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Reaseching on Supported Noble Metals over Mn-Zr Composite Oxides for the
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(Research Institute of Industrial Catalysis, School of Chemistry and Molecular Engineering, East China University of Science and
Technology, Shanghai 200237, China)

Abstract: The Mn-Zr composite oxides were prepared by co-precipitation, loading with noble metals(Ru, Pd, Pt) on the surfaces
by a following impregnation method. The effects of noble metals on catalytic combustion of vinyl chloride (VC) were further
investigated. The structure and chemical state, the oxidation-reduction ability and acidity, the distribution of acid over the noble
metal loading catalysts were studied.Noble metals exist in the form of oxidation state on catalyst surface to promote the reduction
of Mn-Zr composite oxides and improve the redox ability of the catalysts. In addition, noble metals not only increased total acid
amount but also changed the distribution of Bronsted and Lewis acid centers on catalyst surface. Therefore, the noble metal made
the completely VC conversion temperature shift to lower temperature. However, the activities of noble metals for catalytic
combustion of VC varied with the kind of noble metal. Among them, Ru had the more positively activity enhancement than that of
Pd and Pt. The catalytic temperatures were 206 and 243 °C, when the VC conversion over Ru/MZ(Ru/Mn,;Zr,50,) reached to
50% () and 90% (4y), respectively, which were 69 and 71 °C lower than that using Mn-Zr composite oxide. Meanwhile, the
loading of noble metals also changed the composition of chlorinated by - products and reduced their concentration. The total
concentration of chlorinated by-products over Ru/MZ catalyst was only 5.7 pL./L. with 90% VC conversion rate, which was 70%
lower than MZ composite oxide at the same conversion rate.
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Fig.l The activity curves of Mn,Zr,_O,(y=0,0.2,0.4,0.5,0.7,
1.0) catalysts for vinyl chloride

0T Mn,.Zr,,O

—e— P/MZ
80 [ —a— pa/MZ

—¥— Ru/MZ
60

A F /%

40

20

0E L . A A L )

10 150 200 250 300 350 400
B E/°C

B2 AHREBEATN LS ZHENREFEHZE

Fig. 2 The activity curves of supported noble metals

catalysts for VC catalytic combustion
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Fig. 4 The Cl, selectivity of supported noble metals catalysts Fig. 5 XRD patterns of supported noble metals catalysts
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Table 1 The physical structure parameters and the data of H, consumption, acid amount and XPS of supported

precious metal catalysts
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Fig. 6 XPS spectra of supported noble metals catalysts
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Fig. 7 H,-TPR profiles of supported noble metals catalysts
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Fig. 8 NH;-TPD profiles of supported noble metals

catalysts

R A 00 3R T8 A T2 iR R AN (] S R R 2 1% B B
Tk 5 A AN A (] 5 Bl 7 7 5 R 38 0, NHL 1 6 B 38t 2
B 1 0. AR SCHR (28], K B0 BRI 2 I T 200 °C L
200~300 CH1 300~400 °C43 V= J& F 55 R .+ o iz
R IR b NH, B . 548 A S, 55 2 Fi b ok i
A7 4 b 8 NH, B B 06 1] e 3 U 3% o AR 95 NH, B
T A 7 e N A N T 3 = G S U
Mn, ;Z1,50, (K B iR 4 0.39 mmol/g, 5t 4@ 51 A
i b 591 0 D R G 0, B 0 AR E 5 B 4 R R Ak
FUIM G, PORIPA IS XF T 4k 751 36 1 1R = 1Y)
BahnAH 22 8 83 H 2 Ru g A G B3 8 4 1k #
W R R B . Ru/MZ AR E B R & R 0.57
mmOI/g’ Et Mn,;Zr, 0, %% I #Y B2 & (0.39 mmol/g)
Hm4e . MAER 1R, LKA REBITIA AR
P v e Ak ) 2R T PR R Y B A5 A S O AR
I8 B I ) 3 e L R R N DX ], DA Sy A A 551 2 T o



% 5 H 7B HEZE Mn-Zr

FEUYARRERELNHIZ HEL SR IERE 7

T2 1) 348 Jin S A R T B v A 1 R Y By M RE

2.2.6 Py FT-IR %/ M WE 2T 41 5z B AT 2 15 A
Ak 57 2% i Bronsted B2 Fl Lewis fig B9 4> 45 , &6 & B9 ik
W TR B 2T AP 1% LI 9. AR 5 SCHR[29 187 3 | ik $ 7E
1610.1 446 cm ' &b /Y 4ig 2 0§ 15 J& T 0 BE 4> 7 1E
Lewis B2 (L /2 ) o7 53 b A W B 51 640.1 540 cm ' b
A4 % 30 06 U9 )8 T it e AF Bronsted B2 (B 2 )07 5, E 11
W B o AR i b B 2T A e Y e e R B T AL
MR LRRR &L /B IRIR B LUAH 45 R L3R 1.

1 447
MnOJZtO.}Ox 1540 \
1645
Pt/MZ_: / \
Pd/MZ / \
Ru/MZ J\
A
1.70 1.65 1.60 1.55 1.50 1.45 1.40

0 Xx107/cm™

B9 faEss s L5 Y L i R B 41 Sk
Fig.9 Py-FT-IR spectra of supported noble metals
catalysts
A1 9 AT, Mg Zr, ,O, 76 1 447 em ' 42 Hy 39
38018 M B W R 0 T E 1 540 em ™ A A W B e AR 55
e 3 % W T AR AT R, R T LR R R /B R 1R N
37, KW Mn, 2,0, Ko ELL LR A F . St&)m
MG 15401 447 em " 4b 4R 2y 1 W6 538 32 14 %%
Ui 5 < Jm B 51T R T A AR 2 T B R AL

R 1) H ol J B AR R R I L R R /B R R
AR, R B T A S AU T AR R
AT TR, R B T e R 3R T R 2K Y Y o A
it SEEJREITIA A AL TR 2 W B R IR 5,
T Ru 51 AR B R R 3 B0 4 2 ROR B B3
55 Mng Zro O, HEAL T AR LG, Ru/MZ A6 19 L R iR
/B RRR B Ay AE AU Mg, Zr, ;0,89 1/3. 454 5
LI AEAR AR B8 ) T PR BN 0 S ST DR o A
AR B R TR 1% 14 0 B8 A AR e A R A AR e
PERE , B AR B R ™ 1 ) AR AR 0 B

3 & #

DL U0 BE 2 4 T Mn,Zr 0, B & E ik, H
H Mg, Zr,, O, FL AT 458 5 14 JBE B 58 2 0 9 vk B 5 e it
Senh bom R kgl A Bt & 8 (Ru PA A PO,
FET XA LR AR YRR A R . Bt 4 JE
MBI AR R I T S 20 A AR et ik
AR T RN 7 A AL B SR W A R AR T
HARFU B, AR5 4 @ 6 F KR Y g o 200 R
], Ho Ru 5T AR R 35 fe ok 3, 400 2003 501
h 206,243 °C, & A AW AL IR WA 69.71 °C,
FoA LA R AR B B K, X 5 Rufe i T
-3t H RN PR 4R T DA G . Bt 4 R FE AL
FFEm EEBEDAMSHIE A 58580y
18 3 5 3 JE e ) I VL O RS AR AR L B 4R
L T A R T R R R R T A . DRSS R
51BN T AR R A SR R T R
B2 HI L R B9 43 A 5 He o Ru i 548 1 1 44k 700 26 1k
B2 IR 5 BT o7 LA RS, 4 T SR 20 A T B M g
{14 ) st 2 1 B SR 0 8 A

[1]

[2]

[3]

[4]

[5]

[6]

& £ X #t
Huang B B, Lei C, Wei C H, et al.Chlorinated volatile organic compounds (CI-VOCs) in environment - sources, potential
human health impacts, and current remediation technologies[ J].Environment International, 2014,71:118-138.
Dai C H,Zhou Y Y, Peng H, et al.Current progress in remediation of chlorinated volatile organic compounds: A review[J].
Journal of Industrial and Engineering Chemistry, 2018,62:106-119.
B R XA R R F MnZr-O AR AL A &9 6 & R EARCK T B AR ey ()] B kA £, 2012,41(11) : 1253~
1257.
Tang Q H,Liu T T, Wu C M, et al.Preparation of Mn-Zr-O catalyst and its catalytic application in benzyl alcohol oxidation
[J].Petrochenmical Technology,2012,41(11):1253-1257.
Zhang C H, Wang C,Hua W C, et al.Relationship between catalytic deactivation and physicochemical properties of LaMnO,
perovskite catalyst during catalytic oxidation of vinyl chloride[ J].Applied Catalysis B : Environmental,, 2016, 186: 173-183.
Zhao B H, Ran R, Wu X D, et al. Comparative study of Mn/TiO, and Mn/ZrO, catalysts for NO oxidation [J]. Catalysis
Communications, 2014 ,56: 36-40.
Jia J B, Ran R, Guo R Q, et al. ZrO,-supported «~-MnO,: Improving low -temperature activity and stability for catalytic
oxidation of methane[ J].Progress in Natural Science : Materials International,, 2018,28(3) : 296-300.



8 AHUIEEERFER % 34 %

[7] Jong V D,Cieplik M K, Reints W A, et al. A mechanistic study on the catalytic combustion of benzene and chlorobenzene[J].
Journal of Catalysis,2002,211(2) : 355-365.

[8] DaiY,Wang X Y,Dai Q G,et al. Effect of Ce and La on the structure and activity of MnO, catalyst in catalytic combustion
of chlorobenzene[ J]. Applied Catalysis B: Environmental,2012,111-112: 141-149.

[9] Dai Q G, WulJ Y, Deng W, et al. Comparative studies of P/CeO, and Ru/CeQ, catalysts for catalytic combustion of
dichloromethane: From effects of H,O to distribution of chlorinated by-products[J]. Applied Catalysis B: Environmental,
2019,249: 9-18.

[10] Wang C,Zhang C H,Hua W C,et al. Low-temperature catalytic oxidation of vinyl chloride over Ru modified Co,O, catalysts
[J].RSC Advances,2016,6(101): 99577-99585.

[11] Wang L, Wang C, Xie H K, et al. Catalytic combustion of vinyl chloride over Sr doped LaMnO,[J]. Catalysis Today, 2019,
327: 190-195.

[12] Freyschlag C G,Madix R J. Precious metal magic: Catalytic wizardry[J]. Materials Today,2011,14(4): 134-142.

[13] Zhao J, Xi W, Tu C, et al. Catalytic oxidation of chlorinated VOCs over Ru/Ti,Sn,, catalysts[J]. Applied Catalysis B:
Environmental,2020,263:118237-118251.

[14] Dai Q G,Bai S X,Wang X Y, et al. Catalytic combustion of chlorobenzene over Ru-doped ceria catalysts: Mechanism study
[J]. Applied Catalysis B: Environmental,2013,129: 580-588.

[15] Dai Q G,Bai S X, Wang Z Y, et al. Catalytic combustion of chlorobenzene over Ru-doped ceria catalysts [J]. Applied
Catalysis B: Environmental,2012,126: 64-75.

[16] Hua W C, Zhang C H, Guo Y L, et al. An efficient Sn,Mn,.,O, composite oxide catalyst for catalytic combustion of vinyl
chloride emissions[ J]. Applied Catalysis B: Environmental,2019,255:117748-117757.

[17] Gu Y F,Shao S J,Sun W, et al. The oxidation of chlorinated organic compounds over W-modified Pt/CeQ, catalysts[J].
Journal of Catalysis,2019,380: 375-386.

[18] Teschner D, Farra R, Yao L, et al. An integrated approach to Deacon chemistry on RuO,-based catalysts[J]. Journal of
Catalysis, 2012,285(1) : 273-284.

[19] Zhang A C,Zhang Z H,Lu H,et al. Effect of promotion with Ru addition on the activity and SO, resistance of MnO, - TiO,
adsorbent for Hg" removal[ J]. Industrial & Engineering Chemistry Research,2015,54(11): 2930-2939.

[20] Liao W M,Fang X X,Cen B H, et al. Deep oxidation of propane over WO,- promoted Pt/BN catalysts: The critical role of
Pt - WO, interface[ J]. Applied Catalysis B: Environmental, 2020,272:118858-118868.

[21] Murata K, Kosuge D, Ohyama J, et al. Exploiting metal - support interactions to tune the redox properties of supported Pd
catalysts for methane combustion[J]. ACS Catalysis,2019,10(2): 1381-1387.

[22] Singh P,Hegde M S. Ce, ,Ru,0,,(xr=0.05,0.10) : A new high oxygen storage material and Pt, Pd-free three-way catalyst
[J]. Chemistry of Materials, 2009,21(14) : 3337-3345.

[23] Machocki A, Ioannides T, Stasinska B, et al. Manganese - lanthanum oxides modified with silver for the catalytic
combustion of methane[ J]. Journal of Catalysis, 2004,227(2) : 282-296.

[24] Wang G, Wang Y, Qin L. B, et al. Efficient and stable degradation of chlorobenzene over a porous iron - manganese oxide
supported ruthenium catalyst[ J]. Catalysis Science &. Technology,2020,10(21): 7203-7216.

[25] TRM, &4, F0,% .CuMn, TiOME 4 A 89 H) & & L F e ket st [T]. & w4t = ,2015,44(12) : 1518-1523.

Ding T P, Zhao W, Meng M, et al. Preparation of CuMn,TiO; and its activities in catalytic combustion of methane [J].
Petrochenmical Technology,2015,44(12): 1518-1523.

[26] Wang G,Wang Y, Qin L B, et al. Efficient and stable degradation of chlorobenzene over a porous iron - manganese oxide
supported ruthenium catalyst[ J]. Catalysis Science &. Technology, 2020,10(21): 7203-7216.

[27] Kim H D, Park H J, Kim T W, et al. Hydrogen production through the aqueous phase reforming of ethylene glycol over
supported Pt-based bimetallic catalysts[ J]. International Journal of Hydrogen Energy,2012,37(10): 8310-8317.

[28] b, x| B3 Wik, % . Co,CrO,/HZSM-5 4 AL 7 1AL BALAR R B R M [T]. B btk T,2019,48(2): 95-102.

Yuan C,Liu S Y, Yao J, et al. Catalytic oxidation of low concentration vinyl chloride over Co,CrO,/HZSM-5 catalyts[J].
Petrochenmical Technology,2019,48(2): 95-102.
[29] Wang X C, Yu J C, Liu P, et al. Probing of photocatalytic surface sites on SOF /TiO, solid acids by in situ FT-IR

spectroscopy and pyridine adsorption[ J]. Journal of Photochemistry & Photobiology A Chemistry,2006,179(3): 339-347.

(4 FHEH)



