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INTRODUCTION

The advent of titanium on the industrial scene as a structurel metal
has become of increasing importance in recent years. Its use is even
more striking when its cost is considered, At the present momeat
E. I, du Pont de Nemours and Company supplies titanium metal having a
purity of greater tham 99.5 percent, Sponge metal costs $7.50 per pound
in pound lots, while ingot metal is $15.00 per pound in pound lots (2).

The combination of qualities which are possessed by titanium are
several, Its weight is intermediate between aluminum and iron, but
nevertheless it has an exsellent strength-to-weight ratio (2), Thus for
structural applications im which lightness ocombined with strength is an
important factor, the use of titanium er titanium alloys shows & very
promising future,

Perhaps the most outstanding physical property of titanium is its
resistance to sorrosive substances, Tests have showa that commeroially
pure titanium is resistant to boiling glacial acetic acid, boiling 10
percent sodium hydroxide, warm cencentreated nitrie acid, and relatively
dilute wara hydrochloric and sulfuric acids. There are also indications
that & passive film is formed on titanium by boiling nitric acid which
is very resistant to further attack by the acid. Salt spray tests, con-
ducted over & period of 1000 hours, have exhibited ne visible effect (2).

In its reactions with gases, titanium is quite active, It readily
forms adherent and relatively impermeable oxide and nitride ceatings at






temperetures up to 1300° P, A% higher temperatures the metal dissolves
in its om oxide, and will in time become embrittled., NKydrogen, howsver,
behaves quite differently than does oxygen &nd nitrogen., At temperatures
above 600° P, hydrogen is sbsorbed interstitially by titanium, The
absorbed gas may be removed by heating the metal in 2 high vacumm at
elevated temperatures (2),

Nost of the pressnteday titanimm produced in the United States is
made by the Kroll process. The method consists of reducing the purest
grade of titanium tetrechloride available to metallic titamiwm by
magnesium,. Following the redustion, the resultant spongy msss of metal
is leached with dilute hydrochloriec acid to remove unreacted msgnesium
and magnesium chloride.

The actual reduction is accomplished in a molybdemm-lined iron
vessel , under an atmosphere of argon. The inert ges is necessary to
protect the metal, particularly when hot, from oxygen and nitrogen, It
has been showa that the properties of dustile titanium are affected
adversely by & factor of up to 20 by these gases dissolved in the metal
as compared to the ssme smount of metallic impurities in the metal (12),

With the availability of a oonsistently good quality of titaniwm
metal assured, it was thought that & study of titanous solutions derived
from the metal would be of interest.

It had been noted that in the preparation of titanous sulfate selu-
tions used to regensrate Walden silver reductors in the studemt labors-
tories, the solutions seemed 0 be largely composed of titanium (III),
It was decided to determine to what extent the titanium was present in
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the trivalent state, If it were present quantitatively as titanium
(IXX), this fact could be used to prepare standard titanous redusing
solutions,
References in the literature to ths spectrophotometris charaster-
istics of titanous solutions are very scanty, |
Therefore, the purposs of this thesis is twofolde 1) to study the
preparation of titanous solutions directly from titanium metal and
2) to investigate the spectrophotometris properties eof titanocus selutions,
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HISTORICAL

In the hydrogen sulfide scheme of gualitative analysis, titanium
is found in the “smmonium sulfide® group, provided that & sufficient
quantity of strong acid is present to prevent its prior hydrolysis and
oconsequent precipitation,

The eldest methods of determining titanium were gravimetric, and
based upon the ease with which tetravalent titanium salts were hydrolysed
and precipitated. The hydrous oxide is quantisatively preeipitated at
a pH of 2.0 (13). The adjustment of the pH of the solution may con-
veniently be made with ammoniwm hydroxide, sodium hydroxide, sodium
oarbonate, or any other alkaline compound,

Titanic ions are precipitated by phosphate in acid solution, at a
pH of about 2. However, this method of determimsiion has some undesir-
able features, The precipitate of titanic phosphate is very gelatinous
and difficult te filter and wash, In addition the cemposition of the
ignited precipitate varies ascording to the acid in the solution from
which the precipitation is made (5),

Cupferron precipitates titanium as & rether voluminous, flocculent,
golden precipitate, even in strong mineral acid solutions (6), Ferric
iron is also precipitated under these conditions.

Acoording te Pribil and Schneider (8), tetravalent titanium may be
precipitated by smmonium hydroxide from solutions sentaining aluminum
and ferric iron by camplexing the latter with the di-sodium salt of



ethylens dismine tetreacetie scid (Versene). The precipitate of the
hydrous oxide of titanium is ignited to titanium dioxide.

Volumetric methods for the determimation of titanium are dependent
upon the redox reactions of the element,

A direct method, requiring no preliminary reduction, is the titre-
tion of titanium (IV) with standard chremium (II), using & potenmtio-
metrically determined endpoimt (L),

The complete conversion of tetravalent titanium to its trivalent
state requires a powerful reductant. Bisehoff (1) aceomplished this by
reducing titanium salts with purs electirelytic irem in & carbon dioxide
atmosphere, He claimed that twenty equivalents of iron were nscessary
for the quantitative redustion, and that the presence of ferrous iron
appeared to stadilise the solution against air oxidation, After all the
iron had dissolved, the ti%anocus solution was titrated with standard
ferric chloride, using potassium thiocyanate as an indicator. ]

Emi and Doi (3) state that titanium (III) is more resistant to air
oxidation in sulfuric acid solutiea than in hydrochloric scid solution,

Syrokomsidi and 8ilaeva (9) assert that acetic scid and ssmonium
sulfate form oomplexsswith titanium (III) in aquecus solution which render
it less sensitive to air exidation, After redusing titaniwm in a bismuth
redustor, they oomplete the procedure by titrating with standard seris
sulfate, using cacothelines as an indicator. They claim that it 1s not
necessary %o protect the sclution with an inert atmosphere during the
titretion,



Jonnard (7) in & review article, refers to several methods of pre-
paring titancus solutions. The use of wmetallic calcium, sinc in sulfuric
acid solutions, sodiwm amide, hydrogenation using & platinum catalyst,
and electrolytic reduction are discussed,

A method of analyring commercial titanium metal has been reported
by Thompson (10), The sample is dissolved in potassium acid sulfate
and & little sulfuric acid, After complete dissolution, the cooled melt is
dissolved in dilute hydrochloric acid solution. A preliminary reduction
is accomplished by use of sinc amalgam, after which it is passed through
& Jones reductor., The titanous solution is titrated under an inert
atmosphere with standard forric chloride,

The determination of smell amounts of titanium is best accomplished
by colorimetric means, In sulfuric soid solution, titanium (IV) gives
an intemse ysllow eolor upon the addition of hydrogzem peroxide (11).
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Reagents Used

1. Tivanius metal (sponge) == Supplied by E. I, du Pont de Nemours and
Company, Insorporated,

2. Potassimm dichremate -- Nallinckrodt Primary Standard greade, checked
against & sample supplied by the Natiomal Bureau of Standards (Number
136).

3. Ferrie chloride =~ Baker and Adamson reagent grede, A 0.1 normel
selution, made by dissolving 27.0 g. of the hemahydrate in & liter of
solution comtaining 10 ml, of hydrochloric acid, was standardised
sgoording to the methed of Willard and Furman (1k),

k. Ceric ammoniwm sulfate -~ Supplied by the G, Frederick Smith Chemical
Company, Columbus, Chio, A 0.1 nermal solutien is made by dissolving
63 g. of the dihydrste in a liter of ome normsl sulfuric asid. The
solution is standardised against arsenious exide (15).

5. Arsenious oxide - Baker and Adamson Primary standard grede, lot
aumber 0020,

6. Citrie asid ==~ Merck reagent grade.

7. Sodium diphenylamine sulfonate = A 0,01 molar solution of the indi
cater was prepared (16),

8. Ferroin indicator «- A 0,025 molar sclutien, supplisd by the
@. Frederick Smith Chemical Company was used,

9. Amalgamated sing ~~ Supplied by the G. Frederiok Smith Chemiocal Cempany.






Preparetion and Analysis of Titanous Solutions

One of the advantages of titanium, namely its superior resistance
to acids and other corrosion-csusing agents, is an inherent difficulty
when the problem of dissolving the metal preparatory te am amlysis is
eonsidered, Since the element is practically impervious te the action
at room tempersature of any single mineral 2¢id except hydrofluworic, it
ws first necessary to conduct some preliminary qualitative tests to
£ind & satisfactory medium in which to dissolve the ssmple.

To this end the following solvents were useds:

1, Sulfurioc acid (1 part of acid to 1 pars of water). The metal
dissolved readily at first, but scon part of the water evaporated. At
‘this point Sitamous sulfate erystallised from the selutica, and coated
the undissolved metal to such an extent that the solvent sotion ef the
ag¢id soon atappod

2, Sulfuric acid (1:h). The action of this solvent was appreciably
slower, but nonetheless effective, The difficulty of salts erystallising
from the solution was not enoceuntered in this osse.

3. Hydrechloris aeid (111). The dissolving action of this acid was
somewhat slower than that of the 11l sulfuric aeid.

k. One part wmter -« 1 part sulfuric acid -~ 1 part hydrochloeric
seid -~ 0.5 parts of phosphoric acid. This solvent had the quickest
dissolving action upon the titanimm, As the sample approached the stage
of being eompletely in solution, 1t had disintegrated into many particles,
vhich were 80 small as to be barely visible were it net for the bubbles -
of hydrogen evolved from their surfaces.



5. Ten g, potassium sulfate acid -~ S ml, concentreted sulfuris
acid. In the selvent the titanium semple initially dissolved guite
readily, but scon the actien decreased considersbly, and finally ceased
altogether. This was dus to the formation of titanous sulfate om the
surface of the exposed metal, wvhich very effectively protected it from
the astion of the solvent. The fused msss was light yellow while hot;
upon ecoling 4% turned white, Vhen dissclved in water, no blue solor
was imparted %o the selution, indiceting the absence of any triwalent
titanium,

It had been noted in these preliminary tests that the solutions
resulting from the dissolving of titaniwm in non-oxidising acids were
the typiocal blue eclor of trivalent titanium, Acoerdingly, it wms
decided %o ascerisin whether this fact weuld furnish & neans eof determin-
ing the percentage purity of the sample.

To insure complete protection from air exidation, the apparatus
in Figure I was used,

A is a 500 ml, wash bottle, into which was placed a solutiom of
titancus sulfate, and so arranged that the inert gas bubbled through
the solutien before making its exit. B is & 250 nl. glass stoppered
(standard taper) iodine flask, comtaining the ssmple and the solvent.

C 1s & four inch adaptor tube, with one end standard taper to fit into
the iodine flask., D, a 60 ml, separatory funnel, was connected to the
adaptor tube with & twe-hole rubber stopper. The reméining hole was
£itted with & piece of right angle glass tubing, the outside end of
which was commected %o the rubber ‘ubing coming from the titanous sulfate
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"FIGURE 1

DISSOLVING  APPARATUS



wash bottle, The only piece of rubber in the apparstus is & eomsideredble
distance away from the solution, and it is therefore very unlikely that
any of the titandous solution weuld oome into contact with it, Into the
grownd glass top of the separstory funnel was inserted E, & #ix inch
mle ground joint., This last pisce of spparetus was necessary 4o prevent
14quid eondensing in the separatory fumnel from being spattered around
the area. This spattering is caused by the inert ges bubbling uwp threugh
the system,

Twe separate inert gases were used, nitrogem and carben dioxide.
These were supplied frem steel cylinders, In order to insure the remowal
of any treces of oxygen preseat in the gases, they were passed through
the preliminary scrubbing flask,

A sample of about 0.2 g. of titanium wes acourstely weighed and
placed in the iodine flask. Thirty ml, of the selvent (10 ml. water,
10 ml, sulfuris seid, 10 ml. of hydrochlerie ma,msu.upu-pM¢
um)mmmammdupmnml,mmumm
allowed te pass into the flask and eseape through the funnel., The con-
tents of the flask were hetted to quiet boiling on & hot plate, The
eomplete dissolving of the sample toek from about an hour to an hour and
8 half, 8ince the weight ef semple was camposed of from fowr to six
smtll pieces of metal, the resistance of titanium %o acids of even this
oonoentreted strength is easily apparenmt.

Pollowing camplete solution of the sample 50 ml, of & roughly 0,1
normal solution of ferric chloride was placed in the dropping funnel,
and the apparatus removed from the hot plate, The flow ef inert gas was
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stopped, and most of the ferric chloride was drawn into the flask by the
redustion of pressure caused by the eooling of the flask and its contents,.
Fowever, it was usually necessary to remove the rubber tubing in order

to allow the complste introduction of the ferric chloride solution, The
ferriec chloride was washed into the flask with a few milliliters of

vater , thereby leaving the upper part of the apparatus clean and in
readiness for use with another sample.

As the ferric chloride exidised the titancus ion present to titanis
ion, & heavy white gelatinous precipitate of titanic phesphate slowly
formed, over a period of perhaps & mimte,

The resulting ferrous ion produced by the oxidation of the titanous
ion ws titrated with 0,1000 normal potassium dichromate, using the
sodium stlt of diphenylamine sulfonic scid as the indicator. The coloar
change, from green to dark blus, was readily discernable, in gpite of
the copious precipitate of titanic phosphate present in the selution,
An indicator correction of 0,05 ml, was applied in each ease,

The results im Table I were calculated as percent purity of the
titaniwm, as followss

Pergent titanium = ml, reagent x normality x 0.04790 x 1% -

To avoid the precipitate of titanic phosphate subsequent to the
addition of ferris chloride, the effect of oitric acid, a well-knowm
comploxing agent, was studied, Insofar as preventing tetrevalent
titanium from precipitating in the acid solution, the citric scid was
successful. An ameunt of about 200 mg, of citric acid was used,
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TABLE X

DETERMINATION OF PURITY OF TITANIUM BY TITRATING
"WITH STANDARD POTASSIUM DICHRGMATE

"

S8xrple Weight ELr Titanium
T Gl X

1 0.2072  B3.36 - 99.76

2 0.2016 u1.95 99.61

3 0.2222 L6.2k 99.23

However, the eitris socid falled on two other counts, The indicator
endpoint was not nearly as sharply defined as with phosphoric acid, and
& far more serious factor was ths fact that the oitric scid slowly re-
duoed the dichromate, Consequently, any titretion with the standard
reagent was meaninglesa, This relatively slow exidation of citric asid
by dichromate is illustrated in Table II,

TABLE II
OXIDATION OF CITRIC ACID BY POTASSIUM DICHROMATE

-
. o - e 4
e

Sample Fe30 reOy K4Crg0y Time
(m)* p Redused (ntn)
(m1)
1 5.00 0.2 1.99 0
2 5.00 0.53 2.0 5
3 5.00 1.37 2,34 10

Each ssmpls was identical, and consisted of 5,00 ml. of potassium
dighromate, 200 mg. of citric acid, 25 ml. of water, and 5 ml, of sulfuric
scid, Aftar standing for the indicated period of time, 5.00 ml, of



ferrous sulfate was added, 6 drops of sedium diphenylamine sulfonate
indicator, snd the solution titreted to the customary endpoint. Since
the ferreus sulfate had been standardised and found to be emotly
equivalent to the potassium diclromate, the amount of dichromate redused
by the oitric acid may be found by subtracting the 5,00 of ferrous sulfate
pipetted into the selution frem the total mmber ef milliliters of di-
chromate used. It is thus apparent that citris saocid is slowly oxidised
by dichromate under the eonditions necessary te titrete ferrous ien

with dichromate.

In erder %o dispense with the use of phosphoric asid, necessary in
the titration of ferrous ion with dichrasate, the procsdure was modified
to some degree, in that cerate was used as the titrating agent, with
forroin as the indicator., The campesition of the acid solvent was changed,
with water being substituted for phosphoric acid,

Howver, the process of dissolving the metal under an inert atwmosphere
was not altered, nor ws the oxidation of trivalent titanium to tetre-
velent titanium wsing ferric shloride changed,

Because of the sharpness of the endpoint and its sudden appearance
with 1ittle warning, & suall quantity of the redused solution was withe
drewn in & small medicine drepper at the begimming of the titretion,
After the color change frem red to colerlese had taken place, this amount
was washed back into the main body of solution, and the fimal endpoint
esutiously obtained dropwise. Throughout the course of this werk, several
lots of cerste solution were prepared and standardised, sccounting for
the different normalities in the following table, The resulis of the
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cerate titretions are itemised in Table III, As before, the results are
calculated as the percent purity of the metal,
TABLE III

DETERMINATION OF PURITY OF TITANIUM BY TITRATING
WITR STANDARD CERATE

Sample Weight ¥ Cerete Cerate Titanium
(gﬁ (ml) £

1 0,182 0.0943 Lo.22 99.60
2 0.16LkL 0.0943 36.35 99.87
g 0.2062 0.09%43 LS .60 99.89

0.1827 0.0943 ko.29 99.4
[ 0.,1689 0.1083 ig.w 99.75
[ 0.2112 0.1083 A8 9%.5

Several titretions wsing cerute wers made wsing the original asid
selvent eontaining phosphoric agid, There was no significant difference
in these results when eompared with solutions eontaining me phesphoris
aeid, However, another diffisulty, in addition to the precipitation of
titanie phosphate, was the precipitatien of ceris phosphate, Therefore,
after esch addition of reagent, suffioient time had to be allewed for
the precipitate of eeris phosphate to react. In spite of these preesutions,
satisfactory results were obtained, as indicated in Tadble IV,

Beeause of the lemgth of time necessary te dissolve the ssmple, it
was decided to see if this length of time eould be shortened by the use
of & catalyst. Nany treansition elements, and particularly those of the
platinum group, exhibit the property ef increasing the speed of thoss
Sypes of mﬁou in whish ths evolutiom of hydrogen is involwed,
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TABLE IV
TITRATIONS OF TITANOGUS SOLUTIONS CONTAINING PHOSPEORIC ACID
e — —— et
Sexple Weight ¥ Cerate Cerate Titanium
(gfh (m1) 5
1 0.2155 0.1083 h.33 99,5
2 0.1531 0.1083 29 .46 99.78
3 0.1736 0.1083 33.0 99 L7

A stock selution of chloroplatinic acid was made up having a concene
tretion of 0,01 mg. of platinum per milliliter. Various asall amounts
of this solution were sdded to the acid solvent and the 4ime required to
disselve the sample moted., In general, the time was eut down by about &
quarter, Nowsver, &s may be seen from Table ¥, the resulis of the de-
terninations were very erratic. It is presumed thst the presemce of the
platimm makes the titanous sclution much more sensitive to air oxidatien,
since the actual amount of the eatalyst added is not sufficient in itself
to oxidize the titanous ion, which is of course present in overwhslming
abundance 28 compared to the platinum,

TABLE ¥

EFFECT OF PLATINUM CATALYST ON ACCURACY (OF THE
DETERMINATION OF TITANIUM

8ample Ve Drops of Cerate Titanium
( Platinum (m1) 2
1 0.1829 ﬁ 40,16 99.18
2 0.1878 2.3 99.65
z 0,208l 5 9.51 98.31
0.2115 3 32 98.85
5 0.2034 2 39.8 99.20
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To test the walidtity of the wvalues cbtained for the percent purity
of the titanium, the metal was determined using & standard methed, In
this ocass the sample was dissolved in 11k eulfuric scid and pessed
through & Jones reductor, The reduced solution was caught ixmedistely
in an excess of ferrio chloride and the equivalent amount of ferrcus ion
wag titreted both with standard potassium dichremate, and with standard
gerete, In each case the appropriate indicator was used, The results
are tabulated in ‘l'ahllo VI,

TABLE VI
DETERMINATION OF TITANIUM USING THE JONES REINCTOR

s gt ¢ i S o T AR S W A e = - £ S - i . S . 5 5

Sample Weight N KoCrgdy | (}ergte B..&ﬁe)nt Titaniwm

. £
1 0.1839 0.1000 38.33 99.8k
2 0.1842 0.1000 8.22 99.39
ﬁ 0,2070 0.0908 1.3 99.59
0.1994 0.0%08 L5.76 99.82
s 0.190h 0.1083 36.60 99.68

In comnection with these and other results it might be well to
indicate the difficulty of obtaining & representative sampls of titanium,
The metal used in this work varied in sise from mmall dust-like particles
to large lumps weighing seversl grams. The metal is spongy and quite
ductile, so that i was impossible to grind up & large swount and from
that choose a representative sample, Consequently pieces of titanium
approxinating the sice of & small pet wers used to maics the titanocus
solutions, Beosuse of this arbitrary method of choosing the sample, it
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cannot be positively stated that a given solution represents a homo-
geneous portion of the entire available batch of titanium,

For emmple, the resultis of five determimtions using the Jones
reductor average out to be 99.62 percent, while thoss determinations,
thirteen in all, made by dissolving the titanium directly in an inert
atmosphere, have an over-all average of 99,6l percent, It u} therefore
be seen that while there is disparity among individual samples, the
average purity of the baich of metal used is quite consistent,

The premise shown by these results seemed to indicate that an
amlysed ssmple of titardum metal could be dissolved, uging the proper
precautions, and be employed as & standard solutienm,

To this end, therefors, & forriec chloride soclution was standardised
by redustion with stannous ohloride, removel ef the slight emvess of
stannous ion with mercuric chleride, and oxidatiom of the ferrows ion
with standard potassium dichromate, The average of three determimtions
gave the normality of the ferric chloride selution as 0,1008,

Por the dissolving of the titanivm sample, & 250 ml, Pyrex volu-
metric flask was substituted for the iodine flask, coincident with the
omission of the adaptor tube. Thus the sample oould be dissolved, and
after cooling, diluted to volume, with no exposure at Any time to the
oxygen of the air.

The water wsed for dilution purposes was treated so that it contained
no dissolved oxygen, First it was boiled, after which sodium carbomte
was dissolved in it. Then just before being wsed for diluting, it was
acidified with consentrated hydrochlerie aeid, and briskly stirred, so
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that the esoaping earbon dioxide gas saturated the selution, It was
necessary %o &cidify the water in order to prevent the precipitation of
hydrous $itanous oxide when diluting the dissolved sempls to volume,

All the time the dissolved sample wes cooling, a strema of carbon
dioxide was allowed to pass ever its surface, Onee &t reom tampereturs,
the solution was brought almost to the mark by intreducing the dilution
water directly through the separatory funnel. The fimal adjustment was
made with & medicine dropper after removal of the funnel. The final
solution was mixsd thoroughly,

After mixing, the buret was filled with the 4itancus solution, and
titrations of the standard ferriec chloride were condusted, The indieator
used for these determinations was ten ml. of a LOO g. per liter solution
of sodium thiccyanate, with the oolor change going from red to colorless.
The indicator was not added to the titratsd solution until a point abdbout
two or tiree milliliters from the endpoint. Results are shown in Table
VII. In each case the pomlity of the titanous solution is calculated
on 8 busis of the metal being 99.5 percent pure,

In view of the resulis obtained by directly dissolving titanium, it
is difficult to explain the fact that the error involved in the determin-
ations in Table VII are almys negative, At first it was thought that
disselving the sample in a Pyrex velumetric flask might possibly be not
as satisfactory as dissolving it in an iodine flask,

However, the titanium content ef two samples wes determined by dis-
solving in & Pyrex flask, oxidising with ferric chloride, and subsequent
titrating of the equivalent amount of ferrous produced with standard



TABLE VII
USE OF TITANOUS CHLCRIDE AS A STANDARD SOLUTION

Semple w.ith. FeCl, TiCl, N TiC1, N Ti01, Error,
( (m1) (m1) Caloulated Pound  Parts per

Thousand
1 0.6360 19.97 3s.a 0.,0511 0,0527 -8
2 00,6227 19.97 39.16 0.0518 0.0514 -8
3 0,658 19,97 3691 0.0548 0.0545 «6
L 0.6186 19.97 39.39 0,058 0.0511 -8
S 0.1 19.97 39.81 0,059 0 .,0506 -6

cerats solution, The two values found were 99,85 and 99,60 percent,
indioating that the dissolving process was not at fault, |

Another possibility is that the titanous solution is oxidized while
being transferrsd from flask to buret, This would have to be done in a
fairly reproducible way to socount for the consistency of the regative
errer,

Studies to show the relative stability of titanous solutions were
also conducted, A selution of titanous chloride was allowed to stand
for & period of time in & velumetric flask, with no attempt made to
protect it from air oxidation, After sufficient selution had beem withe
drewn %0 fill the buret, the stopper of the flask was replaced, but no
oArbon dioxide was eirculated through the flask to displace the air
dreawn into the flask in the tremsferring process. In this way the actual
sonditions during & series of titretions would prevail., The titanous
solution was allowed to stand for twenty-four hours under & carbon dioxide
atmosphere before the first samples were withdrawn, As indicated in



Table VIII, the solution is quite stable for & reasonable length of
time, In each case, 19,97 ml, of titanous chloride was titrated with
standard ferris chloride, using thiccyanate as indicator, The weight
of ssmple was 0,.63L9 g. having a calculated normality of 0.0529,
TABLE VIII
STABILITY OF A TITANOUS CHIORIDE SOLUTIOR

Time TiCl. FBCJ.. ) | mla
(brs) (a1) (m1)
2h 19.97 10.37 0.,0523
3.5 19.97 10.29 0.0519
L7 19.97 10,05 0.0507
ST 19.97 9.62 0.0L96
72 19.97 9.0 0.0475

It may be observed that as titanous selution is withdrewn from the
Nask, the surface area of the solution exposed becomes greater, lsading
t0 & more repid oxidation of the solutien., In addition, the absolute
smount of exygen in the flask increasss, also accelsrating tie rete of
exidation,

A ginilar study of a titamous sulfate selution was made. 7The results
were very ersatic, and varied from titration to titration, evem when thoy
wre run one After amother, Four titrations, successively made within
five wimates of the previous one, dropped in normality from 0.0510 for
the firet, to 0.0495 %0 the last, as shown in Table IX,

TITRYS ..11;-!
¥

w7
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TABLE IX
STABILITY OF A TITANCUS SULFATE SOLUTION

T1,(80,) FeCl . ¥ T1,(80,)
t m_l) 3 ( ll). N Te’s
39.L9 19.97 0.0510

9.7h 19.97 0.0507
03 19.97 0.,0503
Lo.& 19.97 0.,0k95

Speotrophotometrio Studies of Titanous Solutions

Beocause of the blue color of titancus selutions, it was natural to
BAke & specirophotametric study of their properties,

The instrument used was a Beckman Quaris spectrophotometer, Model DU,
Corex «11. having & light path of 1,000 cm, were employed to comtain the
various solutions, Neasurements wers made over & spectral range of 320
t0 700 millimicrons, ‘Water was used as a solvent blank, Graph I shows
a8 family of curves for solutions containing varying smounts of titancus
sulfate dissolved in one molar sulfuric acid, It asy be observed that
the curves are regular and mmooth, with the xinimum transmission at 520
millimicrons. An inoreass in the concentration of titanium sauses no
shift of the point of minimum trensmiitancy.

While making these determimtions, & curious fact was noted. Upon
standing for & period of time, the tranmmittancy of titanous solutions
decreased, At first this was thought to be dus to formation of a collodial
dispersion of titanis oxids, caused by air-oxidation of the titanous
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solutions. To discover the truth of this matter, a stream of oxygen was
allowed to bubble through & ssmple of titanous sulfste until the blus ocolor
had disappeared, The treansmitiancy of this solution was measured, and |
found to be 100.1 percent, It was therefore concluded that no eollodial
dispersion ef titaniwm (IV) oxide was formed. '

The cause of this apparent discrepancy is at present unknown,
However, it ie possible that titancus and titanic sulfate form a more
deeply colored complex than either of the two salts alone, Eventually
8ll the titsnous sulfate is air~oxidised, the complex is destroyed, and
since titanic sulfate is colorless, the trenmmittancy of the solution
attains 100 percent,

Thus there are two opposing factors at work, The complex tends to
make the solution trenmmit less light, while the titanie sulfate formed
by air oxidation is colorless. Therefore, over a period of time, the
transmittancy of & solution of titancus sulfate would deorease to & minimam
valus, after which 1t wonld increase until all the titanous sulfaie was
oxidised. |

The data in Table X represent a sample of titanium whose trans-
mittancy and tisanous content was measured over a perlod ef time, The
transanitiancy was messured at 520 millimicrons; immediately after the
observation the titanous content of the solution wes determined by
titration with standard cerate, As indicated in the table, the trans-
nittancy and titancus content both dacrease,

It thus is apperent that if any quantitative meaning is to be de-
rived from spectrophotometric measurements of titanous solutions, they
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- TABLE X

COMPARYSON OF TRARSMITTANCY AND TIPANOUS CONTENT OF A
TITANOUS SULFATE SOLUTION

L]

Tine Transmittancy Ng. T per M1,
{hrs) ,
0 54.5 2.80
16 50,0 2.78
€5.5 39.8 2.4
92 L 31 no z ahs

would ef necessity have to0 be made immediately after disselving and
diluting the ssmple, and befors any sppreciable sir-oxidation can oocur,

To this end several smmples of varying amounts of titanium were
dissolved, and metsurenents &t 520 millimicrons made immediately after
dilution, At the seme time, & volumetric determination of their titanous
content was slso made. As 1llustrated in Greph IT, plotted on semilog
pRper, the grephing of tranmmittancy on the abscisst ve, consentretion
on the ordinate results in very nsarly & streight line, indicating the
adherence to Beer's law of the titamous solutions over the renge of
consentration studied., The solvent in each ease was 1 M sulfurioc acid,

A hydrochleric acid solution of titancus chloride was also prepared
and studied in & mamer similar to the titanous sulfete sclution, The
solvent wae 1 M hydrechloris acid. As shewa in Graph IIT a solution of
titancus ehloride having about the same concemtretion 88 one of titancus
_sulfate, differs spprecisbly from i% in tremsmittancy. The distinotions
miy be seen in the uliraw-viclet regieon, at the point of miniwum transmitiancy,
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and in the red yegions, A titancus chloride solution tranmmits con~
siderably more in the red portion of the spectrum than does a titanous
sulfate solution, & fagt which 43 apparent even to the eye,

The trenmittancy mivimum of the titanous chloride solution has
shifted to 505 millimicrons, from its position of 520 millimicrens for
a titanous sulfate solutien,

A tidanous ehloride soclution, ay distinguished from & titancus
sulfate solution, exhibits an increase in trenmittency for & correspond=-
ing decrease in titaneus eoncentration, This fact is shown in Table XX,

TARLE XX

COMPARISON CF TRANSNITTANCY AND TITANOUS CONTENT OF A
TITANOUS CHLORIDE SCLUTION

Tine Tranmmitiancy Ng. Tiper M1,
{brs)

0 6.5 1.99

23 69.5 1.95

1;3.5 70.6 1.86

72.8 1.72
95 7.1 1.L8

It would bave boen profitabls to carry out further studies in
different acids, Howsver, when it was attempted to dissolve titanimm in
perchloric scid, it was discovered that the metal wms insoluble, even in
solutions appreaching 50 percent concentrated perchloris acid,

Attempts to dissolve the metal in phosphoric acid also proved fruit-
less, &8 the action was extremely alow, A ssmple dissolved in sither
sulfuric or hydrochloric asid to which was added some phosphoris acid also
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was shown to be unfeasible because of the precipitation of titanic
phosphate, caused by aireoxidation, This precipitate formed on the
surface of the solution in the Corex cells, and drifted down past the
cell windows, making the reading erratic and unreliable,

An attempt was made to transfer quickly the solution to the cell
in an atmosphere of carbon dicxide; bemsene wes then allowed to float on
top of the titanous solution to protect it from the air, This %oo
proved unsuccessful , because the titanous solution crept up the sides of
the cell from undernsath the bemsene, sgain resulting in air exidation
and consequent presipitation of titanio phosphate,

The best solvent for metallic titanium is hydrofluoric scid, Even
in dilute hydroflueris acid, the diesolving is acecwpanied by the
1iberetion of heat, and proceeds very repidly. The resulting titancus
solution is green, which wpon air-oxidation becomes colorless.




COXC1USIONS



CONCLUSIONS

Metallic titanim dissoclves in hydrochloric or mmric acid to
quantitatively form titaniwm (IIT). The titanous solution is wery
sensitive to air oxidation, and in order for it to remain in the tri-
valent state, oxygen must be excluded from the apparetus. This is easily
sccomplished by protecting the sclution with an inert atmosphers of
earbon dioxide or mitrogen,

The wolumetric determination of the purity of & sampls of titaniwm
metal is thus greatly simplified, since no preliminary redustion of
titaniom (IV_) is nscesmry. |

The presence of phosphoric acid in the solution hasgtens the dinoivb
ing of titanium metal, Although phosphate forms & precipitate with
titanim (IV), the precipitate does not eonstitute an interferenss with
the subsequent titretion,

Titanium (III) is detormined by oxidation with farris chlorids and
titration of the equivelent amount of iren (IX) with dichromate or cerste,

Standard reducing solutions of titanium (III) mey be made by dissolve
ing & weighed smmple of titanim of known purity in & Pyrex volumetric
flask and diluting to voluse, Titanous solutions in hydrochloris asid
"are more stable than those in sulfuric scid. However, even the former
ean not bs used with an ascuracy of greater than about ten parts per
thousand .

Spectrophotometsic studiss of titanous solutions showed that the
snion present in & given solution emsrted an appreciable effect upon the
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transmitting curve, In & hydrochloric acid solution titaniwm (IIX) had
a point of minimum transmittancy at 505 millimicrons; in sulfuric acid
solution the minimm trensmittancy occurred at 520 millimicrons,

A decrease of the content of titanium (ITI) in sulfuris acid solue
tion is not accompanied by an increase in the transmittancy of the
solution, In the case of titsnous solutions in hydrochlorie agid, the
expected situstion prevails, and & decrease of titanium (III) content is
accampénied by an increase in the tranamittancy of the solution, Measure-
nments leading to this conclusion were made at 520 millimicrons.

Titancus solutions in sulfuric acid adhere to Beerts law, Hawsver,
the color of these sclutions is not very intense, and the procedure
would not be prectical for aolutions containing less than one milligrem
of titanium (ITI) per milliliter, Another point to be remembered is
that colorimetric measurements must be made immediately after diluting
the saxple to volume, Nevertheless, the color of titanium (IXI) may be
used as ths basis of & eolorimetric determination of titanium,
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Raymond Hubert dohneon

THESIS ABSTRACT

Tisanium metal dissolved ia hydrochloris or sulfuris scid was found
to be guantitatively presest as \itanimm (IXI), provided that the @olue
tion was protested from alir exidation with aa inert atmssphere of carben
dioxide or nitrogem.

This fact prevides 8 simpls mathod for the desterminstion of the
purity of titanium metal, &8 the Decessity of making & prior redwstion of
Ataniwe (IV) 19 eliminated,

The disselving of \itaniwm metal ws hastened by the addition of
phespharic asid 40 the asid selvent, 4

The titaniws (III) eomtent of the SeluAion WS seavenisntly determimed
bty exidation with ferris ehleride, and titretion of the equivalent smeunt
of iren (IT1) with dichremate or esrate. There 1is & precipitatiea of
titanie phosphate in selutions containing phosphoria seid, but this dees
oot interfere with the titretion,

Titanous chleride solutions stov greater resistamse te air exidation
than de Vivamous sulfate sclutiens, Eswwr, redusing solutioas of
titanous chleride made by disselving & weighed ameunt of titaniwm of
knowa purity in & Pyrex volumetric flask are net socwrete Ve & degree of
greater than one peresat,

Spectrophetometrie studies of titaneus selxtions imdisate that the
anion present in the selution smris & ecmsiderebls effeet wpom the peint
of minimun tranmiseion., A titansus ehleride solution ‘ranmmite least at
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& wave length of 505 millimisrons; 8 titanous sulfaute selutiom a$ 520
millinicrons. The fermer 4lso trenmmits wore in ths red regiea of the
spegtrua,

A deorease in Adtaniwm (III) concentreticn ia sulfuris ssid sclution
over & period of timo does not oxuss & ocorresponding imcrisse in trensmive
tancy, Inhct,ﬂumhtm. Eowsver, & hydreshleris asid
soluticn decreasing in titeniwm (III) oconcontretiocn does exhidit an
increasing transmittancy,

The solor of titancus selution is the basis of 8 colorimetrie de~
termination of titanium, since Sitanous sulfate solutions adhere to Beer's .
Lav over the range of comsentration studied, lm,m“hr\u\m
intense encugh 10 serve for deVerining very amall amcunts of titaniws,
wmummwummxmmm&
sample, ‘
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