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(#16)Top of the mountain

                                                                                                                  CO2 venting
                                                                        water
              CO2 absorbed                                                                  
                       In water

Chemical Plant


PCO2  = [10/14.7] + {(300 ft water)/( 34 ft water per one atm.)} = 9.5 atm. At this p.p. , the equilibrium conc. of CO2 in water is : 
                        XCO2   = (p.p)CO2. H (Henry’s constant)
                                   = (9.5). (6x10-4mole fraction per atm.) 
                                   = 5.7x10-3, mole fraction
In other words, 1 mole contains 5.7x10-3mole CO2 + (1 - 5.7x10-3) mole water
Therefore, ratio of dissolved CO2 to water = 5.7x10-3/ (1 - 5.7x10-3)
                                                                             = 5.73x10-3 mole CO2 per mole of water.
1000 ft3 at STP = 1000/359 (Ib.mole /ft3) = 2.79 Ib.mole
Quantity of water = 2.79/(5.73x10-3) = 485 Ib mole
   Final answer ……………………  = 8730 Ib = 3960 kg

(#17) Show that:  Yi = Zi / [ ( 1/ Ki) – (V/F)(1/Ki -1)]                                   
                     Fzi  = Vyi  +   Lxi    ;  yi= kixi  or xi = yi/ki
 Eliminate xi :    Fzi = Vyi + Lyi/ki = yi [V +L/ki]
                           Yi = Fzi /[ V + L/ki], eliminating L= F-V, dividing both numerator & dominator by F, and rearranging, we get
                           Yi = Zi / [ ( 1/ Ki) – (V/F)(1/Ki -1)]   
(#18)
      [image: ]                                    
C.M.B. for CO2 and taking 1 minute as a basis:
CO2 in = CO2 out
CO2 in = F (0) + (1ft3/s)(60 s/m)  = F(0) + 60 ft3 
CO2 out = (F +60)(0.5/100)
 Therefore:  F(0) + 60 ft3 =(F +60)(0.5/100), and solve for F
  F, feed rate = 11,940 ft3/minute 
(#19)                           500gal/m     D, distilled water
         F= 1000 gal/m , C0              

                                                         B, CB?
      M.B.     (1000)(c0)   = 500(0) +500(CB)
       Solve for CB =  (1000/500)C0 = 2C0
The concentration of the bottom product is twice that of the feed input.
(#20) 
Let X ft3, be the amount to be drained.
 Now the tank contains a quantity of acid = (8-X)(40/100).
Adding to it, the same volume of pure acid, that is X ft3 in order to have 8(60/100)of acid.
Now, M.B. on acid:      (8-X)(40/100) + X= 8(0.6), solving for X:
                           X = 8/3 ft3
(#21)
[image: ]
Overall Heat balance around the column: Heat in = heat out
                                                  (F)hf + Qr  = DhD + Qc +BhB   ……     (1)
Heat balnce on the top of column: V1Hv = Qc +DhD+ (L0/D)hD…..
Therefore, Qc (condenser duty) = V1Hv –D[hD +(L0/D)]                                …………. (2)
Substitute for Qc  using equation (2) in equation (1), and solve for Qr:
         Qr (heat duty for reboiler)  =  DhD +BhB + V1Hv - D[hD +(L0/D)] -(F)hf 	
(#22)
1st: Find the value of k
∫ (between 1000 to 700) dT/(T-30)  = -k ∫(between 0 to 15) dt
ln (T-30)T=70  - ln(T-30)T=100   = - 15k
ln40 – ln70 = ln4/7 = -15 k
Solving for k= 0.56/15
2nd: ∫(between 100 to 40) dT/(T-30)   = - k ∫(between 0 and t?)
ln10 –ln70 = - kt 
ln10/70   = (0.56/15)t, solve for t
      t = 52 minutes
(#23)
Follow the solution of example 4.1
(#24)
Pwater=1000;
Pethanol=780
    [image: ]
Pav=Pwater*Xwater+Pethanol*Xethanol
Xwater =
0      0.1000      0.2000      0.3000      0.4000      0.5000      0.6000
0.7000    0.8000    0.9000    1.0000
Xethanol =
1.0000     0.9000     0.8000     0.7000     0.6000     0.5000     0.4000
0.3000    0.2000    0.1000         0
Pav =
780          802          824          846          868          890          912
934         956         978        1000




(#25)

Let the distillate =D, and the =bottom  = B

 Alcohol C. M.B.: 0.015(16) = 0.87D+ 0.0005 B

 Water    C.M.B.: 0.985(16) = 0.13D + 0.9995 B

Solving these two equations in x & y gives:

     D= 0.267 lb-mole/hr

     B= 15.733 lb-mole/hr


(#26)

 CO2   + C(s)  = 2 CO,   pi = PTyi  , ∑pi= PT    , PT = pco2 + pco

Kp = (p2co)/pco2 =[(30)2(0.83)2]/ [(30)90.17)] = 121.5 atm.

At 20 atm: Kp = 121.5 = p2co/ pco= (20 –pco2)/ pco2

Solve for pco2 = 2.55 atm 

Mole % CO2 = (2.55/20)100 = 12.75, which means that the % of CO2 decreases  when the total pressure is 

decreased .



[image: ]

[image: ]
Xi = Zi/[{1-(V/F)}(1-Ki)],or
f(φ)= ∑ Zi//[{1-(φ)}(1-Ki)] -1.0
where: φ= V/F



Carry on: Total M.B. and Component M.B. to give: 


(#27)     	Assume a value for φ








The desired root of this function, f((φ)r is the value that makes f(φ)=0


Assume a new value for φ Itrate using Newton Raphson

                                                                                                                                        If not




Solutionn





(#28)

Component          Xi,        Ki                           

   Propane                 0.10      4.5
   Butane                   0.20      1.8
   Pentane                  0.30      0.75
  Hexane                   0.40      0.37 

Assuming 100 moles of feed, and applying the same procedure described in chapter 4, and illustrated in solving problem # 27, solution could be achieved and the value of  V/F is found = 0.1765



(#29)

Solution is similar to the one given by example 4.4
 

(#30)
                                                               L, ρ=0.8  
 
   Gas oil: ρ =0.85   
                                                                   H, ρ=0.93
Let L and H are volumes of light oil & heavy oil obtained /100 gallons of feed respectively.
M.B.    100 gallonx3.785(lit/gallon)x0.85(kg/lit) = L x3.785x0.8  + Hx3.785x0.93
                85 = 0.8 L + 0.93 H……………………….(1)
 V. B.      100 = L + H    ……………………………….. (2)
 Solving for L = 61.5 gallons and H = 38.5 gallons
(#31) Given                          
                                  dc/dt = kc2,   ∫ dc/dt =∫ kc2
                             ∫dc/c2 = ∫kd , -1/c = kt + α or
 c = -1/ (kt + α), where α is constant of integration.
Now, applying B.C. to evaluate α, at t = 0, C=60,
Therefore, α = -1/60 and c = -1/ {kt + (-1/60)}
                                              c = (-60)/ [60kt-1]……..(1)
Again applying B.C.: at t = 1hr, c=10, plug for these conditions and Now solve for k
     K =-1/12 , then substitute for k in (1), 
     C = 60/(5t+1)
 After, 2 hr, the concentration, c = 60/ [(5)(2) + 1] = 5.45 grams  
(#32)
     Take 2,000 kg/hr as a basis                        D: 0.95 kgB, 0.04kgT, 0.01kgNB
 F: 0.45kgB, 0.50kgT,
       0.05kgNB (per 1kg)
                                                                      B: wB, wNB ?
                                                                           0.9kg T



1st step- set up the equations:
We have 4 unkowns to solve for: D,B, wB, & wNT. We set up 4 equations as follows:
Tot M.B.                     2,000 = D+B
Benzene Balance   0.45*2,000 = 0.95D +wB
Toluene Balance     0.5*2,000 = 0.04D + 0.9B
Additional Balance   0.1B = wB + wNB, or  0=0.1B - wB- wNB
2nd step- Construct the unknown matrix:
X= [D; B; wB; wNB]
The coefficient matrix:
A=[ 1,  1,  0,  0;  0.95,  0,  1,  0;
0.04,  0.9,  0,  0;    0,  0.1,  -1,  -1]
The C matrix:
C =  [ 2000;  900;  1000;  0]
3rd step- Solutions:
 Calculate the inverse matrix of A using the MATLAB command. 
 Calculate the solution matrix X.
The final results are:
D = 930.2 kg/h, B = 1069.8 kg/h, wB = 16.3 kg/h, wNB = 90.7 kg/h 

(#33)
	T=273:.5:323 ;

	%The Density

	P = 1200.92 - 1.0056*T + 0.001084*T.^2 ;

	%The conductivity

	K= 0.34 + 9.278* 10^-4*T;

	%The Specific heat

	CP = 0.015539*(T-308.2).^2 + 4180.9;

	A=[T',P',K',CP']





(#34)
T=373.15
Pe=exp(18.5242-3578.91/(T-50.5)); Pw=exp(18.3036-3816.44/(T-46.13)); Pb=exp(15.9008-2788.51/(T-52.36)); Ke=Pe/760;
Kw=Pw/760; Kb=Pb/760; Xe=0:.1:1;

Ye=Ke*Xe;
Xw=0:.1:1; Yw=Kw*Xw; Xb=0:.1:1; Yb=Kb*Xb;
A=[Xe',Ye',Xw',Yw',Xb',Yb']

A =
	Xe
	Ye
	Xw
	Yw
	Xb
	Yb

	0
	0
	0
	0
	0
	0

	0.1000
	0.2223
	0.1000
	0.1000
	0.1000
	0.1777

	0.2000
	0.4445
	0.2000
	0.2000
	0.2000
	0.3554

	0.3000
	0.6668
	0.3000
	0.3000
	0.3000
	0.5331

	0.4000
	0.8890
	0.4000
	0.4000
	0.4000
	0.7107

	0.5000
	1.1113
	0.5000
	0.5000
	0.5000
	0.8884

	0.6000
	1.3335
	0.6000
	0.6000
	0.6000
	1.0661

	0.7000
	1.5558
	0.7000
	0.6999
	0.7000
	1.2438

	0.8000
	1.7780
	0.8000
	0.7999
	0.8000
	1.4215

	0.9000
	2.0003
	0.9000
	0.8999
	0.9000
	1.5992

	1.0000
	2.2225
	1.0000
	0.9999
	1.0000
	1.7769

	


	
	
	
	
	




(#35)

            F mols: (3:1)                                   G                                     NH3 (mols)?Separator
Convertor


 
           R mols (3:1)	                                           
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                                         PART III- Solution Manual
(#36)
 Set up an overall T. M.B. around the plant; and then a component M.B. for each hydrocarbon in the feed:
                  T.M.B.           F = E + P +B
 1st: For C2:          100(0.2) = E (0.95) + P (0) + B (0) 
   Solve for E = 21.05
2nd: For C3 and C4, we get the following two equations in two unknowns P & B:
39.789   = 0.99 P + 0.084 B
39.79    = 0.01P + 0.0916 B
This is a straight forward problem to solve and get the values of P & B.
Composition of stream A is found by doing a T M B around column 1:
100 = 21.05 + A (flow rate)
Then carry on a C M B to find the values of the unknown compositions.

(#37)
T=75:5:125;
P1=exp(14.2724-2945.47./(T+224)) P2= exp(14.2043-2972.64./(T+209)) Pt=101.3
K1= P1/Pt K2= P2/Pt A=[T’,P1’,P2’,K1’,K2’]

(38)
Given:
Flow rate(Q) = 2.16 m3/h = 2.16/3600 m3/sec = 0.0006 m3/sec
Dia of pipe(D) = 40 mm = 0.04 m
Length of pipe in horizontal direction = 150 m 
Length of pipe in vertical direction (z) = 12 m
Equivalent length of fittings = 260x pipe diameter
Friction factor(f) = 0.008
Efficiency of pump(  = 0.6
Viscosity of fluid() = 0.65 cp = 0.00065 kg/(m.sec)
Density of fluid() = 1 gm/cc = 1000 kg/m3
Equations used:
1. Bernoulli's equation 
[image: http://www.msubbu.in/sp/fm/Bernoulli.gif]
2. Frictional losses per unit mass of flowing fluid 
[image: http://www.msubbu.in/sp/fm/hf.gif]
3. Power required for pumping = (mass flow rate x head developed by pump)/
= (volumetric flow rate x pressure developed by pump)/
Calculations:

Length of pipe with fittings = 150 + 12 + 260 x 0.04 m = 172.4 m
Velocity = volumetric flow rate/flow cross sectional area
= 0.0006/((/4) x 0.042) = 0.477 m/sec
hf = 2 x 0.008 x 172.4 x 0.4772 / 0.04 = 15.69 m2/sec2
frictional losses per unit weight of fluid(h) = hf / g = 15.69/9.812 = 1.6 m
pump head(q) = z + h = 12 + 1.6 = 13.6 m
pressure developed by pump = 13.6 x 1000 x 9.812 = 133443.2 N/m2 
power required for pumping = 0.0006 x 133443.2 / 0.6  
                                          =133.4 watt = 133.4/736 HP = 0.181 HP

(#40)
Q = UA ∆TLM = m cp ∆Tw
m cp ∆Tw = (150)(1)(60)= 9,000 Btu/min = 540,000 Btu/hr= 158,000 W
∆TLM = [∆T1 - ∆T2] / [ln( ∆T1/∆T2)] = 59.60F
A, is readily calculated = Q/ U∆TLM = 540,000/ [60x 59.6] = 151 ft2
(#41)                                                                                                3 inch

Q = -k ∆T/∆x
   = -215 [200-1000]/ (3/12)                                               T1= 10000F                       T2=2000F  
   = 6.88x 105 Btu/hr-ft2                                                                                                                                                                     
   = 3.9 x106w/m2


 (#42)
Overall material balance: Feed = Distillate + Residue
i.e., F = D + B,   or  D + B = 5000 ……..(1)
Component balance for Alcohol:, FxF = DxD + BxR, where x 's are the mole fraction of alcohol in various streams.
0.954 D + 0.001 B = 5000 x 0.086 = 430  …..(2)
The above two equations have two unknowns, D&B, They are solved to give:
Distillate flow rate = 446 kg/hr and the residue flow rate = 4554 kg/hr
Ethanol leaving in the residue (i.e., ethanol lost) = 4554 x 0.001 = 4.554 kg/hr
Ethanol entering in the feed = 5000 x 0.086 = 430 kg/hr
Percentage loss of ethanol
= 100 x (4.554 / 430) = 1.06
(#43)
Basis: 100 mole of feed
F = 100 mol,   zF = 0.5,    D = 100 x 0.5 = 50 mol,    W = F - D = 50 mol
Slope of the operating line = -W/D = -1
With these data, the equilibrium curve and operating line for flash distillation are plotted as follows:
From the plot, it could be seen that the operating line cuts the equilibrium curve at the point (0.31, 0.69). That is yD = 0.69 and xW = 0.31
Composition of top product = yD = 69% Hexane
Composition of bottom product = xW = 31% Hexane


[image: http://www.msubbu.in/sp/mt/FlashHexane.gif]
(#44)
Given:
Feed rate = 10,000 kg/hr, zF = 0.4  ,XD = 0.97  ,Xw = 0.02, R = 3
Solution:
(i) Moles of overhead product:
Average molecular weight of feed = 0.4 x 32 + 0.6 x 18 = 23.6
Molal flow rate of feed = 10000/23.6 = 423.73 kmol/hr
Material balance equations:
F = D + W and F zF = D xD + W xW
Where F = feed; D = distillate; W = residue
Substituting for the known quantities,
D = 169.492 kmol/hr
 (ii) Number of ideal plates:
Number of theoretical plates are estimated from the McCabe-Thiele graphical construction method and found to be equal to 6.8. And the location of feed plate is 5th plate (counting from the top), as shown next:
[image: http://www.msubbu.in/sp/mt/McCabeThieleMethWat.gif]
(#45)
zF = 0.6, xD = 0.9, xw = 0.05
R = 2, xD/(R+1)= 0.9/(2 + 1) = 0.3
Feed is saturated liquid
The equilibrium data are plotted and by McCabe-Thiele method, number of theoretical plates is found to be = 11 for feed introduced at 8th plate, as shown next:
[image: http://www.msubbu.in/sp/mt/FeedPlateNofPlates.gif]

(#46)
Outside radius, r1 = 1.5 inch =1.5/12 =0.125 ft
Ambient temperature, Ta = 28 C = (28x9/5) + 32 = 82.5 0F
Convective heat transfer coefficient, hc = 95 Btu/(hrft2F), (hot oil)
Thermal conductivity of insulation, k = 0.105 Btu/(hrftF);
Ts, surface temp.= 180 0C = (180x9/5) + 32 = 355 0F

Q= (Ts –Ta)/ [R1 + R2], 

Where R1 = (1/2 πk)ln(r2/r1), and R2 = 1/2π r2h
and r2 is the insulation radius 

1st: Without insulation, r1 = 0.125 ft: 
  Resistance from convection term:  
R2 = [1/2x3.17x 0.125x95] = 0.0133
Q2 = (Ts- Ta)/ R2 = (355- 82.5)/ 0.0133 = 20,500 Btu/hr
2nd: With insulation, r = 50 mm= 50x3.28x10-3 = 0.164 ft and r3 + r2 = 0.164 + 0.125= 0.289 ft
R1 = 1/(2x3.17x0.105x ln (0.289/0.125)=  1/(2x3.17x0.105x 0.838 = 1.7926
RT = R1  +R2  = 0.0133 + 1.7926 =  1.8
Q = (Ts –Ta)/ [R1 + R2] = (355- 82.5)/ 1.8 = 151.4 Btu/hr
Compare the Q lost for bare pipe to the one with insulation.
(#47)
Data:
Enthalpy of feed = 38.1 kcal/kg
Enthalpy of solution inside the evaporator (at 100oC) = 98 kcal/kg
Enthalpy of vapor at 100oC = 644 kcal/kg
Latent heat of vaporization of steam = 540 kcal/kg
   Calculations:
Basis: 10000 kg/hr of solution containing 1% solute by weight.
Let us denote the feed stream as F and Concentrated solution stream as P, and water evaporated as W and the concentration of solute as x
Balance on solute:
Solute in the feed = solute in the concentrated liquor
i.e., Fx = Px
10000 x 0.01 = P x 0.015
therefore, P = 6666.7 kg/hr.
and water evaporated (W) = F - P = 10000 - 6666.7 = 3333.3 kg/hr.
Enthalpy balance:
FHF + Ss = WHW + PHP
Where, HF = enthalpy of feed = 38.1 kcal/kg
HW = enthalpy of water vapor = 644 kcal/kg
HP = enthalpy of product = 98 kcal/kg
s = Latent heat of steam = 540 kcal/kg
10000 x 38.1 + S x 540 = 3333.3 x 644 + 6666.7 x 98
S = 4479.6 kg/hr i.e., steam required = 4479.6 kg/hr.

(#48)

[image: ]
Basis of 10,000 mol/h methanol product= F3
1st: CO balance around the entire plant:   Input = output + generation
                                     0.333F1 = 0.33F4 + 10,000 (moles of methanol formed)
Or,                                0.333F1 - 0.33F4 = 10,000              
2nd: Balance for impurities:
 In = out
001F1 = 0.01F4
Or, 0.001F1 - 0.01F4 = 0
3rd: Methanol balance around reactor:
In + generation = out
0 + {( fraction converted)x (moles of CO entering)} = F3
0 + {(0.15)[ 0.333 F1 +0.33F2] = F3
0.04995F1 + 0.495F2 = 10,000 
Now representing the above balance equations in matrix form:  A.x =b
Enter A and b in MATLAB, and determine the required flow rates as:
      x=    33333.3333
             168383.8384
                  3333.3333
Which are F1, F2 and F4, in moles/hr respectively.

(#49)
The total temperature drop, ∆ T is =   227 – 125 = 102
This   ∆Tis approximately set as follows:
                                      ∆t1  :  ∆t2 :   ∆t3 ::        1/U1 : 1/U2 : 1/U3          1/500 : 1/400 : 1/200
Therefore, dividing 102 by the ratios of the reciprocal of U’s, we get:
· (102/500)x100= 20.4 =  ∆t1
· (102/400)x 100= 25.5=  ∆t2
· (102/200)x100 = 51  = ∆t3
  Hence, the boiling point in the 1st effect will be = 206.50, and in the 2nd effect = 181.50
(#50)
T=75:5:125;
P1=exp(14.2724-2945.47./(T+224)) P2= exp(14.2043-2972.64./(T+209)) Pt=101.3
K1= P1/Pt K2= P2/Pt A=[T’,P1’,P2’,K1’,K2’]
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