
AD-785 536

CORROSIVE EFFECTS OF METHYL PHOS-
PHON!C ACID (MPA) ANr) HF SOLUTIONS ON
THIN-SHEET 1010 STEEL, 321 STAINLESS
STEEL AND 200 NICKEL

A. Gallaccio

Frankford Arsenal

I

Prepared for:
t

Edgewood Arsenal

I
January 1974

II

DISTRIUTED BY:

Nduu T W 1suum smf
U. 1. EPsumTT U AE
529 Po ~dbHe. p, td Va. 22151" I



UNCLAS SIFItED
5,CuitV CLASSIFICATIOM OF THIS PAGE (W7on Date BnteItro

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS
9 BFFORE COMPLETING FORM

T. REIT NUM BER 2. GOVT ACCESSION NO 3. RECIPIENTf$ CATALOG NUMBER

femorandd,_ Reprrt 1474-2-1 
_ _ _4. TITLE (a .d SeL.'JC) 5. TYPE OF REPORT & PERIOD COVERED

COPSIVE E-ECTS OF METHYL PHOSPHONIC ACID
( 4A) AND HF SOLUTIONS ON THIN-SHEET 1010 STEM,
321 STAI-aESS STEEL AND 200 NICKEL 4. PERFORMING ORO. REPORT NUMKK

7. AU-!%::K(s) 6. CONTRACT OR GRANT NUMER(-)

A. GALTACCIO

L). PERFORUIAG ORGANIZATION NAME AND AD RESS WO. PROGRAM ELEMENT. PROJECT, TASX
AREA A WORK UNIT NUMSERS

FFAINFORD APSENAL AMCHS: 612105.11,0990C
Attn: SARFA-PDM-A DA Proj: IT062105A039
Philadelphia, PA 19137

11. CoNTROLLNG nFFICE NAME AND ADDRESS 12. REPORT DATE

I AsJanuary 1974
r=COM-Edgew-ood Arsenal 1,. NUnBEROF PAGES

le /9'

4. MONITORING AG NCY NAME 6 ADtARSS(If Cft.,.mt hron Coegollind Off cs) 1S. SECURITY CLASS. (of this ropof)

Unclassified

IOECLASSIFICATION/OOWNGRADING
SCHEDULE N/A

1. CISTR!I2UTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the ostrac enterod.in Block 20, if "&fMmit boo Reporf)

IS. SUPPLEMENTARY NOTES f,-. ' .. e

NATIONAL TECHNICAL
INFORMATION SERVICE

Sr.,npfeld VA 221

19. KEY WORDS (Cochue onm revee side if aI.ev omy and Idorttif, by block arim be')

Ammunition (Chemical) 321 stainless steel
Binary shell (Chemical) 200 nickel
Corrosion tiethylphosphonic acid (HPA)
Metal diaphram Hydrofluoric acid
1010 AtAPl -

20. AB3STRACT (Coantinu an revee aide If n e..oey id t mn t U by block mer)

Thin-sheet 1010 steel, 321 stainless steel, and 200 nickel, (6 to 10
mils), which have been considered as candidate diaphram materials for a
binary chemical shell, were assessed for corrosion damage in a methyl-
phosphnnic acid solution, a4d in hydrofluoric acid solutions, at room
temperature.

After 96 drys in the metlylphosphonic acid solution (15 percent MPA
1/1.8 ethanol/water) penetratioL. %f the different metals ws: (Cont'd)

J 1473 Ebiui OF I NOV 68 IS OSSOLETE * UI.ASSFE /3
IfE1URI TY CLASiFICATM OF THIII AG6E =Woofed



r • e  __- - - - 7 - --

UMCLASSIFED

S1CUITY CLASSIFICATION OF THIS PAG@E1= Da fuVs

20. ABSTRACT - Cont'd

steel, 12 percent; stainless steel, none; nickel, 32 percent. After the
same period in 1 percent HF solution, penetration ,as: steel, 14 percent,
with pitting; stainless steel, 16.8 percent, no pitting; nickel, 22 per-
cent, with appreciable pitting. Stainless steel specimens in different
concentrations of HF solution (1 to 48 percent) exhibited straight-line,
progressive penetration with increasing lI concentration.

The 321 stainless steel is indicated suitable for the intended use;
whereas the 1010 steel and 200 nickel are contraindicated. Attention is
directed to the importance of exposed, metal-surface area vs volume of
solution, or vs concentration of the electrolyte; and to air-oxidative
conditions which can influence corrosion. Further, it is mentioned that
circumferential elding of the diaphram may lead to susceptibility to
its corrosion at or in the heat affected area.

o

.1

I/ l

Ie
rNT8Z

I .. _I

.--9 j
, i h • - . . . .. . M -" - i I I In ... • Idmi I



-9

TABLE OF CONTENTS

PaLe No.

INTRODUCTION ........ .... ......................... 3

MATERIALS ......... ...................... . . . 3

ENVIRONMENTS ...... ................... . . . . . . . 3

METHOD .............................. 5

RESULTS .............................. . 6

MPA Solution....... .... . . . . . . . . . . . 11
HF (IF-) Solution....... .. . . . . . . . . . 12

DISCUSSION ........ ...................... . . . 12

CONCLUSIONS ...... ......................... . 13

REFERENCES ...... .. .......... ........ 14

DISTRIBUTION. . . . .................. . . 15

List of Tables

Table

I. Specimen and Kvironment Particulars. . . . . . . . . 4

I. Typical Analysis of Stabilized GB Agent . . . . . . . . 5

I1. Percent Weight Loss, Percent Reduction Thickness, anJ
Surface Condition - Flat Specimens after Exposure in

PA and HP Solutions. ........... .. . . . . 7

IV. Condition of U-Bend Specimens After 96 Days in NPA, and
HP (1ZF-) Solutions . . . . . . . . . . . . . . . . . . 9

I ..

I- _ .- s _ 7



List of Illustrations

Figure Pape No.

1. Percent Weight Loss - 1010 Steel Specimens (2.5 x
5.0 cm - Two Surfaces) in MPA and in HF (1% F-)
Solutions ........ ......................... 8

2. Percent Weight Loss - 321 Stainless Steel Specimens
(2.5 x 5.0 cm - Two Surfaces) in HPA and HF (l%F)
Solutions ...... ...................... . . . 8

3. Percent Weight Loss - 200 Nickel Specimens (2.5 x
5.0 cm - Two Surfaces) in HPA and in HF (1XF-) Solutions 9

4. Condition of Specimens after Exposure to Test
Solutions ........ ........................ ... 10

5. 321 Stainicss Steel Specimens (2.5 x 5.0 cm) - Corrosion
Rate vs Concentration of UF: Presented for One Surface. 11

I

II
:2 I

I a

2t

A _ _



INTRODUCTION

Assessment of the corrosive effects of methylphosphonic (MPA) and
hydrofluoric acid (HF) solutions on thin-sheet 1010 steel, 321 stain-
less steel and 200 nickel were made. The intent was to establish the
adviseability of the use of the alloys as diaphram materials for an
internal container of the binary shell being developed at Edgewood
Arsenal. Specifically, the diaphram is being considered for use in
the difluoro-constituent container of the shell system.

In the des1ln of the binary chemical shell, two containers are

involved, each holding one reactant of the ultimate chemical con-
stituent. One end of the container for the difluoro ingredient, re-
qrcz a thin metal diaphram clour- vhoih d11 rkAslt the effects of
the difluoro compound or its hydrolysis products, such as, hydrofluoric
acid and methylphosphonic acid. Resistance of the diaphram to r~r-
rosion and penetration is required for an extended period, i.e., for at
least ten years, since the shells may be stored for such length of
time.

i Previous discussions with Edgewood personnel revealed that speci-
fic candidate thin-sheet metals were being considered. These pre-
selected materials were required to be evaluated, so as to provide a
basis for the adviseability of their use for the intended purpose.

MATERIALS

The thin-metal sheets supplied for assessment were: 1010 steel,
321 stainless steel, and 200 nickel. Specimen particulars are given

in Table I.

ENVIRONIENTS

Solutions in which the specimens were immersed were:

MPA - Methylphosphonic acid, 15 percent in ethyl alcohol/
water (1/1.18)

HF - One (1) percent P- in water

HF(v) - Various concentrations of HF, namely, 1, 2, 4, 6,
12.5, 25, 35, 48 percent in water
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The MPA and 1 percent HF solutions were chosen to separate and
accentuate the individual chemical actions that might ensue in the
event the difluoro compound undergoes hydrolysis. The selection of the
HF sclution (1 percent F-) is based on previously reported analysis of
GB agent representing samplings of GB agent from numerous ammunition
items taken from storage. ,2 A typical analysis is presented in
Table II.

TABLE II.

Typical Analysis of Stabilized GB Agent

NOTE. Sampled from containers stored at 709C, ca. 3 years
in steel.1 *2

Acidity; mg H+/lOOg GB 70.

Ionic fluorine, 2 1.2

Purity, Z 83.0

METHOD

Quadruplicate flat specimens and duplicate U-bend specimens, de-
greased in naphtha then rinsed with acetone, were Immersed in 300 al.
of each solution. The ratio of metal surface area to volume of
solutiot. was 2)6 cL2/300 ml., 1/1.46, (cf. ratio 1/1.11 - 0.9 for M-121
projectile). High-density polyethylene containers with press-fit
covers of the same material were used to hold the specimens and test

IL. C. Buckles, W. C. Crawford, Jr. and A. S. futchcraft, Jr., Report
CR 578, Chemical and Radiological Laboratories, Army Chemical Can-
ter, Maryland, 28 May 1956, p. 13.

2Comwunications, re: Rocket Nil with Mr. S. R. Eckhaus, Weapons De-
velopment Ensineering Laboratory, Zdgevood, Maryland, may 1966.
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liquid. No effort was made to exclude air above the solution.

Precracked thin-sheet specimens, held in special stressing fix-
tures, also were immersed in the MPA and HF (1 percent) solutions, so
that the apex of the fatigue crack was about 6 mm. ( in.) below the
liquid surface. The specimens and special fixtures were designed,
fatigue cracked, and assembled by personnel performing the fracture
mechanics studies. Examinations of the specimens after exposure in the
test solutions also were performed by the same persons. Results for
the precracked specimens are not presented in this report.

Flat specimens were weighed prior to iz-ersin% them, and after
each exposure interval were cleaned by light brushing in water and
rinsed with dry acetone.

U-bend specimens were not weighed initially, nor on removal from
the solutions. These were cleaned and examined for pitting or crack-
ing, particularly in the region of the bend.

For the purpose of observing the action of HF solutions of dif-
ferent concentrations on the dissolution of the stainless steel thin-
sheet, one specimen was immersed in each of the HF(v) solutions. In
this case, the volume of solution used was 50 ml., and the surface/
solution volume ratio was 1/15.7. The specimens were beut into shal-
iow curves so that they could be set on a long edge -n the bottom of
the container, for maximum surface exposure. Each specimen was weigh-
ed prior to placing it in the test solution, and again on removal
after washing with water and drying with acetone.

RESULTS

Percentage wei~ht loss and resultant thickness for the 1 x 2 in.
(ca. 2.5 x 5.0 cm.) flat specimens are given in Table III. Figures 1,
2, and 3 are plots of these.

Visual observations of the U-bend specimens are presented in Table
IV. Figure 4 is a photograph of the specimens after the exposures.

Results of exposures of the stainless steel specimens to WF(v)
solutions are presented in Figure 5.

-I 1
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Figure 1. Percent Weight ILotis 101 ioSteel Specimens (2.5 x 5.0 cm-
Tvo Surfaces) i 14PA and in HP (1. Y-) Solutions
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Figure 2. Percent Weight Loses 321 Stainless Stool Specimens (2.5 x1 5.0 cm -Two Surfaces) in HIA and IW (1% 71 Solutions
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Figure 3. Percent Weight Loss - 200 Nickel Specimens (2.5 x 5.0
cm - Two Surfacs) in MPA snd in V (l F-) Solutions

TABLE IV.

Condition of U-Bend Specimens After 96 Days
in MPA and BF (1Z F-) Solutions

Material MIA Solution IF Solution

0lo Dark, oxide film. Small Dark, oxide film Small
Steel pica and perforations pits and perforations.

along edges and in bent Sparsely distributed along
portion, few Sparsely edges and n bent position.
distributed n surfaces. Condition less pronounced
Not strictly related to than that of IlA. o
nearness to liquid-air crackin.
interface. go cracking.

321 Bright. No pitting. Sones loss of brightness. No
Stainless No perforations. pitting. No perfcrations.
Steel No cracking. No cracking.

200 Dull. o pits. No Dark, dull. Pits along
Nickel perforations. No edges. go pits in bent area.

cracking. No crackinS.
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EF (lZF-) Solution

In the HF solution the corrosion of 1010 steel and 321 stainless
steel proceed actively at first. In an overall consideration, the
steel corrodes at about twice the rate of the stainless steel. The
corrosion rate of each sheet material steadily diminishes and becomes
asymptotic at about 50 days, about half the full exposure time. Pit-
ting and loss of metal resulting from complete penetration and holes
in the steel sheet occurs; consequently weight loss and thickness re-
duction (two surfaces exposed) differ; the steel showing a greater
change. The nickel sheet exhibited a slower initial rise in corrosion
rate the- did the other metals, but rose steadily over the entire
exposure period. Thickness reduction is not in agreeent with -3ight
percent losses.

From the data it would appear that the discrepancy persists but
with smallest differences in the intermediate periods. At the final
point (96 days) the percentage weight loss in greater than that which
might be accounted for from thickness reduction. Again, this is at-
tributed to holes and small perforations (in some nickel specimens solid
particles were able to be picked out leaving through holes) which re-
sult from the action of the liquid on the mtal sheet (Figure 3 and
Table III).

Netal-surface area to volume of solution relationship is a factor
which is of importance. Contrast the corrosion of 321 stainless steel
in HF (lXF), at 1/1.46 ratio, to that in the sm solution at 1/15.7.
In the former the penetration (considering one surface exposed, but
same total area) the average of the total is ca. 0.006 ail/day
(0.015 cm.) (Figure 2) and in the latter ca. 0.1 mil/day (ca. 0.25 ca.)
(Figure 5) or nearly 17 times greater. These rates are more represen-
tative of the earlier exposure times. Further, as the concentration
of HF increases the corrosion of 321 stainless steel increases at
appreciable rate (Figure 5).

DISCUSSION

In aLmited access of difluoro liquid to available surface area of
the metal such as depcrbed above, and in the virtual absence of ox7Sen
(si), two favorable conditions would be expected to be realised. lhis
applies to 1010 steel ad 321 stainless steel, but is not indicated for
the 200 nickel.

12
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First, the initial rate of uniform surface corrosion wou'4
'Lininsh for the steals and would eventually cease, considering a ratio
of metal surface and of liquid of 1/1.46 (.69) or greater. Second, the
abse-ce of owvgen would be expected to preclude progressive pitting and
perforation of the thin-sheet material. In the case of 200 nickel,
even if pitting and penetration of the thin-sheet would not occur be-
cause oxygen is precluded, uniform dissolution and appreciable and
progressive thickness reduction is indicated. In any event, any minute
leakage at tie we1' seam of the diaphramn and container base, could pro-
vide conditions fo broaching the diaphram by corrosion. This would
also apply to 1010 steel.

As a result of welding diaphrams in the container end, a circum-
ferential heat affected region in the diaphram would be expected to
result. Some probable consequences of this, e.g., accentuated cor-
rosive damage in the heat affected region, and enhanced susceptibility
to stress corrosion cracking failure, cannot be ignored.

Thin-sheet 321 stainless steel is indicated as a suitably service-
able diaphra material for use in the difluoro compound containr.

Thin-sheet 1010 steel and 200 nickel are considered unsuitable for
that purpose because of their propensity to pitting end perforation
when subjected to aerated EF (ZF-) solution, and to excessive reduct-
ion of thickness when n contact with the B7 and 1iPA solutions,
representative of certain conditions of the difluoro compound.

The relationrJhp of metal surface area to volme of the BF sol-
ution will markedly affect the corrosive action of the stainless steel
and the other metals; the larger is the volume of corrosive liquid

-/ relative to the metal surface, the more pronounced will be the corrosive
action. Also, higher concentrations of corrosive electrolyte in
solution, accelerate metal dissolution, and air-oxidative conditions in

the solution will accentuate pitting and perforation of two of the
three materials.

A hUghly likely remult of welding a diaphra to the container, is
that a circumferential heat affected region will result in the dia-
phram metal. This would promote the susceptibility of the diaphrom to
localized corrosion, Including stress corroeion and cracking failure.
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