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OBJECT

To determine experimentally the effect of the common
metals on the oxidation rate of red phosphorus both in the pre-
sence and absence of barium nitrate as a part of the project
on non-corrosive priming compositions for small arms ammunition,

SUMMARY ‘ -

In contact with various m=tals the oxidation rates of
red phosphorous were found to be prestest with copper and least
with aluninum as follows:

copp r> chromium#2> bismut? ir05> 511ver ckel
1 ¢

cadmium ) tin) red phosphorus alone ) lead )chromium#l ) zine
duralumin paluminum,

In contact with barium nitrate and various metals the
oxidation rates of red phosphorous were found to be greatest
with copper emnd least with aluminum as follows:

opocr\chxommm#a b uth 1ron silv r>n§:kel

cadmium d pl(osphorus alone pchromiungl plead ) tin pzine
duralunin almnmum.
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1. INTRODUCTION

The initial work on red phoaphorus came as a result
of a search for a non-corrosivé priming composition for small
arms smmunition, The binary mixture red phosphorus-darium ni-
trate was finally seiected(2) 3~ ths most pramising.

However, primers prepared from tihis composition were
found to show a serious lack of storage stability(2). The
lack of stability has been atiributed to the oxidation of the
red phosphorus which produces various acids that cause the
mixture to become insensitive after a few months,

‘Early in the investigation of the red phosphorus
problem it was discovered thet copper, 70:30 brass, and 90:10
brass were extremely active in accelerating the rate of oxida-
tion of red phosphorus(l)., Since it was known that red phos-
phorus oxidation resulted in poor stability of P4 Primer Com-
positions it was apparent that brass alone would not be satis-
factory for the fabrication of primer cups ani anvils,

At that time it wes thought the problem might be
solved by the use of brass, plated with some :metal that was
less reactive with red phosphorus. Several metals were tested
for this purpose, They were nickel, tin, and cadmium, all of
which were found to be less reazctive than copper or brass, As
a result, a storage program was conducted with nickel plated
cups and anvils which inecreased the storege stability by ap-
proximately six months(2),

A study(l) was then made of the oxidation - reduction
couples:

Metal - Metallic ion (of the common me tals)
P - Hypophosphorous acid

Hypophosphorous acid « Fhosphorous acid
Phogphorous acid - Phosplhoric acid

From the study made the following conclusions were
reached:

1. Mg*', AA***, Zn**, Or*** would not spontaneously
oxidize red phosphorus, hypophosphorous acid, or
phosphorous acid,

TI) Frenkford Arsenal Ordnance Luboratory Report No. G2A
(2) Frankford Arsenal Ordnance Laboratory Report No, 80




2, It was possible for Cd** or Fe** to spontaneously
oxidize hypophosphorous ecid but not phosphorous acid
:z or red phosphorus.

3, It was possible for Ni**to spontaneously oxidize
red phosphorus and hypophosphorous acid but not phos-
phorous acid.

4, It was possible for Su**, Pbt*, Fet++, Sn*t++,
Cu*, Cu**, and Ag* to spontaneously oxidize red phos-
phorus, hypophosphorous acid, amd phosphorous acid,

With this background the experimental determination of
the effect of the more common metals on the oxidation rate of

red phosphorous as well as red phosphorus - barium nitrate mix-
tures was undertaken,

i II. METHODS

Materials Used:

Red Pho sphorus

Comnercial Oldbury Amorphorus Fhosphorus which was
given fifteen days preoxidation at 40°C and 90%
R. H, after which the material was washed free of
acids and vecuum dried,

Barium Nitrate

' As required by U, S. Army Specifications No.
50-11-204,

Metal Powders

Tuble T lists the analyses of the netels,
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Mixtures A and B were prepared with each mstal,

(5% metal powder ;
mixtwe A )95% red phosphorous

(75% barima nitrate
nixture B )25% mixture A

P \

One gram samples of mixture A were prepared and
stored in a cabinet meintained at 60°C and 90% R.H, and four
grem senples of B were treated similarly. At various inter-
vals senples were withdrawn and filtered, washed, and the
filtrate plus weshings were titrated with 0.1¥ sodium hydrox-
ide to both methyl red amd phenolphthalein emd points,

The millimoles phosphorus acids both in the fom of
free acids as well as acid salts were then plotted against time,

Calculation of nillimoles of phosphorus acids from
the two titrations:

10 (C-D) = millimoles phosphorus acids
-where C = ml 0, AN NaOH required for phenolphthalein
end point,
D = ml 0,1N NaCH reguired for methyl red emd
point.

If all of the oxldized phosphorus consists of either

phosphorus acid or phosgphoric acid then 2D = C and at
the methyl red end point the reactions

ByPOy + NaOH —sNaBpPOy + BgO.
HePOq + NaOH —NeR,PO4 + HgO,

are campleted, At the phsnolphthalein end point the
reactions:

Na'EgPOq + HeOH —NagHFO, + g
Ba"EgPO3 + BaOH—IHaghOy + B0

are campleted, In this ocass 10D or 10(C-D) or 5C is
eqQuivalont to aillimoles of phosphorous acids,

¢ or other metel/valence




When the oxidized phosphorus present is in the fom
_ of phosphorous and pnosphoric acids es well as their acid
L salts then 10D i3 equal to the millimoles of free acids pre-
sent, and 10 (C-D) equals the millimoles of phosphorus acids
botk in the form of free acids as well as acid salts, It is
evident that 5C does not equal the millimoles of phosphorus
acids as {t did in the first case.

III. RESULTS

Pigures 1 and 2 illustrate the wide range or the
effects of the uetals on the oxidation rate,

The .ietals, with the exception of tin &nd cadmium
can be grouped in taree principal divisions which

i (1) Accelerate the oxidetiom greatly
(2) Affect ta2 oxidation s)izhtly
(3) Decrease the oxidation

Tie groups in the order of cacreasing rates canzist

of:
Group I:
copper iron
chromjum#f2 nickel
bismuth silver
Group II:
lead Chiromiumgf)
Sroup II1:
2ine duralumin

aluninum

The tin ané cadnium romuits Tere unususl. ''ith red
ahosrhorus alan: tin accalwratec tac rate, btut with red phos-
phorus plue bds>i =m nitrete tin decroesed v rate considersdly.
Cadiniunm accolerated tac rate gharply =ith rod pids;horus alono
Nt accelersted th rcute only very slightly in the presence of
*ariua nitret.,




The question of the offect of curo.iitxm on the rate re-
riaing unauswered in vies of tie nian percentisn-e ~f fupurities pro-
sert in both eauples #1 and #2,

The data otieined as 2 result of this investigaticn
fits into the framework of thz oxidation-reduction potential
calculations referred to in the introduction.

The decdlerating sfiect of duralumin leads to the
conclusion that the 4% copoer present is not in a form which
can lonize and thereby accelerate the phosphorus oxidation,

Retariation o the oxidation by aluminum, Guralumin,
and zinc, bdth in the rresence and in the absence of barium
nitrate, points to the choice of one of these as the metal that
should be in contact wiaith P4 primer composition in order to con-
tribute to the greatest storage stehility.

IV, CONCLUSI).:S AlD RECOLZENDATIONS

The effect of the metals investigated on the oxidation
of red phosphorus varies over an extrenmely wide range., Hence
tie choice of the proper metal for contact with red phosphorus
primer compositions is an important consideration in the storage
stability of this type of priier,

The outstanding .etal for this use appears to be alu-
minum and it is recommended thet the use of this metal for primer
cups and rsnvils be investigated,
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