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Abstract : The catalytic properties of large pore zeolite (mordenite, beta, and Y) with 12-membered rings were
comparatively evaluated in the synthesis of diethylamines from ethanol amination. The number of strong acid
sites, which obviously promoted the formation of mono- and diethylamines, was decreased with the increase of
Si/Al ratio of the zeolites that were used. H-beta and H-Y zeolites with multidimensional pore channels
favorably formed diethylether by the dimerization of ethanol, due to their large cage volumes and low acid
strength. On the other hand, H-mordenite which has one dimensional straight channel was shown to be suitable
for the formation of mono- and diethylamine which are well known as the useful intermediates of fine chemicals.
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Figure 1. Typical powder XRD patterns of (a) H-mordenite
(MOR, Si/Al = 10), (b) H-beta (BEA, Si/Al =
10.5) and (¢) H-Y (FAU, Si/Al = 15) zeolites used
in this study.
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Table 1. Topology of zeolite catalysts used in this study

Sample IZA code Channels

HMOR MOR  [001]12 6.5 x 7.0%[001]8 2.6x 5.7%%*
HBeta  BEA  <100>12 6.6x 6.7%%[001]12 5.6 x 5.6*

HY FAU <111>12 7.4 x 7.4%%*

w2 ujEdd 9 HF F9E 23 o FAU A0l EX
MOR A|2e}o]l B9l FAFSE Ao 2 Si/Al H]7} WSt = v
FUA 9 HF 29 840 m* g, 0.27 cm®g' 2 A3 g
< Ho] Foh AT BEA Al=Eto] EL] ¢ SVAl W7} 9
o wjo) mEWA W AFHEIE SYAl ¥]7} 1109 B¢ ®ok
Z}z} oF 10% 7+43 565 m>-g”’, 0.16 cm®-g'& VERITHT.
MOR A|-gelo|Ee] v|HH 4 W v|A7|FRIH7 F2 dhs B
ol A& 12-18) 71T AYE AW 33 TFEE 2 BEA,
FAU #A|&glo|ERT} 7|F A do] 12-318] +27F A 722
suwt A8t 12-38] 70| 8-38] 137t LA FEHE &
Aehs 722 Holideo 7118k ALE Bl

Figure 2= o|gh-&2] opwlgiik-g- 2-%-2] HMORI10 A&}
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HMORI10 A&l EE F7] FollA b50°CollA 4AIZF 27
3 Aol ER slerE &7 o]l 0 ¥ 55 ppme e F
Mo ¥ A7) yERTh 0 ppm F-22] vaE EEA w9
% &Fulg, 55 ppm oA 9 ) A= APRA bl 93 &
FO2 7|E T3 AHe} F X TrH16]. °o] ANEHRH
&4 & 9t 2& HMOR A &holEof| EA8= e 45
Fol Alggto|E F2U S AbEA YAl BF SR AL
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Figure 2. “’Al MAS NMR spectra of (a) H-MOR (Si/Al

= 10) after ethanol amination at 350°C and (b)
H-MOR before reaction.
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Table 2. BET surface area and micropore volume of H-form
zeolites used in the ethanol amination

Sample Si/{ﬂ SBZE’II" Micropor;a‘ Xolume
ratio (m°g") (cm'g )
HMORS 8 550 0.21
HMORI10 10 556 0.21
HMOR17 17 555 0.21
HMORI110 110 567 0.21
HBEA9 9 698 0.19
HBEA11 11 662 0.18
HBEA27 27 620 0.17
HBEA110 110 565 0.16
HFAU15 15 841 0.27
HFAU30 30 846 0.27
HFAU180 180 845 0.27

Lolel 722 gdA 71A EA AlodlE oA AMEA w2
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Figure 3. NH;-TPD profiles of H-beta (BEA) and H-mordenite
(MOR) zeolites with different Si/Al ratios: (a)
HBEAS, (b) HBEAI12.5, (c¢) HBEA25, (d) HMORI10,
(¢) HMOR16.7 and (f) HMOR110.
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Table 3. Steady-state conversion and product distribution from synthesis of ethylamines over HMOR, HBEA,
and HFAU zeolites with different Si/Al ratios at 350°C, WHSV = 2.46 h’, and NH; / FtOH = 3

Selectivites to EAs (C%)

Sample EtOH conversion Conversion to EAs Selectivity to
P (mol%) (C%) MEA DEA MEA +DEA TEA  DEE (mol%)
HMOR?7.5 52.6 46.6 73.3 11.6 84.9 2.7 0.7
HMOR10.0 44.7 38.0 69.3 11.9 81.2 2.3 0.9
HMORI16.7 37.6 23.0 50.4 11.2 61.6 2.6 14.7
HMOR110 6.6 4.2 57.1 6.1 63.2 0.7 4.6
HBEA9 66.8 41.9 42.5 18.9 61.4 5.5 22.2
HBEA11 42.7 25.2 35.9 17.6 53.5 8.1 26.5
HBEA27 32.0 12.9 23.1 12.4 35.5 8.1 48.8
HBEA110 15.4 11.5 69.7 9.7 79.4 0.9 8.7
HFAU15 66.4 15.4 24.7 6.4 31.1 0.7 61.3
HFAU30 27.3 13.9 51.3 9.3 60.6 0.5 28 .4
HFAU180 1.5 0.6 40.1 - 40.1 - -
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Figure 4. Ethanol amination as a function of time on stream over HMOR zeolites with different
Si/Al ratios; HMOR?7.5 (@), HMOR10 (A), HMOR16.7 (¥), and HMOR110 (@) at
2.46 h' WHSV, and NH;/EtOH = 3. (a) Conversion to FAs, and selectivities to (b) MEA,
(c) DEA, (d) MEA+DEA, (e) TEA, and (f) DEE.
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Figure 5. Ethanol amination as a function of time on stream over H-beta zeolites with different
Si/Al ratios; HBEAS.0 (), HBEA12.5 (@), HBEA25.0 (A), and HBEA100 (V) at 2.46 h
WHSY, and NH;/EtOH = 3. (a) Conversion to EAs, and selectivities to (b) MEA,
(c) DEA, (d) MEA+DEA, (e) TEA, and (f) DEE.



(e)

Selectivity to TEA (C%)

Selectivity to DEA (C%)
N
<

- R S
O A A A A A A A a
100
o 8- (a)
< 60-
8 _
§ 40
E 0.
S TPttty
O_iA=A_—_+=A=nA,==A.=AT—A— ——— -
0 50 100 150 200 250 300

Time on stream (min)

Selectivity to MEA + DEA (C%) Selectivity to DEE (C%)

Selectivity to MEA (C%)
™
=

Clean Tech., Vol. 14, No. 2, June 2008 93

100
50- 0
m A g gy pWEm g
60 -
poTt e o oo
40' oo \.___./ 1
20-
OAA;"A'AIA'AlA" , I
100
s0- (@
60 -
o et "0 TTe_o—¢
40 A=<42200 O,
ZO;P.““.\.,__. ~m—g I.H_./l lh.____.__#.___.._-i
0
100

(b)

xR
o

|
i S S e

=~
CD

-h--.._

N
o

0 T T T T T T T T T T T
100 150 200 250 300

Time on stream (min)

0 50

Figure 6. Ethanol amination as a function of time on stream over HFAU zeolites w1th different
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