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Effect of alkali earth metals on performance of zirconium-based perovskite
composite oxides supported ruthenium for ammonia synthesis
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National Engineering Research Center of Chemical Fertilizer Catalyst, Fuzhou University, Fuzhou 350002, Fujian, China

Abstract: Zirconium-based perovskite materials with different alkaline earth metals were synthesized by the citric acid method and used as
supports for ruthenium catalysts to catalytic ammonia synthesis reaction. The effects of alkaline earth metals on the texture properties, basic-
ity, and catalytic activity were discussed. Additionally, the desorption properties of H, on the surface of various catalysts were characterized
by temperature-programmed desorption. The results showed that there were lots of strong basic sites appeared on the Ca, Sr, and Ba perov-
skite-style supports, and the order of activity was Ba > Sr > Ca. The addition of different alkaline earth metals not only affected the electron
donating ability but also influenced the metal-support interaction as well as the adsorption-desorption properties of these catalysts. The ad-
sorption of H, was inhibited significantly by the presence of BaZrOs and increased the number of active sites for dissociatively adsorbed N»
which may be the major reason why the Ru/BaZrOs catalyst exhibited so high activity for ammonia synthesis.

Key words: alkaline earth metal; perovskite; zirconium; ruthenium catalysts; ammonia synthesis

Received 26 July 2012. Accepted 6 September 2012. Published 20 February 2013.

* Corresponding author. Tel.: +86-591-83731234-8102; E-mail: lin3jx@fzu.edu.cn

This work was supported by the Innovation Fund of China National Petroleum Corporation (2010D-5006-0502) and the National Key Tech-
nology R&D Program (2007BAE0SB02).

KA A SN, 520 T A SR AR E PR R,
e AeUE TE AL A R AR ACTHI % iy i PR T FL 2 A
AT RN IZIURBT TR T, B R AR R KB

=
2
il

1

DAL AL — Bl R AR, T2

FA-FAHUA B DAL A 25 . vk
IR (AC) T B AT ZE 2 A5 LA AL AE 20 T 20 R S Tk
PR AHRAT RS 5T AR AL AFAE R 5 A T 5

102 SRR LS BRI O
T - 2 7 A A B
R0, AR PR LM A S S 5 T T LAk



362 etk

E S

Chin. J. Catal., 2013, 34: 361-366

AR [ (¥ 7% Hidg, MO A7 AN 3 A6 Bh 70
PRBEAE AL 5 AR iU UIAH oG, A8 e A i
& )8 A BRI LR, e ACEA B+ e 11
PEREVE FHBE R . Aika25 P8 BLIHIF 9T R B, DA
< B Ry BT R A A R 1% B ) IS, R Y B R A 255 R 4 R
Na<K<Cs<Rb PN /7 838, Lhog -+ 4 8 Ay b 344
&7 ki Ak A W P I A 0 Ru/CaO>
Ru/MgO>Ru/BeO. H J&, %A SOW i 1 4 s 4 Ak
W HIAERWACZ A B A 77 R B 370, & 30 1 A 9] (1)
AR IR, A ATTIA A, BB 4 e ) A A TR v P R
J55 1) 22 S 2 W T e AT 5 ) 22 0l B S, B
AT P B, ARG PR . ok, A OCK A Ball 71
XF I NGt B B RV 5T A IR, 4 Je AN ek - <6 g (1)
S INANA AT LA SE W A AL RHE i i 7 BE ), b2 AR
EALTRNT SN AR R B - B RED 0L AR 20
Tl < e R < o o A 9 e ) s i VA 5 A Lt e
T REJT AN, 10 R Gt FUh 1 4 i X e A4 771 2 1 s
O R - O B i P STtk /1,

PATTHT B TR I, ok 4 e N I 4 S A
PERH IR AT B IR 2 T B, S BET S AR IL
PE 5 I G PR B, R A A Vs 1k L 2 0 T v il
JEAAE T I T A AR G R G 3 R T AR,
ANTel ol - 8 JE R B LS ERA AR ES R ) TR G R T
JTLI1) 2 5 DA RIS 1 FRD 5 W AR 1 A DL SR . AR A
AR G5 K T 1 1 2 PR, AL 1 S L 4 e 4 ek
WM Bl 3 A5 CaZrOs, SrZrOs M1BaZrOs. K, AX 356
K FTF BR 4% & 10 ) % Lok 1 4 J8 B Bk #1 kL, 15
K SR BR L K RO, H AR 5 T 4L, REt
F1Ca, SrFIBaXey F B 5 5 SO S A4 R o - i B
PEREISE W, JT 5 HEAL NS AR SCIE, HE— 20 i W] 1%k
HEA TR AT D0 S 28 5 S PR BB,

2. LEES

21 BT &

i N, 73 5K Ca(NOs),, St(NO3), 1 Ba(NOs), #F
T Zr(NO) % W (1 mol/L) ', F-333 Kt #E 1 h, 15 23k
B, A Ze S5 & B R EEIR L 11, RS
T EE IR LGN 13 HIRTF IR IR 1K) £ B, He P AT IR IR
LB ES B R L 11, 5 5 1353 KK A 34 h,
DL RIS Ky, 151363 KIn#d hAE R &
eIk, K43 BB (LB 1393 KT 12 h, 573
K541 h1g 2 Fr Ik Ak, 7511023 KE54ES h, BRI #5214

IV [ 4t 45 EK B 4% 4 44 B CaZrO3, SrZrO; Al BaZrOs.
¥ EIREAR S IR T — 8 B K RuOMS W . 270
K W5, fEH SR 1773 KAGBE8 hE 45 21
T B AL 71 Ru/CaZrOs, Ru/SrZrOs M1Ru/BaZrOs. 1L
FIF Rl T2 B 4%, HEAL TR A 12~16 H .
22. FERUEMERTMIR

BB R AT DU RS I 223 B B N A kAT, fE Ak
FIEEHE2 ml. &P FIRE i 23 00 T ) — AN B
P ASA] J Al R #E3 MPa, [N S Hy/No=3 (118 &
S, 510000 h' R4 P R TR EAT SN, AL AT
P DL 28 H AR NHG AR R 20 B s, ik
PR AL AR o s RS040 ) 1473, 573, 673, 698
723 Kifth2 h, 2R 576 FIR 4 PF T A2 E2 h, = ¥INH;
FHFRUEAR FERG IR R L. MR PO R M5ty MR I )
T 43 Hy, No (AR AR 10 5 WA FPNHG IR . i
AT R DA S B A R 1 2E A NH 1) 3R R
A (ml(ghy). b 5A R =Sy o Ve (1 +
Oais) Mea). T, Sy B A R N 253 (W), s b H
1 WS NH R B (%), Vead M AR T B A AR (ml),
M HHEAL TR T ().

23, EUFIRLE

XS 2 17 5 (XRD) Wl ik 71 47 = PANalytical 23 w]
Xpert ProZfBy K AT A EiEAT. RHICo K S 2k, B
JE40 kV, & HL40 mA, F1H5 8 [F20 = 10°~100°, $3 4
0.2, BT AR /NP AR A AT

7t NovaWin2 B4 < A& W B 4% (3€ [H Quantachrome
AT DERE S I LR TR LR RFLER A, BR
I — 58 SRR i, 20523 KELAS A TAL 23 h, 7E A
RN HEAT W PR - B8 PR S8, RE S 1 B R IR I BET )y
FEstE; L ALAARE p/po = 0.99 1 AH N (RIWR BHAARR, £L
Feor AT 2 HBIHVESK H, H BEALER A T 5 Ak B A4

H, & F J iR & Jf& (H-TPR) I i 75 3£ [&
Mciromeritics 2% 7] Autochem 2910 % 5 zi W fft {3 F 33k
AT, FREUEALFIRE 560,10 g & 1 B 3 S N 2% PN, 7723
KH #4iAr <, (30 ml/min) WK1 h, 76 Ar % %8 =3,
Ak 2 A FL RSP RS . AE10% Hy-90% AriR &< R
FHil# A2 1023 K, 4 J5 < Ui 2 30 ml/min, F il 34 %10
K/min, TCDA I FEH, 3.

CO,FE - THili Bt B (CO,-TPD) IR 2% & [7]H,-TPR.
FRIAE 5 60 mg BT 3% 5 e Y. 4% N, 7E He "L (25
ml/min) " FF 22773 K, W 1.5 h LU BRI B 76 A L 2R
TR 2% 5, 4R 5 B 42323 K, PR He S DI 4 CO, (30



www.chxb.cn

FEIR A < B AT KRR ST AL R

o)
=
B
o
[aay
=
gc\HE
=

363

ml/min) W% i 1 h; )3 4 He < (25 ml/min) W 4F 5 LA
ok 2 2% T ) B R AN 55 W BRI CO, S5, 5 BA 10 K/min
THIELA21023 K, S0 R AERE & 2 11 1 CO, M B

H,-TPDSEE0 ¢ & [F] b, FREUHEAL A 5h0.12 g &
T BE R SN A% N, £E723 K s 4l H, (30 ml/min) K412
h, FHLE 2l Ar (30 ml/min) T B 22 530, Sk 2k 2 L2k
AR ARG LA10 K/min 2 7 1 421073 K, TCDAG il
HoJlit Bt .

3. #R5iTe

31 EUFIMREKIELE

10 AN [A] |2 B i R Ru/CaZrOs, Ru/SrZrO; fll
Ru/BaZrOs A 7 F2 & Bl k. ml LUR IR, 7R3 i
JEIN, BABaZrOs hy 8RN, AL G Mt it v T Hg
PIAS, 698 K e b & pl Sz v 3 2 w) BLIA 399
ml/(g-h), 73 B2 AL FIRW/CaZrOs FIRW/SrZrO5 113,01
2.34%. T UL, Bt 4 s Ao Rud A 703 AR 8 44 P It
P ABa>Sr>Ca. IX 5% M5 S M S8 ) A BRI —
ﬁ[&ll,ﬂ].

400 -
350 | @3)
300
2250 ©)

=200 |

= 2007
T 150} )

100 |
50

0 | | | | | | | |
640 650 660 670 680 690 700 710 720 730
Temperature (K)

Bl TRBLEEMRUBELTESMERZNE
Fig. 1. The effect of alkali earths on the catalytic activity of the cata-
lysts for ammonia synthesis. (1) Ru/CaZrOs; (2) Ru/SrZrO;; (3)
Ru/BaZrO;.
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Fig. 2. XRD patterns of various catalysts.
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Tablel Textural properties of various Ru-based catalysts

Phase property Textural property
Support ICPDS C.rystallite Microstrain ABZET/ Voor  dpore!

size (nm) (%) (m’/g) (ml/g) (nm)
CaZrO; 35-0790 123.0 0.182 112 0.041 144
SrZrO;  74-2231 53.6 0.336 9.7 0.034 136
BaZrO; 06-0399 16.7 0.905 8.7 0.030 164
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Fig. 3. CO,-TPD profiles of various support materials. (1) CaZrO;;
(2) SrZrOs; (3) BaZrO;.
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Table 2 Peak temperature and peak area on CO,-TPD profile of

various supports

Peak temperature (K) Peak area
Support

A B C A B C
CaZrO; 383 868 1013 0.329 0310 0215
SrZrO; 370 879 966 0.173  0.071 0.194
BaZrO; 366 909 — 0.067 0.587 —
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Fig. 4. H,-TPR profiles of various catalysts. (1) Ru/CaZrOs; (2)
Ru/SrZrOs; (3) Ru/BaZrOs.
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Fig. 5. H,-TPD profiles of various catalysts. (1) Ru/CaZrOs;; (2)
Ru/SrZrO3;(3) Ru/BaZrO:;.
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Effect of alkali earth mentals on performance of zirconium-based perovskite
composite oxides supported ruthenium for ammonia synthesis

WANG Ziqing, MA Yuncui, LIN Jianxin*, WANG Rong, WEI Kemei
Fuzhou University

BaZrO3 was an excellent support for Ru-based catalyst for ammonia synthesis compared
with CaZrOs and SrZrOs, which could significantly inhibit the adsorption of H and facili-

tate the cleavage of No.
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