<Math for chemical engineers> 2011 mid-term exam



Day class (closed book)

teacher: Youngil Lim (N110)

Student #:______________________


Please state clearly all the solving steps in detail!!!

1. Liquid benzene (C6H6) is to be chlorinated batch-wise by spaying chlorine gas (Cl2) into a isothermal reaction tank containing benzene (T=55oC). If three series elementary reactions occur, all the chlorine reacts, and only the hydrogen chloride (HCl) gas liberated escapes from the vessel, estimate how much chlorine must be added to give the maximum amount of monochlorobenzene (C6H5Cl, r) with respect to chlorine consumed (y).  Take a basis of 1 mole of benzene fed to the reactor. Assume that the reactor volume (V) is constant. Note the following reactions and notations (30).
C6H6 +Cl2  ( C6H5Cl +HCl,  k1 = 6k2
C6H5Cl +Cl2  ( C6H4Cl2 +HCl,  k2 = 20k3
C6H4Cl2 +Cl2  ( C6H3Cl3 +HCl,  k3 
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The present (existing) moles in this reaction are denoted: [C6H6] = q, [Cl2] = p, [C6H5Cl] = r, [C6H4Cl2] = s, and [C6H3Cl3] = d. Thus, the consumed chlorine gas (y) is: y = r + s + d. The total mole of the existing benzoic components is equal to unity: 1= q + r + s + d. The initial condition is: q=1 and r=0 at t=0. From the elementary reaction rates, the homogeneous equation is obtained: 
To solve the homogeneous equation, let r=vq where v is a function of q.

1) At t=0, what is the initial condition for v (5). 시간, t=0 에서, v 의 초기값은 무엇입니까?

2) Express v with respect to q, in order to solve the homogeneous equation (5). v 를 q 의 함수로 표현하세요. 즉, v(q) = ?. 
3) Express r with respect to q (5). r 을 q 의 함수로 표현하세요. 즉, r(q) = ?

4) Express r with respect to y (5). r 을 y 의 함수로 표현하세요. 즉, r(y) = ?  

5) y means the mole of consumed (or supplied) chlorine, which varies 0(y<1. Find a value of y maximizing r. Hint: r has a maximum value at dr/dy=0 within 0(y<1 (5). r 값을 최대화시키는 y 값을 구하시오. 힌트로서, dr/dy=0 에서 r 값은 최대값을 갖는다.

6) draw the outline of the graph, r(y), and analyze the graph (5). r(y) 에 대한 대략적인 그래프를 그리고, 이 그래프를 분석하세요.

2. Explain the following partial differential equation (10)?
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where t and z is the time and spatial direction, respectively. u is the velocity, D is the diffusivity and k is the reaction rate constant. m is the mass or concentration (10). 1) specify each name of the four terms. 2) Using the equation, take examples for steady-state/unsteady-state, ODE/PDE, IC/BC, linear/nonlinear, and DE/AE .
3. A single-stage solvent extraction process is applied for the continuous extraction of benzoic acid (BA) from toluene (T), using water as the extraction solvent. When the volume flow rates of toluene (R, m3/s) and water (S), and solute-free feed concentration of BA (c, kg/m3) are given at a steady-state, obtain the efficiency (E) of this extraction, where E is defined as E(S,R)=Sy/Rc. Here the two streams (feed stream and solvent stream) leaving the stage are assumed to be equilibrium and the following equation is satisfied: y=mx, where m is the distribution coefficient, y (kg/m3) is the concentration of the exit solvent stream, and x is that of the exit feed stream. Note that toluene is not miscible with water (30). 1) draw a figure according to the problem. 2) list up what are constants and variables. 3) Using the equilibrium equation and mass balance, express y with respect to S and R. 4) express E(S,R). 4) let (=R/mS, draw E((). 6) explain physical meaning of the graph.

4. 본 과목에 있어서 담당교수가 보완해야 할 사항을 다음 항목에 맞도록 적어 주세요 (5)

1) 수업내용 (난이도, 교재의 적절성 등),  


2) 수업방법 (질문, 빔프로젝트 사용 등)

3) 수업태도 (강의시간엄수, 수업에 임하는 담당교수의 자세 등), 
4) 과제 운영 방식,
5) 기타 요구사항

1. Liquid benzene (C6H6) is to be chlorinated batch-wise by spaying chlorine gas (Cl2) into a isothermal reaction tank containing benzene (T=55oC). If three series elementary reactions occur, all the chlorine reacts, and only the hydrogen chloride (HCl) gas liberated escapes from the vessel, estimate how much chlorine must be added to give the maximum amount of monochlorobenzene (C6H5Cl, r) with respect to chlorine consumed (y).  Take a basis of 1 mole of benzene fed to the reactor. Assume that the reactor volume (V) is constant. Note the following reactions and notations (30).
C6H6 +Cl2  ( C6H5Cl +HCl,  k1 = 6k2
C6H5Cl +Cl2  ( C6H4Cl2 +HCl,  k2 = 20k3
C6H4Cl2 +Cl2  ( C6H3Cl3 +HCl,  k3 
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The present (existing) moles in this reaction are denoted: [C6H6] = q, [Cl2] = p, [C6H5Cl] = r, [C6H4Cl2] = s, and [C6H3Cl3] = d. Thus, the consumed chlorine gas (y) is: y = r + s + d. The total mole of the existing benzoic components is equal to unity: 1= q + r + s + d. The initial condition is: q=1 and r=0 at t=0. From the elementary reaction rates, the homogeneous equation is obtained: 
Let r=vq where v is a function of q. 
1) At t=0, what is the initial condition for v (5).
( t=0 에서, r=0 이고, q=1 이므로, 주어진 식 r=vq 로부터,

0=v*1

이 등식을 만족하기 위해서는 반드시 t=0 에서 v=0 이다. 

2) Express v with respect to q, in order to solve the homogeneous equation (5).
( 주어진 미분식에 r=vq 을 대입하면, 
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여기에서 k2/k1 = 1/6 이므로, 
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1) 에서 구한 초기조건으로 윗식의 양변을 적분하면, 
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3) Express r with respect to q (5).
( r=vq 이므로, 
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(식1)
4) Express r with respect to y (5).
( 주어진 식에서 y = r + s + d 이고, 1= q + r + s + d 이므로,


q=1-y 






(식2)

이다. 따라서, (식2) 을 (식1) 에 대입하면,
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(식3)
5) y means the mole of consumed (or supplied) chlorine, which varies 0(y<1. Find a value of y maximizing r. Hint: r has a maximum value at dr/dy=0 within 0(y<1 (5).
( (식3) 을 y 로 미분하면,
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(식4)
(식3) 은 (식4) 의 미분값이 0 인 점에서 극대점을 갖는다. 따라서,
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(식5)

(식5) 를 풀기 위하여 
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따라서, 
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 이고, 양변에 로그를 취하여 정리하면,
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6) draw the outline of the graph, r(y), and analyze the graph.  
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C6H5Cl 의 생성량 (r) 을 최대로 하는 염소의 반응량 (y) 은 벤젠 1몰당 약 0.88 몰이고, 이때 r=0.70 몰이다. 염소의 양이 0.88 몰보다 적으면, 첫번째 반응이 충분히 일어나지 않아 C6H5Cl 의 생성량 (r) 이 감소하고, 염소의 양이 0.88 몰보다 크면, 두번째 및 세번째 반응이 촉진되어 C6H5Cl 의 생성량 (r) 이 감소한다. 
2. Explain the following partial differential equation (10)?
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where t and z is the time and spatial direction, respectively. u is the velocity, D is the diffusivity and k is the reaction rate constant. m is the mass or concentration (10). 
1) specify each name of the four terms. 
( 주어진 식의 왼쪽부터 각각 축적항, 대류항, 확산항 그리고, 생성항 (혹은 소멸항) 이라 부른다. 
2) Using the equation, take examples for steady-state/unsteady-state, ODE/PDE, IC/BC, linear/nonlinear, and DE/AE .

- steady-state/unsteady-state: 
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 이면, steady-state 라 하고, 
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 이면, unsteady-state 라 한다.
- ODE/PDE: 주어진 식은 PDE (편미방) 이고, 만일 
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 인 경우이거나, 대류항과 확산항이 모두 0 인경우, 각각 공간방향 (z) 혹은 시간방향 (t) 에 대한 ODE 로 바뀐다.

- IC/BC: 주어진 식을 풀기 위해서는 축적항 (시간에 대한 미분식) 에 대하여 IC (초기조건) 이 필요하며, 대류항과 확산항에 대하여 2개의 경계조건 (BC) 가 주어져야 주어진 PDE 를 풀 수 있다.

- linear/nonlinear: 주어진 식에서 독립변수는 t 와 z 이고, 종속변수는 m 이다. 종속변수가 모두 선형으로 이루어져 있으므로. 이식은 선형 PDE 이고, 만일, 생성항이 km2 으로 표현된다면, 비선형 PDE 로 부를 수 있다.

- DE/AE: 주어진 식은 미분식 (DE) 이지만, 축적항, 대류항 그리고 확산항이 모두 0 이면, 
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 이 되므로, AE 로 볼 수 있다.
3. A single-stage solvent extraction process is applied for the continuous extraction of benzoic acid (BA) from toluene (T), using water as the extraction solvent. When the volume flow rates of toluene (R, m3/s) and water (S), and solute-free feed concentration of BA (c, kg/m3) are given at a steady-state, obtain the efficiency (E) of this extraction, where E is defined as E(S,R)=Sy/Rc. Here the two streams (feed stream and solvent stream) leaving the stage are assumed to be equilibrium and the following equation is satisfied: y=mx, where m is the distribution coefficient, y (kg/m3) is the concentration of the exit solvent stream, and x is that of the exit feed stream. Note that toluene is not miscible with water (30). 
1) draw a figure according to the problem. 
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2) list up two constants, and five variables. 

( E(S,R)=Sy/Rc 이므로, 상수는 c 와 m 이고, 변수는 S, R, E 이다. 이들 변수 중에서 독립변수는 S, R 이고, 종속변수는 E 이다. 또한, 주어진 문제에서 x(S,R) 와 y(S,R) 도 변수로 볼 수 있으며, 이들은 S 와 R 을 독립변수로 갖는 종속변수들로서, 평형식 (y=mx) 과 물질수지식을 통하여 정의된다.
3) Using the equilibrium equation and mass balance, express y with respect to S and R.
BA 에 대한 물질수지식은 


Rc=Rx+Sy 




(식1)

이다. (식1) 에 평형식을 y=mx 을 대입하여, y 에 대하여 정리하면,


Rc=Ry/m+Sy


y(S+R/m) = Rc


y=mRC/(mS+R)




(식2)

4) express E(S,R).

(식2) 를 E(S,R)=Sy/Rc 에 대입하면,

E(S,R)=mS/(mS+R)
5) let (=R/mS, draw E((). 
E(()=1/((+1) 이고, ( 는 0 보다 큰 실수이므로, 그래프는 다음과 같다.
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6) explain physical meaning of the graph.
(=R/mS=0 일때, 효율 E 는 1을 갖지만, 이는 R=0 일 경우이므로, 비현실적인 값이다. ( 증가에 따라 효율이 감소한다. 즉, R 이 증가하면, 효율이 감소하고, 물의 유량 (S) 가 증가하면 효율이 증가한다. 만일, 톨루엔의 양일 정해진 경우, 물의 양을 증가시켜서 톨루엔 속에 녹아있는 BA 를 물속으로 더 많이 추출할 수 있다.
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