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appropriate metal sulfiltc which, bring insoluble, is separated from so LllLion by
filtration. The sulfate is dcconiposed to the met-l oxide, sulfur dioxifle and OXy-
gen. Cox, Jones and Peterson (19~0) have present.ed experiment..l results for the
bismuth sull.ite nnd hismut-h oxysu]fatc systcmti and discuss Lhc ramifications of
using these and similar sulfates in a Lhcrmochcrnirnl cyclr.

Other less expensive insoluble sulfates, such as calcium su].fate, could also IIC
used except that their decomposition temperatures may be too high. We have found
that the effective drr.ornposit.ion temperatut-c for these sulfates ca{l bc lowered by
udding molybdenum oxide. - A typical C-yclr
the following equations:

S02 + 2H20 = 1[~so4+ 112
~

H2S04 + CaMo04 = CaS04 + F1oO3 + IIzO

CaSOml + MoO~ = cmlo~ t S():1

son = so~ + l/20~

using this concept may he illustrated by

cctrochcmiral 350 K (1)

35!) K (2)

12L)0 K (:))

1150 K (/,)

th’oction 1 Wil:+O1-igillilllY sludit’(d I)y Mim.111 ill:tl OIl!itO1.L (1974] :ln~l is pl.1’::(’lllly

EX1’M{IMYN’I’AL



Results and Discussions——— —.. .—..—— .._—

Barium sulfate. l’hc rrsults oIJLained i[l thr reac~ioil of molyldcnurn oxidc=with.—.— ——-—
barium sulfate at 1125 K arf! ShfJWIl ill Fig. 1, a plot of thr frar Lion of SG4 re-
acted as a function of Lime. The thrrw curves are for reactant ratios of 0.5, 1.0
and 2.0. Similar results are shown in Figs. 2 and 3 at temperatures of 1175 and
1225 K, respectively. For all cases, the rcsulLs show thiiL the reaction rate
incrcascs as molybdenum oxide is added LO the systcm. Th~ reaction sequence ap-
pears to be the dissolution of Lhc sulfate in molten molybdenum oxide and later
reaction LO form sulfur trioxide and barium molyhdate. The latter dissolves in
tho reaction melt.

The effect of temperature on Lhe reacLion was as cxprcted. Iloth the initial
rcnction rate and the tntiil quantity of slllfaLc that Ieactcd by LIM*end of the
experiment increased with temperature. At 1225 K and a reactant ratio of 2.0,
Lhc oxide was consumed i.n r~il~hly 23 minutes. The frzction of sulfate consumed
during this period was less Lhnn half hrciIusc of tlu: loss af part of the molyb-
denum oxide by evaporation. At l.owtr tmupcrirLurcs, the rracLion did not ]!roceed
tr) the depletion of the molyhdrnum oxidu rcactal.~t.

C;licium sbltiatc. Tho results for calcium slilfilt~ arc” mor(* Col;lpkx. It react%-----.-....- .... .- G——-
f:lster Lhan barium su].faLc and as n resulL Lhr molybdenum oxide wns dcplctd at
a r(’artant raLio of 2.O aL the thr(!c tcmpf*r:lLurt!s. ‘1’hrsr resulLs ar(: shown in
Fig%. 4, 5 and 6 at lqmrirLllr(l:i CJl 1125, 117’) ;Intl 1225 K, rrsprr.tivcly. Ag:lin
wv notc! Lhirt. t.hc frarticl] of [;ullat.c consumed was 1(!ss than 0.5 h[!r:lusr! of molylJ-
dvnlml oxi(lr cvapol”ilti.(~ i!.

.



medium would raise hea L Lrnnsfcr rates at high trmperaturc, f!lrtlmr thr handling
of n liquid is much easif!r than chat, for a sol id. On the other hand, one would
be fnccrl with the problrm of the phase transition from solid to liquid coupled
with Lhe suhsf!quenL cooling and solidification of the reaction melt in the cycle.
Ilatcrials handling during LhI=sc transitions may prove Lo be diffi.culL from a
practical viewpoint.

CONCLUSIONS

A thermochemical cycle using insolublt? nrctal sulfates mixed with mcrlyhdrnurn oxide
to ]ower their decomposition tcmpcraturcs appears 10 be d feasible way to avoid
the high temperature clryi,ng nnd decomposition of sulfuric acid. F.pproxim~iLc]y 90%
of the sulfate can be dccomposr.d in less than 5 miliutes at 1125 K in the presence
of molybdenum oxide so that residence times iit high tcnlporaturr could be short
depending on the heat Lransfcr rate. Ilcrause thl? mntrriiils ar-r liquid at the du-
compr)s.ition temperature, heat lraus[cr stlould bc rapid.
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BaSC4 + M003= BoM004+ S%
TEMPERATURE I !75 K

RATIO
( SO&oO~)

o 2.0

❑ I.()

A ().5

*IJ I I I I 1
.
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T:ME (mm)

W “ 2. Rc3ction of B~$04 W[th %Oj at ~1~~ ~.
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BaSC~+ M003=Ba$b04+S03
,.””-=~ TENFERA?URE )225 K

RATIO
(s0:/%03)

c 2.3

a I.c

b 0.5
1
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CaS04+Mo@= CaMo04 * S03
TEMPERATURE 1125K

RATIO
(Sog A’tOo3)

o 2.0

0 1.0

A 0.5
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:<g. 5. ?.2x”ci0ri o-f-”-CiiSC4 ‘with S003 at 1175 K.

‘/ CaS04 +hb03= CaMo04 +S~

TEMPERATURE 1225 K

P RATlO
(so; /rvbo3)

) o 2.0
I D 1.0

A 0.5
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$04)3 +3Mo~ =La#00&+3X

n 3.7 TEMPERATURE 1075 K
: RATIO
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$ 0.6 0 2.0
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Laz(S04 )3 +3M003=La2(Md4)3+ 3W3
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Fig. 8. ReaCtiOn of h2”(s04)3 with Moo;, at 1125 K.
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