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Preparation of Ru/Ba-ZrO, Catalyst and Its Performance for
Ammonia Synthesis

Wang, Ziqing Chen, Geng Lin, Jianxin* Wang, Rong Wei, Kemei
(National Engineering Research Center of Chemical Fertilizer Catalyst, Fuzhou University, Fuzhou 350002, Fujian, China)

Abstract The Ba-doped ZrO, materials were prepared by three methods and used as support for Ru catalysts for ammonia
synthesis, i.e., citric acid sol-gel method (SG), modified co-precipitation (CP) and impregnation method (IP). The certain
amount of analytical-grade Zr(NO3)4*5H,0 and Ba(NOs), were dissolved in deionized water to form a transparent mixed
nitrate solution. The citric acid was slowly added into the mixture to form a transparent solution and then heated to 80 C
under vigorous stirring until all the water evaporated and a viscous material was obtained. After calcination at 750 ‘C for 5 h
and a puffy white powder was obtained. This was BZ-SG. The solution of NH3*H,O and K,C,0,°H,0 was added dropwise to
the mixture solution of Zr(NOs),*SH,0 and Ba(NO;), with vigorous stirring, and the obtained white suspension was aged at
60 C for 60 min. The resulting precipitate was centrifuged and washed with distilled water for several times, and then cal-
cined at 750 C for 5 h. The obtained white solid was named as BZ-CP. The Zr(OH), was prepared by adding the KOH into
the Zr(NO3)4*5H,0 solution. Then the obtained Zr(OH), was baked at 300 ‘C for 3 h and impregnated with aqueous solution
of Ba(NOs),. After dried at 85 C for 12 h, the sample was heated at 750 ‘C for 5 h and obtained the BZ-IP sample. Ruthe-
nium catalysts were prepared by impregnating the supports directly with K,RuO, solution. After reduction with ethyl alcohol,
then was dried at 120 C for 12 h. The samples with 4 wt% Ru were labeled as RBZ-X (X=SG, CP and IP). The molar ratio
of Ba to Zr in all the samples is 1 9. The composites materials and catalysts were characterized by X-ray diffraction (XRD),
temperature programmed reduction of H, (H,-TPR), temperature programmed desorption of CO, (CO,-TPD), N, adsorption-
desorption isotherms, scanning electron microscopy (SEM), transmission electron microscopy (TEM) and CO chemisorption.
The results displayed that the RBZ-SG catalyst showed the highest activity for ammonia synthesis compared to those of
RBZ-CP and RBZ-IP. The optimum ammonia concentration over RBZ-SG catalyst is 5.72% under the conditions of 3 MPa,
10000 h™" and 425 °C. This activity is 3.8 and 14.3 times of that of RBZ-CP and RBZ-IP, respectively. Such high activity is
mainly resulted from the presence of BaZrO;, which has high electron-donating ability. Mobile electrons would be transferred
from BaZrO; to the Ru metal surface by means of the strong metal-support interaction existed between Ru and reduction
BaZrO;, which can facilitate the cleavage of N=N and enhance the activity for ammonia synthesis sufficiently.
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Figure 1 XRD patterns of Ba-ZrO, supports prepared by different
methods. (1) BZ-SG, (2) BZ-IP, (3) BZ-CP
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Figure 2 Effect of preparation methods on the pore size distribution of
different samples: (1) BZ-SG, (2) BZ-CP, (3) BZ-IP
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Table 1 The texture properties of Ba-ZrO, supports prepared by differ-
ent methods

Sample Sger/(m’eg ') Vel(cm’sg ') D/mm  ZrO, crystallite size“/nm

BZ-SG 25.4 0.10 15.4 14.8
BZ-Cp 8.7 0.05 20.4 102.6
BZ-IP 59 0.03 14.2 14.2

“ Estimated by the Scherrer equation.
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Figure 3 CO,-TPD profiles of the Ba-ZrO, support prepared by differ-
ent methods: (1) BZ-SG, (2) BZ-CP, (3) BZ-IP
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Figure 4 SEM images of different catalysts. (a) RBZ-CP, (b) RBZ-SG,
(c) RBZ-IP
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B 5 AR TEM A
Figure 5 TEM images of different catalysts: (a) RBZ-CP, (b) RBZ-SG,
(c) RBZ-IP
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Figure 6 H,-TPR profiles of the Ru/Ba-ZrO, catalysts prepared by
different methods: (1) RBZ-SG, (2) RBZ-CP, (3) RBZ-IP
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Table 2 H,-TPR data of different catalysts

Peak temperature/K H, consumption/(mLeg )
Sample
Ti 7, T ni np ns
RBZ-SG 416 548 — 1.97 26.36 —
RBZ-CP 475 550 — 5.46 15.82 —
RBZ-IP 420 475 550 1.15 3.94 12.12
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Figure 7 XPS spectra of various catalysts: (a) RBZ-SG, (b) RBZ-CP, (c)
RBZ-IP
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Table 3 Elemental concentrations of different catalysts

Elemental concentration/%

Sample
RuO,  BaO Zr0O, K,O SiO, F
RBZ-SG 4.02 11.13  82.04 258 — —
RBZ-CP 3.89 10.53 8198 243 0.24 0.75
RBZ-IP 3.95 1092  81.76  2.55 0.17 0.56
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Table 4 CO pulse chemisorptions characteristics of different Ru cata-
lysts

CO pulse chemisorptions

Catalyst

CO uptake/ Metal area/

(X10 mLeg ) Dispersion/% (g ) dr,/nm
RBZ-SG 7.05 0.87 3.18 96.8
RBZ-CP 10.00 1.17 428 46.9
RBZ-IP 9.53 1.04 3.64 58.4
6.0
5.5 ]
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Figure 8 Catalytic performance of Ru catalysts supported on Ba-ZrO,

support prepared by different methods. Condition: N, : H,=1 : 3, 3 MPa,
10000 h™'. (1) RBZ-SG, (2) RBZ-CP, (3) RBZ-IP
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I, WA DL AR e Cs Wit Ru f S ifiAE 386 3]
Ru M. Kk, Bhlfeoe o as i vk e, At
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W F F R

FRE s, (et E A T i
H,-TPR SEIG 45 AT LUR DL, Ru 97 380nT LA 2t
et AR BaZrOs HUIE R, 1B )54 BaZrO; 5 Ru 1 L4

P BT, AT A0 0 S SRR 25 1K

1 CO,-TPD &5 S0 vl DL I, AN[E) 5 45 2 38R K Bl
AL 7 A8 22 BRI S, FrARIRES Gk % 1) BZ-SG
(k1 B 5. DRI, Bk P P T LUl Ru b
BaZrO; A H.{EFH I S A& 2 3 Ru ki 73R 1H, MAE
RBZ-IP b5 3 B 08 1) AL, A7
FEA 2 FLf AR 3% 7. RBZ-CP v AR A /b (1)
BaZrO; f7-1F, {HJZANE & MBI Hi it i i M4 -2
PRBEAR TLAE SR EE (0 B 22 2% 08, i FA& RRCREMIK

T RBZ-SG iG], X5 AT XPS 546 45 R IEL Y5

Ik, %F BaZrO; 5 BaCOs; A AR R AE 45 Rh 2
R, TRA A BaZrOs (AR &, AOEHITIE I g ) bk
SR FTLA, MERAAT Ba (IAEAER ST, AN EIE R
RE Sy i AL T fiE ) 4% BaCO; <BaZrO;+BaCO; <
BaZrOy i Fp- 4 s 58 10 R 5 R A 751 3% P A A R A S
— B, AR R T A R (1) T R A e — BT
Fi4Ah, fHE TEM 458, 404t RBZ-SG 1 RBZ-CP il
Ru B F I R R/NAT LUK, AR PR R AL Ru fi
FIRSF ZE AR, AR Ly 2 R 0 e o i . DALk
FHEL T Ru RF R/, Ru k75 344 2 18] i B 4% S 4
RA i e BN 3R, g e mT BLS SCHk[34]11)
SR A

3 #r

KH =R T 25 A Ba AR TE A
[[], AFETEX Ba AP EA AN F B RE 7 g
KRR IR %25 8 1) Ba 3 2% ZrO, Mk, Ba -4
LL BaZrO; MIEAAFAE. I A0, AR 1)
Ru A MR BaZrO; FIIE 5, 105U R 1T 2 Ru
W3R, 14 m AR r AR AR 9. BZ-SG A
R AL a8 ), v DL e IX 4 JE - A s AT
YEHIHS 1Rt 2 Ru ki 3R 101, 38 M AR N, fif 25
Re T, A AR AL R IR 2 5 e Ik e . DAL, AT AR TR
2B — R A 2% =R Ru SEAREAR T 1) 7 7.

4 SLIGERS
41 HikwHE

4.1.1 FPARBR AR R

¥ Zr D Ba @ FPEEBRYIRIIELA 9 11020 FRA
Y TR NZW KT, 210 EETERP. Kt
WAE 80 CARKEIE NI 4 h, AT EIIKS, H
7E 90 CEMLSAE Nk 12 h, DUEHHES YRRk,
BRI B E T 120 'C T4 12 h, £ 300 'C F
Rike 1 h A5 RIRTIAR, 5T 750 C FR5EE 5 h RIFE- 240
AN AR 124 BZ-SG.
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412 BRI EIUTE

BRI EZ LA 91 1 Zr(NOs),+5H,0 Fl
Ba(NO»), T2 F/KH, =il FHEE R BEHI. &
JE A HRAE 60 Cilt L R HidE 30 min, ¥—EitE
L 1) K»C04H,0 F1 NH;oH,0 1B S RS 2N _Fik i
Wb, PUE AR AL 1 h, EiESE DL
TR EVRBUTED). B3 BIUTEYIAE 85 CTg 12
h, FifE 750 CNERE 5 h RIS ES I 2 G AR
B3 HRE iic iy BZ-CP.

4.13 ®EZFE

ZrO, W& 5 LU0 SCERI12], DU RS Beii g A
300 C, Ml M. 28 Zr i Ba b 91 1 L
K Ba(NO;), W= 2 ZrO, #E. 76 85 C T
12 h, F7E 750 ‘C FR55E S h 15 BIBB A EE 1 54
L, FTAFIFE S04 BZ-1P.

42 fEEFIBHE

KSR BUR LS4 Ru LML 7). B ik &2
i T — 2 E I KRuOy W, TLLAMT F T
RIGUTCK CREIR RS, S0 EA . BRI 4 G
M ARG Y, 330110 Ru FEZA BT 537
it RBZ-SG, RBZ-CP 1 RBZ-IP. DL &AL AL
H Ru (AT R H0I N 4%.

4.3 fELFIEES

A N Y A VU RS S 50 e N o AT, AL
(12~16 H)Aehr 0 2 mL. K PUBME A FIRE i 23 ) 1 [+
— AR AR AN s A AEAR R 2 A (RIS 2 A T
MESE, RNV 3 MPa, WA Hy/N,=3 1 1 [f)
TRAR, 253 10000 h ' (ARG L SON 2% H 1344
o NH; AR E s, MR B AL F7E 5 R R
W53 200, 300, 400, 425, 450 F1475 Ci%4L 2 h,
SRIGLEMRR A FRaE 2 hy, Poa /S AR B R
PR, ARPEGRIR . WSO ) Rn 9 2 A A AR
CRIRP SN RN Fd) -3
4.4 fEUEFIBIRIE

X S EAT S (XRD) A AL 47 == PANalytical A w]
Xpert Pro BN ARATHAY FiEAT, R CoKa Hf4k,
JE 40 kV, & H 40 mA, FHIVEH 10°~90°, FIHEH
0.2 (°)/s.

N, 4 B B 48 ] NovaWin2 /44 W B 43 (35 [H
Quantachrome Corp)#l Micromeritics ASAP2100 il i&
FEMIELR TR LA RFLIR A, BRI =11
FeEdh, 40250 C, IR 3 h, fEMA AT
WS BB PRSI, A A TR LR TR FH BET J7 R vk 15,
ELFLZEEN P/Py=0.99 s AH . (W B AR LA 3 i 2K
tH BIH 3k, Bl 45 5 i BEA LA R E AL 2.

PEAL TR AROU/ IV 4O 26 T JE 3 A Hitachi S-4800 %Y
Yy RS BT (FE-SEM) %2, g i ko 10 kV.
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W F F R

MR

Ru R T 00 45 #4 iA#E JEOL 2010F(200 kV) TEM it
17.

A AR P I 8 R (H-TPR) W ik 7F 58
Micromeritics 23 @] HaEALFIRIE RS Autochem2910
R E B B B REAT, AR VA RN e L SRk [13]. U
PRI FE P T RE S T 60 mg. ] CO, 1b 22 W bt
VLN SE FE SRR AR YE. CO, B2 THE BB (CO,-TPD)
MR AEZE [F Micromeritics A & H s AL FI R IE R S
Autochem2910 %4 [ )W B FHEAT. #Ab RLR T
PERRFE AR ] COL B2 P FHELBE T, BAR M 7L F0
MRFE R WSCRR[15]. SR CO Ak 270 B i A 7 o
TR I o HObE e, URRRE P R 7702 2% SOk [14] 31t
7. BTHIFE & BBk 100 mg.

XPS FRAE 525K 71 52 [ Physical Electronics A 7] 42
f¥) Quantum 2000 Scanning Esca Microprobe J;Hi, T fit it
CEIEAT, SR Al Ko S8 U GIR, hv=1486.69 eV,
BRI N 22.8 W, X-Ray HUBE 4 200 um?, HL T H 5
JE ok 45.0°, )TN B FEARFEAE 53X 1077 Pa, i At
I 117.40 eV. SEEG &5 RAZ R 255HEH C 1s (284.8
eV)RERE IE.  SEH0 T BT FHARE & 00 B R e 5 vt M S By
BERE S 1038 JEURE P A ).

X SO (XRF) K fif 22 PANalytical 2y 7 ]
Axion B X S GG HT. I H VA AR
(197G 22 21 B S SLARDNS 1 20 45 1t
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