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I, Stebllitv of Hydrogen Peroxide (C. C, Lane end H, L, Kimbell)
A, The Effect of A U zot w T

The principel subject of investigation, during the present
quarter, carried out br the stebility groun of the hydrogen
peroxide project, was concerned with the d<sire to determine
the resson underlying the observed decresse with time in the
steblilizing effect of sodium stannete vhen sdded to concentrated
hydrogen peroxide in o-.uminum conteiners, For exemple, in a
perticule> semple of 9055 hydrogen peroxide with e tin eontent
of 30 p.p.m, Sn (acded as Ne,Sn0,.3HZ0), two deys after the
hydrogen peroxide solution wes pleced in an sluminum conteiner
the tin content wes observed to heve dropped to 20 p.p.m., Sn.

Further decline in tin content proceeded at a progressively
slovwer pece,

The followineg series of tests was underteken in an ettempt
to establish, if possible, & relationship between the rate of
decomposition of the hydrogen peroxide solution and its content
of sluminum ion, tin (ss stennete), end knovm edded contaninents,
such as ferric lon, In each cese the rete of decomposition at
50°C was determined. The pH of the solutions was taken but was
not ed justed to constency, end some influence on the observed
retes of decomposition i1s therefore expected, due to verietion
in the respective pH's in the several tests, In gll cases
the dterting meteriel for the tests wes 90% "Becoo" hydrogen
peroxide with no intentionally added stebilizer. In those -+
ceses vhere iron conteminetion was sought, 0.1 p.p.m, of Fe
lon was employed, by addition of the hydrsted sulfete.

The hydrogen peroxide solutions were conteined in 250-ml,
conditioned ryrex flesks end were held et 50°C by immersion in
e constant tempereture bath, The neriod of test was on the
averege nine days, The bsse messurement on the 905, H,0, alone
was observed to be 0,0026 percent decomposition ver hr, et 50°C,

The additives employed in the tests included:

Tegt
(A) 24 p,p.m. Sn** (2dded es NagSnQy+3H;0),
(B) 24 p,p.m, Sn** + 0.1 p.p.m. Fe**(edded as Fep(S0,)s+6Hz0),
() 30 D.p.m, AptHt fadded+ig Al15(S04)3+18 HzO + 24 p,p,m,
Sns* + 0,1 p,p.m, Fe™ T,
(D) 15 p.p.m, A1+g4 + 24 p.p.m, Sn*t + 0,1 p.p.m., Fettt
(added efter 1 day),
(E) 30 p.p.m, A1*++,
(F) Seme es (C)but Fe edded only efter 8 days.
(¢G) 30 p.p.m, A1*™ + 0,1 p,p.m, Fettt,

The rates of decomposition observed with the solutions conteining
the sbove mixtures sre plotted in Figure 1,

Regultg:- As was expected, the lowest rete of decomposition was

obtained from the solution conteining 24 p.p.m, Sn¢t glone in
the 90% hydrogen peroxide solution, (Test A); the observed rete
being 0,0008% per hr, at 50°C, (gee Curve A in Fig, 1).
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Addition of eluminum ion elone (edded as hydrsted sulfate)
resulted in a rise in the decomposition rete to about 0.0075%
per hr, (Curve E), It is conceivable thet this degree of
increese in the rate was due to the small amount of iron
contaminstion which the eluminum sulfate orystels were known to
contein,

The eddition of 30 p.p.m, of stennic tin (added as stannete)
es well as of the 30 p.p.m, of sluminum sulfate cesused a reduction
in the rete from 0,0075%, shovn by the sluminum alone, to an
sverage of 0.0037% per hr, (see curve F up to 8 days). On
expressing 1t in enother way, the decomposition rete observed
was increased to sbout four times thet found for the stannate
elone (Test A ) by addition of the eluminum solution,

Curve B, which is very nesrly colncident with curve A over
e week's time, indlcetes that in the presence of 24 p.p.m, of
tin (added as stannete) sufficient protection wes efforded so
thet 0.1 p.,p.m., of Fe contaminetion was held completely in
check, However, in the gbsenoce of the stannete the same emount
of iron conteminetion, together with the effeot of 30 p,p.m. of
edded aluminum ion, cepused & very sherp rise in the decomposition
rete of the peroxide solution (curve G). This rise is mainly due
to the iron contemination, es addition of sgluminum ion alone
above referred to {(curve E) hed = relatively small effect in the
seme concentretion (30 p.o.m,).

The seme sherp rise in the decomrosition rate is seen in
Curve D, which inplies to the test in which, following edditlon
of 15 p.p.m. AL**¥ (pdded as sulfete), 0.1 p.p.m. of Fet™" wag
introduoed after the lense of one dey. Agein in a comperison of
curves C snd F, both of which were concerned with glum!num ion
end stennate addition, the effect of addition of 0.1 p.p.m., of
ferric ion (in curve F) 1s seen to be pronounced when it was
withheld for 8 deys. After this period, sdded iron caused & sharp
increese in the decomnosition rete of the peroxide.

Since the effect of veristion in pH of the solution 1s well
knowvn, resdings wvere teken et the comprletlon of the tests with
the Beckmen Type G meter, at tenfold dilution of the peroxide,
throughout the serles of tests. The observed value follow:-
pH resding
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Conolusions:-~ The feot thet the eddition of iron ocaused
e more accentuated rise in the decomposition rete of the hydrogen
peroxide when such addition wes withheld for 8 deys appeers
to indicate that the protective sctlon of the stannste had
declined apprecisbly in the same period, so that when the iron
wes added the hydrogen peroxide solution was ineffectively
stebilized and a sherp increese in the decomposition rete ensued.

Furthermore, it 1s noted that the sharp rise in decomposition
rate caused by ferric ion addition is in each cese quickly folliowed
by en abrupt decline in the rete., It seems reasoneble to
attribute this decline to e coaguletion of the cetalyticelly
cctive hydrous ferric oxide (or besic ferric salt) which is
first formed by hydrolysis of the edded ferric sulfete, The
consequent diminution in the surface of the asctive colloidal

materiel results in a decreese in the observed rete of decomposition
of the peroxide.

Although the experiments thus far reported appear to indlcate
e slight eccelerstive effect of eluminum upon the decompesition
rate of hydrogen neroxide, further tests sre belng currently
conducted in which metellic eluminum is being introduced into the
solution, in the form of strips of the metsl, to observe the
influence of the metsl upon the stennste-stsbilized peroxide.
It should be possible to determine whether or not metallic tin
1s displaced by the sluminum in such solutions; if so, the
stebilizing effect of the originel stannete (or hydrous stannic
oxide derived therefrom) will be expected to be lecking end
added cetelytic icns (such as ferric ion) should bring about
a pronounced rise in the decomposition rete of the peroxide
solution, It is hoped 2lso thet it mey slso be possible to
follow the course of these phenomena with the help of the
conductivities of the solution, as measured with a conductimity
cell with tin electrodes,

B, Stebility Mesgurements on Shell 90% Hydrogen Peroxide

Two 24-0z. bottles of 90% hydroren peroxide, produced by
the Shell Development Compnany process, were received during this
quarter, The snslyses and decomposition rate of the solution

es reported by the compeny end as determined in our lesboratory
ere as follows:

Shell Anclysis Our Datg
H,0, Cono. 91.5% 90,2%
pH (1:10 dilution) b,2 4,58
Decomp. Rate 0.29%/24 hr,/100°C  0,00136%/hr /50°C.
Carbon %/mt, 0,007
Hesidue mg/1. 3.3
Phosphete (meg/1.) 0.2
Sulphete " 1.0

Tin " 0.4
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b,
Shell #pelysis Qur Detn
Alunminum (mg/1,) 0,02
Nitrate " 2,5

This ssmple of 90> unstebilized peroxide is evidently of high
Quelity: its decomrosition rate comperes favorably with the
best we have examined, It is plamned to dilute this materiel
with cerefully purified water and to determine the stabilities
of these diluted solutions, Further checks on the anslysis

of the solution, as received, are also planned,

II. Fleme Velocities in Hydrogen Peroxide Vapor (M.A,T, Mendes)

In proceeding with the experiments to determine the rate of
decomposition of hydrogen peroxide vapor over hot liquid hydrogen
peroxide, several modificetions heve been mede in the apparatus
desoribed in the nrevious quaterly report., A gless well for a
thermocouple (iron-constantan) together with a two-way stopcock
have been connected to the bottom of the tube (31 cm long,

1.755 cm diameter) containing the hydrogen peroxide. One of the
stopcock outlets has been used to remove ssnples of hydrogen
peroxide--one before igniting and the other after some 15 velocity
measurements had been taken, Once the second sasmple had been
obtained the decomvosition was terminated by flooding with water
injected through the other inlet of the stopcock.

An improvement wes also mede in the heating system so that
& uniform temperature was obteined throughout the liquid without
manuel stirring, A hot platinum wire is now being used to
ignite the hydrogen peroxide vapor instead of the gas flame
used previously. The wire is heated and cleened with concentrated
nitric acid prior to sterting the fleme, in order to avoid sany
conteminetion of the liauid, Slirht amounts of impurities present
were found to be responsible, not only for en increase in the

liquid tempereture but also in the smount of decomposition of
the 1liquid,

The initiel exneriments were made with 99 weight per cent
hydrogzen peroxide (Becco) snd runs have now been mede covering
& wider renge of concentretions in order to obtein quahtitative
informetion on the effect of concentration on the flame valocity.

Teble I summerizes the data obteined to date., Figure 2 1s

& plot of the verietion of the burning velocity dete with H3;Op
concentretion, The effect, if eny, of liquid tempereture on
burning velocity is still uncertein, #ctuelly the tempereture
renge over which flemes cen be susteined is quite small since it
must be above the temmerature et which e fleme cen be ignited and

below the 1liguid boiling tempereture. In any event, it
appesrs thet the effeot of 1iquid concentration on burning
velocity is fer more important than that of liquid temperature.
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Table I
Run Conc? Liquid Liq, Temp, Temp of Fleme Veloso.
No, mole j Consumption °C o0 M ft/seo. #¥#
Rpte (secl#

6 96 h3-45 122 - -

7 95 50 117 s 0.84

11 95 bl L6 120 723 0.92

12 94,5 53=55 117 640 0.79

13 96 Lo.51 110-114 855 0.82

14 98 52-55 110-114 547 0.77

15 87 81-83 110 607 0.51

17 85.5 78-80 112 657 0.53

18 83 89491 114 632 0.47

1 Aversge of liquid composition ot beginning and end of run,
* Time, in seconds for the liquid level to drop 1 cm.in the tubs,

*# Ag measured by en iron-constzntan thermocouple placed in
the product gases about 5 cm, ebove the 1liquid surfeace,

*##% See text for explenetion,

The effect of the flame on the decomnosition rate of the liquid-
phase hydrogen neroxide still remeins to be studied. It has

been noticed that the hydrogen psroxide decomposes et a
greeter rate when the flame 1s present than by ti. simple heating
effect of the liquid at the temperature of the experiment,

In respect to this observation an sttempt wil> be made to
determine tne influence of the fleme temperatur2 «n the decrease
in hydrogen peroxide concentration during = :iux,

At the seame time an attempt will be mad= to coirrelete the
fleme velocity deta obteined for thc exner-iments deucribed here
with those previously reported fcc the vepor phese by the bunsen
burner technique, In Table I are ircluded some "flame velocities"
computed from the datse obteined »y observetion of the rate
of 1liquid consumrtion, These fleme vele.lties are the rate at
which vepor at seturstion temperature is consumed &f it 1s
egsumed thet reaction teakes place on g horizontal fleme front
of srea eauel to the cross-section of the glass tube holding
the 1liquid, As such these numbers are probsbly of interest only
o8 an order of magnitude,

e ofomos &
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III. Supercooling of Liquid Hydrogen Peroxide (J, Roberts)

All of the experiments reported here regsrding the
supercooling of liquid hydrogen peroxide heve been carried
out in g 13 m.m, Pyrex test tube fitted with a 1 1/2 in, long,
3 mm dirmeter Pyrex tube inserted through the bese, A
thermocouple leed was pisced in the inserted tube to measure
the temmerature st the center of the hydrogen peroxide
solution. A 4mm,Pyrex rod was inserted into the solution
from the mouth of the test tube to sct as a stirrer, The
test tube wes insulested from the dry ice-ascetone cooling bath
by & concentric Pyrex test tube 16 mm, diemeter. The resulting
alr gep wes the limiting resistence to heat trensfer so thsat
the temperature read st the thermocouple was representative
of the tempersture throughout the stirred solution.

Thus fer sll of the experiments hesve been made by adding
Pyrex gless perticles of 38 to 42 microns dlameter to the
hydrogen peroxide solution.

The results obteined ere summarized in the following table.

Teble 1

Freezing Points of 98-99% Hydrogen Peroxide to Which
38-42 Micron Pyrex Gless Psrticles Had Been idded

Run Time Heated Prior Observed Wt. Pyrex
to Addition of Pvrex F.P. Added (g).
4 4 min, at 42°C ~23°C, + 1003
5 4 min, at 42°C -58°C .1019
6 L min, at 42°C -~28°C .1032
7 a) 4 min, at L2°C below =-=56°C .0959
b) - - ~53°C Z
8. 4 min, et 42°C ~62°C . 2015
9 a) 15.75 min et 43°C  below -54°C .0958
c) S cbove -67°C o
a) - - ~-6L4°C oo
10 e) 0 min. below =58,5°¢ .0998
b) - - -59°C -
11 e) 0 min, -33¢°C .1069
Notes:

a) First run of series,

b) Second run of series performed 24 hrs, leter,
c) Second run of series performed 48 hrs. later,
d) Third run of series »erformed 72 hrs, leter,

It is gpperent from the above results that considerable
veriations in the freezing tempersture of the solution were
possible, The csuse of this veristion 1s not apperent et this
time,

In the next set of exreriments seeding will be sttempted

e e R —
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with 5 to 9 micron Pyrex narticles. It is hoped to determine
" - the effeot of the perticle size of the added substance on
the freezing point of the hydrogen peroxide, §§H§§ perticles
have been chosen for these initiel experiments Smorphous
structure should have the lesst effect on the freezing point
due to the surface orientetion of any substance edded for

seeding, Other types of seeding materiels, including crystals, are

to be used in future exneriments,

Iv. H roxide Vapor
. Fepkes

During the pest renort neriod, the equipment designed
for the determination of the high pressure (1-10 stmospheres)
ignition 1limits of hydrogen peroxide vapor hes been constructed
end pertielly essembled, It is anticipaeted that results will

be aveilable on the success of the appreratus st the time of
next report,

The main features of the apparatus are as follows, Hydrogen
peroxide vepor of e concentration sprroximrting the estimated
ignition 1limit will be generested in an electrically hested
two liter Pyrex flask snd superheested slightly (5-10°C) to
prevent condensation. The vapor stream will be passed through
an eluminum lined cylinder, which will act as the compression
chember, into an sluminum condenser from which condensate
samples will be obtained for concentration determination,

A number of gquick-onereting plug and check valves have
been arrenged in the inlet and outlet stresms of the cylinder
in such a wey thet 1t should be possible to rapidly close
both the inlet end outlet stresms end comprregs the semple
in the coylinder to a desired pressure. An eluminum faced piston
with Teflon piston rings Fas been designed and it is believed

that oxygen pressure will be a convenient method of activating
the piston,

Immedietely following the compression, the compressed
vapor will be spsrked between two fine pletinum electrodes,
The pressure during the compression end sparking will be
recorded by a Brown Pressure recorder which hes been adapted to
record rapid pressure verietions. Should i1gnition of the
hydrogen peroxide occur there should be a noticeasble rise
in the pressure following sparking. In practice, it will be
necessery to define ¢ definite smell pressure rise as indicating
the occurrence of ignition at the 1limit, Presgsure increases
in excess of this will be Judged as ignition while those of
smaller magnitude will be considered non-ignition. The
definition of this limit will depend on the sensitivity of the
epperatus and the rete of decomposition of the hydrogen peroxide
venor in the test apperetus, The high rete of decomposition of
hydrogen peroxide vspor has necessiteted the use of gless,
eluminum, end Teflon as the only materieis availeble and suitable

to be in contesct with the vepor. Even so the rete of decomposition

in contact with eluminum is so high thet residence times 1n
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the cylinder will have to be kept et a minimum. The initiel
tests should indicete whether or not it will be possible to
comnress, spaerk, and measure thepregsure within such s time
thet the emount of decomposition will not be of significsnt
smount,

V. BRate of Solution of Iron from Sta;nleggjsgegl Immerged
in Hvdrozen Peroxide Solution (J,. Chong

Semples of three different types of stainless steel
(302,304 end 430) were immersed in 20 wt,% non-stabilized
hydrogen neroxide (ebout 200 cc,) and the amount of iron
dissolved in the solution (er present as a suspension) periodically
measured, The rize of the steel samples was 3 in, by 1 in,
with a thickness of 20 gauge. The iron concentration in the
hydrogen peroxide ssmples was determined colorimetrically: the
peroxide was decomposed with ecidic potassium permsnganate
solution and excess ammonium thiocyanate added. The optical
density of the resultant color was messured with a celibreted
model L00-A Lumetron Colorimeter,

The iron concentretion in the hydrogen peroxide solution
wes found to increese within 5 to 10 hours to e meximum at e
velue of approximetely 0,06 g, Fe/l, After this period the
iron concentration in the solution eppeered to decreasec,
After some 50 hr, of immersion the concentration then tended
to level off to a constent velue,

The results of tests with 304 end U430 tynes of steinless
steel are nresented in Fig, 3 and 4, The plots indicete thet

the extent of the concentration decreese following the meximum
varied considerebly.

A greater decrease was obtained in those runs vhere the
sample was not pretreseted with hydrogen peroxide and vhere the
solution was allowed to stand in the beth unstirred. Also
stirring apneered to limit the meximum concentretion to a
lower value--about 0,035 g Fe/1,

Stirring also hrd a considerasble effect on the pH of the
solution as shown in Fig, 4, On the assumption that hydrogen
neroxide hes no effect on the solubility nroduct of ferric
hydroxide& the meximum gmount of iron present was of the order
of 3 x 10°® times thet required for seturation at the prevailing
pH, 1,e, the iron was present presumebly in some colloidally-

suspended form, It is possible thet the solution becane superséwurate

end the decresses following the meximum were the result of
edsorption of the ferric hydroxide gel onto the wells of the
Pyrex contairer snd the steinless steel iteelf,

A prelimineary test hes indiceted thet about 154 of the
concentration decrease of the iron ig ceused by adsorption
onto the Pyrex. Further work is being nlenned to ascertein
more definitely the ceuse of this concentration decresese,
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Exverimentasl tests hesve indiceted thet manganese, potessium,
end sulfete ions heve no effect on the anelyticsel procedure,
According to the literature chromirm end nickel ere also
supposed to be without effect,

VI. Literature Depling with Hydrogen Peroxide

All the new meteriasl apperring in the Russien monograph
mentioned in the lest report hes now been translated and the
text is being edited preparstory to being distributed. The
meterial edded by the Russisns to the besic Germen text does
not include eny novel meteriel of importence. The Mechu
text has been teken as e framework and expanded here and there
but the new material @48484 is lsrgely confined to scientifiec,
polemic #nd review publicetions, There is no mention of
militery uses of H,Op, elthough large secfions of the new
meteriel deal with menufecturing techniques, hendling and
industrisl uses. There 18 no mention of concerted:Pussien
reseerch on H,O, rer se and ell meterisl presented is abstracted
from the literature, i.e. there is no originel meterisl
reported in the book., On the other hend, the references quoted

show ewereness of Germen prectice and of foreign pestent, technical

end engineering literature. A number of references quoted, both
to Ruscian work or that of others, were new to us.

VII. Visitorg

Mr, L. Powell, Office of Navel Reseerch, Boston, Mass.
Mr. Donald@ Devenrort, Stenford Research Institute
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Room 3D=125, The Pentagon

Washington 25, D, C,

Chief of Staff, U. 3. Alr Foroe
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Washington 25, D. C.
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Commanding General
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Ddepa-tment of the Navy
¥ashington 25, D. C.
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