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The 1.405 and 1 .go& bands are characteristic, well-resolved bands , 

The absorptions at 1.45 and 1.47’ overlap significantly so that it 

is difficult t o  detect and/or determine small amounts of HN02 in 

the presence of larger amounts of H N O 3 , ”  The use of multicomponent 

spectrophotometric techniques or computer-based mathematical 

treatmept will be required foy complete analysis. 

time, the direct qualitative and quantitative characterization of 

the protonated compounds in N2O4 appears possible, 

For the first 

Preliminary application of the near-IR method indicates 

that RR N2O4 contains only HN03, while GQ N2O4 contains H20, 

HNO;!, and HN03. 

compositZon when H20, NO, or 02 is added and when the temperature 

is changed, 

The latter equilibrium mixture changes 

The method has been calibrated for HNO3 but not for 

HNO2 Or H20, 

Additional work on the determination of dissolved O2 in 

N2O4 was carried out, 

revealed significant variability in the use of syringes for low-level 

02 calibration, 

liquid and gas phase 02 determinations is very pwbably due t o  the 

system not being in equilibrium, 

A study of potential sources of error 

It was also found that lack of agreement between 
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INTRODUCTION 

The specif ic  objectives of t h i s  program are as follows: 

(1) To develop a standard stress corrosion t e s t  capable 

of assessing the corrosive nature of various types of dinitrogen 

tetroxide (N2O4) on 6 A 1  4 V titanium a l loy  specimens. 

( 2 )  To develop methods of analysis capable of detecting 

and determining s igni f icant  differences between var ious  types of 

N204 * 

( 3 )  To ident i fy  t h a t  cons%ituent o r  component of N2O4 

which enhances o r  induces s t r e s s  corrosion i n  6 A l 4 V  titanium 

al loy.  

( 4 )  To attempt t o  es tab l i sh  the possible presence of 

stress corrosion inh ib i tors  i n  cer ta in  types of N204 and t o  

determine the concentration leve ls  t ha t  a r e  c r i t i c a l  regarding 

t h e i r  inhibi tory action. 

!Phis report  describes i n  d e t a i l  the r e s u l t s  of the 

experwental  work performed during the las t  quarter.  It is  f e l t  

that the spec i f ic  goals included within the scope of t h i s  progrm 

have largely been achieved. However, fundamental aspects of the 

overal l  problem remain unresolved and ten ta t ive  conclusions 

arr ived a t  d u r i n g  the course of t h i s  work require addi t ional  

experimental ver i f ica t ion ,  A summary report  covering the en t i r e  

program w i l l  be essued i n  the near future .  
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Phase A. Development and Application of a Standard Stress 
Corrosion Cracking Tese 

I. Stress Corrosion Cracking Tests 

In the Third Quarterly Report {HRC-68-1, January 1 to 
March 31, 1968), the successful development of a satisfactory 
stress corrosion cracking test was described and the results of 

14 test runs were presented. 

11 SCC tests have been performed. The main objective of the 

majority of these tests was to establish concentration levels of 

NO and protonated species that might be critical t o  the occurrence 

or inhibition of stress corrosion cracking. This work was made 

possible by the development of dehydration and add-back techniques 

that will be described in subsequent sections. A major analytical 

breakthrough in the measurement and characterization of the 

protonated species in NgO4 by near-infrared spectrophotometry also 

was an important factor {see Phase B discussion). 

During the past quarter, an additional 

In the latest series of tests, the composition of samples 
of regular and dehydrated RR N2O4 was adjusted by the addition of 

various amounts of NO, H20, 99% HNO~, and @3 ~ 2 0 4 .  

these tests are summarized in Table 1, Runs 15, 19, 20, and 21 

represent an attempt to hold the concentration of protonated 

species at a low constant level while vazying the NO content. 

The test results indicated that the critical level of NO for 

SCC inhibition in "dried" N2O4 was 

The results of 

probably about 500 ppm, 
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were as follows: 

24 - @beck effect of' p r e l  

level by oxygen 
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the production of stress corrosion c eking. Further elucidla 

of th i s  interdependency will probably require a statistically 
designed, quant n of $he proto 
species in equilibrium with 

%Titaaium U-bend racks eet used for 

U-bends, also have undergone SCC at regions o f - h  stress. A 

nt in other legs o f  broke off one rack and c 

all three racks, Cracks are lt pests, at 

%he tensile surf eared, and at the spot- 
4 

reas where the legs are to the rack spine. In sharp 
contrast to the general deterior eks is the acceptable 

appearance c5f"the 6 A1 4V t ~ t a n i ~  bolts used for U-bend stressing 

None of the twenty, 1/4-inch bolts have identifable stress 

corrosion cracks after exposure for 400 and 440 hours in various 
ons that have produced cracks in U-bends, 

these bolts differ from the U-bends in conflguration as 

well as in several other For example, they are made from 

ular grade 6 A 1  4V titani~ alloy rather than ELI material. 

addition, the bolts are loaded at <1@ of the average stress in 
at the thread notches this could be 3 to 5Umes 

er, The satisfactory behavior of the bolt material emphasizes 

the fact that compositional, conformational, and stress level 

m o t  be ig red in con idering the overall stress 
cpack problem, 
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1. Dehydration of N304 - 
The "dehydration" or reduction of the proton level in 

N2O4 was essential to the NO-H20 study described in the previous 
section. 

vapors through a column filled with activated Linde Molecular Sieve 

Type 3A followed by condensation at O°C. could produce liquid N2O4 

containing some NO but greatly reduced in proton concentration, 

This basic procedure was scaled up in a unit capable of firoduciq 
tely 1 to 1.5 liters/hour of "dehydrated" M204. 

Early laboratory work showed that the passage of FtR NgO4 

During 

period, near-infrared analytical work showed that HNO3 
is essentially the only protonated compound present in FtR N2O4. 

Therefore, using this measurement of HNO3 as an index of"dehydrat$on", 
it was found that approximately (3% of the protonated species 

could be. removed n this unit. Starting material containing about 

6,000 ppm, nely reduced to below 500 ppm. and 

ually below 300 ppm, Considering the fact that the current 

volves transfers from the dry N204 receiver to SCC test 
le bulbs under ambient hlgh-humidity conditions, 

However, considered to be highly satisfactory. 

eved that substantially lower values could be achieved 

by system modific n and humidity control, 
e 3A Molecular Sieve for the "dehydration" 

etermined accurately, However, preliminary 

rder of 2 ml, N2O4/cmO3 Molecular Sieve 

ion of the charge. At lower initial HE303 
8s drying, the capacity should be 
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considerably greater .  Lower Initial HN03 l eve ls  should be 

b l e  by rec t i f ica t ion '  through 5-10 theore t ica l  plates a t  

modesate re f lux  r a t i o s  pr ior  t o  passage through the adsorbent. 

The use of other types of adsorbents may also be indicated. 

Slnce the protorkted material t o  be removed I;s primarily HNO3, 
vated alumina or other types of Molecular Sieve may offer  

some advantages. 

In  a21 instances i n  which N204 was passed throu&,an 

lecular  Sieve column, a small amount of n i t r i c  oxkde 

s produced, Often the in%% 1 N20& condensate was green, 

I ~ d ~ c a t i ~  an NO content of >l,OOO ppm, 

probably from react ion of NO2 with eightly bound water i n  the 

sieve c rys ta l  o r  with adsorbed water incompletely removed by the 

ac t iva t ion  process. Ni t r ic  oxide nay a lso  be generated by 

The source o f  the  NO i s  

w i t h  the basic sieve material t o  form water 

ea& with additional N02.  In cases when it I s  

desired t o  produce a "dry", N O - f r e e  sample, the NO (N2O3) mu@% 

emoved by react ion wibh gaseous oxygen. 

An 1 dimension of pur i f ica t ion  la provided by 

e Molecular Sieve "dehydration" procedure. It was found that 

ce metals content of N2O4 was s igni f icant ly  reduced by 

ple ,  the i ron  content of a typ ica l  sample 

rom 0.3 ppm. t o  about 0.04 ppm. Pe. 



I 

ed f o r  the  seven 

dd-back experhents  reported here, oh, for example, 

1,400 C C e  O f  0 was trans ed, i n  1OOcc.  po h a  

s i l icone  rubber septum i 

water contamination, In other experiments, NO 8 well 81s H20 and 

e septums are usable for two 

ne corrosion t e a t  c e l l  w i t h  minimal 

een added t o  test cells, 

i n  contact with N204 bien+ temperatures e 

od they begin t o  

n s t  the hypode 9c needles. Xn l lquld 04 they do 

use of the marginsrl not last  much longer t h  n ten  minu 

u t i l i t y  of s i l icone rubber,  other more r e s i s t an t  rubbers, e,&, 

Viton o r  other f luo roc  rbon elastomer, should be tes ted  f o r  t h i s  

ppllca t i on  

% 

The current t e s t  c e l l  design has been used i n  23 runs 

leakage, Connections are broken a t  l e a s t  six times 

ek" end of e test  c e l l  n bhe course of each run. Care i n  

he c e l l  well as the des i  n of the end closures have 

s e L  The c e l l  s not exceptionally 

obust beca de of glass nd has re l a t ive ly  fragile 

needle valves a r e  connected. 

P, tde iseal a t  the 
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The 3NEIR method f o  

204 has two basic def ic iencies ,  F i r s t  of 

i s  not very high (50-100 ppm, as H20), and 

d is t r ibu t ion  of protonated species remains 

the t o t a l  protons i n  

a l l ,  the sensStivS 

secondly the 

unknown. Attempts t o  

resolve the peaks of the prot 

opera.tion.at subambient tempe 

ted species from each other by 

wn t o  -80°c, have thus 

r fa i led .  The lack of pro approach 

early paper(1) on vapor ptlase near-i 

and HNOZ, led t o  an investigation of the NIR region of the absorption 

spectrum as a possible source of information concerning the nature 

) spectra. of mo3 

e protonated species i n  N204. 

results were very encouraging. Examimition of 

of l i q u i d  NzO4 s les i n  the ~ 3 ~ 1 . 6 ~ ~  
region revealed de f in i t e  differences beeween RR and ($3 N204, 

e spec"tm of 04, contalni  about 850 ,ppm, "water", 

r l s t i c  band a t  1.47'. The spectrum of 

about 850 ppm. "water", showed the same 

out 1.45&, a an addi t ional  well- 
P scanning of the a8 spectrum 

e presence of at L g O ~ ~ t h a t  was not present 

(1) E. J, Jones, 2274 ( 1943) *, 



- 
A sample of RR N2O4 wa8 

a column of 3 A  Molecular Sieve 

15 - 
dried by d i s t i l l a t i o n  through . 

and treated with 0, t o  remove 

traces of NO. 

t o  1 . 5 5 ~ ~ r e g i o n .  

sample caused the appearance of the 1.405, 1.47, and l.gO~A,bands. 

The presence of the shoulder a t  1 . 4 ~ p c o u l d  not be established 

w i t h  cer ta inty.  

Very l i t t l e  absorption was observed i n  the 1,35/11. 

Addition of a small amount of water t o  t h i s  

D 2 0  was added to  another sample of the dried RR Ne04 and 

it was observed that the sample turned green bu t  no bands developed 

in the 1.4-1.5)bregion. 

shifted t o  1.~89, 1.92 and 2,56p, respectively, which indicated 

that a11 three of these or iginal  bands were due 60 protons and 

were probably OH s t r e t ch  overtones of d i f fe ren t  molecular species. 

The l.gyL,band observed i n  wet green N2O4 fal ls  where the OH stretch- 

The 1.405, 1,47, and Lgfibanda had 

comblnation band of H/rO should be, and since no 

as two hydrogens on a single oxygen, this  band is  

unique t o  water. Oxygenation of a8 ~ 2 0 4  

s ~ u l ~ a n e o u ~ ~ y  e limina ed the 1.405, 2.45, and l*gp bands and enhanced 

he 1.47p ba e The re l a t ive  i n t e n s i t i e s  of the 1,405, 1.45, and 

nds were also found t o  be temperature dependant (see 

.47fiband was def in i te ly  assigned t o  HN03 by 

w ~ ~ c h  9 s  HN03 was added t o  dry N204. A se r i e s  

ions of 994% wNo3 produced a cal ibrat ion curve su i tab le  f o r  

Although the oxygenation experiment suggested that the 

s due t o  HN02, additional proof was required, 

1, of l i q u i d  M2O3 was added t o  about 50 m l .  



- 16 - 



- 37 - 

03 i s  the anhydride 

I1 amount of 

at; 1,465pcomparable 

ta of l i q u i d  N2O3 

creased and the 
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On the basis of the above experiments, the four bands have 

now been assigned as follows: 

s t re tch  over  I .405,& H2* 

1.47p HN03 

1 .45p  HNo2 retch overtone 

eh overtone 

C h -  defo ion combination 1.9op-4 H20 

A 8pectrum of N2O4 con a l l  four bands is shown i n  

o of the  1.405)IL w& 

i t h  temperature !phis 

nay prove valuable i perature dependence of the 

complicated equflibr a involved. However, considerable fur ther  

e f f o r t  would be required f o r  such studies and t o  ca l ibra te  the 

t i v e  measurement of the d i f fe ren t  species. 

e resolutjdon of the 1.45~ and 1.47~ bands i s  h o t  very 

r y  t o  r e so r t  t o  d ig i t i za t ion  and 

by computer, o r  t o  m u l t i -  

een encountered i n  examining 

igh sens i t i v i ty  (5.85 cm. 

aces of residual 

nds a t  about 1.41 and 

ignif icant  interferences 

ow levels  of water and 

e bands appear r e l a t ive ly  



- 21 - 





- 23 - 
constant for a given path length and are not temperature dependent 

nor affected by oxygen. 

or combination bands associated with N204 itself . The band at 
1.48p interferes with the measurement of HN03 at 1.47~ and may 
contribute a rrblank'r value equivalent to 100-260 ppm. HNO3. 

a suitable correction procedure can be worked out, all HNO3 

analyses utilizing this procedure must be reported as maximum values a 

They probably represent higher overtone 

Until 

A l l  of the near-infrared work was performed on atCary 

ode1 14 spectrophotometer equipped with a 010.2 absorbance, 
The cell6 used were (1) the sane scale expansion slidewire. 

temperature controlled cell used for the visible spectrophotometric 

determination of NO, with NIR-silica windows and a 1 cm. path 

lengkh, and (2) a special stainless steel, high pressure cell 

(Figure 8) havi a 5.85 cm. path length and 
a septum for the addition 

fitted with a tubular 
of various compounds . 

B. 

In the Third Quarterly Report, it was reported that solutions 

Cl3 and CH2C12 had been studied by NMR at temperatures 
the -50" to -60"~. range in an attempt to slow down the proton 

exchange between the acidic species present and observe separate 

peaks for each of them. Since thae time, NIR studies of the 
on bands in N204 have shown that only HN03 

204, accounting for the lack of observed MvfR 

stretching ab 

ble in 

ne broadening e 

e low-temperature experiments were repeated dur- the 

N2O4 in which the presence of more than 
by NIR. a&n, no significant change 
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FIGURE 8 

SPEC IAL STAINLESS STEEL CELL 
85 CM. PATHLENGTH NIR SILICA WINDOWS 

KEL-F HAMILTON VALVE 

. 1 

TUBULAR MIXING 
CHAMBER 



in the shape of the wa 

temperature was decremed. 

of protonated species in N2O4 

separate aqueous phase was observ 

signal due to dissolve 

Previous experiments 

in acetone indicated that, 

solvent system would have to be found in which NZ04-wat%er mixtures 

be studied in homogeneous solution at less than -85 "~ .  

no such system has been found, work i this area was discontinued * 

11. Determinatlon of Oxygen by Gas Chromatography 

Since 

Work has continued this past quarter on resolving discrepancies 

in %he calibration for oxygen at low levels, and on the further 

relationship between gas and liquid phase 

reported difficulty (?bird Quarterly ReporL) 
t calibration factor at low levels of oxygen 

(0.3 to 0.8 ~ i c ~ o g r ~ s )  has been traced to an ap nt inability 

wn, very small volumes of oxygen (air) into 

The use of several different syringes to 

lumes of air was investigated, The 

ble 2, Also included a 

of syringes to 

little error enc esed In using 
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Table 2 

Variabi l i ty  of Oxygen Calibration Factor 

Syringe 
Capacity Micrograms Average 

No. of Response Fa t o r  $ Relative 
$ Injected Detns. lulg. /cm.  8 Std , Devlation 

of 

1.0 0.274 6 0,526, 5.2 
7.9 
5.5 

13.7 3 0.401 1.2 
2 02 

0 . 274 6 0.4'$2 t 
0,4 1 

13 .? 3 0,405 

See discussion below. 
Hamilton fixed needle l i q u i d  syringe. 
1.0 m l .  Precision Sampling Gas Syringe. 

- - 0.411 6 
0.274 .L 

Differences a r e  q u i t e  apparent between types of syringes, 

er syringe yields  a la rger  value f o r  the response 

the 10.0 micro l i te r  syringe, indicating that a 

smaller amount of oxygen was injected than calculated from the 

as l a w  f o  1.0 micro l i te r  volume. The four th  row of Table 2 

WELS added t o  show what happens when a not obviously loose-f l t t ing 

er  of a new 10.0 micro l i te r  syringe I s  encountered - no a i r  

pparently introduced in to  the chromatograph. The ' a b i l i t y  

of the other 10 micro l i te r  syringe t o  de l iver  a reproducible 

due t o  a f i n e  film of o i l  on the plunger, which 

f i t  snugly i n  the syringe barrel. 

Because of these poor ca l ibra t ion  r e s u l t s  at low oxygen 

levels, it was decided t o  extrapolate the linear value obtained 

1s t o  leve ls  below 1.0 microgram of oxygen. 
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Additional work was done t o  establish the relat ionship 

between the gas and l i q u i d  phase analysis through application of 

Henry's law(?). 

indicated that concentrations i n  the liquid phase a t  low oxygen 

leve ls  were generally higher when the l i q u i d  was assayed d i rec t ly  

than would be predicted from analysis of the gas phase. 

higher oxygen levels,  agreement appeared t o  5e good, b u t  not 

Previous data (Third Quarterly Report) had 

A t  

enough data was available t o  ver i fy  this  conclusion. 4 

Oxygen, i n  varying amounts, was added t o  a sample of 

M204 and then both gas and l i q u i d  phases analyzed. The oxygen 

was added t o  the gas phase with a gas syringe from a 9 9 6  source. 

The gas and l i q u i d  phases were mixed several  times by inverting the 

flask and allowing t o  stand overnight, The data from these 

experiments acre given i n  Table 3, and plotted,  along with a l l  

previous In  Figure 9 .  A s  can be seen, the %rend of low 

r e s u l t s  as calculated from the gas phase has been, i n  general, 

reversed , 

The reason f o r  the reversal  was not known u n t i l  an experiment 

was performed wherein the sample was analyzed after oxygen addition, 

allowed to stand arid then rea,mlyzed. The data from th is  experiment 

(~16300-64) axbe given as the last three results of Table 3 and a r e  

p lo t ted  as points A, B, and C on Figure 9 ,  
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Since point "A" was ob 

point "B" 2 days 

addition, it is a 
to a relatively large 
gas and liquid is est 

be done orr this aspect of the lysis, since it might explain 

the low results obtained for the ifquid when oxygen I s  removed 

from the gas phase by freezi 

d~screp~nc~es were observed 

. 

egassed duri 

nitric oxide calibration curve. general, oxygen detennin&tlons 

were made just hours after the degassing process had been carried 

out, Hence, the oxygen content may have been _I low in the gas phase 
es due to nonestablishnent of equilibrium. 

tes of interest, several other gases were run on 
ieve c o l m  used iLn this work. A summary of the 

relative to nitrogen on l3X Molecular 
1 note is the fact that 

ted from a l l  the other gases on 
side from changi the carrier gas from helium to 

on of the equipment is necessaSy for this 
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Oxygen 0.62 

N i t r o g e n  ., 1,OQ 

N i t r i c  Ox!ide(a) ‘“2.0 

Carbon Monoxide 2,40 

N i t r o u s  Oxide 6 .?5 

-(?a> V a r i a b l e ,  depend- on concentration, 


