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Abstract: How to design and fabricate highly efficient and stable Pt nano-catalyst is of important practical value and
scientific significance for improving the C=0 hydrogenation selectivity of cinnamaldehyde. In present study, a series of
MgAl hydrotalcite (LDH) supports with various morphologies were synthesized by co-precipitation and hydrothermal
methods. The supported Pt/LDH catalysts were prepared by incipient wet impregnation (IMP) method with LDH
supports, and used for cinnamaldehyde selective hydrogenation reaction, and influences of LDH with different
morphology for the catalyst activity were studied. The structure, morphology, surface physicochemical properties of
these catalysts were characterized. The results show that the morphology of different supports exerts a significant

influence on the structure and properties of Pt/LDH catalysts. Interaction between lamellae LDH nanosheet and active
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component Pt facilitates dispersing and stabilizing of Pt nanoparticles. Meanwhile, there are abundant alkaline sites

and surface hydroxyl groups in the LDH support, which are beneficial to improve the catalytic hydrogenation activity

and stability. Results of catalytic performance show that selectivity of cinnamon alcohol (CMO) and conversion of

cinnamon aldehyde (CMA) at reaction temperature of 40 “C, reaction pressure of 1 MPa, and reaction time of 120 min

were 82.1% and 79.8%, respectively. After 5 rounds of cycle tests, the Pt/LDH catalyst still has excellent stability.

K ey words: MgAl hydrotalcite; nanosheet; Pt catalyst; cinnamaldehyde hydrogenation; catalytic performance
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. HeAh, FIH LDH 4k R/ E90KR G E R T =B
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1.1 K5

SE6 A BT R /S K B SR B L JLK SRS
JRE . AN BB RN+ b B R BN (SAS)
Nt al, 24 ARG R A R A5
12 EAFIHEE

HIEEEEHEE LDH g9k EL1.536 ¢
(1] Mg(NO3), 1 1.125 g [f] AI(NOs); BB, Jn
ANZBEFIRBEEE, EREBERE . 1E 40 CRIBHH
#£ 30 min, FFREL 0.636 g ] Nay,CO; A1 0.600 g ]
NaOH it i — & ¥R FE B I8 W, FH 23 W00 =
W B B b s wh, FHERE 80 C,
RN HE 6 h, W EARUTIE =W E O3 5, KR
ik, BT 80 CHLFET T 12 h, BB S AREH,
it/ LDH-1.

KFGERIE =BT EHILDH PRI 1.536 g
) Mg(NO3),~ 1.125 g ] AI(NO;); F1 1.226 g [ SAS
FNGERF R, N 25 B8 F /K B FE v il R Bh VA, F
FVATR NN — € & ) CO(NH,),. 7E 40 C/K#tH
Bk 30 min, KRB KHGEF, 76 140 C%AF
TR 24 h, FPRMERE, BHIRER, XYEEG
DU AT E O, KkEdH, BT 80 C
JEF T8 12 h, BFEEZ A K% H, i2/F LDH-AS.

ZRRRBiREHE PULDH BUEF B—EE
(1) HoPtCle ¥ T 221K, e EMARIRE
AP R LDH #iA 1 /Needft o, Pt BIR fa &N
Iwt%, fiHE5), BT 50 CHUAET T 12 h, U
SIS AR . RS, TE 5% Hy/Ar MIAURE
300 Chike 2 h 19 2MEALT, BT BORE M2 lic AR
Pt/LDH-1 il Pt/LDH-AS.
1.3 fELFITERE

TE 50 mL (175 e 5 8 38 A 0 ) Ak s A A0 &
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PERe, WK A2 TP 7R OB R IY 9 A A oA
0.8 mmol [JAIEERE. 50 mg MIMEILFI. 20 mL ()5
P D S IR A AN AR . IRSLAE = &
P IEAT (R BUORER), O F SO €0 Joi ik 1k
1 (% H Shimadzu GCMS-QP2020) k4T & 1 73 #r,
FA A (R 35 GCT900)iE4T /& B0 b o (it e
BN FID Rl 88, (iBH N TM-15 m i B4 8 il
o BRI S S B N ARERAT I .
14 {ELFIRAE

7F Rigaku Ultima IV X 5268 KATHHX(XRD)
XK AR AT XRD RAE, TAEHE 40 kV,
TAEHIR 30 mA, LR 20=5°~90°, FHiHE
5 (°)/min. ¥ Hitachi S-4800 #4# Hi T~ & 35 (SEM)
RIS AN S5 34T 43 Bt R FEI Tecnai
G2 F20 37 R HiE 5 i 7 B AUBL(TEM) Xf Pt L7
AR AR ST 34T 9381 /£ Bruker TENSOR 11436
JERE T BRI 4 i B B 20453 (FT-IR),
MRVEE S 400~4000 cm ' 7EF 55 AutoChem II
2920 1% 2% ik CO,-TPD. 7 Thermo Fishere
ESCALAB 250Xi A X 40t H ¥ R i A il & fi
IR T A G FS, #AE 30 eV, LATG Jfik
(C1s=284.8 eV)HL T 45 & RE AT IE

2 #HR5TE
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LDH-AS #1717 XRD 7r#fr, &R RuE 1(@fixw, A
[ 77 325 1) 2% (R i 25 S s tH K A 65 4 B R AR AT S
It (JCPDS 89-0460) . £yt & % LDH-1 £f & 7
20=11.3°, 22.2°, 34.5°, 38.5°, 47.3°, 60.3°. 62.5°
A FATT S RT LA 23 ) ) J& T LDH (003). (006)
(012). (015)~ (018). (110). (113)fhTH, X2 B H %
ff) LDH-1 B CO™ #2454, JZRE T 52K
AR FH 05058, KIFA R R ESEmECh TRz, B
e R AKRL T i R AR, 4 LDH-1
FEfh, RIUKAEH %K LDH-AS ¥ & FFEEA
KT A 1 45 R R AIE U, (EL L AT S 068 1) 558 5 A T UK
59, (003). (006)H1(012)%% & TH RFAE I 55 AT A2
X B 5] N BB - R E R XS LDH 2544 (1 5
BN, #1454 LDH B SAS BB 745 2 45wl 1)
i@t Scherrer 24 z01HH LDH-1 A1 LDH-AS k2 %)
25~30 nm,
Kl 1(b) il £ 1) LDH-1 ££&: 1) SEM &, M
Bl ] DUE i, il 1K A BB 9K R 4it, R

(@)

LDH-AS | NSRS N

(006)
v

012)

"(015)(018) (110)(13)

LDH-1

Intensity / (a.u.)

I - Lo / ‘ /
1 A% LDH (17 XRD K1 (a), LDH-1(b)F1 LDH-AS
(c, d)f¥] SEM [& Ji-, Pt/LDH-1(e)fl Pt/LDH-AS(f) ] TEM I& F

Fig. 1 XRD patterns of different morphologies LDH (a),
SEM images of LDH-1 (b) and LDH-AS (c, d), TEM images of
Pt/LDH-1 (e) and Pt/LDH-AS (f)

SPESSE, KA EARZN 40 nm. B 1(c, d) KA
R4 LDH-AS FE4H ) SEM I8 /i, %t LDH-1 k5
KRB, FTIEER SAS St /KW A7 BT SRR ~F 5
BK, Hil4) LDH-AS £ fh BB 90K F HE S Bl
YRR GE R, RAFBOR, 49K R 228 70~80 nm,
TEIEIR S5 14 LDH-AS RAT21°8 2.2 umo BT iz Ak
KR HFLE CioHpuSOs S F R, 24 AN
Mg> PHEBEN MG, BH 251 18] 452 3 F A B AE P 4
EE i, RETEBAEIR GRS T i
FEAS[F) TS0 A0 45 19 () LDH 44 % 9K PtoRE1- 0 IR
7 AEH, A 5T 2% 1) PYLDH-1 #1 Pt/LDH-
AS fEAFRIEAT T TEM W%, B 1(e, HUESE Pt R+
76 LDH # 4k b #ugir B o fi¥ s, R)Z4851
Pt/LDH-1 # 5t P44 KR+ 113 RS BN, 4028
(2.1£0.3) nm, MAEMERZEH PULDH-AS &+ Pt
KK 1P R )R (2.8+0.4) nm.

Kl S1 %5 7 /K4 LDH-1 #1 LDH-AS #£ 5 H)
FT-IR MR 45 B, 76 i 3406 F13509 cm ™' Ab i
WSO Syt B -OH R a4k B0, 3 BR H K
141 LDH-1 £ LDH-AS ¥ ity 1 i 18] (1 72 38 A2 (]
IK>F o 700~600 cm™" ({1 i igxt B LDH o 428 5
AL A IRSh . 6T LDH-1 BE 8, 76250
TR (X 1572 e FRUT A R AT U S 5 NHL PR e 4
PEZ, 1354 cm ' AL B AEIE ST i CO5> H1 C=0 {145
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22 fENIEEEMAR
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INEEREREAT VRN, MREERINE 1 fiR. fEiRE
40 C. 77 1.0 MPa. JRJSiIf[E] 2 h (44, Af
DL HY = 4R 78 IR 45 44 ) PULDH-AS {4k 771 % %
N 42.3%, % PYLDH-1 Ffifm, A AR b
) CMO £ HHBTE 80%LL o HHULAT %N, LDH #
NI AP P2 R R AR e cios=A 5 N N < I )
SEM Al TEM &} 7] L& B, Pt/LDH-1 {47 Pt ki
BN, R RSN, AT =R F
SRS ) A% B AN H

NTHFRAFIESE LDH X Pt {4k P RS vk
FEInE MR sZme, A8 5TR ) CO,-TPD X LDH-1.
LDH-AS.Pt/LDH-1 #1 Pt/LDH-AS #5347 7 07 .
M S2(a)AT %1, #E 300~380 ‘C K 430~550 C3ul#
N, BN ERE CO, Wb, KB LDH #i/kRK I AE
FEPANGE 0, 76 380 °C A5 A5 FO ARG IR F 0 w] R
&t CO, 5 LDH #AR M -OH S N A B ik BR A
SRR R T 440 °C A2 A5 (1) i B e D) = B
LDH o Hp A7 76— e sm Bt o0y, A8 LRI ik
mPEN, Xt EL B S2(a, b)FT %, LDH-AS & 1 it i
U I B2 L LDH-1 #f it =1, 1] LAHEI LDH-AS 68 14
L R 25 1) LDH-1 5. A S2(b) AT %1, Pt 6 2%}
LDH Ak 114 i 5 4% /)y, PYLDH-1 A1 Pt/ LDH-AS
FEAH ) CO,-TPD HHZRA5 4L B 2, PY/LDH-AS £ i 1
BRPEA L PYLDH-1 58, B LRI %0, AT AL
FIRIBRE S M K

N0 gk Pe AL T2 1 HE T 1R,
AWFFE%T Pt/LDH-1 A1 PYLDH-AS #3647 17 XPS
RAE, MK 2 A 2(a)r] 51, PYLDH-1 fE4LFZR

®1 AEFIER P ELTI AR NS ERES N
Tablel Effectsof Pt catalystswith various morphologies
on the hydrogenation properties of cinnamaldehyde

FEH Mg, Al. Pt. O. CZuEd. K 2b)N
KRB Cls el DLy a4 SRRV, 2 4 T
284.8. 285.8. 288.1 F1290.1 eV &b, AT LA HIVAJE N
LDH-1 #/&FH C-C. C-0. C=0 1 0-C=0 [{J}H¥F
EIE ) PYLDH-AS SRR AE 06 5 AL
2(c)#33, P/LDH-1 #I PYLDH-AS {4k 7I7E 531.5 Al
535.5 eV P i i 53 5 VA8 T LDH Ak S 4
(O I THI L B (O™, ATRIA[EIFE SR Pt (AL
)2 THI R AFAE KB B 7K o i %6 HE 26 2 % B PY/LDH-1
FE R T Ous/(OagstOr) 19 L {E (0.35) &1 T
PY/LDH-AS # i, REHTH RN A SRR S -

B 2(d) N 7R AN ] Pt AL FAILE 74.5 eV At
FEE—/NFRHIENE, TCAVHJE T LDH 1 Al2p FHRFE
g, U] Al FELL ALO; JEAAF(E. £ 70.7 eV &b
(¥] Ptafy, FEAEUE T LUV JE Ny PO T7E 72.4 eV it
4 SRR T PEIM Ptaf,, MG & e, arblf
HIAJE T P (0<0<2)HIHEAE I . 3X 7T g2 P° 5 LDH
AR AT R EIEH 8. RR%H
(1) PULDH-AS {65t AEE RN A 45K P,
HE® 5 PYULDH-1 f#ALFIAIE . AW FiRkE, Ehk
& J& PHBS T X AT PE AT CMO 1B 42 B {2
HEVE R, AR T3 PR e B I A i AT
I XPS 45 %] PYLDH-1 AL F AR %
) P, R, MR, B Z45HK LDH
YK A PeEAG R B A AL A RE, X5
1 PRS2
23 REZHHR

N T IRNIRR S5 X6F R RE I 32 B A M g
(RREIR, AHIF FOKE OB 339 1.0 MPa, [ B[]
WA 2 he BEHUAIE s BE ATEAY PYLDH-1 #E4L
AR . B 3(a)AT %N, CMA AL R BE 5 AL
SN P R T v T IR R N, TE 80 CH R LR IA
£ 96.9%. HT CMO B I EEREA TR E, Frbhr=
) CMO FIE SR Z B AR, 7E 80 CHEFME N
47.1%. HILFTLLE W, RN EE 40 CH, L
FILEA B R R IR MR, AR T CMO WA
B, AETSSEEL C=0 WU N & i mik B

*£ 2 XPSlE Pt/LDH-1 %1 Pt/LDH-AS 4L FIE
KETEAMK

Catalvst Conversion/% Selectivity/% Table2 Surface elemental compositions of Pt/LDH-1
Y ’ CMO HCMA HCMO and Pt/LDH-AS catalysts determined by XPS
Pt/LDH-1 79.8 82.1 12.6 5.3 Catalyst Pt cozl/tent/ P /P 0,4/(0uatOr) Mg/Al _
PYLDH-AS 423 89.4 8.5 2.1 at’ atomic ratio
Note: CMO indicates cinnamyl alcohol; HCMA indicates P/LDH-1 0.35 251 0.35 119
Pt/LDH-AS 0.28 2.30 0.21 0.98

hydrocinnamaldehyde; HCMO indicates phenylpropanol
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Mgls
3 3
g & | PYLDH-AS
8 g
| k|
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o
Pt 4t/ : , . eny
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Binding energy / eV Binding energy / eV
© Ols @ Ptdf
AP
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3 . pe
& |PYLDH-AS I | Pt/LDH-AS
2 ey
g >
k= £
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Binding energy /eV Binding energy / eV
B2 AL XPS il
Fig. 2 XPS spectra of the as-prepared catalysts
(a) Full spectrum; (b) Cls; (c) Ols; (d) Pt4f
100 100 100 100
(@) /. (b) °
o ® T o/
80| . - e ol se— . L—» lg
© d [CMO o EmCcMo
R [_JHCMA KRS = [_IHCMA X
Z %0 | Enomo 60 % S 60p [ EJHeMo 90 -
: s £ 8
§ @ B &
g 40r 140 2 B 40f 140 2
% : 3 g
o @~ O
20} {20 20f "ﬂ 120
0 {.-’_h J._I—I—‘ . . 0 0 —ﬁ{—l J._I—I—| . . 0
30 40 60 80 0.5 1.0 1.5 2.0
Temperature / 'C Pressure / MPa
100 ' 100 4y B CMOE—J HCMAE HCMO
T T /./ o\¥. 5 o i 480
80 e L g 80 B °
X ] == CMO e = 8
> ° CIHCMA | ~ 3 160 =
5 %0 1, CJHCMO (60 & £ 60T g
3 4or 40 E Zaof 2
O Q
O
201 120 201 120
e W W W W 0 W W B s M |,
60 90 120 150 180 1 2 3 4 5
Reaction time / min Number of cycles
B3 (a), EJ1(b), SR A (c)ANAE M A2 E P (d) XS PYLDH-1 HEA6 7 PR A AL 1 BE A R

Fig. 3 Effect of temperature (a), pressure (b), reaction time (c), and recycling stability (d)
on catalytic performances of Pt/LDH-1 catalysts

Curves represent the conversion rate, while bar charts represent the selectivity

B N 3% PYLDH-1 46 7)1 BE A 50,
[ 2 [ SR E N 40 °C, NI TE]A 2 he M@ 3(b)

AlG, BEEASE IR, CMA #4LR AN 5,
M 58.4%FF =2 94.3%, (HEEREHE L IR, CMO
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(1) 3% B 1 S T 3B T PR AR, N 86.8% MK 2 50.8% .
HCMO HIEFEEENE W5, M 5.3%F 52 34.1%.
XULEA R i K2 S BUR N B, AR T4 5 CMO
PRERENE, N1 N 1.0 MPa B HUNIE H

K82 [ NI A]G) PYLDH-1 AL 7)1 RE i 520,
li] 72 [ ML FE 9 40 °C, RS F34 1.0 MPa. AE 3(c)
AT, BEE SN (R BE N, CMA #1020z 8 7t
e M MIIEN 60 min B, CMA I#LRA N
52.3%; 24/ M B ZE K % 180 min i, CMA JL-F-4%
th5e 4. (BRI S [A] I35 0, CMO (13 $ E 2)
HEEFEAR, M 89.8% B HT BFAILE] 42.9%. 1X— 45 R K
B, 24 5 SFTE] A 120 min B, PYLDH-1 467 B
B EAPERE, CMA HALZEF CMO &£ 75 7
N 79.8%F1 82.1%.

24 fELEINERE

S R L5 PYLDH-1 K St — 5 3E4T T 183
FoE tENEA, WE 3R R MIREE 840 C, Kk
%K /324 1.0 MPa, S S2H ] 24 120 min i, P/LDH-1
fEfRIZ IS 5 RIEIMER, U5 B A B )t iE v
FIEFEME, CMA HIEALZRRIGZAAREFE 75%LL B, 1M
CMO IR FEMEREAIRFFAA, JEFFLE 85% ML, X
AIRER 9 Fr /= LDH 84K 5 Pt 2 [A147 724 5 AH A
H, I LARE @ B4k Ptk . 454 CO,-TPD
HTXPS [RES R AT 50, 49Kk A )2 LDH # ik 71
FE MBI AR R, AR TR AR A
TEPEAREEE, RIME PYLDH-1 467 B B i
FaE .

SHEH S 5 (1) PYLDH-1 {46737 TEM 4
r, 255 S3(a)F(b)Fs . f#H J5 1) PYLDH-1 f
WHIE SR R H A2k, gk R Z45H, R
P20 40 nmo IEHIE AT LUE H, Pt GK R 1T
YRSFZ18(2.7£0.3) nm, £ ATE 2~5 nm, FFA
HEL B B R, AT B R o B o X 20 B
J )2 LDH #4k5 Pt 2 (o] 2 A A BAEH, AR5
BUNRSFGK PR 43 ORI RRUE
25 fEHNIE

BT BIRGE RRTHE, 35X AT R R
BT AL GE WL S4). IS N R AR, Sk
TR IS H, A S E0 Pe geRRE
T 5 LDH #Ak EagtE AL st 20 AL E . 3L
H, Pt GOKRL T R ER MBI Ei. RS H o
TN H T, U kAR, H, 2 FES)E Pt Bl
HARES . [F, LDH K s, JtHZ S Pt AHL
(BT 5 5 5 C=0 S BB AR AR Y, 351k
B HE C=0 WU e RIFERE, 121738 LA A

VRN L FENE - foeJm, 70 AR AR A7) R T A
AR IR, SRR TR R AL A

3 g

AHIF IR TR AR B4 T A RIS
45t LDH, & th—Fh s i Y ERE R E I Py
LDH AT, Ptk 15 R~F 29°8(2.1+0.3) nm.

DILPTIEH %1 F 2 PYLDH-1 AL, 2%
NARFEA 40 °C. K34 1 MPa. [ M A4 120 min
i, R BAL AL RE, CMO PR RE R 82.1%,
CMA AL N 79.8%, 43t SEIEAMAR, AL
PERERRE -

2)FIHH F )2 457 LDH 34k 515 414 Pt Z 8] F
SEAEAER, SEILT SR4JE Pt MarEUERE, [
LDH #AA& TR A77E = & I AL s AR T 2 2L, A7)
T EERIMETE TR E . X — & RoRE ]
FH Rt 2% oAt 5% 4 JB AR, I 2R 78 A ) i b
AR

*hFE#A

5 A SCHH 5% Hb 78 M R B Bl https:/doi.org/
10.15541/jim20210100 £ [5 .
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