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ABSTRACT

Second quarter progress is reviewed on a 12-month programt to ascertain

methods for the elimination of the corrosion products in N2O4 (iron-nitrate-~

containing species) which are responsible for the phenomenon o~f "flow decay."

Studies on th, rate and mechanism of solution of iron in anhydrous. N 04
are described, Nuclear magnetic resonance and electron resonance spec-

troscopy studies of the solvated iron nitrate %pecies are presented.

Compounds of the type Fe(N0 3 )3 *ZW2O04 have been synthesized and purifavd.

The properties of these materialp have been found to match the properties

of the flow devay substance. Solubility studies of the "dynthetic" flow de-

cay material in anhydrous N 20 4' N2O0 containing NO, and 2 42 containing

small quantities of B20 have been initiated and are discussed in detail.

Preliminary experi~ments have indicated possible candidate coordinating

agents for further investigation.

A flow bench designed to study this paisnomenon is being canstructed.

Design considerations are discussed.
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PHASE I: COMPOUND FORMATION

The objective of this task is to determine the mechanism of form-ition of

species involved in the flow-diecoy process. The initial effort has centered

on a study of the rate and mechanism of solution of iron in anhydrous N (I

Metallic iron, some of its alloys, and iron oxid-. have been in-!•t_-iated.

The eftect of added wa+er or NO, dnd temperature variation on formation of

the compounds will be investigated. r
One approach to determining the mechanism of formatio" of the iroL species

in N2 04 ,probably solvated iron nitrates, is tc study the kin-tics of the

dissolution of iron-containing metals. The initial series of experiments

was designed to determine the nature of this process in anhydrous N2 0 '.

DISCUSSION AND RESULTS

Dissolution of Iron Powder

Experiments conducted at 21 C in the glass/Teflon reaction cell described
in Ref. I have been completed. Five grams of iron powder were added to

113 grams of annydrous iron-free N20 4 (<0.1 ppm Fe and <0.01 ppm water)

and the mixture was stirred continually with a glass-coated magnetic

stirrer. Filtered 1-milliliter aliquots of N2 0 were withdrawn at 0.5,

6, 96, and 240 hours and were analyzed for total iron. The results obtained
are presented in Fig. 1. The concentration of total iron in the N 20 ,

reached a concentration of approximately 1.5 ppm after several hours and

then remained approximately constant.

Because several experimental difficulties were encountered with the glass/

Teflon apparatus, an ampoule technique, described in detail in the Experi-

mental Proce-dure Section, was adopted. The difficulties with the glass/

Teflon apparatus involved (1) the possibAlity of leakage, (2) the requiresa

1ml
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capacity of the cooling system, and (3) mechanical problems with the

method of temperature control employed. There is no basis, however, for

rejecting the experimental results reported in Fig. 1.

Samples of iron powder and N2 0 are sealed in one end of an ampoule which

contains a fritted glass disk at the center. In this procedure, no agita-

tion of the sample is provided. At the conclusion of each experiment,

the N 20 is filtered through the disk to separate it from the iron powder,

hydrolyzed in water, and analyzed for total iron. Using this technique,

each ampoule provides one datum point.

Two series of experiments were conducted at 30 C in which 0.5 gram of iron

powder was placed in contact with 10 grams of anhydrous iron-free N2 0 in

each ampoule. The results are shown in Fig. 2. The same trend appeared as in

the experiments above, i.e., a rapid increase in the concentration of total

soluble iron to a relatively constant value. However, the final iron con-

centrations were lower (about 0.5 and 1.0 ppm, respectively), and the pre-

sumably identical series of experiments shown in Fig. 2 did not yield the

same final concentration. The reason for the nonreproducibility in these

two series of experiments has not been established. Although the same

batch of purified N2 04 was used in all of the experiments reported in

Fig. 2 through i, the results suggest that some parameter other than those

being controlled way be important. This point will be investigated further.

The observed time dependence of the iron concentration in these initial

experiments is compatible vith several possible mechanimss. A coating

which is readily suluble in N2 0 4 may be present initiilly on the surface

of the metal. A more likely possibility, however, is that the metal dis-

solves rapidly until a passive film is fonrad. Another possibility is

that the iron species formed reaches a solubility limit in N20 . This

last secbanism is supported by the results obtained in Phase III where

the synthetic solvated Iron nitrate was found to be soluble to an extent

similar to that obtained here with iron powder (based on the concentra-

tion of total iron). If the surface of the metal became coated with an

insoluble material, the observed concentration plateau could be reached

without excessive preclpitation or redeposition of insoluble material.

3
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If a solubility limit is involved, the final concentratiia under a givem

set of conditions would be independent of the amount of surface available.

If Lnly a passive film is formed, the iron concentration at which the rate

of increase becomes slow should be proportional to the surfaice area. To

test this point, an ampoule experiment was rum at 30 C with only 0.1 gram

of iron powder present in 10 grams of the anhydrous N204. The results

shown in Fig. 3 indicate that the iron concentration levels off at about 0.5

ppm in this experiment. The results in Fig. 3 (0.1 gram iron) indicate

that reducing the available surface area by a facOor of five diminishes

the iron concentration only by a factor of two, if compared to series I

of the high surface area experiments (Fig. 2); if compared to series II

(Fig. 2), no difference is noted. The results thus far sngeat that sur-

face area may not be the predomirent factor. If this is the case, the

solubility limit mechanism would be favored over the passive film mechanism.

Dissolution of Iron Oxide Powder

The solubility and rate of dissolution of iron oxide was studied because

the alloys of interest my have an initial oxide coating or form such a

coating during contact with N2 0 . A series of ampoule experiments was

conducted in which 0.05 gram of Fe203 powder was placed in 10 grams of

anhydrous N2 0 and then filtered out before analysis. The results are

shown in Fig. 4. The final concentavation of iron was smell, being only

slightly greater than the detectability limit of the analytical method.

With N2 0 4 samples uf only 10 grams, the uncertainty of the chemical analy-

sis for total iron is about .k0.l ppm (about ' microgram). No explanation

is apparent for the decrease inw iron concentration observed after the

first few hours during the experiments with the oxide powder.

Dissolution of Iron Alloys

The rate of formation of soluble iron when steel disk& are iinsUld in

N2 vwas moeasured using a mndification of the ampoule technique. ThS dioh.

were 1/16 inch thick and 3/8 inch in dismneter and weighed approximately

-• . ; - .



2.3 grams. Bach disk was sealed in an ampoule containing 11 to 14 grams

of the purified N204. A fritted glass filter was not incorporated in

these ampoules. The steel disks were simply removed from the solution

before analysis. The following results were obtained at 30 C:

Sample in Contact Time,

2_ weeks Iron, Ppm

None _ 0.1

304 Stainless Steel 1 0.3

2 1.2
3 o.6

316 Stainless Steel 1 0.3

1018 Carbon Steel 1 2.7

It would appear that further experiments will have to be conducted with

these alloys before any definite conclusions can be drawn. The decrease

in iron concentration during the third week suggests precipitation or

redeposition of the species which had formed; but it may also be the result

of txperimental error. Purther experiments with 1018 carbon steel are in-

dicated to determine if the high iron solubility of 2.7 ppm is real and,

if so, what is the dissolution mechanism involved.

EXPEllDiNTAL~ PROCEDURE

Al iquot Technique

The glass/Teflon apparatus used for this procedure was described in lIef. 1.

Several problems (previously discussed) were encountered with this system,

and it was abandoned in favor of the ampoule technique.

Ampoule Technique

Tlhe sealed ampoule technique has the advantage, particularly for long-

term experiments, of eliminating the possibility of leakage and contamina-

tion. A schematic of a typical ampoule is shown in Fig. 5. The ampoules

8
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are constructed of Pyrex, and the fritted glass disk has a pore size of

about 15 microns.

All glassware is cleaned thoroughly with hot HCI, rinsed with l:l l[Cl/

demineralized water, rinsed with demineralized water, and dried for 24

hours at 200 C. With the ampoules in the position shown in Fig. 5, pow-

dered samples are weighed into the upper compartments, and a series of

approximately 10 ampoules is sealed directly to a common vacuum manifold.

The liter storage bulb containing the purified N20 is attached to the

manifold with a Teflon-sealed joint and valve. The vacuum system is evac-

uated and then warmed with a heat gun to complete outgassing. Approximately

10 grams of N20 4 are distilled into one ampoule at a time while the lower

ampoule compartment is cooled with LN2. The coolant is then raised above

the sintered disk and the system is evacuated through IN2 traps. The

ampoule is sealed shut with a torch and removed from the manifold. This

procedure is repeated successively for each ampoule. The lower tube is

warmed to 0 C, and the height of the liquid column is measured to determine

the quantity of N2 04 in the ampoule, which was previously calibrated.

The ampoule is then inverted, and the larger diameter compartment is cooled
in LN2 to draw the N20 through the fritted disk into contact with the

powder. The ampoules are then immersed in a constant temperature bath for

the required time. At the conclusion of the heating period, they are

withdrawn, inverted, and the lower tip cooled in LN 2 to draw the liquid

through the sintered disk, thereby filtering out the solid powder. The

tube containing the frozen N20, is broken from the ampoule, and its

contents are hydrolyzed in 40 milliliters of water. The sample is then

analyzed for total iron by the method described in Appendix A.

The uue of a destructive method of chemical analysis makes this ampoule

technique rather time consuming (one ampoule for each datum point). Pre-

liminary e.p.r. experiments (discussed umder Phase II) indicate that the

soluble iron ciin be measured nondeatructively while the sample remains

sealIed in the tmpoule. If this procedure is successful, each sealed sample

10



will yield data a. a function of tim. The sealed sample which has been

analyzed by e.p.r. can 'lso be placed in the n.n.r. spectrometer to deter-

mine the exact water content of the N20& in the sample. The utility of

this method currently in being established.

Materials

Materials uned for these dissolution experiments were:

1. Iron Powder. Baker Analyzed Reagent, lot No. 26209 (98.2

percent Fe)

2. Iron Oxide Frmder. Baker Analysed Reagent Fe2 0,3 lot No. 30245

(99.3 percent Fe203 ).

5. Steel Alloys. The alloy disks used were originally purchased

for the Inhibited Nitrogen Tetroxide Program under Contract

AF0l(611)-108O9, and were surplus from that program. They had

.- been carefully cleaned and degreased by the previously developed

procedure (Ret. 2).



PHASE II: COMPOLND TDENTIFICATION

The objective of this task is to determine the structure of spec.'s in-

volved in the flow-decay process. A number of approaches are Uiing

investigated.

The nuciear magnetic resonance (n.m.r.) spectrum of iron in solide was

investigated first. The primary difficulty with this approach is that

singl2 crystal samples are not available. N14 n.m.r. requires a single

crystal because of the large crystalltte-angle-dependent splitting of the

N 1 resonance; in a powder this results in too broad a spectrum. There-

fore the first approach was to attempt detection of resonances of N 1 5

which has spin 1/2 and no quadrupole broadening, but has a natural abun-

dance of only 0.365 percent with n.m.r. spectra having very weak signal-

to-noise ratios.

The serond approach was the construction of a nuclear quadrupole resonance

(n.q.r.) spectrometer for detection of N 1 quadrupole resonance frequercies.

The instrument is complete, but spectra of iron nitrate samples have not

yet been taken. This approach is extremely important because it will allow

observation of separate resonances fo, NO3-, NO2 +, NO+, N20 4 and NO2 gr.Jps.

It might be possible, for example, that the only real difference between

material that causes flow stoppage of valves and iron nitrate at equilibriumi

under ambient conditions in an oxida*ton change of NO+ to NO2 +, n.q.r. will

show this.

The third approach was an initial study to determine the effect of water
on the iron species formed in N2 0 . Military specification N 204 may con-

tain up to 0.1 percent water, and it is important to establish whether this

water could enter into the corrdination sphere of iron in the iron nitrate

species. To this end, broad-line H n.m.r. studies were made to deter-.

mine if water is indeed incorporated intu Jry iron nitrate on exposure to

"wet" N204 ard the actual state of this water, whether it exists iu the

crystals as -OK, 11103 or 120.

13



T- •t fOuh spproecb Was to investigate the possibilities of using e.p.r.

spaptramaters to determine structural parameters of both solid and dis-

sl Ve Lreu miti•ato Preliminary e.p.r. studies are reported which confirm

the rtsults of the broad-line 1 studies. Structural information appears

to be liited, but the method does appear promising as an analytical tool

for quantitative determination of iron in N2 0 solutions.

DISCU381N AND RESULTS

NitroMn 15 .es•oance Studies

The large chemical shifts of N resonances (so large, that the first ob-

servation of the chemical shift phenomenon was made on the two nitrogen

isotopes in NKMNO 3 ) make attractive the possibility of determining the

structural components of iron nitrates by running a spectrum at the N15

resonance frequency. Although NI1 is Ue more abundant isotope, the large

electric quadrupole splittings result in too broad an n.m.r. spectrum of

a powder sample (thousand of gauss), whereas N1 5 (S - 1/2) has no quad..upole

moment and L;ea not broaden the spectral features. Thus a potentially

useful spectrum can be obtained from N1 5 .

During a pi'evious study at Rocketdyne, the C resonance was observed in

compounds containing C 1 in natural abundance. Tn this case, a Varian

high-resolution RB unit and it Varian lock-inamplifier were used. Bated

on this experience, a study of N resonance war initiated. Because a

high-resolation RI unit was not available for the N frequency, a variable-

frequency Variae Ri unit was employed, together with a Princeton Applied

Research lock-in amplifier (PAR). The latter has approximately 10 times

the sensitivity of the Varian lock-in amplifier. No resonances were ob-

served even in a single crystal of NaNO, (which contained N1 5 in n.tural

abundance). Tt was concluded, therefore, that the variable-frequency

Varian R? unit had a much lover senetitvity thae the high-resolution unit,

which could not be compensated for by the very high sensitivity of the PAR.

It was believed, however, that because of the expected narrow N 5 lines

the problem would not be sclved entirely by changing the RFI unit and



that a higher sensitivity was necessary. Conversion of ti.e variable RF

unit to a high-resolution unit was initiated and a new technique was de-

veloped to increase the sensitivity of narrow n.m.r. lines. At the same

time, considerable enhancement of ret lution was achieved.

It is believed that narrow N 5 lines will result from some of the nitrogen

species in iron nitrate because they are largely surrounded by oxygen atoms

which na-e no magnetic moment, and therefore give no nuclear magnetic

dipolar broadening of the adjacent N15 . Under these conditions, there are

very long relaxation times. It is well known that long relaxation times

are beat controlled by lock-in amplifier techniques; however, when an

n.m.r. line is sharp, existing high-frequency lock-in amplifier methods

do nnt give high sensitivity.

The basis of the new technique is that an n.m.r. signal will have maximum

intensity when the width of the modulating magnetic field used for lock-

in amplifier detection is comparable to the natural n.m.r. line width.

To test the sensi~ivity of the PAR, which can operate at as low as 1.5

Hz, and remain compatible with aiy conceivable N1 5 line width (whether

in solution or in a solid), the following study was conducted on the H1

spectrum of ethyl alcohol at 60 ?'Ilz.

With the Virian high-resolution RI unit operating at 60 M.iz, the magnetic

field hioogeniety coils were adjusted by running with regular high resolu-

tion so that the adjustments could be made on the oscilloscope (such

adjustment cannot be made while using the lock-in amplifier because the

spectral line is not displayed on the oscilloscope). The output of the

RF receiver was then connected to the PAR through the recorder outlet

with the recorder level set at 1000. This connection was necessary to

optimize the impedance match of the R1 receiver output circuit to that

of the PAR input circuit. The internal sinusoidal voltage of the PAR

was connected to the Varian probe Hielmholtz coils through a 600-oin series

resistor with the reference attenuatur and vernier of the PAlR set at

maximum resistance. This was done to achieve a modulatirt: magnetic field

width slightly less than the frequency of the modulating field used for

15
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deteeton (PAr set at mawsin of 1.5 1k). The senastivity of the PAR was

"" at 20 Millivolta, the phame at 0, the time constant 300 seconds at 12

decibels and Q-25. The RW power level wea down 70 decibels from 0.25 watt.

The receiver pin was set at positLin 5 and the RF phase detector fLequency

rxee tn tke 4 position.

Uaoag the above tchbniiue, the following spectra were obtained. The entire

#t*byl elcohql spectrum is shown in Fig. 6. This spectrum is identical in

resolution to that obtained on a Varian A-60 spectrometer. The spectrum

is 4h# seconM derivative of the absorption mode, which accounts for the

deep vings on each side of u spectral line. These winge cause the progres-

sive deepening of the apparent base line toward the middle of a multiplet.

The spectrum of the ethyl alcohol quartet is presented in Fig. 7, employ-

lug a slower passage than for the complete spectr~m (Fig. 6). Immediately

prior to ruaning the spectrum of the quartet shoun in Fi r . 7, an ordinary

high resolution spectrum was run (Fig. 8). It in evident that the PAR

method effects considerable enhancement in splitting of the izdividual

lines of the quartet iiito their fine structure components. Comparing

Fig. 7 and 8, it is seen that the method yields a bettcr resolution thea

the ordinary high-resolution technique. A, additional advantage of the

new Rocketdyne meohod is that line voltage surges and other instebilities

caused by opening of laboratory doors (with attendent pressure change

effect on electronic components) can be draped with the larger output time
constants available through use of the PAR. T~e high resolution spectrum

displayed in Fig. 8 is the best one selected from arproximately 15 succes-

sively run upectra. However, the spectrum in Fig. 7 waa obtained repeatedly

without noise spikes and distortions.

In iddition tn eliminating noise-generated bpoctral distortions, the PAR

method has another advantage. As sunarized by Challice and Clark (Ref, 3),

there is considerable literaturt dealing with the subject of resolution

enhancement of spectra by eaeus of secord derivative recording. Resoln-.

tion is easily doubled, while &an isolated doublet which visually shows no

splitting can be mthemstically resolved into two spectral lires by

16
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Figure 6. Spectrum of Ethyl Alcohol Obtained With Nov
Rocketdyne Technique. Second Derivative
Recorder Display
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Figure 7. Spectrm of Ethyl Alcohol Metbylen. Group
Quartot Obtained With Now Rocketdyne
Toebmique. Second Derivative Recorder
Display

is*



Figure 8. Hi-h4lesolution Spectrum of Ethyl Aloebel
.etbylene Goup Quartet Run -Jnst Before

the Spectrum of Fig. 7 to as to oV
Comparison of Resolation Ot1tina!ils by
the Two Techniques

19



comparing m function of the ratio of central peak height to wing depth

of the second derivative displayed spectrum. This procedure gives approx-

imatoly a factor of eight in improved resolution over that obtained from

the direct absorption mode display.

This is the first time that the use of broad-line techniques has been

applied to the observation of high-resolution spectra. Thus the differ-

ence between the two techniques has been reduced to a semantic one.

Sensitivity enhancement can be achieved by using a low-frequency lock-in

amplifier such as the PAR. Improvement in signal-to-noise ratio by a factor

of about 350 over that available with ordinary high-resolution absorption

mode display is easily achieved. However, the spectrum must be run much

slower than were those reported here; it would take 24, hours to optimize

the PAR spectrum, but considering the number of high-resolution scans

(about 15 minutes per scan) required for a computer-averaging technique

to duplicate such an enhancement, i.e., 350 squared = 120,000. it would

take npproximately 3-1//2 years.

Broad-Line IfI n.m.r. Iron Nitrate Studies

The broad-line f1 n.m.r. technique was improved during this report period

and used (1) in an attempt to determine the presence of water in the syn-

thetic iron nitrate which had been refluxed in wet N2 0 , and (2) to as-

certain the structure of the solid formed. Studies were made using a

Viiriatn DP-b0 spectrometer operating at 60 Mllz, an IRF power of 0.5 watt,

a m,:lulating field of I gauss at 40 cycles, and a PAR lock-in amplifier.

The, H. receiver output to the lock-in amplifier was connected to the

high-resolution recorder output so as to match the impedance better with

that of the lock-in amplifier than can be done with the regular Varian

cathode follower output used for the Varian output-control unit.

20
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In Fig. 9 are siown the spectra of the empty sample tube, a single crystal

of iron nitrate nonahydrate, and 0.5 gram of synthesized anhydrous iron

nitrate(solvated with N20,? which had been ref luxed for 4,8 hours with 30

milliliters of N2O, containing 0.2 percent added 1120. Comparison of the

spectrum of the refluxed sample with that of the empty tube (by subtracting

the background signal algebraically) shows a signal in the same position

as is seen for the (much larger) sample of known iron nitrate hydrate, and

roughly in proportion to the known weights of the samples. On the basis

of these spectra alone, it is possible to determine only that water is

present in some amount but not how many water molecules are present per

iron molecule. Reference to the e.p.r. studies in this report confirm

that a change occurs on refluxing the synthesized anhydrous iron nitrate

in wet N2 0

The spectra obtained which are displayed on Fig. 9 have a poor signal-to-

iioise ratio primarily because the modulating field is not broad enough.

During future studies this will be increased to approximately 10 gauss.

There are strong indications that when the background signal (from the

protons in tlh.e enamel of the transmitter and receiver coils and the Epoxy

glue which is used to cement the various parts of the probe together) is

subtracted from the observed signal, a good spectrum will be obtained with

the use of a broader modulating field. The shape of the signal should

allow calculation of the nature of the protons in the iron nitrate hydrate.

Thus a broad single peak will indicate OH protons or an intact HNO3

solvating species, while a broad doublet will indicate two protons close

together as in the case of an 1!0 molecule bonded through the oxygen to

the iron. The other possibility, H3 0 in the crystal, would be distinguished

by a broad triplet. Such conclusions must await spectra having a better

signal-to-noise ratio.

e.p.r. Studies of Iron Nitrates

Solids. To investigate the possibilities of using e.p.r. techniques to

determine structural parameters of the iron nitrate which causes flow

stoppage in valves, rour samples of iron nitrate were studied. All spectra

were run att room temperature with a 9.5 x 109 lIz spectrometer on samples

eon iti ined in 5-u w, 01) Pyrex tubes. 2
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[igure 9. Droad-line It! n.m.r. Spectra at60 Nib, RI' Power 0, Watt j
Mlodulating Field 1 Gauss at 40 Cycles, PAR Lock-in Amplifier.

Varian DP-60 Hfigh Resolution Spectrometer
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The ipecrum of a sample of Fe(N03)..9H120 is shown in Vig. 10. Tht sample

was a large eingl~e crystal. It is expected that if a powdered sample were

studied, the spcetral Ptructure at the higher fields would be-breadened

to correspond more closely in appearance to the spectra of the ref luxed

a~nd prxrified sample* dieplayed below it. The spoctruin of a sample of

iron aitrate, A~ich bad been pur-ifiea in Phase III) by precipitation of

anhydrous JArcn nitrate dissolved in ethyl acetate by th. addition of dry

N0,is Chown on the same illustration. For comparison, the spectrum of

the s~ase material irsh~own after a 0.5-gram sample had been ref luied with a

30--as111iiiter sample of N 20 4 con'taining 0.2 percent 1120. It ih clear that

the treatwent with wet N29, caus~ed sitructural changes. This evidence

is compatible with the hypothesis that iron nitrate powder in equilibriu

with wet N2 0 4 contain~s some vaier of hydration.

Solution. The e.p.-r. slwctru of N2O containing 1.5 ppa Fe and 0.1 per-

cent H2O is shown-in Fig. 11. The sample warn taken from a carbon steol

cylinder ka wzhicli the N01 :had been sBtqre*d for several months. The large

truncated -central. disperusion mode line ~is due to NO 2 , and the asymmetric

peak on the left of the spoectr~u is ascribed to Fe species..

An enlargement of-the aayiunetric peak which is ascribed to iron species

in tho soiution in shmmwa in Fig*, 12. Because the peak has a good signal-

'tc..noise ratio and was t-aken with w sample that analysed 1.5 ppm Pe, it
appears that the O.P.r. s~tboda will'be a satisfactory analytical technique
for use in Phase 1. lioweter, a servations are necoesary at theprs

ezat ties. It has not been *st#41ished yet that the peak is due to iron,

although analysis of samplsa *tdre4, -in a tarbou steel cylinder in the

'past has disclosed no 6therl major.. ttausitioil metal impurities, *ad the

08ak cannot be due to, spoties other than tranoition metals because oft the

high g value. It-will be necssoary to calibrate gautknown courentra-
tinsamples. $into the peak As asymetric and ov*,rlapped partially (on

the right) by the NO2 resonance, so that a linear dependence of peak area

vs concentration to not available.
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Fe(N03)30 9H 2 0

Refluxed sample

Purified sample

Figure 10. e.p.r. Spectra of a Single Crystal of Nonahydrous/.Iron
Nitrate, Purified Anhydrous Iron Nitrate, and Purified
Miaterial Which Had Been Refluxed With N2 04 Containing
0.2 Percent 1120. Ordinates are 0 to 6600 Gauss



Figure II. e.p.r. Spectrn of Nq04 Containing 1.5 ppe Fe and
0.' Percent H20. Or~inat~s are 0 to 6000 (fuss.

Truncated Central Dispersion Mode Line is Due to

2, Wand the Asymetric Peak on the Left is Ascribed
to Fe Species
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However, if the prese~it assumption that the peak due to iron is correretp

then it in clear that an asymmetric peak could not be due to a species

much as Fe(NO,~), in the solution, since such ". species would be expected

to have a cubic symme'cry with a symmbetric e.p.r. spectrum. Theo, this

spectrum is evidence that the ir'n. species in solution has mere then on*

kind of attaiched ligand. Future studies vith variation in the water cotp-

tent of the solution should establish whether the &symmetry of the spectru

in in fatct due to water. A possible alternative explanation for the asyn-

metry iz thet the iron species is really colloidal. This question tuould

be solved hy ultrafiltration.
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PHIASE Ill. COMPOUND SOLUBILITY

The initial obJective of Phase Ill was to prepare synthetically a compound

of the composition Fe(NO3 ) 3'N,20 hich had been shown previously to be

identical with the fiow-deca.: deposit. Thiis objective has now been met

with the successful preparation and purification of Fe(NO3 )3N 2 0 4 in suf-

ficient quantities thot solubhility studies with N O can be conducted,

During the solubility sttidies now in progress, the temperature of the N2 0

hap been varied from 32 to 100 F. In addition, the concentrations of

nitric oxide and water in the N2 are being varied from 0 to I percent

itnd from 0.1 to I percent, reipectively.

DISCUSSION AND RLSULTS

The preparatior of the anhydrous iron nitrate Fa(NO3 )3 *N .12 has been

describzd in tile first quarterly progress report (Ref. 1). The next ob-

"jective of this phase was to develop a method of purification for the

crude Fe.(NO 3 )3.N 2 01V Investigations involving recrystallization from

na.-'aqueous solvents, including N2 04 itself by cyclic extraction techniques,

were undertaken. The cyclic extraction technique using N2 0, did

prodoce a smsl. amount of pure materiel. However, because the yield wa.

very !o, and the method extremely time conmuming, other methodo of re-

crystallizetion were investigated. Sol•ibilizing the crude material in

ctbyl acetate ani then precipitating the solid by the addition of N2 0

has dleeloped i;nto an excellent method. A large amount of a pale cream-

colored solid which wag identical in all respects with the previously

iprified material (by cyclic extraction techniques using N2 0 ) ham been

obtained. T¶w separate purification runs have prodteced materials with th•

follouin', ,mpirical fomulae: FeMNO ) .0.1(YN 0 and Fe(NO ) 0 ,99N2 0,;
3.1 3 3A

on kW to 9) percent nass balances.

!¶Ith the preparation of sufficient quantities of pure "synthetic flow

decay cowpo,)nd." z4ohbilitt ttudiea in N,)0,4 were begun. To eetabiieh a

ref'ertnce point or solubility aod for purposes of comparison with propellant
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grade N2 01 4 , freshly distilled anhydrous iron-free N2 0 (< 0.1 pp Fe and

0.01 ppm water) was utilized. The N2 04 was also pretreated with oxygen

to preclude the possible presence of traces of NO.

The solubility determinations were made in specially constructed glass

apparatus. Solubility runs were carried out at controlled temperatures

(constant temperature baths) of 32, 86, and 100 F. Solubility was es-

tablished by withdrawing liquid samples periodically and then having the

samples analyzed for iron. Based on the analytical results obtained thus

far. the tpntative conclusion is that the solubility of Fe(NO3) . N20, in

N0O,1 is quite low, on the order of 0.5 ppm to 1.5 ppm (in terms of Fe

concentration). The solubility results have been quite erratic, probably

because of inherent errors in the sampling procedures and the procedures

involved in the analysis of a trace component. However, these experiments

will be repeated using a slightly modified apparatus and by taking larger

samples for analyses; it is anticipated that some of the difficulties in

the analytical procedures will be alleviated.

The investigation of the effect of the presence of small amounts of nitric

oxide and water on the solubility of the flow-decay compound in N2 0 has

been initiated. The NO was purified just prior to being used by fractional

condensation. The purity was then checked by infrared and mass spectrometry.

The NO-N¾O4 mixture was made in the solubility apparatus itself whereas

the l)O-N0) mixture was made in a separate vessel and then added to the

solid in the solubility apparatus. These experiments are in the initial

stages, and no results are available at the present time.

Purification of Fe(NO-)..N,0O,

The recrystallization of the iron nitrate from ethyl acetate for a 2-gram

sample was described in tile first quarterly report (Itef. 1). The analysis

of the purified solid, however was pending. The following analytical
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results are i'ov available:

Fe, 16.0 v/o; NO' 55.2 w/o; N 20 40 27.2 w/o

A larger sample of crude iron nitrate (6.5 grams) vas similarly purified.

The analytical result. on a sample of this second batch of purified mat-

erial were as follows:

Fe, 16.,5 w/o; No3 -55.2 v/b; N204, 26.9 w,/o

The infrared spectra, as mulls in halocarbon oil, of these tvo batches

were identical. Their physical appearances (pale cross powders) and their

reactivities with moisture (rapidly becoming wet and th. evolution of

gases accompanied by bubbling effect) were also idontical.

Solubility of Fe(NO3) *N2O4 in Distilled N2O4

The solubility apparatus consisted of & glass vessel eqnippad with a Teflon-

covered stirring bar and two Teflon nooddlar valves (Pig. 13). The apparatus

was calibrated and dried thoroughly prior to use. The solid Fe(NO 3) 3*N2 0
was pleacd in the apparatus through the needle valve A in an inert atmos-

phere (drybox). The N2O0 was distilled into the solubilit, apparatU-0

through valve A using a glaus-vacu~m system. The apparetus was thon in-.

ixersed in a constant-ternerature 'Zath in such a fashion that only the

valves remained above the liquid level of the bath. "The N2O iron nitrate

mixture was stirred by moans of a magnetic stirrer.

AW Sampling was accomplished by means of a U-shaped glass vesesl equipped

with. Teflon needle valves (Fig. 13). 7h. sampler was directly attecbed

to the solubility apparatus throuigh tkn 0-ring joint. A Teflon O-rlag

was used for this purpose, The section between 'valv* B and valve V was

evacuated and ''on refilled with dry nitrogen. fte presence of the nitro-

gen provided back pressure sad thvw a inluised the voporimation of the

31
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Figure 13. Solubilityr Apparatus acd Sampl~er
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N204. The sampling, was done with a -78 C bath eround the sampler. At
low temperatures, prossur~sation of the solubility apparAtus with dry

nitroarn was naoeseary to force the liquid oat througL the opOn 4 q4 in

valve B. A glass-vool plug rrevented any solid particles from being

carried over into the sampler. During the sampling, the solubility ap-

paratus was kept in the constant-V paratnro bath, thus &*s•iaig thet a

truly representativ, liquid *ample was being taken. The voights of the

N2 04 samples were obtained by determining the difference in the weights

of the U-saupler before (evacuated) and after h ramovod) the sampling.

The hydrolyses of the N2 04 samples were accomplished directly in the U-

sampler by the addition of ice-cold water (deienlsod). Aliqiots of these

hydrolysates were then submitted for iron analyses. The results a" pre-

sented in Table 1.

TAK5 E 1

SOLUBILITY OF N%(NO3 3N 2 04 IN N2 04

Values in pe 04P fe

meratue Duration of Studies, Days

32 0 .,,5 0.6.5
86 I 137 0.57

100 0.89 0.06 0.46 0.25 1.71

*mplo taken at tb-io period gava an aiceptiodsaly high
vain., and the result wav discarded

WO Additive to N 20 -Iron Nitrate )Eixture

Nitric oxide was purified by passing it through -156 C trop sveral times,

and the purity was checked by infrared and mas& spectroentry mad by vapor

prossur* aeture• ne•t. lb. solid iran nitratA (63 miigram.) *a* pie4ed
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in the solubility apparatus in the manner described previously. The

gaseous NO (162.5 cc) was then placed in the apparatus by condensing it
in a narrow sidearm added to the apparatus shown in Fig. 13. The N2 04

(100.7 grams) was then distilled into the apparatus using the vacuum sys-

tem and a cooling bath of ice-brine mixture. With the completion of the

addition of the N2 04 , the sidearm was slowly warned, thus allowing the NO

to vaporize and dissolve in the N2 00 V The apparatus was then placed in a

constant-temperature bath held ut a temperature of 25 C. This experiment

is ia progress at the present time, and sampling will be done as described

previously.

Water Additive to N2010-Iron Nitrate Mixture

Water (0.10 grau) and N2 0 4 (97.0 grams) were mixed in a 200-milliliter

glass bulb equipped with a Teflon needle valve. This mixture was directly

added to the solubility apparatus containing the wolid iron nitrate. This

was accomplished by affixing the bulb containing the mixture to the solu-

bility apparatus by means of an adapter through which the adjoining sections

could be evacuated. The apparatus was then immersed in a constant temp-

erature bath at 25 C. This experiment is in the initial stages, and no

results are available.



PRUE IV: COMPOUND ELMINATION

Investigations on appropriate coordinating agente as means of eliminating

flow-decay compounds in the major task of this phase of the program. In

an effort to render the metal compound soluble A N20 4 the effects of

these coordinating agents on the synthesized flow- decay compound and its

N 20 solutions are being studied.

DISCUSSION AND RESULTS

Investigations of the reactivity of the synthesized iron nitrate with

various coordinating agents have been continuing. Th-- iron nitrate-N2 0

complex wss found to be soluble in the following additional reagents.:

benzonitrile, benzaldehyde, acetophenone, and ac -tone, The. complex was

found to be inso' -ble in trifluoroacetonitrile, hPialluoroacetone, n-

peninne, Freon 113, and silicone (XF 1000) liquid. The last three reagents

gave not only a test for solubility, but also an indication of the ionic

qature of the iron nitrate-N2 0 complex (ionic substances are unlikely

to be soluble in nonpolar solvents).

The reactivity of the preceding reagents when added in small quantities

to N 20 under ambient conditions was tested. No visible reactivity wan

noted when the following reagents were mixed with N2 0 (N2 0 was always

in large excess): triflvoroacetonitrile, hexafluoroacetone, n-pentane,

and Freon i13. In addition, other workers (RAfo 4 and 5) have reportod_

that bensonitrile, bensaldehyde, acetophenone, Md acetone can be added

2to 0 2 ithout gross reak'*ion. A vigorous roactio-, with the evolution

of a great deal'of gas, took place when silicone (XF 1000) liquid w

mixed with N 20

The results of the above experiments _tave thus added new candidates

(benzonitrile, bensaldehydea. acetop~ianone, and acetona) to the previous

iist of candidatee 't further investigations in flow-de4ay compound

elimination.
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Similar screening of various other reagents will be conducted in the

near future.

Preliminary investigation of the solubility of the iron nitrate in N 04

in the presence of a candidate-coordinating reagent has been made. The

addition of acetonitrile to a mixture of Fe(NO3 )3"N 2 04 (40 ppm of Fe)

and N204 at room temperature was found to completely solubilize the solid

Fe(NO3) 3.N 2 0.0 Practically all of the solid was insoluble under these

conditions before the addition of acetonitrile. Such a solution was also

found to maintain its integrity (no apparent change) during a temperature

cycling over the range of 32 to 100 F.

Although the Fe(N03 )3 N2020 was found to be insoluble in CF3 CN alone, it

was found to be soluble (0.7 w/o of solid Fe(N03 )3 N20 )in a mixture of

CF 3CN and N204. No change in the solution was observable over the temp-
erature range of 32 to 100 F. However, a very high concentration of ad-

ditive was used in this test (10 percent). CF 3CIN would probably not be

a satisfactory additive because of its high volatility. Further tests

at a more realistic additive level will be carried out with other less

vnlatile perfluoroalkyl nitriles.

It is anticipated that siuilar solubility phenomenon as in CFP 'T-N 03' 2 4
mixture will be found with CF COCF3-N204 mixture. This will be tested

shortly. The results of the CF 3CN experiment may lead to new additives

for the flow-decay compound elimination. Reagents which do not dissolve

the solid Fe(NO3 ) 3.N 2 0 4 by themselves may still be effective as long as

they are compatible with N2 04.

EXPERMhETAL

The solubility and compatibility tests were carried out essentially as

described in Ref. 1.
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The solubility of the iron nitrate in N204 in the presence of a candidate~-

coordinating reagent (acetonitrile) was carried ouat in the following man-

ner. Th. solidI Fe(NO3 3 N 2 0 waa placed in a mual~il glass bulb squipped

with s Teflon-covered stirring bar and a Teflon novedle valn, Vae weight.

of the solid was obtained by determining the difference ia tho ý,deihtm

of the 4Pvacuated bulb before and after the addition of eo"iti, N 2 0
was then condensed2 over the solid. The mixture was ai'. to -v.rm to

room temperature and wasn stirred (magnetic otirrer) o'K'r ~ #ost of

the solid was observed to be insoluble during this pei,'I Aceartitrile

(0.2 w/o) was then condensed into the bulb, and the was allowed

to ware to room temperature. After 1 hour of stirring, the amsount of

inaoluble solid had decreased considerably. After overnight stirring,

all of the solid had dissolved. The resulting solution was subjected to

a temperature cycling by isoersion in baths from 32 to 1-00 F.
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PHASE V: EFFICIENCY OF ELIMINATION

Construction of the flow test system started during this quarter, but

activity vas temporarily discontinued pending the availability of a better

test location. The flow system is now being installed in an entirely sep-

arate test bay of the Propellant Engineering Laboratory. Tnis new site

represents a considerable improvement in the larger space now available

for system components, and in the greater freedom from other laboratory

activities, thus providing for more efficient flow-test operations.

At present, the test bay has been made ready for occupation by the flow

test system. The nitrogen gas system to be used for N tank pressuriza-

tion has been installed. Supporting structures for the tankage and for

the flow-line components have been built. Installation of the flow line

is under way; this includes, in downstream sequence, the on-stream heat

exchanger, the test hardwrre, which will be initially a sight-gage needle

valve previously utilized at Rocketdyne for N2 0,4 flow-decay observations,

a flivueter, and a metering valve for flowrate control independent of the

decay process. Three temperature bath containers have been prepared,

one for batch temperature conditioning at the N2 04 source tank, a second

for stream temperature conditioning with the flow-line heat exchanger, and

a third to provide for circulating flow of adequately large cooling or

heating capacity to either of the others. Preliminary testing of these

temperature-conditioning units is being carried out.

The design requirements for the on-stream heat exchanger are problematic.

This heat exchanger is being constructed to provide reasonably precise

selection of emerging stream temperatures for all flow conditions of

interest. Conditions of potential interest include cooling from 165 F

to near 15 F at flowrates of several gallons per minute, requiring a

long heat exchanger of large surface area. Such a unit is not a localized

flow restriction and would not be expected to participate directly in
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flow decay. However, the large cold area could conceivably act aq a

dcaverger at flow-decay maLerial a"ýead of the t it hardware. If tlhs

possibility materializes, efficient stream temperature control iaJ bw

to be abanviaed in favor of larger flov decay effectt

1I
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IRON ANALYSIS AUOCE tU

the antlyi.s for trace amounts of iron in N204 has been carried out usine

l,l0-tenanthroline as tb. color-developing reagent. Using sample sizes

of 10 grams of N2 04, the ideal range covered by this technique in 0.2 to

2.0 ppm of iron. -By increasing or decreasing sample size, the renge can

be exter*ed at either end. Therefore, the use of 4,7-diphenyl derivative

(Ref. 1) of ortho-phonanthroline has not been required, and all analyses

carried out during this period bave utilized orthophenanthroline. The

analytical procedwee used for the analyses is described in the tollowing

paragraph.

The weighed sample of N20 4 is hydrolyzed slowly in a closed container using

excess (30 to 10 cc) water at O.C. The aqueous solution is quantitatively

transfeired tc a 100-milliliter beaker, 2 milliliters of concentrated

sulfuric acid are added, and the ttilution slowly boiled to dense SO fumes

to remove nitric and nitrous acids. The cooled sample is then transferred

to a 50-milliliter v,-lumetric flask, and F III reduced to FeII using 2

milliliters of 10 percent hydroxylamine hydrochloride. The rate of r"-

duction is increased by heating the flashs to 60 C for 10 minutes. The

pH is then adjusted to 3 to 5 with 2 M sodium acetate and 1:1 amonia solu-

tion. One milliliter of 1,10-phenanthroline (0.1 percent in 10 percent

ethanol) i" added, and the solution is set aside for 30 minutes. The flask

is then diluted to the mark, and the ebs-rbance is measured at 510 milli-

microns against a reagent biank. Calib,-ation standards are prepared by

adding known amounts of iron to 1:1 nitric acid solution and carrying out

the analytical procedure in the same manner as the unknowns.
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