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Highly dispersed Pd/Ni-A-CA nanocatalyst for catalytic
hydrogenation of quinoline
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Abstract: Amorphous metal-organic compound (Ni-A-CA) was firstly synthesized from solvothermal
reaction of nickel (Ni), adenine (A) and citric acid (CA). Then, highly dispersed catalysts (Pd/Ni-A-CA)
were prepared by dispersing PdCI, on Ni-A-CA substrate and further reduction of PdCl, solution via freshly
prepared NaBH,. Substrate Ni-A-CA [n(Ni) : n(A) : n(CA)=2 : 1 : 1.5] and catalyst 3% Pd/Ni-A-CA (3%
is the theoretical load of Pd, calculated by the mass of Ni-A-CA, the same below) were characterized by
SEM, TEM, XRD, FTIR, XPS, N, adsorption and desorption. The results showed that Pd NPs were highly
dispersed on the surface of Ni-A-CA substrate with a particle size of (2.2+0.3) nm, and the catalytic
performance of Pd/Ni-A-CA was enhanced by the strong interaction between the Pd NPs and the substrate.
Under reaction temperature of 90 °C, reaction pressure of 2 MPa H,, and rection time of 70 min, the
catalyst 3% Pd/Ni-A-CA led to a conversion rate of quinoline and selectivity of 1,2,3,4-tetrahydroquinoline
of 99.0% and > 99%, respectively.

Key words: amorphous metal-organic compounds; Ni-A-CA; Pd nanoparticles; high dispersion; quinoline
hydrogenation; catalytic technology
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Fig. 1 Schematic diagram of preparation of Pd/Ni-A-CA catalyst
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HLEA 10 kV, TEM lll: TAEH & 200 kv, XPS
ML DL C 1s (284.8 eV ) NIEMEVEFFAZIE, BET
M 7E 77 KA Ny 20 il A Osk ) FLBR R
14 fEHRR

TERCA G IR 100 mL &5 J s & it 4T
W R TE B I SE I o [ B 48 AR 5 mg
3% Pd/Ni-A-CA ., 0.1033 g (0.8 mmol ) MEMEAI 5 mL
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SALERE N 270 °C. HER: #IRIREE R 100 °C,
45 1 min, ITHEE K 50 °C/min FHE % 200 °C,
P4 1 min, FFRATHEER R 5 °C/min FHEZ 250 °C,
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2.1  #K Ni-A-CA 71 3% Pd/Ni-A-CA HIRIE

#H K Ni-A-CA F1 3% Pd/Ni-A-CA 1 n(Ni) :
n(A) : n(CAYI R 2:1: 1.5,
2.1.1 SEM 5 TEM o #7
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Pd/Ni-A-CA 1 TEM & K oc K it E

a

Kl 2 #AKNi-A-CA ) SEM &l (a,. a,) ; 3% Pd/Ni- A-CA
9 TEM & (b. ¢ ) ; 3% PA/Ni-A-CA fYICEIEHE (d)

Fig. 2 SEM images of support Ni-A-CA (a;, ay); TEM images of
3% Pd/Ni-A-CA (b, c); Element mapping images of 3%
Pd/Ni-A-CA (d)

MIE 22, a ATRLAE ), #AR Ni-A-CA B/

¥ —pkik, HAZH 3.43 pm. /&l 2b AT %1, Pd NPs
KA (2.240.3) nm, HL = BE A HO7E 2RI 1o B &l 2¢
AJ1, Pd NPs 9 A [HI B4 0.224 nm, XThy T Pd(111)
s, & 2d FTAT, 3% PA/Ni-A-CA S Pd. C.
N. O. Ni JtZE4H .
2.1.2 XRD & FTIR 4 #7

& 3 >4 Ni-A-CA H1 3% Pd/Ni-A-CA ) XRD }
FTIR %A,

3% Pd/Ni-A-CA
Ni-A-CA

2000 1800 1600 1400 1200 1000 800
BU/em™

3 34K Ni-A-CA 1 3% Pd/Ni-A-CA ) XRD % &l a);
JRUENS | — K AR . HAK Ni-A-CA 1 3%
Pd/Ni-A-CA ¥ FTIR i%/& (b, ¢)

Fig. 3 XRD patterns of support Ni-A-CA and 3% Pd/Ni-A-CA
(a); FTIR spectra of adenine, citric acid monohydrate,
support Ni-A-CA and 3% Pd/Ni-A-CA (b, ¢)
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ARER A F— /KA. 1510~1720 om ' XIS
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Fig. 4 XPS spectra of support Ni-A-CA and 3% Pd/Ni-A-CA
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Fig. 5 N, adsorption-desorption isotherms of support

Ni-A-CA and 3% Pd/Ni-A-CA

M & 5 AT, #AK Ni-A-CA F1 3% Pd/Ni-A-CA
PIfF A IVEISER S, ULBHAM R A A FLEH .
1 AT, 2R LR T AN 7.236 mY/g, FLIAF N 0.022
em’/g, 713 Pd NPs J&, 3% Pd/Ni-A-CA Y F iR
FFLAFRS 1M 6.612 mP/g F10.027 cm’/g, FHIf7E
Pd NPs J5 4 21K Ni-A-CA (FLE5 g /N2,

# 1 #IK Ni-A-CA 5 3% Pd/Ni-A-CA HIFLEEH S5

Tablel Pore structure parameters of Ni-A-CA support and
3% Pd/Ni- A-CA
S WA/ (mYg)  FUEREY(ecm’/g)  fLA%/Mmm
Ni-A-CA 7.236 0.022 3.063
3% Pd/Ni-A-CA 6.612 0.027 3.059

2.2 fEALFIERENIR
2.2.1 ARFE n(Ni) : n(A) : n(CA)H4F 69 ARAF PA/Ni-
A-CA 1EAL Sk B R 49 3% 70
£ 3% Pd/Ni-A-CA F#& 5 mg. n(MEWk) :
n(Pd)=572 : 1, i-PrOH 5 mL, 90 °CFJZJi 60 min,
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Pd/Ni-A-CA Ak IO &0 7 152 e, 45 3R 03k 2,

%2 KW aNi) : n(A) + n(CA)HI M9 4L AX Pd/Ni-
A-CA A BRI 052 183 )

Table 2 Effect of Pd catalysts prepared from supports with

different 7(Ni) : n(A) : n(CA) on quinoline hydrogenation

A(Ni) : n(A) : n(CA) L 1,2,3,4- 14 5 s i

F AL /% BEFEE/%
2:1:1.0 52.3 >99
201115 90.7 >99

3 2 AT, H n(Ni) : n(A) : n(CA)=2 : 1 : 1.0
HAEH 3% PA/Ni-A-CA HEALF], W mk % Ak K Ny
52.3%, 1,2,3,4-PU AWML EENE>99%, T H n(Ni) :
n(A) 1 n(CA)=2 : 1 : 1.5 %15 3% Pd/Ni-A-CA {1k
MEHOIN S, TE_LRAH R A BB 451, MEREL AR
4 90.7%, 1,2,3,4-T0A Mk BEME>99%, Hit, DU
n(Ni) : n(A) @ n(CA=2 : 1 : 1.5 #l % 1 3%
Pd/Ni-A-CA A T /5 2 M o = 55 5
222 BEF AeEwk A A6 m

X T Z AR R, 7700 Ak S B S AL
P ANVE R, BRI R E R S N, AR
AV B4 JEC 90 308 % A v A ) T BP0 Ak
RORBY FE n(WEWK) : n(Pd)=572 : 1., H, £ JJ 2 MPa,
RBHRE 90 °C . KRIEF[A] 60 min 41T, HE
T 5 FhOAR[RE B B3 7% 3% Pd/Ni-A-CA 1k s bk
InE sz, 2558 LA 6.

100 EEMFALTE W 1,2,3,4-PU U P

EI A AL T
1,2,3 4- VUM ERE /%
[o)
(=]

H,0 MeOH THF  EtOH
el

i-PrOH

P16 S[R30 X e AR I S ) 52 il
Fig. 6 Effect of different solvents on hydrogenation of
quinoline
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i K E/NIF K i-PrOH>EtOH>THF>MeOH>H,0 .
Hrp, 4 i-PrOH AEFIAT, 3% Pd/Ni-A-CA HA R
IR AL TS R R, EMRIR AL R R IR 90.7%,
ARG 1,2,3,4- DU S EMRYEBEE>99%. I, BEH
i-PrOH Ay i 71 T s i £k Jn & o

223 Pd #it fi 32 Eedkm & 69 %R

TE n(MEWK) : n(Pd)=572 : 1. 0.8 mmol Mk
i-PrOH 5mL ., H, JE /) 2 MPa, SV IRE 90 °C. J%
B 60 min 250 T, % %E Pd FRE B 40 M bk
BEEEE A R, 258 ILE 7,

e A W 1,23 4 TR
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Fig. 7 Effect of Pd theoretical loading on hydrogenation of
quinoline

& 7 AT, 24 Pd ELS 0 R 3%KT, MERk
ALR IR, N 90.7%, AN 1,2,3,4- VU S0 bk i £
1>99%., ik, Pd BEE TR N 3%HIE H
224 SJEsTEk I A6 R

1E n(EWK) : n(Pd)=572 : 1. i-PrOH 5 mL . JZ )i}
M 90 °C . JJi 60 min.3% Pd/Ni-A-CA Fiit 5 mg
FIEAETT, 558 Hy FE i %t msmiin & sE g, 25 5 0
Kl 8,

100 -

1,2,3,4- VU5 menth itk
A (L 2R

o] Nl
(=] (=1
T T

IS AL AR B
1,2,3,4- VO S mEnbk i 484/ %
3

N
(=4

o
—_
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w
n

H, % 1/ MPa

B8 ANTR] Hy F X ws i L ) 52 i)
Fig. 8 Effect of different H, pressure on hydrogenation of
quinoline

& 8 UL, 4 Hy EJIM 0.5 MPa J+ % 4 MPa
B, MEBRAEIL M 65.3%FFFE 99.5%, 1,2,3,4-11
SRR B LT AR FEAAE . R THEE H,
FEFBIBET, Ha 50 FHE 0 (0 v f BE 3, 38 5%
TR RMRE S, Mk LR T
M 8 3B KB, 24 5 v 1N 1 MPa F+% 2 MPa if,
MERR G A R KRR, L, A 2 MPa TR 4t
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2.2.5 BB JE vk S0 %R

TE n(MEWK) : n(Pd)=572 : 1. i-PrOH 5 mL. H,
772 MPa, JZhiEtE] 60 min, 3% Pd/Ni-A-CA ¥
JHEE 5 mg WSRMET, 558y il B X ws w052
My, 25 ULIE 9,

100
S 1,2,3,4- PGS
.ﬁ 80 -
x %
% :g 60
" L
E5
40 -
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# iy
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Fig. 9 Effect of different reaction temperature on

hydrogenation of quinoline
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2.2.6  B_F B 3ok n S8 %R

E n(MEWK) : n(Pd)=572 : 1. i-PrOH 5 mL. H,
J£47 2 MPa, S iR E 90 °C . 3% Pd/Ni-A-CA fl&
S5mg BT, 255 I g B[] X ngs wf o & 1 5
ZEFULIE 10a, ME 10a AT, 2452 R FAE]H 5 min 3
%70 min, HEWEFELRM 9.2%TFE 99.0%, 1,2,3,4-
DU R e BEME DR TE 99% A5 1 o

R, 7ERBRIE N 90 °CF, BFsE T AL
Sof s S S RN B S, A5 R LA 10b, K 10D
ATLVEIL, InCy/C (y) BER ST (x) A3GINE R
FRLPEXER (R?=0.9907) , Hrh, CyHl C4351H
S T R N i s MR YR A5 VR VR B, mol/L, i
FH s R 2 A R ) R R M i S R A — U
VRS WAL=

FISH 2P B GE 2, v mfon & 72 o 1 7= 4
P 1 A A A0 77 B IR B S AR 21 s bR A Ao ik
WE B 14 S0 B A2 W BB, A R AR A 1,2,3,4- D0 A
WA ;AR I AR PR R T, A A T AR AL 5,6,7,8-
DU SRR - D R, MR AR DL AR 5 8
ot R ) B 3% Pd/Ni-A-CA fE kM hn &0d 2
AT RE A B R FLBE - 1 Ih 2 L e B 5 4k 50 A 7R
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Fig. 10 Effect of different reaction time on hydrogenation of
quinoline (a); Kinetic equation of catalytic process (b)

227 ARAHAERZ N

Ll 5 mg 3% PA/Ni-A-CA MHEALH], 76 5 mL
i-PrOH H1 /il A 0.8 mmol HEME , n(HEHK) : n(Pd)=572 :
1. SHNEL5mL. Hy JE/ 2 MPa. JUVIERE 90 °C .
JZBEIE] 70 min BUACIF T, AR R, %
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et ok I 2,3,4- DU

—
=
S

o
(=]

WERM L AL A
1,2,3,4- DU e BEE/ %
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Fig. 11

WE LR, Zad 5 RIEHA, MEmEE LR E
TE 99.7%~95.2%, 1,2,3,4-DU S Mok () e B PR 5 e
99.2%~99.7%, HEAFIS PR HF R AT A AL TG 1 . O
bR EPEIS 25 T Pd NPs TEZRAK b 10 5 B2 43 SR
A& Pd NPs Z A YA HAEH .

R T I A AR 1 3 B P i SR A R AR A AR
4T, LA 5 mg 3% Pd/Ni-A-CA Jffk5], 7E 5 mL

Catalyst stability evaluation
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i-PrOH H I A 0.8 mmol WML, 7E n(%EMHE) : n(Pd)=
572 :1, 90 °C. 2 MPa H, F X/ 50 min, #%% T #
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Fig. 12 Hot filtration test

ME 12 AT, 75 B AT, iR A
77.5% SN EEHE , P uE Ay B Ak,
HYE WAk LEAE 2 MPa Hy . 90 °CA&1F TN % 10 h,
WE IR AR A AT RS AE 78% e AT, AL R ILF 11 F5
TEE, Rz O LA SIAE 5 i AT, 3% PA/Ni-A-

(=

A GERFRE o
R, XHEESE 3% PA/Ni-A-CA &5t 5 IRIGH
SES A G T DR AT LI T T AR, g5 LA 13,

d=(2.2+0.3) nm

i He/a.

1.5 2.0 2.5 3.0
Pd NPs }i#%/nm
Bl 13 3% Pd/Ni-A-CA fE¥ 5 KJ5 ¥ TEM & (a) FIl
e A4 (b)
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