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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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RCH;OH < RCH = O + Hp

RCH = O + NHs < RCH = NH + H,O

RCH = NH + Hy, <> RCHsNHo

RCH = O + RCH2NH; < RCH = NCH2R + H2O
RCH = NCHsR + Hy < (RCH,):NH

RCH = O + (RCHy)s:NH + Hy <> (RCHbs)sN + H,O
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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 (c¢) 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 6.5x 7.0%[001]8 2.6 x 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%**
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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/l.u SBZE’II* Micropor}e Xolume
ratio (m'g") (cm’g™)
HMORS 8 550 0.21
HMOR10 10 556 0.21
HMOR17 17 555 0.21
HMORI110 110 567 0.21
HBEA9 9 698 0.19
HBEAI11 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
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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) HBEA12.5, (¢) HBEA25, (d) HMORI10,
(e) HMOR16.7 and (f) HMOR110.

4.0_ Si-O-Al ZF—Z/\]— ]}\1 oLEu]

9] opo] ashe A ehiie, BasHE A4e] ool
2] uhel F iA B Lkl 129 27171 7
el HEH18). 53] HBEAA] elo] E4 SYAL 117} 1109]

A&t EoAlis JAb ¥t Ao waEA ekt o] 2
o Al ool e Al Bargel A9 g7l HE
oz ¥ & Uk

o

3.2. ool &y
3.2.1. MZ20|E 715 2700 wE o 2ol &y

Si/Al H]7} H]$=8F MOR, BEA, FAU #|&2to]E AbelA] o
e opulsikgo] A dEel EEeh o] HEg W HAEE
WSS Table 30 Ueth AgHs Swolx= ablo] AlY
s, Al 2 FHEA7E EAEE FAU XﬂiﬁerlEﬂ 74
T AFEE BT shAIRE o] 2]t 2 AFEL- ol
o 79 AFRT= o] Ola‘ki}‘ﬂ?" | ¢Js DEE7} +=
A e = 71918 o] gk 2 oflehE 3RS ZH7te] A
o] EV} zh= ] Halof «]t?l‘jri Eai e i
FA717F 7.4 A9 32+ %9] FAU xﬂiE}OlEh En=a s
E FAR A4 7 EAE 7L e EE 2t o
ghgo] 3k Bx}o] DEEZ o|F3let = Q= Fw38 Fho] 9l
7] Wit ® AARI Ao A Beke] 1k 12-118]

7185 2= MOR Fjj= of[ghE 2 3217} o] st 7] o= -
=3 ¥Fo® DEE A4do] w9 ofeleixivka & <+ Qlvk
BEA Al&2}o] Ex= MOR, FAU F7F 4718 §4] 35 21
wo] F1F #ke] DEE HE s BojFal glok Athal e s 1]
528k SYAL M & Zh= AlEEto] E Follx] HBEA Al&eto]E7}L
HMOR A Z2}o|E B} 2 A& 7MA= 31 DEERZ
o] AgHgo] 2204 49%7HA] %2 v 711ek= Zlolth

offlo o] 7} & A3E Mol AlEElo]EE MORZA]
o}zl © Z o] MENt FEALS. TRalA o] Q)= A &Elo|EV) S 3h)
= A Yujgity dA R o % oyl o2 o] HE == MOR, BEA,
FAU 0% el DEEZS] HEks 9¢o R vepdth

o= ZFAFA o] EA3th= AL oyl o 7 o] Melro] Sk
DEER 9] MeS okrbplo] frefsiths 21s ofu]dith

3.2.2. HMOR HNIZ2I0|E oA of2otelel g

opRl o7 o] M E7}F 9-435ld HMOR ZFHul ol A thek
gk SyAl v wE S o] JFFS %J%EJ] 213l Si/Al W
7} 7.5, 10.0, 16.7, 110.0 91 HMORZ o] -&3}o] o] gh& o}l
PSS Tkl th(Figure 4). WHE-AIZE 6417714 Sl 2
A BrEA] ekskeh A el B gk 6417 $-9]
of AgE 9 olvle] METE Table 3o 43It}

7

Q.
=
38 =oAL SyAl B)7} 71 W& HMOR7.5 A&
P e A8g 9 MEAC R 9| Melwr} 7h3
. HMORI110Q! 7Z-9-+= 32 Si/Al H] 2 <13l AF

i r_>¢ r&i

2

:::4‘
N
-

e
A ekt
o $EHOZ e AFEo] vhF HPAT MEAZC] A
SE 5T%E FS ghe et ol9e e B A
S Lol SR APl BREE 500°C F29)

=

o @ n%i i



Clean Tech., Vol. 14, No. 2, June 2008 91

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, WHSYV = 2.46 h"', and NH;/ EtOH = 3

Sample EtOH conversion Conversion to EAs Selectivites to EAs (C%) Selectivity to
(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
HMOR16.7 37.6 23.0 50.4 11.2 61.6 2.6 14.7
HMORI110 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
HBEAI11 42.7 25.2 359 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 ; HMOR7.5 (@), HMOR10 (A), HMOR16.7 (¥), and HMOR110 (@) at
2.46 h' WHSYV, and NH; / EtOH = 3. (a) Conversion to EAs, 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 (M), HBEAI12.5 (@), HBEA25.0 (A), and HBEA100 (¥) at 2.46 h'

WHSYV, and NH;/EtOH =

3. (a) Conversion to EAs, and selectivities to (b) MEA,

(c) DEA, (d) MEA+DEA, (¢) TEA, and (f) DEE.
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Figure 6. Ethanol amination as a function of time on stream over HFAU zeolites with different
Si/Al ratios; HFAU15 (M), HFAU30 (@) and HFAUIS0 (A) at 2.46 h' WHSYV, and
NH;/ EtOH = 3. (a) Conversion to EAs, and selectivities to (b) MEA, (c) DEA, (d) MEA+

DEA, (¢) TEA, and (f) DEE.

SHAM
=k}

3.2.4, HFAU HI22t0|E &oilA ofZotal

Si/Al H]7} 15, 30, 11021 HFAU A|&-glo] E Ao A] oere
9] oplghik-g-o digt AE Table 37} Figure 6° |3}
itk oke] Al4¥ 9 HMOR, HBEA A|&eglo]Ee] 1|3
HFAU Al&efo] E= 7o) A9 gl Al&eto|ER e
A QITH18]. cehEe] A& tE Al&efo|Eof vl3)] m2
S JERIAIRE olebgo] w2 oFo] o]gFsik-gof o]
DEEZ &= glon oppl oz o] Age Audez 71 v
2 7S YRt HFAU15Q1 7§ oflghg-2] d3h&o] 66%
oA olwl o 7 o] HEE-L 15% HE O DEERS] Helri=
61%0l 2atch.

HMOR, HBEA, HFAU A &glo]E
2ol A oRekst SyAl v, 7]l dAd" gz ost T4

g

WeE R ohushihee Atk ol
S0 SUAL WI7E Z7Fa] ket Al Setol =] A

(o3

SRE
o M¥

1717} Zraskglen, il A1719] S7H= MEA, DEAZ]
A=l vl AAE Hef Folon 747e] 7w Agel A
w5 o] S7ke] s clle&e] o#Fek-e- o= DEE A1
Hl7h SR 7] e aell uHE MEA, DEAS] AdE|=
Ad Fefo] 129 735 2k 7P vk 54 §-9)9] HMOR
Azl E7F 7HE & ghE HERITE

=z o T

=

& Al

=< 20068HA %=

o 2208ty Sed T2 Axtd e o
T AHF T

3]



94

10.

FEl=, M14H A2z, 20085 62

ks

. Hayes, K. S., "Industrial Processes for Manufacturing Amines,"

Appl. Catal. A: Gen., 221, 187-195 (2001).

. Veefkind, V. A.,, Smidt, M. L., and Lercher, J. A., "On

the Role of Strength and Location of Bronsted Acid Sites for
Ethylamine Synthesis on Mordenite Catalysts," Appl. Catal.
A: Gen., 194, 319-332 (2000).

. Veefkind, V. A. and Lercher, J. A., "Zeolite Catalysts for

the Selective Synthesis of Mono- and Diethylamines," J.
Catal., 180, 258-269 (1998).

. Corbin, D. R., Schwarz, S., and Sonnichsen, G. C., "Methylamines

Synthesis: A Review," Catal. Today, 37, 71-102 (1997).

. Jeon, H.-Y., Shin C.-H., Jung H. J., and Hong, S. B.,

"Catalytic Evaluation of Small-Pore Molecular Sieves with
Different Framework Topologies for the Synthesis of
Methylamines," Appl. Catal A: Gen., 305, 70-78 (2006).

. llao, M. C., Yamamoto, H., and Segawa, K., "Shape-Selective

Methylamine Synthesis over Small-Pore Zeolite catalysts," J.
Catal., 161, 20-30 (1996).

. Swell, G. S., O'Connor, C. T., and van Steen, E., "Effect of

Activation Procedure and Support on the Reductive Amination
of Ethanol Using Supported Cobalt catalysts," J. Catal., 167.
513-521 (1997).

. Swell, G., O'Connor, C., and van Steen, E., "Reductive

Amination of Ethanol with Silica-Supported Cobalt and
Nickel Catalysts," Appl. Catal A: Gen., 125, 99-112 (1995).

. Rode, C. V., Arai, M., and Nishiyama, Y., "Gas Phase

Hydrogenation of Acetonitrile over Alumina- and Silica-
Supported Platinum Catalysts," J. Mol. Catal. A: Chem., 118,
229-234 (1997).

Median, F., Dutartre, Tichit, D., Coq, B., Dung, N. T., and
Salagre, P., "Characteization and Activity of Hydrotalcite-

11.

12.

13.

14.

15.

16.

17.

18.

Type Catalysts for Acetonitrile Hydrogenation," J. Mol.
Catal. A: Chem., 119, 201-212 (1997).

Cabello, F. M., Tichit, D., Bernard, C., Vaccari, A., and
Dung, N. T., "Hydrogenation of Acetonitrile on Nickel-based
Catalysts Prepared from Hydrotalcite-like Precursors," J.
Catal., 167, 142-152 (1997).

Dung, N. T., Tichit, D., Huong, B. C., and Coq. B., "Influence
of the Thermal Treatments of (Ni+Mg)/Al Layers Double
Hydroxide in the Hydrogenation of Acetonitrile," Appl.
Catal. A: Gen., 169, 179-187 (1998).

Li, H, Wu, Y., Luo, H, Wang, M., and Xu, Y., "Liquid
Phase Hydrogenation of Acetonitrile to Ethylamine over the
Co-B Amorphous Alloy Catalyst," J. Catal., 214, 15-25
(2003).

Baerlocher, Vh., McCuskr, L. B., and Olson, D. H., Atlas of
Zeolite Framework Types, 6th Ed., Structure Commission of
the International Zeolite Association, 2007.

Treacy, M. M. J. and Higgins, J. B., Collection of Simulated
XRD Powder Patterns for Zeolites, 5th Ed., Structure
Commission of the International Zeolite Association, 2007.
Kaeding, W. W. and Butter, S. A., "Production of Chemicals
from Methanol: 1. Low Molecular Weight Olefins," J.
Catal., 61, 155-164 (1980).

Abraham, A., Lee S.-H., Shin C.-H., Hong S. B., Prins, R.,
and van Bikhoven J. A., "Influence of Framework Silicon to
Aluminum Ratio on Aluminum Coordination and Distribution
in Zeolite Beta Investigated by *’Al MAS and “’Al MQ MAS
NMR," Phys. Chem. Chem. Phys., 6, 3031-3036 (2004).
Chung, K.-H., Chang, D.-R., and Park, B.-G., “Removal of
Free Fatty Acid in Waste Frying Oil by Esterification with
Methanol on Zeolite Catalysts,” Biosour. Technol., in press,
2008.



