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	III/IV B. Tech (Regular) DEGREE EXAMINATION

	OCTOBER, 2016
	Chemical Engineering

	Fifth Semester
	                                                               Chemical Engineering Thermodynamics

	Time: Three Hours
	Maximum : 60 Marks

	Answer Question No.1 compulsorily. 
	 (1X12 = 12 Marks)

	Answer ONE question from each unit.
	                                                      (4X12=48 Marks)


1. Answer all questions                                                                                                                        (1X12=12 Marks)
1. Explain the following:
	a
	Define Standard heat of formation: heat of Reaction in which one and only one mole of compound is formed from constituent elements.

	b
	How is mean heat capacity calculated?: From the slope of heat added versus temperature plot.

	c
	What is Watson correlation and what is utility:

to estimate latent heat effect known the same at some other temperature [image: image1.png]




	d
	Define and explain the significance of partial molar property: Change total property of the mixture per unit change in moles of species ‘i’ alone. It gives contribution of mole of a species as it is present in solution. It can be used to estimate mixture property also using mixing rule. 
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	e
	State the phase equilibrium criterion in terms of chemical potential
Ans: The chemical potential of a given species should be equal in all phases at equilibrium.

	f
	State the stability requirement for VLE in binary systems at constant temperature
Ans: Ans: According to phase stability criterion a system exists as single phase only if it’s total Gibb’s free energy is minimum at constatnt temperature and pressure. Otherwise the system splits in to number of phases.

	g
	State and explain Gibbs phase rule for non reacting systems
Ans: The minimum number of intensive variables needed to fix the intensive state of a closed system (non-reactive) is given by F = C-P+2, where F is the degrees of freedom, C, the number of species in the system.

	h
	Given GE/RT = B x1x2, obtain an expression for ln γ1= B[image: image4.png]




	i
	Define bubble and dew points
Ans: The temperature/pressure at which first bubble of vapor is produced from saturated liquid and first drop of dew is formed from saturated vapor is known as Bubble and dew points. 

	j
	Determine the degrees of freedom of a system formed by partial decomposition of CaCO3
in to an    evacuated space
Ans: F=3-3+2 = 2


	k
	What is the effect of temperature on equilibrium constant?
Ans: Both mild and rigorous temperature dependency are there. Both can be derived from 
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	l
	Why does a  reaction conducted with one reactant taken in excess?
Ans: To favor / increase rate of reaction and to reduce size of reactor or fixed capital costs. 


UNIT - I
	2.a
	How is heat of a reaction calculated from heat of combustion data? 

Ans: Heat of combustion reaction of a compound can be combined with heat of formation reactions of products of combustion to get heat of formation of the compound. The stochmetric weighted sum of the heats of formations of species gives the heat of reaction.
	4M

	2.b
	Obtain the heat  of formation of n-butane, given the standard heats of combustion in 

Kcal/mol  of     C = -393.5,  of H2 = -285.8 and of butane =  -  2877.4 kJ/mol
C+O2->CO2….
∆H1
H2+0.5O2->H2O……∆H2
C4H10+ 6.5 O2-> 4CO2+5H2O……∆H3

Ans: (4x∆H1+5x∆H2-∆H3)=  -285.8x5+-393.5x4+2877.4= -125.6 kJ/mol
	4x2=8M


Or
	3.a
	The discharge temperature of flue gases from a chamber is 500oC ,when CO gas  is 80 %  burnt in 75 % excess air.  Both CO and air are initially taken at 25oC.  Estimate the heat loss from the chamber.Standard Heat of combustion of CO =  (-)67650cal/mol

Cp  / R      = A +B T + D / T2 ,  T in Kelvin

Sp.
A

B(103)

D (10-5)

CO

3.376

0.557

-0.031

CO2

5.457

1.045

-1.157

N2

3.280

0.593

0.040

O2

3.639

0.506

-0.227

Solution:  CO + 0.5 O2 -> CO2------------------- 1 M
Basis: 1 mol of CO entering combustor-----------1 M
O2 required theoretically = 0.5 mol----------------1 M
O2 supplied = 0.5*1.75 = ………………….1 M
N2 in feed = 79/21* O2 supplied = 79/21* 0.5*1.75 = ………………1 M
Material Balance

Feed

Product

CO

1

0.2

CO2

0

0.8

N2

3.29

3.29

O2

0.875

0.475

Enthalpy diagram:[image: image7.png]


 ………………1 M
[image: image8.png]AHZ,s = (—)67650cal/mol




To find [image: image10.png])
T

9,
Mz = R(D) (T, —T) = R [A+ BT, + 2] (1, - 1) —8314~




3.955*475= 15,620.72 J/mol………………..4 M
A

B(103)

D (10-5)

[image: image11.png]
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CO

3.376

0.557

-0.031

0.2

0.041973

3.955

CO2

5.457

1.045

-1.157

0.8

0.167891

N2

3.280

0.593

0.040

3.29

0.690451

O2

3.639

0.506

-0.227

0.475

0.099685

Amix=

3.685315

Bmix(103) = 

0.658703

Dmix(10-5) = 

-0.19056

n = 4.765

1.00

[image: image15.png]=Q = [15,620.72/4.187] — 67650x0.




-50389.2 Cal Cal= -210980 J………….2 M
	4M


UNIT – II

	4.a
	The molar volume of a binary liquid mixture at T and P is given by V = 120 x1  + 70 x2  + (15 x1 + 8 x2) x1x2, Obtain expression for for partial molar volumes of the species – 1 and 2. Also show that they satisfy Gibbs-Duhem equation
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[image: image17.png]7x§ — xi + 58x; + 70



-------------------………..1 M
[image: image18.png]v, = - —2x,+ 128
0xf — 2x; + 128

14x] —20x]
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……………………………3 M
[image: image19.png]I+ x7+70
V, = 14x] — 14x] +x7 +



………………………………..3 M
	8M

	4.b
	GDE= 
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.[image: image21.png]dvy
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-----------1 M
[image: image22.png]o

= 422} + 21,



-------------1 M
[image: image24.png]—40x, — +2x,)=0
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 [GDE is verified]--------1 M
	4M


                                                                     Or
	5.a
	Estimate the fugacity of carbon dioxide at 300 bar, 423.15 K from the flowing data

P,,bar

10

20

40

60

80

100

200

300

400

Z

0.985

0.97

0.942

0.913

0.885

0.869

0.765

0.762

0.824

(Z-1)/P

-0.0015

-0.0015

-0.00145

-0.00145

-0.00144

-0.00131

-0.00118

-0.00079

-0.00044

Area of plot P vs [image: image26.png]


 up P=300 bar --------6 M

gives A. 300exp(A) gives fugacity.----------- 2 M
	4+6+2=

12 M


UNIT – III
	6.a
	Discuss the possible deviations from the Raoult’s law
Ans: Liquid phase can be non-ideal and gas phase can be ideal/non gas mixtures.
	2+2M

	6.b
	A liquid mixture of cyclohexane(1) – phenol(2) foer which x1 = 0.6 is in equilibrium with its vapor at 417 K. Determine the vapor composition and the equilibrium pressure from the following information GE/RT = A x1x2  ; At 417 K, P1sat = 75.20 kPa and P2sat  = 31.66 kPa, The system forms an azeotrope at 417 K for which x1az = y1az = 0.294
Ans: From condition of azeotrphy
[image: image27.png]


--------------------------4 M
When xl = 0.6, ln[image: image29.png]—2.0998x 047 =>7y, =

.7146,




;  [image: image31.png]=-2.0998x0.6" => v, = 0.4696



-----------------------2 M
[image: image32.png]pbubble

17, PP+ (1= x))7,P7%° = 0.6 x 0.7146 x 75.2 + 0.4 x 0.4696 x 31.66
=38.1898 kPa




[image: image33.png]v
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prunele

0.6x0.7146 x 75.2

38.1898

=0.8443




	4+2+2=

8M


Or
	7.a
	A binary system of species 1 and 2 consists of vapor and liquid phases in equilibrium at T. The overall mole fraction of species 1 in the system is 0.63. For this system at T , P1sat = 32.32 kPa and P2sat  = 73.26 kPa  and GE/RT = 0.71 x1x2 Using modified Raoult’s law, find the range of pressures over which the system can 

exist as two-phase system.

Solution: The pressure range in which two phase VLE is possible is Pbubble and Pdew. 

Algorithm: Pdew--------------------------------4x1=4 M
Guess ideal solution in liquid phase. gamaa1= gamaa2=1.0

Take y1= z1=0.63

P=1/(y1/gamaa1/Psat1+ y2/gamaa2/Psat2)

X1=y1P/gamaa1/Psat1 and x2= 1-x1;

Back calculate gamaa1new = exp(0.71x2^2) and gamaa2new = exp(0.71x1^2)

If gamaa convergence is not obtained update gamaa values and go back to step 3. 

Solution: -----------------------------------------2+2=4  M
P = 45.0227;x1 = 0.8663; x2 = 0.1337;gamaa1new = 1.0128;gamaa2new = 1.7037;
	8M

	7.b
	Algorithm: Pbubble
----------------2 M







Take x1= 0.6300, estimate gamaas using given correlation and estimate Pbubble= x(1).gama(1).psat(1) + x(2).gama(2).psat(2)
Solution: -------------------------------2 M

x1= 0.6300; x2 = 0.3700; gamaa1new = 1.1021; gamaa2new = 1.3255; P = 47.4678; y1 = 0.4290; 

y2 = 0.5710;
	4M


UNIT – IV

	8.a
	A system initially formed of 2 mol CO2, 5 mol H2, 1 mol CO  and 1 mol N2     undergoes the reactions [image: image35.png]€02



 (g) + 3 H2(g)  →  CH3OH (g)  + H2O(g)


CO2(g)  +   H2(g)   →  CO(g)  + H2O (g).  Develop expressions for the mole fractions of the reacting species as functions of the  reaction coordinates for the two reactions
Ans: [image: image37.png]1+1-3-1




, [image: image39.png]1+1-1-1




; --------------2 M

[image: image41.png]


;[image: image43.png]54(-3sy)
5-2s,




; [image: image45.png]Yeo =

=



-------------------------------6 M
[image: image47.png]


; [image: image49.png]Vewson = gan,



;;[image: image51.png]0
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;[image: image53.png]




	2+6=8M

	8.b
	Discuss the effect of temperature and pressure on equilibrium constant and equilibrium conversion.
Ans: Exothermic reaction is favored by low temperature and endothermic reaction is favored by high temperature (2 M). When reaction moles are negative (product moles less than reactants moles) reaction is favored by high pressure.(1 M) Increase in inerts decreases equilibrium conversion.(1 M)
	2+1+1=

4M


Or
	9.a
	Calculate the equilibrium constant for the vapor phase hydration of ethylene at 418 K and I atm pressure from the following data. C2H4  (g) + H2O (g)  →C2H5OH(g)

                                      CP / R = A  + BT  +CT2  +D T-1




A

103B

106C

10-5D

∆Hfo298

∆Gfo,298

[image: image54.png]Y:




C2H4
1.424

14.394

-4.392

---

52 510

68460

-1

H2O

3.470

1.450

---

0.121

-285830

-237130

-1

C2H5OH

-0.385

23.463

-9.296

---

-235100
-168490

+1

[image: image55.png]



-1.376

4.157

-1.61

-0.121

-45,792

-8378

-1

2 M
1 M
1 M
[image: image56.png]Ac
AHE 23155 = DHZ 5615 ¢ + R [AA+ ABTam + 3 (472, -TyTy) + I Tz]//m



---3 M
[image: image57.png]AD
ASZ-r315 = ASZacerzs + R |AA+ABAT, + ACT, AT, , +

T TerdTin



-3 M[image: image58.png]AGE 773 ;

& = AHg41ex —TASRs1e x == AHZ 41 x — 418XASZ 4155 = j/mol




---1 M
   ln K = -1.9356 => K =  0.1443.-----1 M
	2+1+1

+3+3

+1+1

=12M
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