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Abstract : The reaction mechanism and the effects of the oxidation state of vanadium oxide and of support

on catalytic activity for the oxidation of o-xylene were investigated. The oxidation of o-xylene simultaneously
proceeded through the consecutive and parallel mechanisms. The high valence of vanadium favored selective

oxidation to phthalic anhydride, while the low valence caused complete oxidation of phthalic anhydride to CO

and CO.. Crystalline V,0s showed better selectivity for partial oxidation rather than amorphous one.
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2. 1. =0fe| M=

£ 48X 283 V.0, & NH,VO; £ 500 °C A4

] Bt ARANA AzSGer. 28 gAZu e 7

S dudd 23 F3 FXgo s Jehd 10wt
%9 HAZHE Ax3d ALgstgTr, 2 A
e B AA 4 7kR FA, F - 2F9(1/8" pe-
llet, Strem Chemicals, Inc.), 4217} (8mesh gran-
ule, Strem Chemicals, Inc.), kieselguhr (1/8" pellet,
Si0; 86 %, Strem Chemicals, Inc.), &3 A&7}
&5 1]13(1/8" pellet, Si0; 87 %, Strem Chemicals,
Inc) Z4Z-& AAFH A F, o] A 10wt % o
qFste V.05 & A4AZ 4 & NHVO; & 3t
I FEAE TE O3, 97 X HE FAE ¥
°F 3¢9 TU WAY F E& T A 120 °C oA
3AIY Az, 283 500°ColM 3AF AQAA
Az At
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AL 24 2 AzE &ve FHAS, BTHA
£ 77X (Quantachrome, Quantasorb Surface Area
Analyzer) 2 £330, 1 A3 Table 1% 2
=5
123 V,05 2 47HA 2A0] gAE V0, 9 7]
A T2E, KBri€ o] 43 HoN F3847
(Shimazu, IR-400) 2 ZAMSIT Fig 19€ £58
V:0 3 2 A9 V,0, 9 IR-2HEAE JEh)Qct.
T8 V505 oA 1020, 820 cm ™! o] A 242} V5t =0
9} V-0-V 9 sgshs EAM=r #2501, 980
cm P AA eSS V=09 siZete EAuUs

Table 1. Specific Surface Areas of Catalysts Used
in the Oxidation of Xylene

catalyst surface area (m?/g)
V205 2.7
Y-alumina 198.0
kieselguhr 29
silica gel 335.0
silica-alumina 430.0
V20s/7%-alumina 173.0
V.Os/kieselguhr 2.7
V:Os/silica gel 202.0
V:0s/silica-alumina 395.0
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Fig. 1. The IR spectra of various supported V,0s.
a: V05 d :'V.0s/y -alumina
b : V:Os/kieselguhr e : V:Os/silica gel
¢ : V;Os/silica-alumina
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Fig. 2. Diagrams of X-ray diffraction of various sup-
ported V20s.
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Fig. 3. Schematic diagram of experimental apparatus used in the oxidation of xylene.
1. air compressor 2. N; cylinder 3. KOH trap 4. CaCl; trap 5. silica gel trap 6. rotameter

7. xylene saturator 8. magcon regulator 9. senmsitive relay 10. heating band 11. reactor

12. temperature controller 13. sampling port 14. ice water condenser 15. air condenser
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Fig. 4. Selectivities of reaction products as a function
of space velocity (T=400 °C, air/xylene mole
ratio=100).
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Fig. 5. Selectivities of reaction products as a function
of temperature (air/xylene mole ratio=100,
space velocity=>5 1-feed/hr* g-cat).
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Fig. 6. Selectivities of reaction products as a function

of air/xylene mole ratio (T=400 °C, space
velocity=5 1-feed/hr- g-cat).
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3. 2. VvoO|29| M3l visto] M2 V.05 2| &
M '|.
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Vol ishdeel DHI AV = Ao ¢
A do12]. et 2 A8 xR Vol29
A3 E ASAA, ojeisbA dEdEe] Akshe)
U559 o-AYA Aslukso i3 FHS A Bt
o}, olm} V.05 & W24 o-Ad o] oM % 47
godths A2 o435, 2¥ 100:19 BAx
7t28) o-ALA EFVIAE EF)Fd SHAA V
ol 29 Ata}rE WA

Table 2 o = YA 2 & ] g2 29} FHH
AIHE 28 e oA #dSve 240 HE 4
SAEE YT SAA2E A ge )9
A€ AghuhEo] gRE V.0, 9 ez &A%
o F A3, FHE Eoj9 B UiEol V.0, 9

&
d

Table 2. Variation of Oxidation State of V,0:(10 wt
%) Supported on ALO; with Pretreat-

ment
loaded(wt %) average
Pretreatment oxidation
V205 V:0; V503 |state
no-pretreatment 912 088 — V20401

(Np+o-xylene):1hr | 095 876 029 | ViOu
(N2 to-xylene):2hrs | 049 918 033 | V.Our
(N2t o-xylene):3hrs | 0.10 949 041 | V.03
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FHE EAFE ¢ F Ao 28T 947 A7k
e HHAsee WEE By 1A A5 9
Ao AN Be %} V,0; 7} V,0, = W3 e
Aee % 5 U3, 2 o4k AxHA BAH o)
QEANE FAAee Wl 31 gee 9 £
At O|ZRE V,05 9 FAA7}F wHSE o-2}
LA YA HEFS G F AN, AL ZQME
Holx F 57 o149 Aav)t 248 E3] 1 29
T FR7E Apg] APHow FAPL 9 £
Atk AAZ ol o V,0,9 R 2HEHo]
HEHE JER Fig 7 o4 & o, 3 A7k A g
AEA 1020cm™! £29 Vo= S49=37} Ag
YEhtA ok whd, 820cem™! B2 V-0V =4
WA A WA RSO ZHE o] AUk
V=0 99 A7) gHHo g AJLES O &
At 223 Wachs $[25]9) ATFo] siNs V.05
A V=0 ¥el9] AR 27} A3k o] HHH o =

1000 850 700
(em=1)
Fig. 7. The variation of IR spectrum of V;0s sup

ported on Al:O; with reduction.
a : fresh V,05 /ALO,, b : reduced V205/AL0;

Fol o] 2HE] 9o,

Table 39l Folle YebAd LX) o8 o
7R A E AW F) 9} o- YA Abshureo)
W 271848 Yehidoh. AXA Age By
BWEABFTE FEEE, 2 V,0, FH9 AsiEo]
F7V45% phthalic anhydride o 3§ Helz:= v
oMAE wE, C o W@ HYs) 2oge o 4
ATt ojsk2e @y v+ o vl A Zu Gy
o3 vi* Feje A3 E ZmjgHo s phthalic anhy -
dride 7} 72817 §2817) W 22619 Aoz Aty
o & B8 Aguge] 4% YYEQ phthalic anhy-
dride o} 2% F3& FI3Hoz ghdaslae shs
& S7MIA H3, webA phthalic anhydride ©l
W A e FolAm CO 9 CO, o het Helse
F7VsHA Hh, ole} §AMS A= naphthalene £]
ASHEE-ol ¥ Ushakova $[27]9) A7 AT
E T Slth o5 AT AT UM E V¢ o
AshE o] A A2 naphthalene AF3HaH-go) g8 A=
F2 84& Holxu HAE phthalic anhydride 9]
ALHQ] Asolx 5L 4L Yehe] F=Ho
2 o] Fujdel A9l phthalic anhydride ¢ &0
W&ol TR} gir}. olg} ge vt o Exom
FH CO9 CO, 29 Ak oMx v+ mrj
VI ES 840 8o A¥Ew Y. 2 Cox
VT HDG Vo TS B3l FAE 4 glone F
SHLEE CO, 29 437} 4 Lo|a)AA Hrje
Aeli12].

Fig. 8 o= 2314571 0 & Azt &9 =, v,0
491, VoOugs, L8 3L V30347 9] ¥F-R-A) 240 m}2 A E-G )
HEE dEl T 4714 B HFakstso) va s
FE ViOunr o] B9 6 A1210) w50l Ao Ayt
T AEEE ARG By, Y7 A8} ge

Table 3. Comparison of Product Selectivities given
by Various Vanadium Oxides at’ Different
Oxidation State

average selectivity(mole %)

oxidation

state TA PA PT C
V20401 162 408 5.5 375
V20406 185 112 35 66.4
V20402 18.9 83 31 69.7
V20s97 194 6.4 29 71.0

J. of Korean Ind. & Eng, Chemistry, Vol. 2, No. 2, 1991.
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Fig. 8. Total conversion vs. time on stream in re-
duced and fresh catalysts.
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BAsE Aow AAHL, oL AHL L
2ol vehd 4 givH28].

waix] B E Sujd,E 1 Fd B4 gAo
gol&HAl Hol ¥hgAzte] Aol we) wE 47
25 VA Eoh. olshg e ey v S
HHA A &AE AL, BN ST 0T
Zojo] F7|HE FHAAAE AL < CoO
CO; & o] ZANEo2RE HdHoz g &
At

o]49] 71X A2HEZRE o-AY A 9| phthalic
anhydride 298] ¥ itshrgole Vo 7} 840 &
om, Ve Jiastert Za8FE CO 9 COo, 9
Wy de =yt Frketn vE@gdsit meade As
& & gtk

3. 3. V,0s Z0Hof| CHSt Etx|o] A&t

g 7}R] A3hkg FolME 53] o-AdA e A
ghikgol AN FXE V,0; & AL Ao o3
2 9gg wE oz dex gd13].

Table 4 9l FA Y E/FE G2 V.0, Svi9
EA4& JeEnid, o7 B Agg o GFuus
A 714 @2 &7} E3kou, phthalic anhydride ol
Hg JE== kieselguhr BAE7F 713 E9ioh,
ol& ¥ A} Fig. 2 o el & o15 FAEv 9
X-A IEEN 292 vwd] 23, X-A 3F B
AN AARA V,0, 9 SATIE A Jegd

‘kieselguhr B2 Zw] 9] 7-$7} phthalic anhydride ol

A3 g8 4 =4 Ugd Ae& ¢ + o
23 YA A 7R o] FAEu o] Z 9o glojMx
AR V05 o 5493 FEE AA vebd A9
phthalic anhydride o W3 HY =& &4 Jeld &
A7 A dXEL &S ¢ F Uk

Table 4. Comparison of Conversion and Selectivity
for Phthalic Anhydride over Various Sup-
ported Catalysts

conversion |selectivity
catalyst for phthalic
(mole %) |anhydride
V:0s/kieselguhr 27.1 573
V20s/silica-alumina 464 473
V:0s/alumina 55.4 40.8
V.Os/silica gel 59.7 331
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gditdgo 2 v,0,7F A gxE AL, V.0, =
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24%4E V,0; ¢, R V.0s E A9 FAsE A
o= 4A UH25]. WA Fig 29 X-A A
4 Ao A B3 kieselguhr BAZu7F 244 V,
0s € 7H¢ Bo] 43 &S ¢ 5 U=, ¥
EFrrte} AejFhA @1 Eoj) o] 3 A9 surface
vanadia 7-& FASI L& & F Uk AAZ Yo-
shida (2919} A7ZA 7o YANE V,0; & ¢F 1
U &L degte] EAAZ B9, 1 FAFo] 10wt %
ol3to]d X-AH IHHEAN Ao AN BAA V,0;
9 E493st A9 YA @govl, I o9
BAF 53] 20wt % olFY A Yol @A
ol F713tel wrek 234 V,05 o] 549 =9 Bx 7}
AR ZHRE w3la . g oy AHAE
Z5EH V,0:7F BA BRI AS I gxFo] =
74skel @Ek V.05 7t @Ale] ®AT uaE 723A
2 7tsdo) EEA Hu vt 2R V,0, =
FRE +# de 7MeHe ¥4L 928 4 v
I¥eg B H4E9 AR ME tE Fad) b
EHZHo] 3] & kieselguhr BH 2] A AYA
V:0s 8 4o} fojsittn AT, olgge T
AZdjel glojNel AR V,0,9 ¥4F phthalic
anhydride ol i3 Az ole] AAE ns) £ o),
B A€ V,0; 51 A phthalic anhydride £} 434l o 3
24 =4 vehdie AL 2349 .0, 9 ¢ %
At

Table 59 4 7FA @X|Zujore] Vo] HFA
ot whgo 9% FF s WIE Y
o 9714 BE whed BFAEG vaE 27
UeEhd kieselguhr & A7} GFuju} gx]zu)9)

Table 5. Comparisons of Average Valence State (A.
V.) and the Change of A.V. during Reaction*
of Various Supported Catalysts

average change of
catalyst valence AV. during
state(A.V.) [reaction
V20s/kieselguhr 4.95 —0.53
V20s/silica-alumina 493 —0.39
V:Os/alumina 491 —0.31
V:Os/silica gel 4.81 —0.21

* after 4hrs
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