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Abstract: A series of modified ZSM-5 catalysts for 2,6-lutidine synthesis through catalytic amination of acetone and methanol were pre-
pared by a transition metal doping method. The catalyst 6%Pb-0.5%Fe-0.5%Co0/ZSM-5(200) with good performance in the reaction was
selected on a fixed-bed reactor. The reasons for the improvement of the catalyst performance by doping transition metals into ZSM-5 were
discussed. The effects of reaction temperature, molar ratio of ammonia to methanol, composition of raw materials, and residence time on the
catalytic performance of the catalyst were studied. Acetone conversion and 2,6-lutidine yield reached 67.6% and 40.3%, respectively, when
the reaction was run at 450 °C for 20 h under the conditions of atmospheric pressure, the molar ratio of ammonia to acetone to methanol of
2:2:1, the volume content of water of 40%, and the residence time of 5.5 s. With the time extension, the performance of the catalyst got dete-
rioration gradually and the yield of 2,6-lutidine dropped to 23% after a time on stream of 42 h. The catalyst activity could be recovered
largely by air oxidation on line. The possible reasons for the deterioration of the catalyst performance were discussed.
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Table 1 Catalytic performance of the catalysts

Catalyst Conversion of Selectivity (%) Yield of Yield of pyridine
acetone (%)  2,6-Lutidin  Pyridine 2-Picoline Collidines  2,6-lutidine (%) bases (%)
HZSM-5(200) 67.8 23.0 1.0 0.3 5.8 15.6 20.4
6%Cu/ZSM-5(200) 69.3 30.7 14 1.8 7.7 213 28.3
6%Fe/ZSM-5(200) 69.4 34.6 14 21 55 24.0 30.2
6%Pb/ZSM-5(200) 66.7 39.8 1.7 0.2 9.7 26.5 34.2
6%Co/ZSM-5(200) 69.8 35.9 1.6 25 3.6 25.0 30.4
6%Ni/ZSM-5(200) 66.7 343 1.0 25 4.0 231 28.2
6%Pb-0.5%Cu/ZSM-5(200) 68.5 40.5 1.8 3.2 4.1 27.7 33.9
6%Ph-0.5%Fe/ZSM-5(200) 69.0 438 1.7 0.6 5.9 30.2 35.9
6%Pb-0.5%Co0/ZSM-5(200) 68.4 42.0 15 2.3 4.9 28.7 34.7
6%Pb-0.5%Ni/ZSM-5(200) 68.6 40.7 1.7 1.9 35 27.9 32.8
6%Pb-0.5%Fe-0.5%Co0/ZSM-5(25) 48.9 48.7 5.3 3.2 10.9 238 333
6%Pb-0.5%Fe-0.5%Co/ZSM-5(80) 64.6 50.7 14 34 75 32.7 40.6
6%Pb-0.5%Fe-0.5%Co/ZSM-5(200) 67.6 59.6 25 4.0 7.3 40.3 49.6
6%Pb-0.5%Fe-0.5%C0/ZSM-5(300) 70.0 51.4 5.1 2.1 9.8 36.0 47.9

Reaction conditions: 0.1 MPa, 450 °C, ammonia:methanol molar ratio = 2, residence time 5.5 s, water content 40%, acetone:methanol molar ratio = 2.

*The data in parentheses are the molar ratio of Si to Al.
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Table 2 Structural properties of the catalysts determined by N, ad-
sorption-desorption analysis

Catalyst AE;ET V3 do
(m%g) (cm’/g) (nm)
HZSM-5 279 0.20 4.0
6%Pb/ZSM-5(200) 253 0.18 4.3
6%Pb-0.5%Fe-0.5%Co0/ZSM-5(200) 256 0.20 5.1

6%Pb-0.5%Fe-0.5%C0/ZSM-5(200) (used) 141 0.17 6.1
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Fig. 1.

N, adsorption-desorption isotherms (a) and distribution of pore size (b) of the catalyst samples. (1) HZSM-5(200); (2) 6%Pb/ ZSM-5(200);

(3) Fresh 6%Pb-0.5%Fe-0.5%Co0/ZSM-5(200); (4) Used 6%Pb-0.5%Fe-0.5%Co/ZSM-5(200).
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Fig. 2. IR spectra of pyridine adsorbed on the catalysts. (1) TR B R0 2 Ok DR RE A 5 Bk e i i 3 A (L

HZSM-5(200); (2) 6%Ph/ZSM-5(200); (3) Fresh 6%Pb-0.5%Fe-
0.5%C0/ZSM-5(200); (4) Used 6%Pb-0.5%Fe-0.5%C0/ZSM-5(200).
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Table 3 Effect of temperature on the performance of 6%Ph-0.5%Fe-0.5%Co/ZSM-5(200) catalyst

Reaction Conversion of Selectivity (%) Yield of Yield of
temperature (°C) acetone (%) 2,6-Lutidine Pyridine 2-Picoline Collidines 2,6-lutidine (%)  pyridine bases (%)
430 61.4 42.0 1.3 2.8 6.8 25.8 325
440 65.2 50.3 1.9 2.7 7.1 32.8 40.4
450 67.6 59.6 25 4.0 7.3 40.3 49.6
460 83.9 39.7 1.1 2.1 6.5 33.3 41.4

Reaction conditions: 0.1 MPa, ammonia:methanol molar ratio = 2, residence time 5.5 s, water content 40%, acetone:methanol molar ratio = 2.
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Table 4 Effect of molar ratio of ammonia to methanol on the reaction

. Conversion of Selectivity (%) Yield of Yield of
acetone (%) 2,6-Lutidine Pyridine 2-Picoline Collidines 2,6-lutidine (%)  pyridine bases (%)
171 73.6 42.0 2.7 34 6.9 30.3 39.7
2/1 67.6 59.6 25 4.0 7.3 40.3 49.6
31 60.0 65.2 35 2.9 11.8 385 49.2
4/1 56.0 65.0 35 3.0 10.7 36.4 46.0

Reaction conditions: 0.1 MPa, 450 °C, residence time 5.5 s, water content 40%, acetone:methanol molar ratio = 2.
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Fig. 3. The possible mechanism for the synthesis of 2,6-lutidine by methanol and acetone.
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Table 5 Effect of molar ratio of acetone to methanol on the reaction

ol Conversion of Selectivity (%) Yield of Yield of pyridine
acetone (%) 2,6-Lutidine Pyridine 2-Picoline Collidines 2,6-lutidine (%) bases (%)
11 47.4 455 3.7 55 5.7 21.6 28.7
1.75/1 7.7 43.1 1.8 1.8 6.8 335 41.6
2/1 67.6 59.6 25 4.0 7.3 40.3 49.6
3/1 63.7 53.5 2.2 2.0 9.7 34.1 43.0

Reaction conditions: 0.1 MPa, 450 °C, ammonia:methanol molar ratio = 2, residence time 5.5 s, water content 40%.

0o W R 2,6- PRI mE o Bk S i T R axX
S FH RO A G R R E 1, 3 TR, 2 43 F A
H1prHEabiK. BE. 24, 45, s
B 2,6-  FUEENERE . 2 F R S, R AR (L) Bos
) 2 I8 1290, 2 P L e 3 8 09 s i A R I
W) o 2B 4 5 (2) s B e 2B, = LG e 3k % v
A B IN. DRLk, BA 3 PR I B R 2K L 201, PR SEEG
Skl <

Cat
CH3COCH3 + 3CH30H + NH; ——
AN

| _J + Hy,+ 4H0 1)
HoC” N
3 CHCOCH; + NH; —C2L o

Hs

X

| _ + CHy *+ 3H,0 2

HsC” "N” “CHj

224 BKERFN

6 kK I N R AR P RE Y s .\ L
B B A 1RGN, T8 R e Ak e 38 PRI, 2,6-
PR NG I 32 P R 88 T T v, 2 7K % B8 40% I, T8 8
K, A 59.6%; 4k L3 K &, XIFR TR BEL R
W B3O N7 A IR K 25 R e B L S I 3 R R AR Ak
T T AR 1R 77 28, AR T o R A A 00 1k DL & AL
BREIEPERE MR E . AN K A, 5 A B A e Bt
T AR, BRAR T A6 003S PEPR B, 48
J A A A TR A0 2 T HEAT, A4 R K I = F S ik e
e BRI KN K 2, RN E R R, I
T8 A A, DRI, 4 K AR 4 B 40% I A R i
B, DUR S5 38 16 B N K £
225 {=EBTEHIF N

* 7 A5 W R X 6%Pb-0.5%Fe-0.5%Co/

Fz6 KA E X R B0

Table 6 Effect of loading amount of water on the reaction

Volume of Conversion of Selectivity (%) Yield of Yield of pyridine
water (%) acetone (%) 2,6-Lutidine Pyridine 2-Picoline Collidines 2,6-lutidine (%) bases (%)

0 98.8 31.0 1.6 3.6 18.3 304 53.4

15 96.5 36.6 19 5.8 14.8 354 57.2

30 75.1 45.9 2.0 9.0 9.9 345 50.2

40 67.6 59.6 25 4.0 7.3 40.3 49.6

50 66.5 57.9 7.0 43 9.7 38.5 52.5

Reaction conditions: 0.1 MPa, 450 °C, ammonia:methanol molar ratio = 2, residence time 5.5 s, acetone:methanol molar ratio = 2.
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Table 7 Effects of residence time on the reaction
Residence Conversion of Selectivity (%) Yield of Yield of pyridine
time (s) acetone (%) 2,6-Lutidine Pyridine 2-Picoline Collidines 2,6-lutidine (%) bases (%)
2.8 52.6 57.4 5.6 35 10.9 30.2 40.7
4.6 59.1 55.7 3.7 3.3 9.5 329 42.6
55 67.6 59.6 25 4.0 7.2 40.3 49.6
8.0 75.9 48.9 4.1 8.3 9.2 37.1 53.5

Reaction conditions: 0.1 MPa, 450 °C, ammonia:methanol molar ratio = 2, water content 40%, acetone:methanol molar ratio = 2.
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Fig. 4. Stability of the fresh and regenerated catalysts. (1), (2) Con-
version of acetone; (3), (4) Yield of 2,6-lutidine. Reaction conditions:
0.1 MPa, 450 °C, ammonia:methanol molar ratio = 2, residence time
5.5 s, water content 40%, acetone:methanol molar ratio = 2.
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Fig. 5. XRD patterns of the samples. (1) HZSM-5(200); (2) Fresh
6%Pb-0.5%Fe-0.5%C0/ZSM-5(200); (3) Used 6%Pb-0.5%Fe-0.5%Co/
ZSM-5(200).
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