1 = (z_c_ij*R*T_c_ij_1)/( V_c_ij /10^(6))

/10^(5);// [ bar ]
49
50 // Now
51 T_r_ii = T/T_c_ii;

52 T_r_jj = T/T_c_jj;

53 T_r_ij_0 = T/T_c_ij_0;
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54 T_r_ij_1 = T/T_c_ij_1;

55
56 // and
57 P_r_ii = P/P_c_ii;

58 P_r_jj = P/P_c_jj;

59 P_r_ij_0 = P/P_c_ij_0;

60 P_r_ij_1 = P/P_c_ij_1;

61
62 // Now we w i l l c a l c u l a t e f ( T r ) f o r each component

and mixture
63 f_Tr_ii = ( 0.083 - 0.422/ T_r_ii ^(1.6) ) + w_ii*(

0.139 - 0.172/ T_r_ii ^(4.2));

64 f_Tr_jj = ( 0.083 - 0.422/ T_r_jj ^(1.6) ) + w_jj*(

0.139 - 0.172/ T_r_jj ^(4.2));

65 f_Tr_ij0 = ( 0.083 - 0.422/ T_r_ij_0 ^(1.6) ) + w_ij*(

0.139 - 0.172/ T_r_ij_0 ^(4.2));

66 f_Tr_ij1 = ( 0.083 - 0.422/ T_r_ij_1 ^(1.6) ) + w_ij*(

0.139 - 0.172/ T_r_ij_1 ^(4.2));

67
68 // Let us d e f i n e A = ( P r ∗ f ( T r ) / T r ) , so
69 A_ii = P_r_ii*f_Tr_ii/T_r_ii;

70 A_jj = P_r_jj*f_Tr_jj/T_r_jj;

71
72 // We a r e g i v e n
73 v_ii = 0.975;

74 v_jj = 0.986;

75
76 // Now ,
77 B_ii = ( f_Tr_ii*R*T_c_ii/P_c_ii)*(10^(3) /10^(5));//

[ L/mol ]
78 B_jj = ( f_Tr_jj*R*T_c_jj/P_c_jj)*(10^(3) /10^(5));//

[ L/mol ]
79 B_ij0 = ( f_Tr_ij0*R*T_c_ij_0/P_c_ij_0)*(10^(3)

/10^(5));// [ L/mol ]
80 B_ij1 = ( f_Tr_ij1*R*T_c_ij_1/P_c_ij_1)*(10^(3)

/10^(5));// [ L/mol ]
81
82 // now we w i l l c a l c u l a t e ’ d e l t a ’
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83 delta_ij0 = 2*B_ij0 - B_ii - B_jj;// [ L/mol ]
84 delta_ij1 = 2*B_ij1 - B_ii - B_jj;// [ L/mol ]
85
86 // We have
87 // b a = B aa + y b ˆ ( 2 ) ∗ d e l t a and b b = B bb +

y a ˆ ( 2 ) ∗ d e l t a
88 // so ,
89 b_ethanol0 = B_ii + y_j ^(2)*delta_ij0;// [ L/mol ]
90 b_water0 = B_jj + y_i ^(2)*delta_ij0;// [ L/mol ]
91 b_ethanol1 = B_ii + y_j ^(2)*delta_ij1;// [ L/mol ]
92 b_water1 = B_jj + y_i ^(2)*delta_ij1;// [ L/mol ]
93
94 // Now
95 // p h i i = exp ( b i ∗P/(R∗T) )
96 // So ,
97 phi_ethanol0 = exp(( b_ethanol0*P)/(R_1*T));

98 phi_water0 = exp(( b_water0*P)/(R_1*T));

99 phi_ethanol1 = exp(( b_ethanol1*P)/(R_1*T));

100 phi_water1 = exp(( b_water1*P)/(R_1*T));

101
102 // and
103 // Y i = p h i i / v i
104 // So ,
105 Y_ethanol0 = phi_ethanol0/v_ii;

106 Y_water0 = phi_water0/v_jj;

107 Y_ethanol1 = phi_ethanol1/v_ii;

108 Y_water1 = phi_water1/v_jj;

109
110 printf(” The r e s u l t s a r e summarize i n the f o l l o w i n g

t a b l e \n\n”);
111 printf(” Proper ty \ t \ t \ t Mix , i j , Assuming k i j =

0 . 0 \ t \ t \ t Mix , i j , Assuming k i j = 0 . 0 1\ n”);
112 printf(” p h i e t h a n o l \ t \ t \ t \ t %f \ t \ t \ t \ t \ t %f\n ”,

phi_ethanol0 ,phi_ethanol1);

113 printf(” p h i w a t e r \ t \ t \ t \ t %f \ t \ t \ t \ t \ t %f \n”,
phi_water0 ,phi_water1);

114 printf(” Y ethano l \ t \ t \ t \ t %f \ t \ t \ t \ t \ t %f \n”,
Y_ethanol0 ,Y_ethanol1);
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115 printf(” Y water \ t \ t \ t \ t %f \ t \ t \ t \ t \ t %f \n\n”,
Y_water0 ,Y_water1);

116 printf(” Value o f ’ ’ v ’ ’ f o r e t h a n o l i s %f\n”,v_ii);
117 printf(” Value o f ’ ’ v ’ ’ water i s %f”,v_jj);

Scilab code Exa 9.10 Solubility parameter

1 clear;

2 clc();

3
4 // Example 9 . 1 0
5 // Page : 239
6 printf(”Example−9.10 Page no .−239\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9

10 T = 65+273.15; // [K] Temperature
11 R = 8.314; // [ (mˆ ( 3 ) ∗Pa ) /( mol∗K) ] U n i v e r s a l gas

c o n s t a n t
12 // From the t a b l e 9 .C ( page 239 ) g i v e n i n the book

the molar volumes and s o l u b i l i t y o f n−hexane and
d i e t h y l k e t o n e at 25 deg C a r e g i v e n as

13 v_hex = 131.6; // [ ml/mol ] Molar volume o f n−Hexane
14 v_dketone = 106.4; // [ ml/mol ] Molar volume o f

d i e t h y l k e t o n e
15 s_hex = 14.9; // [MPaˆ ( 0 . 5 ) ] S o l u b i l i t y o f n−Hexane
16 s_dketone = 18.1; // [MPaˆ ( 0 . 5 ) ] S o l u b i l i t y o f

d i e t h y l k e t o n e
17
18 // Here we w i l l use t h e s e v a l u e s with the assumpt ion

tha t Y i , 6 5C = Y i , 2 5C
19 // At i n f i n i t e d i l u t i o n , the volume f r a c t i o n o f the

o t h e r s p e c i e s i s 1 . 0 0 , so ,
20 // logY a = v a ∗ p h i b ˆ ( 2 ) ∗ ( d e l t a a − d e l t a b ) ˆ ( 2 ) /(R

∗T)
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21 // so , f o r n−Hexane
22 Y_hex = exp(v_hex *1^(2) *( s_hex - s_dketone)^(2)/(R*T

));

23
24 // And tha t f o r d i e t h y l k e t o n e
25 Y_dketone = exp(v_dketone *1^(2) *( s_dketone - s_hex

)^(2)/(R*T));

26 printf(” The i n f i n i t e d i l u t i o n a c t i v i t y c o e f f i c i e n t
o f n−Hexane i s %f\n”,Y_hex);

27 printf(” The i n f i n i t e d i l u t i o n a c t i v i t y c o e f f i c i e n t
o f d i e t h l y k e t o n e i s %f”,Y_dketone);

Scilab code Exa 9.11 Henrys Law Constant estimation

1 clear all

2 clear;

3 clc();

4
5 // Example 9 . 1 1
6 // Page : 243
7 printf(”Example−9.11 Page no .−243\n\n”);
8
9 // ∗∗∗Data ∗∗∗//

10
11 P = 1; // [ atm ]
12 T = 25; // [C ]
13 y_i = 1.00; // amount o f the oxygen i n the vapour
14 // Using the c o n s t a n t s f o r O2 i n t a b l e A. 2
15 A = 6.69147;

16 B = 319.0117;

17 C = 266.7;

18 // By Anto ine e q u a t i o n
19 // l o g 1 0 ( P i ) = A−B/(T+C)
20 P_i = 10^(A-B/(T+C));// [mmHg]
21 P_i = P_i /760; // [ atm ]
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22 // This i s e x t r a p o l a t e d vapour p r e s s u r e o f O2 at 25C
23 // We w i l l t ake t h i s v a l u e as e q u a l to the Henry ’ s

law c o n s t a n t
24 H_i = P_i;

25 x_i = y_i*P/H_i;

26 printf(” Henry ’ ’ s law c o n s t a n t f o r O2 i s %f atm\n”,
P_i);

27 printf(” s o l u b i l i t y o f O2 i s %e”,x_i);

Scilab code Exa 9.12 Calculation of the activity coefficient using Henrys
law

1 clear;

2 clc();

3
4 // Example 9 . 1 2
5 // Page : 244
6 printf(”Example−9.12 Page no .−244\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 y_a = 1.00;

10 P = 1.00; // [ atm ]
11 x_a = 0.231*10^( -4);

12 // Using the c o n s t a n t s f o r O2 i n t a b l e A. 2 i n the
Anto ine e q u a t i o n , we f i n d the vapour p r e s s u r e o f

the oxygen at 25C v i z .
13 p_a = 521.15; // [ atm ]
14 // Thus a c t i v i t y c o e f f i c i e n t i s c a l c u l a t e d by

r e w r i t i n g the e q u a t i o n 8 . 6 and u s i n g the above
v a l u e s

15 Y_O2 = (y_a*P)/(x_a*p_a);

16 printf(”The a c t i v i t y c o e f f i c i e n t o f the oxygen i n
the water i s %f”,Y_O2);
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Chapter 10

Vapor Liquid Equilibrium VLE
at High Pressures

Scilab code Exa 10.1 Bubble point temperature estimation

1 clear;

2 clc();

3
4 // Example 1 0 . 1
5 // Page : 260
6 printf(”Example−10.1 Page no .−260\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9

10 P = 100; // [ p s i a ] Bubble p o i n t p r e s s u r e
11 x_ethane = 0.10; // Mole f r a c t i o n o f e thane i n l i q u i d

phase
12 x_heptane = (1-x_ethane);

13
14 // a ) From f i g u r e 1 0 . 7 ( page 260 ) g i v e n i n the book
15 // We read the c h a r t to g e t the bubble−p o i n t

t empera tu re
16 // The dew p o i n t curve f o r 100 p s i a c r o s s e s the 10

mol% ethane l i n e at about t empera tu r e
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17 T1 = 165; // [C ]
18 // Now , we h o r i z o n t a l l y from tha t i n t e r s e c t i o n p o i n t

to the dew−p o i n t curve , f i n d i n g the vapor phase
c o m p o s i t i o n o f e thane

19 y1_e = 0.92;

20 y1_h = (1- y1_e);

21
22 // b ) By Raoult ’ s law , we use a t r i a l and e r r o r

p rocedureon the t empera tu r e
23 // Anto ine e q u a t i o n c o n s t a n t s f o r e t h a n o l a r e g i v e n
24 A_e = 6.80267;

25 B_e = 656.4028;

26 C_e = 255.99;

27
28 // and tha t f o r n−heptane a r e
29 A_h = 6.9024;

30 B_h = 1268.115;

31 C_h = 216.9;

32
33 // Anto ine e q u a t i o n i s g i v e n by
34 // ( l og10p ) = (A − B/(T+C) )
35 T = 50; // [C ]
36 err = 1;

37
38 while err > 10^( -4)

39 p1_e = (10^( A_e - B_e/(C_e + T)))*(14.7/760);

40 p1_h = (10^( A_h - B_h/(C_h + T)))*(14.7/760);

41 y2_e = p1_e*x_ethane/P;

42 y2_h = p1_h*x_heptane/P;

43 err = abs((y2_e + y2_h) - 1);

44 T = T + 0.0001;

45 end

46
47 // Changing the t empera tu r e i n deg F
48 T2 = T*9/5 + 32; // [ F ] Bubble−p o i n t t empera tu r e
49
50 // c ) In t h i s method , we use L−R r u l e , i n s t e a d o f

s i m p l e Raoult ’ s law
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51 // So ,
52 // y i = ( x i ∗ p i ) /( v i ∗P)
53 // Where c a l c u l a t e d v a l u e s o f v i from EOS a r e g i v e n

i n the t a b l e 1 0 .A and a r e
54 v_e = 0.950; // For e thane
55 v_h = 0.459; // For n−heptane
56
57 // We aga in use t r i a l and e r r o r on the t empera tu re
58 // Let us assume the i n i t i a l t empera tu r e
59 Ti = 50; // [C ]
60 err = 1;

61
62 while err > 10^( -4)

63 p2_e = (10^( A_e - B_e/(C_e + Ti)))*(14.7/760);

64 p2_h = (10^( A_h - B_h/(C_h + Ti)))*(14.7/760);

65 y3_e = p2_e*x_ethane /(P*v_e);

66 y3_h = p2_h*x_heptane /(P*v_h);

67 err = abs((y3_e + y3_h) - 1);

68 Ti = Ti + 0.0001;

69 end

70
71 // Changing the t empera tu r e i n deg F
72 T3 = Ti*9/5 + 32; // [ F ] Bubble−p o i n t t empera tu r e
73
74 printf(” The r e s u l t s a r e summarized i n the f o l l o w i n g

t a b l e : \ n\n”);
75 printf(” \ t V a r i a b l e \ t \ t \ t Va lues c a l c u l a t e d from

\ t \ t \ t Va lues c a l c u l a t e d from \ t \ t \ t Va lues
c a l c u l a t e d \n \ t \ t \ t \ t \ t from f i g u r e 1 0 . 7 \ t \ t \ t
Raoult ’ ’ s law \ t \ t \ t \ t \ t from L−R r u l e \n\n”);

76 printf(” \ t T( deg F) \ t \ t \ t \ t %f \ t \ t \ t \ t %f \ t \ t \ t
\ t %f\n”,T1 ,T2,T3);

77 printf(” \ t y e t h a n e \ t \ t \ t \ t %f \ t \ t \ t \ t %f \ t \ t \ t
\ t %f\n”,y1_e ,y2_e ,y3_e);

78 printf(” \ t y heptane \ t \ t \ t \ t %f \ t \ t \ t \ t %f \ t \ t \
t \ t %f\n\n”,y1_h ,y2_h ,y3_h);

79 printf(” Where T i s b o i l i n g p o i n t t empera tu r e ”);

106



Scilab code Exa 10.2 Bubble point temperature estimation

1 clear;

2 clc();

3
4 // Example 1 0 . 2
5 // Page : 262
6 printf(”Example−10.2 Page no .−262\n\n”);
7 printf(” P l e a s e wa i t f o r the r e s u l t \n\n”);
8
9 // ∗∗∗Data ∗∗∗//

10
11 P = 800; // [ p s i a ] Bubble p o i n t p r e s s u r e
12 x_ethane = 0.60; // Mole f r a c t i o n o f e thane i n l i q u i d

phase
13 x_heptane = (1-x_ethane);

14
15 // a ) From f i g u r e 1 0 . 7 ( page 260 ) g i v e n i n the book
16 // We read the c h a r t to g e t the bubble−p o i n t

t empera tu re
17 // The dew p o i n t curve f o r 800 p s i a c r o s s e s the 60

mol% ethane l i n e at about t empera tu r e
18 // T1 = 165
19 // Now , we h o r i z o n t a l l y from tha t i n t e r s e c t i o n p o i n t

to the dew−p o i n t curve , f i n d i n g the vapor phase
c o m p o s i t i o n o f e thane

20 // y1 e = 0 . 9 5
21 // But , by l i n e a r i n t e r p o l a t i o n i n the e x p e r i m e n t a l

data on which F igu r e 1 0 . 7 i s based we make a
s l i g h t l y more r e l i a b l e e s t i m a t e and g e t

22 T1 = 209; // [ F ]
23 y1_e = 0.945;

24 y1_h = (1- y1_e);

25
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26 // b ) By Raoult ’ s law , we use a t r i a l and e r r o r
p rocedureon the t empera tu r e

27 // Anto ine e q u a t i o n c o n s t a n t s f o r e t h a n o l a r e g i v e n
28 A_e = 6.80267;

29 B_e = 656.4028;

30 C_e = 255.99;

31
32 // and tha t f o r n−heptane a r e
33 A_h = 6.9024;

34 B_h = 1268.115;

35 C_h = 216.9;

36
37 // Anto ine e q u a t i o n i s g i v e n by
38 // ( l og10p ) = (A − B/(T+C) )
39 T = 50; // [C ]
40 err = 1;

41
42 while err > 10^( -4)

43 p1_e = (10^( A_e - B_e/(C_e + T)))*(14.7/760);

44 p1_h = (10^( A_h - B_h/(C_h + T)))*(14.7/760);

45 y2_e = p1_e*x_ethane/P;

46 y2_h = p1_h*x_heptane/P;

47 err = abs((y2_e + y2_h) - 1);

48 T = T + 0.0001;

49 end

50
51 // Changing the t empera tu r e i n deg F
52 T2 = T*9/5 + 32; // [ F ] Bubble−p o i n t t empera tu r e
53
54 // c ) In t h i s method , we use L−R r u l e , i n s t e a d o f

s i m p l e Raoult ’ s law
55 // So ,
56 // y i = ( x i ∗ p i ) /( v i ∗P)
57 // Where c a l c u l a t e d v a l u e s o f v i from EOS a r e g i v e n
58 v_e = 0.6290642; // For e thane
59 v_h = 0.0010113; // For n−heptane
60
61 // We aga in use t r i a l and e r r o r on the t empera tu re
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62 // Let us assume the i n i t i a l t empera tu r e
63 Ti = 10; // [C ]
64 err = 1;

65
66 while err > 10^( -4)

67 p2_e = (10^( A_e - B_e/(C_e + Ti)))*(14.7/760);

68 p2_h = (10^( A_h - B_h/(C_h + Ti)))*(14.7/760);

69 y3_e = p2_e*x_ethane /(P*v_e);

70 y3_h = p2_h*x_heptane /(P*v_h);

71 err = abs((y3_e + y3_h) - 1);

72 Ti = Ti + 0.0001;

73 end

74
75 // Changing the t empera tu r e i n deg F
76 T3 = Ti*9/5 + 32; // [ F ] Bubble−p o i n t t empera tu r e
77
78 printf(” The r e s u l t s a r e summarized i n the f o l l o w i n g

t a b l e : \ n\n”);
79 printf(” \ t V a r i a b l e \ t \ t \ t Va lues c a l c u l a t e d from

\ t \ t \ t Va lues c a l c u l a t e d from \ t \ t \ t Va lues
c a l c u l a t e d \n \ t \ t \ t \ t \ t from f i g u r e 1 0 . 7 \ t \ t \ t
Raoult ’ ’ s law \ t \ t \ t \ t \ t from L−R r u l e \n\n”);

80 printf(” \ t T( deg F) \ t \ t \ t \ t %f \ t \ t \ t \ t %f \ t \ t \ t
\ t %f\n”,T1 ,T2,T3);

81 printf(” \ t y e t h a n e \ t \ t \ t \ t %f \ t \ t \ t \ t %f \ t \ t \ t
\ t %f\n”,y1_e ,y2_e ,y3_e);

82 printf(” \ t y heptane \ t \ t \ t \ t %f \ t \ t \ t \ t %f \ t \ t \
t \ t %f\n\n”,y1_h ,y2_h ,y3_h);

83 printf(” Where T i s b o i l i n g p o i n t t empera tu r e ”);

Scilab code Exa 10.3 Bubble point temperature estimation using SRK
EOS

1 clear;

2 clc();

109



3
4 // Example 1 0 . 2
5 // Page : 262
6 printf(”Example−8.2 Page no .−262\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9

10 // The i n i t i a l data f o r t h i s example i s same as tha t
o f example 1 0 . 2 , i . e .

11 P = 800; // [ p s i a ] Bubble p o i n t p r e s s u r e
12 x_e = 0.60; // Mole f r a c t i o n o f e thane i n l i q u i d

phase
13 x_h = (1-x_e);// Mole f r a c t i o n o f n−heptane i n the

l i q u i d phase
14 R = 0.08314; // ( L∗ bar /( mol∗K) ) U n i v e r s a l gas

c o n s t a n t
15
16 // Changing the p r e s s u r e i n bar
17 Pb = (800/14.7) *(1.01325);// [ bar ]
18
19 // In t h i s problem we w i l l denote e thane by ’ e ’ and

tha t to n−heptane by ’ h ’
20 // From t a b l e A. 1 ( page 417 ) g i v e n i n the book ,

c r i t i c a l t e m p e r a t u r e s o f e thane and heptane a r e
21 T_c_e = 305.3; // [K]
22 T_c_h = 540.2; // [K]
23
24 // and c r i t i c a l p r e s s u r e s a r e
25 P_c_e = 48.72; // [ bar ]
26 P_c_h = 27.40; // [ bar ]
27
28 // a l s o the a c c e n t r i c f a c o r s a r e
29 w_e = 0.1;

30 w_h = 0.35;

31
32 // Thus we have
33 P_r_e = Pb/P_c_e;

34 P_r_h = Pb/P_c_h;
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35
36 // Now from e q u a t i o n s (F . 1 3 ) and (F . 1 4 ) ( page 459 )

g i v e n i n the book we have
37 // A e = 0 . 4 2 7 4 7 + ( 1 + ( 0 . 4 8 0 + 1 . 5 7 4∗ w e − 0 . 1 7∗

w e ˆ ( 2 ) ) ∗ ( 1 − T r e ˆ ( 0 . 5 ) ) ) ˆ ( 2 ) ∗ ( P r e / T r e ˆ ( 2 )
) ;

38 // A h = 0 . 4 2 7 4 7 + ( 1 + ( 0 . 4 8 0 + 1 . 5 7 4∗w h − 0 . 1 7∗
w h ˆ ( 2 ) ) ∗ ( 1 − T r h ˆ ( 0 . 5 ) ) ) ˆ ( 2 ) ∗ ( P r h / T r h ˆ ( 2 )
) ;

39 // and
40 // B e = 0 . 0 8 6 6 4∗ ( P r e / T r e ) ;
41 // B h = 0 . 0 8 6 6 4∗ ( P r h / T r h ) ;
42
43 // We w i l l t ake the he lp t r i a l and e r r o r method both

on Temperature and the vapor phase c o m p o s i t i o n
o f e thane

44 // Let us assume the s t a r t i n g t empera tu r e 200 deg F .
Changing t h i s t empera tu r e i n K

45 T = (200 -32) *5/9 + 273.15; // [K]
46 err = 1;

47
48 while err > 10^( -4)

49 T_r_e = T/T_c_e;

50 T_r_h = T/T_c_h;

51 A_e = 0.42747*( 1 + (0.480 + 1.574* w_e - 0.17*

w_e ^(2))*( 1 - T_r_e ^(0.5)))^(2)*(P_r_e/T_r_e

^(2));

52 A_h = 0.42747*( 1 + (0.480 + 1.574* w_h - 0.17*

w_h ^(2))*( 1 - T_r_h ^(0.5)))^(2)*(P_r_h/T_r_h

^(2));

53
54 B_e = 0.08664*( P_r_e/T_r_e);

55 B_h = 0.08664*( P_r_h/T_r_h);

56
57 // Now we w i l l t ake the s t a r t i n g v a l u e o f vapor

phase c o m p o s i t i o n o f e thane as
58 y_e = 0.9;

59 err1 = 1;
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60
61 while err1 > 10^( -6)

62 // Now v a l u e o f A mix and B mix f o r both
l i q u i d and vapor phase a r e c a l c u l a t e d as

63
64 A_mix_l = (x_e*sqrt(A_e) + x_h*sqrt(A_h))

^(2);// For l i q u i d phase
65 A_mix_v = (y_e*sqrt(A_e) + (1 - y_e)*sqrt(

A_h))^(2);// For vapor phase
66 B_mix_l = (x_e*B_e + x_h*B_h);// For l i q u i d
67 B_mix_v = (y_e*B_e + (1 - y_e)*B_h);// For

l i q u i d
68 deff( ’ [ y ]= f ( z1 ) ’ , ’ y = z1 ˆ ( 3 ) − z1 ˆ ( 2 ) + z1 ∗ (

A mix l − B mix l − B mix l ˆ ( 2 ) ) −
A mix l ∗B mix l ’ );

69 z_l = fsolve (0.2,f);

70 // and
71 deff( ’ [ y ]=g ( z2 ) ’ , ’ y = z2 ˆ ( 3 ) − z2 ˆ ( 2 ) + z2 ∗ (

A mix v − B mix v − B mix v ˆ ( 2 ) ) −
A mix v ∗B mix v ’ );

72 z_v = fsolve (0.3,g);

73 // Now
74 phi_el = B_e/B_mix_l *( z_l - 1) - log(z_l -

B_mix_l) - (A_mix_l/B_mix_l)*(2* sqrt(A_e/

A_mix_l)-B_e/B_mix_l)*log(1-B_mix_l/z_l);

75 phi_hl = B_h/B_mix_l *( z_l - 1) - log(z_l -

B_mix_l) - (A_mix_l/B_mix_l)*(2* sqrt(A_h/

A_mix_l)-B_h/B_mix_l)*log(1-B_mix_l/z_l);

76 phi_ev = B_e/B_mix_v *( z_v - 1) - log(z_v -

B_mix_v) - (A_mix_v/B_mix_v)*(2* sqrt(A_e/

A_mix_v)-B_e/B_mix_v)*log(1-B_mix_v/z_v);

77 phi_hv = B_h/B_mix_v *( z_v - 1) - log(z_v -

B_mix_v) - (A_mix_v/B_mix_v)*(2* sqrt(A_h/

A_mix_v)-B_h/B_mix_v)*log(1-B_mix_v/z_v);

78 K_e = phi_el/phi_ev;

79 K_h = phi_hl/phi_hv;

80 y_e1 = K_e*x_e;

81 y_h1 = K_h*x_h;
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82 err1 =abs((y_e1 - y_e));

83 y_e = y_e1;

84 end

85
86 err = abs((y_e1 + y_h1) -1);

87 T = T + 0.1;

88
89 end

90
91 // Changing the t empera tu r e i n deg F , we have
92 Tf = ( T - 273.15) *9/5 + 32; // [ F ]
93
94 printf(” Bubble p o i n t o f the g i v e n e t h a n o l and n−

heptane mixture at 800 p s i a i s %f deg F\n”,Tf);
95 printf(” Amount o f e t h a n o l i n the vapour phase o f

the mixture at the g i v e n c o n d i t i o n i s %f \n”,y_e1
);

96 printf(” Amount o f n−heptane i n the vapour phase o f
the mixture at the g i v e n c o n d i t i o n i s %f ”,y_h1);
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Chapter 11

LIquid Liquid Liquid Solid And
Gas Solid Equilibrium

Scilab code Exa 11.1 Reporting and presenting LLE data

1 clear;

2 clc();

3
4 // Example 1 1 . 1
5 // Page : 272
6 printf(”Example−11.1 Page no .−272\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 V_water = 1; // [ L ] volume o f the water

10 Temp = 25; // [C ]
11 d_benzene = 0.88; // [ g/ml ] d e n s i t y o f the benzene
12 M_benzene = 78; // [ g/mol ] m o l e c u l a r we ight o f the

benzene
13 M_water = 18; // [ g/mol ]
14 // T y p i c a l l y a bur e t w i l l d e l i v e r about 20 drops o f

l l i q u i d per m i l l i m e t e r , so moles o f benzene i n
one drop i s

15 n_1drop = 1/20*( d_benzene/M_benzene);// [ mol/ drop ]
16 // No o f moles i n 1 l i t r e o f the water i s
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17 n_water = 1000/ M_water;// [ mol ]
18 // Because 1 l i t r e = 1000 g
19 // Now from the t a b l e 1 1 . 1 ( page 273) , a t the

s a t u r a t e d c o n d i t i o n at the t empera tu r e 25C,
s o l u b i l i t y o f benzene i n the water i s

20 s_benzene = 0.000405;

21 n_benzene_saturate = s_benzene*n_water;// [ mol ]
22 // Thus no o f the drops o f the benzene i s
23 N_benzene = n_benzene_saturate/n_1drop;// [ drops ]
24 printf(”The t o t a l number o f the drops o f the

benznene r e q u i r e d to s a t u r a t e the water i s %0 . 0 f
drops ”,N_benzene);

Scilab code Exa 11.2 Reporting and presenting LLE data

1 clear;

2 clc();

3
4 // Example 1 1 . 2
5 // Page : 273
6 printf(”Example−11.2 Page no .−273\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 m_benzene = 1000; // [ lbm ]

10 M_benzene = 78; // [ lbm/ lbmol ]
11 // The t o t a l moles benzene a r e
12 n_benzene = m_benzene/M_benzene;// [ lbmol ]
13 // To s a t u r a t e the water with benzene
14 // the mole f r a c t i o n o f the benzene i n the water

w i l l be
15 x_benzene = 0.000405;

16 // and
17 // n benzene = x benzene ∗n T ;
18 // i n t h i s c a s e n benzene << n water , so n T =

n wate r
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19 // Thus
20 // n benzene = x benzene ∗ n wate r ;
21 n_water = n_benzene/x_benzene;// [ lbmol ]
22 m_water = n_water *18; // [ lbm ]
23 printf(”The amount o f the ground water tha t w i l l

make a s a t u r a t e d s o l u t i o n w i l l be %e lbm”,
m_water);

Scilab code Exa 11.3 ternary LLE

1 clear;

2 clc();

3
4 // Example 1 1 . 3
5 // Page : 277
6 printf(”Example−11.3 Page no .−277\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9

10 Temp = 25; // [C ]
11 n_water = 3.75; // [ mol ]
12 n_ethanol = 2.5; // [ mol ]
13 n_benzene = 3.75; // [ mol ]
14
15 // By the s i m p l e s t o i c h i o m t e t r y the o v e r a l l mole

f r a c t i o n s a r e
16
17 x_water = 0.375;

18 x_ethanol = 0.250;

19 x_benzene = 0.375;

20
21 // We l o c a t e the p o i n t c o r r e s p o n d i n g to t h i s

c o n c e n t r a t i o n on the diagram 1 1 . 1 ( page 277) , by
drawing any two o f the t h r e e s t r a i g h t l i n e s
c o r r e s p o n d i n g to t h o s e mole f r a c t i o n s .
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22 // We f i n d tha t the p o i n t f a l l s a lmost e x a c t l y on
the f i f t h t i e l i n e from the top .

23 // For t h i s the end−p o i n t v a l u e s a r e read from the
t a b l e 1 1 . 4 ( page 276 ) , which i s f i f t h row from
the bottom

24 // Thus i n water r ea ch phase we have the c o m p o s i t i o n
as

25 x_water_w = 64.9; // [%]
26 x_ethanol_w = 31.75; // [%]
27 x_benzene_w = 3.37; // [%]
28
29 // and i n the benzene r each phase c o m p o s i t i o n i s
30 x_water_b = 6.43; // [%]
31 x_ethanol_b = 18.94; // [%]
32 x_benzene_b = 74.62; // [%]
33 printf(”The c o m p o s i t i o n o f the two e q u i l i b r i u m

phase s i . e . water−r ea ch phase and benzene r each
phase i s as \n\n”);

34 printf(”\ t \ t \ t \ tWater−r ea ch phase \ t \ t \ t \ t \ t \ t \
tbenzene−r ea ch phase \n”);

35 printf(” Mol%% water \ t \ t \ t%f\ t \ t \ t \ t \ t \ t \ t \ t%f\n\n”
,x_water_w ,x_water_b);

36 printf(” Mol%% e t h a n o l \ t \ t \ t%f\ t \ t \ t \ t \ t \ t \ t \ t%f\n\
n”,x_ethanol_w ,x_ethanol_b);

37 printf(” Mol%% benzene \ t \ t \ t%f\ t \ t \ t \ t \ t \ t \ t \ t%f\n\
n”,x_benzene_w ,x_benzene_b);

Scilab code Exa 11.4 The elementary theory of LLE

1 clear;

2 clc();

3
4 // Example 1 1 . 4
5 // Page : 282
6 printf(”Example−11.4 Page no .−282\n\n”);
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7
8 // ∗∗∗Data ∗∗∗//
9

10 Temp = 25; // [C ]
11 // Here we assume benzene to be component 1 and

water to be componenet 2
12 // From t a b l e 1 1 . 1 g i v e n i n the book ( page 273)
13 // The mole f r a c t i o n o f benzene i n water i s
14 x_1in2 = 405; // [ ppm ]
15 // and the mole f r a c t i o n o f water i n benzene i s
16 x_2in1 = 3000; // [ ppm ]
17
18 // Thus mole f r a c t i o n o f water i n water r i c h phase

i s
19 x_water_w = (10^(6) -405) /(10^(6));

20 x_benzene_w = 1-x_water_w;

21
22 // and mole f r a c t i o n o f the benzene i n benzene r i c h

phase i s
23 x_benzene_b =(10^(6) -3000) /(10^(6));

24 x_water_b = 1-x_benzene_b;

25
26 // Here both x wate r and x benzene a r e n e a r l y e q u a l

to 1
27 // Thus assumpt ion used f o r d e r i v a t i o n o f the

e q u a t i o n 1 1 . 4 ( page 282) a r e s u i t a b l e he r e and the
e q u a t i o n i s

28 // x i 1 = y i 1 , where y i 1 i s a c t i v i t y
c o e f f i c i e n t

29
30 // So a c t i v i t y c o e f f i c i e n t o f benzene i n water i s
31 y_benzene = 1/( x_benzene_w);

32 // and a c t i v t y c o e f f i c i e n t o f the water i n benzene
i s

33 y_water = 1/( x_water_b);

34 printf(” A c t i v i t y c o e f f i c i e n t o f benzene i n water i s
%f\n\n”,y_benzene);

35 printf(” A c t i v i t y c o e f f i c i e n t o f water i n benzene i s
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%f”,y_water);

Scilab code Exa 11.5 Plot of the Gibbs free energy vs mole fraction

1 clear;

2
3 clc();

4
5 // Example 1 1 . 5
6
7 // Page : 283
8
9 printf(”Example−11.5 Page no .−283\n\n”);

10
11 // ∗∗∗Data ∗∗∗//
12
13
14 R = 8.314; // [ J /( mol∗K) ] U n i v e r s a l gas c o n s t a n t
15 T = 298.15; // [K] Temperature
16 g_a_0 = 2; // [ k j /mol ] Gibb ’ s f r e e ene rgy o f the pure

s p e c i e s ’ a ’
17 g_b_0 = 1; // [ k j /mol ] Gibb ’ s f r e e ene rgy o f the pure

s p e c i e s ’ b ’
18
19 for a = 0:3

20 deff(” [ y ]= f ( x ) ”,”y= x∗ g a 0 + (1−x ) ∗ g b 0 + (R∗T
) /1000∗ ( x∗ l o g ( x ) + (1−x ) ∗ l o g (1−x ) + x∗a∗(1−x )
ˆ ( 2 ) + (1−x ) ∗a ∗ ( x ) ˆ ( 2 ) ) ”)

21
22 x=[0.000001:0.01:0.99999];

23
24 fplot2d(x,f)

25 xlabel(” mole f r a c t i o n o f s p e c i e s a , x a ”);
26 ylabel(” gibb ’ ’ s f r e e ene rgy per mole o f mixture ,

g m i x t u r e kJ/mol”);
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27 end

28
29 printf(” The p l o t i s shown i n the g r a p h i c window . ”);

Scilab code Exa 11.6 Two liquid phase

1 clear;

2 clc();

3
4 // Example 1 1 . 6
5 // Page : 283
6 printf(”Example−11.6 Page no .−284\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9

10 T = 92 + 273.15; // [K] Temperature o f the system
11 R = 8.314; // [mˆ ( 3 ) ∗Pa /( mol∗K) ] u n i v e r s a l gas

c o n s t a n t
12 // Van Laar e q u a t i o n c o e f f i c i e n t s a r e g i v e n
13 A = 1.2739;

14 B = 3.9771;

15
16
17 // From van l a a r equat i on , f o r water , we have
18 // lnY a = Bˆ ( 2 ) ∗A∗(1− x a ) ˆ ( 2 ) /(A∗ x a + B∗(1− x a ) )

ˆ ( 2 ) ;
19 // S i m i l a r i l y f o r n−butano l
20 // lnY b = Aˆ ( 2 ) ∗B∗ x a ˆ ( 2 ) /(A∗ x a + B∗(1− x a ) ) ˆ ( 2 ) ;
21
22 // Let us say , g = g mix − sum ( x i ∗ g i 0 )
23 // So , p l o t t i n g g vs x i we have
24
25 deff(” [ y ]= f ( x a ) ”,”y = (R∗T/1000) ∗ ( x a ∗ l o g ( x a ) +

(1− x a ) ∗ l o g (1− x a ) + x a ∗ (Bˆ ( 2 ) ∗A∗(1− x a ) ˆ ( 2 ) /(A∗
x a + B∗(1− x a ) ) ˆ ( 2 ) ) + (1− x a ) ∗ (Aˆ ( 2 ) ∗B∗ x a ˆ ( 2 )
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/(A∗ x a + B∗(1− x a ) ) ˆ ( 2 ) ) ) ”)
26
27 x_a = [0.000001:0.01:0.99999];

28 fplot2d(x_a ,f)

29 xlabel(” Mol f r a c t i o n o f s p e c i e s a , x a ”);
30 ylabel(” g mix − sum ( x i ∗ g i 0 ) ”);
31
32 // Now drawing tangent
33 x = [0.000001:0.01:0.99999];

34 plot2d(x ,[1.2090312*x - 1.251495764])

35
36 // F igu r e shows the r e s u l t s o f the c a l c u l a t i o n o f

the whole range o f x a
37 // Drawing the tangent to the curve , the l i n e

t o u c h e s the curve at two p o i n t s x a = 0 . 4 7 and
0 . 9 7

38 printf(” Thus based on the s e v e r a l a s sumpt ions tha t
the Van Laar e q u a t i o n i s an a c c u r a t e
r e p r e s e n t a t i o n o f LLE , \ n”);

39 printf(” we would c o n c l u d e tha t at 92 deg C water−n−
butano l does form two l i q u i d phase s . ”);

Scilab code Exa 11.7 Effect of temperature on LLE

1 clear;

2 clc();

3
4 // Example 1 1 . 7
5 // Page : 286
6 printf(”Example−11.7 Page no .−286\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 R = 8.314; // [ J /( ml∗K) ]

10 // We f i n d tha t the water i n benzene l e a s t s q u a r e s
f i t l i n e has the e q u a t i o n
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11 // l o g ( x wate r ( benzene−r ea ch phase ) ) = 4 .175 −2967 .7/
T

12
13 // e q u a t i o n 1 1 . 7 i n the book ( page 286) i s
14 // l o g ( x i 1 ) = ( h i 0−h i a v e r a g e ) /(RT) + c o n s t a n t

o f i n t e g r a t i o n
15
16 // Comparing the two e q u a t i o n s term by term , we have
17
18 // ( h i 0−h i a v e r a g e ) /(RT) = −2967.7/T
19 // l e t us say ( h i 0−h i a v e r a g e ) = h mix
20 // So tha t
21 h_mix = -2967.7*R/1000; // [ kJ/mol ] Heat o f mix ing o f

water−in−benzene
22
23 // Now , f o r benzene−in−water the c o n s t a n t i n the

above e q u a t i o n i s −522.9K, so
24 h_mix_1 = 522.9*R/1000; // [ kJ/mol ] Heat o f mix ing o f

benzene−in−water
25
26 printf(” Heat o f mix ing o f water−in−benzene i s g i v e n

as %f kJ/mol\n”,h_mix);
27 printf(” Heat o f mix ing o f benzene−in−water i s g i v e n

as %f kJ/mol”,h_mix_1);

Scilab code Exa 11.8 Effect of temperature on LLE

1 clear;

2 clc();

3
4 // Example 1 1 . 8
5 // Page : 287
6 printf(”Example−11.8 Page no .−287\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
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9
10 T_i = 50; // [ F ] I n i t i a l t empera tu r e o f the system
11 T_f = 20; // [ F ] F i n a l t empera tu r e o f the system
12 M_gas = 115; // [ g/mol ] Mo l e cu l a r we ight o f g a s o l i n e

at room tempera tu re
13 M_water = 18; // [ g/mol ] Mo l e cu l a r we ight o f water at

the room temperaa tur e
14 d = 720; // [ g/L ] d e n s i t y o f g a s o l i n e at the room

tempera tu re
15
16 // From Figu r e 1 1 . 1 0 ( page 288 ) , s o l u b i l i t y o f the

water i n g a s o l i n e ( s i m i l a r to s o l u b i l i t y o f
water i n c y c l o h e x a n e ) at 50 deg F i s g i v e n as

17 s_50 = 0.00026; // [ mol f r a c t i o n ]
18
19 // And l i n e a r l y e x t r a p l o t i n g the c y c l o h e x a n e curve

i n f i g u r e 1 1 . 1 0 to 20 deg F , we g e t the
s o l u b i l i t y o f water at 20 deg F as

20 s_20 = 0.0001; // [ mol f r a c t i o n ]
21
22 // So , r e j e c t e d water i s
23 s_rej = s_50 - s_20;// mol o f water per mole o f

g a s o l i n e
24
25 // In terms o f weight , r e j e c t e d water w i l l be
26 w = (s_rej*d*M_water)/M_gas;// [ g water /L g a s o l i n e ]
27
28 printf(” The amount o f water tha t w i l l come out o f

the s o l u t i o n i n the g a s o l i n e w i l l be %f g water /L
g a s o l i n e \n”,w);

29 printf(” At 20 deg F we would e x pe c t t h i s water to
become s o l i d i c e , f o rming a p i e c e l a r g e enough to

p lug the f u e l l i n e o f a parked auto . ”);

Scilab code Exa 11.9 Distribution coefficients
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1 clear;

2 clc();

3
4 // Example 1 1 . 9
5 // Page : 290
6 printf(”Example−11.9 Page no .−290\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 Temp = 25; // [C ]

10 x_water = 5; // [ mo ]
11 x_benzene = 0.1; // [ mol ]
12
13 // The f u g a c i t y o f the e t h a n o l must be same i n both

phase s so tha t we have d i s t r i b u t i o n c o e f f i c i e n t
14
15 // K = ( d i s t r i b u t i o n c o e f f i c i e n t ) = x e t h a n o l (

w a t e r r i c h phase ) / x e t h a n o l ( benzene−r i c h phase ) =
y e t h a n o l ( benzene−r i c h phase ) / y e t h a n o l ( water−

r i c h phase )
16 // Here d i s t r i b u t i o n c o e f f i c i e n t i s d e f i n e d as rhe

r a t i o o f mole f r a c t i o n s o f the d i s t r i b u t e d s o l u t e
between the two phase s .

17
18 // We o b s e r v e tha t f o r the f i r s t e x p e r i m e n t a l data

s e t i n t a b l e 1 1 . 4 i n the book ( page 276)
19 x_ethanol_water_rich = 3.817; // [%]
20 x_ethanol_benzene_rich = 1.010; // [%]
21
22 // So
23 K = x_ethanol_water_rich/x_ethanol_benzene_rich;

24
25 // Now f o r a l l the data s e t i n the t a b l e 1 1 . 4 i n the

book ( page 276) , we w i i l draw a p l o t
26
27 X =

[3.817 ,7.968 ,12.977 ,18.134 ,23.540 ,24.069 ,27.892 ,31.725 ,35.510 ,39.382 ,41.062 ,41.771];

28 Y =
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[1.010 ,3.323 ,5.860 ,9.121 ,12.939 ,13.340 ,16.090 ,18.943 ,22.444 ,26.216 ,29.341 ,33.093];

29 Z = X./Y;

30
31 // P l o t t i n g the graph between ’Z ’ and ’Y’
32 plot(Y,Z);

33 xgrid();

34 xlabel(”Mol% e t h a n o l i n benzene−r i c h phase ”);
35 ylabel(” D i s t r i b u t i o n c o e f f i c i e n t o f e thano l ,

K ethano l ”);
36
37 // We s e e from the p l o t tha t at the low mole p e r c e n t

o f e t h a n o l , the d i s t r i b u t i o n c o e f f i c i e n t i s
approx imate l y

38 K_1 = 4;

39
40 // Thus r a t i o o f the amount o f the e t h a n o l

d i s t r i b u t e d i n the two phase s w i l l be 4
41 // the amount i n mol % i s
42 // f o r water r i c h phase
43 m_water_rich = 100* K_1/(K_1 +1);

44 m_benzene_rich = 100/( K_1+1);

45
46 printf(” Ethanol ’ ’ s 0 . 1 mol d i s t r i b u t e d i n the water

r i c h phase w i l l be %f mol%% o f the t o t a l mol\n
”,m_water_rich);

47 printf(” Ethanol ’ ’ s 0 . 1 mol d i s t r i b u t e d i n the
benzene r i c h phase w i l l be %f mol%% o f the t o t a l
mol”,m_benzene_rich);

Scilab code Exa 11.10 The experimental determination of LSE

1 clear;

2 clc();

3
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4 // Example 1 1 . 1 0
5 // Page : 293
6 printf(”Example−11.10 Page no .−293\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 Temp = 20; // [C ]

10 // At t h i s t empera tu r e s o l u b i l i t y o f NaCl i s
11 s = 36.0; // [ g per 100 g o f water ]
12 M_NaCl = 58.5; // [ g/mol ] m o l e c u l a r we ight o f NaCl
13 M_water = 18; // [ g/mol ] m o l e c u l a r we ight o f water
14
15 // we ight f r a c t i o n o f NaCl
16 w = s/(s+100);

17 // In we ight p e r c e n t a g e
18 w_percent = w*100; // [ wt %]
19
20 // Mol f r a c t i o n o f the NaCl
21 x = (s/M_NaCl)/((s/M_NaCl)+(100/ M_water));

22 // In mol p e r c e n t a g e
23 x_percent = x*100; // [ mol %]
24
25 printf(” Weight f r a c t i o n o f the NaCl i n the

s a t u r a t e d s o l u t i o n i s %0 . 1 f wt %%\n”,w_percent);
26 printf(” Mol f r a c t i o n o f the NaCl i n the s a t u r a t e d

s o l u t i o n i s %0 . 0 f mol %%\n”,x_percent);

Scilab code Exa 11.11 The experimental determination of LSE

1 clear;

2 clc();

3
4 // Example 1 1 . 1 1
5 // Page : 293
6 printf(”Example−11.11 Page no .−293\n\n”);
7
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8 // ∗∗∗Data ∗∗∗//
9 T_inlet = 68; // [ F ]

10 T_outlet = 110; // [ F ]
11
12 // from the f i g u r e 1 1 . 1 3 we read tha t at 68F the

s o l u b i l i t y o f CaCO3 and CaSO4 . 2H2O a r e
13 s_inlet_carbonate = 60; // [ ppm ]
14 s_inlet_sulphate = 2020; // [ ppm ]
15
16 // At 110F the s o l u b i l i t y o f the CaCO3 i s
17 s_outlet_carbonate = 40; // [ ppm ]
18 // at 110F the l e a s t s o l u b l e form o f the CaSO4 i s

anhydr ide with the s o l u b i l i t y
19 s_outlet_sulphate = 2000; // [ ppm ]
20 // This i s c l o s e enough to the s o l u b i l i t y o f the

gypsum at 68F
21 // so we c o n c l u d e tha t we would not e x p e c t e i t h e r

form o f CaSO4 to p r d c i p i t a t e
22
23 // Thus t o t a l amount o f the ca l c i um ca r b o n a t e which

w i l l c ime out o f the s o l u t i o n and w i l l remain
i n the h e a t e r w i l l be

24 w = s_inlet_carbonate - s_outlet_carbonate;// [ ppm ]
25 printf (” Tota l amount o f the s o l i d l e f t beh ind i n

the h e a t e r w i l l be %0 . 1 f ppm\n\n”,w);
26
27 // Now i f a t y p i c a l housho ld water h e a t e r h e a t s 100

g a l l o n s / per day , we would e xp e c t to d e p o s i t e
28 w_per_day = w*10^( -6) *100*8.33; // [ l b / day ]
29 printf (” Tota l amount o f the s o l i d l e f t beh ind i n

the h e a t e r per day w i l l be %f l b / day ”,w_per_day);

Scilab code Exa 11.12 Estimation of the activity coefficients

1 clear;

127



2 clc();

3
4 // Example 1 1 . 1 2
5 // Page : 298
6 printf(”Example−11.12 Page no .−298\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 x_2 = 0.1;

10
11 // y i 1 = ( x i i d e a l / x i 1 ) , a t c o n s t a n t

t empera tu re
12 // From f i g u r e s 1 1 . 1 5 and 1 1 . 1 6 g i v e n i n the book (

page 298−299) ( or the e q u a t i o n s o f the l i n e s on
t h o s e f i g u r e s , p r e s e n t e d i n [ 1 4 ] ) we can
compute the v a l u e s i n Table 1 1 . 6

13
14 // We s e e tha t at x s o l u t e = 10%
15 // T m/T f o r the s o l u t i o n i n benzene at which l o g (

x e x p e r i m e n t a l ) = −1 i s e q u a l to 1 . 3 3 2
16 // and tha t f o r the s o l u t i o n i n CCl4 i s e q u a l to

1 . 2 8 8
17
18 //Now at the tha t v a l u e o f the T m/T
19 x_ideal_benzene = 0.114;

20 x_ideal_CCl4 = 0.152;

21
22
23 // In benzene the ave rage t h e s e compounds i s
24 y_i_1 = x_ideal_benzene/x_2;// c o r r e s p o n d i n g to

p r a c t i c a l l y i d e a l s o l u t i o n
25
26 // and i n benzene the ave rage o f t h e s e compounds i s
27 y_i_2 = x_ideal_CCl4/x_2;// c o r r e s p o n d i n g to mi ld

type I I b e h a v i o r
28
29 printf(” A c t i v i t y c o e f f i c i e n t i n benzene

c o r r e s p o n d i n g to p r a c t i c a l l y i d e a l s o l u t i o n i s %0
. 2 f \n”,y_i_1);
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30 printf(” A c t i v i t y c o e f f i c i e n t i n CCl4 c o r r e s p o n d i n g
to mi ld type I I b e h a v i o r i s %0 . 2 f ”,y_i_2)
;

Scilab code Exa 11.13 Solubility of NaCl in water

1 clear;

2 clc();

3
4 // Example 1 1 . 1 3
5 // Page : 299
6 printf(”Example−11.13 Page no .−299\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9

10 T = 273.15+20; // [K]
11
12 // The e q u a t i o n 1 1 . 1 5 ( page 297) i s g i v e n by
13 // l o g ( 1 / ( x i 1 ∗ y i 1 ) ) = l o g ( p i s o l i d p h a s e /

p i s u b c o o l e d l i q u i d ) = d e l t a h s o l i d t o l i q u i d /(
R∗T m e l t i n g p o i n t ) ∗ ( T m e l t i n g p o i n t /T−1)

14
15 // I g n o r i n g the moment the w i l d e x t r a p l a t i o n

invo l v ed , we s imp ly i n s e r t the a p p r o p r i a t e v a l u e s
16 T_m = 273.15+800; // [K]
17 delta_h_fusion = 30219; // [ J/g ]
18 R = 8.314; // [ J /( mol∗K) ]
19
20 // Let l o g ( 1 / ( x i 1 ∗ y i 1 ) ) = a
21 a = delta_h_fusion /(R*T)*(T_m/T-1);

22
23 // Now
24 x_NaCl_into_y_i_1 = 1/exp(a);

25
26 // I f we make the p l a u s i b l e assumpt ion tha t y i 1 =
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1 . 0 0 , then
27 x_NaCl = 1/exp(a)*1;

28 printf(” The s o l u b i l i t y o f the NaCl i n water at 20
deg C i s %e \n”, x_NaCl);

29 printf(” But the e x p e r i m e n t a l v a l u e i s 0 . 1 , so ,
S i m i l a r to the r e s u l t s i n book , our r e s u l t s a r e
very f a r wrong ”);

Scilab code Exa 11.14 Gas solid equilibrium at low pressures

1 clear;

2 clc();

3
4 // Example 1 1 . 1 4
5 // Page : 301
6 printf(”Example−11.14 Page no .−301\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 P = 1*14.7; // [ p s i a ]

10 T = 30; // [ F ]
11 // ∗∗∗∗∗∗//
12 //The vapour p r e s s u r e o f i c e at 30F i s 0 . 0 8 0 8 p s i a

i . e .
13 p_ice = 0.0808; // [ p s i a ]
14 // We may assume tha t the s o l u b i l i t y o f n i t r o g e n

and oxygen i n s o l i d i c e i s n e g l i g i b l e
15 // Thus
16 x_water_in_ice = 1.00;

17 // and thus use Raoult ’ s law , f i n d i n g
18 y_water_vapour = x_water_in_ice*p_ice/P;

19 printf(” E q u i l i b r i u m c o n c e n t r a t i o n o f water vapour
i n the a i r i s %0 . 4 f ”,y_water_vapour);
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Scilab code Exa 11.15 GSE at high pressures

1 clear;

2 clc();

3
4 // Example 1 1 . 1 5
5 // Page : 302
6 printf(”Example−11.15 Page no .−302\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 T = 273.15+35; // [K]

10 p_d = 100; // [ atm ]
11 R = 82.06; // [ ( cm ˆ ( 3 ) ∗atm ) /( mol∗K) ]
12 // ∗∗∗∗∗∗//
13
14 //The c a l c u l a t e d vapour p r e s s u r e o f naphtha l ene at

35C i s
15 p_naphthalene = 0.00065; // [ atm ]
16 //The s o l i d i s p r a c t i c a l l y pure naphtha l ene
17 x_naphthalene = 1.00;

18 // Tota l p r e s s u r e
19 P = p_d;

20 //By Raoult ’ s law
21 y_naphthalene = x_naphthalene*p_naphthalene/P;

22 //At t h i s h igh a p r e s s u r e the volume o f s o l i d
naphtha l ene i s

23 v = 132; // [ cm ˆ ( 3 ) /mol ]
24 // We have e q u a t i o n l o g ( f d / f c ) = v /(R∗T) ∗ ( p d−p c )
25 p_c = 1; // [ atm ]
26 f_d_by_f_c = exp(v/(R*T)*(p_d -p_c));

27 // and the e s t i m a t e d
28 y_naphthalene = f_d_by_f_c*y_naphthalene;

29 printf(” Est imated s o l u b i l i t y o f naphtha l ene i n CO2
i s %e”,y_naphthalene);
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Chapter 12

Chemical Equilibrium

Scilab code Exa 12.1 Gibbs free energy

1 clear;

2 clc();

3
4 // Example 1 2 . 1
5 // Page : 311
6 printf(”Example−12.1 Page no .−311\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 T = 298.15; // [K] t empera tu r e

10 P = 1; // [ atm ] p r e s s u r e
11 R = 8.314*10^( -3);// [ kJ /( mol∗K) ]
12
13 // For an i d e a l b i n a r y s o l u t i o n the Gibbbs f r e e

ene rgy i s g i v e n by
14 // g mix = summation ( x i ∗ g i 0 ) + R∗T∗ summation ( x i ∗

l o g ( x i ) )
15 // D i f f e r e n t i a t i n g the above e q u a t i o n with r e s p e c t

to x a , remembering tha t f o r a b i n a r y mixture
dx b = dx a , f i n d i n g

16
17 // dg mix / dx a = g a 0−g b 0+R∗T∗ [ l o g ( x a )+1−( l o g (
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x b ) +1) ]
18 // and x a+x b = 1
19 // so
20 // dg mix / dx a = g a 0−g b 0+R∗T∗ [ l o g ( x a /(1− x a ) ) ]
21
22 // s e t t i n g up t h i s e q u a l to z e r o ( to f i n d the

minimum on the g−x curve ) and s o l v i n g g i v e s
23 // x a /(1− x a ) = exp ( ( g b 0−g a 0 ) /(R∗T) )
24
25 // From the t a b l e A. 8 ( page 427) r e p o r t e d i n the

book , pure component Gibbs f r e e e n e r g i e s f o r
i s obutane , a , and n−butane , b , we f i n d

26 g_a_0 = -20.9; // [ kJ/mol ]
27 g_b_0 = -17.2; // [ kJ/mol ]
28
29 // Now s o l v i n g the above e q u a t i o n f o r x a , we have
30 x_a = exp((g_b_0 -g_a_0)/(R*T))/(1+ exp((g_b_0 -g_a_0)

/(R*T)));

31 x_b = 1-x_a;

32 printf(” The c h e m i c a l e q u i l i b r i u m c o m p o s i t i o n o f the
g a s e o u s mixture c o n t a i n s %f mol f r a c t i o n

i s o b u t a n e \n \ t \ t \ t \ t \ t \ t \ t \ tand %f mol f r a c t i o n n
−butane ”,x_a ,x_b);

Scilab code Exa 12.2 Calculation of the Equilibrium constants

1 clear;

2 clc();

3
4 // Example 1 2 . 2
5 // Page : 319
6 printf(”Example−12.2 Page no .−319\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 T = 298.15; // [K] t empera tu r e
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10 P = 0.987; // [ atm ] p r e s s u r e
11 g_0_NO = 86.6; // [ kJ/mol ] Free ene rgy o f f o r m a t i o n

the NO from e l e m e n t s
12 R = 8.314; // [ J /( mol∗K) ]
13
14 // And the c o r r e s p o n d i n g v a l u e s f o r the e l e m e n t s N2

and O2 ar e
15 g_0_O2 = 0.00;

16 g_0_N2 = 0.00;

17
18 // The r e a c t i o n o f the n i t r o g e n and oxygen to form

n i t r i c o x i d e at 2 9 8 . 1 5 K i s
19 // N2 + O2 = NO
20
21 // Here
22 delta_g_0 = 2* g_0_NO - g_0_O2 - g_0_N2;// [ kJ/mol ]
23 // Changing i n the J/mol
24 delta_g_01 = delta_g_0 *1000; // [ J/mol ]
25
26 // hence
27 K_298 = exp((- delta_g_01)/(R*T));

28
29 // The a c t i v i t i e s a r e a l l
30 // a i = f i / f i 0
31 // f i 0 c o r r e s p o n d to the s tandard s t a t e , which f o r

gas at i d a e l gas s t a t e a r e
32 f_0_N2 = 1; // [ bar ]
33 f_0_O2 = 1; // [ bar ]
34 f_0_NO = 1; // [ bar ]
35
36 // I f we make the most g e n e r a l s ta t ement o f the

a c t i v i t i e s ( f o r g a s e s ) we would have
37 // a i = y i ∗ v i ∗Y i ∗P/ f i 0 = y i ∗ ph i ∗P/ f i 0
38
39 // At t h i s low p r e s s u r e we may s a f e l y asssume tha t

the NO, O2 and N2 behave as i d e a l g a s e s f o r which
v i ∗Y i = phi = 1 . 0 0 and s u b s t i t u t i n g t h e s e we
f i n d
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40 // K 298 = [ a NO ] ˆ ( 2 ) / ( [ a N2 ] ∗ [ a O2 ] ) = [ y NO ] ˆ ( 2 )
/ ( [ y N2 ] ∗ [ y O2 ] )

41
42 // Now u s i n g t h i s e q u i l i b r i u m c o n s t a n t we can

c a l c u l a r e he e q u i l i b r i u m c o n c e n t r a t i n o f NO i n
the a i r sample i n which

43 // oxygen = 21%, n i t r o g e n = 78% and argon = 1% , so
44 y_N2 = 0.78;

45 y_O2 = 0.21;

46
47 // Hence From above e x p r e s s i o n , we have
48 y_NO_298 = sqrt(K_298*y_N2*y_O2);

49
50 // Making the s i m i l a r c a l c u l a t i o n s f o r the

t empera tu re 2000 K, we have
51 T_1 = 2000; // [K]
52 K_2000 = exp((- delta_g_01)/(R*T_1));

53
54 // So ,
55 y_NO_2000 = sqrt(K_2000*y_N2*y_O2)*10^(6);// [ ppm ]
56
57 printf(” The e q u i l i b r i u m c o n s t a n t f o r the r e a c t i o n

at 2 9 8 . 1 5 K i s \ t \ t \ t %e\n”,K_298);
58 printf(” The c o n c e n t r a t i o n o f NO at e q u i l i b r i u m at

t empera tu re 2 9 8 . 1 5 K i s \ t \t%e\n”,y_NO_298);
59 printf(” The e q u i l i b r i u m c o n s t a n t f o r the r e a c t i o n

at 2000 K i s \ t \ t \ t %e\n”,K_2000);
60 printf(” The c o n c e n t r a t i o n o f NO at e q u i l i b r i u m at

t empera tu re 2000 K i s \ t \ t%f ppm”,y_NO_2000);

Scilab code Exa 12.3 Change of reactant concentration

1 clear;

2 clc();

3
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4 // Example 1 2 . 3
5 // Page : 321
6 printf(”Example−12.3 Page no .−321\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 Temp = 2000; // [K]

10 n_air = 1; // [ mol ] no o f moles o f the a i r
11
12 // Let the mo l e s s o f the NO formed be 2∗x
13 // Then at e q u i l i b r i u m the u n r e a c t ed moles o f the N2

and O2 w i l l be (0.78−x ) and (0.21−x )
r e s p e c t i v e l y

14
15 // from the p r e v i o u s example , we have
16 // [ y NO ] ˆ ( 2 ) = K 298 ∗ [ y N2 ] ∗ [ y O2 ]
17 // he r e
18 K_2000 = 4*10^( -4);

19 // S u b s t i t u t i n g a l l the va lue s , we have
20 // (2∗ x ) ˆ ( 2 ) = K 2000 ∗(0.78−x ) ∗(0.21−x )
21
22 //Now
23 deff( ’ [ y ]= f ( x ) ’ , ’ y = (2∗ x ) ˆ ( 2 ) − K 2000 ∗(0.78−x )

∗(0.21−x ) ’ );
24 // d e f f ( ’ [ y ]= f ( x ) ’ , ’ y = ( K 2000−2)∗x ˆ ( 2 )−K 2000

∗ ( 0 . 7 8 + 0 . 2 1 ) ∗x+K 2000 ∗ 0 . 7 8 ∗ 0 . 2 1 ’ ) ;
25 x = fsolve(0,f);

26 // Here n e g a t i v e r o o t i s mean ing l e s s , so
27 // c o n c e n t r a t i o n o f NO
28 c_NO = 2*x*10^(6);// [ ppm ]
29 // now
30 p = c_NO /8100*100;

31 printf(” The c a l c u l a t e d NO c o c e n t r a t i o n i s %f ppm ,
which %f%% o f the v a l u e computed i n example 1 2 . 1 ”
,c_NO ,p);
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Scilab code Exa 12.4 Mass action law

1 clear;

2 clc();

3
4 // Example 1 2 . 4
5 // Page : 323
6 printf(”Example−12.4 Page no .−323\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 n_water_0 = 0.833; // [ mol ]

10 n_ethylene_0 = 1; // [ mol ]
11 n_ethanol_0 = 0; // [ mol ]
12 n_T_0 = (n_water_0+n_ethylene_0+n_ethanol_0);// [ mol ]
13
14 // In g e n e r a l , we must have
15 // K = [ a C2H5OH ] / ( [ a C2H4 ] ∗ [ a H2O ] )
16
17 // Here we w i l l assume tha t we have an i d e a l

s o l u t i o n o f the i d e a l g a s e s f o r which i n e q u a t i o n
1 2 . 1 8 ( page 320) , we have

18 // v i ∗Y i = phi = 1 . 0 0 , and tha t f o r each r e a c t a n t
or product f i 0 = 1 bar so tha t

19 // [ a C2H5OH ] / ( [ a C2H4 ] ∗ [ a H2O ] ) = K = [ x C2H5OH∗P
/(1 bar ) ] / ( [ x C2H4∗P/(1 bar ) ] ∗ [ x H2O∗P/(1 bar ) ] )

20 // So
21
22 // K = [ x C2H5OH ] / ( [ x C2H4 ] ∗ [ x H2O ] ) ∗ (1 bar ) /P
23 // Here the s t o i c h i o m e t r i c c o e f f i c i e n t s a r e −1,−1

and +1 , so tha t summation ( v i ) = −1 and
24
25 // [(0+ e ) /(1.833− e ) ] / ( [ ( 1 − e ) /(1.833− e ) ]∗ [ ( 0 . 8 3 3 − e )

/(1.833− e ) ] ) = K∗P/(1 bar )
26 printf(” ’ ’ The mass a c t i o n law ’ ’ s t a t ement f o r the

g i v e n r e a c t i o n i s \n\n [(0+ e ) /(1.833− e ) ] / ( [ ( 1 − e )
/(1.833− e ) ]∗ [ ( 0 . 8 3 3 − e ) /(1.833− e ) ] ) = K∗P/(1 bar ) ”
)
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Scilab code Exa 12.5 Mass action law

1 clear;

2 clc();

3
4 // Example 1 2 . 5
5 // Page : 324
6 printf(”Example−12.5 Page no .−324\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 Temp = 298; // [K]

10 K = 29.6; // e q u i l i b r i u m c o n s t a n t at 298 K
11 P = 1; // [ bar ]
12 n_water_0 = 0.833; // [ mol ]
13 n_ethylene_0 = 1; // [ mol ]
14 n_ethanol_0 = 0; // [ mol ]
15 n_T_0 = (n_water_0+n_ethylene_0+n_ethanol_0);// [ mol ]
16
17 // From the p r e v i o u s example , we have
18 // [(0+ e ) /(1.833− e ) ] / ( [ ( 1 − e ) /(1.833− e ) ]∗ [ ( 0 . 8 3 3 − e )

/(1.833− e ) ] ) = K∗P/(1 bar )
19 // l e t y = [(0+ e ) /(1.833− e ) ] / ( [ ( 1 − e ) /(1.833− e )

]∗ [ ( 0 . 8 3 3 − e ) /(1.833− e ) ] )− K∗P/(1 bar )
20 deff( ’ [ y ]= f ( e ) ’ , ’ y = [(0+ e ) /(1.833− e ) ] / ( [ ( 1 − e )

/(1.833− e ) ]∗ [ ( 0 . 8 3 3 − e ) /(1.833− e ) ] )−K∗P/ ( 1 ) ’ );
21 e_1 = fsolve(0,f);

22 e_2 = fsolve (0.5,f);

23
24 // Here the r o o t ’ e 2 ’ i s mean ing l e s s , Then
25 y_ethanol = [(0+ e_2)/(1.833 - e_2)];

26 y_ethylene = [(1-e_2)/(1.833 - e_2)];

27 y_water = [(0.833 - e_2)/(1.833 - e_2)];

28
29 printf(” C o n c e n t r a t i o n o f the e t h y l e n e at the
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e q u i l i b r i u m i s %f\n”,y_ethylene);
30 printf(” C o n c e n t r a t i o n o f the water at the

e q u i l i b r i u m i s %f\n”,y_water);
31 printf(” C o n c e n t r a t i o n o f the e t h a n o l at the

e q u i l i b r i u m i s %f”,y_ethanol);

Scilab code Exa 12.6 Reversible reaction

1 clear;

2 clc();

3
4 // Example 1 2 . 6
5 // Page : 324
6 printf(”Example−12.6 Page no .−324\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 Temp = 273.15+25; // [C ]

10 P = 1; // [ bar ]
11 R = 8.314; // [ J /( mol∗K) ]
12
13 // We have the r e a c t i o n as
14 // H2 + 0 . 5 O2 = H2O
15 // Using v a l u e s o f the Gibbs f r e e e n e r g i e s o f

f o r m a t i o n i n the Table A. 8 ( page 427) we have
16 g_H2O_0 = -237.1; // [ kJ/mol ]
17 g_O2_0 = 0; // [ kJ/mol ]
18 g_H2_0 = 0; // [ kJ/mol ]
19 // now
20 delta_g_0 = g_H2O_0 - 0.5* g_O2_0 -g_H2_0;// [ kJ/mol ]
21 // e x p r e s s i n g d e l t a g 0 i n [ J/mol ]
22 delta_g_1 = delta_g_0 *1000; // [ J/mol ]
23
24 // and
25 K = exp((-delta_g_1)/(R*Temp));

26
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27 // And we have
28 // K = [ a H2O ] / ( [ a H2 ] ∗ [ a O2 ] ˆ ( 0 . 5 ) )
29 // Here we w i l l aga in assume as i n the p r e v i o u s

example tha t we have an i d e a l s o l u t i o n o f the
i d e a l g a s e s f o r which i n e q u a t i o n 1 2 . 1 8 ( page
320) , we have

30 // v i ∗Y i = phi = 1 . 0 0 , and tha t f o r each r e a c t a n t
or product f i 0 = 1 bar , p u t t i n g a l l the v a l u e s
and s i m p l i f y i n g

31
32 // K = [ y H2O ] / ( [ y H2 ] ∗ [ y O2 ] ˆ ( 0 . 5 ) ) ∗ ( ( 1 bar ) /P)

ˆ ( 0 . 5 )
33 // Choos ing oxygen as the s e l e c t e d r e a c t a n t , and

assuming tha t we beg in with 0 . 5 mol o f oxygen and
1 mol o f hydrogen ,

34 // we have the s t o i c h i o m e t r i c c o e f f i c i e n t s o f −1,
−0.5 and +1

35 // and
36 n_T_0 = 1.5; // [ mol ]
37 // Also summation ( v i ) = −0.5
38
39 // Thus
40 // K = [ e /(1 .5 −0 .5∗ e ) ] / ( [ ( 1 − e ) / (1 .5 −0 .5∗ e )

] ∗ [ ( 0 . 5 − 0 . 5 ∗ e ) / (1 .5 −0 .5∗ e ) ] ˆ ( 0 . 5 ) )
41
42 // Now
43 // d e f f ( ’ [ y ]= f ( e ) ’ , ’ y =[ e / (1 .5 −0 .5∗ e ) ] / ( [ ( 1 − e )

/ (1 .5 −0 .5∗ e ) ] ∗ [ ( 0 . 5 − 0 . 5 ∗ e ) / (1 .5 −0 .5∗ e ) ] ˆ ( 0 . 5 ) ) ’ ) ;
44 // e = f s o l v e ( . 9 9 9 9 9 , f ) ;
45 // e = (1−2.4 e−28) ;
46
47 // So the e q u i l i b r i u m c o n c e n t r a t i o n o f the hydrogen

and oxygen a r e as
48 // y H2 = [(1− e ) / (1 .5 −0 .5∗ e ) ] ;
49 // y O2 = [ ( 0 . 5 −0 . 5∗ e ) / (1 .5 −0 .5∗ e ) ] ;
50 // These v a l u e s a r e so l e s s tha t s c i l a b c o n s o l i s

d i s p l a y i n g them zero , however we g e t
51 y_H2 = 2.4e-28;
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52 y_O2 = 0.5* y_H2;

53
54 printf(” The e q u i l i b r i u m mol f r a c t i o n o f the

hydrogen i s %0 . 3 e \n”,y_H2);
55 printf(” And the e q u i l i b r i u m mol f r a c t i o n o f the

oxygen i s %e”,y_O2);

Scilab code Exa 12.7 Standard state Gibbs free energy

1 clear;

2 clc();

3
4 // Example 1 2 . 7
5 // Page : 327
6 printf(”Example−12.7 Page no .−327\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 Temp = 298.15; // [K]

10 Press = 1*10^(5);// [ Pa ]
11 R = 8.314; // [ J /( mol∗K) ]
12
13 // We w i l l c a l c u l a t e the f r e e ene rgy change from

l i q u i d to h y p o t h e t i c a l gas i n t h r e e s t e p s
14 // 1) The l i q u i d i s r educed i n p r e s s u r e from the

s tandard p r e s s u r e o f 1 bar to i t s vapour p r e s s u r e
at 2 9 8 . 1 5K and f o r t h i s cange i n the s t a t e we

have
15 v_liquid = 1.805*10^( -5);// [mˆ ( 3 ) /mol ] t h i s l i q u i d

s p e c i f i c volume and we w i l l t r e a t i s as a
c o n s t a n t

16
17 // The vapour p r e e s u r e o f the water 25C i s g i v e n as
18 P_vapour_25 = 0.0317*10^(5);// [ Pa ]
19
20 // thus change i n the Gibbs f r e e ene rgy i s
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21 delta_g_0_1 = integrate( ’ v l i q u i d ∗Pˆ ( 0 ) ’ , ’P ’ ,Press ,
P_vapour_25);// [ J/mol ]

22
23 // 2) In the second s t e p the l i q u i d i s v a p o r i z e d at

tha t p r e s s u r e , f o r which
24 delta_g_0_2 = 0; // [ J/mol ]
25 // because t h i s i s an e q u i l i b r i u m v a p o r i z a t i o n .
26
27 // 3) And i n t h i s l a s t s t e p the vapour i s r e p l a c e d

by an i d e a l gas , which w i l l not condence , and
compressed from the vapour p r e s s u r e at 2 9 8 . 1 5K to

1 bar
28 // In t h i s c a s e the s p e c i f i c volume v i d e a l o f the

i d e a l gas i s r e p l a c e d by the i d e a l gas law v i z . (
R∗T) /P

29 delta_g_0_3 = (R*Temp)*integrate( ’ 1/P ’ , ’P ’ ,
P_vapour_25 ,Press);// [ J/mol ]

30
31 // Thus t o t a l change i n f r e e ene rgy i s
32 delta_g_0 = delta_g_0_1+delta_g_0_2+delta_g_0_3;// [ J

/mol ]
33 // e x p r e s s i n g the r e s u l t i n kJ/mol
34 delta_g_1 = delta_g_0 /1000; // [ kJ/mol ]
35
36 printf(” Tota l change i n the f r e e ene rgy o f water ,

go ing under g i v e n c o n d i t i o n s , i s %0 . 2 f kJ/mol\n\n
”,delta_g_1);

37
38 // From Table A. 8 we f i n d
39 delta_g_0_ideal_gas = -228.6; // [ kJ/mol ]
40 delta_g_0_liquid = -237.1; // [ kJ/mol ]
41 // So
42 delta_g_o = delta_g_0_ideal_gas -delta_g_0_liquid;// [

kJ/mol ]
43
44 printf(” From the v a l u e s o f Table A. 8 g i v e n i n the

book , the f r e e ene rgy change i s %0 . 2 f kJ/mol”,
delta_g_o);
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Scilab code Exa 12.8 Effect of temperature on chemical reaction equilib-
rium

1 clear;

2 clc();

3
4 // Example 1 2 . 8
5 // Page : 330
6 printf(”Example−12.8 Page no .−330\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9

10 T1 = 273.15+25; // [K]
11 T2 = 273.15+400; // [K]
12 R = 8.314; // [ J /( mol∗K) ]
13
14 // Using the t a b l e A. 8 , we have
15 // Gibb ’ s f r e e ene rgy o f the v a r i o u s s p e c i e s at

2 9 8 . 1 5 K a r e
16 g0_NH3 = -16.5; // [ kJ/mol ]
17 g0_N2 = 0; // [ kJ/mol ]
18 g0_H2 = 0; // [ kJ/mol ]
19
20 // We have the r e a c t i o n as
21 // 0 . 5 N2 + 1 . 5 H2 = NH3
22
23 // So , Gibb ’ s f r e e ene rgy change i n the r e a c t i o n i s

g i v e n as
24 delta_g_0 = g0_NH3 - 0.5* g0_N2 - 1.5* g0_H2;// [ kJ/mol

]
25
26 // and
27 K_1 = exp(-delta_g_0 *1000/(R*T1));// E q u i l i b r i u m

c o n s t a n t o f the r e a c t i o n at t empera tu r e 2 9 8 . 1 5 K
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28
29 // S i m i l a r l y en tha lpy o f the v a r i o u s s p e c i e s a r e
30 h0_NH3 = -46.1; // [ kJ/mol ]
31 h0_N2 = 0; // [ kJ/mol ]
32 h0_H2 = 0; // [ kJ/mol ]
33
34 // So , en tha lpy change o f the r e a c t i o n i s g i v e n as
35 del_h_1 = h0_NH3 - 0.5* h0_N2 - 1.5* h0_H2;// [ kJ/mol ]
36
37 // Now , from Table 1 2 . 3 ( page 332 )
38 a_NH3 = 3.578;

39 a_H2 = 3.249;

40 a_N2 = 3.280;

41 b_NH3 = 3.020*10^( -3);// [ 1 /K]
42 b_H2 = 0.422*10^( -3);

43 b_N2 = 0.593*10^( -3);

44 c_NH3 = 0; // [ 1 /Kˆ ( 2 ) ]
45 c_H2 = 0; // [ 1 /Kˆ ( 2 ) ]
46 c_N2 = 0; // [ 1 /Kˆ ( 2 ) ]
47 d_NH3 = -0.186*10^(5);// [Kˆ ( 2 ) ]
48 d_H2 = 0.083*10^(5);// [Kˆ ( 2 ) ]
49 d_N2 = 0.040*10^(5);// [Kˆ ( 2 ) ]
50
51 // So ,
52 del_a = a_NH3 - 0.5* a_N2 - 1.5* a_H2;

53 del_b = b_NH3 - 0.5* b_N2 - 1.5* b_H2;

54 del_c = c_NH3 - 0.5* c_N2 - 1.5* c_H2;

55 del_d = d_NH3 - 0.5* d_N2 - 1.5* d_H2;

56
57 // Now , en tha lpy change o f the r e a c t i o n at any o t h e r

t emparature i s g i v e n by
58 // d e l h = d e l h 1 + R∗ ( i n t e g r a t e ( d e l a + d e l b ∗T

+ d e l c ∗Tˆ ( 2 ) + d e l d /Tˆ ( 2 ) ) ∗dT) with l owe r
l i m i t ’ T 1 ’ and upper l i m i t ’T’

59 // I n t e g r a t i n g and p u t t i n g the l i m i t s , we have
60 // d e l h = d e l h 1 + R∗ ( d e l a ∗T + d e l b ∗Tˆ ( 2 ) /2 +

d e l c ∗Tˆ ( 3 ) /3 − d e l d /T) − R∗ ( d e l a ∗T 1 + d e l b ∗
T 1 ˆ ( 2 ) /2 + d e l c ∗T 1 ˆ ( 3 ) /3 − d e l d / T 1 )
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61 // l e t
62 I = R*( del_a*T1 + del_b*T1^(2)/2 + del_c*T1^(3)/3 -

del_d/T1);// [ J/mol ]
63
64 // From e q u a t i o n 1 2 . 2 8 and above r e l a t i o n s we have
65 // l o g ( K 2/K 1 ) = 1/R∗ ( i n t e g r a t e ( d e l h 1 − I + R∗ (

d e l a ∗T + d e l b ∗Tˆ ( 2 ) /2 + d e l c ∗Tˆ ( 3 ) /3 − d e l d /T
) ) /Tˆ ( 2 ) ∗dT) with l i m i t s T1 and T2

66 // Let l o g ( K 2/K 1 ) = X, So ,
67 X = (1/R)*integrate( ’ ( d e l h 1 ∗1000 − I + R∗ ( d e l a ∗T

+ d e l b ∗Tˆ ( 2 ) /2 + d e l c ∗Tˆ ( 3 ) /3 − d e l d /T) ) /T
ˆ ( 2 ) ’ , ’T ’ ,T1 ,T2);

68
69 // So ,
70 K_2 = K_1*exp(X);

71
72 printf(” E q u i l i b r i u m c o n s t a n t s f o r the f o r m a t i o n o f

ammonia from hydrogen and n i t r o g e n a r e \n\n”);
73 printf(” K = %0. 0 f at t empera tu r e 25 deg C\n\n”,K_1)

;

74 printf(” K = %f at t empera tu re 400 deg C\n”,K_2);

Scilab code Exa 12.9 Equilibrium conversion of a mixture

1 clear;

2 clc();

3
4 // Example 1 2 . 9
5 // Page : 335
6 printf(”Example−12.9 Page no .−335\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 // I n i t i a l moles o f the g a s e s a r e

10 n_H2_0 = 1.5; // [ mol ]
11 n_N2_0 = 0.5; // [ mol ]
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12 n_NH3_0 = 0; // [ mol ]
13 T_1 = 298.15; // [K]
14 T_2 = 673.15; // [K]
15 P = 1; // [ bar ]
16
17 // We s t a r t with the e q u a t i o n as
18 // [ f NH3 / f 0 NH3 ] / ( [ f N2 / f 0 N 2 ] ˆ ( 0 . 5 ) ∗ [ f H2 / f 0 H 2

] ˆ ( 1 . 5 ) ) = K
19
20 // For a p r e s s u r e o f 1 bar with the assumpt ion o f

i d e a l s o l u t i o n o f i d e a l g a s e s and s tandard s t a t e
f u g a c i t i e s o f 1 bar ,

21 // a i = [ f i / f 0 i ] = [ P∗ y i /(1 bar ) ] = y i
22 // The e q u i l i b r i u m r e l a t i o n i s g i v e n by
23 // K = [ y NH3 ] / ( [ y N2 ] ˆ ( 0 . 5 ) ∗ [ y H2 ] ˆ ( 1 . 5 ) )
24
25 // We have the s t o i c h i o m e t r i c c o e f f i c i e n t o f N2 , H2

and NH3 as −0.5 , −1.5 and +1 r e s p e c t i v e l y , so
summation ( v i ) = −1

26 // Now u s i n g the e q u i l i b r i u m r e l a t i o n s which a r e
Equat ions 1 2 .W, 1 2 .X and 1 2 .Y ( page 322 ) , we
have

27
28 // K = ((0+ e ) /(2− e ) ) / ( ( ( 0 . 5 −0 . 5∗ e ) /(2− e ) ) ˆ ( 0 . 5 )

∗ ( ( 1 . 5 −1 . 5∗ e ) /(2− e ) ) ˆ ( 1 . 5 ) )
29 // Form the example 1 2 . 8 o f t h i s book we know tha t
30 K_298 = 778; // at t empera tu re 2 9 8 . 1 5K
31 K_673 = 0.013; // at t empera tu re 6 7 3 . 1 5K
32
33 // S o l v i n g f o r t empera tu r e 2 9 8 . 1 5
34 deff( ’ [ y ]=g ( e 1 ) ’ , ’ y = ((0+ e 1 ) /(2− e 1 ) ) / ( ( ( 0 . 5 −0 . 5∗

e 1 ) /(2− e 1 ) ) ˆ ( 0 . 5 ) ∗ ( ( 1 . 5 −1 . 5∗ e 1 ) /(2− e 1 ) ) ˆ ( 1 . 5 )
)−K 298 ’ );

35 e_1 = fsolve (0.97,g);

36 y_NH3_298 = e_1/(2-e_1);

37
38 // S i m i l a r i l y s o l v i n g f o r t empera tu r e 6 7 3 . 1 5K
39 deff( ’ [ y ]=h ( e 2 ) ’ , ’ y = ((0+ e 2 ) /(2− e 2 ) ) / ( ( ( 0 . 5 −0 . 5∗
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e 2 ) /(2− e 2 ) ) ˆ ( 0 . 5 ) ∗ ( ( 1 . 5 −1 . 5∗ e 2 ) /(2− e 2 ) ) ˆ ( 1 . 5 )
)−K 673 ’ );

40 e_2 = fsolve(0,h);

41 y_NH3_673 = e_2/(2-e_2);

42
43 printf(” The mole f r a c t i o n o f NH3 i n the e q u i l i b r i u m

at the t empera tu r e 2 9 8 . 1 5K and 1 bar i s %f\n”,
y_NH3_298);

44 printf(” The mole f r a c t i o n o f NH3 i n the e q u i l i b r i u m
at the t empera tu r e 6 7 3 . 1 5K and 1 bar i s %f”,

y_NH3_673);

Scilab code Exa 12.10 Ideal solution of ideal gases

1 clear;

2 clc();

3
4 // Example 1 2 . 1 0
5 // Page : 337
6 printf(”Example−12.10 Page no .−337\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 Temp = 273.15+400; // [K]

10 P = 150*1.01325; // [ bar ]
11
12 // Comparing t h i s with the example 1 2 . 9 , we s e e tha t

we can use the same e q u a t i o n , but K 673 i s
r e p l a c e d by K 673 ∗ (P/(1 bar ) ) ˆ(1 .5+0.5−1)

13 K_673 = 0.013;

14
15 // So
16 K = K_673*(P/1) ^(1.5+0.5 -1);

17
18 // We have
19 // K = ((0+ e ) /(2− e ) ) / ( ( ( 0 . 5 −0 . 5∗ e ) /(2− e ) ) ˆ ( 0 . 5 )
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∗ ( ( 1 . 5 −1 . 5∗ e ) /(2− e ) ) ˆ ( 1 . 5 ) )
20 deff( ’ [ y ]= f ( e ) ’ , ’ y = ((0+ e ) /(2− e ) ) / ( ( ( 0 . 5 −0 . 5∗ e ) /(2−

e ) ) ˆ ( 0 . 5 ) ∗ ( ( 1 . 5 −1 . 5∗ e ) /(2− e ) ) ˆ ( 1 . 5 ) )−K ’ );
21 e=fsolve (0.5,f);

22
23 // Thus mole f r a c t i o n o f the ammonia i n the gas i s

g i v e n by
24 y_NH3 = (0+e)/(2-e);

25
26 printf(”The mole f r a c t i o n o f the ammonia i n the

e q u i l i b r i u m i s %0 . 2 f ”,y_NH3);

Scilab code Exa 12.11 Non ideal solution non ideal gases

1 clear;

2 clc();

3
4 // Example 1 2 . 1 1
5 // Page : 338
6 printf(”Example−12.11 Page no .−338\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 // The data used i n t h i s example w i l l e same as i n

the example 1 2 . 1 0
10 T = 273.15+400; // [K] g i v e n tempera tu r e
11 P = 150*1.01325; // [ bar ] g i v e n p r e s s u r e
12
13 // Here aga in the e q u a t i o n w i l l be same as i n the

example 1 2 . 9 l i k e we used i n the example 1 2 . 1 0
on ly K 673 i s r e p l a c e d by (K/K v ) ∗ [P/(1 bar )
] ˆ (1 . 5+0 .5 −1 )

14 K_673 = 0.013;

15 // The v a l u e o f ’ K v ’ i s c a l c u l a t e d by the e q u a t i o n
1 2 .BN, which i s

16 // l o g 1 0 (1/ K v ) = ( 0 . 1 1 9 1 8 4 9 /T + 91 . 8 7 2 1 2 /Tˆ ( 2 ) +
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25122730/Tˆ ( 4 ) ) ∗P
17 // So
18 K_v = (10^((0.1191849/T + 91.87212/T^(2) + 25122730/

T^(4))*P))^(-1);

19
20 // Thus
21 K = (K_673/K_v)*[P/1]^(1.5+0.5 -1);

22
23 // Now from the p r e v i o u s example we have
24 // K = ((0+ e ) /(2− e ) ) / ( ( ( 0 . 5 −0 . 5∗ e ) /(2− e ) ) ˆ ( 0 . 5 )

∗ ( ( 1 . 5 −1 . 5∗ e ) /(2− e ) ) ˆ ( 1 . 5 ) )
25
26 deff( ’ [ y ]= f ( e ) ’ , ’ y = ((0+ e ) /(2− e ) ) / ( ( ( 0 . 5 −0 . 5∗ e ) /(2−

e ) ) ˆ ( 0 . 5 ) ∗ ( ( 1 . 5 −1 . 5∗ e ) /(2− e ) ) ˆ ( 1 . 5 ) )−K ’ );
27 e = fsolve (0.2,f);

28
29 // Mol f r a c t i o n o f the ammonia i n the gas phase i n

the e q u i l i b r i u m i s g i v e n by
30 y_NH3 = (0+e)/(2-e);

31
32 printf(” The mole f r a c t i o n o f the ammonia i n the

e q u i l i b r i u m i s %0 . 2 f ”,y_NH3);

Scilab code Exa 12.12 Liquids and solids

1 clear;

2 clc();

3
4 // Example 1 2 . 1 2
5 // Page : 340
6 printf(”Example−12.12 Page no .−340\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 p_i = 1; // [ atm ] i n i t i a l p r e s s u r e

10 P = 150; // [ atm ] f i n a l p r e s s u r e
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11 T = 273+25; // [K] Given tempera tu re
12 R = 8.314; // [ J /( mol∗K) ]
13
14 // Now i g n o r i n g the d i f f e r e n c e between 25C and 20C,

we use the v a l u e s g i v e n i n the t a b l e A. 8 ( page
427) to g e t

15 delta_g_0 = 10.54*1000; // [ J/mol ]
16 // And thus
17 K = exp((-delta_g_0)/(R*T));

18
19 // Now the c h e m i c a l r e a c t i o n i s g i v e n by
20 // C2H5OH + CH3COOH = C2H5OOC2H5 + H2O
21
22 // Let we s t a r t with 1 mol each o f e t h a n o l and

a c e t i c ac id , and at e q u i l i b r i u m ’ e ’ moles each o f
the r e a c t a n t s r e a c t ed , then

23 // r ema in ing amount o f each o f the two r e a c t a n t s
w i l l be (1− e ) and tha t p r o d u c t s f o r m a t i o n w i l l be

’ e ’ mol each
24
25 // We have
26 // K = (a C2H5OOC2H5∗a H2O ) /( a C2H5OH∗a CH3COOH) = (

x C2H5OOC2H5∗x H2O ) /( x C2H5OH∗x CH3COOH) = ( e∗ e )
/((1− e ) ∗(1− e ) )

27 // Now s o l v i n g f o r ’ e ’
28 deff( ’ [ y ]= f ( e ) ’ , ’ y = ( e∗ e ) /((1− e ) ∗(1− e ) )−K ’ );
29 e = fsolve(0,f);

30
31 // To s e e the e f f e c t o f chang ing the p r e s s u r e we

f i r s t compute the volume i n c r e a s e o f the r e a c t i o n
32 // d e l t a v = v C2H5OOC2H5 + v H2O − v C2H5OH −

v CH3COOH, where v i i s the molar volume o f the
i t h component

33 // From the Table 1 2 . 4 ( page 340) , we have
34 v_C2H5OOC2H5 = 97.67; // [ ml/mol ]
35 v_H2O = 18.03; // [ ml/mol ]
36 v_C2H5OH = 58.30; // [ ml/mol ]
37 v_CH3COOH = 57.20; // [ ml/mol ]
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38
39 // Thus volume i n c r e a s e o f the r e a c t i o n i s
40 delta_v = v_C2H5OOC2H5 + v_H2O - v_C2H5OH -

v_CH3COOH;// [ ml/mol ]
41
42 // So , from Le C h a t e l i e r ’ s p r i n c i p a l , on i n c r e a s i n g

the p r e s s u r e , the r e a c t i o n i s f o r c e d i n the
d i r e c t i o n o f the r e a c t a n t or away from the
product

43 // To c a l c u l a t e the e x t e n t o f s h i f t i n g we w i l l t ake
the he lp o f the a c t i v i t y o f each o f the f o u r
component

44 // a i = ( f i / f i 0 ) = ( x i ∗Y i ∗ p i ) / p i ∗ exp ( v /(R∗T)
∗ (P−p i ) )

45 // we w i l l assume tha t t h i s i s an i d e a l s o l u t i o n so
tha t Y i = 1 . 0 0 , f o r eve ry component

46
47 // Now s u b s t i t u t i n g the a c t i v i t y o f each component

i n the e x p r e s s i o n o f the e q u i l i b r i u m c o n s t a n t
g i v e n above , we have

48 // K = (x C2H5OOC2H5∗x H2O ) /( x C2H5OH∗x CH3COOH) ∗ exp
[ ( d e l t a v ) /(R∗T) ∗ (P−p i ) ]

49 // or
50 // K = ( e 1 ∗ e 1 ) /((1− e 1 ) ∗(1− e 1 ) ) ∗ exp [ ( d e l t a v ) /(R∗

T) ∗ (P−p i ) ]
51
52 // S o l v i n g f o r ’ e 1 ’
53 deff( ’ [ y ]=g ( e 1 ) ’ , ’ y = ( e 1 ∗ e 1 ) /((1− e 1 ) ∗(1− e 1 ) ) ∗

exp ( ( d e l t a v ) /(R∗T) ∗ (P−p i ) )−K ’ );
54 e_1 = fsolve (0.2,g);

55
56 // Now i f we c a r r y out the c a l c u l a t i o n to enough

s i g n i f i c a n t f i g u r e s then
57 a = e_1/e;

58
59 // I t i n d i c a t e s tha t e 1 i s ’ a ’ t imes o f tha t o f the

e
60 printf(”On i n c r e a s i n g the p r e s s u r e from 1 atm to 150
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atm , the r e a c t e d amount o f the equ imo l a r
r e a c t a n t s at e q u i l i b r i u m becomes %f t imes o f
i n i t i a l ”,a);

Scilab code Exa 12.13 Equilibrium constant Kp

1 clear;

2 clc();

3
4 // Example 1 2 . 1 3
5 // Page : 342
6 printf(”Example−12.13 Page no .−342\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 P = 150; // [ atm ] g i v e n p r e s s u r e

10 T = 400; // [C ] t empera tu r e
11 // Using the v a l u e s from the example 1 2 . 1 1 , we know

tha t
12 K = 0.013;

13 K_v = 0.84;

14 delta_v = 1.5+0.5 -1;

15
16 // so
17 // K p = (K/K v ) ∗ [ 1 / bar ]ˆ(− summation ( v i ) ) = (K/K v )

∗ [ 1 / bar ] ˆ ( d e l t a v )
18
19 K_p = (K/K_v)*[1/1]^( delta_v);// [ 1 / bar ]
20
21 printf(” Value o f the K p at the g i v e n c o n d i t i o n i s

%f (1/ bar ) \n\n”,K_p);
22
23 printf (” The b a s i c K i s d i m e n s i o n l e s s , but K p has

the d imens i on s o f p r e s s u r e to the power . ”)
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Chapter 13

Equilibrium In Complex
Chemical Reactions

Scilab code Exa 13.1 Reactions Involving Ions

1 clear;

2 clc();

3
4 // Example 1 3 . 1
5 // Page : 349
6 printf(”Example−13.1 Page no .−349\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 T =273.15+25; // [K] g i v e n tempera tu r e

10 R = 8.314; // [ J /( mol∗K) ] u n i v e r s a l gas c o n s t a n t
11
12 // We have the r e a c t i o n as f o l l o w s
13 // H2O = H+ + OH−
14
15 // Reading the f r e e ene rgy o f s p e c i e s from the Table

A. 8 ( page 427) , we have
16 g_0_H = 0; // [ kJ/mol ]
17 g_0_OH = -157.29; // [ kJ/mol ]
18 g_0_H2O = -237.1; // [ kJ/mol ]
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19
20 // Thus f r e e enae rgy change o f the r e a c t i o n i s
21 delta_g_0 = g_0_H + g_0_OH - g_0_H2O;// [ kJ/mol ]
22 // Changing i n J/mol we have
23 delta_g_1 = delta_g_0 *1000; // [ J/mol ]
24
25 // Now e q u i l i b r i u m c o n s t a n t o f the r e a c t i o n i s g i v e n

by
26 K = exp((-delta_g_1)/(R*T));

27
28 // Also , i n terms o f a c t i v i t y
29 // K = ( [ [ H+]/(1 mola l ) ] ∗ [ [ OH− ]/(1 mola l ) ] ) / [ a wat e r

]
30 // The a c t i v i t y o f any pure l i q u i d at i t s s t andard

s t a t e i s 1 . 0 0 , and he r e water i s p r a c t i c a l l y pure
, so

31 // K w = [ [ H+]/(1 mola l ) ] ∗ [ [ OH− ]/(1 mola l ) ] = K
32 // or
33 K_w = K;

34
35 printf(”At the e q u i l i b r i u m the product o f the

hydrogen i o n and h y d r o x i l i on i s %0 . 1 e ”,K_w);

Scilab code Exa 13.2 Sequential reactions

1 clear;

2 clc();

3
4 // Example 1 3 . 2
5 // Page : 351
6 printf(”Example−13.2 Page no .−351\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 n_H2SO4 = 1; // [ mol ] mole o f the s u l p h u r i c a c i d

10 w_water = 1000; // [ g ] we ight o f the water
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11 T =273.15+25; // [K] t empera tu r e
12 R = 8.314; // [ J /( mol∗K) ]
13
14 // We the two s e q u e n t i a l r e a c t i o n , i n which the

f i r s t r e a c t i o n i s
15 // H2SO4 = HSO4− + H+
16
17 // From the Table A. 8 ( page 427) as g i v e n i n the

book , f r e e ene rgy o f the above s p e c i e s a r e
18 g_0_H = 0; // [ J/mol ] f r e e ene rgy o f the hydrogen i o n
19 g_0_HSO4 = -756.01*1000; // [ J/mol ] f r e e ene rgy o f the

b i s u l p h a t e i o n
20 g_0_H2SO4 = -744.50*1000; // [ J/mol ] f r e e ene ry o f

s u l p h u r i c a c i d
21
22 // So
23 delta_g_0 = g_0_H + g_0_HSO4 - g_0_H2SO4;// [ J/mol ]
24
25 // So e q u i l i b r i u m c o n s t a n t o f the r e a c t i o n i s g i v e n

by
26 K_1 = exp((- delta_g_0)/(R*T));

27
28 // Now the second r e a c t i o n i s which i s go ing on

s e q u e n t i a l y i s
29 // HSO4− = SO4(−2) + H+
30
31 // Again from the Table A. 8 r e a d i n g the v a l u e s o f

f r e e ene rgy o f the s p e c i e s o f the above r e a c t i o n ,
we have

32 g_0_H = 0; // [ J/mol ] f r e e ene rgy o f the hydrogen i o n
33 g_0_SO4 = -744.62*1000;; // [ J/mol ] f r e e ene rgy o f

s u l p h a t e i o n
34 g_0_HSO4 = -756.01*1000; // [ J/mol ] f r e e ene rgy o f the

b i s u l p h a t e i o n
35
36 // So
37 delta_g_1 = g_0_H + g_0_SO4 - g_0_HSO4;// [ J/mol ]
38
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39 // E q u i l i b r i u m c o n s t a n t o f t h i r e a c t i o n i s
40 K_2 = exp((- delta_g_1)/(R*T));

41
42 // Now we have 1 mol o f H2SO4 i n i t i a l l y . Let e 1 mol

o f H2SO4 i o n i s e d at e q u i l i b r i u m
43 // Then amount o f the each o f two product i . e .

b i s u l p h a t e and hydrogen i o n w i l l be e 1 mol
44 // Now f o r the second r e a c t i o n e 1 mol o f the

b i s u l p h a t e i o n w i l l be t r e a t e d as i n i t i a l
c o n c e n t r a t i o n .

45 // I f a t e q u i l i b r i u m e 2 moles o f b i s u l p h a t e i o n has
i o n i s e d

46 // In t h i s c a s e the amount o f each o f two product o f
t h i s r e a c t i o n w i l l be e 2 mol

47 // So f i n a l amount o f each o f the s p e c i e s ( i n moles )
at e q u i l i b r i u m i s g i v e n as

48 // n H2SO4 = (1− e 1 )
49 // n HSO4 = ( e 1−e 2 )
50 // n SO4 = e 2
51 // n H = ( e 1+e 2 )
52
53 // now
54 // K 1 = ( [ HSO4 ] ∗ [ H ] ) / [ H2SO4 ] = ( ( e 1−e 2 ) ∗ ( e 1+e 2 )

) /(1− e 1 ) . . . . . . . . . . . . . . . . . . . ( 1 )
55 // and tha t f o r the second r e a c t i o n
56 // K 2 = ( [ SO4 ] ∗ [ H ] ) / [ HSO4 ] = ( ( e 2 ) ∗ ( e 1+e 2 ) ) /( e 1

−e 2 ) . . . . . . . . . . . . . . . . . . . . . . . ( 2 )
57
58 // e = [ e 1 e 2 ]
59 // S o l v i n g the two g i v e n s i m u l t a n e o u s eq ua t i on s , we

have
60 function[f]=F(e)

61 f(1) = ((e(1)-e(2))*(e(1)+e(2)))/(1-e(1)) - K_1;

62 f(2) = ((e(2))*(e(1)+e(2)))/(e(1)-e(2)) - K_2;

63 funcprot (0);

64 endfunction

65
66 // I n i t i a l g u e s s :
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67 e = [0.8 0.1];

68 y = fsolve(e,F);

69 e_1 = y(1);

70 e_2 = y(2);

71
72 // So , c o n c e n t r a t i o n o f the v a r i o u s s p e c i e s i n

e q u i l i b r i u m i s g i v e n as
73 m_H2SO4 = 1-e_1;// [ mo la l ]
74 m_HSO4 = e_1 - e_2;// [ mo la l ]
75 m_SO4 = e_2;// [ mo la l ]
76 m_H = e_1 + e_2;// [ mo la l ]
77
78 printf(” The e q u i l i b r i u m c o n c e n t r a t i o n o f H2SO4 i n

terms o f m o l a l i t y i s %f mola l \n”,m_H2SO4);
79 printf(” The e q u i l i b r i u m c o n c e n t r a t i o n o f HSO4− i n

terms o f m o l a l i t y i s %f mola l \n”,m_HSO4);
80 printf(” The e q u i l i b r i u m c o n c e n t r a t i o n o f SO4−− i n

terms o f m o l a l i t y i s %f mola l \n”,m_SO4);
81 printf(” The e q u i l i b r i u m c o n c e n t r a t i o n o f H+ i n

terms o f m o l a l i t y i s %f mo la l ”,m_H);

Scilab code Exa 13.3 Simultaneous reactions

1 clear;

2 clc();

3
4 // Example 1 3 . 3
5 // Page : 352
6 printf(”Example−13.3 Page no .−352\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 P = 10; // [MPa] g i v e n p r e s s u r e

10 T = 250; // [C ] Temperature
11 // Let the t o t a l number o f moles i n the f e e d be one ,

then
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12 n_T_0 = 1; // [ mol ]
13 n_CO = 0.15; // [ mol ]
14 n_CO2 = 0.08; // [ mol ]
15 n_H2 = 0.74; // [ mol ]
16 n_CH4 = 0.03; // [ mol ]
17
18 // The two s i m u l t a n e o u s r e a c t i o n s t a k i n g p l a c e a r e
19 // CO + 2∗H2 = CH3OH
20 // CO2 + H2 = CO + H2O
21
22 // Let us denote the f i r s t r e a c t i o n by 1 and the

second r e a c t i o n by 2
23 // and K i = (K/K v ) ∗ [P/(1 atm ) ]ˆ(− summation ( v i ) )
24 // and tha t summation ( v i ) = V i
25
26 // Then from the t a b l e 1 3 .C ( page 353) as r e p o r t e d

i n the book , we have
27 V_1 = -2;

28 V_2 = 0;

29 K_1 = 49.9; // For the f i r s t r e a c t i o n
30 K_2 = 0.032; // For the second r e a c t i o n
31
32 // Now l e t v i d e n o t e s the s t o i c h i o m e t r i c

c o e f f i c i e n t o f s p e c i e s ’ i ’ , then
33 v_CO_1 = -1;

34 v_H2_1 = -2;

35 v_CH3OH_1 = +1;

36 v_CO2_2 = -1;

37 v_H2_2 = -1;

38 v_CO_2 = +1;

39 v_H2O_2 = +1;

40
41 // Let e 1 = the moles o f CO r e a c t e d i n r e a c t i o n 1

and e 2 = the moles o f CO2 r e a c t e d i n r e a c t i o n 2 .
42 // Now mol f r a c t i o n s o f each o f the s p e c i e s i n the

e q u i l i b r i u m i s
43 // y CO = ( n CO+v CO 1∗ e 1+v CO 2∗ e 2 ) /( n T 0+e 1 ∗

V 1+e 2 ∗V 2 ) = (0.15−1∗ e 1 +1∗ e 2 ) /(1+ e 1 ∗(−2)+e 2
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∗ ( 0 ) ) = ( 0 . 1 5 − e 1 + e 2 ) /(1 − 2∗ e 1 )
44
45 // s i m i l a r i l y
46 // y H2 = ( n H2+v H2 1 ∗ e 1+v H2 2 ∗ e 2 ) /( n T 0+e 1 ∗

V 1+e 2 ∗V 2 ) = ( 0 . 7 4 − 2∗ e 1 − e 2 ) /(1 − 2∗ e 1 )
47
48 // y CH3OH = (n CH3OH+v CH3OH 1∗ e 1+v CH3OH 2∗ e 2 ) /(

n T 0+e 1 ∗V 1+e 2 ∗V 2 ) = (0 + e 1 ) /(1 − 2∗ e 1 )
49
50 // y CO2 = ( n CO2+v CO2 1∗ e 1+v CO2 2∗ e 2 ) /( n T 0+

e 1 ∗V 1+e 2 ∗V 2 ) = ( 0 . 0 8 − e 2 ) /(1 − 2∗ e 1 )
51
52 // y H2O = ( n H2O+v H2O 1∗ e 1+v H2O 2∗ e 2 ) /( n T 0+

e 1 ∗V 1+e 2 ∗V 2 ) = (0 + e 2 ) /(1 − 2∗ e 1 )
53
54 // Now p u t t i n g the v a l u e s i n the e x p r e s s i o n o f the

e q u i l i b r i u m c o n s t a n t o f the r e a c t i o n s , f o r the
r e a c t i o n 1 we have

55
56 // K 1 = ( ( 0 + e 1 ) /(1 − 2∗ e 1 ) ) / ( ( ( 0 . 1 5 − e 1 + e 2

) /(1 − 2∗ e 1 ) ) ∗ ( ( 0 . 7 4 − 2∗ e 1 − e 2 ) /(1 − 2∗ e 1 ) )
ˆ ( 2 ) )

57
58 // K 2 = ( ( ( 0 . 1 5 − e 1 + e 2 ) /(1 − 2∗ e 1 ) ) ∗ ( ( 0 + e 2

) /(1 − 2∗ e 1 ) ) ) / ( ( ( 0 . 0 8 − e 2 ) /(1 − 2∗ e 1 ) )
∗ ( ( 0 . 7 4 − 2∗ e 1 − e 2 ) /(1 − 2∗ e 1 ) ) )

59
60 // e = [ e 1 e 2 ]
61 // S o l v i n g the two g i v e n s i m u l t a n e o u s eq ua t i on s , we

have
62 function[f]=F(e)

63 f(1) = ((0 + e(1))/(1 - 2*e(1)))/(((0.15 - e(1)

+ e(2))/(1 - 2*e(1)))*((0.74 - 2*e(1) - e(2))

/(1 - 2*e(1)))^(2)) - K_1;

64 f(2) = (((0.15 - e(1) + e(2))/(1 - 2*e(1)))*((0

+ e(2))/(1 - 2*e(1))))/(((0.08 - e(2))/(1 -

2*e(1)))*((0.74 - 2*e(1) - e(2))/(1 - 2*e(1))

)) - K_2;
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65 funcprot (0);

66 endfunction

67
68 // I n i t i a l g u e s s :
69 e = [0.109 0];

70 y = fsolve(e,F);

71 e_1 = y(1);

72 e_2 = y(2);

73
74 // So , p e r c e n t c o n v e r s i o n o f CO2 i s g i v e n as
75 // ( moles o f CO2 r e a c t e d ) /( moles o f CO2 f e d ) i . e .
76 c_CO2 = e_2/(n_CO2)*100;

77 // Number o f moles o f CO Formed by the second
r e a c t i o n i s 0 . 0 3 2

78 // So , p e r c e n t c o n v e r s i o n o f CO i s g i v e n as
79 c_CO = e_1/(n_CO + 0.032) *100;

80
81 printf(” Percen t c o n v e r s i o n o f CO i s %f%%\n”,c_CO);
82 printf(” Percen t c o n v e r s i o n o f CO2 i s %f%%”,c_CO2);

Scilab code Exa 13.4 Solubility product

1 clear;

2 clc();

3
4 // Example 1 3 . 4
5 // Page : 354
6 printf(”Example−13.4 Page no .−354\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 T = 273.15+25; // [K] Temperature

10 R = 8.314; // [ J /( mol∗K) ] u n i v e r s a l gas c o n s t a n t
11
12 // S o l u b i l i t y o f AgCl i n water f o l l o w s
13 // AgCl = Ag+ + Cl−
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14 // From the Table A. 8 , f r e e ene rgy o f above s p e c i e s
a r e

15 g_0_Ag = 77.12*1000; // [ J/mol ]
16 g_0_Cl = -131.26*1000; // [ J/mol ]
17 g_0_AgCl = -109.8*1000; // [ J/mol ]
18
19 // Free ene rgy change o f the r e a c t o n i s g i v e n by
20 delta_g_0 = g_0_Ag + g_0_Cl - g_0_AgCl;// [ J/mol ]
21
22 // Now e q u i l b r i u m c o n s t a n t o f the r e a c t i o n i s g i v e n

by
23 K = exp((-delta_g_0)/(R*T));

24
25 // In terms o f a c t i v i t y o f the components ,

e q u i l i b r i u m c o n s t a n t i s
26 // K = [ [ Ag+]/(1 mola l ) ∗ [ Cl − ]/(1 mola l ) ] / [ a AgCl ]
27
28 // For s o l i d s f i 0 i s normaly taken as the f u g a c i t y

o f the pure c r y s t a l l i n e s o l i d , and the a c t i v i t y
o f the pure c r y s t a l l i n e s o l i d i s = 1 . 0 0 , so

29 a_AgCl = 1.00;

30 // hence
31 // [ [ Ag+]/(1 mola l ) ∗ [ Cl − ]/(1 mola l ) ]= K = K sp ,

s o l u b i l i t y product
32 printf(”The amount o f s o l i d d i s s o l v e d i n terms o f

s o l u b i l i t y product i s %0 . 2 e ”,K);

Scilab code Exa 13.5 Gas liquid reactions

1 clear;

2 clc();

3
4 // Example 1 3 . 5
5 // Page : 357
6 printf(”Example−13.5 Page no .−357\n\n”);
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7
8 // ∗∗∗Data ∗∗∗//
9 T = 273.15+25; // [K] Given tempera tu re o f a i r

10 P = 1; // [ atm ] P r e s s u r e o f the a i r
11 y_CO2 = 350*10^( -6);// Amount o f CO2 p r e s e n t i n a i r

at the g i v e n c o n d i t i o n
12 R = 8.314; // [ J /( mol∗K) ]
13
14 // At e q u i l i b r i u m t h e r e a r e two i o n i s i t i o n r e a c t i o n s

t a k i n p l a c e s e q u e n t i l y
15 // F i r s t i o n i s a t i o n r e a c t i o n i s
16 // H2CO3 = H+ + HCO3−
17 // Free ene rgy o f the s p e c i e s o f the above r e a t i o n

i s
18 g_0_H2CO3 = -623.1*1000; // [ J/mol ]
19 g_0_H = 0; // [ J/mol ]
20 g_0_HCO3 = -586.85*1000; // [ J/mol ]
21
22 // So f r e e ene rgy change o f the r e a c t i o n i s g i v e n by
23 delta_g_0 = g_0_H + g_0_HCO3 - g_0_H2CO3;// [ J/mol ]
24 // E q u i l i b r i u m c o n s t a n t o f the r e a c t i o n i s g i v e n by
25 K_1 = exp((- delta_g_0)/(R*T));

26
27 // And the second one i s
28 // HCO3− = H+ + CO3(−2)
29 // Free ene rgy o f the s p e c i e s o f the second r e a c i o n

a r e
30 g_0_CO3 = -527.89*1000; // [ J/mol ]
31
32 // Free ene rgy change o f the second r e a c i o n i s
33 delta_g_1 = g_0_H + g_0_CO3 - g_0_HCO3;// [ J/mol ]
34 // So e q u i l i b r i u m c o n s t a n t o f the r e a c t i o n i s g i v e n

by
35 K_2 = exp((- delta_g_1)/(R*T));

36
37 // Now , w r i t i n g the e x p r e s s i o n o f the e q u i l i b r i u m

c o n s t a n t o f the f i r s t r e a c t i o n , we have
38 // K 1 = ( [ HCO3− ]∗ [H+]) / [ H2CO3 ]
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39 // and tha t f o r the second r e a c t i o n
40 // K 2 = ( [ CO3 ] ∗ [ H+]) / [ CO3−]
41
42 // From the Table A. 3 ( page 419) as r e p o r t e d i n the

book , Henry ’ s law c o n s t a n t i s
43 H = 1480; // [ atm ]
44
45 // From Henry ’ s law
46 // P∗y CO2 = x O2∗H , so
47 x_CO2 = P*y_CO2/H;

48
49 // This g i v e s the mol f r a c i o n . The d i s s o c i a t i o n

c o n s t a n t a r e based on m o l a i t i e s a s tandard s t a t e s
, so

50 // M o l a l i t y o f the CO2 i n the s o l u t i o n i s
51 // m CO2 = x CO2∗ n wate r , where ’ n water ’ i s

number o f moles o f water i n 1000 g o f water , so
52 n_water = 1000/18; // [ mol ]
53 m_CO2 = x_CO2*n_water;// [ mo la l ]
54
55 // Then we assume tha t a lmost a l l the H+ comes from

the d i s s o c i a t i o n o f d i s s o l v e d CO2 , so
56 // m HCO3 = m H , i . e . m o l a l i t y o f b i c a r b o n a t e i s

approx imate l y e q u a l to m o l a l i t y o f hydrogen i o n
i n the s o l u t i o n and hence

57 m_HCO3 = sqrt(K_1*m_CO2);// [ mo la l ]
58 m_H = m_HCO3;// [ mo la l ]
59
60 // Then we compute
61 m_CO3 = K_2*( m_HCO3/m_H);// [ mo la l ]
62
63 printf(” Amount o f the CO2 d i s s o l v e d i n water i n

e q u i l i b r i u m with a i r i s \ t \ t \t%0 . 2 e mo la l \n”,
m_CO2);

64 printf(” Conen t ra t i on o f HCO3 i on and hydrogen i o n H
− i n s o l u t i o n i n e q u i l i b r i u m with a i r i s %0 . 2 e

mola l \n”,m_HCO3);
65 printf(” And c o n c e n t r a t i o n o f CO3 io n i n the
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s o l u t i o n i n e q u i l i b r i u m with a i r i s \ t \t%0 . 2 e
mola l ”,m_CO3);

Scilab code Exa 13.6 Gas liquid reactions

1 clear;

2 clc();

3
4 // Example 1 3 . 6
5 // Page : 358
6 printf(”Example−13.6 Page no .−358\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 // A l l the data a r e taken from the p r e v i o u s example

1 3 . 5
10 m_H = 10^( -10);// [ mo la l ] m o l a l i t y o f hydrogen i on
11 K_1 = 4.5*10^( -7);

12 K_2 = 4.7*10^( -11);

13
14 // Our Henry ’ s law c a l c u l a t i o n s a r e independent o f

the subs equent f a t e o f the d i s s o l v e d CO2 .
15 // The c o n c e n t r a t i o n o f d i s s o l v e d CO2 i n e q u i l i b r i u m

with atmosphere i s
16 m_CO2 = 1.32*10^( -5);// [ mo la l ] from p r e v i o u s example
17 // I t i s i ndependent o f tha t a c i d i t y or b a s i c i t y o f

the water , and hence
18 m_HCO3 = K_1*(m_CO2/m_H);// [ mo la l ]
19
20 // and
21 m_CO3 = K_2*( m_HCO3/m_H);// [ mo la l ]
22 printf(” Amount o f the CO2 d i s s o l v e d i n water i n

e q u i l i b r i u m with a i r i s \t%0 . 2 e mo la l \n”,m_CO2
);

23 printf(” Conen t ra t i on o f HCO3 i on i n s o l u t i o n i n
e q u i l i b r i u m with a i r i s \ t %0 . 2 e mo la l \n”,m_HCO3)
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;

24 printf(” And c o n c e n t r a t i o n o f CO3 io n i n the
s o l u t i o n i n e q u i l i b r i u m with a i r i s %0 . 2 e mola l ”
,m_CO3);

Scilab code Exa 13.7 Electrochemical reactions

1 clear;

2 clc();

3
4 // Example 1 3 . 7
5 // Page : 362
6 printf(”Example−13.7 Page no .−362\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 T = 298.15; // [K] Temperature

10 F = 96500; // [ ( coulomb ) /( mole ∗ e l e c t r o n s ) ] f a r a d a y
c o n s t a n t

11
12 // The r e a c t i o n i s g i v e n as
13 // Al2O3 + 1 . 5C = 2 Al + 1 . 5CO2
14
15 // No o f the e l e c t r o n be ing exchanged a r e
16 n_e = 6; // [ e l e c t r o n ]
17 // A l l the r e a c t a n t s and p r o d u c t s e n t e r or l e a v e the

r e a c t o r as pure s p e c i e s i n t h e i r s t andard s t a t e s
, so

18 // d e l t a g 0 = d e l t a g 1 and E = E 0
19 // Free ene rgy o f the s p e c i e s i n the above e q u a t i o n

as r e p o r t e d i n the Table A. 8 i n the book i s
20 g_0_CO2 = -394.4*1000; // [ J/mol ]
21 g_0_Al = 0; // [ J/mol ]
22 g_0_C = 0; // [ J/mol ]
23 g_0_Al2O3 = -1582.3*1000; // [ J/mol ]
24
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25 // Free ene rgy change o f the r e a c t i o n i s
26 delta_g_0 = 1.5* g_0_CO2 + 2* g_0_Al - 1.5* g_0_C -

g_0_Al2O3;// [ J/mol ]
27
28 // So , s tandard s t a t e c e l l v o l t a g e i s
29 E_0 = (-delta_g_0)/(n_e*F);// [V]
30
31 printf(” Standard s t a t e c e l l v o l t a g e f o r the

p r o d u c t i o n o f aluminium i s %f Vol t ”,E_0);

Scilab code Exa 13.8 Electrochemical reactions

1 clear;

2 clc();

3
4 // Example 1 3 . 8
5 // Page : 362
6 printf(”Example−13.8 Page no .−362\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 T = 298.15; // [K] Temperature

10 F = 96500; // [ ( coulomb ) /( mole ∗ e l e c t r o n s ) ] f a r a d a y
c o n s t a n t

11
12 // The r e a c t i o n t a k i n g p l a c e between l i t h i u m and

f l o r i n e i s
13 // Li + F = LiF
14
15 // From Table A. 8 we f i n d tha t
16 delta_g_0 = -587.7*1000; // [ J/mol ]
17 // We a l s o know tha t
18 n_e = 1; // [ e l e c t r o n ] no o f e l e c t r o n t r a n s f e r r e d
19 // That i s because the v a l e n c e Li and F change by 1 ,

so one e l e c t r o n i s t r a n s f e r r e d per m o l e c u l e o f
LiF , thus
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20 E_298_0 = (-delta_g_0)/(n_e*F);// [V]
21
22 printf(”The r e v e r s i b l e v o l t a g e f o r g i v e n

e l e c t r o c h e m i c a l d e v i c e i s %f Vol t ”,E_298_0);

Scilab code Exa 13.9 Electrochemical reactions

1 clear;

2 clc();

3
4 // Example 1 3 . 9
5 // Page : 363
6 printf(”Example−13.9 Page no .−363\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 T = 298.15; // [K] Temperature

10 P_0 = 1; // [ atm ]
11 P = 100; // [ atm ]
12 E_0 = -1.229; // [V]
13 F = 96500; // [ ( coulomb ) /( mole ∗ e l e c t r o n s ) ] f a r a d a y

c o n s t a n t
14 R = 8.314; // [ J /( mol∗K) ] u n i v e r s a l gas c o n s t a n t
15
16 // The r e a c t i o n i s
17 // H2O( l ) = H2( g ) + 1/2O2( g )
18 // number o f the v a l e n c e e l e c t r o n s t r a n s f e r r e d i n

t h i s r e a c t i o n i s
19 n_e = 2; // [ ( mole e l e c t r o n s ) / mole ]
20
21 // Gibb ’ s f r e e ene rgy i s g i v e n by
22 // g = g 0 + i n t e g r a t e ( dg/dP) ∗dP , at c o n s t a n t

t empera tu re with i n t e g r a t i o n l i m i t P 0 and P
23 // or
24 // g = g 0 + i n t e g r a t e ( v T ) ∗dP
25 // In the r i g h t m o s t term we r e p l a c e v T by (R∗T) /P ,
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which i s c o r r e c t on ly f o r i d e a l ga se s , so
26 // g = g 0 + (R∗T) ∗ l o g (P/ P 0 )
27
28 // Accord ing to the assumpt ion , we can i g n o r e the

change i n Gibb ’ s f r e e ene rgy with p r e s s u r e o f the
l i q u i d water , so tha t

29 // d e l t a g = d e l t a g 0 + 1 . 5 ∗ (R∗T) ∗ l o g (P/ P 0 )
30
31 // and
32 // E = (− d e l t a g ) /( n e ∗F) = −( d e l t a g 0 + 1 . 5 ∗ (R∗T) ∗

l o g (P/ P 0 ) ) /( n e ∗F)
33 // So e q u i l i b r i u m c e l l v o l t a g e i s g i v e n as
34 E = E_0 - 1.5*(R*T)*log(P/P_0)/(n_e*F);

35
36 printf(”The e q u i l i b r i u m c e l l v o l t a g e o f e l e c t r o l y t i c

c e l l i f f e e d and product a r e at the p r e s s u r e 100
atm i s %f Vol t ”,E);

Scilab code Exa 13.10 Dimerization

1 clear;

2 clc();

3
4 // Example 1 3 . 1 0
5 // Page : 365
6 printf(”Example−13.10 Page no .−365\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 T = 273.15+25; // [K] Temperature

10 P = 11.38/760; // [ atm ] P r e s s u r e
11 R = 0.08206; // [ ( L∗atm ) /( mol∗K) ] Gas c o n s t a n t
12 v = 0.6525/0.04346; // [ L/g ] S p e c i f i c volume
13 M = 60.05; // [ g/mol ] Mo l e cu l a r we ight o f HAc i n the

monomer form
14 // So the s p e c i f i c volume i n [ L/mol ] i s
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15 V = v*M;// [ L/mol ]
16
17 // C o m p r e s s i b i l i t y f a c t o r i s g i v e by
18 z = (P*V)/(R*T);

19
20 printf(”The v a l u e o f the c o m p r e s s i b i l i t y f a c t o r f o r

HAc at g i v e n c o n d i t i o n i s %f”,z);

Scilab code Exa 13.11 Dimerization

1 clear;

2 clc();

3
4 // Example 1 3 . 1 1
5 // Page : 366
6 printf(”Example−13.11 Page no .−366\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 T = 273.15+25; // [K] Temperature

10 P = 11.38; // [ t o r r ] P r e s s u r e
11
12 // Formation o f the dimer from monomer i n the gas

phase f o l l o w s the r e a c t i o n
13 // 2∗HAc = (HAc) 2
14
15 // From the e q u a t i o n 1 3 .BF( page 366) g i v e n i n the

book
16 // K = (P∗y HAc 2 ) /(P∗y HAc ) ˆ ( 2 ) , where ’ y HAc 2 ’

i s mol f r a c t i o n o f dimer and ’ y HAc ’ i s mol
f r a c t i o n o f monomer

17 // and
18 // l o g 1 0 (K) = −10.4184 + 3164/T , so
19 K = 10^( -10.4184 + 3164/T);// [ 1 / t o r r ]
20
21 // Thus
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22 // y HAc 2 = K∗ (P∗y HAc ) ˆ ( 2 ) /P
23 // S ince , ( y HAc + y HAc 2 ) = 1
24 // y HAc 2 = K∗ (P∗(1−y HAc ) ) ˆ ( 2 ) /P
25
26 // S o l v i n g f o r y HAc 2
27 deff( ’ [ y ]= f ( y HAc 2 ) ’ , ’ y = K∗ (P∗(1−y HAc 2 ) ) ˆ ( 2 ) /P−

y HAc 2 ’ );
28 y_HAc_2 = fsolve(0,f);

29 // So
30 y_HAc = 1-y_HAc_2;

31
32 printf(” Mole f r a c t i o n o f the monomer i n the vapour

phase i s %f\n”,y_HAc);
33 printf(” Mole f r a c t i o n o f the dimer i n the vapour

phase i s %f”,y_HAc_2);

Scilab code Exa 13.12 Dimerization

1 clear;

2 clc();

3
4 // Example 1 3 . 1 2
5 // Page : 367
6 printf(”Example−13.12 Page no .−367\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 // Get t ing the data from the example 1 3 . 1 0

10 T = 273.15+25; // [K] Temperature
11 P = 11.38/760; // [ atm ] P r e s s u r e
12 R = 0.08206; // [ ( L∗atm ) /( mol∗K) ] Gas c o n s t a n t
13 v = 0.6525/0.04346; // [ L/g ] S p e c i f i c volume
14
15 // Now from the p r e v i o u s example i e example 1 3 . 1 1

the mole f r a c t i o n s o f the monomer and dimer i n
the gas phase i s

170



16 y_HAc = 0.211; // monomer
17 y_HAc_2 = 0.789; // dimer
18
19 // Mo l e cu l a r w e i g h t s o f the monomer and dimer forms

a r e
20 M_HAc = 60.05; // [ g/mol ] monomer
21 M_HAc_2 = 120.10; // [ g/mol ] dimer
22
23 // Now ave rage m o l e c u l a r we ight o f the mixture i s
24 M_avg = M_HAc*y_HAc + M_HAc_2*y_HAc_2;// [ g/mol ]
25
26 // So s p e c i f i c volume i n [ L/mol ] i s
27 V = v*M_avg;// [ L/mol ]
28
29 // Now c o m p r e s s i b i l i t y f a c t o r i s
30 z = (P*V)/(R*T);

31
32 printf(”The c o m p r e s s i b i l i t y f a c t o r z f o r the g a s e o u s

mixture i s %f”,z);
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Chapter 14

Equilibrium With Gravity Or
Centrifugal Force Osmotic
Equilibrium Equilibrium With
Surface Tension

Scilab code Exa 14.1 Equilibrium in the presence of gravity

1 clear;

2 clc();

3
4 // Example 1 4 . 1
5 // Page : 379
6 printf(”Example−14.1 Page no .−379\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 T = 300; // [K] Temperature o f the n a t u r a l gas w e l l

10 R = 8.314; // [ J /( mol∗K) ] u n i v e r s a l gas c o n s t a n t
11 z_1 = 0; // [m]
12 // At the s u r f a c e o f the w e l l mole f r a c t i o n o f the

components a r e
13 y_methane_surf = 85/100; // [ mol% ]
14 y_ethane_surf = 10/100; // [ mol% ]
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15 y_propane_surf = 5/100; // [ mol% ]
16 P = 2; // [MPa] Tota l e q u i l i b r i u m p r e s s u r e
17 z_2 = 1000; // [m] Depth o f the w e l l
18
19 // Mo l e cu l a r w e i g h t s o f the components a r e
20 M_methane = 16/1000; // [ kg /mol ]
21 M_ethane = 30/1000; // [ kg /mol ]
22 M_propane = 44/1000; // [ kg /mol ]
23
24 // Now , we have the r e l a t i o n between the f u g a c i t i e s

o f a component at z 1 and z 2 as
25 // f i 2 / f i 1 = exp ((−M i∗g ∗ ( z 2−z 1 ) ) /(R∗T) ) ,

where g i s g r a v i t a t i o n a l a c c e l a r a t i o n and i t s
v a l u e i s

26 g = 9.81; // [m/ s ˆ ( 2 ) ]
27
28 // F u g a c i t i e s o f the v a r i o u s components at the

s u r f a c e i . e . a t z = z 1 i s
29 f_methane_1 = y_methane_surf*P;// [MPa]
30 f_ethane_1 = y_ethane_surf*P;// [MPa]
31 f_propane_1 = y_propane_surf*P;// [MPa]
32
33 // Now , f u g a c i t i e s at z = z 2 a r e
34 f_methane_2 = f_methane_1*exp((-M_methane*g*(z_1 -z_2

))/(R*T));;; // [MPa]
35 f_ethane_2 = f_ethane_1*exp((-M_ethane*g*(z_1 -z_2))

/(R*T));// [MPa]
36 f_propane_2 = f_propane_1*exp((-M_propane*g*(z_1 -z_2

))/(R*T));// [MPa]
37
38 // Let at z = z 1 t o t a l p r e s s u r e o f the g a s e s a r e

P 2
39 // Then , f u g a c i t i e s o f the i t h component i s a l s o

g i v e n as
40 // f i 2 = y i 2 ∗P 2
41 // Wri t ing the e x p r e s s i o n f o r a l l the component ad

adding them we g e t
42 // ( f m e t h a n e 2 + f e t h a n e 2 + f p r o p a n e 2 ) =
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y methane 2 ∗P 2 + y e t h a n e 2 ∗P 2 + y p r o p a n e 2 ∗
P 2

43 // or
44 // ( f m e t h a n e 2 + f e t h a n e 2 + f p r o p a n e 2 ) = P 2 ∗ (

y methane 2 + y e t h a n e 2 + y p r o p a n e 2 )
45 // and
46 // ( y methane 2 + y e t h a n e 2 + y p r o p a n e 2 ) = 1 ,

so
47 P_2 = (f_methane_2 + f_ethane_2 + f_propane_2 );// [

MPa]
48
49 // Now the mole f r a c t i o n s o f the components a r e
50 // y i 2 = f i 2 / P 2 , so
51 y_methane_2 = f_methane_2/P_2;

52 y_ethane_2 = f_ethane_2/P_2;

53 y_propane_2 = f_propane_2/P_2;

54
55 printf(”The mol f r a c t i o n o f the methane at the depth

1000m i s %f\n”,y_methane_2);
56 printf(”The mol f r a c t i o n o f the e thane at the depth

1000m i s %f\n”,y_ethane_2);
57 printf(”The mol f r a c t i o n o f the propane at the depth

1000m i s %f\n”,y_propane_2);

Scilab code Exa 14.2 Equilibrium in the presence of gravity

1 clear;

2 clc();

3
4 // Example 1 4 . 2
5 // Page : 380
6 printf(”Example−14.2 Page no .−380\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 T = 288; // [K] Atmospher ic t empera tu r e
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10 R = 8.314; // [ J /( mol∗K) ] u n i v e r s a l gas c o n s t a n t
11 z_2 = 15000; // [m] Th i ckne s s o f the atmosphere
12 z_1 = 0; // [m] S u r f a c e
13 // At the s u r f a c e , the mole f r a c t i o n o f n i t r o g e n and

oxygen a r e
14 y_N2_1 = 0.79;

15 y_O2_1 = 0.21;

16 M_N2 = 28/1000; // [ kg /mol ]
17 M_O2 = 32/1000; // [ kg /mol ]
18
19 // For an i d e a l s o l u t i o n o f i d e a l g a s e s with on ly

two s p e c i e s , we have
20 // y i 2 / y i 1 = 1/( y i 1 + y j 1 /a ) , and
21 // a = exp (−(M i−M j ) ∗g ∗ ( z 2−z 1 ) /(R∗T) )
22 // where ’ g ’ i s a c c e l a r a t i o n due to g r a v i t y and i t s

v a l u e i s
23 g = 9.81; // [m/ s ˆ ( 2 ) ]
24
25 // So
26 a = exp(-(M_N2 -M_O2)*g*(z_2 -z_1)/(R*T));

27 // and
28 yi2_by_yi1 = 1/( y_N2_1 + y_O2_1/a);

29
30 printf(” C o n c e n t r a t i o n o f the n i t r o g e n at the top o f

atmosphere with r e s p e c t to the c o n c e n t r a t i o n o f
n i t r o g e n at the s u r f a c e o f the e a r t h i s \n

y i 2 b y y i 1 = %0 . 2 f ”,yi2_by_yi1);

Scilab code Exa 14.3 Equilibrium in the presence of gravity

1 clear;

2 clc();

3
4 // Example 1 4 . 3
5 // Page : 381
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6 printf(”Example−14.3 Page no .−381\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 // For t h i s problem a l l the data a r e same as i n

p r e v i o u s Example 1 4 . 2 e x c e p t z 1 and z 2
10 // So
11 T = 288; // [K] Atmospher ic t empera tu r e
12 R = 8.314; // [ J /( mol∗K) ] U n i v e r s a l gas c o n s t a n t
13 z_2 = 10; // [m] He ight o f the r e a c t o r
14 z_1 = 0; // [m] S u r f a c e
15 g = 9.81; // [m/ s ˆ ( 2 ) ] A c c e l a r a t i o n due to g r a v i t y
16 // At z = z 1 , the mole f r a c t i o n o f n i t r o g e n and

oxygen a r e
17 y_N2_1 = 0.79;

18 y_O2_1 = 0.21;

19 M_N2 = 28/1000; // [ kg /mol ]
20 M_O2 = 32/1000; // [ kg /mol ]
21
22 // So
23 a = exp(-(M_N2 -M_O2)*g*(z_2 -z_1)/(R*T));

24 // and
25 yi2_by_yi1 = 1/( y_N2_1 + y_O2_1/a);

26
27 printf(” C o n c e n t r a t i o n o f the n i t r o g e n at the top o f

r e a c t o r with r e s p e c t to the c o n c e n t r a t i o n o f
n i t r o g e n at the bottom o f r e a c t o r i s \n
y i 2 b y y i 1 = %f”,yi2_by_yi1);

Scilab code Exa 14.4 Centrifuges

1 clear;

2 clc();

3
4 // Example 1 4 . 4
5 // Page : 382

176



6 printf(”Example−14.4 Page no .−382\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 T = 300; // [K] Temperature o f the c e n t r i f u g e

10 R = 8.314; // [ J /( mol∗K) ] U n i v e r s a l gas c o n s t a n t
11 // Mole f r a c t i o n s o f the two components a r e
12 y_UF6_238_1 = 0.993; // Mole f r a c t i o n o f UF6 with

238 i s o t o p e o f uranium i n f e e d
13 y_UF6_235_1 = 0.007; // Mole f r a c t i o n o f UF6 with 235

i s o t o p e o f uranium i n f e e d
14 M_UF6_238 = 352/1000; // [ kg /mol ] Mo l e cu l a r we ight o f

UF6 with 238 i s o t o p e o f uranium
15 M_UF6_235 = 349/1000; // [ kg /mol ] Mo l e cu l a r we ight o f

UF6 with 235 i s o t o p e o f uranium
16 r_in = 2/100; // [m] I n t e r a n a l r a d d i o f the c e n t r i f u g e
17 r_out = 10/100; // [m] o u t e r r a d d i o f the c e n t r i f u g e
18 f = 800; // [ r e v o l u t i o n / second ] R o t a t i o n a l f r e q u e n c y

o f c e n t r i f u g e
19
20 // Here the a c c e l a r a t i o n w i l l come due to

c e n t r i f u g a l f o r c e and i s
21 // g = wˆ ( 2 ) ∗ r , where ’w’ i s a n g u l a r speed and i t s

v a l u e i s w = 2∗ p i e ∗ f and ’ r ’ i s r a d i u s
22 // But i n the p r e s e n t c a s e ’ r ’ i s v a r i e s as we move

away from the a x i s o f c e n t r i f u g e
23 // A f t e r making i n t e g r a t i o n by t a k i n g s m a l l e l e m e n t s

at the d i s t a n c e ’ r ’ we f i n d the e x p r e s s i o n
24 a = exp((M_UF6_235 -M_UF6_238)*(2*3.141592*f)^(2)*(

r_out ^(2)-r_in ^(2))/(2*R*T));

25
26 // Now Let the r a t i o y i 2 / y i 1 = A
27 // Then we have
28 A = 1/( y_UF6_235_1 + y_UF6_238_1/a);

29
30 // Now say y i 1 / y i 2 = 1/A = B , then
31 B = 1/A;

32
33 printf(”The r a t i o o f the mole f r a c t i o n o f UF6 ( with
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uranium 235 i s o t o p e ) at the 2 cm r a d i u s to tha t
at the 10 cm r a d i u s i s %0 . 3 f ”,B);

Scilab code Exa 14.5 Osmotic Pressure

1 clear;

2 clc();

3
4 // Example 1 4 . 5
5 // Page : 384
6 printf(”Example−14.5 Page no .−384\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9

10 // We have two phase system i n t h i s problem i n which
phase 1 i s s e a w a t e r and phase 2 i s f r e s s h w a t e r

11 // Seawater c o n t a i n s most ly NaCl , Na2SO4 , MgCl2 , KCl
and i f they c o m p l e t l y i o n i s e d then

12 x_water_1 = 0.98; // mole f r a c t i o n o f water i n phase
1 i . e . i n s e a w a t e r

13 x_water_2 = 1; // mole f r a c t i o n o f water i n the phase
2 i . e . i n water

14 R = 10.73; // [ ( p s i ∗ f t ˆ ( 3 ) ) /( lbmol ∗R) ] U n i v e r s a l gas
c o n s t a n t

15 T = 500; // [R] t empera tu r e
16 v_water_1 = 18/62.4 // [ f t ˆ ( 3 ) /( lbmol ) ]
17
18 // The e f f e c t o f the p r e s s u r e on the f u g a c i t y o f the

l i q u i d i s g i v e n as
19 // f i = ( x i ∗Y i ∗p ) ∗ exp ( i n t e g r a t e ( v /(R∗T)dP) ) with

i n t e g r a t i o n l i m i t from pure l i q u i d p r e s s u r e to
s o l u t i o n l i q u i d p r e s s u r e

20
21 // Wri t ing t h i s e q u a t i o n twice , oncce f o r pure water

and once f o r the water i n the ocean water , and
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e q u a t i n g the f u g a c i t i e s , we ge t
22 // ( ( x i ∗Y i ∗p ) ∗ exp ( i n t e g r a t e ( v /(R∗T)dP) ) )

p u r e w a t e r = ( ( x i ∗Y i ∗p ) ∗ exp ( i n t e g r a t e ( v /(R∗T)
dP) ) ) s e a w a t e r

23
24 // For pure water , x i and Y i a r e un i ty , and f o r

the water i n the s o l u t i o n , with mole f r a c t i o n
0 . 9 8 , Raoult ’ s law i s c e r t a i n to be p r a c t i c a l l y
obeyed

25 // So tha t Y i i s c e r t a i n to be p r a c t i c a l l y u n i t y .
26
27 // The p a r t i a l mo la l volume o f water i n pure water

i s p r a c t i c a l l y the same as tha t i n d i l u t e
s o l u t i o n s ,

28 // Tkaing the l o g a r i t h m o f both s i d e s and s o l v i n g ,
we g e t

29
30 // − l o g ( x w a t e r 1 ) = i n t e g r a t e ( v w a t e r 1 /(R∗T)dP)
31 // I n t e g r a t i n g with the l i m i t P purewater and

P seawate r we have
32 // − l o g ( x w a t e r 1 ) = ( v w a t e r 1 /(R∗T) ) ∗ ( P seawate r

− P purewater )
33 // ( P seawate r − P purewater ) = d e l t a P
34 // So
35 delta_P = (-(R*T)*log(x_water_1))/v_water_1;// [ p s i ]
36 printf(”The p r e s s u r e d i f f e r e n c e between the two

phase s i s %0 . 1 f p s i ”,delta_P)

Scilab code Exa 14.6 Pressure difference across a droplet

1 clear;

2 clc();

3
4 // Example 1 4 . 6
5 // Page : 386
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6 printf(”Example−14.6 Page no .−386\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 T = 100; // [C ] Temperature o f the o u t s i d e

10 P_outside = 1; // [ atm ]
11 // At 100 C, the s u r f a c e t e n s i o n between steam and

water i s
12 T = 0.05892; // [N/m] From m e t r i c steam t a b l e ( 7 , page

267)
13
14 // P r e s s u r e d i f f e r e n c e between i n s i d e and o u t s i d e o f

a drop i s g i v e n by the e x p r e s s i o n
15 // ( P i n s i d e − P o u t s i d e ) = (4∗T) / d i
16
17 // Let ( P i n s i d e − P o u t s i d e ) = d e l t a P , so
18 // d e l t a P = (4∗T) / d i
19 // For the drop o f d i amete r
20 d_1 = 0.001; // [m]
21 // So
22 delta_P_1 = (4*T)/d_1;// [ Pa ]
23
24 // Which i s c e r t a i n l y n e g l i g i b l e
25 // I f we r educe the d i amete r to
26 d_2 = 10^( -6);// [m]
27
28 // So
29 delta_P_2 = (4*T)/d_2;// [ Pa ]
30
31 // I f we r educe i t to d i amete r tha t i s s m a l l e s t

s i z e d drop l i k e l y to e x i s t
32 d_3 = 0.01*10^( -6) // [m]
33 // Then the c a l c u l a t e d p r e s s u r e d i f f e r e n c e i s
34 delta_P_3 = (4*T)/d_3;// [ Pa ]
35
36 printf(” P r e s s u r e d i f f e r e n c e with the change i n

r a d i u s o f the drop o f the water i s g i v e n as i n
the f o l l o w i n g t a b l e \n\n”);

37 printf(” Diameter o f the d r o p l e t ( d i ) ( i n
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meter ) P r e s s u r e d i f f e r e n c e (
P i n s i d e − P o u t s i d e ) ( i n atm ) \n”);

38 printf(” %0 . 2 e

%0 . 2 e \n”,d_1 ,delta_P_1);
39 printf(” %0 . 2 e

%0 . 2 e \n”,d_2 ,delta_P_2);
40 printf(” %0 . 2 e

%0 . 2 e \n”,d_3 ,delta_P_3);

Scilab code Exa 14.7 Equilibrium with surface tension

1 clear;

2 clc();

3
4 // Example 1 4 . 7
5 // Page : 387
6 printf(”Example−14.7 Page no .−387\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 P_NBP = 1; // [ atm ]

10 Temp =273.15+100; // [C ] Temperature
11 D = 0.01*10^( -6);// [m] Diameter o f the c o n d e n s a t i o n

n u c l e i ( due to impur i t y )
12 T = 0.05892; // [N/m] S u r f a c e t e n s i o n between water

drops and gas
13 R = 8.314; // [ J /( mol∗K) ]
14
15 // At e q u i l i b r i u m the Gibb ’ s f r e e ene rgy per pound

w i l l be the same i n s i d e and o u t s i d e the drops .
16 // From the p r e v i o u s example 1 4 . 6 , the p r e s s u r e

d i f f e r e n c e i n s i d e and o u t s i d e o f the drop i s
17 // d e l t a P = ( P i n s i d e−P o u t s i d e ) = 4∗T/D = 233 atm
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= 2 3 5 . 7 bar
18
19 // Taking the Gibb ’ s f r e e ene rgy at the normal

b o i l i n g p o i n t as g NBP we have
20 // g s m a l l d r o p e q u i l i b r i u m = g NBP + i n t e g r a t e (

v w a t e r g a s )dP , with i n t e g r a t i o n l i m i t s P NBP
and P gas

21 // a l s o
22 // g s m a l l d r o p e q u i l i b r i u m = g NBP + i n t e g r a t e (

v w a t e r l i q u i d )dP , with i n t e g r a t i o n l i m i t s
P NBP and ( P gas + 4∗T/D)

23 // and
24 v_water_liquid = 1/958.39*0.018; // [mˆ ( 3 ) /mol ]
25
26 // I f we assume tha t the s p e c i f i c volume o f the

l i q u i d i s a cons tant , and independent o f p r e s s u r e ,
and tha t the volume o f the vapour i s g i v e n by

the gas law
27 // then we can per fo rm the i n t e g r a t i o n s and c a n c e l

the g NBP terms , f i n d i n g the Ke lv in e q u a t i o n
28
29 // (R∗Temp) ∗ l o g ( P gas /P NBP) = v w a t e r l i q u i d ∗ ( P gas

+ 4∗T/D − P NBP)
30 // For very s m a l l drops
31 // ( P gas − P NBP) << 4∗T/D
32 // So tha t we can w r i t e i t app rox imat e l y as
33
34 // P gas /P NBP = exp ( v w a t e r l i q u i d ∗ (4∗T/D) /(R∗Temp)

) = I
35 // so
36 I = exp(v_water_liquid *(4*T/D)/(R*Temp));

37
38 // S u b s t r a c t i n g 1 from both s i d e s i n the above

e q u a t i o n we have
39 // ( P gas−P NBP) /P NBP = I−1
40 // So
41 P_gas_minus_P_NBP = (I-1)*P_NBP;// [ atm ]
42 // Changing i n t o the bar we have
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43 delta_P = P_gas_minus_P_NBP *1.01325; // [ bar ]
44
45 // Now chang ing the u n i t to p s i we have
46 delta_P_1 = delta_P *100*0.1450377; // [ p s i ]
47
48 printf(”The e q u i l i b r i u m p r e s s u r e at which the steam

beg in to condence at t h i s t empera tu r e on the
n u c l e i i s %f p s i above the normal b o i l i n g p o i n t . ”
,delta_P_1);

Scilab code Exa 14.8 Equilibrium with surface tension

1 clear;

2 clc();

3
4 // Example 1 4 . 8
5 // Page : 388
6 printf(”Example−14.8 Page no .−388\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 Temp = 273.15+100; // [K] Temperature o f the water

drop
10 R = 8.314; // [ J /( mol∗K) ] U n i v e r s a l gas c o n s t a n t
11 D = 0.01*10^( -6);// [m] Diameter o f the water drop
12 P_g = 0.15; // [ bar ] guage p r e s s u r e
13 T = 0.05892; // [N/m] S u r f a c e t e n s i o n between water

drop and gas
14
15 // The c a l c u l a t i o n o f the p r e s s u r e d i f f e r e n c e from

i n s i d e to o u t s i d e i s the same as done i n the
example 1 4 . 7

16
17 // The s p e c i f i c Gibb ’ s f r e e ene rgy o f the l i q u i d i s

thus g i v e n as
18 // ( g w a t e r l i q u i d − g NBP ) = i n t e g r a t e (
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v w a t e r l i q u i d )dP , with i n t e g r a t i o n l i m i t s
P NBP and ( P gas + 4∗T/D)

19 // Where
20 v_water_liquid = 0.018/958.39; // [mˆ ( 3 ) /mol ]
21 P_NBP = 1.013; // [ bar ]
22 P_gas = 1.013+0.15; // [ bar ]
23
24 // Say
25 P_1 = P_gas + 4*T/D;// [ bar ]
26 // and ( g w a t e r l i q u i d − g NBP ) = d e l t a g 1
27 // So
28 delta_g_1 = integrate( ’ v w a t e r l i q u i d ∗Pˆ ( 0 ) ’ , ’P ’ ,

P_NBP ,P_1);// [ J/mol ]
29
30 // and f o r the gas , aga in u s i n g e q u a t i o n f o r Gibb ’ s

f r e e energy , we have
31 // ( g w a t e r l i q u i d − g NBP ) = i n t e g r a t e ( v w a t e r g a s )

dP , with i n t e g r a t i o n l i m i t s P NBP and P gas
32 // Here assuming tha t the vapour f o l l o w s the i d e a l

gas law we have
33 // v w a t e r g a s = (R∗Temp/P)
34 // and a l s o l e t ( g w a t e r l i q u i d − g NBP ) = d e l t a g 2
35 // so
36 delta_g_2 = integrate( ’ (R∗Temp) /P ’ , ’P ’ ,P_NBP ,P_gas);
37
38 // Now
39 // ( g w a t e r l i q u i d − g w a t e r g a s ) = ( g w a t e r l i q u i d

− g NBP )−( g w a t e r g a s − g NBP ) = d e l t a g
40 // So
41 delta_g = (delta_g_1 - delta_g_2);

42
43 // We have got the v a l u e o f the d e l t a g p o s i t i v e , so
44
45 printf(”The l i q u i d can l owe r i t s f r e e ene rgy %0 . 2 f J

/mol by Changing to gas , \ n”,delta_g);
46 printf(”So tha t even at 0 . 1 5 bar above the normal

b o i l i n g po int , a drop o f t h i s s m a l l s i z e i s
u n s t a b l e and w i l l q u i c k l y e v a p o r a t e . ”);
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Scilab code Exa 14.9 Equilibrium with surface tension

1 clear;

2 clc();

3
4 // Example 1 4 . 9
5 // Page : 390
6 printf(”Example−14.9 Page no .−390\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 Temp = 904.7; // [R] Temperature o f the pure l i q u i d

water
10 P_NBP = 400; // [ p s i a ] S a t u r a t i o n p r e s s u r e o f the pure

l i q u i d water at the g i v e n t empera tu r e
11 T = 1.76*10^( -4);// [ l b f / i n ch ] S u r f a c e t e n s i o n o f

water
12 R = 10.73; // [ ( p s i ∗ f t ˆ ( 3 ) ) /( lbmol ∗R) ]
13
14 // In t h i s problem the gas i s i n s i d e the bubble , a t

a p r e s s u r e much h i g h e r than tha t o f the
s o r r o u n d i n g l i q u i d .

15 // The c r i t e r i o n o f e q u i l i b r i u m i s tha t the Gibb ’ s
f r e e ene rgy o f the gas i n s i d e the bubble must be
the same as tha t o f the l i q u i d o u t s i d e the bubble
.

16 // Thus we have
17 // g s m a l l d r o p e q u i l i b r i u m = g NBP + i n t e g r a t e (

v w a t e r l i q u i d )dP , with i n t e g r a t i o n l i m i t s
P NBP and P l i q u i d

18 // a l s o
19 // g s m a l l d r o p e q u i l i b r i u m = g NBP + i n t e g r a t e (

v w a t e r g a s )dP , with i n t e g r a t i o n l i m i t s P NBP
and ( P l i q u i d +4∗T/D)

20 // where
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21 v_water_liquid = 18*0.01934; // [ f t ˆ ( 3 ) / lbmol ]
22 D = 10^( -5);// [ i n ch ]
23
24 // so
25 // g NBP + i n t e g r a t e ( v w a t e r l i q u i d )dP = g NBP +

i n t e g r a t e ( v w a t e r g a s )dP
26
27 // Here we assume tha t the l i q u i d has p r a c t i c a l l y

c o n s t a n t d e n s i t y and tha t the gas behaves as an
i d e a l gas and f i n d

28 // (R∗Temp) ∗ l o g ( ( P l i q u i d +4∗T/D) /P NBP) =
v w a t e r l i q u i d ∗ ( P l i q u i d − P NBP)

29 // l e t P l i q u i d = p
30
31 // We w i l l s o l v e the above e q u a t i o n f o r p
32 deff( ’ [ y ]= f ( p ) ’ , ’ y = v w a t e r l i q u i d ∗ ( p − P NBP)−(R∗

Temp) ∗ l o g ( ( p+4∗T/D) /P NBP) ’ );
33 P_liquid = fsolve (300,f);// [ p s i a ]
34
35 // At t h i s e x t e r n a l p r e s s u r e the p r e s s u r e i n s i d e the

bubble i s
36 P_inside = P_liquid + 4*T/D;// [ p s i a ]
37
38 printf(”The l i q u i d p r e s s u r e at which t h e s e b o i l i n g

n u c l e i w i l l b eg in to grow and i n t i a t e b o i l i n g i s
%0 . 1 f p s i a \n”,P_liquid);

39 printf(”At t h i s e x t e r n a l p r e s s u r e the p r e s s u r e
i n s i d e the bubble i s %0 . 1 f p s i a ”,P_inside);
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Chapter 15

The Phase Rule

Scilab code Exa 15.1 Phase rule

1 clear;

2 clc();

3
4 // Example 1 5 . 1
5 // Page : 398
6 printf(”Example−15.1 Page no .−398\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 // This i s a t h e o r a t i c a l q u e s t i o n .

10 printf(” This i s a t h e o r a t i c a l q u e s t i o n and t h e r e a r e
no any n u m e r i c a l components i n v o l v e . Re f e r to

page no 398 o f the book . ”);

Scilab code Exa 15.2 Two component system

1 clear;

2 clc();

3

187



4 // Example 1 5 . 2
5 // Page : 401
6 printf(”Example−15.2 Page no .−401\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 // The system c o n t a i n s f o u r s p e c i e s

10 printf(” In t h i s system , t h e r e a r e f o u r i d e n t i f i a b l e
c h e m i c a l s p e c i e s , which a r e C, O2 , CO2 and CO. \ n

The ba lanced e q u a t i o n s we can w r i t e among them
a re \n”);

11
12 printf(” C + 0 . 5 O2 = CO\n”);
13 printf(” C + O2 = CO2\n”);
14 printf(” CO + 0 . 5 O2 = CO2\n”);
15 printf(” CO2 + C = 2CO\n”);
16
17 // Let we c a l l t h e s e e q u a t i o n s A, B, C and D

r e s p e c t i v e l y
18 // These r e l a t i o n s a r e not independent .
19 // I f we add A and C and c a n c e l l i k e terms , we

o b t a i n B .
20 // So , I f we want independent c h e m i c a l e q u i l i b r i a we

must remove e q u a t i o n C
21
22 // Now , i f we r e v e r s e the d i r e c t i o n o f B and add i t

to A, we s e e tha t D i s a l s o not independent .
23 // Thus , t h e r e a r e on ly two independent r e l a t i o n s

among t h e s e f o u r s p e c i e s and
24 printf(” There a r e on ly two independent r e l a t i o n s

among t h e s e f o u r s p e c i e s and\n”);
25
26 // V = C + 2 − P
27 // and we have
28 V = 2; // No o f the v a r i a b l e
29 P = 2; // No o f the phase s
30 // So
31 C = V + P - 2;

32 printf(” C = V + P − 2\n”);
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33 printf(” C = 4 − 2 = 2\n”);
34 printf(” Thus , t h i s i s a two−component system ”);

Scilab code Exa 15.3 Degree of freedom and number of components

1 clear;

2 clc();

3
4 // Example 1 5 . 3
5 // Page : 402
6 printf(”Example−15.3 Page no .−402\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 // This c o n t a i n s t h r e e s p e c i e s .

10 printf(” The t h r e e s p e c i e s i n t h i s system a r e H2 , N2
and NH3\n”);

11 N = 3;

12 printf(” There i s on ly one ba l anced c h e m i c a l
r e a c t i o n among t h e s e s p e c i e s \n”);

13 Q = 1

14
15 // 2NH3 = N2 + 3H2
16 C = N - Q;

17 printf(” C = N − Q = %0. 0 f \n\n”,C);
18 // Now l e t us we made the system by s t a r t i n g with

pure ammonia .
19 // Assuming tha t a l l the s p e c i e s a r e i n the gas

phase , ammonia d i s s o c i a t e s i n H2 and N2 i n the
r a t i o o f 3 : 1 .

20 printf(” Let we s t a r t with pure ammonia i n the
system , then ammonia w i l l d i s s o c i a t e i n H2 and N2

i n the r a t i o o f 3 : 1 . \ n”);
21
22 // We can w r i t e an e q u a t i o n among t h e i r mole

f r a c t i o n s , v i z ;
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23 // y H2 = 3∗ y N2
24 printf(” And the r e l a t i o n between t h e i r mole

f r a c t i o n i s \n y H2 = 3∗ y N2\n\n”);
25
26 // We might modi fy the phase r u l e to put i n ano the r

symbol f o r s t o i c h i o m e t r i c r e s t r i c t i o n s , but the
common usage i s to w r i t e tha t

27 // Components = s p e c i e s − ( i ndependent r e a c t i o n s ) −
( s t o i c h i o m e t r i c r e s t r i c t i o n )

28 // and s t o i c h i o m e t r i c r e s t r i c t i o n SR i s
29 SR = 1;

30 // so
31 c = N-Q-SR;

32 printf(” We have the m o d i f i e d phase r u l e as \n
Components = s p e c i e s − ( i ndependent r e a c t i o n s ) −
( s t o i c h i o m e t r i c r e s t r i c t i o n ) \n”)

33 printf(” C = N − Q − SR = %0. 0 f ”,c);

Scilab code Exa 15.4 Number of components in a reactions

1 clear;

2 clc();

3
4 // Example 1 5 . 4
5 // Page : 403
6 printf(”Example−15.4 Page no .−403\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 // We have been g i v e n the r e a c t i o n

10 // CaCO3( s ) = CaO( s ) + CO2( g )
11
12 // Here we have t h r e e s p e c i e s and one ba lanced

c h e m i c a l r e a c t i o n between them
13 // So
14 N = 3; // No o f s p e c i e s
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15 Q = 1; // no o f r e a c t i o n
16
17 // S i n c e CO2 w i l l most ly be i n the gas phase and

CaCO3 and CaO w i l l each form s e p a r a t e s o l i d
phases ,

18 // t h e r e i s no e q u a t i o n we can w r i t e among the mole
f r a c t i o n s i n any o f the phase s .

19 // Hence , t h e r e i s no s t o i c h i o m e t r i c r e s t r i c t i o n i . e
.

20 SR = 0

21 // and the number o f the components i s
22 C = N - Q - SR;

23
24 printf(”Number o f the components p r e s e n t s i n the

t e s t tube a r e %0 . 0 f ”,C);

Scilab code Exa 15.5 Degree of freedom and Phases

1 clear;

2 clc();

3
4 // Example 1 5 . 5
5 // Page : 403
6 printf(”Example−15.5 Page no .−403\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 // We have been g i v e n the r e a c t i o n

10 // CaCO3( s ) = CaO( s ) + CO2( g )
11 // The CaCO3 and CaO form s e p a r a t e s o l i d phases , so

we have t h r e e phases , two s o l i d and one gas .
12 // So
13 P = 3;

14 // This i s a two component system , so
15 C = 2;

16
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17 // From the phase r u l e
18 V = C + 2 - P;

19
20 // I f t h e r e i s on ly one d e g r e e o f freedom , then the

system shou ld have a un ique P−T curve .
21 // R e f e r e n c e [ 2 , page 214 ] as r e p o r t e d i n the book

, shows the data to draw such a curve , which can
be w e l l r e p r e s e n t e d by

22 // l o g ( p/ t o r r ) = 2 3 . 6 1 9 3 − 19827/T
23
24 printf(” The no . o f phase s p r e s e n t i n the system a r e

%0 . 0 f \n”,P);
25 printf(” Tota l no o f d e g r e e s o f f reedom i s %0 . 0 f \n”

,V);

26 printf(” S ince , t h e r e i s on ly one d e g r e e o f freedom ,
so the system has a un ique P−T curve , \ n”);

27 printf(” which can be w e l l r e p r e s e n t e d by \n l o g (
p/ t o r r ) = 2 3 . 6 1 9 3 − 19827/T”);

Scilab code Exa 15.6 Number of components in ionic reaction

1 clear;

2 clc();

3
4 // Example 1 5 . 6
5 // Page : 404
6 printf(”Example−15.6 Page no .−404\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 // The system c o n s i s t s o f f i v e s p e c i e s .

10 printf(” The f i v e s p e c i e s p r e s e n t i n the system a r e
H2O, HCl , H+, OH− and Cl−. \n”);

11 // So
12 N = 5; // Number o f the s p e c i e s
13 printf(” Here we have two c h e m i c a l r e l a t i o n s : \ n”);
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14 printf(” H2O = H+ + OH− \n”);
15 printf(” HCl = H+ + Cl− \n”);
16
17 // so
18 Q = 2; // No o f the r e a c t i o n s
19
20 // In a d d i t i o n we have e l e c t r o n e u t r a l i t y , which s a y s

tha t at e q u i l i b r i u m the t o t a l no o f p o s i t i v e
i o n s i n the s o l u t i o n must be the same as the
t o t a l no o f n a g a t i v e i ons , o r

21 // [H+] = [OH−] + [ Cl−]
22 // To mainta in e l e c t r o n e u t r a l i t y number o f p o s i t i v e

and n e g a t i v e i o n shou ld be same .
23 // Here [H+] s t a n d s f o r the m o l a l i t y o f hydrogen i o n

. This i s c o n v e r t i b l e to a r e l a t i o n among the ’mu
’ s ’ ; hence ,

24 // i t i s an a d d i t i o n a l r e s t r i c t i o n , so
25 SR = 1;

26 // So
27 // The number o f components i s
28 C = N - Q - SR;

29
30 printf(” Number o f the components p r e s e n t i n the

system a r e \n C = N − Q − SR = %0. 0 f ”,C);

Scilab code Exa 15.7 Dependency of the number of components

1 clear;

2 clc();

3
4 // Example 1 5 . 7
5 // Page : 405
6 printf(”Example−15.7 Page no .−405\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
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9 printf(” Our system c o n s i s t s o f Au and H2O. \ n”);
10 // So
11 N = 2; // Number o f the s p e c i e s
12 // I f t h e r e i s no c h e m i c a l r e a c t i o n , then
13 Q = 0;

14
15 // So
16 C = N - Q;// Number o f the components
17 printf(” I f no compound i s formed , then number o f

the components i n the system a r e \n C = N − Q
= 2 − 0 = %0 . 0 f \n\n”,C);

18
19 // However , i f t h e r e i s a l s o a c h e m i c a l r e a c t i o n
20 // Au + H2O = AuH2O
21 // so
22 n = 3; // Number o f the s p e c i e s
23 q = 1; // Number o f the r e a c t i o n s
24
25 // Thus , we have
26 c = n - q;// Number o f the components
27
28 printf(” I f t h e r e i s a l s o a c h e m i c a l r e a c t i o n , v i z . \

n Au + H2O = AuH2O \n”);
29 printf(” the number o f the components i n the system

a r e \n C = N − Q = %0. 0 f \n\n”,c);
30 printf(” The number o f the components i s i ndependent

o f the e x i s t e n c e or n o n e x i s t e n c e o f such
compounds o f q u e s t i o n a b l e e x i s t e n c e . ”);

Scilab code Exa 15.8 A formal way to find the number of the indepedent
equations

1 clear;

2 clc();

3
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4 // Example 1 5 . 8
5 // Page : 405
6 printf(”Example−15.8 Page no .−405\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 // The s p e c i e s , we a r e g i v e n a r e CaCO3 , CaO and CO2

10 // F i r s t we w r i t e the r e a c t i o n f o r the f o r m a t i o n o f
the above s p e c i e s from t h e i r e l e m e n t a l pa r t .

11 // So , we have
12 // Ca + C + 1 . 5 O2 = CaCO3
13 // Ca + 0 . 5 O2 = CaO
14 // C + O2 = CO2
15
16 // We must e l i m i n a t e Ca , C and O2 from t h e s e

e q u a t i o n s because they do not appear i n the
s p e c i e s l i s t .

17
18 // Now , s o l v i n g the 3 rd e q u a t i o n f o r C and

s u b s t i t u t i n g i n the f i r s t equat ion , we have
19 // Ca + CO2 − O2 + 1 . 5 O2 = CaCO3
20 // Now , t h i s e q u a t i o n to the e q u a t i o n second , we

have
21 // CO2 = −CaO + CaCO3
22 // or
23 // CaCO3 = CO2 + CaO
24
25 printf(” There i s on ly one ba l anced c h e m i c a l

r e a c t i o n between the s p e c i e s on the s p e c i e s l i s t ,
v i z . \ n”);

26 printf(” CaCO3 = CO2 + CaO ”);

Scilab code Exa 15.9 Isothermal behaviour of the given reaction set

1 clear;

2 clc();
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3
4 // Example 1 5 . 9
5 // Page : 408
6 printf(”Example−15.9 Page no .−408\n\n”);
7
8 // ∗∗∗Data ∗∗∗//
9 printf(” This i s a t h e o r a t i c a l q u e s t i o n and t h e r e a r e

no any n u m e r i c a l components . Re f e r to page no
408 o f the book . ”);
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