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DETERMINATION OF HAFNIUM IN ALUMINUM ALLOYS 

By 

J. H. Sikes, M. A. Wade, and S. S. Yamamura 

Phillips Petroleum Company 
Atomic Energy Division 

Idaho Falls, Idaho 

ABSTRACT 

Procedures are described for both a titrimetric and a gravimetric deter-

mination of hafnium in aluminum-hafnium alloys. The gravimetric procedure 

is used if the hafnium is to be recovered; otherwise, the titrimetric pro-

cedure is preferred. 

The sample is dissolved in aqua regia. Any undissolved hafnium is taken 

into solution ~ia pyrosUlfate f~sion. The hafnium is separated from the 

aluminum and contaminants in the aluminum by precipitation as the mandelate. 

In the gravimetric procedure the hafnium mandelate is heated to the oxide, 

then weighed •. In the titrimetric procedure the mandelate is destroyed with 

nitric, sulfuric and perchloric acids. The hafnium then is determined by 

adding a measured excess of EDTA and back titrating the excess EDTA with 

a standard bismuth solution to a xylenol orange end point. 

APPLICABILITY 

The method is designed for aluminum-hafnium oxide cermet and aluminum-hafnium 

alloy samples. The sample· taken for analysis should contain more than 10 mg. of 

hafnium. 

Mandelic acid is a highly selective precipitant for hafnium. Complete separation 

is obtained from Al, Ba, Bi 1 ·Cd1 Ca1 Ce, Cr, Co, Cu, Fe, Mg1 Mn., Mo1 Ni1 Th, Sn, Ti, 

and V. (1, 2, 3) 

Zirconium is chemically ·similar to.hafnium and is quantitatively precipitated 

by·mandelic acid. Niobium. is reported to give high results. (2) 
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APPARATUS AND REAGENTS 

A. Apparatus 

1. Beakers, Griffin, assorted sizes. 

2. Crucibles, porcelain, Coors-No. 1 with covers • 

3. Crucibles, platinum, 15-ml. 

4. Millipore filter apparatus, for 47-mm diameter filter papers. 

5. Filter papers, Whatman No. 42. 

6.· Millipore filter·paper, 0.45-u pore size, 47-mm diameter. 

7. Steam bath or hot plate. 

B. Reagents 

Note: All reagents are C.P. or Analytical Reagent Grade stock. 

Distilled water is used throughout the procedure. 

1. Hydrochloric acid, concentrated. 

2. Nitric acid, concentrated. 
: 

3. Potassium pyrosUlfate. 

4. Mandelic acid. 

5. · Mandelic acid ·wash solution, 5'/o. Dissolve 50 grams of mandelic 

acid in one liter of 0.24~ hydrochloric acid. 

6. SUlfuric acid, concentrated~ 

7.. Perchloric acid, concentrated. 

8. 0.05M standard EUrA solution. Prepare by dissolving 18.62!0.01 grams . ~ . 

of disodi.um EUrA, dihydrate, in water and diluting to 1000 ml. with 

·'water. Standardize·by titration against a standard zinc solution 

in an ammoniacal buffer solution using Eriochrome Block T indicator. · 

9· Ammonium hydroxide, concentrated. 

10. Xylenol orange, 0.1'/o. Prepare in water. 

ll. Standard 0.05~.bismuth solution. Prepare by dissolving 10.45!0.01 gram 

of pure bismuth metal in 40 ml. of concentrated nitric acid and dilu~ 

ing to 1000 ml. with 0.05!!! nitric acid. CalcUlate the molarity from 

the weight of bismuth used. 
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PROCEDURE 

A. Sample dissolution and precipitation of the hafnium.with mandelic acid. 

1. Dissolve the sample, containing more than 10 mg. of hafnium, in 

25 ml·. of concentrated hydrochloric acid and about 5 ml .• of nitric 

acid. Add more nitric acid as needed. 

2~ Filter off the undissolved matter on a Whatman 42 filter·paper. 

Collect the filtrate in a 250-ml. beaker. Ignite the filter 

paper and residue ·in a porcelain crucible.· Then fuse the residue 

with about 2 grams of·potassium pyrosulfate. 

3. Transfer the .crucible to the filtrate from step 2 and heat to dissolve 

the melt. 

4. Remove the crucible and rinse with water. 

5. Add 8 grams of mandelic acid and dilute to about 100 ml. Heat to 

dissolve the mandelic acid. 

6. Digest on a steam bath or hot plate at low heat until the precipi

tation of the hafnium mandelate is complete. 

1·' Filter the haf~ium mandelate on a-Millipore filter and wash with 

the mandelic acid wash solution. 

8. Continue according to ~-or '£• 

B. Titrimetric procedure. 

1. Transfer the filter p~per and residue from A step 7 to a 150-ml. 

beaker. Wash the· sides of the Millipore reservoir with about 5 ml. 

, of ·concentrated nitric acid and collect .~he washings in the beaker. 

2. · Add 1 ml. of sulfuric acid and 2 ml. of ·perchloric acid. : 

·3. Cover with a speedy-vap cover glass and heat to strong fumes of 

4. 

5. 

.. 
. sulfuric acid. 

Rinse. down the sides of the beaker with a little water. 

Add a .measured excess of ··EIYI'A. 

. ' 
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To samples containing 0.05 to 0.2 millimole of hafnium, 

add .5 ml. of 0.05~ EDTA. To samples containing 0.2 to 

0. 45 millimole of hafnium, add 10 ml. of 0. 05~ EIY.rA. 

6. Dilute to about 100 ml. wi~h water, adjust the pH to 1.5!0.25 with 

ammonium hydroxide, and heat just to boiling. Cool. 

7. Add 5 drops of 0.1% xylenol orange. 

8. Back titrate the excess EDTA with the 0.05~ standard bismuth 

solution to a change in color from ye~ow to orange or red. 

C. Gravimetric procedure. 

1. 

2. 

3. 

1. Transfer the filter paper and residue from ~~ step 71 to a tared 

15-ml. ·~latinum crucible. 

2. Char the paper over a low flame then ash at 900oc. 

3. Weigh the crucible and hafnium oxide and determine the weight of 

hafnium oxide by difference. 

REFERENCES 

Hahn, R. B.' Anal. Chem. ~~ 1579 (1949). 

Hill, J. H. I Miles, M. J., Ibid., j!1 252' (1959). 

Kumins, c~ A., Ibid. I !2,, 376 (1947). 
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DETERMI:NATION OF RARE EARTH IN ALUMINUM ALLOYS 

J. H. _Sikes, M. A. Wade, and S. ~· Yamamura 

Phillips Petroleum Company 
Atomic Energy Division· 

Idaho Fall.s, Idaho 

ABSTRACT 

A titrimetric and a gravimetric procedure is described for determination of 

rare earths in aluminum alloys. The titrimetric procedure is preferred but if the 

rare earth is to be recovered the gravimetric procedure must be used. 

The alloy sample is dissolved in sodium hydroxide. The insoluble rare earth 

fraction is separated,. dissolved in dilute hydrochloric acid, then further purified 

by precipitation-with oxalic acid.· In the gravimetric procedure, the rare earth 

·:·· oxalate is ignited to the oxide, and weighed. In the titrimetric procedure, the 

oxalate is· destroyed with perchloric and nitric acids and the rare earth is 
. ~ .. ; . 

· titrated with EDTA in a pyridine-buffered medium to a xylenol orange end point. 

APPLICABILITY 

The method is specifically designed for aluminum-rare earth alloy samples 

containing greater than. 0.5% by weight of rare earth. The sample taken for analysis 

by the titrimetric proc~dure should contain between.0.05 and 0.47 millimole.of rare 

earth. For the gravimetric procedure, ·-the ·sample should. contain at least 30 mg. of 

rare earth. 
. . 

Metal ion~ which are insoluble in the strongly basic me~ium and which precipitate 

as the oxalate frc;>m acid medium will .interfere. Severai such ions are Ac, Au, Bi, 

Co, Sc,. Sn, Ta1 Tr, and ~. . , 

' ~·· .. , .. 

·~ . 

: · .. 
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APPARATUS AND REAGENTS 

A. Apparatus 

1. Buret, micro, 10-~., normax. 

2. · Pipets, assorted sizes. 

3. Beakers, assorted sizes. 

4. Centrifuge tubes 50-ml. capacity. 

5. Hot plate. 

6. Magnetic stirrer and stirring bars. 

7. Graduated .cylinders,. assorted sizes. 

8. . Platinum crucibles, ·15-m1. 

9. Millipore filter apparatus, 47 mm. diameter. 

10. Millipore filters, 47 mm. diameter, 0.45-p pore size. 

B. Reagents 

NOTE: All reagents are made from Analytical Reagent Grade stock. Distilled 

water is used throughout. 

1. Standard zinc solution, 0.05!1· Dissolve 3.26"!:0.01 grams (weighed 

accurately to tO.OOOl gram) of pure zinc metal in hydrochloric acid 

and dilute to 1000 ml ~ with· water. Calculate the molarity from the 
! 

weight of zinc used •. . .. /. 
! 

2. Standard 0.05~ EDTA solution. Dissolve 18.62~0.01 grams of disodium 

EDTA, dihydrate, in water and dilute to 1000 ml •. with water •. Standardize 

agai~st the standard zinc solution. 

3. Sodium hydroxide, 10~. 

4. ·Xylenol orange indicator, O.l%. Prepare in water. 

5. . Erichrome Black T indic~tor, 0.2%. Dissolve 0.2 gram of the dye in 

100 ml. of triethanolamine· • 

6. Pyridine~ 

7. Oxalic acid. 

~'\ 
. ~ 
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PROCEDURE 

A. Standardization of the EDTA solution. 

1.. Pipet 5 ml. of the standard zinc solution into a 100-ml. beaker. Dilute 

to 75 ml. with water. 

2. Add 1 ml. of concentrated ammonium hydroxide and 4 drops of the 

Eriochrome Black T indicator solution • 
. ' 

3. Titrate with the 0.0~ EDTA solution to a change from purple to blue. 

·B. Sample treatment and oxalate precipitation of the rare earth fraction. 

1. Weigh into a 250-ml. beaker a sample which contains 0.05 to 0.47 millimole 

of rare earth if the titrimetric procedure is used, or greater than 30 mg. 

if the gravimetric procedure is to be used. 

2. Add 10 ml. of 10~ sodium hydroxide. and heat gently to dissolve the aluminum. 

3. Quantitatively transfe~ the sample to a 50-ml. centrifuge tube with water 

rinses. Digest in a hot water bath for about 5 minutes • 

. 4. Centrifuge and decant. Filter the supernatant solution through a millipore 

filter. Discard the filtrate. 

5. Place the filter paper on ~he inside wall of the centrifuge tube and rinse it 

ancf the walls of tub(f.'Witli 2 rill;,: ·Of concentrated hydrochloric ·acid, 
\ 

6. Digest in a hot water bath for 5 minutes. 

7. Rinse down the filter paper and the centrifuge.tube with a little water. 

8. Uo1ng tho orisinol f1ltftr p~per, filtftr thft owmpl@ to remove insoluble 
" . 

'.· 
of lO srwrw ef exo.lia (').¢id &nd 10 ml. at ~o • . W&iith .throush with w.tor 

-until tho ,tet&l velUJM 1iit &bout 75 ml. 

9. DisotJt at lew he&t e:r en tJ. otftwn b&th for &bout 15 minute a. 

lO. Chill in an ':tee bath until eryotaJ.q of oxalic tJ.oid ~ppear. 

~ ll, .Dilute to lOO ml •. with ~ater and otir with a magnetic stirrer at room 

temperature to redissolve the oxalic acid. 
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12. Filter and wash the residue with a 2% <v> oxalic acid solution. 

13. Continue with procedure C or D. 

C. Titrimetric Determination of the Rare Earth 

1. Quantitatively transfer the filter paper and rare earth oxalate to a 

150-ml. beaker. 

2. Add 5 ml. of concentrated nitric acid and 1 ml. of concentrated perchloric 

acid and evaporate to dryness. 

3. Dissolve in about 75 ml. of water. Add 8 drops of xylenol orange indicator 

-
and 1 ml. of pyridine. 

4. Titrate to a color change from red-violet to yellow with the standard 

EDTA solution. 

D. Gravimetric Determination of the Rare Earth 

1. Quantitatively transfer the sample and filter paper to a tared (±0.0002 

gram constant· weight) 15-ml. platinum crucible. 

2. Gently heat over a low flame until all the organic matter has been 

charred. 

3. Transfer to a furnace at about 900°C. for 1 hour. 

4. Weigh and determine the weight of rare earth oxide present. The rare earth 

oxide will have the composition (RE)203 except for ~erium oxide which is 

·ce02. 

\ 

. ' 




