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NaCl #1 B,O; ##1f FeO, (LI a3 E{FH

REX E#Hm Kk BPRRF
(TERERAELEYERRFBEERERENTRE, K&E 116023)
WM R Esmi R, XPS, XRD, H;-TPR, 0,-TPD #l In — situ Mossbauer #% ik
BET —-FAEARFFEE NaCl/By03/Fe,03 fikF. #REW NaCl 5§ ByO; e FeO,
R B BathEfEE, Bo0s; R¥T FeO, MEKEH, NaCl 85T B20;3/FeO, #
ZRAMBEAERERE SRR A. R0 Y Al b v 08 3 2 Frkh 5] £ FE b o

%#i8: NaCl/B;03/Fe,0s, e,  #EEH  XPS, H:-TPR, 0,-TPD

T AL MG B R LM R A AT ® G addkE 1 R4 B
BAEATREAMPMLR G ErF, VRS TRAMLE MO LR Bt E
B A e EiL, AABMEHAERN, WAREE T PRAEPLREM KL P-Y,
1258, $ib b 6g ik R A8 R AL AL R SR LR N RIR, C, MR
5-7). B;04 fo P05 F MM A RARAIH A, 5 B0y EAA R 0 b KGR 1O,
A BACH F B R A R B R A B AL, TS EIR 6 Cy aRie g BT
B, Ak 3 4 5 A dd ML ROk A oL BAFBUR N SO H I, AT R R ik R eh $ nfy HE4L
#.

A5 KA & i MALR B, XPS, XRD, H;-TPR, O2-TPD #» Massbauer # 4 7 ik, #F
NaCl/B;03/FeQ, fALF| & 77 Fl 4 & B, 725 R EM 4L o abAit A2 69 4 AT X . i
¥] NaCl #o B;03 & FeO, A @4 A WBI4FR.

1 ZieEps
1.1 fEfE RIS

MR EA AN D Rikik: (1) HR—EF Fe, 03 i@ N8 — T A & HzBOs
kP Ria 24h, 400°C A= TO0C T4 Akt 2h, #4F B/Fe BT 0, 0.01...03 &
B,03/FeQ, # 74 % (41234 F100, FBO1---FB30 ); (2) #J— % ¥ B,05/Fe0, ##
By RNE— R 69 NaCl ik, Z-FEE 400 Che T000CT 4R 2 8, #1148
Na/Fe BRFILE R # 025 ®4 B FF 65 & 5] NaCl/B,03/FeO, H% (472 % FN25,
FBN0125- - -FBN3025). 4L % & 40-60 B k4 f4L & B, Ho-TPR, O,-TPD # Massbauer
S8, #AM K% XPS 4 XRD £5.
1.2 AL SR
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AR AEEATEAESFS A NEE LTS, RALATRESR, MLA
BEERMNEREEHIEANETEOUELATAYELTR. MNER LB —HHAH
LRTGONMILKNAEE AHS CHy O; /o He #AEGRERAGCHNRESE. *
Bk — KEHRIEARGEHN AR ARSI, SMELAM TDX-01 HH5FH, &SR
B OAHEMWH: T=T750C, T=D.24g~s-cm_3, Fen, fP{),:fi, Poy,=32kPa, A He B
#—-ARRE.

1.3 H,-TPR # O.-TPD XK

Ho-TPR #2 £ 0S40 8 & SR B4 16C -min~? #4212 & 2%k,

BEAfAAP, 800C4R 30min EHEER, A Ar LA ELITEH Oy, A
HP-5980 &, /% #4Lv4 16°C -min~! # 4R ik & 2% 0,-TPD #, #HE# 800CH AR
10min w4 A 45 A8 ki A 8 EAL
1.4 XPS, XRD f Mossbauer 303

X Mkt b FE# (XPS) A4 VG ESCALAB MK I & X M& 47 ML ER 4.
M ALK X M50 % (hr=1486.6eV), L5 5 #MEHT 0.1eV. & T444k (Epe) 818
AR 53R & (Cr,, Epp=284.6eV) & A 4LE. #dbk 6000C, 1.33 x107Pa LET
A7 30min G HAREE, A 1.33x107Pa K¥ K T it

Eyy oV

B 1 FB RN XPS 0., i M 2 FBN RAS{LNSRE 200 HHEN
Fig.1 0, XPS spectra of the FB se- XPS 0., it

ries with different B,{‘F atomic Fig.2 0,, XPS spectra of FNB series

ratio catalysts after reaction for 200
1) 0.00, 2) 0.01, 3) 0.05, 4) 0.10, §) min

0.20 1) FBN0125, 2) FBN1025, 3)
FBN3025
X 8547 4+# (XRD) £ & Rigaku D/MAX-RB & X #4744 LR F65. @A
Cu K, %4, %% 40kVx100mA, H46id & % 8deg.min~'. KM HITAFHMAEKTR
L A B4R B AR R AT 6.
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B R R #E L AME-50 ¥ Méssbauer i#4L LR 49, v o-Fe($ &) HirH k47
A AT Wbl RIXALE G HAT R #

2 ERihit
2.1 B,0; ¥ FeO, i MFbaufth

FFl B;0; 4 %6 By03/FeO, ¥ %A @ey XPS O,, #-+FH 1. &4485 0,,XPS
BT AR, AP Epe 4 529¢V ¥ T A o -Fe,05 85 M6 £%, F—44%
(Epe=>531.1eV) R @ OH, BoOs &M A4 ¥ 698 5 465, 2 AR HF w4, M4 B,0;
SEGHMEmEELE FeO, dbh 545 3 bbig .

Fl XPS 4 R Fl B20s 4 F#H MR (B 2), TRABO: 4 ¥ (BF a4k, F
1) % 1(at)% 54tk FBNO125 A d .k, FeO, 45k K52 2 8 B MM, AL L
A& RARE AN, TRAELER C 2B HHH AN 15% o 10.7%. 4 10(at)%B20;
# FBN1025 A& Lim{, (Fpe=5311eV) #46 T AMRGHK, MM RBMEHLIE
5, AR ELA AU E, TRHAAEN 10.9% o C ML 68%. 255
M A ERF A, o2 200 540 A KK 65 FBN3025 MILH], JLARILIEHRAE, T
AR 0.2%. A %A BRAL 0¥ tmtk X 55 £ B 5 AL F & 6 AL Mk
BFILF A O,

400 600 P0G 900
e T
C
B 3 ERiN FeO, #m H,-TPR # B 4 EWFER B;0; t§ FBN KAMH
Fig.3 H;-TPR profiles of modified 8 H;-TPR it
FeO. Fig.4 H;-TPR profiles of the FBN
1) F100, 2) FB15, 3) FN25 catalysts

1) FN25, 2) FN0525, 3) FBN1525, 4)
FBN3025
B3 05 # FeO, R A # 494 M 45 M 45T LA Ho-TPR # R AN & £ (B 3). 8 FeO,

# TPR P & T AL R4, 45|34 490C o 780C. 4 FeO, Pifm B,03 &, &F
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By03 # FeO, P A AHHHIERA, @& FeO, PHERMRER, LiFmHFiE 15(at) %B,0s
&, Ha-TPR #&5@4~E R 4k4 8] 755C # 860°C.

XRD # R &4 % B,0; 5 FeO, M AL &4, B0, # FeO, #H#¥HiEM L e
gk T FeO, A Lo RA 4L, BFHHH T FeO, #HLdtN. {2 FeO, A dit #
A AR ELEN, FA LA ESERER SRR A RS INRES TR E
.

2.2 NaCl 3 FeO. 1 B;03/FeO. Kf§ih

*- XRD ivk}_“]'ﬂ_., Na.Cl IfE..fr. FEO: -fﬂ' BgDa,.l'lFeD: zﬁ.i:LfF-ﬂﬁéé}"!t, TFIi-i‘
¥4 NaCl S &M X 4 4. 22, NaCl fo FeO, ¥ B;03/FeQ, MR A LB oGIn 24
F. % FeO, ¥ #ne NaCl(FN25) 4 LiE RATAHH — L 45, R4 HRE A L FeO,(F100)
# %L 100°C (B 3). NaCl # By03/FeO, #4F A & Hy -TPR ¥ AM %, NaCl symnik
TSECHIIE R LEY, S &iim (B 4), ¥ TEAF LA EMENARE R TRt
RAEBe. T R NaCl #4445 B20,/FeO, MALME TSOCLLEAFRG TR K. MA
B20; 4 ¥4, NaCl/By03/Fe0, MitHHRRIERBAOHBF 45, FAN%EE
FFHHIEMm, HiHmA4EiE 15(at)% B0 H, AL FH 69 AL4L1T BB & 254 T50C,

AT EF Aok B mdnd, AAERSYHELALTRHHEREA.
#  FeO,(F100) & O,-TPD N,

H A4, 4R A 630°C 4 800°C (B 5-
1 k). ¥ 630°C BLMSI4EH BT
AN B, FE—AEE ARG TR
BRAESLY. pHAAARE 800C 5
FAie® 10min., AleEHMELAELL
HEGB I RERLTE—44%. itk
o A BB h AL R A i f R LG iR A,
B 5 hE# (KRN 32, REX 1E-00) & ;ﬂiiﬁﬁgi #:ﬂ:ﬁ:égtiif
i, 1) 8 FeO.(F100), 2) &0 +;&im¥={fiﬂsﬂt} ﬂi;: ( LB 52 #
15(at)%B,0; i FeO,(FB15), 3)
#M NaCl,B,0;Fe0, #). 1 NaCl #4549 B;03/Fe0, # Oy
(FBN1525) 89 O,-TPD it® TPD #4LH &, # 600C WESH =4
Fig.5 0,-TPD profiles of modified B (B 5-3 #k). =Z#HHR O,
FeO, 1) F100, 2) FB135, 3) TPD -#3& B #1492 7% &G — A 0%
FBN1525 Obtained by MS Ion %A T Fl, NaCl/B;03/Fe0,(FBN1525)
32, Sensi: 1E-0 P4 B 3 6 — A 85 3% B o FeO,(F100)
#, B,03/Fe0,(FB15) &% #. 7T R NaCl
#4549 BoOg/FeO, B LH B H DL Lt &. & In Situ Mossbauer # &5t % ¢4
X490, £ 750C £ AR E, FeO,(F100) # B,0s/FeO,(FB15) ¥ #54k  £v4 a-—Fe, 04
LA ¥ Feg 04 F . £ 7500 CHy R ab2 )5, FeO,(F100) ¥ a-Fey 04 #v FeaO4 45§
£ 4 40%, By0y/Fe0.(FB15) ¥ AH V¥ a—Fe ;05 M L 43 Feg04, NaCl/B;03/Fe0,

Tie
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HALH T A Fes0y HBA A L. HALETFTRIAMPEALRZRT (~T50C), FHAH L
Rk B4 NaCl /By03/FeQ, 43 A e,
2.3 fEftEESHEER

MF)F A 1 S5 I R R AR T 4o, 8 FeO.(F100) RAREHEM, REHT
4% COg; B;0;3/Fe0,(FB15) & foik Hi An42 £ ; NaCl/FeO.(FN25) #5H1LE MR
&, E LAk 100%, 2 Cp L HMRE; %{UH By0; &= NaCl(BN*) M, 28 C, &
9 % B4 & 15 08%, 18 CHy #4bE4R4&; ZA % By0a fo NaCl 2 F] 4% FeO,(FBN1525)
B, AR A LE e EMkENR,; B By03/NaCl/FeO, MMM ELSHMATAR
HE.

# FeO, AEMERRABAH (B 1), ANREBEGHRLRSY, H,-TDS HE—4HZR
M & 490°C (B 3), S4EAH PRAAMBKELAMARZRL™E (A 1). Fw B03 2
FeO, ¥ &5 b a6 (B 1), AREE T HILH G LT RSN, 2 H-TPR P
FeO, # § —if R4 (490C) A HBH A $5 T 260C (B 3). uit FeO, # B;03/Fe0, &
Ho-TPR i#, TAE-MERS6% T LT L (B 3). FeO, # B,03/Fe0, &b A <
it fddn £ 7k (B 5). BoOs #9ifmL A ##l T FeO, #5 RN, & By03/FeO: &
B TR ERFOEL, B By0g/FeO, MALEMEAMRE (& 1)

1 245thiY FeO, MEILMOYP BRI IRIEIERR
Table 1 OCM performance of modified FeO, catalysta

Catalysts Conversion(%) Selectivity (%) yield(%)
CH, O Co COoy CHy CiHs Gy Cy
F10a 13.5 100 0 100 0 0 0 0
BN« 1.2 2 0 2.1 23 75 0a 1.2
FB20 5.0 24 0.8 10,0 4.8 m4 40.2 2.4
FN25 13.2 104D 0.5 70 15.7 13.7  29.1 h.4
FENOG25 24,2 - 125 21 40 17.5  66.5 16.1
FENID2G 22 - 18.7T 5.5 54.6 21.2 75.0 16.8
FBEN1G25 22.7 - 18.2 5.5 58.1 18.2 76.3 17.4
FEN2025 21.4 61 18.7 5.8 56.9 18.6 76.0 16.1
FEN3025 199 . 21.5 6.0 h6.0 9.2 65.2 13.0

T=750C, r:U.EdE-s-cm_a, Fen, [ Poy,=4, Pon,=32kPa.

BN+ denotes B% {mass fraction) Bz O3 /NaCl under same reaction condition

expect, r=1.20g-5cm -,

A NaCl # 5 FeO,, R4 & H,-TPR # P 0 R 8 — L6 MEAER, 2A%ALL
RENMBREIE, E—PTAZTREANDBC (A 3), ARt C BEFHERSE HA NaCl
#4585 ByOg/FeO, HALMARREGMALFE Aok (A1) (LEE 3 & 2 4 A 4
Wk 3 B — TR (TOOCHHL) TR, TR NaCl é9imd B L TBOCEEWTR
A RERSE. & 0,-TPD ¥ (B 5) T A NaCl/B,0,/Fe0, M4bH69 k8 3 1Lid &
B,0s/ FeO, & FeO, & $. & Mossbauer ##5 ¥ &.7 4 P & # NaCl/B,0;/Fe0, &
LH GIE R ik B bk FeO, & B,03/FeO, Hte. @ T eliA # NaCl 4o B,0; /FeO, 4148
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BHMEELAGEOHATHGERF S, BELALFRSG SR EEE, TH
EEP SRR RAEZHERRR SRR X TRANEHTILE
Pob s 84 2 B 4E R 58 B s .

AL FI 09 ML AL 5 0B AE R Bindn %0 (1) MALHAEM B,0a 4 F A (K
1) fo L E R AL GO E LM (B 3) 48—, (2) % B/Fe RFru3h 0.15 W MALF 4954
o FEEE BITRBAALES. (3)MAAAFRHTREAFGRASLMLHEME
Fo ik P R 4 69 B A 40— E.
2.4 WEMERDIIER

LARABMLKN, HSAEMRTRARLEEFHERNE, WHELET TR
8975 AL A o BB 2 AL UM 693 AR B0, RO R T T Fl4hak Ao 3L 4 49 B2O3/FeO,
AL F 6 EE (A 2). FAPA NagBOr MALH &G EMMRAK, NayCOs #v NagP207 14
A CaCly #v LaCly #4545 B,Os [FeO, MALR S Arik HM 3542 2, FUA NaCl #1%
& B;03/FeO, MALFAFREGER k. TRMABTF, LAXERBTHARTH
EELFEREL.

3 it

(1) NaCl #» B;03 & FeO, Ad@ AL —MHF4ER: B03 MET FeO, HITR
$£7, 1 HyTPR # ¥ FeO, & § —if Brkd 490ChH H B3 T 260°C.  NaCl 4%
B, 03/FeQ, 1 M4 A4 M & 61T Rik & fo db b 0 LR A

(2) WA 4 B s B Sk A0 40 B4 R 4 36 ¢ ARAL M A Ao AE R AEM B2 Os 4
Fo5 T MM —F. % B/Fe RFIuik 015 AN GTREARG, LEW P EHF
Mg MAAFAARHRAAEREASHBRA SRR SRR ERRENLEERA
in—3 (T50°C).

(3) NaCl/B303/FeO, MK PR/ FTHALLA ERGHEN.

2 E AL 34 Y Bt 1 0 P e A 1t R AR
Table 2 OCM performance of different salts modified catalysts

Additive Conv.[%) Sel.(%) Yield (%)
CH, co CO, CyH, CaHe Cq
NaCl 27.9 22.0 7.3 60.3 10.3 19.7
LiCl 24.1 26.3 16.6 53.0 a0 13.5
CaCls 16.8 44.0 26.3 19.0 10.7 5.0
LaCl, 4.3 - 51.3 15.5 3312 2.1
MNaz O 15.2 30.1 21.4 12.1 36.4 T.4
NagCOy 11.5 221 40.2 9.5 28.2 4.3
NayPaOqs 12.7 21.6 63.8 1.9 10.7 1.9
NasBaOq= 21 54.2 27.5 5.2 13.1 0.4

Salts were added to FeaOs directly. Other salts were added to By Oaf FeaOy.
T=750C, r=0.24g-scm™>, Pen,/Po,=4, Pcn,=32kPa.
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Synergetic Effect between NaCl and B;0; in Modified FeO. Catalysts

Xiong Guoxing Xia Xinrui Chen Hengrong Guo Xiexian
{State Key Lab of Catalysis, Dalian Institute of Chemical Physics, Chinese Academy of Sciences,
Dalian 116023, China)

Abstract A series of NaCl/B;03/Fe;O4 catalysts having a B/Fe atomic ratio from 0 to
0.3 and 0.25 of Na/Fe atomic ratio were prepared for the oxidative coupling of methane
(OCM). It was noted that NaCl and B;03 show a synergetic effect: NaCl/Fe;03 produces
mainly CO3, but B;03/ Fe;03 and B;03/NaCl have poor activity. NaCl/B;03/Fe;04
catalyst has however high activity and selectivity. When the addition of B203 approaches
15 (at)%, the C, yield and selectivity reach their maxima, 17% and 75% respectively. The
C;H,4/C; ratio is as high as 76%. XRD, XPS, H;-TPR, Q,-TPD and In — situ Mossbauer
were employed to investigate the properties of the catalysts. Results show there is a syn-
ergetic effect between NaCl and B; 03 on FeO, surface. B;0O3 modifies the redox ability of
Fe;03. The NaCl modified B;03/Fe0, has high reduction and lattice oxygen evaporation
rates at 750°C. The high activity and selectivity of the NaCl/B;03/FeQ, catalyst are
closely related with this synergetic effect.

Keywords: NaCl/B;03/FeQ, catalysts, Synergetic effect, Oxidative coupling of
methane, XPS, H2-TPR and O,-TPD
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