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Abstract

Several y-Al;0; supported Pd-Ni bimetallic nanocatalysts (Pd-Ni(x:y)/Al.03; where x and y
represent the mass ratio of Pd and Ni, respectively) were prepared by the impregnation method and
used for selective hydrogenation of N,N-Dimethyl-1,3-propane diamine and Dimethylaminopropio-
nitrile to 3,3’-iminobis(N,N-dimethylpropylamine). The Pd-Ni/Al,O3 samples were confirmed to
have generated Pd-Ni bimetallic nanoparticles by X-ray diffraction (XRD), X-ray photoelectron
spectroscopy (XPS) and transmission electron microscopy (TEM). The catalytic activity was as-
sessed in view of the effects of different mass ratios of Pd and Ni. Among all the samples, the Pd-Ni
(1:2)/Al203 (PN-1:1) catalyst showed extremely high catalytic ability, which had 30% - 40% con-
version rate and 90% selectivity (120°C, 2 MPa initial H; pressure, 8 h).
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Table 1. List of reagents used in the experiment
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Table 2. List of main experimental instruments and equipment
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Figure 1. X-ray diffraction of catalysts
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Figure 2. X-ray photoelectron spectroscopy of Pd
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Figure 3. X-ray photoelectron spectroscopy of Ni
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Table 3. XPS data of catalysts
72 3. LT XPS #iE

P Pd 3ds Ni 2Pz Pd:Ni (atom %)?
Pd 336.1 — —
Pd:Ni = 3:1 335.4 856.1 0.62:0.37
Pd:Ni = 2:1 335.2 856.0 0.58:0.41
Pd:Ni = 1:1 335.4 855.3 0.55:0.44
Pd:Ni = 1:2 335.3 855.2 0.51:0.48
Pd:Ni = 1:3 335.4 855.2 0.46:0.53
Ni — 855.5 —
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Figure 4. Transmission electron microscroph
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Figure 5. Reaction equation of the synthesis of 3,3'-iminobis(N,N-dimethylpropylamine)
E o MBAE-_AB=REMRRNN
Table 4. The catalyzing result of different types catalysts
2 4. TEIMEELTIERESR
2 &l TREE(C) a1 (h) T2 (%) RN (%)
1 Pd 120 8 21 >70
2 Pd: Ni =3:1 120 8 26 >90
3 Pd: Ni=2:1 120 8 28 >90
4 Pd: Ni=1:1 120 8 35 >90
5 Pd: Ni=1:2 120 8 40 >90
6 Pd: Ni=1:3 120 8 30 >90
7 Ni 120 8 — —
8 Pd + Ni 120 8 15 >80

PEAL IR F N FUORL A 1 2.0 wtde. ASFFEARLLGIRAEALTR], el 1 B RARRIZ AL S R AL FLE ) 0.5 wi%. Pdly-AlOs A5
&JE Pd FURENN 05 wit%e (S FMALFIERE); Niy-ALOs AL 4R Ni fiE AN 0.5 wite (M4 FMAFIETE), RAMHL
Pd/y-Al,O3 F1 Nify-Al,03 BN A 1.0 wtYe (FHXF T B3 P - Jcfn — PR L TR I A ).«

Fo NEFLERTLEE, T Pd-Nify-AlL,O; (L:2)FEMALTEM:, WRIEZR 3 v IHENMEIL TR T &8
JRF eI e B, MR Pd-Ni AR T LU B 1.1 AL IE 1 B R o A Dlise FL A i Ak 750) 3% 1
KrTRe e R AERE B E AR 1:1 3280 . S2I5H LT Pd/y-AlLO5 O HEAL VP A5 T 364F,
{HARA ELEE P-Nily-AlLO; (1:2), AR REMEALBCR AR FEIEES KK HIFREL, 7 W48 Ni 5 T4 7L
PR A AN AT BB o S0 VR A L7 (Pd/y-AlLOs + Nify-AlLOs) I AL TE T F % A 15 B TRAR A 45 8, wf
ML VR & AL T A BE i B SRR AN B R TR T 45 M . ARIE Z AT MR AESE T, FRATTHEMIAE (1L T
1 Pd A1 Ni #Z Pd-Ni XX 48 99K BURL L) 4 B AL iE e .
3.3. EAX R AR

M 5 AT LRI, 2261 R SR SRR, A 756k DU 3R — PR s = i PR R A 33 1
BEZ 2428, M 0.5~2.0 MPa i, [N EAER DY B PG = e r= R E RN, 2 NAES L #ET
2.0 MPa B, U H 3 — R = IE 0077 2R V%A 18I0 S i A B0 B A% « MFE 5 S ] DUE H S 1) s A7 3o
WA TE T 2 BRI R o O F 24 A S ST 0.5~2.0 MPa I, fiE L5 ik Bt G E B B iR &,
LSy 2.0 MPa B, MEALA IR B SEAS BIE A A, R, FATHEN [ B A AL FFIZE 2.0 MPa
W, B 3E AR MR .
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M 6 PRATAI LRI, BN RERE KA SRR, MEAGFIX Y B P = R A s
W2 4%, M 100°C~120°CHf, FEE SRR INDY B 3 A =R r= R WEEE N, X MIERE



Table 5. Effect of different hydrogen pressures on reaction

5. FNRISSENN R

S/SUE(MPa) HRE(C) i 7 (h) 72 (%) PR (%)
1 0.5 120 8 15 >70
2 1.0 120 8 32 >90
3 15 120 8 36 >90
4 2.0 120 8 40 >90
5 25 120 8 38 >90
6 3.0 120 8 35 >90
7 35 120 8 39 >90
8 4.0 120 8 35 >90
Table 6. Effect of different temperatures on reaction
7% 6. TEIRBEX R KL HF0E
23K (MPa) HEE(C) i a1 (h) T2 (%) I (%)
1 2.0 100 8 11 >70
2 2.0 105 8 18 >90
3 2.0 110 8 26 >90
4 2.0 115 8 30 >90
5 2.0 120 8 40 >90
6 2.0 125 8 35 >90
7 2.0 130 8 37 >90
8 2.0 135 8 35 >90
8 2.0 140 8 32 >80
Table 7. The result of recycling of catalyst
7. BUCTIEIMERSR
HEAL TR A T B ZUE(MPa) HE(C) i} 18] (h) T %(%) R (%)
1 1 2.0 120 8 40 >90
2 2 2.0 120 8 39 >90
3 3 2.0 120 8 39 >90
4 4 2.0 120 8 38 >90
5 5 2.0 120 8 37 >90

BT 120°CHS, PO H 3 — P9 M = A = 3R v 10 S i A ST R AR . S8y A 24358 9 A 110°C~120°C
I, AT B B SRS, YIE S 120°CHE, fEFI R R IR A R A
TR, PR, FRATHEM S R AL EE 120°C R, A5 25 5 AR B AT T A Bk

3.5. ELFIRTEIFER

FE SN2 A5 P 7 80 2R O < JrR 0 K M AT A — P S P e 5 — R U D IR 2 PP P 2 — TR 0 =
il P A AR BB SR AL R, P RIS BON B BRI ST, i LA P Ui i A TR A 1 BE AR 5%
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5, i CEEHEE 3 K, RO MAFIE T 60°C NI E S THRA N T4 12 h, BT 5 R E i,
AT LAE TN B AR S, SR U A OGRS E . SO AL AP SE B I, AL
FUTE Z G IS FH 2 5 T e PR FF R A IO AR PR R RS e . LRI B 45 SR AE 22 7 vh, R 7
ATCUR I, AEACTITEAS R P ARG o S B2 AR AR, DU R TR = i = SRR B R AR,
AL PA-Nify-Al,05 (1:2)FEEELEAE FH 5 IR Z G Re IR FEA R AL TE VEA G . 72 S b [ S R A 2
AR, TEBN SO IE 2 Rk B S 1 JERE, A A4 TS SR N R 2.0 wtve. Z5 LRIk, fi
7 Pd-Nily-Al,05 (1:2) A M AR E M, A A 7T A2 RO A

4. BR5TVHE

T K E R SIGAETC, FATFFR T LL p-ALO; NEAR, ik Pd Al Ni iS4 o L5 . SO0 IE R
ZALF R K PA-Ni &gk &4, HEMC VRN M. A T KA Pd-Ni/y-Al,O,
(L:2) AL B I B 3 — TN = e RO Rl ik B 40%, IR & KT 90%.

B oW
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