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Publ i Cé’f ' Oé'at uch a process, the selectivity for DMA is improved by about twice in
comparison wnth that of the convenhonal process, i.e., the thermodynamic equilibrium process, whereas the
selectivity for TMA is reduced to about 1/5. However, since the zeolite catalyst used has an exiremely
limited selectivity for TMA and TMA returned to the reaction system shows no substantial reactivity over

so this catalyst, the productivity of TMA (relative to DMA) is limited to a very narrow range in the presence of
such catalyst. In order to solve this problem and with a view fo making it possible to produce each
methylamine at a wider range of given ratios, it has been proposed to use the conventional equilibrium-
governed type of catalyst (non-zeolitic catalyst) together with a zeolite catalyst in parallel or series
(Japanese Patent Laid-Open Publication No. 57-169445).

65 One of the characteristic features of processes for producing methylamines using zeolite catalysts is
that the reaction is carried out at a temperature lower than that applied in the prior art. This is because the
effect of molecular shape selectivity increases at a low temperature, and the amount of the by-product coke
formed decreases with a decrease in the reaction temperaturs, thus leading to an increase in the service life
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a zeolite catalyst in the catalytic production of methylamines from methanol and ammonia using a zeolite
catalyst as at least one of the catalysts applied, which comprises controlling the amount of aldshyde
compounds as impurities flowing info a zeolite catalyst layer to about 0.15 gMhrekg-cat. or lower, as
calculated in terms of formaldehyde.

45 BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings Fig. 1 is a graphical representation of the relation of the deactivation constant and
activity half-life (the period in which the rate constant of a methanol-consuming reaction decreases to half)
to the amount of formaldehyde that flow into a reactor, wherein the amount of formaldehyde is indicated as

50 abscissa and the deactivation constant b/bucuo-o (I6ft), which assumes 1 when the amount of formaldehyde
is zero, and the activity half-life 8/6cHo-0 (right) as ordinate. Fig. 2 is a flow-shest representing a preferable
example of the process according to the present invention, wherein an equilibrium-controlled non-zeolitic
catalyst is used in combination with a zeolite catalyst.

56 DETAILED DESCRIPTION OF THE INVENTION

in the production of methylamines, a small amount of compounds such as lower hydrocarbons, e.g.
methane or ethane, hydrogen, carbon monoxide, carbon dioxide, dimethyl ether, aldehydes, especially
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period in which the reaction rate constant k decreases to half, with the proviso that the methanol-consuming
reaction is a first order reaction with respect to methanol) was 25 % of that obtained with a raw material
50 containing no aldehyde compounds. The half-life was increased to 60 % by controlling the amount of inflow
to about 0.15 g/hrekg-cat. Thus, the service life of the zeolite catalyst was increased by twice or more and 4
times or more by controlling the amount of inflow of formaldehyde to 0.15 g/hrekg-cat., and 0,01 ghrekg-
cat., respectively. _
Thus, according to the present invention, a method for maintaining the activity of a zeolite catalyst in
55 the process for the production of methylamines using a zeolite catalyst as at least one of catalysts applied
has been established by controlling the amount of aldehydes esp., formaldehyde compounds, among a
number of compounds which may possibly contaminate the reaction system involved, that flow into a
catalyst layer to 0.15 ghrekg-cat. or lower, preferably 0.1 g/hrekg-cat. or lower, more preferably 0.05
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cal ctat ed May befpdin thig repgliold.  Usual |y, no probl em arises in connection with
the actu#® pu The tpagtipn conditions required when a zeolite catalyst is used are as mentioned previously.

The present invention will now be explained in more detail with reference to the following examples and

comparative sxamples.

Comparative Example 1

74 ml of Na-H type mordenite {Na content: 0.7 wi%), pellets having a diameter of about 5 mm were
packed in a 1/2B stainless reaction iube having a length of 800 mm together with an inert solid diluent
having the same particle diameter, and a mixture of ammonia, methanol, MMA, DMA and TMA
(NH3/MMA/DMA/TMA/methanol = 46.0/12.2/0.1/5.0/36.7 wt%), containing 300 ppm or 880 ppm of formal-

50 dehyde, was continuously passed therethrough at a reaction temperature of 320°C and a pressure of
19KSCG to carry out reaction. The effiuence was regularly sampled to analyze the amount of unreacted
methanol by gas chromatography and measure an activity change with time, which activity is expressed in
terms of the rate constant of the first order reaction with respect to methanol. The results are shown in
Table 1(5) and (6).
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the starting ammoni a and net hanol, provided that they are generally of

i ndustrial grade. However, it is | grd342tdegB1f or mal dehyde nay contam nate
the reaction system since not only are sonme generous standards 25 inposed
on acetyl corrpounds but any standards are not placed on fornal dehyde. In
nost casesBx@mple 1net hanol recovered from,an identical plant or a different
plant offers a good chance of cont arfi nati on w t h al dehyde conpounds. For

i nstance, t hHSIPERIA SH0A repcier 3@ patalyst %mcgmaf%f hﬂrﬂ"ﬂ'@' 'E'P"B'Gl?é?‘i"@?ﬂ'ﬁﬁ"dnt
usual |y | Jelhang copfainipg. A+ 9P pPm WW Fg‘ EH?E‘I'\I B‘ﬁs | trpah ton eantqn ainder F’Bt
of al delfy d?’"&&ﬁ%ﬁ 'S CBnEHt SBCUORONTP desit 4 AR Eenest Mﬂﬂﬁfﬁ%’"d%mﬂ
for use ashe raw material for met hyl am nes. In order to 30 neke it

possi bl e tg EE@@E(&E&&% nmet hyl amines at a wide range of production ratios,

a reactor ilable with the conventional equilibriumtype of

catal ysio i S @lihg the $aé réadiof SRR & inEoipardivb Baerhdls 1 & Ginfis Ahidhie of Amiodis! -
I'n this caggnanb fﬂmﬁOﬂMﬂ Bhd PR vas ﬂﬁgasedu»&%u ghARPIRUS? Ade? qlelsdma?aael.oﬁ brlayl ditn! S
general |y @utidion 6 o sMBitahstusilv SiPhdtiB hykirdoarbSHR shaWNGY Pdole! zmcmapa%uus%p&uwyt
the zeoli t@afga&aﬁmmegr@ghoanﬁ,aamsgmn tenperature of 400 C, it yield

f ormal dehyde nore than 10 tinmes as nuch as the zeolite catal yst at [err]).
It is tusCakipalativedxamdid®mt t he reacti on system nmay be contaminated with

al dehyde conpounds contained in the effluent |eaving the conventi onal

cat al yst r eabsingthe cainel meactor\anddetalysi &eid Goarparatjve dixaraplal if.ng simdart thigturp rof sigwTonia,

i nvent i on, methanolsMMb| RMA and EMA fconthining: the kiometicchytiataghons shows ingTablei 262).nwaks wontinu-
ext eru;d mysw ipAtsed thepughitbe sasgiomunderfthes samle redctinniRpaition® feraum o réactioni Thy resutiooft he
cat al Y580 LRetvity ghangps it frae prp stown dny eple 260 Fig. 1 in the acconpanying
drawings is a graphical view showing the results of an experinentation
carried out to study the influence of fornmal dehyde on the Iife of the
zeolite catalyst. It depicts the relation of the deactivation constant and
activity half-life (the period in which the rate constant of a nethanol -
consunm Ng reaction decreases to half) of a zeolite catalyst to the anount
of formal dehyde inflowing into a reactor. Fromthis figure, it is apparent
that there is a sharp increase in the rate of deactivation, when the 45
anount of inflow of fornal dehyde exceeds about 0.2 g/hr*kg-cat. It is also
noted that where any nmeans was not taken for preventing the reaction system
from bei ng contam nated with al dehyde conpounds, i.e., the amount of inflow
of fornmal dehyde exceeded about 0.4 g/ hr*kg-cat., the half-life of reaction
activity (the period in which the reaction rate constant k decreases to
hal f, with the proviso that the nethanol -consumng reaction is a first
order rgaction with respect to nmethanol) was 25 % of that obtained with a
raw material 50 containing no al dehyde conpounds. The half-life was
increased to 60 % by controlling the anount of inflow to about 0.15

a/ hr\*\‘g cat. Thus, the .service |life of the zeolite catal yst was increased
by twce or nore and 4 tines or nore by controlling the amount of inflow of
for mal d®hyde to 0.15 g/ hr*kg-cat., and 0,01 g/ hr*kg- cat., respectively.
Thus, according to the present invention, a nethod for maintaining the
activity of a zeolite catalyst in 55 the process for the production of

met hyl am nes using a zeolite catalyst as at | east one of catalysts applied
has beep established by controlling the amount of al dehydes esp.,

f or mal dehyde conpounds, anmong a nunber of conpounds which may possibly
contam nate the reaction systeminvolved, that flowinto a

§0
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in Comparative Example 1, more than about 0.4 g/hrekg-cat. of formaldehyde was added to a starting
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material comprising pure ammonia, methanol and methylamines, in consideration of the case where no

means was taken for the removal of impurities from the reaction system, and the material was then allowed
to react at 320°C over the zeolite catalyst (isothermal reaction) to measure the rate of deactivation. The
reaction activity was approximated by the first order reaction with respect to methanol [reaction rate



Conpar ati ve Exanple 2 10 Usi ng the sanme reactor and catalyst as in
Conparative Exanple 1, a simlar m xgpgpespéegioni a, nethanol, MVA DVA and
TMA was passed through the reactor under the sane reaction conditions with
the addition of or sinultaneously with the aliphatic hydrocarbons shown in
Tabl e 2(1). caistantrikéset)i anddhe patern of degpctivdiiam byeexpoettial deactivation fk=&& expirbt), b: deadlivation
2(1). 15 Cosprstent (1iiey) Bxchiriedim@ elgpsedddaylicThe samice e ot the catairst wast exprpssed insterims of
Conpar at i ve tRxalifitiedo- of the prtivityrhalfife (the eerisf! reuiseshionk —nib/2k) ith Irespetie thexstarting d
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activity aasbyaBut @xinies! Bifls Bdfrebgordsf tb laStata6t0Rs of &A6ikg &8512bbIt dRe IV8& R AdngérOwhich is
met hanol [ r eadjuatéln saisfhdoryfrom the industrial point of view.
in Comparative Examples 2 and 3, similar influences were measured using carbon-containing com-
pounds other than aldehydes, which may possibly contaminate the reaction system, viz., aromatic and
-\/. aliphatic hydrocarbons. These compounds have no substantial influence upon the catalyst life, even when
20 thoy are present in an exceedingly large amount as compared with the formaldehyde compounds. It is thus
clearly appreciated that only the aldehyde compounds have a specific influence upon the catalyst life even
in trace quantities.

Comparative Example 4
25

About 60 ml of cylindrical Y type zeolite (HY) of about 3 mm in diameter and about 10 mm in length
were packed in the reaction tube as used in Comparative Example 1 together with an inert solid diluent of
about 5 mm in diameter, and similar starting materials as in Comparative Example 1, now containing 300
ppm or 2000 ppm of formaldehyde, were allowed to react continuously under the same conditions. The

30 results of activity changes with time measured are shown in Table 3(3) and (4).

Example 2
Using the same arrangement as in Comparative Example 1 and the same catalyst as in Comparative
35 Example 4, a similar mixture of ammonia, methanol and methylamines, containing 0 to 90 ppm of

formaldehyde, was continuously passed through the arrangement to carry out reaction. The resulis of
activity changes with time measured are shown in Table 3(1) and (2).

50
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1. A method for maintaining the activity of a zeolite catalyst in the catalytic production of methylamines
from methanol and ammonia using a zeolite catalyst as at least one of catalysts applied, which
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1. A method for maintaining the activity of a zeolite catalyst in the catalytic production of methylamines
from methanol and ammonia using a zeolite catalyst as at least one of catalysts applied, which
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met hanol et d' soterdestengaurer Katalysator zusammen mit dem Zeolithkatalysator verwendet wird.

~ 8. Vertahren nach einem der vorhergehenden Ansprliche, dadurch gekennzeichnet, daB die Menge an
40 Aldshydverbindungen auf 0,01 g/h.kg-Kat. oder darunter kontrolliert wird.

6. Verfahren nach einem der vorhergehenden Ansprliche, dadurch gekennzeichnet, da8 die katalytische
Herstellung von Methylaminen aus Methanol und Ammoniak bei den Bedingungen bei einer Tempera-
tur von 230 bis 350°C, einem Druck von 1 bis 50 atm, einem N/C-Verh#ltnis {Zahlenverhiltnis von

45 Stickstoffatomen zu Kohlenstoffatomen) von 1 zu 3, einer Raumgeschwindigkeit von 600 bis 2000/h und
einer Methanolumwandlung von 80 bis 88% durchgefihrt wird.

Revendications

50 1. Méthode pour maintenir I'activité d'un catalyseur zéolitique dans la production catalytique de méthyla-
mines 3 partir de méthanol et d'ammoniac en utilisant un catalyseur zéolitique en tant que f'un au
moins des catalyseurs appliqués, qui consiste & limiter la quantité d'aidéhydes entrant comme
impuretés dans un lit de catalyseur zéolitique & 0,15 g/h.kg-cat. ou moins, comme calculé en
formaldéhyde.
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2. Méthode selon la revendication 1, dans laquelle le catalyseur zéolitique est un tel catalyseur qui
présente une sélectivité envers la forme moléculaire favorisant la formation de monométhylamine ou de
diméthylamine & partir de méthanol et d'ammoniac.
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atomes d'azote aux atomes de carbone) de 1 & 3, d'une vitesse spatiale de 600 & 2000/h et un taux de
conversion du méthanol de 80 & 98 %.
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