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Preparation of Pd-Ni Bimetallic Catalyst Supported on Polyphenol-Grafted
Collagen Fiber and Its Catalytic Behavior in Nitrobenzene Hydrogenation
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Abstract: A novel Pd-Ni bimetallic nanoparticle catalyst supported on epigallocatechin-3-gallate (EGCG) grafted collagen fiber (CF),
Pd-Ni/CF-EGCG, has been prepared. EGCG was selected as a bridge molecule to anchor Pd-Ni nanoparticles and control the size and distri-
bution of Pd-Ni nanoparticles. The morphology and physical properties of this catalyst were characterized by thermo-gravimetric analysis,
scanning electron microscopy, transmission electron microscopy, X-ray photoelectron spectroscopy, and X-ray diffraction. It was observed
that this catalyst was in an ordered fibrous state, and well-dispersed Pd-Ni nanoparticles with an average diameter of 2.2 nm formed at the
outer surface of CF. Hydrogenation of nitrobenzene catalyzed by Pd-Ni/CF-EGCG was investigated. An optimal synergistic action can be
achieved when the molar ratio of Ni/Pd was 0.8, and the turnover frequency (TOF) was 237 min™' at 308 K and 1.0 MPa, which is twice as
high as that of Pd/CF-EGCG. Pd-Ni/CF-EGCG still has higher activity after reuse five times.
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Fig. 1. Molecular structure of epigallocatechin-3-gallat (EGCG) (a) and grafting EGCG onto collagen fiber (CF) through crosslinking of glutaral-

dehyde (b).
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A A A Y B EGCG, 1R #E (50%),
y-ALO; (Lt 2 i #1314 m¥g), Si0, (Lb % 1fi 1 374
m?/g); PdCl,, NiCl,, NaBH,, C¢HsNO,, C¢HsNH,,
i 4 HL R 38 Ok AT 4L

A4 J2 CF 1 il 2 2 W SCHR[19], 1 kAR <
0.85 mm. HX 5.0 g CF T 250 ml =#Ufi 4, A 100
ml Z M /KE UL 4 h, il 0.5 g EGCG (99%), £ 298 K
P FE W 6 h, ZRJF N 50 ml 2.0% F 1% — T8 ¥ W,
0.1 mol/L i FR ¥ W 15 pH % 6.0~6.5, 71 303 K
PEFE RN 6 h, & &R LB oK e ek n, 7E
308 K IL¥ T4 12 h, 14 %] CF £ 1% 1 EGCG (CF-

EGCG). H i 20 iiAH il (HPLC) M 52 I8 W B Uk
1 EGCG &, i1 EGCG 7E CF _Lihi .

H{ 1.0 g CF-EGCG T 250 ml = HU +, fn A
100 ml 25 78 7K Ml — 7€ AR B i1 0.1 mol/L NaOH ¥
WY pH & 4.5 1) PAC, A1 NiCl, Vi A % (PdCl,
HTNICly 18 A % PA> F1 N> B 43 5310 4 1 1
5 g/L), 7 308 K Hit £ [ WV 24 h. £ 3 38 F1 2 8 7 K
780 VEBC S, N 100 ml 5 g/L ) NaBH, ¥, 75
HNIE IR 4 h, IR 2B K R T, T 333
K B2 T4 )5, 3 %) PAd-Ni/CF-EGCG. Hl— & &%
PR 22 0 )i e 25, PRBRE 5 A5 B - R
(ICP-AES) ¥ T 1) PA> A Ni* 9 J&, A 1T 5 75
Pd A1 Ni [958 br 41 8k 5. [ 92 4l £ #53 1) Pd/CF-
EGCG.
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fff FH Cu K, S 26 0 30k 6, HA G 20 =10~
70°, FHE 4B 4°/min.
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I R R I EORE, AU A 4 (GC-2010) 4y
7, FEH 5 NI TOF B (BASRA IR [R] B A7 & Pd I
H, W& 11).
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Fig. 2. Scheme of preparation of Pd-Ni/CF-EGCG nanoparticle catalyst.
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U N 4 Je A7 8, K A OKORL 1 43 O 2 AE CF
AN, AT B2 S T ARG . 2 EGCG #i A i
H9.0% WA R A, Bt EGCG i & 23 FHLAS [ MY
W BNIR G PEAL pi, AT N AT, KA WA R 4%
Hu 4> ORI RS 2 PA-Ni K 0z 100 IR gt A S 11
EGCG #4344 9.0%.

MU NiCL H &, il 49 AN [R) Ni/Pd B K L 1)
Pd-Ni/CF-EGCG #EAL 7], Hrh Ni Al Pd 5B £ 2 &
W& 1.

2.2 Pd-Ni/CF-EGCG 1L 5 a9 1L MR

Kl 3 24 Pd-Ni/CF-EGCG i {L 77 SEM HE Jv,

P P AT, B B R I AR s, MR KA N

F1 SHEAFM NP AFEES Ni/Pd EREE
Table 1 Carrying capacity of Ni and Pd and mole ratio of Ni/Pd

Niloading  Pd loading Ni:Pd
Catalyst .
(%) (%) (molar ratio)

Pd/CF-EGCG 0 1.52 0
Pd-Niy,/CF-EGCG 0.16 1.48 0.2
Pd-Niys/CF-EGCG 0.43 1.48 0.5
Pd-Nig¢/CF-EGCG 0.62 1.45 0.8
Pd-Ni; o/CF-EGCG 1.01 1.55 1.2
Pd-Ni,/CF-EGCG 1.80 1.61 2
Pd-Ni;/CF-EGCG 2.45 1.46 3

2~8 um, K £ 0.5 mm. B 5% & BP0, L5 Bk R R
IRAEAL FIAH L, £F 4R g A0 0 2 A A0 R A% Bk
REFH R I VR R v
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Fig. 3. SEM image of the Pd-Ni/CF-EGCG sample. T/K
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Fig.4. TG curves of CF (1), CF-EGCG (2), and Pd-Ni/CE-EGCG (3).
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Fig.5. TEM (a, b), EDX (c) images, and size distributions (d) of the Pd-Ni, s/CF-EGCG sample.
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%2 CF, CF-EGCG, Pd**-Ni**/CF-EGCG #1 Pd-Ni/CF-EGCG K N 1s #1 O 1s XPS i
Table 2 N Isand O 1s core levels of XPS spectra for CF, CF-EGCG, Pd**-Ni*'/CF-EGCG and Pd-Ni/CF-EGCG

N 1s (eV) O Ls (eV)
Catalyst - .
N-C Coordinated 0=C 0-C Coordinated
CF 399.8 — 531.6 — —
CF-EGCG 400.2 — 531.7 532.8 —
Pd**-Ni*"/CF-EGCG 400.4 — 531.7 — 533.3
Pd-Ni/CF-EGCG 400.0 400.7 531.9 532.8 533.6

Binding energy was referenced by setting the C—C/C—H peak maximum in the Cls spectrum to 284.7 eV.

] WL, CF fE8:4% EGCG J&, O 1s 7 532.8 eV At
BT —ANHrig, WA JE K EGCG 4> Ty Fe 3t O R
T, XKW EGCG U D ik 3 CF &1 L.

24 CF-EGCG 113§ Pd*" Al Ni*" J5, EGCG 1)1}
O T4 i 532.8 eV JI 2 533.3 ¢V, 1M
CF 2550 N Ls $UIE 45 G AE {1 400.2 eV T2
400.4 eV, LB/, XYW CF-EGCG i id EGCG
O3 T AR A gy ¥R 3k 5 PAPT R NGt RLIE A7 7 o 4
4, FHEGCG 7 TR EN O didaestm. 4
Pd*" R Ni*" 34 55 I 04 4 9K A7 46, 151 Pd BT Ni
155 BEGCG ARAL Iy 2 HL 4545, I EGCG 24 4
SE Pd AT NI AR R

b
ﬁ’ He

Kl 6 A Pd-Ni/CF-EGCG F¥f i it J5U i J&§ Pd 3ds)
HINi 2ps B 4545 BERI AR A, W LU Y, I8 JRUTFE
w1 Pd 3ds;, FIl Ni2ps, 45 4 BE 40 il 4 335.9 Al
855.2 eV, 7 B AL T 5 PdCl, (337.8 eV) Al NiCl,
(856.6 eV) 1, Ui W] Pd* F Ni*" %4 5 EGCG Iy ¥2
FE R A WO T B 51 3 A CF-EGCG L. I8R5, FE i
Pd 3ds, F1 Ni2ps, & & 840 9 Bk 335.4 eV
853.2 eV, ¥ B Pd> I N12+p%ﬂiﬁliﬁlz$)i£\[”’m,
EATH B 855.2 eV 4b Ni*™ ¥ Bl b s2 56 o 2 B,
Ni/CF-EGCG Ff i i& JR i J5 2 s (a8 i (o, {1
TE 23S TRCE — B )5 A Bl £ B DA BRATT 4
W AE 5 NIl s AR . IR, PA-NY
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Fig. 6. XPS spectra of Pd 3ds; and Ni 2ps; core levels in Pd-Ni/CF-EGCG before (a, b) and after (c, d) reduction.
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Fig. 7. XRD patterns of CF-EGCG and Pd-Ni/CF-EGCG with dif-
ferent molar ratios of Ni/Pd. (1) CF-EGCG; (2) Pd/CF-EGCG; (3)
Pd-Ni s/CF-EGCG; (4) Pd-Nis/CF-EGCG, (5) Pd-Ni, »/CF-EGCG; (6)
Pd-Ni,/CF-EGCG.
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A B oAk 58 4, Pd/CF-EGCG W) 7 45 min, 1M
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WELERNE 3 A e N 78 N RT3, A 3 R etk
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Fig. 8. Kinetics curves of liquid-phase catalytic hydrogenation of
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nitrobenzene. Reaction conditions: nitrobenzene 5 mmol, methanol 20
ml, catalyst 0.025 g, (308+2) K, 1.0 MPa.
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9 >4 Ni/Pd J& /K b X Pd-Ni/CF-EGCG 1 1L
T R RN A N 2R IR e T L, N
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CF-EGCG. Reaction conditions: nitrobenzene 5 mmol, methanol 20 ml
catalyst 0.025 g, (308 £ 2) K, 1.0 MPa.
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CF-EGCG k#7237 min™". #7220 Lu 2501R
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W T A A R N SR Y, AT 43 S A
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RN G4k, 5 TN ARAE LE, &2 18k gk ) 4
B A A 7 257 R B L B ey ) R A O 1, X AT RE 2 T
1o R R S A R T N ) B0 TR PR A R

FXF oK & ok B AT R I R e R Ay L Re
2.3.4 Pd-Nipg/CF-EGCG X EEREFTEME
¥4 Pd-Nigs/CF-EGCG {4k 71l H T fi fb & 4
Tl MCAR A 3 2R A 0 & S Y, 45 SR LR 3. — i,
IO s 2 0 LU A R 2R ) A, (R Rk 3 mT L,
Pd-Nig s/CF-EGCG /53¢ L tH 5 v (1) 4 A4 HUA G 2 2
TG PE . AN TR IR RS A 33 25 im0 > 24 36t A3
> AL > AR, 31X AT RE S5 3L R A BEL AT G, SR A
R R B3 0 P R A T BEL ) AT e S A < TR <
ARAL. RS EE N A ) B Ak, H ik
ik 98%, S AEA A X, (M L R4 8 Pd N, i
SR 50%, 1X B Ni I A A7+ & B
A W R BT, 0 4 8 PA-Ni 2L AT W [ e o4 £
H, K1 PA-Ni/CF-EGCG 4 A] R T — 28 g 44 5%
9 11 it 17 o .

% 3 Pd-Nios/CF-EGCG UM BEFTRME
Table 3 Hydrogenation of substituted nitrobenzene catalyzed by Pd-Ni,s/CF-EGCG

Substrate TOF (min™") Product Reaction time (min) Yield (%)
CH34®7 NO, 148 CH30 NH, 45 99
CH, CH,
@\ 131 @\ 50 98
NO, NH,
CH; CH3
@/ NO, 85 @/ NH, 80 98
Cl@ NO, 90 @ NH, 80 98

Reaction conditions: substrates 5 mmol, methanol 20 ml, catalyst 0.025 g, 308+2 K, 1.0 MPa.

235 EAFIWESFEAMERE

A #5827 Pd-Nigs/CF-EGCG i 1k 7] (1) . 5
fEFPERE. SO 45 G, KA A8 e, F R R
3T T —IKRMN. g R, 3 k5 1k
FII) TOF #FRE &7 E 235 min~" LA _E, H NS 4 Ik
FRUEA T R, Rk k220 F1 196 min™', 47} bk 54>
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ICP-AES 73 #7. &I Pd Al Ni {452k 2%, ¥ 8 Pd
HT NI PRI 2R AS 238 B Ik 1 B i B . S 4,
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SCrP AR PR B AR DAL

3 g
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