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I. Stabilitv of HUdr~.n Peinilde (C. C. Lane and H. L. Kimbell)

Some question had arisen as to a possible variation In
the DR on dilution of different samples of unstebilized
ooncentrated hydrogen peroxide, as produced by the
electrolytic, or the outozidetlon processes, or from the
oxidation of propyl alcohol. Aocordingly, speoiens of
unstrbilized hydrogen peroxide, supplied by different
manufaoturers were diluted %ith conductivity water and the
PH measured over the range 90-10,' ROa for the sa~les of
eleotrolytic and propyl alcohol orixin, and 3•-10A for the
sample from on outoxudation process as a further check*
the pH of each sample was oeso measured after tenfold
dilution. The results are shown in the aocomponying
Figure 1. It is ap.prent that the behavior of all three
samples is similar on dilution, although at Pay given
concentration of hydrogen peroxide the pH of the autoxidation-
process sample ren soaewMt lower then the average of the
other two.

It Is oonoluded that the differences in pH reported
must have been due to a variation in the quantity and/or
kind of stabilizer employed in the particular samples
involved.

B. The Effect of Aiminun UtSn Stability with Tin

A further study has been made of the meohaniam wihereby
the stabilization of concentrated solutions of hydrogen
peroxide afforded by the addition of sodium stannete declines
on storage in aluminmm containers. Further tests have
been carried out which establish the fact that when metallic
aluminum is in oontaot with AgKaM solutions (in the
absence of H20s) containing small concentrations of zOclum
stennatep a deposit is formed fairly proql.y on the aluminum
surfeee, but If concentrated hydrogen peroxide, oontaining
the some proportion of stennate, is used, no ohankge in the
aluminum surffoe is notioed.

The white, even deposit obtpined In about 5 min.on an
aluminum strip, -hen a stennPte solutions were
employed (best at 85C0 woo shown to contain tin when
carefully soraped off, dissolved in hydrochloric said, end
treated with hydrogen sulfide. Considerable corosilon of the
aluminum was viaible end the solution gave a positive
test with slumi'nom reagent.
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2.

Comparitive tests with sluminum strips, immersed wt
room temperature in aqueous end 90% hydrogen peroxide
solutions, respeotively, end oontining 10 to 50 p.p.m. Sn
(in ste-s of 10 p~p.s.) dded as sodium stennete, were mfde over
a period of two months, The strie Immersed In the aqueous
stennete solutions ell became eoeted in a few days with a
films initially brownish in color but later turning to 9
grey-white. The aluminum strip in the most dilute stennate
solution (10 p.p.n.Sn) did not change In ppeurrpnce till
nepr the end of the period of observation. In the ease
of the stpnnwte solutions in hydrogen peroxide, no ohnge
in ameserence wag visible in any of the tests throughout
the period.

In view of the negative results with the H90s solutions,
other tests have been started -4th 90% hydrogen Deroxide
solutions containing from 50-400 p.p.u.Sn (as stanmte), In
the pH kept definitely above that of the untreated hydrogen
peroxide solutio4 (approximately 1.5). In another test,
the ,possibility of corrosion of aluminum by H&,02 vapor, using
aluminum, which has become coated by means of ImmersiLon
in aqueous stennate selution, Is being Investigated. Other
tests are planned in which contect of aluminum with solutions
of more dilute hydrogen peroxide-30,50,70% HgO0 5-containing
stannate Is to be studied$ to determine, if possibles
at whet oow-entretion of hydrogen peroxide the deposition
of tin ceases.

In connection -4th the work described above, decomposition
rate measurements were orried out et 50C ca 90% hydrogen
Peroxide solutions containing 30 p.p.m. of tin (added as
sdium stannete). some of which contained strips of
elaMnum. After a two week period at 506C, 0.1 p.p.m. of
Fe was added (Ps the sulfate) to eaoh samile. It was
the expectation that in the case of the solutions containing
the aluminum strips, conceivably enough tin may have been
deposited from the solution so that addition of the ferric
ion vould cause a definitely greater rate of deooomnosition
than that shon by the solution not in contact with alullnm.
However, the amount of stannete used proved sufficient to hold
be',k the octelytio effect of the 0.1 p.p.m. Pe*4*, as no
appreoieble differenoe in the rates was observed.

(It may be remarked in pessing that we had demonstrated
eerlier--see Dec. 31, 1956 report-- that --hen a :21MA
slumuln saE.a Is added to such a solution, preoipitrtion of thetin does occur in a degree sufficient to shown a resultlng
rise in the decomposition rates.)
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Further similar trials In whIoh less stennete was uswd
(10 p.p.m.Sn) heve shown a greater iMiP1 rise in the
decomposition rate when 0.1 p.p.m. e was added to the
peroxide solution conteining the metellic cluminum strips
then occurred ,ithout aluminum in contact with the solution.
This erxeriment is still in progress, however, and some
6oftergage of the decomposition rates is noted.

In another series of decomposition rate studies, two
different samples of 905 hydrogen peroxitde ere made un with
the following Pdditives:

Sample (1) 30 p.p.m. Sn (as stannate); 50 p.p.m.
pyropNhosphate ton (added as a4PbO?.lOfHbO); 0 p.pm.
A1++ (added o sulfate).

Sample (2) 30 D.p-m.Sn; 50 o.p.m. PrOf'; metallic
strios of aluminum.

When these solutions were left at 50 0C for 13 days, the
decomposition rates renwined wssen4lly constent at about
0.0018,0 p•er hr. "Ihen 0.2 p.p.m.Fe wee then added to
each sample, the rate for Sample 1 rose to about 0.08%/r.,,
while that for Sample 2 rose only to 0.OO/l3Ar. The pM of
Sample 1 wee found to be 3.5 at the end of the run. This
sample contpined considerable fJaoulent precipittee, no
doubt folloling hydrolysis of the aluminum and pyrophosphate
ions, ousIng removal of oonsiderpble stabilizer from the
solution. In the case of the sample containing the
metallic aluminum strips, there -Ps no visible precipitate
In the flsk bottom, indicating thFt the extent of hydrolysis
In tbis sam-le i,,,s not appreciable. The pH rt the end of the
run was 5.3. The addition of 0.2 p.p.m. Fe+++ to this
solution caused Pn increase in the rate from about 0.0018 to
about o.013%/hr--a much lower rpte, by a fpetor of 6--than
was obtained with Sample 1.

The conclusion to be drawn from the exzeriments conducted
during the period of this Report is that In the presence
of 90• Ha0 3 aluminum metal does not apnear to reect with
stannate, whereas with A stannate solutions, rapid
corrosion with decosition of a film containing tin, takes
place. The mechanism whereby stannste disapoeara from
concentrated hydrogen peroxide when stored for some time
In aluminum containers remaine unoertpin. Further studies
r'ill be required with hydrogen peroxide solutions of
Intermediate concentration, conteining stannate, In contact
with aluminum, in the hope of discovering the cause of the
observed phenomena.



11. Flan. Velooities in Hvdroten Peroxide Vapor (K.A.T. Hendeo)

During the period covered by this revort more data
were obtained on the deoowmositlon flame velocities above
liquid hydrogen Peroxide.

The results of flame velooltimeseesurement by this
technique are sunuarIzed in Fig 2 and ore compered with
velocities measured with the Bunsen burner teohnique as
outlined In the quarterly report of June 30, 1956. In
meking thlq oomparison only those velocities baaed on
caloulations made for point conditions for the 'Bunsen* flame
velocities were included since these appeared to be of higher
eocurroy. The data presented in the graph for a flame
above the liquid phase ore also sumrized in Table 1.

The flame velocities listed in Table 1 and shown on
Fig. 2 were caloulated on the assumption that the liquid
whioh disappeared wee vaporized and then underwent deoomposition
in the flame. This velocity was olculated by considering
P unit cross section (1 sq.om.) of the liquid and determining
the rate of vepor generation from the liquid at the measured
liquid temperature assuming thetthe vapor e oted as a
perfect gas. The decomposition flame wee assumed to be
plpnar Obove the liquid.

1lith these assumptions, the flame velocities were
Calculated from the following relationship:

V=.eT M 4 + ')() 2 2 4 0 0 ( .20) 36+272 (0.0328)
L. 34& 18 mol

where

V - flame velooty, ft/seo.

m density at TL , g/oo

- weight fraotion of hydrogen peroxide in one mole
of the liquid, g

TL - liquid temperature, OC

- drop in liquid level per second, o/sec.
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5.

TABI I

&un Liquid Flan Liquid Calculated
Conoentroeton Veloclty Tompersture Adiabetlo
sole ftt/80. oc Flame ?esnp.

0C.

7 95 0.84 117 978

11 95 0.92 120 987

12 94.5 0.79 117 9?7

13 96 0.82 110-114 978

14 98 0.77 110-114 99.5

15 87 0.51 110 792

17 85.5 0.53 112 785

18 83 0.47 114 787

19 73 0.32 129 660

20 74 0.38 129 68?

21 93.8 1.06 122 980

23, 94.6 1.43 136 1002

23b 92.8 1,63,36 975

214m 95 1.07 122 997

24b 96.8 1.05 1i, 1017

25a 95 1.24 130 1002

25b 92.7 1.2.1 130 957

26s 70.8 0.49 127 625

26b 69.8 0.49 127 607

270 75.6 0.45 127 707

27b 72.8 0.46 127 657

28 97 0.59 114 967

290 81 0.51 120 762

29b 71.2 o.3 129 6,2
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The liquid temperature wee measured with an iron-constantan
thermocouple inserted into a "ell in the bottom of the
test tube.

The adiabatic flame temperature wee calculated by
the relation:

xo" falv + mCpATJ -

- T (8.22 + o.ooo05T + o.oooool3LVI) + 2ý (8.27 +
2

0.000258T -. .ZZ22)J dT
To

where

S- mole fraction of hydrogen peroxide in the liquid

AHo - hest of combustion of one mole of solution, cal.

AHl - heot of vaporization of one mole of solution at
Its boiling point, cal.

'MCp - heat opaiolty of one mole of solution, cel/°C

AT - TB . T2 =(T 2 ) difference between (TB), liquid boiling

temperature and actual liquid tempereture, 0C.

TF edipbatic flame temverature OK

The data now cover the entire range of both concentrations
and liquid temperatures for wh-4k~h At was possible to obtain
decomposition flames over the liquid. Taking Into
consideration the differences between the two methods by
which the velocities were determined, it seems that a good
correlation of data was obtained within the common region
of adisbetto flame temperpture. This region corresponds to
the lowest values that could be obtrined In the vapor
phase Bunsen exoeriments and the highest that were obtainable
i meePsurement of a flame over the liquid phase,
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According to Fix. 2 the flame velcotly increases
with the vdiabatic flame temperature. However in the
region of the higher liquid concentrations corresponding
to adiabatic flame temneretures of the order of 10000C
considerable scatter of the date was apparent.

In analyzing the data the liquid temperature appeared
to Influence the flame velocity beyond the effect of
liquid temperpture on the adlabetlo flame temperature.
It should be noted that for the decomnosition above the
licuid, flames were obtainable over the liquid of
lower concentrations only at temperatures close to the
boiling point of the liquid. At the higher concentration,
flames could be obtained over a considerable range of
liquid temperatures. Hence only at these higher concentration
is It possible to search for any effect of liquid temperature
on the flame velocity. The possible significance of liquid
temperature remained uncertain at the time of the last quarter.
report. It now appears that there Is some effect of liquid
temperature on the flame velocity in this region. This
effect is shorn by plotting In Pig. 3 some of the data of
Fig. 2 characterized by circles and Identifying the
Individual liquid composition end temperature for each point.

The most Important results obtpined during the present
work are:

1. Flames can be obtained above at •liqulA-. !noentration
over the range of 71.2 to 100 mole percent of hydrogen
peroxide.

2. If the tube in which the liquid Is burned Is
wrapped with aluminum foil.

a) flames may be obtained at licuid to concentrations
as low as 69.8 mole percent,

b) at the same liquid concentration, flame velocities
are slightly higher, and

o) the actual flame temperature is closer to the
calculated adiabetic temnerature.

3. If the tube diameter Is increased no apparent
influence is observed on the flame velocity except whet
working at high concentrations end at liquid temperatures
so low as the temperature at vhioh a flame is obtainable,
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In continuing with this study, future work will
include. determinations of flew velocities above liquid
hydrogen peroxide at sub-itiospherio pressures. It is
hoped that experiments at low presse will provide informs aion
on the nwture of the rate oontrollin, step In the dooomp-
Osition flame,

I3I SUMrealInc of LMould Hvdragaw Perxide (J. Roberts)

Studies heve been made of the addition of 37-4) micron
mlzed particles of both Pyrex end alumina to 96-99V
hydrogen peroxide to determine their effect on the tendewW
or' the hydrogen peroxide to supercool. The seeding materials
were added to the hydrogen peroxide both above 6nd below
the equilibrium freezing point for Hs0 5 or -0,430C. The
results of the tests my be sumari•ed as follows:

1. The Pyrex and alumina particles have no significant
effect on the tendency of hydrogen peroxide to
supercool.

2. The hydrogen peroxide did not froeze homogeneously
down to the lowest temierature recorded in the
tests (G68°C).

3. The freezing process tends to kill the active
oenters for crystal formation.

4. The freezing temperature of P peroxide sample
Is not raised by allowing the open test tube to
aooumulate dust from the sir. (Six semples were
left open to the air for periods of from 24 to 72
hours).

5. Some seven samples of hydrogen peroxide at temperatures
below -540C froze following repeated finger tapping
of the test tube. However, four samples thus
agitated at temperatures from -48 0 C to -54°C showed
no cheane.

6. Scraping the test tube wall with the glass stirrer
08 sgntrooled hydrogen peroxide to freeze (six
Or%% l• T.Othe temperature rnge of -450C to -620C
end eam8 froze Immediately on scraping.

7. Heating the sample before cooling does not have
a noticeable effect on thb freezing tempereture of
the sample.
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The next phase. of the study will be to determine
the effect of adding a tetragonal seeding crystal,
oassiterite, to hydrogen peroxide (hydrogen peroxide
crystals belong to the tetragonal system). This
will complete the study of the effect of seeding crystal
shaop on the freezing temperature of the peroxide. Then
3-9/A crystals of the three substances, Pyrex, alumina,
and oessiterite •ill be added to the peroxide to
determine the effect of crystal size on freezing point.

IV B=g Pressure IjmitItn Limits of Hydrogmn Peroxide

Vao (P. Feekes)

During the past period, the construction and assembly
of the equipment described in the previous Quarterly
Report was completed. However, limited tests with the
apparatus hove indicated that the rate of decomposition
of the hydrogen peroxide in the equipment is so high that
several modifications will be required. First steps
must be taken to decrease the area of aluminum exposed
to the peroxide vapor. This will be accomplished by
replacing parts of the aluminum inlet and outlet lines of
the apparatus with Pyrex tubing. In addition,it is planned
to line the compression cylinder with Teflon and to
replace the heed of the piston with the same meterial.

Those sections of the present apraratus which have
been made of Teflon have been found to be satisfactory.
According to Stein* the rate of decomposition of hydrogeb
peroxile vapor on Teflon is some 5 to 7 times loWW
then on pickled aluminum at the temperatures to be used
In the present study.

By decreasing the area of aluminum exposed to the
vapor and Increasing the vapor rate it is hoped that
useful results will be obtainable.

While making the above alterations, construction
will be Initiated on a separate apparatus In which only
Pyrex glass ,ill come in contact with the hydrogen peroxide
rapor. The apparatus w:12l be similar In principle to that

*Stein$ T. V.8 ODecommaositon of Hydrogen Peroxide Vapor*
So.D. Thesis M.I.T. U955)
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used1 by Satterfield, KUvaragh, and Remntok" in the
studies of the ignition limits of hydrogen peroxide vapor
at sttmospherio ond sub-stmospherio pressur6G. Pressures
In excess of one atmosphere will be obtained by enolosin
the whole apparatus in a vessel pressurized with oxygen
or helium.

V. hLaf rtal Catalysis of HUdZRen Peroxide DeooMtlan

The purpoee of this study is to determixequantitatively
the rate of decomposition of hydrogen peroxide when
catalyzed by the ions of lead, silver, and iron In aqueous
solutions, esd the factors affecting this rate.

The following experimental procedure has been used.
A semple, (2501l.) of a 209 weight solution of hydrogen
peroxide of known pH was olaced in a 1000 ml. flask. A
known amount of the metal nitrate in dilute aqueous
solution wos then added to the hydrogen peroxide and the
rate of oxygen evolution measured with a wet test meter.
The temperature was kert oonstant throughout the reaction
by regulating the tempereture of the surrounding water
bath. The reaction mixture was agitated by means of a mgnetli
stirrer. Up to the present time, data heve been obtained
for lead nitrate as the catalyst In eooreatretions up to
0.5 g. PbCN03)) per liter of solution. The results
indicate that the rate of deoomposition of hydrogen
peroxide is zero order with respect to hydrogen peroxide
ooncentation for hydrogen peroxide concentrations up to
20%. The oatalyzed r6otion rate Increpsed approximately
three-fold as revotion temperature was ralsed from 250C
to 30°C. The reaction rate Increased with pH from
praotically zero at a pH of 5.5 to a moderate value at
pH 7.0. At a pH of 8.5 It became extremely vigorous.
It is now plpnned to repeat the above type of tests
using both silver nitrate end ferric nitrate so the
catalysts.

VI. Valoltor

Mr. L. Powell, Office of Navel Researoh, Boston, Masa.
Sr. R. Levine, Rooketdyne

"* Satterfield C. N., Kavanagh, G. N, end Resniok, H.,
LA.* Eng. Chea. n:, 250? (1951)
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