UNCLASSIFIED

AD NUMBER

AD129975

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; MAR 1957.
Other requests shall be referred to Office
of Naval Research, 800 North Quincy
Street, Arlington, VA 22217-5660.

AUTHORITY

ONR ltr, 28 Jul 1977

THIS PAGE IS UNCLASSIFIED




THIS REPORT HAS BEEN DELIMITED
AND CLEARED FOR PURL:C RELEASE
UNDER DOD DIRECTIVE 5200.20”AND
NO RESTRICTIGNS ARE IMPOSED UPON
ITS USE AND DISCLOSURE,

DISTRIBUTION STATEMENT A

APPROVED FOR PUBLIC REIE\SF,
DISTRIBUTION UNL!MITED.



ASSIFIED

& e L T L -
}4.‘.._0———7 e et

n’

L

med Services Technicallnformation Ageney

Reproduced by

DOCUMENT SERVICE CENTER
|

—

"OR
MICRO-CARD
SONTROL ONLY

—
———

NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA
FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED

GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS

NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE

GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE

SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY

IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER

PERSON OR CORPORATIGN, OR CONVEYING ANY RIGHTS OR FERMISSION TO MANUFACTURE,

USE OR SELL ANY PATENTED INVENTION THAT MAY IN ANY WAY BE RELATED THERETO,

—




D N RIS

ASTIA rir

L0

QUARTERLY PERIODIC STATUS REPORT
OF THE
HYDROGEN PEROXIDE LABORATORIES

Prenared for the
Offioce of Navel Resecroh
Contreot Nonr-184) (11)

Reproduction in whole or in pert is pernitted
for eny purpose by the United Stetes Government

Work under the direction of:

W, C. Schumd

C. N, Satterfield
Report prepered by:

R, L, Wentworth

Depertments of Chemistry and Chemical Engineering
Messachusetts Institute of Technology
Cemdbridge 39, Mass,

DSR 5-7476

March 31, 1957




11,

111,
v,

TAELE OF CONTENTS

Stability of Hydrogen Peroxide

A, of Diluted HAydrogen Peroxide
emples of Different Origins

B The Effeot of Aluminun Upon
Stadility with Tin

Pleme Velooities in Hydrogen Peroxide
Vepor

Supercooling of Liacuid Hydrogen Peroxide

High Pressure Ignition Limits of
Hydrogen Peroxide Vapor

Heavy Metel Crtalysis of Hydrogen
Peroxide Decomposition

Visitors

10
10




I, Stebility of Rvdrogen Paraxide (C. C. Leme and H. L. Kimbell)
A. A Sannla -

:3."‘ I )t‘.; |

Some question hed erisen ss to a possible varistion in
the pH on diiution of aiffersnt samples of unstabilized
concentrated hydrogen peroxide, as produced by the
electrolytic, or the sutozidetion processes, or from the
oxidation of gropvl elocohol. Aocordingly, specimens of
unstrbilized hydrogen peroxide, supplied by different
manufacturers were diluted with conductivity water 2nd the
pH meesured over the range 90-10,> H;05 for the samples of
electrolytic and propyl alcohol origin, end 50-104 for the
semple from en sutoxideation process as a further check,
the pH of each gemple ves #ls0 msasured efter tenfold
Gilution. The results are shown ir the sccoepenying
Pigure 1. It 1s apperent that the behsvior of ell three
sanples iz similer on dilution, slthough et any given
conocentretion of hydrogen peroxide the pi of the autoxidation-
p::oes: semple ran sosewhat lower then the aversge of the
other two,

It i1s concluded thet the differences in pH reported
must heve been due to a variation in the quentity and/or
:1ndlotdatabillzer employed in the particuler ssmnles

nvolved,

B, The Effect of Alumipum Upon Stability with Tin

A further study hes been made of the mechanion whereby
the stadbilization of concentrated solutions of hydrogen
peroxide efforded by the addition of scdium stannete declines
on storege in aluminum containers, Further tests have
been carried out which esteblish the fact that when metallic
sluminun 1s in oontect with agusous solutions (in the
abgence of Hy0p) conteining small concentrations of scdium
stennete, » deposit 1s formed fairly oromrly on the aluminue
surfeoe, but if conoentrsted hydrogen veroxida, containing
the seme proportion of stennete, is used, no ozange in the
sluminum surfrce is noticed.

The white, even denosit obteined in sbout 5 ain.on an
eluminum strip, when aenggu., stennete solutions were
employed (best at 85° was ghown to contein tin when
carefully scraped off, d1smnlved in hydrochloric soid, and
trested with hydrogen sulfide. Considerable corrosion of the
aluninum was vigible snd the solution geve ¢ positive
teat with eluminon resgent,
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Comparitive tests with slusinum strips, immersed st
room tempereture in squeous end 905 hydrogen peroxide
solutions, respecotively, end conteining 10 to 50 p.v.s, Sn
(1n sters of 10 p.p.m.) pdded o8 sodium stennete, were mrde over
e period of two months, The string immersed in the aqueous
stennete solutions #ll beceme ecoeted in ¢ few Jdeys with o
film, initielly drownish in color but leter turning to »
grey-white. The sluminum strip in the most dilute stennate
solution (10 p,p.m.Sn) 414 not chenge in epperrance till
nesr the end of the period of observation. In the case
of the stennete solutions in hydrogen reroxide, no change
in anpesrence was visidle in any of the tests throughout
the period,

In view of the negetive results with the Hy0, solutions,
other testes have been gterted with 90 hydrogen peroxide
solutions conteining from 50-400 p.p.m.Sn (as stannate), in
the pH kept definitely above that of the untrerted hyirogen
peroxide solution, (epproximetely 1.5). In another test,
the nossibility of corrosion of sluminum by H,0p vapor, using
sluminum, vhich hes become costed by neans of immersion
in squeous siannate solution, is being investigated. Other
tests are planned in which contsct of sluminum with solutions
of more dilute hydrogen peroxide-=30,50,705 HyO0g—coataining
stennate is to be studied, to determine, 1f possibile,
at wvhet concentretion of hydrogen peroxide the daposition
of tin ceeses.

In connection with the work described shove, decomposition
rete measurements were carried out ot 50°C uak90£ hydrogen
psroxide solutions conteining 30 p.p.m, of tin (eadded as
sodium stennate). some of which contrined strips of

sluminum, After 2 two week period st 50°C, 0,1 p.p.m, of

Fo was added (2s the sulfete) to esch ssmnle, It was

the expectation thet in the oase of the solutions conteining
the sluminum strips, conceivably enough tin msy heve been
deposited from the solution so thet eddition of the ferris

ion would ceuse ¢ deffnitely greater rate of decorndosition
than thzt sho'n by the solution not in contsot with aluminum.
However, the amouat of stannete used proved sufficient to hold
bezk the cetelytic effect of the 0.1 p.p.=. Fe**, as no
arprecisble difference in the rates was observed.

(It mey be remerked in nessing thet we hsd demonstrated
eerlier--gee Dec, J1, 1956 report-- that vhen a goluble
is added to such 2 solution, precipitestion of the
tin does occur in e degree surficient to shown s resulting
rise in the decomposition rates,)

i e s ot NI 15
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Purther similer triels in vhich less stenmste wes usod
(10 p.p.m,8n) heve shovn a grester injtiel rise in the
decomposition rete when 0,1 p.p.m,PFe wes pdded to the
peroxide solution conteining the metellic £luminum strips
then oocurred ithout eluminum in contact with the solution,
This exreriment is still in progress, however, snd some
sonvergemve of the decomposition rates is noted.

In enother geries of decomposition rete studies, twe
different semples of 905 hydrogen peroxide vere made uv with
the followving sdditives:

Semple (1) 30 p.p.n, Sn (a8 stennete); 50 p.p.m,
pyrgghocphate ion (edded es Ne,P30,:10H,0); 30 p.p.m.
A1t (pdded o sulfate).

Sample (2) 30 p.p.n,Sn; 50 v.p.m. Pa0%7; metallic
strins of eluminum,

When these sclutions were left et 50°C for 13 days, the
deoomgqsition retex remeined v-lengiglly constent 2t 2bout
0.0918% per hr, %Yhen 0,2 p,p.m.Fe wes then added to

each semple, the rete for Semple 1 rose to sbout 0.06% .
while thet for Sample 2 rose only to 0.013%/hr. The of
Semple 1 wes found to be 3,5 at the end of the run. 18
sample contrined considerable flooculent precipitete, no
doubt follovwing hydrolysis of the sluninum and pyrophosphate
ions, orusing removal of considersble stsbilizer from the
solution., In the cese of the semple conteining the

metallic sluminum strips, there wes no visible precipitete

in the flssk bottom, indicating thrt the extent of hydrolysis
in this samnle wes not apprecisble, The pH ¢t the end of the
run wes 5,3, The eddition of 0.2 p.p.m, Fett to this
solution csused sn incresse in the rste from sbout 0,.0018 to
sbout 0,0135/hr--a muoh lowar rete, by e factor of 6-~than
was obteined with Semple 1,

The conclusion to be drewvn from the experiments conducted
during the ' period of this Report is that in the presence
of 90% Ha03 sluminum metsl does not epnesr to reasst with
stennete, vherees with ggueoug stennste solutions, revid
ocorrosion with deposition of e film containing tin, tekes
place. The mechenism whereby stannste disepvears from
conoentreted hydrogen peroxide when stored for some time
in aluminum conteiners remsins uncertein, Further studies
vill be required vith hydrogen peroxide solutions of
internmediete concentration, conteining stannete, in conteot
vith sluminum, in the hope of discovering the cause of the
observed phenomena,
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II, Flape Velooities in Hvdragen Peroxide Vapor (M.A.T, Kendes)

During the period covered by this revort more date
were obtained on the deoomposition flame velocities adbove
11quid hydrogen peroxide,

The results of fleme velocitiegmessurement by this
technique are summerized in Fig 2 and sre compered with
velocities measured with the Bunsen burner technique as
outlined in the querterly report of June 30, 1956, In
making this oomparison only those velooities besed on
cealouletions mede for point corditions for the "Bunsen® flame
velocities were included since these appesred to bde of higher
eccurecy, The data presented in the grsph for a fleme
above the liquid phase ere slso summarized in Teble 1,

The fleme velocities listed in Teble 1 and showm on
Fig. 2 were calculsted on the sssumption thst the liquid
which disappeared wes veporized and then underwent decomposition
in the fleme, This velocity was cslculated by considering
# unit oross section (1 sq.om.) of the 1liguid and deteraining
the rete of vepor generation from the 1liquid at the messured
1iquid tempersture assuming thetthe vapor e oted as a
perfect ges, The decomposition flome was assumed to be
Plenar ebove the liquiad.

Yith these assumntions, the flsme velocities were
caloulated from the following relationship:

- 1% -oc.) Iz
v={p o %+ 1) 22600 (2222) TEEL (0,0328)

where
V = fleme velocity, ft/sec.

Sy, = density st Tp, , g/oo

% = weight fraction of hydrogen percxide in one mole
of the liquid, g

Ty, = 1iquid temperature, °C
( = drop in 1iquid level per second, om/sec.

4|
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TARLE I
tun Liquid Flene Liquid Caloulated
Concentrstion Velocity Tempersture Adiabetio
mole ft/seo. °C I'lazs Tenp,
7 95 0.84 17 978
11 95 0.92 120 987
12 9.5 0.79 117 9?7
L 96 0.82 110-114 978
1 98 0.77 110-114 995
15 87 0.51 110 792
i7 85.5 0.53 112 785
18 83 0.47 114 787
19 7 0.32 129 660
20 74 0.38 129 687
21 93.8 1,06 122 980
57 oU.6 1,43 136 1002
23 92.8 1,46 136 975
2m 95 1.07 122 997
24b 96.8 1,05 122 1017
25a 95 1.26 130 1002
250 92,7 1.24 130 957
26a 70.8 0.49 127 625
26b 69.8 0.59 127 607
27a 75.6 0.5 127 70?7
27 72.8 0.46 127 657
28 97 0.59 114 967
Ha 81 0.51 120 762
29b 71.2 0.3 129 612
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The 1iquid tempersture waz messured with an iron-constantan
:hegmgoggple inserted into & well in the bottom of the
est tube,

The edisbatic fleme temperature wes calculeated by
the reletion:

x o - [Anv + nCpAT] -
Tp
- { (8,22 + 0.00015T + 0.00000134T*) + -’;4 (8,27 +
!
0.000258T - 195299)] ar
]

-

vhere
X = mole freotion of hydrogen peroxide in the liquid
0Hy = heet of combustion of one mole of solution, cal.

AH, = heat of vaporization of one mole of solution at
its boiling point, cel,

heﬁ = heat oevecity of omo mole of solution, cel/°C

AT = Tp - T, =(T,) difference between (Tg), liquid dolling
tempersture and actusl liquid tempersture, °C,

Tp = edisbetic fleme tempersture °K

The dsta now cover the entire rence of both concentrations
end 1iquid temperatures for whiih 1t was possible to obtain
decomposition flemes over the liquid, Taking into
considerstion the Aifferences between the two methods by
which the velocities were determined, it seems thet a good
oorrelstion of deta was obteined within the common region
of adisbetic flame tempersture, This region corresponds to
tpe lowest values thet could be obtrined in the vapor
phase Bunsen exveriments and the highest that were obteinesdle
in messurement of s fleme over the 1liquid phase,
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According o Fig, 2 the fleme velcotliy incresses
with the sdiaebrtic fleme tempersture, Howvever in the
region of the higher liquid concentretions corresponding
to edisbetic fleme temperstures of the order of 1000°C
considerable scetter of the date wes apperent,

In analyzing the dste the 1iquid temperature anpeared
to influence the fleme velocity beyond the effect of
1iquid tempersture on the sdiebetic fleme temperature,
It should be noted thet for the decomvosition above the
liquid, flemes vere obtsineble over the liquid of
lower concentretions only at temperstures close to the
boiling point of the 1iquid, At the higher concentretion,
flemes could be obteined over s considereble range of
liquid temperstures., Hence only ot these higher concentretion
is it possible to seerch for sny effect of liquid temperature
on the fleme velocity. The possible significence of liquid
tempersture remeined uncertain at the time of the last quarter.
revort, It now eppeers thet there 1s some effect of 1liquid
temperature on the fleme velocity in this region., Tris
effect is shovn by plotting in Fig, 3 some of the date of
Fig., 2 chergcterized by circles and identifying the
individual 1iquid composition snd temperature for eech point.

The most importent results obteined 2uring the present
work are:

1. PFlsmes con be obteined sbove at .1iquid. <oncentration
over the wangs of 71.2 to 100 mole percent of hydrogen
veroxide,

2. If the tube in which the liquid is burned 1s
wrapped with eluminum foil.

a) flemes may be obtained et licuid to concentrations
as low as 69.8 mole percent,

b) ot the seme 1liquid concentretion, flame velocities
are slightly hicher, and

c) the actusl fleme temperature is closer to the
celculated cdiesbetic teamapersture,

3. If the tube Adismeter 1s increased no spparent
influence is observed on the fleme velocity except when
working at high conoentretions end ot 1iquid temperatures
es low as the temperature at vhich a flame is obtainedble,
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In continuing vith this study, future work will
include, determinations of flemse veiocitins ebove liguid
hydrogen peroxide at sub-stmospheric pressures, Iv is
hoped that experiments et low pressure vill provide inforsa:ion
on the neture of the rate controlline step in the deoomp-

osition flame,

IXI Supercooling of Liguid Hydrogan Peroxide (J. Boberts)

Studies heve heen mede of the addition of 3?# micron
sized perticles of both Pyrex end alumina to 98-9

hydrogen peroxide to detersine their effect on the tendensy
of the hydrogen peroxide to supercocl, The seeding materials
were asdded to the hydrogen peroxide both above &ind below

the equilibrium freezing point for Hga05 of -0,43°C. The
results of the tests mey be summarired as follows:

1, The Pyrox and alumines perticles have no signifiocent
effect on the tendency of hydrogen peroxide to
superocool .

2, The hydrogen peroxids 4id not freeze homogeneously
down to the lowest temperature recorded in the

3. The freszing prooess tends to kill the active
oenters for crystel formastion,

4, The freezing temperature of » peroxide sample
1s not reised by allowing the open test tube to

aocounulate dust from the sir, (Six seaples were

%‘rt c;»pon to the zir for periods of from 24 to 72
ours) .

5. Some seven semples of hydrogen peroxide at temperatures
below ~54°C froze following repeated finger tepping

of the test tube, However, four ssmaples thus

agitated gt temperaturas from -48°C to -54°C ghowed

no chenge,

6. Scraping the test tube wall with the glass stirrer
e 8 ﬁmoled hydrogen peroxide to freeze (six
sent o‘g ¢F the tempersture ronge of ~45°C to -62°C
ant eaoh froze immediately on scraping.

7. Heating the sample before cooling does not have
& noticeable effect on thé freezing tempersture of
the ssmple,

B
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The next phese cof the study will be to determine
the effeot of adding ¢ tetregonel seeding orystel,
cassiterite, to hydrogen peroxide (hydrogen peroxide
orystals belong to the tetragonal system), This
will oomplete the study of the effect of seeding orystal
shepz on the freezing tempersture of the peroxide, Then
5=9 4 orystals of the three substences, Pyrex, alumina,
and oessiterite, will be added to the peroxide to
determine the effeot of crystal size on freezing point,

IV High Pressure Ignition Limits of Hvdrogen Peroxida

Vapor (P, Feskes)

During the past neriod, the construction and assenbly
of the equipment described in the previous Querterly
Report wes oompleted. However, limited tests with the
apparatus hsve indicated thet the rate of decomposition
of the hydrogen peroxide in the equipment is so high that
severel modificetions will be required, First steps
must be tsken to decresse the sres of aluminum exposed
to the peroxide vepor, This will be accomplished by
replacing perts of the sluminum inlet and outlet linzs of
the apparatus with Pyrex tubing, In addition,it iz planned
to line the compression oylinder with Teflon and ©o
replece the heed of the piston with the same msierial,

Those sections of the present apreratus which have
been mede of Teflon have been found to be gatisfaotory.
Aocording to Stein® the rete of decomposition of hydrogeh
geroxido vepor on Teflon is some 5 to 7 times lower

hen on pickled aluminum st the temperstures to be used
in the present study.

By decreesing the erea of aluminum exposed to the
vapor and increasing the vepor rate it is hoped that
useful results will be odteinsble,

While meking the ajove slterations, conatruction
¥1ll be initiested on & separpte spperstus in which only
Pyrex glese will come in contsct with the hydrogen peroxide
vepor. The appsratus #ill be similar in principle to that

* Stein, T, Y., "Decomposition of Hydrogen Peroxide Vapor"
So.D.'Thesis'H.I.T. {1955) yaros

T s e ety
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used by Setterfield, Keveansgh, snd Resnick™ in the
studies of the ignition limits of hydrogen peroxide vapor
at stnosvheric snd sub-stmosvheric pressureés, FPressures
in sxcess of one etmosphere will be obtained by enclosing
thehwhole apperstus in a vessel pressurized with oxygen
or helium,

v. %%WMW

The purvose of this study is to determirequantitatively
the rrte of decomposition of hydrogen peroxide when
catelyzed by the ions of leed, silver, and iron in aqueous
solutions, snd the factors affecting this rate,

The following exnerimental procedure has been used,
A gzenple, (250m1.) of & 207 weight solution of hydrogen
peroxide of known pH was vlaced in a 1000 ml, flask, A
known amount of the metsl nitrate in dilute equeous
solution wes then added to the hydrogen peroxide and the
rate of cxygen evolution measured with 2 wet test meter,
The tempersture was kept comstant throughout the resction
by regulsting the tempereture of the surrounding weter
beth, The reaction mixture wes agitated by means of a magnetio
stirrer, Up to the present time, deta heve been obtained
for leed nitrete es the catalyst in concsutrestions up to
0.5 g, Pb{NOy); per liter of solution. The results
indicete thet the rete of deocomnosition of hydrogen
peroxide 1s zero order with respect to hydrogen peroxide
concenteation for hydrogen neroxide concentretions up to
20%. The oetelyzed résction rete incressed approximetely
three-rold es rerction tempersture was rsised from 25°C
to 30°C, The resction rete incressed with pH from
prectionlly zero st » pH of 5.5 to o2 moderate value at
pH 7.0, At ¢ pH of 8,5 it beceme extremely vigorous.
It 1s now plenned to repesst the above typve of tests
using both silver nitrete end ferric nitrete gs the

ceatelysts,
VI. Visators

Mr, L. Powell, Office of Nevel Researoh, Boston, Mass,
8r, R, Levine, Bocketdyne

#% Setterfield, C, N,, Kavanagh, G, M, snd Resnick, H,,
Ind, Eng, Chem. 43, 2507 (1951)
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