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MOLYBDENUM IN STEELS AND NICKEL BASE HIGH-
TEMPERATURE ALLOYS AS A TERNARY COMPLEX
WITH HYDROXYLAMINE HYDROCHLORIDE
AND 4-(2-PYRIDYLAZO) RESORCINOL

M R P REDDY, P V S KUMAR, J P SHYAMASUNDAR AND Y ANJANEYULU*
Department of Chemistry, Nagarjuna University, Nagarjuna Nagar-522 510, India
(Received 23 March 1989; after Revision 14 September 1989: Accepted 4 October 1989)

The réd coloured, ternary complex formed by molybdenum (V1) with hydroxylamine
hydrochloride and 4-(2-pyridylazo) resorcinol (PAR), on heating for 20 minutes in
a hot water bath at pH 6-8, can be extracted with a mixture of n-butanol and benzene
(4:1). This complex exhibits absorption maximum at $30nm with a molar absorptivi-
ty of 2.8 10* lit. mol'em' and obeys Beer’s law upto 4.5ug/ml of Mo(VI). The
composition of the complex is found to be 1:1:1, for Mo(VI): Hydroxylamine
hydrochloride: PAR. Large amounts of tartaric acid and 2, 2-diamino-cyclohexane
tetra acetic acid (CyDTA) can be tolerated in this method. The extraction becomes
highly selective in presence of CyDTA (3ml of 5 x 10-*M) and interference of ions
like Fe(III) (5mg), Pb(II) (4mg), Zn(1l) (2mg), Cu(ll) (4mg), Mn(II) (3mg), Ni(1I)
(4mg), Sn(Il) (3mg), Cr(VI) (2mg) and Bi(IlI) (0.5mg) can be effectively supressed
in the determination of 10-45ug of molybdenum. The method can be successfully
applied for the determination of molybdenum in steels and nickel base high temperature
alloys.
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INTRODUCTION

MOLYBDENUM in the hexavalent state is usually stable but since it tends to hydrolyze
and form isopoly and heteropoly acids, its complex formation and extraction nature
with various ligands is rather slow. PAR which is a universal chromogenic complex-
ing agent, does not yield any coloured complex when mixed with Mo(VI) directly,
but it forms a red coloured species when the reaction is carried out in presence of
hydroxylamine. However, its analytical potentiality is not completely explored.!s2 It
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is observed by the authors that this ternary system can be selectively extracted into
a mixture of n-butanol and benzene(4:1) giving an intense red coloured extract. In
presence of masking agents like CyDTA and tartrate, this extraction becomes highly
selective which can be used for the precise estimation of molybdenum in various com-
plex matrices.

EXPERIMENTAL

Apparatus

Absorbaince measurements are made with a Systronics Spectrophotometer Model
No. 106 MK(11), pH measurements are made on a Systronics pH Meter Model No.
33s.

Reagents and Standards

Mo (V1) Solution: Al x 10-°M stock solution is prepared by dissolving sodium
molybdenum dihydrate (E. Merck) in double distilled water.
Hydroxylamine Hydrochloride (NH,OH.HCI)

A 1x1073M stock solution is prepared by dissolving hydroxylamine
hydrochloride (BDH) in double distilled water.
4-(2-Pyridylazo)} Resorcinol (PAR)

A fresh 1x10-3M solution of PAR is prepared by dissolving the compound
(Reidel) (crystallised twice from ethanol-water 1:1) in double distilled water.
Buffer Solution

A buffer solution of pH 6.5 is prepared from equimolar di-sodium hydrogen
phosphate and potassium di-hydrogen orthophosphate solutions.
Butanol-Benzene Mixed Solvent

Doubly distilled n-butanol and benzene are mixed in the ratio 4:1 and this mix-
ed solvent is used in all the investigations.

All other chemicals uscd are of analytical grade.
GENERAL EXTRACTION PROCEDURE

Transfer an aliquot of the sample solution containing 10 to 45ug of molybdenum
(V1) into a 100m! beaker. To this add 5.0ml 1 x 10*M hydroxylamine hydrochloride,
3.0ml of 1x10°M PAR, 4.0ml of phosphate buffer of pH 6.5 and 3.0ml of
5% 102M CyDTA in the same sequence. Heat on hot water bath for 20min and after
cooling to room temperature transfer it quantitatively into a 125ml separate funnel,
and make up to the total volume up to 25.0ml with distilled water. Then equilibrate
it with 10.0ml of butanol-benzene mixed solvent (4:1) for one minute. After clear
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separation of the two phases, transfer the red coloured organic layer into a lcm quartz
cell and measure its absorbance at 530nm against a similarly prepared reagent blank.

RESULTS AND DISCUSSION

Optimum Conditions

Mo (VI)-NH,OH-PAR complex is best extracted into the butanol-benzene (4:1)
mixed solvent in the pH range 6-8 and the red colour is stable for more than 24 hours.
A one minute equilibration period is sufficient for attaining quantitative extraction
of molybdenum. 1 x 10->M hydroxylamine hydrochloride, 5% 10~*M PAR are found
to yield good results for the estimation of 10-45ug of molybdenum in 10ml Mo(VI)-
NH,;OH-PAR complex exhibits maximum absorbance at 530nm (Fig. 1) and obeys
Beer’s law in the range 10-45ug of molybdenum in 10ml with molar absorptivity
2.8x 10 lit mol™' ecm ™.

Effect of Interfering lons

Large concentration of chloride, acetate, nitrate, borate, bromide,.1,2-diamino
cyclohexane tetra-acetic acid, do not interfere in this method. Fluoride is tolerated
up to 1000ppm. In presence of CyDTA interference of ions like Fe(III) (5mg), Pb(1I)
(4mg), Zn(11) (2mg), Cu(Il) (4mg), Mn(Il) (2mg), Co(II) (3mg), Ni(II) (4mg), Sn(1I)
(3mg), Cr(VI) (2mg), Bi(I1I) (0.5mg) and W(VI) (0.6mg) can be completely suppress-
ed in the estimation of molybdenum.
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Analytical Applications

The applicability of the present method has veen tested by analysing synthetic
samples of simulated composition of certain types of steels and the corresponding
data are given in Table I, which reveals that the present method can be directly ap
plied for the precise analysis of steels.

TasLE I

Determination of molybdenum in some synthetic mixtures
S. Composition (mg) Mug) %o Found* Relative S.D.
No. added error %

1. Fe(Il) (2.0) + Zn(II) (0.2) + Ni(1I)
(1) +Mn(II) (0.5) + Co(II) (1) + Cu(Il) (0.5).

Total=5.2. 10 0.192 9.95 0.4 0.108
2. Fe(lll) (2)+ Zn(II) (0.2) + Ni(II) (1) + Mn(lI)

(0.5)+ Co(ll) (1)+ Cu(II) (0.5). Total=5.2. 20 0.385 20.2 1.0 0.235
3. Ni(ID) (3)+ Fe(ll) (0.5)+ Zn(1I) (0.1)+ Co(il)

(0.5) + Bi(I1I) (0.1)+ Cu(ll) (0.5). Total=4.7. 10 0.212 10.1 1.0 0.112
4. Ni(ll) (3)+ Fe(Ill) (0.5) + Zn(1l) (0.1) + Cr(VI) .

(0.5) + Bi(I11) (0.1)+ Co(Il) (0.5). Total =4.7. 20 0.414 20.4 2.0 0.200

5. Fe(III) (3) + Ni(II) (0.5)+ Pb(1l)

(0.5) + Mn(I1) (0.4) + Cu(II) (0.2) + W(VI)

(0.2) + Zn(1I) (0.1). Total=4.9. 10 0.204 9.9 1.0 0.090
6. Fe(IIl) (3)+ Ni(II) (0.5) + Pb(1I)

(0.5) + Mn(II) (0.4) + Cu(ll) (0.2) + W(VD)
(0.2)+ Zn(1I) (0.1). Total =4.9. 20 0.408 19.85 0.75 0.140

*Average of three determinations.

However, in the case of steels and high temperature alloys containing either
titanium or tungsten, this method can be applied after selective separation of
molybdenum from matrix clements by extracting it with a-benzoinoxime into
chloroform.

Selective Separation and Determination of Molybdenum in Alloys and Steels

Dissolution of the Steel/Alloys Samples — Transfer 0.5 to 1gm of the sample to
a 500ml beaker, cover and add 20ml of a mixture of conc. HCl and 50% nitric acid
and warm until action ceases. Heat gently, until the sample is decomposed and
evaporate the solution to dryness in a hot-water-bath. Add Sml of conc. HCI and
10ml of bromine water and evaporate the solution to dryness again to ensure the
removal of most of the nitric acid.
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Selective Separation of Molybdenum by Extraction with a-Benzoinoxime fromr
Samples containing Titanium and Tungsten

To the above residue add 15ml of conc. HCl and 10ml of 20% tartaric acid solu-
tion, heat gently to dissolve the salts, and then filter the resulting solution (Whatman
No. 40 paper) into a 250ml separatory funnel marked at 100ml, and add 5ml of 10%
ferrous ammonium sulphate solution. Dilute the solution to the mark with water and
mix thoroughly. Add 15ml of 0.2% a-benzoinoxime solution, shake the solution
(~ 1M in HCI) in a separating funnel for 2 minutes with two portions of a-
benzoinoxime solution (the organic phase should be ~ % the volume of the aqueous
phase). Wash the combined extracts with 1.5 M HCI. Add 0.5 ml of conc. H,50,
to the organic extract in a beaker, and evaporate off the chloroform. Mineralize the
organic matter by adding conc. HNO; dropwise and heating to fumes. Dilute the
cooled residue with 10 to 20ml of water, heat to boiling, and then after cooling transfer
it to a 50ml volumetric flask and make up to the mark. Dépending on the amount
of molybdenum present, transfer either all or an aliquot of this solution and estimate
molybdenum by Mo(VI)-NH,OH-PAR method by following the general extraction
procedure.

Though tungsten is partially co-extracted as a-benzoinoxime complex, it will not
interfere in this method as it cannot react with hydroxylamine and or PAR to give
colour. However, very large excess of tungsten (> 2mg) decreases the absorbance

TasLe Il

Analysis of steels and alloys for molybdenum

S. Sample composition Molybdenum
No- certified found* S.D.
value % %o

1. HIGH SPEED STEEL
i) BCS No. 220/1
W =6.86%; Cr=35.15%; C=0.93%; Si=0.24%; 5.20 5.18 0.023
P =0.029%; Mn =0.28%; V=2.09%; Ni=0. 10%;
Cu=0.15%: Sn=0.021%; As=0.030%; S=0.047%.
ii) BCS No. 484
W =22.4%: Co=10.2%; Cr=5.17% Mn=0.21%; 1.07 1.07 0.053
C =0.085%; Si=0.20"; S=0.024%; P= 0.030%

1. NBS STANDARD ALLOYS

i) 50B

W =6.20%; Cr=4.21%; U=1.94%. 4.51 4.49 0.013
i) 153A

W =1.76%; Cr=23.72%; Co=8.47%; V=2.06%. 8.85 8.84 0.153

[II. NICKEL BASE HIGH TEMPERATURE ALLOYS
i) UDIMET 500
Cr=18%; Co=18.5%; Al=2.9%; Ti=2.9%; 4.80 4.79 0.476
C=0.08%; B=0.006% Zr=0.05%.
ii) UDIMET 700
'Cr=15%: Co=18%; Al=4.3%; Ti=3.5%; 5.20 5.19 0.202
C=0.08%; B=0.03%.

* Average of three determinations.
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(may be due to the formation of molybdenum tungsten copolymers) of the
Molybdenum-Hydroxylamine-PAR system which can be eliminated by using large
excess.of PAR and prolonging the reaction time.

Adopting the above procedure different types of steels and high-temperature
alloys containing Ti and W, are analysed (Table II) and these results indicate that
the present method can be applied for the precise estimation of molybdenum in these
samples.

The present method is more sensitive (e = 28,000) for molybdenum, than other
spectrophotometric methods*~® and highly selective as the interference of many metal
ions can be masked with CyDTA, tartrate and fluoride.
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