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Thermal Decomposition of VOSO,

Masao Taniguchi*, Yong Mook Ham** and Masataka Wakihara*

The equilibrium decomposition pressures of vanadium (IV) oxide sulfate (VOSO,) and
the related thermodynamic data of thermal decompositions have been determined by a
transpiration method and an electrochemical method using a ZrO,-CaO solid electrolyte.

The Gibbs energies for the reaction:
2VOS0, = V,0; + SO, + SO,

can be expressed by

(1)

AG" =329.1+0.36T (kJ) (680—863K).

Also the Gibbs energies for the reaction:

VOSO, = % V,04 + SO,

can be expressed by

AG" =204.2 — 0.21T (kJ) (843—863K).

Further, based upon the equilibrium decomposition pressure data for the thermal

decompositions as mentioned above, SO,, SO; and O, partial pressure dependence on the

decomposition reaction rate have been investigated by an isothermal weight-change determi-
nation method varing the atmosphere. The reaction (1) in 1 atm N, and SO,-SO;-N; (490—
520°C), and O,-N, (450—500°C) atmospheres was explained by a contracting cube model
kinetic equation and both $0,-SO; and O, partial pressure dependence were clearly obtained.
The reaction (2) in 1atm SO, atmosphere (570—591°C) was explained by Avrami-Erofeev

kinetic equation. The activation energies were also discussed.

L Fxm&

FRALIER <+~ 9 4 VOSO, % 400~500"C, =4,

TR TEAT TR 1R T 152 AT 1
X AR 2
Department of Chemical Engineering, Tokyo
Institute of Technology, Ookayama, Meguro-ku,
Tokyo 152 Japan.

T AR AR s R
SRS RS 199
Inorganic Chemistry Division, National Industri-
al Research Institute, Dongsoongdong Chonro-
ku, Seoul, Korea.

N, %t 2 (3 Egeah o4 4 &, Oz b
DAL OB AT - Tl o & D TGRS 2,
2V0S0, =V,0, + SO, + SO, €D
VO DT WA A S 13 ThFddIE & LM E A (7 &
LRSI T H&, V,0, IR (Wadsley
H1, VooOpmes DV0, = V,0, — VO — V0,788 %
THELINDLCEHH A", KHTR 2HHIVOSO,—
V,05 £ %712 VOSO,—V,0, Lzt s —4 % &
CTENEI S SR, ST IR sk LT
50,50, + 5 O, (2)
CNF TOVEMIE S L T, 49017 Neumann,

NETSUSOKUTEI 8{(1} 1981



VOSSO, DES#

Sonntag” &5 # 1144 & 0 B (1D O SR E % 704 K
o8 KFTHIEL, 21 SORIEITET 2 VETH &
DEFRA KD T B, %D Flood, Kleppa (3 B
FHE:Y (VOSO,—V,0, O A7 5 7 th~ SO, A i
S, INITSO, BE%E 7 22 X ik 5 HR)ICE

DI (1) B8 LM T 20O RIS FEITF & EEw

BOBIEBEE RO T B, UG (D20 T2, 854
wao872KiE’C BOR (3NZ - Tid, 796 K 5 843
VOSO4:-§~ V,0, + S0, (3
V0, +80,=V,0, + S0, (4)

KOBEHIRTZNENMT LT b, BEFICHI0
Kellog”11 MSO, =MO + so R GBI O B
VHIBOL A 36 FERIE O B, k0T~ 2zl ST
BatL, ST X - TP T OBM BB A gL,
FIRIAINF - E LTI DTG
FOMNTROL () & @Y DESIRA L 1 BT, Neumarm
OB LU Flood D7 — 212 5 - Ti%ik (3.2 165, 3.2.2
T B D2 AROREULE R L2 O L S 12 B
B RL TS, MIEFZ & % Neumann 507 — £ 112
RO, LU O K 107 S VREN A LT DS
FPEAS IS, T TR X 5 Flood SO #4143 TR
J) 037 T ufEVE DR A3 s EHRICZ L s L
Td, FBBRoOL 12,2 4akg{tH o —iis V,0,
T VO TRISWINEREL TV A,

Il BRI REONI o A A | BR{CIRTEDE S 13
D E RO AT RBIEOIIE 2D 15 s, By
fie & BRAL DR ASBESE T A 40 RBE I EMET, $512VOSO,
DX SRR FR BRI LR I YRR 10> SO, 431 E
SOx PIEBE LT O MEDEAIZ LY ED X S 1 BA

T BT OOT OSBRI D,

ABTHE, Lo o0 RN RA—FH L7 — 2R
EMELOT(Figd), 20 o0iiT Fiks R 285
Lk 7Y 2oeq L — g ok E RSB R S
EOGEINC LD, PHITEY &R 28050 £ K
foo HHZZ N OO VlIEE OBMIZ B0 T, B o
SO, 43t, SO, 73158 L KO, 93 EOEIRRIE DR
B LT,

2. BeoFEAKFOVOSO, DTGHE

2.1 £ BB

2.1.1 & ¥

AEOMETHOIAROBRIER >0 L5 TH B,
A VOSO, -3 H,0% 110°C, 10 hergh e Tk L
T o — KB 2 St Ny, 7 % (TR (L Y @8 A i
L2 b 528 L= 5 1T 300°C, 10 h nsis
KU THIAKVOSO, 2B L7, BRIz b 72094 L

NETSUSOKUTEI 8(1} 1981

— ¥ a3 YEIZLED, VOSO,-H,0—VOSO, LOFEgk
ZRLUER, 245x107% atm (419 K)~1.58 X 107" atm (459
KYTH BT EEMHEPDI, 13507 MkiEid CuK, &
BMARXBEINIC L0 R HRZRCE T (ASTM X-R7—4
A= F19-1400) 5 TH O, AkiEEoMmizs HEE
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Fig. 1 TG curves of VOSQ, in various atmosphere.
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Fig. 2 Apparatus for EMF measurements.
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Fig. 3 Flow rate dependence on the SO, vapor
density in transpiration experiments.
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Table 1 Decomposition pressures over the system
VOS04-V,05 and equilibrium constants,
T(K) PSOZ (atm) PSO3 (atm) Koy
683 600x107*  595x107* 357x 1077
693 930x 107" 939x107" 873x1077
703 129x107°  139x107° 193x107°
713 191x107™°  190x107° 363x107°
723 298x107%  294x107° 876x107°
733 444x107°  440%x107°  195x107°
743 623x107%  626x107" 395x107°
1atm (101.325 kPa)
Kleppa \  Neumann et al.
et al
b
o
gc \\\\
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1.1 1‘.2 ].‘3 ',14 1,‘5
/T %x10°

Fig. 4 van’t Hoff plots for the thermal decom-
position of VOSO, in N, atmosphere.
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Table 2 Electromotive force measurements, partial
pressure calculations and equilibrium con-

stants in the system VOSO,-V,0,.

T(K) emf(mV) log(Fy, /atm) Fso (atm) log Kpg

843 929 —2221 142x 1077 —1847
848 904 —2149 169%107° —1.773
852 883 —2089 194%x107% —1712
859 845 —1983 251x107% —1600
863 83.0 —1938 275x 107 —1561

1atm(101325kPa)

T.20 ;
1/Tx10°

Fig. 5 van’t Hoff plots for the thermal decom-
position of VOSO, in SO, atmosphere.



4. VOSO, DEDRIRE
TEHELIVO, TEDE %

1.1 £ B

AR, FRAFERESE kS J USRS iRk
EREEFAH TONIOERBETH L, o SO, —
SO M EA B DFEMSCAOMEICIE, Gl Lk 5 v ro®
A b—v g VEDIHL & BKRELDSUIKAL &&&%L
Vol L E 7 — 2D O THIE U7 AMERURIC & 5 Ffri
DR DR A P TR L TH O 2, #9960 mg ’J);iﬂl*zu;»{fﬁ
N2y b (18 cmg X 0.5 e ) IR AREE T AL,
ﬁfrl‘i@h%ﬁ’f]&i’i‘T*"(R?Juﬁ\L Sy (ot ) SRS (o) il
BRAT . RSB I T AN IS 5 M T,

X(X380.,—8S0,

%ﬁ"#g (SR & OBIMI N & o — t RO IR R4
AR T X, B, REKATEOL VR EE
B L1,

1.2 BREEER

4.2.1 Ny%fihE LSO, — SO, —N, EAKH T
DI EE
PG (I T, Py, =760 Torr, LU VlrHo

HUIIZ 0 < BT L 7o o0 E 1501 Po, = 104—104, 227
—227, 475—475 Torr D RO T Ta —t i 5 K
720 Ny %2 200 cm®/min, SO, —SO, —N, %ii# i3 40
cm¥/miniZ ZNENMIT L 72 Fla) =kt [ O5 #
A =051 P BIHH t, 1 L5 Sharp 5D F (@) =F (05)
X (8/tys) DR P E K, BB REE 7 (2
KT DNT AT t/ tyy BEETT 720 HWIH
da/dt=k(1—a)*?
G 1—(1—a) =kt /r)  (10)
ICE D I3EEFAISR, Z0OMEE Figs odift 1112
F121-(1—a)"* & ¢ i o—®% Fig T2 h £ %
Ltze a=05~0. 66H A4 A A k308, s ofriEid
IR OREERAY FEICAE L1200, a=05~066 120>
TR cDmn&fUHc/}Hffﬁ:ﬁﬁr}zmﬁ’x ki bkt ksa7T
Nl =7 A S R 7z VAR OTRVE L T 4ov A — &4
BEIA 7% Table 31T - U Tco BUS ORTHNT T3 ikdE
ft = ¥ —13 SO, —S0O,
SIEHSIT LT IMITET
L, SRENCEOTO08m

B

pad
1.0
L.contracting cabe model . 2 o2 O ¢
N 1
b 2.Avrami-Frofevew Fo. *
0.8 ol
06¢ 8 =0, (584
s O so,- LAAS 04 151000
04r a
® ¢, (500
0.2r
0 L 1 —L 2 I
0.5 1.0 15 2.0 2.5
t/tys

Fig. 6 Plots of @ vs. reduced time.
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Fig. 7 Kinetic plots of 1—(1—a)'/* vs. 1 for the
thermal decomposition of VOSO,4 in SO,-
SO; atmosphere (1.04-1.04 Torr).
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Table 3 Activation encrgies and pre-exponential factors for decomposition
of VOSO, in SO,-SO;3 atmosphere (490°C—520C).

e . . ~ > ~0.
A S B vartial pressure . ld<O,50 066 . | .ot 0.50~0.66 .
WRIYIT 7 OFLE O EL of SO,—S0,inN, activation pre-—exponential | activation pre-exponential

o (Torr‘) energy factor energy factor
W K - T fam) 4 (kJ/mol) (min~1) (kJ/mol) (min™")
ERT AL, 0 (;PN2 =760) 2686 801x10" 2653 733% 10"
VEfbz ¥ —4& 3.2 1 1.04—1.04 2678 671x10" 2745 242 % 10"
(AR 72 S 329 KO0 i 227227 2544 766x 10" 295.4 6.10x 10"
ELLE T B & 34~T4 k] O 475—475 2552 837x 10" 2833 766 % 10"
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Fig. 8 Sulfur dioxide partial pressure dependence
on the rate constant k; for the thermal
decomposition of VOSO,.
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Table 4 Activation energies and pre-exponential factors for decomposition
of VOSO, in O, atmosphere (450°C—500°C).
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Fig. 9 Plots of log k vs. oxygen partial pressure.
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Fig. 10 Oxygen partial pressure dependence on
tos.
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Fig. 11 Thermal decomposition curves of VOSO,
in SO, atmosphere.
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