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Abstract

Alkylation of aniline (PhNH) with methanol (MeOH) over cocrystallized zeolite RHO-zeolite X (FAU) and over zeolite Linde type L
(Sr,K-LTL) as catalysts has been studied. Cocrystallized zeolite RHO-zeolite X (FAU) favors the formatih-dimethylaniline
(NNDMA) with high selectivity > 90%, having an advantage over pure zeolite X (FAU) of staying active even after 10 h of reaction.
Activity of cocrystallized RHO-zeolite X (FAU) is higher than that for Sr,K-LTL in terms of the productiad,Hfdimethylaniline.

0 2003 Published by Elsevier Science (USA).
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1. Introduction N-methylation products have been reported as being pre-
dominant over Al-HMS mesoporous molecular sieves [5].
Synthesis ofN,N-dimethylaniline (NNDMA) is anindus- ~ Oxides such ag/-alumina have also been used with N-
trially important process due to its use as a raw material in methylation being the predominant reaction product [6].
organic syntheses as well as its role as an intermediate inVanadium-incorporated aluminophosphate molecular sieves
dye-stuff production and in the pharmaceutical and agro- (VAPO-5 and VAPO-11) lead to the selective formation of
chemical industries [1]. The gas-phase reaction involving N-methylaniline andN,N-dimethylaniline [7]. High selectiv-
the alkylation of aniline (PhNE) with methanol (MeOH) ity to N-methylaniline is obtained over metallosilicates [8].
has been previously studied using several different kinds of N-Methylation of aniline with methanol over MgO catalysts
materials such as clays, zeolites, and composites. Layerethas also been reported [9]. Zeolites X and Y ion-exchanged
double hydroxides (LDH) known as hydrotalcites (HT) con- with Li, Na, K, Rb, and Cs also have been used for this re-
taining magnesium and aluminum have also been studiedaction. NNDMA is produced mainly over zeolite X. NMA
for this reaction with the formation of only a single product s produced over zeolite Y. A mixture of N and C methyl-
(N-methylaniline) [2]. In the case of ZSM-5, the extent of ated products can be obtained over the more acidic form of

conversion using this material increases with increasing alu- the zeolites. A rapid deactivation of zeolite X (completely
minum content [3]. This reaction has been catalyzed using deactivated in 6 h) has been reported [10].

AIPO4-5, AIPO4-11, CoAPO-5, CoAPO-11, ZAPO-5, and  |n this work the synthesis dfl,N-dimethylaniline from
ZAPO-11 with the formation oN-methylaniline (N-MA), methanol and aniline over cocrystallized RHO and X (FAU)
N,N-dimethylaniline, andN-methyltoluidine (N-MT) where  ze0lites and over Linde type L (Sr,K-LTL) zeolite is re-
the product distribution has been found to be influenced by ported. We have studied effect of the different zeolite X to
the space velocity and the aniline to methanol ratio as well z¢gjite RHO ratios on the activity and selectivity of the gas-

as the acidity of the catalyst [4]. phase reaction involving alkylation of aniline with methanol.
To the best of our knowledge there are no previous reports of
* Corresponding author. the use of cocrystallized zeolites and Sr, K-LTL as catalysts
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Zeolite RHO is a small pore size zeolite63 3.6 A with less than 9 and then dried overnight at G0 XRD analyses
a low Si/Al ratio (2.5-3.0). Cesium hydroxide is required were performed immediately after drying.
for the preparation of zeolite RHO [11,12]. When a very
small amount of Cs is used in the synthesis of zeolite RHO, 5 1 o 9ynthesis of Linde type L catalyst

zeolite X (FAU) will be formed as one of the products [11]. Zeolite LTL was synthesized by hydrothermal crystalliza-
When Cs is not uniformly distributed in the gel, some zeolite {5 of a gel at 150C during 230 h. The gel was produced

X (FAU) will also be formed. Usually this is not a result by mixing solutions 1 and 2, prepared as follows:
expected in the synthesis of zeolite RHO, but in this case ’

advantage of that result was taken to test the synergetic effect ; 5 g g of aluminum hydroxide Al(OH)(Aldrich, Lot
of the cocrystallized zeolite X (FAU) and zeolite RHO in the 10809 BU, % AbO3 51.7%) was dissolved in a s,,olution

reactiop between_MeOH and PhP“l'H , of 3.71 g of potassium hydroxide (J.T. Baker, Lot. M
Zeolite RHO is very selective for the production of 12917, 87.6%) and 6.18 g of double-deionized water

dimethylamine [13]. Zeolite RHO can activate methanol for (DDW);

alkylation of amines but the aniline molecule, compared , - 35 o of strontium hydroxide octahydrate (Aldrich, Lot

o amimonia, s 190 b'gl.io Qt. '”S'del thﬁ pores |°f tzfeo't':]e 01517 JR 95%) were dissolved in 9.35 g DDW and the
- Ture alkaine z€olite A IS a selective catalyst for the resulting solution was added to 14.5 mL of colloidal

production of NNDMA gnd adsorbs aniline but deactivates silica HS-40 (Aldrich, Lot 14007 Lu, 39.9%).
in a short period of time. We expect that the use of

these cocrystallized zeolites will increase the selectivity to
NNDMA and stay active for longer time.

Industrial syntheses of both zeolites independently could
be more expensive and difficult to handle because this in- o
volves two different synthetic processes. Thus the possibil- 2-2. Characterization of catalysts
ity of cocrystallizing both zeolites is economically attractive,
due to enhanced stability of the catalyst. 2.2.1. X-ray diffraction (XRD)

The zeolites were characterized by X-ray diffraction
using a Scintag XDS-200 powder diffractometer on finely

The batch composition of the gel formed is reported in
Table 1.

2. Experimental powdered samples using CusKadiation and 45 kV and
40 mA. The scans were done &t @er minute. The XRD
2.1. Synthesis of catalysts patterns were recorded fom3 between 5 and 40and
the phases were identified using a JCPDS database. The
2.1.1. Synthesisof cocrystallized RHO—zeolite X (FAU) diffraction pattern for zeolite RHO was compared to data
catalysts published in the literature [12].
Cocrystallized zeolite RHO with zeolite X (FAU) was An X-ray calibration curve was prepared by mixing pure

synthesized by dissolving sodium aluminate (EM Science, zeolite RHO and zeolite X (FAU) in known amounts. The
85.53%) in double-deionized water and then adding sodium intensity ratios of the 8.264 20 line for zeolite RHO and
hydroxide (Alfa Aesar, 97%). This basic solution was mixed the 6.03 26 line for zeolite X (FAU), were used to determine
with cesium hydroxide (Aldrich, 99.9%, 50% wt in water) the FAU/RHO ratio in the actual catalysts.

and colloidal silica (Ludox LS-30 Aldrich 30%). The batch

compositions used to prepare these materials are shown ir?.2.2. Field emission scanning electron microscopy

Table 1. All of the gels were stirred using a magnetic bar (FESEM)

overnightand then aged for 6 days at room temperature. The
crystallization was carried out at 88 for 72 h. The product
was washed with double-deionized water until the pH was

Particle size and morphology were determined on a Zeiss
DSM 982 Gemini field emission scanning electron micro-
scope (FESEM) with a Schottky emiter at an acceleratinge

voltage of 2 kV with a beam current of about 1 pA.
Table 1
Batch composition of the prepared zeolites

2.2.3. Chemical composition by EDX and ICP

Catal,ySt Batch Composition (mOIf’ir ratio) An ECON |V energy dispersive X-ray (EDX) analyzer
(zeolte) NaO C90 A0y SO  HO Model 9800 was used for EDX studies. An average of
g'ig giﬁgj 2:8; 23 8;“1‘ i ﬁ Eg three analyses was done to calculate average concentrations
C-20 (FAU/RHO) a4 059 1 16 17 and chemical compositions. Samples for ICP analysps were
C-11-1 (RHO) 3.0 o 1 108 1211 prepared by dissolving 0.2 g of sample in approximately

10 mL of HF and then diluting to 100 mL with DDW.
Inductively coupled plasma optical emission spectrometry
was done in a Perkin-Elmer P-40 with AS 60 autosampler.

K20 SrO AbO3 Sioy H>0
C-LTL (LTL) 2.3 0.1 1 10 160
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2.2.4. surfacearea (BET) Airgas) was the carrier gas. This feed ratio of the reactants
A Micromeritics ASAP 2010 equipped with an ASAP was controlled by varying the carrier gas flow rate.

2010 V4 software was used for surface area determinations. The reactor outlet was connected to a Hewlett-Packard

About 0.1 g of sample was loaded into the glass sample 5890 Series Il gas chromatograph equipped with a gas sam-

bulb and degassed at 400 for 4 h. The surface area of the pling valve. A Carbowax SLP CW-20M capillary column,

samples was obtained using the Brunauer—-Emmett—Teller25 m long and 0.5 um internal diameter, was used for the

(BET) model. separation of the products. After 1 h of reaction a sample was
taken and injected into a gas chromatography—mass spec-
2.2.5. Fourier transforminfrared spectra (FTIR) trometry (GC-MS). This way the products were identified.

FTIR experiments were done on a Nicolet Magna IR The productwas also identified with a @EID using a com-
system 750 FT-IR spectrometer with a resolution of 4ém  mercially available sample &{,N-dimethylaniline. All ma-
KBr pellets of the catalysts were analyzed in the range 4000—terials listed in Table 1 were used under the same conditions

400 cntL. described above. A blank run without any catalyst was also
carried out as the baseline. No reaction was observed in this
2.2.6. Aniline adsorption case.

In order to determine the capacity of the catalyst to adsorb
aniline a method described in Ref. [14] was followed. The 2.3.1. Gas chromatography—mass spectrometry
amount of aniline needed to yield a monolayer coverage on  Gas chromatography—mass spectrometry of the product
the solid (Xm) can be related to the degree of acidity of mixtures was performed in a Hewlett-Packard Model 5890.
the catalyst. This quantity was determined for aniline at a A sample was taken after 1 h of reaction and injected to the
wavelength of 234 nm by UV-Vis spectrophotometry using a GC-MS for identification of the products.
Hewlett-Packard 8452A diode array spectrophotometer and
applying the Langmuir equation [14].

3. Results
2.3. Catalytic studies
3.1. Characterization of catalysts

The reactions were performed in a tubular quartz reactor
packed with 50 mg of the desired catalyst. The reactor was3.1.1. X-ray diffraction (XRD)
heated to the desired temperature using a tubular furnace and The XRD patterns confirmed zeolites RHO and zeolite
the temperature was measured at the middle of the catalysiX (FAU) as the only phases present for the cocrystallized
bed using a digital temperature controller. The catalyst was materials (Fig. 1) and zeolite LTL (Fig. 2). In the case
pretreated at 45TC in a flow of helium for 5 h. After of cocrystallized RHO-zeolite X (FAU) the X-ray pattern
pretreatment the samples were cooled down to°@)0  showed the 8.36, 14.56, 25.67, 27.03, 28.47, and 29248
the reaction temperature. Aniline and methanol in a 1:3.5 line characteristic of zeolite RHO as well as the 6.@3
ratio were introduced simultaneously into the system. Two line for zeolite X (FAU). The sample labeled as C-20 showed
different bubblers were used for the reactants and He (UHP,peaks characteristic of completely dehydrated and partially
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Fig. 1. X-ray diffraction patterns for cocrystallized zeolite RHO-zeolite X (FAU).
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Fig. 2. X-ray diffraction pattern of zeolite LTL.
Table 2 the particles increases in this sequence C-X1€1-18 < C-
Composition of synthesized catalysts 19 < C-20 as reported in Table 3.
Catalyst FAYRHO SiGy/Al»03 (NaxO + C50)/Si0p
ratio molar ratio molar ratio 3.1.3. EDX and ICP
(XRD) EDX IcP EDX ICP Table 2 shows that the main elements for the catalysts
C-18 0214 375 581 0142 Q104 studied herein are silicon, aluminum, cesium, and sodium in
C-19 0131 394 464 0140 0156 the case of cocrystallized RHO—-zeolite X (FAU) and silicon,
C-20 0093 404 60 0108 0111 aluminum, sodium, strontium, and potassium in the case
C-11-1 0001 368 397 0189 0160 uminum, ium, lum, and p um
C-LTL 0 5.4 581 0165 0.08 of zeolite LTL. There are some differences in the values

obtained using both techniques. The size of the sample for
EDX is smaller since SEM was used to select the area
of analysis. For catalysts 18 and 20 the %ifI,03 ratio

8 (K20 + SrO)/Si0O, molar ratio.

dehydrated zeolite RHO and also the peak for zeolite X
(FAU). Zeolite Linde type L showed the 5.26, 18.98, 22.33,
25.21,27.69, 28.74, and 30 3% lines characteristic of this

obtained by ICP is larger than expected. There may be some
amorphous silica that can make the ICP value higher. EDX
analysis was performed by SEM on crystalline material.

material. The FAYRHO ratio for the cocrystallized RHO-

zeolite X (FAU) was calculated by relating the intensity of 3.1.4. Surface area (BET)

the 8.36 26 line for RHO with the intensity of the 6.03 Table 3 shows surface areas for the catalysts studied.

26 line for zeolite X (FAU) and relating them to a standard In the case of surface areas for the series of cocrystallized

quantification curve that was developed by preparing severalzeolite RHO-zeolite X (FAU) there is a direct relationship

mixtures of RHO and FAU. An X-ray calibration curve was between the rate of formation of NNDMA and the value for

developed with these standards and used to calculate thehe surface area. In the case of zeolite LTL, even though the

FAU/RHO ratio in the actual samples as described above. surface area was very large compared to others, the activity

The FAU/RHO ratio calculated using this curve is reported of the catalysts is very poor (see Discussion).

in Table 2. The surface area for the cocrystallized zeolites is also

related to the concentration of zeolite X (FAU). C-18 with

3.1.2. Field emission scanning electron microscopy the highest FAYURHO ratio also had the highest surface
The shapes of the zeolites (see Fig. 3) correspond to simi-area. The low surface area for C-11-1 may be due to

lar morphologies reported in the literature. Zeolite Sr,K,LTL framework distortion caused by loss of water during the

is cylindrical [15], and zeolite RHO is dodecahedral in pretreatment of the sample, similar to reaction conditions.

shape [16]. Another phase observed in the SEM pictures of

the cocrystallized zeolites has the shape of flat discs. In all 3.1.5. Fourier transforminfrared spectra

cases the crystal size of this phase which must correspondto From Fig. 4 there are other phases presentin C-18 besides

zeolite X (FAU) is constant. For C-11-1 no discs were ob- zeolite RHO. There is a broadening of the band around

served. The amount of the disc-shaped phase was higher ifL043 cntl, that is not present in the spectrum for the pure

C-18, less for C-19, and even lower for C-20. The size of phase C-11-1. Around 600 crh for C-18 and C-19 there
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Fig. 3. FESEM of catalysts. (a) C-LTL, (b) C-11-1, (c) C-18, (d) C-19, and (e) C-20.

Table 3 observed in the spectrum for C-11-1 after reaction were not
Surface area and particle size of catalysts detected for LTL samples.
Catalyst Surface area Median pore Particle size (um)

(m?/g) by BET diameter (A) by FESEM 3.1.6. Aniline adsorption
c-18 9229+ 3.04 199 0.73 From the results of aniline adsorption for the different
C-19 7002+2.38 72 1.05 catalysts shown in Table 4, the higher adsorption represented
gig . ﬁ%i é-gg 8622 (1)'2; in the higherX, values (base adsorbed in a monolayer) s for
C-LTL 213164731 49 11 0.43 catalysts labeled C-18 followed by LTL, C-19, C-11-1, and

C-20. For the materials with the largest surface areaXthe
value was also highest. This was true for materials of similar
composition (C-18-20). This is not the case for LTL which
has the highest surface area but aniline adsorption is not the
are very small bands that are not present in the spectra forgreatest.
catalysts 11-1 and 20 (low FAU content).

The displacement of the band around 796.5 ¢rhas 3.2. Catalysis
been previously related to different/3il ratios for these
zeolites. For higher values of the IR frequencies of this  NNDMA was identified as the only product in all alkyla-
band the SiAl ratio is also higher [17]. A comparison tion reactions by GC-FID (comparing retention time against
between FTIR data for C-11-1 (pure RHO) before and after commercial sample) and by GC-MS. The percentage of con-
reaction is presented in Fig. 5. There is a small difference, version was calculated based on aniline [18]. From Fig. 7, all
in the region 3000-2000 cm for samples before and after catalysts during the first minutes of the reaction show that
reaction. The C-11-1 after reaction shows some bands in thissome aniline is still unreacted. After approximately 20 min,
region that can be associated with —Ctbrations. After differences among the catalysts start to emerge. When C-
subtracting both spectra a good match with that for formate 18 was used, the highest aniline conversion was obtained
species is obtained. (~ 95%) and the activity of the catalyst was the same over

The FTIR spectra for C-LTL before and after reaction are the reaction period (10 h). The same behavior was observed
presented in Fig. 6. There is not an appreciable differencefor C-19, but the conversion of aniline was approximately
in these two spectra. The bands around 3000-2000'cm 10% less than the conversion when C-18 was use85%).

C-18-20: zeolite X (FAU) has the shape of a disc with length 0.65 pum and
thickness 0.1 pm.
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Fig. 4. FTIR of cocrystallized zeolite RHO-zeolite X (FAU). (a) C-18, (b) C-19, (c) C-20, and (d) C-11-1.
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Fig. 5. FTIR C-11-1 before and after reaction (spent).

Catalyst 20 had less activity than catalysts 18 and 19, and4. Discussion
after approximately 100 min, some variations in the conver-
sion of aniline were observed. 4.1. Characteristics of cocrystallized RHO—zeolite X (FAU)

The conversion of aniline on LTL took more time to and zeolite LTL
increase than for catalysts 18, 19, and 20. At approximately
200 min, a maximum in conversion is observed, and then  Zeolite RHO with different Si@/Al 03 ratios was syn-
the catalyst starts to deactivate. The smallest conversion washesized. EDX data show that this ratio increased when the
observed when catalyst 11-1 was used. Catalyst 11-1 wasinitial batch composition had a higher Si©ontent, as con-
deactivated in a very short period of time. firmed by FTIR. The band around 700-800 thshows a
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Fig. 6. FTIR C-LTL before and after reaction (spent).
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Table 4
Aniline adsorption 100 4
Catalyst Xm (umol/g) Acid site concentration

(Hmol/m?) 80 1
C-18 5400 0.585 5
c-19 1131 0.161 o 80
C-20 315 0.125 g
C-11-1 578 0.336 Q 7
C-LTL 12.68 0.060 °

20

shift that is normally observed when the $j@l,03 ratio 01
is modified [17]. The EDX Si@/Al,03 ratios for zeolite
RHO samples (labeled C-11-1 and C-18) are very close, and ™ S e

for samples labeled C-19 and C-20 they are also comparable.
This result is in agreement with the FTIR shift observed in
Fig. 4. When the ratio of SigyAl»0Os3 increased for the ini-  Fig. 7. Conversion based on aniline at 4@ as a function of time on
tial batch composition, the particle sizes of the final products stream for (a) C-18, (b) C-19, (c) C-20, (d) C-LTL, and (e) C-11-1.
increased. SEM data show that the particle sizes of sample

C-11-1 and C-18 are smaller than particle sizes of C-19 and ) o ) .
C-20. This phenomena is commonly observed in the syn- less viscosity is observed when the amount of colloidal silica

thesis of zeolites. Smaller particles are obtained for larger iS increased. Cs is more evenly distributed and less Faujasite
Al content. The partial isomorphous substitution of silicon S formed. Zeolite X (FAU) is the preferred product when
by other tetrahedron-forming elements can influence crystal €xperiments are performed without Cs and using the same
size [19]. batch composition. Faujasite X is produced when a small
Faujasite appeared as a cocrystallizing phase when smallSiOz/Al20g ratio is used. Faujasite Y is the product formed
concentrations of Cs were used in the synthesis of zeolitefor higher SiQ/Al20s ratios [20]. The most intense peak
RHO [11]. The concentration of Cs used in all the exper- for Faujasite is observed by XRD but its intensity compared
iments was the same, but due to the increase in viscosityto the peaks of zeolite RHO is very small. The maximum
observed when smaller amounts of colloidal silica solutions FAU/RHO ratio was obtained in C-18 around 0.2. The main
were used, the homogeneous distribution of Cs ions in the phase observed by SEM corresponds to zeolite RHO.
system is more difficult to achieve, and some Faujasite is  Smaller particles with a different shape must be due to
then obtained. Excess silica acts as a diluent for the gel andzeolite X (FAU). Zeolite X (FAU) particles are smaller and

Reaction time (min)
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disc like when Cs was used. The particles are around 1 pummaterial in terms of production of NNDMA (Fig. 7) agrees
and spherical when Cs is not used. with a larger number of expected basic sites for C-18 as
Zeolite RHO is characterized by a high framework compared to catalysts 19 and 20. The beneficial effect of
flexibility [21]. The framework of zeolite RHO becomes cocrystallization is confirmed by the fact that the less active
distorted and a different diffraction pattern is observed when catalyst in these series is C-11-1, which is the one that
the zeolite is dehydrated. All of the samples prepared were corresponds to pure zeolite RHO. Activity decreases rapidly
observed dehydrated under the same conditions. Zeolitefor pure RHO as compared to activity of the other materials
RHO materials (labeled C-20) with the highest Airatios as seen in data of Fig. 7.
after dehydration show characteristics peaks of the hydrated The percentage of conversion of aniline is directly related
phase. Dehydration of the zeolite is more difficult to achieve to the presence of zeolite X (FAU). The catalyst that had
under the same conditions when th¢Airatio is increased  the highest FAYRHO ratio also produced the highest
and a less flexible framework is obtained. conversion (C-18). The conversion of aniline was the lowest
The surface area measured for sample C-11-1, pure(C-11-1) when no zeolite X (FAU) was detected by XRD or
zeolite RHO, is the smallest of all the samples. Under the SEM. However, C-11-1 still has some activity.
pretreatment conditions, the framework of zeolite RHO is  Pure alkaline zeolite X has been reported as the best
distorted leading to modification of the pore openings. As catalyst for the selective production of NNDMA with high
a result the measured surface area is less than expectedniline conversion but deactivates very soon [10,26]. Using
for a zeolite with a pore opening of 8-membered rings. cocrystallized zeolite RHO-zeolite X (FAU), high conver-
This behavior for zeolite RHO has been previously reported sion, selectivity to NNDMA, and no deactivation were ob-
[22,23]. The median pore diameter of C-11-1 obtained after served after 10 h of reaction. The more active phase (zeolite
BET analysis is very high (Table 3) and should correspond to X) when more dispersed may produce active sites that are
macropores due to crystal imperfections and not to internal not very concentrated. For C-18, with the smallest particle
pores. Imperfections in the surface of C-11-1 are seen in thesize, less deactivation and high conversion were observed.

SEM micrograph for this sample in Fig. 3. Catalyst effectiveness is larger for smaller crystals. Coke de-
activation can be more severe for larger crystals [19]. Larger
4.2, Discussion of catalytic results pore size zeolites like zeolite X and zeolite Y are susceptible

to deactivation by coke, because the mixture of high mole-

The mechanism of aniline methylation over basic zeo- cular weight aromatic compounds formed in the supercages
lite Y was reported by Ivanova usifgC MAS NMR [24]. of the zeolite may be trapped, being too large to diffuse out
Under basic conditions aniline is not strongly adsorbed on through the smaller apertures [20]. For smaller particles, the
the surface due to methanol adsorption. Aniline is associ- diffusion of compoundsis easier and less deactivation should
ated with Lewis acid sites (cations) of the catalyst while be expected [19]. Different diffusion rates of reactants and
methanol is strongly adsorbed on basic sites (framework products inside the catalysts due to the differences in their
oxygen). lvanova et al. [24] proposed that after heating the crystal size may also explain differences in the observed lag
reaction system, methanol is dehydrogenated in basic zeotimes.
lites, forming very reactive formaldehyde, which can alky- Zeolite RHO may block the large openings in zeolite
late aniline. At low surface coverage with aniline, alkyla- X, decreasing the possibility of forming coke inside the
tion competes with side reactions leading to surface formatechannels of zeolite X. This kind of phenomenon was
species that could be responsible for fast deactivation of ba-observed for a mixture of synthetic offretite and erionite. In
sic catalysts [21,25]. these mixed systems erionite blocked the pores of offretite

N,N-dimethylation of aniline to produce NNDMA with  and good selectivity was observed [27].
X and Y zeolites exchanged with Li, Na, K, Rb, and Cs The conversion of aniline over catalyst 11-1 was the
does not occur in the case of zeolites Y [10]. The more basic lowest among all the catalysts tested. The pores of zeolite
zeolite X favors N-methylation to NMA as well as to N,N- RHO are very small (3.6 A) and aniline can not get inside.
dimethylation product. In the case of N,N-dimethylation The outer surface of RHO is available for the reaction and
stronger basic sites are required than for C-alkylation [10]. In has a much smaller surface area than internal sites. Aniline
our reactions N,N-dimethylation occurs with cocrystallized can be adsorbed on the surface of pure zeolite RHO (Table 4)
RHO-zeolite X (FAU) and the catalyst is still active over but the coverage is very small. Some conversion for RHO
a period of 10 h after which we stopped the reaction. This can be obtained; however, high deactivation occurs because
result may be due to the high basicity of the cocrystallized there is not enough aniline available to react with all the
zeolites. The SiAl ratio (EDX) for the catalysts labeled in  formaldehyde produced by dehydrogenation of methanol on
this work as C-20, C-19, C-18, C-11-1, and LTL is such that zeolite RHO. The FTIR of spent catalyst 11-1 (Fig. 5) shows
we have an order of Al of LTL > 20> 19> 18> 11-1. evidence of —CHlbands. Perhaps this catalyst is deactivated
From this result, we expect basicity of the prepared materials by the formation of surface formate.
to increase in the order LTk 20 < 19 < 18 < 11-1. Cesium cations act as templates for the synthesis of
The activity of the cocrystallized RHO-zeolite X (FAU) zeolite RHO [12]. Faujasite instead of zeolite RHO is
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obtained in the absence of cesium. In addition to being an zeolite X (FAU) as well as the LTL catalyst are active in
important cation for the cocrystallization of zeolite RHO- the N-dialkylation of aniline with methanol. Pure zeolite
zeolite X, cesium is also important since cesium creates RHO was found to be less active. No C-alkylation product
stronger basic sites than any other alkali metal [28]. The was observed. For cocrystallized zeolites, the conversion is
production of NNDMA is favored by very strong basic sites related to the presence of zeolite X (FAU). Constant activity
and by an excess of methanol [26]. for this reaction can be maintained under conditions studied
For cocrystallized zeolites, methanol reacts very easily for the cocrystallized catalyst. Higher aniline conversion
with zeolite RHO producing formaldehyde and aniline than previously reported was obtained when K,Sr-LTL was
is adsorbed on zeolite X (FAU). Both zeolites have an used instead of Na- or K-LTL.
important role in the aniline methylation reaction. A synergistic effect of cocrystallized zeolite RHO-zeolite
Zeolites Na-L (LTL) and K-L (LTL) have been studied in X was observed. Zeolite X allowed a high conversion of
aniline methylation [25] and are selective toward N-meth- aniline due to strong adsorption of aniline. Zeolite RHO
ylation. The more basic K-L is more active than Na-L, provided high dispersion of zeolite X (active sites for aniline
but both deactivate in less than 400 min. The maximum adsorption) and high activation of methanol to produce high
conversion [25] was around 30% when using K-L. Zeolite selectivity toward NNDMA, high aniline conversion, and
K,Sr-LTL gave a conversion around 60% (see Fig. 7). This high activities for longer periods of time than those reported
increase could be due to the lowey Si ratio of the zeolite for pure zeolite X.
reported here. This zeolite also does not have any sodium
ions, but has more potassium and also strontium, making it
a more basic zeolite [28]. Acknowledgments
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