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I. SUMMARY

The mechanics of the desensitization process for zirconium
powder used in primers wherein zirconium powder is treated with
17. hydrofluoric acid is considered. On the basis of experimental
work and logical deduction it is concluded that the process con-
sists of the dissolution of the oxide surface and the formation
of a layer of zirconium hydride containing some fluoride. A method
was developed for the determination of the fluoride colorimetrically
by the zirconium-alizarin colorimetric method after prior dissolution
of the coating by digestion with hot 10% sodium hydroxide solution.
The only significant difference between treated and untreated samples
was the hydrogen and fluoride contents. Treated zirconium had a
hydrogen content that averaged 0.0357. higher than untreated powders.
Treated zirconium contained about 0.147. fluoride. Various other
aspects of the coating were considered. The desensitization process
is useful to Ordnance, particularly if the zirconium powder in
question is overly sensitive (that is, if it does not pass the
electrostatic energy test). The effect of impurities on the
sensitivity of zirconium powders is discussed.

II. RECOMHENDATIONS

The following recommendations are made:

I. The hydrofluoric acid desensitization process should be
used to desensitize zirconium powder that is overly sensitive
(zirconium powder used in primers it considered overly sensitive
when it is ignited by the application of electrostatic energy of
less than 0.04 joule).

2. The permissable limits of impurities in zirconium powder
as well as the quality assurance provisions in Military Specification
MIL-Z-399C, Zirconium (Granular and Powdered). July 1965 (proposed)
be revised.

III. ITRODUCTION

Zirconium powder is an important commodity and much effort
has been devoted to desensitization processes that would make it
less sensitive to premature ignition.



The following desensitization procedures have been proposed,
some quite recently: coating with copper by a displacement method
thAt was not specified (11), coating with nickel by use of a
solution of nickel chloride, sodium acetate, and hydrofluoric
acid (7), coating with plastic by use of a solution of nylon
(Zytel 63), polyvinyl alcohol, or Viton A in acetone (24), coati..g
with plastic by use of a solution of polystyrene in benzene (15),
coating with a surface active agent (Alkaterge-T) (24), coating
with mineral oil as recommended by Allegheny Ballistics Laboratory
(24), and treatment with 17 hydrofluoric acid (13, 14).

The hydrofluoric acid method consists essentially of treating
zirconium powder with 1% hydrofluoric acid for 5 minutes, then
adding ice water to stop the reaction, filtering, and washing with
water., acetone, and ether (13) (14). It was believed that the
reason for the effectiveness of the technique was the formation
of a coating of zirconium hydride, a material that is known to
be much less sensitive to ignition than is zirconium metal (14).
The reason for the deduction that a coating of zirconium hydride
was produced by the method is due to the fact that previous
investigators have found by means of X-ray diffraction that
zirconium hydride was produced on pieces of zirconium metal on
treatment that dilute hydrofluoric acid (12, 16, 28). Later
chemical work described in a laboratory report (21) showed that
the hydrogen content of zirconium powder increased on the average
about 0.035% after being desensitized.

The purpose of the present report was to investigate further
the mechanism of the desensitization process. Another purpose
was to present the findings of this laboratory on what makes
zirconium powder overly sensitive, If the zirconium powder is
not too sensitive, the application of a desensitization process
is, of course, unnecessary.

IV. STUDY

A. DEVELOPMENT OF METHOD FOR THE DETERMINATION OF FLUORIDE IN
THE COATING

The accurate determination of small amounts of fluoride in
the presence of large amounts of zirconium is a difficult analytical
problem. Formerly, a problem existed for the determination of fluoride
in zirconium metal itself because one method for producing zirconium
powder was to react zirconium tetrafluoride with calcium. magnesium,
or sodium. These processes are now- considered obsolete (6, 29)
(principally because of the low volatility of the alkaline earth
and alkaline metal fluorides and their toxicity). Patent applications
have been issued for the production of zirconium metal by the
electrolysis of molten mixtures of zirconium fluoride and other
salts, but apparently these prolosed electrolytic methods have not
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progressed beyond the pilot plant stage. This laboratoxy has not
encountered zirconium powder produced by a fluoride process.

In 1950 in connection with experimental work on the produc-
tion of zirconium by use of fluoride processes, a method was pro-
posed for the determination of fluoride in zirconium by igniting
the zirconium in a platinum tube with a stream of moist oxygen and
titrating the resultant hydrogen fluoride with thorium nitrate using
sodium alizarin sulfonate indicator (9). This method was an ex-
tension of the pyrohydrolysis technique that had been used for the
determination of the fluoride content of fluoride salts (for example,
zirconium fluoride) (23, 30). Lewis, Nardozzi, and Melnick (17)
in applying the pyrohydrolysis technique to the determination of
fluoride in slags observed that incomplete recovery was obtained
even after ignition for 2 hours. They found that complete recovery
of fluoride could only be obtained by mixing the slag with tungstic
oxide (which acts as an accelerator (23)) prior to the ignition.
No experiments were conducted with the pyrohydrolytic technique
since it is somewhat troublesome.

Some experiments were conducted on the dissolution of the
entire sample in order to determine the fluoride content of the
coating. In some of these experiments the sample was dissolved
by heating with sulfuric acid in a distillation apparatus and at
tlVo, same time collecting the distilled sulfuric acid under alkali.
±'.umably, the fluoride would distill over as a mixture of hydro-
fluoric acid, silicon fluoride, and fluosilicic acid. Very low
results for fluoride were obtained by this method (colorimetrically
after redistillation as fluosilicic acid to remove sulfate).
Better recoveries might possibly have been obtained by fuming
twice with intervening additions of water. However, the method
of attack was not pursued further because it was cumbersome.
It is to be noted that zirconium in solution seems to repress
the distillation of fluoride.

Dissolution of the entire sample by fusion with sodium
carbonate, addition of water, filtration of the precipitated
zirconium carbonate~ and analysis of the filtrate for fluoride
gave very low results, presumably because of coprecipitation of
the fluoride with the zirconium carbonate.

Since methods for the determination of the fluoride in the
coating by dissolution of the entire sample were unsuccessful,
attention was turned to dissolution of the coating alone. It
was found that this could be usually done with fair success by
boiling with 30% sulfuric acid at 135* C. in a distillation flask
and then steam distilling the fluoride as fluosilicic acid in
the usual manner (1, 10) (glass beads and the flasks furnish the
source of the silica). Since the samples lost 10% of their
weight by this treatment. it could be assumed that the coating
was completely dissolved. This method was subsequently abandoned
because erratic results were frequently obtained.
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The best method found for analyzing the coating was to treat
the zirconium powder with hot 10% sodium hydroxide solution., filter,
and determine the fluoride in the filtrate (colorimetrically by the
zirconium-alizarin color (2, 19). In the final recommended treat-
ment a 0.2-gram sample .as boiled with 10 ml of the sodium hydroxide
solution for 1/2 minute and the heating continued at 800 to 90* C.
for 10 minutes. This treatment removed the fluoride coating, since
no fluoride could be recovered on further treatment.

After the filtration, it was necessary to adjust the acidity,
prior to the colorimetric determination. This could only be done
by use of nitric acid, since other acids interfered with the color.
The adjustment was made by adding phenolphthalein indicator and
adding nitric acid (1 to 1) until the indicator became colorless.
An investigation of the effect of nitric acid (Table I) showed
that no more than 1 to 3 drops excess of nitric acid (I to 1)
should be present. A larger excess caused the color to decrease
in intensity.

Ordinarily, it is recommended that in the colorimetric
determination of fluoride by the zirconium-alizarin complex
that the transmittance be measured in 60 ± 5 minutes (2, 19).
A study of the effect of time on the development of the color
by the proposed procedure (Table II) showed that 1-1/2 hours
was required for full development (probably because of the influ-
ence of the nitrate) and that the color then remained constant
for an additional half hour. It then increased in intensity
somewhat on standing overnight. It is recommended tha- the trans-
mittance be measured in 1-1/2 to 2 hours.

The calibration curve was prepared by adding standard sodium
fluoride solution to portions of untreated zirconium and carrying
the samples through the procedure. This cechnique compensated
for the slight amount of zirconium that was dissolved by the sodium
hydroxide solution. The dissolved zirconium affected the color
somewhat because the intensity of the zirconium-alizarin complex
depends to some extent on the amount of zirconium present.

B. RECOMMENDED METHOD FOR THE DETERMINATION OF FLUORIDE

Reagents

Standard sodium fluoride solution (1 ml - 0.1 mg of F).
Dissolve 0.2210 gram of reagent grade sodium fluoride in water
and dilute to I liter in a volumetric flask.

Sodium hydroxide solution (10%). Dissolve 100 grams of
reagent grade sodium hydroxide pellets in water and dilute to
1 liter.
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Phenolphthalein indicator solution (0.1%). Dissolve 0.1 gram
of phenolphthalein in 100 ml of 95% ethyl alcohol.

Alizarin red S solution. Dissolve 0.75 gram of alizarin red S
in 900 ml of water, filter (if not clear), and dilute to I liter.
Protect from direct sunlight.

Acid zirconium solution. Dissolve 0.294 gram of reagent grade
ZrO(NO3 )2.2H20 (or 0.354 gram of ZrOC 2 -8H20) in about 700 ml of
water. Add 3 ml of sulfuric acid and 100 ml of hydrochloric acid
while stirring. Cool to room temperature and dilute to 1 liter.
After 1 hour the reagent is ready for use.

Preparation of Calibration Curve

Transfer six 0.2-gram samples of untreated zirconium powder
to 250-mi beakers and add 2.0, 2.5, 3.0, 3.5, and 4-mI portions
of standard sodium fluoride solution. Use one sample as a blank.
Add 10 ml of sodium hydroxide solution (10%) and cover with watch
glasses. Boil for 1/2 minute and then digest at 80* to 90* C. for
10 minutes, swirling occasioually. Add 30 al of water, filter
through Whatman No. 41H filter paper and wash with water. Add 2
drops of phenolphthalein indicator solution, then add nitric acid
(1 to 1) from a buret until the pink color just disappears. Cool
to 20* C. and add 5.00 ml of alizarin red S solution (this may
cause the color of the indicator to change momentarily) and 5.00 ml
of acid zirconium solution. Wash into 100-al volumetric flasks and
dilute to the mark. Let stand 1-1/2 to 2 hours and determine the
transmittance at 535 millimicrons by a spectrophotometer that has
been set to 100 per cent transmittance with the reagent blank. Plot
milligrams of fLuoride against per cent transmittance.

Prepare a new calibration curve with every lot of reagents.

Procedure

Weigh a 0.2-gram sample into a 250-ml beaker and also weigh
0.2 gram of untreated zirconium powder for a blank. Proceed as
above. Convert the reading to =illigraas of fluoride by consulting
the calibration curve. Calculate as follows:

% F = ma of F as read from curve
grams sample x 10
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C. RESULTS FOR FLUORIDE

The results obtained for three samples of treated zirconium$ powder are shown in Table III. The average amount of fluoride in
thele samples was 0.14%. No fluoride was found in the untreated
samples.

D. MECHANICS OF THE DESENSITIZATION PROCESS

The average chemical results for the analysis of treated and
untreated zirconium powders (excluding the fluoride content which
was reported above) are summarized in Table IV. Results are given
for the following elements: hydrogen, carbon, oxygen, iron,
nitrogen, silicon, chloride, titanium, manganese, nickel, chromium,
molybdenum, tungsten, vanadium, phosphorus, cobalt, copper, and
aluminum. The hydrogen and carbon were run by combustion and the
oxygen by bromination (21). The remaining elements were run by
standard methods (22).

It is seen that as a result of the desensitization treat-
ment the hydrogen content increased on the average by about 0.035%
but that the other elements did not change significantly, although
there was a slight decrease in the silicon content.

The fact that the elements did not change significantly would
indicate that the desensitization process could not merely be the
dissolution of impurities. Also, if this were the explanation of
desensitization then a hydrofluoric - nitric acid solution would
work as well as the hydrofluoric acid solution. In actuality,
a hydrofluoric - nitric acid solution is ineffective since the
nitric acid prevents the generation of hydrogen.

Although dissolution of impurities is not the explanation
of desensitization it is true that the thin oxide coating would
be dissolved prior to the deposition of the zirconium hydride
coating.

As stated previously (14) the particle size is not signifi-
cantly changed by the desensitization treatment. It should be
pointed out, however, that the Andreassen pipet method used
characterized the smallest particles as 10 microns or less.
It would seem that particles in the range of 1 micron would be
dissolved completely by the process. The dissolution of micro
particles could not be the explanation of desensitization; if
it were, a hydrofluoric - nitric acid solution would also be
effective.
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As shown by microphotographs (14) the particle shape and pro-
tuberances are not changed significantly, therefore, change in
physical configuration has no bearing in desensitization.

Attempts to study the coating by X-ray diffraction failed
because of interference by zirconium. Previous investigators
studied the zirconium hydride coating on pieces of zirconium
after first removing the coating mechanically by rubbing with
a rubber squeegie a technique obviously not applicable to
zirconium powder.

Judging by the work of Bomberger and Knapek (8) on titanium
hydride coating obtained by treating sheets of titanium with 47.
hydrofluoric acid solution, it would be expected that the formula
of zirconium hydride in the coating would be ZrH2.. Bomberger and
Knopek dissolved away measured thicknesses of the titanium hydride
coating on titanium sheets with a mixture of hydrofluoric and
nitric acids and determined the hydrogen content of the sample
after each dissolution. They found that the hydrogen content
decreased with the depth but that there was very little hydrogen
at a depth greater than 0.001 inch. They concluded that the
formula of the coating of titanium hydride approached the
formula TiH2.

As stated previously, the hydrogen content of the treated
zirconium increased on the average about 0.035% as a result of
the desensitization treatment. On the assumption that two atoms
of hydrogen is equivalent to 1 molecule of ZrH it can be deduced
that there should be about 1.6% zirconium hydride present.

It should be pointed outhowever, that ZrH 2 is not a saline-
type hydride nor an actual chemical compound but an interstitual
solid solution (in reality the amountof hydrogen is somewhat less
than represented by the formula ZrH2; the true formula is pro-
bably ZrHl a6). Several phases of the zirconium-hydrogen system.
have been Identified ranging in composition from ZrH1 .54 to
ZrH1.96 (5).

The density of pure zirconium metal is 6.40 whereas the
density of ZrHl 96 is 5.47. It would seem therefore, that the
expansion in votume when zirconium is converted to zirconium
hydride would make for a porous coating. This does not occur,
however, since in going from zirconium metal to zirconium hydride
the metal lattice rearranges into a new structure and thus re-
lieves strains set up during expansion. Zirconium has a hexagonal
structure while ZrHI.96 has a tetragonal structure (5). The
structure is determined by the use of X-rays.
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The fluoride in the coating is tightly bound since it could
not be removed by washing with dilute hydrochloric acid (I to 5).
It is probably attached to the zirconium atom in a unique way.
It is doubtful that it is present as zirconium tetra.fluoride or

hydrofluozirconic acid since these substances are salt-lil.e.
Calculating the 0.14% fluoride as 7irconium tentrafluoride :ould

mean that there would be 0.3% zirconim: tetrafluoride present,
so in any case zirconium hydride is the predominant coryo-.lent
of the coating. The fluoride, however, may play a role in the
effectiveness of the coating. The reason for this belief is that
the desensitization produced on treating zirconium powder with 1%
sulfuric acid (30 minute treatment) is not as great as that pro-
duced by 1% hydrofluoric acid (5 minute treatment). Hydrofluoric
and sulfuric acids are the only acids that attack zirconium to a
significant extent.

In the formation of the coating there is continued dissolution
of the zirconium and formation of the coating at the same time.
The dissolution of the zirconium must take place through the pores
of the coating but as the coatin, increases the pores become
smaller. The 1% hydrofluoric acid solution is effective because
it is moderate in its attack. If too strong an acid concentration
is used, no significant hydride layer builds up because the dis-
solution rate e:ceeds the hydrogen diffusion rate.

The coating of zirconium hydride is continuous and stress-
free. There is no contradiction between the theory of the for-
mation of a zirconium hydride coating and the theory that premature
ignition and explosion of zirconium powder is caused by hydrogen
(10., 25, 27'. According to the latter theory hydrogen accumulates
at the grain boundaries of the zirconium powder as a lower hydride
of zirconium in a stressed condition resulting from the reaction
between zirconium and moisture or -ter that takes place under
conditions that are not entirely clear. The stress continues to
build up until it triggers the release of energy causing a violent
reaction. This triggering action occurs especially on the appli-
cation of a small outside force.

Zirconium hydride has much higher thermal and electrical
conductivity than zirconium metal (5). This might be the key point
in explaining why zirconium hydride and zirconitun powders coated
with zirconium hydride are less sensitive then zirconium. The
greater thermal conductivity would mean that heat would be con-
ducted away before ic accumulates; the greacer electrical conduc-
tivity would mean that the -irconiur is less suscei-tible to
ignition by clectrical discharge.
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E. EFFECT OF COMPOSITION ON THE SENSITIVITY OF ZIRCONIUM POWDER

The question is raised as to what causes a zirconium powder
to be too sensitive. The question is important as far as desensi-
tization is concerned since desensitization may not be necessary
if the powder is not too sensitive.

The sensitivity of zirconium powder as measured by the
electrostatic energy test is primarily dependent on particle
size and composition.

Much consideration has been given by previous investigators
on the effect of oxygen content on zirconium powder, but as pre-
viously summarized (14) some investigators believe that a high
oxygen content increases the sensitivity, others that it decreases
sensitivity, and others that it has no effect.

When zirconium is combined with hydrogen the sensitivity
does not change until the composition approaches ZrH2, at which
point the sensitivity decreases considerably (4).

Powders containing several percent of copper, titanium,
nickel, iron and cobalt are quite sensitive (4), It has been

stated that zirconium alloys containing lead (1), chromium,
titanium, and manganese (25) are pyrophoric. Zirconium alloys
containing large percentages of titanium, manganese, lead,
antimony, and tin have been patented for their pyrophoric
properties (26). It has been claimed that moderate amounts of
iron, calcium, and chloride increase the sensitivity (25).

This installation has over the past several years observed
the correlation between the composition of zirconium powders and
sensitivity as determined by the electrostatic energy test
(ignition on the application of an electrical discharge of less
than 0.04 joule). Typical chemical analyses of overly sensitive
zirconium powders are the untreated samples in Table IV. These
powders are not only overly sensitive but they do not function
in a satisfactory manner in primers (unless they are desensitized).
Other unsatisfactory zirconium powders (for primers) are shown
in Table V. Typical chemical analyses of zirconium powders
that passed the electrostatic energy test are shown in Table VI.

To summarize our experiences, oxygen and hydrogen content
will not make the zirconium powder overly sensitive. More than
small amounts of chloride, carbon, nitrogen, aluminum, calcium,
iron, and molybdenum will increase the sensitivity. Up to 27.
tin does not affect the sensitivity (probably because this range
of tin forms a solid solution with zirconium producing corrosion-
resistant zircaloy). The amount of hafnium found in zirconium
does not increase the sensitivity. Hafnium is the sister element
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of zirconium and is usually found associated with it in amounts of
up to 1 to 2%. High purity zirconium produced for reactor purposes
contains less than 0.01 hafnium. Hafnium is totaled with zirconium
in ordinary methods of analysis.

There are three processes presently used in the manufacture
of zirconium powder. There are: (a) heating powdered zirconium
oxide with calcium (b) heating zirconium tetrachloride with
calcium (or magnesium, or sodium), followed by grinding of the
resultant zirconiumy and (c) heating zirconium metal with hydrogen
to form zirconium hydride which is then ground and heated in a
vacuum to remove the hydrogen. Obviously, the impurities present
in zirconium powder will vary depending upon the raw materials and
process used in the manufacture of the zirconium powder. A high
nitrogen content in the zirconium powder frequently results from
the high nitrogen content of calcium used as a reactant (3).
Molybdenum can be introduced from molybdenum bombs (18). Oxygen
or nitrogen can be picked up from the atmosphere, even though the
operations are carried out under an inert gas such as helium or
argon.

The present chemical requirements for zirconium powder, as
cited in Military Specification MIL-Z-399C (20), are showm in
Table VII. In. view of the effect of impurities, it is suggested
that these requirements be changed to those shown in Table VIII.

The option should be given in Military Specification MIL-Z-399C
for determining the metallic impurities spectrographically (if the
impurities are within the cited limits).
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VI. TABLES

Table I. Effect of Excess Nitric Acid on the Color

Excess MI of HNO3 (1 to 1)

After Neutralization to
Phenolphthalein % Transmittancea

0 78
0.1 78
0.2 79
0.5 80
0.8 87
1.0 88

Blank 52

a Spectrophotometer set to 100 per cent transmittance with water.

Table II. Effect of Time on Development of Color

Per Cent Transmittance After
MR of Fluoride 1 hr. 1-1/2 hrs. 2 hrs. 3 hrs. Overnight

0.0 49 48 48 48 52

0.1 64 62 62 60 62
0.2 76 72 72 70 80
0.3 86 85 85 83 83
0.4 95 95 95 95 97

Table III. Results for Fluoride in Desensitized Zirconium Powders

Sample % Fluoride Found
A 0.13
A 0.14
A 0.16

Avg. 0.14

B 0.15
B 0.15
B 0.19

Avg. 0.16

C 0.11
C 0.12
C 0.11

Avg. 0.11
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Tablet VII. Present Chemical Requirements for Zirconium Powder (20)

Type I T-e I
Grade A Grade B

Total~ zirconium (mini.) 96.0% 95.0% 94.0%
Acid soluble calcium (miax.) 0.05 0.05 0.10
Iron (max.) 0.30 0.03 0.20
Aluminum (max.) 0.10 0.16 0.30
Hydrogen (max.) 0.15 0.17 0.20
Chlorides (as NH4Cl) (max.) 0.05----
Silicon (max.) 0.10--
Titanium (max.) 0.10
Tin (max.) 0.75----

Table VIII. Recamunded Chumical Requiremnents for Zirconium Powder

Type I Type II
Grade A Grade B

Total zirconium (plus hafnium) (sin.) 96.0% 95.07% 94.07%
Acid soluble calcium (max.) 0.05 0.05 0.10
Iron (max.) 0.30 0.03 0.20
Aluminum (max.) 0.10 0.15 0.30
Hydrogen (max.) 0.15 0.17 0.20
Chloride (as chlorine) (max.) 0.03 0.03 0.03
Silicon (max.) 0.10 0.10 0.10
Tin (max.) 0.75 0.75 0.75
Carbon (max.) 0.30 0.30 0.30
Nitrogen (max.) 0.20 0.20 0.20
Molybdenum (max.) 0.10 0.10 0.10
Other metals Nm". each) 0.10 0.10 0.10
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