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Abstuct
fhz hydtoctdcking o/ n-h.praae hrs been catliei, ovt ;n o Urxed bel
rctctot a, 20 bar prestute and taith X/n-tteptane ,rrdat Ntio of S rcirrg
4r,toloNi0-twt%Moo"ry zeolite as o ea*rlyst The ly/Fo ?orio ll,as wri;d
betwee S-J0lg.h/knal ot dillercnt rcution te peNtuft J2S, 350, J7S,
4M und 42fC. Thp ptott!.1w.rs halw.t bt gas chtumr o?raph!- The
follot W a.litiry otd$ was obtaineib
HbCult>Ciul+CrbMny.
lll fotnts of Zeolites (EY, CoY, Crlfy, C/y, tnd MnD wee pppare.t
$ori mobo ,alerrt cntiarric sotlturr, rype by xreaas af iol exchadge
procers. fhis modfurtion ua! catie.l o,tt to irrrproye the catals.,tic
prop*ries of NiO-MoOy'! zeolite curaltst The 'bh exchsnge airh Ct,
MtL Cu dhd CtA, werc rcshltcd the towett nte e)mparing wilh \H..
fhe reqctioft temperurk e inluerced tha actit'iry af NiO-rrrOrT zeorite
carsllsl lhe isome zarion afrtheptuie.t ains a,nL\irrrah at 375oC. i,
dtops sharyb at high$ k,npenlurcs. tn addition thc NiO-MoOr',t:rHy
.alabsl hat good qetiity lorra t isot reizatlon eoxqra.eil *irtt other
,lpes of ulallsts, fhe kinerics af ,he ,eo.,ion kas beer, studied Birrg ,he
co,rversior, fid ykw yalues exl,lomied ot ,ime ob sraea$, to zc; Trr"
experirrrental datu tterc fit t ell by a ps.rlafrrt ofllsr kirrctic equotioh
ah.l the kirretlc cohttaht ,olues obaain?al. ?he kirrctic patun etets of the
2-maahyl h*ane akd 3-msrAlt hesans haye be€r, ;brairre.t fto; lhe
t rl,isl seleciivities.
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1. Irrfuodncrioft
llyd.ocracking is one ofthe most
i]llporta processes of tbe
modem petro-chemical bdi$t y
us€d to co[vea hea"y oils into
mo& valuable pioducts. It does
the wo.k by conveaing ta€e iigh
boilirg point moleclles ;oto
io$r'er boiling p.oduct ty
simirtaneous hy&o*eaiing and
crackitrg carbor-carbon bonds0).
Eydroc.ackiag is a very flexible
procass which allows to obtain a
b.oad mnge ofsahr.ated p.odlicts
ru1ging from ltgh yields of tiquid
pet oler& gas to rriddle distjllate
with a high oetane nu ber. TLis
flexibili$, is die to nor only ro the
pro.ess ilsell but mosiiy to tir
catalysi design.
Hyd.ocrackitg rcqd.es
bifmctional catalysts, .xhibiting
a dackihg function and a
hydrogenation functiorr, whicll
lrave io be stiitai{y balared,
acco.ding xo the feeds and fi.ai
desired produel (2).

Conceming &e cracking
imciior! it is well kaolllr thaa
cracking is an acid-catalyzed
rcaction; lenca, it is desinble to
llave one acid inction il1 wbi.h
fi€ $.e11gth rnid nuilber of acid
sites cor{d Le controlled. This is
achieved actu&lly, by using some
zeolites such a3 Y, ZSM-S,

.rionite, and mordenile. Among
lhctr, Y zcolitcs are thc lnosl
\iidelt-' !sed, while thtj othc.s are
used i th€ cascs. which requl.e
reactions co trolled hv nor.
geomctrv(r1).-i'he 

Ildrogenilion_
dehydrogenalion luncaion is
given b-- eirher noble metals sulh
as plainum and palladiur! or
.ombiralions o{non noble netals
su.h 3s (Co. Ni, Mo). When
choosi!g approp!iare
]rydrogenation-dehydrogenxrlon
flmclion. it musr be considcrrd it-
the fied contains saral)st pojsons
su.h as slllur, nihogcn. and
oxygen. *4rich ]nake iIrlaasible
ahe rse ofnoble lletals'5r.
Arrcelo and oo-l orkcrs '6' srudied
ihe hydrosracking oI r-heplalre
!sin8 NiO-MoOr./llY zeolite as e
catalyst and dley varied the w/fo
{weight of caialystrinolar flo\r of
n-hepia e) ratio ai diftarenL
.eaction tmperatu.e. rhey
studicd thc kinclics ol the
rcaction bv two diflitenl
procedures, one of ihen uses ihe
convcrsion a.d yield values and
the o*ct xses a kirelic eq!:nlion
wherc ihc deaclivation ol lhc
catalyst las beer included.
lsabel rrr studied fie
hydroc.ackine ot n,hept.ne us;ng
(NiO-Mo()r/llY) zeolirc ns
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crhl]sl, 1o 1r') to ob1ttir a net
work ol-reaclions to accolrrl ior
the lhlmalion ol the \,ar;o,Js
prodrcls obseNed- Thel
conclucled that the pamlncle$ ol
ihese reacliuls have be.n
obtaincd l'ronl ih!' initial
selectivilies of rhe products. I ley
lound fiat thc \.alues of ihe
app.rlnl activalidr .nergies
obtained lin the isone.ization,
h]droge.oll,sis. cracking and
disf roporlioraron rea.rions rfer.
99.1. 16r.6,221..1, 195.9 kJlmol.
respecti!,el). While liiberio et aliir studied rc n'he<rne
h\drocracking reaction lrsing
PIiHY zeolile calxlyst. and the]
cxlorLlal.d an apparenl tldriti{rl
.n.rg! lbr the crucking rciclion
ol l46kl/nol.
Conra aml co-workcrs i"' stldicd
th. cracking ofn-heptane on ll-Y
zaoliies at arnospheric |ressnrc
and up t0 {700C. 'l-hc sclcctivi!,
cxncs in the absence ol decn]
Mvc been oblained fb. each
rea.lion producl. -,he initial
selectirides to the primar)
Ioducls have been calclrl3ted.
and liorn th.m thc values of the
iniiial selecli!itles 1(r the three
main rcarllorls. i.e., €rocking,
isom.rizalion, and
disproporlionalion have bct'n
oblained. The kinel;c paramclr*
11a!e bc.n crlculxled

ln a previcus \\orl the resrll-s
ohtaincd comparing rhe acli!ily
of difltren! ca1al_vst rtith roiite
:rs lhe cra.kirg conponent i,l the
n-hepune hydrocrackirg reaction
have beelr .eforl€d bv V.zoes .t
al.'rl)r. Ihe besr results havc been
obiained wi& a .aral)st preparcd
$iah a. ultrasaable zeolite
irnpregnaled wi.h 4\",r%Nio and
8!tt1%Moor (hydrogenating
conlponenl)- I'his cala,),sl is more
ecoromical than those lbrned b!
roble merals. An additional
nrmtler oferperi anls ire\e been
caricd out in ordc. 1o ob0in
inionnalion aboul the kinerics oi
the hydroer:r(hing process.
necosery lor thc dcsign o,
industrial hydrmracking rcactors.

2. Exlqitien,al rorli
-l'hc 

sodium Y zeolilc. SK-.10 $as
purchascd ltom AXZO-chemifl-
V-Ketien as a to$der rilhoul a

binder a.d si!h the lbllo\rinS
conposirion: 61.:!\!9; SiO:,
20.2!v1% Ai:Or. 1J.lwtr,,; Naro.
Iis p:diclc size mnge \ithin
YSNM,
(llY, C!Y, MnY, CrY) r$lir.s
were preparcd by .rchanging the
o.iginal sodium ibrm q iih
am oni'n chloridc. eulric
chloride, manganere chlorjde
and chromiuln .htr.ide

I iis



Eru,,& 14!&&& Vrr]..al'\ !i, Mtt

respccijvelv. ('rH-Y r.eolite r\.as
prepa.ed b) crcharging rhe
origjnal sodiun ibfln ,ir:rl: ritl,
i rlr':1... r..l rr,.l::l: ,.r;iii

I he nickel .rnd notybderum
wele incorporat.d inro thc zeolitc
b) \acuum imprcgnation al 70oC
tiom en aqueous solurion of
nickel nilrate Ni(No;):.61.t:O and
ammoniurn heptamohbdall:
tNl Lr)6Moro-.4Hr{).
respectivelr. aller cach
impregnation, the zeolirc *cre
tomcd as exrudales (jm1n bl
lmm r. lhcn 1lt( .irmpi( \is dri(!
1I il0 ( fur (hhr\) alld rh(n
calcin.d {r1 5i0r'(: fbr (5hrs).

2,2. Apparut s

Ihe cxperimc ls were cafied out
in contiruous tubular, plug l0rr,
stainless slcel reactor oi (2.,lcm)
in inlcmrl diaJlere. and (ilcnr)
lcngti. A dra*ing of the
appamtus and i1s components is
prcsented in Sketch 1.
'l-he reactor was dilided irrro
llree zones, upper. middle, alrd
lower zones, which was charged
for each expcriment rrith -sg of
thir cxlalyst pellels bcafil i. the
reacd)n zone (middle,one).

2.3 0peruting procedare
Th,- caralyst eroerir nts *ere
perlb.med under a \,,ide rangc ol

lcrlp$alu.e bl,'tweelr 125,:125[l(].
2\106 P.r lotal ressllle. hydroger
, irldmcarbon mo,e nrlio
{lJ2/H(') lras k.pl corsrrnr dt 5.
lh! $,/to (*eight oa ca1a1\!r r'

molar 1lo* of n4eprrLne tecd)
was laried bet$een 5,.10
kg.ltkn0l.
the hlal time l'or each run ar
ccrtain ternperatu.e 1!as l,pically
1.5hrs. -Ihe tirsr sample \r,as
laken l0rnin. a11.r iniliallo ol n,
heptene llow. tfun the slrbseqoent
sarrples rvcre f.ik.r ai ja) min.

-l'hc 
producls analysis \\.as cxrricd

out b] gas rhrcmalolraphic
,nahsis using IrlD o,r Yarian
6{)00 (llamr ;oniz3lioll dcloclor.
A forapnl (l srrirlcss slft'l
colLrnn \,,ith an inside dianreter
ol ( l,/Ein) and lengih of r:m was
used to separa!. the products.

3. Studt, of the kindi.i o{ tho

3.1 iineti^ of th? ghhat
ft,actiDa
tt-wrsl".u.cd that the reaclor
used $as an irXcgrat plug ilo*,
rcactor. Br-, making a tnnss
balance on 6 dillcrcntial elemcnt
ol lh. reactor and assumjng fur
thc proc.ss a pseldo-firsl orde.
kinetic equation. rhe l.ollor,ing

Study of the ki qrics of the
ptocess usit g lhe yalrres
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dillerential equalion \!lts

fo = -.ll r)...-.......-.-... - d)Jr l- R,,

Bv inlcgr3tion of $i! cxpression
bctween the inlel aad ihe oullet
conditions ofthe catnl),st bed- thc
tirllosing rclarion bctu'ccn &c
l.'onYersalion al]d the ope*tiion
variables was obuined:

, K,P W
-li1l r)= ........-..........Cr

1+R , I',

Wherc k is the rate corsbnt ol
th. reaction, P the total pressure,
Rr1 the H:/0-he!1ane molar ralk)
and W/Fo the weight of thc
calalvsvmolar llow of n-]l'$ane.
'Ihc results oblained and ths
operaling condilions !s.d in eaclr
experiment are given in Table
( 1).

Since in 3ll the experimen6 the
pressure and RM values wete
,rainltined constanr, firli g lhc
experime:rlal convcrsion and
WIro ratio according to equation
(2) the raie conslani oa the
.eaction, K, could be cal.ulNted il
thc sonle.sion value! \!era non-
acoumLrlated.
Ncvel1helcss, due to d1e
characlerislics of the
expcrimcntal apparatus Lrsed and
thc slolv dcaclivi:rion ot the

ca,alyst &e experimental
cotyeBion values obiained {ere
accrurulaaed between the i itial
itorneat ard dilreaent tin1e on
st eam. The relation between th€
experimental conve/sion snd time
on saeam ir giveo in Figs. (1) to
(5).
As las been said before, to tly to
elinirate this difliculty, valtes
eitapolated 1o zelo tiloe ot
srearn obtained by fiting the
expeitientai coLersion ard time
on stream to the fo11o$dng
eqmlion (Newton'Quasi
eqrlalion,rstat;s1ica Prog.am
rcrsion 5).

1=q, +ex{,.t(r)1.....-_.. _-....I
Where a", ba. c! ar€ conslrn1 and
x, t rctarrirg lo the experimenul
conrersion ud timc on saeam
respectively. Tle ao, bo, co lalues
and the conrersion at zero time
on steam arc given ir T6ble (2).
A1 these condirians ir could he
accepted &a1 thc cataiysr \'rs not
),el dracdvated and drat lhe
exhnpolated ronversion vnlue
was quile reprcsentative of lhc
conveision oblained in all ihe
e$€riment if the calalysl t\,as not
deactivated-
To chcck dre validiry of this
rnodei the

rnlLr,,/! |, \r u(s ar< p otLcd

190



llr! & l e.!rol!g)-:lqLl-1- No.l.1005

versus rhe \V/l0 a. sho1\'n in
lriss. (6) to ( l0).
I'or ihe live aypes ol caLal]st
sludied the values fir lo a linea.
well, that is !o sa), &e
experinental data agrce well 1liih
thc assumed pseudo-irst order

Thc rate corsiafi values oblained
from the slope oI the straighl
lires.re gilen i 'J'ahle {3).
3.2 The potl w0),ofrhe rcicriol
h vie{ of ihc |,vpe of thc
products oblajned" the reaction
ne1$ork pmposcd should i cludc
isomerizalion rexclion, io erplnin
the formati0l of n'heplane
isom!'rs; cracking rractiods,
because iiaolion shorter than C7
,Ye pfcsenl in thc l.oducls; rnd
hydrogenolysis rcaction, t{]
itccounl lor the fornelion ol

Thc formation of mcthane as a

primary nrodu.l is di*lcull lo
explain by an acid calal)zed
mechanism il 1re mke inlo
accor.nl thrt the prodrclion ()1'

metltane inlolvcs primary
c3iboni m ions and- rnoreovcr.
no mcthane is observed as a

primary prcducr $,hlrn the
rerelion is car.ied oul on lhe
purel! acid Il-Y zlrri1e (comta el
a1)(e).
{)n $c other hand. the resulls
obtained show tha! thc fonnation

ol a6, C5, and C,l fiaciions is

greater lhan that of Cl, C2 rnd
C3 lractiols. ln order lo cxplain
tl:)cslj l€sults. it could be lilat
disp.opotionalion lollol\'ed by
cracking reactiors also occurs, as

suggested by olher aulhois
(Bolton end Bu.jalski)(l I ).
Among all rhe possjble

dispropo,liorlJlion-.recking
reacrions r. lollo\ling ones.

being tire mosr probehlc, have

2q,l.j; -,.i+21........"......"..0

a; ,{(;] rq+q+c......"......-1

4 jq.l-)2c,+c1......."......".".0
lh.rciirre- ih. n.twork oi lhe
reaction proposcd to explain lhe
product di$ butiot obserYed

experimenlall]_ could be:

c -'"* r{..------..--..4
g"r'.lrc{+c. .&

c "-''* 4+c,...... *.. *...8
t_ay@4+C. Jq
, ^_,,*_,,{+4..."".*t}

4 ***{u+q+q...,JA

a ,**'-,\:+Q....*W

33 kinaic of the z-malql
lfaone srrd 3-Methyl ll?rarr2
Fotmation Reactions
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lhc expcrirrental results obtaincd
in rhis \r'orli sho$, that iir mnge
of opcrating cofiditions studicd
lhe reacdon lirr the lormado! ol
2-methyl he\ane 1d l-moth.vl
hexanc are ver] important rud
their contribution of the total
conversion is greater lhan 709,0.

I.or this reaso lhe kinetics of
these reactions have beln studied
individLrelly.
'Ihe reo$ion propoled is
('" --!\1.,.......................-......0.1)

c, ^' >1,... ... ..... ................0,

Where Al, A2 nrc 3-ml.thyl
hexane and l"merhyl hexnne
,rspecti\el)-. h Pigs. (11) to (t5)
drc Yadxlion ol the rnohr ),ietds
rl3-nrethyi herane and 2-methyl
hexan. is plolled lersus the
conesponding conver.sion er
i250C and dilfelent W/lb nlohr
mlio vcrsrs the time on the
slrcrm. lronl the \hape ol'thesc
cnrycs \\ie can obtain tl)c initi:i
s.leclivil value (llo. oI moles
oblaincd fion ench n-heptare

ole reaclcd) for each produ.t ns
the slope of rhc tangcn! ol lhesc
cunes. fhese laluas are giran in
leblc (4).
1hc inirial sclectivity of a givcn
Ieaclion is deflncd as the ralio
belwren thc initial ralc of rhc

gjren reaclion and tl. injtial rat.
olihe glohal rc.rcliolr (12):

(1i= .... . . .... ........... .. .{ 0
r,)

In accordan.e x,iii delinhion, the
rale cons&mt o, a reaction can he
calculaled if the jrilial selectirit)
and rale eqnalion of lhe .eaction
r! well:ls thc aale ron\tanl an.l
lhe rrle equation ol dre globnl
reaction rrc knorrfi--lherelire. 

the inilial sclccririrl
ofcaah reitclion ca. be exressed

^ 
Is,,ll/.\l.l- l.'_. |rl

rLn I

^ 
I\,1{/\)J -- . i .. .. . .-.. ... (Nl

whe.e K is tiri r31e conltrni lir a
r.a.tion and lSol is d1e jl]ilhl
corlceniraliot of acdle c.niers irl
the calal) st.
Iable (J)sho*s lhc rate connarir
obtei cd bv rhis proc€du.c lo. thc
awo reactions considered.

1. R2s,tlrs anl Di\cus$ion
4l elfeo of ion excht rge
:x&ldates l]1 the inilial zeotitc
NaY $as exchanged wjth
dil'Lrcni calions
{ H. Cr. Cu, llln. CrlI). The
exchxnge lechnique used in this
process \!?s ,1e one stcp, bat.h



sns. & r.-rlud!gr-!o!.i!--1!..1-l!!5

irlpretnation nder constant
lempc.ature. ln whieh only onc
liesh salt solurior \las uscd.
The ion exchange .eaction
reach.d equilibrilrri in whi.lr
th.re is no liLther rep,ace*enl
occurs! becausc ol the difflrsion
difficuhies of the exchangcd ions
into lhe zeol;le slruciltle. 'l_he ion
c)iclrangc could be reached a

nraxinurl irrto d1e sodaliae qrges

and thea hcxagonal prisms, which
are thlj mrin conponants oa
,?olile slruclrne. Ior lhis rcnson,
il \ras rot cxpe.red a conplcle

l-he highesl p.rcentage ol ion
exrhrnge can be rchieied wjtlr

'Ihu jon exch!.ge ,,\jlh (Cr, N1n.

Cu. alrll) *ere re\uhcd die

{lomparing wirh ar'rmonirrn ion.
This is due 1o the lacr tha! the rare
of exclange of calions increases
as th. radius ol the cations
in.reases. lhis conclusior is in..
good agreemenl rillr the lvork ol
Bray.rnl {13) .labic (61
slunmarized lhe achi.1.d
Pcrcenlage of ion exshinge anci
radius o1'thlr difl'erent calions

Reaclioh

n-hepun. is shown in lrigs. (16)
to (2i)). tl shows increase in
converjiio! as rea!-lion
lernperalurc increases 1or all
lypes of calalysl al constanl
pressuc rhai is considercd es an
ordinary resuh belween reacljo.
temperalure and lhc conversion.
The conti.uitr'' increase reltrs to
d1e lact that the equilibrjunr
corversions are nol allained at
this rang. ol tcmperalure (:125-
.125i'C).

l-bc eiiecr ol rercrio!
lemperalue oll thir isolnedzalion
and c.acling yicld js sho$n in
Figs. (16) 10 120) a! W,]ro..i0
kg.b]<nol. Ihe isomfriz3tion
yicld shows an increase as
rea.lio, te pcrrlure goes uf
ito,n 125 ro il5"{1. Al
temperatwc higher than ll5'C
the dcgre. ol lsomerizalion
decr.ases .apidl! and this !na\' be
a1lr;bu1!d 10 two caus.s: ll.slh.
lhe desorption oI hldrocarbons
{iom ver} slrong acid sircs is
hirdercd and secondl_!. the
dccrelse in isomerization is
malched b), an increrse in
(rncking relclions. l.he crxlked
prodrcls incraase as reaclion
te.rpcr6ture increeses. Since &ar
both the isomerizatio. and
cracking reaclions occxr ol] acid
siies, it rould appear thal as ihe
len]peratuae is raised therc is a

'I'he efLct of reactiorl
te:rpemtue on the conveEion of

193



l'1!,-& l!!b!1!!]-!!rli!,ld!:1111!

grealer tcndcncy lor cra.kjng t)
occLrl ftthcr than isomeization_
l_his conclusion is in a good
igreemcnt r\ith the i,ork ol [1-
Kadl er. al. "{).
From comparison of the )'ield ol
isoheptrne obtained on NjO-
fvloo:rcrllY and NiO,MoOr;1y
salnples as shown in figs. (18)
and 120), it can be suggcst d that
slrch a ruxrtion is related with the
acid sites of rhe catalvst rr$er
&an wiih lhe chomiutn ions,
since thc vallres are not !eD/
diJlerenl. At i75"a 1he smalJ
dilfcrEnce ol isohephne yielaj
obrerrcd could be exphincd by
corside.iog th{tt th. tevel ol lolaj
.onveNion of the \ jO-Moor/tIy
sanplc js higher, and il incans
lhal more cracking ratctio0s
woukl occur, *ith di$ppeararce
of$e pri ar) isoheptane fiined.
Thjs c{:rmparison is in alcord \,li1h
i\oak ofl-op!z et al (ri)-

B) .onparing rhe results ot rtre
hydrocracliing ol n,hcprme tor
Nio MoO,/ilY q:iih other rlpc5
ol calal)st, i1 can bc conchded
|tul lhc NiO-MoOj/Hy catal_\,st
h r a higher acrivjr]- lor
hjdrocmckirg thin ofi.r ivp.s ol
.alalvst dl xll dillerenl operaajng
conditjons. lhe negativel],
cha.g.d -AIO] tetra|e,.irat, tlrce-
coo.dirated aiunrinum oxide and
Le\\ is .cid sirc resutling during

the decalionizrtio! may explain
t!is. In addition rie decrerse tn
per.cnuge ol ion ex.hange of
other cerions compi.ed *ith
de.arjonized lorm mav be
explaining ihe small reduclior ot
cxtallst s.tivil)-.
Ih! aclilitt, odcr fb. the fi\'c
rypcs ol' sarions is
al.'-C1]>CrH>('r:'Mn.'Ihis can be
:rttibuled to dre dillirence ir t.he
io]r e\change. ionic radius atld
lhe acidily oleach carion.

1.3 ElJect of h,/Fn
The eilict ol w/l:o within the
range of 5-.10 kg.h/knot on the
hytlrocrackirg of n-heptane ha\
bear discussed a1 five-rcaclion
1err]pl:ralLrre, na$ely, J25- J50,
175.400 a.d 425"a
'i'he rcsulrs shown in Figs. (:l) ro
(25) i.dicare that when Wjro
iicreases the aon\,ersion ot n,
heplrne calalyst increascs. Ihis
indicates thal $hen.v.r the
iionrael linre increnses, dr chance
ol reaclion of n heptane on ihc
aclivc site inrre$es. lirerefors rlre
conve[ion wi]l increase. lhis
aonclusion is iir a good agreemcnl
rvilh dre wo.k olrblished b! F.1-

t(adl, tr al rr"r.

tie reacion t.mpemture
in0uences ths cracking acli\i!-v of
the calalyst to a conlparativel)
higlrer .xtent ihan $c w/Fo.
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grearcr tendetcy li. c.{cking nr
occ[. r3th.r drar isorn.rizarion.
This cooclusior is i. a good
agreemcnt xith the work ol9l-
K3dy et. al. 1r;1.

from comparison 01' rhe l,ield oI
isoheptane obtained on NiO-
Mo0.lcrllY and NiO,MoOi/lly
sampies as sho$n in i:igs. (18)
nnd (20), it cltn be suggested thal
such a re{ction is rclaled rvirh the
scid sites ol the catalys! rathcr
th.rn !\ith lhe chronirrn iors.
sincc the values are nol !en,
ditTerent. At 1ll5"C' re smril
ditilrence of isoh.pta.e Iield
obsened couid be explained bl
sorsidering drai lhe le\el ol roul
con!crsion ol the Nio-MoorlllY
sanrplc is higher, and i1 mcans
ahal moae crackirg reactions
would occur, with disappearance
oflhe pimary isoheptane fomted.
Ihis conrpa.inln is ih accord \\,ith
work ol I-opez ei al lrj)-

3y con1p;Lrhg the resutts ot the
hydrocracking of n-ieptare tbr
Nio-lloorlHY wift orher types
ol crta.l).sl, j! can be concluded
thal the NiO-MoO./Hy calrl"v-sl
has a hgler activily tbr
hYdrocrackinlithan o&er tvpes ol
caullsl at all difl'ercnt operating
conditlons. I-he negalivetl
charecd AlOr ret.ahedral. rtr.e.,
cooldinaled aluninum oxide and
L.e$is xcid sire resulling durin:

rlrc deculr(,ni7_Jtr.n nrr\ c\piain
Ihji tn .rdJrri^,r rhc d(,(rc,!. in
percerllage ol ion erchange (}1'

other cations cornpared with
d.cationized lbrm may be
explainirg the smal1 reducrion of
.aLilvsl activit!.
Thc a.tility order i]or the five
lpes of cations is
H:'Cu:,alrH>C.:,\t1 This can he
alllibuted to ihe dillercnce in llle
iorl ericha.ge, ionic radius and
lhe 3c;ditr ofeach catio,r.

4.:A/k:!:{-Ug"
'Ihe cl)ert ol W,{:o wilhin rh.
rarge of 5-30 kg.hr'kmol on the
hydrocracki.g ol n-h.plane has
been discussed a! live-r.:r.ri.n
temperalure, nar1rely, 325. .150,
ll5, zl00 ,ind;125"C.
Ihe resuils sho\rn in }-jgs. (21) to
(2i) indicate thjrr $hen \\r./F.
increases *e conver.sion of n,
hepiane caaallst ir.reascs. [hjs
indicales rh wheneve. tL.
contacl tinle irureases, ihe clunce
of r*c1ion ol n-hepene on the
actiye siie inc.eases. therelore lhc
cr,nversi0n \!i1l increase. I iis
corohsion is ir 8 good aqreemcnt
wiih the wo.k pLrblished by l.t-
l(adv ct al(L'r
the reactjon cmpcmture
influr.ces the cracking aclivit! of
the catal_vsl lo a comparali\ely
higller extenr th3n lile u,,/t:(l

t95



En!. & lcctnoloqv- V.l14. \..,1.:oni

Besides. it cont.ols thc
.ompetilive .rckinS-
isomerizaiion rcactions of n-
hepl.rne rnore lhxn lhe w/Fo. At
l(\! rta.ti{n t.mpcrnllrrc. ll5'C,
ihe crackilrg acri\'it] is evidenrly
iow, *hile isonedzation oa n-
heptane is relsrivelt high.
I'innl1y, rhe NiMo/Y caral_vsts
prrsert ar irtarnlediali. hehavior
bel*een drat of a monoiuctional
crae|ing IIY reolile caultsr (rrl

anli an ideaL bltun rional pt,Y
.tttalysl"). This can be due to the
h\r'cr hldrogenatifig allivit of
rhe Ni-Mo \!ith respect io the
nobla melals- lhe consequenae of
this louer hldiogenatiolr capacity
is dre presence ol small amounts
(J1'olel'ins in 1bc lroducls. neler
dllecred on ptY catal),sl. which.
or th. olhcr hand, arc thc o.igin
oi rhe dispropo(ionaa;on
renclions observed in the Ni-
Mo,Y catallst.
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};OMENCLlTURE

Crack.% alr?cked produsts
Fo Molar ficw rate ofr ,heptane in the aeerl kmol&
Iso.% Isorneriz.d n - h€tiane
{ts)1 lnitial selectivity of compoaelti
K Kirclic rare constel! ol th€ gLot ul pro"-s. (t<rrr.rl,lg.

.-lr.ll,
Kt K;n.tic ratc constanl lbr lhe l-me1t!l h.rane r;;a;

rca. on (l(mol,'kg. h.Pa).
K: Kinelir rate conslanr fo! the:--"ti1vt Ir.xane iu.-ation

rcrcti0r {kmol,rkg.kg.i1.Pa)
P Total presswe(Pa)
R,. Ilydrogern-heflatt molar mtio in the feed
1' I irne oll stream (h.)-'1().S

\\cigllt of.atalrs'nrotaLr tlo". ot' " 
, fripta,rc

llgh.rmol)
x% Perceffage conveasion oln- lepta[e
x01, Percantage conlersion ol n- heptana at zero lime on
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Table (1)i Expedmental Values of the Conversio{ fo]
Difrerenl w,lF0 and Time otr Stlea at 3250C.

5 0.r67
0.5

1

1.5

3.9

i.5
3.2

2.9

1

6
5.4

5

8.1

1

6l
5.4

9.5

IJ,8

8.1

7.i

I l.-i
l0l
9.1
8.J

10 0.161
0.5
I

1.5

12.2
10 8

,.9
9

l:l
11.5

10.3

9.5

15.1

l4
13.2

I1.9

11

15.E

t4.9
\3.7

2{)

18.1

15.5

1J.6

r5 0.167
0.5

l
1.5

16.5

1,i.2
12.1

12

18.S

17.8

15.8

t i.9

l:l.:l
2]

19.1

18.1

24.7

:l.l

20.5

2lt.2
26.1

)1.7
2:1.5

20 0.i67
0.5

1

1.5

21

iE.9
1t

t1.2

23.7

21.1

19.,1

18.5

26.1

24.5

2).1

:12.,<
'ta )
:g
28

35.5
I.3
3 t.2
l0

25 0.167
0.i

1

1.5

2t.2
:1.5
20.5
18.9

26.7

23

21.

21.2

12.3

30.5
29

36.i
:1i.3
i2.6
I1.:

40
l7.s
16.2

15.5
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Tsble (2); n srlis ofcorsiant yrlues rnal th3 cotrv€t3ion ,f
zcro time on rlreatn.

NiMo-MnY

5
10

15

:10

1_11"t6

It. ul2
I1.6265
1'1.411

1J.l5lE

0.50995
1.i718
r.N9:16

i.7015
).2t)4,1

-0.83217
-t.0848
-1.87:7
-2.0491

-0.50503

.1.1

12.95
1E.:l

2l_55
2.1.E

NiMo-CrY

5

10

i5
2t)
t0

4.806
8.613
8.972
18.005
21.152

r.0633
1.661
1.705
r.0ll
2.226

- r .698.1
,t.2146

1.7619
-i.3t7l

7.1
]].95
19.47
25.62
l0_62

\iMo-CrllY

5

i0
l5
20
.l!

1.,{982
-:.087
l6_9ll
21.1E I

2,1.15.1

r..1451
l.sl92
2.0.169

1_i251
2.178 t

-t.01il
,0.1:8'
-| ).112
-1.0915
-0.6755

15.4:l
71_61

2"t

33.18

NiMo-CuY

5

t0
;5
:0
:t0

5.990.1

, r:l1.06 i
:1.019
:10.491

1.3561
1.0824
5.r5t
1.862

1.980'

"0.62:15
'0.11,11

-0.0t95J
-t.71.14
-1..1157

11.47
25.1

1,1.I

3i.1,t

NiMo-HY

5

l0
t5
:0
l0

7.951
1,1.675

:1 916
23.3E0.1
ji.i 15

l.,r714
l.88rJ5
2.0011
2.14Ei
t.9042

-129i1"1
,1.;021
,1.01: J

-1.1l2t
-2.1798

l:.3 t
21.3
29.1

:6_95
42

TrUe (3)r Rrte cor.snt for tle n-heptaue lyd.ocla king ielrrrion at 32dC_
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Tahle ({): inititl scLctivifier for thc 3,mrlhyl her. e rrd
2-m€thyl her(ane xl 32*C.

Table (5): Rate coflstatit 1or. the 3-metlyl h€xane ,nd
2-methyl heraEe fornution rcaclions .13250C.

Table (6)r Ion er.ch{nge resulas

200



f,!&,&,Irrbr-sbcr,.1al,A4,Xal,

Sk€teh (1) Schematic flortr diagram of cat.lliiic experimentel rig.

l-reacior I i-Feed Dum,
2-glass 12-V.lre
3-Cablysa bed 13-Mele.ing buette
4-lnsulatio:r 14-F6ed t nk
s-Themrocouple aod lempelature
indicator

15-Heater

Gl{' ees cvlinder 16- (ia-s sample rr:p
?-Plessnle regulator 1 7-Gas chomatoeraDht
3-Needle valvc i 8-Gase Dressure

9-[:]o\Y m.tcr l9-C0olino flachile
10-One 1\'a) vahe 20-Condrnsrr md

Colle.tor
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