20C

2. Svnthesis of Sodium HexamethoniZum Eu-1

The synthesis of zeolite Eu-1l was carried out in
accordance with the procedure given in Example 6 of the
ICI Eurcpean patent application 0042226, Z=u-1 was found
to be a metastable phase under these synthesis conditlions,
As reaction time proceeds, the Eu-1 formed dissolves and
recrystalizes as a mixture of quartz and a-cristoballte.
Scanning electron micrographs of the a-cristobalite phase
obtained are shown in Figure 78 e,f. Figure 79 shows the
metastable erystalllization curves for Eu-1 formed at three
different temperatures i.e., 180 C, 200.C, and 223 C. At
each temperature Eu-1 was metastable although the transfor-
mation to nuartz and ax-cristobzllte proceeded slcwly at the
lowest temperature. The Arrhenilous plect of the rate of
nucleation ané crystalilization is showr in Figure B8C.
apparent activation energies for nucleaticn and crystallization
were Tound *to be 18.62 kcals/mole and 10.94 kcals/nmcle,
respectively. The literature XRD line pattermns for qguartz
and a-cristaholite are gilver. in Figures 75 and B2, respectively.
T™he literature XWD line pattern for Eu-1 as synthesized 1s
given in Figure 82. The crystallite size was determined by
SEM to be 1-5um. Scanning electron microgracths fer 10,30

and 90 hours reactlon time at 220 C are shown Iin Figure 72

a,b,c,d, respectively.
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Figures 78 e,f. Scanning electron micrographs
of the a-cristobalite phase.

Figure 78 a

Figure 78 g Figure 78 n
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Figure 79. Rate of Crystallization in the Synthesis of

Sodium Hexamethonium Eu-1.

Example 6 European Patent Application 0042226

O- 220C
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-=— Quartz + a-Cristobalite




100

1.0

—>

o

o
e

0.1

N\
—t
ﬁc

RATE OF CRYSTALLIZATION HRS

1.8

19

Figure 80. Arrhenious Plot of the Rate of

2.0

2.

1
T X 10°

2.2

Nucleation and Crystallization of Eu-1

RATE OF NUCLEATION, ©  HRS



20k

*99TT18q03STID-D

I0J UJ333ed SUTT SIN3RJISITT QHX 1§ 94n3Td

]
Al TS N=_LNT




205

/x.h.mMTL.H.nwnusA;h. mwmm“mmwmmw”mumu

"pezsayjuLs se

1-nd J0J UJS33BJ BUTT 3aN3BIIFTT QUX °2g 9InBTd

MAatas

Maaes taa

SRR Mo ot Lanod ot Lot taned oo
a
A LTSN =T AN

La0 RAAL

-
3



206

(NH, ) .0
3) Effect of 472 in the Synthesis

Na,0 + (NHU)EO

2

of EU-1

Problems of metastabllity encountered in the synthesis
of EU=1 were not rectified by reducing hydrothermal reaction
temperature (see last section). The addition of a mineraliz-
ing agent (NH“OH) to the synthesis batch was undertaken to
stabilize the EU-1 phase. The rate of crystallization of
Eu-1 as a function of (NHM)ZO/((NH4)2O + Na,0) ratlo was
evaluated for 0.25,0.50 and 0.75. The results obttained are
shown in Figure 83. The rate of nucleation and erystalliza-
tion were lowered and the Eu-l formed was stable and extremely
well crystallized. The crystallite size increased over ten
fold. Single soap-bar shaped crystals 30um and over were
observed by SEM. The scanning electron mlcrographs shown 1n
Figure 84 g and h show the morphology of the EU-1 crystals
formed when (NHM/QO/(NHH)zo + Na,0 = .25, The scanning
electron micrographs shown in Figure 84 a,b,c,d,f depict the
typical morphologles of the larger crystals formed when

(NHy/,0/(NH, ), O + Na,0) = .50. The x-ray diffraction

pattern of this high purity Eu-l product 1s shown in Figure 8s5.
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Effect of Stirring in the Synthesis of EU-1 where
(NHQ)EO
Na20 + (NHuj 20

= 0.25

The crystals formed in the synthesis of EU-1 at 200 C
wherein the (NHM)EO/(Nazo + (NHH)EO) = 0,25 were well
formed and contained no co-existing phases as evidenced
by SEM and XRD, Thelr size,.however, approximately 30um
was undesirably large for catalytic purposes and likely
to invoke diffusional limitations on the STG reaction rate,
It was desired, therefore, to maintain the high purity of
the EU-1 synthesized but reduce its crystallite size.
Toward this end procedures found effective in reducing the
erystallite size of other zeolltes, notably Z3k-5, were
épplied to the synthesis of EU-1. The synthesis reaction
was carried out in a stirred pan autoclave for 24 hours at
150 C following which the temperature was increased to
200 C for 48 hours. The product was 100% E&1 and the

crystal slize was submicron.
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Figure 83. Crystallization Rate of EU-1 as a function
fNHu)EO

°f Wa;0 -(NH;1,0 at 200 C

O - 7.5 Nay0 * 2.5 (NH,),0 + 10 hexamethonium

bromide - A1203 « €0 SiO2 + 3000 H,O

2
0O- 5.0 ﬂazo * 5.0 (MHy),C - 10 hexamethonium

bromide - A1203 + 60 aiC2 ' 3000 HEO

D- 2.2 Na,0 ¢+ 7.5 (NH;),0 - 10 hexamethonium bromide

* A1,05 * 60 S10p " 3000 K,0

(NHMJEO

0.2 -0

0.56 -~
Na,O *(NHy),0

= 0.75 -
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Figure 84,g,h.- Morphology of BEU-1 Crystals Formed.

a,b,c,d,f. Typilcal Morphclogles of the Larger Crystals Formed

b - — E . el
pm § Dl v,
f W

L]

Figﬁéé-sa_g. Figure 84 h.
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4) First Synthesis of EU-1 in a Na-Free System

If zeolite EU-1 1is formed in a system containing Na
1t must first be calcined to remove occluded hexamethonium
bromide cations by oxidative degradation and then be lon-
exchanged to produce the catalytically active hydrogen
form. It is desirable to produce zeolite Eu-l in a system
not containing Na ion, for the ion-exchange step could then
be avoided for Eu-1 would be in its hydrogen form following
calcination. Sodium free zeolite Eu~-1 was synthesized in
the system 2.5(NHu)20 + 10 hexamethonium hydroxide - 1A1203 .
60 510, ° 3000 H,0. The hexamethonium hydroxide was pre-
pared from hexamethonium bromide by reaction with silver
oxide to form hexamethonium hydroxide and silver bromide which
precipitates. X-rav diffraction analysis showed good
crystallinity. The pattern being similar to Figure 85,
Scanning electron micrographs 86 a,b,¢ show the typical
crystal morphologies obtained in the sodium free system.
In attempt to produce a bifunctional iron-EU-1 catalyst by
direct synthesis 2 wt.% iron as ferric hydroxide were
added to the aforementioned batch composition. Iron was
found not to impede the crystallization of EU-1, Although,
the crystals formed changed to a caullflower morphology
shown in Figure 86, f,g,h. Diffraction analysis showed good

crystallinity.
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Figure 86 a,b,c Typical Crysta) Morphclogies Obtained In Na-Free
System. f,g,h 2wt.% Iron as Ferric Hydronxide adcded Crystals
changed to cauliflower morphology.

L e e ——— o kB

Figure 86'b

o

Figure 86 g Figure b6 h4_
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) The Synthesis of Eu-2

7zeolite EU-2 was synthesized from the same synthesis
batch composition found effective in the synthesis of EU~1
excluding A1203. EU-2 is not the high sillica end member
of EU-1 but 1s an entirely different structure. The XRD
pattern for EU-2 1s shown in Figure 87. It 1s apparently
equivalent to Mobil's ZSM-48 described under a U.S. patent
4,397,827. The crystallization rate curves for EU-2 grown
from batch compositions 7.5 Nazo + 25 (NHH)2O + 10 hexa-
methonium bromide . 60 $10, - 3000 H,0 and 5.0 Nay0 - 5.0
(NH,),C - 10 hexamethonium bromide -60 510, * 3000 H,0 are
shown in Figure B8, EU-2 was found to crystallize in con-
siderable less time than EU-1. The crvstals of Eu-2
generally formed as radial aggregates 30 to L0 pym in diameter.
Representative crystal morphologiles of EU-2 grown in the
system where (NHH}EO/(Na2O + (NH&)QO) = 0.50 are shown 1in
Figure 89 a,b,c,d,e,f..

The micrograph shown in Figures 89 g,h show the typical
morphology of zeolite Euy~-2 formed with the same bateh compo-
stion in teflon autoclaves. The previous crystals a through
f were grown in steel lined autoclaves. Zeolite Eu-2 can also

be grown in a Na free system having a batch composition:
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2.5(NHn)20 * 10 hexamethonium hydroxide ° 60 $10, - 3000
HQO. The ¢crystals formed in the sodium free system are
fibrous radlal aggregates approximately 10 microns in
length shown in Figure 86 d,e. Both Eu-1 and Eyu~2 are
believed to contain l0O-membered ring pore systems. Thelir
structures have not been reported. The literature XRD

line pattern for El-2 is given in Figure 90.
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Figure 89 a,b,c,d,e,f. Crystal Morphologies of EU-2 grown

in the system where (NHu)eo/(Na20+NHu)20) = 0,50,

Figure 89 ¢

s

Figure 89 e
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