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SWMARY
The method describes a repid and accurate voluretric determinaticn
of Venadium in Titsniwm Alloys using en internal indicetor.

The effect of various allcoying constituents have been studied.
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1 Introduction

Iewis, Jepson and Brooks have described! the praparation end exsmination
: in the laboratory of a range of titanium~vanadium alloys in the form of
- 0.06" thick strip to assess their potential value es ajrersft sirusiurel
sheet materiels, Vanadium wes selected for study because it had showa
pronise as a strengihening sgeut for titanium in the eerly investigations
of Craighead, Eastwood and Sjmcnsd, also venadium is the lightest of the
mstals which are kiown to permit stabilization of the high tempersture
cubic form of titenium down to room temperaiture, Alloys with ncminal
vanadium contont up to 30% were examined in an initisal survey snd a more
detailed study was mede of the most promising alloy which conteined 16%
venadium,

In view of this, a large number of vanalium enalyses were to te expecied,
and therefore a quick and accurate meihod was required,

2 Experimental

Various methods for the determination of vanedium in titanium alloys
were tried at the outset. Thay included (a) the gravimetric dsterminationd
ty precipitation with tannin in alkaline solution, efter removal of
impurities by mercury oathode electrolysis, and (b) the potentiumetric
titrationl with ferrous armoniun sulphate as titrant after en initisl opening
in sulphuric acid, and subsequent oxidation with emrronium persulphate,

For normal routine analysis a vclumetric method wes concicdered %o be
more convenisnt, since it would be revid end would require no special
apparatus,

In the first instence it was necessary to determine, in duglicate,
167 vanadiun on saaple weights not exceeding 0,3 gu, It was found unsatice
factory to erploy the ferrcus mmmonium sulphate/potassium permenganete
{ titretion, since at this level it besame necesssxry to use 0,020 sclutions
asltitrants resulting in vague end-points due to masking by the venadium
colour,

Venadium was titrated potentiometrically to obtain its oxidation/
reduction potential in order to select a suitable indicator, An exmmple
of the curve obtained is shown in Fig.,1, As can be seen, en indicator
changing at 0,7V was required, and Diphenyl-Berzidine was found %o te
satisfactory, A 1% solution of this indicator in concentrated sulphuric
eclid was used, and providing sn excess was avoided, a satisfectory end-
point was obtained,

It sppearcd that, as with steels, the only alloying element likely %o
cause serious interferenocs would be chromium, Initially this interference
wes removed by reduction with ferrous emsonium sulphate and the subsequent
oxidation of the venadium with potassium permangsnate, However, it was
found to bo more satisfactory to uss hydrogen peroxide, since it oxidised
the titanium to the portitsnate, the venadium to the pentavalent state and
at the smme time reduced the chromiur®, The excess hydrogen peroxide was
boiled off until the yellow colour of the pertitanate was dischargsd,

Tests showed that at this stage, a1l the chromium was in the reduced state,
- An addition of potessium permangsnate was then made to the co0ld solution to
oxidise the vanadium, the excess resgsnt being removed by the adidition of
sodiun nitrite in the presence of urea.
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3  Recomonded Method

3«1 Reagents

208 v/v Sulphuric Acid

20 volume Hydr-ogen Peroxide

Approx. 0,%% Potessiun Permangsnate

0.5 gn Urea "Analoids"

1% aqueous Sodiwm Nitrite solution

1% Diphenylbenzidine in concentrated sulphuric acid
0.02N Ferrous Amonium Sulphate

0.,02¥ Potassium Dichromate

A venadium solution of known strength, which is used to stendardise the
ferrous amuonium sulphate and the potassium dichromate.

3¢2 Procedure

Dissolve a suitsble weight of sample to contain sbout 20 mg venadium (to
give a titre of 20 ml ferrous ammonium sulphate), in 50 ml 20% sulphuric 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, =ani dilute to sabout 150 ml, : !

Add 0,%} potassium permangenate solution slowly until a definite pink
colour persists for 5-10 minutes in the cold solution. Add 0.5 gn wea and
allow to dissolve, then remove excess permanganate by the dropwise addition
of 1% sodius nitrite solutica, Stand 5 minutes.

To this solution add I+ drops of i% diphenylbenzidine sclution and
stend {to allow the purple colour to develop., Titrate to a green end-peint
with 0,02N ferrous ammonium sulphate, At first it msy be found neocesseary to
back titrate with 0,02N potassium dichramate, end then with ferrous esmmomium
sulphate to tho correct green end-point, With practice however, a fading of
the purple colowr will be observed, and by cereful addition of the ferrous
amnoniun sulphate, a definite end-point cen bes obtained within 1-2 drops,

A synthetic sample consisting of pure titanium and a known snount of stendard
venadium, or an alloy of known vanadium content should be carried through with
each batoh of semples to stendardise the ferrous ammonium sulphate,

L Results

Results obtained from synthetic sanples carried throughout the full
proceduwre sre given in Tables I-III(a).

The method was found satisfactory with all common alloying metals
present, as well as impwrities in fer greater concentration than are likely
to be found in the present alloys of titanium, as shown in Tebles IV-VII,

5 Conclusions
By the method described it is possible to determine the vansdiua content

of titenium, whether in the form of sponge, powdsr or febricatsd titmium
alloys, without the use of sny speocial apparatus,

-l -
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Tho method is gpplicsble to venadium oontents greater then 1 mg in
the sanple token for amalysis,

It is possible in meny cases to ocarry out the titration even vhen
the titenium has partially hydrolysed.

The presenne of such elloying conatituents as Iron, Mangenecse,

Ctromium, Nickel end Molybdenum and impurities such as Megnesiun, Tungsten
end Copper do not affect the acouracy of the method,
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Results obtained on synthetic titenium alloys

‘ TABIE I
Titeniun + Vanadiug

71 (gm) V (gn) added v (gm) recovered
0,2 0.0150 0,0151
0.2 0,0150 0.0150
0.2 0.0150 0.0150

TABLE iI
T4tanivm + Chromiun

71 (em) V (gn) aided . Cr (gm) added Vv (gm) recovered
0,2 nil 0.0017 nil
0,2 nil 0.,0017 nil
0,2 nil 0,0017 nil

TABIR IIL
Pitaniun + Vanadium & Chromiva

i (@) V (gn) added Cr (gm) added v (gn) recovered
0,2 0,0150 0.0017 0,0150
0,2 0,0150 0,0017 0.0150
0.2 0,0150 0.0017 0.0150

T4BIE III(a
Titanium + Chromium in excess of Vanadium

4 (gn) .V (gn) edded Cr (gn) added Vv (gn) recovered
0.2 0,0150 0.0034 0.01505
0,2 0,015 0,0068 0.0150
0.2 0,0150 0.0102 0.0150
0.2 0.0150 0.0136 0.0154
0.2 0.0150 0,0170 0.01505
042 0.0150 0,0340 0.01495
0,2 0,0150 0,08%0 0.0150
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IABIE IV
Titanium + Vanadium + Molybdenum
74 (gm) Vv (gn) added Mo (gn) added V (gn) recovered
0.2 0,0150 0,002 0.0149
0,2 0.0150 0.010 0,01495
TABIE V
Titanium + Vanadium + Nickel
T4 (gn) V (gn) added Ni (gm) added V (gn) recovered
0,2 0.0150 0,002 0.0150
0.2 0.0150 0.010 0.0150
TABIT VI
Titanium + Vanadium + Tungsten
Ti (gm) V (gm) addud) ¥ (gm) added V (gr) recovered
0.2 0.0150 c,002 C.01495
0.2 0,0150 0,010 0,0149*

* The titanium had partially hydrolysed in this sample,

TABLE VI

A synthetic alloy containing alloying constitvents and impurities
normally found was made up as follows:~

Ti v Cr Ni v Mo Fe Ng Cu ¥n
¥t (gms) 1,0 0,030 0,017 0.010 0,005 0,010 0,010 0,005 0.005 0,010
% “ 30 1,7 1.0 05 1,0 1,0 0,5 0.5 1.0

Aliguots were taken to give a vanadium content of 0,0060 gm, and the
following recovery was obtained:-

1 0,00599 2 0,00599 3 0.00604 4 0,00599 gn
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