
ChE 321: Kinetics and Reactor Designs (Spring 2011)
Exam Two (Closed Book and Closed Notes)

L
NAME: F?")r

Problem l. Short Answer Questions.ffu pt5')
(a) A reversible water gas shift (WGS) reaction can be w tten as followingl

co + H2o 
ficor* 

x,
It is an exothemic reaction with AG"R"" = -730 cal/mol.
a single gmph:

(D Equilibrium conversion Vs. reactor
temperatue

(iD True ot measured conversion Vs. reactor
Iempe(aure

Please brieflyjustify the shapes ofyour plots.
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ftspfs-f 4f concentraridn ofA (C1) vs. weight ofcatalysts (W) in PBR when there is a pressure drop
and no ptfssure drop. Then, draw plots ofthe rate ofdisappeamnce ofA (-rA) vs. weight
of ca,pfy/ts tWl in PBR when there is a pressure drop and no pressure drop.
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Probfem 2: This is a selcctivity problen for a rerctor d€sign *ith multiple rea.tioIf,[I6w)

Please consider lbllduing t$o multiple rcaclions

A+B)D (React ion l )
.  A+B)U (React ion 2)

'l'he rate laws for reactions (I) and (2)are:

-rl = 200,000. Exp(-8,000/T) * Pn'" Pe (Reaction 1)

{z = 500 - Exp(-2,000/T) * P^ * Pro (Reaction 2) ,,I
- Li|s',,,"(r is in lktvin) ( *. ?*arJ tff-.+t

Lr ,7  t  oB

Where P^ and Pll are the paniol prcssure ol A and B Please d\fbe a llou, ruoclor
desiga that can maximize the selectivity ol D over U. I o recci$ a tull credit. you need to
(i) draw thc reactor. (ii) brjeily describe its operalinE conditionsrJnd { iii) suppon your

reactor d{. s ign based lhe mathematical expression of itlselectivil} ( i c Sr) r ).
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Problen 3r Difierentiel .Drlysi$ o t rrr" dra (4 W,

Automotive emissions ofnitrogen oxides are typically controlled by means ofa "three-
way" converter located in dle exhausl train in which more dlan 95% ofdre CO and
hydrocarbons are oxidized and 95% ofthe NO is simultaneously reducd by CO and
hydrocarbons:

2CO+2NO)Nr+3COr

The NO reduction catalyst is mosl Scnerally Pt-Rh nanoparticles on Al?Or
suppon, which has been wash-coated on a ceramic, honeyoomb monolilh, To simpliry
the problem, one can assume this honeycomb monolith reactor as an ideal pack bed
reacior.

]'hc foltowing rate dala for NO reducrion olco were obtained in an ideal pack bed
reactor lvith I g of Pt.Rh./AltOt catalysts. ltwili be assumed that rales wcr€ measured at
I atrn tolal pressure and 450'C using a simulated exhaust containing 1000 ppm NO,2%
CO, l% Oa l0% COr, l0% H2O. and balanced N2.

Values ofxNo (.trryc6ior? o/,VO) are plotted aSainst W/F(Ng)" (t/c6 I o/
calalysts/MolarJlow rdte of llo aa inlel strcan) Md the datd are fitted to a simple
ouadmtici

Xp6 = (-23)*(W/Frxor)2 + (9)*(W/F1161") + (0.01)

)

vo (cDr/min)
(min s/mol)

Cro
{DDrtr)

Xno

300 0.0500 rfro 0.5E20
500 0.0448 610 0.3900
7tn 0.0320 1l.D 0.2300
1000 0.0224 8r0 0.  t900
1500 0 .0149 850 0.1500
2000 0.0r  l2 910 0.0900

?z\--300tre\ .-,--_0.0075-- -_ -.-.----92e-. ---€3800--

,^z^400r'-\- _\_,frJ056-_ "'!r35-- - 0.0750- -
5000 0.0045 96t 0.0320
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Design rluation ofa.n ideal PBR can be writlen as following:

dXro
-  - rNo

d(WF61op)

Prcvious re$earchers have shown that the rale of disappearaac ofNO (_rNo) Iollows a
simple power law:

-ho = k*(Cno)"

Where k is a mte constant, CNo is concentration ofNO and c( is teaction order'

(a) Based on Biven rate data information and design equation ofan ideal PBR' please
estimate both the rate conslant and rcaction order using the diffetential analysis
method. In order 10 receive a full credit, please clearly show following items:

(i) How to estimate the rate ofdisappearance ofNO (-rNo) at different values
of W,f{NoF using given rate dat& and differenrial aaajysis merhod fSQPe6J

(ii) Plot the figlrle wil.h cleatly labeled x-axis and y-axis and show how to
eslimate the values ofboth rate consunt and reaction order f lr fql]
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