Korean Chem. Eng. Res., 53(3), 391-396 (2015)
http://dx.doi.org/10.9713/kcer.2015.53.3.391
PISSN 0304-128X, EISSN 2233-9558

Ches

51 5t

—

St HitH O 2 M| ZEl BiFe, (MoP,, ASlE 0§ MM n-FEIQ|
HEYS - MRS
FRdsh asget)

362-763 5 HTAl AYT U= 52

(20143 82 22 A<, 2014 102 8L 4 A, 2014 102 1Y A=)

Oxidative Dehydrogenation of n-Butenes over BiFe  ,sMoP,, Oxide Catalysts
Prepared with Various Synthesis Method

Jung-Hyun Park and Chae-Ho Shin®

Department of Chemical Engineering, Chungbuk National University, 52 Naesudong-ro, Seowon-gu, Cheongju, Chungbuk 362-763, Korea

(Received 22 August 2014; Received in revised form 8 October 2014; accepted 11 October 2014)

o oF
= |

nE] AbslaEaslol Aol Fule] wkEEA el ve JFE 2ARE) 918197 BiFe,MoP,, A
FulE 29 Fu|E A7gstol F3H, AIEEAM, AN, TN Tl WO SHlE Alxsioict. Alzgt S
£ -3l A4S Yol vkS- @A) AA#A7)7] o] XA BEEA(XRD), A4 F&-2EEA (N, sorption),
o185 224 (NH,y/1-butene-TPD) 58] 573145 F35I3Ith. 330 = Az Ful|e] &4do] 7}
A BN OH, 1403F Feke] AbslerAs) Wk 71E O R p RIS RS 79.5%, 1,3-FEC] QIS MEEE
85.1%, 1,3-FEHl &2 67.7%2] X5 BH3i) dR Yo} F2eat A3 o 2 e X)) vk A2 Zuljo] A
EAT dxieHA ddol o, SN oR AxF AskeE St vhE Ao R Alxsh Sujél vlwsto] bt &
AFS Zhe Ao AREQICE &, 14010 S B, Fallo] SHde A 1) Fele] Bravkgo
71015k F71A19] SeE BA 2 okalA] Sah F31A(<200 °0)2] ATIAS ) AskA S F7hA|e 23 2%
(>200 °C)s} IAdstAl o] AUASITt.

Abstract — To investigate the effect of the catalyst synthesis method on the oxidative dehydrogenation (ODH) of n-
butenes, BiFe,,sMoP, oxide catalysts were prepared with various synthesis methods such as co-precipitation, citric
acid method, hydrothermal method, and surfactant templated method. The catalysts were characterized by X-ray Dif-
fraction (XRD), N, sorption, and NHs/1-butene-temperature programmed desorption (NH;/1-butene-TPD) to correlate
with catalytic activity in ODH reaction. Among the catalysts studied here, BiFe, ;sMoP,,; oxide catalyst prepared with
co-precipitation method marked the highest activity showing 1-butene conversion, 79.5%, butadiene selectivity, 85.1%
and yield, 67.7% after reaction for 14 h. From the result of NH;-TPD, the catalytic activity is closely related to the acid-
ity of the BiFe, (sMoP, ;-x oxide catalyst and acidity of the BiFe, ;;MoP,, ; oxde catalyst prepared with co-precipitation
method was higher than that of other catalysts. In addition, combined with the 1-butene TPD, the higher catalytic activ-
ity is closely related to the amount of weakly adsorbed intermediate (<200 °C) and the desorbing temperature of strongly
adsorbed intermediates (>200 °C).
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ODHell:= Zllefo| EA| Full, v AT o] E Juf], v
SPE|RUY AL, A4k AD Fwll, 28] 3 tHdAl 5 AkskE Sl
7} AHE-E QATH3-6]. ZnFe,0,7+ MgFe,0, 52 Flglo| EA Zull=
Ao R 2 AE 1, Bi-PY] SIAHIE Sl AFow
AT T} 53], H|AFAET HHO|E AQ FHullo tiste] g
gk A7} o] Fo) R o1, o] FZuj Al A Bi-O= YAFrAE A A
& F(allylic speciesyS FA s 98-S 3taL, Mo-O= 22k
AAB L ARkl A3 4 & Pk 9T st
, Bit= Fvll9] Ao #ofstar, Mo AE T e} 4 Qlokar &
=R

ODHE AHSshd ThetolA SHds &2 0% PArst 4 9l
|51, tHgEA AbskE SlE AR el WhE: wIZh S-S 9T
Wal7] o]gar, vl o] RS Ee)5teE] AW 2771 &
= AA71A, ODHell ol A whe-7] = vt Aeladl vk
7]-*+(Mars and Van Krevelen mechanism, MvK)7} 7} dwtd o 2
A= 3 QITt, viARE IHE- 755 wEvk 4l
Absh= 2 Al 7H) dAle] QJsiA] wkge] AT () &
23} o) © 2] UuhA= (a-hydrogen)?] B0 2 Q13 o 9]
73, (i) Y3t GEFH S Akl wg, TEan
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7F AREARl I 0 7 A e Hujpet ek 84S vEbdTt
B IEFITH6]. B35 Leet= 294 7325 Z2H= ZnFe,0, 1jol
, Fvll= pHell whe} Fulj) AY o) hE A wHEkE 3 o) w
S84 ok Alx A A% pHell 9F& on, pH 9d w) 7H
& YEPATkIL B 38ITH9). 1 9], W Edl oA Sl
2 pH, A2 5ol W Eessha] 54 9wk 7]
371 918 U2 A77F R ATH10,11]. oA 7 Fi9)

F2 o 2 tiduAsE FHullol o1& A7k =W vkgAde]
SHEE 750l #7 1ake] ghko] 0.191 BiFey ¢sMoP, 28k
Zul|7} p-912] ODHeA 71 98t T3-S HERIlth12]. o]l
£ Aol A= n-F-dl2] ODHOA &2 B 7 eHd S vebd
BiFe, ¢sMoP, | At8lE SullE Bd Zu| = AAste] 33, A ER
AP, AN, T3 FEY T ke W o Al xSk, p-
F-El2] ODHS S=35to] vl Al zbyo] WS- of ) x)= Jgks
ZAFSIITE 23 Sl 8] EE)3lehE SAS dobial, FuljA|x
o] WEg/gdel| wix)= PEkE Akl 218 XA 31 24 (Xray
Diffraction, XRD), F4 &2 A (N, sorption), 1-7-81Q E oL
=& 2} A (1-Butene/NH;-Temperature Programmed Desorption,
1-Butene/NH;-TPD) 5-2] 5441 3sI3itt.
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2-1. E0f ®=

B At A ARE-E BiFe, sMoP,  AFeHE Fj 2] #lx= 2ahi)
AE2 9 23HE(BI(NO;);- 5H,0, 98%, Samchun), AAHE 75423}z
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(Fe(NO,);9H,0, 98.5%, Samchun), &2 B4t St B ALp3lE
((NH,)Mo0,0,,-4H,0, 99%, Samchun), 14HH;PO,, 85% Samchun)
7} R Lo 8-o4(NH,OH, 28-30 vol.%, Samchun)& T4 Z A}
gatalon], M, AlEEA, AN g o R &
S AlFSFA L, S Al S v

2-1-1. 335 (Co-pecipitation method, CP)
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600 °CollX] 2A17F BRE 715 SHTHA 2/3810] Svll= ARSIt
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-1-2. AJE2AP (Citric acid method, CA)

2-1-3. #9431 (Hydrothermal method, HT)

Ao Z A3 FHujlo} P2 Yo E TN FH
Yol g0 Z pH 57k4] 273 Fell, 60 °CellA] 303 52
shTh wyt 3 Ehg-NS 125 mL 7] 9] W(bomb)ol] ¥
175 °CS] 24 150 rppme] SE= 48A17F Bt A 220
A g FA8lar vA] g2 32 sl Asislc.
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2-1-4. 53" (Surfactant templated method, ST)

3] Ag- AF Al 22191 4k (CHy(CH,),CH=CH(CH,),COOH,
99%, Samchun)yg E&] B dl 7|50 2 3} 0.59] & H|ukE Alakgl
e A7kt A EAE AxBIa, 4 E4Ee £ W FEAA
e TR LA Asisith.

Az Fulji= g ol whel |39 BiFey sMoP, | 2.2
1173kl AFE-¥ Zvll = BiFeMoP-CP, BiFeMoP-CA, BiFeMoP-HT,
BiFeMoP-ST= J"3}31 1 n-5-81¢] ODHel| 4-gste] vk &S
H|wak3ATh

222, E0f| SMEM

A %3k Zrj o] A4S AR 7] 9)8) Siemens D-5005 71715
ARE3te] XRD 241E a8a19ltt. o] w] ARE-gh 29t} X F/= 30 mA,
50 kVo]iz, 0.12°min' 9] FAF £12, 20=10~60°2] Mol Z4 3}
ST}, A ZgE Fu) o] B]EAA W F 7] 35T -196 °CE] HA A
2 &% 3ol A MicromeriticsA 2] ASAP 2020 ARE-310] A A5
2 o 7 A3 t) Full o] 1] A2 BET(Brunauer-Emmett-
Teller) 2]-% ©]-§-51] P/P,=0.05~0.2 $] Ul 73k gro= +
319, & 7185 uE PP,=0.995014 2] FA7Eo = Axkeit)

BiFe, ;sMoP, . -x AtsHa il o] A 58 dolry] 93l H=F
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29 7](Quadruple Mass Spectrometer, Pfeiffer, QMS 200)E A5}
NH,-TPDE =311tk AEF917] 3lellA] 0.1 go] FulE 52 &
T 5°C min &2 AF&oA 200 °C7HA] LEE &8 200 °ColA]
INZE 5 AAEetal 21 29)7] shellA] o= yzsigict. A
24 5% NHy/ArS 50 cm® min' & S84 A7 Fet b
Yolz S T 50 em® min '] @E-S S FHEA 1A B3t
e EAE RS AASHATE Aol A 600 °C7HA 10 °C
min' O & F-235l0] HAE = IR Yols QMSE ISt o]
m/z=16 (‘NH,), 17 (‘NH;), ZL2] 1L 18 (H,0)2] QMS A3 & HE
si3iet.

1-5F-dlo] Fah gzl uhg Full 0 AFE dotry] H3l
NH;-TPDeA] AHE-SIH 5 A st QMSE AHE-3o] 1-C,H-TPDE
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ol Al 200 °C7HA] 2=F & T 200 °CAA A3 B3t AR sk
AFe-0 7 WZFIATH ARl 138 7EAS 20 em® min” 2 £
A A FRE S FEAIZ E 50 em® min '] AE-S £
A AR B B FelS AAS -, Aol 4] 800 °C71A]
10 °C-min” © & 2310 2152 Wels wslet. o|u] m/z=18
(‘H,0), 44 (-CO,), 54 (-C,Hy) ZLE] L 56 (-C,Hy)o] A -217] Al
I AEsIsic

2-3. MBERASIHES (Oxidative Dehydrogenation, ODH)

n-E12] ODHE= Ul 2173 25 mm<! 2157 Y (inconel) 4121 9] 31743
WS 7] A8} SlellA] ST HkS: Hol] A2 BiFesMoPy X
AblE E1l) 0.5 g& WhS7 )0l A7) 3 A4 (50 e’ min) 7917
atellAl 5°C-mine] 5 HEZ 500 °C7HA] AFE A7) 1, 2413t &
Qb FrAEE T 5 °C min' 9] WA ER Rhg-2 Q] 420 °C7FA] ¥7t
ST Hhe A R 1R AR HIE 1/3.75/59] IR
sto] & 1% 78 em’ min”' 2 115 o] wl] 74 £ (Gas
Hourly Space velocity, GHSV):= 9,360 cm®-g cat.”!-h'! ©. 2 7| 215
Tk 1-F-el3} Ak a= 5% 24 7] (Mass Flow Controller, Brooks
5820 E MFC)E o] 8-8to] Hk-g- Aol ekl 1z, 32 el
HIZE ol ool X527 07 F{UEgIT). ofuff o] Fs] 715}
2 U A2 mx18")E SHAA TS FH S vks
7}~ FID(ALOyKCL A7, 50 mx0.32 mm)2} TCD(Porapak Z #,
2mx1/8") A&7} &= o] Qe 7h A 2 vHE 18] 3 (Varian,
CP3800)= A3 T}, 156l 4ks}h- 248} Whg-0] 3= -3-284d
< ODHel| 9]t BD, ©)/d3} §E-g-oll 2]t trans/cis-2-5-8l, A4RE
5ol olgh o] akslerAof AAksterAo|w, PAaksteka= FAIE B
o R AEHIUT ke AR, Aol 9% HE,
oletz} 2 o] AEH AT} 97| A, trans/cis-2-F-81 C4 THAHF
o Z3t=o] S17] wiEol ODHE] WHg-& & (FFato] ARl
n-FRIS] HEEE WS p T HlY] S I n T HY] B
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woE ALt
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Fig. 1. Powder XRD patterns of BiFe;sMoP, ;-x oxide catalyst prepared
with various synthesis methods. (@) Bi;Mo,Fe,O,,, and (H)
Fe, (Mo0O,);. All samples were calcined at 550 °C for 2 h under
air flow, (a) BiFeMoP-AT (b) BiFeMoP-CP, (c) BiFeMoP-HT,
and (d) BiFeMoP-ST.

obr 7] 98l X-A 3 M WA, A4 F-FFEA S Tkl
BiFe, ¢sMoP, -x AF8l& F1|¢] XRDE4A] A¥-E Fig. 1] UERAT
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= s, o] TRl Sl el Akl o] S TAT = o
S stk B EQh14]. Wl glo] Fde EdAatas) o] %
73S Fle] RESEVIE TR IE AEE St
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Table 1. Physicochemical properties of BiFe, (sMoP, ,-x catalysts prepared with various synthesis methods”

Molar ratios”
Catalyst S g P 1 gl

atalys per (M=) ore volume (cm’-g™') Bi Te Mo P
BiFeMoP-AT 1.7 0.002 1.00 0.64 1.03 0.11
BiFeMoP-CP 3.7 0.008 1.00 0.64 1.02 0.11

BiFeMoP-HT 22 0.002 1.00 0.64 1.02 0.11
BiFeMoP-ST 23 0.002 1.00 0.64 1.04 0.12
“All catalysts were calcined at 550 °C for 2 h in air flow.
bThe catalyst composition was determined from ICP-AAS.
Table 2. Catalytic performance of BiFe, (sMoP, ;-x catalysts prepared with various synthesis methods”
Selectivity (wt%) Yield (wt%)
Catalyst Conv.” (%

s onv.” (%) 13-BD O, 13-BD o0,
BiFeMoP-AT 33.0 924 6.7 30.5 22
BiFeMoP-CP 79.5 85.1 13.8 67.7 11.0
BiFeMoP-HT 34.1 91.5 74 31.2 25
BiFeMoP-ST 29.5 924 6.7 273 2.0

“All catalysts were calcined at 550 °C for 2 h under air flow.
bThe conversion and selectivity were obtained after 14 h ODH on stream.
Reaction conditions: 1-butene:air:steam = 1:3.75:5, reaction temperature = 420 °C, total flow rate = 78 cm>-min’', catalyst quantity = 0.5 g.
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Fig. 2. Catalytic performance of BiFe,(sMoP -CP oxide catalyst as . 12 ° 70
a function of time on stream. = a B)
10 4
N 60
W37} 2= 01 BiFeMoP-CP > BiFeMoP-HT = BiFeMoP-AT > g . E
BiFeMoP-ST2] =0 & -5 g o] 57188 ERls3iTh. BiFeMoP- z | 50 ;‘
CP, BiFeMoP-HT, BiFeMoP-AT, ~12] i1 BiFeMoP-ST Zm|| J-of| 4] E 6 %
TG pARIS] A2 HES AL 14ARE §- V)08 747 795, e 40 3
34.1,33.0, 1231 29.5%%, &AW © 2 A %5 BiFeMoP-CP AF3H= 2 E
= B
7t 7P T2 &4S e BDel ek A= BiFeMoP- z ]9 o— - f T
E 24w
AT = BiFeMoP-ST > BiFeMoP-HT > BiFeMoP-CP9] =© & 1}E} g ] " e
Wom, 77k 92,4, 92.4,91.5 12]31 85.1%Y] #he RAAFLE &= 0+ ; ; 20
7 017 kg 2 14412 Bt Fvlo) n]ghg e wwA) o AT op HT ST
Xt 531, BiFeMoP-CP =11 €] 7--, §E-3- A|31o] 73 wfetol] wheh x in BiFe, . ;MoP, -x
nRle] A gkgo] w|gko vt 254 7Sl Nhg- Algte] 2t Fig. 3. NH;-TPD profiles of (A) BiFe,¢sMoP, ,-x oxide catalysts pre-
Sof| wke} BD e e 571k 1 At A 0 2 0,9 AEE 1t ga::vd witl;/[(éiiff:rentl synthes;s erl;;tthod ?(nd ((113) ?olr(;'ei!atioln;l];r];e
1 A . etween signal area o 3 peak and yield for 1,3-BD;
ES H 2= 0]o]
sk BEE = 7 ASHHFig. 2). (a) BiFeMoP-AT (b) BiFeMoP-CP, (c) BiFeMoP-HT, and
(d) BiFeMoP-ST.
3-3. BiFe(:MoP, -x L13IE F0H2| AMENM 3 1 FHIO| F Bt}
EM TPDS 33 1, 1 2= Fig. 3°] et R E =
BiFeysMoPy ,x A8HE Hujl o] 21454 olm7] 918) NHy  50~350°C2] £ W9lo W& qhuo} &2 27} pen),
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