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1F BN SE A G 200 96 % , PHES T3 75
A 87.3 mmol/100 g.

MgAl-CO,” -LDHs #% {4 4% I8 SCilik [ 7 1 38 09 7
2, RAMEE pH 245, 7714 XRD 43 B ify g H:
FLA MR ERRE5 .
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1.2 ARG &

P SCHR [ 10 J 4GB 1Y il s I, 7E—E 1k
U EBE /KB 5MA 7.5 mL 0.2 mol/LNaOH
F13 mL 0.96% THPC ( Jiz it 73 %50) VE ik 55,
A dt 25 mmol/L ) HAuCl, - 4H,0 7KW, ZN
P 30 min, f3E| 4.

1.3 AHBEELFINFHE

1.3. 1 LDHs 7 25 (% 4 10 500 4 i 09 1 45 A
MgAl-CO,* -LDHs Sk ik, #4184 1 BE figk it ol
AR TR 2% B 0 I o, K TS 4 1
SUHE S LDHs #ATE A, HidE 30 min, 250505
UIE, KPEZET CI7, 1B PLHESE 50 °C, 0. 06
MPa I 325 T 0, WS RIS 25K 0 A T3k 4
ALFIRE S, ARICH 2% Au/MgAl-CO,* -LDHs.
1.3.2 Wi A U3k A0 4 AL R & i i 2% b
0.5 g SERBHA M TR 8N 1. 5% LR KIE K
o ZEEIR FERE 3 h, 2 mol/L NaOH J4 pH {H
Hh5, FFEHRME N Na-MMT [ it 5% ~10% 1)
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PERE, BT AIAXES o 8 T 5ty STA-449C HUZR A5 447
A, MRS FHEEEE Y 10 °C/min, HETHR
X&) > 20 ~800 °C.
1.5 S ELTIEREEELK

LA CO Wi pE AL A R S0, R AE T A
[F) 243 A 67 8 1%) 4 A AR RUARE i B HEAR G 1, SO 7 ]
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2 8 mm, AR 0.1 g, JFURF(3 1% CO
MI2sR) 253 20 000 mL/g + h, f# F GC7900 #I=,
FAETE ARSI 52 BT S AR CO RIRERTE 2035
Veom M Ve » EREFE R8I IN T . BCTALI, A
YEREA. CO AR T 015
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XCO - CO]{I/ COout X 100 %
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2 RS

2.1 HFEREAZRNESENLTA XRD X XRF 547
25t MR IESE A Na-MMT 15 2 (194G Bl
AT ZAR CS-MMT K 171 28 4 15 I il 45 1) Ak
FIAE il 2% Au/CS-MMT ) XRD 3£ 4118 1 f/s.
HE 1 (a) ATIL, 7E260="7.03°4b %} i ) (001)
AR d(001)=1.26 nm, 5 3CHRHIE I AL 5 I
A d(001)=1.2 ~1.3 nm FiFfF5; K 1(b) HZE
1 FERMESCE A FLSE A 19 XRD 3%, (001 ) i
) /N BE R AR , PR d (001) {8 1. 51 nm,
O TTEA VLR R, e RS P i ik
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Fig. 1 XRD patterns for samples of (a)Na-MMT(b) chitosan

modified montmorillonite CS-MMT and ( ¢) montmorillonite-

supported gold catalyst sample 2% Au/CS-MMT
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Fig. 2 XRD patterns for samples of (a) MgAl-CO,> -
LDHs and (b) 2% Au/MgAl-CO,* -LDHs

R T IESE 4 S © 4 10 20 7E S A T LDHs
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Tablel Gold loading in the gold catalysts supported
on the two types of clay

Samples gold loading / wt%
2% Au/MgAl-CO,*”-LDHs 1.83
2wt% Au/CS-MMT 1.71

F1EIR BN, X MER RS BT R
SEBR f REARR T 2% Y FRIS Tk, R AR
JEE 2 5185 T MgAI-CO,* -LDHs FiI CS-MMT # {4
e, TEX A HEAL R RE A A XRD 3% SN B 43
AR AE AT 5 0 1) Do R 22— T B 2 4 R 1 R SH AR
/N, AHIR AT EE TEM S5 A7 25 4 m LA AR
2.2 £EMLFIE TEM R4

RPN i 2 0 A pEE AR AR i 1. 83% Au/
MgAl-CO,* -LDHs il 1. 71% Au/CS-MMT DJ } %
350 C R 2 h (kRS 1. 71% Au/CS-MMT-350 C |
S ORI 30 SRR 3 A e 25 SR A& 3 .

3 (a) s A Pk MgAl-CO,* -LDHs 3 i
L, A O Y M o 85 1) B AL R R i 1. 83% Aw/
MgAL-CO,* -LDHs 44 5K 4 f50HL () & 551 AR 4% 43
1, 4R & B A B, FIRiAE R 2.6 nm;
Pl 3 (b) S 52 WA 57 28 i B 4 FEE AL R AR 1. 71%
Aw/CS-MMT 4 JUKL () T8 B FURL AR 43 A, T LR
HERE i T %) 4 R [FIRE 2 0 BE AR BOIRA, P kAR
{0 2.1 nm, ZAEFIFE G 258 350 CHEHE2 h(n
B3 (e) fR) , &0 T Brhi i A 3k, HAT
A 3.5 nm, HAHEME R4
2.3 &MEMLFIE XPS RIE

R T RURLI RSB, 67 T i AR 2 T 1 4
AR TG ) 7 — A BN R, BT
HE— 2525 52 P o 8 A 97 28 1) 4 AL R AR i 1. 83 %
Auw/MgAl-CO,> -LDHs ., 1. 71% Au/CS-MMT L) %
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Fig.3 TEM photographs of supported gold catalyst samples and gold nanoparticle size distribution
(a)1.83% Au/MgAl-CO,> -LDHs(b)1.71% Au/CS-MMT (c¢) 1.71% Au/CS-MMT-350 °C
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Fig. 4 XPS spectra of supported gold catalysts
(a)1.83% Au/MgAl-CO,” -LDHs(b) 1. 71% Au/CS-MMT (c)1.71% Au/CS-MMT-350 °C
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Fig BEONIST $idf PEAR AL o 45 5 REEUE, XT3
MEACTIEE ALY XPS 3 M B s AT 0 U5, 4521
SralaniE 4 fnER 2 s, fEARFRIFE G 1. 83% Aw/
MgAl-CO,* -LDHs H1, 454665 83.7 eV #187.4 eV
Ak B PN L T 2 S50 7 L 4 T AS AT AE R Au® fY
Au 4f,, F1 Au 4f,, B TFZ55 88, T30k MgAl-
CO,> -LDHs H ¢4 Kt Mg TG &, 1£ 88.6 eV AL il
PR FRPE R G 10 e ST e of i Mg 26 -1 Mg 2s 1

T4 A RE; FEAh 1. 71% Au/CS-MMT 1) 43 JU] )
PIRIE S, Hid 84.1 F1187.6 eV Abfy e F-I& X}
4 A Au” ) Au 4, Fil Au 4, HLFE54RE,
88.3 eV AbRyug NIXH I AL S Au®™, SRS
A A LB Au®/Au® D 1.1, kR 25 350 C
B2 h G, STEEM ASBA AL, H Au® /Al
W& AR 22 0. 8.

R2 EBUFERREETEELER Au” 7 Au’ HLLHI

Table 2 Binding energy and the ratio of Au® to Au’on the surface of different gold catalyst samples

Samples

Banding Energy
1. 83% Au/MgAl-CO,* -LDHs

1.71% Auw/CS-MMT 1.71% Au/CS-MMT-350 °C

Au 4f,, 83.7 eV

Au 4f;,, 87.4 eV
Au® -

Au®*/Ad’ 0

84.1 eV 84.0 eV

87.6 eV 87.7 eV

88.3 eV 88.4 eV
1.1 0.8

2.4 SELFE CO MERENLEMLEE
5 EHERIESS R BoR, 34 LDHs ik
A AL FIRE &L 1. 83% Au/MgAl-CO,” -LDHs %4

o
90|
8ol —=— 1.83%Aw/MgAI-CO;* -LDHs
—e— 1.71%AW/CS-MMT-350 C
—— 1.71%Aw/CS-MMT
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Fig.5 The change of CO conversion at room temperature

(25 °C) with the reaction time on the gold catalysts

2 (25 C) Xt CO pyFefL R n] LIk E] 100% , i
CS-MMT 19 4 AL 7 1. 71% Au/CS-MMT 75
R X CO YR LA 25% Aidv, B2 350
CHABELFRTE R A, H R T X CO B iR d

IXREIRF] 45% . M\ EIR PG AL FE 4 1 XREF
FAELEHRE , X PRI A1 17 28 1) G Ak A
i TP B SE PRI R AR R R, X CO R AL
FN AL TR PE RN B0 T AR5 R A 22 57
2.5 EAFIFEEZERNREESHT
2.5. 1 S S XG0 i DAL XPS (%43
Bras R nT A, ARAE IR Rl 2R R TH I & e = 1Y
WS AR, 2K A 3 A 1. 83% Auw/
MgAl-CO,* -LDHs |4 2 A48 & (Au”) IIE K
FPAE, RAGI RN AL 4 (Au®™ ) 5 1 521 A 6 3%
B4 AL 1. 71% Au/CS-MMT 1, 443 5 Dk Ad’
A BFAIERAEAE, B Ac® /A0’ Ry 1.1, JREPZ
BRI Au® BT S B R T A®, SRR 22 AT RE
& BRI [R) B M4 7 B G A7) B CO /YR
PEAC AR TE PR R IR 2 S B S R 22—

KT aAeR 1 CO b &k 5 i HLEE B Hif
L1 WY/ANSINI IR A7 N T = A NI s SRR R 7/ E LRI RN
MRS, EAREH A AL R e, 12k
RUGARARAR R B A SRR X FRATT I il 25 (4R
TSRS, Fm AR Au® 1L
FIFES, 1. 83% Au/MgAl-CO,> -LDHs %} CO {4 % i
SR T M B T R I R B A AE Au® R Au®
1.71% Au/CS-MMT, #A]T AHEI A’ B i% 2 CO
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TR A AL OV A T 255 R

2.5.2 MR GHUR GRS R T
CO Wi HEAL AL S LI 5, 8 R AN 2 2 T
HARACTEERY 75— FE PR, @H I N/NT S nm
G BORLA X2 S N B AT E. TRk T
R 5 ROT R, FERZBAEOLT , 5 nm [0k
B2 R L H R, SB0RRT /N T 2 nm 1,
e A RTATE NI | B 54 o ) AN AN o A )
IRV HH IR T HXS CO A S i AL T
P B 3(b) Frs iy TEM RALZRORE , Brlif i
PEFIFE AR 1. 71% Au/CS-MMT 2 I 1) < FORE F- 357 4E
02,1 nm, HAGRMILFHEK, Xl feit ik
GRS CO il A SR AL TS PR A8 5 — A
JEAL

2.5.3 ST AR A AL RS I ARG i AL R
YRR i TSN R i Tk,
B w i e A B T SR TRAT IR, QA A
TR, PRI, Joika i w51 ) BRI
BT SHSESEM Ar 3R THT, e e B X R S
ootk MSEIAPLSEMA CS-MMT 1Rk 5138 4 1 I 14
A, T BB A-NH, ik P C 057 17 3 40 7 I
IR AESE AT AR LA R

DSC/(mW/mg)

20

1 1 1 1 1 1 1
100 200 300 400 500 600 700 800

Temperature/°C

H T I ARG A RS ST & M)
£ CO Ak RN AR s 1, FRATTHE 4 i I B3
MERAETC RS |, it TEM WEE TR, 7 B 2L
1) 4 R B8 50, SEEPRIAR{L 3.0 nm (TEM BE H
KB, AHIZAE ST CO 5 IR 5% LR H AR Ik
60% A, FEHAFERME 0 40K £ BRI CO 1y
HR AR PERR SO R R I, AT
B L AOR A I TE AT OR 8 T oo SRR R R SR
AT AL 1. 71% Au/CS-MMT, iX —%45
W . SERBHRIAEAE AT BEXT YK 4 7E CO H IR 1L
J AR TE R — TR, (RN R 4
PEAL IS M) E R .

H T BRI VR 0 3, K ] £ 1
SAALFIRE S 1. 71% Au/CS-MMT G7E 350 °C F k%
1% 2 h EBRFERNE, SR MEATIAES 1. 71% Au/
CS-MMT-350 °C X%} CO [ i %% 1k 26 s b il ity
25% $E i B R BefE i 45% .

kT A2 350°C N RFBERETS PR IRIE, XHH
i ) £ 1) A fRE AR AR b 1. 71% Au/CS-MMT {534 43
Br, W, T, MRS AR T X e R
WA BE (9 #0407, #3249 TG-DSC il £ n &1 6
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9% |-
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Fig. 6 TG-DSC analysis curves for samples of (a) chitosan and(b) gold catalystl.71% Au/CS-MMT

MIE 6 (a) fr 7 52 A 1) TG-DSC ith £k Al LA
. £ 80 ~130 CH— AR, HAFREH AR
P/ XA R R A P K Oy (I B (o
/b 8.6% ), 1£ 250 ~350 CZ A HB T — K H
IRBLAICEAIE , XL TG i 2k 78 B I X 18] A W]
WARTE, RWISERAE I B [ N A A T
(A3 fife F T HE R T 6 (b)) I 7 19 i AL 51

1.71% Au/CS-MMT ) TG-DSC {4k B, Y7 B
WA Z )G, FIo i 5 B 5 AR 58,
AbF 200 ~500 CZ[E], 7£300 C LA REM R, M
TE 450 CLAGREMB T V22, mILrl s, fELFIHE
i 1.71% Au/CS-MMT %1% 350 C k552 h 5, M
RE BN L T 3 7e M, (B2 w2 LRt
B, BRI KT ER R F] 500 CLLE.
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e P e o S B 010 3001 335
[5] a. Duan Xue( % &), Zhang Fa-zhi (5K %), Zhang
TXCO MR SUETRTE. BLAh, A FTC & R I Hui (5K 25), et al. Intercalation assembly and functional
CO B"J@%%%ﬁﬁ%ﬁ%ﬁB‘Jﬁ‘z\%%?ﬂ]ﬁ1¢%m ~ material (/2412 5T REF R [M]. Beijing: Chemi-
X545 ) LA &Eﬂié}%/ﬁﬂs%“z_m i} Si0, Al cal Industry Press(Jbnt b2 Tolk Hirdt) , 2007. 1.
Al, O, ﬁﬁﬁ‘]é&@%%ﬂ B"J%%(ﬁ‘@ﬁ?#?ﬁ% %Hﬁ b. Zhao Yuan-yuan ( #X #% 1% ), Duan Zhen-wei ( B ¢
A T AR A/ N T S 58 S DU T AR AR i, T T2 1L 1), Qi Sheng-jie (18 %), et al. Synthesis and
Si0,-AlL, 0, BUTE MR, SFATH % 00 Z2 A 11 2% performance of hydro-desulfurization ( HDS ) catalyst
(4 AL K AE CO 1% I8 AL 2 W Fp 4 Ak 35 Ni/Al, O, with Ni-Al hydrotalcite-like compounds as pre-
AT cursors ( Ni-Al 287K ¥ 1 4 il 5 S L NiZAL O; iU
BE5E) [J]. J Mol Catal( China) (735-H#E4L) , 2014,
3 &t 28(5) : 418-426.
: n n-pin, il T i i-lin (5%
T o Y e ] SR E AR K T ;'aozzingg—::eng( éi]i{;f;\ ,H:et) (’zl.J E'1l‘h1\;[elreieaich‘(f fr\—)l\}
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Preparation of Layered Clay-supported Gold Catalysts and
Catalytic Activity for CO Oxidation at Room Temperature

ZHU Lin-hua, LI Feng-long, SI Tian, HE Yang-ping
(College of Chemical Engineering, Kunming University of Science and Technology, Kunming 650500, China)

Abstract; In order to investigate the influence of the properties of different clay supports on the catalytic activity of
clay-supported gold catalysts for CO oxidation at room temperature, the catalysts with highly dispersed gold nano-
particles were obtained by loading gold sol on the layered double hydroxides (LDHs) and montmorillonite modified
by chitosan (CS-MMT) respectively. The physical phase, gold loading, diameter distribution of gold particles and
valence state of gold element of the catalyst samples supported on the two types of layered clay were characterized by
XRD, XRF, TEM and XPS respectively, and the conversion of CO on different catalyst samples at room tempera-
ture was tested. The results showed that Au’ is the active species in the clay-supported gold catalysts for CO oxida-
tion at room temperature. Only Au’ was detected on the surface of basic LDHs-supported gold catalyst sample of
1.83% Au/MgAl-CO,* -LDHs on which the CO conversion at room temperature achieved 100% , and average di-
ameter of gold particles was 2. 6 nm. However, both Au® and Au” were found (Au®/Au’=1.1) on the surface of
acid montmorillonite-supported gold catalyst sample of 1.71% Au/CS-MMT which CO conversion was only 25% ,
and average size of gold particles was 2. 1 nm.

Key words: montmorillonite-supported gold catalyst; layered double hydroxides-supported gold catalyst; cataly- tic

activity for CO oxidation at room temperature



