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MINERALOGICAL NOTES

SYNTHETIC ZEOLITES RELATED TO FERRIERITE AND YUGAWARALITE

R. M. BnnnER AND D. J. Mansul-rt,, Physical Chemistry Labora-
tories, Chemistry Department, Imperial College, London, 5.W. 7.

A re-examination of the r-ray powder patterns of two recently synthe-
sised, but unidentif ied, strontium zeolites (Barrer and Marshall, 1964)
has revealed similarit ies between these species and two rare natural
zeolites. The zeolite Sr-D is very closelv related to the natural mineral
ferrierite reported by Graham (1918) and Staples (1955), whilst Sr-Q has
some similarity to yugawaralite (Sakurai and Hayashi ,1952).

Sr-D. This zeolite was formed under hydrothermal conditions from
sil ica-rich gels at temperatures between 340o and 440o C. (Barrer and
Marshall, 1964). Several crystal habits were observed, one of which was
similar to that described by Graham (1918) for ferrierite. The synthetic
and natural species both lost zeolitic water in a similar fashion. The total
loss on ignition was tl.2/6 for Sr-D, compared with t3.OS/e for ferrierite,
and a theoretical value oI lt.8/6 for a pure strontium form. The formula
of the natural mineral is given as (Na, K)+Mgz(SLoAh)On(OH)z'18H2O.
In a comparison of the natural and synthetic minerals it should be noted
that there was no magnesium in the synthetic zeolite, and that the only
cation present was strontium. The formation of Sr-D from aqueous gels
of composition SrO.AlzOa'7-9SiO, suggests that the sil ica:alumina ratio
may be lower than the value 10: 1 observed for ferrierite.

The refractive indices of the synthetic zeolite were d: L473,7:1.433.
It was not found possible to determine B on account of the small size and
unusual crystal habit of the crystals. The values given for natural fer-
r ier i te  are a:  t .478,  A :  1 .479, ,y  :  1 .482.

Staples (1955) obtained an orthorhombic unit cell for ferrierite from
Weissenburg and precession photographs using single crystals, and with
this result was able to index the r-ray powder pattern. The same indices
were used for the almost identical powder pattern of the synthetic
species Sr-D, and a unit cell was calculated by the least squares method
of Cohen (1935) using a program written by Dr. R. D. Diamand of this
department for the Mercury computer. Weighted values of the first 31
lines were used and the unit cell thus obtained is given in Table 1, where
it is compared with that found by Staples (1955) for natural ferrierite.

The observed and calculated d-spacings for Sr-D, are given in Table 2.
Those for natural ferrierite, which are also given, are in very good agree-
ment. Sr-D is therefore a synthetic strontium ferrierite. A synthetic
sodium form has been brieflv described by Senderov (1963) and a mixed
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Tesln 1

Sr-D powder

19.013
14.t3a
7 . 4 7 s

Ferrierite single crystal

485

Cell edge

19.12

7 .48

Ca-Na form was also produced by Coombs et al. (1959) but not identif ied
as such.

Sr-Q. In an attempt to identify others of the synthetic zeolites prepared
in these laboratories it was noted that the r-ray spacings given by
Sakurai and Hayashi (1952) for a number oI well-known zeolites were
not in agreement with other published data. This casts doubt on the
spacings recorded by them for yugawaralite, which was reported as a new
zeolite with the composition CaO. AhOa. 6SiOr. 4HrO.

A small crystal of yugawaralite from Heinabergsj<ikull, southeastern
Iceland, was kindly supplied by Dr. G. P. L. Walker of the geology de-
partment of this college. The optical and morphological measurements of
this specimen were very close to those of the original Japanese specimen
(Walker, 1964).

The Icelandic yugawaralite gave an N-ray powder pattern which ap-
peared to have certain simiiarit ies to that of the synthetic zeolite Sr-Q
(Barrer and Marshall, 1964). This species was formed under hydro-
thermal conditions from aqueous gels of composition SrO.AlzOs.S-9SiOz
at temperatures between 270" and 350' C. The unit cell of the natural
yugawaralite was determined by Mr. D. J. Will iams of this department
by means of Weissenberg and precession photographs frorn a single
crystal. Systematic absences showed that the space group could be
either P2/c or Pc. The intensities of the Okl reflections were obtained
from precession photographs, and were treated by the statistical method
of Howells et al,. (1950). A plot of N(r/(I)) against (I/(I)) showed un-
equivocally that the structure was non-centrosymmetric, and confi.rmed
the space group as Pc. A two-dimensional Patterson projection viewed
down the o axis was calculated, but did not provide sufticient evidence
to decide between severai possibie structures. Further work to determine
the structures is in progress.

Yugawaralite was found to be monoclinic, with the following param-
e t e r s :  

a : 6 . i 3 A "
D : 13.95 A
r : 1 0 . f f i 4
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Stroutium-D
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Yugawaralite
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2 5 L
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3.205
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3 . 0 5 2
2.997
2.930
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2 863
2 760
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2 . 7 0 2
2  . 6 7 7
2.652
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2.603
2 . 5 8 1
2 . 5 6 1
2.512\
2 . s 1 2 J
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2 . 4 2 5
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2 . 3 1 0
2 -361
2 . 3 3 8
2 . 1 9 5
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2 092
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2.005
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1 .901
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4 . 6 8  8 5
4 6 5  8 5
4 4 5  1 0
4 . 4 1  3 0
4 3 0  6 5
4 . 1 8  3 0
3 . 8 9  1 5
3 8 7  s
3 7 8  2 0

3 7 5  5

3 3 0  s
3 - 2 7  5
3 .235 55
3 198 10
3 . 1 3 5  2 0
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2 937 30
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2 7 0 6  5
2 .680 25
2.650 20
2.638 15
2.603 5
2 . 5 7 8  1 5
2.562 5

2 . 5 1 3  1 5

2 474 15
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2.407 10
2.368 20
2.360 10
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2 . t 9 7  5
2 . t 5 3  5
2 . 1 3 8  5
2 . 1 0 6  1 0
2 092 25
2 . 0 1 8  1 0
2.005 15

r 977 10

1  . 9 s 8  1 5

1.934 20

1.909 10
1.900 2s
1 8 8 3  5
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Teet-s 3 (continued)

Yugawaralite

d*r"
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1 .348
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|  3 2 2
1 .307
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5

-5
5
5
5

20
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5

5

1 .87s.\
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I  .486
1 .468
1 .453
t . 4 2 9
| . 3 9 4
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I  .356
1 342
| 337
1 . 3 t 4
1  301
1.285
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1.248
1 . 2 2 9
|  222
t .202

5

5
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5
5

t 5

10
l . t

1 5
5

10
10
10
10
5
5

10
10
5
5
5

€ :  1 1 1 ' 3 0 '

spacegroup Pc or C,2

density 2 2 g/cm'

cell volume 882 A3

z : 2
M : 582.

Using this cell the powder pattern of yugawaralite was indexed (Table 3)
and compared visually with that of Sr-Q. 17 Iines which corresponded in
position and intensity were given the same indices and used in the least
squares program to determine a unit cell. This cell was in turn used in an
attempt to index the remainder of the powder pattern of Sr-Q. The least
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squares program was then repeated using 42 l ines, but the agreement
between the observed and calculated values was not considered satisfac-
tory. A unit cell with the a dimension double that of yugawaralite was
then taken and the procedure repeated. The final values obtained are
given in Table 3 and show satisfactory agreement between the observed
and calculated values. A possible unit cell for Sr-Q is therefore

a : 13.48 A
, : 13.86 A
c : 10.10 A

ts : 7r1"41',.

The similarities between this cell and that found for natural yugawara-
Iite suggest that these two species have related structures and that Sr-Q
may be a strontium near-yugawaralite.
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