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ABSTRACT 

The purpose of this investigation was to determine the impact sensitivity 
of commercially pure titanium, titanium alloy 6Al-4V, and precipitation hard­
ened 15- 7 Mo stainless steel when exposed to liquid nitrogen tetroxide. An ex­
planation is given of the probable mechanism of the limited ignition resulting 
from impact. 

Comme rcially pure titaniwn and titanium alloy 6Al-4V ignite about 50% 
of the time when impacted with a O. 5 inch diameter flat striker having an en­
ergy of 200 ft .-lbs. Storage of the commercially pure titanium in NzO4 de-
crec.Jses the energy needed for 50% ignition to 60-70 ft-lbs. The sensitivity 
of the alloy is unaffected by storage in N2o4 . 

Precipitation hardened 15-7 Mo stainless steel was not impact sensitive 
in liquid NzO4 . 

PUBLICATION REVIEW 
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1 . INTRODUCTIOH 

1. 01 In the rocket industry, titanium is recognized as a material of 
constructhn with many d e sirable properties for use with nitrogen tetroxide. 
The l at t er \.s well known as an economical and reliable storable liquid oxi­
d..ze r for liquid-fueled rocket s. Corrosionwise , titanium is unattacked by 
nit r ogen tetroxi.d,~ a t t empe r atures up to 74°C. In contact with other strong 
oxidize rs (r ed fuming nit ric acid and oxygen) titanium is known to be impact 
sensitive and on occasion t o react violently. 

1. 02 This projt ct was initiated to determine the impact sensitivity of 
comme rcially pur e titanium, titanium alloy 6Al-4V, and precipitation hard­
ened 15- 7 Mo stainless steel when expo se d to liquid nitrogen tetroxide, Data 
are pres e nt e d on these materials shear ed, scraped, galled, and impacted by 
strikers and hi gh velocity bullet s. An explanation of the mechanism of the 
limited ignition resulting from impact is presented. 

2. SUMMARY AND CONCLUSIONS 

2. 01 Comme rcially pure titanium and titanium 6Al-4V are mildly im­
pact sensitive in liquid N2o4 . The results are consistent with the theory 
that N2O4 is surface adsorbed on the pure t i tanium but not on the alloyed ti­
tanium. The adsorption process is essentially complete in one day. Com­
'nercially pure titanium soaked for 24 hours in N2o4 at o0 c will ignite about 
50% of the time if struck with a flat-end pin having an energy of 60 - 70 ft­
lbs. Titanium 6Al-4V, soaked or unsoaked, will ignite about 50% of the time 
if struck with a flat-end pin having an energy of 180 - 220 ft-lbs. 

2. 02 Ignition is rarely evidenced by sparks or noise and usually re­
sults in small fused areas on the impacted metal surface. Propagation of the 
reaction does not. occur even though sufficient N2o4 is present to allow com­
plete oxidation of the metal. ·..,·ne nitrogen evolved from the ignition reaction 
may slow the access of fresh oxidizer and permit time for the diffusion of 
heat to decrease tempe r~ltures below those required to continue vigorous oxi­
dation. 

2. 03 Shear, scrape, gall, and high velocity impact data also indicate 
that titanium is not subject to propagating oxidation in N2o4 when impact igni­
ted. The presence of grit on the titanium surface causes a marked decrease 
in the impact energy :required for ignition, This is probably due to the in­
crease i n impact energy per unit area around a grit particle and a greater 
availability of bulk oxidizer at the instant of impact. 

z. 04 Precipitation hardened stainless steel, PH 15- 7 Mo (Armco condition 
RH-950) was not impact sensitive in liquid Nz04 . 

Manuscript released May 1961 for publication es a WADU Techn 'lea l R13port. 
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3 . MATERIALS 

3. 01 Nitrogen Tetroxide (N z_Q 4) . - A one-ton cylinder of commercial 

N2O4 wae obtained from Nitrogen Division, Allied Chemical Corporation, The 

..'l.nalysis and specification of this material are shown in Table 1 . 

Table 1 - N2O4 Analysis and Specification 

Analysis Specification 

NzO4 Assay, wt. % 99.84 99.5 

H2O E quivale;it , wt. % 0.0363 0.1 max. 

Cl as NOC! , wt. % 0.0048 0.08 max. 

Non-Volatiles (ash), wt , % 0,0004 0,01 max. 

3. 02 Metals - The metals used i n this study were commercially pure 

titanium (grades A-55 and 75-A), titanium alloy (grade 6Al-4V) , and 15 - 7 Mo 

stainless steel precipitation hardened to Armco condition RH-950. The suppliers 

and certified analyses of these metals are r,hcwn in Table 3, Appendix I. 

3 . 03 Preparation of Metal Specimens, Titanium and 15-7 Mo stainless 

steel specimens were cut from sheet stock using a water-cooled circular sili­

con carbide saw. Initially, 2 x 1/2 x 1/16-in. specimens were cut, Later, 3/4 

x 3/4 x 1/16-in. specimens were cut to insure 100% contact with the 1/2 in, 

diameter impact strikers, Specimens wer e stamped with an identifying number, 

scoured with "Old Dutch Clean s er" , rinsed with water, then in acetone, and 

dried. 15- 7 Mo stainless steel specimens were scoured with 11O1d Dutch 

Cleanser", rinsed in water, then acetone, dried, and precipitation hardened to 

Armco condition RH-950, The specimens were again cleaned before use, Three­

inch lengths of 3/ 4 in. ID titanium A-55 tubes for external impact tests were 

cut on a lathe and the ends machined smooth. These tubes were cleaned in the 

same manner as the flat titanium specimens. 

4. APPARATUS AND PROCEDURES 

4 , 01 Falling Hammer. The falling-hammer apparatus is illustrated in 

Figure 1. Hammers weighing 10, 21. 33, and 25. 7 pounds were used to im­

part up to 103, 220, and 254 foot-pounds of impact energy,. respectively. 

Stainless steel (Type 304) and carbon steel firing pins, 0. 5 inch diameter, 

with various shaped ends - flat, concave, and 90° point - were attached to the 

hammers to impart the impact, A clean specimen was placed in a tin-plated 

steel penetration cup (2-3/ 16 inch diameter x 1-3/ 8 inch deep - Emil Greiner 

Catalog No. 2041) and covered. with 25 milliliters of liquid N2O4, Impact 

tests were made immediately, or the cup was closed with i ts companion top, 

placed in a covered Pyrex dish, and stored in a refrigerator at o0 c until used. 

WADD TR 61-175 2 
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The cup conta ining the specimen and tht! NzO4 waH placed in the anvil of t h e 

apparatus with the specimen centered directly under the firi ng pin. The ham ­

m e r wa., placed a t th e d e sir e d height in the barrel and rdeased by pulling a 

pin. T ests wer e made on t h e spec imens with and witho ut fore i gn matter a dded 

and at 2° and 22°c in an effort to establish an impact sensitivity th r eshold 

valve (ene rgy required to ignit e 50% of t he s p ecimens imp acted), 

4. 02 Shea r . This apparatu s is shown in Figure 2. It was fab ricat ed 

of Type 304 stainless steel and co nsisted of a combination cover and pin guide 

that held a 1/ 4-inc h diameter shea r pin perpendicular to t h e metal spe c im en. 

Two clamps h eld each specimen i n position ove r a small a nvil wit h a O. 281 

inch diameter hole machined directly unde r the portion of the specim en cov­

e red by the end of the 1/ 4 inch diamet er s hear pi n. Clea n 1/2 x 1/2 inch 

specimens to b e s heared were clam ped t o th e a nvil a. nrl pl ;::irP. d on the bottom 

of a tin-plated steel penet r ation cup (2-3 / 1 6 inch diamet er x 1- 3 / 8 inch deep -

Emil Greiner C atalog No. 2041) and covered with N2o4. The cup served as 

a contain e r a nd as a support for the combination cove r and pin guide . The 

entire assembl y was pl aced in a r efr ig erator at o0 c until used. At the con­

clu sion of t he desired soaking per iod , t he assembly was removed from the re­

fri gera to r and plac ed in the anvil of the falling -hamme r apparatus. The ham­

mer was pl aced at the de sir ed height in the barrel a nd dropped on the 1/ 4 inch 

pin c aus ing it to she a r a 1 / 4 inch circle from the specimen . 

4 . 03 Ext ernal. Small titanium c ontainers to be exte rnally impacted were 

prepared from three i!1ch sections of 3/ 4 inch inside diameter Grade A-55 ti­

tanium tubing . The tubes were mounted between two carbon steel flanges held 

agains t the tube ends by thre e 3/ 8 :'.nch s tud bolts. Teflon ga skets were used 

b etw een the titanium and carbon ste el flang e s . One flange was fitted with a 

1/8 inch pipe coupling and valve for loading purpoaes. High velocity external 

impact was prov ided by firing rifle bullets into the containers. For this p,, r­

pose, high velocity, "Kopp erk.la cl", . 22. caliber shorts (Winchester No. SS 22S) 

and R emington 30-06 caliber, 150 g r ain soft point bullets were used, Figur e 3 

is a di mensioned drawing of the container and Figul'e 4 shows the container 

mounted for test. The titan ium containers were loaded with 18 milliliters of 

N2O4 which filled each to three-fourths of its capacity . These containers were 

kept outdoors (ambient temperature about 15 to 27°C) until externally impacted 

below the liquid level with a bullet fired from a shielded rifle at a distance of 

21 feet. In addition to these tests, external impact tests w e re made on empty 

titanium containers for comparison. All containers were sawed in half length­

wise to allow close inspection of the inner surface. 

4 . 04 Gall. Gall test were made by oscillating a O. 5 inch diameter flat ­

end pin loaded with a 10 or 58 pound dead weight on titanium specimens soak­

ing in liquid N2O4. The falling-hammer apparatus was used to make these 

tests. The clean specimen was placed in a tin-plated steel penetration cup and 
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covered with 3 5 m illilite rs o:f liquid NzO4, Th~ cup was closed wit h its com­
panion top, pl ac e d in a cover ed Pyrex dish, and. stored in a refrigerator at 
o0 c until us ed. The specimen was r emoved from the liquid N2o4 a.nd imme­
diately attache d to the bottom of the anvil with stainless steel clamps. The 
spe cimen, whi ch was still wet with N2o4, and the clamps were covered wit h 
a layer of t h e same N2o4 used for soaking the specimen. The dead weight 
with a flat--end pin , ve rtically supported in the barrel, was placed on the 
specimen and connect ed to the drive of a Hills-Mccanna pump. The weight 
was os cillated through a 90° arc for a desired period of time. 

4 , 05 Scrapi ng Gall. Scraping gall tests were made on titanium by 
m a nua lly pulling a sharp pointed tool bit acrosA the specimens under N2O_4 . 
The falli ng-hammer apparatus and the procedure for soaking and anchoring the 
specim en describe d in Par. 4. 04 we re used for these tests. The specimens 
were gouged by rapidly pulling a tool bit, welded to the end of a 5-1/ 2 foot 
length of pipe, across the specimens. Metal was stripped from the speci­
mens to a depth of 4 - 8 thousandths of an inch. 

4. 06 Impact Sensitivity of Stressed Titanium, Titanium specimens bent 
in a U- shape and stressed beyond the yield point were partially flattened anc 
bolted in the slots of the anvils used in the shear tests as shown in Figure 2. 
Each specimen, held t1at against the anvil with the side in tensile stress up, 
was placed in a tin-plc..ted steel penetration cup and soaked in N20 4 for 24 
hours at o0 c. After soaking, each cup containing anvil, specimen, and N2O4 was placed in the anvil of the falling-hammer apparatus and the specimen was 
impacted with a 1 / 2 inch diameter flat-end pin, 

4. 07 Tensile Strength. Several specimens of titanium were soaked in 
liquid N2O4 and in its equilibrium gas at 15° to 30°C for two weeks and then 
tested for tensile strength. Stainless steel (304-L) containers 12 inches deep 
and 4 inches in diameter with a flanged head were used, Specimens were 
mounted on a carrier attached to the container head and glass was used to in­
sulate the specimens from each other and from the stainless steel. Sufficient 
N2O4 was poured into one container to cover the titanium specimens complete­
ly. About 200 milliliters of N2O4 were poured in another container in which 
the titanium specimens were exposed to the gas above the liquid. After ex­
posure the specimens were rinsed in water, dried, and their tensile strength 
and per cent elongation determined in a Model L Dillon tensile tester. 

5. RESULTS 

A. Impact Sensitivity of Commercially Pure Titanium and Titanium Alloy 
6Al-4V 

5. 01 Surface ignition of titanium metals by impact in liquid NzO4 was ob­
served under a variety of conditions. When ignition occurred as a result of 
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flat impact, it was evidenced by small fused areas similar to those shown in 
Figures 5, 6, and 7. Ignition was seldom evidenced by sparks or noise. Pro­
pagation of the reaction did not occur even though sufficient N,04 was present 
to completely oxidize the specimen.

A-55 Specimen 
Not Ignited 
By Impact 

(2X)

A-55 Specimens 
Ignited By 

Impact (2X)

Fig. 5 - Impacted Titanium Specimens
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Fig. 7 - Typical Fused Area on Impacted Surface 

(Approximately 300X)

WADD TR 61-175



.------------------------------------------------------, 

5. 0 2 Commerc ially pure titanium s oaked for 24 hours in N2O4 at o0 c 
had an i mpact s ensitivity threshold value (energy requir ed to ignite 50% of 
the specimens impacted) of 60- 70 ft-lbs using a flat-end firing pin. Without 
soaking, and in N2o4 at 22°c, the threshold value was nearly 200 ft-lbs of 
impac t ene rgy. This threshold value decreased to 40 ft-lbs for one group of 
75-A specimens after soaking 384 hours in N2o4 at o0 c; however, the value 
was 70 - 80 ft- lb s fo r another group of 75-A specimens soaked in N204 for 
123 days at 0 - 10°c. The s e results indicate that sensitivity does not neces­
sarily inc rease with soaking period longer than 24 hours. The presence of 
No. 240 grit AlzO3 on the titanium specimen in N2O4 lowered the threshold 
valu e to about 20 - 30 ft-lbs when using a flat-end pin. This value was ob­
tained when the specimens were soaked in N2O4 for 24 hours at o0 c and in 
NzO4 at 22°C without soaking. Ignition did not occu:r on commercially pure 
titanium when 90° point (with and without A12o3 on the specimens) firing pins 
we re used. One attempt to ignite a soake d 75-A specimen by impact with a 
concave pin at the 103 ft-lb energy level was negative. A second attempt on 
another specimen at the 220 ft-lb level was positive only to a degree detect­
able by microscopic examination. Data are shown in Table 4, Appendix I. 

5. 03 Titanium alloy 6Al-4V soaked in N2o4 for 24 hours at o0 c had an 
impact sensitivity threshold value of 180 - 220 ft-lbs using a flat-end firing 
pin , The presence of No. 240 grit A12O3 on this alloy in NzO4 at 22°c with­
out soaking decreased the threshold value to 23 ft-lbs. Some ignitions oc­
curred on 6Al-4V specime ns soaked for 24 hours at o0 c when impacted in 
N2O4 with a 90° point pi n having an energy of 113 ft-lbs. These ignitions 
were microscopically small and difficult to detect because of the overshadow­
ing physical damage resulting from the impact. Data are shown in Table 5, 
Appendix I. 

5. 04 The hardness of the striking pins appeared to have no effect on 
the impact sensitivity within the range of 262 - 578 Brinell. Titanium 75-A 
soaked in N2O4 for 24 ho.urs at o0 c ignited 50% of the time when impacted 
with 63 ft-lbs. of energy imparted by flat-end carbon steel pins heat treated to 
495 and 578 Brinell hardness. These data compare closely with the 60 - 70 
ft-lbs of energy required to ignite titanium 75-A with stainless steel pin.a hav­
ing a Brinell hardness of 262. Indications are that hardening the firing pin 
above 262 Brinell does not decrease the amount of impact energy needed to 
ignite titanium. Data are shown in TablP. 4, Appendix I. 

5. 05 Commercially pure titanium soaked in liquid N2O4 for 72 hours at 
o0 c did not ignite when rubbed under the liquid with a IO-pound weight for 15 
minutes, 01· with a 58-pound weight for one hour. The specimens were rubbed 
with weights having a flat-end (575 Brinell hardness), 0. 5 inch diameter head 
oscillated through a 90° arc 142 times per minute. Titanium 6Al-4V showed 
no tendency to ignite after soaking in N2O4 for 24 hours at o0 c when rubbed 
under liquid N2O4 for one hour in the presence of No. 240 grit Alz.O3 with a 
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58-pound weight. The specimen was rubbed with the weight oscillating 
through a 90° arc 142 times per minute. 

5 . 06 Scrape - gall tests on commercially pure and 6Al-4V titanium 
soakr,d in N2o4 for 24 hours at o0 c were negative. A sharp tool bit was 
us ed to rapidly st r ip metal from each specimen to a depth of 4 - 8 thou­
sandths of an inch under N2o4 . The scraped specimens are shown in 
Figure 8. 

5. 07 All shear tests on titanium 75-A and 6Al-4V were positive. Ig­
nition occurred at the shear but did not propagate. Data are in Tables 4 
and 5, Appendix I. 

5. 08 Two titanium 75 - A specimens, stressed beyond the yield point and 
held in stress during impact, did not ignite. Specimens were soaked in N2o4 for 24 hours at o0 c and impacted under N2O4 on the side in tensile stress. 
An impact energy of 53 - 63 ft-lbs was delivered by a 1 / 2 inch diameter flat­
end pin. 

5. 09 External Impact. Small titanium A-55 containers, in which N2o4 was stored for 15 minutes, 24 hours, 72 hours, 168 hours, and 336 hours, 
were impacted with a . 22 caliber bullet having a calculated energy of 79 ft­
lbs. The impact caused a severe dent in each container about 1/ 4 inch deep 
with cracking on the interior surface. These cracks extended through to the 
exterior surface of the containers stored for 72, 168, and 336 hours. Close 
examination of the container interiors did not reveal any signs of ignition. 
Samples of the container walls are pictured in Figure 9. 

5. 10 An empty titanium tube suffered severe physical damage without 
ignition when externally impacted by a 30-06 caliber, 150 grain soft point bul­
let having a potential impact energy of 2884 ft-lbs. Two tubes containing NzO4, 
one for 15 minutes and the other for 96 hours, ignited over an area extending 
one inch from the point of impact. Ignition was accompanied by bright sparks 
ancl was evidenced by fused areas on the titanium surface. No propagation 
of the ignition was observed and neither container was damaged to a greater 
extent than the empty impacted container. The bullet passed through both walls 
of the container in the three shots fired. The container walls are shown in 
Figures 10 and 11. 

5. 11 Tensile Strength. Titanium 75-A and 6Al-4V soaked in liquid N2O4 and in its equilibrium gas at 15 to 30°C for two weeks showed no significant 
loss of tensile strength. D.~ta are shown in Table 2. 
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Titanium 

TABLE 2 

TENSILE STRENG TH OF TIT ANlU M SOAKED IN N2O4 
F OR TWO WEEKS 

Ultimate Tensile Elongation, % Met al Soaking Mate r i al Str ength, psi in 2 Inche s 
6Al - 4V None 148,100 14 6Al - 4V Liquid N2o4 148,100 14 6Al - 4V Gaseous N2O4 •~ 147,100 14 75- A None 91,000 28 75- A Liquid N2O4 92,300 28 75-A Gaseous NzO4 * 92,300 28 

* Specimens i n vapor above liquid N2O4 in clos ed vessel a t 15 to 30°c 

5. 12 The impact sensitivity of titanium A-55 and 6Al-4V was not changed by soaking in wet N2o4 from the value obtained b dry N2o4 . A threshold value of 73 ft-lbs was obtained by impacting A-55 specimer.s soaked at o0 c for 24 hour s in N2O4 containing O. 5 wt % added water with a flat-end pin. The thre ~hold value for titanium 6Al-4V was 197 ft-lbs. 

5.13 Titanium soaked in liquid N2_o4 for 1, 21, and 28 days at so0 c, dried, and stored in a dessicator for periods up to 3 weeks continued to show some residual sensitivity when rewetted with N2O4 and impacted with a flat­end firing pin. Data are shown in Table 6, Appendix I. The surface change indicated by thee.e limited data did not appear permanent and seemed to dimin­ish after about one week. Titanium A-55 soaked at 50° was not any more i~­pact sensitive than tha.t soaked at o0 c . 

5.14 A number of 75-A and 6Al-4V specimens (1/16 x 1/16 x 1/2 inch) were heated on one end to a red heat just below the ignition temperature in air. The specimens did not ignite when plunged into gaseous or liquid N2o4 . Similar specimens heated to ignition in air and plunged into gaseous or liquid N2O4 continued to burn. The burning in N2O4 (liquid or gas) was more rapid than in air but was not extremely vigorous or explosive. 

B. Impact Sensitivity of PH 15-7 Mo Stainless Steel 

5. 15 PH 15-7 Mo stainleus steel (Armco condition RH-950) was not im­pact sensitive in N2O4. All te~ ts using flat - end and pointed pins were nega­tive even in tlie presence of No. 240 Al2O3 grit. Shear tests on this metal in 
WADD TR 61-175 13 
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Titanium 75-A Titanium 6A1-4V

Fig. 8 - Titanium Specimens Scraped in N2O4
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N2o4 were n egative. Data ar e shown in Table 7, Appendix I. 

6. DISCUSSION OF RESULTS 

6. 01 The experimental data indicate that commercially pure titanium is impact s ensitive in liquid N2o4 . Ignition frequency as a function of impact en­ergy is of the s ame order of magnitude~ as ob served for flourine and oxygen in other l aboratories (.tl.efer e nces 1 and 2) and less than fuming nitric acid (Ref­erence 3). In no cases, however, has ignition been observed to cover more than a small frac tion of the impact area as a s u rface fusion only. In this re ­spect , it is more comparable to the results with ilourine. There is a definite effect of time of exposure to the liquid over periods less than a day as about three times th e impact ene r gy is required for 50% ignition on samples im­pacted immediately after covcl:"i ng with N2o4 as compared with those exposed 24 hours to NzO4. Further exposure up to a few months has indicated no ad­ditional effects within the expe:i:-imental accuracy. In this, it differs markedly from the fuming nitric acid results. 

6. 02 Adsorbed Film. The results from tests on commercially pure ti­t anium are consistent with the reactive s pecies b eing adsorbed N2o4 on the ti­t anium surface. The adsorption process would appear to take appreciable time but is compl ete essentially in less than a day. Specimens stored in NzO4 for a period of days , dded and stored in a desiccator for up to three weeks, showed residual impact sensitivity when rewetted with N
2o4 . After a week or sc igni­tion frequency decreases toward that of unexposed titanium. This corresponds to a gr adual desorption of the sensitive adsorbed film. The adsorbed layer is complete at the vapor pre ssure of the liquid so no temperature effects are ob­served. The presence of alloying elements in the 6Al-4V titanium probably de­creases the surface adsorption effects leaving the sensitivity close to that ob­served for unexposed titanium. 

6. 03 Corrosion Effects. With N2O4 even at elevated temperatures no cor­rosion within the experimental error was noted even with limited amounts of water in the N2o4 (Reference 4). In the fuming nitric acid system considerable c orrosion occurs which results in increase in the surface area of titanium per unit of gross surface area as a powdery titaniu:m coat is observed (Reference 3). This increase in surface adsorption area could account for the increased sensi­tivity with t ime of the fuming nitric acid system as compared to the NzO4 sys­tem where no increase in surface area occurs. The active surface adsorbed laye r may well be the sa.me in both systems. No intergranular CQrrosion and no change in tensile properties we re noted on long exposure to N._O4 which tends to confirm that the active surface is the oute l:' exposed surface. The fluorine and oxygen systems also show low corrosion ·and both show ignition frequency characteristics fairly Rimilar to the N2o4 system. 
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6 , 04 ~fus iun Effects. The Nz04 systt;m and the flourine system both show ver y limited a reas of igniti on without continued combustion, In contrast ,, ext ended bu rne d a reas or continuing combustion may be observed in the oxygen sys tem, The proposed explanation of Sterner and Singleton (Reference I) also cove r s the N2o4 case , In the oxygen case, the rapid diffusion of the solid oxide into the molten titanium permits oxygen t<> reach the freshly exposed sur­fac e and continue the reaction. In the flourine case, the volatile flourides and i n the N2o4 C::\. s e the evolved nitrogen may slow down the access of fresh oxi­dizer and permit t ime for the diffusion of heat to drop temperatures below those r equi r ed to continue ignition. 

6 . 05 Grit . Tests in the drop weight tester show a marked decrease in impact required for a given value of the ignition frequency when hard gr"it is present. (For this reason, strikers were not ground with abrasive for a final polishing.) This is probably due to increase in impact energy per unit area around a grit particle and a greater availability of bulk oxidizer at the instant of impact. It is hard to picture as great an oxidizer compression where grit is present so this factor does not seem as important in this case as was pro­posed in the oxygen case (Reference 2). 
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APPENDIX I 

TABLE 3 

Certified Mill Test of Metals 

TABLES 4 THROUGH 7 
Impact Sensitivity Test Data on Grades 75-A, A-55, and 6.AI-4V Titanium and PH 15-7 Mo Stainless Steel 
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TABLE 6 

RESIDUAL IMPACT SENSITIVITY OF TITANIUM 
A-55 AND 6AI-4V 

Number of 
Days in Dry Specimens Impact 

Days in NzO4 Sto rag~ Impac ted In Impact Sensitive 
Titanium at so0 c After Soaking NzO4 Ft-Lbs + 

A-55 0 0 6 201 5 1 
0 0 3 180 0 3 
l 0 l 73 0 1 
l 0 3 103 0 3 
l 0 1 146 1 0 
l 0 1 171 1 0 
1 0 l 197 1 0 
1 21 2 73 0 2 

21 0 5 73 l 4 
21 3 l 83 1 0 
21 3 2 73 2 0 
21 15 2 73 0 2 'i 

28 0 3 73 2 1 

I

: 

28 0 1 63 0 l 
28 11 4 73 1 3 

6AI-4V 0 0 10 197 5 5 
11 

1 0 2 248 0 2 .. 
1 21 4 171 2 2 ,I 

Ill 

21 0 4 l 71 2 2 ll 
I 

21 4 -- 4 171 3 1 
21 / 15 2 l'/1 0 2 
28 0 l 197 1 0 
28 0 5 171 l 3 
28 11 l 171 0 l 
28 11 2 197 1 1 

WADD TR 61 - 175 26 



____ , _______________________________ _ 

Sampl e 
No . - - --

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

TABLE 7 

1MPACT SE NSITIVITY T E ST DATA ON PH 15 - 7 Mo 
STAINL ESS STEEL (ARMCO CONDITION 

RH-950) Ir,l ?~z04 

S0aked In 
Foreign 

Type Matter Impact 
N2O4 Firing N2O4 On Energy, Impact 

Hrs. T 0 e Pin T 0 e Sample Ft - Lbs Sensitive 
24 0 90° 2 None 113 N~gative 
24 0 Flat 2 Al2O3 113 Negative 
24 0 Flat 2 Al2O3 113 Negative 
24 0 Flat 2 Al2O3 113 Negative 
24 0 90° 2 None 113 Negative 
24 0 90° 2 None 113 Negative 
24 0 Flat 2 Al2O3 113 Negative 
24 0 90° 2 None 113 Negative 
24 0 Flat 2 Al2O3 113 Negative 
24 0 90° 2 None 113 Negative 

192 0 .nat 2 SiC 113 Negative 
2..-! 0 Flat 2 Al2O3 220 Negative 
z.·; 0 Shear 2 None 115 Negative 
24 0 Shear 2 None 73 Negative 
24 0 Shear 2 None 52 Negative 
24 0 Shear 2 None 30 Negative 
Z4 0 Shear 2 None 30 Negative 
24 0 Shear 2 None 52 Negative 

Flat-End Firing Pin Ia 0. 5 in. Diameter (0. 197 sq in . !ace) 
Pin For Shear Test Was 0. 25 in. Diameter (0. 04~l sq in. face) 

WADD TR 61-175 27 

Sample sheared 
Sample sheared 
Sample ahear.ed 
Sample did not shear 
Sampl e did not shear 
Sample sheared 

* U, S, GOVEHNMENT PRIN'flNIJ OFli'JC: "~: 1961 0 - 6D8h06 
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