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Effects of Citric Acid Modification on the Performance of Nano-Ba-MgO
Support and Its Ru-Based Catalysts for Ammonia Synthesis
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Abstract: A series of citric acid-modified Ba-MgO supports (Ba-MgO(CA)) were prepared by ultrasound electrostatic adsorption (UEA),
and the corresponding Ru catalysts for ammonia synthesis were then prepared by the impregnation method. Their physical and chemical
properties were characterized by scanning electronic microscopy, X-ray diffraction, nitrogen physical adsorption, inductively coupled
plasma-atomic emission spectrometry, and infrared spectroscopy. The results showed that the introduction of citric acid during the prepara-
tion of the support changed not only the chemical and textural properties of the nano-Ba-MgO support but also the doping amount of Ba in
the Ba-MgO(CA) support. When the concentration of citric acid was 2.0 mmol/L, the Ru/Ba-MgO(CA) catalyst exhibited the highest cata-
lytic activity for ammonia synthesis with a reaction rate of 63.20 mmol/(g-h) at 400 °C, 10 MPa, and 10 000 h™', which is 21% higher than
that of unmodified Ru/Ba-MgO.
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Fig. 1. XRD patterns of Ba-MgO precursors modified with different
concentration of citric acid (CA). (1) 0 mmol/L; (2) 1.0 mmol/L; (3)
2.0 mmol/L; (4) 3.0 mmol/L; (5) 4.0 mmol/L.
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Fig. 2. XRD patterns of Ba-MgO samples with 2 mmol/L citric acid
calcined at different temperatures. (1) 450 °C; (2) 500 °C; (3) 600 °C.
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Table 1 Textural parameters of Ba-MgO and Ba-MgO (CA)

Citric acid concentration Ager Pore volume Pore size
(mmol/L) (m%/g) (cm’/g) (nm)
0 44.7 0.16 14.7
1 47.7 0.24 20.1
2 52.2 0.38 29.2
3 58.2 0.29 25.4
4 44.0 0.17 15.3
7 36.2 0.23 26.3
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Fig. 4. Effects of citric acid concentration on the amount of Ba
doped in MgO.

Fig. 3. FE-SEM images of the Ba-MgO supports modified with different concentration of citric acid. (a) 0 mmol/L; (b) 1 mmol/L; (c) 2 mmol/L; (d)

3 mmol/L; (¢) 4 mmol/L; (f) 5 mmol/L.
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Fig. 5. Schematic presentation of the interaction of citric acid-modified Ba-MgO precursors. (a) No addition of CA; (b) Small addition of CA; (¢)

Appropriate addition of CA; (d) Excessive addition of CA.
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Fig. 6. IR spectra of Ba-MgO(CA) samples modified with different
amounts of citric acid. (1) 0 mmol/L; (2) 1.0 mmol/L; (3) 2.0 mmol/L;
(4) 3.0 mmol/L; (5) 4.0 mmol/L.
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Fig. 7. Rate of export ammonia over Ru/Ba-MgO catalysts with
citric acid-modification at 400 °C, 10 MPa, and 10000 h™".

AL TR VT 46 7 B
3 #it

XN UEA 371445 Ba () MgO i F b, if &+
Ty A% B 110 9 T m] A 2850 27 Mig(OHL), e 1 1 Ay L 1
Kot i B 2T Ba-MgO(CA) %44 119 4] % ki 1 W bk
A0 A%, FIURL R) (%) 12 I S ek 2> . ) I e o o5 AR A A
P2 (05 I 942 5 mT 1 4% Ba £E MgO W K15 4% &, nl W
P42 5 Ru/Ba-MgO A6 71 IR IR & B 20 P

2 % X WM

1 Liang C H, Wei Zh B, Xin Q, Li C. 4Appl Catal A, 2001,
208: 193

2 Kowalczyk Z, Jodzis S, Rarog W, Zielinski J, Pielaszek J,
Presz A. Appl Catal A, 1999, 184: 95

3 Wu Sh, Chen J X, Zheng X F, Zeng H Sh, Zheng Ch M,
Guan N J. Chem Commun, 2003: 2488

4 Murata S, Aika K. J Catal, 1992, 136: 118

5 B, SN, RER, ®=Hoo, M. M ER
(Yang X L, Xia Ch G, Xiong X M, Mu X Y, Hu B. Chin J
Catal), 2010, 31: 377

6 XuQC,Lin] D, FuXZ, Liao D W. Catal Commun, 2008,
9:1214

7 O, WKEE, HRE, BMER, B, E.
#R (Huo Ch, Zhang X H, Xia Q H, Yang X Zh, Luo Y, Liu
H Zh. Chin J Catal), 2010, 31: 360

8 M, HK%, BT, Wi, xfE. fIFEHR (Huo
Ch, Xia Q H, Yang X Zh, Luo Y, Liu H Zh. Chin J Catal),
2009, 30: 218

9 Vega E D, Narda G E, Ferretti F H. J Colloid Interface Sci,
2003, 268: 37

10 Lackovic K, Angove M J, Wells J D, Johnson B B. J

Colloid Interface Sci, 2004, 269: 37



320 etk

E S

Chin. J. Catal., 2011, 32: 315-320

11 FEM, 2N, A8, TR, M. i) (Huo
Ch, Yan G, Zheng Y F, Yu F W, Liu H Zh. Chin J Catal),
2007, 28: 484

12 Lackovic K, Johnson B B, Angove M J, Wells J D. J Col-
loid Interface Sci, 2003, 267: 49

13 RDBE, BRI, S, Jbnt: 4 Tl
4 (Zhu B Y, Zhao Zh G. The Foundation of Interface

Chemistry. Beijing: Chem Ind Press), 1996. 247

14 Kabra K, Chaudhary R, Sawhney R L. J Hazard Mater,
2008, 155: 424

15 Larson T E, Buswell A M. Ind Eng Chem, 1940, 32: 132

16 FIEER, A4, PR, RO Jbatfb TRZEFR
(Zhang Zh X, Hua Y Q, Chen J F, Wang Y H. J Beijing
Univ Chem Technol (Natur Sci)), 2002, 29: 49

FtREEMEEUSIMEMBZERSZIL

mHE: 2011 4 8 A 12~ 15 H

Mg b B

AR P EAWAF (RT) AR LR T K KHET A

PRIE R 7 FE A 25 15 28 T T R I o Ay T
T HL AT P S5 A A S5 R 4 R S €0 A 2 B R ) B A

55 BRI, 1 (O 0 A o de Ay TV 1) 22 BT 1) 2

Zrp [ AL 2 e i A B 2 0L s A, B B Jm s R B AL
L IREEA B2 AR 2 0 o B A K A6 & 6, B T
Ml R 2 R OGE BT K 2E W 5, 8 T 2011 2 8 A 12~15 H
FEAL R G AE I ——Ab 5 B IT. A w0k 780 TR
FIAZ AT A SR I T R B TAE 3 E B L 5 R B i
BRI BT T R . BT, N AT B XML
WF A7 T AR L AS T PR S HIR AN HE ML &,
WA H TR 5 A AF. DL ) 4 5\ 35 50 55 4 1b 5 38 55 4
TRHRF Z 1 [ AT 0 AH 24003 1) A b A 48 45 U SCali B R
N,
—. {EXSEE

ARG G 1A AT B T S SRR R R K/
AR AL T 3 e TR P IR AL A . L. A SRR
PEIREAL P I AR 5 HER REF G B 6 RN
S st i R TR AT A Ak R A IR R R
WAL R e M BE BORSEAE PRI R
LIRBE IR IR A LA R & RS R AE ; IR BE A 1 1%
VRS OB B 5B Rl BRSO TR AR PR 8
TEA B R

—. fEXEX
L AR ST BT T2 AV T, 45 15 1 5B 4% A
MR, DT H L.

2. W SCBRR B G R R ) R AR S5 R R AL 18 SCTE
A9 2L A4 AR 2 BN 2R B 3em, S 2.8
om, i 47 %5 3 em, Al FH = R AR R A DN L, E SCH
115 R AK, 35 3 ] Times New Roman, HA5 4T .

3. 30 i 4 WMl (http://www. Tncec.org) 7 2k $%

Fei. A NHEHS (huiyaonan@126.com, liujian@cup.edu.cn)
BeR.

4. AR AE S R (10 U B, 1 B 1R 3 R A 2R
(H 3R A& BEREHR).

5. WICHEA R H Iy 2011 44 H 30 H.
=, XSHLEERS

B IR] 25 G PR AL, WG S, R B, A AR, R,
FRARE, X =

e IRy AR I ey T

2300 AT 0, SR, SR, RS, 0 E A,
R, B AT, DU R, RS, BR L, N2, &R K&, ik
=

A XU, Be B 4, R TT, IRBE, FUT, kAR ER, XBHA
b
M., BERAR

RN B, X%

AR R A6 5T B DO Al R (B s E
Tl K TS = (B4 102249)

WM E: http://www.7ncec.org

IR i 010-89731586; f£FL: 010-69724721

L7 IlIB4F: zhenzhao@cup.edu.cn, liujian@cup.edu.cn

CSWEERH

2010-11-20 55 —%03 51 (R ESR)

2011-04-30 [ b BEAR 45

2011-05-25 5§ I &0 (I8 30 F W %0 & = HF)

2011-06-30 5 — #0341 (= WO 41 2 HE)

2011-08-12~2011-08-15 431

FLREAEXRFELEAFEMAFRWNELEA



