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UV-2102PC %4 AT W53 066 B2 vt D8 Avance Y X
2k K AT 5 (Bruker) . AL IR Bt 4% ( Chember
PULSAR). ESCALAB 250Xi fig £ {% ( Thermo Fisher).
TECN-AIF20 520 #F 7 W AlBs (FED. TR K B
AR REA (B GC2010). 100 mL & s N4 28 (&
WA TR B2 D
1.2 #EeFHE

FREC 1.3 g S WAL RN T — L ket A 20 mL 2
BFOKEM . MEE S AR Pd RN A G EE

(0.5, 1, 2, 4, MBAREMNZ =L =M%
B OK JE AR i, FRREAE 3 0.1 mol/L I — 41 —
B, IR INONC L i) SO R B R, 60 TCUK
W N 30 min, RGBS EY. REMA 9.5 ¢
PR R (R K 3 OB, AR EEHEHE 30 min, H NaOH ¥
W95 pH £ 8.0, #HitFE2h J5ikyg. 100 C T 12 h,
BT Hy U R 300 CIEJE 2 he BIS 5% Pd/C 1L
#, 4r%Hic A Pd/C-0.5. PAC-1. Pd/C-2 Il Pd/C-4.

T3 ¥ RS R A I £ I 5%Pd/C: FREX 1.3 g 54
WARER T = B8P ) 100 mL 258 /K, i
F£30 min, I 9.5 g iEVEIRIIZK 8O0, Ak hi
120 min J5iL 3. 100 CF4: 12 h, H/FT H, U F
300 CifJsi 2 h, icA Pd/C-0.
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Fig.1 UV-vis absorption spectroscopic measurements of aqueous

solutions of Na,PdCly (a), NTA (b) and Pd-NTA (c)
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Fig.2 XRD patterns of the Pd/C-0 (a), Pd/C-0.5 (b), Pd/C-1 (c),
Pd/C-2 (d) and Pd/C-4 (e) catalysts

SPGB0 W AZ A AL 0 PR I Pd R T S 2 HOIR S TS VR
RO HUSAR i PACLL ) T FH AR 28 aQT R R/
ALK, A = SR = A48 G 45 19 PA/C BB 3
FEAIS P AR REI KN, PRSI0 Pd dokn RO LR 1
FiR .

3 iz 4L TEM B8 A e Pd 0RL 1R 4%
oA NIRRT BLE 5 MEARFIG Pd BURE 1Y
K254 12,020 5.71. 4.01. 2.09 1 2.18 nm, X
— 45 B 5 XRD Fril B Pd Sk RS R A — 3, WL
1 b, — 7 U 5l N 2 = SR = 5 &1
FEAG T ) Pd REAR W]t /N 38 38 52 3o V2 ) 46 16 Pd/C-0,
T3 7 ThI U BH 8 I % 7 R A AL AR P R
KRB RAERE, Pd R S . BE R = LR —
BRI 3 2, Pd UKL RSE 28k« 23 0
P, AHE N N i Pd Y 2 £5 BE R S 4k S K,
Pd/C-4 1] Pd RL§ JBA Gk 8L, EIREA 5K,
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Table 1 Pd crystal size calculated by Scherrer’s Equation and

average size of Pd particles measured in TEM images

(nm)
Catalyst XRD* TEM
Pd/C 11.99 12.02
Pd/C-0.5 4.93 5.71
Pd/C-1 3.93 4.01
Pd/C-2 — 2.09
Pd/C-4 — 2.18

*: the Pd particle sizes of Pd/C-2 and Pd/C-4 can not be calculated
because Pd diffraction peaks can not be measured accurately due

to the excessive broadening
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Fig.3 TEM images and histogram of particle size distribution of
Pd/C-0 (a, a'), Pd/C-0.5 (b, b"), Pd/C-1 (c, ¢’), Pd/C-2 (d, d")
and Pd/C-4 (e, ¢') catalysts
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AR =S R Z R (4 £ Pd BERED,
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A= LR =AISINE R T 40K Pd KT 140 15, 4 38
FINEA Pd 10 2 f5 R EI, Pd URLIK ST B,
H4E 2.09 nm.

Kl 4 A4k Pd/C-0. Pd/C-0.5. Pd/C-1. Pd/C-2
F1 Pd/C-4 1 Pd 3d ) XPS i ], I X iZ i B AT T 8L
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£ 343.0 F1 337.3 eV IHANES GV )E N P
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Fig.4 XPS spectra of Pd 3d of the Pd/C-0 (a), Pd/C-0.5 (b),
Pd/C-1 (c), Pd/C-2 (d) and Pd/C-4 (e) catalysts
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Fig.5 H,-TPR profiles of the Pd/C-0 (a), Pd/C-0.5 (b),
Pd/C-1 (c), Pd/C-2 (d) and Pd/C-4 (e) catalysts
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2.2 Pd/C ELFIR LM RE

XFT Bkl AR, e 2,3,6- = UL IE I A
SRR 2. MR 2 HRPTULEH, SINE =4 —
B S 0 RE A R) R B B TR BRI BT o A T
Pd/C-0, 454 TEM 458, FiAE 2 =L =M7I N &
W%, Pd RLARIEHTIDN, R AG T SRR (b % R
WK, M = SR =TI N P IR 2 £ B R SR
SN 4 b I JEURERI AT 4 Ak, A 35 1R OK i B3 3
HArr=4) 2,3- 500k ne Mk EEERRAG . 255 Rk fn
5 23- TG NE R FENE, M = LR = N:Pd=1:1
i, B PAORL TR/ 4 nm I, LR T el
AL R NPERE, V6 h JFURE A AL, 2,3- &t iE
(FIEBEPERTIE 76.86%

F2 HIEREEFIX 2,3,6-= KMLE NS 1% BE B R NG
Table 2 Effects of the prepared catalyst on the hydrogenation
of 2, 3, 6-trichloropyridine
2h 4h 6 h
C% S% C% S% C% S%

Pd/C-0 73.18 86.19 76.14 78.97 80.46 70.61
Pd/C-0.5 85.43 85.59 93.49 79.78 96.76 71.31

Pd/C-1  89.79 84.08 97.62 78.74 100  76.86

Pd/C-2  97.84 68.63 100 63.22 100 60.16

Pd/C-4 94.04 70.26 98.18  66.62 100 62.17

Catalyst

C% for conversion, S% for selectivity of 2,3-dichloropyridine

3 & it

D e Hl & L B SN = LR =% S
7, #5152 Pd/C, I Pd KA N T IR 5
%K) PA/C, HBEEEZR =L =5 A=W 2, Pd
LA 12 BT Ik /1 o

2) AR R ARG R K], A = L= NG
AT 25 ik Pd IR AR RIS PR B AR BLAE Y 459 31 23
B PA/C AL . 2 HTIA R, 2 = 1R =Bl il w5 1 72
SRR Ve IR R N TSR N IR VAENIDE (B
F o AT 503 P A 2804 3 THT R BRI 3 HIOIRS T 1k
REAR KN AN ) Pd UKL o

3) PA/C 4L Pd RLAREE /N, 3L 2,3,6- =%
WE N S N B A R R, HR I A 2,3 UL mE
BRI BRAC, A MRS 2,3- 5k i £erE,
MNE = LR =80 Pd=1:1 B, B Pd R T K/NZH 4 nm
W, AL T A S NP RE, [V 6 h Uk
AR, 2,3- T EUERE I IE PRV T IA 76.86%
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Size-controlled Preparation of AC Supported Nano Pd Catalyst and
Its Hydrogenation of 2,3,6-trichloropyridine

Zeng Yongkang "%, Chen Dan *, Zeng Lihui *>, Gao Wu *, Wang Kuaishe'
(1. Xi’an University of Architecture and Technology, Xi’an 710055, China)
(2. Xi’an KaiLi Catalyst & New Materials Co., Ltd, Xi’an 710201, China)

Abstract: Pd/C catalysts were prepared by introducing complexone (nitrilotriacetic acid trisodium salt, NTA) into Pd precursor solutions,
and then Pd particles were stabilized by the coordination of Pd*" and NTA. Catalysts were characterized by XRD, XPS, TEM and H,-TPR.
Results show that compared with Pd/C catalyst prepared by an impregnation method, the average particle size of Pd could be effectively
reduced by introducing NTA during preparation. Furthermore, Pd particles could be size-controlled by adjusting the amount of NTA. The
average particle size of Pd is decreased from 5.7 nm to 2.1 nm by increasing NTA from 0.5 time to twice of Pd (molar ratio), but Pd
particle size does not continue to decrease by furthur increasing the amount of NTA. When the average particle size is 4 nm (NTA:Pd=1:1),

the optimum catalytic performance is achieved, i.e. the conversion is 100% and selectivity of 2,3-dichloropyridine is up to 76.86% after 6

h of reaction.

Key words: Pd/C; complexing agent; size-controlled; hydrogenation
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