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Preparation of Morphology-Tuned y-MnO, and Catalytic Performance for
the Liquid-Phase Oxidation of Toluene

LIN Jian CAl Fan ZHANG Guo-Yu YANG Le-Fu” YANG Jin-Yu FANG Wei-Ping”
(National Engineering Laboratory for Green Chemical Productions of Alcohols, Ethers, Esters, College of Chemistry and Chemical
Engineering, Xiamen University, Xiamen 361005, Fujian Province, P. R. China)

Abstract: Introducing surfactants including hexadecyltrimethylammonium bromide (CTAB), macrogol
6000 (PEG6000), and poly(ethylene glycol)-block-poly(propylene glycol)-block-poly(ethylene glycol) triblock
copolymer (P123) into the refluxing aqueous crystal nucleus slurry yielded morphology-tuned microcrystalline
y-MnO.. y-MnO, and the influence of surfactant modification were investigated by X-ray diffraction (XRD),
scanning electron microscopy (SEM), N, adsorption (BET), thermogravimetry analysis (TGA), O, temperature
programmed desorption (O.-TPD), and temperature programmed H. reduction (H.-TPR). Surfactants led to
differences in y-MnO, morphology, surface area, oxygen desorption behavior and reducibility. The effect of
reflux time on catalyst morphology is discussed. The catalytic performance of y-MnO, during the
solvent-free atmospheric oxidation of toluene was evaluated. PEG6000 modified y-MnO. exhibited the
highest catalytic activity judging by surface area because of a greater mixed valency and more anion
vacancies. The greatest mass specific activity was obtained for P123 modified y-MnO, with the largest
surface area. Optimized reaction conditions yielded an 18.1% toluene conversion, and 87.4 and 73.2%
total selectivity and selectivity for benzoic acid, respectively.

Key Words: y-MnO;; Selective oxidation of toluene; Morphology tuning; Oxygen species;
Surfactant
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Fig.1 XRD patterns of »-MnO, by addition of
different surfactants
(A) rf-MnOg, (B) rf-MnO./CTAB (hexadecyltrimethylammonium
bromide); (C) rf-MnO,/PEG (macrogol 6000), (D) rf-MnO,/P123
(poly(ethylene glycol)-block-poly(propylene glycol)-block-poly
(ethylene glycol) triblock copolymer); the prefix rf- denotes the sample
prepared by refluxing method.
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2 RIMAREREEMETFS-MnO. B SEM E K
Fig.2 SEM images of y-MnO, by addition of different surfactants
(A) rf-MnO;; (B) rf-MnO./CTAB; (C) rf-MnO./PEG; (D) rf-MnO./P123
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Fig.3 XRD patterns of rf-MnO./P123 with different
refluxing time
(A) 6 h; (B) 12 h; (C) 24 h; (D) 48 h
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Fig.4 SEM images of rf-MnO,/P123 with different refluxing time
(A) 6 h; (B) 12 h; (C) 24 h; (D) 48 h

M (B 5) Sk, 7542 60 °C B 45 T4 b PR,
CTAB & [ ¥ 1 71 BT 5 ¥ 25 1 A0 FF i b A 8 25 5k
B, HARILH 8 2 (W JR 8 ), 76 340 °C Z fi Rl S
i 6 SR AR A S Y, 34 G AR AR TR R
FE, IIETE O-TPD [ (1 6(B)) H A~ i HH BB b 114
7. R R R TE AR R, 456 O
TPD(& 6) AL 45 B, 7F 340 °C Z i i K S B L AE
VAL, R 456 7K IR B, 1T 41 350 °C 42 820 °C X [A] [#)
T B S T MO, [ I 48008 I, p-MnO, K i
() 2 T Eb %43 51 K 9.8% (rf-MinO,). 10.7%(rf-MnO./
PEG) A1 9.7%(rf-MnO./P123), 1t A MnO, %] Mn, 0,
(R FE 8 K 1 40 % 9.2%. |l Bk 2 M vl 40, M4t
FERTUS e = AN EE G By, XN BE DX 7] 4353 ok 340
500 °C.500-650 °C L & 650 °C LA _I=. 454 O,-TPD
(K 6)FME45 R, AT H &5+ 340-500 °C A .6
B T R, 5 5 A 0 05 A e s A 8 3 T i 12k )
EHEIIRE i A, TR RS LR P R A, BT DATE I B R A
It 2 ) ] B = B 4 P o Bk (1 6(AN)); 1T 48 P123 & A
IFE i D, %R BB LT A S WA S, dis s
500-650 °C ¥t J& B He b B B, 53 4k, R O,
TPD F AE 4 UF 52 T rf-MnO,. rf-MnO,/PEG # £ rf-
MnO,/CTAB 7 650 °C DL A7 75 sl i S B, 1X 354>
It B AR B A T A v M B 3 A6 BE 1) MIn®*—MIn®*
W 5, A Ruetschi Fy-MnO, B 25 125 47 i 1 45 4
R % FE — Y R TE 2548 T i Min 5251 IR AR 1 R
%R S B i EAT, PR rf-MnO./P123 fig i 43




602 Acta Phys. -Chim. Sin. 2013 Vol.29
0.25
100 | 100 {0.0
. 40.00

i = 95| 1-05 I,
951 1025 € 3
" e &
3 < = =
= e < ool 110§
56 1-0.50 2 = g
I 2 =l

1-075 851 115

851 (A) (B)
1 L L L -1.00 1 1 | 1 20
0 200 400 600 800 0 200 400 600 800
T°C T°C
- 0.25
100 i 100 F

1 0.00
95 ™= 95 &
5 O I 025 £
< > . 2
- {-050 % g =
90 = 90+ -0.50 g
= 5
= 3

T ~ -0.75

85+ (C) (D)
‘ ‘ ; . 1100 : s s 1100
0 200 400 600 800 0 200 400 600 300
TI°C TI°C
5 RIMARREEEFFSES LN TG-DTGILEE

Fig.5 TG-DTG analysis curves of y-MnO. by addition of different surfactants
(A) rf-MnOy; (B) rf-MnO./CTAB; (C) rf-MnO./PEG; (D) rf-MnO./P123
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Fig.6 O,-TPD profiles of y-MnO, by addition of
different surfactants
(A) rf-MnO;; (B) rf-MnO./CTAB; (C) rf-MnO./PEG;
(D) rf-Mn0O,/P123
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F1 FBy-MnOMRERETREFES H/MnEREE
Table 1 Staged hydrogen consumption of y-MnO. in terms of H./Mn molar ratio
Hz)In(M
Sample - (H:)/n(Mn) - -
low temperature reduction high temperature reduction
rf-MnO, 0.32 0.24
rf-MnO./CTAB - 0.11
rf-MnO./PEG 0.21 0.24
rf-MnO./P123 0.28 0.38
Fz2 AEFREEFEFTIX-MnO B RS IR
Table 2 Effect of surfactant on catalytic performance of y-MnO, for toluene oxidation
— — —
Sample Conversion/% Specific activity to sEJIrface area _ Selectivity/%
(mol-m=2-s7) benzoic acid benzaldehyde benzyl alcohol
rf-MnO, 13.7 4.9x107° 65.4 11.4 4.2
rf-MnO./CTAB 6.9 3.8x107° 221 27.0 4.4
rf-MnO./PEG 12.5 5.9x107° 68.7 13.6 5.0
rf-MnO./P123 18.1 3.8x10°° 73.2 10.1 41

reaction condition: 140 mg catalysts was mixed in 20 mL toluene with 705 mg AIBN (2,2'-azobis(cisobutyronitrile)).

refluxing at 110 °C with 600 r-min™* stirring and 10 mL-min™ O, flow

1 (n(H2)/n(Mn)=0.33), iX IV i% 4 H1 T~ 1% y-MnO, i 1%
S5 — W Bk JRUS, BERS LR B L MnsO.L U J7 9% i
22 () MIn(11) O, )\ T 4418 5 1.
3.4 y-MnORYBRZEEZFMHF L IERE

X T FOR AL RN, BRI R4y (0 F B
#2241 0.60 nm)H5 AN RE 58 43 3t A p-MnO, FLiE ([2x 2] %
T HARZ0.46 nm) Py, #0A O R U BR S AL T
R A AN R A A0 OB F e T AR, 6
y-MnO, B (AL RS 5 — D 1T, L2 T R B XK 4
SRAF T 2 10 F G PEAL 55, MTI$R R s R R AR 1 L
Hs y—J7 T, BT AR TR S AR RE L, AR
TN IAAE R, WP s N 0 1 A4 R ) #8%
/N, BT UAAE B RS A HES) T, 5 s i 48 o
T 11 A R 3R IR R A e Y 25 8 A A A B Y 1)
KA

F 2 N T AN R R T 7R eSO e A ) g
IRVBAH LA TR T I R 4 AR T AR TR it 4
47 (110 °C 1 £ 600 r- min g #4514 T [F13 20
h), rf-MnO,/CTAB Xl A7 5 /I (1) EL R T AR, LA 2 i
W BRI PR AE 2% b R rp R I R, A U A3 6.9%
(PFEAL R S 53.5% =)L FEVE. rf-MnO,/PEG 44 Lh
R FN T rf-MnO,, {H P 35 ¥ 5 4k 70 2% 7= Pyl
SRR I, 21 LGS I S A R 20%, BE
H S BEANFE B2 50%. 1% AT A TR S AL I8 I
FAE, B R MAA A8 2 B T SRS
ASHREAE, 77 420N PR3k b R 0 o A s 1 i 4L
1, A EE ATk 10.7% (e 2 30, BEAE 06 AR

MBI ok iR TR, BLIRIAE = AHRES
PRI 1) 45 A1 1 B2 e it 280 280 26 8 1 4 A AL T
rf-MnO./P123 U] i T~ H: B I8 iy T e AL A ) L3R
R, ERRAR AR T s M AT 2 F, 3k T
18.1% 1 4k 2, LA B 87.4% (1) ik £k, e 2K i
P (1) 3 52k I8 21 73.2%. H b o] WL, [R5 34 K y-MnO,
1T B 25 A 25 ) I e IR ) Lt 2 T AR 2
SR AR TR TR PR A L S A s P ) G B P A

4 %

T [R1AL v ) 46 b i v g |ON 3 T v 2 R e 8 3k
FRAETESA A B S 22 53 (¥ p-MnO Bl i, P123 1& 1
P-MnO Tk it FLAT BT (1) 45 it B2 55 2 R . WRAG S 58
UEBH, 9-MnO; iy 1 5 52 45 A 7K 1 N 5% ) 11 = A e
A, BET T BUSHAS S0 T8 OB (1) S AH.

P-MNO, A 1 E e P B A 4 o R 4 v 1T 4
K, [RI Iy L A T A R = N 9 & 2 SR A
A, AT B T2 1 AR R TS A E S it 4L e
77, TXO0T 38 K R B A A Y IR A Ak R
WA A, BRI AETE SRR AE 52 H 1 rf-MnOL/PEG #¥ i
T 2 v [ 2 1T LTS, T 3 DK y-MInO, (1 LE 2 1
FEOGT A 20 3 ) (R A [ A 24 8
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