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THRIBC ] # —AREERY SO, (ELRTE AR A5 4 S A
Xt AT S0 7 1T A ATF 5 O k.
TATRIK IR Z KR & T &5 Cu™ 8
ZRZROKI A, FRILH T AR AR 5 — AR Y
FRirp, 25T ARSR h Cu™ i T B R
O3t P e S IO R TR X 245 P AR 5 ol — 24 i S . 114

S,
1 LR ERSy

L1 EAFRE&E

R FH7K #R-PR 2R K il vk G 2R K T A AL 7).
B m T —E & /Y Cu (NOy), - 3H,0
(AR. EZH R Al A R A H ), Mg(NO, ), -
6H,0 (AR. [ 24 4 Wl b 7 il 0 A BR 24 =) Al
AL(NO;), - 9H,0 (AR. [H 254 Ak 2350 A BR 2
Al), T 200 mL ZYOKH, IMA—EBRIRE,
NIEH AR IER I Z T, 781 h WIHE ] 180 C,
7 180 C R/ 3 h, ARG RN, Uk, ek
2 P, AR 120 CA U R TR 12 h,
TREIHE AE IR, 55 Cu® S, Hil4 T &
NG nCu/nMg/nM FCRORE i, FES n(\1g+(1u)/n/\] =
3, BRIMKE AR EYER N Cu Mg, Al -LDHs
(x=0,1,1.5,2,3).

1.2 fEEF BRI

AR BY XRD 43 #fr 75 75 = 45 2 52 D8 Advance X
SYERATHHMY EEAT. Cu 8, Ko B4 (A =0. 1540
nm) , FHLE 40 kV, B HJE 40 mA, T 2°/
min, FHETEHE 5° ~70°.

AL Cu/ Mg/ Al 2ty 5 it ICPQ-1000 Hy Jg&
G5 B T AR R S G 75 (ICP-AES) . # <l
B, BRIRTFE RN 2.7 mL/min, 54§ 27.2 MHz,
E 1.2 kW.

FEAR LA (FT-IR ) 43 7 78 35 [E /Y Nicolet
73] NEXUS670-FT-IR AL 8% F #4705, & KBr
FE R 3L RE, FES A KBr ELBIA 12 10, 4
JEE 2R 400 ~4 000 em™'.

H,-TPR 43 #7 5% % 7 Chem BET TPR/TPD
Chemisorption Analyzer 22 W Y b 3647, W&
NABAE, 7E 150 CHI4E Ar WK 30 min, R
MK, WA ZRER. RE, #TRFIHE
I JE BN il OT 4R 21 500 °C, AR A SO mg,
H, +Ar JRA5 U (Hy/Ar=5/95) J9ib <, Thild i R
10 C/min, (UL Ny 32, TCD A6 I 6 0.

FEdn i TG-DTA 73 Hr 1 H A By 4t W) DTG-60H
LA BN THRE A S C/min, WER
F+% 800 C, =AM

FZ5 R E ( BET-BJH) gy 25 [ 2 540 4% )
ASAP2020 fLA5 S L 2 AR 43 A A4 15 554
FEMTE 110 CEHABATAEIL6 h, SRIGTETT K(HK
R) THATHA RN, H 8 £ BET A5G 5]
FEG A FER T AR, AR IR 2k BIH AR5 315
P BNFLAR 3 A ALK,

A T 2 755 ( Scanning Electron Microscopy,
SEM) J&7E Hitachi ( H 57.) #7825 43 $¥ 37 & 49 4
Hi - A SUSOL0 E AT, i 4 TARHLE N
0.1~30 kV.

1.3 L pyERE M.

FFEY) 1 mmol MEZK | 1.5 mmol A1 2 mL I
) H R, 1 mmol FIEEHR | 12 0.05 g fiitfbsmm
AF 10 mL [ 8 as b, @08 4EF 80 CHEIR /K
IR 24 h. R SEER G GV H) . B0 o Bk ik
PEAEF), AR ISR . B 4 b WA 7
P B HE GC-2014 BYSAH @35 AL 70 A, FID A6 &%,
HP-5 BUEANEH:, KR 310 °C, #EFEIRIE 300
C, RMIMREIEATE 7T

2 R 5L
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K 1 Cu Mg, Al -LDHs f XRD %%
Fig. 1 X-ray diffraction patterns of Cu,Mg, Al ,-LDHs sample
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(006) . (009). (110) 7, FBHEG BAIFEHZIIK
WA B neas/nyes LBIEIAE AL, 17 506
A B S AR AL, X AT RE R PR OA AR g/ T AR
[ Cu™ (r =0.65 A) F1 Mg™ (r =0.69 A) By &5+
AT, M XRD 3 & AT LA B Cu™ 3
N, AT VAR B RS , FEHA T R K A A
TR, Cu® BURZMR - Mg™ IOXERER s 24 Mg™ 4
TP Cu™ e R, KW AL AW (110) 1R AE AT
SPIEARES , T EL7E 20=36°4b 553 T CuO 7514,
XA AEE Cu® Al 32-Z 838 0 i A5 K W A 28L&
(3R 73 28 F B B B S8 0 1 B T gl
IR AR B R B i Ak 7] ICP $icdls. 7T
LA i, KW A1 Cu Mg, Al-LDHs i F 5] A
Cu™, R/, FER R SEPRAL5 5 B (E A

< 1 Cu Mg, Al,-LDHs i g4 R ~FF0 ICP {47
Table 1 Particle size and ICP of Cu Mg, Al -LDHs samples

Catalyst Cu/Mg/ Al Atomic ratio” Particle size/nm
Mg Al,-LDHs  3.00(Mg™) : 1.0(AI*") 12.2
Cu,Mg,Al-IDHs ~ 1.04:1.95: 1.0 11.8
Cu, sMg, ;Al,-LDHs ~ 1.47: 1.43: 1.0 1.3
Cu,Mg Al,-IDHs ~ 2.12:0.91: 1.0 9.9
Cu;Al;-IDHs  2.87(Cu™) : 1.O(AI™") 9.5

# ICP determines

2.2 FT-IR &R 5

B2 Al g FT-IR [ g 2 R, FrA i
LA IAE 3 200 ~3 500 em™ 4b H B FE A i
B F B d 2 A2 K TR IR B RN, 5
I HPIRAS A —OH (3 600 em™ ) MG, 10ée i (I $ o
B, SN Z KA T AT eSS 2 A B T CO,™ 5
JERE S [ A AT 5 2 950 em”™ Abfiikig Hy
CO,™-H,0 2 [A] LA B 22 45 20 1 BT 85, 17 Mg, AL -
LDHs FIvIH & Cu™ BIZK I A B 2, RWRTE
CO;™-H, O HrigelE T 5 &, XA e FIAR il fEA ]
F CO,™7E Mg, Al,-LDHs 2 (8] LA F¥ 1% FRHES ] J5
AFEEAFAE. 1370 em™ FHEAYIER CO,™ il C—O
X FRIAE IR S5 W i 5 600 ~700 em™ [l
W8 T C—O B NS IR shERAE G, 424 cm™
FE A R AR I K VA A A 0 B AR S
TSI, TR 3% & — 25 3000 T & B = B K
WAL YIERIE

Intensity/a.u.
j M x
1 i
I+ I >

4000 3500 3000 2500 2000 1500 1000 500

Wave numbers/cm ™!
Kl 2 Cu Mg, Al -LDHs ft] FT-IR %%
Fig. 2 FT-IR spectra of Cu Mg,  Al,-LDHs sample

2.3 H,- TPR &84

P 3 AR H,-TPR JEE. WEPDR, BiE
Cu™ 5L, EALIRITE 300 ~ 400 °CIRLEE X [H] Py H 3
THRJEE. AR SCRRATE T — AR A IR X ) 1
B JFIEN)E S CuO B Cu BYIEJE. XFT Cu, Mg, Al -
LDHs ZFIHALH], B Cu™ Sk i8I0, H, S50 1h]
GRS 3l , FEZCRIGIN, BIREE B 5 A AL 77
MR IERE P i, 355 3CHR[ 24 | HGE 25 RAH — 2
1M Cus Al -LDHs (19 4t J5 06 [i w25 3L I 7, X nl fiE 5
Cu;Al,-LDHs HA#43 CuO fAEA K.

H, Consumtion
»~
Lor
" -

! | 1 1
100 200 300 400
Temperature/ °C
¥ 3 Cu Mg, Al,-LDHs A9 H,-TPR % &
Fig.3 H,-TPR profiles of Cu,Mg, Al -LDHs sample.

2.4 TG-DTA Z B4

T RS K T R SE R I T R K £ )
POt AR, T 25 A (TG-DTA) 437, 45
WK 4 fs.



56 1

ALELLAF: Cu-Mg-Al JOK B il 4 St — 2 RES il AL P RERF ST 551
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& 4 Cu,Mg, Al -LDHs ] TG-DTA [tk
Fig.4 TG and DTA curves of Cu Mg, Al -LDHs sample

A LIA H, Mg, Al -LDHs #1 Cu,Mg, Al,-LDHs 1§
TN 2 AR H B R R S A 2 Sz i
e, M, Al,-LDHs 14751 5 T A8 HETE 169. 3
212.2 CH1374.9 ~403.7 C; Cu,Mg, Al,-LDHs {4
A3 B R A TE 109. 3 ~206. 1 °C 1 345.5 ~
412.8 C R WML A9 AR50 M 1o A o 1 aed R 0t
A7 AP R X 1 1) e 7K T8 Ay 2 T W BT 7K Tt A
JE B2 K RIS BRI A, X — B Bt Mg; Al -LDHs 7K
HAKREL 19% , Cu,Mg, Al -LDHs K i 41K B
2930% ; oy IR IR BAIAE RS I (1) J2 2 1) CO,™ LA €O, 11
AR, BB Bt Mg Al -LDHs /K #f 1 2K H 24
12% , Cu,Mg, Al,-LDHs ZS/K¥#F AR EZ 25%. M
ST aE R T LU i, Cu, Mg, Al -LDHs 7K 1 £1 4
mi R BRI, JOK I A R E A ZE. R A
b Cu® RN, Cu™ A B BLA 2 - F A8 AR
JE P RE R JEAR ARG I, DA 3 208 4 7 A1 (9 A
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FEPEREAR.
2.5 BET % BJH &R 45

PEARTR A B T AR B N, R RO - B 4 AT 45 SR 7R
TH S, i EIATAL, SR 7K $8- R 28 K i s il 25 1Y
Cu Mg, Al -LDHs {30 IV B R 4502 S
H3 RURVE I, RUIHE S EA NG5, KA
il #8119 Mgy AL, -LDHs A 70 W5 S5 it 2 70 285 2 R AR %
JE I3 A I H A BIR R o 6, R B i Bt o 1 g 1Y)
g yg , SRR a2 A PR AR LA, IF HAL
BAMETE (5 ~25 nm) , FLAEKK. BIA G’ )5,
B Cu™ SRR, FLARAE K ML MY e i
TR & B0, Mg, Al -LDHs 7K 47 il R A 72
m’/g, T Cu,Mg, Al,-LDHs f% [t £/ Ky 77 m*/g,
LM 22.0 nm BN E 27. 2 nm, XA[RER M T
Cu® BRI, (1548 B 22 I 141 249 1 88 3 T Uk
W NN =1 1B NS X A [T 28 [ R

30
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o EZO p= i4
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Elz /
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Fig. 5 Adsorption-desorption isotherms of Cu,Mg, Al -LDHs sample (Inset: BJH pore diameter distributions)
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2.6 SEM &R 5 Hr

HEAFI R AL g I &l 6, Horp & (a) #I
(b) 43 5l & Mg, Al -LDHs #1 Cu,Mg, Al,-LDHs [
SEM [ /. Wil (a) . (b) I, 4208 /K A1
TCE I INEARALE, PR B RS B
PR &, M Cu™ i (B b), Hl Mg,Al -
LDHs /K4 (&l a) fHLG, REEEEFTLE, 2
FORFTEE S WA BT, Mg, Al -LDHs 1455 fin

SUB010:5,0KV 3.5mm SE(U) 7419/2013 09:53 4 Bt |
&l 6 Cu,Mg, ,Al,-LDHs RERErE kAL
Fig. 6 TEM image of the Mg, Al,-LDHs(a) and Cu,Mg, Al,-LDHs(b) sample
(a) Mg, Al,-LDHs; (b) Cu,Mg, Al,-LDHs

¥y, J2 R ol HALW RN 5. sy Cu® ' i
JEIREERIAIRFHEIZ B RS 5048 K H AT G5 1 B
i, 5 XRD, BJH Z5 54114

2.7 iEHER

2.7.1 Co™ FRX AR N THFSE Co™ &
XML R AR, 4 T &5 Cu™ & R R H
1) Cu, Mg, Al,-LDHs {44 55 3 % H A7 3 P 52 50,
SIS EE RN 2 PR,

LS 21

R 2 EUFI R X & R = H B R B R0

Table 2 Influence of Cu/Mg ratio in catalyst on synthesis of diaryl ether reaction

OH

! DMSO,80°C, 24h, CH,KO g
©/+ ©/ Cu Mg, Al,-LDHs " O/ \©
Entry Catalyst Conversion®/ % Selectivity/ % Yield/%

1 Mg, Al, -LDHs - _ ;
2 Cu, Mg, Al, -LDHs 32 100 32
3 Cu, Mg, Al -LDHs 40 100 40
4 Cu, Mg, Al,-LDHs 55 100 55
Cu, Al,-LDHs 49 100 49

Cu/Al-LDHs 29 100 29

CuO 9 100 9

Reaction conditions ; PhI( 1.0 mmol), PhOH(1.5 mmol) ,

a. the conversion of Phl

M 2 W] LA i Mg, Al -LDHs JKH £ 91 A B
AL, BEE Co™ W51, HEALTE P IR &
ne,/ny, =2 {Y Cu, Mg, Al -LDHs AL 1, F=HiieR
B HE AL R Y HL-TPR OB 181 AT LA 2
Cu, Mg, Al,-LDHs fiAL 7030 ISR A, Al ik By
DA R B A 16 s T 24 B 4 3 5 BB A

Cat. (50 mg) , CH;KO(1.0 mmol), DMSO(2 mL), 80 °C, 24 h;

J5 , AT M TR, SXCATRESE A Cu™ ) Jahn-Tell-
er BN, (HAFKIE AIEE R BERIR , DRITREAIR T fiE Ak
FEYE. T WA A S5 A XA TR R 1 R
W, 455 AT Cuy sMg, sAl -LDHs A [ 4 & &
58 Cu/AL-LDHs fiEAG5RIF Ho A 7 HE 1. 78
R BLZEAE T, A BB A AL 1= Py e 1k 2
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100% , {HRJH] Cu/Al-LDHs fEALFRIZEAT R, — %
BESCRA A 29% 5 RAIAAK CuO BEATIBLE, 74
PR R 9% . X —45 Rt — R WK A 1451
XA IS A —RE .

2.7.2 BRLIEFNRIIERT RO R i — 2R
B ZEAE, BIFFE T AN [R50 %0 7= i3 (4 52
Wi, SERGAS RN 3 R, W3 TRIEH, R
RSO RN R T RO BT T30, e
Xt SR S, M P 56l P S, ORI Y 1o

PEPEAICR IR, TRl R A B s, —
AR PR PR A R B 2 AR

2.7.3 R SR BERT ROV R %
GE 1 WIS TR] A2 RN ik B2 X 7 ) WA 24 ) W S B
TIRER R 4 PR, w4 T LA, YR
e 3R I S TR 38 T 38 , 3o PR Ay B s o e
A AE LG, B SN 4, PR PpieRsg . 7
S, FERICRALBE SN B i n, W%
SRR AR, refE S iR O 110 °C.

R 3 WARFIXT & R B R R YR

Table 3 Influence of base and solvent on synthesis of diaryl ether reaction

Entry Base Solvent Conversion®/% Selectivity/ % Yield/%
1 CH, 0K THF <1 100 <l
2 CH,0K DMF 2 100 2
3 CH,0K DMSO 55 100 55
4 CH,ONa DMSO 37 100 37
5 C,H,ONa DMSO 2 100 2
6 KOH DMSO 16 89 14
7 K,CO, DMSO 8 65 5
8 Na, CO, DMSO 7 62 4

Reaction conditions; PhI( 1.0 mmol), PhOH(1.5 mmol), Cu,Mg, Al,-LDHs (50 mg), Solvent(2 mL), base(1.0 mmol) ,

80 C, 24 h; a. the conversion of Phl

R 4 7 [E) Rz B [8) R0 B Xt & B — AR I B S

Table 4 Influence of reaction time and temperature on synthesis of diaryl ether reaction

Entry Temperature/ °C Time/h Conversion®/ % Selectivity/ % Yield/%
1 80 6 18 100 18
2 80 12 28 100 28
3 80 18 32 100 32
4 80 24 55 100 55
5 90 24 64 100 64
6 100 24 78 100 78
7 110 24 85 100 85

Reaction conditions ; PhI( 1.0 mmol), PhOH(1.5 mmol), Cu,Mg, Al,-LDHs(50 mg) , CH;OK(1.0 mmol) , DMSO(2 mL) ;

a. the conversion of Phl

3 #

=H

R K- PR Z K gk il & T R SIAR Cu/Mg/

AL LER SRR I A EALT), R B & = B D, T
(KW FTES R, e b m, TBE Cu™ & ki
SN, KT AR AR AR E IR T R
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The Production of Cu-Mg-Al Hydrotalcite Like Compounds and
Their Performance for the Synthesis of Diaryl Ether

BAO Yu-hong,JIA Mei-lin", WANG jiang, BAO Yong-sheng, Sagara, BAO Zhaorigetu
(Inner Mongolia Key Laboratory of Green Catalysis, College of Chemistry and Environmental Science ,
Inner Mongolia Normal University, Hohhot 010022, China)

Abstract ; Cu-Mg-Al hydrotalcite like compounds with different Cu-Mg-Al molar ratios were synthesized by urea hy-
drolysis-hydrothermal synthetic methods. The synthesized compounds were characterized by XRD, DTA | TPR | IR
and SEM. The results showed that these compounds have structure of hydrotalcite with good crystallinity and ther-
mal stability when the content of Cu®* was low. With the increasing of the content of Cu®*, the interlayer-spacing
was enhanced and the thermal stabilities were reduced. The results demonstrated that the catalytic activity of lay-
ered double hydroxides( LDHs) can be improved with the inducing of Cu®. Cu,Mg, Al,-LDHs catalyst gave high
activity among the studied compounds, with 55% diaryl ether yield at the reaction of 80 °C.

Key words: hydrotalcites; diaryl ether; Cu®*; phenol; iodobenzene



