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Effect of Redox Co-precipitation Methods on Structure and Catalytic
Activity of Ru/CeQO, Catalysts for Ammonia Synthesis

Lin, Jianxin* Zhang, Liuming Ni, Jun Wang, Rong Wei, Kemei
(National Engineering Research Center of Chemical Fertilizer Catalyst, Fuzhou University, Fuzhou 350002)

Abstract The Ru/CeO, catalyst was prepared by redox co-precipitation methods, including normal
precipitation, reverse precipitation and parallel flow precipitation. The obtained catalysts were characterized
by N, physisorption, X-ray diffraction (XRD), H, temperature-programmed reduction (H,-TPR), CO chemi-
sorption, and field-emission scanning electron microscopy (FE-SEM). The obvious difference of Ru disper-
sion and surface texture exist in the catalysts prepared by different methods. The activity test showed that the
ammonia synthesis activity of the Ru/CeO, catalyst prepared by reverse precipitation was 12.6% at 10 MPa,
10000 h™", and 425 °C, which was much higher than those obtained by other methods. Such a high catalytic
attributes to three facts: the easier reduction, the much higher dispersion of Ru (45.6%) and bigger surface
area (120 m%/g).
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Table 1 Effect of precipitation methods on the catalytic proper-
ties of Ru/CeO, catalysts

Ammonia synthesis/% TOF/(10 2s™ !

400 ‘C 425 C 450 C 400 C 425 C 450 C
Ru-CeOx(NP) 6.35 11.10 13.1 456 6.86 8.70
Ru-CeO(RP) 7.7 126 142 546 7.68 9.34
Ru-CeOn(PF) 7.35 1228 140 523 7.51 9.22
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Figure 1 Change of the pH value of reaction solution by dif-

ferent methods
(1) Ru-CeO; (NP), (2) Ru-CeO; (RP), (3) Ru-CeO; (PF)

22 AFREIREANBEB® pH T

M3 BT 77 2R N ) pHL AR 2 8 B (] Fr AR
WHEFATT LG i, Ce(NOS)WBUNIRTE, ROMZE I
Wb, I AR AR . RN R[] Ce(NO;)#%s
OB TRIINE 1) KoRuOy WAL Bl R 4 A R A AL
Yrotse, FIRHETRETE R Ce’ ' 2B AR I I s b A= i
Ru(OH), JLiE. IR A pH (A8 1k /N HL4EFrm e, 4
IR U N T Ce(OH) YOTE A2 J S NIR 5 22550, 7R
TETE Ce IIUTUE R I A I3 SOMs r= W 1175 43 17K
SR A, N JE R R P PR E TR 1 AR
EVESAE T 450F. IE MRS W 2@, AFT Ce 1)
A B ST 1A 1, T T RO KT
Ce IIVTHEE L, £TRLTA T REBRUL =R HIER. A=
Ay Ce MNP EEAMVTTE, Sch 5 DT
UE Ce BITINEAZ, VI~ Ce /WA RT
Ce PUIERF IR, IAEIEINESL R, Ce 5 Ru ki
THSEKK.

23 BET4%H%

245 T A EYTETT A K Ru/CeO, fiEAL I
TSR, 3 2 nT 0L, 3 B[R] 7 ik 2% IR AR
LR A HEE T 100 m¥g, 5 3CHR[7, 191RIE RIS
HEAL AR F B LR T ARG N 1 3T 50%.  HHE il #5 1)
AL FLZR « FEFLAR RN LE 2R TR AT 5 L b v
A AL FIAALE I SR 22 0], v iy SO AN 9 1l 4%
)R A 71 2 T A LT ARARL, 17 R I IV a1 % R A 77
LTI FLARR R, AR R IR/, X n] RE AL
A TIE RS, BT ARAE R R NVIE S Ce IIUTIE AR
EEA G R, B2 & AR LR s . I
2 I 2 T RUE R RO i % 1 fh AL 7R L
P oA T WAy A, HLALARZ A /NEL, TR 1 n i 6l
2 AL FLAR 20 A1 AT HE BRI 23 A, HL oL B R 5L
(o

SR 1 R 2 WA, AL A e i
AT R T AE MR, Ru/CeO, A1 Sk
FEDN, Lo R MAR R, a0 G Bl 4 i e th il 2 3
K. L Ru/CeO, AT 1) LU R TR & 52 i 22 & 1
A IR — N SR DR 3%

24 XRD %R

P 3 Ay AR il 77219 Ru/CeO, fEALFTIAT — A fk
Bl 500 CRIBEZ G XRD . Kl 3 vl WL, AN
FITERIR AR CeO, MINL T AT 4514,
FARA AT HEL Ru® 81 RuO, 75, X i B f 4
I8 JE I TTE 4 1 Ru/CeO, AL T Hh 42 8 1 11 43 Y
AUSTER R P A T S AR T R T R [



140 A

Eibd Vol. 70, 2012

R 2 AEIFEEE ) Ru/CeO, A FITHOU 4544

Table 2 Microstructure properties of various samples prepared by different methods.

Lattice constant

Sample Sper/(m?eg™") Pore volume/(cm®sg™")  Pore size/nm Particle size/nm 260/(°)
a’/mm (111)
CeO, ND” ND” ND” 13.1 33.35 0.540
Ru-CeO,(NP) 101 0.20 4.72 9.1 33.30 0.541
Ru-CeO,(RP) 120 0.18 3.05 7.6 33.28 0.542
Ru-CeO,(PF) 117 0.17 3.04 7.7 33.31 0.541

“Lattice constant a was determined by the expression a=sqrt(h*+ K>+ *)(A/sin 6); ® ND: Not detected.
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Figure 2 Pore size distribution of all samples prepared by dif-
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(1) Ru-CeO; (NP), (2) Ru-CeO; (RP), (3) Ru-CeO, (PF)
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B3 ANl 572 4% AORE fh XRD 1
Figure 3 XRD patterns of Ru/CeO, catalysts prepared by dif-
ferent methods
(1) Ce0,, (2) Ru-CeO, (NP), (3) Ru-CeO, (RP), (4) Ru-CeO, (PF)
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B4 AEDLEE T U 1 Ru/CeO, fEALFIIK FE-SEM [
Figure 4 FE-SEM images of Ru/CeO, catalysts prepared by
different methods

(1) Ru-CeO; (NP), (2) Ru-CeO; (RP), (3) Ru-CeO; (PF)

K3 AET AT A2 B Kb

Table 3 Chemisorption data of various Ru catalysts

CO uptake/ Ru surface area/
Sample . Dpy/% dg,/nm y .
(mLeg ) (m™-g )
Ru-CeO,(NP) 34 41.0 32 149.8
Ru-CeO,(RP) 39 456 29 166.5
Ru-CeO,(PF) 3.5 417 32 152.2

E 5V T A% IR o JEURE IR W AL, (L U 11 53 55 AN
[F, i B I Rl 4 7 T 5 O Ak U2 Bl — B i 452
IS BN /T 200 CRUEIHE T Ru 1k
SRR IR KT 300 °C RIS SR I 8 T A Ak fl
F AR RIS GRS RuO, 1 Ru BN
Ru* i J5 2] Ru™PY, B4 PP R A 2, Bl Ru’ ok
HRu*. BUNEEAENE AR G LTI Y Ru/CeO,
WA R IVET I SR P A, il i et R AT vE
4% 1) Ru/CeO, [RMALFHI L T BN 510, Singh %5101
R IO 8% T Ce— Ru, O, EALF], 71 XPS HiA

WEW] T Ru 55 A R T A, X80 W e
JR SLUTE VA TR AL R P BT AEAE AR ZS RuO, A
Ce;-,Ru,0,, iX'—? XRD iﬁ%%%*ﬁgﬁ
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100 200 300 400 500 600
Temperature/C
B 5 A7 Ru/CeO, fMEALTIFE A ) Hy-TPR %
Figure 5 H,-TPR profiles of all samples prepared by different

methods
(1) CeOy, (2) Ru-CeO, (NP), (3) Ru-CeO; (PF), (4) Ru-CeO, (RP)
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