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Previous studies reported that synthetic TMA-offretite is an open large-pore (12-membered 
oxygen ring opening) zeolite. Closer reexamination of the odd I lines using high intensity X-ray 
diffraction and additional catalytic diagnostic studies suggest that some of the open 12-ring chan- 
nels in the synthetic sample may be blocked randomly by single stacking faults, such that the only 
other openings are g-membered oxygen ring openings perpendicular to the large channels. These 
structural characteristics could explain the observed shape selective catalytic dewaxing activity 
and the preponderance of straight-chain cracked products. 

INTRODUCTION 

Previous catalytic studies (I) demon- 
strated that subtle structural differences 
among members of the heulandite family of 
zeolites have a marked effect on catalytic 
properties. Catalytic reactions used in con- 
junction with analytical methods, such as 
X-ray powder diffraction, provide a unique 
diagnostic tool to probe structural defects, 
such as stacking faults and/or intergrowths 
in zeolites. This paper reexamines the rela- 
tionship between the structure and the cata- 
lytic properties of a synthetic TMA-of- 
fretite sample reported previously (2, 3). 

Structure of Offretite-Erionite 

The mineral offretite, first described in 
1890 by Gonnard, is the end member of a 
family of zeolites; the other end member is 
erionite. These two end members differ by 
the manner the cancrinite cages-the basic 
building units-are stacked between hexag- 
onal prisms (2) (double six rings). The erio- 
nite and offretite frameworks are shown in 
Fig. 1. The major consequence of varying 
the stacking order, insofar as the channel 
openings are concerned, is that in offretite 
the 12-membered oxygen ring channels in 

24 

0021-9517/84 $3.00 
Copyright 0 I!384 by Academic Press, Inc. 
All rights of reproduction in any form reserved. 

the c-direction are open, because the can- 
crinite cages have the same alignment 
throughout the structure, while the 12- 
membered oxygen ring channels in erionite 
are blocked every 15 8, in the c-direction as 
a result of rotating successive layers of can- 
crinite cages by 60”. 

Thus, erionite has only &membered oxy- 
gen ring openings in the a-direction while 
offretite has these &membered oxygen ring 
openings plus the 12-membered oxygen 
ring openings. If the rotation of the cancri- 
nite cages is random, then a whole family of 
structures results. Such random rotation or 
random stacking has been detected in the 
erionite/offretite family of zeolites using 
transmission electron microscopy and the 
contrast line technique (4, 5). 

Previous catalytic studies (3) showed that 
the 1Zmembered oxygen ring opening 
channels in offretite could be effectively 
blocked by a relatively low concentration of 
stacking faults. For example, samples for 
which the intensity of the odd 1 lines in their 
X-ray diffraction patterns indicated no 
more than 3% stacking faults were remark- 
ably shape-selective toward n-hexane indi- 
cating that all the 1Zmembered oxygen ring 
openings were blocked and hence inacces- 
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Erlonlte 

FIG 1 Frameworks of enomte and offretlte 

sable to larger hydrocarbon molecules as 
would be expected The first successful 
synthesis of an open 1Zrmg zeohte, TMA- 
offretlte, was reported by Whyte et al (2) 
Although X-ray step scanning techmques 
showed the sample possessed very weak 
and narrow odd 1 lines, 7 8 wt% of cyclo- 
hexane was sorbed mdlcatmg that this trace 
(~1%) of “enomte” had not rendered the 
1Zmembered oxygen rmg channels mac- 
cesslble to large hydrocarbon molecules 
Catalytic test of the same zeohte usmg a 
nuxture of n-hexane, 2-methylpentane, and 
benzene at 15/l m hydrogen/hydrocarbon 
ratio and 15 atm total pressure showed that 
the TMA-offretlte sample had a significant 
2-methylpentane conversion (3) (Table 1) 

TABLE 1 

Result of Catalytic Test 

ConversIon” wt% 

Enomte 
TMA-offretlte 

n-Hexane 2-Methylpentane 

76 3 26 
62 3 52 3 

4 Molal ratio 15/l hydrogen/hydrocarbon, 15 atm, 4 
LHSV, 37o”C, Feed 1 1 2 n-hexane 2-methylpen- 
tane benzene 

Published data (6) (Table 2) showed that 
the constraint index of TMA-offretlte to be 
higher than that of large pore zeohtes, such 
as zeohte Y, but lower than that of ZSM-5, 
an intermediate pore size zeohte of lo- 
membered oxygen rmg channels (7) These 
data as well as the sorption data (2) are con- 
sistent with the offretlte structure which 
has puckered 12-membered oxygen rmgs 
with a free diameter of 6 4 A-larger than 
the lo-membered oxygen nng channels m 
ZSM-5 and smaller than the 12-membered 
oxygen nng openings in zeolite Y 

This paper presents additional catalytic 
diagnostic studies and a closer reexamma- 
tlon of the odd 1 lines of the X-ray dlffrac- 
tlon pattern of TMA-offretlte These new 
data indicate the presence of random stack- 
mg faults These stacking faults could help 
explain the observation that TMA-offretlte 
has reactant and product selectlvltles which 
are different from that of ZSM-5 or zeo- 
hte Y 

EXPERIMENTAL 

Materials 

The TMA-offretlte sample was prepared 
by the same methods described by Whyte 
et al (2) and Chen (3) It was synthesized 
from an alumma-slhca gel m the presence 
of potassmm, sodium, and tetramethylam- 
momum hydroxides (8) For the catalytic 
expenments, the zeohte was calcmed at 
538°C for 16 h and exchanged four times 
with 0 5 N NH4Cl solution at room temper- 
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TABLE 2 

Constramt Indices of 
Various Zeolites 

Measured at 3 15°C 

ZSM-5 83 
TMA-offretlte 37 
REY 04 

ature and then exchanged with a 0 5 N solu- 
tion of NH4C1/ZnC12 at 9O”C, filtered, wa- 
ter-washed, and air-dned The finished 
catalyst had a S102/A120s ratio of 7 5 and 
contained 2 7 wt% residual potassium, 0 08 
wt% sodium, and 2 2 wt% zmc 

The ZSM-5 sample was synthesized as 
described by Argauer and Landolt (9) It 
was calcmed, exchanged with NH4Cl/ZnC12 
as described above The finished catalyst 
had a S102/A1203 ratio of 25 and contained 
0 17 wt% sodium and 0 86 wt% zmc 

The zeohte Y was received m Its sodmm 
form It was also exchanged with NH&l/ 
ZnC& as described above The finished cat- 
alyst had a S102/A1203 ratlo of 5 0 and con- 
tamed 1 46 wt% sodium and 8 19 wt% zmc 

The natural enomte sample, obtained 
from Jersey Valley, Nevada, had the X-ray 
powder dlffractlon pattern reported by 
Chen and Garwood (10) After the treat- 
ments described above, the fimshed cata- 
lyst had a S102/A1203 ratlo of 7 8, and con- 
tamed 2 42 wt% potassium, 0 07 wt% 
sodmm, 0 14 wt% magnesmm, 0 53 wt% 
calcmm, and 1 8 wt% zmc 

X-Ray Dzffractlon Analyszs 

X-Ray powder diffraction studies were 
camed out on the ammomum-exchanged 
samples after air calcmatlon at 538°C for 1 h 
with a Philips-Norelco X-Ray Ddfractome- 
ter and CuKa radiation To detect the low 
concentration of odd 1 lines, the intensity 
was increased by Increasing the sht size 
with some loss of resolution (12) 

Catalytic Test 

The experiments were conducted m a 
stamless-steel mlcroreactor at 35 atm total 

pressure, feeding a 3 15-400°C bolhng range 
mid-contment gas 011 contammg 12 wt% n- 
paraffins at 30/l m hydrogen/hydrocarbon 
ratlo This feedstock was chosen to test the 
accesslblhty of the zeohte to hlgh-molecu- 
lar-weight, linear, and slightly branched 
waxy paraffimc molecules The ability of a 
catalyst to selectively hydrocrack these 
waxy molecules 1s Indicated by measurmg 
the pour point of the topped hquld product 
according to the standard ASTM method 
The feed had a pour point of 10°C The 
chemical composltlon of the hydrocracked 
gas and hquld products were determined by 
gas chromatography 

RESULTS 

X-Ray D$fIractlon Analysis 

The 001 proJectIons of enomte and of- 
fretlte are shown m Fig 2 If the c parame- 

0ffret1te 
001 ProJectlon 

Erlonlte 

001 Pro]ectlon 

FIG 2 The 001 proJectIons of enomte and offretlte 
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FIG 3 Simulated X-ray ddTractlon patterns of mtergrown enomte/offretlte 

ter of offretlte 1s doubled and Its structure 
supenmposed on that of enomte, all atoms 
are supenmposed except those labeled 1 to 
6 m Fig 2 If these atoms are given either 
ordered or random occupancy, mtergrown 
structures having either ordered or random 
stacking faults would result Shown m Fig 
3 are the simulated X-ray diffraction pat- 
terns of two 50% stacking-faulted struc- 
tures (12) It 1s noted that the relative mten- 
slty of the odd 1 lines m these two patterns 
1s different Specdically, the ratio of 201 
hne at 16 7” to the 211 lme at 21 5” IS greater 
than 1 for random stacking faults and less 
than 1 for ordered mtergrown structures 

Random stackmg faults give nse to X-ray 
reflections corresponding to &,, = M or c* 

= 0 This causes streaking m electron dlf- 
fraction patterns and broad hnes m X-ray 
d&action patterns 

Shown m Fig 4 1s the high intensity X- 
ray diffraction of calcmed offretlte Despite 
some loss m resolution by opening the slit, 
and some loss of intensity of the low angle 
lines, the broad lines at 16 7 and 21 5” are 
evident In addition, the intensity of the 201 
line at 16 7” 1s stronger than the 211 lme at 
21 5” This indicates that at least some of 
the stacking faults are randomly dlstnb- 
uted 

As pointed out previously by Gard (.5), 
even single stackmg faults could have a 
profound effect on sorption and catalytic 
properties, as branched-chain hydrocar- 
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FIG 4 Hgh-intensity X-ray dlffractlon pattern of calclned TMA-offretlte 

bons could diffuse mto the 1Zmembered 
oxygen rmg channels only up to the first 
stacking fault The blockage has the effect 
of closmg off the exit m the c-du-ectlon 
leaving only the g-membered oxygen nng 
openings accessible to the hydrocarbon 
molecules However, equlhbnum sorption 
studies (2) showed that substantially all the 
mtracrystalhne pores available for n-hex- 
ane sorption are also available for cyclo- 
hexane sorption, mdlcatmg that most of the 
large pore channels m the c-direction are 
available for sorption, 1 e , they are open at 

least on one end A conceptual descnptlon 
of such a pore system IS shown m Fig 5 
Thus, the large 1Znng channels, each of 
which may be blocked by a stacking fault, 
are interconnected through the 8-nng chan- 
nels 

Catalytic Selectmty of Zeohtes for Pour 
Point Reduction 

Shown m Fig 6 are the experimental 
results relating pour point of the dewaxed 
315“C+ product to the weight percentage of 
feed converted to 315°C product for four 
zeohtes an erlomte which has g-membered 
oxygen ring openings, a zeohte Y which has 
1Zmembered oxygen nng openings, a 
ZSM-5 which has lo-membered oxygen 
nng openings, and the offretlte m question 
Also shown m Fig 6 1s an experimental 
point (a) obtained by extracting the feed- 
stock with zeohte A, which adsorbs only n- 
paraffimc molecules (23) Expenmental 
points lying to the right of this point are the 
result of hydrocrackmg of non-normal par- FIG 5 Pore sorption in TMA-offretlte 
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FIG 6 Selectmty of zeohtes for pour point reduc- 
tion 

aflins It 1s noted that preferential removal 
of n-paraffins can, at best, lower the pour 
point to about -18°C Therefore, it 1s nec- 
essary to selectively remove both n-paraf- 
fins and some of the high melting point non- 
normals, such as mono-methyl paraffins m 
order to lower the pour point to below 
-18°C Among the four zeohtes tested, 
only offretlte and ZSM-5 lowered the pour 
point to below -45”C, while zeohte Y and 
enomte showed no dewaxmg activity at all 

DISCUSSION 

While chemical reactivity of a paraffimc 
molecule increases with its degree of 
branching and its chain length, its melting 
point decreases with increased branching 
and shorter chain length (Fig 7) Thus, an 
effective dewaxmg catalyst must have the 
abUy to overcome the handicap imposed 
by the chemical reactivity of the molecules 
and preferentially attack long-cham mole- 
cules with little or no branching Earlier 
studies showed that although enomte ad- 
nuts straight-chain molecules (ZO), it 1s mef- 
fectlve m cracking long-chain n-paraffins 

because of dlffuslonal constraints Hence 
Its mablhty to dewax gas 011s 1s expected 
Zeohte Y’s mablhty to dewax demonstrates 
that large planar l%-membered oxygen rmg 
openings cannot dlscrlmmate between mol- 
ecules with dflerent degrees of branching 

ZSM5 pore structure 1s characterized by 
intermediate-sized lo-membered oxygen 
ring openmgs , which admit slightly 
branched waxy molecules but exclude low- 
melting-point highly branched molecules 
This 1s the major reason for its effectlve- 
ness as a dewaxmg catalyst (24) 

Offretlte’s effectiveness as a dewaxmg 
catalyst 1s most interesting The data m Fig 
6 show that the offretlte lme lies to the left 
of the ZSM-5 line, indicating that offretlte 1s 
more selective toward straight-chain mole- 
cules and, therefore, needs to convert a 
smaller fraction of the gas 011 to reach the 
same pour point than ZSM-5 does This un- 
expected dewaxmg selectlvlty appears m- 
consistent with the offretlte structure or 
with earlier cracking and sorption data 
which suggest that offretlte should be more 
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FIG 7 Meltmg point of pure hydrocarbons 
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TABLE 3 

Dlstnbutlon of Cracked Products 

Offretite ZSM-5 

wt% n% wt% n% 

1 - <l - 
3 - 1 - 

23 - 8 - 
39 70 22 50 
31 84 39 55 
3 - 20 - 
0 - 10 - 

100 100 

open and, therefore, less selective than 
ZSM-5 

The nature of the cracked product3 from 
the dewaxmg experiment also appears to be 
mconslstent with the open offretlte struc- 
ture As shown m Table 3, TMA-offretlte 
makes more, low-molecular-weight prod- 
ucts than ZSM-5 The products from TMA- 
offretlte are high m normal-to-lso ratios 

The observed reactant and product selec- 
tlvltles could, however, be attributed to the 
presence of a low concentration of ran- 
domly distributed stackmg faults m the syn- 
thetic offretlte sample Without the block- 
age, little dlscrlmmatlon among paraffimc 
molecules would be expected, and selectlv- 
lty should approach that of zeohte Y With 
the blockage, only n-paraffins would diffuse 
through the entire pore structure while 
branched paraffins could only diffuse m and 
out through one end of the same channel 
The difference m accesslblhty does not ap- 
pear to affect the cracking of low-molecu- 
lar-weight branched paraffins such as the 
2-methylpentane used m the earlier 
dlagnostlc tests The result led to the con- 
cluslon that TMA-offretlte IS more open 
and less selective than ZSMJ With hlgh- 
molecular-weight feedstocks, such as the 
gas 011 used m the dewaxmg experiments, It 
IS evident that n-paraffins are preferentially 
cracked m TMA-offretlte The mtercon- 
nectmg 8-membered oxygen rmg openings 

also could increase mob&y of the stralght- 
cham cracked fragments accounting for 
more secondary cracking reactions and 
more straight-cham cracked products 

CONCLUSIONS 

1 Companson of simulated X-ray dlf- 
fraction patterns of ordered and randomly 
stacking-faulted structures with hlgh-mten- 
slty X-ray dlffractlon analysis of a calcmed 
TMA-offretlte mdlcates the presence of a 
low concentration of randomly dlstnbuted 
stacking faults m the synthetic sample 

2 While the synthetic offretlte sample 
has open, large 1Zmembered oxygen rmg 
channels which can adsorb both straight- 
chain and branched-cham molecules, the 
stacking faults block the exit port of some 
of the channels, so that the only openings 
are 8-membered oxygen rmg openmgs per- 
pendlcular to the large channels 

3 These structural charactenstlcs are re- 
flected m the catalytic properties of syn- 
thetic offretlte Unhke a large-pore zeohte, 
synthetic offretlte preferentially converts IZ- 
paraffins and gives cracked products high m 
straight-chain isomers 
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