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The System Iron—Titanium—Oxygen at 1200°C. and 
Oxygen Partial Pressures Between 1 Atm. 

and 2 X 10' 4  Atm. 
by A. H. WEBSTER and NORMAN F. H. BRIGHT 

Mines Branch, Deportment of Mines and Technical Surveys, Ottawa, Ontario, Ccmada 

The 1200°C. isotherm in the system Fe-Ti-0 
has been studied by equilibrating mixtures of 
iron oxide (Fe202) and titanium oxide (Ti0 2) 
with atmospheres of controlled oxygen partial 
pressure. These atmospheres consisted of CO 2, 
air, oxygen, mixtures of CO 2  and 11 2, and mix-
tures of CO 2  and CO. The resulting oxide mix-
tures were examined at room temperature by 
chemical analysis and by X-ray diffraction. The 
stability regions of the a-oxides (Fe„,Ti 2,03), 
of the spinets, (Fe„Ti 2,0,), and of the ortho-
rhombic oxides (Fe„Ti 3 0 5) were determined. 
Somenonstoichiometry occurs in the spinels and 
in the a-oxides. The oxygen partial pressures 
at which spinel is reduced to (iron + a-oxides) 
and at which a-oxide (ilmenite) is reduced to 
(iron -I- orthorhombic oxide) were determined 
as 2.1 X 10- ' 3  and- 9.3 X 10 - ' 4  atm., respectively. 
The orthorhombic solid solution series extends 
over the whole range of oxygen partial pressures 

studied. 

I. Introduction 

THE chemistry of the system iron-titaniUm-oxygen is of 
considerable interest because of the occurrence of large 
deposits of ilmenite which are becoming increasingly im-

portant as sources of pigment-grade titanium dioxide and, 
in some prccesses, as a source of iron. Titaniferous magnetite 
ores are also a source of iron but generally are less attractive 
than nontitaniferous materials. Studies of this system at con-
trolled oxygen partial pressures should be useful in under-
standing certain features of the pyrometallurgical treatments 
for such titanium-bearing ores. 

The temperature of 1200°C. was chosen chiefly for reasons 
of experimental suitability; equilibrium was attainable more 
rapidfy than at lower temperatures, and attack on the re-
fractory material (thoria), used to hold the test samples, 
was negligible at this temperature. This temperature also 
is within a range which lias  been considered for the solid-
state reduction stf ilmenite.' 

..1 considerable amount of previous data has been pub-
lished on the system Fe-Ti-O. The binary system Pc-0 
has been extensively studied, the description of  this system 
given by Darken and Garry being generally accepted.' 
The system Ti-()  also has been extensively studied but has 
not been so well defined.' 4  It is of interest to note that rutile 
deficient in oxygen (TiO2 _ 2) exists under reducing condi-
tions; the compositions of the nonstnichicanetric rutile in 
equilibrium with I 1211:0 mixtures have been studied up to 
I177 ° C. by Michaud and Pidgeon.' 

The equilibrium 

FeTiO1  -I- Il l  .7:-- TiO2 + Fe + II /0 • (ilmeitite) 	(ratite) 

has been studied over the temperature range 050 °  tu 1100° C. 
III two separate investigations, with good agreement in re-
sults: 1 . 4  

Several studies on the system Fe0-Fe203-Ti02 have been 
reported in the literature.. MacChesney and Muan" in-
vestigated this system in air from 1400° C. to above the liqui-
dus, and Karkhanavala and Momin7  made a similar study 
from 620° to I200°C. The phases stable in air at  1200°C. 
were reported to be hematite, pseudobrookite, and rutile. 
A study of this system at 1350 °C. also has been reported by 
Schmahl and Meyer,' who used oxygen pressures down 6) 
about 10 -2  atm. Most of the studies, however, have been 
made without reference to the oxygen partial pressure."." 

The following three principal solid-solution series have been 
described as existing in the system PeO-Fet0s-Ti02 : 

(1) a-Fe203  to FeTiO3  (i.e., Fe„,Ti2,02), referred to in 
this paper as "a-oxides." Hematite and ilmcnite have 
litnited solid solubility in each other at low temperatures, 
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but form a complete solid-solution series  al  higher tempera-

tures. The consulate temperature is reported to be in the 

region 950° to I 05110C." This mblid-molutitm series  lias a 
hexagonal  (il il  structure. 

(q)  l.)() to Fe 2TiO., (i.e., re„Ti a _. „O I), referred  tu  as 

"spiner in this paper. Magnetite and ulviispinel (pet,Ti( i,) 

are reported lo form a continuous solid-soluti: on series at 

sufficiently high temperatures. The c4mmdtste temperature 

is probable about  (1(1°C»  'Ellis solid solution series  lias the 

cubic spinicl structure. 

(31 l'e2Ti0.-, to Fell :1 1!, (i.e.. 	 referred to as 

"orthorhombic oxides" in this paper. Psendobrookite and 

ferions dititanate form a continuous solid solution series at 

150°C. 1  Members id (luis  series have an orthorhombic 

st ructure. 
Other phases encountered in the course of (luis  investiga-

tion were rutile (Ti0 2 , tetragonal), wiistite  (Fe u  ,O,  cubic, 

NaCI-type structure), and metallic iron (face-centered cubic 

•at 1 .200° C. but bo(ly-centered  cul  ic when examined at no an 

temperature). 

The system "Fe0-Ti02"  lias 1)cen reported lw Grieve and 

White" to contain the compounds "FeO," lee2Ti01, reTiO3. 
and Ti02. The orthorhombic comptunal leeTi 204, however, 

apparently was not recognized in that investigation. 

II. Experimental 

The general procedure used in the present study ■vas 

equilibrate pellets of approptiate mixtures iir 	mid 'no.... 
at  th, desired temperature, with an alinosplierc• 	latinvit 

CI ■ 1111eiv.illiml 	" l ' Iut pellets vire  then cooled rapidly to room 

temperature, genes ally in :111 hie, I gas. and examined In X fa V 

diffraetii on and by chemical analysis. Fish er c ertiti ed R ea 

 gent ferric oxith. and Baker Analyzed reagent liluuiiiiii  

di ■ oxi(le I ana lase ) were used as st at ling materials 

(1) Apparatus 
A Gt):40 Pt:  Rh alloy, internally wound furl-lace, controlled 

by a Brown controller-pyrometer, was used witlt a horizontal, 

closed-end, mullite w(irking title IV., in. in inside diameter. 

The sample pellets were held in a thoria boat which lay on an 

alumina boat. .Att allunina block, acting as a radiation shield, 

was placed in front of the alumina boat. A platinum draw, 

wire was attached to the alumina boat; this  vire  enabled 

the pellets to be withdrawn to the cool end of the furnace 

( ube, without exposure 14) air, at the conclusion of the equi-

libration period. The gas being used as the controlling atmos-

phere entered through an inlet tube, which was arranged to 

carry the preheated gas to the closed end of the working tube. 

The temperature of the furnace was measured by a shielded 

Pt-Pt-In Rh thermocouple placed above the pellets. The 

temperatures reported represent those Of the pellets, prob-

ably to within ± 10 °C. 

• 
(2) Atmospheres' 

The atmospheres used to give the controlled oxygen par-

tial pressures were oxygen and air at 1-attn. pressure, air at 
l-Cil). Ilg pressure, CO 2 , CO-C( )2  mixtures, and CO 2-11 2  
mixtures. Tile theory governing the ttsc of such atmospheres 

has been discussed lw Muan." Oxygen partial pressures were 

calculated using the-  data summarized lw Coughlin." Gas 

mixtures were prepared lw transferring appropriate quanti-
ties of gas front commercial cylinders hail a smaller cylinder, 

which served as a reservoir -to supply the gas as required. 

Argon was added lo file CO-0O 2  and CO 2-I 1 2  mixtures to re-
duce thermal diffusion.'n The gases were passed over Drierite 

and, when appropriate, over copper at 500"C., before use. 

For all atmospheres except air and oxygen, heating and co/A 

ing of the samples were conducted ill an inert atmosphere. 

Willi CO0 -C 2  and CO 2 -1 1 2  atoll 'I 	the samples were 
generally held at, the desired temperature for two periods, 
each :1 	•I hours, with crushing and repelleting bet ween 

heating cycles. One equilibration period of 	to 20 hours 
was used with Ille other ably ospheres. 

(3) Chemical Analyses 
The following procedures were used tow analysis of the 

samples: 

(a) Total ir4 on and total titanium: After fusion with 
K 1 1S0 1 , the sample was dissolved in 10% II -SO, and made up 
to a known V4Iltiuuu1. Iron was determined i)T1 an aliquot 
portion lw reduction with Sta111101.1ti chub >rifle; followed by 

titration with KMnO,. Titanium was (letermined colori-

metrically after the additi4in of hydrogen teen oxide. 

(b) Total reducing capacity (i.e., (..f 	 Fe( 11) and 

Ti(111)): After crushing the samples in an inert atmosphere, 

they were dissolved in I I 2S0 1  containing standardized van-

10181e molution. Hydrofluoric acid was added to aid dissolu-

tion. After the sample had dissolved, the salution was diluted. 
borie acid and phosphoric acid were added, and the residual 

vanadate was titrated with ferrous ammonium sulfate. 

For a few samples, solution was efTected by heating the sample, 

sealed in a Pyrex-brand glass tube, w:th [ICI; the reducing 

capacity was then determined by t)ermatiganate titration. 

In some instances, the Fe/(Fe + Ti) atom ratios in the 

samples were assumed to be as given b■ -  the proportions of 

Fe203  and TiO 2  used in preparing the samples, but in other 

cases they were determined lw chemical analysis. The root-

mean-square difference between determined and irepared 

FeiFe  + To  rniti„,,, wtc  11.1(11 

(4) X-Ray Diffraction 
X-ray diffract "I: en pal lei us were determined on I lie samples 

at n  8811i temperature, using a 57.3 111111.-dianitter Debve 

Sellerrer 144 ovder camera and CioK. ty radial  il 411  

(5) Microscopical Examination 
Mictosopical . examina 	4)1 pilished secticms for phase 

determinations in the t•quilibrated pellets was made difficult 

by the high porosity of the samples and by the similarity in 

ctoli)r of certain of the phases encountered. The technique 

was  i  little value except in the detection of iron metal. 

III. Results 

General Results 

At I200°C., over tlie region of oxygen partial pressures in- 

vestigated, no liquid phases were found in the system Fe- 

The stable phases at 1200°C., as determined by 
X - ray diffraction on samples cooled to rfflin temperature, 

are indicated in Fig. 1 as functions of the Fe/(Fe -F Ti) atom 

ratio in the total solid and of the logarithm of the oxygen par- 

tial pressure (log p„,). It should be noted that (his-  diagram 

gives n4) direct indication of the oxygen contents of the con- 

densed phases. The stability regions of the iron oxides con- 

taining no titanium, plotted on the left-hand side of Fig. 1, 

were taken frotn the data of Darken and Cittrry. 2  In general, 

" E. A. Vincent, T. B. Wright. R. Chevallier, and Suzanne 
Mathieu, "Heating Experiments on Sonne Natural Titaniferous 
Magnetites," Mineralog. Mag., 31 12391 624-55 (1957). 

'I S. A kimoto, T. Na gata, and T. Katsura,  The  TiIre20- 
Ti2Fe0r, SI)lid Solution Series," Nature, 179 145491 37-3s (1957). 

j. Grieve and J. White, "System Fe0-Ti0 2 ," J. Roy.  7e h.  
Coll. (Glasgow), 4 (Paît 31 411 il 1-4g  (1939); Cern tu:.  Al-istr., 18 
PI 257 

" Annuli Mua  tu,  "Phase Equililifia at High Temperatures in 
Oxide Systems Involving Changes in Oxidation States," Ant. 
J. 256 PI  171-2)17 (19581. 

J. I'. Ctitighlin, "Data on Theoretical Met:dlurgy:  XII, 
 Ileats. and Free Energies of 4:, ■rmation of I norganic Oxides," 

/I, S. Bar. Mines  13a11.,No.542, SII pp. (1951 ) . 
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Fig. I. Phases present in the system Fe-Ti-0 at 1200 °C. as ci function of 

the Fe/We Ti) atom ratio and the oxygen partial pressure. At approxi-

mately log po, = — 4, it will be noted that a region is shown in which a small 

variation in oxygen partial pressure is accompanied by a large change in 
the composition of the a-oxide solid solution. This condition is represented 

by an almost horizontal  f ine (not necessarily straight) which slopes slightly 

downward toward the lower right-hand side of the diagram. The a-oxide 
field in this region will have a very small, but undetermined, width. 	The 

line separating the (ortho. 	rutile) and (a-oxide -( ortho.) fields similarly 

represents the ortho-oxide solid-solution series of small, but finite, width. 

(Ortho. = orthorhombic oxide.) 

the positions of the phase boundaries are probably correct 
to within -±0.02 in the ratio Fe/(Fe -1-- Ti). Equilibrium 
oxidation-reduction paths would be represented by lines 
parallel to the log po, axis on this plot, the iron and titanium 
metals and oxides being essentially nonvolatile at the tem-
perature of the investigation. 

Note that, with increasing titanium content, the stability 
region of any given type of oxide structure is shifted to lower 
oxygen partial pressures. The various solid-solution series 
are now cfiscussed with reference to Fig. 1. 

(a) a- Oxide solid solution: The a-oxide was observed to 
exist as a single phase over a range of Fe/(Fe Ti) ratios, at a 
given oxygen partial pressure, in two different regions of the 
diagram, as shown in Fig. 1. Conversely, in these regions, 
for a given Fe/(Fe + Ti) ratio, a single-phase a-oxide was 
stable over a considerable range of oxygen partial pressures. 

In the region Fe/(Fe -1- Ti) = 0.85 to 0.65, at about log 
—4 a small variation in oxygen partial pressure was 

accotnpanied by a large change in the Fe/(Fe Ti) ratio 
of the stable member gif the a-oxide solid-solution series. 
Unfortunately, it  vas  experimentally inconvenient to supply 
atmospheres in the oxygen partial pressure region of interest. 
Hence, the following procedure was used to estimate the posi-
ion of the phase Iviundary in  titis  region : Samples were equi-
ibrated with 1-atin. pressure of CO2  at various temperatures 

between 1120" and 1180°C. and were examined by X-ray 
diffraction after cooling to room temperature. The results 
are shown in Fig. 2(a), in which the phases present are in-
cliéated as functions of the atom ratio Fe/(Fe + Ti) and of 
the temperature. A similar pligt over the temperature range 
1050°  to If )911 °C., for an argon-0O 2  atmosphere, giving a CO2 

 partial pressure of 0.03 atm., is sligiwn in Fig. 2(h). From 
these plots, the values of log p„, for the a•itxide dill soittliM1 

0.90 	 0 80 

Fe 

Fe + Ti  

Fig. 2. Phases in equilibrium with (a) CO2 and (6) 63% CO, in argon, as a 
function of temperature and the Fe/(Fe 	Til ratio. (Ortho. = orthorhombic 

oxide.) 

were determined at two temperatures for a series of Fe/(Fe 
Ti) ratios. These log po, values werc plgitted against 1/ 
T°K. and extrapolated to give log po, values at 1200°C. for 
each of the Fe/(Fe + Ti) ratios. 

The small change in -log p,„ with changes in the proportion 
of iron in the a-oxide solid solution is to  Ise  expected just above 
the eonsolute temperature of the miscibility gap reported 
by previous investigators'. '° to exist in the a-oxide solid-
solution series. Across the miscibility gap the two solid solu-
tions on either side of the gap would have the same oxygen 
partial pressure. 

In Fig. 3, which is the lgiwer portion of Fig. 1 shtiwn on an 
expanded partial pressure scale, it is seen that the X-ray 
diffraction results indicated the coexistence of three solid 
phases at log po, = These phases were metallic 
iron, a-oxide, and orthorhombic oxide. According tg) the 
phase rule, this should not be so for a three-component sys-
tem at a fixed temperature, except for one unique oxygen par-
tial pressure. This observation was probably due to a non-
equilibrium condition caused by the slow reduction of the 
a-oxide in atmospheres of oxygen partial pressures only 
slightly lower than those at which this phase is stable. On 

this basis, the limit of a-oxide solid solution was determined 
to be po, = (9.3 ± (1.2) X 10 - '  atm. (i.e., log p„, 

(b) Orthorhombic solid solution: The orthorhombic solid 
solution was, as far as could be determined, continuous over 
the whole range of atmospheres studied. Two regions, in 

which quite small variatignts in oxygen partial pressure were 
accompanied by quite large changes in the Fe/(lie Ti) 
ratio of the orthorhombic phase, were noted at about log 

Ptt., = — 3.5 and —13.1 (see Fig. 1). These inflections may 
indicate the existence of  sonie  discontinuities in the solid-

solution scries at lower .  temperatures. 
Chemical analysis of samples heated at low oxygen partial 

pressures indicated directly that the orthorhombic oxide 
solid-solution  'cries  extends beyond the ferrous dititanate 
composition toward the °imposition Ti 20. This result can 

also be inferred from Fig.  1. 
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- 4uilibrium and Reproducibility of 
Results 

) 	llg air (log po, = 

Fe/(Pe + 
atom ratio 

11.93 

Pliast.s detected by 

21-hr. heating: 
no preliminary reduction 

rr-ttXttle 

a-oxide + minor (nth)). 

Or t ho. 

+ tr. rutile  

X-ruy diffraction 

20 far heating; 
preliminary reduction 

(I ) a-oxide only 
(2) a-oxide + r. spinet 
41 - 1 ,xide 
a-oxide + ortho. 
a-oxide + twilit). 

Ortho. + tr. a-oxide 
Ortho. 
Ortho. + tr. rutile 

0.87 
0.85 
0.83 
0.6.4 Ortho. 
0.63 
0.62 

(b) CO/CC/ 2  -- 0.157 (log po, 	—9.32) 

Pe,/tFe 
atout ratio 

1.00 
0.97 
0.96 
0.71 
(1.31 

Wiistite 	spinet 
Spinel + sl. tr. witstite 
Spinel only 
Spinel 	si.  tr. a-oxide 
Ortho. + tr. a-oxide 

Wiistite 	spine' 
Spinet -I- some wiistite 

Spinet 	si.  tr. a-oxide 
Ortho. + tr. a-oxide 

Phases detected by X-ray diffraction 

2 heating periods; 	 :i heating periods; 
total, 6./2 hr 	 total, 25 hr 

Fe  
Fe +  Ti 

Flo. 3. Phases present in the system Fe-Ti-0 at 1200 ° C. and oxygen 
partial pressures from 3 X 10 	to 2 X 10 I I  atm. (Ortho. = orthorhom- 

bic oxide.) 

The orthorhombic oxides are shown in Fig. I hs existing as a 
single phase at only one value of the Fe/(1 2e + Ti) ratio for 
a given atmosphere. No significant variation in lattice 
spacings could be observed n passing from the orthorhombic 
phase in equilibrium with es-oxide to the orthorhombic phase 
in equilibrium with rutile at a given oxygen partial pressure. 
The width of the stabilitt: region for the orthorhombic phase 
is thus probably less than 0.03 in the ratio Fe/(Fe -I- Ti) at 
any given oxygen partial pressure. 

(c) Spinet solid solution: The spinet structure is stable 
over a substantial range of oxygen partial pressures for any 

given Fe/(Fe + Ti) ratio above approxiniatelv 0.7. 
The limit of the spinel solid-solution series at low oxygen 

partial pressures occurs at po, = (2.1 ± (4.2) X 10 -13  atm. 

(i.e., log p, = — 12.6 ) . as indicated in Fig. 3. Here, as in 
the case of the a-oxide st•ries, three solid phases (metallic 
iron, spittel, and a-oxide) were found to occur over a narrow 
range of f)xygen partial pressures. This again was assumed 
to be due to nonequilibrium conditions, as discussed pre-
viously. 

(d) Rutile: Titanium oxide, exposed to an atmosphere of 
low oxygen partial pressure (log p, ---- — 10.60) at I200°C 
for a total of 9 1 ttttt rs, was found to be slightly oxygen-de-
ficient, analyzing as Ti0 1 .9ss. No significant differences in 

lattice parameters were observed, however. among samples 
heated at var' 	 oxygen partial pressures. The solid solu- 
bility of iron oxide in rutile is probably quite limited at 
1200°C., since, at the higher oxygen partial pressures. a 
second phase was observed with Fe./(Fe 	Ti) as low as 
0.06. and, at lower oxygen partial pressures, with values as 

It'w as 0.03. No change in the rutile lattice spacings was 
observable in any sample. 

(e) Witstite: Ni,  evidence was  fourni in this investigation 
for solid solubility t ■ f TiO in witstite, since no changes were 
observed in the witstite cell parameter: als(l, at Fe  1 Fe 4- 
Ti) 	0.97, a second phase (spine') was observable  

(2) Reproducibility of Results 

Iwo regions of tins investigation in which satisfactory re-
sults were difficult to obtain are discussed in some detail: 

(a) In air at I-cm. Hg pressure, particularlY at high iron 

contents, the results showed rather tioor reproducibility. 

As shown in Table I(a), at Fe/(Fe -I- Ti) = 0.93 two results 
indicated one phase, and one result indicated two phases. 
The data of Darken and Gurry 2  indicate that hematite 

(a-oxide) is the stable phase in the system Fe--0 at the oxygen 

partial pressure given bv this atmosphere. Hence, the single-
phase results were accepted. The low-iron boundary of the 
a-oxide region is also somewhat uncertain for this particular 

atmosphere. 
(h) Results obtained on samples subjected to two dif-

ferent equilibration procedures in a carbon motioxide-car-

bon dioxide mixture (CO/CO2 = (1.157) arc reported in Table 

I(b). All the X-ras' diffraction patterns obtained were iden-

tical except for the proportion of wüstite observed for the com-
position with Fe/(Fe + Ti) =  0.07. The data of Darken 

and Gurry 2  indicate ,  however, that, in the system Fe--0 

under this atmosphere at 1200°C., wüstite is the stable phase. 

The observed spinel in the "all-iron -  sample shown in Table 

1(b) must therefore have been formed by the disproportiona-

tion of the wüstite during cooling. The agreement of the 

results at the lower iron contents was good. 

(3) The System Fe0— Fe203— re02 

The system Fe0- Fe 203--Ti02  at eight different oxygen 

partial pressures at 1200°C. is shown in Figs. 4(a) and 4(b). 

The compositions, plotted in mole  %, were determined by 
chemical analysis after equilibration with the atmosphere 

under consideration. The three parallel straight lines on 
each composition triangle denote the stoichiometric compo-

sitions of the three principal solidsolut .  series: spinel, 
a-oxide, and orthorhombic oxide. As would he expected, 

the import'  of ferrous iron with respect to ferric iron in-

creases as the oxygen partial pressure decreases. At the 

lowest okygen partial pressure plotted, viz., 2.9 X 12  atm., 

the oxygen isobar leaves the Fe0-Fe ?03--TiO 2  composition 

triangle. This cati be attributed to the presence tif trivalent 

titanium in the orthorhombic phase. 
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Fig. 4. The system Fe0—Fe.20.—TiO 2  at 1200°C. under eight different oxygen partial pressures. Compositions ore expressed in mole %. 
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The composite diagram combining the results of all these 
atmospheres is shown in Fig. 5. 'Flic areas in the composition 
plot corresponding to   spinel and a-oxide 
will be noted. The boundary between the (iron 	spinet) 
region and the (wiistite 	spinet) region was determined, 
using the Fe/(Fe 	Ti) ratio of the spinel stable at the decom- 
position pressure of wiistite as read from Fig. I. The wiistite 
and spine' compositions plotted tin the Fe( 1-Fe 202  axis were 
taken from the results of Darken and Curry . 2  

This diagram indicates once again the marked stability 
of the spinel phase with respect to oxidation to a-oxide and 
reduction to wiistite. 

IV. Discussion 

The results presented indicate that, at 1200 °C.. ilmenite 

(FeTiO3) can be reduced to ait orthorhombic phase with 
partial reduction of the iron to the metallic state. In pre-
vious investigations conducted at lower temperatures, rutile 
was I ibserved together with metallic kiln as the reduction prod-
ucts of ilmenite. Extrapolat .  of the res. tilts of Shomate, 
Naylor, and Itoericke" gives fi.11 X 10 -- " atm. as the 
oxygen partial pressure below which ilinenite decomposes at 
12011°C as compared with the ligure of Ab.,=  9.3 X 10 " 

atm. found in the present investigation. This difference 
attributed to the difference in the products of reduc- 

(ion. In this connection, it is of interest tO note that Walsh 

and co-workers,' in studying the reduction of ilmenite ores, 

oleerved rutile at low temperatures (generally below 1000 °C.) 
but the orthorhombic phase at higher temperatures. 

MacChesney and Minute showed that the a-oxide (hem-
atite), orthorhombic oxide (pseudobrookite), and rutile all 

exist as single phases in air over a range of Fe/(Fe + Ti) 

ratios. The absence of a single-phase region of significant 

width for the orthorhombic phase, and the small extent of the 

single-phase region for the rutile phase, as found in the pres-

ent investigation, are attributable to the lower tetnperature 
at which this investigation was conducted. The absence of 

solid solution in these two phases in air was reported by Kar-

khaitavala and Minnin 7  for temperatures up to 1200 ° C. 
These workers, however, did not detect any solid solution of 

titanium oxide in a-Fe201, in contrast to the results of the 

present investigation: no explanation for this discrepancy 

is apparent. 

V. Summary 

( I ) The system Fe -Ti- 0  lias  been studied at 1200 °C. 

over a vide range of oxygen partial pressures. 

(2) The oxygen partial pressures below which ulviispinel 

and ilmenite  cati  be reduced to yield free metallic iron were 
determined as 2.1 X 10 -13  and 9.:i X 10 -  " atm., respectively. 
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(3) The orthorhombic phase was stable over the full range 

of oxygen partial pressures investigated. 

(4) The marked stability  i l 	spinel phase was noted. 

(5) Some nonstoichiometry was observed in the or-oxide 

and spinet s4 dill-St I u (ion series. 

(6) An inflectiim in the lin.; 	vs.  Fe/( Fe-F Ti) plot for 

the cy-oxide solid-solution series was attributed to the prox-

imity of the miscibility gap in this series at lower tempera- 

tures. Similar inflections in the orthorhombic oxide series 
may indicate discontinuities in this series at temperatures 
loWer than I200°C. 
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