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„t•, .       !fc0 *eaw,n *"•*" in thc t---"''=;'o=iti0n or tht ubo- ' ratory rcsoorch roaulta to Dilot «w «*.... ..„.i  ,        , *»»»- 
tea t« th» „h.. •    , coaacrcial ecoJ oa aro connec- 
ted to the phy.-ucol and eoposinlly «.tWtieal acdclli^. 

»H» <      -      In thC Phy0ieûl «««"»« tho Mtv... cf the ph.no- 

dividual «aess boia« »oca 8. , aingi« phonoam. 

can th. „< «  ?ÍT th? aÌVea CiU3Uons   •iti! «° variable one dod«!- 

c Lu3Ï! ' CrÌtCrÌ0 0nd th° «—«t*^ *>**«» th« „„ c-tobliahed in nn ojcperimmlul wny. 

.„      .    .v       ln th° "oth'i"tie°l "«dollms it i» noccory to 
colute th. «atorial onû hcat U,l,.ioo oo^io«, for tno inl%ul 

ond locnl oonaitlo„0 o, tc»p*raturc.,c.,cw3 concentrica „nd 

¡ÏLTS. ^ f^turoa.Tho «tiH»Ueal «wii«, eont.i», »»».. 

«dtt. chock of th. »athénien! ,odcl rcli.biiit, o» 2. otudld 

Tor tho optiBijsetioii of thc procooc naca in «h..«««... 
atyrono.irhieh .ae elaborated b, our „«, nd 1~i£! V 9btaialnÄ 

scile aui. «„»<»«« ,   . Oe,ojp,..oa uppuetì to COHMPcial 

oealo down of a eo-ercial cthylbcnzeno dehydroconnti.a ItuJZ 
reactor .nd to elaborato the *,t„0B„tic ^ cí2¿llT£ 
du.trl4l proeoes of obtaining ntyrenc. 

la order to tost tho trnrißti«. i •«»•.,*»..* * 
âfthydWAmiûtion aflt.i•t «*>• * I     Vr1•*** proved version» «f th« «jorogoiiiiuoii satolyti which hair« to b. »eco«^^ for uee i« 

Uowinß   condition wmt bo fulfilled; 



«'JU ̂   >j >    )-   » « a T.:.»> ~ ) 5 o" where D ia the diarwu * of the 
n 

¿'iasoto** of  ¡.he pellet  rir»á tiic ?¿~.u\,¿L^i ......  -.... .    ^i- 
nuat be one  order t-a^râtude U^hvV  thr.r. h-J'/mi  i.-.-*•.;,,» ' 
critcriua)A,2,V. 

In the C0£ü3orcial sdiab.-uic pinnt uscJ for olk*yl- 
bensenca dehydro^c-pntion there cottiti ens or«* fulfill c-i becnu,¿? 
S/âp>> 3o,anâ for» Räpcllot "6ot5 for which in correupo.^ing û 

criterium Pàj«of95 and a criterium P«^,» 3,5. 
The variation of the voliao for both Ptclat nu^bc^ 

as functions of the modified Reynold/) nuaber io represented on 
the logarithmic plot in fig.l. 

i$l 

m\~- 

ML      «In *t m^   *—£•— 

/^/   Cr i fa fio vitiation r%^ *t Mi 
o$ /vncf/on o/ fè . 

0 * s co/e • tfown cri fetta 
i   te a/e- up.  criterio 

.   //   . 
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Tíic acalc-J own approach booed  on the criterium jf 
maintaining  the gcomotry of the coaaercial reactor niacly the D/H 
ratio^diaafctcr of the catalytic bed to the Lci-ht  of the catalytic 
bed) led to n physical model by which the correspond ins P£ft and Pe^ 
nuabera to Bo c3t2 have thn samo value, there fore the axial aixins 

of rcac tanta cannot bo avo id co« 
Ey the ¿calc-down based on maintaining the «ydrodi- 

naaio conditiond similar with thcao of the industrial reactor no- 
ooly the V/ûp ratio above 3ofthc œoé*ol fulfills the condition of 
the coiaacreial apparatus»She difference between Peg and Pc^ ia neqr 
to that of a coamercial reactor,at a Re number of 5o,2.Therefore 
thero io no dancer of axial raixinß cf the r«¿octant,and the flow 
opproochoa the plug type. 

Thua,baaed on tho hydrodinnuic oimilority criteri« 
it woo deaigncd qnû conatructod an odinbatic reforenco device with 
a capacity of catalyat.lt woo uood for comparative touto in on 
ndiabntic oyotojii of elabora ted caialyata which «oro previously too- 
ted in tho ion t h ormai laboratory oyutca in viow of rocoMumding 
tho boat plant conditions when applying it on comercial plcmt. 

The mathematical noddling approach of a process 
for obtaining atyrcne wan applied on the reference adiabctic reac- 
tor for th« catalytic dehydr ozonation of ethylbenzene which repre- 
senta the ocnle-down of the  industrial odinbatic rc.vt<•.?. 

In ordor to annerino tho prr.conn theer* wore propound 
nix Cliniytití l'ü.'ioUon.'. (I-V/)'v/liioh ;w*.  ¿i.;a¿i.r.,;   l\w j»ru:;ijm:o   in 
the resulting c©s efluent of    ethylbenzene( 1 ) f otyrcnc( 2) ,hydr0£cn(5) i 
toluene (4>faothanc{5)fbcn2ene(6)tethylcne(7)»carbon dioxido(8)§ 

woter(9) ana carbon(lo).The reactions Ï-IV are considered as plau- 
aiblo una conaiatent for describing ethylbenzene process in an à- 
diobatic system, ione Í cerilo of authors who nre incoro atea in tho 
modelling of thio prccee3/4,5»6¿. 

Ao concernine reaction   V thia w.oa considered by uè» 
oa a rooult of n kinetic otudy on cntalyata foullinß in ethylbon- 
zeno prococo and reaction VX oprininc out of a ¿¿tudy ci catalyst a 

.   // 
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rc^cneration /7 ,0/ 

l.Styrono generation: 

2.ïoluone generation: 

3. Benso ne generation: 

%V^~^6% + V4 •'<»> 

%%-e«^ % — cêa# • œ4 Citi 

flokt ganarationt. ; 

VrVi **—• 5% • c»4 • te (?i 

J6ÜE1 rcfionarotion: 

% • a»jO —«*. a>2 • ^ (u) 

ZA elaborating the mathcnutical model the fallo- 
wtog amplifying aasuaptioa» and calculation faratila wera uao4t 

a)Xt va« ftasmtaâ that axial ond radial aeèo and 
haat tfsaafer phonaaona toas no influence on tho kinetics of tuo 
utudiad va*etiana and ao a re ou) to the tare* for mnaa and heat 
tratoto? f*e* üM aatcriolo and hoot taloneo equations «aro conoi- 
dorad mai. 

b)It was assumed that the hydrogénation reactor 
«Moa wan propoood far* the «athoantic «od«linß hno « perfect nàia* 
batiaity,er there ia no bant exchange with tha eut nido. 

// 



c)It wno nûjumcu  ¿.hat the prccauro v.-irintiono/^o 
nc^lijiblo on tho cntalyüt bea so that in the calculations, it wca» 
used o ¡ncan pressure vnlua o:C l.lo nts. 

d)In colculatin? the molrA  apocific hoata o oira- 
plificâ formuli, wno uoed-/«'/: 

V" Ai + Biff * V* (VII) 

where Ai>BitCi, aro conotants»illustrated in tabic 1  fo? each coa- 
ponont of tho cas phase (l-lo) 

Table I .The values for tho coeficiente A^B^C« 
freo molai specific heat expressions^ (VII) 

•Wi«««»MW»MlMHaMtB«ÏWBSîHst91tSSS3i*SSBigSSt«SSMItt»tiIW 

Coapo- At D. C. 
neat * x 

 ^i9239 . lo 0,5588 . lo0 -0.1958 . lo"^" 

T
0',?lo°.-*,.lo o89l4o . lomx -c,55eo . lo~4 

3 0,688o . lo1 o,66oo • lo"4 o,279o . lo** 

4 -o,7598 . lo2        ù92mTxòò -0,1591".Te5 

g             0,3422 . lo1         oti764 » lo"*1 ^TïlVoTlu?5 

» -Q,74o5 . lo* 0,27o? . lo0 -o,1495 . lo^^ 
* »<i"««»«>    •Win»» PU lumi mi m .«i 

2 Oj27o6 .lo* ^l^.JLo"1, -o   ">6© . le**5 

o,68$o . lo1   *MK_jj£*__    ©#2475 .Io1"5" 8 

io    -e,l©97 .lo2  . e,5692 . ~lo^     
"M«tMBÄ«iBmitSBMiittimMWttmtt;||^t^iilrl||ai 

e)Ia calculating the heats of the reaction -AHr4(eal/aol 
there was used tho siapli&ed relation A4 / 

áBtf^+üf <Vlïi) 

who*« *£•»£ are constants *hieh are characterising the reaction 
cenpononta (1-le) shown In table II. 
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Tabic XI.Tho  vnluou cV the coeficiente A-.U- 
from th.- rol-ttlonAIL-p Ai • Ii.T,cnl/iacl 

&esac-i3s«2ssaacu:3=;:.-. s~~ a ers s s s — -..--.«..„..._ .».._ ... _ 

P.o.-iCvion /,. w 

••»iasssassstsssïSïïsssassassssiacssait—— -•-- 
1 20,345 IToOo 

IX -12,7o2 -3,15o 

III 25,992 •i,9oo 

17 -9,563 

?3,653 

_^   ¿fe 

-2,.19o 

VI 22,32o -2,004 

f)Equiliariuia eonstam, valueo for obtaining 
atyrcne osteaparaturo functìon,wero calculated v;ith tho relation 
•atabliôhed by us on literature dato/lo/. 

Kp « o,4o3 .  lo°o;;p(-29.6Ü5/Äi) (IX) 

Tho differential equation eyfltcn which ooscri- 
boo BOOS and hoat balancea con be expressed in a condensed fora 
when defining the aatriôût or tha follov/inj torme: .  tho ütocchio- 
aotrio coefficiente (S),ronction rateo (E) hoat copacitoa(C), 
heata of foraation Tor reaction producta (ii) and molai conccntra- 
tiowi(Ä). 

-1 1 I 0 G 0 0 0 0 0 
•1 t -1 i 0 0 0 0 o 
-1 0 0 0 0 1 1 0 0 0 
e 0 -1 -1 1 1 0 0 o 0 

-1 0 3 0 1 0 0 0 0 7 
0 0 2 0 0 0 0 1 -2 -1 

Tho rcwe of Uio calci* reprcoent tao otoichio« 
metric coeficiente'which aro interfering in the cix studied re- 
actions (I-VI) and tho columna of the ~a*rix reproeent reaction 
otoichioaotric coefioionto naaoly thoso of tho reaction producto 

. // . 
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(l-lo).tfith minus aro marked   compounds stoichiometric coeficiente 
which are consumed in one of tho studied reactions, and with plua 
tho otoichiometric coeíicientü which aro reoulting from tho pro- 

cessini« 
R,C|H w$ X «intrico9 oro ohown under tho fora of 

»unidimensional vectora. 

:j. 

1« 0» 

?i 

CP1 «I 
• • 

.• • 

• H* * 

• • 

• * 

h© 6 

X« 

*3 

*le 

mA swat belane* oquations expressed in finito differencea 
the following fora« 

&X • ». S (X) 

â* ,JI l,.I.„ 
F.X  .C 

It « reaction rates transposed matrix, 
X » molai concentrations tronoposcd matrix, 

AK.AT • finite variation** for concentration and 
tesiper ature on the incromont of the catalytic 
bed height, 

f • efluont aolal flow (row material •diluent) 
the knowlidgo of tho finito differ once a X and f 

gives us the possibility to calculate concentrations and tease* 
rat uros   values#ouooooively, on each increaent of tha oatalytio 
DOO* 

(XXX) 

(XIII) 

It ia obvious that s    Xl+1 • X^+ÙX 

*in » «rA« 

tt >/ 



ïho dovolopaont of rolotion (X) çivco: 

¿vXj, « -r^-r^-r, 
~*ï (>:.i) 

«..       i. ix.?) 
ÛX3 * WV •yW2H (X."> 
AX4 •= rc-r4 (X.4) 

¿x5 * VVr5 (X.5) 

**6 * VP4 (X.6) 
AXy « r„ (X.7) 

**a * *6 (X.8) 
<û,XA 

B-2r^ (X.9) 
A*lo* 7Vrô <X.lo) 

atti EMI relation (XI) AT take a the fera »fi 

*•*&,  • r„H-*K...... * T*HÄ 
£f» •» A +   !. u fi fi ¡ • ..AJ>.,..,.. •   (X2*l) 

T- Pi     2 P2 *• Pie 
tir Ite expreoaions of the rtaotion ratos (rlf,..trg)there wore 
uccd,in-compliance with corno literature informations /4,9|9»6/ 
aiaplified forcia,the studied re ne ti one (I-VX) considering thea 
no firet orucr pocudo-homouûaooua reactions when compared with 
each reaotion take» separately» 

*$*• ^•P1»P2 (XV) 
• 

VV^l (XVX) 

4* V** U«xx) 

pi(i«l 2 ..... io)"partlftl ^P9NVMI calculated by 

//. 



„bo /.iuvwI:Kjc:;t.icn o-.  Vßö amlal coneentrâtiono 
•. w¿;.- '•..-. ..» t*,.••» íwerLíyj procuro öf the syatea 

111*11«-, >. • . U, 

"'., /<  Hi,:c»,x-  ctuáy :-.«*do by U3 on integral 
laboratory rc-alur*»,!* pa.;awuijf tb.rrcal conditions thore wore 

flotorraincd the valine c»¿* th,   r sta corset.'.at e lcx**c25 * * * ,lcd *or ^m 

six studied renctionô»ïiiO obtained resalte arc ahown in table III« 

Tobi o III. Ti. u voluto of ¿ho kinetic constants 
»2.., far thfì otudied reaction« (I-VIJ 

« •». 

Fraction k . E. 
iùol/t;?.<r-at.il aal / mei 

2 o ,!;_.> .  lo 'ío.ooo 

IX ^í99C *  lo 2o.9oo 
'o XXI o,19o . lo 47.600 

XV V/2o      i-o9 45.000 

Oj?.?l'  * lo* 5o.4oo 
'HT 

**X *>»19*'   * ¿-f 30.ÒCO 

Çheao vûluoa wcro /»ájmtou    M n computer in ora or to correspond 
te the KQcrokinotls couSi»ior.n cf th? nodülud ndinbntie rone tor. 

By tho íiolp or tho vr.-luca ^»^ »kS iwin^ 
tho rclaiiono XIV - yix there v/cro calculated tho values rl **§#. 
rô and these multiplied P.A.Ar. ' 

Whcro: 

j» »eatiilyàt talk ùQï&iiy,{p/a? 
Â «orea of th*s catalytic bed sect ion, cm 

s»|~ » incrooont height ,whore £*tho hoi^it of cataly- 
tic bud,iv»tho number of   incremente. 

//    . 
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lcâ ua tortue values r ,r_......r^ which are interferiría ir. 
vectox* R. 

Uainr; the above aoâcritcd :..ot";otì  t»<?rs was ela- 
borated the    athe/r-atic isodci /o.   etyrenc procu  JAI.C calculations 
woro accomplished with ti*» I.O.«».Di;.»l; i:orìitor,S;'i;t2:!i Version 2 
using Sulcr integration method dud Fortran i&r.juD^c.Xri figure 2 
there oro exemplified teapereturcs profiles calculated" in aecor- 
ûaaco with the aodel on % incrementa ítow Z-the height cf tr*o ca- 
talytic bed from styreno adiabatic reactor v/h^n the c-flucnt is 
entering at 63o°C.3leaperatv,T,e    values aeaaurcd experimentally in 
threo positions on the height of the cfti-lytic bod of the odiaba-. 
tic reactor(also aarlced on fi¿:ure 2) aro confirming the fact that 
tho drown up model    satisfactory follows te-gip erat ur e changes due 
to chemical processings.. 

À suitable agrees.cai between tho data calculated 
with the holp of tho model end tho experimental one can be seen 
in figure 3 whoro io shown the variation for ethylbenzene conver- 
sion to otyreno, toluene and boxinone calculated on r, increments, 
from 2-tho height of tho catalytic bod when ofluent inlot tempera- 
ture ia 63o°C;tho experimental valuca obtained on atyrcne »beasene 
and tolueno'at efluont outlet frea tho catalytic bcdCaarkeû with 
X on fig»3) oifo practieelly superposed on those calculated corao- 
ponding to tho aodol. 

//   . 
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et   êê  m  44   *s  m 0  m   m   m 
w/Z 

• « co/cvA»/fio¿ mfyèt 

m 

% 

X 
I 

V     4i    &   #•    M   ,^   3/    ff    4,   t9 
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Conclura cmr. 

Ill tho prcocnt paper it is chovm «TíO 01* the so» 
thodo which i fe currently uood i » our rosearen  /ork concernine 
th« hetero-oatalytic procooooe which .aro consisting of: 

-catalyota kinotie characterization in e    dynamic 
Uothoraal «yatta uoinß on integral laboratory roactor, 

-the thoraodyaaaio characterization of th« prin* 
eipal otudi«4 reactions, 

-the öcalo-covm of tho coxccrcial recetor, 
»th« forauIâtioAi of the analytical baianco equa* 

tione ftt heat and aaterial« on laboratory oxperiöontel data, 
-oubaoquont ad jue t omenta of tho kinotic data'which 

eharaeterisation tho catalyst in an iaotheraal syatea in ortìer 
to eorreepèad tho aicrokinotic eaaditions fro» tho adiabatie re- 

With euah a ayate« of diff«roatial balano« ©qua» 
tloaa one proe««do eubaoquontly to tho optimisation of tho eyctoa 
b*i««4 «A —«n—io «vitarla the optiaaX cono it ions obtained by cal* 
•ulatieaa ar« ohoekod ia an adiabatic pilot plant which is alto 
aaaê to ootahlioh oatalyot operating oonditiono in an adiabatic 
oyataa. 

Xa that papor on« can coo that our group ic còlo 
t# giro la a *•** «hart period of tiao the boat oolutiona in the 
following ««Mat 

•tho che i j    of tho boot Cütalyot for all kind of 
9NMNII 4a aa adiabatic eystea, 

-th« rooeoaaadation of tho boat operettas ••adita» 
oaa frea aa —noaio poiat of YíOW, 

Hat dioooYory of pe&eible failure« exiotin- in 
«amo «diabèti« ««aaoroial r«eotore and the roooaaaaeataoaa far 
avala'laff thtw_ 

tfe-aloo offer our toohaieul aie in ergaaidin£ 
•«oh «otiviti«« IA other oountrioc and tho training of a toohnica 
•tvff« 

// 
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