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Effect of acid/base impregnation conditions on
hydrogenation performance of palladium carbon catalysts
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Abstract: The pH of impregnation solutions was first adjusted by sodium hydroxide and hydrochloric
solution, then prepared corresponding Pd/C catalysts. Their properties were characterized by XRD, BET and
TEM. The hydrogenation performance of the Pd/C catalysts prepared under different immersion pH on
benzaldehyde and 2-cyanopyridine was studied. The results showed that the acid/base impregnation
condition could effectively control the size and dispersion of palladium particles. For the catalyst (Pd/C-1)
prepared by using a pH3 impregnation solution, its average Pd particle size was 2.78 nm, while for the Pd/C-
2% catalyst prepared by using a pH10 immersion solution, its average particle size was 3.75 nm. The Pd/C-
1# catalyst impregnated under acidic condition possesses a better conversion rate and selectivity in the
hydrogenation of 2-cyanopyridine, while the Pd/C-2* catalyst impregnated under alkaline condition has high
conversion rate and selectivity for the hydrogenation of benzaldehyde.
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Fig.1 TEM images of Pd/C catalysts prepared under different pH values
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Fig.3 Effect of impregnation pH value on the performance of Pd/AC catalysts for selective hydrogenation

164
(a) vV '/V—'
] PAC-1*/" v pyic-2*
12 v
24 . /' /
é 1.0 2 /
= /
i o g ] L
w 0.8 v/
= v
= 06
0.4
02 /
0.0 f=¥— 7 T : r
0 20 40 60 80

SN [E] /min

1.6 4
(b) Pd/C-1* | _e—e
> il

1.4 .

121 /

o

Q104

g /
= os-

i _o—0 9 @
= /.o/""./. ¢
0.6 .
/
0.4 /.
* o
0.2 4 .//.’/
P i
s
00 4’ T T T T T T T
0 20 40 60 80 100 120 140 160
S S 8] /min

(a). 7K H ¥ (benzaldehyde); (b). 2-FIEALNE (2-cyanopyridine)

B 4 AREL RS ERN

B 3 aTLAAE 1, P/C-1#F1 Pd/C-2* )%t % F
B FEAL RARIE R T 99% LA L, H Pd/C-2#f) 7% B i ik
PEMEIA BT 98%, LLIEREME N 92.1%[ PA/C-1#5E /&
PA/C-1*EALF] Pd SR 1 32 B2 #2112 (002) (011)
AI(113), T PA/C-2MHAL T Pd ik i 3 5 g 1A

Fig.4 Hydrogen absorption changes of different catalysts

O1)FI(113)s 24 Pd &bk Y 3= 258 #2110 A (011) Al
(113), A Bh T4 = 2K H AR 9 i & s I A 2 A g =
YR FENE . PA/C-1#F0 PA/C-27 T 2L, S v
INECN 2-FBEmknE Al 2-F BRIEnE () Ak 2853 N
98%AM1 50%, LRI AN 96.1%F1 86.9%, 1HH]



60 & R

42 %

Pd/C-1#IRF 52 37 A AN 3k B 0 B v T Pd/C-
2%, 24 Pd fRL ) 2 B BRI N (002)R, AR T8 &
2-FHEMEE 1F g I i A 28 Je 2-FJEIEBE =1
PR G

ME 4 FTLLEH, TERH RN R N,
Pd/C-1#F1 Pd/C-2*1) R B ZAHIT, Pd/C-1#(1) )
WA AL 62.8 kPa/min, W& T Pd/C-2% (52.2

100.0
(@
9954
9904 2]
g o I
5 (% K %02 -
L 98.5 K <
3 % k R
g k
Bl K
KX s S8
9804 [ b
X [ KK
ii e X
9754 (X5 ; X X
555 K] 190%
< (I 2 B
97.0 l\\ T b T =
1 2 3 4 6
SRIREL

kPa/min). TM7E 2-FFEMLAE SRS H, Pd/C-1*
1 J B S 2R AT A 36.5 kPa/min, &1 Pd/C-
2% (13.5 kPa/min). %56 HAE PA/C-1#H11 Pd/C-2#i 4k
FUTE PN [ IR S A AR AT 1, SR FH
P SR AR BT ] 45 R R A A 7R 7 2 PR R & R
SEAF, R R 2% AR 5 1 25 PR % A A FRUAE 2-
AL nE AR N A

1000
(b)

99.5

99.0

XXX

o
9854 X
<]

HEAL /%

98.0

97.5 +

97.0 T T T T T T T

SRR EL

(a). Pd/C-1#-2-FFERLNE (PA/C-17-2-cyanopyridine); (b). Pd/C-2#-% Fifi# (Pd/C-2"-benzaldehyde)

B 5 LTS IR A e BNl th 2R AR Ak

HE 5 TUUEH, 2 MasIna e as i
BWRE . PA/C2PH TR S AR, 2R
SN A B A B AR R, 8 IRURBE S ()
WAL F] 98.88%; XFF Pd/C-1#HE 4L 2-F LN
e AL B, Rt FRsE, 8 RN
JE AL R T IA 98.50% . X FEr UL E] T PA/C-1#40
Pd/C-2* A FAVER A 7 (R A A2 e T

3 Zw

1) IR R P T A 20 o A ) R~
KANCA RSy 8%, o] LOE I #5250l pH R
S HLAASAS TE AN B v (A R A AL R . 7E pH MH
N3 PRRFRAE R, §il 4% H 1 PA/C- 1AL TP 3R
%8278 nm; 1E pH fEA 10 FIREIRMA T, &
H 1) PA/C-2*EAG RSP Ri A2 A 3.75 nm.

2) LA BRNIRETT VAT DA R S A
A S e B o 2- I I e I &R R P 2% IR
T PA/C- 1AL TSR T, A0 28 A 34 53 i
N 98%F1 96.1%; 11 A% F I ISR FH I 2% IR 15
(1) PA/C-2MEE AN T R IBLAT, S A 2R AN £ 1 73 70
99%FI1 98%. Ak 7l £ ik F H IR BRI pH 1]

Fig.5 Change of hydrogenation conversion rate after repeated rounds for catalysts
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