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Support Effect on the Meerwein-Ponndorf-Verley Reduction of
Acetophenone over Supported Magnesium Oxide Catalysts

Xu, Chunlei Zhang, Bo* Yuan, Jian Lu, Hanfeng Chen, Yinfei Ge, Zhonghua
(Institute of Industrial Catalysis, College of Chemical Engineering and Materials, Zhejiang University of Technology,
Hangzhou 310014)

Abstract Magnesium oxide supported on active carbon (AC), siliceous mesoporous molecular sieve
MCM-41, silica (Si0;) and y-Al,Os;, respectively, was prepared by the impregnation method. Their catalytic
activities in the Meerwein-Ponndorf-Verley (MPV) reduction of acetophenone with 2-propanol as a reducer
were investigated, and campared to that of pure MgO catalyst. At the same time, the catalysts were charac-
terized with XRD, TEM, N, adsorption-desorption, XPS and CO,-TPD methods. Support effect on the activ-
ity of catalyst was studied. The results show that the catalytic activity of pure MgO is low, due to the smaller
specific surface area resulting in the less basic sites on its surface. In the 10% MgO/AC catalyst, the high
surface area of AC and no strong interaction of MgO with AC support favor the high dispersion of MgO on
the surface of AC to form very small crystallites leading to a clear increase of basic sites on the surface of
catalyst. On the other hand, the concentration of acetophenone near the active sites in the catalyst increases
because of the possible m-electron interaction between the benzene ring in the acetophenone and graphite
layer of AC support. The effects of above two aspects lead to a significant increase of the catalytic activity of
10% MgO/AC campared to pure MgO. The 10% MgO/MCM-41, 10% MgO/SiO,, 10% MgO/y-Al,0O5 are
hardly active due to the strong interaction of MgO with the support materials resulting in the dramatic de-
crease of number of basic sites on the surface of these catalysts.
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Figure 1 High-angle XRD patterns (A) and low-angle XRD
patterns (B) of samples
a: MgO; b: 10% MgO/AC; c: 10% MgO/MCM-41; d: 10% MgO/SiO»; e: 10%
MgO/y-ALOs; f: MCM-41; g: 10% MgO/MCM-41-uncalcinated.
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B2 A MgO i f) TEM
Figure 2 TEM images of supported MgO samples
(a) 10% MgO/AC, (b) 10% MgO/MCM-41, (c) 10% MgO/SiOs, (d) 10% MgO/y-ALOs
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Table 1 Physical parameters of various samples

Sample Sper/(m’eg ™) Spic/(M’sg ™) Speso/(m’sg ™) Viwllem®sg ) Viollem’sg™)  Vieso/(em’sg™")  dp/nm
MgO 86 — — 0.32 — — 18.2
AC 912 707 205 0.45 0.33 0.12 2.0
10% MgO/AC 839 325 514 0.61 0.15 0.46 29
MCM-41 1034 — — 0.91 — — 29
10% MgO/MCM-41 391 — — 0.34 — — 3.5
SiO, 311 — — 0.74 — — 7.9
10% MgO/SiO, 215 — — 0.63 — — 11.8
y-Al,03 208 — — 0.55 — — 9.2
10% MgO/y-Al,0; 96 — — 0.33 — — 13.6

S BTN, MCM-41 B A fLas f il L A K
LL R AR FLZY, (HAESZ MgO i Lh R AR FLA Y
Bi, 45t XRD K& TEM [AHT, KRG N A 76
BEHUS R MCM-41 (18 S 45 14 18 B RR BT 8. %L
AC 2 MCM-41 X Pk L R AR AALE 7123 MgO i
JEZRIL, AIE1 AC [FE 44 MCM-41 BINARSE. SiO,
{ES1# MgO J& BET [HALU T U], M fLA D iE L
AN, SERFLAR A BTN, X & BT MgO AR
Si0, Tl LT3 3B 73 Tl AL e b 2 PR T8 e A L T 2.
y-ALO; 75712 MgO i LG 3R AR AT FL A2 tH IR i

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.
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Table 2 XPS parameters of various samples

Mg2p Al2p Si2p O1s Surface mass
Sample content of
BE FWHM BE BE BE
Mg/%
MgO 495 19 — — 531.6 —
10% MgO/AC 49.6 2.0 — — 5315 3.83
10% MgO/
MCM-41 513 2.9 — 103.8 533.2 1.53
0
W0%MO/ 513 28— 10385331 179
SIOZ
10% MgO/
503 29 747 — 5312 3.75
7-ALOs
Mg 2p '
5 :
<
s | a
z N b
g 1
M
e N4
W
65 60 55 50 45 40

Binding energy/eV

B3 RS Mg 2p XPS i
Figure 3 Mg 2p XPS spectra of various samples
(a) MgO, (b) 10% MgO/AC, (c) 10% MgO/MCM-41, (d) 10% MgO/SiO, (e)
10% MgO/y-Al,O;
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K. MgO £ AC 718 i, MgO 7& AC /3 U i 5L
fif Mg JC BRI TR R 2 1M{E MCM-41 J SiO, 71k,
MgO Jd i, Mg 7t # [ B4 AAT Y HUT K i Mg—O0—
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Figure 4 CO,-TPD curves of various samples
(a) MgO, (b) 10% MgO/AC, (c) 10% MgO/MCM-41, (d) 10% MgO/SiO,, ()
10% MgO/y-AL,0;

11366 J¢ 580 K I T T899 11 CO, M B, i 7 ALO,
H 5 955 IR CO, (1) B B U, 177 )5 5 W (AT LG
10% MgO/AC [1) CO, TR B (1 It B, W& fmfIS,  HLUBE T
FURBRIA S, R IZFE S B H AR, B
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25 fEEFEMNE
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TEA RT3 A Z R VPR A AR S P, k]
1, MgO XA LW (1) MPV fEAGTE PRI, X5 MgO %
AR/, Bk O3 H B0 A 6. Ruiz 252408 MgO fi
WHIAEH U MPV RN B AR A iE P, &
PEH MgO i % 8% Bk 05 5 i & v, Bk
DA H B . ORGSR Heidari
AP AR 7 il 4 = Fhaliok MgO ik 77, 3L
TIEJRIR O MPV N, 25 SR B SR RS AR X
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J DA L R T AR, ) 3 1f 22 R (1) B b0 B H 2 DL
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TS A 25 55 T RGBT WK IR 22 SR> 00k 2
W 15 AC A 8RZE o TR REAEAEAR AR, A
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AC ALIIZE 4] MPV 38 Ji [ W ] B A0 A7 51X Fl
“rn” MHEAER, AR ZE 7SR T AC K, Bl

R 3 KL MPV [N H &AL (135 P 2500

Table 3  Activities of various catalysts in the MPV reduction

Catalyst Conversion/% Selectivity’/%
MgO 12.3 >99
10% MgO/AC 77.6 >99
10% MgO/MCM-41 <2.0 >99
10% MgO/SiO, <2.0 >99
10% MgO/y-Al,05 <2.0 >99

“ Reaction conditions: catalyst, 0.2 g; reaction temperature, 82 C; ketone :

isopropanol =2 mmol : 60 mmol; reaction time, 4 h; ° Selectivity to

1-phenylethanol.
MgO i P AL BT 1R 2K S FE RS OR, 19K T 2K 21
AR FIRX 77 TH S A3 T 10% MgO/AC XS4
LA TER . ARG 10% MgO/AC X Z i
MPV W ALEE ) Ruiz 224756 MgO #EALER i1 MPV
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AL Mg I R RERRIE 11 O, B L b
(O* RBfHR%E BIf H, iZBx 5 5 BRI R A AR B
VERBUERE I R A R, RN RIS HY, [F
AR B H T HEBOR Z E Bt O LG, ULJJI
NS AR, B S R I R R AR AT e S R I
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IS TC R A RS, AR C R H B RO
CMESHE b, AL 5 B A B I, 2R 2T B 3 it
h oK g, N oorrp g A E = 1 pos.

CHs CHs

/
AC support” -election interaction
I,___\J_____l ________ | N N O | S N )

s-electron in the
graphite layer

BR 1 MgO/AC FIRZMIY 5 AEE MPV N 75 03
1) 1 A T L

Scheme 1 Mechanism for the MPV reduction of acetophenone
with 2-propanol over MgO/AC

10% MgO/MCM-41, 10% MgO/SiO, /% 10% MgO/
y-ALO;y X IR LWAYIA BiG vk, 1Kt i1 7RI Le il )
1, MgO 5 MCM-41 B¢ SiO, # A& X i Mg—O—Si B, 45
ALO; BATE K MgALO, &A1, A7 Ak ko 5 %
IS, B O E B TR, R AT EL

it

w
By

1 MgO 2 H 878 MO AL AL 1 MPV 52 e,
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B o A AR S P L. 4l MgO i T HE R A
/N, R FRRME O ECE D, SRR, 7RR T
A R A 3 MgO AR, 10% MgO/AC 1 MgO
HAT R, B MgO 5 ACHAMAN R A 5 B
H, MgO LI/ RLE AFAE T AC iR, 158511
O HIE 2, S5, RO EAMR a5 AC
B AR o B BRAEEAN BAE R, A 2K S 2
WPt AC FRTHI, SO A RS P PO BT 1R 2R 2
WEER, X7 T 23T 10% MgO/AC [1iE T
. 0 10% MgO/MCM-41, 10% MgO/SiO,, 10%
MgO/y-ALO; H, # k345 MgO K AESEAN EAEH, Horp,
MCM-41 [ SiO, 5 MgO B T Mg—0—Si #, y-Al,0;
1 MgO AT MgALO, R Eb AT, AR AL A Bl
FERRAR, b OB H B R, R, B
TR AE 2R
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