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i Introduction

Lewis, Jepson and Brooks have described the preparation and examination
in the laboratory of a range of titanium-vnadium alloys in the form of
0.06" thick strip to assess their potential value as aircraft etruoturel
s*eet materials, Vanadium was selected for study because it had shown
promise as a strengthening gont for titanium in the early inves'Agations
of Craighead, Eostwood and Simnns , also vanadium is the lightest of the
metals which are known to permit stabilization of the high temperature
cubic form of titnium down to room temperature. Alloys with nominal
vanadum content up to 30% were examined in an initial survey and a more
detailed study was made of the most promising alloy which contained 160
vanadium.

In view of this, a large numbor of vanadium analyses were to te ex4pected,

and therefore a quick and accurate methoa was required.

2 Experimental

Various methods for the determination of vanadium in titanium alloys
were tried at the outset. They ineluded (a) the gravimetric d-iterminetion3

by precipitation with tannin in alkaline solution, after removal of
Impurities by mercury oathode electrolysis, and (b) the potentiometric
titration4 with ferrous ammoniuu sulphate as titrant after an initial opening
in sulphuric acid, and subsequent oxidation with wnonium persulphate.

For normal routine analysis a volumetric method was conaidered to be
more convenient, since it would be rapid and would require no spocial
apparatus.

In the first inste.nce it was neoessary to determine, in duplicate,
I6 vanadium on sample weights not exceeding 0.3 9n. It was found unsatis-
factory to ewploy the ferrous wnmonium sulphate/potassium pormangaalte
titration, since at this level it beaero necessary to use 0.0MR solutions
as titrants resulting in vage end-points due to masking by the venedium
oolour.

Vanadium was titrated potentiometrioally to obtain its oxidation/
reduction potential in order to select a suitable indicator. An example
of the curve obtained is shown in Fig.I. As can be seen, an indicator
changing at 0.7V was required, and DIphenyl-Benzidine was found to be
satisfactory. A 1% solution of this indicator in concentated sulphuric
acid was used, and providing an excess was avoided, a sutiafactory end-
point was obtained.

It apearod that, as with steels, the only alloying element likely to
caus serious interference would be ohromium, Initially this interference
was removed by reduction with ferrous asonium sulphate and the subsequent
oxidation of the vanadium with potassium permangenate. However, it was
found to be more satisfaotory to use hydrogen peroxide, since it oxidised
the titanium to the prtitanate, the venadAum to the pentavalent state and
at the sam time reduced the ohromium5. The excess hydrogen peroide was
boiled off until the yellow oolour of the pertitanate was disohargsd.
Tests showed that at this ste, all the chromium was in the reduced state.
An addition of potassium permanganate was then made to the cold solution to
oxidise the vanadium, the excess reagent being removed by the addition of
sodium nitrite in the peasenoe of wea.
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*1 3 Pseoszended. Method
I' 30t Re~nts

2CO Y/v sulphuio Acid

20 vol ne ftdrogen Peroxide

Approx. 0.3% Potassium Permanganate

0.5 gm Urea "Analoids"

i% aqueou3 Sodium Nitrite solution

i% Diphenylbenzidine in concentrated sulphuric acid

0.024 Ferrous Ammonium Sulphate

0.02N Potassium Dichroaate

A vanadium solution of known strength, which is used to standardise the
ferrous sanuonium sulphate and the potassium dichromate.

3.2 Procedure

Dissolve a suitable wei.t of sample to contain about 20 mg vanadium (to
give a titre of 20 ml ferrous wmonium sulphate), in 50 ml 20% sulphurio acid
in a conical flask. When in solution add 5 ml 20 vol. hydrogen peroxide and
boil until the yellow portitanate colour is discharged. Boil a further
5 minutes, cool, ana dilute to about 150 ml.

Add 0.3 potassium permanganato solution slowly until a definite pink
colour persists for 5-10 mirutes in the cold solution. Add 0.5 Sm urea and
allow to dissolve, then remove excess permanganate by the dropwise addition
of i% sodium nitrite solution. Stand 5 minutes.

To this solution add '3-4 drops of i% diphenylbenzidine solution and
stand to allow the purple colour to develop. Titrate to a green end-point
with 0,02N ferrous samonium sulphate. At first it mpy be found neoessary to
back titrate with 0.0211 potassium dichromate, and then with ferrous smmonium
sulphate to the correct green end-point. With practice however, a fading of
the purple colour will be observed, and by careful adition of the ferrous
ammonium sulphate, a definite end-point can be obtained within 1-2 drops.

A synthetic sample consisting of pure titaniu and a known amount of stadard
vanadium, or an allay of known vanadium content should be carried through with
each batch of samples to standardie the ferrous ammonium sulphate.

4 Results

Results obtained from synthetic samples carried throughout the full
prooedure ore given in Tables I-II(a).

The method was found satisfactory with all comon alloying vtals
present, as well a impurities in far greeter concentration then are likely
to be found in the present alloys of titanium, as shown in Tables IV-VII.

5 Conclusions

By the method described it in possible to daerine the vanadium oatent
of titanium, whether in the form of sponge, powder or fabricated titsuim
alloys, without the use of my speoial appratus.

-I...
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Tho method is applioable to vanadium contents greater than I mg in
the sanple taken for onalyuas.

It is possible in many oases to oarry out the titration even when
the titanim has partially hydrolysed.

The presence of such alloying constit uents as Dron, Mangernee,
Crxoium, Nickel and lLolybdenmn and impurities such as Magnesium, Tungsten
and Copper do not affeot the accuracy of the method.

No. Author Title, etc.

I Lewis, G.I. R.A.E. Tech. Note Met.208
Jepson, K.S.
Brooks, H.

2 Craighead, C.M. "Titanium Binary Alloys";
Simmons, O.W. "Ternary Alloys of Titanium";
Eastwood, L.W "Quaternary Alloys of Titanium"

Journal of Met.als March 1950

3 Payne, S.T. 'The chemical analysis of titanium and its alloys"
Light Metal3 IL 198, p.293 Spt. 1954

4 'Handbook on Titanium Metal"
by Titenium Metals Corroration of America p.58

5 Pigott, E.C. "The chemical analysis of ferrous a2,lcys"
p.10l
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Rusults obtained on a yte tio titapiumallas

Titaim Vanedi*z'

T () V (p) dded V (Vu) recovsred

0.2 0.0150 0.0151

0.2 0.0150 0.0150

0.2 0.0150 0.0150

TAIM II

Titanixu + 0hromi'M

Ti (gin) 'V (p) sdeed Cr (gn) added v (pn) recovered

0.2 nil 0.0017 nil

0.2 nil 0.0017 nil

0.2 nil 0.0017 nil

TABLE I

Titanim + Vanadim + Chroium

Ti (Sm) V (gr) added or (gm) added V (gm) recovered

0.2 0.0150 0.0017 0.0150

0.2 0.0150 0.0017 0.0i50

0.2 0.0150 0.0017 0.0150

., TABLIC III(&

Tit nium + Chrczuiim in excess of Vanadim

Ti (jp) V (gin) Wded Cr (gin) added V (pi) recovered

o.2 0.0150 0.0034 0.01505
0.2 0.0150 0.0068 0.050
0.2 0.0150 0.0102 0.0150
0.2 0.0150 0.0136 0.0151

0.2 0.0150 0.0170 0.01505
0.2 0.0150 0.0340 0.01495
0.2 0.0150 0.0850 0.0150
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Titanium + Vanadium + Molybdenum

Ti (gn) V (98) added Mo (p) added V (p) recovered

0.2 0.0150 0.002 0.0149
0.2 0.0150 0.010 0.01495

TABLE V

Titanim + Vanadium + Nickel

Ti (Su) V (an) added Ni (9m) added V (am) recoverea

0,2 0.0150 0,002 0.0150
0.2 0.0150 0.010 0.0150

TABLE VI

Titanium + Vanadium + Tungsten

Ti (Sm) V (Pn) addud) W (Si) added V (g) recovered

0.2 0.0150 C.002 C.01495
0.2 0,0150 0.010 0.049*

* The titanium had partially hydrolysed in this sanple.

TABL VZ

A synthetic allay containing alloying constittuents and Impurities
normally found was made up as follows:-

Ti V Cr Ni W Mo Fe Mg Ou Mn

wt (9ms) 1.0 0.030 0.017 0.010 0.005 0.010 0.010 0.005 0,005 0.010

- 3.0 1.7 1.0 0.5 1.0 1.0 0.5 0.5 1.0

Aliquots were taken to give a vanadium content of 0.0060 Sm, and the
following recovery was obtained:-

1 0.00599 2 0.00599 3 0.00604+ 4 0.00599 an
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