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Tho modern trends in the randposition of the laboe
ratory reascarch rosulta to piiot. or coaxcrcial scaoled are connece
ted to the physicol ane especinlly wathematical aodclliag,

In the phyvical @modelling the matrs¢ ¢f the pheno-
zenon ia identical in model and apparatus,the totality of the ine
¢ividual sidgea boing scen as g single phenomen,

From the given cjustions with oao voriadle onc dodu-
€3 the oinilarity criteria and the c:anectiong between them oro
cutadlished in an experimenial WiYe

In the mnthimatical modeiling it ia neccssary to
¢onpute tho material and heat balnaga ¢Quntiony for tnoe initial
ond local conditions of temperature,reactoats concentration and
tho geomctric featuros.The m2thesetical modelling conteins threo
stagos:the claboration of the equations deseribing the rrocesgs,the
claboration of the algoritha for the tolution of these equations
and the check of the mathematical model relinbility oan the studied
plant.

For tho optiwization of thc procesc used in obtaining
atyrone,which was eladorated by our group,-.nd appiied to cemmorcial
scale,our activity vao led tcwards twe trrpcte: to nccomplish tho
8cale down of a comseorciel ethylbenzene dehydrocenation adialatic
Feactor and to elavorate the mathematic model Ceocridbing the ipe
duatrial process of obtaining styrenc.

2ie m0¢l in,

In order to tost tho various iaproved versions of the
dohydrogenation catalyst which have t0 be recommanied for use in
otyrcne process it wag noccesary to accomplish the physical aocdcl
of the commercial rcactor.

To enswre the plug Tiow through the reacter the fo-
llowing comditions muot bo tulfrilled:

e /.




L R W
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1

metes of ihe pCllet and 0o DOair J0ll il w wiiiv s Lt Cathevitanew)
nust be one order weondtlude Lasha
eriterium}/1,2,%/.

In the cemmercial sdiabntic pinnt uscd Tor allyle
benzenea dehydrozcreation these conditicns are fulwilicd beeauss
/4 )) 30,and for R"pellot ®60,5 for which is currevpoaling a
cu...crium P6 ®0,9% nnd a eriteriun PL 2 8,0,

The variation of the nlun Lor bvork Péeict nudbera
a3 functions of the modified Reynolds nuaber io reprofcnted on
the logarithaic plot in fig.l.
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The scule~down appreach bused on the eriteriua of

cointaining the geomotry of the coawercial reactor naacly e T/4

atiof(dirmct.cr of the eatuiytic bed 1o the eisht of the catnlyiic
bed)led to a physical moicl by which the corresjyonling PéR and PéL
nunbers to Rop=8,2 have the same valuc,thercfore ilic axinl mixing
of reactanta cannot be avoicdcds

Ey tho scaic=dosn bascd oi maintaining the wydrodie
naaic conditiond similar with those of the induatrial reactor na=
mcly the D/3p ratio above 30,the mocel Tulfills the condition ol
the coumereial apparatus.ihe diffirence between PéR snd PéL 1s acgr
to that of a commercial recactor,at a chnumber of 50,2.Therefore
thero is mo danger of axial mixing ¢f the reactunt,and the flow
approaches the plug typc.

Thuo,bascd on the hydrodinnuic similarity criteria
it wno deoigngd qnd constructod an adiabntic rcforcince deviee with
a capacity of catalyst.It wao used for coupnrative tests in am
ndigbntic systom of plaboraied calolysts which wera nrovioucly tose
tcd in the icuthormal laboratory syutem in view ol reconmanding
tho beot plant conditions when applying it on couwuercicl plont.

oMatheanticn] modold inig

The mathemetical nmodelling approach of a process
for obtaining otyrene was applici oa the rcfarcnce adiabetic reac-
tor for the catalytic dchvdrogenation of ethylbenzenc which repre=
oents the senle=down of the industrial adiabatic rea-tor.

In ordor to deacribe tha pracenn thaece wera proposcd
olx entatytic renctionn (X-VQ) which noe juolying the presonce ia
the rezulting gas eflucnt of ¢thyldenzene(l),styrcne(2),hydrogen(s),
tolucne (4) ,methane(5),benzence(6),ethvlene(7),carbon disxice(8),
water(S) and cardon{lo).The reactions I-IV nrce considered as plaue
sible ond conoistent for describing cthylbenzene pirocess in an ae-
diavatic syat.em,doneb:f; ceries of authors wvho are intercsted in tho
modelling of thio prccecy/4,5,64.

Ao concerring reaction .V this was considercd by us,
as a rosult of a kinetic otudy on entnlysts foulling in ethylbene
zene procaso and ronction VI oprining out of a utudy c¢a catalysia
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regeneration /7,8/

l.Styrene generation:

- enalien

"9 2 (1)

2.Toluonc generation:

Ogly=0yll; + HymmnemOgh -Gk, cI, ()

J.Bonsecne goneration:

i - c‘n,-ézu,-u—csas ¢, ()
| Ggliy=Cliy. ¢ ) cemem c‘as'q- o, | an
M. gonoration:. :

'Wz',---wz*wm o m

Boke rogoneration:

C ¢ 20 —vem CO, + 2M, (v1) |
- In elaborating the mathematical model the. folloe
wiag sldplifying assumptions and caleulstion forsula were uscd:
a)It was ascused that axial ond radial moés and
heat tranafor phonomena has no influonce on the kinotico of the
utudied »Mﬂhu ond 20 a reoulto the torss for 1190 and hoeat
tranafer tro- the matcriolo and hoat balance oquations wore consie
dered null. ‘
®)It was assumed that the hydrogenstion reactor

which wan proposod £of the mathomntic modeling hno a perfect adin-
batuuy,er thlro iv »o hent exehnngo with the outnido.
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“¢)It was noaumed hat the nrecaure variationsuso
¢clijible on the cntalyst bed so that in the calculations it wes.
uced @ mean preasure value of 1.0 oia.
d)In coleulatine the molsl specific heats a sipe
plified Tormul: wao uacd £4/:

o 2
cpiz A; + BT + C,T (VII)
vhere ‘i'ai'ci' are conatants,illustrated in tadle I fo» cach coz~
ponent of the gas phase (l-lo)

Table I I1.Tho values for the coeficicnts Ai’Bi’ci

from molal speciflic hent expressicns,Cp(VII)
..‘I"‘..“u‘.ll“’:‘:"ﬂs’ﬂs3‘&'3.3-SS338838ll!“ﬂﬁ.S&.ISﬂ'lﬂ'.-"

Cozpo= Ay B, c,

- neat ,

ERECEEEEESARNSSE B SR ES =§:c== L % -+ -1 3 ¥ 3-+3 2'-‘.8 BEZSIZT s ‘33:—8:;33' 3+
1l ‘0.9‘2_39 e 10 0.5588 - lo , -0’1953 . lﬂ
2 0,91c0 . 1'0i 0,9140 . Lo L --,,,;oo « X0 -4
3 0,6880 . 1t 0,6600 . 10"“' 0,27%0 . 10"5

4 -0,7598 . 10° .2935 . 1o -9,1561 . ).c)3
5 ' 0,3422 . 101 041764 . 10 -1 ~0,4170 10"5
6 -0,7405 . 10°  0,2702 . 10° ~0,1495 . 10~
T of06 A0 026 ;307 -0 6o, 10
8 0,6850 + 10t 0,8533 + 1672 0,2475 o 10°

-9 0,6890 . lo; 0,328% o 10-1"‘” =0,3400 . lo 6
lo -9.1097 e'l0 0"692 e l0° .0,2134 . 1

.maumm&cz:uas:::-s: BERIIEBRERGQINEIRNICIECE AWEBTTEARNSETTERS S

¢)Ia caloulating the heats of the react:.cn -Alri(ul/m
there was used tho simplifyed rolation/4/ '

Alir=A, o+ BT {VIII)

whore Ai.n are conatants which are charactarising t.hc reaction
components (1-10) chown in table II.
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w0 bae cocficiontn ;‘.i,';.;.

€
i
from the relationdlL .= A; + L.T,enl /ol
e
e T T T PR TRrtagi X P
fenction A i
e EN
8-5833======ﬂ====::'z:‘.=2::::::2332;‘;::’-‘:a.::::::.::;:-‘
I 28,343 1,000
.. R ) ERE S '-“w"ﬁvc' s e & ——————— V8 .
i1 =12,702 ~3,1%0
S
IiX 25,992 =14900
tomem g y R P IR S BN DRSSO
v 275653 -2,490
WS 4 B DO i el S A i BB BB 4, oot b = s oD QI & A
VI 22’320 . -2’604

BRNESONESSRERNEEC O SECES SIS TR e HALRZCTDBUARIT.

£)Cquiliorium constsas valuco Por obtaining
styrene ogtomporature functicn,werc caleulanted vith the relation
established by us on literature dnta/lo/. |

Xp = 0,403 . 30 wip(=29.685/38) . (IX)

&

The differcatial cquation cysten which deserie
bod macs and hoat balances can Le expreased in o condensed fors
when deliaing the muiricoo of le Tollowding torme: . - the stecchioe
motrie coefficionts (S),ronction rantes (R) hoat capacites(C),
heata of formntion Lor reaction products (li) and molal concentra=
tiona(i). :

=1 1 1 o o o o o o o

-] $ 1 1 1 o o ¢ o o
g»|*l. © o o o 1.1 o o e
© o0 «1l «1 1 1 o006 o o

1 o % o 1 o o0 o o 7

© 0 2 0 0 6-0 1 =2 =

The rowe of this calrix vepresent 4ne 910ichioe
aetric cooficionts which arc interfering in the oix etudied xce-
actions (I-VI) and tho columns of the icirix represent reactions
otoichiometric coeficionto namely thoso of the reaction producto
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(1-10).ith minus ar¢ marked compounds etoichiometric cocficients
which are consumed in one of the studied reactions,ard with plus
tho otoichiometric coeficieats which are reculting from the pro-
coasinng,

| RyC,f nnd X matrices ore shown under tho form of
aultidimensional vectoras.

L , 1
* * . [}
" Re. . Om . H= ¢ | | X= .
r ] K |

. Maas end heat balance cquations exprossod in fiaite aifferences
have the following form:’ | '

AX = R. 8 (x)
. |
ot ==t (X1)

where:
' _ R = roaction rates transposed matrix,
X = molal concentrations sranoposed matrix,
&X,AT= finito voriations for concontration and .
temporature on the incroment of the catalytie
| bed height,
? = ofluont molal flow (rov material + diluent)

A The knowlidgo of the finite 4ifferences X amd T
gives us the possibility to calculate concentrations and tempe-

. ratures valwea,cuceesively,on each incroment of the catalytie
bed.

It is obvious that: X ., = X;+4X (X1X1)




Tho dovolopmont of relation (X) pivea:
Axl = -z'1~r2-r3~rs Xe)
O xi? ol ??1 .2)
DXy = r,"-r,‘znx‘n‘i’.‘»rg'r:;’re (Xo7)
L\X4 e r2~r4 (Xoit)
AXg = Dy (X.5)
4%, = r3+r4 {Xx.6)
aXq = 1y (¥.7)
lﬁXg ”“zrs' (209)

‘and from relation (XI)AT takes the form of:

A= ) ] c”; c il : | (XT.1)
X '6.00«0
xl 2°pp 208 Pla

Por the expressions of the reaction rates (rl,...,r Jthere ware
used,in .compliance with come literaturo infornations /4,%,9,6/
oimplified forma,the studied rcactions (I«VI) .onsidoering thoea
as first ocdcr pscudo=homogcacous reacii.one when cowpared with
e¢ach reaction taken separately.

r'a xl(Pl'wg:—‘I:z ) (xIv)
rgs Kyeby e, | (xv)
“;""‘3"1 | (xvz)
‘ k‘-psop‘ (XVIT)
’9'* kj'pl {(XVIIX)

. Tg" Kby o005 (xix)

wheret |
,pi(‘.l‘aw."'u,ﬂw@m pressures calculated by




o antVlacntion of the moelal conceatrations
YeeoLt et averugd arossuce of the systea

K§(421,2,,0 05 T Tu-- T

N

21(131,2.....6) LIt LL v phasde/rrecut Gl

T.on o RiseLas siudy sade by us on integral
laboratory reiziure,in pacucuistthoresl conditions there were
dotermined the valuiz ¢ 1he rite conct nte kl,kz,..-,ké for ihe
8ix studied renctions.¥uo obtaincd cecults arc onown in teble III.

Table IIT.700 velves of tho kiaeiic coastants
k. 3%., for tha studicd reactions (I=-VI)

[
A N R N S S R N T I N B S S TS e SRS IR
)

 Reaction . po

ol <3
Lol/ recutess zal / mcl
II'==:=#§S==us==;=:n=:z:?zzas:zss:;czzSa:::aalslt
I O,LL0 . e 0. 000
i
I 0,990 . o' 7¢.900
S S —
IIr 3,.9¢ . 13 47.600
Wrriemmlancace < atol G W o, A Wt Lyt T Ak U . — b o
IV ", 1o’ 45.000
. 5 -
v Ui TH . 1o 70+400
O s G . 5 AR ol w3
L - ‘{
;I u,:.‘). PN § 30.UC°

28:53&3:;::;:qu&“:mQa:3:5:2:3:3::t:z:::z:zaszntsl

Theas values wore Adjniteu "moa computer in order to correspond
to the macrokinetis coudiltionas of whoy modelud ndinbatic reactor.

| By the halp of tls vilucs kl,kz,....;,ks u?inx
tl'me r¢lations XIV - YIX there wera en) culn;nd the values Py Pasee
TG and these multiplied ¢.A.Az '
Where:

S ®catulyst Lulk aa;;sit,y,gr/cm3

A =arca ol tha catalytic bed aeetien.cmz

v-,z‘.;- = “incremont Loight,vhere Z=the height of catalye
tic bud,n=ths nuzber of increments,




lle

led w to the valuca rl,rz......ré which are interieoring in
vecetor R.

‘ Usiag the above descritced nethiod tuere wns olo-
borsted the  athematic uedci 0. styrenc prece 3,400 colculaiicad
vere acccnplishod with tiuo L.Dewmelivk Honitor,Syctom Version 2
using Zular integsration method aud Foriran isnjusgcedn Tigwe ¢
thore aro excaplificd tcapereturcs perofilces crliculated in uccor-
danco with the model on 2 incrcaents fiow Z-the height of ihe ca=
talytic bed frox styrenc adisbatie rcuctor wh-n the cflueatl iz
ontaring at Gﬁooc.@cmperaturc values aeasurcd cxperimentally in
tareo pocitions on the height of thc crtolytic Lod of tae adiaboe,
tic reactor(also marked on fijpure 2) are confirning the fact that
the drown up model catisfactery follows temporature ¢hnnges duc
to chomical processings.

A suitable agreeneni beiween the daca caiculated
with the holp of tho model and the exporimentol oze can be a¢en
in figure 3 wvhero in shown the varintion for ethylbenicno convere
sion to otyrono,toluenc and bonzono cnleculated on = increaento,
from Z~-tho heipght of the catnlytic bed when cflucnt inlot tempcras
turc ia 630°c;tho exporimental valuca ebtaincd on siyrenc,benzens
and tolucna 'at ofluont outlot froa the catalytic bed(marked with
X on fig.3) are practicelly suporposed on thosc calculated coroge
ponding to tho nodel,.
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In tho present paper it iz chown one 0 Lhe nge
theds which . re currently usod : i our roseareh vork conecerning
the hﬂc&m&dytic processcs which are concisiing of:

- =gatalysts kinotie characterization in e dyaaaie
isothermal systea wing an integral lcborat tory roacior,

=the thormodynamo charscterization of the piine
¢ipal studied roactions,

=the seale=downm of tho cozucsciel rosctor,

=the foramulition ¢f tac analytical baiance equaw
tions for heat and materials on laborctory oxperimontal data,

-gubiequont adjustemonts of the kinotic data which
charasterisation the catalyst in an isotheramnl systea in oréor
to correspind the aicrokinetic conditions from the adisbatic rce
astor.

With such a cyetem of difforontisl balance cqua~
tiens ene procesds subsoquently to tho optiwization of the sycton
based e esonenis eriteria tho optimal conditions obtained by cale
eulations are cheecked in an adiabatic piiot plani which is olive
used to establish catslyst operating conditions in an adiabatic
aystea,

In that papor one con sce that our group ic &dle
to give in a very short period of timo the bost selutions inm the
felloving casca:

. =the choi.: of the bast catalyst for all kiag ol
precesses in an adiadatic sysicm,

“the reconsandatioen of the best eparniag senditie
ons £ren an cotnenis point of viow,

‘«the diseevery of pessible num. exiating in
seme adiabatis cemmercial rescters snd tho recomamandations fer
~ aveiding thea,

We.aloo oflor our tochnicul aid in orgoniein:
such astivities in other sountrioc and the training of a teehaieul
stuty,
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