
DEPARTMENT OF CHEMICAL ENGINEERING

FACULTY OF ENGINEERING

PRINCE OF SONGKLA UNIVERSITY

st
Final Examination: 1 Semester

th
Date: October 8 ,2012

....., .:
Room: VllV1UtlUIil

q

n~~1PJYun1~iifeJufm~fiu~1ufulPJn YU~1U11J1':U 'Vi1eJwnn1~t1UU
9

1 1J1An1~"mf1 U~~ fn'lfiif\JiifIPJAeJY",eJeJn
'" 9

1. e:J\l,nn~l~'l-tTv\,r~~e:JElements of Chemical Reaction Engineering by Fogler 1 Lfl:IJ LLG~~
q OJ



1. (20 points) The irreversible isomerization A ~ B was carried out in a batch reactor and the

following concentration-time data were obtained:

Time, t (min)
3

CA (molldm )

o
4.0

5 8 10

2.25 1.45 1.0

12 15 17.5 20

0.65 0.25 0.06 0.008



2. (20 points)

2.1 (10 points) Consider the following system of gas phase reactions:

3 .
A ~ X rx = k1 k1 = 0.0005 mol/dm .mln

A~B

A~Y

rB = k2CA

2ry = k3CA

-1
k2 = 1 min

3 .
k3 = 60 dm Imol.mln

B is desired product, and X and Yare pollutants that are expensive to get rid of. What kind of

reactor system would you recommend for this reaction scheme?
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2.2 (10 points) From the given competitive reactions, the maximum 8m is preferred. Suggest

reactor type, operation, and conditions for the given competitive reaction and explain why.

3A+B -7 3X

A+D -7 2Y



3. (10 points) Reaction of A + B ~ C provided the experimental data as in following table. Determine

reaction order of A and B and specific rate constant.

Run Initial [A] (mole/l) Initial [B] (mole/l) Initial rate of A (mole/l s)

1 1 1 0.125

2 1 2 0.125

3 2 2 2.5



4. (20 points) Write the mole balances on a PFR in term of molar flow rates for each species.

Consider the following set of gas phase reaction

C6H6 + 9/2 O2

C4H203 + 3 O2

C6H6 + 15/2 O2

~
1.5

C4H203 + 2C02 + 2H2O, -r1A = k1CACo

~ 4C02 + H2O
3

r2C = k2CBCo

~ 6C02 + 3H2O
2

r3W = k3CACo

where A = C6H6, B = C4H203, C = CO2• W = H20, °= O2

Please state all assumptions that you make.
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5. (20 points) The catalytic oxidation of ethanol has been carried out over a tantalum oxide

catalyst the overall reaction CH3CH20H + Y:z O2 ~ CH3CHO + H20 is believed to

proceed by the following mechanism in which ethanol is adsorbed on one type of site,S, and

oxygen is adsorbed on a different type of site,S'.

CH3CH20H + 25 ~

O2 + 25' ~

Assuming that the rate limiting step is

CH3CH20·S + 0·5' ~

And OH·S' + H·S ~

Find the reaction rate law.

Note: CB•S = CH•S where A = CH3CH20H, B = CH3CH20, W = H20

CH3CH20·S + H·S

20·5'



1. t1ilmmnT~~,nrJ~l"lJeh'li.n)· A LUu.t1iln'1meru.~u ~ Ln~lu.L~~eh'ltliln"jrnLLuun:: (batch

reactor) "lJU.1~2 ~~"j Lriml~1~hu.lt1 5 U.1-n 'V'lU"h~1"jA L'VI~elIil1nm"jrhtliln'1m 64% 1il-1

~1u.lrn'VIT<ij1u.1U.l:IJ~"lJel-1~1"jA ~~~1rJ~11t11u.L1~11 il1:IJ-1

~1~elU

2. l-1n~:IJ-n'el~11:IJ~{)miel-1(1-1n~:IJ1~:IJ1nn11'V1rt-1)
'II

n. L"j11aJ~:IJ1"j{)'VI1eru.~utlilmm (reaction order) l~~rJli Integral Method

"lJ.tl1L"j1'Yl"j1U5u.~utliln'1m L"j1~1:1J1"j{)'VI1~1~-1~t1iln'1m(rate constant) L~elHtu.m"j'VI1

'V'l~-1-11u.n"j::~u.(activation energy) ~l-tl~nu'Ylnelrn'VIllij
•• CI q qj

~. Integral Method laJ~:IJ1"j{)1inutlilmm~ii erU.~u~-1n11~el-11~

-1.1u.m"j'VI1eru.~utlilmm 1~rJ1i Integral Method tl1 eru.~utliln'1m~'VI1:1J1~n~el-1Iil::~el-11~

n"jl'rh::'VI11-1~11:IJL-n':IJ-n'u.nuL1~1LUU."jtl'V'l1"j11u~1
'II

3. l-1n~:IJ-n'el~11:IJ~~n~el-1~L~rJlnu~lLi-1t1iln'1m (Catalyst) (1-1n~:IJ1~:IJ1nn11'V1rt-1)

n. ~1"j~L~:IJ'VI1el~~er~"j1L11t1nn'1mL~m-n'1i.'i~:IJ~m11;fu.meli1~-1
:oJ 'II q

"lJ.~1 Li-1t1iln'1moJhrJ~~~1'V'l~-1-11u.n"j::~u."lJel-1t1iln'1rJ1

~. ~lLi-1t1ilmrJ1~n l-tltll u.t1iln'1melci1-1ml"j

-1.~lL i-1t1ilmrJ1ii~~~el~11:IJ~:IJ1"j{) 1u.m"jL~elnihtlilmm 1u.n"jrn~t1iln'1rJ1-n'1-1L~rJ-1(side
. )...freaction Ln~"lJu.



4. .ff'U.'lEm~ «n"lJtl\lm1Ln'ltl~mmLLuU~Lii1L i\ltl~mm'IXu~\I LLliim1tll m 'Yl3J1~"lJtl\ltfl1~\I~'U.
" . "•••• I .dI I ,:It. Q"I 6' ,c::&cv al,Q..<o

L"lJltn:ummmm1f11 £.IL'Yl3J1~"lJtl\l~~'lfl m6YI tl tlmnn1:UU 3J'Yl\l~3J'In''lJ'U.'ltl'U.
'II

5. ~113J~m£.l"lJtl\lTurnover Frequency

~l'ltlU:

6. 1\1n~3J"JJtl~113J~f1n~tl\l(1\1n~3JL~mnnl1~it\l)
'II

n. Eley Rideal LtI'U.t1~mm~Gfl1~u'U.~~n3J3r'U.~Ln~t1~mmnUGfl1~tl~L'U.n1:LL'Hil'lf

"lJ.Eley Rideal LtI'U.t1~mm~GfldYhtl~n1m t~£.ILi~~n3J3r'U.~~

~. Eley Rideal LtI'U.t1~mm~Gfl1'Yhtl~n1m1~£.ILi~~n3J3T'U.~L~£.I1

7. Gfl1~\I~'U.A ~113JL"JJ3J"JJ'U.3 mol/l ~niJtl'U.L"JJ1L~~tl\ltl~n1clLLUUt1\1n1'U.liim;itl\l(continuous

stirred-tank reactor) ~\lU11~i1d\ltl~mm~1£.15'l11m1i.~~L'i\lmm'l1~\I~~ 0.2 I/min ~lnm1

'Yl'l~tl\lY-lUl1~tl\lLi i1d\ltl~n1m-;)1'U.1'U. 10 kg Gfl1A ~\lii~113JL"JJ3J"JJ'U.~'Yll\1tltlmtl'U.0.5 mol/l

~\I~15'l11m1Gf~l£.1i1"lJtl\ltfl1A

~l'ltlU:

8. 1\1n~3J,Jil ~'J13Jrtla.it!fHPl il\l L~£.11nu m1~1"JJtl~~m1Ln~t1~mm (1\1n~3Ji.~mn nl1~it\l)

n. m1L,nn-LLUUDifferential ,x'U.3Tn~:1inutI~mm~i.3JGflm1f1~'U.n«ui.~LL~:ii5mlm1

Ln~t1~mm~;f'U.nu ~113JL"JJ3J"JJ'U."lJtl\lGfl1~\1~'U.i.~~ ~1£.Ii1
"lJ.L'U.m1L,nn-LLUUIntegral ,x'U.~:~tl\lGf3J3J~5'U.iu(order) "lJtl\lm1Ln~t1~mmritl'U. LLa1~\I

Vi \1~t!'Yll\1~rn'l m Gf'lf 1~£.IGfl3Jl1f11-nl~nu1:uu~5'l11m1Ln~ t1~mm;f'U.nu~113JL"JJ3J"JJ'U.
" "cv t.J Q..II a I Q"I

"lJtl\l tfl1'l\l 'l'U.'l1L'l£J1L'Yll'U.'U.

~. In-LLUUInitial rates Gflm1f1bl~nutI~n1m~'U.n~ui.~ LLlii~tl\lm1"JJtl3J~~ln~~l£.1m1
'II

'Yl'l~tl\lL~ tl~1~15'l11m1Ln~t1~n1£J1



9.

mivhfffhlfliHtl~lJULL1.hH~tl-ltlijn;!J'1. A + B ~ C + D

1
300

250

l 200

~
50~ 1

~.,.
100II A + B

50

\H~ l}11flJ1,hl1l 1UJ ?itl'1tl 0
i) tl ijn1uit'Vlfl1il-Jftl u fiwll~<'H1Ufli :~ u A + B ~ C + D 1utl ijnlui (I) iifli L~'lflll 250

Untol

tlonlui (II) ~tltl onlUl (1) ~L91WA'1L';4tlijnlu'1
Mil ,... tI .• .1. •• ~. <r 1 ..I·"""""'· P

Hfl9IflflJ'tl C LLfI: D LflfI~ULUtlH!'1f1f111'liUflU~IH 1l-Jl'i\f)f1 A Llfl: BUUfjfliU1 (1) 91tl-l..
iiyj1l ••iH1Uil~ft?i11i1l-Jlf1f1)ltliinltll (II) ui 150 Unto!

filflt'il1..ftllf1BfL

10. nl'V1",,~1~el~dlmd~~1t1~1"1JEh1A ~fil E/R = 2400 K 1~t1E LUWV-l;'1'11""nd:li1"" (activation
q

energy) ~'1~fil~'1~1wrl1'1arn'VIllij~nl'V1",,~1~LL~:R LiI""fil~'1~"1Ja'lil16]ji11L~lIarn'VIllij~'1;1""
q '\I q '\I '\I

linn 400 K LiI"" 800 K el~dlL11~ 800 K Iil:LiI""acil'1hLrimfimJll'lJel~dlL11~400 K

fh~a'lJ:


