6. Energy balance on chemical reactors o
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Fig. 12 Development of ixed-bed reactors. (a) Single-bed adiabatic packed-bed reactor; (b) adiabatic reactor with interstage gas feed {1CI
concept); (c) multi-bed adiabatic freed-bed reactor with interstage heat exchange.
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Fig.- 1 Basic types of catalytic fixed-bed reactors. (a) Adiabatic
freed-bed reactor; (b) multitubular freed-bed reactor.
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Fig. 2 Reaction cycle for synthesis reactions with incomplete corversion. (a) Fixed-bed reactor; (b) feed preheater; (c) exit cooler,
id) recirculation compressor; (e} separation device.



BATCH or CSTR heated (cooled) reactors
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The balance of total energy involves:
Internal energy
mechanical energy (kinetic energy)

potential energy
R.B.Bird, W.E.Stewart, E.N.Lightfoot :
Transport Phenomena, 2nd Edition,
J.Wiley&Sons, N.Y. 2007

Transformation of various kinds of energy

Balance of total energy
1 Input x Output

of total energy
by convective

Input x Output
of total energy

by molecular flux flux
Rate of change
of total energy
Work done . E=U+Eq+ EP Work done
by molecular by external
interactions forces

Main reason to study energy balances : assesment of
temperature of reacting system (reactor)



Application of the 15t law of thermodynamics on the open homogeneous reacting
system

Rate of work done on surroundings [W]

Heat flux [W]

W

0
I
1
F ’
Tf
I "
J-‘f E = jeVdV
P Vr
e E, TV,

Single phase
reacting
system

e,,e, — specific total energy of inlet (outlet) streams [J/mol]
Vn — volume of reaction mixture [m?3]



d—: Fe —Fe+Q+W
t

e,.e, —molar energies of inlet and outlet streams [J/mol]

Rate of work \\/ done by the reacting system on the
surroundings consists of:

* Flow work of inlet stream(s) V P=FV_ P
* Flow work of outlet stream(s) —V P =-FV_P
« Work provided by stirrer Ws

5 dVv,

* Work done by volume change dt

« Work done by electric, magnetic fields Wf

dE
—=F, (e, +V,,P,)-F (e, +V, P)+

mo O ml 1
dt

S +Wf

dt



Neglecting potential and kinetic energies (E ~uy ), we have

dU - dv, - -
—=Fh —-Fh +Q-P +W_+W.
dt dt

h_,h_—molar enthalpies of inlet and outlet streams [J/mol]

mo’ 'ml

If W;O,W ~ 0

f

dU v,
. |:ohmo a |:1hm1 +Q-P
dt dt

From enthalpy definition

dH dP '
A _du +V, CII:)+PdVR ——— =V, —+Fh —Fh +Q
dt  dt dt  dt dt dt




Introducing partial molar enthalpies of species

We have finally

i=1
N Heat flux (W] Rate of work done on surroundings [W]
eat flux -
n .
_ 0
F, h m1 Z F. H, h
TD 11
’ P
¥ E={edr !
P i -
eo

E, V,

Single phase
reacting
system

dH dP =
— =V, —+ S F°H’ ->» F, H, +Q

dt dt =1 =1



BATCH reactor

dH dP

=V, —+Q

dt dt

Enthalpy is a function of temperature, pressure and composition

Total heat capacity [J/K] Partial molar enthalpy [J/mol]

dP+%I—Tidni: ]
j o=

Molar density [mol/m°®] Molar heat capacity [J/mol/K]



We know that (from thermodynamics)

oH | oV 1
(—j =|VR—T[ Rj =V (1-a,T)
0P Jr L oT P,an

where the coefficient of isobaric expansion is defined as

1 ( oV,
a,=—
v, Lot ).,

and we obtain

N
d—H:p ev Iy < (1- aT)d—P+Z 7 an

dt TP dt dt = ' dt

. . dn, .
Finally by substitution of%m the energy balance of the batch reactor

dn NR
dT dp
mePVR——aVT—+ZH VZVk.Vk
dt dt <



Using definition of the enthalpy of k-th reaction

N —_
= > vH
i=1
we have
dT dP o -
,OmCV E:apVRT E-I—V (—Aer)rV,k+Q
k=1

Isobaric reactor (47 _ )
dt

dT ) :
PnCeVy E:VRZ (_Aer)rv,k +Q
k=1

V., = f(t) = we need state equation !

Homework 8:  Energy balance of ideal gas isobaric batch reactor



-0)
dt
dT oy
p.V.cC, ——v Z{ H )+ T—AVJVK+Q
KT
P=1f(t)
the coefficient of isobaric expansion the coefficient of isothermal compressibility
1 (aVRJ 1 (aVRJ
a,=— K =——
Ve LoT o V. L 0P J;
the volume variation due to k-th chemical reaction
_ N — (av) _ _ o
AV, => vV, whereV, = LG—J is the partial molar volume of species i
. n
i=1 T.pny,

the specific heat capacity at constant volume

2

P oV, oP a,
C,=C,-T =C,-TV,| —| @a,=C,-Tv,—
aT oT Jo oT )y K

Variation of the pressure can be derived from total differential of volume

([aij N )
dp L oT P, i-1 dtJ a, dT 1 N —dni

= - =— DV,

dt [avR] k, dt Vx5 dt
ap T,n

Homework 9:  Energy balance of ideal gas isochoric batch reactor



Summary of energy balance of BATCH reactor

dT - :
d_P:O mePVR—:VRZ(_Aer)rV,k+Q
dt i K=t
V., = f(t)
dT NR [ — ]
dVR pmVRCV__VRZ (—Aer)+T—pAVkJI’Vk+Q
= 0 dt k=1 KT
dt
P=f(t)
dT "
PuCpVq _:VRZ (_Aer)rv « +Q
|f a, ;O,Cp =C, \ dt _; | k=1 J -
liquid (condensed) systems ( | 1
Rate of change Rate of heat generation Rate of heat
of reaction mixture by chemical reactions loss (input)
enthalpy

Heat flux : g - ©S, (T, -T)
o — the overall (global) heat transfer coefficient [W.m *.K ]

S, — the heat exchange area [m?]

T, — temperature of external cooling (heating) fluid



Limiting cases




Example
Adiabatic reactor with 1 reaction, constant heat capacities

Energy balance on adiabatic BATCH reactor

dT
mepVR EZVR (—ArH )r

Molar balance of key component

Assuming that ¢ ; = const = Ac = const

°(=A H(T))X.
T=T + i (4. HT)) X,

o]

0

’ . =T +§ij
UV"‘Z yiocpi + y?ACpXjJ
i=1

yo (A H(T,)
O ’ ( ) the adiabatice rise of temperature

J ( N
W[ vie + viaex, |




Trajectories of T(t) and X(t)

Exothermal reaction

T(t)
A H<O0
Xj(t) ] )
R )
AR . )
Uvj‘z yicpi+yjAchjJ
T 4

v



Homework 10
The reversible reaction

Is carried out adiabatically in a constant-volume BATCH reactor. The
Kinetic equation is
r=k,.c°c;” —k,cC,

k, (373 K)=2x10" s E, =100 kJ/mol

k, (373 K)=3x10" s* E, =150 kJ/mol

Initial conditions and thermodynamic data

¢, =0.1 mol/dm’ c,, = 25 J/mol/K
c, =0.125 mol/dm” c,, = 25 J/mol/K
A H 5, =—40 ki/mol C,; =40 J/mol/K T°= 373K

Calculate X (t), T(t).



Example
Acetic anhydride reacts with water

(CH,C0),0 + H,0 > 2CH,COOH

in a BATCH reactor of constant volume of 100 I. Kinetics of
reaction is given by

746500
r, =2.14x10"e T ¢, molm’.min"*

Data

¢, =0.3moll", ¢, =38kJkg K™, AH, =-209kJ.mol”", p=1070 kg.m

r

pMi

C..
a).SH:ZOOW.K‘1 T, =T°=300K, Ac,=0,c, :ZWiOCpMi’ c =
i Mi

0 - -y - “y -1 -1 . -1
w; —initial mass fractions, c . - mass heat capacities (kJ.kg".K™),M - molar weight (kg.mol )

R =8.31446 J.mol ".K ™

In neglecting variation of heat capacities with temperature,
calculate T(t) and X,(t) for an non-adiabatic and adiabatic case.



By numerical integration we get

T[K]

a1t
dt (1070><3.8E3><0.1)\

dt

1

1

316

314

312

310

308

306

304

= 2.14E7 x exp L

[ 46500

(8.31446xT)

]

(1_ Xl)

( I
| 0.1x 209E3x 2.14E7xexp

46500

['(83144GXT)

]

\
300x (1- X,) + 200 x (300-T) |

—
-

v

20

30

40

50

t [min]

60

1.20

1.00

0.80

0.60

0.40

0.20

0.00



Continuous (perfectly) stirred reactor (CSTR)

Energy balance on CSTR

dH -
B R D A YA I
) S _,.--""I dt i=1 i=1
0 1
Total differential of enthalpy
—
. dH dT dP Y — dn
—=p, .V, —+V (1-a T H — =
I TSI « )dt,é't
.F N
: =V —+ZFH —ZF,H
i=1
Molar balan

NR
—=F"-F +V kal\,k i=1,N
dt k=1



P -1, 1
PuCeVg———a TV, —+ > HiLFi —Fi+VRkairV’kJ = Enthalpy

' change for
-3 FORC - S q 5 \ k-th reaction

N
A H :kail-Ti

r k
/ i=1
dT dP NR
IOmCPVR ?_VRapT E—FVRZ (ArH k)rv,k =
k=1

=1 dP

dt
The CSTR usually works at constant pressure (no pressure drop)

0

PtV —— =V Y (<A H ), +Y F°(H —H,)+Q Q=wS, (T, -T)



Steady state

dT dn,

dt dt

NR

Ve 2, (ZAH G, +ZN: Fio(gio_gi)J“Q =0

k=1

Assuming ideal mixture, i.e. H,=H, , we have

.
HY=H, =H'-H =-[c,dT

[o]

T

AH, =AH+[(Ac,) dT

o Molar and enthalpy
balances give

(Ac,), =X vucs / N+1 unknown

( : ol variables T, F;
VZ LAH c+ [ (Ac, 1k—2Fi°IcpidT+Q'=O

N




N+1 unknown variables in N+1 non linear algebraic equations

G,(T,F,F,,...F,)=0, i=1,N +1

Issues:
» multiple solutions
» slow convergence (divergence)



Example
Adiabatic CSTR with 1 reaction, constant heat capacities

Vo (=AH®=ac, (T-T°))r, = ZN: Flc, (T-T°)=F°(T —T°)ZN: y’c,,
i=1 i=1

/va’x.
J J

FPX, +Verir, =0= rV:V v‘
RV
o o y?xj o N o 2 nonlinear algebraic equations for
(_ArH —Acp(T -T )) ‘V ‘ =0T )Z YiCoi unknown T and X
j i=1
(_ArHO)y(j)Xj

T=T°+ - =
MZ y € +AC Yy X,
i=1

=T°+ 5, X, cf. adiabatic const.-volume BATCH



Multiple steady states of adiabatic CSTR (exothermal reaction)

!Fj X +ver(Xj,T)VR =0 = X, = f (T)

0.6

0.4

0.8 fi(T)

\

Steady state 1

fAT,
Steady state 2

/steady ate 3
0 £ | |
310 330 350 370 39
T (K)

R
T=T,+5X, = X, =f,(T)




Example

You are to consider an irreversible gas-phase reaction in an adiabatic CSTR at constant pressure (101 kPa).
The gas phase reaction is:

COg) + 3 Hyg) > CHyg + HO)

r, = kc

\ co

E, 1 1 -
k =0.00lexp[-—=(——-—)] min
R T 298

E, =10 kcal/mol

The feed to the CSTR consists of CO and H, at the following (stoichiometric) concentrations:

Cco(in) =0.0102 mol/liter C,,(in) = 0.0306 mol/liter

The heat of reaction at 298 K is equal to —49.0 kcal/mol.

The heat capacities of CO, H,, CH, and H,O are all constant and are equal to 7 cal/mol/K.

The temperature of the feed stream is equal to 298 K, the pressure is equal to 101 kPa, the volumetric flow
rate of feed is 8 liter/min and volume of reactor is 0.5 |. The gas mixture behaves as ideal gas.

A. Use the energy and molar balance to calculate the CO conversion and temperature of the effluent stream

from the adiabatic CSTR.

B. Calculate the composition in molar fraction of the outlet stream.

C. Calculate the volume of the adiabatic CSTR required to achieve the desired CO fractional conversion equal
to 0.99.



1

0.9 Wof co ,\ A
\ﬁmz — X1(2_ Xl)
/ RT 2F° o 1-X, / \
0.8
X - (2+9)-4+g”
1 2
> Adiabatic enthalpy balance
/ / |V1|Z yic,(T-T°) \

0.6 - e
/ i (—A,H°)yf+Acpyf(T—T°) \
Xl(-ID)S / \
. / 3 Steady states
0.3

0.1

T ——

0 500 1000 1500 2000 2500 3000 3500 4000 4500
T/K



Remarks:

= Unrealistic temperature of the 3" steady state — backward
reaction will occur

» The 2"d steady state is unstable — carefull temperature control
has to be used

» The dynamic behavior of reactor should be studied



Homework 11
Determine steady states of adiabatic CSTR in which the exothermal liquid state reaction takes place

Al => A2
Reaction rate:

ry = A.eXp(—E/RT).cA1 (kmol/m3/s)

A=5.10"¢s1 E=132.3 kJ/mol

Data

Vg=2m? T =310K
p =800 kg.m™> ¢, = 2kmol /m®
V°® =3.33 IIs Co=4.19 kikg™ K™

AH =-100 kJ / mol

r,298



Balance of enthalpy on Plug Flow Reactor (PFR)

V
N _ : N _
Z I:i Hi ‘ Z Fi Hi
i=1 vV, (ﬂj i =1 Vg +AVp
ot )y, :
Z Z+ Az VR = SRZ
Vq . Vi + AVg
AQ
oH ap X - LT '
( ] =AV,—+ > FH | -> FH, +AQ
ot AVg dt i=1 Vi i=1 Vi +AV,

in the steady state




ideal mixture = I—T. (T,P,composition) = h.(T)

V[ dF. Voo R dh T) dT )
S Sh ()4 F ( ) =3 v h ()4 F (1) 4T 1
i=1 VR dT dVR

NR
=>/A, +—Z Fic,

k1
dF. NR d(é dS Circular cross
_':ZVkirVk _:w(Te_T) L. section
dVv, ko1 dVv, dVv,
dT 1 [ 4 | ds, ' zd_dz
dv Y LZ (_Aer)rV,k+d—(Te_T)J th - dz

R Z FiCpl k=1 R R dz

i=1 4

dT zdZ [ N°

Y . Z(_Aer)rVk+—(Te_T)
dz c 1 d



Ex.: Reactor for phthalic anhydride production

[l
. Il
", at ”:l :H:IJ T ':.-l
_|I_ %0 m |J__ U + iH I::I
= Rt o
CH, e
+10.50, +7_5Q2
8CO,
Kinetics Kinetic constants
| | -5 -1 -z
) k. |=mol b
Reac“on |7 IJ=I.'|:I.-|'.'11:II1-"E-L |_ J'_I maolm s "bar
- [T]=k
CEHI{I:E + 3{]1[!’ — {:EH"'G}':E + SH:U[!: rJ-".] = '&:|E:|H||:-Pﬂ: ]_ﬂ_k] 25 ?3_ 13533
I
CiHiOsg + 7,505 — 8C0y + 7H:Oy TR Y Y nk, =26.75- 15803
T
CsHing + 10,5029 — 8COxg + SH:0pg n.=kP., B, Ink, = 24.86. 14394
3 T




reactants

L 1. —» catalyst bed
o 7/,,».ia:ket
cooling / heating
medinm = [ - b
0l
products dF
i =1(0 - xylene) —- = A, [(—1)rV L+ (=D, 3]
dx ’ '
. dF,
i = 2(0xygene)d— = A, [(—3)rv L+ (=7.5)r, , + (~10.5)r, 3}
X : , ,
The molar balances of species
dF, R . . dF,
— = AD vt i=16 = i=3(water)—= A [(+3)r,, + (+2)r, , + (+5)K, , |
dx P ' dx ' ‘ '
. dF,
i=4(PA)—*= A [(+]r,, + (D1, , ]
dx ’ ‘
. dF,
i =5(CO,)—>= A, [(+8)1, , + (+8)1, , |
dx ’ ‘
i dF,
i=6(N,) =0
dx

Enthalpy balance

aT A, 2R 4o 1
T — Z(_Aer)rVk+_(Te_T)
dx Fc Lk:l ©ood, J




Numerical values of parameters

Mean molar heat capacity, J mol K 344
Global coefficient of heat transfer , W m™K™ 96.116
Pressure, bar 1.0
A.H;. kJ mol™ -1116.06
A.H>. kJ mol™ -3260.30
A,H;, kJ mol™ -4376.36
F, mol/s 0.02225
dr, cm 2.54
Initial composition: 1 % mol CgHyp, 21,1 % O,, + N,

Reactor tube length. m 1.2




T, K

Temperature profiles
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One reaction, constant heat capacity of species.

Profiles of conversion and temperature are given by following

equations:
Vi dFJ’
dT ﬂd: i 4 vodv
= (-AH )r, =+ PR
dz [ n ‘/y? WL Yod,
AF°| S yle  + A X |
R T
dX d? 2y
Lo ETe L (x Ty = o Jo‘r(xj,T)
dz 4 F 4 F
z=0,T=T,X,=0
Limiting cases dT K
—=0=|(-AH ), +—(T. -T)|= (-AH )r, =——(T_-T
1.1sothermal——— d: L( N R( : )J ( N ( )

reactor

T =T,




2.Adiabatic reactor

- 2d? F°(-AH,) 0X |
_ AH ), ] = -
dz [ Y -|[( ] [ y© 1 dz
4F°1 S yle, + 1 Ac, X | ‘Vj‘F()'Zyiocp,iJ’ TAc X |
Li:l ‘ i J Lizl ‘Vj‘ J

yi(~AH"=Ac, (T-T°))dx,

N
L e aon] ©

! dT ! dX .
_[ o( o _ 0 :J. J
Y (A H T =AC, (T-T%)) 5

[Vj‘iz yic, i+ y}’AchJ}

°(-A H°)X
yJ( H) J Cf. adiabatic BATCH and CSTR

T=T°+ -
MZ yiocp]i + y;’Achj
i=1



One reaction, constant heat capacity of reaction mixture.
Profiles of conversion and temperature are given by following

equations:

N N
dT zd? | ] Z FiCp’i = Finp,i ~
= o {(—AH )T, +—(Te—T)J E i1
dz  4F'c, d - \
~ 0O 0 N
dX,  z.d? 2 vj‘ =F"Y y;c, =Fc,,
- R—Orv(xj’T)_ i rv(xj’T) i=1
dz 4 F 4 F,-O
z=0,T=T,X =0
Limiting cases
d K | ¥0)
1.Isothermal —=0=| (-AH)r, + —(T,-T )J = (-AH )r, = _d_(T
reactor -0 R "
T=T,
2.Adiabatic dT rd? FO(-AH,) dX
reactor ——[(-AH ), | = —
> dz 4F'c ‘vj‘F Coy 02
yj(-AH )
T= i —o0 j
‘Vi‘cpm



Exercise

Numerical method:
e Euler method

, Stiff solvers
MATLAB
www.netlib.org
www.athenavisual.c
om
http://wxmaxima.so
urceforge.net/wiki/i
ndex.php/Main_Pag
e

: reactor for oxidation of SO, to SO,

,hot” point

600 -
500 -
400 -
T[°C]
300 -

200 -

100 -

700 - /

Conversion of
SO,

Temperature

0.0 0.2

0.4 0.6 0.8

V [m3]

1.0

- 0.9
- 08
- 0.7
- 06
- 05 Xsoz []
- 04
B
- 0.2

- 0.1


http://www.netlib.org/
http://www.athenavisual.com/

Balance of mechanical energy in PFR
Profile of overall pressure (P(z))

/ A
> > dg >
& A 4

P(0) P(z)
z=0 z
Vg=0 Vg

Pressure drop and friction coefficient (factor) in laminar and turbulent flow

PO)-P@E@) _, 2z 2 p. density of fluid(kg/m3)
Py dg , friction coefficient(-)

+
) /y
Sl
.
|
1

_dP P A= 1(Ree,/dg) h B ) i
o : : WSSt =S —momsmnne
v fluid mean velocity Y Sl w2 i
o A hm i T“T

Iley Ld number Re = D<i> p/u
Fig. 6.2-2. Friction factor for tube flow (see definition of fin Egs. 6.1-2 and 6.1-3. [Curves of L. . Moody,
Trans. ASME, 66, 671-684 (1944) as presented in W. L. McCabe and J. C. Smith, Unit Operations of Chemi-
cal Engineering, McGraw-Hill, New York (1954).]



Catalytic PFR

Profile of pressure is calculated using Ergun equation:

2

dP qu (1_gb) o} pf l-¢ o 2 0 o} 2
—d—Z:15OdF2] 8b3 Vf+1.75€ gsb(vf) :A1/ufvf+A2pf (Vf)

« . - fluid dynamic viscosity (Pa.s)
p. - fluid density (kg/m3)
v? - superficial fluid mean velocity (m/s)

¢, - bed porosity (-)

d, - catalyst particle diameter (m)



PFR model for one reaction with constant heat capacity of reaction

mixture

dT al 4

= —— L(_AH )rV+_(Te_T)J
dz  4F'c ), d,
dXx . d?2 2 ly.

Lo =, (X, T)=—F J‘rV(XJ,T)
dz 4 F, F.
dP . 2]
— = - u N, +A p. (Vv
dz I_A1 Y1 2 f( f)J
z=0,T=T,X,=0,P=P,




Summary

Energy = Internal Energy + Kinetic + Potential + ... = Internal Energy = Enthalpy H (T,P,n,,n,,...n)

T

Ideal mixture : H (T,P,n;,n,,...n )= > nh(T) h.(T)=h(T,)+ J‘cpyi(T)dT

o

dH
BATCH :—=0Q
dt
N
d n.h.
dH 2; . " [dn dh, dT ] dT |
= = —h +n —— :Z r Veh +nc  — =
dt dt ._1Ldt dT dtJ i1 dtJ
dT |
LZA HkaVR+ch J
T dT [ - 1
nc —= —= AH, )r, V_+ = Ve +S,o(T, -T
IZl i~ p,i dt IOm P "R dt Lk:1( )V,k R QJ V.,k R ( )J
dT NR dn,
mePVRE:VRZ( A H ) +S a)(T T) _ka|Vk R
k=1

= f (t)...state behavior, initial conditions:t=0,T=T_,n, =n’




Ideal mixture, steady state CSTR:

N N .
S FhY S F h +Q=0
i=1 i=

NR N
Fo-F 4V Y vah =0, i=1N AH =Y vh,
k=1 i=1
NR N .
VRZ (_Aer)rV,k +z Fio(hio _hi)+Q =0
k=1 i=1
NR N .
constantc V> (A H ), +> F’c (T, -T)+Q =0
k=1 i=1

NR N .
VX (A H (T)=Ac, (T-T°)),, +F°(T-T°)> y’c, +Q =0

k=1 i=1



d (& \ dQ
Ideal mixture, steady state PFR:——| > F, Z F.h,
v (&7 L J av,
N[ dF, dh (T)) X (R dh (T) dT )
—Lh (T)+F, v.r, h (T)+F — -
Z;Ld dv, ZLZ e dT  dv,
a1 dQ N
= AHr +——) Fc.=—— AH =»v.h
= r k "V, k dVR Iz_l i pi dVR r k Igl ki i
dF, M N dQ ds
—zzvkerk kalhl_Aer —Q:w(Te_T) t
v, o ~ vV, dv,
dT 1 FNR( NRY T -T) ds, zd.dz
= — + — (T, - - =
dv, & Lk_l R T J dv, d’
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Example
A gas phase reaction between butadiene and ethylene is conducted in a PFR, producing cyclohexene:

CiHeg + CoHag = CeHig) N . A N
1 2 - 3

The feed contains equimolar amounts of each reactant at 525 °C and the total pressure of 101 kPa.
The enthalpy of reaction at inlet temperature is -115 kJ/mol and reaction is second-order:

r, = k(T)cc,

115148.9
k(T):3,2x104exp|_———‘ (mol™'m~s™)
Rt

Assuming the process is adiabatic and isobaric, determine the volume of reactor and the residence time
for 25 % conversion of butadiene.

Data:
Mean heat capacities of components are as follows (supposing that heat capacities are constant
in given range of temperature)

Cpy = 150 J.molt.K*, ¢, = 80 J.molt.K?, ¢ 5 = 250 J.mol*.K*



Project 15
A gas phase reaction between butadiene and ethylene is conducted in a PFR, producing cyclohexene:

C4H6(g) + C2H4(g) — CH

A, + A 5 A

10(9)

The feed contains equimolar amounts of each reactant at 525 °C and the total pressure of 101 kPa.
The enthalpy of reaction at inlet temperature is -115 kJ/mol and reaction is second-order:

r, = k(T)cc,

115148.9
k(T):3,2x104exp|_———‘ (mol™'m~s™)
Rt

1. Calculate temperature and conversion profiles in adiabatic PFR.
2. Assuming the process is adiabatic and isobaric, determine the volume of reactor and the residence time
for 25 % conversion of butadiene.

Data:

Heat capacities of components will be taken from open resources [1,2]

1. http://webbook.nist.gov/chemistry/

2. B. E. Poling, J.M.Prausnitz, J.P.O’Connell, The Properties of Gases and Liquids, Fifth Edition,
McGraw-Hill, N.Y. 2001.



http://webbook.nist.gov/chemistry/

Uverejnéné materialy jsou urCeny studentim Vysoké Skoly chemicko-
technologicke v Praze

jako studijni material. Neéktera textova i obrazova data v nich obsazena
jsou prevzata

z vefejnych zdroju. V pfipadé nedostateénych citaci nebylo cilem
autora/l zamérné poskodit event. autora/y pavodniho dila.

S eventualnimi vyhradami se prosim obracejte na autora/y konkrétniho
vyukoveho materialu, aby
bylo mozné zjednat napravu.

The published materials are intended for students of the University of
Chemistry and Technology, Prague as a study material. Some text and
image data contained therein are taken from public sources. In the case
of insufficient quotations, the author's intention was not to intentionally
infringe the possible author(s) rights to the original work.

If you have any reservations, please contact the author(s) of the specific
teaching material in order to remedy the situation.



