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The oxidation of Metal Sul fitus by Iodine for Use in

Thermochemical Hydrogen Cycles*

C. F.V. Mason and M. C. human

Los Alamua National Lal]orntury

Los Alamos, New Hexico 87545

Thermochemical l}ydrogeu cycles involving mf!t:ll sulfntes l}aIJr!hcen

~tudiedl,~
at Lua Alanms for a number of yearfi sine!: they offer an

alternative co sulfuric acid which is corrosivr :Ind h:Is higl] cneugy

requircnmnts fol drying prior to its thcrmd] tlt’cl}lllp(~:iitinll. llli~ ~bntract

deals with the formation of NuclI metal ~ul[nte~ ill COllJUllCtiOn with n Lw

uning iodine. The rrnctiunti:

t4s03(c) + MgO(c) + 12(C)-MS[]4(C) + Mgl:,(nq)

where M ● tl~, ,lH~3a = - 333,1 kJ

M ● (’n, - 2:5,7 kJ
~’”;9a ■

M - l’ln,
‘%98 ■

- 265.”) k.1

weru found to bv fil~t f I rein) ilml quanti L,lt iv{~ WIIIII1 cilrr it’d !)llt ill tli111111

(1)

of Basic Energy Scit?ncc~, Ilivin ion of Cl)i’micnl Sciullru!lo



decomposed. The cycle is completpd by thermally decomposing the sulfate.

Hwever, even though BhS04 and CaS04 are insoluble rendering product

separation in Eq. (1) trivial, they also thermally decompose above the

temperature range considered available for thcvnochernicnl hydrogen cycles:

IIE04(C)-)MO(C] + S02(g) + 1/2 02(p)

where N = Mg, AG;350 = O

H = CA, ACO
1810 = 0

M = Ba, AGO
2030 = 0“

Thus MgS03 seems the best candidate for reaction (1)

soluble introducin~ n potential separation prnhlom.

More recently,
4

a .lapanese group hWJ(* ShOWII tlla L

even though MgS04 is

product separation is

unnt~cessnry. They c.vrriu’d out reaction (1) ill nqlluous solutim anti driml th~’

prod.lets and continued to heat them. ‘l%ry foltnd there was no inti!ractinn

between the HI and S03(S02,02) umitted duc to the large tcmpcratllr,!

diff~rcncc (500 K) h(”twecn tho LWO evolutions.

[n orclcr to further impr’NL? the l!fficicncy IJf :1 cycle’ containing this

utcp, we ~et out to #tudy reactiml (1) in tile abs~’nco Gf w.att’r.

Thermodynamically, the reaction:

llgso3(c) + Mgo(c) + 12(g) ~MRH0,1(C) + M}!12(c)

i~ favored, Alljqfi m - !05.? k.1, .Illd NO llli&!llt 1“1’(llll)llilbly ])i’ IsXIJ!!C~l’lf tll

proceed as writt~n flllh~llgh gIIs/snl id rvfiction”l :Irr notorinllM for hl?inx

kinetically eluw.

Initially, thcreforv

and MgO ●nd meaourecl tl~e

estimating gravimrtricnl

wc passed dry 19 through a mixtllr~’ of Mgso#i}120.

extent of reaction as n function of tempurnture by

y magnesium nulfato furred, ‘1’hcull rr~ultti nrv nhow

in F~g, 1. Ae can be seen 67% of thu total posuibll’ MgS04 (baaed on the

otoichionwtry) waN found at 423 K. The paa~agi’ of 12 through th~ reactants

took about 10 min in all cameo. At thin trrnpurfiturl?, the amount of wat(!r of



hydration remaining is between 2 and 3 molecules per mole of magnesium

5
sulfite . This may be critical for sulfate formation but further ex-

perimentation needs to be performed to define the role of waters of hydra-

tion. When 12 and water vapor were passed through the sclid reactant bed,

no increase in products was fo~nd and in sow cas~s a nonporous ~lug was

forwd which prevented the paaaage of 12 through the solid,5

We have shown that reaction (3) will take place under nearly dry rondi-

tims which is energetically efficient for a thermochemical hydrogen cycle.

The heat requirements for the total cycle can be summarized:
6

)MgsL)3MgO(c) + S02(g) + 2H20( l)_ ‘~H2L)(c) .’\!l;q8 = - 141.38 kJ

+ I (g)”+mgso,,(c) + MI;I..(C) + 2H20(E)MgS03”2H20(c)+ MgO(c) ~

o
,~,H~ 9~ = + 10.01 kJ

Il,u(g) -—> Iju( I ) ,\ll;,18 ‘ 44 .~) k.1.

Mgq(c) + H20(g).-7MgO(c) + ? Ill(g) ‘]1°
290

“ + 59.8 kJ

~liI(g) ~li2(E) + I:?(E) hl;q8 = + 10.4 kJ

MgSO1,(c) —.—>MgO(c) + SO,(N) + 1/2 ().(g) p)l;98 = + 39[).1 kJ
. .

- .- - - .. - - - - - - - - . - - - - . . . - . - - . . -. . - _ _

1120( 1)--~l12(g) + ]/2 07(}{) ‘li~~9R -. } 23’).’) kJ.
.

Thib giV@fJa figllrit of merit of 0.61 without :Ipplyin}: mIy cxotll~~rmic Ilrnt

to lower temperature undotherrnic nteps.

Although magnesium nulfitc appuara promiNinl; for tlli:; []xi[l{ltinn, wI. II;IVI.

conducted a search for alternative metal sulfito~ which fit tht~ fr,l I,]win}?

crit~ria for uoe:

n) SUlfate IllUllt decompose in the tcmper,lturu ranfll, :Ivili l:IblII ( 1400” K),

b) iodide must hydrolyse eaaily, nnd

c) oalta nuat not be rare, toxic, or cxpennivc,

lanthanum, the triiodidc. hydrolyacn I’t?.’l[lily OIlly tlN [ar IIR LIIL~ [Ixyiodi,li! nnd



.
.

lanthanum tr isul fate decomposes to lanthanum dicxymonosul fate7 at tempera-

tures belw 1400 K.

For titan !um, in the tetravalent stnte, tho iodide will be in the liquid

or vapor statea (mp 423 K, hp 650 K) and hydrolyses to Tiu ~(LGO= Oat

: 430 K). Titanium sulfate is reporteda to dcccmpoae to Tioz and S03 at

870 K.

We propose to study thes~ sys~cms over tl~e next year.
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x= Oto6


