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NiAl-LDHSs/SiO, Composite: Preparation and Application in Benzoin Ethyl Ether Synthesis
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Abstract: A surface-covered NiAl-LDHs composite NiAl-LDHs/SiO, was prepared by coprecipitation method
(XRD), Fourier

transform infrared (FTIR) and Nj-adsorption/desorption measurement, and its catalytic performance was evaluated

using silicon dioxide as supporter. The composite was characterized using X-ray diffraction

in terms of benzoin ethyl ether synthesis by reaction between benzaldehyde and methanol. The results show that
the NiAl-LDHs and SiO, are combined each other through the stable chemical bond of Si-O-Al and Si-O-Ni in
the composite. NiAl-LDHs is distributed uniformly on the surface of SiO,, and the composite has high specific
surface area. Additionally, the synthesis of benzoin ethyl ether was performed with NiAl-LDHs/SiO, of 20% LDHs
loadings as the catalyst at 70 °C for 60 min. The results show that conversion rate of benzaldehyde could reach
61.8% with the selectivity of benzoin ethyl ether nearly 100% and that NiAl-LDHs/SiO, has higher catalytic
activity than single NiAl-LDHs.
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fE¥) (layered double hydroxide f&5 i LDH), 2
i b5 TS %) BR300 23 T) B A T A
A TEAR JORE B b o 228 LR R DA T 52 e L A
fePERE . A TR 9 /0N 218G R 30 3 32 i 45
NiAl-LDHs, -8 R I 2 W i 55 £ W e AR
QA CBERON T AR BT B B 45 R B R
BRI AR 43.7% 2540, 200 B s RIAE T
T A Bt A v 5 1A B 5 e | LA A5 1 i Ak 5D L
FET RN W PE2H 43 A TSR PRt TR AL
JO7 H R A2 B R, — B it B 2T U SR v
TG PR 2H 43 0 43 HOPE 3G m R AR, R SR Sio,
DL B He 36 T AES S B 448 | S HR TR B 72
B0 AEAE AT LAY & )R B 1 OB E 19 M-0-Si(M AR
4 JE PH B ) i S S5 R i B )2 AR S AR fHOK
WA RET Si0, AT HGE > AR AL DT
VEVE T LT NiAl-LDHs/SiO, 2597, #2 i AL 75 /Y
Pl R T AR RN PR 2H 20 00 2y Wb fE L R R S &
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e 52 18 % F) US5637636 218 19 77 1 A B K AL
) ZAARES IR A E] Ni(NO,), , AL(NO,); &
K SRS AN W i i B0 HE 8 T W —
SERFIRLS 20 A BT &2 73 80R 1%/ NH;- H,0 %
W pH {H(6.5~7.0), I 5¢ L4k 22 hi £ 0.5 h,
BRI E TAGEII NS B IFTE 110 C
IKARALBE 6 b, AR5 HhUE VeV, T 80 C R LT, BF
BEREH]

1.2 RB\KBANGH &

e — 2 BIPKE 1.0 mol- L' Ni(NO5),.0.5 mol - L
AINOy); IR G, TEARBIARZIBEHE T, LL 1.0
mL min™ A3 T AT NaOH H1 Na,CO, ¥ , 2 pH
B} 5.0~5.5, 7 in e He gk S 5+ 0.5 h 45 2 1 Ui
SR E FAEWR N ST B IS TE 110 CK K
AEFE 6 b, SRS HhUE VR, T 80 CTRMET, B it
5
1.3 & fE

XRD 4347 . H A Rigaku 23 7] D/Max2500 % X-

FHEATHAL  Cu #8 Ko 128 (B K 1=0.154 18 nm),
A Es AL SEHLE 40 KV, HEHL A 100 mA , $ 4 3
K go.min™, FHREE 5°~65°, NERITECE 0558
B, FTIR 7307 . H A &) Ee i 7 v 20 40 1% o3 A AL
FTIR 8400, I £ %2 15 [l 400~4 500 cm™, o TH
S L A8 LA 5E . 92 [E Micromeritics ASAP
2020 %Y 7 2 MBS, A b 78 DU i AR Y TR 2 373
K il B2 fAL B 5 h, BRI A S 2R, SEM 43T
i H A< JSM-6700F 4 4 L - b 3 5% X i Ak 75 B
AT MES . GC 4B . Jb 5t db 4 B Al SP-2100 A AH
i R A B AR5 A OV-101(0.2 mmx
0.25 pmx50 m),ﬁ%y‘? N,, & 1.0 mL-min™, %k
FLAN, 301.0 mL-min™; KRBT R 50~210 °C,
50 Cf5 8 5 min, 210 °CI5 8 5 min, FTHEE % 5 C-
min™; 7L E 240 °C,FID 270 C,#FE & 0.2 pL, 7
W 1:100,
14 REBEZHMHERK

R AR TR0 7 08 T VT TE A R e ke L
PEAT W 2T [l 37 2% 1 = 0B i 1 52 7 4 A e
T RE I FEas b A — 8 R R | O R
AR (FAETE 80 CCF H N, AWK 2 hy, [ 5E S vy it
BE 70 °C, % R RN B R E AT GC AT, BASE
PRk AT i

2 HR5WR

2.1 SHMHH

B AT K A B B B AR v R B
AH A% R0 S R A% 00 58 | e B R 3R | 3 A
BUAZ I A AR R T S AH B 9 B AR T A — i
DAL TS A B FEASHIF S S50 T Ja il A F op
DOVE R A SR B o ZURBEFY & SRRl AR 2 K
WA ST AR T R O, IR R AR
KBS aEZ, R HERERE T 2)RE
TR AR EOKWRE N R RO R
SE G L s | A9 B0 A 5 AR AR
4R N2 ¥ B2 0.1 mol - L™, AV £ 24 0.05 mol -
L, TN 20% , 2 K W E R it &t 5 50 1% , U
T AR W AR E N pH fEh 6.5~7.0, Bl 1 H(e) W 1E
EH AN ERESYN XRD B, Bl 1 ()%
& — S AL AE A1 (b) 1 NiAI-LDHs A9 XRD fiT 55 Kl
E Al UL, 52 4 ) NiAl-LDHs/Si0, [ XRD Bl 5 NiAl-
LDHs FY B FEAE WA 8 SEAAH [R] | i EL UG 5
JEBFEAR — B, X — UE PR SRR SR T T A
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Fig.1 XRD patterns for SiO, (a), NiAl-LDHs (b) and
composite NiAl-LDHs/SiO, (c)
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&l 2 J& Si0, ¥t 4 I8 B H S AR s Y IR
I 2(a)FT LAE HAE 1 350 em™ H 3 Si-OH 11 fif
A5 HR B 053 em' I Si-OH 1945 il 4k 2 0% | F (b)
A WA R T 2 R X ARG T R R &R
B 5 Si-OH 254, %45 = Sk ak 2 e s iy
Si-0-Al,Si-O-Ni 4, 7F (1 020~1 224) em™ H B
W R i K, Bl 3 J&(a)NiAl-LDHs Fl(b)&2 & %11
IR B 3 Ha] Al #E 400~800 cm™ a Fl b 77 7E4H
IFi) f1 5 Tl A 6 | 5K A4 K T A1 Y Ni-0, AL-O 4t
)RR AR TR M 0 | 50 I 7 7 280 R RO B T KT A R
BIZ, WK 3 a b /A, fEIEK Sio, T FTE
460 em™ AbAT Si-0-Si M FE 4R S 0E AT 1 120 cm™
b Si-0-Si #Y il 45 4ig 2 W 7F 52 5 ) v [F] A7 7 1
W AE A IR 3R S5 A R T R A 1 T 28K i A
(ORI
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Fig.2 FTIR spectra for SiO, (a) the SiO, after stirring (b)
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Fig.3 FTIR spectra for NiAl-LDHs (a) and the composite
NiAl-LDHs/SiO; (b)
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# Si0, NiAl-LDHs 1 NiAl-LDHs/SiO, & &%)
PEAT BET M Fb & a5 S 1 s .
# 1 SiO, NiAl-LDHs f1E WMt RER R
LR

Table 1 BET specific surface area and pore
structure of SiO,, NiAl-LDHs and

composite
Sample Sper / (m?+g™) d / nm V,/ (mL-g™
Si0, 295 15.33 1.13
NiAl-LDHs 14 13.00 0.045
NiAl-LDHs/SiO, 375 14.53 1.36

Note: Sy Specific surface area; d: Average pore diameter;
V,: Pore volume.

& 1 J& Si0, . NiAl-LDHs 1 NiAl-LDHs/Si0, &
G LR AR S LA P, R 1 AT
BET 751175 NiAl-LDHs/SiO, /Y [b 2 TH A H 375 m?-
g, RTEMAEM LR 295 m?-g™!, Wit KT
NiAl-LDHs fJ HE R TR 14 m?- g™, ZEAHXS FJT plp=
0.99 W} 755 & % NiAl-LDHs/SiO, fI L2450 1.36
em- g™, KT #HAK Si0, fL4 1.13 em®- g™ Hl NiAl-
LDHs HISLZF 0.045 em®- ¢! 5 W) R T AR AL 2R
B J DR AT R SR R 3R TEDREDRE FE XS, DA K A
B 7K A PRV BAG IR 45 4 T AR R TR i 4
fLF&R, B 4 JEFES NIAI-LDHs/Si0, & 4510 (1 W B 25
ek, HIE 4 TLLE W T plp=0.8~1.0 Z RN T
H, BV 5 PR T 32T AL 5 ph 1 A AR B0k HE BUE
M FL, B S J& Si0, A1 NiAl-LDHs/SiO, 9 fL 1% 2
i, BJH &2 P LR K/ R BLEUA Sio,
FLIETE 2~42 nm WY HEER G WS LN 23 A, 1T NiAl-
LDHs/Si0, MFLAZ o> A B B AR %5 | FLIE JL A oy #i 75
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Fig.5 Pore diameter distribution of SiO, (a) and
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24 SEM 737
[ 6 ) a Al b 7352 # A SiO, Al NiAl-LDHs/
Si0, W19 SEM B AT 6a AT KL 2, 4
At B 22 RVBORL LL BT, BURE R 2958 35~55
nm, H/NRSFRURI % K b & 48 NiAl-LDHs 1Y
AW SEM MR, W] LB & Hh B0RL 2 1 7 48

PG | UKL (14 ~F- 3 RS AR K S 3 RST 2978 45~
65 nm, X HLALE P RIERAR Si0,, AT AR - 1 )R
T 10 nm, & 6 I K A H S BUR Y 5
AR UE AR (EROR IR U vy NN S BB N S
7 B IE R B IR Si0, B9 458  NiAl-HTLes 7E SiO,
FRHEIE W TS MEZE,

(b)
6 Si0, (a)fl NiAl-LDHs/Si0, & 4% (b)) SEM M8 ;5
Fig.6  SEM images of SiO, (a) and composite
NiAl-LDHs/ SiO, (b)
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pH B ; 4 R AR BRER Al W2 SRR A& 1 W= 15t — 481k

ik R R AR SR T Y R LUk R Surface-
SIOM“ Dk R 2 1) &R B T 2 E T
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S 1) A5 AT AR B 2 89 Surface-SiOM )+ | [R] B
Wit 5 Rl T PN T I 8 0 E Si0, R THY Ni2+ A
5 OHIE WL S B AL i) /N TR AR 2548 | BIFE Si0, %
I B T NiAl-LDHs W7 )2, 2 AW 52 m,
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A: Metal ions; %8888 : NiAl-LDHs supported on SiO,
7 & NiAl-LDHs/SiO, 193 # 7R &
Fig.7 Schematics of NiAl-LDHs/SiO, synthesis
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NiAl-LDHs 7 45 4 38 ik 76 A 7] 593 0 b AR
[ B 119 SR A B AR P ] KA ] 7 e ) AL
UL T A AR RS C R i B SRR
7,5 R 2, S50 W B 330 R 3 2R
T e AL 3 L e T T IS B AR A B4 24 B gk
NiAl-LDHs 450 73 800 20% 0, HEi 52 45 9 L 3%
T ARGK B RAE 375 m?g™!, % HYIE 1% B A 48 38 3
61.8%. X ] AESE NiAl-LDHs 7 45 {43 i 73 i 4%
P Y TR 2 o3 o3 HORE BT A L A R A b 2
% 1 T 5 T B B 3091, 525 W Y L 3 T
REAR S 265 m?- g™, 4222 I R 9 2t o = B NG AL

% 2 NiAl-LDHs fifi @ L ERNZ N
Table 2 Influence of NiAl-LDHs loading amount

on catalysis

W istons / % Sper / (m*+g™)  Conversion / %  Selectivity / %
0 295 0 0
5 314 56.7 100
10 339 58.5 100
20 375 61.8 100
30 265 55.8 100
100 14 43.7 100

LDHs 7£ 20K 218 H BLAT SR | (15 P 4 20 19 0 3R
REAR, 5 S0 AR 6 R AR,
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8 & A& — S Ak i (a) NiAI-LDHs (b) 1 71 2%
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Fig.8 Effect of the different catalysts on the conversion

of benzaldehyde with reaction time
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