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Abstract — Oxidative dehydrogenation of n-butane over mesoporous Cr catalysts were studied. Catalysts were pre-
pared by Cr impregnated method over Ti or Zr dispersed mesoporous support such as SBA-15, y-alumina and charac-
terized by XRD, SEM, TEM, FT-IR UV-Vis and ICP-AES. The effect of high surface area was not noticed appreciably
in terms of conversion, but for Cr catalysts with Ti and Zr-incorporated on SBA-15 and y-alumina. showed high selec-
tivity of trans-2-butene.

Key words: n-butane, Oxidative Dehydrogenation

LM B S RS ES: 7 o xdhs Aol Afele] A "EkraE

S Sl
A Ao R Qlste] o= A oluA|e] st S Arskeited o WA e ol M tere] ca-spdlo] E7E At
ARS8 2-8stofof she F oA Tk Jltt. = 3L 9Jar o] Ca4-ZpHlolEE ntet Yl iso R, Sl O® 144,
o]l o] gk ¥rslrane] M8 Nkgolli= o3} Wk, el Wk, B cis=T-8l, trans-T-8ll “50] EFH o] 9lom, o5 F HIPAIT} =
23h kg, B 3123} HkS- 5 of] 7 Sk WE st iso- Bl WA ekl Al T3k AEE w7 fvk =y

29 AT NEGS STk o] SN 8 1 3 shio
], ool tek AF7H A7 who] Sslold grow] et

46349 Flule]= Folts npeka 1] AA T F

il 80% o= AHAskaL itk @Al C4-2Hfvjo] Ex= whgAlo] w2 <k
7-¢] tiidel] Har Sk, tite] i BARE olgd, el A3 A oA o5 bsr Al o oluA Yo ® AREE AL
178 22 3oy n-dike o] gaar Qlth. #HZel o]=e WO FIPA7E 22 788 shekaa Atelr] f1st g ' A}
LPG ol 32k nlas] 577 e A d3ks o) 85k i & 7 3= 7Fs A HE Ak ARslehglel Al dE 2
Z3tol] gt A7 e A QlT1-4]. o2]gk Hhgelld S5 o Vs FE ARSI Q7] wiel slehds S 22 Bs) et
kS Bk A Rk FRMA|RA AE8ls st easiitEe|h TR A%hs A7 U TS WAL Qo) c4-SEE Al
*To whom correspondence should be addressed oh 54 ?ﬂﬁ E&ﬂ-ﬁj—j\i—tﬂ—ﬂ ThE Xﬂ_7 134] %é?% E:;é}\é B
E-mail: mkko@konyang.ac.kr . = BSRS89 ska S
to] e st A2 wade] i 71dstel Fas et Axsp] 918 71% Be) oot dashia B A7 E4,560)

364



Ceo] 8R4 ® AT}, SBA-15 Zrllol] n5Eke] A1 g4s) uks- 365

AL Ik CLEsR 24, 7 P T 9le] 012
53] 914 710] B Aol Ca- 1
= WA el B neke] A% %ﬁ} 34, npee] Aks}
2 B3l ZHo) 9ok,

nAEES 4191 H O % ATl g 0] ntdlo] Hlrt. of
] B3 HES 0= v w A Zol Ak g4 WS- o SIEEY
FEAQN U o g AR ek, LU A g
£ XS Hol= EZuli= H|AYA HglBud S
Batist 5[5} B-Bi,M0,0, 12 1-F817} 7] 2 WE-S F8Ys}oq
30%2] FeHES Ao, o]F Cry/zr0, FE nt- ﬂ 2k
Herag) HP%ﬂ st A6 Blof H2HE 40.5%, A== 6.5

E\ZE

Agge ork el wgel 2e Hel 1-wle] e}
1=k i_]_o]_oﬂr/]_
2 A= nF RO R E 1Tzﬂ S 153}71 o131 AkslA] g

T4t 9] FEA Cre AHES A A AQ1 SBA-15, v-
alumina®ll Cre] G#] M4 2 FAd+ l5017] fl8te] A
= Titk Zre ARSI W22 8t ARE ARSSsl o
A A A e} FHIA]] whE RES/dS Hlwa3iTt

0

2.4 o

2-1. =0 M=

n-7Ee] AFSHA gl RES-S 919 Sl o] Al = w|zaEe A
=421 SBA-159] Az I [7R P- 123 (Aldnch)— ZHTl 9
40 °CE Wyt FARZ1 & HCE: 40 °CZ 24413} wHket
fololl TEOS (98%, AldrichyS %3] z47}o}0% 40 °CE 24X7F 1
Higitt. hEolXl S8 = A 8700l Yo 13T 5
100 °CZ 3} 12/\]7P Zok x5kt HES-E-S AR 0 7 A3 o
I3t oh ol[§FE 2 F3] MEE Stk A3 B 550 °CE 8

AZF 273310 SBA-155 A|Z8}aL y-alumina (Duksan, 97.7%)= A
oFo 2 3]sl ARESISITE. AIX| A (SBA-15, y-alumina (Duksan,
97.7%))°ll Ti, Zr 9] 22 A=A Ay el Qi vlA] 25 Al
A7) g8led AR AS TR0l €h2-(99.9%, Duksan)E 4123t 7] o
513}, o] g-Hof titania butoxide (>99%, Aldrich), T+ zirconium
(IV) 1-butanol (80 wt%, AldrichyS {17 80 °CZ 447 HESAIZ]
FAs FpolRbEE AlZgE § oj1) & QEofA 100 °CE 8AI17H

A3 5 550 °C2 2417 2A38HTHS). Al o] Crg g9
A1717] 913191 Cr(NO5);*9H,0(Aldrich, 99%)S A7#2] SHrol
LA F AAAE FEHel| Yol Eet vk Adxr]elA 1z
T 110 °ColA 122412 AZ2AIZD H 550 °C9] 57] 29171914 8AIRE
2/JAA FHrlE A z=sIeic.

22, HIS A3 gl 20

n-RLERY] /\P:@}Xj, s} WSS 13 HES AR Bk 7T}
MFCE E3) 943 -G8 2451 ¥-$7)= stainless steel 304 A
Ae] Az #oZ A om, U 12 mme] LE] 9] Znj7}

[}
FRSE FE2A, WS7IE So) 18710 FUE WS AT
Sl BhsteA] Wbl ek, Skl AL Sl w7
ol £re) A2 o] Sl QA R RS
o SHE HulE 74z Qo] AAlale] S S kg
Pl 283 F WgBo] W87] Qo] Sl 32 Qi%E oz Bk

A gEgo] X1 H == Slgle). vk e} A7) i 7kt o)
= SS-lineoll = 558 WA17] $15}97 heating bandS- o stTh.

AbslA B8] H1-8-9] WEE-ER) nT R 37 %%WMH 3
Bl 24 Bkg7)ol| F5% 1 MFCE ARgato] 248130t n
99.8%°] s=10] L W3S X1PA7]7] SleiA FHulE NhEES Z%’J
5171 A 450 °Ce] +71 E217 el 1MRE 5 W:WI@} A7) Feof| vt
SES FYs oM, NSES YT ?54 13- 252 400, 450,
500 °CollA] Whg-2 #HEkslSiTh. REg-=91 n-RhAirE 3:89] HIE R
A7gsto] Hhg-=o] HV|E FYE = }9515} 3 Fujo] by
& gRIsl] flato] 450 °CollA AR B dBlt) wks
o] g u)= Rk k-] s FRlep| Sl8f whev] 3k 7o) =3
Z1AE A7 AIZF 0 F auto samplingdHo] gas chromatograph
(Shimazu GC17A)E ©]g-3}o] F-45}1},

o] XA 3]-24] (X-ray diffraction) RINT 2000, Rigaku
A, CuK, (A=1.5418A)5 AFg3t] S743F3ItE. SEM2 Hitachi
S4800= TEM<> Hitachi HD-2300A, ICP-AES+ Thermo Scientific
iCAP 6500, FT-IR Shimazu-8400s, UV-Visi= Shimazu-2450=
ARg-3F3IT

_IHU F_
ol

3. 20 Y EE

3-1. E0f S =M

SBA-159] A%A2 XRDS] 314 ddelA| small-angle7-E] &
QBT FANOR W Crg B $1519] wide-angle?]
XRD T 32 #3130} SBA-155 7] HS o] = ¢z} wjdo]
A 35 27 EAJo] Stk Fig. 1914 SBA-15 ¥ 1
F=0] 0°4] 10°AfelellA] ol 7ie] EAT]aE #HaE 4= Qi) ]

= (a) Cr- 7 -alumina

| (b) Cr-Ti- 7 -alumina
(¢c) Cr-Zr- 7 -alumina

(d) Cr-SBA-15

(e) Cr-Ti-SBA-15

I (f) Cr-Zr-SBA-15
3 “ 2 O crystal Cr.0
B INAS *  y-alumina

(a)

(b)
(c)

0 10 20 30 4 % 6 70 8 %

2 © (degree)

Fig. 1. XRD patterns of (a) Cr-SBA-15, (b) Cr-Ti-SBA-15, (¢) Cr-
Zr-SBA-15, (d) Cr-y-alumina, (e) Cr-Ti-y-alumina, (f) Cr-
Zr-y-alumina.
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Fig. 3. TEM image of (a) Cr-SBA-15, (b) Cr-Ti-SBA-15, (¢) Cr-Zr-
SBA-15.

Table 1. AES-ICP analysis of various impregnated Cr catalyst

Cani Surface Composition Cr (wi%) Zr (wi%) Ti (wi%)
(a) Cr-SBA-15 0.3 - -

(b) Cr-Ti-SBA-15 0.4 - 6.2
(c) Cr-Zr-SBA-15 04 11.7 -

(d) Cr-y-alumina 0.5 - -

(e) Cr-Ti-y-alumina 0.5 - 2.3
(f) Cr-Zr-y-alumina 0.7 2.5 -
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Fig. 4. FT-IR spectra of (a) Cr-SBA-15, (b) Cr-Ti-SBA-15, (¢) Cr-Zr-
SBA-15. (d) Cr-y-alumina, (e) Cr-Ti-y-alumina, (f) Cr-Zr-y-
alumina.
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Fig. 5. UV-Vis spectra of (a) Cr-SBA-15, (b) Cr-Ti-SBA-15, (¢) Cr-Zr-
SBA-15, (d) Cr-y-alumina, (e) Cr-Ti-y-alumina, (f) Cr-Zr-y-
alumina.
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Table 2. Catalytic conversion and product distributions of n-Butane in the oxidative dehydrogenation over the various Cr catalyst at 400 °C

Selectivity(%)
Catalyst Conv(%)
1-C,Hy TB-2 CB-2 1,3-BD C, C, Cs
Cr-SBA-15 5.9 28.5 26.5 20.7 3.0 6.2 82 6.9
Cr-Ti-SBA-15 10.2 343 26.1 19.6 3.6 1.0 8.0 7.5
Cr-Zr-SBA-15 7.6 193 34.1 24.0 2.7 1.1 9.8 9.0
Cr-y-alumina 10.0 19.5 335 243 1.0 0.9 10.3 10.5
Cr-Ti-y-alumina 10.6 18.7 322 229 04 1.6 13.5 10.9
Cr-Zr-y-alumina 10.8 18.7 329 23.5 0.6 1.4 11.4 11.6

*C=CH,4+CO,, C,=C,H¢+C,H,, C3=C;Hg+C3Hg, TB-2:trans-2-CyHg, CB-2:cis-2-C,Hg, 1,3-BD:1,3-C,Hg.

Table 3. Catalytic conversion and product distributions of n-Butane in the oxidative dehydrogenation over the various Cr catalyst at 450 °C

Selectivity(%)
Catalyst Conv(%)
1-C,Hy TB-2 CB-2 1,3-BD C, C, C,
Cr-SBA-15 12.9 41.0 20.0 133 2.7 2.5 9.6 11.0
Cr-Ti-SBA-15 11.7 26.8 27.4 21.0 2.4 23 9.5 10.5
Cr-Zr-SBA-15 11.8 19.6 30.3 22.0 1.0 33 11.0 12.8
Cr-y-alumina 13.8 18.6 28.3 20.7 0.5 34 13.9 14.6
Cr-Ti-y-alumina 104 223 28.1 214 7.6 1.3 84 11.1
Cr-Zr-y-alumina 13.6 17.6 28.0 20.3 1.0 33 15.0 14.9

*C,=CH,+CO,, C,=C,H+C,H,, C=C Hy+C5H, TB-2:trans-2-C,Hg, CB-2:cis-2-C,Hg, 1,3-BD:1,3-C,H,.
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Table 4. Catalytic conversion and product distributions of n-Butane in the oxidative dehydrogenation over the various Cr catalyst at 500 °C

Catalyst Conv(%) Selectivity (%)

1-C,H TB-2 CB-2 1,3-BD C, C, C,

Cr-SBA-15 133 274 19.7 14.4 6.3 3.1 162 12.9
Cr-Ti-SBA-15 13.8 18.8 25.5 18.8 7.0 12.6 9.6 7.7
Cr-Zr-SBA-15 14.5 183 24.6 18.2 1.2 9.7 142 13.7
Cr-y-alumina 12.6 17.9 24.8 18.3 1.1 4.8 16.1 17.0
Cr-Ti-y-alumina 12.1 17.2 233 17.3 1.3 7.4 17.1 16.5
Cr-Zr-y-alumina 13.7 16.3 223 16.6 0.6 7.8 19.4 16.9

*C,=CH,+CO,, Cy=C,Hg+C,H,, Cy=C Hy+C3H, TB-2:trans-2-C,Hg, CB-2:cis-2-C,Hg, 1,3-BD:1,3-C,Hy.
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Fig. 6. Catalytic performance of n-butane in the oxidative dehydro-
genation over Cr catalysts at different temperature.
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Fig. 7. Catalytic performance of Cr catalysts in the oxidative dehy-
drogenation of n-butane at 450 °C over a 6hr.
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Fig. 8. Catalytic performance of Cr catalysts in the oxidative dehy-
drogenation of n-butane at 450 °C over a 6hr.
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