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Preparation of Highly Dispersed Ru/MMT Catalyst and Its Catalytic
Activity for Quinoline Hydrogenation

ZHOU Limei*?, FU Haiyan', LI Qiang*, CHEN Hua"", LI Ruixiang®, LI Xianjun*
Key Laboratory of Green Chemistry and Technology of the Ministry of Education, Institute of Homogeneous Catalysis,
College of Chemistry, Sichuan University, Chengdu 610064, Sichuan, China
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Abstract: A highly dispersed montmorillonite-supported Ru catalyst (Ru/MMT) was prepared by the ion-exchange method and characterized
by X-ray diffraction, X-ray photoelectron spectroscopy, temperature-programmed reduction, and high resolution transmission electron mi-
croscopy. The results showed that Ru was well dispersed on the montmorillonite interlayers, and the average size of Ru particles was about 2
nm. The catalyst exhibited high activity in the hydrogenation of quinoline under the mild reaction conditions (60 °C, 2 MPa H,, and H,O as
solvent). The conversion of quinoline was 99.2% and the selectivity for 1,2,3,4-tetrahydroquinoline was 96.4%. When the temperature and
hydrogen pressure were increased to 140 °C and 3 MPa, respectively, quinoline could be directly hydrogenated to decahydroquinoline with
the selectivity up to 98.1%.

Key words: montmorillonite; ruthenium; heterogeneous catalysis; quinoline; hydrogenation; 1,2,3,4-tetrahydroquinoline; decahydroquino-
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mol/L) & 18 ml 7K, 7 — e E FHi+k 24 h j5 ik
JE, JKPE R AgNO; % K A A3 CIP24 1k, 75 60 °C
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Fig. 1. XRD patterns of the Ru/MMT catalysts prepared at different
ion exchange temperatures.
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Fig. 2. Ru 3d XPS profile of the Ru/MMT (70 °C) catalyst.
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Scheme 1.

TN & B 7w B B
Hydrogenation of quinoline.

(a) HRTEM image of the fresh Ru/MMT catalyst; (b) EDS analysis of the fresh Ru/MMT catalyst; (c) HRTEM image of the RuU/MMT cata-

THQ, 11 5 75 F & i »° B A7 W 45 F 1 4 &
5,6,7,8-THQ. #2585 i % 471 4 Ru 4 K s 1 i
A4 Wbk 0 2 S R LB EAT T BRSO, DAk R S R
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JeR AV PR BRI, T DA RO R A
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IV W) A A A 700 3 1T 100 W8 B P AR AN ) Mot v, Al
HE AR T 3 R DR R B, Woin &0 P45 j A 1,2,3,4-
THQ, R — 2 &2 B DHQ, J A #Min i 46 51,
4 i3 £ DHQ®.
2.2.1 7 & X E R N SR R BY 52 0
SN FEE s 1 R 0T W D S S Y. PR 5 )
WM 1R, R AW, EEAK T 60 °C K, Mk
A 22 I A5 W FE 1 T v i AR 3R T, T 1,2,3,4-THQ
R MEAR AN K (1 98.4% 45 96.3%). i JE N
60 °C I, MEIbRFE b R ik 31 99.2%, 1,2,3,4-THQ (1%
PEVEN 96.4%. i Tt £ 90 °C I, MERpk AL AL 2%

F1 RMERE. EAMBT RUMMT 447 L W0 S R 5 &0
Table 1 Effect of reaction temperature, hydrogen pressure, and solvent on the hydrogenation of quinoline over the Ru/MMT catalyst

Selectivity (%)

Temperature (°C) p(Hz)/MPa Solvent Conversion (%)

1,2,3,4-THQ 5,6,7,8-THQ DHQ
20 2 H,O 345 98.4 11 0.5
40 2 H,O 74.8 96.3 25 1.2
60 2 H,O 99.2 96.4 21 15
90 2 H,O 99.2 89.3 3.2 75
60 1 H,O 71.9 95.8 3.0 11
60 3 H,O 99.8 94.8 2.2 3.0
60 2 CH;OH 98.7 975 13 11
60 2 i-PrOH 60.3 97.2 1.6 1.3
60 2 tetrahydrofuran 29.0 97.3 1.2 15
60 2 cyclohexane 18.0 97.3 1.6 11

Reaction conditions: Ru 0.0036 mmol, quinoline 0.25 ml (2.1 mmol), solvent 1.75 ml, 3 h.
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Wk N 2 1) 55 A 7] S 78 O3 i A, AT i AR e v
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Table 2  Effect of ion exchange temperature on the hydrogenation of
quinoline over the Ru/MMT catalyst

lon exchange  Conversion
temperature (°C) (%)

Selectivity (%)
1,2,3,4-THQ 5,6,7,8-THQ DHQ

25 53.9 98.5 0.8 0.7
40 72.8 97.3 1.8 0.9
55 94.3 98.3 11 0.6
70 99.2 96.4 2.1 15

Reaction conditions: Ru 0.0036 mmol, quinoline 0.25 ml (2.1 mmol),
solvent H,O 1.75 ml, p(H,) = 2.0 MPa, 60 °C, 3 h.

72, FT B0 9l KR 1 R K, IR MIMIT () J2 )
PR LY i B A A A R K
223 EAFSEENER

SCHR P ARE 127 Ru R Ak R B sk &L
M AE R 1,2,3,4-THQ (1) s W 4 A1 % - ¥ & =100
°C, Hp Ji J1 3~4 MPa, fii F1 45 WL W=7, i A se s
il 1 Ru/MMT #4657 75 60 °C, H,O A% 7, H,
JE J7 2.0 MPa il A 4% A1, A4 s bR o & AR
1,2,3,4-THQ [t & £ ¥ 8 i 96.4%, ¥ 1L X &
99.2%. A T HE— U ERTHIZ A AL R v M SR A, A
FR 0K Ru 548 215 W A0 m otk b, JF o7
T H AR, A TR 3 LR, B
MMT A 8 A4 (1 48 A0 700 1R 90 P dp . X T fig & i T
RU/MMT 3 ik 25 7 28 #1510 4%, 42 )8 Ru 2 U9 4%
U, X A2t HRTEM (K 4(0)) WESE. 554k, MMT
T (4 8 AT DL s N T 4 W R A A B
A7 ) T4 1 JEC A A A A 300 2 T (A B, DA T v A
AR 1 AR TG T R . SCRR 2], A bk o L

R3 AEEBRGH Ru BT X EM IS A L TE S

Table 3 Catalytic performance of Rh-based catalysts with different supports for the hydrogenation of quinoline

Selectivity (%) ( TOF)

Entry Catalyst Conversion (%)
1,2,3,4-THQ 5,6,7,8-THQ DHQ

1 RU/MMT 99.2 96.4 (185.9) 2.1 (4.0) 1.5 (2.9)
2 RU/Al,O4 37.8 99.1 (33.8) 0.9 (0.3) 0

3 RU/SiO, 278 99.2 (24.0) 0.8(0.2) 0

4 Ru/MgO 50.9 98.6 (46.9) 0.4 (0.2) 0

53] Rh/PLC 10.1 9.4 (2.2) 0 0

6! Rh/PLC 99.9 49.6 (114.9) 0 41.9 (97.0)
7 RU/MMT 99.9 1.9 (1.8) 0 98.1 (95.3)

Reaction conditions: catalyst 28.3 mg, quinoline 0.25 ml, solvent H,O 1.75 ml, p(H,) = 2.0 MPa, 60 °C, 3 h.
TOF—Turnover frequency, defined as the moles of the product per mole of catalyst per hour.
®Reaction conditions: catalyst 2% Rh on pillared layered montmorillonite (Rh/PLC), Rh/PLC 1.125 g, quinoline 15.0 ml, i-propanol 135.0 ml, p(H,) =

2.0 MPa, 100 °C, 2.5 h.
PReaction conditions: 200 °C, others are the same as in entry 5.

°Reaction conditions: p(H,) = 3.0 MPa, 140 °C, 6 h, others are the same as in entry 1.
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f NI B, RUMMT 5 Rh/PLC 5 {46 771 48 ]
DL bk — 25 b &0 1% DHQ. Ru/MMT i 4k 71 ¢
im 4 140 °C, ik /1 3 MPa [ 4 1F , AR AR
IV A 7R 5k v DLKs bk — 25 I & AR i DHQ, i+ E
ik 98.1%(F 3, SLI 7).
224 HEUFIMEESFERAMRE

RU/MMT {4 A4 7178 W bk b0 & 5 B v 1) o 524
ZER L 4. ATLAE H, RUMMT R4k 5748 5 42 A8
Hh g IR ) B A 2R R B A 1T 1,2,3,4-THQ & ¥
YA T . ARk 1 B R Bl s A R A
W0 A A A3 s R R BT, A A 7 3 T
W N RUMMT A S 0 5 2 702 O i 4 e
(Kl 4(a) M1 (c)) ATLAE Y, WV Ji5 42 )8 Ru 1 43 5247
Lo 38 sy, HoR AR A I 2R . X 3R WA S A
SR AL TG T T B JF AN S Ru b1 RIZE I E. e
M 5 K W28 ICP-AES 23 #r, H4x 8 Ru B 2k
HAUA 0.28%. DAL, AT G vl e 2 th T &8
T B TR I I ).
F 4 RUMMT B4 7E B AN S R oh B S 1 P 1

Table 4 Reusability of the Ru/MMT catalyst in the hydrogenation of
quinoline

RN Conversion Selectivity (%)
(%) 1,2,34-THQ 56,7,8-THQ DHQ
1 99.2 96.4 2.1 15
2 86.0 98.0 2.0 0
3 70.1 99.0 15 0
4 46.8 100.0 0 0

Reaction conditions: Ru 0.0036 mmol, quinoline 0.25 ml (2.1 mmol),
solvent H,0 1.75 ml, p(H,) = 2.0 MPa, 60 °C, 3 h.
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