NOTICE: This standard has either been superseded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

QHW Designation: D 2512 — 95

Standard Test Method for
Compatibility of Materials with Liquid Oxygen (Impact
Sensitivity Threshold and Pass-Fail Techniques) *

This standard is issued under the fixed designation D 2512; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone] indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope MIL-O-16791E Detergent, General Purpose (Liquid, Non-

1.1 This metho&®* covers the determination of compatibil- ionic) » _
ity and relative sensitivity of materials with liquid oxygen MIL-C-27401C Propellant Pressurizing Agent, Nitrogen
under impact energy using the Army Ballistic Missile Agency ~MIL-P-25508E Propellant, Oxygen
(ABMA)-type impact tester. Materials that are impact-sensitive MIL-T-27602B Trichloroethylene, Oxygen Propellant
with liquid oxygen are generally also sensitive to reaction by ~ Compatible _ . .
other forms of energy in the presence of oxygen. MIL-C-81302C Cleaning Compound, Solvent, Trichlorotri-
1.2 This standard should be used to measure and describe ~ fluorocarbon
the properties of materials, products, or assemblies in respon
to heat and flame under controlled laboratory conditions anjg' Summary of Test Method

should not be used to describe or appraise the fire hazard or 3-1 A sample of the test material is placed in a specimen
fire risk of materials, products, or assemblies under actual firecUP Precooled and covered with liquid oxygen, and placed in

conditions. However, results of this test may be used aff® cup holder located in the anvil region assembly of the
elements of a fire risk assessment which takes into account all'Pact tester. A precooled striker pin is then centered in the

of the factors which are pertinent to an assessment of the fir€UP- The plummet is dropped from selected heights onto the
hazard of a particular end use pin, which transmits the energy to the test specimen. Observa-

1.3 This standard does not purport to address all of thetion for any reaction is made and the liquid oxygen impact
safety concerns, if any, associated with its use. It is theensitivity of the test material is noted. Drop tests are continued
responsibility of the user of this standard to establish appro-Using & fresh specimen cup and striker pin for each drop, until

priate safety and health practices and determine the applicath® threshold valve is achieved. A series of drop tests are
bility of regulatory limitations prior to use. conducted at an energy level of 98 J (72 ft-1bf) or as specified

for the pass-fail tests.
2. Referenced Documents

2.1 ASTM Standards:
C 145 Specification for Solid Load-Bearing Concrete Ma-

4. Significance and Use
4.1 When this test method is used to measure the threshold

sonry Unit§ impact sensitivity of a material, a relative sensitivity assess-
D 1193 Specification for Reagent Water ment is obtained which permits the ranking of materials.
2.2 Military Standards’ 4.2 This test method may also be used for acceptance-

testing materials for use in liquid oxygen systems. Twenty
separate samples of the material submerged in liquid oxygen
* This test method is under the jurisdiction of ASTM Committee FO7 on gre Subjected to 98 J (72 ft-|bf) or as specified. Impact energy

Aerospace and Aircraft and is the direct responsibility of Subcommittee F07.02 o . _ T .
Propellant Technology. Yelivered through a 12.7-mn¥4in.) diameter contact. More

Current edition approved Feb. 15, 1995. Published April 1995. Originally than one indication of sensitivity is cause for immediate
published as D 2512 - 66. Last previous edition D 2512 — 82 (£894) rejection. A single explosion, flash, or other indication of

°“NASA Handbook 8060. 1B, Ambient LOX Mechanical Impact Screening sensitjvity during the initial series of 20 tests requires that an
Test,” September 1981, pp. 4-83 through 4-71. ‘Oxygen Systems." George C, yyyinna1 40 samples be tested without incident to ensure
Marshall Space Flight Center, National Aeronautics and Space Administration® p

Specification MSFC 106B5eptember 1981. acceptability of the material.
% “Lubrication and Related Research and Test Method Development for Aviation 4.3 The threshold values are determined by this test method

Propulsion Systems.Technical Report No. 59-728Mright Air Development ot ampjent pressure. The sensitivity of materials to mechanical
Division, January 1960.

““General Safety Precautions for Missile Liquid Propellants.” impac_t iS_ known to increase with increasing pressure. Sin_ce
5 Annual Book of ASTM Standardéol 04.05. most liquid oxygen systems operate at pressures above ambient
6 .y . . . .

Annual Book of ASTM Standardebl 11.01. condition, some consideration should be given to increased

7 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700, s L . .
Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS. sensitivity and reactivity of materials at higher pressure when

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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selecting materials for use in pressurized system.

5. Apparatus

5.1 ABMA-Type Impact Test&(Fig. 1), for determining the
sensitivity of materials to liquid oxygen with impact energy.
Fig. 2 shows the schematic diagram of the typical power
supply. The tester consists of the following parts:

5.1.1 Three Guide Trackscapable of maintaining accurate
vertical alignment under repeated shock conditions.

5.1.2 Plummet with a weight of 9.072+ 0.023 kg (20=+
0.05 Ibs).

5.1.3 Safety Catchoperated by a solenoid, and designed to
hold the plummet near the base of the magnet. It is used to
support the plummet in the event of a power failure.

5.1.4 Electromagnetfor supporting or releasing the plum-
met. The electromagnet is designed to hold 9.072 kg (20 Ibs) of
weight with a minimum amount of electrical energy.

5.1.5 Base—The base of the tester is composed of the
following: a rigid 0.61- by 0.61- by 0.61-m (2- by 2- by 2-ft)
(min) reinforced concrete block (concrete conforming to Speci-
fication C 145), a 3.2-mm¥g-in.) stainless steel sheet, and a

25-mm (1-in.) thick stainless steel base plate. Four stainless

steel foundation bolts protruding from the concrete block are

used to fasten the plate and sheet to the smooth surface of thes 1 6 Anvil Plate (Fig. 3) made from a 51-mm (2-in.) thick

Type 440B heat-treated steel plate, (56 to 58 HRC) that is

NoTe 1—Where not otherwise indicated, stainless steel shall be of th@eme_red and rests on the base plate. It in turn centers the
specimen cup holder.
5.1.7 Striker Pin—The striker pins shall be machined from

concrete block with stainless steel nuts.

AISI 300 series.
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FIG. 2 Schematic Diagram of Power Supply

® Detail drawings for the ABMA-Type Impact Tester and Anvil Region Assembly AMS 5643D stainless steel, heat condition H-900 (Fig. 4).

are available at a nominal cost from ASTM Headquarters, 100 Barr Harbor Dr., PO
Box C700, West Conshohocken, PA 19428-2959. Order Adjunct ADJD2512.

5.1.8 Striker Pin Guide

5.1.9 Specimen CupsOne- and two-piece specimen cups
shall be used. The one-piece specimen cup (Fig. 5) shall be
used for liquid and solid test materials. When testing hard
samples that are sometimes capable of initiating reactions with
the aluminum cup, expendable Type 347 stainless steel disks

STRIKER PIN

STRIKER
PIN GUIDE

ONE-PIECE

SPECIMEN CUP
~d

CUP HOLDER

e

FIG. 1 ABMA-Type Impact Tester

|
ANVIL PLATE 2 IN.

THICK TYPE 440 B

HEAT TREATED STEEL PLATE
ROCKWELL C 56-58

FIG. 3 Anvil Region Assembly
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L9 o a set of visual roughness comparison standaotisa surface
“ ' 0.12 x 15° CHAMFER roughness measuring instrument shall be required. Timing
[a] // instrumentation shall be required to measure the drop time of
} 0_22 the plummet. A suitable free-fall timing circuit is illustrated in
°-5{ 4[ Fig. 10.
2.00 - 6. Reagents and Materials
001 R YR 6.1 Alkaline Cleaner for striker pins and stainless steel
w\'y inserts, consisting of a solution of 15 g of sodium hydroxide
B] MUST BREAK (NaOH), 15 g of trisodium phosphate (MRO,), and 1 L of
4951 oon DA, —=l == 0,005R. MAX. distilled or deionized water.
6.2 Alkaline Cleanerfor cups; a nonetch-type solution such
Note 1—Break sharp edges approximately 0.015. as Enthone NE or equivalent shall be used.
Note 2—Machine all surfaces 32 rums except as noted. 6.3 Aqua Regia—Mix 18 parts of concentrated HNsp gr

Note 3—Material: stainless steel AMS 5643 D. . - >
Note 4—Heat treatment H-900 o obtain Rc 43 to 44. 1.42) with 82 parts of concentrated hydrochloric acid (HCI, sp

Note 5—Finish: electropolish after heat treatment. gr 1.19) t,)y ‘.’O'Ume- . L
Note 6—Surfaces A and B should be parallel and perpendicular to the 6.4 Deionized Waterconforming to Specification D 1193.

center line within 0.001TIR and 16-32 rms along a radius. 6.5 Detergent, General-Purpose (Liquid, Nonioni@on-
All dimensions in inches. forming to MIL-D-16791E.
FIG. 4 Striker Pin 6.6 Hydrofluoric Acid (48.0 to 51.0 %)—Reagent grade
concentrated hydrofluoric acid (HF).
17.5 mm ¥1s in.) in diameter by 1.6 mm¥s in.) thick shall 6.7 Liquid Nitrogen conforming to MIL-P-27401.

be placed in the bottom of the cup. The two-piece cup (Fig. 6YWarning—Contact with the skin can cause frostbites resem-

shall be used for testing semisolid materials; a one-piece insefpling burns.)

cup (Fig. 7) may also be used. The recess of either of these 6.8 Gaseous Nitrogen conforming to MIL-P-27401.

permits use of a 1.27-mm (0.050-in.) thick sample. (Warning—Compressed gas under high pressure. Always use
5.1.10 Specimen Cup Holdeconsisting of a 25-mm (1-in.) a pressure regulator. Release regulator tension before opening

thick stainless steel block centered on the anvil plate. Thisylinder.)

holder has two protruding spacers which align the striker pin 6.9 Liquid Oxygen conforming to MIL-O-25508.

guide, and in turn the striker pin, with the nose of the plummet(Warning—Oxygen vigorously accelerates combustion. Con-

thus ensuring a direct hit by the nose of the plummet on théact with skin can cause frostbite resembling burns.)

striker pin in the specimen cup. 6.10 Nitric Acid (relative density 1.42)—Reagent grade
5.2 Test Cel—The impact tester shall be housed in a testnitric acid (HNG).

cell containing a concrete floor. Walls shall be constructed of 6.11 Trichloroethylene conforming to MIL-T-27602.

reinforced concrete or metal to provide protection from explo{Warning—Harmful if inhaled. High concentrations may

sion or fire hazards. The cell shall be provided with acause unconsciousness or death. Contact may cause skin

shatterproof observation window, and shall be darkened suffirritation and dermatitis.)

ciently t(,) permit observation of ﬂa_Shes' The qpe_rator shall be Note 2—The use of trichloroethylene is banned in California by the

located in a darkened area. Continuous ventilation shall procgjifomia Air Pollution Board.

vide fresh air to the test cell. Construction of the cell shall be 6.12 Trichlorotrifluoroethane . conforming to MIL-C-

directed at providing a facility that can be maintained economi-_, . ) o 9

cally at a high level of good housekeeping. The test cell shaﬁ313202 Type |. Warning—Harmiul if inhaled.)

be cleaned periodically to ensure cleanliness of sample anfl Safety Precautions

equipment. _ o 7.1 The hazards involved with liquid oxygen are very
5.3 Freezing Boxas illustrated in Fig. 8. serious. Contact with the skin can cause frostbites resembling
5.4 Auxiliary Equipmené-The auxiliary equipment shall s Contact with hydrocarbons or other fuels causes an

consist of forceps for handling the specimen cups and strikekyp|osion hazard, as such mixtures are usually shock, impact,
pins, stainless steel spatulas, liquid oxygen handling equipmen,q vibration-sensitive.

such as stainless steel Dewar flasks, liquid oxygen protective 7 5 The first-aid procedure for liquid oxygen contact is to
gloves, lintless laboratory coat, eye protection equipment, angsp the affected area with water. This treatment should be
liquid oxygen storage containers. Special handling equipmenowed by medical attention. A safety shower must be
shall include striker pin holders (Fig. 9), specimen cup traysgyailable in the immediate area.

covered storage container for specimen cups and striker pins, 7 3 Tpe following safety rules must be observed: personnel

and a vapor-phase degreaser. The following items are alsgqrking with liquid oxygen must be familiar with its nature
recommended: microburet, control panel with switches to

activate the safety catch and electromagnet, stereomicroscope, —

micrometer depth gage with Ieveling blocks press punch cutter ° American National Standard B 46.1-1962. Surface Texture standards may be
. - - ’ ) used.

for prgparatlon of plastlc speumen_s, OVPjn' and ref“g?rator' For 19 Available from Enthone, Inc., a division of American Smelting and Refining

checking surface roughness of striker pins and specimen cupss., Box 1900, New Haven, CT 06508.
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Note 1—Break sharp edges 0.015.
Note 2—The cup is formed by deep drawing.
Note 3—The thickness and parallelness of the cup bottom shall be controllled to 0.0610 to 0.0630 by coining.
Note 4—Materal: aluminum alloy QQ-A-318 (5052) temper H32.
All dimensions in inches.
FIG. 5 One-Piece Specimen Cup

and characteristics. Approved goggles or face shields, protewentilation. For cleaning by vapor degreasing, the vapor level
tive clothing, gloves, and boots must be worn during handlingshall be controlled by heat input and cooling coils, which
or transfer. Such operations shall be performed by not less thastablish a vapor ceiling.” Such vapor degreasing units should
two persons as a group. Extreme caution shall be exercised always be installed in a location that is free from draft
preventing contact with oils or other combustible materials. Allconditions and should be ventilated by horizontal slot exhausts.
tools must be degreased before use. Precautions shall be taken .
to prevent accumulation of moisture in lines, valves, traps, an§- Preparation of Apparatus
so forth to avert freezing and plugging with subsequent 8.1 General—The impact tester, its accessories, and the test
pressure ruptures. Care shall also be taken to prevent entragell shall be maintained in clean condition to ensure reproduc-
ment of liquid oxygen in unvented sections of any system. ibility of results and to meet the requirements of blank testing
7.4 Safety shower and other protective equipment shall bas described in 8.5. The guide tracks, plummet, anvil plate,
inspected periodically and before each handling of liquidstriker pin guide, specimen cup holder, and base plate of the
oxygen. Personnel leaving the working or storage area shailnpact tester shall be cleaned thoroughly at the start of each
take steps to make sure that no oxygen remains absorbed tiest and between tests of different materials by using cheese-
clothing before smoking or approaching any source of ignitioncloth soaked with fresh trichloroethylene or trichlorotrifluoro-
7.5 The threshold limit value, that is, the time-weighedethane. In addition, the anvil plate, specimen cup holder, striker
average concentration of trichloroethylene believed safe fopin guide, and plummet nose shall be cleaned with fresh
continuous exposure during a normal 8-h workday, has beetmichloroethylene or trichlorotrifluoroethane at least after every
established by the American Conference of Governmentakenth impact during a test series. After completion of testing for
Industrial Hygienists at 100 ppm. Operations using trichloro-the day, the impact tester handling equipment (Dewar flasks
ethylene should always be conducted in a well-ventilated areand forceps), and sample preparation equipment, shall be
The comparable figure for trichlorotrifluorethane is 1000 ppm insed with fresh trichloroethylene or trichlorotrifluoroethane.
and normal ventilation is usually adequate. When a ventilation 8.2 Striker Pins and Insert DisksBefore each test, the
system is used, an effort should be made to have the natural atriker pin shall be checked for dimensional conformance to
currents in the vicinity assist rather than oppose the mechanicdrawing and then examined to ensure freedom from scratches,
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TFE-fluorocarbon

0.875

| -+
0.980 0.042
| 1.020 | 0.058
1.064
{ 1.136
REF,
1.000
0.656 *3:360
0.75 DIA.
0.010-R
16-32
16-32 MAaX. MAX, l ] . ___L
‘ max, | L—r A
BRI ; -
0.052 f 0.0500.00 0.06210.010
5036 ons 0.69510-003
) -696-0.000
DIA
Note 1—Break sharp edges 0.015. _ )
Note 2—Surfaces marked shall be parallel within 0.002 TIR. Note 1—Material: aluminum alloy QQ-A-318 (5052), temper H-32.
Note 3—Material: aluminum alloy QQ-A-318 (5052), temper H-32. All dimensions in inches.
All dimensions in inches. FIG. 7 One-Piece Insert Cup

FIG. 6 Two-Piece Specimen Cup

to 35°C in a 50 volume % solution of concentrated HNO

nicks, metallic slivers, and other imperfections. The striker(relative density 1.42) in deionized water for 5 min or until
pins shall be cleaned, adhering to a specified cleaning s&mut is removed. Rinse thoroughly with deionized water. Dry
quence. Fig. 9 shows a suitable striker pin holder which hold# an oven at 125 to 150°C until free of water. The cups shall
as many as 24 striker pins. By using such a tool during théot be used until at least 72 h after cleaning.
entire handling of the pins, the striking surfaces of the pins are 8.4 Sleeve for Two-Piece Specimen &dphe cup includes
protected from possible damage as a result of handling. Tha sleeve made of polytetrafluoroethylene (PTFE). This sleeve
pins shall be placed in the striker pin holder, rinsed in liquidshall be cleaned as follows: soak in aqua regia for a minimum
trichloroethylene or trichlorotrifluoroethane, and vapor-of 10 min. Rinse with tap water; rinse with detergent; rinse
degreased for 5 min. This sequence shall be followed with awith distilled or deionized water, drain for a minimum of 10
air dry. The striker pins shall be immersed in an alkalinemin, and rinse with trichloroethylene or trichlorotrifluoroet-
cleaner (see 6.1) for a minimum of 15 min at 20 to 35°C. Thishane. Dry in an oven at 125 to 150°C until free from water. The
procedure shall be followed by a rinse in running tap water angleeves may be used as soon as they are cooled.
then a rinse in distilled or deionized water. The striker pins 8.5 A liquid oxygen cleanliness check (blank) shall be
shall then be dried in an oven at 125 to 150°C until free ofperformed with at least 20 cleaned specimen cups and striker
water. They shall be removed from the oven and stored in @ins selected at random from every batch cleaned. The blank
suitable covered container. The stainless steel insert disks sh&lips filled with liquid oxygen, the striker pins, and the cup
be handled in an analogous manner through the same cleanihglder shall be precooled as specified in 10.10. These blank
steps. tests shall be performed from a height of 1.1 m (43.3 in.) or the

8.3 Specimen CupsThe one-piece cup, lower part of the drop height of the test. If no reaction occurs, the specimen
two-piece specimen cup, and one-piece insert (Fig. 5, Fig. 8ups, striker pins, and test facility may be considered clean. If
and Fig. 7, respectively) are made of aluminum alloy. Theya reaction occurs, the source of the reaction must be deter-
shall be cleaned as follows: vapor degrease in trichloroethylengined and corrected, and the check procedure repeated.
in an inverted position for 15 min. Rinse with tap water. Soak o
for 20 min in hot alkaline cleaner (see 6.2). Rinse thoroughlyd- Calibration of Tester
with deionized water. Immerse for 15 min at ambient tempera- 9.1 It is necessary to ascertain the alignment of the vertical
ture in a mixture of the following: 0.5 volume % of concen- guide tracks and the friction of the plummet assembly. This is
trated HF (48 %), 5.0 volume % of concentratedaccomplished by timing the plummet fall from a given height.
HNOg(relative density 1.42), and 94.5 volume % of deionizedFor this test, the free-fall timing is required to be within 3 % of
water. Rinse with deionized water. Desmut by immersing at 2@heoretical for the prevailing gravitational field.
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Note 1—Weld all joints.
Note 2—The top cover shall be made of clear PCTFE plastic 0.32 thick.
Note 3—Material: stainless steel AlSI 300 series.
All dimensions in inches.
FIG. 8 Freezing Box
5.5 INPUT OUTPUT STARTING
9 CIRCUIT
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4.5 i
All dimensions in inches. MIKE

FIG. 9 Striker Pin Holder - -
FIG. 10 Free-Fall Timing Circuit

9.2 The approximate plummet rebound height shall be .
determined visually using the one-piece cup filled with liquidhomogenous sample. A microburet may be used to transfer the

oxygen or nitrogen and noting the rebound height of the topspecimen into the specimen cups. For viscous materials, a
plate of the plummet. The approximate plummet reboundnicrosyringe may be used. Determine the volume of the

heights shall be determined for each drop height specified igample required to obtain a sample thickness of 12@.13
Table 1. mm (0.050= 0.005 in.) in the specimen cup before freezing.

(This determination is required due to variations from liquid to
10. Procedure liquid in physical properties such as density, surface tension,
10.1 Preparation of Liquid Samples as Supplie®repare a and volatility.) A micrometer depth gage with leveling blocks is
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