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NOTES 

Unusual Inhibitory Effects on Shape-Selective Reactions 

over Erionite 

The cage structure of erionite (and zeo- 
lite ‘I’) has been known to exert an unusual 
effect on the rate of diffusion and reaction 
of n-paraffins of varying chain lcngt hs (1,2). 
Hence it was not unexpected that the rcla- 
tive rate of hydrocracking of Cl0 to Cl6 
n-paraffins in a mixture with non-normal 
hydrocarbons varies with the chain length. 
Figure 1 compares experitnental results 
obtained with nickel;II-crionite and a non- 
shape-selective catnlyst, Si,!REX. The rc- 
act.ion was carried out., at 2000 psig and a 
2711 mole ratio of hydrogen,‘hydrocarbon, 
with a hydrocarbon mixture containing 
2. y. n-parafhns (Cl,-C,,). With erionitc a 3 
decrease in cracking rate with increasing 
chain length is noted ; with zeolite X, more 
non-normal hydrocarbons are converted 
than n-paraffins, and the conversion in- 
creased with increasing chain length. 

Hydrogen pressure, however, has an un- 
expected effect on conversion of normal 
and non-normal hydrocarbons over erionite. 
High partial pressure of hydrogen appears 
to be necessary for t.he selective conversion 
of )L-parafhns. The experimental results on 
t,he effect of hydrogen pressure on conver- 
sion are shown in Fig. 2. A sharp decrease 
in the rate of conversion of n-paraffins is 
noted as the hydrogen pressure is lowered 
from 1000 to 300 psig, while the rate of 
conversion of non-normals is hardly af- 
fect,cd by pressure. 

Replacing hydrogen with a mixture of 
hydrogen and nitrogen at the same total 

pressure also has a disastrous effect on 
shape selectivity. Pressure should not have 
any effect on intrucrystallinc diffusion of 
hydrocarbon molcculcs in a zeolite. The 
fact t.hat the nat.urc of the gas has such a 
strong effect on catalyst activity suggests 
that t.he experimental results cannot bc 
explained on the basis of simple diffusional 
effects. 

The addition of 1 wtyc sulfur as thio- 
phene in the feed also has a significant 
effect on conversion. Lndcr the reaction 
conditions used, more than 95’fo was con- 
verted to IIyS and butane. Since thiophenct 
is too large a molecule to enter the pores 
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FIG. 1. Relative rate of conversion at 2000 pig and 
a hydrogen/hydrocarbon ratio of 27/l. 
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121(:. 2. I~Xect cd prwsllre on conversion. llewtion 
conditions : Ni/II-erionitc c:it:dpt ; 27/l hydrogen/ 
hydrocnrtwn molt ratio; 7003F; 1-l I.IISV. 

of erionitc, the thiophene reaction must, 
have taken place extcrn:tl to the crionite 
cryst,als. From the data shown in Table 1, 
in the presence of thiophcnc, the conversion 
of ?z-paraffins is inhibited, while the con- 
version of non-normals is promoted, par- 
ticularly at 137 atm. The activation of 
NaX by SO, complex was reported by 
.\Tialc and \\:eisz (3). I>udzik and Preston 
(4) rcportcd activation of I\‘-.4 by sulfur- 
containing free radicals in cr:tcking 2,:$- 
tlimethylbutane, 3 molecule too lnrgc? t.0 

TAI~LF: 1 

IXcct of SIllfur” 
-. . . -.-- 

Tot:11 pressure (at m) 
.---. _ 

137 1:17 6’3 60 

Sulfur in feed (wt 7;) 0 J 0 1 
Conversion (WY<) 

n-Par&ins i3.8 2s.1 58.2 6.5 
Ken-normals 22.7 34.1 21.8 21.2 

..-- 
a Ilcnction conditions: Si,/lI-crionite catalyst.; 

hydrogen/hydrocarbon mole rat.io of 27/l ; 400°C; 
14 LIISV. 

enter the porc3 of I\-.\. Fincc thtb clrionitr 
catalyst contains ?.i(,‘, pot:Gum, I he ob- 
scrvctl :Ictiv:ltion ol’fcct III:I~ 1~ at 1 ributctl 
to cstr~rn:~l surf:lccl :ictiv:lt ion effects. How- 
ever, the inhibition of intr:lcryst:~llinc~ :ic- 
t ivity by sulfur is uncspclctctl. 

\\P propose that tht inliibil ion c~lfcct of 
sulfur ant1 livdrogcti pr(5surct on lh(l intr:l- 
cryst:illinc c:ltalyt ic :lctivity is rcll:itcbtl to 
t hc build-up of cqllilibriunl concent r:lt inns 
of bulky :ind sl rongly sort)ctl rc,:ic*l ion intclr- 
mtdintc5 within 1 lie port’s of thcl zcolitc.. 
‘I’hcsc molcculcl; corlld not only rc~ducc~ t.hcb 
conccnlr:ition of :~v:~il:~ble silcr; but :11so 
impcdc the pnss:lgc~ of i tic rc:icting niolc- 
cultas by blocking the int r:tcrypt:lllinc chn- 

nels. The inhibition of t lie rate of lic3:inc, 
conversion I)y I h(b prc5cnct~ of ?2-pcntane 
reported c3rlic.r (5) is another cs:lmplc. 
However! positive idcntificntion of the 
“inhibitors” or altcrn:itivc inlcrprctation 
of the cxpcrimcnt:d results :lw:lits further 
invrstigation. 
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