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SUMMARY

From integration of the continuity equation for a plug
flow, an equation which relates conversion and space time
for any mechanism and rate controlling step (adsorption,
surface reaction or adsorption) is calculated for the general
reaction scheme A T R+S carring out in phase gas in a catalytic
fixed bed reactor.

This general equation is very useful to determine kinetic
constants by the integral method, or if these are known, to
design the reactor.

As an example, theoretical curves of conversion vs. space
time and the data experimentally obtained in the dehydrogeﬁation
of benzyl alcohol to benzaldehyde over a 2O%Cu—SiO2 catalyst

are shown.
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A partir de la integracidn de la ecuacidn de continuidad
para un flujo de tipo pistdn, se obtiene una ecuacidn general
gque relaciona la conversidn alcanzada y el tiempo espacial para
el esquema de reaccidn A * R+S llevada a cabo en fase gas en un
reactor catalitico de lecho fijo, valida para cualquier mecanismo
y etapa controlante de velocidad (adsorcidn, reaccidn superficial
o desorcidn) . "

Esta ecuacidn general presenta gran utilidad para la deter-
minacibébn de los parametros cinéticos por el método integral, o
bien si la ecuacidn de velocidad es conocida, para el disefio del
reac ter.

Como ejemplo, se muestran las curvas de conversidn vs. tiempo
espacial obtenidas tedricamente a partir de esta ecuacidn junto
con los datos obtenidos experimentalmente en la deshidrogenacidn
del alcohol bencilico a benzaldehido sobre un catalizador de

20% Cu-Si0,

LABURPENA

Pistoi-jarioaren Jjarraipen-ekuazioaren integrazioz, ohantze
finkodun erreaktore katalitikoan eta gas fasean burututako A <R+S
erreakzio eskemarentzat, ukitze denbora eta lortutako trukaera
erlazionatzen dituen ekuazio orokorra lortzen da, berau edozein
mekanismorentzat eta abiadur etapa kontrolatzailerentzat (adsor-
tzioa, gainazal-erreazkioa edo desortzioa) balioko izanik.-

Ekuazio hau oso erabilgarria da metodo integralaren bidez
konstante zinetikoak kalkulatzeko edo abiadur ekuazioa ezaguna
bada erreaktorearen diseinurako.

Adibide gisa, ekuazio honen'bidez ateratako trukaera ukitze-
—denborareriko kurba teorikoak eta 20% Cu-5i0,-zko katalisatzaile
gaineko bentzil alkoholaren 5entzaldehidorainoko deshidrogenazioan

experimentalki lortutako datuak erakusten dira.
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INTEGRATED RATE EQUATIONS FOR

REACTION SCHEME A &8y Byt S

Kinetic equations for reactions catalyzed by solids
based -on the chemisorption mechanism may always be written as

a combination of three groups:

a kinetic group: o (ki)
a driving-force group: o (x,K)
an adsorption group: ¥ (x,Kqi)

such that the overall rate is:

v (kinetic factor) (driving-force factor) (1)
o (adsorption group)

Summaries of these groups for various kinetic schemes

are given by several authors [1,2,3].

The major part of catalytic processes in the chemical
and petrochemical industry is carried{eutlin tixeedlbed reactors.
In these reactors, plug flow is normally-assumed. The mass bal-
ance over a differential volume element for a reactant, A, in-
volved in the reaction may be written in its integrated form

as:

W 3 dx
g (2)

FAO o I”A

Integrating Eq.(2) we can get useful equations for sim-
ple reactions where the diffusion effects are negligible and

the temperature and the pressure are constants.

In an earlier paper [4] we arrived at a general expres-—
sion which relates the space time and the conversion for all

mechanism in the reaction scheme A I R.

The resulting kinetic equations such as Eq.(1) where

each step is rate controlling, for the overall reaction AZR+ S,
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are given in Table I. In this table are shown the kinetic equa-
tions‘when one or two active sites are involved in the reaction.
The mechanism where the reactant A is dissociated are not an-

alyeed.

TABLE I

Assuming that A, R and S behave like ideal gases and a
feed without reaction products and carried out with n; moles of
inert per mol of A feed, the relation between the partial pres-

sures, pys PRs Pg and pI and the conversion is found from

(3)

Il

Pa pAo l+ex

PR~ PRp Tecx (4)

x
Pg = pAO l+ex (5)

. 1 pnI
Pic5+1Pladinex 7 (1+ng) (1l+ex) (6)

where ¢ is the volume fractional variation, that is

1
e = = (7)

All equations shown in Table I may be written in a gen-

eral form as

D + Ex + Fx2
r = (8)

A 2
A" BX'+ CX

where A, B, C, D, E and F are combinated equilibrium constants,

such as we can see in Table II.

TABLE - II
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Taking rj eéxpression, Eq.{8))°"to'Eq.(2) and” integrating,

we arrive at,

Y o A+Bx+Cx2
—.; ——dx:
FAO 0 D+Ex+Fx2 -

c 1 { BB+A C BE+D X-B
e — — - A l T ;2
i A - [« o ) F( o 1950 -
aB+A C ,aE+D X=-a
SEEe = 1n —-} : Sk ¢
FUP( o ) F( o ) ] .
where
a = X (10),
T
B e iy - }M (11)
€
+pAO
L E:E =, L 1 + :
h K(l-¢)
Mo
€ Ke+pagp
Ty B 20 e El o e 0

With Eq.(9) we can get the values of the space time co-
rresponding to a value of the conversion, without havihg to inte-

grate, for any mechanism shown in Table I.

Equations such as the type of Eq.(9) can be used to cal-

culate the kinetics constants by the integral method.

AN APPLICATION

The hydrogenation of benzyl alcohol into benwaldehyde,
carried out in gas phase over a 20% Cu-5i0, catalyst at the pres-

sure of 1 atm, has been studied by Romero et al. [5,;6} resulting
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the kinetic equation corresponding to the surface reaction on

onhe active center as the rate ceontrolling step:

ksr Ko (pp - PR Ps/K) (12)

l”A e

The wvalues ot A, B, €, b, E and F corresponding te this
controlling rate step.ecan(be found. from Table II and these. can
be substituted in Eq.(9) to obtain the integrated equation which
permit us to obtain conversion-space time curves, compare them

with the experimental values and prove the validity of Eq.(12).

Romero et al [5,6] did ditferent experiments with pure
feed and using nitrogen as an inert. The calculated kinetic,
equilibrium and adsorption constants were the following:

Koy & BT LT

e exp( -7189/T)

6137
e+ 3,90 10T -~ 11,49 - 5.55 10797 + 8.7 10~7 12)

K = exp(-

Ky = 8.3 1073 exp(3048.4/T)

2.88 1072 exp(11506.6/T)

~
X
i

KQZKI:O

The resulting integrated equation is

W 4 1+KRr-Kp 2 ®
Fao kerA(l+l/K) kerApAo

{[ 1+K1p1o+PAQ [ KA-(2+K1pTo+KR-KAPTIg) (Xe+P1p¢)]
H #

2Xe*PIgo
1+KR-Ka kerApAo[l+pIo(xe+pIo¢)])]l (1 b8 )
- n (l+——) +
kgprKa(1+1/K) 2Xe+PTq ¢ : XetPgt

1+KIpIO+pAO[KA+Xe(2+KIpIO+KR—KApIO)]

2xe+pIO¢
1+KRp-Ka kgrKapag(i-xep1g) x
2 9 hin (1-——)} (13)
kSPKA(1+l/K) 2xe+pIO¢ Xea
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where for simplyfying we have introduced the parameter ¢,

1
Pal 4 T+1#K)

The relation between the constant and the conversion.at

equilibrium is tound' trom:

x& pAoXé

K = pa-~ =
: G

l+(e—l)xe—exg 1—pIOxe—pAOxg

or
2

$PIg (¢P1g)
I + _— 0
e > 4

For experiments without inert Eqg.(13) is rediiced to

1 xg

= (1L + K + Kyl ® +
FAO ksrKa -

e 2 5 b
+ CTE {Kl—xe) +KA(1_X8)+KRX6(Xe‘1)]1n(l+;g) _

e [(1+Xe)2+KA(1_Xg)+KRXe(Xe+1)]ln(l—ii)}

(14)

Figure 1 shows the conversion-space time curves for
tive temperatures and for three different cases: pure feed (a),
70% of benzyl alcohol and 30% of nitrogen in the feed (b), and
30% of beneyl alcohol and 70% of nitrogen in the feed (c), calculat
ed from Egs. (13) and (14). The experimental points calculated
by Romero et al.[5,6] are also represented in Figure 1. 1t can
be seen a good agreement between the theoretical and the exper-

imental values, what proves the validity of Egs. (12), (13) and

(14) for this reaction.

FEGURE 1
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NOMENCLATURE

A,B,C,D,E,F

A R.8. T

kpikprkgrkgp
L

pA’pR’pS’pI

ra

combinated equilibrium constants, Table II
reacktant, preducts  and imnert, respectively;
beneyl alcohol, benwaldehyde, hidrogen and
nitregen in the example

molar flow of reactant, mol/h

equilibrium constant

adsorption constants of A,R,S and I, respec-
tavely atm~1
kinetiec constants

moles of I per mel ot A teed

partial pressures of A,R,S and I, respective-—
ly, atm

reaction rate, moles/g cat. h

catalyst weight, ¢

conversion, dimensionless

conversion at equilibrium

parameters, definied in Egs.(10) and (11)

volume fractional, Eq.(7), dimensionless
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Rate
controlling

Equation

Adsoption of A

Surface reaction

Desorption of R
(S is not absorbed)

1 active site

ka (pa = PR Pg/K)

r‘A=

K

A

ksnKa (P = PRPg/K)

1 + KA pa t KKR pA/pS + KIpI

Adsoption of A

2 active sites

kA(pA - PR pS/K)

A Ka
ksr Ka (PA = PRPg/K)
Surface reaction M ; r
(1 + Kapa + KRPR + Kg pg + Krpr)
Desorption of R ra =
kg K (pa/pPR = Pg/K)
Desorption of S Bal=
1 + KA pa + KKS pA/pR + KRpR + KI PT
TABLA 1
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Rate Combinated equilibrium constants
controlling A B © D E F
1 active site .
Ka s Pao
Adsorption of A 1+ Ky vHO e(2 +Ky prg) + KgrPpao ele +Kg ppg) + . PRO ka PAD Dle = 1) IUAIM! + )
Surface reaction 1+Ky pro+ €(2 +Ky prg) + KR pPag *+ ele +PAO Axmu‘x>: Kor KaPaAo idem idem
+—A>U>O +Am|x_vX>U>O
Desorption of R K Kp 1+Ky pro+ Kappo + (e =1) KKg e(1 =K Kg) = Kaprao kg K idem idem
(S is not adsorbed)
2 active sites
Adsorption of A 1 + Ky prg e(2 +Ky pro) + (Kg+ Kg) pag ele +pao ( Kg +xmvu + Ka PAO idem idem
+ps2y Ka 7 K
2 2 . <
surface reaction | [(1 +Ky p1o) +| 2 pao{ (Kg +Kg) (1 +K1 pro+ Kapag)H| pao [(Kgt Kg) = KA 17+ ko KaPpO idem idem
+_¢/n>o_m +Kp [(e=1) = Kppro —Ka paolt #| +el e+ 2 ppag(KpiKg-Ka) ]
+2¢e (14 _‘AH CHOV
Desorption of R K _AN 1 +_AH prot X) PAO t+ (e = 1) _A—A_ﬂ e (1- _A*ADV + PO :Arﬂ| f“\yv rﬁ K idem idem

(or S, changing R
by S)

TABLA II
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X

CONVERSION ,

SPACE TIME, W/Fyg
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